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IpoaHanu3npoBaHbI MaTepUAIbHBIE U SHEPreTUUECKUE PECYPCHI, CIIOCOOHBIE 00ECIIEUNTh Aa0MOTUUECKUIE
CUHTE3bI BEILIECTB, U3 KOTOPHIX CHOPMUPOBAIMCH MpeadnoIornyeckme cTpykryphol. [IokazaHo, YTO OCHOB-
HBIMM MCXOIHBIMU BEILIECTBAMU MOIJIA OBITh OMHOYIVIEPOIHBIE COEAUHEHNSI, B TOM Uncie (opMalbIeT I
U LIMaHUCTBIA Bomopo. B KauecTBe BOBMOXKHBIX SHEPIreTUUECKUX PECYPCOB PACCMATPUBAIOTCS BYJIKAHU-
yecKast aKTUBHOCTh U (hOTOXMMUYECKOE NeiicTBre comHeuHbix Y®-nyueii. B pe3ynbrate peakiyii Mexmy
UCXOOHBIMU BellleCTBAMU U (POTOPEAYKIIMM MX MPOAYKTOB B CEpPOCOAECPXKAIIMX BOJOEMaX CUHTE3UPOBa-
JINCh aMUHOKWCITOTHI, JIMITUIBI, YIJIEBOABI M HYKJIEOTUAbI. [IMKITBI yBIaXKHEeHYsI/BBICYIIMBAHUS BOIOEMOB
0J1aronpUsITCTBOBAIM MOJIUMEPU3alIM MOHOMEPOB (aMUHOKHUCIOT U HYKJIeOTUIOB). Cpeny BOZHUKIIINUX
OJIUTOHYKJICOTUIOB MOIJIM OKa3aThCsl pub0o31Mbl. HeKoTophble 13 HUX KaTaIu3UPOBaJIU IIPOLIECCHI YIJIMHE -
HUSI OJIUTOHYKIEOTUAOB. Y inHeHHble PHK-nmogo6HbIe CTpyKTYyphl IpruoOpeTaau HOBble (DYHKIIMHU, B TOM
YKCIIe CIOCOOHOCTD KaTtaan3uponaTh perummkanyio PHK. Ciou u3 munuaonogqoGHbIX ITENTUIO0B 1 SKUPHBIX
KMCJIOT UCITOJIHSUIM POJIb MPOCTEMIIIMX MeMOpaH, o6pa3ysl MPOTOKJIETKU. JleTaqu orucaHHbIX MPOLIECCOB
00CYKIAroTCsI.
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BBEAEHHWE

YenoBeuecTBO BCErga MHTEPECOBAIOCh, KakK ITO-
SIBIUIMCH Ha 3eMJIe KMBBIE CYIIIeCTBa, CO3MaBasi MHO-
ectBo MudoB. IlepBas HaydyHast TeOpUsI TIPOMCXOXK-
JIeHUsI XU3HU TIpEMJIOXKEeHAa PYCCKUM OMOXUMUKOM
A.W. OnapunbeM [ 1] elie B mepBoii YeTBEPTU MPOIILIO-
ro Beka. CoryiacHO eif U3 HeOpraHMYeCKUX BEIIeCTB B
“IepBUYHOM OYJIbOHE” CUHTE3UPOBATVCH OEIIKOBBIE
MOJIEKYJIbI, C(hOpMUPOBaBIIIHE (ha30BO-000CO0IEHHBIE
KOJUIOMIHBIC CTPYKTYPHI (KoallepBaThl), KOTOPbIE 9BO-
JIIOLIMOHUPOBAJIU MO JeMCTBHEM €CTECTBEHHOIO OT-
6opa, B pe3yJIbTaTe Yero 00pa3oBaInCh KUBBIE KIIET-
ku. OmHAKO B TO BpeMsl He CYIIECTBOBAJIO JOCTAaTOY-
HOIi BKCIIepUMEHTaIbHOM 0a3bl IJIsI CTPOro HayYHBIX
HCCIIeTOBaHMI TIPOUCXOXKICHUS XNU3HU Ha 3eMJTe.

Hair Bek o3HaMeHoOBaJICsI OYpHOIT MHTeHCHU(UKA-
LUel ucciienoBaHuii 3Toit mpobieMbl. OHa ObIJIa MO/ -
FOTOBJICHA BeIWYAMIIMMU OOCTVIKEHUSIMU BTOPOI
MMOJIOBUHBI BAAIIATOrO BeKa: OTKPLITUEM CTPYKTYPHI
n ¢pyakumit JJTHK u PHK, pacmmudpoBkoii reHeTH-
YeCKOro Koja, IpOYTeHNEM FeHOMOB MHOTI'MX SKMBBIX
CYLIECTB, Pa3BUTUEM KOMIBIOTEPHOIM TEXHUKU, CO-
37aHMEM OTPOMHBIX 0a3 TAHHBIX O CTPOCHUN OEJIKOB
Y HYKJIEMHOBBIX KUCJIOT (PUIOTSHETUYECKU pa3Iid-

# ABTOp JUIst CBsI3M: (211. mouTa: spkovalenko2008@mail.ru).

HBIX OPraHM3MOB, MUHHMATIOpU3allMeil uccienoBa-
TEJILCKUX TPOLIECCOB, OTKPHITUEM (hepMEHTAaTUBHBIX
cBoiictB PHK, pa3pa®oTKoii METOJOB MCKYCCTBEH-
HOM 3BOJIIOLMM HYKJIEMHOBBIX KHMCJIOT W CEJICKIIUU
aKTUBHBIX pUOO3MMOB, a TaKxKe OOJBIIINM IIpOrpec-
COM B 00JIACTU T€OXUMUM, Te0(PU3UKU, KOCMOXUMUU
W IPYTUX CMEXHBIX HAYK.

B pesynbrare aTix ycrniexos uaen Y. JlapBrHa oTHO-
CUTEJIbHO “MaJleHbKoro Teruioro npyaa” u A.M. Ona-
pyHa 00 “000CO0JIEHMM W3 IIEPBUYHOTO OyIbOHA
NpeI0MOJOTUYECKMX CTPYKTYP” CTaId HAITOJIHSIThCS
KOHKPETHBIM cOoJep>XKaHMeM Ha 0a3e HaJleXXHBIX 9KC-
MepUMEHTATbHBIX JAHHBIX.

Y®-uznyyenune ConHIla MHULIMUPOBAJIO B aTMO-
cdepe 1 Ha3eMHbBIX BogoeMax (hOTOXMMUYECKUE TIPO-
EeCChl, B pe3yJibTaTe KOTOPBHIX HEOPTAHUIECKHIE CO-
€IMHEHUS CTaJId UICTOUHUKAMMU “ChIpbs” IJIsl CUHTE-
30B OOJIBIIIOr0 YKCjIa OpTaHMYECKMX BellecTB. U3
HIX 00pa3oBaJINch aMUHOKUCIIOTEI, caxapa, TUITAIbI
U HYKJICOTUIBI.

PacueThl TOKa3bIBAIOT JOCTATOYHOCTH CYMMbI Mar-
MaTUYECKUX, aTMOC(HEPHBIX U KOCMUYECKUX pecyp-
COB JIJIs1 TIOAZICp>KaHWsI HETTPEPBHIBHOTO aOMOTUYECKO-
IO CUHTE3a BAXKHEHIIINX OMOMOJIEKYI U COOPKU (PYHK-
LIMOHAJIBHBIX CTPYKTYP.
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Ha pycckom s13pIKe 1poOiieMa IPOMCXOXKICHMS
>KM3HU OocBelaeTcss HepoctatouHo. Co BpeMeHU U3-
nanust kaur K.FO. EcbkoBa [2], E.B. KyHuHa [3] u
M.A. HukutuHa [4] TIpoluId Tombl, U 3a 3TO BpeMs
HaKOIIMJIOCh MHOI'O HOBBIX BaXKHBIX PE3YJIbTATOB.
Hanpumep, B 1aboparopuu [Ix. CasepieHaa co3naHa
cucTeMa, B KOTOPOii Ha OCHOBE BCETO YETHIPEX MC-
XOIHBIX BEIIECTB B pe3yJabTaTe OKUCIUTEIbHO-BOC-
CTAaHOBUTEJILHBIX MPOLECCOB, NTHUIIMUPYEMBIX Y-
00JTy9eHEM, MOTYT CUHTE3UPOBAThCS IIaBHBIE KOM-
MOHEHTHI XXUBBIX OpraHU3MOB [5—7]. I'pyrine ydeHBIX
BO Ti1aBe ¢ P. XOIIMIKEPOM yIAIOCh OCYIIECTBUTh
CaMOKONMPOBaHUE BCeil HYKISOTUIHOM ITOCIeI0Ba-
TeJIbHOCTU pubo3uMa (mpaBaa, IoKa TOJbKO I10 Ya-
cTsaM) [8] u TeM caMBIM TPOAEMOHCTPUPOBATh IIPUH-
LUIUAJIBHYI0 BO3MOXHOCTb PUOO3MMHOIO CHMHTE3a
camoxornupyoieiics mojieKyinsl PHK. B mabopatopun
Hx. IIloctaka moOWIWch HepEpMEHTATUBHOTO MaT-
puyHoro cuHTe3a nenodek JAHK mmaroit no 25 Hyk-
JIEOTUIOB B MOJEJbHBIX IMPOTOKJIeTKax [9]. YuuThi-
Basl, YTO MHOTHE aKTUBHbIC pUOO3MMEBI MEIOT IIPU-
MEPHO TaKylo K€ WIX JaxKe MEHBIIYIO IJIMHY, MOXKHO
CUNTATh, YTO IIPOOJIEMa X aOMOTUYECKOTO KOITMPO-
BaHus peureHa. JIx. Illocrak [10] u P. Kpuinamyp-
™ [11, 12] mpakTUYecKn OOTHOBPEMEHHO 3KCIICpU-
MEHTAJILHO J0Ka3aJIl BO3MOXHOCTh (DOPMUPOBAHUS
OOHOPOIHBIX MO YIJIEBOIHBIM KOMIIOHEHTAM MOJIE-
kyn PHK n JIHK n3 o6pa3oBaBuieiicssi aOMOTeHHO
CMECHU HYKJICOTUIOB C Pa3IUYHBIMU YIJIEBOAHBIMU
KOMIIOHEHTaMM X MOJIEKYJI.

JlaHHBIA 0030p MpeACTaBIsSIeT COOOM ITOIBITKY
BOCITIOJIHUTBH BhIIIEyKAa3aHHbII IPoOe1 B MyOIuKaI-
SIX HA PYCCKOM SI3BbIKE MO TTPOoGJIeMe TPOUCXOXKICHUS
KU3HU, a TaKXKe BBIICIUTh U3 OTPOMHOIO HaAYYHOIO
MaTepuaja, HaKOIJIEHHOTO MpU ee UCCICHOBaHUU,
BaxKHeM e (PaKTHI M CBSI3aTh MX B IPAaBIOITIOA00HYIO
CHUCTEMY TMPOIIECCOB, BOBMOXHO, CIIOCOOCTBOBABIINX
BO3HUKHOBEHHUIO MPEAOHUOJIOTUUYECKUX CTPYKTYP, 00-
JIAIaIoOIVX TTOTEeHIIUAIOM [IJisl TIPEeBpallleHUsT B XKU-
BbI€ OpPraHU3MBbI.

PECYPCbI, HEOBXOANMBIE
JJIA 3APOXAEHUA XMU3HAU

st BOBHUKHOBEHUSI CJIOXKHOM CHUCTEMBI, KOTO-
pYIO TIPEACTABIISIOT COOOIT XKUBBIE CYIIIecTBa, HEOO-
XOIWMBI, KaK MUHUMYM, TPH YCIIOBUSI:

1. Haymraume pa3zHooOpa3sHBIX MUHEPAJILHBIX U Op-
raHMYEeCKMX BEIIECTB M MX ITOCTOSIHHBIN OOMJIBLHBIN
MPUTOK.

2. KnakocTb, B KOTOPOX OHU MOTJIM OBbI paCTBO-
pSITBCS, CTEKaTh B OMHO MECTO M TaM HaKaruIMBaTh-
cs1. DTO yCJIOBUE OTHOBPEMEHHO HAaKJIAIbIBAeT Orpa-
HWYEHUs Ha TeMIIepaTypHBI TUaIta30oH U pa3Mephl
YYIaCTKOB X HAKOTUICHMSI.

3. UCTOYHUKM SHEPIUHU IJIs UX XUMUUIECKUX Tpe-
oOpa3oBaHUI.
BUOOPTAHUYECKAS XMW
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CorylacHO COBpEMEHHbBIM T'€0JIOTUYECKUM 1 KOC-
MOJIOTMYECKUM TIpeacTaBieHusiM (cM. [2, 13—16] u
CCBUIKH B HUX), 3eMJIsT copMupoBaiach 4.56 mipa
JIET Ha3aJ U3 ra3oIblUIeBOro odjaka. XUMUYECKUA CO-
CTaB TaKUX 00JIaKOB JOCTaTOYHO u3ydyeH. Bomopona B
HUX Ha MOpSIAOK Oosblie, yeM reausi, 1 B 1000 pa3
0osbliie, yeM kuciaoponaa. Kuciopoaa siBHO He XxBaTa-
€T Ha OKHCJIEHUE BCEX XMMUUYECKUX JIEMEHTOB, T1O-
CKOJIbKY aroMapHoe cooTHoreHre O : C: N : Si: Mg:
:Fe : S (cambix pacnmpoCTpaHEHHBIX 3JI€MEHTOB,
UCKJIIOYasl BOAOPOJ U UHEPTHBbIE Ta3bl) paBHSIETCS
100:60:20:10:10:10: 5 [17]. OnMH TOABKO yT-
JiepoJl MoTr Obl cBsi3aTh Bech Kuciopoa B CO,, He
TOBOPS YK O MHOTOKPATHO MPEBOCXOSIIIEM ETO BOJIO-
pone. I'Ipu hopMupoBaHUY TIAHETH XUMUYECKUE BJle-
MEHTBI BCTYTIAIU B XKECTKYI0 KOHKYPEHIIUIO 32 KMCJTO-
poa. [ToaToMy OH OKa3zajcs MOJHOCTbIO CBSI3aHHBIM
B OKHCJIaX, BEPOSITHO, C HUBIIEH CTeNeHbIO OKUCIe-
HUS$l, @ MHOTHUE METaAJLJIbl OCTAJIMCh HEOKUCIIEHHBIMU.
O06pa3oBaIMCh TAKKE TIPOCTEHIINIE COSAMHEHNST: T -
puabl, KapOUIIbl, HUTPUAbI, Cyabbuabl, hochUIbI,
raJOTeHUIbI U JIP.

INepBble monMuLIMapaa jJet (KaTapXemcKuii 0H)
MPaKTUYECKU HE OCTABWIM HaJAEXKHBIX TaHHBIX, T103-
BOJISIIOIIMX OLIEHUTh TEMIEPATYPHbIN PEXUM, HAIU -
yue U cocTaB aTMocdepbl, THAPOocGEpPbl, COOTHOIIIE-
HY€ TMOBEPXHOCTEl Cyllld U OKeaHa U T.1. MHorue
Te0JIOTU CUMTAIOT, YTO 3eMJIsd U3HAYATbHO OKa3ajlach
00/1eICHHOI BOAOI U APYTMMU JIETYYMMU BellleCTBa-
MU 13-3a “BBIOYBAaHUSI” UX COJIHEUHBIM BETPOM, HE
nMeJia Tuapocdepbl 1 aTMOCHEPHI M JTUIITD “TIO3THSIS
TsDKenast booMOaparpoBKa” METeOpUTaMU, KOMETaMU
u acteporamMu (0 BpeMeHU U UHTEHCUBHOCTU KOTO-
pOIi CydsT IO ee ciaeaaM, COXpaHUBIIMMCS Ha JIyHe)
BocHoiaHWIa 3TOT aeduumt [13—15]. Xots nmoacuu-
TaHHAasi CTOJIb HUYTOXHAsI 10JIs1 BOAbI B 0011Ieii Macce
3emun (0.023%) [14] BrIomHE MoT1a OBI OBITE €€ CO0-
cTBeHHOI. OmHaKO ISl Hallleli TeMbl BaKeH KOHEY-
HbI pe3yJIbTaT: TaK U nHaue, 3eMJisi MoIy4yuia pe-
CypChl, HEOOXOAUMBIE 151 3aPOKIEHUS KU3HU.

B cuny psina nmpuyuH (B TOM YKClie — CTOJIKHOBE-
HUS ¢ KPYITHBIM HEOECHBIM TeJioM [16, 18], mopoaus-
urero JlyHy) 3emis nepexxuiia Iepuo IMoJIHOTO pac-
TUIaBJICHUSI CBOE MOBEPXHOCTH, MPEBPAILIEHUS €€ B
“okeaH MarMbl” ¢ Temmneparypoii Boiie 2000°C. At-
Mocdepa oOpa3oBaiach 32 CUET BBIACJICHUS U3 3TO-
ro okeaHa rasoB (a MpU 3TOI TeMmmepaType razaMu
CTAaHOBUJIMCh MHOTUE TBEPAbIE B MPUBBIYHBIX JJIsI
Hac yCJIOBUSIX BelllecTBa, Hanpumep, ZnS, ZnCl, u
FeCl, ¢ 1. xun. Huxe 1200°C). HeokucieHHbIe Me-
TaJUTbl (3Keae30, HUKeJb U Ip.) KakK 0oJiee TsKeable
rnepemMeniaguch K HEHTpPY, oOpa3oBaB sSApo TIaHe-
Thl. OTHOBPEMEHHO BCIUIBIBAJIN JIETKUE CUJIUKAT-
HbI€ TIOPOJibl, coAepKallue aTIOMUHUI, MarHU U
JNIBYyXBaJIEHTHOE XeJe30, a TAKXK€ HECOBMECTUMBIE C
marmoit KREEP-6a3anbThl (0orateie K — kanuem,
REE — pegko3eMenbHBIMU 3JIeMeHTaMu, P — ¢oc-
dopom) [2, 14, 16]. OHu chopMUpoOBaIU 3eMHYIO
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KOpy, 00J1a1a1011yI0 CUJIbHBIMU BOCCTAHOBUTEIbHBI-
MU cBoiicTBamMu. UMEHHO M3 TaKuUX NOPOJ, COXpa-
HUBIINXCS OO CUX ITop Ha JlyHe Giaromapsi OTCyT-
CTBMIO TaM BOZBI U aTMOC(epPhI, COCTOUT €€ MOBEPX-
HOCTb, C(popMHUpOBaHHAsI, Kak cuuraior [16, 18], us
BBIOUTHIX ¢ 3eMJIM MaTepUajoB.

ITocne ocThIBaHMS 36MHOIT KOpBI HA HEil U3 BOISI-
HBIX MapOB KOHJIEHCHUPOBajIach BoJa BMECTE C pac-
TBOPEHHBLIMU B HEil MPOAYyKTaMHU Aera3aliii MarMbl 1

aTMocepHBIX POTOXMMHUIECKNX ITporeccoB. KoH-
TaKT XXUIKOM BOABI C TIOPOAAMU 3€MHOM KOPHI IT0JIO-
JKUWJI HavaJIo mpolieccaM 3po3un. Hanbolree BaskHBIM
B CO3IaHUU PECYPCOB JJISI aOMOTUYECKUX CUHTE30B
OB TIPOLIECC OKUCIIEHUSI MUHEPAJIOB OPTOMUPOKCE-
Ha Y OJIMBMHA 10 TPEXBaJIEHTHOI'O COCTOSTHMS KeJle3a
1 OJHOBPEMEHHOI'0 BOCCTAHOBJICHUSI BOIBI IO BOIO-
pona ([16] u ccblTIKM B HElA).

Mg, (Fey3SiO, (omusun) + uMg, (Fe;3Si,0q (opronupokcen) + vH,0 —
— w(Mg,Fe,Fe") (Si,Fe"’) O5(OH), (cepnentunut) + x(Mg,Fe'?) (OH), (6pyunt) + yFe;0, + zH,.

Bonopon BoccTaHaB/IMBajl pacTBOPEHHYIO B BOJAE
YIJIEKUCIIOTY 1O MypPaBbUHOM KUCIOThI, OpMaJibae-
ryuaa, MeTaHoJa 1 Janee 10 MeTaHa. BomHbIi pacTBOp
rojieIaumBajcsa mpu 3tom g0 pH 9—11 [16]. Dot
MpOLIECC HA3BIBAECTCSI CepneHmuHu3ayuell U paccMmar-
puBaeTCsd KaK ONOMH M3 BaXXKHEMIIMX ITOCTABIIUKOB
OpTraHUYECKMX BEIIECTB.

B HacTosi1ee BpeMst TaKO# MPOIIecC OCYIIEeCTBIISI-
€TCsI TOJILKO IPU U3MUSTHUSIX BYJIKAHUYECKOI JIaBEI B
BOIY 1 B MECTax pa3IOMOB TEKTOHMYECKMX IUIAT HA
OKE€aHCKOM JHe, HampuMmep B peruoHe Lost City B
ATIaHTHUYECKOM OKeaHe. TaM M 10 CUX ITOp HaOJIIo-
JIalOTCsI CUJIBHBIE ITOTOKM BOIOpOAAa, METaHa M IAPY-
T'X Ta30B, UTO IMOCJTYKUJI0O OCHOBAaHMEM JIJISI TUTIOTE-
3bI O BOBHUKHOBEHMHU XXW3HU B TAKUX TUIPOTEPMAJIb-
HBIX UICTOYHMKAX. PaccCMOTpeHME 3TOM TUITOTE3HI HE
SIBJISIETCS 1LIeJIbIO JAHHOT'O 0030pa.

Benp Ha MoJionoii 3eMiie ceprieHTUHU3ALUSI IIPO-
HMCXOOuJIa TTOBCEMECTHO, M BCE BONOEMBI IEPBOHA-
JajbHO OOJIamaiay IIeJOYHbIMU cBolicTBamu. Pac-
TBOpPEHME B HUX JICTYYUX OKHMCJIOB (yrjiepoja, Cephl,
docdopa u np.) cHkano 3HadyeHre pH no pazmd-
HBIX YPOBHEM, TaK 4TO II0 3TOMY IOKa3aTeJII0 acCcop-
THMEHT BOJOEMOB OBLIT IUPOKUM. ['€eOXUMUKHU MpO-
BOJSIT aHAJIOTUIO MEXIY IPEBHUMHU O3€paMU U CO-
BPEMEHHOI TMIApPOTEpMaJbHOW CHCTEeMOM ByJKaHa
Kverkfjoll (Mcnanmust), rae pacrooKeHO MHOXKECTBO
BOJIOEMOB C pa3IUYHbIMU BeJuuuHamMu pH (2—7.5) u
temmepatypbl (0—95°C) [19]. Tak BO3HUKIO OOJIb-
1110€ pa3HOOOpa3re CTapTOBBIX YCIOBUI IJIs1 Havajia
a0MOTUYECKMX CMHTE30B Ha MOBEPXHOCTH JIPEeBHEIA
Semin.

HMHTepecHo, 4TO IpoIecC CepIeHTUHM3AUN IIPU-
BOJIMT TaKKe K 00pa30BaHUIO €CTECTBEHHbIX CIIABOB
XKeje3a U HUKeJIs, 00Jlamalolinx KaTaauTUIeCKUMU
cBoiicTBaMu [16]. D10 HOKa3aHO KaK OOHapy:KeHUEM
TaKUX CIUIABOB (maenuma, kamayuma i aéapyuma) B
MecCTax, Ile IIPOUCXOIUT CEpICHTUHMU3ALUS, TaK U B
JTabopaTOpHBIX UMUTALIMIX 3TOTO ITporecca [20]:

(Fe*0) + 3(Ni**O) + 4H, —
— Ni;Fe (aBapywur) + 4H,0.

BUOOPTAHUYECKAA XUMMUA

O0pa3zoBaBIlIMeCs XKeJIE30HUKEIEeBbIC CIUIaBbl Ka-
TAJIM3UPYIOT BOCCTaHOBIIeHKEe BogoponoM CO,, a mpy-
roii MpOoAyKT ceprieHTUuHU3auuu, maehemum (Fe;O,) —
BoccTaHoBieHne N, mo NH; [16].

IIpouecc merazauuy MarmMbl HPOHOJIKACTCS OO
cux nop (IIo-BUAUMOMY, C TOpa3I0 MEHbIIIEil MHTeH-
CUBHOCTBIO), TIPOSIBJISISICH B BYJKAHUYECKON Jesi-
TeabHOCTU. CXaTble OTPOMHBIM JIaBJICHUEM ropsiuue
ra3bl IPOHMUKAIOT Yepe3 KalWJUIIpHBIE IIOPHl 1 MUK~
pOTpPELIMHBI B TpPYHTOBBIE Boabl. HakamiuBasich Tam
M Harpesasi UX 10 KUIIEHUSI, OHU CO31aI0T (pyMapoJibl
U Teii3ephl, T.€. BRIOPOCHI IMapa 1 XKUIKOI BOIbI BMe-
CT€ C paCTBOPEHHBIMU BEIIIECTBAMM Ha 3€MHYIO I10-
BEPXHOCTbh, 00pa3yst HerIyookue BogoeMsbl. I1. Pum-
Mep u O. IllopTi mpuBOOAT XMMUYECKIIT COCTAB 3TUX
ra3zos [19]. OH BkJIIOYaeT Kak Heopranudeckue (SO,,
H,S, CO, HCN), Tak 1 opraHr4eCcKHe BeIeCTBa: Me-
TaH, alleTWICH, TUalleTUJICH, UaHOAlleTUIICH, aKpH-
JIOHUTPUJI, POpMaIbaeTua 1 ApP.

IlepeuncneHHbIe BelllecTBa 0Opa3yloTCsl B Marme
B pe3yJIbTaTe CJIOXHBIX XMMWYECKUX ITPOLIECCOB C
y4JacTHeM CBOOOIHBIX PaguKajioB, ITOIPOOHO OITH-
caHHbIX aBTOpaMu [19]. ObpaiaeT Ha cebsa BHUMA-
HUE BBICOKOE COACPKAHME OPraHUYSCKUX BEIECTB,
aleTWIeHa U JUalleTUIeHa, CyMMapHO IpeBhIIIA0-
iee gaxe conepxanue SO, nnu CO.

ABTOpBI C cOXaJIeHMEeM OTMEYaloT, 9YTO B OITMCaH-
HBIX UMM Ipolieccax o0pa3yeTcsl Majlo liMaHaMuIa,
HeoOXOAUMOTO IJIsi CUHTE3a HYKJIEMHOBBIX OCHOBa-
Huii. Ero KOHIIeHTpanuio B BogoeMe OHU OLICHBAIOT
Humke 10 MKM, XOTs paccuuTaHHBIE UMY KOHIIEHTpa-
UM JPYTUX BEIEeCTB TOBOJBHHO BHICOKM, HAIIPUMED,
st mraHoanetmwiieHa 1 HCN okono 0.1 M, akpuio-
HUTpWIA U alleTUIeHa — MWIIMMoispHbie [19]. B
ONBITaX, UMUTUPYIOIINX a0MOTUYECKUE IIPOLIECCHI,
WCHOJB3YIOTCS 1 3HAYMTEIbHO MEHbLIINE KOHIICH-
Tpauuu, HarpuMmep, 10~* M [21] r1pu cuHTE3€E IIENTU-
JIOB M Jaxke MUKPOMOJISIpHEIE TIpU (pochoprianpona-
HUY albI0JI0B aMugoTpudocdaroM ([22] 1 cChbUIKU B
Heit). Tak 4To elle 3ag0Jro IO HACBIIEHUS TUIPO-
TepMaJIbHOTO NICTOYHWKA U3BEpPraeMble BEIIECTBA MOT-
Ne 5
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JIV cpa3y pearnpoBaTh MeXKIy cOOOI 1 HaKaruIMBaTh-
cs1 B popMe 6osiee YCTOMYUBBIX TIPOAYKTOB.

Hanpumep, HCN c consimu xkee3a oopa3yeT rek-
caumaHodeppaThl, ¢ CEpOCOoAePKAIIMMU Ta3aMU pPO-
IaHUOBI, ¢ (OPMaTIbIETUAOM INIMKOJOHUTPWII, a B
npucyrctBuM NH; — mnpeanecTBeHHUK TJIMIIMHA
2-amuHoatieToHuTpw (1o peakiuu Iltpekepa). [Tpu
MmemreHHoM Tunpoiause HCN oOpasyer eie Oonee
MEIJIEHHO TUIAPOJU3YeMblii (hopMamMui (TIOIYIIEPHO
ero ruaposm3a paseH 199 ner npu 25°C u pH 7 [23]).
Inanoauermiien HC=C—CN Hanoa0BUHY THIPOJIM-
3yetcd yepe3 10 mueit mpu 30°C [23] mo Gosee cra-
OMJILHOTO K THAPOJN3Y LiMaHoAalleTalAbIeruaa, KoTo-
poiii B pe3ynbTare peakuun LITpekepa npespalaeT-
Cs1 B IIPEAIIIeCTBEeHHIKA acClIaparuHOBOM KUCJIOTEI, €€
HUTpUJI. ALICTUJIEH U AUalleTUISH BCTYIIalOT BO B3a-
MMOJIEIICTBYE C BOIOM, XOTSI M HE TaK JICTKO, KaK 11~
aHoalleTWICH. ALIETWIEH B IIPUCYTCTBUM MOHOB PTY-
TU TIpEeBpaIaeTCs B IIPEAIIECTBEHHUKA KUPHBIX KHC-
Jot — auetanbaerun (peakuus Kydyeposa). HemaBHO
OBLIM OTKPBITHI OOJIee pacIpOCTpaHEHHBIE KaTajin3a-
TOPBI 3TO peakluu — COJIY LIMHKA U Menu [24].

CKopocTu peakiuii, KOHEYHO, ObIJIM HEBEJIUKU,
HO OHM, KaK W KOHIICHTPAllMK BEIIECTB B BOJOEME,
MHOTOKPaTHO BO3pacTajiy Ipy ucnapeHnu Boabl. CKo-
pee BCEro, IMoOJHOIO BbICBIXaHUSI HE MPOUCXOIUIIO,
TaK KakK B BOJIOEME BCerla HaXOIWJIOCh HeOOJbIIOE
KoJm4yecTBo (popmammaa. HaBepHsika ocTtaBaics xXo-
Ts1 ObI MyJIBTUMUKPOHHBIN CJI0M pacTBOpa pearecHTOB
B 3TOM IOJISIPHOM BBICOKOKMIISIIIIEM PacTBOPUTEIE,
M BCE peaKIIMU NPOIOJIKAINCH B HEM.

I'moporepManbHbIe UCTOUHUKY ((DyMapOJIbI U Teii-
3epbl) BBIHOCSIT Ha IIOBEPXHOCTh, KPOME T'a30B, MHO-
XKECTBO JIETYUYMX BEIIECTB, 3aXBaTBIBACMBIX BOSI-
HBIM IIapOM WMJIM TOpSYeil BOMOM, — OKCHABI, CYJIb-
duabl U/MaU rajJoreHuAbl pa3IudHbIX 3JEMEHTOB
(K, Na, Zn, Fe, Mn, B, P, Si u np.). A.Sl. Mynku-
IKaHIH U Op. [25, 26] ycTaHOBUIU MUHEPAJIbHBIN
COCTaB KOHJIEHCATOB ITapOB I'MAPOTEPMaJIbHOTO I10JIS
Ha KamuaTtke. BaxHeiie nokazareaun: npeoodiaana-
HUE MOHOB KaJIMs HaJ MOHAMM HaTpusl, BEICOKOE CO-
nepxanue Zn, Mn, P 11o cpaBHEeHHIO C MOPCKOIi BO-
JI0it. DTOT (PaKT ITO3BOJIMII aBTOpaM BbICKa3aTh UIEIO,
YTO B TAKMX MECTaX MOTJIM BO3HUKHYTb IIEPBBIE KJIET-
KM, MUHEPaJIbHbII COCTaB KOTOPBIX HaboJIee TTOX0K
Ha COCTaB KOHAEHCATOB IMapoB (hyMapoJI U rei3epoB.

Eiie paHee aBTop TMIIOTE3bl “LIIMHKOBOrO Mupa”
ASl. MynkumkaHsaH [27] orMedan BaXXHYIO pOJIb
cynbduga 1MHKA IS TIepBOHAYAIBHBIX a0MOTHYE-
CKMX CHUHTE30B. DTOT MMHepaj AOBOJBHO pacIpo-
cTpaHeH Ha 3emJjie 1 obJiafaeT YHUKaJIbHBIMM KaTa-
JIMTUYEeCKUMU cnocobHoctsamu. Ilpu YdP-o06iyye-
HUM B BOIHOW cpene oH BocctaHaBinuBaetr CO, no
MYpaBbUHOI KMCJIOTHI, a30T — 10 aMMuaka. OH cI1o-
coOeH HakamauBaTh dHepruio YD-jiyyeir, a 3aTeM
oTIaBaTh ee B TeMHOTe (pochopecuupoBaTh). Kpome
TOTO, OH, KaK U JPYyrue MUHEPAIbI-TIOTYIPOBOIHU-
KM, TIepeXBaThIBaeT SHEPIUIO BO30YKIEHHOIO COCTO-
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STHUsI, BBI3BAHHOT'O OOJIy9YEHUEM, C MOJIEKYJI alICop-
OMPOBAaHHBIX BEILIECTB 32 MUKOCEKYHIBI, B TO BpeMsI
Kak ¢hoTopaspyliieHue aneHo3uHMoHodochara (AMP)
MPOUCXOMUT JUIIL Yepe3 20 MuKpoceKyHa. Takmm
obpazoM, ZnS MOT CIyXXUTh HaAeXXHBIM YOECXKMIIEM
oT Y®-jyueii 11 ancopOupoBaHHBIX HYKJIEOTHUIOB U
PHK (cwm. [27] u cchUIKU B HElA).

IToMuMO oONMCAHHBIX JOKAJIBHBIX MCTOYHHUKOB
MaTepUaJIbHBIX PECYPCOB Ha3eMHbIE BOAOEMBI CHa0-
2KaJIMCh UMM 3a CUET IJ100aIbHEIX IIPOLIECCOB, IIPOUC-
xXonamux B atMocdepe. ATMocdepa ImpakTUIeCK He
cojepXKaJia KUCJIopoa, a ToToMy Hafd 3eMJIeil OTCyT-
CTBOBAJI 030HOBHIN CJIOH, 3amepkuBatoInii Y -1y-
qu. [ToaTomMy B aTMocdepe 1 Ha TIOBEPXHOCTH 3eMITN
WHTEHCUBHO NpoucXoamin GOoTOXUMMUUYECKUE peaK-
muu. AtMocdepa cocTosiiia, B OCHOBHOM, M3 a30Ta,
BOJISTHOTO Mapa 1 yIJIEKKCIOro ra3a ¢ IIPUMECHIO BbI-
nensiembix u3 Heap CO, CH,, H,S, COS, SO, u npy-
rux ra3oB. DHeprust Y ®-jydeil, Tpo30BBIX pa3psaoB
M YacThIX ITaACHUIA METEOPUTOB MOpOXKIaaa pamv-
KaJIbHBIE IPOLIECCHI, B pe3yabTaTe KOTOPhIX 00pa3y-
IOTCSI OpraHmyeckue BellecTBa (popManbaerua U B
MEHBIIIEM KOJINYEeCTBE IIMKOJICBHIN aJIbIETHUI) U IIPO-
nykTel azotrdukcanuu (HCN u okuciel a3ora, npe-
nMmyinectBeHHO NO). [IpoayKTMBHOCTh 3THUX IIPO-
IIeCCOB MpeacTaBicHa B Taom. 1.

BMmecTe ¢ moxmsiMu opraHMYECKHE COETMHEHMS
BBINAJAN Ha TTOBEPXHOCTb U CTEKaJIu B BOAOEMbI, B
TOM 4YMCJIe T€, O KOTOPBIX IIJIa pedb Bhille. OKMUCIIBI
a30Ta BOCCTAHABIMBAJIMCh COCOIMHEHUSIMHN OBYXBa-
JiIeHTHOTrO Xeie3a 1o NHj, uto, no MHeHuto 1. Cam-
Mepca u C. YaHra [30], ObLI0 TJIaBHBIM UCTOYHUKOM
amMuaka. [1ocKoJIbKYy aBTOpBI paccMaTpUBaJIN UMEH-
HO IIpolieCcChl 00pa30BaHMS U HAKOILJICHUsI aMMUaKa
B OK€aHe, X BBbIBOJ ObLI JOBOJBHO IIECCUMUCTUYCH
B IUIaHe o0ecrnevyeHnsI UM BCceX HeoOXOOUMBIX a01o-
TUYECKUX CHHTE30B: pacCUyMTaHHAasl KOHIIEHTpalus
NH; okasanach ciImmkoM HU3Koil. Ho B MasbIx BO-
JoeMax, TOe 3T IIPOIEeCChl TAKKE IIPOUCXOINIIH, CH-
Tyauus Oblia 0oJiee OJIarOIpUSITHOM.

H. Kuraman n C. Mapysma (cM. [23] U cChUIKM B
Heli) BbICKa3aJlu MPEAIoJIoXKeHUe, YTO a30T Aera3u-
pOBaJICS M3 MarMbl ITPEUMYIIIECTBEHHO B BUIE aMMU-
aka B TIepBbIe TTOJIMWUIMApAA JIET CYIIECTBOBAaHUS
3emiu. U ero ronoBoii mOTOK B aTMocdepy 3emiu,
coryacHo pacyeram, cocrasisul 101 r azora. AMMuak
B OOJTIBIIIMX KOJTMYECTBAX MOT OOPa30BEIBAThLCS TaKXKe
IpH (POTOPETYKIIMM HUTPUIIOB, O 9YeM CKa3aHO HIXKE.

Ucrounuku pocdopa 6bUIH pa3HOOOPA3HBI M JO-
BOJILHO OOMJIbHBI, HO “TIpo0bJjieMa ¢ochopa” 3aKiIto-
4aeTcsl B IUIOXOM paCTBOPUMOCTH COJIEM OCHOBHOM
KHMCIOTHOM ero ¢popMbI — opTodocdara — cO MHOTH-
mu Metauiamu. Mocpurel mpumepHo B 1000 pa3 60-
Jiee paCTBOPMMEI U 6oJiee peakTuBHBI [23]. Yx raB-
HBI UCTOYHUK — TUAPOIU3 hochUaoB, BPOIE upaii-
oepsuma (Fe;P). B npucyTcTBUM amMmMuaka rpu 3TOM
TUIPOJIN3e 00Pa3ylioTCs BOIOPACTBOPUMBIE aMUIIbI U
maMunbl pochopHoii 1 pochopucroit kucaor [32].
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KOBAJIEHKO

Tab6auna 1. [Toroku MponyKToB nerazaiuu MarMbl U aTMOCGhEpHbIX (POTOXMMUYECKUX TTPOLIECCOB™

['mo6anbHBIE TOTOKYU CyTouHbIe TOTOKH Ha 1 km?
BeuectBo Cchbuika
Kr,/Tom MOJIb/TOLL em2¢! r MOJIb

HCHO 3% 10° 101! - 16.1 0.537 [28]

HCN 7.21 x 107 | 2.67 x 10° 107 0.39 0.014 [29]

NO 4.2 x 10° 1.4 x 1011 — 22.6 0.752 [30]

NH; u3 NO 6.12 x 108 3.6 x 10'° - 3.3 0.193 [30]**

NH; 13 Marmsl 1010 7.14 x 101 - 53.7 3.837 PaccuuTano no [23]
SO, >1.71 x 1019 | >2.67 x 101 (1-3) x 10° >91.9 >1.435 [31]

H,S >2.82 x 10? [>8.28 x 10| (3.1-77) x 10} >15.1 >0.445 [31]

* KvpHBIM 1IprU(TOM BBIIEIEHBI JAHHBIE aBTOPOB, OCTAJIbHBIE LIM(PBI PACCIUTAHBI HAMU TI0 HIDKHEMY YPOBHIO.
** PacCUMTAHO MO JAaHHBIM aBTOPOB O KOHEYHOM MPOU3BOAUTEILHOCTH CYMMBI IIPOLIECCOB, MTPUBOISIINX K TTpeobpa3oBaHrio NO B
aMMHuak. B okeaHe, KaK CUMTaIM aBTOPBI, 32 MX CYET CO3/1aBajlach OYeHb HU3Kasi KoHLeHTpauust NH; (3.6—70 MKM). MBI ke OTHOCUM
STU JAaHHBIE K HEOOIBIINM HAa3eMHBIM BOIOEMAaM, TIe ITPOMCXOMMIIN TAKKE XK€ IMPOIECCHI.

ABTOpBHI OLEHMBAIOT NPOLYKLMIO 3TUX BELIECTB B
10'5—10"° Mo 32 MEPBBI MAUTHAPL JIET CYIIECTBO-
BaHM Hallleli TutaHeThl. BoJiee TouHas olieHKa, K co-
>KaJIEHUIO, HEBO3MOXKHA U3-3a HEMTOJIHOTHI JaHHBIX O
coaepxanuu ¢ocdUIOB Ha IpeBHEI 3emire.

Tab6i. 1 moka3bIBaeT, 4TO TOJILKO 3a CUeT (hOTOXMU-
MHWYECKHMX ITponeccoB B arMocdepe 3a 100 Teicsy J1eT
(reojloru4ecky HEOOJBIION CPOK) HAKOMWUIJIOCH ObI
CTOJILKO OPraHMYEeCKMX BEIIECTB, CKOJILKO COIEPXKUT
Bcs coBpeMeHHast 6uocdepa (6 x 10 kr). Ho abuo-
TUYECKHE CUHTE3bl OMOMOJIEKYJI HE JKIaI 3TOro Ha-
KOIUIEHMSI, OHY Ha4yaJIMCh elle ¢ 00pa3oBaHUs aTMO-

cdepsl.

Kocmoc Toxxe 00UJIbHO TTOCTaBIIS pa3IMuHbIE Be-
IIECTBa B COCTaBe METCOPUTOB, OCOOEHHO BO BpPEMS
“mmo3mHeit TsoKeltoi 6oMOapaupoBKu” (4 MIIpH JIET Ha-
3an win paHee). OOIIee KOJIUMYECTBO OPraHMYECKUX
BEILECTB, MOJYYEHHbBIX Hallleii TIJIaHEeTON U3BHE B TOT
nepuon (3a ~100 MiIH JIET), COCTaBIISIET COIJIACHO
pacueram 10'°—10'"® kr [33]. DTo cylIeCTBEHHBbII
BKJIAIl, HECMOTPS Ha TO, YTO OOJIBIIIAs YaCTh KOCMU-
YeCKOIl OpraHuKM HepacTBOpMMA B BOZI€ W BPSI JU
yJacTBOBaJla B aOMOTWYECKHX ITpolieccax. B meTeo-
puTax obHapy:KeHo Oonee 170 pa3nMIHBIX OpraHude-
CKHX BEIIECTB, B TOM YHCJIE BCE Q30TUCThIE OCHOBAHUSI,
Heooxomumele mig PHK n JHK, 12 amMmHOKMCIIOT,
BXOISIINX B MOJIEKYJIBI OEJIKOB, 1 MHOTHE XKMPHBIE
kucyioTsl [23]. KpoMe Toro, HEKOTOpbIe MCCIea0Ba-
Teau [34] cUMATAIOT CYIMIECTBEHHBIMU KaTaJIUTHIE-
CKMe aKTUBHOCTH METEOPHMTOB U BBIICIISIEMYIO UMM
MpU MageHUU HEPruio, UHULMUPYIOIIYIO XUMUYe-
CKWE MpoIlecChl B aTMOcdepe.

Xots napbl KocMoca MoTjiv B HEKOTOPBIX TTpoliec-
cax 061erduTh GOpMUPOBaAHNE OGUOCTPYKTYP, HEIIb3sI
WCKITIOYATh, YTO TAKHE K€ PeCYPChI CYIIIeCTBOBAIN Ha
MoJtonoit 3emuie. Hammpumep, BaXKHBII UCTOYHUK (poc-
dopa 1Ipaitbep3nT, TOJITO CUNTABIIUIACST MCKITIOUM-
TEJIBHO “KOCMWYECKUM NMPUIISITbIEM”’, pOCCUMCKIE
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U U3panJIbCKUE re0JIOTU HEJABHO OOHAPYXXWIN B PEB-
HUX pyIHBIX MUHEpaJIaX, A0Ka3aB ero 3eMHOE MPOUC-
xoxneHue [35]. CiemyeT TakzKe y9eCTh, 9YTO, HECMOTPS
Ha pa3HOOOpa3ue BelIeCTB, MOCTABJIEHHBIX METEOPHU -
TaMHW, OHU HE MOTJIX BbICTPOUTh HEINIPEPHIBHYIO CJia-
JKEHHYIO LIeMb abDMOTUYECKUX CUHTE30B BCEX HEOOXO-
JUMBIX JJI1 )KU3HU KOMIIOHEHTOB. DTy MOCJea0Ba-
TEJIbHOCTb MPOLIECCOB OOECIIEUUIN PECYPChl Halllei
POIHOM TIJIAHETHI.

“ABUOTUYECKUN ITUTOMHUK?”

Boinrbiras 3acnyra ma6oparopuu JIxx. CasepieHaa
(BenukoOpuTaHus) HE TOJBKO B TOM, YTO €€ COTPY/I-
HUKM HAIIIU “00XOOHOI” MyTh CUHTE3a MUPUMUIY-
HOBBIX HYKJICOTHUIOB 1 MCCIASAOBAIM IIyTHU BO3MOXK-
HBIX a0MOTUYECKMX CUHTE30B aMUHOKMCIIOT, YIJIEBO-
JIOB, JUITUIOB M HYKJICOTUAOB. OHU ellle Cco3JaIu
BeCchbMa YIA4YHYI0 MOMEb, UMUTHPYIOIIYIO IIEPBUY-
HBII “MeTabom3M”, o0eceunBalOIINii HETTPEPHIB-
HYIO TIOCTaBKy IIPaKTUYECKM BCeX “CTPOUTEIIBHBIX
0JI0KOB” IIJIs1 CUHTE3a OyIyIIX OMOJIOTMYECKMX CTPYK-
Typ. DTa MOIEb IIPEACTaBIsIET COOOM CUCTEMY, B
KOTOPOI NEUCTBYET OKUCIUTEIbHO-BOCCTAHOBUTEIb-
HBII LIIMKJI HA OCHOBE KaTaJIn3aTopa — MeTaJlIa C I1e-
PEMEHHOI1 BaJICHTHOCTBIO (2Kejie3a B COCTaBE KOM-
TUIGKCHOTO MOHa, rekcauuaHodeppaTa), BOCCTaHO-
BUTENISI — CYJIb(PUTHEIX MOHOB (B 0ojiee paHHUX
pa6orax H,S) u ncrounuka saxneprun — Y ®-usziyde-
HUSI, THUIIMUPYIOILIEro padoTy uKia [5].

Kak yxe roBopwjioch Bbllll€, OCHOBHBIMU ITIPO-
IYKTaMH aTMOC(MepHBIX (POTOXMMHUUECKUX TTPOILIeC-
coB gBisgtoTcs dopManpaerug 1 HCN, pearupyto-
11IMe 3aTeM MexXay coboii ¢ odpa3zoBaHUEM TJIUKOJIO-
Hutpuia. OH W CTaJl UCXOAHBIM BEIIECTBOM IS
MOCJIeNYIOIIUX MpeBpalleHUid, HAUMHAIOIIUXCS C €TO
¢doTopeayKIuu 10 TIMKOJIEBOTO ajibJeruaa ¢ OTIIel -
JICHUEM aMMUaKa.
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Puc. 1. [lepBoHavaibHBIC A0MOTUYECKHE CMHTE3bl. B p030BOM IT0OJIE M300paKeHbl CUHTE3bl aMUHOKHUCIIOT, B 3€JIEHOM — HYK-
JICOTUIIOB, B CEPOM — YIJIEBOMIOB, B XKeJTOM — JIMNUIOB. ['01y0oe mosie roKa3bIiBaeT BelllecTBa, o0pasyloliuecs B atmocdepe,
KOpUYHEeBOe — BellecTBa U3 Heap 3emiin. [Iporiecchl oTopeayKIMy OTMEYEHBI 3HAYKOM AV .

INepBoHaYaIbHO BO3HMKIIIEE 11IEJIOUHOE 03€PO MPH
BBIMAJICHUUN NOXACH U/WIN MTPOHMKHOBEHUM Marma-
TUYeCKUX razoB Hachiagocb HCN, o6pasyrommum ¢
noHamu Fe?* xomruiekcHbie noHbI [Fe(CN)g]4. On-
HOBPEMEHHO MPOUCXOIUJIO HACHIIIIEHNE er0 CEpHU-
CTBIM Ta30M M, BO3BMOKHO, pochopHOit uimm pocdo-
PUCTOM KHUCIOTOH (3a CUEeT r'MApoun3a 1paiidep3uta
¥ BBIOpOCa ByJIKaHaMu TpuMeTadocdara), 4To IIpur-
BOJIMJIO K CHMXKeHUIO pH 10 HEWTpasibHOTO YPOBHS U
Jnaxe ciaaboro nmoakucieHusi. @opmManbaerua oopa-
30BbIBaJl AYKT C OUCyIbhUTaMU B pe3yJIbTaTe peak-
ouu [5]:

H,C=0 + NaHSO, = NaO-SO,-CH,—OH.

A1oT ammyKT BectynaeT B peakirnio ¢ HCN Tak ke ner-
KO, KaK 1 caM (popMaJIbACTU/I;

= HO-CH,-CN + NaHSO,.
MMeHHO 3Ty cUTyallMio UMUTHUPOBAIY B Jabopa-

topuu Casepienpa [5, 6]. [Ipu pH 6.5 peakuunoHHy10
cmech (NaHSO;, K,[Fe(CN)g], HO—CH,—CN u
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Na,HPO,) obnydanu prtyTtHOii namroii. I[lepBbiMu
MpoayKTamu HOTOPENyKIIUU CTATN [IMKOJIEBbIA ajlb-
Jnerun (3a cY4eT BOCCTAHOBJIEHUSI HUTPUJIbHOM Ipym-
bl 10 aJbAerMIHOI) U aMMHUaK, KOTOPBIA TYT Xe
BCTyMaJl C TJIMKOJOHUTPpUIOM B peakuuio Ltpeke-
pa ¢ obpazoBaHMEeM HUTpWJIA IULMHA. [TMKoJIeBbIi
anpaerun pearuposail ¢ HCN, mpeBpalasich B IIMLIE-
ponuTpuii. O0pasyeTcs Takke HeMHOro (ot 4 10 8%)
arerajgpaeruaa (3a c4eT BOCCTAHOBJIEHUSI HE TOJBKO
HUTPUJIBbHOIM, HO U TMAPOKCUIbHOI TPYIIIbl INIMKO-
JoHuTpuiaa). YacTe anetajbaeruia Toxe BCTyNuia
B peakumio IllTpekepa, o6pazoBaB HUTPUJI aJlaHU-
Ha [5, 6]. A yactb ammunaka 1 HCN aTtakoBana rim-
KOJIEBBII aJIbAETU/I, IPEBPATUB €I0 B HUTPUJI CEpUHA.
Tak Havan (YHKIIMOHUPOBATH AOMOTUYECKUN TMH-
TOMHUK, N300pakeHHBI Ha puc. 1.

C HoBbIMU TTOpLUSIMU (opmanbaeruma 1 HCN
OMUCAHHBII Mmpollecc BO300OHOBIsLICA. Ho Tak Kak
yXe BO3HUKIIM IIepPBbIE MPOMYKTHI (POTOPEAyKIINM,
OHH TOXK€ CTAHOBWJIMCh UCXOAHBIMU BEIIECTBAMU IJISI
JadbHERIINX peaklnii, MoKa3aHHBIX Ha puc. 1.

Cnez[yeT O6paTI/ITb BHUMAHME, YTO C KaXKIbIM UK~
JIOM KOJIMYECTBO aJIbACTUAHBIX I'DYIIIT X BBIACIMBIIC-
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rocsi aMMuaKka MOCTOSIHHO pacTeT. AJibaeruabl He yObl-
BaloT B peakiusax ¢ HCN: npeBpaTUBIIUCH B TUI-
POKCUHUTPUJIbI, OHU TYT K€ PEreHepUpyroTcs mocje
doropenykuuu. IIpeaen aToro HapacTaHus orpeae-
nsietcsa konndectBoM HCN, mocTtymaoommuM 13 Heap
u aTMocdepsbl, TouHee — Toit yacthio HCN, KkoTopast
pacxojtyeTcsl Ha peakiivio ¢ ajibaeruaaMu. Beab yactb
3TOTO BELIECTBA pacxXoAyeTcsl Ha 00pa3oBaHuE poja-
HUJOB U rekcalnaHogepparoB. 3aTo aabAeruabl MO-
I'YT BOBHUKATh MTPU I'UApaTaliu alleTUIEHOB U (hOTO-
peayKUMUU APYTMX HUTPWIOB (LIMAaHOALETWIEHA U
akpujoHuTpuia). Tak yTo yKazaHHbIe Ha puc. 1 TIpo-
neccwl TuMuTupyeT auinb HCN.

Yrto Kacaercsi aMMHUaKa, TO €ro KOJIU4eCTBO MO-
XKET HapacTaTh ITOCTOSHHO. Bce aMMHOHUTPWIIBI,
MPEeAIIeCTBEeHHUKN aMUHOKWCIIOT, XOTh Y MEIJICHHO
(B TedeHUE HECKOJIbKUX JIET) TUAPOJU3YIOTCS OO0
AMUHOKUCIIOT, BbicBoOOXknast NH;. DTot runponus
MOXKET CUJIBHO YCKOPHUTh KaTaIUTUIECKOE IeiicTBIE
dopMmanbaeruna [36], a TakKe peakliMyM aMAHOHUT-
pwioB ¢ tuoiamu [21, 37] u peakuus Broxepepa-
Bbeprca, o xotopoit OymeT ckazaHo gaiiee. A BOT ¢o-
TOPEAYKLUMOHHBI MPOLECC, OIMCAHHBbIA 3/€ECh,
O.-aMUHOHUTPWJIBI HE BOCCTAHABJIMBACT B OTIMYME
oT B-aMUHOHUTPWIOB [38] U OI-TUAPOKCUHUTPIIIOB [5].
KcraTti, cnocoGHOCTh HUTPUIIBHBIX TPYIIIT B-aMUHO-
HUTPWJIOB HNOABEPraThCs (POTOPENyKIIMU OTKPHIBACT
KOPOTKMI MyTh K a0MOTUYECKOMY CHHTE3y OUaMU-
HOKHUCJOT. Tak, U3 aKpMJIOHUTPpUIIA MOXET 00pa3o-
BaTbcs 2,4-1aMUHOMACIsTHAsE KUCIoTa (cM. puc. 1).
Omna MorJa OBITh IpeaIIeCTBEHHULIEN ApyTuX, 0onee
CJIOXKHBIX TIOJIOXKUTEIbHO 3apsK€HHBIX aMHUHOKMC-
JIOT B IIEPBUYHOM '€ HETUYSCKOM KOJIE.

Ipu poTopenykimu pH peaknmoHHOIT cMecH mo-
BBIIIAETCS 32 CYET BEICBOOOXKIECHUSI aMMMaKa, KOTO-
pBIii, XOTh M PACXOIyeTcsI Ha APYrue MpOayKTHI, HO
obOpasyeT aMWHOHUTPUIILI, OOJamarolIie TOXe OC-
HOBHBIMM CBOMCTBaMU. Bripoyem, 3TO ITOBBILICHUE
BpEeMEHHOE, TaK KaK IIPOUCXOINT ITOCTOSTHHBIN IIPY-
TOK KHMCJIOTHBIX Tra3oB, 1 pH B aOMoTmyecKOM ITH-
TOMHMKE ITOCTOSTHHO KOJIeOJIETCS MEXAY ITOUYTH HEeil -
TpaJlbHBIM M CJIA0OIIEIOYHBIM (IIO-BUIAMMOMY, IO
3HaueHuil 9—10). B mepuonpl moaieradynBaHUsI CO-
37al0TCSI OJIaronpUsiTHLIE YCJIOBUS IJISI TOMOAJIbI0-
Jm3auuny afetanbaeruna [7]. OCHOBHBIM €€ IIPOIyK-
TOM SBJIIETCS KPOTOHOBBIHM aimpaerun. B mocrerreHHO
yOBIBAIOLIMX KOHLICHTpaLMsIX 00pa3yloTcsl reKcaae-
HaJlb, OKTaTpHEHAaJb U ellle 0ojiee IIMHHbIE HEHAChI-
meHHbIe anpaerunbl [7]. Ilpm BoccTaHOBISHUM HMX
(HUKeJIeBbIM KaTaJlM3aTOPOM, B KauyeCTBEe KOTOPOTrO
MOT ObI BEICTYITUTh YIIOMSIHYTHIN BEIIIIE aBapyUT) 00-
pa3yeTcsi cMeCh HACBIIIEHHBIX KUPHBIX CIIMPTOB,
aJILACTUIO0B U KUCJIOT [7].

I[IponykT doTopenyKunuy MIULEPOHUTPUIIA TJIN-
LiepaJbIerul u3oMepusyercsl B 0ojiee YCTOMYUBYIO
¢dopMy TpexyrJIepoIHOro caxapa — JUTUApPOKCHUalle-
ToH. Ero ¢oropenykiyst mpuBOOUT K ABYM IIPOIYK-
TaM — alleTOHY M TimMiepuHy [38]. ALIeTOH BOBIeKa-
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eTcsl B abMOTUYECKUIT CUHTE3 aMUHOKUCIIOT (IaBast
BaJIMH), TJIMLIEPUH — B CUHTE3 TUnuaoB [38]. [uie-
pUH B pacTtBope hocdaTtoB U MOUEBUHEI MpeBpalla-
ercd B 1,2-ntmkirodocdar, THAPOIN3 KOTOPOTO JaeT
cMech MIulepuH- 1 -¢pocdarta u rmmiepuH-2-docda-
Ta. DT Xe 3UPBI MOTJI CUHTE3UPOBATLCS U APYTU-
MU TYTSIMUA — TIPU B3aUMOIEUCTBUM TIIMILICPUHA CO
urpaiioepsurom [39] wiu B popmMaMUIHOM pacTBO-
pe [40] (mocne ucnapenusi Boabl). Peakiust pocdar-
HBIX 3(UPOB INIMIEPUHA C KUPHBIMH KUCIOTAMU
MPUBOIUT K oO6pa3zoBaHUIo Ppochoaunuaos (cMm. [7] n
CCBUIKY B Hel).

XoTs Tpoliecchl aDMOTUYECKMX CUHTE30B BCEX HYK-
JIEMHOBBIX OCHOBaHW1 M puOO3bI B 1OCTATOYHOI CTe-
MEeHU U3YYEHbI, OHM MaJIONPUTOAHBI JJIs1 BOSHUKHO-
BeHus1 PHK 13-3a mpoGieM B X CBSI3bIBAHUU MEXIY
coboit (cM. 0630psl [12, 23]). dx. CazepaeHn U ero
KOJUIETH PEIINJIN 3TU IIPOOJIEMBI, OTKPBLIB “00X0m-
HOI” myTb cMHTe3a HykjieoTuaoB [41]. KitoueBoe
3BEHO B LIEMU 3TUX MPOLIECCOB — peaKlivsl IIIUKOJIe-
BOTO aJIpeTrIa ¢ tnaHaMuaoM. OHa oopas3yeT 2-aMu-
HOOKCa30J1, KOTOPBI MpU peakliuu C MIuliepabie-
TUIOM JaeT apabuHO-aMUHOOKCA30JMH — TPOAYKT,
COCTOSIIIIMI U3 apaOUHO3HOIO MATUYJIEHHOTO KOJIb-
112, COIPSIKEHHOIO € IPYTMM KOJIBLIOM, IPEIIIECTBEH-
HUKOM LIMTO3MHA (cM. puc. 1, 3eneHoe none). Eciu
[JIMKOJIEBbIN aJbJeryJ HaXOAUTCS B U30BITKE (UTO
BITOJIHE BO3MOXHO M3-32 OTPAHUYEHHOCTU KOJIUYe-
CTBa LIMaHaAMUJa), OH pearupyer ¢ 2-aMMHOOKCA30-
JIoM (BMECTO TJIMLIEPMHOBOTO aJiblleTUaa), 1aBasi Ha-
yajo CHMHTE3y TEeTPO30HYKJICOTHIOB [42], BO3MOX-
HbIX TIpeaiiecTBeHHUKOB Tpeo- HK (THK).

Peak1ius ¢ nunaHoaleTUIICHOM 3aBepllaeT IMTOCTPO-
eHUe LIMTO3MHOBOTO KoJjbla. ['mapoan3 oGpa3oBaB-
LIeToCs IMPOAYKTAa B IIpUCYTCTBUU hochaToB U MOUE-
BUHBI TIPUBOJUT K MpeoOpa3oBaHUIO apaOMHO3HOTO
KOJIblIa B puOO03HOE, OJ1arogaps 3aMbIKaHUIO IPYroro
IATAWIEHHOTO LKA (puc. 1, 3eneHoe moine). I1po-
aykT — 2'.3'-nukinodocdar UUTUAMHA — SIBJISICTCS
aKTUBUPOBAHHOU (OPMOIT HATypajlbHOTO HYKJIEO-
iaaa. Y®-o0nydeHUe YaCTUIHO MEPEBOIUT €ro B
2',3'-uuknodocdar ypuauHa. Takum odpa3oM, Oblia
pelileHa npobjieMa BO3MOXKHOCTH IIPUCOCAUHEHUS
pu6O3kI K MMPUMHUINHAM U IIPOOIIEMA €ro peruociie-
HU(PUIHOCTH.

OnmHako 3Ta M3SIIHAas CXeMa CTOJKHYIAch C psi-
JIOM CEPbE3HBIX TPYIHOCTEM:

1) HeIOCTATOYHOCTh PECYPCOB LIMAaHAMMU/IA HA PaH-
Hell 3emie,

2) HEOOXOOMMOCTh OIIPEeAeIEHHOTO ITopsaKa pe-
aKIWi, HE IOIMYCKAIOIIEro B3auMOAEMCTBUS [IMaHAa -
MUIa U TJIMLEPUHOBOTO aJIbAEruaa ¢ 00pa3oBaHUEM
MOOOYHBIX IPOIYKTOB,

3) HEBO3MOXHOCTh ITOJYYEHUSI DTUM Ke MyTeM
IMYPUHOBBIX HYKJICOTUIOB.

JanpHeiiine ycuiins ObLIM HaIlpaBJeHbl Ha I10-
WCK MyTei TIPeoa0JICHUS 3TUX TPYIHOCTEIA.
Ne 5
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OnHoi1 U3 TaKUX MOTIBITOK ObLJIa KOHLIEILIUS “XU-
MUU TTOTOKOB”. COIJIacHO €i1 MHOTHE BaxKHbIE TaIbI
JIOOMOJIOTUYECKOM XUMHMU MOIJIA OCYIIECTBIISITHCS
HE B CTaIlMOHApPHBIX BOJOEMAaX BPOJIE YIIOMSHYTOTO
MUTOMHMKA, & B MECTaX BCTPEUYU ITOTOKOB Pa3INIHO-
ro xummyeckoro cocrasa [5]. IIpu aToM OombIIOE
3HAYCHHNE TTPUOOPETACT ITOPSIIO0K, B KOTOPOM BCTpE-
YaloTCs pa3HbIe TIOTOKM, €CJIM MX HECKOJIBbKO. DTO —
YSI3BUMOE MECTO KOHILIEMIMM, TaK KakK 3[eCh IPO-
CMaTpUBAETCST AaHAJIOTUS C SKCIIEpUMEHTAMM, UMUTH -
PYIOIIMMM OTIEJbHBIC 3Tanbl a0OMOTUYECKUX ITPO-
IICCCOB B CTPOTO oIpeaesieHHOM mopsiake. OmHaKo
TP HEOOJIBLIIIOM YHCJIe TIOTOKOB BEPOSITHOCTD “HYX-
HOTO” TIOpsiAKa CIUSTHUSI TTOTOKOB eIlle JOCTATOYHO
BbICOKa. ITOCKOJNBKY TMApPOTepPMAalbHBIX PETMOHOB
MHOXKECTBO, TO B KaKNX-HUOYIh U3 HUX MOTIJIA CJIO-
KUThCS OJIaTOIIPUSITHAST CUTYaLIUS].

ABTOpBI TIOTIBITAJIUCH TIPEOAOJIETh IIEPBYIO U BTO-
pYIO TPYAHOCTh YHMCTO THUITOTETUYECKH. DKCIIEPU-
MEHTAJIbHO ObUI YCTAHOBJIEH TOJBKO (haKT, YTO
2-aMMHOTHA30JI CITOCOOEH M30MpaTeJbHO OCaXIaTh
B pa3HOEe BpeMsI TJIMKOJIEBBIM 1 TJIMLIEPUHOBBINA ajlb-
nerunbl B Bune amuHanei [43]. Tekyuii u3 IMToOM-
HMKa TTOTOK (C 2-aMMHOTHA30JI0M) Yepe3 HECKOIbKO
YacoB OCTaBJISIET ITOCJIe ce0s1 CHayajla y4acToK pyciia
C 0CaJIKOM aMUHaJIs ITTUKOJIEBOTrO aIbAeTH/Ia, a HIKe
110 TEYEHMIO — OCaTOK aMUHAJIS IIMIIePaIbIeThAaA.

Llnanamun geificTBUTEILHO MOT BO3HUKHYTH B
OOJIBIIINX KOJIMYECTBAaX B MeCTaXx 00pa30BaHUSI IreKca-
nuaHodeppaToB, TOe MOpeobiaagalolIre MUHEPAJbI
coaepxamu Kanbiuii. ['ekcanimanodeppaThl KaTbIIHs
npu Temriepatypax 700—1000°C paznaraiorcst ¢ 06-
pa3oBaHUEM KaJlbIUAIMaHAMUIA.

HanpHelime pacCyXIeHUsT Ha OCHOBE “XWMWU
MOTOKOB” COIEpPKAT CIMIIKOM MHOTO HOITYIICHWIA.
IMpenmonaraeTcs, 4TO ocaxkAeHHbBI B KAKOM-TO Me-
CTe TJIMKOJIEBBIIA albIeT I JODKEH MIPUOBITh C IPYTUM
MOTOKOM Ha MECTO 3ajieraHus KaJblIMAIIMaHAMUIA,
MpUYEM B BUIE ayKTa ¢ oucyiabhutoM. KonruecTBo
oucynbGuTa He JOJKHO OBITh BHIIIE SKBUBAJICHTHO-
ro koiaunuectBa CaCN,, nHaue JUIIHUN OUCYTbDUT
BCTPOMTCS B IIMKJI 00pa3yrolierocs 2-aMMHOOKCa30-
Jla ¥ TIOMeIlIaeT ero JaJibHEHIIMM TIpeBpalllcHUSIM.
Ecnu 510 ycioBue BBIIOJHEHO, HEPaCTBOPUMBIA
CYNbMUT KaJblMsI OCBOOOIUT IIMaHAMMI, KOTOPHIM
Mpopearupyer ¢ TIUKOJICBbIM albIeTUIOM. 3aTeM T10-
TOK JOJK€H BCTPETUTh OCAadoK INMiepanbaeruma. Y
Tak najee 1o puc. 1. bema ToJbKo B TOM, YTO IS CUH-
Te3a ocaauTelisl HyXXeH [IMaHaMUI, KOTOPOTo He JOJIXK-
HO OBITh B IIEPBOM ITIOTOKE.

TpeTbio TPYTHOCTH (2, BOBMOXHO, 1 BCE OCTaTb-
Hble) M. TToyHep u coTpyaHUKM [44] nibITAIMCH IIpE-
O0JIETh, UCTOJb3ys BMECTO NEeMUIIUTHOrO lMaHa-
MHIa TUOLIMAHOBYIO KUCIIOTY. PomaHMABl HaKOMM-
JIICh B MATOMHMKE, CTOUT TOJBKO noBectu pH o 4,
U HAaYHETCSI UX PeaKUsl C IIIMKOJIEBBIM albAeTUI0M,
0o0pa3ysl OKCa30JI-2-THOH (aBTOphl HAa3BIBAIOT €TI0
2-tookcazonoM). OH TakK Xe JIETKO COSAUHSIETCS C
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TIALIEpadbIETUIOM, KaK 1 eTo 2-aMruHoaHaJor. Bpsn
JI1 HEOOXOOUM MOTOK M3 HEUTPaJbHOIO IMTMTOMHUKA
B BOJIOEM C HM3KUM 3HaYeHueM pH. Benb BO3MOXKHBI
nepruogudIecKue MHTEeHCU(PUKAINN BBIOPOCOB BYII-
KaHNYECKUX KMCJIOTHBIX Ta30B, MOJKUCIISIONINX BO-
nmoem 1o pH 4. Tem 60:ee uro mist casura pH ot 7 oo 4
tpebyeTcs Bcero 10~* M KOHLIEHTpALIUS KUCJIOTHL.

HanpHeline mpeBpaieHuss HECKOJIbKO OTInYa-
I0TCSI OT BBIIIIEONMCAHHBIX, HO CYTh UX Ta ke — (op-
MHPOBaHNE HYKJIIEMHOBOIO OCHOBAaHUSI, B JTaHHOM
cliydyae MypuHOBOIO (B JBE CTaauu: CHadaja ISITH-
YJICHHOI0, 3aTeM LISCTUYJICHHOro 1uKia). Ha atom
IIyTHU €CTh pa3BWJIKa, OJj1arogapsi KOTOPOM 4acTh IIPO-
JIyKTa CBOpayMBaeT Ha IIyTh CMHTE3a MMMPUMUINHO-
BbIX HYKjJIeo3uaoB. KoHeuHbI 3Tanm oboux IyTeut
WICHTUYEH — TUIPOJIM3 B IIPUCYTCTBUM (PocdhaToB U
MOYEBUHBLI ¢ oOpaszoBaHueM 2',3'-mukinodocdaron
HyKjIeo3na0B. K coxaneHuno, o0pa3yloTcst He KaHO-
HUYECKNE NYyPUHOBBIE HYKJICOTHABI, a MX 8-0KCO-
npousBoaHbie. Ho B auTepaTtype Takme HNpOM3BOII-
HbIE YaCTO YIIOMMHAJIMCh KaK BITOJIHE TIpUeMJIeMbIe
3aMeHUTeNIM KaHoHnYecKux, noka JIx. [locrak [45]
He JoKa3ajl MX HEIIPUTOTHOCTD A1 y4acTHs B Hedep-
MeHTaTuBHOM peruinkauun PHK. Kpome Toro, cpe-
IV IPOAYKTOB UMEIOTCSI HYKJIEOTHILI apaOHO3HOTO,
KCHJIO3HOTO M JIMKCO3HOTO Psiia, XOTSI puOO3HBIE U
apaOUHO3HbIE HYKJICOTUAbI TPE00IaaatoT.

Hpyroii myTh KOHCTPYUPOBAHUS ITyPUHOBBIX HYK-
Jneo3unoB (FaPy-1yTh) nipeajioxuia rpymia, pykoBo-
nnMmast T. Kepemtom [46]. Ha ocHOBaHMM uTepa-
TYPHBIX JaHHBIX OHM pEILIWJIM, YTO TPU- U TeTpa-
AMUHONUPUMUIMHBI MOTJIU ObITh CUHTE3UPOBAHBI
B abHMOTMYECKUX YCIOBUSIX. ABTOPbI TEOPETUUECKU
00OCHOBAJIM M 9KCIIEPUMEHTAIbHO MOATBEPAWIIN, UTO
B OIpPENEJEHHbIX YCIOBUSAX JIMIIbL aMUHOTpyINa B
MO3UIINA 5 3TUX MTUPUMUIUHOB MOXKET OBITh allWJIN-
poBaHa MypaBbUHOI KucaoToi. [TonyyeHHble dop-
MUWJIaMUAONMPUMUIMHBI TIPU PUOO3UIMPOBAHUY JIIO-
00lf aMUHOTPYIIbI, COCeIHEN ¢ (POPMUIMPOBAHHO
aMUHOTPYMIIOi, MOIJIM AaTh OAWH U TOT XK€ MPOAYKT
(M3-3a CUMMETPUYHOCTU MOJIeKYJibl). Tak ObLia pe-
IIeHa TTpo0dJjieMa pernocrenudUIHOCTA PUOO3MITU-
poBaHus. [locnenymwoliee 3aMbiKaHUE UMUAA30JIb-
HOTO 1IMKJIa MPOU3BEJIO MYPUHOBBIE HYKJIEO3UIBI.
OnHako o6pa3oBajiach CMECh Pa3IMYHBIX CTEPEON30-
MmepoB. [Iupano3nast ¢opma pubO3bl mpeobiagajia
HaJl KaHOHUYecKoit dypaHo3Hoit. M xotst B-aHoMe-
pbl BOBHUKAJIHU Yallle, YeM Ol-aHOMEPHI, BBIXOA KaHO-
HUYECKOTO aJcHO3MHA HUKOoTHa He mpeBbimait 20%.
3aTo 3TOT MyTh NMPUBEJ K KAHOHUYECKUM ITypHUHO-
BBbIM HYKJIEO3WIaM.

B cnenyromeit ctatbe [47] aBTOPBI pa3BUIIM CBOIO
TUIIOTE3Y Ha OCHOBE KOHUEILMU “XMMUU ITOTOKOB”
B COYECTAHMU C LIMKJIAMU YBJIAXXHEHUS/BBICYIIBA-
Husg. OHM u300pasuim 4 1MOTOKa, CIMBAIOIINECs B
oInpeAe/IeHHOM MOpsIIKe 1 3aTeM BIIaJarollye B 03e-
po. B pesynbraTe 1mocienoBaTeIbHOIO B3aMMOACH-
CTBHUSI BCEX KOMITOHEHTOB OOpa3yloTcsI ITypPUHOBBIC
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HYKJIeo3uabl. LIWMKIIBI yBIaXXHEHUS/BbICYIIMBAHUS
00ecIeynBaloT TakKKe pasiejeHUe U OYMCTKY IpO-
JIYKTOB.

Bce-taku M. IToyHepy 1o3xe yoajioch HAlTU ITyTh
CUHTE3a KAaHOHWYECKMX NYPUHOBEIX OCHOBAaHWI B
COoCTaBe HYKJIEO3UIOB [48] Omaromapst BKIIIOYCHHUIO B
pEeaKIIMOHHYI0 CMECh CEpOBOAOPOAA, KOTOPKIA, He-
COMHEHHO, IIPUCYTCTBOBAJI B IPEIOMOTUYECKIX BO-
noeMax. BMecTo 8-oKconmyprHOBBIX HYKJICO3UI0B OH
MMOJYYIJI 8-MEepPKaITOIMYPUHOBEIC, TIPEUMYIIIECTBEH-
HO apaOMHO3HbIEe HYKJIeo3uabl. YD-00aydeHue yna-
JISUIO cepy, oOpasyss KaHOHWYECKHE TIeTePOLIMKIIBI.
Tak pabotsl [44] u [48] pemviu rpodiaeMy aOUOTH-
YEeCKOro CHUHTe3a 0e3 MOTpeOHOCTU B AeULIUTHOM
MaHaMue IT0JIHOTO Habopa HykJeo3mmoB. Ho —
apabuHO3HOrO psima. Borpoc, Kak BO3HUKIU KaHO-
HUYECKME IYPUHOBEIE PUOOHYKJIEOTUIBI, OCTACTCS
IIOKA OTKPHITHIM.

M. IloyHep, TeM He MeHee, cuuTaeT pe3yJibTaThbl
CBOMX 9KCIIEPUMEHTOB OOJIBIINM YCIIEXOM, IMOCKOJIb-
Ky apabuHo-HK (AHK) cuurtaercsi omHoit U3 BO3-
MOXKHBIX MPEAOMOTUYECKUX UH(HOPMALIMOHHBIX MOJIU-
MepoB. ABTOPEI OTMEYaroT ee Oonbinyio, yeM y PHK,
YCTOMYMBOCTD K THAPOU3Y [49], cmocoOHOCTH 00pa3o-
BBIBaTh NMMOJOOHBIE pOO3MMaM CTPYKTYpHI [S0] 1 myr1-
nekcel ¢ PHK [49, 51], TpanckpubupoBarbest ¢ JJHK-
MaTpull [52], cayXuThb MaTpuleit st oOpaTHOM
tpanckpunuuu JHK [52].

KceHoHyKI€MHOBBIE KUCIOTHI, Y KOTOPBIX U reTe-
POLIMKIINYECKIE OCHOBAHUS, I COSAUHSIIONINE NX “MO-
CTUKHM” OTINYAIOTCS OT IIPUPOIHBIX, MCCICIYIOTCS
naBHO. MMHTepec K HUM OOYCJIOBJIEH TPYAHOCTSIMU,
00HapPYXEHHBIMU IIPH TTOIBITKAX JJA0OPATOPHOIO OCY-
IIECTBJICHMUSI a0MOTUYECKOro CMHTE3a U CAaMOKOIIH-
posanus 1enouek PHK. Ienbio sBasseTcst mouck 60-
JIee JieTkoro (a, 3Ha4YuT, OoJiee MpPaBAOIIOAOOHOIO)
ClIeHapUsI CIIOHTAHHOTO BO3HMKHOBEHMSI CaMOKO-
nupymolerocs nojaumepa. M rakue mojammepsl BIIOJI-
He MOIJIM 00pa30BaThCs: Belb B OIIbITAX, HApSAy C
IIPOU3BOIHBIMH PUOO3bI, IOJIYIAIOTCS IIPOU3BOIHEIC
JIPYTUMX MEHTO3 U Jaxe TeTpo3 [42], KOTopble TOXEe
MOTYT IIPEBPATUTHCS B COOTBETCTBYIOIINE HYKJIEOTH -
nel. Kak OymeT paccMOTpeHO majiee, M3 CMeCH HyK-
JICOTUAOB Pa3IMYHBIX YIVIEBOAHBIX PSIOB CHayaja
CUHTE3UPYIOTCS TeTEpOTreHHBIE IO caxapy OJIUTOMe-
pBI, a 3aTeM, MOCJIE CepUM PeIINKalnii, (hopMHUpy-
IOTCSI TOMOT€HHBIE — HaIllpuMep, puodo3Hbie. Ciaeno-
BaTEJILHO, Pa3JIMYHEIC OJIUTOMEPHI COCYILIECTBOBAJIN,
9BOJIIOLIMOHUPOBAIN, B3aUMOAEIICTBOBAIIN 1 KOHKY-
pupoBau Mexay coboii. A Ilpuponga orodpaia Hau-
6osiee 3 (PEKTUBHEIE.

BO3HMUKHOBEHHWE BHUOITOJIMMEPOB
N ®OYHKUMOHAJBHbBIX CTPYKTVYP

BuononuMepbsl — 3TO IIPOAYKThI KOHACHCALIMU
6oJjiee TIPOCTHIX BELIECTB C OTINEIUIEHUEM MOJIEKYJT
Boabl. B BogHOI cpene nx oOpa3zoBaHe 1 CYIIIECTBO-
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BaHUE TEPMOOUHAMMWYECKM Y KMHETUYECKMU HEBBI-
rOAHO U IMPpM YCTAaHOBJICHUHM paBHOBECUSA HEMMNHYEMO
MIpUBEIET K UX TUAPOJM3Y HAa COCTaBHBIC YaCTH.
AOHMOTHMYECKMIT CMHTE3 X BO3MOXEH JIMOO ITpH Ha-
rpeBaHuU B (IIOYTH) OE3BOMHOI Cpejie, HallpuMep, B
IIEpUOAHEI BLICBIXaHUSI BOOOEMOB, OCOOCHHO B OKpPY-
XKEHUU TUAPO(POOHBIX MOJIEKYJ (HAIIpUMEp, JTUIIN-
JIOB), TUOO TIPU XMMHUYECKOM aKTUBAIIMU X COCTaB-
JIOIINX YacTeil KOHACHCUPYIOIIUMU areHTaMu IIpU
3aTpate sHeprun. [1epBrIii BapyaHT IpeanoYTUTEIbHES
Kak 0oJiee ecTecTBeHHBIH. OIHAKO 3KCIIEPUMEHTAITEHO
YCTaHOBJICHO, YTO CKOPOCTb (a, 3HAYUT, U HaOJItomae-
Masl B OIIBITE CTEIIEHb) OJIMTOMEPU3allMi HEBBICOKA, €C-
JIU MOHOMEDHBI BBICTYIIaIOT B OOBIYHOM, HEAKTUBUPO-
BaHHOI (popme. DTO OOCTOSATEILCTBO 3aTPYIHSICT MC-
cleqoBaHNE MAJbHEHIIMX TIPOLIECCOB YCIOXHEHMS
OJINTOMEPOB, (POPMUPOBAHMS UMU (HDYHKIIMOHATBHBIX
CTPYKTYp, B3aMOJICIICTBUS C APYTMMU OMOMOJISKYJIa-
MU. DKCIEPUMEHTATOPhI BEAb HE MOTYT KIaTh MHO-
rYe ToJbl pe3yJbTaTOB OIIbITa C HATypalbHbIMU (hOp-
MaMHU peareHTOB. I103TOMy OHM MCITOJIL3YIOT MOHO-
MEpBI B aKTMBUPOBAaHHOI (hopMe, HE BCeTIa TaKoM,
KOTOpasi MOTJIa CYILIIeCTBOBATh Ha paHHek 3emie. On-
HAKO OOHOBPEMEHHO MPOAOJIKAIOTCS MCCIICIOBaHUS
IIEpBOrO BapraHTa, O YeM OyIeT CKa3aHo MO3XKe.

IlepBoHauyalbHO B OMbITax MO aOMOTUYECKOMY
cunte3y PHK neitanuck ncnonbzoBate ATP u apy-
rue Hykjaeo3uaTpudocharsl, eCTECTBEHHbIE aKTUBU -
pOBaHHbIE HYKJIeOTUabl. OJHAKO B OTCYTCTBUE OeJi-
KOBBIX (DEPMEHTOB WJIM PUOO3MMOB OHM JAOBOJILHO
WHEePTHBHI (CM., Hampumep, [53]).

st HechepMEeHTAaTMBHOTO CUHTE3a OJIMTOHYKJIEO-
THUIOB YacTO MCIOJB3YIOT HYKJIEOTHIBI, K ¢docdar-
HOI1 TpyIIIe KOTOPBIX MpUcoeanHeHa 6oJiee JIETKO OT-
mervisiemasl Tpynmna. Haubosiee akTUBHBIMU B 3TOM
OTHOIIIEHUY CUUTAIOTCSl 2-aMUHOMMUAA30JUIbl HYK-
Jeotunos [54]. Kak noka3amm A. @apenbax u 1p. [55],
2-aMUHOMMMIA30J1 obpa3yeTcs B cucteMme JIx. Ca-
3epJeH1a OJHOBPEMEHHO C 2-aMUHOOKCA30JIOM MpU
peakuuu [UaHaMUAa C TIIUKOJIEBBIM aIbACTUAOM B
MPUCYTCTBUM aMMMAaKa ¢ XOpOIIUM BhixogoM (41%).
ITosTOoMy ero MoOXHO cYMTATh IIPEAOMOTUYCCKUM
areHToM. Ho caMocTosITeIbHO TPUCOEAUHUTHCS K
HYKJIEOTUIY OH HE MOXeT. DTOMY MOT CIIOCOOCTBO-
BaTbh KOHJEHCUPYIOLIMIA areHT, 00pa3yIolIniics B reK-
cauuaHodeppaTHOM LMKJIe Npu aeicTBum Y D-iy-
yeif — MeTrn3onuaHar [56]. Mnm, kak cuntaet A. dDa-
peHbax, XJopLUMaH — TOXE€ BO3MOXHBIN MPOAYKT
Y®-061yyeHUs MOHOB LIMaHUAA U XJopa B BOIHOM
WM Ta30BoOM cpende [57].

MMunmazon u ero Npou3BOAHbIC MPUMEHSUINCH
JI. OpresoM B cUHTE3€ OJUTOHYKJICOTUAOB €Ille C
60-x rogoB. Ymanoch gaxe OCyLIeCTBUTh Hedep-
MEHTAaTUBHEIII MAaTPUYHBIA CHHTE3, IIOJyYUB
14-3BeHHBIN OTUTOHYKITEOTHI, [58]. ONBITHI IIPOBOIM -
JIM C €CTECTBEHHBIMM HYKJICOTUIAMU, TO €CTh UMEIO-
muMu D-koHdurypaumio. M, pasymeercsi, ¢ OOHO-
POOHBIMM, HAIIPUMEP, TOJIBKO C pPUOOHYKICOTHUIAMU.
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Ho na npeBHeit 3emMite B aOMOTHYECKMX CTHTE3aX
00pa3oBbIBAJIACh CJIOXKHASI CMECh HYKJIEOTUIOB. OHU
MOIJIM COJIepPXKaTh pa3Hble TeTePOLMKIIbI, HE TOJILKO
aJleHUH, T'YaHUH, LIMTO3MUH U ypali. CoeIuHSIoIIe
MX MOCTUKHU TOXE MOIJIM MMETh Pa3IMYHYIO IIPUPO-
ny. Ecam B UXx cocTaB BXOOWIU YIJIEBOABI, TO OHU
nMeI 061 U L -, 1 D-xKoHdurypaiiio. Mbl He MOXKEM
371ech O0CYKIaTh BCe BO3MOXHbBIE BApUAHTBI, OCTa-
HOBHUMCS JIIIIb Ha YIIOMSTHYTBIX BBIIIIE.

YeThIpe MepevyrcieHHbIX TeTepolMKIia Haubosee
YCTOMYMBHI K TeMCTBUIO Y D-J1yyeil, T03TOMY IIPe0s-
Jlaganu B abuotuuyeckux yciaoBusix. KpoMme Toro, B
omnbiTax [Ixx. CasepieHaa oHU oOpas3yloTcs U3 Tpo-
CTBIX UCXOMHBIX BEIIECTB M HE B KauecTBe 1IEJEBBIX
MPOAYKTOB, a Cpa3y B COCTAaBE CJIOXKHOU MOJIEKYJIBI,
00BEANHSIONIEH YTJIEBOAHYIO U T€TEPOLIMKIIUYECKYIO
4yacTb. A BOT yIVIEBOIHASI COCTABJISIONIAS MOXET ObITh
TIpeJCcTaBIeHa IIEeCThIO BUIaMy MoHocaxapuaoB. [1pe-
001a1al0IMMHU YTJIeBOAAMU, KaK CKa3aHo BhIIIIE, SIB-
JISIIOTCS TpU: apabuHo3a, pubo3a u Tpeosa. Bce oHu
BBICTYIIAIOT B (phypaHO3HOU (popme (CorjiacHO MyTHU
IMoynepa-Ca3zepaeHna). Ecnu ke abnoTUYeCKUit CUH-
T€3 HYKJIEOTUIOB MPOUCXOAWJI MyTeM, OMKUCAHHBIM
T. Kepennom, To npeobiaagaTh JoJKHA MUpaHO3HAas
dopma.

IIpexne Bcero, pacCMOTpPUM IIPOOJIEMY palieMa-
TOB. Benb TOJIbKO OAHOPOIHBIE IO TPOCTPAHCTBEHHOM
KOH(MpUTYpallMM MOHOMEPHEI MOTYT c(hOPMUPOBATH MO-
JIMMep MPaBWILHON CIMpaabHOIT (pOpMbI. MOJIEKYJIbI
PHK, cuHTe3MpoBaHHBICE M3 palleMUYECKNX CMeceil
HYKJICOTUIIOB, JaXKe MMEIOIIe OMMHAKOBYIO MX ITO-
CJIeIOBaTEIbHOCTh, COBEPIICHHO HE IIOXO0XHU APYT Ha
npyra. Ux mipocTpaHCcTBeHHAass KOH(QUTypalus pas-
JIMYHA U3-3a XaOTUYHOCTU KOH(UTYpalluu OTAC/Ib-
HEIX 3BeHbeB. OHM He CMOIyT oOpa3oBaTh HU IIpa-
BUJIBHOIM CITMpain, HU CTPYKTYp C KaKOM-IM0OO
¢GYHKIMOHAIbHOI aKTUBHOCTbHIO. BUnumo, v XKu3Hb
BpsiA i Obl BOZHMKJIA, €CJIM Obl HE HAIIUIMCh €CTe-
CTBEHHBIE (DAKTOPHI, 0OECIIEUNBAIOIINEC XUPATBHYIO
YUCTOTY TOJUHYKJICOTUIHBIX LICTICH.

Oxa3aJjioch, YTO B 3TOM MOIJIA IIOMOYb MUHEpa-
JIbI, B YaCTHOCTU, MOHMMOpUALoHum (TJINHA, IPOLYKT
BOJHOI 3p0O31U ByJIKaHU4YecKoro nema). JIx. ®ep-
puc u I1. JIxo1u B cepuu pador [59—61] nokaszanu,
YTO B €ro IIPUCYTCTBUU U3 cMecU L- 1 D-HyKIeo3U -
dochonMmaazonmaoB 00pa3yroTCs IMPAKTUIECKH 10 -
HOCTBIO TOMOXUPaJIbHbIE OJIUTOHYKICOTUIBI JIMHOM
1o 11 3BeHbeB. I[IpudueM ¢ yBeIMYeHUEM OJIUHEBI OJIM-
roMepa BO3pacTaeT CTEHEHb €ro XMPaJIbHOM YMCTO-
ThI. YK€ Ha4MHasl ¢ IEHTaMEPOB, XHpajbHasl YCTOTa
MIPOIYKTOB ITpeBhImIacT 97 %. Takmm 06pa3oM, IoJTy-
JaloTCs WM YUCThIEe L -, M 9iCThie D-OJIMTOHYKJIEOTH-
Obl. IIpyynHA TaKoro CeJIeKTUPYIOLIEro ASHCTBUS
MOHTMOPWUIOHMTA MOKAa HE BBISICHEHA, CYUTAETCS,
YTO OHa OOYCJIOBJIECHAa OCOOEHHOCTSIMH KPUMCTAJLIM-
YeCKOil CTpYKTYphbI 3TOro MuHepaia. He nccienona-
Ha M CeJIEKTUpPYIOIIasi CIIOCOOHOCTh MOHTMOPUJLIO-
HUTa B OTHOIIIEHMH HYKJIEOTUIOB, aKTUBUPOBAHHBIX
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IPYTHIM CITOCOOOM, a TaKKe Comep KallnuX pa3Hble ca-
Xapa B UX ITMPaHO3HOI WM pypaHO3HOI (hopmax. A
TaKKe UCCIIENOBaHUsI B CBETE BhIIIIECKA3aHHOTO OY€Hb
aKTyaJIbHEL.

BazxHbIM cenlekTupyomuM ¢GakTopoM MOTJIN ObITh
Y®-nyyu. M.A. HukutuH B cBoeii kHuUre [4] oTMe-
YaeT, YTO OHM MOTJIM CITOCOOCTBOBAaTH OTOOPY, BO-
MEePBBIX, CAMBIX YCTOMUMBBIX K HUM a30TUCTBIX TeTe-
POLIMKIIOB, CKJIOHHBIX OOpPa30BbIBATH KOMILJIEMEH-
TapHbIe mapkl, T.e. Ade, Gua, Cyt u Ura. Bo-BTOpbIX,
OHM OJIaTONPUSTCTBOBIM HAKOIUJIEHUIO OJIMTOHYK-
JICOTUOOB, COCTOSIIIUX U3 HYKJICOTUIOB OTHON XU-
panbHOCTH. ['OMOXMpaIbHBIE OJUTOHYKICOTHUIBI K
Y®-nyyam 6osiee YCTOMUMBBI, TaK KaK PaclojioxKe-
HUE TEeTEepPOLIMKIIOB B MX CHUPAJIbHBIX MOJIEKyaax
“cronkoit” obecnednBaeT UX B3aMMHYIO 3allUTy 3a
CYET CTOKMHT-B3anMoaeicTBuUs. JTMHHBIE OJTUTOME-
PBI TaK>Ke 0oJiee YCTOMYMBBI IO CPAaBHEHUIO C KOPOT-
KAMU, TOCKOJIBKY B HUX OOJIbIIIe B3aUMOIEIICTBYIO-
mux rerepounkiioB. A monekyiabsl PHK, comepxka-
IIUe OBYCIUpajbHbIC y4yacTKU (ILIWIbKK), Gosee
YCTOMYMBHI Garogapsi KOMIDIEMEHTApHOMY CITapH-
BaHMUIO.

ITo yka3aHHBIM IIpUYMHAM TTOIYJISILIASI OJTUTOHYK-
JIEOTUIOB, B OCHOBHOM, COCTOSIJIa U3 CMECH TOMOXM -
panbHBIX L- mnnu D-dopm. OT ciayyaifHo oOpa3oBaB-
IIMXCS TEeTEpOXUpPaJbHBIX 1IENOYEK €€ OYMIIAJIN
Y®-nyun. ONMUroHyKJICOTUABl Pa3IMYHOM XUpaab-
HOCTHU HEN30eKHO MTOJLKHBI ObLIN INIMTEILHOE BPEMSI
cocyiecTBoBaTh. ITpeanpruHUMaIOTCs MOITBLITKY T€O-
peTUYECK 0OOCHOBATh W 3KCIIEPUMEHTAJIBHO IIPO-
JIEMOHCTPHUPOBAaTh BO3MOXHOCTb aOMOTHMYECKOIO
GOpMUPOBAHUST XUPATbHO OTHOPOIHBIX OMOITOJIU-
MEPOB MYyTEM IIOCTEIICHHOIO HAKOIUICHUSI HEOOJIb-
IIMX U30BITKOB OAHUX YHAHTHUOMEPOB Hal IIPOTUBO-
TOJIOXKHBIMU B IOCJIEAOBATEIbHOM CEpUU pEeIInKa-
muit. OmHaKo, Ha Halll B34, Ha (pOHE MOCTOSTHHO
TEKYIIEero abMOTUIECKOTO CMHTEe3a palleMaToOB TaKOM
MOX0, He pelaeT MpooaeMy XMpaabHON YUCTOTHI.

He nannuatuBHOe, a KapauHaIbHOE pellieHe 3TOM
mpo6ieMbl (1 He ToIbKo!) mpousBena [Ipupona, korma
cpeay XUpaabHO YUCTHIX D-pruOO3MMOB MOSIBUJICS Ta-
KOIi, KOTOpBIii OKazajcsi CIIOCOOHBIM M30MpaTeIbHO
pacIio3HaBaTh MOJEKYJIbI D-prbo3bl (MMEeHHO (dypa-
HO3HOI (hopMrl!) nin ee pochopITUPOBAHHBIX ITPO-
M3BOOHBIX U MMPUCOCAUHSTh UX K ocHoBaHUsIM PHK.
BT0 obecneuymnao MUHTEHCUBHbBIN cuHTe3 D-pruboHY-
KJIEOTUIOB U CTOJIb X€ ObICTPOE HAKOTIJIEHUE TTOJIU -
MmepHbix D-PHK. He coznasiie mogo6Horo pndosn-
Ma L-HyKJIeOTUbl CUHTE3UPOBATIMCH B aOMOTEHHBIX
npoieccax ropa3ao MelJIeHHee U OblI MTOCTETIeH -
HO BBITECHEHBI, KaK U 8ce KCeHOHYKAeomudvl U UX
MOJIUMEDHI.

Taxkoit D-pubo3ocrentipIHBII pUO03MM DKCITE-
PUMEHTAJILHO HE IIOJIydeH, HO BIIOJIHE BO3MOXEH,
TaK KaK ONUCaHbl puOO3MMBI, PACITO3HAIOIIE SHAH-
THOMEpPHbIE (DOPMBI AMUHOKUCJIOT U IPUCOCIUHSIIO-
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e MpemITodTUTeNIbHO L-aMumHOKMCnIoTe K TPHK
(cM. [62] 1 cCBUIKM B HElh).

Ha ocHoBaHuu cBoux paboT Mo aMUHOALIUINPO-
BaHuio Moyiekyl TPHK K. Tamypa BbicKazaj mpen-
MOJI0XKEHNE, UTO cpa3y I1ocie chopMUPOBAHUS MUPaA
PHK, ocHoBanHoro Ha D-pnbo3e, Morja Nponu30iTH
ceNieK1usl L-aMUHOKUCIIOT MOCPEeICTBOM aMHUHOALIM-
mmpoBanusa TPHK [63]. B ero akcriepumenTax D-amu-
HOKMCJIOTHI TIPUCOEIUHSUIMCh, K MojekyiamMm TPHK
D-pubo3umamu B 4 paza MemJieHHee, YeM L-aMUHO-
KucioThl. Kak BBISICHWIOCH IIyTeM CTepeoMeTpude-
CKMX M3MepeHUii [64], 3aTpynHeHMs ObUTM BbI3BaHbI
MPOCTPAHCTBEHHOI opueHTauueid D-aMUHOKUCIOT
B aKTMBHOM ILIEHTpe pubo3mMa. Takum obGpasom,
aMuHoaumIupyloie D-prudo3umMsl B mpoliecce ¢hop-
MUPOBaHUS TEHETUUYECKOTO KOJa PeInIu MpodaeMy
TOMOXMPAIbHOCTH OEJIKOBBIX MOJIEKYII.

ITpoGiaemMa HEOMHOPOAHOCTU MOHOMEPOB HYKJIe-
MHOBBIX KMCJIOT pellieHa HEJJaBHUMU 9KCIEPUMEHTA-
mu JIx. loctaka [10] u P. Kpumnnamyptu [11, 12].
Hx. Iloctak ycTaHOBUJ, YTO MpU HedepMeHTa-
TUBHOM CHHTE3€ OJIMTOHYKJIEOTHIOB Ha MaTpullax,
COCTaBJIEHHBIX U3 CMecHu apabuHO-, pubo- 1 AE30K-
CUPUOOHYKJIEOTUIIOB, CKOPOCTb MTPUCOETUHEHUS PU-
OOHYKJIEOTUIOB K MpaiiMepaM BbIllIE, YEM UX JE€30K-
cH- 1 apabuHo-aHajoros. [Ipuuem, rociaenHue ycry-
naioT pubonykiaeorugam B 15—30 pa3. Kpome Toro,
nocJje uX NpucoeHeHUs NajibHelllee paciiupeHue
npaiiMepa 3amenisiercs pumepHo B 300 pas. Ilpu-
YUHY aBTOPbI BUISIT B OCOOEHHOCTSIX TTPOCTPAHCTBEH-
HOH CTPYKTYpbl YIJIEBONHOW 4YacTU HYKJIEOTHUIOB.
CrnenctBueM 3TOro SIBISIETCSI MOCTENEHHOE oOora-
IIIEeHUEe CUHTE3UPYEMOTO MOJMMeEPAa PUOOHYKIEOTU-
JlaMU B CEpUM pEIUIMKAlUi 1 00pa3oBaHus B KOHEY-
HOM uTOore romoreHHou Mmoiekyiasl PHK. A romoreH-
Hbie PHK-Matpulibl mpy KonupoBaHUU TEM OoJiee
TIPOM3BEAYT TOMOTEHHOE “IIOTOMCTBO”.

C. bxoymuk u P. Kpumnamyptu [11] oOHapyxku-
JIM, 4YTO TeTePOTeHHbIE OJUTOHYKJIECOTUIbI, COCTaB-
JIEHHBIE 3 CMeCH TPEOHYKJIEOTUIOB U PUOOHYKIICO-
TUIOB, TIPEANIOYTUTEILHO 00pa3yIoT OYIJIEKCHI C TO-
MOTEHHBIMU KOMITJIeMeHTapHbIMU Henoukamu PHK,
THK v JHK. CnegoBaTeabHO, OHU MOTYT CIIYXKUTh
MaTpULaMM IS He(epMEHTAaTUBHOIO JIMTUPOBAHUS
TOMOTE€HHBIX HYKJICOTUIHBIX MOCIEI0BaTEIbHOCTEM,
YTO I10CJIE HECKOJIbKMX PEeIUIMKALUI IIPUBEAET K 00-
pa30BaHUIO MOJHOCTBIO TOMOTeHHBIX MoJieKysl PHK,
THK mmm JHK. Takum odpa3om, o0a HedhepMeHTa-
TUBHBIX IIPOLIECCa PENPOAYKIINN HYKJIEOTUIHBIX 10~
CJIeTOBaTEIbHOCTE! CIIOCOOHBI CO30aTh TOMOTE€HHEIE
nerouky PHK u IHK u3 rereporeHHoit cMecu HyK-
neotunoB. ITockonbKy roMoreHHbie Henouku THK
TOXe 00pa3yloTCs B 9KCIEPUMEHTE, 3TOT BBIBO/I, BE-
poOsITHO, cripaBeIuB 1 1Jist KceHo-HK.

ITpu Bcex MOCTOMHCTBAX UMUIA30JIa U €0 IPOK3-
BOJHBIX, OHM CaMM HYXXJIaIOTCSI B aKTUBALIMU TSI TIPU-
coeuHEeHUsI K (ochaTHLIM TpyMIlaM HYKJICOTHUIOB.
DTOro HemocTaTKa JUIICHBI aMUIbl (POCHOPHOM KHC-
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JIOTBI: OHU JIETKO TtostyyatoTcs peakuueit NH; ¢ nyuxm-
yecKuM TpuMeTadochaToM (BYJIKAHUIECKAM ITPOIYK-
TOM), CO ILIpaibep3uToM win ¢ dochuramu [32, 65].
Kak ycranoBneHo B paborax P. Kpumnamyptu [22,
32, 65], moHo- 1 auamun GocdOpHO KHUCIOTHI B
HEUTpaJIbHBIX pa30aBICHHBIX BOIHBIX pacTBopax (ma-
K€ B MUKPOMOJISIPHBIX KOHIIEHTpaLMsIX) aKTUBHO (hOC-
GOpUIUPYIOT aAJIbAOIbBI, HYKJIEO3UAbl, HyKJICOTUIbI 1
Hykiaeo3uaaudpocdarsel. ITogydyeHbl Tak:Ke KOPOTKHE
onauromepsl [65]. Hauboiiee BepoSITHO, YTO UMEHHO
OHU OBbUIM KOHACHCUPYIOIIVMY areHTaMU B a0MOTHYE-
CKUX CUHTE3aX OJIMTOHYKJICOTUIOB 1 MENTUIOB [65].

Cpeln KOpOTKMX TOMOXUPaJIbHBIX OJIUTOHYKIIEO-
THUIOB 9YaCTO MOTIJIM BO3HUKATh TaKWE Iapbl, Y KOTO-
pPbIX HECKOJIBKO 3BEHbEB Ha 3'-KOHIIAX KOMIUIEMEH-
TapHbl. Torma oHM, COApPUBIIMCH 3TUMU KOHIIAMU,
OKaXyTCsl APYT IJIS1 Apyra B3aMMHBIMU MpaiiMepaMu.
Takoit KOMIIEKC BIOOJIHE MOXET OBITh HepepMeHTa-
TUBHO JOCTPOEH B 00€ CTOPOHBI IO TTOJTHOM TBOMHOIM
CITMpaJIn y>Ke OONbIIeH IJIMHBI TIPU HAJIMYNK aKTH-
BHPOBAHHBIX HYKJICOTUIOB.

Hecmotpst Ha ckpoMHbIe pa3Mepbl MOJICKYJT aO1O-
TUYECKU BO3HUKAIOIIUX TOMOXMPAJbHBIX OJUTO-
HYKJIEOTUIOB, OHM MOTYT IIPEACTABIISITH COOOI
¢yHKIIMOHANbHBIE CTPYKTYpHl. Hampumep, pubo-
31M, COCTOSIIIMI BCETO U3 5 3BEHbEB, TTOJIYYEH B Jla-
o6oparopuu M. dpyca [66]. OH okaszajcs CIIOCOOHBIM
KaTaJiM3upoBaTh MpUCOEIUHEHUE aKTUBUPOBAHHOI
AMMHOKMCJIOTH (aMUHOALIMJIaAeHWIATa) K pubo3e
JIPYroro KOPOTKOTO OJHUIOHYKJIEOTHUIA CJIOXKHO-
a¢pupHoii cBsI3b10. Bojiee Toro, oH ellle 1 KaTaan3u-
pyeT o0pa3zoBaHME MEINTUIHOM CBSI3M MEXIY STOM
AMUWHOKMUCJIOTON U IPYroii akTUBUPOBAHHOU aMUHO-
KMCJIOTOM, BBITIOJIHSISL (pyHKIIIO pubocoMBbl. B akcrie-
puMeHTaX 0OHapyXKeHO 00pa30BaHUE NEHTACITUIOB
C y4acTHEM 3TOTO CaMOI'0 MaJIEHbKOIO U3 U3BECTHBIX
pu603uMoB [67]. biaarogapst He6GONbILIOM TIMHE 3TO-
ro prubo3nMa BEPOSITHOCTb €ro a0MOTUYECKOTO CUH-
Te3a OYCHb BeJMKa: BO3MOXHBIX KOMOWHAIIUI TMO-
cJIenoBaTeIbHOCTH HyKJIeoTunoB Bcero 5120. Ilo
noacyeraM M. fpyca Macca TaKOro KOJIM4ecTBa IeH-
TaHyKJIeOTUI0B paBHa 4.6 X 1077 r — HUYTOXKHOE KO-
JIMYECTBO B CPAaBHECHUU C TEM, KOTOPOE MOXKET OBITh
HAKOILUIEHO B OTHOCUTEILHO HeOOJIbIIE CPOKHU B BO-
JloeMax BOKPYT TaXKe OJHOr0 U3 Ha3eMHBIX TepMalb-
HBIX UICTOYHUKOB. Tak 4To 3TOT pUOO3UM MOT OBIThH
pacrnpocTpaHeH Ha paHHei 3eMJie MOBCEMECTHO.

BrisiBiaeHbl HeOOJblIME PUOO3MMBI U C APYToi
GyHKIMEN — JIUTA3HOIA, T.€. CO CIIOCOOHOCTHIO “CIIN-
BaTh” IOBOJIbHO KOPOTKHE OJIMTOHYKJICOTUIBI, I10-
JIIOOHBIC TeM, UYTO MOIY4YaroTCsI CHHTE30M Ha MOHTMO-
PWIJIOHUTE WU ITyTeM He(pepMeHTaTUBHOI JOCTPOIi-
KU B3aMMHBIX MTpaiiMepoB. B mo6oii monyssiiuu PHK
Takye puOO3UMBI CIIOHTAHHO MOTJIUA MOSIBUTHCS, IO-
CKOJIbKY Y4acTO OBIBAIOT OYE€Hb KOPOTKUMU (IOpsAKa
20—30 HT), W1 IUra3HoM aKTUBHOCTU JOCTATOYHO
naxe 7 3BeHbeB [68].
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IMostBnenne nymAHBIX Heneit PHK mmpuseno k 00-
pa3oBaHUIO PUOO3MMOB C Pa3HOOOpPa3HBIMU (HPYHK-
musMu. IlepBocTenieHHOE 3HaYeHUuEe UMEIN Obl pubo-
31MBI, 00€CIIEUMBAIOIINE CO3MAaHME TOYHBIX KOMNUMA
mosiekyn PHK. Cenexuueitr in vitro B naboparopun
®. Xomnmumxkepa co3nan pudbosuM-ronaumepasa PHK,
JIYYIIMI Ha JaHHBIA MOMEHT C TOYKM 3pEHMUSI TOYHO-
¢t KormpoBaHus. OH CIOCOOEH YIMHATH KOPOT-
kyto PHK-3aTpaBky Ha 95 3BeHbeB 3a cyTku [69]. C
€r0 ITOMOIIBIO PA3MHOXMJIN HACTOSIIYIO (PYHKIIO-
HajabHylo MoJiekyiay PHK — napyroit pubosum, usz-
BECTHBII TIon Ha3BaHueM Mini-hammerhead. DTOT
prOO3MM COCTOUT BCero M3 24 HT, HO 00JIagaeT SHI0-
HYKJIea3HOM aKTMBHOCTBIO: OH YMeeT pa3pe3aTh PHK
B OIHOM CTpPOTO OIIpeAeiicHHOM MecTe. Pubo3um
tC197 cxormposail pubo3uM Mini-hammerhead, co-
XpaHUB ero GepMEHTATUBHYIO aKTUBHOCTL. TeM ca-
MBIM BIEpBbIe ObLIa IIPOJEMOHCTPUPOBAHA PEIJIM-
Kauust pyHKunoHaibHOM Monekynbl PHK mpu mo-
MoOIIIM pubo3MMa-ToauMepasbl. Jdpyroit punbdbo3um
®. Xommmkepa (fC9Y) cMor ckormmpoBath 3a 60 Ja-
coB npu 17°C uenouky PHK gnunoi B 206 HT, T.€.
JuTMHHee ceos [70].

Pn6o3uMm-nonmmMepasy ¢ 6ojee IMPOKIM JTraria-
30HOM JECTBUS U OOJBIIEH CKOPOCTHIO KOITMPOBa-
HUS yoanoch moiydutb Jx. dxoiicy [71]. C momMo-
b0 pubdo3nMa 24-3 OblIM aMIIN(UIIMPOBaHBI IBa
PHK-anramepa, PHK-nurasa u naxe gpozxxkenasi ¢e-
HunataHuHoBasg TPHK. Pu6Go3um mpeonosen Bce
IIITJIBKYA Y METAM 3TUX MATPUIl, XOTSI OHU OOBIYHO
SIBJISTIOTCSI CEPhEe3HBIM OapbepoM IS rmojimMepas. Kpo-
M€ TOro, 3TOT pUOO3UM OKa3aJICsl aKTMBHOI o0par-
HOM TpaHCKpUNTA30l, NPUCOEOUHSS K IMpaiimMepy
JM000ii 13 4 1e30KCUPUOOHYKIICOTHUIOB IIPUMEPHO 3a
1 MmuH 1 noBons niuHy uernouku JJHK mo 32 vt [72].

HenasHo ®. Xonumkepy yaaloCh OCYIIECTBUTh C
MOMOIIBI0 PUOO3MMa PETUIMKALIAIO €0 KaTaITHIe-
CKU aKTUBHOI MoyieKyJnsl [8]. [IlpaBga, He B 1LIeJIOM
BUJE, a MO YACTSIM.

Pu603uM 1moIy4eH METOIOM HCKYCCTBEHHOM 3BO-
morr. OH COCTOUT M3 IBYX CYOBCIWHUII, OTHA W3
KOTOPBIX KaTaIUTUYECKU HEaKTMBHA, HO KaK-TO MO-
MoOTraeT Ipyroi cyobenuamIe. KaTamTnaecKu akKTUB-
HYIO CyOBbeIMHUILY pruOO3MMa pa3ae/iv Ha 5 ¢par-
MEHTOB. B KauecTBe cTpoUTENBHOIO MaTepuasa uc-
MTOJIB30BaJIM HE MOHOMEPBI, a Bce 64 BO3MOXKXHBIX
TpuIuteTa. PaHee GBUTO yCTAHOBJIEHO, YTO OHU YCIIETII-
HO pAacCIUICTAlOT JBYCHUPATbHBIE YIACTKU MOJIEKYIIbI
pubo3nma, 06pasyss ¢ HUIMU KOMITJIEeMeHTapHbBIE TTa-
pbl. Pubo3umM meiicTBOBaJI KaK JiMrasa, CIIMBas TpU-
IUIETHI, IIpUYEM B 000UX HampaBjieHusx, 5'—3'u 3'—5',
U He Hy:XKIaJICS B TIpaiiMepax.

ITocne cuHTe3a BCex MATU (hparMEeHTOB pUOO3UM
CMOT CBsI3aTh UX B IB€ MOJIEKYJIbI, OObEOAUHUB CO-
cenHue pparMeHTHI. JJIsT 3TOro MpuIIIOCh B Cpeny
JI06aBUTb KOPOTKUE OJIMTOHYKJIEOTHUIbI, KOMITJIEMEH-
TapHbIE MOIPAaHUYHEIM IIOCIEIOBATEIBHOCTSIM O0b-
eaHsIEMBIX (PparMeHTOB (OHU MOIJIM CITOHTAaHHO BO3-
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HUKATh B IPEAOMOJIOTMYECKUX YCIIOBUSIX KAK OOPBIB-
KM OOJIBIIMX MOJIEKYJI TIpU Tuapoaunse). MHTepecHo,
YTO IMOJIy4eHHBIC TAKUM ITyTEeM ITPOAYKThI CIIOHTaH-
HO oOpa3oBaji arperaT 3a CYET HEKOBAJIEHTHBIX
cBs3eit. I aToT arperar, Oynydud COSOMHEHHBIM C
HEaKTUBHOM CyObeIMHULIENH puOO31Ma, BOCIIPOU3-
BeJI KOMIUIEMEHTAPHYIO MOCIeI0BATEIbHOCTh OTHO-
ro 13 nepBoHavaabHBIX PparMeHTOB. K coxkaneHmuro,
3TO €ellle He CTPOroe I0Ka3aTeJIbCTBO CaMOpeIlIMKa-
o PHK B abmoTmyeckmx yCclIOBHSIX, HO BCEISET
HaJeXIbl, YTO OHA BO3MOXKHA.

WNpes packpyuuBanuss matpuaHoii PHK ¢ mmomo-
IO KOPOTKMX OJIUTOHYKJIEOTUIOB YCIIEIITHO UCITOJIb-
30BaHa Jlaboparopueit npyroro Jiaypeara HobGemeB-
ckoit mpemun — JIx. Ilocraka [73]. OH npomokaeT
Hauatble JI. Opresom [58] ucciaemoBaHust HepepMeH-
TaTuBHOrO KommpoBaHus Moaekyn PHK. Ogno mu3
[JIAaBHBIX 3aTPYAHEHU HAa 3TOM MYTU — OBICTPOE BOC-
craHoBJieHUe nyriekca PHK mocie TerioBoro pasb-
ennHeHUs 1enodek. Ho mobGaBneHue B peaklOH-
HYIO CMECh Ir'eKca- WJIM OKTaMEPOB HYKJIEOTUIOB, 3a-
XBaTHIBAIOILIMX OJHY M3 LIEMTOYEeK ¢ 00pa30BaHUEM C
Hel KOMIUIEMEHTAPHBIX KOMILIEKCOB, OTKPBIBAET BTO-
pyIO LIETIOYKY UISI MAaTPUYHOro HeepMEeHTaTUBHOIO
CHHTE3a OJIMTOHYKJICOTUIOB. ABTOPHI ITOAYEPKUBAIOT,
YTO TaK1e “3aXBaTIYMKM’ BITOJTHE MOTJIN OBITh B 13001 -
yu B “mupe PHK”. OHu Mmoram ObITE TM00 MPOIyK-
Tamu ruaponaunsa miuHHbIX PHK, 1160 HemocTpoeH-
HBIMM KONUSIMU IIpM UX CHUHTe3e. B moOom ciaydae
OHH OKa3bIBAIMCh KOMIUIEMEHTAPHBIMU KAKOMY-JIM0O
yuactky mMojiekyn PHK, “npoxuBaromux” B JaHHOM
MUKPOOKPYKCHUU.

ITpu monbITKax BOCIIPOU3BEACHUST a0MOTUYECKO-
ro CHMHTE3a APYroro XXM3HEHHO BaXXHOTO IOJMMEpa
(Gesika) BOZHUKAIOT T€ XKe MPOoOJIEMBI, YTO U IIPU CUH-
Te3e OJIUTOHYKIIeoTUun0B. HarpeBaHie aMUHOKUCITIOT
B Ge3BOIHOI cpelie TOXe MPUBOAUT K 00pa30BaHUIO
JIMIIb KOPOTKUX LIENOYeK, XMpaJibHas YUCTOTa HeE
o0ecIeunBaeTCsl, MUHEPAJIbl OKa3bIBAIOT KATAIUTHYE-
CKOe AeUCTBUE, HO IJII HONIYYSHUS TJIMHHbBIX MO~
MENTUI0OB HEOOXOAMMO MCIOJIb30BaTh aKTUBUPO-
BaHHbIE (hDOPMBI AaMUHOKHCJIOT.

OnHoil U3 HUX sBiIsIIOTCS N-KapOOKCUaMUHO-
KMCJIOThI, LUKJIWYECKUE CMelllaHHble aHTUAPUIbI
aMUHOKMCJIIOT M YToJIbHO# KucaoThl. k. deppuc u
JI. Opren [74] 13 HUX NOJYYUSIU S5-MEPHBIE MENTU-
Ibl MIpU aAcOpOLMU HAa MOBEPXHOCTU MUHEPAIOB
euopokcuanamuma 1 UAIuma, CIyXKvBILIMX KaTalu-
3aTopamu. N-KapOboKCMaMUHOKHUCIOTHI 00pa3yloT-
csl, HalIpuUMep, peakiueii aMMHOKUCIIOT C OMHUM U3
BYJIKAHMYECKUX Ta30B — CEPHUCTBIM KapOOHUJIOM
(COS) [75].

Hpyroii myTh NX aOMOTUYECKOTO CUHTE3A, TJTATEIb-
HO U TIIATEJIBbHO M3yYaBIIUKCS (ppaHIy3CKUMU XU-
MUKaMU U3 YHUBepcUTeTa MOHIIEbE, — Uepe3 peak-
uuto broxepepa-beprca. Kak yka3bIiBajoCh BHIIIE,
IIEPBEIM 3TAaIIOM a0MOTUYECKOI0 CUHTE3a aMUHOKMC-
JIOT SIBJIsSIeTCsT oOpa3oBaHWE aMUHOHUTPWIOB. OHU
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rortomaoT CO, M3 HACHIIIEHHBIX MM BOIHBIX pac-
TBOPOB U Yepe3 psii BHYTPUMOJIECKYJISIPHBIX peakiInii
MpeBpalamTcsa B N-KapGaMOMIaMUHOKHUCIIOTHE [36].
IMpomyKTEl 3TOTO TpoIecca OTIISIUITIOT aMMUaK 1
IIUKJIU3YIOTCS, XOTs U TOBOJIbHO MEIJICHHO (B Teue-
Hue Mecsaua npu 80°C) [76]. DTo NpPUBOOUT K
N-Kap6OKCHaMIHOKHCJIOTaM.

INenTuabl oOpa3yloTcsl TakKkKe IPU B3auMOJIeii-
CTBUM aMUHOKMCJIOT C IIMKJINYECKUM TpumeTtadoc-
datom [77], a ellie ay4llle ¢ IPOAYKTOM €ro aMMOHO-
mm3a — guamMuaoM docdopHoit Kuciaotel [32, 65].
OnmHako HanboJiee BEpOSITHBIM ITyTEM MX a0OMOTHYE-
CKOTO CUHTe3a MPEACTABISICTCS CJICTYIOIINIA.

Kak ckazaHo BbIllle, ITpU HEIOCTaTKe aMMuaKa
peaknug anpaerunoB ¢ HCN npuBomgut K o6pa3o-
BaHUIO O,-TUAPOKCH- U O(-aMUHOKUCIIOT. B ombiTax
P. Kpumnamyptu [78—80] moka3aHoO, 4TO B 9KBUMO-
JISIPHOI cMeCHU TIIMILIHA U MOJIOYHOM KUCIOTHI IPU
HarpeBaHuHU 10 65°C U BBILIE 00Pa3YIOTCSI OJIMTOME-
pbl 10 10 3BeHbEB, colepXKalliue OCTATKU KaK MOJIOY-
HOM KMCJIOTHI, TaK U riuiuHa. [IprmyeMm B pacTBopax
OIHOTIO JINIIIb TJIUIIMHA OJIMTOMEPOB He HaOJII0maeT-
cs. Ecnu moaBeprath 3Ty cMeCh 1LIUKJIaM YBJIaXKHE-
HUSI/BBICYIIUBAHMS, TO IIPOLCHT BKIIIOUCHUS TNV~
Ha B OJIMTOMEPHI YBEIUIMBACTCS C KaXKIBIM ITMKIIOM.
To e mpoucxonuT U Ipu 3aMeHe IIMIIMHA Ha ajia-
HUH WIA Ha CMeCh 3TUX aMUHOKMUCJIOT. 3aMeHa MO-
JIOUHOM KMCJIOTHI Ha TJIMKOJIEBYIO YIy4IIaeT YCIOBUS
00pa3oBaHUsI COIOJIMMEPOB, Ha3bIBA€MbIX JICTICUTIEII-
TUIAMMU.

CrnoxHble 3rpbl 00pa3yOTCs U TUAPOJINU3YIOTCS
JIeT4ye, YeM NMeNTUIBL. BUIuMo, 3TUM 00BSICHSIETCS U
BOBJICUEHUE TUIPOKCUKHMCIOTAMU aMHHOKUCIIOT B
peaKIUIo COTTOJIUMEPU3aluU, U MOCTIEayIolee yBe-
JIMYEHUE TOJIM aMUHOKUCIIOT B contonmmMepe. [locie
HECKOJIBKUX IIMKJIOB YBJIAXXHEHUsI/BBICYIITMBAHUS
aMUHOKMCIIOTHI B COIOJIMMEpax yxke o0pa3yloT He-
MIpephIBHBIC TTOCIIENOBATeIEHOCTH. B KOHEUHOM HMTO-
re BCS LIETTI0YKAa CTAHOBUTCSI aMUHOKHUCJIOTHOM.

CoBepllIeHCTBOBAaHNE CTPYKTYPHI OMOIIOJIMMEPOB
JUISL JTYyYIIEro BBIITOJHEHUSI UMM XXU3HEHHO BaXKHBIX
¢GYHKLMIT HEeMBICIMMO 0€3 3BOJIOLMU, MOJ0O0HOMI
JapBUHCKO (XOTSI OMOIIOIMMEPHI — 3TO eIlle HE K-
BhIE cyliecTBa). Beab eciam cTpykKTypa criocoOHa ca-
MOKOITUPOBATbCS C HEU30EKHBIMU MPU 3TOM OO~
KaMu (“MyTauusMu’), TO OHa 00s3aTeJIbHO CO3MaCT
MOITYJISILIAIO TOYEPHUX CTPYKTYpP, U3 KOTOPHIX “BbI-
KUBYT” W MPOAOJIKAT CBOM “poa” IMpM OrpaHUYEH-
HOCTH PEeCypCOB JIMIIIbL HanboJiee yCIeIIHbIE. A 3TOT
npoiiecc o0JiagaeT BceMu YepTamMu JJapBUHCKOM 3BO-
JIIOLIMM.

IToka peus 11J1a 06 OTAEIBHBIX MOJIEKYJIaX OUOTIO-
JIMMEPOB, IS UX 3BOIIOLIUU JOCTATOYHO OBLIO TOM
CTeTIeHW KOMMApPTMEHTAIU3all1, KOTOPYIO IIpelo-
CTaBJISIM ITOpbI MUHEpaIoB. B HUX 1 IIpoTekaia 3Bo-
JIIOLIVS MPEeIOMOTUYECKHUX COOOIIECTB MTOJTUMEPHBIX
MoJieKyJ1, Ha3BaHHBIX E.B. KyHuHBIM “perumimpy-
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IOIIUMHUCS aHCAMOJISIMUA 3TOUCTUYHBIX KOOIIEPATO-
poB” [3].

Kazknplit aHcaMOJIb TIOCTETIEHHO YCIOXKHSIICS O1a-
rojgapsi TOMy, 4TO OTAEJbHbIE €T0 KOMIIOHEHTHI MpU-
obpeTaliy pasindHble (PYHKIUM, TIOJIE3HBIE TSI BBI-
XUBaHUS U 00Jiee OBICTPOTO pOCTa U Pa3BUTUSI BCETO
aHcam06J1s1. [ToMrMO TIEpBUYHOM Crielan3aliu Ju-
ra3 ¥ rojimmMepas, HeoOXOIUMOI IJIs CaMOBOCIIPOU3-
BeneHus aHcamoOieilt monekyn PHK, Bo3Hukamu
pubO3UMBI, HalpUMep, ycKopsitolue (ochopunu-
poOBaHUE HYKJIEO3UAOB(TUAOB) 10 HYKJICO3UATPU(OC-
¢daToB JI00BIM areHTOM, JaXe IuaMuaom pocdop-
HOM KucCJIOThl. Beab, HECMOTpPSI Ha €ro BBICOKYIO
AKTUBHOCTb, CKOPOCTh KaTalM3upyemoro ¢ochopu-
JIMPOBAHUS 3HAYUTEIIBHO BHIIIIE.

Taxkoit aHcaM01p OoJiee MHTEHCUBHO MTOTPEOJISIT
MOHOMEPHI U3 OKPYKalollIeTro BoJoeMa, OToOUpas ux y
aHcaMOJeil coceqHUX II0p, M OOrOHSUI MOCJICAHUX B
pocte. B npyrom aHcam6Jiie Mor o0pa3oBaThCst pubo-
3UM, KaTaJIU3UPYIOLIMI KaKylo-I100 peakino abuo-
TUYECKOI0 CMHTEe3a HyKJIeoTuaoB. OH ToXe MoIydan
MIperMMYIIECTBO U pa3pacTtaics ovicTpee. [lorogHbie
ycJioBUs (3aTONJIEHUE, TIepeMellBaHe BOJIbI CUJIb-
HBIM BETPOM U T.II.) MOIVIA CIOCOOCTBOBAaTh OOMEHY
JacThI0 pUOO3MMOB MEXIy aHCaMOJIsIMU (HEUTO I10-
JI0OHOE TOPU30HTAJIBHOMY II€peHOCYy reHoB). Tak Mor
BO3HMKHYTH HOBBII aHCaMOJIb, 00JIaTaloIInii 000MMU
MMOJIE3HBIMU CBOMCTBaMMU.

ITo Mepe yciioxxHeHUs1 aHcaMbJielt 111 coXpaHe-
HUS BCEX IMOJIE3HBIX KOMIIOHEHTOB BO3HHUKJIA HEOO-
XOIVMMOCTDH 00JIee HaIleXXHOro UX 060co0eHus. D10
0COOEHHO CTaJI0 BaXHBIM B nepuo (hopMUpOBaHUS
reHeTUUYeCcKOoro Koja. B BogHoI cpelie KoMImapTMeH-
TaJIu3aliusi BO3MOXHa OJiarogapsi BOIOHeITpoOHU1lae-
Moii obosiouke. Takyro 000JI04KY Ha 3ape KU3HU MOTJIN
CO3/1aTh, KaK CYUTAIOT, MOJIEKYJIbl XWUPHBIX KUCJIOT.
Oo6nanas noaspHoit rpynmnoit —COOH u Hemnousip-
HBIM YIJIEBOIOPOAHBIM “XBOCTOM”, OHU (POPMUPYIOT
MULIEJUIbI WY My3bIPbKU, COCTOSIIIINE U3 IBYX CJIOEB.
OOpallieHHas1 K BOJIe CTOPOHA KaxKJI0ro ciosi 00pas3o-
BaHa TMOJIIPHBIMU TPpYyMIaMUu, BHYTPEHHSISI — HEIo-
JIIPHBIMU HUTSIMU, KOTOPbIE YAEPKUBAIOTCS PSIAOM
BaH-J€p-BaajbCOBbIMU CUJIaMU. M3 TaKuX My3bIpb-
KOB, MoMelllasi B HUX MOJIMMEPHbIE MOJIEKYJbl, (hop-
MUPYIOT UCKYCCTBEHHbIE MPOTOKIETKU. MOHOMEpPHI
U Opyrue HeOoJIbIIMe MOJIEKYJIbl MOTYT IOCTYNaTb
BHYTPb ITy3bIpbKa U CIYXUTh “CTPOUTEILHLIM MaTe-
praaom” 1jisk KOIIMPOBaHUS MMOJIMMEPOB.

K. Amamana n JIx. Ilocrak [81] moka3zamu, 4To
BHYTPU TaKUX MPOTOKJIETOK MPOUCXOAUT HeepMeH-
TaTUBHBIII MATPUYHBIII CHUHTE3 OJMTOHYKJICOTUIOB
13 pUOOHYKJIEOTUIOB, aKTUBUPOBAHHBIX MMUIA30-
JioM. OHM JIeTKO MPOHUKAIU 4Yepe3 ABYXCIOWHYIO
MeMOpany (B ominumne oT ATP u npyrux Hykieo3um-
tpudocdaron). K 1iernmoukam MaTpuil ObLIM HPUKPE-
JIEHbI HEOOJIbIIINE KOMITJIEMEHTapHbIE YYaCTKU OJIU -
TOHYKJICOTUAOB, CIy:XKUMBIIME mnpaiiMepamu. Yepes
2—3 cyT OOABIIMHCTBO MAaTPUYHBIX MOJIEKYJI IIpEeBpa-
Ne 5
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LIAIMCh B OyIJIeKChl. TO ecThb MpaiiMepbl OBIIN TTO0JI-
HOCTBIO JOCTPOEHBI MOHOMEPAMM JI0 KOMILJIEMEH-
TapHBIX MaTpUIaM IIeMOYEK.

B HepaBHell paboTe 3Toit Xe nadbopatopum [9]
MIPOJEeMOHCTPUPOBAHO He(depMEHTATUBHOE KOIIM-
poBaHUE BHYTPM IIPOTOKJIETOK ITOCJIEI0BATEIbHO-
ctu AHK nnuHo# B 25 HT, TO €CTh 1OCTaTOYHOM 1S
TPaHCKPUNLIUM aKTUBHBLIX pubo3mmoB. IlpaBma, B
Ka4ecTBE MOHOMEPOB MCIIOJb30BAIMCh HE €CTe-
CTBEHHbIE AaKTUBUPOBAHHBIE HIE30KCUPUOOHYKIIECO-
TUOBI, 2 HEMHOTO M3MEHEHHEBIE. Y HUX BMECTO TH-
pokcuia B 3'-mo3unuu 6buia amuHorpynmna. C ecre-
CTBEHHBIMM MOHOMEpaMU yIaBaJI0Ch ITOJIydaTh TOJIbKO
5-3BeHHBIe KOIMU. 31eCh HaOIIoHaacs TOT Ke 3h-
¢eKT, 4YTO U C 3aMEeHOM r'MAPOKCUIa HA aMUHOTPYIIITY
npu ¢ochopunupoBaHUN HYKJIEO3UIOB: O0jiee BbI-
COKasl peakKTUBHOCTb aMHHOrpynibl. CaMu aBTOPBI
MPU3HAIOT, YTO HE BUIST ITOKA KaKOK-JIMOO BO3MOXK-
HOCTU OOBSICHUTH MTPEAOUOTUYECKOE MOSIBJIEHAE aMU -
HOCOJIepxKaIlInX HYKJICOTUIHBIX aHaiaoron. OmHaKo
HE UCKJII0YEHO, YTO TaK1Me aMUHHUPOBAaHHbIE HYKJICO-
TUABI MOTYT BO3HUKATh, XOTSI ObI B HEOOJILIINX KOJIH -
yecTBax, MpU BbICOKMX KoHUeHTpalusax NH; (Torna
MIMLEpaIbIeTUA MOXET IIPOpearupoBaTh C 2-aMIHO-
0KCa30JI0M B BUJIE€ aJ/IyKTa C aMMHaKOM, KaK TJIMKO-
JIeBBII anbaerun B omnbiTe A. @apenbaxa u ap. [55])
VIV MIPU IPYTUX, €I1e HE HAWICHHBIX YCIOBUSIX.

[IpoTtokneTkn, o6pa3oBaHHBIE HaXKe CTOIb IPO-
CTBIMU BEILIECTBAMM KaK XXUPHBIE KUCIOTHI, CIIOCO0-
HbI 00eceynTh 000co0IeHe U He(pepMeHTaTUBHOE
kormmpoBanue Moiekyn HK. KoneuHo, mmpoyHOCTh
TaKUX IPOTOKJIETOK HEeBEeJIWKAa: TPU BCTPSIXUBAHUU
VUJIU TIEpEeMEIINBAaHUM OKPYXKAIOIIEH cpeabl OHM pac-
MagarTCs U MOTYT TEPSITh CBOE comepxkumoe. B kuc-
JIOW WM 1LIEJIOYHOM Cpede, a TaKKe B COJIEHOM BOMAE
OHM TaKXKe pa3pyllaloTcs. 3HAYUTEIBHO IIPpOYHEe
MEMOpaHBI, B COCTAaB KOTOPBIX BXOIAT (HoChOIUIIN-
Ibl. Bo3MOXHOCTb aOMOTUYECKOTO cUHTe3a pocdo-
Junuaos nokasaHa JIxx. CazepaeHnom u ap. [7]. OHu
sTepudnrpoBan 2-dpocHormniuepuH KapOOHOBEI-
MU KHCJIOoTaMUu, coaepxamumu 8—10 aToMoB yrie-
poma. MoHO3huUpLl He 00pPa30BBIBAJIM ITy3LIPHKOB.
Jdwnsdupel n 1X cMecu ¢ MoHOR(prpaMu hopMUpoBa-
JIN ITY3bIPbKU — JIMTIOCOMBI, CTaOMJIbHBIE TIPU pa3-
JIMYHBIX 3HaYeHUsIX pH u temmnepatypsl. OHU ObLIU
CIIOCOOHBI YAEPKMBATh BHYTPH Ce0sl MOHO- U TpHU-
HYKJICOTUIbI B TEUEHUE, IO MEHbILIE Mepe, IBYX He-
nelib.

MeMOpaHbI, COCTOSIIINE U3 CMECU KOMITOHEHTOB
C pa3HBIMU MOJISPHBEIMU IPyIIIaMu, 00JIanaloT 00Ib-
IIei cTaOMIBHOCTRIO M MpOHUIIaeMocThio. Hammaue
XOTSI ObI HEOOJIBIINX KOJINUYECTB (hoChHOIUITHIOB 3a-
KpEeIUISIeT MOJEKYIbl XXKUPHBIX KMCJIOT B MeMOpaHe,
CHMKasl CKOPOCTh MX AECOPOLIMM, a TaKXKe IIPEIIsIT-
CTBYET pa3pylIeHUIO0 MeEMOpPaH ABYXBaJICHTHBIMU Ka-
THoHaMmu [82].

Ddochonunuas 06pasyroT 1 6oJiee CI0XKHbIE, MHO-
rocJioitHple cTpYKTYypHl [83]. Cumnras mx maearbHOMN
BUOOPTAHUYECKAS XMW
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cpenoii 1S MoaMMepr3alui HyKJIeoTuaoB, . Jlumep
ITPOBEJI CEPUIO OITBITOB, UMUTUPYIOIINX LIMKJIbI YBIaXK-
HEHMSI/BBICYIIIMBAHMSI, MCTIONIb3YS ITy3bIpbKU 13 (PoC-
GommIUIoB ¢ BKIIOYEHHBIMUA B HUX HEaKTUBUPOBAH-
HbiMU HyKaeotugamu (AMP u UMP). BonHas cyc-
MCH3Ms TaKMX ITy3bIpbKOB HAHOCWJIACH HEOOIBIIUMU
o0beMaMU B OTKPBITbIE COCYIUKH, TOMEIEHHbIE Ha
MeIJIEHHO Bpalllaloliuiicss mogorpeBaeMbiii 1o 85°C
AJIIOMUHUEBBIA OUCK. JMCK Haxomujcs B Kamepe,
nponyBaemoit CO, misi coznaHusi 6ECKUCTOPOIHBIX
YCJIOBUI U yaajieHUsI TTapoB BoAbl. B omHOM MecTe Ha
IMyTU BpallleHUsI IUCcKa MOMEIIATIOCh YCTPOMCTBO ISt
JTO3UPOBAHHOIO J00GABICHUS BOOBI B COCYIUKU, T
BOJA K 3TOMY MOMEHTY UCIIapuaach, a Gochoaunm-
bl 00pa3oBajid TOHKHUE CJIOM C PACIOJIOXKEHHBIMU
MeXIy HUMU HyKjiaeoTumamu. [locie yBnaxkHeHUs B
COCyIVKaX BHOBb BO3HUKAJIU JIUIUIHBIE TTy3bIPbKU C
BKJIIOYEHHBIMU B HUX MOHOMEPAaMU U OJIMTOMEPaMMU.
IMostBIIeHMEe OIMTOMEPOB OBLIO JOKA3aHO Tellb-3JIeK-
Tpodope30M, HATMIMEM THTIEpXPOMHOTO 3ddeKTa n
aJIeKTpodope3oM Yepe3 HAHOOTBEepCTUs (IuameTrp
1.5 HM), TpoOIyCKalOIIe JUIIb [0 OJHOM MOJIEKYJIe
OJIMTOHYKJIEOTHIA. BrIIBIEHO 0OpaszoBaHUE OJIUTO-
MEPOB IJIMHOI B HECKOJILKO AECSITKOB HYKJICOTUIOB
(nHorma — mo 100), KonM4ecTBO KOTOPEIX BO3pacTajio
C KaXXIbIM LIMKJIOM YBJIaXKHEHUS/BBICYITUBAHUSI, HO
3aTeM BBIXOAMWJIO Ha MJIaTO M3-3a YpaBHOBEIIMBAHUS
MPOLIECCOB NOJIMMEPHU3ALN U TUapou3a. [lapamiens-
HbIe onbITH ¢ poly(A) n poly(U) mokazanu, 4To Io-
cJie KaXXIoro LIMKJa TUAPOJIM3YeTCss OKoIo 8% omu-
TOMEPOB.

B 6omee mozmHuux nyonukauusax [84, 85] . dumep
pa3BUBaET MBICIIb O €CTECTBEHHOM OTOOpE B IIUKJIAX
YBIIAXKHEHMWSI/BBICYIIMBAHUS TIPOTOKJIETOK, COHECP-
Xamux pasHble moJimMepbl. Hampumep, omoronu-
Mep, CTaOMIU3UPYIOIINIA MeMOpaHy aHaJIOTMYHO CO-
BPEMEHHBIM LIMTOCKEIETHBIM OeJIKaM, 06ecIieurt Obl
MMPOTOKJIETKAM MPEUMYIIECTBO, 3aIlIUTUB UX OT MeXa-
HUYECKOIo “CTpUIYIIEro” IeiCTBUSI, BBI3BAHHOIO
TypOyJIeHTHOCThIO. K coxkalleHuIo, aBTOp He yKa3bl-
BaeT HU MPUPOIY TAKOTro IToJIMMepa, HUA ero abuoTu-
yecKoe MPOMCXOXKAEHME, HUA CITOCOOBI €TI0 BOCITPOU3-
BeIEeHUsI, 4TOOLI MPOTOKJIETKA CMOIJIa IiepeaaTh
4acTh €ro MOJIEKYJI CBOMM JOYEPHUM MPOTOKICTKAM.

A MeXIy TeM TaKOTO poja IOJIMMEPHLI Ha 3ape
KU3HU CYIIECTBOBAIM — JIMIUIOMNOMNOOHBIE TIETITH-
nbl. Biaromapst BeIlIeonMcaHHBIM IIpolieccaM ITOJIM-
MepHU3alUY AMUHOKUCIIOT OHU MOSIBUJINCH JOBOJBHO
paHo (paHee (POChONMMINAOB) U CUHTE3UPOBAJINCH B
JIOCTaTOYHbBIX KOJIMYECTBAX.

CaMBIMI pacIpOCTpaHEHHBIMM aMHWHOKHCIIOTa-
MU OBLIM ITALIVH U aJIaHWH, a CJIEAYIOIIUMU (C 00JIb-
IIUM OTPHIBOM) — BaJIMH, acrlapariHoBasi W IJIyTa-
MUWHOBAasI KUCJIOTHI U CEpHH. DTO TOKa3aHO KaK U3Y-
YeHUEM COIepKaHWSI aMUHOKHMCIOT B METEOpUTaX,
TakK U MOAEJIbHBIMU omnbiTaMu. [To3TOMy KOpoTKue
nentuabl (~10 a.0.) IO YUCTO CTATUCTUYECKUM IIPU-
YUHAM COAEPXKaAJIM TOJBKO OMWMH aMWHOKWUCIOTHBIM
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OCTaTOK C TUAPOMMILHOM TPYMIIO, a OCTaIbHEIC
ObUTU TUAPOGOOHBIMU. TakuM 0O6pa3oM, UX MOJIEKY-
JIBI IPEACTABIISIM COOOM LENOYKM C TUAPODUILHOMN
“rosioBoit” U TMAPOGOOHBIM “XBOCTOM” (€CIU MO-
JISIpHAasi aMUHOKMCJIOTa Obljla B CEpeIMHE 1IETIOUKMU,
TO ¢ OByMs XxBocTamMu). OHU, KaK U XUPHbBIC KUCIO-
TBI, CIOCOOHBI (DOPMHUPOBATH B BOMHOI Cpele IByX-
CJIOMHBIE CTPYKTYphI. Takue MenTUuabl CITOCOOHBI K
caMocOOpKe, o0pa3ysl aMWJIOUIHBIE BOJIOKHA, TPY-
0O0YKM, JIEHTOOOpAa3HbIE IJICHKW W MYy3BbIPHKM, YTO
MOAPOOHO OIIMCAaHO B 0030pe IIEPBOOTKPHLIBATES
aroro geinenus C. Uxkana [86], Haleaero ajist HUX
MacCy NpakKTUIECKUX IPUMEHEHUI B MEIUIIHE.

DKCIIEpUMEHTAJIbHO ycTaHOBJIeHO [87, 88], uTO
JIMTTMAOTIONOOHEIE TIETITHUIBI CAMOITPOM3BOJIBFHO 00pa-
3YIOT HAHOTPYOKU U ITy3bIpbKM nuameTpoM 30—50 HM
C TOJILLIMHOM CTEHOK, PABHOU JIBYKPATHOM NJIMHE MO-
JIEKyNBI TienTtuga. TakuM oO0pa3oM, 3TU MOJIEKYIBI
OPUEHTUPOBAHBI NTEPIIEHANKYJISIPHO CTEHKaM Tpy0Oo-
YeK U ITy3bIpbKOB, 00pa3ys IBYXCIOMHYIO CTPYKTYDY.
TonmmHa CTEHOK IPUMEPHO OJMHAKOBA C TOJIIIU-
HOM (hbochomunmuaHbIX MEMOpPaH COBPEMEHHBIX OpTra-
HU3MOB. [IpOYHOCTE CTEHOK BBIIIIE, YeM Y ABYXCIIOM-
HBIX MeMOpaH, 00pa3yeMbIX XXUPHBIMM KHUCIIOTAMM,
TaK KaK MEeNTUAHbIE LIETIOYKA UMEIOT Topa3no 00Jib-
IIMiIT aCCOPTUMEHT MEXMOJIEKYISIPHEIX CBSI3€il, ueM
ruapodOOHBIE “XBOCTBI” MOJIEKYJT KUPHBIX KHUCIIOT.
Kcratu, B cOBpeMeHHBIX KJIeTKax IUTOCKENET, T.C.
OCHOBY UX CTPYKTYPHI, OIIpeaeIISIoNnyo (opMy Kile-
TOK, 00pa3yroT OeJIKM, a He JTUTTAIEL.

Ckopee Bcero, Ha 3ape XKU3HU NeNTUIHbIC CTPYK-
TYPBI Y XKUPHBIC KUCJIOTHI 00Pa30BbIBAIN KOMILIEKC-
Hble MEMOpPaHbI, B KOTOPLIX OHU B3AUMHO AOTOTHSIIN
Ipyr npyra. JIMmiaHble KOMIIOHEHTBI 00ecTieYBaIn
HAIEXXHYIO M30JISILUIO COACPXKHUMOIO MPOTOKISTKU
OT BHEIIIHE! cpebl, MPEISITCTBYS €ro yTeukKe, a Mmell-
TUIHbIE KOMIIOHEHTHI MPpUIaBaJii MeMOpaHe Mpod-
HOCTb 63 yTepu 3JIaCTUYHOCTU U, BO3MOXKHO, COJIeii-
CTBOBAJIM TPAHCIIOPTY CYOCTPATOB CKBO3b MEMOpaHY.

Pasymeercsi, onucaHHbIe IPOTOKJIETKU HEJb3s
Ha3BaTb OpraHU3Mamu, Jaxe MPUMUTUBHBIMU. OHU
HE MPEACTaBJISJIU COO0U eAnHOE 1IeJI0e, B KOTOPOM
BCE KOMITOHEHTHI B3aUMOCBSI3aHbl Y B3aUMO3aBHUCH -
Mbl. Mosiekynsl PHK B HUMX pa3sMHOXaJIMCh 3a CYET
MOCTYNAIIIUX MOHOMEPOB, KOJUYECTBO OCTAJIbHBIX
KOMIIOHEHTOB YBEJIWUYUBAJIOCH JIUIIb IyTEM 3axXBaTa
HOBBIX MOJIEKYJI, TPOU3BOAUMBIX A0UOTUYECKUM 1~
TOMHUKOM. [IpOTOKIETKM poOC/iu, yBEIUYUBASCHh B
pa3Mepax, 3aTeM paseIsUIuCh CIydaiiHbIM 00pa3zoM
Ha HepaBHbIE YaCTU, U HE BECh aCCOPTUMEHT UX CO-
nepxumoro (B ToM yucie, u Moaekya PHK) Mor oka-
3aThCs B KaXI0M JoYepHell MpoTokieTKe. Te u3 Hux,
KOTOpbIE MOTYYUIN HeTloJIHbIA KoMuieKT PHK, mor-
JIU yTPaTUTh CHOCOOHOCTh CAMOKOIMPOBAHUS U MO-
MPOCTY MOTMOHYTh, CTaB “TMILE” IJs1 APYTUX TIPO-
TOKJIETOK.

HWHBIMU clTOBaMU, TEHOTUII MPOTOKIIETKH (eCiIn
MOXHO TaK Ha3BaTh KoMIiuiekc MojieKyal PHK B Heit)

BUOOPTAHUYECKAA XUMMUA

OKa3bIBaJl BIMSHME JIMIIb HA 4acTh €€ (DEeHOTHUIIA —
Habop camux MoseKysl PHK, nosiBiieHre HOBBIX pu-
0031MOB U NOBHILIEHUE UX aKTUBHOCTU. Ha MeMOpa-
Hbl T€HOTUII He NPOM3BOMMJI IIOJE3HOTO IJIsi HUX
neiictBus. Bo3aMOXHO, e IMHCTBEHHBIM MCKJIIOUEHU -
€M MOTJIO OBITh osiBiieHUE cpenu moJiekysl PHK pu-
0o3uMa, KaTaJu3upyLIero CUHTE3 (POChOIMINI0B
(npennonoxenue Ixx. Hlocraka [89]), koToprle, Kak
CKa3aHOo BHIIIIE, CTAOMIM3UPYIOT MEMOpaHY.

JIuib nocje BOSHUKHOBEHUSI KOIMPYEMOIO CUH-
Te3a OeJIKOBBIX MOJIEKYJ T€HOTUIT MPOTOKJIETOK Ha-
yaJl TOCTeNIeHHO pacIIupsTh chepy CBOETO BIMSHUSI,
MPOM3BO/IS Y MOJIE3HBIN IJIS1 HUX CTPOUTEbHBIN Ma-
TepuaJl, U caMux “cTpouTesieii” — pa3sHOOOpa3HbIC
OenkoBbie (hepMeHTHI. Y, TTO-BUANMOMY, TOJIBKO C
9TOTO 3Tala MPOTOKJIETKA MOXHO CUMTaTh NMPUMMU-
TUBHBIMU OPTaHU3MaMU, a UX SBOJIOLUIO — MOJIUH-
Ho HapBuHckoii. Ho nipouieccel, npuBeniiie K Bo3-
HUKHOBEHHWIO T€HETUUECKOTO KOJla — 3TO Marepuall
IUTS OTJIEJIbHOM OOJIBIION CTaThU.

SAKJTIOYEHHME

ITepBrIM mpormeccoM, BeaylIMM K IIPOMCXOXKIE-
HUIO XW3HU Ha 3eMJie, MOXKHO C YBEPEHHOCTBIO CUM-
TaTh (POTOXMMHUYECKUI CUHTE3 (opMajbpIeruga u
HCN B TOMBKO 4YTO OOpa3oBaBIIeicst aTMocdepe.
OHa, Kak yTBEpXKIAlOT IeoJioTu, OblIa B KaTtapxeii-
CKOM 30HE HaMHOTO IUIOTHEe HbIHEIIHEH!, ee JaBiie-
Hue gocruraio 100 6ap, kak Ha Benepe [90]. Kakoii
OBbI BBICOKOI1 HU ObL1a TeMIepaTypa 36MHOI MOBEPX-
HOCTH, B aTMoc(epe KOHICHCHUPOBAJINCh MUKPOKA-
MEeJIbKY BOAbl (0YE€BUIHO, Ha BHICOTE ropa3no 0OJIb-
1Iei, yeM ceifuac), pacTBOPSIIOIINE B ceOe MMPOIYKTHI
(GOTOXMMUUECKNX peaklUii M BellleCTBa, M3Beprae-
MbIE€ OKe€aHOM MarmMbl. MOXHO gaxke IIpearnoaoXUTh,
YTO 00pa30BaBIIMIICS a3p030Jib MPEACTABISI CO0OM
MHOXECTBO IIPeI0MOTUYECKIX MUKPOpPeaKTopoB ([91]
U CCBUIKY B Heif). B aTuX MuUKpopeakTopax He MOIJIA
HE TIPOUCXOIUTH MPOLIECChl, ONTMCAHHBIC BHIIIE sl
Ha3eMHBIX BOJOEMOB. AOMOTUYECKUII ITUTOMHUK
MOT CYIIIECTBOBATh B TAKOM MUKPOAUCIIEPCHOM BHUIE
", TI0 KpaliHell Mepe, caMble TIEpBbIe CTaIuU U300pa-
JKEHHBIX Ha puC. 1 IIpOoLIeCCOB MOTJIM B HEM ITIPOMCXO-
IUTh M HaKarjIuBaTh INIMKOJIOHUTPWI, (hopMaMuI 1
JIpyTUe opraHu4yeckue coeauHeHus. B Mukpokarenb-
KaX IIPOMCXOIMIN TaKXKe LIUKJIbI YBIIAXXHEHMWSI/BbICY-
IMBaHUs (BTOPOM IPOIIECC, BAXKHBIN IJIsI 3apOXKIe-
HUSI KU3HU), XOTS IMOJHOMY BBICYIIMBAHUIO MOTJIO
MIPENSITCTBOBATh HAJIMYME BHICOKOKUITSIIMX KUIKO-
CTEH.

HeussecTHO, KakoBa Obljla Cyab0a MPOIYKTOB aT-
MocC(EpPHBIX IIPOLIECCOB 10 00pa30BaHMs 3eMHOM KO-
PBI ¥ OXJTAXKICHUS €€ IO TeMIepaTyphbl KOHICHCAILINU
BOJbl. MHOTMEe U3 HUX JOBOJIbHO YCTOMYUBHI K YD-
pamuauuu. Kpome toro, B atMmocdepy mocTynajiu B
BUJE MTapoB coyiv IMHKa (ZnS, a Takxxe ZnCl,, KoTo-
poiit ¢ H,S obpazyer ZnS). ZnS B MuKpokaneabKax
Ne 5
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00pa3oBBIBA]T MUKPOKPUCTAITMKH, KOTOPBIE 3allli-
IAJIM aIcCOPOMpPOBAaHHbIC HA HUX TIPOAYKTHI OT Y D-
Jqydeii. [ToaToMy He UCKIIIOYEHO, YTO B Ha3eMHBIX
YCIOBUSX a0OMOTUYECKHE CMHTE3bI HAaYaJINCh He C HY-
JIs, 9TO MOTJIO YCKOPUThH 3apOXKICHUE KU3HU.

Ha 3eMHOIf MOBEPXHOCTU IMPU KOHTAKTE C KU -
KOl BOIO¥ Havyayicsl TPETUIA mpolecc (CEprneHTUHU-
3a0usi), U OPONOJKWINCH YK€ B HOBBIX YCIIOBHMSX
nepBhwIe ABa. Bce 3T0 1OCTaTOYHO MTOAPOOHO OMMUCAHO
B OCHOBHOM TeKcTe. OTMETHUM TOJILKO, YTO B 3TOT ITe-
puoI 0YeHb BO3POCIIO B aTMOcdepe coaepKaHue Me-
TaHa 3a CUeT CepINeHTUHMU3AIUU. A 3HAUYUT — UHTEH-
cuUIUPOBAIUCh GPOTOXMMUYIECKIE ITPOLICCCHL B aT-
Mocdepe, mpoayuupylomnme popManpaerng 1 HCN.
ITosTOMY HEJTOTMYHBIM BBITJISIIUT TIEPECMOTP OOBE-
Ma npoaykimu HCN (paHee olieHMBaeMOro Kak Mpu-
MEPHO paBHbBII 00bEMY IPOAYKIINKM (DOPMaIbICTHAA)
B CTOPOHY YMEHbIIeHUs [29], 0OBbsICHSIeMBbIil TKOObI
HeOOJILIIMM COIepXXaHWeM MeTaHa B TOTJAIIHEe aT-
Mmocdepe. Tem 6omee uto HCN ob6pasyercsa n npyru-
MU aOMOTHMYECKMMMU MyTsIMU. Tak 4To LUMpPHI OjIs
HCN, npuBeneHHble B Tabj. 1, ciegyeT cuuTaTh
CWJIBHO 3aHIKECHHBIMMU.

AOMOTNYECKMX NMUTOMHHUKOB OBLIO MHOXKECTBO.
Hebompimmx BogoeMoB U ceifyac MHOT'O BOKPYT KaxK-
JIOTO ByJIKaHA. A B Te BpeMeHa HEOKpeIllleil U He
CTOJIb TOJICTOM 3€MHOII KOpPHI BYJIKaHWYECKAs IesI-
TEJILHOCTb ObLa, BEPOSITHO, MHOTOKPAaTHO WHTEH-
cuBHee. I B aTMOCepHBIX MUKPOPEAKTOpaX, 1 YKe
B Ha3eMHBIX, Topa3go oOMJIbHEe, YeM ceityac, cHab-
JKaeMBIX cyOcTpaTaMu Kak M3 aTMocdephl, TakK U 13
Heap, OBICTPO HAKONMIOCh MHOI'O OPTaHUYECKUX Be-
mecTB. IIpy IIPOMYKTMBHOCTH aOMOTUYECKHMX ITIPO-
LIECCOB, YKa3aHHOMU B TaOu. 1, Ha 1 KM? ByJIKaHUAYE-
CKOI'O PETMOHA ejcecymo4HO MOXKET 00pa3oBaThCs
16 r popManpaernaa, UCXOJHOTO OPraHMYECKOTO Be-
IIECTBA IS BCEX CUHTE30B a0MOTHMYECKOrO ITUTOM-
Huka. Beero okoio 1 r Becar 10" monexyn PHK mim-
poit B 100—200 HT, MOTEHOMAILHBIX PHUOO3NMOB-
PHK-nonuMepa3. B onbiTax MO MCKYCCTBEHHOM
9BOJIIOLIMY HYKJIEMHOBBIX KUCJIOT UCIONB3YIOT 10M—
10" Mmoseky (B 1ECATKM—COTHU THICSY Pa3 MEHBIIIE)
U goOuBalTCs ycrexa. Tak 4To W ISl yCIEeIIHOM
€CTEeCTBEHHOIT 3BOIIOLIMHU IIPOAYKTUBHOCTU a0MOTH-
YeCKMX IIPOLIECCOB ObLIO BIOJHE JOCTAaTOYHO.

XOTd KOHAEHCAIIMM MOHOMEPOB CITOCOOCTBYIOT
LIMKJIBI YBJIaXKHEHUS1/BbICYIIIMBaHUS, 0€3 KOHIEHCH -
PYIOILMX aTeHTOB Bps/ I MOTJIO 06oiTHCh. M3 Beex
KCIIOJIb3YEMbIX KOHAEHCUPYIOIIUX areHTOB Haubo-
Jiee eCTeCTBEHHBIMU U He 3aBUCSIIIIUMHU OT APYTUX SIB-
JII0TC aMuabl ochopHOt KUCIoTH [32, 65]. OHu
aKTUBHO (POCcHOpUIIMPYIOT HYKJICO3UABI U HYKJIIEO-
TUIBI TaXe B MUKPOMOJISIPHBIX KOHLIeHTpauusax. Ho
W 3TU IPOLIECCHl HYXIAINCh B IIOSIBICHUN PUOO3M-
MOB, KOTOpPbIE Obl YCKOPSTM UX, aBasi CEICKTUBHOE
MPEeUMYIIECTBO BbIpabaTHIBAIOIIIMM UX MTPEAOUOIOTH-
yecKUM aHcaMO1siM. Takue pubo3UMEBI HE UCCIEI0OBA-
JINCh, HO OHU BITOJIHE BO3MOXHBI, TAK KaK U3BECTCH
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MOOOOHBIN pMO03MM, KaTanU3upYyIOMnii Tprudocdo-
pUIMpOBaHUE HYKJIEO3UI0B TpuMeTadocharom [92].
Tak 4TO AKCIEpUMEHTHI, BEPOSITHO, NAAYT ITOJOXKMU-
TEJIbHBIA Pe3yJbTaT.

IToka HeT KOHceHcyca B BOIIPOCE IEPBOro MH-
¢dopMallMOHHOTIO MoJinMepa. MHOI1Me CKJIOHHBI CYU -
TaTh, 4TO cyllecTBoBasia Hekas npea-PHK. BriomHe
agormgHo cuyutath TakoBoi THK. Benp mig adbmnotum-
YeCKOT0 CHHTEe3a TPEOHYKJIEOTUIOB HE TpeOdyeTcs
MIMIepaabIeTUA: 10Ka3aHO, YTO IJIMKOJIEBHIN ajIbe-
TUJ CIIOCOOEH pearnpoBaTh C 2-aMIHOOKCA30JI0M (a
BO3MOXKHO, M C OKCa30JI-2-TUOHOM ), GOPMUPYS TIsI-
TUWIeHHOe KoJblo [42]. Kcratn, 3TMM cHUMAaeTCs
mmpoOJieMa pas3aejeHUus 110 BpeMEHU TJIMKOJIEBOTO U
DIMLEPUHOBOrO abaeruaoB. ObdecrneynBaeTcst U TO-
MOI'€HHOCTbh HYKJICOTUIOB: BEIb €CIU B peaKILMU UX
CUHTe3a (HaIllpuMmep, Ha HadyaJbHBIX 3Tanax aduore-
He3a) ObLI BOBJIEUEH TOJIBKO TJIMKOJIEBBII ajlbIeTH,
MEHTO3HBIX HYKJIeOTHHOB He Bo3HMKaio. THK ro-
pa3mo ycroumBee K THAPOJIM3Y Ojarogapst OTCYT-
CTBMIO B YIVIEBOTHOM KOJbIIE CBOOOTHBIX T'MIPOKCHU-
JI0B. EAVTHCTBEHHBIN HENOCTATOK: €€ MOJIeKyJla MeHee
ruoka, yem moJjiekyiaa PHK, uro MoxeT orpaHnym-
BaTb Kataautudeckue Bo3MoxHocTu THK. IToaTomy
oHa BrocjeacTsuu 6bl1a BeiTecHeHa PHK, ocobeH-
HO Ha cTaguu (opMHPOBaHUS T€HETUYECKOrO Koda:
PHK nyd4iie BeimonHsIa aganTopHble (DYHKITUU.

OO0pa3oBaHUE TIPOTOKIIETOK OOBIYHO O0YCIOBIIM-
BaroT WMHKancyimpoBanneM mojiekyn PHK BHyTpH
MMy3bIPHKOB, 00pa30BaHHBIX XUPHBIMU KUCIOTAMM.
I1pu 3TOM B OOJBIIMHCTBE padOT HE pacCMaTpUBaECT-
Cs pOJib MENTUAOB KaK CTPYKTYPHOM OCHOBBI JLJISI
MPOTOKJIETOYHBIX MeMOpaH. M 3To0 HeCMOTps Ha 60-
Jiee BBICOKYIO BEPOSITHOCTb aOMOTUYECKOTO CUHTE3a
JIUTTUA000PA3HBIX NENTUIOB, YeM MOJIEKYIT XXUPHBIX
KMCJIOT goctaTouyHoi mauHE (10 1 Ooee yriaepom-
HBIX aTOMOB), I HAMHOTO OOJIBIIIYIO TTIPOYHOCTh My-
3BIPHKOB, O0Pa30BaHHBIX MENTUIAMU. 3aCITy>KUBaeT
BHMMAaHUS TakKKe HeJaBHO BbICKa3aHHas uaes [93],
YTO B CO3JaHMU MeMOpaH MOTJIM y4acTBOBAaTh MOJIH-
3(uUpHbI, JErKo BO3HUKAIOIIWE TIpU KOHAEHCAIIUU
O-TUAPOKCUKUCIOT. JIj1s1 BBISICHEHUST a0MOTUYECKOM
pOJIM MENTUOOB U TMOJU3(GUPOB (MU Jaxke OETICH-
METNTUAO0B) HEOOXOAUMEI TaKUe K€ DKCIIEPUMEHTHI,
KaK MPOBOJIMMBIE IO CUX MOP C TIPOTOKJIETKAMU, 00-
Pa30BaHHBIMHU TOJIBKO XKMPHBIMU KUCJIOTaAMMU.

OnucaHHbIE TIPOLECCHl peaabHO ITPOUCXOIIT U,
MO-BUIMMOMY, MOTJIU TIpU OJIArOIIPUSITHOM COYeTa-
HUM, CJIOXMBIIEMCS XOTsI ObI B OQHOM W3 MHOTUX
MWIJIMAPAOB HEOOIBIIINX BOJOEMOB, IIPUBECTU K BO3-
HUKHOBEHUIO MPUMUTUBHBIX OPTAHU3MOB, U3 KOTO-
PBIX ITyTEM 3BOJIIOLIMK IIPOU30NILIO0 Bee kuBoe. Of-
HAKO BPSII JIU CTOUT CUUTATh UX €OMHCTBEHHO BO3-
MOXHBIMH pOJOHAYAJIbHUKAMU XU3HU. Ellle MHOTO
ocTaeTcs HezamaHHbIX [Ipupome BOIpoCcOB OTHOCHU-
TEJIbHO TaHBI MTPOUCXOXICHUS KU3HU.
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Physico-Chemical Processes That Probably Originated the Life

S. P. Kovalenko*
# E-mail: spkovalenko2008@mail.ru
Institute of Microbiology, National Academy of Sciences of Belarus, Minsk, 220141 Republic of Belarus

The material and energetic resources capable to provide abiotic syntheses of substances from which prebio-
logical structures were created are analysed. It is shown that one-carbon compounds, including formalde-
hyde and cyanic hydrogen, could be basic starting substances. Volcanic activity and photochemical action of
solar UV-rays are considered as possible energetic resources. Amino acids, lipids, carbohydrates and nucleo-
tides were synthesized as a result of reactions between starting substances and photoreduction of their prod-
ucts in sulfur-containing environment. The wetting/drying cycles in water pools promoted the polymeriza-
tion of monomers (amino acids and nucleotides). There could be the ribozymes among the arisen oligonucle-
otides. Some of them catalyzed processes of lengthening of the oligonucleotides. The extended RNA-like
structures got new functions, including ability to catalyze RNA replication. The lipid-like peptides and fatty
acids carried out a role of the primitive membranes, forming the protocells. Details of the described processes
are discussed.

Keywords: photoreduction, serpentinization, wetting/drying, hydrolysis, polymerization, condensing agents, RNA,
replication, catalysts, ribozymes, protocells
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