JI202- penakr

TamvoB Jpuk MuxaiiioBuy

DeHOMEH KI3HH: MEKIY PaBHOBeCHEeM U HeJIMHEITHOCTLIO. [Iponcxoxxienue u npuH-
nunbl 3sosnonuu. — M.: Exutopuan YPCC, 2006. — 256 c.

ISBN 5-354-01143-4

Kuura nocpsmeHa onHOM u3 Haubosee (yHIaMEHTAIBHBIX NPOOJIEM €CTECTBO3HAHMS —
rnpo0ieMe MPOMCXOKACHHS KU3HU U 3aKOHaM ee 3Boionuu. Paborta mpencrasiser co0oil u3io-
JKEHUE KOHIICIIINHU, Pa3pabOTaHHOW aBTOPOM, KOTOPBIA UCXOJMT U3 TOTO, YTO JAAPBUHHU3M HE JaeT
HMCYEPIBIBAIONICTO 3HAHUS MPOOJIEM SBONIONHMH, B YAaCTHOCTH, HE MOMOTaeT IOHATh MEXaHU3M
3apoxeHus ku3HU. [Iperuiaraercst pelreHue, OCHOBAaHHOE Ha HETPAJAUIHMOHHOM PAacCMOTPEHHU
mporecca MPOU3BOJCTBA YIOPSIOUCHHS B paMKax JIMHEHHOH HEpaBHOBECHOW TEPMOIMHAMUKH.
CoopmynupoBaHHas MOZENb IO3BOJSIET KOHKPETH3UPOBATH TPEOOBAHMS K COAEPIKAHUIO XHMH-
4ecKUX ()OpM HayalIbHOM IBOIIIOLMK. B COOTBETCTBUY ¢ Hell He puboHyKIenHoBbIe KucsioThl (PHK)
WK TIOJIUIENTH/IBI, KaK TIPUHATO, a MOJIeKyJa ajeHo3uHTpudocdara (ATP) HaXOAUTCS B UCTOKE
XMMHUYECKOTO  3BOJIIOLIMOHHOTO  Ipolecca, MPUBOJALIErO K  BO3HUKHOBEHUIO  XKMBOTO.
PaccmarpuBatoTcsi reonoruyeckue yciuoBus nepBuyHoro cunHtesa ATP Ha 3emie, B ToM umcine,
BO3MOXKHOCTh TEPBHUYHOM BOCCTAHOBUTENBHOH armocdepbl. JlokasbiBaeTcs, 4TO Hapsay € H3-
BECTHBIMH CBOMCTBAMH JKHUBBIX CHCTEM: OTKPHITOCTBIO, HEPABHOBECHOCTHIO M CTAI[HOHAPHOCTHIO,
CBOMCTBA MTEPATUBHOCTH W JIMHEHHOCTH SIBISIOTCS HPUHIMITNAIBHO BakHbIMH. OOCykIaercst B
9TOIl CBS3M BO3HMKHOBEHHME TI'€HETHYECKOrO Koja. M3mararoTcsi BBITEKAIONIME W3 KOHIICHIIUU
MIPUHLIUIBL OMOJIOTHMYECKON SBOJIOLUH, KOTOpPBIE INPEAINOJIaraloT 3aMETHOE MECTO B 3BOIIOIUHU
KOMOWHATOPHOTO BHI000Pa30BaHMsl, TOPU3OHTAIBHOTO IIEPEHOCA TEHOB. AHAIN3UPYIOTCS ¢ TOYKU
3peHHs NpeUlaraeMoil KOHLNIMU POJIb MYTAallMH, €CTECTBEHHOIO OTOOpa W JpYyrue acleKThI
sBoyfonMH. KHura BKiIOYaeT (U3MKO-XUMHYECKYIO, OHOJOIMYECKYI0 U  TI'eOJIOTHYECKYIO
apryMeHTaluy aBTOPCKOM KOHIICMIUK, KOTOpBIC H3JIaraloTcsi B (opMme, PaBHOAOCTYITHOM st
CIELHAINCTOB KAXI0H U3 3TUX 00J1acTei.

Ily6nuxyemcs no pewenuto Yuenozo Cosema
Hucmumyma ceoxumuu u ananumuyeckou xumuu um. B. M. Bepnaockoeo PAH

Bce mpasa 3ammmensl. Hukakas 9acTh HacTOSIIEH KHUTH HE MOXET OBITh BOCIPOH3BEAEHA HIN
rnepeaHa B Kakoil Obl TO HM ObUIO (OpMe M KakMMu Obl TO HU OBLIO CpeACTBaMH, OyAb TO
9NEKTPOHHBIC WM MEXaHHYECKHe, BKJIIOYas (POTOKOMHUPOBAHHE M 3alHCh HAa MArHUTHBL*
W.YOBITPIr. H'TIH H TI HET MUCHMEHHOTO IIS3IICIITCHHS BIAJICIIBHEB.



Bsenenune

K mpoGrneme, koTopasi crana TeMoOW HacToOSAIICH padOThHI, s BO3-
Bpalnajics He pa3 B TeueHUe psaa jer. [lepBbie 3amucKku BO3HUKIH
eme B 70-e TOpl, B CBSI3U C MCCIEIOBAaHUAMHI OMOJIOIMYECKOro (pak-
IIMOHUPOBAHUS U30TOIOB. HeoxkumanHoe pacnpeiescHue U30TOMOB B
OMOMOJIEKYJIaX, OTBEYAIOIICe PABHOBECHOMY (PaKIMOHUPOBAHHUIO,
OOHApYKEHHOEC MHOK W MOUMH COTPYIHHKAMH B T€ TOJbI, CTAJlO
MOBOJIOM Il Pa3MBINUICHUS HaJl OCOOCHHOCTSIMA XMMHUH OWOJOTH-
YyecKkuXx cHucTeM. HekoTopbie cOOOpakeHHs, Kacarolluecs TepMOJH-
HAMHUKH JKMBOTO, s W3JIOWJI B mocienHel riaBe kuurd «lIpupoma
OHMOJIOTHYECKOTO (PPaKIUOHUPOBAHHUS H30TOIMOBY, BBIIIEAIICH Y HAC B
1981 romy (B CIIIA, Academic Press, 1984).

MHoroe, OJIHaKO, YTO BBIXOJWJIO 3a Mpeaesibl TEMbl TOH MO-
HOTpadMu W HE OTBEUAIO €€ CTHIII0, OCTAIOCh B OECIOPSIOYHBIX
3anuckax. Heckoybko JIeT TOMy Ha3ajl, MpocMaTpHBasi MOTy3a0bIThie
Gaiinmel B CBOEM KOMITBIOTEpE, s HATKHYJICS Ha 3TH 3amucku. [le-
peuntan. CHoBa omioxwmi. [Ipomuto eme Bpems. Hactam 1999 ropn,
TPEeBOXKHBIN st MeHsl. COBpEMEHHBIC METOJbI IMATHOCTUKK COTIIACO-
BaHHO TMOKAa3bIBaJIM, YTO JICIa HEXOPOIIHM U BPEMEHH, CyJsl TI0 BCEMY,
0CTaBajJIOCh Y MeHs HemHoro. Crajl [ymarh, YTO HEOOXOAUMO YCIIETh
cienathb. BbUIM HE3aKOHYCHHBIC SKCIICPUMEHTHI. [lOATrOTOBJICHHBIC
JUIs myOsMkanuu craThd. Jpyrue HaunHaHus. Ho HEOKMOaHHO ISt
celst 1 0OHapYKWJI, YTO HE ITU BaXKHBIC JIeNia, a OECCUCTEMHBIE MBIC-
JIY, 3aKJIIOYCHHBIC B TE€X 3alMCKaX, MHE XOTEJIOCH ObI YIOPSIOYUTh U
octaButh. [Ipeacrosiia Tsoxenas onepanus. S B3su1 ¢ coOoii B OOIBHHUILY
9TH HECKOJIKO cTpaHuil. BooOrie s 100w ObITh B OonbHUIAX. TyT
XOpOIIO JIyMaloch W paboTanock. MopaibHO OIpaBIaHHOE OT-
KIIFOUYEHHE OT BceX oOs3aHHOCTel. Terno M CcovyBCTBUE OJIM3KUX.
UyscTByelb ce0s HEMHOTO 0OMaHIIUKOM. Jymaror, 4To ThI CTpaja-
elllb, a Ha CaMOM JieJie Thl 00Jp U cuacTiuB. Jlaxe ecinu Gpu3n4ecKu
HE BCE OYEeHb KOM(OPTHO, YTO-TO OOJUT, 3TO Teprmumo. 51 B OO0Jb-
HUIIAX CO3/1aJ CBOU, KAK MHE KaXKETCs, HanboJiee HHTEPECHBIC BEIIIH.



Ho B 3TOT pa3 6bu10 He Tak. Moii TeHHaIbHBIA XUPYPr BBIpE3al MHE
MOJIOBHHY BHYTpPEHHOCTEH. S OBUT OMyCTOIIEH B MPSMOM M MEPEHOC-
HOM cMpbIcie. Boccranosienue nuto tpyano. ['omosa paborana Tyro.
YT0-TO BOCIIPUHATE U OCBOMTS S €I1[€ MOT, HO CO3/]aBaTh — HET.

O gem coOCTBEHHO OBUIN 3alMCKU? DTO — Pa3MBIIIICHUS O CYIL-
HOCTH M MeXaHH3Me 3BOJIoNHHU. CI0)KHOE B BBICOKO LIEJIECO00pa3zHoe
CTPOCHHUE U TOBEICHUE KUBBIX CYIIECTB, PAa3UTEIbHO OTIMYAIOIIEECs
OT CTPOEHMSA U IOBEJEHHs BEIECTBA B HEOPraHWYECKOM MHpE, TO-
poKIaeT nepes KakIpIM BOIPOC: «KaK BCE 3TO MOIJIO BOSHUKHYTH?».

A. JleHMHIKEp OJMH M3 Pa3fesioB CBOEro (PyHAaMEHTAIbHOTO
counnenusi «OcHoBbl Onoxumum» (A. Lehninger. «Principles of Bio-
geochemistry», Worth Publishers, Inc., 1982) mazBanr: «§3.11 Xumuue-
CKYIO 3BOJIIOIIMIO0 MOXKHO BOCIIPOM3BECTH B JIAOOPATOPHBIX yCIOBUAX)
(c. 73-75). K coxanenuto, 3To BCe elle AajeKko He Tak. B ynmomsHyToM
paszene m3naraloTcsl u3BecTHole ombIThl C. Mmiuiepa U HEKOTOpbIE
co00pakeHHsI O BO3MOXKHOM CHHTE3€ OPraHMYeCKHUX MOJEKYJ O[]
BIIMSIHUEM PAa3HBIX (OPM DHEPTUU — TeIlIa, CBETa, PEHTTCHOBCKHUX
Jy4ei, UCKPOBBIX M TUXHX DJIEKTPUUYECKHUX Pa3psiioB, paJAlOaKTHBHO-
CTH U T. II.

OpnHaxko BO3MOXKHOCTh aOMOTE€HHOTO CHHTE3a OpPraHMYecKHUX CO-
€MHECHUH HE BBI3bIBACT COMHEHUH 10 KpallHEN Mepe ¢ TOro BPEMEHH,
korga @punpux Benep Bnepeie B 1828 romy cuHTe3upoBan Moue-
BUHY M TIOKa3aj, YTO OpPTaHMYECKHE COEIMHEHHUS He 005A3aTeNbHO
SBJISIFOTCSL «OpTaHUYeCKUMU». TOT (akT, YTO B METCOPUTAX HAXOMAT
AMUHOKHCIIOTHI, TUAPOKCH-KUCIOTHI M YTJIEBOJOPOJBI, JHUIIHUI pa3
CBUJETEIBCTBYET O TOM, YTO JOCTYHMHOCTh OPraHMYECKHUX COEIMHE-
HUW Ha MPUMHUTHUBHOU 3emie He OblIa TUMUTHUPYIOMUM (HaKTOpPOM
XUMHYECKOI 3BOJIOIHU.

PexoHCTpyKIusS OMONOTUYECKOW HCTOPUN C MOMEHTA TOSABICHHUS
KIeTKH (~ 3,5 MJIpJ JIeT Ha3ad) MPU BCEX OCTAIOIINXCS CIIOKHOCTSIX
MpoOJIeMBI BOJIIOLMH HAXOAUTCS B Tpeesiax Hallero MOHUMAaHUS U
MIPUMEHNMOCTH UMEIOIINXCS HHCTPYMEHTOB HccienoBanui. Ho vactp
UCTOPHM,  TPEAIIECTBYIONAS  BO3HMKHOBEHHIO  IPOCTEHIIIETO
OpraHM3Ma, T. €. MOMEHTY MOSIBJIEHHUS ammapaTa YIpaBlsIeMOro H
BOCIIPOM3BOJIUMOTO OMOCHHTE3a, HAXOAUTCS O] IUIOTHBIM MOKPOBOM
TaitHbl. ONBIT U3y4YeHHUS COBPEMEHHBIX KUBBIX OPTaHU3MOB,
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B TOM YHMCIIE CaMbIX MPOCTEHIINX, HE YKa3bIBaeT Ha OMOJOTHYECKUE
CTPYKTYpBI, KOTOpBIE MOXKHO OBUIO OBl YBEPEHHO paccMaTpHBaTh Kak
PYAMMEHTHI TPeA0HONIOTHYECKO HBOMIONMU. MonekynsipHas Onoio-
rust ¥ OMOXMMHYECKasl JIOTUKAa OECCHIIBHBI MPEONO0JIeTh KOH(IUKT
MEXAY HEOOXOIUMOCTHIO OJHOBPEMEHHO MMETh (DepMEHT, ympaBiisi-
o cuHTe3oM nHpopmanuonHod monekynsl (AHK nmmn PHK) u
CaMHM 3TH MOJIEKYJIbl, KOOUPYIOILINE CHHTE3 (pepMeHTa, yIpaBIsSIOMINi
ux cuHTe3oM. [lng ¢usukm mpobiiemMa JKMBOIO €CTh HEUTo,
HaxoJsIeecss B HEyOOHOM COOTHOIIEHHHM C €€ OCHOBHBIMH 3aKoO-
Hamu. Ilpobnema ycyryOmsieTcss Te€M, YTO T€OJIOTM M IUIaHETOJIOTH
MPaKTUYECKH HE UMEIOT TBEPABIX (aKTOB, KacarolIUXcs 00CTaHOBKH,
cylecTBoBaBIlel Ha paHHed 3emue. IlpakTuueckass TeoJOTHs
HauyMHaeTcs ¢ Bo3pacta mopoj 3,5-3,9 mupn ner, B To Bpemsl Kak
Bo3pacT 3emnu 4,56 mipz ner. Ha 3emiie oTCyTCTBYIOT MaTepHaib-
HBIE CBHJIETENBCTBA MpoleccoB, uMeBmux Mecto 500-700 miH neT ee
HayvalbHON HCTOPHH, €CIHM HE CUUTAaTh OTAEIBbHBIX 3€pEH LHPKOHA,
HMMEIOIIMX Bo3pacT 4,2 MiIpA JeT u aaxe 4,4 Miap JeT.

Hayka u penurusa mpeanaratorT cBou pemeHus. Ho mouck mpo-
JoJDKaeTcs, OO BEpYIOIIMH XOYeT IMOJKPENUTh CBOM YOCKICHHS
Hay4YHOHU JIOTMKOH, a y4deHblii — Bepoil. [[ns MeHs, Kak Y4YeHOro,
HCXOJHOW MO3ULMEN SBJISETCA HaydHas Teopus 3Bostouuu. OgHaKo
npeaaraeMoe COBPEMEHHBIM JapBUHU3MOM OOBSCHEHUE SBOJIOIHU
MOCPEACTBOM €CTECTBEHHOI'O OTOOpa HE BBI3BIBACT YIOBJICTBOPEHHUS.
Teopusi ecTecTBEHHOIO OTOOpa HE IMOMOTaeT MOHATh, KaK BO3HUKIIA
JKU3HB. [lapBUHM3M Kak OBl MpezsiaraeT XUTPOyMHBIH MEXaHHU3M, MPH
MOMOLIM KOTOPOTO BO3HHUKIIAS (KAKMM-TO 00pa3om?!) >KU3Hb JBOJIIO-
LUOHUPYET, HECMOTPA Ha TO, YTO CJEMNbIE CHIIBI IPUPOIBI AEHCTBYIOT
B IIPOTHBOIIOJIOKHOM HaIlPaBICHUM.

[TockonpKy, Kak s yKe yHOMSHYJ, TBOPUECKHE MOM YCHIHA B
OonpHUIE OBUTM HETPOAYKTUBHBI, S PELIMI PACIIMpUTHh 3HAHHS B
00JIacTH COBPEMEHHBIX MpeACTaBIeHUH 00 3BoIOUMH. MHE mocTanu
kuury Puuapna oykunca «Blind Watchmaker» (Crernoii yacoBuiuk).
OTO0 — sACHas U yBJIEKaTeIbHO HallMcaHHasl KHUra. B Hell uznaraercs
U 3aIlMIIaeTCAd COBpEMEHHAs KOHIeNus AapBuHU3Ma. Ho MMeHHO B
CHJIy SICHOCTH H3JIOXKEHHUS JENaroTCsi IPO3payHbIMH HEYIOBIIETBO-
pUTENBHBIE CTOPOHBI ATON KOHLENIUH. S BKJIIOUMI B KPYT YTEHUS
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CTaThbU, UIMECIOIIME OTHOLICHUE K ATOW MPOOJIeMe, BBITHCAT HECKOIBKO
KHWT, W3JaHHBIX B IOCIEIHEE BpeMms 3a pyoOexkom. Hakowen, s
MOKUHYN OonbHUIly. [IOHSATHO, JKU3Hb HaXJIBIHYJa HA MEHS C HaKoO-
MUBIICHCS CHJIOW U BBIMENA U3 TOJIOBHI IJIOXO 3aKPEIUICHHBIE U HE OT-
BeyaBIye 3100e JHS MBICIH 00 3BoNIOIMH. B dncie npoyero B Ok-
T0pe MeHs oxunana roe3nka B CLUA, B JlenBep Ha 3acemanme Mc-
MOJTHUTENFHOTO KOMUTeTa MEXTyHapOJHON acCOIUAINH T€OXHUMHUU U
KOCMOXHMUH, BHUIIE-TIPE3UACHTOM KOTOPOW S MMEN YECTh COCTOSTb.
OmHOBpEMEHHO TaM e Tpoxouio ExxeromHoe cobpanne AMepukaH-
CKOTo reosiorudeckoro odmectBa. OHO anmurtcst Hepenmo. [lo cymiecTsy,
310 BCceaMepHuKaHCKHI TeoJOrHYecKuid KOHTpece, Ha KOTOPOM OBIBaeT
MaJl0 WHOCTpPAHIIEB. 3aTO COCTOSHHE aMEPHKAHCKOH T'€0JIOTHYeCKOi
HAayKd MOXXHO YBHIETh BO BCEH TIIyOWHE ¥ IIMPOKOM THAarta3oHe.
Muoro He3aypsmaHOW Mojonexku, ¢ amOumusivu. Ha Bcemmprbie
T€0JIOTUYECKHE KOHTPECCHI ATH MOJIOABIE JFOAW B OCHOBHOM He ITOTia-
JIAf0T, TIPOCTO B CHITy OTPAaHUYEHHOTO MPEACTABUTENHCTBA OTAEITBHBIX
CTpaH Ha MEXIyHApOIHbIX (popymax. MHE TOBEIOCH ObITh Ha YETHIPEX
Wi 1sta cobpanmsix ['eomorudaeckoro ooiecTBa AMEpUKH, U 5T BCET/Ia
OLIYIIAJT OCBEXAIOIIee BIMIHIE HAyYHOH aTMOC(ephl 3THX COOpaHHUH.

B [lenepe, Ha 16-i1 cTpuT (3TO MOJHOIOTHAS KPAcUBasi U OXKH-
BJICHHAs YJIMIIA B CAMOM IIEHTPE) €CTh OOJBIION KHIKHBIM MarasuH.
B niepBbiif sxe JieHb 5 3a0peit Tyia 1 OOHAPYKHUII CTEH ¢ KHUTaMH 110
sBomonmd. C 3TOro MOMEHTa MOUW rpaduk CTal Ype3BBIYANHO
IUIOTHBIM. S mepeMernayicss MexAay KOH(EPEHI-XOJIOM, TIE CIyIIal
JOKJIabl, KOTOPbIE BBIICIWI B MPOrpaMMme, U MarasuHoM, Te Ipo-
BOJUI BpeMs 3a uteHueM. K cuacteio, oT mMarasuHa mo Conventional
Center, rae npoucxoauso codpanue, ObT0 He Oosiee 5-7 MUHYT X0Ja.
K cuacteio Takke, Mara3uH ObUT OTKpHIT ¢ 9 yTpa mo 11 Beuepa. U,
HaKOHeII, ellle K CYacThl0, B MarasuHe MOYKHO OBLIO PacHOJIOXKHUTHCS
3a CTOJIOM W paboTaTh C KHHTOW Kak B OMOJHOTEKe, YTO S M AeJal
MHOTUMHU YacaMH.

Uepes aBe Henenu mocie 3Toro s okazancs B Ilapuxke, rae mo-
rpy3micst B paboTy menukoM. brmaromapst Mmoemy npyry, mpodeccopy
Mapky JKaBya, KOTOpBIH MPHUTIACKHI MCHS B CBOIO JJabopaTtopuio B UH-
ctutryTe pusuku 3emiu [lapmkckoro yHuBepcuTeTa U mpodeccopy
Knony Annerpy, B TO BpeMss Munuctpy ®@paHuuu, 1 B TEUCHHUE
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MOCJEAHUX JIBYX JIET HECKOJBKO MecsueB npoBoaun B Ilapmxke. Tam
sl IMEJ BO3MOXKHOCTB MOJIONITY paboTaTh B OMOIMOTEKAX.

CrenuanusupoBannsiil xypHan «Origin of Life and Evolution of
Biosphere», myOnuKyromMidi CTaThl 1O TMPOOJIEME MPOUCXOMKICHHS
JKU3HH, BO DpaHIMY NOTyYaeT eUHCTBCHHAS OMOIUOTEKA B TOPOKE
Menon nox Ilapmxem. MenoH packuHylcs Ha BBICOKOM BO3BBILICH-
Hoctu. Bau3y B npiMke Bugen [lapwxk. 3gech, Ha camMoil BeplIMHE
pacroyio)keHa W3BECTHAas B MHPE acTPOHOMHYECKas 00CEepBaTOpPHSL.
bubmuoreka TyT ke, psgoM ¢ Kymojamu oOcepBatopuu. Kakoii-tTo
rIyOOKUH CMBICI B TOM, YTO HU3y4YaTh MPOMCXOXKICHUE KU3HU HYKHO
3]1€Ch, TJIE MOXKHO C OJIHOW TOYKU CMOTPETh B OE3I0HHOE MPOCTpPaH-
CTBO 3BE€3[IHBIX MHUPOB M BHUIETh KAaK Ha JIAJOHU IPEKPACHBIN TrOpof,
CO3JaHHBIN U ABIIIAIIMN )KU3HBIO.

[IpoGiiema, 3a KOTOpPYIO s B3SJICS, W JINTEpATypa, CBsI3aHHAS C
Hel, oKa3zaauch OrpoMHBL. Tpumanats ¢ mumHuM JeT Hazan @. Kpux
OTMETHJI, YTO THIIOTE3 O MPOUCXOKJICHUU KU3HU Oosee, 4yeM J0CTa-
ToyHO. HyXHBI HOBbIE 3KCIIepUMEHTHI M (hakThl. CEerojHs UMeeTcs
OTPOMHOE€ KOJIMYECTBO JAHHBIX, OTHOCALIMXCS K PAa3HbIM CTOPOHaM
po0JieMbl, HauYWHAs OT (PAaKTOB pPaHHEH MCTOpUU 3eMIIH, KOCMHYE-
CKOW OpPraHMYECKOW XUMHHU M CHUHTE30B BO3MOXKHBIX MPEAOHOIOTH-
YECKUX COEIMHEHUNW W KOHYasd TOHKMMHU JETAISIMU MOJIEKYJISIPHOTO
CTPOCHHUSI OHOJOTMYECKMX CHUCTEM, pPaclIM(pPOBAaHHBIMH TEHOMAaMHU
OpPraHu3MOB U KOMIIBIOTEPHEIM MojienupoBanrueM. Ho npobiema mpo-
HCXOXKIEHUS KU3HU MO-TIPEKHEMY HE pelleHa. Eciu 310 He cuenan
Benukuii @. Kpuk, HecMOTps Ha 00MIIMEe HOBBIX (DAaKTOB, 3HAYMT, TO-
ro CHeaTh elle Helb3s. TeM He MEeHee, s y)Ke He MOT OCBOOOIUTHCS
OT 3aHHMMABIIMX MEHSI MBICIEH, KOTOPHIE MOCTENEHHO MaTepUaIn3o-
BaJIMCh B BUJIE ATOW KHUTH.

Beut eme onuH BaxHBINH CTHUMYJH. MHE J0BEIOCh OOMIATHCS C
Anekcannpom HMBanoBuuem OmNapuHbIM B TOCICAHHUE TOIBI €r0
*)u3Hu. HecMOTps Ha MPEKIOHHBIA BO3pacT, OH aKTUBHO paboTall u
JKUBO WHTEPECOBAJICS BCEM, YTO MMEJIO OTHOIICHHE K MpodieMe 3a-
poxacHus U 3BoNONMY ku3HA. OH Hamucal TyO00Koe MPEIUCIIOBUE
k Moeli kaure «[Ipuponma OHONTOrHYECKOro (PpPaKIMOHUPOBAHHS U30-
toroB». A. Y. OnapuH ObLI JITYHO 3HAKOM CO MHOTUMH F€OXUMUKAMHU
Y TOBOPWJI, YTO CO CTOPOHBI UCTOPUYECKOM T'€OJIOTMU U TEOXUMUH OH
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OXKUJIAeT CYIICCTBEHHBIN BKIIAJ B PEIICHUE MPOOJIEMBI MTPOUCXOKIC-
HUS KU3HH, MOXET ObITh, 0OJICe CYIIECTBCHHBIH, Ye€M CO CTOPOHBI
Ouonoruu. ITO MPHUIAIO0 MHE OTBArH.

Sl GnaromapeH MHOTHM, KTO TIOMOTaJl MHE, CIIyIIaJl MEHS U 00Cy-
xKaan 3Ty pabory. KHHTY pocMOTpeny B pyKOIIMCH U CHIENANU TI0JIe3-
HBbIE 3aMEUaHHs 3aBeAYIOMNN Kadeapoll XMMHUYEeCKOH SH3UMOJIOTHU
MI'Y, mpodeccop C.[.Bapdomnomees, uinen-koppecnonaentr PAH JI.
A. T'pu6oB, goxrop ¢mz.-mar. Hayk, npodeccop I'. I'. MamuHenkwid,
gneH-koppectiorneHT PAH A. 1O. Po3anoB, g0kTOp (hH3.-MaT. HayK,
npodeccop 0. JI. KnumoHTOBMY, 3aBeayrommi kadeapoin onodusu-
ku MI'Y, unen-koppecnionnenT PAH A. b. PyOuH, mokTop XuM. HayK
B.b.IlomsakoB, MOKTOp Teoi.-MWH. Hayk, mpodeccop A. A. Kammk,
nmokTop dumoc. Hayk D.T.Sammaa, kara. 6uon. Hayk JI. A. KonnHa.
Sl GmaromapeH MOMM (DpaHITy3CKMM Ipy3bsM. Ecimm Obl He Te IHH,
MIPOBEJICHHBIC B MAPIKCKAX OMOIMOTEKaX, eciid OBl He cBOOOAA, XOTh
HE HAaJ0JIT0, OT MOMX 00S3aHHOCTEH B MocKkBe, s Obl, HaBepHOE, HE
3aBepmi 3Ty paboty. [locBsimaro ke s 3Ty KHHTY ABYM 3a-
MevaTellbHbIM pYCCKHM xupypram: npodeccopy Uropio I'eopruesnuy
PycakoBy u goktopy bopucy SlkoBneBudy AnekceeBy, KOTOpbIE Bep-
HYJM MEHS K JKU3HH M JIaId BO3MOXHOCTH JyMaTh O TOM, KaK OHa
MIPOU30IILIa U 3aMeYaTeIbHO YCTPOESHa.
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I'maBa 1

B yem cocrout npodsema?

Hauny ¢ HeOoJpIIOrO 3cce O CYIIHOCTH M MECTE YeJIOBEUECKOTO
pasyMa B 9BOJIOIIH OHOC]EpBI, KaK 3TO MHE TIPE/ICTABIISETCA.

8 |. Bxooicoenue 6 aHmponozenHulii mup

B ucropun pasButus ®u3HM Ha 3emiie BpeMsl OT BPEMEHU Ha-
CTyNaJld TEPHONbI CTPEMHUTENBHBIX KaueCTBEHHBIX W3MEHEHWH, CBS-
3aHHBIX C OTKPBITHEM TNPHHIUAIHAIFHO HOBBIX 3BOJIOIHOHHBIX BO3-
MOXKHOCTEW: CaMblii JpEeBHHUN IEpexoi] OT MOJEKYJSApHOH (OpPMBI
OpraHu3aluy K KJIETOYHOW, 3aTeM BO3HHKHOBEHHE KIIETOYHOTO Si/pa,
T.e. 000cOoOIeHHe WH(POPMAIMOHHOW CTPYKTYpHI, IepBOe 0000IIe-
CTBIJIEHHE Pa3HBIX T€HOMOB W TPEBpAICHNE TEPBUYHO HE3aBUCHMBIX
ocobelf B OpraHeiIbl OMHOW KIIETKH (TUTACTHIBI W MHTOXOHIPHH),
o0BbeIMHeHNE KJIETOK B MHOTOKJIETOYHBIA OpPraHW3M, BOSHHKHOBEHHE
OmMoMexaHU3MOB (T71a3a, KPBUIbsl, KOHEYHOCTH), TIOSIBJICHHE OpPTaHM3-
MOB C OCMBICIICHHBIM TIOBEJICHHEM, HaKOHEI], TIOSBJICHHE YelI0OBevec-
KOTO pazyma.

Mexay OTAENbHBIMHU DBOJIONHMOHHBIMH COOBITHSMH MTPOXONIH
WHOTJIAa COTHH MHJUTHOHOB JIeT. OTH TUTAHTCKHE MPOMEXKYTKH
BpPEMEHH OBUIM 3arlOJHEHBI OTHOCHUTEILHO MEIUICHHBIM BHIOW3MEHE-
HHEM OHMOJIOTHYECKUX CHUCTEM, BHI000pa30BaHUEM, MPEACTABISBIIAM
pasHble KOMOWHAIINY YK€ HAWJJCHHBIX PEIICHUH.

Krnaccuueckass 3BONIONMOHHAS TEOPHsI ONKCHIBAET IOSBICHHE
YeJIoBeKa KaK pe3yJbTaT SBONIOLHUOHHOTO Pa3BUTHS OJHOW U3 BETBEH
npumatoB. Asuian Bunbscon (Allan Wilson) B 1967 roxy nokasai, 4to
YeJIOBEK, IIMMIIAH3e M TOPUIUIa HAaxoAsATCs Ha OJHOM TeHETHYECKOM
paccTosHUM OT OpaHryTaHa, IPUYEM pa3zeieHue MPOU3O0LIIO OKOIO
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5 MiH Jner Ha3ad. Her CylIeCTBEHHBIX OTAMYMNA HO BHELIHUX WU
BHYTPEHHHUX OpraHax MpPUMAaTOB W uenoBeKka. CUHUTaeTcs, YTO BHUIOBOE
OTJIMYKE YEJOBEKa, IIMMIIAH3¢ W TOPHJUIbI, Pa3BUBIIMXCS OT OOIICHO
NPEIUIECTBEHHUKA, ONPEACIUIOCh TEM, YTO B XOJI€ €CTECTBEHHOTO
oTOOpa 4EJNOBEK CTal MPSIMOXOMSIIAM, BBICBOOOIMI PYKH, CTajl
WU3TOTaBIIMBATh OPYIHUs, T.€. TPy CO3AAJ YEIOBEKAY.

Mexnay TeM. OYEBHUIHO, UYTO MEXAY YEJIOBEKOM M T'€HETHYECKU
OMDKAMIIMMU K HEMY BUIaMH BO3HUKJIO HEU3MEPHUMO OoJiee TIy0OKoe
pasnuyme, COMmoCTaBUMOE 0 MaciTabaM ¢ CaMbIMH PEBOJIFOIIMOHHbI-
MU TPEIIESCTBYIOIUMU H3MCHEHUSIMU B Ouocdepe.

Ecau denmoBek SBUJICS BOILIOLICHHMEM HOBOTO 3BOJIIOIMOHHOTO
miara MpUpoJbl, TO B YeM OH cOocTOsu1? AHaNU3 MOKa3bIBAET, YTO IJIaB-
HOE OTJIMYKE YEIIOBEKA OT OMOJOrMYECKUX MPEANICCTBEHHHKOB — 3TO
BHEOIIBITHOE MBIIUICHUE, €r0 CIIOCOOHOCTh TPEABHUIETh. JBOJIOLHU-
OHHBII CMBICI HOBOH CIIOCOOHOCTH, OYEBUIHO, COCTOSUI B TOM, YTOOBI
HCIIBITaTh BBDKUBAEMOCTh OPraHM3Ma HE TOJIBKO B MPSAMOM CTOJIKHO-
BEHUHU €ro MOTPEOHOCTEW CO Cpeoii, HO 4Yepe3 MPEIBUICHHUE NaTh
CPEACTBO OJapEHHBIM W30eTaTh HEOJIATONMpPUSATHBIX CHTyallUd U TeM
BBECTH €III¢ OJTHY BO3MOXKHOCTh B MEXaHU3M 0TOOpa.

OCMBICTICHHOE MOBEACHUE MPUCYIIE BBHICIINM KHUBOTHBIM, HO BBI-
BeJEeHUE JIOTMYECKOIO CIIEACTBUS M3 HAOMIONEHHII — HE €CTh elle
npeaBuAcHUE. BONBIIMHCTBO MOCTYIIKOB B €XKEIHEBHOW >KM3HU YEJIO-
BEK COBEpLIAET, PYKOBOJACTBYSChH JIOTMKOW, ONHUPAIOLIEHCS Ha HEIO-
CPE/ICTBCHHBIC HAOIFOICHHS WIIH OITBIT, TOYHO TaK e, KaK 3TO JCIaloT
KUBOTHBIE. OTIMYKE YeIOBEKa OT KUBOTHOTO Ha ATOM YPOBHE COCTO-
UT JIUIIb B HEU3MEPHUMO OO0JIbIIIEM 00beMe M Pa3HOOOpa3UH OIBITA.

IMpuHnMnuambHOE KavuecTBeHHOE oTimune HOmo sapiens, peanu-
3YIOIIEE TOJBKO €My MPUCYILIMH Aap NPEABUAECHUS, COCTOUT B CHO-
COOHOCTU BBIBOAWTH JIOTUMECKUE CIICACTBHUS W3 IPEIIISCTBYFOIIIX
JIOTUYECKHX 3aKiIouYeHui. B pesynbrare co3maercs o0pas3 peabHO-
CTH, B KOTOPOM (DaKkThl HaONIIOJACMbIC, a TaKXKe YCJIOBHS U (DaKThI,
BBOJIMIMBIC BOOOpaXCHHEM, 00pa3yroT JIOTUYECKH CBS3aHHYHO KapTH-
Hy. ['eHeTHYeCKH HOBas CIIOCOOHOCTH YEIOBEKA COCTOMUT B JIOTMYECKOU
nepepaboTKe OIbITa U TMOCTPOCHUU MBICJICHHON CUTYallud, HE HACTY-
MuBIIEH, HO Bo3MOkHOU. Co3/1aHMe MBICIICHHOTO 00pa3a JIeicTBUil —
3TO CHOCOO MBIIUICHUS, IMMaHEHTHO TIPUCYIIUH YenoBeky. Bo Bcex
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CIydasix, KOTAa HaJJISKHUT ceaaTh BBIOOp, KOTAa MOCTYMOK TpeOyer
peLIeHNs, YeJIOBEK MBICIUT MOCPEICTBOM CO3IaHUSI M epedopa MbI-
CIICHHBIX CHTYyaLH.

CrnocoOHOCTh K MOCTPOSHHIO MBICIEHHOW KapTHUHBI NpHUBeNa K
CIICICTBUSIM, HE CBA3aHHBIM C KOHKYPEHTHBIM OTOOpoM. YenoBek
npruoOpen CrocoOHOCTh HCTIBITHIBATH B BOOOpa)KaeMOM MHpE Te XKe
YyBCTBa, YTO U B peajbHOM. JTO Aajio Havajo uckycctBam. [Ipen-
CTaBIISISl IPEIMETHI, OTCYTCTBYIOIIE B PEATBHOM MHpE, YEIOBEK CTal
co3faBaTh MX. OTO MOPOAWIIO Mpou3BOACTBO. CpaBHMBas BOOOpaka-
eMble TIPOLIECCHl ¢ HAaONI0aeMbIMU, YEJIOBEK HAay4YWIICS NOHUMATh U
00BACHATH MUp. Bo3Huka Hayka.

IIpornecc co3ganust MBICIEHHOTO aHANIOTa peabHOCTH €CTh TBOP-
4ecTBO. B 3aBUCHMMOCTH OT KOHKPETHOTO Ha3HAYEHMs MBICTICHHBIN
00pa3 MOXET HMMETh XapakKTep HAy4YHOW THIOTE3bl, JIUTEpaTypHOU
(aHTa3MM, MONUTHYECKOTO MPOTHO3a, OPTraHU3aliOHHOTO CLCHAPHS,
U T. 0. 1 T. . OIHAKO B OCHOBE BCEra JISKHUT CIIOCOOHOCTh K MPEIBH-
nenuro. VHTenIekTyanbHas cuiia, B KOHEYHOM cCYeTe, OINpeesseTcs
rTyOMHOI U TOYHOCTBIO MPEIBUACHHUS.

CrnocoOHOCTh K TPEIBHIACHUIO JISKUT B OCHOBE COLMAJIBLHOM
opranmzaunu. CoOCTBEHHO CTpemiieHHE 0co0eil K CO3MaHHI0 Cc000-
LIECTB — CBOMCTBO Ononornyeckoe. OHO HAOIOAAETCS Ha BCEX TAKCO-
HOMHMYECKUX YPOBHSIX: OT KJIETOUHOTO — /10 00pa30BaHMUsl CTai KHUBOT-
HeIMH. [To10OHO TOMY, Kak aToMaM SHEPreTUYeCKH BHITOAHO 00beau-
HSTBCSL B MOJIEKYJIBI, CHIKAsi TEM CaMbIM OOLIMH YPOBEHb CBOOOIHOM
SHEPrUH Ha BEJIMYHHY DHEPIHU CBS3U, — & CTPEMJICHHUE K CHU)KECHHIO
YPOBHSI CBOOOAHOW SHEPTWH, KaK YTBEPXKIAeT TEPMOJMHAMHKA, €CTb
00T 3aKOH HBOJIONMU MaTepHUH — MOJOOHO 3TOMY OHOJOTHYECKH
BBITOAHO OOBeaMHEHHE ocoleil B cooOmiecTBa. Bo3HMKHOBeHHE
MHOTOKJIETOYHBIX OpPTaHM3MOB Ha IIyTH SBOJIOLMH >KU3HH OT IIPO-
KapHOTOB K BBICIIUM J>KHBOTHBIM — €CTb PE3yJIbTaT OOBEAWHEHHUS
KJIETOK BO Bce Ooee cloKHBIE cooOmliecTBa. OTa TEHACHLHMS, B KO-
HEYHOM CYeTe, eCTh OMOJIOTHYECKOe OTpakeHue (PyHIaMeHTaIbHOTO
3aKOHa 3BOJIOUMHM MaTepud. [Ipu 3TOM Mexay KIeTKaMH B COCTaBe
OpraHM3Ma JOCTUTACTCA M3yMUTEIbHAS COIJacOBaHHOCTH NEHCTBHM.
MHOTOKJICTOYHBI OpPTraHu3M COJEPKUT BCE MPHU3HAKH YNPABISIEMBIX
cHcTeM: pa3zeneHne QyHKIUH, UX COTNIACOBAaHHOCTb, HEPAPXUIHOCTh
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U T.O0. OTH K€ MpPU3HAKH NPHCYLIH COOOLIeCTBaM, 00pa30BaHHBIM
OTJICIBHBIMH 0COOSIMU (CTau KUBOTHBIX, IITUI], MypaBEHHUKH U T.1.).
Omvyne JHIIb B TOM, YTO 3TO HE OWOJIOTUYECKUE OPTaHU3MBI, a
OpraHu3Mbl coluanbHbie. Kopode roBops, ympaBiseMbIC CUCTEMBI,
yhpasisieMble CO00IIecTBa, — HE €CTh HEUTO, MPUCYIIEE Pa3yMy.

OpHaKo 3BOJIOLMOHHOE TOSIBICHHWE pa3yMa, T.€. CIOCOOHOCTH
MIPEBUICTh, BHECIO B CO3[aHHE YIPABISIEMBIX COOOIIECTB W B Op-
TaHHW3AIMI0 YIPAaBICHHUs] COBEPIICHHO HOBEIM 3JeMeHT. B Owuoino-
TUYeCKUX (HE YeNOBEYECKHX) COOOIIEeCTBaX U B IOPa3yMHBIN MEPHOL
pa3sBUTHS KW3HM KaXIblii HOBBIM IHar B KaXAOM JJIEMEHTE
OpraHu3aIluyi COOOIIECTBa JTOCTUTANC SMIupruieckn. Heynaunoe uc-
MBITaHUE — THOENb, MOPaXKEHHE, YTpara; yJa4HOe — B KOIMWIKY
sBomon M ombiTa. CHOoCcOOHOCTh K TPEABHACHHUIO Chenaja BO3-
MOKHBIM TIOCTPOEHHE MBICIEHHOTO CIICHapHsl OpraHu3aIlli CO00-
IIecTBa, BOOOpakaeMOTro WCIBITAHUA JTOTO CIEHapus B IpeIoiia-
raeMbIX CHTYyallliX, COBEPIICHCTBOBAHNE MEPBOHAYAIHHOTO IJIaHA H
BBIOOp €ro ONTHMAaJbHOTO BapHaHTa B 3aBUCHMOCTH OT Pe3ylIbTaTOB
MBICJICHHOTO JKCIIEPIMEHTa — BCE€ OJ3TO 0€3 MYYHTEIbHOTO,
COIIPAXKCHHOI'O C HEN30EKHBIMU NOTEPAMHU, IIUTCIBHOTO ITYTHU OM-
MUPUUYECKOTO COBEPILICHCTBOBAHUS OpraHU3anuu coobmectBa. OTcro-
Jla UCKJTIOYHUTENHLHO OBICTpasi IBONIOLUS OPraHU3allHi YEIOBEUECKOTO
COO0OIIIECTBA.

ITackanb ckazan: «IIpeaBuaeTh — 3HAYUT YIPaBIATHY». IMEHHO
B UEJIIOBEUECKOM OOIIECTBE «YIPABISATh — 3HAYUT MPEIBUICTH». B
CTae BOXaK — HauboJiee OmbITHasA 0co0b. B yemoBeueckoM ob1ecTBe
JTUACP — JIMYHOCTh, HAJCICHHAS MAKCUMAJIBHOM CIOCOOHOCTBIO K
npeABUeHUIO. B uemoBeyeckoMm o0OLIECTBE YHpaBIECHHE METOAOM
«pod U ommboK» — Hauboiee MPUMHUTHUBHAA (opMa yNpaBJieHUs,
HAXOMAIIasICA, MO CyTH, Ha YpPOBHE OHOJOTHMYECKOW OpraHU3aI[UH
YIpaBIICHHUS.

CrocoGHOCTh K MPEABUACHUIO, OYIydd CBOMCTBOM pa3yma, T. €.
OO0IEUEIOBEYECKIM KauecTBOM, B TO K€ BpeMs B CHIY KOHKPETHBIX
00CTOSITENILCTB MCTOPUU M JIOKAJbHBIX OCOOCHHOCTEH CYIIEeCTBOBA-
HUS, B pa3HOH cTeneHu u (opMe pa3BUIIACh U MPOSBUIACH B OTIEIb-
HBIX, ITOPOH MaJIO CBSI3aHHBIX MEXIy c000#, 0COOEHHO B JIPEBHOCTH,
YEIIOBEYECKHUX MOMyIsAusax. ClIeICTBUEM 3TOTO SBHIUCH pa3HbIC
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TUNBl LMBUIU3ALUM, HEPaBHOMEPHOCTh DPA3BUTHS IMBHIN30BaHHO-
CTH, a TaK)ke 0COOCHHOCTH HALMOHAILHOTO XapaKTepa.

Coznanue opynuit TpyJa, YeMy CYLIECTBYIOLINE MPEACTABICHUS
0 TPOUCXOXKIEHUHM YEIOBEKa, OTBOJAT OMNPEAENAIONUYI0 pPONb B
CO3/IaHMH YEeJIOBEYECKOro I'eHOTHIIA, €CTh HE NMPHUYMHA, a CIEJCTBHE.
MpeicneHHOe cOo3/laHUe NMPEAMETOB, B TOM UHCIIE€ OTCYTCTBOBaBLINX B
OKpY>Karollel NpUpoje, U CTPEMJIEHHE BOIJIOTUTh UX B PEAbHOCTH,
MIPUBEIHN K IIPOU3BOJICTBY.

VY 4YenoBeka WIM Yy CyIECTBa, KOTOPOMY MpEACTOSNIO CTaTh ue-
JIOBEKOM, HE OBUIO XM3HEHHOW MOTPeOHOCTH B TOM, YTOOBI IpO-
u3BoAMTh. Haxonsice B paBHOBECMH € TPUPOIOH, OH BCErza MoOr
HalTU NUIYy U YKPBITHE B OKpyXarouei cpene. MHade rosops,
NPOU3BOJACTBO M IPOM3BOMASIIMI TpPyA HEe ObUIM yCIOBHEM €ro OHo-
JIOTUYECKOTO CyllecTBOoBaHMs. bonee Toro, midiieecss yxXe MHOTHE
THICSAYENIETUS IPOU3BOJICTBO MIPEIMETOB HE CJENAN0 JKU3Hb YeJoBeKa
HHU OoJiee Oe3o0macHOM, HU Jaxke Oonee chiToil. IMeHHO moToMy, 4TO
NPOU3BOJICTBO HUKOTJA M HE CIYXHJIO yJIOBJIETBOPCHUIO KaKUX-THOO
MHBIX NOTPEOHOCTEH, KpOMe MOTPEOHOCTH MEPEHOCUTh B PEalbHOCTh
CO3JlaHHOE B BOOOpakeHMH. MHaye TOBOps, NPOU3BOJCTBO HE
SIBIISICTCS  OMOJIOTMYECKOM MOTPEOHOCThIO. Y HEro JAPYrod 3BOJIO-
IIUOHHBIA CMBICTI.

B mpakTuueckod XU3HM CO3JaHME MBICICHHBIX O0pa3oB Aei-
CTBHUSI UMEET LIENbI0 00CTyXKMBaHHE MOBENEHHSI B KOHKPETHBIX YCIIO-
BUsX. OHAKO MBICTICHHBI 00pa3 MOXKET MMETh CaMOCTOSITEIbHYIO
HEeHHOCTb. Ecni OH cofepkuT Ii1y00KHe U TOHKUE JIOTHYECKHE CBS3H,
UCXOJHUT W3 HEOOBIUHBIX YCIOBHH, TO 3TO OTACIBHBIA TBOPYECKUIl
npoaykT. OH pacmmpsieT 06a3y YelOBEUECKOro OIbITa, HOO YeloBede-
CKHI1 ONBIT BKIIIOYAET KaK HAOJIIOIEHHS, TaK U JIOTHUECKUH OTIBIT.

Oco3HaHnue KpacoThl U TaAPMOHUM MMeEET OMOJIOTMUECKHE KOPHH.
OHO He CBsSI3aHO CO CBOMCTBaMHU pasyMa. MOHTECKbE BbICKa3al MBICID,
YTO YIOBOJBCTBHE OT HAOJIONEHWS TOTO, YTO HAa3bIBAIOT KPACHBBIM,
00BEKTUBHO CBs3aHO C moTpebienneM nHpopManyu. CHMMETPUYHOE
HaM HPaBHUTCS MOTOMY, YTO OJHOH MOJOBUHBI 0OOBEKTa JOCTATOYHO,
4YTOOBl BOCHPHHATH Lenoe. MHOIOKPacOYHOCTh — IOTOMY, 4TO
o0JyieryaeT BOCIpUSTHE, OJHOBPEMEHHO yBeIMUYUBas oO0beM HHGOP-
Manuu. CBOHCTBOM YeNIOBEYECKOTO pa3yMa sIBISIETCSl CIIOCOOHOCTh
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WMHUTHPOBATh CUTyalluH, JEHCTBYIONINE HA SMOLHOHAIBHYIO chepy —
TO, YTO BOIJIOTHJIOCH B HCKYCCTBaX.

Bo3HuKHOBEHHE SI3bIKa, a MO3KE MHCbMEHHOCTH, B UYEJIOBEYEC-
KOM 0011ecTBe OBIIIO O0YCIIOBJIEHO HEOOXOAMMOCTBIO TIEPEIav JIOTH-
YEeCKOTO OIbITa. VIMEHHO JIOTMYEeCcKOro OIbITa, a He WH(OpMAIH BO-
o6e. Ilepenaua HaOMFOIATENEHOTO OMBITa CBOMCTBEHHA W KHBOTHBIM.
Ho ona ocymiecTisieTcst MpOCTEIMH CpEICTBAMH: OOy4YeHUE Ha TIPH-
Mepe, 3BYKOBbIE CUTHAJIBI, METKH, TIO3bI ¥ IPOYNE CUMBOJIBI.

DBOIONUS KU3HU CONPOBOXKIACTCS CO3IaHUEM, HAKOTUIEHHEM U
nepenayeid wHpopmaruu. Haumbonee ¢QyHIaMEHTaIEHBIM —THIIOM
Onoornyeckoii MHPOPMAIUU SIBIIIETCS WH(OpPMAIUsT TeHETHYeCKasl.
Ee Hocurenmr — wMonekyna Ie30KCHPHOOHYKICHHOBOH KHCIIOTHI
(IHK). B cymmHOCTH, BONIONUS KH3HH — €CTh JBOJIOIHSI HH(OP-
MAaIMOHHOW MOJIEKYJIBI.

B onToreHese Bo3HMKaeT HaOIIOMATEIBHBINA OIBIT, KOTOPBIM MO-
TYT 0OMEHHUBATHCS O0COOH, IpUHAIEKAIINE K JAaHHOHN moryssinui. OH
He TepeaeTcs 1Mo HACJIEACTBY, HO BOCITPOM3BOAMUTCS OT TIOKOJICHHUS K
MTOKOJICHHIO.

UenoBeuecknii pa3yM TPUBENT K BO3HUKHOBEHHIO JIOTHYECKOTO
ombITa. SI3BIK U MUCHBMEHHOCTH K €ro peructpamuu u mnepemade. C
9TOr0 MOMEHTA BO3HHMK HOBBIM KaHal 3BOJIIOITNHN I/IHq)OpMaIII/II/I.
Wudopmarust modydmiaa CIIOCOOHOCTh HAKaIUIMBaThCS W Iepela-
BaThbCsl TI0 HACIEICTBY HEOMOJOTHYECKMM TyTeM. BosHHK cnocob
9BOJIIOIMY, TTapaJuICNbHBIA OHOJIOTHYECKOMY. DBOMOLUS HH(OpMa-
nun OoJjiee HE HYXKIACTCS B JKM3HM C €€ MEICHHBIM MEXaHHU3MOM
sBomounn. buocdepa mepenmana scradeTHyro MNalOYKy SBOJIIOLUH
AQHTPONIOTCHHOMY MUDY.

B xoneuHOM CUETEC, YCIIOBCK OKAXCETCA, U YIKE B 3HAYUTEIILHON
CTETNICHH OKAa3aJcs, B UCKyCCTBEHHOM Mupe. OH BBIXOAWUT U3 PaBHO-
BECHsl C JKMBOM NPHPOAOH, mepecTaeT ObITh YacThIO OMOJIOTMYECKOTO
mupa. [logoOHO cospeBlIeMy IOy, YENOBEK OTPBIBAETCS OT IpeBa
xu3HU. OH Oonee He TUTaeTcs ee cokaMu. OH OTUYKAAETCs OT )KU3HU
C €€ 3aKOHaMH SBOJIFOIMHU. HU 0ITHO HMBOE CYyIIECTBO HE MOXKET BBI-
XKWUTh BHE XKUBOW MpUpoel. Kpome uenmoBeka. OH MOXKET YHHUYTOXKHUTH
BCE KMBOE MW TPOJNOIKATH CymlecTBOoBaTh. OH HE 3aBHCHUT OT KH-
cioponaa arMochepsl, BbIPA0ATHIBAEMOTO PACTEHUSIMH, HOO MOXKET
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JIOOBITH €ro 3J1eKTpoin3oM. EMy He Hy)KHO MSICO )KHBOTHBIX, HOO OH
MOYXET CHHTE3MpOBaTh JII000H Habop amuHOKHCIOT. Ecnu oH emie u
HE JIOCTHT 3TOTO COCTOSIHHSA ceiuac, TO, BO BCSIKOM cllydae, IpHOmu-
’aercst kK HeMy. C 3TOro MOMEHTa CYILECTBOBAHME JKU3HH Ha 3eMile
nepecTaer OBITh YCIOBHEM €ro COOCTBEHHOTO cyliecTBoBaHus. OH
MOXET COXPaHHUTh >KU3Hb JJIsi 3a0aBbl W JJIsI pa3BJICUCHUS B BHIE
TmaHIa(THRIX 3allOBETHUKOB M OWoioruvecknx mapkoB. Ho, ckopee
BCEro, JKM3Hb HE COXPAaHUTCS B HEBOJIE Y 4YeNIOBEKa W, JIHIICHHAS
CBOOOJTHOTO CaMOpETyJIMPOBaHUs, UCUYC3HET, €CIH TOJBKO HE yCIIeeT
aIalITUPOBATHCS K YEIOBEKY, HO Y)Ke HEe Kak K OMOJOTHYECKOMY BHUIY,
a KaK K 9yepOJTHOHN CTUXHU.

W3 cemenn miona, OTOPBABIIETOCS OT ApeBa JKU3HHU, PA30BHETCS
HOBOE JIpEBO, MMSI KOTOPOMY aHTpPONOTeHHBbIA Mup. B 3TOoM Mupe
YIOBIIETBOPEHUE OMOJIOTHYECKIX MOTPEOHOCTEN YelloBeKa CTAaHOBUTCA
[ENUKOM 3aBHCSIIUM OT MPOU3BOACTBA. B oTnmume ot OGmosmornyec-
KOTO MHpa, B aHTPOIIOTEHHOM MUpE MPOU3BOICTBO — HEOOXOIMMBIH
3JIEMEHT TOMeOcTasa.

Bbuonornyecku cyuiecTBOBaHHE XUBOTO OpPTaHU3Ma CBOAMTCA K
ucnonHeHuto Tpex ¢ynkimit: ) momnepkaHuio JKWU3HM, T.e. YIO-
BJIETBOPEHUIO MOTpeOHOCTEH B muile, (HPU3NOIOTHUECKUX OTIpaBie-
HUSX, BOCCTAHOBJICHUU CHJI (COH, OTIBIX); 2) MPHUCIOCOOICHHUIO K
BHEIIHEN cpefie, MaCCUBHOMY (THE370, HOpa, CPEeACTBAa MUMUKPHH H T.
T. y )KUBOTHBIX, KPOB, OJIS)KIa — Y YEIOBEKA) M aKTHBHOMY (3aIl[UTE OT
MOCSATATENbCTB IPYTUX 0co0eii); 3) BOCIPOU3BOJICTBA ce0e TOJOOHBIX.

[pupona cHabmuia Bce >KUBOE CPEACTBAMHU ISl MUCIIOJHEHHS
3THX (YHKIUH, CJeNaB, OJHAKO, TaK, YTO ATH CPEJICTBA HE SBIISIOTCS
abcomoTHBIMH. OTHOCHTENFHOCTh M OTPAaHUYEHHOCTh WX B OTHOILE-
HUU KaXJOTO OTJCIBHOTO OpraHu3Ma JENaloT OMPaHUYCHHBIM BpEMs
KU3HM WHAWBHIYyMa, YTO €CTh YCJOBHE OOHOBJICHHS, COBEPILCH-
CTBOBAHHUS U Pa3BUTHUS )KUBOTO KaK IEJIOTO.

[To mMepe pa3BUTHS HOBOTO JpeBa HEN30EKHO BO3HUKHET BOIIPOC
— HYXXHBI 1 BOOOIIE YeJIOBEKY €ro OMOJIOTHYEeCKHe MOTPeOHOCTH.
Benp normka wx Oblla TPOAMKTOBAaHA CMBICIOM KH3HH. BHe
OMOIIOTHYECKO  JKM3HHM  CcaMO€ WX  Ha3HauyeHHe, MeXaHH3M
OCYIIECTBJICHHUS U OTHOCHUTENBHBIN XapaKTep CPENICTB, OTIMYIEHHBIX
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JKUBBIM CYIIECTBaM [UIsl YAOBIETBOPEHHUS MOTPEOHOCTEH, — BCE 3TO
TepsieT U3HAYAIBHBIM CMBICI — CIYXHTh CPEICTBOM OTOOpa M 3BO-
mouuu. IToaromy crenyromei CTyneHbH pa3BUTUS TEXHOJIOTMYECKOU
OUBHJIM3aUMU OyAeT yCTpaHeHHe OHOoNIoTnYeckux QyHKIMN YeroBeKa.
HerpynHo mnpenBuners BO3MOXKHOCTh PAaJMKAIBHOTO W3MEHEHHUS
MEXaHW3Ma IUTaHUS U JETOPOXKICHMS, IOCIENOBAaTEIILHON 3aMEHbI
OMOTEHHBIX OPTraHOB TEXHOT€HHBIMH, MOCTENIEHHOE BO3HUKHOBEHHE
OunotexHoreHHoro rudpuaa. Ho perarommm U, MOKET OBITb, POKOBBIM
miarom OyneT ycTpaHeHHe CMepTHOCTH. KOHeuHOCTh cylecTBOBaHHSA
UHJUBUYYMa — HEINPEMEHHOE YCIOBHUE IBOJIIOLUY kU3HU. Ho 310 M
- YCIOBHE YCTOWYHMBOCTH JIOOOTO pa3BHBAIOIICIOCS MHOXKECTBA.
[Ipeononeer n1 TeXHOTeHHAs HUBUIIN3ALMS STOT OMACHBIH PyOeX HIIH
€My CYXKIEHO CTaThb 3aBEPIUAIOIIMM B PA3BUTUU OTOPBABIIErOCA OT
JpeBa KU3HU Maoja?

bynyiee aHTpOIOreHHOro MUpa HaxOQUTCS 3a MpeAelamMu BO3-
MOXHOCTHU TpeaBuaeHus. Beuen im pasym? Besnecym nu on Bo Bce-
neHHoi? Wnu 3To KpaTkuii MUT B HcTOpuU BceneHHON M KH3Hb
racHeT, B30OpaBIIMCh Ha 3Ty BepumHy? Hurnme B okpectHoii Bce-
JICHHOW MBI He HaOJroaeM CIIeOB PasyMHOM *ku3HU. 4,5 Mumapaa
JIeT 3aHANa Ha 3eMJie ABOJIIOLUS, MPUBEIIAs K MOSBICHUIO pa3yMa.
BeposiTHO, MUIITHAPABL JIET — 3TO TOT MaciuTad BpeMEHH, KOTOPBIH
TpeOyeTcs B JIOOBIX YCIOBHSAX M Ha JIOOBIX MHpax AJsl JOCTHKEHHS
9BOJIIOIMEH TOAOOHOTO  ypOBHS  oOpraHu3auud. HeBo3MOXKHO
MPEICTaBUTh, YTO 3eMJIsl — €AMHCTBEHHOE MeCTO BO BceneHHo, rae
BO3HHMKJIA pa3yMHas >KU3Hb. Torna HeHaOIH0IaeMOCTh KOCMHUYECKOTO
pasyMa, BEpOsiITHEE BCErO, CBSI3aHA C MCTOPUYECKOU KPATKOCTBIO €r0
cymectBoBaHus. IloABIASICH B pa3HBIX TOYKAX BCEIEHHOM Kak
pe3ynbTaT SBONIOLUM, 3aHUMAIONIEH MWLIMApAbl JIET, pa3yMHas
KHU3Hb, BEPOSITHO, AJIUTCS HEAOJTO, B CBOCH BhICLICH (a3e, — MOXKET
ObITb, JHIIb, THICSYENETHA. B HEOOBITHOM MPOCTPaHCTBE OHA
BCIIBIXMBACT W TacHET MOJOOHO HCKpaM TakK, YTO OJHOBPEMEHHOE
CYLIECTBOBaHME Ja)K€ HECKOJBKMX HMCKp B 0003pumoi Bcenennoii
MAaJIOBEPOSITHO.

OcTaBnsss B CTOPOHE MpayHble MPOTHO3Bl M JalbHEHIINe pas-
MBIIUICHAS HA 3Ty TEMYy, YKaXy Ha JBa JIOTUYECKUX CIEACTBUSA,
CYILIECTBEHHBIX JUJIS IIOCIEAYIOIIErO aHaIn3a.
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IlepBoe cCOCTOMT B TOM, YTO 3BONIOLMSA MaTepUH IO TOMY ITyTH,
KOTOPBIN MBI Ha3bIBa€M 3BOJIIOLIMEHN KMBOTO, HE 3aMKHYTa B IIpeenax
opranudeckoro wmwupa. Co3JaHHBIE YEIOBEKOM HCKYCCTBEHHBIE
COOpY’KEHHMS, I0OMa, 3aBOJIbl U TOPOJAA SIBISIOTCS TaKUM K€ HU3KOIH-
TPONMKUHBIM MPOLYKTOM 3BOJIIOLUH, KaK €ro cOOCTBEHHBIE OHOJIOTH-
gyeckue cuctembl. He TONbKO opraHMyecKkue COEAMHEHHUs, HO U Me-
TaJUTbl, CHJIMKATBl M IPOYMEe MHUHEpaJbHBIE CTPYKTYPBl OKA3aJIUCh
BOBJICYCHHBIMH B 3BOJIIOLIMIO JKU3HM, CTAlIM YacCThlO JKUBOM TKaHM.
TexHu4yeckue ycTpOWCTBA, BBIIONHSIOMNE (QYHKUUH, U TEXHUYECKHUE
YCTPOMCTBa, Hecyline MHPOPMAIHMIO, CPALIUBAIOTCS ¢ OHOIOrHYec-
KAMH HOCUTENSIMH (DYHKUMI ¥ MH(POpPMAINH, 3aMeIaloT UX U, B KO-
HEYHOM cueTe, MOTYT 3aMEHMTh BHoJIHE. VHaue roBops, KOrga Mbl
TOBOPHUM 00 3BOJIOLMH KHBOTO, PeUb HIET 00 OYEHBb O0IEM CBOMCTBE
MaTepHu, a He CBOMCTBE COOCTBEHHO OMOJIOTHUECKUX CHCTEM.

Bropoe noruueckoe crneicTBue KacaeTcsl ABMXKYLIEH CHIIBI 3BO-
mroruu. OOLIEIPUHATO paccMaTpuUBaTh B KauecTBE TAaKOBOH ecTe-
CTBEHHBIII 0TOOp. MMmeercst OecunciieHHOE MHOXKECTBO MNPUMEPOB,
Ka3aJIoCh Obl, WUTIOCTPUPYIOMIMX CIIPABEIMBOCT 3TOrO IMPEACTaBIie-
HUS. BpIne s Takke yHOMSIHYJ, YTO MOsIBIICHHE ()eHOMEHa IpeIBH-
JCHUSl JaJio CENEKTHBHOE NPEMMYIIECTBO MHAMBUAyYMam, 00JagaB-
muM 3TUM AapoM. OHO MO3BOJIMIIO UM uepe3 NMpeABHICHHE U30erath
HeOaromnoylyyHbIX CUTyaluid 0e3 HermocpeICTBEHHOTO CTOJIKHOBEHUS
CO cpemoil M TeM caMblM TOJXY4YUTb JOTOJIHUTENBHBIH IIaHC B
KOHKYpPEHTHOH Ooppbe. OnmHako ecnd WMETh B BHAY MaciuTad
M3MECHEHUS, BBI3BAHHBIA IMOSBICHHEM (EHOMEHA IMPEIBUICHUS, TO
CO3JIaeTCsl BIIEYATICHUE, YTO €CTECTBEHHBIH OTOOpP 3/1eCh' HE MPUYEM.
CoBpeMeHHBIH JapBUHU3M paccMaTpHUBAaeT HBOJIIOLNIO, KaK IMPOLECcC
HaKOIUICHUS] HEeOONBbIIMX H3MEHEHHH, OOYCIOBICHHBIX MYTALUSMH.
Kaxnoe n3smMeHeHne MoAIeKHUT UCIIBITAHUIO €CTECTBEHHBIM OTOOPOM, H
3aKperuisieTcd B MOMYJALNHN, €CI JTaeT CEJIEKTUBHOE MPEUMYILECTBO
€ro HOCHTENI0 B KOHKYpeHTHOH OoprOe. CeromHs B pykax 4deJoBeKa
aTOMHasi JHeprus, Jasepsl W KOMIBIOTEphl. Bpsnx mm 310
9BOJIIOLIMOHHO HEOOXOIUMBII MHCTPYMEHT B KOHKYpPEHTHOH OopnOe ¢
MIMMIaH3e ¥ TOpuiiaMd. YTO MPOU30LUIO peajbHO B (PH3MYECKOM
cmbicie? [Ipousomien orpoMHBIH CKauOK B MacCOBOM YIOPSIAOUEHUHU
MaTepuH, B MaCCOBOM IPOU3BOJICTBE
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HU3KORHTPONUNHHOTO MPOIYKTa, COBEPIIEHHO HE COOTBETCTBYIOLIETO
aIalTalliOHHBIM MM KOHKYPEHTHBIM IOTPEOHOCTSAM HOBOTO BHIA —
YeJioBeKa.

OTu cooOpakeHHs S MpHBEN, YTOOBI Ha NMpUMepe TaKUX Mac-
mTaOHBIX ()EHOMEHOB 3BOJIOLMHM, MMEBIIMX MECTO M B IeOJOTHYe-
CKOM MpPOIIJIOM, HOAYEPKHYTh, YTO OHHU BBI3BAHBI, I10-BUANMOMY,
BHYTPEHHHMH 3aKOHAMH Pa3BHTHUSI MaTEpUH, HE CBOJSIIUMHUCS K Me-
XaHU3MY 0TOOpA.

$ 2. Dsonroyus u dapeuHusm

Jaxe mpoctoe paccMaTpHBaHUE CKelieTa )KMBOTHOTO B aHATO-
MHYECKOM My3ee mopakaeT BooOpaxeHue. Kak mpupopa moria co-
3aTh CTOJb [IENEeCO00pa3HOe COUETAHUE CYCTABOB, TKaHEH, OpraHoB?
Ecnu ke BrusaeThCsl B OTKPBITHIC COBPEMEHHON MOJIEKYISIpHON OHO-
JIOTHEH dyjieca B3aUMOJICHCTBHS TOHYANIITNX OMOXHUMUYECKUX CHCTEM,
TO YENOBEYECKUH MO3T OTKA3bIBACTCS MOBEPUTH, UYTO BCE ITO MOTJIO
obpa3oBatbesi camMo mo cebe. TpyaHO OCO3HATH, YTO €CTECTBECHHBIHM
TPUPOITHBIN MPOIIECC MPUBEN K TOMY, YTO OCCCMBICICHHBIC CTYCTKH
MaTepuy B BUJIE aTOMOB M MOJICKYJI CMOTJIM OPTaHH30BaThCs B CyIIIe-
CTBa, CIIOCOOHBIC MBICIIUTb.

Hayunoe ommcanue Mupa TEpHUT MO3TOMY CEPbE3HOE HCITBI-
TaHWE MPH OOpaIlleHWH K MpoOJeMe MPOUCXOMKIACHHUS M IBOIFOIUN
)ku3HU. Takol 3aMeuaTesbHbIN ecTecTBoucIbITaTeNlbh Kak Kopx Kio-
Bee (George Cuvier, 1769-1832) orpuman BO3MOKHOCTE DBOJIOIHH.
Kpynseiii anrnuiickuii npocBetutenb Yuabsam Ilaneir (William Pa-
ley, 1743-1805), npemmectBenuuk Yapip3a JlapBuHa U COBPEMEHHUK
ero aena Opa3Mma JlapBuHa, 04eHb yOSIUTEIHHO IS CBOETO BPEMEHU
(B aTOM mipu3HaBaincs Y./lapBuH) pa3BUBaI MPEACTABICHUE O TOM, YTO
BCE KMBOE €CTh pe3ysbTaT TBOpeHus (Creation), BBIMOJIHEHHOTO IO
3ameicity (design) musaitnepa. C Tex mop CyIIeCTBYET HalpaBlicHHE,
Ha3bIBAEMOE «KPCALMOHM3MOM» M KOHICHIHUS «Iu3aiHepa». VY.
[Taneii emie U3BECTEH TEM, YTO BIEPBBIC MIPUMEHUII TIOMYJISIPHOE C TEX
HIOp CpaBHEHHE )KUBOTO OPraHM3Ma C YaCOBBIM MEXaHM3MOM U TBOpPLA
¢ uacoBumkoMm (watchmaker). On nmumcam:  «..Koraa  Mbl
paccMmaTtpuBaeM 4Yackl, Mbl OCO3HAEM, YTO MX YaCTH 1IeIeCO00pa3HO
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noJ00paHbl, OHH CACTAaHbl U OTPEryJINPOBAHbI TAKUM 00pa3oM, YTOOBI
NPOU3BOANTE HEOOXOIUMOE ABMKEHUE, ...4TO, €CIIM U3MEHUTH (HOpMy
OTIENBHBIX 4YacTell WIM UX TOJIOKEHHE, MEXaHW3M IepEeCTaHEeT
neiictBoBaTh. Hens0ekHbIH BBIBOJ COCTOMT B TOM, 4TO 4Yackl (watch)
JIOJDKHBI OBLTM MMETh CBOETO M3roToBHUTElNs (Maker), caenasiiero ux
JUIS LIeTTH, KOTOPOM OHM JIEHCTBUTEIBHO OTBEYAIOT, KTO OCO3HABAN MX
KOHCTpYKUHMI0O H crnpoekrtupoBan (designed) ux WMCHONB30BaHUCY.
CospemennukoM K. KroBee u Y. [lanes Ovun XKau bBatuer Jlamapk
(Jean-Baptiste Lamarck, 1744-1829), npeuioxuBIIMA OTHY U3 TIEp-
BBIX 3BOJIFOLIMOHHBIX Teopuid. OH CUMTAJI, YTO IBOIIOLMSA MPOUCXOAUT
MyTeM HacjJeJOBaHMs NPHU3HAKOB, MPUOOPETEHHBIX OPTraHW3MOM IPH
XHU3HU (B OHTOreHese). Ecnmu Kakoi-1MOO OpraH HMCHONB3yeTcsi, OH
pa3BuBaetcs. Ecnu He ucnonb3yeTcs, OH ACTeHEpUPYET U, B KOHEUYHOM
cyeTe, B MMOKOJIEHUSAX Mcue3aeT. Mies HacnenoBaHusa B OHTOTE€HE3E He
onpaBjajach, U C TIOABJICHUWEM JapBUHHU3MA <«JIaMapKuU3M» CTall
paccMaTpHBaThCs Kak aHTHHay4dHoe ydyeHue. [Ipu 3ToM HecnpaBeamnu-
BO Obla 3a0biTa pons XK. -b. Jlamapka, kak 0ZHOTO U3 OCHOBOIOJIOX-
HUKOB 3BOJIOLMOHM3MA M (PAKTHYECKH aBTOPa UJIEH E€CTECTBEHHOTO
orbopa. [luckyccusi MeXIy SBOJIOLMOHUCTAMH W KpEalHOHHCTaMHU
(creationist) mpogomkaeTcs o cux mop. Bepa B To, 4TO Bee cylee
OBUTO COTBOPEHO OOroM B HBIHE CYIIECTBYIOIIEM BHJE, 3aXBAThIBACT
Jla)ke TPOCBELIEHHble yMbl. OHa HACTOJBKO pPACIPOCTpaHEHa, UTO
nenaprameHT obpazoBanust CLIA cuen HeoOXOIUMBIM U3AaTh AOKY-
MEHT, PEeKOMEHIYIOUIMH MpenojaBaTh B aMEpUKAaHCKOH o0mieobpa-
30BaTENIbHON IIIKOJIE HayYHbIE OCHOBBI IBOJIOIMM U ONPEACISIONINN
KpealuoHU3M Kak (popMy peurim.

PeansHOCTD BONMIOLNH, CBA3aHHOW C BO3HHUKHOBEHHEM Bce 00-
Jiee CIOKHBIX (POPM JKU3HH, HAXOAUT O€3yCIOBHOE MOATBEPKICHNE B
reosiorndeckol ucropuu. Bozpact 3emim 4,56 mapn ner. B apes-
HeWmmx A HaOmiofeHust apxeiickux moponax (3,8-2,6 mipz ner)
UMEIOTCS CNENbl JKU3HEIESTEIbHOCTH JIMIIb MPOCTEHUIINX OHOKIIE-
TO4YHBIX. B mportepozoe Ha pybOexe 2,0 MIpA JET MOSABISAIOTCS MHU-
KpPOOPTraHU3MBI CO CIOXHBIM CTPOCHHEM KIIETKH, CoAepKalleH sapo,
B KoTopyto 3aximoueHo JJHK, n opranensisl B KJIETOYHOH KHUIKOCTH
(3ykapuotsl). OcTaTKM MHOTOKJIETOYHBIX JKHBOTHBIX OPraHM3MOB
(MeTa3o0a) HaxXOAT B OTIIOKEHHSX, BO3pacT KOTOPBIX HE CTapIle
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700 miuH net. [103BOHOYHBIE MOSIBIIAIOTCSA B T€0JIOTHYECKON JIETOMUCH
npubnusurenso 500 muH ner Hazax, pentwinu 300 MiH JeT, a
miekonutatone 200 muH et Hazan. [locnmemyroiee pa3BuTHE Bce
OoJiee BEICOKOOPTaHU30BaHHBIX ()OPM pacTEHHH U )KUBOTHBIX BEHUACT
nosiBiieHue mpumaTtoB (60 MIIH JeT Ha3aja) U 4YeloBeKa B IMOCIEIHUE
HECKOJIbKO MIJIJIMOHOB JIET HCTOPUH 3EMIIH.

Yapune3 dapsun (Charles Robert Darwin, 1809-1882) npemnoxun
KOHIIETIINIO, KOTOpasi COCTaBIseT OCHOBY IPHUHATON B HacTosliee
BpeMs HayKoW TeopuH 3BoironMy. OHa CyLECTBEHHO pa3BUTA U yIIIy-
OJieHa ¢ TMOsIBIICHHEM MOJIeKYJIApHO# ouonoruu. Ho cyTh ee octanach
MPAKTUYECKH HEU3MEHHOH. DTO — MpPEICTaBIEHHE O €CTECTBEHHOM
0TOOpE MOCPEACTBOM KOHKYPEHIIMM M BBDKMBAaHMH HanOoliee MpHUCIIO-
COOJICHHBIX KaK JBIDKYIIEH cuibl 3Boitonmu. CiydaiiHble MyTalluH,
KOTOpBIE BO3HHMKAIOT B HACJIEJICTBEHHOM MaTepHaje, MOTYT MPUBECTH
K TOSIBIGHUIO CBOMCTB, MOJIE3HBIX i1 OpraHm3Ma. B pesynbrare
COOTBETCTBYIOIIUI MHIAVBH MOIy4daeT MPEUMYLIECTBO B pa3MHOXKe-
HUM, Onarojgapsi KOTOPOMY BHOBb NPUOOPETEHHOE CBOWCTBO Uepes3
PSL TIOKOJICHUH paclpoCTpaHseTcs Ha Bce COOOLIECTBO, a MHANBUIDI,
HE HUMEIOIIME €ro, YCTPAHSIOTCS, HE BBIACPKUBAsS KOHKYpPEHIUH.
IOnmnan Xakcion, BHYK H3BECTHOro coBpeMeHHuKa Y.JlapBuHa u
crpacTHOro nponoBeqHuka napsunusma T. I'. Xakcmu (Tomas Henry
Huxlay, 1825-1895), B o0030pe, MOJABOAAIIEM HWTOT Pa3BHUTHIO
9BOJIIOLIMOHHON TEOpUH K Hayajdy ABaALIATOTO BEKa, MOAYEPKUBAI:
«HackonpKo M3BECTHO €CTECTBEHHBIH OTOOpP HE TONBKO HEU30EKEH,
HE TONBKO sBJsieTCs () (HEeKTUBHBIM (DAaKTOPOM 3BONIOLUH, HO 3TO —
eIMHCTBEHHBIN 3 (EKTUBHBIN (HAKTOP IBOIIOLIHI.

JlapBUHU3M TpHUBIIEKATENEH Ui MaTEepUATHUCTUYECKOTO MBIIII-
JICHUS TEeM, YTO MpeJJlaraeT eCTECTBEHHBIM MEXaHH3M IpEeBpaIleHUs
CJly4ailHBIX M3MEHEHUH B ILIEJCHAINIPaBJICHHBIH MPOILECC 3BOIIOLMM.
Otnagaer HEOOXOOMMOCTh HM3HAYAJILHOHN Ie71ecO00pa3HOCTH, 3aMbl-
clla, YTO TpeAroJiaracT MPUCYTCTBHE TBOpLa, Oora. B HaydHOH su-
Tepatype 4aiie ynoTpeOnseTcss TepMUH «Ju3aifHep» BMECTO HOCSIIHX
PETUTHO3HBIA CMBICT HOHATHH «TBOpeL, «bory». Y./lapBuH Mor ObI
CKa3aTh TaK e, Kak (paHiy3ckuii Marematuk Jlammac. Korna nocnen-
HUM HM370KHJ CBOIO KOHIENIWIO oOpa3zoBaHusl uaHeT Hamomeony,
UMIIEpPaTOp COPOCHIL: «A Kak ke 60r?» Benukuii MaTeMaTuk OTBETHIL:
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«Cup, s He HYXKIAlOCh B 3TOH rumore3e». Brpouem, Y.JlapBuH ObL1
PENUTHO3€H U NPHU U3JI0KEHUH CBOEH KOHUEMIIMM HE OTKa3bIBAJICS OT
nonstus Co3natens (Creator).

COTHM KHHUT TOCBSIIEHBI U3JI0KEHHUIO 3BONIOIMH B paMKax Jap-
BUHU3MA. CerofHsd 3TO — OCHOBHAs 3BONIOIMOHHAs KOHIEMIHA.
JlapBUHM3M, BIUTABIIMN TOCTH)KEHUS TE€HETUKH MEPBOM IMOJOBHUHBI
XX-ro Beka, NOJTy4Hs Ha3BaHUE HEOJAPBHHU3MA WM CHUHTETUYECKOM
teopuu 3somoruu (Haxley, 1963). B cranosnenne mocieaHeii 60Jb-
LIOH BKJIaJ BHECHIU PYCCKHUE (COBETCKHE) TeHETUKU-3BOIOIUOHHUCTHI:
A. H. Ceseprios, C. C. Uersepuxos, H. 1. Basunos, JI. C. bepr, H. K.
Kombnos, U. W. llImansraysen, H. B. Tumodees-Pecosckuii, 1. A.
Pamomopr, H. Il. dyOmnun. B To ke Bpems, HEKOTOPHIE CTOPOHBI
JapBUHU3Ma BBI3BIBAIOT COMHEHMs M BOIpockl. Kputudeckomy aHa-
A3y JapBHHH3MA MOCBSINEHA, HalpUMep, HexaBHssA padoTa . A. 3a-
Bap3uHa (2000).

B nenaBuno m3mannoi kuure M.J[x. Bexe (Behe, 1998) murrer:
«/lapBrHOBCKast TeOpHs MPENCTABIANACh Pa3yMHOM, ITOKa MEXaHHU3M
SBOJIIOIIMU PaccMaTpUBaiCs Kak YepHbId sammk. OpHako, Koraa 6uo-
XMMUKHU OTKPBUIA YEPHBIN AIIMK M YBUAETH MOJEKYJSPHBIA MEXaHU3M
paboThI KU3HHU B €r0 HEBEPOSTHOH CIO0KHOCTH, BO3HUK BOIIPOC, KaK
BCE 3TO MOXKET 3BOJIIOLMOHMPOBATH» (C. 15). CoBpeMeHHBIN AapBu-
HU3M TpPEANoNaraeT, YTo SBOJIOLHOHHBIE H3MEHEHUS MPOUCXOIAT
HEOONBIIMMHI TIOCTIEIOBATEIbHBIMK [IAraMu, KaKABIH W3 KOTOPBIX
MPOXOIUT MPOBEPKY €CTECTBEHHBIM 0TOOpOoM. OmHako OHoyormyec-
KM€ MEXaHM3MBl Ha MOJIEKYJIIPHOM YpPOBHE MOCTPOEHBI U3 MHOTHX
3BEHbEB, NPUUYEM HEKOTOPHIE M3 HUX HMMEIOT 3HA4eHHE TOJBKO Kak
yacTh 1enoro. OHUM HE HUMEIOT CaMOCTOSITEIBbHOH 3BOIOLMOHHON
HeHHOCTH. [103TOMy BBI3BIBAE€T COMHEHHE, KaK CIOKHBIE OHOJIOTH-
YEeCKHE CHCTEMbI MOTJIM BO3HUKHYTH IyTEM IIOCIIEA0OBAaTEIbHBIX He-
OOJNBIINX INAXKKOB, KaXKIBIH M3 KOTOPBIX 3aKPEIUBLICA B pe3yJbTaTe
€CTECTBEHHOTO 0TOOpa, T. €. CO3AaBal HEKOTOPOE MPEUMYIIECTBO €T
Hocuteno. M.JIx. Bexe monpoOHO paccMaTpuBaeT B3aMMOJICHCTBHUE
OT/AENBHBIX YacTel CI0XKHBIX OMOIOTMYEeCKUX CHCTEM, KOTOphIe obec-
[I€YMBAIOT, HANpUMEp, CBEPTHIBAHHWE KPOBH, UMMYHUTET WU JApYTHE
(YHKUMH M TOKa3bIBACT, YTO B OTCYTCTBHE TOTO MM MHOI'O KOMIIO-
HEHTa 3TOH CHCTEMBI, TOW WJIM HHOW CTaJuM Ipolecca, cama QyHKIHS
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cHcTeMBbI HeocyliecTBMMa. OH Ha3bIBaeT UX CUCTEMAaMHM «HE yTpoIlae-
MOH clokHOCTH». CpaBHUBAs MOJOOHBIE CHCTEMBI C KOHCTPYKLHUSIMH
«HE ynpouiaeMol ciokHocTH» HanopoOue MeienoBk, M.Jx. bexe
3aKJII0YaeT: MOAOOHBIE CUCTEMBI HE MOTYT 3BOJIOLMOHUPOBATH Jap-
BHHOBCKHM CIOCOOOM. «BBI He MOkeTe HauaTh C JIEPEBSIHHONH OCHOBBI
MBIIIETOBKH, MOWMAaTh HECKOJIBKO MBIIIEH, TOOaBUTh MPYKUHY, TO-
MaTh enle HECKOJIBKO MBIIIeH, A00aBUTh YIOapHHK, MOHMAaTh elie
Oonpiie Meimeid u T. 1. Cucrema B 1IeJOM JAOJDKHa OBITH coOpaHa
cpa3y Wwix MbIb yiiae™ (c. 111).

Myrtanus, T.€. cinydaiinoe nospexxaenue JIHK, paccmarpuBaeTcs
COBPEMEHHBIM JapBUHU3MOM B KaueCTBE CAWHCTBEHHOW Ipea-
MOCBUIKM 3BOJIIOLIMOHHBIX W3MEHEHHMU. Eciu 3Ta MyTanus OKasbl-
BaeTCS IIOJIE3HOM Il OpraHM3Ma, OHA 3aKpEIUnsIeTCs B pe3ysbrare
ecrecTBeHHOro oTOopa. Ho MyTanus, mo kpaiiHeil Mepe, KOraa pedub
uzeT o0 y’Ke BBICOKOOPTaHM30BaHHOW cHUCTEMe, JOJKHA OBITh B 0OJIb-
HIMHCTBE CITy4yaeB BpegHa. ITO — Kak ek Obl, BBICTPEIUB U3 ITYILKH
B 3[JaHME YTOHUCHHOW apXWUTEKTYpbl, OXKHIATh eme OOJBILEero ap-
XUTEKTYPHOIO COBEpLIeHCTBA. MHIUBUAYYM, MONYy4YMBIIUN IIPEUMY-
LIECTBO B PE3yJIbTaTe MYTALUU, MOXKET 3aKPEIUTh €ro TOIBKO 4epes
ceKcyanbHbI 0T00p. OH NOJKEH MMETh JIy4IUe BO3MOXKHOCTH AJIS
pasmHOkeHus. Ho maneko He nro0oe MPEMMYILECTBO TapaHTUPYET
CeKCyallbHBIN ycmex. Tem Goiee, ecim 3TO MPEerMyIeCTBO HEBEIHKO.
A COBpEeMEHHBIN MOJEKYJIAPHBIN JapBUHU3M paccCMaTpUBAEeT BO3MOXK-
HOCTb 3BOJIIOLUU CIIOKHBIX CHCTEM HUMEHHO IOCPEICTBOM HAKOILIE-
HUsI OYeHb HEOONBIIMX H3MEHEHHH. MyTalnOHHOE NPEerMYIECTBO
MOIJIO0 BO3HHUKHYTh B MHJIUBUAYYME, KOTOPBIA B APYTUX OTHOLIEHUSX
yCTymaeT MpeACTaBUTENsIM Toro xe Buaa. CyuiecTByeT OSCKOHEYHO
OOJIBIIOE KOJMMYECTBO CUTYyallMid B peajbHOW MpPUPOIE, B KOTOPBIX
CUACTIUBBIA 00JIafaTeNlb MYTAlMOHHOTO TMPEHMYIIECTBA, MOAYECPK-
HEM ellIe pa3, caMoro Mo cede Ype3BbIUaiiHO PEAKOro, UMEET IaHC He
BBDKHTh, HECMOTPS Ha CBOIO B KAaKOM-TO OTHOIICHHH OOJBLIYIO
CHOCOOHOCTD K BBKHBAHUIO.

Eme V. [laneii yka3an Ha r71a3, Kak Ha HCOOBIKHOBCHHO CIIOMHBIH
WHCTPYMEHT, KOTOPBIH MOT OBITH COTBOPEH TOJBKO TBOPLOM. [lozxke
I71a3 B Ka4eCTBE IIpUMEpa OpraHa, 4b€ BOZHUKHOBEHHE HE IOJIACTCS
00BSCHEHHIO B paMKaXxX JapBUHOBCKOW HBOJIOLINHU, HEOJTHOKPATHO
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(burypupoBan B KpUTHKE JapBUHH3MA. PaccMaTpuBas 3Ty mpobiemy,
P. oykuuc (Dawkins, 1986) roBoput, 4To BCeraa MOXKHO TMpeJcTa-
BUTH TJIa3 MPEANICCTBEHHHUKA JIUIIb OUYE€Hh HEMHOTO OTIHYAIOIIUIACS
OT cOBpeMeHHOrO. IIpUMEHSs TPHUHIUI MaJbIX HM3MEHCHHH K Ka-
KIOMY TPEIIIECCTBEHHHKY, MOYKHO MPOBECTH JIMHUIO OT MOMECHTA,
KOTJIa He OBLIO TJ1a3a, K COBPEMEHHOMY ero Buay. P. JlaykuHC murieT:
«MBI TOBOPHM O WYHCIIE TEHepaluii, KOTOpPBIE OTACISIOT HAac OT
JPEBHEHIINX TMPEIICCTBEHHUKOB, H3MEPSAEMOM B THICSYaX MHUII-
nroHOB. [Ipu 3TOM, ckakeM, B3siB 100 MumnoHOB X-0B (T.€. MaJIbIX
W3MEHEHH) MBI ObLTH OBl B COCTOSHMM CKOHCTPYHPOBATh MPaBIO-
MOJOOHYI0 CEpUI0 TOHKUX TIPaJalliif, CBA3BIBAIONIUX IJIa3 C OTCYT-
cTBUeM TakoBoro BooOmie» (Dawkins, 1986, c. 78). Oanako, eciu
M3MEHEHHE CIIUIIKOM Majo, OHO MOXET He 00eCIeunTh JOCTATOUHOE
CEeJICKTUBHOE MPEUMyIIeCTBO. JIJsi TOro, YTOOBI DBONIOIUOHHBIC
M3MEHEHHUST HAKAIUTMBAINCH, OUEPEIHOC U3MEHEHUE JOJIKHO BO3HHUK-
HYTbh, KOTJIa TIPE/IIIIECTRYIOIIEES PACTIPOCTPAHUTCS Ha BCIO TOMYJISALIHIO.
Jlnst pacpoCTpaHEeHUsT M3MEHEHHI Ha BCIO MOMYJISAIUIO MOTPeOyeTcst
HEe OTHO MoKoyeHHe. Jlake MpU HATHYHHU CEJICKTUBHOTO MPEeUMyIile-
CTBa, KOHKPETHAs CyAb0a OpraHu3Ma MOXKET CIOKHTHCS TaK, UYTO 3TO
MPEUMYIIIECTBO He OymeT yHaciemoBaHo. I103TOMy, Ui CIOXKEHHUS
«100 MusTHOHOB X-0B» HEOOXOIMMOE YHCIIO MOKOJICHUH MOYKET OKa-
3aThCsl 3a MpEAETaMH TeOJIOTHUECKOTo BpeMeHH. Kpome Toro, «uem
OOJIBIIIE YKCIIO MIArOB, HA KOTOPOE MOXHO PasOHTh JBOJIOIHIO, TEM
0oJsiee HEBEPOSATHBIM CTAHOBUTCS TO, YTO BCE OHU OYIyT CHENAHBI B
npaBuiIbHOM Hanpasienun» (Milton, 1997, c. 162).

KoHrernmust 9BOIONMK TTyTeM HEOOJBIINX MOCIIEA0BATEILHBIX
W3MCHEHHI HE HAXOIUT TIOATBEPIKIACHHUS U B (DaKTax MaJCOHTOIOTHH.
HccnenoBarenu He pa3 obpariand BHHUMaHHE Ha TO, YTO B HCKO-
MaeMBIX OCTATKaX TeOJIOTHYSCKUX HAIJIACTOBAHUN OTCYTCTBYIOT MpPO-
MEKYTOYHBIE (OPMBI, KOTOPBIC CBHICTEIHLCTBOBAIN ObI O TUIABHOM
mepexojie 0T OJHOTO BHIA K IPYyroMy. B MaJcoHTOIOTHH CYHIECTBYIOT
OTYETIIUBO MACHTU(HUIUPYEMbIe BUIBL 110 POJCTBEHHBIM MPU3HAKAM
OHH TPYIIHUPYIOTCS B CEMENCTBA U KJIACCHI, MOATBEPIKIAs TEM CaMbIM
CYIIIECTBOBAHHE 3BOJIIOIMOHHOTO pa3BeTBiacHUsA. Ho, Kak MpaBmio,
HE yaaeTcsi 00HAPYKUTh HEOOJBIIHNE SBONIOIOHHEIE PE0OPa30BaAHUS
00JTHKa CYIIIECTB, GOPMBI UX OPTaHOB U T. 1. P. JIOyKHHC CUUTAET, YTO
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OTCYTCTBHE MPOMEXKYTOUHBIX (OPM B MaJICOHTOJIOTUUECKHX 0Opa3Lax
ABJISIETCSI WILTIO3MEH, TaK KaK TeoJIOTHUecKast JIETONHUCh UMEET Helo-
CTaTOYHOE pa3pelieHre. DBOJIONHS OT MBI JO CJIOHA, 0 MHEHUIO
P. loykuHca, 3aHnMaeT okoio 60 Teicsd JeT. B reonormueckom paspe-
3€ 3TO COOTBETCTBYET AECATKY CAHTUMETPOB OCAJOYHBIX OTIIOXKCHUI.
Ha 5TOM KOpOTKOM HHTEpBajie MPOCTO HEBO3MOXHO 3aperUCTPHPO-
BaTh THICSYM TOCIIEAOBATENLHBIX H3MeHEHnH. C TakuM OOBSICHEHUEM,
OJTHAKO, HeNb3sl corfacuThes. OTOop 00pa3loB MPOUCXOIUT HE B OA-
HOM, a B COTHSIX TeoJIoTHYecKuX pa3pe3oB. [losTomy, eciam Ob1 mpome-
JKYTOYHBIE (POPMBI UMENH MECTO, OHU OBl CTATHCTUYECKH HEH30€KHO
MIPOSIBIJIHCE.

CremyeT OTMETHTB, YTO HEKOTOPBIE TPYAHOCTU TEOPHH OBbUIN OYe-
Buanel Y. apsuny. Y.JlapBuH omyOnmkoBai cBoio Teopuio B 1859 ro-
ny. B mectom wuzmanum, mosiBuBiiemcs B 1872 romy, Y.[dapsun
BKJIFOUMJI Pa3Zeibl, B KOTOPBIX HOMBITAICS OTBETUTh HA KPUTHUYECKUE
3aMeuaHus, CIEJIaHHbIE B agpec ero TEOpHH C MOMEHTa ee IepBOH
nyOnukanuu. B Tom uuciie, oH OZHUM M3 MEPBBIX CHOPMYIHPOBAI
BOIIPOC: TOYEMY, €CJIM BHIBl MPOU3OLUUIM OT IPYIHX BHIOB IIyTeM
HeOOJIBIINX M3MEHEHUM, MBI HEe HaOMI0JaeM BCIoy OecuuciIeHHBIE Te-
pexonubie Gopmbi? («...as by this theory innumerable transitional forms
must have existed, why do we not find them embedded in countless
numbers in the crust of the earth?» (Darwin, 1872, ¢ 136)). Ou npuBen
TOT K€ apryMEHT, KOTOphlli moBTopui P. JloykuHc — HecoBepIileH-
CTBO (HENOCTaTOYHAs pa3peliaromas CIoCOOHOCTb) T'eOJIOTHYECKON
neronucu. Ho ¢ Tex mop AeTaTbHOCTh M3YYEHHOCTU T€OJOTHYECKUX
pa3pe3oB OECKOHEUHO Bo3pocia. A mpodieMa ocTaach.

Eme onHO BO3pakeHHE, NMPUBOAMMOE NPOTUBHHKAMHU JIapBU-
HHU3Ma, COCTOMT B TOM, YTO H3MEHEHUs, Ja)Ke €CIH OHU BeAyT, B
KOHEYHOM CHYeTe, K IIOJIOKHTENIFHOMY pe3ylbTaTy, MOTYT Ha Mpo-
MEKYTOUHBIX CTaausX OBITh HE Ha MOJb3y opranusmy. M.Jlx. Bexe,
npuBens psia OUWOJOrMYEeCKMX NPHUMEPOB, 3aKIIOYAaeT CIeoyIoIeH
aHajorueit: «29To Kak eciau Obl JIepeBSHHbIC OalKd B CTCHE MOTIH
TPaHC(POPMUPOBATHCS B COOTBETCTBUH C IAPBHHOBCKHM MEXaHHU3MOM
— TMIOHEMHOXXKY, OJJHa HeOobIuasi MyTalus 3a JPYroi, — B ABEPb.
[MpeamonoxxuM, AepeBsHHBIE Oalku CMECTHIUCh, INTYKaTypKa
pacTpeckanack 1 00pa3oBajiach JbIpKa B cTeHe. bbuto Obl 310
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ycoBepieHcTBoBaHueM? J[pIpka B cTeHE Mmporyckana Obl HACEKOMBIX,
MBIIIEH, 3MeH W MpOoYre BEUIM B KOMHATY; OHa Obl CIOCOOCTBOBAJIA
yTpare TeIula U KOHAWLUHUOHUPOBAHMS. AHAIOTUYHO, MyTalus, KO-
TOpasi mpuBesia Obl K 00pa30BaHUIO JBIPKH B KIETOYHON MeMOpaHe,
npuBenia Obl K IOTEPE MUIIEBBIX MaTepualioB, coniell, AT® u npyrux
pecypcoB. OTo He yiayulieHue. J[oM ¢ ObIpKOM B CTEHE HUKOINa HE
yaanoch OBl TPOAaTh, a KJIETKA C JBIPKOM uMena Obl OONBIION
HEI0CTATOK 10 CpaBHEHHIO ¢ octanbHeIMU» (Behe, 1998, c. 111).

KpaeyronbHbIM KaMHEM JapBUHU3MA SIBISICTCS KOHLIETILUS €CTe-
CTBEHHOTO 0TOOpa, MPEIIoJararoiias KOHKYPeHTHYI0 00ph0y 3a BbI-
KUBaHHUE, T. €. OOpb0Y Ha YHHUTOKEHHE 3a MCTOYHUKH CYIIECTBO-
BaHMsI. AHANM3UPYs KOHIEMIUIO JapBUHU3MA, P. MuntoH 3akitoya-
eT: «KoHIemnus ecTecCTBEHHOTO 0TOOpa SIBIISETCS (PYHIaMEHTAILHON
I TEOPUU NAPBUHCKOW 3BONIOLMHM. B codeTaHuM co CiydyailHOU
MyTalluel eCTeCTBEHHBIN OTOOp 00eCreunBacT €IMHCTBCHHBIN MeXa-
HU3M, OOBSCHSIONIMY M3MEHEHUS B (pOpME MPUCTIOCOOICHUS BHIIOBY
(Milton, 1997, c. 122). Mexny TeM, npopoipkaet oH: «CyIIecTByerT,
no kpaitaeit mepe, 220 000 BUIOB pBIO, MIEKOMMUTAIOMINX, NTHI, MO
MEHBIIEH Mepe, MWUIMOH BUIOB HacekoMbiX. [lomaBmusroiee
OOJNBIIMHCTBO ITHX CYIIECTB HEe OOpIOTCS, HE yOWMBalOT ApPYyr apyra
M3-3a MHIU U HE MPOSBIIIOT Ty CTENCHb arpECCUBHOCTH B OOphOe 3a
MPOCTPAHCTBO, KOTOpas MPUBOAMIA ObI K CMEPTH IMPOHTPABIICTO
(Milton, 1997, c. 125). Ilpaktuyecku AePHUUT KaKHX-THOO
HEOOXOJUMBIX JUIS JKU3HU BEIIECTB BBI3BIBACT JBA KPAMHUX THIA
pearupoBanus. [lepBbiii, NeHCTBUTEIHLHO, — KOHKYpEHTHas 00pb0a,
HO BTOpOH, HE MCHee JCUCTBEHHBIH — OOBCIUHCHUC YCWIMHA W
B3auMonoMoIpb. CyIlIecTByeT MHOTO HPUMEPOB CHUMOUOTHYECKOTO
pa3BUTHS, KaK HA YPOBHE OPraHU3MOB, TaK U Ha KJIECTOYHOM U BHYTpPHU-
KJICTOYHOM YPOBHE, KOTJIa SBOJIOIMOHHBIC M3MEHEHUS OOBICHSIOTCS
B3aMMOIIOMOIIIBIO.

Teopus cenekImu MyTeM eCTeCTBEHHOTO 0TOOpa HE COJCPKUT HH-
KaKHUX MPUHIUMUATLHBIX OTPAHUYCHUH MPOTUB OOPATHOM SBOJIOIUH.
OT0Op MPOUCXOAUT IO TPUHIIMITY BEDKUBaHUS HauOoJiee MPUCIOCO-
OJICHHBIX K JaHHOU cpelie. B Te4eHHe reoIOTHYECKOro BPEMEHU 00-
CTaHOBKa Ha 3emiie (KIMMAT, TEMIIEPaTypa, BIAXHOCTh) MEPUOANYC-
cku u3MeHsu1ach. COOTBETCTBEHHO JIOJIKHBI OBLIN OBl EPUOUYSCKU
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CMEHSATh JIPYyT JApyra BUIbBI, JY4YIIE MPHUCIOCOOJICHHBIC K YCIOBUSIM
JAHHOTO T€0JOTHYECKOr0 MEPHO/a, B TOM YHUCIIE IIyTEM BO3BPAILECHUS
K TeM (opMaM, KOTOPbIC MPOSBUIH JIyYIIYI0 TPUCTOCOOICHHOCTh B
AQHAJIOTUYHBIN IO YCJIOBMSIM MpealecTByionmii nepuona. Ha camom
Jene  HAYero IMoJoOHOro He  mpoucxoaut. JKu3Hb  SIBHO
SBOITIOLIMOHHUPYET B CTOPOHY BCE OOJIBIIIETO YCIOKHEHHS ee Hauboee
COBEpIIEHHBIX mpeAcTaBuTene. CyuTaeTcs, YTO 3TO BBI3BAHO
TPYIHOCTBIO OOpaTHBIX MEPEXOMIOB, KOTAAa OHU YK€ CIYYHIUCH. J[XK.
M.Cvur u E. llaTmMapu nDpHBOAAT CHeAyIOMMHA mpuMep. «Mbl
YIIOMHUHAJIM PaHBLIE, YTO MPHU CEKCYaTbHOU PENpOAYKLHMH BHYTPUMO-
JIEKYJISIpHBIE OPTaHEesuIbl MEPENatoTCs TOJIBKO OT OJHOrO W3 poJauTe-
niei. B MOKpPBITOCEMEHHBIX XJIOPOIUIACTHI (OpTaHEeTbl, OTBETCTBEHHBIC
3a (OTOCHHTE3) MEepeAaroTCs TONBKO B cropsl. [lapreHoreHeTHdeckn
MPOAYIIMPOBAHHBIE CEMEHA Nanyd Obl MO3TOMY OECIBETHBIE POCTKH,
KOTOpBIe He cMoTiH ObI pacTh. [lomydaercs Tak, 9To CymiecTByeT MHOTO
MIPETSATCTBUN, KOTOpPBIE MOJDKHBI OBITH IPEOJONICHBI MPEXae, YeM
CEKCyaJIbHBIN OpraHW3M MOXKET TMOBEPHYTH Ha3aJ K MapTeHOTCHE3Y.
OnHaXbl BOBHUKHYB, CEKC BBI3BAJ MHOTO BTOPHYHBIX aJalTalldH,
TaK 4TO OT CeKca yxKe TpyaHo yitm» (Smith & Zatmary, 1999, c. 25).
OnHako ymoMSHYTBIC MPEISITCTBUS HUYYThH HE 0oJiee 3HAUYNUTEIHHBI,
9eM Te, KOTOPBIE, II0 MHEHHUIO TEX JK€ aBTOPOB, a Takke P. JloykuH-ca,
MIPEOIONIEBAIOTCA MOCPEACTBOM TIOCIIEAOBATEIbHBIX MYyTallMid Mpu
SBOJIIOIIMOHHOM COBEPIICHCTBOBAHUM 3PUTEIBHOTO ammapara. Her
HEOOXOMMOCTH TOBOPUTH, YTO YIPOIICHHE BCErNla OCYIIECTBISCTCS
JIerde U €CTECTBEHHEE, YEM YCIIOKHEHHUE.

W3BecTeH HayyHBIM HPUHIUI JOIOJHUTEIBHOCTH, KOTOPBIHA
Hunse bop B 1920-¢ Toabl BBEN B OTHOLLICHUH KBAHTOBOW U KJIacCHUYe-
ckoit ¢u3uku. COOTHOIICHUSI KBAaHTOBOH MEXaHWKHU, CIPaBEJIUBEIC
JUIST MUKPOMHPA, B YCJIOBHSIX MaKpOMHpa, TJleé KBAHTOBAHHOCTb Te-
pSIeT CBOE 3HAYCHHUE, MEPEXOST B COOTBETCTBYIOIINE COOTHOIICHUS
KJaccuueckoi (u3uku. BRINOIHEHnE TPUHINIA AOMOTHUTEIFHOCTH
MOCTY>KUJIO Ba)KHBIM IOATBEPXKIECHUEM CIPABEAJIMBOCTH 3aKOHOB
KBaHTOBOM MEXaHUKU. TOYHO TakK K€ ypaBHEHUS NBMKCHUS KJIacCU-
Yeckor (PH3UKHU MO0 Mepe MPHUOIMKEHUS CKOPOCTH JIBUKEHHS K CKO-
pPOCTH CBeTa MEPEXOAAT B PEISITUBUCTCKUE COOTHOLIEHUS. B OTHO-
IICHUN JaPBUHU3MA TIPUHITUIT JOTIOJTHUTEIIEHOCTHA MOT OBI COCTOSITh
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B BO3MO)KHOCTH OOBSICHUTh Ha OCHOBE €IMHBIX TTOCTYJIATOB IBOJFOLIMIO
’KU3HH Y BO3HUKHOBCHHUE )KUBBIX CHCTEM W3 HEXHUBBIX MPEIIICCTBEH-
HUKOB. OJHAKO IapBMHH3M HE MOMOTAeT MOHATh, KaK MPOUCXOIHUT
kn3Hb. KOHILlENTyallbHO OH HayMHAeT paboTaTh, KOTJA KHU3Hb YyXKe
CYILIECTBYET HAa YPOBHE OpraHu3MOB. TOria eCTEeCTBEHHBIH OTOOD,
KOHKypEeHTHasi 00pb0a 3a pecypchl, BBDKMBAaHHE MPHCHOCOOICHHBIX,
CTAQHOBSTCS PEATMCTHYHBIMU KaTeropusiMu. Ho oHM He MPUMEHUMBI K
MOMEHTY BO3HUKHOBeHHs xu3HU. Hampumep, P. JloykuHc, nznaras
KOHLICTILIMIO COBPEMEHHOTO JapBUHU3MA, COBEPLICHHO OCTABISIET B
CTOPOHE JIOTMKY JIapBHHU3Ma, KOT/Ia TEPEXOAUT K IOMBITKE 00b-
SICHUTB 3apOoXKIeHUE KU3HU. OH BEPHUT, YTO 3/1€Ch HAJO TOJIOKHUTHCS
Ha HEKHH MaJOBEpPOSATHBIA CIy4aid, KOTJa CIIOHTAHHO BO3HHUKAeT
cTpykTypa ((akTHdecku opraHusM), CHocoOHas Jajiee pa3BHBATHCS
MyTEM €CTEeCTBEHHOTO 0TOOpa.

Kasanoch Obl, W3BECTHBIC TPYJHOCTH JapBHHH3Ma MOXKHO yCTpa-
HHTh, HAIPUMED, BKJIFOYHB B MOHSITUE ECTECTBEHHOTO 0TOOPA, TOMUMO
MeXaHH3Ma KOHKYPSHTHOW OOpbObI, MEXaHH3M KOOIepalid U B3a-
HMOTIOMOIIH, KaK croco0a modeapl B KOHKYPEeHTHOH O60oprbe 00benu-
nuBimxcs ¢opm (Margulias, 1981). OtcyTcTBHE NPOMEXKYTOUHBIX
IBOJIIOLMOHHBIX (HOPM MOXKHO OOBSICHHUTH, MPUHSB runote3y Credana
Tloynma (Gould, 1983) o mnpepbIBUCTOIl 3BOMIOLMM MM, MO €ro
TEPMHHOJIOTHH, «IPephIBUCTOM paBHOBecum» (punctuated equilibri-
um). Ty e mpobieMy «He yHnpoIIaeMoi CJI0KHOCTHY MOYHO OOOWTH,
OTKa3aBILKCh OT MCH 3aKpPEIUICHHs ITyTeM €CTECTBEHHOro 0TOOpa Ka-
’KJOr0 HEOOJBIIOTO U3MEHEHUs. B CyIIHOCTH K 3TOMY CBOAMTCS UAEs
BBIJICTIMTh B OMOJIOTHYECKOM PAa3BUTHU MHKPO- M MaKpPOIBOJIIOLHIO
(0. A. ®unumuenko, 1929). Ho 3ameuarensHocTs unen Y.[dapBuna
COCTOUT MMEHHO B TOM, YTO OHA YKa3bIBAaeT CIIOCO0, KOTOPBIM ciemnast
MPUPOJA MOXKET COBEPIINTH IBOJIOLHUIO OT MPOCTOTO K CIOKHOMY —
IBOJIIOLMIO MTOCPEICTBOM CEJICKIIMH CIYYailHbIX M3MEHEHHH, 3aKper-
JSEMBIX €CTECTBEHHBIM OTOOPOM B KOHKYPEHTHOH OophOe. MoxHO
cka3ath, nepedpasupys M.J[x. bexe, 4To mapBHHU3M MpeaCTaBIISCT
KOHLCTILIMIO «HE YCJIOXKHIEMOW MPOCTOTHD. M3MeHeHue Jto0oro us3
€€ OCHOBOIIOJIATAlOUIMX TPHHIMIIOB JIMIIAET €€ TJaBHOTO: CI0co0-
HOCTH OOBSICHHTB, KAKMM 00pa30oM CJICIbIe CHIIbI TIPUPOABI TIPHBOIST
K 00pa30BaHHUIO CTOJIb BBICOKOOPTaHM30BAHHON MaTepuH, KaKon
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ABJSIFOTCSL KUBBIe cymiectBa. Kak ToHko 3amerun Ponanbn ®umep
(Ronald Fisher), «ectecTBeHHBIlI 0OTOOP — 3TO MEXaHU3M MPOHU3BOJI-
cTBa HeBeposTHOro» («natural selection is a mechanism for generation
improbability»). [TomuepkuBas Ty e MBICIIb, H KaK Obl IOJEMHU3UPYS
c Y. Ilaneem, co3naTeneM NMpeaCTaBICHUS O YacOBILUKE, OAWH U3 Be-
OYIUX HJEO0JOrOB COBPEMEHHOro aapBuHU3Ma P. JloykmHC Ha3Bai
cBoto kHury «Crnemnoii yacosuuk» (Blind Watchmaker).

B 1962 rony E. Lykepkanmn u JI. Tlommar (Zuckerkandl, Pauling,
1962) oOpatunu BHUMaHHE Ha TO, YTO B OEJKax OJHOIO M TOTO Ke
Ha3HAYCHHUs, BBIACICHHBIX U3 OPTaHM3MOB, HAXOAALIMXCS HA Pa3HBIX
SBOJIIOLIMOHHBIX ~ CTYMEHSX, HaOMI0ZaeMOe YWCIIO  3aMeIICHHH
AMHHOKHCJIOT MPOMOPLUUOHANIBHO Pa3AeisAIoNIeMy HUX IBOJIOLUOHHO-
MY PacCTOSHHUIO. DTO SBJICHUE IOJyYWIO HAa3BaHHE MOJEKYJSIPHBIX
gacoB. OHO MOCITY’KUJIO UCXOAHBIM MOMEHTOM MOSIBUBILEHCS B KOHIIE
1960-x romoB HelTpaapHOM Teopuu sBosrormu (Kimura, 1968; King,
Jukes, 1969; Kimura, Ohta, 1971), kotopas yTBepXkgana, dYTO
BUI000pa3oBaHue 00YCIOBIEHO I'eHETHYECKUM AperdoM, a He ecTe-
ctBeHHbIM 0TOOpOoM. [k, Kunr u T. Jlkrolikc Ha3BaJId CBOIO CTAThIO:
«HenapsunoBckas somonus». Crarbss M. Kumypsr u T. OxTBl OT-
KpBIBaJla MEPBbI HOMEP CHENUAIFHOTO HOBOTO JKYpHAa, MMOCBSIICH-
Horo npobnemam 3Bomronuu («Journal of Molecular Evolution», v. 1,
p. 1, 1971). HeiitpanbHast TeopHsi COraacoBbIBalIach ¢ HAOIIOJCHUSIMU
MOJIEKYJISIPHOH TEHETHMKH, HO OHa HE OTBeYaja Ha BOIMpPOC, MOYEMY
SBOJIIOLUST UMEET BEKTOp, HANPABICHHBIM B CTOPOHY Oojee BBICOKOM
OpPTaHM30BaHHOCTH BEIIECTBA. YTIOMHUHAS O TPYJHOCTAX JapBUHU3MA,
s X0TeN Obl HOAYEPKHYTDH, YTO MOS MO3UIHS OTINYAETCS OT MO3ULUU
HENApBUHUCTOB W  AHTUAAPBUHUCTOB. S cuMTar0 JapBUHH3M
MPaBUIBHOW TEOpHEH, HO B CUIIy MPHUYHMH, O KOTOPBHIX MOWIET pedb
HIDKE, HEIOCTAaTOYHOM Il OOBACHEHUS IPOUCXOXKIICHUS )KU3HU U e
9BOJIIOLIMOHHOTO YCIOXKHEHHUS.

M. Diiren (Eigen, 1971) nanmcan mpekpacHyto kHury «Camo-
OpraHM3alysi MaTePUH W 3BOJIIOLHS OMOJOTHYECKHX MaKpOMOJIEKYID»
(M. Eigen. Selforganization of matter and the evolution of biological
macromolecules. Die Naturwissenschaften 58, Jahrgang, Oktober 1971,
Heft 10). B pycckoMm nepeBojie OHa BBIILIA B H31AaTENbCTBE «MUp» B
1973 rony. B Heli OH npeaIoKUII MOJENb THIIEPLUKIIOB, COCTOSAIINX
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n3 PHK-nonmunenTuaHbIX KOMIUIEKCOB, CBSI3aHHBIX MOCJIEA0BATENBHO
TakuM oOpazoM, uto PHK ogHOro KOMIieKkca KOHTPOIUPYET CUHTE3
MOJIUTIENITHAA COCEAHEro, a TOT, B CBOIO OYEpelb, KOHTPOIUPYET
cunre3 PHK cnenyromero cocena no runepuukiy u T.4. B pesynbra-
T€, MPOUCXOIUT CaMOOPIaHU3aIMsl CaMOKAaTAIM3HPYIOLIET0 U Camo-
pemuIUpyomero runepurkia. M.Oiren numer: «BriBoabl Teopuw,
OTHOCSIIUECS K CENEKIMOHHOMY IOBEIECHUIO KOHKYPHUPYIOIIUX IIH-
KJIOB, MO)KHO CYMMHpOBaTh cienytommm oOpaszoM. I[lox meficTBuem
OTpaHUYCHUH, HalaraeMblX OTOOPOM, Pa3IWYHbIC THICPLHUKIBI KOH-
KypUpyIOT ApYyr ¢ ApPYroM. BpDKHBaeT TOIBKO OJHA CHCTEMa, Xapak-
TEPU3YIOIIASCS MAKCUMAaIbHON (QyHKIMEH IEHHOCTH. ..».

C. Kaydwman (S. Kauffman, 1993) yrBepkaaer, 4To CUCTEMBI, JI0-
CTUTIINE HEKOTOPOM KPUTHYECKON CTENEHM CIOKHOCTU (COCTOSIINE
W3 3HAYMTEJIBHOTO YMCiIa B3aWMOJICHCTBYIOIIMX IOJUMEPOB), HEU3-
0CKHO CTaHOBSTCS aBTOKATAIUTHYECCKUMH M CaMOPEIUIHLUPYFOIIIMHU.
3aTeM 5TH, CIIOHTaHHO CaMOOPTaHM3YIOLIUECS CHCTEMBI, MOJABEpra-
IOTCSl CENeKIMH. BBDKMBAIOT «...T€ CHUCTEMBI, KOTOpBIE Jy4IlIE BCETO
CIOCOOHBI KOOPAMHUPOBATH CIIOKHBIE 337a4d U JBOJIOLHOHUPOBATH
B cJ0XHOI oOctanoBke» (c. XV). Mnes n3HayambHOW CI0XKHOCTH
CHCTEM KaK HEOOXOIMMOW MPEAINOCHUIKH €€ CaMOOpPraHU3allu pas-
BUBaJach U B psje Apyrux pador (Dyson, 1982, 1985; KnumonToBHY,
1995, 2000).

Ha monekynsipHOM ypoBHE (hakTopamu 0TOOpa SIBISIOTCS YCTOM-
YHBOCTh, PEAKLIHOHHOCTIOCOOHOCTb, TMOJIBIKHOCTh COSAVHEHUH U T. II.
Onu He sBusOTCH (hakTopamu ynopsaodeHus. [losTomy oOparienue
K MOHSTHUIO €CTECTBEHHOI'O 0TOOpa B YMOMSHYTBIX MOJENSIX HE SIBIIA-
ercsi MPUHIMINAIBLHO HEoOXOAUMBIM. JleHcTBUTENbHBIM (haKTOpOM
ynopsiioueHusi, kak y M.Diirena, tak u y C. Kaydmana, siBisercs
KaTalu3 WIHM aBTOKaTanu3. IIpuMEHEeHHBI K ONpeaelieHHOMY Me-
XaHU3MY B3aMMOJICHCTBUS B YCIOBUSIX OTKPBITOW CHUCTEMBI, KaTajlk3
JEeHCTBUTEIBHO MOXKET U IOJDKEH MPUBECTH K (POpMaM YHOPSAOUCHHUSI.
Ho 3xech orcytcTByeT 00muii mpuHIMI. MOXKHO COTIACUTBCS (XOTS
B OTHOILEHUH 3THX MOJENeH BBICKa3bIBalach KPUTHKA, CM., HalpH-
mep, Niesert et al., 1981), 4ro B pe3ynbTare MOTYT BOSHUKHYTH CH-
CTEMBI, CIIOCOOHBIE K PEIIMKAaluU WK TonuMepu3anud. Ho He Bua-
HO, Kak WM MOYEeMY OHHM JOJKHBI IBOJIOLMOHHUPOBATH B CTOPOHY
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HapacTalolero ynopsaoueHus. Poip karanusza, kak (aktopa 3BOIIO-
11U, noa4YepkuBanack B padorax A. I1. Pynenko (1969, 2000).

W. Tlpuroxwii u Apyrue NpeACTaBUTEIN OPIOCCETBCKON IKOJIBI
HepaBHOBecHOW TepmoauHamuku (Prigogine, 1947, 1962; 1980;
Glansdorff, Prigogine, 1971; Nicolis, Prigogine, 1977) pa3Buiu
MPEACTaBICHUE O OUCCUIIATHBHBIX CTPYKTYpax Kak (opme ymops-
JIOUEHUS, CBA3aHHOM C CyLIECTBEHHO HEPABHOBECHBIMH IIPOLECCAMU.
OTH CNIOHTAaHHO BO3HHKAIOLINE (OPMBI YHOPSIOYCHUSI HE SBISIOTCS
NPUCYLIIMMU COOCTBEHHO OuWoJormdeckoil QopMe oOpraHu3aLuy.
Haubonee sipkue mpuMeps! yHOPSOOYECHUSI STOTO THIMA OTHOCATCS K
KOHBEKTHBHBIM JIBIDKEHHSAM (CTPYKTypsl beHapa), mepuoauuecKkum
XMMHYECKHM TpoueccaM (peakuusi benoycosa—XXaboTuHckoro) u
HEKOTOPbIM JpyTrUM. XOTA SBJIEHUSA, CBA3aHHBIE C KOT'€PEHTHBIM
MOBEJICHUEM M IPOCTPAHCTBEHHBIM YIOPSAAOYEHUEM, MO-BUANMOMY,
MOTYT UMEThb pa3HOOOpa3HbIe MPOSBJICHUS B OHMOJIOTHYECKUX CHCTE-
Max, HeJb3s HE COTJacuThCsi ¢ M.OHIeHOM, OTMETHUBIINM, YTO «Ma-
KPOCKOIIMYECKOE YIOPSAOYEHHE B TIEOMETPUYECKOM IPOCTPAHCTBE
(koTopoe mpeamnonaraeT (OPMHUPOBaHUE ANWCCHIIATHBHBIX CTPYKTYP)
UMEET MaJI0 aHaJIOTUH ¢ QYHKIHOHAIBHOW YHOPSAOYEHHOCTHIO, HMe-
IoIel MecTo B Ouonornueckux oosekrax» (Eigen, 1971, c. 35 pycckoro
U37aHus).

YnoMsaHyTblE MOJAEIM IpEanojaraloT HEKoe CIOHTaHHOE YIIO-
psnoyeHne, KOTOpOe 3aKperuisieTcsl mocpenctBoM oTOopa. Konmemn-
TyaJIbHO 3TH MOJENH HE UMEIOT MPEUMYIIECTBA Mepe]] KIaCCHUECKUM
JapBUHM3MOM. HanpoTuB, pmapBHHOBCKas KOHLENUUS OO0JagaeT
OoutbIIel OOLTHOCTEHIO.

Kpaiineii anbrepHaTHBON JapBUHU3MY SIBISETCS MPEICTABICHUE
0 CYLIECTBOBAaHMM HEKOHW MPUPOIHON «Ieeco00pa3sHOCTHY, HATHYHN
3aMbicnia, TBopma. k. bexe, aHanu3upys «He yHpoIlaeMyro CIOXK-
HOCTB» OMOCHCTEM, JleNiaeT BBIBOJ, YTO MOJOOHBIE CUCTEMBI HE MOTIIH
BO3HHKHYTh IyTEM IapBHHOBCKOH 3BOJIOIMH, BOOOIIE HE MOIJH
BO3HUKHYTH IOCPEICTBOM CENEKIINH CIy4allHOCTEH, a SIBIAIOTCS Mpo-
QYKTOM 3aMbIClIa qu3aiiHepa. YnoMuHasiumics yxe Y. Ianeit cuuran:
«CBHIETENBCTBA AN3aiiHA CIMILIKOM CHJIBHBI, YTOOBI UMH MOYHO OBbI-
70 npeHeOpeub. [lu3aiiH JomKeH UMETh Au3aiiHepa. JTOT Au3aiiHep
JOJDKEH OBITh JIMYHOCTBIO (PErson). Dta JMYHOCTH €CTh OOr».
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Ecan mpuHATH KOHUEMIHUIO MU3aiiHepa, BO3HUKAIOT HE MEHEE
CJIOXHBIE BOMPOCH. Majo uMmerh 3ambicen. Ero Hago BOMIIOTHTH.
Ecnu crnoxsble cucTeMbl, (DYHKIMOHUPYIOUIME B OpraHu3Me, pe-
3yJbTaT BBICHIETO HMHTEIUIEKTYalIbHOTO 3aMbICia, TO TAE€ U KOTJa 3TH
MPOEKTHI 3aMBIIUIUIACh. ECITU MUIIL B caMOM Hadvalle Te0JIOrMYecKoi
WCTOPUHU, YTOOBI JaTh TOJNYOK KHU3HU, COTBOPUB IMEPBHIC BOCIIPO-
W3BOSIIUECS, PA3MHOXKAIOIIMECS U CIOCOOHBIE K OOMEHY BEIECTB
CUCTEMBI MOJIEKYJ, TO BCE CIOXHOCTH 3BOJIIOLIUU OKa3bIBAIOTCS BHOBH
Hamuuo. Ecnu npuHATH, 4TO 3a KaXKIOW CHUCTEMOHN «HE yNpOILIaeMOu
CJIOKHOCTHY, 32 KaKJBIM HOBBIM BHIOM, 33 KaXIbIM HHIAUBUIYYMOM
B TCUCHHUE BCEU T'€OJIOTMYECKON UCTOPUU, CTOUT TBOPEL], TOTAA Yy HETO
JOJDKEH OBITh HAOOp YHUBEPCAIBLHBIX WHCTPYMEHTOB, MPH ITOMOIIH
KOTOPBIX OH MOXKET TBOPUTH B KaXKJ0€ MTHOBCHHE BPEMEHU B KaXIOH
TOUKE MPOCTPaHCTBA. Takoe MOHMMAHKUE TBOPIA COBMAAAET C MOHITH-
em nipupoja. KakoB ObUT MHCTPYMEHT B pykax nu3aiiHepa? He mor xe
OH HaNpaBIATh KAKIYIO MOJIEKYJIy B HEECTECTBEHHOM JUI HEe Hampa-
BJICHUU. 3HAYUT, €r0 HHCTPYMEHTOM OBUIM HEKOTOPHIC €CTECTBCHHEIC
CIWJIBI M €CTECTBEHHBIC 3aKOHOMEPHOCTH — TO, YTO MBI HA3bIBAEM
3aKOHaMH IPUPOAbL. Bompoc TOMbKO B TOM, COEPKAT JIU 3TU 3aKOHBI
HEOOXOMUMBIE M, JOCTaTOYHBIC WPEANOCHUTKHA TOCIEI0BATSILHON
SBOJIIOIIUU OT MPOCTOTO K CIOKHOMY.

$ 3. Tepmoounamuyecxas unmepnpemayus
0apBUHOBCKOU IB0IOYUU

CymectByeT crapas npoOnema, KOTopas CYMTAETCs PEIICHHOM.
C momeHTa, Koraa Obul chopMyIMpoOBaH BTOPOW 3aKOH TEPMOIU-
HaMHKH, MBI 3aHHUMAJIO BHUANMOE HECOOTBETCTBHE MEXIy TpeOoBa-
HUEM 3TOrO 3aKOHA W CaMHM CYIIECTBOBaHHMEM (EHOMEHa XHM3HU.
EcrecTBeHHON BHYTpPEHHEH TEHICHLIMEN MaTEpUANIbHOIO MHpA SIBIIS-
eTcsl TeHJIEHIU K pasynopsafodeHuro. B cucreMe, npenocTaBlIeHHON
camoii cebe (B TEepMHUHAX TEPMOIMHAMHKH — B H30JHPOBAHHOI
cucTteMe) Bcerza HapacraeT Oecnopsimok. KommuecTBeHHO 3TO
BBIP2)KACTCSl 3aKOHOM YBEJMYECHHUS! DHTPONUU S B HM30JUPOBAHHOMN
cucreme: /IS >0.
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Jlume B paBHOBECHMM HM3MEHEHHE SHTPONHMM CHCTEMBl PaBHO
Hymo. OnHaKo, eclii B HeH UMEIOT MECTO HeoOpaTHMBIE MPOLECCHI,
TO U3MEHEHHUE SHTPOIHNH BCET/1a OJIOKUTEIBHO.

XKuBble cymiecTBa, BKIIOYas NpocTeimine OakTepuu, Mpeacra-
BIISIIOT TIPUMEpPHI BBICOKOOPTaHM30BaHHON MaTepuH, T.€. BeChbMa HM3-
KOPHTPOIUIHBIX cuCTeM. Buaumoe nmpoTuBopedrie CHUMaeTcs: yTBep-
XKJIEHUEM, YTO XXHUBBIE OpPraHU3MBl HE SABISIOTCS H30JIMPOBAHHBIMU
cucTeMaMd. DTO — OTKPBITBIE CHCTEMBI, T. €. CHCTEMBI, OOMEHH-
BAaIOIIMECS CO CPEOH BeIecTBOM U 3Heprueil. OTKpBIThIE CHCTEMBI
He 00s3aHBl yIOBIETBOPATH 3aKkoHY AS >= (. DTOT 3aKOH JOJIKEH
BBITIOIHATHCA, JIMIIb €CIIN paccMaTpUBaTh B KAUeCTBE M30JIMPOBAHHON
CHCTEMBl KMBBIE OPraHM3MBI BMECTE C OKpPY)KAIOLIEH HX CpeloH.
YBenuueHne >HTPOIUU B OKpY’KaloIled cpene MOKeT cOalaHCHpo-
BaTh (C HEKOTOPHIM H30BITKOM) YMEHBIIEHHWE DHTPONHH B J>KUBOU
MaTepHH H, TAKUM 00pa3oM, MpUBECTH (PEHOMEH >KU3HB B COTJIacue ¢
TpeOOBaHHEM BTOPOTO 3aKOHA TEPMOJUHAMHUKH.

Tak 00bIYHO QopMynupyeTcs B Kypcax OMOXUMHUH pelIeHHe YKa-
3aHHOH mpoOnembl. Takoe OOBSCHEHUE MPEACTABISIETCS HOCTATOY-
HBIM, KOTJla pe4yb HJET O B3aMMOOTHOLIEHHUSIX OPraHU3Ma U CpPEJBl.
Tem Gosnee, YTO KaKAblii OpraHU3M MPH POXKICHUH TOJy4aeT B BUJE
monekyasl JJHK u TpanckpuOupyromux OenKkoB MeXaHH3M (M HWH-
CTPYKILHIO) Il IOCTPOEHUS BHICOKOOPTAaHU30BaHHOM CyOCTaHIMHU 32
CUeT 3JIEMEHTOB BHEWIHEeW cpenpl. OcTaeTcs ML MOIY4YUTh HC-
TOYHUK DHEPTMU M TPHUTOK BEIIECTBa (TOYHEE OOMEH BEILECTB), YTO
o0ecreunBaeTcs B3aMMOJCHCTBIEM CO CPEIOM.

OnHako, KOraa peyb HAeT 00 IBOIIOLNH JKU3HH, T.C. AJISIIEMCS B
TeUeHHE MUIJIMAPIOB JIET YCIOKHEHUH COOCTBEHHO U MHCTPYKIMH, U
MEXaHH3MOB €€ BOIUIOIIEHHUS, BO3HUKAeT BOMpOC O MpHUYUHAX
YCTOMYMBOTO CTOKAa JHTPONHMM B CTOPOHY JKHMBOW CyOCTaHIMH, O
MEXaHU3Me MPOTPECCHPYIOIEro MPOU3BOACTBA HHU3KOIHTPONMMHHBIX
CTPYKTYP.

Conep:KuT JIM AapBUHOBCKAs! KOHLEIIUS €CTECTBEHHOTO0 0TOOpa
Takou MexaHu3M?

[Ipexne Bcero, cuenyeT yTOUHUTD, YTO JAPBHHOBCKUI OTOOp HE
TOX/IECTBEH MOHATHIO 0TOOpa BooOmie. B 6uonoruu Jlamapk, eme 1o
JapBuHa, pa3BuBaJl IpeACTaBICHHUS O ECTECTBEHHOM 0TOOpE
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W ajanTaiyy, Kak ABWXKyILIeH cuie 3Bomonuu. CyTh TapBHHOBCKOTO
yYCHHS COCTOMT B TOM, YTO CJy4aiiHble W3MEHEHHs, OyIyun
MOJBEPTHYTHl MPOBEPKE OTOOPOM, DPACIPOCTPAHAIOTCS Ha BCIO IO-
MyJALUI0O U CTAHOBSTCA HOBBIM ILIATOM B 3BOJIONUM, €CIAM OHHU
00€CTIeYMBAIOT NPEUMYIIIECTBA UX HOCHTEIISIM B KOHKYPEHTHO# 0opnoe
3a BBKMBaHMHe.

Camu 1o cebe siBjaeHUs] 0TOOpa HeHTpanbHbl. OHU BIOJIHE BIIHU-
CBIBAIOTCS B 3aKOH TEPMOJUHAMUKH, TUKTYIOIIUN pa3BUTHE IpoLec-
COB B CTOPOHY YBEIMYEHMs SHTPONUH. B cBOeM IBHXEHMH K COCTOS-
HUIO ¢ MAKCUMyMOM 3HTPOIIMH MaTepHsl MPOSIBISET TEHACHIMIO K yBe-
JIMYEHHUIO YHUCIIa BEPOATHBIX COCTOSHUM, CTPEMJIEHHE K yCTOMYMBBIM
COCTOSIHMSIM U OTCIOJIa TPOSIBJICHUIO COOTBETCTBYIOIIMX CEIEKTHBHBIX
MIPEUMYIIECTB Y HOCUTENEN ITUX TeHICHIINH.

[MoaToMy 1enbIid psix mapaMeTpoB O0TOOpa, BKIIOYAS U alalTHB-
HOCTb, KOTOPBIE CBSI3BIBAIOT C JapBUHOBCKHUM €CTECTBEHHBIM OTOO-
pOM, Ha caMOM JieJie UMEIOT HelTpaibHbI Xapakrep. OHM HE OTHO-
CSITCS K YUCTy (haKTOPOB, CIOCOOHBIX 00ECTICUNTh Pa3BUTHE B CTOPOHY
OpraHM3aLUN MaTepHH.

st Toro 4yToOBl 00ECTIEUUTh YCTOWYMBBIN CTOK SHTPOIHH, JAap-
BUHOBCKHI OTOOp IOJDKEH ONMUPATHCS Ha TEPMOTUHAMHYECKUI Mexa-
HU3M, KOTOPBI OBbI TO3BOJIHMII TAKOE Pa3BHTHE.

TakM MeXaHU3MOM SIBJIAETCS HAKOILUIEHHEe OTPHLATEIBHBIX (PJIyK-
TyalMM 3HTPONMH. 3aKOHBI TEPMOJUHAMHMKHA HMEIOT CTaTHCTHUYECKUI
xapakrtep. [loatomy B m00O0M MHOXKECTBE BO3MOXKEH IMPOLECC, CIy-
YallHBIM 00pa3oM BBINANAIOMIMK K3 OOILEro MOTOKa, MpEeANUCHIBA-
€MOT0 TePMOAWHAMUKOH. OT0 — durykryanus. CaMonpoHu3BOIbHOE
YIOpSI0USHHE 3TO — OTpHULATeNbHast QUIyKTyauusi SHTponun. Takoe
SIBJIEHUE C TOM WJIM MHOHM BEpOSATHOCTBIO Bceraa Bo3mMoxkHo. Ho, ecnun
MBIl XOTHM TaKUM CIIOCOOOM IONYYHTh YCTOHYMBBIA CTOK SHTPOINH,
noTpedyercsi MPeAbsIBUTH OYEHB KECTKOE YCIOBHUE: clienytommas (iayk-
Tyalysi SHTPOTIMHU OJKHA MPOU30MTH B TOH e JacTh MHOXKECTBA, B
KOTOPOM Mpou30ILIa MpeecTBYIOMas. JTO CTAHOBUTCSA NpaKTHye-
CKH BEPOSTHBIM TOJBKO B TOM CIIydae, €ClU pe3yibTaT MepBoi (uyk-
Tyallud paclpoCTpaHMIICA Ha BCE MPEALIECTBYIONIEE MHOXECTBO HIIU
ero OOMBILIYIO YacTh. BoT noyeMy KOHKypeHTHbIH 0TOO0P ¢ 00s13aTe ILHBIM
JIMMUHHAPOBAHMEM MeHee MPUCIIOCO0ICHHBIX, SIBJSETCS He00X0IUMBbIM
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3/1eMEHTOM IAPBHHOBCKOI0 MPUHIIMIIA €CTECTBEHHOT0 0TO0pA. [ [prHImT
JlapBUHOBCKOM 3BOJIIONMH WILTIOCTpUpyeTcs Ha puc. 1.1.

Puc. 1.1. [Ipunyun 0apsuro8cKoll 3601H0YUL

DOBOMIONHMS MOCPEACTBOM €CTECTBEHHOTO OTOOpa uepe3 MyTaluH
TpeOyeT, 4YTOOBI CIEAYIOMINI IIar OCYIIECTBIUICS B TOM YacTH IMOITYJIs-
MU, B KOTOPOH 3aKpEnuiICs pe3yNbTaT MPEIIIeCTBYIOMEH MyTaIlum.
[locnenoBaTeNnbHOCTh TaKOBa: MYTalUusi — Pa3MHOXKEHHE — HOBas
MyTanus — pa3MHOXKeHre. B Tol wacTu momyssiium, KoTopas He Obl-
Ja OXBaueHa MEPBOW MyTallWel, TOsBICHHE CIeayroIlel He Oyaer
MMETH SBOJIFOIIHOHHOTO CMBICITA.

CoBpeMeHHBIE MOJIETH CaMOOPTaHU3AlNN M CAMOYTIOPSIIOYEHUS
OMOIOTHYECKUX CTPYKTYpP, B TOM YHCIIE HAa MOJIEKYJIIPHOM YpPOBHE
OOBIYHO BKITFOYAIOT MIIEI0 €CTeCTBEHHOTO oTOopa: «Korma Mer paccma-
TPUBAE€M yCTAHOBIIEHHE CIIOHTAHHOTO TMOPSIKA, MBI TOJDKHBI JIEaTh
9TO B KOHTEKCTE €CTECTBEHHOT0 0TOOpa, TaK KaK OMOJOoTHs 6€3 3TOro
memeiciumay (Kauffman, 1993, c¢. XV). Ilpu 5TOM akIeHT feaaercs
Ha ujee oTObopa BooOIIe, a HE Ha 00s3aTeIbHOM JUIS JTAPBUHOBCKOI
SBOJIIOIUY IIMMUHUPOBAHUY TIPEIIIICCTBCHHUKA.

U./lapBuH, B OTJIMYHE OT HEKOTOPBIX JAPBUHUCTOB, OUYECHb TOYHO
U TI0CIIEeI0BaTeNIbHO c(OPMYIHPOBAT CBOIO KOHIIEIHI0. EcrecTBeH-
HBIA OTOOp BaXKHBIN (DAKTOP IBONIOIMU, HO HE €ro JBUXKYIIAs CHJIA.
JBrokymeid cwiIoi JapBUHOBCKOM HSBOJIIOLMU SBIISETCS CIOHTAHHOE
YIIy4IICHHE — TIO3UTUBHAS MYTaIusl.

JlapBUHM3M JIOTHYUEH U TeopeTHuecku Oe3ynpedeH. OmHaKo Tpyd-
HOCTH €T0 SIBJISIOTCS PEabHBIMHU.

B koHewHOM cueTe, OHM MPOUCTEKAIOT K3 TOTO, YTO TEPMO-
JUHAMHUYECKAs MOJETb HAKOIUICHUS OTPHULATEIBHBIX (IIyKTyalluu
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SHTPOMHH, Ha KOTOPYI (DAKTUYECKH OMHUPACTCS JapBUHU3M, TpeOyeT
YCIIOBHUM, HACTYIUICHHE KOTOPBIX BO MHOTHX CIy4asX MPeICTaBIICTCS
MaJIOBEPOSTHBIM.

B atoii pabote mpeiaraercs Apyrod MeXaHU3M 3BOJIOIHU, KO-
TOPBIN BKITIOYAET €CTECTBEHHBIH OTOOpP, HO UMEET JIPYTYIO0 ABHXKYIIYIO
cmry. V31moskeHuIo ero MOCBSIIEHBI MOCIEAYOIIE TIIABEI.
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['masa 2

[TpuHIMITE DBOJTIOLIN

81 Ocobennocmu xumuu Hcueo2o

XuUMUYeCcKre MPOIECcChl, MPOUCXOMAAIINE B JKHBOM OpPraHHU3ME,
MOMYUHSIOTCS OO0MMM (U3NKO-XUMHUYEeCKHM 3akoHam Ho umeercs
HECKOIIbKO BaKHBIX OCOOCHHOCTEH B OpraHHM3ald XUMHUYECKHX
MPOIECCOB

[lepBast 0COOEHHOCTH COCTOUT B TOM, YTO MOJICKYJISIDHBIC CH-
CTEMBI B JKHBOM BEI[ECTBE HAXOIATCS B COCTOSIHHHM HEMPEPHIBHOTO U
HEoOpaTUMOTO B3aUMOJEHCTBHS ODTH B3aWMOJAEWCTBUS TPHUBOIAT K
TTOCIICIOBATEIGHOM 1€ CHHTe3a W pacmana l[Ipsmas u oOpatHas
peaxius, KaKk MpaBHJIO, HEypaBHOBeHmIeHHBI Ho MOTOK BemiecTBa BO
BPEMEHHU M COOTBETCTBEHHO KOHIIEHTPAIINH ITPOMEXKYTOYHBIX BEIIECTB
coxpaHstoTcss Ooylee WM MeHee HEW3MEHHBIMHU, TOCKOJBKY CHHTE3
OCYIIECTBIISIETCS M3 PECYPCOB OJTHOTO pe3epByapa, a pacmaj C Toi ke
CKOPOCTBIO  OCYIIECTBIISIETCI B Jpyroil pesepByap CucTeMmsl,
o0MajjaroIMe TaKMUMU CBOWCTBAMH, HAa3bIBAIOTCSA CTAllMOHAPHBIMU
bruonorndyeckue CHCTEMBI SBIISIFOTCS HEPABHOBCCHBIMU CUCTCMAaMU,
HaxogAmMUMHUCA B CTAIMOHAPHOM COCTOSAHWU WM CTPEMIAIIHUMUCA K
CTallMOHAPHOMY COCTOSIHUIO

Bropast 0cOOEHHOCTB, TECHO CBSI3aHHAS C TIEPBOI, COCTOHT B TOM,
YTO MPOKAYMBAaHUE MMOTOKA BEIIECTBAa TPeOYeT HEMPEPHIBHOIO PacXo-
na sHepru K KUBBIM CHCTEMaM JI0JKHA HEIPEPBIBHO JOCTABISTHCS
SHeprus Byayun W30JMpOBaHHBIMH OT WMCTOYHHKA SHEPTHH, OUOJIO-
THYECKUE CUCTEMBl HEMEJICHHO JACTPaIUPYIOT

Crenyromasi 0cOOEHHOCTh XUMHH YKUBBIX CUCTEM COCTOHUT B TOM,
YTO BCE XUMHUYECKHE PEaKIMH B JKUBBIX OpPraHMU3MaXxX MPOTEKAIOT MO
ynpasieHueM (pepMeHToB B 00bIYHON XMMHUYECKOH Cpelie XaoTHUHO
JBIDKYIIAECS MOJIEKYIIbI CTAITKUBAIOTCS MY co0oii  Ecnu sHeprus
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CTOJIKHOBEHHS NPEBOCXOJUT NMPOYHOCTH CBSA3EH aTOMOB B MOJIEKYJIE,
TO CBsI3b paspbiBaeTcsi. CTaHOBUTCS BO3MOXKHOU MEperpymnmupoBKa
aTOMOB, CO3JIaHHUEC HOBBIX KoMOuwHanmid. Eciu HOBas komMOWHaIus
aTOMOB YCTOWUMBa, OHA 3aKpeIUIeTCS B BHUJIE HOBOM Mojekynbl. C
YBEIMUCHUEM TEMIIEPATYPhl SHEPTHs IBUKEHUS MPEBOCXOANUT Ipeae
MIPOYHOCTH BCE OOJBIIETO YUCIIAa PA3HBIX BUJOB MOJICKYII.

B opranusme kakIplil akT B3auUMOJEUCTBHSI MOJIEKYJ IPOUCXO-
JUT HE MYTEM HMX XaOTHYHOTO CTOJIKHOBEHHS, a MOJ YNpaBICHUEM
thepmenTta. DepMeHT — 3TO OOMNBIIAs MOJIEKyJa Oellka, MTPUXOTIHBO
CBEpHyTas B 00bEMHOE TpeXMepHOe oOpaszoBaHme. B depmeHTe ecth
Y4aCTOK, Ha3bIBa€MbI aKTHBHBIM IIEHTpOM. Ha 3ToM yuwacTke pa3sbl-
TPbIBAETCS aKT B3aUMOJCUCTBUSI MOJIEKYJI TOM XMMHUYECKOW peakiuu,
KOTOPOM yTpaBisdeT AaHHBIN (hepMeHT. Ha akTHBHOM ydYacTKe MOTYT
Pa3MECTUTHCSI TOJIBKO BIIOJHE ONPEACIICHHBIE MOJIEKYJIbI, UMEIOLINE
OTIPENIEICHHYI0 TE€OMETPHIO M OTpeNeleHHBIM 00pa3oM OpHUEHTHPO-
BaHHbIE. B pe3ynbraTe TOJNBKO OIUH BIIOJIHE OINPEIEICHHBIM THI pe-
aKIUKU C OMPEJEIICHHBIM PE3YyJIbTaATOM MOXET UMETh MecTo. Kaxmplit
(hepMeHT Mo00HO paboueMy Ha KOHBEWEPE BBIMOJIHSAET TOJIBKO OJHY
BITOJIHE OTPEJIENEHHYI0 XUMHUYECKYIO PEAKIIHIO.

DTO0 CBOMCTBO (DEPMEHTHBIX PEAKIMH HA3bIBAIOT CEJICKTUBHO-
cThi0. bomee TOYHO TOBOpUTH O cooTBeTcTBUHU. Cemnekius (0TOOp)
MIperoiaraeT HEUCIIONb30BaHUe (yCTpaHEHHWE M3 CHUCTEMBI) HEH3-
OpaHHBIX 2JIEMEHTOB. B (hepMeHTaTHBHOI cUCTEME IPYrOMY DIIEMEHTY,
YUYacTBYIOIIEMY B JPYrod peaklyd, COOTBETCTBYET APYroi (epMeHT.
Kaxno#t peakuun cooTBETCTBYET CBOI (hepmeHT. B obmiem Buzme 3TOT
TUIN B3aWMOJCHCTBHUS, HAYUIMH C TOTJIOUICHUEM 3HEPIHH, MOKHO
3amucarh CIeAyIOIUM 00pa3oM:

a, —= b, 2.1)
B pE3YJIbTATC PCAKIINHU praBJ'IHIOU_II/Iﬁ KOMIIOHCHT (B JaHHOM
ciydae (epmeHT E) coxpaHSeTCs W NPOHCXOAHUT IpeoOpa3oBaHUE
YOPaBIsSEMOr0 KOMIIOHEHTa U3 OXHOM (opMbl: ai — (Kakoe-1ubo
XHMHYECKOE COCAMHEHHE WK IPYIIIa HX) B APYTYIO Di.
y‘laCTI/Ie (bepMeHTOB B 6I/IOXI/IMI/I‘IGCKI/IX p€aKkuuAaAX Ha3bIBAIOT
qacTo q)epMCHTaTI/IBHLIM KaTaJIn30M. HpOBeHeHI/Ie XI/IMI/I"IGCKOﬁ pe-
aKIuu, T. €. peopraHI/I3auI/I${ CBH3eﬁ Mexa[y aTOMaMHM Ha aKTUBHOM
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ydacTke ()epMeHTa, He TPpeOyeT TEIIOBOTO BO30YXKICHUS MOJCKYJIBI.
Her HeoOXomuMocTH B JHEPrUYHOM CTOJIKHOBEHUHM MOJICKYN JUIS
MPEOJO0JICHU MPOYHOCTH MEXKAaTOMHBIX cBsi3eill. Korma mommexariue
MpeoOpa30BaHUIO MOJICKYJIBI (MM YacTH MOJIEKYJ, €CIH Pedb HJET,
HampuMep, 0 OWOCHHTEe3e KPYMHBIX CTPYKTYp) pacrojiaralorcs Ha
aKTUBHOM  ydYacTke, Je(hOpPMHUPYIOIET0 JBH)KCHUS MAaCcCUBHOU
MOJIEKYTIBI Oellka JOCTaTOYHO Il pa3pbiBa CBSI3eH BO B3aWMOJIEH-
CTBYIOIIUX MoJiekynax. [loaTomy mpu y4acTuu epMEHTOB TIPH HU3-
KHX TeMIlepaTypax MpPOTEKAIOT TaKhe pPEeakiid, KOTOPhIe BO3MOKHBI
JUIIb TP BBICOKHX TemIieparypax. MHade roBops, CyIeCTBEHHO
BO3pacTaeT CKOPOCTh PEaKIHUh. JTO CBOWCTBO paccMaTpHUBAETCs, Kak
CBOWMCTBO (PEepMEHTOB KaTaIM3MPOBATh XMMHYECKHe peakmuu. Ka-
TaIU3aTOp BOCTIPOM3BOJWUTCS B PE3YNbTaTe PEaKIUH WU OCTaeTCA
HEeU3MEHHBIM. FIMEHHO 3TO MMPOUCXOANT C PePMEHTOM.

Eme omHa 0coOEHHOCTH XWMHHW JKHUBBIX CHCTEM — 3TO BHI-
MOJTHEHNE XUMHUYECKUX PEaKIHi B COOTBETCTBUH C 33laHHBIM KOJIOM.
OnpeneneHHOMY COYCTaHUIO HyKICHMHOBBIX OCHOBAHUIN COOTBETCTBYET
OTIpeJICIICHHAs] aMUHOKHCITOTa. KoaupoBaTh — 3HAYUT CTaBUTH B €O-
OTBETCTBHE ONpEIEICHHOMY CHMBOJY OIpeesIeHHbIN mporecc. B 00-
IIeM BUJE TaKylO PEaKIMIO MOXKHO 3aIHCaTh CIEAYIONUM 00pa3oM:

@, f,7 —=— E. (2.2)
3necy ympasistomuid komnoHeHT /[ (Hampumep, PHK) opra-
HHU3YeT COelMHEHUs a, b, g u T. A. (HampuMep, aMUHOKHCIOTHI) B
MOCJIEI0OBATENIBHOCTH, OMNpEAEieMOd B COOTBETCTBHM C KOJOM, B
Jpyroii THI ynpasistomiero komnonenTa E (Hanpumep, dpepmenr).
OCOOEHHOCTBIO XHMHH XHBOTO SBIISIFOTCS TAaKKE XUMHUYECKUE
peaKury peruIvKauy, Koraa GopMHUpyeTcs KONKs B COOTBETCTBHU C
OPHUTHHAJIOM:

A+AT,G C —S A+ AN (2.3)

B aToM ciydae oz ympaBieHHEM COOTBETCTBYIOIIETO (pepMEHTa
E na marpuue /{, Hampumep J{HK, BbIcTpanBaroTcsl COOTBETCTBYIOLIHE
ee cTpoeHuto cTpykTypsl A, T, G, C, Hanpumep HyKJIEHHOBBIE OCHO-
BaHUsI, BOCIIPOU3BOJIS KOIMUPYEMYIO MATPHIYy WIM KOMIITMMEHTAPHYIO

eit popmy (JI).
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Bce Tpu ynoMsHYTBIX THIA PEaKIUil XapaKTEPU3YIOTCS JBYMsI
oOmmMu yepTamMu. Bo-mepBhIX, Kaxkaas W3 HUX COACPIKUT YIPaBIIs-
IOIIWI KOMITOHEHT, KOTOPBIA BOCHPOHM3BOJUTCS IO 3aBEPIICHUH pe-
aKIUH, T.e. 3TH PEAKIUU SBISIOTCS KAaTAIUTHYCCKHUMH. BO-BTOPBIX,
KKJOMY YIPABISIONIEMY KOMIIOHEHTY COOTBETCTBYET CBOM HaboOp
YIPaBIIAEMbIX KOMIIOHEHTOB, KOTOpbIe MpPeoOpa3yroTcs CAMHCTBCH-
HBIM 00pa3oM, T. €. B JTHX peaknusiX O0OECIeUnBACTCS BBICOKHIl
YPOBEHb COOTBETCTBHSI.

Coueranne peakuuii (2.1)—(2.3) gaeT cyMMapHYIO peakiuio O1uo-
CHHTE3a!

Sa+0,8,7...+A,T,G,C ==, SNy L SO E LS4,
(2.4)
I/IS 3TOI>'I 3alucCu CJIeay<CrT, 4To AJid TOIO, qTO6BI BOCIIPOU3BECTU
praBHHIOH_[I/IC KOMIIOHCHTBI, UX Hy)KHO HNMCTHh U3HAYAJIBHO. I[eﬁCTBH'
TENBLHO, IpU (POPMHPOBAHMK OPraHU3Ma, MY B 3UIOTE IIPH 3aYaTHH
MEPENAIOTCA OT POIMTENEH KOTUPYIOIas CHCTEMa M TPAaHCKPHOUPY-
fomuii  pepMeHTHBIH MexanusMm. OIHAKO B DBOJIONMOHHOM IUIAHE,
Ipy 0OpaIeHuy K UCTOKY JKU3HH, HEOOXOIUMOCTh MMETh B KaueCTBE
YCJ'IOBI/Iﬂ BO3HUKHOBCHHS KXHBOI'O MCXaHH3M, r[pI/IcyI_uI/If?I )KI/IBOMy,
COCTABIIAET IEHTPAIBHYIO TPOOIEMY TIPOUCXOKIECHHUS KUZHHU.

$ 2. Qynxyus 360110YUOHHO-CROCOOHBIX CUCTEM.
Ynopsioouenue

CucteMa COOTBETCTBUM, XapaKTEpHU3YIOIIas XUMHUIO >KHBOTO,
39TO0 — TO, YTO IO3BOJIIET HAM TOBOPUTH O €ro YMOPSAJOUEHHOCTH.
YropsaioueHue COCTOUT B NPEANUCAHHOCTH MOBEJEHHUSA, OTrpaHHuye-
HUAW CBOOOIBI B3aMMOJICHCTBUN U TIEpEMEIEHUH, HHBIMU CIIOBAMH, B
YCTaHOBJICHUHN (HYHKIIMOHAILHOTO COOTBETCTBHUS MEXKAY DJICMCHTAMH
CHUCTEMBbI, KOOPJAWHAIIUU JIBHXKEHUH.

CooTBeTCTBHE — €CTh OCHOBa WH(popMmaruu. Tpu JaMIIOYKH
cBeToopa HUUETO HE O3HAYAIOT, €CJIM MM HE MOCTAaBJICHBI B COOTBET-
CTBUE IpaBUa: 3€JIEHBIA CBET — ABUXKCHHUE Pa3pelIeHO, KPACHBIM —
3aIpeNIeHo, KEeNThI — TOTOBHOCTh K M3MeHeHuto. Coderanue OyKB
CTAHOBUTCSI OCMBICIICHHBIM CJIOBOM, €CJI €My COOTBETCTBYET BITOJIHE
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omnpe/ecHHbI 00pa3 wim jeiictBue. [loTok mHDOpManuu — 3To
MOTOK COOTBeTCTBUH. COOTBETCTBHE O3HAYACT OTPAHNYEHHE CBOOOIBL.

B opranmsme (yHKIIMOHAIBHOE COOTBETCTBHE CYIECTBYET Ha
YPOBHE OTHENBHBIX MoOJieKyJ. OTCro/ia ellie OJHa BayKHast OCOOCHHOCTh
CTPOCHUS KMBOTO BEIECTBA — OTPOMHAs IUIOTHOCTH €ro YIOPs0-
yerus. CTENeHb YHOPSJA0YEHHOCTH, CBOWCTBEHHAs MOIIHOMY Tep-
COHAJILHOMY KOMTBIOTEPY, B JKUBOM BEIICCTBE PEAM3YETCS B 4YacTH
MPOCTPAHCTBA PA3MEPOM B COTBIC JOIH MUJLTUMETPA.

Antugapsunuct M.J[x. Bexe (J. Bene, 1998) 3amaercs Bompo-
COM: «KaK MOXXHO OTJIMYUTH CHUCTEMY, BBIIOJHCHHYIO C y4acTHEM
n3aiiHepa?», U OTBEYACT: «IOJDKHA OBbITh MIeHTH(UIMpyemas (hyHK-
s cucteMe» (c. 196).

@ynkuuent, mo mHeHuto J[x. bexe, cinemyer Ha3pIBaTh TO, YTO
MoTpedyeT «MaKCHMAILHOTO HCIIONIb30BaHUS BHYTPEHHEH CIIOXKHOCTH
CHUCTEMBD»... «(PYHKIUS CUCTEMBI ONPEACISACTCS BHYTPEHHEW JIOTHKON
CUCTEMBEL... YEJIOBEK, KOTOPBIN BIIEPBBIC BUIUT MBIIIEIOBKY MOXET HE
3HaTh, YTO OHA CIPOEKTUPOBaHA JUIS JIOBIW Mbliiei. OH MOXeT
MOJlyMaTh, YTO OHA 3alllINAcT OT BOPOB WM 3TO CHCTEMa, MPEIy-
MPEeKAAOIAsS O 3eMJICTPSICCHUH (TaK KaKk OT BHOpAIMK MBIIICIOBKA
MOXKET CpaboTaTh), HO OH MOHMMAET, Ha0JI01asl, KaK PabOTaIOT YacTh
YCTPOWCTBA, YTO 3TO YCTPOMCTBO CIpOeKTUpoBaHO. [logo0HO 3TOMY
KTO-TO MOKET HMCIOJIh30BaTh FA30HOKOCUIIKY B Ka4eCTBE BEHTHIISATOPA
WK ABWTATENs Jyis paboT Ha oropoxe. Ho ¢yHkius ycrporictBa —
BpalllaTh JISCKy — HAWIy4IIUM O00pa3oM OTBEYaeT €¢ BHYTPCHHEH
soruke» (c. 196).

C obmumMm onpenenenuem GyHkiwu, naHHbM k. bexe, Henb3s
cormacurhbes. Mcmonp3oBaHre Ta30HOKOCHIIKM B KAYECTBE BEHTHIIS-
TOpa WM MBIIICIOBKH B Ka4eCTBE MHUKATOpa 3EMIICTPICCHUS HAJO0
npu3Hath QyHKIUeH. OyHKIMS 3aBUCUT HE OT «BHYTPCHHEH JIOTHKH,
a OT TOro, Kakoe CBOMCTBO CTPYKTYPBI HJIM CHUCTEMBI MPUXOJUT B
COCTOSIHUE B3aUMOJICHCTBUS, KaKOe CBOWCTBO HCIONB3yeTcs. Bos-
MOJXKHO, B JKapKUil IcHb B IYCTBIHE MCIIOJIb30BAHUE TA30HOKOCHIIKU B
KaueCTBE BEHTWIIATOpA 00JIee 1eIecoo0pa3Ho, YeM ee OecIioyie3Has B
3TOT MOMEHT (YHKIIUS IOJICTPUTAHUS TPABHI.

Kcratyn, B OMONIOTMYECKUX CUCTEMaX MbI, IIOXOXKE, MMEEM Kak pa3
OUYCHb YACTO CUTYAIIHIO MCIIOJIb30BaHUS Ta30HOKOCUIIKH B KAUECTBE
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BEHTUJIATOpA. bHonornyeckne MeXaHU3Mbl IOPA3UTENBHO CIIOKHBIL.
JIx. bexe omuceIBaeT psAn OMOCHUCTEM OpraHW3Ma, COCTOSAIIMX W3 Jie-
CSATKOB B3aMMO3aBHCHMBIX 3BEHBEB, Hampumep, Onocucremy, obec-
MEYUBAIOLLYI0 CBEPTHIBAHUE KPOBU B MecTe paHeHus. Ilo MHeHMIO
Jx. bexe, «He yMeHbIIaeMasi CI0XKHOCTb» 3TUX CUCTEM JOKA3bIBACT,
YTO OHHM MOTJIM OBITH TOCTPOEHHI TONBKO u3aiinepom (borom).

OnHako MOXHO 3aJaTh BOIPOC: MOYeMYy OHOJIOTMYECKHE MeXa-
HU3MBI TaK CII0KHBI? Besb BO MHOTHX Cllydasx AOCTHYB LENH MOXHO
u Oosee mpocTeIM myTeM. Hampumep, ¢ TO# ke IETbI0 OCTaHOBKH
KPOBU B MEIMIMHE UCIOJIB3YIOTCS Mpenaparsl, IPOCTO IpUIaracMble
K panke. OTBeT, 10 BCell BUANMOCTH, 3aKJIF0YAeTCsl B TOM, 4TO MOA4ac
JUI BBITIOJTHEHWS HOBOW (DYHKLMH SBOJIONMS HCIIOJIB30Balla YKe
MMEIOIUECS. CUCTEMBI, COYETAaHUE KOTOPBIX OTBEYAJIO HOBOU
BO3MOYKHOCTH, XOTSI CJIOKHOCTh OKa3bIBaJlach H30BITOYHOM.

B GonbIIMHCTBE CBOEM 3JEMEHTBHI, COSAWHEHUS M CTPYKTYDBHI
MHOTO(QYHKIMOHAJBHEI, T. €. CHOCOOHBI K B3aUMOJIEHCTBHUIO C pa3HbI-
MU TapTHEpaMu C Pa3HbIM PE3yJIbTaTOM. DTO 0OecreYnBaeT pasHo-
obpasue mupa. Ho mogoOHbIe B3aMMOIEHCTBHISI HE MOTYT YAOBIETBO-
PUTH YCIIOBUIO «AHU3aIHa.

IMomeitka k. Bexe cBs3aTh (QyHKIHMIO C 3aMBICIIOM B [IEii-
CTBUTENBHOCTHU onpaBiaHa. OH MUIIET, YTO CUCTEMA, BHITIOJHEHHAS C
yuactueMm [luzaiiHepa, oTiM4aeTcss WACHTHOUIUPYEMOH (QyHKIHEH.
Wnentudunupyemocts B monnManuu Jx. bexe o3Hayaet oTueTinBoe
IPOSIBIICHHE 3aMbICIIa, BBISBICHHE HA3HAUYCHHs, OIPEIEICHHOIO
TBOpuOM. [Ipupona, yToObl BEIMOMHUTE pabOTy AW3aiiHepa, IeicTBU-
TENBHO JIOJKHA ONEpHPOBATh C CUCTEMaMH, OOJIaIaIOIIUMU «UICHTH-
¢unupyemoit» ¢ynkuueil. B npuMeHeHHH K €CTECTBEHHBIM IIpOLiec-
CaM 3TO — CHUCTEMBI, YCTAHABIMBAIOIIUE COOTBETCTBUE, T. €. CUCTEMBI,
KOTOPBIM NpHUCyIa GYHKIUS YHOPSIOYCHHUS.

XUMHUYECKOE COOTBETCTBHE — 3TO KOTJa Kakas-Tu00 CTPYyKTypa
WM CUCTEMA pearupyer, KOOPAUHUPYETCS, COBMEIAECTCS WM WHBIM
crocoboM B3aMMOJEHUCTBYET TOJIBKO C ONpeeSeHHBIM MapTHEPOM
(v, WO KpaifHelf Mepe, ¢ BecbMa OrpaHHYEHHBIM HabOpOM
MapTHEPOB).

UeMm MeHBIIIE CTETICHEH CBOOOJBI, TEM BBHIIIE YPOBEHH COOTBET-
CTBHS.
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Ha s3bike TCPMOJMHAMUKU BBICOKAA CTCIICHb COOTBETCTBUSA OT-
BEUYaeT HU3KOU OHTPOIIUH.

9HTpOHI/I$I B TEpMHHAX CTAaTUCTUYCCKON MEXaHUKH Ipornopuuro-
HaJIbHAa BEPOATHOCTHU W cOCTOSIHUS CHCTEMBI:

S=kinW, (2.5)

rze K — HOCTOsIHHAs: bonbiMaHa.

Uem OONBITAM YHCIIOM CITOCOOOB MOYKET OBITH IMOIyUYeHA CHCTE-
Ma, TEM BBIIIE €€ SHTPONUS U, HA0OOPOT, 4eM MEHbIIE CTEleHeH
CBOOOIBI, TEM SHTPOIIUS HUXKE.

TpaauMOHHO 3HTPOIUS ONpenesseTcss Kak Mepa Oecropsaka.

Ho aydime ckazars: SHTpOIHS — 3TO Mepa CBOOOBI. YMEHBIIICHHE 3H-
TPONHUH 3TO — OTPAHUUYECHUE CBOOOIBI: OrpaHUYEHHE CBOOOIBI ABMXKE-
HHS M OTpaHuYEHHE CBOOOJB! BbIOOpa. BO3HMKHOBEHHE MOIUMEPHOM
MOJIEKYJIbI O3HAYAeT JUIsl K10 MOHOMEPHOM I'PyNIbl OTPAaHUYEHUE
MOCTYMATEIbHBIX U BpAIaTeNIbHBIX cTerneHeld cBobobl. [ToaToMy BO3-
HUKHOBEHHE TOJHMEPHBIX CTPYKTYp (Takke KaK KPHUCTAJUTHYECKHX )
CBSI3aHO C yMEHblIeHHeM 3HTponuu. OrpaHudeHrne BhIOopa O3Ha4yaeT
YCTaHOBJICHUE COOTBETCTBUS, MpPEANUCAaHHOCTh. Karanus, B 4acTHO-
CTH, CBSI3aH C OTpPaHMYCHHEM BBIOOpA, TaK KaK OH YCTaHABJIMBACT
OTIpeeNICHHbIH (He JI000H) MyTh NPOXO0KICHNS PEAKIIUH.

BenkoBeie (epMEHTHl OrpaHUYMBAIOT M CBOOOAY IBHKEHHS MO-
Jekyn, u cBoboxy BbiOopa. Karanutuueckue ¢yHKIuM Oenka cKia-
JBIBAIOTCS M3 COYETaHUS HECKOJBbKHX CBOHCTB. OOHMM W3 Ba)KHBIX
cumnraercs dpdext commkenus (proximity). Iox 3Tum noapasymena-
eTCsl YCKOPEHHE PEeaKLUWH BCIEACTBHE COOTBETCTBEHHOH OpHUEHTALMH
MOJIEKYJl Ha aKTUBHOM ILeHTpe (epmeHTa. COOTBETCTBEHHAs OpHEH-
TalMsg B TO K€ BPEMs O3HAUaeT YMEHBIICHHWE JHTPONHMHM TaK Kak,
OyAydu OpPHEHTHPOBAaHbI, CBOOOJHBIC MOJICKYJIBI TEPSIOT TPAHCIISALM-
OHHBIC M POTAllMOHHBIE CTENICHN CBOOObI. OrpaHuYeHus Bceraa OyayT
0CTaBaThCs, [IOKA B IPUPOJIE CYLIECTBYIOT B3aumoaeiicteus. Het takoro
COCTOSIHMSI, B KOTOPOM MaTepuaibHasi cyOcTaHIus Obljia Obl ' BIOJHE
cBoOoaHa. [Ipy BbIpaBHMBAHUM XMMUYECKUX MOTCHLIUAIOB OCTAIOTCS
MEKaTOMHBIE, BHYTpPUSACPHBIE B3aUMO/IEICTBYS, BIIMSIHUE
JIEKTPOMAarHUTHBIX, TPABUTALMOHHBIX Honed u T. A. B mpenene 3n-
TPOIHMS CTPEMUTCS K OECKOHEUHOCTH. DTOT MpeJIesl HEAOCTHKUM.
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Ho sHTpomus cTpeMuTcss K MaKCUMYMY M JOCTUTA€T €ro B YACTHBIX
PaBHOBECHBIX COCTOSIHUSIX.

Pabora ¢depmenTa mpencraBnser cOOOH KECTKO OTPaHUYCHHOE
MpeAnucanue: TOJIbKO MOJIEKYJBl OMPENEICHHOTO XMMHUYECKOTO CO-
CTaBa W CTPOCHUS, OIPENEIIEHHOW XHPAILHOCTH, MOTYT B3aMMOJIeH-
CTBOBaTh. DJHTPONHS YMEHBIIAETCA 10 MEpE YBEIMUYCHHS CTEIeHH
MPEININCAHHOCTH TTOBE/ICHUS BEIECTBA.

YnopsjoueHue — 3TO HapacTaromas CTENeHb HECBOOOTHOCTH
noBeneHus. MneHtudunupyeMocts (yHKIUH, CIeI0BaTeIbHO, CO-
CTOUT B CITOCOOHOCTH OTpEesIeHHBIM 00pa3oM OTpaHUYHBATH CBOOO-
Iy B3aumMojedcTBuil. CyIIECTBYIOT JH B TMPHUPOAE TaKHUE IPOIECCHI,
(hyHKIIMIEH KOTOPHIX B OMPEIETICHHBIX 00CTOSTENHCTBAX SBIISIETCS TIPO-
W3BOJICTBO YIOPSAIOYCHUS?

$ 3. Qucnponopyuonuposarue s3HmMponuu 6
CONPSHCEHHBIX NPOYECCAx

DOHTpoNHUs MapamMeTp SKCTCHCHBHBIA, T. €. ee¢ HW3MeHeHue AS
MOXeT OBITh MPEJICTABICHO CYMMON M3MEHEHHUI B OTAEIBHBIX YaCTIX
cucteMsl: S /{Si. IT0 Kak pa3 JIE)KHUT B OCHOBE YIIOMSHYTOTO BEITIIE

IpaBuiia, Pa3pellaroliero CHIDKCHHE JHTPOIHMU B CHCTEME JKHBOTO
OpraHu3Ma IpH KOMIICHCHPYIOLIEM YBEIHMYCHHH €€ B OKpPYIKAIOIIeH
cpene.

HyXHO, OlHaKO, UMETh B BHIY OIHO YTOYHSIONIEE MPABUIIO,
nomyepkayroe WM. Ipuroxkuusim (Prigogin, 1962): ecnu B pasHbIX
y4acTKax CHCTEMbI UMEIOT MECTO HEOOpaTHMbIE MPOIECCHI, TO SHTPO-
IHsE BO3PACTAET B KAKIOM y4acTKe B OTACIbHOCTH:

AS, > 0u A8, > 0. (2.6)

Takoro monoxeHusi, MpU KOTOPOM YBEIMUYEHHE SHTPOIHUU B Of-
HOM| y4acTKe KOMIEHCHPOBAJIO Obl MOHMKEHHE 3HTPOIMHU B IPYroM

A8 >0n A5 <0 2.7
OBITH HE MOYKET Jaxe, €CJIN 4JI1 CUCTEMBI B II€JIOM BBIIIOJIHACTCS
YCJIOBHUE:
AS =AS +AS; >0 : (2.8)
y4acTke, T. €.
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Wuave roBOps, B JIIOOOM MAaKpOCKOIIMYECKOM YYACTKE CHCTEMBI,
UCITBITHIBAIONIEN HEOOpaTUMOe MpeBpalleHre, MPOU3BOAUMAs SHTPO-
nMs BCET/a IMOJIOKUTENbHA. MaKpOCKOITMUYECKUN YYaCTOK O3HAYaeT
Cpely, B KOTOPO#M MPUCYTCTBYET AOCTATOYHO OOJBIIOE YKCIIO MOJIEKYI,
4T00BI IPEHEOPEYh MUKPOCKOITHYECKUMH (MITyKTYaIUSMH.

B3auMHO KOMIEHCHpYOMIUA 3()PEKT HEOOPATHMBIX peaKInii
BO3MO’KEH TOJIBKO, KOTJ]a OH HMEET MECTO B OJTHOM M TOM JKE yUYaCTKe,
«IOKAJIBHO», KOIJa HeoOpaTHMOEe MpeoOpa3soBaHHWE OHON IPYIIIbI
pearupyromnmx MoJIeKyJl MHKPOCKONMYECKH COBMEIIECHO C MPeodpaso-
BaHUEM JPYTOM TPYIIIbI PEArHPYIOIINX MOJIEKYJL.

ITosToMy, BONPEKH pPacHpOCTPaHEHHOMY MHEHHIO, OTKPBITOCTb
OMOJIOTHYECKHX CHCTEM €Ille HE SBISETCS JOCTATOYHBIM YCIOBHEM
TOr0, 4TO HEOOpaTUMbIE TPOIECCHI B HUX MOTYT IPOTEKAaTh C IO-
mkenneM sHrpormu. WM. Ilpuroxun (Prigogine, 1947) mpemmoxut
paccMaTpuBaTh U3MEHEHHE SHTPOITMH KaK CyMMY JIBYX CJIaraeMBbIX:

dS = d,8 + d,S. (2.9)

3menenue OHTPOIIHNU CHUCTEMBI O6yCJ'IOBJ'I€HO U3MCHCHHUEM €€,
CBA3aHHBIM C BSaHMOHGﬁCTBHeM C BHECIIHCH cpe/:[oﬁ, Harpumep,

9Q
g5 = ~— (2.10)
T
Y TIPOU3BOJICTBOM SHTPOIHH, 00YCIOBIECHHBIM MPOTEKaHUEM B Hell
HEOOPAaTUMBIX MPOLIECCOB, HAIPUMEP, XUMUYECKUX PEAKIIHNA:
Ad¢

ds= "T—, (2.11)

nyTeM oOMeHa TeTIoM:

rne A — BenuunHa, HaseiBaeMmas cpozcteom (affinity), £ — xoop-
JIHATa Tpolecca (CTeneHb 3aBepuieHHOCTH peakiuu). Cpoacteo A
CBSI3aHO C XMMUYECKUM MMOTECHIATIOM .M COOTHOIICHHUEM:

A=~ Z Yoty (2.12)
T

rae V7 — CTeXHOMETpHIecKue K03 PUITUEHTEI peakiini,7 — HOMEP
KOMITOHEHTA PEaKInH.
i

= 2.
i v, (2.13)
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rae V — CKOpOCTh HEOOPaTUMOTO TIpolecca

d“‘S—lAwo 2.14
d T ’ (2.14)

Otcrona cienyet, uTo A U V — UMEIOT OJJUHAKOBBIN 3HAK.
[Ipou3BOACTBO SHTPOIHH HECKOJIBKHUX OJHOBPEMEHHO MPOTEKa-
FOILUX PEaKIIHii:

ds ] .
E=EZAPT}?>O' (2|5)
I3
Opnaxo mpu
A|'U| + Az'vz >0 (2 16)

BO3MOYKHO ITOJIOKEHHUE, TIPH KOTOPOM

Ay, <0, a 4yv; >0, (2.17)
€CIIH peaKIuy SBJIAIOTCS CONpshDKeHHBIMH. [IpeacraBieHus o comps-
JKEHUHU pa3HOHAIIPABJICHHOTO

IIPOU3BOJACTBA JBHTPOIINHU ObLTM BBICKa- ._.ﬁ

3ane eme B 30-¢ roxsl e Jlonnepom (De  dt

Donder, 1936). Dtu mnpeacraBacHUS

ObutM Mcnoab30BaHbl WM. [IpUro-xuHbsIM Aw, Ay,
P MOCTPOSHUHU TEOPUHU HEPABHOBECHOM

TEPMOMHAMUKH.

TepMoarHAMUYECKOE  COMPSKCHUE ds,
MO3BOJIAET OJAHON M3 PEeaKIUil MPOTEKaTh dt
B HalpaBJICHHMH, OOPaTHOM €€ CPOJCTBY d(5, +5,) =0
(puc. 2.1). Kazanoce Obl B cucreme, B df
KOTOPOW HMMEET MECTO XHUMHUYECKOE
paBHOBECHE, MPOXOIAT ase Puc. 2.1, Quecnponopyuonu-
HeoOpaTUMBbIC PEaKIUU: MPAMAsi PEAKIUS JOBAHLE IMMPONUL 8 CONPS-
B CTOPOHY OOpa30BaHHs IPOMYKTOB, M HEHMHOLX PEAKitsny
oOpaTHast — B CTOpPOHY 00pa3oBaHUs peareHTOB. I10CKOJIBKY Kaxcmast
W3 HHX SBISETCA HeoOpaTUMOM, OHH o00¢ MODKHBI OBLIHM OBl
COMIPOBOXKIIATHCS YBEIMUCHUEM SHTponny. Ha camom paerne sHTpomus
B PaBHOBECHOH CHCTEME HE M3MEHSCTCA. DTO OOBSCHSICTCSA TEM, YTO
psMast u obpaTHas peakmus SIBJISTFOTCSI MPUMEPOM
MHUKPOCKOITUYECKOTO XUMUIECKOTO COIPSIKEHUSI.
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SBNEHUS MUCHPONIOPIIMOHUPOBAHMS JHTPOIIMHU, KOTJA COMps-
KCHHBIMH OKa3bIBAOTCS MPOIECCHI, UAYIIHE C YBEIHMYCHHEM U TIOHU-
KCHHEM HTPOINU, MHOTOUMCIICHHBI. OHHM TPOSBISIOTCS HA Pa3HBIX
YPOBHSIX COCTOSHUS MaTepuu. B XMMHM 4YacTO BCTPEYAIOTCS CaMo-
COIPSDKEHHBIE TPOIIECChI, KOTNAa MPOAYKTAaMH XWMHUYECKOTO TpeBpa-
IICHHUS SIBJISIOTCS OJHOBPEMEHHO C OJTHOM CTOPOHBI 0OJiee MPOCTHIE, a
C Apyrodi — OoJiee CIIOKHBIE COCIMHEHUs. B TOpHBIX mopojax opra-
HUYECKOE BEIIECTBO MPHUCYTCTBYET B BUJAE CIOXKHOTO HEPETYJISPHOTO
nonumepa — keporeHa. OH oOpasyeTcst B pe3yibTare TpaHCopma-
MU OCTaTKOB OTMEPIINX OPraHU3MOB. XMMHYECKOE IMPEBPAIICHHUE
OBIBIIIMX OMOMOJIEKYJI UJICT C OJHON CTOPOHBI IO MyTH 00pa30BaHUs
npocthix coeaunenuii Tuma CO,, Hy0, NH3, H,S u 1. 1., a ¢ npyroit —
(hopMupoBaHus Bce 0oJiee CIOKHOTO Psijia TEONOTUMEPOB: (hYITHBOBBIX
KHCJIOT, TYMHHOBBIX KHCIOT u KeporeHa. [lpum Tepmomuddysun
BeniecTBO AudPyHAUPYET TPOTHB TIpaJucHTa KOHICHTPAIMH, YTO
03HAauYaeT MPOU3BOJCTBO OTPUIATEIBHON SHTpoOnUH. DTOT 3P (deKT,
OHAKO, COTPOBOXKIAETCS  TOJOXHUTEIbHBIM  MPOU3BOJICTBOM
SHTPOINU, O0YCIOBICHHBIM IMOTOKOM Teria. B HedTsIHOM 3anexu npu
BBICOKOU TeMIiepaType HeAp MPOUCXOAUT JeTPajialus YIIIeBOJI0POI0B
HedTu. [Ipu 3TOM ¢ OHOUM CTOPOHBI HapacTaeT Macca ra3o00pa3HbIX
MPOJYKTOB, COCTOsIIas, TiIaBHBIM oOpazom, u3 CH,; wm mpyrux
MPOCTEHIIIUX YIIIEBOJOPOIOB, & C Ipyroid — QopMupyercs OUTyMo-
acallbTEHOBBIE CJIOKHO-TIOJIMMEPHBIE 00pa3oBanus. B Hexpax 3Be3f,
IJle TOCIOJCTBYIOT TEMIICpaTyphl, MPEHATCTBYIONME OOpa30BaHUIO
XUMHYECKHUX CBsI3€l, JCIIPONIOPIINO-HUPOBAHKE SHTPOTHH
OCYIICCTBIISIFOTCSI Ha SIGPHOM ypoBHe. Hampumep, mpu B3pbIBe
CBEPXHOBBIX, KOTJla YyJOBUIIHBIC aBICHUS B KOJUIANCUPYIOUICH
3BE3J/IC Pa3/aBIMBACT 00OJIOYKH aTOMOB, CIIPECCOBBIBAs UX B CTYyCTOK
MPOCTEHUIIUX YACTHI] — HEUTPOHOB, OJHOBPEMEHHO HJICT CUHTE3 BCEX
TSOKCNBIX  sAAep  NEpUONUYecKOod  TaOmuiel.  MMeHHO — 3TOT
AKCTPEMAaIbHBIN MPOIECC IBONIOIHUUA MATEPUU SBISETCS UCTOYHHKOM
AJIEMEHTOB, U3 KOTOPBIX C TCYCHHEM BPEMEHU B HOBBIX 3BE3JIHBIX
MOKOJICHUSIX 00pa3yeTcs BEUISCTBO TUTAHET U Haiu Tena. B oOriectse,
MPEJOCTaBIICHHOM CaMOMy ce0e, He TOJNbKO HapacTaeT oO0Iuid
0ecIopsI0K, HO U YBEIIMYMBACTCS PACCIIOEHUE HA OOTaThIX U OC/THBIX.
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OT0 — 3MU301bI AUCHPONOPLUHUOHUPOBAHUS IHTPOIHH, KOTOPOE
CTaHOBUTCS BO3MOXKHBIM, KaK BBIIIE MOJYEPKUBATIOCH, B CIIydae, €ClIu
BBIOJTHSCTCS TIPABLIIO JIOKAIBHOTO CONPSIKEHUs] HeOOPATUMBIX Tpoliec-
COB, HJIYIINX C MOBBIIMICHUEM U MOHHXEHUEM dHTpornuu. CyIiecTByeT
TEPMHUH «CHHEPTeTHKa», NMPUMCEHSCMBIH HHOTIa B TOM K€ CaMOM
cmbiciie. OH Obur mpemnoxkeH XakeHoMm (1980) mist ommcaHust Ko-
OTIEPAaTUBHBIX SBICHUH B MHOTOKOMIIOHEHTHBIX cucTemax. Ho 3atem
MPHOOpEN pacIIUPEHHOE TOJIKOBAHME, BKIIFOYAOINEE Pa3HbIC aCICKTHI
KOPBOFOITMHK (CcM. Hampumep, cOopHHK «CHHEpreTHKa» IOJ pPeaak-
mueit B. A. CamoBamduero u ap., 2000). SI He HCHONB3YIO TEPMHUH
CHHEpTeTHKa, 9TOOBI HE Pa3MBIBaTh TOT KOHKPETHBIM CMBICI, KOTO-
pBIA S BKJIANBIBAIO B IOHATHE IUCIPOMOPIIHOHUPOBAHUS IHTPOIHH
MIPH MUKPOCKOITMYECKOM COTIPSDKEHUN XUMHUCCKIX PEAKITHH.

$ 4. Ilpouz800cme0o HU3KOIHMPONUUHO20 NPOOYKMA 8
CMAYUOHAPHBIX COCTNOSIHUSIX

JucniporopioHMpOBaHWE SHTPONUH B CONPSHKEHHBIX ITPOIIEC-
cax yKa3bIBaeT HAa BO3MOXHOCTh OOPa30BaHUS HU3KOIHTPOITHMHHOTO
MIPOAyKTa B HEPAaBHOBECHBIX peaknusax. Ho 3To eme He o3Ha4aeT BO3-
MOXKHOCTH 3BOJOIMU. HarmoMHUM, 9TO HU3KOIHTPOIHUIHBIM MPOIYK-
TOM MBI HA3bIBAEM OTPAHUYCHHE TIOBEICHUS CUCTEMBI B CTPYKTYPHOM,
MPOCTPAaHCTBEHHOM, BPEMEHHOM WJIM WHOM OTHOIICHHWH. B Xxumu-
YECKOM CHMBOJWKE 9TO OTBEUYACT CHUTYAaIlUH, XapaKTepU3YIOIICHCs
ycinoBueM (2.17), T.e. ciiydaro, KOTZIa CPOJICTBO M CKOPOCTh PEaKIIUU
UMEIOT pa3Hble 3HakW. JIJIS TOTO, YTOOBI IBOIIOIMIO YXM3HU MOKHO
OBUIO OXapaKTepU30BaTh KaK CaMOIPOM3BOJBHEIN Mpoliecc, Heo0Xo-
JIUMO yKa3aTh JBOJIOIMOHHO-CIIOCOOHBIH MEXaHH3M, KOTOPBIA Obl HE
CBOAWJICA K CIOHTAaHHOMY WM OJIHOKPAaTHOMY BO3HHUKHOBEHHIO
HU3KOXHTPOMUWHOTO TPOAYKTa, a 00ECIEeUnBal BOJIOIMOHHOE pa3-
BUTHE B CTOPOHY MOCJIEI0BATEIHLHOTO YMEHBIICHUS YHTPOIIHH.

Takol MeXaHWU3M, OUEBHJIHO, CICIyeT MCKaTh B O0JIACTH HEpaB-
HOBeCHBIX TporeccoB (A. b. Pyoun, 1998, 1999; 3otun u 3oTHHAa,
1993). TepMoawHaMHKa HEPaBHOBECHBIX IIPOIIECCOB ObLIa CO3JaHa
tpynamu M. IpuroxkuHa u Oproccensckor mkoisl. [Ipu stom U. Ipu-
TOXKHUH U €ro KOJUIETH CUUTAIN ONOJIOTHYECKHEe MPOIecChl Hanboee
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HOAXOJSIIEH 00JacThI0 MPUIOKEHHS HEPaBHOBECHOH TEPMOAMHAMMU-
ku. B mocnenyrommx paszgenax 3TOH TJIaBbl MCHOJIB30BAaHBI HOHSTHS
HEPaBHOBECHOW TEPMOAWHAMUKH, XOTsI MPeJIaraeMblii MHOIO HOAXO]
OTIIMYeH OT Toro, KoTopblid M. IlpuroxuH um ero coaBTOpHI paccma-
TPUBAIM Kak Ooyiee BCEro OTBEYAIOIIMH CYNHOCTH OHOJIOTHYCCKHUX
sBreHuii. 00 3TOM ele OyAeT CKa3aHO HUXKE.

Cornacao Huxomucy u [Ipuroxuny (1979) ypaBHeHue 6ananca
Macc HEPaBHOBECHOM PEaKIMU UMEET CIICAYIOIINI BH/I:

i _ _ g T+ > vw, (2.18)
at '
$

3aeck dpi — cojeprkaHue B €MHULAX 00bEMa CHCTEMBI T-T0 KOMIIO-
HEHTa PEaKIuu; Vi, — CTEeXHMOMETPUYCCKUIA KOI(DGUIMEHT TPH i-OM
KOMITIOHEHTE PEaKIUH; i — CKOPOCTh peakiuu; Ji — nuddy3uoH-
HBI IOTOK i-r0 KOMITOHEHTA.

3T0 ypaBHEHHE TIepeaeT MPOCTYIO MBICIh O TOM, YTO U3MECHCHHUE
coJiep KaHusl JIF00OT0 KOMIIOHEHTA B eIMHHIIE 00bheMa ONpeeNsIeTCs
BBIHOCOM 3TOTO KOMIIOHEHTa M3 00beMa (3HaK MHUHYC TIPH JTUBEPTeH-
IIAH) ¥ IIPOU3BOCTBOM €T0 B 3TOM O0BEME.

IIpuMeHUTETHHO K KaKOH-HUOYIh IPOCTOM PEaKIny, HaIIpuMep

k
CO, + 4H, ;,:I’ CH, + 2H,0,
v3

BBCACHHbIC 0603HaquI/Iﬂ HUMCHOT CJ'ICHV%OHIHI\/’I CMBICJI:
v _ pCH.; P H40

PK,, = (——4— : (2.20)
Pco, Pcoy " Phy /e ey

CuMBoOI € 03HAYaET COOTHOIICHNE COAEePKAHNN KOMIIOHEHTOB
TIPH JOCTHKEHUU PaBHOBECHSI.

48

rae K; U K, - KOHCTAHTBI CKOPOCTH MPSMON W 00paTHOH peaknuu. B
paBHOBEeCHH CKOpPOCTh peakmuu paBHa Hymo (u = (). Koncranta
paBHOBecHs Keq paBHAa OTHOLIEHHUIO K1/K2. OTCrO/a:
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CpoJICTBO peakuu B COOTBETCTBUH C (2.12):
A=- Z Vi (2'21)

rac PI;'XI/IMPI‘ICCKPII)'I.JIOTCHHI/IEIJI I'-TO KOMIIOHCHTa

i = flor + kT In Pis (222)

e /ict — CTaHIapTHBIN XMMHUYECKUI MOTEHITHAT, K — TTOCTOSHHAS

Boabmmana. Otcrona
2
(pCH4 ) )0 HQO)
Pco, 'P4|-|2 eq

(Pcm . ﬂznzo)
pco, - P,
ra€ CUMBOJ ¢ OTHOCUTCA K TEKyHIEMY COOTHOIICHUIO KOMIIOHCHTOB
peakiun. B cocTosIHUM paBHOBECHS YUCIHTENh U 3HAMEHATENb JAPOOU
moa 3HakoM In paBael m 4 = 0. Takum oOpa3om, cpoacTtBo A
orpeiesisieT Mepy OTKIOHEHHsI CoJiep KaHks KOHIICHTPAIi pearcHTOB
Y TIPOJIYKTOB OT WX PABHOBECHBIX 3HAYCHUIA.

H3menenue COOCPIKAHUA KaXKI0Ir0 KOMIIOHCHTA IIPUBOJUT K HU3-
MCHCHUIO DHTPOIINU S IUHHUIbI o0BeMa Sy-

A=EkTIn

: (2.23)

331: 331; . 8,0,
— = _. 2.24
i Z 9p; - Ot (224)
H3BecTHO, UTO
D8y i
—_—= 2.25
o T (2.25)
H, CJ1e10BATEIBHO,
Isv _ _ >3 1 0p; (2.26)
ot —~ T ot ’ '
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Moxcrasmss (2.18) B (2.26) momyuyaem mociie npeoOpa3zoBaHuit
(Huxomuc, IIpuroxwun, 1979):

sy . Hi . - A,

= __4 NG S A vjad L. )

T iv E‘_ 3 E,; T + Ep W, {2.27)
~div s h -

31ech MOSBUIICS UHICKC p TIPU A, U U4, HYMEPYIOIIHI HECKOJIEKO
OJTHOBPEMEHHO MTPOUCXOISAIIUX PEAKIIHA.

W3 (2.27) BUIHO, 9TO U3MEHEHHUE SHTPOIIMU CKIIAJIBIBACTCS U3 I10-
TOKa 3HTPOIHH Yepe3 MOBEPXHOCTh SAMHUIIBI 00beMa CUCTEMBI H IIPO-
W3BOJICTBA YHTPOIUY BHYTPH CUCTEMBI:

Osy .
— =~—divJ, + 0. (2.28)
ot

[Ipon3BoaCTBO PHTpONHU @ B OOOOIIEHHOM BHIE MOXKET OBITh
IPEACTaBIEHO KaK CyMMa MPOU3BEICHUI 0000IIEHHBIX CHI X] Ha 0000-
HICHHbBIC TOTOKH Ji, BHI3BAHHBIC STUMHU CHIIAMU:

o= X;J; (2.29)
J
B gactHOCTH, TpH U y3HH:
Jj = o gy X; = —V%g (230)
B XUMUYECKOH PeaKIIHu:
y: |
Ji=w, X;= —T-,E (2.31)
B 00001meHHOM BHJIE JUIS1 CACTEMBI B IICIIOM:
a5 8,5 985
— = — { di d daVv = —_ .
=== favgav foav="24 000 ey

Takum 00pa3oM, HM3MEHCHUE DSHTPOIHUH IPEICTABICHO JBYMSI
cnaraeMbiMH (aHaorugHo 2.9). IlepBoe 3aBHCHT OT B3aUMOJCHCTBHS
CUCTEeMBI ¢ BHemHel cpenoil. [loaToMy ero 3Hak 3apaHee He ompee-
neH. Bropoe ciaraemoe npencTaBisieT coO0H MPON3BOICTBO SHTPOIIHU
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BHYTPH CHCTEMBI H B COOTBETCTBUH CO BTOPHIM HaYaJIOM TEPMOAMHA-
MUKH BceTia 00JIbIIe Wi (B paBHOBECHH) PaBHO HYJIO:
P= E = 0. (2.33)
at

B cocTosiHUM TepMOJMHAMHYECKOTO PAaBHOBECHS CHJIBI U COOT-
BETCTBEHHO BBI3bIBAEMBIC MU TIOTOKU PaBHBI HYJIIO.

JokaspiBaercsi, 4TO BOJM3H OT paBHOBECUS TIOTOKU 3aBHCAT OT
cun auHelino (Huxomnuc, [Ipuroxwuii, 1979):

Jk == Z LMXI, (234)
i

rae Ly — xosdpdunreHT nponopunoHanbHOCTH ((heHOMeHomornye-
CKUIl KO3 PUIIMEHT), CBSI3BIBAIOIINKA BEIUYMHY MOTOKA C BETHUYUHOM
000 M3 0000IMEHHBIX CHIT Xt, ACHCTBYIOIIHNX B CHCTEME.

CootHommenne (2.34) XapakTepu3yer 00JIACTh JIMHEHHOH TepMo-
TUHAMHUKH HEOOpaTHMBIX MPOIECccoB. B nuHEHHON TepMoanHAMHUKE
HEOOPAaTUMBIX IPOIECCOB CIPABEIUBEI COOTHOIICHUS B3aUMHOCTH
Omncarepa (Onsager, 1931), yTeepxnatoiue, 4to

Ly = Ly, (2.35)
T.€. €CJIM Ha IMOTOK Jy, COOTBETCTBYIOIHNNA HEOOPATHMOMY IIPOIIECCY
K, nmeicTByer cmia X; HeoOpatmmoro mpomecca |, To cmma X,

JIEHCTBYET Ha MTOTOK Ji C TeM ke K03 hUIIIeHTOM Ly

CyIIecTBYIOT CTAllMOHAPHBIE COCTOSHUS, B KOTOPBIX CKOPOCTH
pa3HOHAIPABIEHHBIX HEOOPATHUMBIX IMPOIIECCOB BHIPABHUBAIOTCS TaK,
YTO MapaMeTphl MPOTEKAIONINX MPOIECCOB (KOHIIEHTpAIUs M CKO-
POCTh) OCTAIOTCSI HEU3MEHHBIMU.

ITyctp, Hanpumep, MMeeTcs: OECKOHEUHBIN pe3epByap, B KOTOPOM
HEKOTOPHIE KOMITOHEHTHI MOTYT BCTYIIATh B HEOOPATUMYIO PEaKITHIO,
00pasys npoaykt A. [1ycts, B CBOIO o4epeb, IPOAyKT A oOpalaeTcs
B poaykT B, ToT B C, u Tak fnanee, moka 3Ta IeMb MPEBPaIICHUA HE
3aMBIKAeTCSl Ha HCXOOHOM pe3epByape. Uepe3 HEKOTOpoe BpeMs,
KOHLICHTPAIH MPOMEXKYTOUHBIX MPOIYyKTOB MPUIYT B COOTBETCTBHE
C KOHCTaHTaMH CKOPOCTEH MpeBpaIieHuit:

[Alk, = [B]ks = [C]k.... uT.a. (2.36)

IT0 — yCIIOBUE CTAIIMOHAPHOCTH MPOIIECCa.
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CTanyoHapHOE COCTOSHHE HEOOpaTHMBIX IMPOIECCOB 00JafaeT
PSIIOM XapaKTEepPHBIX CBOKCTB. B TepMoauHaMuKe HEOOPAaTUMBIX MPO-
neccoB nokasbiBaetcs (Glansdorff, Prigogine, 1971), uro:

P 2 3;;‘-)3,0‘- 3p;
— =T / ;(apj 2 ot {2.37)

rae P— MMPpOU3BOACTBO DHTPOIIMH KaK (byHKI_II/IH COCTOsAHUSA CUCTCMbI

(cm. 2.33)
P= / o dv

C apyroii CTOPOHBI B TEOPUHU TEPMOIMHAMUIECKON YCTONUNBOCTH
I'u66ca BhIpaXkeHne THIA

It 8p:8p: 20 )
Z 3, ), 0i0p; 2 (2.38)
ij IR
OIpenenseT ycaoBue ycroiuusocTr. OTCIONa CIEAyeT OBa BaXKHBIX
BBIBOJIA.

BO'HepBbIX, CHUCTCMaA yCTOﬁHHBa B CTaHI/IOHapHOM COCTOSIHHUU U
HpI/I OTKJIOHCHHH OT HCTO CTpeMI/ITCH BepHyTBCH B 3TO COCTOHHHC, TakK
KaK

2 o 2.39
T (2.39)

COOTBETCTBYET ycoBHIo (2.38). 3HaK HEpaBeHCTBA OOpaIeH, Tak KaK
B (2.37) npucyTCTBYyeT 3HAK MUHYC.
Bo-BTOpBIX, TOCKONBKY B CTAIMOHAPHOM COCTOSTHHH

dP-O 2.40

MPOM3BOICTBO SHTPONMHU P SBJISAETCS BENUYUHON MOCTOSHHOM, a B CH-
my (2.33) — npuHUMaET CBOE MUHUMAJIBHOE 3HaUCHUE.

XOTsl IPOU3BOJICTBO SHTPOITUH B CTAIMOHAPHOM COCTOSIHUM MU-
HUMAaJbHO, OHO OTJIMYHO OT HYJSI M TIO3TOMY DHTPOIHUS CHCTEMBI
No/bKHA pactd. Ho Tak kak Mo yCIIOBHIO CTallMOHAPHOCTH KOHIICH-
TpaIuu KOMIIOHEHTOB HE U3MEHSIOTCS, T. €. 6pi/6t = O, To 6S/6t = O
u B cuiy (2.32)

&8 8.5

ot~ ot 4
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CrenoBaTenbHO, «IJIsl MOAJEPKAHUS CTAIIHOHAPHOTO HEPaBHO-
BECHOT'0 COCTOSIHUSI HEOOXOMMO HAIPaBJIATh B CUCTEMY OTpPHIIATENb-
HBIH TIOTOK SHTPOIIMH, PAaBHBIM MO0 BEJIHMYUHE BHYTPEHHEMY MpPOH3-
BoAcTBY 3HTponum» (Huxomuc, I[1puroxun, 1979, c. 52).

CranyoHapHOE COCTOSIHUE MPUHLHUIUAIBHO OTIMYAeTCsl OT CO-
CTOSIHHS PaBHOBECHSA, B KOTOPOM MPOHM3BOACTBO JHTPOINHU PAaBHO
HyJ0. B cocrosHuM paBHOBecHsl cuUcTeMa 00JIaaeT MHHUMYMOM
CBOOOZHOM 3HEpruu, B TO BpeMs KaK B CTAMOHAPHOM COCTOSHUH
CBOOO/IHAS SHEPTHUsl CUCTEMBI MTOIACPKUBACTCSI HA YPOBHE, OTIIMYHOM
0T MHHUMyMa. YJep)KaHHe CTa-
2 IIMOHAPHOTO COCTOSIHUSL HYXKAaeTcs
'{B HENPEPHIBHOM MPHUTOKE JHEPrUH
“in3BHe. CTalMOHApPHBIC COCTOSIHUS
4 TIPUHIMINATIBHO HEOCYLIECTBHMBI B
-t M30JTMPOBaHHBIX CHCTEMaX.

Ha puc. 2.2 uzobpaxena sie-
“EMEHTapHasi CTallOHapHas sYeiKa.
#Pearentsl A  HeoOparumo mpe-
Bpamatorcs B B, B cBoto ovepens B
npespataercs B A'. [lpu atom Ak, =

%BKZ, Peakiis A  —> B
4 Mo IepIKUBaeTCs COIPSDKEHHO
ngOTeKaIOLHeI/I C Hell peakuuei a- -

> b +(e).

Uro mpou30iAeT B TOM CIIydae,
ecli B CHCTeMy OyJeT HampaBiieH
Puc. 2,2, Jremenmapras cmaquo-OTpHuaTem’PHﬁ notok deS/dt, mo
napras aueilxa a0COMIOTHOI 5 BEIMYHHE

MIPEBOCX OIS MPOU3BOJICTBO
SHTPONHUH BHYTPH cucTeMbl? OueBHIHO, MPOU3BOJACTBO SHTPOIHHU B
cHCTeME JOJKHO BO3PacTH

deS + XEJC = (d,S)r + X,'Ji‘ (242)

O,Z[HaKO CTPEMIICHUC K YCTOﬁqHBOMy COCTOSHHUIO MUHUMAJIBHOI'O
MMPOU3BOACTBA SHTPOINHU JOJIZKHO 06y0J’IOBI/ITB mnpounecce, KOTOpLIﬁ

53



MOJKHO OITUCATh CIICIYIOIIUM 00pa3oM:
d. 8 + X,J, = d;8pin ~ (—XJ)). (2.43)

3HaK MHUHYC Tiepe]] CKOOKOH B caMoii MocIeHel yacTH paBeHCTBa
03HayaeT, YTo Bo3HUKarommii nporecc (—X' J') BBIBOAUTCS 3a mpejie-
JIBl CUCTEMBI, & 3HaK MHHYC BHYTPH CKOOKM O3HA4yaeT, YTO BO3HHKAET
HU3KOIHTPONUUHBIN HPOIYKT, MPU3HAKOM KOTOPOTO SABISETCS MpO-
THUBOMOJI0XHOCTh 3HaKOB X u J. [Ipu 3ToM mipenmonaraercs, uto XeJe -
XUl ~ 0, T. e. BBINOJHACTCS YCIOBHE MHKPOCKOIUYECKOTO
COMPSKCHUS TIPOLIECCOB.

Taxum oOpazom:

(dl'S)J = di Smin - 7?;1 (2-44)

e ' = (—-X'J")
— MPOU3BOACTBO HU3KO3HTPOITMUHOTO IPOAYKTA.

[loHATHE HU3KOPHTPONUHHOTO MPOAYKTA I OTOXKIECTBISIO C I10-
HATHEM YIOPSAIOYEHUs. YTOPSAAOYEHHUE COCTOUT B IMPEIIHCAHHOCTH
MOBEJICHHSI, KOTOPOE TPOSBISETCS B OTPaHUYCHUH CBOOOJBI B3aMMO-
JIEUCTBUM WM TIEpEMEIIEHUH, UK, YTO TO K€ CaMO€, YCTaHOBJICHUH
(DYHKIIMOHATBHOTO COOTBETCTBHSI MEXIY CTPYKTYpaMu, KOOPIMHAITHH
IBUKECHUH U T.II.

B dacTHOM citydae pOIyKT peakiuu (XMMAYECKOe COeIUHEHHE),
BO3HHMKAIONTUH B TIpoliecce yHopsaodeHus, obOjamaer Oojiee HU3KOM
SHTpONUEH, YeM cyMmma peareHToB, Hampumep, mnoiumepHas Mo-
nexyna oOmagaer OoJjiee HHU3KOW JHTPONHEH, YeM JHTPONHS CYMMBI
CJIaralonIuX €€ CBOOOTHBIX MOHOMEPOB, TaK KaK B MPOIECCE MOIMME-
pu3aliu NpoUuCXOoauT OIpaHUYCHUE POTALMOHHBLIX U IMOCTYNATCIIBHBIX
CTereHel ¢cBo0oabI Mosiekysl. OIHAKO Mepa YNOPsI0YCHHOCTH Bellle-
CTBa HE OMNpPEIEIAETCAd BEJIMYMHOM €ro TEpMOAMHAMUYECKOW 3HTPO-
mmu. HekoTopast CiiokHas CTPYKTypa MOXKET OBITh pe3yJIbTaTOM CITy-
YaifHO CIIO’KMBIIIETOCS] COOTHOIICHUS U PA3MEIICHUS €€ AJICMEHTOB.
Ta ke camast CTpyKTypa MOXKET OBITh PE3yJIBTATOM IICICHAIPABICHHOTO
CHUHTE3a, KOTJa JaHHOE pa3MEICHUE €€ DJIEMEHTOB HMMeEET OIlpele-
JeHHoe HazHaueHue. [IOHATHO, YTO TepMOIMHAMHUYECKAas SHTPOIIHS
COOTBETCTBYIOIIUX MOJIEKYJISIPHBIX CTPYKTYp oAnHakoBa. Ho B ogHOM
Cllydae MBI HAQ30BEM CTPYKTYpPY YIOPSIOYECHHOM, a B IpyrOM — HET.
CrnenoBatenbHO, MOHATHE YIOPSIOUYEHUS OMUCHIBAET HE TOIBKO
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COCTOSTHHE BELIECTBAa, HO M MCTOPHIO BO3HUKHOBEHHS 3TOTO COCTOS-
Hus. TepMoarHaMudecKkre QyHKIMHA TaKMM CBOWCTBOM HE 00JIaJaloT.
[TosTOMYy MHE TpencTaBisieTCs] HEMPOAYKTUBHOM YHCTO TEPMOAWHA-
MHYECKasi HHTEPIPETalUsl SHTPOIIMH Pa3BUTHSI, HATIPUMED, TOIbBITKA
OLICHUTh Mepy YIOPSIOYCHHUS B OHTOTEHE3e Yepe3 H3MCHEHHE yIIeIb-
HOM Terutonpoaykiuu (cM. Tpuruep, 1973).

[Tpon3BOACTBO HU3KOIHTPOITMIHHOTO MPOIYKTa HMEET B Ka4eCTBE
00s3aTeIbHON MPEANOCHUIKN TPHHIIMI MUHUMYMa MPOU3BOJICTBA JH-
TPOIUH B CTAIIMOHAPHOI CHCTEME.

B cootBeTcTBUE C TEOpEMOi 0 MUHUMYME ITPOU3BOJCTBA SHTPO-
T

(d:8) — min, Toraa (—X'J’) — max. {2.45)

3TO O3HAYAET, YTO U3 BO3MOXKHBIX MyTEH pPa3BUTHUS MPEANOYTU-
TEJIEH TOT, KOTOPBIA TIPX PAaBHOM pacXojle SHEPTHH BeleT K HanOOIIb-
IeMy CHW)KEHHWIO 3HTponuu. VHBIMK CIOBaMH, MPUHIMI MHHAMYMA
MPOM3BOJICTBA YHTPONMH B YKa3aHHBIX BBIIE YCIOBUSX IKBHBAJIEHTEH
MIPUHIMITY MAKCHMYMA IIPOH3BO/ICTBA HI3KOIHTPONMMIAHOIO MPOIYKTA.

[IpuBeneHHpIe COOOpaKeHUs, KAK MHE TPEACTABISIETCS, YKa3bl-
BalOT Ha TEPMOJMHAMHYECKYIO BO3MOXHOCTH TIPOM3BOJICTBA HU3KOIH-
TPOIMHHOTO MPOAYKTa B CTAIMOHAPHBIX cucTeMax. [IpuHIIMIManIbEHO
BaXHBIM SIBIISIETCS TO, YTO HU3KOIHTPOIMUHBIA MPOIYKT 0Opazyercs
B ABOJTIOIIMOHHO-CIIOCOOHOU cucTeMe. [Ipn XuMudeckoM conpsKeHIH
BHE CTAIlMOHAPHON CHUCTEMbl HU3KOIHTPONUUHBIN MPOIYKT, €CIH OH
BO3HUKAET, HUKAK He BIHIET Ha JATBHEHITYyI0 HCTOPHIO mporecca. B
CTallUOHAPHOM  CHUCTEME  MPOU3BOACTBO  HU3KOIHTPOIHIHOTO
MPOJYKTa COTJIACYEeTCS CO CTPEMJICHHEM CHCTEMBI K YCTOHYHBOMY
cocrostHu0. CHCTEMa CTPEMHTCS OPTaHM30BaThCS TaKUM OOpa3oM,
9TOOBl B HEH BO3HUKIM HEOOpaTHUMBIEC MPOIECCHI, KOTOpHIe OBl mpe-
MATCTBOBAJIM HapaCTaHUIO SHTPOIIMU U CBEIIU 6I)I 9TO HapaCTaHUEC K
MHHUMYMY.

Ecmu mpomykT OymeT BOBIIEUEH B KAaKOW-THOO TOCIICTYIOITHI
mporece (puc. 2.3), To cucTeMa KOMIICHCUPYET €ro yObUIb JAOMOIHH-
TEeJIbHBIM TIPOM3BOJICTBOM 3TOTO MPOJyKTa. B cBOIO o4epens, eciu 3TOT
HOBBII TPOIIecC OOYCIIOBIICH MOKIIOUCHUEM PEaKIui, 00eCIIeYrBar0-
IIeH MOCTYIUICHHE M30BITOYHOTO OTPHUIATEIBHOTO TIOTOKA SHTPOIIHH,
TO 3TO MpPUBEAET K (HOPMHUPOBAHHIO HOBOTO 00JICe HU3KOIHTPOITHIHOTO
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npoaykra N. Takum 00pa3oMm, B pAaCHIMPSIONICHCS CETH CTalllo-
HApHBIX CHCTEM HEOOpaTHMBIX B3aMMOJCHCTBHI (DOpPMUpPYETCS IMpO-
IIyKT, MOCIEA0BATEIHHO SBOJIIOLUOHUPYIONINA B CTOPOHY MOHIKEHUS
SHTPOIIHH.

obMeH
BELECTB NPHTOK
SHEPTHH
obMeH MPHTOK
BEILECTR IHEPEHU
_’_-J -.-_..’.._

Puc. 2.3. I[Ipouz600cmeo Hu3KOIHMPONUIHO20 NPOOyKma

Crnemyer TOSICHHTH, YTO TEOpeMa O MHHHUMYME IPOU3BOJICTBA
SHTPONHH, Ha KOTOPYIO S OMUPAIOCh, CIIPaBeIINBa JHIIb B 00IacTH
JIMHEWMHOW HEpPaBHOBECHOM TEPMOJMHAMHUKH, T. €. B YCIOBHUAX, KOrJa
BEITMYMHA TIOTOKA (CKOPOCTH) JTUHEHHO 3aBUCUT OT CHJIBI, BHI3HIBAIO-
e COOTBETCTBYIONIEE ABUKEHHUE.

N. ITpuroxxvH noBeJ€HUE CUCTEM, OTBEYAIOILIEE ITUM YCIOBHUSIM,
HA3bIBACT «TEPMOJAMHAMHUYCCKON BEeTBBIO». ClleyeT MOAYepKHYTh, YTO
W. IlpuroxuH u Jpyrue NPEACTaBUTEIN OpIOCCETBCKONW IITKOJIBI
(Prigogine, 1962; Glandsdorff and Prigogine, 1971; Nicolis and
Prigogine, 1977; Prigogine, 1980; Babloyantz, 1986) ue cBsi3biBatoT
KaKUX-JIN0O SBOJIIOIMOHHBIX BO3MOXHOCTEH C HEPABHOBECHBIMU
mporeccaMu B JIMHEHHON O0JIaCTH, €ClIM HE CYMTATh OJHOW paHHEH
pa6otsl (Prigogine, Wiame, 1946). 1. IIpuroxuHbIM U €ro KoJIeraMu
pa3paboTaHa Teopus BOZHUKHOBEHHS CTPYKTYP YHOPSAIOUYCHUS BN
OT paBHOBECUA. OTU CTPYKTYpbl Ha3BaHBl «JIUCCUIIATUBHBI-MI.
HNMeHHO OHM paccMaTpUBAIOTCS CO3AATENIIMU HEPABHOBECHOM
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TEPMOJIUHAMUKM KaK MOTYLIME MMETh 3HAYEHHs B CO3IaHUM (yH-
JAMEHTAIbHOTO YIOPSIOYEHHUS U 3BOJIIONMH KU3HU. Ho, KaK MBI yke
oTMeuai, ccbutasick Ha M. Oiirena (1971), makpockomuueckoe
YHOPSIOYEHHE B TEOMETPUYECKOM IPOCTPAHCTBE, CBA3AHHOE C
(opMHpOBaHNEM THCCUTIATUBHBIX CTPYKTYpP, HIMEET Majlo aHAJIOTHH C
(YHKIMOHAIBHON YIOPSIOUYEHHOCTHIO B OMOJIOTHYECKUX CUCTEMAX.

Opmun u3 pasnenoB cBoel kHuru I'. Huxommc u U. Ilpuroxun
(1979) nazBanm: «HeBO3MOXKHOCTh YHOPSAOYEHHOIO MOBEACHUS B
00JIaCTH JTMHEHHOCTH HEOOpaTHMBIX mporeccoB» (c. 55). Tam oHu
YKa3bIBAIOT, YTO «OJHM3KUE K PABHOBECHIO CTAllMOHAPHBIE COCTOSIHUS
SIBIISTIOTCSI CYILIECTBEHHO NMPOCTPAHCTBEHHO OJHOPOAHBIMHU. M3 ycToii-
YUBOCTH 3TUX COCTOSIHUH BBITEKAET, YTO CIIOHTAHHOE BO3ZHUKHOBEHHE
YIOPAJOYEHHOCTH B BHJE MPOCTPAHCTBEHHBIX WM BPEMEHHBIX
pacrpenieneHnii, KaYeCTBEHHO "OTIMYHBIX OT PaBHOBECHBIX, CIEAYET
HCKITIOUUTE"».

Ho mbl HEe uMeeM B BHIY BO3HHKHOBEHHE MAaKpOCKOIHYECKOH
MIPOCTPAHCTBEHHOW  YIOpPSIIOYEHHOCTH. Peub wumer o MHKpoO-
CKOIIMYEeCKOM YTIOPSIIOUEHNH, TOCKOJIBKY XHMHUYECKOE CONpsDKEHHE
peanusyercss MHUKpOCKomu4eckd. [Ipon3BOACTBO k€ MaKpOCKOIHMue-
CKOTO HM3KOIHTPONHMIHOIO MNpPOAYKTa B CTAlMOHAPHBIX CHCTEMax
KayeCTBEHHO IECHCTBUTENIBHO HE OTIMYAETCS OT YHOPSIOYEHHs paB-
HOBECHOT'O, HamlpuMmep, INpolecca KPUCTAUIN3ALUU KUAKOCTH MpH
CHIDKEHHH TeMIIepaTypbl — IpoLecca, HAYLIETO C TMOHKEHUEM 3H-
TPONIMM B 3aMKHYTOW (HEM301MpoBaHHOW cucteme). OO 3ToM Oynmer
CKa3aHO HMXKE.

Henuneitnpie nporeccsl 0€3ycI0BHO MPHUCYLIN KUBBIM OpraHU3-
MaM, TaK K€ Kak HeJIMHEeWHble HepaBHOBECHbIE 0oOpa3oBaHHA (Auc-
CHIIaTUBHBIE CTPYKTYphl). OZHAKO MX MECTO — MPOCTPAHCTBEHHAsS
OpraHu3anus, MEKCHUCTeMHble WH()OPMAIMOHHbIE TOTOKH, KaHAIbI
yIpaBjeHHs, BOJIHOBbIe mporecchl ([laBbinos, 1986; I'anonos-I'pe-
xoB, PaOunoBuu, 1987; Manomen, 1987; Kananues, Jlynuues, 1995;
Bapabam, 1998). Brpouem, mMeTonbl JHHEHHON HEPaBHOBECHOW Tep-
MOJMHAMHKH MPUMEHHUMEI, O-BUIUMOMY, K 0ojee IUPOKOMY KpyTy
XMMHYECKHX IPOIIECCOB, YEM MPHHATO CUMTATh, BKIIOYAs PEAKIIHIO
BenoycoBa—XXaboTHHCKOTO, SBIISIONIYIOCS THIMYHBIM MPUMEPOM
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JuccunaTuBHOM cTpykTypsl (Iaxmoponos, IlaBnenko, 1988). Xumu-
YeCKHEe peakliy B OpraHn3Me U XUMHUYECKOE COJEp KaHUe MPOLECCOB
3BOJIIOLIMHU C Halled TOYKM 3pEeHHsl, ABJAIOTCSA B CYLIECTBEHHOM Mepe
npoleccaMy, OTBEYAIOIIMMH JIMHEWHOW o00JacTh HEpaBHOBECHOU
tepmoanHaMukH. Kak otmedaer A. W. 3otun (1988), «HE HCKITIOYEHO,
YTO, XOTS JKHMBBIE OPTaHMW3MBI SBJISIOTCS CHIIBHO HEITMHEHHBIMH
CHUCTEMaMH, UX OCHOBHBIC PEaKIMU B pe3yibTaTe HaJHIUs B CUCTEME
PETYIAIMN W YIPaBICHUS SBISIFOTCS JMHEHHBIMH W MOTYT OBITH
ONHCaHbl B paMKaX TEPMOJWHAMHUKH JIMHEHHBIX HEOOpaTHMBIX
nporeccoBy (c. 19).

CrnemyeT TakXe YIOMSHYTh, YTO MBI HCXOJWM H3 TOTO, YTO
sBommonys He uMmeer Ienu. [IpencraBneHne 00 ymopsmodeHHH Kak
MIPOIECCE YCTAHOBIIEHUSI COOTBETCTBHM WIIM HApPACTAIOIIEr0 OTpaHU-
YeHUS CBOOOIBI B3aUMOICHCTBUH OTIMYAETCS OT SUTEHOBCKOTO TIPE-
cTaBJeHUS O IeHHOCTH mHpopManuu. Kak ormeuaror E.H.Kus3esa u
C. II. KyparomoB (1994), «1eHHOCTH CBsi3aHa CO 3HAYCHHEM HWH-
(hopMaruu TSI TOCTHIKEHHSA ONpeAeNieHHOW menu. be3 menmm Her
[EHHOCTH: BOTIPOC O [IEHHOCTH MH(QOPMAIH BO3HUKAET JIMIIb TOTAA,
Koraa copMyJIMPOBAHO MPECTaBICHUE O Lenn» (C. 11). YoMsHyThIe
aBTOPBI CaMH JOMYCKAIOT HAJHYWE IIeJTH 3BOJIONHNH KaK JOCTHIKEHHE
0OBEKTHBHBIX CTPYKTYpP-aTTPAKTOPOB, K KOTOPHIM HAaMpaBICHBI TIPO-
HeCChl B HENMHEHHBIX cpefax. JTa TOYKa 3peHHs LIUPOKO pacipo-
CTpaHEHa: «KJIACC CHUCTEM, CIHOCOOHBIX K CaMOOpPTaHM3allid — 3TO
OTKpBITBIC U HenuHeHHble cucteMbl» (c. 20). Ha moi B3rmsn, sBo-
JIOIUS KU3HU 0a3upyercs MPEerMYIIECTBEHHO Ha MPHUHIMIAX CTa-
HUOHAPHOCTH, MTEPATHBHOCTH U JIMHeiHOCcTH. IIpy 3TOM peur wuzer,
pa3symeeTcsl, O HEpPAaBHOBECHBIX IpOLECCaX B OTKPHITHIX CHCTEMax.
HenuHeliHOCTh BEET K BETBJICHUIO ITyTEW pa3BUTHS, OUQypKaIUIM,
MOSIBJICHUIO JOMOJIHUTENbHBIX aTrTpakTopoB ([Ipuroxkun, Crenrepc,
1986; Kuszera, Kypatomos, 1994), a B urepaTuBHBIX TIpolieccax -K
rubenu cuctembl. K 0OCYXIeHHIO 3TOTO BOMPOCa MBI BEpHEMCS B
rmaBax V u VI.

Beltre HeOqHOKpAaTHO YIOMHUHANIACH PEaKIIHs, TOJKITFOUEHHE KO-
TOPOH K CTallHOHAPHOW CHUCTEME OOYCIIaBIUBAET IMPOU3BOJICTBO HU3-
KODHTPOIIMHHOTO MPOMYKTa. Takas «Marmdeckas» peaxius OIDKHA
XapaKTepPU30BaThCS HECKOJIBKUMHU BaYKHBIMH CBOHCTBAMH:
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1) ona noymKHA 00ECTeYUTh MOTOK HU3KOI SHTPOIIUH B CHCTEMY;

2) oHa JOJDKHA OBITH BBICOKOOHEPIeTHYECKOW, YTOOBI MOIJICPIKH-
BaTh CTAIIMOHAPHOE COCTOSHHE HEOOPATUMBIX ITOTOKOB;

3) oHa JODKHA XOPOIIO COMPSTaThCsl XMMHYECKH C PEaKLUsIMHU,
HpoTeKaroIMMH B cucteMe. Crocod ee XUMHYECKOTO COTpsiKe-
HUS JI0JDKEH OBITH I0CTATOYHO YHUBEPCAJICH;

4) TIOCKOJIBKY MBI CBSI3bIBa€M C HEH 3apOXICHUE M SBOJIOLHUIO
’KU3HW, OHAa C CaMOro Havaja, JOJDKHA OBITh MpUCYINa elle
HEOPraHMYECKOMY MUDY.

Maz1 PacCMOTPUM KOHKPETHBIC XUMUUCCKUEC MIPOLCCCHI B I'NIaBC 3.

$ 5. Umepamusnocmeo.
Ilepexo0 mukpockonuuecko2o ynopsaooueHus 6
MAaKkpockonuieckoe

OBONIONMOHHBIN TIPUHIINII, U3JIOKEHHBIA B IMPEIIIECTBYIOMIEM
paszzerne, MOKHO n300pa3uth B Buje puc. 2.4. OH BBIOIHEH B TOH XKe
YCIIOBHOCTH, 4TO M puC. 1.1, WITIOCTPUPYIOMINI JapBUHOBCKHUI MPHH-
uur. IToHSITHO UX paziuyue.

’§On

Puc. 2.4. Ilpunyun seomoyuu cmayuoHapHuIxX cucmem
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W3 M370KEHHOTO B TPEAIISCTBYIOIIEM pa3jieiie, OYCBUIHO, UTO
SBOJTIOIMOHHO-CITOCOOHBIC CHCTEMBI TOJDKHBI OBITh UTEPATHBHBL. HTe-
parus — TOBTOPCHUE OJHOW M TOM K€ OTepaliu, BOCIIPOU3BEACHHE
OJTHOM W TOM K€ CTPYKTYPHI U T. M. VITeparus MOXET MPOUCXOIAUTE C
OTIpEIC/ICHHOW MoOau(HUKaMedl MPEeaIIeCTBCHHNKA. XapakTep Hu3-
MEHEHHSI OTHCBIBACTCS HUTEPATOPOM: Xi+y = /(Xj). MrepaTop Moxer
OBITH JMHEHHBIM: X+ = aX, WIH HEJIMHCHHBIM, HANpUMeEp, KBajapa-
THYHBIM: X1 = axj(1 — Xi).

Wtepanus B OHOJOTHYECKUX CHCTEMAaX U B OMOIOTMUYECKOM 3BO-
JIFOIIMU UTPAET BCEOXBATHIBAIOIIYIO pojib. CMeHa MOKOJCHUH B XOJe
SBOJIIOIIMU BH/IA, PA3MHOYKEHHE OPTaHU3MOB, — TMPEACTABISIOT CO00H
WUTEPaTUBHBIC SBICHUSA. PeMIMKAIMS W aBTOKATAIN3  SBISIOTCS
YaCTHBIM CIy4aeM HUTepaluu. Perutukanus mpeanojiaracT UTeparuio,
MPOUCXOSANIYIO 0€3 M3MEHEHHS MPEIIECTBEHHUKA: X1 = Xi.

B Guonorinyeckux mporeccax JOMHHUPYIOT UTEPAITUH JIMHEHHbIC
U perutukatuBHbie. O PO HETMHEHHOCTH OyIET CKa3aHo B TiaBe 6.

Haxoner| ¢pyHIaMeHTaTIbHOEC 3HAUCHUE MMEET MTEPATHBHOCTDH B
MpoIIecce MePexoa MHUKPOCKOMHMYECKOTO YIOPSIOYCHUS B MakKpo-
CKOTIMYECKYIO (hopMy.

Ipotiecc ynopsa0YeHHsI MOXKET JIOKATU30BATHCS HA OJHON STUH-
CTBEHHOW MoJieKyJie. BO3HUKHOBEHHE BBICOKOYIOPSIIOUYCHHON CTPYK-
Typel — COOBITHE MAJOBEPOSATHOE, AK€ KOTAa OHO TEPMOIUHA-
MHUYECKH pasperieHo. [103ToMy He MOXeT OBITh MacCOBOTO BO3-
HUKHOBEHHSI TAKMX MOJICKYJ B PEaKI[IOHHOM 00beMe, Kak 3TO UMEET
MECTO B OOBIYHBIX XHUMHYECKHX pEaKIMAX, KOTOpPBIE Tep-
MOJUHAMHYECKH BO3MOXHBI U HMCIOT OJaronpUATHYIO KHHETHKY.
Jlnst Toro, 4T00bl 3G GEKT yHOPSI0YCHUs, T. €. MPOU3BOJCTBO HHU3-
KOOHTPOTIMHHOTO TMPOAYKTa, OBUIO BBIPAKEHO MAKPOCKOMUYECKH,
HEOOXOMUMO YMHOKEHHE KOMHH 0 MaKpOCKOMHMYECKH 3aMETHOTO
KOJIMYECTBA.

ITpucyTcTBHE MOJNEKYJBI CHOCOOCTBYET CHHTE3Y B €€ CHIOBOM
MOJIC AaHATIOTUYHOW MOJIEKYJIIPHOM CTPYKTYPBI. DTO — MPEANOCHUIKA
K CaMOKOMUPOBAaHWIO. bBojee CIOKHBIE CTPYKTYpbl B TIPHHIUIIC
o0ianaroT OoJbIIeH CIOCOOHOCTRIO K BOCIpOu3BeaeHut0. HebombIme
MOJICKYJIBI CITUIIKOM MOABUKHBI. OHU HE CO3/IA0T B JAHHOM y4acTKe
MPOCTPAHCTBA CTAOMIILHOTO YITOPSIIOUYSHHOTO TOJISI, B CHJIOBOM
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penbede KOTOporo MOXKET MPOUCXOAUTH (POPMUPOBAHUE MOJICKYJISIP-
HOW peruvk. TOMBKO TPH JOCTATOYHOM CHIDKEHHHM TEMITCPaTyph
MPOUCXOJIUT YIIOPSIOUCHHE, BEAYIIEeE K KPUCTAUTH3AIHH.

B kpucTaniax MpOMCXOMUT CaMOKOIMPOBAHUE CIIOS 3a CIIOEM.
HekoTopble KPUCTAIBI MOTYT HE TOJBKO BOCTIPOH3BOAUTH COOCTBEH-
HYIO CTPYKTYPY, HO M YNPaBIsATh CHHTE30M HA CBOCH MOBEPXHOCTH
HHBIX CTPYKTYP, CIOCOOHBIX (DOPMHUPOBATHCS B MX KPUCTALTHICCKOM
mone. Hampumep, u3BecTHa CMOCOOHOCTh TIIMHHCTBIX MHHEPATIOB
CIYXHTh TOJUTONKKON Ui 00pa3oBaHHUs HEKOTOPBIX OPTraHUYECKHX
MOJIMMEPOB.

Kaxplii HOBBIH CI0ff B KpUCTa/Ule OOBIYHO TMPOYHO CBSI3AH C
MPEANICCTBYIONIMMH HOHHBIMA HJIM KOBAJICHTHBIMH XHMHUYCCKUMH
cesi3siMu. OH HEe MOXET CBOOOTHO OTACTUTHCS. B oTiHMdne oT Kpucta-
JIOB B KPYIMHBIX OPTaHUYECKUX MOJIEKYJIaX CaMOKOTMHUPOBAHUE MOYKET
HE COMPOBOXIAThCS 00pa30BaHMEM MMPOYHBIX XHMHUCCKHX CBs3eit
MEKIY TOIOKKONH U perunkoi. DyHAaMEHTATBHYIO POJb UTPAIOT
BOJIOPOJIHBIE CBSI3H. DTO TOT THIT CBS3U, KOTOPHIil MO3BOJISIET YACPKU-
BaTh KOH(OPMHO CBSI3aHHBIC OPTAaHHYECKUE COCTUHEHUS, HATIPUMED,
nmapsl HykiIeoTuaoB, kak B JIHK, HO KOTOpBIE JIETKO pa3phIBalOTCS.
ITpu 3TOM pa3eTSIFONIUEcs] YacTH, MOCKOIBKY OHH OCTAIOTCS BaJICHT-
HOHACHIIIEHHBIMY, HE MEHSIOT MOCIIE pa3pbiBa BOJOPOIHON CBA3M HU
CBOEr0 COCTaBa, HU CTPYKTYphl. I103TOMY B MPHHIHUIE pPEIIHKa
MOYET OTACIHUTHCS OT MATEPHHCKOW MOBEPXHOCTH, OOeCreunBas TeM
CaMbIM Pa3MHOKEHHE OJHOTHITHBIX CTPYKTYD.

OnHako peasbHO CTOMPOICHTHAs CAMOPEIUTHKAIUS HEeOoCyIIe-
CTBMMA, TaK KaK MPU KOMHUPOBAHUH JACUCTBYIOT CBSA3BIBAIONIUE CHLUIHI,
a I OTJCNICHHUS KOMUH HEOOXOIMMBI Pa3BS3bIBAIONINE CHIIBL. JIpy-
TMMH CJIOBaMH, pEIUTHKAIMsA HY)KIaeTCs BO BHEIIHEM (akrope —
HEKOTOpOH (hopMe Karanuza. ITO MOTYT OBITh MOJIEKYJBI TOTO XKE
copTa, KaKk 3TO HAOJI0aeTcs Mpu BUAMMOM camoperutikanuu PHK.
Ho nanbonee >pPeKTUBHBIMU KAaTATH3aTOPAMHU SBISIFOTCS MEMTHIBI,
KOTOpbIE B pa3HONW aMHHOKHCIOTHOW IOCIEIOBATEIBHOCTH JIETKO
MOJICTPANBAIOTCS O] pasHble KOH(PUTYpAIlMHd CHIOBOTO MOJS «00-
CITY’KUBAEMBIX» MOJIEKYJISPHBIX CTPYKTYP.

006 3TOoM, OoJiee MPEIMETHO, peub MOWIET B CIEAYIOIICH TIaBe.
311ech ke BaXKHO MOTUCPKHYTh, YTO BBIBEICHHE MUKPOCKOITMYECKOTO
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YHOPSIIOYEHHs] HA MaKPOCKOIMMYECKHI YPOBEHb TPeOyeT BKIIIOUCHHS
MEXaHW3Ma aBTOKATaIN3a U PCILTUKAIUH.

CoBepIlIeHHO CIPaBEJINBO CKAa3aHO: «BCE PEILIUIMPYIOIIUE CH-
CTEMBI, 10 OMPECICHHUIO, SBISIOTCS ABTOKATAIUTUYCCKUMH, a BCE
ABTOKATAIMTHYECKUE CHCTEMBI, B M3BECTHOM CMEICIIC, IPUBOJIAT K pe-
wmkarwm» (Orgel, 1992, c. 203).

TepMOIMHAMUYECKH Pa3pEIICHHOE MPOU3BOJCTBO HU3KO3HTPO-
MUIHOTO TPOIYKTa PEAM3yeTCs B COYCTAHUU JIBYX SIBICHUI: BO3HHK-
HOBEHHE MHUKPOCKOIIMYECKOTO YIOPSAAOUYCHUS, B MPEACIHLHOM CIIy4ae
B BUJIC €JIMHCTBEHHOW MOJICKYJbI, ¥ ABTOKATAIUTHYECKOTO IMPOU3-
BOJCTBa ee Komuidl. OCOOEHHOCTBIO OHMOJIOTHUYECKON XUMHHU SIBISIETCS
TO, 4YTO 00€ TPEJCIIbHBIC CUTYallud PEajbHO BHIPAXKEHBI. JDTO 00b-
SICHSET C OJIHOW CTOPOHBI YHUKAIBHYIO TUIOTHOCTH OMOJOTHYECKOTO
YHOPSIIOYEHHUsI, C APYTOd — BOBJICYCHHOCTh B YITOPSAIOYCHUE MACCHI
’KMBOI'0 BEILECTBA.

CrocoOHOCTh K PEIUTMKAIUU paccMaTpUBaeTCs Kak HamOojee
XapaKkTepHass 0COOCHHOCThH XM3HH. [loHMMaHMEe MeXaHW3Ma BO3HHK-
HOBCHHS PEIUIMKAIIUU B XOJC BOJIIOIUU MHOTMMH UCCIIEI0BATEISIMU
OTOXKJECTBIIICTCSI ¢ COOCTBEHHO pEIICHUEM MpPOOIEeMbI MPOUCXONKIC-
HUS KU3HU. BHUMaHWE K SIBIICHUSM aBTOKATall3a M PEIUTUKAIUU B
KOHTEKCTE TPOOJIEMBI TPOMCXOXKIEHHUS JKU3HU ompasaaHo. OHU
JICCTBUTEIBHO WIPAIOT KIIOUYEBYI0 poib. Ho He moTtomy, uto B pe-
TUTMKAIIUA COCTOUT (PEHOMEH KH3HH, a IMOTOMY, YTO aBTOKATAJU3 U
peruIMKanus — HEOOXOAUMBIA 3JIEMEHT TpaHCPOPMAIMU aKTa YIIO-
pAIOYCHHUS HA MUKPOCKOIMHYECKOM (MOHOMOJIEKYJISPHOM) YPOBHE B
MaKpPOCKOITUYECKOe COOBITHE. ABTOKATalM3 M PEILTUKAIUS peallu-
3YIOT UTCPATUBHBIN XapaKTep OUOIIOTUIECKOTO YIIOPSIOUCHUSL.

$ 6. Ponb u ghakmopul ecmecmsenHo2o omoopa.
Yemotiuusocmo

Kak yxe oTMeuanocs, oTOOp caM 1o cebe HeHTpasieH 1o OTHOIIIe-
HUIO K IMPOU3BOACTBY HI/I3K03HTp0HHI>iHbIX HIIn BBICOKOSHTpOHHﬁHBIX
cTpykTyp. EcTecTBeHHBIN 0TOOP MOXKET COMPOBOXKIATh KaK MPOLIECCHI
YHOPSIOYCHUS, TaK U IPOIECCHI IE3UHTETPAIlH U Pacaia.
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VY CTOHYMBOCTh 00ECHIEUNBACT CENIEKTUBHOE MPEUMYIIECTBO, XO-
TS OHA HeE sABJsIETCS (aKTOPOM yHopsaodeHus. B ropHeix paiioHax
WHOTJa BCTPEYAIOTCS CKaJbHBIE OCTAHIBI MPUYYAJINBOH (HOPMBI, Ha-
MOMUHAIOIINE PYKOTBOPHBIE U3BasHUSA. DTO — MPOAYKT oTO0pa. OHM
MPEACTABISIOT co00H OoJiee ycTOHUMBBIE (Kpermde CLIEeMEHTUPOBAHHBIE
WM MMEIoIIHE OCOOBI MUHEpalbHBIN cocTaB) (parMEeHTH B Macce
noposn. BekoBele mpouecchl  BBIBETPUBAHUS  PA3MbLIM  MEHEE
yCTOWYHBBIE BMELIABIINE UX IMTOPOBI, 0OHa’KUB OCTAHLIBI HA JHEBHOU
MOBEPXHOCTH. JTO sBJICHHE, (opMHpYIOIIee CHenU(UIHOCTD
nanamadTa U 00yCIOBIEHHOE «ECTECTBEHHBIM OTOOPOM», TEM HE Me-
Hee, He IMeeT HUYero oOIIero ¢ MpOM3BOACTBOM HU3KOXHTPOIHHHBIX
CTpyKTyp. OHO ABIIsETCS YaCThIO Mpoliecca Aerpagallii MaTepuH.

CenexkTHBHBIE MPEUMYIIECTBA MOTYT INPUHUMATh CaMble pa3Ho-
00pa3Hble KOHKPETHbIC (POPMBI: YCTOHYMBOCTb, PEAKIMOHHYIO CIIO-
COOHOCTB, Pa3MHOXKAEMOCTh H T.I. U T. Il. Kiaccuueckuit gapBUHNU3M
paccMaTprBaeT CENIEKTUBHBIE MPEUMYIECTBA B KOHTEKCTE BBDKHBa-
€MOCTH WHAMBUIOB B KOHKYPEHTHOW OopbrOe 3a MCTOYHHKHU CyIie-
CTBOBaHUS, MPUCTIOCOOJIEHUH K YCIOBHSAM BHEIIHEH cpeabl. Moie-
KYJISIDHBIH JapBUHU3M OTHOCHT K (paKTOpaM 0TOOpa KMHETHYECKHE H
NpyTue CBOWCTBAa MOJEKYJSIPHBIX CTpykTyp. Hampumep, paccma-
TpuBass npeumyinectBa PHK, xak pomoHauanpHON Omonormyeckoi
crpykrypsl, Jix. Jlxoiic (Joyce, 1989) ormeuaet, uro PHK coueraer
CBOIiCTBa TEHOTHNA W (EHOTUNA B OXHOH MOJIEKyJle, YTO JeNaeT
BO3MOXHOM JapBUHOBCKYIO 3BOJIOLUI0 HAa MOJEKYJSIPHOM YPOBHE:
W3-3a pa3iuyusg B XMMUYECKOM MoBeleHWH HekoTopble PHK OymyT
permnunupoBatbess Ooniee 3PpeKTUBHO, YeM JApyrue, MpOosBISS TEM
CaMbIM CeJEeKTMBHOE MpeuMyIecTBo. OIHAKO MOYKHO TPHUBECTH
MHOTOUYHCIICHHBIE TIPUMEPHI HEAaPBUHOBCKOTO MOJIEKYJISIPHOTO 0TOO-
pa. Hampumep, npu KaTanMTH4YECKOM CHHTE3€ IOCIIEA0BAaTENLHOCTH
HYKJICOTHIIOB, ¢ ucmonb3oBanueM ¢parmenra JJTHK B xauectBe mon-
JIOKKHM, MEXJY OCHOBAaHUSMU CHHTE3UPYEMOU IOCIENO0BATEILHOCTU
¢dopmupyetca 2'—5' cBs3b, a HE XapakTepHas IJisi OMOJIIOTHUECKON
JIHK 3'—5' cBsi3p (Orgel, 1992). Ceasp 2'—5' uMeeT CeneKTHBHOE
MPEeUMYILECTBO B 3TOH peakuuu. Ho oHa He obecrnieunBaeT hopMupo-
BaHHE CIUPAIBHON CTPYKTYpHI ABYX KOMIUIMMeHTapHbIX HUTeH JIHK.
CenekTUBHOE MPEUMYIIIECTBO B 3BOJIIOINH CTAIIMOHAPHBIX CUCTEM
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UMEIOT CTPYKTYpBI, 00€CHeYHBaIOIe MUHHMYM IPOU3BOJCTBA 3H-
TPOIIMU HE TOJBKO IO OTHOUIEHHWIO K JaHHON peakluu, HO U B CO-
BOKYITHOH CETH CTallMOHApHBIX sdeek. [loaToMy mocnenoBaTenbHOCTh
HYKJIEOTUZOB UMEHHO ¢ 3'—S5' THMOM CBS3M OKa3anack B pycie 3BO-
JIFOIIUM CTAIMOHAPHBIX CUCTEM.

M3BecTeH HCKyccTBeHHBIN onuronykieotun homo-DNA, otiu-
yaroummiicss ot JAHK Tem, uyto msatuuieHHoe ¢ypaHO3HOE KOIBIIO
pacUIMpeHo [0 MIECTH YICHHOTO MUPAaHO3HOTO KOJbLa J00aBIeHUEM
METHJICHOBOM TPYHIBI Mexny yriaepoaoM ' u 2' ypaHo3HOTO KOJbIa
(Eschemoser, 1999). Oto coeauHeHne UMeeT Oosiee 3HAYUTEITBHYIO CH-
ny cnapusanus, yeM [IHK. Cnenys napBUHOBCKOMY NPUHIMIY KOH-
KypEeHTHOTo 0TOOpa, cleqoBao Obl 0XHUIATh, YTO CTPYKTypa, 00Jaga-
Iol[asi CEJIEKTUBHBIM MPEUMYIIECTBOM B CHJIE CIIapUBaHMs, JOJDKHA
Obuta OBl BHITECHUTH W 3aMECTUThH IpeaiecTBeHHrKa. Ho B mpupoa-
HOM 3BOJIIOLINY 3aKpeNUiIach Apyras CTpyKTypa.

3amMeuaTenbHON 0COOCHHOCTBIO YCTOWYMBOTO COCTOSIHUS SIBIISACT-
s TO, 4TO, €CIIM CHCTEMA U3 HETO BBIBEJIEHA, OHA CAMOIIPOU3BOJIBHO K
HEMY BO3BpalllaeTcsl.

BosMmyiienne, BBIBOASIIEE CHCTEMY U3 CTALlMOHAPHOTO COCTOS-
HUS, TPUBOJIUT K U30BITOUHOMY MPOU3BOJACTBY 3HTpONuH. M30bITOU-
HO€ MTPOM3BOICTBO IHTPOIINHU ITO — OTKIOHEHHE OT €€ TMPOU3BOJICTBA
B CTallMOHAPHOM cocTosiHuU. 1o Mepe BO3BpallleHUs K yCTOWYUBOMY
CTallMOHAPHOMY COCTOSIHUIO 3Ta BEJIMYMHA YMEHBIIAETCA U B CTaIUO-
HapHOM COCTOSHUM paBHa HyIN0. B MaTemaTtndyeckoM aHanu3e Takue
(GYHKUUH Ha3bIBalOT QyHKIMsIMU JIsmyHOBA.

[Tpon3BOACTBO PHTPONHHU MPHHAAICKHUT K 4uciy GyHKuuit Js-
myHoBa. Ecnm Ha cucteMy moneicTBOBaTh BO3MYIIEHHEM, TO TPO-
M3BOJICTBO SHTPONHH YBEIHUYUTCS, HO CHCTEMa OTBETUT Ha 3TO BO3-
BpallleHHEeM B COCTOSIHHE C HAUMEHBIIINM MPOU3BOJACTBOM SHTPOIHH.
Kputepuii yctouuBocTH omnpeaensercs BeipaxxeHueM (2.37).

C 3TUM paccCMOTPEHHBIM BBIIIE TPOLIECCOM MBI CBS3BIBAEM
OCHOBHOM ITyTh XUMHUYECKOI 3BOJIOINH OMOJOTHYECKUX cucteM. Ho
YCTOWYMBBIMH SIBIAIOTCA U PABHOBECHBIE COCTOSIHMSA, SBISIOIIMECS
(dopMoOll TpesenbHOTO IS JTAaHHBIX YCIOBUH pa3yHopsIOYeHUs, B
KOTOpBIX S3HTpPONHs MakcuManbHa. Kpurepuil ycTOMYHMBOCTH XU-
MHUYeCKOro paBHOBecHs (2.38) oueHb Om30k 1Mo Gopme k (2.37).
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Bynyun BbIBeneHa U3 paBHOBECHS, XMMHYECKas CHCTEMA CTPEMHUTCA
BHOBb oOpectu ero. JlobaBneHne B XMMHUYECKYIO CHCTEMY, HaXoO.s-
LIyI0cd B paBHOBECHH, OJTHOTO U3 KOMIIOHEHTOB BBIBOAMUT CUCTEMY U3
paBHOBecus. B pesynpTare BO30OHOBISETCS XHMMHUYECKas peaxmus,
BO3Bpalllatollasl CUCTEMY K COCTOSHUIO paBHOBECHUS — K IIPEKHEMY
COOTHOILECHNIO KOMIOHEHTOB. [lomoOHOe siBieHMe HaOmogaeTcss U B
OMOJIOTUUECKUX CHCTEMAX.

Hanpumep, npu temneparype okoso 80°C mpoucxoquTt JneHary-
puposanue JIHK, T.e. mpouecc paszaeneHus AByX KOMIUIMMEHTapHBIX
MOCJIE0BAaTENbHOCTEH HYKIEOTHIOB. [Ipu CHIDKEHHM TeMIepaTyphl
CIIapeHHOE COCTOSIHME BOCCTaHABIMBAETCA, XOTS M HE B MOJHOU Mepe
(Zubay, 1998). Temmeparypa neHaTypauuu (TeMIepaTypa «IUiaBiie-
HUs» T,,) 3aBUCHT OT HYKJICOTHIHOTO cOcTaBa. UeM BbIIIE OTHOLICHHE
GC/AT map B cocrase THK, Tem Boitie 7,,. 3aBUCUMOCTb 3Ta MOHSTHA,
Tak kKak Hykneotuabl G u C CBS3BIBAlOT TPH BOJOPOJHBIC CBSI3H, a
Hykneotuasl A u T — nge. IlpucyrcrBue comu u pH Brusier Ha T,
WnpiMu cnoBamu, cnapeHHoe cocrosinue JJHK, necmotps Ha TO, 4TO
peub UIET O BECbMa CI0KHOW CTPYKTYpE, ABJISIETCS 10 3TOMY THITy B3a-
MMOJICHCTBHSI PaBHOBECHBIMH U, OyAy4ul BHIBEACHHOHN U3 HEro, CHCTe-
Ma yCTOHYMBO K HEMy Bo3Bparaercs. Cieayer OTMETHTh, YTO CHCTEMA
MOXeET OBbITh PaBHOBECHOW MO JAHHOMY BHIY B3aUMOACHCTBUS U He-
paBHOBeCHOH Mo ApyruM. [loaToMy cocTosiHHE paBHOBECHs HE O3Ha-
YaeT He0OXOAUMOCTH pachajia Ha MPOCTEHIINE COCTABISIOMINE. «

Y CcTOMYMBOCTE B 3TOM CMBICIIE NIPUCYIIA HE TONBKO CJIOXKHBIM MO-
JIeKyJaM, HO M accolmaTaM 0ojiee BBICOKOTO mopsiika. Eciu BeDKath
MOPCKYIO TYOKy uepe3 (QUIbTp, Tak 4TOOBI €e TKaHH Je3MHTErPHPO-
Balll Ha OTJEJIbHBIE KJIETKH, TO Yepe3 HEKOTOPOE BpPEMs KIETKH CO-
OepyTcs, BHOBb 00pa3yst TyOKy. DTOT OmBIT npojenan ['eHpu YumbsiMc
(cm. Behe, 1998), eme B Havane yreamero Bexa. JluccouunpoBaHHbIC
KJIETKH MTOYKW COOMpAroTCsl B MOJ00KE MOYKH, O0Jiee TOTO, BBIIEISIOT
novyeynble QepMeHTHl. Pa300LieHHBIE KIETKH CEpACYHOM MBILIIIBI
BHOBB COOHMPAIOTCSI B pPUTMUYHO COKPAIIAIOIIYIOCS TKaHb.

O0a ymoMsiHYyTBIX BHAa HCTUHHON YCTOHUMBOCTH (yCTOWYH-
BOCTh PaBHOBECHOTO M CTAllMOHAPHOTI'O COCTOSIHHA) HYXHO OTJIMYaTh
OT «YCTOHYMBOCTH», OOYCIIOBICHHOH KWHETHYECKHM OapbepoM. DTO
HE HACTOsIas, a BUAUMAsl yCTOMYUBOCTh. Takoe COCTOsSTHUE
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Ha3bIBAETCSl METAacTaOMIBHBIM. B 3TOM COCTOSIHHM BEIIECTBO MOKET
HaxXOJUThCS JUINTEIBHOE BPEMs, CO3/[aBasl BIICUATICHHE YCTOMUUBOTO
COCTOSIHUS, IIOCKOJIBKY BO3MOXHBIE PEAKLUU UMEIOT BBICOKHE JHEp-
MM aKkThBauuu. llpuHIUNManbHOE pas3nIuyMe YCTOWYMBOIO U Me-
TAacCTaOMIILHOTO COCTOSIHUSI COCTOUT B TOM, YTO, Oy/Aydd BBIBEIICHO M3
METacTaOMIBLHOTO COCTOSIHHS, CUCTEMa HE MOKET K HEMY IPOHU3BOJIEHO
BO3BPATUTHCA.

JHK naer nmpumep Takoil BBICOKOH MeTacTtabunbHOcTH. OHa co-
XPaHSET CBOIO CTPYKTYPY JUIMTENILHOE BpEMs, Jaxke IOCIE CMEPTH Op-
raHu3Ma, Koraa OOJBIIMHCTBO APYTHX OHMOMOIMMEPOB MOABEPraeTcs
ckopoMy pacmany. Ito cBoiictBo JHK ucmonb3yercss B COBpeMEHHBIX
METO/aX FCHETHYECKON HACHTU(HUKAINN JIMNIHOCTH 10 €€ OCTaHKaM.

IIpoueccsl, CBsA3aHHBIE C NEPEXOAOM K YCTOMYHMBOMY DPABHOBE-
CUIO, KaK IpaBUIO, BeAyT K Jerpajgauuu Bemecrsa. Ho B Hewuso-
JIMPOBAHHBIX CUCTEMaxX BO3MOXKHO ynopspodeHue. Hampumep, eciaun
HaXOJIIYIOCS B PaBHOBECHU KHUIKOCTh OOpPaTUMO TEPEBECTH B CO-
CTOSIHUE C MEHbIIEH BHYTPEHHEW SHeprueu (IompocTy OXJIAAUTh ee)
o0pazyeTcsi HOBasi yCTOWYMBAsl paBHOBECHAs! KpHcTauinmdeckas (asa,
XapakTepusylomascs: 0ojiee HU3KOW SHTPOIHEH.

W. Tlpuroxuii u psa Opyrux uccienoBaTeneld paspaboTanu Teo-
PHIO CaMOOPTaHU3ALMH BEIIECTBA B YCIOBUAX IOTEPU YCTOWYUBOCTH.
OHu moKa3any, YTO MPH OIpPEAeNIEHHBIX YCIOBHUSAX, KOTJa HEpaBHO-
BECHOE CUCTEMBI CIMILKOM JAIECKO OTKJIOHSIOTCS OT HEPaBHOBECHOI'O
U CTAallHOHAPHOI'O COCTOSIHMSI, BO3MOXKEH CpBIB, B PE3yJbTAaTe€ KOTO-
poro cucrema TepsieT YCTOWYUBOCTS, T. €. OHa HE MPUXOAUT OOJIbIIe B
[IEPBOHAYAJILHOE COCTOSIHUE CaMOIpPOM3BOJIBHO. IIpomcxomur Be-
TBJICHHE TEPMOJAWHAMHUYECKON BETBH. JTO SBJEHHE HOCUT Ha3BaHHE
oudypkanuu. OHO XapakTepHO IJisi HEIMHEWHOW 001acTH TPOLIECCOB.
Bonee toro, korga cucremMa CXoIUT ¢ TEPMOAMHAMUYECKON BETBH, T. €.
C JIMHUM Pa3BUTUS, € KPUTEPUEM YCTOMUUBOCTHU SBISIETCS MUHUMYM
MPOM3BOJCTBA IHTPONHHU, B HEH MOTYT BO3HHMKHYTH pa3Hble (OPMBI
YHOPSAAOYCHUS. DTHU SBICHUA IPUBOJAT K MOSBICHUIO KOJJIEKTUBHBIX,
KOTepEHTHBIX JIBUXKEHMHA. ODTO — COBEPLICHHO HOBBIE (OPMBI
ynopsinoueHus. OHU cpoIHH (a30BBIM IepexoaaM. ITH GUTypsl YIIO-
psanodenus U. Ilpuroxkuit HazBan guccunaTUBHBIMUA. OHHU SIBISIOTCA
HPUMEPOM YIOPSALOUYEHUS, CBSI3aHHOIO C IIOTEPEN YCTOMYHUBOCTH.
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B xuMudeckux cucteMax K HUM OTHOCSTCS NMEPHOAMYECKHE PEaKlIny,
JUISL KOTOPBIX XapaKTepHbl HEIMHEHHOCTh, HAIMYME TOJOKUTEIBHBIX
00paTHBIX CBSI3EH.

JIBmkeHne K YCTOWYMBOMY COCTOSIHMIO SIBIISIETCS CaMOIIPOM3-
BOJILHBIM. [T0o3TOMY CTpemiieHHe K yCTOWYMBOCTH — BayKHBIA (hakTop
spommonnu. Ho pasBuTHe mpouecca B CTOPOHY YCTOHYHMBOIO COCTOSI-
HUS MOXET BECTH KakK K YIOpPsI0UEHHIO, TaK U JAerpajalty.

[Ipu paccMoTpeHHH (GakTOpOB YIMOPSIOYECHUS B HPEALIECTBYIO-
KX paslenax, He ObUI0 MPUHIMIMAIBFHOH HE00XO0AWMOCTH o0pa-
mathest K uaee oroopa. OQHAaKo B HESIBHOM BHUJE OH NMPUCYTCTBYET B
MeXaHH3Me HBOJIOIMHU, TaK Kak TpeOOBaHHME MHHUMyMa MPOU3BOJI-
CTBa JHTPONHUM INPEANOJIAraeT KOHKYPEHLHI0 MEXAy y4YaCTHHUKaMHU
nporiecca, CnocoOHBIME 00€CIeYUTh STOT MUHUMYM. EcTecTBeHHBIN
0TOOp COMPOBOXKAAET SBOJIOLHIO, MOAU(PUIUPYET MyTH SBOJIOLMNH,
HO He SIBJISIETCS 0043aTeNbHBIM (aKTOPOM YIOPSAOUYCHUS.

$ 7. Tpancghepabenvrnocmsv u 960110YUOHHDLL
KOHCep8amusm

Haubonee 3xoHOMHBI c110co0 AOCTHKEHHSI MAaKCUMyMa MPOH3-
BOJICTBa HU3KOPHTPONHHHOTO MPOAYKTa COCTOMT B KOMOMHHUPOBaHUHU
y’K€ UMEIOIINXCS HU3KOIHTPOIUMHBIX CTPYKTYP.

HoBble cTpykTypbl (CHa4ana 3To MpocTo Oonee CI0XKHBIE XUMU-
YecKHe COSAMHEHHs, TIOTOM OHMOJIOTHYECKHE CUCTEMBbI) BOBJIEKAIOTCS
B 3BOJIIOIIMOHMPYIOLIYIO CETh CTAllMOHAPHBIX MPOILIECCOB B KadyeCTBE
«CTPOMTENBHBIX OJIOKOB» OoJyiee CIIOKHBIX OOpazoBaHuil. llepBriMuU
CTPOUTENFHBIMHU OJIOKaMH OBITM OTHOCHUTENBHO MPOCThIE XUMHUUECKUE
coenuuenusi. OHU 00JIaaId OTPEICIICHHBIM Ha00pOM CBOUCTB. Jlma-
Ma30H BO3MOXKHOTO MX XHMHUYECKOTO TOBEAEHHUS €Ile OYeHb IIHUPOK.
Uem Oosibllie OTpaHUYEHUHN MMOBEICHUS B XOJE IBOJIOIUH MpHOOpe-
TaeT cucremMa, TeM Oojiee y3KUM CTAaHOBUTCS CHEKTpP €€ BO3MOKHBIX
B3aUMOJICHCTBUI, TeM Ooiiee OJHO3HAYHOH («HMACHTHOUIHPYEMOI»)
cTaHoBHTCS ee (QyHKUuUs. [1o3TOMYy CHOCOOHOCTH BXOAWUTH B HOBEIC
KoMOMHaIuu (TpaHchepabenbHOCTh — MEPEHOCHMOCTh U3 OJIHOTO
COYETaHUs B JIPyroe) ABJSIETCA BaXKHOW MPEAITOCHIIKON BO3MOXKHOCTH
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HOSIBJICHHS JAHHOTO «CTPOMTEIBHOTO OJI0Ka» B Pa3HBbIX KOMOWHAIMSX,
T. €., B KOHEUHOM CYETE, SIBJISICTCS €ro CEJICKTUBHBIM PEUMYLIECTBOM.

OpraHnveckue COEOMHEHUsS BKIIOYAIOT OOBIYHO YCTONUYMBBIC
aTOMHBIC TPYNIHUPOBKH, Hampumep, MeTwibHyk rpynmy (CH3),
kapookcwibHyto (COOH’), amunorpynmy (NH,—), apomaruueckoe
KOJIBLIO M T. 1. briaronmapsi cBoeil yCTOWYMBOCTH 3TH TPYHIIBI B MPO-
1ecce XUMHUECKUX TPEBPAIICHUH MEPEXOAAT B CBSI3aHHOM COCTOSHUH
U3 OJHOTO OPraHWYecKOr0 COeAWHEeHHs B japyroe. boiee Toro, B
COCTaBe pa3HbIX XUMHYECKHX COCITUHECHHH ITH TPYMIIBI COXPAHSIOT
npucynpe UM (yHKIHOHANBHBIC cBOWCTBA. Hampumep, kapOOKCHITb-
Has TpyIa NpuIaeT OPraHNu4YeCKOMY COCAMHEHHIO KHUCIbIe CBOWCTBA.
Ona BXOIUT B COCTaB Pa3HOOOPA3HBIX OPraHMYECKUX KHCIIOT: aMHUHO-
KHUCIIOT, YKUPHBIX KUCIIOT.

VYcroiuuBbIe XUMHYECKHE TPYIIUPOBKU O0JIAal0T aJdalTHBHO-
creio. [lepeHeceHne MX W3 OMHOM CTPYKTYpHI B IIPYTyIO TpeOyeT He-
KOTOpPOT'O TPHUCIOCOOJICHNSI K HOBOMY OKPYXKCHHUIO (aTOMHOMY, €CIIH
peds uAeT O MoJeKyie, Wi uHoMy). MHade roBops, Tpancdepa-
OeBbHOCTH TMpenrnoaraeT aJanTUBHOCTh. TOJNBKO YCTOWYMBBIE TpyT-
OUPOBKH MOTYT BBIAEPKATh HEKOTOPYIO Moau(puKainuio 0e3 moTepu
¢GbyHKINU.

TpanchepabenbHOCTh, BOOOIIE KOMOMHHPYEMOCTh 3JIEMEHTOB,
HE SIBIISIETCS CYIIECTBEHHBIM (pakTopoM 0TOOpa B JapBUHOBCKOM
sBomonui. Ho 3Ta CrmocoOHOCTh SIBISICTCS ONHUM M3 TJaBHBIX ce-
JICKTUBHBIX (PAaKTOPOB B TOM DBOJIOIMOHHOM MEXaHU3Me, KOTOPBIH
paccMaTpuBaeTcs B 9Tol pabore.

I[Mo mepe pacmMppOBKH TEHETHYECKOTO KOJa Pa3HBIX oOpra-
HU3MOB Bc€ B OOJIbIIEH Mepe CTAHOBUTCS OYEBHUIHBIM, UYTO OJHHU U TE
K€ TeHbl M WX II0CJIEAOBATEILHOCTH BCTPEYAIOTCSl Y PAa3HBIX Op-
raHu3MoB. ['eHom Saccharamyces cerevisiae cocTouT mpUOIH3UTENTHHO
u3 6 000 renoB, u3 kotopsix 2 000 BcTpewyaroTcs B APYyTUX OpraHu3Max
(Coffean et al., 1996). B renome aposodwmier Drosophila melanogaster
u3 13 600 reros Tonpko 2 300 reHOB HEM3BECTHHI B IPYTHUX OpraHU3Max
(Adams et al., 2000). DTo o3HavaeT, Y4TO Te€HbI KaK MOJCKYJSIPHbIC
CTPYKTYpBI 00J1afatoT TpaHchepadenbHOCThI0. ['eHbl — HecpaBHEHHO
OoJiee CIIOKHBIE OpPraHMYECKHE COCIAMHEHHs, YeM (DYHKIIHOHAJIbHBIC
rpynmbl. Ho Ha cBoeM ypoBHE CIIOKHOCTH OHH SIBIISIFOTCS HE OoJiee ueM
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YCTOWYHMBBIMH TPYIMUAPOBKAMH, OOJaJAOIIUMKI CBONCTBAMHU TpaHC-
(epabebHOCTH U aManTUBHOCTH. MBI OCTAHOBHMCS MTOJPOOHO Ha WII-
JIFOCTPAIIAHU 3TOTO TIONOKEHHSI B T1aBe 4.

B03MOXHOCTh 3BOJIOIMOHHOTO BO3HUKHOBEHHSI HOBOM OHOCH-
CTEMBI MyTEeM KOMOWHHPOBAHUS CIATalONIMX €€ KOMIOHEHTOB BBI3BI-
BaeT BOIMPOC O TOM, KaK U HACKOJBKO OHU OYYT aJanTHPOBAHbBI APYT
K IpyTy B HOBOM posu? HackoabKo 4acTH, UCTIOIB30BABIINECS 110 JIPY-
roMy Ha3HA4YEeHHUIO, MOTYT COCTABUTH HOBOE 11e0e? OTBET COCTOUT B
TOM, YTO, B Hayaye 3T0 OyIeT HECOBepIlIeHHAs cHcTeMa. BO3MOXKHO,
oHa He OyaeT obecreunBaTh KOHKYPEHTHOE MPEUMYIIECTBO C TOUYKH
3peHust TpeOOBaHUH TapBUHOBCKOM 3Bomoiuu. Ho 310 OymeT HoBas
¢yuknus. Ee reHeTHYecKoe 3aKpelyieHHE MOXHO MOHATh, TOJBKO
€CITH TIPUHATH, YTO BO3HUKHOBCHHE HOBOW (DYHKIMH HMEET Camo-
CTOSITETIBHYIO IEHHOCTh, HE CBA3aHHYIO C IEJISIMH KOHKYPEHTHOI
0opsObI. BooOIIle, pu BceM BUAMMOM COBEPIICHCTBE U HU3SIIECTBE
OMOJIOTUYECKMX MEXaHM3MOB, OHHU JCHCTBYIOT BeChbMa MPHOIU3UTEIb-
HO W JTUIIb, Onaromapsi GONBIIOMY YHCITy OAHOBPEMEHHO M B OJHOM
HAMpPaBJICHUU JIEHCTBYIONIMX 3JEMEHTOB, OCYIICCTRBISETCS BHUAUMBIN
TOYHBIH pe3yIbTaT.

B mporiecce ynopsmodeHUs CUCTEMbI 0OJee CIOKHBIE M MHO-
TOKOMITOHEHTHBIE 3aMEHSIOT CHCTEMBI 0oJiee PUMHUTHBHBIC, HO BBI-
MOJHSIONIME, X0Td u MeHee 3ddekruBHo, Ty ke (yHkuuio. B co-
BPEMEHHOW apMHM, HACBHINCHHOW TEXHUKOW W pasHbIMHU BHIAMU
BOOPY)KEHHI, PaTHOCBA3b A0COTIOTHO HEOOXOMMa IS YIPaBICHUS
u obecrevyeHns: B3auMOJICHCTBHs. be3 paarocBs3u COBpEMEHHAs ap-
MU yTpauuBaeT CBOW (DYHKIMOHATBbHBIC BO3MOXKHOCTH. HO Bolicka
CYIIIECTBOBAIIM U PaHbIIle, O3 CIOKHON TEXHUKH U paarocBs3u. OHU
BBIMOJHSUTH Ty kK€ (DYHKIHIO OOphOBI C TMPOTHBHUKOM, HO MeEHEe
s¢dextrBHO. KOMaHIB MepeaBalnuch 3HAKaMH, OTIPABISUTUCH Be-
cTOBBIMH. [103TOMY HENb3s CTAaBHTh BOMPOC: KaK MOTJIA Pa3BHTHCS
PaIHOCBS3b KaK YaCTh OCHAIICHUS apPMHUH, CIM B HEW He OBUTO HYKIIBI
B OTCYTCTBHH COBPEMECHHOTO BOOPYXKCHHUS, U KaK MOTJIO Pa3BUTHCS
COBPEMEHHOE BOOPYIKCHHE, €CIIM OHO HEYNPABJIIEMO B OTCYTCTBHHU pa-
JMOCBSI3U. ParoCBsI3b pa3BUBAIaCh HE B MHTEPECaxX HCIOJb30BAHUS
ee B apMHH, HO TPH BO3HUKHOBCHWH B HEW BOCHHOW MOTPEOHOCTH,
OHa ObLiTa BKIIIOUEHA B CHCTEMY BOOPYKeHHUH. TOYHO TakxKe TOSIBJICHUE
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TaHKOB TpeOyeT OJHOBPEMEHHO MOABJICHUS TOApa3IeieHui 1Sl CHA0-
XeHust roprounM. OTAeIbHO OHM (QYHKIHOHANBHO Oecrone3Hsl. OHU
JOJDKHBI OBITH 3aMMCTBOBAHBI OJHOBPEMEHHO M3 APYrod cpeipl, Ha-
npuMep, CeIbCKOXO3SMCTBEHHOH, Te mpooOpa3oM TaHKa CITYKHI
TPaKTOp, BMECTE C €ro CUCTeMOH cHaOxeHus roprouuM. CoequHeHHe
TpakTOpa C MyLIKOH, KOTopas y>Ke Oblia B BOIMCKaXx, Jano HOBBIH BUJ
BOOPY KEHHUS.

Ecnu nMeeTcst orpaHn4eHHOE YHCIIO 3JIEMEHTOB, KOTOPhIE MOTYT
pasHBIM 00pa3oM COUYEeTaThCSI MEXKIY COOOM, TO ¢ TEYCHHEM BPEMEHH
OyZeT yBelIWYMBATBCS pa3HOOOpa3We coyeTaHWH. 3aMeTuM, UTO
pacuimpenre pasHooOpa3usi yBEITUUMBAET YUCIO CTENEHEH CBOOOIDI,
T. €. CBA3aHO C YBeJIMYEHHEM SHTponuu. B Ouocdepe coxpanuiics no-
YTH BECh BHMJIOBOM CIIEKTp, CO3JAHHBIN NMPUPOJIOH 3a Te€0JOTHUECKOE
BpeMs. B coBpeMeHHOM Mupe BBICOKOOPIaHMW30BaHHbBIE BUABI COCY-
LIECTBYIOT C NMPUMHUTUBHBIMH MHUKpoopraHn3Mamu. KoHeuHo, B xoze
re0JOrMYeCKO HCTOPUM OTHAENbHBIE BUABI BBHIMHpPAIM M HaBCETAA
CXOIUIIN CO CLIEHBI XM3HH, HO B LIEJIOM HOBBIE (JOPMBI HE 3aMEHSIIN
cTapble, a JIUIIb PaCIIUPsUIM UX pazHooOpasue.

KoncepBatuBHOCTD siBIAETCS 0OpaTHOH CTOPOHOH TpaHcdepa-
OenpHocTH. [lpupona mpeamounTaeT mpucnocabnuBaTh K HOBOOOpa-
30BaHUSIM YK€ MMEIOLINECS CTPYKTYpHbIE U (YHKIHOHAJIbHBIC BO3-
MOYXHOCTH, HEXKeIH MPOXOIUTh MyTh 3aHOBO MJIM OOpaIaTbesi K allb-
TEPHATUBHBIM PELLIECHUIM.

OBOJIIOLIMOHHBIA KOHCEpPBaTU3M IMpPOSBISIETCS B TOM, YTO Haii-
JeHHBIE (POPMBI YTIOPSAAOUYEHHS COXPAHSIOTCS IIyTeM BKIIOUECHUS UX B
HU3KOSHTPONMHHBIE CTPYKTYPHI CIEAYIOMIEr0 OKOIECHHUS.

B cuny sTOro mpuHIMIIAZ MAalOBEPOATHO, YTOOBI Kakue-THOO
(GOpMBI MM TPOILIECCH YHOPSIOYeHUs, d(PPEKTHBHbIE Ha paHHEH
CTaIuM 3BOJIOLMY, HE MMEIH HHUKAKOTO OT3ByKa B OoJiee MO3THHX,
BKJIIOYAsi COBPEMEHHbBIE, OMOJIOTMYECKUX CUCTEMaX.

3710 moaMeTHN M XopoIo Beipazui CueHT-Jxopmxu. OH muca:
«Ku3Hp B CBOEM pa3BUTHMHU HHUKOI/Ia HE MpeHeOperana TeMm, 4To yxke
MOCTPOEHO, a CTPOMJIa TOBEpPX TOro, 4YTo ecTh. lloaTOoMy KieTka
HAallOMHUHAET YYacTOK apXeOoJOrMYecKHX PacKOIOK, e OOHakaeTcs
HAIJIACTOBaHUE OJIHOTO CJIOSI Ha PYTOH — YeM CTapliie, TeM TIyOikKe»
'Szent-Gyorgyi, 1972, p. 6).
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B muteparype o0cyxnaercs pojib MUHEPAIBHBIX CTPYKTYP B Kaue-
CTBE TPEAOUOJIOTHUECKUX KATATH3aTOPOB U IMOJJIOXKKHU B MEPBUYHBIX
Mexanm3max perumnkarun (Cairns-Smith, 1982; Orgel, 1992; Ferris et
al., 1996). JleiicTBUTENBHO, TIMHUCTBIE MHHEPATBI, B YaCTHOCTH,
MOHTMOPWJUTOHHT, TPOSBIISIOT 3aMETHBIC KaTAIUTUYCCKHE CBOMCTBA.
Deppuc ¢ coasropamu (Ferris et al., 1996) ormeuaroT, 4T0 B pacTBOpax
JlaeTCs MOJIYYHTh MOJIMMEPHI HYKIICGOTHUIOB, cojepikaiiue He oonee 10
MOHOMEPOB, B TO BpeMs KaK Ha MHUHEPAILHOW IOJIOKKE MOXKHO
BBIPAaCTUTh MOJMMEPHBIE LENH AJIMHOM A0 55 eaunun. Bo3moxkHO,
MUHEpAJIbHBIC KaTalu3aTOPhl WIPajd POJIb B YBEIWYCHUU BUIOBOTO
pasHooOpa3us npeadHoNIoTHIecKuX CTpYKTyp. Ho eciam Ob1 momoOHBIH
MIPOIIECC JIeXkall B OCHOBHOM CTBOJIC SBOJIIOIMHU, OH JOJKEH ObUT OBbI B
TOW WIM WHOW (OpME TPOSBUTBCS B CYIIECTBYIOIIUX HBIHE
OMONOrHYECKUX cucTeMaxX. Mexy TeM MUHEepalbHbIC 00pa30BaHuUs B
COBPEMCHHBIX OpraHM3MaX HHM B KaKMX MEXaHM3Max KaTajiu3a WiIH
peruMKanuy He ydacTByroT. Mcxons u3 chopMyIrMpOBaHHOTO BBIIIIC
MIPUHIUITA, CICIYET 3aKIFOUYUTh, YTO OHU HE UMENU 3BOJIIOIIMOHHOTO
3HAYCHUSI U B TIPOIILIIOM.

Jpyroit mpumep: uTO Takoe LBET M 3BYK? Kak TakoBbIe OHH
OTCYTCTBYIOT B MaTepUaJIbHOM MHpeE. DTO YCIOBHBIE 00pa3bl, OHOJIO0-
THYECKHE CUMBOJIbI, KOTOPHIM B MaTEpUAILHOM MHUPE COOTBETCTBYIOT
3JICKTPOMArHUTHBIE KOJICOAHUS OIPENEIICHHOW YacTOTHl M YIpYyTue
KoJieOaHusl (PU3NUECKUX Cpel. MOTYyT JiM 3TH CBOMCTBAa MaTepHaIbHO-
ro MHpa UMETh JPyroe OTpakeHUE B CO3HAHWH. MOXHO iU, HalpH-
Mep, HA00OPOT «CIIBIIIATEY IIBETA U «BUICTHY» 3BYKH? DU3MUECKH —
BIIOJTHE BO3MOXKHO. Ho mpupoa, oHax bl HAls CBSI3b MekKAy (pusu-
YECKHM CBOMCTBOM CPEJIbl U OTKJIIMKOM OHOJOTHYECKOTO PEIenTopa,
JlaJiee WCIOJB3YeT CO3JIaHHBIC 3PUTEIILHBIC W CIYXOBBIC allapaThl B
Ka4eCTBE MEPEHOCUMBIX «CTPOUTENBHBIX OJIOKOB». C OINpeeicHHBIMU
BapHallMsIMU W JIOKAJIbHBIMH WM3MCHCHUSMH OHHM BCTPAWBAIOTCS B
pasHbie OMONOTMYECKHE KOMOWHAIMH, Pa3Hble BUIBL (3BYyKOBas JIO-
Kalysl y JETyYMX MBIIICH, AeTb(UHOB U HEKOTOPBIX JAPYTHX BHIOB —
3TO HEYTO JIPYroe.)

OnpeneneHHas XUPaTbHOCTh OMOMOJIEKYJT SBIISICTCS €IE OJHUM
npuMepoM. Kak HM3BECTHO, BCE aMHUHOKHUCIIOTHI B COCTaBe OCIIKOB
SIBJISTFOTCST JIEBOBPAIIAIOIIMMHE: |-aMUHOKHCITOTHI (OT JTATHHCKOTO
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levo — neBerrit). Caxapa, BXOJSIIHE B COCTAB HYKJICHHOBBIX KUCIOT,
SIBIIICTCS TTpaBoBparatonumu: d-caxapamu (0T jgatuHckoro dextro —
nipaBkbli). CrepeocnennUIHOCTh — OJJHO M3 XapaKTEPHBIX CBOMCTB
(epmenTOB. bBHOCHHTE3 OCYIIECTBISETCS TOJBKO W3  MOJEKYI
OTpeeICHHON XupanbHOCTH. HeoOXoauMOoCTh cTepeocreupuiHo-
CTH JIOCTaTOYHO oueBUaHA. OHA SBISACTCS YCIOBUEM BOCIIPOM3BOIU-
MOW TPEXMEPHON CTPYKTYphl Kak OCJIKOB, TaK W TOJHHYKJICOTHIOB.
Hanpumep, mist Toro, utoosl B Monekysie JJHK HyknenHOBBIE OCHO-
BaHUs OBUTM MPOCTPAHCTBEHHO NPAaBUIBHO COPHEHTUPOBAHBI HEOO-
XOJIMMO, YTOOBI MOJIEKYyJia caxapa ObLIa MPEICTaBIICHA MO BCEH IIeTH
OJTHUM U TeM ke dHaHTHOMepoM. [Ipu nmpousBonbHOM depenoBanuu |-
U (-caxapoB HYKJICHHOBBIC OCHOBAHHS HE CMOTYT 00pa3oBaTh KOM-
TUIEMEHTAPHBIE Mapbl. TOYHO TaK XK€ YYaCTKH aMHUHOKHCIIOT, MEXIY
KOTOPBIMH 00pa3yroTCcsi BOJOPOIHBIC CBS3H, MPU CBEPTHIBAHUU B CITH-
paJib TIONHIIENTHIA HE CMOTYT HAWTH JPYT Ipyra U OElOK HE MPUMET
HEOOXOAMMYIO IS €T0 (PYyHKIIMOHUPOBAHUS KOH(POPMAIIHIO.

Ho mouemMy UMEHHO /-aMUHOKHCIIOTHI, a He d? Xumudecku obe
(hOpMBI COBEpIIICHHO YKBUBAJICHTHBL. BepOSITHO, UMEHHO C y4acTHEM
I-hopMBl OBLT TOSyYEH TEPBbIA yCHemHbIi npoTodepment. Ilocie
3TOTO, IBOJIOIMS YKE HE 00panianach K allbTepHATUBHON (hopMe.

Wuade roBops, npu (yHKIMOHATIBHO YJIOBICTBOPUTEIBHOM pe-
IIICHUY, DBOJIIOIMSI COCTOUT, CKOPEE, B COCTABICHHH HOBBIX KOMOHMHA-
U C y4acTUEM JaHHOTO «CTPOUTEIBHOTO OJIOKa», YeM B YMHOKCHUHU
ANBTEPHATUBHBIX PEIICHUN JJIs1 BBIIOJIHEHUS TOH K€ (QYHKIIHH.

[lo To¥i k€ NpUYMHE OPraHU3Mbl YaCTO COJCPMKAT CIIOKHBIC
OMOCHCTEMBI TaM, TIE COOTBETCTBYIOIIAs (PYHKIWsSI Moryia Obl OBITh
oOecrieueHa 0oJiee MPOCTHIMU CPEICTBAMH.

Pacmpenue pasHooOpas3usl yBETUYMBACT YHUCIO CTEIEHEH CBO-
00bI, T. €. OHO CBS3aHO C YBEIMYCHUEM DHTPONMH. TaKKe KaK BBDKU-
BaHUE TMPUCIOCOOJICHHBIX, OHO HE SIBJIACTCS (PaKTOPOM OpraHU3aI[|H
MaTepuHu.

Takum 00pa3oMm, OHMOJIOTMYECKAash SBOJIIONHUS COBEPIIACTCS Kak
pe3yNbTaT ABYX HPOTHBOIIOJOKHBIX TEHACHIIMH B SBOJIIOLUMU MaTe-
puu. [lepBas COCTOUT B YCIOXKHEHUN OPraHU3AIlMU, KOT/Ia BO3HUKAIOT
U 3BOJIIOIUOHUPYIOT HU3KO3HTPOIUIHBIC CTPYKTYPhl. ITO — BOCXO-
JIAIIast TMHAS BOJIONUH. OTHOBPEMEHHO M HEN30S)KHO JIEHCTBYET
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TEHJCHIUS K Pa3yHopsA0UCHUIO, paBHOPACIIPEICICHUIO, AeTpalaluu
(B xoTOpO¥ OOJIee YCTOHYMBEIE KOMIIOHEHTHI OOHApYKUBAIOT CEJICK-
TUBHOE MPEUMYIIECTBO), T. €. TEHICHUHUS K YBEIUUYCHHUIO SHTPOIHH.
DT0 — HHUCXOAAMAsA JUHUA dBoNonur. OHA HE MOXET MPHUBECTH K
OoJiee BBEICOKOOPTaHM30BaHHBIM (GopmaM. Ho oHa Taxke Gopmupyer
UK OnoThl. Pacmmpenne OMoIorudeckoro pa3Hoo0pasus, aganTamus
K BHEIITHEH Cpefie M eCTECTBEHHBIN OTOOp CBS3aHBI TJIaBHBIM 00pa3oM
C 3TOM CTOPOHOM IBOJFOLIUH.

JKW3HB U ee SBONIONHS — 3TO COYETaHUE IBYX MPOTHBOOOPCTBY-
FOIUX Haval: CTpeMJICHHE K CBOOOIE M K OTpaHNICHHUIO e¢. B HeXXuBoi
MIPUPOJIE CTpeMIIeHHE K cBoOoae noMuHHUpYeT. JKU3Hb, Kak 3TO HE TIe-
YaJIbHO 3BYYUT, MPUHITUIHAILHO CBS3aHA C OTPAaHUICHHEM CBOOOIBI.
OmHako BpeMs OT BPEMEHH CIy4YalOTCs PEBOJIONMOHHBIC N3MCHCHUS,
KOT/Ia TEpSETCS YCTOMYNBOCTH MOHOTOHHOW JIMHWW DBOJIONUH U
BO3HHKAIOT KaYE€CTBEHHO HOBBIE (DOPMEI.

$ 8. Kombunamopuas moodens

[TonpoOyemM NpOUILTIOCTPUPOBATH CKa3aHHOE MPOCTON MOJETBIO,
KOoTOpas Obl coueTasia B ce0e B HEKOTOPOM MPUOIMKEHUU CBOMCTBA
KaK BOCXONAIICH, TaK W HHUCXOJAIICH JIMHUI HSBONIONUHU, T. €. CO-
yeTajga MPOU3BOJICTBO HU3KOIHTPOIHMUHBIX CTPYKTYP CO CBOWMCTBAMHU
ycToitunBocTH, TpaHchepaOenbHOCTH, aaNTHBHOCTH U PACIIUPEHUS
pa3HooOpa3us.

Yacto mns Toro, 4ToOBI MOKa3aTh MPEHUMYIIECTBO HSBOIIOIUU
MyTEM CEeJEeKIUU Tiepel ABOJIONHEH IyTeM IMPOCTOTo repedopa Bo3-
MOJKHBIX BAapHaHTOB, MPHUBOIAT MPHUMEP HWTPHl B TpaHCHOPMAIIHIO
cioB. Cyts ee Takosa (G. Bell, 1997, c. 17): npeanoiaoxum, UMeeTCs
cioBo WORD, xoTtopoe OykBa 3a OYKBOW ClleyeT mpeoOpa3oBaTh B
cnmoBo GENE. Hcxons m3 26 OykB B aHTIHHCKOM aidaBUTE, 3TO
norpedyeT 26 B crenenn 4 wim 6onee 400 THICSY CITydaitHBIX TTOIBITOK.
OpHako, ecny BBECTH TPaBHJIA CEIEKIWH, TO YUCIIO TPOMEKYTOUHBIX
CTymneHel OyneT McuuciaThes eauHuriamu. [lepBoe mpaBuio: 3aMeHa
OYKBBI B CJIOBE JIOJDKHA JaBaTh HE JII00OE codeTaHue OyKB, a CIOBO,
UMEIOIIee CMBICT (B aHTJIMHCKOM s3bIKe). BTOpoe mpaBmiio: 3aMeHa
OOJDKHA IMPOUCXOJUTH TOJIBKO Ha TaKUC 6YKBI)I, KOTOPEIC HpI/I6HI/I)Ka'
toT Hanncanue ciioBa WORD k Hanucanuto ciioBa GENE (puc. 2.5).
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C mpuMeHeHHeM 3THX NpaBWj, KaK BHJIHO Ha puc. 2.5, mpeobOpazo-
BaHHE JOCTUTAETCS BCEro B ueThIpe 3Tamna. [lepBoe mpaBUIO MOXKHO
npuHATh. OCMBICIIEHHOCTh CJIOBa KaK OBl WILTIOCTPUPYET MPUHIIUI
CEJICKTUBHOTO MpeuMyIiecTBa. Ho BTopoe mpaBuiio HE UMEET HUYETO
00IIIeTo ¢ TapBUHOBCKOH KOHIIETIIIUEH €CTECTBEHHOTO 0TOOpA.

Puc. 2.5. Pucynox saumcmeosarn uz pabomwr I. Benna (Bell, 1997). B
noopucyHouHoll noonucu K opueunany coeopumcs: «Crogecnas uepa,
WLHIOCMPUPYIOWast OapPEUHOBCKYIO meoputo d6omioyuu Bapuanmul ¢ 3a-
MeHOU 0OHOU OYKEbL BOZHUKAION CIVUALUHO, HO MOJLKO UMEIOWUe CMbICT
aueULICKUe C08a COXPAHSIIOMCSl, NPU SMOM bIOUPAEnCsl MOM aPUAHM
Komopbwiii onudice 8cezo no nanucaruio k cogy GENE»
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Bo-mepBbIX, U3MEHEHHE OKa3bIBaeTCs HE CIy4dalHBIM (pa3pelleHb
TOJIBKO OmpeJieNieHHbIe OYKBbI). Bo-BTOPHIX, peoOpa3oBaHus cOBep-
MIAIOTCA 110 HAMPaBICHUIO K 3apaHee HAMEUEHHOH enn. OTO OTHIOAb
He «Blind Watchmaker».

Crporo roBopsi, 3Ta Urpa He OTBEYAET U CYLIECTBY HAIlled MOJEIH.
TeMm He MeHee, aHaJIOTUs C UTPOH B TPAHC(POPMALIUIO CIIOB, ITO3BOJISET
HNPOUJUTIOCTPHPOBATh BaYKHOE €€ CBOMCTBO — CHOCOOHOCTH HBOJIOLH-
OHUPOBATh MyTEM KOMOWHUPOBAaHUSI HAIEHHBIX paHee PELIeHH.

[peamnonoxum, uMeeTcss HEKOTOPBI Habop OYKB, COOTBETCTBY-
1ot pycckoMy andasuty (Tadin. 2.1). CHauana BO3HUKAIOT IPOCTHIE
KOMOHMHAIMK U3 IBYX-TpeX OyKB. 3aTeM M3 HUX CKIaabIBaloTcsa Oolee
JUTMHHBIE CJIOBa M MOCIIEI0BAaTENHLHOCTH ClIOB. [IpuMem npaBuiio, aHa-
JIOTUYHOE TIEPBOMY NPABUIIY B MPEALISCTBYIOIIEM CIIydae: COYETaHMUs
OYKB JOJDKHBI UIMETh CMBICH, T. €. OBITH CIOBaMHU (B JaHHOM ciydae
Ha PyCCKOM si3bIKe). @pa3bl U3 CIOB TaKKe AOJDKHBI UMETh CMBICI. B
TaKOW Wrpe HeT ApPYroro cmocoba BBIACIUTH HHU3KOIHTPONUKHEBIE
COYETaHMs.

Bce nocturHyThie KOMOMHAIMHU (CJIOBA, UMEIOIIUE CMBICIT) MOTYT
COXpaHAThCA W TPUHUMATH ydacTHe (TpaHcgepadenbHOCTh) B 00pa-
30BaHUM HOBBIX KOoMOwmHarmii. CBOWCTBO amallTUBHOCTHA BBEIEM ClIE-
nyromuM obpaszom. Ilpu oOpazoBaHME HOBOTO CJIOBa M3 YK€ CyIIle-
CTBYIOIIMX OJfHa OyKBa MOKeT OBITh M3MEHeHa (3aMeHeHa, 100aBieHa,
yopana). [Ipenocrasnennas camoii cebe 3Ta cucrema OyeT pa3BUBATh-
cs caenyromum obpazoM. [lo Mepe TOSBICHUSI COUETaHWN U3 JIBYX-
Tpex-4eThlpex OYKB HaUHyT BO3HUKATh MHOTOOYKBEHHBIE CJIOBA, Mpe.-
CTaBJIAIONIME UX KOMOWHAIMHU, a 3aTeM (ppa3sl. HOBbIC OCMBICTICHHBIC
(dpasbl M0 Mepe HX YCIOKHEHHUs OyAyT Bce Ooyiee peiKMMH M Bce
OoJiee TIOXOXKMMH APYT Ha apyra. TakuM oOpa3oM, BOSHUKHET ITUpa-
MUJa, B OCHOBAaHHH KOTOPOU — OoraToe pasHooOpa3ue MpOCTEHIINX
coueTaHuil. bimke K BepmmHE pasHOooOpasue CyKaercs, HO OHO
npe/IcTaBiIeHo Oosiee MpoIBUHYTEIMEH (opmamu. [lo Moeil mpockbe
nmoktopa O. M. Meannnkuit u A. U. [llankua 8 T[EOXU PAH nanmca-
T KOMIIBIOTEPHYIO TPOrpamMMy, OTBEYAIOIIYI0 3Toi Mozenu. Tabm. 2.1
U puc. 2.6 WUTIOCTPUPYIOT MOIY4YEeHHBIN pe3yIbTarT.

Uem crnokHee (pasza, TeM yKe CMBICI, KOTOPBI OHa Tepenaer.
%03080%071 CJIOBaMH, YBCJIIMIUBACTCA CTCIICHb COOTBETCTBU, T.C. BO3-
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Tabnuya 2.1

Cnosechnas umumayus 360J10YuUu

TO MOPT
sl BOpOTa
TOOO# Ty
BOpPOTa C
Apyra ym
BOp TpsiC
DHUTM Dal
JIVMBI YMa
JIYX PUTM
3TOT CTOI
Jipyra 30B
T00OM Cyx
ILU10Th T
ABTO PUTM
pazuyc ot
BOI sipMOM
BOWHBI BOT
COpPHM COp

0 JlyMBI yM
CTOJI CMOJTIO
ypoH npyra
3TOT CTOJIO
pBEM KIISITB
YUHUM SIPMOM
pBeM Jpyra
94eM 3TO Ty
TOOOH yunM
4eM 3TO Hy
BOPOTa yXOM
CMOJIIO aBTOJI
9TOT SIK paj
TyT O0i cyn

9TOT SIK paj , «
YPOHS BOpOTa

TpSC TOT BOp

9TOT 5 OIJIOT

TO BOH SIPMOM

KeM JIpyra 30B

V4YHMCsl BODOTa

DBOM DUTM Dall

YPOH JIpyra TOT

KEM Zpyra 30By

PBOM PBEM KJIATB

B KEM JIpyTa 30B

9TO TY BOD TPAC

BCTaJl CMOJIIO CKOT

TpSIC BOPOTA yXOM

TO0OH yurM BOIHA

YPOHs1 BOPOTa WIIH

CTOJI CMOJIIO LIIIPOT

TOOOH yuuM BOM HaeM

YPOHs BOPOTa MIIH IAP3K

9TOT QPOHT BOiHA JyXa

TOOOH TpsIC BOPOTa yXOM

yM 3T0 ()pPOHT BOHHA JyXa

BOPOTa yXOM TYT 00 ¢y

KyM 3TO ()pOHT BOHA yXa

TyT 00¥i CyJ] pBOM PHTM paj

a 4eM ToOOH y4uM BOif HaeM

CTOi1 ATOT (hPOHT BOHA Tyxa

IyXa yM 3To (pOHT BOMHA JyXa

TPSIC BOPOTA YXOM BCTall CMOJIIO CKOT
PBOM pBEM KIIATB CTOU TOT (PPOHT BOifHA mAyxa
YPOHS BOPOTA MU MIap TPSIC BOPOTA YXOM BCTall CMOJIIO CKOT
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Puc. 2.6. Yacmoma ecmpeuaemMocmi ¢08 U OCMbICIEHHbIX CI0BOCOYEMA-
HULL ONPeOeneHHOU ONUHbL

HUKAIOT BCce OoJiee HU3KOAHTPOIUIHEBIC CTPYKTYphL. B To ke Bpems
CO3JIaHHE BCEBO3MOXKHBIX KOMOWHAINH, T. €. pacCIIMpPEHUE pa3HOOOpa-
3Wsl, COTJIACYETCs C 3aKOHOM YBEIHMYCHUS SHTPONHU. TakuMm o0pa3zom,
KOMOMHATOpHAs MOJEJb OXBAaThIBACT WM3MEHEHUS, OOYCIIOBJICHHBIC
KaK BOCXOJISIIEH, TaK U HUCXOJIAIIEH JIMHUEH YBOJIIOINH.

BaxxHO OTMETHTH, YTO OCYIIECTBICHHUE STOW MOJEIN BOJIOIHH
HE HYKIaeTcsi B TOTAILHOM mepedope BceX BO3MOKHBIX COYETAHMIA
IBOIOIMOHUPYET TO, YTO YyiKe ecTh. KoMOMHHPYIOTCS Te coueTaHwsl,
KOTOpble K JAHHOMY MOMEHTY BO3HMKJIU. JTO 3HAYMT, YTO KaAKHe-TO
BAKHbIE COUYETAHHS MOIVIM ObITH yHyllieHbl. Kakue-To BecbMa MHTEpecHbIe
BAPUAHTHI, B IPUHIMIIE BIIOJIHE BO3MOKHbIE, HE PeaIn30BAJIUCh.

OT0Op B JAaHHOM CITy9ae 3TO — OTOOpP CIIOBA, UMEIOIIETO CMBICIT,
OT HE MMEIOIIETO CMBICNA, YTO KaK OBl MOJIENMPYET OTOOP CTPYKTYD,
OTBEUAIOUINX YCJIOBUIO MPOU3BOACTBA HU3KOIHTPOIUITHOIO MPOIYKTA.
MyTanuu BIUSIOT Ha TpaHCc(epaObembHOCTh, U3MEHSIST KOMOHWHATOP-
HbIE BO3MOKHOCTH.

Wspenka Bo3HHKAIOT 0COOEHHO YIauyHBIE COYETAHUS, PE3KO IPO-
JBUTAIOLIUE 3BOJIIOLHUIO.

B Ouonoruueckux cucremax rnepedop OCYIIECTBISICTCS MPUOIH-
3WTENIFHO TaK e, Kak urpaer maxmatuct. OH He mepebupaet Bce
BO3MOJKHBIE XOJbl, & MPOCMATPHUBACT JIUIIL OTIEIbHBIC BapHAHTHI.
[TomoOHBIC PBpUCTUYECKUE POTPAMMBI JAIOT ropaso bosiee ObI-
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CTpelii pe3ynbraT. Cnabas UX CTOpOHa — BO3MOYKHOCTH OLIMOOK,
HEOINITUMAJIbHbIE PELLICHHS.

HeTouHOCTF M HEONTHMAILHOCTH PELICHUH — CBOMCTBO OMO-
JIOTUYECKUX CHUCTEM, KOTOPOE IO3BOJISIET B KOJOCCAIBHOW CTENEHU
CHHM3HTH BpeMs HaxOKAeHus pemenus. JInbo ToUHOCTh, 1100 BpeMs.
UYemM monbliie 4enoBeK pa3gyMBIBacT, TEM OO0JbIlEe BEPOSTHOCTh HANTH
MPAaBUIBHOE pEIIeHHE. Y YeHbI MPeanoYnuTaeT TOYHOE pelIeHHe U He
JKajleeT BpeMEHHM Ha pasMbiinuieHue. [lonkoBomerny o0s3aH NPHUHATH
OBICTpOE pelleHre JaKe ¢ PUCKOM, YTO OHO OKaxkeTcs He ydmmM. Ha
Melajdd, KOTOpOW Harpakjajl CBOMX BOMHOB BOXIb TOpLEB B
neatHannatoM Beke Illamune, Obmio HawepraHo: «Kto gomro
pasMBILUIAET, TOT HE OAepXHUT mobeabl». buonormueckoe pasBUTHE
CIIETyeT 3TUM ITyTEM.

$ 9. Ipunyunwet 260a104uU

IToapITO’XXKMM CKa3aHHOE B 3TOH TJaBe, CHOPMYIHPOBAB HEKOTO-
pBIe TIOJOKEHUS, HA KOTOphIe MBI OyJeM ONMHpaThbcs B AajbHEHIIEM
aHaIm3e:

* B ocHOBe OMONOTHYECKOW JBONIONUHU JIGKUT MEXaHU3M €CTe-
CTBEHHOTO YTOpAAo4YeHUs. VICTOYHHKOM YHOPSIIOYEHHUS SBISTFOTCS
TUCTIPOTIOPIIMOHUPOBAHNE JHTPOIIMU B COINPSDKEHHBIX IPOIIEccax.
YrhopsgodeHne MBI paccMaTpUBaeM CHHOHUMHYHO C TOHATHSAMHU
(hyHKIIMOHATBHOTO  COOTBETCTBUS, IPENIHUCAHHOCTH IIOBEICHUS,
OTpaHUYEHHUs] CBOOOIBI B3aNMOJICHCTBHIN, IIPOU3BOJCTBA HU3KODHTPO-
MUITHOTO TTPoAyKTa. I[pOM3BOICTBO YIOPSAOUECHNS OCYIIIECTBISIETCS B
CTAllMOHAPHBIX CHCTEMaX HEPAaBHOBECHBIX MPOIIECCOB.

e DBOJIOLUS YIOPSIOUEHHs 0OECreYyrBaeTCsl COUYEeTaHHEM IIpo-
M3BOJICTBA HU3KOHTPONHUIHOTO MPOAYKTa C UTEPAaTHBHBIM €ro BOC-
MPOU3BOJICTBOM (aBTOKATAIM30M B IIMPOKOM CMBICIE). YTOpsaoUe-
HHE MOXXET OCYIIECTBIISTHCA HA MUKPOCKOIMYECKOM ypoBHe. [Ipomecc
aBTOKaTann3a (pervIMKaliK) BBIBOJAUT MUKPOCKOIIMYECKOEe YHOpsIo-
YeHHE Ha MaKPOCKOTIMYECKUI YPOBEHb.

* Hawnbonee SKOHOMHBIM CIOCOO NMPOW3BOACTBA HHU3KOIHTPO-
NUHHOTO MPOIYKTa COCTOUT B KOMOMHUPOBAHHUHU YK€ HMEFOIIUXCS
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HU3KOAHTPONHMHUHBIX CTPYKTYp. OTcClofa cieqyeT HECKOJIBKO MpoBe-
pseMBIX clencTBUH. Bo-mepBbIX, BONIONHMS MOXET W JOJIDKHA CO-
BEpIIATHCS HE TOJILKO IyTeM MajlbIX U3MCHEHUH, HO U cKaukamu. Bo-
BTOPBIX, 3BONIOLMOHUPYET TO, YTO YXKE €CTh, KOMOMHUPYIOTCA Te
COUYETaHWs, KOTOphIE K JaHHOMY MOMEHTy BO3HWKIH. OTcCrona,
SBOIOLMOHHBIA KOHCEPBATH3M. DBONIONUOHHBIE yIyIIeHUus GopM u
BapHaHTOB YIOPSIOYEHHSI, KOTOPbIe OBLTH B MPUHIIATIE BO3MOXHEI, HO
He peamu3oBauch. OTcroma ke H30BITOYHAS CIOXHOCTH OHO-
JIOTHYECKUX CTPYKTYp. B-TpeTbnx, MOCKONBKY HalAeHHBIE (HOPMBI
YHOPSIIOUEHHs] COXPAHSIOTCS IyTeM BKIIOYEHUS WX B HHU3KOAHTPO-
MMUIHBIE CTPYKTYPHI CIEAYIOUINX MOKOJEHUH, MaJIOBEPOSITHO, YTOOBI
Kakue-1m00 (pOpMBI WIIHM TIPOIIECCH YITOPSIIOYeHHsI, () (HEKTUBHBIC HA
pPaHHMX CTaAMAX ODBOJIONHMHA, HE WMEIH HHUKAaKOro OT3ByKa B CO-
BpPEMEHHBIX OMOJIOTMYECKHX CHCTeMax. B-deTBepThIX, SBOIIOIHIOHHOE
YHOPSAOYECHNE B OTJIMYHE OT JAPBHHOBCKOHM KOHIETIIMH SBOJIOLUU
He TIpeycMaTpUBaeT dIMMHHAPOBAHNS MPEIIeCTBEHHHUKA.

* TpancdepabeabHOCT CTPYKTYP YHOPSIOYECHHUS JTOCTUTACTCS
UX TOATOHKOM — ajanTarueit apyr k apyry. OTciona, ckopee ajganra-
IIMOHHAs, YeM 3BOJIOIOHHAS POJIb MyTaIlHi.

* Mepoit ynopsaodeHus sBiseTcs (QyHKIIMOHAIHLHOE COOTBET-
cTBHE, a He (peHoTUNHMYECKas Tone3HOCTh. COOTBETCTBYIOMAS (PYHK-
1IUsT MOXeET ObITh (DEHOTHUITMUECKH HE BhIpakeHa. [loaTomy co3maHue
HU3KOHTPONUHHOTO MPOAYKTa U €ro SBOJIOLMOHHOE COXpAaHEHUE HE
HYXIaeTcsl B BEpUPHKALUKN €CTECTBEHHBIM 0TOOpoM. EcTecTBeHHBIN
0TOOp MOXKET COMPOBOXKAATH KaK MPOLECCH YMOPAOOYEHHUs, TaK U
MPOLIECCHI AC3UHTErpaliy 1 pacnana. EcrecTBeHHbIN 0TOOp HEWTpalieH
M0 OTHOLICHHUIO K MPOU3BOJCTBY HU3KOIHTPOITUHHOTO MPOAYKTA.

* PesynpTHpyromas 3BOJIONMS, €CIH MOJX 3THM MOHHUMAaTh Ha-
OromaeMoe M3MEHEHHE co BpeMeHeM (hopM, GYHKITHH, pa3HoOOpas3us
OpPraHW3MOB, OIpeAessieTcs He TONbKO yrnopsmoueHueM. OqHOBpe-
MEHHO C yTOpsAA0YeHUEM JIEHCTBYeT TEHACHINS K Pa3yHnopsI0ueHH0”
nerpananyn (B KOTOpoi 0ojiee yCTOWYMBBIE KOMIIOHEHTHI 00OHAPYXKH-
BalOT CEJEKTHBHOE MpenMyInecTBo). OHa He MOXET MPUBECTH K 00-
Jiee BBICOKOOpraHm30BaHHBIM (hopmaM. Ho oHa Tarke dopmupyer
JIUK OMOTBHI.
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['naBa 3 3apoxaeHue

ZKN3HU

$ 1. Ilenmuovt u HyK1eOmMuobl

[Ipu Bcem pa3HOOOpa3MHM XUMUYECKHX COCIUHCHHMU, 00pa3yro-
IIMX JKABOM OpraHW3M, ABa THUMA CTPYKTYp UMEIOT JOMUHHPYIOIIEe
3HaYeHne. JTO MOJUIENTH/BI, 00pa3yronlie OeNKH, U MOJIHHYKIEO-
THaBI, 00pasyromue JIHK u PHK.

Kak yxe oTMedanoch, OHOW W3 TNIABHBIX OCOOCHHOCTEH OMOXH-
MUH KHBOTO SIBIISIETCS TO, YTO OMOJIOTHIECKUE MPOIECCH TIPOUCXOAAT
mox ympasieHueM (epmeHTOB. DepMeHTH — 3T0 Oenku. [Tomumo
ATOTO eCcTh OenKH, oOpa3yromme (GU3NIeCKyI0 OCHOBY TKaHEH (KoJI-
JareH), OCIKH, BBHITIOTHSIONIAE POJIh TPAHCTIOPTHUPYIOMUX (TEMOTIIO-
OMH — IePEHOCUYUK KHCIIOPOJa), OXPAHSIONINX arcHTOB (MMMYHO-
TJIOOYJHH), PETYIATOPHBIC OEIKH (TOPMOHEI) U Jp.

Benku npencraBisitoT co0O# MociIe0BaTebHOCTh aMUHOKHUCIIOT.
N3BectHO Gomee 60 aMUHOKUCIOT. M3 HUX TOIBKO 20 BXOISIT B COCTaB
XKHUBBIX OpraHu3MoB (puc. 3.1). AMHHOKHCIOTHI coepKaT KapOok-
CWIBHYIO TPYIITy, aMUHOrpymiy, U paaukan (R), cTpykTypoit u co-
CTaBOM KOTOPOTO OHH OTJIMYAIOTCs IPYyr OT Apyra. B Oenkax amuHO-
KHCJIOTHI CBSI3aHBI MENTHIHON CBSA3bIO, B KOTOPOH a-KapOOKCUIBHBIN
YTIACPO]] OJTHOM aMHUHOKHUCIIOTHI COCUHSIETCS ¢ a-a30ToM Apyroi. [lo-
CJICZIOBATEILHOCTh AMUHOKHCIIOT B O€JIKax BaphbUPYeT OT HECKOIBKHX
JIECSATKOB, 10 MHOTHX COTEH.

SIS
C H O H 0 H
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AMUHOKHCIIOTHAsT TOCIIEIOBATEILHOCTh OeliKa ONpEeesseT ero
MPOCTPAHCTBEHHYIO TreoMeTpuio. [lonunenTuanas 1enb yAUBUTENb-
HBIM 00pa3oM CBOpayMBAETCS BO BIIOJIHE OIpPEIENICHHYIO TpexMmep-
HYIO CTPYKTypYy. B HaTMBHOM COCTOSIHUM O€JIOK MMEET JIHIIb OJHY
KOH(OpMAIHIO WK, B KpailHEM cliy4yae, HeCKOJIbKO KoH(popMalmii. B
CBOIO ouepenb, MPOCTPAHCTBEHHAsI CTPYKTypa Oellka ompenersieT ero
BBICOKYIO CHELU(PHUIHOCTh K OCYIICCTBICHUIO JIMIIb ONpPEICICHHBIX
peaKuum.

dyHIaMeHTalbHOEe 3HAa4YeHHE OCJIKOB B COCTaBE JKMBOTO OBLIO
NPUYUHON PAacCMOTPEHHUs HMX B Ka4deCTBE MEPBUYHBIX CTPYKTYD
xu3Hu. Eme B mponutom Beke ®. DHrenbc A CBOCTO BPEMEHHU HE
0e3 OCHOBaHMsI CUUTAN: <OKH3Hb — €CThb CI0CcO0 CyIIEeCTBOBaHMUS
OenkoBbIX Tem». Toraa emie He ObUIO U3BECTHO O POJH HYKJICHMHOBBIX
KUCIIOT. AMUHOKHCIIOTBI MOTYT JIETKO CHHTE3UPOBaThCs aOnoreHHo. B
50-¢ rompr Mwmiep (Miller, 1953) oOnapyxwui, 4YTO CHHTE3
AMUHOKHCIIOT TIPOMCXOIUT TIPH JJICKTPUYECKOM paspsjae B Trase,
cocrosimeM u3 cmecu Hp, CHy, NH3 1 Hy0. DT onbITEI HEOTHOKPATHO
BOCIIPOM3BOIMIKNCEH B pa3HbIX ycinoBusx (cm. Miller and Orgel, 1974).
[MonunenTuael 00NaAIOT KATAIUTUYSCKUMH CBOWCTBaMH M, B
NPUHLHUIIE, MOTYT OPTaHU30BaThCS B aBTOKATAMTUUCCKUE CTPYKTYPBI
(Kauffmann, 1993). IlosToMy BIOJHE TOHSATHBI YCHJIHMS HaWTH
MEXaHU3Mbl BO3HHUKHOBCHHUSI KHU3HU B (DOPMHUPOBAHHM TEPBHYHBIX
CTPYKTYp camoperutuimpyromuxcs 6enkos (Fox and Dose, 1977).

[To3xe, onHako, B (hOKyce BHUMaHHS OKa3aJHCh HYKJICHHOBBIC
KUCIOTHI. OTINYUTEIBHBIM CBOMCTBOM JKMBBIX OPTaHU3MOB SIBJISCTCS
cnocoOHocTh K camoBoctpousBeneHuto. JIHK u PHK sBnstorcs
MOJIEKYyJIaMH, C KOTOPBIMU 3Ta (PYHKIHUS )KUBBIX OPraHU3MOB HEIIO-
CPEACTBEHHO CBS3aHa.

JHK — ne30KkcHpHOOHYKICHHOBAsE KUCIOTa — MPEICTaBISCT
co00ll HENpepBIBHYIO IOCIICA0BATEIBHOCTh YETHIPEX HYKICOTHIOB
(puc. 3.2). Kaxxaplii HykiieoTua cocTouT U3 (ocdaTHOH rpynmsl, ca-
Xapa J1e30KCUpUO03bl M OTHOTO M3 YEThIPEX OCHOBAaHWIA: ajieHUHa (A),
muro3uHa (C), ryannna (G) m tumuna (T). AZeHWH M TyaHUH —
MYPUHBI, IUTO3MH U TUMUH — HHPUMHIUHBI. YENOBEUSCKUIl TeHOM
comepxut 3,3 * 10° map ocHoBaHHii.
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B opranmsmax JIHK mpezncraBnena apyms Hutsamu (Strands) wy-
KJICOTU/I0B, KOTOPBIE CIOXKEHbI aHTUMAPAJUIEIbHO U CKPYUEHBI B CIIU-
pans. Ilpu sToM OCHOBaHHMS OOpa3yrOT BHYTPEHHIOIO YacThb STOH
CTpyKTyphL. Ilypun A ogHOUM HUTH POTUB MUPUMHUAMHA T APyTON U
mupumuuH C npotuB mypuHa G. OHU ynepkuBaroTCs APYT MPOTHB
IpyTra BOJOPOJHBIMHE CBs3siMH. BHermHIo0 000104Ky cTpykrypbl JJHK
COCTaBIISIFOT caxapa u (ocdatsl (puc. 3.3).

PHK — pubonykienHOBasi KUCIIOTAa UMEET CTPYKTYPY M COCTaB,
aHanornunelii JIHK, 3a uckitoyeHweMm TOro, 4To caxapHas Ipymna
npezcTaBieHa pudo3oi, a ocHoBanue ypanwi (U) 3ameniaet THMHUH.

JHK BBITIONHSAET YHUKATBHYIO (PYHKIUIO B OpTaHU3ME, SBISSACH
HOCHTEJIEM TeHETHIECKOTO Ko/Ia, B To BpeMs kak ¢yukimun PHK 6oee
pa3Ho0Opa3Hbl U OHA TPEACTaBICHA B OPraHU3Me Pa3HbBIMH (OPMaMHU:
marpuunoii PHK (m-PHK), tpancnoprroit PHK (t-PHK), PHK B
cocTaBe pudOCcoOM U pruOO3UMOB.

Hecmotpst Ha 10, uro JIHK siBIsieTcss ocHOBHOM HH(DOPMAITHOH-
HOM MoJieKyJiol, MHorue uccienoBarenu umeHHo PHK paccmarpu-
BalOT B KAa4eCTBE MEPBUYHON MOJIEKYJBI B OMOJIOTHYECKON DBONIONU
(cm., Hanmpumep, Joyce, 1989). [Tomumo xkomupyromieit pyukmmn PHK
00HapyKHMBAET TaKKe CIIOCOOHOCTD K Karaiusy, T.e. PHK coBmemaer
nHpOpMaIMOHHbIe 1 QyHKIHOHaNBHBIE cBolicTBa. PHK ckopee, yem
JHK, noaxomur s pojsu NEPBUYHOM MOJIEKYJBI, IOCKOJIBKY
XUMUYECKH  JE30KCUPUOOHYKICOTHIBl  CHHTE3UPYIOTCA  IIyTeM
BOCCTaHOBJIEHUS] PUOOHYKIEOTHIIOB, a HE HA0O0OPOT. I'eHOM MHOTrHMX
BupycoB npeacrasineH PHK, a ve JIHK. PHK ocymectBnser cunres
JHK B mpomecce pemiMkaunud, MEPEeHOCHUT TeHETHYECKYI HHOp-
mammio ot JJHK k Genmok-cuHTesupyromemy ammapary. Konnenmus
nepuuHoii ponu PHK B mociemnee BpeMsi mpuoOpena XapakTep
napagurmbl (KRNA world»), orBomsmeit PHK nenTpanbHyro poss B
OMOJIOTUYECKOM MHpPE, B TOM 4YHCJIE POJb MOJEKYJBI-TIPAPOAUTENIS
OHMOJIOTHYECKUX CHUCTEM.

Onnako GompummHCTBO cBoMcTB PHK mposBisier Tonbko B KOM-
wiekce ¢ Oenkamu. [loNMMHYKIIEOTHAHAS TEMb IIPEACTABISET JOCTA-
TOYHO XUMHYECKH CIOXHYI CTpyKTypy. llociemoBatenbHOCTh Hy-
kireotnioB B PHK mMeer Omonmormveckuit cmpicin. KomoHBI HyKITeo-
THJIOB OTBEUAIOT ONPEICICHHBIM AMUHOKHUCIOTaM, KOTOPBIE B CBOIO
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ouepeslb 3aHUMAIOT OMPECIICHHOE MECTO B OeNKax, BBITOJHSFOIINX
onpenencHayo QyHknuto. [ToaToMy citydaliHO BO3HUKIIAS TOJIUHY-
KJICOTUIHAS [IEITh OMOJIOTUYECKH HUYETO OBl HE 3HAYMIIA.

Kpome aMUHOKHCIOT M HYKJIEUHOBBIX OCHOBAHUM MPOUCXOIUI
aOWOTeHHBIN CHHTE3 W MHOTHX JAPYruX coeawHeHuil. [lomumo «Mupa
PHK» u «mupa 6ei1xoB» 00CYXIalUCh U PyTHe MOJAEIH, HapuMep,
«caxapHast Mozienb» («Sugar Model») A. Bebepa (Weber 1997, 2001),
«vup mumunos» («The lipid world») . Cerpe (Segre et al., 2001).
[IpencraBnenne 00 OTHOCUTENBHOMN POJH TEX MIM WHBIX COCTUHEHHM
B MEPBUYHOM MHPE YaCTO 3aBHCHUT OT IPUCTPACTUH aBTOPOB U CIIO-
XKUBIIEHcS HaydHOH Mozapl. OJHAKO BCE 3TH KOHCTHTYSHTHI JKHBOTO
BEIIECTBA UTPAIH CBOIO POJIb B OMOIIOTHIECKON IBOJIOIIH.

DepMEHTATUBHBIA KaTaldu3 M PEIUIMKALUs KOAUPYIOUINX MOJie-
KyJ SIBJIIIOTCS HENPEMEHHBIMU CBOMCTBAMH UBBIX cucTeM. [loaToMy
MOJXO K PEIICHHI0 MpoOIeMBbl TPOUCXOXKACHUS KM3HH B paMKax
COBPEMEHHOI'0 MOJIEKYJISIPHOTO TapBUHU3MA TaK WM MHAYE CBOJIUTCS
K MOMCKY MOJEJIM M3HAa4aJbHOI'O0 BO3HWKHOBEHMSI aBTOKATaJIUTHYEC-
KX M CaMOpPEIUIMIUPYIOIIUX CHUCTEM, KOTOPBIE 3aT€M 3BOJIIOLIMOHHU-
PYIOT B IIPOIIecce MOJIEKYIISIPHOT0, ECTECTBEHHOTO 0TOOpA.

IIpencraBnenus, M3JI0KEHHBIE B MPEIUIECTBYIONIEN TIJaBe, IO-
3BOJISIIOT C MHOW MO3MIMHU B3MVISIHYTh Ha IOCIIEIOBATEIBHOCTH CO-
ObiTHit. Hawanmo OuoreHesa ¢ 3TOW TOYKHM 3PEHUS CBSI3aHO C BO3-
HUKHOBEHHMEM 3JIEMEHTAPHON CTAllMOHAPHOM XHMHYECKOH SYEHKH.
[IepBbIM 1IaroM B 3TOM HAIPABICHUH SIBISETCA MOSBICHUE MOJICKYJIBI
WIA  MOJCKYJSIPHOW  CHCTEMBI, KOTOpas Obl  oOecreumia
TpaHc(OPMAIIHIO IHEPTUU BHEIIHEH CPe/ibl B XUMHYECKYHO SHEPTHIO.
Hanee He0OX0AMMO, YTOOBI C XUMUYECKON PEeaKIMel, JOCTABIISIONICH
SHEPIHI0, MOTJIA COMPSATaThCS XUMHUYECKUE PEaKIUH CIIOCOOHBIE K
CO3[JaHUI0 HU3KO3HTPOIHUUHOTO MPOAYKTA, T. €. PEaKLUH, UIYIIHE C
YCIOXHEHUEM OopraHu3anu, OTrpaHUYEHUs CBOOOTBI
B3aHMOJIEHCTBUIA.

$ 2. Monekyna 1. Aoenozunmpughocam

Heo6x0auMOoCTh MCTOYHUKA SHEPTHH YIS OCYIIECTBICHHUS OHO-
CUHTE3a SIBIIICTCS TPUBHAIBHBIM (pakToM. CUuTaeTCsi camo coOoi
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pa3yMeroNMMCs, 9T0 HeoOXoauMmasi 3HEprus B Kakoil-To Qopme mo-
crtynHa. K TOMy e MCTOYHHMKOB 3HEpruu MHoro. Hampumep, mon
JICCTBUEM 3JICKTPHYCCKUX Pa3psIOB MOTYT CHHTE3HPOBATHCS aMU-
HOKHCJIOTHI B Cpe/ie, COCTOSIICH U3 METaHa, aMMHaKa U BOJbL. JTO —
xpecroMaruiiabie onbIThl FOpu 1 Musmiepa (Miller, 1953; Miller, Urey,
1959). B TnerommeM paspsae anbAerHIbl W TIHIWH ObUTH CHHTE3HPO-
BaHbI B OMBITax, IpojenanHbix JIEoom (1906), eme Ha 3ape ymieniero
Beka. Bo3MOXkeH CHHTE3 OpraHMYECKHX COSAWHEHHU B yIAPHBIX IPO-
meccax (Mackie et al., 1990; McKay & Borucki, 1997; Chyba &
Sagan, 1992; Blank et al., 2001), B Bynkanuueckux razax (MyxuH,
1986; Basiuk & Navarro-Gonzalez, 1996), ipi# KOCMHYECKOM 0OJIy-
yeHnd B mpuMmuTHBHOM atMocdepe 3emmm (Kobayashi et al., 1990;
1995). Ilpenmonarancs MEpBUYHBIA CHHTE3 M 3apOKICHHUE XU3HU B
moxBoaueix ruaporepmax (Russell et al., 1988; Shock, 1990; Kowm-
naHumdeHko, 1996), a Taxke B Mopax TOPHBIX MOPOJ IO BIUSHHEM
pamuoakTHBHOTO pacmana (Garzon & Garzon, 2001).

OpHaKo CHUHTE3 OTACIbHBIX OPraHMYECKUX COCIUHEHHU 3TO CO-
BCEM HE TO K€ CaMoe, YTO BO3SHUKHOBEHHE JBOJIIOIUOHHO-CIIOCOOHOM
CTAIlMOHAPHOW CUCTEMBI. [IJi1 3TOro HEOOXOIUMO, YTOOBI MCTOYHH-
KOM DHEPIUU CIIyXXHja peakius, 00eceYrBaromas JUCIIPOIIOPIIH-
OHHUPOBaHUE SHTPONHHU. [IpM 3TOM OHa MOJIKHA OBITH JOCTATOYHO
YHHUBEPCAJIbHOM, YTOOBI YJOBJICTBOPUTH YCIOBUIO XHMHUECKOI'O CO-
MPSDKEHUS. ¢ IIMPOKUM KPYTOM peakiuil CHHTe3a. DTy HEOOBIYHYIO
MO COYETAHWIO CBOWCTB PEAKIMI0 Mbl HA3BAIU BBIIIC «MAarHYSCKON»
peakmueii. CyIiecTByeT JIM B COBPEMCHHOM OHOJIOTHYECKOM MHPE
peaxiusi, mpeTeHayomas Ha nogo0Hyo posnb? Onupasch Ha MPUH-
U 3BOJIIOIIMOHHOTO KOHCEPBAaTH3Ma, MBI MOXEM OXHUAATh, UTO,
€CJIM KaKoi-m100 Mpollecc Urpan KIOYEBYI0 POJbh B HAYAILHOU CTa-
JTUH DBOJIIOIUH, OH JIOJDKEH ObLT COXPAHUTH OTpezesieHHOS 3HAUSHHE
B COBPEMEHHBIX OMOCHUCTEMAX.

B Ouonorndeckux mporieccax, IPOTEKAONIUX B )KUBBIX OpraHU3-
MaX, POJIb YHHBEPCAIBHOTO MCTOYHHKA XUMHUYECKON DHEPTHH HrpaeT
peakmus ruaponnsa ameHo3suHTpudochata (ATP) ¢ obpazoBaHneM
agenosunaudocgara (ADP) u BeicBoOOKICHMEM hochaTHOM TpyII-
el (P,):

ATP -» ADP + P.
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B a710i1 cBs13M 51 x0uy oOpaTuTh BHUMaHue Ha ATP kak Ha Kiode-
BYIO MOJIeKyJTy (Mosnekyy Ne 1) Ha My TH 3BOJIOIMH XKU3HU.

AneHozuHdocdaTel COCTOIT U3 TpeX yacTel: HYKIEWHOBOTO OC-
HOBaHUs (aieHuHa) caxapa (pubo3sl) u hocdarHeIX rpymi (puc. 3.4).

NH,
C
L N
N | v
: CH
HC . c . H OH O OH
N N ! |
-0 C-0-P O-P-O-P-OH
C-;\H H/C H o OH (o)
H
C we—
OH OH

Puc. 3.4. Monexyna aoenosurnmpuogpocgpama

B coBpemenHbIX opranusmax peakius ATP —> ADP + Pi compo-
BOXJIaeT BCE BaKHEHIHE OMOXUMUYECKHE TMPOIECChI, B YaCTHOCTH,
cuHTe3 Oenka. [lenTuaHAs CBS3b 00pa3yeTcs MEXIy a30TOM aMHHO-
TPYIIBI OJTHOW aMUHOKHCIIOTHI U YIJIePOJIOM KapOOKCHIBHOU TPYIIITBI
Ipyroil aMuHOKHCIOTHL. CaMONpPON3BOJIBHBIN CHHTE3 TaKOil CBS3M
HEBO3MOXKEH. Peakiusi xapakTepu3yeTcsi IIOJIOKHUTEIBHBIM HTOTOM
cBobonHO# sHeprun: (AG = +7k/lx/mMonb). Ho 3Ta peakuus Jierko
ocymiecTBisiercst, Oyayuwn compsbkena ¢ ruapoimzom ATP  (Wink,
1992). Cunayana amuHokucnoTa coeaunsiercs ¢ ATP, o6pasyss AMP-
aMUHOKHCJIOTHBIM KOMIUIEKC C BBICBOOOXKIeHUEM nupodocdara:

Amunokuciora + ATP* —> amunokucnora-AMP-koMrieke + P2074

3ateM AMP-aMHUHOKHCIOTHBIM KOMILUIEKC MPUCOETUHAETCS K TpaHC-
noptHoit PHK, komaupytomielt 1aHHYH0 aMHUHOKHUCIIOTY B TIOJIUIICTITH/I-
HOM IeTM CHHTE3NPYEMOTOo OerKa:

Awmunokuciaora-AMP-kommiekce + t-PHK —>
AMP + amunokuciora-t-PHK.
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Ilpu stom AMP BbIcBOOOXTaeTCSI, a aMuHOKHCIOTa-i-PHK
KOMIUTEKC JOCTaBIISIET aMHHOKHCIIOTY K COOTBETCTBYIOILEMY YYaCTKY
pubocomsl, Tre t-PHK pacnosnaercst u cooTBeTCTBYIOIIAsT aMHUHOKH-
CJIOTa MIPUCOEIUHSIETCS K pacTyIlei NOIUIEeNTUAHOHN LEeTH.

B o0meit cioxHOCTH Ha 00pa3oBaHWE OJHOW MENTHIHOU CBSI3H
pacxonyercsa cBbimie 60 k/k/mMons sSHeprum. Bes sta sHeprus
nocrasisiercst ATP. Peakiuas ATP —> ADP umeer 3amac ¢cBoOoaHOIM
snepruu JG = —31,8k/x/Momb.

Aneno3untpudocdar sBIIETCS XUMUYECKUM aKKyMYJSTOPOM.
Bynyun mogxmioueH K r000W peakmuu, OH CIY>KUT HCTOUYHHKOM
CBOOOAHOW »HEPruH, OOECHEYMBAIOUIMM OCYILIECTBICHHE pEaKIHi,
UAYIUX C TOTJIOMICHHEM SHEPTHH, T.€. PEaKLHuil, KOTopble 0e3 uc-
TOYHHMKA CBOOOJHON SHEPrHU MPHHLIHUIHAIBLHO HeocylecTBUMEIL. Kak
ormeuaeT B. C. Ckynauer (1969), «BbIOOp B TMOJNB3y STHX BEIICCTB
(ADP—ATP) Obu1 cpenaH OpHPOIOH, MO-BUIMMOMY, €IIE Ha 3ape
CTaHOBJICHUS XU3HU» (C. 1).

3arpauennyio sHeprio ATP BoccranaBnuBaet mytem Qochopu-
mupoBanust AMP u ADP. B coBpemenHbIX opranunzmax cunte3 ATP
u3 ADP u Pi ocymiectBisiercst epmenrom ATP-cunTerasoii B mpo-
Heccax OKHCIUTENBHOTo (hocopunrpoBanus (B KJIETKaX KUBOTHBIX)
u poTtodochopunupoBanus (B KIETKaX paCTCHHIA).

doTodochopunrpoBaHre BKIIOYAET CIOKHYIO LEMb MPOMEKY-
TOYHBIX MpoueccoB. OHa HauWHAETCA C TOTJIOMICHHs KBaHTa CBETa
MoJieKyJol xyopodmnia. Bo3Oyxknenune xmopodwrnia (wim Oakrte-
pHroXIopo(hUIIa) IPUBOIUT K BBHICBOOOKACHHIO AJIEKTPOHA, KOTOPBIA
Jajee TepeMeliaeTcsi o IMyTH IepeHoca 3JIeKTpoHoB. [loriomenue
Ha pa3HBIX JUIMHAX BOJIH CBS3aHO C PEAKTHUBHBIMHU XJIOPOQHUILTIOBHIMHU
kommuiekcamu P870, P700, P680 (uucna o3HA4aroT UIMHY BOJIHBI
MOTJIONIEHHSI CBETa), BXOMIIMX B COCTaB pasHbIX ¢otocucteM (do-
tocuctema |, ¢otocuctema Il). B koHeuHoM cuere, uepes psAa MPo-
MEKYTOYHBIX CTaAWH MpolecC NPUBOANUT K MEPEMEICHUI0 TPOTOHOB
H* uepes kierounyro MemOpaHy. BHYTpeHHss uyacTh KJIETKH 3apsi-
KaeTcsi OTPULATENIFHO U BO3HUKAET HJIEKTPOXUMHUYECKUM MMOTEHLIMAT,
MOJ BIMSHUEM KOTOPOTO MPOTOHBI BO3BPAILAIOTCS B KIIETKY, MPUBOJIS
npu >ToM B neictBue MexaHusM ATP-cuHTeTasbl, KOHTpOIUPYIOLIESH
peakiuto ADP + Pi —> ATP. Ilpu okucnutensHoM dochopuipo-
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BaHUM dHeprus, npuoOperacmass ATP, reHepupyercs B peakiusx
OKHCJICHUS TJIFOKO3bI M B LUKJIE TPUKAPOOHOBBIX KHUCJIOT C y4acTUEM
kopepmentoB. B stux peakuusx NAD™ u FAD (draBun-aseHuH-11-
HYKJICOTH]) CITy’KaT aKIeTOPaMu JJICKTPOHOB. B BOCCTaHOBICHHOM
dhopme NADH u FADH; TpaHCTIOPTHPYIOTCS K KOHCUHBIM yYacTKam
nepeHoca 3JEKTPOHOB, TIe OHHM Yepe3 IeNb MPOMEXYTOYHBIX HOCH-
TeNel OKHCISIOTCS KHCIOPOIOM B MHUTOXOHAPHAIBLHBIX MEMOpaHax C
OIHOBpeMeHHBIM (opmupoBanneM ATP. HemocpemcTBeHHOE OKH-
cnenne Troko3sl 10 CO, m Hy0 maer BeIXoa sHeprun 686 KKaji/MOJIb.
W3 mux 613 kxan/monb 3amacaercss B NADH u FADH, u Tpancimupy-
ercs B dHepruto (ochatHeix cBszeid ATP. DTOT CIIOXHBIN MEXaHU3M
OBLT BBIPAOOTAH B XOJI€ SBOJTIOITHH.

OxkucnurensHoe  (hochoprINpoBaHKe, COXPAHWUB HaYATbHBIH
npuHIHI 1 cTpykTypy yuactarkoB (NADH u FAD comepsxar B cBoeM
COCTaBe CTPYKTYpy ameHozmH(pochaTa!), caenano 3IeKTpOHHO-TPaHC-
MOPTHYIO CUCTEMY OoJiee THOKOM M OTKPBUIO BO3MOXXHOCTH BKITFOUUTH
B 3BOJIFOLMIO KU3HU OPTaHU3MbI, HE UCIOJIb3YIONNE HEOCPEICTBEH-
HO DHEPTHIO CBETA.

OTH CIIOKHBIE CHCTEMBI MPEACTABIISIIOT COO0M pe3ybTaT JaJIeKO
MIPOABUHYTOM 3BoJIoNMK. Yyactue ATP BKiIoyaeT MpoMexXyTOUHBIE
peakuuyu, TpoTeKarolmue moj —ympasieHueM ¢epmeHToB. Co-
BPEMEHHBIC YHEProCHAOKAIOIINE CUCTEMbl OPraHM3MOB HEU3MEPUMO
00JIee COBEPIICHHBI, MJIK B TSPMHHAX, KOTOPBIE MBI 3/1eCh HCIIOJIb3Y-
€M, BKIIIOYAIOT HEU3MEPHMO OOJIbIlICe YHCIO OrPaHMUYCHHUN CBOOOIBI
B3aUMOJICHCTBHUH, YeM 3TO ObUIO B Hayalie 3BOJIIOIMH. B Hauane mytu
OTpaHUYEHHS TOJBKO CKIIAJIBIBAINCH, COOTBETCTBUS OBLIM MUHHMAIb-
HBIMHU, CUCTEMbI IPUMHUTHBHBIMHU U MOTOMY Mano3(p¢eKTUBHBIMU, HO
JICHCTBYIOIIMMH B TOM K€ HaIllPaBICHUH.

Bo3moxHo, (hoTodochopmirpoBaHiue OCYIIECTBISIOCH MPSMO
MyTeM TIOTJIONICHUSI CBeTa MOHO- W Ju-aneHo3mH(pocharamm. Ane-
HO3uH(DOChAT CIIOCOOCH MOTIIONIATh SHEPTHIO CBETOBOTO KBaHTa (PHC.
3.5). BebGep eme B 1957 romy mokasaj, Kak B MOJIEKyJIC JCTHIPO-
mudochar-nupuaun-aykineornga (DPNH) sueprust Bo3OyskaeHus,
abcopOupoBaHHAsT AJCHWHOM, TEPEHOCUTCS OT aJCHWHOBOTO XpO-
MO(OPMHOTO KOHIIA K HHKOTHHAMUIHON TPYIIIE, TJIe SMUTHPYETCS B
Bujie (aroopecuennnu mociennei (Weber, 1957):
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Puc. 3.5. Monrexyra DPNH

ConHeuHbli cBeT — Hanbosee yHUBEPCAIbHBIN UCTOUYHHUK SHEP-
ruu. YtoOsl 3Ta 3Heprus paboTana B XUMUYECKUX PEAKLUAX, HYKEH
YHHMBEPCAIbHBIH NpeoOpa3oBaTeslb CBETA B XUMHUYECKYIO 3HEPIHIO.
Msae nperncrasisieTcss HanOojaee OTBEYAOLIUM JIOTHUKE OHMOIOTHYecKo-
ro YIOpSIOUEHHs MPEATNONIOKEHNE, YTO afeHO3nH(pochaThl Hrpaiu
3TY POJb MIPH 3apOKIACHUN KU3HH.

[lopazurenbHO, XOTS 3TO TMPEKPacHO COIVIACyeTcs € KOoMOH-
HATOPHBIM TPHHIUIIOM, 4TO aJicHO3uH(poc(haT, TOMUMO €ro poji B
TEPMOJUHAMUKE YIOPSIOUSHHUS, IPEJICTABIISIET OJJMH U3 CTPOUTEIBHBIX
OJIOKOB HYKJIEMHOBBIX KHCJIOT (cM. puc. 3.2). AnenosmHdocdar
BXOIMT B cocTaB nHpopmarmoHHbx Monekyn JHK u PHK napsay c
HYKJIEOTHIAMH aHAJOTHYHOTO CTPOEHHUS, COJAEP)KAIlMMU BMECTO
aJieHUHA JpyTHe HyKJIEMHOBBIE OCHOBAaHMS (I'yaHWH, [IUTO3WH, THMHUH,
ypamun).

Tot dakr, uto aneHo3uH(OCHAT HHKOPIIOPUPOBAH B COCTAB MHO-
TMX MOJIEKYJSIPHBIX CTPYKTYp, UTPAIOLIMX KITFOUEBYIO (CIeA0BaTeNbHO,
PaHO CIIOXKUBILYIOCS) POJIb B OMOCHHTE3€, CIYKUT yKa3aHWEM Ha mep-
BUYHOCTb 3TOW MOJIeKybl. Puc. 3.5 u 3.6 WITIOCTpUPYIOT MIPUCYTCTBHUE
atoit cTpykTypsl B NADP u FAD.
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Puc. 3.6. Monexyna FAD

HyxneosunHas CTpykTypa, IpuU4eM MPEUMYIECTBEHHO aJeHO-
3WIHAS, JIE)KUT B OCHOBE BAXHEWUIINX OMOJIOTHYECKHUX KO(EepMEHTOB
(White, 1976). NADP cocrout u3 agenauHpocdara ¢ HIKOTHHAMHI-
HOH Tpymmoi; kodhepMeHT A - u3 ameHuH(pOChATa, COCTUHEHHOTO C
MMaHTOTeHOBOU Kkuciorol; FAD-u3 aaeHosmHdochara ¢ pubodia-
BHHOM H JIp.

Tabn. 3.1 3aumcTBOBaHa U3 pabotel [Ixoiica (Joyce, 1989). Ora
tTabymia, Mo MHeHHuIo JIkoiica, moarBepxkmaeT KoHienmuio «PNA-
World», aprymentupys nepBudnyto (1o6esnkoByto) pons PHK B karta-
mu3e. Ha moit B3rnan, oHa B emie OOJBIICH CTENEHH apryMEHTHUpPYeET
NEPBUYHYIO POJIb afeHo3uH(pochaTa.

AneHozuHpocdaTbl He CITOCOOHBI K CaMOPETUIMKAIMK U HE 00JIa-
JIAI0T KaTaJIMTHIECKUMHU cBoricTBaMHu. Tem He MeHee, He PHK u He Ge-
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JIOK, a UMeHHO MoJiekyina ATP npencrasisieTcss MOJIEKYJI0i HOMEp OAMH Ha
IyTH OHoTeHe3a.

Tabnuya 3.1
Hyxneomuonas cmpyxmypa kogepmenmos
Kodepment OcHoBaHue Caxap-docdar 3amecTuTeNb
NAD Adenine Ribose-5'- Nicotinamide
phosphate
NADP Adenine Ribose-2', 5'- Nicotinamide
biphosphate
FAD Adenine Ribose-5- Isoalloxazine
phosphate
FMN — Ribitol-5'- Isoalloxazine
phosphate
TPP Pyrimidine Pyrophospate Hydroxyethylthia-
zole
Kosnzum A Adenine Ribose-3'- Pantothenic acid
phosphate,
5'-diphosphate
Koauszum B, Adenine 5, 5'-deoxyribose, Cobalamin
6-dimethyl- a-ribose
benzimidazole 3'-phosphate
S-adenosyl- Adenin Ribose Methionine
methionine
ATP Adenin Ribose-5'- —
triphosphate
UGP-glucose Uracil Ribose 5'- Glucose
diphosphate
CDP- Cytosin Ribose-5'- Diacylglycerol
diacyglycerol diphosphate
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$ 3. Xumuueckoe conpsicenue

Oueprossigensiomasn peaxius ATP —> ADP + Pi spsiercs pe-
akied ruaponuza. OHa UAET ¢ MOTJIONICHUEM MOJICKYJIbI BOJIBL:

ATP + H,O0 — ADP + H, PO,

B 3701 cBA3M BaKHO 3aMETUTh, YTO OCHOBHBIC PEaKIMU OUOCHH-
Te3a, UAYyIIUe C 00pa30BaHUEM CBS3M MEXIY MOHOMEpaMH, Hampo-
THUB, COTPOBOXKIAIOTCS OTIICIUICHHEM BOjbl. Hanmpumep, oOpa3oBanue
3(UpHOI CBsI3U:

H,0
O
N I
R, —OH-+HOOC~R, R—™O—C™R,
CNMPT KapboKCUNbHAR aMpHAA CBAL

KMcnoTa

O6pa30BaHHe HGHTI/I,Z[HOI‘/JI LCIIH CBA3aHO C BBIACJICHUECM MOJICKY-
JIbI BOABI:

H 0 H 0
L by + Lz
NH,—Cc—¢ + NHy— Cc—¢C
S N l N
R O Ry o
H; O
H O Ry H H

R | i Eoo
NH; —C—C—N—C— C— N—C— (00~

- 1 [ ! " | =
AMUHHBIA R H H O Ry KApBOKCUABHEIR
KOHet KoHeL

Honncaxapmlm, OTLICILIAA BOAY, O6p3.3y}OT KOBAJICHTHO CBs3aH-
HbIC MOHOCaXapubl:

94



q)OpMI/IpOBaHI/IC HYKHCOTHﬂHOﬁ LS TAKKC CONPOBOKIACTCA
OTIICIINICHUEM BOIBI:

(I)H NH;
=p~-0CH -Cs
0 l: ZART Y
o HC I '
: SN~ €. 2CH
H-C-H o |
| NHj
CH y }CH (IZ
+ |(|3’ *TJ
OH O HC_ .C.
e N ~o
Ol il-l 0 |
HO—P—0-C~-CH'y y CH
n !
O
OH OH
H0
AUHYKNEOTU

Taxkum ob6paszom, peakuuss ATP —> ADP xumudecku Jerko co-
npsraeTca ¢ CHHTe30M OunomonuMepoB. ComnpspKeHHOCTh Mpolecca
runponusa ATP, unymero c BelieieHHEM SHEPTHH, U TIPOLIECCOB MO~
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JUMEepU3alui, UIYLIMX C AErHapaTalyeil U MOTJOIIEHUEM SHEpPIuy,
JeNiaeT BEPOSATHBIM, YTO HMMEHHO IPOIECCHl TOJIMMEpHU3aluu ObUTH
MEpBUYHBIMM Ha 3ape BO3HMKHOBEHHUS XH3HU. KopoTkue Ienodxu
HYKJICOTUIOB ¥ OJMTONENTHIOB JOJDKHBI ObUIM CTATh IMEPBBIMH HU3-
KORHTPONUIHBIMYU NPOAYKTaMH YCTaHABIMBAIOIINXCS CTAllMOHAPHBIX
squeek ¢ yuactuem ATP.

Haxozsce B UCXOHOM TOYKE 3BOJIIOLMHU, BO3HUKINAS HYKICOTH]-
Has CTPYKTypa ajeHo3nH(ochaTa He MOTIa HE BKIIOYUTHCS B (POPMH-
pyromuecs nonumepsl. I1oatoMy, ciaerys JOrMKe Hallero MpeacTaBile-
HUS, HE yIMBUTENBHO, YTO 3Ta CTPYKTypa oKazanach B ocHoBe PHK.

B HyKIEMHOBBIX KHCIOTAaX Hapsay C afeHHHOM (A) y4acTBYIOT
npyrue HykinenHoBble ocHoBanus: B JIHK tumun (T), ryamun (G) u
murosud (C). B PHK Bmecro tumumna ypaunmn (U). Hlupokas
MepBUYHASA PACIPOCTPAHEHHOCTh aJIEHUHA, 110 CPABHEHUIO C JPYyTUMH
HYKJICMHOBBIMH OCHOBaHMSIMH, OblIa 0OYCIIOBJICHA, OYEBHUIHO, TEM,
YTO OH TOpa3fo Jierde CHUHTE3UpYeTCs aOMOTeHHO — MPaKTHYECKH
nyTeM TocienoBatenbHoil nonumepusannun Mojekynsl HCN. Bepo-
ATHO, TI03TOMY B NMPEAOHOIOTNIECKOM OPraHUYECKOM MHPE PEeaKlnuu
C aIeHNHOM ObLTH 00Jiee YHUBEPCAIBHBL.

AJIeHUH TPpOSBIISIET XOPOIIO KaK 3JEKTPOHOAOHOPHBIE, TaK U JJIEK-
TPOHOAKIIENITOPHBIE CBO¥cTBa. OH ABISETCS MO3TOMY YHHBEpCAIlb-
HBIM 00pa3oBaTelieM KOMILIEKca ¢ TepeHocoM 3apsiaa. Komrmeke c
MEepeHOCOM 3apsiia 00pa3yeTcs, eClii 0JTHa MOJIEKYJIa JIETKO OTHAAET, a
JIpyras MOJIEKyJla JIETKO TIPUHUMAET »JJeKTpoH. Torma mMexay
MOJIEKYJIAaMH TIPOMCXOJUT IEPETOK 3apsna. Bo3HMKIee 3iekTpocTa-
THYECKOE TIPUTSKEHUE 3aCTABIISIET UX JIEPKATHCS PSIOM.

B komupyromeil Molekyie, e BBICOKHI YpOBEHb (YHKIHO-
HaJIbHOI'O COOTBETCTBUS IPOSBIIICTCSA B CIAPUBAHWM, POJb aJICHHUHA
CTAaHOBUTCS OoJiee CKpoMHOW. ['yaHWH W IHMTO3MH 0OpPa3yrOT XOpPO-
LIYI0 JOHOPHO-AaKLENTOPHYIO Napy, CyIIECTBEHHO IIPEBOCXOAS B ATOM
OTHOLLUEHUY Napy aJcHUH-TUMUH.

Xots runaponn3 ATP sBisieTCs BRICOKODPHEPTETHUSCKON peaKIu-
eil, KuHeTH4YecKkuii 6apbep JeNaeT ero J0CTaTOYHO YCTOWYHMBBIM B BOJIE
COEIUHEHHEM. DTO Ba)KHO C TOYKM 3pPEHHS €r0 POJH B HAYAJIbHOM
craauu 3Bofronuu. B naneueimem rugpomn3 ATP, Takke kak u npy-
rue OMOJOTHYeCKUe Peakliy, CTal YIPaBIsAThCS COOTBETCTBYIOIIUM
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q)epMeHTOM, U CKOPOCTh T'MApOJiM3a B OpraHu3sMax CTajla HaMHOI'O
MOPAAKOB BBILIC, YEM B HeKaTaJ'IHBprCMOfI peaKkuuu.

§ 4. Ilepsuunwiii cunmes adenozungocpama

Monekyna ATP nipencraBisieT TOCTaTOYHO CIIOKHOE XUMUYECKOE
coenuHeHne. [1osToMy Hen30eKHO BO3HHKACT BOIPOC O MEXaHH3ME
ee aOMOreHHOI'0 CHHTE3A.

YIUBUTENBHO, YTO 3TO OWOJIOTHYECKH Ba)KHOE OPTaHUYECKOE
COCTMHEHNE BO3HUKAET B PE3yJbTaTe PEaKIuii KOHACHCAIIUU U3 MPO-
CTEHIINX XUMHYECKHX MPEAIIECTBEHHUKOB.,

AJleHUH TIpeAcTaBisieT co00i MPOMYKT KOHACHCAIWUU IISATH MO-
JIEKyJI IHTAHUCTOTO BOJOPO/IA:

5HCN -» CsHsNs (amenun)

B skcriepuMeHTe OH OBUT BIIEPBBIC MOJYUYCH MPU UCIIOIb30BAHUH
B kauecTBe ncxoanoro coenunenns NH4CN (Ono, 1961).

Pr6o3y MOXXHO TpenCcTaBUTh KaK MPOAYKT KOHACHCAIMU IISATH
MOJIEKYJT (hopMabIeruaa

5CH20 - C5H1005 (pI/I60321)

®docdarHas gyacTh IMPEACTABISIECT COO0H OT OTHOU 10 TpeX ¢oc-
(aTHBIX TPYIII, COSIMHEHHBIX IPYT C IPYroM depe3 3PUPHYIO CBSI3b.

B cpene, conepxameit C, H, N u O, npu Bo30yXICHUH €€ JTf0-
OBIM areHTOM (CBETOM, HarpeBOM, pajuiaiieill) BOSHUKAIOT MOJICKYJIBI
CHN u popmansnernna (HCOH).

Konpencamust monekyiast CHN mpuBoauT k ¢GopMHPOBAHHIO
JUMepa, KOTOPBIM MEPEXOIUT 3aT€M B TETpaMep AMAMUHOMAJICOHM-
tpunt (DAMN). B koneunoMm cuere obpasyercs agenun (Joyce, 1989;
Zubay& Mui, 2001):

NH)
I
CN_ _NH CN _C. _N
Tret T by T\ HON N7 CcT N
4HON—» I —- I CH—>» | I CH
. L€ s HC. .C_ /
HNT T eN N N N7 TTNH



OO0pa3oBaHue ryaHHHa W MUPUMHIMHOB HAUMHAETCS TaKkke, HO
NPOUCXOAMUT OoJiee CIOKHBIM MyTeM. B cocTaB WX, B OTIHYHE OT
aJICHWHA, BXOJIUT aTOM Kuciiopoja (cum. puc. 3.2).

pyras npocteiimas aOHoreHHasi opraHudeckas Mojekyina, Ghop-
MaJbJIeTU, JEeXHUT B HadajgbHOW Touke cuHTe3a CaxapoB. Peaxums
KoHIeHcauu (Gopmanpaeruna (GpopmosHas peakuus) Oblia OTKPHITA
A.N.Bytneposeim B 1861 romy (Butlerow, 1861). ®opmanbaerun Ha-
YHHACT MONMMEPU30BAThCS B BOAC TpH KoHuenTparmu 10° M (Pinto
et al., 1980).

HCl =0 CHZ— OH
HC=0 ycho
HCH( )——”'HCHO — {HOH =™ C =0
H;C—0H
H,C—OH CHZ— OH
opManeaerng rAMKCAnbASTU

CHyOH

C=0 4+ HCHO —= Tetpostl

CHyOH
H2C|“0H
Cl -0 H|ZCOH
CH;0H HO—CH CH
HC =0 | HO—CH™ \
c=0 —» HO—CH - 0
I 1,C—OH | HO—CH._ cré
CHOH HO—CH; i
OH

nexToas (prbosa u gp.)
CH,OH HC=0

C=0 + CHOH ——3=  TeKCO3bl (rMIoKo3a v Ap }

CHz0H  H;COM
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C rnukoanbaernja HadYMHAETCS KacKal ajbJOJbHOM KOHJIEeHca-
UMM M JHOJHU3AalMW, B PE3yJibTaTe KOTOPOI'O BO3ZHHKAIOT TPHO3BL,
TETPO3bI U BHICIINE caxapa.

®docdarHas Tpymna JErko COeTUHAIOTCS ¢ OPraHUYEeCKUMH JIU-
rangamu. ®ocdooprannueckue coemTUHEHHsT HalWAEHBI B YIIHCTOM
xonapure Murchison (De Graaf et al., 1997). ®ocdoadupubie cBszu
YCTOHYMUBHI K THApoin3y. OTpULIATENbHBIN 3aps 3alMIIAeT UX OT Hy-
wieopunbHol ataku (Westheimer, 1987). ®ochop umeer nerTyuyro
dopmy P40;0, mpucyTCTBYIONIYIO B ByJKaHUUeckuX razax (Yamaga-ta
et al, 1991), xotopas MOXET THIPOIM30BATHCS, 00pasyst BOMIO-
pactBopumMble monudocdarsl. TpexocHOBHOCTH (ochaTHON TpyMITbI
JenaeT BO3MOXKHBIM 00pa3oBaHue IUI(PHUPHON CBS3M U COXpaHEHHE
Ha TPETbEM aTOME KHCJIOPOAa 3allHIIArOIIEr0 OTPULATENBHOTO 3a-
psna (Westheimer, 1987). IloatoMy Iu3(GHUPHBIH MOCTHK OKa3aJcCs
YAa4HBIM peIleHHEM Ui 00pa3oBaHUsI CBSI3H MEXKAY HYKJICOTHAA-MU
B JIHK u PHK. Dty BO3MOXHOCTH O0OCCHCUUBAIOT U Jpyrue
TPEXOCHOBHBIE KHCIIOTHI, HAallpUMep, JTUMOHHAS KHCJIOTa, HO 1O CO-
BOKYITHOCTH CBOWCTB (pocaTHbIe TPyHIBI UMEIOT MIpeuMyniecTBo. B
KOHTEKCTE HAIIEro PacCMOTPEHHMS TIIaBHOE MPEUMYIIIECTBO COCTOUT B
TOM, YTO THUAPONIU3 (GOCPaTHON CBA3M COMPOBONKIACTCS BBICOKHM
9HEPTOBBIACIICHUEM.

[Tyt cunTe3a ageHnHa U pHOO3bI JOCTATOYHO XOPOIIO H3yUYCHBI
TEOPETUUECKU U HKCIIEPUMEHTAIIBHO.

Beixon prn0o03bl 0OBIYHO HE BEIUK MO CPaBHEHHIO C IPYTUMH
NPONYKTaMH KOHJAEHCAMK (QOpMallbAerna, HO OH CYIIECTBEHHO
YBETIMYUBACTCS B MPUCYTCTBHH HEKOTOPBIX MHHEPANBHBIX KaTain3a-
topos (Mojzsis et al., 1999). ®opmainbaeru Jerk0 KOHIACHCHPYETCS
¢ bocdarom, npuyuem, B KOHEYHOM CHUETE, PEaKI[is BEACT K 00pa3oBa-
HUIO pru0030-2,4-mudocdara co 3HaunrensHbM Bhixogom (Muller et
al., 1990; Krishnamurtthy et al., 1999). ®ocdars CaxapoB yCTOHIHBBI
B BOJIHOU cpeJie.

B cBa3u ¢ kputukoil koHuenuuu «mupa PHK» P. Ilanupo
(Shapiro, 1984; 1995) npuBen psi BO3paKeHUI OTHOCHTEIBHO BO3-
MOJKHOHU TPeIOMOIOTHIECKON PONK HYKJIEWHOBBIX OCHOBaHUH B0OO-
e, ¥ aJeHuHa, B YaCTHOCTU. Bo3paxkeHus coctoar B ToMm, uto (1) B
9KCIIEPUMEHTaX BBIXOJI aIecHHHA HU30K, (2) OH UyBCTBHUTEJEH K T'H-
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Oponusy, (3) pearupyer co MHOTMMH IPOCTBIMH dJeKTpoduiaamu, (4)
HE MPOSBIISET CHEUU(PUYHOCTH U TOCTATOUYHOW CHIIBI BOZOPOAHOM
CBsI3M KaK Ha ypOBHE MOHOMeEpa, Tak u onuromepa (Shapiro, 1995, c.
96).

[Tocnennee Bo3paxkeHUEe OTHOCUTCS K aleHnHy B coctaBe PHK, a
He ATP, 1 06 3TOM yke OBUIO CKa3aHO B MPEIIIECTBYIOIIEM pa3lelie.
Huskuii BeIXOn HE SIBISiCTCS NMPUHLUUIIHMAIBHBIM IIPEISTCTBHEM IS
3BOJIOLMU YHOPSIOYEHHS, KaK 3TO CJEOyeT W3 OOHOTO W3
chOpMyINPOBaHHBIX HAMU NPUHLMIOB. BRIX0 afneHnHa, HanpuMep,
B ombitax Opo (Ono, 1961) cocraBun 0,02% B 0,01 M pactBope
NH,CN. CremoBarensHo, B JHTpe pactBopa mpucyrcrBoBamo 10
Mosekyl. CoObITHE YHOPSIOYCHHS MOXKET OTHOCHUTBCS K OIHOM
€IMHCTBEHHON Mojekyse. VimeeT 3Ha4eHHE TONBKO CTALMOHAPHOCTb
mpouecca, T. €. JO/DKHO BBIIONHATBCA YCJIOBHE HEIPEPHIBHOTO
IPOU3BOJCTBA AJCHUHA, KOMIICHCUPYIOLIETO BCE BUIBI €I0 PACcXoia.
Bropoe u Tperbe BO3pakeHHE SABISIOTCS YaCTHBIM IIPOSIBICHHEM
bomee obmeit TpyaHoctr mipu paccmoTpernun HCN mw HCHO B xa-
YecTBE NPEANICCTBEHHUKOB HYKIICOTHIIOB, KOTOpas COCTOUT B TOM,
YTO UX CHHTE3 W TOJMMEpU3alrsi TPeOyeT pa3HbIX T'eOXMMHUYECKHX
00CTaHOBOK.

B ycnoBusix CO,-atMocdepbl U B NPUCYTCTBUM BOABI CHHTE3
(dopmanpaeruia He mpeacTaBiseT npodieMbl. Ho 3aTpynHeH cuHTe3
HCN, npenmecTBeHHrKa ajieHrHA. HanmpoTHB, B BOCCTaHOBUTEIBHOM
aTtMocdepe, rie npeodaaolM COSTUHCHUEM YIVIEpPOAa SBISCTCS
CH,, a me CO0, nerxo cunrtesupyercsi HCN u Bo3HHKaoT ero
OJIMTOMEPBHI, HO 3aTPyIHEH CHHTE3 (OpMabaeTruaa.

Hdaxe ecnum o0e MONEKYJIBl BO3HUKAIOT OJHOBPEMEHHO, OHH
CKJIIOHHBI K aKTHBHOMY B3aHMMOJCHCTBHIO C 0Opa3oBaHMEM ILIHaH-
rugprHa. JTo OJIOKHpYeT AanbHeHImmii cuHTe3 azeHo3uHpocdara.
Hnst toro uro6wl onmuromepuzanmss HCN mpusena x oOpasoBaHHIO
MYPHHA, TUAHUCTBIH BOZOPOJ IOJDKEH OBITH 10 TIOPHI U30JIMPOBaH OT
KOHTaKTa ¢ ()OpMajbIETUIOM.

M3 storo crmeayer, uro o6a Mmonomepa CHOH u HCN moimkHBI
BO3HHKATh B Pa3HBIX CPEAaxX, IBOJIOLHUOHUPOBATH 0 OJIUTOMEPOB —
COOTBETCTBEHHO PHOO3bI U MypHHA — B 3TUX CPEIax U TOJBKO 3aTeM
NPUXOANUTH BO B3aUMO/CHCTBHE.
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Takas curyanus B NPUHLUIE peaju3yeMa, eCli IUIaHeTa IMpH
HaJIMYUU BOJBI UMEET BOCCTaHOBIEHHYIO atMoctepy. Torna HCN u
3aTeM aJicHWH MOXKET BO3HUKaTh B atMocdepe, a GhopMmaabaerui u
3aTteM pubo3a B BogHOH cpene. ToT ¢akr, 4To UIMEHHO aleHHH, a He
Kakoe-mnbo MHOE HYKJIEMHOBOE OCHOBaHHE JISKUT B OCHOBE Mep-
BUYHOTO HYKJIEOTH/A, CBUACTEIBCTBYET B MONB3Yy STOH Monenu. Aje-
HUH, B OTJIMYHE OT APYTUX HYKJIEOTHIOB, (CM. pHC. 3.2) HE CONEPKUT
aToMa KHCJIOpOJa B CBOEM COCTaBE U MOSTOMY aJCHHH — CIMHCTBEH-
HOE HYKJICMHOBOE OCHOBaHHE, KOTOPOE MOXKET 00pa3oBaThCsl B CTPOTO
OeckucioponHoit atmochepe. DopManbaeru MoXeT 00pa3oBBIBATH-
cs B BOZAE, Hampumep, MyTeM (pOTOBOCCTaHOBIIEHHS KapOOHAT-HOHA
MOHaMH JIByXBasieHTHOrO kene3a (Akermark et al., 1980). I[Tocnenuue
ObUTM OOMIILHBI B MEPBHUHOI BOJHOH 0Gomouke. Oxucnenne Fe* mpu
MOSABJICHUU B dK30cdepe KUcaopoda (OTOCHHTE3a MPUBENO B MpO-
Tepo30€ K BBIMAJCHUIO B OCaJOK OIPOMHBIX MAacc OKHCHOTO JKenesa,
00pa30BaBILIMX JKEIE3HbIE PYAbI KEJIE30-TI0I0CUaThIX (OPMALIU.

TakuM 00pa3oM, MpH HAIMYMH BOAHOW OOOJOYKHM M BOCCTaHO-
BUTEJIBHON aTMoc(ephl, CONHEYHbIE JyYd MOTJIM NPHUBECTH K 00pa-
3oBanuto HCN u ero omuromepusanuu 10 MypuHOB B atMocdepe u
OJTHOBpEMEHHO K 00Opa3oBaHHMI0 TIeHTO30(oc]aroB B Tuapocdepe.
BsanmopeiictBue agenuHa u pubo30-Oudochara mpu BcTpede UX B
BOJHOU cpejie IPUBOAMIIO OBl C MOTJIOIIEHHEM COTHEYHOH YHEPTUH K
00pa3zoBaHuIO afeHO3uHTpUdochara.

CnemyeT OTMETHTB, YTO TPYIAHOCTH, CBS3aHHBIC C HU3KUM BBIXO-
JIOM, YCTOHYMBOCTBIO U T. M. CYLIECTBEHHBI C TOYKH 3PEHHS CelleK-
TUBHOW SBOJIOLHH, MOCKOJIBKY COCIMHEHUS, BBIMTPBIBAIOIINE Oap-
BUHOBCKYIO KOHKYPEHLIMIO B DBOJIOLUH, JOJDKHBI OBITH OO Ooiee
pacipocTpaHeHHBIMH, JTHOO OoJiee YCTOWYMBBIMU, JINOO 0OJee peak-
HUOHHOCTIOCOOHBIMH.

Cucremsbl, cTpeMAIIrecs K MUHIMYMY TPOU3BOACTBA SHTPOIHHY,
BOBJICKAIOTCS B CTPYKTYPBI, B3aHMMOJIEHCTBHE C KOTOPBIMH oOecrie-
YMBaeT MUHMMYM TIPOM3BOACTBA SHTPONHMU. JTH CTPYKTYpHI HE 00s-
3aTeNbHO HauboJee pacmpocTpaHeHsl B cpeae. OHU He 00s3aTeNbHO
HanOoee peakqHOHHOCHOCOOHBI. OHM 00Jaat0T TOJBKO OJHUM TIpe-
HUMYILIECTBOM — CIIOCOOHOCTBIO K TAKOMY B3aUMOJICHCTBHIO, KOTOPOE
OTBEYAET YCIOBHIO MAKCUMyMa POU3BOACTBA HU3KOAHTPOIIHIHO-
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To IMpoAayKTa. HezaBucumo ot cBoeit PaCpoOCTPAHCHHOCTU W HMHBIX
CBOMCTB OHM OKa3bIBAIOTCS BOCTpe60BaHHI:IMI/I, €CJIM CHUCTE€Ma, BO3-
HUKIIAA C UX y4aCTUCM, YAOBJIICTBOPSCT 3TOMY YCIIOBHUIO.

Boccranosnennas ICpBUYHAaA aTMocd)epa 6J'IaI‘OHpI/I$ITHa JUIsL
CHUHTC3a OPraHU4YCCKHUX COCHHHeHHﬁ. O,Z[HaKO BO3MOKXHOCTb CYyIIEC-
CTBOBaHHS TaKoOi aTMOC(l)epBI OTBCPracTcAa OOJBIINHCTBOM T'€OXUMHU-
KOB. HOBTOMy CJICOYCT OCTAHOBUTHCA HA 3TOM OTACIIBHO.

$ 5. I'eoxumuyeckas obcmanoska Ha pauneil 3emie

KoHrmemus BOCCTaHOBICHHON NEPBUYHON aTMOocdephl OblIa 1o-
nymsipua B 50-¢ roaer (Urey, 1952). MaHTHs B paBHOBECHH C METaJLIU-
YECKUM SIIPOM JO0JDKHA ObLlIa MPOIYLUPOBATh aTMOC(Epy, B KOTOpOH
yriepon Obut Obl mpeactaBaen CHy wmum CO, a ve CO, (Holland,
1962). leiicTBUTENBHO, €CIHM B3STh 3JEMEHTHBI COCTaB COBPEMEH-
HOW 3eMJIM U paccYuTaTh KOMIIOHEHTHBII COCTaB COOTBETCTBYIOIINN
PaBHOBECHOM CHCTEMBI, TO MPeoOIaJarollUMH B HEH B IIMPOKOM
Jana3oHe TeMreparyp OyIOyT BOCCTaHOBJIECHHBIE (OPMBI yTIiiepona.
OpHaKO KOHIEMIMS BOCCTAHOBJICHHOW MEPBUYHON aTMocdepsl Oblia
OCTaBJIeHa B CHJIY psla CyIIECTBEHHBIX KOHTpapryMeHToB. Bo-mep-
BBIX, KOHLEHTpaLUs W pachpeiesieHne CUACpOPHIbHBIX 3JIEMEHTOB
(Ni, Co, W, Mo, P, Pt, Ir, Os u ap.) B MauTud 3eMId HE OTBEYAET
ycnoBuio ee paBHoBecHs ¢ MeTamnueckuM (Fe, Ni) smpom. Oxucnu-
TENBHOE COCTOSIHHE COBPEMEHHOW MaHTHH, COOTBETCTBYIOIIEE KBapIl-
(dasmr-maraerutoBomy (QFM) Gydepy, He cormacyercs ¢ BOCCTaHO-
BuTeabHBIM coctaBoM atmocdepsl (Walker, 1976). Bo-Bropsix, MeTaH
HE YCTOWYHB K KOPOTKOBOJTHOBOU pamuarnuy CoiHIa U ObLT OBl TeoJIo-
THYECKU O4YeHb ObICTpo (oTommcconuuposad (Yung and Pinto, 1978;
Kuhn and Atreya, 1979). IToaTroMy OOGIIEHPHHATEIM CTAJIO IIPEACTa-
BJICHHE O HEHTpaNbHOH NepBUYIHON aTMocdepe, Tae MpeodTamaroinm
coequHeHNEM yriiepoaa aBistack CO,, XOTS Kakne-TuOo BEIIeCTBEH-
HBIE CBHJIETENLCTBA COCTaBa aTMOC(epsl, CyIIECTBOBABIIEH B TIEPBBIC
COTHH MIUTHOHOB JIET UCTOPUH 3€MITH, OTCYTCTBYIOT.

HenaBHo, omHaKo, AUCKYCCHS O COCTaBe MEPBUYHBIX aTMocdep
TUTaHET BO3POIMIACh. TONYKOM K 3TOMY SBHJIOCH OoJjiee MeTaabHOe
nzyuyeHue Mapca. MoHO cunuTaTh JOKa3aHHBIM, YTO Ha PaHHEM
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Mapce Obuta >xuznkas BoAa. Ho mpu HHM3KOH CBETMMOCTH paHHETO
ConHila Boga He Moria Obl MPUCYTCTBOBaTb Ha Mapce B KHIKOM
BUJIE, €CIIM OBbl TEIUIOBOE M3NTyUCHHE TUIAHETHl HE YAEpKHUBalIOCh Ta-
30BOM 00O0JIOYKOM, T. €. eclnu Obl He CYIIECTBOBAN OpaH)KepeHHBII
a¢p¢ext. Cumranoch, yTo MIOTHasA arMmocdepa, coxmepxamas CO0,,
obecnieuniia Obl HEOOXOMMBIN opamkepeitubiid a¢pexr (Owen et al.,
1979). Omnako [Ix. Kacruur (Kasting, 1991) mokasan, uTo H3-3a
npolecca KoHIeHcaluy aTMocepHast ABYOKHCH yriiepoJa He obecrie-
YUT TEIUIOBOE AKPaHHUPOBAHHUE, JOCTATOYHOE IS MPUCYTCTBHUS BOJBI
B JKUAKOM Buje. Temmneparypa Ha MoBepXHOCTH Mapca ¢ yriieKuciaoi
atMocdepoit He mpeBbicriia 0b1 230 K. Ix. Kactuar npennonoxwui,
4yro atMoc(epa Mapca nomkHa OblIa coepXKaTh pyrue opaHkepei-
Hbie ra3bl (CHy, NH3). K. Caran u K. Yuba (Sagan and Chyba, 1997)
OpUIIIA K BeIBOLY, uTo cyanba CH, B aTmocdepax miaHeT, BO3-
MOXHO, He CTOJIb (haTaibHa, KaKk cYuTaoch panee. OHU MPEITOKIIH
MEXaHU3M CaMOIKpaHHpPOBaHUS MeTaHa. Peakuuu (oToaucconuanum
¢ yuactrueM CH,4 10/DKHBI OBUTH BeCTH K 00pa30BaHMIO B BEpXax aTMo-
cdepsl a’po30isl, COCTOSIIEr0 U3 YaCTULl OPraHUYECKOTO BEIECTBA.
OTH MOJMMEPHbIE YaCTHLBI MOTTH 3G (GEKTUBHO abcOpOUPOBATH yiib-
TpaduoneroBoe u3nydenne ComHIa U CTaOUIN3UPOBATH IPUCYTCTBHE
B aTMoc(epe BOCCTAaHOBICHHBIX T'a30B.

UzBecTHO, uTO KapOoHaTHbIH yriepon SNC-mMeTeopuToB, KOTO-
pBIE C TOCTaTOYHBIM OCHOBAHUEM CUHTAIOTCS (pparMeHTaMy MaTepuana
Mapca, aHOMaJIBHO (C TOYKHM 3pPEHHUS 3eMHOH T€OXHUMHH YTIIEpOAa)
o6Goraren usoronom C (Carr et al., 1985; Jull et al., 1995; Wright et
al, 1990). B HenaBHO omyOIMKOBaHHOM paboTe 5 MPUBET COOOPAKCHUS
B TOJIB3y TOTO, YTO 3TO SBJICHHE Jy4llleé BCEro COrJlacyeTcs c
BOCCTaHOBJICHHOH (conepskameii yrnmepoxg B Buae CHy; wmm CO)
NEepBUYHON aTMOC(Pepoﬁ Mapca (Galimov, 2000). OGorameHHOCTh
Mapca usotonom —C ofbscHamu cnarrepunr->dpdexrom (Wright at
al., 1990; Jakosky, 1991, 1993). Onnako psia GpakToB, pacCCMOTPEHHBIX
B yNIOMSHYTOW Moeil paboTe, 3acTaBIISIIOT YCOMHHUTHCS B CYIIECTBEH-
HOHM poJi 3TOro Mexanusma. Takum akTom, Ipexae Bcero, sBIsIeTCS
MPUCYTCTBHE W30BITOYHOTO BC 6"C = +42 %o0) B JIPEBHEMILIEM Ma-
Tepuasie Mapca — mereopure ALH 84001, Bo3pact kpucramumzanuu
Kotoporo ~ 4,5 mipn ner (Jagoutz et al., 1995; Nyquist et al., 1995),
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a Bo3pacT kapbonatHoro martepuana ~ 4,0 mupa jer (Borg et al.,
1999). B Tto Bpems Mapc mMmen MarHuTHOE IoOJ€, B HMPUCYTCTBUU
Kotoporo crnatteputr He 3¢ ¢dexrusen (Hutchins et al., 1997). Kpome
TOT0, U30TONHOE o0orameHne, 00yciIoBIeHHOe (paKIMOHHPOBAHHEM
IIpH TIOCTETIEHHOM YJaJICHUH BEIIECTBAa THITA PEIEEBCKOTO HCYEPIIHI-
BaHUS (CHATTEPUHT SIBIISIETCS MPUMEPOM TaKOTO Ipoliecca), HapacTaeT
co BpeMeHeM. Mexay TeM 00oTaleHHOCTh u3oTonoM - C yriepoaa B
IOpeBHeiieM oOpasiie, uMeromeM Bo3pact ~ 4 mapa jger (ALH
84001) 1 B cpaBHUTEIIBHO MOJIOIOM 00pasiie, IMeroIeM Bo3pacT 180
i et (EETA 79001, Bogard et al., 1983), moutu oanHaKkoBa.

EcTth ocHOBanus mojarath, 9To atMocdepa 3eMin Takke Oblia
MIEPBOHAYAIIFHO BOCCTAHOBIIEHHOW, a COBPEMEHHOE OKHCICHHOE
cocrosiHue, orBevaromee QFM-0ydepy, manTHs prodpena B pe3ydib-
TaTe IBOJIIOIMU OKHCIUTEIbHO-BOCCTAHOBHUTEIHLHOTO peskima (Arcu-
lus, 1985). SI BBICKa3al TNPENINOIOXKEHHE, YTO 3Ta DBOJIONUS OBLIA
CIIEJICTBHEM NpPHpAIIEHUs] MacChl sIpa B TEUEHHE JITUTEIHFHOTO TeO-
noruyeckoro Bpemenu (Galimov, 1998). SIapo B ocHoBHO# Macce (10
90-95 %) cdopmupoBaioch pano — B niepBbie 100 miH set. OgHAKO
HapallBaHUe s/pa MPOAOIDKAIOCHh MOIKE. DTa TUIIOTE3a MO3BOJISET
paspeluTh OJHOBPEMEHHO HECKOJIILKO MpobieM. Bo-mepBbix,
TETJIOBOM MOTOK 3eMJIM TIPEBBIIAET TOT, KOTOPHIA MOXET OBITH
OOYCIIOBJICH TEIUIOBBIJICTICHUEM PaJUOAKTHBHBIX JJIEMEHTOB. Bkiman
JIPYyTUX BHYTPECHHUX WMCTOYHHKOB TEIUIA, HAmpumep, (Pa3oBBIX Ipe-
BpalllcHUH B MaHTHH, KPUCTAUIU3AIMU BHYTPEHHETO sIpa, TPUIHB-
HBIX B3aMMOJENCTBUM ¢ JIyHOH U Ip., HEAOCTATOYEH IS YCTPaHEHUS
nucOananca. Bo-BTOpBIX, HeEsICEH HSHEPTETHYECKHH  HCTOYHHUK
ro0albHOW KOHBEKIMH B 3eMHOH MaHTHU. PaguoakTwBHBIE Oiie-
menTsl U, Th, K — 9T0 1uTO(UIBHEIE 3JIEMEHTHI ¢ OOIBIINM HOHHBIM
paauycoM. B Xome BBITUIaBIEHWH OHM BBIHOCWIMCH M3 MaHTHH B
BepxHHe 00omouku. [lodToMy HESCHO 3a cyYeT dYero co3aaeTcs
cBepxannabaTUIecKuil TETIOBON TpaJineHT, BO30Y KA KOHBEK-
nuto. O6e mpoOeMbl HaxomAT OOBsICHEHHE, €CIIH MPUHATH THIIOTE3y
MEJICHHOTO HapallliBaHuA siapa. B 3ToM cirydae yMeHbBIIEHHE MTOTEH-
UANTBHOM 3HEPTUH, CBA3aHHOE C COCPENOTOYCHHUEM TSKEIIOW MacChl B
gaape, MPHUBOAUT K aAnadaTHYecKOMy pa3orpeBy HIKHEW 4YacTH
MaHTHH. OTHOBPEMEHHO 3TOT MPOIECC MPUBOINUT K OKUCIUTENBHOM
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9BOJIIOLIMM MaHTHU. J{e70 B TOM, YTO MPHU BBICOKUX JABJIEHHUSAX, TOC-
MOJICTBYIOIIMX Ha TpaHuue sfapa u MaHtuu (~ 500 I'ma), BrocTuT
(FeO) mumponoprmonupyet Ha Fe u Fe;0, (Ringwood, 1982).

4FeO —> Fe(e - monmumopduas moaudukarws) + Fes04

BroctuT B cocraBe cHiIMKaTHOHN (a3bl, JOCTABISAEMBIH HUCXOS-
el BeTBHIO KOHBEKTHBHOTO TOTOKAa MAaHTHH K TPAHHUIE C SAPOM,
MEPEXOTUT YACTUIHO B METAJUIMYECKOE JKEJIe30, TPUCOSTIHSIIOIIEeCs
K SApy, B TO BpeMs Kak Fe30; yXoauT ¢ BocxomamiM KOHBEKTHUBHBIM
MMOTOKOM B BepXa MaHTUH. B pesynpTate MaHTHS IOCTEIIEHHO
oboramaeTcst KHCIOPOIOM.

OTOT mpolecc MODKeH ObUT MMETh 3HAYUTEIbHBIE T€OXHMUUe-
CKHE cleAcTBUA. B3aumonelcTBHe siipa MU MaHTUH IIPU WU3MCEHMB-
IIMXCSI UX COCTaBaX MOTJIO BUJIOM3MEHHUTH MEPBOHAYAIBHYIO KapTHHY
pacrpenencHus cCUISpOPHUIbHBIX 3JIEMEHTOB. DTO MPHBEIO K TOMY,
4TO HaOJII0JaeMOoe HbIHE pacnpeeicHue CHIePOPHIbHBIX JJIEMEHTOB
B 36MHOH MaHTHH HE COOTBETCTBYET PaBHOBECHOMY DPAaCIIpEICIICHHIO
3THX JJIEMEHTOB MEXJY BOCCTAHOBIICHHOW MaHTHEHW M MeTaJlTndec-
KHM SIIPOM.

Hapacranue OKHUCIUTETHHOTO MOTEHIIMATA MAaHTHH JIOJDKHO OBI-
JIO TPUBECTH K TpaHC(HOPMAIUK TICPBUYHO BOCCTAHOBICHHOW aTMO-
chepbl 3eMin: 3aMENICHHIO BOCCTAaHOBJICHHBIX KOMIOHEHTOB CHy,
NH; neiitpaneabiMu razamu N,, CO, (kxucnopon B Hell MmosBUIICS
ropas/io MO3’Ke, B OCHOBHOM — MPOJYIUPOBAHHBIN (POTOCUHTE3UPY-
IOIIIUMH OpTaHU3MaMH).

CkazaHHOE BBIIIE, pa3yMeeTCsl, BO MHOTUX OTHOIIEHUSX HOCUT
XapakTep IMPenroyoKeHUi, KaK BIPOYEM, MOYTH BCE, YTO Kacaercs
paHHel HCTOpHUH 3eMiIH W yCIoBHH (opmupoBanus ColHEUHOMH
cucteMbl. [loaToMy Henmb3s yTBEpKIaTh, YTO BOCCTAHOBJICHHBINA CO-
CTaB MEPBUYHBIX aTMOC(ep TUIAHET SBISETCS JOKa3aHHBIM (aKTOM.
Ho Henb3st mpuHATH W BBICKAa3bIBaEMbIE WHOT/IA CYXKIEHHUS O TOM, YTO
SIKOOBI CYIIECTBYIOT aOCOJIOTHBIE JOKa3aTeIbCTBA HEBO3MOXHOCTH
BOCCT@HOBHTENHFHOTO COCTaBa IMEPBUYHBIX aTMocdep (CM. Hampumep,
Mojzsis et al., 1999). B nelicTBUTENLHOCTH MPUXOANUTCS TIOKA TIPH-
3HaTh, YTO MBI HE 3HAE€M JIOCTOBEPHO KaKOB OBLI COCTaB IEPBUYHON
atMocdepsl 3emun. Kak BOCCTaHOBIIEHHBIN COCTaB C IPUCYTCTBUEM
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CH4, CO, NHs;, tak u ueitpanbhbiii coctaB (CO0p; Np) Henmb3st uc-
KT04UTh. OTHAKO 10 COBOKYIHOCTH (PAKTOB BOCCTAHOBJICHHBIN COCTAB
MpeACTABJIAETCA 00Jiee BEPOATHBIM.

CoctaB mepBUYHON aTMoc(hepbl — JUINb OJAMH M3 aCIEKTOB
TCOXUMHUYECKON 0O0CTaHOBKM Ha paHHeld 3emute. He MeHee BaXKHBI
HaJIMYKE BOJBI, TEMIIEpaTypa Ha MOBEPXHOCTH, KOHIIEHTpaIus hopm
yriepoaa.

U3sBecTHO, uTo JlyHa B nepBrie 400-600 MuH €T cBOe HCTOpUU
MoJIBeprajach WHTCHCHUBHOH OOMOapIupOBKEe KPYMHBIMH TEJaMH.
OueBuaHO, 1 3eMJIsl TIpeTepIiena KECTKYI0 METEOPUTHYIO 00paboTKy.
Hesicno, xakoro cocraBa ObutH 3TH Tena. Ho BpsI 1 OHU CYIECTBEH-
HO OTJIMYAINCH OT COCTaBa T€X METEOPUTOB, KOTOPHIE HAM HM3BECTHBI
ceronHs. Benp OONBIIMHCTBO METEOPHTOB MMEET BO3PACT, COIOCTA-
BHUMEI ¢ Bo3pacToM 3emid, T. €. 4,56 mipx ser. Cpenu MEeTeOpUTOB
W3BECTHBI TaK Ha3bIBAEMBIE YTIUCTHIE XOHIPUTHL.

YraucTeie XOHAPHUTHL, 0COOEHHO yrimcThie XOoHApUTH THma Cl,
oborareHsl yriiepoIoM, a3oroM U Bomou. CojmepikaHue yriepoia B
HUX cocTaBmsier 2,7-4,5 Bec. %, azota — 0,12-0,18%, Bogopoma —
5870-8100 .mg/g, uTO COOTBETCTBYET COJAECPIKAHUIO MOJIEKYITBI BOJIBI 5-
7 mace. % (Hayes, 1967; Hanor et al., 1998; Bunch a. Chang, 1980). B
Meteoputax Turna CM cozepikanue yrjiepoia TakKe BBICOKOE: B
cpenHeM okosio 2 %. B To ke Bpems 3eMiisi B LI€JIOM CYIIECTBEHHO
obenHena neTyunMu. OHH ObUTH B 3HAYMTEIBHOW CTENICHH YTPa4eHBI
B mporiecce hopmupoBanus 3emim. Coaepkanue yriaepoaa s 3eM-
mu B nenom < 0,1%. [losroMy BhINaJieHUE BEIIECTBA THUMA YTIUCTHIX
XOHJPUTOB MOTJIO 00ECHEeUUTh BBICOKYIO JIOKALHYIO KOHIIEHTPAIIHIO
yTaepoa.

Eme B Havane ymenimero Beka Oblla BBICKa3aHa TUIOTE3a, YTO
YIJIEPOUCTOE BEUIECTBO, OOHAPYKEHHOE B YIIIMCTHIX XOHJIPUTAX, MOT-
J10 OBITh MCTOYHUKOM OPTaHUYECKHX COCIUHCHUN Ha paHHEH 3emiie
(Chamberlin & Chamberlin, 1908). Ixx. Opo (Oro, 1961a) npexamoso-
XKHII, 9YTO TaKYIO XK€ POJbh MOTJIM WTPaTh sapa KoMmeT. B psae monx
paboT moKa3aHO, YTO HM3OTOIHBEIA COCTaB yTiepona W IPYTHX dIie-
MEHTOB YTJIMCTHIX XOHJIPHTOB CBHJETENHCTBYET B IMOJB3Y TOTO, UTO
YIIepoa W BoIa B BepxHed 000JI0uKe 3eMIIM MPOUCXOIAT W3 FHC-
TOYHHWKA, aHAJIOTUYHOTO BEIIECTBY YIIIMCTHIX XOHAPUTOB (I anmMoB,
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1966; Nanumos, 1967, 1968; 'anumos u ap., 1982). bruskue k 3Tomy
COOOpaXkeHHsl BBICKA3bIBAIMCH U Apyrumu uccieposarensiMu (Turek-
jan & Clark, 1969; Anders & Owen, 1977; Ponnamperuma, 1981;
Chyba et al., 1990).

VYTucThle XOHAPUTHI COAEPKAaT CIOKHBIE OPraHUYECKHE COeIu-
HeHus. B meteopure MEpUHCOH OmMcaHbl aMUHOKHCIIOTHI aJaHWH,
TJIyTaMHHOBAsi KUCJIOTa, actiaparuHoBas kuciora (Chang et al., 1978;
Cronin & Chang, 1993). B yriucteix Mereopurax Murchison, Murray,
Orgueil oonapyxen anenun (Stoks & Schwartz, 1981). B Murchison
YCTaHOBJICHBI TPOU3BOAHBIE (OpPManberuia: OSTHICH TJIHMKOJIb,
TJMLEPUHOBas KUcaoTa, auruapokcunaieron (Cooper, 1996), uto
YKa3bIBaeT Ha BO3MOXKHOCTH (POPMO3-PEaKliH B IMPEIIIECTBEHHHUKE
BEIIECTBA METEOPUTA. AMHHOKHMCIOTHI TMOKAa3bIBAIOT CYIIECTBEHHOE
oGoramenne uzotomamu °C, °N, 4T0 OTIMYAET HX OT 3EMHBIX
AHAJOTOB M CBUAETENLCTBYET B MOJB3Y (HOPMHPOBAHUS B MEK3BE3[-
HBIX raszo-mbuieBbix oOmakax (Epstein et al., 1987). Opranuueckue
coefiMHeHNs 0OHApYXKeHbI B KoMeTHOM BeiectBe (Fomenkova et al.,
1994), HO aMUHOKHCIOTBI He ycraHoBieHbl (Snyder, 1997).
Wsmepenust cocraBa koMmeThl ['ajiess mokasanu, 4TO OpraHUYecKUi
yriiepo] coctasiseT nodtu 25 % BemiectBa kometsl (Chyba et al.,
1990).

VYraucTeie XOHAPUTHL OOTaThl HE TOJBKO YITIEPOIOM, HO U BO-
noi. IloaTromy, BO3MOXXKHO, BoAHas 000j0YKa 3emMiIu cOpMHUpOBa-
Jlack B CYLIECTBEHHOH YacTH 3a CYET BEIECTBA YTIIMCTHIX XOHIPUTOB
(MM KOMETHOTO BELIeCTBa, KOTOPOE, OUYEBUIHO, MMEET COCTaB OJIU3-
KHUii K COCTaBYy YIJIMCTBIX XOHAPUTOB). [IpH ymape KpyImHbIX Tl O 3eM-
HYIO TIOBEPXHOCTh, JJaKe MPH HAIMYMHU CMATHAIOLIeH ynap atMocge-
PBI, Pa3BHBAIOIIUECS BBICOKHE TEMIEPATYPbl NPUBOJMIN K THPOIH3Y
OpPTaHMYECKUX COCIMHEHHUH. Y JapHble IKCIIEPHUMEHTHI, TIPOBEJCHHBIC
¢ yrmcteiMu xoHaputamu (Murchison, Allende), moka3siBatoT, 4TO
OpraHMYecKHe COCMHEHUsI B Macce Meteoputa yacTudHo (30-50 %)
COXpaHSIOTCS NpHU ynapHbix Harpyskax 30-36 Gpa (Tingle et. al.,
1992; Peterson et al., 1997). B ymapHbIX mporeccax MOXET IPOUCXO-
JMTh TaKXKe CHHTE3 opraHmveckux coenunenuid (Barak & Bar-Nun,
1975; Blank et al., 2001). Pacyerst K. Yubsr u ap. (Chyba et al.,
1990) noka3bIBaoT, 4TO Macca OPraHUIeCcKOro yriepoa NoCTymao-
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IIETO Ha MOBEPXHOCTh 3EMITH U3 3THUX UCTOYHHUKOB JIOJDKHA COCTABUTH
~ 10" r/rox (Macca coBpemenHoit 6rocdepsi ~ 108 ).

Bonee BaxxHo, ogHako, Apyroe. YIiepoa U BoJa COIEpKaTcs B
YIJHMCTBIX XOHJIPUTaX B COU3MEPUMBIX KOJIMYECTBAX. JDTO 00ECIEUIIO
OBl U3HAYAILHO BBICOKYHO KOHIICHTPAILUIO OPTaHHMYECKOTO yIiiepoja B
Bome ([anmumos, 1988). Bo3mokHO, mepBHYHAas BOJHAs O0O0JIOYKA
MpeJCTaBsia COOOH HE OKeaH, a Pa3pO3HECHHYIO IEMb OTIEIBHBIX
BOJIO€MOB.

B Menkux BojoeMax opraHHYECKUE COSTUHEHUS MOIBEPraiCh ObI
JNECTPYKIIUM KOPOTKOBOJHOBBIM m3iyueHueM ComHila. OAHAKO CHH-
T€3 OPTaHUYECKHX COCIUHCHHI B BOCCTAHOBJICHHOW aTMocdepe MOT
MPHUBECTH K 00pPa30BaHHI0 OPTaHUYECKOTO 3KpaHa, 3alUIIAOIIETO OT
MPOHUKHOBEHUS yIHTPA(HUOJICTOBBIX Jy4Yel K IMOBEPXHOCTH 3eMIIU
(Sagan & Chyba, 1997).

B 3akimoueHue 3Toro paszaena MOXKHO CKa3aTh, YTO COBPEMEHHOE
3HaHWE O TEOXUMHUYECKON 00CTaHOBKE HA paHHEl 3emiie JaeT He Tak
MHOTO TOYEK OMNOPBI JUISi PEKOHCTPYKIMH CpeAbl, B KOTOPOH
3apoxaanach ku3Hb. C APyroi CTOpPOHBI, B UCTOPUM paHHEH 3eMiu
HET HUYETO, YTO MPUHIUITHAIILHO MPETSITCTBOBAIO ObI 3ap0OXKICHUIO U
SBOJIFOIIMY KHU3HH B COOTBETCTBHH C OOCYXIaeMOH 371€Ch MOJICIBIO.
[lepBuyHOCTH aJiIcHMHA OTHOCHTEIBHO JPYTMX HYKJICOTHUJOB JTydIIe
BCEr0 COIJIACYeTCsl C €ro 0Opa30oBaHUEM B CYIIECTBEHHO BOCCTaHO-
BIICHHOH aTMocdepe.

§ 6. Kamanu3z u pennuxayus

B npemnmiecTByromieli riaBe roBOPUIOCH, YTO aBTOKATaIM3 U pe-
TUTHKAIUS SBJSIOTCS MEXaHU3MaMU TpaHC(hOopMaIli MUKPOCKOITHYE-
CKOTO YIOPSIOYEHUS] B MaKpPOCKOMMYeCcKoe yropsnodenre. Karamus,
Kak siBIIeHHe OoJiee o01Iee, YeM aBTOKATAIN3, UTPAeT U JIPYTYIO POIb.

Mpsl paccMaTpuBaeM 3BONIOIMOHHOE YIOPSJIOYEHHE Kak II0-
CJIeJIOBaTEIIEHOE OrpaHHuYeHre CBOOOBI B3amMoaencTBuil. Hanbomnee
panHell (hopMOif Ha STOM MYTH NOJHKHA ObLJIa CTATh MOJUMEPHU3ALIIHS
MPUCYTCTBYIOIINX B Cpelie COSAMHEHWH. DTO — CaMblii IPUMHUTHB-
HEIH CII0C00 YIIOPSIOYCHUS MOJICKYJIIPHOW CTPYKTYPHI, CBSI3aHHBII
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C OrpaHMYCHHMEM BpaIaTeIbHON M MOCTYNATENBHOW CTeNeHelH CcBOOO-
1l Monekya. [Toatomy oOpa3oBaHHE OJUTOMEPOB HYKJICOTHIIOB, T. €.
PHK-cTpyKTYp, ¥ OTUTOMEPOB aMHUHOKHUCIIOT — TMENTHIHBIX HENOYCK
JIOJDKHO OBLIO CTaTh MEPBOM CTYMEHBIO Pa3BUTHS MHPA OPTaHUYEeCKUX
COCMHCHUN TIpH TMOSBJICHUU DBOJIOIMOHHOCIIOCOOHBIX — CTallu-
OHAPHBIX SYCEK, COMPSHKCHHBIX C BHICOKOIHEPIeTUYECKON peakiueit
npeooOpasoBanuss ATP. K aTroMy umenuch, kak ObLJIO YKa3aHO BBIIIIE,
HEOOXO/MMbIC XUMHUYECKUE MPEANOChUIKH. MOHOMEPHBIC €IMHUIIBI
COOTBETCTBYIOIIMX MOJMMEPOB MOTJIM BO3HHKATh aOuoreHHO. Peak-
Us OJIMMEPU3ALINU XUMHUUECKU conpsiraeMa ¢ ATP-nipeBparienuem.

Cremyromumii mar B OrpaHHYSHUN CBOOOIbI B3aUMOICHCTBUIA CBSI-
3aH ¢ (OPMHUPOBAHMEM KaTaaH3aTOPOB. YCKOPEHUE PEAKIMU SIBJIS-
eTcs HanOoJiee OYEBUIHBIM U IIUPOKO MPAKTUYECKU HCIIONB3YEMBIM
CBOWMCTBOM Karanu3aropa. Karanuzatop (ukcupyeT omnpeneicHHBIN
MyTh TPOXOXKACHUS PEaKIUU. YCKOPCHUE PEaKIMH SBISACTCS CIEH-
CTBHEM OTpaHUYEHUs MyTel MpoxoxkaeHus peakuuu. [lostomy dop-
MHUPOBaHUE KATAIIMTUYECKUX CBOWCTB €CTh MMMAaHCHTHOE CBOMCTBO
CHCTEM, MPOU3BOASAIIMX HU3KOIHTPONHUHBIA TpoaykT. CaM Kataiu-
3aTOp HE BJIMSACT HA TEPMOJWHAMUKY PEaKIUH, KOTOPYIO OH KaTajIH3H-
pYeT, HO TIPOM3BOJICTBO KaTallM3aTopa €CTh BCETa MPOU3BOJICTBO HU3-
KORHTPOMUIHOTO TpoaykTa. OTCI0Aa MPOU3BOACTBO CTPYKTYp, 001a-
JAFOIUX KATAIMTHYCCKUMHU CBOMCTBAMH, €CTh CHOCOO JTOCTHKCHUS
YCIIOBHS YCTOWYMBOCTH CTAllMOHAPHBIX CHUCTEM U, CIICAOBATEIIBHO,
SBOJIIOLIUY JKU3HU.

B TO xe Bpems kaTanuszaTtop B 3TOH POIHM — OIMACHOE CPEJICTBO.
OH yckopsieT peakinuio B 00e CTOpoHBEI. Peaknus BecbMa OBICTPO
JOCTUTHET TEPMOJIUHAMUYCCKOTO PAaBHOBECHS, YTO O3HAYACT CMEPTh
cucremsl. [logepxanue HEOOPaTUMOTO XapakTepa pPeakiuu TpedyeT
OBICTPOr0 OTBOJIA MPOAYKTA PEAKIIMHU, T. €. BOBJICUCHUS €0 B APYTYIO
peakiuioo, B CICAYIOIIMH MPOIECC, KOTOPBIA TakkKe JIOKCH
COBEpIIATHCS COMOCTABUMO OBICTPO. BOT mouemy TONBKO B codera-
HUU KaTaJlu3a CO CTAIMOHAPHBIM XapaKTEPOM IMPOIECCOB BO3MOXKHO
MOCIIEIOBATEIILHOE MTPOU3BOACTBO HU3KOIHTPOITUITHOTO TIPOIYKTA.

B coBpeMeHHBIX OpraHu3Max KaTaU3aTOpaMH SBISIOTCS OCIKU-
(depmenTsl. [IpakTHyecku BCEe peakiMy B OpraHU3Max WAYT MO yIpa-
BieHrEeM (hepMeHTOB. CTPOTro ONpeC/CHHBIN XapaKTep XUMUIECKUX
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MPOLIECCOB B OpPraHM3Max OMNpenelsieTcsl crequ(puIeckum IeicTBUEM
(epMeHTOB, MHAYE TOBOPS, OJAHO3HAYHBIM OTPAHHMYCHUEM pa3pelleH-
HBIX B3aUMOJACUCTBHUI. DTO — PE3yNbTaT IIUTENBHON 3BOMIOIMU. Ho
JaXe KOPOTKHE MEeNTHAbl CO CIy4alHOW MOCIeN0BaTeIbHOCTHIO
AMHHOKHCIIOT CITIOCOOHBI K KaTaJTMTHYECKOMY JIE€HCTBUIO.

OnHako aMHHOKHUCIIOTHBIE IOCIIENOBATEIbHOCTH IOUYTH COBEP-
IIEHHO HE CIIOCOOHBI K PEIJIMKALUH, T. €. IPSIMOMY aBTOKaTajIH3y.

B orinume OT menTuaoB LENOYKH HYKICOTHIOB OOHAPYKUBAIOT
3aMETHYIO CIIOCOOHOCTh K camoperuikanui. OHK 00nanaoT u ciaabdo
BBIPa)KEHHBIMH KaTaJTUTUYECKUMH CBOHCTBaMH.

OtkpbiTue Katanutuueckux cpoiictB y PHK-monexyn (Cech,
1986; Cech a. Bass, 1986; Kruger et al., 1982; Guerrier-Takada et al.,
1983) mpuBeno k passutuio koueniwu «Mup PHK» (RNA World),
moCTyJIMpytoleil rocrmojacTBytomee 3Hadenne PHK B mpen6uomnoru-
4yeckoM opranmdeckom mupe (Sharp, 1985; Darnell & Doolittle, 1986;
Gilbert, 1986; Cech, 1986; Joyce, 1989). Benen 3a OTKpBITHEM HH-
TPOHOB B IeHax dYKapHOTOB OBLIO HAlAEHO, YTO yNaJIeHHE HHTPOHOB
n3 PHK-xonuii u crijieTeHrne 3KCOHOB, B TOM uucie u3 pa3Hbix PHK-
KOIHi, ocymiecTBisierca 6e3 yuactus 6enkos, T.e. PHK cama urpaer
ynpasstorryio poib (Cech, 1986; Westheimer, 1986). Dto cBoiicTBO
MO3BOJIWIIO IIPeAnonoxurs, 4to PHK-Mosekyna MOXeT urpate poiib
¢bepmenTa, karanusupyromero pemmkanuio PHK (Doudna and
Szostak, 1989). BrisBieH [0BONBHO 3HauMTenbHBIN psg PHK-
MOJICKYJI, B TOW WJIM HWHOW CTEIICHH, OCOOCHHO B COYCTAHUH C
Oenkamu, CIIOCOOHBIX K KaTadu3y Tak Ha3bIBaeMbIX pruOo3mumoB (Pace
etal., 1999).

PHK, onHako, CylmeCTBEHHO YCTYMAOT B KATAJIUTHYECKOM ak-
tuBHOCTH Oenmkam. Karamutuaeckue coiictBa PHK mposBistores mo
OTHOIIIEHUIO JIMIIb K HEMHOTMM BHJaM B3auMojehcTBuil. Kpome
TOTO, KaTaJUTHYECKYI0 AaKTHUBHOCTh MPOSBISIIOT OTHOCHUTENIBHO
JnnuHHBIE ntocnenoBaTensHocTH PHK, cocrosinue, o kpaiiHeilt mepe,
U3 HECKOJIBKUX JIECSTKOB M COTEH HYKJIEOTHOB, B TO BpeMsI Kak Jaxe
KOPOTKHE IETIOYKH TENTUOB YCKOPSAIOT PeaKkIMi Ha HECKOJIbKO IT0-
paaxoB. Hampumep, mentun, copepxkamiuii Bcero 14 aMHHOKHCIOT,
ycKopsieT Oosiee YeM Ha TpU MOpsAKa PeakiHio 1eKapOOKCUIMPOBAaHUS
okcanoarierara (Benner et al., 1989; 1999). Mexy TeM, BO3HUKHOBE-
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HUe AnuHHBIX Henovyek PHK mpakTudecku HEBO3MOXKHO Oe3 ydacTus
yIpaBisiomero 0ei1koBoro ¢epMeHTa, Tak Kak IPOUCXOAUT CIBa-
MBaHUE TOCIEN0BATEIbHOCTH H3-3a CIIAPUBAHUS KOMIIJIEMEHTAPHBIX
nykieorunos (Joyce and Orgel, 1986).

IIpu cpaBHUTENBHO (C MENTHAAMM) HU3KUX KaTaIUTHYECKUX
CBOICTBax, HyKJICOTHIHbIE MOCIEA0BATENLHOCTH MMOKa3bIBAIOT HAN0O-
Jiee BBICOKHE PEIIMKaTUBHBIE CBOMCTBA CPEIN OPraHWYECKHUX IOJIU-
MepoB. MIMeroTcs coolmenns 00 yCHenHbIX dKCIePUMEHTax 10 KO-
MUPOBAaHHUIO OJIMTOHYKJICOTHIOB, B TOM YHCIIE O (YOPMHPOBAHUU KOM-
mmmentapaoit PHK-komun wa PHK-momgmoxke (cm. Hampumep,
Orgel, 1992). OmHako perUIMKALUI0 MOJUHYKICOTHIOB 03 ydacTHs
KaTalu3a IpOM3BECTH He yaaeTca. MHorma B myOnukanusx cooOmia-
ercs 0 camoperimkauud. Ho peds upet o0bldHO 00 HMCIONb30BaHUU
HepepMeHTHBIX Karanu3atopoB (Hampumep, Li & Nicoiaou, 1994;
Sievers & Kiedrowski, 1994).

Takum oOpazoM, B caMOM Hayayie OWOJIOTMYECKOW HSBOIIOLUHU
BO3HUKJIO MPOTHBOPEUYHE MEKAY BO3MOXKHOCTBIO 3(PPEKTUBHOTO MPO-
M3BOJICTBA MUKPOCKOIUYECKOTO YIOPSIOUEHHsI Yepe3 CHHTE3 KaTaju-
3aTOpOB (TOJIUMENTHIOB) M HEBO3MOXKHOCTBIO TpaHc(hopManuud MHU-
KpPOCKOIINYECKOTO YIOPAJOYEHHUsSI B MaKpOCKOIMYECKOE MyTEeM HX
NPSAMOTO aBTOKaTalu3a (PEruInKaIig).

[Ipupona Hamuia myTh pa3pemieHus] 3TOH KOJIM3UU B CO3AaHUU
OTIOCPE/ICTBOBAHHOIO aBTOKaTajIM3a IMOJUIENTHAOB Yepe3 MPOMExKy-
TOYHYIO CTPYKTYpPY, CIIOCOOHYIO K PEIUIMKAIMH, — MOJIUHYKIICOTH],
IyTEM YCTAHOBJIEHHs COOTBETCTBHSA MEXIY SJIEMEHTAMH IOJIMIIEITH-
J0B (aMUHOKHCIIOTaMH) M TIOJIMHYKJIEOTHAOB (HAOOpOM HYKJICHHOBBIX
OCHOBaHMi1). DTO COOTBETCTBHE U3BECTHO KaK FCHETHUECKHIA KOI.

$ 7. Bo3uuxnosenue eenemuueckoeo Kooa.
Monexyna 2

OO1Ien3BECTHBIN CeroHs (aKT, YTO OCIIKM CHHTEC3UPYIOTCS MO
KOHTPOJIEM HYKJICHHOBBIX KHCIOT ObUT 0cO3HaH B 50-¢ romsl. Benen
3a packpbitieM [[x. Yorconom u ®. Kpukom (Watson, Crick, 1953)
crpyktypbl JJHK xak aBOHHOM crimpaiiy, yCHIIUs UCCIIeA0BaTeNei ObI-
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JIM HaIpaBJieHbl HA paclpoBKy renetmdeckoro koga. K 1966 rony,
Onaronaps paboram M.JlenbOproka, A.Jloynca, I'. ['amoBa, C.bpen-
Hepa, I1. 3ameunuka, C. Ouoa, X. Xopansl, M. HuppenOepra u npyrux
uccienoBaTeNell TeHeTHIeCKU Ko OblT moHAT. PaGoTs! 3TOTO Mepu-
ona ommcanbl B kHurax A. Xepum (A. Hershey, 1970) u I'. Xantepa
(Hanter, 2000). OcobeHHO 3HAYMTENBHBINA BKJIaK OBLI CAENaH CHOBA
®. Kpuxowm (Crick, 1958; 1968).

Tpunner HykneoTHIOB (KOJOH) B HYKJIEWHOBOH KHCIIOTE OTBE-
YaeT ONpeAeieHHONW aMHUHOKHCIOTE B CTPYKType Oenka (Tabm. 3.2).
Kak BuaHO W3 TaOmMUbl, ONHOW M TOH K€ aMHUHOKHCIOTE MOXKET
COOTBETCTBOBAaTh HECKOJBKO KOMOMHAIMK HYyKJIeoTHIOB. Hanmpumep,
¢ennnananuny otBevarotr Tpoiku: UUU u UUC. Pan amMmuHOKHCTIOT
OIIpe/IeNsIeTCsl TIEPBBIMU JBYMsI HYKICOTHUIAMH TIPH JIIOOOM TpPETHEM,
HanpuMmep, cepum ompexaensercs Habopamu: UCA, UCG, UCU u
UCC. Hnaue roBOpsi, CYyIIECTBYET BBIPOXKICHHOCTH B COOTBETCTBUH
Habopa HyKJICOTHAOB aMHUHOKHCIOTE. MIMeeT 3HaUeHHE HalpaBICHUE
cuutbiBanus, Hampumep, UAC orseuaer tuposuny, a CAU — ru-
cruaudy. OAUH U TOT ke HabOp M MOCIEA0BATENBHOCTh HYKICOTHIOB
HHUKOTJIa HE OTBEYAIOT OBYM pa3HbIM amMHHOKHcioTaM. llocriemoBa-
TEJILHOCTh KOJIOHOB B HYKJIEMHOBOI KHCJIOTE ONpENeIsieT MOCIea0Ba-
TEJBHOCTh AMUHOKHUCIIOT B O€JIKe.

B mpenmiecTByiomeM paszelie OTMEYanoch, YTO TOJUICHTHIBI
TUIOXO TOAJAIOTCS PeIUIMKAlHU. 3aT0 HYKIEOTHAHBIE TOCIeI0BaTEb-
HOCTH CPaBHUTEIBHO JIETKO (IPW YYaCTHH TOJNUINETHIOB) PEILIHLIH-
pytorcs. [loaToMy reHeTmueckuii Koa BO3HHMK KakK OMOCPEICTBOBAaH-
HBIH aBTOKATaJIM3 MOJUIENTUIOB. JIOrHuHO, YTO npupoaa yBs3ana (1
HE MOIjla He yBs3aTh!) KaTaim3 W pelUMKanuio — o0a ¢akropa
MPOM3BOJICTBA YIIOPSIOUCHHS.

KonupoBanHOe COOTBETCTBHE MEXKAY aMUHOKUCIOTAMH U Habo-
POM M3 TpeX HYKIICOTHUAOB — YHHUKalIbHOE CBOHCTBO BCETO >KUBOTO
Ha 3emyie. DBOMIONMS JOKHA ObLIa MPOWTH 4Yepe3 Y3KOEe TOPIIBILIKO
CO3JJaHUsI MEXaHU3Ma KOJUPOBAHUSL.

B ocHoBaHMM 3TOr0 MexaHHW3Ma JOJDKHA Oblla OBITH CHCTEMA,
KOTOpasi MOTJIa OBl OCYIIECTBJIATH (DYHKIHIO COOTBETCTBHS MEXIY
CTPYKTYPHBIMH ()OPMaMH HYKJIEHHOBBIX OCHOBAaHHH W CTPYKTYPHBIMH
(hopmMamMu aMHHOKHCIIOT.
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Tabnuya 3.2

Coomsemcmsue nabopa ocrosaruil 8 kooonax PHK amunokuciommvim
OCMAmKam, HapauWUBArWUM CUHMe3Upyemblil DeOK

T U C A G
\ll
U | U | (PHE) ®ennnananun (F) (LEU) Jleiinun (L)
C (SER) Cepus (S)
A (TYR) Tuposuu (Y) —
© (CYS) Lueren (€) I«'glrml- TpI/Irlqufb?H(W)
C §] (LEV) Jleiitun (L)
C (PRO) Iposnus (P)
A (HIS) I'uctuaun (H) | (GLN) I'myramus (Q)
G (ARG) Aprunus (R)
Al U (ILE) W3oneitmuH (1) MeT(é‘gf HTI){ o
C (THR) Tpeonun (T)
A (ASN) Acnaparun (N) (LYS) JTuzun (K)
G (SER) Cepuu (S) (ARG) Aprunus (R)
G §] (VAL) Banun (V)
C (ALA) Ananuu (A)
A (ASP) Acnaparunosast (GLU) I'myramunoBas
kucnota (D) kucnota (E)
G (GLY) I'numus (G)

EcTb 11 B COBPEMEHHBIX OMOJIOTHYECKHX CHCTEMaX HaMEK Ha I10-
JIOOHYIO CTPYKTYpy WM coenuHeHue? bimke Bcero k 3Toi posu
mosekyia TpancnoptHoit PHK (t-PHK). B coBpeMeHHbBIX OpraHus-
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Max OHa yCTaHABJIMBAET CBA3b MEXIy aMHHOKHCIIOTOM, BXOJALIEH B
cocTaB 0Oefka ¥ TPUIUIETOM HYKJICOTHIOB B HyKJIEHHOBOW KUCIIOTE.

@. Kpuk (Crick, 1958) npenmnonoxus, 4To JOJDKHA CYIECTBOBATh
MOJIEKYJIa-TIOCPETHUK, CBSA3BIBAIOIIAsA OMPEACICHHYI0O aMUHOKHUCIOTY
¢ TpumietoM HykineotunoB. OH Ha3Ban ee amanTtepoMm. OHa Obuia
uaeHTuuuposana 3areM kak t-PHK.

OBOJIIOLIMOHHOE BO3HUKHOBEHHE M€HETHUECKOT0 KO/Ia 3TO — CTa-
HOBJIEHHE COOTBETCTBUS MEXAY HYKJICOTHIAaMH U aMUHOKHCIOTHBIMU
cTpykTypamu. Her Ooiee TOYHO OTBEHYAIOIIETO ATOMY Ha3HAYCHHIO
coenuHenus, yeMm t-PHK.

Monexkyna t-PHK cymiecTBeHHO oTiindgaeTcs MO CBOMM CTPYK-
Type W CBOWCTBaM OT JPYTHX HYKJIEHHOBBIX KHCJIOT B OpraHH3MeE.
HNndopmanmonnsie THK n PHK coctapnsiror nuHeiHbIe mocienoBa-
TenpHOCTH, comepkamme ot 10° o 10° HykmeoTuaoB. JJake KOPOTKHE
PHK BupycoB cozepkaT HECKOJBKO ThICSY HYKJIEOTHIOB.

Marpuunas PHK (m-PHK) koHTponupyromas CHHTe3 KOHKpET-
HOro 0elka, KOMUpYyeT CTPYKTypy ompenenenHoro yaactka JJHK. Oto
TaKXKe — JIOCTATOYHO KPYIHBIE MOJIEKYIEI, conepxkamue 600-800 Hy-
KJICOTHIOB.

Tpancnopraas PHK umeer coBepiieHHO HHYIO (YHKIHIO U CTPO-
eHue. D10 — HeOoJIbIIIasl MOIMMEpHast MOJIeKyJIa, coaepxkarias 70-90
HykseoTunoB. IlocnenoBaTenbHOCTh HYKJIEOTHIOB B HEW CBEpHyTa
cama Ha ce0s, oOpa3ys mTapbl KOMIUIEMEHTapHBIX OCHOBaHHUH,
nono6urie apam B JIHK, HO He nMeromue KOIUpyIOero 3HaYeHs
(T.e. HE oOpa3yromnue KOA0HOB). YacTh HYKJICOTHAOB HE CIIaPUBAETCS.
[TosTomy Bo3HMKaIOT B3ayTusA. B koneuHoMm cuere, mosekyina t-PHK
npuobperaeT (GopMy, KOTOPYHO B IUIOCKOCTH H300pa)karoT Kak
TPHJIMCTHUK (KJIEBEPHBIH JHCT, KJICHOBBIN JHUCT, puc. 3.7).

O6wremHo Mmonekyna t-PHK cocrour u3 aByx wacrteil, meprieH-
TUKYJSIPHBIX OpyT Apyry. OnHa yacTh, €e Ha3bIBAaIOT «BEPXHEW IOJIO-
BUHOWY», comepxutr CCA-pykaB (3'-OKOHYaHHE), K KOTOPOMY IPHCO-
€AMHSAETCS] aMUHOKHCIIOTa, APYyTasl 4acTh, «HIDKHSAS TOJOBUHA», WIH
T C nersisi, COOEPKUT aHTUKOMOH (puc. 3.8). AHTUKOJJOH — 3TO TPU
HYKJIEOTH]Ia, KOTOpBIE 00pa3yloT Mapbl ¢ HYKJICOTHIaMH KOJO-Ha
MarpuuHoii PHK, koaupyronmu ONpenencHHyl0 aMHHOKHCIOTY.
Hampumep, AAA{t-PHK} — UUU{m-PHK}— ananun{nenrtuxn}.
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5 A
G—¢C
C=—6
6—C
G=U
A ==t
U—A

Puc. 3.7. Cmpoernue monexynvi t-PHK

Kaxnasa sykapuotHas kietka cojepxut oT 50 g0 100 pasHoBuI-
nocreii t-PHK. B S.cerevisiae mpubmmsurensao 350 t-PHK renos,
cocrapmsitonmx 0,1 % rernoma. ["armionnHbI TEHOM YelloBeKa comep-
*kuT npudamsuTensHo 1 300 t-PHK rexos.

ITockonbky OeKku mocTpoeHs! u3 20 BUIOB aMUHOKHCIIOT, HEKO-
topsiM t-PHK MoOXeT cooTBeTCTBOBaTh OJIHA U Ta K€ aMHUHOKHUCIIOTA.
Ho xaxnas t-PHK cooTBeTrcTByeT OJHOW €IMHCTBEHHOM aMHHO-
kucimore. C gapyroii croponsl t-PHK cmenmmduana x komoHy —
TPUIUIETY HYKJIEOTHAOB B coctaBe M-PHK, xoTopelii xomupyer aTy
AMUHOKHCIIOTY.

CoBpeMeHHBIN anmapaT MaTepHaTH3aIiy (TPAHCIISAINN) TCHETH-
YeCKOH 3alicy B pealibHble CTPYKTYPHI OSITKOB YpE3BBIYAHO CII0KEH.
CoOopka Genka ocymecTnisiercss Ha pudocome (CripuH, ["aBpuiiosa,
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Puc. 3.8. Ilpocmpancmeennoe uzobpasicenue monexynvt t-PHK

1968; Arox u mp., 1990). Pubocoma Takoro mpocTeHIero opranu3mMa
kak Escherichia coli cocrout u3 6onee vem 50 Genkor u 3 PHK mo-
JIeKyJ1, BKirodarommx 4 500 HyKIeoTHIIOB, 00pa3ysl arperaTHy0 Maccy
okouto 2,5 mummrnonos aansToHoB (Noller, 1999).

[Ipocreitmas prdocomMa OaKTEpUH COCTOUT M3 ABYX CTPYKTYPHBIX
enuaul, u3BecTHhIX kak 30S u 50S. MHaekchl 0003HA4YaOT KO3(]-
(bUIMEHTBI CeMMMEHTAIlMY, W3MepeHHble B eauHuiiax Ceenbepra S
(Svedberg) u cOOTBETCTBYIOT CKOPOCTH, ¢ KOTOPOH MOJEKYIbl Oca-
XKIATCs B pacTBopuTene. Kax/as CTpyKTypHas ¢IUHHIIA COCTOUT U3
pubocomuoit PHK (r-PHK) Bmecte ¢ Gonmbinnm guciom Oenkos. 30S
conepxkut 16S r-PHK u 21 6Gemok. Kommureke 50S coctouT u3 aByx
PHK (23S r-PHK u 50S r-PHK) u 35 pasubix 6enko (Garrett, 2000).

ITpu 3TOM COXKHOE CTPOCHUE PUOOCOMBI IBOJOIIMOHHO BO3HHU-
KJI0 oueHb paHo. [{uanobaktepuu W archaea, uMmeroniye puOOCOMBL,
MOSIBUJIMCH OoJiee 3 MIIp/ JIeT Ha3a]l.

Cunre3 Oenka HaumHaeTcss Ha 30S. Marpuunas PHK (m-PHK)
CBSI3BIBACTCS C 3TUM KOMILICKCOM M Pa3BEPTHIBACT €r0 CKPYUCHHYIO
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CTPYKTYpy TIO M€pe TOro, Kak MpoABHUraeTcsi BHyTph ero. TpaHcnopt-
Has PHK (t-PHK), necymas nepByr0 aMHHOKHCIOTY Ui HOBOI'O
3BeHa OenKa Ha CBOEM akKIEeNTOPHOM KoHIE (3'-OKOHYaHHE), CBA-
3piBaercs ¢ 30S u ¢ m-PHK. K mocnenneii t-PHK mpukpemmsercs
MyTEM CIIapUBaHUs HyKJIEOTHUIOB aHTUKOJOH C IOCIIEI0BATETHHOCTHIO
u3 Tpex HykieotuaoB B M-PHK, xoTopele ompeaenstoT BHUI aMHHO-
KHUCJIOTBI, MPUCOEOUHIEMON K MoJaumnentuaHoi nenu. Jlamee cTpyk-
TypHas enunnna 50S accoumupyer ¢ 30S u 3'-okonuanmem t-PHK.
HecoMmas ero aMHMHOKHCIIOTa pa3MeIaeTcs B CIELUAIBHOW IMOJIOCTH
(xaBepHre), uMetommiica B 50S cyobenunune. [Jpyras t-PHK cBsasb-
BaeTCA C COCEAHUM KOJOHOM, HECS BTOPYIO aMHHOKHCIOTY, KOTOpas
pacrojaraercst B TOH ke MOJIOCTH. 3aTeM (OpMHUpPYeTCsl MeNTHIHAs
CBSI3b, COEAMHSAIONIASA IB€ aMMHOKHUCIOTHL. Ha KakI0M M3 3THX 1Iaros,
KOTOpBIE MOBTOPSIIOTCS O Te€X MOp, TOKa MOJMIENTUI He OyIeT Mmoi-
HOCTBIO CHHTE3MPOBaH, Y4aCTBYIOT MHOTHE OEIIKH, CBSI3aHHBIC C PH-
00COMOH M KOHTpOJHUpYIoLIHe Bce (ha3bl 3TOTO CIOKHOTO Ipolecca.
CesaszpiBanue t-PHK ¢ amMMHOKHCIOTON B COBpEMEHHBIX OpraHM3Max
TaKKe MPOUCXOJUT Yepe3 MPOoMeXyToUdHble cTaauu. [Ipucoenunenne
amuHOKHMCHOTEl K 3' okonuanuio {-PHK ocymectBaserca npu
nomouy ¢epmenta ammuoauwi-t-PHK-cunrerassl. Otor ¢epment
pacrno3HaeT Kak aMUHOKHUCIIOTY, TaKk M COOTBETCTBYomyIo eif t-PHK.

MexanusMm pacno3HaBanust pepmentom tpancnoptaoit PHK no
CUX TIOp HE BIIOJHE sICEH. B HEKOTOpBIX clyyasX CYLIECTBEHHBIM
ABJISIETCS. HYKJICOTUAHBIH HAOOp aHTHKOIOHA, Hampumep, A
rirytamus-t-PHK-cunTeTassl, Ho He Bcerma. Mmeercst B obmem ciy-
yae MHOTO TOYeK pacmo3HaBaHus Buia t-PHK cunterasoii. Cnemyer
oTMeTuTh, 4To Bee t-PHK comepkar psa puOOHYKIEOTHIOB, OTIH-
yaromuxcsi oT o0buHbIX A, U, G, C, CBONCTBEHHBIX KOIUPYIOIIUM
monekynam. Hampumep, t-PHK ¢enunananuna comepxkut 12 Takux
HYKJIEOTH/IOB.

Amunoannn-t-PHK-cuHTeTa3a KOHTpONIMpyeT MepBylO CTaMIo,
Ha koTopoit ATP aktuBupyeTr amuHOKHCIOTY. B pesynbrare obpasy-
eTcs KOMIUIEKC afieHo3nHpochaTa ¢ aMUHOKUCIOTOM M CHHTETa30M.
Momnekyna amuHoaumi-t-PHK umeer 3HaunTeNbHBIN 3amac SHEPryy,
KOTOpas pacxolyeTcs B KOHEYHOM cueTe Ha (JOpMHUpOBAHHE MENTHI-
HOH CBS3M MEXIY JBYMS COCETHUMH aMHHOKHCIIOTaMH Ha puOocoMe.
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Awmunoanun-t-PHK-cunTerasa Bechma crnernuduuna, Kak B OT-
nomenun t-PHK, tak u amuHOKMCIIOTHL. Be3ommbounas TpaHcsius
TEHETHYECKOT0 KOJAa B IMOCIEAOBATEILHOCTh aMUHOKHUCIIOT SBIISCTCS
HEOOXOJUMBIM YCJIOBUEM TMPABUIILHOTO (DYHKIIMOHHUPOBAHUS OeiKa.
CyllecTByeT CrielUabHbIA MEXaHU3M MPOBEPKH MPABUIBHOCTH COOT-
BeTCcTBUsA aMUHOKUCIOTH U -PHK. B cinyuae oOHapyxeHus OnmmoKu
MOIO3PUTEIBHBIN KOMITJICKC YHHUUTOXKACTCSI.

Pazymeercs, B mepBUYHOM COCTOSIHUHM 3TOTO CJIOXHOTO MeXa-
HU3Ma He Obl1o. CTeneHb COOTBETCTBHSA Oblna HHU3KOM. IlemTuaHble
[IENOYKH BOCTIPON3BOAMIIMICH OYE€HB MPHOIN3UTENBHO. DBOJIOIHS IIIar
3a MIaroM yBeNMYMBajia YPOBEHb COOTBETCTBHA. BeposTHO, ¢ camoro
Havana Gyskmus t-PHK pasBuBanachk mapamiensHO U B KOMITIEKCE CO
CTPYKTYpOH, ocymecTBisaBmiel  ¢yHkmuio  amuHoarmi-t-PHK-
CHHTETA3bI.

EcTb HECKOJBKO TPH3HAKOB, CBUAETENHCTBYIOMIUX O TOM, YTO
Mmonekyibl t-PHK, tounee momodusie t-PHK (mporo-t-PHK), Haxo-
JUITICH B OCHOBAHWUHU UCTOPHUU OEITKOBO-HYKJIEHHOBOTO THITA KHU3HHU.

Bo-nepBbIX, Kak ymoMUHAIOCh, 3TO — OY€Hb KOPOTKOE CO-
enuHeHue B cpaBHeHnu ¢ npyrumu PHK, wrparomumu 6uonoruuec-
KYIO POJIb.

Bo-Broprix, t-PHK uMeror crpoeHmne, koTopoe MOKHBI OBLIH
MMETh TOJIUHYKICOTUIbI, (HOPMHUPOBABIINECS JO BO3HUKHOBEHHS
kona. CoBpeMeHHas JJIMHHOIlENoYeyHas JnHelHas ctpykrypa PHK
nonaepxkuBaercst Oenkamu. OTIOENPHO CHHTE3WPOBAaHHBIE B OJKCIIe-
PUMEHTaX IOJWHYKIICOTHABl MPHOOPETAloT KaK pa3 Ty CTPYKTYpY,
kotopyto umeroT t-PHK. D10 — 0OBIYHO IPHXOTIMBO CBEPHYTHIE
LIENH ¢ BHYTPEHHUMH CBSI35IMH KOMIUIEMEHTapHBIX OCHOBaHHU.

B-tperbux, Ha mepBuunocth {-PHK ykaswsiBaer ToT (pakt, uTto
OHA COJEPKHUT Oojee pazHOOOpa3HbI HaOOP HYKIEWHOBBIX OCHOBA-
uuit, yem JIHK u PHK. B cocrap nocnegaux BXoauT Toisko A, G, C,
T wmm A, G, C, U coorBercTBeHHO. O4EBUIHO, OUUILICHAE OT M3JIHIL-
HUX CTPYKTypHBIX (hopMm HyKineotunoB B PHK u THK mpowusomuo B
XOZIE JBOJIIOLMHM KaK HMTOI Y>KECTOUEHMsI COOTBETCTBUS B CTPYKTYpe
reHetnueckoro koma. Cocras xe t-PHK sBnsiercst pyauMeHTapHBIM,
COXpaHWBIINM 0o0Jee IHPOKOe Pa3HO0Opa3re HyKICOTHAOB, KOTOPBIE
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MOTIJIM BXOJAUTH B COCTaB MCPBUYHBIX HECKOAUPYIOUINX IMOJIUHYKIICO-
THAO0B JO BOSHMKHOBCHHUS KOJA.

B-‘{GTBGPTLIX, B COBPEMCHHOM aMlrapare TPaHCIAOUA MOXKHO
YCMOTPETh MPU3HAKK 3BOJIIOIIMU U ITYTU YIIPOUICHHSA K Oomee npumMu-
TUBHOMY COCTOSHUIO CUCTCMBI.

XoTsl coBpeMeHHass puOOcoMa MpEACTaBIsIeT COOOW CIIOKHOE
oOpa3zoBaHue, OTHOcUTeNnbHO KpymHoe, y4acTku t-PHK wu r-PHK,
HETIOCPEACTBEHHO B3aMMOJCHCTBYIOIIME MEXIYy COOOMH, IOCTaTOYHO
KOMITaKTHBL. PacnozHaBaHue KOJOHA BKJIIOYaeT He Oomee 15 Hykieo-
tuaoB cTpykrypsl t-PHK u nokammsoBannbiii cyomomen 16S r-PHK.
Oyukuusa nentuaua Tpancdepassl (peptidyl transferase) BxirouaeT
tobko Tpu Hykieotuaa (CCA oxonuanue) t-PHK u orpanmdenHoe
yucio anmeMeHToB oxHoro momena 23S r-PHK  (Noller, 1999).
IepBuuHas prbocomMa MOTIa MPEACTABIATH COOOM MPOCTO MOJICKYTY
PHK, kax sto npeanonoxun ®@. Kpuk (Crick, 1968).

B-mTBIX, CUMTACTCS, YTO MEPBOHAYATIBHO JBE COCTaBISIONIHE {-
PHK moekyiy 4acTi pa3BUBaIUCh OTAETbHO. OIHA YacTh COICPIKUT
aKIENTOp aMHUHOKHCIOTHI, apyras — aHtukomon (Schimmel and
Henderson, 1994; Noeller, 1999). Muade roBops, BUIHA IIPEIBICTO-
pus CyIlecTBOBaHHs 0oJiee TPOCTBIX MOJIEKYJ — TPEAIIECTBEHHUKOB
nporo-i-PHK.

A. Baitrep u H. Maiizenc (Weiner and Maizels, 1987) mpen-
nonoxmid, 4to i-PHK miu mogo0Hble MOJEKYIbl, SBISIFOTCS OYCHb
JIPEBHUMH 00pa30BaHUsIMH, (YHKIMOHHPOBABIIMMH BO BPEMEHA «MU-
pa PHK», Bo Bpems, korma eme He Obu10 GenkoB. Pons t-PHK B TO
BpEMsl, COTJIACHO WX THIIOTE3€, 3aKII0Yajach B TOM, YTOOBI CITYXKHTb
Metkoit PHK, Hecymux reHom.

Tak wiM wMHaYe, U3 CYIIECTBYIOIIMX B HACTOsIIEE BpeMs OHO-
mosekyn t-PHK-momoOHast mMonekyna nambosee oTBewaeT (QyHKIHMH
COOTBETCTBHSI MEK/Iy TUIIOM aMHHOKHUCIIOTHI M KOIUPYIOILETO €ro Tpu-
ieTa HykineoTHaoB. [1o cBoeMy 3HaYEHHIO 1 MECTy B OMOJIOTUUECKOM
sBomtonu npoto-t-PHK — sto Mmonekyma No2.

KoHKkpeTHBIII TyTh 3BONIOLMOHHOTO BO3HHKHOBEHHUS! T€HETHYE-
CKOTo Koja He ycraHoBjieH. CymecTByeT MHOro rumote3. C TOYKH
3pEHHS Pa3BUBAEMOTr0 B 3TOH paboTe MOAX0/a MPEANOUTHTEIBHBI TC
U3 HHUX, KOTOPBIC MPEATONIAraoT MOCIeI0BATEILHOE YIOPSIIOUCHUE
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MyTeM JTOCTKEHHSI Bce OOJIee CTPOroro COOTBETCTBUS MEXKIY aMHHO-
KHCIIOTOH 1 HA0OPOM HYKJICOTHAOB.

Cornacno I'. Xaprmany (Hartman, 1995), Brauane Obutn mpo-
CTBIC CHHIJICTHBIC, 3aT€M MAYIUICTHbIE COOTBETCTBHSA HYKJICHHOBBIX
KHACIOT amMuHOKHCcHoTaM. [Ipu stom GC-mapa HyKJICOTHIOB MOTa
KOAMPOBaTh HanOoJiee MPOCThIC U PaclpOCTpaHEHHbIE aMHHOKHCIIO-
Tol: GG-komupyer rmunun, GC-anannH, CC-nponun, CG-apruauH.
Cunraercs, 4yTo B Hayaje B MOCTPOCHHUHU TOJHIENTHAOB NPUHUMAIH
yuyactue He Oonee 10 ammuokucior (Juke, 1973). E.Tpudonos (Tri-
fonov, 2000) npeanonoxui, 4ro nepBuyHbM ObLT TpHIuier CGU u ero
OommKaiine npousBoaHble. OH OLEHMNT CTATUCTUYECKH, Kakue u3 20
AMHHOKHCIIOT ¢ HanboJiee BBHICOKOW BEPOSTHOCTHIO MOTJH TMPHHSATDH
ydacTHe B HauyalbHOH 3BOJIOIMM IeHeTHYeckoro koja. Oxa3anocs,
4YTO 3TH BeposiTHOCTH oOpasytor psa: G, A, V, D, E, P, S, L, T
(0003HaueHHsT aMUHOKUCIOT cM. B Tabm. 3.2), — TOYTH TOYHO CO-
BIAJAIOIINHA C OTHOCHUTEIBHONW paclpoCTpaHEHHOCTHI0 aMHHOKHCIIOT,
MOJYYCHHO! B 9KCIIEPUMEHTaX M0 MX a0HOT€HHOMY CHHTE3Y.

B nutepatype cyuiecTByIOT MOAENN B3aUMOJAEHCTBYIOIIMX IOITY-
JISIIANA, KOTOPBIE B OTPEENICHHBIX aCIEKTaX MPUMEHUMBI K MEXaHH3-
My Bo3HuKHOBeHus koaupoBanus (Kimura, 1970; Eigen, 1971; Eigen
etal., 1981; Niesert et si,, 1981; Dyson, 1982; KaufTrnan, 1993). Otu
MOJIETH HE pelIaroT MpoOjaeMbl BOSHUKHOBEHUS KOAA, HO OHM JAl0T
IIpUMEPBl BO3MOXKHOTO YIIOPSIOYEHUS] B CHUCTEMax, OJM3KUX IIO
XapakTepy TpOIECCOB K CHCTEMaM, B KOTOPBIX IPOUCXOIMIO yCTa-
HOBJICHHUE KOJIa.

K stomy crnemyer mo0aBHTh, YTO K COBOKYIMHOCTH IPOIIECCOB,
OTIpeNIeNAIONIMX BO3HUKHOBEHHME KOJa, BO3MOXKHO, NMPHUMEHHMMa pac-
cMoTpeHHas B pabotax U. [IpuroxkuHa u OprOCCENbCKOHN MIKOJIBI MO-
JeNTb CaMOOPTaHU3alMU TPU TOTEPH YCTONYHMBOCTH «TEPMOJWHAMHU-
yeckoi BeTBw». s mectabuiam3anuy TepMOJIUMHAMHYECKONH BETBH B
YpaBHEHUH HJsI CKOPOCTH XMMHUECKOW pEeaKkIH [OJDKHA TPHCYT-
CTBOBaTh KyOuueckas HenmuHenHocTh (Prigogine, Lefever, 1968). B xu-
MHUYECKHX Tpolieccax KyOudeckass HENIMHEWHOCTh MpOSBIISETCS Kak
MUHHMYM B TPUMOJEKYIAPHBIX peakuusax. [Iporeccel, mpemmonarato-
IIME YCTAaHOBJIEHHE COOTBETCTBUI MEXKJY aMHUHOKHUCIOTON U KOJAOHOM
HYKJICOTH/IOB MOTJIM MMETh BBICOKUH Mopsaaok. Kybnueckue HenmuHen-
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HOCTH MPHUBOJAT K COTJIACOBAHHOMY IMOBEJICHUIO U K KOOTICPATHBHBIM
sBrieHusM ynopsinouenus (Huxomuc, [Ipuroxum, 1979).

[Mpu npaBUIILHON MOCTAHOBKE 33/1a4M, MaTEMAaTHYECKOE MOICIH-
pOBaHHWE, OYEBUJIHO, SBJSICTCS HAWOOJee MEPCIEKTUBHBIM CIOCOOOM
PACKPBITHUS ITyTH 3BOJIONUH [CHETHUECKOTO KOJA.

$ 8. Ponv aunudos. Knema u upyc

A. W. Omapun (1924) mepBeIM pPa3BHI HAYYHOOOOCHOBAHHYIO
KOHIICTIIIAIO 3apOKICHUS XU3HW Ha 3emie. Ero pabGotel mo 3TOM
npoOiieMe OBUIM OIyOJIMKOBAHEI €Ile 0 CTAHOBJICHUS COBPEMEHHOM
MoJieKyJsipHOH Ouonorun. Kumra A.U.Onapuna «IIpoucxoxaenue
xu3uu Ha 3emuie» (A. 1.Oparin. The origin of Life on Earth. Aca-
demic Press, New York, 1957), mepeBencHnas Ha 3amaje, IOYTH
OJTHOBpPEMEHHO ¢ OTKpbiTHeM CcTpYyKTyphl JIHK Yorconom u Kpukom
(Watson J. D., Crick F. H.C., 1956) u ombitamu Mwusiiepa mo abuo-
reaHoMy cuate3y amunHokuciot (J. Miller, 1953, 1955), nana MorHbIi
TOJTYOK UCCIIEIOBAHUSAM B 3TOM HallpaBICHUH.

B ocnoBe rumotessr A. M. Omapuna Oblna mues O KoalepBar-
HBIX KaIUISIX — YacTH cpe/bl (MepBUYHOTO OYIIbOHA), 3aKITFOUEHHON B
ruapodobHyo o0b6omouky. KoamepBaTHple Kamm OBLIM MPOOOpazoM
kimetok. OHm mornmm genuthes. llociemyromiee pa3BuTHE MOJEKY-
JISIPHOW OWONOTHH, PACKpBIBIIEE CIOXHBI MEXaHW3M pEeIUINKAINH,
ClIeNaj0 HAaUBHBIMH TPEACTABJICHUS O PA3MHOXCHUU IMyTEM JCIICHUS
KOAallepBaTHBIX Karelb. B TO e BpeMs MOHSATHO, YTO CTAllMOHAPHBIC
CUCTEMBI, BKITIOYABIINE YCIOKHSIOMIUNACS HA0Op COTIACOBAHHBIX XH-
MUYECKUX PEAKIUi JOJDKHBI ObITh KAKUM-TO 00pa30M JIOKAIN30BaHEI.
OYHKIUIO JIOKAIN3AIUN U KOMITAPTMEHU3AIUH JBOJIOIUOHUPYIOIICH
CHCTEMBI MOTJIM UrpaTh TUAPO(OOHBIC JHUITUAHBIC CTPYKTYPHI, 3HA4Ye-
HHUE KOTOPBIX MpoHHULaTeNbHO oueHul A.M.Onapun. MunenspHas
(opMa JHITUAOB COOTBETCTBYET MHHHUMYMY HX CBOOOIIHOW SHEPTHH.
Ota KOoHpoOpMalMs JelaeT MHHUMAIbHBIM KOHTaKT C BOJOW TH-
IpoQoOHBIX TPYyNH JHUMAIOB M MaKCHMAlbHBIM KOHTaKT C BOJOW
TUAPOMUIBHBIX TPYTII.

CymiecTByeT 3HaYWTENbHAS JINTEpaTypa, MOCBSIIEHHAs KaTaiu-
TUYECKAM CBOWCTBAM MHHEPAITBHBIX TMOJIOKEK M HX TPEeNOHOIIOTH-
4ecKoil pon. MHorHe BeAyIue CrieluanrucThl, padoTatomue B 001a-
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CTH XMMUH MIPEJONOJIOTHYECKUX CUCTEM, CUUTAIOT, YTO MUHEPAJIbHbIC
CTPYKTYphl Y4YacTBOBAIM B CTAaHOBJICHMM TIpollecca peruIMKalin
(Cairns-Smith, 1982; Orgel, 1992; Ferris et al., 1996). C touku 3pe-
HUSI IPUHIHIA KOHCEPBAaTH3Ma, KaK OTMEYaJIOCh BHIIIE, MPEACTaBIIs-
eTcsl MaJIOBEPOSATHBIM, YTOOBI MHHEpPAIbHBIC KaTalM3aToOpbl WIPajd
KIIIOUEBYIO pOJIb Ha KaKOM-JTHOO 3Talle 3BONIOLUH, €CIU TOBOPHUTH O
npoLecce YMOpsIOYCHHUsS, a HE CHUHTE3¢ OTACIBHBIX OPraHUYeCKHX
coennHeHnd. TeM He MeHee, apryMeHTHI, CBSI3aHHbIE C YKa3aHUEeM Ha
pOJb MHHEPAIBHBIX HOAJOXKEK, KaK YYacTKOB, Ha KOTOPBIX JIO-
Kalu3yeTcs M OIpelesieHHBIM 00pa3oM HaNpaBIseTCs] XUMHYECKHUH
npoiiecc, UMeIoT cuity. Ho 3Ty posib MOrnu urpath He MUHEpalbHbIE,
a JIMIUAHBIE OPTaHUYECKUE MOJIOKKHU. B oTimune oT MUHEpaJIbHBIX,
ydacTHe JHUIUOHBIX CTPYKTYp cOorjlacyercs ¢ NPUHLUIIOM KOHCEpBa-
TU3Ma, TaK Kak JUMUAHbIE MEMOpaHbl U B COBPEMEHHBIX OMOJOTHYE-
CKUX CHCTEMax UMEIOT BO MHOTOM aHAJIOTUYHOE Ha3HAYCHHUE.

[Ipenbuonoruyeckas poip JUIUAOB HOAPOOHO PAcCMOTpEHa B
TOJIBKO 4TO omyOnukoBanHOM 0030pe [1. Cerpe ¢ koyuteramu (Segre et
al., 2001). 51 moMHOCTBIO pa3eNsi0 CKa3aHHOE B JTOW CTAaThe 3a HC-
KIIFOYCHHUEM HEKOTOPBIX MPEYBEIMUYCHHUM, B TOM YUCIIE U MPEXIE BCETO
CIIEYIOIIEro U3 Ha3BaHus cratbu; «The lipid world». Ha camom nene
HUKOTJIa He OBLIO «MHUp. JUOHIOBY», Kak He Obuto «Mupa PHK» nmmm
«Mupa OenKOB». BblK pa3Hble OpraHUvecKre COeIUHEHHS, CIe0BaB-
IIMe B CHJIYy HEKOTOPBIX HMPUHIHMIIOB 3BOJIIOLUH BEIIECTBA, KOTOpPHIE
MBI TIBITAJIMCH O003HAYHUTH, MPUXOTIMBOH, HO HEM30EKHOU NOpOron
ynopsiaoueHus. JINIuIbl uTpaiy 31ech CBOIO POJb.

Jlumuner 067a0al0T €CTeCTBEHHOH CIOCOOHOCTHIO 00OPa30BHIBATH
KaIlld, My3bIPbKH, MULEIUIbI, OUNOIspHBIe 00pa3oBaHMs B BOXHOU
cpene. Jlaxxe Ipy OTHOCUTENHFHO HU3KOM COJCP’KaHUH B CPEAe JIUIHIBI
MOTYT arperupoBaTh U CO3AaBaTh CTPYKTYPBI C BBICOKOH JIOKaJbHOM
KOHIIGHTpaIMel MOJIEKYJI, CBSI3aHHBIX MEXIy cOo00i ClIaObIMH HEKO-
BaJl EHTHIBIM H CBSI3SMH.

[TosToMy, B OTIMYHE OT aMHHOKHCIOT U HYKJICHHOBBIX OCHOBA-
HUH, BOJIONNS KOTOPHIX OCYLIECTBIISIETCS B XMMUYECKOM COTIPsDKE-
HUH C SHEPTONOCTaBIISIONIEH peakuuei, BOSHUKHOBEHUE JUITUIHBIX
CTPYKTYp MOKET HITH CaMOIPOHM3BOJBHO, & TIOTOMY MapayjiebHO H
HE3aBHCHUMO OT IPOM3BOACTBA HU3KOAHTPOIMUHBIX CTPYKTYD.
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B BoccTaHOBUTENBEHON cpene abMOTeHHBI CHHTE3 OpPTaHMYECKUX
kucnoT 1 CHp-mmosmMepoB ocyiecTBiseTcst Joctatodno Jyerko (Rao
et al., 1982; McCollom et al., 1999). Kpome toro, aaudarndeckie u
apOMAaTUYECKUE CTPYKTYpPbl, B TOM 4YHCIC IOJIHAPOMATHYCCKUC
YTIACBOJOPO/IbI, COCTABIISIOT OOJBIIYIO YacTh OPTaHUYECKOTO Bellle-
crBa MereopuroB (Cronin et al., 1988). ITosTomy B BomHOH cpene
KOHIIEHTpaIysi aMOMO(MMIBHBIX JHIAIHBIX MOJIEKYJ IOJDKHA ObLia
OBITh OCTATOYHOM I 00Opa30BaHUsS JMIOWAHBIX YacTHYEK, Ha KO-
TOPBIX MOTJIA JOKaJIN30BaThCA TIEPBUYHAS IBOJIOIUS aMUHOKHCIIOT H
HYKJIEMHOBBIX OCHOBaHWH.

Jlumuae!r MOTIHM UTPATh OMPEAENeHHYIO POJIh B KA4eCTBE KaTalu-
TUYECKOW MOMIOKKH. VX CIOCOOHOCTh K KaTajau3y HEKOTOPBIX peak-
IIUH, XOTS HECOM3MEPHMO HM3Kas MO CPaBHEHHUIO C TOJHUICIITHIAMH,
coobmanace B paae pador (Cuccovia et al., 1982; Luisi et al., 1999).

C xakoro-To MOMEHTA CTaja CYIIECTBEHHON CIIOCOOHOCTD JIUITH-
1oB (hopMupoBaTh THAPOPOOHEIC 000JIOUKH U TAKKM 00pa3oM, OCYIIe-
CTBIIATH 00OCOOJICHUE SBOJIIOIUOHUPYIONIMNA HYKICOTUA-TICTITUIHON
CHCTEMBI. 37eCh MPOSBHUIIACH 3aMedaTellbHas CIOCOOHOCTh JIUHTHBIX
U JIATTUAO-TICTITUIHEIX MeMOpaH 0O0pa3OBBIBATH CTEHKH C PETYJIHPY-
emoii nponuiiaemocteio (Bangham et al., 1965; Beprenscon, 1975).
Jlumuap! BKITIOYHMIINCHE B CHCTEMY, DBONIOLHMOHUPYIONIYI0 B CTOPOHY
YHOPSAOYCHHUS.

[lepBoHaYaTBPHO JUMUAO-TIENTHIHBIE OOOJIOYKH, OYEBHIHO, HE
JSITUIKCH YIIPABISIEMO, a Pa3phIBaJIMCh, KOTJIa BHYTPH IMPOMCXOIHIIA
TeHEepaIys 3HAYUTEIILHOTO KOJIMYECTBA MOJIMMEPOB. BhicBOOOMUBIIH-
eCsl HYKJICMHOBBIC KHCJIOTHI MOTJIM CTaHOBUTHCS IICHTpaMu (HOpMu-
POBaHUS HOBOW PENPOIYLUPYIOLICH CUCTEMBI K HOBOW 00O0JIOUKH.

Bupyc, BO3MOXKHO, MpecTaBiseT cOO0H PYJIUMMEHTAPHYIO CTPYK-
Typy, COXPAaHHUBIIYIOCS OT 3TOTO MEPHO/IA.

Bupyc —- ato npocto monekyna PHK. Onnako nocnenosaresb-
HOoCcTh HykiaeotnmoB B PHK Bupyca He Oeccucremna. OHa opra-
HU30BaHA B KOJIOHBI, ITOCIIEIOBATEIBHOCTh KOTOPBIX COOTBETCTBYET
MOCIIEOBATEIFHOCTH aMUHOKHUCIIOT B KoaupyeMoM (epmente. ['eHom
BHpyCa KOAMPYET MPOW3BOJCTBO OJHOTO HJIM HECKOIBKHX OEIKOB-
MOJIMMeEpa3, KOTOPbIe KaTAIM3UPYIOT CHHTE3 HYKIEHHOBBIX KHCIIOT.
[Momumepasbl HOCAT pa3HbIC HA3BAHUS B 3aBUCUMOCTH OT TOTO, KaKOH
THUI CUHTE3a HYKJICUHOBBIX KUCIIOT ocyiiecTrisiercs. [Tonmumepa-
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3y, KOHTpoJupyloulylo noiHoe komupoBanue PHK-renoma Bupyca,
Ha3pIBalOT peruinkas3oi. [lonmmMepasa, yyacTByromass B CHUHTE3€ mi-
PHK, cocrapnsitoieii yacTb T€HOMa, HA3bIBACTCS TPAHCKPHUIITA30M.
Haxkonen, u3BecTHBI BUPYCHI, KOTOpbIe KOMUpYIoT BUpaibHylo PHK B
JHK-popmy mpu momomu mnojuMmepasbl, KOTOPYIO B 3TOM cCllydae
Ha3bIBAIOT OOpAaTHOW TPAaHCKPUNTA30i. | €HOMBI BUPYCOB BAPHUPYIOT
OT KOAWPYIOLIETO BCEro OXUH OeNOoK M0 Koaupytomero 250 GenKoB.
Komupyemsle BupycoM Oenku (DyHKIHMOHHPYIOT B MPOLECCAaX PEIUIU-
Kalluu BUpYycCa, IBUKEHUHU €r0 BHYTPHU KIIETKH U OT KJIETKH K KJIETKE.

Bupyc npoHukaer uepe3 KIETOUYHYIO CTEHKY, OCBOOOXKIAsACh OA-
HOBPEMEHHO OT MpeJOXpaHsIomeil ero 0enkoBoi o0omouku. CBoOO-
Hast PHK Bupyca Geper Ha cebs muccuto m-PHK, Bxons B accomnua-
LU0 C puOOCOMOI KIIETKU-X035MHA U UCTIOJIB3YS anmapar KJIETOYHOTO
cuHTe3a Oenka, OpraHu3yeT NMPOM3BOJACTBO CBOMX KOMNHMH, M KJIETKa
OyKBaJNbHO B3pBIBACTCS, HAUMHEHHAS! BUPYCaMH.

HanbGonee npocTele KIETKH MOYTH HEOTIMYMMBI OT BHPYCOB. K
HHUM OTHOCATCS, Harpumep, Micoplasma, Rickettsiae u Chlamydiae.

MukoruiazMa UMeeT IBYcIOiHHyl0 MeMOpany. OHa HeBHIUMA B
ONTHYECKOM MHUKpockone (pa3mep kietok 150-300 nm). Kierku
cogepkat pubocombl u JHK. Pemmummpyior myrteMm IBOMHOTO
nenenvs. Pasmep pukercuit mpubmmsutensHo 300 nm. OHU UMEIOT
KJICTOYHYIO CTEHKY, HuTomiasmy ¢ pubocomamu u JHK. Onu npen-
CTaBJIAIOT cO0OH OOJIMraTHBIX Mapa3uTOB, HO 3TO — KJIETKH, a HE BU-
PYCBI, TaK Kak OHM HMMEIOT COOCTBEHHBIH ammaparT pa3MHOKEHUS
MyTeM JENEHHs M OHM MMEIOT (epMeHT sl mpoxayuupoBanus ATP.
Chlamidiae sBmsitoTcst 0ONMUraTHHIMU Tapa3UTaMH, TaK Kak HE UMEIOT
9HEpPro-TeHepHUPYIOLIE CUCTEMBI.

Takum 00pa3oM, MEXIy BHpPYCaMH H KJIETKaMH HMEIOTCS (op-
MBI, KOTOpbIE MOKHO paccMaTpuBaTh Kak NMPOMeEXyTouHble. OnHaKo
MMEETCs] HECKOJIBKO MPUHIMIHNAIBHBIX OTJIMYMHA KJIETOK OT BUPYCOB:
(1) HanMumMe KICTOYHOM CTEHKHW (ABYCIOWHOW MeMOpaHsbi), (2) Ha-
JYre COOCTBEHHOM MpOTEMH-CHHTE3Upyolmel cuctembl, (3) pas-
MHOXeHue myTem aeneHus (Matthews, 1991).

CucrteMy, BKJIIOYAIOIIYI0 B KOMIIJIEKCE SHEPrO-T€HEPUPYIOIIYIO
CHUCTEMY, MPOTEHH-CUHTE3UPYIOIIYyI0 CUCTEMY M ammapar peruiuka-
LMY MOXHO paccMaTpUBaTh Kak 3JIEMEHTApHBIN opranusM. s Toro,
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4TOOBI 9T CHCTEMa CYLIECTBOBAJIA KaK SIHHOE 11eI0€ HEOOXO0IUMO e
npocTpaHCTBEHHOEe obOocobienue. Takum 00pa3oMm, OpraHu3M
HAYMHACTCS C KICTKU.

Pa3nenenue Ha KJIETKU M BUPYCHI OBLIO, MO-BUAUMOMY, TIEPBBIM
HPHHIUITHATBHBIM PAa3BETBICHUEM ITyTEH 3BOJIOLHH.

$ 9. Hauano buocgepwvi

buocdepa ompenensercs kak 000J04YKa 3eMJIA, B KOTOPOH TPH-
cyrcrByer xu3Hb (B. WM. Bepramckuii, 1983). XXusuHb craHOBUTCS
TeOJIOTUYECKH 3HAYMMOW, KOTJa TeoJIoTHMYecKas cpela He TOJBbKO
ABJAACTCA €€ BMECTHUIIMIIEM, HO KOrja YCTaHaBJIMBACTCSA TAKOEC HX
B3aHMOJICHCTBHE, TPH KOTOPOM OKpYXKalomlas cpeia Npuodperaet
CBOIMCTBa, KOTOPHIE OHA HE UMela Obl B OTCYTCTBHH XU3HHU. Torma K
ouocepe TPUIOKHUMBI  T€  TPUHIMIBI  3BOJIOLUH, KOTOPHIC
c(hOpMyJIUPOBaHbl B OTHOIICHUW O3BOJIOIUHU JKU3HHU: 3TO JOJDKHA
OBITH CTallMOHApHas CHCTEMa, OOeCHeYeHHAas NPUTOKOM SHEPTHUH,
BO3BpallleHUE KOTOPOH B CTAallMOHAPHOE COCTOSHUE IOCIE BO3MY-
MIAIOMINUX COOBITHI TOTKHO MOPOXKIATh HU3KOIHTPOIUHHBIN MPOAYKT
u T.4. Bo3aMoxxHo, 370 numen B Buny JIOBENOK, BBOIS TMOHATHE «TESD»,
KOTOPOE 51 HAX0XKY U3JIUIITHAM IPH TAKOM TTOHUMaHUU OHOC(EpPHI.

B nauanbHoOi dopme OHOCHHTE3 OMMpPAJICsl HA MCHOJIB30BaHKE B
Ka4eCTBE CTPOUTENBHBIX OJIOKOB TOTOBBIX MPEIOHOIIOTHYECKHX
cTpykTyp. HO, Kak TONBKO BO3HHUK MEXaHW3M KOJWPOBAHHOTO Ka-
TaNn3a-pelUINKalid, PE3ePB ATHX CTPYKTYp OBUT OBICTPO HCUEpIHaH.
[Tomo6HO cOOpPOYHOMY 3aBOJY KH3Hb HAYYWIIACh COOMPATh MAIUHBI,
HO HE yMeJia U3TOTaBIIUBATh JISTAIIH.

Crnenyrommii mar 3BOJIOIHMH JTOJKEH ObUT OBITH HaIpaBlieH Ha
MIPOM3BOJCTBO (B IIMPOKOM CMBICIIE ABTOKATaJM3) HCXOJHBIX XH-
MHUYECKHUX CTPYKTYp U3 00oJiee MPOCTHIX COSAMHEHUH.

Jisg Toro 49ToOBI MOMBITATHCS OMPEAETUTHh HAIpaBICHHUE STOU
(hasbl PBOJIOIMY, HY>KHO BHOBb OOPAaTHUTHCS K OOCTAHOBKE CYIIECTBO-
BaBIIlei Ha 3eMIIe.

MBI HCXOIMM M3 TOTO, UYTO OOCTAaHOBKA Ha ITOBEPXHOCTH PaHHEH
3emiu Obls1a BOCCTAHOBUTENBHOM. APryMEHTHI B MTOJIB3Y 3TOTO MPH-

125



BeZleHBI Bhilie. Ho 1o psiay mpuuuH 3T0 0OCTaHOBKAa ObLIA HEYCTOM-
ynBod. ['TaBHAs mpuYMHA, HAa HAII B3TJSA, COCTOSJIA B MOCTEIICHHOM
OKHUCIJICHUM MaHTHUU TI0 MEXaHU3MYy, O KOTOPOM YK€ OBUIO CKa3aHO
(6bomee moapobuo cMm. B Galimov, 1998).

JuctiporopiioHMpOBaHUE BIOCTUTA Ha TPAHUIIE SApa U MaHTHUU
3eMiId TIPUBOAMIIO K TPHCOEAWHEHHUIO JKelle3a K METAUTHYECKOMY
SIIpy ¥ BO3BPAIICHHUI0O MarHeTUTa B CHJIMKATHYIO MaHTHIO C BOCXO-
JIIAM KOHBEKTUBHBIM MOTOKOM. [locTerneHHo MaHTHs oOoramanachk
KHCJIOPOJIOM M TIEPEXOJHlIa OT CBOET0 TITyOOKO BOCCTAHOBIEHHOTO
coctosHuss B Oonee okucieHHoe. [loctymnenne B atMmocdepy
BOCCTAHOBJICHHBIX COCJMHEHWH W3 MaHTHH, B TOM YHCJIE METaHa,
JTOTDKHO OBLIO MPEKPATUTHCS.

Ix. Yoaxep (Walker, 1980) chopmynupoBai HEKOTOPbIE TIpaBH-
Ja, B paMKax KOTOPBIX MOXKHO ITBITAThCS PEKOHCTPYHPOBATH PAHHIOIO
HCTOPHUIO aTMOc(epsl B OTCYTCTBHH HPAMBIX (hakToB. IlepBoe u3 aTHX
MIPaBUJI COCTOHT B TOM, YTO «OHMOJIOTHYECKN MHTEPECHBIE Ta3bl JOJIK-
HBI UMETh IIUKIDY: €CIM UMEETCSl Pacxoi, TO MOJDKEH OBITh yKa3aH U
WCTOYHHK TIOCTYIUICHHSI. B TepMHUHAX MOeNH, pa3BUBaeMOil 31€Ch, 3TO
O03HaYaeT, YTO CHCTeMa JOJKHA OBITh CTalMOHapHON. YTOOBI
ourocdepa Moria MOMJACPKUBATH CTAIIMOHAPHOE COCTOSIHUE, MOTpe-
OJIeHHE €10 METaHa U JPYTHX BOCCTAHOBIICHHBIX COCAMHEHHM JOJHKHO
(pu HaJOKEHUM BHEIIHETO OTpaHW4YeHHs) OBUIO BBI3BATh IPOLECC,
KOMIICHCUpYoImui pacxon. CremoBarenpHO, mpolecc B Ouochepe
JTIOJDKEH OBLT OpPraHM30BaThCS TaKUM 00pa3oM, 4TOOBI MIPUBECTH K Te-
Hepaluu MeTaHa.

B 310l cBSI3U MHE NpelCTaBIISIETCA BeCbMa YMECTHON uaes JIx.
Kacrunra (Kasting, 1993; 2000) o poiu METaHOT€HOB B paHHEH
ucropuu 3emun. OH paccMaTpuBaeT MPUCYTCTBUE METaHA B aTMOC(e-
pe, Kak GaxTop, CIOCOOHBIN MPEAOTBPATUTH MIEPEOXITKICHIE 3EMITH
B IEPHOJ TOHIKEHHOH cBermMocTd CONHIIA B Hadvaje 3BOJIONUN
conHedHO cucteMsl. [lo ero pacueram CymiecTByeT KOJIMYECTBEHHOE
COOTBETCTBHE MEXIy CKOpocThio mnponykiun CH, xommuectBoM
Bojopoaa W KoHmeHTparuer CH,, HeoOXoauMo#R s MmommepIKaHHs
opamkepeitroro ¢ ¢dexra (Kasting, 2000).

MeTtaHoreHbl TeHEPUPYIOT METAH IO CJIEAYIONICH cXeMe:

C0, + 4H, ->CH,4 + 2H,0

126



W3BecTHO, YTO METaHTeHEPUPYIOLIE OAKTEPHHU SIBISIIOTCS OJHU-
MH M3 CaMbIX JPEBHUX OpPraHu3MoB. D10 — apxeobakrepun (Woese &
Fox, 1977).

CoBpeMeHHbIE METAaHOI'€HBl — 3TO XeMOABTOTPOdbl. Eciu ku3Hb
HauMHANACh ¢ «(POTOreTepoTpodoB», TO AOLKHBI OBUTH OBITH MpOMe-
KYTOYHbIE (POPMEIL.

[Ipexxne Bcero, HYXHO OTMETHTH, YTO aJCHHH HE SIBISCTCS
a¢dextuBHbIM (hoTOperienTopoM. [loaToMy 3Ta posb AOKHA ObLIA
MepEeMECTUTLCSI OT OoJiee YHHUBEpPCAIBbHOTO HYKIEOTHIa K 0Oojee cre-
LIUaJIM3UPOBAHHOMY COEAWHEHUIO. TaKylo pojib MOTJIM B3ATh Ha cebs
(¢naBUHBI M MOPQUPHHOBBIC COCAMHEHMS, MPEACTaBIAIOLINE COOOit
(hoToceHCEeOMITN3aTOPbI, CIIOCOOHBIC TMPEBPAILATh CBETOBYIO 3HEPTHIO
B xummdeckyto (Henenuna, 1997). IlopduprHoBEIe coenuHeHus Ha-
XOZATCSA B OCHOBE CTPYKTYp, OOCCIEUMBAIOIIMX COBPEMEHHBIH XJIO-
podmioBslit potocunTes. [loppuHOBEIE coeMHEHMS, B TOM YHCIIE
JOCTaTOYHO CJOXKHBIC, MOTYT OBITH CHHTE3MPOBAHBI aOMOTEHHO, Ha-
npumep, okroazanoppun (Neumer et al., 1998). Okroazamopdun
(octaazaporphine) mpexacraBiser co0oif MOPHHHOBOE COSTUHEHHE,
OTBeHalollee, TaKk K€ Kak aJeHUH, MPOCTOM (opmyiie oiuromepa
muanucroro Bogopona (HCN)p,. /Ix. Héiimep ¢ coaBTopamu Imo-
KazaJll 3KCICPUMEHTaJIbHO, YTO CBOOOJHOE OCHOBaHHE OMOTEHHBIX
NopGUPUHOB TOCPEACTBOM (DOTOOKUCIICHHS SJIEKTPOHHOTO JOHOpa
(dopMupyeT panukai, KOTOPBI BOCCTaHABIMBAaET BOAY IO BOIOPOJA
(Neumer et al., 1998). B pesynbrare CoMHEYHas SHEPrHs TpPaHC-
(dopmupyeTcs B TpalieHT CBOOOAHOM SHEPTUU MEKIYy OKHUCICHHBIM U
BOCCTaHOBJICGHHBIM KOMIIOHEHTAMH, KOTOpBIC MOJIEPKUBAIOT XH-
Muueckue peakuuu. I[IpepOuonornueckne mopQUHBI MOTIHA HrpaTh
poib mpeoOpaszoBaTesieil COTHEYHOH SHEPTUH, MPUYEM B MTOAXOSILEM
CIIEKTPAILHOM  JHama3oHe, TMOJOOHOM TOMY, KOTOPBI HMeeT
xaopodpmwri-a (Mauzerall, 1992). IIpu stom ATP urpaer cBoro Hemnpe-
MEHHYIO pOJIb aKKyMYJISITOpa XUMHYECKOH SHEPTHH.

Camble IpeBHHE OPraHW3MBbl, HICHTU(QHLUUPOBAHHBIE B TOPHBIX
MopoJax BO3pPacToM 3,5 MIIPJ JIeT, IPEACTaBISIOT COOOH MO OMUCAHHIO
Jix. longa (Shopf, 1993) npokaproTHbIE KIETKH, MOP(HOIOTHICCKH
ONM3KHE K CHHE3ENICHBIM BOJIOPOCISM, T. €. (POTOCHHTE3UpYIOMINM
OpTraHh3MaM.
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Ho BBIJACJICHUE KUCJIOpOda MO CXEME COBPEMCHHOI'O q)OTOCI/IHTe'
3a:
C0, + H,0 --> {CH,0} + 0,

HaXOJWJIOCh OBl B KOH(JIMKTE C JIOTHMKOW SBOJIFOIIMK paHHEH Omnocde-
ppl. BO3MOXXHO, OZHMM K3 KOMIIEHCHPYIOIIMX MEXaHU3MOB IIPOTUB
YBEIIMUYCHUS MOTEHIMATa KUCIOpOoJia CTajlo €ro moTpeblieHre Mo pe-
AKIUU MUTOXOHIPUAILHOTO JIbIXaHHUS

{CHQO} + 0, -->C0, + H,0

DTO OTKPHUIO OJHOBPEMEHHO MOIIHBIH MCTOYHUK XHMHYECKOM
SHEPIHH.

MHUTOXOHAPUH, MPEACTABIAIONINE B COBPEMEHHBIX OpraHH3Max
KJICTOYHBIC OpPraHEeIIbl, MOIJIH OBITh MEPBOHAYAIBHO CAMOCTOSTE/Ib-
ueiMu opranmsmamu (Margulias, 1981).

Jlume Koraa yBelnu4eHHe MOTEHIMA a KUCI0POaa CTalo HEOTBpa-
THMO HapacTaTh W B 3K30c(epe MOSBHIICS MOJEKYJSIPHBIA KHUCIOPOI,
(OTOXUMHYCCKHH MEXaHU3M IEPEKIIIOUYIIICS Ha CXeMYy COBPEMEHHOTO
(dboTocunTE3A.

DOTOCHHTE3UPYIOIIUH M MUTOXOHAPHAILHBIC aNIaparhl CTald
MMOJIHBIMA CHMOMOHTAMH ¥ B KOHEYHOM CUETE 00BEIUHUIIUCE B OJHOM
KJIeTKe. MeTaHOOaKTepuu YIANWINCh C TJIABHOW CIIEHBI W HAIUIH
HUIIY B aHa9POOHBIX 00CTaHOBKAX.

C MoMeHTa, Korjga BO3HMK OuocuHTe3 Ha ocHoBe C0,, Macca
OMOJIOTMYECKOTr0 MaTepuaja crajia BO3pacTarhb, IOKa HE ObUI JOCTHI-
HYT HOBBI €€ TpEJICI, OMPEIeNIIEMbIA JOCTYITHOCTHI) XUMHUYCCKHX
AJIEMEHTOB, YYaCTBYIOIIUX B CTPOSHUH XHBOTO BellecTBa. OCHOBHBIM
JIUMUATHPYIOIIAM 3JIEMEHTOM CTal GOocdop, XOTS B OTICIBHBIX I'€OXH-
MUYECKHUX OOCTAaHOBKAaX UM MOT OBITh a30T, MHUKPO3JEMEHTHI U JIaXKe
yriepoa. B mepuosibl akTHBHOW TEKTOHUYECKOW JIESITEBHOCTH, BYII-
KaHHM3Ma, YBEIHUYCHHUS KIMMATHYECKHX TPATUCHTOB Ha IOBEPXHOCTH
3eMiM, KOria YCHIMBACTCA KPYrOBOPOT BEIIECTBa, MOCTyILIEHHE (oc-
(dopa u, BCIiea 3a TEM, Macca KHBOI'O BellecTBa Bo3pacrtaror. Ho B 1ie-
JIOM KOJICOAHUS 3TH OTHOCHTEIBHO HEBEIHMKH W 00BeM Oumochepbl
OTBEYACT €€ CTALHOHAPHOMY COCTOSHHUIO.

TpyaHO paccTaBUTh MEPEUHCICHHBIC COOBITUS B I'€OJOTHUCCKOM
XxpoHosoruu. OTOCHHTE3UPYIOIIHE TPOKAPHOTHI OBLIH yKE PA3BUTHI
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3,5 mupx ner Hazan (Shopf, 1993). Tak kak apeBHeilinme KapOOHATHI
Ha 3emiie, B OTJIMYHE OT MapCHAHCKUX, HE MOKA3bIBAIOT aHOMAJIBHOTO
oGoramenus u3otonoM C, T0 3,9 MIPA €T OCHOBHBIM yITIEPOICO-
JiepKaIuM ra3om JoinkHa Obuia crath CO,.

Bo3moxHO, K 3TOMY pyOeXy 3BOJIOLMS KU3HHM JTOCTUTIA Kile-
TOYHOTO YPOBHSI.

OmuH u3 Hanbonee (hyHIAaMEHTAIBLHBIX BOIPOCOB — BOIPOC O
TOM, CKOJIBKO BPEMEHH 3aHSUI MYTh OT MPOCTHIX XUMHYECKUX COCIH-
HeHMi 10 kuBbIX opranm3moB (Orgel, 1998). Ecnmu paccmartpuBaTh
HCTOPHIO OOMOAapAMPOBKH 3eMITH, KaK HEONaronpUsTHYIO UL 3apo-
KJIEHUS JKU3HH, XOTS W He HCKIFOYAIoNIyl0 (OPMHPOBAHUS Pa3HO-
00pa3HBIX TPEAONOTOTHIECKUX COeNWHEHHH, TO OCTaeTCsd KOPOTKHMA
nepuop ot 4,1 no 3,9 mnpna ner.

Kak copaeemineo ormeuaer JI. Oprens (Orgel, 1998), moka msr
HE TIOHMMaeM, KaK BO3HUKJIA CaMOPEIUIMIHPYIoIas CUCTeMa Ha TpH-
MUTHBHOW 3emiie, MBI HE MOXXEM OMNPEIETUTh Ha OCHOBAaHHH TOJIBKO
XIMHAYECKHX apTyMEHTOB CKOJBKO BPEMEHH IOHAIOOWTCS A Tepe-
X0J1a aOMOTEHHOTO MHpPa B OMOTCHHBIMH.

51 Xody IUIIL BBICKA3aTh COOOpa)KeHHE, BBITEKAIOUIEe M3 CY-
niecTBa 00CYXJaeMON MHOIO Mojelnu. EcTecTBeHHOE MOIIEKYISIpHOE
YHOpsiIOUEHHE TPU BBHIMOJIHEHUH BCEX YCIOBHUH (CTaI[IOHApHOCTH,
MPUTOKA SHEPTHHU, OTPHLATEIBHON SHTPOIHHU) €CTh MPUHIMITHAILHO
JUIMTENBHBIN mporiecc. Eciu O MBI 3HaMM aOCONIOTHO TOYHO BCE
JeTaqy MeXaHH3Ma BO3HMKHOBEHHUS JXM3HH WU €€ JBOJIOINUH U 3a-
XO0Tenan OBl BOCIIPOM3BECTH 3TOT IMPOLECC Ha JabOpaTOPHOM CTOJIe,
0010Ch, OH U B 3TOM Clly4yae JOJDKeH ObUT OBl 3aHATH ThICsiueseTs. Ho
B I'€0JIOTHYECKOM MaciiTabe BpeMeHU 3To — OBICTpBIi npouecc. Mue
MPEACTaBIACTCS, YTO KHU3Hb B OOCTaHOBKE, HE MPEMATCTBYIOLICH ce
BO3HMKHOBCHHIO Ha IUIAHETE, MPOXOAUT OTal 3apoXIeHUI U
HaYaJIbHOU MOJICKYJIIPHOM 3BOJFOIMH 32 HEMHOTHE MUJUIMOHEI JICT.

Cka3anHoe B 3ToH TmaBe cymMMupyet puc. 3.9. Ha HeM mokazaHa
mperonaraeMas oCIeA0BaTeIbHOCTE coObITHi. [IpHu onpeneneHHOM
COYETaHWW YCJIOBHHA Ha 3emMile, BEpOATHEE BCEro, B IPHCYTCTBHUU
BOCCTAaHOBUTENBHOI aTtMoc(epbl, B cpele OobKHA 00pa3oBaThCs 3a-
MeTHAas KOHIIEHTPAITUs IIEPBUYHBIX OPTAaHMYECKIX MOJIEKYII, BKIFOYast
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IIUAHUCTHIN BOJOPOA, (OpMaIbACTH] U caxapa, aMUHOKHUCIIOTHI, MPO-
CTBIC TUTUABI (YTIIEBOIOPOIBI M CMOJUCTHIC BEIIECTBA).

Benen 3a aTuM mpoucxoauT cuHTE3 HyKIeo3ua-hocdaros, Hau-
Oosiee BaKHBIM M3 KOTOPBIX aneHo3uH(ochar. ['maponus ageHo3uH-
Tpudocara JaeT 3HAYUTEIBHYIO SHEPTUIO, KOTOpas oOecrednBaeT
CTAllMOHAPHOE COCTOSIHHE IeNH HeoOpaTUMBIX mporeccoB. Crucrema
HEOOPAaTUMBIX PEaKIHid, B KOTOPOH yCTaHOBHIIOCH CTallMOHAPHOE
COCTOSIHUE, XapaKTEpU3yeTCs MUHUMYMOM MPOU3BOACTBA SHTPOIHH.
DTta cucTema sSBisIeTCS ycToWumBou. Ecim kakoe-nmmbo Bo3MyIeHHe
BBIBOJUT €€ U3 CTAllMOHAPHOTO COCTOSIHMS, TO OHA CTPEMUTCS
BEpHYThCS B Hero. JIto6oe cocTosiHre, OTIMYHOE OT CTAIMOHAPHOTO,
XapakTepu3yercs 0oJjiee BBICOKMM ITPOM3BOJICTBOM  DHTPOIIHH,
CJeIoBaTeIbHO, JI000E BO3MYIICHWE TPUBOJUT K YBEIHMUCHUIO
SHTPOIUU CHUCTEMBI. Penakcammsi CHUCTEMBI C BO3BpAIlCHHEM B
CTAallMOHAPHOE  COCTOSIHUE, T.€. COCTOSSHUE C  MHHHUMYMOM
MIPOU3BOJICTBA SHTPOIHH, JOJHKHO COIPOBOXKIATHCS 00pa30BaHUEM
HU3KOIHTPOMUWHOTO TPOAYKTa. TakuM 00pa3oM, BOZHUKACT IBOIIIO-
HUOHUPYIOIIAsl CTalMOHAPHAS CUCTEMa, MOAJIEPKUBAEMasi IPUTOKOM
SHEPTHH U OOMEHOM BEIIECTB.

OHa >BOIIOIMOHUPYET B CTOPOHY OTPAHWYCHHUS CBOOOIBI B3au-
MozeicTBuil. Ha sToM myTH B NIEpBYIO Oouepeab BO3HUKAIOT MPOCTEM-
1IMe MmoJuMepsl: KopoTkue 1enu Hexkomaupyrommx PHK u vexkomupy-
embIx nenTuaoB. OMHAKO TIaBHBIN ITyTh JBOIIOIUY TPOJIETAET Yepes
(hopMHpOBaHKE KOJa — CTPYKTYPHOTO COOTBETCTBHS MEKIY HaOOpOM
HYKJICOTHIOB M BHIIOM aMHHOKHCIOTHI. lleHTpanpHyt0 poib B Qop-
MHPOBAaHUU ITOTO MEXaHU3Ma WUTPACT MOJIEKYJa, MOA00HAs IO CBOWM
coiictBam t-PHK. B xoHeuHOM cueTe mpoucxoauT oOpa3oBaHHE KO-
nmupytonmx PHK u xonupyemsix momunentunoB. B mepByto ouepens,
OUYEBUIHO, (POPMUPOBATKUCH ()EPMEHTHI, HMECIOIIUE CBOWCTBA IIOJIH-
Mepaz, ynpasistomux cuaTesoM PHK u amunanun-ATP-cunTeTassl,
onpenensomie coorerctBue Mexay tunom t-PHK u Bugom amu-
HOKHCHOTEL. ®Paktnuecku komupyromas PHK mpeacraemser coboif
nepBbiit red. PHK, koaupyromas monumepasy, €CTh HE 4TO MHOE, KaK
BHpYC.

Bo3amkina crmocoOHOCTh K peruiiKanuu. B 3TOM TyHKTE 3BO-
JIONWY TPOU3OILIO TEPBOE 3HAUYUTEIHLHOE PAa3BETBICHHUE €€ ITyTEHU:
Ha BUPYCHI U KJIeTKHU. [IpocTpancTBenHoe 00ocobienne PHK wiu

130



KNETKA
QPTAHW3M

BUPYC

NPOCTPAHCTBEHHOE
: OBOCOBNEHUE
O3HWKHOBEHWE PENMNUKALIWA

FEH
KOAWPYEMbLIE
KOOWUPYKILLLARA NENTAAL
PHK

KNETOYHASR

CTALUMOHAPHAR

CHCTEMA HEOBPATUMIEX
PEAKLIMW, NODAOEFAKHBAEMAR
NPHUTOKOM 3HEFTHIH
YEPE3 ATP

CUHTE3 XHMH'-!ECKHX&EIPEJJU.IECTBEHHHKOB

NEPBUYHASI CPEAA HA 3EMAE

MREHKM

Puc. 3.9. Cxema nauanvrot cmaouu 36010YUU HCUSHU
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JHK BMecTe c ammapaToM TpaHCISIWHU, Najdo Hadaino kierke. IIpo-
CTpaHCTBEHHO HeobocoOneHHas koaupyromas PHK morna cymectBo-
BaTh OoTnenbHO. OHa coxpaHmia 3Ty (OpMYy B BUJIEC BUPYCOB JIO Ha-
cTosmiero BpeMenu. IIpocTpaHcTBeHHOE 000CO0ICHHUE, TTO3BOIUBIICE
BOCIHMHO YICPKUBATh KOMIIOHEHTHI YK€ JOCTAaTOYHO CJIOKHOTO arma-
pata, (hakTHYecKH 3HaMEHOBAJIO COOOW TosBIeHHe opraHm3Ma. Kax
ormetun Jxxepanp xoiic: «Bompoc 0 MPOUCXOKIACHUH KU3HU OJUH
M3 CaMbIX CTapbIX M HanOoJiee TPYAHBIX B OHonoruu. OTBET, €CIIU OH
KOrIa-HUOYAb OyIeT MOJIyYCH, BPSA JIM CBEACTCS K CAMHCTBCHHOMY
YTBEPKICHUIO, CKOpee K OOIIMPHON XPOHOJIOTHU COOBITHH, HAYWHAS
¢ ¢opMmupoBaHUS 3eMIIM W KOHYAS TIOSBICHHEM KJICTOYHBIX
opraam3moB» (Joyce, 1989, p. 217).

132



I'maBa 4

KomOunaroprka reHoB

WM "MPOUCX0XKACHUE BUJIOB"
[

B sTOli TIaBE MBI MONBITAEMCSI PACCMOTPETH HEKOTOPBIE aCIEK-
Thl MOJIEKYJSIPHOM T€HETHKH B CBETE€ TEX NPHHIMIIOB 3BOIIOLUM,
KOTOpbIe ObUIH C(hOPMYIIMPOBAHBI B IPEIIIECTBYOLINX IJIABaX.

He TonmpKko K 371€MEHTapHBIM XMMHYECKHM CHCTEMaM, HO U K Op-
ragu3anuu Omocdepbl B IEIOM, MOTYT OBITh OTHECEHBI OCHOBHBIC
YCIIOBHsI YTIOPSAIOYEHHUs, CTAallMOHAPHBIA XapakTep IPOLIECCOB, He-
MIPEPBIBHOE MOCTYIUICHUE YHEPTUU, MUKPOCKOIINYECKH CONPSKEHHOE
YHOpAgO4YeHUe, TpaHC(HOPMHUPYEMOE IIOCPEICTBOM aBTOKATalu3a B
MAaKpOCKOIIMYCCKOE ABJICHUC, HUTCPATHUBHOCTD. HpI/IHHI/IH ynopsaao-
YeHus, cOpPMYJIHPOBAHHBIA BO BTOPOW IJIaBe, MpeAroJyiaraeT BO3-
HUKHOBCHUS HHSKOSHTpOHHﬁHOFO MMPpOAYKTa ITYTEM COYCTaHHA YIKE
umeronuxcs Gopm ynopsimodenus. Ha ypoBHe T'eHOB 3TO O3Ha4aeT
JOCTaTOYHO IIMPOKHH TeHHBIH 00MeH B MacmTadax ouochepsl. ['eHb
JIOJDKHBI OBITH TpaHchepaOenbHbl M JOJDKSH CYIIIECTBOBATh MEXaHU3M
WX ajjanTaluy.

$ 1. I'ennviii pezepsyap buocgepol

Buocdepa mpencrasiaser coboit TeHHBIH OkeaH. B 3ToM okeaHe
npeobnamaromei (GopMoil CyIIeCTBOBaHHS T'€HOB SBISIFOTCS KOPOT-
KHe IIeMOoYKH HykiaeoTuaoB, (parmentsl /IHK, BuUpych, Oakrepum.
HudroxxHoe mo o6beMy MECTO B 3TOM OKEaHE 3aHWMAIOT CIIOYKHBIE
TeHOMEI. | eHHBIN OKeaH ABJSETCS TEM pe3epByapoM, B OOMEHe C KO-
TOPBIM CBEPIAETCS SBOIIONHS CIOKHBIX TEHOMOB.

I'en ompenenser cTpykTypy Oenka berlok KOHTpoOIHMpyeT Mpoxo-
XKIIeHUe OoTpeereHHoNn peakunu. COBOKYITHOCTh peakiiiil ompeaes-
eT 6uosnorudeckyro GyHKIH0. COOTBETCTBYIOIIAS € COBOKYITHOCTh
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OenKoB ompezenseTcss OJIOKOM reHoB. B cBoio odepens, 6JI0KK reHOB
OOBEUHSIOTCS B KOMIUICKCHI, OMpelesomue OnoJorudecKue
CTPYKTYpHI ¥ QyHKIMH emle 0ojiee BBICOKOH CTENeHH OpraHnu3aliH.

Mogens KOMOWHATOpHOW SBOJIIOLUM MPEATNONaraeT BO3MOXK-
HOCTb CONPSDKEHHS 4y>KEPOIHBIX TeHHBIX HaOopoB. CylecTBYeT He-
MaJI0 IKCIIEPUMEHTAIBHBIX CBHUICTEILCTB U3MEHEHHS T'€HETHYECKOTO
COCTaBa OJHOTO KJIETOYHOTO ITamMMa npu oOpabdotke ero JHK mpy-
roro mramma. OJHaKO UM HE NPUAABAIOCH CEPHE3HOTO 3HAYCHHS B
KadecTBe (akTopa sBotonuH. Kiaccuueckas TeHeTHKa yTBepkaaia,
YTO HET HHUKAKOro IyTH, KOTOPBHIM M3MEHEHHUS H3BHE MOTJIH Obl
MPOHHUKHYThH B HACJIEJCTBEHHEIH, T. €. B TEHHBIH, MaTepHall.

Mexny Tem, eme B 1944 romy, B Tex k€ 3KCIIEpUMEHTaxX, B
kotopeix O. ABepu ¢ komteramu (Avery et al., 1944) smepsbie
MIOJIYYIJIA  JTOKa3aTenbcTBa TeHerndeckoi ponu JIHK, Oputo ycra-
HOBJICHO siBlieHHe TpaHchopmanuu reHoma. Ilpu BBemenwm JIHK
BUPYJICHTHOTO IITaMMa B O€3BPEIHBIN IITaMM, MOCIEIHUN TPHOOpe-
TaJl BUPYJICHTHOCTh. B OONBIIMHCTBE CiydacB BTopriuvecs (hparmMeH-
Thl YHUUTOXKAIOTCS CHCLMAIbHBIME (hepmenTamu (restriction enzymes).
Ho B Hekoropeix ciydasx JJHK mMoxeT ObITh MOOUQHUIIUPOBaHA MIPH-
miesnbieM. [IporcXoauT MpHUcoeqMHEHHE YYKepOTHOrO (hparMeHTa K
JHK xo3siuHa.

W3BecTHO, YTO YyBCTBHUTENIBHBIE K ONMPECICHHOMY aHTHOHOTHKY
00JIe3HETBOPHBIE OaKTEPHH BCKOPE BBIPAOATHIBAIOT K HEMY COIPOTH-
BicHHE. Bo30OyauTenu Masipun repecTain ObITh YyBCTBUTEIBHBIMU K
XMHOJIMHOBBIM TIperapaTaM, KOTOpBIE YCIEIHO MPUMEHSUIUCH B Te-
YeHHe MHOTHX NPENIIECTBYIONIMX JIET. B pesynbraTe moan oka3aiuch
0e33alUTHEIMU TIepe]] HOBBIMH mTaMMaMu. B Adpuke exerogHo ot
MaJISIpUH TIOTM0AeT OKOJIO IBYX MUJUIMOHOB denoBek. [Iprnobperaemas
HEYyBCTBHUTEIBHOCTh OBICTPO Mepeaercs apyrum mrammam (G.White,
1974). Oxkazanoch, 4TO TE€HBI, OOYCIABIMBAIONINE COMPOTHBIICHUE
AQHTUOMOTHKAM, TIEPEAl0TCs OT OJJHUX KIIETOK K APYTHM ILIa3MHIAMH.

[Tna3mMuabl OpPEACTaBISAIOT COOOM KOJBICOOPA3HYI0 MOJICKYITY
JHK, Bxmrouaronryto ot 1 500 mo 300000 map nykneotunos. OHa Mo-
KET PEeTUTUIUPOBAThCS HE3aBUCUMO OT OaKTEPUANTBbHOW XPOMOCOMBI.
[Tna3Muabl HECYT reHBI, KOTOPbIE IOIEPKUBAIOT )KU3HEHHBIH IIHKIT
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xo3a1Ha. Ho oHM Takke MOTYT MHTETPHUPOBAThCS B TEHOM XO35IMHA U
nepeaBaTh FeHbl, KOTOPBIC BIUSIOT HA CBOMCTBA KIETKU XO35IMHA.
Hexortopele Bupychl, HMHQUUHUPYIOIMIME NPOKAPHOTOB, HMEIOT
CBOICTBa, OJOOHBIE TUIA3MHUAAM, B YACTHOCTH, MOTYT BCTPauBaThCs
B XpOMOCOMY KJIETKH Xxo3auHa. Hampumep, renom ¢ara Mu mpencra-
BisIeT coboit muuerinyto JJHK, nmetorryro npubmmsurensHo 37 000 map
HykiaeoTunoB. [Ipu nadunuposanun JHK Bupyca nHKopnopupyercs
B Heckoubko yuacTkoB JIHK xozsuna. [lpu pemnukanuu wacte JJHK-
XO3s5IMHA TONaaaeT B BUpYC. Mu-ghae MOXKeT mepemMecTuts (transpose)
M000i cerMeHT OakTepuanbHOW XpoMocoMbl Ha riazmuy (Matthews,
1991, c. 652). B npuHuune Bo3MOXHO IpeBpallleHHe BUpyca B IJjas-
MU U HA0OOPOT, XOTsI MEXIY HUMH CYLIECTBYET TO pa3liiuue, 4To
BUpYC CHa0XX€H, NMOMHUMO TE€HHOTO MaTepHaia, HeoOXOAMMOro Ui
PEIUTMIHPOBAHMS, TCHAMH, CIYKallUMHU IS oOecrieYeHUs] TPOHUK-
HOBEHHSI B KJIETKY XO3sIMHA, U 000JIOUKOM, MpeIoXpaHsIoIeil ero Bo
BHEIIHEH cpele, B TO BpeMs Kak IUIa3MUABI B HW3BECTHOM CMBICTIE
SIBTISIFOTCSL YacThIO TEHHOTO MaTepHala KIETKH XO35MHA, B YaCTHOCTH,
MOTYT BCTPauUBaThCsl B XpOMOCOMY KiieTkH xo3suna (Matthews, 1991).
CriocoOHOCTh K TeHeTHYEeCKOl peopranusauun P. MaTpio3 BKIIO-
YaeT B OIpeeNeHre BUpyca: «BUpyChl UCIIBITHIBAIOT TEHETHIECKOE M3~
MeHeHHe. To4YeuHbIe MyTalliyd 9acTO BO3HUKAIOT KaK Pe3yJbTaT OLIH-
00K KOMMPOBaHUS B XOZ€ PEIIMKAIlMK reHoMa. J[pyrue BUABI TeHEeTH-
YEeCKUX W3MEHEHHH MOTYT OBbITh 00YyCIOBIEHB peKOMOWHALIMEH, TIepe-
pacmpezeneHreM JacTeil TeHoMa, MoTepeil TeHeTHYeCKOro MaTepuana
WM TIPHOOpETEeHNEM HYKJICOTUAHBIX MOCIEIOBATEILHOCTEH OT dyiKe-
POIHBIX BUPYCOB MK TeHOMa Xo3suHa» (Matthews, 1991, c. 10).
W3BecTHBIM MPUMEPOM COCAMHEHUS UYKEPOIHBIX T'€HOB, HUMEB-
[IMM 3BOJIIOLIMOHHOE 3HAaYEHHE, sIBIseTCs GOpMUpOBaHHE KIETOYHBIX
oprauemt (Margulias, 1970; 1981). Ansrman B 1890 1. BriepBBIe BBIIBH-
HYJI THIIOTE3Y O MPOUCXOKACHUN MUTOXOHAPHUI U PAaCTHTENBHBIX ILIa3-
MUJ U3 BHYTPHUKIJIETOUHBIX OaKkTepuii CHMOMOHTOB. B cooTBeTCcTBUU C
Hell IacTHb! (OpraHellibl, B KOTOPBIX OCYLIECTBIsETCS (POTOCHHTE3)
Y MUTOXOHJIpHU (OpTaHeIUIbl, B KOTOPBIE OCYILIECTBIISETCS IbIXaHHE)
OPOUCXOIAT OT OakTepHid, KOTOpHIE B OMNpPEACTICHHBII MOMEHT
Te0JIOTHYECKON MCTOPUU OOBEAVHUINCH B €IUHYIO KIETOUHYIO CTPYK-
Typy. [Ipy 5TOM 4acTb TeHOB, NPUCYIINX UCXOJHBIM OaKTepHsM, ObLIa
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yTpadeHa, a 4acTh IIEpEeMECTUIIACh B SAPO KIETKU X03sMHa. bonee To-
0, pa3HbIE COUYETAHUs YTPAUCHHBIX U MPUCOCIUHEHHBIX TEHOB B 3TOM
COOBITHH Jajil Hayallo TPeM T'€HETHYECKUM JIMHHUAM: 3eJIeHbIM pacTe-
HUSIM, KpacHbIM BoJopociisiM U riaykoduram (Moreira et al., 2000).

PetpoBupychl BCTpanBaloT CBOil TEHOM B T€HOM KJIETKH XO3SIHHA.
OOpartHast TpaHCKpHUINTa3a sIBISIETCS (PEPMEHTOM, CIOCOOCTBYIOMIUM
nepenocy koma PHK supyca B JTHK ietku (Zubay, 1998). Mssecten
a¢dekt TpaHcaykuuu, koraa Bupyc nepenaet JJHK ot oxHoit OakTe-
puu k apyroii (Jiang et al., 1998). P. b. Xecun (1984) B cBoeit 001up-
HO#l MoHOTpaduu cobpas u 0000IIMIT 3HAYMTEIFHOES YHCIO Ha0Jro-
JeHNH, YKa3bIBAIOIINX Ha CYIIIECTBOBaHHE OOMEHa Te€HaMH MEXIy He-
POIICTBEHHBIMH OpTaHM3MaMH, BKIIIOYAs SKCITIECCHIO TeHOB OaKTepuid
B T€HOME BBICIITMX JKUBOTHBIX M pacTeHuit. P. b. XecnH mumreT: «uTo0bI
repeaaTs CBOM TeHbI KIIETKe )KHBOTHOTO, OaKTEPHH HE TOJDKHBI 00s13a-
TEJIFHO WCTOJIb30BaTh THOPHUIHBIE TUIA3MU/IBI WIH TPAHCIyIHAPYIOIIHAEe
(haru: menple OakTEepUANEHBIE KIETKH WM WX MPOTOIUIACTHI MOTYT CIIH-
BaThCs C KJIIETKaMU JKABOTHBIX, TiepeaaBas uM npu 3ToM cBoro JTHK;
TaK 4TO OaKTEpPHsM TOJBKO HYKHO TPEOJ0NETh Oaphephl BHYTPH Opra-
HH3Ma U 100paThCs M0 KIETOK €ro 3a4aTKoOBOro myTm» (XecuH, 1984,
c. 368). BeposTHOCTB 3TOTO HE Tak Y Maja. OHa OIECHUBACTCS BEJIH-
annoit 107 — 10 (Colbere-Garapin et al., 1981). TpaHCIO30HEI MO-
TYT OBITh MMPUYUHOMN BCIBIIIKA U3MEHYMBOCTH, YTO MOXKET ITPUBOIUTH
K OBICTpOMY IpeOOpa30BaHUIO TOMEOCTATHUECKON BUAOBOH HOPMBI H,
BO3MOXXHO, — K BujooOpazoBanuto (Patnep, BacunbeBa, 1993;
Kopatom, 1982). B. A. Kopatom npuaaBan nepeHOCy TeHOB OT OakTe-
pHii K 3yKapuoTaM 0co0oe 3HaueHHe B KayecTBe (pakTopa IBONIOLUH,
BO3MOXKHO, U3NIHUIITHE OHOCTOpoHHEE (cM. Tarapunos, 1988).

Nwmerorcst coobmenust, yto ¢parmentsl JIHK mormbmux 6ax-
Tepuil, pacTBOPEHHBIE B MOPCKOIl BOJE, MOTYT BCTpamBaTbCs B Uy-
xepoxusiii Tenom (Chiura, 1997; Paul et al., 1993). Kourenrparms
BHPYCOB B MOpCKOif Boje mmeeT mopsiaok 100 B omHOM Kybuueckom
merpe (Bergh et al., 1989). Jlaxxe ecinu BO3HUKHOBEHHE HOBOTO T€HO-
Ma 3THM IyTeM KpaiiHe peko, ¢ BepostHocThio 10", To u Tora, kak
ormedaeT J[x. @ypman, mpu 06beMe HACEIICHHOTO OPraHu3MaMH MOPS
3,6-10" kM® ¥ IpH YACTOTE CMEHBI OKONICHHUI IPHOIH3HTEIBHO
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B OJIUH JICHb, BEPOATHOCTH SBOJIIOIMOHHOTO COOBITHSI COCTABUT OKOJIO
muuHoHa exxenHeBHo (Fuhrman, 1999).

B nocnennee BpeMsi B TUTEpaType MOSBISIOTCS MPEANOI0KEHHS,
YTO IBOJIIOLHS MOXKET OCYIIECTBIISITHCS IMyTeM KOMOMHUPOBAHHS OT-
JeTbHBIX TEHOB, UX OJIOKOB W IOCIEAOBATENLHOCTEH ele OoJiee BbI-
cokoro yposus (Marcotle et al., 1999; Overbeek et al., 1999; Bork et
al., 1998).

YcTaHOBIEHO, HAapUMEp, YTO B COCTaBe XPOMOCOMBI-21 yerno-
Beka 24 reHa SBISIOTCS o0mmMu ¢ xpoMocoMoii-10 mbrmu (Hattori et
al., 2000). B obOoux ciy4asx T'eHbl BCTpEHYalOTCS B TOH K€ IMOCIe-
noBareibHOCTH. ClieoBaTeNbHO, TpaHC(epaOelbHbIM SBISETCA OIOK
TeHOB. ['€HbI B pa3HBIX COYETAHHSIX MOTYT PEATM30BBIBATHCS B Pa3HBIX
¢ynkumsax. [loaToMy OIMH M TOT K€ T€H KOHTPOJMPYET, HampuMep,
LBET MBIIIU U ee pa3Mep. ['eH, KOTOpBI KOHTPOJUpPYET LBET IJIa3
Ipo30GHIBl, KOHTPOJIHPYET (QOPMY CEKCYalIbHOTO OpraHa CaMKH
apozodust (Milton, 1997, c. 181).

CXO0ICTBO MOCTIENOBATENFHOCTH OCHOBAaHUH B T€HAX pasHbIX Op-
TaHU3MOB He 00s13aTesIbHO 00YCIIOBIICHO MPSMON T'€HETHYECKOH CBSI-
3bI0 COOTBETCTBYIOIIMX OpraHu3MoB. Hampumep, dacTe mocienoBa-
TEIBHOCTH aMUHOKHCIIOT B (hepMeHTe pudyo30-mudochar-kapOok-
cuiaze (POTOCHUHTE3UPYIOMINX PACTEHHUH COBIAgaeT C MOCIeAOBATEIb-
HOCTBIO aMHUHOKHCIIOT B TIOKPOBHOM O€JIKe BHpyca TabauHOH MO3aUKH
(Dietzen & Zaitlin, 1986).

Mmuorue pexkombunanmu BeayT k matonoruu (Kazazian, 1998;
Deiningen & Batzer, 1999). He nro0ple KOMOHHAIIMH MOTYT 3BOJIIO-
IUOHHO 3aKpenuThesi. VHOrIa HMCKYyCCTBEHHO CO3/IaHHBIE THOPUIBI
MOTYT (YHKIMOHUPOBATh, HO CO BPEMEHEM BO3BPALIATHCS K HUCXO[-
HBIM CTPYKTYpaM, Kak 3T0 ObUIO MMoKa3aHo Ha mpumepe TMV (Bupyca
tabauHoit Mo3auku) (Dawson et al., 1980).

ITo mMepe pacmIMpOBKH T'€HETHUECKOTO KOAA pa3HBIX OpraHu3-
MOB, BCE B OOJIBbILIEH MEpe CTAHOBUTCSl OYEBHUIHBIM, YTO OIHH H TE XKe
TeHBbl U UX TOCIEJOBaTEIbHOCTH BCTPEYAIOTCA Y Pa3HBIX OPTraHU3MOB.
Korzma B 1996 roxy Obu1 omyOnukoBaH reHOM Saccharomyces cerevisiae,
cocroswmii u3 npubnmmsurensHo 6 000 renos, okosio 2 000 u3 3TOrO
qrcna ObUTH paclio3HaHbI, KaK BCTPEUYAIOIIMECs Y APYTHX OpraHU3MOB,
eme 2000 nmenu cXoCTBO C paHee U3BECTHBIMH, a OCTABILIASICS TPETh
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paccMarpuBanach Kak MaTepHuall, IPUCYIIUH TOJEKO 'eHOMY JTaHHOTO
opranmma (Coffean et al., 1996). B renome Drosophila melanogaster,
omyonukoBaHHOM B 2000 TOfy, YKCIIO TEHOB, HE MMEIOIUX CXOJCTBA
C paHee H3YYEeHHBIMH, CHU3MIOCH 10 17% m3 13 600 (Adams et al.,
2000).

Ha puc. 4.1 u300paxkeH cXeMaTUIECKHI TIOTOK TEHOB Yepe3 TEHOM
E.coli B Teuenue reomormdeckoro Bpemenu (Martin, 1999). Tloncuu-
TaHO, YTO YHUCIIO MPHCOEIWHEHHBIX YYKEPOJHBIX T€HOB COCTABIISLIO
OoJee cTa 3a MOCIEIHUH MUJUTHOH JIET.

Hanmnume oOmmMx reHOB CBUAETENHCTBYET 00 OOIIeM Mpeiire-
ctBeHHHKe. COIMOCTaBIAs TEHOMBI, MOXXHO PEKOHCTPYHpOBaTh (Hu-
JIOTEHETUYIECKOEe APEBO, KOTOPOE M300paKaeTcst Kak pa3BETBIICHIE

Fenom £, coli B HacTosAlLee BpeM:

Bpems

i k-0E . 1.1 X
] feHom E. coli 8 npowiom 46"

Puc. 4.1. Cxemamuyeckoe uzobpadicenue nomoxa 2enog yepes erom E.coli
6 meyenue 2eonoauteckozo spemenu (Martin, 1999). C paspewenus John
Wiley & Sons. ©1999
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TEHETHYECKUX JIMHUM, CBOJSLIMXCS B HCTOKE K ONHOMY OOIeMy Mpen-
LICCTBEHHHKY. MMeHHO B Buae Takoro npesa Y.JlapBuH wu300pa3mi
rpaduuecku MPOUCXOXKICHHE BUAOB B cBoeM Tpyae (Darwin, 1859).

B nemaBHem o6zope V. Hymuta (W. Doolitte, 1999) ykazan Ha
NPUHLUITMATEHOE — OCJIOKHEHHE, KOTOPOe BHOCHT B  MOCTPOCHHE
¢busoreHeTHYECKO  KinaccuUKAMU  SBICHUE  MEKBHIOBOIO  TOpU-
3oHTaJIBHOTO TepeHoca reHoB (lateral gene transfer — LGT), u npusen psia
OPUMEPOB  Takoro IMepeHoca, B  OCOOCHHOCTH, OTHOCAIIMXCA K
NEePEKPEIIMBAHMIO TEHETHYECKHX JIMHUI OakTepuil, apxeoOakTepuil u
9YKapHOTOB (CM. CCHUIKH B 3TOi pabote). B pesynprate duiorenernyeckas
cxema, mnpuobperaet Bunm (puc. 4.26), CyIIECTBEHHO OTJIHMYHBIA OT
NPUBBIYHOW KapTHHBI MPOCTON TpH(YpKALMUd HA TPH JOMEiiHA, KOTOPYIO
00bryH0, mocne otkpbitus K. Bése u J[x. ®okcom (Woese & Fox, 1977;
Woese, 1998) apxeobakTepuii MOMEIIAIOT B y4eOHNKaX.

B wHay4yHOW IuTeparype, TeM HE MEHee, BCe elle JOMHHHPYET
HpencTaBlieHue 00 HepapXUIeCKOM CTPOCHHH (DUIIOT€HETHYECKOTO

Evcarvates Becteriu Etikarya Archaea

Eubacieria

3
z
2
g
]

Puc. 4.2. Qunocenemuueckoe opeso: (a) npedcmasieHue o pazoeieHuu Ha
MpU I60TOYUOHHBLE TUHUY, NPOUCXOOsiUUe Om 00Ue20 NpeoulecmeeHHUKA
(mooupuyuposannozo uz Zubay, 1998); (6) npeocmaenenue o
nepeniemeHHoM Opese, Ul Cemu, GbIMEKaruee U3 HOBbIX OaHHbIX.
3aumemeosano uz o6zopa V. /[yrumna (Doolittle, 1999). C paspewenus
American Association for Advancement of Science. ©1999
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JipeBa, OTBEYAOIIIee JIOTUKE JapBuHI3Ma (puc. 4.2a), XOTs BCe OOJIbIIe
JAHHBIX YKa3bIBa€T Ha TO, YTO T€HOMBI OPTAaHHU3MOB YEpIAIOT T'eHETH-
YeCKUH MaTepual 13 00LIero TeHETHYECKOTO MyJia OHOC(epHI.

DuoreHeTHYECKAs MOIETIhb J0KHA, MO-BUIUMOMY, BBIIISIIETH
HE KAaK BeTBsIIeecs JAPeBO W /1ajke He KaK AByMEpPHasi ceTb, a KaK
MHOTOMEPHOE TPOCTPAHCTBO, B KOTOPOM BO3MOKHO MepeKpelnBaHue
JAJbHUX TeHeTHYeCKUX CBsI3eil, X0Tsl B 3T0l MayTHHe MOIyT ObITh TOJI-
CThIE IJIaBHbIE IHHAH U TOHKHE, €1BA 3aMeTHbIE, CBSI3H.

$ 2. Aoanmayuonnas ponv mymayuii.
Tenemuueckuii opetigh

Jlis Toro 4toObl TeHBl B HOBOM COYETAHHH MOTIIH JIaTh HOBYIO
(bYHKUIUIO, OHU JOJDKHBI OBITh B3aMMHO afanthpoBaHbl. COBpeMeH-
HbII MOJICKYJSIDHBIN JIapBHHHU3M yTBepXkIaeT: «EJXUHCTBEHHBIM CIIO-
co00OM, KOTOPBIM MOTYT BO3HHKAaTh HOBbIE mocienoBareiabHocT JTHK,
sSIBISIETCS. MyTanust. MyTanus — TOIUTHBO, 00ECTICUHBAIOIIEe TTPO/IBHU-
sxenne spommorum». (Page and Holmes, 1998, c. 96). EctecTBeHHBII
0TOOp MyTaHTOB PAaCCMaTPHUBACTCS KAK OCHOBOIIOJIATAIOIIMI TIPUHIIHIT
IapBHHOBCKON MonekymspHoi remeruku (Fisher, 1999). Ham npen-
CTaBJISIETCS, YTO POJIb MyTalMH MHas. Kak mpaBuiio, oHa He sIBISIETCS
JIBUTATEJIEM JBOJIIOLIUH, TOYHEE CKa3aTh, (PAKTOPOM YIOPSIOYCHHUSI.
MyrTanuss ©MeeT aJanTaluoHHOe 3HadeHue. Eciam mpuuep:KuBaThCs
BBIIICTIPUBEICHHOI MeTaOphl, TO MyTallUsi CKOPEE HE «TOIUIUBOY», a
«CMa3Kay, 00eCeYrBaroIasl MPOIBIKCHUE IBOIOLHH.

MyTanyeil Ha3bpIBaOT HapyILICHUE MOCIEA0OBATEILHOCTH OCHOBa-
i B JIHK. Paznnuator paszHele Tvnbl MyTtanuii. B GoipmmHCTBE CBO-
€M OHH CBSI3aHBI C 3aMEICHUEM WJIM TePEMEIICHUEM HYKICHHOBOTO
OCHOBAHHsI B KOJIOHE: 3aMEIICHUE MKy COOOW MypHHOBBIX HIIH TTH-
PUMHUIMHOBBIX OCHOBaHMH (transition), wiam 3amenieHUe MypHHOBOTO
OCHOBaHHsI Ha MUpUIUHOBOE (transversion). MHornma, kKak MOXHO 3TO
BUJICTh, paccMarpuBas Tadi. 3.2, Takoe NMepeMelleHne He TPUBOAUT K
3aMEHE aMHUHOKHUCIOTHI. DTO CHHOHMMHYECKHE MyTauud. MyTaiun
TaK)Ke MOTYT COCTOSTh BO BKIIOYCHHM WIJIM, HA00OpOT, yTpare
OCHOBaHHUS. DTO — HWHJICIb-MyTalUuH. VHIenb-MyTaluy, KOraa OHH
nopaxaroT koupyroue JJHK, npuBoasT K TSXKEIBIM MOCIEICTBUIM
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IUIL OpraHu3Ma, TaKk KakK IPH 3TOM TNPOUCXOJUT CMEICHHE BCEi
nocinenoBareabHOCTH ocHoBaHui (frameshift) u Hapymaercst coot-
BETCTBHE TPHIUIETOB CTPYKTYpe KOAOHOB. C STHM BHIOM MYyTaluH
CBSI3aHBI TAKHE TeHETHYECKHE 3a00JIeBaHMsA, KaKk TeMouins, aHeMus,
MYCKyJbHasi JUCTPOUs U Jp.

MyTanuyu MOTYT UMETh MECTO TaKKe Ha XPOMOCOMHOM YpPOBHE.
K HUM OTHOCSTCS MONUIIONIMS, KOTJa KIETOYHBIE SIpa coAepsKar
MOBTOPSIIONIME HAOOPBI XPOMOCOM H3-3a TOTO, YTO HE MPOU3OLLIO
MeOoTHYecKoe JeieHHe. BapuaHTOM 3TOro THIA MyTalUUH SBISIETCS
AHEOIUIOWANSA, KOTAa B HaOOpe OKa3blBaeTCs Ha OJHY XPOMOCOMY
MeHbIe (monosomy) wmu Oosbmie (trisomy). XpomocomHast MyTa-
LUsl, CBsA3aHHAs C HapyUICHWEM 4YHclia XpOMOCOM, Hampumep, Io-
SIBTICHUE TPEThEH XPOMOCOMEBI B JAUIUIOWAHOM HA00pE XPOMOCOMBI-22,
MPUBOIUT K T'CHETHYECKOMY 3a00JIeBaHUIO, W3BECTHOMY, KaK CHH-
apoM JlayHa.

MyTauuu MOTYT OBITH CBSI3aHBI TAK)KE C Pa3pHIBOM XPOMOCOMBI.
[Ipu sToM wacTb otopBanHoi JJHK MoxeT ObITh yTpaueHa, HO MOXKET
BOCCOGIMHHUTHCA pa3HbIM criocoboM (Jlyounun, 1994). Hampumep,
€CII OTOpBaHHas YacTh IepeBopaunBaeTcsi U Boccoeaunsercs ¢ JJHK
B 00paTHOM HamNpaBJICHUH, 3TO MPUBOAUT K XPOMOCOMHOI WHBEPCHH.
WuBepcust moxeT ObITh O€3BpETHOM, €CITM TCeHETHYECKHH MaTepual
HE yTpadeH W HE MPOM3OILIO CEPhE3HOTO pa3pblBa I€HOB B MECTE
uHBepcun. Ecnu oTopBaHHas 4acTh XpPOMOCOMBI NMPHCOEIUHSACTCS K
OpYToH XpOMOCOME, TaKOW MpPOLECC Ha3bIBACTCS TpaHCIOKAaIMEH.
Haxonen, ecnu pa3pbslB XpOMOCOMBI IIPOUCXOIUT B MPOLIECCE PEILIU-
KallUH, TO BO3MOXKHO yJIBOGHHUE 3TOH YacTH B XpPOMOCOME.

[losiBnenne MyTanuii ¥ HaKOIUIEHHE WX B T'C€HETHYECKOM Ma-
TepHuaje SBISETCS CICACTBHEM Hen30eKHBIX COOEB B Mpoleccax pe-
IUIMKAalUA ¥ HacJeJOBaHUs, BBI3BAHHBIX KaK BHYTPCHHUMH, TaK U
BHeIHUMH npuurnHaMu ([lyoununH, 1991; Unre-Beuromos, 1989).

OnHoMMEHHbIE O€NKH B OpraHU3Max, HaXOISIIMXCS Ha PasHBIX
CTYNEHSX HSBOJIOLWH, UMEIOT HECKOJBKO OTIWYHBIA COCTaB aMHHO-
kucnot (Zuckerkandl & Pauling, 1962). Dto paznuune o0ycCIOBICHO
MyTanusiMd. YeM namnbliie 3BONIOLMOHHOE PACCTOSIHHE MEKAY BHIA-
MH, TeM OOJbLIC YUCIO 3aMEHICHHBIX aMHUHOKHCIIOT. DTO SBJICHHUE
MOJYYHJIO Ha3BaHUE MOJICKYJISIPHBIX YaCOB 3BOJIIOLIUH.
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Mepoli U3MEHEHUs] aMHUHOKHCIOTHOW TOCIENI0BATEIEHOCTH MO-
KeT cayxuTh kodpouuuent M.[Jaiixopda (Dayhoff, 1978). Benu-
YMHA OTKJIOHEHHs BO3pAcTaeT Mo Mepe yBEIHUYCHHS IaJCOHTOJIOTH-
YeCKOro BO3pacTa, T. €. BpeMEHH, MPOIICANIET0 C MOMEHTa COOBITHS,
pa3zenuBILIETO BUABI HA TEHETUYECKOM APEBE.

Koaddumuent [aiixodda 3aBUCUT OT YUCIia U3MESHCHHBIX aMU-
HOKHUCJIOT B TOCJIEIOBATEILHOCTU 110 OTHOILIEHUIO K OOILIEMY YHCITY
amuHokucnoT. P. Ieiimk u E.Xonmc (Page and Holmes, 1998) npu-
BOJAT CJIEAYIOMUH npuMep. Y KOPOBBI y4acTOK Oelka, colepiKaluii
149 amuHOKMCHOT, OoTiIMYaeTcs 17 aMUHOKHCIOTHBIMH OCTaTKaMH
(ko3 Punment Jlatixoda 0,131). PaszneneHue reHEeTHUECKOTO ApeBa
YeroBeKka M KOpoBBl mMpousomnuio 80 MIH JeT Hazaj. Y KpoKoauia
HaOJIoAaeTcss Ha TOM K€ ydyacTKe pasnuuue B 47 aMUHOKMCIOTax
(ko3 Punment Haiixoda 0,445, T.e. B 3,4 pasa Oonbine). ITO CO-
orBerctByeT 270 MuH jeT. [eHCTBUTENBbHO, HMCKOMAeMbIe OCTATKH
CBUIIETENILCTBYIOT O TOM, YTO I'€HETHUYECKHE ITyTH YeJOBeKa M all-
auratopa paszounutuch npubmmsutensHo 300 muH Jer Hazan. Takum
oOpaszom, kak ormeuaroT P. [leitmx u E. Xonmc, a-remornoOun Benet
ce0s1 ToZ00HO MOJIEKYJISIPHBIM Yacam.

MornekynsipHble 4achl OKa3bIBAIOTCSI OYCHBb Pa3sHBIMHU ISl Pa3HBIX
TUNOB TeHOB. Hampumep, CKOpPOCTb HAKOMJICHUS MyTalMi CHIBHO
OTIMYAETCs B AAEPHOM, MUTOXOHIpHANBHONW U XJoporuiactoBoid JTHK
pactenuii (Wolferet al., 1987). CymiecTByoT BechbMa KOHCEpPBAaTHBHbIC
10 CBOEMY COCTaBy Oenku. IIpumMepoM MOXKeT CIyKHUTh IOOMKBUTHH
(ubiquitin), KOTOpBIH COCTOUT M3 76 aMHHOKHUCIIOT, UMEIOLIUX BCETO
TPU 3aMELICHUS] MEXIy >KHUBOTHBIMH BHIAaMH, PACTCHUSAMH U JPOXK-
xxamu (Dunigam et al., 1988).

CymecTBeHHOE pasziuyhe B CKOPOCTSX HAKOIUJICHHUS MYTalui
pasHbIME OelTKaM# WLTIoCTpUpyeTcst Tabm. 4.1.

B konne 60-x romoB smoHckuii renetuk M. Kumypa (1968)
BBIJBUHYJI KOHLENIHMIO, KOTOpas ObUla Ha3BaHa HEHTpambHOH Teo-
pHeil, Tak Kak U3 Hee CIeloBajio, YTO MyTauud JHO0 HEHTpasbHBI,
100 BPEIHBI Ui OpTaHU3Ma, T. €. OHH HE SIBIISFOTCS MOJICKYJISIPHOH
OCHOBOW ecTecTBeHHOro oTOopa. Pojib ecTecTBEHHOro 0TOOpa COCTOUT
JHIIb B yCTPaHEHWW BpEeOHBIX MyTauui. Maeu, Onuskue K Teopuu
HEWTpaJbHOCTH, BBICKa3bIBaKCh emle B 20-30-e roast
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Tabnuya 4.1
Cropocmu 3ameuyerist aMUHOKUCTION 8 PA3HbIX OEIKaxX:

YUCTIO 3AMEUYCHULL, OMHECEHHOE K YUCTY AMUHOKUCTIOM 6 Delike
9
3a 10° zem (Dayhoff, 1978)

Bbenox CkopocTh
Kanmna-uMmyHOrnooynuH 1,850
Kanmna-xasenn 1,650
INamMMa-uMMyHOTTIOOYTHH 1,550
AnpOymMuH 0,950
Anbda-reMoraoonH 0,600
Bera-remoriioonn 0,600
Tpuncun 0,295
JlakTat germnporenasa 0,170
Hutoxpom C 0,110
['mytamar gerunporeHnasa 0,045
I'mcron H3 0,007
I'mcron H4 0,005
IO0ukBUTHH 0,000

JI.C.beprom (1922), C.C.YerBepuxosbiM (1926), 1. U. llImansray-
3eHoM (1938).

Aprymenrtanus M. KuMypsl OCHOBBIBAIACh, TIIAaBHBEIM 00pazoM,
Ha CKOPOCTH TPOSIBIIEHUS] MyTallMOHHBIX M3MeHeHuH B reHax. [lo ero
MHEHHIO, U3MEHEHHUS aMHHOKHCIOTHOW ITOCIIEAOBATEIIEHOCTA HEKO-
TOPBIX OEITKOB BCTPEUAIOTCS CIUIIKOM YacTO B XOJ€ dBoonnu. Ecim
OBl MyTalM 3aKpeIUIUINCh IYTEM €CTECTBEHHOTO O0TOopa, 3TO
moTpedoBao ObI HEMPABIAOIIOMOOHO OBICTPOTO BEIMHPAHUS OCTATLHOM
YaCTH TOIYJIALNH, YTOOBI JaTh JOPOTY HOBOMY T€HOMY.
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Cormacio M. Kumype, HEKOTOpBIE 3aMeIeHHS aMUHOKHUCIIOT B
Oelkax HE HMMEIOT Cephe3HbIX cleAcTBUi. [loaTomy oHM 3akpen-
JSIOTCS. M HaKarMBaloTcs. Te W3MEHEHHsl, KOTOpBIE CYIIECTBEHHO
CKa3bIBAIOTCS Ha (PYHKOMSX, yHalsioTcs otOopom. Otcioga HEKo-
TOpbIC MpaBuia, KoTopblie ObLH copmymupoBansl M. Kumypoii. B
YaCTHOCTH, «(DYHKIIHOHAIBHO MEHEE 3HAaYNMbIC MOJICKYJIbI WITH YacTH
MOJICKYJT SBOJIOLUOHUPYIOT (B TEPMUHAX MYTAaMOHHOTO 3aMEIICHHS)
ObIcTpee, 4eM OoJiee 3HAYMMBIC» WIIM «T€ MYTAHTHBIC 3aMEIICHUS,
KOTOpbIE MEHEE pa3pyIIUTENBHBI JUIsl CYLHIECTBYIOIIUX CTPYKTYpHI H
(GYHKIMM MOJICKYJbl (KOHCEPBATHBHBIC 3aMEIICHHsI) BCTPEYAIOTCS
variie, yeM paspyummrenbabiey (Kimura, 1983, c. 103).

B nemnom teopust M. KuMypsl yTBepikaaeT, 4To 3BOJIIOLUS COBEP-
[IaeTcs MyTeM reHeTH4ecKoro apeiiha, oOycIOBICHHOTO MYyTalMOH-
HBIMH M3MEHECHHSAMH. DTa TEOpHs MOJyYniIa Ha3BaHUE HEHTPAIIbHOM,
TaK KakK HpeArojaraercs, YTo TeHeTHYeCKUi Apel( ocyliecTBIseTCs
MOYTH HEWTPaAIbHBIMH MYTALUSIMH, HE HAPYIIAOUIMMH CYIIECTBEHHO
¢ynkumio rena. [lo-cymecTBy, 3TO — aHTHUAAPBUHOBCKAs TEOpUs,
TaK KaK B HEH OTPHULACTCS POJb MOJE3HOW MyTallUH, 3aKPeIUIsieMOn
KOHKYPEHTHBIM ecTecTBeHHbIM 0TOOpoM. /Ix. Kunr m T. Jlxrokc
(King & Jukes, 1969), ony0nikoBaBIIie aHAIOTHYHbBIC B3TJISIBI T10-
YTH OAHOBPEMEHHO ¢ paboroir M. Kumypel, Ha3Banu CBOIO CTaThiO
npsmo: «HexapBUHOBCKast IBOIOLHSD.

Teopuss M. Kumypsl nocTaTodyHo XOpowio OOBSICHAET MHOTHE
(aKThl MOJICKYJSIDHOW T'€HETHKH, XOTS OHa JUCKyccuoHHa. Hampwu-
mep, k. M'mtecrim (Gillespie, 1991) ormewaer, 4To MHCYJIMH CBUHBU
Y MBIIIU OTIMYACTCS TOJIBKO 4 aMUHOKUCIOTaMH, & CBUHBH M THCHBI
— 18 amuHOKHCTIOTaMH, XOTs1 00€ Mapbl pa3AeisieT 3BOJIOLU-OHHO
70 MWUTMOHOB JIET, M YTO HET HUKAaKMX OCHOBAaHHM IOJlaraTh, 4YTO
TUCTOHBI 0oOJiee BaXKHBI, Y€M HWMMYHOIJIOOYJIHMH, WIH 4YTO TIy-
TaMaTJeruaporeHasa BakHee TeMorio0nHa (Kak ciieqyeT U3 TEOpuHu
M. Kumypsl, cMm. Tab6i. 4.1). Boamoxxno, no muenuto JIx. ['miecnw,
reMOTJIOONH SBOJIOLMOHUPYET OBICTpee, MOTOMY 4YTO OH Oolee
3aBUCHM OT W3MEHEHHH OKpY)KaloIled cpelbl, YeM THCTOHBI. YKa-
3bIBAJIOCH M HA JIPyTU€ OTPAHUYCHMS KOHIICIIUH IBOJIOLHUU IyTEM
YHCTO T'CHETUYECKOTro Jpeida, B TOM YHUCIe, MPUBOIWIHCH CIydau
OYEBHUIHOM POJIM €CTECTBEHHOro oTOopa B 3Booruu (Moriyama &
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Powell, 1996; Ayala, 2000; Gillespie, 2000; Takahashi et al., 1999). Bo-
o011le, B TUTEpaType CYIIECTBYET MOJIEMUKA MEXKIY «HEHTpaIHCTaMm»
U «CEJIEKIMOHHCTaMW» 110 MOBOLY OTHOCHUTEIBHOM POJIM TeHEeTHYeC-
KOTO apeiida U eCTeCTBEHHOro 0TOOpa B 3BOJIOLHMH (CM. HampuMep,
CIelMaNIbHBIA HOMep kypHana «Gene» (2000, vol.261, c. 1-196):
«Neutralism and Selectionism: the end of debate»).

Ho cytp mpoGiiembl He B TOM, HampaBiisieTcS JU 3BOJIOLHUS
TOJIBKO TEHETUYEeCKUM IpeH(OM WM €CTECTBEHHBIH OTOOp Wrpaer
CBOIO posib. DakTOpBI ecTeCTBEHHOro oTOOpa, 0E3yClIOBHO, Haara-
I0TCS Ha JII000M MeXaHM3M 3BOJIIOLHOHHOTO yropsinodeHus. [1aBHoe
COCTOHT B TOM, YTO HEHTpanbHas TEOpHUsl BOOOIE HE MOXKET paccMma-
TPUBATBCS KaK CaMOCTOSITENbHas Teopus 3Bomtonuy. OHa He mpezsa-
raeT MEXaHW3M YMOpSIOYECHUs, B TO BPeMs KaK JApBUHOBCKAs TEOPHs
TaKoOM MEXaHU3M CcOlepKuT. HelTpanbHble MyTaliuu — 3TO MEXaHH3M
apantauu. Teopus KuMmypsl cripaBeyiBa W mpHeMiieMa JIMIIb Kak
TEOpHUs aJaNnTalMOHHON 3BOJIOLHMH, HO HE SBOJIONUH KHU3HH BOOOIIIE.

C nmpyro#l cTopoHBI 3Hau€HHE HEUTPAIbHOW TEOPUH COCTOUT B
TOM, YTO OHA IOKa3bIBaeT HEdIP(PEKTUBHOCTH NAPBUHOBCKOIO Me-
XaHU3Ma HBOJIOLUHN M, CIENOBAaTENbHO, AaPBHHOBCKOTO MEXaHWU3Ma
YHOPAJOYCHUSI.

Haxkoruienne MyTtauuii B Te4eHHE ATUTENBHOTO T€0JIOrHYECKOTO
BpPEMEHH HE MPUBOJAUT K M3MEHEHMIO TNIaBHOM ¢yHkuum Oenka. Ha-
npUMep, poJib FEMOTTIOOMHA COCTOUT B JOCTaBKE KHUCIOPOAA OT JIETKUX
K TKaHSIM M IByOKUCH YTJIepoJa OT TKaHEH K JIETKUM Kak y JIATYIIKH,
TaK W y 4eloBeKa, T. €. MyTalluOHHOE W3MEHEHHUE MOCIIEA0BATEIbHOCTH
AMHUHOKHUCIIOT y Pa3HBIX BHIOB, OTBEUAIOIIEEe MYTAIHOHHOMY H3MEHE-
HHIO KOJIOHOB B COOTBETCTBYIOLIMX T'€HAX, HE MOTJIO OBITH IBMKYLIEH
CHJIOW 3BOJIIOLIMY HA My TH, pa3AessIOIEeM JTYIIKY U YeIOBeKa.

IO.I1.AntyxoB (1982) BblmenseT TeHEeTUYeCKH MOHOMOpQHBIE
CHCTEMBI, 3aKPBIThIC CTAOMIU3UPYIOLIMM OTOOPOM OT MYTAlMOHHOTO
JaBJICHHUS, OTBETCTBCHHBIC 32 KU3HEHHO BaKHBIE (DYHKLUH, OTpaxa-
IOIINE YHUKAIBHOCTD BUAA.

HenaBHo ObLIM OTKPBITHL Tak Ha3biBaeMble HOX-TeHBI. DTH reHbI
OTBETCTBEHHBI 32 IPOCTPAHCTBEHHOE pacClpelesieHue OpTraHoB.
MyTalioOHHBIE HApYIICHUS] B 3TUX T€HaX BBI3BIBAIOT YpPOJCTBA —
ommbouHOe pa3mMeleHue opraHoB. Hanpumep, y mymku Drosophila
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HOXKKa TOSIBJISIETCS Ha TOJOBE WM OTPacTaeT BTOpas mapa KpPbUIbEB.
BrrsicHMIIOCHh, 9TO TE *Ke camble HOX-TeHBI, TOTO e CaMOro CTPOCHHS,
BBIMOJIHSIOT aHAJIOTHYHYIO (DYHKIIMIO My IPYTUX OPraHU3MOB, HAIPH-
Mep, y MBIIIU U Y MOJUTIOCKOB. OHU Kak Obl pa3MeyaroT MPOCTPAHCTBO
BJIOJIb OCH 3MOpHOHA, YKa3bIBas MECTO pa3MmeleHus oprana. Ho mpu
3TOM OpraHbl MOTYT OBITh COBEPIIICHHO PAa3HBIMH, MPOIICANINMHU Pa3-
HBI 3BOJIOIMOHHBIA myTh. MHaue roBopsi, HOX-reHbl coxpaHuin
CBOIO (DYHKIIHMIO, B TO BPEMs KaK I'CHBI, ONPEICIISIONINE CTPOCHUE Op-
TaHOB, JOJKHBI ObLTH MHOTOKPAaTHO M3MEHHUTHLCS MO MEpe yIaICHUS
OT 0O0IIIero MpeaIeCTBEeHHUKA.

ITnaarommii moyutrock Nautilus uMeer rimasa, mpeaCcTaBisIONIAE
co0oll mapy Kamep ¢ IBIpOYKOW BMecTo XpycTanuka (uH3b1). P. Jlo-
YKUHC, ONHKCHIBAIONINMI 3TOT Cay4ail, CIpalliuBaeT: «IOYeMY 3a COTHHU
MUJUTHOHOB JIET C TOTO BPEMEHH, KOTJa MPapOJUTENIA CHAOIWINA €ro
IBIPYATBIM TJIA30M, OH HE YAOCYXKUJICS OTKPBITh MPUHLUI JHH3BIL.
[IpenmMy1iecTBO JUH3BI B TOM, YTO OHA MO3BOJISET MOJYYHTH OOJiee
4eTkoe U spkoe m3obpaxenue. ITpuuem kadectBo perunbl Nautilus
TaKOBO, YTO OH IMOJYYMI Obl OT JMH3BI 3HAYUTEIHLHOE U HEMEIJICHHOE
npeumyiiecTBo. 1o momobno Hi-Fi cucteme ¢ BemukogenmHbIM
YCHJIUTEIEM, K KOTOPOMY MOJKIIOYEH rpaMMO(OH C TYIOW WIJIOMH.
Cucrema OyKBaJIbHO B3BIBaCT K HEOOJBIIOMY M3MECHEHUIO. B reHern-
geckoM oTHomeHnr Nautilus HaxomuTcss HEMOCPEICTBEHHO HA MOPOre
3TOT0 OYEBUIAHOIO YCOBEPIICHCTBOBAHUS, XOTS OH HE CHEJal 3TOTO
MaJICHBKOTO HeoOxomumoro mara. [loyemy Her? DTOT Bompoc Oec-
nokouT Maiikna Jlenga u3 YauBepcurera Cacekc, Hallero camoro
0O0JIBIIIOTO aBTOPUTETA MO OpPTraHaM 3peHHs OECITIO3BOHOYHBIX, TaK XKE,
Kak MeHs. Heyxkenu HeoOxonuMasi MyTalusi He CMOTIJIa TPOU30MTH Ha
TOM TIyTH, MO0 KoTopoMy passuBaiicst Nautilus. I He Mory moBeputh B
at0. Ho y MeHs HeT nyumiero oobsicHenus» (Dawkins, 1986, c. 86).

3TO NEUCTBUTENBHO CTPAHHO, €CIU 3BOJIOLMS COBEPIIACTCS Iy-
TEM €CTECTBEHHOT'0 0TOOpa Yepe3 MyTaluu. TpyaHO MPeacTaBUuTh, UTO,
B TO BpeMs KaK YCHENIHO MPOU30IIIA 3BOJIONUS TJia3a >KUBOTHBIX,
norpeboBasiias, coriacHo P. JIoykwHCy, HECATKOB THICSIY IOCIIE-
JIOBATENIbHBIX MyTalliil, OJHA €IUHCTBEHHAsI OKUJacMasi MyTallus He
ciyunnack. Ho ¢ mo3unmmu KOMOWHATOPHON TCHETUKH CHTYaIlusl
BBITJISIUT €CTECTBEHHOMW: BCE YCTOMYUBBIC, 00T at0IINe 3aBEPIIICH-
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HOH (yHKUHMEH KOMOMHALIMK T€HOB UMEIOT MPABO HAa CYLIECTBOBAHHME.
Onu npucyTcTBYIOT B reHHOM Tyuie. ['eHom Nautilus B coueranuu c
JPYTUMH KOMOMHAIMSMH TE€HOB MOT JaTh HadaJlo APYIHM Cylle-
ctBaM. OfIHaKO MpH 3TOM caM T'€HOM HAyTUIIyca MOYKET COXPAHSATHCS
Herm3MeHHbIM. KoMOuHaTopHasi 3Bosniolmsi He TpedyeT 3IMMUHHUPOBAHUS
npeamecTBeHHNKA.

Teopus M. Kumypsl NpOTUBOPEUUT JAPBUHOBCKON KOHUEIIUH,
HO JIOTUYHO BITMCHIBAETCS B KOHLCMLHUIO YHOPSIOYCHHUS, pa3BUBac-
MYIO B 3TOii pabore.

$ 3. Humpouwi u sxconbl

M3BecTHO, YTO HE BECh T€HETUYECKUNA MaTepuall KOJUPYeT CHUH-
Te3 OenmkoB. Hampumep, y denoBeka cuuThiBacMas WHGOPMAIUS CO-
nepxurcs auinb B 1-3% kxommpytomiero mpoctpancTBa. OcTanbHBIC
97-99 % JAHK naccuBHBI.

Ecnu cpaBHUTH TeH ¢ (pa3oii, To (hpaza: «s 000 CBOI CO0aKy»
MOKET OKa3aThbCsl 3allMCAHHOW KaK: «s JIH0OM0 CEMpPYoKoio Kpacoba
KTyKy». OcmbicnenHas nnpopmanus IHK mpepsiBaercss ydacTkamu,
HE UMEIONIMMH CMbIcia (Uit (PYHKIUM JaHHOTO I'eHa), KOTOphIC HE
BKIIFOYAIOTCSI B IPOU3BOJICTBO OEJIKa, YIIPABISIEMOE STHM I'CHOM.

Konupyromme y4acTkd Ha3bIBalOTCA 3KCOHAMU, HEKOJUPYIOIIUE
unmponamu. Tpanckpubupyromas PHK npoxomut nocne perumukarym
JIHK cnenuanbhyio a3y «co3peBaHUs», T OHA OCBOOOXKIACTCS OT
HEKOJIMPYIOIIUX YYaCTKOB MPEXKJE, UeM MOCTyIaeT Ha pUOOCOMY JIIst
cUHTEe3a Oelika.

C UHTPOH-IKCOHHOW CTPYKTYpOW T€HOMOB CBSI3aHBI HHTCPCHBIC
BO3MOXXHOCTH B 9BOJIIOIMH T€HOMA, B TOM YHCIIE TEHHOTO 0OMEHa.

IepBoHAYaNBbHO OOHAPYKEHHBIE HEKOMUPYIONIHE yYaCTKH pac-
CMAaTPUBAIUCh KaK OECCMBICICHHBIC M OCCIONIC3HBIC MOCEI0BATEb-
HOCTH HYKJICOTHJIOB, 3aCOPSIONINE TeHOM. 110 OTHOIICHHIO K HUM
BOLIEN B ynoTpebienue TepMuH «junk» (cop, xiaam) (Ohno, 1972).

3HaunTeNbHAS YACTh Hekoaupyromero marepuana JIHK mpen-
CTaBISIET COOOM MPOCTO MOBTOPHI MOCIENOBATEILHOCTEH HYKJICOTH-
JIOB CMBICTIOBBIX TE€HOB. JTH IOBTOPHI MOTYT BCTPEUATHCS THICSYU Pa3.
B 570l CBSI3M BO3HUKIIO TIpeacTaBiIeHne 00 srouctiaroM rede (selfish
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gene). CyTh €ro COCTOUT B IMEPEHECEHHU AAPBUHOBCKOTO MPHUHIUIIA
KOHKYPCHIIMHU 32 BHDKMUBAHHE Ha YPOBEHb T'€HOB. [ HbI Kak Obl BeayT
ce0sl, UCXOs M3 COOCTBEHHBIX MHTEPECOB, HE CUUTAsCh C MOTpPEO-
HOCTSIMH OpraHH3Ma, KOTOpOMY OHHM npuHajmexar. «MHrepecy» rena
COCTOHUT B TOM, 4TOOBI* BBDKUTH. [103TOMY OH CTpEeMHTCS Kak MO>KHO
YaIe BOCIPOU3BOAUTHCS U KaK MOXKHO LIMPE PACIPOCTPAHUTHCS. DTa
KOHIenuus Obuta u3noxeHa B kuure P. Jloykunca «The selfish gene»
(Dawkins, 1976) u B nByX OJHOBPEMEHHO IMOSIBUBIIUXCS B JKypHAJIC
«Nature» cratbsix BecbMa aBropuTeTHbIX aBTOopoB (Orgel & Crick,
1980; Doolittle & Sapienza, 1980). «KneTku camu ecTh Ta cpeia, B KO-
Topoii nocnenoBarensHocti JTHK MoryT pernmiuupoBatbesi, MyTHPO-
BaTh ¥ TaKMM 00pa30M IBOJIIOIHOHUPOBAT... ECIM CyIIECTBYIOT ITy-
TH, KOTOPBIMH MYTAIlMsl MOXKET YBEIUYUTh BEPOSTHOCTH BBDKUBAHHS
BHYTPH KJICTKH O€3 BIMSHUS Ha OpPraHU3MEHHBIH (DEHOTHII, TO MOCIIe-
JIOBATENILHOCTU (HYKJICOTHIOB), Ybsl €AMHCTBEHHAS (DYHKIIMSI COCTOHT
B CaMOCOXPaHEHHH, OyIyT HEM30€KHO BO3HUKATH U TOJICPKUBATHCS
TEM, 4TO MbI Ha3biBaeM "HepeHotunuyeckum" otdbopom» (Doolittle &
Sapienza, 1980, c. 601). «CymectByeT pacryiiee yOekaeHHE, UYTO
Oonpiuas yacte n30sITouHor JIHK ectp "cop", npyruMu cinoBamu, 4yTo
OHa MaJo crenudUYHa M JaeT Majlo WM BOBCE HHKAKUX CEIICKTHB-
HBIX MPEHMYILIECTB CBOeMy opranusmy» (c. 604). «PacnpocrpaHenue
srouctuueckoir JIHK BHyTpr reHOMa MOKHO CPaBHUTH C pacipocTpa-
HEHUEM HE CJIMIIKOM BPEJIOHOCHOTO Mapa3uTa BHYTPH €ro XO3SHHA»
(c. 605). «Kopoue, MBI MO’KEM OXHAATH HEKYIO (POPMY MOJIEKYISIPHON
0opBOBI 3a cyliecTBoBaHHE BHYTpH XxpomocomHoii THK ¢ ucnosns-
30BaHUEM TIpolecca ectectBeHHoro oroopa» (Orgel & Crick, 1980, c.
606). P. Jloykunc oTmeuaeT: «YIUBUTEIBHO, YTO TOJBKO OKOJIO 1
MPOLICHTa TEHETHYECKOW HH(OpMAIlMK, HAlpUMep, B KICTKaX ue-
JIOBEKa, MO-BHAMMOMY, HCIOJb3yeTcs... HHKTO He 3Haer, modyemy
NPUCYTCTBYIOT ocTaiibHbie 99 mporeHToB» (Dawkins, 1986, c. 116).

Jonroe Bpemsi e0aTHPOBAICS BOMPOC, SBISIOTCS JIM WHTPOHBI
pyAMMEHTaMH, OECTONe3HBIMU OOPBIBKAMH HEKOIUPYIOIIMX MOCIIEIO-
BaTEJIBbHOCTEH, COXPAHUBILUXCS OT paHHE#l cTaauii sBomtonuu, (Dar-
nell, 1978; Darnell & Doolittle, 1986; Gilbert, 1986), wii HHTPOHEI
IBOJTIOLIMOHHO TosiBUIHCH y dykapuoToB (Crick, 1979; Orgel & Crick,
1980; Cavalier-Smith, 1985; Crch, 1985; Sharp, 1985).
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OnHako B TOCIEAHUE TONBI OBbII OTKPHIT LEJBIA DSl CBOHCTB
WHTPOHOB, MO3BOJIAIOUINX AyMaTh, YTO WHTPOH-IKCOHHASI CTPYKTypa
TCHOMOB (aKTHYECKH SIBISAETCS TPOSBICHHEM OoJee BBICOKOTO
YPOBHSI OPraHM30BaHHOCTH T€HOMA.

3amMeuaTenbHON 0COOEHHOCTBIO HHTPOHOB SIBIISIETCS TO, YTO OHU
MOryT camoctosTenbHo BberaieHsaThes (Self-splicing) w3 PHK (pre-
mMPNA), npencrapisitorieii coboit nepeuunyro koruto JTHK, Tak uto
marpuunas PHK, nmocrynaromast B pubocomy 1iisi cHHTE3a Oenka, yxe
cBoboHa ot uHTpoHOB (Cech, 1985; 1986; Sharp, 1985).

OTKpBITHE SIBJICHUS] CAMOBBIYJICHEHHSI MHTPOHOB OBLIO CyIIle-
CTBEHHO B JIBYX OTHOIICHHSX. Bo-niepBBIX, poliecc mpoucxoaut 6e3
ydacTusi OENKOB, T. €. poJib YIPaBISAIOLIETO (PePMEHTA UTPAET cama
PHK. D10 00CTOSTENBCTBO MOCTYKUIO OAHUM U3 KPaeyTroJbHBIX
KaMHel koHuenuuu nepsudHoro «vupa PHK». Bo-BTopsIX, BIABISA-
eTCcsl BOBMOYKHOCTH (JOPMHUPOBAHUS HOBBIX T€HOB ITyTEM MEPETACOBKH
akcoHoB (exon shuffeling).

Jox. xunoepr (Gilbert, 1986) B xopoTkoii 3aMeTKe, Ha3BaHHUE
KOTOPO#, MEXIy MPOYMM, Aal0 MUMsI COBPEMEHHOMY HAalpaBlCHHIO
«The RNA world», yka3piBaeT Ha TO, 4TO peakLusi CaMOBBIYJICHCHUS
WHTPOHA JIOJDKHA OBITH 00paTHMa, — MHTPOH MOT KaK yIaIsThCs, TaK
W BKJIIOYAThCs B perumuupyrourytocs PHK-monekyny, — T. e. Hu-
TPOHBI NPEACTABIAIOT COOOH TPAHCIIO30HBIL. «ITO CBOMCTBO cHabXaeT
PHK Ba)xHOI1 3BOJIIOIIMOHHOM BO3MOXHOCTBIO, KOTOpasi B MPOTHBHOM
cllyyae OTCYTCTBOBaJa OBl — CHOCOOHOCTBIO PEKOMOMHHPOBATH
reusd» (Gilbert, 1986, c. 618).

[To mepe 3aBepiieHHs MPOEKTOB paciIM(pOBKH T'€HOMOB Opra-
HU3MOB pa3HBIX BUAOB, Bce OOJbIIE AaHHBIX yKa3bIBaeT Ha TO, YTO
00bEM HEKOJIUPYIOIIEr0 TeHETHYEeCKOr0 MaTepuala, Kak MpaBuilo,
0oJIbILIe Y YBOIFOLIMOHHO MpoABUHYTHIX BuioB (Patty, 1999). Eubacteria
u Archaea conepxar KOMIAKTHbBIC, BHICOKOMH(OPMATUBHBIC TCHOMBI.
B HHMX Mano MHTPOHOB WM OHU OTCYTCTBYIOT, MAJIO IOBTOPSIOMINXCS
nocienoBatenbHocTeld. OOMIINE HHTPOHOB — CBOWMCTBO 3YKapHOTOB.
[Tpu 5TOM 3BOMIOLIMOHHO HamboJiee BHICOKOCTOSIIUE (OPMEI, 32 Ma-
JBIM MCKITIOYEHUEM, MIICKONUTAIONINE, O3BOHOYHBIE, UMEIOT T'€HO-
MBI, XapakTepu3ylomuyecst 00iIpIMM 00beMoM Hekoaupyromux JHK.
TpyIHO NPUHSTE, YTO 3TO CBA3AHO C OOJBIINM KOJIMYECTBOM «COPay»
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y atux BuOOB. CKopee, JeJi0 B TOM, YTO B MHOTOKJIETOYHBIX OpPTaHU3-
Max UHTPOHBI Pean3yIoT UHYIO (OpMy COOTBETCTBHS, YeM KOIUPOBA-
HHe OenkoB. Kakum 00pa3oM MHTPOHBI OCYHIECTBISIOT 3Ty QYHKLUIO,
Y B Y€M OHA COCTOMT, OCTACTCSl HEM3BECTHBIM. 371€Ch BO3MOXKHBI YAU-
BUTEJIbHBIC OTKPBITHS, CBA3aHHBIE C KOOMEPATHBHOW NESTETbHOCTHIO
KJIETOK M HEXMMHUYECKHMMHU (HOpMaMHU COOTBETCTBHUs. B0o3MOXKHO, BBHI-
COKYIO CTETICHb YNOPSAJOUYCHHS CHCTEMBI (PEPMEHTOB, ONMPEICIISIOIINX
COZIep’KaHNE COOTBETCTBEHHO OMOXUMHYECKUX IPOLIECCOB, YBOIIOLIHS
JOCTHIJIA YK€ Ha YPOBHE OTHOCHTEIBHO MPOCTHIX OPTaHU3MOB.

Otmeueno (Patty, 1999), 4T0 B MHOTOKJIETOYHBIX OpPraHH3MaX
KOHCTUTY?HTBI BHEKJIETOYHON MaTpHUIBl: CKICUBAIOIINE KISTKH Oe-
Ka, pelenTOpHbIe OENKH, — MpPEACTaBICHbl MOAYJIIPHBIMU OeNKaMu.
C mpyro#i cropoHbl, OONBIIMHCTBO MOIYJISIPHBIX OETKOB 00pa3oBaHO
HyTeM HepeTacoBKH 3kcoHoB (exon-shuffeling), T. e. pasButue skcoH-
MHTPOHHOTO MEXaHW3Ma TECHO CBS3aHO C DBOJIIOLUEH MHOIO-
Ki1eTouHbIX opranu3MoB. JL.ITattu (Patty, 1999) ormeuaer, uro Bpems
pacuBera MeTa3oa B Haudale KeMOPHHCKOro Mepuojia COBHANaeT Co
BPEMEHEM «JIPaMaTHUECKOT0 ycuieHHs 3()(EKTUBHOCTH 3BOIIOLHN
MOJYJISIPHBIX OETIKOBY.

Ceiiuac mosiBigeTcsl Bce OOJbIIE NAHHBIX, O TOM, YTO MHTPOHEI
cnyxaTt 3(pQpeKkTUBHBIM (akTopoM reHHoro obOmena (Patty, 1999;
Brosious, 1999; Cousineau et al., 2000; Eickbush, 2000; Makalowski,
2000). OTKpBITHEM MOCIEAHUX JIET SBHJIOCH JOKA3aTEIbCTBO BBICO-
KOHM MOJBMKHOCTH MHTPOHOB. Brrunenstomuiics uz pre-mPHK un-
TPOH MOXeT BHOBb BKIOUHTHCS B JJHK, B Oe3MHTpOHHBIN yuacTOK
(Eickbush, 2000). Drot mporecc HassiBatoT homing. Eme 6onee a¢-
(dexTuBHBIA MexaHu3M ObL1 oOHapykeH HemaBHo (Consineau et al.,
2000). BeruieHeHHBIH HHTPOH MOKET BKJIIOYATHCSI 0OPaTHO HE MPSMO
B JIHK, a B knnerounyto PHK (puc. 4.3). Ota PHK Tpanckpubupyercs
B JIHK, ncnonp3ys MexaHU3M TeHeTHYeCKOH PEeKOMOMHALINH KIIETKH.
Bo3zHukaer BO3MOKHOCTD 3(PEKTUBHOTO TpoLiecca PEeTPOTPAHCIIO3H-
1 UHTPOHOB. [loaBMKHOCTH OBLIa yCTAHOBJIEHA AJsl CaMOBBIUJIE-
Hsromeicss Tpynnsl Y uHTpoHOB. [l 3yKapHOTOB XapaKTEpPHBI TaK
Ha3bIBaeMble crutaiiceocoMmubie (Spliceosomal) mHTpOHBI. MX BBIUIIE-
Henue 3 PHK npoucxoauT B sape sykaprora npy MOMOILH, TPecTa-
BIISTIOIMX c000i komrmiekc Hebonpmux saepHsix PHK u acconumpo-
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BaHHBIX C HUMH OelkoB. Mx MpeAIICCTBCHHUKAMMU, 00eCIeYnBIINMU
MMOBCEMECTHOC pACIIPOCTPAHCHUC CIIaMCEOCOMHBIX HWHTPOHOB IO TC-

HOMY, OBUIM, BO3MOXXHO, HH- feH-AOHOD

tpousl rpymmel Il (Consineau et =

al., 2000). * rpaHCKpunuuH
Ecmm  mpunste B pacuer BeMneHerus (splicing)

npunuun M.  Kumypsl, 4rto Q

(YHKIIMOHATTbHO MeEHee 3Hauu- (ﬂ «N

MBbIe TEHBI 3BOJIOLUOHUPYIOT Fe3HiTRoas SHK PHK

OBICTpEe, TO WHTPOH SIBIISETCS TOT Ke CaMbi feH noc:ﬁ:&? E?J'Ie,,a

Hamboee MOAXOIIIIAM MECTOM ¥ .

JJIS HAKOILUIGHHWS MYTAllMOHHBIX SS;E:;:::r Q

H3MCHEHH. BBICKa3BIBATINCH e v

MPENNONOKEHUs,, YTO  TEHBI, ofpatwan

TIOBTOPAOINHUECS B TCHOMC, Tpaucxpnnuuﬂ'

MHOTJa  BBIONHSIOT B KOM- &5 v

OMHAIMM C JPYrMMH TE€HAMH ¥

COBEpIICHHO WHYIO0 (pyHKIHIO, a

YeM UX KOIHUH. [ eHbI-TyIIHKa-ThI =_a= Ty

MOTJI KaKOe-TO BpeMs IIpH-

CYyTCTBOBaTh B TEHOME B HEak- L WW

TUBHOM (Qopme, TMOKa TMOAXO- i .4

JsIiasi KOMOMHANUASA C JPYTHMU p’é‘mﬁm

TeHaMH HE aKTHUBHPOBAJA HX B € NOCTOPOHHIM reHOM

Hoso# posm (Ohno, 1970; Koch, ‘?,wﬁ;mm

1972; Cohen, 1976; Oh-ta, 1987; e

Walsh, 1995; Xe-cun, 1984). Puc. 4.3. Pempoxoymune (a) u pe-

OTH NpPenoIoKEHUs BCTpe- MPOMPANCHO3uyu (6) HHMPOHOS
danuch  kpurnaeckn (Cavalier- 5 Fickbush, 2000). C paspewenus
Smith, 1985; Doolottle & Sapi- Nature, Macmillan Magazines Lid.
enza, 1980), mockonbKy oHU He ©2000
COTJIaCOBBIBAIIMCH C JIOTHKOW mapBuHH3Ma: «JIHK 0e3 mpsmoii, peno-
TUTTUYECKON TTONIB3bI HE MOXKET JaTh CEJIEKTHBHOE MPEHMYIIECTBO €e
HOCHUTEITIO... SBOJIIOIUSA HE MOXET MPEIBHUIETh, CTPYKTYPhl HE MOTYT
SBOJIIOIMOHUPOBATH TOJBKO MOTOMY, YTO OHH MOTJIM OBI OKa3aThCs
moJe3HbIME B Oymymem» (Doolittle & Sapienza, 1980). Dto, oxaHako,
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BO3MOJKHO B JIPYTOM JIOTHKE, €ClIi He TpeOOBAaTh, YTOOBI KaXKI0€ U3Me-
HEHHE MPOXOAMIIO MCIBITAHUE €CTECTBEHHBIM 0TOOpOM. Hakorienue
B T€HOME TaKHUX T'€HOB, KOTOpPBIE 0 MOPHI 10 BPEMEHU HE MPOSABISIOT
ce0sl, HO B OIIPEAEICHHBII MOMEHT BBHICTYIAIOT COTJIACOBAHHO, MO3BO-
JSeT 1aTh OOBSCHEHHE SIBIICHUIO, HA KOTOPOE YacTO YKa3bIBAlOT Kak
Ha OJIHYy W3 TPYIHOCTEH HSBOIIOIMOHM3MA BOOOIIE (CM., HANpUMeED,
Behe, 1998). Peub uaetr o MHOTHX OHOCHCTEMAx OpraHU3Ma, KOTOpPhIC
COCTOSIT U3 TECHO B3aMMO/ICHCTBYIOIINX YaCTEH, MTOSBICHHE KaXIOH 13
KOTOPBIX B OTHIENBHOCTH HE WMEJO0 3BONIONHUOHHOTO cMbicia. C
MO3UIMY JAPBUHOBCKOH MOJEKYISIPHON DBOJIOIMH, TTPEIIOIararoIeit
3aKpeIyieHne eCTECTBEHHBIM OTOOpOM KaKIOoW TOCIIEIOBATEIHHO
BO3HUKAIOIIEH MyTalllH, 3TO SIBIIEHUE OOBICHUTH TPYIHO.

Eme onvH BO3MOXHBI TIOBOPOT B POJIM CKPBITHIX T€HOB JAaeT
nccienoanne mpuoHoB. C.JIyHOKBHCT C coaBTOpaMH B HEIaBHO
OITyOJTMKOBAHHBIX PabOTax MPEAITON0KHIH, YTO CKPBITHIE TE€HBI MOTYT
aKTUBU3WPOBAThCS OemKkaMH, B  YaCTHOCTH, OEIKOM-TIPHOHOM
npoxokeit [PSI'] (True and Lindquist, 2000) u GenkoM-4anepoHOM
Hsp 90 (Rutherford and Lindquist, 1998). ITpuon [PSI'] npusomut
HacJeayeMbIM U3MEHEHHSIM B peHoTuIle 06e3 KaKkoro-mubo n3MeHEHUs
cobctBenno B JIHK.

$ 4. Dnudemuueckoe usmeneHue 2eHOMa

CrnengyeT BBIACTUTH €II€ OAMH ACIHEKT, CBA3AHHBIM C DKCOH-
WHTPOHHOH CTPYKTYPOH T€HOMOB 3YKapHOTOB U TEHHBIM OOMEHOM.

Henp3st mpencraButh cebe, 4TOOBI OJUHAKOBOTO BHAA peKas
ClTydaifHasi MyTalys, IPUBOSINAS K YIIYYIISHUIO, IPOU30IILIA Y JABYX
WIH, YTO eIle MEHee BEPOSTHO, y OOJNBIIOTO YHCIA OPraHU3MOB
OJTHOBpeMeHHO. [103ToMy ecTecTBEeHHBII 0TOOpP HAYMHAETCS C OJHOTO
WHAUBUIYYyMa, a 3aKpeIUIeHHe HOBOTO CBOWCTBAa TPeOyeT cOveTaHHS
COOBITHH, K&XKJJ0€ U3 KOTOPBIX NMEET HEBBICOKYIO BEPOSTHOCTb.

Ho, B ornmune OT HapBHHOBCKOTO MEXaHM3Ma €CTECTBEHHOTO
0TOOpa, TIPOUCTEKAIOIIETO OT CIIYYalHOW MYTAaIllH, MEXaHU3M DBOITIO-
[IUU TTyTeM MPUCOEAWHEHHs WM KOMOMHATOPHOTO HOBOOOpa30BaHMUS
TeHOB MPUHIIUIHAIBHO JOMYCKAeT KOJJICKTHBHBIN XapaKkTep M3MeHe-
HUIl. DBONIONIMOHHBIE W3MEHEHHUS MOTYT HOCUTH XapakTep MHUAECMHUH.
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I'enHoe mpeoOpa3oBaHKMe OAMHAKOBOTO XapaKTepa MOXET «IOPa3huTh»
OJIHOBPEMEHHO 3HAYMTEIbHOE UYUCIO WHIUBUAYYMOB. OTO JOIKHO
ObITH ToH0OMEM BUPYCHON MHQEKIHHU, B PE3yJIbTaTe KOTOPOW MpOuC-
XOJIUT BCTpanBaHKE TeHa (Habopa TeHOB) B TeHOM X03siMHa. «bone3Hby
MOXeT OBbITb IPE0J0JIeHa, T.C. HE UMETh BHIUMBIX MOCIEACTBUH IS
BUJa, MOYKET MIPHUBECTH K JIETAIBHOMY UCXOAY JUISl YacTH MOMYJISAINH
Y, HaKOHELl, MOXKET MPHUBECTU K TOSABICHUIO HOBOT'O HEU3BECTHOTO
Te€HOMA, HECYILIEr0 HOBOE KauyeCTBO.

V. Jxunbept 3aMeTHI, UMES B BUAY NIEPETACOBKY 3KCOHOB (€XOTI-
shuffeling), 4ro «TpaHCIO30HBI 00ECHICYHMBAIOT YKBHBAJICHT CEKCa —
MH(EKINOHHYIO Tepellady TeHEeTHYeCKUX DJIEMEHTOB OT OAHOTO Op-
ranm3ma k npyromy» (Gilbert, 1986, c. 618).

OBOIIIOLMOHHAA POJIb HHTPOHOB, MOXKET OBITh, Aaxke Oonee 3Ha-
4yuTeNbHA, YeM POJIb cekca. IlociaenHuil mo3poisieT co3aaBaTb KOMOU-
HaIlUW y>K€ U3BECTHBIX CBOMCTB, B TO BpeMsI KaKk COUETaHHE WHTPOHOB
MOJKET JaTh COBEpPILIEHHO HOBOE CBOMCTBO. JTO MOJAOOHO TOMY, Kak
MHOT/Ia CO3JaeTcs BIPOK MaTeMaTHYEeCKHH ammapaT U JIMIIb T03XKe
OKa3bIBAETCSI, YTO CYIIECTBYET (PU3MUECKOE SBJICHUE, IS OMMCAHUS
KOTOPOT'O OH XOPOIIIO MOAXOAUT. TakoBa, HapUMep, CyIp0a TEOpHH
rpymn 3. [amya, koTopas jnoiroe Bpems ObLia HeBOCTpeOOBaHa, U
JHIIB JeCATHIIETHS cIiycTs ['aycc mpuMeHWs ee Ui ONMHCaHUs SBje-
HUI CUMMETpHM B KpHCTajiax, IZIe OHa OKa3ajJach HCKIIOYHUTEIBHO
rutonoTBopHOU. Teopus rpynn ['anya sBnsiercs 3nech mpuMepoM «de-
HOTHUITUYECKU» HE BBIPAKEHHOTO HU3KO3HTPOMUITHOTO POAYKTa.

To4yHO Takke B OpraHu3Me MOTYT NPHCYTCTBOBAaTH HEBOCTPEOO-
BaHHbIE T'eHbl. JIMIIb B COYETaHUM C JPYTUMH, KOTOPBIM €I TOJIBKO
MPEICTOUT B XOJ€ IBOJIOLUUU MPUCOCTUHUTHCS K HUM, OHH MOTYT
JIaTh HOBYIO SIBHYIO (PYHKILHIO. DTO HAIIOMHHAET UTPYy B J0TO. 1o Me-
pe BbIOpachIBaHHA CIy4YallHBIX HOMEPOB PAIBl B KapTOUKaX WUTPOKOB
3amonHsA0TCA. Ho 3TO HMKaKk He OTpakaeTcs Ha IMOJIOKEHHWH UTPOKa
JI0 TeX TOp, MOKa KaKOH-T1O0 psiji HEe 3aKPOETCsl TONHOCTHI0. TOJbKO
C TIOCJIETHUM YAauYHBIM HOMEPOM HAaCTyMHaeT BBIMTPHIIIL.

UeM cioxHee OpraHusM, 4eM 0osiee HBOJIIOLMOHHO MPOJBUHYT
€ro reHoM, TeM, OYEBHIHO, OOJblIe JATEHTHBIX T€HOB OH JOJDKEH
conepkath. JJHK denmoBeka cofepXHT B ThICSUy pa3 OOJbIlle T€HOB,
yem JIHK Gakrepuii, HO ToJIbKO HEOOMbIAS YACTh OOIIETO YHCTA
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TCHOB 4Y€JIOBCKA IMPOABJICHA B KOHKPETHBIX (byHKLII/ISIX, B TO BPEMs KaK
y 6aKTepHﬁ IMOYTH BCC I'CHBI UCIIOJIb3YIOTCA.

BO3M0)KHO, B OOIIBIINX T€HOMAaX MMEETCS Macca HCOCYHICCTBJICH-
HBIX IIPOCKTOB: HCOOACIAHHBIC KPbLIbsi, OpraHbl Ik YJaBJIWBAaHHA
PaaruoBOJIH U T. II. HO,I[ ,I[eﬁCTBPIeM HOBBIX IIPUCOCAWHCHHBIX I'CHOB,
KaKOM-TO M3 3THX 3aMBICIOB OCYIICCTBIIACTCA. HpI/I 9TOM IPOUCXOAUT
OJHOBPEMCHHOC HU3MCHCHUC HCﬁCTBHﬁ ApyTrux TrcHOB. B pe3yiabTaTe
MIOSIBJISIETCSI HOBBIN TaKCOH.

$ 5. Moouguxayus nymeii 36om0yuu
6 CONPUKOCHOBEHUU OPCAHUZMA CO CPEOOIL.
Ecmecmeennuiii ombop

Kak cnpaBemmmBo oTMeuaeT OIWH W3 KPUTHKOB JapBUHH3MA
M. [Ix. bexe: «Ckazarh, 4TO JapBUHOBCKAas 3BOJIIOIUS HE MOXKET
OOBSICHUTH BCE B NPUPOJE, HE 3HAYUT CKazaTh, YTO HBOIIOIHS,
CilyqaiiHasi MyTalys WU €CTECTBEHHBIH 0TOOp HE UMEIOT MeCTa; OHH
HaOmogamuck (MO KpaifHei Mepe, B Cllydae MHKPOIBOIIOIINH)
MuorokpatHo» (M. J. Behe, 1999, c. 176).

He cmydaiiHo B 3TOM KHUTE YacTo ITUTHpOBaiack padbora k. be-
Xe, BBICTYMAIOIIETO B KAadecTBE KPaWHEro KPUTHKA NapBHHHU3MA H
CTOpPOHHHKA KOHIennH J{n3aiiHa — 00)KeCTBEHHOT'O MTPOMCXOKACHHUS
nopsaka. Kak HU cTpaHHO, MEXIy MO3UIMEN «KpealnoHucta» JIx.
bexe u abCOMOTHO MaTepHATMCTHICCKON CUCTEMO M3JIaracMbIX MHOIO
MIPEACTaBIeHUH €CTh TO OOIlee, 9TO W B TOM H JPYyrOM Ciydae
yTBep)KIaeTcsi OOBEKTHBHAS MPHPOJa yIopsAAodeHus. S yTBepikmaro
JIUIIh, YTO YIOPSAIOYCHUE BBI3BAHO HE OOXKBHM IIPOMEICIIOM, a MpPHU-
CyIlle OTpeAeTICHHOMY KJIaccy IPHUPOIHBIX IpolieccoB. WimmocTparmu
K TOMY U JPyrOMY WHOTJA OKa3bIBAlOTCS OOIIMMHU. B HapBUHOBCKOM
SBOJIIOITMOHHON TEOpUH yHOpsAoueHHEe — T000YHOE SBIICHUE,
BOOOIIIE HE BBITEKAIOIEE M3 CymlecTBa KoHIenuu. CoBEpIIeHHO
cnpapemBo orMedaror Jx. Cmut u E. Ilatmapu (Smith & Szath-
mary, 1999), 4yTo «Teopusi BOJIIONUU IyTEM ECTECTBEHHOTO O0TOOpa
HE MPEICKa3bIBACT, YTO OPraHU3MBI OyIyT CTAHOBUTHCS 0OJIEE CIIOXK-
HbiMH. OHA TIPEJICKA3bIBACT TOJBLKO, YTO OHU OYIIyT JIyYIlle BEIKHBAThH
Y BOCIIPOU3BOIUTHCS B JAHHOH 00CTaHOBKE» (C. 15).
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[MpuHnMnUaneHOE pa3inire MEXIY JapBUHOBCKOW KOHICTILIUCH
9BOJIIOLIMU M TOM cHCTEMOW NpeJCTaBIEHHM, KOTopas M3larajach B
9TOM KHUTE, BBIABIISIETCS B OTBETE HA BONIPOC: BO3MOXKHA JIM IBOJIIOLUS
B YCIOBHUAX HEU3MEHHOCTH BHEIIHEH cpelbl W HEOrpaHHMYEHHOM
JOCTYyIIE pecypcoB?

B camom gene, MOJOXKEHHBIH B OCHOBY JapBHHHM3MA NPUHIUI
KOHKYpPEHIIMH B OOphO€ 3a BBDKHMBAaHHE MpEATNOJaracT OrpaHUueH-
HOCTh BHEIIHUX pecypcoB. B Maremarnueckux Mopemsix ¢axtop ecre-
CTBEHHOTO OTOOpa BCErza BKIIIOYAETCS KaK OrpaHHuYeHHE HEKOTOPOTO
HCHOJb3YyEMOr0 pecypca B YCIOBUSAX pacTylied momynsauuu. B pe-
3yJbTaTe BBDKHUBAIOT HamOoniee mpucrnocoOneHHble. CIOKUBILASCS
CTaOWJIbHAS CUTYaIMsi MOKET OBITh M3MEHEHA, TOJBKO €CJIM M3MEHH-
JIMCh BHEIIHUE YCIOBHSA, MPHUCIOCOOJIEHNE K KOTOPBHIM MPOBOLHMPYET
HOBBI IIar 3BONMIONMH. Eciam e ynopsodeHHe sIBISIETCS, KaK MBI
yTBEpKIaeM, IMMaHEHTHBIM CBOMCTBOM ONpPENEIICHHOTO Kilacca Mpu-
POIHBIX MPOLECCOB, TO OHO MPH BBHIMIOJIHEHUH YCIOBHH, oOecreynBa-
IOIIMX PeaNn3alrio 3TUX HPOLECCOB, OyIeT UMETh MECTO, AaXe eCIIH
cpelia OCTaeTcs HEM3MEHHOM, a OTpaHUYEHHE PECYPCOB OTCYTCTBYET.

P.Jlencku u M.TpaBucano (Lenski & Travisano, 1998) onwmcanu
cnenyromuii skcriepuMentT. B 1988 roxy B 12 HeOoMbIIMX COCYI0B
ObLT MOMENIEH OIMH U TOT ke mramM Oaktepuit Escherihiq coli, ko-
Topble ¢ Tex mop nanu 24000 mokoseHuil. 3a BpeMs 3KCIEpUMEHTa
OHH COJICpaJIiCh B YCIOBUSAX OJMHAKOBOTO PEKUMA MHUTAHUA U TIp.,
a 3aTeM CPaBHMBAJIUCH CO CBOMM NPapOAUTEISIMU, KOTOPBIE COXpaHHU-
JIMCh B 3aMOPO’KEHHOM COCTOSIHWH. bblla 0OHapykeHa HEemoXO0KeCTh
BO3HHKILIUX M3MEHEHHI TEHOMOB B Pa3HBIX KyJbTypax, HECMOTps Ha
CXOJICTBO BHIUMBIX alalTAllHOHHBIX U3MEHEHHH.

Ecnm B cuity kakux-nubo oO0CTOSTENbCTB BO3HUKAET reorpadude-
CKHMH Oapbep, pa3leNsiomnil eqUHbI BUA, TO MEXKAY pa3AeieHHBIMU
MOMYJSIIUSME HaYMHAETCSl PACXOKACHHUE, MPHUBOJAIICE, B KOHEYHOM
cdere, K pacuieryieHuio Buaa. IIpu 3ToM BHEUIHHE YCIOBUS MOTYT
ObITh B 00OMX CIy4asX BecbMa CXOAHBIMH. OUeBHIHO, YTO BHIO-
00pa3oBaHKE B 3TOM CiIydae HE O0YCIOBIEHO €CTECTBEHHBIM OTOOPOM
U TIPHCIOCOONICHHEM K cpefie ooutanus. Kak cioxkaTcs B3aUMOOTHO-
LICHUs] HOBOHM MOMYJISIUM C NPEALIECTBEHHHUKOM, 3aBUCUT OT 00CTO-
ATEJBCTB.
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HoBas ¢yHKIMS MOXeET, AaB MPEUMYILIECTBO B OJHOM OTHOIIIE-
HUH, OCJIa0UTh MHIUBUAYYM B ApyroM. HoBas ¢yHKIMs HE O3Ha4aeT
00s13aTeIbHO yCOBEPIIEHCTBOBAHUE W 0E3YCIOBHOE MPEUMYIIECTBO
(uTo Bcerga WMeeT B BHJY JapBUHOBCKasi 3Boirorus). [loaromy
MOXET CTaThCs TaK, 4TO 00¢ TOMYJSIMW, CTapas W HOBas, OyIyT
3aMHTEPECOBaHbl B PACIIMPEHUH BO3MOXHOCTEH 3a CYET BHOBb IPH-
oOpeTeHHON (YHKIUHU U, OHOBPEMEHHO, — B HCITOJIB30BAHUU TIPEXK-
HUX BO3MOXKHOCTEH MPEeIIeCTBEHHIKOB. Tora BO3MOXEH CHMOHO03 1
B3aMMOTIOMOTIIb.

KoneuHo, He UCKITIOYEH BapHaHT, KOTAAa BEDKUBAHHUE TTOMYJIISIIHN
OyJIeT MMOCTABJICHO B 3aBUCHMOCTh OT MCXO0/Ja KOHKYPEHTHOW OOpHOBL.
Torna HOBas IMOIYyJIAUA JIM00 TIOJHOCTBIO BBEITECHUT nmpeaAIICCTBY O~
IIyI0, THOO MOruOHeT, u HOBas (hyHKIMs He 3akpenutcs. [lociaemuuit
BapUaHT OTBEYACT JIAPBUHOBCKOMY MEXaHM3MY E€CTECTBEHHOI'0 OTOOpA.
OH 5UIIb TIPEJCTABIISICT YACTHBIN ciydyail U HamMeHee 3(pQeKTHBeH
JUTSL 3aKPETUICHUS YBOJIOIMOHHBIX U3MEHEHUIH.

Haubosnee ecrecTBeHHOE pelICHUE, YTO MOMYJISAIMS 3aiMET DKO-
JIOTMYECKYI0 HHINY, Te ee HoBas (pyHKIUS HauOoJiee BBIUTPHIIIHA.
OOnanarens HOBOTO TeHOMa Be/IeT He 0OphOy 3a BBDKHMBaHHE, a Iepe-
MEIaeTcsi B cpely, B KOTOPOH €ro HOBOE KauyecTBO MOXeET Hambolee
3(PeKTHBHBEIM 00pa30M HCTIOIL30BaTHCS.

IlBer smmepuIrel, oOuTaromell B MyCTHIHE, COBIIAAET C €¢ IBe-
TOBBIM (DOHOM, fenasi ee He3aMeTHOH aust BparoB. llecuanoro nsera
Amepula retiCTUYCCKU MOrJjia MOABUTHECA B 3€JICHOM JICCY. Ho umenno
B MYCTHIHE €€ I[BET CTAHOBHUTCSA €€ MpeuMyiiecTBoM. [1oaToMy OHa
3aHAJa 3Ty NPUPOJHYIO0 HUITy. VlHaue roBops, €CTECTBEHHBII 0TOOP
MOJKET MPUBOJUTHh HE TOJLKO K THMOCIH «HEMPHCIOCOOIICHHBIX», HO
MPOCTO K MUTpAllMd WX B CPEely, B KOTOPOW OHH Hamboyiee Npu-
CHOCOOJICHBL. DTO COTIIACYETCS C MJICCH IBOJIOIMU B CTOPOHY PaCIIIHU-
peHusi pa3HOOOpasus, HO HE BIIOJIHE OTBEYAET JIOTWKE JapBHHU3MA,
TpeOyIoIIeH, Kak yKe yIIOMHUHAIOCh, UCTPEOJICHHs TpeAIeCTBeHHUKA
JUISL OCYIIECTBIICHUS DBOJIONUW IyTeM IOCIEIOBaTENFHBIX MYTaIlH-
OHHBIX U3MEHEHU.

be3 mexaHn3Ma cenekiuy BHOBb BO3HUKIININ T€HOM B TOTOMCTBE
HadHeT pacceuBaThcsa. OHAKO OH MOXKET BOIOLMOHHO 3aKPETHTHCS
MyTeM akKpeluu. Eciau B3ATh SIIUK, colepKalluii YyepHble U Oerble
apuKu, U BCTPpAXUBATH €ro, JaBasi BOBMOKXHOCTh IApHUKaM 3aHATH
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HanboJiee BEpOSITHBIE TIOJIOKEHHUS, TO Yepe3 HEKOTOPOE BpeMsl UepHBIE
1 OeJible MIapUKKM PAaBHOMEPHO PACCEIOTCS MO BceMy 00beMy. JTO I0-
JIOKEHUE OTBEYaeT MaKCUMYMY 3HA4eHUsI SHTPOIUH cucteMbl. CoBep-
LIEHHO HEBO3MOXHO, YTOOBI P 3TOM YEpHBIE IAPUKU CKOIHJINCH B
KakoM-TO oHOM Mecte. Ho, cuTyauus Oyaer MHOH, eClT HMEIOT MECTO
BHYTpPEHHHE B3auMmopelcTsusa. Ecnu, Hampumep, 4epHbIe MIAPUKHU, B
OTJINYHME OT OEJIbIX, CKICUBAIOTCS MEXKIY COOOM, TO MPH BCTPSIXUBAHUU
A0IMKa OHM coOepyTcst Bce BMecTe. Ecim B3ammopeiicTBue o0f-
HOPOAHBIX MHIWBHUAYYMOB 00JagaeT CeNeKTHBHBIM MPEUMYILECTBOM,
TO BCICACTBHUE MEXaHW3Ma, AHAJIOTHYHOTO MEXaHH3MYy aKKpelHuu
CKJICHBAIOILMXCS APOB, MPOU30MIET CIJIAYNBaHUE UHAUBUIAYYMOB C
OJHOTUIIHBIM TE€HOMOM. B pe3ynpTare KOHCOIMAMPYETCS HOBas IO-
MyJsIKs, 00Janaromas reHOMOM OTIMYHBIM OT HPEALIECTBEHHUKOB.

Brin npousBeneH SKCHEpUMEHT, B KOTOPOM MOPCKHE M TPECHO-
BOIHbIE PBIOKM M3 Smonnu M KaHanapl WCHBITHIBAJMCh HA MpPEAMET
pasMHOXKEHHsI. BBISICHUIOCH, YTO NMPECHOBOAHBIC PBHIOKH U3 SMOHWUHU
NPEANOYNTaIOT B KadeCcTBE MAapTHEPOB NPECHOBOAHBIX DBHIOOK H3
Kananpl, a HE CBOMX MOPCKHX COOTE€YECTBEHHHMKOB. W Haobopor,
KaHaJICKUe MOPCKHE PBIOKM OTAaBald MpPEANIOYTEHUE reorpaduiecKu
yIAIEHHBIM STIOHCKUM MOPCKUM PBIOKaM Iepel CBOMMH MPECHOBOI-
ueiMu cocemsivu (Morell, 1999, ¢. 2107). DToT npuMep WLTIOCTPUPYET
3¢ (HEeKTUBHOCTD aKKpEIUU — OOBEIUHCHHUS WHIAWBHIYYMOB 10 00-
LIUM TIpU3HAKAM.

B T0 xe Bpewmsi, BUI100Opa3oBaHrue HEU30EKHO COMPOBOKIACTCS
amanrtanued K cpeie oOMTaHHA. AJanTanys OCYIICCTBISICTCS ITyTEM
€CTECTBEHHOT'O O0TOOpa. DTO MHOT/IA MACKHPYET OTHOCHTEIHHYIO POIb
JeCTBYIONMX (aKTOPOB 3BONIONUK. Hampumep, reHETHUECKHE W3-
MEHEHHUS y SIIEPHILIBI, )KUBYIIEH B TYCTOM BIIQKHOM JIECY, MOTIIH TIPH-
BECTU K TIOSBJICHHIO Pa3HOBHIHOCTH, (PU3MOJIOTHSI KOTOPOH OTBEYaeT
Oonee ONMAroNMpUATHOMY OOWTAaHUIO B CyXOM cBeTsioM Jiecy. Ilocie
aKKpeIMU U TepeMelieHrsi HOBOTO BU/Ia B HOBYIO CPEIy, BBISICHSETCH,
YTO B PA3PEKEHHOM JIECY KpPYIIHBIE SIIEPULBI C SIPKOM OKpaCKOU
JIETKO OOHAPYKUBAIOTCS W TMOEAAIOTCS NMTHIAMHU. B pesynbrare depes
HEKOTOpOe BpeMsi MOMyJSALus OyJaeT MpeAcTaBlIcHAa METKHUMH WHIH-
BUAAMHU C KaMy(QIISHKHOM OKPacKOW, HO 3TH U3MEHEHHUS B OKpacKe W
pasmepe SBISIOTCS TOOOYHBIMH, aallTHBHBIMH.

157



Yacto nmpuBoauTcs cienyroumuil npumep. B nepsoil mosoBuHE
XIX Beka m3-3a pa3BUTHA MPOMBIIUICHHOCTH M 3arps3HEHHUS KOpa
JIepeBbEB BOKPYr MaHuecTepa MOCTENEHHO TeMHea oT caxu. OmHo-
BPEMEHHO, JIECHas MOJIb CTaja TEMHETb, U K KOHITy BeKa MPaKTUYECKU
BCS TIOIYJISALMSA MOJH CTalla TEMHOUW. JTOT (heHOMEH OOBSICHAETCS
TEM, YTO TeMHasl MOJIb ObllIa B TIOMYJISAIMH, HO ObLTa MaJIOYHCICHHOM.
Korna nepeBbs cramm TeMHETh, CBETIIYIO MOJb TOENAIH NTHUIIBI, B TO
BpeMs Kak TeMHasl CTajla 3aHUMAaTh Bce OOIbIlIee MECTO B TOITYJISIIHH.
DTO0 — TUNHUYHBINA TPUMEP BBDKUBAHUS ITPHCIIOCOOIEHHBIX.

HccrnenoBatenn HeoTHOKpaTHO oOpamiaiyd BHUMaHHE Ha yIU-
BUTENBHYIO Mapajuiedh B SBOJONNHN KUBOTHOTO MHUpa B ABCTpaINU U
B OCTAJILHOM YacTH MHpa, OT KOTOPOW ABCTpayvs IOJITO€ T'EOJIOTH-
4yeckoe BpeMs Oblia oTAeiacHa. B ABcTpaiuu pacnpoCTpaHeHbI CyMYa-
ThIe — MJICKOITUTAIOIINE, POXKIAIONINE HETOPA3BUTOE AUTS U TOHAIIH-
BaIOIIME €TO B CyMKE, KaK KeHrypy. B ocrampHON "yacTu mupa cymya-
Thle TPAKTUYECKH OTCYTCTBYIOT, U MIICKOIHUTAIOIINE IPEICTABICHBI
IUTAIICHTHBIMY, T. €. HOCSIIMMHU 3apOJBIII IO MOJHOTO pa3BuTus. UH-
TEPECHO, YTO TMPH STOM MHOTHE aBCTPaIMICKHE CyMYaThle UMEIOT
CBOWX TUIAHIICHTHBIX aHAJOTOB BO BCEX MPOYUX OTHOIIECHHUSIX BEChMa
¢ HUMH cxoaHbiX. Kak morno mpousoiitu, cnpamwuBaeT P. Muntos,
4TO, Pa3BUBAACh B "M30JIALMM JAPYT OT Apyra Oonee 65 MiH JIeT, 06a co-
o011ecTBa IBOOIMOHNPOBAIN MTAPAJUIEITBHO U TIPUBEIH MPAKTHIECKU
K OIHOMY W TOMY K€ Psi/Ty MIIEKONHTAIONINX. «... Kak Morjio cymiecTso,
mogo0HOe MEITIH, (00U MPEeANICCTBEHHUK) SBOTIOIMOHUPOBATH B
JIBa TIOYTH UACHTUYHBIX BOJKOMOJOOHBIX CyIIecTBa? JTO COBIACHUE
TpeOyeT He TOJBKO KpaifHe MalloOBEpOSATHBIX CIIy4alHBIX MYTaIUii, HO
npocto uyaa» (Milton, 1997, c. 193). DTo coMHEHHE CIPaBEIHBO,
€CJIM UMETh B BHUJY JBOJIOLHUIO IIyTEM CIy4alHbIX MyTanuil. OnHaKo
IBOJIIOLUS MyTEM KOMOWHHPOBAHHS T'€HOB M TCHHBIX OJIOKOB, TpHU
OTIpENIEeTICHHOM Ha0ope B3aWMOJICHCTBHUN, Cy)KaeT auama3oH BO3-
MOXHBIX ITyTel 3Bomorun. [Ipu 3ToM B pa3oOmIeHHBIX cO0O0IIecTBax
MOTYT BO3HUKHYTH, HapsAQy C YHUKAJIGHBIMHA BHIAMH, IOJIOOHBIMHU
KEHTypy W Koayia B ABCTpaJliil, U BeChbMa CXOJHBIE BHIBI, TaKHE, KaK
TaCMaHCKHI CyMYaTBIH BOJK ¥ OOBIYHBIN €BPOIIEHCKHIA BOJIK.

Eme Gonee yauBHUTEFHBIM SIBIISIETCS TTOSBIICHIE YEIOBEKa B AB-
ctpanmu. Ecnu aGopureHnsl ABCTpalvd SIBJISIOTCS TPOIYKTOM OHO-
JIOTUYECKOH IBOJIOINH, TPOUCXOIUBIIIEH U30ITMPOBAHHO HA ABCTpa-
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JUICKOM KOHTMHEHTE, TO 3TO O3HA4aeT, YTO 4YeJOBEUECKUH BUJ
BO3HHK 0oOJiee MM MeHee OJHOBPEMEHHO B Pa3HbIX MecTax 3eMIIu.

Hckmo4yeHo, 4To 3T0 MO0 Obl OBITH PE3yNbTaTOM MYTalUOH-
HBIX M3MEHEHUH, BCIEACTBHE UX CIy4alHOIO M HEBOCIPOU3BOJUMOTO
xapakTepa. KomOuHaTopHast SBOJIONHS, XOTSI U HE BOCHPOM3BOAMMA
B JETalsiX, HO JONYCKaeT 3HAUUTEIbHYIO CTENEHb MOXO0XKECTH
napajuienbHbIX MyTed. Eciu B UrpoBOM mpuMepe, ONMCaHHOM BBIIIE
BO 2-ii TylaBe, OCTaHOBUTb WIPy HA KakoM JHOO Iuare, a 3aTeM
MPOJIOJDKUTH €€ B JIByX HE3aBUCHUMBIX UIPax, TO PE3yJIbTaThl MOCIHe-
JIYIOLIETO Pa3BUTHUS OKaXyTCS CXOJHBIMH, HECMOTpSl Ha pas3lindne
ClIydailHBIX KOMOMHAIMK B KaXJIOM cilydae. JDTO OOBACHSETCS TeM,
YTO KOMOWMHATOPHKA OCYIICCTBISIETCS B YCIOBHSX CYIIECTBEHHOT'O
OTpaHWYCHUS CTereHeld cBOOOIbI, NOCTUIHYTOTO NpENIIEeCTBYIOIIEH
sBosonueil. OTcroia 1aBHO M3BECTHBIE 3aKOHOMEPHOCTH, KOTOPBIE
paccMaTpHUBaJINCh Kak MPOSBICHUE «IPEACKa3yeMOCTH» 3BOJIOLMH.
[pumepom siBisiroTCst ToMosnornueckue psasl H. Y. Basunosa (1922),
HoMmorene3 JI. C. bepra (1922). Hexotopsie HaOMOASHUS TIPUBOASTCS
B cOBpeMeHHbIX paboTax (boraanos, 2000; Boponuos, 1999).

B OM03BOIIOLIMOHHOM MpOLECcCe BBIIEIAIOT HECKOJIBKO CHCTEM-
HBIX YPOBHEW: MOJIEKYJISIPHBIN, T€HETUUECKUN, OPTaHU3MEHHBIH, I10-
MyJAUAOHHBIA, HAaXoIAluxcs BO B3auMocBsizu (Boponmos, 1999).
TpaguuuroHHOE pacCMOTPEHUE MUKPO- U MAaKPO3BOJIIOLIUY YCIOBHO U
B KOHEYHOM CYETE 3aBHCHUT OT TOT0, K KAKOM COBOKYMHOCTH (DaKTOB U
NPUPOIHBIX OOBEKTOB oOOpalaercss MccienoBaTelb Uil apryMeH-
TallMy CBOMX IpeACTaBICHUI. MHUKPOIBOIIONHMS B OOJBILICH CTENCHH
CBA3aHAa C aJaNTalMOHHBIMHM SBJIEHUAMU. B Makpo3Bomronuu,
KOTOPYIO paccMaTpuBalOT Kak mpouecc (GOpMHUpOBaHHS TaKCOHOB
HagBuaoBoro panra (cMm. Mopnmanckuii, 1994), npeuMyIiecTBeHHYIO
poib urpaer, Oo4eBUAHO, KomMOuHaTopHBIM MexaHusMm. H. H. Hop-
nmanckuit (2001) oTrMedaer, YTO «B OTJIMYHE OT MHMKPOIBOIIOIIUI
Makpod3BotoLUs HeoOpaTuMa» (c. 321). MoXKHO coriacuTbes, 4TO B
MaKpOdIBOJIIOIIMKA HEOOPAaTHUMBIH 3JIEMEHT YIOPSIOYCHUS BBIPAKEH
CWJIbHEE, YeM B MUKPO3BOJIIOLMU. HO MPUHINIIBI SBOJIOLIMN €IHHBI.
W MHKpO-, ¥ MaKpO3BOIIOIMS COUYETAIOT JHHUIO YMOPSIOYEHUS U
JWHUIO JAerpajaliid, Ha KOTOpble HAaJ0KEHO MOIU(HLIHUpYIOLIee
BIIMSIHUE CPeJibl, BEIpa)KEHHOE B OOJIBIIEH WIIM MEHBIIEH Mepe.
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OtaenbHOE MECTO BO B3aUMOJCHCTBHM OpPraHM3Ma W Cpenbl 3a-
HUMAIOT KatacTpodbl. Pazymeercss oHM OKa3bIBalOT BIMSIHHE HA XO[
sBoOUMH (cM., HampuMmep, Kpacumos, 1986). ['moGanbHble u pe3Kkue
WU3MEHECHHS CPE/Ibl HApYIIAIOT aJlalTalliOHHBIC MEXaHHW3MBbI, TIPUBOJIS
WHOT/Ia K BRIMUPaHHUIO BHJIOB W OJJHOBPEMEHHO OTKpHIBas AOPOry 0o-
Jiee MHTEHCUBHBIM T€HHBIM IEPECTPOHKaM, BEAYIIMM K ITOSBICHUIO
HOBBIX TaKCOHOB. CBsI3aHHBIE C 3TUM (PAKTHI MMUTAIOT CAETAIIHOHHYIO
KOHIIETIIIHIO.

B paboTax no sBoNIOIMH KU3HHU TeHaM, BOOOIIEe OMOXUMHYECKAM
CHCTEMaM, YacTO MPUITUCHIBACTCS HEKOE OJyXOTBOPEHHOE MOBEACHHE.
OT0 — pe3ynpTaT NCUXOJIOTHIECKOTO BIUSHUS KOHIENIMHA IapBH-
Hu3Ma. /. BunbsMc BeICKa3as Maeto, 9TO CENEeKIHs MPOUCXOIUT He
TOIFKO Ha YPOBHE OPraHW3MOB, HO M Ha YpOBHE T'€HOB. JTO Mpen-
craBieHne Obuio passuto P. JloykwHcoM B paboTe, Ha3BaHHOW WM
«drouctnunslii rer» (Dawkins, 1989). k. M. Cmut u E. Iarmapn
(Smith and Szathmary, 1999, c. 22) o6CykIar0T IUIEMMY STOUCTHY-
HOTO M KOOIEPATUBHOTO IMOBEJACHHS T€HOB: T'€H B COCTaBE KIETKH
MOYKH, BEOyHIUH cebsi KoonepaTHBHO, OyJeT crocoOCTBOBAaTh (PyHK-
UOHHPOBAHUIO TOYKH, B TO BPEMsI KaK STOMCTUYHBIA T'€H OCTaBHT
MOYKY M YCTPEMHUTBhCA K SUYHHMKAM, IJie Y HEro €CTh LIAHC BOCIIPO-
W3BECTUCH B cleAyIolIeM IokoyneHnd. Kakoe moBeneHue rena Oolee
nenecoobpasHo? IIpu 3ToM B KadecTBE KpPUTEPHs paccMaTpUBaeTcs
CTpeMJICHHE T'eHa KaK MOXKHO Yallle BOCIPOM3BOIUTHCS B Oyaymmnx
nokoyieHusiX. Amepukanckuii 6uonor 3. Jleit (Leight, 1971) uner emie
JIAJIbIlle, TpeArnoaras HaJlMuue HEKOTO «IapiiaMeHTa», B KOTOPOM,
HECMOTPS Ha (PPaKIHUIO STOMCTUYHBIX T'€HOB, OOJBIIMHCTBO MPHHAM-
JICKUT KOOTICPATUBHBIM I'eHaM. 3a 3TUMU PacCyXICHUSIMH yXOJIUT U3
HOJsl 3pEHUsl TOT NpOCTOW (akT, YTO TeH — O3TO OpraHuvecKas
MOJIEKyJla I HUYeM, KpoMe (PU3UKO-XHUMHUYECKUX CBOHCTB, MPHUCYIIUX
MoJieKyJiaMm, He obnanaer. Cpenu 3TUX CBOWCTB HET HUKAKOTO CTPEM-
JIeHWsT KaKk MOYKHO 4aIllle BOCIPOU3BOIUTHCA. ECTh, B TOW WM HHOM
CTETICHN BBIpOKEHHBIE, OOBIYHBIE CBOWCTBA OPTaHHMYECKUX MOJIEKYIL:
yCTONUMBOCTB, TpaHchepaOembHOCTh, aJanTUBHOCTh. M ecTh 3amm-
(hpoBaHHAs B TOCIENOBATENFHOCTH HYKJICOTHIOB (DYHKITUS COOTBET-
CTBYIOIIETro OeJika OrpaHWYHMBAThH OINpPEACIICHHBIM 00pa3oM CBOOOIY
XUMUYECKUX B3aUMOACUCTBUI.
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I'maBa 5

H30TOonHbIN TECT TCPMOANHAMUKU KUBOI'O

Kak ymomunanocs Beime (riaea 2, §4), U. Ilpuroxux u apyrue
MPEACTABUTENH OPIOCCENTBLCKOMN IIKOJBI CBSI3BIBAIOT MPOIIECCH OHOIIO-
TMYECKON CaMOOpraHW3alii HCKITIOUHTEIBHO C SBJICHUSMH YIOPS-
JOYCHUS (IUCCHUIMATUBHBIMU CTPYKTYpaMH), OTBEYAIOUIMMH OOJACTH
HENMHEWHOU TePMOJANHAMHUKH HEOOPATUMBIX MPOIIECCOB.

B Ouosiornveckoil SBOJIONUU MBI JICHCTBUTEILHO HAXOMUM He-
MaJIo COOBITH, KOTOPhIE MOTYT pacCMaTPUBATLCSA Kak OubypKarmy,
KaK CTPYKTypHbBIC YIOPSIOYCHUS, BHI3BAHHBIC HEIMHEHHBIMH MPO-
[[ECCaMU BIIAJIM OT PABHOBECHSI.

OnHako 5TH COOBITHSI — JIMIIb O0COOBIC TOYKH Ha MyTH DBOJIO-
. OCHOBHOE e COJICPIKAHUE €€, KaK HaM TPEICTaBISICTCS, 3T0 —
MOCNEA0BATENEHOE OFPAaHHYCHUE CBOOOIbI B3aMMOICHCTBUI B XMMHU-
YEeCKUX CHCTeMax (MPOU3BOJCTBO HHU3KOIHTPOMUHHOIO MPOIYKTA),
YTO MBI pacCMaTPUBACM KaK HEOTHEMJIEMOE CBOMCTBO OINpEeicH-
HOTO poJia TPUPOJTHBIX CHUCTEM, a UMEHHO, CTAIlMOHAPHBIX CHCTEM
HEOOPATHMBIX MPOIECCOB, COMPSIKEHHBIX C SHEPTOMOCTABIIAIOIIA-MH
peaknusamu. [TpUHIMIT MHHUMAJIBHOTO MPOU3BOJACTBA SHTPONHUH, HA
KOTODBI MBI OMUpAeMcs, CIPABEIJIMB JIMIb B OONACTH JHMHEHHOM
TEPMOJMHAMHKH, T. €. OTHOCHTCS K TPOIECCaM, HE CIHIIKOM
YAAICHHBIM OT paBHOBecus. 1o OIHM30CTHIO K PABHOBECHIO HYIKHO
MOHUMATh MPUCYTCTBUE 3aMETHOM oOpaTuMocTH TporeccoB. O6pa-
TUMOCTb BEJIET K PABHOBECHIO. XUMHYECKOEC PABHOBECHE 3TO CMEPTh
KHBOH cucTeMbl. JKUBBIE CHCTEMBI — 3TO CTAIllMOHAPHBIC CHCTEMBI
HeoOpaTUMBIX peakiuid. JKu3Hb MpecTaBiseT HeMPephIBHYIO 60phOY
C TEHJICHIIMEH K MEePEX0/y B PABHOBECHOE COCTOSIHUE.

Ha mepBbiii B3rJisia, MpeACTaBICHHE O KaKOH-THO0 ONMM30CTH K
PABHOBECHIO KaXKETCSI COBEPIIICHHO HECOBMECTHMBIMH C BBICOKO-
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YIOPSA0UEHHBIM H, CIIEAOBATENBHO, TITyOOKO HEPaBHOBECHBIM OOJIH-
KOM OHMOJIOTHYECKHX CHCTeM. B IeHCTBHTENBFHOCTH, OTHAKO, BBICOKAsS
YIOPSA0UCHHOCTh OMOJIOTHYECKUX CHUCTEM €CThb pe3ysbTaT BBIpado-
TAHHOW HBOJIONUEH CHenu(pUUECKOH CTPYKTYpbl B3auMOICHCTBHU.
WHcTpykuuio o ToM, Kakue (HepMeHTHI JOKHBI BOBHUKHYTh U KakKH-
MU PEaKLUsIMU OHU JOJDKHBI YIIPABIIATh, KKl OPTaHU3M IIOJy4aeT
W3 TEeHETHYECKOTO MPOLUIOro, B KOTOPOM 3Ta MHCTPYKUHA (QOpMU-
poBaJlack MWJLIUAPJbl J€T. XUMHUYECKOE K€ CONEPKAHUE PA3ZBUTHUSL
OpraHM3Ma B OHTOIE€HE3€¢ B IIPUHIUIIE MOXKET IPEIACTaBIATH COBO-
KYHHOCTb IPOLECCOB, OJIM3KMX K PaBHOBECHIO, HO OCYIIECTBISEMBIX
B 3aIaHHOM UHCTPYKLUEH «CUIOBOM IIOJIEY.

Cucrema QepMEHTOB-KaTaIn3aTOpOB 00pas3yeT TOT KECTKUH Kap-
Kac OrpaHUYEHU, B paMKax KOTOPOIO OCYILECTBISIFOTCS XUMUYECKHE
peakuuu. Poib kaTanusaTopa COCTOUT B TOM, YTO, B3AUMOAECUCTBYs C
CUJIOBBIM IIOJIEM aTOMOB PEarupyroLUX MOJIEKYJI, OH OIpEAeiseT
MyTh MEpexoja CUCTEMBI B OJHO U3 0oJiee YCTOMYMBBIX COCTOSHHM.
[MpucyTcTBHE KaTanuzaTopa M3MEHSET pesibed MOTEHIHAIBHOH MO-
BEPXHOCTH, XapaKTEpPHU3YIOLIEH B3aMMOACUCTBUSA B cHcTeMe. B aToMm
CMBICIIE KaTalW3 SIBISETCS YaCTHBIM CIy4aeM IPOSBIEHUS CHIIOBBIX
noJeil B cucteme. Ilocieanue MoryT OBITH pa3HOOOpa3HBI MO CBOEH
HIPUPOJE, HaYMHAs OT BHEIIHMX IOJEH M KOHYas B3aUMOJACHCTBHEM
MEXKAYy aroMaMH CaMHX COEAWHEHHWH, 00pa3yloluX CHCTEMY.
OpueHnTHpytolIee NeiicTBUE 3apoblllia B MPOLECCe KPUCTATU3ALUU
UM POJb MATpULbl IIPU BOCIPOU3BEIECHUU KOIHMHW B IIPOLECCE pe-
IJIMKALIUU TaKXKe MOKHO PacCMaTpHUBATh KaK IIPOSBIICHUE KaTalu3a B
HIUPOKOM CMBICIIE.

37ech Hy)KHO yKa3aThb Ha TO, YTO YHUKaJbHBIM TECTOM TEPMO-
JUHAMHYECKOTO COCTOSIHUSI OMOJIOTHYECKUX CHCTEM MOMKET CIIYXKHTh
COOTHOIIICHHE W30TOMHBIX COCTaBOB OMOMOJNEKyJd. Jleno B TOM, 4TO
CIWJIOBOE II0JIE MOJIEKYJI HE U3MEHSETCS IIPU U30TOIHOM 3aMEILECHUN.
W3oronHble GOpPMBI MOJIEKYN XapaKTEPU3YIOTCS OAMHAKOBBIM Habo-
POM CHJIOBBIX MOCTOSHHBIX. COOTBETCTBEHHO CHJIOBOE IIOJIE, B KO-
TOPOM IPOUCXOAUT IPEBPAILEHUE HM30TONHBIX MOJIEKYJ B IPOLECCE
KaTajnu3a, HepasnuuuMo. OpakiuOHUPOBAHUE U30TONOB IIPOUCXOIUT
HE MOTOMY, YTO Pa3iIU4Hbl CHJIOBBIE IOJII U30TOIHBIX MOJIEKYI, a
MOTOMY, YTO Pa3IM4YHO MOBEJCHNE YacTUI] (ATOMOB) pa3HOH MacChl
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B OJHOM U TOM 3¢ cWioBoM mone. [loatomy B mH(pOpPMAIMOHHBIX
MOJICKYJIaX HE MOXKET OBITh 3aJI0KCHO HUKAKOH WHCTPYKIIMHM OTHOCH-
TENILHO OTOOPA TEX WJIM MHBIX U30TOMHBIX (hopM Mosekynn. M3oTomHbiii
cocTaB OMOMOJIEKYJI HE MOXKET KOIUpPOBaThcs. Her m30TOMHO-Crienu-
(huyecknux GepMEHTOB.

CrnenmoBarenbHO, Ta crieruduyeckas CTpyKTypa B3auMOJICHCTBHIA,
KOTOpas HMHCTPYKTUPYET XWMHUYECKOE IIOBEJCHHE MOIIEKYISIPHBIX
CTPYKTYp B OMOJIOTUYECKHX CHUCTEMax, HE PacIpoCTpaHsIeTCs Ha H30-
TOMHOE pactipeneneHue. [lodToMy, eciu JMHEHHOCTh SBISETCS CY-
IIIECTBEHHOW YepPTON XMMHUHM OMOJOTMYECKHUX TPOIECCOB, OHA JOJDKHA
TIPOSIBUTHCS] B TEHJCHIIMH K PABHOBECHOMY PACIpEAETICHHUIO H30TOIOB
Ha (oHEe aOCOIIOTHO HEPABHOBECHOTO COCTOSHESI BEUIECTBAa Ha dJie-
MEHTHOM YPOBHE.

ITomoOHOE sBICHUE ACHCTBUTENBHO OBUTO 0OHapyskeHo. [Ipexme
YeM TMPHUBECTH COOTBETCTBYIOIIME (PAKTHI, M3JIOKUM HEKOTOPHIE 00-
M€ CBEICHWS, YTOOBI BBECTH UYMTATENS B KPYT COOTBETCTBYIOIIHX
TIOHSITHM.

8 1. Beeoenue 6 u30monnyio mepmMoOUHaMuKy

[Tot M30TOMHBIM COCTaBOM TMOHHUMAIOT OTHOCHUTEIILHYIO PacIpo-
CTpaHEHHOCTh U30TOIOB JIAHHOTO JIEMEHTa, BEIPAKCHHYIO OOBIYHO B
BUJIE OTHOIICHUS MAaJopaclpoCTPaHEHHOT0 H30Toma K Ooiee pac-
npocrpasenromy msorory. D/H, 2C/%C, 80/'°0 u 1. UzoromnHstii
COCTaB OTIpeeIsieT BEIMYMHY aTOMHOTO Beca B 00mieM Buae: X*/X =
R.

B coBpemeHHOI Hay4dHO# JHMTEpaType M30TOINHBIA COCTaB IpH-
HATO TPEACTAaBIATH B BUJAE BENWYMHBI 6, TpencTaBisromeii coboit
OTKJIOHEHHE (OOBIYHO B THICIYHBIX JOMSIX — %60) OT YCIOBHOTO CTaH-
napta. Hampumep, juist yriaepoja:

é|3C _ ( BC/lZCoﬁp
]3C/I2Ccraun

rae O0menpuHATEIM cTaHAapToM siisiercss PDB, miis koToporo
B¢/ Copg = 0,0112372.

- I) 107%, %, (5.1)
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OOyCnoBIeHHOE W30TOMHBIM 3(PPEKTOM pa3nuiue H30TOMHBIX
cocTaBoB JABYX BemiecTB (X*/X), u (X*/X), NpENCTaBISAIOT KaK MX
OTHOLICHUE:

X/
X /X,

Benmnmuuny a HaszpBaoT KoddduIueHToM (QpaKIHmOHUPOBAHUS
WK K03 GUIIMEHTOM pacrpe/elicHHs U30TOTOB.

UYepes BenuuuHbl 0 KOIQOUIMEHT @ BBIpAKACTCSA CICAYIOIIUM
oOpazom:

a (52)

146 -107°
1+6,-107?

XOpOLLII/IM l'IpI/I6HI/I)KGHI/IeM ABJIIETCA TAKKE CJIeAyrouiee COOTHO-
IICHUC!:

iy = (53)

@y =1+ (6, —8)- 1077, (54)
BeipakeHHYIO B BeJIMUMHAX 6 pa3HHIly B H30TOITHOM COCTaBe
o0o3HayatoT OykBoit /[

ALy =8 — b, (3 5)

WHorzaa ncnonp3yroT gorapuMudecKoe TpHOIIKEHIE CIIEYOIIEro
BHA:
A,=06-86210 na,_. (56)

IMockonbKy B aHcamMOJe B3aMMOJCHCTBYIONIMX YACTHUI] YACTHIIbI
MEHBIIIeH MacChl 00JIaal0T OOMbBIICH CKOPOCTHIO, MOJEKYIIBI, COACP-
JKalue JETKUH M30TOT, MOJBIKHEE, YEM MOJICKYJIbI, COACPKAIINE Ts-
xenbiil u3ororn. [TosTomy B mponeccax audy3un, UCIapeHus U T. 1.
MOJIEKYJIBI, COMEPIKAINE TSHKENbI W30TOM, OMEPEKAIOT MOJICKYIIBL,
coJiepKallue JIETKUHA U30TOTI.

XuMUdecKkue CBsI3U, 00pa3yeMbie TSHKEIBIM H30TOIOM, MIPOYHEE,
YeM OJHOMMEHHBIC CBSI3HM, 00pa3yeMble JETKHUM H30TOMOM. DHEprus
AKTHBAI[MH COOTBETCTBYIOIIUX PEAKIMH C YYacTHEM H30TOIHO-TSKe-
70 (OPMEI BBIIIE, YeM H30TOMHO-Ierkoi (E* > E). [losTomy B on-
HOHAIIPABJICHHBIX (HEPABHOBECHBIX) PEAKIMAX MPOIYKT OOOTramaercs
JIETKUM U30TONIOM. DTO SBJICHUE HMEET Ha3BaHHE KHHETHYECKOTO
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n3otonHoro s>¢¢exra. KuHernueckuit m3oTomHbI 3hdeKT Xumu-
YEeCKOM peakIUH YWCICHHO ONpeNeNseTcs OTHOMICHHEM KOHCTaHT
CKOpOCTEH peakUuii H30TOMHBIX HOpPM:

* *
E = &'e‘gﬁg—, (5.7
k* i
rJic M — TPUBEACHHAs Macca MOJICKYJbl, I — a0CONIOTHAS TeMIIe-
patypa; R ~ razoBas mocTostHHasI.
HepaBHO1IEHHOCTh CBOMCTB M30TOINOB, IOMUMO HEPAaBHOLIEHHO-
CTH UX B KMHETHYECKOM OTHOIICHHH, MPOSIBIIACTCS TAKKE B TOM, UTO
COEMHEHNE, UMEIOIIee B CBOEM COCTaBe TSKEJBIN M30TOII, 00NagaeT
MEHBIIIUM 3allacoM CBOOOJHOM SHEPTUH, YeM HM30TOIMHO-JIeTKas (op-
Ma TOTO XK€ COEIMHEHHs. JTa HEPaBHOIIEHHOCTh M30TOMHBIX (hopm
HEOJMHAKOBA JIJISl Pa3IMYHBIX coenuHeHnd. [l03TOMy MUHUMYM CBO-
0OJTHOI PHEPTUU CHCTEMEI B OOIIEM CIy4yae OCTUTACTCs MPU HEOIH-
HAaKOBOM H30TOITHOM COCTaBE 0Opa3yIOIIHMX 3Ty CUCTEMY COCIUHEHUI.
OO0yCIOBIIGHHOE ATHUM Pa3IUYhe M30TOMHBIX COCTABOB KOMIIOHEHTOB
MpeJICTaBIIAET COOON TepMOIMHAMUYECKUI H30TOMHBIHN 3D (PeKT.
[lepepacnpenenenue nzotona X* snementa X MEXITy KOMIIOHEH-
TaMH CHCTEMbI MOXKHO BBIPA3UTh B BHJIE PEAKI[UH, KOTOPYIO Ha3bIBAIOT
peakIuei N30TOMHOTO OOMEHa:

AX 4+ BX' = AX* + BX. (5.8)

KoHcranTa paBHOBECHs 3TOH peaklnd, Kak W JII0OOH Ipyrou,
MOJKET OBITh BRIp)KEHA Yepe3 KOHIIEHTPAIMU UCXOJHBIX PEareHTOB U
MPOIYKTOB:

AX'][BX
K = AXUIBX] (59)
[AX]{BX"]
C ,Z[perfI CTOPOHBI, BEJIMYWHA KOHCTAHTBI PABHOBCCHUA
onpeac-IA€TCAa NSMCHCHUCM CBO6O,I[HOI>JI OHCPIrun B pCaKuu
~AZ =RTInK. (5.10)

Cratuctuyeckas TepPMOJUHAMHUKA MTO3BOJIICT BBIPA3UTh CBOOO/I-
HYIO0 SHEPTHUIo (M300apHO-N30TSPMHUUSCKHUNA TOTEHITHAT) COCTUHECHUS
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4epe3 Tak Ha3blBaeMYyIO CTATHCTHYECKYI0 CYMMY IO QHEPTeTUIECKUM
coctostHEAM ((YHKIHIO pacupeaeneHus) Q:

Z=-RTInQ. (5.11)
Orcroma

o _ (Que/Qn0)

(Qox/QBx)

MeTo/ibl KBAHTOBOM CTATHCTHKU TIO3BOJISIOT BBIPA3UTh OTHOIIIC-
HHE CTATHCTHYCCKUX CYMM 4Yepe3 KoJIeOaTelIbHbIE YaCTOThI H30TOMHBIX
dopm (Urey, 1947).

Quxe _ 8 3ﬁ"‘ v; exp {~hv} /2kTH(1 - exp {~hv./kT})
Qux 8 v, exp {—hp,/2kTY(1 — exp {-hv! [kTY)’
(5.13)

(5.12)

Jfax =

rJie S U S* — Yuciia CHMMETPHH.

[Ipu momormm (5.13) MOXHO BBIYHCIIMTH OTHOIICHHUS CTATHCTH-
YECKHX CYMM IO COCTOSIHUSIM, €CJIH U3BECTHHI KOJeOaTeIbHbIE YacTo-
THI V1, ¥ V1™ U30TOMHEIX ()OPM MOJIEKYJI, & CIIeJOBATENEHO, U BETUINHY
KOHCTaHTHI K.

C npyroil cTopoHBI, cOOTHOIIEHUE (5.9) /i1 KOHCTAaHTHI Ipen-
CTaBIIIeT COOOM HE YTO WHOE, KaK OTHOIIEHUE M30TOMHBIX COCTABOB
anemenTa X B coequHernn AX u BX:

_ AX'/AX _ (X*/X) ax
BX*/BX  (X*/X)sx’
T.¢. BenuuuHy a (cM. (5.2)).
BenuurHy OTHOIICHHS CTATHCTHYECKUX CYMM, IPUBEJCHHYIO 10

YpcIaM CHMMETPHH, MBI 0003HauaeM 6 W Ha3bIBaeM TEPMOJIHMHA-
MHYECKHM U30TOMHBIM (pakTOpoM:

(5.14)

31!
Orcrona:
Qax-gx = ﬁ‘“——ﬁx- (3.16)
Bex
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Takum o0Opa3oM, MMeeTCS BO3MOXKHOCTh, UCXOAsl U3 Kojeba-
TENBHOTO CIEKTPa MOJIEKYJI, ONMPEJCIUTh COOTHOIICHUE H30TOIHBIX
COCTaBOB COCJMHECHUN B COCTOSHUM MHHHMMYyMa CBOOOJHOW SHEPTHU
peaKIuK U30TOMHOTO 0OMEHA — H30TOMHOTO PABHOBECHSL.

KonebarenbHble 4acTOTHI MOJICKYJI MOTYT OBITh B MPUHIIUIE TO-
JYYEHBI SKCIIEPUMEHTATIBHBIM IyTEM U3 CIEKTPOB KOMOHHAI[MOHHOTO
paccesiHAs ¥ WH(PAKPACHBIX CIEKTPOB COOTBETCTBYIONIMX COCIMHE-
Huil. OJHAKO HM30TOMHYECKHE CMEIICHHS I DIEMEHTOB TSXKelee
BOJIOPOJIa HEBEIHKH, ¥ UX TPYAHO WU3MEPUTh C JOCTATOYHON TOY-
HOCTBO. [103TOMY HW30TOMHBIC KOJeOATENbHBIE YACTOTHI MOJICKYIIBI
BBIYUCIISIOTCS TEOPETHUECKH.

OOmmii METOZT COCTOWT B TOM, UTO PEMIACTCS B KIACCHUECKOM
MIPUOTIHKCHUH 3a7ava KoJieOaTeIbHOTO JBIDKEHUS MoJieKynbl. Co-
OTBETCTBYIOIlEC YPAaBHCHHWE B MATPUYHOM BUJIC 3aIMCHIBACTCS Tak:
\GF — JA| = 0, rne G — MaTpuIla KWHETHYECKUX DJIEMEHTOB; F —
MaTpHIla CHJIOBBIX TOCTOSHHBIX; | — enuHMYHAs marpuia; A —
KOpEHb BEKOBOTO YpPaBHECHHUS, KOTOPBIM CBA3aH C KOJICOATEIbHOM
qacToTol cooTHOmeHHeM Vi (e ™) = it

B CJIydya€ MHOTOAQTOMHBIX COCI[I/IHCHI/Iﬁ pCakusa U30TOITHOTO 00-
MeHa IPUOOpPETAET CIEAYIOIIYIO 3aITUCh:

mAX, + nBX',, = mAX', + nBX,,. (5.17)

@dakTU4ecKU B paMKax 3TON peakIUH IPOTEKACT COBOKYITHOCTh
peaxuuii OTAEIbHBIX H30TOMHBIX (HOPM:

Axn—i+lx:—l + me—jx; = Axn—ix: + me~j+ix;—ls (5.18)
Kaxast u3 (X_‘) _ nlAXG] + -+ (n - )[AXX] ] (5.20)
X " on[AXa] 4.+ (= [AXIX L)
ni = - —. Iy
[AX,,_H 1%7 1][me-jxj]

C npyroii CTOpOHBI B COEIUHEHHH, COAEPAKAILEM HECKOJIBKO aTo-
MOB 3JIeMeHTa X, U30Tombl X* pacrpeeleHbl 0 pa3HbIM W30TOMHBIM
(¢opMaM TPONOPIIMOHAIBHO CTEIIEHH MX M30TOMHOM 3aMEIIeHHOCTH,
U TIO3TOMY M30TOIHBIA COCTaB COEAMHEHHUS B IIEJIOM ONpeaesseTcs
COOTHOIIIEHHUEM
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COOTBETCTBEHHO BMECTO MPOCTOrO COOTHOIICHUS (5.2) U30TOI-
HBIH 3QdekT Mexay coeaunenusiMu AXn u BXm Beipasurcst cooTHO-
HIEHHEM

(AKX + .+ (- DIAXXD)
A Tt (= DA X )
T (m[BX;,] + ...+ (m - HBX, X))
e [ P [ )

rae | ¥ ] — 4rcia 3aMeIIeHHBIX aTOMOB B M30TOIHBIX (hopmMax 06omx
COCMHCHUH, MPUYEM 3aMEIICHUE JIOJDKHO MPOU3BOAMUTHCS IO BCEM
COYCTAHUSM HEIKBUBAJICHTHBIX aTOMOB B MOJICKYJIaX.

OKCIIEPUMEHTAIILHO OTPEIEIIUTh COOTHOIIICHHE BCEX M30TOIHBIX
(hopM MHOTOAaTOMHOTO COCJAMHCHUS HEBO3MOXHO. [103TOMY MpakTH-
YeCKH HM30TOIMHBINA COCTaB OMPENACNACTCS WHA4Ye: MEePEBOISAT HCCIe-
JyeMOoe MHOr0aTOMHOE COCJMHEHHE B Kakoe-Tubo Ooniee mpocroe,
cojieprKaliee OJUH WITH JBa SKBUBAJICHTHBIX aTOMA JaHHOTO 3JIEMEHTA

3~ /12 18 /16 .
(mampumep, C0, — mpu uccnegoanuu “C/“C u "0/°0). Axamu3 stoi
mpoObl  maeT BedMuHHY (X*/X)axy, XapaKTEPH3YIOIIYIO OTHOIICHHE
W30TOMOB HUCCIEIYEMOr0 JJIEMEHTA B HCXOJHOM MHOTOATOMHOM
COC/IMHCHUH.

Kakum 00pa3oM B 3TOM ClTydae MOXKHO COTIOCTABUTh H3MEPCHHBIC
3HAYCHUS a C PACUCTHBIMU BEIMYUHAMH /3-(aKTOPOB, XapaKTepusy-
OIUX (GPaKITMOHUPOBAHKNE H30TOIIOB B PaBHOBECHOH peakiuu (5.18)?
Hccnemoanne 3roro Bompoca mokasaio (I'ammmos, 1971), 9To B Bech-
Ma XOpoIeM MpHOMMKEHUH pu X*/X < 1, 4TOo CHpaBemIUBO I
BCEX JIETKUX DJIEMEHTOB, B YACTHOCTH, Befe ~ 0,01, cBs13p MEXIY a
U 6-(haKTOpaMu CBOJIUTCS K MPOCTOMY COOTHOIICHHUIO:

n
1
n Z ﬁ’(AX"}
o= —

- m
1
m Zﬁ‘(ﬂxm)
3

B a70i1 3amucu 6, 0003Ha4aeT g-(hakTOPHI BCEX OJHOU30TOIHO
3aMeIeHHbIX ()OPM MO JAHHOMY 3JIEMEHTY B MoJekysie (ot 1 1o n).

(521)

533)
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[Ipu 3TOM YacTh 3HAUYECHUH 6j, OTBEUAIOIINX SKBUBAJICHTHBIM aToOMaM,
OKQXXETCS OJJUHAKOBOH (BBIPOXKIICHHOM ).

OueBUIHO, YTO BENMYMHA B 4uciuTene u 3Hamenarene (5.20)
XapaKTepu3yeT U30TOMHO-TEPMOAMHAMUYECKUE CBOMCTBA CpaBHUBaE-
MBIX COeMHEeHNH B 1eioM. OO03HAYHB HX Gs, TIOTYIHM

_ Prony. (5.23)
Br8xn)

Torna a BHOBB MpeJICTaHET KaK OTHOIICHUE 6-(PaKTOPOB, ITOT00HO
cooTHomeHuO (5.16) T4 TPOCTBIX CcoeAMHCHWH. Benmuwmna e,
XapaKTepu3yrolas COeIUHEHNE B IIeJI0M, Ha3BaHa TePMOIMHAMUIeC-
KHM HU30TOIMHBIM (DaKTOPOM COETMHEHMS.

Mexay HAM U TepMOJIMHAMHYECKUMHU U30TONMHBIMHU (haKTOpamMu
0JTHO3aMEIICHHBIX M30TOMHBIX (Bopm, Kak ciexyer u3 (5.22) u (5.23),
CYIIIECTBYET COOTHOIIIEHHE

|
ﬁE = E Z ﬁi! (524)

CBSI3BIBAIOIIEE MOJICKYJISIPHBIC U BHY TPUMOJICKYJISIPHBIC H30TOIHbIC
b PEKTHL.

HeskBUBaJICHTHBIC aTOMBI JaHHOTO JJIEMEHTa B MOJICKYJE Xa-
PaKTEepU3YIOTCs Pa3HbIMHU BelUYMHAMU 6. ClieqoBaTeNbHO, pachpe-
JIeJIeHHe M30TONOB MEXIy HHMH HEpaBHOBEpOSTHO. MHaue roBops,
MHOTOATOMHBIE COCAMHEHHUSI, CO/ICPIKAIINE HEIKBUBAJICHTHBIC aTOMBI,
OyIyT XapaKkTepH30BaThCs BHYTPUMOJICKYJISIPHBIMH TEPMOIMHAMUYC-
CKMMHU HU30TONMHBIMH 3((dekTamu. Pa3HuIIa B HM30TONMHOM COCTaBe
JNIeMEHTa B JIFOOBIX JIBYX HEIKBHBAJICHTHBIX MO3UIMSAX OHPEICITHTCS
COOTHOLICHHEM COOTBETCTBYIOLIMX BHYTPUMOJICKYJISIPHBIX TEPMOJU-
HAMHUYECKHX U30TOIMHBIX (PaKTOPOB:

Oy — buigy = (@ - ) 10°, %o (5.25)
By
Takum oOpa3oM, U1t TOTO 4TOOBI ONMHCAaTh KaK BHYTPHUMOJIEKY-
JIIPHOE, TaK U MEXMOJIEKYJIAPHOE PACHpEeIeHHe U30TONOB B pPaB-
HOBECHBIX PEaKLHsIX, HEOOXOAUMO U JAOCTATOYHO BBHIYUCIHUTH BEIHUH-
HBI 6i-(aKTOPOB, OTHOCSLINECS KO BCEM aTOMaM JaHHOTO dJIEMEHTa,
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HaXoJAIIMXCAd B PAa3HBIX CTPYKTYPHBIX IOJIOKEHHUSAX pPEArupyromyx
COCIMHEHUN.

3TO MOXKHO BBITIOJIHUTE, UCTIONB3Ys BhIpakeHue (5.13). [lomumo
nocTtosiHHBIX bonbliMana u IlnaHka, OHO COAEPXKUT JIMIIb TeMIlepa-
Typy | KojeOaTeIbHbIe YaCTOThI H30TOIHBIX (hOPM.

B Tex cimyuasx, korga HEoOXOAMMO YyKa3aTh JJIEMEHT, pacrpe-
JIeTIeHHEe M30TOINOB KOTOPOTO PAacCMaTpHBAETCs, YAOOHO YIOTPeOIsaTh
CHMBOJI 6 B COUYETaHWH C CHMBOJIOM COOTBETCTBYIOIIETO H30TOIIA,
Hanpumep 6-C, four. m

YacToThl H30TOMHBIX (OPM, KaK OTMEYAJIOCh BHIIIE, MOTYT OBITh
BBIUMCIICHBI IyTEM DEIICHHS YpaBHEHUS KOIe0aTeIbHOTO IBMKEHUS
Mouekyibl. UncieHHbIe 3HaucHns 6°C-(paKTopoB psija COCTMHEHHIA,
HalJeHHBIC TAKUM CIIOCOOOM, TIpHBEACHHI B Ta0I. 5.1. TepmonnaaMu-
YecKne M30TOIHBIE (haKTOPHI 3aBHCAT OT TEMIEPATyphbl: YMEHBIIAIOTCS
¢ ec yBenmueHHeM. UToOBI He 3arpoMo’kIaTh TaONHIly, B HEW mpen-'
craBlieHbl jgaHHble Tosibko aia 300 K. Ilpumepsl TemmeparypHOit
3aBHCHUMOCTH JlaHbl Ha rpaduke (puc. 5.1).

Haxoxxnenne kopHeil A BEKOBOTO ypaBHEHHs NPEICTaBISET JI0-
CTaTOYHO TPYIOEMKYyIO Tporuenaypy. JlocrtarouHo ckas3ark, 4TO OIpe-
nenenre 6-(hakTopoB Jake TaKOTO CPaBHHTENIHLHO MPOCTOTO COEIH-
HEHUs, KaK TeKcaH, TpeOyeT omeparnuii ¢ MaTpuuamu 54 CTeneHu.
CoBpeMeHHasi BBIUMCIMTEIbHAS TEXHHKA ITO3BOJISET CIPABUTHCA C
MaTeMaTU4eCKUMHU TpyaHocTAMH. OJHaKoO METOJ MMEeT psAj orpa-
HUYEHHH, KOTOPBIE MPOSBIISIOTCS OCOOSHHO 3aMETHO IPH MEpexoe K
aHaJIM3y CJI0KHBIX MHOTOATOMHBIX COSANHEHUI.

[IpuHnIKTIHANBEHOE OTPAaHUYEHHE CBSI3aHO C HEONPEAEIEHHOCTHIO
CHJIOBOTO TOJISI MOJIEKYJBI. /leno B TOM, 4TO CHIIOBBIE IOCTOSIHHBIE
HaXoJAT IMyTeM pEIICHHs TaK Ha3blBaeMOH OOpaTHOW CIEKTpajIbHOU
3amauu, T.e. ypaBHeHus GF -lz = 0, pa3pemeHHOro OTHOCHUTEIHHO
anemMeHToB Fij. OfHaKO, TOCKOJBKY YHCIO CHIOBBIX MOCTOSHHBIX

1/2 N(N + 1) Bceraa Oombliie Ynciia HCXOJHBIX YPaBHEHHI, PABHOTO

grcy 3N - 6, onpenenuTh BCE CHIIOBBIE MOCTOSHHBIE MPAKTHIECKH
HEBO3MOXXHO. [loaTOMY mpmxomuTcs nenarb AOMyIIeHHUs, YTO HEKOTO-
pBIE CHIIOBBIE TTOCTOSTHHBIE TIPEHEOPEKUMO MaJIbl, IPyTHE PAaBHBI APYT
IpyTy, HEKOTOpPBIe aHAJIOTHYHBI POJICTBEHHBIM CHIIOBBIM ITOCTOSIHHBIM
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Tabnuya 5.1

3
Tepmodunamuueckue usomontwie axmopui (6°C) nexomopuix
coedunenuil y2nepooa, paccuumarntsle uepes Koiebamenbhvle Yacnonivl

uzomonnwix ghopm (T = 300 K)

CoenuHeHnue é°C Ccplika
CO, 1,1909 [1]
1,1882 [2]
HCN 1,1206 [1]
CO 1,0970 [1]
CH, 1,122 [3]
1,1136 [5]
CoHg 1,1317 [5]
CsHs 1,1385 [5]
QHJo 1,1419 [5]
Benzon 1,1533 [5]
Tonyon 1,1527 [5]
CH3COOH 1,1680 [5]
CH;CHO 1,1512 [5]
JIVZ000%05 0 1,1788 [6]
Anannu 1,1706 [7]
Kap6amun 1,1844 [8]
Asmaz 1,1786 [9]
1,1838 [2]
I'padur 1,1736 [9]
1,1706 [2

[1] - Urey (1947), [2] - Polyakov & Kharlashina (1995), [3] -
Craig (1953), [4] — I'anmumos (1973, TaM e CCHUIKH Ha OTAEIbHBIE PAOOTHI),
5] - osnsikos (1987), [6] - [ossikos (1984), [7] - Bottinga (1969),

8] — TloJsK0B (HEOMyOIHKOBAHO)
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Puc. 5.1. 3asucumocme 6° C-ghakmopoe nekomopuix coeouHeHuil yene-
pooa om memnepamypul (Richet al., 1976; Polyakov and Kharlashina,
1995)

U3 APyrux MoJieKys. HeckoabKko YMEHBIIUTh HEOMPEIeIEHHOCTh (yBe-
JUYUTh YUCIO ypPAaBHEHHU JUIS HAaXOXICHUS TOCTOSHHBIX) MOXKHO,
MIpUBIIEKas SKCIEPUMEHTAJIbHBIE JaHHbIE OO0 HW30TOMHBIX YaCTOTaX.
[lepBoHadanbHO BHIOPAHHYIO CHCTEMY CHJIOBBIX TOCTOSIHHBIX ITOCTIE-
JIOBATENBHO KOPPEKTUPYIOT IIyTEM CPAaBHEHHS PAaCUETHOIO CIEKTpa C
SKCIIEPUMEHTAIBHBIM 10 IOJIYYECHHs YAOBIETBOPUTENIBHON CXOIU-
MOCTH. Bompoc o ToMm, 4TO cUMTaTh YAOBJIETBOPUTEIBHOH CXOIUMO-
CTBIO, JOCTaTOYHO CyOBeKTHBEH. CaMH CIEKTPOCKONMYECKNE TaHHEIE,
CIIy’Kalllie OCHOBOH I CpaBHEHUSI, UMEKOT OTPAaHUUYEHHYO TOYHOCTb.
Bo MHorux ciiydasix HaONIOJaTeIbHBIC CHEKTPbI HEMOJHBI, T.C. HET
CBEJICHUH O BCEX YacTOTaX, XapaKTEPU3YIOIIUX MOJIEKYIy, 0COOEHHO
B ClIy4ae BbICOKOMOJEKYJISIPHBIX cOequHEeHn. FICTOUHNKOM TT0-
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TPEIIHOCTH SABJIACTCA TAaKXKE MOAENb TapMOHHYECKOTO MPHOIMKEHUS
KOJIeOaTEeNFHOTO IBUKEHUS] MOJICKYJTBL.

3HaueHNE yKa3aHHBIX OTPAHUYCHHI, KaK MPABUIIO, BO3PACTALT C
YBEJIMYEHHUEM 4YHCIIa aTOMOB W YCIIOKHEHHEM MOJIEKYJISIPHOTO CTpO-
enns coemuHenns. Otciona ompeneneHue 6 °C-HaKTOpOB CIOKHBIX
MHOT'OATOMHBIX COCIUHCHUHN, K YUCITy KOTOPBIX MPUHAIUICKUT OOJIb-
MIMHCTBO OMOJOrMYECKH HWHTEPECHBIX OPTaHMYECKHX COEeIUHEHUH,
OKa3bIBACTCS 3aTPYAHUTEIBHBIM.

B 57001 cBs3M B cBOE BpeMsI MBI HPEAJIOKHIN MPOCTOH METOA
OIICHKM BEJIHMYHHBI 6-()aKTOPOB, OCHOBaHHBI Ha BechbMa OOIIUX
coobpaxennsx (I'ammmos, 1972; Galimov, 1985; Tanmumos, 1982).

Benmnunna s-pakTopa cBOOOMTHOTO aroma TOXKICCTBEHHO paBHA
CANHUIIC. Nnaue TOBOpA, OTIINYKE 6'¢)aKTOpa OT €AHUHHUIIBI BO3HUKACT
TOJBKO C MOSIBJICHUEM XUMHYECKOM CBSI3H MECXKAY aTOMaMHu.

Otciona crneayer, 9To TEPMOANHAMUYECKUI W30TOMHBIA (akTop
MOJXHO B ITPUHIOUIIC ITPEACTABUTH B BUJIC

B=1+x, (5.26)

I/Ie X — YJIEH, 3aBUCINNN OT HATMYHA U XapaKTepa XUMHUIECKHIX
CBs3E.

W3BecTHO, 4TO eciim KakOH-TMOO TapameTp, OTHOCUMBIN K JIaH-
HOMY aTOMy B MOJIEKYJIE, 3aBUCUT OT XapaKTepa OKpPYKaIOL[UX aTo-
MOB, TO OH CHJIbHEE BCETO 3aBUCHT OT OJMIKAHIIEro OKPYKEHUS, T.C.
onpeesieTcs: IPexXae BCEro TEMU XUMHUUECKUMHU CBSI3SIMH, KOTOPHIC
00pa3yloT AAaHHBIA aTOM. OTO TMPOSBICHUE H3BECTHOTO B XUMHH
npuHIMna Jokanuzauud. C Apyroil CTOPOHBI, PACIPOCTPaHEHHOE
CBOICTBO aJJAUTUBHOCTH TEPMOJUHAMHYECKHX BEJIMYUH JIEJacT Be-
POSITHOM JIMHEHHYI0 KOMOWHAIIUI0 WHKPEMEHTOB, XapaKTCPH3YIOIIX
OTHAETbHBIC CBsI3U. lIHaUe roBopsi, MOKHO MOTBITATHCS IPEICTABUTh

n
x B BUze E2 Lj, roe L, — BenmuunHa, XapakTepu3yoIas j-1o CBS3b
j=\ M3 gucia n cBs3ei, 00pa3yeMbIX r-M
aToMOM, T.€.

Bi=1+> L; (5.27)
J=i
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HakoHell, W3BECTHO, YTO MAapaMETPhI, XapaKTEPU3YIOIIHE XHMH-
YeCKYIO CBSi3b, B TOW WM HWHOH Mepe 00JaJaloT CBOWCTBOM TpaHC-
(bepabenbHOCTH, T.€. COXPAHSAIOT MPHUCYLIME UM 3HAYCHUS B PAa3HBIX
XUMHYECKUX COCTUHEHUSAX. DTUM CBOIMCTBOM B KaKOW-TO CTEICHH
JOJDKHO o0nanarth u Lj.

BinusiHne «IanbHEr0 OKPYKEHHUs» MOYKET OBITh YYTEHO JIOIOJ-
HHUTEIIBHBIMU TIONPABOYHBIMU KO3 (UIIMEHTAaMU C MHICKCAMH, CO-
OTBETCTBYIOILIMMH THUIIaM CBsI3el, 00pa3yeMbIX aToMaM H-NIApTHEpaM U
JTaHHOTO aroMa yriepona. Bemuumnna /I-akropa Tornma ompenenutcs
TPU TOMOIIX BBIPAXKSHUS

Bi=1+> Li+> I (5.28)
f &

r7ie K HyMepyeT CBs3U, 00pa3yeMble aTOMaMH, COCEIHUMHU C JaHHBIMU
aTOMOM YTJIEpO/a.

Hano 3ametuts, 4to B nmutepatype, ocodeHHo 70-x T070B, OBLIO
JOCTaTOYHO MHOTO IIOMBITOK YIPOCTUTh TPYAOEMKYIO TPOLEAYpPY
pacdera 6-pakTOpoB, YTOOBI N30€kKaTh HEOOXOIUMOCTH PelIaTh B Ka-
KJIOM ClIydae TOIHYI0 CHCTEMY YpPaBHEHHH KOJe0aTelhbHOTO IBIKE-
Hus. XOpoIiue MpHOIMKEHN OBUTH TpeIoKeHb! Kook Jk. bure-
msitzena B CILIA (Bigeleisen, 1975; Bigeleisen, Ishida, 1968; Bigeleisen
et al., 1971; Ishida et al., 1969). Hamr agauTHBHBI METOA H30TO-
MUYECKUX YMCEN CBSA3EH OBUT HE CaMbIM CTPOTHM, HO, TTO-BUANMOMY,
Hamboiee TIPOCTHIM H YAOOHBIM METOJIOM OIICHKH 6-(haKTOPOB
CJIIOXHBIX coenuHeHuil. Meroj, pa3Butbiii JIx. burengiizenom c co-
TPYIHUKAMH, TPEACTaBISET WHOW TOAXON K OIeHKE aJTUTHBHBIX
cBoiicTB. [1lo3TOMY CyIIecTBEHHBIM OBLIO CHIETaHHOE aMEPUKAHCKIMH
WccienoBaresiMe 3aKimoueHue: «[IpuBeneHHbIe YHCIOBBIE IPUMEPEI
JOTIOJIHSIOT ~ TPEAIICCTBYIONIME  TEOPETHYCCKHE  IOATBEPIKICHHUS
(cceiku 8, 18 B mutHpyemoii pabore) mertonga ['ammmoBa OIEHKH
BenuuuH In (S/S*)f mias mupokoro crekTpa COeTMHEHHH yriiepoaa
myTeM CyMMHUpOBaHHus uucen cBs3ein» (Bigeleisen et al., 1976).

IMoapoOHOE W3NIOKEHWE METO/a HM30TONMMYECKHX YWCET CBA3CH
nmeercs B pabore (Galimov, 1985).

[MpuHIMI aAIUTUBHOCTH, TIOJOKEHHBIN B OCHOBY METOJa U30TO-
MUYECKUX YMCEN CBA3CH U MPEJICTABIICHUS 6-(haKTOPOB OCPEICTBOM
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CYMMBI WHKPEMEHTOB, JIOTUYECKH CBSI3aH C IMOHMMAaHUEM IPHUPOJIBI
XUMHYECKOU CBSI3U B paMKax TCOPHHU JIOKATN30BAHHBIX 3JIEKTPOHHBIX
nap.

B cooTBeTCTBUM C 3TUM MPEACTABICHUEM CBSA3b MEXIYy aTOMaMHU
BO3HUKACT B PE3YJIbTAaTe NCPCKPHIBAHWS HAMPABICHHBIX aTOMHBIX
opOuTaneif, HaXOAAUIMXCSA B BaJICHTHOM COCTOsHUM. [lepekpriBanue
S-opOuTaneii WM SP-rUOPUAM3HPOBAHHBIX OpPOHUTANCH NPUBOIUT K
00pa3oBaHMIO CBSI3M, B KOTOPOW JIIEKTPOHHOE OOJAaKO BBITSHYTO
aKCHAITLHO BJIOJIb CBsI3M. Takas CBsi3b Ha3bIBaeTCs O-CBs3bI0. B3aumHoe
MIEPEeKPhIBAHUE HETUOPUIU3UPOBAHHBIX p-OpOUTANC TPUBOAHUT K
BO3HMKHOBEHHIO OOILIEro 3JEKTPOHHOIO o00jaka, C JABYX CTOpPOH
MapasuIeIbHOTO OCHU CBsi3U. Takasl CBSI3b HOCUT Ha3BaHHE 7T-CBSI3U.

B monekyrne 3taHa, HanmpuMmep, aTOMBI YIJIepoJia HaXOIATCS B CO-
CTOsSHUM SPz-TuOpuam3anuu. Kaxnelii U3 HUX 00pasyeT CBs3M C BO-
JOPOAOM, aTOMHAsi OpOMTAIb KOTOPOTO HAXOIUTCS B S-COCTOSIHHH.
DNEKTPOHHOE 00JIAKO BBITSHYTO aKCHAIbHO BJIOJIb CBSI3U. B nanbHe-
HIeM TPUMEM CIEAyIomee 0003HAUCHUE CBA3M: B CKOOKaX yKa3bIBaeM
CHayajia CUMBOJI aTOMa, CBS3b KOTOPOTO HAac MHTEpPECyeT, 3aTeM —
CHMBOJI aToMa, ¢ KOTOPBIM 0Opa3oBaHa CBsI3b;, PSIOM CO CKOOKOIi
YKa3bIBaeM THII CBS3M U B HUKHEM HHICKCE — COCTOSHUE THOpH-
JIU3AIUN PAcCMaTPUBAaEMOro aTOMa U aToMa, ¢ KOTOPhIM OH 00pa3yer
cBs3b. TakuMm o00pa3oMm, CBS3b YIJIepoja C BOAOPOAOM B JTaHe
0603HaunM (C—H)0-gp3_s. Mexay co0oit aToMbl yriaepoaa B 3TaHe
ob6pazytot cBsi3b (C—C)agps_spi. B MosIekysie aTHIeHa OpOUTAT aTOMOB
yIIeposa HaxOAATCSl B COCTOSHUM SP; -ruOpuanzaimu. C BOAOpOIOM
yriepon obpazyer a -cBsi3b: (C—H)agis. Mexkny coboit aToMbl
yriaeponaa oOpasytor onmHy (0-CBSi3b 3a CYET TICPEKPBIBAHHUS Spo-
opOuTalieil ¥ OMOTHUTENBHO T-CBSI3b — 3a CUET MEePEeKPBhIBaHUS 2;-
HETHOPUIN3UPOBAHHBIX opOuTaneil. Takum 00pa3oM, B ITUICHE aTOMBI
yrirepoa 06pasyioT cBsizb (C=C)0mpy.spp. ITa CBSI3b, MOCKOIBKY B €€
peaymM3aiuy  y4acTByeT HE JBa, a 4YEThIpe OSJICKTPOHA, SBISCTCS
KpaTHOM — JBOWHOHW cBs3bto. OOBMHO st ee  0003HAUCHWUS
UCTIOJIB3YIOT JIBE YSPTOUKH (BaJCHTHBIX IITPHXA).

BsaumonelicTBie aTOMHBIX OpOUTaliell epeaaeT pealbHyl0 CTPYK-
Typy Mousekyl. Terpasapudeckas KOH(PHUIypaluss METHIBHBIX TPYIII
9TaHa, TUIOCKOE CTPOCHHE MOJIEKYJIBI ATUJICHA, YTJIOBOE CTPOCHUE
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MOJICKYJIbI BOZBI, TaKKe KaKk IMUpamMHIalIbHas CTPYKTYpa MOJEKYJbI
NH; u nuHEeHHOCTh MONEKyNbl auneTHieHa — HEMOCPEICTBCHHOE
CIICICTBHE CTPOCHHS aTOMHBIX OpOHMTalleii B BaJEHTHOM COCTOSHUH
aTOMOB, 00Pa3yIOIIUX COOTBETCTBYIOIINE MOJICKYJIBI.

CBsI3b MOKET OCYIIECTBIATHCA MyTEM KaK COYETaHUS aTOMHBIX
opOuTanei, Kaxaas U3 KOTOPBIX COJIEPXKHUT MO OJHOMY 3JIEKTPOHY,
TaK W COYETAHUS 3alOJHEHHONH aTOMHOW OpOMTallM OJHOTO aToMa C
BaKaHTHOM aTOMHOHM opOuTanbpio Apyroro. B mocnenHem ciydae cBs3b
HOCHT CIEIMaJIbHOE Ha3BaHUE JOHOPHO-aKUENTOPHOH. DJIEKTPOHHOE
CTPOCHHUE €€ COBIAJAcT C JJIEKTPOHHBIM CTPOEHHEM OOBIYHOH ©-
ceiu. OHM HEe OTIMYMMBl XHMHYECKM M, KaK Mbl YBHIHM,
XapaKTepU3YIOTCs OINHAKOBBIM H30TONMYECKAM YUCIIOM CBSI3H.

CremyeT OTMETHTB, YTO TIPH TPaJULIHOHHOM W300paKEHUH CTPYK-
TYpPHBIX (OPMYJI XUMHUYECKHX COEIUHEHUH JOHOPHO-aKIENTOPHAS
CBSI3b YACTO OTMEYaeTcsl IBYMs YepTOYKamH (Kak JBOIHas), XOTs B
JIEUCTBUTEIILHOCTH OHA SIBISIETCS CBA3BIO OpAuHapHOil. Hampumep,
TpH  M300P@KEHHH CTPYKTYpHO (opmyiasr SO,%, uTobsI mepenars
IIIECTUBAJICHTHBIH XapaKTep Cepbl, €e CBSI3M C aTOMaMHU KHCJIOpoaa
MHOT/Ia N300pakaloT Kak JBe BOIHBIE U 1B opAnHapHbe. Ha camom
Jiesie B Cyib(aT-uoHe aTOM Cepbl, HaXOIAIMIUNUCA B COCTOSHUHU SP;-
ruOpHIU3aIiy, 00pasyeT ¢ aTOMaMH KHCIIOpoJa 4 CBSI3U OJMHAKOBOTO
AJIEKTPOHHOTO CTPOCHUS, JIBE U3 KOTOPBIX SBISIOTCS OOBIYHBIMHU O-
CBS3SIMM, a JIBE ApPYTHWe — CBSA3SIMH JTOHOPHO-aKIEN-TOPHOTO THIIA.
ITockonbKy HM30TONMYECKUM YHUCIIOM MBI YCIIOBHJIUCH
XapaKTepu30BaTh CBA3b B TOM NMOHUMAaHUH, KOTOpOE MpHUIaeTcs el B
paMKax TEOpWH JIOKAJIM30BAaHHBIX AJIEKTPOHHBIX Map, 6-(hakTop Iie-
CTHBAIIGHTHOI cepbl B Monekysie SO,” OmpenenTcs: CyMMHPOBAHHEM
YEThIPEX OAMHAKOBBIX Urces CBsI3ei L(sg0sps_sps.

HanpoTus, B HEKOTOPBIX CIy4asx CleAyeT pa3nuyaTh (creruany-
3UpoBaTh) (haKTHUECKH paBHOICHHBIE CcBs3U. Hampumep, B kapOoHAT-
HOHE aTOM YTJIEpO/ia, HaXOMAIMIMICS B COCTOSHUM SP, -TUOpHUIM3aLUH,
o0Opa3yeT Tpu paBHOIICHHBIE CBA3M C aToMaMH kuciopona. OmHako ¢
TOYKM 3PEHUS METOJa JIOKAJM30BAHHBIX 3JIEKTPOHHBIX Iap, 371eCh
NPUCYTCTBYIOT [[Ba Pa3HbIX THIIA CBS3H: OMN-CBSI3b C Spp-TMUOpUAN3H-
POBaHHBIM aTOMOM KHCJIOPOAA M JIB€ OOBIYHBIE a-CBA3H C SP,-THO-
PHIM3HPOBAHHBIME ATOMAMH KHCI0poa. COOTBETCTBEHHO 6 °C-(hak-
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top CO3* nomken onpexenatses cymmoii 1 + L(C=C)6mg s + 2L(C-
C)6sp2-spr VIHa"Ue TOBOpS, TPH OLICHKE BEIMYHMHBI G-(pakTopa Habop
W30TOMUYECKUX YUCET CBSI3CH MOJDKEH OIPEACNAThCS 3JIEKTPOHHBIM
CTpOGHHEM XHMHYECKHX CBSi3el B MOHUMaHHM METoJa JIO-
KaJHM30BaHHBIX 3JICKTPOHHBIX Tap.

Cremyer uMeTh B BUYy, YTO, HECMOTPSI Ha JJOKA3aHHYIO MHOTHMHU
MPUIOKEHUSIMH TIOZOTBOPHOCTh STOW KOHIICTIIMH, OHa Oazupyercs
Ha OIpEeJeNICHHBIX MPUOIMKEHHSIX, KOTOpbIE MOTYT OBITh BIIOJHE
MPUEMIIEMbl Ui OJHUX CIy4aeB, HO HENPUTOJHBI JJIsi JPYTHUX.
Teopust TOKaNM30BaHHBIX JJICKTPOHHBIX Map HE TO3BOISET OOBsC-
HUTh HEKOTOpbIC CBOMCTBA COCIAMHEHHH, HANPHMEp, OKPacKy, Mar-
HUTHBIE CBOWCTBa. B OCHOBE €€ JEXHUT MNPEACTABICHHE O JIOKa-
JIM3AIMHU 3JICKTPOHOB Ha CBA3SX, XOTS (PU3NMUECKH CTPOTUM CUHTACTCS
MPE/ICTABICHHE O TMOJHOCTHIO JICNIOKATH30BAHHBIX MOJICKYISPHBIX
opoutamsix. Koadpdummentst rubpumnzanuu  (OTHOLIEHHWE  p-
COCTOSTHUSI K S-COCTOSIHUIO) PACCMATPUBAKOTCS KaK IEIOYHCICHHBIE: 3
— TIpH SP3-THOpUAN3AINH, 2 — TPU SP-TUOpuaAn3anuu, 1 — mpu Sp; -
ruopuam3aua.  Mexmy — TeM  (QakTHYeckH KO3 HUIIHCHTHI
THOPUAM3AIUN OTIMYAIOTCA OT IENOYHCICHHBIX 3HAYCHHI, HampH-
Mep, B MOJIeKyJIe 3TaHa (Sps) — 3,2, 6eHzona (Sp) — 2,18, anerunena
(spl) — 1,30, u 1. . IIpeacraBienne o JOKATM30BAHHBIX XUMHYCCKHX
CBSI3SX OKAa3bIBACTCS HEIOCTATOYHBIM JUISI OIIMCAHUSI CBSI3CH B MOJICKY-
JlaX ¢ HEYeTHhIM 4mcioM 3nekrponoB, Hanpumep NO, NO; u ap. Otu
OTpaHUYCHHS B TOW WJIM WHOW Mepe CKa3bIBAIOTCS HA MPUMEHHMOCTH
MPUHIIUTIA aJITATUBHOCTH JUIS OIICHKH 6-(aKTOPOB COCIUHEHUIM.

Bonee crporoe KBaHTOBO-CTaTUCTUYECKOE PACCMOTPEHUE METOA
M30TONHMYECKUX Yrcel cBs3eil OblIo crenano mo3xke B. B. [lomsikoBbiM
(ITomsixos, 1991).

YucnoBble BEIMYMHBI H30TOMMYECKUX YMCEN CBSI3eH MpeicTaBie-
HBI B TaOJNI. 5.2, 3aMMCTBOBaHHOM u3 Moeit paborsr (Galimov, 1985).
Ha puc. 5.2 mokasaH mpumep pacuera 6;—C-daxtopa u g C-haxropa
MOJIEKYJIBI allaHWHA C UCIIOJIb30BAHUEM HM30TOIMMYECKUX YHCEIN CBS3EH.
CnpaBa B CKOOKax JIJisi CpaBHEHUSI TIPUBEJICHBI JaHHBIC, TIOTYYCHHbIC
B. b. ITonskoBeM (1984) myTem mpsiMOTO pelIeHUs] YpaBHEHHS KOJe-
0aTeNbHOTO IBUIKCHUSI MOJICKYJIbI aJTaHWHA.
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Taonuua 5.2

Hszomonuueckue uucna ceaseul yenepooa npu 300 K

Casb Le—x le—x
(C—H)ogp,_, 0,0284 0
(C—C)apyspy 0,0464 0,0013
(C=C)0T s, ep, 0,0785 0,0016
(C=C)oTsp-ep, 0,088 0,0002
(C~N}Tspr-spy 0,050 0,0016
(C=N)0py-ep 0,079 0,0016
(C=N)Gp,-sp, 0,090 0,0003
(C—0)0 4p,-eps 0,055 0,0019
(C=0)04p,-sp: 0,096 0,0028
H NH,
! | /0
H__C(_;]_ C(z) —C“) AN AﬂaHHH
I ! OH
H H
By=1+Lcao+Leo+ Lect+ilontlee=1202 (1,197)
By =1+4+2Lcc+ Leew + Leon + lc—o + lc.o = 1,180 (1,179)
Bi=1l4+Lec+3Llcyt+icc+icny=1137 (1,139)
b, = 1,173 (1,172)

Puc. 5.2. Ipumep pacuema 6°C- u 6E13C-d)akm0p06 MONEKybl ANAHU-HA C
UCNonb308aHUeM uzomonuyeckux yucen ceazeil. Cnpasa 6 ckobkax yKa3auvl
coomeemcmeyioujue 3HayeHus, noayuenuvie B. B. Ionsaxosvim (1984)
nymem peulerusi ypaeHeHUus KoiebamenbHO20 O8UNCEHUS MONEK) bl
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$ 2. Ilpossnenue menodenyuu K pagHo8ecHOMY
pacnpeoenenuio u30monos yenepood 8
OuoIO0CUYeCKUX cUCTHEeMAX

BenuunHbl B-()akTOpOB XapaKTepU3YIOT U30TOMHBIE IPPEKTHI B
COCTOSIHUU PaBHOBECHsI HM30TOMHOTO oOMeHa. M30TomHbIA OOMEH,
BOOOIIE, KaK MPABHUJIO, PEATU3YETCS TOJILKO MEXKIY CaMbIMU IPOCTHI-
MU COCIMHEHHSIMHU YIIIepoaa. MHOroaTOMHBIC COCTUHECHUS OOMEHU-
BalOT M30TONBI, OCOOCHHO HW30TOMBI yIiepona, oOpas3yrolue CKejleT
OpPraHUYEeCKUX MOJIEKYJ, OYeHb MEICHHO. W3 reoXuMHuM H30TOIOB
M3BECTHO, YTO OpPraHWYECKHE COEJAMHEHHs MOTYT COXPaHATh CBOU
M30TOITHBIN COCTAaB HEM3MEHHBIM B T€USHHE MHOTUX MUJUTHOHOB JIET.

Tem He MeHee, 0Ka3ajoCh, YTO M3OTOITHBIE COCTaBHI Yriepoia
OMOMOJIEKYJI BO MHOTHX CIy4asX KOPPEIUPYIOT C BEIWYHHAMH
COOTBETCTBYIONX B C-(haKkTopos.

BrlmeynmoMsHy TEII METOJ] NM30TOMMMYECKUX YHCEN CBA3el paspa-
OaTpIBaJICS C IENBI0 Pa300paThes B XapakTepe (PpaKIMOHUPOBAHUS
M30TOTIOB B MPHUPOIHBIX YTIEBOJOPOAHBIX CHcTeMax. B To Bpems s 3a-
HUMAJICS TEOXUMHEH H30TOTIOB MPUMEHHUTENBHO K TpobiemMaM HedTH
u raza. [losToMy nepBbie pe3yibTaThl UCCIAEAOBAHUM MO M30TOMHOU
TEPMOJMHAMUKE OPTaHMYECKUX COEAMHEHWH OBUIM W3IOKEHBI B
TCOJIOTHYECKON 10 CBOEMY OCHOBHOMY cojepkanuto kuure (I amu-
MOB, 1973).

[epBbie oneHkn B-hakTOPOB OMOMOJEKYN (aMHHOKHCIIOT, JIU-
MUAJOB M T. 1.) OBUIM CHIEJaHBl CKOpEE U3 JIOOOMBITCTBA, HEXKEIU B
OXKUIAHUHA KaKOTO-THOO OCMEBICIIEHHOTO pe3ysibraTa. TemM He MeHee,
CpaBHEHHE HEKOTOPBIX OIMyOJIMKOBAHHBIX JAHHBIX 110 M30TOITHOMY CO-
cTaBy OWMOCOCIMHEHHMHA C BEITUYMHAMH WX B|3C-(1)aKTopOB 1oKa3a’jo
CyILIeCTBOBaHME Koppesiuun Mexay 6°C u ¢°C. VmeBumecs B TO
BpeMsi B JIATEpaType H3MEpeHHbIe 3HaucHus 6°C GHOCOeIMHCHHIT
ObUTH Pa3pO3HCHHBIMH U KpaiiHe HEMHOTOYHCICHHBIMH. [losTOMY o
npennoxun Moemy actupanty B. I'. [upuHCKOMY H3y4UTH H30-
TOIHBIA COCTaB yTiepojila KOMIOHEHTOB JUIMHIHONW (paKIUu Opra-
HU3MOB HECKOJBKMX BHJIOB TaK, YTOOBI TMOKPHITH BO3MOXKHO Ooliee
IIVPOKUI AHWAara3oH YyCIOBUA OOWTAHUS W CTEIEHW OpPTaHH30BaH-
HOCTH, BKJIFOYasi OPraHU3MbBI MHOTOKJICTOYHEIE W OJTHOKJIETOYHBIC,
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MOpPCKHE U TPECHOBOIHBIEC, aBTOTPO(BI U TeTepoTpodHbl, MpeACTaBU-
Tenel Ha3eMHOM M BOXHOHM (opbl. ITH TpeOOBaHUs yAAIOCH COBME-
CTHTB, OTOOpPaB Ul M3YYEHHs], YeTbIpe 00BEKTa: MOPCKYIO JIaMHHA-
PHIO U MOPCKHE payku (KpWJb), peuHble CHHE3EIEeHBIe BOJOPOCIN U
nyroBoit monuH (I"amumoB u [upunckuii, 1975).

Pesynbratel mokazansl Ha puc. 5.3-5.6 Mexay pacueTHbIMU Be-
JNIMYMHAME Gg-(DAKTOPOB M M3MEPEHHBIMU 3HAYCHUAMH 6 -C HMMeeTcs
CBsI3b, XapaKTEPU3YIOMIA’ACS BO BCEX HCCIEIOBAHHBIX CIy4asXx BBICO-
KAMHU KO3 GUIEHTaMH KOppelsun. J[1st BceX M3y4eHHbBIX OpraHu3-
MOB CBSI3b HOCHUT MPHUOJIM3UTEIHHO OIMHAKOBBIA XapakTep. Cremyer
OTMETHTH, YTO PE3YIIBTATHl OTHOCATCS K y3KOMY JHaIla30Hy BapHaIIi
kak 6°°C, tak u ¢"°C. B mpemenax 3TOro aMamas’soHa OIHA TOIBKO
ommuOKa Macc-CIEKTPOMETPUIECKAX H3MepeHn, cocTaBisBimas (0,2-
0,3)%0, cnocobHa 00yCIOBHTH 3aMETHYIO JOJIO HAaOII0aeMOro Ha
rpadgukax pa3dpoca MaHHBIX OTHOCHTEIBHO IWHUN perpeccuii. K
3TOMY clieAyeT J00aBUTh TAKKe OTPEITHOCTh, 00YCIOBICHHYIO

i}

B:C

Anabaena variabilis
1,162 |-

’ o7
1,160 L
e}

1,158 - 70,73
1,156 1-
1,154 +

*]
LIS2E Janc, =—304+033(4, ~15564)10°

1150 | | 1 1 | 1 L
~33-32-3) =30 =29-28 <27 26 4°C, %o

Puc. 5.3. Koppensyus 6e-"C—6"C  komnonenmos munudnoti ppaxyuu
cunesenenoi sooopocau Anabaena variabilis

1 — socka, yanesooopoowl, a¢hupwt cmepuros;, 2 — mpuenuyepuosl, 3 —
Kapomunouo (p-xkapomumn), 4 — dcupuvie KUCIOMbL, 5 — Kapomu-
HOUO (IXUHeHOH);, 6 — cmepunvl (P-cumocmepur); 7 — XA0POPUILL;
8 — ouenuyepuovl;, 9 — kapomunouo (Muxcoxcawmo-¢unn); 10 —
Monoemuyepuowt; 11 — gocpamuouncepun; 12 — cpurneomuenur; 13 —
gocpamuoununozum, 14 — neyumun; 15 — xepanun
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)
B €
1,162 +  Euphausia superba

O, = = 2THH0ST(E, — 155707

1,150 ! L L L L | 1 ,
31 -30 =29 =28 -27 =26 -25  §°C, %

Puc. 5.4. Koppenayus 6513C—613 C Kxomnonenmos TunuoHou gpaxyuu
xpust Euphausia superba

1 — 6ocka, yeneso0opooul, sgpupvl cmepuros, 2 — mpueruyepuost, 3 —
Kapomunouo (acmayun);, 4 — dicupHvie Kuciomol, 6 — CmepuHvl
(xonecmepun); 8§ — oOuenuyepuovi;, 10 — monoeruyepuovy, 12 —
cpuneomuenur,; 14 — neyumun; 16 — xapouonunun; 17 — nuemenm
(axunenon)

13
pzC
162
1,160
3158+

Lupinus fuseus

1,136+ . =082
1154

1,152
ST, w30 — 105640107
1 . | 50 1 1 1 L 1

=34 =33 =32 =31 =30 =29 V¢, %

Puc. 5.5. Koppenayus GEBC—613 C nunuonoti ¢paxyuu monuna Lupinis
luteus

| — socka, yenesooopoowi, a¢pupvl cmepunos; 2 — mpueruyepuovl, 4 —
JICUPHBLE KUCTIOMbL, 6 — cmepunbl (6-cumocmeput);, 7 — xnopoghuii; 8 —
ouenuyepuovl, 10 — monoenuyepuovt, 11 — pochamuourcepun;, 14 —
aeyumun, 15 — xeganun; 18 — monozanaxmosuneruyepuo
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i
BicC
1163 L Laminaria saccharing

1160 -
1138
1156 -~
1,154

al =090
4 n

1,152

1,150 R
~28 27 -26 -25 -24 23 -22 6 C, %o

3, = =277+ 055 B, - LI567) 1
L L L 1 1 1

Puc. 5.6. Koppensyus 6> C—6"C aunuonoii hparyuu namunapuu Lami-
naria saccharina

1 — socka, yeneso0opoowl, s¢hupel cmepunos; 2 — mpuenuyepuosi, 3 —
Kapomunouo (¢yxoxcarnmun), 4 — osicupnvie Kuciomol, 6 — CMepuHbl
(dpyxocmepun),; 7 — xnopoghunn; 10— monoeruyepudovt

HECOBEPIIIEHCTBOM METOJIa OIEHKHU 6; -(DaKTOPOB, MOTPEIITHOCTH CBSI-
3aHHBIE C Pa3/IeJICHUEM JIUITUIOB U T. 1I.

HecmoTps Ha Bce 3TH UCTOYHUKYU AWCIIEPCHH, CBS3b JIOCTATOYHO
oueBupHa. CremyeT OTMETUTh, YTO OHA HE OTBEYaeT IOJHOMY
paBHOBecHIO. B ypaBHEHHSAX perpeccru BCIOMy Tepen CKOOKOM, coep-
JKarmei 3HadeHus B-(GhakTopoB, ecTh KOX(DQPHUITMEHT, BapbUPYIOIIHIACS
B mpeaenax 0,3-0,5, BMECTO €IMHHMITBI, YTO OTBEUATIO OBl PABHOBECHIO.
WNuage TOBOpPS, TEPMOIMHAMUYECKUM HW30TOMHBIA dddeKT pe-
IyIMpoBaH. DTo ObuTa aucceprarmonnas padora B. I'. llupurCckoro.
K coxanenuto, oH paHo ymep.

Hpyryro 3amadqy pemana M. II. BoraueBa: M3y4nTh BHYTpHUMO-
JIEKYJIIPHOE pacHpeelieHne U30TOMOB B Xiopodwmwuie. XIIopohuiut
COJICPI)KUT YTIICPOIAHBIC aTOMBI, 3aMETHO OTJIMYAIOIINECS BeTUUNHAMU
Bi -(aktopoB. I103TOMy MOXHO OKHIATh OILYTHMBIX H30TOMHBIX
CABHUIOB MEXIy YIJIEPOJIOM B Pa3HBIX CTPYKTYPHBIX IOJIOKEHHSX. XJIO-
poduit — BaxkHOE OMoJIorHueckoe coequueHre. OH UMEET TaKxKe Cy-
IIECTBEHHOE T'€OXMMHUYECKOe 3HaueHue. Ero ¢uTonbHas 4acTh sBIIS-
eTCs TMPEIICCTBCHHUKOM HM30IPEHOUIHBIX YTJIEBOJOPOOB, a TETpa-
MUPPOJIEHOE SIPO — MPEIIECTBEHHUKOM HCKOTIAEMbIX MTOP(HUPHUHOB.
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Ha puc. 5.7 nokazana cBsi3b BHYTPUMOJEKYJISIPHOTO pacrpeaese-
HUS M30TOIOB yriepoja B XJOpPoQWIIe ¢ BEIMYMHAMHU Bi-(PaKTOpPOB
(borauea, ['amumoB, 1979). Orta pabora crana 4acThlO JUCCEpTAIU-
oHHoro ucciaeaoanus M. I1. boraueBoii.

pc
1,170 4 3
1
(] 4
1,160
2

“300 =25 8"C.%

Puc. 5.7. Buympumonexynsaproe pacnpeoeiienue u3omonog yaiepood 6
monexyie xnopoghuina (boeauesa, I'anumos, 1979)

I'pymma JI. A. KoguHol uccienoBaia BHYTPUMOJIEKYISIPHOE pa3-
JiefieHre u30ToroB yriaepoaa mexay OCHs-rpynmnoli MOHOMEPOB JIWT-
HHMHA U OCTAJIbHOM YacThI0 apoOMaTHYE€CKOTO MOHOMepa. MeTOKCHIIb-
Has TPyNIa COAEPKUT KHCIOPOJ, OIHAKO, BEIWYHHA 6i-(haKTopa
HIDKE, YeM BeJW4YHHa 6-(hakTopa apoMaTHYeCKOW YacTH MOJIEKYIIBL.
[ToaToMy TpencTaBisiio HHTEPEC ONPEIeTUTh HAllPaBICHNUE BHY TPH-
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MOJICKYJISIPHOTO CIIBUTa MO METOKCHUJIBHOMY yriiepony. OH okazajcs
COOTBETCTBYIOLIMM COOTHOIIEHHIO g-¢pakTopoB ([amimoB u np.,
1976). B Toit ke mcclenoBaTeNbCKOW Tpyme ObUT BIEpPBbIe IPOU3Be-
JCH CPaBHHUTENbHBIA aHaIM3 BHYTPHUMOJIEKYJISIPHOTO pacIpeleCHuUs
W30TOTIOB B OPTaHMYECKUX COCTUHEHUSX, BBIICIIEHHBIX M3 OHOJIOTHYe-
CKMX O0BEKTOB M B X CHHTETHUYECKHX aHaJlorax. Pacmpenenenue u3o-
TOTIOB 0Ka3aJIOCh MPHHIHUITUAIBHO pa3nudHbiM (BuHOrpamos u np.,
1976). Axanemuk A. Il. BuHOrpazoB mpuaaBayl OOJBIIIOE 3HAYCHHE
STOMY HAalpaBJIICHUIO PaOOTHl KaK OO0EIIAIoIIeMy OTKpPHITHE HOBOTO
MeTOoAa UACHTU(GUKAIMA OHMOTCHHBIX M a0MOT€HHBIX OPTaHHYECKUX
COEIMHEHUH.

B tot xe mepuoz ObUTH OMyOIMKOBAHBI Pe3yIbTaThl HCCIIEI0BA-
HUI W30TOIHOTO COCTaBa yTiiepofa OMOTEHHBIX COETWHEHWH B He-
KOTOPBIX apyrux jgaboparopusx (Meinschein et al., 1974; Di Marco et
al., 1977; De Niro and Epstein, 1977). UaTepecHslii pe3yapTaT OBLT
noyiyueH rpynmnoi YoppeHa MeiliHmeitna B MuaananckoMm YHu-
Bepcutere CIIIA. AMeprKaHCKHE HCCIIeIOBATENN MPOAHATHM3HPOBAIH
W30TOIHBIA COCTAB YTepoa BO BCEX UYETHIPEX MO3HIUIX MOJICKYITEI
aneronsa (Rinaldi et al, 1974). Comocrasus Bemumumuel 6 -°C,
T0JTy4eHHBIE 3TOH PYIIION ¢ BetuanHaMu 6'-C-HaKTopoOB, XapaKTe-

CH.-CO-CHOH - CH COOH - CHOH - CH, - COOH
el : Mm@ 3 @
BC @ 3 @ 13
n ﬁ C
{ )
e, 1,190 4
L1704
] (,1501
L1304 4
40 ~20  8"C.% 40 -0 §C%
Puc, 5.8. Bugmpuvosexyasp- Puc. 5.9, Buympumoaiexyisproe pac-
HOE PUCAPEUeIeHUE (30M0- npederenue  u3amMonos yeaepoodu
nos 8 conocmanaedui ¢ 37°C- & moaekgre marama u3 C-3 pacme-
PAKMOPAME 1 MOICKYAC Qife- AUt — na00d 2040RY (AunuR caesa)
MOURA ( SKCHEPUMCHMAAONOIE u C-4 pacmenus — copeo (aunusl
dumnore Rinuldi el ai., 1974) cnpasa) (Meinshein el. al., 1984)
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PU3YIOIIMMHU YTIIEPO B COOTBETCTBYIOIINX TOJOXKCHUAX, MBI YBUACTH
OTUETINBYIO Koppemsuuto (puc. 5.8). [Tozxe rpynna Y. MeitHeii-Ha
BBITIOJIHWIA HCCIICIOBAHKWE BHYTPUMOJICKYJIIPHOTO PaCHpeIesICHUs
M30TOMOB B Mamate (puc. 5.9) M HAlITa, YTO «CojepKaHue -C B OT-
JIENBHBIX aToOMax YTJiepoJia MaJOHOBOW KHCIIOTHI W3 S0JIOKa U COPro
YBEITUYMBAECTCS B COOTBETCTBUH C MX 6-(DaKTOpaMH, Kak IMpe/ICKa3aHo
T'amumoseim» (Meinshein et al., 1984, c. 346).

Koppensiiuu sBIsOTCS TMHEHHBIMU B CHITy (PH3MYECKOTO CMBI-
cma Bemuumsbl 6°C u 6°C. B PaBHOBECHOM CHCTEME OHM CBSI3aHBI
COOTHOIIICHUEM

§c, - 8C, = (% - r) 107, %o (5.29)
5010%0
6°C, —6"C, = (B - )10, %o. (5.30)

W3 rpadukoB BUAHO, UTO JTMHHUU PETPECCUI XapaKTePU3YIOTCS
YpPaBHEHUSIMU BUA

6°C, = 6" Cop + (8 — Bupewnee) - 10°, (3.31)

rae < 1. Koaddumuent nokaspiBaer, B kKakoil Mepe HaOIromaeMble
M30TOMHBIC CABWTH MEHBIIE HMX IOJHOH pPAaBHOBECHOM BEJIMYHHBI,
OIIpeAeIAEMON HEIOCPEACTBEHHO COOTHOIEHHEM B-(pakTopoB. Pemy-
UpOBaHHAasl BEJIMYMHA TEPMOIMHAMHUYECKOTO HM30TONMHOTO 3(ddekra
SIBIISIETCSL XapaKTepHOH uepToll BceX OOHApY>KEHHBIX KOPPEISALHUH.
Ecnmu pacnpenenenue M30TONOB OTBeYaeT BelWuMHaM /3-(pakTopos,
TO 3TO CBHUIETENBCTBYET O CYILECTBOBAHMM B TOW WM WHOH (hopme
M30TOITHBIX PABHOBECHI WJIM COCTOSIHHN OJIM3KHUX K PABHOBECHIO.

[ToHATHO, YTO CBS3b, YCTAHOBJICHHAS B YHOMSHYTHIX BBIIIE CITY-
Yasx ¥ MHOTHX JIDYTUX He sIBIIsieTcs CirydaifHoi. OHa mpHcyIia coeau-
HEHHSIM Pa3HOTO CTPOCHHsSI, KOMIIOHEHTaM, OTHOCSIIIUMCS K Pa3HBIM
OMoXUMUYecKUM (ppakiusaM, HaONIOMAeTCs B OpPraHW3MaxX pa3HOM
HKOJIOTHYECKON M TAKCOHOMUYECKOH MPUHAAJICKHOCTH U, YTO CaMoe
TJIABHOE, TIPOSBIISIETCS KaK Ha MEXMOJIEKYJIIPHOM, TaK W Ha BHYTpH-
MOJIEKYJIIPHOM YPOBHE.

B 10 xe BpeMs HeMano ciy4aeB, KOTZIa 3Ty CBS3b HE yHaeTcs
HaOmronate. Hampumep, B xupHO# kucimore Bce aToMbl CHo-rpyTim
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B YIJICBOJIOPOTHOM IIETIOUKE XapaKTePU3YFOTCS MPAKTHYECKH OJIMHAKOBBIMU
s-pakropamu. CnemoBareNbHO, WM30TOMHBIA COCTAB HX JOJDKEH OBITh
omuHakoB. C  Jpyroil  CTOPOHBI  OWMOCHMHTE3  KHUPHBIX  KHCIIOT
OCYILIECTBIISISTCS. TakuMM O00pa3oM, 4YTO B VYIJICBOJOPOAHOHN IICMOYKE
YKUPHOH KHCIIOTHI YEePEeIyIOTCsl aTOMBI, TIPOUCXOSAIINE OT METAIFHOTO U
KapOOKCHIILHOTO YIJIeposia arerara. Ecii M30TOMHBIA COCTaB yriieposa
TIPE/IIIECTBEHHNKA OKAa3bIBASTCS OIPENEISIIONINM, TO CIIEMyeT OXKWAATb,
YTO W30TOMHBIA COCTaB COCENHHX aTOMOB yTiiepofia OyIeT OTINYaThCs.
K. Moucon u Ix. Xeiic (Monson and Hayes, 1982) uccremoBamu
BHYTPHMOJIEKYJIIPHOE pacIpeniefieHle H30TOMOB B  IMalbMUTHHOBOW
KHUCJIOTE U HaIlUIM, YTO UMEET MECTO MOCIEIHUN CiTydail.

p.c
C, C,
W’w 0
1,180 4 Csc :
s chf/o"'
It
HO—C:—H
- C i
i u—si':,—ou
£,170 4 HO—¢H
H—(i.‘,—OH
i H—?‘—H
Cy OH
1,160 L 022 . . -
-5 0 +5 A C, %0

Puc. 5.10. BnympumonexynspHoe pacnpedeneHue u30monos yenepood 6
anokose. Jxcnepumenmanviule oannvie Rossman et. al., (1991). Inoxosza
8bloeNeHa U3 ()elyx xkymomyp. mauca (°) (pacmenue ¢ C-4 munom
omocunmesa, 6"C zmoxosvr ¢ yerom — 10,3 %o0) u caxaproii ceexbl
(o) (pacmenue ¢ C-3 munom gpomocunmesa, 6°C anokosbl 6 yenom —
25,0 %o0). Benuuunvt [1' C npedcmasnsiom coboii omxionenue 6eausumbl
6" C MOTEKYIIbL 2TIOKO3bL 8 YeloM. []6a 0OUHAKOBBIX CUMBOA, COCOUHEH-
HObIX NPSAMOTL TIUHUEL, OMEEYarom 08yM DA3HLIM MEMOOAM, NPUMEHEHHbIM
07151 deepadayuu MOAeK)Yibl 2IH0KO3bl
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B nauane 80-x rojoB Hama iabopatopus B IHCTUTYyTe T€OXH-
MHU U aHAIATHYECKON xumuu uM. B. 1. BepHanckoro nepexiatoyu-
Jach Ha JIpyrHe NpoOJeMbl M MPAKTUYCCKU TPEKPaTWIa aKTHBHEIC
AKCIIEPUMEHTAIILHBIC UCCIICIOBAHUS U30TOIHOTO (PPaKIIMOHUPOBAHHS
B OMOJIOTHYECKUX CUCTEMAX.

B nocnennane 10-15 net HanOoee cymecTBEHHBIE UCCIIEIOBAHUS
B 00JIACTH BHYTPUMOJEKYJIPHOTO U30TOMHOTO aHAIN3a OBUIH Clieia-
sl rpynmnoi I'.-JI. llImuara B TexHudeckom yHUBepcuTeTe B MIOH-
xeHe, ['epmannn. BriepBele, B 4aCTHOCTH, OBLT M3MEPEH W3OTOITHBIN
COCTaB YIJIepo/ia BO BCEX IIECTH MO3MIUAX YIiieposa B riroko3e (ROSS-
man et. al., 1991). I'moko3a Obla BbIIEIEHA M3 JBYX HCTOYHHKOB,
MMEIONINX pasHbelid TUI (oTocuHTe3a: Mamca (C,-THI) W caxapHOM
cBekibl (Cs-tum). Kak m3BectHO, pactenus Cs- n Cy-THIIA UMEIOT CY-
IIECTBEHHO Pa3IU4HbIA U30TOMHBIN cocTaB. B aHHOM ciiydae TitoKo-
3a U3 Manca uMena B nesom 61%= -10,3 %o0, a U3 caxapHOW CBEKIIBI:
6"°C = -25,0 %o0. HecMOTps Ha CTONb MPHHIAIHAIBHOE PasIHIne B
BeMYMHAX (HPAKIIMOHUPOBAHMS U30TOMOB MEX]Ty PACTCHUEM U Cpe-

fixe
1,210 4

1,150 4

1,170

1,150 ™ T T
-33 =30 25 =20 -15

Puc. 5.11. Kopewnayus eenuuun 6°C—6"C Ons 1umomnotl Kuciomi.
Dkcnepumenmanvhbvle oannvle uz pabomer (Schmidt H. -L., Gleixner G.,
1998)
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JION, XapakTep BHYTPUMOJIEKYJISIPHOTO paclpesieNieHus] U30TONOB Ui
TIIIOKO3BI U3 000MX MCTOYHHMKOB OKa3zalica cxoJeH. CBA3b M30TOMHOTO
COCTaBa yIIEpoja C BETHUHHAMU 6 °C CIIEKTPOB, XapaKTEPH3yHOLIUX
YIA€po B COOTBETCTBYIOIINX MO3ULMAX, IOIYyYaeTCs HEBBIPa3UTENb-
HoM (puc. 5.10). AToMBI yriaepona co 2-ro Ho 5-i XapakTepu3yTCs

g.c
2, C-6
1,200 4 %
1,190
c 4, c
1,180(
1,170 4
1,160 GEE@
1,150
1,140 - ' C-3, T
C:
I,l30 T T T T T
40 -35 ~30 -25 -20
8"°C, %0
.
0 o -~ |
CH
O U
TN e a-3
| . Nl SC—H o -4
//C\'i‘lxc“qu/ * -3
CH

Puc. 5.12. Buympumonexynaproe pacnpeoeienue u3omonos yauepood 6
NYPUHOBBLIX ANIKALOUOAX (MOAEKYIA KOGeuna) U3 pasHbix 2e02papuieckux
pationos: 1 — Sri Lanca; 2 — Darjeeling; 3 — Assam; 4 — China; 5 —
USSR (axcnepumenmansuvie oannsie \Wellacher et. ai., 1996)
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TIOYTH OJMHAKOBBIMHU 6 -(paKTOpaM M, OJHAKO, H30TOMHBI COCTAB HX
3aMETHO BapbHUPYeET. HpaBz[a atom C-6, XapakTepusylomuiics
HauboNee HU3KOM BETHUMHON 6" C (baKTopa MOKa3bIBACT YCTOMYUBO
u Haubonee HU3KHE  3HAYCHHA é°C. Ho B memoM s DIIOKO3BI
KOppensaius e2C—6C IOBOJILHO HU3Ka.

Xopomrass koppemnsuus, ¢ koddpduumentom n = 0,93, Ha-
OmomaeTcst A1 IMMOHHOM KHCJIOTBI, €CITH CONOCTABHTH €e 63C-
(DaKTOPBI C SKCIIEPUMEHTATBHBIMH 3HAYCHUAMH 6 C, TTOTydeHHbIMH I .
-JI. lImuarom u I'. Tneiixkcaepom (Schmidt, Gleixner, 1998) s Bcex
IIIECTH €€ aTOMOB yriepoja (puc. 5.11).

AHanmm3 CI0XHOM Mojekynsl kodenHa (puc. 5.12) Gvun mpoms-
BEJIeH U TIPEernapaToB, MOJYYEHHBIX W3 Pa3HBIX reorpaduaeckux
myukros (Weilacher et al., 1996).

Ha puc. 5.13 B comocraBlieHMH C COOTBETCTBYIOIIUMHU BETUYH-
HaMH HUX 6g-(aKkTOpPOB INPHUBEICHBI JaHHBIC, MOJydeHHbIe [. Ieiikc-
HepoM ¢ coapropamu (Gleixner et al., 1998) s pasHbIX coequHEHMI
yIJepo/ia U3 JUCTbEB U U3 KJI¥6HCI/I KapToq)enﬁ Ha puc. 5.14 otnens-
HO TOKa3aHa 3aBHCHMOCTb —6°C 115 aMMHOKHCIIOT W3 JIHCTHEB
KapTodes.

MoxHo ObUIO OBl TIPWBECTH W APYTHE TPUMEPHI, HO B IIEJIOM
NPUBE/ICHHBIC JAHHBIC JIOCTATOMHO MEPEAAIOT YPOBCHE CYIICCTBYIO-
meii xoppersin  6°C—sC. B HEKOTOPBIX CIIydasX KOPPeJISALs
Jydile, B Ipyrux — xy>1<e, HO B II€JIOM IPUCYTCTBHE 3TOH 3aBUCHMO-
CTH B OMOJIOTHYECKHX CUCTEMaX OYEBHUIHO.

ABTOpBI COOTBETCTBYIOILMX 3KCIHEPHUMEHTAIBHBIX padoT o0cy-
JKAAIOT HaOMOaeMble pasziuyusi B M30TOIIHOM COCTaBe yriepoia B
pasHBIX TOJIOKEHUSAX OHWOMOJIEKYN C TOYKM 3peHusi MyTed Owuo-
CHHTE3a, 3aBUCHMOCTH OT HM30TOITHOTO COCTaBa MpEALIECTBEHHHKOB,
M30TONHBIX A((HEKTOB, BO3MOKHBIX HAa HEKOTOPHIX KHHETHYECKHX
Oaprepax. Bee atu pakTophl IeHCTBUTEIHHO MOTYT UMETh 3HAUCHHE.
Ho mp1 He OynmeM ciie1oBaTh 3a aBTOpaMHu SKCIEPUMEHTAIFHBIX padoT
B 3THX paccyxkIeHusx. /s Hac uHTepeceH TOT (hakT, 4TO, HECMOTPS
Ha BIIUSHUE BCEX JTHUX (I)aKTospOB B OOJIBIIIOM YHCJIE CITy4aeB SIBHO
TIPOSIBIIACTCS 3aBHCHMOCTH 6' C—613C XapaKTepu3yIas HaIudnue
TpeHIla K PaBHOBECHOMY pAaCIIpENIENIeHHI0 W30TONoB. Bce apyrue
paccMaTprBaeMbie (aKTOPHI MOTYT JIHIITH
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Puc. 5.13. Dxcnepumenmanvuvie oannvle (Gleixner et. al., 1998) no uzo-
MONHOMY COCIABY OP2AHUYECKUX COCOUHEHUL], BbIOCTEHHbIX U3 TUCMbes
(O) u knybneti (®) kapmogpens. Ilepevie 3nauku 8 ckoOKAx OMHOCAMCS
K AMUHOKUCTIOMAM, 8MOPble — K OCIATIbHLIM 8bIOCTIEHHBIM COCOUHEHUSIM

MPUBOANTE K OTKJIOHEHHSM OT STOTO TPEHNa, HO HHUKAK HE MOTYT
CTaTh €ro MPUIUHOM.
MBI MoKakeM HIDKE, YTO HAOII0aeMble B OMOJIOTHYECKHUX CHCTE-
MaX H30TOIHBIE 3 ()EeKTHI 3paBHOBeCHOI71 MIPUPOIBL, TIPOSBIISAIONINECS B
KOPPEIBITHSIX THTIA 6°C—s"C, XapaKTEePHBI IS CTAIMOHAPHBIX CHCTEM
Heo0paTUMBbIX PeaKiHii, He CJIMIIKOM YIAJIeHHbIX OT PABHOBECHSL.
3anumreM (GpepMEHTHYIO PEAKITHIO B CICAYIOIIEM BHIE:

E+S§,

ES % EP| 1. P +E, (5.32)
-1 b
rae E — depmenrt, So — ncxomuelit cyocrpar, P — mpoaykr, ES u
EP — depMeHT-CyOCTpaTHBI KOMIUIEKC B HAaYaJIbHOM W KOHEYHOMH
tdopme (S umm P).

B cTanmoHapHOM miporiecce CripaBeIIMBEI CISAYIONIIe KHHETH-
YECKUE YPABHCHUS:

[ESI(k. — k1) = ([Es] - [ES] — [EP]) - [So]k: + [EP]ks, (5.33)

I

n
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Puc.5.14. Dkcnepumenmanvuuie oannvie (Gleixner et. ai, 1998) no uso-
MONHOMY cocmaey dMUHOKuUciIom, Bbl()e]leHHblx usz aucmosvees Kapmod)e]lﬂ

[ES]k, = [EP](k, + k), (5.34)

v = [EP]k,, (5.35)
IJie V — CKOpOCTh Tpoiiecca (CKOpocTh 00pa3oBaHus MpoaykTa), B,
— 00mas KoHIeHTpanus pepMeHTa:

[ET]=[E] + [ES] + [EP].
Ioxcrasnss B (5.33) semuunny [ES] u3 (5.34) u [EP] u3 (5.35),

TIOJTY IHM:

U(kg + k{,)(ka + k..]) ‘U(kz -+ kb) ¥8pk, vk,
= ErSoky — S lg g 20T T
ko ks TR kky Ok k,

(5.36)

Kunetnka HeoOpaTuMoro (epMeHTaTHBHOTO Tpoliecca, Kak u3-
BECTHO, OIHUCHIBACTCS ypaBHeHHEeM Muxasmica—Menten (Bapdoiio-
MmeeB, ['ypeBud, 1998):

Vmax[SO]

v = m']-, (5.37)
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U

[Er1[So)kikzk,

T (ks + Fo)(k, + k_y) ~ Kok + [(K2 + Kglh, + Kikia]So.

koks| Ev]

max

k; + kb + ka !
ko (14 kR + kR )

K., =
M ki(ks + Ky + k)
_d[SiJ] _ Vmax[sﬂ]
dt Ky + (S
Vmax

= Sal.

v K [ 0]

_d[SO] _ kakl[ET]

at ko (1 + ky/ko 4+ R k)

dlS,)
T dt

= ke[SU]'
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ﬂﬂﬂ HM30TOIIHO-3aMeIIICHHOM (bOpMLI COOTBETCTBYIOIIIEC KUHETU-
YECKOC YpaBHCHUEC UMCCT BU/]

d[S;] eres .
—— = kilsi) (5.45)
1S k. d[S;
So _ b dISi] 46
[So] Kz [S3]
Izie K/k*, Kak OOBIYHO XapaKTePU3yeT U30TOIHBIN 3P HEeKT peakuuu
X, — k. 5.47)
* T R (5.

Takum 00pa3oM, H30TOMHEIH 3 (HEKT paccMaTPUBaEMOTO MPo-

1ecca OnpeAessieTes] COOTHOIIICHHEM
o = FaREZ (1 + ke /R; + ka/k21)
CRIRR (U Ry SRy 4 Ko fRoy)

IMoguepKkHeM, YTO d, — ITO KUHETHUECKUHM U30TOMHBIN 3D (DeKT,
HO, KaK Mbl YBHIUM, OH COIEPXKHT «TEPMOIMHAMHUUCCKYIO»
KOMIIOHEHTY.

BepositTHOCTh H3HMUECKON quccorranuu GpepMeHT-CyOCTpaTHO-
ro KOMIUIEKCA B CTOPOHY IIPOAYKTa WM B CTOPOHY (hepMEHTa SIBJIs-
€TCsI CBOMCTBOM (pepMeHTa M, OYEBHIHO, HE 3aBHCUT OT M30TOIIHOIO
coctaBa cyoctpara. [Toatomy

k, k_y
— =1 H .
k3 )

IIpouecc abcopOimu cybcTpata Ha (hepMEHTE B MPUHITUIIE MOXKET
COIPOBOXKIATHCSA M30TOMHBIM 3(()EKTOM, HO UM MOXKHO MPEHEOPEUb,
T. €. IPUHATH

(5.48)

(5.49)

k,

*

ki

OTHOIIEHHE BEIWYMH KUHETHYECKUX M30TOIMHBIX 3(P(EKTOB MpsMoi

¥ 00paTHOH peaklyM YHCICHHO PABHO TEPMOANHAMHYECKOMY H30-
TomtHOMY 3¢ dekTy. OTcrona

ks ki B,
ki ks By
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VYuursiBas cootHouienue (5.49)—(5.51), momyunm

kb/k2 ﬁs 1 ka
1+ 1)+ “ 1}
I+ ky/ky + ko /R \ By L+ kp/Ry + Ra/k_y \ KL
(5.52)
MHOXHTENH TIepe CKOOKOH, ONMUCHIBAIOIIEH TepMOIMHAMHUYIEC-
KWW U30TOMHBIH 2P deKT, 0003HaYNM, KaK U TPEXKIE :
N ko/k,
L+ kyfky + ko /by
Benuunba x,/k*, — KUHETHUSCKHU HM30TOMHBINA 3(dEKT mpespa-

meHns cyocTpara B MPOIYKT B (DepMEHT-CyOCTpaTHOM KOMILIEKCE.
MHoKHTENb Tiepe]] CKOOKOH (k,/k*, — 1) 0003HaunM A:

(5.53)

A= . 5.54
T+ ka/ks + Kok (5:59
C >TumMu 0003HaYCHUSAME BbIpakeHHe (5.52) mpuMeT BUI
a, =1+ (% — I) + Ak, kg = 1), (5.55)
»

Kaxk BumHO 13 BeIpaxkeHuit (5.53) u (5.54), s Benmuuua " A
CYIIECTBECHHBIMH SIBIISIOTCSI COOTHOIICHUS MEXY K, M K2 U MEIKTY
k_1 u ky. [Tpu 5TOM BO3MOXKHBI CIICAYIOIINE MPEASTbHBIC CTyJau:

Decm bk, Kk nk, >k, T0 AZ0n =0
decnn by € ko nk, €k ([, TOAZ I 20;
JecmkyDkaunk, €<k, TOA=Z0u =1,

4) ecan ky>ky v kg >k_,, 1o AZ0 u & ko b,
Tk /Ry kg /R
BTtopoii cirydaii oTBedaeT IMOJIHOCTHIO HEOOpaTHMOH (JayleKou
OT paBHOBECHS) pPEeakIWH. B 3TOM ciydae WMeeT MecTO YHCTO KUHe-
THYECKUHA N30TOIHBINA A PEKT.
Tperuii cmydait OTBeUaeT MOJTHOMY PAaBHOBECHIO PEAKITHH B dep-
MEHT-CyOCTpaTHOM Komiuiekce. M3otomHbiil 3pdekr — uucro tep-
MOJUHAMHUYECKUI.

. (5.56)
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Hakonen, mocieqnuii ciiyyali oTBeyaeT HEOOpATUMON pPeaKIiu
B YCIOBUSIX MHKPOCKOIHMYECKOM OOpaTMMOCTH, T. €. 3TO Kak pas3
HeoOpaTuMasl peakuys, He CITUIIKOM yIaJIeHHAs: OT paBHOBECHSL.

B sTOM cnydae uMeeT MecTo penylUUpOBaHHBIH W30TOIMHBIA 3¢-
(heKT paBHOBECHOM MPUPOABI.

Msl paccMOTpenr 4YacTHBIM cioy4yail ypaBHeHUs Muxasnuca—
MeHTeH, HO oOMmMil cTydail CBOAMTCA K TOMY e BhIpaxkeHHIO (5.55)
(Tanmumog, 1985; I'anumos, [Toaskos, 1990).

Bripakenue (5.55) xapakTepusyeT BO3MOXHBIH M30TOMHBIN -
(eKT MexIy HemoCpeACTBEHHBIM MPEIIICCTBEHHUKOM H MPOIYKTOM.
Mexny TeM KOppeisinus MEXIy H30TOINHBIMU COCTaBAMU PA3HBIX
OMOMOJIEKYJT WM B Pa3HBIX MOJIOXKEHHUAX YTIepoAa BHYTPU MOJIEKYI
O3Ha4yaeT HeuTo OOoJIbllIee: CYIIECTBOBaHUE 3aBUCHMOCTH Tuna (5.55)
MEXAY JIIOOBIMU aTOMaMH YTiiepoJa B ONOJOrHYEeCKUX CHCTeMax.

COOTBETCTBYIOIIYIO CBA3b MOYKHO IOJYYHTb, €CIH OTACIbHBIE
(hepMEHTATUBHBIC PEaKIMK B OpPraHU3Me 00pa3yrT CUCTEMY, M300pa-
JKEHHYIO0 Ha puc. 5.15.

Ry g ®

Puc. 5.15. IlocredosamenvrHocms HeoOPamumMbIxX peakyuii, Kaxcoas u3 Ko-
MOPBIX HAXOOUMCS 8 YUKIE, NPUBOOSUIEM ee NPOOYKIM HEKOMOPbIM nymem
K npeduecmeenHUKy

Kak yxaspBaer A. Jlenmamkep (Jlennamkep, 1974) «moutn Bce
MeTabOIMYeCcKre PEeaKIMK CBA3aHBI MEXIy COOOH, MOCKOJBKY IpO-
IYKT OJHON (pepMEHTATUBHOW pEaKIMU CIYKHUT CyOCTpaTroM APYroi
peaKIyu, KOTopas SIBISETCS CIEAYIONUM ATaroM JaHHOTO Ipolecca.
CylecTBoBaHHE TakKOW IMPEEMCTBEHHOCTH OOYCIIABIMBAETCS CIEIH-
(huyeckuMu 0coOCHHOCTIMU (epMeHTOBY (c. 321).

B xuBOM Opranm3Me MeTa0OIMYecKHe MyTH B3aUMOCBSI3aHbI Tak,
YTO METKa, BBEJCHHAs B HEKOTOPOE COEAMHEHHE, MOXET OBITh Yepes3
HEKOTOpOe BpeMs OOHapy)KeHa B HENOCPEACTBEHHOM IIPEAIIECTBEH-
HUKe 3Toro coeauHeHus. O000IeHHas MOIeNb TOA0OHOTO TpoIiecca
n3o0pakeHa Ha puc. 5.15.
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MoxHO moKa3zaTh, YTO AJisI 3TOW CUCTEMBbI NMPU YCIOBUH €€
CTallMOHAPHOCTH CIPABEJIMBO CIEAYIOIIEE BEIPAKECHUE:

ﬁk+n

k

oy =1+ “( - I) £ A, (5.57)

Mgl He OyzeM npuBOAMTE BeIBOA. OH CONPSDKEH C TPOMO3IKUMU
BEIKIanKaMd. Ero MOXXHO HaWTH B TPEANIECTBYIOMEH padote
(Galimov, 1985).

3nech Grne — KOIDOUIMEHT pas3feeHuss H30TOMOB MEXITY
yIIIEpOJOM B JIFOOOM K-TOM W (kK + 7)-OM TIONOXKEHWH; —— YCpea-
HEHHBIH peayluupyomuid Ko3QOUIMEHT UIS BCEro MyTH, COCIMHSIO-
HIero XK U K + 1 moyokeHue; /| — CyMMHUpPOBaHHBIC KHHETHUECKHE
M30TOMHBIe 3PPEKThI, F3PPEKTH MmepeHoca u Apyrue 3PQPexTsl pax-
UOHUPOBaHUS, IPUBOAALINE K OTKIOHEHUIO W30TOIHOTO pacrpene-
JICHUS! OT TEPMOTUHAMUYECKOTO.

Bripaxkenue (5.57) MOXHO mepenucars B BUIE

8"Cy = 8"Cop + (B ~ Bep) - 10° £ 1A (5.58)

[MocnenHee — He 4YTO WHOE, KaK ypaBHEHHE PErpeccU B TOH
(hopMe, B Kakoli OHO B NPUBEACHHBIX BBIIIC MPUMEPaX XapaKTepU30-
BaJIO CBSA3b MGy U3MEPECHHBIMHU IKCIICPUMECHTAIBHBIMU 3HAYCHHUSIMU
6°C GHOMOIICKYII 1 PaCUCTHBIMH BEJHYMHAME 6" C-(aKTOpOB.

Wtak, MBI TIOMYYHMIIM TEOPETUYECKOE BhIpaKEHHE, KOTOpPOE CO-
OTBETCTBYET JKCIIEPUMEHTAILHBIM HAOMIOICHUSM. Y CIOBHAMHU €ro
BBIBOJIA ObUIM: 1) acTH4YHAs oOpaTHMOCTH mporiecca B (hepMeHT-CyO-
CTpaTHOM KOMIUIeKce (OJIM30CTh K paBHOBECHIO, U3MEpsieMasi BEJTUIH-
HOW ); 2) CTallMOHAPHOCTH W B3aMMOCBS3aHHOCTh LENMH XUMHUYECKIX
peakmuii. CrenoBarenpHO, HaOIOAaeMOe TPOSIBICHUE PABHOBECHOU
MIPUPOIBI U30TOMHBEIX 3P(PEKTOB B OMOJOTHYECKHX CHCTEMaX MOXKET
paccMaTpuBaThCs KaK CBOMCTBO, MpUCYILEEe HaXOJSIICHCS B CTALMO-
HAPHOM COCTOSIHUM B3aMMOCBSI3AHHOM cHUcTeMe He0OpaTUMBbIX PeaKiuii,
He CJIUIIKOM yJAaJIeHHbIX OT PABHOBeCHS.

Ha >ToM doHE MOTYT MMETh MECTO TITyOOKO HEeoOpaTHUMBIC pe-
aKI¥, HeJIMHEWHBIE TIPOIECChl, HECTAIlMOHAPHBIE COCTOSIHHAA U T. 1I.,
00ycCIaBNMBaOIIe Pa3HOW CTENEHU OTKJIIOHEHHS] OT OCHOBHOW TEH-
JICHIIHH.
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HmenHO B 3TOM IIyXe MBI pacCMaTPUBAIU XUMHUECKOE COJIEpiKa-
HUE mpoiiecca ONOIIOTUYECKON IBOJIIOIUH B 3TOU KHUTE.

Brmu3ocTth kK paBHOBECHIO M CTAllMOHAPHOCTh OMOXMMHUYECKHUX
MPOIIECCOB JIEIaeT B HEKOTOPBIX CIIy4asx A(PQPEKTUBHBIM HCIIOIb-
30BaHHE METOIOB paBHOBecHOW TepMoamHaMuku (I'mamprmes, 1996).
DTO MEHee OYEBUIHO MPUMEHUTEIHFHO K COOCTBEHHO IBOIIOIIMOHHBIM
mporeccaM. OmHAKO, KaK MBI yKa3bIBaJlk, OMOJIOTHYECKAsT YBOIIOIUS
MIPEJICTABIISIET COYETaHNE BOCXOJIAIICH BETBH, CBS3aHHOW C yCIIOXKHE-
HUEM W YIOPSIOYEHWEM, U HUCXOIIEH BETBH, KOTOpas XapaKTepu-
3yeT MPOIECChl, BEAyIUe K aAanTalii U BHIOBOMY Pa3HOOOpa3mio,
JUT KOTOPBIX PAaBHOBECHOE COCTOSTHHUE SBIISIETCS aTTPAKTOPOM.
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['maBa 6

@pakTaabHOCTh U XA0C
B OMOJIOTMYECKOM DBOIIOLIUUA

8 1. @paxmanvrnocms buocmpykmyp

B mocnennue nBa-Tpu AeCATIIICTHS TOIYYWIa Pa3BUTHE 00IacTh
MaTeMAaTUKH, CBS3aHHAS C U3yYCHUEM CBOWCTB ()PaKTAIBHBIX CTPYK-
typ (Mandelbrot, 1982; Stanley and Meakin, 1988; Abarony, 1991;
Peitgen et al., 1992), xoTs mepBble (ppakTaNbHBIC CTPYKTYpPhI OBLIH
OTIMCaHBI eIlle B HaJaje BeKa.

Ha puc. 6.1 moka3aHpl KJIacCHYECKHE TMPUMEPHI (PpaKTaIbHBIX
cTpykTyp. Kopanna CepnmHCKOTO TpeACTaBIsieT cOOON IMOCienoBa-
TENBHOCTh PAaBHOCTOPOHHHX TPEYTOJHHUKOB, BIMCHIBAEMBIX B Tpe-
YTONBHUKH, 00pa30BaBIIMECS B pPE3yJbTaTe MPENIIECTBYIONIETO BITH-
ceiBaams. KpuBas Koxa npeacrasiseT coboit TpaHcopMammio oTpe3Ka
MpsIMOM B JIOMaHYIO JIMHUIO, COCTOSIIYIO M3 YETBIPEX OTPE3KOB, Ka-
JKJIBIN U3 KOTOPBIX UCTIBITHIBACT Jaliee aHAJIOTUYHOE ITPeoOpa3oBaHue.

Jlerko 3aMeTUTh, YTO MONyUYEHHE (DPAKTAIBHBIX CTPYKTYD BKIIIO-
YyaeT JABE MpouLeAypbl. Bo-mepBhIX, HEKOTOPOE MPaBUIIO, MPEAMHUCHI-
BaIOIIEe TEOMETPUIECKOE MOCTPOCHUE, T. €. OMPEICIICHHBIM 00pa3oM
OTPaHUYHUBAIOIICC BO3MOXHBIE TI'E€OMETPUYECKHE MPEeoOpa3OBaHMUI.
Bo-BTOpBIX, TPOMCXOIAWT BOCHPOM3BEICHHE OIHOM W TOM XKe
TeOMETPUYECKON (hOPMBL.

DTO HallOMWHAET T€ MPOIECCHl, KOTOPbIE MBI pACCMATPUBAIN B
KadecTBe MMEINX (yHIAMEHTATFHOE 3HAYEHHE B JBONIONUHU YIIO-
PSAAOYEHNUS: IPEIINCAHHOCTD MTOBEIEHUS i HTEPATUBHOCTb.

XoTsl aHamOTWsl TyT HEMOJNHas, Hajo Iojararb, 4TO, €CIH B
OCHOBE OMOJIOTHYECKOI HBOIONNY JIEXAT cPOpPMyITHPOBAHHBIE HAMHU
MPUHIUIIBL, (PAKTATHLHOCTh JOJKHA OBITh MPUCYIA OUOIOTHYCCKIM
hopmam.
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Puc. 6.1. Ilpumepvr ¢paxmanos, noayuaemvix umepayueti: A — Kop3uHa
Cepnuncrkoeo (W.Sierpinski, 1916): 6 pasnocmoponHuti mpeyeonbHuK
BRUCHIBACMCS PABHOCMOPOHHUI MPEY2ONbHUK MeHbule2o pasmepa, b —
xpusas Koxa (H. Koch, 1904): xascowiii ompesok 1omanoil munuu mpanc-
Gopmupyemest 6 puaypy, noGmMopsoOwylo Hopmy HepeUdHOU JIOMAHOU
JuHUY. Ycnoocnenue — chusy ésepx. IIpumepul (ppakmanvhblx cmpykmyp,
usobpasicennvlx Ha pucyukax 6.1—6.7, ezamot uz pabomut X. -O. Iletiodice-
na u op. (Peitgen et al., 1992). C paspewenus Springer-Verlag New York,
Inc. ©1992

Ha puc. 6.2 u3oOpaxena cnupajieBuaHas Qurypa, mpeacTaBis-
tomfass co0oi IOCEOBATEILHOCTh CMEKHBIX MPSIMOYTOJIBHBIX Tpe-
YTOJIBHUKOB. TPEeyroibHUKH UMEIOT OOIIYI0 BEPIINHY M OJWHAKOBBIH
pa3Mep CTOPOHBI, JIeKaIled MPOTHB YIJia, MUCXOJAIICrO W3 OOIIeiH
BEPIIMHBL [ MIOTEHy3a MPEIIICCTBYIOIIEr0 TPEYrOIbHUKA CITYKUT Ka-
TeToM ciefyromero. CkazaHHOE COCTABJISET arOPUTM YIIOPSAOUCHUSL.
ITocrmenoBaTeIbHOCTE Ce0EOIO0OHBIX TPEYTOJLHUKOB 00pa3yeT (pak-

TaJIBHYIO CTPYKTYPY.
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Puc. 6.2. Cnupanw, popmupyemas nymem noCmpOeHUsi CMENCHBIX NPSIMO-
VOIbHbIX MPEY2OTIbHUKO8, UMEIOUUX 00UWYI0 8ePUIUHY U OOUHAKOBHII
pazmep CnmopoHbl, Jledcaujelt NPomus Yena, ucxoosuyezo u3 oouell eepuiu-
Hbl, npudem Mmax, 4mo UnomeHy3a Npeoutecmsyioue2o mpeyeorbHUKa
CTYyHCUM Kamemom caeoyiowe2o. [iuna CMexCHoOlU CMOPOHbL mpeyeoiib-
HUKO8 Hapacmaem Kax KOpPeHb KAOPamHblil U3 nopsaoKoeoeo Homepa
Haocmpausaemozo mpeyeoibHUuKd

W3BecTHO, 9TO CrMpaleBUIHBIE CTPYKTYpPHI Tako (OpMBI pac-
MPOCTPAHEHBI cpeay OHOOTHYSCKUX oOpaszoBanuii. Ha puc. 6.3 npu-
BeJIeHA IS IIpUMepa CTPYKTypa aMMOHUTA.

CnoxHass KapTHHa MOXET OBITh PE3yJIbTATOM OYEeHb IPOCTHIX
MIPOIECCOB, MOAYUHSIIONMINXCS HEMHOTHM TpaBuiaMm. Hampumep, du-
TYpbl, U300pakeHHBIE Ha pHC. 6.4, TMPEINCTaBISAIOT COOON HTEpaInio
nudaropoBa TOCTPOSHHS: KBaApaThl, IMOCTPOCHHBIE Ha CTOPOHAX
MPSMOYTOJIBHOTO TPEYrojbHHKA. Ha CTOpoHE BHOBH IMOCTPOSHHOTO
KBaJpaTa CTPOUTCS HOBBIM MPSAMOYTOJBHBIH TPEYTrONbHHUK, Ha JBYX
JPYTUX CTOPOHAaX KOTOPOTO CTPOSITCS COOTBETCTBYIOIIME KBAJAPATHI.
Paznuune mMexay JeBBIM M TPaBBIM PHUCYHKOM — OYE€Hb HEOOJBIIIOE.
Ha npaBom pucyHke cTopoHa, Ha KOTOPOW HAXOAUTCS MPSMOM yTOI
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Puc. 6.3. Paxosuna ammonuma

Puc. 6.4. Oponmanvuvie cmpykmypwl, noayuaemvie nymem HOBMOPEHUS
credyroweli onepayuu: Ha CMopoHe Keaopama CMmpoumcs npsamoy2obHbuli
MpeyeoNbHUK, €20 2UNomeHy3a cosnaodaem cO CMOPOHOU Keadpama, Ha
Kamemax npAMOY20NbHO20 MPey2OoNbHUKA CMPOSMCA HO8ble K8aopambvl,
CHOPOHbL  NOMYHUBUUXCS  K8AOpAmMo8  cayjicam — Odsi  NOCMPOeHUs:
NPAMOY20TbHbIX MPEY2ONbHUKO8 U m.0. Jlegvlil u npaswii pucyHKu OmJu-
YAIOMCS HANPAGIEHUEM NPAMO20 Y2ild mpey20ibHUKA (CM. meKcm)
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Puc. 6.5. bpokkonunooobras cmpykmypa, NOAy4aowascs Apu HoCmpo-
eHUU, AaHANOSUYHOM moMy, umo Ha puc. 6.4, Ho c pasnobedpeHHbIM
mpey201bHUKOM

TPEyToJbHHUKA, BOCIIPOU3BOAUTCS BCET/a CIpaBa, a Ha JICBOM PHUCYHKE
MOJIOXKEHUE ATOM CTOPOHBI YepeayeTcst TO CIpasa, To cieBa. [lokazaH-
HbIe Ha puc. 6.4 neBas ¥ MpaBasg KapTUHKHU TOCJI€ YEThIPEX UTEepaIuit
HE CIUIIKOM OTIHYAoTCS MeXTy coboit. Ho mocme 50-tu mreparmii
pe3yNbTaT Ui 3TUX OBYX (PPaKTaIOB MOITydaeTCs] COBEPIICHHO Pa3iInd-
HeIM (puc. 6.6). [lprdem 06e TOTyUIHMBIIHECS CTPYKTYPHI HAIIOMUHAIOT
Ounonornyeckue 0Opa3oBaHUs.

Takoe ke MOCTPOeHUE, HO C Y4acTHEM PaBHOOEAPEHHOTO, a He Tps-
MOYTOJIbHOI'O TPEYTOJIbHUKA, NPUBOAUT K CTPYKTYpE, IMOYTH TOYHO
COOTBETCTBYIOIICH (hopme OpokkoiH (puc. 6.5).

Ureparnus npu obpazoBaHnu (pakTaibHBIX CTPYKTYp Mpearo-
JaraeT BOCIPOM3BEICHHUE TOI00MS, HO C M3MEHeHHeM MaciiTaba. B
KXol 13 (UIyp B TPUBEJCHHBIX BBINIC WJLTIOCTPAIUSIX HOBBIM
KJIacTep NoA00eH MpeIIecTBYIONIEMY, HO BCE MEHBIIIETO pa3Mepa.
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Puc. 6.6. To ace, umo puc. 6.4, no nocne 50 umepayuti
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B Ouosnoruueckom ymopsimodeHUH MBI Yallle HMEeM JIeJI0 C BOCIPOU3-
BE/ICHHEM HE MOJOOHBIX, a SKBUBAJICHTHBIX CTPYKTYp. Perumkarms,
OIOCPEACTBOBAHHBI M TPSAMOH aBTOKATalH3 — MEXaHHU3MBI BOC-
MPOM3BEACHHUS HE MPOCTO MONOOHBIX, HO SKBUBAJICHTHBIX CTPYKTYP.
[losToMy (pakTadbHOCTh SBISETCS HE OOLIMM, a JIMIIb YaCTHBIM
cllyyaeM OMOJIOTHYECKOTO YIOPSIIOUCHHUS.

A. Jluapenmaitep (Lindenmayer, 1968) npumenun umen ¢pax-
TaIBHOCTH K Ouonoruu, BBens noHatue L-cucrem. Mbl He Oynem
BXOJIUTH B PACCMOTPEHHE 3THX BONPOCOB. Ham MHTEpecHO OTMETHTH,
9T0 (PAKTATBHOCTh OHOJIOTHUECKHX CTPYKTYP JIEKHUT BHE JIOTHKH
napBuHM3Ma. Hu BO3HHMKHOBEHHE HTEparopa, T.€. OIPEIETICHHBIX
[IPaBWI MUKPOCKONUYECKOTO YIOPSIOUYCHUS, HU UTEPATUBHOE IIOBe-
JICHUE caMu 10 ceOe He rapaHTUPYIOT (EHOTUIIMYECKYIO MI0JIE3HOCTb.
BerBnenue nepeBa, KOTOpOe SBISIETCS NIPUMEPOM (PaKTaIbHOCTH,
obecrieynBaeT OOJIBIIEMY YHCILY JIMCTBEB JOCTYI K CBEeTy. BerBienue
KOpaJlyla [I03BOJIAET KOPaUI CTPOAIIMM OPTaHU3MaM HOIYy4UTh TOCTYII
K OoJplIeMy 0OBEMy MUTATENBHBIX BellecTB. Ho 3TO mpenmyInecTBo
BBISBJISCTCS, KOTAa CTPYKTypa y’Ke BO3HHUKIIA Kak Iienoe. MHbIME clio-
BaMH, HE €CTCCTBEHHBIH OTOOpP MPUBOJUT K BOZHHKHOBECHHUIO (pak-
TaNBHOCTH, a BO3HHUKIINE, Kak (opMa yHopsaodYeHus, ppakTaibHbIe
CTPYKTYpBI TIOJIBEPTalOTCsl €CTECTBEHHOMY OTOOpY, KOTOPBIN 3aKpern-
nsieT HanOoJiee YCTOWYMBBIC B IAHHBIX YCIOBUAX (POPMBI.

$ 2. Ecmb au npeden buonocuueckou 380aoyuu?

B nmapBUHOBCKOW KOHIIENIMHM 3TOT BOMpPOC He Bo3HHKaeT. [lo-
CKOJIbKY NPUYMHHO 3BOJIOIMOHHBIC M3MEHEHUS MPUBS3aHBI K H3Me-
HEHHIO OKPYXKAroIled Cpeibl, )KU3Hb MPOIOIHKAETCS, BUIOU3MEHSSCH,
70 TeX IOp, TIOKa OHa COBMECTHMA C YCIOBHSMH BHEITHEH Cpembl.
WHoe neno, eciim Onosorumdeckas SBOJIFOIIS — CaMOPa3BUBAIOIIHIACS
mporiecc yrmopsaodeHns. lToraa Hen30eXHO BO3HHKAET BOIIPOC O
TIpeJieNe YBOOLNHN TaKOTO THIIA.

OTa KHHATA HadaTa C PacCyXIEHHS O BCTYIUICHHH OHMOC(ephl B
¢azy aHTpomoreHHoro wmupa — (Hazy, XapaKTepU3YIOIIYIOCT
BOBJICUCHUEM B YHOPAAOYCHUE OIpOMHBIX MACC BEHIICCTBA, HC IIpU-
HaJIJIekKAIET0 COOCTBEHHO K OPraHNYecKoOMy MHpPY; MaciTadamu
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MIPOU3BOACTBA, MOCIEACTBUS KOTOPOTO (3arpsi3HAIOIINE OTXOJIBI, BIIHU-
SITHME Ha KJIMMAT, KaTacTPOQBI U T.Il.) CIIOCOOHBI OKa3aTh BIMSHHUEC HA
YCTOWYHMBOCTEL OHoc(hephl B 1IeIOM. B aHTpONOreHHOM MHpPE BO3HHKACT
HOBBII KaHaJl niepeayr HHOOPMAIK OT TTOKOJICHHUS K TIOKOJICHUIO —
Oonee 3(deKTHBHBIA, UYeM BBIPAOOTaHHBI MpeaIIeCTBYIONIECH
SBOJIIOIIMEN ITyTh TEHETMYECKOrO HacienoBaHus. B pesynprate —
HEBEPOSITHO YCKOPSAETCSA BECH IMPOLIECC IBOJIOLUU. B 3TOM 3BOIIOLU-
OHHOM BHXpPE CaMH OHMOJIOTHYCCKUE CUCTEMbl H OPTaHbl, €CTECTBEHHOEC
COBEPILEHCTBOBAHUE KOTOPBIX MPOUCXOAUT KpailHE MEIJIEHHO, CTaHO-
BATCS apXaudHbIMHU U MOJJIEXKAT 3aMEHE TEXHOTC€HHBIMU aHAJIIOTaMHU.
Bce 310 BMecTe B3sTOE CBHICTEILCTBYET O TOM, 4TO B Omocdepe
BO3HUKAIOT BHYTPSHHUE MPOIIECCHI, MACIITad KOTOPBIX COU3MEPHUM C
MacimTabaMd — TPOCTPAHCTBEHHBIMH, JHEPreTUYCCKHMHU, UHQOP-
MAaIMOHHBIMU, — XaPaKTEPUIYIOIIUMU OUOChEpPY B LIETIOM.

B TexHuKe M3BECTEH PEXUM, KOIZla HEPETYJSIPHBIE U HEMPEICKa-
3yeMbIe U3MCHECHHS CUTHAIa — OUEHUS — CTaHOBATCS COU3MEPHMEI
M0 aMIUIMTYAE C CUTHAJOM B IEJIOM. DTO — IMEpeXoJ] K XaoTHue-
CKOMY MOBEICHUIO. Xa0C — SBJICHUE ACTCPMUHUPOBAHHOE. DTO —
He urpa ciyyas. [Ipouecc MOKET NOJUUHATHCS BIIOJIHE ONPEAECIICHHON
3aKOHOMEPHOCTU. XapaKTePHOW O0COOCHHOCTHIO 3TOH 3aKOHOMEPHO-
CTU SIBJSIETCA 3JIEMEHT HENMHENHOCTU. Ecnu mpoiecc urepaTtuBeH, TO
BCJICJICTBUE HEIMHEWHOCTH HEOOJbIIas ONMOKa WIM Heompese-
JIEHHOCTh YCWJIMBAIOTCA UTEPALUAMU TaK, YTO PE3YJIbTaT CTAHOBUTCS
Yepe3 HEKOTOPOE YUCIIO UTEPALUN MPAKTUYECKU HEMPEACKA3YEMBIM.

Mo cux mop Mbl HACTOWYMBO NPOBOJWIINA MBICIb O CYILUECTBEH-
HOW JTMHEHHOCTH OMOJIOTMUYECKHX IpolieccoB. B ocHOBe Halel KOH-
HEHIMA OMOJIOTHYECKOTO YIIOPSIOUYCHHS] — TPOIECC, MPOUCXOIs-
M B CTAIllMOHAPHOM CHUCTEME B JIMHEHHON OO0JIACTH 3aBUCHMOCTH
cui TIOTOKOB. I'7aBa, MOCBsIEHHAs W30TOIMU, OIMCHIBACT SIBJICHUE
KOPPEJSIUE U30TOITHOIO COCTaBa OMOMOJICKYJI C IapameTpaMu, Xa-
PaKTEPU3YIOLIMMH [OBEAECHUE M30TONOB B CTAllMOHAPHBIX CUCTEMAX,
HE CIMIIKOM yJAJIEHHBIX OT paBHOBecUs. HakoHel, B mpeaiiecTByro-
IIeM pasfiesie 3TOH TIaBbl MPUBEACHBI IPUMEPHI (PPAKTATBHBIX CTPYK-
TYp, GOPMHUPYEMBIX THHEUHBIMUA UTSPATOPAMH.

OHako TMHEHMHOCTH, TAKXKE KaK U paBHOBECHUE, SIBJISIETCS BCEra
HEKOTOpOH uacanm3anueil. JImHeHHOCTh 03HaYaeT HE3aBUCUMOCTD
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NpaBw, YIPaBISIOMMX MMPOLECCOM, OT JOCTUTHYTOro pesyibrara. Pa-
CTSDKEHUE TMPY>KUHBI MPOUCXOANT JMHEHHO, TaK KaK CHila, KOTOPYIO
HYXXHO NPHJIOKHUTH K NPYKUHE, YTOOBI PACTSIHYTh €€ Ha OIpeelieH-
HYIO BEJIMUMHY, HE 3aBHCHUT OT TOT'O, HACKOJIBKO ObLTa MpYyXKHHA PacTs-
HyTa nepen TeM. OJHaKO STOT MPOILECcC HEelb3s MPOAODKATh OECKOHEeY-
Ho. [IpyxuHa HauHeT HeoOpaTHMO NeOpMHUpPOBATHCA U, B KOHEUHOM
cuete, jonHeT. CinenoBaTeNbHO, U O MPOSIBICHUS! BUAUMOHN HEJMHEH-
HOCTH, Tipoliecc He Obln BrosHe nuHeHHbIM. Ho 10 m3BecTHOrO mpe-
Jelia ero MOKHO OBLIO paccMaTpUBATh KaK CYIIECTBEHHO JTMHEHHBIMH.

HenunelHOCTE HE MOXKET OBITH yCTpaHEHa W3 MPHUPOAHBIX MPO-
neccoB. HenmHeiHpIe HTEpaTUBHBIE CUCTEMEI, T. €. CUCTEMBI, BKIIIOYa-
IOIIME TPOLEAYpPY BOCIPOHM3BENEHHUS OTHOM M TOH *e (MM momo0-
HOH) CTPYKTYpBI WIIM TOTO K€ TPOLIecca, YyBCTBUTEIBHBI K HAaYa bHBIM
ycaoBusM. JIroOast HebombIIast omMOKa UMeeT TEHACHIHIO K OBICTPOMY
YBEJIMYCHUIO B HEJIMHEHHBIX UTEPATHUBHBIX CUCTeMax. bromornyeckne
CHCTEMBI HTEPATHBHEI.

Ha puc. 6.7 mokazano, xak Bo3pacTaeT OomKMOKa BOCTIPOM3BEe-
HUSI B KBaJIPaTUIHOM UTeparope Tuma X; —> 4xi(1 — X;). B BepxHeii uactu
puc. 6.7a mpuBeneHa MOCIEN0BATEIBHOCTh BENUYMH Xj, TTOydaeMasi C
Kaxaou urepauueid mpu Xo = 0,2. Hmwke (puc. 6.76) mpeacrasieHa
T0CIIeIOBATENLHOCTh X; PU H3MEHEHUH BETMUMHBI X Beero Ha 107 (xo =
0,2000002). I'paduk 6.76 WIMIOCTPUPYET HapacTarollee pacXokIeHHE B
BEJIMYMHAX X; IBYX mocieaoBaTenpHocteil. [lepBrie urepanuu He Aai0T
BU/IMMBIX M3MEHEHHH B CpPaBHEHHM C CaMHUMHM BelnnuMHaMu X;. Ho,
HayMHas MOpUOIM3UTENBHO C 15 wuTepauuid, pacxokKAeHHE Ppe3KO
BO3pAacTaeT U CTAHOBHUTCSI COU3MEPHUMBIM C BETMYMHAMH K,

OTOT TrpaduK [JaeT OCHOBaHWE IJISi aHAJIOTHH C MOBEACHHEM
Ouosornueckux cucreM. HauanpHbIi HHTEpBa CPaBHUM C IIEPHOAOM
HOPMaJIbHOM KHU3HEJCSTENbHOCTH OpraHn3Ma (B MOJIOZOCTH U 3PEJIoM
Bo3pacte). Ho, B KOHEYHOM cueTe, HaKOIUICHHE MTEPATHBHBIX
OMMOOK yCTaHABIMBAET HEM30EKHYIO M CTATUCTUYECKH TOCTATOYHO
PE3KYI0  TpaHMWIly, ONpECIIONIYI0  OMOJOTMYECKH  BO3pacT
oprann3mMoB. KoHKpeTHbIe MeXaHH3MBI CTapeHHsT MOTYT OBITh pas-
HeivMu: noBpexaenne JHK (Bunenunk, 1987; ®ponskuc, MypansH,
1988); akTHBHOCTH CBOOOIHBIX pajuKaiioB (OManya3ib, 1979; ['yces,
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Puc. 6.7. Deonroyus 3nauenuti cueHania K8aOpamuiHO20 umepamopa euoa
Xinn = Xi(1—X)) ons nauwanvhwix yenosuil, ommuarowuxcst na 107, Buusy
pasnuyue 8 A6COMOMHOU BeTUYUHe CUSHANA

ITargenxo, 1982); moBpekneHne BHYTPUKIETOUHBIX MeMOpaH (Hwuxu-
TnH, 1982) u apyrue. OTo coriacyercs ¢ pacCMOTPEHHEM ITPOIIECCOB
cTapeHus ¢ mo3unuu teopun HanexxHoctu (['aBpumo, ['aBpmiosa,
1986; I'ponzunckuii u np., 1987; SApeirun u np., 1997).

B 10 xe Bpemst MbI 3HaeM, 9TO OHOJIOTHYECKHE CHCTEMBI yCTOWYIH-
BbI K onmbOkaM BocnpousBeneHus. @.Jlaticon (Dyson, 1985) passuBai
MBICITb, YTO OMOJIOTHMYECKas HEBOCHPUUMYHBOCTh K OIIMOKAM SIBIISI-
€TCsI XapaKTEePHBIM CBOMCTBOM CIIOKHBIX cucTeM. OH OTMEYal: BCIOILY
B DKOJIOTHH, KYJIbTYpe, JKOHOMHKE, IEHCTBYET TOT HEOOBICHIUMBIH
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(aKT, 4TO CIOKHBIE TOMEOCTATHCTHUECKHE MEXaHHU3MBI Oosee 3¢-
(DEKTHBHBI, 4YeM MPOCTHIE.

Hx npenMymiecTBO — HEBOCIIPUMMYHMBOCTE K OMIMOKaM. «S1 mo-
Jlararo, 3To JO0JKHO OBbUIO OBITH MEPBHYHBIM KaU€CTBOM KHM3HH C CaAMO-
rO Hayaa... PeIUIMKALMs ¥ HEBOCTIPHUMYHUBOCTh K OMIMOKAaM SIBIISIIOT-
Csl aHTarOHUCTHYECKUMHM NpHHIUnammw» (c. 73). Ha 3Tom ocHOBaHUU
@./lalficoH KpUTHYECKH OTHOCUJICS K TaKHUM CaMOBOCHPOHU3BOISLINM
MEeXaHM3MaM, Kak Trunepuukn M.DireHa, u mojaran, 4To Hadauo
XKHU3HU OBIJIO CBA3aHO CO CJOXKHBIM 00pa3oM B3aMMOJCHCTBYIOIICH
CHCTEMOM MOJIMNENTHIOB.

VYrBepxkaenue @. JlalicoHa 0 HEBOCIIPUUMYHMBOCTH OHOJIOTHYEC-
KHX CHCTEM K OIIMOKaM Kak KJIIOYEBOM HX CBOMCTBE CIIPaBEIJIUBO,
KaK CIpaBeJIMBO €r0 MPEACTAaBICHUE O TOM, YTO MCTOYHHK OMIMOOK
3aKJIIOUEH B PEIUIMKATHBHOCTH (MTEpaTHBHOCTH) OnocucteM. Ho oHn
MepecTaloT OBITh CIPABETUBBIMU, OYIydd 3KCTPArOIMPOBAHBI CITUIL-
KOM Janeko. B 1efcTBUTENbHOCTH €CTh JBE CTOPOHBI. McTouHMK
Omara — ecTb OJHOBPEMEHHO WCTOYHMK THOENH: «...M TPUMELIb T
CMEpTh OT KOHS CBOEro». B TepBOM NPHONMKEHHH YCTOMYMBOCTH
OouocucTeM OOYCJIOBJICHA WX CYIICCTBCHHOW JMHEHHOCTBHIO, CIOCO0-
HOCTBIO K BOCIIPOM3BOJACTBY M T€M, YTO OHHU SBJISIOTCS HE IPOCTO
CJIO)KHBIMH, a TIPEJICTaBIEHbI MOJCUCTEMHBIMH MHOXecTBaMH. IIpo-
SBJICHUE HEJIMHEHHOCTH C HAKOIJICHUEM HMTEPaTHBHBIX OMIMOOK HpH-
BOJUT K THOENMH dyieMeHTa cucteMbl. Ero yaaneHue coxpaHseT ycToii-
YUBOCTh BBIMIECTOSIIIEH CHUCTEMBl. B Ononornueckux cooOIecTBax
CMEPTHOCTh MHIMBUAYYMa — €CTh yCJIOBHE YCTOHYMBOCTH cOOOIIe-
CTBa B II€JIOM. B MHOrokneTo4yHOM OpraHu3Me OTMHUPAIOT OTIEIbHBIE
KJIETKH, HO JKUBET opranuzM. OTMHUpaHHe OPraHU3MOB MOJAEP>KHUBaA-
€T yCTOMYMBOCTH BHOa. VTepaTrBHBIC OIIMOKH, HAKAIUTMBAIOIIHECS
OT IMOKOJICHUS K TIOKOJICHHUIO, B JUTUTENEHOM MacuiTabe BpeMEeHH! TpH-
BOJAT K MCUe3HOBEHUIO Buaa. Ciedys 3TOM JOrMKe, HyXHO NPUHATH,
YTO JOJDKEH HACTYNHTH uepes] OMocqepsl B LIEIOM.

Wnrepecen Bomnpoc, Kak rIyOOKO B 001acTH CBOEH yCTOHYMBOCTH
HaxoauTcs ouochepa?

@DeHOMEH KU3HHU COAEPKUT UepThl, MPEAONpPEAEIAIONUe KOHEY-
HOE HACTYIUICHHE Xaoca: HTEPaTUBHOCTh M HEU30CKHBIA HIEMEHT
HEeNMHEHHOCTH. Xa0C — 3TO TO, YEM 3aKaHUMBAETCS YNOPSIOUEHHE.
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CylecTBYIOT OOBEKTHBHBIC NMPHU3HAKH TEPEXOAa HEIWHEHHBIX
UTEPaTHBHBIX CHCTEM K XaoTmyHomy moBeaeHuto (Peitigen et al.,
1992). OHu BKIIOYAIOT: (&) YYBCTBUTEIBHOCTh K HAYAILHBIM YCIOBU-
siM; (0) cMetieHue; (B) TINIOTHOCTh MEPHOAMYECKUX TOUECK.

OpraHu3m CTaHOBHUTCSI YyBCTBUTEIEHBIM K OIIMOKaM B CTapOCTH.
CoOou B paboTe OMOCHCTEM CTAHOBSITCS COM3MEPHUMBIME C TlapaMmeTpa-
MU ero ycroiumBoctd. QuepeqHoit cOoil, B KOHEYHOM CYETe, OKa3bl-
Baetrcs (aranpueiM. M.Deitnrenbaym (Feingenbaum, 1978) mokasan
YAUBUTEIBHYIO TEOpeMy 00 YHHBEPCAIBHOCTH IIyTH Iepexojlia HEeKo-
TOPOTO KJIAcCa HEJIMHEHHBIX CHCTEM K XaOTHYECKOMY ITOBEICHHIO.
OBOJIOUS TAaKUX CHUCTEM COMPOBOXKIACTCS OM(ypKAIFSIMU, TTPHIEM
OTHOCUTEITLHOE BpeMS MEXIy OHU(PYpKamusMu 0,.; U 6, COKpaliaeTcs
MIPOTTOPITUOHANBHO KOA((HUIINEHTY, TOMYyYUBIIEMY Ha3BaHHE YHUCIIA
Ocitnrenbayma.

Bt /80 = 4,6642 ... .

budypkaiu B OMOJOrHUYSCKON 3BOJIIOIUM MOKHO CBSI3aTh C BH-
N000pa3oBaHUEM — C PACHICIUICHUEM T'eHETUYECKOM JIMHUY Ha BETBHU.
B TeueHue Bcero reojgornyeckoro BpEMEHH MPOLEecC STOT ObUT JalleK
0T HeycToHunBOocTU. OJIHAKO MOSBIICHUE YEJIOBEKAa U BOSHHUKHOBEHHE
MBUIM3AIHA, BO3MOXHO, SBIAIOT COOOH MpHU3HAK MPUOIMKEHUS K
HeycTounBor craguu. Co3lMaHHe YeJIOBEKOM YCTPOWCTB C IIPHH-
IUIHATEHO HOBBIMUA CBOWMCTBaMH aHAJIIOTUYHO BUA000Pa30BAHHUIO.
Bronornueckoe BumI000pa3oBaHue OCYIIECTBIBIOCH B MacIITabe reo-
JIoTU4ecKOro BpeMeHH. llosBienue npocTeliux opyauil Tpyaa, BO3-
HUKHOBEHHE $3bIKa, OJOMAIIHIBAHNE )KUBOTHBIX — Pa3BOPAYUBAIOCH
B Macmrabe coTeH M JECATKOB Thicad yeT. Co3laHue JeTaTelbHBIX
anmnapaTroB, BO3HUKHOBEHHE PaJM0O U TEJIEBUIEHUS, NPOrpaMMHUpPY-
€MBbIX MAIlMH W UCKYCCTBEHHBIM WHTEIUIEKT, F€HHAs HH)KCHEPUS U
KIIOHUPOBaHWE — 3TO YX€ COOBITHA, YKIAABIBAIOIIME B MacHITad
JECATUIECTHIH.

Bropoii nmpuszHak — cMenieHue. MareMaTudecku 3TO 03HA4aeT,
YTO HEKOTOpas Todka (Ha JuUarpaMme, OINKCHIBAIOUIEH MOBEICHUE
HEJTMHEHHOW WTEPATUBHOW CUCTEMBI), HAXOMSIMIAACS B KakK YTOJHO
MaJiOM HHTepBaje, uyepe3 HEKOTOpOe YHCIIO HTEpaluid OKaxeTcs B
JPyroM MPOU3BOJIBHO BbIOpaHHOM uHTepBajie (Peitigen et al., 1992).
Buonornyeckue cuctemsl, Kakas Ha CBOEM YPOBHE, OTBEYAIOT 3TOM
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TEeHJIeHUMU. Eciii BBECTH U30TOINHYIO METKY, HallpUMEp, U30TON yIJie-
poma “C B HEKOTOpPOE COCIMHEHHE B COCTABE OPraHM3Ma, TO dYepes
HEKOTOPOE BPeMsI METKY MOXKHO 3apErMCTPHUPOBATH B JHOOOM JPYyTroM
coeiMHEeHNU. B WHOM NPOCTPAHCTBEHHOM W BPEMEHHOM MacIiTade
SIBIICHUE CMEIIICHUs Mpucylie ouocdepe B 1meIoM. DTO BBIPAKEHO B
reHHOM oOMmeHe. Henb3st yTBep»KaaTh, 4To M000W TeH OpraHu3Ma W3
T€0JIOTUIECKOTO TPOILIOr0 MPHCYTCTBYET B JIIOOOM TE€HOME COBpeE-
MeHHOro opraHuzMa. Ho HabmomaeMoe siBIieHHE TOPHU30HTAIBHOTO
MepeHoca TeHOB, CBUIETENILCTBYET O TOM, UTO Takasi TeHACHIHS CyIIe-
ctByeT. [IoHATHO, 9YTO KOMMYHHKAaTHBHOCTD CYIIIECTBEHHO BO3PacTaeT
C BXOXJIEHHEM B aHTPOIOreHHbIM Mup. HenuHeliHble UTepaTHBHbBIC
IMPpOUCCChl U CUCTEMBI KPATKOBPEMEHHBI U KOPOTKOKHUBYIIH. Onu BO
MHOJKECTBE IPUCYTCTBYIOT B KUBOW MAaTE€pHUH, CO3/aBasl BIEUATICHUE
MIPEUMYIIIECTBEHHON HETMHEHHOCTH OMOJIOTHYECKUX TporieccoB. Ho B
CBOUX JIOJTOBPEMEHHBIX (OTHOCUTEIILHO) TIPOSIBIICHUSX KH3Hb
0azupyeTcs Ha JUHEHWHBIX mporeccax. CoaepKaliuiics B JIOOBIX MPO-
Ieccax JJIEMEHT HEJIIMHEHHOCTH B KOHEYHOM CUETE OTPaHUYHBACT
BpeMsl CYIIECTBOBAaHHS MTEPATUBHBIX CHCTEM, JTaK€ TAKOW JTOITOBpE-
MEHHOH, KakK cylecTBoBaHHe Omocepsl. MBI BXOIUM B TOUKY ee
Oudyprayu Kak MeJI0CTHOW CUCTEMBI.

He Oynmem yrmyOmsaThes manpiie B 0OCYKIEHHE 3TOW MPOOIEMEL.
Ona TpeOyeT cepbe3HOT0 KOJMYECTBEHHOTO aHaIN3a, YTO HaXOIUTCS
3a TpeaesaMyd MOMX HaMepeHWH B 3Toi padore. CyIIecTBEHHO JIUIIH
OTMETHTh, YTO KAYECTBEHHO OHMOJIOrMYECKas SBOJIOIUS COACPIKUT
MPEIIOCBUIKHA U IIPOSBISAET YEPTHI IIPOLIECCOB, BEAYIIUX OT yIOPSIO-
YCHHUA K XaocCy. TouHO Tak ke KaueCTBEHHO MOKHO MMPEAIIOJIOXHUTD,
410 Onocdepa, MOPOIUB MUBHIU3AIMIO, MOMOINLIA K TPAHHIIE CBOCH
ycroituuBocty. [1o100HO TOMY, Kak OpraHU3M JIOCTUTAET MPEJICIIbHO-
ro OMOJIOTMYECKOTO BO3pPAacTa, KU3Hb Ha 3eMIIe B CBOEM Pa3BUTHH,
BO3MOXHO, JIOCTHIJIA TIpeeNbHOro Bo3pacrta. [Ipu 3Tom kak B moOoM
MIpoIIecce, BXOJAIIEM B CTAIHMIO Xa0cCa, ero KOHKPETHbIC MPUYUHBI U
(opMBI, HECMOTpPS Ha HX JETEPMHUHHPOBAHHOCTH, OKAa3bIBACTCS
HempeacKa3yeMbIMH, a CIIEOBaTeNbHO, HEOTBpaTUMBIMH. [lo mosTH-
geckoit jerenae A. C. IlymknHa, BOJIXBHI IpeAcKa3zany Kus3io Onery
CMEPTh OT ero Kous. Ojer yOWBaeT BEpHOTO KOHS, YTOOBI YHTH OT
npopoyectBa. Ho cMepTh HACTUTAET €ro ¢ YKyCOM 3MEH, BBIMOJN3IICH
U3 €ro OCTaHKOb.
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3aKJIF0UEHHE.
KpaTkoe uznoxeHne KOHIEIUN

B 1859 romy Y./lapBuH omyONHKOBaa CBOM 3HAMEHHUTHIH TPY.I:
«IIponcxoxeHre BHIOB IyTeM €CTECTBEHHOTO OTOOpa WM COXpa-
HEHWE W30paHHBIX pac B Ooph0e 3a XM3HBY. JTa paboTa oOKasaia
OTPOMHOE€ BIIMSHUE Ha €CTECTBEHHOHAYYHOE MBINUICHHE B IOCIe-
nyromue monTopa cronetus. J[. Jlemerr, mokanyii, HamOoiee SpKO
OTIpEICITAII COBPEMEHHBIA PEHTHHT mapBUHU3MA: «Ecin OBI s mpuCy-
KA Harpaay 3a KOToa-mnu0o0 W KeM-JIMOO BBIIBHHYTYIO HAMITyUIIyIO
uzero, s Obl otaan ee ckopee JlapBuny, yem HproToHy, DiHIITEHHY
WM KOMy-Tubo emie. B omHOW CcTpoke wHaes SBOJIOIMUA ITyTEM
€CTECTBEHHOTO 0TOOpa CBSA3BIBACT BOCIUHO OOJIACTH MOHSATUHN KU3HU,
CpelncTBa W IIeNib, C OOJACTHIO MOHSATHUH MPOCTPAHCTBA W BPEMCHH,
IMPUYXHBI U CICACTBUA, MCXaHU3Ma U (1)I/I3I/I‘-IGCKOI‘O 3akoHa. Ho ato
He TOJIBKO OJecTsmas uaes. 91o — omacHas uaes» (Denett, ¢. 21).

JlapBuHU3M TIpesiaraeT €CTECTBCHHBIM MEXaHU3M TPEBPaIlCHHUS
CIIy4aliHBIX M3MCHCHUI B IICJICHAIIPABICHHBIN IMPOLIECC JBOJIIOLUU.
Otnamaer HEOOXOIUMOCTh TOCTYJIMPOBAHUS 3alaHHOMN Ienecooopas-
HOCTH, HM3HAYAIBHOTO 3aMbICa, HEM30CKHO CBS3aHHOTO C HJCCH
TBopma. Yka3plBaeTcs CHoOCO0, KOTOPBIM «Clienash» MPHUPOJa IBOIIIO-
[UOHUPYET OT IPOCTOTO K CIIOKHOMY, ICHCTBYS KakK Obl TPOTHB
TEYEHUs, MPEANNCHIBAEMOTO OOIIMM 3aKOHOM pa3BUTHUS MaTEpHH.
JlapBuHOBCKast Teopus ObLIA M3JI0XKEHA MOYTH OJHOBPEMEHHO C BBe-
JICHHEM TIOHSTHsI SHTpONMHU U (hopMynupoBKkoit Kiaysmycom BTOpOro
3aKOHA TEPMOIMHAMUKH.

W3BecTHO, 0HAKO, ¥ MBI MTOTYEPKUBAEM 3TO, YTO JApBUHOBCKAS
KOHIICTIIIAS HE SBJSETCS TEOpPHEW YIOpSIOUYECHHs, a eCTECTBEHHBIN
oTOOp HE sABIsIETCSA (aKkTOpoM yropsmodeHus. EcTtecTBeHHBIH 0TOOD
SBOJTIOIIMOHHO HeHlTpaneH. OTO0p MOXKET COMPOBOXAATH KaK IPOIIeC-
Chl YIOPSIIOYEHUS, TaK M TPOLECCHl erpananvu. JBuxyiuend cuion
JAPBUHOBCKOH 3BOJIIOLIMY B JEHCTBUTENBHOCTH SIBJISIETCS CIIy4yailHOE
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yIydlIeHHe, KOTOpoe MyTeM €CTECTBEHHOIO 0TOOpa (B KOHKYPEHTHOMH
0opb0e) pacmpocTpaHseTcst Ha Bechb BUJ. B MONEKyIspHON OHONIOTUH
W TEHETHKE CIy4YallHOe YIydyllleHHe — OJTO MyTalus, HMEBIIas
MOJIOKUTENbHBIE CIEACTBHUA. B TepMUHAX TepMOOMHAMHKHA — 3TO OT-
punarenbHas (GpIyKTyarus dHTPONHUH. DBOJIONHS ITyTeM HaKOTUICHHUS
OTPHIIATEIBHBIX (IIYKTYyallMd SHTPOIHH BO3MOXKHA, HO OHA TPENb-
SIBIISIET OYEHb JKECTKHe TpeOoBaHWs K oTOOpy. Kakmas cnemyromas
oTpuaTeNnbHas (IyKTyalus SHTPONHH, T. €. CIy4YallHOe YIopsaove-
HUE, JOJDKHO UMETh MECTO B TOW YaCTH CHUCTEMBI, KOTOpask UCTIbITala
mpemecTByomyo (iaykryaruro. CiyduBiieecs ymydllieHHe JOJHKHO
pacmpocTpaHUThCA Ha Bce MHOXKecTBO. OTpuIarenpHas (QIyKTyarms,
BO3HHUKIIAs B TOW YacTH CHUCTEMBI, KOTOpas He WCIbITaja Mpealie-
CTByIoIIeH (IyKTyaruu, He OyAeT WMETh SBOJIIONMOHHOTO CMBICIA.
OTcroa MpUHOMITAATBHAS HEOOXOIUMOCTh INMUMUHUPOBAHUS TIPE.-
IIIECTBEHHUKA M P APYTUX TPeOOBAaHWH, B TOM YHCIIE — DBOJIOIHUS
TOJIBKO ITyTeM OY€Hb HEOOJNBIINX IMOCIETOBATEIHHBIX N3MEHEHHH, —
XapakTepU3YIONIUX JIOTHKY TapBUHU3MA.

B Toit mepe, B kakoil J[lapBUHOBCKAasI KOHIIENIINA TPUMEHSETCS K
SBIICHUSIM aJIalTallii U OMOJIOTUYECKOTO Pa3HOoOOpasus, oHa crpa-
BE/IJIMBA U TIOATBEP)KIAETCS MHOTOYUCICHHBIMH HaOmonenusimu. Ho,
Kak Oo0IIasi TEOpHs JBOJIIOLUH, OHA CTAJKUBACTCS C TPYIHOCTSIMHU.
OTH TPYyIHOCTH, B KOHEYHOM CcHYETe, MPOHCTEKAIOT W3 TOTO, YTO
JapBUHU3M HE sIBIIsieTcsl Teopuel ynopsinodeHus. [loatomy, B 4act-
HOCTH, JApBUHHU3M OKa3bIBACTCSI HEMPOILYKTHBHBIM MPUMEHUTENBHO K
npobieMe NPOUCXOKICHUS JKU3HU.

Kaxk ormermim M. Cmut u E. Llatmapu: «Teopust spomonuu
MyTEeM €CTECTBEHHOT0 OTOOpa HE MpeACKa3bIBaeT YCIOKHEHUE Opra-
HU3MOB. OHa MpeAcKa3bIBaeT JIUIIb, YTO OHU OYIyT JIydllle BEDKHBATH
Y BOCIIPOM3BOJUTHCS B JaHHBIX ycioBusx» (Smith & Szathmary, 1999,
c. 15). B To e Bpems, HaubojIee OYCBHIHBIN U SIPKUH (DEHOMEH KU3-
HU COCTOUT B BBICOKOW TUIOTHOCTH YHOPSIOYEHUS JKUBOTO BEIECTBA
Y TIOCJIEZIOBATEIbHOM BO3pAcTaHUH YHOPSIOYCHUS B XOJ€ IBOJIOIHH.
JlomkeH CyliecTBOBaTh MOATOMY €CTECTBEHHBIH MEXaHH3M, KOTOPBIH
MpH  JOCTaTOYHO OOBIYHBIX YCIOBHAX, CHOcoOeH o00ecnednTh
SBOJIIOIUIO BEIIECTBA B CTOPOHY ymopsmodeHus. B nurteparype nme-
10TCS MoJienn camoopranm3anud. OHU BKJIFOYAOT MPEJICTaBICHUE
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0 ceneknuu myteM aBrokatanmmsa (Dyson, 1982; KaufTman, 1993),
B3aMMHOTO Kataiusa u perumkanuu (Eigen, 1971). CyTth ux cocTout
B TOM, YTO, €CITH UMEETCSI HEKOTOPOE MHOXKECTBO COCAMHEHHH, 00J1a-
JIAIOIINX KATATUTHYCCKUMH CBOMCTBAMHM, TO B3aUMOICHCTBUE MOMKET
MPUBECTH K BO3HUKHOBEHHUIO OMpEIENCHHBIX (HOPM YIIOpSIOUYCHHS.
OTH MOIeNd TMPUMEHUMBI K OTJEIBHBIM COOBITHAM OHOJIOTHYECKOH
sBomonmd. Ho oHm He 0oO0BsicHAOT camoil sBomonmu. U. Ilpuro-
kuHBIM K1 ero koiwieramu (Prigogin 1980; Glansdorff, Prigogine,
1971; Nicolis, Prigogine, 1977; Babloyanz, 1986) moka3aHo, 4To B
CYIIIECTBEHHO HEPABHOBECHBIX IMPOIECCaX BOZMOKHO BOZHUKHOBEHHE
TUCCHUITATUBHBIX  CTPYKTYp, SBJSIIOIIMXCS  IPOCTPAHCTBEHHBIMHU
CTpyKTypamu ymopsimodenus. OmHako, kKak oTMeTHn M.DiireH, npu-
TOXXHMHCKOE «MaKpPOCKOIIMYECKOE YTOPSJOYCHHE B T'€OMETPHIECKOM
MPOCTPaHCTBE (KOTOpOE mpearonaraer GopMUPOBaHUE IMCCHUITATHB-
HBIX CTPYKTYp) UMEET Majo aHAJOTHI ¢ (yHKIMOHAIHHOHN yIOpsmo-
yennoctrio» (Eigen, 1971, c. 35).

Snpom HacTosiIeH pabOTHI SIBISIETCSI IOUCK PEIICHUS TPOOIEMEI
IBOJIIOIIMOHHOTO  yIOpsAo4YeHUs. MBI HCIONb3yeM CHHOHUMHYHO
MOHATHUSA: YMOPSIOUECHUE, HU3KOIHTPONUUHBIA TPOAYKT, Tpe-
MUCAHHOCTh TOBEACHHUS, OrPAaHUYCHHE CBOOOJBI B3aUMOJCHCTBHUSA,
(yHKIMOHANBHOE COOTBETCTBHE. [IpOM3BOJILHO MPOTEKAOUIME MpO-
[EeCChl XapaKTePU3YIOTCS TOJIOKUTEIBHBIM TMPOU3BOJICTBOM JHTPO-
nuu: a = XJ, T.e. COBNAJICHUEM 3HAKOB 0000mieHHO# cuibl (X) u
BbI3bIBacMOT0 ero motoka (J). TIporecc ymopsiioueHus MOKHO B
o0mieM ciy4ae OXapakTepU30BaTh OTPHUIIATEIILHBIM ITPOU3BEACHUECM
cuibl U motoka: {—X'J'}.

Takol TpoIEeCC MOXKET OCYHIECTBISTHCS TOJNBKO B JIOKATBHOM
(MHKpPOCKOIMYECKOM) COTPSDKEHHH C MPOLECCOM, XapaKTepU3yro-
HIAMCSI TIOJIOKUTETBHBIM TIPOU3BOJICTBOM SHTPOIHH, TakK, 4T0 XJ + (—
X'JY) >= 0. [ocneqHee HEPaBEHCTBO OTBEYAET TPEOOBAHHIIO BTOPOTO
3aKkoHa TepMoanHaMuKH. Ciy4an MOZOOHOTO COTPSDKEHUS — JIWC-
MIPOMIOPIIMOHUPOBAHUS SHTPOMUN — JIOCTATOYHO PACIPOCTPAHEHBI B
npuposae. OHAKO OTAENBHBIC SMU30IbI YIIOPSAOYCHUS HE OOBSICHSIIOT
SBOMIONMIO. {711 TOrO 4YTOOBI BO3HHKIIO ABOJIOIMOHHOE YHOPSIO-
YeHre, He00XO0IMMO TaKOe ero MPOHM3BOICTBO, P KOTOPOM MPOIYKT
OITHOW CTYNEeHH YTIOPSAOYCHHUS MOT OBI CTaTh MCXOTHBIM JIJIS IPYTOHA.
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"YcnoBusa AN 3TOTO BO3HUKAIOT MPH BKIIOYEHUH Ipoliecca Juc-
MPOMOPLHOHUPOBAHNS SHTPOIIMU B CTAllMOHAPHYIO CHUCTEMY HeoOpa-
TUMBIX peakuuidi. M3 TepMoauHaMUKH HEOOpaTHMBIX MPOLECCOB U3-
BECTHO, YTO CTallMOHAPHOE COCTOSHUE SIBISIETCS YCTOMYMBBIM U Xa-
paKkTepu3yeTcss MHUHUMYMOM IIPOM3BOJCTBA JSHTponuu. S mblTancs
[I0Ka3aTh, 4YTO CTPEMIICHHE CTALMOHAPHOW CHUCTEMBI K MUHUMYMY
IIPOU3BOJCTBA SHTPOIUH, B IMPUCYTCTBUU XMUMHUYECKH COIPSKEHHOMN
SHEPTOBBLACISIIONIEH peakiy, 00eceunBaroIeil AUCIPOIOPLUOHH-
pOBaHMUE HHTPOIUH, ONPEACIIET TEPMOIAUHAMUYECKYO BO3MOXKHOCTh
MPOU3BOACTBA HU3KOIHTPOMMHHOTO MNpoAaykTa. CyIiecTBEHHO, 4TO
HPOIYKT OAHON CTAllMOHAPHOM CUCTEMBI MOXKET CTaTh UCXOAHBIM JUIS
cienymoomei cuctembl. Pa3BuTHe mnocienoBaTeNbHOM Iienmu (CEeTH)
CTal[MOHAPHBIX CUCTEM S PACCMATPUBAK KAK IYTh 3BOJIIOLUOHHOTO
yIOpsAOYeHUs, KaKk B OHTOreHe3€e, TaK U B (PUIIOTeHe3e.

KonuenryanbHbIil TEHTMOTHB AaHHOW PabOTHI COCTOUT B yTBEp-
KIICHUH, YTO SBOJIOIMOHHOE yMOpsAoueHHe obecreunBaeTcsi coye-
TaHUEM INPOU3BOACTBA HU3KOIHTPOIHUIHOIO IPOAYKTa U IIPOLECCOB
utepauun. Mrepanus, T.e. IPOU3BOICTBO cebe MOMOOHBIX CTPYKTYP,
IPOSIBJISIETCS. B IIUPOKOM JMAIIA30HE SBICHUM OT MOJIEKYJSIPHOIO
ABTOKAaTalIu3a 0 IPOLECCOB Pa3MHOXKEHUS OPraHU3MOB, CMEHBI I10-
KosieHu# U T. 1. [lpouecc ynopsmoueHuss MOXKeT OBITh JIOKaJTM30BaH
Ha OJHOW €JUHCTBEHHOHU MOJeKyie. BrIBeicHEe MUKPOCKOIIMYECKOTO
YIOPSAOYEHUS] Ha MAaKPOCKOIIMYECKUH YPOBEHb TpeOyeT BKIIOYCHHUS
MEXaHM3Ma aBTOKAaTaJIN3a U PEIUINKaLUH.

HeobxoauMoli MpeamnochUIKOi MPOW3BOJICTBa HU3KOIHTPOIIHIA-
HOTO TIPOJAYKTa B CTallMOHAPHOW cUCTeMEe HEOOpaTUMBIX peakLuit
SBIISIETCSl TOAKIIOYEHUE K CHUCTEME peakuuu, oOnajaromei psaoM
YHUKAJIBHBIX CBOWCTB: 1) OHa MOKHA OBITH BHICOKODHEPreTHUECKOH,
9T00BI TTIOAJCPKUBATH CTAIMOHAPHOE COCTOSIHUE HEOOpaTHMBIX MOTO-
KOB; 2) OHa JOJDKHA 00ECIeYnTh MOTOK OTPHLATENBFHON SHTPONUU B
cucteMy; 3) OHa JOJDKHAa XHMHYECKH CONPATaTbCsi C PEaKLUsIMH,
MPOTEKAIOIIMMH B crcTeMe; 4) OHa AOJDKHA MPENIIecTBOBaTh OHOJIO-
THYECKOH SBOJIONH, T.€. OBITH MIPUCYIAa HEOPTAaHUIECKOMY MHPY,

XVMMUYECKON pEaKUUel, YIOBIETBOPSIOLIEH O3TUM YCIIOBUSM,
ABJISIETCS peakuus ¢ ydactueM aneHosuntpudochara (ATP). B stoit
CBSI3H, B IVIaBe 3 paccMaTpUBAETCsl BO3MOKHOCTh aOMOT€HHOTO CHHTE3a
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ATP, kak xiroueBoro npegouonorunyeckoro coeaunenus. Cuare3s ATP
SIBIISIETCSl BIIOJIHE JIOTMYHBIM PE3YJbTaTOM XHMHUYECKHX MPOLIECCOB,
KOTOpbIe MOTJIM OCYIIECTBISThCS Ha paHHEW 3emje mpH ompexe-
JICHHBIX YCIOBHAX. XOTS aleHO3UHTpU(pochaT AOCTATOUHO CIOXKHAS
MOJIeKy1a, 00e OpraHMYecKHe €€ COCTABISIOMINE — aJeHUH U pHOo-
32 — UMEIOT OTHOCUTEIBHO MPOCTON IMyTh CHHTE3a. AJICHUH — MpO-
nykt nonumepmsauun HCN, a pubo3a — mpoayKT moduMepu3aliu
dbopmanpreruna HCOH. Omnako B aOMOTEHHOM CHHTE3€ aJcHO3-
uHdocdara umeercs psa 0COOCHHOCTEH, HANATAIOMIUX OrPaHUYCHUS
Ha FeOXUMHUYECKYI0 00CTaHOBKY €ro 00pa3oBaHMsI.

Cuntes popmanpaeruna gerko uaet B npucytctBun C0; 1 BOJBL
HampoTuB, cunTe3 ageHnHa TpeOyeT BBICOKO BOCCTaHOBUTEIBHON
obcraHoBku. [axe, ecnmu numepsl HCN u ¢dopmanpaerun cunTe3n-
pyeTrcsi OMHOBPEMEHHO, OHU CKJIOHHBI K B3aMMOJCHCTBHIO ¢ 00pa-
30BaHMEM LUAHTHIPWHA, YTO OJOKHMPYET NaIbHEHIINA CHHTE3 aje-
Ho3uH(ochaTa. [losToMy cHHTE3 afeHUHAa W pUOO3bI TOJKHBI OBITH
TEOXUMHUYECKH Pa300IIeHbl. AICHMH — €IWHCTBEHHOE HYKJIEHHOBOE
OCHOBaHHE, KOTOpPOE HE COACPKUT B CBOEM COCTaBe aTOMOB
KUCIJIOPOZa ¥ MOKET OOpa3OBBIBATHCS B CTPOrO BOCCTAHOBHTENHHON
cpezne. YcloBHE T€OXMMHYECKOTO pa30O0IIEHUs] BBITIONHACTCS, €CIIU
azieHuH GopMUpoBaics B atMocepe, B TO BpeMsi Kak 00pa3oBaHHE
¢dopmanpaeruia U ero mocieayrouias MOJUMEpU3anus 10 pHOO03bI
NPOUCXOJWIN B BOIAHOW cpene (B MPHCYTCTBUM MUHEPAJBbHBIX KaTa-
nu3atopoB). [loctymnenue anenrHa U3 aTMocepbl B BOIOEMBI U B3a-
UMOZEUCTBHE ero ¢ pubo3o-¢pochaTom 3aBepiano GopMHUpOBaHKE
aneno3uHpocharos.

OcTtaeTcsa OTKPHITHIM BONPOC: WTpall Ju aaeHo3uHTpudochat
poib mpeoOpaszoBartelisi CBETOBOW 3HEPTUU B XMMHUECKYIO, HEOCpe-
CTBEHHO WJIM C Y4acTHeM ApYrux cTpykTyp? Hackoibko ycTOHYMBEHI
azieHo3uH(ocPaTsl B BOAHOW Cpesie, MOTJIM JI OCYIECTBIATh cTabu-
JM3UPYIOLIYIO pOJib TUAPOoPoOHbIe TuieHKH? OTBETHI Ha STH BOIPOCH,
OYEBHIHO, MOTYT OBITh OJTYYEHBI IKCIIEPUMEHTAIBHO.

Tak nnm uHAYe, CUHTE3 aJeHO3MHTpUdOCchaTa NpPenCTaBISIeTCs
HEOOXOANMON MPEANOCHUTKON 3apOKICHUS U Pa3BUTHUS HBONIOLUOH-
Horo npotecca. [loatoMy s Has3biBatro ero mosiekynoi Ne 1 Ha myTH
3apOXKIEHHUS U SBOJIOLIH KU3HU.
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BoccranoBieHHbI XapakTep atMocdepbl He SBJIsETCS OOLIeTpH-
HSTBIM TPEACTAaBICHUEM O COCTaBE MEPBHYHON aTMOC(epbl 3eMIIH.
Habmonaemoe pacnpenenenue cuaepoGUIbHBIX 3JIEMEHTOB B MAHTUH
U e¢ OTHOCHTEIIbHO BBICOKHI OKWCIMTEIbHBIM TMOTEHIHMAN, OTBe-
garomii QFM-Oydepy, nmpoTrBopedaT BO3MOKHOCTH CYILIECTBOBA-
HUSI BOCCTaHOBHUTENBbHOW atMocgepbl. Cuntaercs Taxke, 4to CHy u
NH; Obictpo moasepriamch Obl ortoaucconuanun. OgHAKO B IIO-
clienHee BpeMsi ObIJIO MOKa3aHO, YTO OKHCIUTENBHOE COCTOSHUE MaH-
TUU SBOJIOLHOHUPOBATIO M €€ MEPBUYHOE COCTOSHUE MOTJIO OBITh
BocctaHoBieHHbIM, a CHy m NH; B atmocdepe mormu ObiTe ¢ho-
TOSKPAHUPOBAHBI a3P030JIeM, COCTOSIIMM M3 YacCTHIl ITOJMMEPHOTO
oprannyeckoro BemecTBa. O0orameHHOCTh KapOoHaToB Mapca Ts-
KeJIBIM U30TOIOM YTJIEpoJia TaKKe SIBISIETCS CKOpee CIEeICTBUEM TIpe-
obnamanus CH, u CO nag CO, B nepBuyHOM arMocdepe Mapca, uem
nuccunatuBHbiME oTepamu CO, (Galimov, 2000). I[Tostomy, Bonpeku
CIIOKHMBILIEMYCS ~ IPEACTABICHUIO, BOCCTAHOBICHHOE COCTOSIHUE
NEepBUYHON aTtMocgepsl 3eMiIM BIIOJIHE BEPOATHO, XOTS B IIEJIOM
npobjeMa cocTaBa paHHUX aTMocdep 3eMiid U MJIaHeT Hy)KIaeTcs B
OCHOBAaTEIILHOM H3Y4YCHHUHU.

[lonnmanne MexaHW3Ma BO3HUKHOBEHHS PEIUTUKAIlMA B XOJ€
SBOJIIOLIMM, MHOTUMH HCCIEAOBATEISIMH OTOXIECTBISIETCS C COO-
CTBEHHO PELICHUEM MPOOIEMbI TPOUCXOKIACHHS KHU3HH. Y JeNsieMOe B
JUTEpaType BHUMAaHHUE SIBICHHUSAM aBTOKaTajdW3a W pEIUTUKAlUKA B
KOHTEKCTe NpoOIeMBbl MPOUCXOKACHUS KHU3HM onpaBaaHo. OHHU
JEeUCTBUTEIBHO WTPAIOT KIIO4EBYI0 poiib. Ho He moTomy, uTo B pe-
TUIMKAA COCTOUT ()EHOMEH >KU3HH, a NOTOMY, YTO aBTOKAaTalHu3 U
perMKanus — HEOOXOOUMBIH 3JIEMEHT TpaHcHOpMalUH aKTa YIo-
psloYeHHS Ha MUKPOCKONMYECKOM (MOHOMOJIEKYJISIPHOM) YPOBHE B
MaKPOCKOITUYECKOE COOBITHE.

B cooTBeTCcTBHM C JOTUKOW HM3JIaraeMoil KOHLETIIWU T'€HETHYe-
CKHH KOJ paccMmaTpuBaeTcs Kak ONOCPEICTBOBAHHBIM aBTOKATAIU3
MOJMIENTHIOB Yepe3 HYKJICOTHAHbIE NOCleNoBaTeIbHOCTH. EanH-
CTBEHHBIM COEIMHEHUEM, KOTOpOE 00J1alaeT YHUKAJIbHBIM CBOMCTBOM
OCYLIECTBIIATh (DYHKLIHUIO COOTBETCTBHUS MEXAY CTPYKTYPHBIMH (Op-
MaMH HYKJIEHHOBBIX OCHOBaHHUH M CTPYKTYPHBIMH (OpMaMu aMHHO-
kucinor, sensercs t-PHK. CymiecTByIoT npu3Haku, CBUAETEIbCTBYIO-
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mue o BechbMa paHHeM Bo3HUKHOBeHHH t-PHK-momoOHBIX Momnexyd.
Ilo cBoeMy 3HaueHHIO B HCTOPHH CTAaHOBJIEHHUS OEIKOBO-HYKJICH-
HoBoro tuna xu3Hu t-PHK, Tounee ee mpoToTum, mpencraBusercs
Moutekynoi Ne 2.

[Ipennaraemass KoOHIENIUs SBISETCS KOHLEMIUEHN ymopsioue-
Hus BooOme. OHa He obOpaleHa K OHOJIOTHYeCKOMY YIIOPSA0UEHHIO
Tonbko. IloaToMy OHa MO3BOJSET paccMaTpuBaTh B OAMHAKOBOM
KIII0Ye KaK MEXaHM3M 3apOXIEHHS XKU3HH, T.€. MEXaHU3M YIOpsIo-
YeHUS! B MEPBUYHO aOMOTEHHOM MHpE, TaK U COOCTBEHHO OMOIIOTH-
4yeckoe pa3BUTHE. BrITekarolye M3 Hee HBOJIOLMOHHBIE MPHUHIUIIBI
OTJIIMYAIOTCS OT AaPBUHOBCKHUX.

Tak kak HanOoiee SKOHOMHBIM CIIOCOO MPOM3BOACTBA HHU3KO-
SHTPOMUMHOTO MPOAYKTAa COCTOMT B KOMOWHHPOBAaHUH YXKE HMEIO-
LIUXCS HU3KOIHTPONUUHBIX CTPYKTYpP, 3BONIONMS B HalleM IOHHU-
MaHHM JOJKHA MPOUCXOJIUTH HE TOJBKO U JIaXKe HE CTOJBKO IyTEM
MaJIBIX M3MEHEHHH, CKOJBKO CKayKaMH, O0O0YyCIOBIEHHBIMH HOBBIMHU
COYETaHUSIMH CTapbIX CTPYKTyp. OTO OTHOCUTcA K reHam. HoBble
KOMOHMHAIIMM TE€HOB MOTYT BECTH K PE3KMM M CYLIECTBEHHBIM (e-
HOTUIIMYECKUM M3MEHEeHUsIM. Hannuue oHaKoBbIX T€HOB B TEHOMAaxX
OpPraHU3MOB HE 00s3aTENbHO CBUIETEIBCTBYET O MPUHAIIECKHOCTH K
o0IIeii BETBH 3BONIOLMOHHOIO JpeBa. ['€HOMBI OpPraHW3MOB MOTYT
4yeprnaTh TeHETHMYeCKHH MaTepual H3 OOIIero TeHHOro IyJia
ouocdepsl. DTO coriacyercs ¢ HapacTalOUIMM B IMOCTETHEE BpPEMs
qucIoOM HaOmoAeHui (10 Mepe paciUQpOBKH HOBBIX T'€HOMOB),
CBUICTENBCTBYIOUINX O TaK Ha3bIBAEMOM TOPHU30HTAJILHOM IEPEHOCe
reHoB. Bo3MOXXHOCTE KOMOMHATOPHON SBOJIOIMU JAcT HOBBIH yroj
3peHns1 mpobieMe BUAOOOpa3oBaHWsA. B dYacTHOCTH, BO3HHKaeT
BOMPOC O BO3MOXKHOH pOJM B BUA00OPa3OBaHHU PACCESIHHOTO
TeHETHYEeCKOro Marepualia, HaxoZsmerocs B (popMe BUPYCOB, IUIA3-
MUJI, UHTPOHOB.

CBOICTBOM 3BOJIOLMH, Pa3BUBAIOLICHCS MyTeM KOMOMHAIMOH-
HOTO YIOPSIOYEHUS, NOJDKEH OBITh SBOJIOLMOHHBIA KOHCEPBATH3M.
OBOIOLIMOHUPYET TO, YTO YK€ €CTh, KOMOMHUPYIOTCS T€ COUYETaHMUs,
KOTOpBIE K JTaHHOMY MOMEHTY BO3HMKJIU. OTCI0/1a, C OHON CTOPOHHI,
Hen30eKHbIE OBOJIOLMOHHBIE YNyIleHHs ¢GOpM W BapUaHTOB
YIOPSAOYEHUs], KOTOpBIE ObLIN B IPUHIIMIIE BOZMOKHBI,
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HO HE PCAM30BAHBI, C IPYroll — W30BITOYHAS CIOKHOCTH OHMOJIOTH-
YEeCKUX CTPYKTYp. HecMOTps Ha BOCXUTHTEILHYIO W300pETaTeIbHOCTh
TIPUPOJIBI, CO3/IaBIICH XUTPOYMHBIC OMOJIOTHYECKHE MEXaHU3MBbI, aHa-
JIM3 MOKAa3bIBAET, YTO MIOYTH BCETIA TOT KE PE3yJbTaT MOXKHO MOIYYUTh
Oosiee MpOCTHIMU cpefcTBaMu. [Ipupona 94acTo muia MyTeM HCIOJb-
30BaHUsl «T'a30HOKOCWIIKM BMECTO BEHTUJISATOPA», adalTHUPYs K HOBOM
(byHKIIUY yKEe UMEIOIINECS MEXaHU3MBI.

MyTanus B Haileil HHTepIpeTali He sSBIsSeTCs (GaKTOPOM 3BO-
mouuy. OHa UMEeT aJanTallMOHHOE 3HAaYeHHe. Teopusi reHeTHYecKo-
ro apeiipa Kumypbl n HaOrOICHUS, HA KOTOPHIX OHA OCHOBBIBACTCS,
B MOJIHOM 00bEME BITUCHIBACTCS B HAIly KOHIIEHIIMIO 3BOIIOIIMOHHOTO
ynopsioueHus. CyIIecTBEHHBIM OOIIMM IMOJIOKEHUEM SBIISIETCS TO,
YTO B OTVIMYKE OT JAPBMHOBCKOW KOHLIENIINH, SBOJIIOLMOHHOE YIIOPS-
JIOYCHHE HE TPeOyeT AMUMUHAPOBAHUS TpeANIeCTBeHHUKA. 3 Teopun
9BOJIIOLIMM YCTPAHSETCS TOT «aMOPAJIbHBIN» aclEeKT, KOTOPBIA 3acTa-
Bun JI. JlenHera Ha3BaTh JNapBUHU3M OJIECTSINEH, HO OMACHOW uaeei
(Dernet, 1995).

CyliecTBOBaHHE UHTPOHOB IIOXO COTJIACYETCS C JApBHHU3MOM.
W36eiTounyro JIHK, He naromiyro CENeKTUBHBIX IMPEHMYINECTB €€
HOCHUTENIO, CTalld PacCMaTpUBaTh KaK I'€HETUYECKUA MYCOp, XOTS C
TOYKH 3PECHUS KOHIEHINK €CTECTBEHHOTO 0TOOPa HE OYCHb JIOTHYHO,
4T0 0OO0JIee BBICOKOOPTaHU30BAaHHBIE OPraHU3MBI COJEPIKAT OOJbIIE
Mycopa. Emie xyske, eciau MHTPOHBI BCE )K€ MMEIOT 3BOJIOLMOHHBIN
CMBICTI. JTO O3Hauyano Obl, YTO DSBOJIOIMS OCYIIECTBISETCS 0e3
€CTECTBEHHOr0 0TOOpa. JIMOO HYXHO NPUHATH NPEACTABICHHE O
HedeHotunuyeckom otbope. [locneanee Haumo oTpakeHHE B UAee
«3TOUCTUYHOTO T€HA» — MOJICKYJIIPHOW OOpBOBI 3a CYIECTBOBAHHE
BHYTpU XpoMOCOMBI. IIpu 3TOM reHam NOpHUXOAWTCS NPUIKCHIBATH
CBOMCTBA, HAPUMED, KEJIAHUE KaK MOXKHO Yallle BOCIPOU3BOAMUTHCH,
BBIXOJAIINE 32 pa3psia (PU3NKO-XUMHUCCKUX CBOWCTB OPraHUYECKHX
MOJIEKYJI. TO OAYXOTBOPEHUE MOJEKYJ HE CIMIIKOM OTIMYAETCS OT
KpealuoHu3Ma.

KoHuemniust 3BOMIOLMOHHOTO YHIOPSAOYCHUS, B OTIUYHUE OT Jap-
BHHHU3Ma, JIETKO COTJIaCyETCsl C SKCOH-UHTPOHHOW CTPYKTYpOM I'€HO-
Ma. Mepoii yropsiioueHus BisieTcs (PyHKIIMOHATBHOE COOTBETCTBUE,
a He (eHoTHUNHMUecKas TMoyie3HOCTh. COOTBETCTBYIOIIAs (DYHKIUS
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MOXeT ObITh (PEHOTHUMHWYECKH He BBIpaXkeHa. [l03TOMy co3maHue
HU3KOIHTPOMUHAHOTO MPOAYKTA M €r0 SBOJIOIMOHHOES COXPAaHEHHE HE
HYKTAI0TCS B BEpU(DUKAIIMHA €CTECTBEHHBIM OTOOPOM.

C TOYKH 3peHMs TapBUHHU3MA, CTPYKTYPHI HE MOTYT 3BOJIIOIIHO-
HUPOBAThH 0€3 MPAMON (HEHOTHITHUECKON MONB3bI — TOJBKO MOTOMY,
YTO OHM MOTJIM OBbI OKa3aThCs TOJIE3HBIMU B OyayiieM. B koHmenwm
SBOJIIOLIMOHHOTO YITOPSOYCHHS ATO BIIOJIHE BO3MOXKHO. bosee Toro,
JIATEHTHOEC HAKOIUIEHHE (YHKIIMOHANBHBIX COOTBETCTBHHA MOXKET
BOIUJIOTUTBCSA B CYIIECTBEHHO HOBOE (CHOTHITHUECKH BBIPAKEHHOE
CBOMCTBO. DTO CPABHUMO C BBIMTPHIIIEM B UTPE B JIOTO.

Eie ojiHa BaXkHasi MBICHb, IPOBOAUMAsT B TOM pabote, — mpes-
CTaBJICHHE O CYIICCTBEHHOW JIMHEHHOCTH OMOJIOTHUECKUX TPOIIECCOB.
TeopemMa 0 MHHHMyME TMPOW3BOJCTBA DHTPOIHH, HA KOTOPYIO MBI
OTMUpaeMcsl, CTIpaBe INBa JIUIIIb B 00IaCTH TUHEHHON HepaBHOBECHON
TEPMOJUHAMHUKH, T. €. B YCIOBHSAX, KOIJIa BEIWYMHA [OTOKA
(CKOPOCTH peakiyi) JIMHEHHO 3aBUCHUT OT CHJI, BBI3BIBAIONIHX COOT-
BETCTBYIOIIHH MOTOK. DTO 3KBUBAICHTHO TPEICTABICHUIO O TOM, UTO
XMMHYECKHE PEeaKI[M OMOCHHTE3a, XOTSA M SBISIFOTCSA HEPaBHOBECHBI-
MU, HO OCYIIECTBIIIOTCS B YCIOBHAX, HEJAJICKUX OT paBHOBeCHs. biu-
30CTh K PABHOBECHIO O3HAYAET MPHUCYTCTBHE 3aMETHOTO KOMIIOHEHTA
obparumoctu. [IpUCYTCTBHE 3TOTO KOMIIOHCHTA MOXET OBITh yCTa-
HOBJICHO IO XapaKkTepy ECTECTBEHHOTO PaclpeieiCHHUS CTAOMIbHBIX
M30TOIOB yriiepojia B OMOJIOTHUYECKUX CUCTeMaX. PacmpenencHue u3o-
TOTOB HAXOAUTCS BHE MOJIsI (PEPMEHTATHBHOTO KOHTPOJIs. VI30TOMHBI
COCTaB HE KOAMPYETCS, HET M30TOIMHO-CHEIU(PUICSCKUX (HESPMEHTOB.
ITosTOMYy, €clni XUMHYECKHUE TPOIECChl B OMOJOTMYECKUX CHCTEMAax
HEJANeKo yIaleHbl OT PABHOBECHS, 3TO JODKHO MPOSBUTHCSA B TEH-
JICHIIMM K PABHOBECHOMY (TOUYHEE, TEPMOTHHAMHUYCCKHA YIOPSIOYCH-
HOMY) pachpeieieHuio u3oTomnoB. [lomoOHoe sBIeHHE OBUIO HAMH
obHapyxeHo. U3I0KeHHe COOTBETCTBYIONIMX OKCIEPUMEHTATBHBIX
JAHHBIX ¥ TEOPETHUYCCKUX TTONOKEHHIA BHIHECEHO B OTAC/IBHYIO TJIABY
5. CyTh B TOM, YTO HabOromacMasi SKCIEPUMEHTANBHO KOPPEIISIIHs
M30TOITHOTO COCTaBa yriepoaa OGHOMOJIEKYJI C TapaMeTpoM, XapakTte-
PH3YIOIMM paBHOBECHOE pacmpeencHue uszoronos (/3PC-dakrop),
OTBEYACT TCOPETHUYCCKH CIYYal0 CTAIlMOHAPHON CHCTEMbI HEPaBHO-
BECHBIX TPOIIECCOB, HE CIHUINKOM yIAIEHHBIX OT PABHOBECHS, T. €.
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COTJIaCy€eTCs € YCIIOBUSIMH, IIOJIOKEHHBIMU B OCHOBY IIPEIJIOKEHHOMI
B 3TOH pabOTe IBOIOLMOHHOIN MOJIEIH.

@®pakTanbHOCTh, CBOWCTBEHHAs! MHOTUM OHOMOP(GHBIM CTPYKTY-
paM, IOHATHA KAaK PE3yJIbTaT 3BOJIIOLUOHHOIO ynopsiouyeHus. B Hel
IIPOSIBJIICHBI €70 OCHOBHBIE IPHHLMIBL IIPEANHUCAHHOCTh IOBEICHUS
(B BUAE MPOCTBHIX MPaBUJI I'€OMETPUUYECKOIO MOCTPOEHUS) U NPOU3-
BOJCTBO ceOe MOAOOHBIX CTPYKTYp (reoMeTpuueckas opma aBTOKa-
tanu3a). C JapBUHOBCKUM €CTECTBEHHBIM OTOOPOM (PpakTaabHOCTH
CBs3aTh TPYAHO. BeTBieHUE nepeBa JaeT CEIeKTUBHOE IIPEUMYIIECTBO,
MIOCKOJIbKY OOJIBILIE JIMCTBEB IMOJYyYaeT OCTYH K CBETY, a BETBICHHE
KopaJuia o0ecreyrBaeT JOCTYIl K OoJbllieMy 00beMy MHUTAaTENIbHBIX Be-
niecTs. Ho 3T0 MpeuMyIECTBEHHO BBIABISETCS, KOTJa CTPYKTypa yxkKe
BO3HUKJIA Kak 1enoe. I1o myTu k Hell 3BOMIIOLUS TOJDKHA IIPOUTH Yepes
¢dopmbl, peHoTUIIYEeCKask TIONE3HOCTh KOTOPHIX HE BBIpaKEHa — TaK
ke, KaKk B CIydyac MHTPOHOB. Bo MHOTUX Ipyrux ciydasx Qpaxraib-
HOCTb HE CBf3aHa C CEJICKTUBHBIM IPEHMYIIECTBOM, HO y3HaBacMma
Kak (hopMa OnpeIeIeHHOTO TUTIa YIIOPSAOUYCHHUS.

IIpuHnunuansHOe pazauure MexAy JApBUHU3MOM U KOHIEIIU-
€l eCTECTBEHHOI'O 3BOJIFOLIMOHHOIO YIIOPSIOYEHUS BBIABISETCS B OT-
BETE Ha BOIIPOC: BO3MOJKHA JIM 3BOJIOIHS B YOJOBHUSIX HEU3MEHHOCTH
BHEIIIHEH Cpeibl M OTCYTCTBHM PECYPCHBIX OTpaHMYeHHuit? MbI Tpak-
TyeM YNOPSIOYEHUE, ITPOU3BOJACTBO HU3KO3HTPOIMMHOIO MPOLYKTA,
KaK KaTeropuy, MMMaHEHTHO IIPHUCYILKE OIPEIEICHHOMY Kiaccy Mpu-
POAHBIX IPOLECCOB. SIBIeHUE YyNOPSALOUYEHUS HE 3aBUCUT IPHUUYUHHO
OT U3MEHEHHMM BHEIIHeW cpenpl. Hanmnume n3MeHeHUH, orpaHudYeH-
HOCTb JIOCTyIIa K TEM HJIM HMHBIM BELIECTBAM, OTCIOAA €CTECTBEHHBIN
0TOOp, BIMAIOT HAa pe3yNdbTaT YMOPSAOYEHHS, BUIOWU3MEHSIOT ITyTH
IBOJIIOLUH, HO HE ONPEACISIOT «OBITh MM HE OBITHY IBOJIOIUOHHOMY
YIOPSAIOYEHUIO. J[apBUHOBCKAas SBONIOLMUS, HANPOTUB, IPUHIMIIN-
albHO YBs3aHa C HEOOXOJIMMOCThIO M3MCHCHUU BO BHEIIHEH cpeje.
Ee MexaHM3MOM SIBISETCSI KOHKYPEHLUS 332 UCTOYHUKH CYLIECTBOBA-
HUS, €€ pe3yJbTaTOM — BBDKUBAHUE HAMIYYIIAM OOpa3oM MpPHUCIIO-
COOMBIIMXCS K CYIIECTBOBAHUIO B JaHHOW cpene. DBONIONNS MOXKET
JIBUHYTBCS JajibIlle, €CIM M3MEHWIACh cpela U BO3HHUKIA HEOOXOmIH-
MOCTb TPHCIIOCOOUTBCS K HOBOH 0OCTaHOBKE. S1 MPUBOXKY MpHUMEPHI
OMOJIOTHYECKON 3BOMIOLIMHU B OTCYTCTBHUM U3MEHEHUI BHEIIIHEH cpe/Ibl
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Y BHE JIEHCTBUS MEXaHHW3Ma €CTECTBEHHOTO oTOopa. OMHAKo 3Ta CTO-
poHa MpoOJIEeMBI 3aCiTyKHMBaeT OoJjiee TIIATEILHOTO aHam3a. HyKHbI
HOBBIE MaTE€PHAJIbI, B TOM YHCIIE Ja00paTOPHBIC IKCTICPUMEHTEI.

Haxkowern, emie pa3 moquepkHeM, 4TO JaPBHHHU3M HE TOXKICCTBEH
MOHATUIO ©CTECTBEHHOro oTOOpa. EcTecTBeHHBIH 0OTOOp SBISACTCS
MPUPOJHBIM MEXaHU3MOM, CBSI3aHHBIM C TAKMMH (U3HUSCKHUMHU Ka-
TErOPUSIMH, KaK YCTOHUUBOCTH, TpaHC(hepadeabHOCTh, PEaKIIMOHHASL
CrocoOHOCTh M T. . OH HEUTpaJeH MO OTHOIICHHUIO K JIIOOOMY 3BO-
JFOIIMOHHOMY MexaHu3My. OH He sBisieTcss (PakTopoM YIOpsIIOYCHHS.
EcrecTBeHHBIH OTOOP COMPOBOXIIACT KaK MPOIECCHl YHOPSIOUYCHUS,
TaK ¥ MPOIIECCHI IC3UHTETPAIUH U pacaja.

Habmrogaemast Grostornueckast SBOJIIONMS, T. €. HaOJIIogaeMoe u3-
MEHEHHUE CO BpeMeHeM (GopM, QYyHKIMH pa3HOOOpa3usi OpraHM3MOB,
OTpeNeIsIeTCss He TOJIbKO yrhopsmoucHreM. OJHOBPEMEHHO C yIops-
JIOYEHUEM JICHCTBYET TCHICHIMS K Pa3yHOPsJI0YCHUIO, Jerpajaliu
(B KOTOpO# OoJice yCTOWYMBBIE KOMIIOHEHTHI OOHAPYKHMBAIOT CEJICK-
TUBHOE TpeumyiiecTBo). OHa HE MOXKET MPUBECTH K 00Jee BBICO-
KOOPTraHW30BaHHBIM (OpMaM, XOTS Takke (OPMUPYET JIUK OHOTHI.
VIMeHHO ¢ 3TOW CTOPOHOM SBOJIOIMHU CBsI3aHAa O0JIACTH MPUMCHH-
MOCTH U CIPaBEIMBOCTH JAPBHHOBCKON KOHIICMIIUH KOHKYPEHTHON
ajianTanuy, 0T00pa U MPOUCXOKICHHS BUIOB.

CraroHapHbIe CHCTEMBI 00J1aJaf0T BBICOKON yCTOWYMBOCTBIO U
THOKOCTBIO, TOKA BBITIONHEHBI 00S3aTENIbHBIC YCIIOBHS CTallMOHAp-
HOCTH: TIPUTOK SHEPTHU U 0OMEH BeriecTBoM. Hapyiienue 3Tux ycio-
BUIl 3aKpBIBAET MyTh CUHTE3a HU3KOSHTPONUWUHBIX CTPYKTYp, U CH-
creMa THOHET. JKUBBIE CHCTEMBI 3aHUMAIOT y3KYIO HUIIY COCTOSIHUM
BEIIECTBA. DTO — WTEPAaTUBHBIC CTAIIMOHAPHBIC CHCTEMbI HEOOpaTH-
MBIX TIPOIIECCOB, MPOTEKAIONINX B JIMHEHHON OOJIACTH COOTHOIICHHIMA
CWI ¥ MOTOKOB. Ho B HUX Bcerjia HEyCTpaHUMO MPHUCYTCTBYIOT dlie-
MEHTBI 00PaTUMOCTH U HenuHeHHocTH. OOpaTUMOCTh BEIET K PaBHO-
BECHIO0. XUMHYECKOE PAaBHOBECHE — CMEPTh JKHUBOM cHCTeMbl. JKU3Hb
MPEJICTABISACT HEMPEPBIBHYIO OOpHOY C MEpexofoM B PaBHOBECHOE
cocTosiHue. HelMHeHHOCTh B YCIIOBHSX HMTEPATHBHOCTH OHOJIOTHYE-
CKUX MPOIIECCOB BeJEeT K HAKOIUJICHUIO WUTEPATUBHBIX OIIMOOK, YTO
BEJICT K 3aBEPIICHUIO SBOIONUH YIOPSIOYCHUSI HA Pa3HBIX YPOBHSX:
MOJICKYJIAPHBIX CTPYKTYpP, OpPraHn3MoB, BUAOB MU B KOHCYHOM HUTOIC
ourocgepsl B 1IETIOM.
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