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Choxunace TpajHUHsA HauuHaTh THMHPS3€BCKYI0 peyb ¢
TOro, 4TO CAEeJaHO HJH BbicKa3zaHo camum KiementoMm ApkajgbeBHUEM
B 3TOH o6siacT, npeaBapaTh peub Kak Obl HesIBHBIM 3MHrpadoM H3
Tumupssesa. C rogaMu 370 CTAHOBUTCS BCE TPYJIHEE, MOCKOJbKY Hayka
BCe JaJibllie YXOAHT OT YPOBHS Hauaja Beka. BoJee Toro, nosiBAsOTCA
(1 craHoBsATCA TemMaMu TUMHPSI3eBCKHX YTEHHH) COBEPIIEHHO HOBbIE
00J1aCTH, KOTOPHIX MPOCTO HE CYLIeCTBOBANO BO BpeMeHa TuMupssena.
Eciu He cuurath nponaranabl GeCnOYBEHHOH KYJbTYPHI pacTeHHH,
KOTOpasi B Halle BpeMs BbLIpOCJda B OTpac/jb arponpoMbIIIJEHHOTO
NPOU3BOACTBA — IHJAPOMNOHUKY, MHHEPaJIbHbBIM NUTaHUEM TUMHPS3EB
CliellHaJibHO HE€ 3aHHWMaJICA: OHO BBIAGJAWJIOCh B CaMOCTOSATEJNbHYIO
obJjiacTh (PU3HOJIOTHH PACTEHHH YK€ Ha NaMATH MOEro MOKOJEHHUS.
Yro Kacaercsd MOHHOTO TPAHCHOPTA, TO TAaKOH Npo6JeMbl B €ro rofbl
BOOOIIle HE CYLIECTBOBAJIO: OHA BO3HHUKJIA JIHLIb CHOYCTH HECKOJbKO
NECATHJETHH MOCJe €ro CMepTH.

[TosTomy npexnae Bcero, No-BHAUMOMY, CAEAYET ONPEASAUTH NPE]-
MET HAalllero pasroBopa U OYEpPTUTh e€ro PaMKH.

JlpaMaTHueCKoe BTOpXKeHHe B (DH3HOJOTHIO pACTeHWH HAEHHBIX
H METOJHYECKHX MOAXOJ0B (PHU3UKO-XHMHUECKOU OUOJIOTHM B HauaJe
1960-x rogoB pe3ko MOBBICHJIO BO3MOXKXHOCTH (HH3HOJOTHUECKOTO 3KC-
[IEpHMEHTd, €ro MPOCTPAHCTBEHHOE H BpEeMeHHOe paspelieHue |[1].
ITO NMO3BOJUJI0 HAM 34 NMOCAEIHIO YeTBEPTh BEKa MHOT0O€ Y3HATh O MO-
JIEKYJISIPHBIX Me€XaHH3MaX (PU3HOJOTHUECKHX MPOLEeCccOoB, B TOM UYHUCJE
M MPOLIECCOB HOHHOTO TPAaHCNOpPTa B PacCTHUTEJBLHBIX KJ/IeTKax.

Ho 3T0 3auMCTBOBaHHO€ 3HaHHE — M3 OHOMDH3UKH, OHOXHUMHH
H MOJIEKYJsApHOH Ouosioruu. Kak HM Ba)XHO OHO AAf (DH3UOJOTHUH

pacTeHuid, ee coOCTBeHHas 3ajJada 3akKJIouaeTCH B BBLISCHEeHHM He
RePBUUHBLX MEXAHUIMOB SABJICHHH, a4 HX KOHE4HOl UHTezpayuu B LHeJOM

opraHu3sme (2). BoiciuuM BbIpa)k€HHEM 3TOH MHTerpaiuu, ee AeBH30M
H CUMBOJIOM SIBJISIETCS Peryasuust ¢H3HOJOTHYECKHX MPOLUECCOB Y pac-
TeHHH. DTO — coBpeMeHHas fopmyJa Toro, uto umen B Buay K. A. Tu-
MHDsI3€B, TOBOPSA O CHHTETHUECKOH (DHU3HOJOrHH Oyayilero.

Ho coBepumieHHO OYeBHAHO, YTO CBfi3aTh HAyaJio ¥ KOHEI[ 3TOH
LEeMH, MOHATb, KakK oOOliHe NPHHUMOB peanu3ylTCd B pPeajbHOM
[IPOCTPAHCTBE KJETOK, TKAaHEd W OpraHoB pacTeHUs, HeJb3sgz 0e3
psiia NpoMeXYTOUYHbIX 3BeHbeB. OHO U3 HHUX — 3HAHHE YCTPOHCTBA
MAUIHHbI, MOAJEeXKAalleH PeryJupoBaHHIO, B3aUMHOIO pacroJoKeHHUs
ee geTtaJjied M y3J0B. IJo3TOMy, XOTSI NpOCTpAaHCTBEHHAS OpraHH3allKsA
(GDYHKUHH, KOTOPOH MBI 3aHHUMaeMmcs, U JEXKHUT IJe-TO MeXIAYy 3THMH
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IBYMS CpeNOTOYMSMH BHHMAaHHSI (PH3HOJOrOB paACTEHHH — MeXa-
HU3MAMH H HX peryJjsilued, oHa SIBJSIeTCA TEM LEMEHTOM, KOTOPbIH
CKpenJsieT KJAafKy peryjasilli, NoJoXKeHHYI0 HA (pyHAaMeHT MPHHIH-
NMUaJbHbIX MEXaHH3MOB.

O6 stom y Hac u mnoipger peub. CHayana Mbl pPacCMOTPHM
(GYHKILMH TKaHeH KOpHA B pajHdajibHOM TPAaHCHOPTE HOHOB OT HApPYX-
HOH cpefibl 10 COCYAO0B KCHJIeMbl — Npo6sieMy, KOTOPOH aBTOp, a 3aTEM
H ero JabopaTopHsl 3aHUMaJuch 6ojiee ABYX AeCATHJIETHH. ITO OyneT
peTPOCHEKTHBA, B3MJISA B npolujoe. A 3atem 06paTHMCs K COBEPLIEHHO
HOBO# Mpo6jieMe — K CBfI3M 3TOH MPOCTPAHCTBEHHOH OpraHM3alWH
HOHHOTO TPaHCIOpPTA C POCTOM H AHGGepeHuHauued. ITo OyAeT
nepcrneKTHBa, B3rJsijg B Oynyiiee.

1. PYHKILUU KOPHEBbBIX TKAHEH
B PAIHUAJIbHOM TPAHCINIOPTE HOHOB

B cBoel paboTe Mbl HCNOJIB30BAJH METOAOJOTHIO aJ1bTEPHATHBHbLIX
FUIIOTE3, MpeaaoxKeHHYi Ppsncucom bskonom eme B 16-M Beke,
HO BIOCJEACTBHH OCHOBaTe/bHO 3a0bITylo. EcaH Bl HMeeTe OAHY
eJIMHCTBEHHYIO pabouyIo runore3y, Bam Heu30exkHo 00JibllIe XOYETCH ee
MOATBEPIHTh, UeM onpoBepruyTh. [lo o6pazHoMy BEipakeHH0 HeJJeH-
JxKepa, IPpH 3TOM HENPOH3BOJbHO BO3HHUKAET JIIOOOBb K CBOEMY HHTEJI-
JIEKTYaJIbHOMY OTIPbICKY H HauWHaeTcs AasJjeHHe Ha (akTtbl. Ecau
XKe Bailla runore3a chopMyJHpPOBaHA aJbTEPHATHBHO (HJIH — HJH),

To Jwbasi U3 ABYX HHTEpHpeTauHHd [Js Bac pPaBHO NpHEMJEMA
U Baw BbIOOp OoJiee OOBEKTHBEH.

i. 1. PH3OAEPMHC

[TlepBasi u3 BCTABUIMX Nepel HAMH aJlbTepPHATHB HOCHJa pabouee
Ha3BaHWe «PH30NEPMHMC HJU Kopa». Peub uaer O TOM, Kakas TKaHb
KODHSl OTBETCTBEHHA 3a NMEePBUYHOE MOIVIOLLEHHE HOHOB: MOTJIOLLAIOTCS
JJU OHH DHU30LEPMHCOM HENOCPEACTBEHHO H3 HAPYXHOHM Cpelabl WJH
KOpPOH H3 ee MeXKJIeTOYHOr0 MPOCTPaHCTBA.

B nepBo#l moJIOBUHE HAlllero CTOJIETHA TAaKOro BOMpoOca He cyle-
ctBoBaJio. [1oCKONBKY pH304epPMHC — caMasi BHEIIHAA H3 KODHEBBIX
TKaHeH, HU y KOro He BO3HHUKAJO COMHEHHsl, YTO MMEHHO OH H §B-
nAseTcs (YHKIHOHANbHO TMOrJOTHTENbHOH TKaHbio KopHa. Comne-
HUS BO3HHMKJW B HauaJje 1950-x romoB, koraa rpynna bpurrca
B Kem6puake BBesia B HayyHbIH OOHXOJ MOHATHE CBOOGOJHOrO MPOCT-
paHctBa [3]. OHH OO6HapyXKHJH, YTO yacTb oOuUlEro oO6beMa pacTH-
TE€JbHOH TKaHH, TIOTPYXKEHHOH B COJIEBOH PAaCTBOP, HEMOCPELACTBEHHO
coofliaeTcd ¢ 3THM pPacTBOPOM M CBOGOAHO OOMEHUBAETCA C HHM
MOHAMH MYTEM MPOCTOH, HUUEM He OCJOXHeHHOH auddysuu. [losanee
6blJIO MOKa3aHo, uTo 06beM cBoboaHoro npocrpaHcTBa (CIl) kKopHen
coBnazaer ¢ 060bMOM MEXKJETHHKOB H KJETOuHbIX oboJiouek [4, 9.

A ecsqu 3TO TaK, TO HOHBI MUTATEJNBHBIX COJ€H MOryT CHayaJa
MPOHHKATh MO MeXKKJeTOUHbiM npomexyrkam CII B ray6b koposo#
MapeHXHMbl W yKe€ OTTYAA MOIJOLIATHCA BCEMH €€ KJAeTKaMH. IJTO
peiCTaBJeHHE 0Ka3aJJoCb O4YeHb MPHBJEKATeJNbHbIM, MOCKOJBKY 006-
[as MOIJIOTHTEJbHAs MOBEPXHOCTb NPH 3TOM YBeJHUYHBaJachb B Je-
CATKH pa3. [loatomy OHO OBICTPO OBJAAEJO0 YMaMH H CTaJiO MOYTH
akcuomo#u (cm., Hanpumep, [6. C. 235]), HeCMOTpA Ha CBOIO SABHYIO
AlIPHOPHOCTD.

[TepBas skcnepuMeHTaJbHasl MPOBEpPKAa 3TOH THNOTE3Hl Obljia nmpen-

™
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NpHHATA HaMmH eme B KoHue 1960-x ropos. [7]. Tpyanoctb cocTosiyia
B TOM, UTO HaM NPEACTOAJIO H3MEDPHTb H CPABHHUTh CKOPOCTH MOTJIOIILe-
HHSI HOHOB H3 IBYX TPYAHO CPaBHHUMbIX PACTBOPOB: KJIETKAMH KOpbI
u3 pacrsopa CII, o6beM KOTOPOro HHYTOXKEH, H PH30JEPMaIbHBIMH
KAETKaMH M3 Hapy»KHOro pactsopa, o6beéM KOTOPOro B THICSYHM pas
Oosibuie. Bpixoa M3 MOMOXKeHHs OBl HAHAEH B TOM, YTO B KAUECTBE
«BETE€TAIHOHHOTO cOCyAa» (BMECTHJIMINA HApYyXKHOTO pacTtBopa) Mhl
HCIIOJAb30BAJH €ro TOHKYIO MJIEHKY, KOTOpasi OCTaercsi Ha MOBEpX-
HOCTH KODHEH NOCJ/Ie HX MSATKOro OCylieHHsl GHJAbTPOBaAbHOH GyMaroi.

[IpenBaputesbHble ONBITHI MOKa3aJH, UTO MOJHOE yPABHOBELIH-
Baune CII co cpenoll npoUCXOAHT B TeYeHHe yaca, a MJEHKH — B Te-
qeHHe 30 ¢, MO3TOMY OCHOBHBIE ONBITHI CTABUJIH CJAEAYIOLHM 06pPa3oM.
B onHom BapuaHTe KODHH MpPOPOCTKOB siumenss Hordeum vulgare
BblAepKuBaau B pactBope 5X 107° M KH,PO, 30c (npu 3TOM HOHBI
3aNOJHSANNA TOJAbKO MieHKy, Ho He CII). B apyrom Bapuante CII
Hacplllali B TeYeHHe uvaca B COJIEBOM DacTBOpe, a 3aTeM KODHH
30c omonackuBaJH NHCTHIIMPOBAHHOH BOMOH (NIPH 3TOM HOHBI
BBIMBIBAJINCh M3 I[IOBEPXHOCTHOHU MJIEHKH, HO OCTABA4JIHCh B MEX-
kaeroyHom CIT). U, nakoneu, Gbll MPOMEXKYTOUHBIH BAPHAHT, B KOTO-
POM KOpHH HacCblllaJH B COJIEBOM DACTBOpPE, HO MJEHKY HE CMbl-
BajHl (M, TaKUM 00pa3oM, HOHbI HCXOAHO OKa3biBAJHCH H B MJEHKE,
nu B CIl). Tlocae rakoit npeno6paGoTku KopHel [POPOCTKH MOABE-
LIHBaJH BO BJIAXKHOM BO3/lyXe H yepe3 ornpenejeHHble MPOMEKYTKH
BPEMEHH ONMpeae/isiiii COAePKaHHe KaJus H pochaTa B MOBEPXHOCTHOH
nieHke (no Bblxoay B Boay 3a 30 c¢) W Bo BHyTpuTKaHeBoM CII
(mo BelXxomy 3a wyac).

Oxasajioch, 4TO B TOM C/ly4yae, KOrZa HCXONHAH KOHIEHTPALHS
K™ B nienke 6blia B HECKOJBLKO pa3 nuxe, yeM B CII (puc. l,a),
rpaiHeHT MEeXXIYy HHMH CO BpPE€MEHeM He BbIPaBHHBAJICH, KAK MOXHO
ObLIO OXKHAAThb, a COXPAHSJICS HA NPOTAXEHUHM BCEX 54 ONbITA:
MOTJIOUIEHHE HOHOB H3 [IJIEHKH PU30J1E€PMHCOM OBIJIO HACTOJAbKO HHTEH-
CHBHBIM, 4TO mnepekpbiBajgo JHGbY3uoHHBIH npuTok HXx u3 CII no
3HAaYUTENbHOMY IpDaAHEHTY KOHUeHTpauun. Korna ucxoaHass KOHIEHT-
pauuss KB rmuenke u B CIl 6blia 3a4aHA OAHHAKOBOI ([(Hc.
1,6), ucuepnanue naeHKu 6bLI0 ABHO GoJiee GBICTPLIM, YeM HcuepnaHue
CII. 1 naxe B ToM c1yyae, Korja KOHUEHTPALHUS HOHOB B IJIEHKE

HCXOAHO Opl1a Basoe Boime, yeM B CII (puc. |,8),noraotienue
H3 Hee DPH30JEPMHUCOM OBLIO HACTOJNBKO CHJALHEE, UTO YiKe uyepes
4ac 3TH KOHUEHTPauWH YPaBHHBAJIHCh, & K KOIIY OlbLITA KOHLEH-
tpauusi K™ B naenke cranosunach Basoe niske, vem s CIL. Aunano-
FHYHBIE JAHHBIC OBIH NOJYYEHBl H aast annona H.PO, .

IJTO MO3BOJHJAO HaM 3aKJIOUHTL (7], WT0 (hyNKILHOHANBHO MOTJIO-
THTEJNIbHOH TKaHbIO KODHS SIBJSIETCS HMCHIIO PHIOACPMHUC, 4 KJIETKH
KOpbl, ombiBaeMble pactBopom CIlI, we nrpaor cyiuecrsedsoil poJau
B CHAOXXEHHH DAaCTEHHs HOHAMH mNHTATEALILIX coaeli. Dta pabora,
HECMOTPSI Ha ee fBHOE TEeXHHUCCKO® HECOBCPHICHCTBO, A0 CHX IIOP
(cnycTsi BOT y:Ke ABaAuUaTh JET) UHTHPYETCS! B MHPOBOH JuTepa-
TYpPe Kak nepBoe 3KCHepHMEeHTANLHOC A0KA3ATEABCTBO (QYHKLLHOHAb-
HOU CHeLUaJH3AlHH KOPHEBOIO SMHUACPMHCH
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Bpema BrinepxHBaHKHA KOpHeH BO BJIAHOM BO3OyXe, U

Puc. 1. Cauxenne koniuentpaunn K™ B MeXKIeTOUHOM pacTBOpe CBOGONHOrO NPOCTPaH-
CTB& (/) 1' B NJEHKE Hap) 2 HOTO PACTBOPA Ha MOBEPYHOCTH KopHel siumens (2) no mepe
HX BHIEP HBAHKS BO BJIaz Hov BO3avXe (mo [7])

McxoaHan KOHUEHTPALHS B NJAECHKE HAPVIKHOFO PacTBOpa: @ — HHKe. 6§ — paBHa, 8 — BhllIe,
4eM B CBOODAHOM NPOCTPAHCTBE

[losnree 3TOT BBHIBOA ObL1 MOATBEPXKIAEH B psije Ja00paTOPHH
Hunepnaunos [8,9], 'IP [10,11] u CIIA [12]. IlpuBeny ToJbKO
OJIHO TOATBEPIKAEHHe, Ha MOH B3T/IsAA, HauboJee HarasiaHoe. [lpeacra-
BHM ce0e, UTO Mbl C MOMOUILIO MJa3M0OJH3a pPa3opBaJH MJ1a3MOAECMbI
MEXKJYy KOpHEBbIMH KJeTKaMH, a 3aTeM Ja/Ji TakKuM KODHAM [O-
MJIOLLATh H30TOMHVYI0 MeTKY. OueBHAHO, YTO NMPH 3TOM MeTKa AOJKHa
O6HApYXHUBAThCS HA aBTOPAaJMOrpaMMax TOJbKO B MeCTe NOTJIOLLeHHS,
He nepejBUrasich faabiue, Takas pab6ota 6bljia caejaHa rojJaHiCcKHMH
uccaegoBateasiMu [9]. B KOHTPOJbHBIX, HHTAKTHBIX KOPHAX SYMEHS
%Rb o6Hapy:KHBaJjCA BO BCEX K/JIETKAX KOPbl BIJOTH A0 3HAOAEPMBL.
B onbITHBIX Ke KOPHSX, Y KOTOPbIX CHUMIJIACTHYECKHE KOMMYHHKALUH
Obl1M MpeABapUTEJbHO pa3pyuieHbl MMJ1a3MOJH30M, OH MNPUMEPHO B
TAKHX K€ KOJIHYeCTBAaX HakamjuBaJics B nepHdepHuecKuX KJeTkax,
HO MpPaKTHYECKH He MOSABJSJICH B KOpe.

Takum o6pa3oM, B 0ObIUHBIX YCJOBHSIX CYLIECTBOBAHHSA, IIPH CPaB-
HHUTEJIbHO HU3KHUX KOHLEHTpPalUfAX HOHOB B HapyXKHOH cpede, HX
NMEPBUYHOE MOIJOLIeHHE OCYLIECTBJAAETCH IVMIaBHbIM 00pa3oM pH30Lep-
MHCOM — C 3THM ceHuyac corJyacHel Bce. Crmop HAET TOJbLKO O TOM,
HMEeT JIH 3Ta pasHULA MeXAYy PH30JepMHCOM U KOPOH (YHKIHO-
HaJbHBIK HMJH TOJbKO TNO3MUHOHHBIA XapakTep. MHbBIMH ciaoBami,
00OBACHACTCA JIH HECNOCOOHOCTh KOPTHKAJbHBIX KJIE€TOK K HHTEHCHB-
HOMY T[OIJIOLLEHHIO HOHOB TeéM, 4YTO B HX MJa3MmajeMvme cJjalee
PasBUTHl TPAHCIMOPTHBIE MEXaHU3Mbl, HJIH B MeMOpaHax o6enx TKaHe#
OHH pa3BUTbl OAMHAKOBO, HO PH3OAEPMHUC TPOCTO MepexBaThiBaeT
HOHbI, nuppyHaupyomue B CIl, ¥ 10 KOpbl OHH NPOCTO HE NOXOIAT.

O6e runoTe3nl UMEIOT CBOMX CTOPOHHHKOB M CBOIO apryMeHTalHIo.
Ho B 3710l CBSI3M YMECTHO BCNOMHHTb, YTO B HALIKWX ONBITax
C TMOIJVIOUIEHHEM M3 [OBEPXHOCTHOM MJIEHKH H H3 MEXKJETOUHOro
CIT (cMm. puc. 1) MBI HCNIOIb30Ba/IM BeCbMa BLICOKYIO KOHIIEHTDALHIO
¢ocara kanua 50 MM Ha BepxHem npejgene (QU3HOJIOTHUYECKOro
auanasona. [uddysus noros B CI1 npu 3Tom 66712 ABHO HE IUMHTUPO-
BaHa, U TEM HE MEeHee MOrJOlleHHe U3 HEero KJIeTKaMHu Kopbl 6bl10, Kak
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Mbl BHEJIM, BO MHOro pas cjabee, 4eM DH30JAE€PMHCOM H3 HapYXHOTO
pacTsopa.

[To3TOMY S CKJIOHEH I10J1araTh, YTO KOPHEBOW 3MUAEPMUC 0ONafaeT
He TOJIbKO MO3HUHOHHBIM, HO M (YHKUHOHAJbHbIM MPEHMYLIECTBOM
nepej Kopo#. OH noaydaer H3 cpelbl 0oJsbille HOHOB HE TOJBKO
MOTOMY, YTO TEPBBIM «CTOHT B Oue€pelH» 3a HHUMH, HO H MOTOMY,
yto o6JiagaeT OGoJiblield <«IOKYMaTeJbHOH CHOCOOHOCTHIO» — OoJiee
pa3BUTOM MJAM Oojiee AKTHBHOH CHCTEMOH MeMOpaHHbIX TpAHC-

MOPTHBIX MEXaHU3MOB.

1.2. KOPHEBbBIE BOJIOCKH

Htak, nepByl aJbTepHATHBY — NOTJOLLAKTCA JH HOHBI Ipe-
HMYILECTBEHHO PHU30[EPMHCOM HJH KODOH — MOXKHO CUHTaTb pas-
pEelIeHHOH B TOJbL3y pH3ozepmuca. loria BO3HHKAeT BTOpasi ajib-
TepHATHBA: NPOUCXOLHMT JH 3TO MOIIOIIEHHE @GPOHTAAbHO, BCEMH
pPH30[epMaJJbHBIMH K/JI€TKaMd paBHOMEPHO M OJHHAKOBO, HJIH
OHO MPOMCXOMUT AOKAAbHO, TOUEUHO, TJIaBHbIM 00pa3oM KOPHEBbIMH
BOJIOCKAMH.

3penHiile KOPHEBBIX BOJIOCKOB BleYaT/sieT JaxKe HEBOOPYXKEHHBIH
rsia3. EcTecTBEHHO, YTO MepBble »Ke HccaefoBaTejid, HaOJdAaBIIHE
X B MHKPOCKOI, MPEATONOMXKHJIH,UTO OHH JJIs TOrO H CYLIEeCTBYIOT,
yTOo6bl yJaBJHBATHb H3 MOYBbl BOAYy H coJsH. (Torma, B Hauyaze
NMPOLINIOTO BeKa rOBOPHJM elle 0 BcachiBaHHH pacTBopos.) ILlau roasi,
NpeANoIOXKEeHHe 3TO KoueBajo M3 yuyeOHHKa B Y4eOHHK, H3 JIEKLHH
B JIEKIIHIO — H MOCTENeHHO W He3aMeTHO NpeBpaTH/JI0Ch B 00llee MHe-
HHe, NMOTePsB OTTEHOK MPEeANOJOKHUTeJIbHOCTH. TaK rHmoTe3bl HHOTAA
CTAHOBATCS «TEOPHSIMH» H JaXe «YyYEHHAMH» He MOTOMY, YTO OHH JO-
KaszaHbsl (pakTamMu, a MPOCTO H3-3a YACTOrO W JOJIrOr0 NOBTOPEHHS;
®psncuc Bskon B cBoeM Tpakrate «O6 HCTOYHHKAX 3a0/yXKAEHHH»
Ha3bIBAJI UACTOE [TOBTOPEHHE B KaYeCTBE OJHOr0 U3 TaKHX UCTOYHHKOB.

Mexay TeM K Hauajy Haled paboTbl ObLIO BCEro TPH MOIBITKH
S5KCNepPHMEHTaJbHO MPOBEPHUTh MPEHMYIIECTBA KOPHEBBIX BOJIOCKOB
nepes, 6€3BOJOCKOBLIMH KJETKAMH KODHEBOTO 3MHJEPMHCAa B IOIJIO-
LIEHUH HOHOB, H Pe3yJbTaThl 3TUX MOMNBITOK OKa3aJjHCh JaJIeKO HEOA-
HO3HAYHbIMH. |

HU. U. Kosocos [13. C. 156] cpaBHHMBAaJ MNOrJoOLIeHHE MeTHJe-
HOBOH CHHM KOPHAIMH KOHCKuX 0o6oB Vicea faba ¢’ pasnbiM pas-
BUTHEM KOPHEBHIX BOJIOCKOB. Kak W c/iefoBajio OXHAaTb, olliee
norJolilesue (B pacyeTe Ha KOpPeHb) MO Mepe yBeJIHYeHHs ero NnoBepx-
HOCTH 33 CYeT KOPHEBbIX BOJIOCKOB YBEJHUYHBAJOCh, MPHYEM YBEJIH-
yuBaJoch JuHeHHO (puc. 2,a). [lo3ToMy yaenbHOe morJolleHHe (Ha
e[MHHILY IOBEPXHOCTH) Yy KOPHEH ¢ OOHJIbHBIMH KOPHEBBIMH BOJIOCKaAMH
OblJI0O MOUYTH TAKUM K€, KaKk U y KOpHeH, BOBCE JIHLIEHHbIX KODHEBBIX
BOJIOCKOB (pHc. 2,6). 3HauuT, MeMOpaHbl KOPHEBbIX BOJIOCKOB H 6€3BO-
JIOCKOBBIX KJeTOK (PYHKIIMOHAJbHO OJHWHAKOBbI, & KOPDHEBbIE BOJIOCKH
YCHJIHBAIOT MOIVIOIIEHHE IKCTEHCHBHO — JIMIIb MOCTOJNbKY, MOCKOJbKY
OHH YBEJHUMBAIOT OOLLYIO MOrJIOTHTE/NbHYIO MOBEPXHOCTD.

E. A. Kapnos B MI'Y [14], pa6oras y»Ke He C KCEHOOHOTHYECKHM

KpacuTesiemM, a C HaTHBHBIMH MeUeHBIMH HOHaMH (ocdata u Cyab-
¢paTa, noxasaJ, 4YTO KOpPHEBble BOJIOCKH He HMEIT J[aX»e 3TOro
3KCTEHCHBHOro rnpeumyuiectsa. W3 puc. 3 BHAHO, YTO B BOJHOMH
KyJbType, rjie KyKypy3a He o0pa3yeT KOPHEBBHIX BOJOCKOB, CyMMap-
Hasd NOBEPXHOCTh €AHHHIbI OJHHBI KODHA B 30He AuddepeHLUHALUH
(OHa moKasaHa IO TrOpPHU30OHTANH) Obuia HEOOJbIIOH, HO YAeJb-
Hasd TNOTJOTHTE/NbHAsE AKTHBHOCTb €JHHHIbl 3TOM MNOBEPXHOCTH (IO
BEDTHKAJH) — 3HAYUTEJbHOH. B BO3AyHIHOH KyJAbType (BiaaxkHas
Kamepa) KOpHH 006pa30BbiBajiH OOHJIbHBIE KODHEBBIE BOJIOCKH, KOTO-
pble yBeJHYHBaJH ero obuyw nosepxnocts B 10 pas. Ho oaHoBpe-
MeHHO B 10 Xe pas ymeHbmajsach MOrJIOTHTENbHAsI AKTHBHOCTL €I H-
HHIbI 3TOH moBepxHOCTH. [lo3TOMy KOHeuHBIH pe3yabTaT — 06-
iee norJouenue **P kopHem (miomiane MPpSAMOYTroJbHHUKA HA PHC. 3)
B 000HX cjayyasix OblJl OJMHAKOBbIM: 19,4 Thic. UMN./MHH aas 6es-
BOJIOCKOBKIX KOpHed H 18,0 — nJs1 BOJIOCKOBBIX.

Takum o6Gpa3om, H3 3TOH paboThl Kak OYyATO CJeA0BAajio, YTO
KOpHEBble BOJIOCKH He o0Jsiajalor nepen 0e3BOJOCKOBBIMH KJIETKaMH
MpeuMyuiecTBaMH HH C TOYKH 3peHHUS HHTEHCHBHOCTH MOrJOIeHHUs
(Ha eAMHHLY MOBEPXHOCTH), HM C TOYKH 3pDEHHS] €ro 3KCTEHCHB-
HOCTH (3a cyeT yBeJHUYEHUS 3TOH MOBEPXHOCTH).

Oco6biit HHTEpEeC B 3TOM OTHOILIEHHH NMPEACTABAAIOT JaHHbIE, HGJIQy-
yeHHole B Anramu [pio u Haem [15]. HMccaeaya noraouenune *°P
KopHAaMH panrpaca Lolium multiflorum u3 HanosHeHHBIX MOYBOH TPY-
004eK pasHoro AHaMeTpa, OHH 3aKJIOUYHJH, YTO NPEHMYIIECTBO KOPHE-
BBIX BOJIOCKOB CBSI3aHO C HX JIHHEHHBIM napamMeTrpoM — AJiHHOH. CyTh
3TOro OOBACHEHHST MOXKHO MOACHHTH CJeAylolled cxemMoH (puc. 4).
M3pecTHO, uTO MG @y3Hs HOHOB B NOYBE K [IOBEPXHOCTH KODHEH
MPOUCXOAUT KpauHe wmejjieHHO. [lo3ToMy KopeHb 3a BpeMsi CBoeH
XKHU3HH MOXKET OCBOHTb TOJBKO OrpaHHYeHHbIH 00 bEM MOYBHI B Mpeje-
nax TakK HasblBaemoro paamyca sddexkruHo#t nuddysuu (r). Kophe-
Bbleé BOJIOCKH, pacCTyllHe NEPNEeHAHKYJAPHO K OCH KOPHS, HaBCTpeuy
HOHaM, IHQPYHAUPYIOLIHUM B MOYBE, YBEJIHUYHBAIOT 3TOT 00b€M Ha Be-
JHYHMHY, PaBHYIO HX AJHHe ([), U Takum 06pasoM MO3BOJSIIOT KOPHIO
OCBOHTH 3HAYHTEJbHO OOJbIIHH 00BbeM MouBbl. HegaBHO 3TOT BHIBOJ
Obl1 Teopernueckn noaresepxkaed Mto u bBapbepom [16]. Hecieno-
BaHHe MOCTPOEHHOH HMH MAaTeMaTHYECKOH MOJIEeNH MOrJOLIeHUs (oc-
(baTa KOpDHfIMH H3 [MOYBBI [10KA3aJ0, YTO 3TOT MPOLECC HOJXKEH
3HAUYHMTEJNIbHO YCHJIHBATbLCH MPH HAJHUYHUH KOPHEBLIX BOJIOCKOB, IPHYEM
ONpeleNAIHM IapaMeTpoM SIBJASIeTCSA HX JAJIHHA.

D10 00bsICHEHHE, NO-BUANMOMY, BEpHO, HO HenoJHo. Ecsau 6bl 1eio
OBIO TOJbKO B HapyKHOM AHMD(OY3HOHHOM JUMHUTE, TO KOPHEBbIE
BOJIOCKH HMeJH Obl TOJIbKO Ha3eMHble pacTeHWsi, pacTylllde B MOYBe.
Mexny Tem MHOrHe BOJHble PAaCTEeHHS, PacTylH€ B XOPOLIO [epe-
MEIIWBAEMOH PEYHOH HJIM NPYJOBOH BOJE, TOXE HMEIOT KOpHEeBHIe
Bosiocku [17]. [Ipumepom moxker cayxutb Bogokpac, Hydrocharis,
HIHPOKO pacrnpoCTpPpaHeHHbIH B CpeaHeHd mnojgoce POcCHH, HIH ero

ONM3KHHM TPONMHYECKHH poACTBEeHHHK Trianea bogotensis, ¢ koTopo#
mMbl paboTasu.

[TosToMy Mbl pewHau BepHYTHCH K BONPOCY O (YHKIHOHAJbHOM

2 1. B. Baxuucrpos g



02 b
@)
O O 2
o 13{:
o1l
| | | | i | |
10 13 2.1 2.9 238 S4:4 655

Jlona NOBepXHOCTH KOPHEBBLIX BOMIOCKOB
OT CYMMAapPHOH NOBEPXHOCTH KOpHHA, %

CymMapHas NoBepXHOCTh KOPHH, cM”

Puc. 2. 3asucumoctb obuiero (a) ¥ yaeabHoro (6) norJouleHusi METHJIEHOBOH CHHH
KOPHSIMH KOHCKHX 60060B OT YB@JNHYCHHS KOPHEBOH MOBEPXHOCTH 33 CYET KOPHEBBIX
BoJiockoB (no [13])

Bopyxan

KyNbTYpa
194

=

Puc. 3. O6uasi noBepxHOCTb
(Mo ropH30HTaAH), YAeJIbHOE
(o BepTukaau) U obuiee (nJo-
wajnab NPAMOYroJbHHUKOB) [MO-
raouenne **P KOpHAMH KYKY-
py3bl € KOPHEBBIMH BOJIOCKAMH
(B BO3AYIIHOH KyJabTYpE) M Ge3
HHX (B BOJHOH E}UII::I’S’]}E] (mo
pauHbiM [14]) ;

O6uee nornowmexne ° *P

KOPHEM, THIC. HMIL/ MHH ,

Mornowetne 2P Ha eJMHMIY MOBEPXHOCTH, ThHIC. HMIL./MHH

BoapyiuHas
{ KynbpTypa
1,0 10,3

CymMapHas MOBEPXHOCTD, OTH. e11.

crenyaJu3aliid KOpHEBbIX BOJOCKOB, HCNOJIb3ys AJIf 3TOro ABa MeTO-
JHYEeCKHX [OJX0/Ja, KOTOpble MOSABHINCH K TOMY BPEMEHH H KOTOPBIX
He ObLIO Yy HALIMX MPeAlLIeCTBEHHHKOB: MHKPO3JIEKTPOIAHYIO TEXHHKY
H 3JIeKTPpOHHYI0O Mopdomerpuio. T. bogotensis, BBe/ieHHasi B NPaKTHKY
¢usnosoruueckoro skcnepumenta O. O. Jlsaunbim 1 M. H. Krutopo-
Boii [18], okasasach oueHb yn0GHBIM OOBEKTOM /L5l OOEHX 3THX paboT.

JIJisi MHKPO3JIEKTPOJAHbIX H3MEPEHHH OHA yaoOHA B ABYX OTHOILE-
HUsIX. Bo-nepBbiX, MHHHATIOPHOCTb 3TOr0 pacTeHHsi (BHELIHe OHO MO-
X0Xe Ha pACKY) no3Bosser paboTaTb ¢ HEOT/AEJEHHBIMH KODHFMH:
B IPOTOYHYIO MHKPOKaMepy Ha CTOJIHKE MHKPOCKONA MOXKHO NIOMelaTh
leJioe HHTAKTHOe pacTeHbHle. Bo-BTOpbIX, H 3TO TIJlaBHOe, Yy 3TOro
pacTeHHs OueHb KPYMHble KODHEBble KJIETKH, B TOM 4YHC/A€ H KOp-

10

HEeBbLIC BOJIOCKH: AHMAMETP KOPHEBOro BOJIOCKA cocTae/sier 60 MKwm,
uyto B 3—4 pasa 6oabllie, yem y APYrux pacTeHHuH, 06bIUHO HCNOJNb3Y-
€MbIX B (DHU3HOJIOTHYECKHX 3Kcnepumenrtax. [losatomy oHHM MaJjo NoB-
pexaaioTcsi BBOAHMBIM B HHX MHKPO3JEKTPOAOM H BBIAEPXKHMBAIOT
Jaxe BBeleHHe ABYX 3JEKTPOAOB, UTO HEOOXOHAHMO, Hampumep, AJS
onpejiesieHHsi BHYTPHKJIETOYHOH AKTHBHOCTH HOHOB HJH MeMOpPaHHOTO
CONPOTHBJIEHHS.

Acnupant Hawe#d ga6opatopuun [I. B. Meabnukor [19] 3oHpH-
poBaJ/l € TMOMOIIUbLIO MHKPO3JIEKTPOLOB KOpHEBble BOJOCKH H 0e3s-
BOJIOCKOBBLIE KJETKH B JBYX 30Hax KopHsa T. bogotensis: B 30He
MOJIOJBIX, TOJIbKO HAYHHAIOLIHWX POCT KODHEBbIX BOJIOCKOB (TIe HX
AJHHA ellle paBHA AHaMETPy) U B 30HE 3pesbiX, BAKYOJH3UPOBAHHBIX
KOPHEBHIX BOJIOCKOB (rae ux AjauHa yxe B 10 pas npeBriinaer fuamerp).
Ou onpeaensiy BHYTPHKJ/JIETOUHYIO akTHBHOCTb HOHOB KT (¢ no-
MOILUBIO OCaTOUuHbIX KT -CeNeKTHBHBIX MHKPO3JEKTPOAOB KOHCTPYKIHH
JI. H. Bopob6beBa) ¥ CKOPOCTH poCTa KAETOK. DTO MO3BOJHJIAO pac-
CYMTATH HETTO-NOTOK KaJiusi, HeOOXOAUMbIH AJiA NOAJEepKaHUA [AaH-
HOM BHYTPHKJETOYHOH KOHIEHTPAIMH ero IMpH AaHHOH CKOPOCTH
yBenHyeHus obbema (6e3 TPaH3UTHOU KOMIIOHEHTHI ).
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Puc. 4. O6bem nouBbl (TOUKH) i
B nipejleniax paauyca 3pQeKTis- R
HOH AHGBGY3HH HOHOB K NOBEPX- e
HOCTH KOpHSH, HE HWMEIOLIEro I
(caesa) H HMEIOILLErO KOPHEBbIE
BOJIOCKH (cnpasa)

L]
L]
L]
L]
#
L]
-

[ ] ':‘,“

-'l'“-"-:‘ T LI, ."
LU .}:.'l'- I'II'I-I- -.:..

7

toie -
L] L
- ol -

LS LK X
b
"L
r »
aj |= '.t‘:' s "l Ie a
e L 1.: LI B B
L] S I ..l '.
™
"
[
L]
-
":q,_%:_.:"ﬂl""l

[ — nAMHa KOPHEBbLIX BOJIOCKOB,
r — paauve 3ppekTHBHONR AHDDY -
3NH
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B pacuere Ha KJETKY 3TOT NMOTOK B KOPHEBOM BOJIOCOK B 00€HX
30Hax okasaJjcd B 20 pas 6GoJiblue, yeM B 0€3BOJIOCKOBYIO KJETKY.
IJTO Ha KJEeTKY B LeJOM. A y/e/bHbIA MOTOK (HA €JHHHUILY MOBEpX-
HOCTH) B MOJIOABIX KOPHEBbIX BOJIOCKax OblL Ha MOPHAAOK Bbille, yeM
B COCEJIHHX C HHUMHU O€3BOJIOCKOBBIX KJIETKax, HO C BO3pPacTOM CHH-
XKaJicd A0 YpOBHA 0Oe3BOJIOCKOBBLIX (TabJa. 1).

T. bogotensis okazanacb yA0OHOH H AJS APYTOH, 3JEKTPOHHO-MHK-
POCKONUYECKOH 4YacTH 3TOM paborel. [leso B ToM, YTO BCe ee Kop-
HeBble KJETKH HMEIOT XOpOILlIO pa3BUThble, HOPMAaJbHO (PYHKIUHOHHPYIO-
[[{HEe XJIOPOMJAacCThl (KOPHH 3TOr0 pacTeHHsi, CBOOOLHO IMJaBalollero
Ha MOBEPXHOCTH BOJOEMA, B €CTECTBEHHbIX YCJOBHUAX CYILIECTBOBAHUA
HaxoAATCA HA CBeTY). ENHHCTBEHHOE HCKIIOYEHHE COCTaBJASIOT KOp-
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