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COJAEP)KAHUE ITPOI'PAMMBI

Beenenne

B ocHOBy Hacrosiied MpOrpaMMbl IOJOXKEHBI CIECAYIOIIHAE PA3AEIbl: OCHOBHBIE KOMIIOHEHTBI
pacTUTENFHOTO OpraHu3Ma M HMX (YHKIMM; pACTUTENbHAS KIETKA; OMO’HEPIreTHKa pPAaCTUTEIHHOTO
opranuszMa ((QOTOCHUHTE3, [bIXaHHE); BOJOOOMEH; MHUHEpAlbHOE IUTaHHE; JAJIbHUI TpPaHCIOPT U
KpYrOBOpPOT BELIECTB B pPACTEHUH; POCT M PA3BUTHE PACTCHMM; YCTOWYMBOCTH PACTEHHU K
HEeONIaronpusATHbBIM  (aKTOpaM; B3aMMOJAEHCTBHE (PU3UOJOIMUYECKUX IPOLECCOB, MX HHTErpauus u
COTJIaCOBaHHOE (P)YHKIIMOHHPOBAHUE OPTaHOB.

[Tporpamma pa3paboTaHa »SKCHEPTHBIM COBETOM Bpicniell aTTecTallMOHHOM KOMHCCHM IO
OMOJIOTMYECKUM HayKaM.

1. O0mue Bonpocskl

OObexThl OMOXMMHU U (PU3HOJIOTUM PACTEHUH - dYKapHOTHUeCKue (OTOTPO(HBIE OpraHU3MBbI.
VYHHKaIbHBIE OCOOCHHOCTH PACTHTEIBHOTO OpraHu3Mma: (oTro- U aBTOTPO(HOCTH. ABTOTPOGHOCTH B
OTHOILLICHUH YCBOEHMsI MMHEPATIbHBIX 37eMeHTOB. Crienuduka oOMeHa 3eJeHbIX paCTEHUH 110 CPaBHEHUIO
c apyruMu opranm3mamu. Kocmmueckass ponb 3eleHOro pacteHusi. 3HadeHue (oToaBTOTPO(pOB B
CO3JIaHMM U MOJJEPKAHUU Ta30BOr0 cOCTaBa arMoc(epsl, BOAHOTO, MOYBEHHOIO M KIMMAaTHYECKOrO
peXHUMa Ha IUIaHEeTe.

Opranuzanys ¥ KOOpAMHALUSA (QYHKIMOHAJIBHBIX CHUCTEM 3€JIeHOro pacteHus. Pusuko-
XUMHUYECKHU, IKOJIOTUYECKUN U 3BOJIIOLNOHHBIN aCIIEKTHI.

Mertonosnornyeckue OCHOBbI ~ HCCIEIOBaHMH B OMOXMMHUM U (DU3MONOTMM  paACTEHUH.
Crnenuduueckue meronpl Ouoxummm u  (pusmonornn pacreHuil. CodeTaHwe pa3IMYHBIX YPOBHEH
uccieoBaHus (CyOKJIETOUHBIM, KICTOYHBIM, OpraHM3MEHHBIH, OMOLICHOTHYECKHH) B OHMOXMMHUU U
(bU3NONIOTHH PaCTEHHH.

@usnonorus U OHMOXMMHUS PACTEHUH - TEOpETHYECKass OCHOBAa PACTEHUEBOJCTBA U HOBBIX
oTpacieil OMOTeXHOJIOTHH.

2. OcHOBHBbIE KOMIIOHEHTHI PACTUTEJIBHOI0 OPraHU3MAa U UX PYHKINHU

2.1. YrneBogsl.

OcobeHHocTH cocTaBa U MeTaboyiM3Ma YIieBOJIOB pacTeHuil. MoHocaxapuabl, UX CTPYKTypa U
B3aMMOIIPEBPALIECHUS, OCHOBHBIE NPEJCTaBUTENU. MoOHOcaxapa, Kak cyOcTpaTbl Al CHHTE3a JPYrux
BemiecTB. Docdopublie 3¢hupsl caxapo3bl U HyKI€03UAIUPOChaATHl - AKTUBUPOBAHHBIE (HOPMBI YTIIEBOIOB.
B3aumornpeBpailieHuss MOHOCaxapuJ0B, 3MHUMEpH3alus, albJ0-KeTo- H3oMepuszanus, (ochomyTasHble
peakuuu. TpaHCKEeTONa3Hble M TpaHcalbAOda3Hble peakuuu. Onurocaxapuipl, UX COCTaB, CTPYKTYpa,
OCHOBHbIEe mnpezactaBurenu. Caxaposa; jJokanu3zanus ee cuHTe3a M ¢QyHkuuu. [lomucaxapuapl: cocras,
TUIBI CcBs3€l, BerBieHue. [lonmcaxapuipl 3amacHele U CTpyKTypHble. CTpyKTypa Kpaxmajla M €ro
nerpanauusa. O6pazoBaHue KpaxXMaJbHBIX 3€PEH B 3allacaroluX OpraHax.

2.2. JIunuasl.

OO6mue cBoicTBa JUNHUAOB, KiaccupuKalus, HOMEHKIaTypa. HacbllieHHble U HEHachILEHHbIE
KUpHBbIE KUCIOTHI: KJacCU(UKAIUs, CHHTE3, KaTaboau3M U ¢GyHKUMH. OCOOEHHOCTH CTPOEHUS
HEHACBILIICHHBIX JKUPHBIX KUCIOT pacTeHuil. Penkue xupHble KUCIOTHL. Tpurinuepuibl U ux QyHKIHH.
[Tonsgpuble aunuasl: ¢ocdo- M MIMKOIUOUABL, UX poidb B obmeHe. Ctepounsl. OcobeHHOCTH
pacTUTENbHBIX  CTEPOMIOB, (UTOCTEpUHBI. [TMKO3MIBI,  AIMITNIMKO3UABI, 3(UPBI  CTEPUHOB.
buonornueckue MmeMOpaHsbl, cienn(uka pa3TuIHbIX MEMOpPAH PACTUTEIBHOM KIETKH.

2.3. AMUHOKHCIIOTHI U OEJIKH.

CTpykTypa M HMOHHBIE CBOWCTBA aMHHOKHCIOT. IIpoTemHOreHHBle aMHUHOKHMCIOTBL. AMHHO-
COEIMHEHMS, CUHTE3UpyeMble MEPBHYHO W3 MHMHEPAIBHOIO a30Ta U CHHTE3 aMMHOKUCIOT. Peakuun
nepeamMuHUpoBaHus. KitoueBast poiib TITyTaMHUHOBOM KHCIIOTHI B MeTabon3Me aMUHOKUCIOT. CemelcTBa
aMUHOKHCIIOT, KOTOpbIE TMPOMCXOIAT W3 MHUpPYBarTa, OKcajoalleTraTa, 2-OKCOrjyTapara, IIMKuMaTa U
npoaykToB 1ukiaa KansBuna. @yHKIMM CBOOOIHBIX aMUHOKHCIOT M @MHHOKHCIIOT B COCTaBE OEJIKOBBIX
MoJieKyll. Peakuuu ae3aMHMHMpPOBAHHUS U JA€KapOOKCHIIMPOBAHMS aMHUHOKHUCIOT. AMHUHOKHUCIOTHI Kak
cyOCTpaThl CUHTE3a IPYTUX a30TCOoAepKalMX coeanHeHnit. HeOenkoBble aMUHOKUCIIOTHI PACTCHUH.

[lepBuuHas CTpyKTypa MOJIEKYJbl ojaunentuaa (nentuaHas cBsizb. C- u N- KOHell oJunenTuaa).
@ubpususipHble U TI00ynspHble Oenku. VMoHHBIe cBoiicTBa mosmnenTuaoB: pKa MOHOr€HHBIX TPYHI,
M302JIEKTpUYecKasi TOYKa. DJEMEHTbl BTOPUYHOW CTPYKTYpbl OEIKOB - O-CUpalb U P-CTPyKTypa.

2



Tperuunass u 4deTrBepTHUYHAs CTPyKTypa OenkoB. JucynbhuaHple U BOJOPOJAHBIE CBSI3M, HOHHBIE U
rupodoOHbIe B3aMMOACUCTBHS. PONb OTHENBbHBIX aMHUHOKHUCIOT B OOpa3oBaHHM M MOJAECpP)KaHUU
MIPOCTPAHCTBEHHOM CTPYKTYpPhI OCIKOBOW MOJIeKyJbl. benkoBbie kKoMruiekchl. [loHATHE CyOBETUHUITBI.
@OyHKIMOHANIbHAS KITaCCU(PUKAIHS OSITKOB.

2.4. HykneoTuasl U HyKJIE€MHOBBIE KUCIIOTHI.

IlypuHOBBIE M NUPUMUIUHOBBIE OCHOBaHUA. HyKileo3uabl MU HYKJIEOTHUIBL: CTPYKTypa, CHHTE3,
¢byukun.  Hykneosuanonudocdarel. Luxnuueckue HYKIEOTHObl U UX pojib. HykieoTuaHsie
KO(EPMEHTHI ¥ IEPEHOCYMKHU COSTMHEHHI, IX OCHOBHBIEC THIIBI U OMOJIOTMYECKOE 3HAUCHHE.

HyxknenHoBbIE KUCIIOTHI: NTEPBUYHAsL CTPYKTYpPa, HYKJIEOTUIHBIN cocTaB. BropuuHas u TpeTuuHas
ctpykrypa JJHK. Ctpykrypa PHK. Tunet PHK (nndopmanmnonnas, TpancnoptHas, pudocomanbHast).

2.5. BemecTBa crienaiu3upoOBaHHOTO 0OMEHa pacTeHUl (BTOPHYHBIC META0OTUTHI).

Oco0eHHOCTH COEIMHEHUH, KOTOPbIE OTHOCIT K BTOPHUYHBIM MeTabonuTamM. OCHOBHBIE KIIACCHI
BTOPUYHBIX META0OIUTOB: CTPOCHHE, KIACCU(PHUKAIMS U PaCIPOCTPAHEHHUE.

Ankanoudsi: MPOTOATKAIOUIBI, TCEBA0AIKAIONIbI, UCTUHHBIE ankaiouabl. OCHOBHBIE TPYIIIbI
VCTHUHHBIX AJIKAJIOUJOB.

Hzonpenouowt (Teprnienonabl). OCHOBHBIE TPYIIbI U30MPEHOUIOB (MOHO-, CECKBU-, IU- TPHU- U
TETPATEePIEHONbl, MOJIMMEPHBbIE H30NpPEeHOMAbI). KapoTMHOMABI: XUMHUYECKas MPHUPOAA U CTPOEHUE,
(bU3UKO-XMMHYECKHE CBOMCTBA.

@enonvHvle coeounenus. (OCHOBHBIE TPyl (EHOIBHBIX COEAUHEHHH ((EHOIOKUCIIOTHI,
(beHWInponaHouabl, CTWIBOEHBI, (JIaBOHOWIBI U  H30(DIABOHOWIBI, MOJUMEpPHBbIE (EHOJIbHBIC
COCMHCHHS ).

Munopnvie knaccel eémopuuHvlx memabonumos. HebenkoBble aMUHOKHUCIOTHI, [IMaHOTEHHBIE
TJIMKO3U/IBI, CEPOCOJIEpPXKAIINE TIIMKO3UJIbI (TIIIOKO3MHOJIATHI), PACTUTEIbHBIE aMHUHBI, HEOOBIYHBIC
TUnuAbl (GKUpPHBIE KUCIIOTHI, IUAHOTUIH/IbI), O€TaIUHbI, TOJUAIICTUIICHOBBIE TPOU3BOHBIC, ATKAMUJIbI,
tnodensl. OCHOBHBIC TIPEACTABUTENN BTOPUYHBIX COCTUHEHUN KaXKJIOTO KJlacca M MX PacHpOCTpaHEHUE
Cpelld pacTeHUH Pa3HbIX BUJIOB.

Ilymu 6uocunme3sa OCHOBHBIX KJIACCOB BTOPUYHBIX MeTa00auTOB. [IpeamecTBeHHUKN OMOCHHTE3a
BTOPUYHBIX METa0ONUTOB. TOUYKH «OTBETBIICHHS» BTOPUYHOTO MeTabonu3Ma OT MEPBUYHOTO.
Moaudukarmm BTOPUYHBIX MeTaboIUTOB (TIMKO3MIMPOBAHUE, TUAPOKCHIINPOBAHUE,
METOKCHJIMPOBAHUE, METHJIMPOBAHME). DH3MMOJIOTUS CHHTE3a BTOPHYHBIX MeTabonnToB. OCHOBHBIE
(dbepMeHTbl OMOCHHTE3a AlKAJIOUAOB, H3ONPEHOUJIOB, (DEHOJIBHBIX COEIUHEHHH, UX XapaKTepUCTHKA.
JyOonmupoBaHue TyTel CHHTe3a BTOPHYHBIX MeTa0oiauToB. HemeBarmoHaTHBII myTh CHHTE3a
M30IIPEHOUIOB, €T0 JIOKAJTU3ALMS U 3HAYCHUE.

2.7. ®epMeHTBI U MEXAaHU3MBI UX JACHCTBUS.

XapakTepucTuka (PEpMEHTOB KaK BbICOKOCHEIMAIN3UPOBAHHBIX OEJIKOBBIX KaTaJau3aTOpOB.
Anmudatnyeckas u  mpocreTmueckas dacth  (epmenrta. Kodakropel depmeHTHONW peakumu.
DHepreTuyeckas OCHOBA KaTajau3a: akTUBHBIN LEHTp GepmenTa. CrnenupuuHocTb AeiCTBUS (PepMEHTOB.
®depmeHTHas KuHeTHKa. PepMeHT-cyOCTpaTHbIN KOMILIEKC. Y paBHeHHe Muxasnuca-MeHTeH. Bennunnbl
Km u Vmax, ux Ouonorudeckuit cmbicia. Uurubupoanue gpepmenton. JleiictBue pH u temneparypsi Ha
CKOpOCTh (epMEeHTHOM peakuuu. KoHKypeHTHOe, HEKOHKYpEeHTHOE M HeoOpaTHMMoe HWHIHMOMpOBaHHE.
MexaHu3mbl peryisauuu  (QepMEeHTHOM aKTUBHOCTHU. Perynsuus mo NpUHLOMIY OOpaTHOM CBS3U:
aKTUBAlMUs U UHTHOMpoBaHUe. AJUlocTepruecKkas perysuusa. MHaykius u penpeccus cuHTesa. M303uMel
1 KoHpopMepbl. PerynupoBanue ¢ yyacTHeM NMPOTENHKHHA3.

3. PacTuTebHas KJIETKa

Oco0eHHOCTH CTPOEHHUSI, CTPYKTYpHasi U (PyHKIMOHAIbHAsI OpraHU3alysl PaCTUTEIbHON KIIETKH.
CumOuoreHHast runoTe3a BO3HUKHOBEHHUS PACTUTEIbHOMN KIIETKH.

Aopo. OcobeHHOCTHM OpraHM3alu siiepHOro reHoma pacteHuid. CTpykTypa TreHoma,
nomumopdusm pacturensHoit JIHK. KomuitHocts pasHeix renoB u yuyactkoB JIHK. Ocobennoctu
MeTunupoBanus pactutenbHol JIHK u ero BiusiHHE Ha SKCIPECCHIO SAEPHBIX IeHOB. MoOOWIIBHBIE
TEHETUYECKUE DIIEMEHTHI pacTeHUH (TpaHcno30Hbl). Perporpancno3ons! u JIHK-Tpancnosonst. Ac u Ds -
JJIEMEHTBHI.

Ilnacmuonas cucmema. Tunbl MIACTHI, OCOOEHHOCTH CTPOCHMS, OHTOreHEe3. ['€HOM macTui.
[TpokapuoTnyeckre 4YepThl U KOMHHUHOCTH TIACTUAHOTO TeHOMa. [IOJMIMCTPOHHBIN THN pEIUIMKAlUH

3



IJIACTUIHBIX TEeHOB. Mo3anyHas CTpyKTypa IacTUAHbBIX TeHOB. Co3peBanue mmiactuaHot PHK,
CIUTAHiCUHT M pelakTupoBaHue TpaHcKpuntoB. CtabunbHocTh utactuanoi PHK. benku, xomupyemsbie
MIacCTUAHBIM TeHoMoM. CuHTe3 Oenka B Tuiactupax W ero perymsnus cBeroM. PHK-mommmepassi
IUIaCTU], IUIacTUAHbIE pUOOCOMBI. [[BOifHOE KOaupoBaHUE (SIAEPHOE U IJIACTHJIHOE) OOJBUIMHCTBA
KOMITOHEHTOB (poTtocuHTeTHueckoro ammapata: ®C1, DCII, bet- xkommuekca, CCK, ATd-cunTassl,
mwiactugHon HAJIH-peruaporenassl, PyOucko. TpaHcnopT siiepHO-KOAMPYEMBIX OEIKOB B IUIACTHBI.
PasMHoOxeHne 1 HacieqoBaHuE MIIaCTHL.

Mumoxonopuu pacmernuti. OCOOEHHOCTH CTPOSHHUS MHUTOXOHIpHi pacteHuil. OcoOeHHOCTH
CTPYKTYpPhl ~MHUTOXOHJPHAIBHOIO TreHoma pacteHuid. IIpokapuornueckue d4epTel U pa3mep
MHUTOXOHJIPHAIBHOTO T€HOMa pacTeHui. Mo3anyHasi CTpyKTypa MUTOXOHIPHAJIbHBIX T€HOB, CIUIAWCHUHT U
pelaKTUPOBAaHHE TPAHCKPHUNTOB. benku, KoaupyeMble MHUTOXOHAPHAIBHBIM TeHOMOM. OcoOeHHOCTH
cUHTe3a OeiKa B MUTOXOHJIPHSX, pUOOCOMBbI MUTOXOHAPUH, TpaHCHOPT OenkoB u HekoTophix T-PHK u3
Aapa B MHTOXOHApHIO. J[BOiiHOe KOIMpOBaHHWE (AOEpHOE M IUIACTHIHOE) OOJBIIMHCTBA OEIKOB
neixarensbHoit OTLl: HAJIH-nmermaporenassl, CyKIMHAT-IACTHIPOTEHA3bl, bC-KOMILIEKCA, ITUTOXPOM-
okcuaasel, AT®-cunTassl.

[Iepenoc reneTnueckoro MaTepuaia Mexxay opraneniamu. CoBMecTHast paboTa TpeX TeHOMOB.

Membpannvie cucmemvr pacmumenvhou kiemku. Ilnazmanemma, toHoruiact, OIIP, ammapar
T"onpmxu.

OcoOeHHOCTH CTpOEHUsl IUIa3MalleMMbl. TpaHCIOPTHBIE CHCTEMBI ILIa3MaJ€eMMbl, NPOTOHHAS
SHEpreTHKa TPaHCIOPTHBIX cucteM, H -ATdaza P-tumna.

Oco0eHHOCTH CTPOEHUS TOHOIUIACTA. TpaHCIOPTHHIE CUCTEMBI TOHOILIACTA. H' -AT®a3a V-tuna,
nupodocdarasa.

Onjomnamarnyeckuil petukynyM (OP) pacturenvHoil kiertku. lllepoxoBarbiii u riagkuii OP.
Paznuunbie GyHKIMOHANBHBIE YYacTKH pacTuTenbHoro DIIP. CurnanpHbie MOCiIeI0BaTeIbHOCTU OENKOB,
tpancnoptupyemsix B DI1P. KDEL-nocnenoBatensHocts. @ynkumu II1P.

Amnmnapar [onpmxu (AI'). Ctpykrypa Al. TpancnopTHble BE3HKYIbI, TUKTHOCOMBI, My3BIPHKH.
JIBa OCHOBHBIX HallpaBJIEHUs TPAHCIOPTa - IUIa3MajeMma M BakyoJb. OCHOBHbBIE TPAaHCIIOPTHUPYEMBIE
BEILIECTBA.

Bakyone. JlnTnyecknii M 3amacarolMi THUIIBI BaKyoJIeH. BenkoBble MapKepbl THUIIOB BaKyOJICH.
CurHasnbHble MOCEI0BATENbHOCTH OEIKOB, TPAHCIIOPTUPYEMbIX B BaKyoJib. BO3HMKHOBEHHE BaKyoJeil
de novo. TpaHCHIOPT BEIIECTB B 3alacarolllie W JUTUYECKHE BaKyoJHu (CIUSHUE BE3UKYJ, aBTO(arus
Be3UKyi). CUTHaNbHbBIE MOCIEA0BAaTEIbHOCTH TpaHCIOpTa OENIKOB B BakyoJsib. DYHKIUM BaKyoJSPHOMN
CUCTEMBI KJIETKH.

Lumockenem pacmumenvnou xnemku. CTPyKTypa ULUTOCKedeTa. AKTUH M TYOyJIuH, HX
nosuMepuszanus u aenonuMepusanus, G-aktiH U F-aktuH. benku, accouuupoBaHHbIE ¢ IUTOCKEIETOM.
VYdacTre akTHHOBBIX (DUITAMEHTOB BO BHYTPUKJIETOUHBIX JABWKEHHUSX. YYacTUE IIUTOCKENETa B IBUOKEHUHU
U 3aKpEIUIEHUU OpraHesul. Poiab MTOCKENeTa B CUHTE3€ LIEUII0NI03bl. YUacTHe LUTOCKENETa B MPoIecce
JICJICHUS KIIETKH.

Knemounass cmenka (KC). YrneBoaHble KOMIIOHEHTHI KIJIETOYHOW cTeHkH. [lemronosa,
reMULEIITI0N03b], NeKTHHbI. Kamno3a. CTpyKTypHble O€NKM KJIETOYHOW CTEHKH: OelIKM, oOoralieHHbIe
ruapokcunponriom (HRGPs), nponunom (PRPs), rnunmnom (GRPs), apaOunoranaktaHoBble O€NKH
(AGPs). Oynakmonansubie 6enku KC: sxcriaHCHHBI, (PEPMEHTHI.

[lepBuuHas ¥ BTOpUYHAs KJIETOYHAsl CT€HKA. JIMTHUHBI, BOCKa, KyTUH, cyOepuH. [lma3zmomecMbl
(IL), ux crpoenue. KonnuecTBo Iu1a3MOJECM Ha pa3HbIX y4yacTKaxX KJIETOYHOW CTEHKM M B Pa3HBIX
TKaHsX. TpaHcmopT BemecTB MO IUIa3MoaecMaM. J[Ba Tuma CTpPOECHUS KJIETOYHOW CTEHKH Y
MOKPBITOCEMEHHBIX pacTeHuil. OOpa3oBaHUe KIETOYHON CTEHKH. buocuHTe3 MUKPOGUOPUILT LIEITIOI03bI
n ux camocbopka. Ponp ammapara ['onpmxu B OuocuHTe3e ameMeHTOB Marpukca. Dynkuun KC:
KapKacHasi, 3alllUTHas, TPAHCIIOPTHAsA, PEryJIsITOpHAsA, CUTHaNIbHas1. ONUrocaxapyuHsbl.

Onmocenes knemxu pacmenus. CTaluy OHTOTeHe3a: AeJIEHUE KIETKH, POCT KIETKH PaCTSKEHUEM,
muddepeHpoBKa, ctapeHre U cMepTh. Kierounsiit (Murornyeckuii) muxi. @assl mukna - Gl, S, G2,
M. 3amyck W peryaupoBaHH€ KJIETOYHOIO UHWKJA. [[MKIMHBL, HUKIMH-3aBUCHMBbIE HPOTEMHKHUHA3bI
(CDKs). Amomnro3 pacTUTENbHBIX KJIETOK - MporpamMMHas rubenb kineTku. CHUrHajgbl U MEXaHHU3MBbI
arornTo3a.



Knemxu pacmenuii in vitro. lequddepeHunanusi pacTUTETbHON KIETKH in vitro 1 GOpMUPOBAHKE
nonyssiuu  nponudepupyronmx kietok. CTpyKTypHble ¥ (DYHKIHOHAJIBHBIE OCOOCHHOCTH KIJIETOK
pacteHuil in vitro. ['eTepOreHHOCTh M ACMHXPOHHOCTh MOIYJISIUM KJIETOK PacTeHUH BHE OpraHU3Ma.
N3omupoBaHHbIE NPOTOIUIACTBI KJIETOK pAacTeHHUU. lMCronb3oBaHME KIETOK PAaCTEHHUM in Vilro Kak
MOJIETIbHOM CUCTEMBI B (PU3HOJIOTMUYECKUX UCCIIEIOBAHUIX U B OMOTEXHOJIOTUH.

4. Brno3HepreTuKka pacTUTEJbHOI0 OPraHU3Ma

Ipunyunsr mepmoounamuxy. 3aKOHBI XUMHUYECKOW TepMoauHaMuku. (CBOOOJHAs SHEPrus;
W3MEHEHUE CTaHJApTHON cBoOOmHOM 3Heprun (JG°). DHOeproHnyecKkne u dK3eProHUYCCKUE PEaKIUu.
XUMUYEeCKOe paBHOBECHE, XUMHUYECKHI TMOTeHIHMal. BplpaxeHne H3MEHEHUS CBOOOJHON HHEpPrUH
PEIOKC-peakuuy B €AMHULAX 3JIEKTPOXUMHUYECKOrO0 CTaHJAPTHOTO OKHMCIUTEIbHO-BOCCTAHOBUTEIBHOTO
MOTEHIIMAJIA.

IIpeobpazosanue suepeuu 6 kiemke. BHeIIHWE UCTOYHUKU SHEPrUM AN OpraHu3MoB. J[[Be
OCHOBHBIE (DOpPMBI 3amacaHusi SHEPrMM B KIETKE: AJIEKTPOXMMUYECKHI IMOTEHIMAl MPOTOHOB Ha
SHEPTrU30BaHHBIX MeMOpaHaX M MaKpOIPruyYecKhe CBs3W, B3aMMOINpEBpalleHHE ATHX (OPM IHEPrHH.
DHepreTuka MporeccoB cuHTe3a u ruaponuza ATO. Tpanchopmanuus SHEpruM Ha COIPSTAOMIMX
MeMOpaHax: 3JeKTPOXMMHUYECKUN MOTEHIHal - OBUXKymIas cuia (ochopunupoBanus. YHUKAIBHOCTD
SHEPreTUUECKUX MPOIECCOB PACTEHUM: (POTOCUHTES U JIbIXaHUE.

4.1. ®oTocuHTE3.

3nadyeHne (OTOCHHTE3a B TpaHC(HOPMAIIMK BEUIECTBA U DHEPTUU B Ipupoae. OU3UKO-XUMHUECKas
CYLIHOCTH Tpolecca (OTOCHHTE3a U €ro 3HaYCHHE B SHEPreTUYECKOM U TIIACTUYECKOM OOMEHE PacTeHHS.
Jlucr kak opran ¢dotocunreza. CTpyKTypHO-(YHKIHMOHAIbHAs OpraHu3alust (OTOCHHTETUYECKOTO
annapata. OCHOBHbIE [TOKA3aTEIN ME3OCTPYKTYPhI JTUCTA.

DJEeMEHTBl CTPYKTYPBl MOJIEKYINIBI XJOpO(QHMIIa, OTBETCTBEHHBIE 32 (DYHKIMIO MOTJIOIICHUS,
3amacaHus U MpeoOpa3oBaHus SHEPTUU B mporecce GoTocuHTe3a. MexaHU3M MOTJIOIEHUS U UCITYCKaHUS
CBETa MOJICKYJIO; CIIEKTPHI MOTJIOMEHHS. DIEKTPOHHO-BO30YKACHHBIE COCTOSIHUS XJIOPO(QHIUIOB, TYTH
ux ne3aktuBanuu. I[IpeoOpa3oBaHUs 3IEKTPOMATHUTHOW SHEPrUM B PEIOKC-DHEPIHI0; 0OpaTUMbIe
OKHCIIUTEIHHO-BOCCTAHOBUTEIIBHBIE MPEBPAIICHUS XJIOPO(UILIIOB.

Xmopodumn-6enkoBele  kKoMmiuiekebl  (XBK); MexaHu3mbl  00pa3oBaHUs, 3HAYCHHUE CBSI3U
nUrMeHToB ¢ 6enkom. Opuentanus nurmMeHToB B XbK. MexaHu3Mbl SHEPreTUUecKOro B3auMOICHCTBUS
IUTMEHTOB B KOMIUIEKCAaX (SKCUTOHHOE B3aMMOJICHCTBHE) M MEXAY KOMIUIEKCaMH (IepeXOHbIe
COCTOSIHHUSI).

Ponp kapoTuHOMIOB B (QoTocuHTe3e. AHTeHHas (QYHKIMSA, BO30YKICHHbIE COCTOSHHS
KapOTUHOHM/IOB, MEXaHU3Mbl MUTpALlMU SHEPruu Ha XJjopo@wa. MexaHM3M 3alllUTHOTO JEWCTBUS
KapoTUHOUA0B. DYHKIMM KapOTMHOMJIOB B PEAKIIMOHHOM LIEHTpe, creuupuka HUcC-KOH(OPMAIHH.
3HaueHue KCaHTO(PWILIOBBIX IIUKJIOB Y BBICIIMX PACTEHUH U BOAOpOCieHl; (OTONPOTEKTOpHAs (PYHKIUS
3€aKCaHTHHA U AUA30KCAHTHHA.

[lepBuunble mpouecchl  (OTOCHHTE3a, UX  CTPYKTYpHO-(QYHKLIMOHAJIbHAs  OpraHU3alusl.
[IpencraBnenne o (HOTOCHHTETHUECKON equHMIE. AHTEHHBI KOMIUIEKC, pPEaKLHMOHHBIM LEHTp.
MexaHu3Mbl MUTpAllUK 3HEpPruu B xjoporactax. CoBpeMeHHbIE MOJAETU CTPYKTYpHOH OpraHu3ainuu
PEaKIMOHHBIX [IEHTPOB OaKTepuil U BHICIIUX pAacTeHUH. MeXaHu3M MpeoOpa3oBaHus 3JIEKTPOMAarHUTHON
SHEPTUH B SHEPTHUIO Pa3/IeNIEHHBIX 3aps10B B (POTOXUMHUYECKHUX [IEHTPAX.

DJeKTpOH-TpaHCIOPTHAs 1enb (poTocuHTe3a. [IpecTaBieHuss 0 COBMECTHOM (PYHKIIMOHUPOBAHUH
nByx (orocuctem. Kommonentsr DTL 1 mocnenoBaTenbHOCTH MepeHOCa IEKTPOHA MO 1enu (Z-cxema).
[uknuyeckuii, HELUMKINYECKUN W IICEBAOLMKINYECKUN SJIEKTPOHHBIA TpaHcnopT. IIpocTpaHcTBeHHas
opranmzanus DTl B TunakounHoil MeMmOpaHe: ocHOBHbIE (pyHKIHMOHaANbHbIE KoMriekchl DT (DC-1,
@®C-2,), ux crpykrypa u pyakuu. Ctpoerue u Gpynkiun OC-2. Opranusanus B THIAKOUTHONH MeMOpaHe
u GyHKIHOHHUpOBaHUE peakiuoHHoro meHtpa @®C-2. Cucrema ¢oTonuza BOAl W 0Opa30BaHUS
kuciopoaa mpu ¢ortocunreze. Crpoenne u ¢ynkuun DC-1. OOpa3oBaHue TpaHCMEMOPAHHOTO
MPOTOHHOTO TPaJMeHTa B MPOIeCcce IEKTPOHHOTO TpaHcmopTa. CTpykTypa B YHKIHH ITUTOXPOM be/f
KoMmIuiekca, Q-muki. Perymsuus TOTOKOB 53JIEKTPOHOB mpu (oTocuHTe3e. DOTOCHHTETHUECKUI
KOHTposb. Jlokamuzanuss OTL[ KOMIUIEKCOB B TpaHaJbHBIX M CTPOMAJbHBIX MEMOpaHax THIIAKOUIOB.
CucteMbl peryisiiiyd HUKIMYECKOr0 M HELMKINYECKOro 3JEKTPOHHOro TpaHcmopTa. O6pazoBaHHe MpU



dboTocuHTe3e akTHBHBIX (opm kucmopona. Ilporeccel ¢dorouHrnbupoBanuss u GOTONECTPYKIUH;
3alUTHBIE MEXAHNU3MBI XJIOPOILJIACTOB.

®dotocunrernueckoe ¢ochopunupoBanue. OCHOBHBIE THIBI, MX (U3HOJIOTHYECKOE 3HAYEHUE,
MEXaHHU3MBI PEryasuuu. MexaHU3Mbl SHEPIreTUUECKOTO CONPSKEHUST TPAHCIIOPTA 3JIEKTPOHOB U CHHTE3a
ATO®. Comnpsrarwomue hakropsl potodochopunrpoBanus, ux GyHKIUH, CTPYKTYPa, MEXaHU3M JCHCTBHUS.
Mexanu3m paboTsl kKaTanutuyeckux 1eato CFL

Peryasmuss mOTOKOB  37ekTpoHOB Tpu  orocuntese. DOTOCHHTETHUECKHH  KOHTPOIIb.
Jlokanmzamust komruiekcoB OTLl B TpaHaibHBIX M CTpOMalbHBIX MeMOpaHax TuiakouzoB. Cucrema
peryiasiiud LHMKIMYECKOTO M HEUMKIMYECKOrO SJEKTPOHHOTO TpaHcnopra. KoHeuHble NOpOAYKTHI
CBETOBOM U TEMHOBOI1 (a3bl hoTOCHHTE3A.

XUMHU3M TIPOIECCOB ACCUMMWJIISIMK yriepoaa B (oTtocuHTese. lcmonp3oBaHHE NPOTYKTOB
CBETOBOM CTaguM JUIsl AaCCUMIIALIMU YTIIEKUCIOThl. PybOucko: comepkanue ¢epMeHTta, CTPYKTypa,
¢bynkuuu, perymsauus. Lukn KanbBuHa, OCHOBHBIE ()EPMEHTHI M MEXAHM3MBI PETYyJSIIHUU IUKIIA.
®doronpixanne. DOIl-kapOokcunaza, ee xapakrepuctuka W Jokamusanus. [lukn  Xoatua-Croka-
Kaprnunoa, ero ¢yHkiuoHansHOE 3HaueHue. OpraHum3anus TNpolecca acCHMUJISIMM B  KJIETKax
Me30¢huuia U OOKJIagKU: OCOOEHHOCTH CTPOCHHS XJIOPOIJIACTOB U peakiuil ¢ortocuHreza. OOMeH
COEIMHEHUSMHU MEXAY Me30(HIbHBIMU KJIETKaMu U KJIeTKaMu oOkiaaku. Xapakrtepuctuka rpynn C-4
pactenunii. ®orocuntes y CAM-pacTeHuii: 0COOEHHOCTH OpraHHU3aliK Mpollecca 3amacaHusi SHEPTUH U
(uKcayu yriieKuCIOThl BO BPEMEHH.

Tpancropt mnpoaykToB (oTocHHTE3a U3 XJIOPOIIacTa: YETHOYHBIE CHCTEMbl BBIHOCA.
MexaHU3MBbI, KOHTPOJIHUPYIONIHE 0OMEH METAa0OIUTaMH MEXIY XJIOPOIUIACTAMU M IUTOIIa3MaTHYECKON
¢azoit kietku. [IpeBpaiieHusi caxapoB B HUTOIIA3ME U IIUTO30J1€; 3allacCHble U TPAaHCHOPTHBIE (POPMBI
caxapoB. BkitoueHue yrieposia B aMUHOKHUCIIOTBHI.

AcCUMUIISIMS YIIIEKUCIOTH B ucte. JleiicTBue BHEMIHUX ()aKTOPOB (MHTEHCUBHOCTD U Ka4€CTBO
cBera, ¢oronepuon, konuerrpauus CO,, O, Temmeparypa u 1p.) Ha GoTocuHTe3. Pasnnune B KpUBBIX
3aBUCUMOCTH CKOpPOCTH accuMuWiisiiuu oT KoHueHTpauuu CO,; u OB raszosoil cpene y C-3 u C-4
pacrenuii. KsanTOBBIA BbIXOA ¢orocunTe3a. Tpancmopr CO, & Mecram (Qukcanuu, poJib
KapOoaHTHpa3bl. YCThUYHAs M KieTouHas mpoBoauMocTh ainsi CO, B 3aBUCUMOCTH OT BHEIIHUX
(haKTOpPOB M BO3pACTa JIUCTA.

4.2. JlpixaHue.

@epMEeHTHBIE CUCTEMBI JbIXaHUs. XapaKTEPUCTUKA OTAENIbHBIX TPYII JbIXaTeIbHBIX ()EPMEHTOB:
NUPUIMH3aBUCUMBIE JETHJIPOreHasbl, (hIaBMH3aBHCHMBIE JETHAPOreHasbl, OKcUAas3bl. [lepeHocumku
AJIEKTPOHOB: XUHOHBI, JKEJI€30CEPHbIE OETIKU, IIUTOXPOMBI, UX XMMHUECKOE CTPOCHHE U CBOMCTBA.

I'mukxonu3. OcHOBHBIE (hepMEHTHI CHHTE3a M THAPOIU3a caXxapo3bl U Kpaxmana. GepMeHTaTUBHbIC
peakuuu M SHEpPreTMdecKkuil OallaHC TIIMKOJM3a, KOMIIAPTMEHTAllMs Mpoliecca B KIETKaX pacTeHUH.
I'mukomm3 u  rmokoHeoreHed.  OcoOeHHocTH — rukonu3a y  pacteHui:  AT®d-3aBucumas
bochodpykToknHaza u nupodocdarzaBucumas ¢GocPodpyKTOKHHA3a - PETYISATOPHBIE (PEPMEHTHI
rinukonu3a. @pykro30-2,6 hocdar - perynsTopHas MoJjieKysia yIiIeBOJHOIO OOMEHa B PaCTEHMSIX.

OxucnutenbHblii neHTo3opocdarupiii 1uKI. DepMEHTATUBHBIE PEAKIMHU U PETyJsaius LUKIA.
KomnapTmeHTanus ukia B KJI€TKe U ero pojib B MeTaboJIu3Me pacTeHUH.

[TupyBaTaeruaporeHasHblii KOMIUIEKC: CTPYKTYpa U PETyJIsALus.

[ukn TpukapOOHOBBIX KHUCIOT. DepMEHTAaTHUBHBIE peakUUM W peryasuus mukna. Poib
MaJMKIH3UMa B peryisiuu paboThl IUKiIa. DHeprerudeckas 3ddexTuBHOCTh mporecca. OcodeHHOCTH
IIUKJIa TPUKAPOOHOBBIX KUCIOT B PACTCHUSX.

['muokcunatHpId HUKI. [ TMOKCUCOMBI M TJIMOKCUJIATHBIN [IAKI.

JlpIxarenbHasi 3JEKTPOHTPAHCHOPTHAS IIeTlb: OCHOBHBIE KOMIIOHEHTBI, CIIOCOOBI PErucTpaluu
penokc-cocrosiauit. Ctpykrypa u (ynkmun komruiekcoB OTIl nmerxanums: HAJIH-nermaporeHaszHbIi
komruieke. CyKuuHaTAeruaporeHasHelii komrmiekc. Lutoxpom b/c kommuekc. L{utoxpomokcuaa3HbIi
KOMIUIEKC. MexaHu3Mm o0pa3oBaHMsI TpPaHCMEMOpPAHHOTO TPOTOHHOTO TpaJHeHTa B IpoIecce
AJIEKTPOHHOTO TPAHCIIOPTA.

Ocob6ennoctu DTL] npixanus pacrenuid. AnprepHatuBable HAJIH-neruaporenass - mokamu3arus
B MeMOpaHax M (yHKIMH. AJbTEpHATHBHAS OKCHJA3a: CTPYKTypa, (PYHKUWHU, MPUHLMIIBI PEryJIsiiUH.
AJNbTepHATUBHBINA MyTh MEPEHOCA AIEKTPOHOB B JIbIXaTEIbHON LENH pacTeHUH U ero (usmogorunyeckoe
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3HaueHue. VHruOUTOpBl SJEKTPOHHOTO TPAHCHOpPTA W WHTHMOWTOPHBIM aHANU3 TpPH H3YYEHUU
JBIXaTEIbHON aKTUBHOCTU PAaCTUTENIBHBIX MUTOXOHIPUIL.

OxkucnurensHoe ¢ochopunupoBaHue. DHepruzanuss mMemMOpan npu (QyHkimonupopanuu DTI]
npixanus. ATd-cuntaza muroxonapuil. CTpykTypa, JIOKaau3alus, MPOCTPAHCTBEHHAs OpraHU3allMsl.
CoBpeMeHHbIE IPEICTaBICHUs O MexaHu3Me cuHTe3a ATO.

Perynsiuus 31eKTpOHHOIO TPAaHCHOPTA B IbIXATEIbHOW LENH. JpIxaTenbHblii KOHTPOJb. [loHsTHE
0 pazoOuuTensx. JHeprerudeckas 3QPexkTUBHOCTh AbixaHus. YenHouyHble cucTeMbl BbiHOca ATD u
TPAHCHIOPT METa0OIUTOB Yepe3 MEMOpPaHbl MUTOXOHIPHIA.

OYHKIMK JbIXaHUS Y pacTeHuil. HTepMenuaTsl OKHCIUTENBHBIX PEaKIMil Kak cyOocTpaThl AJs
CHUHTE€3a HOBBIX coequHeHui. [IpeBpaleHne OpraHM4ecKux KUCIOT B MUTOXOHApUsX. Ponp nbIxaHus B
CO3JIaHUH M TOAJEPKAHUN HIEKTPOXMMHUYECKOTO MOTEHIMAa Ha KIETOYHBIX MeMOpaHax (Tuia3mMajgeMma,
TOHOIIacT, MemOpaHa DOP). DJIeKTPOHTPAHCIOPTHHIE LENU IUIa3MaJleMMBbl, 3HJIOIUIa3MaTUYECKOTO
PETUKYIIyMa, MUKPOTENEl], UX CTPYKTypa U (PyHKIIHH.

[{uTonnazmaTuyeckue OKCUAA3bl (ackopOaTokcuaaza, ModueHOIOKCHAA3bl, KCAHTHHOKCHUIA3bI,
NEepOKCUa3bl, Karamaspl). WX nokanm3amms, (yHKUWH, BKJIAJ B 0OIIee MOIJIOIMIEHHE KHCIOpoaa
pacTUTENbHON TKaHbO. VI3MEHEHNs B MHTEHCUBHOCTH M MYTSX JbIXaHUS B OHTOI'€HE3€ U MpPHU JEUCTBUU
(aKkTOpOB CPEIIbI.

5. Bogooomen

KonuuectBo norpebisieMoll pacTeHUEM BOJbBI, COJAEPKaHUE BOJbI B KJIETKAX, TKAHIX U OpraHax.
MonekynsipHass CTpyKTypa U (¢uU3MYECKHME CBOMCTBa BOJbL. B3anmojeicTBue MOJIEKYT BOIBI H
ouononmumMepoB, ruaparanus. CocrossHMe BOABI B KJIeTKe. Bojga, Kak CTPYKTYpHBIH KOMITOHEHT
pPaCTUTETBHOM KIIETKHU, €€ y4acTue B OMOXHMMHUYECKHX PEaKIIHIX.

TepMoanHaMuyecKue MOKa3aTed COCTOSHUS BOJBI: AKTUBHOCTb BOJbI, XUMHUUYECKUNW U BOJHBIN
noteHuuan. CoCTaBIIONIME BOJHOIO MOTEHIMAIA KIETKH: OCMOTUYECKHM, MATPUYHBIM IOTEHIMA,
NOTeHUMan JaBieHus. [pagueHT BOJHOrO MOTEHLMAda Kak [ABWXKYINAs cujaa IOCTYIUICHUS H
nepeABuKeHUs: BoAbl. OCHOBHBIE 3aKOHOMEPHOCTH MOTJIOIIEHHS] BOJbI KJIETKOW: B3aMMOCBSI3b MEXIY
W3MEHEHUSIMU BOJHOTO IMOTEHIMajga KJIETKH, BOJHOTO MOTEHLHanda pacTBOpa M BOJHOIO IMOTEHLMaa
NaBJeHUsA. AKBamopuHbl (O€NKH BOJHBIX KaHAJIOB), UX CTPYKTypa, HMPUHLHUI pabOThl. AKBAaNOPUHBI
TUIa3MajeMMBbI U TOHOIIIACTA, UX POJIb B MOAIEPKAHUN BOJTHOTO OajaHca BOJIBI.

Tpancnopt Boasl 1o pacreHuto. KopeHb Kak OCHOBHOW OpraH IOIJIOLIEHWS BOABL. MexaHu3M
paauaIbHOrO TpaHCIOpTa BOAbI B KOpHe. Poib pusomepmbl M SHAOAEPMBI B O3TOM IIpOLECCE.
IToctynuienne Boawl B cocynbl Kcuiemsl. Kcnunema - OCHOBHAs TPAaHCIIOPTHAs MArucTpajib ABH)KECHHUS
BOJHOI'O TOKa B CUCTEME «I10YBa - pacTeHue - arMocepa». XapakTepUCTHKA «HIKHET0» U «BEPXHET0»
aBuraresuei BogHoro Toka. Kopuesoe naBienue.

Brinenenune Boael pacrenuem. I'yrranus, «wiad» pacTeHuid. TpaHcnupanus U €€ posib B KU3HU
pacrennil. KonnuecTBeHHbIE  MOKA3aTeNM  TPAHCHUPALMU:  HMHTEHCUBHOCTb, IPOAYKTHBHOCTD,
TPaHCIMPALMOHHBIN KOAQPUIMEHT. YCTbUYHAs W KYTUKYJspHas TpaHcnupauus. CTpoeHHe YCThUIl Y
JBYJOJbHBIX U OJHOJOJBHBIX PACTCHUN, MEXaHU3M YCTbUYHBIX JBMOKEeHUH. BiausHue BHemHuX hakropos
(cBer, Temmeparypa, BIaXKHOCTb BO3AyXa, IIOYBbI) HAa MHTEHCUBHOCTH TpaHcnupauuu. CyTodHbIe
Kosie0aHUs TpaHCIUpalUU. PeryiasTopHas posb yCThUIL B BOJO- U Fa3000MeHe.

Okonorust BogooOMeHa pacteHril. OcoOEHHOCTH BOJOOOMEHA y paCTEHUM pa3HbIX IKOJIOTUYECKUX
rpymi (kcepouToB, Me30pUTOB, TUTPOGUTOB, TATOPUTOB).

6. MuHepajibHOE MUTAHHE

[TorpeOHOCTh pacTeHUit B 3J€MeHTax MHHepajbHOro muraHus. CopepikaHue M COOTHOIIEHHE
MUHEPAJBbHBIX 3JIEMEHTOB B MOYBE U PACTEHUAX, KOHIIEHTPUPOBAHUE 3JIEMEHTOB B TKaHAX pPAaCTEHUS.
@OyHKIIMOHANbHAS KIaCCU(PHUKALHS 3JIEMEHTOB MUHEPAIbHOTO TUTAHUS.

Kopenp kak opraH MOTJIOUICHUS MUHEPAJIbHBIX 3JEMEHTOB, CIEeUU(DUUECKUX CHUHTE30B C HX
y4acTHEM U TpaHCHOpTa. POCT KOpHS Kak OCHOBA IOCTYIUIEHMSI JIEMEHTOB MUHEPAJIBHOIO MUTAHMUS.
3HayeHHWe 30H pOCcTa KOpHA B ATOM Tporecce. Cucrema B3aUMOJICUCTBUS «KOPEHb — MOYBa». Poib
MUKOPH3BI.

[Tornouienre MOHOB U UX NepeaBUXKeHHE B KopHe. KierouHas creHka Kak ¢a3a Ais JBUKCHUS
noHoB. [lonstue cBobonHoro npoctpanctsa (CII): BogHoe u goHHaHoBckoe CII, oleHKa UX pa3MepoB.
Mexanu3msl moctyrmieHns HoHOB B CII v 3HaueHue 3TOro 3rara MmorjaomeHus .



TpancnopT HOHOB uepe3 MeMOpaHbI; IBIKYIIHE CHUIIBI TIEpeHOCca HOHOB. [1acCUBHBIN M aKTHUBHBIN
TPaHCIIOPT UOHOB. Y paBHeHue HepHcra.

['pagvieHT SIEKTPOXMMHUYECKOTO TOTEHIMala HOHOB BOJOpPOJA - OJHEpreTHYeckas OCHOBa
aKTUBHOT'O IIEpEHOCAa MOHOB 4epe3 IiazMaiemMmy. Pasnnuus sHepreTMKu akTUBHOTO TPaHCIOPTa MOHOB
pacTuUTeNbHON W KUBOTHON KieTok. H-ATda3a miazmanemMmbl, €€ CTPyKTypa, QYHKIIMOHHPOBAHUE H
perynupoBanue. 14-3-3 Genku. Jlpyrue MOHHBIC HACOCHI, ACHCTBYIONIUE HA IJIa3MaieMMe. BTopudHbIIH
aKTUBHBII TpaHCHIOPT MOHOB. benku-nepeHocunku MOHOB (mopTepbl). KuneTnueckuii moaxoa u Teopus
MEPEHOCUYMKOB. YpaBHEHHS Muxasnnca-MeHTEH; HCHOJNb30BAHUE Vmax U Ky U1 XapaKTEpUCTUKHU
TPAHCIOPTHBIX cucTeM. LloHHbIe KaHanmpl pacTeHUM; oO0Ias XapakTEepUCTUKa UX CTPYKTYpHI,
(GYHKIIMOHUPOBAHUSI U PETYIISALUU.

OcCOOeHHOCTH TPAaHCHOPTHBIX cucTeM MeMmOpan Bakyonmu u  DJP. H-AT®aza V-tuma,
nupodocdoTasa.

Mopnenu mNOCTYIUIEHHS HMOHOB B KOPEHb, TPAHCIOPT MHUHEPAJIbHBIX BEUIECTB B KCHIIEMY.
AMNOIUIACTHBIN U CUMIUIACTHBIN myTh. Posb mmasmoaecm u OP. B3aumopaeicTBue u peryisiius CUCTEM
TpPaHCIOPTa MOHOB M3 CpeAbl B KOPEHb W 3arpy3ku Kcuiaembl. Cnenuduka paavanbHOTO TpaHCIOpPTa
MUHEPAIbHBIX 3JeMeHTOB. CHHTeTHYecKass PyHKIHS KOpHs. CBs3b MOCTYIUJICHHS U MPEBPAILLEHUS HOHOB
C mpolieccaMu AblXxaHusl. Perymsius nocTynjaeHus: HOHOB Ha YPOBHE 1I€JIOT0 pacTEHUSI.

6.1. Ponb Makpo3JIeMEHTOB.

Azom. OcoOEHHOCTH a30THOro oOMeHa pacteHuil. lcTouHuku azora s pacTeHHI.
Munepanpupie  (GOpMBI  a30Ta, HUCHOJB3yeMble pacTeHUsMU. DHUIUOIOTUYECKHE OCOOEHHOCTH
MIOCTYIUIEHUST U BKJIIOYEHHMs] B OOMEH aMMHA4YHOIO M HUTPATHOrO a30Ta. XapaKTEpUCTHUKAa CUCTEM
TpaHCIOPTa HUTpATa U aMMOHUs. BuoBas crienuurka ycBoeHUs pa3HbIX Gopm a3oTa

CumbnoTrueckas (pukcanus MOJEKYISIPHOTO a30Ta: MEXaHU3Mbl BOCCTAaHOBJICHHS, MCTOYHUKHU
SHEPTUU U BOCCTAHOBUTEH. XapaKTEPUCTUKA U (PyHKITMOHUPOBAHHE HUTPOTEHA3bI.

BoccranoBnenne HUTpaToB pacTeHUsMH. HUTpaT- W HUTPUTpEAyKTasza: CTpyKTypa (epMEHTOB,
JIOKAJIU3alMsl, PEryNslus aKTUBHOCTU U cuHTe3a. KOHCTUTYTMBHAs W HMHIAyUUOENbHAass HUTPOTEHa3a.
Dranbl BOCCTAaHOBJIEHUS OKHCIEHHOTO a30Ta U UX PETrYJISLUs B KIETKE in vivo.

AnbTepHATUBHBIE IMYTH YCBOCHHS aMMOHUWHOTO a30Ta; JOKANIM3aIMs peakiuil B KIETKE U
XapakTepucThka (epMeHTOB (TIyTaMaTAECTUApPOreHas3bl, TIJIIYTaAMUHCHUHTETa3bl, IJIyTaMaTCUHTAa3bl).
AccUMMIIAIMS a30Ta B XJIOPOILIACTE, CBsI3b C GOTOCHHTE30M. [IyTH yCBOEHMSI BOCCTAaHOBIEHHOIO a30Ta Y
0000BbIX. Ypeusbl.

3amacHble U TPAaHCHOPTHBIE (JOPMBI MHUHEPAIBLHOIO M OPraHMYECKOro a30Ta B 3aBUCHUMOCTHU OT
HCTOYHUKA a30THOro mnutaHus. HakomseHwe HuTpata B TKaHSIX M ero mynbl. KpyroBopor asora mo
PacTeHHIO, pEYTUIIN3ALUs a30Ta.

Cepa. [TloctynneHue cepbl B pacT€HUE, pEaKUUHW BOCCTAHOBJIEHMS W aCCUMUWIISILINY;
anenosuHpochocynbdar (ADC) dpochoanenozunpocdocynbdar (PADC). OCHOBHBIE COSAMHEHUS CEPBI
B KJIETKE, yJacTHE€ B OKHCIIMTEIbHO-BOCCTAHOBUTENbHBIX peakuusx. [nyratnon, THodeppenoKCcHH,
¢duToxenaTuHpl, X GYHKIUHU y pacTeHUil. OpraHudecknue CoeIMHEHHs OKUCIEHHOM Cephbl.

@Docghop. Dopmbl MUHEpaTBHOTO Gocdopa B TKaHIX, UX cofepkanue U GyHKuu. OcoOEHHOCTH
noctyrieHus ¢ocdopa u TpaHCopTa €ro coeuHeHu B pacteHMH. PopMbl MUHEpalIbHOTO (ochopa B
TKaHsX, ux ¢pyakuun. OcHoBHBIE ochopcoaepKale KOMIOHEHTHI KIETKH, UX POJIb. 3anacHbie (OpMbI
¢dochopa. Kommaprmentauus coenuHenuil docdopa. Ponb docdopa B perynupoBaHUM aKTUBHOCTH
(bepMeHTOB.

Kanuu. CopepxaHue W pacnpelelieHHE Kalaus B KIETKE, TKaHSAX M OpraHax pacTeHUus; €ro
IUPKYJISINS U PEYTHIN3AINS, XapaKTepHCTHKa cucTeM TpancropTa K™ ux dynkumm B pacternn. Pois K
B TOJ/IEP’)KaHUM MOTEHIMana Ha MeMOpanax. Kanuii u romeoctas BHyTPUKIETOYHON M TKaHEBOW Cpebl
(voHHBIM Oanmanc, pH, ocMoperynsuus, ruapaTanus U KoHpopmalus MakpoMmosekyin). Ponp kamnus B
perynsiuu GepMEeHTHBIX CUCTEM.

Kanvyuii. Hakoruienune, ¢hopMbl COETMHEHH, OCOOCHHOCTH TOCTYIUICHHS W TIEPEMEIICHUS Ca*"
no pacrenmio. Konmentparms u pacnpenenenne Ca * B crpykTypax kierkd. CuruambHas poms Ca’.
XapakTepucTHKa MeMOPaHHBIX crcTeM Tpancrmopra Ca’’, 0COGEHHOCTH WX Perylisoud W pOib B
dopmupoannn Ca” -curnana. CTpyKTypHas poITh KalbIHs B KIETOYHOI CTEHKE.



Maenuni. ConepkaHue U COSIUHEHUS MarHus B TKaHSIX pacTeHUM. 3armacHbie (GOpMBI Mg2+, ero
peyTuiau3anus M Iepepacupe/ieieHHe B PACTEHUHU. 3HAUYEHUE CBS3H Mg2+c aneHo3uHpocharamMu u
¢bochopunupoBanHeiMu  caxapamu. @DyHKUMM MarHus B (oTocuHTe3e. MarHuii Kak aKTHBaTOp
(bepMeHTHBIX cucTeM; poiib B cuHTe3e amuHoaumi-TPHK u B pyHKImonupoBanuu pudocom.

6.2. MUKPO3JIEMEHTHI.

CBoiicTBa TSDKEBIX METAJUIOB, ompezensiomme ux poib B OTL[ ¢orocuHTEe3a M ABIXaHUS H
IOPYTHUX PEIOKC- PEAKIUAX.

JKene3o: HOCTYmHOCTP B TIOYBE, BAJICHTHOCTh IMOTJIOMIAEMOW (OPMBI, POIb MHUKOPHU3BI.
OcoOeHHOCTH MOCTYIJIEHUS JKe€jle3a Yy JBYAOJBHBIX M OJHOMOJIBHBIX pacTeHuil. CoeluHEHus xKemesa;
pacrpeieieHue 1o KOMIIapTMEHTaM KJIETKH U B pacTeHHH. KoMIUIeKChI Jele3a B 6enKax pelokc-Lemnei u
apyrux hepMeHTax.

Meow: CopepxaHue W pacnpesieieHue B KIeTKe U TKaHAX. YdYacTHE B OKUCIUTEIbHO-
BOCCTAHOBUTEJIBHBIX IMPOLECCcax IbIXaHus U poTocuHTe3a. OYHKIIMH IUTO30JbHBIX OKCHAA3 (ackopOat-,
(heHOoI- U TMaMUHOKCH/Ia3).

Mapeaney: AxTUBUpYeMble UM (PEPMEHTHBIE CHUCTEMBI, €0 CHEeUU(UIHOCTH, KaK KO(aKTopa.
Pois Mn”" B ¢dbyakurnonupoBanun OC-2.

Monub60en: T1oTpeOHOCTD B DIIEMEHTE; €ro 3HAYCHHE JUIS MPOLECCOB YTHIIM3ALUU a30Ta CPEJbI.
MornTepuH 1 (yHKIMOHUPOBAHNE HUTPOI'€HA3bl U HUTPATPEAYKTa3bl.

Hunk: CTpyKTypHas pojib B MOAAEpKaHUH (PepMEHTHOW aKTUBHOCTH M IpH CHHTe3e Oenka. Zn-
conepkarire GpepMeHThI: KapoboaHruapasa, cynepokcugaucmyrasa (CO/).

Fop: xommapTmeHTanusi B KieTke; (OpMBI coenuHEHHMA. MeXaHW3MBbl y4acTHS B PEryISLUN
¢bu3noI0rNUecKux nporeccoB u Meradoiausma. CTpyKTypHast pojib B KIIETOYHON CTEHKE.

Hapymienust B Merabonm3Me pacTeHuid PH HEOCTATKE MUKPOIJIEMEHTOB.

DYHKIUY «TI0JIE3HBIX)» 3JIEMEHTOB: HATPUH, XJIOp, KPEMHHH, KOOAJIBT.

7. JaJIbHUI TPAHCHIOPT M KPYTOBOPOT BelleCTB B PACTEHUH

TpaHcinokanus BeIIECTB W3 JUCThEB B JAPYrHe OpraHbl: ()IOAMHbBIE CUTOBUIHBIC 3JIEMEHTBHI.
CocTaB TpaHCIOIUPYEMBIX BELIECTB (caxapa, aMUHOKHCIOTHI, TOPMOHBI, HEOPIraHUYECKUE UOHBI U JIp.).
Ilepensmxenue (oToaccUMUIATOB U3 Me3oduiuia K cocydaMm (osMbl IO amnoIuIacTy UM CHUMIUIACTY.
MexaHu3mBbl 3arpy3kd (oMbl W3 amoriacta W CUMIUIAacTa. Poilb CONMPOBOXKIAIOMIMX KIETOK. Thm
3arpy3kd  (UIOAMBI Yy PACTEHHM pa3iMYHBIX CHUCTEMAaTHUECKUX TpYyNI H €€ 3aBUCUMOCTh OT
KJIIMMAaTHYECKUX YCIOBUM. MexaHu3M NepenBUKEHUS BEHIeCTB 1Mo ¢uiooMe. Mojiens MOTOKa BOIBI MO
nasiieHueM. [1opbl CUTOBUIHOM IUIACTUHKH KaK OTKPBITbIE KaHaibl. CKOPOCTh MEpEABHKEHUS BEILECTB
1o (jo3Me; X BBIFPY3Ka U3 CUTOBHUJHBIX 3JEMEHTOB. Bocxonsduiuil TpaHCIIOPT BEIIECTB MO KCUJIEME.
CocTaB KCHMJIIEMHOrO 3KCynara. B3auMocCBsA3p TpaHCIOpTa BOJBI U PACTBOPEHHBIX BEIIECTB M0 KCUIIEME.
CkopocTtu TpaHcIopTa BOJIbI M OTAENBHBIX BellecTB. BzanmonelictBre (pi03MHBIX U KCUIIEMHBIX TOTOKOB
a30THCTBIX BELIECTB M HMOHOB. KpyroBopoT W peyTunusanus MHUHEPAIBHBIX BEIIECTB B PACTCHHM.
@OyHKIMOHANbHAS POJIb ATUX (PU3UOIOTMUECKUX MPOIIECCOB.

8. PocT u pa3BuTHE pacTeHHii

OmnpeneneHne MOHATHH «pocT» U «pa3BuUTHE» pacTeHui. IIpobiema pocta M pa3BUTHS Ha
OpPraHU3MEHHOM, OPraHHOM, KJIETOYHOM M MOJIEKYJIApHOM YypoBHsX. CyllecTBOBaHME OpraHM3Ma Kak
pa3BepThIBAHNE BO BPEMEHU I'€HETUUYECKOM MporpaMMbl; BO3JEMCTBHE BHEITHUX (DAKTOPOB.

Ob6ume 3akoHoMepHOCTH pocTa. ITokasarenu pocrta, S-o0pa3HbIil XapakTep KpUBOW pOCTa, €ro
¢a3bl. KOMIOHEHTHI «KJIaCCHUECKOro» aHallu3a pocTa U MaTeMaTH4YecKuil aHaln3 mpoiiecca. Tumsl pocra
y pactenuii. OpraHuzanusi MepucTeM KopHs u crebnsi. Poct u gesrenbHocTh MepucreM. Kierounsle
OCHOBBI pocrta. Poct pacrenuil um cpena. BnusHMe Temmeparypbl, CBeTa, BOJABI, I'a30BOTO COCTaBa
aTMoc(epsl, SJIEMEHTOB MUHEPAJIHHOTO IMUTAHUS Ha POCTOBBIE MPOLIECCHI.

Kv3HeHHbII 1MKI BbeICIIUMX pacTeHUd. OCHOBHBIE JTanbl OHTOreHe3a (dMOpPHUOHAIBHBIM,
IOBEHWJIbHBIN, PENpONYKTHBHBIM, 3peNoCTH, CTapeHHs), UX Mopdonoruyeckue, (QU3UOIOTMYECKHE U
MeTabonuueckue ocobeHHocTH. CoCTOsiHME IMOKOSl y pacTeHuil. Tumbl MOKOS M WX 3HAYeHUEe s
KHU3HEIESITEIbHOCTH PACTEHUH.

Mexanusmbl Mopdoreneza pacteHuid. IlomspHocTs. WHAYKIMS Te€HETHMYECKHUX MpPOrpamm,
Mop(OoreHeTHYeCKHe IPaJeHThl U OpUEHTALUs KIETOK B MPOCTpaHCTBE. LIenocTHOCTh U KOppeNsSTUBHOE
B3anMo/ieiicTBie opraHoB. Pereneparusi.



['opMoHalIbHAS pEryJIAIus POCTa U Pa3BUTHSI PACTECHUU.

Ayxcunel. buocuntes, o0pa3oBaHHe KOHBIOIATOB, JErpajanus ayKCMHOB. AKTHUBHBIH TPaHCHIOPT
ayKCUHOB B pacTeHusx. dusnonornyeckre OTBEThl HA ayKCHHBI: aTTparupyromuii 3¢ dexr, pactsbkeHue
KJIETOK H TpOmu3Mbl, Ju(p(depeHIupoBKa KIETOK TOJ JCWCTBUEM AayKCHHOB, alUKaJbHOE
JOMHUHUPOBAHME, aKTUBU3ALMS JEICHUNM KIETOK KamOusi, pu3oreHe3. AyKCHH Kak TOPMOH CTeOJIeBOro
areKca.

Lumoxununer.  buocunre3, oOpa3oBaHHe  KOHBIOIaTOB,  Jerpajanus  IUTOKUHUHOB.
dusnonoruyeckoe JeHCTBHE:  aTTparupyomuil  3QQexT, CTUMYIANUS  KICTOYHBIX  JICICHUH,
nuddepeHIIMpoBKa MO ACHCTBHEM HUTOKMHUHOB, CHITHE AMUKaIbHOIO JOMUHUPOBAaHUS C OOKOBBIX
novek. L[MTOKMHMH Kak TOPMOH KOPHEBOIO areKca.

B3aumoneiictBue aykCMHOB M UMTOKUHUHOB. lloHsiTHEe 00 aHTaroHu3sMe H CHHEpPrU3Me.
l'opmonanbHbiii O6anmanc B pacteHuu. KynbTypa in vitro xak Mofenb IJii W3Y4€HHUS TOPMOHAIBLHOTO
Oananca. Ilopnepanue TOpMOHAIBHOTO OajaHca 3a CUET pEreHepalul TOYEK CHUHTE3a ayKCHHOB H
IUTOKUHUHOB. bakTepuu, MCMONB3YIONME HapyIIeHHEe TOPMOHAIBHOTO OanaHca MEXIy ayKCMHAMU U
IUTOKUHUHAMU (Agrobacterium tumefaciens, A. rhizogenes).

Tubbepennunet. Iyt OnocuHTe3a M1 MHOTOOOpaszue rudoepenmuHoB. O0pa3oBaHUe KOHBIOTATOB U
nerpaganusa. Dusznonoruvyeckoe JehcTBUE THOOEPEIUTMHOB: pPACTSDKCHHE KIETOK W aKTUBU3AIUs
MHTEPKAISAPHBIX MEPUCTEM, 00pa3oBaHUE IIBETOHOCOB, MPEPHIBAHHE IMOKOS M CTUMYJSIUS POCTOBBIX
MIPOIIECCOB. DHAOTCHHBINA YPOBEHb TMOOCPEIIIMHOB U JUTHHA JHS. [ MOOEpeIUIMHBI KaK TOPMOHEBI JINCTHEB.
KapnukoBocTh, BbI3BaHHAsi HapyIICHUSIMH CHHTe3a ruOOepesimHoB. B3aumopeiictBue ¢ Ipyrumu
TOPMOHAMHU.

Abcyuzosas kucroma. Ilytu Ouocunresa ABK B pacTeHusx u B rpubax, ee MeTaboIu3M.
DU3MOIOTNYECKOE IEWCTBHE: OCTAHOBKA POCTA, MTOJATOTOBKA K COCTOSIHUIO NOKOSI. AKTUBHU3ALMs CUHTE3a
3anacHbIX BemecTB. ABK kak ropmon abuotudeckoro crpecca. CTparerusi OTBeTa Ha 3aCyXy, IOHUKCHHE
TeMieparypsl, 3acoseHue. Poib ABK B MHAYKUMHU 3alllUTHBIX MPOLECCOB (CHHTE3 OCMONPOTEKTOPOB,
MOJINAMUHOB, OEJIKOB-LIIAMMPOHUHOB; 3aKPbIBAaHHE YCTHUII, JUCTONAJ, BBI3BAHHBIM IEPUIIMTOM BOJIBI;
CO3pEBaHME CYXHX IUIOZOB M ceMsiH). B3zanmopeiicteue ABK u ru66epemmHoB B mpomeccax peryisiun
MTOKOSI.

Omunen. buocuHTe3 srTmineHa. Crnenmduka dTHIEHa Kak Ta3000pa3HOTO  TOPMOHA.
DU3NOJIOTUYECKOE JEUCTBHE: TPOMHOW OTBET MPOPOCTKOB HA JOTWIEH. OTWIEH Kak TOPMOH
MEXaHMYECKOTro M Ouormueckoro crpecca. CUTyaluu OMOMEXaHHMYECKOIO BO3JIEHCTBUS: MOBPEKICHHE
HACEKOMBIMH M KPYIMHBIMH TPaBOSAHBIMHU, (DUTOMATOreHHbIMH Tpubamu. CTpareruss OoTBeTa Ha
ouotudeckuii crpecc. Co3peBaHHE COYHBIX IJIOJIOB U JINCTOMAJ] B YMEPEHHBIX IIMPOTaX KaK MOArOTOBKA
K MEXaHM4YeCKOMy cTpeccy. Poib 3THJIeHa Kak «ropMOHa TpeBOTW» B OHMolleHo3ax. BzaumopeiicTBue
ATWJIEHA C ayKCHHAaMU U JAPYTUMHU TOpMOHaMu. MyTanuu, NoBpexaaroe OMOCHHTE3 ITHIIEHA UIIH €ro
peLEnLHtIO.

Pezynamopvr  pocma  pacmenuii. Bbpaccunocrepounsi: OMoCcHHTE3,  MHOTroOOpasme.
dusnonornyeckre 3pPeKThl: pacTsHKEHUEe KIETOK, posib B tuddepeHupoke Mezodpmia. XKacMoHoBas
kucnora. buocunTes u pusnonoruueckue 3ppexrel. MecTo xacMOHATOB B peryasiuuu oreeta. CXoacTBO
oTBeTOB Ha xacMoHaT W Ha ABK. Canununar u apyrue (eHonbHbIE coeMHEeHUs. Bo3MoxkHas ponb B
peryisiMM TepMOreHe3a, OTBETa Ha BHUPYCHYIO HMH(EKIHIo, IBETeHUU. B3aumopeiicTBue ¢ apyrumu
ropMoHamu. OnurocaxapyHsl.

@omopezynayuss y  pacmenuti.  OCHOBHbIe  mOpuHOHUNB  (doTopeuenuuu.  OTaudme
(oToperenTOpHBIX KOMIUIEKCOB OT 3Heprompeodpasyromux. @OU3HOIOTHYECKH BaXHbIE 00JacTH
CHEeKTpa: KpacHas U CUHsIsl. DUTOXPOM U KPUIITOXPOM.

®dutoxpomHas cucrema. CrieKTpanabHbIE CBOMCTBA MOJIEKYNbl. JTambl npeBpamienus Ph, - Phg:
M3MEHEHHUS B CTPYKType XpoModopa u anonporerHa. ['ensl, kogupytomnue ouocunres. dutoxpom A u B:
cxonctBa M omuuMs. DU3HONOTHYECKHE pPEeaKLUH, OIOCPEAOBaHHbIE (PUTOXPOMHON CHUCTEMOI:
CBET03aBUCUMOE TIpOpacTaHue, AeITHOIAIMA, cuHapoM n3oeranus TeHu. K/JIK-o6paTtumocts. dutoxpom
KaK «BXOJIHbIE BOPOTa» JIsl OTOMEPHOAUYECKOTO CUTHAIA.

CrtpykTypa KpUITOXpOoMOB. Vcronb3oBaHre MyTaHTOB AJIsl UCCIeI0BaHUS KpunToxpoma. OTBEThI
Ha CHHHH CBET: pa3rubaHue anmuKalbHON MeTeIbKU MPOPOCTKOB, (OTOTPOIU3MBI, YCTHUUHBIE TBUKEHUSI.

Cucremsl perynsuuu Gpu3noI0rH4eckux MpoILecCcoB.

10



Cemv nymeti nepedauu cucrania 8 Kiemxe. BocrnpusTue BO3JIEHCTBUNA W CUTHAIBHBIX MOJIEKYI.
PenenTopel CTMMYNnOB M TOPMOHOB, HX Jokanu3auusa. Ponp miasmanemmsl. Ilepenaua curnana.
B3aumogneincTsue penenTopoB ¢ IMOCPEIHHKAMM, IEPENAlIUMU CHUTHaJl. BTOpHWYHBIE NOCPEIHUKH
nepegaun cursama (docpomumaza C°°, qAM®, unosuron-3-pocdar u mp.). Ydactde KambLus B
nepenaye curanga. Pois KaibMOAyIMHA U Ca*"-CAM koMrwiekca B (hopMHUpPOBaHHK OTBETHOW PEAKITUU.
[IpoTenHkuHa3pl, 3HaueHHe peakuuu QochopunupoBanus/aeGocopuTupoBaHust B PErYISIIUN
akTUBHOCTH (pepmeHTOoB. Crienudurika nepegauu 1 GopMupoBaHUs OTBETA HAa ONPEAEICHHBIH CTUMYII.

@omonepuoousm. GeHoMmeHoN0THs (HOTONEPUOIU3MA: IBETEHUE U TPYIIBI (POTONEPHOAUYECKIX
pacTeHHi, peryisiuus JHUCTONana, oOpa3oBaHMs IOYEK, Mepexosja K COCTOSHHUIO MoKos. Bocnpustue
JUIMHBL JHS: 3QPEKT npepbIiBaHUs HOUU, (PUTOXPOM, BHYTPEHHHE Yachl. | OpMOHabHas TEOPHsl LIBETEHUS
YaiinaxsHa. V3MeHEHUsT TOPMOHAIBHOrO OanaHca, MNPHUBOIAIINME K (DU3MOIOTMYECKOMY OTBETY Ha
¢doronepuon. Perynsauus pa3BUTUS KIMMaTHUECKUMU (pakTOpaMu.

BuyrpenHue putmbl pa3zButus pacteHuil. I[lepmonudeckue sBiaeHHS B PUTMax OpraHOreHe3a U
pocta pacteHud. LlupkajaHbple pUTMbI, MeXaHM3M HUX oOpa3zoBaHusa. HacTpoiika IMpKaAHBIX PUTMOB
¢doronepuogom. Ilmactoxpon. KoppekTupoBka BHYTPEHHHX PHTMOB  DPa3BUTHS  BHEIIHUMH
KJIMMAaTH4eCKUMHU (hakTopaMH: 3aCyXod, MOHMKEHHUAMHU Temmeparypbl. ['nyOokuil (pusnonorunyeckuii)
IIOKOM M BBIHYXXJEHHBIM mNokoil. TemmepaTypa M pa3BUTHE pacTeHUW. SIBIeHUS cTpaTUQUKALUUA U
ApOBU3aLlMM KaK »JKOJIOrMueckas ajanTtanus. ['opMoHanbHas TEOpUS BEpHAIM3alUU PACTEHUU.
[IpepriBanue riayOOKOro MOKOsI MOHMKEHHBIMU TEMIIEPATYpPaMU: MPOPACTAHUE CEMSH, BBIXOJ MOYEK U3
COCTOSIHUS TOKOS, IIBETCHHUE.

OMOpuoHanpHOE pa3BuTHE. Pa3BuTHe 3apoipllia y JBYJOJIBHBIX pAcTEHU B HOpME.
Hcnonbp30BaHne MYTaHTOB Ul M3Y4YEHHsS MEXAHM3MOB pa3BUTHUA 3apojplila MyTaluu Hapyliaronue
pa3BUTHE KOPHEBOTO M CTEOJIEBOTO ameKkca, CYCHEeH30pa, HEKOTOPBIX CIIOEB TKaHEH B 3apo/bliIax.
Comaruueckuil sMOpuoreHes, (akTopsl, BIUSIOIIME Ha MHIYKLUIO, oOpa3oBaHue U (GOpMHUpOBaHUE
3apoJbILIEH in Vitro.

[Tpopactanue cemsH. ['opMoHanbHBIA OasaHC npu mpopacTaHuu cemsH. OTHolIeHue
ABK/ru66epenmunsl. Myranmu cunre3a ABK u orBera. CBsi3b TOPMOHAIBHOTO CTaTyca CEMEHH C
OMOCHHTE30M JPYTUX BELIECTB.

Perymsauus  BereratmBHOro  pocra  pacreHuil. Poct kopHa. Pomb  ¢HUTOropMOHOB.
JuddepeHurpoBka KOpHEBBIX BOIOCKOB. Cepus MYTAaHTOB C HapyIIEHUSIMHM WHHULIMALMK U 3JOHTallUU
KOPHEBBIX BOJIOCKOB, (POPMBI BOJIOCKOB. MyTanuy, HapyIlaolyue rpaBUTPOIN3M.

Poct moOeroBoii cuctembl. YcTaHOBiIeHHE (GWIIOTaKCUCAa IPH MpPOpacTaHUM ceMeHH. Poib
¢uToropmMoHoB. MyTtanuu apadbuoncruca ¢ U3MEHEHHbIM pa3BUTHEM BEreTaTUBHOTO arekca. Poct nucra.
Poinb GUTOropMOHOB B 3aKiIajike M pa3BUTHH JHcTa. CBsA3b Pa3BUTHUSA JIUCTA U MEPUCTEMBI ITOOera.

Perymsiuust reHepaTMBHOTO pas3BuTusA pacTeHM. MHaykuus um s3Bokanusa 1nBereHus. PazBurtue
coueTuil. PaHHee reHepaTMBHOE pa3BUTHE, IO3JHEE TIE€HEPATHBHOE PAa3BUTHE, PAa3BUTHE LIBETKOB.
HopmanbHoe pa3Butue nsetka. Mojaens «BoiiHbl nosunuii» (ABC). I'enetnueckue pynkuuu A, B u C.
CewmeiicTBa reHoB, coaepxkamux MADS-nomeH.

[IposiBnenuss mona y pacrenuil. CaMoHecOBMeCTUMOCTh. ['eTrepomopdHas u romomopdHas
caMOHecoBMeCTUMOCTh. CIOpO(UTHBIN U raMeTO(UTHBI KOHTPOJIb CAMOHECOBMECTUMOCTHU. Perynsius
nona. JKu3HeHHbIe NUKIIBI PACTEHUM. Y CJIOBUS MUHEPAJIBHOIO IIUTaHUs, BO3PACT, TOPMOHAIBHBIN CTATYC
Kak (axkTopbl, BIMAOLME Ha Moi pacTeHUH. IToroBble XpomMocoMbl. MyKCKHE U KEHCKHE LBETKU Yy
OJIHOJIOMHBIX PaCTEHHIA.

9. YcToiuuBOCTh pacTeHNi K He0JAronpuATHLIM (paKTOpaM

Ctpecc u amanTanus - o0Omas XapakTepucTuka siBaeHud. HeOmarompusitHeie (QakTOpsI
OouoTnueckod M abuoTuyeckod mnpuponabl. OTBETHBIE peaKUUU pacTeHUH Ha JeiCTBHE CTPECCOpOB.
Cnenunduyeckue u Hecrenudpuieckue peakiuu. [Ipupoma necnenumpuuecknx peaxiuid. CTpeccoBbie
0eKu 1 uX QyHKIHH.

Boouwiii degpuyum. Knaccuduxaruss pacTeHudl Mo UX ycTOMUMBOCTH K 3acyxe. Kcepodursl.
CriocoOHOCTh pacTeHMH MOJAECP)KUBATh BOJIHBIA TOK B CHUCTEME: IOYBa - pacTeHHe - aTMocdepa B
ycnoBusx 3acyxu. dakTopsl, oOecreynBarove ABMKEHNE BOJbI U3 MOYBBI B paCTeHHUE U B aTMOcdepy y
kcepopuToB. OCMOTHYECKHN W THIPOCTATUYECKUH MOTEHIMANbl Yy Pa3HBIX IO 3aCyXOyCTOMYMBOCTH
pacteHuii. Perynsius ocMOTHMYECKOro MOTEHIMajda JaBJIEHUS C MOMOIIbI0 OCMOJHUTOB. XHMHUYECKas
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npupoja U OMOCHHTE3 OCMOJIMTOB. IIpoTekTopHas (PyHKIMS OCMOJMTOB. 3aliuTa O€JIKOB B YCIOBMAX
JeTUApaTaluy MUTOIIa3Mbl. [IponuH U MoMMoJbl Kak BakHEHIIne mpoTeKTopbl OenkoB. [lonmmamMuHbI -
IPOTEKTOPHI HYKJIEMHOBBIX KUCJIOT. beTanHbl W UX 3amuTHble QyHKUMU. benku, cuHTesupyoomuecs B
ycinoBusix aerunpatanuu. Ux 3amurtHas ponb. C4 1 CAM-Tunsl MeTaboin3Ma Kak CUCTEMbl SKOHOMHH
BJIaTU y 3aCYyXOYCTOMYMBBIX PACTEHUM.

Bvicokue komyenmpayuu coneti. THUIBI TOYBEHHOTO 3acOJCHHA. [ anmopuTbl U TIMKO(UTHL
[ToBpexnaronee necTBUe cojieid. AganTauus pacCTEeHUM K OCMOTHYECKOMY M TOKCHYECKOMY JEHCTBUIO
coieir. CmocoObl mojzepkaHHe OBOAHEHHOCTH. OCMOpPETYISATOpPHAs M NPOTEKTOpHAs (QYHKUIUHU
ocmosuToB. IIpotektopusie Oenku (IIB), cuHTe3upyromuecs B pacTeHHUAX IpPU COJEBOM CTpecce.
Wunykius Ouocunte3a [Ib BbicokMMHU KOHLEHTpanusMu cojeid. DyHKIUM MPOTEKTOPHBIX OEIKOB.
CucreMpl HMOHHOTO TI'OMEOCTATUPOBaHMs KiIE€TOK. KommapTMeHTalusi MOHOB, poJib Bakyosd. Poib
Ta3ManeMMbl ¥ TOHOTIACTA B TIOIEP/KAHNM HU3KHX KOHIEHTparuii Na® B IUTOMIa3Me TIpH 3aCOJICHHUH.
Na'-TpaHCIopTHPYIOIINE CUCTEMBI U MX cBoiicTBa. JanbHuil TpancnopT Na' (ypoBeHb LIENOro pacTeHus).
Crparerus u30exaHHus HAKOIUIEHUS MOHOB B aKTHMBHO METaOOJM3UPYIOIIMX TKAaHSAX M TI'€HEpaTUBHBIX
opraHax B YCJIOBHSX 3aCOJICHUS.

IKkcmpemanvhvie memnepamypvli. PacTeHMs Kak SK30TEpMHBIE OpraHuM3Mbl. TemmeparypHbIC
aJlanTalliy, CBSA3aHHBIE C M3MEHEHHEM COJepXKaHWUi (EpMEHTOB B KJIETKaX W HX H30(EPMEHTHOTO
cocTaBa. Ajanranuu, odecneunBaromye noctTosHcTBo KM mpu temnepatypHbix caBurax. CTpyKTypHbIE
MIEPECTPOUKH KJIETOYHBIX MEMOpaH MpU TEeMIEpaTypHBIX ajanTauusx. Pojib M3MEHEHHsS XUMHUYECKOIO
COCTaBa JKUPHBIX KHUCIOT W COOTHOIICHHS HACBHILEHHBIX M HEHACBHIIEHHBIX JKUPHBIX KHCIOT B
oOecriedeHn HEeoOXOIUMOW TOIBM)KHOCTU JIMITUJAHOTO OHCIIOST MeMOpaHbl TpU  TEMIIEPaTypHBIX
ananTauusax. M3mMeHeHne BA3KOCTH JIMIIUIOB M PErysslius aKTHUBHOCTHU JIOKAJM30BaHHBIX B MeMOpaHax
dbepmenToB. Ponb u QpyHKIUS necarypa3 B M3MEHEHUH MHICKCA HEHACBHIIIEHHOCTH YKUPHBIX KHUCIOT TPU
TEMIIEPATYPHBIX aJanTalusX.

TonepaHTHOCTH pacTeHH K 3amopakuBanuio. [IpenoTBpanienue o6pa3oBaHus JibJa B KIeTKax: 1)
nyTeM MX 00€3BOXKMBaHMS B XojA€ (OPMHUPOBAHUS KPUCTAIOB JIbJa B MEXKKJIETHUKAX; 2) IyTeM
OuocuHTe3a OHOJOTHMYECKHX aHTU(QPHU30B. XUMHUYECKas MPUPOAa OHOJOTHYECKUX AaHTU(PU30B.
MounekynspHble MEXaHU3MbI UX AeUCTBUs. HU3KOMONEKYyIIpHBIE KPUONIPOTEKTOPHI. 3aKajlKa PacTCHUM.
N3meHenus, MpoUCXOAsIIME B PACTUTEIBHOM OpPraHU3ME B XOJE 3aKAJIKU. MeXaHW3MBbl IOBBILICHUS
MOPO30YCTOMYHUBOCTH IIPU 3aKAJIKE.

Axmusupogannvlii Kuciopod. AxTuBHbIE (hopmbl Kuciopona (APK): cynepokcuaHblii paguka,
THJIPOKCUII-PAIUKAII, CUHIJICTHBIM KHUCIOpoa. MexaHnu3Mel ux oOpazoBaHus. Bkian GpoTocuHTeTHUECKOM
u abixarenabHoi OTL B reHepanuio cynepokCuIHOro paaukana. Poiib BEICOKONH MHTEHCUBHOCTH CBETA B
nepeBoccraHoBiaeHHocTH DTL xyopomnacToB 1 00pa30BaHUM CYNEPOKCUAHBIX paaukaioB. I'eHeparus
A®K npu crpeccax. Tokcnueckoe aeiicteue ADK; cTuMyianms NepeKnCHOrO0 OKACIECHUS JTUITUOB.

Mexanu3mbl 3amuThl pacteHuil ot u30biTka ADK. ITytu npenorspamenus obpazoBanus ADK B
KJIETKaX pacTeHHH. AHTHOKCHJIAHTHBIE CHUCTEMbI KJIETKH: acKopOaT-TJyTaTHOHOBBIN LIMKI, TOKO(EpOI.
AHTHOKCUAHTHBIE (bepMeHTaTUBHBIE CHUCTEMBI. CemelicTBO CYIEPOKCUAIUCMYTA3.
AckopOaTnepokcuasa, KCaHTOPWIIbHBIN ITUKI U Ap.

Anokcus u eunokcus. PacTeHus, ycTOMYMBBIE K HEAOCTaTKy Kuciaopoja. Poip rimkonusa B
aJlanTaluy pacTEHUHN K HEJ0CTATKy KUCIOpoaa. AHATOMUYECKHE OCOOCHHOCTH PACTEHHM, YCTONYMBBIX K
aHOKCUU U THIIOKCUM - CTpaTerust u30exanus aHaspobro3a. Poib ropMOHOB B afanTtauy K aHaspoOno3y.
OTBeTHass peakuus pacTEHWH HAa pe3KOe CHWXKEHUE COAEpKaHMs KHUciIopoja B cpene. benkw,
oOpasyromuecss B paCTeHUSAX B XOJ€ aJanTalud K HEAOCTaTKy Kuciopoaa. VX ¢yHKUIMOHAIbHAS POJIb.
[TonbITKM MOJTy4EHUsI yCTONUMBBIX K HEIOCTATKY KHCI0poaa (OpM pacTeHUH.

Toxcuunocmv msadicenvix Memannoé i1 PACTEHUM HUX HAKOIUICHWE B TKaHAX. MeXaHHM3MBbI
3aIUThl: KOMIIAPTMEHTALIUS U HAKOTIJIEHUE TsDKETbIX MeTalliioB B Bakyousix 1 KC, Ponb ¢putoxenatuHos.
BunocnennuyHOCT, B 4YYBCTBUTENBHOCTH U YCTOMUMBOCTU pacTeHUl K M30BITKY M HEIOCTaTKy
TSDKEIIBIX METaJUIOB B cpene. duropeMenuanus.

Qumoummynumem. OUTOUMMYHOJIOTHS KaK COCTaBHas 4acTh oOmieil umMmyHosioruu. OyHKIUN
uMmmyHutera. Ummynurer. JIByx¢a3HOCTh OTBETa pacTEeHUI Ha BHEIpPEHHUE MMAaTOreHa: paclio3HaBaHUE
[IaTOTeHa U 3alllUTHAsl peakuus. DIUCUTOPbI, Posb NEKTHHOB B pacrio3HaBaHWM. PenenTop - nuraHaHbIin
THIl B3aWMOJEHCTBHSI PACTEHUA-XO3dMHA M IaroreHa. Posb onMrocaxaprHOB B OTBETHOW pEaKIMHU
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pacTeHus Ha BHeApeHue narorena. Hekporpods! 1 OMOTpodbl - HU3KO- U BBICOKOCTIEIIMATU3UPOBAHHbBIE
MaToreHbl. JIeTepMUHAHTBI YCTOWYMBOCTH pPACTEHUWH K TATOreHaM: aHTUOMOTHYECKHE BEIIeCTBa
(buToasieKCUHBI), MEXaHWYECKHE Oaphepbl, ayKCOTpOHs, PEaKIUs CBEPXUYBCTBHUTEIBHOCTH U Jp.
JleTepMUHAHTBI ~ TATOTCHHOCTH  MHKPOOPTaHW3MOB:  (paKTOpPBI,  CIOCOOCTBYIOIIME  KOHTAKTY
MUKpPOOPTraHW3Ma M PacTEHUs, CYIIPECCOPHI 3aIUTHON peaKlMi U TOKCUHBI; ()aKTOPbI, 00eCIeynBaIOIIIe
MIPOHUKHOBEHHUE TIATOTCHA W €r0 NMUTAHNE BHYTPU pPacTeHUsS; (PaKTOPhI, 00ECIICUUBAIOIINE MTPEOJOICHUE
3alUTHON PEeaKIMi PACTCHHUS.

Tun u creneHb COBMECTHMOCTH B CHCTeMe: OoiibHOe pacTteHue. [eHermueckas mpupoaa
YCTOMYMBOCTH pAacTeHUM K maToreHam BepTukanabHas M TOpU3OHTaIbHAsA ycTOoM4YMBOCTU. Teopus diopa
«reH-Ha-ren». CompsbKeHHas SBOJIONUS pacTeHUs XO03siMHAa W mnartoreHa. [IpuobpereHue BuAOBON U
COpPTOBOH CHELMATN3ALNUN NATOT€HOM (MHAYKTOPHO-CYIIPECCOPHAsl MOJIEb Xecca).

Posib BTOpMYHBIX METa0OJIUTOB B BEPTUKAIBHON U TOPU3OHTAILHON YCTOWYMBOCTH. JIoKanu3aus
CUHTE3a ¥ HAKOIUICHUS BTOPUYHBIX META0OJIIMTOB Ha YPOBHE KIIETKH, TKaHU, OpraHa, [EJIOr0 PacTCHHUS.
CoctaB M XapakTepUCTHKa CMOJ, CIM3€H, KaMmenu, JjaTekca. BHemHsAs Ccekpenuss BTOPHYHBIX
MeTtabonuToB. CrienManu3upoBaHHBIE OpraHbl cekperuu. CocTaB M XapaKTEpPHUCTUKA dPHUPHBIX MacCell.
XapakTepucTUKa JIOKaIU3alMi CUHTE3a M HAKOIJICHUS OCHOBHBIX TPYII BTOPHUYHBIX METa0OJIUTOB.
3amuTHBIC (YHKIIMH BTOPUYHBIX coequHeHWH. @DuToanekcuHbl. JloKazaTenbcTBa IKOJIOTHUYECKUX
(GyHKIIUI BTOPUYHBIX COSTUHEHUH.

10. BzanmopeiicTBue (pM3MO0I0THYECKUX MPOLECCOB, UX HHTErPALIUA U COTJIACOBAHHOE
(yHKUMOHUPOBAHME OPIraHOB

JIOHOPHO-aKIIENTOPHBIC B3aMMOJACHCTBHSI KaK OCHOBa JHJIOTCHHON peryssiuu (OTOCHHTE3a B
CHUCTEME PACTUTENBHOIO OpraHrM3Ma. MeXaHu3M SHAOTCHHON PEeryisiud B CHCTEME PACTEHUS: MOTOKU
yIJIepojia, HUCIOJIb3yeMbI€ Ha CHUHTE3 PA3JIMUHBIX COCIWHEHMA WU WX PpaCIpeAesiCHHE IO TKaHSIM H
opranam. Teopusi ¢doTocuHTeTHUYEeCKOW MNPOAyKTHUBHOCTU. I[lyTu moBbimeHus dhdexTuBHOCTH
WCIIOIB30BAaHUSI  COJIHEUHOM »sHepruu Tipu  (porocunTeze. JlOHOpPHO-aKIENTOPHBIE OTHOIICHMS,
peyTUIHM3alUsl U KPYroBOPOT MHMHEPAIbHBIX 3JEMEHTOB B pacTeHHU. PacmpeneneHue BElIECTB I1O
opraHaMm ¥ KOMIIApTMEHTAIlMS TMPOIECCOB M COCAUHEHHWH B KIETKE M TKaHAX KaK CHCTeMa
MPOCTPAHCTBEHHON W BPEMEHHOW OpraHu3anuy OMOXUMHUYECKHX H (DPU3MOJIOTHUYECKUX IPOLECCOB U
CII0CO0 PETYJISINH UX COTJIACOBAHHOTO B3aHMMOJICHCTBYS M MHTETPAIUH.

CucTembl peryssiiuy U X Uepapxusi B PACTCHHH.

Perynsitiust pacnpeneneHuss pocta W BEIIECTB, a TakKKe B3aWMOJCHCTBUS OPraHOB B IIEJIOM
pacTeHumu.

Cuctembl perynanuu: Tpouyeckas, TOpMOHalbHas U dJekTpodusnonorndeckas. [lonstue
«3ampocy» M MpeJroiaraeMble MEXaHU3Mbl ITepeiaun CUrHajia. JJOHOpHO-aKIeNTOPHbIE OTHOIICHHUS.

Perynsiiust mpoiieccoB Ha KJIETOYHOM ypoBHE. MeTaOoNUTHAS PEryssius U MEXaHu3M KOHTPOJIS
MPOTEKaHUs MpoIlecca Mo MPUHIUIY OTPULIATETHHON (ITOJIOKHUTENBHOM) CBSI3U KOHEYHBIMU MPOTYKTaMHU.
AJIEHUJIaTHBINA KOHTPOJIb.

KomnapTMmeHTaIusi mporeccoB M BEUIECTB KaK CIOCOO OpPraHW3allud PEeryisiuu MPOIECCOB B
MPOCTPAHCTBE U BPEMEHH.

BzaumopeiictBue npixaHus u (porocuHTe’a: oOMeH mpoaykTtamMu u cydctpatamu. OcoOeHHOCTH
JIBIXATENILHOTO Mpoliecca B (POTOCUHTE3UPYIOIIEH KIIETKE.
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