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I1PlolBC.l.\CHhI PC3YJIbTaTbi loICCJ1CnOBaHloISI :mCMCIITHoro 10I rpynnosoro XHMloI'ICCKOro COCTaBa orncnsnux '1aCTCH x ops: 

(ljJJI03Mbl, pHTloI.llOMa) H npesecauu OCHHbJ. Kopa, B OTJIloI'IloIC OT npCBCCHllbI, HMCeT nOBblIlICIIHOC conepacanae GllorCHHblX 

3J1CMCHTOB (N, P), MHKpO- 11 MaKp03JICMClfroB, a TaKlKC 060ramCHa 3KCTpaKTIlBHbiMil BCmCCTBal\lIl, OCHOBHaSI Macca KOTOpblX 

(GOJICC 45%) 1l3BJICKaeTCSI3TaHOJIOM 11 1% NaOH. KOJ1Il'lcCTBO BCUICCTB, 1l3BJlCKacMbIX 113npCBCCIlllbl paCTBOpllTCJIliMIl ('1YTb 

GOJICC 5%), CymcCTBCHHO IIHlKC, '1CM B CJI}"Iae KOPbJ. O,lll13KO B meJIO'lHOH paCTBOp 113 apesecaau nepexoznrr 60JICC 3Ha'lH­

TCJlbHaSI ,llOJIli BcmCCTB (nopxaxa 15%). HapYJKHaSI '1aCTb KOPbI no cpaanenaro C ljJJ103MOH HMCCT GOJICC BblCOKOC coaepxauae 
yrnepona, HO MCHbWCC coziepzcanae aJOT- H, OC06CHHO, ljJocljJoPCO,llCplKamllX COC,llHHCHldi. Aaorconepscauiae COC.nHHCHHSI B 

KOpC npCnCTaBJICHbl npCHM)'lllCCTBCHHO CTpYKTYPHblMloI KOMnOHCHTaMH, a ljJocljJopco.ncplKamHc COC.nHHCHHSI -ljJocljJOJIHnlolna­

MH H HYKJ1COTloI.llaMH. KOHucHTpauHSI MaKpo:)J1CMCHTOBBO ljJJIOJMC npnuepno B nsa pasa BblIlIC, '1CM B PllTloI.llOMC , H npesuuraer 

50 MKMOJIb!r. B HaH60JIbWCM KOJIH'ICCTBC B KOpC npHcYTCTBylOT MaruHH, KaJIHH H KaJIbUHH, npase« KOJIH'lCCTBO nOCJIClIlICrO 

COCTaBJISlCT 60JICC nOJIOBHHbl OT CYMMbl HeopraHH'ICCKHX 3JICMCII TOB. OCHOBllblMH npCnCTaBHTCJlSIMloI MloIKP03JICMCHTOB ( 1­

MKMOJIb/r) SlBJUIIOTC}I UIlHK, lKCJ1C30, Maprallcu, KOHucHTpauHSI ocransasrx (Gop, MC,llb, KOGaJIbT, MOJIH6nCII H JIp.) O'lCllb Mana 

(srenee 1 MKMOJIb!r) . COJIcplKaHIlC UCJ1JIIOJl03bl BO ljJJl03MC 11 P"TloI.llOMC npauepnc onauaxoso H GOJICC '1CM B naa pasa IIlllKC, 

'1CM B JIp CBCCIlHC. flHnmll B MaKCIlMaJIbllOH CTcnCHH lIaKallJIHBaeTCSI B Hapy)l(HOH '1aCTIl xopsr, rne ero KOHUCHTpauHSI npesu­

uraer 20%. Jl;ISI ,llPCBCCIlHbl xapaxrepao nOBhlWCHHOC cozrepxaaae KHCJ10TOpaCTBopHMoro rraruana, MaCCOBaSIn OJISI xoroporo 

npessnuaer 25% OT c)'MMapHOro conepxanaa (18%) aroro 6HOnOJIHMCpa ' 

Kntaueeue C//06a: OCHHa, xopa, ljJJI03Ma, pHTHlIOM, npesecnua, 3JICMCHTHblH COCTaB, XHMH'ICCKHH COCTaB, 3KCTp aKTHB­

HblC BCWCCTBa , UCJIJIIOJI03a, JIHrHHH. 

Beeoeuue 

Kopa xsnaercs O.llHOH H3 Ba)l(HeID.lUIX lJaCTeH nepeea, nOCKOJII,Ky BblOOJIIDIeT pasaootipaaaue, Heo6xo)l.liMhle 

nns nOMep)l(aHIDI )f(Jf3HH scero paCTeHIDI, <P)'HKWIH [1,2]: 3al.l.lHTHYJO, aanacaioutyro, nposonauryio H onopayto. 

HeCMoTp)1 ua MHOrOlJHCneHHble HCCne)l.OBaHIUI, yposeas 3HaHHH 0 CBOHCTBax H XHMHlJeCKOM COCTaBe 

npeaecnoii KOpbJ HeBhICOK, 'ITO 06bRCHReTCR CnO)I(HOCTblO CTp)'KTypHOH opranaseuaa :n OH lJaCTIi nepesa, a TaK­

)I(e BnIDIHlieM na ee Xl1MHlJeCKHH COCTaB paannxnsrx l1>aKTOpOB [3, 4]. XHMHlJeCKHH COCTaB xopsi, B crmorae OT 

npesecaasr, xapaxrepasyercs 3HalJ.HTenhHoH Me)I(BJi)l.OBoH H BHyTpHBJi)l.OBOH H3MeHlJHBOCTblO. Kpone aroro, cy­

urecrsenaste OTnHlJIDI Ha6JI1OtI,alOTCli B aHaTOMHlJ.eCKOM crpoenan Ii XloIMH'IeCKOM COCTaBe BHeU.lHeH (pHTJi)l.OM, 

xopxa) Ii BHYTpeHHeH (l1>n03Ma, ny6) '1aCTeH KOPbI [5]. 

OllHOH H3 urapoxo pacrrpocrpaaeaasrx H ncnonssyeasrx B POCCHH nHCTBeHHhlX nopon nepeasea lIBJlReTC)1 

OCHHa [6]. Kopa OCHHbI conepsorr 3Ha'lHTeJIhHhle KOnH'IeCTBa COetl,HHeHHH, npOllBJlRlOlUHX BhICOKylO 6HOnOrHlJe­

CKyIO aKTHBHOCTb [7, 8], lJ.TO 060cHOBhmaeT paoors: no C03t1,aHHIO aa OCHOBe ee 3KcTpaKTOB JIelJ.e6HbIX npenapaToB 

[7, 9, 10]. Otl,HaKO 3HaHHR 0 XHMHlJeCKOM COCTaBe KOpbJ OCHHhl, HaKOIUJeHHble K nacroautessy BpeMeHH, lIBJU1lOTCli 

aenonasraa [4]. B TO )I(e caaoe BpeM)1 yrnytinenne 

Ileiinexo J1eaH llaeJ106U'I - npotpeccop, ,llOKTOP XIfMH'IeCKIlX naunrx 3HaHHH 0 XHMHlJ.eCKOM COCTaBe H CBOHCTBax 
say«, e-mail : ipdeineko@mail.ru 

KOphl H ee KOMnOHeHTOB neoexozneso M)1 C0311aHHR 
<1>aYCToBa Haransa MloIXaHJIOBHa - Ha}"lHhIH COTPY,llHIfK, 

xannanar XHMH'ICCKloIX Ha)'K, e-mail: faustova-78@mail.ru npoueccos paUHOHaJIhHOH nepepafiorxa KOPbI. 

• AsTOp, C KOTOpblM CJIC.ll)'eT BeCTH nepenacxy. 
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B .u.aHHoH paoore npencrasnenu peaynsraru llCClle.u.OBaHIDI 3lleMeHTHOrO COCTaBa II oco6eHHOCTeH rpyn­

nosoro XHMJ.flJeCKOrO COCTaBa ornensnux xacreii KOPhI II npesecaau OCllHhI. 

31<CnepUMellmOJlbilaR uacm» 

06beKThI }].J1~ IiCCJle.u.OBaHHH 6blJlli oroopansr OT CTBOJlOB nsyx nepeases OCIiHhI aeneaoxopon (Populus 

tremula L.), 3arOTOBlleHHhlX JleTOM B Jleaanrpancxoa 06JlaCTll. 06paJUhI 6hIJIIi ssmaneus: B Bll}].e waH6 (aa pac­

CTO~HHIi 0,5 M OT nosepxaocra rtosssr) TOJlmliHOH rrpaxepao 0,2 M. Oopaseu 1 6hIJI B3~T Y nepeaa, npoaspac­

TaBWerO BO BCeBOJlO)l(CKOM JleCX03e, ran neca - lIepHH'iHllK-nplfJJyqeHHllK, a ofipaaeu 2 - Y nepesa, 3arOTOBJleH­

noro sa repparopna KaBrOJlOBCKOro neconapxa, ran neca - qepHH'iHIiK BJIa)l(HhIH. MCnOJlh30BaHHhle }].J1" IiCCJle­

.u.OBaHIDI nepesss He liMeJlll Bll}].llMhlX CJle.u.OB nOBpe)l(}].eHIDI cepnueaaasoa fHllJlhlO . OOCJle OKOpKli Ii pasneneaas 

KOPhI na BuyrpeHHHH H Hap)')KHhIH CJlOH 06PaJUhI BhlCYUIliBaJIH na aosnyxe H onpenenanu MaCCOBoe COOTHowe­

HMe OT.u.eJlhHhIX xacrea CTBOJla. ,[(nn XHMJ.flJeCKOrO aaanasa HCnOJlh30BaJIli ll3MeJlhq eHHhlH MaTep llaJI - $paKUIDO 

«srenee 0 ,5 MM». 

AHaJIH3 na conepzcaaae yrnepona H sonopona B oopasuax 6hIJI BhInOJlHeH ua C ,H,N-aHaJIM3aTOpe $HpMhI 

« H ew l ett-P ack ard » (CiliA), Mo.u.eJlh 185. Conepscaaae aJOTa 6hlJl0 onpeneneuo C ncnomaoaaaaev MeTo.u.a 

Ksensnans [11, 12], $oc$opa - $OTOKOllOpHMeTpJ.flJecKllM MeTO.u.OM ua KOHUeHTPaUHoHHoM $OTOKOllOpHMeTpe 

KCI>K 2Mn (A. = 750 HM) [13] nocne C)I(MraHIDI ofipasua B CMeCIi : H 2S04 (KOHlI. ) + 60%-Ha~ HCI04 + CUS04 [13] . 

Conepzcaaae xacnopona paccsursreana no $opMylle: 0 = 100 - (C+H+N+P). 

Fpyrmoaoa XHMJ.flJeCKllH COCTaB ofipasnoa 6hIJI IiCCJle.u.OBaH no cxesre, npencraanennoit aa pacyaxe 1. 

Coaepxanne 3$1fJJ0- Ii cnapropacraopausrx BemeCTB onpeneneao 3KcTPar lfJJoBaHHeM B annapare COKC­

nera [15]. B xasecrae pacraopurenea HcnOllh30BaJIM neTpOlleHHhIH 3$llp (t KHTI = 40-70 "C) H 94% 3TaHOll. AHa­

JlH3 aa conepacauae aonopacrsopausrx I{ menosepacraopauux BemeCTB ssmonnea no CTaH,llapTHhIM MeTO.u.HKaM 

[15]. Ilocne Ka)l(}].oH CTa.u.1i1{ 3KCTpampoBaHIDI B OCTane onpeaenana conepxaaae aJOTa H $oc$opa [12, 14]. 

Conepscauue nnruana B ofipaauax aaxonana rrocne IiX 3KcTparlfJJoBaHIDI pacraopost 1% NaOH cepHOKIiCJlOTHhlM 

Mero.u.OM B Mo.u.H$HKaUHIi Koxapoaa C onpeneneaaea xacnoropacraopreaoro na r naa a YCI>­

cnexrpoeoroaerpaaecxasr MeTO.u.OM (A. = 280 HM) [15] . AHaJIll3 sa coziepzcaane UeJlJ1lOll03hI 6hIll ssmonnea 

aaorao-cnuproau» Me To.u.OM [15]. 

AHaJIH3 HeOpraHJ.flJeCKIiX MaKpo-

II MlfKp03lleMeHToB ocyuiecrsnana MeTO­

.u.OM aTOMHD-3MHCCllOHHOH cnexrpouerpaa 
C I{H,llYKUllOHHOH aproaosoa nna3MOH 

na aTOMHO-3MHCCHOHHOM cnexrposrerpe 

ICAP 61E TRACE B IJ.eHTPe IiCClle.u.OBaHH~ 

xaxecraa BO,llhI fYO «Bonoxanan» , CaHKT­

Ilerepfiypr. OO.u.rOTOBKy npofis: ssmonna­

JIIi cneayroma» 06paJOM. 

HaBecKY oopasua MaCCOH 1,0 r , 

aaaeureaaoa C TOq HOCThlO no 0 ,0001 r , no­

MemaJIH B Tep MOCToHKYlO KOll6y 06beMoM 

100 Mll, 3aJII{BaJIM 20 Mll KOHUeHTpHpoBaH­

HOH a30THoH xacnoru, 3aKphlBaJIH KOJI6y 

lIaCOBhlM CTeKllOM H OCTaBmLI1H aa HO'lh. 

3aTeM KOll6y nOMemaJIH aa :m eKTpH'IecKYlO 

JlJIHTKy II nocne BLmep)l(HBaHIDI B rexeaae 

xaca npn clla60M aarpese ynapa sana npo­

6y no nOJIOBIfHLI o6beMa. K nonyseaaossy 

pacrsopy OCTOpO)l(HO npHllHBaJIH 2 Mll 33% 

neposcnna sonopona H ynapasana no co­

CTO~HIDI «anasourx conea». nOCJIe oxna­

3KCTpampoBaHHe 94% :mW(),lIOM 

:)J;ctpanlpoBaHHe1%-HWM NaOH 

)l(}].eHIDI K CMeCH .u.06 aBJIM Ii 2 MJI HN03 
PI{C . 1. Cxeua aHaJII{3a xopxa, ny6a Ii npesecaau OCIiHbl 

(KOHU.), 20 Mll ,llIiCTHJlJ]HpOBaHHOH BO.u.hI 

http:MeTO.u.OM
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11 «BhllUeJIa"lI1BaJUf» COJIl1 n a 3lleKTpWleCKOH nJII1TKe. )J;allee paCTBOp nepeHOClUI11 B MepH)'lO KOJI6y 06beMoM 

100 MJI H llOBO,rUlJIM no MeTKH lll1CTMJIJIHpOBaHHoH BOllOH. )J;mi rpanyapoaosnsrx pacraopos HCnOJIh30Balll1 CTaH­

napra u e 06pa3Uhl BO,1l.HhlX pacrsopoa COe,1l.HHeHHH 3JIeMeHTOB. 

06cy:m:i)ellue pesynsmamoe 

Pe3YJIhTaThl HCCJIe,1l.0BaHIDI noxasana, "ITO conepxaaae KOphI B HJ1)I(HeH "IaCTH CTBOJIa CneJIOrO ziepeaa 

BeChMa 3Ha"lI1TeJlhHO 11 npessnnaer 13%. DpWleM B ofipaaue 1 llOJIH xopu 3aMeTHO ssnne, "IeM B otipasue 2, 'ITO 

MO)l(HO 06bHCHI1T1> 60JIhlUHM B03paCTOM nepesa, OT KOTOpOrO 6hIJI oT06paH ofipaseu 1. 
Hannenuoe COOTHOWeHHe BHYTpeHHeH 11 

BHewHeH "IaCTeH KOphI B ofipasnax nOKa3hIBaeT, T a6 llHUa 1. MaccoBoe COOTHOWeHMe KOpKI1 11 JIy6a, % 

"ITO MaCCOBaH nona KOpKH B xope uccnenoaan - TIoKa3aTCJlh 06pa3CU 1 0 6pa3eu 2 

HhIX 0 6pa3UoB 3aMeTHO npenu uraer MaccoB)'IO tIHCJlO rO)lOBLIX xoneu 58 52 

nome lly6a. KaK 11 B cnysae BCe" KOphI, nons Maecenas )lOm! xopsr 16,9 13,3 
M aCCOBIDi nons xopxa 10,4 / 61,4 7,7 / 57,8 

KOpK I1 B 0 6 pasue 6 onee craporo nepeaa cyme-
Maccosas )lOJlll nytia 6,5 /38,6 5,6 /42,2 

CTBeHHO asnue , "IeM B cnyxae ofipasua 2. no- TIpHMe'JaHHe: UH<ppa nepen '1epTOH - MaCCOBlUI nons KOpKH H Jly6a 

CKOJIhKY uapyxcaaa "IaCTh xopu npencraanser n o oruoureumo K Maccc CTBOJIa, UH<ppa n OCJIe '1CPTbl - MaCCOBlUI 

C060H KOMnJIeKC TKaHeH, BKllIO'IalOJ.UMX nep- nons KOpKH H Jly6a no OTHOlIlCHHIO K xope 

BWlH)'IO xopy, ljJparMeHThl nepanepwsr H OTMepWHe TKaHH JIy6a [16], nOBhIWeHl1e MaccoBoH nona KOpKM B xope 
O'leBHJlHO CBH3aHO C 60llhWHM BKlla.nOM B COCTaB pHTHJlOMa orsrepurax KlleTOK ljJJI03Mhl B nepese C 60JIhWMM 

"IHCJIOM ronossrx xoneu, 
113)"'1eHMe conepxcanaa 3JIeMeHTOB-OpraHoreHoB noxasano cYlUeCTBeHHoe OTJIH"Il1e B 3JIeMeHTHOM COCTaBe 

OT.neJIhHhIX 'IaCTeH xopsr (Ta6JI. 2). MOJIhHOe COOTHoweHMe C : H : 0 B xopxe COCTaBJIlIeT 1 : 1,37 : 0,59, a B ny6e 

1 : 1,47: 0,75. OTHOCMTeJIhHO BhICOKoe conepxanne yrnepona, H nOHH)I(eHHOe conepscanae KI1CJIOp0,1l.a B KOpKe 

CBHJleTeJlbCTBYeT 0 MeHhweH, no cpaBHeHIDO C ny60M, rHJlpoljJlUIhHOCTI1 Hap~Hoj:j "IaCTH xopu, 'ITO ofecnexa­

saer CHJ1)I(eHl1e HHTeHCHBHOCTI1 ncnapenas sonu H3 KlleTOK $Jl03MhI H KaM6ID1 . B MaCCOBhIX ennaauax KOpKa 

conepaorr npioaepao aa 6% 60JIhwe yrnepozia, 'leM ny6 H npesecana, MOJIhHOe COOTHoweHHe paccaarpasaeasrx 

3lleMeHTOB B npeaecnne (xcaneue) cocraanser 1 : 1,49: 0,80 H H3 3TMX naansrx CJIe,1l.yeT, "ITO KClUIeMa HMeeT 

HaH60llee asrcoxoe conepacanae KHCJIOpOlla M npoaanaer HaH60JIhwee CpO.nCTBO K BOlle. 3TO crrococcrsyer 

ljJYHKUHOHHpOBaHHlO KlleTOK KCI1JIeMhI B sasecrse TKaHeH, npOBOllllJ.UMX BOCXOllHlUl1H TOK BO.nHhIX paCTBopOB . 

Pa3JlH"IHe B conepscauaa OCHOBHhIX 3JIeMeHTOB-opraHoreHoB 06ycnoBJleHO oc06eHHoCTHMH XHMWleCKoro 

COCTaBa H cTpoeHIDI KOMnOHeHTOB ornensmax '1aCTeH CTBOJIa, "ITO npOMJIJIIOCTpHpOBaHO .naHHhIMH, rrpaaenemru­

MH B rafinnue 3. 

B npesecane OCHOBHhIMH KOMnOHeHTaMH HBillilOTCH yrnesonu. BHllHO, "ITO conepxcaane ueJIJIlOJl03hl B 

.npeBeCHHHOM BelUeCTBe OCHHhl npmrepno B TpH pasa 60JIhWe, '{eM B xope. Hapyscnaa H BHYTPeHIDIH '1aCTH xopu 

HMelOT 6JIH3KOe KOJIH"IeCTBO uenmonoau - 14,6 H 16,9% COOTBeTCTBeHHO. B OTJlH'IHe OT ny6a, xopxa conepxorr 

3Ha"lHTeJIhH)'lO nomo xnerosnsrx 3JleMeHTOB C BhlCOKOH creneasio JIHrHMljJHKaUI1H, M 3TO MO)I(HO OTHeCTH K OC­

HOBHOH npWlHHe rrossnueaaoro conepzaaax yrnepona B 3TOH "IaCTM KOphI. Conepscaane JIMrHI1Ha B KOpKe 

(22,5%) 3aMerno rrpessnuaer ero conepzcaaae B npesecaue (18,8%). Ocooeuaocruo JIHfHHHa npeaecaasr HBJIH­

eTCH TO, 'ITO 3Ha"lMTeJIhHaH ero "IacTI> (25%) npencrasnesa KI1CJlOTOpaCTBopMMblMM ljJpaKUIDIMI1. 

Ta6JIHua 2. 3JIeMeHTHhlH COCTaB OT.neJIhHbIX sacrea CTBOJla OCMHhI, % 

tIaCTb CTBOJla N206pa3ua 
Yrnepon 

MaCCOBblC MOJlbHblC 

Bonopon 
MaCCOBblC MOJlbllblC 

Kacnopoa 

MaCCOBblC MOJlbHblC 

Kopxa 
1 
2 

CpC)lHCe 
I 

53,5 ±O,I 
51,3 ± 0,2 

52,4 

34,4 
33,2 

33,8 

6,04±0,01 
6,00±0,01 

6,02 

46,3 

46,3 

46,3 

40,0 
42 ,2 

41,1 

19,3 
20,5 

19,9 

JIy6 
.1 

2 

46,4±0,1 

47,O±O,1 

30,8 

31,4 

5,79±0 ,05 

5.68±O,13 

45,8 

45,2 

47,0 

46,7 

23,4 

23,4 

CpC)lHeC 46,7 31,1 5,74 45,5 46,9 23 ,4 

1 45,1 ±0,1 30,2 5,64±0,07 45,0 49,1 24,7 

}lpcBccHHa 2 45,9 ±0,2 30,4 5,78±0 ,05 45,6 48,2 24,0 

cp c)lHce 45,5 30,3 5,71 45,3 48,7 24,4 
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Tafinuua 3. I'pynnosoti XHMlflIeCKHH COCTaB OT,lJ.en bHbIX lJaCTeH CTBOJIaOCHHbl, % 
, -

Ilpeaecaaa JIy6 

Kovnoaearu 
1 I 2 I cpe./l-

I IIICC 

Kopxa 

I cpen-IcpeJl­2 
liceIICC 

I I 2 

Bemecrsa, HJBnCKaCMblC 

- n CTpon cHllblM O,56±O,02 0,51±0,01 0,53 5,35±0,01 4,59±O,06 4,97 3,91±O,07 3,92±O,07 3,91 
J<l>HpOM 

-:n allon OM 2,94±O,06 3,21±0,03 3,07 30,8±0,3 28,7±0,5 29,8 24,5±0,5 18,0±0,2 21,3 
- rOpll'lCH 1,73±0,02 2,03±0,02 1,88 5,35±0,01 6,6±0.4 5,97 4,7±0,1 5,59±0,02 5,1 

BO,llOH 

- I % N aO H 15,5±0,0,3 14,4±0,0,4 15,0 31,2±0,1 23,9±0,6 27,6 26,1±0,3 24,5±0,1 25,3 
Llenmonosa 51,9±0,2 52,0±0,1 52,0 15,7±0,l 16,9±0,3 16,3 13.5±0,4 15,6±0,3 14,6 
JIH rIlHII, 18,9±0,1 18,7±0,2 18,8 7,73±0,3 10,6±0, I 9,1 20,8±0,2 24,1±0,8 22,5 
BI<JIIO'IalI: 

- nHr llHII 14,4±0,1 13,6±0,2 14,0 6,3±0,3 8,9±0,02 7,6 19,6±O,2 22,3±0,8 21,0 
Knaccona 

- I<HCnOTOpac­ 4,5±0.1 5,1±0,1 4,8 1,43±0,04 1,66±O,04 1,55 1,19±0,01 1,78±0 ,02 1,49 
TBOPHMblH 

KaK H3BeCTHO, cYlUeCTBCHHhIM OTJIlflIHeM · xopu OT ,lJ.peBeCHHbI lIBJUleTCJI sucoxoe conepscanne B HeH Be­

meers, H3BJIeKaeMbIX paCTBOpHTCJIJlMH, - 3KCTp aKTHBHhIX seutecrs [I, 2]. PeJYJIbTaTbl aaurero HCCJIe,lJ.OBaHHJI noxa­

sana (rafin, 3), 'ITO B ofipaanax OCHHbl MaCCOBall ,lJ.OM 3KCTpaKTHBHhIX aeuiecra BO suyrpenaea 'laCTH xopsi, OCO­

6eHHO seutecra, H3BJIeKaeMbIX 3TaHOnOM, CYlUeCTBCHHO npessnuaer UX conepxaaae B Hap)')KHOH 'laCTH KOPbI. Ta­

xoe paJJIH'IHe 06'hllCHJleTClI HanH'lHeM BO <pJIOOMe )l(HBbIX KneTOK , B KOTOpbIX nporexarorHe06xo,lJ.HMhle .Jl,JUI )l(H3He­

JlellTeJIbHOCTH paCTeHHJI 6HOXHMlflICCKHe rrpoueccsr. B peaynsrare 3THX npoueccos 06PaJytOTCJI MeTa60JIHThl C OT­

HOCHTeJIbHO He60JIhillOH MOJICKYMpHOH MaCCOH [17), pacraopaaue B BOJle H B OpraHH'leCKHX paCTBOpHTeMx. 

Ba)l(HeHlIIHe opraaasecxae COeJlHHeHHJI, ofiecner aaatourne <pyHKUHoHHpoBaHHe )I{lfBhlX KJIeTOK , HMelOT 

B CBoeM COCTaBe aTOMbl aJOTa H <poc<popa. K aK BHJIHO H3 nannux, npHBeJleHHbIX B rafirraue 4, HaH60Jlee ssrcokoe 

conepxaane 3TUX 6HoreHHblx :m eM eHTOB x apasrepno JlJIlI <pJl03MbI. Conepxanae aJOTa B pHTH,!J.OMe HeCKOJlbKO 

HIDKe, 'leM BO <pJI03Me, O,!J.HaKO cymeCTBeHHO a snne, '1eM B KCHJleMe. O'IeBHJlHO, nocne oTMHpaHHJI KJIeTOK no­

KPOBHhIX TKaHeH H KJIeTOK $JI03MbI B HUX OCTaeTCH 'laCTb He peyranaaaposanasrx asorconepacannrx coenaaeaak. 

To )l(e canoe MO)l(HO OTMeTHTb H JlJIlI <poc<p0pco,lJ.ep)l(aIllHX COe,lJ.HHCHHH, MOJlbHaJI ,lJ.OM KOTOpblX sxopxe 3Ha'lH­

TeJlbHO HH)l(e, 'leM B ny6e. 

CJleJlYeT nomepxayn., 'ITO, HeCM OTpJl na nossuueaaoe, no cpasseamo C KCHJleMOH, conepzcanae 330Ta ~ 

<poc<popa B xope, nOM )TID( 3JIeMeHTOB B CYMMapHOM conepzcamm 3JleMeHTOB-opraHoreHOB HeBhlCOKa H npu­

MepHO aa TpH nopsnxa HH)l(e, qeM conepxauae yrnepona H KHCJlOpOJla. 3TO rOBopHT 0 TOM , 'ITO OTHOCHTeJIhHaJi 

JlOM aJOT- H <poc<p0pCO,lJ.ep)l(aIllHX CoeJlHHeHHH B xope no cpaBHeHHIO C KHCJIOpOJlCOnep)l(aIllHMH opraHlflICCKHMH 

COeJlHHeHHJlMH HeBeJlHKa. 

nOCKOJIbKY a30T H <pOc<pop BXO.!lJlT B COCTaB coenaaeaati pa3Ho06pa3HOH npaponsr, HaM H 6hIJIO H3YtIeHO 

pacnpeneneane conepxanua 3THX 3JIeMeHTOB B PaJJlH'lHhIX rpynnax 3KCTpaKTHBHhIX semecrs KOPbI. Pe3YJIhTaTbl 

aHaJIH3a ofipaaua 2 npencrasneau B Ta6JIHue 5. Ha OCHOBaHHH nOJIY'leHHblX JlaHHhIX MO)l(HO CJleJIaTh as rson 

o cymecrsenaux OTJIlflIHJlX B paCTBOpHMOCTH aJOT- H <poc<popconep)l(all.lHX COeJlHHeHHH, HaXO.!lJlII1HXCH B p a3HbIX 

'laCTJlX KOPbI. 

Ta6JIHua 4. Conepscanae a30Ta H <poc<popa B OTJleJIhHhIX '1aCTJIX crsona OCHHhl 

Ta6mllI 

M 

H cx o,llH1 

n CTpOJlI 

3 TallOJlI 

BOIlOH 

1% paC' 

HCXOllf 

Il er por 
3TallOJ 

BOIlOH 

I'llopal 

MH BO 

Onaa 

pHTCJ 

Tbi n: 
MH K 

nOCK 

KJllO 

lJaCTb crsona Otipaseu 
AJOT <1>oc <l>op 

Mr/r MKMOJIb!r Mrlr MKMOJIb/ r 

KopKa 

1 
2 

cpe,llHee 

4,0 
4,9 

4.45 

286 
350 
318 

0,151 
0,151 
0,151 

4.9 
4,9 
4,9 

JIy6 

I 

2 

CPC.lIIICC 

6,9 
5,3 
6,0 

.' 
493 
379 
436 

0,69 
0,62 
0,65 

22,3 
20,0 
21,7 

.L{pcBeCI1sa 

I 
2 

cpC,llHee 

1,58 

1,5 
1,57 

113 
III 
112 

0,088 
0,060 
0,074 

2,8 
1,9 
2,5 
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Tafinaua 5. Pacnpeneneuae a30Ta H <pocqlOpa no CTa)lIDIM 3KcTpaKUIUl 

Marepaan nOCJJe Bs ixon N B OCTaTKe P B OCTaTKe 

3KCTparHpoBaHHlI OCTaTKa, % Mr/r % OT N HCX. CblPbJI Mr /r % OT P HCX. Cblpbll 

11y6 
Hcxonaoe cupse 
Ilerponeilnsoa 3!pHPOM 

3TaHOJJOM 

Bonoii 

1% paCTBOpOM NaOH 

100 
95,1 
66,4 
59,8 
35,5 

5,3 
4,3 
5,6 
5,5 
4,0 

100 
78,6 
71,5 
63,2 
27,3 

0,62 
0,55 
0,63 
0,19 
0,17 

100 
83,6 
67,1 
18,2 
9,7 

Kopka 
Hcxozmoe csrpse 
Il er poneansra 3!pHPOM 

3Ta ll OJlOM 

BO llOH 

1% p acrs o pou NaOH 

100 
96,0 
78,0 
72,4 
47,9 

4,9 
4,4 
4,3 
4,4 
2,8 

100 
86,2 
69,2 
65,7 
27,4 

0,15 
0,14 
0,13 
0,12 
0,066 

100 
89,6 
68,2 
56,1 
20,9 

Ilpasenenasre naaasre nOKa3~IBaIOT, 'ITO npa nOCJIe)lOBaTeJIhHOH 06pa60TKe JIy6a H KOpKH paCTBOpIlTeJUI­

MH B03paCTalOmeH nonspaocra npOHCXO)lHT nocreneaaoe H3BJIe'leHHe a30T- H <pOC<popCO)lep)J(amHX COe)lHHeHHit 

O)lHaKO )la)J(e nocne o6pa6oTKH BO)lHhIM paCTBopOM meJIO'lH B np03KCTpampOBaHHOM MaTepHane OCTaeTCJI sa­

MeTHaJl )lOJIJI BemeCTB, B CTpYKTYPY KOTOphlX BXO)lJlT aTOMhI a30Ta H <poc<popa. 

Bonee HarJIJUlHO nomo a30T- H rpoctpopconepssaunrx COe)lIlHeHIIH, akcrparupyesu,tx pa3JIH'lHhIMII paCTBO­

p"TeJIJlMH, OTpa)J(aIOT naarpaseau, npasenenaue na pncymce 2. 

BH)lHO, 'ITO npnaepao nsras 'laCTh scero HaXOAAmerOCJI B xope a30Ta II <poc<popa axmouena B KOMnOHeH­

TbI JIy6a, asarrexaesrsre neTpOJIeHHhlM 3<plIpOM, T.e. BXO)lIlT B COCTaB <pOC<p0JIIInH)lOB, xoropsre HapMY C )J(HpHhl­

MH KHCJIOTaMII 1I cnaprasea conepzcar OCTaTKH <pOC<pOpHOH KHCJIOThI H asoracrsre OCHOBaHIDI [17, 18]. Onnaxo, 

nOCKOJIhKY MOJIhHaJl .uOJIJI a30Ta B JIy6e 60JIee 'leM na nopsnox npeasnnaer MOJIhHYlO nomo <poc<popa , MO)J(HO sa­

KJIlO'IIITh, 'ITOneTpOJIeHHLIM 3<plIpOM I13BJIeKaIOTCJI 1Inpyrae asorconepzcainne opraamecxne seuiecraa. 

A30TCO,!lep~oe aemecraa KOpKO A30TCO,!lep~mue BemeCTB8 :IY08 

TI3 nsOCT 
14% 22%27% 

EtOH 
17% 7% 

NaOH NaOH
 
36%
38% 

4>oc4»0pCO,ilepjKalQ,ue BeIQeCTB3 
Jly6a 

~oc41opCO,!lelDl\a~HeBe~eCTBa 

KOpKH 
Ocr
 

OCT I13
 NaOH 10% ill 
21% 10%, 16% 9%EtOH 

EtOH21% 
16% 

NaOH
 
36%
 

PIIC. 2. Maccosaa )lOJIJI a30Ta 1I <poc<popa B Pa3JII1"IHLIX rpynnax 3KCTpaKTIIBHbIX BemeCTB, % OT ofiuiero 

conepxaaas 3JIeMeHTa (n3 - aeiuecrsa, pacraopieasre B neTpOJIeHHOM 3<pHpe; EtOH - aeurecrsa, pacrsopaasre 

B 3TaHOJIe; H20 - seutecraa, pacraopmsue B sone; NaOH - aeuiecrsa, pacraopmasre B 1% pacrsope NaOH; 

OCT - BemeCTBa B HepaCTBOpllMOM oCTaTKe) 
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Ofipatnaer Ha ce6'1 BllHMaHHe TO, 'ITO MaJlOnOJUlpHhie JIHnOlPIDlhHhle semecraa, KaK ny6a, TaK H KOpKH 

npencrasneau cpena 3KCTpaKTHBHhIX BemeCTB B HamfeHhWeM KOJIWleCTBe (CM. Ta6JI. 3). Jlosroxy nocrarovao 
BhICOKaR .u,OJI'I H3BJIeKaeMhiX nerponeaasnr 3lPHpOM aaorconepscaumx BemeCTB CBH.u,eTeJIhCTByeT 06 HX Ba)l(HOH 

pOJIH B lPYHKllliOHHpOBaHHH JKHBhIX KJIeTOK. Kopxa HMeeT HeCKOJIhKO MeHhwee conepsaaae JIHnH,UOB, "IeM .rry6 

(CM. Ta6JI. 3), B TOM 'IHCJIe H a30Tco.u,epJKaIIUIX coezmueuaa, O.u,HaKO CBOHCTBa 3TOM rpyrmsi BellI,eCTB, conepzca­

IIUIXC'I B pHTH,UOMe, HMeJOT onpeneneanue oc06eHHOCTH. TIpHMepHO nOJIOBHHa JIHfiH,UOB KOpKH ocaacaaerca H3 

pacraopa nerpOJIeHHOrO 3lPHpa nOCJIe OXJ1aJK,D,eHHR. Jlanodmnsasre aeuiecraa, npO'lBAAJOllI,He TaKHe CBOHCTBa, 

OTHOC'IT K BOCKaM [18], xoropsre, HaXO,D,'lCh na nOBepxHoCTH KJIeTOK noxposuoro CJIO'l, ytlaCTBYJOT B perynap oea­

HHH BJIaro06MeHa npesecaoro paCTeHHR. 

KaK B xopxe, TaK H B JIy6e conepsorrca 60JIhWOe KOJIWleCTBO BemeCTB, IDBJIeKaeMhIX 3TaHOJIOM. OCHOB­

HhlMH KOMnOHeHTaMH )Toti lPpaKUHH, KaK 6hIDO nOKa3aHO B pafior e [9], lIBJUlJOTClI lPeHOJIhHhle coennaeuas. '-ITo 

xacaercs asorconepxaumx BellI,eCTB, TO MaCCOBall .u,OJUI 3TRX KOMnOHeHTOB, conepxamasca B xopxe, 3aMeTHO 

asnne, "IeM B ny6e, 'ITO MOJKHO 06"b'lCHHTh npncyrcraaeu B HapYiKHOH qaCTH KOphi pacrsopreasrx B cnapr e 6en­

KOB (nponaaaaos) [19] H npoztyicros pacnana npOTeHHOB - OJIHrOnemlf,D,OB. B COCTaB y.u,aJI'1eMhIX H3 KOpKH H 

ny6a BellI,eCTB BXO.u,HT 3Ha"lHrenhHaR .u,OAA <}loClPopco.u,epJKamRX coe.u,HHeHHH (21 H 17% COOTBeTCTBeHHo) , sepo­

.liTHO, npencraanaiouiax c060ti nonapasie lPoclPOJIHnlf,D,bl [20]. 

TIo CpaBHeHlfJO C KOMnOHeHTaMH, Bbl.u,eJI.lIeMhlMH 3TaHOJIOM, BonoH H3 xopu H3BJIeKaeTClI CpaBHlfTeJIbHO 

He60JIbWall sacrs coeaaaenan, xoropsie MO)I(HO OTHeCTH K HH3KOMOJIeKYJIlIpHbiM yrnesonaa [17]. H,WUI xopxa, 

H .D.JI'I ny6a xapaxrepao HH3Koe conepacanae Bo.u,opaCTBOpHMbIX asorcoaepxamax coenaaeaati, npe.u,CTaBJI.lIJO­

IIUIX CoGOR, no-Blf,D,HMOMY, aMHHOKHCJIOThI; npa 3TOM nons HX BJIy6e ssune no cpasaeaaro C KOpKOH npmtepHO 

B 2 pasa, 

Haationsma» 1JaCTb coenaaeaaii, conepscarnaxcs B xope, B TOM qHCJIe H coennneaaa a30Ta, cocpenor oae­

na B KOMnOHeHTaX, IDBJIeKaeMbIX BO,D,Ho-lIleJIO'IHhIM paCTBopOM. TIo-Blf,D,HMOMY, aaorconepacamae coenan eaas, 

pacraopaxue B llI,eJI01JHOH cpene, MO)I(HO OTHeCTH K nonanenranau BXOl1.llUlRM B COCTaB KJIeTO'lHhIX. CTeHOK KO­

phi, TaKaasuaaeaue CTpYKTYPHhle 6eJIKlf [17, 21]. 3Ha'IHTeJIbHall 1JaCTI, aaorconepxamax coe.u,HHeHHH He U3Bne­

KaeTC.lI H3 xopsr npa 06pa60TKe paCTBOpHTen.llMU H lIleJI01JHbIM paCTBopOM. BepORTHee scero, 3TH KOMnOHeHThl 

npellCTaBJUIlOT C060H raioxe crpyxrypnsre 6eJIKH, onaaxo B OTJIWlHe OT paCTBOpHMblX B llleJI01JHOM pacrsope no­

nanerrranoa 3TH coenaaeaax CB1I3aHhl nonepexauau CB1I311MH C llPyrHMH KOMnOHeHTaMH KJIeTOK, <}lOpMHpyll C 

HHMH CeT1JaTYJO crpyxrypy KJIeT01JHbIX 060nO"leK [21]. 
TaKHM 06pa30M, paccaorpeaasre sxcnepaaearansnue naanu e n03BOJIlllOT cnenars BhIBOll, 'ITO nO"lTH nse 

TpeTH OT CYMMapHoro KOJIH"IeCTBa asorconepxaurax coenanenaa BO BHellIHeH M BHYTpeHHeH 1JaCT'IX KOphI BXO­

,D,'IT B COCTaB CTpYKTYPHhIX 6eJIKOB. 

B OTJIlf'IHe OT 330Ta 60nbwall .u,on.ll <}lOClPopa lPJI03Mhi (OKOJIO 50%) BXOllHT B COCTaB coennaeaa a, pac­

TBOpHMhIX B none. Iloasnneaaoe conepscaaae aonopacrsopasuax lPOpM lPoclPopa B .rry6e 06"bllCHReTClI npHcyT­

CTBHeM B ornensasrx KJIeT01JHblX 3JIeMeHTax 3Ha'IHTeJIhHOrO KOJIH1JeCTBa CIDlhHO nOJIlIpHblX lPoC<}lopcOllepJKal.I.llfX 

coenaaenua, sepoaraee scero, HyKJIeoTlf,D,OB H RX npousaonasix, 06eCne1JHBalOlURX lPYHKllliOHHpoBaHHe )l(HBhIX 

TKaHeH [22]. 

B KOpKe .u,OJUI BOllopaCTBOpHMhIX coenaaeaaa lPoclPopa cyweCTBeHHO HHJKe H COCTaBJllIeT TOJlhKO 12%. 
HaH60JlbWaR 1JaCTh coenaneaaa <}loclPopa (36%) H3BneKaeTClI H3 KOpKH npa 06pa60TKe pacraopox meJlO1JH. B 

Jly6e JKe MaCCOBa'l llOAA 3THX coenaaenaa He nocrnraer H 10%. Onaaxo, nOCKOJIhKY 06mee conepxcaaae <poc­

<popco.u,epJKaIIlHX coenaaeaaa B .rry6e60nee 1JeM B serape pasa npeasnnaerHX conepxaaae B xopxe, KOJlHIJeCTBO 

Ha3BaHHhiX KOMnOHeHTOB B Hap)')I(HOH H BHYTpeHHeH 1JaCTlIX xopsr CpaBHHMO. MOJKHO npennonoaorrs, 1JTO TaKHe 

KOMnOHeHTbI npellCTaBJl'IJOT C060H crpyxrypnue 6eJIKH, conepxaume OCTaTKH lPOClPOPHhlX KlfCJlOT, sa cxer KO­

TOpblX OHH H mteJOTBhICOKoe CpO.u,CTBO K lIleJI01JHOMY pacrsopy. 

B Hap)')l(HOH 1JaCTH xopu conepaorrcx TaKJKe 3Ha1JHTeJlbHali ,ll0JUI (21%) aepactaopusrsrx <poc<}lop collep­

JKaIUHX coenaaeaaa; HX MaCCOBa.ll nons B PHTH,llOMe 60JlbWe, 1JeM BO lPJI03Me, B 2 pasa. MO)l(HO npennon osorr s, 

1JTO Hap)')I(Hall xacrs xopsr HMeeT BhICOKoe conepxaaae COJIeH lPOClPOPHOH KHCJIOThI H ee npOH3BO.u,HhIX, HMelO­

IUUX HH3KYIO paCTBOpHMOCTh B BO.u,HhIX cpenax [23] . 

TIOMHMO paCCMOTpeHHhlX 6HoreHHhIX 3JIeMeHTOB, .D.JI1I 06eCne1JeHHlI lPH3HOJlOrWleCKHx npoueccos pacre­

HH.lIM He06xo.u,HMbl MHHepaJlhHhIe semecraa, xoropsie nocrynaior B pacrenne H3 nOqBhl sa C1JeT socxozrautero 

TOKa soztaoro pacrsopa OCYllI,eCTBJllIeMoro npOBO,D,'lllI,HMH TKaHllMM KaK KCIDleMbl , TaK H lPJI03Mhi [24, 25]. Mane­

pansasre rnrrarensnue BeIUeCTBa ,llJIlI paCTeHHM HMeJOT 01JeHb 60JlbiliOe 3Ha1JeHHe. OHH MOryr arpars pOJIb 
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crpYKTYPHbIX KOMnOHeHTOB pacrarensnsrx TKaHeH, KaTaJIH3aTOpOB paanasnsrx peaKUHH, perYJllITOpOB OCMOTH'le­

cxoro AaBneHIUl H npouauaeaocra MeM6paH, a raicse KOMnOHeHTOB 6YcPePHbIX CHCTeM [26]. 

Ba)l(HYJO pons B cPYHKUHOHHpoBamiH pacrenas HrpaIOT TaKHe MaKp03neMeHTbI, KaK KaJlHH, KaJlhUHH H 

MarHHH. 110HhI xanas H xansun» umpoxo yqacTBYJOT B MexaHH3Max cPH3HonorWlecKoro KOHTpOJUI H B nyCKOBhlX 

MexaHH3Max, a raioxe COBMeCTHO C HOHaMH MarHlUl He06xoAHMhI zina nonnepzcaaaa crpYKTYPhI KneT04HbIX CTe­

HOK [27]. Ilpnseneansre B rafinaue 6 AaHHbIe nOKa3bIBaIOT, 'ITO see aaasanaue 3neMeHTbI npHCYTCTBYJOT B xope 

B 3Ha4HTenbHbIX xonaxecrsax. Cnenyer OTMeTHTh noaonsao CHnbHhIe OTnH41Ul B KonWleCTBeHHOM COAep)l(aHHH 

KaK MaKpO-, TaK H MHKpo:meMeHTOB B nsyx B3'ITbIX An.!l accnenoaaaas 06pa3uax. 3TO, 04eBH.nHO, sanserca cnen­

CTBHeM pa3nWlHH B ycnosnax npOH3paCTaHIUl3THX nepessea H XHMWleCKOM COCTaBe n04BeHHbIx pacrsopoa [27]. 

Hanfionee ssicoxoe conepxaaae B xope xapaxrepno AM KaJlbUIUl; MOnbHa.!l .nOJUI ero B ny6e 60nee 4eM B ztaa pasa 

npessnuaer KonWleCTBO xanaa H B meers pas npeasnnaer KonWleCTBO MarHH.!I. no cpaBHeHHIO )I(e C npesecauoti 

conepxanae KaJlbUIUl B xopxe H ny6e B cpenaev B 14 H 7 paa COOTBeTCTBeHHO fionsure, 4eM B KCHneMe. 

113BeCTHo, 'ITO coeznraeuaa KaJlhUIUl cm6HJlH3HPYIOT MeM6paHbI, CHH)I(aIOT HX npouauaeaocrs [29]. Kpo­

Me aroro, KaJlbUHH BXO,nHT B COCTaB neKTHHOBhIX semecra, a TaK)l(e pacxonyercs aa HeHTplUlH3auHIO maseneaoa 

KHcnOTbI [25], 'ITO 061>lICHlieT fiorrsuree conepacaane aroro KOMnneKca B xope, a HMeHHO B ny6e, no cpaBHeHHIO 

Cnpesecnnoa [5, 26]. B paCTBOpHMOH cPopMe KaJlbUHH HaXOAHTC.!I npeaxyurecrseaao B MonOAbIX 4aCTliX pacre­

HIUl, a aepacrsopaaue Kap60HaTbI, cPoccPaTbl H oxcanaru OTKna,nbIBaIOTC.!I B crapstx 'laCT'IX KOPbI B BH,lI.e HHKpy­

cTaUHH [30, 31]. 

COAep)l(aHJIe HOHOB KaJllUl xoppenapyer C COAep)l(aHHeM a30Ta: fiorarsie 6enKaMJI opranu paCTeHIUl co­

nepscar 06bI'lHO MHoro xanaa [32]. B COOTBeTCTBHH C 3THM KonWleCTBO aroro anesreura nsuue B ny6e, 'IeM B 

xopxe, n04TJI B 3 pa3a H 60nhIlle, 'leM B npesecaue, B 7 pas. OAHaKo B OTnJI4He OT KOPbI OTHOCHTenbHoe conep­

)I(aHHe HOHOB xanna B npesecnue asnue, 'leM npyrax MaKp03neMeHTOB. Ilonnepxcreaa BOAHhlH 6aJlaHC B xnerxe, 

KaJlHH cnocoficrayer npH06peTeHHIO 6enKaMH onpenenenuon KOHcPopMaUHH, finarorrpnsrnon AM MeTa60J1H4e­

CKHX peaKUHH. Kpoue Toro, 6YAyqH rocnoAcTBYJOmHM KarnOHOM BO cPn03MHOM COKe H ofiecnesaaas TeM caMblM 

Tpe6yeMoe OCMOTWleCKoe nasneaae B nposonsuiea CHCTeMe, KaJlHH ysacrnyer B aKTHBHOM rpascnopre aCCHMH­

JUlTOB K opraaasr aanacauas. Xopouree cHa6)1(eHHe KaJlHeM CHH)I(aeT HHTeHCHBHOCTh .nhIXaH"" paCTeHHH H nosu­

uiaer conepacanae yrnesonoa [30]. 

Pacnpenenenae MarHH.!I no 4aCT.!IM crsona nonofino pacnpeneneamo KaJlhUIUl H xanas, 'ITO CB.!I3aHO C He­

KOTOphlMH 06mHMH C KaJlhUHeM H KaJlHeM cPH3HonorWleCKHMJI cPYHKll""MJI aroro MaKp03neMeHTa [26]. no ana­

noran C KaJlHeM MarH"H .!IBJUleTCli KOcPaKTOpOM MHOrO'IJICneHHbIX cPepMeHToB. C4JITaeTC.!I TaK)l(e, 'ITO MarHHH 

cTa6HnH3HpyeT CTpYKTypbI pH60cOM [32]. 

He MeHee Ba)l(HYJO pons B )I(H3HH paCTeHIUl HrpaIOT H npyrne 3neMeHTbI, KonH4eCTBO KOTOphIX cyme­

CTBeHHO HJI)I(e, 4eM KonH4eCTBO paccuorpemrstx 3neMeHTOB. n03TOMY HX OTHOC.!IT K He06xo,nHMbIM MHKp03ne­

MeHTaM [33]. Conepacanne Ba)l(HeHIllHX MHKp03neMeHToB B xope H npesecaae npaaeneao B rafinaue 7. 

B HaH60nbIllHX KOJlWleCTBax B ornensasrx 'laCT'IX crsona npHcYTcTBYJOT TaKHe MHKp03neMeHTbI, KaK HO­

Hbl )I(ene3a, MapraHua H UHHKa. Ilpa 3TOM conepxanae 3THX 3neMeHTOB, sa HCKJ1I04eHHeM UHHKa, B Hap}')KHOH H 

BO BHyTpeHHeH 4aCT.!IX KOPhI CpaBHHMo. 04eBH,lI.HO, 'ITO nocne OTMHpaHIUl )l(HBhIX KneTOK cPn03Mhi HaXOA.!lIUHeC.!I 

TaM MHKp03neMeHTbl cPJIKCHPYJOTC.!I crpyxrypxsraa KOMnOHeHTaMH KneTOK aa C4eT xeaocopounosnsrx npouec­

COB [24]. 

Ta6nHUa 6. Conepxcauae MaKp03neMeHTOB B OTAenbHbIX 'laCT'IX crsona OCHHhl 

4aCTh (,:TBO- KanH" I KanbUH" I ManIIi" 
Jla 

N206pa3ua 
Mr/r MKMOJlb/r Mr/r MKMOJlh/r Mr/r MKMOJlb/r 

Kopka 
1 
2 

Cpe,1lHee 

2,4 
1,7 

2,05 

61,4 
43,4 
52,4 

4,50 
7,10 
5,80 

112 
177 
140 

0,37 
0,40 
0,39 

15,2 
16,5 
15,9 

Jly6 
1 
2 

Cpe,1lHee 

4,6 
5,6 
5,1 

118 
143 
131 

12,0 
11,5 
11,7 

299 
282 
291 

1,20 
1,10 
1,15 

49,4 
45,3 
47,4 

)lpeBecHHa 

1 
2 

Cpe,1lHee 

0;91 
0,67 
0,79 

23,3 
17,1 
20,2 

0,63 
0,80 
0,79 

15,7 
20,0 
17,9 

0,16 
0,11 
0,14 

6,6 
4,5 
5,6 
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Ta6mma 7. Conepscauae MMl<p03JIeMeHTOB B OT.ueJIbHbIX qaCTHX CTBOJIa OCHHM (nepen '1epTOM - Mr/l00 r , sa 

'1epTOM - MKMOJIbilOO r) 

3neMeHT Kopxa 11y6 )J,peBecHHa 

1 2 1 2 1 2 
B ... 1,8 /167 ... 2,7 /250 ... 2,1 /194 
Fe 10,0 /179 24,0 /430 18,0 /323 3,6/64,5 8,0 /143 3,4 /60,9 
Si ... 1,5 /53,5 ... 1,4 /49,8 ... 2,5 /89,3 

Mn 6,8 /123 16,0 /291 14,0/254 17,0 /309 1,7 /30,9 2,6 /47,2 
eu 0,62 /9,8 1,1 /17,3 0,90 /14,2 0,28 /4,4 0,14 /2,2 0,12 /1,9 
Na 8,7 /378 8,8 /382 12,0/522 2,3 /100 12,0 /522 6,7 /291 
Zn 7,7 /118 13,0/199 32,0/489 31,0/474 2,2/33,6 2,3/35,2 

POJIb *eJIe3a B npoueccax Mera60JIH3Ma osens BeJIHKaH orpazcaercs na xapaxrepe 06MeHa OCTaJIbHbIX sne­

MeHTOB. 3TOT MeTIlJlJ1 B paCTHTeJIbHOM KJIeTKe BbillOJIIDleT npescie scero KaTaJIHTH'leCIille cPYHlmHH. <1>epMeHTbI, 

conepaaume *eJIe30, Y'IaCTB)'IOT B P3.3JlH'lHbIX OIillCJlHTeJIbHO-BOCCTaHOBHTeJIbHbIX peaxuasx nuxauns, a30THOrO 

06MeHa (BocCTaHOBJIeHHe HHTpaToB H HHTpHTOB B aMMHaK H np.) [32, 33]. Bnnao, 'ITO KOJIH'leCTBO *eJIe3a lIBJUleTCli 

HaH60JIbIllHM B KOpKe H CHIDKaeTCli C np0tlBH)KeHHeM Brny6b CTBOJIa, npH'leM OTJIH'lIDl B ero MaCCOBOM none aese­

JIHKH; TaK, conepxaaue sroro MeTIlJlJ1a B KOpKe ssnne, '1eM B ny6e H B npesecuae, TOJIbKO B 1,5- 2 pasa. 

Mapraneu npHcYTcTBYeT B COCTaBe KOcPaKTOpOB Y pana cPepMeHToB, KaTaJIH3HpYJOUlHX pasmoursre saeasa 

MeTa60JIH'IeCKHX npoueccos, 3TOT 3JIeMeHT He06xotlHM nns CHHTe3a HYKJIeHHoBbIX xacnor, OH raioxe cnocofi­

CTBYeT 1f36HpaTeJIbHoMY nOrJIOUleHIDO HOHOB H3 OKpy*aIOUleM cpensi [32]. 

UmIK oxaauaaer KaTaJrnTH'leCKOe .ueMCTBHe ua OKHCJIHTeJIbHO-BOCCTaHOBHTeJIbHble npoueccu (KaK BOC­

CTaHOBHTeJIb), BJIlUleT aa aCCHMHIllIllIDO paCTeHHlIMH a30Ta H aKTHBH3Hpyer cPepMeHTbl yrrresonaoro H JIHnHtlHO­

ro 06MeHa [34]. 3JIeMeHT He 06pa3yeT crpYKTYPHbIX COetlHHeHHM B )KIfBOM KJIeTKe, a CB1I3aH C 3H3HMaMH, perynn­

PYJOIll,HMH KJIeTO'lHbIH 06MeH. O.uHaKO P1Ul. HCCJIetlOBaTeJIeM YKa3bIBalOT na CB1I3b UHHKa C KJIeTlfaTKOM, rexauen­
JlIOJI03aMH H neKTHHOBbIMH BelIleCTBaMH KJIeTO'lHbIX 06ono'ieK [35]. Bcnencrsae aroro fionee ssrcoxoe conepzca­

HHe nora 3JIeMeHTa BO cPJI03Me BnOJIHeO)KH.uaeMO. 

Pacnpeneneaae HaTpIDl no '1aCTlIM CTBOJIa asnaercs 60JIee paBHOMepHbIM, qeM y ssnueorracaaasrx ane­

MeHTOB, npH'leM ero conepxaaae HeCKOJIbKO ssnne B KCHIleMe. I13BeCTHo, 'ITO HaTpHM OTHOCHTCli K 3neMeHTaM, 

BbmOJIIDIIOlIlHM 3neKTpoxHMH'IecKYJO [32] H ocaoperynapyrouiyio cPYHKllHH [36]. 

Mens - COCTaBHali '1acTI> MHorHX OKHcnHTenbHO-BOCCTaHOBHTeJIbHbIX cPepMeHToB, B KOTOPblX OHa 06pa3Y­

eT npO'lHbIM KOMnneKC co cnellHcPH'leCKHMH 6eJIKaMH. Measconepxaurae cPepMeHTbI BJIHlIIOT aa a30THbIM 06MeH 

B pacTeHHHX, na yposens CHHTe3a cPeHOJIOB H KaTaJIH3Hp)'lOT OIillCJIeHHe nonHcPeHOJIOB. Kpone roro, ee npHcYT­

CTBHe neooxomoao ,lJ,JHI uaxonneaus OpraHH'leCKHX cPOPM cPoccPopa, OC06eHHo caxapotpocdiaroa H AT<I> [32]. 

COiJ,ep)KaHHe KpeMHIDl, KaK H xpova, B pHTH,UoMe H cPJI03Me npaaepno OiJ,HHaKOBO H MeHbllIe, 'IeM B npe­

BeCHHe B cpezmea B 2 pasa. Cnoc06HoCTb KpeMHIDl, nocrynaaurero B pacrenae, aKTHBHpOBaTl> nornomeaae cPoc­

cPopa H3 nO'IBbI H yiJ,06peHHM [32] 06'bliCIDleT ero noasnueauoe conepzcanue B npesecaae. 

DpHHllHnHaJIbHOe OTJIH'lHe fiopa OT 60JIbWHHCTBa MHKp03JIeMeHTOB COCTOHT B TOM, 'I TO OH nocrynaer B 

pacrenne B aHHOHHOH cPopMe H B nocnenyiouiax peaxuaxx BaJIeHTHOCTb He MeIDleT [26]. Ero ysacrue B pafiore 

cPepMeHTaTHBHblX CHCTeM CB1I3aHO co cnocofinocrsro K KOMnneKcoo6pa30BaHIDO C nOJUlmllpoKCHIlbHbJMH coenn­

HeHHlIMH. Bop npHHHMaeT ysaerne BO MHorHX cPH3HOJIOrH'IeCKHX H 6HOXHMH'leCKHX npoue ccax : B perynauaa 

pOCTa, MeTa6oJIH3Me cPeHOJIOB, yrJIeBOiJ,OB, HYKJIeHHOBbIX IillCJIOT, rpancnopre caxapoa, iJ,bIXaHHH, B npoueccax 

CHHTe3a H JIHrHHcPHKallHH KJIeTO'lHbIX CTeHOK [32, 33] . 

DOMHMO npnsenennstx B Ta6JIHue 7 3JIeMeHTOB, B ofipaauax KOPbI H iJ,peBeCHHbI B MaJlbIX KOJIH'leCTBaX 

(MeHee 1 Mr/lOO r) 06Hapy*eHbI npyrae Heo6xoiJ,HMble nns )KHBhIX oprauasaoa MHKp03JIeMeHTbI : Ko6aJIbT, saaa­

iJ,HM, MOnH6iJ,eH, XpOM. Bee 3TH MHKp03neMeHTbI, finaronaps nepeaeaaoa BaJIeHTHOCTH H BblCOKOMY oxncmrrem­

HOMY nOTeHllHaJIY, TaK *e, KaK )KeJIe30 H MeiJ,b, npsuo HIlH KOCBeHHO Y'IaCTB)'IOT B OKHCJIHTeJIbHO­

BOCCTaHOBHTeJIbHbIX peaxunsx [32]. 

<I>H3HOJIOrH'leCKali POJIbnpyrnx 3JIeMeHTOB (aJIiOMHHIDI, 6apHlI, CTpOHUHlI), 06Hapy*eHHblx B xope H ztpe­

BeCHHeB 3Ha'lHTeJIbHbIX KOJlH'leCTBaX(60JIee 5 Mr/lOO r), aanaercs MaJIOH3yqeHHoH [24]. 
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Bbl600bl 

1. OCHOBHhIMM KOMnOHeHTaMM KOPbI RBJIJUOTCR 3KcTPaKTHBHbie seuiecraa, conepzcaaae KOTOpbIX npesu­
maer 50%. B xopxe npe06JIa,lJ.aIOIUHMH KOMnOHeHTaMM RBIDIIOTCR seutecrsa, M3BJIeKaeMbie BO,lJ.HO-meJIOqHbIM 

paCTBOpOM (25%), a B ny6e - seutecrsa, pacrsopansre B BO,lJ.HQ-meJIOqHOM pacrsope (27%) H 3TaHOJIe (fiorree 

28%) . ,[LJuI Hap}?KHoH qaCTH xopsr xapaxrepno raiose ssrcoxoe conepzcaane JIltrHHHa (22,5%). 

2. Kopa, B OTJ1lfqHe OT LJ.peBeCHHbl, HMeeT rrossnneaaoe conepacaane a30T- H lflocqJOpco!l.ep)l(amHX coena­

HeHltH, 60JIblllaR xacrs KOTOpblX HaXOLJ.HTCJI BO IflJI03Me. OCHoBHaR qaCTb a30Ta BXO!l.HT B COCTaB CTPyKTypHblX 

6eJ1KOB, a 1fl0cIflopa - B COCTaB 1fl0clfloJIMnMLJ.oB II HYKJIeOTM!l.OB. 

3. Kopa HMeeT sucoxoe conepxauae Mah.1J03JIeMeHTOB (KaJIbUIDl, MarHHR, KaJIIDl) , cpenn KOTOpblX npeofi­

JIa,QaeT KaJIbUMH, a raioxe MHKp03JIeMeHTOB, KOTopble npMHMMalOT yaacrne B OKltCJIMTeJIbHO-BOCCTaHOBllTeJ1bHbIX 

peaKUIDIX, a HMeHHO )I(eJIe30, MapraHeu, UHHK Ii Me,lJ.b. 

CnUCOK llumepamypbl 

I .	 Zaks P.E. Chemystry of Bark II Wood and cellulose chemistry. Eds. by D.N.-S.Hon, N.Shiraisky. N .Y.; Basel. 1991. 
Pp. 253-330. 

2.	 Asapoa BJ1., Bypos A .B., 060JlCHCKIDI AB. XMMliJIl1PCBCCMllbl H CMHTCTH'lCCKHX nOJlMMCpOB. Cn6., 1999,628 c. 

3.	 Anexceeaa E.A H3)"ICHHC XHMHtJCCKoro COCTaBa JlHnH110B KOpbl OCHHLI H paapafiorxa TCXHOJlOrMM nonysenaa H3 

HMX 6HOaJ<THBHhlX BCWCCTB : l1HC. •. . xann, TCXH. Ha)'K. JI., 1970. 163 c. 

4.	 <J>aycTOBa H .M. XMMMtJCCKllH COCTaB xopsr H l1PCBCCHHbl OCHHbl Populus tremula L. : l1HC. . . . KaH1l. XHM. HaYK. 

Cn6., 2005 , 173 c. 

5.	 JIoTOBa JI.H. Maxpocrpyxrypa xopu OCHOBHblX Jlcco06 paJ)10 WHX JlHCTBCHHblX ,LICPCBbCB H KyCTapHHKoB BOCTO'l-

HOH Esponu. M., 1999. 114 c. 

6.	 Csranra JUI. OCHHa. Para, 1986. 238 c. 

7.	 Hexpacosa B.I>. JICtJc6Ho-npo<!mJlaKTH'lCCKMC cpeacrsa H3 6HOMaCCbll1CpCBa Cn6., 2006. 192 c. 

8.	 <J>ayCToBa H.M., <J>ayCToBa M.E., )lcHHCKO J.1.n. AHTH6aJ<TcpmUlbHIDI aJ<THBHOCTb 3KCTpaKTHBHbIX BCIUCCTB KOpbl 

OCHHbl B OTHOWCHHM HCKOTOpblX IIHCBMOrpOIlHblX MHKpoopraHH3MoB / I )I(YPllaJI MHKpo6HOJlOrHM, 3nH1lCMHOJIOrHM 

M HMM)'H06MOJlOrMM. 2006. N23, C. 3-7. 
9.	 TaJIblKOBa M.H. <J>apMaKOTCXHOJlOmtJccKoc HCCJlC110BallMC xopu OCMHbl : asroperp.. ,. KaHl1. <jJapM. HaYK. Bapnayn, 

1996.25 c. 
10.	 Typeuxosa B.<J>., Jlofianosa 11.10., Paccsmaosa C.c., TaJIblKOBa M.H. OCMHa 06blKHOBCIIHIDI KaK IICpCnCKTMBHblH 

MCTOtJHMK nonyxenaa npenaparoa "POTMBOJl3BCHHOro M "POTMBOBOC"aJIHTeJlbHOrO l1CHCTBIiJI II IiIOJlJleTeHb cH6Mp­

CKOH MC,LIMUMHbl. 2011. N25 . C. 105-111. 
II .	 Buneneane M aHaJIM3 npapomn.rx 6HOJlOrMtJeCKll aJ<TMBHhlX BeweCTB I pen, E.E. CMpoTKMHa TOMCK. 1987. 185 c. 

12.	 OJIewKoB I>.n. npaKTMK)'M 110 6HOXMMMM paCTeHMH. M ., 1976.256 c . 

13.	 Chalmers R. A A Method for the Determination of Phosphorus in organic compounds II Anal. Chim. Acta. 1958. 
Vol. 18, N4-6. Pp. 575-577. 

14.	 )I(MrYHOB AB., Tepeureaxosa H .A, OrHeBCKHH )l.B. Ilpoaeaenae 6MoxMMHtJecKoro anannsa paCTMTCJlbHhIX 06pa3­

UOB. JI., 1979.43 c. 

IS.	 060JleHCKIDI AB., EJlbHHUKall 3.n., JIeoIlOBM'l AA Jlafoparopaue pafiorsi 110 XMMHM l1peBCCMHbl H nenmonosu . 
M., 1991. 320 c. 

16.	 Pacxaros Il.B. AHaTOMIiJI npesecaux paCTeHMH. Bopoaex, 1988. 80 c. 

17.	 fYl1BMH T., Mepcep 3 . BBel1cHHc B 6HOXMMIolIO paCTeHMH : nep, C anrn. : B 2 T. M., 1986. 
18.	 Croncxaa B.C., KJIlOtJKHH B.B., AHl1PCCB H.B. XMMl1l1 /KMpOB M npol1YKTOB nepepaforxa /KHpOBOro cstpss . M ., 

1992.286 c. 
19.	 KpaCMJlbHHKOBa JI.A, ABKCCHTbCBa O .A, )l(r.IYPKO B.B., CanOBHMtJCHKO IO.A IiHOXHMHlI pacTCHHH . POCTOB HI)l, 

2004 .224 c. 
20 .	 XllMMlI 6MOJlOrH'lCCKll aKTMBHblX npapozurux COCl1HHCHHH I 11011 PCl!. H .A Ilpeoopaxencxoro H p.n. EBCTHrHCCBOH. 

M., 1976. 456 c. 
21 .	 Illaposa E.H. KJIeTotJHIDI CTCIIKa paCTcIIHH. Cn6.• 2004. 156 c. 

22.	 Crenaneuxo 1i.H. XHr-lliJl H 6HOXHMHlI yrJlCB0110B (MOllOcaxapH1lbl). M., 1977. 204 c. 

23.	 BaH BC3cp. <J>Oc<jJop H ero COCl1HIICIIHlI. M. , 1962.687 c. 

24.	 PYl1aKOBa 3.B., Kapaxac K.)l., CH110pWHHa T.H. H np. MMKp03J1CMCHTbl: 1I0cTynJlCHHC, rpancnopr H <jJH3HOJlOrH'lC­

CKJ1C <jJ)11KUHH B pacrenaax. KHCB, 1987. 184 c. 

25.	 KY3HCUOB B.B., )lr-UlTpHCBa fA <J>H3HOJlOrHlI paCTcHHH. M ., 2011. 783 C. 

26.	 Kpauep n. )l., K03J10BCKHH T.T. <J>H3HOJlOrliJlllpeBCCllbIX paCTcHHH. M ., 1983.462 c. 

27.	 XblO3 M . Heopranuxecxas XHMIiJI6HOJlOrMtJCCKHX npoueccos. M ., 1983.416 c. 

28.	 Kapnaxeacxaa II.O. JIec H JlCCHblC noxasi, M., 1981. 264 c. 

29.	 5epC3HHa H.A, A<jJaHacbcBa H.I>. 3KoJlorliJl paCTcHHH. M., 2001 . 400 c. 

30.	 JIHp X, DOJlbCTep X ., <J>H1lJlep LH. <J>113HOJlOrHJIl1pCBeCHblx paCTCIIHH. M., 1983. 423 c. 



60 n.n.,[(EHHEKO, H.M. <I>AYCTOBA 

31.	 KOCH'ICHKO H .E . HCTOPHJI aHaTOMHH .npCBCCHHhI H xopsr , BOpOHC)K, 2002. 76 c . 

32.	 I1JlhHH B.1i. 3ilCMCHTHhi H XlIMH'ICCKHH COCTaB paCTeHHH. HOBOCH6HpCK, 1985. 129 c. 

33.	 DHTIOUKHH H .n. Heofixonaasre MHKpOJJICMCHTbI paCTcHHH. CD6., 2005. 256 c. 

34.	 IJap.nHHCKaJI M .e. Pacrarensaue lCJleTO'IHhlC CTeHKH H HX 06paJOBaHHc. HCKOTOPhlC aonpocsi XHMHH , 6HOXHMHH H 

«pH3HOilOrHH O;:tpeBCCHCHHJI. M., 1964. 160 c . 

35.	 l1>H3HO-'lOrHJI paCTHTC ilhHhIX opraaasuoa H porn, MeTaJ1JlOB I pea, H.M. qcpHaBcKoH. M ., 1988. 157 c. 

36.	 MyCHCHKO H.H., Tepaaacxaa A.H. Kopuesoe IlHTaHHC pacrenati. KHcB, 1989. 203 c . 

Ilo cmynuno6 peOaKl.IUIO 9 ceumsbp« 2014 z. 

nOCRe nepepaiiomxu 2 rjJe6pa~il 2015 e. 



61 

HI 

te. 

f l . 

3JlEMEHTHblH 11 rrvnnosoe Xli.N'J1YECKI1H coer AB KOPbJ . .. 

Deineko ir.", Faustova NM. 2 ELEMENT AND GROUP CHEMICAL COMPOSITION OF ASPEN BARK AND 
WOOD 

/Sain t Petersburg State Technological University ofPlant Polymers, Ivana Chernykh st., 4, St. Petersburg, 198095 
~Russ ia). e-mail: ipdeineko@mail.ru 

Institute ofPharmacy ofSaint-Petersburg, Partizanskaya ul., 27, St. Petersburg. 195248 (Russia), 
e-mail: faustova-78@mail.ru 

The results of the study elemental and group chemical composition of individual parts of the aspen bark (phloem, rhiti­
dom) and wood are given . Bark, unlike wood, has a higher content of nutrients (N, P), micro- and macroelements, and also it is 
enriched with extractive substances, most of which (more than 45%) is extracted with ethanol and 1% NaOH. The number of 
substances extracted from wood by solvents (slightly more than 5%) is significantly lower than in the case of bark. However, in 
the alkaline solution wood passes a higher proportion of substances (about 15%). The outer part of the bark compared to the 
phloem has a higher carbon content, but a lower content of nitrogen and especially phosphorus. Nitrogen-containing com­
pounds in the bark are mainly represented by the structural components, and phosphorus-containing compounds - phospholipids 
and nucleotides, The concentration of macro elements in the phloem is about two times higher than in rhytidome and exceeds 50 
umol/g, In the largest amount the bark contains of magnesium, potassium and calcium, wherein the amount of the latter is more 
than hal f ofthe amount of inorganic elements. The main representatives of microelements (1- 5 umol /g) are zinc, iron , man­
ganese, concentration of the others (horon, copper, cobalt. molybdenum, etc .) is very small (less than 1 pmol /g). Cellulose 
content in the phloem and ritidome about the same or more than two times lower than in the wood. 

Lignin maximally accumulated in the outer part of the bark, where the concentration is over 20%. Wood is character­
ized by high content of acid-soluble lignin, the mass fraction exceeds 25% of the total content (18%) of the biopolymer. 

Keywords: aspen, bark, phloem, ritidom, wood, element composition, chemical composition, extractive substances, cel­
lulose, lignin. 
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