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BBEAEHHE

Cpenu «BeUHBIX MPOOJEeM», KOTOPBHIE COMPOBOXIAIOT YEJIOBEYECTBO B
TEYEeHUE BCeil uctopuu, rnpodiema eNUHCTBA U B3aUMOIIPEBpallleHUsS Ma-
TEPHUAJILHOTO MHMpa BCETJa HaXOAMJIaCh Ha OOHOM M3 BEAYUIMX MECT. DTy
npobiaeMy pemaad GUIocodbl U aJIXUMUKH, ITO3TH M OU3UKU. [Touck
«(pn10cOPCKOro KaMH 51», CIIOCOOHOr0 00eCIeYnTh NMPeBPALIEHUE JIEMEHTOB
U IIOJIYYUTh, HAKOHELI-TO, 30JI0TO, TIPOIOJIXKAJICA JaXe B caMble MpadyHble
IIEpUOABI UCTOPUU YEJIOBEUECKOU LIMBUIM3ALMU. YacTo OBIBajIo TakK, YTO
MYYEHUKH HAYKY LI HA XKePTBEHHbIA OTOHb MHKBU3UILINU, TPeOOBaBILIEH
«4HUCTOTHI BEPBI ¥ [IOMBICJIOB», HO HE OTPEKAJIUCh OT ¢BeTNoi uaen. Cpenu
Pa3sHOIVIEMEHHOI0 COODIIECTBA TBOPLIOB HOBOrO OBLIM T€, KTO MCKpPEHHE
BEPMJI B CUJIY YEJIOBEYECKOr0 pa3yMa, HO, KaK M BO BCE BpeMeHa, ObLIN
TaKXe aBaHTIOPHCTHI U LIapJiaTaHbl, 00€IHaBLIME BCE Cpa3y U ACHCTBYIOIINE
10 NPUHIUITY «CIPOC POXIAeT MPEeaIOXKEHUE». A CIPOCOM BO BCe BpeMeHa
NOJIb30BAJIOCH 30JI0TO.

OTO OBLI NIEPUOJ «30JIOTOTO AETCTBAa» HAYKH, KOrIa BCA OHA OblJla OCHO-
BaHa Ha HaWBHOM INOJIYOETCKOA YBEPEHHOCTH, YTO IIPOCTOH mepedop He-
MHOI'OYHCJIEHHBIX BAPUAHTOB 00s13aTEJIbHO IIPUBEJET K ycriexy. CyurTaiocs,
4YTO JOCTATOYHO CMELIATDH YTO-IMOO0 C YEM-TO APYTUM, TIPHOABUTh KOE-YTO
€llle W KeJaHHas LeJib HE B 3TOT TaK B Apyrou pa3 o0g3aTeJIbHO OydeT [0-
CTUTHYTA.

Ho HayuyHBIi porpecc HeyaepxxuMo niaran Brepes. Kaszamoce, uto XIX
U ocobeHHO XX Bex Onaromapsi JOCTUXEHUSIM HayKH pacCTaBUJIM BCE HA
cBOM MecTa. Mup ctas 6onee no3HaBaeM. C OTKPBITUEM CTPYKTYPbI AaTOMOB
v siiep npodsieMa npeodpa3oBaHK A BEIIECTBA IPEBPATUIACh B COBEPIIEHHO
KOHKpeTHYW. Hayka crana npeneapHo nparMaTudHoil. OQHOBpEMEHHO C
3THM IOSIBUJIACh HOBAsl KaCTa «HAYYHbIX OOPLIOB» (Ha 3TOT pa3 «3a YUCTOTY
HayKW») U TOJIBKO OHU 00JIafajiui MOHOIIOJHEN HA UCTUHY.

Borpoc 6wyl mocTaBiieH TNpenenbHO 4eTKo. Bce, YTO HE COOTBETCTBYET
«OOLIENIPU3HAHHBIM» KAHOHAM — 3TO epech (4eM He BO3BpaT K BpeMEHaM
MHKBU3ULUM!). OnpeneneHue «oOLIENPU3HAHHOCTH» YacTO MOTIOJHSET-
Cd YTBEPXJICHUEM O TOM, UTO TAdK CUMTAET «HaydyHas OOLIECTBEHHOCTH>.
Harnpumep, eciu 60ABIIUHCTBO CMEIIHATUCTOB 10 FOPAYEMY TEPMOALEPHO-
MY CHHTE3Y YTBEPXKIAET, YTO HU3KOTEMIIEPATYPHBIN CMHTE3 HEBO3MOXEH,
TO 3TO U €CTb UCTUHA. TONABKO CaMbIM BBLIAIOIIMMCS YUEHBIM (Ha YPOBHE
Hob6enesckux naypearos A. JI. CaxapoBa wiau . lIIBHHIrepa) MOXHO 6bLIO
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BBICKA3bIBATh CBO€ MHEHHE O NPUHUMNHAJIBHON BO3MOXHOCTH TAKUX ITPO-
IIECCOB U HEe OOSIThCS OBITh OOBUHEHHBIMU B IMOAIACPXKKE «JIKEHAYKU».

Ho Haiuy coBpeMEHHMKHM HE BO BCEM CJICAOBANW IPUHLMIIAM WHKBU3U-
M. B Hallle BpeMsi KaHOHBI HayKM MOXHO OTKpPBITO 00cyxnaTb. M cpasy
OKa3aJIOCh, YTO YacTh M3 HHUX OE3yCIOBHO CIIpaBEAUBa U, NO-BUAUMOMY,
HE ITOJIEXHUT CYIIECTBEHHOMY IepecMOoTpy (1o KpalHel Mepe, Ha HallieM
YPOBHE TIOHMMAaHMs MpUpoarl). He3plbneMbIMM OCTAIOTCSI, HAIIPUMED, 3a-
KOHBI COXpaHEHMs WM INPWHILIMII NIPUYMHHOCTU (HO JaXe 31eCh HaIo CobIIo-
IaTh OTIPEICICHHYIO OCTOPOXHOCTD, MIOCKOJIBKY 3aKOH COXPAaHEHUA SHEPrUU
CIIPaBEUIMB C TOYHOCTBIO IO COOTHOIIICHUS HEOIIPEACTICHHOCTEN, a TIPUHLIUII
IETePMUHHNPOBAHHON IMIPUYMHHOCTH 3aMEHSIETCS B PSIC CIYy4YaeB IIPUHLIUIIOM
BEPOSITHOCTHOM IMPUYUHHOCTH). Teopusi, aripuopy oTpuLIalomas 3Tu gyHaa-
MEHTAJIbHBIE 3aKOHBI, O¢3YCIOBHO HE MOXET CUMTATHCS TOCTATOYHO 00OCHO-
BaHHOH (110 KpaiHell Mepe B OTHOLICHHUHU TEX OOBEKTOB M ABJIICHUH, TO€ 3TU
3aKOHBI JOCTOBEPHO BBIMOJHAOTCA). JIpyrue HaydHble KaHOHBI OKA3aJIUCh
MU (POJIOTU3NPOBAHHBIMU 1 COOTBETCTBOBAIM OIMPEHETICHHOMY YPOBHIO 3HAHUS
Y HAYYHBIX OTKPBITUI, XOTA €CTh IIONBITKY MPEBPATUTD UX B YHUBEPCAILHBIE
3aKOHBI Y IIPUMEHHUTh KO BCEM H3BECTHBIM (PU3NYECKUM SIBJICHHSIM.

Takoe MOHMMaHUE HAYKHU M JIETJIO B OCHOBY €€ ACJICHUS Ha «[IPABUJIBHYIO»
1 «HEMpPaBUJIbHYIO». K 4HCIy «HEyHHBEPCAJbHbBIX» KAHOHOB OTHOCUJIUCH,
HanpUMED, «I0CTOBEPHO TOKA3aHHBIC» YTBEPXKACHNS O TOM, YTO CBEPXITPO-
BOOMMOCTS NpH TeMIeparype 6osnee 30 K npMHUMOIMAJIBHO HEBO3MOXHA (C
OTKPBITAEM BBICOKOTEMIIEPATYPHOM CBEPXIIPOBOJAMMOCTH 3TO YTBEPXKIEHHE
Omaromnojy4Ho ObLIO 3a0BITO) M UTO CYIIECTBOBAHME CTAOMIBHBLIX SANEP 34
IPENEIOM «OCTpPOBa ANEPHONH CTaAOUIABHOCTU» ¢ Z=114—118 HEBO3MOXHO
(OoT nocnenHero yTBEPXKJACHUS B camMoe OJiMxKalillee BpeMs TakKxKe NPUIET-
CS OTKa3aTbCH).

Eme onuH akT HayyHbIX MUQONOrU3aLuii CBA3aH C allpUOPHBIM YT-
BEPXKJIEHUEM O TOM, YTO MpPH OOJIbIIMX SHEPTUSIX XapaKTep SAECPHBIX B3a-
VMOIEUCTBUIM HE 3aBUCUT OT BJIUSAHMUS OKpPYyXamwiluxXx 00beKToB. HO BCeM
MaKpoO- U MUKPOOOBEKTaM IIPUCYILIY BOJTHOBBIE CBOMCTBA (0OeCIieynBaloime
I7I00aJIbHBINA, @ HE JIOKAJBHBIMA XapakTep B3aMMOAENCTBUI), TI03TOMY BbI-
HIEYIIOMSHYTast KOHUEIILUS OTHIOAbL He OeccriopHa. O6 3TOM CBUIETEILC-
TBYET, B 4aCTHOCTH, d(PPekT Meccbayspa, KOTOPHI# IIPOAEMOHCTPMPOBAJI
ONHO3HAYHYIO 3aBUCUMOCTb NPOLIECCOB B3aMMONEUCTBUS y-M3JIYYEHUS C
AIpaMU OT MAaKPOCKOINMYECKHUX CBOHCTB MaTpulibl. bosee Toro, rpu B3a-
VMOIECUCTBUMA PENATUBUCTCKUX IJIEKTPOHOB C YIOPSIAOYEHHOU pelneTKOMH
B YCIOBUAX KAHAJMPOBAHHUS BOJIHOBBIE CBOMCTBA 4YaCTHMIl NPOSABJIAIOTCH
TeM CUJIbHee, yeM Oosbliue uX 3Heprus! [TomoOHEIX SKCcepUMEHTAJIBHBIX
«(pOKYCOB» €CTh MHOXECTBO M BCTPEUYAIOTCAd OHHU B HAayKe ITOBCEMECTHO.
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@axTHYecKM HayKa OKa3aJlaCh «pa300paHHON» MEXIy HAyUHBIMM KJIa-
HaMM, KOTOpBIE XOTeJNM 00JlagaTh MOHOINOJUEH Ha JIOKAJBHYIO UCTHHY
B 00JlacTH CBOMX IpodeccHoHaTbHBIX MHTEpecoB. IIpuxod «uyXakoB» ¢
padvKaJbHBIMH U OTJIMYHBIMHU OT «OOLUENIPUSHAHHBIX» B3MIAAAMH CTPOTO
KapaJicsi Hay4Hoi oOLIeCTBEHHOCTHIO.

A XM3HB B HayKe MEXJY TeM IllJIa CBOUM uyepeaoM. MHOXMIOCH YUCIIO
9KCHEPUMEHTOB, He YKJIAABIBAIOLIUXCS B MPOKPYCTOBO JOXE, ONpele/eH-
HOE€ MepapXxaMM OT HayKU. JIo KaKOW-TO MOPH 3TH IKCIIEPUMEHTHI MOXHO
OBIJI0O UTHOPUPOBATh WJIM OOBSICHSATh HEKOHTPOJIUPYEMBIMHM Ha4yaJbHbIMU
YCJIOBUSMU WM MHCTPYMEHTAJbHBIMU OIIUOKAMU (3TO B JYUIIEM CJy-
Yyae), a TO ¥ Ha3blBaTh OTKPOBEHHOI (anbcudpukanueir. CripaBeaiuBoOCTH
paau cienyeT OTMETUTh, UTO INpeaAHaMEpeHHBIE (aibCUDUKALIUA TOXE
ObLM. YBBI, YenoBek cnab W HecoBepiueheH. Ho danbcuduuupoBaHHbe
pe3ynbTaThl HE MONANAlUu B «30JI0TOM (POHA» HAyKU. A KOrJa KOJIUYECTBO
(bakToB, BBRINALAKOLUIUX U3 Pa3pelieHHbIX KOHLEMUMA, MPEBLICHIO HEKYIO
KPUTHYECKYIO MAaCCy, HY>KHO OBIJIO OCO3HATh 3TH (PaKThl U JATh UM 06OC-
HOBaHHOE OOBSICHEHHE.

A HEOOBLIYHBIX (PaKTOB OYeHb MHOrO. HacTo OHM HaXOAATCH NPSIMO Ha
ITOBEPXHOCTU, UHOTAA COpsATaHbl r1ydooko. Ocob0 MHOro aHOMAaJIbHBIX
HaOJIONCHUH [OJNIYyYeHO B MOTPAHUYHBIX ODJIACTSIX HAayKH, TIE TECHO U
HEOPAMHAPHO MEPENJIETAIOTCS pa3Hble €€ HanpaBieHUs (Harnpumep, 6uo-
jgorus, pusuka, xumus). Ilo donbioMy cyeTy, caMa XU3Hb, [IOHUMaeMas
Kak (opMa cymniecTBoBaHMSI OEJIKOBBIX OOBEKTOB, — OOJbLIAS 3araaka.
KH3Hb — AHTUSHTPONMHHBIA TIpOLIECC, CO3MANLIMIA MOPALOK B MUPE
Xaoca. PaccMoTpeHMe 3TOrO npoiiecca Kak 00JbLI0N QIYKTYallM HUYETO
[0 CYTH HE OOBSICHSIET.

He Menee 3aragjouHo Bce, UTO KacaeTcs MpoLecca XHU3HEAESITeIbHOCTH.
Ob6parute BHMMaHUe Ha cTtabunasHocTh AHK: nns aTux monexkys Bepo-
ATHOCTb MyTauuU He npeBbiliaeT 107 BHe 3aBUCHMMOCTM OT JIOKAJbHbIX
YCIOBUM M COCTaBa NMUTaTeNbHON cpenbl. HeBO3MOXHO 0O0BACHUTL 3TY
(baHTaCTUYECKYIO HANEXHOCTh BOCIPOMU3BOJACTBA XU3HU B MNperenax
BCETO CIICKTpa BHEUIHUX YCJIOBUN OMHOU TOJILKO HEATEJIBHOCTBHIO KOH-
Tpojupyouiet aTor npouecc JHK-nonumepassl. B nuraTensHoi cpene
MOTYT OTCYTCTBOBATbh HEOOXONUMBIE XUMUUYECKHUE DJIEMEHTHI, MOI'YT U3Me-
HATbCSI BHEIIIHUE YCJIOBUS, a MPOLECC HEUCKAXKAEMOro U 0€3MYTAHTHOTO
BOCIIPOU3BOACTBA HEM3MEHHO UAET C TOW Xe 60JbLIOoNH 3D PEKTUBHOCTHIO!
Ilaxe CBEpXCUJbHBIE paluallMOHHBIE TI0JI HE MOIYT €ro HapyIlMTh.
bakrepuanbHas KyapTypa Deinococcus Radiodurans xompopTHO cebst yyBc-
TBYET, pa3MHOXAaeTCs ¥ HE MYTUPYET B paJMallMOHHLIX MOJAX, obecne-
YUBAIOUIKX 103y, IpeBbllanmyto 10 Mpan. Takyio 1030By10 Harpysky He
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BbIICPXKMBAIOT MHOTHE KOHCTPYKLMOHHBIE MaTepuaibl (HE TOBOPS YXE O
TAKOM MaTepHaJie, KaK KPUCTAJIIMYECKUN KPEMHMII, KOTOPBIA SBISET-
CA OCHOBOW MMKPO3JIEKTPOHHOU MHMOPMATHKHN M KOTOPHII TMPU TAKOIA
Harpyske MOJIHOCTBIO IErpagupyeT, TepsAeT CBOM YHUKAJbHBIE [10JIE3HbIE
CBOICTBA), a cloxHelasa 6uonorndeckas cybCTaHLIMS, OCHOBAHHAS Ha
reHHOU MHMOpMaTHKe, XUBET U pasBuBaercs! CkianbiBaeTcs BIleyaTIe-
HHE, YTO OMOOODBEKTHI MMEIOT BHYTPEHHUI KOHTPOJIb CBOEH BBICOKOI
CTaOMJIBHOCTH — HEKUIl HaJAEeXHBIH CaAMOPEryJIsiTop, OTCYTCTBYIOIIMI Y
00beKTOB HEXUBOM npuponsl. Kak 3to nmpoucxonut? I'ne 3TOT BHYTpEH-
HUH «MexaHu3M»? KakoBbl npenensl caMoperyaaunun? MoxXHO U 3TUMU
IIpOLeCCaMU YIIPaBISTh?

Mp&l cnenaiu MONBITKY OOCYIUTh HEKOTODHIE M3 MOCTABAEHHBIX 3AECh
BOIIPOCOB M J1aTh OTBETHI Ha HUX. IlpU 3TOM paccCMOTpeHBI MeXaHU3MBbI,
CITOCOOHBIE OOECIEUMTh MPOLECCH SAEPHON TPAHCMYTALMM SJIEMEHTOB
B pacTylIux OMOJIOrHYECKUX cucTeMax. PakTUYeCcKH CleJiaHa MOIbITKA
NPEACTaBUTh XKHUBOH OOBEKT B KAUYECTBE €CTECTBEHHOTO SIEPHOIO MHK-
popeaxkTopa, CHOCOOHOro ¢ BBICOKOM 3((PEKTUBHOCTHIO OCYIUECTBISATH
IIPOLIECC TIPEBPAICHUS AAEP B IBHO «HEPEAKTOPHBIX» YCIOBUSX (KOMHAT-
Has TeMIeparypa, HOpMajbHOE, T.€. aTMOC(EpHOe, TaBJICHUE, OTCYTCTBUE
HEUTPOHOB U 3aPAXECHHBIX YaCTULL BEICOKOI SHEPrUM).

[ToueMy X1Basi cucTeMa, KaXyIIasicss XpPYNKOi ¥ KPUTUYHON K BHEITHUM
YCJIOBUSIM, CTIOCOOHA OCYIIECTBIISATH TOT NPOLIECC, KOTOPKIH SIBHO HEPEAIN3YEM
(o KpaiHeil Mepe ¢ COTOCTaBUMOI 3(P(PEKTUBHOCTHIO) B 0O6BEKTAX HEXUBOM
npuponel? Kak oHa 3to nenaer? 3adem oHa 3To neiaer?

IIpu OTBeTE Ha 3TM BOIPOCH! MBI UCXOIMJIM TOJIBKO U3 HAIEXKHO yCTa-
HOBJICHHBIX (DAKTOB ¥ ONMPAJIMCh HA METOIBI COBPEMEHHOM HayKu. MBI He
COYMHSUIM HOBLIX MU(OB, a MCXOIMUJU U3 OCHOBOIIOIATAIOLIETO NIPUHLIMTIA
«HE TBOPUTD CYUTHOCTU CBEPX HEOOXOOAUMBIX» M CTAPATUCh OOBICHUTH BCE
GbakTel Ha OCHOBE yKe apOOGHPOBAHHBIX METOMOB, a HE BBOAMTH (KaK YacTo
JlelaeTCsT) HOBYIO PaJUKaJbHYIO TEOPHIO [ KaXJIOro HOBOro (akta. B
3TOM MBI ObLIK G€3YCIOBHBIMM KOHCepBaTOpaMu. I1o 3TOH MpUYMHE MbI
HE CYUTACM, YTO COBOKYITHOCTH OOCYXIAE€MBbIX 3A€Ch IBJICHUI MOXET OBITh
Ha3BaHa «OMOJIOTHYECKOM TpaHCMYyTalKel». Takoe Ha3BaHME MMeeT (Tiepe-
JAET, TPAHCIUPYET) MOTYMUCTUYECKHI OTTEHOK IIPUPOIBI 3TOTO SIBJICHUSI,
4TO HU B KOeH Mepe He oTpaxaeT cyTH. Ha caMom nene TpaHcMmyTanus
Sinep (M30TONOB) B OUOJOTUYECKUX CUCTEMAX MIAET IO CTPOTMM 3aKOHAM
GU3UKM, HO NIPU 3TOM CTUMYJIHMpPYETCS HEKOTOPBIMH AMHAMUYECKHUMU
OCOOEHHOCTAMMU MeTaboJu3Ma U CTPYKTYDPhl OMONOTHYECKHX 00bEKTOB,
BBIMIOJIHAIOIIMX POJIb CBOEOOPA3HBIX KBAHTOBOMEXAHUYECKUX KATaIU3aTO-
POB SAANCPHBIX MpeBpalIeHUIA.
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B nameit pabore mporecchl TPaHCMYTallMH U3OTOIOB B PACTYILUX OHO-
JIOTHMECKUX CHCTEMAX PaCCMOTPEHBI B TPEX CBOCOOPa3HBIX pa3pesax:

1) KaK COBOKYITHOCTb 3KCITEPHMEHTATBLHbIX ($hakTOB HU3KOTEMIIEPATYPHOIA
TPAHCMYTALlUH U30TOIOB;

2) xak mpornecc, 6asupyouuiics u AHAJIU3UPYEMBIA Ha KOHKPETHOMH
ANEPHO-(PUINYECKON OCHOBE;

3) KaK OMOXMMWYECKHUI IIPOLIECC B XUBBIX CHCTEMAX.

MEI cTapaiuch B MEpY HAIIEro IIOHUMAaHUS MOKa3aTh, YTO NPUPOLA €IU-
Ha, a IOTOMY OECCMBICJIEHHO OTHEJIATh NPOLECCH B XMBOH TMHAMMUYHOI
MaTepuu OT 3Q(EKTOB B CTATHYHOM OKPYXEHHH H IIPOTHBONOCTABIATE KX,
B To Xe BpeMs, cienys cBoeil INIaBHOI UAE€U, MBI XOTEJIX TOKa3aTh, YTO
UMEHHO TMHAMMYHBIA U CAMOOPTaHU3YEMBIN XHBOIH MUP TOJBKO U MOXKET
JaTh OTBET HAa MHOTHE BOIIPOCHI 3BOJIOLMU BeleCTBA.

B 3akiioyeHMe MBI XOTHM BBIPa3HTb MCKPEHHIOI MIPU3HATEABHOCTDL U
0/1aronapHOCT HAIIUM APY3bAM H KOJIIETaM, KOTOPBIE IPUHUMATIH YUaCTUE
B 9TUX UCCJICAOBAHUSIX. AKTUBHOE COTpYIHUYecTBO ¢ Y. U. Camoiinenko,
C. U. PeiimaHom, [I. A. 3pikoBEIM|, A. B. TamnpessiMm, P. H. Ky3bMuHBIM,
E. C. Bacunenko, A. B. CripoeikuHbiM, A. M. TToKHIBIIIEBBIM CHIOCOGC-
TBOBAJIO MOSIBJICHUIO 3TOW KHUTH. MBI TaKXKe NPU3HATEIbHB! YYaCTHHUKAM
Bcepoccuiickoro cemunapa «ITpo6ieMpl HU3KOTEMIIEPATYPHOTO SIAEPHOTO
CHHTE3a» u ero pykosogurtensiM 1O. H. baxyrosy 1 H. B. CaMmcoHeHKo 3a
MHOTOJICTHUE «CTUMYJIUPYIOIIHE» TUCKYCCHU IO POGIeEMe TPAaHCMYTALIMH
H30TOIIOB.
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XUMHWNYECKHUE SJIEMEHTDBI
B BUOJIOTUYECKHNX CUCTEMAX.
NCTOPUA DODEKTA
TPAHCMYTALIMU

IIpoGaeMa TpaHCMYTALMM M CUHTE3a XUMMUYECKUX IJIEMEHTOB B «10-
ANEPHBIN» HAyUYHBIH IEPUON MMEET CBOIO UCTOPHIO U MUGOIOTHIO, CBOUX
CTOPOHHHUKOB U TNIPOTUBHUKOB. B 3HauMTeNbHOI CTEneHu caMa npobiema
00s13aHa CBOMM TOSIBJEHUEM aJIXUMHUUYECKOMY NEPUOIY, €T0 KPUTHUYECKOMY
aHaIu3y. B anxuMum okasananch NPUYYILIMBO CMELIAHbI pallMOHAJIBHOE DM-
ITUPUIECKOE 3HAHUE O XUMUYECKMX IIPOLeCCaX U TPaduLMOHHASA JJIs Cpel-
HHUX BEKOB MMCTHKA. 3HAHHE B KOHEUHOM MTOTE 0KA3aJI0Ch MPEBAIUPYIOILIUM
1 BOLLJIO KaK COCTaBHAs YaCTh B COBPEMEHHYIO XUMUI0. [locTerneHHO GbLIH
C(HOPMYNTMPOBAHH (DYHAAMEHTAJNbHBIE 3aKOHBI XHUMHWU, [IPU COOJIIONEHUM
KOTOPBIX Cama MOCTAHOBKa BOIPOCA O BO3MOXHOCTH TPAHCMYTallUU 3Jie-
MEHTOB OblJIa IPOTUBO3aKOHHA. DTU 3aKOHBI, 110 00JIBLIOMY CUETY, CBA3AHBI
€ COXPaHCHMEM HEKOTOPBIX BEIMYUH (CPEAU KOTOPLIX TIIaBHOE MECTO 3aHU-
MaeT sHeprus). Takoe 0OCTOSTENBCTBO PE3KO CY3UIO 061aCTh NPOSIBJICH WS
TPaHCMYTallMK, HO HE 3aNpPeTU/I0 3TOT Ipouecc. HeobxonuMo oTMeTHTB,
4TO MpobJeMa TPAHCMYTAUHMU XUMHUYECKUX 3J1eMEHTOB B OHOJIOTHYECK X
00beKTax Jexana, Kak NpaBuUJIO, BHE IIPENCJIOB UHTEPECOB KAK CpelHe-
BEKOBOU HayKH, TaK W B IOCJIEAYIONIEM HAyKU «1OSIAEPHON». DTO ObLIO
B 3HAYUTEJIPHOM CTENEHM CBSI3aHO C TEOJOTMYECKUMMU IIpeNCTaBJIIEHUSAMU
TOTO BPEMEHHU, NMPOTHUBOMOCTABISIOIINMHU XHUBble OOBLEKTHI UX HEXUBOMY
OKPYKEHHUIO.

Curtyanumsa coxpansanach HeM3MEHHOM BILJIOTh 10 30-x ronoB XX CTOJIETHS,
[To Mepe nmo3HaHMs CTPYKTYpHI AApa M NPHPOIBI BHYTPUSAECPHOIO B3aU-
MONEHCTBHUS CTANO BCe GOJee OYEBUAHBIM, YTO XOTH XUMUYECKUE CBOC-
TBa 3JIEMCHTOB BBI3BAHBI MOYTH UCKITIOYUTEILHO MOBEAEHUEM BAJCHTHBIX
9JCKTPOHOB, CaMa NpUpoJa 3TUX 3JIEMEHTOB (2 B KOHEYHOMN CTeMeHU U
XapaKTCPUCTUKN BAJICHTHBIX U APYTUX 3JEKTPOHOB BHELIHMX 000J104yeK)
CBSI3aHBI C SIACPHBIMU XapaKTEePUCTUKAMU H30TOIIOB.

Ocoboe MecTO B XpOHOJIOTMH OKCIIEPUMEHTOB IT0 TPAHCMYTALlU XUMHU-
HECKUX 3JIEMEHTOB (M30TOIOB) B GHOJOTMYECKMX OOBEKTAX 3aHUMACT LIMK)]
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pabot Jlyu Kepspana (Kervran, 1963, 1966, 1968, 1998), KOTOpBLii NEPBLIM
IIPOBEJI CUCTEMATUYECKUE UCCIECOIOBAHNUS B 3TOM HallpaBJICHUH.

KepBpaH IIpUBOAMT 04EHb MHOI'O IIPMMEPOB aHOMAJBHOI'O M3MEHEHMSI
XMMHUYECKOTO COCTaBa pPa3HbIX OMOJOTMYECKHX OOBEKTOB B IIPOLIECCE HUX
pocTa, OOBSICHSS 3TO ITOBEACHUE HA OCHOBE MPEIACTABICHUIN O TpaHCMYTa-
LUVH XUMHUYECCKUX 3JICMEHTOB.

Hanpumep, B KauecTBe OOHOM M3 BaXXHEWIIMX OblIa pacCMOTPEHA pe-
aKW TPAHCMYTAMM KaJlud B KaJblUMHU B OHMOJIOTMYECKOH CHUCTEME B
MIPUCYTCTBHUH BOAOPOAA (C y4aCTHEM IIPOTOHA):

IIpuBencHHbIE SKCIIEPUMEHTAIbHBIC 3aBUCUMOCTH YOEIUTEIBHO UJIJTIOCT-
pupyloT 3TOT Tpouecc (puc.2.1). Ilokazano, 4To coaepXaHue Kaaus U KaJib-
LMs1 B IIpOLIECCE TIPOpAalllMBaAaHUS CEMSIH U3MEHSIETCS (MpoaHaIUu3UPOBAHO
840 cemsiH, 13 KOoTOpsIX BeIpocio 403 pocTka). BuaHO, 4TO moTeps MacChl
Kanmusa (AM=—0,033 r) u npupoct maccel kanbuusa (AM,=0,032 r) npu-
MEPHO paBHBHI 110 BeJIWYUHE. B TO Xe Bpems mMacca maruus (Mg) ocraeTtcs
MPaKTUYEeCKH HEU3MEHHOI.

KepBrpaH paccMaTpuBajl TaKXKe MHOrO ApYyrux peakuui TpaHCMYyTalluuU
M30TOIIOB, CPEIX KOTOPBIX MOXXHO OTMETUTh HECKOJILKO Hau0O0Jiee Ba>KHbIX

CpenHee conepxaHue CpenHee cogepxaHune
A B 1cemeHu B 1 pocTke
|
0,12 —é. L
B . ..... .I .......l.ihll
0,10 [~ } '--..,_... AMK =-0,033r
- | [] | 3
_ 008 [ | R
= f— | | ey
< 0,06 |- | @ !
) | L P
CEB B | Ca .5""l .=. H 3
0,04 | : i @ @
= & bl L L. _ . _ | AMca=0032r
0,02 |- @ { Mg ' '!
B l I
S |
' ' t,uy
AHanus PocT KynoTypbt AHanus
(uamepeHnsa) (namepeHus)

Puc. 2.1. U3Menenue coaepxaHus K, Ca u Mg npu npopactaHUU ceMsH
(B uenTpe). Cnesa U cnipaBa — pe3yJibTaThl KBMEPEHU I 11O TPEM CEPUSIM U CPEAHHE
pe3yabTaThl
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IUIS IIpoLiecca XU3HEAEATEIBHOCTHA ¢ 00pa30BaHMEM XKM3HEHHO HEOOXOM M-
MBIX 251eMeHTOB Ca, K, Mg, P:

Mg24+ Q16 = Ca40
Qj28 + Cl2= (a0
Na23 + Ql6 = K39
Na23 +p! = Mg2*
Mg25 + Li6 = P3!
a TaKXe PEeaKIIMI0 TPAHCMYTAUMU B IIpeaeaxX OMHOM MOJEKYJIBL:

N,—-CO

4YTO COOTBETCTBYET CJIEAYIONIEMY NBYXCTAAUHHOMY IpeoOpa3oBaHHUIO U30-
TOIIOB:

JN¥+_ NB CI2+ nl+ pl+ N4 Cl2+ 016

ITocaenHIO peakliMio OH pacCMaTpMBaJl KaK IPOLECC Iiepexoaa InpoToHa
U HEeWTpoHa B Mosiekyse N, OT OmHOro siipa a3oTa K Apyromy (¢ npeobpa-
30BaHUEM OIHOrO SiApa a3oTa B YIJIEPOH, a APYTOro — B KUCJIOPON); MpHU
3TOM OBLJIO BBICKA3aHO IPEANOJOXEHME, YTO 3TOT IIPOLIECC MOXKET UMETh
MECTO B YCJIOBMSX Je(PULMTA YIJepoaa B OMOJIOTMYECKOM CUCTEME.

YToOB NOATBEPAUTH NMPOTEKAHME peakKIiMM CHUHTe3a Na2d+ Q=K
KepBpaH paccMoTpes onyOJUKOBAHHBIE DKCIIEPUMEHTA/JbHbIE NJaHHbIE
(Julien, 1959). CornacHo 3THM HAaHHBIM, NPU IMOMEUIEHUU PHIOBI (JIMHS)
B Bony, conepxamylo 1,4% noBapeHHoit conu NaCl, B TeyeHue 4 4 npo-
ucxoauao ysenaudeHue oouel koHueHTpauun KCl Ha 36% oT HavyaJIbHOTO
3HaueHus 3,95 r/n oo 5,40 r/n. Usmenenue conepxanus NaCl u KCl B kposu
JIMHA 3a 9TO Xe€ BpeMs MpelcTaBJIeHO Ha puc. 2.2.

KepBpaH MpHBOAUT MHOTO MOAOOHBIX IIPUMEPOB (B TOM 4HCJIE U3 00J1aCTH
O00TaHUKH, MPUKIATHOTO CEIbCKOIO XO3SAMCTBa, NMTULIEBOACTBA U Ap.). Ilpu
5TOM OH TakXke obpainaet ocoboe BHMMaHHe Ha BO3MOXHOCTb UCIIOJIL30BaHUA
OHOJIOTUUECKUX CHUCTEM Osarogaps TpPaHCMYTAallMM HECTaOMJIBHBIX DJIEMEH-
TOB B CTaOMIILHBIE IJIS1 YTUJIM3AlMU pagvOaKTHUBHBIX OTXOHOB. B KauecTBe
BO3MOXHOro npumepa KepspaH o6cyxnaeT npolecc KyabTypaJbHOIO pocTa
Klebsiella aerogenes B cpeme, comepxaineii paaMoakTUBHBIH M30Ton Hg203
C mepuonoM monypacnaaa 46,6 nHeil B GpopMe XHMHUYECKOTO COELUHEHUSA
HgCl,. Pesynprarsl aTuX akcriepuMeHToB (Magos, 1964) noxasanu, 410 cran
PanIMOaKTHUBHOCTH B CUCTEME C pacTyLUEH KyJbTypor B TeueHUe 16 4 mpoTe-
KaJl OBICTpee, YeM CJIENOBaio OBl OXWIATh IIPU €CTECTBEHHOM CIIOHTAHHOM
pacnaze. Jyust u3MepeHHUs] pagHMOaKTHBHOCTH OBLI MCITOJb30BaH OOBLIYHBINA
cueTtyuk leiirepa. ABTOpBI 3TOil pabOTHI OOBSICHAJNH OTKJIIOHEHWE OT 3aKO-
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Ha paJyMOaKTHBHOIO pacnaja ¢ (PM3U4YECKUM INPOLUECCOM — BBIICICHUEM M3
CUCTEMEI, T. €. YICTYUYUBAHUEM, COCIUHEHHUS, COAECPKALIETO aKTUBHYIO PTYTh.
KepBpaH BeICKa3aJ IIPEeATION0XKEHHNE, YTO B 3TOM cliyyae Habnronanca 3¢dekT
TPAaHCMYTALIMMU paxuoakKTUBHOro m3ortona Hg?03 B HepannoaKTUBHBIE spa.

ITonBoast UTOTH, MOXHO OTMETUTh, 4TO KepBpaH aHaIMU3UpPOBAN BO3-
MOXHBIE CXE€MBbl IIPeOOPA3OBAHUS JIEMEHTOB U M30TOINOB, NMPUMEHAA
OYEBUIHBIE AJreOpanMyeCcKue IpaBuja K peakUuM ¢ HYKJIOHAMU: 0aJjiaHC
YUCJia IIPOTOHOB. Takol nonxon (€C/id OIYCTUTH BOZMOXHOE CONYTCTBYIO-
iee B3aMMOIIpPEBpalllcHUEC HYKJIOHOB C YUY€TOM CJIaObIX B3aMMOICHCTBHI)
HE MOXKET BbI3bIBATH OCOOBIX BO3paXECHUMN.

BmecTe ¢ 3TM, MoJesibHBIE NIpeACTaBIcHUA KepBpaHa 0 CTpYKType siep
1 BO3MOXHBIX ITYTSX UX MpeoOpa3oBaHUi OBUIM OYEHb NAJIEKU OT 0OlIe-
IIPUHSITBIX U COBPEMEHHBIX NIPEICTARICHUN SIICPHOU (PUNKU.

B yacTHOCTH, IpH pacCMOTPEHUU aHAJIU3UPYEMOM BHILUE PeaKLUU

4 14 24 pl4 p! 14 124 Q6
NB+ N C2+ nl+ pl+ NM— C12+.0

OH paccMaTpuBaJl, YTO [epeXo] MPOTOHA U HEMTPOHA B MOJIEKYJIE N, OT OIHOIO
sIpa a30Ta K IPYrOMY IIPOMCXOIMT Ha TIOBEPXHOCTH KJIETKH UJIM B 00beME MEM-
OpaHBI IPY CTUMYJIMPYIOLIEM CUJIOBOM BO3ICHCTBUM HEU3BECTHOTO (pEpMEHTA.
DTO TUITMYHBIA OMOXUMHUYECKHUI TTpUEM — JIF000 HOBBIM M paHEe HEU3BECT-
HBIA 3P dEKT MPUITUCHIBATH HOBOMY HEU3BECTHOMY (epMeHTY. Takoi criocod
(mocTynpoBaHye HOBOTO (hepMeHTa) PaKTHIECKY HUYETO He PeIacT U HE JaeT
HUKAKOI'O OTBETA, HO 3aTO MPUIAET HEKOTOPYIO BUAMMOCTb HAYYHOTO IOAX0a.

o8
Na
X 06 ™
o
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é K
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Puc. 2.2. U3menenue conepxanug Na, K 1 Ca B KpoBH pbiObl JIUHb, €CJIU €€
noMecTuth B 1,4%-Hblii BoaHblM pacTBOp NaCl
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OnHako B JaHHOM CJIy4yae TakKOM CIoco0 SIBHO HEMIPUEMJIEM, TIOCKOJIBKY JEIC-
TBUE 1100010 (pepMeHTa 0OYCIOBICHO €0 BIIMSIHUEM HA BHEIITHUE 3JIEKTPOHEI U
COOTBETCTBYET MacIITaby S3HEPreTUUECKOro Bo3aehHcTBUS Ha ypoBHe 0,1-0,5 3B.
B ciyyae simepHBIX IpeBpallieHUH HeoOXoauMbl Bo3neicTBus Bolile 100 ko3B!

Heob6xommMmo Takke OTMETHTh, UTO XOTs1 KepBpaH M MOHMMAaJ 3HAYEHHWE U
CeUU(PUKY pACCMOTPEHUS TPAHCMYTallM¥ UMEHHO OITPEeJICHHOIO U30ToNna
(a HEe ITPOCTO XMMHUYECKOTO 3JIEMEHTA), HO B ONYOJIMKOBAHHBIX UM paboTax
3Ta crietu@UKa 4acTO HOCUJIA YMCTO (popManabHbIN XapakKTep U 3TO ObLNa
cKopee IaHb He0OX0AUMOM MOJHOTHL (pOPMAaIbHOM 3aITUCH, 4 HE OTPAXEHUE
CaMOM CYTH IpoILECCa SIACPHBIX ITPeOOPaA30BAHUM.

1ot PakT GOpMaTu30BAHHOTO OTHOIIEHUS K CIIeLIM(PUKE U3OTOITHOIO
COCTaBa cpa3y CTAHOBUTCS OYEBUIHBLIM, €CJIM IPUBECTH YACTO MCIIOJb3YE-
MOE UM MOHSITHE OOpPaTUMOCTH IIpOLiecca TPAaHCMYTAILIMK, YTO IMO3BOJISLIIO
eMy 6€3 0coObIX 000CHOBAHUI MOCTYJIMPOBATH HEITPUEMIIEMYIO B SIIEPHOM
(pu3rKe 00OPaTUMOCTH NOPOTOBBIX SIAEPHBIX PeAKILINH, IJIe HAPYILACTCs 3aKOH
COXPAaHCHM ST SHEPTUU.

Hamnpumep, OH TocTy TMpOoBaJl BO3MOXHOCTb [IPOTEKAHM 1 OOPaTHOM peakivu
TPAHCMYTALUMU KIS B KU NIpH U3MEHEHUM BHEHTHUX YCJIOBUM (HaIIpu-
MEp, TIPY MHBEPCUM COJEPXKAHUS KaJTMA M KaJbLMs B OKPYXXalOUIeH Cpene):

K39+ p! 5 Ca0

OmHako oOpaTUMOCTh 3TOI'0 M IOJOOHBIX TMPOLECCOB HECOBMECTHMA C
3aKOHOM COXpaHeHUs 3Hepruu. Eciu B ciyyae nmpsMoil peakiidd CHHTe3a
Ca*® mpoucxogur Beigenenue sHepruud AE=8,326 M3B Ha kaXOblil akT
TPAaHCMYTallMM (OHA SIBJISIETCS OECTIOPOTOBOM M 3HEPreTMYECKU BBITONHOMN)
Y €€ IIPOTEeKaHye He 3aIlIpelieHO 3aKOHOM COXPaHEHU S SJHEPTUH, TO 00paTHasl
peak1ius SIBIseTCS IIOPOTOBOI M MOXET IIPOTEKATh TOJILKO B TOM C/Iy4ae, KOr-
na ucxonHoe sapo Ca*l mojgy4yuT 3HEpPruio, He MeHbIIYIO Tex Xe 8,326 M3B.
BepossTHOCTB TOro, UTO XKMBasi KYJbTypa, CYyIIECTBYIOLIAs ¥ pa3BHUBaAIOIIAAC
npu temneparype T=300—340 K, noayyut QaykTyalMOHHBIM IIYTEM TaKVIO
OOTIOJIHUTENbHYIO 3HEPrUio, paBHA HEBOOOPA3NMO MAaJioOMy YHCIY:

W=exp(—AE/KT) ~ 10100000000

T. €. BO BCcesieHHOI 3a Bce BpeMsI €€ CYylIeCTBOBAaHUS He HAMIETCA HU €NUHO-
ro cayyas Takoro Bo30yxxaeHus! O4eBMaHO, YTO TakKas obpaTtHasi peakluus
dbaxkTUyYeCKH SABASETCs abCONIOTHO HEBO3MOXHOIN (0COOEHHO s cayydas
OJLHOBPEMEHHOI'O MPOTEKAHUS €€ B OOJILLIOM KOJMYECTBE SLED).

Takux HEKOppeKTHBIX MPUMEPOB B padboTax KepBpaHa MOXHO HaliTH HEMa-

J0. Hanpumep, aHanu3upyeMble UM PEAKLIMM MPSIMOTO IEJIEHUSI U30TOTIOB
Cl-O->F
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P—-Li—>Mg
Ca—0O—->Mg
Fe—H—Mn

KOTOpBIE, IO €T0 MHEHUIO, MOTYT NIPOTEKATh B XXMBBIX CUCTEMAX, SIBJISIIOTCS
SHAOTEPMUYECKMMMU U NIOPOTOBBIMHY M MOTYT MATH B YKa3aHHOM HaTlpaBJIeHUU
C YMEHbIIEHWEM aTOMHOIO HOMEPA TOJILKO C IOFJIOLIEHUEM O4YEeHb OOJBLIONH
HOTIOTHUTEbHOM 3HEPTruM S—20 M3B Ha Kaxxajoe eiMHUYHOE Mpeodpa3oBaHue.
CBeCcTH TaKoi MpoLece K BO3AEHCTBIIO HEU3BECTHOrO (pepMeHTa HEBO3MOXKHO.
M cTOYHMK Takoi CBOOOIHOM SHEPTUM B KUBBIX CUCTEMaX OTCYTCTBYeET!

AHaJIOTUYHBIE API'YMEHTHI MOXHO BBICKA3aTh M B OTHOIWUCHUM Npelia-
racMoii KepBpaHOM TPaKTOBKY IIpoOliecca YMEHbIICHUS paluOaKTHBHOCTH
Cpenbl, comepxauleid pagnoakTuBHBIN u3oton Hg2%. TIpu 3ToM BBIBOIBI OC-
HOBBLIBANIKCh HAa PErUCTPUPYEMOM OTKJIOHEHUH OT 3aKOHA PaJHOAKTUBHOTO
pacnajaa, HabaomaeMoM B TeueHue 16 4 B skcnepuMeHTe (Magos, 1964).
CriekTp CMOHTAHHOIO pacraja 3Toro sjapa COOTBETCTBOBAJI MCNYCKAHUIO
OBICTPBIX JIEKTPOHOB ¢ 3Hepruecii 214 k3B u y-KBaHTOB ¢ 3Heprueit 279 k3B.
Eciu npunsaTth TpakToBKy KepBpana o OnicTpoil TpaHcMyTauuu Hg?0? B
HEepaAMOAKTUBHBINA M30TOI, TO HauboJiee eCTECTBEHHBIM SBJSIETCS IIpe-
IIOJIOKEHHUE O TOM, YTO B IIPOLIECCE TAKOM TPAaHCMYTALMM TaKXe JOJKHBI
y4acTBOBATh IPEX/E BCErO T€ MU30TOIBI, KOHIIEHTPALMSI KOTOPhIX B Cpele
MaKCUMaJjlbHas, T. €. siApa Boaopoaa p! U Kuciopoga O1°:

Hg203 + pl =T]204
Hg?2%3 + Q16 5 Hg?219(x=0,01c, He*)— Re25t=0,002c,
He4) - Po?''(z=0,5 ¢, t=0,25¢)— Pb207

B pe3ynbraTe 0oOpa3yeTcsl HeCTAOMJIBHBIN NOJTOXKUBYUIMI u3oton T1204
(t=3,78 roga) ¥ NpoOUCXOOUT LIETIOUKA SIIEPHBIX NIpeBpalleHUi, COIPOBOX-
OAaeMBIX UCITYCKAHMUEM o-4acThl. KOHeYHBIM UTOrOM SBJSICTCS 00pa3oBaHue
OIHOTO U3 CTaOMJIBHBIX U30TOIOB CBUHIIA.

OTU peaklUy IeUCTBUTEIbHO MOTJAU Obl MPUBECTH K YMEHBIIECHUIO pa-
OIUOAKTUBHOCTH, HO UX OCYLIECTBICHHUE B YCIAOBUSIX JAHHOTO 3KCIIEPUMEHTA
HEBO3MOXHO. Bce 3TH peakliuu SBJISIOTCSA MOPOrOBBIMU U TPeOYIOT GOJIb-
LIOM JOTOJHUTENbHON 3Hepruu (8,2 MsB B ciiyuae peakuuu ¢ y4acTHUEM
npoTOHOB ¥ 39,4 M3B B ciayuae peakLMU ¢ yYacTHUEM KUCI0pona). DTOi
IOOIOJTHUTEIILHOM SHEPTUU B CUCTEME HET U, CJICIOBATEIbHO, TAKWE PEAKLIUHU
NPUHUMIIKAIBHO HEOCYIIECTBUMBI.

TTo-BuanMmMomy, OoJiee peasJibHO NPEMITOI0XKEHHE O TOM, YTO YMEHbILUEHME
CKOPOCTH CYE€Ta B HEKOTOPhIE MOMEHTHI KYJbTYPaJbHOTO POCTa CBSI3aHO C
BO3MOXHBIM IPOCTPAHCTBEHHBIM MEpepacnpeacacHUeM pacTyllueid KyabTy-
pBI C TIOSBJICHUEM HECTAllMOHAPHBIX HETOMOT€HHOCTEH (HEOIHOPOMHOCTENR)
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M IPYTMMH IPOCTPaHCTBEHHO-BpeMeHHBIMM 3@ dekramu. Hanpumep, mpu
YBEJTMUYEHU U MACChl KYJIBTYPHI B PE3YJIbTare pOCTa B IPMAOBEPXHOCTHOM CJI0C
(KIOBETHI) IIPOMCXOMUT €CTECTBEHHOE YMEHBIIIEHUE KOHLIEHTPAMU CONTU Hg(l,
B 9TOit Xe 06JIacTU (COJIb OKAXETCS BHITECHEHHOM B Apyrue 00JIacTH) M IJTMHA
HYTH, KOTOPHIA JOJXKHBI MPOXOAUTD OBICTPhIE 3IEKTPOHBI IIPOAYKTOB pacnana
Hg2%3 10 IOBEpXHOCTH M Jiajiee I0 cueTyrka leiirepa, BospacraeT. B pesynbrare
IPOMCXOOUT TOPMOXEHHE B 00bEME CpeAbl OBICTPBIX IEKTPOHOB, UCIYCKac-
MbIX u3ororioM Hg2® 1, B uTore, NOTOK 3TUX SJIEKTPOHOB 32 MpelelaMy CPEbl
yMeHbLIaeTcs. CHIBHOE TOPMOXKEHUE EKTPOHOB B BOLE NIPUBOAMT K TOMY, UTO
(PaKTUYECKU PETMCTPUPYIOTCS TOJNBKO T IEKTPOHBI, KOTOPBIE MCITYCKAOTCH
MCTOYHMKAMH, HAXONSAIMMUCA B IPUIIOBEPXHOCTHOM cjoe. C y4eToM TOro,
YTO PErncTpalys ¢ MOMOLIbI0 cyeTynka Iefirepa He MO3BONACT PA3NEIUTD
KBAHTBI ¥ OBICTPHIE DJIEKTPOHBI B 3TUX YCIOBUAX (PUKCUPYETCS] YMEHBILIEHUE
aKTUBHOCTH cpenbl. ITociie 3aBepiiieHHs1 pocTa KYJALTYphbl (Hampumep, 1U3-3a
OTpAaBJiCHUS MTUTATEIBHOM Cpelbl MPONYKTaMH MeTaboIn3Ma) MOXET IpOHC-
XOIMTb €CTECTBEHHOE OCEIaHUe WY TOMOTEHU3ALMS BBIPOCILEN KYIbTYphI 1O
BCEMY 00BEMY CpEIbI, YTO Cpa3y AOJIKHO MPUBOAWTH K MEPEpacrpeieeHUIo
comu HgCl, mo 06peMy M €CTECTBEHHOMY BO3PACTaHHMIO €€ KOHLICHTPALMUK B
PUTIOBEPXHOCTHOM CJIO€, T. €. PETUCTPUPYETCS BO3pacTaHue YKC/ia ObICTPBIX
3JIEKTPOHOB U 3aKOH CTIOHTAHHOTO pacmaja yxke He Hapyluaetcsi. Pagymeercs,
3TO TOJIBKO OMMH M3 BO3MOXHBIX ClicHapyeB OObACHEHUA OTKJIOHEHHSs CIIOH-
TAHHOIO PAacCliafa OT HEe3KCIOHEHIUAJTbHON 3aBUCHUMOCTH W NMOATBEPXKACHMS
CYLLECTBOBAHMSA d(hdeKTa yTUIU3aUNU OUONIOrMYeCKOi CHCTEMON paiayoax-
THUBHBIX M30TOMOB C NPeoOpa30BaHUEM MX B HEPATMOAKTUBHbIE HEOOXOXHUMBI
YTOUHSIOIIHE SKCIIEPUMEHTHI U PACCMOTPEHHUE aTETEPHATUBHBIX MEXAHNU3MOB.
JI71s1 OTHO3HAYHBIX BLIBOXOB 00 3(pdeKTe YTUIU3ALUN HEOOXOMUMO ONPENETNTh
W30TOIHEII COCTAaB KYJIBTYPHl WJIM MUTATEIILHONM CPENbl MOC/IC 3aBEPLICHU
KYJIBTYpaJIbHOTO pocta. OmHaKo Bce 6€3 UCKITI0UEH A SKCIIEPUMEHTAJIbHBIC TaH-
HbIe, IPUBOAMMEIE B paboTax KepBpaHa, Ob1IH ITONYYEHBI TOXBKO XMMUYECKHAM
(37IeMEHTHBIM) aHanu30M. Hu B OAHOM 13 MHOTOYUCICHHBIX SKCIIEPAMEHTOB 10
TPaHCMYTALIMM CTaOWJIbHBIX MM paAHOAKTUBHBIX U30TOINOB, aHAJIM3UPYEMBIX
WM TIpoBeAcHHBIX KepBpaHOM, He OblJ clieslaH U30TOMHBIN 2HaJIU3 NPORYKTOB
peakLMil TPAaHCMYTallMK, XOTSi HIKAKMX peaKui TPaHCMYTaLMHU sIIEp, KpoMe
TeX, KOTOpbIE CBA3aHBI C TIPeoOpPa30oBaHUEM M30TOMNOB OBITh HE MOXET!
PaxTHIecKU caMO MOHATHE XMMUUYECKOT0 3JeMEHTa — MPOCTO yIOOHas
dhopMa JIOrH4ecKoro 0600IIeH s COBOKYITHOCTH pa3HbIX U30ToNoB. M ecnu
Ipyu O6CYKIEHUU ONHHUX B3aMMONEUCTBUIA Takoe 000011eHe MOXET ObITh
CIeNaHO, TO B APYIUX CydasxX 3TO IPUHUMITHATBHO HenpuMennMo! Ocobo
3TO OTHOCHUTCS K AIEPHO-(PU3NUECKUM I1POIIecCaM, KOTrga CBOMCTBa pa3HbIX
M30TOIOB OAHOTO M TOIO Xe& XUMUYECKOro 3JIEMEHTa HUYYTh HE OJIMXKE, 4EM
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CBOMCTBA U30TOIIOB pa3HbIX 3J1eMeHTOB! OQHAKO HM B OMHOM M3 aHAJIU3UPY-
eMBIX KepBpaHOM 3KCIIEpHMEHTOB Y IMTPUMEPOB He OBLIT oIpeneaeH UCXOIH bl
(o Havasa peakMM) U KOHEUHBI (TOCIe €€ 3aBEPIICHNM 1) OTHOCHUTEILHBII
U30TOMHBIN COCTaB, XOTS 0e3 MPOBEACHM S TAKOro aHajan3a 0eCCMBICIEHHO
TOBOPUTH 00 peakliuy TpaHCMyTaluuu. C OMOILIBI0O XUMHUYECKHX METOLOB
aHaJu3a IoJIyvaloT JaHHBIE TOJBKO 00 3JIEMEHTHOM COCTaBe, HO B IIpoLiecce
TPAaHCMYTAllUY BCETOa U3MEHSIETCSd UMEHHO M30TOIMHBINA COCTaB!

IIpsiMBIM nponoJixkeHueM skcnepuMeHTOB KepBpaHa GbIIM paboThl ero
yueHuKa Komaku (Komaki, 1965, 1967, 1992), mocBSImeHHbBIE HUCCIIENO-
BAaHUIO MPOLIECCOB TPAHCMYTAlLlUM XUMHUYECKHUX 3JEMEHTOB B PaCTYILIUX
MUKpOOHONIOrHYEeCKUX KyabTypax. K 3TuM paboTaMm TOJHOCTBLIO IpHMe-
HUMBI T€ X€ 3aME€UYaHU 1, KOTOPbIE OTHOCITCS K MccaegoBaHusIM KepBpaHa.
Komaku Takxke nm3ydajl HMEHHO TPaHCMYTAaIMIO U30TOIIOB, HO HU B OZHOM
M3 3KCIIEPUMEHTOB He OBbLI OIPENCJICH MCXONHBIM (10 Hayajaa peaklMH) U
KOHEYHBIN (I10CJie €€ 3aBepIIeHUS) OTHOCHUTEIbHBIN U30TOMHbBIN COCTaB, a
UCCIIEIOBAHUA OTPAHUYMUIIMCDH TOJBKO ONpeaeicHHEM U3MEHEHUS COOTHO-
IIEHUSI XUMUYECKUX DJIEMEHTOB.

HeobxonyMo caenaTh elle OJIHO 3aMe4aHHe, OTHOCALIEeCs: K COOCTBEHHO-
MY Ha3BaHWUIO 3¢ (PeKTa TpaHCMYTAllMM, KoTopoe aaet eMy KepspaH. Bo Bcex
CBOUX pabOTax OH Ha3biBAET IIPOLIECC NPEOOPa30BaHU S IJIEMEHTOB SIBJIEHUEM
Ourosornyeckoit TpaHcMyTauuu. UMEHHO Tak OH IMMOHMMAJ CYThb IIPOLIECCOB
TpaHcMyTauuu. OH, B YaCTHOCTH, YTBEPXKJAaJ, YTO cneludryeckue 6uo-
JIOTUYECKHME 3aKOHBI HE MOryT OBbITb HANpPSMYIO CBeAEHBI K (PU3NUECKUM,
MIOCKOJIBKY BCE 3aKOHBI (DU3UKM OBLITIH BBIBEACHBI U3 3KCIIEPUMEHTOB, Clie-
JJAHHBIX HAa HEXUBOI MpUpoIe.

[1o HameMy MHEH U0, HET HUKAKMX OCHOBaHUM CUUTATH ITpoIiece Ipeodpa-
30BaHUS U30TOIMOB M 3JIEMECHTOB OMOJIOrMYECKOM TpaHCMYTaLlel U OTIENATh
ero OT (PU3NYECKOTrO MMOHATHUSI TPAHCMYTALIMH KaK Ipolecca Ipeodpa3oBaHuU s
M30TOIIOB, OCHOBAHHOI'O HA 3aKOHAaX (PU3UKU. MBI cuuTaeM, YTo Bce HabI10-
IAEMBIE U30TOMHBIE 3P@EKTHI (B TOM CJIydae, KOraa OHU AeHCTBUTEIBHO UME-
10T MECTO Y INOATBEPXKICHBI a1CKBAaTHBIMU M JOCTOBEPHBIMH U3MEPECHHSIMH)
MOXHO OXapaKTe€pPU30BaTh KaK «O0BIYHBIM» IPOLIECC TPAHCMYTALlMX U30TOIOB
U 3JIEMEHTOB, KOTOPBIH IIPOTEKaeT B OMOJOTrM4eCKUX cucTeMax U 3(pdeKTnB-
HOCTBb KOTOPOI'O ONpPENeisaeTcss UMEHHO CIELIM(PUKON TakuxX cucteM. boree
IETAJILHO BOIIPOC O TOM, CYILIECTBYET JIM HeKasl crienuduKa 6M0oJOrmuyecKmux
00BEKTOB, [IO3BOJISIOIIASA CTUMYJINPOBATE IIPOTEKAHUE SIICPHBIX IIPOLIECCOB,
OyneT neTtajsbHO PacCCMOTPEH HUXE B IVaBe, NMOCBAILICHHOH TEOpETHUYECKHUM
acreKTaMU Ipouecca TpaHcMyTaluuu. TaM Xe OyaeT pacCMOTPEH BOIIPOC O
TOM, KaKO MEXaHU3M MOXET 00eCIIeYrTh NMPOTeKaHMe PEaKIMi CUHTE3a MPH
TPAaHCMYTALMU B PACTYILUX MUKPOOHOJIOTHYECKHUX KYIbTypax.
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N30TOITHBIU COCTAB
BUOCUCTEM U EI'O BJIIUSHUE

Kak BuaHO M3 IpenblIyLIEero pacCMOTPEHUsI, NIPOLIECC TPAHCMYTALMU
XMMHYECKUX ITEMEHTOB B OMOJOrMYECKUX CUCTEMAX IMPENCTABISET CO-
0o#, B NMEpBYIO OYepeab, MPOLECC AAEPHOro npeodpa3oBaHUS U3OTOMOB.
Bo3HUKaeT psa 3aKOHOMEPHBIX BONPOCOB. IIpeacTaBasioT AU M30TOMbI
creuUIEeCKU UHTEpEC TSI XKM3HEHHOTO LUK OuocucTeM? MoxeT iU
UMETb OMOCHUCTEMA U30TOMHOE COOTHOILUEHHUE, OTIMYHOE OT COOTHOLIEHMS
B IPYTUX MPHUPOAHBIX 00beKTax?

IIpn oTBeTe Ha MOCTaBIEHHBIC BOMPOCH HEOOXOAMMO PAcCMOTPETh HE
TOJILKO ODIIIME CBEAEHUS 0 METabOIM3Me, HO U TIPUBJIEYb JAHHBIE 00 U3Me-
HEHWU U30TOITHOI'O COCTaBa NPU TPaHCMYyTalLMK U30TOMOB. QYeBUAHO, YTO O
JAOCTOBEPHBIX NAHHBIX NMPU UCCIETOBAHMU TPAHCMYTAIlUM MOXHO FTOBOPUTE
TOJIBKO TOTHAA, KOrJa Habnionaemble U3MEHEHHUs] B CUCTEME CYLIECTBEHHO
MPEBOCXONAT JIOOBIE OTKJIOHEHUSI, KOTOPbIE CIAEAYIOT M3 €CTECTBEHHBIX
M30TONHBIX BapHalui, OOYCIOBJIEHHBIX pasiuyueM (U3MKO-XUMUUYECKUX
CBOMCTB M30TOMOB.

Ha mepBelit B3risia, KaxeTcs:, YTO IOCKOMBKY MPOLECC XU3HENES T b-
HOCTH — 3TO B OCHOBHOM COBOKYITHOCTb OMOXMMHYECKHX IIPOLIECCOB C
y4YaCTHEM BaJICHTHBIX 3JIEKTPOHOB, HA KOTOPbIE U30TOMHBIN COCTAB s1ipa HE
OKa3bIBAET CYIUECTBEHHOTO BIIMSIHUSA, TO U30TOMMHBIN COCTAB KOHKPETHOTO
XUMUYECKOI0 3JIEMEHTA HE JOJIKEH OKa3bIBaTh CYILUECTBEHHOI'O BJHSHUS
Ha XU3HCACATEIbHOCTb OPraHU3MOB U BCE U30TONBI OJHOTO M TOrO Xe XU-
MHUYECKOTO 3/IEMEHTA AOXKHBI NPOABJIATH ce0s1 B OMOCHCTEME TIPUMEPHO
OIMHAKOBO. DTOT MPOCTON IIOAXOH JIEXKMUT B OCHOBE METOA M30TOMHBIX
WHIVKATOPOB, YaCTHBIM CJyYaeM KOTOPOTO SIBJASAETCH METON «MeYeH bIX
aTOMOB», UMEIOLIMH BaXXHOE 3HAYEHUE; B KAUECTBE «METOK» UCIIONIb3YIOTCS
PaZNOAKTUBHbIE M30TOILl — XMMHUYECKME aHAJIOTH CTAOMJIbHBIX U30TOIIOB
TOTO XK€ XUMMUYECKOrO 3JIEMEHTA.

Crnenyer 0XunaTh, UTO COOTHOIUEHUE M3OTOMOB B XMBBIX OOBEKTAX
JOJI)KHO COOTBETCTBOBAaTh AHAJOTMYHOMY COOTHOLUEHUIO B XUMMYECKUX
3JIEMEHTAX HEOMOTEHHOro NMpoUCXoXAeHUsI. OAHAKO NpsAMbIE 3KCHEPH-
MEHTBI OOHAPYXVBAIOT CYIECTBEHHbLIE OTKJIOHEHUS U30TOIHOIO COCTABRA
B PAa3JIMYHBIX XUBbIX OpraHu3Max, MpuyeM U30TOMHBIA COCTAB OKA3bIBAET
CYLIECTBEHHOC BIMUSTHME Ha DAL XKHU3HEHHBIX TIPOLIECCOB.
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MOXHO BBIAEIUTH HECKOJBKO OCHOBHBLIX MEXaHU3MOB, IPUBOASLINX K
M30TONHBIM aHoMaausaM. YacTHYHO 3TU MeXaHU3Mbl ObLIU MTOAPOOHO 00-
cyxaeHbl B pabote (I'anumos, 1981).

1. KuHeTUu4eCckuii H30TOITHBIN 3(PDEKT 00YCAOBIECH Pa3IMuMEM CKOPOCTEN
aTOMOB (MOJIEKYJI) Pa3HBIX M30TOIOB MPU OAHOW U TOW K€ TEIJIOBON 3HEP-
ruv. K 3ToMy MexaHu3My Takxke OTHOCATCH 3(QHEKThI, CBsA3aHHLIE C TEM,
4yTO XMMHUYECKHE CBSI3M, oOpa3yeMpble MpHU y4acTUU DoJiee TAKEIOTO U30TONa,
[IpOYHEE, YeM CBS3M, BKJIOUAIOLIME MPUCYTCTBUE OoJiee JIErKOro M30TOIla.
Pa3muune B IpOYHOCTSX 3TUX CBA3EH UMEET MPOCTOE KBAHTOBOMEXAHUYECKOE
000CHOBaHME U OOYCJIOBJIEHO TEM, UTO YPOBHM IHEPTMU 000 Oosiee To-
JKeJION YaCTULIBI B TTOTEHUMAILHOM SIMEe, XapaKTepU3YIOLLeH B3auMOAeCTBHIE
3TON YACTHLIBI C COCENsIMMU, PACIOJIOXKEHB HUXE, YeM YPOBHU, OIPEeJisi-
IOLIME COCTOSIHUE OoJee JieTKOM yacThlbl. PaKTHYECKU 3TO OOYCIOBJIEHO
MOCTOSIHCTBOM MHHUMAJIBHOM mopuuu (KBaHTa) ($a3oBOro oonema

AT =[d3p[d3x= (2nh)3,

rae p=mV — UMITyJAbC YaCTULBl. BULHO, YTO NMPH YBETUICHUHM MACCHI YACTH-
LBl (TIPH TIPOYMX HEU3MEHHBIX YCIIOBUAX) ODJIACTD €€ JIOKaIu3aluy 3aKOHO-
MepHO YMeHbIaeTcs U Jd3x~ 1/m, 94TO MO3BOJSIET YaCTU e HAXOLUTCS OKe
K [IHY ITOTEHIIHAJIBHOM SIMBbl. DTO OOCTOATEIBCTBO NIPUBOAUT K YBEJINYEHHU IO
SHEPrUU aKTUBALIMU OoJiee TSKEIBIX YacTULL £™* M yMEHBIIAET CKOPOCTh TEP-
MOCTHUMYJIMPOBAHHBIX PeaKLU:

v/vr=|(m* /m)exp|—(E — E*)/KT)

B cuy 3TOro npoaykKThl peakiiuyM o0orauiaroTcs JErKMMHU U30TOINaMu,
a OCTaTOK, He MPUHIBIIUHI y4acTUs B peaKUUU, — TAXCJIBIMU.

2. TepMoaAMHAMUYECKUN U30TOMHBIA 2(hGEKT CBA3AH ¢ TEM, YTO HaHU-
yue GoJiee TAXKEIBIX U30TOMOB NMPUBOANT K MEHbIIIEMY 3aracy cBOOOIHOU
SHEPTUU CUCTEMBI, YeM B CIy4yae 0oJsiee JIETKUX U30TOIOB. B 3HaYUTENbHOM
cTeleHy 3TOT 3(deKT, KaK U MpeAblAYIIMNA, CBsI3aH ¢ 00Jiee HU3KHUM IIO-
JIOXKEHUEM YPOBHEN 2Hepruu 6oJiee TAXKEAbIX U30TONOB B O0LIEM CHUJIOBOM
II0JIE CHCTEMBI.

3. AnepHO-CIIMHOBBLIM H30TOMHBIA 3G dEKT CBA3aH ¢ OCODEHHOCTAMU
TIPOTEKAHMS CIIMH-3aBUCUMBIX ITPOUECCOB, T. €. B KOHEUHOM UTOTE OIIpe-
nensiercs: mpuHuunoMm Ilaynu. OcHOBHass 0COOEHHOCTb 3TOTO MeXaHHU3Ma
COCTOUT B TOM, aTOMBI U MOJIEKYJbl B3aMMOIEUCTBYIOT YEPE3 BHELIHUE
(M, KaK mpaBuJjIO, BAJICHTHBIE) BJIEKTPOHBI, HO NPHU KBAHTOBO-CTATUCTHU-
YECKOM ITOIXOJE K KOMOMHUPOBAHHBIM CUCTEMaM (HampuMep, saapo IUIIOC
3JIEKTPOHBI) ONPEACISIONIMM MOMEHTOM SIBJISIETCS CYMMapHbIA CIMH BCEX
JIEKTPOHOB M siapa. Takum oOpa3oM, M3MEHEHUE CIIMHA Anpa (4TO UMeeT
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MECTO Y pa3HbIX U30TOIIOB) HEITOCPEACTBEHHO BIMUAET (IpUYeM O4YEHb 3Ha-
YUTEJIIBHBIM 00pa30M) Ha CTaTUCTUYECKOE PACIIPENECICHUE U B3aMMONEHCTBIE
aTOMOB M MOJIEKYIIL.

4. IIpocTpaHCTBEHHO-KOH(MOPMAIIMOHHBIE 3((HEKTHL 0BYCIOBIEHHI TEM,
4TO HEOOJBIIHE U3MEHEHUS MPOCTPAHCTBEHHOM CTPYKTYpPHl aTOMOB U MO-
JIEKYJL IPY U30TOITUYECKOM M3MEHEHU M MaCCHI SIIpa B CJiyyae IEPUONNYEC-
KA YIOPSOOYEHHBIX CUCTEM TAKHUX aTOMOB U MOJIEKYJ MOTYT IPUBOIUTH
K 00OMbIIMM HaKONMUTENBHEIM dddexktam. Takue 3ddexTh UMEIOT MECTO,
HanpuMep, B ciy4ae B3aMMONEHCTBYUS NPOCTPAHCTBEHHO-YIIOPALOYEHHbIX
OMOMOJIEKY GONBIIOro pa3Mepa C TIXEJIOW WJIM JIETKOM BOIOI M oynyTt
bonee neranbHO PACCMOTPEHBI HUXKE.

B 6uonoruu nonpoOHO paccMOTPEHB! BapUALIMU U30TOMHOTO COOTHOLLIE-
HUS U151 HEKOTOPBIX HaM0OJIee BaXXHBIX 3IEMEHTOB — YIJIEpOaa, KMCIOPOAa,
BOJOpoAaa, a3oTra, ceprl (HanpuMep, (lFanumos, 1981)).

Hanpumep, npuponHeie BapHaliMy IO YIVIEPOAY HU30TOMHOIO COOTHO-
menus C12/C13

8.={(C12/C13)—(C12/C13) }/(C12/C13)

mocTuraroT 12%; BapualiMy 3THX e BeJUYUH B KUBLIX OPTAaHU3MaX HUXE
Ha ~1,5-3,5%. B kayecTBe CTAHIAPTHOTO 3TAJI0HA U30TOMHOTO OTHOLLIEHU S
(ClZ/Cl.’))CTMIapT OBbLTH BBIOPAHBI OKAMEHENIBIE OCTAHKH apXUKYJIBTYPbl Me-
noBoro nepuona Belemnitella americana. 1051 cpaBHEHU A MOXHO yKa3aTh, YTO
M30TONHBIA COCTaB aTMOC(EPHOI YIIEKHUCIOTE COOTBETCTBYET BEJIUYMHE
0c= —0,7%, a ocamouHble KapOOHATHI XAPAKTEPHU3YIOTCS MTPUPOIHBIMH Ba-
puanuAaMu ot 6. = —0,5% no & = 0,5%. 1 KUBBIX OPTaHM3MOB MHTEPBA
O pasHBIil IS pa3sHbIX OMOXUMUYECKMX KOMIIOHEHTOB. Hanpumep, nunu-
Abl OOOTalleHbl JErKUMHU M30TONAMHU (1Sl HUX d¢ JIEXUT B UHTEpPBAJe OT
0c = —0,8% 100 8. = —3%), a 1151 GEJIKOB U YIIEBOIOB O paBHa (B cpelHeM)
3HAYCHUIO O ISl BCEit GMOMACCHI.

CraHzapToM Juta N30TOMHOIO OTHOIIEHH S BOAOPOAA U KUCIOPOIa MPUHST
CPEIHUM U3OTOMHBINA COCTaB MUPOBOro okeaHa (SMOW), oI M30TONOB
a30Ta — a30T BO3/yXa, a IJI CEPbl — TPOMJIMTHAS cepa MeTeopuTa KaHboH
Hbsisona (MCD).

H30TonmHOE OTHOLIEHHE TI0 KUCAOPOAY (151 IBYX OCHOBHBIX M30TOIIOB)
80“—-{(016/018)—(016/01f‘-‘)Cmmpr}/(()‘6/018)(:”“1lapT B aTMOC(EPHON YIIEKUC-
noTe paBHO 8,=4,1%. Kucnopox armocdepsl o6oramnies TSXelbiM H30-
ToroM O¥ u §,=2,4%, YTO NMpEBBIILAET OTHOIIEHUE IS MOPCKOM BOZBI,
I KOTOpPO# B cpeaHeM 3,=0. B BomHOIl cpeme KMCIOpOn yIiIeKUCIOTHI
HaXOAMTCA B U30TOITHOM TEPMOIMHAMUYECKOM PABHOBECHH C KUCIOPOLOM
BOIBI. MI30TOMHBINA COCTaB BOZHBIX PACTEHMIT COOTBETCTBYET 8, B MUHTEpBa-

CcTaHIapT CTaHIapT
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ne 1,4—2,8%. N30TOIHBIA COCTaB PACTEHU I CYILIU CYIIECTBEHHO 3aBUCUT OT
TEMIIEPATypPeI cpensl odutaHus. [Ipu BICOKOH BHEITHEH TeMItepaType mpo-
HUCXOOHUT CBA3AHHOE C HMCIIAPEHUEM BOIBI OOOTallIEcHHUE XHUBBIX OPraHHu3MOB
TAXEJBIMUA M30TOMMaMU. B 11e710M HazeMHbIE pacTeHUS XapaKTePHU3YIOTCSA
8= 1,5-3,5%.

B cnydae u30TOMOB BOMOPOJAa U30TONMHEIM 3¢ dekT umeeT ocoboe 3Ha-
yeHue. Kak u3BECTHO, YHUKAJBHOCTh CTAOMIBHEIX M30TOMOB BOAOPOIA
(H u D) cocTouTr B TOM, 4TO MX MaccChl pa3juyaloTcs B ABa pasa. [
CpPaBHEHHUs YKaXeM, 4YTO BCE OCTaJIbHbIE, CYLIECTBECHHBIE ISt OMOJIOrUU
3JIEMEHTEl UMEIOT CTAOMJIbHBIE HU30TOIBI, OTJIUYAIONMeCa IO MAacce He
Oonee, yeM Ha 1—7%. BcaencTBue TAaKOTO pasjiMuMs IO Macce U30TOIOB
BOIOpOJAa CTENEHD Pa3AeICHUS 3TUX U30TOMNOB, Ojarogapsi €CTECTBEHHOMY
(bpakIMOHUPOBAHUIO MOXET OBITH O4eHb 60JbII0I. Bojee Toro, 3tu U30TO-
ITBI BEAYT Ce04 IO-pa3HOMY B OMOXMMUYECKUX peakumax. Oco0o 4eTKO 3To
pasinyue MposBIAETCA NPU aHAIU3E NCUCTBUS Ha OMOMOJIEKYJIBI JIETKOU
W TSAXKEJIOMU BOILI.

B HacTos1uee BpeMs cUMTAETCsI HAIECKHO YCTAHOBJIEHHBIM, UTO CTPYKTYpa
BOIbl COOTBETCTBYET TPEXMEPHOMN TETPASAPUUYECKON CUCTEME BOIOPOJIHbBIX
CBA3EH M MACHTUYHA CTPYKTYpPE Jbla.

OCHOBHOE OTJIIMYHE CTPYKTYPHI XHUIKOM BOABI OT JIbAA 3aKJIIOYAETCS B
pa3pbIBE YaCTH 3TUX CBA3EH MO ACHCTBUEM TEILJIOBBLIX KOJICOAaHUH pEILIETKHU.
Eciiv BO 1Ay Ha | MOJIb MOJIEKYJ BOJABI NIPUXOOUTCA 2 MOJIb BOJOPOIHBIX
CBSI3€H, TO, IO JAHHBIM WH(PpaKkpacHoO cnekTpockonuu (Buijs, 1963), npu
TJTABJIEHUH J1baa pa3peiBaeTcsa 46% sTrx cBs3eil. [IprueM MoJEKyIIBI ¢ IBYMS
CBA3AMM COCTABJISIIOT BCEro JAUilb 33% BCceX MOJIEKYJ, MOJIEKYJIBI ¢ OOHOM
CBA3bI0 — 41%, MOJIEKYJBI, He 00pa3yiolie BOAOPOIHBIX CBA3EH, — 27%
(MpUHATEI BO BHUMAHUE JIMLIb CBA3U IPOTOHOB OMHOM MOJIEKYJIBI C COCe/I-
HUMH MOJIeKyJIaMH). Pa3pblB BONOPOAHEIX CBI3€H IIPUBOIUT K 3aTI0JHEHHIO
ITYCTOT TPEXMEPHOW CTPYKTYPHI JIbJA MOJIEKYJIAMH BOIbI. YIIAaKOBKAa MOJICKYJI
nejiaeTcd 0oJee IJIOTHOM, YTO BEIET K YBEIMYECHHIO KOOPAMHALIMOHHOIO
yycaa. KoonepaTrBHBIIT MEXaHU3M 00pa30BaHUsI BOJOPOIHBIX CBSI3EH MEXY
MOJIEKYJIaMM BOIBI OIIPEAECIAECT UCKIIOUUTEIBHO BaXHOE CBOMCTBO BOJHI,
OTJIMYAIOLLUEE €€ OT OCTAJIBHBIX XUIKOCTEH, — ACCOLIMAaTUBHBINA XapakKTep
€€ CTPYKTYPHI.

TaxuMm obpazom, Ipd KOMHATHOM TeMIIepaType B Boje 00Jiee ITOJIOBUHbI
BO3MOXHBIX BONOPOIHBIX CBfI3eH pa3opBaHO. OIHAaKO paBHOMEPHOE pac-
npenesiceHUe pa3opBaHHEBIX CBA3EH M0 MOJIEKYJIAM HE SIBASIETCSI BHITOIHBIM
M3-3a KOONEPATUBHOIO XapakKTepa Ux obdpa3oBaHUsI. MUHUMYyMY 3HEPruu
COOTBETCTBYET IPOLIECC 3aMbIKaHUSA CBSA3€H, UTO IPUBOOUT K 00pa30BaHHUIO
B MUKPOODJIACTSIX aCCOLMATOB C MAKCMMAJIbHBIM YMCJIOM BOJOPOIHBIX CBSI-



26 I'naga 3

3l Ha MOJIEKYJY, a CIEedOBATENbHO, CO CTPYKTYPOH, GJIM3KON K CTPYKTYpe
JbIa, 00ecneuyrBaoILel Takoe MaKCUMaabHOE KOJIUYECTBO CBsI3ei. Takue
accoLMalMy OKa3bIBAIOTCA HeyCcTONYMBbIMU. JlokanbHble ByKTyauu sHep-
VMU NIPUBOIAT K UX pacnany U GpayKTyallMOHHOMY BO3HUKHOBEHH IO HOBbIX
YTOPALOYCHHBIX aCCOLMATOB — KJIACTEPOB. BpeMsi Ku3Hu Kiactepa — no-
psaka 10~ ¢, yro cooTBeTcTBYET OKOMIO 103 MOJIEKYJISIDHBIX KOJIeDaHUIA.

Monenb Takux «MepuamLINX KJaCTEPOB», pPacCMOTpPEHHas BIEpPBBIE
®panxoMm u Banom (Frank, 1957, 1958), B manbHeiieMm pa3sutra Hemeru
u Illepara (Nemethy, 1962) u B HacTos1Iee BpEMsI SAABJISIETCA, [IO-BUAUMOMY,
HauboJiee pa3paboTaHHOM CTPYKTYPHOIH MOIEIbIO BOIBL.

OueBUIHO, YTO MapaMeTPhl TPEXMEPHOM TETPA3APHUUECKON CHCTEMbI BOLO-
POIHBIX CBA3EM (KaK M MapaMeTpPhl «MePLAIONINX KJIACTEPOB») CYIIECTBEHHO
3aBUCAT OT MaccChl U Pa3MepPOB MOJIEKYN BOABI, KOTOPLIE PA3IMYalOTCs B
cryqae «erkoi» (H,)0) u «raxenoit» Bonsr D,O.

B cucreme, yuutniBaomei ssaumoneiicteue JHK ¢ Takoii MCEeBIO-
KPHCTAJLINYECKOH BOJIOH, CTPYKTYypa OOBIYHOI (JIETKOH) BOABI MAEAIbHO
corinacosaHa co ctpyktypod JHK. Drto aBunocw crenctsueM mnporecca
3BOJIIOLIUH.

Yinanenue BOAB MPUBOAUT K Pa3pylIEHUIO AaKe TAKOM MPOYHOH
CTPYKTYDBI, KaK nBodHas cnupaib JJHK. IMo-Buaumomy, 3tor Bonpoc
OBbLIT BNEPBLIE A€TAJbHO M3Y4YeH B paboTe (Sutherland, 1957). Crpykrtypa
o0e3BoxeHHOI Mosiekyibl JIHK oueHb oxoxa Ha CTPYKTYDY A€HATYpHPO-
BAHHOM, HO IIOJTHOCTBIO BOCCTAHABIUBAETCS 1pu 75%-Ho# OTHOCHUTEbHOI
BJIAXKHOCTH, KOTIa COAEpXaHUE COPOMpPOBAHHON BOABl cocTasiseT 50%
OT CYXOro Beca, T. €. Ha HYKJICOTUA NMPUXonIuTcs 10 MONEKYs BOMIbI.

3aMeHa 0ObIUHO (JIErKOit) BojbI Ha TSKEJTYIO0 MPUBOLUT K Paccoriiaco-
BaHUIO NMPOCTPAHCTBEHHBIX NEPUO/IOB MICEBAOKPUCTAIUINYECKOH CTPYKTYDPBI
BOIBI M CTPYKTYpbI IoBepXxHOCTH JHK, uTO Cpasy npuBomuT K nossieHU0
OOMBIIMX MPOAOTBLHBIX (BIOIbL OCH I HK) nedopMaumroHHbIx HanpskeHit
U U3BMEHEHWIO nponaosibHoro nepuoga JHK.

Oco60 BaxHOe 3HaYeHUE UMEIOT TaKUe aedopmaumu npu cuHtese JHK,
NOCKOJIbKY BOSHUKAIOLLWE NP STOM UCKAXEHHBIE KOMIIMMEHTAPHbIE rnapel
HYRJICOTHN0B BOocnpunumalores JAHK-nonnmepa3soit, koHTponupyioweit
npouecc cuHresa JHK, kak nedekTHbIe (MYTAHTHBIE), UYTO BEAET K MUX
YHHYTOXECHUIO. CIIeNCTBUEM TaKMX AEHCTBUI OyIET 3aMenieHte rnpoiecca
PCTIIMKALIMY M BO3HMKHOBEHWE MYTAHTHBIX I1ap HYKJICOTUIOB.

Io-BUIMMOMY, UMEHHO TAKON MEXaHU3M IMPOCTPAHCTBEHHOI'O paccoria-
COBaHM:A mepuoanyeckod crpyktypol JHK v nepuonuyeckoii CTPYKTYPBHI
TSKEJION BOABI SIBISIETCS OMHUM U3 OCHOBH bIX (aKkTOpPOB NpPOSBAEHUS U30-
TOTMIHOro 3((eKTa NpU 3aMeHe BONOPOAA Ha JEUTEPUN B COCTABE BOIBI.
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C YBECJIINYEHNUEM aTOMHOI'O HOMeEpa M 3apdaia XUMUYECKOro 3JeMEHTa
OTHOCHUTEJIbHAA pa3HHWLA B NPOABJIICHUU BIAUIHHUSA U30TOMHOI'0 COCTaBa
Ha OMOXMMUYECKUE MMPOLIECCHI CTAHOBUTCS BCE MEHEE CYHUIECTBEHHOM, YTO
dABTOMATHYE€CKHN NMPUBOIUT K TOMY, YTO OIS CPEAHUX U TSIXKEIBIX DJIEMEH-
TOB M30TOINTHOEC OTHOLUCHUE B HEXMBOM OKPYXEHUU U B O0BEKTAX XMUBOIl
IPUPOAbI CTAHOBUTCS IMNPAKTUUYECCKN UICHTUYHDBIM.

Takum 06p330M, MOXHO CHYUTaTh, YTO OTKJIOHEHHUE HU3OTOITHOIO OTHO-
HICHHUA IJISl IETKKUX 3JIEMEHTOB B NIpeaenaax

SX: {(XA+AA/XA) — (XA+AA/XA) (XA+AA/XA) =+ 3_5%

craHnapT}/ CTaHIapT

OT «CTaHIapPTHOIO» 3HAYCHUS (151 KOTOPOro d, = () sBASETCS BIOAHE 10-
IyCTUMBIM; U3OTONHBIN 3(PPEKT MOXKET OBITh CBA3aH C MPOLIECCAMU €CTECT-
BEHHOI0 o0OrameHus uiu obefHeHU I KOHKPETHOTO XMMHYECKOTO 2/IeMEeHTa
COOCTBEHHBIMU U30TONAMHU M HE CBUIETEIBCTBYET O [IPOTEKAHUU B CUCTEME
SCPHBIX NMpeBpaiteHnit. OUeBUIHO, YTO BOMPOC 00 YMCTO SAAEPHOI IPUPO-
A€ V3MEHEHHUS M30TOITHOIO OTHOMLIEHHUS (O SIIEPHON TPAHCMYTALIMU) MOXET
BO3HUKHYTb TOJILKO TOI1A, KOTJa OTKJIOHEHUEe U30TOIHOI0 OTHOILIEHUS XH-
MUYECKOTO IJIEMEHTA COCTABIAET BEJAUUMHY, IIpeBriluaomyo 10—20%.
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SDKCIMTEPUMEHTAJIbHOE
NCCIEJOBAHHME
TPAHCMYTALIMU NU3O0TOI1OB
U XUMHWYUYECKHUX SJIEMEHTOB
B MUKPOBUOJIOTMYECKHW X
CHUCTEMAX

4.1. BBIbOP METOAUKHN SKCIITEPUMEHTOB
1N UCITIOJb3YEMbIX BUOJIOTUYECKHUX OB BEKTOB

I'inoTe3a 0 BO3MOXHOCTH SIACPHONA TPAHCMYTALIMU XUMHUYECKMX 3JIEMEH-
TOB (M30TONOB) B PU3HUYECKUX, OMOJOrMUECKHUX U Ie0OTMYECKUX CUCTEMAaX
NpU HU3KOK SHEPIruU OTHOCHUTEIBHOIO ABUXCHHUS B3aMMOACHUCTBYIIOLIMX
sIIEp HEOMHOKPATHO O0CYX/1a1aCh Ha MPOTSIXEHUU MOCAETHUX NECATUICTH.
HNHTEepec K 3TOM TeMe BO3pOC IIOCJIE Havyajia CUCTEMaTUYECKOT0 U3YUYeH U
¢deHomeHa xonogHoro siaepHoro cuHTe3a (XAC) Ha 6aze dd-peaknuii B
TBEPABIX TE€NAX, XOTA HU OAWH U3 IPOBEICHHbIX paHee 3KCIIEPUMEHTOB HE
IaJI TIOJTHOCTBIO IOCTOBEPHBIX IIOBTOPSAEMBIX PE3YJIbTATOB, MOATBEPXK JAIOIIHX
cyuecrtBoBaHue XAC.

Ilo HanmemMy MHEHHIO 3TO CBSI3aHO C HeyTayHBIM BBIOOPOM METOOUKU U
00beKTa NCCIIEOOBAaHU.

Mgl curTaeM ONTUMAIBHOM TaKYI0 METOIMKY, TP KOTOPOi BBHITIOJIHSIET-
Cs1 MAKCHMAaJIBHOE YHCJIO YCIIOBUM CTUMYJISIIMUA U OOHAPYXEHUS Mpolecca
TPAHCMYTALIVM:

1) u3oTor, nosryyaeMbiii B IpoLecce TPAHCMYTAlMH, B Ha4aJIbHBII MOMEHT
(o mpoBeneHus1 5KCIEPUMEHTOB) He JOJKEH COHEPXKATCs B Cpene, Iie
IIPOUCXONMT saepHoe nmpeBpawicHus tTuna XAC (uam ero HayaJibHOE CO-
Iep>XaHUE B KaUeCTBE IIPUMECU KOHTPOJUPYETCH C BEICOKOH TOYHOCTHIO
B HA4aJILHBIX KOMIIOHEHTAaX XU KOHEYHBIX TIPOAYKTAX);

2) CHHTE3UPYEMBIN M30TON TOJXEH HaKarIMBaThcs B cpele (Ui 3TOro
HEOo0XooUMO, 4TOOK OH HE COOTBETCTBOBAJI JIETYYEMY XUMHYECKOMY
3JIEMEHTY);
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3) sIpa CHHTE3NPYEMOTO U30TONA IOIKHBI 06/1anaTh TAKMMU XapaKTepHC-
THKaMM (CIIMH, BHYTPHSAEPHbIE PE30OHAHCHBIE TIEPEXONBI, MATHUTHBIN
MOMEHT), KOTOPBIE CYHIECTBEHHO OTIMYAIOT (IT0 MACCOBOMY YMCIY) MX OT
COCEIHUX MIPUMECHBIX U30TOIOB TOT'O X€ UJIN COCETHETO SIEP.

4) METOZ PpErMCTPALIMii TOJIKEH XapaKTePU30BaThCs, C OMHOM CTOPOHBI, MaK-
CUMaJIBHOM Yy BCTBUTEIBHOCTBIO, a C APYroil — 00ECIEYNBATh YBEPEHHOE
BBLAETIEHUE O0pa3yeMbIe B pe3yJIbTaTe OXKUAAEMOM AIePHOM peaKLIMK U30-
TOIOB Ha (pOHE OJIM3KUX M0 XMMHYECKHUM XapaKTEePUCTHUKAM IIPUMECHBIX
3JIEMEHTOB U U30TOIOB, T. €. 00J1a4aTh Y€TKO BHIPAXXEHHBIMHU PE30HAHC-
HBIMH CBOMCTBaAMHU.

OTUM TpeOOBAHMAM HE COOTBETCTBYET GOJILIIMHCTBO IIPOBOIUMBIX PaHEe
9KCIEPUMEHTOB 110 00HapyxeHMIo ¢peHomeHa dd-XSIC Ha ocHoOBe perucr-
pally HEMTPOHOB, TPUTHS WM TEIJIOBOrO 3¢ deKTa B siIepHbIX peakLus
CUHTE3a C YYaCTHUEM CaMBIX JIETKMX HU30TOIIOB

d2+d2=He3+n‘, d2+d2=T3+pI

B 3THX peakLMsiX MHTEHCUBHOCTb PErHCTPHUPYEMOrO HENTPOHHOTO M3-
JIYYeHHsI HE IpeBbINIaNa POHOBOro 3HAYECHUS, BBI3BAHHOIO KOCMUYECKUM
o0nyyeHueM. COOTBETCTBEHHO, OXMAAEMOE HAKOILIEHWE TPUTHUS HE Ipe-
BBIIIAJIO €TO HAYaJIbHOTO NMPHMMECHOTO CofiepXaHus B Tsxenol Boge D,O,
a TeNJoBble 3(PDEKTH B GONBITMHCTBE CIYYaeB OOBICHSJINCH OOBIYHBIMHI
SJIEKTPOXUMHUYECKHUMHU TIPOLIECCAMU.

OTHM Xe TpeGOBaHUAM HE YIOBJIETBOPSIOT SKCIIEPUMEHTH KOMaky 1o
TPaHCMYTaUMH JIETKUX XUMHYECKHUX DJIEMEHTOB B OUOIOTUYECKHX KYJIbTY-
pax (B HUX HE KOHTPOJIMPOBAJICS HAYaJIbHBII M KOHEYHBIH XUMUYECKUH U
M3O0TOITHHIM COCTaB U COIEpXKaHUE TIPUMECEit).

OueBMIHO TaKXe, YTO KaX bl OTAELHBIA METO PETUCTPALIMH HE MOXET
obecrieunTs abCOMIOTHOM TOCTOBEPHOCTH TIpoliecca uaMepeHus. Hanpuwmep,
METO MacC-CNCKTPOCKOIMMH M30TOINOB 00JIafacT BBICOKOW YYBCTBHUTEIb-
HOCTBIO, HO B pALE CIIYyYa€B MOXET IIPHUBOJUTH K HEOOHO3HAUYHOCTU WH-
TCPIPETAUNH PE3YIBTATOB 3KCIIEPUMEHTOB, HAIIPUMED, MacC-CIIEKTP MOHA
TAKEJIOr0 U30TOIIa MAJIO OTJIMYAETCH OT MACC-CIIEKTPpa MOHA MHOTOaTOMHOMI
MOJIEKYJIBI C TEM X€ MAacCOBBIM YHMCJIOM. AJIbTEPHaTUBHBIN MeTOI MecchHay-
3POBCKOM PE30HAHCHOW raMMa-CleKTPOCKOIIMM BCErna OMHO3HAYHO MIEH-
TuGULKMpPYeT U30oTOoM, HO caM 3ddhekT Meccbayspa IprUMeHUM TOJIBKO IS
BEChbMa OTPAHUYCHHOI'O YHCJIa U30TOIIOB.

IToBrINEHME HANEXHOCTH U JOCTOBEPHOCTH M3MEPEHHUN MOXET OBIThH
IOCTUTHYTO TOJBKO OJjlaromaps MCIIOIb30BaHUIO MOAXOMSIIErO CHEKTPOC-
KOIIMYECKOTO MEeTOAA (B YaCTHOCTH, JIa3€PHOrO MAacC-CIIEKTPOMETpa, TJie
B YCIOBHAX BBICOKOTEMIICPATYPHOM IJIa3Mbl MOJIEKYJIH ITUCCOLMUPYIOT
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J0 COCTOSTHUS OTAEABHBIX AaTOMHBIX MOHOB), IPMYEM M3MEPEHUS CIEOYET
MIPOBOAYTH Ha HECKOJBKUX CIICKTPOMETPaX pa3HOro THUIIA.

Br16op 00beKTa UCCACIOBAHUM TAKXKE CBSI3aH C YCIOBMSIMMU ONTUMMU3A-
LIAX IIPOLIECCa HU3KOTEMIIEPATYPHOM TpaHCMyTauuM. OQUeBHIHO, UYTO HC-
CIIEyeMBI OMOJOTUYECKUHM OOBEKT NOJIKEH XapaKTePU30BaThCA 00IbIION
CKOpPOCTBIO pocTa (OBICTPLIM HabOPOM MACCHI), NOMYCKATh BO3MOXHOCTD
IIPOBEACHHUS OOJBILOTO YNCIA HE3AaBUCUMBIX KOHTPOJIBHBIX UCCAEIOBAHU M
Y ObITH HE OUYCHb KPUTUYHEBIM K TEMIIEpaType 1 XUMUYECKOMY COCTaBY Cpe-
abl obutaHusa. KpomMe Toro, umesi B BUAY MOCAEIYIOLIYIO ONTHUMHU3ALUIO,
XeJIaTeIbHO, 4TOObl OH MMeJ HU3KYI0 YYBCTBUTEJHLHOCTh K pagHailMOH-
HOMY BO3HEWCTBMIO, T. €. BHCIIHEMY U BHYTPEHHEMY OOJTYUEHUIO MOHU3U-
PYIOIIUMMU TIOJSIMU PA3HOU IPUPOABI (Y-U3JIYYeHHUE, OLICTPEIC 3EKTPOHEI,
HEATPOHHI U Jp.).

OueBUIHO, YTO TAKOH COBOKYITHOCTU TPEOOBAHUM MOTYT OTBEUATh TOJIBKO
MUKPOOHUOJIOTHYECKUE OOBEKTHI, KOTOPBIE IBISIOTCS O€3YCA0BHBIMM PEKOPI-
CMEHaMH4 B XMBOM MHUPE T10 BO3MOXHOCTH IIPUCHOCOOJIEHUS K BHEIIHUM
ycinoBussM. Hanpumep, Takasi yHUKaJbHaAsA KyabTypa, Kak Deinococcus
radiodurans BuIIEpXUBAET T030BYIO Harpy3ky B 100—107 pam, 4TO He UMeeT
aHajora cpenu NPyrux XWBBIX OOBEKTOB M IIO3BOJISET pacCMaTpUBaTh ee
B Ka4eCTBE€ OCHOBHOI'O KaHIMJaTa HJsl TPAHCMYTallUd PagHMOaKTHBHBIX
MU30TOIIOB,

Be16op THIa oXkuaaeMol peaklMU ¥ UTOTOBOT'O U30TOIIA TAKXKE SIBJISIET-
cd npeaMeToM ornTuMusanuu. CyliecTByeT MHOXECTBO HMPUBJIEKATEIbHBIX
peakluy CUHTE3a, KOTOPBIE HE OTPaHUYEHbI SHEPreTUYECKUMHU ITOPOraMH,
MOTYT IIPOTEKAaTh IIPA HU3KOM 3HEPrUM U XOPOIIO COTJACYIOTCS C orpa-
HHYEHUSIMM, HAKJIaAbIBAEMBIMU CHEIMPUKONA KOHKPETHOTO OMOJIOrnyec-
KOro oonexra. B 3HaunTeNbHOI CTeNMeHW MX BBHIOOp CBS3aH C MHTYMILIHeEIl
HUCCJIeIOBaTeNsl MU €ro MoHUMaHueM IpoodiieMbl. HyXHO Takxxe MCXOOIUTH
M3 OTPAHUYEHHOCTU PECYPCOB M BpeMeHU. MTak, Mbl NMPULLIUA K BHIBOLY,
YTO LIeJIECOOOPa3HBIM, C TOYKU 3PEHUSI MAKCUMAaJbHOM NOCTOBEPHOCTH U
BO3MOXHOCTH IOCIIEAYIONIEA ONITUMM3ALIMH, SIBJISIETCSI BCECTOPOHHEE U3Y-
YeHHME Ha IIEPBOM 3Talle TAKOW COBOKYNMHOCTU peakKLUH, KOTOPbIe pa3HbIMU
MYTAMU NIPUBOAAT K U30TONAM Xeje3a. Takast 3agaya peuiaeTcsl B HaCTO-
anen padbore. He B nmocieaH1ow ouepenb 3TO CBI3aHO C TeM, YTO aBTOPHI
XOpo1110 3HaKOMBI ¢ 3¢ dekToM Meccbayapa ¥ TeXHHKOIT MeccOay3IpOBCKOM
CIIEKTPOCKOITUHU, KOTOpas 6a3upyercs (Ha 60—80%) MMeHHO Ha OIHOM M3
U30TOIOB Xeje3a. B To xe Bpemsi B paboTe paccMaTpuBalOTCsS U JpPyTrHe
peakIuu, KOTOPEIE ITPOTEKAIOT IIOMYTHO M HE3aBUCHMMO OT CHHTE3a Xeje3a
B TEX X€ KYyJbTypax.
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4.2. KOMBMHUPOBAHHOE UCCJIIEJJOBAHUE YIIPABJISEMON
TPAHCMYTAIIMM N30TOIIOB B PACTYIHINX BUOJIOTUYECKUX
KYJBTYPAX METOJIAMU MECCBAYBPOBCKOM
CIIEKTPOMETPUU U MACC-CIIEKTPOCKOIINH

Llesp1o MPOBEAEHHBIX IKCIEPUMEHTOB ObIIO OOHAPYKEHHE U UCC/IEI0BA-
HHUE BO3MOXHOCTH IIPOTEKAHU ST HUZKOTEMIIEPATYPHOM TPAaHCMYTALUK U30-
TOTIOB B pacTyLIMX MUKpoOuosoruyeckux Kyaprypax (Vysotskii, 1996).

ITooxuB 3a OCHOBY TpebOBaHMI HEOOXOIMMOCTh ONHO3HAYHOM perucTpa-
MU, Mbl IIPULUIKA K BBIBOIY O LI€JIECOOOPA3HOCTH UCTIOJIB30BAHUS B HAILUX
MEPBBIX IKCIIEpUMeHTax 3¢ dekta Meccbayspa Ha 6ase n3orona Fes’. XKenezo
BXOJMT B COCTaB OOJIBLIMHCTBA XUBBIX OPraHU3MOB. BaXXHBIM SBISICTCS TO
00CTOSATENBCTBO, YTO I OMOJIOrHYeCKUX OOBEKTOB «OOBIYHBII» H30TON Fest
M peaKkui MeccbayspoBcKuii n3oron Fe’’ MaeHTUYHLI M Hepa3uyuMel. [1pu
ANEPHO-(OU3NYECKOM DACCMOTPEHUM 3TO COBEPILIEHHO pa3HbIE sipa.

IlepBasi cepusi IKCEpUMEHTOB 110 OMOJIOrMYECKOM TPAaHCMYTALMKM U30-
TOIIOB Oblja peajiM30BaHa HAMHU C YYETOM BO3MOXHOCTU MCCJIECHOBAHUS
pe3yJIbTATOB TPAHCMYTalluM HECKOJBKUMU HE3aBUCUMBIMU METOIAMU.

OTH 3KCMEPUMEHTHI OCHOBBIBAJIMCh Ha OXMOAEMON peaKkllMu CUHTE3a
MeccbayapoBckoro usoromna Fed’

B MHKPOOHOJIOrMYECKOM KYJIbTYpe, pacTylueil B He(UILUTHOM 1O Xeae3y
BOIHO-COJIEBOM NMUTATEJBHON Cpelie Ha OCHOBe TaXesoi Boael D,0, kyna
IOOTIOJIHUTEIbHO BBOAMJIACH COJIb Mapraniia. HeCOMHEHHBIM ITPEeUMYILECTBOM
MapraHIia siBJIs€TCs TO, YTO OH UMEET CAMHCTBEHHBINM CTAOMJILHBIA U30TOII
Mn33. 9To 06CTOSTENBCTBO AeIaeT ONHO3HAYHON MWHTEPIIPETALIMIO PE3YIIb-
TATOB 3KCIICPUMEHTA.

B pesyabraTe oXumaeMol SIIEpPHOM peakIlMM CMHTE3a IIPEATIOJIarajoch
obpa3oBaHKe peaxoro crabuibHoro uzorona Fe¥, cogepxanue KOToOporo B
NIpUPOAE OYEHDb MAJIO U cocTaBisieT 2,2%.

OueBUIHOE NOCTOMHCTBO 3TOM PEAKIIUU COCTOUT B TOM, UTO TIOCKOJIBKY
Fe>” gpnsercs Hauboee XOpoIlo U3yYEHHBIM MeCCOayIPOBCKUM M30TOTIOM,
TO OH MOXET OBITh OY€HbB JIETKO UACHTU(DHULMPOBAH C MOMOIIBIO 3dQ¢dexTa
Meccbayspa. HakomnneHue 3Toro uzoTora npy yeeJanueHu 3¢pheKTUBHOCTU
1 IUIMTEJIBHOCTH peaKlIMM CHMHTe3a I03BOJsAET (10 KpaitHeil Mepe B mepc-
NIEKTHBE) U3y4YaTb BPEMEHHBIE 3aKOHOMEPHOCTH MPOILIECCa TPAHCMYTALIMH.
Kpome Toro, nockonbky mpupogHoe cogepxkanue uzorona Fes’ mano, To ero
CHHTE3 JIETKO (PUKCUpYeETCs METOIaMU TPaJUIIMOHHOMN MacC-CIIEK TPOCKONUHU

Ha OCHOBC aHa/Jn3a UBMEHCHHA OTHOCUTEJIbHOIO paclpeiejeHUs U30TOIIOB
XKCEJC3a.
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4.2.1. UccaenoBaHue TPAHCMYTAIMH H30TONMOB B MUKPOOHOIOTHYECKUX
KYJABTYpax MeTOAOM MeccOAyIPOBCKOil CIIEKTPOCKONUHN

DKCNEePUMEHTH NPOBOAUINCHL HA OCHOBE HECKOJbBKHUX OGaKTepUalb-
HEIX KyneTyp (Bacillus subtilis GSY 228, Escherichia coli K-1, Deinococcus
radiodurans M-1), a TakXe IpOXXKeBOH KyIbTYphl Saccharomyces cerevisiae
T-8. Be100Op 3THX KYABTYP ObIJ CBsI3aH JUMOO C 3KCIIEPUMEHTAJIBHO IIPOBE-
PEHHOI BO3MOXHOCTBIO UX POCTa B Cpellc HA OCHOBE TSAXEJIOM BOOBI, 100
C OTMEYEHHOM BhIIE TTePCIEKTUBOI UCITOJb30BAHUS paduallHOHHO-YCTOM-
YUBOM KyNbTYpHl Deinococcus radiodurans M-1 B niponieccax TpaHCMYTallMU
IIpY HAJTUYUM CUJILHBIX paguallMOHHBIX MOJICH.

TunudHas cepus SKCIEPUMEHTOB BKJIIOUAJla HECKOJIBKO MOCICA0BATE b-
HBIX OIIEpaIlUi.

IIpeaBapuTenbHO MOJYYeHHAsA KyAbTypa IMOCE HEHTPUPYTUPOBAHMS,
TIIATEJIbHOTO NMPOMBIBAHUS B AUCTUIJIMPOBaHHON Jierkoit Boae (H,O)
M TIpeIBAapUTEILHOI0 CTUMYIMPYIOUIEr0o MOAPANIMBAHMSA IOMEIIAnach B
KIOBETY C 3aJJaHHOM CaxapHO-COJIEBOM MUTATEIBHOU CPENOi, ComepxKallein
0a3oBble (IIPUCYTCTBYIOIIHE KaK B KOHTPOJBHBIX 3KCIIEPMMEHTAX, TaK 1 B
3KCMepMMeEHTax 1o TpaHcMmyTtauuu) conu Mg, Ca, K, tTaprpar aMMOHHUS],
caxapo3y 4 10 mu1 yncToit Boasl (Tsaxenoi Boasl D,O B 9KCnepUMEHTAX IO
TpaHCMYyTauuH, Jerkoi Boasl H,O B KOHTPOIBbHBIX 3KCIIepuMeHTax). CocraB
TIUTATEJILHON Cpenbl MpeACTaBiicH B Tabi. 4.1.

Hns ncknovyeHus (ocnabieHusi) BIMSHUSA IpUMecCei, colepXxaHue
KOTOPHIX HE€ KOHTPOJMUPOBAJOCH, IJ51 NPUTOTOBJICHMSE NTUTATEJbHOMK
Ccpenbl MCIIOJb30BaJINCh PEAKTUBBI MapKH «X. 4.» (XUMUYECKH YHUCTHIE).
T. e. conepxanue Fe Bo BceM o0beMe MUTATENbHOU Cpelbl IIPA €TUHUY-
HOM 3KCIIEpMMEHTE He MOIJIO OBITH Bhllle, yeM Ampg, =1,1°10-%1. C yueTom
pacnipocTpaHeHHOCTH mM3otona Fe’’ B mpupone (2,2% obl1ero Koiu4ecTBa
Xe€Jie3a) ero BO3MOXHOE colepXaHue B KayecTBe IPUMECH He MOIJIO OBITH
BBILIE, 9eM O, o;=2,5°10~8 1 (Tabm. 4.1).

B skcniepyMeHTax No TpaHCMYyTallMM K IMTATEJIbHOM cpelie Ha OCHOBE
TSKEJION BOABI H00aBIISIMCE coyib MnSO, B KOTHNYECTBE, COOTBETCTBYIOILEM
Amy=2+10-*r crabunpHoro usorona Mn>, r. e. N,=1,8+10'® atomoB Mn>>.
Ob11ee KOIMYECTBO TPUMECHOTO Xeje3a (KaK XMMUUYECKOro 3JIEMEHTA) He
npeBbIano Am,=10-8 r.

Ilepen NpUroTOBJIEHUEM IMUTATEJIbHON BOIHO-COJIEBOI Cpelabl BCE
CyXMe KOMIIOHEHTH (peaKTHMBBI) MCCIAEA0BAJUCh Ha MeccOay3pOBCKOM
raMMa-CcIeXTPOMETPE C UEJbI0O KOHTPOJSA IPUMECHOTO COmepXaHUA
usortomna Fed’,

Takue xe npenBapuUTEIbHBIC UCCIIEAOBAHUS HA MecCOay>pOBCKOM raM-
Ma-CIEKTPOMETPE ObUIM NPOBEACHBI C YACThIO BBICYIIEHHON MHUKpOOHO-
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Tabnuua 4.1. CocrtaB mUTaTeILHON Cpebl

Konuentpauus, Conepxanue Fe, ConmepxaHue Fe,

KoMnoHeHTHI % % r
Caxapo3sa 3 10-4 3+10°7
(NH,),-TapTpar 1 5104 5107
MgSO,+7H,0 0,25 2+10-4 5+10-8
CaHPO,*7H,0 0,008 1,5+10-3 1,2+10-8
K,PO, 0,5 5¢10-4 2,5+ 107
MnSO,* 7H,O (B 0,01 5¢104 510
3KCTepUMEHTax 110
TpaHCMYTAaLIUM)

Yucras Bona 100 10-7 10-8
(D,0 B skcniepuMeHTax (10 mn)

MO TpaHCMYTAllUH WK
H,O B KOHTpOJIBHBIX
3KCIIepUMEHTaXx)

JIOTUYECKOM KYJIBTYPHl MEPEa €€ MCHOIb30BAHMEM B IKCIIEPUMEHTAX IO
TPAaHCMYTAaLIU U,

Bo Bcex ciiyuasix comepxaHue rnpuMecHoro usotorna Fed’ ObL1o HUXKe
YPOBHSI peructpanuu (ypoBHS 4YBCTBUTEJIBHOCTH) MeccOay3pOBCKOTO
raMmma-cCrekTpoMeTpa, YTO COOTBETCTBOBAJIO INMACIIOPTHBIM JaHHBIM [1Jid
MCIIOJb3yeMbIX PEaKTUBOB.

TunuuyHas cepusi 3KCIEPUMEHTOB M0 SIJIEPHON TpaHCMYTalluy U30TOIIOB
B PACTYIIMX MUKPOOHUOJOTUYECKHUX KYJIBTYpax COCTOs1]1a B OMHOBPEMEHHOM
BbIpALIIBAHVM OJHOU W TOU XK€ KYJBTYPHL B HECKOJBKHUX (KaK MNpPaBHJIO —
yeThipex) KioBeTax (puc. 4.1)

IlepBast u BTopasi KIOBETHI CoepxXajiu 0a30Bble (HEM3MEHHbIE) KOMITOHEH -
ThI: CaXapHO-COJIEBYIO MUTATEIbHYIO Cpeny Ha OCHOBe Jierkoil Bonnl (H,O)
Kak 0e3 mobasieHus conu MnSO,, Tak 1 B NpUCyTCTBUU 3TOM conu. CocTaB
MMUTATEJILHOM Cpellbl B TPEThEM KIOBETE OblJI IIPUTOTOBJIEH U3 TeX XKe 0a30BbIX
KOMIIOHEHTOB ITUTATEeJIbHOM CPeIbl Ha OCHOBE TsKenol Bojsl (D,0), Ho 6e3
comu MnSO,. CooTBeTCTBEHHO, NOCNEAHSS YETBEPTAsi KIOBETA ColepXaa
KaK BCE HEOOXOAHMMBIE AJISI pOCTa KYJIbBTYphl 0a30Bbleé KOMIIOHEHTEHl IUTa-
TeJIbHOM CpeIbl, TAK U HEOOXOAMMYIO IS TpaHCMyTaluuu coib MnSO, u
ObLIa IIPUrOTOBJIEHA HA OCHOBE TsXKeEJIOH Boabl (D,0).
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W3 npuBeneHHOro coctaBa HEOOXOAMMBIX IJIS1 POCTA KYJIBTYPBI ITUTA-
T€JIBbHBIX CPel BUIHO, UTO HeoOXoaumas AJST TPAHCMYTAallMM HU30TOITHAs
KOMIIO3MHUSA COLEPXKATACh TOJBKO B OMHOU (ONTUMU3UMPOBAHHOM IO U30-
TOIIHOMY U 3JIEMEHTHOMY COCTaBY) YETBEPTOH KIOBETE.

Taxas Meroamka NpUTOTOBJEHUS KOMIIOHEHTOB ITUTATEJIBHOU CpENbI,
colepXalleil pasHble KOMOMHBILIMHK, TTO3BOJIMIJIA UCKJIIOYUTh BO3ZMOXHOE
BJIMHUE NPUMeECHU K30Tomna Fe’’ Ha pe3ysbTar 3KCIIEpUMEHTOB.

B yacTHOCTH, ecnu OBl M30TON Xeje3a Fed’ mpucyTcTBOBal B KaueCTRBE
MIPUMECH B JIETKOM MJIM TAXEJION BOIE, B COCTaBe 0a30BBIX COJICH, a TaKXKe
BXOIUJI B COCTAaB CTEKJIA KIOBETHI MJIM HAXOOWJCS B BO3AYXE, TO 3TOT M30-
TOIl U3BJIEKAJICA OBl B NPOLECCE POCTA KYABTYPH U (PUKCHUPOBAJICS ITOCIE
BEIpAIIMBaHM A KYJIBTYPa BO BCEX KIOBETaX (B TOM YHMCJIE U B IKCTIEPUMEHTAX
B KtoBeTax /—3). Eciu Ob1 u3oton Fed’ mpucyTcTBOBal TONLKO B TAXEIOMN
BOJE, TO OH (pUKCUpOBaJIcs Obl B KYIbTYpaX, BRIPOCIUIMX B KIOBETAX 3 U 4.
Ecnu Gbl OH TIpUCyTCTBOBAN B cocTaBe comu MnSO,, To oH Gbu1 Gbl 0OHA-
PYXeH B KYJIbTypax, BLIPOCILIKNX B KiOBeTax 2 U 4.

MeccbayspoBckue UCcaeIoBaHMS MoKaszaau, 4yto usoron FeS’ npucyrc-
TBYET B PErUCTPUPYEMBIX KOJIMYECTBAX TOJBKO B KYJbTYpaXx, BhIpalleHHbIX
B KIOBETE 4, T. €. IIPU HAJTHUUYUU BCEX HEOOXONMMBIX IJIsi HU3KO3HEPreTH-
YECKOro CMHTE3a YCJIOBUI.

Takue cepur 3KCIEPUMEHTOB NMPOBOOUIMCH Il Pa3IMYHBIX KYJIBTYD,
Pa3HOIo BpeMeHM BbIpaluuBaHUus (24, 48 n 72 4) U pa3snUYHBIX PEXKUMOB
pocTa. beII0 00HAapYXEHO, YTO KYJBTYpPaldbHBIil POCT B CpENE HAa OCHOBE
TSIXKEJION BOJbI TpeOyeT 00543aTeNIbHOTO TIPUMEHEHMST HEMPEPLIBHOTO Iepe-

Mukpobuonorudyeckas kynbTypa

/l Y \

MutatenbHan MuraTtenbHan MNutaTenwHas MutaTensHas
cpena cpepa cpepa cpena
+ H50 + Hy0 + MnSOy, + D50 + Do0 + MnS0,
HccneposaHue UccnepnosaHue Mccneposanune WccnegoBanue
B Macc- B Macc- B Macc- B Macc-
cnekTpomeTpe crnexkTpomeTpe chekTpoMeTpe crieKTpomMeTpe

Puc. 4.1. CxeMa «TiepeKpecTHBIX» 3KCIIEPUMEHTOB 10 UCCIEI0BAHMIO ABIEHUS
SIIEPHON TPAHCMYTALMM U30TOMNOB B PACTYLUX MUKPOGHOIOTHYECKHX KYIBTYpax
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MCLIMBAHHS CPEbl B TCYCHUE BCEI'O BPEMEHM POCTa. Bece KyJIBTypH Bhipa-
LIMBATUCh B TEPMOCTATEe NPU ONTHMAaJbHON TeMmeparype 32° C,

ITocne 3aBepieHUsT Kaxmoil u3 CepHH MoJIyyeHHass GUosornyeckas
CyOCTaHLIMSA OTIEIANach OT MUTATEIbHOM Cpeabl C NMOMOIIBIO LEHTPUDY-
¥, TIIATCJbHO NMPOMBIBAJIACH JIETKOW AUCTHIIIMPOBAHHOM BOIOI (H,0) u
BBICYIIMBAaiach, Cyxas CyOCTaHLMS B BUJE TOHKOM MJICHKU OTIE/SIACEH HE
COACPXKAIIMM XKEJIE3a CTCKIITHHBIM MHCTPYMEHTOM, IIEPEMAaJTBIBAJIACh B I1O-
POLIOK 1 €€ 4acTh IOMeNIanach B MeccOayspOBCKMIL CIEKTPOMETP (Ipyras
4acTb BBICYNICHHON KYJBTYDhI UCIO/Ib30BaNach AJIsl IPOBENCHMs] HE3aBU-
CHMOT'O MCCJICAOBAHUS HA JIa3€PHOM IPOJIETHOM Macc-CIIEKTPOMeETpe).

[ yBeTM4eHM ST BEPOATHOCTH PE30OHAHCHOTO NIOTJIOLEHUA B MeccOaya-
POBCKOM TaMMa-CIICKTPOMETPE B HEKOTOPHLIX U3 IKCMIEPUMEHTOB IIPOBOIM-
M0Ch OXJIAXACHUE YaCTH BBICYIIEHHOM KYJIBTYPBI 10 TEMIIEPATYPHI KUIKOTO
azota (I'=78 K).

B xayecTBe UCTOYHMKA MeccOAYIPOBCKOrO U3JIYYEHUS B raMMa-CreKT-
POMETpE ucronb3oBajcsa u3oron Co’’ ¢ akTuBHOCTBHIO 30—40 MKu B MaT-
pULIE U3 XpOMA. DTOT MCTOYHUK JaBaj CMEKTP raMMa-U3Iy4eHUS B BUIIE
CAMHUYHOHN (HepacUIeTIEHHOM) TaMMa-TMHUHU €CTeCTBEHHOIA LIUPUHDBI C
3Hepruen 14,4 K3B.

711 MOBBIIEHUS YYBCTBUTEIBHOCTU raMMa-CIeKTPOMETPA UCIIOJb30-
BAJICS1 KOHBEPCUOHHBIN JETEKTOP MecCOAyIpPOBCKOTO PE30HAHCHOTO TaM-
Ma-HU3TYHCHH, YTO IO3BOIUJIO YBEJIMYUTh UyBCTBUTEIBHOCTD PETUCTPALIUM
CUHTE3UPYEMOro H3otona ke’ B =9 pa3 1o cpaBHEHUIO ¢ TPaAULIHOHHBIMH
(HEKOHBEPCHOHHBIMU) raMma-JE€TeKTOpaMHu (o — K03 OUIIMEHT BHYTPEH-
HEH STIEKTPOHHON KOHBEPCHUH AJIs Mecc6ay3poBCKOro raMmMma-repexoaa B
anpe Fe’).

ITpouecc u3aMepeHui B KaXXa0M M3 256 KaHAJIOR raMMa-cCreKTpoMeTpa
NMPOBOIUJTICS OO0 MONYYEHUSI Noo=3,5+106 oTCUETOB B KaHAaJaX CIIEKTPO-
METpa, YOAJICHHBIX OT raMMa-pe30HAHCHON JNUHUU. Takas CTATUCTUKA
obecneynBasa HeOOXONUMYIO OTHOCUTEIBHYIO TOYHOCTD U3MEpeHU
<AN>/KN>=5+10-4=0,05%.

Ha puc. 4.2,a npeacrasien MeCCOayapOBCKUI CNEKTP KYJIAbTYpHI
Saccharomyces cerevisiae T-8, BbIpaleHHOI B TeueHUe Af=72 4 B ONTHUMaJb-
HOH IMHUTATEJIbHOM cpene, COOTBETCTBYIOIIEH KIOBETE 4, T. e. comepxauiei
HeOOXOOUMBIE LIS TIPOLIECCA TPAHCMYTAIIUM KOMITOHEHTHI (D,0 u MnSO,).
BU[IHO, YTO B CIEKTpe 4eTKO (DUKCHpyeTCd HaTuuue MecCcOayapoBCKOTo
u3ortona FeY’. Obuiast Macca BbIpalteHHOIA KYJIBTYPBI B KaXIOM 3KCIIEpHU-
MeHTe, cocTasasiia 0,3—0,5 r.

CrexTp Ha puc. 4.2,6 COOTBETCTBOBAJ TOM XKe KyJnbType Saccharomyces
cerevisiae T-8, HO BbIpallEHOH B KIOBETE 2, COJICpXKaller cpeay Ha OCHOBe
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JIETKOM BOABI U MPH Hamuyuu conu MnSO,, a cniexTp Ha puc. 4.2,B — Toii
XK€ KyJIbType, BRIpAllIEHHOM B KI0BETE J (Cpela Ha OCHOBE THXEJIOM BOIBI
D,0, Ho 6e3 nobasnenus comu MnSO,).

W3 3THX CIIEKTPOB ClIEYeT, UTO KOJUYeCTBO u3orona Fes’ B KynabTypax,
BbIPALIEHHBIX B HEONITUMAJIBLHEBIX CPelaX, COOTBETCTBYET (POHOBOMY 3HAYE-
HHUIO U JIEXUT HUXE YPOBHS PEeTrUCTpALlUH.

EcrecTBeHHast muprHa Mecc6ay3pOBCKOro pe3oHaHca B u3oTore Fed’ (B
CIMHUIIAX CKOpPOCTH) paBHa I'=0,19 mMm/C.

B criexTpe Ha pHc. 4.2,a A71s1 KYABTYPbI, BHIPALLIEHHO B OIITUMAJBHBIX YC-
JIOBUSAX, PETUCTPUPYEMasi raMMa-TUHUA Oblia yIlupeHa B p, =Aw, /'~ 10 pa3
IO OTHOWIEHMIO K ecTecTBeHHOW wumpuHe I [lpupoma Takoro yuiupeHus
OblTa CBSI3aHA C HAJWYMEM B3aUMONEIHCTBUS KBaAPYIOJIbHBIX MOMEHTOB
SHep UccienyeMoro usoromna Fe’’ ¢ rpaineHTOM 371eKTPOCTaTUYECKOTO OIS
BBICYHICHHOW M Pa3MOJIOTOH JO COCTOSTHUS TIOPOIINKA KYJILTYPEL.

OOG1iee yncIo aTOMOB XeJie3a, CofepXKaluX MeccOay3IpoBCK Uil pe30HAaH-
CHBI} M3oton FeY’ npu JIOPEeHLIOBOM THUIIE YUIUPEHUS, PACCUUTHIBAJIOCH 10
(opMyJie, MOJYYEHHOM /I TOHKOIO MeccOHay3pOBCKOTO MOTJIOTHTEN S

N,=n,S(1+p)/o,f

e M, = (N — N,)/N, — OTHOCHUTe/IbHAS TITyOMHA PE30HAHCA ITOTJIOIIEH U ST, Noc
1 N, — 4HCJI0 OTCYETOB B JAJIEKOM OT PE30HAHCA M PE30HAHCHOM KaHAaJIaX
raMma-crnekTpomerpa, $=0,63 cM? — miomanb OKHa raMMa-CIIeKTPOMETpa,
3aII0JIHEHHOTO BBICYIIEHHOM UCCNenyeMOH KynbTypoit; f~0,6 — BeposITHOCTD
addexra Meccbayapa B NOrIoTUTENE U3 HCCIENYEMOM KYIBTYPHI; o, — ce-
YeHHE PE3OHAHCHOTO MOIJIOLIEH U B U30ToIe Fed.

WToroBeie 3HAYEHUS 11 OTHOCUTENBLHOM TIYOMHBI pE30HAHCA TIOTJIOLIE -
HHs1, IOJTHOTO YHMCJIa aTOMOB CUHTE3MpyeMoro u3zorona Fe’” u Macchl 3THUX
aTOMOB COOTBETCTBEHHO paBHEI

n,=(1,9+0,53)10-3,

N,=(0,87+0,24) 10,

m,=(1£0,28)+10-°r.

Koa(pouuueHT TpaHCMYTalMH, COOTBETCTBYIOLIMIA pEeTUCTPUPYEMOIA
peakuuu HU3KOTEMIIEPATYPHOrO CMHTE3a, paBeH

A, =N, /NAt =(1,9+0,52)+10-8

PasMepHOCTD: siapa cuHTe3upyeMoro u3orona Fe’ Ha 1 ¢ u oxHO SAIPpO
n30Torna Mn>s,

AHaNOTUYHBIE PE3YNBTATHl OBUIM IOJAYYEHE! B MPOIECCE POCTA JIPYTHUX
KYJBTYD B ONITUMAJIbHBIX YCIOBUSIX.
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B HeKOTOpBIX ciryuasix (Hanpumep, 15 KyIbTyphl Deinococcus radiodurans
M-1) cTpykTypa criekTpa Mecc6ay3poBCKOTO MOMIOMEH S TS CUHTE3UNPO-
BaHHOro uzorona Fe> B BeIpallleHHOW KyinbType MMena (GopMy nybiera,
KOTOpast COOTBETCTBOBAJIA BUJOM3MEHEHHOM IPOCTPAHCTBEHHOM CTPYKTYpe
BBICYHICHHOM OMOJIOTMYEeCKOM CyOCTaHIIUMN.

Ha puc. 4.3,a u 4.3,6 npencrasieHsl 3KCIIePUMEHTAIbHbIE CIIEKTpHI,
MOTYYEHHBIC HAa MeccOaydpOBCKOM raMma-CIeKTPOMETPE, KYJIbTYPHI
Deinococcus radiodurans M- 1, Beipocuieil B pa3HbIX CepusiX 3KCIIEPUMEHTOB
B ONTUMAJIbHOHM Cpele Ha OCHOBe TaAxenoit Boxsl D,O u B IpucyTCTBUM
com MnSO,.

OOb11ee KOJIMYECTBO CMHTE3UPOBAHHBIX aTOMOB u30Tona Fes? B 3ToM
cJiyyae ONpenessiyiocsk mo (popmyie

N, = m,S(+p)/oy f
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Puc. 4.2. MeccbayapoBcKHIii crieKTp BbIpalleHHOi KYNBTYpEl Saccharomyces
cerevisiae T-&8: a — B D,O npu nanuuuu Mn%; 6 — 8 H,0 npu Hanmuun Mns;
¢ — B D,0 B otcyTcTBUM MnSS
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L7151 3TON MUKPOOUOJIOTMYECKOM KYJIBTYPH MTOTOBBIE 3HAYeHUS JJIS OT-
HOCHUTEJIbHOW TTyOMHBI pe30HAHCA IMOIVIOILEHWS, MOJIHOIO YHCIA ATOMOB
CUHTE3upyeMoro u3orona Fe’” u ux Macchl paBHEI

p,=3.4

n,=(1,53+0,57)+10-3;

N,=(0,591+0,21) - 10'¢;

m,=(0,67£0,24)+10-% r.
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Puc. 4.3. MeccbayspoBcKHii CIEKTp BblpalleHHOM KYJbTYpbl Deinococcus
radiodurans: a u 6 — B D,O npu nanuuuu Mn; B — B H,0 npu Hanuuuu Mn33
M HeOOJIbLIOrOo KoJIMYecTBa n3otona Fes’
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CooTBeTcTByIOLIEE 3HAYEH HE K03 duliMeHTa TPAHCMYTALIMM B pacTyILei
Kynerype Deinococcus radiodurans paBHO

A, =(1,3+0,46)+10-8

(s1iep cuHTe3upyeMoro uzorona Fe’’ Ha 1 ¢ ¥ ogHO SAPO U30ToIa Mn??),

B npouecce BbIMonHEHUS 3KCIIepUMEHTOB 6bL1A NIPOBEICHA TIIATEIbHAS
IPOBEPKa BO3MOXHBIX apTe(aKTOB.

OoMH U3 rUnoOTeTHMYECKUX MCTOYHUKOB apTedakToOB OBIJ CBSI3aH C
BOSMOXHBIM BJIMSTHMEM COCTaBa NMUTATEJIbHON Cpeibl HA GUOTOTHYECKYIO
yCBOACMOCTD MpUMecHOro Fe>’. B ¢Bsizy ¢ OTCYTCTBHMEM NpenBapUTENbHbIX
HCCIENOBAHMM, CBA3AHHBIX C OCOOCHHOCTIMU BOBJICYCH U S pPa3HbIX U30-
TOTIOB KE€JIE3a B TIPOLIECC KYJIBTYPAJIBLHOIO POCTa, 3TOT BOMIPOC HYXAANCH
B Dojiee TUIaTENbLHON MpoBepke. Hanpumep, 3aKOHHON sIBIsieTCs TUIIO-
T€3a, cormacHo koropoii usoron Fe’’ ycpauBaerca pacrtyiueit KYJIbTYPOii
B mpucyTcTBUM D,0 U He ycBauBaeTcsa B cpeme Ha OCHOBE H,O. HOpyroe
MPEAIIONOKEHNE MOXET OBITb CBA3aHO C I'MIIOTE30H O pa3HOl CTPYKTYpe
CIIEKTpa raMMa-noriolleHusa Fe> B KynbTypax, BeIpailleHHBIX Ha OCHOBE
D,0 u H,0 (nanpumep, KyabType, coxepxaiuert H,O u MnSO,, coorseTc-
TBYET MHOTOKOMIIOHEHTHAs CBEPXTOHKAS CTPYKTYPa C COOTBETCTBYIOLIUM
MOHHUKEHNCM aMIUIMTYAbI KaXI0W U3 KOMIIOHEHT CMEKTpa 10 YPOBHsI, HeE
PETMCTPHUPYEMOTO B 3KCIIEPUMEHTE, a B KYJIBTYpE, CodepxKalieii D,0, takoe
pacuIenJieHue OTCYTCTBYET).

st MPOBEPKM BO3MOXHOCTH U OGOCHOBAHHOCTU TAKMX appekToB
HaMHu OBLJIO MPOBEAEHO MUCCJEAOBAHUE raMMa-cIrieKTpa BbIpallleHHbIX
KYJIbTYP B TOM cCJly4yae, Korga B IIPOLECCE POCTA B COCTaB HEONTUMAJIb-
HOW NMUTATENbHON cpelbl (comepxalei H,O0 u MnSO,) no6asnsinoce
MaJloc KOHTPOJHPYeMOe KOJIUYecTBO M3oTona Fe’’. Bua ramma-crekrpa
(pHc.4.3,6) 11151 9TOTO Ciiyyasi CTUMYJIMPOBAHHOTO YCBOEH s ssnep Fed7
BbIDAIIEHHOU KYJAbTYpoit Deinococcus radiodurans M-] B HeonTUMabHO
CPEIC MOTHOCTBIO AHAJIOTMYCH CNEKTPY TaMMa-THHUM B SKCIIEPUMEHTAX 10
TPaHCMYTalUMHU (puc. 4.2,a u 6) B ONTUMANBHOM cpee (comepxaiueit D,0O
u MnSO,), 4To n0OKa3bIBAET HECYUIECTBEHHOCTD 3TOMO TUNOTETUYECKOTO
MCTOYHHKA apTedaKToB.

CrenoBatesibHO, TIOABJIEHUE PE30HAHCA NOLJIOWEHHU S, COOTBETCTBYIOLIETO
usorony Fe’’ B akcnepumeHte no TPaHCMYTALMU HE CBSI3aHO ¢ Npeobpa-
30BaHHEM CBCPXTOHKOU CTPYKTYPbl U CMEKTPaibHbIM TpeoGpa3oBaHueM
OTAC/IBHBIX KOMIIOHEHT JIMHUM PE30HAHCHOTO TraMMa-IONIOLIEH s, a SB-
JACTCSH IOCTOBCPHBIM CBUAETENBCTBOM CUHTe3a M3otona FeS’ B peakuuu
TPAHCMYTallUU.

[lonBoas UTOrM 3KCHEPUMEHTOB, MOXHO CHENATD P BBIBOIOB.
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1. M3oron Fe’’ He mpUCYTCTBYET B 3aMETHBIX KOJIMYECTBAX B KOMIIOHEHTAX
NUTATEIbHOU CPEII.

2. HMsoron FeY” He IpUCYTCTBYET B TSIKEOM BOIE M He U3BJEKASTCS U3 CTEKIIA
¥ BO3IyXa B IIPOLIECCE POCTA MUKPOOMOIOTrNIECKOI KYJIBTYPHI.

3. CTpyKTypa cIleKTpa raMMa-TIoroled s nzorona Fe’’ B KYJIbTypax,
BBIPAIIEHHBIX B CPElaX Ha OCHOBE JIETKOU 1 TSXKeJIO BOABI, COBNAna-
€T.

Takum ob6pasom, uzorton Fe’’, oGHapyXMBaeMBblii mocie 3aBepLIEHUS
POCTa MUKPOOHOJIIOTUYECKUX KYJIBTYD B ONTUMAJbHON NUTATEIAbHOIM
Cpele, HE CBsI3aH C apTredakTaMu U obpa3yeTcsa B MPOLECCE POCTA ITUX
KYJIBTYp B PE3YNLTATE PEAKIIUM HU3KOTEMIIEPATYPHOM SIIEPHOM TPaHCMY-
TalluU

B 3aBepiienune paccMOTpPMM TepMOIMHAMMYECKHE MOCIEACTBUS PACCMAT-
pUBaeMOM peakIiny.

ITockonbky peakumsa cuHTe3a Mn +d2=Fe’ gpnsercs SHEPreTUYEeCKHU
BBITOJHON M IOJIKHA UATH C BBIIEIEHUEM SHEPIUHU, TO CPEIHSS MOLIHOCTD
<P,>, KOTOpasi MOXET BBIICISATHCA B KIOBETE C MMUTATENBHOM CPeoi OTH-
MaJIBHOTO COCTaBa, MOXET ObITh BHIYMCIIEHA, MCXOAS M3 GasaHca nedeKToB
Macc y4acTBYIOIIUX B peakilUM siiep:

<P,>= N,[M(Mn3)+ M(d2) — M(Fe5")]c2/Af

roe M(Mn>°), M(d?), M(Fe>’) — maccel u3otonos Mn35, d2 and Fes.

PasHocTh medexToB Macc y4acTBYIOLIMX B peakiUu TPAHCMYTAallUU
M30TOIOB paBHa

AMc2=[M(Mn%) + M(d?) — M(Fes)]¢2= 15,605 M>sB

Mcnonb3ys BBIYMCIEHHBIE M3 3KCIIEPUMEHTANBHBIX JAHHBIX 3HAYCHUS
ang N,=(0,9+0,6)+10', Ar=3+105c HaxonuM, 4To cpenHss MOIIIHOCTb, BbI-
AensAeMas B Mpouecce TPAaHCMYTAaLlMM B KIOBeTe 00beMoM V=10 cMm3, He
IPEBBIIIACT BEJIUMUYUHEL <P, >=75+40 MBrT.

OcraBsisig B CTOPOHE CHENHANBHBIH BOMPOC O pacupeneneHun 3TOM
SHEPruu Cpenu NpOAYKTOB PeaKUUM, OTMETHM, YTO 3Ta MOLIHOCTb, MAXKe
IIpH YCJIOBUM ITOJTHOTO I1PEOOPA30BaHMsl B TETUIOTY, HE MOIJIa CYLUECTBEHHO
M3MCHSTD TENIOBOH PEXUM POCTa KYJBLTYP (OCOGEHHO C Y4ETOM TOTO, YTO
MPOLICCC BBIPAIUVMBAHUS IMPOU3BOAUICA B TEPMOCTATE C ABTOMATUYECKOI
PETYIMPOBKOHA TEMIIEPATYPhI).
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4.2.2. U3y4enue ynpasisieMoii TPAHCMYTALMH JIETKHX U TPOMEXKYTOUHbIX
0 Macce H30TOIOB B PACTYIEH MUKPOOHOJIOrNYECKO# KYJIETYpe ¢ NOMOILBIO
Ja3epHOr0 BpeMA-HPOJIeTHOIO Macc-CleKTpoMeTpa

Kax 6b1JI10 0OTMEUYEHO BHIIIIE, oGecrneueHe MakCUMaIbHOM J0CTOBED-
HOCTH 3KCIIEPUMEHTAJIBHBIX PE3YJIbTATOB SIBJISICTCS OJHUM U3 BasKHEH-
HINX TPEOOBAHUM K 3KCIIEPUMEHTAM IO TPAHCMYTAIIUU M30TOIOB. DTa
LIeJIb MOXET OBITH JOCTUTHYTA TOJBKO ITPH MCIIONb30BAHHUU HECKOJBbKUX
HE3aBHCHUMBIX METOOOB WCCIENOBAHUS OJHOTO U TOro Xe 0O6BbeKTa.

M=l npoBeny anbTepHAaTUBHOE MCCEIOBAHUE MACC CIIEKTPOB TEX KYJIb-
TYP, KOTOpBIE OBIJIM BBIPALUCHBI B TIUTATEBHBIX CPEaax, ONTUMU3UPOBAH-
HBIX JJ15 peaKUMHU TpaHCMyTaluu Mn» +d2=Fe%, a 3aTeM UcciienoBaHbl B
Mecc0ay3pOBCKOM Y-CIIEKTPOMETDE.

VccienoBanusi mpoBOAMIMCH Ha OCHOBE JIA3€PHOTO BPEMS-TIPOJIETHOTO
MacC-CIIEKTPOMETPA, MPEIHA3HAYEHHOTO /IS IIPOBEIEHUS JIOKATBHOTO MUK-
poaHan3a TBEPABIX MATEPUAJIOB IPHM OJHOKPATHON Ja3epHOil BCIIBILIKE,
C(HOKYCUPOBAHHOW Ha 00BEKT UCCaenoBaHus. Mcxomst 13 Tex e TpeGoBaH U
MaKCUMAaJIbHOU JOCTOBEPHOCTH PE3YJIbTaTOB, PACCMOTPUM 0o0JIee IeTaIbHO
0COOEHHOCTHU paboTHl UCTIOIB3YEMOTO B SKCIIEPUMEHTaxX Ipudopa.

[IpyHUMNIMaNBbHAs cxema Npubopa mpeacrasiieHa Ha puc. 4.4. Ins
obpa3oBaHUA HU3KOTEMIIEPATYPHOM I1J1a3Mbl MCIOJb30BAJICI PYOMHOBLIM
MMIIYJIbCHBIN a3ep / (OauHa BOMHBI U3nydeHUs A=0,69 MKM) ¢ 3Hepru-
e umnynsca W=0,2 X ¥ aauteJbHocTbIO T=40 Hc.

Huamerp naszepHoro ¢okyca D=100 MKM obecreyrBasl o6pa3oBaHue
Ja3epHOM MmjasMel ¢ TeMIieparypoit £7=100 3B Ha MoBEpXHOCTH HCCIENY-
eMoro obpasmta 2. Ota 3Heprus SBASEeTCs ONTUMAJBHON, UCXOASl U3 ABYX
B3aMMHO IPOTUBOPEYUBLIX TPEOOBAHUN — MOBBILLICHUS TeMIIEPATYPHI A1

.l"‘lll.l" 6 7

Puc. 4.4. Cxema BpeMsi-NpoJIETHOTO JIa3epHOr0 Macc-CreKTPOMeTpa

P Ly




42 [naBa4

AOCTOBEPHOIO TIOJYYEHUST YUCTO aTOMAPHOM (HEe MOJEKYISAPHOI) Ia3Mbl
1 €€ TIOHMKEHHUS IS TIOJIyYEHU TapaHTUPOBAHHO OJHOKPATHOM CTEMEHU
UOHU3ALMUH.

B pesynbrare neficTBHs KaXI0r0 JIa3epHOTO UMITYJIbCA Ha IIOBEPXHOCTH
MCCIIENlyeMOro 00pasia IPOUCXONU BBIGPOC aTOMOB 06pa3na U3 30HBI C
auamerpoMm 100 MKM u TmyGHMHOI okoso 1 MKM. BejlencTBie DOCTaTOUHO
BBICOKOH (B MaciuTabe BEJIMYMH, XapaKTePU3YIOLINX MOJIEKYISPHBIE CBSI3U)
TEMIIEPATYPhI NIa3MBbl IIPOUCXOANII TIOJHBIA Pa3pbiB BCEX MOJEKYISPHBIX
CBA3EH B HCCIIENYeMOM BEILECTBE U 06pa30BaHUE OTHO3APSAHBIX (OKOJIO
95%) m nByx3apsAagHBIX (0KONO 4%) MOHOB. DTH HOHBI CBOGOLHO pasieTa-
JIMCh OT Jla3epHOro (pokyca.

PasneneHre HOHHBIX MaKeTOB Pa3HHIX M30TOIOB MPOMCXOAMIIO MOCTe
QHEPreTUYECKOro JUCKPUMMHATOPA 3, BHIACASIOLIErO U3 BCETO TEIJIOBOIO
CIICKTPa MOHOB TOJIBKO T€, KOTOPHIE UMEIOT 3HEPTHIO BOJIM3M 3a0aHHOIA
BeMYMHBL W(=100 3B. Peructpauuss HOHHBIX MAKETOB MOC]E MX IIPOJIET-
HOH ceJleKUMK (U3-32 pa3HOCTHU CKOPOCTER v;=(2W,/m)"/? npn HensmMeHHOM
SHEPruu W) B ceKLMM aHATU3aTOpa 5 [IPOUCXOMIIA IO PA3HBIM 3/eMEHTAM
1 u3otonam. Jlyqiume ycrnoBHsl HaGIIONEHUS COOTBETCTBYIOT M3OTOIMHBIM
KOMIIOHEHTaM C MaJIOi KOHIEHTpalUe.

JlaHHas MeTonuKa BpeMS-MPOJETHOM Macc-CIeKTPOMETPHH MO3BO-
JISICT IPOBOOUTh ONHOBPEMEHHBIH M B3aMMHO-HE3aBUCUMBINA aHaIu3
XMMMYCCKOTO U M3OTOMHOrO COCTaBa OOpa3LOB Kak MO KaHaly u3Me-
PCHISI OTHOCUTEJIPHOM KOHUEHTPALUM OTACHBHBIX KOMIIOHEHTOB (Kak
B IIPUBENECHHON HUXe Tabnuue 4.2), TaKk ¥ 10 KaHaIy UCCIeIOBaAHUS
NEepUoaa NPOCTPAHCTBECHHO-BPEMEHHON MOAYISALMU KaXIOTO M3 WUOH-
HBIX CTYCTKOB.

JU1s ynydieHust aHaJIUTUYECKMX BO3MOXHOCTEH npubopa MpuMeH s1J1ach
MOHHO-ONITUYeCKast cucteMa 4 (Ha3oBoil POKYCHPOBKH MOHOB B IIJIOCKOM
OTpaxarlleM Moye. PacnosokeHue 3Tol CUCTEMBl OTHOCHUTENIBHO BBIXO/-
HOW HIEJIM aHaJIM3aTopa, a TAKXe BBIOOD VIJIA BHLIETA MOHHBIX TAKETOB U3
aHanu3aropa 5 ¢ pasMepoM obnactu apeiida okono 100 cM obecrieunBaIu
X MPOCTPAHCTBCHHO-BPEMEHHOE (DOKYCHPOBaHME BOJIU3M BXOMHOMN LIEIU
JIEKTPOHHOIO0 YMHOXUTENA 6. [IpuMeHeHne PoKycUpyOmero HOHHO-~OII-
TUYECKOro yCTPOMCTBA MOBBLILIAET Pa3peialolly0 CrocobHOCTs npudopa
IO BEIUYUHBI R=m,/(m,—m,)=600 mpu npexHeil OTHOCHUTENBLHOI YyBC-
TBUTEJILHOCTU O0OHAPYXEHHBIX 3JIEMEHTOB.

OGpaboTaHHble 3JI€KTPOHHBIE CUTHAJBI TOAABAIMCh HA BXOA 3a0OMM-
HAIOMETO NBYXTYy4€BOro ocUuiorpada 7 ¢ nociaenymoiueil pukcanueit Ha

GOTOIJIEHKY MJIM B CUCTEMY 00paGoOTKH M HAKOILJICHUS UHQPOPMAaIUU Ha
DBM.
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Ha puc. 4.5 npeacraBiieHbl pe3yJabTaThl K3MEPEHU T MACC-CIIEKTPOB B 00-
JJACTHU C MACCOBBIMM 4uUcCIaMU OT A=54—357 (T. €. TaM, e NPUCYTCTBYIOT
M30TOMNBI, yYacTByIolue B peakuun) (Vysotskii, 2000, 2001).

Ha puc. 4.5,a 1 6 npuBeneHbBl KOHTPOJbHBIE CIIEKTPHI MPUPOIHOTO
MHOTOU30TOIIHOIO XeJi€3a U MPUPOJHOI0 OJHOM3OTOIIHOTO MapraHlia;
Ha puc. 4.5,6 — Mmacc-crnekTp obpasla KOHTPOJILHOTO 3KCIIEPUMEHTa C
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Puc. 4.5. MccaneaoBaHue npoliecca cMHTe3a MeccbayapoBckoro usoromna Fe3?
BpEMSI-IIPOJIETHBIM JTa3€PHBIM MacC-CIIEKTPOMETPOM
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KYJBTYPOU Saccharomyces cerevisiae, BBIpallleHHOI B IMMUTATEJIBHOM Cpele
Ha oCHOBe TsaXenoi Boawl D,O, Ho 6e3 nobaBneHus usorona Mn>® (6e3
nobasyieHus1 conn MnSO,); Ha puc. 4.5,e — Macc-CcneKTp TON Xe KyJIbTy-
PHI, BEIpAlIEHHOH B IIMTATEJIBHOM cpelie Ha OCHOBE TAXenoi Boasl D,O ¢
nobasiaeHreM u3zorona Mn» (conu MnSO,). BTOT cieKTp IpeacTaBiasieT
co00il (pakTHMYECKHU pPEe3yabTAT CIAOXKEHHUSA CIIEKTPOB CHUHTE3MPOBAHHOIO
usortona Fe’’ ¥ mpuMecHBIX M30TOIIOB ecTeCTBEHHOTO Xeie3a (Fes4, Fe’s
u Fe’7).

W3 pe3ynbTaToB U3MEpPEHU O4EBUIHO, UTO OTHOLIEHHME KOHIICHTpaLIUi
n3oronoB Fe’” u Fe’¢ xak B KOHTPOJILHOM 3KcrniepuMmeHTe (puc. 4.4,B), Tak
U B €ECTECTBEHHOM Xene3e (puc.4.4,a) COOTBETCTBYET CBOEMY IIPUPOIHOMY
3HA4YCHUIO:

n(Fe’)/m(Fe36)=0,02

HanpoTus, oTHOIIEHHE KOHIIEHTPAIMU TEX XKe M30TOIIOB B COCTaBE KYJIb-
TYPBI, BEIPOCIICH B Cpele ONTUMAJILHOTO COCTaBa, NPeBhINIAET NPUPOTHOE
3HaueHue B 35—45 paas:

n(Fe’)/n(Fe>¢)=0,7-0,9

T. €. JOJISL CHHTe31pyeMoro u3orora Fed’ cylecTBEeHHO BhIIlIe QO IIpUMEC-
Horo mn3zortorna Fe.

Orcrona cymMMapHast Macca CHHTe3upoBaHHoro Fe¥ u uucio atomoB
3TOTO M30TONA PABHBL

m(Fe’)=[n(Fe¥)/m(Fe*)]m(Fe%)~(0,8—1)<10-¢ r

N(Fe’7)=(0,6—0,8)+1016

CoorBeTcTBYIOIIMI KO3(DDULIUEHT TpaHCMYTaLIUU (ITOJIYYEHHBIA METO-
IIOM BpPEMS-TIPOJIETHOM MacC-CIIEKTPOCKOIIMY) paBeH

Amass-spectn) = N(Fe57)/N(MnS5)At= [ (Fe7)/n (Fe%6)| N(Fe5§)/N(Mn5)At =
~(1-1,3)+10-%

(amep cuHTe3upyemMoro uszorona Fe’’ Ha 1 ¢ 1 ogHO AApo U3oTona Mns).

BunHO, 4TO 3HaYeHUS Ko3(pPuIMeHTa TPAHCMYTALIMU, TOJIyYEHHBIE
METONaMH MeccO0ay3pOBCKOM raMMa-CIIEKTPOCKONIMM U BPEMSA-IIPOJIETHOM
MacC-CIEKTPOCKOMUY IIPUMEPHO COBHANAIOT.
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4.3. HABJIIOJEHUE ! MACC-CITEKTPOCKOITTYECKOE
UCCIETOBAHUE YIIPABJISAEMOHA TPAHCMYTAHI/I!/I CPEIHHNX
[10 ATOMHOMY HOMEPY U30TOIIOB B PACTYIIEN KYJIBTYPE

4.3.1. Meroauka paGoTbl ¥ METOXbI HCCIEXOBAHUS

DKCIEPUMEHTH 10 HAGMIOAEHUIO U U3YYEHUIO ABJICHUS SAAEepHOH
HU3KOTEMIIEPATYPHOH TPAHCMYTALIMM CPEAHUX I10 aTOMHOMY HOMEDY
M30TONIOB OCHOBBIBAJIUCH HA OXHMIAEMOHN pPeakUMM CHHTE3a B pacTylleil
MUKPOOHOJIOrMYECKO KyNbTYpe, HaXOMsIIeHcs B OTNITUMU3HUPOBAHHON
MUTaTeJIbHOU cpele, AEPULUUTHON MO Xeae3y, HO AOMOJHUTEILHO CO-
AepxXalled KOHTPOJIUPYEMbIE KOJIMYECTBA OMHOU3OTOMHBIX XUMMHUYECKUX
asieMeHTOB Na?3 u P3!;

JTa peakuus XapaKTePH3YeTCsl MONOXUTENBHBIM BHIXOIOM 3HEPIUH
AE=[M(Na?})+ M(P?") —M(Fe’%]c2= 22.4 M3B

Y, CJIEA0BATEIbHO, MOXET UITH NIPH 1100011 SHEPruu B3aMMOLEHCTBY IOIIUX
M30TOIIOB (B TOM 4MCJIe NP GJIU3KOH K HYJII0 3HEPTUM OTHOCUTEIBHOTO
ABUXEHMA sinep). [aBHag npobiemMa NMpU 3TOM, €CTECTBEHHO, CBA3aHA C
MPEeONOJICHNEM KYJIIOHOBCKOro Oaprepa. OHa OyieT paccMOTpeHa B APYToif
riaBe.

HMccienosanusa mpoBOOUIIMCH HA OCHOBE GaKTepHaIbHO KYJAbTYPHI
Bacillus subtilis (Vysotskii, 2000, 2001).

Pe3ynbTaToM peakuuy TPaHCMYTALMHK ABASETCS 06Gpa30BaHMeE peaKoro
u30TOMAa Xene3a Fe’, KoHLeHTpalus KOTOpOoro B IPUPOIHOM XeJIe3e MaJa:
n=5,8%. HeCOMHEHHBIM MPEUMYIIECTBOM 3TOH peaKki(Uu (KaK ¥ peakuHH
obpa3oBaHus penkoro Meccbaysposckoro usotona Fes?) seasietcs TO, 4YTO
€€ KOHCUHBII MPONYKT SIBISETCA CTAOUIIBHBIM, CONEPKUTCS B IIPUPOIHOM
XKeNe3€ B MaJIOH KOHLCHTPAUUY M MOXET HaKaruIMBaThCs B 0ObeMe KYJib-
TYpHL IpU €€ pocTe. OH MOXET OBITh JIETKO OOHAPYXKEH C MOMOILBIO MaCC-
CIIEKTPOMETPHH.

Hcnonb3oBanace cienymoiias METOAMKA SKCHEPUMEHTOB. IIpeaBapu-
TEJIbHO MOJIYYEHHast KYJIbTYpa IOC/e UeHTPUGDYTUPOBAHMS, IIPOMbIBAHUS
¥ MOApAliUBaHKs IIOMEIIAJIACh B KIOBETHI C CAXaPHO-COJIEBOI MTUTATEIbHOM
cpenoi, conepxarieit conu Mg, Ca, K, Na, caxaposy u 100 M1 yncTOI JTer-
xo# Bonbl H,O. KynbTrypa BelpamuBanace B TEpMOCTaTe IIPH ONTMMAJbHOIL
ansa pocta remneparype 32° C. CocraB NMUTATEeNBHON Cpenbl TIPENCTABIEH
B Tabi. 4.2.
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OcHOBHas uiesd dKCNEPHUMEHTOB COCTOSJIa B BhIpAalllUBAHUU KYJILTYD B
HECKOJIBKUX aJbTEPHATUBHBIX IUTATEIBHEIX CPENax, U3 KOTOPBIX TOJBKO
OIlHAa coaepxkajia 06a HeOOXONMMBIX JUIST peaklMU CMHTe3a u3ortorna Na?’
n P,

JIJIg 3TOro B 3KCIIEPMMEHTE IO TPaHCMYTAallMM B TUTATEJbHYIO Cpe-
oy, colepxXalyio, Hapsay ¢ npourMH, conb NaNO,, nmobasisiiack COJb
K,HPO,.

CyMMapHast Macca M IOJTHOE YMCIIO aTOMOB U3oTona Na?® B conu NaNO,
COCTaBIAJIO:

m(Na?3)=0,13 r
N(Na?})=2,8-102

CozmepxaHue NMPUMECHOIO XKejie3a B 3TOH COJM HE MPEBBIIIANIO MaJsoi
BEITMYMHBI Amg,~10~4 1. Macca u 4ucio atomos usortomna P3! pasHo

m(P3)=0,1 r
N(P3)=1,1-102! atomOB

Bce cyxve KOMIOHEHTHI IMUTATEJIbHOM Cpellbl OBIIM MpPEeaABapPUTEILHO
MccaenoBaHbl Ha Macc-crnekTpoMeTpe. Takue Xe HUCCaegoBaHUS ObLIU
IIPOBEACHBI ¢ YaCThIO MOJJIeXKallleil BRIpaIlMBAHUIO KYJAbTYphl. [Ipr 3TOM

Tabnuua 4.2. CocTtaB NUTATEJBHOM Cpelbl

" KoHueHTpalys, ConepxaHue ConepxaHue
OMITOHEHTHI (%) XKeJe3a Kejesa
(He Gonee), % (He Oonee), T
Caxapo3a 2 1104 2+10-4
MgSO, 0,05 2104 1+10-3
CaCO, 0,2 1,510-4 3103
KCl 0,05 310 1,5+10-3
NaNO, 0,5 2104 1104
K,HPO, 0,2 5104 1-10-4
(B 3KCIIEpUMEHTE IO
TPaAHCMYTAalIVH)
Yucras 100 1107 1103
(AMCTUIMPOBaHHAs) (100 mu1)

Boxa H,0
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COICPKaHUE MPHUMECHOIO XeJie3a ObLIO MaJIo M IIPHMMEPHO COOTBETCTBOBAJIO

[IaCOPTHOMY 3HAYEHUIO.

TunuyHas cepusi KaXa0ro U3 3KCIEPUMEHTOB M0 SIepHOI TPaHCMYTa-
LMY COCTOsIJIa B HE3aBUCUMOM BBIPAIIMBAHUM pa3AcJIeHHBIX YacTeld OIHOM
M ONHOU M TOI Xe€ KYJBTYPHI B ABYX KIOBETAX C PA3JIMYHOM MMUTATETbHON
cpenoit (puc. 4.6).

[lepBas KioBeTa comepkaa BOTHO-COMEBYIO ITUTATENBHYIO CPELY TTOTHOTO
coctaBa (BkJro4ass NaNQ,), Ho Ge3 K,HPO,, Bropast — Ty xe cpeny non-
HOTO cocCTaBa, HO ¢ ipucytcTBueM K,HPO,. /InntensHOCTD BRIpaliuBaHus
KYyJbTYPbl B Pa3HBIX cepusix Obljla paBHa 24, 48 wau 72 u.

Tunuynas cepust U3MepeHUit Macc-CIEKTPOB BKJIKOYAJIA MCCIICIOBAHUE
MacC-CIIEKTPOB, 3aIIMCBIBAEMEBIX ITOCIEN0BATEILHO:

a) U3MEepeHUe Macc-CIeKTpa YMUCTOro NMPUPOIHOLo Xeye3a (6a30Boe u3Me-
peHue npu paboTe ¢ JII06BIM U3 U30TOIOB MPUPOIHOIO Kee3a);

6) 1ccnenoBaHme Macc-CIEKTPa KOHTPOJIBHON BHICY IEHHOM KYIBTYPHI, KO-
TOpas BRIPOC/IA B Cpesie MOIHOTO cocTaBa (¢ 2NaNQO,), Ho 6e3 usoromna P3!
(1. e. 6e3 K,HPO,);

B) UCCJI€IOBaHME MAaCC-CIIEKTPa BHICYLIEHHON KYJIBTYPbI, KOTOPasl BEIPOCIIA
B CpeJie II0JTHOrO COCTaBa NpH HaJIUYUU u3otonoB Na23 y P3I,
Hccnenyemple 06BEKTH TIEPEN IIPOLECCOM U3MEPEHUS U CO3AaHUEM

BaKyyMa INOMEIIAaIUCh B OOJHOM BaKyyMHOM KaMmepe JIa3epHOrO Macc-

CreKTpoMeTpa. Bce uccienyemble oOpas3ibl MOMEIIAJINCh B OTKPBIThIE

pa3neleHHbIE MUKPOITIOJIOCTH, CAEJaHHbIE HA MOBEPXHOCTU TUIACTHHBI U3

CBUHIIA BBICOKOI1 YUCTOTHI, OTKPHITBIE CO CTOPOHBI BO3IECHCTBHUSA J1a3€PHOTO

Ncxoanaa mukpobuonoruyeckas

KynbTypa
Y \i
BbipauimBauume BuipailuvsaHue
T H 5 .
qleecngson(%gzzib&e B CaxXxapHO-coneBon B CaXxapHO-coneBou
AKCNEPUMEHT) cpene 6e3 KoHPO, cpene ¢ KoHPO,
P (KOHTpONB) (TpaHcMmyTaums)

— ——

MapannensHble NccneaocsaHns
B BpeMa-nponeTHoMm
NlasepHOM Macc-cnekTpomMeTpe

Puc. 4.6. CxeMa 3KCIIEpPUMEHTOB 110 TPAHCMYTALMK U CMIeKTPOCKOITMH W30TOTIOB B
MHUKPOOUOJIOrUYEeCKUX KYJILTYpax
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UMITYJIbCA ¥ MMEIIIIHE AUAMETP, NMPEeBBIINAIOIINH ITONIEPEYHUK J1a3€PHOTO
dokyca. KOcTupoBouHast cucreMa Macc-CIIeKTpOMeTpa MOoTJa NnepeMellaTh
3TY IUIACTUHY BHYTPHY BaKYYMUPOBAHHOI KaMephl M YCTAaHABAWBATh KAX Y10
13 MUKPOIIOJOCTEHR B TOUKY, COOTBETCTBYIOLIYIO (POKYCY JJA3EPHOTO UMITYJIb-
ca. JlazepHEBIiI UMITYJIbC BO3AEWCTBOBA Ha KaXAVI0 U3 Mpod U 0Opa30BbI-
BaJIOCh 00JIAaKO pa3JIeTaIOIENCS JIa3epHOU TJIa3Mbl C TEMIIEPATypPOr OKOJIO
100 3B. ITocne BeIIEneHUS U3 3TOH IJIa3MBbl (C TOMOINbIO SHEPTETUUECKOTO
OIVUCKPHUMHUHATOpPA C Y3KMM 3HEPreTHYeCKUM OKHOM) MOHO3HEPreTHYeCKHUX
HMOHOB M ITOC/eAYyIoHIel MpoIeTHOM CeNeKLIMHY NPOUCXOOMIIO pasaeieHue Ho-
HOB IIJIa3MbI B COOTBETCTBUE ¢ UX MaccaMu. ObpaboTaHHBIE 3JIEKTPOHHBIC
CHUTHAJIbI OT AETEKTOpA ITOAABAJIKCh Ha BXOJI 3aIIOMHUHAIOLIETO ABYXJ1Yy4YEBOIO
ocuuniorpada ¢ nociaeaywilei pukcaumeir Ha GOTOIIEHKY UIH B CUCTEMY
00paboTKH M HakKoruieHuss nHpopMmanuu Ha OBM.

BHayvane nmpou3BoIMIICST aHATM3 BCEIO Macc-CIIEKTPa, a 3aTeM 0oJiee feTalb-
HO€ MCCJICHOBAaHUE OOJIaCTel CIEKTPa, OTBEYAIOLIMX KOHKPETHBIM M30TOMaM.

BaxHoe 3HayeHHME HMMea HAJeXHOCTb, HATJISAHOCTh U JOCTOBEPHOCTD
(puKcauuu pe3ynbTatoB u3mMepeHuit. Haubonee HarnsaHbie pe3yabTaThl 10-
JIYy4aJIUCh ITpU POTOPETUCTPALIMM MACC-CIIEKTPa U30TOMNOB HA IBYXJIYUEBOM
ocumruiorpade, CHabXXeHHOM 3alIOMHHAIOIIUM YCTPOUCTBOM. Perucrpanus
pacrpeneysieHUus M30TOIOB IMPOUCXOAUTIA B IOCJISAOBATENbHO AJis TIapHBIX
CEpUM U3MEPCHUI.

Kaxnas u3 mapHBbIX CEpU BKIIIOYAJIa cCHavYaa rosydyeHue 6a3oBoro Criek-
Tpa U30TOIIOB IIPUPOTHOTO XKejae3a, KOTOPhIi MOJIydaJics IIpU BO3OEHCTBUU
JIA3€PHOrO UMITYJIbCA HA MUKPOIIOJIOCTh C XKeJe30M UM 3aIlUChIBAJICSI B BUIE
CHHXPOHU30BAHHOI C JIa3epHBIM UMITYJIbCOM BEPXHEH Pa3BepPTKU Ha 3Kpa-
He IByxJy4eBoro ocuyuiorpada. Ilocie aToro mpoucxoausio nepeMernicHue
MHKPOIIOJIOCTH € 00pa3LOM UCCACAYEMOU KYJIBTYPHl B OOJACTH JIa3€PHOTO
(dokyca, a 3aTeM [TOIYYEHUE CIIEKTPA U30TOIOB 3TOH KYJIBTYPhL. DTOT CIIEKTP
3aIIMCBIBAJICA Ha TOM XK€ DKPaHe ABYXJIYUYEBOro ocLuorpada B BUIE HUKHEH
Pa3BEPTKH, MOJTHOCTHIO CUHXPOHU30BAHHON C BepXHEH pa3BepTKOM, COOT-
BETCTBYIOIUEH OIIOPHOMY CIIEKTPY IPHUPOITHOIO XKeJie3a. 3aTeM IIPOU3BOAMIIACH
(oTOoperucTpaLus NOJIYYEHHBIX MAacC-CMEKTPOB C 3KpaHa ocLuiorpada.
He3aBucumo mpousBoaniach perucTpanms 3TUX XKe CIIeKTpoB Ha DBM.

4.3.2. Pe3ynbrarbl B 00CYKIeHHE

Pe3ysbraThl aKCepMMEHTOB IIpeNCTaBIeHEl Ha puc. 4.7 (Tociie 06paboTKu
Ha OBM) u 4.8. (botorpaduu c skpaHa ocuuiorpada).

®ortorpaduu (puc. 4.8) coeaaHbl ¢ 3KpaHa MHOTOJYYEBOrO OCIMJLIOT-
pada ¢ maMATbI0 U M300paxalT Macc-MeKTp 6a30BOTO M KOHTPOJILHOIO
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00pa3uoB, a Takxe 00pa3la, MOABEPruIerocs IPOLIECCY TPAHCMYTALMM.
BepxHsas pasBepTka Ha Bcex (poTorpadusax COOTBETCTBYET CEKTPY ITPUPOLI-
HOTO XeJe3a (6a30BbIf SKCIEPUMEHT), @ HUXKHSSA — CIEKTPY UCCJIeLyeMOit
KYJIBTYPH! (KOHTPOJb MJIM TPAHCMYTaLHsI).

W3 ¢dororpaduit BUIHO, YTO B CIIEKTPE BCEX HUCCAEAYEMBIX KYIBTYD
MIPUCYTCTBYET HEOOJIBIIOM CABUI MMMKa MOHHOTO TOKA, COOTBETCTBYIOIIETO

l

o 4 A
[\

Fesl// \ e

B) | Nm {\

AN j/ \ -

93 94 95 96 97 t, MKC
54 55 56 57

Puc. 4.7. TunnyHas cepust Macc-crnekTpa U30TOIOB Xejle3a: a — OIOPHBIN 3KCIIE-
PMMCHT [IJ11 YMCTOrO HPUPOMHOTO XKeJie3a; 6 — 9KCIEePUMEHT M0 TPAaHCMYyTalluK
(KyJ1bTypa BEIpallleHa B cpejie P HaJMuuu u30TornoB P3! u Na23): ¢ — KOHTPOJIb-
HBIH 3KCIIEPUMEHT (KyJIbTYpa BblpailleHa B cpefie, He colepxalleil u3oToma P31).
t — BpeMs IIpOJIETa MOHOB M30TOTIOB OT MUILEHH JI0 AETEKTOPa, A, — aTOMHbIi
HOMep u3oTona, Ny — aMIUIMTYJa CUTHajla Ha 9KpaHe ocuMLiorpada
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Pa3HBIM U30TOIIAM, BJIEBO (T. €. B CTOPOHY MEHBIIMX MAaCC) OTHOCUTEIHHO
CIIEKTPa COOTBETCTBYIOIINX U30TOMOB NIPUPOLHOIO Xee3a. DTOT CABUT
CBA3aH CO CICIIMPUKOA BPEMSI-TIPOIIETHOTO CIIEKTPOMETPA U 06YCI0BIeH
OCOOCHHOCTAMM IBUXEHHUS U B3aUMONEHCTBUSA (HEGOIBINOTO OTTAIKM-
BaHWS) MOHHBIX IIAKETOB, COOTBETCTBYIOIUX PA3HBIM 3JIEMEHTAM B MIPO-
Lecce UX pa3felIeHUs U NOCAEAYIONEero ABuxXeHus. OCHOBHOE BIIMSHUE
Ha NOTOJTHUTEIBHOE CMEIUEHUE MOHHBIX CI'YCTKOB OKAa3bIBA€T IPUCYTC-
TBUC B IJIA3ME [MAKETa TAXEJIbIX MOHOB CBHHIIA, KOTOPBIE, OTTAJIKUBAs
HOHBI DOJI€e JIETKUX 3JEMEHTOB M M30TOIOB, HEMHOI'O CABMTAIOT UX HA
TPACKTOPUH JIBMXEHUS M BHI3BIBAIOT 00Jie€ PAHHIOI PETrMCTPALUIO Je-
TEKTOPOM.

W3 dororpadmit n rpauKoB YeTKO BUIHO 0YEHB 3HAYUTENBHOE BO3pAC-
TaHUEe a0COJIIOTHOM M OTHOCHTENIbHON KOHLUEHTPAaLMK PEAKOro n3oTomna Fes
AJISL KYNBTYPBI, BBIPOCLIEH B Cpelle ONTUMAIBHOIO COCTaBa. DTO BO3pacTa-
HHUE COOTBETCTBOBAJIO M3MEHEHHIO OTHOILICHUS KOHLIEHTPALUil U30TOIOB
IO CPAaBHEHMIO C IIPUPOIHBIM 3HAYCHUEM:

n(Fe>*)/m(Fe*)~0,06 (st mpupoxtHoro xene3a B 6a30BOM 3KCIIEPUMEHTE
M PEIKOTO MPUMECHOTO NMPHUPONHOro XKejle3a B KOHTPOJBHOM 3KCIIEPH-
MEHTE)

n(Fe>*)/m(Fe*)=0,2-0,25 (zns 3xcnepuMeHTa MO TPaHCMYTALIMU B OTI-
TUMaJIbHOH cpejie)

[IOBTOPSAEMOCTD YCHEIIHBIX PE3YJABTATOB C 3THX SKCHEPUMEHTAX GbLIa
oauska K 100%.

Fe54 Fes6 Fe54 Fesé Fes4 Fes6

Puc. 4.8. ®ororpaduu c skpaHa ocuusiorpada, COOTBETCTBYIOUIME MACC-CNEKTPY
B 00J1aCcTH M30TONOB XeNe3a. BBepxy — 6a30Bblit (OTOpHBIN) 9KCNIEPUMEHT
A1 YUCTOTO NPUPOLHOTO XKeJjle3a, BHU3Y — Macc-CIeKTpP BbipallleHHOI
MHKPOOHOIIOrMYECKON KYNBTYPhI. @ — KOHTPOJbHbI i 3KCNEPUMEHT (KYJIbTYpa
BbIpallicHa B cpefie, He coaepxaileit usorona P3!); 6 u ¢ — skcniepuMeHTHI NO
TpaHCMYTallMU (KYJIBLTYpa BhipallieHa B cpeie IPU HaJIMYUK W30TOMNoB P3! u Na23)
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YepenHeHHbBIE IO HECKOJIBKUM CEPUSAM M3MEpPEHMIA KO3 PULIMEHTHI
TPaHCMYTauMH B peakLMU Na2 + P31 =Fe54 papHpl

Ap=N(Fe>*)/N(P3)At=[n(Fe’4)/n(Fe6)| N(Fe’6)/N(P3)Az~ (3—6)+10-10
(s.1ep cuHTe3upyemoro usoromna Fe3* Ha 1 ¢ u oxHo sapo nzortona P3)
Ana= N(Fe>%)/N(Na?)At = [n(Fe 54)/n(Fes6)|N(Fe)/N(Na2)At~ (1=2)+10-10

(smep cHHTe3upyemoro usorona Fe’* Ha 1 ¢ u onHo simpo uzoTona Na23)

[Is IOBBIIIEHUS JOCTOBEPHOCTH M3MEPEHHI TaKxke GbLIu IIPOBEJECHbI
HCCICIOBAHUS MacC-CHEKTPOB BCEX CYXUX (MCXOMHBLIX) KOMIIOHEHTOB Ca-
XapHO-COJIEBOM NMUTATEIILHOM CPEIbI.

Oco6eHHO BaXKHBIM GbIJIO M3YYEHHUE PE3YIIBTATOB IIPSIMOTO IEHCTBHSI Jlasep-
HOTO MMITyJIbCA B MacC-CEKTPOMETPE HA OCHOBHBIE (B OTHOLIEHHUH YYACTHSA
B PEaKLMH CUHTE3d) KOMIIOHEHTHI ITUTATENBHON CPEeIbl — COJM NaNO; u
K,HPO,. U3mepenns noxkaszasm, 4To OTHOLIEHHE KOHLIEHTPALUI1 U30TOIIOB
n(Fe’*)/m(Fe3)=0,06 ocTaeTcs HEM3MEHHBIM KaK B CJiy4ae JIa3epHOro o0ry-
YeHUsT MHOUBUAYaTbHBIX 00pasuos NaNO, u K,HPO,, Tak u obnyueHus
TIIATEJIPHO IIPUTOTOBJIEHHON MEJIKOIHUCIIEPCHONH CMECH 3THUX COJICIA.

[ocnennuit pesynbrat uMeet ocoboe 3HadeHUe. OH MO3BONSET CLENATD Bhi-
BOII O TOM, 4YTO 00pa3oBaHue usoTona Fe> u cBa3anHOE ¢ 3THM NpoileccoM 13-
MEHEHUE M30TONHOro oTHOeHM N(Fe’*)/m (Fe*) neiicTBuTensHo Habmonaercs
B [IPOIIECCE pOCTa KYJIBTYPEI B Cpelie ONITUMAJIBHOTO COCTaBa, KOIAa IPUCYTC-
TByI0T conut NaNO, u K,HPO,, T.e. siBsteTcs pesynsrarom HHU3KOTEMIIEpaTyp-
HOTO A epHOro cuHTe3a Na? + P3l =Fe34, u He CBS3aHO ¢ TEILIOBBIM IEHCTBHEM
Jla3epHOrO UMIIYJIbCa Ha 00y4aeMblii obpasel B Macca-CIeKTpoMeTpe. DTo
AOKa3bIBACT, YTO HAOJII0NaeMasi peakLiysi HE €CTh Pe3YIIBTaT «TeIlIOr0» CUHTEe3a
¢ Temnieparypoit K7=100 3B B dokyce s1a3epHOro uMIyIbCca, a IpoTeKaeT pH
Temneparype 32° C B pacTymieil MUKpOGHOIOrHYeCKOi KYJIBTYpE.

4.4. HABJIFOIEHUE TPAHCMYTAIIMH TAXEJbBIX U30TOIIOB
W UCCIIENOBAHUE METOZIOB YITPABJIEHU A ITPOILIECCAMMU
TPAHCMYTAIIUM B PACTYIIIMX MUKPOBHOJOTNYECKUX
KVIIBTYPAX

4.4.1. KaranuTuuecKkoe BAusAHME HE3USA HA 3¢ (PeKTHBHOCTH AAEPHOrO
IpEeBpaIIeHHst IPOMEIKYTOYHbIX H TSKeJIbIX H30TONOB B PACTYINEi
OHMOJIOrHYEeCKOii KyJIbType

Lenbio 1aHHOTO HCCIENOBAHMS OBIIO U3YUEHUE npouecca TpaHCMyTa-
LMK H30TOIOB IIPH HU3KOH SHEPIH OTHOCUTEIBHOTO J(BUXEHUS SIEP ITUX
M30TOIIOB U NPH HAJIMYUH TSXKEIBIX aKTUBHBIX (B GHOXMMHYECKUX peaKii-
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SIX) BJIEMEHTOB. B 1epByio oYepenpb, K YUCTY TAKUX 3JEMEHTOB OTHOCHTCS
e3U — OUOXMMMYECKHUI aHaJIOr KaJlusl.

XOpOUIO U3BECTHO, YTO LE3MI HE BXOAUT B YUC/IO XHU3HEHHO HEOBXO-
AMMBIX MUKPO3JIEMEHTOB, B TO € BpeMsl KaJIMil U LIe3uil OHOX UMUYECCKU
NOMOOHBI ¥ LIE3UI MOXKET YCIIENTHO 3aMEHATh KU BO MHOTUX XUMMUYEC-
KMX ¥ OMOXMMHYECKHX peakusx. bosee netanpHO BOnpoc 06 aeMeHTax-
aHaJIOTax U «OMOXMMMYECKUX 3aMEHUTENSAX» PACCMOTPEH B TIJI. 6.

Hamu skcriepuMeHTHI ObLIH HALICJEHB! Ha ONITMMU3AIMIO UCCIEI0OBAHHOL
HaMHM paHee peakluu TpaHcMyTauuu Na23+ P3 = Fe’* g pactymieil kynbrype
B CaXxapHO-COJIEBOM ITUTATEJILHOM cpene Py AOTIOJIHUTEIBHOM BO3IEHCTBUM
Ha IPOLIECC pocTa CoJiel Ue3us. Peakimu NpoBOTUIUCH HA OCHOBE KYJb-
TYPEl Saccharomyces cerevisiae.

KpoMe Toro, B 3THX Xe SKCIIEpPMMEHTaX IMPOBOMMIIOCH MCCIELOBAHME
OTHOBPEMCHHO NPOTEKAIOIE peakllMd TPaHCMYTALUKU U30TONA Le3ud
Csl33+p!'=Bal34 ¢ o6pasoBaHueM penkoro crabuIbHOro M30Tona Balé,
DakTUYECKH, 3TO MEPBOE YCIEUIHOE WCCIeIOBAHUE GHOJIOTMYECKOM
TPAHCMYTAallU TSXKEJIbIX U30TOIOB.

Cxema sKcnepuMeHTa OblTa TPAIULIMOHHOM IJIT MUKPOOHOMIOrMUECKUX
KyJAbTYp U IPOBOAUJIACE IIpU TeMIiepaType 32°C.

B KOHTPONBHOM 3KCIIEpUMEHTE TIPENBAPUTENBHO MONYIEHHAS KyJIbTypa
IIOCJIC MPOMBIBAHUS M TIPOLIENY Pl IIOIPALIUBAHUS [IOMEIIAIACH B KIOBETY C
CaxapHO-COJIEBOHM MHUTATEIbHON Cpenoi, conepxanient conu Mg, Ca, K unu
Cs, Na, a takxe rmoko3y 1 100 Myt 9UCTO# JIErKO# BOIBI H,O (tada. 4.3).
B 06a30BOM 3KcrepuMeHTe 1O SAEpHOI TpaHCMYTallMy M30TornoB Na2 p P3!
(coCcTaB mUTATENbHOM cpenbl cM. Kommnosuuuy 1.1 u 1.2) B TIMTATEJILHYIO Cpeny
n06aBJIsIach JononHuTeNbHAs conb Na,HPO,, conepxarmast usoron P2,

B 3KCIiepEMEHTe 110 KaTaJIUTUYECKOMY BO3AEHCTBHIO U HHAYUMPOBAHHIO
(CTUMYJIALMY) AAEPHOI TPAHCMYTALIMM, KOTOPOMY COOTBETCTBYIOT KOMIIO3H-
uuu 2.1 1 2.2, B NUTATEJIbHYIO Cpey BMecTo 6a30B0it conu KCl nobasnsiiack
conb CsCl. Comn KCl u CsCl xuMnyecku nomno6Hsl, 1 woHb Cst MOTYT
3aMEHATH MOHBL K* mpu pocTe MUKPOGHOIOrMYECKOi KYIBTYPHI.

[TosryyeHHBIit TOMHEBIN MacC-CIEKTP M30TOMOB U 3JIEMEHTOB B BBIPOCIIEH
KYJIbType NpeacTaBieH Ha puc. 4.9 u B T1abn. 4.4. Ha puc. 4.10 npencrasien
B YBCIMIEHHOM MacluTtabe (pparMeHT OBILEro Macc-CIIeKTpa, BKIIOYAIOLI M
06J1acTh IOKAJIM3ALIMHA U30TOIOB JKeJie3a.

Macc-cnekTphl 6BUTH Oy Y€HBI BO BPEMSI-TTPONIETHOM CIIEKTPOMETPE NPU
CIMHUTHOM NEHCTBHU JIA3ePHOTO UMITYJIbCA HAa MCCIIENYEMYIO KYIBTYDY.

ComocTaBieHre ¢ Macc-CreKTpaMy ISl U30TOMOB IIPUPOIHOTO XKeJje3a
(Bepxnue KpuBble Ha puc. 4.10,a—6) mo3Bosser IIPOBECTH TOYHYIO HJIEH-
TUPUKALMIO U KOJTHYECTBEHHYIO MHTEPIIPETALHIO MONYYEHHBIX H3O0TOIOB
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Tabnuua 4.3. CocraB NUTaTeIbHOM Cpebl

[TocTossHHBIE KOMITIOHEHTBI KoHuenrpauus, %
I'moKo3a 2
NaNO, 0,5
MgSO, 0,05
Yucras ona H,O 100

IlepeMeHHBIE KOMITOHEHTHI
(1.) KCl 0,05
(1.1.) Na,HPO, 0,1
(1.2.) Na,HPO, 0,1

Tpunroun 0,5
(2.) GCsCl 0,05
(2.1.) Na,HPO, 0,1
(2.2.) Na,HPO, 0,1
Tpunron 0,5

(mpumecHBIX u30ToNOoB Fe’¢ u Fe* na puic. 4.10,B 4 cHHTE3UpYEMOTo M30TOMA

xeJie3a Fe>4 Ha puc. 4.10,a u 6).

M3 Macc-crnieKTpOCKONMYEeCKOTo MCCIeqOBAHUS KYJIBTYD, BBIPOCILIMX B

Pa3HBIX MMUTATEJIbHBIX CPEAaX, MOXHO CHENaTh CJIEAYIONINE BHIBOLLL:

[) TMIMYHBIA U30TOIHBINM MACC-CNEKTP KYJIBTYP, BEIPOCHINX B OTCYTCTBHE
Pocdara (komnozunuy 1 unu 2), noxasaH Ha puc. 4.10,6. BugHo, uTo, KaK
H CJ1eJ0BAJIO OXUAATh, OTHOIICHHE KOHIEHTPALMH U30TONOB B BHIPOCIIE
KynbType n(Fe>*)/n(Fe>)~0,06 Gsu10 TakuM Xe, Kak B IPUPOTHOM Xenese,
a CaMo XKeJIe30 OBLIO MPUMECHOTO ITPOUCXOXKICHUS.

2) Mnia komnosuuuit 1.1 uan 1.2, KOTOpbie COOTBETCTBOBAIIH OTCYTCTBUIO
coiy Hesust CsCl B mUTaTeIBHOI Cpene, SKCIepUMEHTAIbHEIE pe3ybTa-
THI IJ11 6a30BBIX SKCIIEPUMEHTOB OBIIM TEMH Xe, KaK B PacCMOTPEHHOM
BbIIIE 3amave (. 4.3.1 u 4.3.2) mo TpaHCMYTALIMM HAa OCHOBE peakinu
Na® + P31=Fe>4. B 9TOM ciTy4ae B Macc-CIieKTpe BBIPAILEHHOU KYJIbLTYPBI
[IPUCYTCTBOBAJIA BCE XMMUYECKHE SJIEMEHTHI, COLEPKAIIUECS B [IUTATE b-
HOM cpefie (BKJIIoYast KaJuit), HO OTCYTCTBOBAJ Lie3rid. YacTh MacC-ClieK-
Tpa, COOTBETCTBYIOMIAs 00IACTH JIOKANMU3AIHH U30TOMOB XeJjle3a, Mpej-
cTaBjieHa Ha puc. 4.10,6. 1151 3TOro ciiy4ast OTHOLIEHHE KOHLIEHTpaLlU A
nsoromnos Fe>* u Fe’¢ papHo n(Fe’*)/m (Fes¢)=0,2—0 4.
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oot et 1t 1
H C? 02C'N K?2Mg" P Cl K Ca* Fe* Cu Cs*
Lig*Liz* 0+ Na*?
Puc. 4.9. [ToaHbIM Macc-CIIeKTp U30TONOB U XUMHUYECKHX 3JIEMEHTOB
BbIpallieHHOM KYJbTYpbl Saccharomyces cerevisiae

3) B xomno3uuugax 2.1 uiau 2.2, KOTOpbIM COOTBETCTBYET 3aMeHa Kajus Ha
XxuMuYecKkd nonoouuiii uesunii (3amena conu KCl Ha CsCl), peructpupy-
eTCS pe3KOe YBeJIUMUYeHHe KOHIUEHTPALMU Le3Us B BBIPOCIIEN KYJIbTYPE.
IMockonwky cosb 1e3ust CsCl 1oJHOCThIO paCTBOPUMA B IIUTATEJIBLHOMN
cpelle Ha OCHOBE OOLIYHOM (JIETKO#) BOABI, TO BKJIIOUEHUE HE3US B COCTAB
BBEIPOCIHIEH KYJIBTYPbl IPOUCXOIUT Ha aTOMHO-MOJIEKYJISIPHOM YPOBHE, a B
He OOJIBIINX HEPACTBOPUMBIX KJIACTEPOB. ITO OXKMIAEMBII H 1OCTATOYHO
TPUBHAJNBHBIN PE3YIBTAT.

HerpuBuanbHBIM U HEOXMIAHHBIM SIBUJIOCH BJIMSIHUE TAaKOW 3aMEHBI
Ha BEPOSITHOCTb U MTOrOBYIO 3((EKTUBHOCTb TPAHCMYTAalUUU HATPUS U
docdopa B kene3o.

M3 puc. 4.10,a caenyer, 4TO HaJIU4YUE L3 B COCTaBE NUTATEJILHON
cpedbl OKa3bIBAE€T CTHMYJIMPYIOLIYIO POJIb HA IMPOILECC TPAHCMYTALMU U
YBEJIMYMBAET OTHOLIEHME M3OTOIHLIX KOHIIEHTpauuil B 1,5—2 u OGosee
pas, T. e. n(Fe’*)/m(Fe3¢)=1,0-1,5.

CooTBeTCcTBYIOLUMH KO3(PGUIMEHT TPAHCMYTALUM IJIS TAKOTO YIIpaB-
JIsieMOro (CTUMYJHMPOBAaHHOIO) MPOLIECCAa PaBEH

A= N(Fe5)/N(P3 + Na23)At=10-° (cuHTe3MpOBaHHBIX Anep u3ortomna Fed*
3a 1 ¢ ¥ Ha onHYy napy saep usorornos P3! u Na?3)

ITpenBapuTEIbHO NPOBEACHHBIE C CYXMMMW KOMIIOHEHTAMM MUTATECIIb-
HOH cpelbl KOHTPOJIbHBIE U3MEPEHUS N0Ka3ajlu, YTO HaAOJMI0OMaBILHECS B
ITOJIHOM MAaccC-CIIeKTpe MaJjible 0 aMIUIMTYAE JMHUM HM30TOIIOB XeJe3a
XapaKTePU3YIOTCH TEM X€ M30TOITHBIM oTHommeHueM 1 (Fe’*)/n(Fe’¢)=0,06,
KakK M IPUPOIHOE XKeJIe30. DTO MOATBEPXKAAET, YTO «M30BITOUHBIN» U30TOII
Fe3* mor o6pa30BaThCs TOJBLKO B IIPOIIECCE TPAHCMYTALIUMU.
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Tabnuua 4.4. ConepxaHue U30TOIOB B MUKDPOOHOJIOrM4YecKol KyIbTYype

DneMert Komnozuuus

(1.1) (1.2) 2.1) (2.2)
H 0.53 1.0 0.67 0.69
C 23.4 32.1 19.3 18.1
N 3.60 7.90 2.30 6.0
O 21.0 21.3 18.3 25.0
Na 4.80 3.30 5.80 4.40
Mg 0.17 0.40 0.36 0.25
Al 0.30 0.26 0.38 0.04
Si 0.42 0.13 0.67 0.33
P 6.70 11.9 3.47 11.0
S 3.83 7.90 2.22 5.50
Cl 12.6 2.68 5.80 8.80
K 18.6 10.8 13.5 17.0
Ca 0.77 0.62 — —
Fe 2.5 0.66 2.40 0.27
F 0.03 — — 0.03
Ti 0.06 — 0.40 0.05
Cu 0.11 — 0.04 0.11
Zn 0.11 — — 0.11
Cr 0.30 — 0.04 —
Cs — — 224 2.30
Ba — — 1.90 <0.01
Mn — 0.06 — 0.02

Borpoc 0 MexaHM3Me CTUMYJIHPYIOIEro BO3AEHCTBHSA LIE3Ms HA CHHTE3
XKeJIe3a ocTaeTCAd OTKPHITHIM. Lle3uil He yyacTByeT B peakKlIMM CUHTE3a JKe-
€33 B Ka4E€CTBE HEOOXOMMMOTO 3JIEMEHTA ([JI STOTO JOCTATOYHO HATMYUE
docdopa 1 HaTPHs), HO OKA3HIBAET ONIOCPENOBAHHOE U OUYEHb CYIIECTBEH-
HOE€ BJIMAHMC Ha 5TOT Mnpouecc. OObICHUTL QPaKT ONTUMU3ALUM CUHTE3A
IMIPOCTBIM NPEAITOJIOKEHHEM O TOM, YTO HAJIUYME LE3MS HEMOCPEACTBEHHO
CTUMYJUPYET 60JIee aKTUBHBIN POCT KYJILTYPBI, TAKXKE HE YIAeTCH — YCKO-
PEHUSI pOCTa MUKPOOHOJIOTMYECKOM KYIBTYPHI IIPH 3aMeHE KaTUs Ha Le3Uii
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Fed4 Fed6

Puc. 4.10. Macc-cnexTp perucTpupyeMbiX H30TOIOB XeJie3a: BEPXHHUE
KPUBLIE — OTNOPHLIN (0a30BBI) SKCMIEPUMEHT Ha OCHOBE ITPUPOJIHOrO Xejesa.
a — CTUMYJIMPOBaHHas TpaHCMyTalust (B cpeze ¢ uzotonamu P31, Na2 y Cs!3);

6 — crioHTaHHas TpaHcMYyTalus (B cpenie ¢ u3oronamu P3!, Na23 y K¥); ¢ —
KOHTPOJIbHBIN 3KCITEPUTMEHT B cpeae Oe3 P3!

He Halnronaerca. Bo3aMOXHBIM 00BSICHEHHEM TaKOM CTUMYIISILIUU SBISIETCS
IIPERITIOIOXKEHME, YTO LIE3UH BIUSIET HE TIPOCTO HA POCT KYJILTYPHI, 4 UMEHHO
Ha Ty 4YaCTh BPEMEHHOW AMUHAMUKHU pPOCTa, KoTopas (10 HauleMy IIpeaIio-
JIOXXEHUIO) BIIMSIET HA KPATKOBPEMEHHOE UHTEP(PEPEHLIMOHHOE YCTPAaHEHUE
BO3IEUCTBUS KYJIOHOBCKOro Oapbhepa Ha MpoLEecC CUHTe3e. DTU BOIIPOCHI
OoJsiee ZETAIBHO pacCMOTPEHBI B ITI. 5.
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4.4.2. OOHapyxXeHHe TPAHCMYTALHH TSKeJbIX H30TONMOB B PACTYIIEH
OMOJIOTHYECKOI KYJILTYpE

IIpu npoBeaeHN M 3KCIIEPUMEHTOB, HalipaBJeHHBIX HA U3y4YeHUE CTUMY-
JSIUY ¢ TIOMOIIBIO 1Ie3Hs Mpoliecca TpaHCcMyTalMu HaTtpud ¥ ¢docdopa B
XeJe30, OBIJIO IMPOBEIEHO OJHOBpPEMEHHOE M3yYeHHE peaKILMU TPaHCMY-
tanuu ne3us Cs!3+pl=Bal3* ¢ obpazoBaHueM peakoro msorona Ooapus,
IIPUPOAHAs KOHIEHTpALIMsA KOTOPOTO CPeAr APYTHMX M30TOIIOB HE IPEBHI-
maet 2,4%. IIpeamnockiika OCYIEeCTBICHUS 3TOM peaKIIMH COOTBETCTBOBAIA
KOMIIO3ULMH 2.1 01 cocTaBa nuUTateabHOM cpenbl (Tadin. 4.3). HecMoTtps Ha
TO, YTO TaKas peaklHs TPAaHCMYTAlIMU COOTBETCTBYET CUHTE3Y U IIPUBOAUT
K 00pa30BaHMIO M30TOMNA, 00Jiee TSKEIOTO, YEM XKeJIe30, PeaKLys ABIAETCS
SHEPreTUYECKU BBITOAHON M XapaKTepU3yeTCs BBIXOIOM SHEPryuH

AE=[M(Cs'3)+ M(p')— M(Ba!3%)]c2=8,3 M3B

Ha dotorpaduu (puc. 4.11), cnenanHoii ¢ 3KpaHa MHOI'OJIYYEBOI'O OC-
nuJiorpada ¢ naMsaThbio, NMPEICTABICHB PE3yJbTaThl MAaCC-CIIEKTPOMET-
PUUYECKOTO MCCIeOBaHUS KYJIbLTYPHI, BhIpOCIEll B ITUTATEIbHON cpeine,
ONTHUMAJIBHOR AJisl ITIPOTEKAHUS peaKliMM TPAaHCMYyTallUMM 1ie3us B Oapuid.
B xauecTBe penepa (OMOPHOro XMMHUYECKOro 3JeMEHTA) OblJI UCIIOJIb30BaH
bapuii. Beepxy puc. 4.11 npeacraBiieH MacC-COEKTP OCHOBHBIX CTaOMJIib-
HbIX U30TONOB Oapusi. OCHOBHOM MakKCUMYM COOTBETCTBYeT U30Tony Ba!38
(mpupoaHoe comepxanue 71,7%). KpoMme Toro, B crieKTpe NpUCYTCTBYIOT
MaKCUMYMBI, TIpHHAIJIeXanue 0osee peikuM usoronaM Oapus Bal34 (co-
nepxaHue B rpupone 2,4%), Bal® (6,6%), Ba'3¢ (7,9%), Ba'?? (11,2%). Oun
pacmoIoXeHEl ¢jieBa OT OCHOBHOI'O M30TOIIa Oapus.

Ha HuxHel poTorpaduu BepxHsisi KpYBasi MIPeACTaBASIET MACC-CIIEKTP
Oapust, HICMTOJIb3YyEMOI0 B KAYECTBE pernepa A1 HAeHTU(DKUKALIUNU U30TOIIOB;
HUXHSS KpUBas — (PParMeHT IIOJIHOTO MACC-CIEKTPA BhICYIICHHOR KYJ/1b-
TYPbI, BEIPOCIIIEN B ITUTATEIILHON CPEAe ONTUMAJIBHOIO COCTaBa (T. €. IpHU
HAJIMYUH OSHOM3O0TOIMHOro 1e3us Cs'33 u mpotoHOB p!, comepKamuxcs B
BoAe). BUOHO, UTO B CHEKTpe IMPUCYTCTBYET KaK HAXONSIIWICSI B IMHUTA-
TeJIbHOM cpelic M YCBOCHHEBIM KyIbTypoii n3oron Cs!33, Tak 1 n3oron Bal34,
oOpa3yeMbIii B pe3yJibTaTe peakliMu cuHTe3a Cs!3+pl=Bal34,

HebGonpmag nepopmanus crnekTpa (cMmelleHHe NMHUKa usortomna Cs!33
BJIEBO, T. €. B HAlpaBJe¢HUHM Oo0Jiee JErKUX Macc, a nmuka usoromna Ba!34
BIIPABO B HANPABJECHUM 00JI€€ TSAXKEIBIX MACC) CBSI3aHO C OTMEYEHHOM
BbILIE OCOOEHHOCTHIO B3aMMOACHCTBUS (B3aMMHOIO pacTaJKHWBaHUA)
peaJIbHBIX MOHHBIX CTYCTKOB Pa3HBIX M30TOIOB IPU UX ABUXEHUU B
NpOTAXEHHBIX BAKYYMHPOBAaHHBIX KaHallaX BPEMS-IIPOJIETHOIO Macc-
CIIEKTPOMETPA.
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M3 mpuMepHOro paBeHCTBAa NMUKOB, cooTBeTcTBYIOMMX Cs!33 1 Bal34,
CJICAYET OYCHb BBICOKAA 3((PEKTUBHOCTH TPAHCMYTAlIUM 1ie3Msl B Oapuid.
KosdbodunueHt TpaHcMyTaluuy paBeH A= 10-3 (CUHTE3UPYEMEIX siiEp M30TO-
ma Ba!**3a 1 ¢ 1 Ha ogHO gapo u3oromna Csi3?),

Cs133 Bal34 Bal38

Puc. 4.11. Macc-cniextp npupoaHoro 6apus (BepXHsist KpUBasg — NPUCYTCTBYIOT
ocHOBHOI usoron Ba!’® u bonee penkue uzoromnsl Ba!34, Ba!3s, Ba!3, Bal¥)
Y CUHTE3UpOBaHHBIH n3oton Ba'34 npu Hanuuuu usororna Cs!» B Buipociueit
KYJbTYype
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4.4.3. 3yyenne KoMOHHHpoBaHHOrO Bo3aeicTeua Sr, Cl u S Ha
3(EeKTHBHOCTDb NMPOLECCA TPAHCMYTALUMH B OHOJIOTHYECKMX KYJIBTYpax

XOpoII0 U3BECTHO, YTO CIYYaiHBIN (a 4aCTO HEMMPEACKA3YEMBbII) XapaKTep
HU3KOTEeMIIepaTyPHOI'0O CUHTE3a SIBJSIETCA OMHOM M3 TeX OCHOBHBIX Xapak-
TEPUCTHUK, KOTOPHIE OTJIMYAIOT €ro OT «<HOPMAaJbHOIO» (TOPSIUYEro) CUHTE3a
1 SBJISETCSH ONHMM M3 OCHOBHBIX MPEISTCTBUI, KOTOPEIE TOPMO3ST €ro
HayuyHOE NpU3HAHME. DTO 0OCTOSATEABCTBO CTUMYJIMPYET pa3pabOTKy cHo-
COOOB yNpaBJICHUS TAKHUM MPOLECCOM.

ITocite HeoXXKMAAHHBIX Pe3yJILTATOB 3KCIIEPMMEHTOB C 3aMEHOM Kalus Ha
Le3Ui B cpelie, Te IMIPOMCXOAUT NPOLECC TPAHCMYTALIUM, JIOTUYHBIM OBLIO
H3ydeHMe BIUSHUS Ha IMpolecc CUHTe3a Tex 37eMeHTOB (Sr, Cl u S), KoTopsie,
KaK CJenyeT M3 NpakKTHKH MHKpOOMOJOrHM, caMH Mo cedbe OKa3blBalOT
CTUMYJIMPYIOIIEe WK YTHETaloIlee BO3JICHCTBUE HA POCT KYJIBTYP.

MBI IIpOBEIN CEPUIO0 HCCIACAOBAHUIM, MOCBALIEHHBIX U3YYEHUIO BJIU-
SHUS 3THX DJIEMEHTOB Ha 3(Pp(PEeKTUBHOCTH PEAKIIMMA TPAHCMYTAUUU
Na23+ P3l=Fe% B pacTyumeil Mukpobuojgorudyeckoit Kyabsrype. Hu onun
U3 3THX 3JIEMEHTOB HE yYaCTBYET HENOCPEIACTBEHHO B SAACPHOM peakL WU,
HO CaMH IO cebe OHU JEeHCTBYIOT MO-Pa3HOMY Ha IIPOLIECC POCTA KYJIbTYD:
Cl nomasiAeT Mpoliece pocTa B HAMOOIbIIEH CTENEHH, S NEHCTBYET TaKXe
yTHeTallle, HO, KaK NpaBUJIO, TOpas3ao cjabdee, a HaJIMYUE B ITUTATEJbHOMN
cpene auerata CH,COO- BeleT, Kak IMpaBUIIO, K CTUMYJISILIMM TpoLiecca
pOCTa NPHU JIOOBIX YCIOBUSIX.

HUccnenoBaHusa NpOBOJMUINCH HA OCHOBE OaKTEpHanbHOW KYJBTYPHI
Azotobacter chroococcum. DKCIIEPUMEHTH KaXIOW CEPUU UMEIU CIEAYIO-
1IIM€ OCOOCHHOCTH.

[Tpoliecc pocTa MPOXOAUI B CpeAax, CONEpKalllUX KaK TpalULMOHHBIE
¥ HeusMmeHsieMble koMnioHeHTH (KCl, KH,PO,, NaNQ,, yucryio nioko3y
1 4HCTyIo Jierkylo Bony H,0O), Tak u nepeMeHHBle KOMIIOHEHTBI B 3aBUCH-
MOCTH OT OOIEl MOCTAHOBKU 3a/1auyH.

B yacTHOCTH, IpexXJe BCero poBOAMIACh 3aMEHA 6a3UCHBIX KU3HEHHO
HeoOXxonuMBIX MUKpoaeMeHToB (Ca & Sr) ¢ moMorsio coneit CaCl, u SrCl,.
M3 OMOXMMHUUYECKON NMPAKTHUKH XOPOIIO U3BECTHO, UYTO MOHBI KaJbLUd U
CTPOHUIMUS XUMMHUYECKH MNOA0OHEL K CIIOCOOHBI 3aMellaTh APYT Apyra.

Bropast rpynna 3aMeéH OTHOCHUJIACh K MCCAEAYEMBIM XMUMUYECKUM 3JIe-
MeHTaM, KOTOphIe He SIBISIIOTCS >XKU3HEHHO HeoOXonMMbIMM (Cl u S). Ins
bosbiIer 3(pHEKTUBHOCTH U ONHO3HAYHOCTH MHTEPIIPETALIMU 3TH IJIEMEH-
TBl BBOOUJIUCH B COCTAB ITUTATEJILHON Cpelibl B BUJAE Pa3HbIX PACTBOPUMBIX
coneit (MgCl, & MgSO, < Mg(CH,COO),) 04HOro ¥ TOro e XMMHYECKOTO
1eMeHTa (MarHus), KOTOPBIU SIBASETCS (KU3HEHHO HEOOXOAUMBIM 11 pOCTa
KYJABTYPBI MUKPO3JIEMEHTOM.
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CocTaB nuTaTeNBHBIX Cpel IPEeACTABIEH B Tab. 4.5.

Bce ucnonp3yeMble cou XOPOLIO paCTBOPUMBI B KHIKOM MHUTATEIbHOIM
cpene. o pacTBOPeHHUS B BOIE OHM OBLIM HMCCJIEIOBAHbI Macc-CIIEKTPO-
MCTPUYECKHU Ha ConepxXaHMe Xeneda. Temneparypa u Bpemsa BelpalliuBa-
HUSL KYJIBTYP TUNIAYHBI 111 MUKPOOMOJIOTHYECKHX IKCTIEPUMEHTOB (32°C
M 24, 48 m 72 4y). Macca Ky/nbTyphl B IIPOLECCE POCTa YBeIHYMBAIACh
B 4—5 pas.

B kaxnoit cepun MccienoBaHMil IPOBOIMINCE CIEAYIONINE U3MEPEHNUS:
a) IlonyyeHue MOTHOTO Macc-CIIEKTPa 10 BCEM JIEMEHTaM (OT BOJIOpOIA 10

ypaHa) BEIPaLIEHHO KyIbTYpPHI (PE3YJIBTAaThl ITHX U3MEPEHMI 1 KOHLICH-

TPallMM IIPUCYTCTBYIOUIUX B KYJIbTYPE 3JIEMEHTOB TIPENCTABIIEHLI HA PHUC.

4.12 u B TabOI1. 4.6).

6) IlonyyeHue OMOPHOro Macc-crexTpa BCEX M30TOMOB XeJle3a (BepxHHUE

KpHBLIE Ha puUc. 4.13, 4.14,a—s).

Tabnuua 4.5. CoctaB mUTaTeBHBIX Cpel

KoMnoHeHTh! KoxueHTpauus, %
['moko3a 2
NaNO, 0.5
KCI 0.05
KH,PO, 0.15
MnSO, 0.01
Yncras nuetnnnvpopaxHas soga H,0 100
[TepeMeHHBIE KOMITOHEHTBI IS
TpaHCMYTalluH
(1) K, 0.5
(1.1.) MgSO, 0.05
(1.2.) MgCl, 0.04
(1.3.) Mg(CH,CO00), 0.11
(2.) SrCl, 0.5
(2.1.) MgSO, 0.05
(2.2.) MgCl, 0.04

(2.3.) Mg(CH,COO0), 0.1
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B) HMccnenoBaHre MacCc-CIeKTpa H30TOIIOB B COCTaBe KYJIbTYP, BEIPALEHHBIX
B CpeIax, IOATOTOBJIEHHBIX I TPaHCMYTaluu (komnosuuuu 1.1, 1.2, 1.3,
2.1,2.2,2.3).

M3 noslydeHHOro ITI0JHOTO Macc-CIeKTpa [0 BCEM 3JIEMEHTaM CIENYET

OUEHb XOpOolllasl YCBOSIEMOCTh CTPOHLIMS BBIPALLEHHON MUKPOOHOIOTHYEC-
KOH KYJIBTYPOU.

1 tttt ot 1
H* Cc*20*2 ¢t 0* Na* P*CI*K* Sr*
N* Mg*
Puc. 4.12. T1oaHBIi1 Macc-CIIeKTP BbipallleHHOMN KYJBTYPbl IIPY HAJIUYUHU
B [TUTATEJILHOM cpefe CTPOHLMS

a) N/100 A
6)N 5
11;2.1;2.3 | /\
ey :
B) N
1.2;22
r'N
1.3
Fe® Fe5®

Puc. 4.13. YcpeaHeHHBI# Macc-CNIEKTp PerucTpHpyeMbIX H30TOIIOB XeJe3a.
a — CIIEKTP IIPUPOIHOro Xeje3a; 6—e — CIIEKTP KYJILTYD, BHIPOCIIMX B
MUTATEILHBIX Cpeaax ¢ KoMnosuuuamu 1.1-2.3















































































































































































































































































































