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B nocne,zutHe ro.n;hi Hccne.nosaHHH 6HonorHIIecKoro .neuCTBH.fl MarHHTHhiX 

noneu (Mil) BHOBh npHaneKnH K ce6e JJHHMaHHe 6Honoros, Me.IJ;HKOB, cne

UHMHCTOB CenLCKoro X03.fiHCTBa B CB.fi3H C 3<P<PeKTHBHhiMH pe3ynLTaTaMH, 

nonyqeHHhiMH npH HX HCDOnb30BaHHH. BMecTe C TeM B no.n;aBn.fiiOJUeM 6onb

lllHHCTBe 3KCnepHMeHTOB, OT06pa)f(aiOJUHX KaK lPYH.IJ;aMeHTMbHhie, TaK 

H npHKna.IJ;Hhie acneKTbl HCCne.IJ;OBaHHH, nepBHIIHhle MexaHH3Mbl .n;eiicTBHH 

Mil .no HaCToRmero apeMeHH oCTaiOTC.fl He.fiCHhiMH. BonLWHHCTBO 3KcnepH

MeHTanLHhiX H o63opHbiX pa6oT, paCCMaTpHBaiOJUHX MeXaHH3Mhl .IJ;eHCTBH.fl 

Mil Ha 6HonorHIIecKHe o6"beKThi, noCB.fiiUeHhi MoneKynRpHhiM acneKTaM 

3TOH npo6neMbl H BhiDOnHeHbl Ha MO.IJ;enLHhiX 6HonorHIIeCKHX CHCTeMaX /I- 3 1. 

B npe.n;hx.n;yiUHX HawHx Hccne.nosaHHHX 6hxno noKa3aHO, liTo 3KpaHHpo

BaHHe reoMarHHTHoro OOn.fl (rMil) DO OOCTO.fiHHOH COCTaBn.fiiOIUeH B 105
-

106 pa3 npHBO.IJ;HnO K npeHMyiUecTBeHHOMy TOpMO)I(eHHIO npopaCTaHH.fl ce

MRH H pOCTa npopOCTKOB ropoxa, qeqeBHQhl H nLHa 14 1
, a TaK)I(e CHH)I(anO 

nponH<t>epaTHBHyiO aKTHBHOCTb MepHCTeMaTHIIeCKHX KneTOK KOpHeH 3THX 

paCTeHHH H BnH.flnO Ha XpOHOnOrHIO KneTOIIHOrO UHKna
15 1

• 

B .IJ;aHHOH pa6oTe c.n;enaHa DODhiTKa ~eto.n;aMH 3neKTpOHHOH MHKpOCKO

DHH H 3neKTpOHHOH QHTOXHMHH BhiRBHTb nepBHIIHhie CeHCOpHhie peaKUHH, 

B03HHKaiOIUHe Henocpe.IJ;CTBeHHO B paCTHTenLHOH KneTKe npH 3KpaHHpOBa

HHH rMil. 

MA TEPHAJibl 11 METO.llbl 

B HCCne.IJ;OBaHHHX HCOOnb30BaHhl KOpHH npOpOCTKOB ropoxa COpTa 

PaMOHCKHH 77, llelleBHUhi copTa iloneccKaR H nLHa co pTa KHeBCKHH. Bhx6op 

06"beKTOB HCCne.IJ;OBaHHH o6ycnosneH TaKHMH QeHHhiMH KalleCTBaMH KynL

Typ, KaK 6biCTpbiH poeT, HenpHXOTnHBOCTb K ycnOBH.fiM OCBeiUeHH.fl, DHTaHHH 

H a3paQHH. CeMeHa 3aMaiiHBMH B ao.nonposo.n;HoH: ao.ne B qawKax ilerpH 

H DOMemanH B KaMepbi yCTaHOBKH "MarHHTHhiH 3KpaH", CHH)I(aBlliHH Ha

np.fl)l(eHHQCTb rMil npHMepHO B 105 -1 06 pa3 16 I. KOHTponeM cny)I(Hna Ka

Mepa, o6ecneqHBaswa.fl aHanorHIIHhie ycnoBH.fl npopacTaHH.fl ceMRH H poCTa 

npopOCTKOB B 06biiiHOH reoMarHHTHOH o6CTaHOBKe, xapaKTepHOH .IJ;n.fl .IJ;aH

HOrO reorpa<t>HIIecKoro paHOHa (r.Jly6Ha MocKoBCKoH: o6nacTH). B xo.n;e 

npose.n;eHHhiX Hccne.n;oaaHHH: a KaMepax no.n.nep)I(HBanacL TeMnepaTypa 

B CTaH.IJ;aprHOM pe)I(HMe (20,0± 0,3) ° C. ilpo.n;On)I(HTenLHOCTb 3KCDepHMeHTa 

cocrasn.flna 73 11aca. 
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• 
L(JIH 3JieKTpOHHOMHKpOCKOnH'IeCKHX HCCJie,rJ;OBaHHH !PHKCaUHlO KOH'IH· 

KOB KopHeH ,Il;JIHHOH 1-2 MM npOBO,Il;HJIH 2,5%-M paCTBOpOM rJiyTapaJib,n;erH· 

na (<PupMa "Serva", <l>Pr) Ha 0,1 M KaKo,n;HJiaTHOM 6y<Pepe (<PupMa "Fluka", 

lllaeii:uapHH) pH 7,2 npH KOMHaTHOH TeMnepaType a Te'leHHe 24 qacoa, npo

MhiBaJIH TeM :>Ke 6y<PepoM H nocT<PHKCHpOBaJIH 1 %-M paCTBOpOM OCMHeBOH 

KHCJIOTbi Ha KaKO,Il;HJiaTHOM 6y<Pepe B Te'leHHe 12 tlaCOB Ha XOJIO,Il;y. 00CJie 

npOMbiBKH BO,Il;OH MaTepHaJibl o6e3BO:>KHBaJIH B cepHH cnHpTOB C B03paCTaJO· 

ruei:f KOHUeHTpauHeH H B nponHJieHOKCH,Il;e H 3aKJIIO'IaJIH B CMeCb 300H·apan

,Il;HT. YJibTpaTOHKHe npononbHbie cpe3bi KOH'IHKOB KOpHeii: nony'laJIH 

Ha ynbTpaMHKpoToMe LKB-111, CHHManH Ha o.n;Homeneahre 6neH,Il;hi, noKpbi· 

Thle HanhiJieHHOH yrneM <PopMBapOBOH nneHKOH, KOHTpaCTHpOBaJIH ypaHHJI· 

aueTaTOM CBHHUa. fuy'leHHe MaTepHana B 3JieKTpOHHOM MHKpOCKOne 

JEM-1200 EX npoaonunocb npH ycKopHrom;eM HanpH:>KeHHH 60 HJIH 80 KB 

npeHMyiUeCTBeHHO Ha cepHHHbiX Cpe3ax. 

llnH BbiHBJieHHH JIOKaJIH3auHH CB060,Il;HOrO H CJia60CBH3aHHOrO KaJibUHH 

npHMeHHJIH MeTO,Il; TaH.n;nepa 17 I B MO,Il;H<PHKaUHH r .B.3aanHlllBHJIH18 1• 3ToT 

MeTO,Il; OCHOBaH Ha OCa:>K,n;eHHH HOHOB KaJibUHH B BH,Il;e 3JieKTpOHHOnJIOTHOrO 

rpaHynHpHoro THna oca.n;Ka nupoaHTHMOHaTa KaJibuHH. llerH,Il;paTaumo 

H 3aJIHBKy MaTepHaJia npOBO,Il;HJIH no o6m;enpHHHTOH MeTO,Il;HKe, OOHCaHHOH 

Bhiiiie. nony'leHHbie cpe3hi KopHeii: He nonaepranHCb nonoJIHHTeJibHOMY 

KOHTpaCTHpOBaHHlO. 

PE3YJlhTATbl 11 OECY)l(llEHI1E 

Topox. OpH npoae,n;eHHH 3JieKTpOHHOMHKpocKonH'IeCKHX nccne.n:oaaHHH 

ynbTpacTpyKTYPhi KJieTOK 6bm BhiHBJieH pHn cneuu<PH'IecKHX oco6eHHocTeii 

MepHCTeMaTH'IecKHX KJieTOK KOpHeH Tpe?'-cyTO'IHbiX npOpOCTKOB ropoxa, 

3KCnOHHpOBaHHbiX B ycJIOBHHX rny6oKoro "MarHHTHOrO BaeyyMa" (MB). 

B H,Il;pax KJieTOK Ha6nro,n;aJIOCb H3MeHeHHe TOnOJIOrHH KOH,Il;eHCHpOBaHHOrO 

xpoMaTHHa. B rMn OH pacnonarancH paBHOMepHO B HyKJieonna3Me KJieTOK 

KopHeii: (pnc.1a) . B KJieTKax npopocTKOB a ycnoBHHX MB KoMnaKTHhiH 

xpoMaTHH 6onLIIIeii: 'laCTblO 6biJI accouunpoaaH c nepu<PepH'IecKoii: 3oHoii 

H,Il;pa B KOHTaKTe C H,n;epHOH o60JIO'IKOH, ero cryiUeHHH pe:>Ke o6Hapy:>KHBa· 

JIHCb a6nH3H H,n;pbiiiiKa (puc.16). TaK:>Ke BbiHBneHo yMeHbiiieHHe o6'beMa 

rpaHyJIHpHOrO KOMnOHeHTa H,Il;pbiiiiKa H nOHBJieHHe H,Il;pbiiiiKOBbiX aaeyonei:f 

(pHc.2a), 'ITO, O'leBH,n;HO, CBH,Il;eTeJibCTByeT 0 CHH:>KeHHH aKTHBHOCTH CHHTe3a 

HnPhiiiiKOBOH PHK; B pH,n;e H.n;ep oTMe'leHo npucyTCTBHe nayx npHMepHo 

on!fiiaKOBhiX no CTPYKType H,Il;pbiiiieK (puc.2a) . 

llpyroi:f ocofieHHOCTblO fihiJIO npHCYTCTBHe B KJieTKax 60JibiiiOrO 'IHCJia 

JIHnH,Il;HbiX KaneJib pa3MepoM 0,1-0,5 MKM, npeHMyiUeCTBeHHO JIOKaJIH30BaH· 

HbiX no nepH!PepHH KJieTOK B,Il;OJib TeCHO npHneraroruei:f K KJieTO'IHOH o6oJIO'I· 

2 

'''"' 

., 

'~j 

I 
' 

; 
' ,,, 

,', 

\ 
:: 
,,, 

J ',1' p 
'(t 
·~ 'I 

''! 
II 

,, 
• 

'i''~ ,, 

\ 
:(\' 

,',~ 

l, 

PHc.l. 06uudi BH,u; Kn8TOK 30Hhl MepHCTeMhl KOpH8H Tp8XCyTO'IHhiX npopOCTKOB 

ropo:u: a) ycnosHR rMn, X 4000; 6) ycnosHR MB, X 5000. 0603HaqeHHJI: B

saxyon•, KO - Kn8'1'0'1Hilll o6onoqKa, M - MHTOXOH.o;pHR, n - nnaCTH.u;a, R -

.~~.o;po, R)l- AAPhiWKo. 

3 



• 

PHc.2. <llparMEHTbi KneToK 30H&I MepHCTeM&I KOpHeH TpexcyTCNHblX npopocTKOB 

ropoxa, HaxOARuntXCR B ycnoBHRX MB: a) R;o;po KneTKH, x 40000; 6) nH3HC 

rHanOnna3Mbi C nOMO~IO ~ocerpecOM. HanH11He B MHTOXOH;D;PHIIX aneKTpoHHO· 

nnoTHoro MaTepHana (crpenKH), x 30000. 06o3Ha'leHHR: KO- KneTO'IHaR o6o

notJKa, M - MHTOXOH;D;pHR, U - UHTocerpecoMa, H - RApo, HB - RAp&IWKOBbie 

BaKyonH. 

4 

·• :~' : :1\\~1.~ 
\';''"' 
<~; 

~
'1.[ 

0 

' 
>, 0 

0 ,• 

·. 

0' 

c. 

""' 

Ke IIJUl3MaJieMMbl. K ,ZJ;aHHOMy cpoKy npopaiUHBRHIDI ceMHH B rMn 3TH BK1IIO· 

qeHWI B K1leTKRX npaKTHllecKH OTCyTCTBOBMH. 3To MO)I(eT 6biTb CBR3RHO 

c 6onee Me.n;neHHblM npoTeKaHHeM npouecca nHnonH3a, ocyruecTanaeMoro 

C llOMOIUbiO 1lHll01IHTHllecKHX ·!l>epMeHTOB. llocne,IUIHH !l>aKT, nO·BH,ZJ;HMOMy, 

MO)I(HO o6"bRCHHTb 1IH60 CHH)I(eHHeM CHHTe3a 3THX !l>epMeHTOB, 1IH6o HX HHrH· 

6HpoBaHHeM B CBR3H C MeHbWHMH nOTpe6HOCTRMH B 3HeprHH npH 3KpaHHpO· 

BaHHH rMn. 

B ycnoBWIX MB o6Hapy)l(eHbi pa3JIHliHb1e KoMnoHeHTbi 11HTHllecKoro 

KOMnapTMeHTa: UHTOCerpeCOMbl, pblX1lbie H KOMnaKTHO ynaKOBaHHble MHe· 

11HHOllO,ZJ;06Hb1e Tena, BRKY01IH (pHc.16, 26). llOC11e.n;HHe, KaK npaBHJIO, HMe

IOT pKpyrnyiO !l>opMy, B,!J;01lb TOHOn1laCTa BH,IUibi 31leKTpOHHOMOTHbie OT1IO· 

)l(eHWI C pblX1lOH CTpyKzypou, ll03B01IRIOIUHe HHTepnpeTHpOBaTb TaKHe Ba· 

Ky01IH KaK OCTRTKH 6enKOBblX Teneu. nH3HC K1leTOliHbiX KOMnOHeHTOB npo

HCXO,ZJ;HT TaK)I(e C nOMOIUbiO UHTOCerpeCOM. Ba)I(HyiO p01lb B HX reHe3HCe Hr· 

paiOT !l>epMeHTbl 3H,lJ;OMR3MRTHllecKOrO peTHKynyMa, UHCTepHbi KOTOporo, 

CMbiKaRCb, H301lHpyiOT yt~aCTKH UHTOn1la3Mbl, a HRXO,lJ;RIUHeCR B ero ll01IOCTH 

rH.n;ponHTHllecKHe <t>epMeHTbl noczynaiOT BHYTph TaKoro 3aMKHyToro MewKa. 

B HeKoTopbiX cnyqaax npoHcxo.n;HT t~acTHliHaR ,n;erpa.n;auHH co,n;ep)I(HMoro 

UHTocerpecoM c o6pa3oBaHHeM MHenHHono,n;o6Hb1X Ten. TaKHe Tena npe,n;

CTaBMIOT C06oH CTpyKzypbi, COCTORIUHe H3 KOHUe.HTPHlleCKH HJIH KORKCHanb· 

HO Y1lO)I(eHHb1X MeM6paH, Me)I(,!J;y KOTOpbiMH paCll01l0)1(eH rOMOreHHbiH MaTe

pHa11. XoTR Henb3R HCKJIIOliHTb B03MO)I(HOCTb o6pa3oBaHWI MHenHHono,n;o6-

HbiX Ten B pe:3Y11bTaTe ycHJieHHOrO pocTa IIJI83Ma1leMMbi, O,ZJ;HaKO HaM Ka· 

)l(eTCR 6onee npe,n;no'ITHTe1lltHOH TOIIKR 3peHIUI OTHOCHTeilbHO p~HCTeHTHO· 
CTH MeM6paHHb1X KOMUOHeHTOB KJieTKH H pa3pYWaiOIUeMy ,n;eHCTBHIO rH,n;po· 

na3 19 1
• HanHIIHe p83JlH'IHbiX KOMnoHeHTOB nmHllecKoro KOMl'laPTM~Ta, 

KaK npaBHJIO, OTcyTCTBYIOIUHX B KOJiTpone, MO)J(M CBH.n;eTe1lbCTBOBan. 0 npo
,ZJ;BHHYTbiX naTanorll'leCKHX npoueccax a MepiiCTeMaTH11eCKHX K1lerKax Kop

Hen paCTeHHH, paCTyiUHX a ycnoBHJ!X MB. 

HaH6onee 3Hat~HTe1lbHbie H3MeHeHWI a ycnoBHRX MB nperepneuana no

nynauWI MHTOXOH,D;pHH. TaK, HR 12% YBe1!HliH1laCb HX nOnyMUHOHHaR MOT· 

HOCTb (K011HtlecTBo opraaenn Ha cpe3e K1leTKH). B 1,5-2 pa3a B03pocn:H pa3· 

Mepbl OT,ZJ;e1lbHbiX opraaenn. MHTOXOH,D;pHH, KOTOpbie 06blliHO HMe1!H He

CKOJlbKO y,n;nHHeHHYIO opTo.n;oKCaJibHYIO !l>opMy, a ycnoaHHx MB CTilHOBH· 

JIHCb oKpyrnbiMH. l1x KpHCTbi npe.n;CTasnanH co6ou Y3KHe KopoTKHe Tpy6KH, 

BbiRBnReMbie 1lHWb Ha nepH!l>epHH opraHenn. KonHt~eCTBO KpHCT cyruecTaeH

HO CHH)I(MOCb (,n;o HeCK01lbKHX Ha cpe3e MHTOXOH,D;pHH), a B HeKOTOpbiX op

raHeJIJiax OHH llOJIHOCTbiO OTCYTCTBOBMH. MaTpHKC MHTOXOH,D;pHH 6bl1l npo

CBeTJieHHbiM, llaCTO co,n;ep)I(M 3JieKTpOHHOnJIOTHble BKJIIOlleHHR, He o6na,n;aB· 

wHe cneUH!l>Ht~ecKon CTPYKTYPHPOBaHHOCTbiO. HHTH MHToxoH.n;pHMbHbiX 

HYKJieOTH,lJ;OB He BbiRBJieHbl B MaTpHKCe. nHWb H3pe,n;Ka o6Hapy)I(HBMHCb 

Ha cpe3aX opraHe1!1l MHTOXOH,D;pHaJibHbie pH60COMbl. llo,n;o6HblH THn H3Me-
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• 
HeHHH MHTOXOH,ZJ;pHH KJJaCCHQlHUHPYeTC.R B JJHTepaType, nOCB.Rl.[(eHHOH ,ZJ;aHHO

MY aonpocy 11 0 1, KaK Ha6yxaHHe opraHeJJJJ, o6&NHo CB.R3aHHoe c Hapywe

HHeM sonHo..coJJeBoro o6MeHa, KOTOpbiH onocpenosaHHO onpe,neJJ.ReT yrHere

HHe Q>yHKUHOHaJJ&Hou aKTHBHOCTH. KpoMe Toro, CJJenyer yt~HTbiBaT&, 'ITO on

HOD H3 Ba)I(HeHWHX QlYHKUHH MHTOXOH,ZJ;pHH .RBJJ.ReTC.R norJJOI.[(eHHe H3 UHTO· 

30JI.R HOHOB KaJJbQH.R, KOHUeHTpaQH.R KOTOpbiX B HeM ,IJ;OJI)KHa non,nep:>KHBaTh

C.R Ha O'leHb HH3KOM ypoBHe, TaK KaK ,IJ;a)l(e He3Ha'IHTeJJbHbie H3MeHeHH.R 3TO

ro napaMeTpa CJJy)l(aT peryJJ.RTOpaMH, conp.RraiOI.[(HMH BHeKJJeTO'IHbie CTHMY· 

Jlbl C QlYHKUHOHaJJbHOH aKTHBHOCTbiO KJieTOK II 
1 

t1 
2 

I -113BecTHO, 'ITO BO BHYT

peHHeH MeM6paHe MHTOXOH,ZJ;pHH HaxO,ZJ;HTC.R TpaHCnOpTHbiH 6eJJOK, 3QlQleK

THBHO nepeHOC.Rl.[(HH KaJJbUHH B MaTpHKC 3a C'leT MeM6paHHOro noTeHUHa

JJa. KaK 6&mo noKa3aHO a 11 3 1, no6aaJJeHHe 3Ha'IHTeJJ&Horo KOJJH'Iecraa KaJJ&

UH.R K ,IJ;biWal.[(HM MHTOXOH,npH.RM npHBO,IJ;HJJO K nOJJHOMY npeKpal.[(eHHIO 

cHHTe3a AT<I>, a ac.R 3HeprH.R pacxonosanac& Ha TpaHcnopT HOHOB KaJJbUH.R. 

llpH 3TOM y MHTOXOH,ZJ;pHH H3 pa3JJH'IHbiX TKaHeu in vivo H in vitro 06Hapy)I(H

BaJJaCb XapaKTepHa.R peaKUH.R - Ha6yxaHHe
114

-
16 1, 'ITO CBH,IJ;eTeJJbCTBOBa· 

no o nnHTen&HOM ycHJJeHHH noTOKa KaJJbUH.R B KJJeTKe. 

B xone npensapmen&Horo on&ITa no :ucCJJenosaHHJO yJJ&TpacrpyKTYP 

KJJeTOK MepHcTeM&I KopHeu Ha6JJJO,naJJH a ycnoaH.Rx MB np:ucyTCTBHe MeM6-

paHoca.R3aHH&Ix crpyKTyp, HanoMHHaiOLUHX Ca-cB.R3aHH&Ie ueHTpbi MeM6paH 

(p:uc.3). 

PHc.3. 3neKTpOHHonnom&Ie o6pa30B&HHH, HanoMHHaJOIUHe Ca·CBH3biBaJOIUHe 

UeHTpbi MeM6paH. YcnoaHH MB, x30000. 
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.[VI.R npoBepKH pa6ot~eH rHnOTe3bl 06 H3MeHeHHH 6aJJaHca HOHOB KaJJbUH.R 

B KJJeTKax MepHCTeMbl KOpHeH HaMH 6biJJ npoBe,ZJ;eH 3KCnepHMeHT no UHTO· 

XHMH'IecKOMY Bbi.RBJJeHHIO JJOKaJJH3aUHH CB060,ZJ;HbiX H CJJa60CB.R3aHHbiX HO

HOB KaJJbUH.R c noMOI.[(biO nHpOaHTHMoHaTHoro MeTo,na. B pe3yJJ&TaTe aHaJJH3a 

nOJJY'IeHHbiX ,IJ;aHHbiX nOKil3aHO, 'ITO B BapHaHTe rMn OCa,ZJ;OK nHpOaHTHMOHa

Ta KaJJbUH.R npHcyTCTBOBaJJ B 60JJbWHX KOJIH'IecTBax B nepHnJJa3MaTH'IeCKOM 

npOCTpaHCTBe H KJJeTO'IHOH CTeHKe, a TaK)I(e B BH,ZJ;e pe,ZJ;KO BCTpellaiOI.[(HXC.R 

rpaHyJJ so BHYTPHKJJeTO'IH&IX Ca..ceKaecT:upyiOLUHX neno - .R,npe, nJJaCTH.nax, 

3H,IJ;OnJJil3MaTH'IecKOM pe'l'HKYJJYMe, annapaTe roJJb,IJ;)I(H H MHTOXOH,ZJ;pH.RX 

(p:uc.4a). B yCJJOBH.RX MB 6on&woe KOJJH'IecTBO rpaHyJJ KpynHoro pa3Me

pa Bbi.RBJJeHo B r:uanonJJa3Me KJJeTOK, a rpaHyJJ 6onee MeJJKoro pa3Mepa -

B npOCBeTJJeHHOM MaTpHKCe Ha6yXWHX MHTOXOH,ZJ;pHH, TOr,na KaK B rJJaBHOM 

Ca..co,nep)l(al.[(eM KOMnapTMeHTe,KJJeTO'IHOH CTeHKe H nepHnJJa3Me KaJJbUHH 

np:ucyTCTBOBaJJ JJHWb B BH.ne MeJJKoro n&meaH,ZJ;Horo oca.n.Ka (p:uc.46). Cpe

n:u KaJJbUHH-CeKBecTHpyiOI.[(HX opraHeJJJJ Ba)I(HyJO pOJJb HrpaiOT MHTOXOH,ZJ;pHH, 

BHeWHHH BH,IJ; KOTOpbiX (Ha6yxwa.R KOHQlHrypaUH.R) H QlYHKUHOHaJJbHOe CO· 

CTO.RHHe (HaJJH'IHe H36biTKa HOHOB KaJJbUH.R B MaTpHKCe) CBH,IJ;eTeJJbCTBYIOT 

0 CHH)I(eHHH HX QlYHKUHOHaJJbHOH aKTHBHOCTH, HanpaaJJeHHOH Ha Bbipa6oTKY 

AT<I>, H noJJHoe nepeKJJJO'IeHHe Ha oTKa'IKY KaJJbUH.R H3 r:uanonJJa3Mbi. 

lloJJy'leHHbie C nOMOI.[(biO UHTOXHMH'IecKOH MeTO,ZJ;HKH ,naHHbie COrJJa· 

CYIOTC.R C pe3yJJ&TaTaMH npe,naapHTeJJbHOrO 3KCnepHMeHTa, B KOTOpOM B yc

JJOBH.RX MB 6&IJJH Bbi.RBJJeH&I Ca..cB.R3bffiaJOI.[(He ueHTpbi MeM6paH (p:uc.3). 

llOCJJe,ZJ;HHe, KaK npaBHJJO, o6pa3yiOTC.R npH H36biTKe HOHOB KaJJbUH.R KaK 

cneu:uQ>HllecKa.R peaKUH.R KJJero'IH&Ix MeM6paH. noxa He .RCHo, not~eMY 

B 3TOM 3KCnepHMeHTe 6&IJJa BKJIIO'IeHa CHCTeMa CBR3bffiaHH.R KaJJbUH.R 

Ha MeM6paHax. O,nHaKo, B03MO)I(HO, 'ITO HMeHHO 3TOT npouecc cnoco6crao

BaJJ COXpaHeHHIO HOpMaJJbHOH QlyHKUHOHaJJbHOH aKTHBHOCTH y MHTOXOH,ZJ;· 

p:uu, Q>opMa KOTop&IX 6&IJJa 6JJH3KOH K opTo,noKcaJJ&Hou KoHQ>:urypauHH. 

He HCKJJJO'IeHo, 'ITO Ca..cB.R3biBaiOl.Ua.R cnoco6HOCTb MeM6paH npoRBJJ.ReTC.R 

npH OTHOCHTeJJbHO HeBbiCOKHX KOHUeHTpaQH.RX 3THX HOHOB, KOTOpbie HaXO· 

,n.RTC.R B ,ZJ;Hana30He KOMneHCaTOpHbiX B03MO)I(HOCTeH KJieTOK. 

Bepo.RTHO, cymecTBeHHoe 3KpaHHpOBaHHe rMn cnoco6Ho Bbl3biBaTb Ha· 

pyWeHH.R B CHCTeMe naCCHBHOrO H/Hml aKTHBHOrO TpaHCnopTa HOHOB KaJJb· 

UH.R qepe3 nJJa3MaTH'IeCKYIO MeM6paHy, 'ITO, B CBOIO oqepe,nb, npHBO,IJ;HT K ne· 

peHaCbll.[(eHHIO rHaJJOnJJil3Mbl 3THMH HOHaMH, a TaK)I(e K BKJIIO'IeHHIO CHCTeMbl 

HX MaKCHMaJJbHOH OTKa'IKH Ha MeM6paHax Ca-CeKBeCTHpYIOLUHX opraHeJJJJ. 

HeJJb3.R HCKJJIO'IHTb B03MO)I(HOCTh TOrO, 'ITO ,IJ;JJ.R p.R,na KJieTOK KOpHeH ropoxa 

HecneUHQlH'IecKOH peaKQHeH Ha p.R,n pa3JJH'IHbiX B03,ZJ;eHCTBHH .RBJJ.ReTC.R OT· 

KpbiBaHHe KaJJbUHeBbiX KaHaJJOB, no KOTOpbiM 3TH HOHbl npOHHKaiOT B KJJeT· 

KH naCCHBHO no rpa,nHeHTy KOHUeHTpaUHH, H KaK pe3yJibTaT nO.RBJJeHHe H3· 

6biTO'IHOrO KOJJH'IecTBa 3THX HOHOB. 
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PHc.4. UuToXHMH'IecKIUI pe&Kinlll, BhlRBJIJIIOUUlft cao60AJII•rH H cna6oCBR38HHhrH 

K&JlhlUiH B KJleTK&X MepHCTeMhJ ropoxa (a, 6), Qe<leBHUhJ (B, r) H JihH& (.D,, e) 

B ycnoBHRxrMll: a) -x 15000; B) -x30000; A) -x40000HMB: 6)- X 20000; 

r) -X 30000; e) -X 40000. 06o3Ha'leHHR: KO- KJieTO'IHIUI OOOJIO'IKa, rrr

JIHnHAHIUI rno6yna, M - MHTOXOHApHR, n - nJiftCTHJJ;a, np- npeiUtnHTaT, R -

~po. 
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qe'le6U'L#a. Ym.TpaCTpyKzypa KneroK MepncTeMbi KopHeu 'le'leBHQhi, 3KC

noHHpOBaHHhiX B ycnoBHRX MB, npaKTH'IeCKH He oTnH'Ianacb oT TaKosou 

B rMTI. llpH H3y'leHHH npenapaTOB KOpHeH 'le'leBHQbi, <J;>HKCHpOBaHHbiX 

no nHpOaHTHMOHaTHOH MeTOAHKe, BbUIBneHO, 'ITO B BapHaHTe rMTI nHpOaH· 

THMOHaT KanbUIDI B OCHOBHOM MapKHpOBan anonnaCTHbiH KOMnapTMeHT, 

paBHOMepHO pacnonaraRCb HnH :>Ke B 60nbWOH CTeneHH KOHUeHTpHpyRCb 

s.n;onb Ma3ManeMMhi, a TaK:>Ke BHYTPHKneTO'IHhie KoMnapTMeHThi (pnc.4s). 

XapaKTepHoH oco6eHHOCTblO KneTOK 30Hbl MepncTeMhi KopHen qeqesn

Uhi B rMn H MB 6htn0 npncyTCTBHe 6onbworo 'IHcna 6enKOBbiX Teneu, 

saphHpYJOJ.UHX no pa3MepaM H cTeneHH HX asTonH3a. K TpeTbHM cyTKaM npo

paiUHBaHHR aBTOnH3 6enKOBbiX Teneu 6htn HaCTOnbKO npO,D;BHHYT, 'ITO 6en

KOBbiH MaTpHKC OCTaBanCR nHWb y 'laCTH opraHenn 3TOH nonynRUHH H B OC· 

HOBHOM Ha nepn<J;>epHH. JlH3HpOBaHHaR 30Ha 6enKOBbiX Teneu 6htna MOTHO 

3anonHeHa npeuHnHTaTOM UHTOXHMH'IeCKOH peaKUHH (pnc.4r). <DopMHpylO

IUHecR B pe3ynbTaTe asTonH3a 6enKOBhiX Teneu saKyonn pa3nH'IHoro pa3Me

pa co.n;ep:>Kann MeHbWee KonH'IeCTBo npo,n;yKTa peaKUHH, B KPYnHbiX BaKyo

nax rpaHynhi nnpoaHTHMOHaTa KanbUHR 6binH o6Hapy:>KeHbi 6onbwen 11aCTb!O 

Ha nepn<J:>epHH opraHenn, BAOnb TOHOIIJiaCTa. 

MHTOXOHApHH B KneTKax AaHHOrO BH,IJ;a KaK B rMTI, TaK H B ycnOBIDIX 

MB 6htnH npe.n;CTaBneHhi osanhHbiMH nnn KpyrnhiMH opraHennaMH c 3neKT

poHHonpo3patmhiM MaTpHKCOM H KOpOTKHMH KpHCTaMH, pacnonO>KeHHbiMH 

Ha nep~epHH !t'TIIX -opraHenn (pHC.4B). llpOAYKT UHTOXHMH'IeCKOH peaKUHH 

s BHAe pa3nH'IHoro pa3Mepa rpaHyn MaPKHJ>OBan MaTpHKC MHTOXOHAPHH 

(pnc.4s). MenKHe rpaHynhi nnpoBHTHMOHIIT& xaJibUIDI HHTeHCHBHO MapKHpo

sann HyKneonna3My RAep H 30HY RAPhiWJCOIIhiX saKyonen. KoMtlaKTHhiH 

XpOMaTHH H KOMnOHeHThl R,D;pbiWeK 6binH JIHIIleHbl OC8.,li;Ka. liHTepecH() OT· 

MeTHTb, qTO npoAyKT UHTOXHMH'IeCKOH p8&KUHH HHTeHCHBHO OKpaiUHBan 

HHBarHHaunn IIJI8.3ManeMMhi (pnc.4s,r). XapaKTep MapKHpOB&HHR BHYTPH

KneTo'IIHhiX opr&Henn H anonnacTHoro KOMnapTMeHTa B ycnoBH.RX MB no'IITH 

He OTnH'IanCR OT rMTI. CHnbHee Bblpa:>KeHa 6wna TeHAeHUHR K HHTeHCHBHO

MY MapKaposaHHJO 30Hhl, npnnera10meu K Hapy:>KHou nosepXHoCTH nna3Ma

neMMhi, Tor.n;a KaK UeHTpanbHaR 'llaCTb Knerotmou o6ono'IKH co,n;ep:>Kana ro

pa3AO MeHbWee 'IIHCnO rpaHyn nHpOaHTHMOHaTa, 'leM B ycnOBHRX rMTI . 

(pnc.4s,r). Oco6eHHOCTbiO sapHaHTa MB 6hmo noasneHHe npo.n;yKTa UHTO

XHMH'IecKon peaKUHH B rnanonna3Me KneTOlC (pnc.4r). Bonee HHTeHCHBHOH 

BhirnR,IJ;ena peaKUWI B MHTOXOHApHRX. 

TaKHM o6pa3oM, s KnerKax MepnCTeMhi KopHeu qeqesHQhi, 3KcnoHnpo

BaHHhiX B ycnoBHRX MB, Ha6n10.n;aerca noCTYMeHHe HOHOB KanhQHR s rna

nonna3MY KneTOK, O'lleBHAHO, H3 anonnaCTHorO KOMnapTMeHTa; npH 3TOM 

aKTHBH3HpYeTCR pa6oTa MHTOXOHAPHH no OTKa'IIKe HOHa-perynRTopa H3 rna

nonna3Mbl B MaTpHKC 3THX opraHenn. 
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JleH.. AlfaJIH3 npenapaTOB KOpHeH JlbHa noKa3aJI, qTO B QeJIOM YJibTpa

CTpyKTypa KJieTOK a ycnoBHRX MB He nperepneaana cymecTBeHHbiX H3MeHe

HHH no cpaBHeHHlO c ecTecTBeHHbiMH yCJIOBHRMH rMn. 

llpH H3ytleHHH MaTepuana C HCnOJlb30BaHHeM nHpOaHTHMOHaTHOH peaK

QHH B KJleTKax MepHCTeMaTHtlecKOH 30Hbl KOpHeH B rMll 06Hapy:>KeHO, qTO 

nHpOaHTHMOHaT KaJlbQIDI B OCHOBHOM COCpeAOTOqeH B anoMaCTHOM KOM· 

napTMeHTe, rAe ero rpaHyJibl npaKTHtlecKH paBHOMepHO MapKHpOBaJIH MaTe

pHaJI KJleTOtlHOH CTeHKH, Y3KOe nepHDJla3MaTH'IecKOe npOCTpaHCTBO H HHBa

rHHaQHH nJia3ManeMMbi (puc.4A) • B MaCTHAax OCaAOK nupoaHTHMOHaTa 

KaJlbQIDI npHcyTCTBOBaJI B Me:>KMeM6paHHOM npOCTpaHCTBe o60JIO'IeK 

u B npocaerax nepn<PepuqecKoro nnacTUAHoro pernKynyMa. Knero'lHan 

CTpyKTypa, npORBJlRJOI.Uafl n03HTHBHYJO peaKQHJO Ha HOHH3HpOBaHHbiH KaJib

IlHH H OKpy:>KeHHaR OAHOH MeM6paHOH, O'leBHAHO, npeACTaBJlReT co6oii MHK

poTeJihQe. llOA06HyJO HAeHTH<PHKaQHJO nOATBep)I(AaeT H TaKOH TOnorpa<PH

qecKHH npH3HaK, K&K HaJIHtlHe DJlOTHOrO npOTR:>KeHHOrO KOHT&KTa C JIHnHA

HOH rno6ynoii (pnc.4A). lloAo6Hhle npoCTpaHCTBeHHhle accoQHaQHH Me:>K.ny 

MHKpOTeJibQaMH H JlHUHAHhiMH rJio6yJiaMH CBHAeTeJihCTBYJOT 0 rJIHOKCHOM· 

HOH <PYHKQHH nepBhiX, T .e. o6 nx y'laCTHH s npoQeccax JIHnOJIH3Hca 11 7 1• 

Ba:>KHO OTMeTHTh TOT <PaKT, 'ITO B MecTe KOHT&KTa Me:>KAY MHKpOTeJihQeM 

H JIHUHAHOii rJio6ynoA HHTeHCHBHOCTb peaKQHH Ha HOHH3HpoB&HHhlii Kanh· 

IlHH ropa3AO BhiWe,'leM B COCe,IUIHX HeKOHTaKTHPYJOI.UHX 30HaX, 'ITO MO:>KeT 

CJIY:IKHTh noATBep:IK.neHHeM HMeJOI.UHXCR AaHHbiX 06 YtlaCTHH HOHOB KaJihQHR 

s CTHMY JIRilHH PRAll nnnonHTHIHlCKHX <PepMeHTOB 11 1 1• 

B Pe3YJlbTaTe 3JieKTpOHHOQHTOXHMJI'IecKoro H3yt~eHHR JIOKaJIH3&IlHH Ho

HH3HpOBaHHoro KaJlbQHR B KJleTK&X MepHCTeMbi KOpHeH JlhH& B YCJIOBHRX 

MB o6Hapy:>KeHO pe3Koe OTJlH'IHe no CpaBHeHHJO c rMn (pHc.4e). BbiRBJie

Ha QHTOXHMH118CJ<aR peaKQHR B rHaJIODJla3Me KJleTOK, rAe DpeQHDHTaT npaK

TH'I8CKH OTcyTCTBOBaJI B rMn. B ycnOBHRX MB 3H&'IHTeJihHO CHH3HJl&Ch HH

TeHCHBHOCTb peaKQHH B anonn&CTHOM KOMnapTMeHTe, 'ITO CBUAeTeJihCTBYeT 

0 BhiXOAe HOHOB K&JlhQHR H3 KJleT011HOH CTeHKH B rH&JIODJ1&3My. KOHQeHT

pallHR nupoaHTHMOHaT& l<aJlbllHR B DJl&CTHA&X 6biJl& CpaBHHMa C QHTODJ1a3-

M&TH'I8CKHM "<PoHOM" (pHC.4e), nOBbiWeHHaR KOHQeHTpaQHR DpeQHDHTaTa 

BhiRBJleH& JlHWh BOKpyr Kp&XM&JlhHhiX 3epeH. BhiCOK&R CTeneHh MapKHpoBa

HHR npeQHnHTaToM B MB 6hiJla npncyl.Ull MHTOXOHApHRM, rpaHyJihi nnpoaHTH

MOHaTa KaJihQHR nOJDIOCTbJO OTCYTCTBOB&JIH B JlHUHAHhiX rJio6yJiax, MeJIJ<Hii 

DpeQHnHT&T pe&I<QHH 06Hapy:>KeH B neTJIRX KOMnaKTHOrO XpOM&THHa, B RA

pbiWKOBOM OpraHH3&TOpe, B He3H&'IHTeJihHOM KOJIHtlecTBe Ha KOMnaKTHOM 

H rp&HyJIRPHOM KOMnOHeHT&X RAphiWKa. 

HTaK, QHTOXHMH'IecKHe nccneAOBaHHR BbiRBHJIH onpeAeneHHYJO 3aKoHo

MepHOCTb B peaKilHH MepHCTeM&TH118CKHX KJleTOK pa3JlH'lHbiX BHAOB pa

CTeHHH Ha 3KpaHHp0BaHHe rMll - nORBJleHHe CB060AHOrO H CJia60CBR3aH· 

HOrO KaJihQHR B rHaJIODJ1&3Me KJleTOK, nO-BHAHMOMY, nOCTynaJOI.Uero B Hee 

H3 anoMaCTa. AHanH3 nonyt~eHHhiX AaHHbiX CBHAeTeJihCTByer o TOM, 'ITo MB 
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cnoco6eH Bbi3biBaTb HapyiiieHHR CTpyKTypHo-Q:>yHKQHOHaJibHOro COCTORHHR 

KJleTOK KOpHeH BbiCIIIHX pacTeHHH, B nepByJO oqepeAb, K&JlbQHeBoro roMeo

CTa3a. llOCJle,z:J,Hee n03BOJIReT npe,n;nOJIO:IKHTb, qTO O,!l;HHM H3 Ba:>KHeHIIIHX 

MeX&HH3MOB, onpeAeJIRJOI.UHX peaKQHJO paCTHTeJlbHbiX opraHH3MOB Ha YCJIO

BHR MB, RBJIReTCR HapyiiieHHe B CHCTeMe naCCHBHOro H/HJIH aKTHBHoro TpaHC

nopTa HOHOB K&JlbQIDI qepe3 nJia3MaTH'IeCKYJO MeM6paHy, qTo npHBOAHT K ne

peHaCbii.UeHHJO rnanonna3Mbi 3THMH HOHaMH H nepeKJIJOtleHHJO MHToxoH.n;pHii 

Ha HX OTKa'IKy. 

TaKHM o6pa3oM, pe3yJILT&Tbi npoaeAeHHbiX uccneAOBaHHH CBHAeTeJibCT

BYJOT 0 Ba:IKHOH pOJIH rMll B :IKH3HH pacTeHHH. 0HO RBJlReTCR Cyi.UeCTBeHHbiM 

<PaKTOpOM, onpe,n;eJIRIOIQHM HOpMaJibHbiH MeTa60JIH3M B HX KJleTKaX. B pe-

3yJihTaTe rny6oKoro 3KpaHHpOBaHHR rMll Ha6JIJOAaeTCR 06I.UaR peaKQHR 

KJleTOK MepHCTeM&TH'IeCKOH 30Hbl HCCJie,!l;OBaHHbiX BHAOB paCTeHHH - yBeJIH

qeHHe B rHaJIOnJia3Me KOHQeHTpaQHH HOHOB KaJibQHR, npaKTHqeCKH OTCYTCT

BYJOI.Uero npH pOCTe npopOCTKOB B YCJIOBHRX rMll. llo HHTeHCHBHOCTH Map

KHpOBaHHR npOAYKTOM QHTOXHMH'IeCKOH peaKQHH ruaJIODJ1&3Mbl MepHCTe

MaTHtleCKHX KJleTOK MO:IKHO COCTaBHTb CJie,D;yJOI.UHH pR,Il; B nopR,D;Ke B03paCTa

HHR: qeqeBHQa, ropox, JleH. BMecTe C TeM, noKa He npe,D;CTaBJlReTCR B03MO:IKHbiM 

c.o;enaTb OKOHtlaTeJibHbiH BbiBOA 0 TOM, RBJIReTCR JlH H3y'leHHbiH HaMH napa

MeTp KJleTO'IHOrO MeTa60JIH3Ma nepBH11HOH peaKQHeH Ha CTOJlb CHJlbHOe OC

na6JieHHe rMll. 
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68Jfii8C- H.A.•-»· . 
Orpy~ opi'8HJI3IUXM MeJIBCI..,-iweciCIU 
JCJIII'I'OIC xoplld ropoa. ,....IIQW }I JDH& a ycnoalllllt 
3Jq!llllql Mtlil~ reoNai'IIJmiOI' IJ0.1III 

C ROMOIIMD ~ :MeKTpGIIHoA MHKpoci(OIIIIH 6wn IIWQ.IIE pRA entiUICtm...CKHlt. 

oco6eMJrocrel )ICII8rolf xople&OI MepiiC'HMW npopocTJCoa ropou., ~ II .llWia a 'JC• 
noBIIIIX :tiCplll..,..._ reoMU'IIIITHoro IJ0.1III (I'MD). flpa 3TOM no cpaaaeHHtG o npo. 
pocncaMII, ~ B ycJI'OBIIIIX ~ cimYKTY ... rMil, a ICIIe'I:ICU .,...· 
MMeHW ....-.. a PIIUII'II8olll K.llel'O'IIIWX crpyKTJpu, HaH6cm,e SHa'lll11liiWiole a MH
TOXQIUlPIIIIZ; ...,._... pam~~~Kwe JCOMnOIItii'I'W Jlll'l'ilwexoro MOMnaprMean 11 ·nplr.. 
cyTCTIIRII l5oDaaoro '181CJJa JIIIIIIIMWx JWIWUo, liTO 6wJro HaJI6cmee BWpaceRO '1 ropolttl.. 

3n~ICIIMII IICCIIUOBMIUIMB 11W11811 ... o6waft pelUCIUUi JCJWI'OK N&

pHCHMW npopoctiCOII IIOC.II.oaiiiiWX BJW)B ~- DOIIBJieHIM caobBOro II cna6o
CBJI3ItHJIOI"' 'ICdWUIJI a I'IWIOJIJII3Iilll, npaJCTJiileclcH OTC)'TC111YJOUW'O 1JPH Hll. poc-re. 8 ycno- . 
BIIIIX l"MO. ·flo IIIITIIICII8IIO IQIOJIBJUIIBII B nopiQUCe BQSPICTIUIIUII pacTeiiHII o6pMYJOt .. 
pRA: ~. ropox, n•. PesyMTIIIW IICCIIeAOBIIIIIUI aJIIACI'I'eiiMrByJOT o BUIHOA ~ 
I'MO B :a111J1 pacreHJdl JCaK CWIOI'o Hi 4Jpnopoa, onpe.lleJUUQuua ROpMUwu.lil ,...._. 

6onmM 8 lilt ICJlftK&ll, 

Pa6oTa Bwnoal .... a .Jia6opaopu Uepllia npo6neM OWIH. 

Coo6uieHHe OhfuuiREHoro IBICTII'fYTI UepiiWlt HCCJltmOBUIIIA. ,lly6Ha 1$91 

Depeaoa aaropoa 
·' 

Pt&-91·41' -.;.·· Beljavab,ja N.A. et al. 
Struc:tuJe..hac&ioml Orpajution of Medltem Cella 
of Pea, Pla:a: apd Lentil Boot. under Oonditlonl of~ 
of tbe Geomapetic Ptekl 

A _.. of llfll!dal featme of cella In ~teiDI of root IIIICDinal of pea, flu aDd lentB 
under Ute coadltiom of tbe pomapetic lield (GMF) ecreeninl hill beeb revealed with electro., 
Die micnlleopic methodl. At t1ae ...... time In comparison with tbe eeedllnaa that were UJl. 
der the .....,.. GIB' fluduatioaa, the ac~Jan&etln cllffennt cellatructwea have been fOUftd · 
that were file DlOit l'iplflcant ln'mltocbondriu, s.nrai componenta of lytic com'partment 
aDd .,_.... of a .... numblll: of lipid dropl baYe been found, that were most pronounced· 
in pea. The ,.._.. cell reactioD In merilteldl of ll8edlla&i of the examined planta a. bee1l 
found with .a.ctroaic cytoeheaieal bweltipt.iom: the appeuaDCe of free and weekly COI1II8C'- ~· . 
ted calcbuD Ia ploplama that Will abient practiciiJly in the planta under GMF condltio1111.. 
Tbe intenliC:J of ita _., increelel In ranp of planta: flu, pea, lentil. The reaulta or m. 
Wflt.itiaticma ~ .,_e: dpificanc:e of GMF In planta' life • one of the facton which de-
termine metabolilm In cella. ' 

The ~n hal been performed at the Laboratory of Nuclear Problema, nNR. 

Coaununication of the Joint ln.titute for Nuclear Reaearch. Dubna 1991 

•'·'· 

'.::·. 

:·_ffthJt.L~~;{:;;i~~~ .. ·, · 1 ; :~ · '·r/k,<. ... :~;:.t~>· · W·:n <, t ··'·r:t;~;;;c 


