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Jlexnus 1.
®U3NOJIOTUS PACTEHUM — HAYKA.

1.1. Du3n0JI0THA PACTEHHH - HAYKA 00 OPraHM3aluu U KOOPAUHAIIUHN
(GYHKUHMOHAIBLHBIX CHCTEM 3€JIEHOT0 PACTEHHS.

®u3noJIOrUsl pPacTeHUWil — Hayka, KOTOpas H3y4daeT 3aKOHOMEPHOCTU  KM3HEHHBIX
nporeccoB ((POTOCUHTE3, IbIXaHUE, MUHEPAJIbHOE ¥ BOAHOE MUTaHKUE, POCT U pa3BUTHUE U JP.),
UX CYILHOCTb U B3aUMOCBSI3b C OKPYKAIOIIUMU YCIOBUSIMH.

®dusnonorus pacTeHUi OTHOCUTCA K OMOIOTMYECKUM HayKaM, B CAMOCTOSTENIbHYIO HAYKY
oHa Bbiaenuiach B XIX B. U ABIISETCS OTPACIIbIO SKCIIEPUMEHTAIbHON OOTaHUKH.

OObexkToM u3ydeHHs (U3MOJIOTHM DPACTCHUH SBIIAIOTCSA 3€JIEHBIE PACTEHUs, KOTOpbIE
OTJIIMYAIOTCS OT BCEX APYTUX (DOPM >KHUBBIX CYIIECTB CIIOCOOHOCTHIO HCIIOIB30BATh B KAYECTBE
UCTOYHUKA 3HEPTUH 3JIEKTPOMArHUTHYIO SHEPIHIO CBETA, IPe0Opa3oBbIBaTh €€ B CBOOOHYIO
(XMMUYECKYI0) DHEpPrHI0  pa3IMYHbIX OpPraHUYECKUX  COEAUHEHMH, YTO  CO3JaeT
MaTepHAIbHYIO U SHEPreTUYECKYI0 0a3y /s CYIIEeCTBOBAHUS BCEX JAPYIMX OPraHU3MOB.

I'maBHast 3amaya (U3HONIOTMM PACTEHUH — PACKPBITH CYIIHOCTh  IPOIECCOB
KHU3HEIEATEIbHOCTH PACTUTENBHOIO OpraHu3Ma B IIENIAX HAay4yHOro OOOCHOBAHHS IPUEMOB
BO3/ICJIBIBAHUSl PACTEHUI, HANPABICHHBIX HA IMOBBIUIEHHE WX MPOAYKTUBHOCTH M KauecCTBO
OPOAYKIMH. DTO TMO3BOJIAET paccMaTpuBaTh (PU3HOJIIOTHIO PACTEHUM Kak TEOPETHYECKYIO
OCHOBY IPAaKTUYECKOI0 PACTEHUEBOJCTBA U PALIMOHAIIBHOIO 3EMJICJIENINS B LIEJIOM.

1.2. ®U3HKO-XUMHYECKHH, IKOJOrMYECKHIA 1 IBOJIONMUOHHBIH aCEKThI
(usznosorun pacreHui.

Hapsiny ¢ o0muMu 3aKOHOMEPHOCTSMU HPOTEKaHUs (PU3HOIOTHYECKUX IPOLECCOB,
CBOWMCTBEHHBIX BCEM PACTEHUSAM BOOOIIE, BAKHO 3HATh 0COOEHHOCTH KOHKPETHOI'O BHJIA WU
copTa pAacTEHUs M €ro PEeakiMi0 Ha YCJIOBUS BHEIIHEW cpenbl. BaxxHO mpeacTaBUTh M
ONTUMAJIbHBIE YCIOBUS IPOU3PACTaHUs TOTO WJIM MHOTO BHUJA pacTeHus. [loaTomy pasnmuyaror
Hapsily ¢ oOuieil u yacTHble (DU3MOJIOTHUM PACTEHUM, Hanmpumep (U3HOJOTHIO CaxapHON
CBEKJIbI, (PU3HOIOTHIO MIIEHUIIBI U T.JI.

[TonoOHble HapylleHHs romMeocTa3a OMOCHCTEM IO BJIMSHHEM YEJIOBEKa BCTPEYAOTCS
yacto. Tak, Ha XII MexnyHapogHoM OOTaHHYECKOM KOHIPECCe U TMOCIETYIOUINX
MexyHapoIHbIX OOTaHWYECKHMX KOHTrpeccax OOTaHMKOB M (U3MOJIIOTOB BCETrO MHpa
BCTPEBOKMIIA CY1b0a TPOIMUECKUX JIECOB. MI3BECTHO, YTO TPOMMUYECKHI JieC dKUBET TOJIBKO 32
CYeT BHYTPEHHEr0 KpyroBOpOTa BEIIECTB, C HapyUIEHHEM KOTOPOro OecCHUCTEMHBIMU
pyOkamu BO300HOBIICHHE Jieca 3aTpyJHEHO MM BooOIle HeBo3MOkHO. CIulomHas pyOka
TPOIIMYECKOT0 Jeca BeAeT K OOpa3oBaHMIO ITyCTOIIEW WJIM BTOPUYHBIX JIECOB HM3KOM
IPOAYKTUBHOCTH.

B nocneanue roaml y4deHble, HUCIONB3yd HOBeHIINE (PUIUKO-XMUMHUYECKHUE TEXHUKU H
NPUHIUIBI, CEPhE3HO HCCIEAYIOT OCHOBHBIE (yHIaMEHTAJIbHBIE IMPOIECChl (POTOCHHTE3A!
CTPYKTYpPHO-()YHKIIMOHAJIbHYIO OpraHH3aIUIo (OTOCUHTETHUYECKOTO anmapara,
MOJIEKYJSIPHYIO  CTPYKTYpyY U  (U3MKO-XHMHYECKHE CBOWCTBA IUIMEHTHBIX CHCTEM,
MEXaHM3Mbl  TEPBUYHBIX  MPOLIECCOB  MPEOOpa3OBaHUS  DHEPIUH, CTIPYKTYypy H
(YHKIIMOHUPOBAHUE PEAKIIHOHHBIX LIEHTPOB.

JleTanbHO M3y4eHBl NPUPOIA KOMIIOHEHTOB U OpraHU3alls OCHOBHBIX (DYHKIIMOHAJIBHBIX
KOMILJIEKCOB 3JICKTPOH-TPAHCHOPTHOM 1enH, (DU3MOIIOTUYECKHE MEXaHU3Mbl PErYISLIun



TPAHCIOPTAa 3JIEKTPOHOB, IPOBEACH aHaJIM3 OCHOBHBIX IyTedl  (QoToaccumumisiuun
YIJIEKUCIOTHl U (DOTOCHHTETHYECKOr0 MeTaboJi3Ma yriiepoAa Yy PasHbIX TPYII PacTEeHHM,
UCCJIEIOBaHbl BOIPOCHI SHEPTeTUKU (POTOCUHTE3a U 3HAaUeHUE (OTOIHEPreTUYECKUX PeaKIui
B pErylsilud AaKTUBHOCTH BCETO KOMIUIEKCA METa0OMMYECKUX CHCTEM B pAacCTCHHH,
pacCMOTpPEHbl MEXaHU3Mbl SHIOICHHOM perymsauuu (OTOCHMHTE3a Ha YpPOBHE II€JIOr0
pacrteHus, (U3MOIOTMYECKHE OCHOBBI  JI€HCTBHA BHEHMIHUX  (PAaKTOPOB,  BOIPOCHI
(OTOMHrHMOMpPOBaHMSI, B3aUMOCBSI3b (POTOCHHTE3a C JBIXaHUEM, MUHEPAIbHBIM IHUTaHUEM,
pocToM U JApyruMH (PHU3HOIOTHYECKMMHU (YHKIMAMH, TpobieMa (OTOCHHTETHYECKON
MPOAYKTUBHOCTH pacTeHUU. BakHeumuii pe3ynbTaT 3TUX Pa3HOCTOPOHHUX HUCCIEAOBAHUM —
nepeoleHKa 00X MacITaboB (POTOCHHTETUYECKOH JeSITeNbHOCTH B OHMOC(eEpe B IPOILIOM
U HAaCTOSIIEM, a TaKkKe IPOrHO3 €€ COCTOSHUS B Omikailiime nepuonabl Kak (yHKLIUU
AQHTPOIIOTEHHOTO BO3/ICHCTBUS.

1.3. Metogosnornyeckue ocHOBbI GUTOPU3NOTOTHH.
Codyeranue pa3IMYHBIX YPOBHell HcCJIeNOBaHHs (CyOKJIETOYHBIH, KJIETOYHBIH,
OpPraHM3MeHHbIH, OHOIIEHOTHYECKHI]) KaK Heo0XoauMMoe YCJOBHEe TMporpecca
¢puznonorum pacrenuii. Cnenudpuyeckne MeToabl GUTOGU3UO0JIOTMU KAK HAYKH.

@dusnonorus pacTeHU, Kak M Bcad Ouojorus, — Hayka (yHaameHTanbHas. OHa
CTPEMHUTCS TPOHUKHYTh B CYIIHOCTb IPUPOJHOTO SBJIEHUS, IpOLIECCa, pPac-KpPbITh €ro
MeXaHU3M. OTO OTJIMYAaeT €€ OT NPHUKIAJHBIX HAayK, OCHOBHBIM COJEp-KaHHMEM KOTOPbIX
ABJIIETCS pelleHre CYry0o YTHIIMTAPHBIX NMPaKTUYECKUX 3a7ad. OTClo/1a BIIOJIHE MOHSITHBIMU
CTaHOBSITCS CJIOBa KPYMHOro pycckoro arpoxumuka A. M. CteOyra: «cHavana Gpu3noiorus,
MIOTOM KaHaBbl, 3alpy/Ibl, MAIIMHBI...)»

CymiecTByeT TecHass CBs3b MEXAY CTPYKTYPOH pa3IMYHBIX OpraHell KIETKH M|
CTPYKTYpOl pacTeHusi BooOLE M HUX (PUINOJOTUYECKUMHU (QYHKUMSIMH. DPU3NO0IIOrO0-
OMOXMMHYECKasl 3BOJIOLUS JKUBBIX OPraHU3MOB Ha 3emile NpeAlIeCTBOBaJIa CTPYKTYPHOM.
OpHa eAMHCTBEHHAs MyTalus, NMpUBEAlIas K MOSBICHUIO HOBOrO Oeika-(epMeHTa, MorJa
JaTh B peE3yJbTaTe COBEPIICHHO HOBBIE CTPYKTYypbl. B cBA3M Cc OypHBIM pa3BUTHEM
MOJIEKYJISIPHOM OHOJIOTMM pa3iuyusi MEXAy CTPOEHHEM KIETOYHBIX CTPYKTYp M HX
GyHKIMAME Bce Oosee U 6osiee CTUpAIOTCs, BCE TPYJHEE CTAHOBUTCS IPOBECTU I'PaHb MEXKAY
HUMH. SIpKUM IPUMEPOM 3TOMY CIYKHUT U3ydeHUE OMOJIOTHUECKUX MEMOpaH.

OCHOBHBIM CpEICTBOM MO3HAHUS (PU3HOJIOTHUYECKHUX IPOLIECCOB SIBISETCS HKCIEPUMEHT,
OTIBIT, T.€. (U3UOJIOTHS PACTEHUN — HayKa HSKCIepuMeHTanbHas. Pasnuuator nabopaTopHsle,
BEreTallMOHHbIE U TOJEBbIe OMNbITHL. JlabopaTOpHBIE OMBITHI MPOBOAATCS C CEMEHaMH,
OPOPOCTKAMHU,  HM30JMPOBAHHBIMU  OpraHaMH, TKaHSAMH, KIJIETKaMH, OpraHeJJIaMu.
BereranonHble ONBITHI MPOBOJAT C PACTEHUSIMH, KOTOPbIE BHIPAIIMBAIOT B BEr€TAllMOHHBIX
JIOMUKaX, TeIJIMIax WiIK (UTOTPOHAX (KamMepax HCKYCCTBEHHOTO KJIMMaTa), B COCyJax,
3aMOJIHEHHBIX MTOYBOM WJIM MCKYCCTBEHHOM MUTATENIBHON cMeChI0. HemocpeacTBeHHo B MOJIE,
B JIECy CTaBSITCS  IOJIeBble OMNBITHL. EciaM 3agaya mepBBIX 3aKiioyaeTcs B IO3HAHUU
MEXaHM3MOB IMPOLECCOB M MX OTKJIOHEHHMH B 3aBHCHUMOCTH OT 3aJaHHBIX IapamMeTpoB
BHEIIIHEH Cpefibl, TO BTOPHIX U TPETbUX — IMPOBEpKa JACHCTBHS T€X WM MHBIX MPAKTHYECKHX
MEPONpPUITHA HAa XOJ W WHTEHCUBHOCTb >KM3HEHHBIX IIPOLIECCOB pACTEHUH U UX
IPOAYKTUBHOCTb.

N3ydenue BnusiHus (PakTOpPOB BHEIIHEH Cpelbl Ha XOJ U HAIlPaBJIEHHOCTb, a HEPEIKO U
MeXaHU3M (PU3HOIOTUYECKUX MPOLECCOB, SBISIETCSA MPEIMETOM OCO0OH BETBU (PH3MOJIOTHU
pacTeHUN — DKOJOTUYECKOHN (hU3HOJIOTHH, OCOOCHHO BaYKHOM JIJIsi arpOHOMA | JIECOBO/A.



W3 4YacTHBIX METO/MOB, MOJYYMBIIMX IIMPOKOE pPACIHPOCTpaHEHHE B (PU3HUOJIOTUM U
OMOXMMHMM  pacTE€HU#, CleAyeT Ha3BaTb  Ta30KUAKOCTHYKO  pacHpelesIUTEIbHYIO
Xpomarorpaduoo, METOJ, MEUYEHbIX aTOMOB, KYyJbTYpPY TKaHed W OpraHOB, 3JEKTPOHHO-
MHUKPOCKOTIMYECKHA, IEKTPOMArHUTHOTO PE30HAHCA, AIIEKTPOPOPETHUECKUI M HEKOTOpHIE
IpyTHE.

B cBs31M ¢ BO3pocHIMM MHTEPECOM YEJIOBEKA K MHUPOBO33PEHUYECKHM BOIIPOCAM HAYYHOI'O
NO3HAHUSA B (DU3MOJIOTMM pAcTEHHM, paBHO Kak W B JAPYrMX HayKaX, BCE IIHUpE CTalu
UCIIOJIB30BAThHCS HAPSIY C YACTHBIMU METO/aMu M OoJiee 001Iie MprueMbl HayYHOT'O TO3HAHUS
— Merojosiornyeckue noaxonapl. OHM HENOCPEICTBEHHO HE CBs3aHbl C Kakoil-nmubo
KOHKPETHON HayKOM.

K MeromonoruyeckuM IOAXOJaM OTHOCST HCTOPUYECKHM, CUCTEMHO-CTPYKTYPHBIH,
11eJIEBOM, B3aMO/IEUCTBHUE HAYK U X METOJOB B [TO3HAHUU, IPUHIUI CUMMETPUH.

— Hcropuyeckuil moaxox (MeToa) AUKTYET HEOOXOAMMOCTb 3HAThb UCTOPUIO PA3BUTHUS
(punorenes) Buaa winm copra pacTeHUs, YCIOBHS, B KOTOPBIX (HOPMUPOBAICS TOT WM HHOUN
BUJ] PaCTE€HUs, €ro OMOXUMHUYECKYIO 3BOJIOLMIO, T.€. YUUTHIBATh (pakTop BpemeHu. be3 yuera
O0COOCHHOCTEH pa3BUTHS BUAA HHOTJA TPYAHO OLIEHUTh WM OOBSICHUTH PE3YyIbTaThl
HAy4YHOTO OIIBITA C PACTCHUAMM.

— Ilpu ucnosp30BaHUU CUCTEMHO-CTPYKTYPHOI'O MOJX0/a 0OBEKT paccMaTpUBaeTCs Kak
cucrema, T.e. KOMIUJIEKC B3aMMOJCHCTBYIOIIMX KOMIIOHEHTOB MJM mpoueccoB. Crenuduka
TOM WJIM HMHOH CHUCTEMBl HE HCYEPIIBIBACTCS JIUIIb OCOOEHHOCTSIMM COCTABIISIIOIIUX €€
JJIEMEHTOB, a CBS3aHA, INPEXKIE BCEro, C XapaKTepOM B3aMMOOTHOLIEHMM MEXIy HUMHU.
buonorndeckne cucTembl IensATCs Ha JBa Oonmpmmx kiacca. CHCTeMBI TEpBOro Kiacca
COCTOAT U3 (PYHKIMOHAJIBHO PAa3HOPOAHBIX AJIEMEHTOB M XapaKTEPU3YIOTCS LETOCTHOCTBIO
CHEIMAIM3UPOBAHHBIX B3aMMOJIOTIONHIEMbIX HEMHOTOYUCIIEHHBIX D3JIEMEHTOB (KJIEeTKa C
OpraHeyjaMH, pacTUTENIbHBIA OpraHu3M, COCTOSAIIMN U3 OTAENbHBIX OpraHoB). Bropoii kiacc
NpPEJCTaBICH CHUCTEMaMH, COCTOSIIIMMU W3 MHOTHX (YHKIMOHAJIBHO  OJHOPOJIHBIX
B3alMO3aMEHSAEMbIX AJIEMEHTOB (TKaHW W3 OTAEIbHBIX KJIETOK, MOMYJALHUU U3 OPraHU3MOB
OJTHOTO BUJAA U T. 11.).

B 3aBucumoctu OT riyOMHBI U YpOBHSI MCCIEAOBAHUS CUCTEMHO-CTPYKTYPHBIH MOJXOA
BKJIIOUAET CJEAYIOLIME AaCHEKThl: COJIEP)KATEIbHBINA, JIOTMYECKU W JHEPreTUYECKUi
(TepMOIMHAMUYECKHUIN).

— CopaepxarenbHbIil  acleKT HCHOJb3YeTCsl MpPU OOBIYHOM AKCIEPUMEHTATbHOM
W3YYEHUU PACTEHMs], €ro >KM3HEHHBIX OTIPABICHUH C MOJYyYEHHEM KOHKPETHBIX HAay4HBIX
MaTtepuaioB. Tak Kak BCE YacTH pacTeHUs HE TOJBKO CBSA3aHbI MEXAy CO0OH, HO U
B3aMMOJICHCTBYIOT, TO TPU HU3YUYEHUU >KHU3HU JIMUCTA BaXXHO 3HATh M (PU3UOJIOTUYECKUE
IIPOLIECCHI, IPOTEKAIOIIUE, HAIPUMEDP, B KOPHEBBIX CUCTEMAX.

— Jlornueckuit (MaTemaTuyeckui, KMOEPHETUYECKUI) acleKT HCHOJIb3yeTCs OOBIYHO
TOT/Ia, KOTJIa MCCIIEJOBAaHHWE CaMOro OOBEKTa 3aTPyJHEHO WM BOOOIE HEBO3MOXKHO WU
TpeOyeT CIMIIKOM MHOI'O BPEMEHU M CPEJCTB. SIpKUM MPUMEPOM HCIOJIb30BAHUS JAHHOTO
aCIEeKTa CUCTEMHO-CTPYKTYPHOIO MOAX0/1a SIBJSETCS IHUPOKOE MCIOJIB30BaHUE DIIEKTPOHHO-
BBIYHCIIUTENBHBIX MaluH (OBM), ¢ MOMOIIBI0 KOTOPBIX MCCIIEIOBATEIh MepedupacT MHOTHE
BapHaHThl JUIsl JOCTH)KEHMSI, HAIIPUMED, ONTUMAJIbHBIX YCIOBHI BBIpPALIUBAHUS PAaCTEHUH B
TEIUIUIIAX.

— IlpumeHeHME HHEPreTHMYECKOro  acleKkTa CBS3aHO CO  3HAHUEM  3aKOHOB
TEPMOJMHAMHKM W BIUSHUS JBW)KCHHUS TeIJla Ha CBOWCTBA CHUCTEMBI, OOBIYHO
camoperynupyemoii. C NOMOIIBIO 3TOrO IPHEMA MOYKHO OIMCAaTh JBH)KEHUE BOJBI B
pacTeHUH WK B O0JIee CII0KHON CUCTEME IT04Ba — pacTeHne — atMocgepa.



CucTeMHO-CTPYKTYPHBII MOJIX0A MMeeT OOJIbIIOe 3HAYEHUE B HAYYHOM IIO3HAHUM, MO0
JaeT  BO3MOXKHOCTH ~ paccMaTrpuBaTh  OOBEKT  KaK  CHEIM(UYECKYI0  CHCTEMY
B3aUMOJICHCTBYIOIIMUX 3JEMEHTOB, IO3BOJISIET ITy0)Ke BBISIBUTH OCOOEHHOCTU CTPYKTYpPbI U
(GyHKIMU paccMaTpUBAEMOM CHCTEMBI, IIOMOTaeT HAXOJWTh HOBBIE IyTH W HAlpaBJICHUS
Hay4YHBIX MCCIIECIOBAHNN.

— B Tex ciyuasx, Korja KOHEUHBIM pe3yiapTaT TOTO WM HHOTO IpoLEecca HEb3d
YCTaHOBUTH OIBITHBIM ITyTEM, UCIIOJIB3YIOT LIEJIEBOM OAXO0A. B 1aHHOM cilydae nporecc uin
SBJICHUE pacCMaTpUBAETC B BUJE TEHACHLMM pa3BUTHS, TunoreThuecku. Illpm stom
HEBa)XHO, MOJKET JIM Kakoe-IMOO sBJIEHHE WIM Ipouecc ObITh 1€1eco00pa3HbIM B
HETIOCPEICTBEHHOM CMBICJIE ClI0Ba MM HeT. VccienoBaHue BeeTcss TakKUM 00pa3oM, Kak
OyATO pe3yiabTaT mpolecca UMeeTcs B JIeHCTBUTENBHOCTH B BUJIE cBOeoOpa3Hoi 1enu. Llens
BBICTYINIAET 37€Ch KaK HEYTO ycinoBHoe. MccnenoBaTenb ynaBIuBaeT TEHACHLUIO Pa3BUTUSA
npouecca, CTPYKTYphl, SIBICHHMSI U C YYETOM 3TOrO CTPOUT CBOU HAYYHBIE IMPOTPAMMBIL.
IleneBoif moAX0 — 3TO OCHOBHOH NpPHUEM TI'MIOTETHYECKOIO MPEIBOCXMILIEHUS, OIUCAHUS
IIpoLecca U SIBICHHUs, TOAJIEKAIIET0 OCIEAYIOUIEMY aHAIN3Y, U3y4eHHI0. OH O4YEHb M0JIE3EH
IpU MTOCTaHOBKE HOBBIX MPOOJeM, pa3padOTKe HOBBIX HAYYHBIX HAMPABICHUH U TPOTPaMM,
BapbUPOBAaHUU SKCIIEPUMEHTOB.

— JKuBoll pacTuUTeNbHBII OpraHU3M — 3TO OYEHb CJIOKHasg OHoJoruvecKas
camMoperyivpymomascs cucreMa. Yem ciloXkHee cucTtema, TeM Oosiee MIyOOKUMH U
BCECTOPOHHUMH CTAHOBSITCS €€ CBS3H C JAPYIMMH OOBEKTaAMH WJIM CHCTEMaMHM, TEM CIIOKHEe
dopmbl  ee  cymectBoBaHusA. IloaToMy — HEOOXOAMMO  NPOBOAWUTH  KOMILJICKCHBIE
¢duznonoruyeckre 1 OMOXMMHUUYECKUE UCCIEOBAHUS C YUaCTUEM MPECTaBUTENEH CMEKHbIX
JUCLUIUINH, T.€. UCIOJIb30BaTh B3aUMOJEHCTBUE HAYK U MX METOJABI B MO3HAHUM OJHOTO U
TOro e 00bekTa. OTCI0/1a BOSHUKIIO KPBIIATOE BBIPA)KEHUE «pabOTaTh Ha CThIKAX HAyK». B
Halle BpPeMsl MMEHHO Ha CTBIKE HAyK pOXKJAIOTCS HAYYHBIE OTKPBITUS, YTBEP)KIACTCS
MPUHIIMIT MHOTOKQYE€CTBEHHOCTH U MOJUCTPYKTYPHOCTH M3Y4aeMOIo OOBbEKTa WJIM CUCTEMBI.
SpxumM npUMepoM 3TOMY SIBISIFOTCSI KOMIUJIEKCHBIE MCCIIEI0BAaHUSI PACTUTEIbHBIX COOOIIECTB,
Hayasuo KoTopsIM nojoxui akaaemMuk B.H. Cykades (6uoreoueHoaorus).

— Hcnonb3oBaHue MpUHIUIA CUMMETPUU OCHOBAHO Ha TOM, YTO B NPHUPOAE OOBIYHO
HaOJr0aeTCsl  MPOMOPLUOHAIBHOE —PpACIOIOKEHUE YacTed 1eNoro B MIPOCTPAHCTBE,
COOTBETCTBUE OJHOM yacTH oObekTa Ipyroi. [IpumeHUTENbHO K (QU3MONIOTUM U OMOXUMHH
pacTeHUH dTOT NMPUHIUI HE3AMEHUM IIPHU U3YUYEHHH JIEBO- U ITPABOBPALIAIOIINXCS ONTHYECKU
AKTUBHBIX OpPraHMYECKHUX COEJIWHEHUH, HUX CBOWCTB M POJU B KU3HU PACTEHUH, MpH
UCCIIEIOBAaHUH S7I0B U IPOTUBOSI I, CTUMYIIATOPOB U MHTUOUTOPOB U T. 1.

1.4. Jranbl pa3BuTHs (PU3HOJIOTUM PACTEHHUIi, X CBS3b € 00IIMM Pa3BUTHEM
0MO0JIOTUM U C MPAKTUKON. OTeyeCcTBEHHbIE IKOJIbI (PDM3MO0JIOTOB PACTEHHI.

OueHb yBJEKaTeJIbHA UCTOPUS Pa3BUTHUS (PU3UOJOTUU PACTEHUN KaK OTIENIbHON BETBU
ooranukd. BosHukina onHa B koHue XVIII — naudame XIX cromeTHs, Koraa IOSABHIICS
dakTHYeCKU MaTepuan; O TMpoIeccax JKU3HEACATEIHPHOCTH PACTeHUN. AHTIMHCKUAN
ecrectBoucneitarens J. Ilpuctnu (1733— 1804), ronnanackuii Bpau S. Murenrays (1730-
1799), mBeiinapckue Gortanuku XK. Ceneone (1742-1809) u H.T. Coccrop (1767-1845),
¢dpanmysckuii yaensrit JXK.b. Byccenro (1802-1887) TmiarensHO MpoayMaHHBIMH OIBITAMHA
OTKpPBUIM (DOTOCHHTE3 Y PACTEHUM, MPOLECC AbIXaHHUA, MTOKa3adu 3aBUCUMOCTb (POTOCHHTE3a
OT CBETA, CBSI3b MEXK/y MOTJIOIIEHUEM YIJIEKUCIOTHI U BBIJICJICHUEM KUCIIOPOJa Y PACTEHUH.

B cepenune XIX B. ¢u3monorus pacTeHMid cTajga BBIACIATHCS B CAMOCTOSITECIIbHBIC
Kadeapsl MpU yHUBEPCUTETax, B ToM uucie u B Poccun: B 1863 1. B Mockse, B 1867 r. B



[TerepOypre. IIpodeccopom mepBoit B Poccuu camoctostenbHoi Kadeapbl (U3HOIOTUH
pacrenuii mpu MockoBckom yHuBepcutere Obu1 C.A. Paumnckmii (1836- 1902). On
OCYILIECTBUJI TIEpPBBIA MepeBoa Ha pycckuid si3bik kHUru Y. Jlapsuna «lIpoucxoxnenue
BUJIOBY», BBIIEP)KABIICH TPH HM3/JaHUS U CIOCOOCTBOBABUICH HIMPOKOMY PaCHpOCTPAHEHUIO
SBOJIIOIIMOHHOTO yueHus cpeau pycckux 6mosoros. C.A. Paunnckomy npuHaaiexar padoThbl
[0 BBISICHEHUIO MEXaHU3Ma pPOCTOBBIX JBHKEHHM y pacTeHHUH, H3YYEHUIO XMMHUYECKOIO
COCTaBa KJIETOYHOI'O COKA PACTEHUM, POJIM LIUTOILIA3MbI B )KU3HU PACTCHUM.

[lepBbIM PYCCKUM Y4Y€HBIM, IMOCBSTHBIIUM €0 (DU3MOIOTHH PACTEHHI, CO3JaBIIUM
KPYIIHYI0 HAy4YHYIO IIIKOJIy, MEpBBIH oTeuecTBeHHbIH yueOHUK (1885) m moHorpaduio mo
¢u3noNOrNKM pacTeHHid, cleayeT mo npaBy cuuTarth akagemuka A.C. @amunnumza (1835—
1918). Emy mpuHajyie:)xar OTKpbITHE (DOTOCHMHTE3a Ha HMCKYCCTBEHHOM CBETY, PaOOTHI IO
pPOCTY U Pa3BUTHUIO, MIPEBPALLEHUIO BELIECTB, CAMOMOTUYECKUM B3aUMOOTHOIIEHUAM MEXKIY
BOJOPOCISIMH U TpuOaMH, CPaBHUTEIBLHOM W DBOJIOUMOHHOW (DU3MOIOTUU DPACTEHUH.
Monorpapus A.C. @amunuyuHa «OOMEH BEIIECTB U NPEBPAICHUE YHEPIUU B PACTCHUSIX»
(1883) He TONBKO CIy)KWJIa MHOTHM TOKOJEHHSIM (PU3HUOJIOTOB HACTOJIBHOM KHUTOH, HO U
BbIIBUHYJA psAJ Ipo0sieM, HajJ KOTOPBIMU TPYAWINCh HE OJUH JAECATOK JIET PYCCKUE U
MHOCTpaHHbIe yueHble. C MMEHEM 3TOr0 3aMeyaTelIbHOIO YYEHOrO CBSI3aHAa U OpraHM3alus
nepBoi B Hamled crpaHe jaboparopuu 1o (U3MOJIOTMM pacTeHUW Mpu AKaJeMUU Hayk,
poloHauvanbHHIlE coBpeMeHHOro WHcrtutyra ¢Qusuonoruu pacrenuit PAH. Cpemu
IIPEACTABUTENEH €ro HaydyHoOM MmKojabel BuauM J[.M. IBaHOBCKOr0O — OCHOBOIIOJIOKHHKA
Bupyconoruu, C.H. Bunorpaackoro — mnepBooTkpbiBatenss xemocuHte3a, M.C. LlBeta —
aBTOpa Xxpomarorpaduueckoro merona, O.B. bapanenkoro — KpymHOro cremnuaincra B
oOmnactu BogHoro pexuma pacrenuit, U.I1. bopoanna — cnennanucra mo 3K0J0THH JbIXaHUS
pacrenuii, A.A. Puxtepa — aBTOpa TEOpHMHU XPOMATHUYECKOM ajanTalMd BOJOPOCIECH U
JpPYTMX BHIHBIX Y4eHbIX. OHM BHECIM 3HAUMTEIbHBIA BKJIaJ B OSKCIEPUMEHTAIBHYIO
0O0TaHUKY U BBIJBUHYJN OT€YECTBEHHYIO (PU3MOJIOTHIO PACTEHUN Ha OJHO U3 MEPBBIX MECT B
MHUDE.

C 1872 r. B MOCKOBCKOM YHHMBEpPCHTETE CTajl pabOTaTh KPYMHBIA (U3HOIOT pacTeHUH,
OyiecTAIMI SKCIIEPUMEHTATOpP, UCTOPUK HAYKM U €€ TaJaHTJIMBBIA mo-mynspusatop K.A.
TumupsizeB (1843 — 1920). HauGonpmuii BKIag OH BHEC B HU3yY€HHE SHEPreTUKU
doTocuHTE3a, 10Ka3a] MPUMEHUMOCTh 3aKOHA COXPAHEHUs dHEPruu K (OTOCUHTE3Y, co3aal
3aMevaTelIbHyl0  CBOIKY <«OKW3HB pacTeHHs», HMEBLIYIO HENPEXOMdIlee 3HAYCHUE,
CYLIECTBEHHO pa3BUJI M MpONaraHAupoBall HCTOPUYECKUI MOAXO0A B OHOJIOTHMYECKOM
uccienoBanuu. Ero ydyenukamu cranu @.H. KpameHMHHMKOB, 3aHUMaBLIMICS H3y4YE€HUEM
POAYKTOB (DOTOCHHTE3a € SIHEpreTHueckoi Touku 3penus, B.W. [Tannaauu, ogun u3 aBTopos
COBPEMEHHOTO NPEACTABICHUS O AbIXaHUM pacteHuir, E.@. Boruayn, MHOro ciaenaBmivil B
U3y4e-HUU MeXaHHM3Ma JBI)KEHUS BOCXOJSIIEr0 BOJHOTO TOKAa B JPEBECHBIX PACTEHHSX,
OCHOBOITOJIO)KHUK OTe4YecTBEHHON (u3nonoruu apeBecHbIXx pacteHuil JILA. VBaHoB u
Bblatomuiics ¢pusnonor-arpoxumuk /. H. [IpsHumHukoB.

B mnacrosimee Bpems B crpanax CHI' m 3a pyOexxom Tpyautcss Ooiblias apMus
(GU3MOIOroB pacTeHHI B HAayYHBIX YUPEXKIEHHUSX U B BYy3aX, OCOOCHHO B YHUBEPCHUTETaX.
Tonpko B Hamlel cTpaHe CO3/1aHO HECKOJBKO CIENMAIM3UPOBAHHBIX MHCTUTYTOB, B TOM
ymcie Beaymui u3 Hux — Wucturyr ¢usnonorun pacrenuit um. K.A. Tumupsizea PAH B
Mockse.

3a mocieAHWE TOABl CHCIHAIMCTHI B OO0JACTH MOJCKYJISIPHOW OMOJIOTHH JOOUITHCH
CEphE3HBIX YCIIEXOB B M3YUYEHHH TJIYOMHHBIX CTOPOH JKU3HEHHBIX SBJICHUIH. DNOXalbHBIM
OTKpPBITHEM SIBUJIACh pacuIMppoBKa CTpOeHHS U (YHKIUN HYKICHMHOBBIX KHUCIIOT, 3THUX
MaTepHaJbHBIX HOCUTEJeH HAcJIeICTBEHHOCTH, Ha 4YeM Oa3upyercsi COBpEMEHHas



reHeTU4ecKasl MHKeHepusi, OMOTEXHOJIOTUS], TeHETUKA M CeJEeKIUs OpraHu3MoB. JlocTaTouHO
MIOJTHO BBISICHEHBI SHEPTeTUKA U XUMH3M (POTOCHHTE3a, MEXaHU3M TPAHCIOPTA OPraHUYECKHX
BEIIIECTB, HPHEPreTUKAa M SKOJOIMs JAbIXaHUS U €ro pojb B 0O0IIeM OOMEHe BeleCTB U
penapanusax (BOCCTaHOBJIEHMHM HapyLIEHHBIX CTPYKTYp U mporeccoB). CylecTBEHHbI
pe3yabTatel  paboOT MO  3KCIEPUMEHTAJIbHOMY  MOpQOreHe3y, KyJbType  TKaHE,
(PU3UOJIOTHYECKH aKTUBHBIM BEIIECTBAM, BOJIIOIIMOHHON (DU3MOJIOTUM U XEMOCHCTEMAaTHKE
pacrenuii. CoBpeMeHHBbIH B3I Ha (GU3MOJIOrHIO (OPMHPOBAHUSA YpOXKasih OCHOBHBIX
NOJIEBBIX  KYJNBTYp, CTPYKTYpHO-(YHKIHMOHAJIbHBIE,  (PHU3HOIOr0-OMOXUMHUYECKHE U
9KOJIOTUYECKHE AaCIEKThl alalTallui CElNbCKOXO03AHCTBEHHBIX KYJIbTYpP B YCIOBMSX cTpecca ,
NpEeICTaBJICH B TakuX ydeOHHMKaX, Kak «YacTHass (U3MOIOTHS TOJEBBIX KYIbTYp» (IOJ
penakuuein E.W.Komkuna, 2005), u «DPU3HOIOTHS YCTOWYMBOCTH CEIHCKOXO03HCTBECHHBIX
kynbTyp» (E.W. Kowmkun, 2010).

1.5. ®usuoJiorusi pacTeHMii — TeopeTH4YecKasi OCHOBA PAaCTEHHEBOACTBA M HOBBIX
oTpacJieii 0MoTexHoJI0rnu. ®U3H0JI0rHYeCKrue OCHOBbI IPOAYKTUBHOCTH PACTECHHI.
I'naBHbIe npo6yemMbl coBpeMeHHOH GUTOPHU3HOIOTUH

OcHOBHBIC HaIpaBIICHUs] COBPEMEHHON (Qu3nonorun pacteHuid. basy oredecTBEeHHOM
(GU3M0JI0rHM pacTEHUH U ee MUPOBYIO ClIaBy B IMPOLLIOM co3fanu padoTsl A. C. @aMuHIIbIHA,
K. A. TumupsizeBa, M. C. IIgera, H. A. Makcumosa, T. H. I'onneBa, [I. A. Cabununa, JI. H.
[Tpsaumnukosa, H. I'. Xonoanoro, B. H. Jlrobumenko, A. JI. KypcanoBa. OHu 3a10KHIN U
OCHOBHBIC HANpaBJICHUSI STOW HayKu. B coBpeMeHHOW (PHU3HONOTHM pacTeHUH pa3Iu4aroT
HIECTh NPUHIMNHMAIBHO BaHbIX HampasieHuil (A. JI. Kypcanos, 1973): Guoxumuueckoe,
Oonodusnueckoe, OHTOICHETUYECKOE, 3BOJIOLHMOHHOE, SKOJIOIMYECKOEe, CHUHTETHUECKOe
(knOepHeTHYEeCcKoe).

buoxumuueckoe HampaBiieHME HccienyeT  (YHKIUOHAJIbHYIO POJb  Pa3iIMYHBIX
OpraHMYECKHUX BELIECTB, OOpa3yloIIMXCi B PACTEHUSX, 3aKOHOMEPHOCTH MHUHEPAIbHOTO
NUTaHUsS, MMyTH OMOCHHTE3a OPraHWYECKUX COEAMHEHUI, pojb MUHEpPAIbHBIX BEIIECTB Kak
PEryJIsSITOPOB  COCTOSIHMSL ~ KJIETOYHBIX  KOJUIOMJOB, OMOKAaTalM3aTOpOB  IPOILIECCOB
MeTaboIM3Ma, IEHTPOB ANEKTPHUUECKUX SBJICHUN B KIIETKE.

buodusnueckoe HampaBieHue uccienyer OnoduanyecKue OCHOBBI (PUIMOTOTHUECKUX
GyHKUIMN U GYHKIHMOHATIBHBIX CHCTEM, BONPOCHI SJHEPTETHKH, IIEKTPOPUZUOIOTHH, PU3UKO-
XUMHYECKHE 3aKOHOMEPHOCTH (DOTOCHHTE3a M JbIXaHUS, BOJHOTO pEXHMa, KOPHEBOIO
IIUTaHM, POCTa U Pa3BUTHS, Pa3ApaKEHUsI pACTECHHM.

OHTOreHeTHUeCKOe HaIpaBlIEHUE HCCIeNyeT BO3PAcTHBIE 3aKOHOMEPHOCTH pa3BUTHUS
pacTteHuii, MopdoreHes, NpHEMbl YIpaBIEHUs pa3BUTHEM pacTeHuil (doroneproaunsm,
CBETOKYJIbTYpa, 3aKaJIlBaHUe PaCTeHUN U Ap.).

DOBOJIIOLIMOHHOE ~ (CPAaBHUTENIHOE)  HAmpaBlIeHWE  HccienyeT  (U3HOJIOTHYECKUe
0COOEHHOCTH (prtoreHe3a KOHKPETHBIX BHAOB, 0COOEH pacTeHUi, 0COOCHHOCTH OHTOTC€HE3a
pacTeHH TpU ONpeAETeHHbIX BHEUIHMX YCIOBMSAX, H3y4aeT OHTOTeHe3 Kak (YHKIIHIO
FE€HOTHUIIA ¥ BHEILIHUX YCIIOBUH.

DKOJIOTHYECKOE HalpaBlIeHHEe HCCIeIyeT 3aBUCUMOCTh (DU3MOJIOTHYECKUX (QYHKIUI
pacTeHUi OT HKOJIOTUYECKUX (PAKTOPOB Cpenbl, ydyacTBYeT B pa3paboTke 3((eKTUBHBIX
IIPUEMOB YNPABIEHUS POCTOM M pPa3BUTUEM pPACTEHUH B IPOM3BOJACTBEHHBIX YCIOBHSAX
(omTUMU3aLMs YCIOBUM MHUHEPAJbHOTO MUTAHUS, BOJHOIO PEKMMA, NMPUEMBbI MOBBIIICHUS
OETTKOBOCTH,  CaxapuCTOCTH  ypO’Kasi, IMOBBIIIEHWE  YCTOHYMBOCTH  pPACTEHUH K
HEOJIaronpUsATHBIM BHEITHUM YCJIOBHUSM U JP.).



Cunternyeckoe (KMOEpHETHUYECKOE) HAlpaBlIEHUE MCCIENyeT OO0lue 3aKOHOMEPHOCTH
pOCTa pacTeHUH, PHEPTETUKU U KWHETUKH B3aUMOCBS3aHHBIX (PU3UOJIOTHUECKUX MPOIIECCOB B
CHCTEME LI€JI0r0 PacTeHUs, pa3pabaThIBaeT CIIOCOOB! PErYISILIMN U YIPABICHUsS IPOLIECCaMU B
OMOJOrMYECKUX CUCTEMAX.

B nomonHeHume K Ha3BaHHBIM 1I€JI€COOOpPAa3HO BBIACIUTH IPUKIAAHOE (YacTHas
¢usuonorus) Hanpasienue. OHO uccieayeT (U3UOJIOTHIO KOHKPETHBIX BHJOB M COpPTOB
CEJIbCKOXO035HCTBEHHBIX KYJIBTYp C LI€JIbI0 COBEPIICHCTBOBAHUS UX arpOTEXHUKH, MOTY4YEHUS
MaKCHUMaJbHO BO3MOXHBIX W YCTOWYHMBBIX YpPOKaeB, pa3padarbiBaeT (pU3HOIOTHYECKHE
[acrnopra U MOJIENHU COPTOB OCHOBHBIX CEIbCKOXO3SHCTBEHHBIX KYJIbTYp NPUMEHUTEIIBHO K
PETMOHAJIBHBIM [TOYBEHHO-KIMMATUYECKUM YCIIOBUSIM CTpaHbl, pa3pabaTbIBac€T METOIbl U
npUOOPBI IMArHOCTUKU (PU3UOJIOTHUECKOTO COCTOSIHUSA U OLCHKH YCTOHUMBOCTU PaCTEHUH.

B OmoxuMum pacTeHHi Tak)Ke CYIIECTBYIOT Pa3JIMYHbIC HAINPABJICHUS: aHATUTHUYECKOE,
¢du3nonoruueckoe, NPUKIATHOE, TCHETUYECKOE, MOJIEKYJISpHOE W KBaHTOBoe. boibiioe
Oynyliiee NpuHaIIeKUT OMOXUMUYECKON F€HETHKE.

Jns GpyHAaMEHTAIbHBIX HCCIIEAOBAaHUM MPOLECCOB KU3HEAEATEIbHOCTU pPAcTEHUH Bce
HarpasieHus: (HU3NOIIOTUN M OMOXUMUH PACTCHUI BaXKHBI U B3aUMOCBS3aHbI. TeopeTrnueckas
(bu3noIorus pacTeHUN M ee BIMSHME Ha MPAKTUKY OyAYyT pa3BUBAThCA M0 MSATH OCHOBHBIM
HAIPaBJICHUSM, OOBEKTHUBHO BBITEKAIOIIUM M3 MHUPOBBIX TEHACHLUN pPa3BUTUS HAYKU U
npaktuku (A. T. MokpoHocos, 1988).

IlepBoe HampaBieHHE pa3BUTHS (PU3UOJOTUM PACTEHUN — OpraHu3alus, PEeryysduus U
UHTErpanus (QYHKIUMOHAIBHBIX CHCTEM B PAacTUTEIILHOM OpPraHHM3ME Ha Pa3sHOM YpOBHE
opraHu3anuu (0T MOJIEKYJISIPHO-OMOJIOTMYECKOTO 10 LieHOTHuYeckoro). Ha monexynspHo-
OMOJIOTHYECKOM YpPOBHE 53TO OpraHu3alMs W OJKCIpPeccHs TIeHOMa, €ro peryisuus,
UCCIIEJIOBaHHME MEMOpPAHHBIX CTPYKTYp U  KIETOYHBIX OpraHeil, B3auMOJIEHCTBUE
KOMITAPTMEHTOB B KJIETKaX, MCCJIEJOBaHUE MOTOKOB BEILECTB, PHEPTUU W HH(POpMAIMH B
pPa3IUYHBIX CUCTeMax KJIeTKH. Ha HaakieToyHOM ypoBHE — HCCIIEOBaHHUE IJIa3MOJIECM U
JOpYTUX KaHAIM3UPOBAaHHBIX IyTeH mepenaud CUrHajga, WHGOpMAalMW, SHEPTUHU B 3TUX
CHEUAIN3UPOBAaHHBIX MHOTOKJIETOYHBIX KOMMO3MIMAX. Ha ypoBHe nenoro pacreHus —
U3YYEHHE CHCTEM JaJIbHEr0 TPAHCIIOPTA, IOHOPHO-AaKLENTOPHBIX OTHOILEHUH, (PU3NOJIOTUN
3aracarpluX OpraHoB, aTTPAarupyroIIMX cucTeM. M HakoHel, HcClIeloBaHUS Ha YpPOBHE
[IEHO30B B MPAKTUYECKUX IEJIIX B CBSA3M C MpoOJieMaMu perysiiud U ONTUMH3ALUN
HOPUPOHBIX U arPOCUCTEM.

Bropoe HanpaBiienue pa3BuTus pU3NOJIIOTUN PACTEHUH — MOJIEKYIISIPHO-TEHETHYECKHUE U
(u3MOIOrMUECKUEe OCHOBBI OHTOTeHe3a pacteHuil. IlpoBogsrcs wuccienoBaHus MpoodiieM
OpraHu3aly, KOOpJWUHAIMK W KOOIEpalMH BCEeX T€HOMOB KJIETKH — SAEpHOro, Iuiac-
TUJHOTO, MUTOXOHJIPUAJIBHOTO U JIa)Ke BUPYCHOTO, B3aUMOJEHCTBHE KOTOPBIX 00ecreunBaeT
pocCT, crenuantn3anmio, Mophoreses, pa3BUTHE, CEKCyaIU3alli0 PACTUTEIBHOIO OpraHu3Ma B
OHTOTeHe3e. DTO HampaBJICHUE CBS3aHO C POJbI0 (PUTOTOPMOHOB M JPYTHX HPUPOIHBIX
PEryJiaTOpoB TOPMOHAJIBHO-UHTMOUTOPHOM MpUPOABl B  pealu3aliil TeHEeTUYEeCKON
IporpaMMbl OHTOT€HE3a PAcCTeHUH, BKIIOYAeT pPa3pabOTKy NPHUEMOB BMEIIATENbCTBA B
MIPOLIECCHI KUIHEACSITETLHOCTH PACTEHUHN B MPAKTUYECKUX LIETISAX.

Tperbe HampaBiaeHue pa3BUTUS  (U3MOJIOTMM  pacTeHMH —  (QOTOCHHTE3 U
INPOAYKIHOHHBIA  mponecc. MccimenyroTcss NpUHUUIBL  CTPYKTYpPHOM — OpraHu3anuu
(OTOCHHTETHYECKOTO ammapara Kak CHUCTeMbl MEpPBHUYHOW TpaHc(oOpManuu W 3amacaHus
CBETOBOWM  dSHepruu; (U3MOJIOrO-TeHETUYECKUE U DHEPreTUYECKHE  COCTaBISIOLINE
(OTOCHHTETHYECKOH TPOJYKTUBHOCTH B OHTOTEHE3€ PpACTCHHUs, SACPHO-TUIACTHIHBIC
TFEeHETUYECKUE OTHOIIEHUs, (OTOCMHTETMYECKUH MeTaboin3M  yriepoAa M a3oTa,
OpraHu3alys JTOHOPHO-AaKLENTOPHBIX CUCTEM (POTOCHHTE3a Ha KJIECTOYHOM, CyOKJIETOUHOM U



OpraHU3MEHHOM YpPOBHSX; ONTUMHU3ALUA (POTOCHHTETHYECKON JesITeNbHOCTH arpodu-
TOIICHO30B; pa3pad0TKa MPHUHIIUIIOB YIPABICHUS (POTOCHHTETUICC KON MPOTYKTUBHOCTHIO U
MPOAYKIIMOHHBIM MIPOLIECCOM B OMOTEXHOJIOTMYECKHUX, MPOMBIIIICHHBIX u
OuopereHepalMOHHbBIX cucTeMax, MIPOMBILIICHHAS (buTOTpOHMKA, CO3J1aHue
BbICOKOA()(DEKTUBHBIX CUCTEM KYJIbTYpbl PACTEHHUH B 3aKpbITOM TPYHTE, TJi€ pacTeHHE
COCIMHEHO ¢ ympasistomeid DBM, co3nanue cucrem )u3HeoOecreueHus: i Ha3eMHBIX U
KOCMHUYECKHX IIEJIEH.

YerBepToe HampaBlieHUE pa3BUTUA (U3HOJIOTHH PACTEHUH — 93TO (HU3HOIIOro-
OMOXMMHYECKHE U MOJIEKYJISPHbIE OCHOBBI YCTOMYMBOCTH PAcCTeHHUN K HEOIarompusTHHIM
YCIIOBUSIM TEMIIEPATyphl, BOJHOTO peXHMMa, W30bITKA COJICH, TMIO- U aHOKCUU, PajHalliH,
YCTOHYMBOCTU K OMOJIOTMYECKUM IMaToreHam u apyrum (paxrtopam. I[Ipobnema anmanrtaruun
PACTCHHIA K CTPECCOBBIM YCIOBHSIM, HMMYHUTETA K OMOJIOTUYSCKUM MATOTCHAM — KJIFOUeBast
st 3emuiefienus.  M3ydarorcs  3alUTHBIE CHCTEMBI HAa  KIETOYHOM  CTPYKTYPHO-
METabOJIMYECKOM YPOBHE, BKJIIOYAIOIIAE WHAYKIHUIO CHHTE3a MPOTEKTOPHBIX COCIUHCHUH,
COTPSKEHHOCTh BCEX MOCIEAOBATEIbHBIX IPOLIECCOB, HAaYMHAs C BOCIPUATUS CHUTHajla
KJIETOYHBIMU PELENTOPaMH, MHAYKIIMH IKCIPECCUU T'€HOMAa, CHHTE3a aJalTHUBHBIX OCJIKOB,
W3MEHEHHUs JIMIUA-HOTO M OEIKOBOTO KOMILIEKca MeMOpaH, naajee CilenyroT Mopdo-
CTPYKTYPHBIC U3MEHEHHUSI PACTEHUH.

[TaToe HanpaBineHne pa3BUTUS (PU3HOTOTUN pacTeHU — (OTOCUHTE3 U MPOTYKTUBHOCTD
KaK (akTop cOATaHCUPOBAHHOCTH OMOC(HEPHBIX MPOIIECCOB Ha 3eMJIe HCClieayeT OnocqepHbie
MPOLIECCHI, HAUMHAS OT COCTOSHUSL 030HOBOT'0 SKpaHa, BKJIIOYAas MPOIECC CHUKEHUS TyMyca B
MOYBax.

[Tomumo Ha3BaHHBIX (QYHIAMEHTATBHBIX MPOOJIEM Pa3BUTHUS (PU3HUOJIOTUU PACTEHUN 1Ta
HayKa pellaeT 3HAYUTEIbHBIM KOMIUIEKC MPAaKTHUECKUX 3a7a4 B YCIOBUSX TPUPOJIHBIX
HKOCHCTEM (KOJTUYECTBEHHOE HCCIEOBAaHHE JHEPro-, MacCOOOMEHa, SKOJOTHUSl PACTCHHIA,
3ammTa reHooHaa), B YCIOBHUSIX MOJEBOTO 3emiieenus (HebiaronpusTHOE BO3ICUCTBUE Ha
HKOJIOTMYECKYIO Cpely, pEe3KOe VYXYALIEHHWE KauyecTBa pAaCTUTEIbHON MpPOAYKIUU —
3arpsi3HeHUE HUTpPATaMy U HUTPUTAMH, TIOBBIIIIEHHBI MyTareHHbIA (OH, 3arps3HEHHE CPEeIbl
MEeCTULIUAMUA W JAPYTHe MPOOJIeMbl aJalTHBHOTO 3eMJIEACNNs), B YCJIOBHIX (PUTOTpOHA
(mpobnemMbl MPOMBINUIEHHOW (UTOTPOHUKH, peanu3anus OHOJOTHYECKOro MOTEeHIIMaIa
pacTeHus, METOJIbI ONTUMAIBHOTO MOUCKA U ONTUMHU3AIUU CPEJIbI C TIOMOIIBIO CTICIIHATBHBIX
JaTYMKOB pacTeHuil u OBM).

OcoOeHHO BaXHBI JJIS Halledl cTpaHbl pa3paboTKa HAyYHBIX OCHOB aJlallTUBHOTO
3emIle/ieNusl, TApAaHTUPYIOUIETO MOJYyYeHHE YCTOMUMBBIX YPO’KA€B HE3aBUCHUMO OT MOTOJHBIX
YCIIOBUHM, OCHOB 3KOJOTMYECKOI0 3eMIIEJeNINs, CO3[JaHhe 3HEpPro- U pecypcocOeperaronmx
TEXHOJIOTHI B PACTEHHEBOJCTBE, OOECIEYECHHE BBICOKOTO KauyecTBa PACTEHHUEBOMAUYECKOM
MPONYKIIUA. B permeHun 3TUX BOMPOCOB OONbINas pOJb MPUHAICKUAT (PU3HOJIOTHU U
OMOXUMHH pacTeHUil. BiusiHre Qu3nonorun pacTeHuil Ha CEIeKIIMOHHBIN MPOIECC JOKHO
OBITH O0J1ee A dexTuBHBIM. Heobxoaumo moMHUTE cioBa akagemuka H. V. BaBuiosa o Tom,
YTO «TCHETHKAa W CeNeKIHs KAyT OT ¢uzuonora pa3paboOTKU HYaCTHOW (U3HOTIOTHH
OTJIENBHBIX KYJIbTYp, COPTOBOW (U3HOJIOTHUU, (PU3UOIOTHYECKON CHCTEMATHKH COPTOB.
Coznanue Takoi «(hU3HOIOTHIECKON CHCTEMaTHKUY OTUIOAOTBOPUT BCIO pabOTy CENEKIUUA U
ynpoctut ee». CTaBUTCS 3a7ada BBIBECTH, MHTCHCUBHBIC, OT3BHIBUMBHIE HAa BBICOKWN (HOH,
UMEIOIINEe KOMIUIEKCHYIO YCTOWYHBOCTh COPTa U TUOPHIIBI CENbCKOXO3IHCTBEHHBIX KYJIBTYD,
CO371aTh ONTH "MajibHbIE (PU3HOJOTUYECKHE MOJIEIN COPTOB ISl PA3IMYHBIX 30H CTPAHBHI.
Peanu3anus yka3aHHOH mporpamMMbl HUCCIEIOBAaHMM HMeeT OOJbIIOe 3HAYCHHE IS
YCKOpEHUs Hay4YHO-TEXHHYECKOTo Iporpecca B 3emielenuu. PackpbiBas 3aBHUCHUMOCTh
OMOJIOTUYECKHX MPOILIECCOB, MPOUCXOMISIIUX B PACTCHHSIX, OT YCJIOBHW BHEIIHEH Cpelbl,



(GU3HONIOTHST PAaCTeHMH CO3/1a€T TEOPETHYECKYHD OCHOBY [UII CHCTEMBI TIPHEMOB,
HalpaBJCHHBIX Ha TMOBBIIICHHE MPOAYKTUBHOCTH PACTCHHM, YIy4ylIeHHUE KauyecTBa
CEJIbCKOXO03UCTBEHHOM MPOTYKIIUH.

Bomnpocs! 1151 caMOKOHTPOJISA

1. ®wusuonorus pacTeHH - Hayka 00 OpraHM3aIi ¥ KOOpAUHAIMH ()YHKIIMOHATBHBIX
CUCTEM 3€JIEHOT0 pacTeHHUS.

2. OU3MKO-XMMHYECKUN, DKOJOTUYCCKUN ¥ DSBOIIOIMOHHBIM aCleKThl (PU3NOIOTUN
pacTeHuil.

3. Merononorudeckue 0CHOBBI (GUTODU3UOIOTHH.

4. Dransl pa3BUTHA (PU3HOIOTUU PACTEHUH, UX CBA3b C OOLIMM pa3BUTHEM OMOJIOTHH U C
MPAKTUKOM.

5. dusmonorus pacTeHUN — TEOPETUUYECKAsi OCHOBA PACTECHUEBOCTBA U HOBBIX OTpacieit
OMOTEXHOJIOTHH.

CIIMCOK JIUTEPATYPEI

OcHognas

1. Unpunaa H.A.Qusmonorus u 6uoxumus pacteHuit: Yue6Hoe mocoone / H.A. Unbuna, N.B.
Cepreesa, A.W. Ilepersatko - YnbsHoBck-Capartos, 2013. - 335 c.ISBN 978-5-86045-613-6

2. Komkun, E. Y. ®usnonorus yCTOHYMBOCTH CEIIbCKOXO3IUCTBEHHBIX KYJIbTYp: yueOHuK / E.
. Komkun. - M.: [Ipoda, 2010. - 638 c.: mi. - (YueOHukn 1 y4uebd. mocoOus Ui CTYJEHTOB BBICIII.
yuae0. 3aBenenuit). - ISBN 978-5-358-07798-0

3. CepreeBa, 1.B.®Ousnonorust pacTeHUi ¢ OCHOBaMH 3KOJoruu: YueOHoe mocobue / U.B.
Cepreesa, A.W. Ilepersitko - Capatos, 2011. - 348 c.ISBN 978-5-7011-0740-1

4. ®wusnonorus 1 OMOXUMUS CENbCKOX03SMMCTBeHHBIX pacteHuil / mon pen. H.H. Tperbsikoa. M.
: Komnoc, 2005. - 639 c.ISBN 5-10-002915-3

Jlononnumenvras

1. buoxumus: yueonuk / B. I'. llepbakos, B. I'. Jlo6anos, T. H. IIpyauukoBa. - 3-¢ usx., ucrp. u
nor. - CII6.: THOP/I, 2009. - 472 c.: un. - ISBN 5-98879-008-9

2. Koszpmuna, H. I1. 3epHoBeneHne ¢ ocHoBaMH OMOXMMHH pacTeHuil: HayuHoe nzganue / H. 1L
Kozpmuna, B. A. I'yapkus, I'. M. Cycnsaok. - M.: Konoc, 2006. - 464 c.: un. - (Teopetuueckue
OCHOBBI MPOTPECCUBHBIX TeXHOJOTHI: Onorexnomnorus). - ISBN 5-10-0039.
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Jlexknusa 2

OCOBEHHOCTHU CTPOEHUSA, CTPYKTYPHASA U ®YHKIIMOHAJIBHAS
OPTAHM3AIIUS PACTATEJIBHOM KJIETKH.

2.1. CuMOMOreHHasi THI0TEe3a BOSHUKHOBEHUS paCTI/ITeJILHOi/i KJCTKH.

Crparerusi CymecTBOBaHHUS BBICIIMX PAacCTeHU OOYyCJOBJIEHA MPEXKIE BCETO ABYMS HX
[JIABHBIMU CBOHCTBAMM — (OTOTPO(PHBIM THUIIOM IUTAaHUA W OTCYTCTBHEM AaKTHUBHOM
NOJBWKHOCTU. ODTHU JiBa CBOMCTBAa HAJIOXKWIM OTIEYATOK HA BCE YPOBHU OpraHU3alUuu
PacTUTEIBLHOTO OPraHU3Ma, BIUIOTh 10 KJIETOYHOIO.

[TomuMo oOmMX Ui BCEX HSYKAPHOTHYECKUX KIIETOK TMPU3HAKOB, KIETKH pPACTCHHI
o01agaroT psioM ocoOeHHOCTel. [ 1aBHbIe U3 HUX — HaJIM4ue MJIacTUM, BaKyoJIel U )KeCTKON
KJICTOYHOW CTEHKH.

[IpucyrcTBHEe IUTACTHA CBSI3aHO MpeXJe Bcero ¢ (OTOTPO(GHBIM THUIIOM IUTAHUA
pacrenuii. IlnacTuapl, Kak ¥ MHUTOXOHJIPHH, UMEIOT COOCTBEHHBIN TeHOM. TakuMm oOpazom,
ele 0JHOM OCOOEHHOCTBIO PACTUTENIBbHOM KJIETKU SIBISETCA TO, YTO OHA COBMELIAeT B cebe
TPU OTHOCUTEIIbHO AaBTOHOMHbBIE TI'€HETHUECKHE CHCTEMBI: SJIEPHYIO (XPOMOCOMHYIO),
MUTOXOHJIPUAJIBHYI0 W IUIaCTHAHYIO. Hanmuume Tpex TIeHOMOB SBISETCA CIEACTBHEM
CUMOMOTHYECKOTO MPOUCXOXKICHHUS PACTUTEIBHBIX KJIETOK. [Ipn 3TOM pacTHTenbHAs KIETKA,
B OTJIMYME OT JAPYIMX 3YKapUOTHYECKHUX KJIIETOK, 0oOpa3oBajach Kak MHUHUMYM H3 Tpex
HCXOJIHO CaMOCTOSATEIbHBIX (POPM:

1) «X03s1iiCKOT0» OpraHU3Ma, TCHETHUECKHUIl alnapaTr KOTOPOTo MePeMECTHIICS B SPO;

2)rereporpodHoit  OakTepuu  (MOXOXKEH  HAa  POJOCIUPWILTY),  MOCTY)KUBIIEH
IIPEIUIECTBEHHUIIEH MUTOXOHIPHH;

3) npeBHEH OakTepUU C OKCUTECHHBIM (POTOCHHTE30M, MOXOXKEH Ha IHAHOOAKTEPHIO
Scinechocystis, craBeit pojoHaYaTbHUIIEH TUTACTH/T.

JlnuTenbHasi KO3BOIIOLNS CHMOMOHTOB MIpUBETa K NepepacipeiesieHut0 QyHKIMA Mexay
HUMU U UX TE€HETHMYECKHMHU CHUCTEMaMH, MPU ITOM MHOTHE TI'€Hbl MUTOXOHJPHAIBHON H
iactuaHoi JIHK Oblin nmepemertieHs B spo.

2.2. MeMOpaHHbIe CHCTEMbI PACTUTEJIbHON KJIETKH.

OOmuM CBOMCTBOM OPTaHMW3MOB, HACEISIONIUX HANIy IUIAHETY SBISETCS TO, YTO BCE OHU
COCTOAT W3 KJETOK. BHYTpEeHHSSI CTPYKTypa KJIETKH COBEpIIEHHa, 4YTO OO0OecreuynBaeT
BBHITIOJTHEHHE €10 BceX (hYyHKIUM opranusma. [1o3Tomy kieTka sBIseTcsl Kak CTPYKTYPHOMH, Tak
1 (QYHKIIMOHATILHOMW €MHUIICH.

CtpoeHre OCHOBHBIX KOMIIOHEHTOB KJIETKH CTYACHTHI H3y4alud B Kypce OOTaHUKH,
MOATOMY 3TOT BOIMPOC B JIEKITUN HE paCCMaTPUBAETCS.

Baxknyro ponb B JKM3HM KJIETKH WUTparoT Ouojormueckue MeMOpanbl. OHH OTHEINSIOT
KJIIETOYHOE COJIEP’)KUMOE OT BHEIIHEW cpenbl (Tia3zMajieMMa), BaKyOJSPHBIM COK OT
[UTOIIa3MbI  (TOHOIUIACT). B  MHKpOCKONHWYECKH MalioM oOOBeMe KIETKH MOMEIIAeTCs
0OJIbIIIOE  KOJMYECTBO MEMOpaH MMEIOMUX OrPOMHBIE pabounMe TOBEPXHOCTU. Bes
[UTOIJIa3Ma TPOHU3aHa JHJOoIIa3MaTudeckuM peTtukynymom (OI1P), oOpa3oBaHHBIM
MeMOpaHamu. OHH OKPYKAIOT SIIPO, TIACTHIBI, MUTOXOHAPUU U IPYTHUE OPTAHEIIbI KJIETKH.
Yacto MeMOpaHBI pacrojaraloTcs BHYTPH CaMHX OpraHe/ul. B OOJIBIIMHCTBE cly4yaeB
TONIHUHA MeMOpaH coctaBisieT 5-10 uMm. Hanpumep, TonmmHa mia3zMaTudeckod MeMOpaHbI
paBHa 7,5 HM.
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[IpennoxxeHo HecKOJIbKO Mojeneld cTpoeHuss MmemOpanbl. Haubonbliee mnpusHaHue
MOJIy4lJia MOJEJNIb, COTJIACHO KOTOPOM OCHOBOM KJIETOYHOM MEMOpaHbl SIBIISETCA
HENPEPBIBHBIA OMMOJIEKYISAPHBINA CIOW TUIUAOB, THAPO(YOOHBIE TPyl KOTOPHIX 0OpaIleHb
JpYT K JIpYTY, a MOJIAPHBIC — HAIIPAaBICHHBI HAPY)Ky, TaK KaK OKpyXaromasi cpena — Boja. B
JUNHUIHYI0 OCHOBY BCTPOEHBI CCHMETPUYHO PACIIOI0KEHHBIE OEIKOBBIE MOJIEKYJIBI.

K HEeKoTOpbIM JTUMHIHBIM M OEJNKOBBIM MOJIEKYJIaM Ha BHEIIHHUX IOBEPXHOCTSIX MOTYT
MPUCOEAUHSTHCS YIIIEBOIHbIE KOMIIOHEHTHI.

Jlumuael. Cpear  JTUNUAOB 3HAYUTENBbHAS JOJS MpeHaIexkuT Qochomumuaam. OHU
ABIISIOTCS CIOKHBIMH 3(QHUpaMu TPEXATOMHOIO crupTa riuuepuHa. Y ¢ocdonununos ase
THJIPOKCUIIBHBIE TPYIIBI B MOJIEKYJIe TJIUIIEpUHA 3aMeIeHbl )KUPHBIMH KUCJIOTaMH, a TPEThs
— ¢ocdopuoit kucnoroit. K dochopHoii Kuciaore MOryT ObITh MPUCOSIUHEHBI Pa3IUYHbBIC
NOJISIPHBIE COCTUHEHMs, Yalle BCEr0 aMHUHOCHHUPTHI — 3TAHOJAMHH WJIM XOJHH, MOJIEKYJIBI
dbochonunumaoB MONSAPHBI, TaK KaK OHHM COJAEPKAT MOJSAPHYIO THAPOPUIBHYIO «TOJIIOBKY»
(rmuuepuH, ¢ocdopHas KHCIOTAa, aMHHOCIHPT) W JBa THAPO(GOOHBIX YIIIEBOJOPOIHBIX
«xBocTa». Hapsany c¢ dochonmunuaamun B coctaB MeMOpaH BXOIAT TJIMKOJIUMUABL U
cynbomunuasl. [nmukomunuael  BMecTO ocTaTka (POochOopHON  KHCIOTBI  COAEpIKaT
MIPOU3BOHBIEC CaXapoB.

Beaxu. B 3aBUCHMOCTH OT pacmoyioeHHUs B MEMOpaHe U XapaKTepa CBS3U C JUIUATHBIM
cioeM MeMOpaHHBbIE O€JKH YCIOBHO MOXXHO pPa3[eliuTh Ha TPHU TPYIIBL: MHTErpajbHbBIC,
nepudepruyecKre U MOBEPXHOCTHBIE (puc.l).

Humeepanvuvie b6enxku TMOTHOCTHIO MOTPYXKEHBI B MEMOpaHy, HWHOTJA MPOHU3BIBAIOT €€
HacKkBO3b. CBS3b MHTETPANBHBIX OCJIKOB C MEMOpaHHBIMH JUMHJIAMH OYEHb NpPOYHAS W
oTpefensercs, TIaBHbIM 00pa3oM, TuApohOOHBIME B3auMoAeUCTBUAMU. [lepughepuueckue
OenKky 4aCTUYHO TOTPYXKEHBI B TUIPOPOOHYIO 00J1aCTh, & HOBEPXHOCHHbIE - HAXOIATCS BHE
ee. B nmepBoM ciydae cBs3b C JIUNUAAMU B OCHOBHOM OIPENENSETCs 3JIEKTPOCTATHYECKUMHU
B3aUMO/JICHCTBHUSAMH, @ BO BTOPOM — HCKITIOYUTEIBHO UMHU. [IoMHMO 3TOTO HEKOTOpHIE OeNKn
¥ JIMNHUIBI B MEMOpaHe CBSI3aHbl KOBAICHTHOM CBSI3BIO.

Puc. 1. Monens cTpoeHus 31eMeHTapHOH OHOJIOTHYeCKO MeMOpaHBI
(o I'yceBy, Muneeoii, 2004):
1 — MoneKynbl TUIHUI0B: @ — TUAPO(PUIIBHAS «TOJIOBKa»; 6 —TuApodoOHEIi "XBoCT";
2 — MOJIeKYJIbl OENKOB: 6 —HHTErpajbHAas; & — Nepudepuyeckas; 0 — MOBEPXHOCTHASI.

B OenkoBBIX MoOJIEKyTaxX WM MEXAY COCEIHUMHU OCITKOBBIMH MOJIEKYJIaMU HMEIOTCS
ruapoduIbHbIE KalaHbl (MOpPHI), KOTOPHIE MPOHU3BIBAIOT MeMOpaHy. [lo HUM CKBO3b
MeMOpaHy MOTYT IPOXOJAUTH MOJIIPHBIE MOJIEKYJIbI, KOTOpbIe O€3 TaKuX MOp MPOUTH ObI HE
CMOTJIM, TaK Kak JHUIHUIHBIA KOMIIOHEHT MEMOpaHbl HE TPOMYCTHI OBl MX B KIETKY.
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MemOpanHble  Oesiku NMOABMKHBI. OHHM CHOCOOHBI BpalaTbcs BOKPYT CBOEH OCH, MOTYT
CBOOO/THO TUIaBaTh B JIUIMHUIHOM OHCIIOE.

B crpeccoBbix ycnoBuAX (3acyxa, MOPO3) COAEp)KaHUE HENpeAETIbHbIX KUPHBIX KHCIOT
MOBBIIIACTCA, YTO JeJaeT MEMOpPaHHbIM MaTpUKC 0oJiee KUAKUM H TMOABWKHBIM. C TOMOIIBIO
9THX M3MEHEHUH B XMMHMUYECKOM COCTaBe MeMOpaH yjaaeTcsl HACHTU(UIUPOBATh Pa3Inyus B
3UMOCTOMKOCTH Pa3HOOOPA3HBIX COPTOB O3UMBIX KYJIBTYP.

B knerke MeMOpaHbl BBIITIOJIHSIOT pa3IuyHble PYHKLIUU:

1) peryaupyroT pacnpelesieHHe NHUTATEIbHBIX BELIECTB MEXAY KIETKaMu U
OKPY’KaIOIIIeH cpeoid, 001aiasi CBOMCTBOM M30MpaTeIbHON IPOHUIIAEMOCTH;

2) peryaupyroT KOHIEHTPALMI0O OCMOTHMYECKH AaKTHBHBIX BEIIECTB B KJIETKax u
o0ecreunBaroT OCTYIJICHHE BOJIbI B KJIETKH [TOCPEICTBOM OCMOCA;

3) OCYHIECTBJISIOT IPOCTPAHCTBEHHYIO JIOKAJIM3ALMI0 OTHENbHBIX IPOIECCOB
AKHU3HEIEATEIbHOCTH KJIETKH, 00pa3yroT B Hel crelnuaabHble MUKPOOTCEKH — KOMIIAPTMEHTHI;

4) U3MEHSAIOT AaKTUBHOCTb M  HANpPAaBJIEHHOCTb  JEUCTBUS ~ OMOJIOIMYECKUX
KaTaJIn3aTOpoB KJIETKU — QepMeHTOB. Hampumep, IUOHUAbL, HaXOAALIMECS B JKUAKOM
arperaTHOM COCTOSIHMM, HE BIMAIOT Ha paboTy @epMeHTa, a MpU JOKAIbHOM
«3aTBEp/IEBaHUM» JIMIUJOB IPOUCXOAUT CIMIAHUE OEIKOB — (EPMEHTOB U HapyIIAeTCs MX
¢ynkuums. [losromy [Ist  JeSTENbHOCTH MEMOpaHHBIX  (DEPMEHTOB BaXHO, YTOOBI
OKpY’KaloIIMe UX JMIUIbI HAXOJWINCH B )KUIKOM arperaTHOM COCTOSIHUH;

5) BBINONHAIOT PEHENTOPHYIO (YHKIHIO, BOCHPUHUMAs BHEIIHUE DPA3IPAKCHHUS M
nepeaaBas CUTHANbBI O HUX OpraHu3My.

2.3. lIuTocKkeseT pacTUTEIbHOM KJIETKH.

[{uTornasma 3yKapuOTHYECKUX KIIETOK IPOHU3aHA TPEXMEPHOH CEeThI0 M3 OENKOBBIX
HUTEH, Ha3bIBAEMOHN yumockenemom. B 3aBUCUMOCTH OT AMaMeTpa HUTH Pa3JESIOTCS Ha
muxpogunamenmor (6 — 8 HM) U muxpompybouku (oxoso 25 HM). Bce 3TH BOJOKHA
IPECTaBIAIOT cO00M MOTUMEPBI, COCTOAIINE U3 CYObEAMHULL 0COOBIX IIOOYISPHBIX OEITKOB.

MukpoduiaMeHTsl (aKTMHOBbIE HHUTH) COCTOAT M3 Oelka akTuHa, Haubosee
pacpoCTPaHEHHOTO B JYKapHMOTHYECKUX KJIETKaX. AKTHH MOXKET CYIIECTBOBAaTb B BHJE
MoHoMmepa (G-akTuH, «TTOOYJSpHBIA akTHH») Wi noiuMepa (F-akTuH, «hUOPHIISPHBINA
akTUH»). G-aKTUH — aCUMMETPUYHBIN TI00ynsapHbId Oenok (42 x/la), cocTosmmii U3 IBYX
nomeHoB. Ilo mepe moBbImieHWss WOHHOM cmibl G-akTHH OOpaTHMO arperupyer, oopasys
JMHEWHBIH CKpY4YeHHBIM B criupaib nonumep F-aktuH. Monekyna G-akTHHa HECeT MPOYHO
cBs3aHHYIO Mosiekyny AT®, koTopas mpu nepexoje B F-akTHH MeUIEHHO THJIPOJIU3YeTCs 10
AJID, 1. e. F-akTiH nmeeT cBoiicTBa ATda3kbl.

[Mpn mommmepmszanmu G-akTuHa B F-akTWH OopWeHTalMsi BCEX MOHOMEPOB OJMHAKOBA,
nosToMy F-akTuH oOnagaerT moisipHOCTHIO. BonokHa F-akThHa MMeEIOT J1Ba pa3HOMMEHHO
3apsOKEHHBIX KOHIA: (+) W (-), KOTOpBIE TOJUMEPHU3YIOTCS C Pa3IMYHONM CKOpOCThiO. B
pacTUTENFHONW KJIETKE 3TH KOHIBI HE CTaOWJIM3MPOBAHBI CHEIMAIbHBIMH OelKaMHu (Kak,
HaIpUMep, B MBIIIEYHBIX KJIETKAX), U MPU KPUTUUECKON KOHLEHTpauuu F-akTuHa (+)-KOHel
Oynmer ymiMHATBCA, a (-)-KOHEILl YKOpauuBaTbesi. B yCIOBHSAX JKCIIEPUMEHTa ATOT IMPOIIECC
MOXXET OBITh WHTHOMpPOBAH TOKCHMHamMu TpuOoB. Hampumep, dammouann (s1 OmegHOM
NIOTaHKU) CBS3BIBACTCS C (-)-KOHIIOM M HMHTHOHMPYET JEHOIMMEpPHU3AIHI0, B TO BpeMs Kak
UTOXaNa3WH (TOKCHMH W3 IUIECHEBBIX T'pUOOB, O00JIAMAIOMIUNA CBOMCTBOM ITUTOCTATHUKA)
NPUCOETUHSETCS K (+)-KOHILY, OJIOKHPYS TOJTUMEPU3ALHIO.

B nuromnasme kietok mmeercs Oosnee 50 pasIMYHBIX THIIOB aKTHHACCOLMUPO-BAaHHBIX
0enKoB, KOTOpble crhenuduueckn B3auMoAeucTBYIOT ¢ G- u F-aktmHOM. DT Genku
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BBITIOJIHSIFOT Pa3jiuvHble (QYHKIHMH: PETyaupyroT o0beM G-akTHHOBOro myna (mpoduiuH),
OKa3bIBAIOT BIHMSHHE HA CKOpPOCTh mojumepu3anuu G-akTuHa (BWJUIMH), CTaOWIM3HUPYIOT
KOHIIbI HUTeH F-akTuHa ((paruH, p-aKTUHUH), CIIMBAIOT (UIAMEHTHI APYT C APYTOM HIIH C
JPYrUMH KOMIIOHEHTaMH (Kak, HalpuMep,

BWJIMH, a-aKTUHWH, CHEKTPUH) WM pa3pylaloT choupaib F-akThHa (Tenb-30JIMH).
AKTHBHOCTh aKTHH-aCCOLMMPOBAHHBIX O€IKOB peryaupyercss umomamu Ca ' u  TIpo-
TEMHKHUHA3aMHU.

MuKpoTpyOOUKH MOCTPOEHBI U3 TIIOOYIspHOrO Oenka TyOyjiHMHA, NPEICTaBIISIOIIErO
coboit qumep a- u p-cyowreaunuil (53 u 55 k/la). ['ereponumepsl au p 00pa3yroT JTUHEHHBIE
[ETMOYKH, Ha3bIBaeMble mpoToduiaamentamu; 13 mpoTopuinaMeHTOB 00pa3yloT MUKINYECKUN
KOMILJIEKC, 3aT€M KOJIbLia MOJIMMEPU3YIOTCS B JUIMHHYIO TpyOky. Kak m MukpoduiaameHTsl,
MHUKpPOTPYOOUYKH TPEACTABISAIOT cOOOW JMHAMHYECKHE MOJSIPHBIC CTPYKTYphI ¢ (+)- U (-)-
koHamMu. Konen (-) craOuaM3upoBaH 3a CyYeT CBA3BIBAHMS C LIEHTPOCOMOH (LEHTP
OpraHu3alil MUKPOTPYOOUEeK), B TO BpeMs Kak JuIst (+)-KOHIa XapakTepHa JTUHAMUYECKas
HecTabuinbHOCTE. OH  MOXKET JIMOO MEAJeHHO pacTH, 00 OBICTPO YKOPauuBaThCS.
TyOGynuHoBble MOHOMEpHI CBs3bIBAIOT [ T®, koTOpbIil MeieHHo ruaponusyercs B ['ID. C
MUKpPOTPYOOUKaMH acCOLMUPYIOT JABa BHJA OenkoB: cTpykTypHble Oenku MAP u OGenku-
TPaHCIOKATOPHI.

JUis nuTOCKeNneTa KMBOTHBIX KJIETOK XapaKTEpHO HAJIUYKME MPOMEKYTOUHBIX BOJIOKOH.
TUMUYHBIME TPEACTAaBUTEISIMH TaKUX OCITKOB SBJSIFOTCS IIUTOKEPATHHBI, IECMHH, BUMEHTHH,
KUCIbIN puOpHIIApHbIi ruanporent. Bee 3Tu 6e1Kku UMEIOT B LIGHTPAJIbHOM 4acTH 0a30BYIO
CTEp)KHEBYIO  CTPYKTYpy — CYNEpCHHPAIM30BAaHHYIO a-ClUpaib. Takue JUMepsl
aCCOLIMMPYIOT aHTHUMAapaJUIeabHO, 00pa3ys TeTpamep. Arperanusi TeTpamMepoB MO MPUHIUIY
«T0JIOBA K TOJIOBE» AAaET MPOTOPHIAMEHT.

Bocemp mpotodmiameHTOB 00pa3yloT NMPOMEXKYTOYHOE BOJIOKHO. B oTnuume oT MuK-
podunamMeHToB 1 MUKpPOTPYOOUEK CBOOOIHBIE MOHOMEPHI IIPOMEKYTOUYHBIX BOJIOKOH €/1Ba JIH
BCTpEYAlOTCS B OUTOIDIa3Me. VX mommMepusanus BeneT K 0Opa30BaHUIO YCTONYMBBIX
HETOJISIPHBIX MTOJTUMEPHBIX MOJIEKYII.

Benku mogo6HOTO THIIA OOHAPYKEHBI B PACTHTENBHBIX KJIETKaX, OAHAKO (POPMHPOBAHUE
TUIHYHBIX TPOMEXYTOUYHBIX BOJIOKOH HE 3apETUCTPUPOBAHO.

L{uTOCKeNeT BBIMOTHAET TPU TTIaBHBIE (PYHKITUH:

1) bopmupyeT MexaHUUECKUIl KapKac, KOTOPBIN MpUaaeT KieTke GpopMy U odecrieunBaeT
CBSI3b MEXKAY MeMOpaHOW W OpraHejulaMH; KapKac MpPEJCTaBIsSeT COOOH TUHAMUYHYIO
CTPYKTYpPY, KOTOpasi IMOCTOSHHO OOHOBISIETCA MO MEpe M3MEHEHMs BHEIIHHUX YCIOBHH WU
COCTOSIHUSI KJIETKH. J[JIs1 pacTUTENhHOW KIIETKH, MMEIOIIEH XECTKYI KJIETOYHYIO CTEHKY,
dbopMooOpasyromas posib IUTOCKENIETa HECYIIIECTBEHHA,

2) neficTByeT KaKk «MOTOp» [UIs KJIETOYHOTO JIBM)KEHHS: KOMITOHEHTBHI IIMTOCKEIeTa
OTIpEeNIeNIAIOT JIeIeHUe KJIETOK, NepeMellleHle OpraHesul, IBMKEHHUE IUTOIUIa3Mbl (MOTOpHas
(GyHKIMS UTOCKETIETa TakKe Oosiee BayKHa /IS 5)KUBOTHBIX KJIETOK);

3) CIY)XUT «pelbcaMmu» JIsi TPAHCIOPTa OPraHeIUl M JPYTHX KPYIMHBIX KOMILJIEKCOB
BHYTPH KIICTKH.

Bomnpocsl 111 CAaMOKOHTPOJIsI

1. CumOuoreHHas rmurnoTe3a BO3HUKHOBEHHUS PACTUTEIbHOMN KIIETKH.
2. MemOpaHHBIE CHCTEMBI PACTUTEIHHOM KJIETKH.
3. IluTockener pacTUTENbHOU KIIETKU.
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CIIUCOK JIUTEPATYPEI
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1. Wneuna H.A.®uzmonorus u 6uoxumus pacreHuii: Yueonoe nocodbue / H.A. Unbuna, U.B.
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Jlexuus 3.
CHUCTEMBI PEI'YJISIIIMA U UHTET'PAIIAU Y PACTEHUIA.
3.1. Peryasiuusi poueccoB HA KJIETOYHOM YPOBHe.

Cl0XHOE CTpOEHHE PACTUTENBHOIO OpraHusMa, Iup(epeHIUPOBAaHHOTO Ha OO0JbIIOE
KOJINYECTBO CHEIMATM3UPOBAHHBIX OPraHOMIOB, KIETOK, TKaHEW M OpraHoB, TpeOyeT u
COBEPULICHHBIX CUCTEM YIIPABJICHHUS.

LlenloCTHOCTH BCSKOTO, B TOM YHCJIE€ M PACTHTEIBHOTO, OpraHW3Ma OOECIIeYHBAETCS
CHUCTEMaMM Peryjsilud, YIpaBjieHUs U UHTerpanuuu. B TexHuke non perymsuuell oObIYHO
NOHMMAIOT MOJJEP)KAHUE 3HAUYECHUM MapaMeTpOB CHUCTEMbl B 3aJaHHBIX TIpaHUIlax.
VYnpasieHue — 3TO INpOLECC MEPEBOJA CUCTEMBI U3 OJHOTO COCTOSHHUSA B JIPYroe IyTeM
BO3/ICICTBUS Ha ee nepeMeHHble. OqHaKo B 0oJiee IMIMPOKOM CMBICIE TEPMUH «PETYJISALIUS»
BKJIIOYAET B ce0s M IpoLecchl yrnpaBieHus. B Takom Oosiee MIMPOKOM CMBICIIE 3TOT TEPMUH
yrnoTpebnsiercs u B Ouonoruu. Perymsanust obecredymBaeT TOMEOCTa3 OpraHuM3Ma, T. €.
COXpaHEHHE MTOCTOSHCTBA TapaMeTPOB BHYTPEHHEH CPEJIbl, a TAK)KE CO3AAET YCIOBUS IS €70
pazButus (dnureHeza). Ha Bcex ypoBHSX OpraHu3aldyd TIOMEOCTa3 O0ecleyuBaeTcs
OTPHLIATEIbHBIMUA OOpAaTHBIMU CBA3SIMH, SIUI€HE3 — IMPEUMYILIECTBEHHO MOJI0KUTEIbHBIMU
00paTHBIMU CBS3SIMHU.

B xone »BomonuM cHavajga JOJDKHBI ObUIM BO3HHMKHYTh BHYTPHUKIIETOYHBIE CHCTEMBI
perymsimun. K HHM OTHOCATCS peryisius Ha YpoBHE (EpPMEHTOB, TEHETHYecKas, |
MeMOpaHHasi peryimsuuud. Bce 3T cucTeMbl PEryJsiiMM TECHO CBSI3aHbl MEXIy COOOM.
Hampumep, cBoiictBa MeMOpaH 3aBUCSAT OT TI'€HHOM AaKTUBHOCTH, a AuddepeHuuaibHas
aKTUBHOCTh CAMHX T'€HOB HaXOJUTCS MOJ KOHTposieM MeMOpaH. bosbie Toro, B OCHOBE Bcex
(GopM BHYTPHUKJIETOYHON PETYJISLUU JICKHUT €IUHbINA MePBUYHBIA NPUHLUI, KOTOPBIA MOXHO
Ha3BaTh PELENTOPHO-KOH(opMaMoHHBIM. Bo Beex ciydasx OenkoBasi MojeKyjaa — Oy TO
(bepMeHT, peenTop WU peryisTOpHbIN 00K — «y3HaeT» creuduuecKuil A Hee (hakTop
U, B3aUMOJEMCTBYS C HHM, H3MEHSAET CBOIO KOH(purypamuioo. B MynbTHKOMIIOHEHTHBIX
KOMILIEKcaX ()epMEHTOB, T€HOB W MeMOpaH KOH(OPMAIlMOHHBIE H3MEHEHUS MOJIEKYI-
pEeLenTopoB KOOMEPAaTUBHO MEPEAtOTCsl Ha BECh KOMIUIEKC, BIUASA HA €ro (yHKIMOHAIBbHYIO
AKTUBHOCTD.

C mnosBIIEHHEM MHOTOKJIETOYHBIX OPraHU3MOB pa3BUBAIOTCS U COBEPIICHCTBYIOTCS
MEXKJIETOUHbIE CHUCTeMbl perymsiuud. OHM BKIIOYAlOT B ce0s 1o KpaiiHel Mepe
Tpouueckyo, TOPMOHAIBHYIO ¥  3JEKTPO(U3HOJIOTHYECKYI0  cHUcTeMbl.  Takue
B3aUMOJICHCTBUA cpa3y OOHApY)KHMBAIOTCS NPU MOMBITKAX KYJIbTUBUPOBATh T€ WIM HHBIE
YacTH M OpraHbl PacTeHUU B U30JMPOBAaHHOM BHJe. Bo Bcex ciydasx nis mojanaep:kKaHus
KU3HU M30JMPOBAHHBIX YacTe B HMHKYOAllMOHHYIO Cpeay HeoO0X0AuMO J100aBIsATh
Tpouueckre u TopMoHabHbIE (AKTOPbI, B HOPME MOCTYMAIOIIUE U3 APYTUX OPTaHOB LIEJIOr0
pacTeHus.

3.2. MeTaGoiuTHAs peryJsiliusi 1 MEXaHU3M KOHTPOJISI MPOTEeKAHUSA MPoIlecca 1Mo
NPUHIAINY OTPUIATENbHOM (I0JI0KUTEIbHON) CBA3U KOHEYHBIMH MPOXYKTAMM.

W3octeprueckast peryssiiusi aKTHBHOCTH (EPMEHTOB OCYIIECTBIISIETCS HAa YpPOBHE HX
KaTAINTHYECKUX IEHTPOB. PeakimoHHas CHOCOOHOCTP W HANpPaBICHHOCTb PabOTHI
KaTaJIMTUYECKOTO [IEHTPa MPEKAE BCEro 3aBUCST OT KOJIMYECTBA cyOcTpara (3aKOH JeHCTBUSA
Mmacc). MIHTeHCHBHOCTh PaboThl (hepMeHTa OmpeAemseTcs TakkKe HaIWYueM KO(PEepMEHTOB
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(711 TBYXKOMIIOHEHTHBIX AH3UMOB), KO(aKTOpoB (crienupuiecKn JEHCTBYIONUX KaTHOHOB)
U aKTUBAaTOPOB WJM HHTMOMTOPOB, AECUCTBYIOIIMX HAa YPOBHE KaTaJIUTH YECKOIO LIEHTpA.
AKTHUBHOCTb T€X WJIM JAPYTHX (PEPMEHTOB MOXKET ObITh CBsI3aHa C KOHKypeHLuel 3a olmiue
cyocTparbl 1 KOQEpPMEHTBI, YTO SIBJISIETCSI OAHUM U3 CIOCOOOB B3aUMOJICHCTBHS Pa3IMYHBIX
METa0O0IMYECKUX LIUKIIOB.

Hexotopbie (epMeHThI, KpoMe KaTaIUTUYECKUX (M30CTEPHUUECKUX) LEHTPOB, HUMEIOT
TaK)KE aJUIOCTEPUYECKHE, T.€. PACIOJIOKEHHBIE B JIPYIrMX MECTaX PELENTOPHBIE YYacCTKH,
KOTOPBIE CIYXaT JUIsl CBA3BIBAHHS aJIOCTEpUUYECKUX AP PeKTOpoB (perynaropoB). B kauectse
3¢ (eKTOpOB MOT'YT BBICTYNATh OINPEEIIEHHbIE META00IUThI, TOPMOHBI MJIU J1aXKe MOJICKYJIbI
cyOctpara. B pe3ysibrare NpucoeMHEHHUS TOJI0KUTEIBHO WM OTPULIATENIHHO AEHCTBYIOLIETO
3¢ dexTopa K aJUIOCTEPHUECKOMY LIEHTPY POUCXOANUT U3MEHEHUE BCEH CTPYKTYphI (pepMeHTa
(kondopmarus), YTO TPUBOTUT COOTBETCTBEHHO K aKTHUBAIlMM WM TOPMOXKCHHIO
(GYHKLIMOHAIBHON aKTUBHOCTH KAaTaJIMTUYECKOTO LIEHTPA.

BaxupM criocobom perynsinun (epMEHTATUBHOM aKTUBHOCTH SIBISIETCS TpaHC(opMaIus
nateHTHON ¢Qopmbl  QepmeHTa (3UMOreHa) B akTUBHYIO QopMmy. ITO JOCTUTaercs
pa3pylICHUEM HEKOTOPbIX KOBAJIEHTHBIX CBA3E€M C MOMOILBIO MPOTEa3, BOCCTAHOBICHUEM
JUcynbGUIHBIX Ipymn, (ochopuwiinpoBaHueM npoTenHkuHazamu 3a cuer ATP wm
accolpanyell HeakTHBHBIX CyObeauHul. [loTeHIManbHO aKTWBHBIE (EPMEHTHI MOTYT HE
(GYHKLIMOHMPOBAaTh U3-32 HUX KOMIAPTMEHTALUMH, HalpUMep, B JM30COMAax, MpUYEM
OCBOOOKJCHUIO  JIM30COMHBIX  THApPOJAa3  CIOCOOCTBYIOT  KuCible 3HaueHus pH,
CcBOOOIHOpA/IMKAIbHOE OKHUCIEHHE MEMOPAHHBIX JIMIUA0B U HEKOTOPBIE KUPOPACTBOPUMBIE
BUTAaMHUHBI U CTepou bl. HaKTUBAIMs ()EPMEHTOB OCYIIECTBISIETCS ITYTEM HX CBS3BIBAHHS
creurn(uyecKkuMU HHTHOUTOpaMH OETKOBOM IPUPO/IbI, @ TAKXKE pa3pyLICHUs IPOTENHA3aMH.

I'enernueckast peryisius BKJIIOYAaeT B ceOsl PEryislui0 Ha YpPOBHE  pEIUIMKAIH,
TPAHCKPHUIILIUY, IPOLIECCUHIAa W TPAHCIALMH. MONEKYyIsSpHbBIE MEXaHU3MbI 3/I€Ch TE XK€,
OJIHAKO CJIO)KHOCTh PETYJISTOPHBIX CETEN BO3PACTAET.

Ponb reHoB cOCTOUT B XpaHEHHUH U Mepeaaye reHeTudeckoi nHpopmanuu. Muapopmanus
3alMChIBAaETCS B CTpyKType XpomocoMmHoi JIHK B Buae TpUIUIETHOTO HYKJIEOTHIHOIO KOJA.
Undpopmanusa B kierkax mnepenaercs Onarogapst cuntesy PHK na wmatpune JHK
(TpaHCKpUIIHKS) M CHHTE3y CIEIHAIN3UpOBaHHBIX OenkoB Ha marpuie MPHK ¢ yuactiem
pPHK u TPHK (Tpancnsiuus). B xozne u nocie TpaHCKpUIIUN UM TPAHCISALUU TPOUCXOIUT
MoUGUKaALMs OMOMOIUMEPOB (ITPOLECCHHT TPAHCIOPTHUPYIOIUXCS B MeCTa Ha3HA4YCHUS.
Crneunanu3upoBaHHble OEIKOBBIE MOJIEKYJIbl B COOTBETCTBHH CO CBOEH «CTPYKTYPHON»
uHpopManuell myTeM caMocOOpPKH 00pa3yloT crenu(puieckue KOMIUIEKCHI, BBITOIHSIONINE
pa3iauuHble (QYHKIUU: KaTaauTudeckue ((epMeHThbI), JBHUraTelibHble (COKpaTUTEJIbHbBIE
0enKu), TpaHCHOPTHbIE (HACOCHl W TIEPEHOCUYMKH), peLeNnTopHble (Xemo-, ¢oTo- u
MEXaHOPEIETITOPhI), PETYISITOPHBIE (OETKOBBIE AaKTHUBATOPHI, PEMPECCOPBI, MHTHOWUTOPHI),
3alUTHBIE (JIKTUHBI) U JAp.

Jly1st u3BJI€YEeHMs B HY)KHBI MOMEHT HE0O0X0IUMON HH(POPMAIIMH U3 CTPYKTYP XPOMOCOM
B KJIETKE CYIIECTBYET CJIO’KHAs CUCTEMA PETYJIALIMH, HE BCE CTOPOHBI KOTOPOM B HACTOAILEE
BpEMsI U3BECTHBI.

CyliecTByeT HECKOJBKO THIIOTE3, OOBSICHAIOUIMX MEXaHM3Mbl MOCTPAHCKPUMIIMOHHOMN
perymsiun skenpeccun reHoB MPHK. Cormacno rumoreze D. J[pBuacona u P. bputrena
(1973, 1979), B anepnoii IHK Hapsay co CTpyKTYpHBIMH I'€éHaMM, KOAU PYIOIIMMH CHHTE3
paznmuunbix MPHK, mpucyTrcTBYHOT HMHTErpupyrolmue peryssTOpHbIE T€HBI, COJEp Kallue
MHOT'OYHCIICHHbIE MOBTOpPHL. Ecnu B HykieoriasMe B OOJNBIIOM KOJMYECTBE IMOSBISIOTCS
TPAHCKPHUIITHI C ONPENEIEHHBIX PEryyisi-TOPHBIX I'€HOB (PEryjsTOpHbIE TPAHCKPUITHI), TO
00pa3yloTCsl KOMILJIEMEHTapHbIE accouuaTsl ¢ cooTBeTcTByonmMu npo-MPHK. B pesynbrare
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stu ipo-MPHK noasepratorcst OpicTpoMy MpO-IIECCHHTY, U aKTUBUPOBAHHBIE TAKUM 00pa3oM
MPHK nHaumnator pyHkuonupoBarts. [Ipu 3TOM pe3ko BO3pacTaeT CKOPOCTh X CUUTHIBAHUS
C COOTBETCTBYIOIIMX CTPYKTYPHBIX F€HOB.

Oddexrop 1 (B3 Hampumep (HUTOTOPMOH, B3aUMOJCHCTBYSI CO CBOHM PEICTITOPHBIM
oenkom  (PBj), wuwHaynwpyeT TpPaHCKPUIIIHMIO  OMNPEACICHHOTO  WHTErPHUPYIOIIE TO
PEryJISATOPHOIO I'eHa ¢ MHOro4ucieHHbIMU IToBTOpaMHu a. [Ipo-PHK ¢ storo perymsaropHoro
reHa  MOJBEpPraercs  HPOLECCHUHTY U PEeryJsaTOpHbIE  TPAHCKPUNTHL,  00pasys
KOMILIEeMeHTapHble acco-uuarbl ¢ npo-MPHKb unnymupyroot ObicTpoe HOBOOOpa3zoBaHUE U
aktuBanmio 3ol MPHK. B otinuume ot MPHK,, cunteiBa—HHe n aktuBanmus MPHK2 3aBucsar
OT OJHOBPEMEH "HOTO NPUCYTCTBHUs ABYX 3¢ ¢ekropos. [Ipuuem oaun u3 Hux (3i) MOXKeT
ObITh (uTOropmMoHom, a BTOopor (D2) — OO TOPMOHOM JPyroro Kiacca, J10O
merabonutoM. Takum obOpazom, cuHte3 MPHK2 — mnpumep renermueckoil WHAYKIHH,
HaxoJdIlencs Mo JBOMHBIM KOHTposeM. Tak, CHHTE3 HUTPATPEAYKTa3bl Y pACTEHUN MOXKHO
WHIYIIUPOBATh HUTPATOM (CyOCTpaTHast HHAYKIHUS) U (GPUTOTOPMOHOM IUTOKUHUHOM, TIPHYEM
KOHEYHBI MPOIYKT BOCCTAHOBJICHHSI HUTpaTa — aMMOHHMIl — OJOKUpYET pa3BUTHE
HUTPATPENYKTAa3HON aKTUBHOCTH.

MexaHu3Mbl TPAHCISLUMU TOPa3a0 CI0KHEE MPOLECCOB TPAHCKpUIILMU. B TO BpeMs kak
TPAHCKPHUIILIMIO 00ECIIEUNBAIOT JAECATKU OCJIKOB, JJI OCYILECTBICHUSI CUHTE3] IOJUIENTH 1A
HEOOXOUMBI COTHU CIIELIUATN3UPOBAHHBIX OeIKoB. Tonbko B pubocomax 3ykapuoT ux 70—
100, mpuuem wmamas u Oonbmas pPHK BeimonHstor poib Kapkaca, Ha KOTOPOM
OCYIIIECTBIISIETCS] CAaMOCOOPKA ITUX OEIIKOB.

VHTEHCUBHOCTh M HANpPaBJIEHHOCTb TPAHCISIIMM 3aBUCAT OT 1) KOHLEHTpauuu
MH(POPMALIMOHHBIX MaTpHlL, T. €. cienududeckux MPHK, ypoBeHb KOTOpBIX onpenensiercss ux
CHUHTE30M, TPAHCIIOPTOM, XpAaHEHHEM, aKTUBAIIUEH U pacmaioM; 2) MPUCYTCTBUS BCEX

KOMITOHEHTOB ammapara TpaHcusauuu (pubocom, TPHK, amuno—kucnor, ATP, GTP,
CUHTETA3, peryJIaTOpHbIX 0enkoB); 3) pusnko-xumudeckux ycinosuil (pH, noHos),

MeMOpaHHasi peryisiiusi OCYIIECTBIsIETCS Omaromaps cIBUTaM B MEMOpaHHOM
TPAHCIOPTE, CBA3BIBAHUIO MJIM OCBOOOXKJICHHUIO ()EPMEHTOB U PETYIATOPHBIX OETIKOB M IyTEM
W3MEHEHUs aKTUBHOCTH MEMOpPaHHBIX ()EPMEHTOB.

KoHTakTHas peryisiuus akTUBHOCTU (PEPMEHTOB UMEET MECTO, B YACTHOCTH, B IUCTEPHAX
OP u B AI, rme uner goctpoiika U Moaudukanus ceKpeTupyeMbIX OenkoB. CBsi3bIBaHUE
MeMOpaHaMU WIM OCBOOOXKJIEHHE (EpMEHTOB, KaK YK€ OTMEYaJoCh, TAKXKE MEHSEeT MX
AKTUBHOCTD.

JlucTaHIIMOHHAsE MeMOpaHHas pPeryJslus aKTUBHOCTH BHYTPHKJIETOUHBIX (EPMEHTOB
OCYIIECTBIISIETCS TyTE€M JOCTaBKM CyOCTpaToB U KO(EPMEHTOB, yHajeHHs, MPOIYKTOB
PEaKIMU, HOHHBIX U KHCIOTHO-IIEIOYHbBIX CBUTOB B KOMIAPTMEHTaX, GochOopHInpOBaHUEM
dbepMeHTOB W JpyruMu crocodbamu. [l >KUBOTHBIX OOBEKTOB CYIIECTBEHHYIO POJIb B
pEryJsiliMM aKTUBHOCTH HEKOTOPHIX (EPMEHTOB WIpaeT aJeHMUJIATLHKIAa3Has CUCTe Ma,
JIOKaJIN30BaHHAs B MeMOpaHax, u nukianyeckas AMP. OnHako npucyTcTBUE 3TONW CHUCTEMBI B
pPacTUTENBHBIX KJIETKAX 10 HACTOSIILIEr0 BPEMEHU OCTAeTCsl TMCKYCCHOHHBIM. B TO ke Bpems
CABUTH B KOHIUEHTPALMU KaJbLMs BBIMOJHAIOT B PACTUTENbHBIX KJIETKaX TaKyl0 Ke
PETYISATOPHYIO POJib, KaK U B JKUBOTHBIX. MoHbI Ca2+, B3auMOACHUCTBYS C pEryasTOPHBIM
0eNKOM KaJabMO-AYJIMHOM, aKTUBUPYIOT MPOTEHMHKUHA3bI, (HOChHOpUIUPYIOLINE pa3JIUUYHbIE
O€JKHY, YTO MPUBOAUT K U3MEHEHUIO UX (YHKUIMOHAIbHON akTUBHOCTH. Ca2+ crenuduuecku
HEOOXOIUM JIJISl PErYJISIUU TaKUX MPOLECCOB, KaK JBHKEHUE [IUTOILUIa3Mbl, MUTO3, CEKPEIIHSI.

MemOpaHHasi peryssiinus reHHOM aKTUBHOCTH HAa YPOBHE PEIUIMKAIlUH, TPAHCKPHUIIIUH,
MIPOLIECCUHIAa M TPAaHCILIIUU TAaKXXe OCYHIECTBISAETCS KOHTAKTHBIM M JAUCTAaHIIMOHHBIM
cnocobamu. [Ipuyuem ¢ mosiBIIEHHEM y 3YKapuoOT siJiepHON 000JI0UKM 3HAYEHHE MEMOpaHHOU
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peryiasuuu  Bo3pocio. Ha  BO3MOXHOCTh ~ KOHTAaKTHOM  pEryjJsilUM  YKa3bIBalOT
MHOTOYHCIICHHBIE CBSI3U XPOMOCOM 3YKapHUOT C BHYTPEHHEH MeMOpaHOH siiep, KOTOphIe, IM0-
BUJIUMOMY, [PUHMMAKOT Yy4acTUE€ B MPOCTPAHCTBEHHOM OPraHU3alud XPOMOCOMHOTO
anmapara B HykieoluiazMme. IIpumMepoM KOHTAakTHOW peryiasiiud B LUTOIUIA3ME MOMKET
CIIY’)KHTb IIEPOXOBATHI PETHKYIyM, Ha MOBEPXHOCTH MEMOpPaH KOTOPOTrO pPACIIOJIOKEHbI
prUOOCOMBI.

JlucraHuvoHHass ~ MeMOpaHHas  peryisiiuus  BKJIOYaeT B cebs  TpaHCHopT
npenmecrBenankoB cuaTe3a JJHK, PHK u 6enkoB, ocBoOOXkIeHNE PEryasTOPHBIX OEIKOB.
MemOpaHHOe yrpaBiieHHEe XPOMOCOMHBIM M pHOOCOMajbHBIM alapaTaMH OCYILECTBIISETCS
TAaKXK€ C IOMOUIPI0 HOHHBIX M KHUCJIOTHO-IIEJIOYHBbIX cABUroB. Tak, aktuBHocTh PHK-
nonuMmepassl 11, cunresupyromeid MPHK. nmoBbiaercs ¢ yBennueHueM MOHHOUW cuiibl 10 0,4
MOJIB/JI, IpueM HeoOxoauMbl Mn2+ u pH 7,5, B TO Bpemsi Kak OTBETCTBEHHAs 3a CHHTE3
pPHK PHK-nonumepa3za [ MakcuManbHyr0 akTUBHOCTb Pa3BUBAET IIPU HU3KOW MOHHOW CHUJIE
B nipucyrcTBuu Mg2+ u nipu pH 8,5. OTu naHHbIe yKa3bIBalOT HA TO, YTO MOHHBIE OTHOLIEHUS
u pH, 3aBucsIIMe OT PEryasSiTOPHON aKTUBHOCTH MeMOpaH, MOTYT ObITh Ba)KHBIM 3BEHOM B
yIpaBieHUU I'eHHbIM anmnapaToM. CylecTByeT MHEHHE, YTO CABUIM B MOHHOM IOMEOCTa3e
KJIETOK B OTBET HA BHEUIHUE BO3ACHCTBUSA CIIy)KaT MEPBUYHBIM BHYTPUKIETOYHBIM
UHIYKTOPOM MPOIECCOB MUTO3a M UG (epeHIraTbHON aKTUBHOCTH T€HOB. B wacTHoOCTH,
caBur pH B kuciayto CTOpOHY B psifie Clay4yaeB BBI3BbIBAET JejieHHe KieTok. CHHTe3 OelKoB
TaK)K€ 3aBUCUT OT KAYECTBEHHOI'0 COCTABA U KOJIMYECTBEHHOI'O COJEPKaHUS HOHOB. XOPOLIO
u3BecTHa HeoOxomumocTb Mg2+ mist cOopku pubocom u mnonupudbocoMm. WHunmanum
TPAHCIANUN OJIarONpPUATCTBYET HHU3Kas KoHIeHTpauus noHoB K+ (NH”") mopsa—ka 30—50
mmois/n U1 pH 7,4 — 7,6, a 1y MoOCIEenyOLero mnpouecca 3JIOHTAlUK MOJUIEeNTUAAa B
pruboCcoMaTbHOM KOMIUJIEKCE ONTUMAalIbHA TOBBIIMIEHHAs KoHueHTpaius K+ nmu NH” (mo 150
mmonb/n) u pH 8,3 — 8,4.

B3aumopeiiciiye ¢ moMoOIIbO TUTATEIbHBIX BEIIECTB — HauOO0Jee MPOCTOil crnocod CBsA3U
MEXy KJIeTKaMH, TKaHIMU U OpraHaMmu. Y pacTeHM KOpHU M Jpyrue rereporpodHbie
OpraHbl 3aBUCAT OT TMOCTYIJIEHUS AaCCUMWIATOB, OOpa3yIOIIMXCA B JHCTBSIX B IpOIECcCe
¢dorocunTe3a. B cBOIO ouepenb HaA3EMHBIE YaCTH HYXKJIAlIOTCA B MUHEPAJIbHBIX BEIIECTBAX U
BOJI€, MOTJIOMIAEMbIX KOPHSAMH W3 MOYBBl. KOpHM HCMOIB3YIOT aCCUMMIIATHI, MMOCTYIAOIINE
u3 no0era, Ha COOCTBEHHBIE HYX/bl, @ YaCTh TPAaHCHOPMHUPOBAHHBIX OPTaHUYECKUX BELIECTB
JIBUXKETCST B OOpaTHOM HarpaBiieHWd. V301upoBaHHBIE KOPHH B CTEPUIIBHBIX YCIOBHSX IS
HOPMAJIBHOTO Pa3BUTHUS IIOMHUMO MHUHEPAJIBHBIX BEIIECTB M Caxapa HYKJIAIOTCS €IIe U B
HEKOTOPBIX BUTAMHHAX, TakuX, kKak Bb B6 u HuKoTMHOBas kuciaota. O4eBUAHO, BUTAMUHBI
MOCTYNAOT B KOPHU U3 TOOETOB.

CaBuru B CoAepKaHUM Pa3TUYHBIE, DJIEMEHTOB - MUTAHUS OKa3bIBa€T OOMEH BEIIECTB,
duznonornueckue M MOp(HOTeHETUYECKHEe MpPOLECChl B PACTEHUHU. XOPOUIO H3BECTHBI
XapakTepHble M3MEHEHUs B PACTUTEILHOM OpraHu3Me, OOYCIIOBJIIEHHBIE HEIOCTATKOM WIIU
M30BITKOM TE€X WM UWHBIX MHHEpPAIbHBIX BemiecTB. [lpu roiogaHuu ycuiaMBaeTcs
KOHKYPEHIIUs Pa3JIMUHbIX YYaCTKOB 3a MPOAYKTHI MUTaHHUSA, YTO CKa3bIBAETCS Ha Ipolieccax
Mopdorenesa. [Ipy HeOIAroNpUATHBIX YCIOBHUSIX MUTAHUS HU3IIME OPTraHU3MBbI MEPEXOAST K
TE€HEepaTUBHBIM MpoueccaM. l[BeTeHHe JJIMHHOAHEBHBIX pAcCTEHUN Ha JIMHHOM JHE
YCKOPSIETCS IIPU YBEIUYEHUHU COJEPIKAHMS YIIIEBOJOB M OTHOCUTENBHO HU3KOM COJEPKAHUH
A30THCTBIX  COEIMHEHWH, a 3alBETaHUI0 KOPOTKOJHEBHBIX BHJIOB Ha KOPOTKOM [IHE,
HAa000pOT, OJArONPUITCTBYET MOHMKEHUE CO/IEPKAHUSI YIIIEBOJOB U YBEIHMUEHUE a30TUCTHIX
COCIMHEHU.

OpHako HYXHO OTMETUTh, YTO TpOopHUUECKasi PETYISALUs HOCUT CKOpee KOJIUYECTBEHHBIH,
4eM KaueCTBEHHBIN, Xxapakrep. IIpu OrpaHMYeHHOM NHUTAHMM Yy PACTEHMM, Kak IPaBUIIO,
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pa3sBUTHE MPOJOJKAETCS B COOTBETCTBUM C BHYTPEHHHMH 3aKOHOMEPHOCTSIMH, HO y HHX
dopMHpYIOTCS OpraHbl yMEHBIIEHHOTO pa3Mepa W COKpAIlaeTcs KOJIWYECTBO JIHMCTHEB,
IUIO/IOB M ceMsiH. MIHTepecHO, 4To MpH 3TOM KOHEUHas BeJIMYMHA COPMHUPOBABIIMXCS CEMSIH,
Jla’Ke €CIIU 3TO OJHO CEMs, MaJI0 OTJIMYAETCS OT HOPMBI. Bce 3TO ykasbIBaeT, 4TO Hapsay ¢
TPOUYECKUMHU B3aUMOJAEHCTBUSMM B PACTUTEIBHOM MHpe (QYHKIUMOHUDPYIOT Oosee
COBEPLICHHBIE CUCTEMBI PETYIISILIUY, 00€CIIEUNBAIOLINE B3aUMOJICHCTBUE BCEX €r0 YacTeH.

3.3.  Cucrembl peryjsiiuy 1 MX HepapXusi B paCTeHHH.

Bce cucremMpl  MEXKJIETOUHOW  perymsauud —  TpodHuueckas, TOpMOHaJIbHA,
3JIEKTPOPHU3HOTIOTHYECKAasT — TECHO B3aUMOCBs3aHbI Mexay coboil. Hampumep, MYK
UHAYLUUPYET CABUTM B BEJIIMYMHE IJIEKTPONOTEHIMANa, a 3TO B CBOI OYEpEAb OKa3bIBACT
BIIMSIHUE

Ha TpaHcnopT BenlecTBa. Kaxkaas U3 3TUX CUCTEM JIEHCTBYET Ha KJIETKU Y€pe3 CUCTEMBbI
BHYTPUKJIETOYHON PEryyiiluy, T. €. U3MEHss (PYHKIMOHAIbHYIO aKTUBHOCTb (DEPMEHTOB U
MeMOpaH, BIUsAs Ha MHTEHCHUBHOCTb M HAIPABJIEHHOCTb CHUHTE3a HYKJIEHMHOBBIX KHCIOT U
6enkoB. Takum oOpa3oM co3gaercss eAMHAs UepapXuUyeckas CUCTeMa peryssiuH,
OIpeeNsAoas B3aUMOEHCTBIE BCEX YacTeil pacTeHUs.

OnHako B3auMoJeHicTBHE wYacTed elle He O00eCHeuMBaeT IEeJOCTHOIO IOBEIECHUS
pacTUTENbHOro opranum3ma. HeoOxonumma emie LEHTpalu3alMsl YOpPaBJIEHUS B KaXKJIbIH
JAHHBIM TepuoJ OHTOreHe3a. VI3BECTHO, 4YTO pAacTEeHHE HMEET YETKO BbIPAKEHHYIO
OWIIOJIIPHYIO CTPYKTYPY, M CO3JAIOT 3Ty CTPYKTYpY €€ IOJIIoca — BEpXYIIKH Tobera u
KopHs. OHM SBISAIOTCS 30HAMU TKaHe- M OpPraHoOOpa3OBaHMs, CEHCOPHBIMH U
aTTParvupyromUMy (MIPUTATUBAIOIIMMHE METa0O0JUThI) 30HaMU. Bepxylika BeTeTHpYIOLIEro
no0era, KyJa BXOJAT alMKajdbHas MEpUCTEMa U Pa3BUBAIOIIMECS JIUCThsS, HHTHOUPYET poCT
OOKOBBIX IMOYEK (amUKaIbHOE JOMHUHUPOBAHUE), WHIAYLUPYET OOpa30BaHHE MPOBOASIINX
My4YKOB U KOpHEOOpa30BaHME, BIUSET HA OPUEHTALIUIO JINCTHEB, POCT KOpHEH U T.A.. CTONb
e MHOrooOpa3Hble (DYHKIIMU BBIIOJIHIET U KOHYMK KOPHS: TOPMOKEHHE 3aKIa ki OOKOBBIX
KOpHEW, NHIYKIMS 00pa3oBaHMs U pocTa CTEOJIEBBIX MOYEK, MO AepKaHUE TPOPUKHU JHCTHEB
u ap. Ilprdyem Bo MHOTHX ciydasx MOKa3aHO, YTO BEpXYILIKa 1MoOera B 3TUX SBJICHUSAX MOXKET
OBITh 3aMEHEHA ayKCUHOM, a BEpXYIlIKa KOPHS — IIUTOKUHUHOM, T. €. TEMU (PUTOrOpMOHAMHU,
KOTOpBIE CHHTE3MPYIOTCSI B O3TUX JOMUHHUPYIOUIMX LEHTpax. TepMHH <«IOMUHUPYIOLIUE
obmactu» 0wl mipemiioxkeH Y. M. Yaitngom s 0603HAYEHHS YY4aCTKOB Pa3BHBAIOIIETOCS
SMOpHOHA KHUBOTHBIX, OKa3bIBAIOIIMX peEIIalolllee BJIUSHUE HA Pa3BUTHE COCEIHUX TKaHEH.
OTOT TEPMUH BIOJIHE TOIXOIUT JIJIsl 0003HAUEHHUSI CXOJHBIX SIBJICHUH y pacTeHul, TeM Ooree,
YTO BEpXYIIKM Io0Oera MW KOpHS B TEYCHHE BCEro OHTOIeHE3a COXPAHAIOT CBOWCTBA
AMOPHOHATBLHBIX TKaHEH.

[IpyHUMIBI, JeKalye B OCHOBE BIMSHMS JOMUHHUPYIOIIMX LEHTPOB Ha JPYrHe 4acTu
L[EJIOr0 OpraHu3Ma 3TO co3JaHue (PU3NOJOTHUECKHX MOoJeH (PU3NOIOTHYECKUX TPAAHEHTOB).
[TonsiTHe OMONIOTMYECKOTO TMOJS, BIEpBbIe B aOCTpakTHOH ¢opme npemnoxkeHHoe A. I
I'ypsuuem (1944), uaTepecHo yke TeM, YTO COJAEPKUT HAEI0 LEI0CTHOCTU. JlelicTBUTENBHO,
W3MEHEHUE CHUJIbI BO3JIEHCTBUS CO CTOPOHBI IIOJIFOCOB CE€HYac K€ OTPAa3UTCS HAa COCTOSHUU
BCEX 4YacTeH, BXOAANMX B 1oje. CBOMCTBO MOJSIPHOCTH XOPOLIO U3BECTHO y pacTeHui. OHO,
B YaCTHOCTH, BBIPAXKAETCS B TIpajyalbHOM YBEIWYEHUM WJIM YMEHBUIEHMHM BJOJb OCH
pacTeHHuss OCMOTHYECKOIrO JaBJICHHUS, BEJWYUMHBI pH, KOHIEHTpanuu pa3ivyuHbIX BEIIECTB,
AKTUBHOCTH (PEPMEHTOB, HHTEHCUBHOCTH JbixaHus U T. A. (I'. X. MonorkoBckuid, 1961). ¥V
BBICUIMX PACTEHUH MOJSIPHOCTh CO3JAETCS MPEXKE BCEro IpaueHTaMu (PUTOrOPMOHOB.
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OpHako B Impolecce 3BOJIIOLMM Y PACTEHUH, KaK U y XUBOTHBIX, MEXAY Pa3IMYHbIMU
OpraHaMM pa3BUBAIOTCSI KOMMYHHUKAlLlMU, IIO3BOJISIOLIUE II€JICHANpaBlIeHHEE M ObICTpee
nepeaaBarb Kak Tpoduueckue (GakTopbl, TaK M CUTHaJbl (KaHanu3auus curHana). Takue
KOMMYHUKAIUY Y BBICIIMX PACTEHUM NPEINCTaBICHBI IIPOBOIAILMMU COCYIUCTBIMU IIy4YKaMH,
[0 KOTOPBIM TPAHCHOPTUPYIOTCS NMUTATeNbHbIE BellecTBa M (QuTOropMoHsl. IIpoBonsmue
Oy4Kd  CIHOCOOHBI  TaKKe  IepelnaBaThb  AJIEKTPHUECKHE  UMIynbehl.  Cucrema
KaHAJIN3UPOBAHHOW CBSI3W HapsAAy C MOJISIPHOCTbIO O0€CHeYMBaeT MPOCTPAHCTBEHHYIO
OpraHU3alMIl0 pPACTUTENIBHOrO opraHu3ma. [IpuueM HE TONBKO MOJIAPHOCTb, HO H
KAaHAJIU3UPOBAHHBIC CBSI3U HAXOAATCA MO KOHTPOJIEM JOMUHHUPYIOIIUX LIEHTPOB.

[Ipenmnosnaraercs, 4T0 BpeMEHHAsI MHTErpaliys OpraHu3Ma (B TOM YHMCII€ U PACTUTEIBHOTO)
OCYILECTBIISICTCSI CUCTEMOW B3aUMOCBS3aHHBIX OCLIUIALMM. [[1s pacTeHHil 3T0 0cOOEHHO
OUYEBHUJIHO, TaK KaK (PU3MOJIOTHYECKHE U MOP(POTCHETHIECKNE OCIMIIISINK (PUTMBI) B arieKkce
nobera mnpeoOpa3yloTcss B 3aKOHOMEPHOE YepelOBaHME JMCThEB, Ma3yLIHbIX IOYEK U
Mexaoy3nui. llo-BuaumoMy, OCHWIIIALMM OJHOIO IOPsZKa BXOIAT COCTABHOM YacThlO B
OCLUMJUIALMKU ¢ OOJbIIEH aMIUTUTYAOH U T. XI., 00pa3ys HepapXxuio OCLWUILHMU, KOTOPYIO
MOKHO paccMaTpuBaTh Kak OHoJjormueckue yacbl. Becbma BEpOATHO, YTO OCUMJUIALIMK B
JOMUHUPYIOIUX LEHTpax (B YaCTHOCTH, KOJIEOAHUs TPaHCIIOPTa (UTOIOPMOHOB) CIIyXat JJis
BPEMEHHOW CHHXPOHH3AINU (PU3NOJIOTHUECKUX MPOIIECCOB B IIEJIOM PACTCHUH.

Kak yxe orMedanoch, BHYTpU- U MEXKJIETOYHBIE CUCTEMbI PErysaluu GYHKIUOHUPYIOT
HE KaXJas 10 OTAEJIbHOCTH, a BO B3aMMOJEHCTBUM. JTO B3aUMOJEHCTBHE OPraHHW30BAHO B
BUJIC PEryJATOPHBIX KOHTYpOB. BHemHMH CTHUMyJ BOCHpHUHUMAeETCs cHeuuduyeckumu
peuenrtopaMu B PEUENTOPHBIX KIETKaxX, B PpE3yJbTaTe 4Yero J3TU KIETKH IEepexoisiT B
BO30YXJIEHHOE, T. €. (YHKIHMOHAJIBLHO aKTUBHOE, COCTOsSHHE. PerentopHele KIETKU
NEPEKOAUPYIOT BHEIIHUN CUTHAJ B CHTHAJl JPYroro poja — TOPMOHAJbHBIM WU
IEKTPUYECKUN. OTOT CHUTHAJI PETPAHCIUPYETCs KIETKaMM KaHajuoB cBs3u. [locturas
KOMIIETEHTHBIX (T. €. CIOCOOHBIX pearupoBaTh HAa HEr0) KJIETOK, CUTHAI HMHAYLUPYET UX
(YHKIIMOHAJIBHYIO AKTUBHOCTb, YTO U SIBJIIETCS OTBETOM II€JIOTO OpPraHrW3Ma Ha BHEIIHUN
ctuMyil. Ha kaaoM sTane BOCIPUATHS CUTHAJIA U NIEPEX0/ia KIETOK B aKTUBHOE COCTOSIHUE,
M0-BUJIUMOMY, UMEIOTCSI 0OpaTHBIE CBSI3U, KOPPEKTUPYIOIINE ITH MPOLIECCHl B COOTBETCTBUU
c HopMoi peakuuu. OOpaTHble CBSI3M CYIIECTBYIOT M Ha pa3HbBIX ydyacTKax Iienei
ME)KKJIETOUYHBIX CUCTEM PEryJsIiH, 00pa3yss MHOTOUUCIIEHHbIE PEryasTOpHble KOHTYphl. Ha
HaJIU4Ke OTpH-

Takum 00pa3oM, OpraHU3MEHHBIM ypOBEHb MHTETpallK JOCTUTAETCS B3aUMOJEHCTBUEM
YyacTel Mo MPHUHLMIY PEryIAaTOPHBIX KOHTYpPOB M Onarojaps >J€MEHTaM ILEeHTpaIu3aluu
ynpasiieHus. JJOMUHUpYIONIME LEHTPhl C MOMOIIBI TOJIEH, KaHATM3UPOBAHHBIX CBS3EH H
OCLWJUISIIMM  00ECIEUNBAIOT IIEJIOCTHOCTh PACTUTEIBHOIO OpraHu3Ma. MaTepualbHbIMU
dakTopaMu JUIsl OCYIIECTBJICHUS OSTUX TPUHIUIOB YIPABIEHUS CIYy)KaT MEXKIETOYHbIE
CUCTEMBI.

Bonpocel 111 CaMOKOHTPOJI

1. Perynsuus mporeccoB Ha KJIETOYHOM YPOBHE.

2. MerabonuTHas pETYJSIIUS W MEXaHW3M KOHTPOJI TIPOTEKaHWs IMpolecca 1o
HOPUHIUITY OTPULIATENFHOHN (TI0JI0OKUTENILHON) CBSI3U KOHEYHBIMH MTPOAYKTAMH. AJTESHUIATHBINA
KOHTPOJb.

3. CucteMsl perysiy U UX Hepapxus B paCTCHHU.
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Jlexknusa 4.
OOTOCHUHTE3S.

4.1. ®U3NKO-XHMHUYECKasi CYNIHOCTH NMpouecca (POTOCHHTE3A U ero 3HAYeHHE B
IHEPreTHYECKOM H IUIACTHYECKOM 00MeHe pacTeHusl.

dorocuHTE3 — JTO Tmporecc TpaHCHOPMAIUU TOTJIOMEHHOW JHEPrHMH CBETa B
XMMHUYECKYI0 SHEPrHI0 OpPraHUYecKUX coeAuHeHUH. [J1aBHBIMH (HOTOCHMHTE3UPYIOIMMU
OpraHu3MaMH SIBIISIIOTCSL 3€JIeHble pacTeHus (1Mo crnocody muraHus — (OTOABTOTPORHI).
Exerogno B 6mocdepe B peakiusax ¢orocuHTe3a cBszbiBaercs 250 — 400 mupa. T COs,
obpasyercs 160 — 200 mupa. T opraHuveckod maccel, B armocdepy Boiaensercs 100 — 150
mipa. T Oz, ycBauBaercs 6 - 10Y kkan SHEPruy COJIHEYHOM paavanuu U 2 MiIpJ. T a30Ta.

Exeronno comepxkanue CO, B atmocdepe yBenmumBaercs Ha 100 — 300 muH. T, 9TO
SBJISICTCA OJJHUM M3 Ba)KHBIX (DAaKTOpOB M3MEHEHMs KiuMara Ha miaHere. [Tostomy Oynyiiee
Onocdepsl U BCEro YEIOBEYECTBA ONMPEACISICTCS MOIIHOCTBIO W COCTOSHHEM TJ00abHOU
(OTOCHHTETUYECKON CHUCTEMBI.

dotocuHTE3 MpHOOpeTaeT Bce Ooibliee 3HAYCHHE KaK OCHOBA BOCIPOHM3BEICHUS
KU3HEHHBIX PECYPCOB 4esloBeKa, 0COOEHHO MpoJoBosibCTBUS. [loaTOMy BakHelel 3anaueit
ABJIIETCS MOBBIIIEHHE (OTOCUHTETHUUECKONM TPOJYKTUBHOCTU CEJIbCKOXO3SHCTBEHHBIX
IIOCEBOB.

3nanue GOTOCHHTE3a BETUKO U MHOrooOpasHo. [Ipu ydactuu GoTocuHTE3a MPOUCXOAUT
MIOTIOJIHEHUE YOBUIM OPraHMYeCKUX COEAMHEHHUH HENpephIBHO pacxojyeMoil Ha Haieil
IUIAHETE BCJIEACTBUE JKU3HENEATENBHOCTH TETEPOTPO(HBIX OpraHM3MOB, a TaKXke B
pe3yJIbTaTe NMPOU3BOACTBEHHOM IE€ATEIBHOCTH YEI0BEKa.

bnarogaps QorocuHTE3y MNOANEPKUBAETCA OIpPENEICHHBI Ta30BbId COCTaB 3eMJIU:
0CBOOOKIaeTCs KUCIOPO M YCTpaHSETCs BO3MOKHOCTh HAaKOIUIEHUSI B aTMoc(epe U30bITKa
yriekucioro rasza. 3a kaxasie 200 et Bes atmochepa CO, «rporryckaeTcs» 4yepe3 pacTeHHUs;
BeCch aTMoc(hepHbIi KHUCIOpOJ OOHOBiseTcs pacTeHusMu Kaxzasie 2000 ner. 3eneHble
pacTeHus, aKKyMynupyss B mporecce (OTOCHHTE3a COJHEYHYIO SHEpPIrHi0, BBIIOIHSAIOT
KOCMHUYECKYIO POJIb.

4.2. AHTeHHBI KOMILJIEKC, peaKIIMOHHBII leHTp. MexaHu3M npeodpa3oBaHusi
3JIEKTPOMATHUTHOM YHEPIUH B DJHEPIHIO pPa3/ie/IeHHBIX 3apAA0B B (OTOXMMHUYECKHUX
LeHTpax.

B xuoporiactax 3eJeHbIX paCTeHUH UMEIOTCS JBe (POTOAKTUBHBIC TUTMEHTHBIE CHCTEMBI:
dorocuctema 1 (OC-1) u porocucrema 2 (OC-2). OTKPBITHI OHU OBLTH B CBSI3U C U3yUCHHEM
pdeKTa CyIEeCTBEHHOTO YCWJICHUS (OTOCHHTETHYECKOW aKTHBHOCTH XJIOPOIUIACTOB TpPH
no0aBlieHMM K JajJbHEMYy KpacHOMY CBeTy Oojee KOpPOTKOBOJIHOBOTO. IloHmkeHHas
WHTEHCUBHOCTH (POTOCHHTE3a Ha OJTHOM JIMIIH JUTAHHOBOJIHOBOM CBETE OOBSICHAETCS TEM, UTO
B BO30YX/IEHHOE COCTOSTHHE MPUXOAAT MOoJIeKy bl xjopodpmiia OC-1, nobanenue xe 6oiee
KOPOTKOBOJIHOBOTO CBETa BO30YKIaeT 00e CHCTEMBI, YTO W NMPUBOJIUT K PE3KOMY YCHIICHUIO
dboTocuHTE3A.

B  oBomommonHom  otHomeHun ~ DPC-1  OGomee  gpeBHsis  orocucrema. Y
(dboToCUHTE3UPYIONINX OaKTepUil dTa CUCTEMa HE CIIOCOOHA MCIOJIL30BaTh BOJY B KaueCTBE
JIOHOpa SJIEKTPOHOB U sBisieTca eauHcTBeHHOU. C paszsutuem DC-2 pacTeHus MOTy4WIIH
BO3MOXHOCTh TMPOU3BOJAUTH (POTONMM3 BOABI M BBIAEHATH Kuciopox. Obe ¢orocucremMsl
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COCTOST M3 MUTMEHTHOTO KOMIUICKCA, IPEACTABICHHOrO XJopopwmuiamMmu a u Db,
KapOTHHOHUIaMH, OeJIKaMH M HEKOTOPBIMH JApyruMu BeniectBamu. B @C-1 xmnopoduia a B 6
— 10 pa3, aB ®C-2 — B 1,2 — 2,0 pasa 6o:b11e, yem xmopoduiia b.

B mnpoueccax mnpeoOpazoBaHHMs OSHEPrUM KBAHTOB CBETa B XHMMUYECKYID DHEPTHUIO
OpPraHMYECKUX BEIIECTB yYaCTBYIOT HE BCE MOJIEKYJIbl MUTMEHTOB, a JIHIIb HEOOJbIIAs UX
4acTh, pAacCIOJIOKEHHass B OCOOBIX pEaKIMOHHBIX LEeHTpax (oTocucreM. DHeprus,
NOTJIOUIEHHAsT  XJOpO(HUIUIOM W BCIOMOTaTeIbHbIMU  MUTMEHTaMHU, B  YaCTHOCTH
KapOTHHOWIaMH, TepeJaeTcs  MOJEKyJaM  XJOpOoQH/Ula, HAaXOJIIIUMCS B ITHX
bOoTOXMMHUYECKH aKTUBHBIX ILIEHTpax (JIOByIIKax). OTH coOMparoliye SHEpPruI0 CBeTa
MOJICKYJIbl TUTMEHTOB, H, IPEXKIE BCEro, XJI0pohuia a, CIerka OTIMYAI0TCA O/IHA OT JAPYron
[0 CIEKTpaM TMOIJIOMIEHUs U JAEUCTBYIOT IO MNPUHIUIY CBETOCOOMpATEIbHON aHTEHHBI.
[lepenaua »HEPrUM OT ITHX MOJIEKYN XJIOpodWIa ¥ KApOTHHOMAOB HOCHT HAa3BaHHE
PE30HAHCHOTO MepeHoca. YMakoBKa TaKUX MOJIEKYJ B TpaHaX XJIOPOIJIACTOB OYEHB IJIOTHAS,
YTO MO3BOJIAET KOJIEOATENbHON 3HEPIrUU HEMOCPENCTBEHHO OT OJHOW MOJIEKYJbl IMUTMEHTa
MEPEXO/IUTh K APYroil MOJIEKyIIe.

Colwuparoriiue SHEPrUI0  MOJIEKYJbl XJOpOoQUiUia a, SBISIONIMECS DHEPreTHYECKOMN
nosymikoit @C-1, momyuunu crenuanbHoe obo3HaueHue [17g0 nO0 MakCUMyM MOTJIOIIEHUS Y
Hux Haxoautcs npu 700 uMm. Crekanue sHepruu K [l7g0 crocoO6CTBYEeT TOMY, YTO OT/IETBHBIE
9JIEKTPOHBI MOJYYalOT JIOCTATOYHOE KOJMYECTBO HSHEPrUU C TeM, 4YTOObl MEepelTH OT
AKTUBHBIX LIEHTPOB (POTOCHUCTEMBI K MEPEHOCUYMKAM DJIEKTPOHOB, HAOOpP KOTOPHIX y 00EHX
CHUCTEM HECKOJIbKO pa3inueH. DHepreTudeckoil joBymkoil @C-2 gpigercs XJIopopuil a ¢
MakcuMyMmoM roruomnieHust 680 Hm. On o0o3HauvaeTcs kax [ggp.

[Ipu mornomeHuu KBaHTa CBeTa OJUH M3 D3JIEKTPOHOB MOJEKYJbl XJOpopuiuia a
NepexXouT Ha Oosiee BBICOKHI 3HEPreTMYEeCKUil YpOBEHb, a BCS MOJIEKY/la IMEPEXOAMUT B
B030yxJaeHHoe cocTtosiHMe: XA + hv — XA. D10 B030YyXIEHHOE COCTOSIHHE MOJEKYJIbI
XJI0opo(usIa HOCUT HA3BaHWE CHHIJIETHOTO, €CIIM IMEpPeXo] 3JIEKTpOHAa Ha 0oJiee BBICOKHUI
HHEPreTUUECKUH YpOBEHb HE COMPOBOXKIAETCS M3MEHEHUEM 3Haka ClHHA (COOCTBEHHOTO
MOMEHTa BpaiieHus). Bo30yxkaeHHOe COCTOSIHME YKa3aHHOW MOJIEKYJbl Ha3bIBAETCs
TPUILIETHBIM, €CJIH 3HAK CITUHA MEHSETCS.

[Tpu mornomeHun MOJIEKYJION XJI0poduiIa 0OJHOTO KBaHTAa KPAacHOM 4acTH CHEKTpa OHa
TEPEXOUT B IEPBOE BO3OYXK/ICHHOE CHHINIETHOE COCTosHME (Bpems xm3uu ero 107c), a
CHHMIA — BO BTOpOE CHHIJIETHOE COCTOsiHHE (BpeMms ero »xu3Hu — 10 12 0. Monexyna
xjopoduia a U3 MEPBOrO CHHIJIETHOIO COCTOSIHUSI MOXET IEpPEeXOJUTh B TPUILJIETHOE
COCTOSIHUE C TIOBOPOTOM CIIMHA M MOTepeit sHepruu. [Ipu noriomeHn KBaHTa CHHETO CBETa,
oOnanaroniero Oousbled SHEpruew, IMEKTPOH cpa3y Ke BbLIENSeT 4YacThb SHEPTUU B BUIE
TEIJIa ¥ EPEXOUT U3 BTOPOTO B MEPBOE BO30YKIEHHOE CUHIJIETHOE COCTOSTHHE.

DTOT BJEKTPOH HECET ONpPEIEICHHbIA 3amac »HEepruu. B ToM ciydae, e€ciid 3JIEKTPOH
BO3BpALIAETCs Ha CBOIO OpOUTY, MPOMCXOIUT Oecrosie3Hass MOTepsl SHEPrMH B BHUJE CBETa
(pyocdopecueniuu) win Temina. Ho ecnu Bo30YXIEHHBIN SJEKTPOH TEpPeIaeTcs KakoMy-
1100 aknentopy (A), To B MOJeKyse XJI0poduia BOSHUKAET JIEKTPOHHAsI HEJJOCTATOYHOCTh
WM «3JIEKTPOHHAS JIBIPKay.

Cama MoneKysia B TAKOM COCTOSIHMM CTaHOBHTCSI 0oJiee peaKlIMOHHOCIIOCOOHOM U roToBa
OTHMMATh JJIEKTPOHBI OT JoHOpa (/I) ¢ Tem, uTOoObl JMKBUAUPOBATH DIEKTPOHHYIO
HE0CTaTOYHOCTh. CKa3aHHOE MOXKHO MPEJICTABUTH B BUJIE CIIEAYIOIIEH CXEMBI:

XA+A > XAT+A”
XAT+ 0 —->XA+10°
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Bomnpoce! 1151 caMOKOHTPOJIS

1. Ousuko-xuMuyeckass CYIIHOCTh IIpolecca (OTOCHHTE3a M €ro 3HauyeHHe B
HSHEPreTUYECKOM U MJIACTUYECKOM OOMEHE pacTeHUsI.

2. AHTCHHBI KOMIUIEKC, pEaKIMOHHBIA IEHTp. MexaHusM mpeoOpa3oBaHHs
AIIEKTPOMATHUTHOM YHEPTUH B SHEPTUIO PA3ICIICHHBIX 3apSA0B B (DOTOXUMHYECKHX IICHTPaX.
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nom. - CII6.: TUOP/I, 2009. - 472 c.: ni. - ISBN 5-98879-008-9
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Jleknusa 5
DOOTOCHUHTE3

5.1. ®oroxumuyeckasi gpaza porocuHTe3a. DJIEKTPOH-TPAHCIIOPTHAS LeNb
¢porocunrTesa. HHukianveckuii, HeUMKJIUYECCKUN U NMCEBIOUUKINYCCKUN JIEKTPOHHBII
TPAHCHOPT.

Honopom snekTpoHoB g PC-2 cinyxkuT Bojga. MosieKyibl BOJIbI, OT/aBasi 3JEKTPOHBI,
pacnagarorcss Ha cBoOoaubIi ruapokcnn OH u mpoton H + . CBoGogHBIE THIPOKCUIIBHBIE
panukanbl, pearupys aApyr c¢ apyroM, gaior H,O wu Op. Ilpeamosaraercs, 4To IpH

(OTOOKUCIICHUH BOJBI TMPUHUMAIOT YYacTHE HWOHBI MapraHila W XJopa B KadyecTBE
KO(akTOpOB.

ol
2H,0 4[OH7] y
! K remwonoit
( 2NADPH, peaKumHH
2H,0 ——= 4H°~*‘E'4 M3 TemuoBOk
2 2 \4H+ 2 NAD peaKiH

OO6muit xox GoTonuza BOABIL.

B mpouecce ¢otonmza Boabl MpOSBISETCS CYTh  (POTOXUMHUYECKOW  pabOTHI,
ocymiecTBisieMor npu (orocuHTeze. Ho okucnenne BOIbI MPOUCXOIUT MPHU YCIOBUU, UYTO
BbIOUTHI w3 Monekynbl [16 8 0 »snekTpoH mepemaercs axkuenTopy W Janee B
anekTpontpancnoptayto nenb (DTL)) (puc.). B OTI[ doTocuctembi-2 mnepeHOCUNKAMHU

9JICKTPOHOB CIYXKAT INIACTOXUHOH, HUTOXPOMBI, ITNIACTONHAHUH (6CHOK, COI[Cp)I(&IlIPIfI Me,[[]:),
DAJT, HAJD u 1p.

N6t EyB —

Couerbuf

200+ Q
; AT
‘

T
\A\\:MT, b
032 ARoSLr §
el \\HLL
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u o tOE

i
Han
\ s
R e
A0 2D+ T
Puc. 3.9. PAeKMPORMPARCROPMARAA Lenb chomocunme3su:
X — nepBuUtiH@s GOHOPHAA cucmemd, cogepxauias
- L v
mapraney U qrnuBupyemas cr— . [IX ma@:lc)mfoz
yum. — YUMOXPOM; i} — nagcmoyuanui; &g
gpeppegoxcun; I — ¢aasonpomeug
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Br16utsiit u3 Mosekynsl 1709 371€KTpOH 3aXBaThIBaeTCsl OEIKOM, COJEPKAIINM KEJIe30 U
cepy, u nepenaercs Ha QeppenokcuH. B manpHEWIIEM MyTh 3TOTO 3JEKTPOHA MOXKET OBITh
IBOSIKUM. OAMH M3 3TUX NyTeHd COCTOMT M3 IOOYEPEAHOrO IMEpeHoca DJIEKTPOHAa OT
deppenokcuHa 4yepe3 psi IMEpPeHOCUYUMKOB cHOBa K Il7go. 3areM KBaHT cBeTa BBHIOMBAET
CIEIYIOIIUNA AJIEKTPOH U3 MoJeKynbl [l7g0. DTOT 35ekTpoH HoX0muT 10 (eppedoKCHHa U
CHOBa BO3BpamiaeTcs K MoJeKyae Xjopoduiia. SIBHO NPOCISKUBACTCA LHUKIUYHOCTH
npouecca. [Ipu nepenoce anekTpoHa oT peppeIoKCHHA YHEPTHS AIEKTPOHHOTO BO30YKICHUS
uzaet Ha oopazoanrie ATO u3z AJI® u H3P04 . Orot Bua horodochopunmpoBanus HazBaH P.
APHOHOM IHUKJIHYECKUM.

[Huknanueckoe QoTtodochopunrpoBanne TEOPETUYECKH MOXKET MPOTeKaTb M TPH
3aKPBITHIX YCThHUIIAX, KOO JJIT HETO 0OOMEH ¢ aTMocdepoil HeoOs3aTeleH.

Hemmxmmyeckoe gortodocdopunupoBanne npoTekaeT ¢ yyactueM odenx ¢orocuctem. B
sToM ciydae BeIOUTHIE U3 [17 0 O snexTponsl u mpoton H + noxomsar mo deppenoxcuna u
nepeHocsTcss yepe3 psa nepenocunkoB (DAl u ap.) ma HAJI® ¢ obpasoBanuem
BocctaHoBiieHHOro HAJI®H?2 . Ilocnennuii, kKak CHIIbHBIA BOCCTAHOBUTENb, UCIIOIb3YETCS B
TEMHOBBIX peakuusx ¢porocuHresa. Boccranosnenne HAJI® uzer no cxeme:

HAJ® +2H" + 2¢"— HAJI®D *H, .

OnnoBpeMeHHO Mosekyna xjaopodumia [lggy OTIIOTUB KBaHT CBETA, TAKXKE MEPEXOANUT B
BO30YKICHHOE COCTOSIHME, OTAaBas OAUH 3JeKTpoH. [lpoiins depe3 psAn MEepeHOCUHKOB,
AIIEKTPOH BOCTIOJNHSAET JIEKTPOHHYIO HEIOCTaTOYHOCTh B Mosekyne Ilzgp. DiexTpoHHAs ke
«apipkay xmopodmmna Ilggy Bocmonnsercs 3a cuet snekTpoHa or moHa OH™ — oxgxoro u3
MPOAYKTOB (POTONIM3a BOJBI. DHEPTrHsS AJICKTPOHA, BHIOMTOrO KBAaHTOM cBera w3 Ilggy, mpu
nepexojie 4epe3 AIEKTPOHTPAHCIOPTHYIO Lienb K (oTocucteMe 1 MAET Ha OCYIIECTBICHUE
dbotodochopunupoBanus. [Ipy HEMUKINYECKOM TPAHCIOPTE DJIEKTPOHOB, KaK BHJIHO U3
CXEMBI, MPOUCXOAUT (OTONN3 BOJBI U BbIIETICHHE CBOOOIHOTO KHCIOPO/Ia.

5.2. TIpoctpancrBennas opranuzamus ITL B TunakouaHoii MmemOpane.
dorocuHTEeTHYECKOE (pochopUIHpPOBAHKE.

Ilepenoc JJIEKTPOHOB SIBJIAETCS OCHOBOH pPacCMOTPEHHOTO MEXaHU3Ma
dbotodochopunupoBanus. AHrauickuii Omoxumuk [I. MwuTyenn BBIIBHHYT TEOPHIO
dorodochopmupoBaHusi, MOMYYUBINYIO Ha3BaHHE XeMHOCMOTHUYecKoW Teopuu. ITL]
XJIOPOIUIACTOB, KaK U3BECTHO, PACIIONIOKEeHa B MeMOpaHe Tuiakoua. OMH U3 epEeHOCYUKOB
anekTpoHoB B OTIl (mimacroxuHoH), mo rumote3e II. MuTuesnna, mepeHOCUT HE TOJIBKO
ANEeKTpoHBI, HO W mpoToHbl (H + ), mepememas ux dyepe3 MeMOpaHy THUJIAKOUAAa B
HalpaBJICeHUU CHApYXU BHYTpPb. BHYTpu MemOpaHbI THJaKoWJa ¢ HAKOIJICHHEM IPOTOHOB
cpela TOJKHUCISeTCS M B CBSA3M C STUM BO3HUKaeT rpaaveHT pH: HapykHas cTopoHa
CTaHOBUTCS MEHEEe KHCIIOH, YeM BHYTPEHHss. DTOT TpaJMeHT MOBBIIIACTCS Takke Oyarogaps
MOCTYIJIEHUIO TPOTOHOB — MPOIYKTOB (DOTOIM3a BOBI.

Paznocte pH wMexay HapyXHOH CTOpOHOW MeMOpaHbl M BHYTpEHHEH co3iaer
3HAYUTENbHBIM HCTOYHUK HHepruu. C TOMOIIbIO 3TOM HHEPruu MPOTOHBI MO OCOOBIM
KaHAJIbLlaM B CIEHUAIBHBIX T'PHOOBUIHBIX BBIPOCTAX Ha HApyXHOH CTOPOHE MeMOpaHbI
TUJIAKOM]Ia BEIOPACKHIBAIOTCS HApYXKy. B yKa3aHHBIX KaHanax HaxoIuTcs (GaKTOp COMpPSKEHUs
(ocoObIit Oenok), KOTOpBI crocoOeH MpuHHUMaTh ydactue B (poTodochopuaupoBaHUU.
[Ipenmonaraerca, uro TakuMm OenkoM sBiserca ¢epment ATdaza, kartaauzupyroummi
peakuuio pacraga AT®, HO HpU HATUYMK SHEPrUM IEPETEKAIOUINX CKBO3b MEMOpaHy
npoTOHOB — M ee cuHre3. lloka cymectByer rpagueHt pH wu, cnenoBaTenbHO, MOKa
IPOMCXOTUT IEpPEeMEIIeHUE IEKTPOHOB IO LIEMU IMEPEHOCUMKOB B (hoTocucremax, Oyner
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npoucxoauTh U cuHTe3 AT®. [logcunTaHo, YTO Ha KaK[ble J1Ba 3JEKTPOHA, MPOIIEIINE
yepe3 DTL] BHyTpH THIaKoua, HAKAMIMBACTCS YETHIPE MPOTOHA, a HA KaXK]IbIe TPU MPOTOHA,
BBIOpOIIIEHHBIE C ydacTHeM (akTopa CONpPSDKEHUs M3 MeMOpaHbl HapyKy, CHHTE3UPYETCs
onHa moJekysna ATO.

Takum oOpa3om, B pe3ysibTaTe CBETOBOM (hasbl 3a CUET dIHEPTUM cBeta oopazyroTcs AT
u HAJZI® * H; , ucrionp3yeMble B TEMHOBOM (aze, a MpoayKT ¢otonu3a Boabl O, BBACISETCS
B atMocepy. CymmapHoe ypaBHEHHE CBETOBOU (ha3bl (POTOCHHTE3a MOXKET OBITh BBIPAXKEHO
TakK:

2H,0 + 2HAJI® + 2AJId + 2H3PO, —

2HA® « Hy + 2 ATO + O,
2H ADP+F, ADP
i HAD‘P*{ HADS®-H
| D) g
A
A 22
’ZP%_’ yumby 2%
P \Nuumé L)k
%X% 'F\CSR My
lyumf %%, 700,
MMonocms musaxoudn JH”

Prc. 38. Jlokaim3anms 3J4eXTpoH- ¥ NPOTOHTPARCHOPTHRIX peaxkumii B MemOpane THia-
KoMJa

Bomnpocsl 111 CaMOKOHTPOJISA

doroxumuyeckas (aza GoTocuHTE3a. IJIESKTPOH-TPAHCIIOPTHAS 1IeTTh (POTOCHHTE3A.
[uknnueckuil, HEUMKINYECKUHN U NICEBAOLUKINYECKUN dJIEKTPOHHBIN TPAHCIIOPT.
[IpocTpancrBennas opranuzanus JTL] B TunakonaHoi memOpaHe.
dorocurTeTHYECKOE (HhOCHOPUITHPOBAHHE.

el N =
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ﬂOnOJZHumeJZbHa}Z
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Jlexknusa 6
DOOTOCHUHTE3

6.1. XuMu3M npoueccoB acCUHMUHISIIUM yriaepoaa B porocuurese. Hukia KaabBuna,
OCHOBHBbIE (hepMEHThI U MeXaHU3MBbI peryJjsiiuu nukiaa. ®oroabixaHue.

TemnoBas ¢aza ¢orocuHTe3a Mporekaer 0e3 HEMOCPEJACTBEHHOTO YYacTHUS CBETOBOM
sHepruu, 3a cuer sHeprun AT®D u ¢ nomompbro goHopa Boaopoaa HAJD-H,
00pa30BaBIIMXCS B CBETOBYIO (a3y.

CymrHocTh TEeMHOBOM (Da3bl poTOCHHTE3a cocTaBiseT yuki Kanrveuna-bencona.

TemuoBas (aza poTocHHTE3a COCTOUT U3 CICTYIOIINX PEAKIIUN:

1) kapOOKCHUIMPOBAHME;

2) BOCCTaHOBJICHHUE;

3) perenepanus akuenropa CO; pulynozo-1,5-6ucdocdara (Pybd).

VYnopoménnas cxema TeMHOBOW ¢a3zbl  (oTocMHTE3a TmoOKazaHa Ha  puc.6.3.
Boccranosnenune CO; no nukiny KansBuna-bencona HabmogaeTcst y 60IbIIMHCTBA pPaCTEHUN
3emun. [lepBeiMu ycToiumBeIMU TpoaykTamu ¢ukcarmuu COy SIBISIOTCS TPEXYIIepOIHBIC
coequneHus (OI'K, ®I'A, ®JIOA). Otot cnocod duxcammu CO, Hocut Ha3zBanue Cs-nymu
gomocunmesa, a paCTCHUs, UCIIOJIB3YIOIINE 3TOT MyTh Ha3bIBAIOTC C3-pacmeHusimu.

Takum 00pazoM, B CBETOBYIO CTaiui0 (DOTOCHHTE3a OCYIIECTBISIETCS MpPeoOpa3oBaHUe
DIIEKTPOMArHUTHON JHEPruM KBAaHTOB CBETA B JHEPTHIO0 XUMHUYECKUX CBS3ei JaOMIBHBIX
(neycroitumnBbiX) coenuHeHnit — AT® u HAJI®-H,. B remHoByto a3y ¢porocunteza ATD u
HAI®-H,; npeoOpa3yroTcsi B MOTEHIHAIBHYIO SHEPTUI0 XMMHUYECKHUX CBSI3€H CTaOUIIbHBIX
MPOAYKTOB — CaxapoB W JPYIrUX OPraHUYECKUX COEAMHEHUH, OO0NaJarolIMX MEHbIIEH,
XUMHYECKON aKTHBHOCTBIO, YEM TIPEIIECTBYIONINE COSAMHEHUSI.

C0, us ammoc@eps

Koaxmas u caxaposa
Puc. 2.7. Yupomennas cxema nukina Kanspuna-bencona
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®doToabIXaHWE — 3TO WHAYLUPOBAHHOE CBETOM IIOTJIOIIEHHUE KHCIOPOAa U BbIIEICHHE
CO2, xotopoe HaOIIOAAETCS TOIBKO B PACTUTENBHBIX KIETKaX, COIEPKAIIUX XJIOPOILIACTHI.
XUMHU3M  3TOTO mpolecca 3HAYUTENbHO OTJIWYAaeTCd OT «TEMHOBOIO»  JIBbIXaHHS
MUTOXOH/ApHHA. [lepBUYHBIM TPOAYKTOM (OTOABIXAHUS SBISICTCS TIUKOJIEBAsl KHUCIOTA,
MO3TOMY TaKOM IyThb OKHUCJIEHUS TMOJY4YMJI Ha3BaHHE TJUKO- JsaTtHoro. doronbixaHue
OCYIIECTBIISIETCS. B pe3yJlbTaTe B3aUMOJECHCTBUS TPEX OpraHelll — XJOPOILJIAcTOB,
MEPOKCUCOM U MHUTOXOHJpHH. B ocHOBe (oOTOABIXaHMS JIEKUT CHOCOOHOCTH KIFOYEBOTO
depmenta nmkna KanpBuna PJI®-kapOokcuiassl B YCIOBUSX  BBICOKOTO IMAPIUAIBHOTO
JABJICHUSI KHCIOpPOJA BBIMOJHATH OKCUIEHa3Hyl (yHKIMIO, T. €. KaTalu3upoBaTh
OKHCJIMTETIbHOE paciierienne puldy- 1030-1,5-mudochara Ha 3-docdormuiepruHoByro
KHCJIOTY B 2-(hoc- (HOTIMKOJIEBYIO KHCIIOTY, COAEpIKallyr aBa aroma yriepona. 3-OI'K
nocrynaer B 1uka KameBuHa, a 2-ocdormmkoneBas KHUCIOTa 10/IBepraercs
nedochopriiupoBaHHIo ¢ 00pa3oBaHUEM IJIMKoNaTa. [ TUKomIaT u3 XjIoporsiacta mocTynaeT B
MEPOKCHCOMY — OpraHeJuTy OBaJIbHOW (POPMBI, OKPYKEHHYIO OJIMHAPHOW MeMOpaHOi. 3/1ech
[JIMKOJIAT TOJ JCHCTBUEM TIIMKOJATOKCHAA3bl OKUCISETCS A0 Tinokcuiara. O6pasyromascs
IIPY 3TOM NEPEKUCH BOJIOPOJIa PACIIEIUIIETCs Py ydacTuu (epMeHTa Katanassl. [ mrmokcunar
3aTeM IpeBpallaeTCs B aMUHOKHUCIIOTY TJIMLKH B Pe3yJbTaTe Peakiuu TPaHCAMHUHUPOBAHUSI.
B xadecTBe moHOpa aMHHOTPYHNBl (DYHKIMOHUPYET TJIYTAMUHOBAas KHCJIOTA. [ JMIUH
TPAHCIIOPTUPYETCS B MUTOXOHJIIpHIO. TaMm U3 IBYX MOJEKYIN TJIUIMHA 00pa3yercs CepuH U
ocBoboxknaercas CO2. Takum  oOpa3oM, 4YacTh yriaepoaa, (PUKCUPOBAHHOTO B IUKJIE
KanpBuna, Ttepsiercss pactenueMm. [lostomy 1npu  UHTEHCHUBHOM  (DOTOJBIXaHUU
IPOJYKTHBHOCTh (POTOCHHTE3a CHMXKaeTcsi. CepuH MOXET HCHOJIh30BATHCS B OEITKOBOM
CHUHTE3€ WJIM MOCTYMAeT B MEPOKCUCOMY M TaM IepeJaeT aMUHOIpYIIy Ha mnupysar. Ilpu
3TOM U3 MMpyBaTa oOpaszyeTcss aja Triuuepar. [nunepar MoOKeT CHoOBa IONAcTh B
XJIOPOIUTACTHI U BKIIIOUUTHCS B UK KanbBruHa. MUTOXOHIpHAbHOE («TEMHOBOE)) JIBIXaHUE
Ha cBeTy OOBIYHO  3aTopMakuBaercs. Y (3-pacTeHHH TIpU XOpOIIeH OCBEUICHHOCTH
dotonpixanne B 1,3—3 pa3a akTHBHEE, 4YeM «TeMHOBOe» jbixaHue. (C3-pacTeHus B
pesyiabrare Qoronasixanus TepsaooT 30—35 %, a uHOrAa 1O MOJOBHMHBI BCEro YIiepoja,
accuMuiupoBaHHoro B mporecce (orocunteza. Y C4-pactenuit COr, BBIACIAIONIMICST B
pesyibTare (OTOABIXaHUS, BKIIOYAETCS B KJIeTKax Me3opuiia 6 okcajoanerar u Maiar u
Onarojgapst 3TOMy peacCUMMIIMpYyeTcsi pacteHueM. Pacxon Ha ¢oToAbIXaHHME MPOTYKTOB
accUMWISIIMK  cHukaercss 10 0—6 %, 5710 oOecrmeunBaeT HX 0Oojee  BBICOKYIO
IPOJTYKTHBHOCTb.

6.2. Xapakrepucruka rpynn C4 pacrennii. ®orocunres y CAM- pacrenmii:
0CO0CHHOCTH OPraHM3ALMHU NPOLEcCA 3al1aCaAHUs] JHEPTUU U (pUKcalMHU YIIIEKHCI0ThI BO
BpEeMEHH.

ukn KansBuna-bencoHa — He enuHCTBEHHBIN yTh ycBoeHUs CO7. B Poccun 10.C.
Kaprnnos u . A. Tapuesckuii, a B ABctpaiuu M. 1. Xeru un K.P. Ciak nokazanu, 4ro B
JHUCTBSAX KYKYpPY3bl, CAXapHOTO TPOCTHUKA MEPBUYHBIMU ITpoaykTamu ¢pukcarun CO;
ABIIIOTCS TUKapOOHOBBIE KUCIIOTHI (S10JI04HAs U aciaparMHoOBasi). DTOT HOBBIN TUII
¢ukcarmu COy, MPUHIMIHAIBHO OTIMYaroIuiics oT nuukia Kanseuna-bencona, Obu1 Ha3BaH
nukiaom Xerya-Cika-Kapnuiosa.

Otor cnocobd ¢uxcanuu CO; Hocur Ha3BaHue Cs4 — MyTH (QOTOCHHTE3a, a PACTEHUS,
HCTIONB3YIOUIME ATOT MyTh HasbiBatoTcsi C4 — pacteHusiMu. s Cs- pacTeHUil XapakTepHa
ocobasi CTpYKTypa JIMCTa — KPaHI-CTPYKTypa Wi KpaHi — aHaToMusi. C4-IiyTh pOTOCHHTE3A
MOJKHO NPEACTABUTH B BUJIE CXEMBI:
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[Mukn Xerua-Ciaka-Kapnuinosa no3possier Cs-pacTeHUsM YCHEIIHO (POTOCUHTE3UPOBATH
(B otmuune ot Cs-pacTeHMi) Ja)ke MPH 3aKPBITBIX YCTBHIIAX, YTO SBISETCS aJanTaluel K
KAPKOMY KIIMMATYy.

[Momumo Cs3- u C4- pacTeHMd BBIOENSAETCS Apyras TPyMIa — CyKKYJCHTHI -  PacTCHUs
cemeiictBa TonctsukoBbie — Crassulacean (Sedum, Bryophyllum), y kotopsix mporeccs
dukcanuun CO,, oOpa3oBaHHe U JEKapOOKCUIMPOBAHUE SOIOYHON KUCIOTHI Pa300IEeHbI BO
BpPEMEHH.

JlHEM y CYKKYJEHTOB ycThUIbl 3aKpbIThl U CO; U3 OKpyKaromen cpeibl HE MOXKET
MOCTYIAaTh BHYTPh MX MSICHUCTBIX TKaHEW. YTIEKUCIIOTa MOCTYMAET B 3TH PACTEHUS HOYBIO,
KOrJa ycTbuia oTKpbITH. B 310 Bpems ¢ momomisio MEII-kapbokcunassl ocymiecTBiseTcs
npouecc kapOokcunupoBanus no tumy Cs4 , oOpasyercs s0i04yHast Kucinota (U Apyrue
opraHuyeckue KucioTel). Korma yTrpoM ycThHIIa 3aKpBIBAIOTCS € LEIbI0 YMEHBIICHUS
TpaHCIIUpalUK (UCIapeHusl BOJbl pacTeHueM), (portocuHTe3 uner no tumy Cz-pacTeHuil: B
npoiiecce aekapOooKcuianpoBanus 16104Hoi KucioTel CO2 0cBOOOKAAETCS U BKIIIOYAETCS B
i KansBruHa-beHcona, BoccTaHaBIMBasCh 710 YTIEBOAOB. TakuM 00pa3oM, Yy CYKKYJIECHTOB
THEM  OCYILECTBISETCS  OOBIYHBIN dorocunTes (C3), a HOUBIO TMPOUCXOIUT
kapOokcunupoBanue OEIl. Paznenenue nporecca GoTocMHTE3a BO BPEMEHU UMEET BAKHOE
HKOJIOTUUECKOE 3HAueHHe JUIsi oOuTaresiedl MyCcThIHb M IOJNYIYCThbIHb. biaromaps 3Toit
ocobeHHocTH OHM oOecrnieunBaloT ce0ss CO; HOUYBIO, HE TOJBEPrasch PHUCKY MOTEPSATh
00JIbIII0€ KOJIMYECTBO BOJBI B KapKkoe BpeMs ronaa. PaccmorpenHsiit nyth ¢ukcammuu COy y
CYKKyNeHTOB monyuun Ha3Banue CAM-¢pomocunmes ot anrimiickoro «Crassulacean acid
metabolism» - MeTa0oiM3M KHCIIOT Yy TOJICTSIHKOBBIX, Yy KOTOPBIX OH OBLT OOHapyXeH
BIIEPBEIE.

B mpomecce ¢otocunTeza ocymecTBisiercss @omoovixanue. DOTOIBIXaHHE — 3TO
aktuBupyemoe cBetoM moriomenue O, u Bbigenenne CO, B KIETKaX, COJEPIKAIIAX
XJIOPOILIIACTHI.

Cs — pacremus B pesynbrare (Qoroasixanus TepsaroT g0 50%  yriepona,

ACCMHJIMPOBAHHOTO B Tpoliecce (HOTOCHHTE3a, YTO SBISETCS MPUYUHOW CHIKEHUS YHCTON
MPOJYKTUBHOCTH (POTOCUHTE3A.

Y Cy-pactenuit ¢oroapIxaHue OTCYTCTBYET WJIHM €Ba 3aMETHO, a BBIICISIONIUICS TpU
cnabom oroasixanun CO; B kieTkax me3zoduinia ceszbiBaercst ¢ O@OI1 u oOpasyercst manar,
KOTOpBIfI MNOoCTYNNacT B XJIOPOINIIACTLL O6K.HaI[KI/I, A€ W BKIKOYACTCA B ILIUKII KannBuna-
bencona. [losTomy umcras nmpoaykKTUBHOCTH (oTocuHTe3a y Cy-pacTeHuii 6ojee BhICOKas,
yeM y Cz-pacTeHMid.
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Bomnpoce! 1151 caMOKOHTPOJIS

1.  XumusMm nponeccoB accummianuu yriepona B ¢orocuntese. Lukn KanbBuna,
OCHOBHBIC (DEpMEHTHI U MEXaHU3MBI PETYJISIUH [UKIa. DOTOABIXaHNUE.

2. Xapaktepuctuka Trpynn C4 pacrenuii. Dotocunres y CAM- pacreHwmii:
OCOOCHHOCTH OpTraHM3aIlMy TpoIllecca 3amacaHus dHEPruv U (PUKCAUU YTIEKUCIOTHI BO
BpPEMEHH.

3.  Tpancmopt mnpoaykToB (OTOCHHTE3a W3 XJIOPOIJIACTA: YEIHOYHBIC CHCTEMBI
BBIHOCA.

4.  MexaHu3Mbl, KOHTPOJIUPYIOIIME OOMEH METa0OJMTaMU MEXKIY XJIOPOIIaCTaMU H
[IATOIUIa3MaTHYECKOH (ha30i KIICTKH.

CIIUCOK JIUTEPATYPEI

Ocnosnast

1. Wneuna H.A.®uzuonorus u 6uoxumus pacreHuii: Yueonoe nocooue / H.A. Unbuna, U.B.
Cepreesa, A.W. Ilepersatko - YnbsHoBck-Capartos, 2013. - 335 c.ISBN 978-5-86045-613-6

2. Komkun, E. V. ®usnonorus yCTOHMIUBOCTH CENTbCKOXO3IHCTBEHHBIX KyIbTyp: yueOHuk / E.
. Komkun. - M.: [Ipoda, 2010. - 638 c.: wi. - (YueOHUKH U yueO. TOCOOUS I CTYJCHTOB BBICIII.
yue0. 3aBenenmii). - ISBN 978-5-358-07798-0

3. CepreeBa, .B.®Ousnonorus pacTeHHil ¢ OCHOBaMH JKOJOTWH: YuebHoe mocobme / U.B.
Cepreesa, A.W. Ilepersitko - Capatos, 2011. - 348 c.ISBN 978-5-7011-0740-1

4. ®usnonorus ¥ OMOXUMUS CENbCKOX03SMCTBeHHBIX pacTtenuii / mon pen. H.H. Tpetbsikoa. M.
: Konoc, 2005. - 639 c.ISBN 5-10-002915-3

ﬂOﬂOJZHum@JZbHa}Z

1. buoxumus: yueOnuk / B. I'. llepbakos, B. I'. Jlobanos, T. H. IIpynaukosa. - 3-e u3n., HCIp. U
nor. - CII6.: THOP/I, 2009. - 472 c.: un. - ISBN 5-98879-008-9

2. Kosbmuna, H. I1. 3epHOoBeeHE ¢ OCHOBaMH OMOXUMHHU pacTeHuil: HayuHoe uznanue / H. I1.
Kosemuna, B. A. I'yapkun, I'. M. CycnsHok. - M.: Konoc, 2006. - 464 c.: mi. - (Teopetnueckue
OCHOBHI ITPOTPECCUBHBIX TEXHOJIOTHIA: OnoTexnonorus). - ISBN 5-10-0039.
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Jlexknus 7

JAbIXAHHE.

7.1. O0u1ee npeacTaBjieHne 0 AbLIXaHUM, (PYHKIMH.

Copepxamasics B TPOAyKTax (OTOCHHTE3a HHEPrUs HE MOXKET OBITh HCIIOIH30BaHA
KJICTKOW IS OCYIIECTBIICHHS TPOILIECCOB IKH3HEAEATENLHOCTH. UTOOBI MOTCHIMAIbHAS
SHEPTUsl OPraHUYECKOrO BEIIECTBA MPEBpATHIAch B JOCTYIHYIO JUIS KJIETKHA SHEPIrHIO, i
JOJbKHA OBITh TpuaaHa Oojiee akTUBHas, MoOwibHas Qopma. Bes crnoxnas 1memnb
MOOWJIN3ALMHU MTPOAYKTOB (DOTOCHHTE3a OCYIIECTBIISICTCS PACTUTEIIEHBIM OPTaHU3MOM B aKTe
JBIXaHUS. DTU MPOIECCHl MPOTEKAOT MPH Y4aCTHH MHOTO3BEHHOM M OYEHBb CIIOKHOM IeTH
KaTayn3aropoB. [Ipu JbIXaHWUM MPOUCXOAMUT TOTJIOMICHHE MOJCKYJISIPHOTO KHCIOpOAa M
Boiziesienne COa.

JlpixaHue eCThb  OKHCJIHMTEIbHO-BOCCTAHOBUTEIBHBINH  mporiecc  (GEepMEHTATHBHOTO
IPEBPAICHHS] OPTaHMYECKUX BEIIECTB C BHICBOOOXKACHUEM H 3armacanueM sHepruu. [Ipomecc
JIBIXaHUSI MOYKHO BBIPA3UTh CIICAYIOUIMM YPaBHCHHEM:

CeH 1,06 + 602 6CO;, + 6H,0 + 2870 x/Ix (674 kkan)
—

B mpouecce apIxaHusi MPOUCXOAUT MOCTENIEHHOE, CTYIIEHYaTOe BHICBOOOKICHHE YHEPTUU
OpraHMYECKUX BEIIeCTB M 3akperuieHue e€ B Makposprax AT®D. Dta sHeprus 3atem
UCTIONIB3YeTCST Ha TMpOIecChl OMOCHHTE3a, MOJACPKaHUS CTPYKTYpPBl KIETOK, pOCT,
MOTJIONICHHE U TIEPEIBUKEHHIE BEIIECTB U IPYTUE HYXKIbI PACTCHHUS.

JlpIxaHue 3aHUMAaeT [EHTPATbHOEe MECTO B OOMEHE BEIIECTB U OT €r0 MHTEHCUBHOCTH BO
MHOTOM 3aBHCHUT POCT, MPOAYKTUBHOCTh U KauecTBO NpoAykuuu. OJHUM H3 KOHEYHBIX
NPOJYKTOB JBIXaHUS SIBISIETCS BOAA, KOTOpas B YCIOBHUSAX 3aCyXH MOXKET TNPEIOXPaHHUTH
pacTeHue OT MOJIHOTO 00e3BOKUBaHUS U THOenu. YacTh SHEPTrUU JbIXaHUS MOKET MOBBIIIAThH
TEMIIepaTypy PacTeHHS U TEM CaMbIM CIIOCOOCTBOBATh BEDKUBAHHIO B MECTaX C HEJOCTATKOM
TeIuIa.

MectoM JApIXaHUS pacTeHHs] CIYKUT KieTka. OCHOBHBIE JbIXaTENbHBIE 3BEHBS
JIOKAJIM30BaHbl B IMTOIUIA3ME W B CHEIHAIM3UPOBAHHBIX OpraHellaX —MHUTOXOHAPHUSX.
BMmecTe ¢ Tem apIxaHue MPUCYIIE W JPYTUM OPTaHU30BAaHHBIM CTPYKTYpam: XJIOPOILIACTaM,
anepHomy Matpukcy, I1C, MeMOpaHHBIM CETSM MPOTOTIA3MBI.

JlpixaHue B TIPUCYTCTBHM KHCIIOPOJA HA3bIBACTCS a3poOHuIM. APpOOHOE IbIXaHHWE —
TJIaBHAs Pa3HOBUAHOCTH JIbIXaTeNbHOrO MeTabonu3ma. JlpixaHWe MOXKET MpOoTeKaTh U B
OCCKUCITOPOTHON cpefie, TOTrAa OHO Ha3bIBACTCS aHAdPOOHLIM. AHa’pOOHOE JIBIXaHUE
HECIIOCOOHO IIMTENbHOE BpeMsl CHa0XaTh KIETKM M TKAaHU PACTEHUH OCTaTOYHBIM
KOJIMYECTBOM SHEPTUHU, HEOOXOAMMBIMHU TIPOMEKYTOUHBIMH TTPOTYKTAMH.

B oxucnuTensHO-BOCCTAHOBUTEIHHOM TMPOIECCE, KAaKUM SIBISIETCS JbIXaHUE, Hapsay C
KHCJIOPO/IOM aKTUBHOE YYacTHE MPHHUMAeT BoJopol. VIMEHHO mpoliecc AETHIPHPOBAHUS
(oTmIETIIEHUST BOJOPOJa OT OPraHMYECKOro BEIIECTBA) M MEPEHOC 3JIEKTPOHOB COCTABIISET
OCHOBY JbIXxaHHsA. OKHCIHTENbHO-BOCCTAHOBHTEIBHBIE TIPOIECCHl B JKUBOW  KIJIETKE
COIPSDKEHBI M MOTYT UATH TIO OJTHOMY U3 CIEIYIOUINX MyTe:

1) HemocpencTBEHHAs TOTEPsl JJCKTPOHA, PE3yIbTaTOM KOTOPOH SBISIETCS H3MEHEHUE
BaJICHTHOCTH;

2) mepeHoc EKTPOHOB C OJHOBPEMEHHBIM MIEPEHOCOM MPOTOHOB, TO €CTh JABYX aTOMOB
BOJIOPOJIa. DTOT MPOLECC U3BECTEH MOl HA3BaHUEM JETHIPHPOBAHNUE;

3) mpucoeAMHEHHUE K BENIECTBY KHCIOPO/Ia;
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4) ruapaTtanus BEIIECTBA, B PE3yJIbTaTe€ YEro €ro CIOCOOHOCTb K OKHMCIEHHIO (TOTeps
BOJIOPOJ1a) CUJIBHO BO3PACTaET.

B kuBOIl pacTUTENBbHON KIIETKE pPOJIb CUCTEMbI, UMEIOIIEH MaKCHUMAJIbHYIO BEIMUYUHY
MOJIO)KUTEIBHOIO IMOTEHLMANa, MpuHamnexur kuciaopony (E,= +0,816B), xkoropslil
Os1aroapst 3TOMy U CIy’KUT YHUBEPCAJIbHBIM OKHCIUTEIIEM.

Ponb 1OHOPOB 3JIEKTPOHOB MPHUHAUIEKUT MOJEKYJAM Ppa3JIMYHBIX OPraHUYECKUX
coeauHeHuil. OTnaBaeMble OPraHUYECKMMU COCIAMHEHHMSMHM  DJCKTPOHBI  JOCTUTAIOT
KHACJIOPOJla HE HEMOCPEACTBEHHO, a 4Yepe3 MHOIO3BEHHYIO II€llb  OKUCIUTEIIBHO-
BOCCTAHOBUTEJIBHBIX CUCTEM. 3BEHBbSIMM 3TOH JIMHHOM LN SBISAIOTCA creuupuyeckue
(epMEHTHbIE CHCTEMBI, DPACIOJOXKEHHbIE B TMOPSAKE BO3PACTaHUS HX OKHUCIMTEIBHBIX
HOTEHIMAJIOB. OTH CHCTEMBbl IOCIIEAOBATEILHO IPOABUIAOT 3JIEKTPOHBI K KHCIOPOLY,
NOJIBEpPrasch IpPH 3TOM OOpPaTHUMbBIM OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIM IPEBPALCHUSIM.
Crieruduueckue coelMHEHNs, KOTOpble 00pa3yloT CUCTEMY NEPEHOCA JEKTPOHOB U KOTOphIE
MOTIEPEMEHHO OKHUCIISIFOTCSI U BOCCTAHABIIMBAIOTCS HAa3bIBAIOTCS LINTOXPOMAMHU.

Baxnas ponp B cuUCTeMe IepeHoca  JJEKTPOHOB  NPHUHAUIEKUT  (EPMEHTY
LUTOXPOMOKCH/Ia3€, KOTOPbIH COBMECTHO C IUTOXPOMaMHU COCTaBISE€T LUTOXPOMHYIO
cucreMy. LluToxpomMokcuaasa akTUBUPYET MOJIEKYJISPHBIA KHUCIOPOA, MEPEHOCS Ha HEro
DJIEKTPOHBI OT LIUTOXPOMHOM CHCTEMBI. JTa CHUCTEMa IEPEHOCA IEKTPOHOB 3aKJIIOYEHA B
MHUTOXOH/IPUSIX.

7.2. Tnukoans.

ITponecc npIxaHust COCTOUT U3 ABYX (a3: aHa’poOHON U a3pobHOM. [lepBas mporcxoaut
B LUTOIUIa3M€ KJIETKH, BTOpas — B MHUTOXOHJpHsIX. O0e ¢a3bl AbIXaHUS CBA3AHBI MEXIY
coboi. ArpoOHast ¢a3a CIIy>)KUT Kak Obl HEMOCPEICTBEHHBIM IPOJOKEHUEM aHa’pOOHOM,
XOTS JIbIXaHHE MOXET OTPaHMUYUTHCS TOJIBKO MepBOi (pa3oil. B aTom ciydyae oHO Ha3bIBaeTCs
OpoXKEHUEM.

IlepBbIif 3Tam mpoueccoB OpOXKEHWs M JbIXaHUs AaHAJOTHMYeH M 3aKioyaercs B
OecKkUCIOpoaHOM (aHa’pOOHOM) pacraje TJIFOKO3bl Ha JIBE MOJIEKYJbI MHPOBUHOTPATHOM
kucinotsl (IIBK). Ilponecc anaspoGHoro pacmaaa rimrokossl 1o [IBK momyunn nHa3Banue
TJIMKOJIN3A.

I'mukonu3 mpoTekaeT B LMTOIUIA3ME KJIETKH M HAYMHAETCSA C AKTUBUPOBAHUS TJIHOKO3BI.
buonornueckuii CMbICI 3TOM pEeakIUMU 3aKJIIOYaeTCsl B TOM, YTO TOJIBKO aKTUBHUPOBAHHBIE
(MoJTyyuBIINE JOMOJHUTEIBHOE KOJIMYECTBO HEPTUM) MOJIEKYJIbl CIIOCOOHBI K JalbHEHIIUM
OMOXMMHUYECKHM TIpeBpamieHusM. B pesynbrate oOpasyercs ¢pykro3o-1,6-mudocdar -
rekcosza, CcrocoOHas pacuierysaTbes Ha JBe (ocdoTpuossl. B  nanpHeiimem Tpuo3bI
MPEBpaIIalOTCs B MUPOBUHOTPAIHYIO KUCIIOTY.

I'mukonus cnaraercs U3 HECKOJIBKUX JTAloB: aKTHUBHUPOBAHHUE FE€KCO3BI,

pacilernieHe akTUBUPOBAHHON T'€KCO3bI JI0 ABYX TPUO3, JErHIPHUpPOBAHUE TPHO3 U

o0pa3oBaHNe MUPOBUHOTPATHON KUCIOTHI. B peakuusx ydacTBYIOT (hepMEHTHI U3 TPYIIIIbI
KHMHa3, U30Mepas, IerHIporeHas U pacllerIsomuil epMeHT alib1oJ1a3a.

CxemMaTHU4HO MpeBpallleHUuE TJIIOKO3bl B MUPOBUHOTPAIHYIO KHUCIOTY IpPH TJIMKOJIU3E
MO>KHO MPEACTaBUTH CIEAYIOIINM 00pazoM:

CeH1206 + 2HAL +2AI® — 3 2CH3-CO-COOH +2HA/L-H, + 2AT®

B menom Ha mpeoOpa3oBaHWE OJHON MOJEKYJBl TJIOKO3bI B ABe Mojekynbl [IBK
3arpaunBaercs aBe Moiekyiasl AT®. [Ipu stom obOpasyercst uetsipe mosiekynsl AT® u nBe
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moustekynel HAJI-Hy. Onna monekyna HAJL-H, okucnsisics, 06pasyer Tpu Monekyninbsl ATD, a
Bcero — mecTb Mosiekyll AT®. Takum 00pa3oM, YUCTHII BBIXOA SHEPTUU B XO/€ TIUKOIU3A
coctaBisieT BoceMb MosieKysl AT®. Dransl MHMKoIM3a MOXKHO MPEACTABUTh BUJIE CIAEAYIOIIEH
CXEMBI:

I'iroko3a
T€KCOKHHA!
AlD
I'moko030-6-ocdar
usoMepaza ¥
DpykT030-6-hochat
docorexconan Z
®pykTo30-1,6-1udochar
2mon. 3-OTA (e DJIOA

HAZ ajJlbaoJia3a

+H3;PO,

2 mon. 1,3-nudocdoraunepuHoBas KUCJI0Ta

D
ATD

2 moi. 3-¢ochorinuepuHoBasi KHCJI0TA
tdhochormumepomyrata

2 moi1. 2-¢ocdorinuepuHoBasi KHCJI0TA
snomaja -H,O

2 mon. ®oc¢o3HOJINMUPOBUHOTPATHAA KHCJIOTA

AllD
AT®

2 MOJI. DJHOJIMIMPOBUHOIPAIHAA KHCJI0TA

l

2 mon. IlmpoBuHOrpagHas KHCJI0TA

7.3. OxkucauTeNbHbINA MEHT030(hocHaATHBIN HKJI.

[Ipouecc rmkonM3a — OCHOBHOW, HO HE €AMHCTBEHHBIM NMYTh PACIICIUIEHUS CaxapoB.
Hapsany ¢ pacniajoM IIt0K03bI MyTEM TIIMKOIN3a B KUBON PACTUTEIBHON KIIETKE MPOUCXOIUT
MpEBpalleHUe TIIOKO3bI W dYepe3 MeHT030(hochaTHbIl Wi IUKI  (HOochHOrIFOKOHATHBIH.
Bropoe Ha3BaHHMe UK MOJIYYMI B CBSI3U C TEM, YTO OJHUM U3 BaKHBIX MPOMEXYTOUHBIX
MPOJYKTOB €ro sBisiercs 6-GpocdoriitokoHOBas KUCIO0TA.

HcX0omHBIM TPOIYKTOM CIYXHT TIIOK030-6-(hocdar, KOTOpOil ¢ MOMOIIbIO TIIOK030-6-
docdar gerunporeHnassl okucisercs 10 6-hochorIFoKOHOBON KUCIOTHI:

rmoko3a-6-gochar+ HAJID +H,O * 6-docdormokonosas k-ta + HAJID H,
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3arem 6-pochOorIFoKOHOBAs K-Ta MOBEPracTCsl OKHCIUTEILHOMY JeKapOOKCHUITUPOBAHUIO
npu ydactuu (GochOorIroKOHATACTHAPOTeHa3bl, pe3yibTaTtaM yero sisiercs Boaenenue CO;
1 00pa3oBaHKE MEHTO3BI-PHOYII030-5-Pocdara, JaBIIeT0 HA3BaHUE BCEMY ITUKITY:

6-pocdormoxonosas k-ra+tHAID ~ pubdynoszo-5-pochar+HAJD-H, +CO;

[Tocrme psima CIIOXKHBIX TpeBpamieHU w3 pudyno30-5-gochara oOpasyroTcs yeThIpex-,
MATH- ¥ CeMHYTJIepoaHbIe (ochHOpUIMpPOBAaHHBIE caxapa: IpUTpo3o-4-docdar, pubd030-5-
dochar u Kcmmynoszo-5-ocdar, cemorentynoso-7/-pocdar. PekomOuHaImMs caxapoB C
y4aCTHEM TPaHCKETOJa3bl U TPAHCAJIBI0JIa3bl MPUBOIUT B KOHEYHOM HTOTe K 00pa30BaHUIO
IIII0K030-6-ocdaTa. B utore B peaknusax neHTo30(QochaTHOrO HUKIA U3 LIECTH MOJIEKYII
IIII0K030-6-pocdaTa ogHa Monekyna okucisiercs 10 CO, a ocTalbHbBIC MATh PETCHEPUPYIOT
BHOBb M BBIXOIAT ©3 wukia. Jlng kaxkmoro o00poTa CymMMapHOe YpaBHCHHE
NeHT030(OCHATHOTO UKIIA UMEET CIICIYIOLTHI BUI:

6 rmok030-6-gocdar + 12 HAJID +7H,O0 —— Syrmoko30-6-docdar +
+6 CO, + 12 HAJI®-H; + H3PO,4

OxucnuTensHbIi eHT030(pOChaTHBIN UK IPEACTaBIsAeT COO00 aHAIPOOHOE OKUCIICHUE
U TakK K€ KaK U IVIMKOJIU3, MPOUCXOAMUT B LuToIuiazMe. I1o okonyanum nukia obpasyercs 12
mosiekyn HAJI®-H; . [Ipu oxucnenun omnoit monekynsl HAJI®-H, B npixarensHOl 1enu
MUTOXOHJIpHI cuHTe3upyerca 3 Mosekyiasl AT®, a Bcero cunresupyercs 12 - 3 = 36
monekyn AT®. OcHOBHOe Ha3zHaueHHE MEHTO30(oc(haTHOrO IMHKIA — 3TO YYacTHE B
IUTACTHYECKOM OOMEHe KJIETKHU. B XoJe 3TOro nukia CUHTE3UPYIOTCS MEHTO3bl BXOJAIINE B
COCTaB HYKJIEMHOBBIX KHCJIOT W pa3IUYHbIX HYyKJIeoTunoB. OOpa3yroommuiics B LUKIE,
SBIISICTCA HCTOYHMKOM JJIsi CHHTE3a UIMKMMOBOW KHCJIOTBI, HEOOXOIUMON MJii CHHTE3a
TyOMIIbHBIX BEIIECTB, JIMTHUHA KJIETOYHBIX CTEHOK, AyKCHHOB U JIPYIMX (PU3UOIOTHYECKH
AaKTHUBHBIX COeAMHEHMH. Takue MpOoJIyKThl LIMKJIAa Kak puoOynoso-1,5-nudochar, HAAD H;
NPUHUMAIOT yyacThe B TeMHOBOH ¢ukcanuu CO; B porecce (OTOCHHTE3A.

Takum 00pa3zoM, OTIMUUTENBHONM OCOOEHHOCTBIO JBbIXaHUS PACTUTENBHBIX KIETOK U
TKaHell sBigeTCs MHOrooOpasue myTel MpeBpalleHue Trekco3. ITO HuMeeT OoblIoe
OMOJIOTMYECKOE 3HAYCHHE: Y PACTeHHIl OO0Jerdaercs MPUCIOCOOISIEMOCTh AbIXaTeIbHOTO
mporecca K YCJIOBHSM BHEIIHEH Cpejbl; BO3pacTaeT KOJUYECTBO U pa3sHooOpasue
IPOMEXKYTOUHBIX NMPOJYKTOB, HEOOXOAUMBIX JJI1 OMOCUHTETUYECKUX MPOLIECCOB B KIETKAX U
TKaHSAX PacTEeHH, 4TO TaKKe UMEeT aalTUBHOE 3HAUEeHHE.

7.4. LHnkJa TpPMKapOOHOBBIX KHCJIOT.

OOpazoBaBmiasicss B pe3ylbTaTe TIWKOIN3a MUPOBUHOTPAJHAs KHUCIOTA TMOCTYIMaeT B
MUTOXOHJIPHH, TJE OCYIIECTBISETCS BTOpas, adpoOHas ¢asza npixanus. OCHOBY 3TOH (hasbl
MPEJICTaBIISIeT UKII AU- U TPUKAPOOHOBBIX KUCIIOT, Ha3bIBaeMblil koM Kpeobca.

Eme o BXOXAE€HUS B LUK MHUPOBUHOTPAIHAS KHUCIOTA MOABEPracTCsl OKUCIUTEIbHOMY
JeKapOOKCUIIMPOBaHUIO, ocymecTBisitoniemycst ¢ ydactueM KoA u HAJI. B mpormecce
YKa3aHHOW peakIMy OT MUPOPBUHOTPATHON KUCIOTHI oTHIersaeTcss Moiekyaa CO, u 2 atoma
Bogopona. [Ipu stom obpazyercs HAJl-H, u anetun-KoA (Aueruia-kogepment A) (CH3CO
~ S-KoA) CoepXalllii YK€  MaKpOIPTUUYECKYIO CBSI3b. OKucIuTEeNbHOE
JIeKapOOKCUITPOBAHUE MIMPOBUHOTPAHOMN KHCIIOTBI OCYLIECTBIIAET
MAPYyBaTACTUAPOTEeHA3HBIN (DEPMEHTHBIN KOMILICKC.
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DTOT CJOXHBI MHOTOCTYIIEHUYAThI TPOIECC MOXKHO TMPEACTaBUTH  CIEAYIOIIHM
CyMMapHbIM YpaBHEHUEM:

I[IBK + KoA —SH + HAJl —&H3CO ~S —KoA + CO, + HAJI-H>

KoA ametun — KoA

3arem anetun — KoA pearupyer co maBeneBoykcycHou kuciotoi (LLIVK) m Bomoii.
OG6pa3yeTtcs JIMMOHHAsI KUCI0Ta U BoccTaHaBiuBaeTcs KoA:

YK + anernn — KoA + HoO—— numonHas kuciaora + KoA

JlanpbHeHmuM MpeBpalieHueM IOJBEpPraeTcsi He JIMMOHHAsA, a W30JUMOHHAs KHUCIOTa,
KOTOpasi 00pa3yeTcs uepe3 MpOMEKYTOUHBIN ATall H1Cc-aKOHUTOBOU KHCIIOTHI:

AKOHHUTO3a

JIMMOHHAas Kuciorta — HoO »yuc-akoHuTOBas kucjaora + H,O

— >  U30JUMMOHHAas KHCIIOTa

N30nuMOHHAs KHCIIOTAa OKHUCIAECTCS NYTEM ACTHAPUPOBAHUSA 10 IIABEIEBOSHTAPHOM
KHCJIOTBI:
n3onuMoHHas k-t1a + HAJI® ———»maBeneBosarapuas k-ta + HAJID-H;

Ot maBeneBOSHTapHOH  KuciOTH  ormierusierca Monekynra CO;  ¢depmeHTOM
nekapOoKcuIa3on 1 00pa3yercst -KeToriayTapoBasi KHCIO0Ta:

_
I[aBEJICBOSIHTAPHAST KUCIIOTA

a-kerorayraposas kucinora + COz

KerormyrapoBass KucioTa MHOJABEpraeTcss OKHUCIMTEIBHOMY JE€KapOOKCHIMPOBAHUIO U
oOpa3yercs siHTapHas KHUCIOTa. B peaknum ydacTByeT JnerujporeHasa  a-KeTOTIyTapoBOM
kucioTel 1 KoA:

a-xerornyraposas k-t1a + HO + HAJI _agrapnas k-ta + CO; + HAJl-H»

SIlHTapHas KuCIOTa MOJBEPraeTcsi OKHCIEHHIO 10 (ymMapoBoil KHCIOTHL. B peaxnuun
yuactByeT OA/:

stTapHas knuciora + ®AJL T ymaposas kucinora + GAJ[-Hy

dymapoBast KMCI0Ta IPUCOSANHAET BOAY U MPEBPAIIACTCS B A0JIOUHYIO:

¢pymapaza

dymaposas kucaora+ H,O™— > a6J04Has KHCJIOTA

Ab6nouynas kucnmorta B3aumojeicTByeT ¢ HAJl u okucisercs 10 I1aBelIeBOYKCYCHOM
KHCIIOTBI:

s010uyHas kucnora + HAJ[ ——»maBeneBoykcycHas kucnota + HAJ[-H;

Ha maBeneBoykcycHoit kucnore muki Kpedca 3ampikaercs. OHa BHOBb KOHJICHCHPYETCS C
anetun-KoA u maetr Havano TUMOHHOM KucioTe (puc.).
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Nupoburozpadran

Kuecnomna
-H,
0| o,
* Auernun -KoA
fluMoHHaA Kucroma
WabdenedoyxcycHan ~H,0
Kueaoma HucaxoHurnoban kucnoma
'Hp_ +H2_O
ABnouHan Kucrerna H30nuUMIOHHTE KLS/TDMIO
-H
/ ki
+H,0 litabenebopmapran Rucnoma
5 -C0,
PYMOPODAs KUCAOMA o yemosyomapoban kucroma
H.0 7 - 80
"Hp_ Y 2 'Hg #
RHIMAPHOR
Kuenoma

Puc. ukn mu- u TpukapOOHOBBIX KUCIOT (muKiI Kpedca)

Kak BuagHO M3 cxembl, MpuU OAHOM 00OpOTE LUKIa oOpasyercs Tpu Mosekyiabl COa,
OTIIEIUIACTCA  TSATh IMap BOJOPOAHBIX aTOMOB, MPHUCOCIUHSIIOTCS YETHIPE MOJEKYIbl H
OTILIEIUISIETCS OJIHa MOJIEKyJa BOJAbl. bHOIOrMYeckuii acmekT a’poOHBIX MpeBpalleHUi
MAPOBUHOTPATHOM KHUCIOTHI 3aKJIIOYAaeTCsl B OOpa30BaHME MPOJYKTOB, CIIOCOOHBIX K
peakusM JACTUAPUPOBAHUS U JIEKapOOKCHIMPOBAHUS, YTO B KOHEUHOM cYeTe 00ecreynBacT
pacrajg MCXOJHBIX MPOAYKTOB 10 BOJABI M YTIJIEKHUCIOTO Ta3a. Kpome storo, obpaszyrorcs
MPOMEKYTOUHBIE TMPOIYKTHI, CIYXKalde MaTepuasioM ais oOpa3oBaHUs AMHUHOKUCIOT U
KHCJIOT KHPHOTO psija.

7.5. /IpIxaTejibHasi 3JIeKTPOHTPAHCIOPTHAS LeNb.

[Totpebnenne O, — xapakTepHas 4yepTa Ipolecca AbIXaHHUs BCEX >KUBBIX OpPraHM3MOB.
[TorpeGHOCTh B KHCIIOPOJI€ BO3HUKAET BCIEJCTBHE TOTO, YTO 3HAUMTENIbHAS JOJS SHEPIHUH,
HaxOJIMBILIECHCS paHee B I'EKCO3€, COJEPKUTCS TEIEepbh B BOCCTAHOBIIECHHBIX IEPEHOCUMKAX
HAJI-H u ®AJI-H,, U3 KOTOpHIX OHa JOJKHA BBICBOOOAUTHCS B TPEThEW CTAAMM JBIXaHUS,
KOIrJla O3TU TEPEHOCYMKM BHOBb OKHCIATCS, IEpeJaB CBOU 3JEKTPOHbI CBOOOJHOMY
kucnopony. [lockonbky B HAJI'H u ®AJI[-H; 3akmtoueHo OONbIIOE KOJTMYECTBO DHEPTHUU,
BBICBOOOXKJATHCSI ~ OHA JIOJDKHA IIOCTENEHHO, IyTeM Iepefadyd »dJEKTPOHAa OT 3TUX
KO(aKTOPOB LEJIOMY Psiy EPEHOCUNKOB.

KoHeuHBIM akLenTopoM 3JIEKTPOHA CIIYXKUT MOJIEKYJISPHBIN KHCIOPOJ, KOTOPBIM BMECTE
C TPOTOHOM, MOCTYNHBIIUM U3 OKpYKalollel BOJHOM cpenbl, 00pa3yeT HOBYIO MOJIEKYILY
BOJIBL:

4H" +4e + O —2H;6%>

[lepBUYHBIM aKLENTOPOM BOJOpoJa MpH okucieHnu OI'A, MUPOBUHOTPAJTHON KUCIOTHI,
U30JIMMOHHOM, 8-KETOTJIyTapoBOM U A0104HOM kucaoT ciykuT HA/, a mpu neruapupoBaHuu
aHTapHoil kuciotel — DA/, Jlanee Bomoponm u saekTpoHsl mnocrynaroT B OTL, rae
COBMECTHBI IIEPEHOC DIIEKTPOHOB U IPOTOHOB IPOXOAUT JO MECTAa PAaCIOIOKEHUS
IIUTOXPOMOB, IOCJI€ YEro MEPEHOCATCS OAHH IMEKTPOHBL. OTMETHUM, 4TO (PEepMEHTHI IHKIA
KpeOca pacrionoxxensl B Matpukce, a OTL] — B MmemOpanax mutoxouapuu. Cxema pabOThI
JIbIXaTEIbHOM LIETM MUTOXOHIPUI MPUBEJECHA HA PUC.
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HAQ

2e” + 2H
ST }An¢+¢r AT®

Ll.Kpe6ca ®MH

hAN-H. 2e + 2H*

T~ Y6MXUHOH

/ 2e
Iut h
H* ;l\lﬂgr }Aﬂ¢ + O, ™ ATO
“a2e

“\2e AL® + ®, —— AT®
UuT, a3
1/2 0>— 2\ Fer
2 H
(o)
Puc. Cxema paboThI JpIXaTEIBLHOM e MUTOXOHIPHIA

B menu mepeHoca 31€KTPOHOB MX HEPIUs BHICBOOOXKIACTCS U MUCIOIB3YETCs Ha CUHTE3
AT® u3z AI® u Heopranumueckoro ¢ocdara, a 3IEKTPOHBI MEPEXOJAT Ha Oojiee HUKUN
sHepreTuueckuil yposenb. Ha xaxnayro monexyny HAJI-H, nepenaromiyto cBou 3JI€KTPOHBI B
LIENb [IEpeHoca EKTPOHOB, CUHTE3UpyeTca Tpu Monekyiasl AT®, a Ha Kaxayr0 MOJEKyIly
®AJ['H, — nBe. Ilockombky AT® oOpasyercs B pe3ynbTaTe OKHCICHHS KaKIOTO
IIPEIUIECTBYIOLIETO NIEPEHOCUNKA U IJIEKTPOHBI B KOHIE KOHIIOB IEPEXOIAT HA KUCIOPOJ,
IpOLIECC 3TOT MOJIYYMJI Ha3BaHHUE OKUCIUmMenbHo2o (ocgopunuposanus. (puc.). MexaHusm
OKHCIUTENTBHOTO (ochHOpHINPOBaHUS OOBACHIET XeMHUOCMOTHYECKas Teopusi Murtdesuia

DNeKTpUYECKMiA
noTeHumMan ++++
[bixaHne

2H*
2e’

2H*
2e’

2H*
2e’ I

’
4
7
occhopununposaHue -z
pn60oBUAHbIN Bbicokas
BbIPOCT  ((pakTop conpsbkeHns) KOHUEHTpauus
MDOTOHOB

Puc. Cxema okucnutensHoro hocdonupoBanus

CyIIHOCTh TEOpHH COCTOUT B clieayromeM. M3 cyOcTpaToB, 0Opa3yromuxcs B IIHKIIE
Kpebca, nerumporenassr HAJI u DAJl oTmemisioT BOAOPOA H TpH TEpexojae Ha
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UTOXPOMHYIO CHUCTEMY OCYUIECTBIIETCS TIEpPEeHOC 3JleKTpoHoB. HMoHBI Bomopoaa
BBIOPACHIBAIOTCS M3 MEMOpPAaHBI MHTOXOHIPWH, YTO CO3AAaeT TpaauieHT pH WM mpuBOIUT K
MONAPH3aMKM MeMOpaHBI: C HapyXKHOIl CTOPOHEI MeMOpaHbl Haxomarcs wmoHsl H', a c
BHyTpeHHel — OH™. DToT MeMOpaHHBIi NOTEHIMAJ MPEICTaBIsAeT cO00M NCTOYHUK YHEPIUU
JUIsL OKUCIIUTENbHOTO (pochopunupoBanus. Kaxaas napa 31eKTpoOHOB, IEpEHOCUMAs 110 LENU
nepenocunkoB oT HAJ[-H, k kucinopoay Bo3nyxa, MPUBOAUT K MEPEHOCY YeEpe3 MeMOpaHy
MHUTOXOHApHH IIecTH woHOB H'. Ilpu oOpaTHOM JIBM)KEHHH NpPOTOHOB dYepe3 OCOObIE
KaHaJbI[bl B TPUOOBUIHBIX  BBIPOCTAX, HA3bIBACMBIX  (AKTOpPaMU  CONPSDKEHUS,
BBICBOOOYKIAETCSl DHEPTHs, 3a c4eT Kotopoi ¢ ydactueM ATda3zwl npoucxoaut cuate3 AT
u3 AJI® u Heopranmueckoro ¢ocdara. DTo sBICHUE HOCUT HA3BAaHHUE COMPSIKCHHUSI JBIXAHUS
¢ QochopunupoanueM. Ecnu compsbkeHUS He NPOMCXOAUT, HAMpUMeEp MOJ JEHCTBUEM
pazobmuTenelr  pochopumupoBanus (2,4-AMHATPO(PEHONT) WM CHIBHBIX CTPECCOB, TO
SHEPrusl OKUCISIOUIMXCS BEIIECTB BBIACNACTCS BHUAE Teriaa, U 3(G(EKTUBHOCTh JbIXaHUS
pe3Ko najaaer.

Takum oOpasom, B abixarenbHoM wenu 1wkiaa Kpebca mnpu okucnenun [IBK,
W30JIMMOHHOW, G-KETOTJIyTapOBOW U SIOJOYHOM KHCIOT aKLENTOPOM BOJOpOJA SIBISETCS
HA/I, a npu okucinennu statapHor kuciotel — @A/l Okucnenne kaxaon monexkynsl HA/J[-Hp
naet Tpu Monekynsl AT®, a oxkucnenne ®AJ[-H, — ase monekynsr AT®. CnegoBatenbHo,
npu nonHoM okucienuu [IBK o6pasyercs 15 monekyn AT® u 30 AT® mpu aByx o6opoTax
nukia. [Ipu mosHOM OKMCIEHUM MOJIEKYNbl TIIOK03bl cuHTe3upyercs 38 moinekyn ATD (8
MoJekyn obpasyercs B xoze riukonusa u 30 AT® — B uukiie Kpebea). Ecnu npunsars, 4to
DHEPTUsi TpeTheil cnoxHOdbupHOH (ocdarnoit cBs3m AT paBHsercs mnpumepHo 42
k/[x/mMomnp (10 kKkan/MoIb), TO IPHU MOTHOM OKHUCIIEHUHU TroKo3bl 1o CO2 u HyO obpasyercs
1591 x/lx/mons (380 kkan/monb) sHeprum. OcrajgpHas IHEPTUs PACCEHBAETCS B BUJIE
TeroThl. O01Iee ypaBHEHHE MpOLecca AbIXaHUs:

CeH1206 + 60, + 6H,0 + 38AJID + 38H3PO, 66, + 12H,0 + 38 ATOD

B ana’poOHBIX YCIOBHSX y pacTEHUN MPOUCXOIUT TUCCUMUIISIIUS 1O TUITY CIIUPTOBOTO
Opoxxkenus. [Ipu 53ToM 3aTpadnBaeTCst BO MHOTO pa3 OOJbIIIE OPraHUYECKUX BEIECTB, UeM MPH
JAbIXaHUH, a O6pa?>y1-OHII/I€C$[ HpOJIyKTI)I, npemz[e BCCro ancrajiabACcrug MU 3TaHOJI, AJOBUTHI.
[ToaTromy pacteHust 6e3 KHCIOpoAa OBICTPO HCTOIIAIOTCS M OTPABISIOTCS MPOIYyKTaMH
CcOOCTBEHHOI'0 META00JIN3Ma.

7.6. OxkucaurenbHoe ¢pochopuInpoBaHue.

I'maBHOI 0COOEHHOCTBIO BHYTpPEHHEH MeMOpaHbl MUTOXOHPUH SIBIISIETCS IPUCYTCTBUE B
Heil OelKOB — IMEpPeHOCUYHMKOB AJIEKTPOHOB. DTa MeMOpaHa HENpOHHUIaeMa il HOHOB
BOJIOPOJIa, TIOITOMY IEPEHOC MOCIETHUX 4Yepe3 MEeMOpaHy OCYLIECTBISETCS C IOMOIIbIO
cneun(uyeckux mepeHocuukoB. Tak, Hampumep, B MeMOpaHe JIOKaJU30BaHa CHUCTEMa
UTOXPOMOKCHAA3bl,  BKIIOYAIOIIAasi IUTOXPOM C, JIOKAJIW30BAHHBIA BOJM3U BHEUIHEH
MOBEPXHOCTH MEMOpPaHbI, IIUTOXPOM a, PACIOI0KEHHBIN B IIEHTPE MEMOPAHHOTO MaT- pUKca,
Y UTOXPOM a”, IPUMBIKAIOIIUHI K €€ BHYTPEHHEN OBEPXHOCTH.

ITo muenuto II. Mutuenna (1961), uMEHHO OCOOEHHOCTH CTPYKTYpbl BHYTpPEHHEH
MeMOpaHBbl, JOKAJIN3allUi B HEH MEPEHOCUUKOB M (PYHKIIMOHUPOBAHUS (DEPMEHTHBIX OEJIKOB
o0ecreunBaloT pas/eieHue 3apsI0B aTOMa BOIOPO/1a: IPOTOHOB HA BHEIITHEH, a 3JEKTPOHOB
— Ha BHYTPEHHEW TOBEPXHOCTH MEMOpaHBI. BceneactBue 5»TOro Ha BHYTPEHHEMH
MHUTOXOH/IPHAJILHON MeMOpaHe BO3HUKAET MPOTOHHBIA rpagueHT Anfl, moauep:kuBaeMblit
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HEIPOHUI[AEMOCThI0O MEMOpaHbl Ui MPOTOHOB. bonbimas ero 4Yactb NPUXOIUTCS Ha
rpagueHt anektpudeckoro 3apsaa (/1\[/), MmeHplias — Ha rpagueHT KoHueHTpauuu (ApH).
Eciu e nNpuUMEHATh SJOBHUTHIE BEIIECTBAa,  0OpasylollMe NPOTOHHBIE KaHAJbl uepe3
MeMOpaHy, TO IPOUCXOJIUT «yTE€UKa» NOHOB BOJOPO/1a, U IPOTOHHBIN I'PaAUEHT UCUE3AET.

B MemOpane wumeroTcs TpuU METJIM, OPraHU30BAHHbIE O€JIKaMH — MEPEHOCUUKAMHU
AJIEKTPOHOB, IIPOLIMBAIOIIMMU» MeMOpaHy HackBo3b Ipu mnepeHoce € or HAJIH Ha
Kuciopold. B pe3ynbraTe 3TOr0 3JEKTPOHBI TPUXKIbI BBIHOCATCS HAa BHYTPEHHIOIO
MOBEPXHOCTH, & MMPOTOHBI OCTAIOTCS CHAPYXKH, UTO U CO3/AaET MEXJy CTOPOHAMH MeMOpaHbI
npoToHHell rpaaueHT ufl. Ilpm 5TOM € BHyTpeHHEW  CTOPOHBI MHUTOXOHJIpUATIbHAS
MeMOpaHa OKa3bIBaeTCs 0oJiee IMEI0YHOM, a ¢ HApYKKHOM — 0oJiee KUCIIOH.

Kpome »sTOli B MemOpaHe UMEIOTCS €Ile HECKOJIbKO CHCTEM,  T€HEePHUPYIOIINX
meMmOpanHblid moteHnuan. Hampumep, AT®d-aza cozmaer Ha memOpane Anf 3a cuer
ruaponusa mMakposprudeckor cpsizu AT® M/akTuBHOro mepeHoca MpOTOHA HA BHEIIHIOIO
MOBEPXHOCTh MeMOpaHbl. DHEPreTUYeCcKass EMKOCTh CONPATaloNIMX MEMOpaH HEBEJIUKA, YTO
HE JaeT BO3MOXKHOCTH 3amacaTh Oosbloe konnuecTBo sHepruu B Gopme A\IH. ITostomy
NOCJEIHAS TpeBpamaeTcss B Oosiee crabuiabHYIO cBsizeil B Moiekyinax AT® -B xoxe
okucnutenabHoro (ochopunupoBanus. CyTh ero 3akiro4aercs B 00pa30BaHUU MOJEKYIIbI
AT® u3z AJI® u neopranndeckoro docdara Pa. Cymmapnsiii 3apsn mosiekyinsl AJID pasen -
6, a mponaykta peakuuu AT® -4. Tloatomy npeBpamenue AJI® B AT® TpeOyer aBYX
MOJIO’KUTENBHBIX 3aps10B:

AII®O® + Pu + 2H" -> AT®™ + H0.

OTH JBa MPOTOHA MEPEHOCATCS MO KaHalaM, UMEIOIIUMCS B TPHOOBUIHBIX BBIPOCTAX C
BHEIIIHEl MOBEpXHOCTH MeMOpaHsbl, 3a cuet [l|1#, B pe3ysbTare 4ero ¢ moMouibio BCTPOSHHOMN
B MeMOpany AT®d-cunrerassl obpazyercss ATD. [lockonbky nBuxkeHue npoToHoB, AJlD u
PH uepe3 mMeMmOpaHy MPOMCXOAUT MO TIPaMEHTY KOHIEHTpaluu (OCMOTHYECKH), TEOpus
OKUCTUTENBHOTO  (pochopmnrpoBanus monydwia Ha3BaHHE XeMUOCMOoTHuYecKoh. ATD —
MoJieKyna, Ooraras »Hepruei, mockoiabKy ee TpudochaTHbII KOMIOHEHT COJEPXKUT JIBE
dochoanruapunnsie cpszu. OOpasyromasics mpu  ruapoiuse Moiekyiasl AT® sHeprus
MOKET OBITh HCIOJIb30BaHA HAa CHUHTE3 BEIIECTB, AKTHUBHBIA TPaHCHOPT MPOTUB
IIEKTPUYECKOTO TPAJMEHTA, BCAKOIO pOJAA JIBUKEHUS, COKPATUTENBHYIO JEATEIbHOCTh
OeJIKOB, TEHEpalMI0 3apsAja Ha MemOpaHe, OuoxemmmomMuHecueHin. AT® sBusercs
IJIaBHBIM JIOHOPOM CBOOOJHON 3HEPruu B pacTeHuH, a He (opmoil ee 3amacanus. ATD B
KJIETKE MCIOIb3YETCsS B TE€UEHHE MUHYTHI Mocie ee o0pa3oBaHus, T. €. 000poT ATD oueHb
BBICOK.

Bonpocel 111 CaMOKOHTPOJIA

1. OO6miee nmpeacTaBiaeHue O IbIXaHUH, (PYHKITHH.

2. ['mukonwus.

3. OxucnuTenbHbIN MeHT030P0ochaTHBIN HUKIL.

4. [{uk TpukapOOHOBBIX KUCIIOT.

5. ['rokcHIaTHBINA HUKJL.

6. JlpIxarenbHasi 3JIEKTPOHTPAHCIIOPTHAS IIETb: OCHOBHBIE KOMIIOHEHTBI, CIIOCOOBI
pPEruCTpaluy peIOKC- COCTOSTHUM.

7. Crpykrypa u QyHkuuu komruiekcoB DTL aprxanus.

8. Oco6ennoctu DTL nprxanust pacTeHU.

9. ATNBTEpHAaTUBHBIM IYTh MEPEHOCA JJIEKTPOHOB B JIBIXATEIbHON LIENIH PACTEHUMN U

€ro (1)I/I3I/IOJ'IOFI/I‘IGCKO€ 3HA4YCHHC.
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10.  OxwucnurensHOe hochHOpUITUPOBAHHE.
11.  Duepruzauus memOpan npu ¢yHkunonupoanuu DTL] nerxanus.
12. Dueprerudeckas 3p(HEKTUBHOCTD TbIXaHHUS.

CIIUCOK JIUTEPATYPEI

OcHogHnas

1. Wneuna H.A.®uzmonorus u 6uoxumus pacreHuii: Yueonoe nocobue / H.A. Unbuna, N.B.
Cepreesa, A.W. lleperstko - YibsHoBck-Capartos, 2013. - 335 c.ISBN 978-5-86045-613-6

2. Komkun, E. Y. ®usnonorus ycTOMYMBOCTH CENbCKOXO3SHCTBEHHBIX KYNbTYp: yueOHHK / E.
. Komkun. - M.: Ipoda, 2010. - 638 c.: w1 - (Y4eOHUKH U ydeld. MOCOOHs ISl CTYIEHTOB BBICIIL
yue0. 3aBenenmii). - ISBN 978-5-358-07798-0

3. CepreeBa, .B.®Ousznonorus pacTeHHil ¢ OCHOBaMH 3KoJoTHH: YdeOHoe mocobme / U.B.
Cepreesa, A.W. llepersitko - Capatos, 2011. - 348 c.ISBN 978-5-7011-0740-1

4. ®usnosnorus ¥ OMOXUMUS CENbCKOX03SMCTBeHHBIX pacTtenuit / mon pex. H.H. Tpetbsikoa. M.
: Konoc, 2005. - 639 c.ISBN 5-10-002915-3

ﬂOﬂOﬂHumeﬂbHCI}Z

1. buoxumus: yuebnuk / B. I'. Hlepbakos, B. I'. Jlobanos, T. H. IIpyaaukosa. - 3-e u3x., HCIIp. U
nor. - CI16.: TUOP/, 2009. - 472 c.: nxn. - ISBN 5-98879-008-9

2. Kosbpmuna, H. I1. 3epHOBencHE ¢ OCHOBaMH OHOXMMHHU pacTeHUil: HayuHoe uznanue / H. 1.
Kozbpmuna, B. A. I'yapkus, I'. M. Cycnsaok. - M.: Konoc, 2006. - 464 c.: un. - (TeopeTrueckue
OCHOBHI ITPOTPECCUBHBIX TEXHOIOTHIA: OnoTexnonorus). - ISBN 5-10-0039.

43



Jleknusa 8.

BOJOOBMEH.

8.1. KosinuecTBO HOTpeﬁﬂHeMOﬁ PaCTEHUEM BOIAbI, COACPKAaHUEC BOAbI B KJIE€TKAaX,
TKaHAX U OpraHax. Cocrapasmomue BOJAHOI'0O MOTCHIHAJJA KJIE€TKH.

Bomnbiii pexxum (BOI0OOMEH) pPAcTeHHE MpeACTaBIsSeT COOOW COBOKYIHOCTh psijia
IIPOLIECCOB:

— TIOTJIOIIEHHUE BOJIbI PACTEHUEM;

— MPOBEACHUE BOJBI IO PACTEHUIO;

— TOTeps BOJIbI B MPOILIECCe TPAaHCTUPALMH (UCTIApEHUs );

— YCBOEHHE BOJIbI KIIETKaMHU.

CpaBHeHHME MPUXO0/a BOJBI U €€ pacxoia HOCUT Ha3BaHWE BOAHOTO OajaHCa PacTCHHSI.
Ecnu pacxo/ BojbI MpeBHIIIAET €€ MPUXO, TO B PACTEHUH BO3HUKAET BOAHBIN Ae(DUIINT.

OBOJHEHHOCTh TKAHEH paCTEHUU BBIPAXKAIOT B MPOIEHTAX Ha OOIIYIO CHI-PYIO WM CYXYIO
Maccy, Ipu4yeM rnepBoe 0osiee IpeanoUYTUTENBHO.

OTHOCHTENBHOE COJICPIKAHUE BOJIBI B TKAHSIX OMPEAEISeTCs 1Mo (hopMyie:

(a-b)/a 100,

rze a — ChIpas Macca; b — abCoIOTHO cyxast Macca.

Pacuetsl conmepkaHus BOABI Ha CYXyI0 MacCy B psAlE CIIy4aeB HE [al0T >Ke-JTaeMbIX
pe3yabTaToB. Ce30HHBIE M3MEHEHHS BJIAKHOCTH JIUCTHEB HEPEIKO SBIS-IOTCS B OOJIBIICH
Mepe CIIEJICTBUEM YBEIIMYEHHUS WM YMEHBIIEHUS CYXOW MacChl, HEXENN COAECpP’KAaHUS BOJIBI.
Cyxast Macca pacTyIliero JucTa, Harpumep, OBICTPO YBEIMUYUBAETCS OJ1aro1apsi MOCTOSTHHOMY
VTOJIIEHUIO KIETOYHBIX cTeHOK. Komne-OaHus cyxoil Macchl HaOMIOJAIOTCS MPU Pa3TUIHON
WHTEHCUBHOCTU (DOTOCHHTE3A, ABIXaHUs, OTTOKA MPOJAYKTOB (POTOCHHTE3A U T. 1.

BripakatoT OBOJHEHHOCTh M 4Yepe3 BOJAHBIN JedUIIUT — OTHOIICHHE He-I0CTaTKa
HACBIIIEHHS KJIETOK BOJOW K KOJIMYECTBY BOJIBI TIPH MOJTHOM HACHIIIE-HUU.

Boanslit aeguut paccuuThIBarOT Mo hopMyIe:

d=(c-a)/(c-b)100

rae d — Boanblil nedunut, %; ¢ — Macca uccieyeMoi TKaH! MPU TOJHOM HaCHIIICHHH;
OCTAJIbHBIC BETMYUHBI HICHTUYHBI TEM, KOTOPBIE UCTIONIB3YIOTCS TIPU PACYETe OTHOCHUTEIHHOM
BJIQYKHOCTH TKaHEH.

B pacrenusx moanepKuBaeTCsl TOCTOSHHBIA TOK BOJBI, 00€CTICUNBAIOIITNI BOJIOW KUBBIE
KJIETKW Ha MPOTSDKEHUU BCel JKU3HM pacTeHus. JKuakas ¢asza BoAbl B paCTEHUHU HEMpephIBHA
OT BCACHIBAIOIICH TIOBEPXHOCTH KOpPHEH 10 HUCHApSIONIMX KIETOK Jimcta. BomooOMen
pacTeHus CIOoXeH W MHorooOpaseH. KopHeBas cucTema MOTNONMIAET BOAY M3 MOYBBI, 3aTEM
BOJIa JIBMKETCS TI0O PACTEHUIO M, HAKOHEI], Teps-eTcsa B atmocdepe. HeGompmast 9acte BOJIbI
MPUHUMAET y4acTHe B MPOIECCEe THA-paTallid U B METa0OIU3Me KJIETOK HEMOCPEICTBEHHO
(oTocuHTE3 M IpyTHE TTPOIIECCHI).

BaxxubIM moOKa3zaTeneMm, ONpEeAesIONIMM TMOCTYIUIEHHE BOJBI B PACTEHHE, SBISIETCS
BoaHbl moreHiman (V). Boguwiii norenuman (W) xapakrepusyeT CIOCOOHOCTH BOJBI
mubyHIUpOBaTh, UCHAPATHCA W MOriomarbes. Camblii BBICOKMI BOJHBIM MOTEHIUAT Y
YUCTOW BOJBI, YCIIOBHO MPUHSTHIA paBHBIM HYIIO. B pacTBopax mo Mepe yBEIHMYECHHS UX
KOHIIEHTpAllUM OH YMeHblIaeTcs. Eciu BOJIHBIN MOTEHIIMAN MTOYBHI BhIIIE, YEM B PACTEHUH, a
B pPacTEHUU BHINIE, YeM B aTMocdepe, TO BoJa MOCTOSHHO OYyJeT nepeTekaTh U3 TMOYBHI B
pacTteHue, a U3 Hero B arMocdepy.
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Pano yTpom mpu ONTHMaibHBIX A PACTEHMM BHEIIHUX YCJIOBHMSX BOJHBIN MOTEHIMAI
MOYBBl PABEH TaKOBOMY PAacTEHHs, a TOT — BOJAHOMY NOTEHIMATy arMmocdepsl. JBrKeHHE
BOJIbl 110 PAaCTEHHUIO NMpHUOCTaHaBIMBaeTcs. Eciin ke BOAHBIM NOTEHIMaT IMOYBBl HUXKE, YEM
BOJIHBIM TIOTEHIIMAJT PAcTEHHs, TO BOJA JOJDKHA, HA00OPOT, BBIXOJUTh U3 PACTCHUS HApYyXKYy.
PacteHue npu npoJomKUTeIbHOM ASHCTBUM TaKUX YCJIOBUH 3aChIXaeT.

[IpakTnuecku BcCsS BOAAa IOCTYyNAaeT B OpPraHM3M BBICIIMX PAcTEHUN 4epe3 KOPHEBYIO
CHCTEMY M3 IOUBBI (XOTs HEOOJbIINE KOJIMYECTBA BOJbI MOTYT MOIJIOATHCA M HA/l36MHBIMU
YacTSAMHU PacTEHU).

8.2. AkBanopuHbI (0eJ1KH BOJHBIX KAHAJIOB), HX CTPYKTYpPa, NPUHIUMI PadoThI.

Modexyssl BOJBI MOTYT IPE0JI0IEBATh OMOJIOTHYECKIE MEMOpaHBI ABYMS MTyTSAMHU: dYepe3
JUNUAOHBIA  OMCIOM M yepe3 MOpbl, oOpazyemble crneuu(puyeckKuMu OelkaMu —
aKBalOpyuHAMH. XOTsS MOJIEKYJa BOJbBI SIBISETCA MJUIOJIEM, OHA JJIEKTPOHEUTpalibHa U
BCJIEJICTBHE 3TOrO0 MOXXET B OTJIMYME OT MOHOB AU(PPYHAMPOBATH 4epe3 JUMUIHYIO (a3y
meMmOpanbl. Jlodaroe Bpems MyTh BOJBI 4epe3 JIMIHUIHBIA OWCION paccMaTpHUBajCs Kak
eMHCTBeHHbIN. OHAaKO HalIM4Ke B MEMOpaHax IMop, MPOITYyCKAIOIUX MOJIEKYJIbl BOJIbI, CTAIN
npeanonarat HaumHas yxe ¢ 1960-x rr. Ilo3mHee cymiecTBOBaHHWE TakuX IOp OBLIO
JIOKa3aHO, ¥ OHU MOJIYYUJIM Ha3BaHUE BOJHBIX KaHAJIOB.

OpHMM U3 KPUTEPUEB y4acTUsl BOAHBIX KAaHAJIOB B TPAHCIIOPTE BOABI SIBISETCS BHICOKOE
OTHOIIEHUE OCMOTHYECKOro Koaddurrenta Boanoi nponutaeMocti (Pj) k nuddysnonHOMy
k03 dureHTy BoaHOM npoHuiaecMoct MemoOpanbl (Pd). Pj xapakrepu3syer 0oOIIyI0 BOIHYIO
IPOHHMIIAEMOCTh MEMOpaHBbI, KOT/Ia TOK BOJbI OCYIIECTBIISIETCS KaK yepe3 BOJHBIE KaHAaJbl,
TaKk M 4yepe3 JMMUIHBIA Oucioi. 3HaueHue PacnpenensioT npu HaJOXKEHUM Ha MeMOpaHy
rpaleHTa BOJHOIO NOTeHIMajda (TpaJueHTa OCMOTHYECKOTO0 WM TUAPOCTATHYECKOTO
naBieHus ). Py XxapakTepu3yeT NpOHUIIAEMOCTh MEMOPaHBbI, CBA3aHHYIO TOJIBKO ¢ U dy3uei,
T. €. C JBI)KEHHEM MOJEKYJ BOJbl, KOTOPOE NMPOMCXOJUT JlaXe B OTCYTCTBHE T'paJMEHTa
BOJHOro moTeHuuana. COOTBETCTBEHHO, €ro ONpEeAessoT B YyCIOBHAX, Korga A*F Ha
MeMOpaHe paBeH Hymo. 3HaueHus: Pfi\Py mpuONIM3nTenbHO paBHBI, €CIM TPAHCIOPT BOIBI
OCYILECTBIISICTCS. TOJIBKO 4epe3 JUMHUIHBIA OHCION, 4TO, B YaCTHOCTH, HaOJIOJaeTcs Ha
MCKYCCTBEHHBIX JIMIUIAHBIX OUCIIOSAX, a TaKKe Ha OMOJOTMYECKUX MEMOpaHax, B KOTOPBIX
BOJIHBbIE KaHAJIbl OTCYTCTBYIOT WJIM WHAKTUBHpoBaHbl. [TokazaHno, uro s [IM kieTok MHOTHX
pacrenuii Pf HamHOTrO mpeBocxoauT Py. ITO CBHIAECTENBCTBYET 00 y4aCTHH BOJTHBIX KaHAJIOB B
TPAHCIOPTE BOJIbI YepE3 ATY MEMOpaHy.

B otnuune ot nuddy3noHHON BOAOIPOHUIIAEMOCTH OCMOTHYECKask BOAOIPOHUIIAEMOCTD
OKazajachb YyBCTBUTEIBHONM K COEOUHEHMSAM pPTYyTH. llocnenHss KOBaJIEHTHO CBS3BIBAET
cynpruapuibHble rpynmnel. MHruOupoBanue TpaHcHopTa BOABl COECIWHEHUSIMU PTYTH B
YCIIOBUAX HAJOXEHHOTo Ha MeMOpany A*F mo3Boiuiio mpeamnonoXuTh, YTO BOJAHbBIE KaHAIIbI
o0Opa3oBaHbl OeNnKaMy, COJEpKAIIMMHM OCTAaTKM LHCTenHAa. UyBCTBUTEIBHOCTH TPaHCIIOpPTa
BOABl K PTYTbCOAEPXKAIIUM COEAUHEHMSIM HCIIOJIb3YETCS B KauyeCTBE APYIroro KpUTEpHs
y4acTusi B HEM BOJHBIX KaHAJIOB.

Eme ogauM KpuTepreM BOBJIEYEHHUS BOJHBIX KaHAJIOB B TPAHCIOPT BOJBI SIBISETCS €TO
Huzkas sHeprus aktuBanuu (E, < 21 x/x/monb). B oTnnume oT nBUXKEHHS BOABI uepe3
KaHanbl JTUGQy3ust BOABI uUepe3 JUMHUIHBIA OWUCION XapakTepu3yeTcs HaMHOro oOosee
BBICOKMMH 3HaueHUsAMU dHeprun aktupanuu (E, = 58 — 70 xJIx/Moub).

Ha ocHOBaHMM BBIIICTIPUBEACHHBIX KPUTEPUEB UCCIEIOBATENN MPHUILIH K BBIBOAY, YTO
BOJIHbIE KaHAJIbl OTBEYAIOT 32 OCHOBHOW IIOTOK BOJIbI UE€PE3 MEMOpaHBHI.
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Hcnonb3oBaHre MOJIEKYIISIPHO-OMONIOTMUECKUX MOIXO0J0B B HCCIIECJOBAHUSX IMO3BOJIUIIO
UICHTU(PHUIIUPOBATH OelKM  BOJHBIX  KaHAIOB  —  aKBAIlOPHUHBI. [lepBbIM
UACHTU(PUIMPOBAHHBIM OEJIKOM C BBIPAKEHHOM BOJHO-TPAaHCHOPTHOW AKTUBHOCTBIO OBLI
Oenox MmemOpanbl dputpouutoB CHIP28 (channel-forming integral protein), mnepe-
nMmeHoBaHHbIM 3ateM B AQP1. Ha ocnoBanmm rtomomormu ¢ AQP1 mo3xe Obun
UICHTU(PHUIMPOBAHBI AKBAIIOPUHBI Y MPEICTABUTENEH PA3IMYHBIX CHUCTEMAaTHUYECKUX TPYII, B
YaCTHOCTH Yy OakTepuiil, rpuOOB, pacTeHHIl M IKUBOTHBIX. B pacTUTENbHBIX KJIETKax
aKBaIOPHHBI OOHAPYKEHBI B TUIa3MaTHYeCKOW MeMmOpaHe W ToHOoIuacTe. AkBanopuHsl [IM
BXOISAT B ceMeicTBO MHTerpanbHbix OenkoB PIP (plasma membrane intrinsic protein),
aKBaIlOPUHBI TO HO IUIacTa — B CEMEWCTBO MHTerpaybHbIX OenkoB TIP (tonoplast intrinsic
protein). Jlias MHOTMX MACHTH(UIUPOBAHHBIX Ha OCHOBaHMH romosorud ¢ AQP1
pacTUTENBHBIX OENKOB Oblla MPOJAEMOHCTPHPOBAHA BOJHO-TPAHCIOPTHAS aKTUBHOCTH. C
aroit nenpro KJIHK wmnenTudumpoBanHbix 0e1koB (IIpearnoiaracMbIX aKBAallOPUHOB) OBLIN
TpaHckpuOupoBanbl In Vitro. Ilonyuennas PHK Obuia BBemeHa B OOLMTHI ad)pUKAHCKON
TpaBsiHOM JiAryiika Xenopus laevis. Yepes HekoTopoe Bpemsi, HEOOXOIUMOE Ui CHHTE3a
Oenka W BCTpauWBaHHUs €ro B IJIa3MAaTHUYECKYI0O MeMOpaHy, OOIMTHI IEPEHOCHIN Ha
TUMIOTOHUYECKUI PacTBOP U PErMCTPUPOBAIN CKOPOCTh MX HaOyxaHusi (CKOpPOCTh BXOJa
Bonbl). HaOyxaHuwe mpouMCXOAMio 3HAYUTENBHO ObicTpee y oouuToB, I[IM KOTOpBIX
conepskaina npoaykT BHeapeHHoi PHK, cBunetenscTBys, 4To MccneayeMblii Oenok sBIiseTcs
aKkBarmopuHOM. Takoro poja J0Ka3aTenbCTBO HATWYMS BOJHO-TPAHCIIOPTHOW AaKTHBHOCTH
6buT0 TONTydeHo it romosioroB AQP1 TIM u ToHOruiacta u3 apabumoncuca (Arabidopsis
thaliand), pacrenuii Tabaka (Nicotiana tabacum), xpycransroii TpaBku (Mesembryanthemum
crystallinum), 60608 (Vicia faba), moaconneunnka (Helianthus annus), mmunara (Spinaciaa
oleracea) u kykypy3sI (Zea mays).

MounekynspHas Macca akBalnopuHoB BapeupyeT or 23 nmo 31 k/la. Ha puc. 5.5
IpeJCTaBlIeHa THIIOTETHYECKasi CTPYKTypa akBaropuHa, o0pa3ylomiero KaHail B MemOpaHe.
[MomunenTuaHas 1ens akBamopuHa 6 pa3 mMepecekaeT JUNUAHBIA Oucioii. JloMeHsl,
NOrpY)KE€HHbIE B JIMMUIHBIN Ouciol, ruapodoOHsl u 06pa3yroT a-cnupanu. C- 1 N-KOHIIBI
akBaroprHoB [IM 1 TOHOIITacTa pacroNoKeHbI ¢ IUTOIUIa3MaTH-

4eCKOM cTOpOHBI MeMOpaHsbl. ['uapoduabHbIe JOMEHBI MOJUNENTUAHON ENH COEqUHSIOT
a-cniupanu. Mexnay 2-l u 3-i, a Takke MeXIy 5- U 6-i cc-cnmpansiMu ruapouIbHbIE
JIOMEHBl BKJIOYalOT HeOomibiue ruapodobHsie mnernu. [locnenHue, kKak M a-crivpan,
NOTPYXEHbl B JHUNMIHBIM Oucimoil. Kaxnmas wu3 3THX [ABYX THeTelb COACPKHUT
BBICOKOKOHCEpBAaTUBHBIH MOTHUB ASpP-Pro-Ala, Tax naswsiBaembiii NPA-OGokc. J[Be mneriw,
coJiepKalie dTOT MOTHB, COBMEIIAIOTCS B IIEHTPE JIMMTUIAHOTO OUCIOS U (OPMHPYIOT JIBE
nojychepruyeckre Mopbl, KOTOpbIE BMECTE CO3/Aal0T y3Kui BOAHBIM Kanai. [lomararor, uTo
TAKOTO pPOJia JIByXOCEBas CHMMETPHUSI 00eCreunBaeT TOK BOJBI Yepe3 MeMOpaHy B 000MX
HalpaBJICHUAX, B 3aBUCUMOCTH OT HAlpaBJIEHUS I'paJMeHTa BOJHOIO MOTEHIMANA, a TaKXke
OTBEYAET 32 CEJICKTHBHOCTH BOJHOTO KaHajla 10 OTHOIICHUIO K MOJIEKYJIaM BO/IBI.

Conepxanue 0enkoB PIP- u TIP-cemeiicTB B MeMOpaHax pacTUTENBHBIX KJIETOK CHIBHO
BapbupyeT. OHO 3aBUCHUT OT BHJIA PACTECHUS, TKAHHU, YCIOBUI BOJAHOTO pe-

KHMa U B HEKOTOPBIX CIIydasX MOXET JIOCTUTaTh OYEHb BBICOKMX 3HaueHWi. bwuio
MOKa3aHo, HAIPUMEp, YTO B IIa3MaTHYECKOH MeMOpaHe JIMCThEB IIMTMHATA Ha JOJI0 OeITKOB
PIP-cemeiicTBa mpuxoautcs 10 20 % oT ob1iero coaepkanust OEIKOB B 3TO MeMOpaHe.

AXBaropuHbl HE TOJIBKO OTBEYAIOT 3a OBICTPHIN TPAaHCHOPT BOJBI Yepe3 MeMOpaHBI, HO
TaKXe Jal0T OPraHU3My BO3MOXHOCTh PETYIMPOBATh BOJHBIC MOTOKU KaK MEXy KIETKaMH,
TaK ¥ BHYTPH KJIETOK. DTa PErysiHsl OCYIIECTBISAETCS KaK MyTeM M3MEHEHHUS YUCIa BOJHBIX
KaHAJIOB B MeMOpaHe, TaKk W IIyTeM H3MEHEHHs HMX akTHBHOCTU. CojepikaHue BOIHBIX
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KaHaJIOB B MeMOpaHe 3aBUCUT OT OMOCHHTE3a aKBallOPUMHOB, KOTOPBIH HAXOIUTCS MOJ
KOHTPOJIEM TPAaHCKPUIIIIUOHHBIX (DaKTOpOB. Perynsius akTUBHOCTU YK€ C(OPMHPOBAHHBIX
BOJIHBIX KaHAJIOB OCYyILECTBIsAeTCs mnyTeM ¢ochopunrpoBanus. BojaHas NnpoBOoAMMOCTb
MeMOpaH MEHSETCS] B OHTOI'€HE3€, U3MEHSISI [IOTOKU BOJIbI B COOTBETCTBUH C 3aIIpOCaMH pOCTa
U Pa3BUTHUS PACTEHUS. Y CTAHOBJICHO, YTO IIPH POCTE, KOI'1a IPOUCXOIUT PacTsKEHNUE KIIETOK,
aKTUBHOCTb TeHOB [IP-cemeiicTBa BoO3pacTraeT. OKCIpPECCHs T'€HOB TOHOIUIACTHBIX
aKBAallOPMHOB U IOBBILIEHUE TPAHCIIOPTHOW AKTUBHOCTH IIOCIEIHUX B YCIOBHUAX pocTa
pacTshKeHHEeM HEOOXOIMMBI /Uil 00eCTIeYeHUsI YCUIIEHHOTO TPUTOKA BOJBI B BAKYOIH U TOJ-
JiepKaHus Typropa B KJIeTKax.

8.3. TpancnopT BoabI 10 pacTeHu10. KopeHb Kak 0CHOBHOW OPraH nmorJiomeHus
BO/IbI.

Heo6xoauMocTh mOrIomars MHOTO BOJIBI BCJIEJACTBHE MHTEHCHUBHOTO €€ PACXOIOBaHUS
OPUBOAUT K TOMY, UTO pacTeHuss (OpMHUPYIOT OOJBIIYI0 KOPHEBYIO CHUCTEMY.
MuorouucnenusiMu  uccienoBanusima  (B.I'.  PormuctpoB, A.JI. MogectoB u 1p.)
YCTAQHOBJICHO, YTO O0IIasi MOBEPXHOCTh KOPHEBBIX CHUCTEM, KaK IPABUIJIO, B HECKOJIBKO pa3
IIPEBOCXOIUT MIOBEPXHOCTh HA3EMHBIX OPTraHOB.

BMmecte ¢ Tem yCTaHOBJIEHO, 4TO pa3Mepbl KOPHEBOM CHUCTEMbI (YUCIO KOpHEH u
KOPHEBBIX BOJIOCKOB, UX IIOBEPXHOCTh M T.[.) CBSI3aHbl C BUJOBBIMH OCOOEHHOCTSIMHU
pPacTUTEIBLHOTO OpPraHM3Ma U 3aBUCSAT BMECTE C TEM OT YCJIOBHMM ero passurusa. Hampumep,
npu OJArONpUATHBIX YCIOBUSX OJHO pacTeHue 03uMoil pxu ( mo Jurmepy) dhopmupyer 1o
14 MJIH. IIT. KOpHEH MepBOro — 4YeTBEpTOro MopsjakoB oOmed umHOH B 600 kKM U
MOBEPXHOCThIO B 225 M2. KonnuecTBO KOPHEBBIX BOJIOCKOB JOCTUTaeT 15 mupj. MIT., a UX
obmas momanp coctasnser 400 m2. HaazemHas yacTb OJHOTO pacTeHus coaepxuT: 80
noOeros, 450 nuctbeB, oOwIas MIIOMIAAL KOTOpbIX paBHa 4,5 M2. I[lo HamMM JaHHBIM Yy
OJIHOJIETHETO CeAHIA SIOMOHHM CIIMBOJIMCTHOM, HMMEIOIIET0 OJWH IT00er, 4YHCiIO0 OOKOBBIX
KOpHeH gocturaet 15 Teic. mT.

HenpeppiBHO BETBSICh, KOPHU CIIOCOOHBI MPOHUKATh B MEIbYANIIME MOPHl M MOTJIONIATh
COJIEpIKallyOCs B TIOYBEHHBIX YaCTHUIIAX BJary, a Tak’Ke MUHEpaJIbHbIE BellecTBa (puc. 4.3).

Kopnu pactyt ¢ Gonbiioil ckopocthto. Harpumep, oCHOBHBIE TsKM (TJIaBHBIH KOPEHb U
KOpPHU TEPBOTrO MOpsAKa) KYKYpY3bl YUIMHSIOTCS 3a CyTKH 110 3,5 — 4,0 cM, spOBOii MIIEHUIIbI
—Ha 2,0 — 2,5 cMm, sstumenst — Ha 1,5 — 2,0 cMm. EcTecTBeHHO, YTO TIPH TPOMATHOM KOJIMYECTBE
KOpHEH B UTOre MOJy4aroTcs BecbMa OOJbIIME CYTOYHBIE MPHUPOCTHI KOPHEBBIX CHUCTEM. 3a
BEreTalnio, 1 00 3TOM rOBOPWIJIOCH paHee, CyMMapHas JJUHA KOPHEBBIX CHCTEM JIOCTUTaeT
COTEH METPOB.

KopneBsie cructembl OOJNBIIMHCTBA PACTEHUN CIIOCOOHBI K MOBTOPHOMY HCIOJIB30BaHUIO
BJard M3 OJHUX U TeX e TOPU30HTOB MNouBHL [IpucnocoOieHuneM K 3TOMY SBISEeTCS
SAPYCHOCTb U UX Pa3HOBPEMEHHOE 00pa30BaHUE.

[lornorurenbHasl akTUBHOCTh KOPHEH HE OCTAeTCA MOCTOSIHHOM B TEUEHUE BErETALIUU.
Tax, y 31makoB (IIIeHHIIa, STYMEHb) BOAOIOTJIOIEHUE TOCTEIEHHO BO3PAcTaeT OT BCXOJI0B JI0
nBeTeHus. HaOousplield MOTJIOTUTENHHOM AKTUBHOCTBIO KOPHM 3JIaKOB  00JalaloT B
MexX(a3HbIi epro] KylieHre — KojomeHue. BogonornoTurenbHasi akTUBHOCTh UX 3aMETHO
CHW)KAETCS B IIEPUOJ HalMBa W, 1O BCEH BEPOSTHOCTH, JOCTUIa€T MUHUMYyMa B KOHIIE
MOJIOYHOM CIENIOCTH. B 3TO e Bpems mpeKpaiaeTcsi pocT KOpHEH.

[lornoTurenbHass aKTUBHOCTh HEOIMHAKOBA Yy pa3iWyHbIX KopHed. Haubombiueit
HOIVIOTUTENIBHOM  aKTHBHOCTBIO 00JIaJlalOT OCHOBHBIE TSDKM KOpHEH, Yy 3JaKoB —
3apOoJbIIIEBHIe, KOJICONTUIIbHBIC, Y370Bble. PaHee cQopMHpOBaHHBIE SpPYChl KOpHEH
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norIomarT Oonbme Bogasl. C  BO3pacTaHUEM IOPSIKAa BETBJICHUS MOTJIOTHTEIbHAS
AKTUBHOCThH KOPHEH MOHMKAETCS, T.€. YeM JaJIbIIIe PACIIONOKEH KOPEHD OT IIEHTPAIbHOW OCH,
TEM MEHBIIIE €T0 POJIb B CHAOKEHUH PACTEHHH BOJIOM.

Jlaneko He BCsl KOpHEBasi CACTEMa BCAChIBACT BOJY. DTOM CIIOCOOHOCTHIO 00JIAIAI0T JIHIIIb
MOJIOJIbIC KOPHEBBIE OKOHYaHMs. Boja morsomniaercs KIieTKaMi 30Hbl KOPHEBBIX BOJIOCKOB, a
TaKXe 30HbI PACTSHKCHUS.

8.4. MexaHu3m paavajJIbHOIo TpaHCIIOpTa BOAbLI B KOPHE.

CylIecTBYIOT JIB€ OCHOBHBIE THUIIOTE3bI, OOBSICHSIIONINE MEXaHU3M JIEHCTBUS KOPHEBOTO
JIABJICHUSA:

— OcmoTuueckas Teopus OCHOBaHA Ha SIBJICHUSAX OcMoca. B cocynmax HeHTpalbHOTO
HUJIUHAPA TOTJIOMIAKIIETr0 KOPHS BCErJa HAXOAUTCS PaCTBOP ONPEJACICHHOW KOHLEHTpAIUy,
00Jaaroui COCyIel CUJIOM, PaBHOM IEIMKOM OCMOTH-YECKOMY JAaBJICHHIO, TaK Kak B
MEPTBBIX JJIEMEHTaX KCHJIEMBI OTCYTCTBYET TypropHoe naaeieHue. llosromy Boga Oyner
oTcachIBaThCsl OT OJyivKailiiel K cocyqy KieTku. Tepss Boay, 3Ta KieTka OyneT pa3BUBaTh
OOJIBIIYIO COCYIIYIO CHITY, YTO ITO3BOJUT €l OTHUMATh BOAY OT COCEHEH C Hel KJIETKU U T. 1.
Kiietkn KOpoBO#M MapeHXUMbl W IEHTPAJBHOTO IWJIMHIpPA KOpHA OyAyT HCHBITHIBATH
HEJIOHACHIIE-HUE BOJOW. DTOT ACPUIMT KOCHETCS U KOPHEBOTO BOJOCKA, CIIOCOOHOTO
MOTJIOIIATh BOJY U3 mouBkl. [Ipu 3TOM pacnpeneneHre BeTUYMHBI OCMOTHYECKOTO JIaBJICHUS
B Py KJIETOK, MPOBOJSIIMX BOAY, HE UIPaeT HUKAKOW PO, UOO OCHOB-HBIM (haKTOpPOM
OCMOTHYECKOTO MOTJIONIEHHUS BOJIBI BBICTYIIAET COCYIIasi CHJIa KJIe-TOK.

— Merabonuueckas Teopus, BbiABUHYTas J[.A. CaOMHHHBIM, OCHOBBIBAETCS Ha
JOTMYIIEHNUH, YTO KJIIETKH KOPHS, Yepe3 KOTOphie HAOII0IAeTCs OJHOCTOPOHHHUM TOK BOIBI,
007a/1a10T MONSPHOCTHI0. Ha MPOTHBOMONIOKHBIX CTOPOHAX OCYILECTBISIOTCS AUAMETPabHO
pa3Hble MpoLEecCchl: Ha OJHOM (oOpallleHHOM K mepudepur) CHHTE3UPYIOTCS OCMOTHYECKU
aKTHBHBIE caxapa, a Ha MPOTHBOINOJOKHOW — HHEPTHBII B OCMOTHYECKOM OTHOIICHHH
Kpaxman. B mepBoM crmydae ocMOTHYECKOE HaBJI€HHE M COCyllas cuia OyayT Oonblie,
CJIeIOBATENbHO, K JTON CTOPOHE KIJIETKH OYyJEeT MOCTYyNaTh BOJA OT COCEAHEH KIETKU U
BBIJIABIMBATBCA C TPOTUBOMOJIOKHOTO KOHIA B CTOPOHY cocyna. Tak co3jmaercs
HEIPEPBIBHBIN OJTHOCTOPOHHUN TOK BOJBI B KOPHEBOW CHUCTEME, KaK pe3yJIbTaT Pa3BUBAEMO-
r0 B KOPHSIX KOPHEBOT'O JaBJICHUSI.

B obGmactu sHmomepMbl KOpHsI BOJIa MPOXOJMUT Yepe3 €€ MPOIMYCKHBIE KIETKH, HO UX
CpPaBHHUTENBHO Mayo. [[pyrue KIETKH SHIOJIEPMBI C CyOSpHHH3UPOBAHHBIMH TOSICKAMHU
Kacmapu, TeCHO CBsS3aHHBIMH C TUIa3MaJIEMMOM, TIPEICTABISIOT CUIIBHOE MPEMATCTBHE TOKY
BOABI U pacTBOpoB. [lo cymiecTBy, SHOOIEpMa — OCHOBHOW Oapbep, MPENSTCTBYIOIIUN
OJTHOCTOPOHHEMY TOKY BOJIbI M3 KJIETOK NMEPBUYHONW KOPHI B IIEHTPAIBHBIN MUIUHADP KOPHSL.
HenaBHo ¢ mOMOIIBIO COBpEMEHHOW TEXHHKH OBLIO IMOKa3aHO, YTO PACTBOPHI MPOXOIST
TOJIBKO Yepe3 MPOTOIUIACTHI KJIETOK AHAOJEPMBI, TOT/Ia KaK B IPYrUX KJIETKaX — KakK depes
CHUMILJIACT, TAK U Y€pe3 aroIiacT (MO KJIETOYHBIM CTEHKaM).

Benuunna kopHEBOTO JaBiIeHUS 0OBIYHO KosieOaeTcst okono 1 atm, pexe 2,5 — 3,0 atm.
C noMouipl0 KOPHEBOTO JAABJICHHUS PACTEHUS] B HOUYHOE BPEMsI CYTOK BOCIIOJIHSIIOT BOIHBIN
neUIT, BOSHUKAIOIINKA B )KapKHM JICTHUN JICHb.

KopHueBoe naBienue, y IpeBECHBIX pacTEHUM AEHCTBYET B TEUEHHME BCETO rojia, B TOM
4yyclie 3UMOM, TOMOMHSA BOJAHBIE 3amachkl crBosia. Kak ycranosBun JI. A. MBanoB, mocie
CIIUJIMBAHUS JIEpEeBa BIIAXKHOCTH JPEBECHUHBI MHS TOBBIIIACTCS IOJ JIEWCTBHEM KOPHEBOIO
naBneHus. OcCOOCHHO BEIMKO 3HAYEHWE KOPHEBOTO [IaBJICHUS paHHEH BECHOW 10
pacmycKaHus JIMCThEB, KOT/Ia OTCYTCTBYET NMPUTITUBAIoOLas Boay TpaHcnupauus. KopHeBoe
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JABJICHUE MOXKHO OIPEAETUTh C TIOMOIIBI0 MaHOMETpa, NPUKPEIUICHHOTO K MEHBKY
CPE3aHHOI'0 PACTEHUS.

B OOBIYHBIX YCIIOBUSAX POJIb MAaCCUBHOTO MOTJIOLIEHUS BOABI B BOJAOOOMEHE pacTeHHIA
CymecTBeHHO Bbimie. OHO 0oJiee BBHITOAHO M B JSHEPreTUYECKOM OTHOIICHWH, TaK KakK HE
CBA3aHO C 3aTpaTod BHYTPEHHEW OJHEPruM, IMPUCYIIEH AaKTUBHOMY IMOTJIOLIEHUIO, a
ocyliecTBisieTcs 3a cuer sHepruu CosHua.

8.5. BblaesieHue BoabI PaCTE€HUEM. FyTTaHI/Iﬂ, «Iniav» paCTeHHﬁ.

PaznuuaroT naccuenoe u akmusroe NOrIOUIEHUE BOJBI KOPHEBOW cuUCTEMOM. [laccuenoe
noenoujeHue BOJBl OCYIIECTBISETCS 32 CUET COCYIIMX CHJI JIUCTHEB, TEPAIOIIMX BOAY B
mpoliecce ucrapeHus: (TpaHcnupanuu). AKTHBHOE TOTJIONICHHUE CBA3aHO C METa0O0JIM3MOM
KJIETOK KOPHS U MPOSIBISIETCS B ABICHUSX «niaua» u cymmayuu. Eciau nepepes3ars crebenb
TPaBSHHUCTOIO PACTEHHUS HJIM MOJIOJIOTO BCXOJa JIPEBECHOTO pacTeHHs (KJICH, SI0JIOHA) Ha
HEOOJIBIIIOM PACCTOSTHUU OT MOBEPXHOCTH MOYBBI (IIOJI KOPEHB) TO JIETKO OOHAPYKHTbh, UTO
yepe3 HEKOTOpOe BpeMs M3 MeCTa pa3pe3a HAUMHAIOT BBHITEKATh KaIUIM JKUJIKOCTH. JTO
SBJICHUE HA3bIBAIOT «IJIAYEM» PACTECHHUS, a BBITEKAIOIIYIO >KMJIKOCTh — COKOM IJladya, WU
nacokor. Cuta, 3acTaBisOIIAsl TACOKY IOJHUMAThCA OT KOpHEW BBEpX IO CTeOIIIO,
HA3BIBACTCS KOPHEBbIM OABIeHUEM.

[1nay cBOMCTBEHEH HE TOJIBKO TPABSIHUCTHIM PACTEHHSIM, HO U MHOTUM MPEACTABUTEISIM
JPEBECHON PACTUTENBHOCTH, TaKUX Kak Oepes3a, KJIEeH, BUHOTpajJ. Y HHX BbIACIECHUE COKa
HaOJIOaeTCsl paHHEHW BECHOW, MPU TMEPEeXO0/€ PACTEHUM OT 3MMHEr0 TOKOS K aKTUBHOM
JKU3HEAESITEIbHOCTH.

Cuna KOpHEBOTO NaBJICHUS y PACTEHUM pa3inyHa. Y TPaBSIHUCTBIX PACTEHUI OHA, Kak
MPaBUJIO, HE TPEBHIIIAET OAHOUMONYTOpa aTMochep, Yy ApeBeCHBIX (OPM MOXKET JIOCTUraTh
OOJIBIIINX BEIMYMH. Y TPEBECHBIX PACTEHUH I1a4 HAOII0IaeTCsl MPEUMYIIIECTBEHHO BECHOM, a
y TPaBSIHUCTBIX — HE 3aBUCHUT OT BPEMEHH T'0JIa U IIPOUCXOIUT HA PA3HBIX dTAlax OHTOTeHE3a.

XHUMHYECKUH COCTaB COKA IUIaya HE OTIMYAeTCs] MOCTOSHCTBOM. B BeceHHU# nepuon y
JIPEBECHBIX MOPOJI COK Ilaya Oorar caxapamMu, a30TUCTBIMH BEUIECTBAMH, OPTaHUYECKHUMH
KHCIIOTAaMU U COJIEPKUT MEHbIIIE MUHEPATbHBIX 3JIEMEHTOB.

Brinenenne KkamenbHO-KUAKONW BOJBI MOKET HAOMIOIAaTbCcs y pacTeHU C  He
MOBPEXACHHBIM cTeOneM. Eciu HakpbITh CTEKISHHBIM KOJIAKOM MOJOJbIe MPOPOCTKU
3JIaKOB, TO Ha KOHYMKAX MX JIUCTHEB MOSBSATCS KalEIbKH KUIKOCTH. DTO SIBICHUE TOIYUUIIO
Ha3BaHUE T'YTTAallMH, a BbIAENIIeMast JINCThSIMU KUJIKOCTh — COKA I'yTTallUH.

B ectecTBeHHOI 00CTaHOBKE TyTTaldsl TPOSBISETCS y PACTEHUU TPU 3aTPYTHEHHOM
WCIIapEHUH, HalpUMep NpPH HACBIIIEHWH BO3/lyXa BOJSHBIMHU IOpaMH, KOTIJa BO3HUKAET
JTUCTIPOTIOPITUS MEXIY TOCTYIJIEHHEM BOJBI M €€ PAcXOJOBaHHUEM IyTEM HOPMAJIbLHOTO
HCIIapeHUsl.

DU3NOIOTHYECKOE 3HAYCHUE TYTTAIIMHU 3aKIII0YAeTCsS B TIEPBYIO OUepeb B MOJACPKaHUH
y pacTeHuM paBHOBECHS MEXKJy NOTJIOIMIEHHMEM U HCHapeHHeM BoAbl. ['yrranumn
0JIarONPHUATCTBYET YMEPEHHO TEIUIast U BIIaYKHAs, HACKHIIIIEHHAs] BOJISTHBIM TTapoM atMmocdepa.

Y pacreHuil UMEIOTCA TMPUCTOCOONEHUS 2udamoodvl — ITO CHEIUAIbHBIE BOJISHBIC
YCTBUIIA, 3alUINAIONIAE PACTEHUS OT BO3MOXKHBIX OOJBIINX TIOTEPh MHHEPATBHBIX
AJIEMEHTOB MPU I'yTTALUH.

[TpoduabTpOBHIBasICh Y€pE3 MENKOKJICTOUHYIO MAapeHXHMY, TaK HAa3bIBAEMYIO 2nUmMEMY,
BBICTUJIAIONIYIO JHO BO3JYIIHOW MOJIOCTH THAATOMAbI, COK OCTaBIISIET 3/1€Ch 3HAYUTEIbHYIO
4acTh CO/AEPKAIUXCS B HEM AJIEMEHTOB MUHEPAIbHON MUIIIH.
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CyiiecTByeT /1B€ I'MIIOTE3bl, OOBSACHAIOLUIME MEXaHU3M JEHCTBUS KOPHEBOTO JaBJICHUS:
ocmomuyeckas W memabonuveckas. Ocmomuyeckas eunome3a OCHOBAaHA Ha SIBICHUSX
ocMoca. B cocynax neHTpaibHOro IUJIMHAPA HOMVIOMIAKOIIEN 30HbI KOPHS BCEr/la HaXOqUTCs
pacTBOp OMNpeNeNeHHOW KOHIEHTpAIMM COCyIIas CHJIa KOTOPOTO pPaBHa OCMOTHYECKOMY
nasienuto. IlosTomy Boma OyneT orcachlBaThCsl OT Onmkaiied K cocyny KieTku. Tepss
BOJly, KJIETKa pa3BHUBaeT OOJIbLIYIO COCYIIYIO CHJIY, YTO IO3BOJISICT € OTHHMAaTh BOAY OT
coceiHel ¢ Hell KJIeTKU U Tak jganee. [Ipu 3ToM KIeTKH KOPOBOM MapeHXHUMBI U [IEHTPAJIbHOIO
[WIMH/PA KOPHS UCIBITHIBAIOT HEIOHACKHIIIICHUE BOJIOW. DTOT Ae(PULUT KacaeTcsi U KOPHEBBIX
BOJIOCKOB, CIIOCOOHBIX aKTUBHO IOIJIOATh BOAY U3 IOYBBI.

Memabonuueckas eunomesa OCHOBBIBAETCS Ha SIBJICHUU TOJSIPHOCTH KJIETOK KOPHS, Yepe3
KOTOpPbIE HaOJI0AAeTCsl OIHOCTOPOHHUM TOK BOAbI. Ha MPOTHBOIIONOXKHBIX CTOPOHAX KJIETKU
OCYIIECTBIISIIOTCS. TUAMETPAbHO paszHble Tporecchl. Ha cTopoHe KieTkH, OOpalieHHOW K
nepudepun, CUHTE3UPYIOTCS OCMOTHYECKM AaKTHUBHBIE caxapa, a Ha IPOTUBOIOJOKHON
CTOPOHE — WHEPTHBII B OCMOTHYECKOM OTHONICHHHM KpaxMmMal. B mepBoMm ciydae
OCMOTHYECKOE JaBJICHUE U cocyllas cuia OyayT Oouiblie, claeloBaTelbHO, K 3TOW CTOPOHE
KJIETKH OY/IET IMOCTYNaTh BOJa OT COCEAHEH KJIETKU M BBIJABIMBATHCS C MPOTHUBOIOJIOKHOTO
KOHIIa B CTPOHY cocyaa. Tak co3gaercsi HelpepbIBHbIM 0IHOCTOPOHHUI TOK BOJIbl B KOPHEBOH
cHucTeMe.

Cpenu (hakTopoB, BIUSAIOUIMX B HAUOOJbILIEH CTENIEHU Ha MOIJIOIEHHE BOIbl KOPHEBBIMU
CHCTEMaMH, SIBJSIETCS  BJIQXKHOCTh KOPHEOOMTAaeMOro CJIOSi TOYBBI, TEMIEpaTypa,
KOHIIGHTpalUsi MOYBEHHOI'O PACTBOpAa U COJEpXkKAaHHUE KHUCIOpoAa B cdepe AeATelNbHOCTU
KOpHEH.

[Tornomenue Boabl Ui OOJIBLIIMHCTBA PACTEHUHA IPOUCXOAUT HWHTEHCUBHEE IpU
OoNnTUMaJIbHOW BiaxxHocTH nopsiaka 70-80% HB. [lpu moBblieHHH BIa)KHOCTH MOYBBI OHO
3aMeIIsieTCsl OT HeJoCTaTKa KMCIOpOa, PU MOHWKEHUH — OT HeJocTaTka BoJibl. OcoOeHHO
PE3KO TIOTJIOMICHWE BOJBI TOPMO3HTCS TIPU BIAXHOCTH ITOYBBI, PAaBHOH KOA(PPUIMEHTY
3aBsITaHMSL.

Huskas unm upesmepHO BbICOKasl TeMIlepaTypa MOYBbl HEOIArOMpUATHO OTpa)kaeTcsl Ha
NeSITETbHOCTH KOpPHEW. PacTeHust I0KHOTO TPOMCXOXKACHUS 3aBANAIOT TIPH CHIDKCHHU
TEMIIEPaTyphl 0KoJIO0 KopHel 10 + 5°C u Huxe. [Ipy NOHWKEHHH TEMIIEPATYPHI TIOYBBI HE
TOJILKO YMEHBIIAETCS MHTEHCHUBHOCTH JIBIXaHHUS KOpPHEH, HO W TPOHMCXOIST CYIIECTBEHHBIC
U3MEHEHHUS B COCTOSHMM LIUTOIUIa3Mbl: CHIDKAETCS €€ NMPOHHMIIAEMOCTh M YBEIMYUBAaeTCs
BSI3KOCTh. Bce ATO BemeT K CHIKEHHIO WHTEHCHBHOCTH BOJIOIOTJIONICHUS. Bmecte ¢ Tem
XOJIOJIOYCTOWYMBBIE PACTEHHsI, HAallpUMEp O3MMBbIE€ 3JIaKd, CIOCOOHBI AKTUBHO BCACHIBATH
BOJly M3 XOJIOJIHOW MOYBBI B MEPHOJ IMO3AHEH OCEHU M paHHEH BeCHbl. C MOBBIIICHHUEM
TeMIIepaTypbl MOTJOTUTENIbHAS aKTUBHOCTh KOPHEH BO3pacTaeT M IOCTUTaeT MaKCUMyMa Ipu
20-22°C. Y Temnoao0uBEIX KYJIBTYp TEMIIEPATYPHBIN ONTUMYM JIEXKHUT B mipejenax 25-30°C.

Ha BOJONOrIOTHTENbHYIO AEATENBHOCTh KOpPHEH BIIMSET KOHIEHTpalMs MOYBEHHOTO
pactBopa. OnTumanbHasi KOHUEHTpALMS €ro JISKUT B npenenax 1-2 atM. [lpu noBeimenun
KOHIIEHTPALMU TOYBEHHOT'O PacTBOpa MOIJIONMIEHHE BOAbI 3ameyisiercsi. OcoOeHHO SPKO 3TO
NPOSIBIISIETCS. HAa 3aCOJICHHBIX II0YBaX, TJI€ pa3BUBAIOTCS PACTEHHS THIIA 2al0Qumos,
CHOCOOHBIX pa3BUBaTh B CBOMX KJIETKAaX BBICOKHME COCYIIME CHIIbI Oyiarojiapsi HaKOIUIEHUIO
MUHEPAITLHBIX COJIEH FITH OPTaHHYECKIMX OCMOTHYECKH aKTUBHBIX BEIIECCTB.

[ToBbllIeHNEe KOHIIEHTPALMU MOYBEHHOT'O PacTBOPa MOKET OBITh BBI3BAHO M BHECEHHEM
ynoOpeHni B BBICOKHX J03aX. Pa3lnvHble MHUHEpaldbHBIC YIOOpEHHS 3aMETHO BIHSIOT Ha
BOJIOTIOTTIONIeHHE. Tak, y 37aKOBBIX KYJIbTYP HHUTpAThl YCUJIHMBAIOT BOJOIOIJIOUICHHE, a
aMMMa4yHble COEQMHEHUs — ocinabeBaroT. Ha paHHuX 3Tamax BereTanuy BOJONOITIOLICHHE
aKTUBUPYIOT (ochopHble M KaiuiiHble YHOOpEHHs, Ha TO3IHUX (LBETEHHE — HAJUB) —
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azoTHbIe. B 11enoM yno0peHus He TOJNBKO yay4ylIatoT BOAOIOTJIONIEHUE, HO U CIIOCOOCTBYIOT
00J1€€ SKOHOMHOMY PacXOJ0BAHUIO BOJBI.

BaxxupiM (akTopoM, BIMSIONIMM Ha MOTJIONICHUE BOJbI, ABISETCS aspayus (odbecredeHue
KOpPHE CBOOOJHBIM KHCIIOpPOJAOM BO3AyXa). Ha oueHb TIUIOTHBIX TIOYBaX, IOYBAX
3aTOIUICHHBIX BOJON, MHTEHCHBHOCTH IOIJIOIIEHUS BOABI Pe3KO TopMmo3utca. OcHOBHas
NpUYMHA CHWKCHHSI BOJIOTIOTJIONICHHWS TIPU HEJOCTaTKe KHUCIOpoAa — WHTHOMpOBaHUE
JIBIXaHUST M TOKCHYECKOE JEWCTBHUE HEIOOKUCICHHBIX IMPOAYKTOB, HAKAIUIMBAIOIIUXCS B
MOYBE MpHU IUIOXOW a’pauuu. HuxHUE rpaHUIlbl KOHIIEHTPALMUA KUCIOpOAa B MOYBEHHOM
BO3/lyX€ HaxonasiTcs B npenenax 6-8%. KopHu siydiie Bcero noriomaroT BOAY IIPU BBICOKOM
COJIEp’)KaHUU KUCIOPOJa.

8.6. Tpancnupauus 4 ee poJib B KU3HU pacTeHuii. KoimyecTBeHHbIE MOKA3aTe U
TPAHCIIMPALMHU: HHTEHCUBHOCTh, IPOAYKTHBHOCTb, TPAHCIIMPALMOHHBI KO3 PuLneHT.

IIpouecc ncnapenust BOAbI JUCTbSIMU HOCUT Ha3zBaHUE TpaHcnupauuu. Ousnonornueckas
PoJIb TpaHcMpauy Benrka. OHa MOBBIIMIAET COCYUIYIO CHITY UCHApSAIOIIUX KIETOK U CO3/1aéT
HENPEPBIBHBIA BOCXOISAIINNA TOK BOJBl U PACTBOPEHHBIX B HE MHUHEPAIBHBIX BEILECTB OT
KOpHEW K IpyrMM OpraHaM pacTeHHs, 3alllMIIaeT PacTeHUN OT Ieperpena.

Crennanu3upoBaHHBIM OPraHOM TpaHCIHMpaUUM ABISAETCS JHUCT. /s ocyiiecTBieHus
TPaHCHHUPAIMK JIMCT HMMEET IENbId pPsii TPHUCIIOCOONICHUH, cpenu KOTOPBIX: OoJbIas
UCHApSIOIIas IOBEPXHOCTb, HAJIMYUWE CHUCTEM BEHTWIMPOBAHUS, BOJOCHAOXKEHUA U
MOKPOBHOHM cucTeMbl. JIMCT y OONBIIMHCTBA PACTEHUH MPEACTABISET COOOW TOHKYIO
IUTACTHHKY, KOTOpasi ObICTpO IporpeBaercs. [lmacTuHKa jMcTa XOpOIIO BEHTUIMPYETCS, TaK
KaKk 00beM MEXKJIETHHKOB COCTaBJsieT MpuMepHo 25% oT obiero oobreMa Me30(uiuia JucTa.
B nucThAX pa3BUTHI BOAOMPOBOJAIINE MYTH, MPEACTABISIONIME COOOM TYCTYIO CeTh JKUIIOK.
Ha HmxHell cTopoHe JMCTOBOM MJIACTMHKH, a MHOTAA M Ha 00EHX CTOPOHAxX €€ HaXOJATCs
YCTBUIIA, YTO CO3/Ia€T UAealbHble YCIOBUS IS U Py3un napa u3 MEKKIECTHUKOB.

- Pasnmuuaror nBa THIa TpaHCHIUpPALMM: YCTBUYHYI0 M KYTHKYJSPHYI. YCTbUYHAs
TpaHCTIUpALMs OCYLIECTBIIIETCS Yepe3 YCThUIlA, KYTUKYJISpHasl — yepe3 KYTUKYISIPHBIM CI0i
IIPY 3aKPBITBIX YCThUIAX. Y CTBUYHAS TPAHCIUPALHS MOXKET COBMEIATHCS C KyTUKYIISIPHOM,
0COOEHHO Y MOJIOJIBIX JTUCTHEB UMEIOIIUX C1a00 Pa3BUTHIM KYTUKYJISPHBIN CIOU. Y CThbUUHAS
TpaHCHHUpanus ciaraercs U3 AByX (a3 : ucmapeHue BOJbl C TOBEPXHOCTH KIIETOYHBIX
000J109€K B MEXKKJIETHUKHU JHUCTA; TU(Py3usi BOAIHOTO IMapa B OKPYXKAIOIIyI0 arMochepy
qyepe3 yCThbHIIA.

JIBU>KeHHME YCTBUIl OINpeAeNsieTcss MX OCOO0bIM MOP(HOJIOrMYECKHM M aHaTOMHYECKUM
CTPOEHHUEM, a TaKKe M3MEHEHUSIMH aKTHBHOCTH (PU3MOJOTHUECKUX MPOLECCOB. Y CThbUYHBIE
JBUKEHHS 00YCIIOBIEHBl H3MEHEHUSIMU TYPrOPHOTO JABJICHUS B 3aMbIKAIOIINX KJIETKaX.

Pasnnuaror nBa BHMJA YCTBUYHBIX JBW)KCHHWN: IAaCCUBHBbIE M aKTHBHBIE. [laccuBHBIE
JBUKEHHS 3aBUCAT OT M3MEHEHUH B KIIETKaxX 3MUJepMUca U Me30(puia JINCTa, aKTUBHBIE —
OT M3MEHEHUH B CaMHMX 3aMbIKAlOIUXCsd KileTKaX. K IacCHUBHBIM JIBHJKEHUSM YCTBUI
OTHOCST: THUIPONACCUBHYIO PEaKILIMIO 3aKPbIBAaHUS U THPONACCUBHYIO PEAKIIMI0 OTKPHIBAHUSI.

AKTHBHBIE ABW)KEHHS YCTBMIl WIPAlOT TIJaBHYIO pOJIb B TpaHCOUpauuu. Paznuuaror
(OTOAKTHBHYIO  PEaKIUI0 OTKPbIBAaHWA W  THAPOAKTHUBHYIO  3aKpbIBaHHsS  YCTBHUII.
@oToaKTUBHAS PEAKIMS OTKPBIBAHUS YCTBHUI] CBSI3aHA C MHIYLMPYIOIIUM BIMSHUEM CBETA B
YTpEHHUE Yachl HAa HANPaBJIEHHOCTh ()EPMEHTATUBHBIX MPOIIECCOB B 3aMBIKAIOLINX KJIETKax
YCTBHIIA, B YACTHOCTH, B IIPEBPALLIEHUH KpaxMaia B caxap.

I'mapoakTuBHAs peakuMs 3aKpbIBaHUS YCTbUI[ OOYCIIOBJIEHA TEM, 4YTO IO MEpe pa3BUTUSA
BOJIHOTO AU PULINTa B TUCTHIX YBEIUYMBACTCS KOHUEHTpAIM (UTOrOPMOHA — aOCIIU30BOM
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kucnotel (ABK), koropas wuHruOupyer cuHTe3 o — amuiaspl. ['maposnns Kpaxmana
TIpEeKpaIaeTCs, yMEHbIIAETCA COlepKaHne B 3aMBIKAIOIIMX KileTkax noHos K'. DTo cHmkaer
TYpPrOpHBIA T'PAJUEHT MEXIY 3aMbIKAIOIIMMU U OKPYKAIOUIMMU KIETKaMH, B pe3yJjbTare
4ero yCThHIla 3aKpPbIBAIOTCS.

JUis  KOJIMYECTBEHHOTO y4yeTa TPAaHCHUPALUM HCHOJIb3YIOTCA TPAaHCIUPALMOHHbIE
€IMHUIIBL: UHTEHCUBHOCTD TpaHCIHUPAIHH, IPOJAYKTHBHOCTb TPaHCIHUPAIIH,
TpaHCIIUPAITMOHHBIA KOI(DPUITHEHT.

VIHTEHCHBHOCT TPAHCIHMPAILMA — KOIMYECTBO BOABI B IPaMMax, HCIapeHHOH 1 M’
JMCTOBON MOBEPXHOCTH 3a | 4yac. VIHTEHCHBHOCTh TpaHCIUpPALUHU JAET MPEJCTaBICHHE O
BEJIMUMHE PACX0JI0BAaHUS BOJbl OPraHOM, PACTEHUEM, I10JIEM, JIYTOM, CaZ0M. JTOT [10Ka3aTelb
UCIIOJIb3YeTCsl IIPU pacyeTax MOJIMBHBIX U OPOCUTENBHBIX HOPM.

[IpogyKTUBHOCTH TpaHCIUpPALUU — KOJIMYECTBO CYXOro BEIIeCTBA B TIpaMMax,
00pa30BaHHOE PACTEHMEM IpU pacxonoBaHuu | 11 Boxbl. IIpoayKTHBHOCTH TpaHCIHpaLUU
JaeT TPEJCTaBICHHE O KOJIMYECTBE BOABI HEOOXOAWMOW JUIS CO3JaHHS ILIAHUPYEMOTO
ypoxasi.

Tpancnupanuonusii  kodpduiment (TK) — Benuumaa, oOpaTHas MNPOTYKTHBHOCTH
TPaHCIMPALMM, I10Ka3blBa€T CKOJBKO BOJAbI B TIpaMMax pacXOJyeTcsl pPacTeHHEM IpU
oOpazoBanum 1 T cyxoro BemiecTBa. 3Hasi BEIMUYMHY TPAHCIHPAIMOHHOTO Ko3(dduimenra,
JIETKO ONPEAEIUTh BEIMUUHY MPOYKTUBHOCTH TPAHCIIMPALMU, U HA00OPOT.

Jiis mony4eHus: BBICOKMX U yCTOWYHMBBIX YPO’KaeB BXKHO CHIIKCHHE TPAHCITUPAITHOHHBIX
KO3(PULMEHTOB, TaK Kak IPU OAHOM U TOM K€ PacXxoJ]e BOJbl MPOJYKTUBHOCTb PAaCTEHUM
MOXET 3HAYUTEIBHO BO3PAaCTH. TpaHCIUPANUOHHBIA KOI(QOUIMEHT CHWKAeTCS NpHU
yIAY4IIEHUU BOJOCHAOXEHHUS U MUHEPaJbHOTO MUTAaHUsA. B 1e0M yBenuueHue yposkas, Kak
IPAaBWJIO,  COIMPOBOXAAETCS  CHUKEHHUEM  TpaHCOUpAallMOHHOro  Ko3dduiuenra. B
arpOHOMHUYECKON MpaKTUKEe OCOOBIH HHTEpec MPEeACTaBIsIeT HE TPAHCHUPALMOHHBIN
K03 umeHT, a kKo3pGUIUEeHT BOoIONOTPeOIeHHs], NPEACTABIAIONUN OTHOILIEHHUE Pacxoja
BOJIBI K YpOXaro, HanpuMmep, 3epHa. Koadduunent Bogonorpedienns 0onee TOUHO OTpakaeT
XO3SIMCTBEHHYIO 3()(QEKTUBHOCTh HCHOJb30BaHUS Biaru mnoceBamu. Kak mnpasuio, mnpu
oporieHuu Kod3(PGUIMEHT BOJOMOTPEOICHUsT HIDKE, YeM Ha TOW >Ke MouBe Ha Oorape; BO
BJIQKHBIE TOJbI HUXeE, 4eM B cyxue. Tak, Ko3((UIMEHT BOJONOTPeOIeHMs IMIICHUIBI B
3aBomkbe coctaBmsier 1000-1200, a Ha Tex xe 3emusix Oe3 opomenust — 1300-1500.
TancnupamonHble K03(GUIMEHTHI IPOBOM MIIEHUIBI TAKXKE B CyXH€ ToJbl B CpeaHeM B 1,5
pasa BBIIIE, UM B T'OJIbI BIa)KHBIE.

Cpenu SKOJOTMYECKHX YCIOBHM, BIMAIOIMX HA WHTEHCUBHOCTh TPaHCIHPALUU
HEOOXO/JMMO BBIICTHTH KaK caMble CYIIECTBEHHBIE: CBET, TEMIIEPATYpy M OTHOCHTEIHHYIO
BJIQKHOCTh BO3/lyXa,  TAK)KE BIAXXHOCTH ITOYBBI.

CBer SBIISIETCS HICTOYHUKOM SHEPTHH ISl TPAHCTIMPAIIMOHHOTO TPOIIecca U HEOTACTHM OT
temneparypHoro (akropa. OH yMeHBIIAeT BSI3KOCTb IMPOTOIUIa3Mbl U €€ CONpPOTHBIICHHE
JIBIDKEHUIO BOJIBL; C OCBEIIEHHOCTHIO HEMTOCPEICTBEHHO CBSI3aHBI IBHKCHHUS YCTHUII.

BrnaxHocTh 1MOUBBI U ee KosebaHus ObICTPO OTPAKaIOTCS HAa UCHIAPEHUH BOJIBI JIUCTHSIMH.
Hanbonee MHTEHCUBHO pacTEHUs] TPAHCHUPUPYIOT, KOT/A BJIAKHOCTh TOYBBI HAXOJMUTCS Ha
ypoBHe 70-80% HB. IloBbllIeHNE M NOHMKEHUE COJAEP/KAHUS BOABI B MOYBE NMPUBOAUT K
CHIDKEHHWIO HHTEHCUBHOCTH TPAHCIIMPALINH.

3aBUCUMOCTh HMHTEHCHBHOCTH TPAHCIHUPALMK OT TEMIEepaTypbl W OTHOCHUTEIbHOM
BJIQKHOCTH BO3JlyXa TMpPU YCIOBUH OOECHEUYEHHOCTH PACTEHUH BOJOM BbIpa)kaercs
OJHOBEPIIMHHON KpHUBOM M KONMPYET JHEBHOM XOJ TEMIIEpaTypbl U OTHOCUTEIBHOU
BJIAKHOCTH BO31yxa. B 3TOM ciydae perynaupyromas pojb paCTeHUs CBOAUTCA K MUHUMYMY.

52



[Ipu OTCYTCTBHM OCAJIKOB M CHUKEHHH COJEPKAHUS TOCTYITHOW BOJIbI B IIOYBE HECMOTPS
Ha BO3pacTaHUE TEMIIEPATyp U MaJJ€HUE OTHOCUTEIbHON BIAXKHOCTH BO3/1yXa, UHTEHCUBHOCTh
TpaHCIUpAlMM DPE3KO MajaeT, KpuBas TPaHCHHUPALUU JBYXBEPIIUHHASI. [To wmepe
JanbHEeHIero 000CTpeHus MOYBEHHOM 3aCyXU CpeAHSs WHTEHCHUBHOCTH TPAHCIHUPAIMH €IIe
0oJiee CHMKAETCSl M KpUBas TpaHCIHMpAIUHU MpuoOpeTaeT MyJbCUpYIOmUN Xapakrep. Takoi
XO0Jl TpaHCIHpALMM CBUAETEILCTBYET O TOM, YTO pacTEHUs] YK€ HE B COCTOSHUHU
TPaHCIIUPUPOBATH B COOTBETCTBUU C THIPOTEPMHUECKUM pexumoM atmochepsl. Ilpu stom
[1aJICHUEe MHTEHCHBHOCTH TPAHCIIHMpPALMM CBA3aHO KaK C YMEHbBIIEHUEM JOCTYIHOW BJIard B
MOYBE, TaK M C aKTUBHOM PErYIHPYIOLIEH POJIBIO PACTEHUS.

OmuH u3 cnocoOOB CHIDKEHHUS TPAaHCHHPAIMM B YCIOBHSX 3acCyXd — HpPHUMEHEHHE
AHTUTPAHCIUPAHTOB. AHTUTPAHCIIUPAHTHI MOKHO Pa3fe/iuTh Ha JIB€ TPYMIbI: OJHU U3 HUX
BbI3bIBAIOT 3aKpbIBAHUE YCTBUIl, a APyrue — oOpa3yloT IUIEHKY Ha IOBEPXHOCTH JIUCTHEB,
KOTOpasi MEXaHUYECKHU MPEMATCTBYET UCIAPEHUIO BOJIBI.

OO0ecne4eHHOCTh  CEeNTbCKOXO3IMCTBEHHBIX PACTCHUN BOJOW B TEUCHUE BEreTaluu
ABIIIETCS TJIaBHBIM (pakTOpoM, ompenesstomumM ypoxkail. Ocoboe BHHUMaHUE YAETSETCS
YCTQHOBJICHHIO PAIMOHAIBHBIX CPOKOB TONHMBA. Pa3paboTaHbl (U3UOJOTHUYECKHE METOJIBI
JTUArHOCTHKU TMOTPeOHOCTH pPAacTEHHIl B BOJE, OCHOBaHHBbIE HA YCTAHOBJICHUM HadaJbHBIX
IPU3HAKOB  BOJAHOW  HEJOCTAaTOYHOCTU  PACTEHHMM, KOTOpbIE  CBUIECTEIBCTBYIOT O
HEO0OXOIUMOCTH OYEPETHOTO MOJIHBA.

CocTosiHHE BOJTHOTO PEXKMMa paCTEHUI XapaKTepU3yeT TaKUe OCMOTHUYECKHE MOKa3aTeln
KaK KOHIIEHTpAIHsI KIIETOUHOTO COKa, €r0 OCMOTHYECKOE JIaBIIEHUE U COCYIIas CUIa.

OcmoTryeckue MoKa3aTeau 3aBUCIT HE TOJIBKO OT O00ECIeUeHHOCTH MILEHUIbl BOJON U
BO3pacTa PacTeHUH, HO U OT JAPYrux (paKTOpPOB, B YACTHOCTU OT YCIOBUH MHHEPAIBLHOTO
nuTtaHus. OJHOCTOPOHHEE a30THOE YAOOpEeHHE OOBIYHO MOBBILIIAET OCMOTHYECKOE JIaBJICHUE,
coBmecTtHoe ke BHeceHrne NPK u oco6enno PK B couetanuu ¢ opoiieHneM CHHKAET ero, 4To
CBA3aHHO C JEWCTBHEM DJEMEHTOB INHUTaHHUA Ha KOJUIOMJHO-XMMHUYECKHE CBOMCTBA
IPOTOIIA3MBI.

IIpenenbHble BENMUYMHBI COCYIIEH CHIJIBI KJIETOYHOTO COKa JHMCTbEB (B arMm) AJs
OTIpeNIeNIeHUs] CPOKA OUEPEIHOTO TOJIMBA JIFOLIEPHBI TAKOBBI: BCXOMBI — 3-5 aT™; OyTOHHM3aIus
— 8-11 arm; uBetenune — 14-18 atm. Hampumep, ceMedkoBBIN caj cleayeT MOJWBaTh MpU
CIIEYIOIINX IPEAETbHBIX BEIMYMHAX COCYIIEW CHJIbI KJIETOYHOTO COKa JINCThEB (B aTM.): B
Hayaje BereTanMoHHOro nepuoaa 17-18; B mepuox co3peBaHus IUIOAOB 24-26; B KOHIE
BEreTAlIMOHHOTO Teproaa 27-28.

HaznaueHne mnoauBOB MO MPEAENIBHBIM BEIMYMHAM COCYIIEW CHJIBI KJIETOYHOIO COKa
JUCThEB AAa€T OoJiee BBICOKMM 3(PQeKT, 4eM Ha3HaueHuEe MO BIAKHOCTU IOYBBI: SpOBast
NIIEHNIIAa TOBBIIIAET ypOKaMHOCTh — Ha 16%; Kykypy3a — Ha 42%; caxapHas CBEKJA — Ha
28%.

JU11 HOpMaJIBHOTO POCTa PACTEHUM BBICOKAs MHTEHCUBHOCTH TPAHCIIMPALMK HE SBIIAETCS
HeoOxoaumoi. Ho M yMEeHBIINTH TpaHCIUPALMIO OYE€Hb CHJIBHO HEJb3s, T.K. OHA SBISETCS
BEPXHUM KOHIIEBBIM J[BUTATElIeM BOJHOTO TOKa. B HeOoNbIIMX Mpenenax pacxoi BOAbI Ha
TPaHCTIMPALMI0 MOXHO CHHU3UTh, 0€3 HHTHOMpPOBAaHUS POCTOBBIX mHporeccoB. OnuH U3
CHOCOOOB CHIKEHMs TPAHCIUPALUHU NpPU TMEpecajke PACTeHUH MM B YCIOBUAX 3aCyXH —
NPUMEHEHUE aHMUMpAHCRUPAHMOS.

AHTUTPAHCIIUPAHTBl MOXHO pa3/JeNuTh Ha JBE TPYNIbl: OJHU U3 HHUX BBI3BIBAIOT
3aKpbIBaHUE YCTBUL, a JIpyrHe — O00pa3yloT IUIEHKY Ha MOBEPXHOCTU JIMCTHhEB, KOTOpas
MEXaHUYECKU TPEMSITCTBYET HcHapeHuto BoAbl. K mepBbIM OTHOCATCS aOCIM30Bas KUCIIOTA
(ABK) u ee mpou3Boaubie. ONMpBICKUBAHUE UMHU PACTCHHUI B KOHIICHTPAIIUU 10*M cHauana
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yMeHbIaeT TpaHcnupanuio Ha 50%, a Kk KOHIy 9-ro AHS mociie ONpPBICKUBAHMSI CHUKEHUE
TpaHCTIHPAIH coXpaHsieTcs Ha ypoBHe 20-25%.

[IneHo4yHble AHTUTPAHCIHUPAHTHI O0pa3ylOT Ha IOBEPXHOCTU JIMCTOBOW IUIACTUHKU
MPO3pauHyl0, 3JACTUYHYIO IUICHKY, CHIKAIOUIyI0 ucmapeHue Boabl Ha 25-30%. Ilienka
COXpaHseTcs Ha pacTeHUU 00bIYHO 12-16 mHEH. B kayecTBe MIEHOYHBIX aHTUTPAHCITUPAHTOB
UCIIONIB3YIOT OOBIYHO TMOJIMATWICH, TOJUCTEpOJ, JaTekc. Takas o0paboTka HE TOJBKO
COKpAIaeT TPAHCIUPALNIO, HO U 3HAYUTEIHHO MOBBIIIAET MPHKUBAEMOCTh PACTEHUH MPHU UX
HEPECATKH.

BOHPOCLI AJIsi CAMOKOHTPOJIA

1. KonmgecTtBo moTpebisieMoil pacTeHHEM BOJBI, COJIEp)KaHHE BOJIBI B KIETKaX,
TKaHSX U OpraHax.
CocraBmsomuye BOJHOTO OTEHIIHAA KICTKH.
AxkBanopussl (6€IKM BOJAHBIX KaHAJIOB), UX CTPYKTYpa, MPUHLUI paOOTHI.
TpancnopT BoABI 11O PAaCTEHHUIO.
Kopenb kak OCHOBHOI OpraH MOTJIONIEHUS BOBI.
MexaHu3M paanaIbHOrO TPAHCIIOPTa BOABI B KOPHE.
Brinenenue Boasl pactenueM. ['yTranus, «1jiauy» pacTeHUi.
Tpancnupanus u ee poJsib B )KMU3HU PACTCHUM.
KonuuecTBeHHbIe MOKa3aTeNu TPAaHCHHUPALUU: UHTEHCUBHOCTb, MPOAYKTUBHOCTD,
TpaHCTIUPALMOHHBIN K03 (PUIIMEHT.

CoNOR~WN

CIIMCOK JIUTEPATYPEI

OcHognas

1. Wneuna H.A.®Puzuonorus u 6uoxumus pacreHuii: Yuednoe nocobue / H.A. Unbuna, N.B.
Cepreesa, A.U. Ilepersitko - YnpsHosck-Caparos, 2013. - 335 ¢.ISBN 978-5-86045-613-6

2. Komkun, E. Y. ®usnosiorus yCTOHYUBOCTH CEILCKOXO3SHCTBEHHBIX KYJIbTYp: yueOHuk / E.
. Komkun. - M.: [Ipoda, 2010. - 638 c.: wi. - (YueOHUKH U yueO. TOCOOUS Ui CTYJCHTOB BBICIII.
yuae0. 3aBenenuii). - ISBN 978-5-358-07798-0

3. CepreeBa, 1.B.®usnonorust pacTeHUi ¢ OCHOBaMH 3KOJIOTMHU: YueOHoe mocobuwe / W.B.
Cepreesa, A.W. Ilepersitko - Capatos, 2011. - 348 c.ISBN 978-5-7011-0740-1

4. ®wusnonorus U OMOXUMUS CENbCKOX03SMMCTBeHHBIX pactenuil / mon pea. H.H. TperbsaxoBa. M.
: Konoc, 2005. - 639 c.ISBN 5-10-002915-3

ﬂOnOﬂHumeﬂbHa}Z

1. buoxumus: yuebnuk / B. I'. llepOakos, B. I'. Jlo6anos, T. H. I[Ipyauukora. - 3-¢ u3., UCIIp. U
nor. - CI16.: TUOP/, 2009. - 472 c.: uxn. - ISBN 5-98879-008-9

2. Koszpmuna, H. I1. 3epHoBeneHne ¢ ocHOBaMH OMOXMMHH pacTeHuil: HayyHoe nzganue / H. 11
Kosemuna, B. A. I'yabkus, I'. M. CycasHok. - M.: Konoc, 2006. - 464 c.: ui. - (Teopernueckue
OCHOBBI IPOTPECCUBHBIX TeXHOJOTHI: Onorexnomnorus). - ISBN 5-10-0039.
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Jlexknus 9
MUHEPAJIbHOE IIMTAHUE PACTEHUI.

9.1. . IloTpe6HOCTH PACTEHHIi B 3JIeMEHTaX MHHEPAJIbHOT0 MUTAHMS.
DOYHKIUOHAIBbHAS KJIACCH(PUKALNSA 3JIEMEHTOB MUHEPAJIbHOT0 MUTAHMS.

PacTenus muTaroTCs MPOCTHIMH BEIIECTBAMH HE TOJIBKO M3 BO31yXa, HO M U3 IMOYBHI
YcBauBas MPOCThIC HEOPTAHMYECKUE COCIMHEHUS BHEIIHEH CPEnbl, a TaKKe CHHTE3UPYS U3
HUX CJIOKHBIC OPTaHMYECKHE BEIIECTBA, PACTCHUS PACTYT.

Opranuyueckue BEIIeCTBa COCTOSIT B OCHOBHOM U3 OP2AHOCEHHbIX 3JeMeHmMOE: YIiepoa
(45%), xucnopona (42%), Bogopona (6,5%) u azora (1,5%), Ha 1070 KOTOPHIX MPUXOIUTCS
95% cyxoii Maccel TKaHEH.

B pacrenmsx comepxkurcs npuMepHO 5% 30JBHBIX MUHEPATBHBIX DJICMEHTOB,
OCTAIOIIUXCS B 30JI€ MOCJIEC CKUTAHUS PACTUTEIBLHOTO MaTtepuaia. 30JbHbIC 3JIEMEHThI, KaK U
a30T, TOTJIONIAOTCS KOPHIMH PACTCHUN M3 MOYBHI U OOBCIUHSAIOTCS B TPYIIy MUHEPATbHBIX
BemiecTB. [Iporecc ycBOGHHS 30JIbHBIX DJIEMEHTOB M a30Ta M3 IMOYBBI MOJTYYHSI HAa3BAaHUE
NOYBEHHO20 UNU MUHEPANbHO20 NUMAHUS PACTEHUL.

[ToTpebnenne pacTeHUSIMH MUHEPAIbHBIX 2JICMEHTOB, UMEET Ba)KHOE 3HAUECHHE B OOMEHE
BCIIICCTB M DHEPTUH, B JICUCHUH psja 3a00JCBaHHWI PACTCHHI, BBI3BAHHBIX HEIOCTATKOM
OTJICIbHBIX DJIEMEHTOB, B TMOBBIIIEHUU YCTOWYMBOCTU PACTEHUH K HEOIarompusTHHIM
BHEIIHUM BO3JCHCTBUSAM, B pEryJIMPOBAaHUHM OCMOTHMYECKUX sBIECHUW. B coBpemeHHOU
arpOHOMUU C MOMOIIBIO0 PA3TUYHOTO POJIa arpONpPUEMOB MOKHO PETyIUPOBATh MHHEPAIBHOE
MUTAaHUE PACTCHHM, JOOWBAsSCh 3HAYUTEILHOTO TIOBBIINICHUS WX MPOIYKTHBHOCTH. ITO
yIpaBieHHe MPOIECCOM MHUHEPATHHOTO MUTAHUS OCYIIECTBISETCS Ha YPOBHE ONMpEeAeNeHHBIX
COPTOB PaCTEHUM.

B TkaHsX pacTeHUWil colep)KaTcs MPAKTUYECKH BCE DJIEMEHTHI, HAXOJSIIMECS B IOYBE.
Oco0eHHO [Isl MUTaHUsI HEOOXOIUMBI MAKPO- U MUKPOIJIEMEHTHI.

K makposnemenmam OTHOCAT 3IIEMEHTHI, coiepkaHue KOTOphix coctarisier ot 0,01% 1o
10% cBexeit maccol pactenuit. 910 O, H, C, N, P, K, Ca, Mg, S. Ilpeobnanaromas 4acTb
AJIEMEHTOB COJICPKUTCS B MAJIBIX WJIM OYEHBb MaJIbIX KoinuecTBax Bcero jumib ot 0,00001 mo
0,001%. — st0 Mukposnemenmut: Fe, Cu, Zn, B, Mn, Mo, Se. DnemeHT, IpU UCKITIOUEHUU
KOTOPOTO W3 THUTATEILHOTO pacTBOpa HAPYIIAIOTCS MPOIECCHl KU3HEACSITCILHOCTH |
CTPYKTypa PacTUTEIbHBIX TKaHEH, MPUOCTAHABIMBACTCS POCT WM K€ PACTCHHE THOHET W
HUKAKOW JIPYTOH 3JIEMEHT HE MOXET €r0 3aMEHUTh HA3bIBACTCS aOCOIIOMHO HEOOXO0OUMbBIM:
u3 makpoanementoB 310 — N, P, K, Ca, Mg, S; u3 mukposnementoB — Fe, Cu, Zn, Mn, Mo,
B.

[ToTpeOHOCT, B MUHEPAIBHBIX JJIEMEHTaX U HMX COACpPKAHHE B PACTEHUSAX IMOIBEPIKEHO
pPE3KHM KOJICOAHUSM B 3aBHCHMOCTH OT YCJIOBHIM BBIpAl[MBaHUS, BUJA PACTCHUS M €r0
COpPTOBBIX OcoOeHHOCTel. Hampumep, 31akoBble KYIbTYphl BBIHOCIT C YpO)KaeM MEHBIIIE
MUHEPAJIBHBIX BELIECTB, 4YeM O0o00oBble M oOBoIIHbIE. Hanbosmpliee KonMuecTBO a3zoTa
HaKaIlJIMBaeTCsl B JIIOIEpHE, coe, a docdopa — B coe M caxapHOW cBekie. MHOro Kamus
COJICPXKUTCSI B CaxapHOM CBEKJe, KapTodesne, TomMaTax, a Kalablusi — B 00OOBBIX, TPEUUXE,
KapTodere.

HaunGombIree KoJTMIeCTBO MHHEPATBHBIX 3JIEMEHTOB CKOHIICHTPUPOBAHO B TE€X KIJIETKAX U
TKaHSX, TJI¢ BBICOKA aKTUBHOCTh OOMEHHBIX IMPOIIECCOB (0Opa3oBaTelIbHbIC TKAHU, JIUCTHS,
MOJIOZIBIE TTOOETH, TOTJIOMIAIOIINE 30HBI KOpHEH). DU3NOIOTHYEcCKOe 3HAYCHUE Ka)IO0Tro
3JIEMEHTA CTPOTO CIIECUPUIHO.
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A30T. A30T SBISE€TCA COCTABHOM YacThIO BAXKHEWINMX U KU3HU PACTEHUW BEIIECTB.
Bxoaut B coctaB 0enkoB, HyKJIEUHOBBIX KUCIOT, AT®, AJID, kohepMeHTOB, XJI0pOPHUILIOB,
LHUTOXPOMOB, HEKOTOPBIX JIMIHWJIOB, MHOTMX BHTAMHMHOB, TOPMOHOB pOCTa PpPACTECHHIA,
AJIKAJIOUA0B. Y CIOBHUS a30THOIO NMUTAHUS OKAa3bIBalOT OTPOMHOE BIIMSHUE HA POCT, Pa3BUTUE
U MPOAYKTUBHOCTH pacTeHuil. A30T ycBauBaeTcs pacteHueM B Buae aHnoHoB NOj3 u NOgy,
katuona NH,", a Takoke B (popMe aMHHOKHCIOT M APYTHX OPraHUYECKHX COEIUHEHMUH.

®ochop. Bxomur B cocraB JIHK, PHK, AT®, AAD, dochonunumon, Takux
kopepmenTHbix cucteM kak HAJ[, HAJI®, KoA, KOTOpbIM NpUHAUICKUT BaKHAS POJIb B
npoueccax (OTOCHHTE3a M JbIXaHUS, JHEpreTuyeckoM oOMeHe KieTku. BakHas poib
OpUHAAISKUT (Gochopy B [BETEHHH, IUIOJOHOIIEHWH W CEMSHOLICHHH PACTCHHM.
Bocnpunumaercst pacteHreM B opMe BBICIIETO OKUCIA — HOHA OPTOPOCHOPHON KUCIOTHI —
POS>. K XOPOIIO YCBOSIEMBIM OPTaHMYECKHUM COCIMHEHUSM OTHOCATCA (GochopHbie dPupsl
pa3IMYHBIX CaxapoB.

Kanuii. Bcrpeuaercs B pacTeHUsIX B (JOPME HOHOB, PETYIUPYET COCTOSHUE LIUTOILIA3Mbl
KJIETOK PACTEHMI, OBBIIIAsA €€ MPOHUIAEMOCTh U YMEHbIAs BA3KOCTh. OCHOBHAsI Macca ero
HaXOJUTCS B BakyoJspHOM coke. Kanuii mprHHMaeT akTMBHOE Y4acTHE€ B OCMOTHYECKHX
ABJICHUSIX KJIE€TOK, TKAaHEW M LEJIOr0 pPACTEHMs, ABUKEHUSAX YCTHUI[. YCHIMBAET OTTOK
aCCUMMWJIATOB M OMOCHHTE3 Kpaxmaja, YJydyllaeT IOCTYIUIEHHME M HCIOJb30BaHUE a30Ta,
docdopa, xene3a. Kanuii nerko ycanBaeTcst U3 MOABIKHBIX COJIEH — XJIOPUAOB, CYIb(})aToB,
KapOOHATOB, HUTPATOB.

Cepa. Bxoaut B coctaB 6€1KOB, aMUHOKHUCIIOT — METHOHHHA, IUCTHHA U 1ucTenHa. Cepa
COJICPKHUTCS TAK)KE B HEKOTOPBIX BUTaMuHax Bi (tnamuue) u H (6uotune), KoA, rmyratnone,
YECHOYHBIX M TOPYMYHBIX Macjlax W psAe JIpyrux BeuwiectB. PacreHus, conepikamiue
YECHOYHbIE M TOPUYMYHBIE Macia, HUMYHHbl KO MHOTMM OAaKTepUalbHBIM U TPUOHBIM
3a0oneBanusaM. Cepa ycBauBaeTcs paCTEHUSIMU B OCHOBHOM U3 CYJb(haTOB.

Kaabuuii. B Buse nekrara kaiabuus BXOJUT B COCTaB CPEAUHHOMN IJIACTUHKH KIIETOYHBIX
CTEHOK pacTeHHUH, CTaOMIM3UpYeT MeMOpaHy; IMpHU HEAOCTaTKe KaJIbLUS MOSBISIFOTCS
paspbIBBl B MeMOpaHe, HapylIalTCs MpolLecchl MeMOpaHHOro TpaHcnopra. Kambimii
IPUHUMAET y4yacTHE€ B IMEPBUYHBIX MEXaHM3Max IOCTYIUIEHHUS HOHOB B KIIETKU KOpPHS,
aKTUBUPYET aKTUBHOCTb (EPMEHTOB JETHAPOreHa3, aMmuia3, KWUHa3, JIMNa3, HPOTEHHAa3.
[TonnepkuBaeT AaKTHUBHYIO JKU3HEAESITEIbHOCTh MEPUCTEMAaTHUYECKHX TKaHEH KOPHEBBIX
okoH4YaHuH. OOecreunBaeT KHUCIOTHO-IIEJIOYHOE paBHOBECHE B KIeTKe. JSIBusercs
AQHTaroHUCTOM KaJlus, HaTpus, MarHus. Kampiuil yBennuuBaeT BA3KOCTb M yYMEHBIIAET
OBOJTHEHHOCTb IPOTOIIa3Mbl. EMy TNpHHA/UIEeKUT YyHUBEpCajdbHas poJb B CO3JaHUU
(bU3nONIOTHUECKN YpaBHOBEMIEHHOH cpenbl. [locTymaeT B pacteHue B Buae noHos Ca.

Maruuii. Haxomutcs B coctaBe MOJIEKYJNBl XJOpo(duiia, CTaOWIN3UPYET CTPYKTYpPY
pudOCOM, BBICTYMAasi CHHEPTUCTOM KaJbIUS U YCUIMBAET €ro PEryIsITOPHYIO POJib, MOBbIMIAs
BS3KOCTh U MOHMXkAas MPOHHUIIAEMOCTh LIUTOIIa3Mbl. MarHuii siBisercsi KohakTopoM MHOTHX
dbepmenToB 1ukia Kpebca.

Kenae3o. B xauecTBe Ko(hakTopa BXOJUT B COCTAaB ()epPMEHTOB, YUACTBYIOIIMX B CHHTE3€
xjopodusuia. DTOT PIEMEHT COACPKUTCS TaKkKe B MOJIEKYJIax IUTOXPOMOB, (eppeaoKCHHA,
BBITMIOJHASL POJb IEPEHOCUYMKA JJIEKTpoHOB. OH BXOIUT B COCTaB MOJIEKYJ psaa
OKCHAOpenyKTa3 (MepOKCH1a3bl, KaTanas3bl, HUTOXPOMOKCHIA3bI), UTPAIOLIUX BAXKHYIO POJIb B
JIBIXaHUU ¥ 9HEprooOMeHe KieToK. DepMeHTHBIN KOMITJIEKC HUTPOT€HA3bl, B COCTaB KOTOPOTO
BXO/JIUT K€JI€30, YUAaCTBYET B Mpoliecce a30TPHUKCAIUH.

Mensb. Berpeuaercst B coctaBe (pepMEHTOB, y4acTBYIOIIMX B OMOCHHTE3€ XJIopoduiia, a
TaK)Ke HEKOTOPBIX OKCUIOPEAYKTa3, TAKUX KaK MOJIN(EHONIOKCHIa3bl U aCKOPOMHOKCUIA3HI.
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Hunk. Hrpaer akTUBHYIO poJib B OEJIKOBOM OOMEHE, BXO/Is B COCTaB MENTUATUAPOIIA3 —
(depMeHTOB, IEHCTBYIOMNX Ha NENTUIHYIO CBA3b B MOJIEKyJax OenkoB. [IpuHumaer ydactue
B OMOCHHTE3€ TOPMOHA PACTEHUH - MHAOJIMIYKCYCHON KUCIOTHI.

Bop. CrnocoOGCcTByeT OTTOKY YIJIEBOAOB M3 XJIOPOIUIACTOB, TOBBIMIACT 3JIACTHYHOCTH
KJICTOYHOW CTEHKU M YCTOMYMBOCTh PACTEHUM K 3aCyXe.

Mapranen. YdyacTByeT B IpollecCe BOCCTAHOBICHHMS HHUTpPAaTOoB, OOMEHE Kelesa,
aKTUBHUpYET (EpPMEHTHI, YJacTBYIOIIME B MeTaboiu3Me ayKCHMHa — OJHOTO U3 Ba)KHEHIINX
TOPMOHOB pacTeHWd. B kadecTBe KodakTOopa HEKOTOPHIX (PEPMEHTOB KaTalu3upyeT
oTaeNbHbIE peakiuu GoTocuHTe3a (hoToMM3 BOIbI) U abixanus (nuki Kpedca).

Moaubaen. YdacTtByeT B a30THOM OOMEHE M BXOJUT B COCTaB HHUTPATPEAYKTa3bl —
dbepMeHTa, KaTaJIM3UPYIOIIETO BOCCTAHOBIEHHME HUTPATOB JO HUTPUTOB. B kommiekce
HUTPOTEHA3bl MPUHUMAET y4acTHE B IMPOIECCE a30T(HUKCAINU, IEPEHOCs IEKTPOHBI Ha Na.
CrocoOCTByeT yay4yIIeHHI0 YCBOCHHUS DPACTEHHUEM KalbIMsl, YCHUJIMBAET POCT KOPHEBOIl
CHCTEMBL.

9.2. KOpeHb KakK opraH norJomeHuss MUHEPAJbHBIX 3JICMCHTOB, cneumbnqecmdx
CHHTE30B C MX yYaCTHEM U TPaHCHopTa. MexaHu3mbl NOCTYIIVICHUSA MOHOB B CIln
3HA4YeHHe 3TOr0 ITana norjaomeHus. Moaean MNOCTYIIVICHUSI HOHOB B KOP€Hb, TPAHCIIOPT
MHUHEPAJIBHDBIX BEIECTB B KCHJIEMY. ANONJIACTHBIH U CHMILJIACTHBII nyThb.

Criennanu3upoBaHHBIM OPTaHOM MHUHEPAJIBHOIO IUTAHMS y PACTECHHUM SBJISETCS KOPEHb.
JlocTynHas pacTeHUsM MHHEpPAJIbHAs IHINA HAaXOMUTCA B II0YBE B JBYX COCTOSHMSAX —
KHUJIKOM U TBepaoM. KopHu pacteHuil 061aialoT ClIOCOOHOCTBIO MOIJIONIaTh MUHEpPAJIbHbIE
BEIIeCTBAa U3 IIOYBEHHOIO pAacTBOpa M TBEpPAOW (a3bl, aKTUBHO BO3/CHCTBYIOT Ha
NUTATENbHBIH CyOCTpaT M NepeBOJAT HEJOCTYNHBbIE COEIUHEHHsI B JAocTynHble. KopHu
pacTeHuii  00Magar0T  TOHKOM  XEMOTPONHWYECKOW  YYBCTBUTEIBHOCTHIO.  AKTHBHOE
BO3/ICIICTBIE KOPHEH HAa MUTATENbHBIN cyOCcTpaT OCYIIECTBIIAETCS HECKOJIBKIUMHU MY TSIMU:

1) OpoUCXOIUT BBIJAENCHHE BO BHEIIHIOW CPELy pa3IMYHbIX OpPraHUYEeCKHX |
MUHEPAIbHBIX COCTMHEHHH, 001aIal0IINX PACTBOPSIOIIEH CITIOCOOHOCTHIO;

2) TNpPOMCXOAUT BBIJCIEHHME BO BHEIIHIO Cpelay (EepMEHTOB, pacLICIUISIONINX
OpraHNYECKHE BEIECTBA;

3) OCyIIECTBISAIOTCS MOBEPXHOCTHBIE B3aUMOJICHCTBUS B PE3y/bTaTe TECHOTO CIMIAHUS
KOPHEBBIX BOJIOCKOB C ITIOYBEHHBIMH YaCTUIIAMH;

4) OMOXMMHUYECKMM NYyTEM IPOUCXOAUT NPUBJICYECHHE MHUKPOOPTaHU3MOB, KOTOPBIE
yIy4IIaloT B3aUMOJEHCTBHE KOPHEH ¢ MOUBEHHBIM CyOCTpPaTOM.

Bruecenne ¢ochopa B Hayanme BereTaluu MIISHUIBI CIOCOOCTBYET 0Opa30BaHMIO I'yCTO
BETBAILIEHCS, TIIyOOKO IPOHUKAIOIIEW CHUCTEMBbl, BHECEHHE K€ a30Ta CIOCOOCTBYET
YIUIMHEHUIO KOpHEW, HO ocnabiser OokoBoe BeTBieHHE. lloriomeHuio paccesHHBIX MO
IIOYBEHHBIM T'OpPU30HTaM AIIEMEHTOB MUHEPAJbHOM MHIMM CHOCOOCTBYeT OoJbllas
MOTJIOIAKOIIAs TIOBEPXHOCTh KOPHEM.

Obmas agcopOupymomas MOBEPXHOCTh — 3TO CyMMapHas IMOBEPXHOCTb BCEX KOpHEHl.
Pabouas mornomaromas MOBEPXHOCTh — 3TO IMOBEPXHOCTh KOpHEH, KOTOpas HE TOJIBKO
azcopOupyeT, HO ¥ OCYILECTBIISIET MPOLIECCH MTEPEMEIIEHUS TOTJIOMIEHHBIX BEUIECTB BHYTPb
KOpHS. 3HauuTeNnbHas 4YacTh BCEW IOBEPXHOCTH KOpPHEH MNPUXOIUTCS Ha pabouyro
MOTJIOUIAIONIYI0 TOBEPXHOCTh. Pa3BuTue O0JbIION MOMIONIAIOMIEH MMOBEPXHOCTU €CTh
npucrnocoOuTenbHas pyHKIUS KOPHEH K YCIOBUSM IMOYBEHHOTO MUTAHUS.

HauOonpmias nond B NOIVIOMEHUM MHHEPAIbHBIX BEIIECTB KOPHEM IPUHAAJICKUT 30HE
BCACBIBAHMUsI, I[IC PACIIONIATralOTCsl KOPHEBBIE BOJIOCKH.
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Pa3nuyaroT HECKOJIBKO MEXaHHU3MOB, 00ECIEUHMBAIOIIMX IMOAXOJ JJIEMEHTOB MUTAHUS K
HOTJIOLIAOIIUM KOPHSIM:

1. xopHe6ou nepexsam: NIBWXEHUE KOpHEH B Mpollecce pocTa 4yepe3 Maccy IMOYBBI U
3aXBaT UMU OCPEICTBOM KOHTAKTa HEKOTOPOW 4aCTH MUTATENbHBIX BELIECTB;

2. maccogvlii nomox: KOPHHU TMOTJOLIAIOT U3 TMOYBBI BOJY, YTO BBI3BIBAET ABM)KCHUE
MIOYBEHHOT'0 PAacTBOpA YEpE3 TOJIILY MMOYBBI K KOPHAM; MUTATEIbHBIC BEIIECTBA IIEPEHOCITCS
MacCOBBIM IOTOKOM K TIOBEPXHOCTH KOPHS M CTAHOBSITCS TIOCTYITHBIMHU ISl TIOTJIOIIECHUS;

3. Oughbgpy3us.: BOZHUKACT TPAJUCHT KOHIICHTPAIIUH Y IOBEPXHOCTH KOPHS, B HAIIPABJICHUHU
KOTOPOTO MUTATENbHbIE BeleCTBA AUPPYHIUPYIOT K KOPHSIM.

3HaueHue KaKJ0ro M3 3TUX MEXAHHU3MOB 3aBHCHUT KaK OT MHTEHCHUBHOCTH IOIJIOILEHUS
KOpPHEM, TaK U OT 00eCIeYeHHOCTH MTOYBbI MUTATEIbHBIMU BellecTBaMu. KopHeBoii nepexsat
ABJIIETCS. CYLLIECTBEHHBIM TOJIBKO JJIsi IUTATEJbHBIX BELIECTB, MMEIOIIUXCS B IOYBE B
n30bITKEe, HAapuUMep Kalblug. A30T, Gochop U Kamuil SBISIOTCS SJIEMEHTAMU MUTaHMUS,
KOTOpbIE B OOJBIIMX KOJMYECTBAX IOCTYMAIOT K KOpHSAM ImyTeM Au(Qy3un U MaccoBOTO
MOTOKA.

YT0oOB! KOPEHb MOT MOTJIOTUTh MOH HUTPATA, MOCIETHUI MOKET HaXOAUTHCS OT HEro Ha
paccrosinuu 110 1 cMm u Gonee, kanuii — Ha paccTossHUU He naiee 0,5 cM, B TO BpeMsl Kak HOH
docdara He momkeH ObITh nambme 0,1 cM or KopHs. OOBIYHO CETBCKOXO3SMCTBEHHBIC
pactenus ucmnonb3ytoT menee 10% docdara, 20-40% xamus u 40-80% HuUTpaTa, KOTOpHIE
ObuUTM BHECEHBI B MOYBY. D(PPEKTHBHOCTh MCIOIB30BAHUS ITUX IMUTATEIBHBIX BEIIECTB W3
MIOYBHI KOPPENUPYET C PACCTOSHUSAMU, HAa KOTOPbIE OHU MOTYT AU(PPYHIUPOBATH B MIOYBE.

st moBbieHust 3(GGEKTUBHOCTH HCIIONB30BAaHMS pacTeHUsAMH (ocdopa MPUMEHSIOT
rpanyiaupoBaHHble (popmbl cynepdocdara. Ilpu BHecenuu cynepdochata B paakd B
IPaHyJIMPOBAHHOM BHJI€ 00ECIIEUMBAETCS €ro MOCTENEHHOE pacTBOpeHue, a gochop ero He
HEPeXOANUT B HEAOCTYIHYIO Ul pacTeHUi Gopmy. [Ipu 3TOM Moso/ible pacTeHus, UMEIoIINe
c1abyro0 KOPHEBYIO CHCTEMY, JTydlle cHabkarTcs hochopom.

B mornomeHun KOpHSAMH Makpo- M MHKPO3JIEMEHTOB MOKHO BBIJCINUTH JBE (a3bl.
Ilepsas ¢paza — ancopOIUsT MOHOB TMOBEPXHOCTHIO IJIa3MajieMMbl U CTEHKOW KIIETKH
NOTJIOUIAIOIIMX KOpHEH. Bmopas ¢paza — TpaHCHIOPT  HMOHOB Yepe3 IUla3MalieMMy B
LUTOIUIa3My. AJICOPOIMS MOHOB HA MOBEPXHOCTH IJIa3MalleMMbl HOCUT OOMEHHBIH XapakTep.
Boigenennas npu  gpixaHuum  kopHed CO; Ha BHEIIHEH CTOpPOHE IIJIa3MajeMMbl
B3auMoJieiictByer ¢ Bojxoil. OOpa3oBaBmiascs mnpu 3ToM yroibHas kucinora HpCOs
pacmafaercs Ha katnoH Bojopona H' u armorn HCO3', Ha KOTOphle M OOMEHHMBAIOTCS HOHEI
IIOYBEHHOT'0 PacTBOPA TOTO YK€ 3HAKA.

AncopO1iust HOHOB — 3TO (PUBHKO-XUMHUYECKHUI MPOIECC, B CHJIBHOW CTEMEHU 3aBUCSIITUI
0T OOMEHHOI eMKOCTH KJIETOK KOpHSI.

[ToctynieHre HOHOB B KJIETKH KOPHSI IPOUCXOAUT U30UPATENIbHO U 3aBUCUT OT CKOPOCTH
aKTUBHOI'O TPAHCIIOPTA M CKOPOCTH YCBOEHHUS MHUHEpPAIbHOTO 3yieMeHTa. YeM Oomblie
CBSI3BIBAETCS B pacTEeHUH, Hanpumep, Gocdopa, TeM ObICTpee 3TOT AJIEMEHT ITPOHUKAET Yepes
MeMOpaHy B LIUTOIJIa3My KJIETKH KOPHS, @ U3 MOYBEHHOT'O PacTBOpa MOCTYHNAIOT HOBBIE €r0
MOPIUH.

9.3. B3anMoaelcTBHE U PeryJsilius CHCTEM TPAHCIIOPTA HOHOB U3 CpeAbl B KOPEHb U
3arpysku kcuiiembl. Cienuuka paauaaibHOro TPAHCIOPTA MHUHEPAJIbHBIX 3J1IEMEHTOB.

Cunrernyeckasi yHKUMSA KOPHS.

HepeHBI/I}KCHI/Ie IIOTJIOCHHBIX BEIICCTB H CHaO)XEeHHE MMM BCEX OpraHoB pPacTCHUA —
BaXXHasA COCTaBJIAIOIIAsA (1)I/I3I/IOJIOFI/II/I paCTeHHﬁ. IlornomieHHple BelIECTBa II0 pPacTCHUIO B
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OCHOBHOM IIEPEMEINAIOTCA B IIONEPEYHOM HANPABICHUM 4Yepe3 psJ KOPHEBBIX TKaHEH
(pu3oaepMy, KOPOBYIO IAPEHXUMY, 3HJI0IEPMMY, EPULIUKI) K IPOBOAAIIMM ITyuykaM. Takoi
TPAHCIOPT BELIECTB HA3bIBACTCS PAOUATLHBIM.

Ilepemerienue BeECTB POXOAUT UPE3 anonaacm WK cumniacm. B cocTaB amnomiacra
BXOIAT BIQXHBIC CTCHKM BCEX KJIETOK KOPHS M MEXKJICTOYHbIE NpocTpaHcTBa. OHHU
00pa3yloT HENpPEepHIBHYIO 30HY, 4Yepe3 KOTOpPYI0 BOJAa U HOHBI MOTYT AU(PPYHAUPOBATH
cBoOOgHO. Takue KIETOYHbIE CTEHKHM HAa3bIBAIOT  CB0DOOOHBIM — NPOCMPAHCHEOM.
[lepemernieHrie MOHOB O ANOIIACTY MPOUCXOAMT Kak 3a cyér nud¢y3uu, Tak U 3a CUET
0OMEHHOH aacopOLuH 110 rPaJUEHTY KOHIIEHTPALUU U YCKOPSAETCSI TOKOM BOJIBI.

JIBM>KEHME MUHEpPAJIbHBIX BEIIECTB II0 CHUMIUIACTY, IO KOTOPBIM IIOHMMAaETCs
COBOKYITHOCTh IIPOTOILIACTOB KJIETOK, COEAMHEHHBIX IUIA3MOJECMAaMM, OCYILECTBISAETCS
Onarojgapss JABWKEHMIO LUTOIUIa3Mbl, Mo ka”amam OIIC, a Mexay KieTkamMu IO
wia3mMoznecmaM. HampaBieHHOMY JBHXKEHHIO IO CHMILUIACTY CIOCOOCTBYIOT TI'DaJMEHTHI
KOHLEHTPALUU BELIECTB. DTU IPaIuE€HThl BO3HUKAIOT BCIEACTBUM TOTO, YTO MOCTYMAIOIINE B
KJIETKY BEILIECTBA BKJIIOYAKOTCS B MPOLECCHl METa0OIM3Ma U KOHLEHTPALUs UX CHHKACTCH.
bonbuioe 3HaueHuWe JUid  paAMAIBHOTO TPAHCIOPTAa MMHEPAIbHBIX BELIECTB HUMEET
HEpaBHOMEpHOe pa3BuTue TkaHed KopHsA. Ilocnennumu auddepeHunpyroTcss TKaHH,
Jexaluye B rIyOuHe KOpHS — 3TO BHYTPEHHHE 30HBI KOPHEBOW MApEHXHUMBI U MPOBOJSIIIEC
TkaHu. Ilpomeccel mMerabonu3mMa B HUX HamOolee aKTHBHBI, YeM B 3aKOHYMBILUX CBOE
pa3BUTHE HAPY)KHbBIX TKAHSIX.

Juddy3us MOHOB U MOJEKyd MO CBOOOJHOMY HPOCTPAHCTBY KIIETOK NpEpbIBAE€TCS Ha
ypoBHe sHpoaepMbl. [losicku Kacmapu cimyxar Gapbepom aisl TEpeIBHKEHHS BEHIECTB IO
amnoIulacTy, TaK Kak cojepkaT cyOepuH — BellecTBO obiajaroniee ruapodoOHbIMU
CBOMCTBaMH. EMHCTBEHHBIN ITyTh JAJIBHEMIIETO MEPEIBUKEHHS BEUIECTB YEPE3 IHAOAECPMY
— 9TO TpaHCHopT no cummuiacty. CylmecTBOBaHME B DJHIOJAEPME INPOIYCKHBIX KIIETOK,
MO3BOJISIET YaCTH MOTJIOUIEHHBIX BEIIECTB N30€KaTh METa00INYECKOT0 KOHTPOJIS.

CHUMIIIaCTHBI  TPAHCHOPT SIBJISIETCS OCHOBHBIM JIIi MHOTHMX HOHOB. AKTHBHBIM
IpPEBpalllCHUsIM TOJBEPraloTCcs COEAMHEHUs, CoJepKallue a3oT, yriepod, ¢ocdop, B
MEHBIIIEH CTENEHU — cepy, KalblLui, XJ0op. YacTh BEIIECTB HAKaIJIMBAETCS B BAKYOJISIX, B HUX
K€ HAKAILIMBAETCSl 3HAUUTENBHOE KOJIMYECTBO coiiel. HakorieHwe coneil B BakyoJsix
ABIIIETCS TIOJIE3HOM peakiueil opraHuzMa. Bakyonau WrpaimT CyIeCTBEHHYIO pOJb B
CUMIUIACTHOM  TPAHCIIOPTE  BEIIECTB:  IOIJIOLICHHME HOHOB  BAaKyOJsIMH  CHMIKAET
KOHIEHTPALMI0O WX B CHUMIUIaCTe U OOecHeuMBaeT CO3JaHhe TIpaJueHTa KOHIEHTpaIUH,
HE00X0IMMOTO JJIsl TPAHCTIOPTa BEIECTB.

3arpy3ka COCyJOB KCHJIEMbl HOHAaMU NPOUCXOAUT Onarogaps (QYHKIMOHUPOBAHUIO
MOHHBIX HAcocoB. B pe3ynbrare MHHEpaJbHBIE COJIU IOCTYNAIOT B COCYAbl U TPaxeuuabl.
Benen 3a HUMM 1O 3aKOHaM OcMOcCa BXOJIUT BOJAA M Pa3BHUBAETCS KOPHEBOE JaBIICHUE.
Tpancnupanus #  KOpPHEBOE JIaBJICHHE CHOCOOCTBYIOT —MEPEJBI)KEHUIO  AJIEMEHTOB
MUHEPATBLHOTO MUTAHUS 110 KCUJIEME B IPYTHe YaCTH pPacTEHHUSI.

K uucny BHemHHMX (DakTOpOB, BIUSIOMIMX HA TMOTJIOTUTEIBHYIO JESITEIbHOCTh KOPHEM,
OTHOCSITCS: TEMIIEPaTYPHBIN U BOJHBIN PeKUM MOYBBI, a’paius U pH mouBeHHOro pacTBopa,
a TaKKe ero KoHueHTpauusa. Ha nornomenne MUHEpaIbHBIX JIEMEHTOB OKa3bIBAET BIUSHUE
KOMIUIEKC B3aUMOJIEUCTBYIOMINX (DaKTOPOB.

OntuManbHas TeMIepaTypa MOYBbl I HOTJIOMEHUSI HOHOB KOPHIMM JJIsi OOJIBIIMHCTBA
pacrenuii cocrasiser ot 20 10 25°C, makcuManbHas — 0koj10 40°C U MUHUMANbLHAS — OKOJIO
0°C.

A30T 1 pochop aKTUBHO HOIJIOIIAIOTCS KOPHAMHU PAacTEHUH U NpHU TeMIepaType HHUKe
20°C, a xanuil B HE3HAYUTEILHOM KOJIMYECTBE MOXKET YCBAUBATHCS [aXKe MPU OTPHUIIATEIHHbIX
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Temneparypax. [[pudrHbI CHIKEHUS aKTUBHOCTH TOTJIOIIEHUSI MUHEPATIbHBIX 3JIEMEHTOB MTPU
MOHMKEHHOW TeMIlepaType IOYBBI CBOJSATCSA, MPEXKIE BCEro, K PE3KOMY YMEHBIICHUIO
WHTCHCUBHOCTHU JIbIXaHUSI KOPHEH, CHJIIBHOMY MOBBIIICHUIO BSI3KOCTH LUTOILIA3Mbl KIETOK
MOTJIONIAIOIINX KOPHEBBIX OKOHYAHHWN M YMCHBIIICHUIO TIPOHUIIAEMOCTH MEMOpaH JIJisi HOHOB
coJiei.

Huskue temmeparypbl OKa3bIBalOT Ha MOCTYIJICHHWE 3JIEMEHTOB MHUTAHHS, HAaIpUMEp, B
KOPHHM MIIECHUIBI IPSIMOE U KOCBeHHOE aelicTBue. [Ipsimoe neilicTBUE CBA3aHO CO CHUYKEHUEM
WHTEHCUBHOCTU AbixaHus. [Ipu 3TOM MakCMMalbHO MOAABISETCS aKTUBHOE MOTJIOILIECHUE, a
MIaCCUBHOE — M3MEHSAETCS B MeHblIeil creneHd. KocBeHHOE NEHCTBUE CBS3aHO C TEM, YTO
HU3Kas TeMIepaTypa B 30HE y3j1a KYIICHHS YyTHETACT POCT MIICHUIIBI, CHUKAET TOTPEOHOCTh
HAJ3E€MHBIX OPTaHOB B IHUIIE, BEJIET K MEPEHOTHEHUIO NX MUHEPAJIbHBIMH BEIIECTBAMU, UYTO U
MPUBOAUT K TOPMOKCHHIO TTACCUBHOTO MOTJIONICHUSI.

B 3aBuCHMMOCTH OT BHJa pacTE€HUIl ONTHUMAaJbHBIE TEMIEPaTyphl Ui (HU3HUOIOTHIECKON
JeSATeTbHOCTH KOPHEH HEOJAMHAKOBBI. ISl 37TaKOBBIX KYJIBTYpP ONTHUMAJIbHBIE TEMIIEpaTyphl
cocrapisitorT o1 18° g0 22°C, st TEmIonoOUBBIX PaCTEHMid (TOMAThI, OrypIbl) — oT 25° 10
27°C. Pa3juuubl TEMIIEPATYPHBIE ONTHUMYMBI M Ul Pa3sHBIX APYCOB KOPHEH. 3apobIlIeBhIe
KOPHHM IILIEHUIBI HOPMaIbHO (DYHKIMOHMPYIOT Tipu Temieparype 10°C u  Huxe,
KOJICONTHIIBHBIE KOPHU — IipH Temrieparype ot 14° 1o 18°C, a y3nossie ot 20° 10 25°C.

HaubGonee OnarompusiTHOH BIQXHOCTBIO TMOYBBI JUIS HOPMAJIbHOTO MPOTEKaHUs
MIPOLIECCOB TOTJIOMICHUSI JIEMEHTOB MHUHEPAIHHOTO MUTAHMS SIBIISIETCS COJCPIKAHHME BOIBI
paBHoe 60-70 % oT nosiHON BiaroeMkOCTH. KOpHM He B COCTOSSHUM YyCBaumBaTh 3JIEMEHTHI
MUTAHWS TIPH BJIAXKHOCTH IMOYBBI ONHM3KOH K Kod(ddummenty 3aBsmanus. [Ipu nmoHmKeHUH
BJIQKHOCTH TIOYBbl MOJBMKHOCTh IIOYBEHHOTO pacTBOpa CHMXKAETCS, HM3MEHSAETCS €ro
KaueCTBEHHBIA COCTaB B CBSI3U C PA3IMYHON PacTBOPUMOCTHIO coiield. CuiibHEee BCEro 3TH
M3MEHEHUSI OTPAXarTCAd HAa YCBOCHUU KOPHSMH 3JE€MEHTOB, HAXOMSIIUXCSA B MOYBE B BHUJIE
TPYAHOPACTBOPUMBIX coieil (docdop), B MEHbIIEH CTENEHHM — HAa YCBOEGHHWU XOPOLIO
pacTBOpUMBIX HUTpATOB. [IpH 3acyxe majaeT UHTEHCUBHOCTh POCTA, a C HEIO M MOTPEOHOCTH
B DJIEMEHTAaX MUTAHUS, 3a/IePKUBAETCA UX MOCTYIUICHHE U3 KOpHEW B MOOErH, CHMKAIOTCS
TEMITBl POCTa CaMUX KOpHEH, HapyIIiaeTcsi HOpMaJlbHOE TEUYEHHE MPOIECCOB METadon3Ma,
YTO ¥ MPUBOAUT K CHUKEHUIO MOTTIOTUTEIHHONW aKTUBHOCTH KOPHEH.

Ha mnornomnienne »51eMEHTOB MUHEPAJIBHOTO THUTAHUS OKa3bIBAaCT BIHMSHUE  adparfus
MouBkl. PhIXJas, CTpyKTypHas, ONTUMATbHON BIKHOCTH TIOYBA COACPKUT JOCTATOUHOE IS
JKU3HEICSITEIIbHOCTH KOPHEBBIX CHUCTEM KOJHMYECTBO KHCIOpojna, paBHoe 8-10%. OcHOBHOM
NPUYMHOW CHIDKEHHST MHTEHCHBHOCTH TIOTJIONICHUS MHHEPATbHBIX JSJIEMEHTOB IPHU
HEJIOCTaTKE KHUCJIOpOJa SBJSETCS TOJIaBIIEHHE a’pOOHOTO JbIXaHUS KOPHEBBIX CHUCTEM H
HapylIeHHe SHeprooOMeHa. B CHIBHO YIIIOTHEHHOW WM 3aTOIUICHHOW BOJOW IOYBE
COJIEpKaHUE KHUCJIOpPOJIa MOXKET TMajaTh IMOYTH 70 Hyas. B 3ToM ciiydae mnorjomeHue
MUHEPATBHBIX JIEMEHTOB MaKCUMAaTbHO UHTHOUPYETCS M MOXKET MOJTHOCTHIO IPEKPATUTHCSL.

Pe3koe CcHmWKEHHWE TIOTJIONICHUS MHMHEPAJIbHBIX OJJEMEHTOB HAOMIOJaeTCss  TpH
YMEHBLIEHUU coJiepkaHusi kuciaopoaa 1m0 3% u Huxke. [Ipu HepocraTke WM MOJTHOM
OTCYTCTBHHM KHCJIOpOJa B TIOYBE MPOUCXOAWT HAKOIUICHHE TOKCHYECKHX BEIIECTB |
yrHETEHUE a’pOOHBIX MHKPOOPTaHW3MOB. JleATeIhbHOCTh KOPHEBBIX CHUCTEM 3aBHCUT OT
KOHIIGHTpAIlMK MOYBEHHOTO pacTBopa. OnTuMmaiibHas KOHIIEHTpAIMs TTOYBEHHOTO PacTBOpPa
pa3uyHa HE TOJIKO JUIsl pa3HbIX BHJIOB PACTEHMM, HO U AJI OJHOIO U TOTO )K€ pacTeHUs Ha
Pa3HBIX JTAIaxX €ro KXU3HEIeATSITbHOCTH.

OnTuManbHbIe KOHIEHTPAIlMU MHUTATEIbHBIX BEIIECTB B MOYBE Ui TOMAaToB — 6,2-14,8
MMOJTB/KT, MOPKOBH — 4 MMOJIB/KT, JIyKa — 5-6 MMOJIB/KT, a JIJIsl OTYPIIOB U KaIyCThl — OoJiee 6
MMOJIB/Kr. C BO3pacTOM pacTeHUsi CIOCOOHBI BBIHOCHTH Bce Oojiee M 0ojiee BBICOKHE
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KOHLIEHTpauuu. B MoiogoM ke BO3pacTe BBICOKME KOHLEHTpAalMd IOYBEHHOI'O PacTBOpPA
JIEHCTBYIOT HAa PACTEHUS YTHETAIOLLIE.

VYcunenne MHTEHCUBHOCTH TPAHCIHUPALUU NPU MOHUKEHUU OTHOCUTEIBHOM BIIA)KHOCTH
BO3/lyXa B YCIIOBUSX HOPMAaJIbHOTO BOJOCHAOKEHHUS W MUTAHUS TIOJOKUTEIBHO BIHSIOT Ha
MOTJIOUICHHE MHUHEPAIbHOM MHIIU, a XOPOIIWE YCJIOBHUS OCBEIICHHUS OJaronpusTCTBYIOT
MOTJIOTUTENIBHOM AESTEIbHOCTH KOPHEH.

BOHPOCLI AJIsi CAMOKOHTPOJIA

1. TloTpeOGHOCTH pacTEeHHI B AJIEMEHTaX MUHEPATHHOTO MMUTAHMS.

2. OyHKIMOHAIBHAS KIaCCU(PHUKALMS IEMEHTOB MUHEPAIbHOIO IIUTAHUS.

3. Kopensp kak opras MoTJoOMIEHNs] MUHEPAIBHBIX JJIEMEHTOB, CIIEHIU(UISCKAX CHHTE30B
C UX Y4aCTHEM U TpaHCIopTa.

4. Mexanusmsl noctryiuieHust noHoB B CII 1 3HaueHue 3Toro 3Tarna noriouieHHus.

5. Mopgenu mnOCTyImJeHUsI MOHOB B KOPEHb, TPAHCIOPT MHUHEPAJIbHBIX BEIIECTB B
KCUJIEMY.

6. AMOMIACTHBIN U CUMIUIACTHBIN MYTh.

7. B3aumopneicTBUE M pEryisiliisl CUCTEM TPAHCIIOpPTa MOHOB U3 CpPelbl B KOPEHb U
3arpy3Kd KCHJIEMBI.

8. Cnenmduka paauaibHOTO TPAHCTIOPTa MHHEPATBHBIX SJIEMEHTOB.

9. Cunrernyeckas QyHKIHS KOPHSI.

10. CBs13b MOCTYIJICHUS U TIPEBPAIICHUS HOHOB C TIPOIIECCAMH JIbIXaHHUS.

11. JlanbHuit TpaHCIIOPT HOHOB.

CIIUCOK JIUTEPATYPEI

Ocnoenas

1. Wneuna H.A.®uzuonorus u 6uoxumus pacreHuii: Yueonoe nocodbue / H.A. Unbuna, N.B.
Cepreesa, A.W. Ilepersatko - YnbsHoBck-Capartos, 2013. - 335 c.ISBN 978-5-86045-613-6

2. Komkwun, E. V. ®usnonorus yCTOHYUBOCTH CENLCKOXO3IHCTBEHHBIX KYIbTYp: yueOHUK / E.
. Komkun. - M.: [Ipoda, 2010. - 638 c.: wi. - (YueOHUKH U yueO. TOCOOUS Ui CTYJCHTOB BBICIII.
yue0. 3aBenenuii). - ISBN 978-5-358-07798-0

3. CepreeBa, 1.B.®usznonorust pacteHuil ¢ ocHoBaMM 3Koioruu: YuebOHoe mocobue / U.B.
Cepreesa, A.U. Ilepersitko - Capatos, 2011. - 348 c¢.ISBN 978-5-7011-0740-1

4. ®usnosorus ¥ OMOXUMUS CENbCKOX03sMCTBeHHbIX pactenuit / mox pen. H.H. Tperbsikosa. M.
: Konoc, 2005. - 639 c.ISBN 5-10-002915-3

Jlononnumenvuas

1. buoxumus: yueOnuk / B. I'. llepbakos, B. I'. Jlobanos, T. H. IIpynaukosa. - 3- usn., UCIp. u
nor. - CI16.: TUOP/, 2009. - 472 c.: uxn. - ISBN 5-98879-008-9

2. Kosbmuna, H. I1. 3epHOoBeacHEe ¢ OCHOBaMHM OMOXMMHHU pacTeHUi: HaydHoe uznanue / H. I1.
Kozemuna, B. A. I'yabkun, I'. M. Cycnanok. - M.: Konoc, 2006. - 464 c.: . - (Teopetndeckue
OCHOBHI ITPOTPECCUBHBIX TEXHONIOTHIA: OnoTexnonorus). - ISBN 5-10-0039.
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Jlexknus 10
POCT U PABBUTUE PACTEHUM

10.1. Onpenesnenne NOHATHI «POCT» U «Pa3BUTHE» pacTeHuil. Oomme
3aKOHOMEPHOCTH POCTA.

Poct — 310 BakHEWIIMII MHTETpaNbHBINA MpOIecC B KU3HU pacTeHHi. OH 00benuHsET B
eMHOE IIeJIoe BCe MHOrooOpasue (U3nO0JIOro-OMOXMMHUYECKUX TMPOLECCOB — (DOTOCHUHTE3,
JbIXaHWe, TUTaHue, TpeBpalieHue BenecTs. PoCcT — 3To HeoOpaTuMoe yBelIM4eHHe pa3MepoB
pacTeHus, CBsI3aHHOE C HOBOOOpPAa30BaHHMEM 3JEMEHTOB CTPYKTypbl opranusma. I[lon
JJIEMEHTAaMU  CTPYKTYpbl ~ IIOHMMAlOTCSl  OpraHbl, TKaHW, KJIETKH, OpraHeulbl W
CyOMUKpPOCKOIIMYECKHE KOMIIOHEHThl KJIETKM — MeMOpaHbl H MakpoMmosekyinbl. [lof
TEPMUHOM «POCT» IOHMMAETCS HE TOJIBKO YBEIMYEHUE Pa3MEPOB PACTEHHUs, HO U SIBIICHUE
dbopMooOpa3oBaHusl HOBBIX OpraHoB U ux auddepenunanus. KauecTBeHHbIE U3MEHEHUS B
CTPYKType ¥ (PYHKIIMOHAJIILHON aKTHBHOCTH PACTEHHUS M €ro 4Yacteil (opraHoB, TKaHEH H
KJIETOK) B TMpoIlecce OHTOreHe3a HasbIBaeTcs pazsumuem. (OHTOTEHE30M HAa3bIBAIOT
WHAMBUAYAJIbHOE pa3BUTHE OpraHu3Ma OT 3UrOThl (WJIM BEreTaTMBHOIO 3ayaTka) [0
€CTECTBEHHOW CMEPTH.

Poct u pa3BuTHe TecHeimnM oOpa3oM CBs3aHbl JAPYr C JIPYroM M JieXaT B OCHOBE
IPOAYKTUBHOCTU pacTeHuid. [IpoaykTel ¢oToCHHTE3a, C OIHOI CTOPOHBI, OTKJIAJABIBAIOTCS B
3amac, ¢ JPYrol — MCIHOJIB3YIKOTCS Ha POCTOBBIE NMPOLECCHl. YeM HMHTEHCUBHEE POCTOBBIE
IpoIecChl, TeM 00JIbIIe 00bEeM M Macca pacTeHUH U BhIIIE ypoxKail.

10.2. TToka3atenn pocta, S-00pa3Hblii XapakTep KpPUBOii pocTa, ero ¢pa3bl. TUnbI
pocTa y pacTeHMid.

B mpupone y pacrenuil HaOiromaeTcst yepeloBaHHME MMEPUOJOB MHTEHCHBHOIO pPOCTAa,
3aMeJICHHs] WJIM MOJTHOM OCTAHOBKHM POCTa. JTO SIBIIEHUE HOCUT Ha3BaHUE NePUOOUUHOCU
pocma. IleprnoinYHOCTh pocTa PAacTeHUH MOKHO HM300pa3uTh B BHUIE S-00pa3HOM KpHBOM
(puc. 1) U ycCJIOBHO pa3fenuTh Ha TPU OTPE3Ka, YTO COOTBETCTBYET TPEM POCTOBBIM
nepuojiam. Ha nmepBom oTpeske KpUBOH pOCT MeUIEHHBIN (IIepHo]] HAuYaJIbHOTO pOCTa), 3aTeM
OH YCKOpSI€TCS M JOCTUraeT MaKCHUMaJbHBIX BEJIWYUH (IEepHoj OOJIBLIOrO POCTa), MOTOM
3aMeJUISIeTCs U TpeKpalaeTcs (MepUo 3aTyXaHHUsl U OCTAaHOBKH pOCTa).

B 3aBucumocTH OT BHUIa paCTeHI/Iﬁ MPOAOIKUTEIIBHOCTE POCTOBBIX IEPHOAOB MOXKET
ObITH camas pa3NuyHas. Y OJHUX 3HAUYMTENbHAs 4acTh BEreTallud NMPUXOAMUTCS HA MEPBYIO
BETBb KpUBOH (po3eTouHble (hOPMBI), Y APYTUX — HA IEpUo O0JIBIIOr0 pocTa (CHIBHOPOCIIbIE

pacrenust, aemMepsl, 3hemMeponIbl, CTETIONI REINVIIUECS PACTEHUSA).
1l

¢ KpuBas nepuoIMYHOCTH pOCTa PACTEHUS
| — mepuo HAYATBHOTO [ — nepuo 6oabroro pocta; I — mepno 3aTyXaHusl 1 OCTAHOBKH POCTa
Pa3nuuyaroT CyTOUHYIO0 U CE30HHYIO IIEPUOJUYHOCTD POCTA. Y CTAHOBJIEHO, YTO B TEYEHUE
CYTOK pACTEHMsSI PACTYT € pa3HOW CKOpocThrO. CyTO4Hash NEPUOJUYHOCTh POCTA YacTo
3aBHCUT OT KOMIUIEKCA JKOJIOTHYECKHX (PaKTOpoB, 0cobeHHO Temreparypsl. Ecmu
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TeMIepaTypa BO3AyXa HOYBIO JOCTATOYHO BBICOKA, TO PACTEHUs OBICTpee pacTyT HOYbIO,
€CIIM K€ HOYHAas TeMIlepaTypa CYIIECTBEHHO HMKE THEBHOH, YTO OOBIYHO HaOIOgaeTcs B
YCIIOBUSIX CEBEpa, TO PACTEHUS JaI0T OOJIBIINE MPUPOCTHI THEM.

PacTeHuss yMepeHHBIX IIUPOT COPACHIBAIOT OCEHBIO CBOHM JIHCTHS, MPHUOCTAHABIUBAIOT
pPOCT M BHAJAIOT B COCTOsSIHWE MOKOA. JIMHEHHBI pocT MOoOEroB y OJHOJIETHUX CEsSHIEB
JPEBECHBIX IOPOJ IPOJODKAETCA A0 cepeduHsl Jyera. C 3aMeIIeHUEM JIMHEHHOro pocTa
1no0eroB yCKOpsieTcs poCcT B TOJNIIMHY. Pa3Mepsl TUCTHEB YBEIUYUBAIOTCS MPUOIN3UTEIHHO B
TEeYCHHE Mecsla. B pocTe KopHel OOBIYHO HAOIOMAIOT JIBa MAaKCUMyMa (BeCHA U OCEHb) U
JBa MUHUMYMa (JIeTO U 3uMa). B 3TOM cilydae roBOpST O CE30HHOM MEePHUOJUYHOCTH POCTA.

B 30Hax ymepeHHOro KiIMMaTa CMEHa TEIUIOTO CEe30Ha XOJIOAHBIM OOYyCIOBIMBAET
[epexo]] 3UMYIOLIMX pPACTEHHH B cocrosiHue Mokos. Ilokol Xapakrepusyercs TeM, YTO
BUJUMBIA POCT MOJHOCTBIO MPEKPALIACTCSI U B TEUEHUE ONPEIEICHHOIO BPEMEHU HE
BO300HOBJISIETCS 1aXKe TIPU MIEPEHECEHUH PACTEHHM B OaronpusaTHbIe ycinoBus. Takoii mokoit
Ha3bIBaeTCs 2nybokum (OpraHudeckuM). Pa3nmuaroT TakkKe IMOKOH 6bIHYJcOeHHblIl, KOTia
pacTeHus CroCOOHBI TPOHYTHCA B POCT, HO YCJIOBUS Cpelbl HEOIAronpUsTHBI JIJIsI POCTOBBIX
npoueccoB. Pa3HOBUIHOCTBIO BBIHYKIEHHOIO MOKOS SABJISIETCS JIETHUN IMOKOM, CBOMCTBEHHBIN
MYCTHIHHBIM M TONYIYCTBIHHBIM pacTeHusM. [Ipu HacTymieHuu 3acyxu OHHM COpPAchIBAIOT
JUCThSI U BCTYNAIOT B COCTOSIHME OlleTIeHeHUd. Jlake y pacTyIllero pacTeHusl 4acTh OPraHoOB
HaxoJIUTCA B MOKOE, YTO CBOMCTBEHHO CIIAIIMM IOYKAM, aJIBEHTUBHBIM 3a4aTKaM KOpPHEM.
OnpeneneHHbl epuoJl BPEMEHHU B IOKOE HAXOAATCS JyKOBUIlbl, KiIyOHH. [lokoil cinemyer
paccMaTpuBaTh Kak OHOJOTHMYECKOe MPHUCIOCOOIEHHE K IMEePEHECeHUI0 HeOIarompusTHHIX
ycioBuil. B nepuosa nokost 3Ha4YMTENBHO BO3pAcTaeT YCTOWYMBOCTh K HU3KUM TeMIlepaTypam
U 00€3BOKUBAHUIO.

Hactynnenue mokos — 3TO peakiusi pacTeHUM Ha KOMIUIEKC (aKTOpOB: CHM)KEHHE
TEMIIEPATYPHI, COKPALLEHUE JUIMHBI THS, U3MEHEHHUE CIEKTPAJIBLHOIO COCTaBa CBETA U IPYTUE
BHelIHHE (HakTopoB cpenbl. I3MeHeHne AMHBI JHS BOCIIPUHUMAIOT JIMCThS, @ B OTCYTCTBHE
ux — nouku. Koryna 1HU CTaHOBATCSA KOpOUY€e, B PACTECHUSIX U3MEHSETCS COOTHOIICHUE MEXY
(UTOropMOHaMH, CTUMYJIMPYIOIIMMH M HMHTHOMPYIOIIMMH Tpolecchl pocTa. B muCcThAX
YBEJIMYUBAETCSl COJIEp’)KaHHWE MPHUPOJHOIO HHIUOMTOpa pocta — aOCHU30BOM KHCIOTHI,
KOTOpass TOPMO3HMT CHUHTE3 THUAPOIUTHYECKHX (EpPMEHTOB (amMHiIa3bl, MPOTEMHA3bl M JIp.)
HEOOXOIUMBIX JUIsl paclyCKaHHs MHOYeK M Jpyrux mnporeccoB pocra. M3 nucrteeB ABK
TPAHCIIOPTUPYETCA B MOYKM M «ychluieT» HuX. OIHOBPEMEHHO B TKaHSAX pPAacTEHUN
YMEHBIIIAETCS COAEPKAHUE €CTECTBEHHBIX CTUMYJISITOPOB pocTa, Hanpumep MYK.

OceHHue 0CaJKM M a30THBIE yJOOpEHUs 3aJep KUBAIOT HACTYIUICHHE IOKOs, a 3acyxa,
BbICOKasi TemrepaTypa U (ochopHO-KaIUNHbIE YIOOPEHUS YCKOPSIIOT BCTYIJIEHUE B MOKOM.
Crapble nepeBbsi BCTYNAIOT B IIOKOW paHbIIE MOJIOABIX. BCTyIieHME B NOKOH CBS3aHO C
HEeNbIM psiioM (U3HOIOrHUecKUX u3MeHeHud. CHavana 3aMeJUISIOTCS, 3aTe€M IOJIHOCThIO
3aTyXalT POCTOBbIE Ipouecchl. JIMHEMHBIH POCT 3aKaHYMBAETCA paAHBIIE, YEM POCT B
tonuHy. Odopmisercs BepxymedHas mouka. C 3TOro MOMEHTa MpeKpaliaercs
NeSITeIbHOCTh KaMOUsl B Oa3umeTasbHOM HaIpaBiIeHUU. B CBS3UM C 3THUM BEpXHUE YacTu
1no0eroB 3aKaH4YMBAIOT YTOJIIIEHUE PaHbIIIE, YeM HIDKHUE.

C ocnabneHueM JeATENBHOCTH KaMOWs YCKOPSETCS OTJIOKEHHE 3alacHbIX BEIIECTB.
Hanpumep, y JpeBEeCHBIX pacTeHHH MPOHMCXOIUT MaccOBOE OTJIOXKEHUE Kpaxmaia
(KpaxMaJHcThle MOpPOoJbl), KpaxMaya U >Kupa (’KMpPOBbIE MOPOAbI) CHayajga B TKaHAX C SICHO
BBIPQXCHHBIMU 3amacaroliMMHU (QYHKIUSAMH, 3aTeM — cO cMellaHHbIMU. CHHTE3 Kpaxmania
COMPOBOXKAAECTCA  CHWKEHHUEM  KOJIMYECTBA  PACTBOPUMBIX  CaxapoB. YMEHBIIAETCS
coJlep’kaHue CBOOOJHBIX AMHHOKHCIOT BCJIEICTBUE HHTEHCHBHOIO HCIIOJB30BAaHUS HUX B
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CHUHTE3€ 3alacHbBIX U 3AIIUTHBIX OEJIKOB. Y CKOPSIIOTCS MPOLECCHl JUTHU(UKAIIMU KIETOYHBIX
CTEHOK, UHAKTUBUPYIOTCSI pOCTOBBIE BEILIECTBA.

[Ipu BcTymiieHMH B MOKOHM cojepaHHe CBSI3aHHOM BOJABI MOBBIIIAETCS, a CBOOOAHON —
yMeHbIIaeTcsi. TKaHM HECKOJIbKO OO0E3BOXKMBAIOTCS, YTO OTPaKaeTCs Ha OKUCIHUTENbHO-
BOCCTAHOBUTEIBHOM pexuMe KiIeTOK. CTaHOBATCS MEHEe aKTUBHBIMU IEPOKCH/IA3a,
JIErUAPOTreHAa3bl, YTO IPUBOAMT K I1aICHUI0 UHTEHCUBHOCTH JIbIXaHUs. [1oBbIIIaeTCS BA3KOCTD
[IPOTOIJIa3Mbl, CHMXKAETCS €€ IPOHMIIAEMOCTb, ITOBEPXHOCTHBIE CJIOM MPOTOILIA3MBI
oOoramatroTcst KMpaMu M JunouaaMu. HakonuBimwmiics B TeUeHHE BEreTaluu Kpaxmail C
MIOHMKEHUEM TEMIEpaTyphl MEPEXOJUT B caxapa U KUPbI, YTO IOBBINIAET YCTONYHMBOCTH
pacteHuii kK Mopo3y. B riry00oKOoM MOKOE MHTEHCHBHOCTD BCEX (PM3UOJIOTMUYECKHX MPOLIECCOB
HaVMMEHbIIIAs, HO TIOJHOCThIO OHU HE PUOCTAHABIMBAOTCS.

Pa3Hble BHIBI pacTEeHU OTIMYAIOTCA MO INIYOMHE M MPOAOKUTEIBHOCTH IOKOSL.
['myOoKuii M MPOTOIKUTENBHBIM MOKOW XapaKTepeH Ui TaKUX JIPEBECHBIX MOPOA, Kak
JMCTBEHHUIIA CHOMPCKasi, COCHa OOBIKHOBEHHAs, AyO UYepelrdaTblii, SCeHb JIAHIICTHBIA U BA3
0oObIKHOBeHHBINH. HernyOokuil mokoit Habiromaercs y s0JIOHU CIUBOIMCTHON. OTCYyTCTBYET
ryOOKMI TOKOH y MHHIQmsA, a0pukoca © JAPYIHMX pAcTeHHH TPONMHUYECKOTO U
cyoTponuyeckoro kirMata. C rimyOuHOM U MPOIOIKUTENIEHOCTHIO TIOKOS Y OTAENBHBIX BUIOB
paCTCHHMIA KOpPPEIMPYET YCTOMYMBOCTh K HH3KUM Temmeparypam. Ilopombl ¢ TiyOOKuUM
MOKOEM OOBIYHO OTJIMYAIOTCA MOBBIIIEHHOW MOPO30YCTOMYUBOCTHIO.

10.3. Opranu3anusi MepucTeM KOpPHA u cTed.isA. PocT u 1esiTeIbHOCTH MepHCTEM.
Kiero4yHbie 0CHOBBI pocTa.

PocT pacTeHuil HemocpenCcTBEHHO CBSI3aH € (PYHKIMOHUPOBaHHMEM 00Opa3oBaTeNbHBIX
TKaHel — MeprucTeM. B MepucTemMax mpoucxoauT HOBOOOPA30BaHUE CTPYKTYPHBIX FIEMEHTOB
U aKTUBHOE JIeJIeHME KIETOK. MepucreMaruyeckue TKaHU CHENHMATU3MpPOBAaHbl Ha
ONpeAeNIeHHOM THIe pocTa. Pa3nnuaioT anukaiabHble (BEpPXYIIEUYHBIE), JaTepajibHbIE
(OOKOBBIC), HHTEpKAISIpHbIE (BCTAaBOUHBIE) MEPUCTEMBL. ATHMKaIbHbIE MEpPUCTEMBI
o0ecreunBaroT JIMHEWHBIN pOCT MOOETroB U KOpHEH, OOKOBBIE — POCT B TONIIUHY, BCTABOYHbBIE
— IPOMEKYTOUYHBIHI POCT.

MepucteMbl TOAPA3ACISAIOT Ha TEPBUYHBIE W BTOpUYHBIE. K MEpBUYHBIM OTHOCSTCS
BEpXYIlIeYHble U BCTaBOYHBbIE MepucTeMbl. OHM O0yCIOBIMBAIOT O0Opa30BaHHE MEPBUYHBIX
TkaHedi. Ko BTopbIM oOTHOcATCS OOKOBbIE MepucTembl (kamOuii, demmoren). Onu
00yCIIOBIMBAIOT 00Opa30BaHNE BTOPUYHBIX TKAHEH.

CrocoOHOCTh MEPUCTEMATUYECKUX KJIETOK K JEJICHUIO CBSA3aHA ¢ UX MOP(OIOTHYECKUM
CTPOEHHEM, XUMUYECKHM COCTaBOM U CHEIH(PHUESCKUMUA OMOXUMHUYECKHUMH OTIPABICHUSIMHU.
Knetkn mepucreMaTH4ecKMX TKaHEW, dalle BCEro MEJKHEe, pPAacIloyiaraloTcsi IUIOTHO, HE
00pa3yroT MeXKIeTHUKOB. (OOono4yka TOHKas, TMepBUYHOro cTpoeHus. llutomnazma
XapaKTEepU3yeTCcs BBICOKOW KOHIeHTparuei OenkoB, munouaoB, PHK. B tumumanasx
MEPUCTEMATUYECKUX KJIETKaX HET LEHTPAJIbHOW BaKyoOJd, a >KHJAKOCTh paccesHa o
LUTOIJIa3Me B BUJIE MEJIKUX Kamellek.

MUTOXOHIpHUH MEPUCTEMATHYECKUX KIETOK Pa3HOOOpa3HBbI MO BEIMYHUHE M Pa3BUTOCTH
BHYTpeHHUX MeMOpaH. CTemneHb pa3BUTHS MHUTOXOHJIPUI yKa3bIBa€T HAa WX OTPaHUYCHHBIC
BO3MO>KHOCTH B OTHOILLIEHUH JIBIXaTEJIBHOIO IpoIiecca.

B Momompix MepucTeMaTHYeCKHX KJIETKaxX TUTACTHUIBI TPEICTaBICHbl WHHUIIAATbLHBIMHU
gacTullaMd. Bo B3pOCIBIX MEpPHCTEMAaTHYECKUX KIETKAX OHH MPUOOPETAIOT AIITUIICOBUIHYIO
dbopmy. B HMX HauMmHAIOT (HOPMHUPOBATHCS JAMEIUISIPHBIE CTPYKTYpbl. OOBIYHO XKe B
MEPUCTEMATUYECKUX KIIETKAX MIACTUAbI HAXOJATCSA B COCTOSIHUM MPOTOILUIACTU/I.
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DHJoMmIa3MaTuyeckasl ceTb YMEpEeHHO pas3BuTas. llepen neneHueM KJIETOK OHa CHUIIBHO
paspactaercs. B nuTomiasMe MOJOIBIX MEPHCTEMATHYECKHX KJIETOK CBOOOIHO JIeXKar
puOOCOMBI, HO TIO MEpe pa3pacTaHus YHAOIUIA3MATHUECKON CEeTH OHM PaclojararoTcs BJIOJb
ee MeMOpaH B IOIPaHUYHOM CJIOE I1JIa3MBbI.

10.4. Mexanu3mbl Mmopgorenesa pacrenuii. [lonsipaocts. MHAYKIMSA reHeTHYECKHUX
NporpamMm, Mop(oreHeTH4ecKrue rpaJueHTbl 1 OPHEHTALUS KJIETOK B IIPOCTPAHCTBeE.
ILe10cTHOCTL U KOPPEJATHBHOE B3aUMO/AEHCTBHE OPIraHOB.

Opranbl pacTeHU# pacTyT COTIAaCOBAaHHO M BO B3aUMHOM cBsi3u. Ecin kakoit — mbo opran
MOBPEXKACH WU HEIOPA3BUT, 3TO KOMIIEHCUPYETCSl YCUJIIEHHEM POCTa aHAJIOTUYHOIO OpraHa
WIM BO3HMKHOBEHHEM HOBBIX OpraHoB. BzanMHoe BiMsHHME YacTel, OpraHoB, TKaHEH Ha
XapakTep X POCTa U pa3BUTHUS HA3bIBAIOT KOPPEIALUEH.

Paznnuatror Koppensuuu  IBYX THUIOB: TpO(QUYECKHE, KOTOpbIE PETYIUPYIOTCS
MeTa0O0IMTaMu OOILEro TUIIA, U TOPMOHAJIBHBIE — KOTOPBIE PErYIUPYIOTCS (UTOrOPMOHAMHU.

SpkuM NpUMEpPOM B3aUMOCBSI3U M B3aMMOOOYCIIOBJIEHHOCTH POCTOBBIX HPOLIECCOB Y
pacTeHHH SBISAETCS BIUSHUE PACTylled BEPXYLIKM Ha II0YKH, PACIOJIOXKCHHBIE HMIKE.
Hampumep, y COCHBI U €11 BEpXYIIKa CTBOJIa OOBIYHO 3aKaHYMBACTCS BEPXYIICYHON IMOYKOM,
BO3JIE OCHOBaHHUS KOTOpOW pacmosiaraercsi MyToBka u3 4 — 5 OokoBbix nouek. Ilpu
pacIyCcKaHMM IMOCJIEIHUX BECHOM U3 HUX Pa3BUBAIOTCS NMOOErd — IVIaBHBIA BEPTUKAIbHBIN U
O] OINpENeIeHHbIM YIJIOM — OOKOBBIE. EciM MOBpenuTh BEpXYLIEYHYIO MOYKY, TO 4acTb
noOeroB HAuyMHAET pacTH CTPOr0 BEPTUKAIbHO, KaK TJaBHBIM TOOEr, MOsBIsAETCS
MHOTOBEPIIUHHOCTb.

SIBneHMsT KOppeNslUU HIMPOKO MNPUMEHSETCS NpU (OPMHUPOBAHUU KPOH Y IUIOAOBBIX
JIEPEBbEB, B O3EJICHUTENBHBIX NOCAAKaX AJIS CO3/aHUS T'YyCTOM KPOHBI ,IIOJIPE3KE KOpPHEHN n
HAJ36MHBIX YacCTEH y CESHIIEB U CAKEHIIEB Iepe] MOCAJKOM, BBIPAIINBAHUE JEKOPATUBHBIX
pacTeHul U T.1.

Wrak, ynanenue BepXylKH MoOera Uik KOHUYMKA KOPHS MPUBOAUT K Pa3BUTHIO OOKOBBIX
BeTBel (moOeroB) u OOKOBBIX KopHeH. [Ipupona 3Toro siBneHus oObICHIETCS MPUTOKOM U
COJIepKAHNUEM IUIaCTUYECKHX BEIECTB, CTUMYJISITOPOB M HMHIHOMTOPOB (PU3UOJIOTMUECKUX
nporeccoB. Tak, IOYKH, HAXOASIIMECS B IOKOE BCIEACTBUE KOPPEIATUBHOIO TOPMOKEHUS
OpU CWIBHO BBIPAKEHHOM aNHUKAJIBHOM JIOMUHUPOBAHMM M MHIMOMPOBAaHMHM OOKOBBIX
Ma3yIIHbIX NOYEK (COCHA, ellb, Y MOJACTPUTraeMbIX PACTEHUN KUBON M3rOpoJin), IO-BUIUMOMY
HEI0CTaTOYHO MOJIYYat0T MUTATENbHBIX BEIIECTB U (PUTOTOPMOHOB.

ITo B.B.IToneBomy (1989), BaxkHeHIINMM 3HIOTEHHBIM MEXaHU3MOM pOCTa U MopdoreHesa
B ILEJIOM pPACTEHUU SBIAETCS TOPMOHAIBHOE B3aUMOACUCTBHE [JBYX JIOMUHHUPYIOIIMX
neHTpoB: Bepxymku nodera (UYK) u Bepxymiku kopHsi (uurtokunuH). braromaps UVK B
aNMKaJbHON MTOYKE CO3/IA€TCSI MOLIHBINA aTTPArupyrOLINi LIEHTP U B PE3yJIbTaTe MUTATEIbHbBIE
BElIeCTBAa M IUTOKHMHHMH, CHHTE3UPOBAHHBI B KOPHSX, MOCTYMAIOT MPEUMYLIECTBEHHO B
anuKajabHYH MoYKy. [Io ’TOMy NpUTOK HUTOKMHMHA K Na3yLIIHBIM ITOYKaM I10CJIE YyCTPaHEHUS
aNUKaJIbHOU CTUMYJIMPYET B HUX KJIETOUHbIE JI€TICHUS

[Tpumepom TpopHUUECKUX KOPPEALBII MOXKET CIYXHT COOTHOILIEHHE pocTa KOpHEH u
HAJ36MHBIX YacTel B 3aBHUCHUMOCTH OT CHaOkeHus ux mumel. [Ipu ocrnabieHHOM TpHUTOKE
ACCUMWJIITOB B KOPHU POCT MX 3aMeIseTcs. 3aMeUIsIeTcsl U POCT MOOEroB MpH CHUKEHUU
MOTJIOTUTENIBHOW aKTUBHOCTH KOpHEH. C KOppesiMsIMU TECHO CBSI3aHO JPYro€ CBOMCTBO
pacTeHHii — MOJIAPHOCTh. TUIMYHOE BBICIIEE pACTEHUE MPEACTABISAET COOON OCh, HA OJTHOM
KOHIIE €€ pacIiojlaraercsi Hooer, Ha IpyroM — KOpeHb. BJiob ocu B onpeeIeHHOM MOpsiIKe
pacrioyiaraloTcsi BETBH, JIMCThS, IIBETHI, OOKOBBIE KOpHU. PocT BIOJL Oocu uaeT ObicTpee, 4yeM
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NEPIEHIUKYJIPHO MM 10X yriaoM K Hel. OceBas OpHEHTaLMs PacTCHUM M OCEBOE
NposiBICHNE (PU3HOIOTHYECKUX Pa3IMYUi MOTYyYHIIN Ha3BaHUE MOJSPHOCTH.

dusnonoruyeckas INpupoja MOJAPHOCTH OOYCIOBIEHA HAIMYMEM CTPYKTYPHBIX U
(GyHKIMOHATBHBIX TpaaneHTOB. OHA MPOSBIAETCS YK€ B TOM, UYTO OINpPE/IEICHHBIC BEIIECTBA
NIEPEBUTAOTCS 110 IIPEUMYILECTBY B OJHOM HarpasieHuH. K nmpumepy, ayKCUHBI JBUTAKOTCS
0aszuneranbHO (B HU3), @ HIUTOKMHUHBI aKPOMUTAIBHO (BBEpPX) OT KOPHEH K rmoderam.

[TossspHBI HE TOJIBKO OpraHbl U TKAaHW, HO U OTIENbHbIC KIETKU. II0IApHOCTH KIIETOK
IIPOSIBIISAETCS B IVIOCKOCTH MX JIEJIEHUS, PA3HOM XapaKTepe MaTEpUHCKUX U I0UEPHUX KIIETOK.
VKe Ipu NEepBOM [EINECHUM SHWLEKIETKU BbLACAIOTCA moiroca. [lonspHoe pacrnosnoskeHue
OpPraHOB BO3HUKAeT OYEHb paHO NpuU (OPMHUPOBAHMU 3aPOABINIA: HA OJHOM KOHIIE
pa3BUBaeTCid KOPEUIOK, a Ha JpyroM 3auyaTok crebns. IlosmspHOCTh mnposBisiercs B
oOpa3oBaHMM Ha MOP(OJIOTUYECKH BEPXHEM KOHIIE CTE0JIEBOrO dYepeHKa moOera, a Ha
MOP(OJIOrMUECKH HUKHUM — KOPHEH HE3aBUCHUMO OT TOrO, B IPSMOM WJIHM NE€PEBEPHYTOM
MIOJIOKEHUHU HAXOJIUTCS YEPEHOK (CM.pHC.).

C monspHOCTBIO CBsI3aHO OOpa3oBaHME KarocoB. Ha 0a3anbHOM KOHIE UYEpEHKOB
HaIUIBIBbI 00Pa3yIOTCS PaHbILIE U OHU MOIIHEE, YEM HA AallUKAJIbHOM.

SIBneHHE MOJIAPHOCTH IIMPOKO MCIIOJIB3YETCS IPU YEPEHKOBAHWM DPACTEHUH, IIpU
NPUBUBKAX U IPYTUX BUAAX BEr€TATUBHOIO Pa3MHOKEHUSI.

C sBIEHUAMH pOCTa CBSI3aHbI JBUKCHMSI OPraHOB PACTEHUS M U3MEHEHHUS UX IOJIOKEHUS
B NPOCTPAHCTBE. J|BUYKEHUSI UIPAIOT BEChbMa Ba)KHYIO pOJib, TaK KaK, U3MEHSSI OpPUEHTAIUIO
pacTeHHil B MPOCTPAHCTBE, MO3BOJIAIOT JOOBIBATH UM JOCTYIHYK BOJLY U MHMHEPAIbHYIO
NUILY, OCYHIECTBJIATh (POTOCHUHTE3, MHCIIOJIB30BATh PALMOHAIBHO IUJIOLAAb IUTAaHUS B
TPaBOCTOE, APEBOCTOE.

Ilon Ttponu3smMamMu TIOHMMAalOT M3rMObI OpPraHoOB IO/ BIMSHUEM OJHOCTOPOHHE
JelcTByomuX (hakTopoB.

Boiaenstor reorponusM — HampaBiIeHHE pPOCTa B 3aBUCUMOCTU OT CHJIBI 3€MHOIO
nputsbkeHus. [1010KUTEeNbHBIN T€0TPONU3M Y INIaBHOTO KOpHA. OH pacTeT B HAIPaBJIEHUU K
HeHTpy 3emiu. OTpunatenbHbli TreoTponu3M Yy TiaBHoro mobera. OH  pacter B
IPOTUBOINOJIOKHOM HaIlPaBJIEHUU.

JIBI>KEHMsI, BbI3BaHHBIE JEUCTBHEM CBETa, HA3bIBAIOT (POTOTPOMU3MOM, XMMHUYECKHX
BEUIECTB —  XEMOTPONU3MOM, BOJbl — THJAPOTPONU3MOM, TeMIepaTypol —
TEPMOTPOIIU3MOM, MATHUTHBIM I10JIEM — MarHUTOTPOIIMU3MOM.

[Tox HACTHSIMU TTOHUMAIOT JBUXKEHUS OPTaHOB MO BIHMSHUEM BcecTOpoHHU (Auddy3HO)
JecTBYIOMUX (HPaKTOPOB, OOYCIOBICHHBIE U3MEHEHUSAMHU UX (PU3HOIOTUYECKOTO COCTOSHHMSL.
Boirenstor anuHacTuM (M3rud opraHa KHU3Yy) M TMIIOHAcTHH (M3rub opraHa kBepxy). Hactumu
CBOMCTBEHHBI JJOPCUBEHTPAIbHBIM OpPraHaM, y KOTOPbIX J0pcajibHasi 1 BEHTPajIbHasi CTOPOHBI
00J1a/1a10T pa3HOi YyBCTBUTEIBHOCTBIO K pa3/ipakaroiuM (haKkTopaM.

K ocoOpiM BHIaM JIBMXKEHUS OTHOCSTCS HYTAallMM — KPYTOBBIE BMIKCHUS U JIBUKECHHUS
BBIOIIUXCS PACTEHUM.

TponusMel. Tponu3MbI OTHOCSTCSI K OCHOBHBIM BHJIaM POCTOBBIX JBUKeHUI. He3aBucumo
OT BBI3BIBAIOIIEH TPUYMHBI, MECTOM BOCIPUATUS pa3JIPaKEHUS OOBIYHO SIBIISIFOTCS
MepucTeMaTuieckue 30Hbl. C MpeKpalieHneM pocTa TPOIIUYECKAsT PEAaKIMsl HE MPOSIBIISETCS.
Tak, ryIaBHBIA KOPEHb BOCIPUHUMAET I'€OTPONMYECKOE BO3ACHCTBHE CBOMM KOHYMKOM. Ilo
Mepe yJaleHHsl OT KOHYMKa BOCIIPUMMYHUBOCTH CHIbKaeTcs. [Ipu ynaneHun KOHYMKa KOPEHBb,
HE pearupyeT Ha CHIIy 3¢MHOTO MPUTSHKEHUS 10 00pa30BaHUs KOPHS 3aMEHUTEIS.

Y  [OpopocTKOB 37aKOB  (POTOTPONMYECKOE BO3ACHCTBUE BOCIPHHMMAET BEpXYIIKa
KOJICONTUIIE, Y B3POCIBIX HIMPOKOJIMCTHBIX PACTCHUM — JINCT. JIMCT nepenaeT ero 4yepemxy.
[Tocne mpekpaiieHust pocTa 4epenika JIMCT IPUHUMAET OKOHUYATENIbHOE NojoxkeHue. Becbma
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MHTEPECHbl B 3TOM OTHOLIEHWM KOMIAcHble pacTeHus (naryk). [lmacTWHKM HMX JMCThEB
pacroJiararoTCs BEpTUKaIbHO B INIOCKOCTU CEBEpP — IOT.

I'eoTponnyeckoil 4yBCTBUTEIBHOCTHIO OO0JAJAIOT MEXIOY3JIMsl 3J1aKOB, TOYHEE, MX
UHTEpPKAISIpHbIE MepUCTEMBL. Ha 3TOM CBOMCTBE OCHOBAHO BBIIPSAMIICHUE COJIOMMHBI IIPH
IIOJIETAHUH.

W3rubanve npu MOJIOKUTEIbHON WM OTPULATEIbHOM TPOIMYECKOW peaKkiuu
IPOMCXOIUT BCIIEACTBUE HEPAaBHOMEPHOI'O pOCTa Ha Pa3HbIX CTOpoHax opraHa. M3rud
IIPOUCXOAUT B CTOPOHY 3aMEJIEHHOIO POCTA B 30HE PACTSKECHHUS.

Hactun. Hactuu, kak ¥ Tponu3Mel, ObIBatOT Pa3IUYHBIX TUIOB. Beiaensior goToHacTuy,
TEPMOHACTUH, HUKTUHACTUU U CEHCMOHACTHUU.

@DOTOHACTHH — PaA3JIUYHOE PACIOJIOKEHUE OPraHOB B 3aBHCHUMOCTH OT OCBEILEHHOCTH.
Hanpumep, y IpUKOPHEBBIX PO3ETOK MOJOPOKHUKA B TEHU JIMCThS PACIIOIAraroTCsi KOCO
BBEPX, Ha COJIHLE—IIPIKUMAIOTCA K 3eMiie. [[BeTbl MHOIMX pacTeHMH IIpU IIEpEMEHE CBETa
3aKpBIBAIOTCA U OTKPBIBAIOTCS, YTO UCIOJB3YETCs IIPU IOCTPOSHUH [IBETOYHBIX YaCOB.

TepMonacTHuecKkue ABMXKEHHUS CBsA3aHbl C IepeMeHoi TeMmmeparyp. K npumepy, nBeTs
TIOJIBIIAHA M KPOKYyCa OTKPBIBAKOTCSA IIPH IOBBIIMICHWHM TEMIIEPaTypbl M 3aKpPBIBAIOTCS OT
xonoma. Jlns Kpokyca HyXHa HeOoJbIIasg pa3HHULA TeMIepaTyp, Jis THOJIblIaHA —
3HAQ4YMUTEIIbHAS.

HuktvHacTMM — JBWJKEHHUS CHA H3BECTHBI y IEPUCTBIX JIMCTHEB. Takue JIMCTOBBIE
IUIACTUHKA HOYBIO IIPUHUMAIOT BEPTUKAIBHOE IIOJIOKEHHE, a JHEM — TOPHU30HTAIBHOE.
Berpeuaroress  pacreHus, KOTOpble B TEMHOTE OIYCKAIOT YEPEIIKW WIM, HaIpOTHB,
IIOJAHUMAIOT, Y OJIHUX MapHbIE JUCThs IOBOPAYUBAIOTCS APYT K APYT'Y BEPXHUMH CTOPOHAMM,
y ApyruX— HWKHUMU. HUKTUHACTUYECKHE IBUKEHUS CBOMCTBECHHBI U LIBETAM.

CelicMOHacTUM — JBWKEHHS, BbI3BaHHbIE COTpsiceHUsIMM. OHM HE OTHOCSTCS K
POCTOBBIM, a 00YCJIOBJIEHBI H3MEHEHUSIMU TYpropa B MECTaX COYJICHEHHS JIHCTa CO CTeOIeM.
CelicMOHacTUUYECKHE JIBM)KEHHUS JIydllle BCETO HM3Y4YeHbl Ha NMPHUMEpPE MHMO3bl CTHLIJIMBOMI
(Mimosa pudica). MumMo3a — [0)XKHOaMEPUKAaHCKOE pacTeHHE, UMEET JJIMHHBIE YEpPEeIIKU C
XOpOLIO PAa3BUTBIMU MOAYIIEYKAMHU COUYWICHEHUH, JUCThA mepucteie. Ilpu corpsacenun
TJIABHBIN YEPEIIOK OIYCKAETCsl, a JUCTUKH JIOKATCS IPYyT Ha Apyra.

CelicMOHACTUYECKUE JBUKEHUS OCYLIECTBIISIOT ECTUKU U THIYMHKH HEKOTOPBIX LBETOB,
YTO CHOCOOCTBYET MepeKpecTHOMY onblUieHH0. C 3TUM Ke SBJICHHUEM CBS3aHO
pa3OpacbiBaHME CEMSH Yy psla pacTeHUi, XBaraTeJbHbIC IBM)KEHHS Y HACEKOMOSIHBIX
PacTUTEIBHBIX OPTaHU3MOB.

Hytauunu. [Ton HumMun nonnMarores kpyrossle nenmxenus. Hassanue nano Y. Japsunom. C
MOMOIUIbIO CTEKJISTHHOW HUTH, YKPEIUIEHHON Ha BepXyllIKe rmobdera, ObUIO yCTaHOBJIEHO, YTO
BEpXYIIKa Modera MoCTOSIHHO OTKJIOHSETCS, OT OTBECHOM JIMHUU U OMUCHIBAET KPYT.

@u3nonaornyeckas MNpPUPOAA POCTOBBIX JBWKEHHW. Pa3nuuHyr0 CKOpOCTBH pocTa Ha
pasHBIX CTOpPOHAX M3rHOAlOIIerocsi OpraHa 4Yaile BCEro CBS3BIBAIOT C T'PaMEHTOM
coJiepkaHus aykcuHa. Ero 60sb1iie Ha CTOpOHE C MOBBIIIEHHOW HHTEHCUBHOCTBIO POCTA.

Paznuuust B colepKaHMM AayKCHMHOB OOBACHAIM OOKOBBIM mHepemenieHueM. OJHaKo
NPSMBIX J0Ka3aTelIbCTB 3TOr0 HET. BeposTHee BCEro HEMOCPEICTBEHHOW  MPUYMHOU
U3MEHEHUH B COJIEPKAHUU SABISIOTCS MeTa0oanueckue (haKTOphl, BHI3BIBAIOILINE TOSBICHHUE
ANEKTPUYECKUX TPAJUEHTOB, NOJIApU3AlMU. B 3TOM OTHOLIEHHWH BEAylIee MECTO, BHIHUMO.
[lpunaanexxut KoneOaHUSIM B AKTUBHOCTH (DEPMEHTOB, HWHTEHCHUBHOCTH JIBIXaHMA,
3aMEJICHUI0 WM YCKOPEHHIO IO0TOKAa IUIACTMYECKUX BEIIECTB. SICHO, 4YTO pOCTOBBIE
JBIDKEHUS OOYCIIOBJIEHBI KOMILJICKCOM  (PU3UOJOTMUYECKUX HW3MEHEHUH, BBI3BIBAIOIINX
yCUJIEHHE WIN 3aMeaneHue pocta. Mx rimybokoe u3yueHHe MO3BOJIUT CO3/4aTh TEOPHUIO
ME€XaHU3Ma HEPaBHOMEPHOTI'O POCTa.
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1. Ompenenenue MOHATUH «pPOCT» U «pa3BUTUE» pacTeHHU. OOIIKE 3aKOHOMEPHOCTH
pocTa.

2. Tloxasarenu pocra, S-00pa3HBIN XapaKkTep KPUBOH pocTa, ero Gasml.

3. Tumnsl pocta y pacrenuil. Opranusanus MEpUCTeM KOPHS U cTeOIs.

4. PocT U 1eATeTbHOCTh MEPUCTEM.

5. KierouHsle 0CHOBBI pocTa.

6. Mexanu3mbl Mopdorenesa pactenuid. [lonapHOCTb.

7. WHIyKuus reHeTH4ecKuX Mporpamm, MopGOreHeTH4eCKue TpajueHTbl U OpUEHTALUS
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Jlexnusa 11

TOPMOHAJIBHASI PETYJISIIIAS POCTA U PA3BUTHUSA PACTEHHUIA.

11.1. AykcuHbl.

AyKCHHBI CUHTE3UPYIOTCS B PACTEHMIX pa3HbIMU IyTsiMu. Panee cumranocs, yto UYK
oOpa3yeTcs eIMHCTBEHHBbIM nyTeM — u3 Tpunrtodana. Cuntes UYK naer kak MUHUMYM B
Tpu craguu: aekapOokcuimpoBanue (ynanenus CO2); nesamuHupoBanue (ymaneHue NH2-
IPYIIIbl); OKUCIICHUE.

Jlnst mccnenoBaHus METaOOIMYECKUX IMyTeHd, Bemymmx oT Tpuntodana k MYK,
MO —JIy4eHBl MYTAHTHI, HE CIHOCOOHBIE K CHHTE3y TpHUNTO(aHa, TEM HE MEHEEe y MYTaHTOB
CHUHTE3 ayKcHHa He MeHscs. OueBUAHO, ecTh U apyrue nytu cunreza MUYK, B koTo—pbIx
Tpuntoan He ydacTByeT. B HEKOTOpBIX pAaCTEeHHAX TaKMX NYyTeH HECKOJBKO:
TpuntodaHoBslii U «HeTpunTopaHoBeie». [lociae oOpasoBanus MYK moxer cBs3bIBaThCA C
caxapaMu, aMHHOKHCIIOTAMU WM HEOONbIIMMHU OelkaMu, 00pa3ysl HEaKTHUBHBIE (3alacHBIC)
dopmsl. [Ipu HeoOxoaumoctu UYK ocBoO0KaaeTCS U3 KOHBIOIATOB.

NYK obpasyercst B mepuoj; pocta 3apojbliia, a Ipu co3peBaHnu HakarumBatoTrces MYK-
IJIMKO3UABl. B IIpOpocTKax OHM TPaHCIOPTUPYIOTCS B ANEKC KOJICONTWIISA, TIE€ aKTUBHBIN
ayKCUH BBICBOOOXIAETCS M IEpepaclpeiesieTcss MO KOJEONTUI B 3aBUCUMOCTU OT
ocBelleHHOCcTU. KoneonTuie — BpeMEHHbIH OpraH MpopocTKa 3J1aKOB, HEOOXOAMMBIN JJis
IpoOMBaHUs NMOYBBL. BHYTpH Hero 3akitoueHa anukajibHas MepucTema nodera, oOpa3yrolas
crebesnb M JUCThs. VMIMEHHO B anMKagbHOM MepUCTeMe, a HEe B BEPXYIIKE KOJEONTHIISA
cocpeoToueH cuHTe3 aykcuHoB. YK Moxer HeoOpaTumo pa3pymiaTbcsi. ITO MPOUCXOIUT
6o  cnemuduueckn (¢ momouipio  UYK-okcmpaser), mmbo — Hecmeuuduuecku
(monudeHoaokcu1a30M1).

Takum oOpa3omM, o Mepe yJajleHUs] OT TOYKM CHHTE3a KOHLIEHTpALMsl ayKCMHOB Maj1aeT
3a cYeT HeOOPATUMOI0 OKUCIIEHUSI U CBSA3BIBAHUS B HEAKTUBHBIE (DOPMBI.

B nuromnasme, cpena Oosiee 1mienovHas, 4yeM cHapyku, nostomy MYK nuccomuupyer u
craHoButcs WVYK -anmonoM. Beixon MYK w3 KIE€TKM akTUBHBIE — C IO MOIIBIO
TpaHCMEMOpPaHHBIX MEPEHOCUYMKOB, paboTaromux ¢ 3atpatoi sHepruu. «Hacocw» (efflux
carrier) pacrojiO’)K€Hbl B HHKHEH 4YacTH KIJIETKH, YTO OOECHEeYMBAET MOJSPHBIA TPAHCIIOPT.
[Tepenocsmmii Genok KOHKypeHTHO uHruoupyercs Tpuuonodenzoarom (TUBK). IMomyuenst
MyTaHThl, He uyBcTBUTENbHbIE K TUBK, y KoTOphIX M3MeHeHbl Oenku-nepeHocunku MYK .
Takum Oenxom okazancst PIN. TIpum myrtamuu pin MOJSPHBIM TPAaHCIOPT ayKCHHA CHUJIBHO
CHU)KAETCS, YTO MPUBOAMT K H3MEHEHHSIM B MOPQOJOTUU paCTEHUIl, CBSI3aHHBIM C
HapylIeHHUEeM NpOCTpaHCTBEHHOro pacmperneneHus aykcuHa. C Oenxom PIN, BeiHOCSAIINM
NVYK u3 KJIeTKH, acCOMMpO—BaHa PErysTOpHas CyObequHHIA, KOTOpasl CBA3BIBAETCS C
HapTundranamuHoBoi kucioroit (HOK) — eme onaum 6mokatopom Tpancmopra UYK.

Ha pomp pementopa aykcuHa mpereHayer Oeimoxk ABP 1 (auxin binding protein). B
OOJBIINX KOJIMYECTBAX OH OOHAPY)KMBAETCS B IHAOIUIA3MATHUECKOM PETHKYIyMe, OTKyla
nyreM BcTpaumBaHus memOpan OIIP momapmaer B mnasmanemmy. I[lpucyrctBue ABP 1 B
IUla3MajeMMe TI0Ka3aHo ¢ ToMolIplo  crneuu¢pudeckux anturen. Ilpu  oOpabotke
MPOTOIJIACTOB 3TU AaHTHUTENA YKPAHUPYIOT CalT cBA3bIBaHMS aykcuHa Ha ABP 1, orBersl Ha
aykcuHsbl O1okupyrotes. Yepes 60—120 ¢ mocne cBsi3pIBaHUA ayKCHHa ¢ perentopamu (ABP
1) ¥ BKIIFOUEHHs] CHUCTEMBbI BTOPUYHBIX MECCEHJDKEPOB perucTpupyrorcs Toku Ca2+ depes
mMeMmOpaHy, a uepe3 5 — 7 muH akTuBHpyercss H+-momma u 3amereH 3¢ ekt 3akuciaeHus
anorutacta (H+ Beixomar u3 kietku). [locne mepBUYHOM peakIMu Ha ayKCHH JalbHEHIIHA
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OTBET 3aBHCUT OT TIOJIO)KCHUS KIETKH B IEJIOM pacTeHHH. AYKCUHBI — TOpPMOHBI,
BbIpabaThIBaeMble B allMKaJIbHBIX MepUcTeMax mooeroB. /i pacTeHus B 1eJIOM ayKCHHOBBIN
CHUTHAJI 03HAYAET, YTO IMOOEr MHTEHCUBHO PACTET M HYXXHO O0OECIICYMBATH €ro MOTPEOHOCTH.
O0pa3Ho ayKCHH MO>KHO Ha3BaTh «TOPMOHOM OJIArOIMOIydHrs anekca mooeray.

11.2. IlUTOKUHUHBI.

B kierke HMTOKMHHMHBI O0pa3yloTcs M3 aJCHWHA: K HEMY NPUCOCIHHAETCS OOKOBas
M30MEHTHIIbHAS TPYIIA U 3TO MPUBOJAUT K 00pa30BaHUIO IIMTOKMHUHOBOIrO ckenera. [lanee
npoucxoautr aedochopunupoBanne u - ormierwisercss puboza. Camplii  TIpPOCTOH W3
UTOKUHUHOB — H30IMEHTEHWIAICHUH, KOTOPBIA MPOSBISET OOJBIIYI0 (PU3NOIOTUYECKYIO
aKTUBHOCTh, Y€M HW30MEHTCHWIAACHUHpHOO3ua, Wik u3oneHTeHmwi-AM®.  Jlpyrue
MUTOKMHUHBI ~ 00pasyrorcs  Opu  MOAuUKALUKA  HM3OMEHTUIBHOTO  ¢parMeHTa
(TMAPOKCUIMPOBAHHUE, OKUCIIEHUE, BOCCTAHOBIIEHHUE).

[{uTOKMHUHBI B KJIETKE MPUCYTCTBYIOT B aKTUBHOHN M HeakTUBHOW (popme. HeakTuBHBIC
¢dopmbl TUTOKUHUHOB — NO-TTTMKO3UABI U TIMKO3UIBI 10 THAPOKCUIAM H30TEHTECHUIBHOTO
dparmenTa. [lpucoeauHssi uau OTCOEOUHSSA caxapa, KIETKa PEeryilupyeT KOHIEHTPALHUIO
AKTHUBHBIX LINTOKUHUHOB. BO3MOXHO HEOOpaTU"MO€E pa3pyllieHUuE IUTOKUHUHOB, I03TOMY I10
Mepe yJaleHusl OT TOYKU CUHTE3a UX KOHLIEHTpalus MajgaerT.

Bolenensl reHpl pacTeHHi, O€IKOBBIE POIYKThl KOTOPBIX CBSI3bIBAIOTCS ¢ IUTOKUHUHOM
U MMEIOT XapaKTepHYI JUIsl penentopoB cTpykTypy. Tak, y Oenka CRE 1 (ot cytokinine
receptor) €cTb (ParMEHT, BBICTYNAIOUIMN Ha HApPYXHYIO IMOBEPXHOCTh ILJIa3MaJeMMbl U
CBSI3BIBAIOIMICS C MOJEKyJoW LUTOKMHMHA. bmmke k C-koHIly B Oellke pacrioyiosKeHb
TUCTH/IMHKUHA3HBIA JOMEH M JIBa JOMEHA, Y4acTBYIOLIUE B repeHoce (ochaTHOW TIpyMIbI
(REC — Receiver domains). [Ipeamnonararor, 4To peHENTOp HUTOKMHHHA B3aUMOJCHCTBYET
¢ MAP-kuHa3HOM CUCTEMON TPaHCIYKIIMU CUTHAA.

Hutoxkuaunb! criocodctBytoT cuHTe3y JIHK B Ki1eTke, KOHTpOIMpyIOT S-(ha3y KIeTOUHOTO
LIMKJIA Y PACTEHUH. AZICHUH C 3aMECTUTEISIMH, IIOXOKUMHU Ha PAaJUKal HUTOKUHUHOB, BXOJUT
B coctaB TPHK. Ecnu Opath cuHTETHUYECKHE aHANOTH IUTO KUHUHOB (OCH3MJIAMUHOITYPUH
— BAJI), To paaukan-6ensun nosisisiercs B Tex ke TPHK B xapakrepHom nonoxxenuu. Ilo-
BUJIUMOMY, IMTOKMHMH He BcTpamBaercs B TPHK, mpoucxomutr mnmmbe «aepedpockay
paauKana ¢ MOJIEKYJbl HIUTOKMHUHA Ha afieHnH TPHK.

[IUTOKMHUHBI OKa3aJlChb BO MHOTOM IOXOXXHUMH Ha ayKCHUHBI, HO MEXAYy HUMH €CTb U
CYILECTBEHHBIE pa3nuuus. [ 1aBHOE OTIIMUME — y LIUTOKMHUHOB MHAas TOYKa cUHTe3a. Eciu
ayKCHHBI CHUHTE3HPYIOTCS B amekce mnodera, TO HUTOKUHUHBI — OMOXMMHUYECKUN MapKep
anekca KOpHSA. AYKCHH TpPaHCIOPTUPYETCS IO PAacCTEHHIO CBEPXY BHU3 M AaKTHBHO, a
LUTOKMHUH — CHU3Y BBEPX U MaCCHUBHO.

[{uToKMHUHBI 00Opa3HO MOKHO HA3BaTh «TOPMOHAMHU OJIArOMOIYYHs arieKca KOPHS.

C OTKpbITHEM IUTOKMHHHOB HavyajoCh KyJbTUBUPOBAHHE PACTUTENBHBIX KIETOK In Vitro.
[lepBbIM THIIOM TKaHU, MOJYYEHHBIM U3 MapeHXUMbl Tabaka, Obu1 kKauryc. B mpupone
KaJUTyChl 00pa3ylOTCSi B MECTax MOBPEXKJICHHUS: PACTEHHIO HEOOXOAMMO OBICTPO 3apacTHUTh
mIpam, 3anoiiHsAs ero 0ecopmMeHHoil Maccol kieTok. IloBpekaeHHas mpoBojsIIas cUcTeMa
(cocynbl), TOKpPOBHBIE U MEXaHHMYECKHE TKAaHW BOCCTAHABIMBAIOTCS mo3ke. Kietku kamryca
OBICTPO JIeNATCS, BEPETEHO JIENIEHUs pacrlojiaraeTcs B CilydyaifHOM HampasieHuu. [Ipu stom
MOJTy4aeTCsl phIXJjias KJIeTOYHas Macca.

Jis cTuMynsnuM  IeTeHUS KIETOK in Vitro B cpedy [M00aBISIOT M ayKCHHBI, U
UUTOKUHUHBL. [loka3zaHo, 4To aykcuHbl akTUBUPYIOT CDK-npoTenHKHHA3bl KJIETOYHOTO
mukna (cycline dependent kinases), a HHUTOKMHUHBI — COOTBETCTBYIOIIHE ITUKIMHBIL.
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Kommiekc CDK-nukimmH HeEoOXOauM IS 3alycka KJIETOYHOTO JeieHHs. V3MeHeHue
COOTHOILIEHUS ayKCHH/IIMTOKUHUH MPUBOAUT K Mopdorenesy in vitro. IIpu npeobnaganuu
ayKCHHOB HauYMHAETCS pu3oreHe3 (0T rped. rthiza — xopeHsb; genesis — poxaenue). Ecim xe
npeodsiajaloT IUTOKWMHHUHBI, TO OOpa3ylTCs MEpPUCTEMBI MOOEroB, T.€. HAYMHACTCS
reMmareses (0T rped. gemma — Mo4Ka).

Takoe moBeneHUE KYIbTYPhl KJIETOK XOPOIIO coryiacyercss ¢ (DyHKIHMEW ayKCHHOB U
IUTOKMHHUHOB KaK «TOPMOHOB OJaromojiy4usi» MOO0eroB U KOpPHEH COOTBETCTBEHHO.
HenocraTtok aykKCMHOB BOCIIPUHUMAETCS KJIETKAMH KaK HEAOCTATOYHOE Pa3BUTHE MOOETOB U
CIIY’)KMT CUTHAJIOM JUIsl X oOpa3oBaHus. B auddepeHunpoBaHHbIX MoOerax CUHTE3UpyeTCs
ayKCWH W 0OajaHC TOPMOHOB BOCCTaHABJIMBACTCA. AHAIOTUYHBIA MEXaHU3M paboTaeT Mpu
HEJOCTaTKe IUTOKMHHHOB, TorAa Qopmupyrorcs kopuu. [lpm ynaneHuun u3 cpeabl U
AyKCHHOB, ¥ IATOKMHIUHOB B KYJIbTypE KIIETOK HHOTIa 00Pa3yIOTCs OUIOISIPHBIC CTPYKTYPHI
— sMOpuon sl (embryo — 3apoapiit; eidos — moxoxwuii). Y Kaxaoro sMOpruousia ecTh CBOi
HMCTOYHHUK IUTOKMHUHOB (KOPHEBOM MOJIOC) U ayKCHHOB (moOeroBwiid moitoc). Kynbtypy
KJIETOK MCIIOJB3YIOT B TEXHOJOTHSIX YCKOPEHHOTO Pa3MHOXKEHUS PACTCHUN.

11.3. I'm66epenImHbBI.

buocunTe3 rub0epeIMHOB HaYMHAETC S B IJIACTHIAX: U3 JAE30KCHKCUITYII030-5-(hocdaTa
o0pazyroTcst u3oneHTeHmwImupodocdar, repanwmupodocdar u
repanwirepannonnupodocdar. Kirouepast craaust OMocuHTe3a — IUKIU3ANUS TOCIEIHEro
OpoayKTa ¢ oOpa3oBaHWEeM HHT-KonamwimudochaTta W IHT-KaypeHa, NPEIIIECTBEHHUKA
ru00epesIMHOB. DHT-KaypeH MOKHJIAeT IUIacTHIy, W JanbHeimuil cunre3 uaer B OIIP u
LUTO30JI€: OH  IOCJIEJOBATEIbHO  OKHCISAETCS  JO  OHT-KAypEHOBOM  KHUCIOTHI,
SHTTHIPOKCUKaypeHoBo# kucnoTsl, I'K12 -anpnernga u I'K12 -xucnotsl. [lanee 6uocunres
rub0epeuIMHOB pa3fiensieTcsl Ha NapajulelbHble BETBU, KOTOpbIE MyTeM MOAU(UKALNN
PaAMKaNIOB U 3aMbIKAHUEM JOMOJHUTEIbHBIX IIUKIOB BHYTPU MOJIEKYJ HMPHUBOJAT KO BCEMY
pasHooOpa3uio rud6epeIMHoB. PU3NOIOIrMYECKH aKTUBHBI JTAIeKO HE BCEe TMOOEpEUINHBI.
AxtuBnbl, B yactHoctH, [' K1 I'K3, I'K4, T'K7 u np. ®usnonoruvyeckas akTHUBHOCTh 3aBUCHUT
OT BHJIa PACTEHMsI: OJJUH M TOT ke TnO0epesyinH MOXKeT ObITh aKTMBEH Y OJTHOTO BHJIA, HO HE
BBI3BIBAET (hr3n—onoruyeckoro apdexra gpyrux.

bruocunTe3 rub0epesIMHOB KOHTPOIUPYETCs MHOTMMHU (akTopamu. HavanbHble cTanuu
HAXOJATCS MOJ KOHTPOJEM pa3BUTHSA (T.€. BKIIOYAIOTCS Ha OIpPENEICHHBIX dTanax pa3BUTHS
u guddepenmmpoku). Ilepexoasr ['K12 — T'K9 u I'KS53 — TI'K20 3aBucar or
MPOJOKUTEILHOCTH CBETOBOIO JHS M YpPOBHS ayKCHMHOB. B 3Toi TOouke Mmerabonn3ma
perynupyercs mepexoj K BETeHHUIo 1moj aAeiictBueM rudbepemnnHoB. Ha nmepexox ot I'K9/20
K akTuBHBIM ['K4/1 BnusitoT Kak ayKCHHBI, TaK M KpacHbIM CBeT. JTa cTaaus OMOCHHTE3a
HaXOJUTCS TOJ] KOHTPOJIEM TP MpOpacTaHUU ceMsiH. Perenius ru60epesImiHOBOro CUrHasia
MPUBOJUT K 3aMeJUIeHHI0 cuHTe3a akTuBHbIX ['K, ycunuBaeT nmpeBparienue akTuBHbIX ['K4/1
B HeakTuBHbIe [ K34/8.

Kak u OGOJBIIMHCTBO pacTUTEIBHBIX TOPMOHOB, TMOOEPEITMHBI 00pa3yloT C caxapamu
HEaKTHBHbIE TJIMKO3MIBI (3anacHble (hopMbl rubOepeinHoB). Kpome Toro, B pacTeHusiX ecthb
cnenuduyeckue OKCHIIa3bl, HEOOpaTUMO paspyllarouiie TruOOepeyuHbl 10 HEAKTHUBHBIX
coequHenuil. Ilyru mnepenaun ruOOepesIMHOBOIO CUTHajda M3Y4eHbl Majo. Perenrtopsl,
CBs3bIBalOIIMECS C TuUOOepemsinHaMu, elle He oxapakTepusoBaHbl. [lokazaHo, u4ro B
TpaHCAYKLUU curaia ygacrsyer ul' MO®.

bein BeenneH myrtaHT apabuporicuc spy (spindly) ¢ KOHCTUTYTHBHBIM OTBETOM Ha
ru00epeyIMH: MyTaHThl CHJIBHO BBITSTHUBAIOTCS, CEMEHA MPEXKAEBPEMEHHO MPOPACTAIOT U T.
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n. BepostHo, Oemok SPY pabGoraer kak N-alneTWiriroKko3aMHHTpaHcdepaza, u
TJIMKO3WJIMPOBAaHUE SIBIISICTCS Ba)KHBIM JIJISI PEMPECCHU OTBETa HA THOOEpeIuTiH. Y MyTaHTOB
Spy pemnpeccusi CHUMaeTcs, W HaOMI0JaeTcsl MOCTOSHHBIA OTBET Ha TIuOOepeuivH, He
3apucsanmii oT nodasienus ['K. Emie ogun Genok ru6G0eperuinHOBOrO oTBeTa ObUT BbIIEICH
Omaromapst mytanuu gai (GA-insensitive). OH oka3ajcs TPAaHCKPUIITUOHHBIM PETYJISTOPOM.
MyTaHTHI gai He YyBCTBUTEIbHBI K THOOEpEIITHHAM.

I'uG6epeminHbl BBI3BIBAIOT CHUHTE3 CHeHU(PUUECKUX (PaKTOPOB TPAHCKPHUIILIMH, KOTOPHIE
ob6o3naueHpl kak GAMyb. GAMyb-0enku Y3HAIOT MOCIEIOBATEILHOCTH B TPOMOTOPAX
MHOTHX I'€HOB, HAl[PUMEpP Y3HAIOT MPOMOTOP Ol-aMHJIA3bI.

O06pa3Ho rudOepeTTMHBI MOXHO HA3BaTh «TOPMOHAMH OJIAroroyydusi 3€JICHOTO JIUCTay.
['uG6eperivHbl BbIPa0aTHIBAIOTCS B OCHOBHOM B (DOTOCHUHTE3UPYIOUIUX JIUCTHAX, HO MOTYT
CHUHTE3MPOBATHCS U B KOPHAX. J[eHCTBYIOT ruOOEpeIiTUHBI MPEK/E BCETO HA MHTEPKASIPHBIC
MEPHUCTEMBI, PACIOJIOKEHHbIE B HEMOCPEACTBEHHON OJM30CTU OT Y3JI0B, K KOTOPBIM
MPHUKPEIUICHBI JINCTh. DTO MOXKHO HAOIIIOIATh MPU 00paboTke THOOepeNIMHaMU 3J1aKOB:
pacTeHUs CHUJIBHO BBITATUBAIOTCS, MEXaHMYECKas IMPOYHOCTb COJOMHUHBI TOHUXKAETCS,
crebeny moseraer. Kpome Ttoro, mpu aeiictBuu ['K y puca u kykypy3sl He oOpasyercs
dbepTunpHas NbUIbIA, TO3TOMY IIPH 00JIE3HH 0aKaHO? PHUC HE JACT ypoiKasl.

Ecnu Habmogate 3a pocToM OOETOB JIepEBLEB, BEISICHUTCS, YTO allMKalbHAs MEpUCTEMa
aKTHBHA TOJIBKO BO BTOPOU MOJIOBHHE JieTa (IpU 3akiajke Mouku). Bumumelil poct mobera
UJET BECHOM: U3 NOYKK oOpa3yercs JJIMHHBIN noder. BeceHHMI pocT LENUKOM MPOUCXOTUT
3a CYeT MHTEpKasIpHbIX MepucteM. [louku pacTenuii He 0MHAKOBHL. Tak, MOYKH KOHCKOTO
kamTaHa (Aesculus hippocastanea), Tonons (Populus tremula), s6morm (Malus domestica),
O6epe3pl  (Betula pendula) mnokpeITel modeyHbIMM uemysMH  (Katadpwimamu).  ITO
BUJOM3MEHEHHBIC JINCThS, B KOTOPBIX HJIET (HOTOCHHTE3. MEXI0y3Iusl MEXKITy MOYEUHBIMU
YelIyssMH COXPaHSIOTCS KOPOTKMMH, a B OCHOBAaHUM I00era OCTaeTcs MOYEYHOE KOJbLIO
(6mu3K0 pacnosokeHHble pyOIsl KaTadhuiioB). Beiie gexar GOTOCHHTE3UPYIONINE JTUCTHS,
¥ 4eM OOoJIbllle WX IJIONIab, TEM UIMHHEE MEXI0Y3JHe Mol HUMU. BUIuMO, KpyIHBIA JHCT
NPOM3BOIUT ruOOepesiMHa Oosiblle M JaeT 0ojiee MOIIHBIM CUTHAl B HMHTEPKAISPHYIO
MepucteMy. KneTku akTuBHEe JeniTcs U pacTsATUBAIOTCS TaM, e Oosblle ruddepenauHa.
Mexaoy3nue okas3biBaeTcs JUIMHHee. YelryeBUIHbIE KaTa(UIUIbl MMOYTH HE BBIPAOATHIBAIOT
I'K, unrepkansipHas MmepucreMa He padboTaeT, 00pa3zyeTcs I0YeYHOE KOJIbIIO.

VY kpymunsl (Frangula alnus), népena (Cornus albus), oonenuxu (Hippophae rhamnoides)
MIOYEUHBIX KOJIEI] HET. VX TOYKH MPUKPBHITHI JIUCTHSIMH, KOTOPBIE BECHON CTAHOBSITCS XOPOIIO
pa3BUTBHIMH U 3edeHbIMH. OHu nojatoT ['K-curHan BCTaBOYHBIM MepUCTEMaM, MEXKIO0Y3IUs
pacTsruBaloTcs, BO3HMKaeT JucToBasg Mo3aumka. Y sdceHs (Fraxinus excelsa) BecHoit
KaTapuUIbl 3€JIEeHEI0T, HO OHU MEHbIIe TUIOUY HBIX (POTOCHUHTE3UPYIOIIUX JIUCTHEB.
BcTaBouHblE MEpHCTEMBI TONY4YarOT CIa0blii CHUTHAN, PAcCTOSIHHUS MEXIy KaTapuiiamu
HECKOJIBKO YBEITMUNBACTCS.

CrnoxHee pearmpyroT Ha THOOEpEIUTMHBI PO3ETOYHBIC pacTeHHs. B Hadane ce30oHa OHU
00pa3yloT NPUKOPHEBYIO PpO3ETKY KPYIHBIX JIUCTHEB, OJHAKO MEXIOY3JIus He
yYBENMYMBAIOTCS. [ 'MOOEPENTMHOBBIM CHTHAN HANpaBIIETCSl K ameKkcy mobera, W, Koraa
yposeHb 'K mpeBbiliaeT HEKOTOPHIH MOpOr, MepucTeMa obpa3yeT colBeTHs. MexI0y3ius B
COIIBETHHU TOPA3/0 JUIMHHEE, YeM MEXIY JUCThIMH pOo3eTKU. Takum obOpazom, ['K-curaabr
MOTYT MOCTYHaTh B MHTEPKAISIPHbIE MEPUCTEMBI U3 HIDKEJIEKAIUX JTUCTHEB.

buocunres 'K wmnrnbupyercs makinoOyTpazonom (TIPOMBIIIUICHHBIA peTapaanT). Ero
UCTIOJB3YIOT B PACTEHUEBOJICTBE, KOTJ]a BEICOKME CTEOIM HeXKeNaTeNbHbl (MHOTHE IIBETKH Ha
KOPOTKHUX IBETOHOXKax d(ddekTHee, yueM Ha IIUHHBIX). [Ipn 06paboTke makio0yTpazoiaoMm
MOJy4aloTCs «UCKYCCTBEHHBIE Kapnuku». M3 Tomnmanaunu, Hampumep, SKCHOPTUPYIOT
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«kxapiukoBbiey» XxpuzaHTembl (Chrysanthemum), kamanxos (Kalanchoe) u npyrue pacrenws.
OHH MOJIB3YIOTCS OOJIBIIUM CIIPOCOM, HO MOCTIE MPOJAKU PETapJaHT MEpecTaeT AeHCTBOBATS,
cunresupyetcst [’ K u poct HopManuzyercs.

11.4. Adcuu3oBast KHCJIOTA.

ABK sBngercs uzonpeHouaoM ¢ 15 aromMamu yriepoaa, COCIMHEHHBIMA B U30MPEHOBBIC
Cs-3BeHbsi.  OOBIYHO  M3OMPEHOMABI  CHHTE3UMPYIOTCS B IUIACTHAAX M3 OOIIEro
IpeIlIecCTBeHHUKa — H30neHTeHwInupodocdara. B pannux paborax ObUIO BbICKa3aHO
npenmnosioxkenue, uro ABK cunTesupyercs cpasy nocie kKoHjaeHcauuu Tpex Cs-3BEHbEB, T.€.
9Ta THIOTEe3a MpenoaracT npssMoi cuare3 ABK n3 Gosee mpocThIx mpeaecTBEeHHUKOB. B
nanpHeimem npsiMoit cuaTe3 ABK ObuT mOKa3aH TONBKO A1l PUTOMATOTEHHBIX TPUOOB (115t
BO30yauTeINs cepoit rHITH Botrytis).

'unore3a npsiMoro cuHTe3a JoMuHHUpoBaia 10 1990-X IT., MOKa HE BBISICHWIOCH, YTO Y
MYTaHTOB MO0 OMOCHHTE3Y KapoTHHOUI0B HapyiieH u OuocuHte3 ABK. Ha ceronns monydenst
MyTalud 1O QepMeHTaM Mmodtu BceX dTamoB OwmocuHTe3a ABK. Takmm oOpasom, ABK
CUHTE3UpYyeTCcsl 4yepe3 Ooliee CIOXKHBIE MPEIIIECTBEHHUKH, MOKHO pacCMaTpUBaTh €€ Kak
HOPOAYKT crienu(pUYecKoi ferpaaaiuu KapOTHHOUI0B.

[lepBbie sTambl OmocuHTe3a ABK cBsi3aHbl ¢ KCAaHTO(MUIUIOBBIM IHKJIOM. 3€aKCaHTHUH
yepe3 HPOMEXKYTOUHBIM HPOAYKT aHTEPAKCAaHTUH IIPEBPALLACTCSI B TPAHCBUOJIAKCAHTHUH.
JanpHeliie — mpeBpalieHUss  BKIIOYAOT  9-yuc-u30Mepu3aluio  KapOTUHOHIHOTO
IpeIIIECTBEHHUKA (HA 3Ty pOJIb MPETEHIYIOT BHOJAKCAaHTHUH U HEOKCAaHTHUH). B KoHeuHOM
uTore 9-yuc-npeIIecTBEHHUK pacIIeluisieTcss Ha JBa HepaBHBIX (parmenta: Cis
(kcanTtokcuH) U Cps. Cas-(hparMeHT OBICTPO JIerpaupyeT, a KCAaHTOKCHH IPEBPALIAETCS B
abCUM30BBIA  aNbJeru. Jns  mocienHero  sTtama  OMOCHHTE3a  HE0O0X0auM
MosOIeHCoAepKaluil  Oenok, Kartanusupyromuii okucienue Ab-anmpaernna ngo ABK.
MonubnenoBeiii  koakTop dTOro  pepMeHTa  OOUIMH ¢  HUTPATPEAYKTa3oM |
KCaHTHHJeruaporeHasoi. Ilpu Myranusx no cuHTe3y MOJIMOIEHOBOro Ko(hakTropa pacTeHHe
HE MOXET BOCCTaHaBIMBaTh HUTpAT U OKUCIATh Ab-anbaerun.

benxu-penentopel ABK emie HepocratouHo oxapakrepu3oBaHbl. OMH U3 HUX — O€JI0K
RPK 1 (receptor-like protein kinase) — siBisiercst TpancMeMOpaHHBIM, cBsi3biBaeTcs ¢ ABK u
COJIEP’KUT IPOTEMHKUHA3HBIN IUTOIIA3MATUYECKUI TOMEH.

N3BecTHBI HEKOTOPBIE KOMIIOHEHTHI cucTeMbl TpaHcAykiuu ABK-curnama. Tak, cpasy
nocne geiictBus ABK B 3ambIkaomux knetkax yctbun u3 HAJLT  cuHTesmpyercs
nukmyaeckas AJld-pubo3a, koTopasi MOXKET aKTHBU3UPOBATH Ca®*-kanansl Ca®* TIOCTYNAET B
LUTOIJIa3My W3 BHYTPHUKJIETOUHBIX JENO, LUTO30JIb HoAuenaunBaerca. Beicokuit pH
aktuBM3upyet nporeuHpocdarassl ABI 1 u ABI 2, nepochopunupyromniye runoreTndeckuit
6enok-penipeccop ABK-curnanma. Iloka pen-peccop ¢ochopunupoBan, OH He Jaer
nposiisaTeess otBeTaM Ha ABK. Tloteps ¢ocdara wmHAKTHUBHUpYET pempeccop, M KIETKa
orBevaeT Ha ABK. Ecniu nporenndocdarassl He aKTUBHBI, PEIPeccop MOCTOSIHHO MOABIISET
orBer Ha ABK, pacrenue Tepser dyBctBuTeIbHOCTH (ABA-insensitive — abi). Myranuu
Arabidopsis o stum Qocdarazam maeHTHGUIMPOBAaHBI KaKk HedyBcTBHTENbHBIE K ABK, a
COOTBETCTBYIOIME TeHbI Ha3BaHel ABI 1 u ABI 2.

[Ipennonarator, 4yro B pa3Butuu orBera Ha ABK wurparor poins Ca®*-BouHsl, pac-
MpOCTpaHsAIMecs ¢ UHTEpBajIoM okojio 1 — 2 muH. B otBer Ha ABK y 3ambikaronimx
KIIETOK YCTBMII Ha MIa3MalieMMe OTKphIBaroTCs ObicTphle K'-KaHasbl 1 Me/IjIeHHbIE AaHHOHHbIE

kaHaibl, yepe3 kotopsle K', Cl~ u manar BIXomsT u3 KiaeTku. OCMOTHYECKOE JABIEHHE
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MTOHMKAETCS, BBIXOJIUT BOJIA U TEPSAETCSA Typrop, yCTbUYHAas LIEIb 3aKPbIBACTCS. 3aKpbIBAHUE
YCTBUIL — O4€Hb ObICTPbIN 0TBET HA ABK, 1 reHOMHast perysisuys He yCcleBaeT BKIIOUUTHCS.

Jlns akTHBU3AIMK/MHAKTUBAIIMK TCHOB B sape BaxkeH 6ermox ABI 3 y Arabidopsis (VP 1y
KYKYpY3bl), COJIEpKaIUI TOMEHBI, XapaKTEpHbIE /Il aKTUBATOpOB TpaHcKkpunuuu. bes ABI
3 wm VP 1 ue skcnpeccupyrorcss EM-renst (oT anri. embryo maturation), e uaer cunTe3
AQHTOIIMAHOB, HE HAKAIUIMBAIOTCS 3aracHble OCJIKM B CeMEHaxX M T. . B COOTBETCTBYIOIIMX
MPOMOTOpAaX HAWJEH JIOCTaTOYHO KOHCepBaTuBHbIM MOTHB — ABK-perynupyembrit
koHceHcyc (ABRC). Bnpouem, omgnoro 6enka ABI 3 umu VP 1 HenocraTouHo 171s akTUBAIIUU
tpanckpurnuu depe3 ABRC-motuB. HeoOxoaum T0BOIBHO CIIOKHBIM TPaHCKPUITIIMOHHBIN
KOMIIJIEKC, B KOTOPBIA MOTYT BX0AUTh EMB-0enku (IuMepHbIie TpaHCKPHUIIIIMOHHBIE (DaKTOPBI
TUTIA <«JICHIIMHOBOM 3acTexku»). I[loBpexxnenne OenkoB ABI 3 wim VP 1 B pesynbrare
MyTalli¥ BeIeT K HapyIIEHUIO MpPOIeccoB (OPMHUPOBAHHUA 3pEIOr0 CEMEHH U
MIPEXKIEBPEMEHHOMY IIPOPACTAHUIO.

AOGciu3oBas KUCIIOTa MOSIBISIETCS B KJIETKE B OTBET HAa M3MEHEHHE COCTOSHUS BOJIbI,
BBI3BaHHBIN Tpems (aKkTopaMu: MOJCYIIMBAHHWEM, TMOBBIIICHHUEM KOHIEHTPAIIMHU BEIIECTB B
KJIETKE, OXJIAKAEHUEM. B 3Tux ciaydasx Boja JUIsl KIETKH MEHEE JOCTYIIHA, T. €. Ha0Jt01aeTcst
BOJHBIN 1ePHUITUT.

JUis  HOpPMaJdbHOM JKU3HENEATEIBHOCTH BCE MOJIEKYJbl JIOJDKHBI HAaXOJIUThCA B
ONpENIETICHHBIX YCIOBUSAX OBOAHEHUS. BeNKyM M HYKIMHOBBIE KUCIOTHI YIEPKHBAIOT BOAY C
IIOMOIUIbIO BOJAOPOJHBIX CBs3ei. B kieTke mojanaep:KuBaeTcsi TakKe OINpeiesieHHas MOHHAs
CHUJIa, YTO HE MEHEE BaYKHO IS MO Aep kaHus KoHdopmanuu ouomnonumepoB. HexBaTka BobI
Y TMOBBIIIEHUE MOHHOM CUJIBI NIPUBOJAT K JACHATypaluu OMOJOTMYECKH aKTUBHBIX MOJIEKYII.
[Tpu MOBTOPHOM YBIIQXKHEHUH BEPHYTHh UM aKTHMBHOCTB CJI0XkHO. IIpu cTpecce kileTka noimkHa
«TIpUHATH Mepbl» 1O coxpaHeHuto koHpopmauuu JIHK, PHK wu O6enkoB. Otum u
obOycnoBnensl 3pdextst ABK. B orBer Ha ABK B KieTke moOBBIIIaeTCS ypOBEHBb
OKCHUIIPOJIMHA, €axapo3bl U JAPYTUX OCMOmMUYECKU axmueHvlx BelecTB. OcMOTHUECKOE
JaBJICHUE YBEJIMYMBAETCS, YTO MpPEMSITCTBYeT moTepe BoAbl. KpoMe 3TOoro B KieTKax
HOSBIsETCA HEOONBLION KpaliHe TuAPO(PUIBHBIN OEIOK 0cMOmuH, TOBBIIAIOIINNA MAaTPUUHBINA
NOTEHLIMal BOJAbl. B KileTKax MOXKHO YBHJETh JaXK€ IMOSBJIEHUE TpaHyll, COCTOSIIMX H3
OCMOTHHa.

ABK ycunuBaeT cuHTe3 noauamunos (CepMuanHa, myTpecuuHa). [lonmamMuHbl HECyT
HOJIOKUTEbHBIN 3aps] (30T amuHOrpynn mnpoToHupoBaH). Monekynsl JJHK u PHK
3apsKeHbl OTPUIIATEIBHO, OHHU JIETKO ACCOLMHUPYIOTCS C MOJIEKyJaMu IOJMaMHHOB, a B
komriekcax ¢ nonuamuHamu JIHK n PHK Gonee ycToitunBbl 1 K M3MEHEHUIO HOHHOM CHIIBI,
u k obe3BokmuBanuto. Cunre3 HoBbiX [IHK m PHK mox neiictBmem ABK mpekparmaercs,
KJIETKA TIEPEXOIUT B COCTOSIHUE MTOKOS.

[Ipn xonomoBoM cTpecce riaBHas 3ajada KJIETKH — HE JONYCTUTh KPUCTAJUIM3ALUN
BOJIbI, TaK KaK KPUCTAJUIbI JIbJJa HApYyIIAIOT CTPYKTYpy MemOpan. OmaceH Takke 3¢ ekt
«BBIMOPAXUBAHUSA»: PACTBOPEHHBIE B BOJIE BEILIECTBA HE BKJIIOYAIOTCS B KPUCTAILIBI JIbJIA U B
HEe3aMep3LIEM pacTBOPE MX KOHILIEHTpAIMs IOBBIIIAETCS, T. €. YBEIMUMBAETCS MOHHAS CHUJIA.
[Ipu oxnaxnennn ABK ocranaBmuBaer cunTe3 OenkoB, /IHK m PHK, nakammmBarorcs
NOJINAMUHBI, OKCHUIIPOJIMH, caxapa U OCMOTHH. OCMOTHYECKM aKTHUBHBIE BELIECTBA
MPEMSITCTBYIOT KPUCTAIIM3AallMK BOJBI: BOJA CTAaHOBUTCA aMOpPQHOW U HE TOBPEXKIACT
memOpanbl. OT ABK 3aBucHT OMOCHHTE3 aHTOIIMAHOB, T.€. MPU MOHM)XEHUH TeMIepaTypbl
pacTeHHs CTAHOBATCS KpacHbIMU ((PHONETOBBIMH), HO (DU3HOIOTHYECKUH CMBICI 3TOM
peakuuu 1moka He siceH. MytanTsl no cuHTe3y ABK rubnyt npu nerkoit 3acyxe u cimaObix
3aMOpo3Kax. XOTs BCE 3alllUTHbIE MEXaHM3Mbl HMEIOTCS, OHM HE BKIIOYAlOTCS 0€3
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abcrm3zoBor kucioTel. Eciam mepen crpeccom Takue MyTaHThl o0pabortath ABK, wux
YCTOMYMBOCTb NOBBILIAETCS.

Jlyia mpenoTBpaiieHuss BOJAHOTO JeduiuTa HY>KHO 3aKpbITh YCThHIIA. J|eHCTBUTENIBHO, B
orBer Ha ABK ycrtuunble menu 3akpbiBatorcs 3a 10—I15 mun. Ilpu nouBeHHOH 3acyxe
KopeHb cuHTe3upyer ABK, mepemaer 3TOT cuUrHan JIMCThSIM, U YCThbUIA 3aKpbIBaroTcs. B
CHJIBHYIO 3aCyXy pacTeHHe cOpachlBaeT 4acTh JUCTHEB, YTOOBI HM30aBUTHCS OT JIMIIHEH
ucnapsitomied noepxHoctu. ABK omeeuaem 3a nucmonad monvko npu 3acyxe. llpu
BOJHOM JC(QUINTE TOJDKHBI OCTAHOBUTKLCS MPOLiecchl pocta (Ha 95 —98 % opranbl pacTeHUi
coctosT u3 Boibl): ABK mHrubupyer TpaHcnopt aykCuHa U pacTsbKEHUE KIIETOK.

AOCUM3HUHBI CHUHTE3UPYIOTCS TPU YBEITMYEHUH KOHIIEHTPAIIMH OCMOTHYECKH AKTHUBHBIX
BenlecTB, Hampumep CaxapoB, OOpa3yIOIIMXCS B JIMCThIX AKTHUBHO PACTyIIMX BETOK. B
MOJIOJIBIX BeTKax si0yioHu conepkanue ABK moBbIaercs, u nepeBbs B CepeMHE JieTa
BIIJIAIOT B COCTOSIHUE @hu3uonozuueckozo nokoa. Mbl He HaOII0/1aeM BUIUMOTO POCTa, HO
MEpUCTEMBI ITpoaoIDKatoT padorars. Ha nHaceimennom ABK moGere paszBuBatorcst mouku. M3
(U3HONIOrHYECKOTO TMOKOSI PAacTEHUE CII0)KHO BBIBECTH BHEUIHUMH (dakTopaMu. Boicokuit
ypoBeHb ABK He paer TpaHCIOpTUPOBaThCS ayKCMHAM U3 arekca noOera, T.e. HET
anMKaJIbHOTO JOMUHHUPOBAHUS U OOKOBBIE MOYKU Pa3BUBAIOTCS B Ma3yXax BCEX JIMCTHEB.

ABK neiicTByeT Ha MOYKH BCE JIETO, HO 3aKAHYMBAETCS €€ JICMCTBHE B pa3HOE BpeMs. Y
OOJBIIMHCTBA JEpeBbEB yMmepeHHOUW 30HbI neiictBue ABK mnpekpamaercs 3umoit, a y
KOHCKOTO KallTaHa — OCEHbI0 (B TEIUIyl0 OCEHb TMOYKH, ocBoOomuBminecs oT ABK,
OTKPBIBAIOTCS, KAIlITAaH [[BETET MOBTOPHO). Y IPYrux pacTeHui Bbicokoe cozepxanne ABK
JEP>KUTCSI 10 3aMOPO3KOB, U Jlaxe 10 sitHBapsi — ¢eBpains. Tonbko Torna ABK moxer HayaTth
paspylarbcsl.

Paspymennto ABK mnpenstcTByer Hu3Kas TeMmieparypa Bosayxa. OTo — (dasa
BbLIHYHCOEHHO20 NOKOs, BBI3BAHHOTO HEOJAronpusATHBIMU (akTopamMu (HU3Kas TeMIeparypa,
nedunut Boabl). Kak Tonbko crpecc 3akoHuntces, ABK paspyraercst u HaunHaeTcs suoumblil
pocm.

Korna 3apoaplil ceMEHH JTOCTUTHET OKOHYATEIbHOro pasmepa, cuHresupyercs ABK. ¥V
KyKypy3bl cunTe3 ABK ctumynupyer caxaposa, KOTOPYIO 3apObII aTTparupyer B O0JIbIIOM
konnyectBe. ABK uepe3 Genku VP 1 (ABI 3) aktuBusupyer cunte3 EM-6enkoB nnu Genka
LEC 1 (leafy cotyledon), xoTopble peryaupyroT JaJbHEWIIUI Nepexo]] B COCTOSHUE
rI1yOOKOro (PM3HOJIOTUYECKOTO MOKOSL.

AOciu30Basi KUCJIOTa BBI3BIBAET CHUHTE3 Kpaxmaja B DJHJIOCIEpME U OEIKOB B
JIEHPOHOBOM clloe. 3amacHoi OeNoK ajlelpoHOBBIX T'paHysl (YHKIMOHHPYET KaK OCMOTHH.
JHK u PHK ymakoBbIBaroTCsi 6enkamMu-IanepoHaMy U MOJTMaMUHAMHE, POCT TIPEKpaIiaeTcs 1
HauuHaeTcss 00e3BOKMBaHUE. 3apoJbIlI TEpseT BOJY, €€ KOHILEHTpalus najaaer ot 95 — 97
1m0 14 % un ke, Cyxol mioj (Kak y XJOMYaTHHKA) TEpSET BOJY BMECTE C 3apojslieM. B
CTBOpKaX BCKpBIBAIOIIUXCA IIOJOB €CTh MEXaHWYECKH OCJIa0JIEHHBIE CIIOM KJIETOK, HpHU
YCBIXaHUM 3TU CJIOU JIOMAIOTCS M IUIOJ BCKpbIBaeTcs. Eciau 1o COuyHbIM, a ceMeHa yxKe
IPOILIH CTa/INI0 00€3BOKUBAHUS, TalIbHEHIIIEe CO3PEBAHUE PETYIUPYET ITHIIEH.

11.5. OTnaen.
CuHTe3 3TUiIeHAa B PACTEHUSAX HAYMHAETCS ¢ METHOHHHA, KOTOPBIM, B3aMMOJEHCTBYS C
ATO®, obpaszyeT S-aeHO3UIMETHOHUH. (DTOT MHTEpPMEANAT UCIIOJIb3YETCSl TaKKE B CHHTE3€

NOJIMAMUHOB U JPYTUX COEQUHEHMH KaK JOHOp METHUJIBHBIX TpYIIHPOBOK.) S-
aZICHO3WJIMETHOHUH TIpeBpaliaercs B 1-amuHONMKIONponaH- 1-kapbonoByro kuciory (ALIK)
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¢ nomotibio AlIK-cunraszel. AIIK paccMaTpuBarOT Kak HEAKTHBHYIO TPAaHCIIOPTHYIO (hopmy
stunena. OOpa3oBaHue STHIICHA 3aBUCUT OT 3Kcripeccuu reHa ALIK-cuHTassl.

[uknonpomnanoBas rpynnupoBKa HaMpsiKeHa (MeX/1y aToMaMu yriiepo/ia HeXapaKTepHBIi
yrou B 60°), Tem He MeHee, paspymienue ALK ¢ obpazoBanuem stuineHa — GpepMeHTATHBHBIN
npouecc, Hyxknawommiicas B O2. Ilpu anokcum (Hanmpumep, npu 3atormuieHnn) ALK,
CHHTE3MPOBAaHHAs B KOPHSX, TPAHCIIOPTUPYETCS B CTEOENb U TaM IMpeBpallaeTcs B STHICH. B
UTOTe HAJ3EMHas 4acTh CTpajaeT oT u30bITKa dTHIieHa. [locne oOpa3oBaHMs STUIIEH MOXKET
OKUCIIITBCSI B PACTUTENbHBIX KIJIETKAX, UTO, BEPOATHO, HYXKHO JUII MOZIYJISLUU
dusmonornueckoro 3ddekra. [Iporecc okucIeHHs 3THIICHA U3YYeH CI1a0o.

VY Arabidopsis ecTb HeOONBIIOE TEHHOE CEeMEHCTBO OEIKOB-pernentopoB dTmieHa. Ilo
beHoTunrueckoMy mposiBieHui0 renbl Obutn HasBanbl ETR1, ETR2 (ethylene-resistanf),
EIN4 (ethylene-insensitive), ERS1 u ERS2. Benku-peuentopsl BbICOKOruApodoOHBI, T. €.
BXOJIIT B cocTaB MeMOpaH. J[jsi cBSI3bIBaHUS 3TUJIEHA HEOOXOAMM aTOM MEIH, KOTOPBIN
BXOJUT B COCTaB pELENTOPHOro KoMIUIeKca. Penentopbl JTWieHAa IOX0XH Ha
JBYXKOMIIOHEHTHbIE THCTUIUHKWHA3bI, OHM YYacTBYIOT B aBTO(GOCPOPWIMPOBAHUHU U
dochopwmmpyror  npyrue  Oenku.  PemenTopHbId  OelIOK  00pa3zyeT  KOMIUIGKC €
cepun/TpeonnHkruHazo CTR1. bamkaidmmMm MecceHIKepoM SABIsETCS MeMOpaHHBIN OeIoK
EIN2 c eme He BeisicHeHHOH (yHkmmel. B kackane ycunenus ydactByror MAP-kuHa3sl u
HEKOTOpBIE TPAHCKPUIIIMOHHBIE QakTopsl (Hanpumep, EIN3).

[Iytu BOCHpUSITHS STHJIEHA B PACTEHUHU NPOAYOJIMPOBAHBI HECKOJBKMMM PELIENTOPAMU,
MO3TOMY TOJYYUTh MOJHOCTHIO HEYYBCTBUTEIbHBIE K HEMY PACTEHHUS JOCTATOYHO TPYAHO.
Jl1s 3TOro Heo0X0AUMO, UTOOBI PACTEHHE OKA3aJI0Ch MYTAHTHBIM 10 4—5 T€HHBIM JIOKyCaM
OJIHOBPEMEHHO.

Boigenenue sTHiieHa CBSI3aHO C MEXaHMYECKUM BO3/JCWCTBUEM Ha KJIETKH PACTEHU.
PaccmoTpum 3T0 Ha mpuMepe TpoWHoro orera. Iloka pocTOK HE IOCTHI NOBEPXHOCTH,
HY)KHO 3aIlMIATh HEXHbIE KJIETKH BEPXYLIEYHONW MepHUCTEeMbl OT noBpexiaeHus. [loatomy
IPOUCXOAUT M3rH0 M oOpasyercss anukaiabHass mnerenbka. CKBO3b IIOYBY pacTeT He
MepucTeMa, a 6osee IPOYHbIM HUKeIeKaIui y4acTOK.

[Ipn mosBIEeHUU Ha MYTH MPOPOCTKA MEXAHUYECKOIO MpPEMSTCTBUS (KaMEHb) pacTeHue
BBIJIEJII€T OOJIbIIE 3TUJIEHA, POCT B JUIMHY NPUOCTAHABIMBACTCA U HAUMHACTCS YTOJIICHHE.
[TpopocToK CTpeMUTCs MPEeoJoieTh NPENSITCTBUE, YCUIUB AaBieHue. Ecin 310 yaanock,
KOHLEHTpALUsl dTUICHA MAaJacT U PoCT B JUIMHY BOCCTAHABIMBAETCS, HO €CIIU NPENSATCTBUE
CIIMIIKOM KpYIHOE, NpPOAYKIMS OJTHIEHa ycuiauBaercs. [IpopocTok OTKIIOHSETCS OT
BEepPTUKAJIM U OrubaeT Kameuiek. B BO3MyIIHON cpene KOHIEHTpauus 3TUJICHA MalaeT u
anuKajbHas MeTeiabka IPOpOCTKa pa3rudaercs.

Jlo 1991 r. y ¢pu3nonoroB ObLIM OTPHIBOUHBIE CBEJICHUS O MEXaHM3Max OTBETa pPacCTEHUM
Ha TnpukocHoBeHHe. Metogom BblunTanus kJIHK-Oubmuorex ObLIO ycTaHOBIIEHO, YTO NPHU
onpbICKMBaHUM B0 Arabidopsis cuntesupyrorcs HoBble MPHK. OnprickuBanue aeiictyer
KaK KOMIUIEKCHBIA (paKTOp: MEHSIETCS BJIaKHOCTb, CO3/1a€TCSl T€Hb BOJSHBIX OpBI3T, JUCTHS
MOJBEPratoTcd MeXaHn4eckoil Harpyske. Kaxipiit u3 ¢akTopoB ObUT HCCIIEIOBAaH OTAEIBHO.
BbIsicHMIIOCH, 4TO BIaKHOCTh HE MTPAET POJIM, HO €CIIM PacTeHHE MOTEPeTh MajlovYKOM, OHO
MOYYBCTBYET 3T0 U 4yepe3 10 —15 MuH OTBETUT 3KcIpeccueil HoBbIX TeHoB (ypoBeHb MPHK
BO3pacTaeT Ha 2 mopsnka). OTu reHsl Obuin oOo3HaueHsl TCH (ot anra. touch —
PUKOCHOBEHHE).

Ecnm, He kacasch pacTeHHs, BHE3AIIHO HAKPBITh €r0 YEPHBIM KOJIIakoM, ypoBeHb TCH-
MaTpHI] TaK)Ke MNOBbIMAeTcs. MoIHble 3BYKOBble 3((EKTbl HE MPUBEIU K KEe JIAEMOMY
pesynbrary: MPHK TCH-reno ne mosieunuch. ['enst TCH1, TCH2 u TCH3 noxoxu Ha
CBSI3bIBAIOIME KaNbIUK Oekn — KanbMoayauHbl. Bmecte ¢ Ca2+ 31y Gellku aKTUBU3HPYIOT
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IIUTOCKEJIET, CIIOCOOCTBYIOT NEepexoay U3 30i1 B Teiab u T.a1. PacreHus mnpu yacTtom
MEXaHUYECKOM O€CIOKOWCTBE OTCTAIOT B POCTE OT T€X, K KOTOPBHIM HE IMpHUKAcaUCh, HO
CTAHOBSATCS MEXaHMUYECKH Oojee TpouyHbIMH. benkoBbiii mpoaykt rena TCH4 oxazancs
KCHJIOTJIFOKaH-3HOTPAHCTIINKO3MIa30i. Ee cMHTEe3 MOXHO BBI3BaTh U OPACCHUHOCTEPOUIAMU
(cm. moapaza. 7.2.8.1). IToxoxue 3¢ (heKThl BBI3bIBACT 3TWICH. [Ipr 3TOM Takke MPOUCXOIUT
cunte3 Ca2-+-cesspiBatonux TCH-6enkoB.

11.6. BpaccuHocTepouIbl: OHOCHHTE3, MHOT000pa3ue. ®usnonornyeckue 3G PexTsni:
pacTsikeHHe KJIeTOK, poJib B Tu(depeHunpoBKe Me30(puiuia.

Eme B 1930 — 1940 rr. Obuia BbICKa3aHa Jorajka O TOM, YTO y pacTEHUU €CTh
CTEPOUHBIE PETYIATOPHl pocTa (10 AHAJIOTHM C JKUBOTHBIMH). B MHOrOYMCICHHBIX
O6uoTectax pacTeHHs MOABEpPraid 0OpabOTKE TECTOCTEPOHOM WM 3CTPOI€HOM, KOTOpBIE
OKa3bpIBAM (DU3MOJIOTHYECKOE AeWCTBUE. Tak, ACTPOTeHBI BBI3BIBAN [EJICHHE KIETOK B
3apofbllIax ropoxa, a TECTOCTEPOH M3MEHSUI MOJ Yy IINHHATA (C )KEHCKOTro Ha MYXKCKOW) U
cTuMynupoBan Au(QepeHIMPOBKY apXeroHWEeB Ha 3apocTKax XBomia. OIHAKO >KUBOTHBIC
TOPMOHBI NPUXOJMIIOCH MCIIOJIb30BaTh B CIIMIIKOM BBICOKMX KOHIEeHTpauusx (no 0,1 %), u
BPSIJI JIM UX JCHCTBUE OBLIO CICIIU(UYHBIM.

[TonbITKM BBLAECTUTH (PUTOTPOMOHBI CTEPOUTHON MPUPOABI HE Mpekpamaiuck. B 1979 r.
M.JI. I'poyB c coaBT. OOHapyKWiM, 4YTO MAaCJSHBI SKCTpaKkT W3 MbUIbLBI parica
CTUMYJIUPOBAJI POCT IPOPOCTKOB B UIMHY. M3 10 Kr IbUIbLBI YIAIOCh BBIIEIUTH BCEro 4 Mr
JIEUCTBYIOIIETO BellecTBa! DTO OKa3aloCh CTEPOHMIHOE coeauHeHue. BemiectBo ObLI0
Ha3BaHO OpaccuHonuoM (0T JaT. Brassica napus — paric), a Bce OX0KHe Ha HEro BelecTBa
¢ (hM3HOIIOTHYECKOI aKTUBHOCTBIO HA3BIBAIOT OpaccuHOCTeponaaMu. Bekope u3 HacTosmero
kamraHa (Castanea sativa) ObUT BbIJIeIeH KacTacTepoH, 13 poros3a (Typha) — tudacreposn, u3
yas (Thea) — Teactepon, u3 karapantyca (Catharanthus) — karactepoH u T.1. B HacTosiee
BpeMs u3BecTHO Oosee 60 OpacCHHOCTEPOUIOB.

brocunTe3 6paccMHOCTEPOUI0B BKIIOYAET OOIIUe I JPYTUX TEPIEHOBBIX CO e IUHEHUN
CTaJuu: U30MeHTeHWwInupodocdar, repanunnupodocdar, papuesminupodocdaT, CKBaJeH.
[lepBbM  crenUpHUUECKUM HPOAYKTOM, M3 KOTOPOIO CHHTE3UPYIOTCS  OCTaJlbHbIE
OpaccuHOCTEPOUIbI, ABISETCS 24-METUIEHXO0JIECTEPOII, IPEBPAIIAIOIINNCA B KAMIIECTEPUH U
kamnectaHon (puc. 7.22). OT KaMmIlecTaHoJla pacXOAATCs JBE MapajuleibHble BETBU
OMOCHHTE3a, 9aCTO OJJHOBPEMEHHO COCYIIECTBYIOIINE B PACTCHHUSAX: C PAHHUM U C MO3AHUM
okucnenueM B C-6-monoxeHuu. B wutore o0e BeTBM OMOCHHTE3a 3aKaHYMBAIOTCS
OpaccMHOTUIOM — (PU3HOJIOTUYECKH aKTUBHBIM OPaCCHHOCTEPOUIOM.

®depMeHThl OMOCHHTE3a OpacCMHOCTEPOUAOB OBLIM BBIACIEHBI M OXapaKTepU30 "BaHbI
Omaromapst MyTalUsM, TPHUBOAAIIMM K KapiIUKOBOCTH, KOTOpas BOCCTaHAB JIMBACTCS
Opaccunonuaom. Tak, y apabunoncuc myrauumu dwf 1 (ot dwarf — xap—nuk) u dwf 6
HApyIaroT paHHHWE JTambl OWOCHHTE3a (10 pasleneHuss Ha «paHHEE» M «IIO3JIHEe»
OKHCIICHHE) U Hanbojee CUIILHO MPOSABISIOTCS (DEHOTUIHMUECKH — MY TaHTBI JOCTUTAIOT HE
6omnee 1/30 BbicOTHI pacTeHuii qukoro tuma. Mytamus dwf 4 3arparuBaer 6osee mo3gHue
3Tarbl (II0CJIe Pa3BUIKU B META00JIM3ME), TO3TOMY MPOSBICHHE KAPJIUNKOBOCTH MsITYe.

Bpaccunocreponnpl — tuAPOGHOOHBIE MOJEKYJBI, HO 3apeTHUCTPUPOBAHO O0Opa3oOBaHUE
TUIPOGUIBHBIX TITUKO3UIOB, CYJIb()aTOB M allMIINPOU3BOAHBIX OpacCMHOCTEPOUAOB. TonbKO
ruapo@miIbHble  (OPMBI MOTYT OBITh TPAHCIOPTHBIMU. XOTS (EPMEHTHl OHOCHMHTE3a
OpaccHHOCTEPOUIOB OOHAPYKEHBI MOYTH BO BCEX TKAHSAX PACTEHHs, KOHIIEHTPAIUS STHX
TOPMOHOB 00Jiee BBICOKA B MOJIOJBIX TKaHSX: 3THOJMPOBAHHBIX MPOPOCTKAX, MEPUCTEMAX,
¢iopanbHBIX TPUMOPAUAX, pa3BHBaoIIeiics mbUIbIe. llo-BuaMMOMY, HEpaBHOMEpPHOE
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pacnpeneneHue OpacCMHOCTEPOMIOB BBI3BAHO IMpOILIECCAMU  JAJbHETO0 U OJIMXKHEro
TpaHCIOPTA.

Peakniun Ha OpaccuHOCTepoMABl OTCYTCTBYIOT y MyTtaHTa bri [ (brassinosteroid
insensitive). AHanu3 aMUHOKHCIIOTHOW mocienoBaTensHocTH Oenka BRI 1 mokasanm ee
TOMOJIOTHIO C TpaHCMeMOpaHHBIMU pelenTopHbiMu kuHazamu (y Oenxka BRI 1 ects
JUTaHAHBIA, TPAaHCMEMOpPAHHBIH M MPOTEHMHKHHA3HBIM JOMeHbl). OJHAKO A0 CHX THOp HE
MOKa3aHOo, YTO OpacCHMHOCTEPOMIbI HemocpenacTBeHHO cBs3biBatoTcs ¢ BRI 1, T.e. mpobnema
peuenTopa OpacCHHOCTEPOUIOB HE pelIeHa OKOHYATEIbHO.

Bpaccunocrepouipl (Kak U ayKCHHBI) JIEUCTBYIOT HA IPOPOCTKHU, YCUIIMBAS PACTSKEHHE.
OpHako ecnu A1 ayKCHHOB XapakTepHO OBbICTpoe pacTspkeHHe ¢ aktuBauueidl H+-mommb
yepe3 10 MUH U MaKCUMyMOM pacTsbkeHus depe3 30 — 45 MuH, To 1j1s1 OpacCHHOCTEPOUIOB
TUNM4YHAa OoJiee 3aMe[UIeHHas peaklus, Koropas HauuHaercsa uepe3 30 MuH mocie
BO3JCHCTBUSA U mpoaosnkaercs 1,5 —2 4. Ecnu 106aBnsTe OpacCMHOCTEPOUABI BMECTE C
ayKCMHAMH, TO OHHU BBI3BIBAIOT Topa3io Oonbmui 3PQexT, YeM MpH pasJIeICHHOM
MPUMEHEHUU.

Ha monekymsapHoM ypoBHE 3B (HEKT pacTsHKEHUS MO-BUAUMOMY OOYCIIOBJICH aKTHUBAIHEH
TeHOB KcuiormtokansHaorpancriankosuia3 (KeOT) — sto ren TCH 4 apa-6uponcuc, rex
BRU 1 cou u ap. AKTHBaNUs TaKMX T'€HOB OOHAPYXEHA B Pa3HBIX PACTUTEIBHBIX O0BEKTaX.
benku KcOT mocne OuocuHTe3a HANpaBlsAIOTCA B afnoIljlacT UM MPU B3aUMOJCUCTBUU C
KCWJIOTJTIIOKaHAMH  Pa3MsArdaloT MaTPUKC KIETOY 'HOM CTEHKH. TakuMm 00pa3oMm, ayKCHHBI
3alyCKalOT MPOIECC PACTSDKEHUSA, a Opac"CHHOCTEPOUAbl BaXKHBI NJISI €r0 IMTEIHLHOTO
nojyepkanus. bpaccuHocTeponabl B3a"MMOJACHCTBYIOT M € THOOEpeyUIMHAMH, YCHIINBas
pacTsKEHUE KIIETOK.

[Ipn HepoCTAaTOYHOM CHHTE3€ OpacCMHOCTEPOUJOB HAOIIOJACTCS YacTUYHAs W TOJHAs
MYXCKasi CTEPUJIBHOCTb. Y MYTAaHTOB IO TeHaM OMOCHHTe3a OpacCHHOCTEPOHUI0B
THIUMHOYHBIE HUTH HE JOCTUTalOT JJIMHBI, JOCTATOYHOW A camoomnbuieHus. Jlaxe eciu
IBUIBLEBbIE 3€pHA MOMAJAl0T Ha PhUIbIA, POCT MbUIBLIEBON TPYOKH CYIIECTBEHHO 3aMeEIIEH.
[TpopocTkM MYTaHTOB B TEMHOTE HE YAEPKMBAIOT aNUKaJIbHYIO IETEIbKY B COIHYTOM
COCTOSIHUM, CEMSJOIM IMpPEeXKJIEBPEMEHHO pAacCKpbhIBAIOTCS W  HAuMHAeTcss OWOCHHTE3
xyopopuiuia. Bece 3T peakiuu He XapakTepHbl JJsl pacT€HU, BBIpAllleHHbIX Oe3 CBeTa.
[ToaTomMy 0oOCYyXIalOT y4yacTHe OpacCHMHOCTEPOUJOB IPH Ieperade CBETOBBIX CHTHAJIOB U
«TIePEKPECTHBIHN pa3roBop» myTell GpoTopenenuu 1 6pacCHHOCTEPOUIOB.

Bpaccunocreponibl peryIupyroT MpoIecchl KIETOUHON nuddepeHIMpoBKU. Y MyTaHTOB
bri 1 HapymeHo ¢opmupoBanue croadyaToro Me3oduisia ¥ YMEHBIIEHO KOJIWYECTBO
MPOBOJSIIMX 3JEMEHTOB Kcuijembl. Kak M B cilydae pacTsKeHUs, aKyCHHBI 3alyCKaroT
nporiecc  Aud@epeHuupoBKH, a  OpacCHHOCTEpOMIbl  MOAJACPKHBAIOT  ero. B
muddepeHIIMPOBKE KCUJIEMHBIX 3J€MEHTOB MOYKHO BBIACIUTH TPU CTaauu: 1) mepBUYHAs
DKCIIpeccUss TEHOB, MPUBOAAIIAS K HAKOIUIEHUIO (eHunanaHuHamMMmuKanu-a3el (DPAJl) u
ruapockunassl  kopuuHoit kucnotel (I'KK); 2) ocraHoBka sKcmpeccuu 3THX TEHOB U
NepeopUeHTAIUs] aKTUHOBBIX (uinaMeHToB; 3) BTOpuuHbIN 3amyck cunTe3a PAJI u T'KK ¢
CHUJILHOM JIMTHU(HUKAIIMEN U TPOTPaMMUPOBAaHHOM THOeIIbI0 KiIeTOK. [lepexon oT ctagnu 2 K
CTaJuH 3 KOHTPOJIUPYIOT OPacCHHOCTEPOU/IBI.

JleiicTBre OpacCMHOCTEPOUJOB U ayKCHHOB HAa KOPHEBYIO CHCTEMY MPOTHBOIOJIOXKHO:
AyKCHHBI CTUMYJIUPYIOT PU30T€HE3, a OPaCCMHOCTEPOUIbl HHTHOUPYIOT 00pa3oBaHue KOPHEH.

B Gompmmx mo3ax OpacCHHOCTEPOUIBI CIEPKUBAOT POCT M MOBBIMIAIOT YCTOMYHUBOCTH K
HEOJaronpusATHBIM BHEIIHUM (hakTopaM: IeperpeBy, 3aMOpO3KaM, 3acyxe, HH(EKIHH.
[Ipenapar «3nuH» (CEMbCKOXO3IMCTBEHHBIN SMMOPACCHHOIN) TOMOTAaET BBHIPACTHTH OoJiee
KpPENKHE U 3J0POBbIE PACTEHUS.
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11.7. KacmunoBasi kucjiora. buocunres u ¢pusuonornyeckue 3¢pdexroi. Mecto
’KACMOHATOB B peryJsiiuu oreeTa. CXoAcTBO 0TBETOB Ha skacMOHAT U Ha ABK.

BnepBrie xacMuHOBas KHCIIOTa (bkKacMOHaT) Obuta BblZeseHa B 1962 1. u3 adupHOTO
Macia )kKacMuHa KpymHoIBeTkoBoro (Jasminum grandiflorum), rie oHa mpuCyTCTBYET B BHJIE
jgetydero 3¢upa MeTWDKacMOHaTa. ITO  JIOCTHKEHHE (UTOXMMHUHU  OCTalloCh  Obl
He3aMe4YeHHBIM, eciii Obl B 1980-x rT. He OBUIO OOHAPYKEHO (PU3MOIIOTUYECKOE ICHCTBHE
9TOro BelecTBa Ha pacteHus. JKacMOHaT M METWIDKaCMOHAT MHTHOMPOBAIM  POCT
IPOPOCTKOB, TPOpPACTaHUE TBUIBLIEBBIX TPYyOOK, 0Opa3zoBaHHME Kalyca, CIIOCOOCTBOBAIIU
3aKPBITHIO YCTBHHI], CTUMYIUPOBaIM o0OpazoBaHuWe KIyO—HEHl M JYKOBWI, BIMSUIA Ha
LIUTOCKEJIET, [IEPEOPUEHTUPYSI €TO.

CuHTe3 aCMHUHOBOM KHCJIOTBHI HAaUMHAETCS ¢ ruaponusa Gochomununos Gocdonumazoit
A. OcBoboauBIIAsACS W3 JUMUIOB JUHOJICHOBAs KHUCJIOTA IMOJ JIEUCTBHUEM JIUIIOKCUTEHA3BI
mpeBpaliaeTcs B MEPEeKUCHOE MPOU3BOJHOE U jajee (OpMHUpPYEeT MATUUICHHBIM IUKI,
CIy)Kalluil OCHOBOM Juid >kacMmoHara. [locne cuHTE3a JKacMHUHOBAs KHCIOTa MOXET
METHIINPOBATHCS, IEPEX0/s B (PU3NOIOTUYECKH aKTHUBHBIA METHIIKACMOHAT, HO BO3MOXHO U
TJIMKO-3WJIMPOBAHKE, M TOT/Ia )KaCMOHAT TEPEXOIUT B HEAKTUBHYIO (3armacHyo) ¢popmy.

VY Arabidopsis oOHapy>KeHBI /iBa TeHa, OTBETCTBEHHBIC 32 CHHTE3 JIMITOKCUTEHA3bI: OJIUH
u3 Hux (ATLOX 1) skmnpeccupyercst B JUCThbSIX, KOPHSX, IPOPOCTKaX IMPU HOPMAIbHOM
pPa3BUTHU U HE 3aBUCHUT OT BHEIIHUX yCIOBH, Torna kak skcnpeccuss ATLOX?2 noBsimaercs
B OTBET HAa MEXaHHWYECKOE IIOBpEXJECHHE M naroreHe3. VHTepecHO, YTO KacMOHAThI
MOBBIIIAIOT AKTUBHOCTb JIMITOKCUT€HA3bl, CTUMYJIUPYsI CBOM COOCTBEHHbII OMOCHHTE3.

Kpome xkacMHUHOBOI KMCIIOTBI HAAECHBI IPYTUe BEIIECTBA ITOTO KJIAcCa, BBIIOJI "HSIOIINE
Te k€ (QYHKIMU: KYKypOMHOBAs KUCJIOTA U3 THIKBBI U TYOEpOHOBAs KUCIIOTA U3 KapTodens. Y
YKUBOTHBIX OJIM3KMMU MO CTPYKTYpPE U OMOCUHTE3Y SABJISIOTCS MMPOCTArIaHINHbI.

O4eBHIHO, XKACMOHATHI YYaCTBYIOT B JIByX MPUHHUIIMIIHAIBHO Pa3IMUHbIX PEryIsSTOPHBIX
nporeccax: 1) caepKMBalOT BETE€TATUBHBIA POCT U CIIOCOOCTBYIOT MEPE"XOJy B COCTOSIHUE
MIOKOSI; 2) YCHJIMBAIOT UMMYHHBIN OTBET.

Bo wmuorux Ttecrax ABK u »xacMoHaThl Benu ceOd Kak CHHEprucThl. Tak, mpu
BO3JCHCTBUM KAaCMOHATaMu [0 CYyTOK mnojasisgercss cuHte3 PBOK wu paspymaercs
xmopodut. 3a noaasiaeHne 6uocuHTe3a Oenka orBedaet Jip60 (Jasmonate-induced protein,
mout. macca 60 x/la). [Tosienenue Jip60 B kileTkax BBI3BIBAET pa3pylIeHUE MOJUCOM U 00IIIee
nojasieHue Tpancasauu. O6pabdortka kietok 10 -5 M xacMUHOBO KUCIOTON B TeueHHe 48
4 1 00JIee BBI3BIBAET UX THOECITb.

JXacMmoHaTbl BBI3BIBAIOT B 3apojbllIax CHHTE3 OEJIKOB TO3JHEr0 3MOPUOHAIBHOTO
pasButusi — Lea (Late embryogenesis abundant proteins). K  yHuHKampHO#
(U3MOTOTHUECKOM  peakUuu,  3allyCKaeMoW  KaCMOHAaTaMHM, OTHOCHUTCSI  CHHTE3
BEreTaTuBHBIX 3amacHeIX OenkoB — VSP (Vegetative storage proteins). Y HEKOTOPBIX
pacTeHHi 3TH OeNKH COBHANAIOT MO CTPYKTYpPE C 3allaCHBIMH O€JIKaMU CEMsIH, HO Y JIPYTHX
3aMmeTHO otauy4aroTcs. Cunte3 VSP HabmoaeTcst TOIBKO MPU XOPOIIEM CHA0KEHUHU a30TOM,
a npu ronojganuu VSP  He oTknaneiBatoTcsi. O4YEBHAHO, KACMOHAThl PETYIUPYIOT
JETIOHUPOBAaHUE  HEPACTBOPUMBIX  a30THBIX COEOUHEHUH U  JOHOPHO-aKLENTOpPHBIE
otHomenwus. [Tapannensno ¢ VSP u Lea cunTe3upyroTcst OesIkH, XapakTepHbIe ISl BOJHOTO
nedunmra (mepekpoiBaromascs peakiusa ¢ ABK). [losBienne 3Tux GEIKOB COMPOBOXKAACTCS
ocnabneHueM (GI0AIMHOTO TOKa U 3aKPBITHEM YCTHHUIL.

Ecnu B pacreHusx WMHrHOMpOBaTH pabOTy JIMIIOKCUICHA3bl, KACMUHOBAsl KUCJIOTa HE
oOpa3zyeTcs U TepseTcss UMMYHUTET K (uromaroreHaM. B MMMYHHOM OTBETE >KaCMHHOBAs
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KHCJIOTa BBI3bIBACT CHHTE3 SKCTCHCHHOB (IIPOMCXOJIUT YIPOYHEHUE KJIETOY 'HOW CTCHKH U
3aMeJIeHHE pOCTa, YTO HEOJArompusATHO JUIS IaTOTEHOB), CHHTE3 OCIKOB THOHUHOB
(HeOompIMe OoraTble IUCTEHMHOM OEJNKH, CBS3BIBAIOIIUECS C MEMOPAHHBIMH CTPYKTypaMu
MaToreHa ¢ TOKCHYECKUM 3PPEKTOM), CUHTE3 (PUTOATCKCUHOB (MHIYIHOCITHHBIX 3alUTHBIX
COCIMHEHUH ), CAITUIMIIOBOM KUCIOTHI U KOPOTKOTO METNTH/Ia CHCTEMHHA.

Orepudukanus XaCMHUHOBOH KHCIOTHI TpHIaeT ei jerydectb. [Ipeamomaraior, 9to
METHJDKaCMOHAT (KaKk W OTHIIEH) Yepe3 BO3JIyX JCHCTBYeT Ha COCETHHE pacTe Hus,
«uHQOPMHUPYS» UX O «HANAJACHUHW» IATOTCHOB. PacTHTenbHOE COOOIIECTBO «3a—paHee
y3HaeT» 00 HHPEKIUK U «KITPUHUMACT 3alUTHBIC MEPBI».

11.8. Camuumiar u apyrue peHoJIbHbIE coenHeHnsi. Bo3MoxkHasi poJib B peryJasiiuu
TepMOreHe3a, 0TBETAa HA BUPYCHYI0 MH(eKINI0, IBeTeHUn. B3aumojeiicTrBue ¢ 1pyrumMu
TOPMOHAMH.

CanuuunoBas KucioTa, BblIesneHHass u3 uBbl (Salix) eme B XIX B., Hamuia HIMPOKOe
npuMeHeHue B MeauiuHe. CaMoe M3BECTHOE MPOU3BOAHOE — alleTUJICAIM LIUJIOBasi KUCIO0Ta
(aciupuH).

buocunTe3 canmuiuiara HaYMHASTCS ¢ aKTHBHU3aUH (PeHmIaTannHaMMuakiuasbl (OAJI):
OHa MpeBpallaeT (eHWIAIaHUH B TPAaHC-KOPUYHYIO KHCIIOTY, KOTOpas NpH JalbHEHIIeM
OKHUCJIEHUU JlaeT OeH3oar. beH3oarruapokcunasa okUCiIseT ero 1o canuuuiarta. Canuuunar
MOJKET JIETIOHUPOBATHLCS B BUAEC HEAKTUBHOIO INIMKO3H/A.

Ousnonornyeckuii 3p(HEeKT caTuInIaToB B PACTCHUSIX OTKPHIT B 1980-X T. mpu u3y4eHun
TEepMOreHe3a y apouIHbIX. Sauromatum guttatum — cyOTponuyeckoe pacTe "HHUE C TUITUYHOM
JUISL apOMJIHBIX cTpaTerueil onbuieHus. JKeHckre BETKH cOOpaHbl Ha MOYaTKe y OCHOBAHUS B
Kamepe, 0O0pa30BaHHOW MOKpBIBAJIOM. BbIle pacnoyioKeHbl IIETUHKH, NPUIIEraolue K
MOKpbIBaTYy, a TakK€ THIYMHKH. [loyaTOK BEHYAeT YTONIIEHHBIM CTEpUIIbHBINA MPHUIATOK.
[ToxpbIBazo OTOrHYTO U 00pa3yeT MOCAJOUHYIO TUIOMIAAKY JIJIsl ONIbUIUTENEH.

IlepBblli TEPMOTEHHBIM OSNHU30J HAYMHACTCS B CEPEIUHE HOYM C HarpeBaHus
CTePUJILHOTO MPUJATKA U AJIUTCS oKoJio 7 4. PazHuna temnepatyp (At°) Mexay moyaTkoM U
okpyxaromen cpenoi gocruraer 12 °C. IIpu 3TOoM ncnapsroTcs BELECTBA, UMUTUPYIOLINE
3amax rHUomero msca. Ha 3amax cieTaroTcsi HaCEeKOMbIE-ONBUIMTENM M 3a0uparoTcs 10
NOKpBIBAJIy B HIDKHIOIO Kamepy. MX oOpaTHOMY BBIXOAY MpPENATCTBYIOT IIETUHKH.
Hacexomble ocTaroTcs Ha J€Hb B KaMepe, a Be4epoM HuX oxujaaer BTopoi (14-uacoBoii)
TEPMOTEHHBIN 3MU30/: pa30orpeBaeTCs HIKHSASA 4acTh MovaTka (nepenasn temmeparyp At® = 10
°C). IIpUTbHUKU pPaACKPBIBAIOTCS M OCHIMAIOT HACEKOMBIX NbUIbION. [lleTnHKHM K 3TOMY
BPEMEHH YCBIXAIOT, M ONBUIMTEIN CBOOOIHO MOKHUIAIOT KaMepy.

TepMoreHnHble 3MU301bl pacHpesielieHbl B TEUYEHHE CYTOK TaK, YTO Hayajio IMEepBOTO
AMM30/a y OJHUX PACTEHUH B JAHHOM MOMYJISALMHU COBMAJAET C OCBOOOXKIEHNEM HACEKOMBIX
1ocJie BTOPOro 3MK30/1a Y Apyrux. B BepxHeM mpujaTke 3a JIeHb /10 LIBETEHUS CAULIUAIIOBAS
kuciora HakarumBaeTcs ¢ 12.00 u pocturaer makcumyma B 17.00 yacoB. KoHuenrtpanus
camuuiara nossimaercss B 100 pa3. B cepeaniHe HOUM ypOBEHb CAlMIINAJIATA MOBBIIIAETCS B
HWKHEW wacTu mnoudatka. [locne TepmoreHesa ypOBEHb CalMIMIaTa BO3BpALIAETCS K
ucxogHomy (oxoso 10—15 mmors).

B BbIpe3aHHOM M3 pacTeHUs IIOYaTKE TEPMOIE€HE3 MOXHO BbI3BATh OSK30TE€HHBIM
CAIMLIUIIATOM, NPUYEM B TEMHOTE CaJHIMIaTa HYXXHO J00aBUTH OOJIbIIE, YeM Ha CBETY.
OueBuaHO, Sauromatum He CKJIOHEH K TEPMOIEHE3Y, €CIIM COLBETHE HAXO IUTCS B IIOYBE U
HE JOCTYIHO i onbumdreneh. [lo-BuauMomy, canuuuiioBasi KUCJI0Ta UHAYLUPYET CHHTE3
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MPHK anvrepnaruBHoi okcupiaswl. Ilog aedictBueM caiuiuiaTa B MPUIATKE IMOBBIIIACTCS
COJIepKaHUe JICTYYHX BEIISCTB, IPUBIICKAIOIINX HACEKOMBIX.

Bpsin nm canumuiioBass KHCIIOTa SBIISETCS HEMOCPEICTBEHHBIM TPUITEPOM IOTOKA
anekTpoHoB B DTL] MUTOXOHIPHIA, TaK Kak MOBBIINICHHE €€ YPOBHs HAOIIOAAIOTCSA HE y BCEX
TEPMOT€HHBIX BUAOB. Tak, MpU pa3BUTUH cTpoOuia caroBHUKOB (Cycas), I[BeTKa BUKTOPUHU
KoposieBckoit (Victoria regia) WM COIBETHS y TajdbM TeMIepaTypa IOBBIIIACTCA, HO
TEPMOI€HE3 He CBSI3aH C CaJMIMIATOM. YPOBEHb CAIMIIUIIATA B JIUCTHSIX PHCA MOBBILIEH, HO
pUC TOYTH HE CHOCOOCH K TepMoreHesy. Takum o00pa3oM, peryisius TepMOTreHe3a
CAJIMLIUIIOBON KUCIIOTOM XapakTepHa /Uil apOUTHBIX U HEKOTOPBIX IPYTHX pacTeHUui. Y psCKH
(Lemna gibba) no6aBieHue caauIuiiaTa CTUMYJIUPYET I[BETCHUE.

CanunuioBasi KMCJIOTa PEryjaupyeT OTBET Mpu JAeicTBUM mNatoreHoB. Hampumep, mpu
00paboTKe CATUIMIIATOM TOBBIIIACTCS YCTOMYMBOCTh Tabaka K BUPYCY TaOAYHOW MO3aWKH.
[Ipy MexaHMYEeCKOM TMOBPEKICHUHM aKTUBM3UPYETCS HAvadbHBIA (EepMEeHT OHOCHHTE3a
canuuunarta — pennnanannHammuakiuasa (OAJI). Eciu pactenue He MOKET CUHTE3UPOBATh
canmuuunat (6mokupoBanbsl TeHbl GAJ] wnu GeH30aTTUAPOKCHIA3BI), €0 UMMYHHAsI PEAKIIHS
CHWKAETCHA.

IIpu o00paboTke canuuUIOBOW KUCIOTOM cuHTe3upyrorcs PR-Oenku {pathogenesis
related) paszmuunbix KiaccoB. PR-1-kmacc oTBewaer 3a CHCTEMHYKH YCTOHYHBOCTH (T. €.
YCTOMYMBOCTh BCEro pacTeHHUs, MJalleko OT HEMOCPEACTBEHHOTO MecTa KOHTakTa ¢
natorenoM). beinku PR-1 Tokcuunsl ajis rpuboB.

benku PR-2 — [-1,3-rmrokaHa3bl, pacHICIUISIONIME TIJIOKAHBI KJICTOYHOH CTCHKHU.
®parMeHThl TIIIOKAHOB TaK)KE CIIOCOOHBI BBI3BIBATH UMMYHHYIO PEAKIUI0 PACTUTENh "HBIX
kieTok. Kiacc 6enkoB

PR-3 — xuTHHAa3bl, OHH PACIIEIUISIOT XUTHH KJIETOYHBIX CTeHOK rpruboB. K kmaccy PR-4
OTHOCSIT TEBEUHIONO0OHbIE O€JKW, OTBEYAlONIMe 3a 3acThIBAaHUE JlaTeKca. OTH
(U3HOIOTHYECKHE OTBETHI YACTUYHO MEPEKPHIBAIOTCS C OTBETAMHU HA ITHJICH U KAaCMHUHOBYIO
KHCTIOTY.

CanununoBasi kucioTta BbI3biBaeT cuHTe3 DPAJL, ycunmBas cCOOCTBEHHBIH OMOCHHTES.
Kpome Toro, canmummiioBasi KHCIIOTa MOXKET CBSI3BIBATHCS C HEKOTOpPhIMH Fe-coaepikamumu
Oenkamu (Hampumep, ¢ katanaszoit). [lpum B3auMomelcTBHM € CaNMIIMIATOM aKTUBHOCTh
Karaja3sl MajacT, KOHIEHTPAIUs IEPEKUCH BOAOPO/Ia M IPY THUX aKTHBHBIX (POPM KUCIOpOIa
pacrer. K o»tomy ke addekry OpHBOAUT  B3aMMO JIEHCTBHE  calMIMiaTa C
ackopOaTokcua3oi. [1oBeITIICHHE KOHIIEHTPAIIMN aKTUBHBIX (DOPM KHCIIOpOAa CTUMYIUPYET
o0pa3oBaHWE HOBBIX TMOPIMHA CATUIMIOBOM KHUCIOTHI, YTO TaKXke YCHUIHBAeT 3(PQexT.
BbicOkMe 10361 caJiIMiaTa BBI3BIBAIOT THOENHh KJICTOK  (3aIlyCKaeTcss  PeakIuu
CBEPXUYYBCTBUTEIHHOCTH).

TakuMm 00pa3oM, CalHWIMIAT HE TOJBKO PETyIUPYET MPOIECChl Yepe3 perenTop-Hbie
CUCTEMBI, HO M HEMOCPEICTBEHHO yYacTBYET B aJNIOCTEPUYECKON PETYyISAIUU pabdOoThI psaa
(GepMEeHTOB, T. €. JJIs Pa3BUTHSA (HU3HOIOTHYECKOTO OTBETa HEOOXOIU "Ma CPABHHTEIHLHO
BbICOKasi KOoHIeHTparus canmumminata (1o 10 -3—10 -5 mMonb/m). DT0 HE XapakTepHO IS
«TUTIAYHBIX» TOMOHOB, II0O3TOMY BKIIFOUEHHE CaJIUI[MIaTa B CIHHCOK (PHUTOrOPMOHOB
JUCKYCCHUOHHO.

11.9. OamrocaxapuHsbl.
B perymsinun ¢pu3n0I0rHYECKUX MPOLIECCOB y PACTCHUN yYacTBYIOT KOPOTKHE YIIIEBOIbBI

— omurocaxapuabl. B 1980-x rr. OoOHapykeHO, YTO MPOAYKTHI JErpajalvyl KICTOYHOU
crenkn Phytophthora BbI3BIBalOT crenuduuHyl0 UMMYHHYIO peakunuio. Jlaxe HeOOIbIINX
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IepecTPOCK YIIEBOAHOTO CKeleTa ObUIO JO0CTaTOYHO, YTOOBI 3TOT 3(PQEeKT ucyes, T. €.
OOJIBIIMHCTBO OJMIOCAaXapHI0B He 00J1aaeT aKTUBHOCTHIO. Onurocaxapubl, BhI3BIBAIOIINE
¢usnonornuecknii  3pdekt, HazpBalOT onurocaxapuHamu. (Kaxknmslii omurocaxapun —
0JINTOCaxXapu/l, HO He KaK/bIM oJurocaxapua — ojaurocaxaput!)

OnHn 00pa3yroTcst Kak IMPOAYKTHl PACIICIUICHHUS MOJIMCAXapUIOB KIETOYHOW CTEHKH.
Pacmieruienne BBI3BIBAIOT KaK COOCTBEHHBIE (DEPMEHTHI, TaK U (DepMEHTHI TPUOOB/OAKTEPHIA.
B cocraB onmurocaxaprHOB MOTYT BXOIMTh KCHJIO3a, paMHO3a, TalaKkTo3a W OCTATKU
YPOHOBBIX KHCJIOT. M3 TIMKOMUMMIOB, BXOISAIIMX B COCTaB MeMOpaH, o0pa3yroTrcs
OJIMTOCaxapuHbl, colep)Kalye HHO3UTON. KopoTkue ¢parMeHThl XMTHHA, OOpa3yroIInecs
1OJl JCHCTBUEM pPACTUTENBHBIX XHMTHHA3, TaKXKe OTHOCAT K OJIMTOCaxapuHaMm, XOTS OHHU
HPOUCXOMAT U3 TY>KEPOTHOTO OOBEKTA.

OOHapyXeHO, YTO OJMIOCaxapujibl CYCIIEH3MOHHOM KyNbTYpbl KJIEHAa CTHUMYJIU PYIOT
JIeTIeHne KJETOK B KyJIbType in Vitro. DTO TOBOPUT O TOM, YTO B IKCTPAKTaX €CTh WU
OJIUTOCAXapUHBI.

B ¢wusnonoruyeckoil - peryiasuMu  CO3peBaHUS  IUIOJOB  TaKKe€  y4acTBYIOT
onurocaxapuHbl. GEPMEHTHI, pa3pylIAOIINe TIUKAHBI KJIETOYHOW CTEHKH, BHICBOOOXKIAIOT
aKTHBHBIC OJIMIOCaxapWHbI, CTUMYJIHMPYIOIIME JalbHelIIee co3peBaHHe. BaxHyro poib
UTPAIOT  NEKTOJUTHYECKHEe (QepMeHThl W oOpasyrommecs (parMeHThl — NEKTHHA.
Cne—nnduYecKkue OJMTOCaxapHHbl SBISIOTCS CHUTHAJAMU NPU y3HABAaHWHM CUMOHOHTOB B
cucremMe Rhizobium—pactenne—xo3sun. be3 oOMmeHa onmrocaxapuHamu KIyO€Hb KU Y
0000BBIX HE 00pa3yrOTCS.

Bonpocel 111 CaMOKOHTPOJISA

AYKCHUHBI.

[[UTOKMHWHBI.

['nG6epenuHeI.

AGcun30Bast KUCIIOTA.

OtuneH.

Bbpaccunocrepounpl: 6MocuHTe3, MHOroobpasue. Pusmnonoruyeckue >PQPeKTsl:
pacTsbKeHue KIIETOK, poiib B qudepeHnpoBke Me3oduiia.

carwnE

7. KacmonoBas kucnora. buocunTed. u dusznonornueckue s3pdexte. Mecto
YKaCMOHATOB B peryisiuu orBera. CXOJCTBO OTBETOB Ha jkacMoHaT U Ha ABK.

8. Camumuniar u npyrue (GeHONbHBIE COeAMHEHHs. BO3MOXHas pojb B PErySIHH
TEPMOT€HE3a, OTBETa Ha BHPYCHYIO HH(EKIUIO, IBEeTEHUH. B3amMopeicTBHEe ¢ JIPYyrUMHU
TOPMOHAMHU.

9. OnurocaxapuHsI.

CIIMCOK JIMTEPATYPbI
OcHosnast

1. Wneuna H.A.Duzmonorus u 6uoxumus pacreHuii: Yueonoe nocodue / H.A. Wnbuna, U.B.
Cepreesa, A.1. llepersitko - YupsHOBcK-Capartos, 2013. - 335 c.ISBN 978-5-86045-613-6

2. Komkun, E. Y. ®usnonorus ycTOHYUBOCTH CEINLCKOXO3HCTBEHHBIX KYJIbTYp: yueOHUK / E.
. Komkun. - M.: [Ipoda, 2010. - 638 c.: wr. - (YueOHuKkH 1 y4e0. TOCOOUS IJIs CTYyJACHTOB BBICIII.
yue0. 3aBenenuii). - ISBN 978-5-358-07798-0

3. CepreeBa, 1.B.®Ousnonorust pacTeHUi ¢ OCHOBaMH 3KOJNOTruMU: YueOHoe mocobue / W.B.
Cepreesa, A.H. Ilepersatko - Capatos, 2011. - 348 c.ISBN 978-5-7011-0740-1
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4. ®wusnonorus U OMOXUMUS CENbCKOX03SIHCTBeHHBIX pacTtenuit / mon pea. H.H. TpetbsixoBa. M.
: Konoc, 2005. - 639 c.ISBN 5-10-002915-3

ﬂOnOﬂHumeﬂbHClﬂ

1. buoxumus: yueonuk / B. T'. lllep6akos, B. I'. Jlobanos, T. H. [IpyauukoBa. - 3-¢ 3., HCIp. U
gor. - CI16.: TUOP/, 2009. - 472 c.: un. - ISBN 5-98879-008-9

2. Koswpmuna, H. I1. 3epHOBencHIE ¢ OCHOBaMH OHOXUMHHU pacTeHUil: HayuHoe uznanue / H. I1.
Kozpmuna, B. A. I'yasku, I'. M. CycasHok. - M.: Komoc, 2006. - 464 c.: un. - (Teoperndeckue
OCHOBBI POTPECCUBHBIX TeXHOJOTHI: Onorexnomnorus). - ISBN 5-10-0039.
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Jlexnus 12

®OTOPETYJISIIIUAA Y PACTEHUM.

12.1. OcHoBHbIe npuHIHUIBI oTopenenuuu. OTauune GoTopeHenTOPHBIX
KOMILIEKCOB OT YHEPronpeoopasyomux.

UroObl pacTeHHEe «IIO4YyBCTBOBAJO» KBAHT CBETa, HEOOXOIWMbI MHTMEHT-OEIKOBbIE
KOMIUIEKCHI ((hOTOPELenTOPHI), MOTJIOMIAIONINE B JAHHON YacTH CIEKTpa U Mpeodpas3yromme
KBaHT B OMOXMMHMYECKHH CHUTHAN, T. €. JOJDKHA IMPOU30UTH pomoxumuueckas peaxyus.
DOHeprus TMOTJIOIIEHHOTO KBaHTa MpeoOpa3yercs ABYyMsl MyTSMH (B 3aBUCUMOCTH OT
dotopenieritopa): 1) wu3Mensiercss  kKoHbopmamus ~ Oelka M 3allyCKaeTcs — KackKaj
dochopmnupoBanusi (peleNTOp KpacHOTO cBeTa); 2) HUAYT pPEaKkUd BOCCTAHOBIICHUS
BTOPUYHBIX MECCEHKEpOB (peuenTop cuHero cmera). Jlamee akTHBH3HpYyeTCsl cUCTEMa
BTOPUYHBIX MECCEHKEPOB, MEPEIAIOIINX CBETOBOI CUTHAIL.

Kak B cBeroBoii ¢asze (oTocHHTE3a, Tak M MpPH CHUTHAIBHON (HOTOpEleniuyu SHEPrust
KBAaHTOB CBETa IMpeoOpa3yeTcss B DOHEPrui0 XUMHUeCKUx cBszed. Ho mpu sTtom B
dorocucTeMax XJIOPOIJIACTOB KOH(POpPMALUs OENKOBBIX KOMIUIEKCOB HW3MEHSETCS Malo,
HU3Kas 4yBCTBUTEIBLHOCTH K cBeTy M Bhicokui KII/] sneprompeobpazoBanus. B ornuune ot
dorocuctem (HOTOPEHENTOPHl CHIIBHO H3MEHSIOT KOH(POPMALHUI0 OENIKOBBIX KOMIUIEKCOB,
OUYeHb YYBCTBUTEJBHBI K CBETY, uMetoT Hu3kui KI1/] snepromnpeoOGpasoBanusi, T0KaIU30BaHbI
B SiIp€ U B IIUTOILIA3ME.

DOu3H010THYECKH BakKHbIe 00J1acTH cneKTpa. [IockonbKy )U3Hb pacTeHHH 3aBUCUT OT
dorocuHTE3a, OHHM JIOJDKHBI OIEHWBATh KOJWYECTBO M KadecTBO cBera. CoriacHo
(GU3nUecKUM NPUHIMIIAM, €CTh IpeeN dHEpPruu KBaHTa JUld NMpeoOpa3oBaHUS B CBETOBBIX
peakuusax ¢orocuHTe3a: ¢gorocucremMa | moriomiaer U npeodpasyeT KBAHTHI M3 KpacHOU
obmactu cnektpa npu 4 < 700 HM, a dorocucrema |l — npu 4 < 680 um. Eciu 3eneHsie
pacTeHus ocBelaTh 0oJsiee ITMHHOBOIHOBBIMU KBaHTaMu (A > 700 HM), pacTeHHEe MOTHOHET:
HHEPIUU 3TUX KBAHTOB HEJAOCTATOUHO JUIs CBETOBOM cTaanu ¢poTrocuHTesa (CM. mojapasa. 3.4 u
3.5). Takum 00pa3om, KpacHbIE JTy4d MOKHO Pa30UTh HA JBE PE3KO OTIMYAIOIINECS 001acTH
— COOCTBEHHO KpacHyro, TpUuroauyo ans porocunrtesa (4 < 700 HM)*, U danbHIOIO KpacHyo,
st poTrocuHTe3a HE PUTOAHYI0 (4 > 700 HM). [lanbHUN KpacHBIA CBET U TEMHOTA JTOJDKHBI
HPUBOJUTH K MIOX0XKUM OTBETaM — 3TO CUTHAJ, YTO YCJIOBUH /Ui (POTOCHHTE3a HET.

12.2. ®uTOXpOM U KPUNITOXPOM.

JIns OLlEHKM KayecTBa M KOJIMYECTBa KBAHTOB B KpAacHOM 00JacTH y pacTeHuil ecTh
doToperienTop (PUTOXPOM, COCTOSIIIMA #3 (HUTOXPOMOOWIMHA (TMUTMEHT, AHAJTOTHYHBIA
($uKoOMIMHAM) B KOMILJIEKCE C OETKOM.

DUTOXPOM MOKET HaXOJUTHCS B JIByX OCHOBHBIX (popmax: kpacHoil @kp(660) u nanpHen
kpacHoit @axp(730).

«Kpacupie kBanTh» (A = 660) mnoriomaroTcs KpacHod Qopmoit ¢duroxpoma, u
IPOUCXOIUT MEPEXO]L

Oxp—Dakp. [NosBnenne Oakp moj AeicTBUEM cBeTa ¢ A = 660 HM — CUTHAII O TOM, YTO
CBET MpHUrojeH ais gorocuHTesa. [lanpHsas kpacHas ¢opma puroxpoma Daxp nepexoiaur B
®xkp (1) mpu aevictBuu cBera ¢ A = 730 HM, 1 (2) cCaMONIPOU3BOIBLHO B TEMHOTE (3TOT MEPEXO.T
MEJIJICHHEE).
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[Tossnenune @xp nox aeiictBueM cBeta ¢ X = 730 HM WM B TEMHOTE — CHUTHAJI O TOM,
910 ycIoBUU I (poTocuHTe3a HeT. DUTOXpPOMHAS CHCTEMa IMOXO0Xa Ha TMEPEeKITI0YaTeNb:
€CJIM €CTh KBaHTHI ¢ A = 660 HM, TO cucTeMa OXKujaeT curHana ot A = 730 HM, 1 Hao6opoT. B
MOJIHOW TEMHOTE YyBCTBUTEIILHOCTh PACTEHUI K CBETY BO3paCTaeT: cojJepkaHue puroxpoma
yBeau4nBaeTcs. Kak TOJBKO pacTeHUs MEepe HOCAT Ha CBET, KOHIEHTpalus (GuToxpoma
YMEHBIIACTCHI.

Ha ocHoBanuu curHagoB GUTOXPOMHOM CUCTEMBI pACTEHUE U3MEHSET CTpaTe THIO POCTa:
TOTOBUTCS K (DOTOCHHTE3Y WJIM BCE CUJIBI PACXOyeT Ha POCT; MPUCTYHa €T K [[BETCHUIO U
K JIUCTOIAJly; CEMEHA MPOPACTalOT WM JOKHIAIOTCSA Oosiee OJIArONMpUsTHOTO OCBEIICHHUS H
T.II.

MakcumMyMBbl TIOTJIONICHUST KapOTHHOWIOB, (JIaBUHOB, XJIOPOPHUIUIOB M Jp. MUTMEHTOB
HAXOJATCS B CHMHEH 00JacTu CreKkTpa, OHAa TaKke (U3MOJOTUYECKH BakHA. Y DPACTCHHH
CHHUH CBET BOCHPHHHMAIOT KPHNTOXPOMBI, (OTOTponuH. DOTOpEnenTopbl CHHEro CBETa
paboTaroT MHAYe: MPOUCXOAT OKUCIUTEILHO-BOCCTAHOBHUTENIbHBIE peakiuu. [loctynaromue
CUTHAJIbI  «TIOMOTAIOT MPUHATH JIOKAJIbHBIE PEIICHUS». OINPECIUTh HaIlpaBJICHUE
MaKCUMaJIbHOW OCBEIICHHOCTH IMPU (OTOTPONHU3ME, OTKPBHITh YCThHIIA M T.O. Pementopsl
KpPacHOTO M CHUHEro cBeTa (PyHKIHOHUPYIOT B3aUMOJEUCTBYS NIPYr C IPYroM. Y pacTeHHM
€CTh CHCTEMBI, «9yBCTBYIOIIUEY YIBTPAPHUOIIET U aKTUBUPYIONIUE 3alTUTHBIC MEXaHU3MBI, HO
doropeunenius B YP-yacTu crieKTpa U3yuyeHa HEJIOCTaTOUHO.

12.3. OTBeTHI HA CHHUIi CBeT: pa3rudaHue anMKaJIbLHOI NeTeJbLKU NPOPOCTKOB,
(¢oToTpONN3MBI, YCTHUYHbIE TBUKEHUSI.

B 1881r. U./lapeun B ombiTax ¢ (oTtoTponmusmMoMm y kaHapeeuHoit Tpaeel (Phalaris)
NoKa3aJl, 4TO 9KpaH M3 pacTBOpa OuXpoMaTa Kajius, He MpPONYCKAIOUIMH CHHUH CBeT,
MOJIHOCTBIO CHUMaET 3¢ dexT goroTponusma. B 1883 r. Hemeuxuit ¢pusnonor pacrenuii 0.
Cakc mpoBeN ONBITHI C MPUMEHEHHEM IIBETHBIX CTEKOJ M PA3JIMYHBIX PACTBOPOB, YTOOBI
0ojiee MOJHO OIEHUTh CHEKTPAIbHbIE XapaKTEPUCTHUKU CBETA, BBI3BIBAIOLIETO PEAKIUI0
¢dororpornmsmMa. B uTore crano MOHATHBIM, YTO PACTEHUE «IYBCTBYET» CHHUN CBET (KPaCHBIN
HE BBI3bIBAT (POTOTPONU3MA).

B nanpheiimem 3ta yacth cnektpa Obuia cyxena 10 400 — 500 um. Beito nokazano, uTo
OT CHHEro CBeTa 3aBUCAT U Jpyrue (HU3UOJOTMUECKHE OTBEThI: CHHTE3 KapOTHHOWUJOB,
AQHTOIIMAHOB, YCTbUYHBIC JBW)KCHUS. BBI3BaHHBI CHHUM CBETOM OTBET HEBO3MOXKHO OBLIO
0o0paTUTh KBaHTaMHU CBETa C APYroi IJUHOW BOJHBI. 3HAUUT, y PACTEHUH €CTh elle OJUH
doroperenTop, OTBEHAIOMIMK 3a BOCHIPHUATHE CHHEW YacTH CHeKTpa. MeToabl, KOTOpbIe
OPUMEHSUIM JUIS M3y4eHHUs (HUTOXpPOMA, OKA3aJMCh IMOYTH HENPUEMIIEMBIMH IJIi HOBOTO
perenTopa, BBIICIHTh W OXapaKTepHU30BaTh €ro HE yIaBaJloch BIUIOTH JO KoHma XX B.
['unoreTrueckuii hoTopenentop ObLT Ha3BaH KPUNMoxpomom (OT Tped. CryptosS — CKpBITHIN).

Hanosxenne (u3nonorndeckoro crekrpa IeicTBHS Tpu (HOTOTPONM3ME Ha CIEKTPHI
MOTJIOIIEHUS] THUIMEHTOB JIaBaJ0 pACIUIbIBUATBIE PE3yNbTaThl: Ha poOJb KPUIITOXPOMOB
NpeTeHI0BaI (DJIaBUHBI, ITEPUHBI U TPOM3BOJIHBIE KapoTWHOWUIOB. boiee Toro, B cuHen
YaCTH CIIEKTPa €CTh MAKCUMYMBI TIOTJIOIIEHHS U 'y pUTOXpOoMOOHIINHA, U Y XJIopoduiuioB. 1o
OOBEKTHBHBIM TpPUYMHAM H3YYCHHUE BOCIPHUSATHS CHHETO CBETa OKa3aJloCch CIIOKHOU
npobeMoii.

B 1993 r. nmpobinemy kpuntoxpoma cMmorim pemuth A. P. Kammop u M.Axman. Onu
oToOpanu cpeau MYTaHTHBIX pacTEeHHH apaOuIOINCHC Te, KOTOpbIE IaBajld YIUIMHEHHBIH
TMIIOKOTUJIb KaK B TEMHOTE, Tak M Ha cBeTy. Oka3anoch, 4YTO 4acThb MyTaHTOB HE pearupyer
Ha CHHUH CBeT (TMIIOKOTWJIb JJIMHHBIN), a Ha KPAaCHOM CBETY TMIIOKOTHJIM 3THX MYTaHTOB

85



KopoTkue. O4eBUIHO, YTO (PUTOXPOMHAs CUCTEMa pabOTaeT HOPMAJIbHO, @ MyTaHTbl UMEIOT
HapyLICHUS B KPUIITOXPOMHOH cHUCTeMe. Yaloch BBIACTUTh MYyTallMM KaK MO OMOCHHTE3Y
xpomogopa, Tak U 10 OETKOBOM YaCTH KPUIITOXPOMA, KIIOHUPOBATh 3TU I'€HbI U MOIYYUTh UX
IIOJIHYIO IOCJIEI0BATEILHOCTD.

12.4. ®oTonepuoau3m

B kaxnaol TOuYKe IUIAaHEThl CYIIECTBYIOT CE30HHBIC KOJIEOaHHMS BIAXHOCTH M TEM-
nepaTypbl, OIpPEeAEISoIINe KIMMAT TOH UM HHOM MECTHOCTU. Bunibl pacTeHnit 10J1KHbBI ObITH
aJalTHPOBAHbI K KJIMMarTy.

MHorooOpa3ue KIuMaToB J10CTaTOYHO BbIcOKo. Ha tepputopun Poccun oauH U3 cambix
BaXHBIX KIMMaTHYECKUX (PAKTOpOoB — 3UMHee CHIbKeHue temieparyp. B Cpeaneil u
IlentpanpHoii A3um K 3TOMYy J0OaBisieTcss JeTHsAsA 3acyxa. PacTeHus «BBIHYXIEHBI
paccuMTHIBaTE» BpPEMSI pPa3BHTHS TaK, YTOOBI ILBETEHHE, OOpa3OBaHHME IUIOJIOB M CEMSH
IPUXOJUIIOCH Ha OJaronpusTHhIA ce30H. HacTyruienue HeGaronpusaTHbIX (pakTopoB 0OBIYHO
KOppenupyeT ¢ Hu3MeHeHueM JUIMHbl AHs. CaMble 3aMeTHbIe KoJIeOaHUS UIMTEIbHOCTU
CBETJIOTO BPEMEHU CYTOK HaOJIIOJAt0TCs B BBICOKMX LIMPOTAaX: 3@ MOJSPHBIM KPYyroM ObIBAIOT
NOJISApHBIA  JieHb (24 1 cBera/cyr) u moisipHas Houb (0 4 cBera/cyr). Uem Ommke K
TPOIIMYECKUM O0O0JIacTsM, TeM HE3HauuTelbHEEe W3MEHEHHE JUIMHBI CYTOK. M, HakoHel, Ha
IKBATOpE JIeHb Bceraa paBeH Houd (12 4 cBera/cyT), T. €. HA DKBATOPE PACTEHHUS HE MOTYT
OLICHUTh W3MEHEHUE JIuHBl OHSA. B Tponuuyeckux paloHax JiIMHA JHSA MEHSETCs
HE3HAYUTENbHO, U OTCI0JIa IPOUCXOAT PAaCTEHNUs, HauboJee YyBCTBUTENIbHBIE K U3MEHEHUSIM
JUIMHBI JHS. DTUM pacTeHUSM NPUXOAUTCS «OLIEHUBATH» BpeMs € TOYHOCTHIO 10 1 — 3 %!
Pacrenuss ymMepeHHBIX IMIMPOT OLIEHUWBAIOT JUIMHY JHS MEHEe TOYHO, HO OHAa Hrpaer Ooiee
3aMETHYIO PETYJISATOPHYIO POJIb B Pa3BUTHH.

3aKOHOMEpHOE M3MEHEHHWE JUIMHBI JHS B TE€YEHHE Tofa Ha3bIBAIOT omonepuoousmoMm.
®U3NOIOTUYECKUN OTBET Ha 3TOT BHEUIHUI CTUMYN — 3TO (OTONEPUOANYECKAs pPeaKius
pacteHni. Tak, B yMEpEHHBIX IIMPOTaX YMEHbBIIEHUE JAJIUHBI THS TOBOPUT O HaJIBUTAIOLEMCS
MOXO0JIONAaHUU. PacTeHusT TOTOBATCS K COCTOSHUIO TIOKOS: IPOMUCXOJIUT JIMCTOMAN,
[IUTATEJIbHbIE BELIECTBA MEPEMELIAIOTCA W3 HAJ36MHOM YacTH B IOA3EMHYIO, POCT
octraHaBnuBaetcs. B Cpenn3eMHOMOpbE COKpAlllEeHUE AJIUHBI JHS TOBOPUT O HACTYIJICHUH
3UMBl — CaMOT0O BJI&XXHOIO CE€30Ha rojla C NPUEMJIEMBIMHM Ul POCTa TEMIIEpaTypaMH.
Pactenus naroT mpoTHUBOMOIOXKHBIA (PU3UOIOTHYECKUN OTBET: YCUIUBAIOT pocT. Kpome Toro,
CYLIECTBYIOT KJIMMaTUYECKHUE 30HBI, [€ BIaKHBII MEPHOJ] IPUXOANUTCS HA OCEHb WM BECHY.
PacTeHusiM NpuXoauTCs «OLEHUBATh» HE OOILIYI0 TEHICHIIMIO, & TOYHO «U3MEPSAThY JJIUHY
nHs1. Ecniu 1eHb COOTBETCTBYET «BHYTPEHHEMY ITAJIOHY», TO C€30H OJaronpHsTHBIN, a eClu
JTHU JUTMHHEE WJIM KOpOoYe «3TaJlOHa», YCJIOBHS HEOJIaronpusiTHbl U pacTeHHE TOTOBUTCS K
MOKOI0. BBIBaeT M «CHUMMeTpUYHAs» CUTyalusi, KOrja KIMMaT B LI€JIOM OJaromnpusiTeH, HO
BECHOM WJIM OCEHbIO HabionaeTcss 3acyxa. lTorja uM3MepeHHasl <«3TaJOHHas» JJIMHA JHS
TOBOPUT 00 YCIIOBUAX, HEONATONPUSATHBIX I POCTA.

[To oTHOMLIEHUIO K JUTMHE JHS BBIACISAIOT HECKOJIBKO IPYII pacTeHHH.

Hevuimpanvuvie pacmenuss (HP) — nnuHa aHA He OKa3bIBaeT 3aMETHOTO BIHSHUS,
pacTeHHs LBETYT [0 JOCTI)KEHHUU OIpeAesieHHOro Bo3pacTa WM pasmepa. OObIUHO
HEeHTpasbHbIE PAaCTEHUS MPOUCXOAT U3 HKBATOPHATILHBIX 00acTeil.

Jlnunnoonesnvle pacmenus (JJJ1P) — 3amBeTaroT TONIBKO B TOM cllydae, €Cliv JUIMHA JTHS
OoJbllIe HEKOTOPOM KpuTHUecKoi BenmuuuHbl. JIJ[P mpoucxomst u3 yMepeHHBIX 00iacTel ¢
PaBHOMEPHBIM YBJIAKHEHUEM I10 CE30HAM.
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Kopomkoonesuvie pacmenus (K[P) — 3anBeraroT TONBKO NMpU JJIMHE IHS, MCHBIICH
HEKOTOPOUM KPUTUYECKOW BeNMMUYUHBL. OHU MPOUCXOMAT U3 CYOTPONMUYECKHX U TPOITHUYECKUX
o0racreii ¢ 3MMHUM MaKCUMYMOM YBIIQXKHEHHUSI.

Jnunnoxopomxoounesnvie pacmenuss (AKIAP) — nns uBeTeHuss HeoOXoauma ompe-
JIeJIeHHasl MOCIe0BaTENbHOCTh: CHavajda JUIMHHBbIC JHU, a 3aTeM KOpPOTKHE. DTHU pacTeHus
«HACTPOEHBI» Ha OJIATONPUATHBIA OCEHHUN EPUO/.

Kopomxoonunnoonesnvie pacmenus (KIJAP) — nns nBereHuss HeoOxoamma CMEHA
KOPOTKHMX IHEW Ha JJMHHBIE (HO HEe HAo0O0pOT). brarompusATHBIN mepHox y 3TOHM TpymIbI
«acCOIMUPYETCS» C BECCHHUM CE30HOM.

Cpeoneonesnvie pacmenus (CJIP) — niis uBereHuss HEOOXOIUM OTPEACIICHHBIA HHTEPBAI
JUIMHBI JIHA: HU TP YBEJIMYEHHOH, HU NpU YMEHBIIEHHOW JJIMHE JIHA 3TH PAcTeHUs He
[[BETYT. ITO — CPaBHUTEIILHO PEIAKUH THIT PETYIISIUA [[BETCHUSI.

Amepugpomonepuoouunvie pacmenus (ADIIP) — ans 1BeTeHUss HEOIATONPHUATEH Y3KUN
WHTEPBAJl, a NpPH OOJBIICH WM MCHBIICH JJIMHE MHS I[BETEHUE HACTYyMaeT. JTOT THUI
(bU3HOIOrMYECKUX OTBETOB TAK)Ke JOCTATOYHO PEIOK.

[Tox xoHTpOJIeM (hOTOMEPHOIU3MA HAXOMATCS MHOTHE MpOorecchl. Tak, OT IJIMHBI JTHS
3aBHCHUT TIepecTpoiika paboTbl MEPHUCTEMBI: 00pazoeaHue ygemkos, INETHUN TOKOU U
dbopmupoBaHue MOYEK y aepeBbeB. 3emisiHuka (Fragaria vesca) obpasyer paccenumenshie
nobezu (ycol) IPU HACTYIJICHUH JJMHHBIX THEH. Copacvieanue nucmveg y penvaroro Jyka u
TIOJILIIAHOB TPOMCXOJIUT HA JJIMHHOM JHE, a y Oepe3bl U OCHHBI — Ha KOPOTKOM.
O6pasoBanue sanacarowux opeanoé (kodanoB y kamyctsl (Brassica oleracea), kinyoneit y
IUKuX BUa0B Kaprodens (Solanum) u TonmunamOypa (Helianthus tuberosus)) Taxxe 3aBucut
OT AJUHBI AHS. PacTeHust mycThIHb MOTYT M3MeHsTh JucThi Cs Tuma Ha C4 M Ha000pOT, a
BOJIHBIC PACTCHUS CMEHSIOT IOJBOJIHBIC JINCThS HA HAJBOJHEIC, TIOy4asi U3 BHEITHEH CpeIbl
dboTonepuoaUECKU CUTHAT.

doTronepruoIUIECKUe OTBETHI OBIBAIOT HE TOJNBKO y pPAacTeHWUH. Y NTHIl U KPYITHBIX
MIJIEKONUTAIONNX C (POTONEPHONM3MOM CBs3aHa Ce30HHAs Mmurpanus. He meHee BakHa
CE30HHAas TOJIOBasi aKTUBHOCTh. DOTOMEPHO]] BAMSIET HA MUIIEBOE MOBECHHUE: TIO]] BIUSHUEM
KOPOTKHX JTHEH KUBOTHBIE YMEPEHHBIX IMUPOT HAYMHAOT MCKATh 00JIee KATOPUHHYIO TTHIILY.
YenoBek Takke TMOABEPKEH (OTOMEPHOJNUECKOMY BO3JIEHCTBUIO, KOTOPOE 4YacTo He
OCO3HAeTCs, a JIEHCTBYeT Ha ypOBHE MHCTUHKTOB. DOTOMEPHOIOM PEryINPYIOTCS CE30HHBIE
OMOILIMOHAIBHBIE COCTOSIHHS, M3MEHEHHS MUIIEBBIX MPEANOYTECHUH M CBS3aHHBIE C HUMH
JIeTHe-3UMHHE KOJIeOaHus Beca.

12. 5. TopmonajbHas Teopusi uBeTenus Yaiaaxsna

['unoreTnueckuii cTUMyJ, BeI3bIBatomuii iBeterune, M. X . Yaitnax s Ha3Ban ¢giopuceHom

(flore — uBerku, genesis — poxaenue). [lo reopun M.X.YaiinaxsiHa, y HEUTpaIbHBIX
pacteHuil (aopureH oOpa3yeTcsi TOCTOSHHO W HE 3aBUCHUT OT JuiHbI A, y JJIP ¢gnopuren
oOpasyercs Ha JUIMHHOM, y K/IP — Ha KOpoTKOM JiHE.

B xonne 1950-x rr. AJlanr (6siBmmii acnupant M. X.YainaxsiHa, KOTOpBIA yexad B
CIHA) mpucnan B MOCKBY TOJBKO YTO OTKPBITBIE TOPMOHBI — THOOeperunHbl. YaitnaxsH
UCCIIeIOBAJl BIMsHUE TMOOepe/uIMHOB Ha mBeTeHue. Oka3anock, 4To y pyAOeKHH, ykpoma
(Anethum graveolens), canara-natyka (Lactuca sativa) m apyrux JIJIP ru60epeminn
ycKopsieT 00pa3oBaHME IBETKOB Jake Ha KopoTkoM aHe. K rul-OepeminHy oKa3anuch
or3biBuMBbIME U KJIJIP (xamanxos u ap.). Takum oOpazom, rubOepeuiiH MOT 3aMEHHUTh
IuHHBI aeHb st JIJIP. M3Mmepenue ypoBHS THOOEPEIMHOB B JIMCTHSIX TOKA3ajo, 4TO Ha
JUTMHHOM JIHE CoJiep>KaHue rub0epeuinHa BhIlie, 4eM Ha KopoTkoM. M.X.YaiinaxsH caeman
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BBIBOJI, YTO JUIsl IBETEHHUS HeoOxoaum rudbepemmH. OgHako oOpaboTka rudOepeimHaMu
K/IP B ycl10BUSIX IJIMHHOTO JHS HE BBI3bIBAJIA [IBETECHUS: PACTEHUSI CHIIBHO BBITSTUBAINCH, HO
IIPOJIOJIKAJI BETE€TUPOBATD.

Ha ocHoBanuu monydeHHbIX pesynbraToB M. X. YailmaxsH pa3paboTan copMoHATbHYIO
meopuio yeemenusi pacrenus. Oropured (CTUMYJ, BbI3BIBAIOIINN 00pa3oBaHUE LIBETKOB) OH
«pa3duim» Ha J1Ba KOMIIOHEHTA: eubOepeiuHbl U TUIIOTETUIECKUE anme3unbl. [ BeTeHus
HEOOXOAMMO OJHOBPEMEHHOE MPHUCYTCTBHE 000MX KOoMIoHeHTOB. ¥ HP u rubOepemnuH, u
AQHTE3UH CHUHTE3UPYIOTCS KOHCTUTYTMBHO. Y JI/IP aHTe3uH Bce BpeMs IIPUCYTICTBYET B
pacTeHuu, a ypoBeHb ruO0epeyinHa MOBBIIIAeTCS Ha ATUHHOM JIHE U IMPOUCXOAUT LIBETEHHE.
Y KJP, naoGopor, rub0epeuimHa Bcerja JIOCTATOYHO IS IIBETCHHS, a aHTE3WH
CUHTE3UpYETCsl TOJILKO Ha KOPOTKOM JHE. boinee crnoxkHoe 00bscHEHUE ObLIO MPEAoKEHO
JUTSL TIEPEXOHBIX TPYII PACTEHHUH: Y HUX TMOOEpeUIMH CUHTE3UPYeTCsl Ha UIMHHOM JHE, a
AQHTE3WH — Ha KOPOTKOM. Paznuuus Mexay rpynnamu COCTOST B CIIOCOOHOCTH JJTUTEIBHO
JeNOHUpoBaTh rudOepermabpl U anTe3uHbl. JIK/IP o0pa3yroT ru00epeiiHbl Ha JUTMHHOM
JHE U MOTYT UX JOJIT0O XPaHUTb. AHTE3WHBl Yy HUX CHUHTE3UPYIOTCS HAa KOPOTKOM JIHE, U
obicTpo paspymatorca. KJJP, B ommmumne ot JKJIP, 3amacaror aHTe3uHBl, HO OBICTPO
pa3pyarT ru00epeITuHbL.

[Ipennoxennas M.X.YainaxssHOM TrOpMOHalbHAs TEOpPHUS LBETEHUS HE OXBATHIBAECT
aMmpudOTONEepUOIUYHbIE U CpPEAHEIHEBHbIE pPACTEHUS. YCHIUS YYEHBIX IO BBIICICHUIO
AQHTE3MHOB JI0 CUX IIOp HE YBEHYAJINCh yCIIEXOM. B mocienHue roapl, TeM HE MEHEE, HHTEPEC
K TOPMOHaJIbHOM Teopuu LBeTeHHs YaillaxsHa BO3pOC B CBA3U C OTKPBITHEM IPOILIECCOB
TPAHCIIOPTa BBICOKOMOJICKYJSIpHBIX BemecTB B pactenmsx (MPHK, OenkoB, Bkimogas
TPaHCKPHUILIMOHHBIE (aKTOPbl, (HhaKTOphl CaleHCHHTa U T.J.). BO3MOXHO, MOMBITKM HaWTH
AQHTE3UH HE MPUBEIH K yCIEeXy NOTOMY, YTO MOMCK OBl HANpaBJIEH Ha HU3KO MOJIEKYJISIPHOE
BEILECTBO.

OtmeTnM, yTo ruOOEpesUIMHBI HE UTPAIOT YHUBEPCAIBHON POJIM CTUMYJIATOPOB LBETEHUS,
Kakas OTBOJUTCS UM B FrOpMOHainbHOM Teopun Yannaxsaua. Tak, npu userennu /1P cypenku
(Raphanus) pemaronm siBisieTCsl HAKOIJICHUE ayKCHHOB Ha JUIMHHOM JIHE. MHOTHE 03UMBbIe
u neynerHue JIJIP (mmeHuna, KoJIOKOIbYUK CPEIHUI) HENb3sl 3aCTaBUTh LIBECTU C MIOMOILBIO
ru06epennHoB. OTcI0a cleyeT, 4To BOIPOC O YHCIIe KOMIIOHEHTOB (DJIOpaibHOTO CTUMYJIa
U O TOM, HACKOJIBKO 3TH KOMIIOHEHTHI IIOXO0KHU Y Pa3HbIX PACTEHUI, OCTAETCS OTKPBITHIM.

«Oddext mnpepsiBanus Houw» mnozBomua . A. boptBuky, C. b.Xenapukcy u
M.V .Ilapkepy (cm. moapaza. 7.3.2.1) monyuuth (HU3NOJIOTHIECKUN CIIEKTP JCHCTBUS CBETA.
Jns sToro Obula MOCTpPOEHA YCTAHOBKA, B KOTOPOW sApKuil Oenblil cBeT pasnaraics c
MTOMOIIBIO TPU3MBI, & CHEKTp ObUT CIpOeNMpOBaH Ha mojiocy 14 m mmuHo#! Brons nuaun
CHeKTpa OBUIM BBICTABJIEHBl Ba30HBI C KOPOTKOAHEBHBIM TabakoM. JITMHHYIO HOYb
IIPEPHIBAJIM CBETOBOM BCHBIMIKOW uepe3 mpu3zMy. OKa3aloch, YTO 3aBHUCHUMOCTH IPOLIEHTA
pacTeHuii, y KOTOPBIX IIBETEHUE CTUMYJIHPYETCS COOTBETCTBEHHO JJIMHE BOJHBI X, COBIANAET
¢ (usmonmornyeckuM CHEKTPOM MpopacTaHUsl ceMsH canara-naTyka. llocinemoBaTtenbHoe
OCBEIICHNE KPAaCHBIM M JIaJTbHUM KPAaCHBIM CBETOM Moka3ano Tunuunyio K/JIK-o6patumMocTs.
[Ipy mpepblBaHUM HOYM Ba)KHA MOCHEAHSS BCIBIIIKA: €CIUM OHA OblIa «KpPacHON», HOYb
«TIPEPBIBACTCS», €CIIN «IalbHEN KpacHOI», TO 3¢ ekt oTcyrcTByeT. M3 3THX JaHHBIX cileny-
eT, 4yTo 3¢ (HeKT NpepbIBaHUS HOUN 00YCIOBIEH PUMOXPOMOM.

BbiBOx 0 TOM, YTO IJIMTENBHOCTH CBETJIOIO BPEMEHHM CYTOK HE MMEET 3HAYCHMs JUIs
LBETEHUS, OKazalcs npexaeBpeMeHHbIM. Eciin nomectuts K/IP B yciioBust JiIMHHOTO THS U
JUIMHHOW HOYM (IIpU 3TOM CyMMapHas JJMHa CyTOK 3aMeTHO Ooiblne 24 4), pacTeHHs He
LBETYT. JTO 03HAYAET, YTO JUIIMHHOW HOYM HETOCTATOYHO JJIs LIBETCHUSI.
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B omnbiTax ¢ ¢gapbutuc mokazaHo, 4To y pacTEHUH CYyLIECTBYIOT BHYTPEHHHE 4achl —
OCHMWJIISATOP C 24-4acOBOM MEPHOJMYHOCTHIO — TIIO3BOJIAIONINE «PAa3IndaTh» JBE (Pasbl:
doropunpHyr0o M ckoTtoduiabHyr0. JllMHA [HS OLIEHMBAETCS IpU CpaBHEHUM (ha3bl
OCLMJIISITOPA U CUTHAJIOB OT (poTopenenTopos. [Ipu nmpepeiBaHnK HOYM CUTHAN (UTOXpOMa
HOTaJAaeT Ha CKOTOQMIBbHYIO (pa3y OCHMIIIATOPA, PACTEHUIO «KAXKETCs», YTO OHO HaXOJUTCS B
yclnoBUAX ANUHHOTO aHA. Ilpm yBenmuenun cytok (Oosiee 24 4) BHYTPEHHUH M BHEUIHUN
PHUTM HE COBMAJAIOT, PACTEHHSI HE IIBETYT.

12.6. BuyTpeHHre pUTMbI Pa3BUTHSI PACTEHHIA.
Ilepuonnyeckue siBJIeHUs B pUTMAaX OPraHoreHe3a u pocra pacrenuii. llupkaansie
PHUTMbI, MEXaHU3M HX 00Pa30BaHMUSI.

B pacTteHusix BaXkHYIO poJib UTPAIOT YUPKAOHbIE NPOYECCyl, CBA3aHHBIE CO CMEHOM IHS U
HOouH (OT JIaT. Circa — BOKpyr, dieS — neHb). Y pacTeHUi CyIIECTBYIOT «BHYTPCHHHUE Yachl,
KOTOpbIE OTMEPSIOT Bpems. UToObl OOHAPYKUTh MX, UCMOJb30BaaM pactenue Pharbitis nil
(cem. BrpronkoBeie). llBerenne (apOuTHC 3aBUCHT OT JUIMHBI CBETOBOTO MHS: €CIIH JICHb
KOpOu€ OIpEeNIeJIECHHOr0 MHTEpBaJla, TO PACTEHHE LBETET, €ClIU JJMHHEEe — BEreTupyer.
YHUKaJIBHOCTh (PU3NOJIOTHUECKUX CBOMCTB (hapOMTHC B TOM, YTO I[BETCHHE MOXHO BBI3BATH
€/IMHCTBEHHBIM JHEM «yJIauHOro» ocpeleHus. Ilpopoctku dapbutuc, pactyiiye B TEMHOTE,
o0OpabaThIBaJIi BCIIBIIIKAMU KPAcHOTO cBeTa. EciM BTOpast BCIIBIIIKA CBETA CIEJ0Bala Yepes
KOPOTKHH MPOMEXYTOK IOCJIe MEPBOM, TO pacTeHMs MEPeXOaMIn K IBeTeHuto. Kak Tosbko
MHTEPBAJl MEXAY JBYMS BCIHBIIIKAMHU IPEBBIIAN KPUTHUECKYI BEJIIMYMHY, PAcTEHHUE HE
naBanio 1BeTkoB. OJIHAKO eclii J1aThb BTOPYIO BCIBIIIKY Oosiee yeM depe3 24 4, OHO CHOBa
1[BEJIO.

BeposiTHO, y (apOuTuC ecTh «3HJOTeHHbIE Yachl», KOTOPBIE «3allyCKAlOTCs» MEepBOH
BCIBIKON cBeTa. C 3TOro MOMEHTa pPacTeHHE «OTMEpSET CYTKW». «BHyTpeHHue CcyTKu»
pa3ouTsl Ha horoduibHe (Photos — cBeT) u ckoTtodmbHbIi (SKOIOS — TeMHOTA) IEPHOIBI.
Ecnu BrOpas Bembllka NpuxoauTest Ha GOoTO(MIbHBIN nepuo, papOUTHC IBETET, a €CIIK Ha
cKoTOpUIBHBIN — Beretupyer. duroxpomHasi cucreMa B3aMMOJIECHCTBYET C BHYTPEHHUMH
qacaMH pacTeHus. PacteHue «@oacTpauMBaeT» LUPKaJHbIE PUTMBI [0 CUTHAJIaM
(GUTOXPOMHOM W KPUIITOXPOMHOH CHCTEM. DHJIOT€HHBIM PUTM 4YacoB M BHEIIHUN PUTM
OCBEILEHUSI MHTETPUPYIOTCS B €QUHBIA CUTHAJ, HA KOTOPBI PacTeHHE AOJKHO OTBETHUTH
aJIeKBaTHO (B 4acTHOCTH, (apOUTHUC 3alyCKaeT MporpamMMy LIBETEHHS WM BEreTaTUBHOIO
pa3BUTHS).

B Teuenue cyTok ycioBHs OCBEUIEHUS MEHSIOTCS M3-3a TOTO, YTO COJIHLIE HaXOJIUTCS IMOJ
pasHBIMH yriamMu K ropu3onTy. Korma ono B 3enute (yron, Omuskuii k 90°), cmektp
NaJaloIIKX JTy4el UcKakaeTcs He3HauuTenbHO. OHAKO MpU MajbIX yriax (paHHee yTpo WM
NO3/IHUI Beuep) crekTp okasbiBaercsi oborameHHbM K- u JIK-kBantamu. Ytpom u ®@(A), u
@®(B) akTUBH3UPYIOTCS, pacTEHUE «IIpOChINaeTcsa». BeuepoM pacTeHus monyqaroT OOJbLIYIO
7103y JaJbHUX KpacHBIX JydeH, akTuBH3Upyercss Toiabko D(A), Tem campiM (puTOXpOoMHAs
CHUCTEMa «TOBOPUT» PACTEHHMIO O BPEMEHU CYTOK. YacTo HOYBIO Temieparypa Bo3Ayxa
3aMETHO HMKE, YeM JIHEM, MO3TOMY, MOJYy4YMB (PUTOXPOMHBIN CUTHAT U «CBEPUB» €ro ¢
yacaMM, PAacTE€HUE <«IIPEeANPUHUMAET IMPEBEHTHUBHBIE MEpbhI» (0 MeXaHW3Max 3allUThl OT
xojofa cM. B 1. 8). Eciin pacteHust BoBpeMsi He MoylyyaT CUTHAJI O HACTYIUIGHUH HOYH, OHU
HE YCMEBAaIOT aJanTHPOBAThCS K CYTOYHBIM KOJEOaHUSM TeMIepaTypbl U XyXKe pacTyT.
BaxHoCTh (UTOXPOMOB U1 IIUPKATHON TeMIepaTypHOU aJanTalui BbISICHWIN cly4aiiHo. B
LEJIIX MOBBIIIEHUS MPOAYKTUBHOCTH JIECHBIX HAcCaKACHUN OBLUIM MOJYy4YeHbl TPAHCTCHHBIE
ocunbl (Populus tremula), B reHoM KOTOpPBIX OBLT BCTPOEH I'eH (GUTOXpoMa A TOJ CHIIBHBIM
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IPOMOTOPOM. OTO TMPHUBEIO K CHIKEHUIO 3¢dekra «u30eraHuss TeHW» (pacTEHUsIM
«Ka3aJ0Ch», YTO OHU IOCTOSHHO moJiyyaroT JIK-cBeT BBICOKON HMHTEHCHUBHOCTH). YUEHbIE
IPEUIOKUIN BBICA)KUBATh OCUHY 00Jiee MJI0THO, YTOOBI MOJYyYUTh OOJIbIIE APEBECHHBI C TOH
xe momanu. Ilpu mocaake B IpyHT OCHHBI C H3MEHEHHOW aKTHBHOCTBHIO (huTOoXpoma A He
MOTYT aJaNTHpPOBATHCA K CYTOUYHBIM KOJEOAaHUSM TeMIepaTypbl, CTPaJalOT OT HOYHBIX
3aMOPO3KOB.

Takum oOpa3oM, QUTOXpOMHAs CHUCTEMa BaXKHa JJIs BOCHPUATUS PACTEHUSAMHU
yepenoBaHus JHSA W HouH. «CBepsisi» (PUTOXPOMHBIE CUTHAIBI C «BHYTPEHHHMH YacaMm»,
pacTeHusl «OIPEeIIAoT» JUINTEIBHOCTD AHA U HOUU (MHOTJA ¢ TOYHOCTHIO 710 10 MuHYT!).

12.7. IlnacToXpoH

AnukanbHas MepuctemMa mnoOera pacTeT HepaBHOMEepHO. OAMH U3 MEPUOAUYECKUX
IPOIECCOB, KOTOPBI MOXXHO HaOJI0AaTh, — 3TO 3aKJIaJKa JUCTOBBIX IPHUMOPIHUEB.
[TpoMexXyTOK BpEeMEHM OT 3aKjaJKd OIHOIO0 HIPUMOPAHA JO 3aKJIAJKH CIEIYIOIIEro
Ha3bIBAIOT niacmoxporom. Kaxaplil miacToXpoH O0O3HAYEH ONPENeIeHHBIMU COOBITHUSIMH.
Hanpumep, cuHTe3 ayKCHHOB B amekce rnodera OCHHUIMPYET BO BPEMEHH, UTO BbI3bIBAET
BOJIHBI TpaHCHoOpTa aykcuHOB. IIpu aHanuse copep:kaHMsl ayKCUHOB BJIOJIb ITOOErOB COCHBI
YY4aCTKH C IOBBIIIEHHBIM W IOHM)KEHHBIM COJIEpKaHUEM ayKCuHa uepenyrorcs. Mecto
3aKJIaJIKU IPUMOPAUS JIMCTa ONpPEAEIsAeTCs] BEKTOPOM TpPaHCIOpTa ayKCHUHA, MPUYEM y 30H
Oyaylmux NPUMOpPAUEB HaOIIOJAeTCs SIBICHUE JIOMMHUPOBAHMS: Ha COCEIHUX YydyacTKax
3aKi1aJika IPUMOPANEB HE IPOUCXOUT, TUCThsI MAKCUMAJIbHO YAAJIEHBI APYT OT JIpyra.

Hapymenune tpancnopta aykcuHoB xumuuyeckumu areHtamu (HOK, TUBK) wmm
FeHEeTUYECKUMHU METOAAMH MPUBOJIUT K HApYIICHUSIM KaK B PacIlOJIOKEHUH JINCThEB, TaK U B
3aKIaJKe TPOBOMALICH CHUCTEMbl. B OZHOM y371€ MOXKET 3aKJIaJbpIBaTbCs HECKOJIBKO
CIIMBILUXCS JIUCTHEB, OOECIIEUEHHBIX HECKOJIbKUMH TJIABHBIMU JKUJIKaMHU, UM 00paszyeTcs
€MHBIA KOJBLEBON mpuMmopauil. B 3TomM cinyuyae ocrusiuuu B OMOCHHTE3€ ayKCHHOB
IPOMCXOJIAT, a TOJI0XKEHUE IPUMOPIUEB ONpeenseTcs npocToil tuddy3uen.

[Tocne mocTyruieHHsT ayKCMHOB B 30HE OYAYLIEro MPUMOPAUS HU3MEHSIETCS JKCIpeccus
reHoB. [ 1aBHYIO posib B «pa30HMEHUM» MPOCTPAHCTBA HA MPUMOPIUN U MEXJOY3/IUs UTPAIOT
TeHbl, CO/IepKAlE TOMEOOOKC (TPAaHCKPUIIIMOHHBIE PETYJIATOPHI, YaCTO UCIOJIb3YEMbIE MPU
sMOpurorenese KUBOTHBIX). [lepBbiM TeHOM u3 3toi cepun Obu1 TeH KNOTTED | (KN 1)
KYKypYy3bl, HauboJjee akTUBHBIN B MEpHUCTEME, B OyIyIIUX MPUMOPAUSIX OH «BBIKIIOYAETCS.
[Tonocer skcmpeccun reHa KN 1 oOHapyxuBaroTcs 1O TOro, Kak HadajUCh IEpBbIE
NEepUKIIMHAIbHBIE [IeJIeHHs, O0O3Haualolue MNPUMOPAUNA. AHAJOTHYHbIE TEHbl OBLIN
BeIZICTIeHBl M3 apabuporicuc (STM— shootmeristemless) u apyrux pacrenmii. ['eHbl ¢
roMEe000KCOM TMO3BOJIAIOT KOHTPOJUPOBATH Pa3IMuUsl MEXAYy DPa3BUBAIOLIMMCS JHCTOM U
OOKOBOI OCBIO. Y TOMAaTOB HapyIlIEeHHUs B pabOTe roME0OOKCCOIepKAIMX T€HOB MPUBOIAT K
TOMY, YTO JIUCThS TEPSIOT JOPCOBEHTPAILHOE CTPOCHUE U MPHUOOPETAIOT YepThl OOKOBOM OCH.
AxtuBHOCTE TpomoTopa reHa KNI1 3apeructpupoBaHa TOJBKO BO BHYTPEHHHUX CIOSIX
(knetkax L2), a OenxoBeii mpoaykt m MPHK oOnapyxkuBatorcs B cnoe L1. Knetkm
0OMEHMBAIOTCS MO IJIa3MOJIeCMaM KPYMHBIMH MH(GOPMAllMOHHBIMH MoOJeKylnaMu (OenkaMmu,
MPHK). Tpancnopt 3Tux MojeKys — elle oHa BO3MOKHOCTb PETYJISIUN pOCTa U Pa3BUTHS.
Hexkotopsle rensl, HA000POT, IKCIPECCUPYIOTCS B OyAYIIUX NMPUMOPAUSAX JIUCTHEB, HO HE B
mepucreme. Tak, reH NFL 1 TtabGaka mosBiseTrcs B NPUMOpPIUSAX JHCTHEB /0 Hayaja
Mopdororuueckoi AU PpepeHIUPOBKH.

bonee nmo3gHee coOwbiTHe, mpuBoasmee kK Mopdonorudeckum 3pdexkram, — OMOCHHTE3
0eNKOB 2xcnancunoé (OT aHTJ. eXpansion — pacimupeHne). DKCIaHCHHBI BBIICISIOTCS B
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aroIuIacT M Pa3MsrdarT KICTOYHYIO CTEHKY, Hapyllas BOJOPOJHBIC CBSI3U B TJIMKaHaX (IpU
CO3pEBaHMM IUIOJIOB, JIUCTONAJAE, NMPOPACTAaHUHM MBUIBLBI U T.A.). PazMsrueHue KieTOYHOU
CTCHKH U3MEHSCT MEXaHHUECKUE CBOICTBA arekca, naBieHue cios L1 ocimabeBaer, u B cioe
L2 HauMHAIOTCS nepukiuHaIbHble OeleHus, T.e. N3MEHSIETCs HallpaBJIeHUEe BEpeTeHa JeJICHUs,
o0pa3yeTcss HOBBI «BEKTOP POCTa». ATapoBblii OJIOK C SKCIIAHCHHOM MOYKHO TIOMECTHUTH
PAIOM C 3aJOKEHHBIM MPHUMOPJMEM, YTO BBI30BET AHOMAIBbHO OJHM3KOE DPACIOJIOKECHHE
HOBOTO JIUCTA.

[Tpy n3MeHEeHNH MOJIOKEHHSI BEpETeHa JeTICHHsI MEHSCTCS M 001Ias noasapusayus Kiemox,
AJIEMEHTHI I[UTOCKEJETa PACIONararoTcs BIOJIb HOBBIX OCEH. DTO MPHBOAMT K TaKUM
MU3MEHEHHUSM HAIPaBICHUS IIEJUTIONIO3HBIX (UOPHIUI, YTO PACTSHKEHHE M POCT MPUMOPAUS
OKa3bIBAIOTCS BO3MOXKHBIMH TOJIBKO B OJHOM HampapiieHuH. Hampasnenue ¢uOpui
HEJUTIOJIO3BI OTpenensieT GopMy Oyaymiero Jucra.

Jlanmee JUCT CTAHOBUTCS JOPCOBCHTPAIBHBIM. OTOT NPOIECC KOHTPOJIHPYIOT T'CHBI
FANTASTICA (meBunblid  3eB  (Antirrhinum maps)) u FILAMENTOUS FLOWER
(apabumoncuc). Ha HayalbHBIX CTaIMsIX 3TH TEHBI DKCIPECCHPYIOTCS BO BCEM 0OBbeMe
npuMopaus. BeposTHO, amuMKalbHAs MEPUCTEMa IMOCHUIACT «IOPCOBEHTPAIBHBIN» CHTHAI
(mpuposia ero emie He BBISICHEHA), U B BEPXHEH YacCTU TPUMOPAMS DKCIPECCUS TEHOB
FANTASTICA u FILAMENTOUS FLOWER ociabeBaeT. 30Ha UX IKCIPECCHH OTPEILIISICT
Oynyiyro HIWKHIOK (abakcWanbHyI0) MOBepXHOCTh Jucta. Ilpm myramusx fantastica u
filamentous flower jguct cTaHOBUTCS HWIMHAPUYECKAM M BCSA TOBEPXHOCTH MPHOOpETAcT
CBOMCTBA aJaKCHUAJILHOM.

12.8. KoppekTHpOBKa BHYTPEHHHX PUTMOB Pa3BUTHS BHEIIHUMH KJIUMAaTHYECKHUMHU
(paxTopamu: 3acyxoii, HIOHNKEHUAMH TeMIIepPaTypPhl

B MsArkom cyOTpornuyeckoM KiMMaTe 3uMMa He ObIBaeT XOJOJHOW, M OCEHb IUJIaBHO
IIEPEXOUT B BECHYy. PacTeHus BEreTHpyroT C OCEHHMX JOXAECH 10 JIETHEW 3acyxu. M3-3a
TEHETHUYECKON HEOJHOPOJHOCTH CPENM OAHOIO BHJA MOMNAJAIOTCA PACTEHHs, HAYMHAIOIINE
BEreTalNIO M103KE WIN PaHbIIE.

[To mepe mpojBuXKEHHUs pacTeHUN B OoJjiee BBICOKHME IIMPOTHI B CEpElMHE BIIAXKHOTO
nepuoAa TMOSBISETCS CE30H HU3KUX Temmeparyp. HaumHaercs crneunuanu3anusi: OJHU
pacTeHusl pOpacTaroT BECHOU (ITOCTe XOJOJO0B) U IIBETYT B TOM K€ TEIJIOM ce30HE (T. €.
CPOKM  BereTalMy  COKpallaioTcs), JpYrHe pacTeHHsl MpOpacTaloT OCEHbIO U
PUCIIOCAOTUBAIOTCS K BBIHY)KJICHHOMY TOKOI0 B TE€UYEHHE 3UMbI. Y HUX CPOKU BEreTaluu
0oJsiee pacTSIHYTHI, BIaXKHOE BpeMsl rojia UCIoib3yercs 6onee moaHo. Ho 3a aTo mpuxoautcs
«IIJIATUTH» HOBOM aJaNTalyeii: IOKa He OKOHUYMJIMCh X0JIOA, IBETEHUE HE HACTYIIaeT.

B MsArkom ymepeHHOM KiMMaTe CHelualn3alys He 3aXOJUT IIyOOKO, pachl pacTeHUM,
B3ATblE M3 A3THX MeCT, (PU3HONOTMYecKH IUIacTU4YHbl. B Hauane XX B. UX Ha3blBaIU
«osypyukamuy». OHH MOTYT I[BECTH U B TeIUIble, U B XOJOJHBIE 3UMbL. B Oosiee cypoBom
YMEPEHHOM KJIMMaTe MEXaHU3MBbI aJanTaluu 6osee yCToOWIUBbI. BoIaenstoT

JIBE pachl: o3umylo (BereTalysi HaUMHAETCs] OCEHBIO, a Ui LIBETEHUS HY)KHO OXJIaXKICHHUE)
U Apogyio (pacTeHusl He HYXKIAIOTCs B XOJOZe Ul LBETCHHS). Y 3J1aKOB MOP(OIOrHYECcKHe
pa3ianurs MeXIy O3MMBIMH U SIPOBBIMHM pacaMu HeBeluku. Cpelnu pac KamycThl HMEEeTCs
Oonblioe pasHooOpasue (opM: KodaHHas, Oproccenbckas, KOJIbpaOu — 3TO «O3UMBIE»
KamycThl (U1 I[BETEHHUS] HY)KEH XOJIOA), a I[BETHAasl KalycTa U OpPOKKOJIU — 3TO «SIPOBBIE»
KanmycTel. B mocneanue roipl mosydeHsl 03MMbIE (OPMBI IIBETHOM KamyCcThl U OPOKKOJH,
oOpasyromue cheI0OHBIC COIBETHS TOJIBKO IOCIIE MEePHoaa 3UMHETO OXJIAKIEHUS (pacTyT B
MSTKOM YMEpPEHHOM Kiumare). B Gojee CyxuX KOHTHHEHTAJIBHBIX pallOHAX, TJe 3a JIETHEH
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3acyxoil cienyeT JIMTENbHAs 3MMa, O3UMble (JOPMBI HE MOTYT CYIECTBOBaThb, U OCTAIOTCS
TOJIBKO sIpoBbIe (Oonee npucnocobnaeHusie). Ha Teppuropun fAxyrun mwiu B ropHom Ilamupe
pPacTyT TOJILKO CKOPOCIIENbIE IPOBbIE COPTa XJICOHBIX 3JIaKOB.

[TapannensHple U3MEHEHUST MPOUCXOIAT MO Mepe reorpauueckoro pacipoCTpaHEHUs
ponoB pacteHuil u3 CpenuseMHOMOpbs B Ooisiee cypoBble pailoHbl. Cpean3eMHOMOpCKHE
BU/Ibl KPOKYCOB, I'aJIaHTYCOB, 0€3BPEMEHHUKOB LIBETYT U BEr€TUPYIOT C OCEHH 10 BecHbl. Ha
KaBkaze, T.e. B 30He ¢ 0oyiee CypOBBIM KJIMMATOM, 4acTh BHJIOB OCBAUBAIOT HUILY OCEHHE20
yeemenus (Bereralus U CO3PEBAHUE CEMSH IPUXOAITCS Ha CIEAYIOLIYI0 BECHY), a Jpyrue
CIBUTAalOT PUTM pa3BUTHUS Ha BeceHHee Bpems. B Cpenneilt A3um C CyXoll OCEHBIO
OCEHHELBETYILIME BU/bl HE BBDKUBAIOT, PACIPOCTPAHATHCS MOTYT TOJBKO 8eCeHHeysemyujue
Bubl. UHTepecHo, uto 6e3Bpemennuku (Colchicum), uperymue ocenpro (poanna — Kapkas),
npu nepecaake Ha KoiabCKuil moyocTpoB «CABUTAIOT» LIBETEHUE HA BECHY: JIUCThS U LIBETKU
pPa3BUBAIOTCSI OJHOBPEMEHHO, YTO TOBOPUT O (U3HOJOTMYECKON IUIACTUYHOCTH PUTMOB
nBeTeHus. YeM OoJbIIe CEEKTHBHOE ABJICHUE KIWMaTa, TEM JKecTue (DU3HOIIOTHYECKHe
MEXaHHU3MBbI, TO3BOJISIONIUE BBDKUTH B 3TUX 00CTOSATEIbCTBAX.

12.9. sIByieHus cTpaTuUKAIMA U APOBU3AIUHN KAK IKOJOTHUECKasH aJanTaiusl.
T'opMoHajibHAs TeOPHsi BEPHAIU3ANMHN PACTEHUI

Y MHOTrMX pacTeHHHl eCTb MEXaHW3MbI, MO3BOJIIONINE OLIEHUTh, MHUHOBaja JH yrposa
JUINTEJILHOTO MOHMKEHUS TeMrepatyp. TemneparypHble sIBI€HUS 3aKOHOMEPHO MEHSIOTCS B
TEUEHHE TOoJla U Ha3bIBAIOTCI mMepMonepuoousmom. JIns BECEHHEro INpOopacTaHHsl CEMEHa
pacTeHHH  yMEPEHHOM 30HBI HYXKZAIOTCS B  BO3JACHCTBMM HHU3KHX  TEMIEpaTyp
(cmpamuguxayus). TemnepaTypublii quamna3on crparudukamuu or 0° mo 10 °C, npuuem
uHTepBal oT 2 1o 5 °C okasbiBaeTcst HambOonee >(PQexTuBHbIM. I BOCHPHUATHSA
TEMIIEPATYPHOTO CTHUMYJa CEMEHa JIOJDKHBI I[OJy4aTh JOCTaTOYHO BIJIArM, HHA4e HUX
YYBCTBUTEIBHOCTh K CTpaTU(UKALMK PE3KO MaJaeT. AHAJOTHYHOE SIBI€HHE ObUIO OTMEUYEHO
JUis 00pa3oBaHMsI I[BETKOB Yy JIBYJIETHHX pacTeHui (06e3 MOHMKEHUs TeMmIepaTyp OHU He
1BeTyT). CTUMYINSALUIO LIBETEHUS HU3KUMH TOJOXKUTEIBHBIMU TEeMIlepaTypamMH Ha3bIBAIOT
eepHanuzayuel, UIm aposuzayueu. SIpoBuzanus Obia oTkpbiTa B 1918 1. I'. ['accHepom.

PacTspkenne MeEXIOy3IHMid Yy TMOACHEKHHUKOB, HapruccoB (Narcissus), TroJbInaHOB
IIPUBOJUT K MOSIBJICHHUIO HaJ MTOYBOM LIBETOHOCOB. PacTskeHue, Kak U poCT JUCTHEB, MOKHO
BbI3BaTh HU3KUMH MOJIOKUTENbHBIMU TemmepaTypamu. Takum oOpazoMm, IpepbIBaHUE MOKOS
KIyOHeH M JYKOBUI[ HEKOTOPBIX PACTEHHH KOHTPOJIMPYETCS TEPMONEPHOIU3MOM. ITO
sBJIEHUE OBLIO M3YYEHO TOJUIAHJCKUMHU HCCIEAO0BATEIsIMHU MO pyKoBojACTBOM mpod. A. X.
bnay B 1930-X IT. ¥ NMOJIOXWIO HA4YaJI0 IMPOMBIIIIEHHON 6bl2OHKE JIYKOSUYHBIX PACTECHUM B
3MMHEe BpeMms.

EcrecTBeHHass BepHalM3alMs IMPOUCXOAUT B KOHLE 3MMbl — HAyaje BECHBI.
JlnurenbHOCTE HU3KOTEMIIEpAaTYpHOUW OOpaOOTKH 3aBUCHUT OT IPUBBIYHBIX (€CTECTBEHHBIX)
JUISL PacTE€HUsl DKOJOTMYECKHMX YycioBui. IIpy npomomkuTenbHON CypoBOMl 3UME pacTEHHS
HYXKJaloTcs B 00paboTke B TeueHne 1 — 2 MecsueB (HampuMmep, O3UMble COpTa MIICHUIIBI,
paiionnpoBanHble B HeuepHosembe). Ecnu mepuos HM3KHX MOJOXKHUTEIBHBIX TEMIIEpaTyp
KOPOTKHUH (OTTENENb CPper 3UMbI), aKTUBU3AIIMU POCTAa HE MPOUCXOANUT. B 30HaX ¢ MITKOM
KOPOTKOM 3MMOM JJIsi BEpHAIM3alMU JOCTaToyHo 1 — 2 Hexenb (Hampumep, HpHC
royutarackuit (Iris hollandica), ansctpemepus (Alstroemeria) u mp.).

K spoBu3anum pacTeHHs] YyBCTBUTEIbHBI B PA3HOM BO3pacTe: y MILEHUIbI TOHUKEHHYIO
TeMIIepaTypy BOCIPUHHMMAET YK€ 3apOoJbllll B 3€pHE, a y JBYXJETHUX PAaCTEHHUH [OJKHA
Pa3BUTHCS KPYITHAs pO3ETKA JUCTHEB WM KOPHEIUION (10 3TOT0 sSpoBU3aIMs He Y3PPEKTHBHA).
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JIByXJIETHUKM — KpailHee BBIPAKEHUE O3UMOM CTpaTEruu pocTa: BEreTalus HAYWHAETCS B
Havaje JeTa, K OCCHU HAKaIlUIMBAETCs 3arac NUTATEJIbHBIX BEILIECTB, a JUIsl LBETECHUS HYKHA
BepHasim3anus.  OOBIYHO  HEOOXOIMMOCTH B BEpHAIM3AlMU  KOppEIHpyeT ¢
doronepuoanueckoil peakuueii: B BepHanusanuu wyxnatorcs JIJIP u KIJIP, uro coBmagaer
CO CBETOBBIM PEXUMOM BECHBI M Ha4ajla JIETa YMEPEHHBIX [IUPOT.

Bomnpoce! 1151 caMOKOHTPOJISA

1. OcHOBHBIE TPUHIHIIBI (POTOPELICTIIIUH.
2. Otirumne GoTopenenTOPHBIX KOMIUIEKCOB OT SHEPronpeoOpa3yroIuX.
3. ®dutoxpom u Kpuntoxpom. OTBEeTHl Ha CHHUN CBET: pa3rnOaHMe anuKaJIbHON
HETENIbKU IPOPOCTKOB, (POTOTPOIU3MBI, YCTbUUHBIE IBUIKEHUS.
4, doTornepruoau3M.
S. I'opmonanbHas Teopus nuBereHus YainaxsHa.
6. BHyTpeHHue pUTMBI pa3BUTHSI PACTEHU.
7. [Iepnonnueckue sIBIEHUS B pUTMax OpraHOreHe3a U pocTa paCTEHUM.
8. HupkagHble pUTMBI, MEXaHU3M UX 00pa30BaHUSI.
9. [TnactoxpoH.
10.  KoppekTupoBKa BHYTPEHHUX PUTMOB pa3BUTHS BHEIIHUMHU KIMMATHYECKUMU
(dakTopaMu: 3acyXoil, MIOHM)KEHUSIMUA TEMIIEPATYPHI.
11.  SBnenus crpatuduKaMy U SPOBU3AIMH KaK IKOJIOTUYECKAs a/lalTalusl.
12. T'opmoHanbHas TEOpUs BEPHAINU3ALNN PACTCHUH.
CIIMCOK JIUTEPATYPbI
OcHosnast

1. Wneuna H.A.®uzuonorus u 6uoxumus pacreHuii: Yueonoe nocoomue / H.A. Unbuna, U.B.
Cepreesa, A.W. Ilepersatko - YnbsHoBck-Capatos, 2013. - 335 c.ISBN 978-5-86045-613-6

2. Komkun, E. V. ®usnonorus yCcTOMYUBOCTH CENTLCKOXO3IHCTBEHHBIX KYIbTYp: yueOHUK / E.
. Kowkun. - M.: Hpoda, 2010. - 638 c.: uin. - (YueOHUKH U yueb. HOCOOHS IJIsl CTYJIEHTOB BBICIII.
yue0. 3aBenenuii). - ISBN 978-5-358-07798-0

3. CepreeBa, 1.B.®usznonorust pacteHuii ¢ ocHOBaMM 3Koioruu: YueOHoe mocobue / H.B.
Cepreesa, A.U. Ilepersitko - Capatos, 2011. - 348 c¢.ISBN 978-5-7011-0740-1

4. ®usnosorus ¥ OMOXUMUS CEINbCKOX03SMCTBeHHBIX pacTenuit / mox pen. H.H. Tpetbsikoa. M.
: Konoc, 2005. - 639 c.ISBN 5-10-002915-3

Jlononnumenvuas

1. buoxumus: yueOnuk / B. I'. llepbakos, B. I'. Jlobanos, T. H. IIpyaaukosa. - 3- usn., UCIp. u
norr. - CI16.: TUOPJI, 2009. - 472 c.: uin. - ISBN 5-98879-008-9

2. Kosbmuna, H. I1. 3epHOBecHE ¢ OCHOBaMHM OMOXMUMHHU PacTeHUi: HayuHoe uznanue / H. I1.
Kosbpmuna, B. A. I'yasku, I'. M. CycasHok. - M.: Konoc, 2006. - 464 c.: ui. - (Teoperndeckue
OCHOBHI ITPOTPECCUBHBIX TEXHONIOTHIA: OnoTexnonorus). - ISBN 5-10-0039.
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Jlexnus 13

PETYJISAIIAA TEHEPATUBHOI'O PA3BUTHUS PACTEHHUIA.

13.1. UHayKkuusi ¥ 3BOKAIUSA I{BETEHUSI.
Pa3Butue couBeruii. PaHHee reHepaTuBHOE pa3BUTHE, NO3THEE TeHEPATUBHOE
pa3BuTHe, pa3BuTHE NIBeTKOB. HopMasibHOe pa3BUTHE HBETKA.

AnwukanbpHass MepucTeMa modOera y4acTByeT B 0OJiee CIIOKHBIX PUTMaXx, CBS3aHHBIX C
00pa3oBaHUEM .IUCTNOBbIX Cepull, WIN yeemenuem. Slpye BCEro PUTMHYECKHE MPOIECCHI
BBIPAXKCHBI Y pacTeHH Tporuveckoro kiauMata. Tak, reBest Opasuibckas (Hevea brasiliensis)
3a OIMH PUTM pocTa 00pa3yeT JIMCTOBYIO CEPHUIO, COCTOSIIYIO M3 IOYEYHBIX YEUIYH H
3€JIeHBIX JIUCTheB. Jlanee cieayroT mepuo] TOKOs M 3akKjiajgka HOBOW MOYKH. 3a 1 roj
MepHcTeMa reBen o0pasyeT 1O 7 JIMCTOBBIX CEpUi, NMpUYEM IMOKOH M aKTUBHBIH POCT HE
CBsI3aHbI C BHEIIHUMHU yciioBusimu! MTak, y pacTeHUil eCTh SHIOTCHHBIC PUTMbI pa3BUTHs. B
npuMepe ¢ reBeel YepeyroTCsl pUTMBI BETr€TaTUBHOTO POCTA.

He MeHee mnpuMedaTellbHO sgieHue «noocuemay Jaucmves. Tak, THIIEACTPYM
(Hippeastrum X hybridum) 3akmagbiBaeT couBeTHe pOBHO uepe3 4 BereTaTHMBHBIX JIMCTa
(3akyaika JMCTHEB y TUIIEACTpyMa HE 3aBHCUT OT BHEIIHUX OOCTOSATENBCTB: MPUMEPHO |
auct B Mecsn). [Toacuexuuk-ranantyc (Galanthus nivalis) «otcunteiBaeT» poBHO 3 nucTa,
XOTSI MHOTHE JPYI'He PAaCTCHHUS JOBOJBCTBYIOTCS JIMIIb MPHOIM3UTEIBHON MX OLICHKOW.
Pacrennto «Ba)XHO 3HATH», CKOJIBKO JINCTHEB UMEETCS, YUTOOBI IIPHCTYIUTh K I[BETCHHIOY.

beutn mpensyioskeHsl Be MOJENM «pacuera»: 1) mepucrema He crmocoOHa o0OpazoBaTh
Jpyroe KOJUYECTBO JIMCThEB (JAETEPMHUHMPOBaHA); 2) MepHCTEMa IOJlydaeT CUTHAJI OT
JHUCTHEB U O HEMY «OLCHMBAaeT» WX 4ncio. J[o oOpa3oBaHusl BEpXyIICUYHOW METEIKU
MepHCTEMY  KYKypy3bl — OTAEISIM W yKopeHsuid. Okasamoch, 4YTO  MepucTeMa
«BOCCTAHABJIMBACT» HEOOXOIUMOE YHCIIO JIUCTHEB U TOJBKO MOCJIE ITOr0 (POPMHUPYET IIBETKH.
Ecnm mepuctemMy numib Haape3aTb, HO OCTaBUTh CBS3b C JIMCTBSIMH, TO HPOUCXOJHT
YKOPEHEHHE, OJIHAKO JINCThSI «CBEPX HOPMBI» He 0Opa3yrorcs. Takum oOpa3om, MepucTema y
KyKYpy3bl KOMIIETEHTHa K OOpa30BaHHIO OOJBIIEro 4YHCIa JIHCTHEB, a B «IIOJICYETE»
OIUPACTCS HA CUTHAJIBI OT JIMCTHEB.

Myranrt id | (indeterminate) kykypy3sl o0OiamaeT AJIUTEIbHBIM BEr€TATHBHBIM POCTOM,
oOpa3yeT aHOMaJbHbIC COI[BETHUS C BEreTaTUBHBIMH dYepTamMu. OUYEBUAHO, MyTaIUs
3aTparuBaeT Te€H CUCTEeMBI «Iojcyera» JucTtbeB. [Ipomykr rena ID 1 cocpemoroueH B
KOHYHMKAX JIMCTOBBIX MpUMOpAWEB. [IpeamonararoT, 49TO caM MPOAYKT HE SBISIETCS
CHTHAJIbHBIM, HO BaXKCH JUIS «OTIIPABKHU» CUTHAJIa B MEPUCTEMY.

Hpyroit mexanu3m «mojcyeray y Arabidopsis: mepexom K IIBETCHHIO 3aBHCUT OT
skcnpeccun reHa LEAFY (LFY). [Ipu myramuu coneTne HeceT MHOTOYUCICHHBIC JTUCThS, a
[[BETKH 00JIa]af0T BereTaTUBHBIMU YepTamu. (Y MyTaHTa JIbBUHOTO 3€Ba MO TOMOJOTHYHOMY
reny FLO nBeTtkoB Her BooOuie.) B Hopme skcnpeccus rena LFY naumnaercst y MoioabIx
pacTeHUH M MOCTENEeHHO ycuiauBaeTcs. [Ipu ompeaesieHHOM ypOBHE SKCIPECCHH MepHcTeMa
3akjanpiBaeT couserHe. benkoenii mponykr LFY  — TpaHcKpummoHHBIH  (akTop,
conepxkanuii MADS-00Kkc, ero roMOJIOTH HalJICHBl y MHOTHX PAaCTCHUH.

[Ipy MOBpEXICHUM CHCTEMBI OLIEHKM YHMCIa JIUCTHEB BCE K€ HAONIOIAEeTCs Mepexol K
[[BETEHHIO. DTO O3HAYAET, YTO CHUTHANI K LBETCHHWIO — HE €JUHCTBEHHBIH, OH TyOIMpOBaH
npyrumu reHamu. s Arabidopsis ato ren AP 1 (APETALA 1), «3amyckaromuii» mporpaMmmy
oOpazoBaHus 1IBETKOB. AP 1 — TpaHCKpHUIIIIMOHHBIN (paKTOp TOTO e Tuma, uto u LFY.
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Wrak, mepucreMa mOJy4yaeT CHUTHAJ, YTO «HAKOMMJIOCHY» JOCTATOYHOE KOJIUYECTBO
JUCTbEB, W TIOCIE OTOrO0 HAYMHAETCA Inepexol K IBeTeHuto. [lokosmmiica ueHTp,
XapaKTEepHBINM 711 BETETAaTUBHBIX MEPUCTEM, UCUE3aeT, BCE KJIETKU BCTYMAIOT B KJIETOYHBIN
UKI.  MepucTeMaTHYeCKHe KIETKH  BAaKYOJHU3YIOTCS, TPOUCXOAAT OMOXMMHUYECKHE
nepecTpoiiku, kKoTopeie M.X.YaiaxsiH Ha3bIBall «38okayuel ysemenus» (T. €. CKPBITOMH,
caMOW paHHeH cTaauel pa3BUTHs L[BETKOB). 3MeHseTcs u pacnosokeHue MpUMOpAUEB Ha
MepucTeme. Y THUIeacTpyMa M TaJlaHTyca MPOMCXOJIUT MOBOPOT JUCTOBOM cepud Ha 90°, y
mwmn — niepexop oT puutorakcuca 3/8 k grorakcucy 2/5, a y TbBUHOTO 3€Ba — CMEHA
CYNPOTHUBHOTO JIUCTOPACIIONOKEHHS Ha OYepeHOe. Y pacTeHUN ¢ TEPMHUHAIBHBIM IIBETKOM
JIOJDKHA TIPOM30MTH NEPECTpOMKa JIMCTOPACHOJIOKEHNSI BEreTaTUBHOM OCH Ha MYyTOBYAaTOE
(KpyroBoe), xapakTepHOe JJIsl I[BETKA.

[Ipu »BoKanuu LBETEHUS MeEpUCTEMA Ha BpPEMs «3aMHUpaeT»; o0paszyeTcs 30Ha,
OTJIEJISIFOIIAsl COI[BETHE OT BEr€TaTUBHOM YaCTH; CHUMAETCS alMKalIbHOE JOMUHUPOBAHUE.

13.2. Moaeasb «BoiiHbl no3unuin» (ABC). 'eneruyeckue ¢pynkuuu A, B u C.
CemeiicTBa renos, cogepxamux MADS-1omen. IIposiBiienust noJjia y pacreHmii.
CamoHnecoBMecTUMOCTB. I'eTepomopdHasi 1 roMmoMop¢Hasi CAMOHECOBMECTHMOCTb.
Crnopo¢uTHBIi M raMeTOQUTHBIH KOHTPOJIb CaMOHecOBMecTUMOCTH. Peryisinus moJa.

Ha pannux sTamax B MepHCTEME IIBETKA MPOUCXOAUT IKCIPECCHS CTICHUPHUECKUX TEHOB.
[ToBpexxieHHe ITUX TEHOB B pe3ysbTaTe MyTallMi IPUBOAMT K 3aMEHE OJJHUX OPraHOB L[BETKA
Ha JIpyrue u (4acTo) K HapyIICHUIO B PACMONOKEeHHH opraHoB. [Ipu 3akiaake nBeTKa MOKHO
BBIJICJIUTH JIBA B3aMMOBIIMAIONINX Mpolecca: 1) IpoCTpaHCTBEHHYIO pa3MeTKy (IopaibHOIro
NPUMOPAMS Ha OTAETHHBIE OPTaHbI I[BETKA; 2) OmMpeAeieHne CyIbObl 3aJI0)KEHHBIX OpPraHOB
(developmental fate). Xotst 3TH mporecChl HAaxXOIATCA B TECHOW KOPPEISIMH, WHOTIA
BO3HHKAET HECOTJIACOBAaHHOCTh, W TOTJA M3 MPHUMOPAMS Pa3BUBAIOTCS OPTaHbl MO3aHMYHOTO
CTPOEHUS (C TKAaHSAMH, XapaKTEPHBIMU JUUIsl OPTAHOB JIBYX COCEIHHUX KPYTOB).

HauOonee monpoOHO Mccie0BaHbl T€HbI, onpedensiowjue cyobby 0peaHoé B Pa3BUTHH.
VYcnoBHO 3TH reHbl aenar Ha Tpu rpynnsl: A, B u C. IlosToMy CylecTBYIOIIYI0O MOJENb
pa3BuTHs 11BeTKa Ha3biBatoT ABC-mooenvio (puc. 7.33). Y Arabidopsis k renam ¢ gpynxyueii A
otHocutcst APETALA 2 (AP 2), npoAyKT KOTOPOTO SIBISETCS TPAHCKPUIIIIMOHHBIM (PaKTOPOM.
B 30He skcnpeccuM 3TOro reHa pa3BUBAIOTCA uauierucmuxu M aenecmku (IpU MyTalluu
JICTIECTKU Ucue3aroT: apetala — OesnenectkoBbiil). @yuxyuetl B «3aBenyroT» renbl APETALA
3 (4P 3) u PISTILLATA (PI). Ix mpoaykTsl 00pa3yloT TeTepOauMep, CBS3BIBAIOIIUICS C
npoMotopamu JIpyrux TeHoB. Y AP 3 wu Plo6onapyxer MADS-60okc. DTH TeHBI
IKCIIPECCUPYIOTCSI B 30HE 3aKIAAKH Jlenecmkos W muiyurok. Ilpu myrammsx ap 3 v pi
JICTIECTKU TIPEBPANIAOTCS B YAICNWCTHKH, a THIYMHKH IMPHOOPETAIOT YepPTHI ITIECTHKOB.
@ynxyus C xoutpomupyercss reHom AGAMOUS (AG) — TpaHCKpUIIIMOHHBIM (PaKTOPOM C
MADS-60kcoMm. I'er AG onpenensier Cyap0y muluuHOK u ni1000IUCMUKOS, & TaK)KE OTBEYACT
3a OCTaHOBKY pocTa BO (hropanbHOM npuMopauu. [Ipu MyTanuu ag THIYMHKH 3aMEHSIOTCS Ha
JICTIECTKH, TUIOJOMUCTUKA — Ha YalleIHCTUKHA M Janee mpolecc oO0pa30BaHUS IIBETKA
MOBTOPSIETCSI HECKOJIBKO pa3s.

[To ABC-Monenu HCXOAHBIM COCTOSTHHEM SIBJISIETCS BET€TaTUBHBIN JIUCT, a TEHBI U3 TPYIII
A, B u C tonbko Moau(UUIUpPYIOT €ro pa3BuTHe. ITO MOATBEPKIAETCS TEM, YTO Y TPOHHBIX
MYTaHTOB, TJI€ 3aTPOHYTHI BCE TPH TPYIIBI TEHOB, BMECTO IIBETKAa 00pa3yeTcsi YKOPOUSHHBIH
no0er co cnupagbHbIM JHCcTOpacnonoxeHueM. /s o6pa3oBaHMs YaIIETUCTHKOB J10CTaTOYHO
reHoB rpymmsl A. J[BoiiHOW MyTtaHT ag pi o0pasyeT «OEeCKOHCUHBIH» IBETOK W3 OIHUX
YaIIeTUCTUKOB. Y pacTeHui moBpexaatorcs GyHkuuu B u C, akTUBHBIMU OCTAIOTCS TOJIBKO
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redsl rpynmbl A. YToObl B IBETKE OCYIIECTBMJIACH 3aKiajika IUIOAOIMCTUKOB, HYXHa
AKTHBHOCTh TEHOB TONbKO C-kiacca. Y COOTBETCTBYIOLIMX MYTaHTOB ap 2 Pi, rue
MOBpeXAeHbl (PYHKIIMU A W B, IBETOK COCTOMT M3 OAHUX TUIOMOIUCTHKOB. ['eHbl A U C
SBIISIIOTCSL @HTAarOHMCTaMM (B3aMMHO HWHTHOHMPYIOT OJKCmpeccuio Apyr npyra). Ilpu
MOBPEXJACHUH T'€HOB IPYMIbl A BO BCEM MPUMOPIUU I[BETKAa 00pa3yroTcsl MPoIyKThl reHoB C
¥ Hao00poT. ['eHOB rpynmsl B HEAOCTaTOUHO A7 CTPOTOTO OMpEAesICHHUs THIIA OPTraHOB, OHU
paboTaroT B KOMOMHAIMU C OpYyrMMH Kiaccamu. Bo ¢ropanbHOM mpuMopauu B 30HE, TIE
nepekpbiBaeTcst dKkcnpeccuss A u B, oOpasyrorcs nenectku. Tam, rne OZHOBpPEMEHHO
sKcrpeccupyroTes reusl B u C, 00pa3yroTcsi THIYMHKH.

Monens ABC nony4nia moATBep)KICHHE Ha OOJBIIOM SKCIEPUMEHTAIHLHOM MaTepHale.
I"ensl, romonoruunbsie AP2, AP3, Pin AG, oOHapyKuUBaIOT y Bce OOJIBIIErO YUCIIAa PACTCHHIA.
AHaIIN3 SKCIPECCHH TIOKA3bIBACT TO )K€ MPOCTPAHCTBEHHOE pacHpeiesieHne MPOIyKTOB 3TUX
T€HOB B NPHUMOpPIMU LBETKA, 4TOo U Yy apabunomcuc. bonee Toro, mepeHoc T'eHOB H3
apabuporncuc B Tabak win nerynuro (Petunia hybrida) merogaMu reneTuyeckoil MHKCHEPUU
BBI3bIBACT U3MEHEHUS B CTPOCHUU IIBETKA, npeacka3zanusie ABC-moznenpo. Takum oO6pazom,
TeHEeTUYECKas Perysius 3aKIaIKi OPraHOB [IBETKAa KOHCEPBAaTHBHA y IIBETKOBBIX PACTCHHIA.

MeHbllle W3BECTHO O pa3MeTKe (MIOPAJbHOr0 MPUMOPAMSA Ha OTAENbHbIE opraHbl. C
OJTHOM cTOopoHBI, reHbl ABC-Moenu 3aMeTHO BIUSIIOT Ha KOJMYECTBO U MOJIOKEHHE OPTraHOB
B I[BeTKe. MyTalu ¢ CHJIbHBIM BBIPAXKEHHEM I10 STUM T'€HaM H3MEHSIOT CTPYKTYpPY IBETKa.
Crienuuueckux TeHOB, HW3MEHSIOUIMX TOJNBKO CMPYKMypy ygemika, OOHApPY>KEHO
CPaBHHUTENILHO HeMHOTro: y apabumoricuca 3to red PENTAMEROUS ANTHER (PAN). ¥V
MyTaHTa Pan IBETOK MEHTAMEPHBI: 5 YalleNuCTHKOB, 5 JenecTkoB, 10 THIYMHOK (B HOpME
[[BETOK C THUIHWYHON /Il KpPECTOLBETHBIX CHUMMeTpueil: 4 yamenucTtuka, 4 jenectka, 6
TBHIYMHOK U 2 TIJIOJIOJTMCTHUKA).

3a obOpazoBaHue 3UrOMOpGHOrOo IIBETKa Yy JIBBUHOTO 3€Ba OTBEYAaeT TIeH
CYCLOIDEARPLS (CYC). I'en Bimster Ha BepxHIOW (GIMKHION K IIABHOM OCH) THIYHHKY,
npeBpamas ee B CTaMUHOAMA, MOAU(UITUPYET pa3BUTHE JienecTKoB. [Ipu MyTanuu mo renam
A-Kiacca JIETIeCTKH IMpEeBpaIlaloTCs B ThIUMHKUM. OHM OKa3bIBAaIOTCA IO/ JIEHCTBHEM TIeHa
CYC, u BMeCTO OIHOTO CTaMUHOMS BO3HWKaeT TpH. [Ipu MyTamuu cyc nBETOK pajuanbHO-
CUMMETpPHUYEH, BCE THIYMHKU OJJMHAKOBO XOPOIIO Pa3BUTHI.

Eme onHuM (akTopoM pa3MmMeTKu SIBIsieTCS obvem gropanrvHou mepucmemvl. Ecnu oH
YBEJIMYMBAETCS, TO B IIBETKE 3aKJaJbIBAIOTCA JONOJHUTENbHbIE OpraHbl. Y MYTAaHTOB
apaOuporncuca u3 cepun clavata mepucrema Oosiee KpyrHasi, 4TO IPUBOJMT K 3aKJIAIKE TUI0IA
¢ 4 THe31aMM BMECTO THIMYHOTO JBYXTHE3THOTO CTPYUYKa. AHAJIOTUYHOE SBICHUE MPUBOIUT
K 3aKJIajKe JIOMOJHHUTENBHBIX KPYroB ILIOAOJIMCTUKOB y anenscuroB (Citrussinensis).
MyTranuy, yMeHbIIAIoNIMe O0bEM MEpPUCTEMBl, NPUBOAAT K IMOTEpe OpraHoB (OOBIYHO
TBHIYMHOK | JICTIECTKOB).

Pa3zButue pacreHHs MOXKHO MPEACTAaBUTHh KakK IOCIEJOBATENbHBIA KackaJ BHYTPEHHHUX
PETYISATOPHBIX CTUMYJIOB. HeKoTOphIe peryinsaTopHbie COOBITHS MTPOUCXOIAT HA TPOTHKSHUN
BCcero Mop¢oreHesa: HEOJHOPOIHBIN CHHTE3 M TPAHCHOPT AYKCHHOB, «BKIIOUEHHE» U
«BBIKITFOUEHHE)» TEHOB, COJIEPKAIIUX TOMEOOOKC, BBIJICIICHNE SKCITAHCHHOB, TIEPHKINHAIBHBIC
nenenus B L2, onpenenenue «BepxHei» U «HIKHEN» TOBEPXHOCTU MPUMOP/HSI.

Jpyrue coOBITHS B pETryIATOPHOM KackaJe MpPHBOISAT K O0Opa30oBaHUIO IBETKOB.
Mepuctema mnobera, oOpasymoolas NPUMOPAWHU, «OLEHUBAECT» YHUCIO 00pa30oBaBIIUXCS
JUCTHEB IO KOHLEHTpauuu (OTOACCUMUIIATOB, T'HOOEpEsUIMHOB, JPYrUX  HU3KO-
MOJICKYJISIDHBIX BemiecTB U 1o dkcrpeccuu TeHoB (LFY). Ilo nocTmkeHWu moporoBoro
3HAYEHHUs] HACTyMaeT SBOKallMsg LBETeHUs. B MepucremMe ucue3aer MOKOSIIMICS LIEHTD,
MEHSIETCSl JINCTOPACIIONIOKEHHE, MOSIBIISIOTCS MPOAYKTHI HOBBIX T'eHOB. J[inst oOpasoBanus
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[[BETKa HEOOXOAUMBI TeHbl ¢ QyHKIMIMUA A, B u C ¥ reHbl, ONpenesionne pacioiokKeHne
OpPraHOB BHYTPH IIBETKA (OTBEYAIOIIHE 32 TO3UIIMOHHYIO HH(DOPMAITHUIO).

[ToBpexeHHe pEryJsiliid PaHHUX ATAlOB OTPAKACTCA Ha CTPYKTYype IBETKA: MPH
HApYyIICHUH TPaHCIIOPTa ayKCHHOB OOKOBBIC IIBETKH HE PA3BUBAIOTCS, a BEPXYIICYHBIH
COCTOMT M3 CIIMBIIMXCS OPTaHOB; MOBPEKICHUE «CHCTEMBI OIPEICICHUS JOPCOBEHTPAILHON
cummerpuny (Mytanus filamentous flower) npuBoauT K MpeBpaleHUI0 BCeX OPraHOB IIBETKA
B [WIMHAPHYSCKHE CTPYKTYpPbI, C MOMOIIBIO arapoBoro OJoKa ¢ 3KCIAHCHHOM MOXKHO
CO3/1aTh (IHUIIHUIY JICTICCTOK WM THIYMHKY W T.A. HapylieHue MO3JHHX STarmoB B 3TOM
KacKaJie 3aTPOHET TOJILKO I[BETOK.

13.3. YciioBHsI MHHEPAJIBHOI0 MUTAHUS, BO3PACT, FTOPMOHAJIBHBIN CTATyC KaK
(axTopHbI, BJUAIOIINE HA T0JI PACTEHUIA.

[lpexne dYeM MNPUCTYNHTh K IBETCHUIO, PACTEHHE «OLEHUBACT» JOCTYIHOCTb
MUHEPATBHBIX BEIIECTB, B MEPBYIO ouepenb azoTa. Korga azora MHOTO, BCe CHUIIBI PACTCHHUS
pacxonyloTCsi Ha BEreTaTUBHBIA POCT M HAKOIUIGHHWE a30THBIX COCAMHECHHH, a I[BETEHHUE
HACTYIAET M03%Ke, YeM MPU YMEPEHHOM MUTAHUU. DTO SIBICHHUE ObUIO 3aMEUYEHO JOCTATOYHO
naBHo. B konme XIX B. BO3HUKIO NTPEANOJIOKEHHUE, YTO JJIsi BEreTallud HEOO0XOIUMO
BBICOKOE COJIepKaHHME a30Ta B PACTCHHsX, a AJs LBeTeHHus — MHoro CaxapoB (IpOAYKTOB
¢doTocuHTE3a). DKCIEPUMEHTAIbHYIO IPOBEPKY 3TOM rumnore3sl B 1904 r. mpoBen HEMELKH
¢usuonor pacrenuii I'. Kiebc. Yacty pactenuit nobenuu (Lobelia), 6yaper (Glechoma) u
Mostoamita (Sempervivum) oOMIIbHO yIOoOpSIM HUTPaTaMH M TOJIHMBAJIH, PYTHe BHICAKUBAIH
B M10YBY, O€HYI0 a30ToM. UTOOBI NOBIUATH Ha Mpolecc GOTOCHHTE3A, JIUCThSI 3aTCHSUTN WIN
ocBemany SPKUM cBeToM. OKa3aloch, YTO IIBETEHHE YCKOPSETCS Ha SIPKOM CBETY. OJTO
KOppeNupyeT ¢ BBICOKUM cojiepkaHueM CaxapoB B pacTEHUSIX U HHU3KHM COJIEp)KaHHEM
azora. [Ipu 3areHeHnn WM ynoOpeHNH HUTpAaTaMH HaKaIUIMBaeTCs OOJIbIIEe a30Ta U MEHBIIE
YTIJIEBOOB, YTO KOPPEITUPYET C OBICTPHIM BETETATUBHBIM POCTOM H 33JI€PKKOU I[BETCHUSI.

I'. KneOc BBIABUHY azomHo-y2nepoonyio (mpoguueckyro) meopuio peryisiiiii BETCHUS.
Ecnu B pacTeHMH MHOTO COETMHEHUH a30Ta U MAJIO COSIMHEHHH yriepo/a, OHO OyJeT pacTu,
a eclii YrJeBoJibl MpeodaaloT Hajl a30TOM, TO pacTeHue 1BereT. [1o KOHIeHTpauu a3ora
pacTeHue «OIICHHWBAET PabdOTy» KOPHEBOW CHCTEMBI, a TIO0 caxapaM — «paboTy» JIMCTOBOTO
anmnapara. Eciau nuctoBoi anmapar «paboTaeT XOpOUIO», TO BO3MOXKHO IUIOJAOHOUICHHE, a
eciu paboTa KOpHS CIUIIKOM HWHTEHCHBHA, TO HYXXHO BOCCTAaHOBUTH OalaHC MEXIY
AKTUBHOCTBIO KOPHEBOM CHCTEMBbI M IUIOIIAJbIO JIMCTOBOrO ammapata. Pactenue obpasyer
MHOTO JIUCThEB (BETETUPYET), a KOorja OalaHC BOCCTAHOBUTCS, 00pa3yeT 1BETKH U TUTOIBI.

Teopuss Knebca Hamuta OTKIMK B CEIbCKOM XO3sicTBE. bpuin pa3paboTaHbl METOIbI
WHTEHCUBHOTO TIIJIOJOBOJICTBA, OCHOBAaHHBIE Ha oOpe3ke. [l ycKkopeHUs IBETCHHs Ha
MOJIOJIbIe BETBH JIEPEBbEB HAKJIAIbIBAIM IJIOJIOBBIM MOSC: BETKY MEPETSATUBAIN IPOBOJIOKON
TaK, YTOOBI COCYIbI (DIIOIMBI OKA3aJMCh CHKATBIMH, WM YacTh (JIOAMBI yIALIIH. JTO
3aMeusio OoTToK CaxapoB M3 KpPOHBI M YCKOPsUIO 3akiaaky ImBeTkoB. Teopus KieGca
CTHMYJIPOBAJIa W3YYEHHUE MOTPEOHOCTEH PAaCTEeHHid B AJIEMEHTaX MHHEPAIBHOTO THTAHHS,
ObUT HAKOIJICH MaTepuall 0 YaCTHON (PU3UOJIOTHU

pacteHuii. BBISICHHIIOCH, 9TO M30BITOK a30Ta MPEISATCTBYET IMEPEXOTy B COCTOSTHUE TTOKOS,
3armac Kpaxmaja CHU)KAeTCsl, MOKOW MeHee TIIyOOKHid, pacTeHHe MeHee YCTOHYMBO K
WH(]EKINY U K KIIMMAaTHIeCKUM (haKTopaMm.
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Bomnpoce! 1151 caMOKOHTPOJIS

WNHnykuus v 5BOKaIus 1IBETEHUS.

Pa3Butue couBeTui.

Pannee reHepaTMBHOE pa3BUTHE, MMO3[HEE TI'C€HEPATHMBHOE pPAa3BUTHUE, PA3BUTHE
1BeTKkoB. HopManbsHOe pa3BuTue 1iBeTka. Mojens «BoiHbI no3umii» (ABC).

I'enetnueckue ¢ynkuuu A, B u C. CemeiictBa reHoB, cogepxammx MADS-
JIOMEH.

[IposiBnenuss mona y pacreHuit. CamoHECOBMEeCTHUMOCTh. ['erepoMopdras u
roMomMop(Hasi CAMOHECOBMECTHUMOCTb.

CnopoduTHbIii U1 TaMeTODHUTHBIA KOHTPOJIb CAMOHECOBMECTHUMOCTH. Perymsims
oJa.

YcnoBus MUHEPaIbLHOTO MUTAHMS, BO3PACT, TOPMOHAIBHBIN CTaTyc Kak (aKTOpPHI,
BJIMSIIOLIIME HA TIOJI PACTEHUM.
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Jlexuusa 14

®U3HOJIOTUS YCTOMUNBOCTU PACTEHUI

14.1. Crpecc n anantanus — o01as XapakTepucTHKa siBjieHnil. HeGaronpusitubie
(¢akTopbl OMOTHYECKOH M A0MOTHYECKOH NPUPO/IbI.

Crpecc u apanranus — oOmias xapakTepucTuka siBaeHuid. HebnaronpusitHeie ¢akTopsl
OnoTHueckoil M abMoTHYecKo mpupoasl. OTBETHBIE pEaKIUMM pacTeHH Ha JeicTBHe
crpeccopoB. Cneuuduueckue u Hecrneuudpudeckue peakiuu. Ilpupona Hecnenuduueckux
peakumii. CtpeccoBele Oenkn W ux (QyHkoun. Bonweni aedunur. MexaHH3MBI
3aCyXOyCTOMUMBOCTH Me30(UTOB. BbIcOKHe KOHLEHTpauu cojed. Tunbsl MOYBEHHOTrO
3acoiieHus. AnanTanus pacTeHUH K OCMOTHMYECKOMY M TOKCHYECKOMY JIEMCTBHIO COJIEH.
Crioco6s1 noanepxkanue oBoaHEHHOCTH. [IpotexTopubie Genku (I1b), cunTesupyromuecs B
pacTeHUsIX MPHU COJEBOM cTpecce. AHOKCHS M TUHOKCHSA. TOKCHYHOCTBH TSIKEIBIX METAJUIOB
JUIS PaCTeHUH UX HaKOIJIEHHE B TKaHsiX. Puropemeananus.

PacTenust yacTo moaBepraroTcs NEHCTBUIO cmpeccopo8 — HEOIaronpusaTHRIX (aKTOpOB
okpykatomient cpespl. CocTosiHUE, B KOTOPOM HAaXOJAUTCS PACTEHME MO/ IeHCTBUEM TOTO WU
MHOTO CTpeccopa, HaszbiBaeTcs cmpeccom. Ctpeccopbl OBIBaIOT OHMOTHYECKOTO U
abuoTHueckoro mnpoucxoxzaeHus. K OunoTrndeckuMm cTpeccopaM OTHOCSTCS IATOI€Hbl —
00J€e3HEeTBOPHbIE TPUOBI, OaKTEPUM M BUPYCHI, a TAKXKE PACTUTEIbHOSIHBIE HACEKOMBIE.
Crpeccopsl aOMOTHYECKOH MPUPOJIBI — 3TO HEJOCTATOK BJIArM (3acyxa), SKCTpeMallbHbIe
TEMIEpaTypbl (BBICOKME M HU3KHUE), BBICOKOE COJIEp)KaHWE B TOYBE HOHOB (IMIOYBEHHOE
3acojieHHe), THUIOKCUS (HEeIOCTaTOK KHUCIOpOZa), OYeHb BBICOKAas WM OYEHb HU3Kas
OCBEILIEHHOCTb, YIbTpaduosieToBasl paanualus, MOBBILIEHHOE CO/AEepKaHUE TOKCUYHBIX Ia30B
(SO2, NOy, O3) B atMochepe u psa Apyrux. B 3Toii riaBe paccMaTpUBAKOTCS MEXaHH3MBI
YCTOMUYMBOCTU PACTCHHM K JACHCTBUIO HEKOTOPHIX, HAMOOJIEE PaCIPOCTPAaHEHHBIX CTPECCOPOB
abuotnueckoit npupoasl. [lox yemoviuusocmoio nonumarom cnocobnocmes pacmenuti coxpa-
HAMb NOCMOSIHCMBO GHYMPEHHel Cpeobl (N000epHCUBAMb 20MeOCmdas) U OCYWecmansamy
HCUSHEHHBIU YUKTL 8 YCIOBUAX 0eUCMBUS CIMPECCOPOB.

14.2. OTBeTHBIE peakuMu pacTeHnii HA JelicTBUe cTpeccopoB. Cnenuduyeckue u
Hecneunpuyeckne peakuuu. [lpupona Hecnenuduyecknx peakuuii. CrpeccoBbie 6eJ1Kn
U UX QyHKIHH.

Haunbonee oOmmuM mposBICHUEM AEHCTBHSI CTPECCOPOB SIBISCTCS TOJABIIEHUE POCTa U
pa3BUTHS PACTEHUH, a HA YPOBHE (PUTOIEHO30B — CHIKEHHUE MPOITYKTUBHOCTH. CTpeccophl
MPHUBOJAT K YMCHBIICHHIO CKOPOCTH pOCTa JI0 YPOBHS 0oJiee HHU3KOro, YeM YpOBEHD,
OOYCIIOBJIICHHBI TE€HETHYECKUM TMOTEHIHaIoM pacteHus. Cuiny BpeaHOro JeHCTBUS
pa3IMYHBIX  CTPECCOPOB MOXKHO  OIICHHWTH, €CIH CPaBHUTh PEKOPIHBIC  YpOXKau
CEJIbCKOXO3SUCTBEHHBIX KYJIBTYpP CO CPETHUMH YPOXKasMHU, PACCYMUTAHHBIMH 32 MHOTO JIET.
Ecnu pekopaHbIil ypokaid MPUHATH KaK MPOJAYKTHBHOCTb KYJIBTYPBI B UICAIBHBIX YCIOBHUAX
(100 %), TO mOTEepU OT CTPECCOPOB B MUpPE COCTaBAT OT 65 mo 87 % B 3aBUCHUMOCTH OT
KynbTypbl. CiydaeTcsi, YTO HECKOJBKO CTPECCOPOB JICHCTBYIOT B KOMOWHAIIMM JIPYT C
JIpYyToM, M TOTJla UX BpEIHOE JeicTBHE ycuiuBaercs. Hampumep, neicTBUE 3acyXd 4acTo
COYETaeTCsl C ICUCTBUEM BBICOKUX TEMIIEpaTyp.

SIBrieHus1, KOTOpBIe HAOMIOAAIOTCSA B PACTEHUSIX MPH JIEHCTBHU CTPECCOPOB, MOTYT OBITh
pa3ziesieHbl Ha JBE KaTeropuu: 1) noepesxcoenus:, TPOSBISIOMINECS HA PA3IMYHBIX YPOBHSX
CTPYKTYpHOM ¥ (PYHKIMOHAIBHOW OpraHu3alMd pacTeHHs, HalpuUMep JAeHaTypauus
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OEIKOBBIX MOJIEKYJ, HapylleHHs MeTaboiM3Ma M TOPMOXKEHHE pOCTa PACTSHKEHUEM IMpU
00€3BOKMBAaHUU KJIETOK B YCJIOBMSIX 3aCyXM WJIM IIOYBEHHOI'O 3aCOJICHUs; 2) omeemHvle
peakyuu, no3eonsaowue pacmeHusImM NpUcnocadIu8amvpCs K HOBbIM CMPeCcCOBbIM YC08UM,
OHM 3aTpParuBalOT H3MEHEHHsS B OKCIPECCHH TEHOB, MeTadoim3Me, (PU3UOIOTHYECKUX
GyHkuusax u romeocrase. COBOKYIHOCTh TAKOTO pOJia peaklMil Ha3bIBaeTCs akkiumayueti. B
nporecce AaKKIMMalUui pacTeHHe MPHOOpeTaeT YCTOWYMBOCTh K JEHCTBHIO CTpeccopa.
AKKIMManys IPOUMCXOAUT IIPH KM3HM OpraHu3Ma M HE Hacienyercs. Bmecrte ¢ Tem oHa
OCYILIECTBJISIETCS Ha OCHOBE TEX BO3MOYKHOCTEW, KOTOpPBHIE 3aJI0KEHbl B I€HOTHUIIE, T. €. B
npeenax HOPMbI PEaKIMM — HACIEICTBEHHO OOYCIOBIEHHOM aMIUIMTYAbl BO3MOXKHBIX
U3MEHEHUN B peanu3anuu reHoruna. lIpumepom akkiauMmanuum pacTeHUM  SIBISIETCS
3aKkanuBaHue. HekoTopsle pacTeHus, B YaCTHOCTH O3UMBIE 3J1aKH, IPHOOPETAIOT CIOCOOHOCTh
NepEeKUBAaTh HU3KUE OTPULIATENIbHBIE TEMIEpaTypbl B 3UMHHMM IEpHUOJA, TaK KaK OCEHBIO
HOJBEPratoTCs 3aKaJMBAHUIO — JIEHCTBHIO HU3KHMX IOJIOKUTENbHBIX W Onm3kux k O "C
OTpULATENIbHBIX TEMIIEpaTyp. buoxuMuyeckue U3MEHEHUs! B TKAHX, IPOUCXOSIINE OCEHbIO,
HOPUJAIOT O3UMBIM 3JIaKaM CIOCOOHOCTh MepekuBaTh MOpo3bl. Eciu ke oceHb Oblia TEmIoH,
TO O3UMBIE 3J1aKU 3UMOW BBIMEP3AIOT.

BaxxHyto poJib B yCTOWYMBOCTH pacTEHUH K IEHCTBHUIO CTPECCOPOB UTPAIOT adanmayuu. B
OTJIMYME OT AKKIMMALIUM aJanTalus — HaCJIEJCTBEHHO 3aKpEIJICHHbI KOHCTUTYTHBHBIN
IIPU3HAK, IPUCYTCTBYIOIUN B PAaCTCHUMM HE3aBUCHUMO OT TOr'O, HaXOJUTCS OHO WIM HET B
CTPECCOBBIX YCIOBHSX. AJaNTalMM J€Na0T MOMYJSALUI0 OPraHU3MOB MPHUCIOCOOIEHHON K
COOTBETCTBYIOIIUM YCIIOBUSM OKpysKarouen cpeasl. IIpuMep amantanuu pacTeHUH K 3acyxe
— MOpP(OJIOTHUECKHE OCOOEHHOCTH CYKKYJIEHTOB, B YaCTHOCTH KaKTYCOB. MSsCHUCTBIN
cTe0ellb, JUCThs, MNPEBpAIICHHbIE B HWIOJKH, HE3HAYUTEIBHOE YHCIO YCTBHI, TIyOOKO
MOTPYXEHHBIX B TKaHb, TOJICTasl KYTHUKYJa W psAJ APYTHX MPU3HAKOB IO3BOJISIOT KaKTycam
OCYILECTBIIATh KU3HEHHBIN UK B peXXMME SKOHOMHUU BJIATU M TaKUM 00pa3oM BBDKHMBATH B
YCIOBUSX 3acCylUIMBOTO KiIMMaTa. AJanTaluy OpOSBISIOTCS Takke Ha OMOXMMHYECKOM
YpOBHE — 3TO0, HallpUMep, OMOCUHTE3 CTEPOUTHBIX TICEBI0ANKATIONIOB

(TMMKOaANKamoWI0B) y HEKOTOPHIX BHAOB IACICHOBBIX, B YAaCTHOCTH Yy KapTodes
(Solatium tuberosum), TOKCHYHBIX Ui TPABOSHBIX YKUBOTHBIX M HACEKOMBIX-(PHUTO(ArOB.
brocuHTe3  IMUMKOAJIKAJOWMIOB —  KOHCTUTYTHBHBIA  INpPU3HAK AITHUX  PACTEHUH,
c(OpMHPOBABIINICS B IPOLIECCE IBOIIOIUH KaK 3al[UTa OT MOEAaHMUS.

3alUTHBIE MEXaHU3Mbl KaK KOHCTUTYTHBHBIE (ajanTauuu), Tak ¥ (opMHUpYOLUecs B
X0/J1e aKKJIMMAIUH, MOTYT ObITh pa3/IeJIeHbl Ha JIBE OCHOBHBIE KaTETOPHH.

1. Mexanuszmol usbexncanus. OHU TaIOT BO3MOXKHOCTh PAacTEHHSIM H30eraTh NEHCTBUS
CTpeccopoB. SIpKUM TNPUMEPOM TaKHUX MEXAHU3MOB CIYKUT MOTJIOLIEHUE BOJBI TITyOOKO
IPOHMKAIOIEH B TPYHT KOPHEBOM CUCTEMOM pacTeHUN. Y HEKOTOPHIX KCepo(UTOB (pacTeHuit
3aCyIUIMBBIX MECT 0OWTaHus), Hanpumep y depHoro cakcayna (Haloxylon ammodendron),
JUIMHa KOPHEBOM CHCTEMBl JOCTHUTaeT HECKOJIBKMX JIECATKOB METPOB, UYTO IO3BOJIAET
PacTeHHIO HCIIOJIb30BAaTh IPYHTOBYIO BOAY M HE HCIBITHIBATh HEIOCTATKa BJIArM B YCJIOBUSAX
NOYBEHHOH M aTMocdepHoit 3acyxu. K aToil e KaTeropuum OTHOCATCS MEXaHU3Mbl HOHHOTO
FOMEOCTAaTUPOBAHMS LIUTOIJIA3MBI Y PAcCTEHHUH, YCTOHYMBBIX K IOYBEHHOMY 3aCOJICHUIO.
CriocoGHOCTs moATepkuBaTh Hu3kMe KommeHtpammu Na' u Cl- B murommasme mpu
MOYBEHHOM 3aCOJICHMH JIaeT BO3MOXKHOCTh 3THUM pACTEHUSIM M30erarb TOKCHYECKOTO
JEICTBUS HOHOB Ha LIUTOIIa3MAaTUYECKUE OMOTIOTMMEPHI.

2. Mexanusmsl pesucmenmuocmu (8viHocaugocmu). 11ocpeicTBOM 3TUX MEXaHU3MOB
pacTeHus1, He u30eras AEHUCTBUS CTpeccopa, MEpeXKUBAIOT CTpeccoBble ycioBus. K Takum
MEXaHU3MaM OTHOCHTCS, B YacTHOCTH, OHOCHHTE3 HECKOJBKHX M30()epPMEHTOB,
OCYILECTBIIAIOLIMX KaTaJlu3 OAHOM U TOM ke peakLuu, IpU 3TOM Kaxkaas uzodopma obnanaer
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HEOOXOIUMBIMU  KaTaJUTUYECKMMHU CBOWCTBAMM B OTHOCUTEIBHO Y3KOM JMalla3oHe
HEKOTOPOTO TapaMeTpa OKpYKalollel cpeasl, Hampumep Temmeparypbl. Becbk Habop
N30()EpPMEHTOB B LI€JIOM IO3BOJISIET PACTEHUIO OCYILECTBIIATh PEAKIIMIO B 3HAUUTEJIBHO OoJiee
IMIMPOKOM TEMIEpPAaTypHOM [HAara3oHe, YeM 3TO Jenan Obl TONBKO OAMH H30(EpMEHT, H,
CJIeZIOBATENIbHO, IPUCIIOCA0INBATHCSA K M3MEHSIOIIMMCS TEMIIEPAaTyPHBIM YCIOBUSIM.

W3menenus B merabonnsme, Gpu3nonorndeckux (QYHKIHMSIX U POCTOBBIX IpoOIeccax IMpU
CTpeccax CBs3aHbl C M3MEHEHMsAMHU B 3Kcrpeccun reHoB. OTBeT Ha JeicTBue crpeccopa
MIPOMCXOIUT, €CIIH PACTCHHUE «PACIIO3HAET» CTPECCOp Ha KIIETOYHOM ypoBHE. Pacro3HaBanue
cTpeccopa, T.e. pelenuus CUrHajda, NPUBOJUT K aKTUBALUMM IYyTH HEepeAayd CHUrHaja.
[Tocnemuuii mocTynaer B reHOM, HHIYLUPYS WIHA MOJABIIsAs CUHTE3 TEX MM HMHBIX OEJIKOB.
Cpsi3aHHbBIE C D3KCIIpecCUeil T'€HOB OTBETHBIC pEaKUUU KJIETOK Ha JAEHCTBUE cTpeccopa
MHTETPUPYIOTCSI B OTBET LEJIIOTO PACcTEHUs, BBIPAKAIOIMIMICS B Hambosiee O0IIeM ciydae B
UHTUOMPOBAHUU pOCTa M pa3BUTUS PACTEHUS M OJHOBPEMEHHO B TIOBBILIEHUH €ro
YCTOMYMBOCTH K JEHUCTBUIO CTpECCOpa.

[lomaBnsromas 4acTh KIETOYHBIX MEXaHU3MOB YCTOMYMBOCTH c(opMupoBanach Ha
PaHHMX STamnax 3BOJIOLWH, IMO3TOMY 3AIIUTHBIE CHCTEMBI, MPOSBISIOMIAECS Ha KIETOYHOM
YPOBHE Y BBICIIMX PACTEHMH, W 3alUTHbIE CHCTEMBbl 0o0jie€ MPUMHUTHBHBIX OPraHU3MOB
UMEIOT OOIIyI0 OCHOBY. B CBsI3M C 3THUM HCClIeOBaHHE MEXaHHW3MOB YCTOMYMBOCTH K
JIEMCTBUIO CTPECCOPOB Y OAKTEPHIA, APOAOKEN M OTHOKIETOYHBIX BOAOPOCIIEH MPOIUBAET CBET
U Ha KJIETOYHBIE MEXaHU3MBbl YCTOMUMBOCTH Yy BBICIIMX pPACTCHHUH. 3HAYMTENbHAS YacTh
3HAHUH O peLenIMM CUTHajla U MyTAX ero Meperadu, Tak e Kak M O KJIETOUHBIX MeXaHU3Max
YCTOMYMBOCTH B IIE€JIOM, KCCJIEIOBATENN MOJNYYMIIM, ONHUpasich Ha 0a30Bble pabOTHI,
BBINIOJIHEHHBbIE Ha Oaktepusix Esherichia coli u apoxokax Saccharomyces cerevisiae.
MexaHu3MBbl peleniiy U IyTH Nepeaddl CUTHalIa HETTOCPEICTBEHHO Y PACTCHUH HAYMHAIOT
u3y4yaTbcs TONbKO ceidac. [lokazaHo, YTO B PEryNsIIMIO OTBETa PACTEHMS Ha CTPECCOpPHBIE
BO3/ICIICTBUSI BOBJIEYEHBI TOPMOHBI, ocoOeHHO aOcuu3oBas kuciaora (ABK), stunmen u
KACMOHOBasi KHCJIOTa. B OTBET Ha JeicTBHE CTPECCOPOB IKCHPECCHS HEKOTOPBIX TEHOB
YCUJIMBAETCsl, TOTJ]a KaK KCIIpeccus Ipyrux reHoB nojamisercs. YacTto oOpa3yroTcsi HOBbIE
OenKu, KOTOpble HE OOHapy)KMBAaIOTCS B KIETKAaX B HECTPECCOBBIX YCIOBHAX. XOTs
3HAYMTEIbHAs 4YacTh HCCIeNOBaHUN c(OKycHpoBaHAa Ha AKTUBALMHM TPAHCKPHUIIUH TEHOB,
JAHHBIe, TONyYeHHbIE B IIOCIIEJHEE BpPEMs, TOKa3bIBAIOT, YTO 0Opa3oBaHUE IIPOJYKTOB
CTPECCOBBIX I'€HOB, a TaKXe aKTHUBHOCTb ATHUX HPOAYKTOB B KJETKaX peryaupyercs M Ha
MOCTTPAaHCKPUITITMOHHOM ~ ypoBHe. K TakuM MexaHWU3MaMm OTHOCSTCS:  aKmMueayus
Mpauciayuyu,  NOCMMPAHCIAYUOHHAA — CMAOUIU3ayus,  U3MeHeHue  epmMeHmamueHol
AKMUBHOCMU YIICe CUHMESUPOBAHHBIX DENK08 U JIP.

14.3. Boanwlii nedpuunt

PacTeHust uCIIBITHIBAIOT BOJHBIN A€(DUIIUT, KOT/1a CKOPOCTh TPAHCIIMPALIUU TPE"BOCXOAUT
CKOPOCTh IOTJIOLIEHUS BOJABI KOpHEBOM cucteMoil. Takas cuTyanus BO3"HUKAET HE TOJBKO
IIPY 3aCyX€, HO U B YCJIIOBUAX ITOUYBEHHOT'O 3aCOJIEHUS, 4 TAKXKE IIPU HU3KUX TeMIieparypax. B
JBYX TOCJHEIHUX CIy4asx Jeruaparanusi sBIsieTCs KOM TIOHEHTOM CTPECCOB «HEBOIHOW»
IIPUPOJBI U Pa3BUBAETCA B PACTEHHUSAX, KOrJa KO JIMYECTBO BOJABI B IIOYBE YaIE BCETO HE
OTpaHMYEHO, OJHAKO 3Ta BOJa HEAOCTYNHa s pacTeHus. Hanmpumep, mpu MOYBEHHOM
3aCOJIECHMHM BOJa HE IMOTJIOLIAETCSI KOPHEBOW CHUCTEMOM M3-32 BBICOKOI'O OCMOTHYECKOTO
JlaBJIeHUs (HU3KOT0 BOJHOI'O MO "TEHIIMAa) TOYBEHHOTO pacTBOpa.

CHuxeHue cofepaHus BOJABI B KJIETKAaX MPU BOJAHOM Ae(PUIUTE U COMYTCTBYIOIIEe
00€3BO’KMBAHUIO YBEJIMYEHHE KOHLIEHTPAIMM MOHOB B LIUTOIUIA3ME€ BBI3BIBAIOT Pa3IMYHOIO
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polia HapylIeHUs B CTPYKType U (YHKIMAX OMOMOIMMEPOB, B YAaCTHO 'CTH MPOUCXOIMUT
JeHaTypanus O€JIKOB W TOAABISETCd HMX (EepMEHTAaTHUBHAs AKTUB HOCTb, W3MEHSETCS
CTPYKTYpa JIMIHUIHOTO OuCiIos MeMOpaH M HapyllaeTcss UX LEe JIOCTHOCTb. JlecTpyKTHUBHBIE
U3MEHEHHs B MeMOpaHax B CBOIO Oyepelb NPUBOAAT K HAPYIICHUIO BHYTPHKJICTOYHON
KOMIIaPTMEHTAlMHU BEILECTB U MOJABICHUIO MIEKTporeHe3a. Ha kiIeToyHoM ypoBHE BOIHBIN
neuIUT BhIpakaeTcs B MoTepe Typropa. Ha ypoBHe menoro pacteHus BOAHBIN AeduIuT
4acTo MpPOSBISIETCS B OOpallleHMM I'paJii€HTa BOJHOIO IOTEHLMana B CUCTEME IOoYBa —
KOpPEeHb — Mo0er U MHruOupoBaHuu pocta. CrocoOHOCTh pacCTeHHsI aJIEKBATHO OTBEYATh HA
BOJIHBIHA JI€(ULUT M BBDKUBATH B YCIOBUAX BOAHOTO AedUIUTA 3aBUCUT OT 3PPEKTUBHOCTU
3alMTHBIX MEXaHU3MOB pacTeHus. HekoTopble OTBETHBIE pPEAaKLMMU PAcTEHUs HA BOJHBIN
neGu—IUT MOTyT HaOJIOJaThCs YK€ 4epe3 HECKOJIbKO CEeKyHJ IOocie Havajla JeicTBUs
ctpec—copa. K HuUM oTHOcATCS, Hampumep, W3MEHEHHs B (PochHOpMIMPOBAHUHN OEIKOB.
Hpyrue otBeTbl TpeOyroT Oosee AJIUTENBHOIO BPEMEHH — OT HECKOJBKHUX MMHYT J0
HECKOJIbKUX 4acoB, KaK B CJIy4yae U3MEHEHHM B KCIIPECCUM FE€HOB.

B pe3ynbraTe MHAYKIUMM MEXaHHU3MOB YCTOMUMBOCTU K BOJHOMY JAe(ULUTY pac TEHUE
CTaHOBUTCS CIIOCOOHBIM IEPEXUTH JeHcTBHE cTpeccopa. Pa3BuTue ycToMun—BOCTH MOMKET
ObITh pe3yabTaTOM MHIYKIMHM KaK MEXaHW3MOB M30€XaHMs, TaK M MEXaHHU3MOB
pe3ucrenTHOCTU. O0€ KaTeropuu peakiivii, BOBJICUEHHBIE B IIPOLIECC AaKKJIMMAIIMU PACTEHUH K
BOJIHOMY JIe(HUIMTY, Oosiee AeTaIbHO PaCCMOTPEHbBI HUXKE.

14.4. MexaHu3MbI 3aCyX0yCTOYMBOCTH Me30(UTOB.

Boma nBukeTcss maccHMBHO MO TPAAMEHTY BOJHOTO MOTEHIMana Ay W3 o0iacTu, Tae
BOJIHBIN MOTEHIIMAT BBIIIIE, B IPUJIETAIOIIYIO 00JIacTh, T/I€ OH HUXE (CM. moapas. 5.7 u 5.8).

PacTenmne He MOXKeT M3BIIEKATh BOAY U3 MOYBBI, €CITU BOJHBIN MOTEHIMAI KIETOK KOPHS
v BBIIIE BOAHOTO MOTEHIMANA MOYBHI \y ¥ . J[11s1 TOro 4ToObI BO/Ia MEepeABUTaIach U3 MOYBBI
B KJIETKH KOPHS, ' JIOJDKEH OBITH JOBEJIEH J0 0oJiee HU3KOTro ypoBHS, ueM y ¥ . Hexotopbie
pacTeHUs BHICOKOUYBCTBUTENIBHBI K BOAHOMY Ne(UIIUTY U 3aBAIAIOT (TEPSIOT Typ TOp), KOraa
Y CcTaHOBHMTCS CIAMINIKOM HH3KAM. JIpyrMe MOIYT IIEPEHOCHTH 3aCyXy MJHM BBICOKHE
KOHIIEHTPAIlMU COJM B TMOYBEHHOM pacTBOpe 0Oe3 OoueBHUIHON moTepu Typropa. Kiertku
3aCyXOYCTOMYMBBIX M COJIEYCTOWYMBBIX PACTEHH CHOCOOHBI CHHUXaTh CBOW BOJHBIN
MOTEHIIMA] 3a CYET TIOBBINICHUS BHYTPUKICTOYHOIO OCMOTHYECKOTO JaBlieHUs 7' —

nporiecca, MOJyYUBIIETO Ha3zBaHUE ocmopelynayuu. [loBbleHne 7' OCymIecTBIsETCS 3a
CYET YBEJIWYEHUS CyMMAapHOW KOHLEHTPAaLlUM OCMOTHMYECKHM AKTHBHBIX BEILECTB B KIIETKax
(puc. 8.1). [docturaemble Npu 3TOM BHYTPHUKIETOUHBIE OCMOJISIPHOCTH IPEBOCXOMST T€,
KOTOpBIE MOJIyYalOTCsl B Pe3yJIbTaTe NAaCCUBHOIO KOHLIEHTPUPOBAHMS BELLECTB MPU AETUAPA-
Tanuu. braromaps moBbleHHIO 7 BOJAa IMOCTYNaeT B KOPHM MO TPAJAUEHTY BOJHOIO
noreHnuana. [Iponecc ocMOperyasiiuy UrpaeT BaXKHEUIIIYIO POJIb B aKKJIIMMAIlUA PACTEHUN K
3acyXxe U IOUBEHHOMY 3aCOJIEHUIO.

Tak kak OCMOTHMYECKOE JaBlIeHHE sBiIseTcsl (QyHKuMeld oOIIero 4Yucia 4YacTull,

pPacTBOPEHHBIX B JAHHOM O0BEME, B TOBBIIICHUH 7" YYaCTBYIOT KaK HHU3KOMOJIEKYJISPHBIE
OpraHUYECKHE COEAUHEHUs, TaK M HEOPraHMYEeCKUEe HOHBIL. Perymanus ocMOTHYECKOro
JABJICHHUS B ILMUTOIUIA3ME KJIETOK IIPH BOJHOM M COJEBOM CTPECCAX OCYILECTBISAETCS
IPEUMYIIECTBEHHO 3a CUeT OMOCHHTE3a HU3KOMOJEKYISPHBIX OPraHUYECKUX COEIMHEHHH,
KOTOpbIE€ IOJYYWIM HAa3BaHUE OCMOAUMOS, TOIJAA KaK B BaKyOIIPHOM KOMIIAPTMEHTE
[JIABHYK0 POJIb B PETYJSIMM  OCMOTHYECKOIO  JABJICHHUS MIPAET  aKKyMYJIALMS
HEOPraHUYEeCKUX HOHOB.
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14.5. Boicokne KOHUEHTpauM coJieil. TUNbI MOYBEHHOI0 3aCOJIEHUs. AJanTanus
PacTeHuii K 0CMOTHYECKOMY U TOKCHYECKOMY JIeCTBUIO COJIeil.

CorylacHO COBpPEMEHHBIM OIlEHKaM, OJHA IATHAJAIATas 4YacTh 3€MHON CYIIH, BKIIOYAs
TEPPUTOPHUH, UCIIOJIb3YEMbIE€ B CEIbCKOXO3SIMCTBEHHOM MPOU3BOJICTBE, 3aHATA 3aCOJICHHBIMU
nouBamu. [IpubnusurensHo 5 % 3eMenb MUPOBBIX CEIbCKOXO3SHCTBEHHBIX YTOJUM U IMOYTH
20 % opolraeMbIX 3eMeJb B TOM WJIM UHON CTENIEHU 3aCOJICHBI.

Ecnu coneprkanue cyMMbl HEOPraHUYECKUX HOHOB B ITOYBE B pacyeTe Ha €€ CYXYI Maccy
He npesbimaer 0,2 %, TO Takue MOYBBI CUMTAIOTCA He3aceneHHbMH, oT 0,2 no 0,4 % —
cnabozaconennbiMu, ot 0,4 mo 0,7 % — cpeanesaconenubivu u ot 0,7 mo 1,0% —
CUJIbHO3aCOJICHHBIMU. [Ipu conepskaHuu HeopraHW4YecKux HOHOB cBbimie 1,0 % mouYBHI
Ha3bIBAIOT CO/IOHYaKamu. B 3aCOJEHHBIX MOYBaX M3 KaTHOHOB IMpeodiazaeT Mo Macce, Kak
npasuno, Na', 0JHAKO BCTPEYarOTCS MOYBBI C BBICOKUM COJEPIKAHHEM Mg2+ u Ca®*. U3

o _ 2-
aHUOHOB HAMOOJIBIITNI BKJIaJ B ITIOYBCHHOC 3aCOJICHHUC 4Yalll€ BCCI'O BHOCAT Cl™ m 804 , HO

BCTPEYAETCS TAK)KE 3aCOJIEHHE KapOOHATHOIO THIIA.

Pacrenusi, 3BOMIONMOHHO C(HOPMUPOBABINKECS HA 3aCOJEHHBIX [OYBaX M ajar-
THPOBAHHBIE K BBICOKAM KOHIIEHTPAl[MsSIM COJIEil B IIOYBCHHOM pAacTBOpE, HAa3bIBAIOT
eanogpumamu (ot rpeu. galos — comp, phyton — pacrenue), a chopmupoBaBiirecs Ha
HE3aCENCHHBIX MouBaXx — nukogumamu (rped. glycos — cmagkuii, phyton — pacrenue).
[MomaBisitomiee  OOJIBIIMHCTBO  BUIOB  CEIIBCKOXO3SMCTBEHHBIX ~KYIBTYp OTHOCHTCS K
riukopuTaM. [ TMKO(QHUTEI BEICPKUBAIOT JHIIb ClIab0e 3aCOIEHHE M TOJIBKO

HEKOTOpbIe M3 HHX, Takue Kak xjomuatHuk (Gossipium hirsutum), osec (Ovena cativa),
poxs (Secale sereale) u menuia, — cpeanee. [Ipu BBICOKOM COEPKaHHH COJICH B MOYBE
CHMYKACTCSI TPOJYKTUBHOCTH IMMOCEBOB. ['aJOpUTH B OTIHYHE OT TIMKO(PUTOB CIIOCOOHBI
OCYIIECTBIISATh KM3HECHHBIN UK HA CHIIbHO3ACOJICHHBIX MMOYBAX M COJOHYAKaX. K THIHYHBIM
rajouTaM OTHOCSTCS pacTeHus: cemeiictBa MapeBbie (Chenopodiaceae), Takue, kak cojepoc
esponeiickuii  (Salicomia europaea), «oxus pacmpocteptas (Kochia prostrata),
HeTPOCUMOHUS TpexThiunHKoBas (Petrosimonia triandrd) u ap. Beicokoe comepixanue cosneit
B ITOYBE HE TOJILKO HE TOABIISICT, HO JIAXKEe CTUMYJIUPYET UX POCT.

[Tpy MOBBIIICHHOM COJICPYKAHUH COJICH B MOYBE y TIIMKO(GUTOB HApyIIACTCsl BOAHBIA M
MOHHBIA TOMEOCTa3 KaK Ha KJIETOYHOM YPOBHE, TaK W HA YPOBHE, I[EJIOr0 pacTeHus. B cBoto
o4epesb 3TO BEACT K Ppa3IMYHBIM TOKCHYECKUM 3((PeKTaM, KOTOpbIe BBIPAKAIOTCS B
MOBPEXACHUSIX  OMOMOIMMEpPOB  LUTOIUIa3Mbl. B 1eloM  TNOYBEHHOE  3acoJjieHue
3aTOPMaKMBAET POCT U MOKET BBI3BATh THOEIh PACTCHHI.

14.6. Cnoco0bl noaaep:xkanue opoanéHnoctu. [lporexkropunie oeaxu (I1B),
CHHTE3MPYIOIIHECS B PACTEHHUSIX MIPH COJIEBOM CTpecce.

B ycrnoBusix cosieBOro crpecca TOKCHYECKOE NEUCTBHE HMOHOB HAOMIOMAaeTCs TPH WX
HAKOIUICHWW B I[MTOIUIa3Me. Y PACTeHUU, Pa3NUYAIOIIUXCS IO YCTOWYMBOCTU K COJISM,
3¢ (PEKTUBHOCTh MEXaHU3MOB, TOJJICPKUBAIOIINX HMOHHBIA TOMEOCTa3, pa3iuvHa. B HOpwme
kormenTparmt Na* m Cl~ B muTONIasMe KIETOK TIHKOGHTOB U Tano(pUTOB
MOIJIEPKUBAIOTCS MPUOIM3UTEIHLHO Ha OJMHAKOBOM YPOBHE. DTOT YPOBEHb, KaK MPaBUIIO, HE
MIPEBBINIAET HECKOJBKUX MMOJIB/KI  CBhIpOM Ouomaccel. Y TanouToB CHOCOOHOCTH
TIO/IepKMBATh Takue HU3KHe KoHneHTpamuu Na' u C1~ B murTommasme BepaboTamach Hpu
pocTe Ha 3aCOJCHHBIX MouYBaXx. B oTnmume OT TramopuTOB TIUKOPUTHI HE B COCTOSHUU
CIOPaBUTHCS C 3ajauyedl NOJJep aHUS HHU3KUX KOHLEHTpalWi HOHOB B IUTOIJIa3Me B
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YCIIOBUAX 3aCOJICHUA. CriocoOHOCTE COHGYCTOIZQHBBIX paCTeHI/Iﬁ noaacCp:KuBaTb IIpH
34COJICHUH NUTOINIA3SMATHUYCCKUC KOHIOCHTPAIIM HOHOB HAa HU3KOM YPOBHC INOATBCPKAACTCA,

B 4ACTHOCTH, BBICOKOH uyBCTBUTENbHOCTHIO K Na* 1 C1~ GHONONMMEPOB LMTOMIA3MBI UX
KieTok. [lokasaHo, HampuMmep, 4To IN Vitr0 romMonoruyHbie ()EPMEHTHI, BBIACICHHBIC W3
IIPECHOBOJHBIX U TAJIOTOJIEPAHTHBIX (COJIEYCTOMYMBBIX) BOJOPOCTCH, a TAKIKE UX OpPTaHeIIIbI
HPOSIBIISIIOT MPAKTUYECKH OJJMHAKOBO BBICOKYIO uyBCTBUTEIbHOCTH K NaCl.

Crparerus wu30eXaHHsT TOKCHYECKOTO JIEHCTBHS COJIeH, OCHOBAaHHAs Ha HMOHHOM
rOMEOCTaTUPOBAHUHU LUTOIUIa3Mbl, COPMHPOBATIACH HA PAHHUX 3Talax 3BOJIOLUOHHOIO
pa3BUTHS OPraHUYEcKoro mupa. M3 oprann3mMoB, 0OMTAIOMKX B HAIlIE BpEMs Ha 3aCOJICHHBIX
cy0OcTpaTax, TONBKO y TAO(HIBHBIX (CONEMOOUBBIX) OAKTEPHI alanTanus K TOKCHIECKOMY
JEMCTBUIO COJIEH CTPOUTCS HE HAa OCHOBE PErYISIMH IUTOIUIA3MAaTHYECKUX KOHIICHTPAIHA
HMOHOB, a Ha OCHOBE cHelM(PUUECKOH CTPYKTYpbl HMX OEJIKOB, IO3BOJISIOLICH Oenkam
(QYHKIIMOHHPOBATh B MHKPOOKDY)KEHHH C BhICOKOM KoHieHnTparumeii Na*. IIpumepom Takux
Oaxrepuii sBisiercs Halobacterium halobium. BomopacTBoprMbie GelIKM UATO30JIs, a TAKKE
MeMOpaHOCBsI3aHHBIE ¥ pUOOCOMaNIbHBIE O€JIKM  KJIETOK Talo(QWIBHBIX OakTepuid
XapaKTepU3yHTCs MOBBIIIEHHBIM coJiepKaHueM JTMKapOOHOBBIX aMMHOKHCIIOT
(TIIyTaMHUHOBOHM M acriaparkHOBOM), BCICICTBHE YE€TO M303JIEKTPHUECKUE TOUKU ITUX OEIIKOB
CMEILEHBI B KHCITYI0 00J1aCTh.

B mHeiitpanbHON cpele LUTOMIA3Mbl KUCIbIE OEJIKM HECYT OTpHUILATEIbHBIE 3apsibl,
KOTOpbIE JIOJDKHBI OBITh HEMTpanu3oBaHbl KaTHOHamMHM. Hanuume HOHOB B BBICOKHX
KOHIICHTPALUSAX B IUTOIIa3Me HE TOJBKO JOMYCTUMO, HO Jake HEOOXOIUMO JUIS TaKHX
0enkoB. B MpOTHMBHOM cilydae 3a CUeT 3JIEKTPOCTATMYECKOI'O OTTAJIKMBAHMs Heu30exHa
neHaTypanus. B KkimeTkax ramoduubHBIX OakTepuii cymmapHas koHmenTtpamus Na® um K*
u3Mepsercss MojsMH. [lo-BHIMMOMY, CTOJb BBICOKHE KOHIIEHTpPAIlMM HWOHOB B KIIETKAaX
rajo0akTepuil HYXKHbI TaKkKe /Ul cTabuin3anuu ruipooOHBIX B3auUMOJEHCTBUNA B OelKax.
Knerku Bcex mpodnx COBPEMEHHBIX OPTraHM3MOB, BKIIOUYAsi OCTAbHBIE MMPOKAPHUOTHI, KIETKU

JKMBOTHBIX, PAaCTEHHil M TpUOOB, MOAJEpXKHBAIOT HuU3Kkue Koumedtpamuun Na® (1 C17) B
LUTOIIa3ME.

[TonnepkaHue LMTOIUIA3MATUYECKUX KOHLEHTpAaUMW TOro WJIM HHOTO MOHAa Ha
OTIpe/Ie]IEeHHOM YpOBHE OCHOBBIBAETCSI Ha OajlaHCEe BXOJAIIMX M BBIXOJASALIMX MOTOKOB 3TOTO
voHa. B wacTHOCTH, IMTOMIa3MaTHueckue KoHmeHTpamuu Na' ompejensiorcs GamaHcom
cKopocTelt maccuBHOTo moctymienus Na' B LUTONMIa3sMy M €ro akTHBHOTO BBIBEIEHHUS
(9KCTIOpTa) U3 MUTOIIA3MBI.

JU1s IpOCTOTHI pacCMOTPUM CHavajia KJIETKY 0e3 KpYIMHOW IIeHTpajbHON Bakyosiu Takoe
CTpOEHHE TUITUYHO ISl MEPUCTEMATUYECKUX KJIETOK BBICIIMX PACTEHUH, a TaK)Ke JJI1 MHOTUX
MOpPCKMX M TIPECHOBOJHBIX OJHOKJIETOYHBIX Bojopocied. Hamuumem kommapTMeHTa,
00pa30BaHHOIO MHMKpPOBAaKyoJIsIMH, MOKHO TpeHeOpeyb, TaK KaK OHHU 3aHUMArOT
HE3HAUUTENIbHYI0 YacTh KJeTouyHoro oowvema. IlocTymaronye B IIMTOIUIA3MY TaKOH KIIETKU

+ -
nouel Na 1o rpaJUCHTY JJICKTPOXUMHUUYCCKOI'0 IOTCHIHMAJA A/uNa* T.C. IIaCCHBHO,

OTKQUMBAIOTCSI 00OpaTHO B  OKPYKAWOIIUKA  KJIETKy pacTtBop. LoOHHBIE  HacoCHI,
skcrioprupyromme Na*, Tokanu3oBaHsI B 3ToM ciydae B TTM.

Kinerkn BbIcIIMX pacTeHHil (32 MCKIIOYEHHEM MEPUCTEMATHYECKHX), MHOTOKJIETOYHBIX
MOPCKHX BOJIOpOCiei (Makpo(HUTOB) M HEKOTOPBIX OJHOKJIETOUYHBIX BOJOPOCICH HMEIOT
KPYIHYIO LEHTPalbHYI0 Bakyonb. Ilomumo skcriopra Na' U3 muTOmmasMbsl B HapyXKHYIO
Cpely OHU MOTYT OCYHIECTBIISATh aKTUBHBIM TPAHCHIOPT ATOIO MOHA B BaKyOJb, YTO IPUBOIUT

K reHepanuu A p,,- Takxe U Ha ToHomuacte (puc. 8.16, 5). HeoO0xoauMo OTMETHUThH, 4YTO
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dusmonornueckas pomb Na'-HACOCA TOHOMIACTA M OCYIIECTBIAEMOTO WM AKTHBHOTO
neperoca Na' B Bakyomb He CBOAMTCA K TOMNEPKAHMIO HU3KUX KOHIEHTpamwii Na’ B
nuTomTasMe. HaTpueBblii Hacoc TOHOIIAcTa obecHeunmBaeT Takke Hakormenne Na' B
BaKyoJId, OJaro/iapsi YeMy MOBBIMIACTCS OCMOTHYECKOE JaBJICHUE BAKyOISIPHOTO COKa. DTO B
CBOIO OYepeIb BHOCHT BKJIAJ B (POPMHPOBAHHE TPajMEHTa BOJHOIO MOTEHIMANA MEKITY
OKPYKaIOIMM KJIETKY PAacTBOPOM M KJIETKOW M 00ECIieurMBaeT TaKMM OOpPa3oM TOK BOJIHI,
HAIPaBJICHHBIA BHYTPh KJIeTKH. OCOOEHHO SIPKO BhIpaXKeHa JIBOWHAs (PU3MOJIOTHYECKAsT POIIh
akTUBHOro TpaHcrmopTa Na' uepe3 TOHOIIACT y COJIEHAKAIUIMBAIOMMX ranoduTos. Ilpu-
MepaMH MOTYT CIIYKHTh S. europaea, cBefa Bbicokas (Suaeda altissima), K. prostrata u mp.
DTUM pacTeHHSM B YCIOBHAX AKCTPEMATbHO BHICOKMX KOHIEHTpauuii Na' B mouBeHHOM
pacTBOpe MPHUXOAUTCSA HE TONBKO MOAAEPKUBATH [UTOIIa3MaTHYeC-Kie KOHIeHTpanun Na*
Ha HETOKCHYECKOM YPOBHE, HO M pelIaTh 3a1a4y IOIJIOIIEHUS KOPHIMH BOJIbI U3 TOYBEHHOTO
pacTBopa, BOAHBIN MMOTEHIIMAT KOTOPOTO 3a CYET PaCTBOPEHHBIX COJIEH MOXKET JOCTUraTh -5
MIla 1 MeHbIe. DTH pacTEHUs IS MOIEPKAHUSA BOJHOTO MOTEHIIMAIA B KJIETKax Ha OoJjee

HI3KOM YPOBHE, YeM B MOYBEHHOM pacTBope, akkymymupyioT Na* u C1~ B Bakyomsx o
KoHueHTpauuii 1,0-1,5 M.

14.7. AHOKcCHUSI U THIIOKCHUSI Y PACTEHMIA.

Pactenusi, kak obnuratHsle a’3poObl, UCHOIB3YIOT MOJIEKYISPHBIA KUCIOPOJA B KauecTBE
TEPMHUHAJIBHOTO aKLENTOPA JIEKTPOHOB B MUTOXOHIPUAIIBHOU 3JIEKPOH-TPAHCIIOPTHON LIENU
(OTLY). Ilpu HOpManbHBIX a’pOOHBIX YCIOBUSAX OKHUCIEHHE | MOJS I'eKCO3bl B PEAKLHUAX
JMMOHHOKHCIIOTO IHKJIAa MPUBOIUT K obOpasoBanuio 30 — 32 moneit AT®. B orcyrcTBue
KHCIIOPOJIa OKHUCIIMTENIBHBIA pacrajg TEeKCO3bl OrPAaHWYEH pPEAKUUAMH TIJIMKOJIM3a, a
KoJIn4ecTBO obpasyromerocs mnpu 31roM AT® cocraBnser aumb 2 MOJIs.

KonuenTpanus kucimopona B ra3oBoil (aze XOopouio IpeHUPOBAHHONW MOPUCTON IOYBBI
NOYTH paBHAa €ro KOHLEHTpanuu B arMocdepe u coctapiseT 20,6 %, 4yTO COOTBETCTBYET
napruaibHoMy nasieHuro kuciopona 0,0206 MIla. KonneHTtparusi Kuciaopoaa B TOYBE
CHIDKAeTCs 4Yallle BCETo H3-3a M30BITOUHOTO COJIEpXaHMsA B HEH BOJbl. 3aTOIUIEHHWE BOJOU
CYILIECTBEHHO CHUXKAET CKOPOCTh KUCIOPOJHOTO OOMEHa

MEXy MOYBOW M BO3/yXOM, Tak Kak kKo3dduuuent nuddysuun O, B Boae Ha 4 mopsika
HUXKe, yeM B Bo3ayxe. CHaOkeHue KUCIO0pOIOM KOpHEH 3aBUCUT HE TOJIBKO OT COJEP KAHUS B
MOYBE BOJBI, HO M OT TaKUX (aKTOPOB, KAaK MOPHCTOCTh IMOYBBI, TeMIlEpaTypa, I'ycToTa
KOpHEW U TiyOuHa, Ha KOTOPYIO OHU MPOHUKAIOT B MOYBY, OT META0OINYECKONH aKTHUBHOCTH
KOpHEW, a TakXe MPHUCYTCTBUS B MOYBE KOHKYPHUPYIOIIUX 3a KUCIOPOI MHKPOOPTraHU3MOB.
Jeduut Kucnopoaa UCIBITHIBAIOT TaKKE€ O3UMBIE KYJIbTYPhI, KOTOPBIE YacTO OKa3bIBAIOTCS
nox JensHod Kopkod. Takas cuTyanuss BO3HUKAeT, KOTJa IEpUOA 3MMHEHW OTTENeIn
cmensercs moposamu. Jlepurut O, B cpeie MPUBOAUT K KUCIOPOJHOW HEIOCTATOYHOCTH
pacTeHUN.

B 3aBucHMMOCTH OT CTENEHU KHUCIOPOJHOM HEIOCTATOYHOCTH PANUYAKOT SUNOKCUIO T
anoxcuro. I'unokcust HaOmonaeTcs npu HernosHoM yaaneHuu Oz U3 cpelibl, Tak YTo a’dpoOHoe
JIBIXaHHE COXpaHAETCA, XOTA M C TIOHWKEHHOM CKOpocThro. Ilo Mepe CcHMKEeHHs
KoHIeHTpauuu O, B MOUYBE M MOJABJIEHUS a’poOHOro abixaHus otHomeHue ATD/AIID B
[UTOIJIa3M€ CTAaHOBHUTCA MEHBIIE, JI0JI1 Y4acTUs OKUCIUTENbHOro (ocopuiinpoBaHus B
cunteze AT® cHmxaercs, a J0as ydyacTHsl B 3TOM IIpoOLiecce IJIMKOJIM3a Bo3pactaer. [lpu
TUIIOKCUM  TIPOLIECCHI, MPUBOJAALIME K aKKIMMamuu pacreHudl k  geduuuty Op,
CTUMYJIMPYIOTCS. Y CJIOBHSI aHOKCUU CO3/al0TCS IIPU MPAKTUYECKH MOJIHOM oTcyTcTBUU O B
nouse. Takas cuTyalust BO3HUKAET 4Yalle BCETO IPHU 3aTOIUICHUU MOYBBI U PACTEHUN BOLOM.
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[TIpu anokcun AT® cuHTE3UpyeTCA JUIIb TIUKOIUTHYECKHM ITyTeM, a3poOHOE JIbIXaHuE
noJHOCThIO BhIKIIOUaeTcs. Konnentpanus AT® u otHomenue ATD/AJI® B muroruiazme
CHI)KAIOTCSI B OOJbIIeH cTeneHu, yeM Ipu runokcud. CunHrte3 Oenka, poCT U pa3BUTHE
pacTeHUI NOAABIISIOTCA.

UToObl BBDKUTH B YCIHOBHUSX AeQHUIMTA KUCIOPOJA, PACTEHUS JAOKHBI HE TOJBKO
noJepKuBaTh KoHleHTpanuio AT® B kieTkax Ha JOCTATOYHOM JJisl JKHU3HEOOECTIeUeHUs
ypoBHe, HO u perenepupoBath HAJI" u HAJI®', HOCKONBKY IIpH KHCIOPOIHON
Hefocrarounoctn pasHosecus HAJI'/HAJITH u HAJI®/HAJI®H cMemaiTcs B CTOPOHY
BOCCTaHOBJEHHbIX (opm. HeoOxomumo ycTpaHSATh Takke HaKalUIMBAIOUIMECS B KIIETKax
TOKCHYECKHE COCTUHEHUS.

B 3aBucumocTu OT CHOCOOHOCTH BBIIEPKMBATh BPEMEHHOE 3aTOIJICHHE BOJOW pacTeHHS
NOJPA3NIENAIOT HA uyscmeumenvHvle s pesucmenmuvie K Oz-0epuyumy. K nepBbM
OTHOCSATCSI, B 4aCTHOCTH cosi, ropox u tomatbl (Licopersicon esculentum), ko BTOpbIM —
apabuorcuc, oBec, Kaprodenb, MIICHHWIA, KyKypy3a (Zea mays). B Tpersio rpymmy
BKJIIOYAIOT CaMbleé YCTOWYUBBIE K KHCIOPOJHOMY AC(PUIMTY PACTEHUS] BOAHBIX U BIIAYXKHBIX
(3abosoueHHbBIX) MecT oburaHus. K HUM oTHOcsTCs, Hampumep, puc, kyObimka (Nuphar
luteum), crpenomuct (Sagittaria sagittifolia) u Bammmcuepus (Vallisneria spiralis). vV
paCTeHHI BTOPOU U TPEThEU IPYII B TIPOIECCE IBOIONUN CHOPMHUPOBATUCH OMOXUMHYCCKHEC
MEXaHM3MBbl, a TakXke pa3HooOpa3Hble  MOPQOIOTUYECKHE U  AHATOMUYECKHUE
pUCIIOCOOICHNUS, TIO3BOJISIONINE TPOTHBOCTOATH NEHUIIUTY KHCIOPOa B CPEe.

14.8. TOKCHYHOCTH TSAKEJIbIX METAJIOB /ISl PACTEHHI MX HAKOIUIEeHUE B TKAHAX.
duropemeauanus.

K Tsox€npiM MeTaiaM OTHOCHUTCS Me[b, IIUHK, MapraHell, ejle30, HUKEIb U JpYrue
METaJlJIbl, B HEOOIBIINX KOJIUYECTBAX HCO6XO}II/IMBI€ PaCTCHUAM. CpG}II/I TSHKEIBIX METAJJIOB,
HCOTHOCAIIIUXCA K HGO6XOI[I/IMI)IM IIUTATCIIBHBIM JJICMCHTAaM, HauboJee pacrnpacTpaHCHbI
KaJIMMI ¥ CBUHEL. 3arpsi3HEHHE UMH CPEJIbl IPOUCXOIUT B PE3YIILTATE:

1) cKMUraHuUs KUIKOTO U TBEPIOTO TOILIHMBA;

2) BBIOPACOB METAIIOIUIABHIILHOTO MIPOU3BO/ICTBA,;

3) cOpOCOB CTOYHBIX BOJI, COJACPIKAIINX CBHHEI M KaJIMUIl B MOBBIIIICHHBIX KOJHMYECTBAX;

4) BHECCHHs B IMOYBY yIOOPEHHUN ¥ XUMHUKATOB.

[IpoHukast B KIJIETKH, TSDKENBIE METaIbl B3aUMOAEMCTBYIOT € (YHKIMOHAIbHBIMU
rprmaMyd  OENKOB, HYKIEHMHOBBIX KHCIIOT, MOJUCaxapuaoB. B pe3ynbrare BO3HHKAIOT
pazIuYHbIC HAPYIICHHUS] OOMEHAa BEIECTB.

Tspkénple MeTasIbl TOCTYMAOT B PACTEHUS TJIABHBIM 00pa30M U3 MOYBHI Yepe3 KOPHEBYIO
CUCTEMY. KaleI/Iﬁ M CBUHCI[ MOT'YT IIOCTYIIATh B PaCTCHUA YCPE3 JIUCThA, U TEM MHTCHCUBHUC,
YeM CUJIbHEE ONMYHMIEHHOCTh JIUCTHEB. Y 1IEJIOT0 Psi/ia BUJOB BHISIBIIEHA OTHOCUTEIILHOBBICOKAS
KOHICHTpAaud KaaMuA MW CBHHLOA B KICTOYHBIX CTCHKAx. Hpnqu CBHHCI IIPOYHEE
CBSI3bIBAETCS C KIETOYHBIMM CTEHKaMH, Y€M KaJIMHUM, U MEIJIEHHUE MepeABUTAeTCs II0
amnoriacTy.

BHyTpu kjeTok 0ojbllias 4acTh KaJMHs U CBHHIIA HAXOAHWTCS B Bakyossx. OTIIOKeHHe
MCTAJJIOB B BaKYyOJIsIX IMPUBOAUT K BBIBCACHHUIO WX HW3 MNUTOIJIa3Mbl H MOXCET
paccMaTpuBaTbCAd OJHUM M3 MEXaHM3MOB JeTOKCUKauuu. OJHAKO OCHOBHOE KOJIMYECTBO
TSOKENBIX METAJJIOB CBSI3bIBACTCS C MOJIMTAJIAKTYPOHOBBIMH  KHCJIOTAMH W Pa3JIMYHBIMU
COCOAMHCHUSAMU B BaKYOJIIX. biar omapd 5TOMY KOHICHTpalusaA MCETAJJIOB B LIUTOILUIA3MC
yMEHbIIIaeTCd BO MHOTO pa3. IIpeamosaraercs, 4To yCTOHYMBOCTH PACTEHUU K TSKEJIBIM
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MeTajljlaM MOXET OBITb B 3HAYUTENbHOH cTerneHu OO0yclOoBlIeHA HMEHHO 3((EeKTUBHBIM
MCKIIFOUEHHEM MX W3 [IUTOIIA3MBbl.

Pacrenns o ciocoonoctn HakarmBath Metailibl (E.. Komkun, 2010)

pazziesieHbl Ha TPU TPYIIIIBL:

1) akKkyMyJITOpbI, HAKaIJIMBAIOLIME METAJUIBI TJIABHBIM 00pa3oM B Ha3eMHOM cdepe mpu
HU3KOW U BBICOKOM KOHILICHTPAlMH UX B IIOYBE;

2) WHIUKATOPBI, KOHIICHTpAIUsl METaula B KOTOPBIX OTPa)kaeT ero KOHIIEHTPOLHUIO B
OKpYXKarolleH CpeJe;

3) MCKJIIOUMTENH, HECMOTPA Ha BBICOKYIO KOHIIGHTPAIMI0 METAJIOB B OKpY’Karolei
cpene, MOICPKUBAIOT HU3KYIO0 KOHIIGHTPAIINIO UX B moOerax. PacteHus OOMbIIMHCTBA BUIOB
MIOJIEBBIX KYJIBTYP OTHOCATCA K MCKJIIOYUTENSAM, HAKAIJIMBAIOIIMM TSDKEIbIE METAJIbl B
MOJI3EMHOU cdepe.

Tokcuueckoe AENCTBUE TSHKENBIX METAJJIOB MPOSIBIISIETCS MPEX/IE€ BCErO B MHAKTUBAIIUU
OonbpIMHCTBA (PEPMEHTOB. Y CTOMUMBOCTH OTICIBHBIX ()EPMEHTOB U aKTUBALUS (PEPMEHTHBIX
CUCTEM, MaXkeT ObITh OJHOW U3 BO3MOXKHBIX NPUYMH HEYYBCTBUTEIHHOCTU PACTEHHI K
U30BITKY TSDKEIBIX METAUIOB. TSOKENbIE METAJUTBI CYIIECTBEHHO HAPYIIAIOT BOJTHBIA OOMEH
pacTeHus:

1) yMmeHbIIAeTCS IUIOIAIb JTHUCTHEB;

2) YMEHBIIAIOTCS Pa3MepPbl YCThUUHBIX KIIETOK;

3) yMeHbIIAeTCs CoJePKAHUE TYPrOPOreHOB M IJIACTUYHOCTD KJICTOUYHBIX CTCHOK;

4) yeenuuuBaercs coaepxkanne ABK, uHIyupysiias 3aKpbIBaHUS YCTHHIIL.

[Tox neiicTBUEM TOKENBIX METAUIOB HM3MEHSIOTCS CTPYKTYPOHO-(DYHKIIMOHAIBHEIC
napaMeTpsl (POTOCHHTE3a: YMEHBILAETCS COJIepKaHne XJIOpOoUIa B TUCTHIX Psiia 36PHOBBIX
KyJbTYp TpPU JICUCTBUU BBICOKMX KOHIEHTpAUM CBHUHIIA W KaaMudA. [JTaBHOW NPUYMHON
CHUKEHUS COAEpPKaHUs 3€JIEHBIX MUTMEHTOB B NMPUCYTCTBUU TSKEIBIX METAIIOB SIBISETCA
noJjiaBjieHre OMOCUHTE3a XJIOpO(HILIa, CBI3aHHOE B MEPBYIO OYEpPEb C HEMOCPEACTBEHHBIM
JIEHCTBUEM METAJIJIOB HA aKTUBHOCTH (DEPMEHTOB OMOCHHTE3A.

Tspk€nple MeTalIbl BBI3BIBAIOT Pa3HOOOpa3Hble M3MEHEeHHs] MeTabonu3ma. B oTBer Ha
MOCTYIIJIEHWE METAJIJIOB TTPOUCXOAUT aKTUBAIIUS PA3TUYHBIX CHCTEM 3alUThI, HAPABICHHBIX
Ha nojaepxkanue romeoctaza. K rakum cucremam otnocsites (E.W. Komkun, 2010):

1) axtuBanus GepMEHTOB CTpeCcca — KaTainasbl, IEPOKCHIA3HI;

2) CymeprpoayKIHs OCMOJHMTOB B OTBET Ha METAJLI — MHYIIMPOBAHHBIA BOIHBIH CTpeCC;

3) usMmenenue GU3NKO-XUMHUUECKUX CBOMCTB KJICTOUYHBIX CTEHOK;

4) u3MEHEeHHEe TOPMOHAJIBHOTO OayaHca,

5) cuHTE3 METAIICBSI3BIBAIOIINX COSTMHEHUI U CTPECCOBBIX OEIIKOB.

Bce ot 3amuTHRIE MEXaHU3MBI 00€CIIEYNBAIOT BEKMBAHUE OPraHU3Ma U €T0 a/IallTaIlUio
B M3MCHMBIIMXCS YCIOBHUSAX OKpYyXKaroleil cpenbl. MHOTHMEe M3 3THX MexaHusmoB (1 — 4)
SBIISIOTCS HE CICIU(PUUESCKIUMH U XapaKTePHBI IS ACHCTBHSI Pa3IUYHBIX CTpecc-(aKkTOpOB.

BoccranoBnenne 3KOCUCTEM MPHU MOMOIIM PACTEHUN — (DUTOPEMHUAMAINS HUCTIOIB3YETCS
Ha TIPAKTUKE JUIsI OYMCTKU OKPY’KAIOIIEW Cpeibl OT TKENBIX MeTaioB. CUUTAEeTCs, UYTO
OYMCTKA TPU TIOMOIM PACTEHUU HKOHOMHYHEE W HAHOCHUT MEHBIIE yIIepO OKpYyKaroIIeH
cpelle O CpPaBHEHHUIO C CYIIECTBYIOIIMMHU (PUINYSCKUMU U XUMHUYECKUMH METOAaMH
Mmeneopauuu noussl. Hampumep, B CLIIA Ha-npakTHke npuMeHsieTcsl PUTOIKCTpalns CBHUIIA,
P 3TOM CTOMMOCTH OYHMCTKHU MPHUIIOMOIIM PACTEHUN MOXKET COCTaBIATH Bcero 5 % 3arpar
HEOOXOAUMBIX I JPYTUX CIIOCOOOB BOCCTAHOBJICHHUS DKOCHCTEM 3arpsSi3HEHHBIMH
MeTaJUIaMH.
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Cnenyer mOQYEpKHYTb, YTO B ONMKailllell NEpCreKTHBE TEHICHIMS K YXYAUICHUIO
COCTOSTHUSI aKpYyXKalollel Cpellbl COXpaHUTCA. B CBSI3M ¢ 3TUM HapacTaeT HEOOXOAUMOCTH
COBEpIICHCTBOBAHUS MEXaHU3MOB aJIaliTAl[UM PACTEHHUM K 3TUM YCIOBUSIM.

Bomnpocs! 1151 caMOKOHTPOJISA

Crpecc u aganranus — oOuiasi XapaKTEpUCTUKA SBJICHUI.
HebGnaronpusitaeie pakTopsl OMOTHYESCKOM U a0MOTHYECKOM MPHUPOIBI.
OTBeTHBIE peaKLMK PACTEHUN Ha IEHCTBHE CTPECCOPOB.
Crnenuduueckue u HecrieU(PUIECKUE PEAKIIH.
[Ipupona HecrienupuIecKux peakiiuii.
CrpeccoBble O€NIKH U X (PYHKIUH.
Bonansrit nedumur.
MexaHU3MBI 3aCyX0yCTOMYUBOCTH ME30()UTOB.
Bricokue koHIeHTpaluu cosieid. TUIbl TOYBEHHOTO 3aCOJICHUs. AJlanTalus pacTeHui
K OCMOTHYECKOMY U TOKCHYECKOMY JACHCTBUIO COJIEH.
10. Cnoco6sr  mopnmepxkanue  oBomHEHHOCTH.  IIporektopubie  Oenku  (I1B),
CHHTE3HMPYIOUINECS B PACTCHHUSX TPH COJIEBOM CTpecce.
11. AHOKCHSI U THUIIOKCHS Yy PACTEHUH.
12. TOKCHYHOCTh TSDKETBIX METAUIOB ISl PAcTeHUHl WX HAKOIUIGHHE B TKAaHSX.
dutopemenuaus.

CoNoA~WNE

CIIUCOK JIUTEPATYPEI

OcHnoenas
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OCHOBHI ITPOTPECCUBHBIX TEXHONIOTHIA: OnoTexnonorus). - ISBN 5-10-0039.

108



Jlexkuusa 15

OBMEH BEHIECTB.

15.1. O6meH yrii1eBoa0B.

YrneBoasl (MOHOCaXapuabl) CHHTE3UPYIOTCS B mporiecce POTOCHHTE3a, B TEMHOBOW €ro
daze, wnM HHAUYe BO BTOPUYHBIX peakuusx. [Ipu cuHTE3e YIIIeBOAOB HCIONb3YIOTCS
IPOAYKTHl CBETOBOW (a3pl, uiau nepBuyHbX peakunii, — ATP u NADPH. Lukn peaxumii
BoccTaHoBieHUsI CO2 10 ypOBHS yIJI€BOJOB, KaK M3BECTHO, Ha3blBaeTCs LUKIOM KaiabBuHa,
WJIM BOCCTAHOBUTEIBHBIM MEHTO30(OChaTHBIM IUKIIOM.

[ukn KanpBMHAa BO3HMK Ha OCHOBE 0OoJiee APEBHETO IMKJIA PEaKIMi IMpeBpaliCHUs
MOHOCaXapuaoB — OKUCIHUTeTbHOro mneHTo3odocharHoro mnukina (IIDL]), xoropsrit
poTeKaeT B mpouecce Abixanus. B nukie KanpBuMHA peakuuu mpouCXoAsT B OOpaTHOM
HanpaBieHun k peakuusMm [IDIl. B Hem mosBUINCH JBE peaklUd, KOTOpPbIE B APYTUX
METa0OJMUECKUX MYyTAX HE BCTPEYAIOTCS, OHHM XapaKTEpHBI TOJBKO JUIA Mpolecca
dborocuHTe3a. ITO peakius KapOOKCUIMPOBaHUs U peakuus Gpochopunu-poBanusi pudyno3o-
5-ocara.

KiroueBas peakuus nukia KansBuna — kapOokcunupoBanue, B kotopoit C0O, pearupyer
C aKmenTopoM — pudyno3o0-1,5-6ucpocparom (PHD).

C0, mpucoeaunsiercs k Pb® u oOpa3yercs mpoMexyTOUYHOE COCIUHEHUE U3 IIECTH
VIICPOJHBIX aTOMOB —  caxap 2-kKapOokcu-3-keTo-pubuton-1,5-6ucdoc-dpar. 10
COEJMHEHHUE HECTOMKOE U MOJ JIeHCTBUEM BOJBI PACHaaeTcs Ha JIB€ TPHO3bI — 2 MOJIEKYJIbI
3-bochormunepunoBoit kuciaotsl (3-OI'K).

OTy CHOXKHYIO MEPBYIO PEAKLMIO LUKIA KaTaausupyeT depmeHT pudyinozobuchocdar-
kapOokcunaza (PB®K). On cocraBiser okono 50% pacTBOPUMBIX OEIKOB JIUCTHEB, U
KOJINYECTBO €r0 B NMPHPOJIE MPEBBIIIAET COJIEPKAHHE BCEX OCTAIbHBIX OEJIKOB-(EPMEHTOB
BMecTe B3AThIX. MonekynsapHas macca PBOK 550 OOO. Monekyna ee coctouT u3 16
cyobenunuil: 8 6ompimux (Mon. macca 51 000-58 000) u 8 mambix (Mon. macca 12 000-18
000). B Oonpuinx cyObeIuHUIAX MPUCYTCTBYET PEAKLMOHHBIM LEHTP (epMeHTa, Malible
BBITOJIHAIOT PETYJIATOPHYIO POJIb.

Jns nporekanus 1-i peakuuu HEOOXOAMMBI HOHBI I\/Igz+. Onun axtuBupytor PBOK u
CTaOUIMU3UPYIOT MPOMEXKYTOYHOE  COelWHeHue —  2-KapOokcu-3-KeTo-puduTon-1,5-
oucdocdar.

Bo 2-it peakuun 3-OI'K mnox geiictBuem ¢epmenTta  QocdornuuepaTkuHazbl
dbochopunupyercs npu yaactur ATP ¢ o6pazoBanuem 1,3-OI'K.

Hanee 1,3-OI'K BoccranaBnmuBaercs npu ydactuu NADPH no 3-dochornunepunoBoro
anbJeruaa

®dochornuueprHoBBIN  anbaeru uomepusyercs B Qochonuruapokcuaneron (OIA).
DTy peaknuio Katanu3upyer ¢pepmeHT Tpro3odocharuzomepasa. DI'A u ®JIA coenunstoTcs
noj neiictBueM ¢depMmenTa anpaoiassl. OH Katanu3upyeT nogoOHyro peakiuio B [IDI u
00paTHYIO B IMIUKOIHM3€. DTOT (PEPMEHT HIMPOKO PACHPOCTPAHEH B PACTECHUSX.

B pesynberate anpponaznoit peakuun ®I'A u GOJIA, coenuHssich, 00pa3yrOT TeKCO3y —
bpykro3o-1,6-6uc-pochar. Jamee B 6-i peaknmm OT  (PpykTo30-1,0-Omuc-phocdara
THJIPOJIMTUYECKHU TOJ1 JieicTBUEM (ocdaTa-abl OTIIEIUIIETCS OJUH OCTaTOK HEOPraHHMYECKOTO
docdara u nmomygaercs GpykTo30-6-pochar. YHacTs Monekyn sToro caxapodocdara BEIXOAUT
u3 1mukna KajgpBuHa B KauecTBE €ro MpOAYKTAa, a 4acTh OCTaeTCs B IUKJIE U Yy4acTBYET B
peakuuax pereHepanuu akuentopa C0; — Pb®. VYcranoBineno, yto Ha 1 MoJekyiy
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bpykT030-0-hocdara, BBHIXOAAIIETO M3 LHKIA, MNPUXOAUTCA 6 MOJEKYJ, HNPUHUMAOIIUX
yuactue B pereHepauuu akuentopa CO,.

Hanee B nukie KansBuna (7-51 peakius) GppykTo-30-6-docdar B3aumoneiictpyer ¢ GI'A.

Peaknuio katanmusupyer (epMEeHT TpaHCKeTos1a3a, KOPEPMEHTOM KOTOPOIO SIBISIETCS
truamuHIIpodoc-dpar (TIID). Tpanckeronasza npu ydactuu TTID nepeHOCUT NBYYTIAECPOIHBII
OCTaTOK C KETOTPYIIOW C MOJeKynbl (pykro3o-6-pocdara na PI'A. B pesynbrare
MOJTYJaroTCsl 3pUTpo30-4-hochar m Kcmmynoszo-5-docdar. Peakius akTUBUPYETCS HOHAMH
Mg~

B cnenyromeii (8-i) peakiuu 3putpo30-4-hochar u ®JIA obpasyroTr ceMuyriiepoaHbIN
caxapodocdar — cenorentyno3o-1,7-oucdocdar. Peakinio karanuzupyeT anbaoiasa.

Ot cenmorentyno3o-1,7-6ucocdara mox nmerictBueM  Qocdarazbl  OTHICTUISIETCS
Heopranudeckuii ocdar u odpasyercs ceAorenTynoso-7-pocdar.

B crnenytomeit peakuuu (10-if) omsTh y4acTByeT TpaHCKETOJNIa3a, KOTOpas MEPEeHOCHUT
JBYYTIIEPOJTHBIA OCTATOK C MOJICKYJBI CEIOrenTyo30-7-poc-pata Ha Monekyny OI'A ¢
o0pa3oBaHHEM JIBYX MEHTO3 — KCUITYII030-5-(hocdaTa u prudo30-5-docdara.

B cnenyromux nByx peakuusx (11-it u 12-if) mpoucxoauT npespaiieHue o0pa3oBaBIINXCs
B LIMKJIE MEHTO3 B pulyno3o-5-gocdar. Cuauana pubo30-5-pocdar unzomepusyercs moj
neiictBueM pudynozodocdar-u3omepasbl B puoOyno3o-5-ocdar, a 3aTeM KCHIYII030-5-
dochar Toxke mpeBpamiaercsi B pulyno3o-S-pochar mnpu  ydactuum  epmeHTa
pubyno3zodocdar-asnumMepassl, KOTOpbld MeHser mnonoxeane H w OH 'y tperwsero
YIIEPOAHOTO aToMa.

3ampikaercss nukia KaneBuHa peaknmen ¢ochopu-nmupoBanust pudyino3o-5-pocharta B
PB®, T1. e. okoHuaTenbHOM pereneparueit akuenropa C0,. Peakuuto karanusupyer pepmeHT
dbochopudynokunaza npu yuyactuu ATP.

Kak ckazaHo Belllle, TiepBas W TMOCIEIHSS PEAKIMH XapaKTEepPHBI TOJBKO IS IIMKIIA
KanpBunaa. OcTaibHBIE K€ pEaKIUU BCTPEYAIOTCS M B APYTHX IpoIeccax IMPEeBpaIeHUs
Caxapos (riukonuze, [1OL u 1. 1.).

N3 ¢dochopubix 3¢pupos Caxapos, oOpasyrouuxcss npu (OTOCHHTE3E, MOTydaroTcs BCe
OCTaJIbHBIE YTJIEBOJBl B pacTeHUH. V3 XIJIOpOIUIACTOB B IMTOIUIA3MY BBIXOIST pa3IHYHBIC
MOHOCaxapuabl, CHHTe3upytouuecs B uukie KanpBuna. OnHako B HauOOJbIIEM KOJIMYECTBE
U3 XJIoporutacToB BeIXoauT PJIA, KOTOpeld yke B LuTOmIazMe mzomepusyercs B OI'A, a
3aT€M OHHM COEIUHSIOTCS MOJI JEHCTBHEM alibJoia3bl, o0pa3ys (pykro3o0-1,6-O6ucdocdar.
[Mocneanawmii, ormeruisist H3P04, oO6pasyer ppykTo30-6-docda.

H3omepasa npeBpariaer ppykTo30-6-gocdar B rimro-k030-6-hocdat, a COOTBETCTBYIOMIAS
MyTa3a mepeHocuT QocdaTHblil ocTaTok B mosokeHne — 1, oOpasys rimoko3o-1-gocdar.
CootBerctBytomasi ¢ocdaraza TUIPOJIUTHYECKH OTIIEIUIsieT ¢GocdaTHBIE OCTaToOK, B
pe3ynbTaTe o0pa3yeTcsi CBOOOIHBIN caxap.

Baxuyto posb Bo B3aumonpepaiieHnu CaxapoB 1 B OMOCHHTE3€ MOJIMCAXapua0B UTPAIOT
nykieosua-nudocharmonocaxapuasl  (NDP-caxapa), B KOTOpPBIX caxap COCIMHEH
IJIMKO3UHOM CBSA3BIO C KOHIEBBIM (OC(hATHBIM OCTAaTKOM: YPHJIMH-, LIUTO3HMH-, aJ€HO3HH-
wiu ryaHosunaugocgara (UDP, CDP, ADP, GDP).

C NDP cBsi3pI1BatoTCs pa3ilMyuHble MOHOCAXapHU/Ibl U UX YPOHOBBIE KHCIIOTHI.

@®epMeHT, KaTaIM3UPYIOUIMM  TaKyl0  peakldio, OOBIYHO  Ha3bIBAIOT  IPOCTO
nupodochopuiazoil. Peakius obpasoanuss NDP-caxapoB oOpaTuma, HO B pacTEHHUSX OHa
HalpaBJieHa, KaK MMPaBWIO, B CTOPOHY CHHTE3a, T. K. MPOMCXOTUT HENpPEPHIBHOE YAaJCHHE
nupodocdata nmox AercTBueM nupodochaTaszbl:
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Pacmemnstorcs NDP-caxapa dochopomutuueckn Ha NDP u caxap-1-P NDP-caxapa
001agaroT OOJIBIIMM 3aIIacOM CBOOOIHOM SHEPTHM M YYAaCTBYIOT B CHHTE3€ MOJUCAXapUIOB,
BBICTYIAs IOHOPAMU TTIUKO3UIIBHBIX OCTaTKOB.

B pacrenusx mpucyTcTBYIOT ABa (epMEeHTa, KaTaJU3upyrolue oOpa3oBaHUE caxapos3bl:
caxapo3ocuHTaza M caxapo3odocdarcunraza. CuuTarT, 4YTO 3TOT (HEPMEHT KaTaau3upyeT
PEeMMYIIECTBEHHO pacmaja caxapo3bl, a He ee cuHTe3. CHHTe3HMpyeTcs Ke caxapo3a B
OCHOBHOM IIpU y4acTHH caxapo3odocdar-cuHTa3bI.

[Ipu sTOM cuHTE3 caxapo3bl MpoucxoauT B jBa dTana. CHavana u3z UDP-rmoko3sl u
bpykT030-6-hocda-Ta obpaszyercs caxapos3o-6-P u ocoboxmaercs UDP. Bo 2-ii peakuun
noj neiictBueM Qocdarassl 0T caxa-po3o-6-P runpomuruvecku ormerisiercss H3P0s u mo-
Jy4aeTcsi CBOOOIHAs caxaposa.

Caxapo3a CHHTE3UpYETCs B LUTOIIIa3ME PACTHTENBHBIX KIETOK, O0Opa3oBaHUE €€ B
XJIOPOIUTAcTax €Ie OKOHYATEIbHO HEe J0Ka3aHOo.

[Tomo6HO caxapoze oOpasyloTcst npyrue amcaxapuabl. Hampumep, Tperanosa
CUHTE3upyeTcsi Tmoja jaelictBueM Ttperano3odocdarcunTasel. Pacmennsercs caxaposa
THJIPOJIMTUYECKHA C TMOMOIINBIO caxapasbl, a TakXKe MpHU OOpalIeHWH PEaKIHH C y4acTHEM
€axapo30-CUHTAa3bI.

Cunre3 onurocaxapusioB (paduHO3bI, CTAXUO3bl, BEPOACKO3bI) TPOUCXOAUT B PE3yIbTaTe
MOCIIEAOBATEIHHOTO MPUCOEAUMHEHHUSI OCTATKOB TallakTO3bl. JIOHOpPOM rajakTo3bl SBISETCS
ranaktuHou. ["amaktunon oopaszyercs 3z UDP-ranakTo3sl 1 MUOMHO3UTA. MUO-HHO3UT — 3TO
MUKIUYECKUH [ECTHATOMHBIN CITUPT.

Jlamee ocTaTOK rajakTo3bl NEPEHOCUTCS OT TaJaKTHHOJIA CHadajla Ha caxapo3y C
oOpa3oBaHueM paHuHO3bI, 3aTeM Ha paduHO3y C 00pa30BaHMEM CTaxMO3bl U HA CTaXHMO3y C
oOpa3oBaHreM BepOacKo3bl. Bo BceX ATHX peakIusaX BHIIEISETCS CBOOOIHBI MUO-WHO3HT.

Beicie  mommcaxapuIel B PacTeHHMAX — CHHTE3UPYIOTCS — IyTeM  peakuui
TPAHCTIUKO3WIMPOBAHMS, T. €. TIepeHOca  TJIHMKO3WJIBHBIX  OCTaTKOB  (OCTaTKOB
MoOHOcaxapuaoB). IlepeHoC OCYIIECTBISETCS OT MHOTOUYMCIIEHHBIX MOJIEKYJ-IOHOPOB K
OJTHOMY KOHIIYy MOJIEKYJIbI-aKIIETITOpa, KOTOPYIO €Il HA3bIBAIOT 3aTPaBKOW M KOTOpas Mpu
ATOM YJTUHSETCS.

[Ipy 5TOM TIIMKO3UIBHBIA OCTATOK MPUCOEAUHSETCS TJIMKO3UAHBIM THUIPOKCHIIOM K
OJTHOMY W3 THIPOKCHIIOB 3aTpaBKH. MHOTOYHCICHHBIE PEAaKIMH IEePEHOCa KaTalu3HpyeT
OIUH (EepMEHT, ONpPENENAIOMNA HASHTUYHOCTh TJIMKO3UJIBHBIX OCTAaTKOB U MPUPOAY
TJIMKO3UHOM CBS3M B JTAHHOM TMosimcaxapuje. JJOHOpaMu TIIMKO3MJIBHBIX OCTaTKOB Yalle
Bcero BeicTynatoT NDP-caxapa, a akientopom — 4acTb MOJIEKYJIbI MOJMCAaxapuaa, WHOTAA
OYEeHb HEOOJIbINAs], HO UMEIOIIasi CBSI3U, XapaKTEePHBIE IS MAaKPOMOJIEKYJIHI.

Kpaxmaii, kak U3BECTHO, COCTOUT U3 JIBYX MOJIHCAXapUA0B — aMUJIO3bl U aMUJIOTIEKTHHA.
[TosTOoMy ero 6MocuHTE3 MPOUCXOIUT B J1Ba 3Tana. CHavyana oopa3yeTcs HenoyKa aMUsIo3bl, a
3aTeM 4acTh ee 00pa3yeT BeTBIICHHs. MIHBIMU clIOBaMHM, CHadana CHHTE3HPYIOTCS (CCl—»4)-
cBs3H, a 3ateM — (CCl-»6).

OO6pazoBaHue aMHJIO3bl KaTalu3UpyeT (EepMEeHT KpaxMaJCHHTa3a, HaxXoAsdllascs B
XJIOpOIUTacTax M aMujIonactax. JJoHOpoM IIFOKO3HBIX 0CTaTKOB BhicTynaeT ADP-rioko3a, a
aKUENTOpaMHU MOTYT OBITh OCKOJKM KpaXMaJbHOM MOJEKYlIbl — aMHJIO3bl WU
aMIJIOTIEKTHHA. B mepBoM ciydae OyieT CHHTE3MpPOBATHCSI MOJIEKYJIa aMUJIO3bI, @ BO BTOPOM
KpaxMaj-CHHTa3a y4acTBYeT B 00pa30BaHMM aMUJIOTIEKTUHA, €0 Henei ¢ (CCl—»4)-cBsa3samu.

AMUJIOTIEKTHH OO0pa3yeTcs NpU COBMECTHOM JEHCTBUM Kpaxmai-cuHTa3pl u 1,4-cc-
[JIIOKAaH — BeTBSAIIEro ¢epMeHTa. BeTBsmuil ¢GepMEeHT MNEepeHOCUT OJIMrocaxapuaHbINA
¢bparMeHT OT HEBOCCTAHABIMBAIOLIETO KOHIA LEMU K LIECTOMY YIJIEPOJHOMY aToMy
HEKOHIICBOTO OCTaTKa TIIFOKO03bI, MPUKpeIwisis ero (CCl—>6)-cBsi3blo.
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JloHOpOM OJMrocaxapuaHOro (pparMeHTa U ero akKIenTOpoOM MOXKET OBITh KaKk MOJIEKYJa
aMIJIO3BI, TaK U HApYyXKHAsI [IeMTb aMUJIOTIEKTHHA.

B pacmemniennn kpaxmana TPUHUMAOT ydactHe 6 (epMeHTOB: 5 ruaposna3 u
dochopunaza. [lpuueM 3t GepMEHTHI ACHCTBYIOT MO-Pa3HOMY: OJHU paciueruisitor (CCl—
»4)-cBsi3u, npyrue — (CCl—»6)-cBsi3u, OgHU NEHCTBYIOT Ha OOJBIIME MOJICKYIIbI, IPYTue —
Ha UX MEJKHUE (pparMeHTHI.

OueHb aKTUBHBIM M HIMPOKO PACHPOCTPAHCHHBIM B PACTECHHSX SIBISCTCS (PEPMEHT OC-
ammiaza. C ee pabOThl HAauMHAETCS pacIleIUieHHe Kpaxmana. ToJbKO OHa JeHCTBYeT Ha
HeNble KpaxMmajibHble 3epHa, pacuiersis (CCl—»4)-cps3u. Ilocne CC-amuiassl B mpoiiecc
BCTYMAIOT pyrue GepMEHTHI.

KoHeuHBIMU MPOIyKTaMU paCIEIUICHHUS KpaxMaJa sSBISIOTCS TIIF0K03a U TITF0K030-1-P.

15.2. O0MeH JUIIUI0B.

Metabonuueckue TyTH, CBS3aHHbIE C CHHTE30M M paclajoM TPUTIHUIECPUAOB, Y
JKUBOTHBIX U PACTEHUI BO MHOTOM CXOJIHBI, HO €CTb U Pa3JINYMsl.

CuHTE3 HACBIICHHBIX JKUPHBIX KHUCIOT C YETHBIM YHCJIOM YIJIEPOAHBIX aTOMOB
IPOMCXOIUT IyTEM IOCJIE0BAaTEILHOTO JOOABIECHUS JIBYYTJIEPOIHBIX OCTATKOB K aIlMJIbHON
uenu, kKoropas Oeper cBoe Hauaino oT auetuia-CoA. J[oHOpOM IBYYIJIEPOJHBIX €IUHUI
apisieTcst ManoHuI-CoA.

OTOT Tporecc KaTaau3upyeTcss MHOTO(EPMEHTHBIM KOMIUIEKCOM, KOTOPBIH Ha3bIBAIOT
CUHTETA30M JKUPHBIX KUCIOT. KOHEYHBIM npoAaykroM ee JedcTBus sBisercss Ciy-
NaJbMUTUHOBAs KUCIIOTA.

B pacreHusx mmeroTcs elie Be CHUHTETa3bl UPHBIX KUCIOT, MpPEJCTaBIsAIoINe coO0i
Cl0XHbIEe pepMeHTHbIE cucTeMbl. OfHAa U3 HUX YUIMHSAET YIJIEPOAHYIO LIEMOYKY KHCIOTHI OT
Cis o Cyg, apyras — ot Cig 10 Czp u Gonee.

Kommuiekcsl cHHTETa3 >KMpPHBIX KHUCJIOT B PAaCTUTENBHBIX KJIETKaxX JIOKAJM30BaHbl B
IIUTO30JI€, B CTPOME XJIOPOILJIACTOB U B Chepocomax.

[IpeBpariieHre HACHIIIEHHBIX KUPHBIX KUCIOT B HEHACHIIIEHHbIE POUCXOAUT C TOMOUIBIO
(bepMeHTHOI CUCTEeMBI, KOTOpasi BBOJUT JBOWHYIO CBSI3b B MOJIEKYJIY HACBIIIEHHOW KHCIOTHI
HE3aBUCHMO OT JJIMHBI €€ YriepogHol uenouku. OJHAKoO yalie BCero cyOcTpaTtom
necarypassl sBisiercs Cig-cTeaprHOBask KMCIIOTA, a IPOJLYKTOM — OJIEMHOBAs Kuciora. B pe-
akuuu ucnoasizyercst NADP'H u 0;.

Jecarypa3sl pacTeHUN HMMEIOT P OTIMYMM OT TaKUX K€ CHUCTEM JKHMBOTHBIX. Tak,
pacTUTeNbHBIE JecaTypas3bl JIOKAIW30BAHBI B MaTpHUKCE IMTOIUIa3Mbl U B cepocomax, a
XKHUBOTHbIE — B MeMOpanax OP. Kpome Toro, pacturenbHble Jecarypa3bl MOTYT IPUHUMATh
AIIEKTPOHBI HEMOCPEACTBEHHO OT OTOCUCTEMBI | MpH POTOCUHTESE.

JlanpHeliee NpeBpallleHUE MOHOHEHACBHIIIEHHBIX OJKUPHBIX KHCIOT B JAU- H
TPUHEHACHIIIIEHHbIE M3YyYeHO ellle HeaocTtaTouyHo. OJHAaKOo MpeArnoiaralT yd4acTue B 3TOM
npoliecce CHelMalbHBIX Jecarypa3. M3BecTHO Takxke, YTO B 3THUX peaKUUsIX TpeOyroTcs
NADP'H u 0,.

CymiecTBYIOT pa3iauuus MeXAy JecaTypa3HbIMM CHCTEMaMH, KaTalu3UpYIOLIMMHU
o0pa3oBaHMe MOJIMHEHACBHIIICHHBIX KUPHBIX KUCJIOT, Y dKUBOTHBIX U pacTeHHH. B KMBOTHBIX
KJIeTKaxX (DepMEHTHI BBOJST JABOMHBIE CBSA3U MEXIY yXKe UMEIOIEICs paHee ABOWHON CBS3bIO
U KapOOKCUJIbHOW TPYIMION, a B PaCTUTENbHBIX — MEXAYy MMEBIIeWcS paHee U KOHLEBOI
METUJILHOM IPYIIION.

[TooToMy y pacTeHHI OJEMHOBAas KHCJIOTA IOCTEIICHHO IPEBPAlACTCA B JIMHOJIEBYIO U
JIMHOJICHOBYIO, @ )KMBOTHBIE 3TU KUCJIOThI CHHTE3UPOBAaTh HE MOT'YT U JOJIKHBI I1OIY4aTh UX C
nuien. JleiicTBre e necarypasbl Ha JIMHOJCHOBYIO KHCIIOTY Y JKMBOTHBIX BEIET
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K 00pa30BaHUIO apaxUAOHOBON KUCIIOTHI, KOTOpas UMEET 4 IBOWHBIEC CBS3H.

HenmocratouHyr0o M3y4eHHOCTb MEXaHU3Ma JecaTy-palMii OJICMHOBOW KHCIIOTHI B
pacTeHUusx OOBSICHSIOT TeM, YTO (hepMEeHTHI CBsi3aHbl ¢ MeMOpaHamu OP, xioporiactoB u
chepocoM U MOITOMY TPYAHO MOABEPTAIOTCS BHICICHUIO U OUUCTKE.

JKupHble KHUCIOTBI, KOTOpPbIE OTHICIUISIIOTCA NPH THUAPOIHU3E TPUIIMLEPUAOB O
JICMCTBUEM JIMIA3bl, Jajiee MOJBEPraloTCsi P-OKHUCICHUIO ¢ 00pa3oBaHUEM JABYYTJIEPOIHBIX
dbparmenToB — aneTwi-CoA. DTOT MPOIECcC CXOJEH Y PacCTEHUN M KUBOTHBIX. DEPMEHTHI,
KAaTaJIU3UPYIOLUIUE P-OKHUCIEHUE IKUPHBIX KHUCIOT, COCPEIOTOYEHBI B MUTOXOHAPUAX
pacTeHuil.

OO6pa3zoBaBLIKCS NPU P-OKUCICHUH aleTHII-COA MOXET MO0JIBepraThes Jajnee pa3InyHbIM
npeBpaimieHussM. OCHOBHOM IyTh €ro IMpeBpaiieHus — 3To noixHoe okucienue 10 CO, u Ho0
B 1ukiie Kpe6cea. [lpu aTom Beinensiercs: Oonbinoe koimuecTBo sHepruu (12 monekyn ATP).
Yacts Monekyn anetmii-CoA MOXET CHOBa MCHOJb30BaThCS HA CUHTE3 KUPHBIX KUCIOT WU
Ha CHHTE3 JPYIHX COEAUHEHMH — KAapOTUHOHUJOB, CTEPOUIOB, F(UPHBIX Macel U CMOJL.
Kpome Ttoro, amerun-CoA Moxer uITH Ha OOpa3oBaHME YTIEBOJOB, BKIIOYASCh B IEMb
peakuuii, Ha3pIBAEMbIX IJIMOKCHJIATHBIM LIMKJIOM, a €aM IpOILecC MPEBPALICHUS >KUPOB B
YTJIEBOJbI HOCUT Ha3BaHUE TIIFOKOHEOTEHES.

Kak roBopuinoch Bblille, OOJIBIIMHCTBO PACTEHH B KayecTBE 3allaCHBIX BELIECTB B
ceMeHaX OTKJaJabIBaeT >KuUpbl (Macma). JKupbl HepacTBOPMMBI B BOJAE€ U HE MOTYT
TPaHCIIOPTUPOBATHCS 110 PACTEHUIO, IO3TOMY IIPU IPOPACTAHUU CEMSH MACIUYHBIX PACTEHUN
Ha MUTaHUE MPOPOCTKA HCIONB3YIOTCA caxapa, oOpasyromuecs M3 >KUPOB B IIpolecce
[JIIOKOHEOT€He3a. JTO BO3MOXHO TOJBKO 4Yepe3 TIVIMOKCWJIATHBIA LHUKI, KOTOPBII
(GYHKIIMOHUPYET B MUKPOTENbIIaX — TIHOKCUCOMaX. [ MMokcucomMbl 00pa3yroTcst U paboTaroT
B CEMEHAaX MACIMYHBIX pacTeHUl Npu ux mnpopactaHuu. K KoHIly mpopacTaHus, Korja
IPOPOCTOK 3€JE€HEET M MEPEXOJUT K aBTOTPO(GHOMY MHUTAHUIO, TJTMOKCUCOMBI MOCTENEHHO
HCYE3atoT.

B rnmokcrcombl mocTynaroT cBOOOIHBIE KUPHBIE KUCIOTHI. 3/1€Ch OHU MOJBEPraroTCcs p-
OKHCIIEHHI0. B TIiImokcucomMax NpPUCYTCTBYIOT Bce (DEPMEHTHI, OCYILECTBISIOLUINE 3STOT
nporecc. OOpazyercst OoJbioe KOJIUYeCTBO aneTwi-CoA, KOTOpBIM BCTYMaeT B TIIMOK-
CHJIATHBIN ITUKIL.

['muokcunaTHelf MK COCTOMT W3 6 peakiuil. 4 U3 HUX CXOJHBI C pEaKIUsSMHU IUKJIA
TPUKapOOHOBBIX KHCIIOT, a 2 peaknu CreruUIHbI TOIBKO ISl JAHHOTO IUKIIA U B APYTUX
npoueccax oomeHa He [lepBble TpH peaklMy TNTHOKCUIIATHOTO IUKJIA MIEHTUYHBI TAaKUM K€
peakuusM LHKIa KUCIOT. Buauane anerun-CoA KOHAEHCUPYETCS C OK-cajaleTaToM C
oOpa3oBaHMeM LMUTpaTa MOA JIEHCTBUEM IMTpaT-CUHTa3bl. LluTpaTr 3aTtemM n3omepusyercs B
M30LUTPAT MOJ BIUSHUEM AaKOHUTAT-THApaTa3bl. [IpOMEXKYyTOUHBIM COETUHEHHEM B 3TOU
peaxkuu sBIseTcs HUC-aKOHUTAT.

UYerBepTast peakiusi XapakTepHa TOJIBKO MJis TJIMOKCHIIATHOTO IUKJIA: MOJA JEeHCTBHEM
dbepMeHTa H30-IUTpPATIMa3bl MOJEKYyJa HW30LUTpaTa paclleluisieTcs Ha CYKIUHAT M
rirokcunar. CyKIIMHAT BBIXOJUT U3 LIMKJIA U J1ajie€ MPEeBPAILAETCS B YIIIEBO/IbI, a TTTUOKCUTIAT
BCTYTAET B CJIECAYIOIIYIO PEAKIUIO IIUKJIA.

['muokcunar pearupyer ¢ emie ogHon MoJekyiaoi anetun-CoA ¢ oOpa3oBaHHEeM Majara.
Manar-cuHTa3a, KaTalu3UPYIOIIas dTy peakIuio, TaK K€ chenuduuHa TOJbKO IS
MIMOKCUJIATHOTO IMKIIA, KaK U U30-UUTpaTiIvaza. B mocnenHeil peakuuu HUKIA MajaT MO
neficTBIeM ManaT-nernaporeHassl 1 npu ydactun NAD' oxncnstercs mo IIIYK. Dta peakmus
XapakTepHa U Juis nocinensero srana [[TK.

[IpoyKT rITHOKCUIATHOTO IUKJIA — CYKIHMHAT MOKUIAET TJIMOKCHUCOMY, T. K. B HEH HET
(epMEHTOB /715 €ro AaJbHEHIIEero MpeBpalieHus], 1 IepexoauT B MUTOXOHIPUIO. 37ech Mo
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BinusaueM ¢epmenToB LITK on mpepamaercs B LIYK. ChHauana, moaseprasch ACHCTBHUIO
CYKLIMHAT-IETUAPOreHasbl, CyKIIMHAT mpeBpamniaercss B ¢pymapar. [locnennuii mpucoeaunser
BOAYy IMoA BiMsiHMEM ¢ymapaT-Tuaparasbl, U obOpaszyercss Manar. Manar-neruaporeHasa
OKHCIISIET MajiaT 10 okcajoanerara. llpu nexapOOKCHIMpPOBAHMU IOCIEIHETO C y4acTHEM
ATP nonyuaercs ©EIL

OFEII BXOAUT B TIIMKOJIHM3 U MPEBPAIIACTCS B TITFOKO3Y MMYTEM €ro 0OpaieHus.

TakoB NHyTh TJIIOKOHEOI€HE3a B PACTEHUSIX: OT P-OKHMCIECHHUS KUPHBIX KHCIIOT, 4epes3
TJIMOKCHJIATHBIA UKJI, IPEBpalleHne CyKIIMHATa U 00paIleHne TIIUKOIN3a.

B TO BpeMs Kak y JKMBOTHBIX paclajJl HACHIIIEHHBIX MXUPHBIX KHCIOT HPOUCXOIUT
UCKJIIOYUTENIBHO IIyTEM p-OKHUCIEHUS, PACTEHUS MMEIOT €Ille OAWH IyTh pacIlEIICHUs
JKUPHBIX KUCJIOT — a-OKHUCJIeHHe. [Ipu 3TOM MpOMCXOOUT OKHCIEHUE a-yriepoJHOI0 aroMa
KUPHOW KHUCIIOTHI, YTO MPHUBOAMT K yaaieHuto kapOokcwna B Buae COz m oOpazoBaHHIO
KHCJIOTBI, YTIE€POIHAs LEI0YKa KOTOPO KOpOU€ UCXOIHOM Ha OJIUH aTOM.

Kaxnpiii 060poT cc-OKHCIEeHHsT BKIIOYAeT ABE peakiuu. [lepBas peakmus MpOUCXOAUT
MO/ BJIMSHHEM IMEPOKCUIA3bl JKUPHBIX KHCIOT W mpu ydactuu nepekucu — H0,.
IIponykramMu peakuuu SABISIETCS aNbICTHJ, COACPKAUIMH Ha OJUH YIJEPOIHBIA aTOM
MEHBIIIe, YeM KHCJIOTa, YIIIEKHCHbld ra3 u Boga. OOBIYHO a-OKHCIEHUE IMPOUCXOJIUT B
MHUKpOTEJIbIAX — IIEPOKCUCOMAX, i€ B PACTUTENbHOM KJIETKE 00pa3yercs NepeKHCh,
HeoOxoaumasi B 3ToM mpoiiecce. [lepekuch 00bIUHO MOTy4YaeTcs MNPy OKUCICHUU TIIHMKOJaTa
10J1 AEMCTBUEM IIMKOJIAT-OKCUIAa3bl.

Bo BTOpoO#i peakuuu NPOMCXOAUT OKHCICHHE albAeruaa. 3Jech IeHCTBYeT (epMeHT
aJpJErua-Aerua-poreHasa npu y4acTuu NAD" u BOJIBI.

@®u3noNornyeckass pojb a-OKUCIEHUS B PACTECHMM €IIE IIOJHOCTHIO HE BBIACHEHA.
[IpenmonaratoT, 4yTo B pe3ynbTaTe 3TOro Ipoliecca O0pa3yrTCs >KUPHbIE KHCIOTBHI C
HEUETHBIM YHCJIOM YIJIEpOAHBIX aToMoB. Kpome TOro, o0cCyxkIaeTcsi BO3MOXKHOCTb
OKHUCJICHHUS TaKUM IYyTEM DPEIKHX JXUPHBIX KHUCIOT, Y KOTOPBIX y pP-YIJIEPOJHOTO aroma
uMeercs Kakou-HuOynp 3amectutens (-CHs, -OH), 4ro wuckirogaer BO3MOXKHOCTh
pacuienjeHus JaHHON KUCIOTh OOBIYHBIM MyTeM p-okucieHus. [locie a-okucieHus yriepoa
C 3aMECTHUTEJIEM MEepEeMEIIaeTCsl B a-MOJOXKEHUE M HE MEIIaeT JIEHCTBUIO (PEepMEHTOB p-
OKHCJICHHUS.

DHEPreTUYeCKH a-OKUCJICHUE MOYTH B 3 pa3a MeHee ((PEeKTUBHO, YeM P-OKHCIICHHUE: B
IIEPBOM ClIy4ae MOXKET MonyduTbes qumb 6 ATP mporus 16 Bo BTOpOoM. XOTS mpu a-
OKHUCJICHUH TPOMCXOAMUT MEHbIIE PEaKIUil U He TpeOyeTcs aKTUBALUS KUPHOH KHUCIOTHI C
nomouisio CoA.

CuHre3 U pacnaj TITUKOJIUIINIOB

JIOHOpOM TaJaKTO3HBIX OCTAaTKOB MpPH CHUHTE3€ ra-makToaunuaoB seisercs UDP-
rayiakto3a. IlepeHoc 0cTaTKOB OCYIIECTBISIOT CleIMaIbHbIE TaTaKTO3UI-TpaHCHEPA3HI.

15.3. Buocunrte3 aMmuHokuca0T. CUHTE3 OesIKA.

TpaHcaaus OCyImIeCTBISETCS B KJIETKaX MPU MOMOIIN CJIOKHOU OEIOK-CHHTE3UPYIOICH
cucteMbl. OT/IeTbHBIE KOMIIOHEHTBI 3TOW CHUCTEMBI ACCOLMUPYIOT B €IMHYIO CTPYKTYpPY MO
Mepe ee (DYHKIMOHUPOBAHUS M Pa3o0IIaOTCs MO OKOHYaHWIO CHHTe3a. B cocraB Oenok-
E€HHTE3UPYIOLIEH CUCTEMBI BXOJAT CIEAYIOLIUE CTPYKTYPHI:

* pubOOCOMBI — HYKJICONPOTEUHBI, coAeprkanue npumepHo 60% pudocomanb-nori PHK u
40% pa3nu4HBIX OENKOB;

* matpuynas PHK;

» TpancnoptHas PHK;
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* OenkoBble (PAKTOPHI U (PEPMEHTHI MHULIUALMH, JIOHTAllUU U TEPMUHAIIMU TPAHCIIALUY;

* Ha0Op aMHHOKHCIIOT;

» Habop amuHOoanmI-TPHK-cunTeTa3, 06pasyromux amunoarmi-TPHK;

. MaKpoag)m ATO ul'Td;

nonsr Mg\ Ca®

CyOcTpaTaMu MaTpUYHOTO CHHTE3a OeNKa SIBIAIOTCS aMHHOKHUCIIOTBHI, COCIHMHEHHBIC C
TPHK, npuyeM nocnenHue cnocoOCTBYIOT mepeBogy MHGOpPMAaLMU € MOCIEI0BATEIbHOCTU
HYKJICOTHJIOB Ha IOCIENOBATEIBHOCTh aMHUHOKHUCIOT. Tpancnoptasle PHK npencrasmistor
c000¥ OJIHOIEITOYEUHBIE MOJIEKYJIbI CPABHUTEILHO HEOOJBIIION MOJICKYJISIPHONH Macchl (22—
26 kDa) u cocrosmme u3 80—100 nykiieotunoB. Kaxa0ii aMUHOKUCIOTE COOTBETCTBYET OT
onHoW no mectu TpaHcnopTHelx PHK, ¢ xoTtopeiMu oHa MoOeT 00pa3oBBIBATH KOMILIEKC
bonbuiasg yacth myjga aMUHOKHCIOT B LUTOIUIA3ME KJIETOK HAaXOJIUTCS HE B CBOOOJHOM
cocrosHud, a B Buae amunoanwi-TPHK. DT10 mnpemoxpaHser aMHUHOKUCIOTBI OT
METa0OJMUECKUX TPEBPAIIEHUI M CIIOCOOCTBYET COXPaHEHHIO HAa0Opa aMHUHOKHCIOT ISt
cuHTe3a Oenka. OOpazoBaHuio KoMmIuiekca amuHokucinoTa-TPHK mpenmectByer aktupanus
aMUHOKHUCIJIOTHI M HaxoxjaeHue coorBercTByrouieil TPHK (pexornunus). 9to mpoucxomut
non aevictBueM ¢epmenta amuHoauui-TPHK-cun-tetasel, mu APC-a3bl. Ot (epmMeHThI
MMEIOT JIBa aKTUBHBIX LIEHTPa, OJMH M3 KOTOpBIX COOTBeTcTBYEeT ompeneneHHod TPHK, a
Jpyroil cTporo creun(uyeH COOTBETCTBYIOLIEH aMHHOKUCIOTE. TakuM o0pa3om, B KIETKe
nokHO ObITh He MeHee 20 APC-a3, xoTs GakTHyecKn uX HeCKOoIbKo Oombine. OOpazoBaHue
amuHo-aumI-TPHK npoucxonut B n1Ba 3Tana, nepBeIM U3 KOTOPBIX SIBJISIETCSA B3aUMOJICHCTBUE
aMUHOKHUCIOTHl (AK) ¢ MakposproM AT® Amunoauunaaenunat (Axk~AM®) ocraercs B
komriekce ¢ APC-a3o0if 10 mpucoeAMHEHHs KO BTOPOMY aKTMBHOMY LEHTpPY (epMeHTa
TPHK. Tlpu B3aumoneiictBun komruiekca (Ax-AM®)-APC-aza ¢ TPHK o0pa3syercs
amunoanun-TPHK (Ax-TPHK); mpu »Tom Bbimensercs cBoOomHbI (epmMeHT U AMOD
TpaHcasMs OCyIIECTBISETCS HAa pudocomax — CBOEOOPA3HBIX MOJEKYJSPHBIX MallMHAaX,
(YHKIIMOHUPYIOIIUX B IUTOIJIa3M€ M OPUEHTHUPOBAHHBIX Ha OMOCHMHTE3 BCEX BHJIOB
OEITKOBBIX MAaKpOMOJIEKYJ. PHOOCOMBI ynepKuBalOT B (YHKIMOHAJIBHOM COCTOSHUU
MHOTOKOMIIOHEHTHYIO OCJIOK-CUHTE3UPYIOLIYI0 CUCTEMY, a Takke 00ecredrBarOT TOYHOCTh
CUMTBIBAHUS U peaju3alMy reHetndyeckoil uHpopmanuu. OHM 00Jaa0T KaTaJIUTHYECKUMU
cBoOiicTBamMM, 00pa3ysd NENTHIHYIO CBSI3b, @ TAK)KE BBINOJIHSIOT (QYHKLIHIO MEXaHUYECKOTO
nepeHoca ncentuauia-rPHK. Kpome ocHoBHbIX (yHKIMI — cuHTe3a Oenka, — pHUOOCOMBI
PEerylIupyroT COOCTBEHHBI OMOT€HE3 U psAJl APYTUX META0OJUYECKUX MPOLECCOB, HAPUMED
amuHoarnupoBanuc TPHK. PubGocombl mpokapuoT cocTosAT W3 JBYX CyOudacTuil,
OTJIMYAIONIMXCS 0 pa3Mepy. Mainas cyouactuiia umeet kodpurment ceaumentain 30S (1
monekyna pPHK u 21 tun 6enkoB), a 6osbinas — 50S u cocrout u3 asyx monexkyn pPHK u
34 paznuuHbIX 0enaKkoB. B GyHKIIMOHATEHOM COCTOSIHMM CyO4acTHIIbI aCCOLIUUPYIOT, 00pa3ys
nonuyo 70S pubocomy. YV 3ykapHOT pa3Mepsl 4acTHIl pUOOCOM cocTaBisitoT: Manas — 40S
(okoJ0 paznuuHbIX 0enkoB), Oosbmmas — 60S (mopsiaka 50 GenkoB), a moHas pudocoma —
80S Dmnonramusi mpeacTaBiseT co0oil 00pa3oBaHHWE U YIIMHEHHE IMOJUIETITUAHON IEMH,
dbopmupytomeiics Ha pudocoMe. IDToT mporecc mpoxoauT npu ydactuu [TD u Tpex
(akTOpOB AMOHTaMK. DTU (HaKTOPH! y MPOKAPHOT UMetoT obo3Hauenus: EF-T, EF-T u EF-G,
wm npocro: T., T u G. ®akrop »monrammu T.. oOpazyer komruiekc ¢ ['T®, koropsiid
cBsa3bIBaeTcs co BceMu amuHoauuia-TPHK B nuronnaszme. TpoiiHON KOMIUIEKC, conepKaluil
amuHoauua-TPHK, ¢ aHTUKOZOHOM, KOMIUJIEMEHTapHBIM KOAOHY B A-meHTpe, Takxke (T,—
['T®) nepemeniaercss B A-LIEHTP MOJHOW pUOOCOMBI, TI€ MPOUCXOJUT COEAUHEHHE KOJIOHA
MPHK c¢ antukomonom rPHK. T ob6mamaer I'Td-a3HOM akTUBHOCTHIO W Tuapoiusyer ['TO.
[Tocne storo Ty, IA® u P, ynansiorcs u3 pubOCOMBI U HCXOJHBIN KOMIUIEKC PEreHEPHPYET
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npu oMoy Ts u ['T®. Yro kacaercs kommiekca TPHK— MPHK B A-HEeHTpC, TO TOYHOCTH
KOJIOH-aHTHKOJIOHOBOT'O  B3aMMOJECIHCTBUS MpPOBEPSIETCA 3a CUYET COOTBETCTBUS (MU
HECOOTBETCTBHSI) JOIIOJHUTEIbHBIX KOHTAKTOB B OIpeiesieHHbIX caiitax Mosiekys TPHK u an
PHK.

Takum oOpa3oMm, B NEHTUAWIBHOM LIEHTpe Jiokanusyercs GopmunmernoHuH-TPHK, a B
amuHoaumibeitoM — TPHK, coenrHenHas co cneayromuei nocie Me-THOHNHA AMUHOKUCIIOTOM.
CrnenyromuM 3TaroM 3JIOHTallMK  SIBJISETCS. TUAPOJIU3 CIOKHOI(UPHONW CBSI3U, IEpEeHOC
dopmunmernonnHa u3 P-uentpa B A-ieHTp u 00pa3oBaHUe MENTUAHON CBSI3H. DTOT MPOLIECC
OCYILECTBIIICTCSI NPH TMOMOLIM (epMeHTa TpaHCHeNnTuAassl, BXxoasmed B cocraB 50S
pubocomanbHON CcyObeaMHUIBI. Takum o0pa3oM, B A-HEHTpe o0pasyercss IUIENTH,
coennHennriii ¢ TPHK, a B meHTHMAMILHOM — CBOOOIHAS TPHK™®. 3arem pubocoma
nepememnaercs Ha oguH konoH MPHK B nHanpasnenun 5'-* 3', mpu stom kommuieke TPHK-
JUIENTU/ repeMentaercst B P-IicHTp, a B 0CBOOOIUBIIMINCS A-LIEHTp MOMagaeT TPETU KOJIOH
MPHK. Haxoausmasicsa no atoro B P-uenrpe TPHKMe! OTHeNseTCA OT puOOCOMBI M YXOIUT B
muroruiazMy. Ilepemernenne pudocomsl no nenu MPHK mpoucxoauT ¢ moMomipio TpeTbero
¢axTopa snonranmm TF-G u Tpebyer 3arparst saeprun [ TD. Takum obpa3om, 3aBepraercs
LUKJ DJIOHTallMu, U OENIOK-CHHTE3UPYIOllasi CUCTEMa roToBa K OOpa30BaHMIO ClIEAYHOIIEH
IIENTHUIHOM CBSI3H.

Tepmunanus mnpexacraBisgeT coOoil 3aBeplleHHE CHHTE3a MOJUMNENTUAHOM Lenu |
0oCBOOOXACHHE €€ OT puOocoMbl. CUTHAJIaMM, OMPECISIONUMA OKOHYAaHUE CHUHTE3a,
ABJISIFOTCA cTon-KoAoHbl Ha nenu MPHK. Takux cron-koaoHoB y npokapuot Tpu: YAA, YAIL,
Y T'A. V¥V 53TuxX KOJOHOB HET KOMIUIEMEHTapHbIX aHTUKOAOHOB TPHK, mnostomy npu
JIOCTIDKEHUM UX puUOOcOoMoOi cuHTe3 mnpekpamiaercs. B A-uentp Bmecto aa-TPHK Bxomsat
OenkoBeie aktopel TepmuHalmu RF, u RF, a rakke dpakrop RRF (Ribosome release factor).

[Ton neiictBuem penusuHr-gpakropa, coeauneHHoro ¢ I'T® u nentuauntpanc-pepas3oi, B
P-uentpe ruaponusyctes cBa3b TPHK-nmonunentua, npuyeM mnociegHuil ocBOOOXKIaeTcs U3
pubocombl. Kpome oTaenenus: moJunenTUaIHON 1enu, mpoucxoauT ocBoooxaenne MPHK ot
prOOCOMBI, KOTOpasi BHOBb TOTOBA K TPAHCIIALIUH.

VY sykapuom cuHTe3 OejKa MPOTEKAaeT B OCHOBHOM TakK K€, KaK U y MPOKapHOT, XOTSA U
UMEIOTCS HEKOTOpbIe pazanuusi. Hampumep, y aykapuoT pubOCOMbI UMEIOT OONIBIINI pa3Mep,
y HUX OOJBIINN aCCOPTUMEHT OENIKOB U OENKOBBIX (DaKTOPOB

(oxono 10). Hamenm MPHK mnpokapuoT MOXeT CHHTE3HpPOBATHCS HECKOJBKO IOJIU-
NEeNTHAHBIX UCIEH, Torja Kak y 3yKapuoT — TOJIbKO OJHA IMOJIMMENTUAHAS LeNb, TaK KaKk
TPaHCKPUIITOH 2YKapHOT CUHTE3UpYyeT Beero onHy MPHK.

Paznuumnss B MexaHuW3Max TpaHCISLIUU B OCHOBHOM KacaloTCsl TPOILIECCOB UHUYUAYUU
TpaHCIALUH.

Pa3znuyaroT yeTsipe 3Tana HHUIHALNH.

* Huccoumnanus pubocombl Ha 40S- u 60S U'yoweaunuusl. [Ipucoenunenne x 40 S-
cyObenuHule nHunuupyromux ¢akropos IF-3 u IF-1 A, mpenstcTByromux peac-couuanuu
40S- u 60S-cyObequHUIL B TOTHYIO pHOOCOMY.

* (O06pazoBanue TpoitHOro komruiekca, cocrosimero u3 Met-TPHK, I'T® u IF-2, 3atem
ATOT KOMILJIEKC B3auMozencTByeT ¢ 40S-cyObeannuneil pudocomsl, B pe3yibTare oopazyercs
NpeUnuUUUpyonmi komruiekc. O6pa3oBaHyne NPEMHUUH-UPYIONIEr0 KOMIUIEKCa MPOTEKAET B
HecKoJIbko ctanuii. CHavana npoucxoaut cBsizbiBanue [T ¢ IF-2. DTOT 1BOMHON KOMITIEKC
coenunusiercss ¢ Mct-TPHK u ¢ wnnmumpyromum kxononom MPHK AVI. O6pa3oBanHHbII
YeTBIPEXKOMIIOHEHTUBIH KOMIUIeKC coeaunsercss ¢ 408-cyOpenunuueid pubOOCOMBI, B
pesynbTaTe nmosyqaetcs 43S NpenHUIMUPYIONTUH KOMIUIEKC, KOTOPBIA CTaOUIU3UPYETCs TIPH
nomomu IF-3 u IF-1 A. OgHo# U3 BaKHEHIINX CTPYKTYp, PEryIUpPYIOIIUX CUHTE3 Oenka Ha
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CTaJM¥ WHULIUALINH, SBJIseTCs O0enKkoBbIi (hakTop IF-2. OH cocTouT U3 Tpex cyoweaunui (a, [
U y), IpUYEeM DETryJIsTOp HOW SBIsIETCS a-cyObenuHUIA, KoTopas (ochopuin-pyercs 1o
cepuny S1.

* CesseiBanue MPHK ¢ 43S npemHHUnUupyOmMM KOMIUIEKCOM U oOpa3oBanue 48S
MHUIUHPYIOIIETO0 KOMILJIEKCA.

KomOunmpoBanue 48S MHUIMHUPYOMIETo KoMmIuiekca ¢ 608-cyObeauuuiield pubocoMbl U
obpazoBanne 80S WHUIIMUPYIOMIETO KOMIUIEKcAa. B mporiecce o00pa3oBaHMsl TOJHOM
pudocoms! npu nomomuu IF-5 npoucxonut rugponus I'TD, ceazannoro ¢ IF-2. Orta peakuus
0cBOOOKIaeT Bce (HhaKTOPbl MHUIMALIMH, CBA3aHHbBIE ¢ 48S MHUIIMUPYIOMIUM KOMIUIEKCOM, U
ocymiecTBisieT ObicTpyro accoruanuio 40S-u 605-cyosenuuun B 80S monHyro pubocomy ¢
Mct-TPHK, pacnonosxenHoii B P-caiite.

CuHre3 Oenka mIpolecc, NPOTEKAILUH CO 3HAUMTENbHOM 3aTpaToil sHepruu. Jlerko
MOJICYUTATh YHUCIO MaKpOdProB, KOTOpbIE PACXOIYIOTCS Ha O0pa3oBaHHE OJHOMN
nosunenTuaHoi cBsas3u. Ilpu axtuBanuu amuHokucinotr AT® runponusyerca 1o AM®, yro
SKBUBAJICHTHO 3aTpaTe JBYX MAaKpO3PIoB, a MHUIUAIUS TPAHCISAIUHN TPeOyeT OJIMH MaKpO3pr
I'T®. B npouecce 3noHranuu 3arpauuBaercss 1Ba Makpospra ['T®: ogun Ha gocTaBkKy'
amuHoauun-TPHK B A-nientp pubocomsl, a BTopoii -Ha npouecc Tpancrnokanuu. U HakoHell,
1a TepMUUanuio Tpedyercs oauH Makpo-3pr ['TO.

Uro e MPOUCXOAUT C MOJUIENTUIHON LIEMbI0 MOCIe OCBOOOXKICHUS €€ U3 PHUOOCOMBI?
Eme Ha pubocoMe HaYMHAETCS MPOLECC YACTUYHOTO (POPMUPOBAHUS BTOPUYHOMN CTPYKTYpPHI
oenka. Ilocme oOpazoBanust 25—30-wieHHOro mosmne mnuima /V-KOHEH BBIXOJHT W3
prOOCOMBI M TIPOIIECC CKPYYMBAHUsSI O€JIKa MPOJOJDKAETCS BHE €€. DTO MPHUAAET CTPYKTYpE
KECTKOCTb, HEOOXOAUMYIO Ul MepecedyeHuss MeMOpaH >IJI0MIa3MaTHYecKoro peTUKyIyMa
[Tpouecc 3akpydvBaHHUs HOJIMIENTHIINON HCIU TMPOUCXOAUT MPU TMOMOIIM CIEIHATIBHBIX
0enkoB — IIAaHUPOHOB. [IpH CHHTE3e MEMOpaHHBIX M CEKPETOPHBIX OENKOB, HaunHas ¢ jV-
KOHIIa mnonunentuaHo nenu, oT 10 mo 30 aMHUHOKHCIOTHBIX OCTaTKOB OOpa3ylT CIII
HaJIbHYIO T10CJIEIOBATENIbHOETh, COCTOAIIYI0O U3 TUAPO(OOHBIX aMHHOKHUCIOT. B kieTkax
CYIIECTBYIOT CBOOOJHbIE U MEMOpaHHO-CBsI-3aHHbIE PHUOOCOMBI, MIPUYEM CBSI3bIBAHHE UX C
MeMOpaHoil DP omnpenensiercs B OCHOBHOM CHUTHAJIBHOM IOCIIE0BATEIBbHOCTBIO PACTYIIETO
nonunentuaa. B memOpanax OP HalileHbl ABa TJIMKONPOTCHHA, IMONYyYMBIINE Ha3BaHHE
pubogopunsi, KOTOpbIE CrIEHU(DUUECKN COSAUHSIOTCS C CUTHAJIBHOM MOCIE10BaTEIbHOCTHIO
HOJUIENTHAA. DTO MPHCOEIMHEHHE MMeeT Oojiee CIOXKHBbIM XapakTtep. Oka3anock, 4To B
MUTOIUIa3ME  TMPHUCYTCTBYIOT  CHEIUaldbHble  cHTHanmy3uawomue CcTpyktypel  (CYC),
npezcTapistomuye coboit 11S pubonykneonporentsl. OHM B3aMMOAECHCTBYIOT C CUTHAJIBHON
MOCJIEZI0BATEIbHOCTRIO  PACTYIIEr0 MOJUNENTHAA, MpPU 3TOM DBJIOHTAUs BPEMEHHO
npekpainaerca. Cunresupytommiics nonuHentu ¢ CYC npucoeannsercs kK pubodpopuHaM B
MeMOpane OP; mpu 3ToM oOpaszyercs MeMOpaHHBIM KaHaJ, KOTOPBIM WHOT/Ia HAa3bIBAIOT
mpaneiokoHoM. DIOHTaIUsl BO30OHOBISETCS, HO TENeph OHA COMPSDIKEHA C MepeMelIeHUEM
nentuga depes MemOpany OP. Tlocnme 3aBeprieHuss cHHTE3a MOJMUNCHTHUIHOW IEMUA TOJ
JENCTBUEM MPOTEA3bl, KOTOpAask HOCUT HAa3BaHME CUTHAJIAa3a, CUTHAJIbHAS MTOCIEA0BATEIbHOCTh
OTLIEIUISIETCS, a HOBOCHMHTE3WPOBAHHBIM OEJIOK TOJABEPraeTcsi MOETTPANeIIUOHHBIM
Mo (UKAIMSAM WU TIpoueccuHTy. s OOJIBIIMHCTBA CEKPETOPHBIX U MEMOpaHHBIX OEJKOB
MIPOLECCUHT COMPSHKEH C TPAHCIOPTOM 4epe3 ONpeesieHHble KOMIapTMEHTHl. Tak,
TIMKO3UIIMPOBAHUE M OIPAHUUYEHHBIN UPOTEOJIN3 HAYMHAIOTCS yxke B OP U npoaomkaoTcs B
anmapare ['onbIKu. DTOT KOMHApTMEHT COCTOMT W3 12—15 «rapenok», CIOXKEHHBIX B
ctouky CTOpOHa, OpueHTHpOBaHHas na OP, Ha3bIBaeTCs yuc-CTOPOHOH, a B HaIpaBIECHUU
[UTOIJIa3MaTHYECKOH MeMOpaHbl — mpanc-cmopoHroti. HOBOCHUHTC3UpOBauHbIE OeIKU
NOCTYNAT Ha yuc-cmopouy anmaparta ['oapaku M nepeMelarTcss Ha €ro TpaHC-CTOPOHY,
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repecekass BCE Tapesiku, IOPUYEeM [0 Mepe [BHKEHHUS NPOUCXOIUT HX XUMHUYECKas
MoauduKanys. Jta MOIU(PUKAIMS UMEET OTPOMHOE 3HAYCHHE, TaK KaK OHA, B YaCTHOCTH,
omnpezeNseT clieoBaHne HOBOCMHTE3UPOBAHHOTO Oenka K MecTy (GyHKIuoHHpoBaHHs. Tak,
dbocdopmupoBaHnble B ONPEACICHHOM TIOJOKEHUU OCNKH CIEAYIOT B JIM30COMBI,
[JIMKO3WJIMPOBAHHBIC OENKHU, B 3aBUCHMOCTH OT CalTa IJIMKO3WJIMPOBAHUA M Pa3MEpOB
YIJIEBOAHOM IIeTIH, MOTYT BCTPAaUBaThCs B MEMOpAHBI WIIM SKCIIOPTHPOBATHCS B IPYTrUE TKAHH
u opranbel. Kpome Toro, xummuueckass MoauduKaius OnpeesiseT CBOWCTBA 3pebIX OElIKOB.
Anmnapar ['onbku  sABIsE€TCS CBOEOOpPa3HbIM COPTUPOBOYHBIM  JIENO, OTAEISIOLIUM
HOpMaibHble Oenku oT JedekTHhX. [locnennue mepeMemarTcss B JTU30COMBI
acCOLMUPOBaHHbIE ¢ annapaTtoM ['oJbmku, TIe THAPONU3YIOTCA 10 aMUHOKUCIOT. Hopmats-
Hble OCJNKHU JOXOIAT A0 MPAHC-CMOPOHbL U TIOMANAI0T B CEKPETOPHBIE I'PAHYIbI, KOTOPbIE
oThernstoTes ot ammapara [onpku 1 audGyHIupYIOT K IUTOHIa3MaTH4Ye-CKOH MeMOpaHe.
3areM METOJIOM 9K30MHUTO3a OENKH MOMaIal0T BO BHEKJIETOYHOE TPOCTPAHCTBO.

Buympuknemounvle Oenku CUHTE3UPYIOTCS Ha CBOOOAHBIX pubocomax. OHU HY MMEIOT
CUTHAJIbHBIX TOCIIE0BATEIbHOCTEH, OJTHAKO B OOJIBIIMHCTBE CBOEM CHHTE3UPYIOTCS B BUIE
npobes koB. HekoTopele U3 HUX MOCIE COOTBETCTBYIOLIETO MPO-LECCUHIa (PYHKIMOHUPYIOT B
LHUTOIUIa3ME, JIPYrue HUMIOPTUPYIOT BO BHYTPUKIETOUYHBbIE opraHeiuibl. Kpome agpecHoit
MOIU(UKAIMH, CYHIECTBYIOT MHOT00Opa3Hble XMMHUYECKHE MOIU(PHUKAIMHA W JIOKATbHBINA
MPOTEONU3 OENKOB, HEOOXOAMMBIC NS HMX MOJHOLIEHHOTO (PYHKIHMOHUpPOBaHUA. Takumu
MOTUPHUKAIMSIMA ~ MOTYT OBITh  (QOCHOpPIIMPOBAHHE 1O THAPOKCHWIBHBIM  TPYIIIIaM
AMUHOKHUCIIOT, METUJIMUPOBAHUE, TUIPOKCUIUPOBAHUE, MPUCOECIAUHEHUE KapOOKCUIIBHBIX,
Cynb(O- U aIETUIIBHBIX TPYII U .

Ilocne omnpeneneHHOro BpeMeHH (YHKIMOHMPOBAHUS (U1 pa3HbIX OEJIKOB OHO
COCTaBJISIET OT HECKOJIbKUX MHHYT 1O HECKOJbKHUX HEAEIb U JaXe MEecsleB) Oenku
MOJIBEPTAIOTCS MPOTEOJIMTUYECKON Jerpafanui. MexaHu3Mbl Jerpajalud pa3iudHbl, OHU
3aBUCAT OT TuIa OENKOB, MX pACHOJOKEHUS B TOM HWJIM HHOM KOM-TIAPTMEHTE M OT
IPOTEOJUTUYECKOTO TMOTEHIMala KJIETKHM WM TKaHu. Hampumep, B KieTkax cBOOOJHbIE
Oenku nerpaaupyroT B aBa 3tana. DyHKIMOHUpOBaHHE OEJIKOB CBS3aHO, KAaK MpPaBUIO, C
U3MEHEHHEM UuX CTPYKTYpbl M pejakcanueil K ucXogHoMy coctostHuio. [lo  Mmepe
OMOJIOTHYECKOT0 JIeMCTBUS HAKAIUIMBAIOTCS HEKOTOpBIE HM3MEHEHHs! CTPYKTYphl, KOTOpbIE
pENaKCUpPYIOTCSl HE TMOJIHOCTBIO, B Pe3yJbTaTe MPOUCXOAMUT cTapeHue OenkoB. V3meHeHue
CTPYKTYpBI SIBJII€TCS CUTHAJIOM JUISl aTakM LUTOIIa3MaTHYEOKHUX. CEPUHOBBIX NPOTEHHA3,
KOTOpBIE pa3pbIBAIOT MOJUNENTHUIHBIE CBSI3U WJIM BBIPE3alOT HEKOTOPHIE aMHUHOKHCIOTHBIE
MOCJIE0BATENbHOCTH. YacTUUHO JerpaJupoBaHHbI O€NOK MOCTYMAeT B JIHM30COMBI, IJIe
IIPOMCXOAUT €ro IojHas naerpaganus. MHoraa cHrHajaoMm JUisi NpPOTreOJIOrMYECKOM aTaku
CIIY’)KUT TPUCOECTUHEHHE K CTapoMy O€JIKYy HU3KOMOJIEKYJISPIBIX MOJUIENTUIOB, HAlpuMep
youkBuTHHa CHHTEe3 OenKa — CIIOKHBIM, MHOTOCTaIMHHBIM MpoIiecc, 3aBUCAIINNA OT QyHK-
ruonansHOro coctossuus JJHK, PHK u HemocpencTBeHHO OelNOK-CHHTE3UPYIOMIEH CHUCTEMBI.
[ToaToMy MexaHU3MBI PETYIALUNA CKOPOCTH 00pa30BaHus Oelika peain3yroTcs Kak B spe, TaK
U B nurorasme. M3 paccMOTpPEHHOro MOHATHO, YTO B 0OpPa30BaHUU MOJUMENTUAHON Ienn
yuactBytoT Bce Tpu Tuna PHK. Takum oOpa3om, TpaHCKpPHUNIMS SBISETCS OJHUM W3
(bakTOpOB, OMPENENAIONIMX CKOPOCTh OETKOBOIO CHHTE3a. DKCIPECCHUS T'€HOB YBEITUYHMBACT
CKOPOCTb TPAHCKPHUIILINH, PETIPECCUS] — CHHIKAET.

Perynauus cuHte3a Oenka y »yKapuoT. OTo Oojiee CIOXKHBIA mpolecc, TaK Kak
TPAHCKPUIILIUA U TPAHCIALUA IPOUCXOASAT B Pa3HBIX KOMIIAPTMEHTAX M 00eCredrBarOTCs
OO0JIBIINM KOJMYECTBOM COOTBETCTBYIOIIUX CTPYKTYP.

Ha ypoBHE TpaHCKpUIILIMH PETyIATOPHBIE MEXAHU3MBI Y IPOKAPHOT U 3YKAPUOT UMEIOT
psn oOmmx uvepT. PaccMOTpUM HEKOTOpBIE OTIMYUTENbHBIE OCOOEHHOCTH. JlIsl KIIeTOK
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9YKApHOT XapakTepHa aMIuIM(UKalnus TEeHOB M uX mepectpoilka. Oba MexaHH3Ma
00eCreynBaOT pe3Koe YBEIMUYEHHE KOMWH TeX WM WHBIX OENIKOB, HEOOXOAMMBIX ISt
peanu3anyy KJIeTOYHOro MeTadoau3ma.

N3BectHo, uro B kierkax sykapuotr JIHK, coemunennas ¢ Oenkamu (TUCTOHAMHU),
yIaKkoBaHa B MYKIEOCOMBL. B 3TOM COCTOSHHMM TpPAaHCKpUIILUSA HEBO3MOXKHA, M JTH
OKCHPECCHH TEHOB HEOoO0XOoAMMO JeOioKkupoBaHME TpaHCKpunrToHa. CliegoBaTeNbHO,
o0pa3oBaHHEe U pa3pylleHHE HYKICOCOM SBIISETCS BaXHbIM (DAKTOPOM PEryJsIUU
IYKapHOTHUYECKUX T'eHOB. Kakum e 00pa3oM nporcXoauT Ne0I0KUPOBaHUE TPAHCKPUIITOHA?

dochopuiupoBanre TUCTOHOB. B pesynpTare JeiicTBus  OENKOBBIX TOPMOHOB
MPOUCXOIUT OIMOCpPeoBaHHOE (HOCHOPUIMPOBAHUE SACPHBIX OEIKOB — THUCTOHOB U
paspylleHHe HYKJICOocOM. Marpuia npu 3TOM CTaHOBUTCA JOCTYIMHOW JUIsi OCHOBHBIX
(dakTopoB MHULMALMKM TpaHCKpunuuu, u HauuHaercs cuHTe3 PHK. Ilpu npekpamenun
JENCTBUS TOPMOHOB MYKJIEOCOMBI BOCCTAHABIINBAIOTCS.

AneTunupoBaHue U J€alleTUIMPOBAHUE THCTOHOB. OJTO BaXHbIH (DAKTOp peryisuuu
reHHoil axkTtuBHOCTU. OKazanoch, 4YTO (PEPMEHT THUETOH-ALlETWI a3a acCOLUUpPOBaHa C
¢axkropom TAD. AunermnupoBaHHe NPOXOAUT [0 TEPMUHAIBHOMY OCTaTKy JIM3MHA B
NOJIMIENTUIHON LeNu TMCTOHA. B pe3ynbrare aneTwnMpo-BaHMs IOJIOKUTEIBHBIN 3apsij
OeJika YMEHBIIAETCS U CPOJCTBO THCTOHA K oTpuuarenbHo 3apspkenHor JJHK chumxkaercs.
OTO MOXET NPHUBECTH K pa3pylIEHUI0 HYKJIEOCOM M JeOJIOKHPOBAHUIO TPAHCKPUITOHA.
JleaneTumpoBaHue THCTOHOB MPHUBOAMUT K MPOTHBOIONOKHOMY 3¢ dekty. Cnenndudeckue
aleTuias3a 1 JealeT-ia3a aCCOUMUPOBaHbI ¢ OeIKaMU MHUIUALUY TPAHCKPUIILUH.

Pecynamopuvivu  snemenmamu  SBASIOTCS OEINKM HMHULUMATOPUOrO KOMILIekca. B
JIOTIOJTHEHUE  MOXHO  OTMETUTh  OCOOble  HYKTCOTaJHbIE  IOCJIEA0BATEIHLHOCTH,
CIOCOOCTBYIOLIME HMHTEHCU(DHMKAIMM  TPAHCKPHUMIMM, TaK Ha3bIBAEMbIE  JIHXAHCEPDI.
XapakTepHasi 0cOOEHHOCTb 3TUX CTPYKTYP 3aKIF0YAETCs] B TOM, 4TO

OHH BIIUSIIOT HA CKOPOCTh TPAHCKPHUILIMK HE3aBUCUMO OT JIOKaJIM3aluu B onepone. benku,
B3aMMOJICHCTBYIOIIME C  DHXAHCEPAaMH, HA3bIBAIOTCS HDHXAHCEPHBIMH  DIIEMEHTaMH,
pacnonoxeHHbIMU Ha paccTostHMM 1000—2000 map ocHOBaHUM OT pernoHa MpoMoTopa. ITU
OenkoBble (aKTOPbl CIOCOOHBI BO3/EHCTBOBATh Ha MHULMALMIO TPAHCKPUNLIMM Onaroaaps
oOpa3zoBanuto JJHK-nietnu, 4ro mpuBOAUT K MPOCTPAHCTBEHHOMY COJIMKEHUIO SHXAHCEPHBIX
3JIEMEHTOB U. Hanpumep, 6enkoB TATA.

BecpMma cymiecTBeHHBIM (PAKTOPOM PETYJISIIMM  TPAHCKPUIIMK ~ SIBISETCS  MPOLIECCUHT
PHK. O6pa3oBanue 3pensix MPHK 3aBucut ot ckopocteii kaumpoBaHusi, 00pa3oBaHus MOJIU
A, a taxxe ckopoctu cnaaticunea. Jlna MPHK onpeneneHHoe peryinsropHoe 3Ha4€HUE HMEET
aJbTEPHATUBHBIN CIJIAWCHHT.

Kpome OenkoB MHUIIMATOPHOTO KOMILJIEKCA, Ha CKOPOCTb TPAHCKPHUIIIUH OKAa3bIBAIOT
cymectBeHHoe BiusiHue J[HK-cesaszvisarowue 6enxku. VI3 HECKOTBKHX CEMEHCTB Hauboee
U3BECTHBI OCIIKM THIA: YUHKOBbIE NANbYbL, CAUPANb—BUMOK—CRUPALL U 20ME000MEHHble
oenku. Crneuuduyeckoe cBs3biBaHue 3tux OenkoB ¢ JIHK mpoucxomur B pesynbrare
B3aUMOJICHCTBUA OOKOBBIX PATUKAIOB aMHUHOKHMCIOTHBIX OCTAaTKOB Oelika ¢ OCHOBaHHUSIMHU
JIHK.

[{uHKOBBIE MaNbLIbI MPEICTABISAIOT COO0M CEpUI0 MOBTOPSIOLINXCS TOMEHOB (OT JIBYX /10
JEBATH), UMEIOIUX (opMy manblia. B LeHTpe KOOpAMHAIUMU KaXXJAOro JOMEHa HaxOJIUTCS
IMHK. B OIHUX cilyyasix IIMHK COEIMHEH C YETBIPbMS OCTaTKaMM LIMCTEUHA, B IPYIHX — C
JIBYMsI IUCTEMHAMU U IBYMS TUCTUIMHAMH.

Ha xoHeuHbI# pe3ynbTaT — CHHTE3 Oellka — BIHSIET Takke cKopocTh Tpancnopra PHK B
nuroruiazmy. B nuromnazme MPHK, B3aumoneiicTBys ¢ onpeneneHHbIMU Oelkamu, 00pa3yer
uHpopMocoMy cBoeoOpazHoe nemno, u3 koroporo MPHK ocBoboxkmaercs mo Mepe
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Hago0HOoCTH /Ui cuHTe3a Oenka. Ckopocth ocBoOokaeHuss MPHK Takxke siBisiercst pakropom
peryssiuu 0eTKOBOro CHHTE3A.

CkopocTh cHHTE3a Oenka HampsMyr 3aBucut oT koinmdectBa MPHK, xotopoe
OIIPEJICIISICTCS. BPEMEHEM €€ «IIONIYXKH3HH» WU cmabunbrocmpio N VIVO. Takum oOpazom,
dakropsl, Biugomue Ha ctabuiabHocTh MPHK. sBisitoTCSst perysnsitopaMu 3KCIpeccuu TreHOB
U, KaK CJIeJCTBHE, OenKkoBoro cuHTe3a. OMHON M3 CTPYKTYp, ONPEACHSIONNX CTa0MIbHOCTh
MPHK, sBisiercs monuA-nocnenoBarenbHocTh Ha 3'OH-konuc. Jlumutupyromen craauen
nporecca mpauciayuy sSBIseTcs ee uHuimanusa. HambGonee moapoOHO omumcaH mporecce
M3MEHEHHUs CKOPOCTH MHUIIMALMU TPaHCISIIMMU B pe3ynbTaTe QochopunupoBanus (akropa
uHnnuaimn |F;. Peakius karanusupyercs pepmenTom 1Po-kuHA30H, MpryeM MpucoeInHeHHE
dbocdaTHOl TPyNIbl MHAKTUBHPYET (PaKTOp WHUIUALKUHA. DTOT (EHOMEH ObUI M3y4eH Ha
IpUMepe CHHTEe3a reMorjo0uHa B pcTukyinouurax. CHavana OblIO yCTaHOBJIEHO, YTO IJI00UH
CUHTE3UPYETCs TOIBKO B MPUCYTCTBUU I'eMa. 3aTeM Obliia BEICTPOEHA BCS CUCTEMA PETYIISIIIIU
cuHTe3a riobuna. Okazanoch, 4yTO akTuBanus 1[g-KWHA3BI MPOUCXOAUT 3a CYET €€
dbochopmwiupoBanus HAM®D-3aBUCUMON  NPOTEMHKWHA30d.  B3aumoneicTBue  ATOM
nporenHkuHazbl ¢ TAM® u ee akTUBalMIO OJOKUPYET TeM, BBINOJHSAS TEM CaMbIM
HETraTUBHBIN KOHTPOIb CHHTE3a TeMOTJI00MHA.

Perymsauust cuHTe3a Oenka OCYHICCTBISIETCS TakXKe HA CTaJWM TPOLIECCHHTa OenKa.
Monudukanuy HOBOCHITE3UPOBAHHBIX IMOJ U MENTHUAOB OCYIIECTBISIOTCS IMPH MOMOIIA
COOTBETCTBYIOIINX ()EPMEHTOB, aKTUBHOCTh KOTOPBIX, B CBOIO OuY€pedb, HAXOIUTCS O]
FeHeTUYeCKUM KoHTpoieM. K o3TuM MoauduKanmusM OTHOCATCS  METHIMPOBAHHUE,
dochopunmpoBanue, rTMKO3WINPOBAHKE, @ TAKKE OTPAHHMYCHHBIN MTPOTCOIHN3.

Bonpocel 111 CaMOKOHTPOJISA

1. OOwmeH yrieBoaoB.
2. OOMEH JINITHAI0B.
3. buocunte3 amuHokucnor. Cunres Oenka.

CIIUCOK JIUTEPATYPEI

OcHosnast

1. Uneuna H.A.®Puzmonorus u 6uoxumus pacreHui: Yuebnoe nocodbue / H.A. Minbuna, U.B.
Cepreesa, A.U. Ilepersitko - Ynbsaock-Caparos, 2013. - 335 ¢.ISBN 978-5-86045-613-6

2. Komkun, E. V. ®usnonorus ycTOHYUBOCTH CENLCKOXO3IHCTBEHHBIX KYJIbTYp: yueOHUK / E.
. Komkun. - M.: Jlpoda, 2010. - 638 c.: wi. - (YueOHHKHN H y4eld. MOCOOus IS CTYJEHTOB BBICIIL
yue0. 3aBenenuii). - ISBN 978-5-358-07798-0

3. CepreeBa, 1.B.®usnonorusi pacTeHUi ¢ OCHOBaMH 3KOJIOTMU: Y4ueOHoe mocobue / W.B.
Cepreesa, A.W. Ilepersitko - Capatos, 2011. - 348 c.ISBN 978-5-7011-0740-1

4. ®usnosorus ¥ OMOXUMUS CENbCKOX03sMCTBeHHBIX pacTenuit / mox pea. H.H. TpetbsikoBa. M.
: Komnoc, 2005. - 639 c.ISBN 5-10-002915-3
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1. buoxumus: yueOnuk / B. I'. llepbakos, B. I'. Jlobanos, T. H. IIpyaaukosa. - 3- usn., UcIp. u
norr. - CI16.: TUOPJ, 2009. - 472 c.: uin. - ISBN 5-98879-008-9

2. Kosbpmuna, H. I1. 3epHOBeacHME ¢ OCHOBaMHM OMOXHUMHHU pacTeHUi: HayuHoe uznanue / H. I1.
Ko3emuna, B. A. I'yaekus, I'. M. Cycnsraok. - M.: Komoc, 2006. - 464 c.: un. - (TeopeTtudeckue
OCHOBHI ITPOTPECCUBHBIX TEXHONOTHIA: OnoTexnonorus). - ISBN 5-10-0039.
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COJEPXAHUE

Jlexknusa 1. @usnosiorus pacTeHUil — HayKa.

1.1. ®u3noorus pacTeHul - Hayka 00 OpraHu3aluy U KOOpAUHALUN
(GyHKIIMOHAJIBHBIX CUCTEM 3€JICHOI'0 PACTEeHUS.

1.2. ®U3UKO-XUMUYECKUH, SKOJOTHYECKHUI M SBOJIFOIMOHHBINA acCIeKThI

(bU3HONIOrHH PaCTEHUH.

1.3. Metopmonornyeckue 0CHOBBI (PUTOPUINOTIOTHH.

Coueranue pa3Iu4YHbIX YPOBHEH UcClieJOBaHUS (CYOKIETOUHBIN, KJIETOYHBIH,
OpraHu3MeHHbIH, OMOIIEHOTHUECKUI ) KaK HE00X0AMMOE yCIOBUE Tporpecca (pU3H0I0run
pactrenuii. Crienupuyeckue MeToabl GUTOPU3NOIOTUN KaK HAYKH.

1.4. Dransl pa3BuTHs GU3UOIOTHH PACTEHHUMN, UX CBSI3b C OOLIMM Pa3BUTHEM OMOJIOTUU H C
MPakTUKOHN. OTe4eCTBEHHBIE IKOJIBI (PU3UOJIOTOB PACTEHUH.

1.5. ®usnonorus pacTeHU — TEOPETHUECKasi OCHOBA PACTEHUEBOJICTBA U HOBBIX
oTpacielt 6noTexHonoruu. GU3NOIOrHYecKrue OCHOBBI TPOYKTUBHOCTH PACTEHUH.

I'maBHBIE TPOOIIEMBI COBpEMEHHOH (puTodH3HOTIOrHN

Jlexmus 2. OcoOEHHOCTU CTPOCHHUS, CTPYKTYpHas U (YHKIIMOHATbHAS OpraHu3alus
paCTUTEIBHOM KIIETKH.

2.1. CumOHoreHHast TMIOTE3a BOSHUKHOBEHUS PACTUTEIHHON KIIETKHU.

2.2. MeMOpaHHbIE CUCTEMBI PACTUTEIbHON KIIETKH.

2.3. llurockener pacTUTEIbHON KIETKH.

Jlexums 3. CuCTeMBI pEryJIsui U UHTETPAIlUH Y PACTECHHIA.

3.1. Perynsmus npoleccoB Ha KJIETOYHOM YPOBHE.

3.2. MeTtabonuTHas peryysus 1 MEXaHW3M KOHTPOJISI TPOTEKaHHUsI ITpoIecca 1Mo
HPUHIUITY OTPULATEIBHOM (ITOJI0KUTETBHON) CBA3H KOHEUHBIMU MPOTYKTaMHU.

3.3.  Cucremsl perysiiui U UX Uepapxusi B paCTCHUH.

Jlexuus 4. @OTOCUHTE3.

4.1. ®usNKo-XxMMHUYecKas CYIIHOCTb Ipolriecca (OTOCUHTE3a U €ro 3HaUeHHE B
HHEPreTUUECKOM U MJIACTHUECKOM OOMEHE pacTeHHs.

4.2. AHTEHHBIH KOMILUIEKC, peaKI[MOHHBIN LEeHTP. MeXxaHu3M npeodpazoBaHUs
AJIEKTPOMAarHUTHOW SHEPTUH B SHEPTHUIO Pa3JIEICHHBIX 3apSAA0B B (POTOXUMHUYECKHUX LIEHTPaX.

Jleknusa 5. @oTocunTes.

5.1. ®oroxumudeckas (aza poTocuHTE3a. IIEKTPOH-TPAHCIIOPTHAS 1I€TIH (POTOCHHTE3A.
[uknnyecKkuil, HEUUKINYECKUI U TICEBAOLMKINYECKUI AJIEKTPOHHBIM TPAHCTIOPT.

5.2. TIpoctpancTBennas opranuzamws DTL] B TumakonHoi MeMOpaHe.
dotocuHTeTHYECKOE (POChHOpPMINPOBAHHE.

Jlexnng 6. doTocuHTES.

6.1. XuMH3M MPOIECCOB aCCUMWIIALIUMY yriepoJa B porocunTese. Llukn KansBuna,
OCHOBHbIE (DEpMEHTHI U MEXaHU3MBbI PErYIISAIUH KA. DOoToBIXaHUE.

6.2. Xapakrepuctuka rpynn C4 pacrenuit. @otocunre3 y CAM- pacTeHuii: 0COOEHHOCTH
OpraHM3aIiy Mpoliecca 3arnacaHus S HEPTuu U GUKCAUU YIIIEKUCIOTH BO BpEMEHHU.

Jlexkums 7. IBIXAHUE.

7.1. O0uiee npecTaBiICHUE O AbIXaHUU, QYHKIUH.

7.2. I'nuxonus.

7.3. OKUCIUTENbHBIN NEeHT030(OCHaTHBIN UK.

7.4. LIy TpukapOOHOBBIX KUCIIOT.

7.5. Ap1xaTenbHas 3J€KTPOHTPAHCIIOPTHAS LETIb.

7.6. OxucnurensHoe pochopuarpoBaHue.
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Jlexkuus 8. BomooOMmeH.

8.1. KonmuecTBO moTpelisieMoil pacTeHHEM BOJIbI, COJICPKAHNE BOJBI B KIIETKAX, TKAHIX
u opranax. CocTapisIoLIe BOJHOTO MOTEHIINATA KIETKH.

8.2. AxBanopuHsbI (OETKH BOJHBIX KAHAJIOB), UX CTPYKTYpa, IPUHIHI PaOOTHI.

8.3. TpancnopT Bojbl o pacTenuto. KopeHb kak OCHOBHOW OpraH MOTJIOIIEHUS BOJIbI.

8.4. MexaHu3M paaualbHOrO TPAHCIOPTA BOJbI B KOPHE.

8.5. Boimenenue Bojabl pacteHueM. ['yTramus, «miauy» pacTeHUH.

8.6. Tpancnupanus u ee pojb B KU3HU pacTeHui. KonnuecTBeHHbIE MTOKa3aTeNn
TpaHCIHUPAIMHN: HHTEHCUBHOCTb, IPOIYKTUBHOCTh, TPAHCIUPALIMOHHBINA KO3PPUIIECHT.

Jlexuus 9. MuHepanbHOE TUTaHUE PACTEHUH.

9.1. [ToTpeGHOCTH pacTeHUH B JIeMEHTaX MUHEPAIbHOr0 NuTaHus. OyHKIHOHAIbHAS
KJaccu(uKaIus 3JeMEHTOB MUHEPAIBHOTO MUTAHHUS.

9.2. Kopenb kak opraH MoriouieHus MUHEPaIbHBIX JIEMEHTOB, CHEIU(PUISCKUX
CHUHTE30B C UX Y4acTHEM U TpaHcnopTa. Mexanusmsl noctymieHus noHoB B CII u 3HaueHue
9TOTO 3Tana MorJomeHus. MojieNy NOoCTyIIEH!SI HOHOB B KOPEHb, TPAHCIIOPT MUHEPATBbHBIX
BELIECTB B KCWJIEMY. ATOIUIACTHBIM U CUMIUIACTHBIN MYTh.

9.3. B3aumojielicTBUE U PETyIISILIMSI CUCTEM TPAHCIIOPTa HOHOB U3 CPEJbl B KOPEHDb U
3arpy3ku kcuiembl. Crenuduka paguanbHOro TpaHCIOPTa MUHEPAIbHBIX AJIEMEHTOB.
Cunrerndeckast QyHKIHS KOPHSI.

Jlexums 10. Poct u pa3Butne pacteHuit

10.1. Onpenenenue NOHATUN «POCT» U «pa3BUTHE» pacTeHui. OOIIe 3aKOHOMEPHOCTH
pocra.

10.2. Iloka3arenu pocTa, S-00pa3HbIi XapakTep KpUBOM pocTa, ero ¢a3el. Tumsl pocta y
pacTeHuM.

10.3. Opranuzanus MepucTeM KOpHs U cTe0ist. PocT U 1eATebHOCT MEPUCTEM.
Knerounbsle 0CHOBBI pocTa.

10.4. Mexanu3mbl Mmopdorenesa pacreruii. [lonspaocts. MHAYKIHMS TeHETUUECKUX
nporpamMm, MOpGOoreHeTHIECKHe TPaTUEHTHl U OPUEHTALINS KJIETOK B IPOCTPAHCTBE.
[{enocTHOCT U KOPPENATUBHOE B3aMO/IEHCTBHE OPIaHOB.

Jlexmus 11. T'opMoHanpHas perymsius pocTa U pa3BUTHUS paCTEHUH.

11.1. AykcuHBL.

11.2. [IUTOKMHUHBI.

11.3. Tubb6epeITHbL.

11.4. Abcuu3oBas KHCIOTA.

11.5. DTunen.

11.6. Bpaccunoctepoubl: OuocuHTe3, MHOTOOOpa3ue. dusnonoruueckue 3 HeKTor:
pacTshKeHUe KIETOK, Poib B AuddepeHnpoBke Me30¢puia.

11.7. KacmunoBas kucnorta. buocunres u ¢pusnonoruueckue 3¢ hextsr. Mecto
KACMOHATOB B PEryJAMU 0TBeTa. CXOICTBO OTBETOB Ha kacMoHaT U Ha ABK.

11.8. Canunmnat u apyrue (GeHONbHBIE COeAMHEHUS. BO3MOXKHAst pOJb B peryisaIiuu
TEpPMOIeHe3a, OTBETa Ha BUPYCHYIO HH(EKIINIO, IBeTeHNH. B3aumoneiicteue ¢ 1pyrumu
TOPMOHaMH.

11.9. OnurocaxapuHsI.

Jlexuus 12. doTtoperynauus y pacTeHHIA.

12.1. OcHoBHble npuHLUIB poTopenentyu. OTinyue GoTopeenTOPHBIX KOMILIEKCOB OT
HHEPronpeoOpa3yoIuX.

12.2. ®UTOXPOM U KPUIITOXPOM.
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12.3. OTBeTHI Ha CHHHI CBET: pa3ruOaHNEe alMKAIbHOM IMETEIIbKU TPOPOCTKOB,
(OTOTPONTU3MBI, YCTHHUHBIE IBHKCHHUS.

12.4. ®oToneprnoansm

12. 5. 'opmoHnasibHas Teopus 1seTeHus YaitnaxsHa

12.6. BHyTpeHHUE pUTMBI pPa3BUTHS PACTCHUM.

Ilepuonnueckue sBIEHUS B pUTMax OpraHoreHesa U pocra pacteHui. L{upkagHbsie puTMsl,
MEXaHU3M HX 00pa30BaHMsL.

12.7. Tlnactoxpon

12.8. KoppeKkTupoBKa BHYTPEHHUX PUTMOB PAa3BUTHS BHEIHUMU KIMMaTUYECKUMU
(dakTopamu: 3aCyxXoH, MOHIKEHUSIMH TEMIIEPATYPhI

12.9. SIBnenus crparudukanuy U SpOBU3ALMM KAK SKOJIOTHYECKas aJanTalys.
I'opMoHasbHAs TEOpUS BEPHAIU3ALMK PACTCHUN

Jlexuus 13. Perynsauus reHepaTUBHOIO pa3BUTHS PACTEHUM.

13.1. Unaykius v 9BOKAIHS [{BETCHHUS.

PasButne conetuil. PanHee reHepaTUBHOE Pa3BUTHUE, II03JHEE TEHEPATUBHOE PAa3BUTHE,
pasButue 1BeTKOB. HopMmasibHOE pa3BUTHE LIBETKA.

13.2. Mopenb «Boiinbl nozunuii» (ABC). I'enetnueckue ¢pyukiuu A, B u C. CemelicTBa
reHoB, cojepxkaux MADS-nomen. [posBienus nona y pacteHuil. CaMOHECOBMECTUMOCTb.
['erepomopdHas u romomMopdHas caMoOHECOBMECTUMOCTb. CriopoUTHBIN 1 raMeTO(PUTHBIN
KOHTPOJIb CAMOHECOBMECTUMOCTHU. Perynsauus nosna.

13.3. YcnoBust MUHEPaJIbHOTO MUTAHMs, BO3PACT, FTOPMOHAJIBHBIN CTAaTyC KaK (haKTOpHI,
BIIMSIOIIME HA I10J1 PACTEHUH.

Jlexuus 14. ®u3nonorus yCTOWYMBOCTH PACTEHUH.

14.1. Ctpecc u agantanus — oOuias XxapakTepucTuka sisjeHuil. Hebnaronpustasie
(bakTopbl OMOTUYECKON M AOMOTHUYECKOW MPUPOIBI.

14.2. OTBeTHBIE peakIMy pacTeHUI Ha AeiicTBue cTpeccopoB. Crenudpuyeckue u
Hecrienuduueckue peakiuu. [Ipupoaa Hecnenupuuecknx peakuuii. CTpeccoBbie OSIKH U X
byHKINN.

14.3. Bonnbiit gedunut

14.4. MexaHn3MBbI 3aCyX0YCTOHYHUBOCTH ME30(PUTOB.

14.5. Beicokue KOHIIEHTpAIuu coJield. TUIbl MOYBEHHOTO 3aCOJIeHUs. AanTaius
pacTeHHH K OCMOTUYECKOMY M TOKCHYECKOMY JAECHCTBHIO COJIEH.

14.6. CniocoOs1 noasiep>kanue oBogHEHHOCTH. [IporekTopHbie 6enku (I1b),
CHUHTE3UPYIOLIUECS B PACTEHUAX ITPU COJIEBOM CTpECCE.

14.5. BoicOKME KOHIIEHTpAUH COJICH. THIbI MTOYBEHHOTO 3aCOJICHUS. AlanTaius
pacTeHHnH K OCMOTUYECKOMY M TOKCHYECKOMY JAEHCTBHIO COJIEH.

14.6. CniocoOs1 noaniep:kanue oBogHEHHOCTH. [IporekTopHbie 6enku (I16),
CUHTE3UPYIOLIUECS B PACTEHUAX IIPU COJIEBOM CTPECCE.

14.7. AHOKCHS Y THTIOKCHSI.

14.8. TOKCUYHOCTb TSXKENBIX METAJIOB JIJISl PACTEHUI X HAKOIUIEHUE B TKaHSX.
duropeMennaus.

Jlexuus 15. OOMeH BelecTs.

15.1. O6MeH yTIIeBOIOB.

15.2. OOMeH TUnuI0B.

15.3. buocunte3 amuHokucaot. CunTes Oernka.
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