8. Hccnenosahus B o6aacTy OTOCHHTE3a

B sroii rnaBe MH BKpaTlle PacCMOTPHM HEKOTOpHe TIJaB-
Hble HANpPaBJEHHs] B M3YYCHHH UIMPOKOH M MHOrOrpaHHod
npobiaeMsl (poToCHHTE3A,

X.nopon.nacn,l, npoTonaacTel ¥ KJACTKH

Ceiiuac yxe AOBOJLHO JIEFKO BHIACJIHTH HHTAKTHBHIE XJOPO-
J1acThl, CNOCOOHBIE (PUKAHPOBATbL YIVIEKHCAOTY C BRICOKOH
CKOPOCTbIO (XJIOpOMJAcTH THHA A, HJIH IOJHBE XJIOpOIJa-
CThl), DT0 JaeT BO3MOXKHOCTb M3y4aTh QYHKIHIO XJI0pOolia-
CTOB B CBfI3M C POJIbIO IIMTOINIA3Mbl H JAPYrHX KOMIIOHEHTOB
kaerkd. IIporonsacrh, npencrasiasiomiye co6oi Mo gyTH je-
Ja KJeTKH, JHIleHHBe o6ojodeK (KjaeToyHble OGOJOYKH
YAAJSIIOT, BO3JEHCTBYS ClelHalbHBIMU (PepMeHTaMH), ¢ yc-
IeXOM HCIOJb3YIOTCSI B COBPEMEHHBIX HCCJAeAOBAHUAX Mpo-
I[ECCOB TiepeHoca Cy6CTpaToB U MeTaboJNTOB B KJIETKY H H3
KJeTKHM, B XJOPONJacT M M3 xJopomiacra, M3 jaucthen
MOXKHO BBIAEJATH H LeJHE KJIeTKH (BMecTe ¢ 060JOUKAMH)
H H3ydyaTb Ha HHX 0oJjiee CJOXKHbIE B3aUMOJEACTBHS IIOTO-
KOB cyOCcTpaToB, HOHOB, T'a30B H T. A.

Poab cBeTa B peryasiuuu (oTocHHTE3a

Cger BJIHSIET HA AaKTHBHOCTb MHOTHX (DepMeHTOB, y4acTBYIO-
mux B purcamuu COq. B ux uuciao sxogar NADP*-rauue-
paibaeruj-3-pocpar — pgerugporenasa, Gppykroso-1,6-Cuc-
docdarasa, cenorentynoso-i,6-6uchocedarasa, pubyJoso-
6uchochar-kapborcunasa, nupysardochariukunasa, Ma-
natjgeruaporenasa, asa obbscHeHus Toro ¢pakra, uTo CBET
MOBBIIIAET AKTHBHOCTh 3THX (epPMEHTOB, MpeAJarajgich pas-
JUyHble rUIOTE3H — H3MeneHHe pH B crpoMe, yBesHueHHe
KOHueHTpanuu Mg?+t B cTpoMe, H3MeHeHHe OKHCJIHTENBHO-
BOCCTaHOBHUTENBHOTO COCTOSIHHSI, aKTHBALUs TOJ JAeficTBHEM
OTpeJeIeHHbX GeIKOBHX PakTopoB U «adderropoB», s
CTPOMBL XapakTepHO BBICOKOE COjepixkKaHHe aCKOPOHHOBOH
KHCJIOTH, H, CJI€J0BATEIbHO, HA aKTHBHOCTb (PepMeHTOB MO-
IYT BJHSTH OKHCJIHTENbHO-BOCCTAHOBHTEJIbHBIE COCTOSHHS
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rAyTaTHOHA U rJyTaTHoHpeAyKTase. OGHapyxeHo, uTo aBa
GesNiKa XJOPOIIACTOE (THOPENOKCHH H (peppeloKCHH-THOpe-
JOKCUH — pe/lyKTasa) ydacTBYWT B paboTe CBSI3aHHOrO ¢
(deppefloKCHHOM peryJasTOPHOTO MeXaHu3Ma, OT KOTOPOro
3aBHCAT II0 MeHhIIEH Mepe ueThipe (epMeHTa neHto30(oc-
(paTHOI‘O BOCCTAHOBHUTEJBLHOrO IUKJIA. B HacTOs1Iee Bpemd
BCe 3TH Mpo6JieMBl HCCAeAYIOTCS OY€Hb AaKTHBHO.

CHHTE3 KpaxMajaa d Caxapo3bl

OcymecraiaeHne QOTOCHHTE3a M €r0 CKOPOCTh 3aBHCAT OT
JBUXKEHHST METa00JUTOB H3 XJOPOIJIacTa B IUTOMIA3My H
o6parHo, Caxapodocdarsl yHOCATCS U3 XJopoliacTa H
HCIOJIb3YIOTCSI AJA CHHTE3a €axXaposkl, a BLICBOOOXK1al0-
muiics B atoll peakuun ¢docdar nepeHocHTcs 0o6paTHO B
XJOPOIAcCT, Tje OH MOXeT GHTb HCHONb30BaH JJIs CHHTe3a
kpaxmadna. Ilo-BuauMoMy, jjisi u3yueHus mnpouecca ¢oro-
CHHTE3a B 1L[eJIOM H €ro NPOAYKTUBHOCTH pellallee sHaue-
HHe HMeeT HCCeJOBaHHE PEery/asiTOPHHX MEeXaHU3MOB, Y-
pPaBJASIONIHX CHHTE30M Caxapo3bl M KpaxmaJa H TpaHcmop-
TOM CaxapoB B KJETKE H JIHCTe.

BTopHUYHblE peakLHH

®urcanus arMmocepHOro a3oTa, BOCCTAHOBJIECHHE HHTpAaTa
U cyipdara, cuHTe3 6ENKOB H MHOXKECTBO JPYTHX peakIHil
3aBHCAT OT UCTOYHHUKOB 3HEPTHH, 00pasyOIMXCA B IpoLeC-
ce orocuHTesa, 1. €. ot ATP, Boccranosnennoro deppenox-
cuia u NADPH. 3tu peakuuu uMelOT He MEHEE BaXKHOE
3nauenue, yem (ukcanus COp OHHM HeOOGXOAMMHB IJISi OCY-
LIeCTBJEHHs] Y pacTeHuil Ipouecca (oTocHHTE3a B LEJIOM.
Uro gacaercd MeXaHH3MOB Dery/findH ¥ HHTerpauuu ¢oro-
CHHTETHYEeCKHX [POLECCOB, TO B 5TOM BOIpOCE eille MHOTO
HesICHOTO.

Uayuenne dotocHHTE3a Yy UEJOr0 pacTeHust U npoGieMa
GUONPOLYKTHBHOCTH

2d¢dberTuBHOCTL POTOCHHTE3A IIEJOr0 pacTeHHs Hrpaer pe-
IIAIOIIYIO POJb AJS CEJABCKOro M JIECHOro X035#CTBA, 9K0JO0-
FTHH U T.IL., TNOCKOJBKY MMEHHO OHa HMeeT CYIIeCTBEHHOe
3HauYeHHe JJIsl aHaAJAU3a [OPOIECCOB IIPOU3BOACTBA  MHIUH,
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TOIIMBA M PasHoo6pasHux NpoaykroB. Ham Hy:KHO 3HaTh,
Kak BJAUSIOT Ha 3 deKTHBHOCTE (OTOCHHTE3A CTPECCOBHE
yCJI0BHS — TeMIlepaTtypa, Boja, 3acofieHHOCTp M T.1.  He
3Has] 3TOrO, MbI He MOKeM O0OpPOThCs 3a IOBHILEHHE MpPO-
JYKTHBHOCTH PAacCTEHUH, 06UTAIONIMX B PasHBIX KAHUMarTHIec-
KUX ycnoBusix. OJHUM M3 NEepPBHIX NPOsIBJIEHHI 3arpsi3HeHHUs
Cpebl OKasbiBaercs usMeHeHHe 3P (eKTHBHOCTH (OTOCHHTE-
3a 3ejieHBIX pacTeHHH, Bojopocheli, (UTOMIAHKTOHA — OT-
C10jla BBITEKAeT He0O6XOAHMOCTh 00Jiee TINATEIBHOrO M I10J-
HOrO HM3y4eHHS] 3THX HepBUHUHBIX 3(deKTos.

CTpyKTypa XJopomnaacra

OO6osi0uKa XJIOpOIIAcTa SIBJASIETCST B HACTOSIEE BpPEMS
npeiMeTOM HHTEHCHBHOro H3ydeHHst. IIpeicToMT  pewinTh
BONIPOC: KaKHE OCOBGEHHOCTH CTPYKTYpPH M CBS3AHHHIX ¢ HEH
(bepMeHTOB 06eClIedHBAIOT BBIIOJIHEHHE XapaKTepHBIX (DYHK-
uuii? Bce 6osee TOHATHOH CTAHOBUTCS  MOJIEKYJIsIpHAS
CTpyKTypa MeMOpaH THJIAKOHIOB — ODHMEHTALMs U paclpe-

CF,(ATPas3a)
CTPOMA B

~8 HM

PG PCI CFy (ATPa3a)

BHYTPUTUAAKOMAHOE NPOCTPAHCTBO

Puc. 8.1. YnpoweHHas cxeMa DACNONOXKEHUs NOJHNENTHAHEX KOMIOHEeH-
T0B MeMOpPaHbl XJOPONJIACTOB, MOCTPOEHHAsT HA OCHOBE AAHHBIX O UENH
HepeHoca 9JEKTPOHOB M MX OpHeHTalnu B MeMmOpaHbl. OGo3HayeHus:
CCK — cBerocotupalomuii koMmjieke; XJI — xaopopunn; Lur — nu-
roxpoM; ®a — deppenoxcut; Ile — nnacrounanun; CF — conpsaraiomui
daktop; @, B, v, 6, &, I, Il — cyOheaunuusl conparawiero ¢axropa.
& 1—P — deppopercun — NADP+-penykrasa. [[leyaraerca ¢ JoGesHo-
ro paspemetus npod. 1. ¢on Berrmreiina (D. von Wettstein), Carls-
barg Laboratories, Copenhagen).}
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JeJieHHe B HUX JUNUAOB, 6€JKOB, MUrMeHT-OeJKOBbIX KOMII-
JekcoB H T.1. (puc. 8.1). IToka emle He sCHO, KakOB Me-
XaHU3M YIaKOBKM MeMOpaH B I'DaHB M KaKOBO ero OHOXH-
MHUeCKoe u (H3HoJOrndeckoe sHadenHe, C BompocoM 06
00pa30BAHHU I'PAH B HEKOTOPOH CTENEHH CBSI3aHa U NpoG-
JeMa B3auMopacnosoxeHus dorocucreMsl | u GorocucreMbt
IT B Mem6panax CTPOMEH U Tpad.

HPOHCXO)KILCHHC H pasnwme XJA0ponaacrTos

OTkyzna OpOHSOLLTH XJIOPOIIACTH BOAOPOCJEH U BHICIIHX
pacteHuil (3ykapuot)? CoriacHo sHIOCHMOHOTHUECKOH TeOo-
PHH SBOJIIOIIMH 3YKapHOT, XJOPOILJACTH BEAYT CBOE HAYalo
OT NPOKAPUOTHUECKHX KJETOK — nHaHo6akrepuil (cHHe-3e-
JeHBIX Bojgopocaeit). Bepra nu sta Teopus? MoxHo au
CYHTATh, YTO CHHE-3eJeHble BOLOPOCIH (CHMOHMOTHUECKHE
BOJAOPOCTH; cM, pHC. 3.5), obHApY:KHBaeMble B HEKOTOPHX.
obauratuux oToasroTpodax, Hanpumep B Cyanophora sp..
(KryTHKOBOH BOJMOPOC/H, cojepiKaiiell CHHe-3eJNEeHYI0 BO-
JOPOCAbL B KauecTBe CUMOHOHTA), ABJAIOTCS COBPEMEHHBI-
MH IIpeJCTABHTENSIMH 3BeHA, JIEKAIIEr0 B SBOJIOUHOHHOM
pALY MeX/y CHHe-3eJIeHBIMH BOJOPOCASIMH U XJOpOmJaacra-
ME? Hakannugaercst Bce Gosplile JaHHBIX B MOJB3Y GJH3KO-
ro’ CXO/JCTBAa MEXK/AY CHHe-3€JEHBIMH BOJOPOCJASIMH U XJO-
poIiacTaMH 3yKapHoT,

Jpyroe HampaBliieHHe HCCAEIOBAHHH,  AKTHBHO BeLy-
IIMXCS B Hacrosimiee BpeMsl,—3T0 1) cuHTes H cOopka
KOMIIOHEHTOB XJIOpPOIJIacTa, 2) BONPOC O TOM, CHHTES Ka-
KHX KOMIIOHEHTOB HATpPAaBJseTCs TeHOMOM CaMOro XJOpO-
IJacTa H KaKHX KOMMNOHEHTOB — fI/IePHBIM T'€HOMOM KJIeT-
ku. Kakum 06pa3oM CHHTe3HPOBAaHHBIE B LUTOINIA3MeE KOM-
HIOHEHTH [IePEHOCATCS B XJOPOIJIACT U BCTPAHMBAIOTCS B €0
MeM6paHbl; KaK U3 MPOTOMJIACTHJ BHpAIleHHHX B TeMHO-
T€ PACTeHHH H Bojgopocaed 00pas3yloTCs IpH  OCBEIIeHHH
3peqabie MIACTHAB U THJIAKOUIH?

I'eHeTHKa

B Hacrosiiee BpeMsi H3yUE€HHE MOJIEKYJSPHOH TEeHETHKH
XJOpONJacTa HHTEHCUBHO pa3BUBaeTcs. PacIiMpHIIHCh Hallu
npeacrasiaenus o xjopomnaacruoit JJHK, o Mecrax cunresa
H TPAHCAOKAIIMH XJOPOILIACTHHX OEJIKOB, O PeryasililuH CHH-
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Te3a GeNKoB U T. 1. B 6yaymeM 3T0 NOMOXKET HaM YIpas-
JSITh peakuusiMH (QOTOCHHTE3a Ha ypOBHe XJOPOIJNAacTOB,
JIUCTBEB U HEIHX pacteHui. ['eHeTHUECKHe acCNeKThl H3yde-
HHsI CHHe-3eJeHBIX Bojopociedi (uuanHobaxrtepufl) H doro-
CHHTE3MpYIOIIUX OaKTepHil M BBLISICHEHHE DOJH IJIa3MHJL
NPeACTaBIAIOTCA TaKXe OYeHb HHTEPECHBIMH, IOCKOJbKY
BGE 3TH OpraHU3MHI SBJAIOTCA GakTepusaMH, H B pabore ¢
HUMH MOXKHO HCIIOJIb30BATh T€ XK€ reHeTHYeCKHe METOAH I
HOAXOAKI, KOTOPhie yXe Xopollo pa3paloTaHW AJS APYTHX
[IPOKapHOTHUECKUX OPraHH3MOB.

HocnefoBaTebHOCTH TPAHCNOPTA SNEKTPOHOB TNPH UUKJIHYECKOM
d Heuukanyeckom ortodochopnaupoBaHuu

IlpuBeneHHrle B 3ToH KHHMre CX€MH, pa3yMeercsi, HeJab3st
paccMaTpuBaTh HU Kak IOJNHBIE, HH KakK 6e3yIpedHo Tou-
Hbie, MayueHHe KMHETHUYECKHX XapaKTEPUCTHK peakuuil UH-
JUBHJyaJbHEIX KOMIIOHEHTOB M BBIICHEHHE POJM IOKa ere
He 06HApYKeHHBIX KOMIIOHEHTOB MOIYT CYLIeCTBEHHO H3Me-
HHTh HalM TpeactaBaeHHs. Jlo CHX TOp MaJio H3VYEHHI
peakuuyd BhLIENeHUs KHciaopona B ¢dorocucreMe 11, mepBuu-
Hble aKIENTOPH 3JEKTPOHOB, COCTAB PEaKIIMOHHHIX LEHTPOB.
ARTHBHO HCCIELYIOTCS BasKHBle BONPOCH, KacawiiHecs opH-
eHTALUH OTJAENbHBIX KOMIOHEHTOB MeMOpanbl. 3HAYHTEJb-
HBIl HHTEpec NpeACTaBJsfeT poJb OoJblloro Iyjia IJIacro-
XHHOHOB Mexnay ¢ortocucremoin II u ¢ortocucremoit I,

Tpancnopr HoHoB

Y4qactHe XJOpONIACTOB B «NEPeKayKe» Pa3JHYHHX KaTHO-
HOB, nanpuMep Ca®t, Nat, K+, u anuonos, nanpumep PO;,
Cl—, BHoCHT BaKHBIH BKJIaja B OGIIMI IIpolecc mepetioca H
HAKOIUIEHHS HOHOB B KJeTKe. TOYHBIH MeXaHH3M 3TOrO siB-
JIeHHs] ellle He YCTAHOBJEH,

KpoMe Toro, moa geficTBHeM cBeTa TakHe HOHBI, Kak
Mg u H*, nmepenocsitcst yepes MeMOpaHy THJIAKOHAA, IPH-
HHMasi yyacTHe B MeXaHH3MaX peryJupoBaHHst (QUKcauuu
CO; ¥ BO3HHKHOBEHHs] IOBEPXHOCTHOTO 3apsiga Ha caMHX
MeM6OpaHax. KakoBa posb 3TOro mepeMmeineHHsi HOHOB, IIOKa
elle He SICHO.
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Mexanuzm oGpasosanug ATP

CBsA3b MeXKAy NPOTOHHBIM HAacOCOM, CO3JAIOIIUM TpaHC-
MeMOpaHHBIH TpajiuenT KoHueHTpauuu H+, u o6pasoBanuem
ATP (xemuocmornueckas rumoresa Murtyenna) akTHBHO
H3Y4aeTcA Ha CaMbiX pasHOO6Pa3HHX 06BEKTaX — MYTaHTax
BOZOpOC/EHi, IIeNblX W JONHYBIIKX XJOpoIliacTax, npemnapa-
tTax cybxJoponnacTHHX MeMm6paH. Ilpu stom wuccneayercs
BJHUsIHUe conparaniux ¢pakropos u ATPas, anruresn, HHTH-
6UTOpPOB M  pa3obuiuTesiedl, PEryJasATOPOB  3JEKTPOHHOrO
TpaHcmopta H T. 1. Jlokanusauus o6pasopanus ATP Touno
eme He ycraHoBjaena. OGHapy»KeHBl jJBa yvacTKa, CBsI3aH-
HbIX ¢ ¢orocucremamn I u I, B kotopeix cunte3 ATP
COIIpsizKeH C TpaHcaoraiued nporonos. Ho cux nmop He yc-
T4HOBJIEHA TOUYHAS CTeXHoMeTpHs lnpouecca doropocdopn-
JUpOBaHus, T. e, orHowienne NADPH/ATP. Nuaue roBops,
HEeU3BECTHO, ueMy paBHo otHomenune ATP/2e— (1,0, 1,33
wiau 2,0?), a 310 OUeHb BaXKHOe 3HAUEHHE, IOCKOJABKY, I0-
JYUIUB OTBET HA 3TOT BONPOC, MOXKHO Y3HATh, CKOJIbKO KBaH-
TOB HeoOGXoaumo mJsa Gurcauuu ogHo#t wmoaeryian COs.
3HayHTEJNbHble YCIOEXU JOCTUrHYTH B U3YUEHHH CTPYKTYPHI
ATPasn —5 GenkoBHX cyOBeIUHHL, 3TOr0 (epMeHTa TOKa-
sanpl Ha puc. 8.1. IlocrenmenHo BHIABJISIIOTCS W CBOHCTBA
5THX CyOBbeIUHHUI — CIOCOOHOCTh K CBSI3BIBAHUIO ¢ MeMOpa-
HOHN, HHrubUTOpHAST AaKTUBHOCTb, NPOTOHHHBIH 0OMEH, CBSI3HI-
BaHHe ¢ocdhaTos U T. I

Brigenenne kuciopona B ¢orocucreme 1l

Jrta BaxHe#llag peakluus (POTOCHHTE3a y BCeX pacTeHHUil
OCTaeTcsl A0 CUX NOP OAHOU M3 CaMblX OOJNBUIMX 3aranaok.
OnHako HccaenoBaHUSA, NPOBOJUMEBEIE B IIOCJAeJHHE TFOAH,
IOMOramT HOHSTh NPHPOAY MeXaHU3Ma, 00YCJIOBJIHBAIOIIE-
ro pasjoxeHHe BOJbl ¥ BHICBOOOXKJEHHe KHUCJIOPOAA, IPO-
TOHOB H 3JIGKTPOHOB. DBIM BhIZeneH 6€NKOBHIH KOMILIEKC
¢dorocucreMnl I, npu go6apieHHd KOTOPOro K JHIIEHHBIM
ero MeM0paHaM JIMIIOCOM BOCCTAHAaBJMBAJOCh BHIeeHHE
Kucjaoposna. Pojb Maprania B 3TOM mpoliecce IOKa erue
YCTAHOBUTb HE YJaeTCsl, MOCKOJBKY CyLIeCTBYEeT N0 MEHb-
ulefi Mepe [Ba IyJa MapraHila H MCCJIeI0BaTbh HX METO/Aa-
Mu crnekrpooroMerpun oueHp TpyaAHo. He ycranosaena
TaKkXKe NOCAEL0BATCILHOCTh AaKTOB IIOIVIOLIEHHS  CBeTa,
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OKHCJIEHHsT S-cOCTOSIHUM, BHIOpOCA NPOTOHOB U BHIIEJNEHHS
KHcjoposa. Bmecre ¢ TeM HMeOTCA yCIeXu B M3y4EeHHUN
B3aUMHOH OpUeHTaluun KoMIoHeHTOB dortocucrembr II B
MeMOpaHe — [IOKa3aHO, YTO BBlJEJEHHE KHCJIOPOAA U BHICBO-
602K/leHHe IIPOTOHOB IIPOHCXOAAT Ha BHYTpeHHEH NOBEpX-
HOCTH MeMGpanbl THJIAKOHIA.

Mopneauposande ¢ortocHnresa

@®oTtoxHMUKH U GOTOOHOJNOrH HACTOHIHBO HIYT HCKYCCTBEH-
HBEle CHUCTEMBI, CHOCOGHBIE pacIIenIsiTh BOAY 3a CUET COJI-
HeqyHOH sHepruu. B cunTeTHueckue MeMGpaHbl, HPHUrOTOB-
JIeHHBHIE M3 JIMIIOCOM, MOXKHO BCTPAHBAaTh HUTMEHTH, OeJKH
U Jpyrue MOJEKYyJbl, CIOCOOHhE IOrJIOmAaTh CBET H OCY-
IECTBASAT, TPAHCIOPT 2eKTPOHOB. CrHenHanbHO CHHTE3H-
pPYIOTCSl pas3/jiMUHBIE COEJMHEHHUsI MapraHia M HCCJeLyeTcs
UX CIOCOGHOCTh KaTaJU3UPOBATH pasJjoxKeHue Boabl. Maro-
TOBJIEHH DPa3JIHUHBIE MOJYINPOBOAHHKOBHIE KAaTaJH3aTOPHI,
cojiepKailyde PyTeHMH W (MJIK) THTAH M CIOCOOGHBlE TPH OC-
BEIleHHH BHIIENSITb MOJIEKYJsIpHbIA KHCJIopon u3 Boiaw. HMc-
CIEYIOTCSl TAKMKe HCKYCCTBEHHBIE CHCTEMBI, CIIOCOOHBIE K
tdoroBoccranoBienuio CO; ¢ o6pasoBaHHeM MypaBbHHOM
KHGIOTH H MeTHJoBoro cnupra. eppeporcHH, HCIOJap3ye-
MBIH JJIST MOJIEJIUPOBAHUS CHCTEMBl XJIOPOIJIACTHOH MeMOpa-
HBl, B OPHCYTCTBUH T'HAPOT€Ha3bl U IJIATHHBL MOXKET BOC-
CTaHABJHBATBCA Ha CBETy ¢ 06Pa3’0BaHHEM MOJEKYJSIpHOrO
BOAOpPOJA U3 BOABL IIpeHMyilecTBO NOAOGHEIX HUCKYCCTBEH-
HBIX CHCTeM [0 CPABHEHMIO C IIPHPOAHBIMH CHCTEMaMH (o-
TOCHHTE3a COCTOUT B TOM, 9TO HX MOXKHO ONTHMH3HPOBATh,
106HBasicb MakcUMaJpHOU 3¢ @ekTHBHOCTH  (POTOCHHTE3A,
KoTopasi B JaHHOM cJaydae He JUMHUTHpPYyeTcs (H3HOJIOTHUIEC-
KHUMH CBOHCTBAMH U NMOTPeCHOCTAMU LEJOr0 pacTeHHs.



