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COJAEPKAHUE ITPOI'PAMMBbI

Beenenue

B ocHOBy Hacrosmiell nporpaMmbl IOJOXEHBl CIEAYIOIIUE pas3fieibl: OCHOBHBIE
KOMITOHEHTHI PACTUTENBHOIO OpraHM3Ma M ux (QYHKIMH; pacTUTENbHasl KJeTKa; OMOdHEepreTuka
pactuTensHOro opranusma ((poTOCHHTE3, JbIXaHKE); BOAOOOMEH; MUHEPAIIbHOE TUTAHUE; JaTbHUHA
TPAHCIOPT M KPYrOBOPOT BEIIECTB B PACTEHUH; POCT U Pa3BUTHE PACTCHHI; YCTOWYUBOCTD
pacTeHuil K HeOJIarompusATHBIM (pakTOpaM; B3aMMOJACHCTBHE (PHU3HOIOTMYECKHX MPOIECCOB, HUX
MHTETpaIys U COrJacoBaHHOE (PYHKIIMOHUPOBAHHUE OPTaHOB.

[Tporpamma pa3paboTaHa 3KCHEPTHHIM COBETOM BEICHICH aTTeCTAallMOHHON KOMHUCCHH TIO
OMOJIOrMYEeCKUM HayKaM.

1. O0mue Bonpocskl

OOBekThl OMOXMMHM | (U3HOJOTHHM PpACTEHUUW - dyKapuoTHdeckue (oToTpodHbIe
OpraHu3Mbl. YHUKAaJbHbIE OCOOCHHOCTH PACTUTEIBHOTO OpraHm3Ma: (OTo- U aBTOTPO(PHOCTS.
ABTOTPOGHOCTH B OTHOILIEHUU YCBOCHHSI MUHEPAIbHBIX 35eMeHTOB. Crnenndrka oOMeHa 3eeHbIX
pacTeHHil MO CpaBHEHHMIO C JpYrMMH opraHuzMamu. KocMuueckass poib 3€lI€HOr0 pacTeHHS.
3nauenue GoToaBTOTPO(POB B CO3MAHUM U MOAJIEPKaHUU Ta30BOI0 COCTaBa aTMoc(ephl, BOAHOTO,
ITIOYBEHHOT'0 M KJIMMAaTUYECKOI0 PEKKMMa Ha IJIaHETe.

Opranmzanys U KoOpAMHALMS (DYHKIIMOHAIBHBIX CHCTEM 3€JeHOro pacteHus. Dusuko-
XUMHYECKHM, SKOJIOTMYECKHUI U 3BOJIOLIMOHHBINA aCIIEKTHI.

MeTog00THYeCKUe OCHOBBI HCCIENOBaHMI B OMOXMMHU U (DU3HOJOTHH pPACTEHUH.
Crnenuduueckue METOapl OMOXMMUU M (PHU3HONOTUN pacTeHHid. CoueTaHue pazIMYHBIX YPOBHEH
uccienoBanus (CyOKIETOYHBIN, KIETOYHbIN, OPraHU3MEHHBINH, OUOIICHOTUYECKHI) B OMOXUMUU U
(bU3MONIOTHH PaCTEHHM.

®uznonorus U OMOXMMHUS PACTEHUN - TEOpeTHYecKass OCHOBA PACTEHHEBOJICTBA M HOBBIX
oTpacieil OMOTeXHOJIOTHH.

2. OcHOBHbIE KOMIIOHEHTbI PACTUTEILHOI0 OPraHU3Ma U UX QYHKIUH

2.1. YrneBogsl.

OcoOeHnHocTH cocTaBa M MeTaboJM3Ma YIJIeBOJOB pacTeHHil. MoHocaxapuabl, HUX
CTPYKTypa U B3aUMOIIPEBpAICHUsI, OCHOBHBIE MpeAcTaBUTeNU. MoOHOcaxapa, Kak cyocTparsl JUIst
cuHTe3a Jpyrux BemiectB. PochopHble >Pupsl caxapo3sl H  HykiIeosugaudocdarsr -
aKTUBHUpOBaHHbIE (OpPMBI YIIIEBOAOB. BzanMomnpeBpalieHusi MOHOCaxapuIoB, 3MHUMEpPU3ALNs,
albJI0-KeTO- M3oMepu3aius, ¢hocPoMyTazHble peaklnu. TpaHCKETOJa3HbIE M TpPaHCAIbI0JIa3HbIE
peakuuu. Omnurocaxapuiipl, MX COCTaB, CTPYKTypa, OCHOBHbIE TmpeacraButenu. Caxaposa;
nmokanu3anus ee cuHTe3a W (QyHkuuu. [lommcaxapuipl: coOCTaB, THUIIBI CBSA3€H, BETBJICHHE.
[Tonucaxapuasl 3anacHbie U CTpyKTypHBIe. CTpYKTypa Kpaxmania u ero aerpaaanus. OOpazoBaHue
KpaxMallbHBIX 3€pPEeH B 3aMacarolluX OpraHax.

2.2, Jlunuasl.

OOmue cBoiicTBa JUNUAOB, KiIacCcH(HUKAIUs, HOMEHKIaTypa. HaceleHHsle U
HEHACBHIIIEHHBIE O KUPHBIE KHCIOTH: KiIaccH(UKamus, CHUHTE3, Kara0oiam3M U  (QyHKIUH.
Oco0eHHOCTH CTPOEHUS] HEHACHIIIEHHBIX XUPHBIX KHUCIOT pacTeHuid. Peakue >KMpHBIE KHCIOTHI.
Tpurmmnepuabl u ux Gyakmun. [onsprble UmuabL: HOcho- U TIUKOIUIUILI, UX POJIh B OOMEHE.
Crepounsl. OCOOEHHOCTH PAaCTUTEIBHBIX CTEPOUAOB, PUTOCTEPUHBI. [ TUKO3UIBI, ALIUITIUKO3UIBI,
s¢upsl crepuHOB. buonoruueckue mMemOpaHbl, crenu(puKa pa3InyHBIX MeMOpaH pacTUTENbHON
KIICTKHU.

2.3. AMUHOKHCIIOTHI U O€JIKH.

CTpyKTypa ¥ MOHHBIE CBOMCTBa aMHHOKHCIOT. [IpoTenHOreHHbIE aMUHOKHUCIOTHI. AMHHO-
COEIMHEHUS], CAHTE3UpYEMbI€ IEPBUYHO U3 MUHEPAIHHOIO a30Ta U CUHTE3 aMUHOKHUCIIOT. Peakuun
nepeamuHupoBanus. KitoueBass pojb TIyTaMUHOBOM KHCIOTBI B METa0OIM3ME aMUHOKHUCIIOT.
CemelicTBa aMMHOKHCIIOT, KOTOpbIE NMPOUCXOAAT M3 MHUpyBaTa, OKcajloalerara, 2-oKcoriyrapara,
[IMKAMaTa U MpoaykToB nukia KanpBuHa. yHKIMKU CBOOOIHBIX aMUHOKUCIOT U aMUHOKHCIIOT B
cocraBe OENKOBBIX MOJIeKY/d. Peakiuu ne3aMUHUPOBAaHUS U JeKapOOKCUIMPOBAHUS aMUHOKHCIIOT.



AMUHOKHCIIOTBI KakK cyOCTpaThl CHHTE3a IPYTrUX a30Tcolepkamux coeauHeHuil. HeOenkoBble
AMHUHOKHUCIIOTBI pACTECHUH.

[lepBuuHas CTpyKTypa MoJeKysibl nonunentuia (mentuaHas cBszb. C- u N- KoHen
nonunentuaa). Gudpuwsipusle U rnoOymspHble 6enku. MoHHbIe cBoiicTBa monunenTtuaoB: pKa
MOHOTEHHBIX TPYII, M303JIEKTPHUECKAsT TOYKA. DJIEMEHThl BTOPHUYHOU CTPYKTYphl OCIKOB - O-
cnupaib U P-cTpykrypa. TperuuHas u dYeTBepTUYHas CTpyKTypa OenkoB. [lucynbhuaHsie u
BOJIOPOJIHBIE CBSI3M, MOHHBIE U TUAPOGOOHBIE B3auMOJEHCTBUSA. PONb OTAECTBHBIX AMUHOKHCIIOT B
o0pa3oBaHUM M TOAJIEPKAaHUU MPOCTPAHCTBEHHOM CTPYKTYpbl OENKOBOM MoJeKynbl. benkoBbie
KomIuiekcsl. [lonsitie cyobpenuunnbl. @yHKIMOHATbHAS Kiaccu(huKaus OeIKoB.

2.4. HykneoTuasl U HyKJIE€MHOBBIE KUCIOTHI.

[TypuHOBBIE M NHUPUMHUAMHOBBIE OCHOBaHMs. Hykieo3uabl W HYKIEOTUABL: CTPYKTYpa,
cunte3, Gynkuuu. Hyxneosuanomudocdarel. Lluknauueckue HYKICOTHABI U UX  POJb.
Hykneoruanpie kohepMeHTHI U IEPEHOCUUKH COSAMHEHUI, UX OCHOBHBIC THIIBI U OMOJIOTHYECKOE
3HaYEHHUE.

HyxienHoOBBIE KHMCIIOTBI: NEPBUYHAS CTPYKTYpa, HYKJICOTHUIHBIM cocraB. BropuyHas u
tpetnunas crpykrypa JHK. Crpykrypa PHK. Tunet PHK (undopmanmonnasi, TpancmopTHas,
pubocomainpHasi).

2.5. BemiecTBa cienuanau3upoBaHHOTO 0OMeHa pacTeHul (BTOPUYHBIE METa0OIUTHI).

OCOOCHHOCTH COEIMHEHHI, KOTOpPBIE OTHOCAT K BTOpHYHBIM MeTabomutam. OCHOBHBIE
KJIACChl BTOPUYHBIX METa0OJIUTOB: CTPOCHHUE, KIaccu(UKaIys U pacpoCTpaHeHUE.

Ankanoudvl: TPOTOANKAIOWABI, IICEBIOANKAIONbl, HCTHUHHbBIE ajKajgouapl. OCHOBHbIE
IPYIIIbI ICTUHHBIX aJIKAJIOUI0B.

H3zonpenouowt (Teprienonibl). OCHOBHBIE TPYIIBI U30TIPEHOUIO0B (MOHO-, CECKBH-, IU- TPHU-
U TeTpaTeprneHOU b, MOJIMUMEpPHBbIE HW30MpeHOHbl). KapoTHHOMABI: XUMHYECKas Wpupoja H
cTpoeHue, (PU3UKO-XUMHUECKUE CBOICTBA.

@Denonvuvie coeounenuss. OCHOBHbIE TPYNIbl (PEHOIBHBIX COCTUHEHUH ((PEHOTOKUCIOTHI,
(beHMTPONaHON b, CTHIBOCHBI, (IAaBOHOUABI M H30()IABOHOWIBI, TOJHUMEPHBIE (HEHOJIBHBIC
COCTMHCHHUS ).

Munopnvie knaccvl smopuunvlx memaboaumos. HeGenkoBble aMUHOKHUCIIOTHI, ITHAaHOTCHHBIE
TJIMKO3U/IbI, CEpOCcoJIeprKalliue TITMKO3UAbI (TIFOKO3MHONATHI), PACTUTEIbHbIE aMUHbI, HEOObIUHBIE
TUOUABL  (OKUPHBIE KHUCJIOTHI, I[MAHOJIMMMJIbI), O€TaJuHbl, MOJUALETUICHOBBIE NPOU3BOAHBIC,
ankaMuzpl, THO(eHbl. OCHOBHBIE MPEACTABUTEIN BTOPHUHBIX COEAMHEHUH KaXI0ro Kjacca U UX
pacIpoCcTpaHEHHE CPEAM PACTEHUN Pa3HBIX BUIOB.

Ilymu Ouocunme3a OCHOBHBIX KJIACCOB BTOPUYHBIX MeTabonuToB. [IpeninecTBeHHUKU
OMOCHMHTE3a2 BTOPUYHBIX METAa00IUTOB. TOYKM «OTBETBJIEHMS» BTOPUYHOTO MeTaboiIM3Ma OT
nepBUYHOro. Moupukanuy BTOPUYHBIX META00IUTOB (ITIMKO3WINPOBAaHUE, THIPOKCHINPOBAHHE,
METOKCWJIMPOBaHHME, METUJIMPOBAHUE). OH3UMOJOIHS CHHTE3a BTOPUYHBIX METaOOJUTOB.
OcHOBHbIE (pepMEHTHl OMOCHHTE3a AJKAIOMIOB, H30NPEHOUOB, (EHONIBHBIX COEAMHEHHH, HX
xapakTepucTuka. JlyoaupoBaHue myTei CHHTe3a BTOPUYHBIX METa00IuTOB. HeMeBaioHATHBIN TTyTh
CHUHTE3a U30IPEHONUIOB, €r0 JOKAJIN3ALNs U 3HAUCHHE.

2.7. ®epMeHTHI U MEXaHU3MBI UX JICUCTBUSI.

XapaktepucTuka (epMEHTOB KaK BBHICOKOCIIEUAIN3UPOBAHHBIX OCIKOBBIX KaTalU3aTOPOB.
Anudarnueckas u TmpocteThueckas yactu ¢epmeHTta. KodakTtopsl GdepMeHTHOH peakiuu.
DHepreTuyeckas OCHOBA KaTalu3a: akTUBHBIM LeHTp ¢(epmenta. CrneunuyHOCTh JecTBUSA
¢depmentoB. depmeHTHas KuHeTuKa. DepMeHT-cyOCTpaTHbIN KOMIUIEKC. Y paBHeHHe Muxasnuca-
Menten. Bemnuumnast KM um Vmax, ux Ouonormueckuid cmbici. HHruOupoBaHue QepMeHTOB.
HeiicteBue pH wu TemmepaTypsl Ha CKOpOcTh (epMeHTHOM peakiuuu. KoHKypeHTHoe,
HEKOHKYPEHTHOE€ M HeoOpaTMMoe MHruOupoBaHHe. MexaHM3MBbl peryasinuu  (pepMeHTHOH
aKTUBHOCTH. Perynsuuss o nOpUHLUIY OOpaTHOM CBSI3M: aKTUBALUs W WHIHOMpOBaHUE.
Annocrepuyeckas perymsauus. WMHnykuus u penpeccus cuHTe3a. M303uUMBI M KOH(OPMEpHI.
PerynupoBanue ¢ ygactrneM NpOTEMHKNHA3.



3. PactutenbHas KieTKa

Oco0OeHHOCTH CTpOEHHs, CTPYKTypHas M (yHKUHMOHAJIbHAs OpraHU3alUs PacTUTEIbHOU
kieTki. CUMOHMOTeHHas TUTIIOTEe3a BOSHUKHOBEHHS PACTUTEIBHON KIETKH.

Aopo. OcoOeHHOCTH OpraHu3alldy sJIepHOro reHoma pacTeHuil. CTpyKTypa reHoma,
nonumopdusm pacturenbHoit JJHK. Kommiinocts pasubix reHoB u ydactkoB JJHK. Ocobennoctu
MetunupoBanus pacturenbHol JJHK u ero BnusiHue Ha skcmpeccuio siiepHbIX TeHOB. MoOUIbHbIE
TEHETUYECKUE AJIEMEHTBI pacTeHuil (TpaHcno30Hbl). Perporpancnosonsl u JJHK-Tpancnozonst. Ac
u Ds - anemMeHTsl.

Ilnacmuonasa cucmema. Tunel TUIaCTU, OCOOEHHOCTH CTPOEHUS, OHTOreHe3. ['eHoM
mnactud. [Ipokapuotuyeckne 4yepTsl U KOMUHUHOCTD IUIACTUIHOIO reHoma. llomuuucTponHslil THI
peIUIMKalMM IUIACTUAHBIX TIeHOB. Mo3auuyHas CTpyKTypa IacTUIHBIX reHoB. Co3peBaHue
mnactuaHo PHK, crimaiicunr u penaktupoBanue TpaHckpunToB. CtabuinbHOCTH Tutactuanoi PHK.
benku, konupyemble IacTUAHBIM TeHoMOM. CuHTe3 OeJKa B TIACTHAaX U €T0 PEryJslus CBETOM.
PHK-nmonmmmepassl macTuj, IUIACTUAHBIE pUOOCOMBI. J[BOWHOE KOAMpPOBaHHWE (SAIEPHOEC H
IUTACTU/IHOE) OONBIIMHCTBA KOMIIOHEHTOB (oTocuHTeTnueckoro ammaparta: ®CIl, OCII, bef-
komiuiekca, CCK, AT®-cunraszsl, mnactuanoit HAJIH-nerunporenassi, PyOucko. Tpancmopt
SJIEPHO-KOAUPYEMBIX OEJIKOB B IJIaCTU/Ibl. Pa3MHOXKEHME U HAclleJ0BaHUE IJIACTHI.

Mumoxonopuu pacmenuii. OCOOEHHOCTH CTPOCHHUSI MUTOXOHApHUI pacTeHUi. OcoOEHHOCTH
CTPYKTYpbl MHUTOXOHJIPHAJIBHOIO TreHoMa pacTteHuid. [IpokapuoTuyeckue dYepThl U pazMep
MUTOXOHJIPHAIIBHOTO T€HOMa pacTeHuil. Mo3anuHas CTPYyKTypa MHUTOXOHJIPUAIbHBIX TI'€HOB,
CIUTAiCUHT ¥ PEelaKTUPOBAHUE TPAHCKPUITOB. besku, KoaupyeMble MUTOXOHIPUATIbHBIM T€HOMOM.
OcoOeHHocTH cuHTE3a Oellka B MHUTOXOHIPUSIX, pUOOCOMBI MUTOXOHAPHUH, TPAHCHOPT OETKOB U
Hekotopsix T-PHK w3 simpa B Mutoxonmputo. J[BoliHOE KoaupoBaHUE (SIEpHOE U IUIACTHIHOE)
OonpiuHcTBa 6enkoB AbixarensHoit DTL: HA/IH-neruaporenasbl, cyKiuHaT-1erHApOreHaspl, be-
KOMIUIEKCa, IUTOXPOM-0Kcuaa3bl, AT®D-cuHTa3bI.

[lepenoc renerudeckoro Marepuana Mexnay opraHemnamu. CoBmecTHas paboTa Tpex
T€HOMOB.

Membpannvie cucmemst pacmumenvrou kiemxu. Ilnazmanemma, Tonomtacr, II1P, anmapar
[Nonbmxu.

OCOOEHHOCTH  CTPOEHHUS IJa3MalleMMbl. TpaHCHOPTHBIE CHUCTEMbI  IUIa3MaJeMMBI,
TIPOTOHHAS YHEPTeTHKA TPAHCIIOPTHBIX crucTeM, H -AT®aza P-tuma.

OcobGeHHOCTH CTpoeHHs ToHomIacTa. TpaHcOpTHBIE cucTeMbl ToHOMIacTa. H' -AT®aza V-
Tumna, nupodocdarasa.

OuporiazmMatuuyeckuil petukyinym (OP) pactutenbHoit kieTku. LllepoxoBaTslii U riagkuit
OP.  Paznuunble  QyHKIMOHAaJIbHBIE  y4yacTku  pacturenbHoro  OIIP.  CurnanbHble
nocjeoBaTenbHOCTH OenkoB, TpancnoptupyeMbix B OI1P. KDEL-nocnenoBarensHocTh. DyHKIMN
OIIP.

Annapatr Tompmxu (AD). Crpykrypa AI. TpaHcropTHblE BE3UKYJbl, JAUKTHOCOMBI,
My3bIpbKU. JlBa OCHOBHBIX HANpaBi€HMs] TpPaHCIOPTAa - IUIa3MajlieMMa U Bakyojb. OCHOBHBIE
TPaHCIIOPTUPYEMBIE BEILIECTBA.

Bakyone. JlnTnueckwii W 3amacarOllMi TUIIBI BakyoJed. DbenkoBble MapKepbl THIIOB
Bakyosjeid. CHrHaJbHBIE TOCIIEIOBAaTEIILHOCTH  OCJIKOB, TPAHCHOPTHPYEMBIX B  BaKyoOJb.
BoznukHOBeHUE Bakyoseil de novo. TpaHcopT BelIecTB B 3alacarouiye W JIMTUYECKHE BaKyoIld
(cnustHue Be3uKyd, aBTodarus Be3ukyn). CUrHaJIbHBIE OCIEA0BAaTEIbHOCTH TPAHCIOPTA OEIKOB B
BaKyoJlb. OYHKIIMH BaKyOJISIPHOM CUCTEMBI KJIETKH.

Lumockenem pacmumenvrou kiemxu. CTpPyKTypa LUTOCKeNeTa. AKTHH U TYOYJIHMH, UX
nonuMepuzaus U aenonumepusanus, G-aktuH u  F-aktuH. bBenku, accouuupoBaHHBIE C
IIUTOCKEIETOM. Y4YacTHe aKTUHOBBIX ()MIAMEHTOB BO BHYTPUKJIIETOYHBIX JABIKEHHSX. YdacTue
LIATOCKEJIETa B JBMKEHUN W 3aKPEIUICHHHM OpraHeul. Poip muTockeneTa B CHHTE3€ LEIUTFOJIO3BL.
VYyactue qUTOCKeNneTa B IpoLecce ACIEHUS KIETKH.

Knemounas cmenxa (KC). YrieBoaHble KOMIOHEHTHI KJIETOYHOM CTeHKH. Llemtronosa,
TeMULEIUTION03bl, TNeKTUHb. Kamnoza. CTpykTypHble O€NKH KJIETOYHOM CTEHKH: Oenkw,
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oboramennple  rugpokcunporuHom (HRGPs), mnpomunom (PRPs), raumuaom (GRPs),
apabunoramaktaHoBsie O0ernku (AGPs). ®ynkiuonansubsie 6enku KC: axcriancunbl, GepMEHTHI.

[lepBuuynass W BTOpUYHAs KIETOYHAs CTEeHKA. JIUTHUHBI, BOCKA, KYTHH, CyOepHH.
[Tnazmonecmer (ITM1), ux crtpoenue. KonmnuecTBo miazMoecM Ha pa3HBIX YydyacTKaxX KIETOYHOMH
CTEHKM W B pasHbIX TKaHsAX. TpaHCHOPT BeWIeCTB IO IU1azMojecMaM. JlBa Tuma CTpOeHUs
KJIETOYHOM CTEHKH Y MOKPBITOCEMEHHBIX pacTeHuil. OOpa3oBaHue KJIETOUHOU CTeHKH. buocunTes
MUKPOGUOPHILT HEIUTIONIO3BI B MX camocOopka. Ponb anmapata ["onbaku B OMOCHHTE3€ IIEMEHTOB
marpukca. @ynkuun KC: kapkacHasi, 3allMTHAasl, TPAHCIOPTHAas, PErylsATOpHAas, CUTHAJIbHAs.
OnurocaxapuHsl.

Onmocenez knemku pacmenus. CTalud OHTOTIE€HE3a: JEJICHUE KIETKH, POCT KIETKU
pactspkeHueM, audQepeHIupoBKa, crapeHne U cMepTh. KieTounsnii (MUTOTHYECKUH) UK. Da3bl
mukiaa - Gl, S, G2, M. 3anyck W peryjidpoBaHHE KJIETOYHOro IukKiaa. [[MKIMHBI, UKIMH-
3aBucuMble npoTenHknHa3bl (CDKS). AmnonTo3 pacTUTENbHBIX KIETOK - HMpOTrpaMMHasi THOenb
KJIeTKU. CUTHAJIBI U1 MEXaHU3MBbI allONTO3a.

Knemxu pacmenuii in vitro. JenuddepeHuunanus pacTUTEIbHOW KICTKH in Vitro W
dbopMupOBaHHE TMONYISIUU TPOIHPEpUpyOmux KiIeToK. CTpYKTypHbIE U (PYHKIIHOHAIbHbBIE
0COOEHHOCTH KJIETOK PACTeHUH in Vitro. 1 €TepOreHHOCTh W ACHHXPOHHOCTH IMOMYJISALUU KJIETOK
pacTeHuil BHE opraHu3ma. M3o0iampoBaHHBIE MPOTOIUIACTHI KIETOK pacTeHui. lcmonp3oBaHue
KJIETOK pacTeHUil in Vitro Kak MOJENbHOW CUCTEMBI B (DU3MOJOTMUYECKMX HCCIEIOBAHUSAX U B
OMOTEXHOJIOTHH.

4. Bruo3HepreTuKka pacTUTEJbHOI0 OPraHU3Ma

Ipunyuner mepmoournamuxu. 3aKOHbl XUMUYECKOU TepMoauHaMuKu. CBOOOIHAS SHEPTUS;
W3MEHEHUE CTaHAapTHOM cBoOoanou »sHepruu ([G°). DHueproHuyeckue W IK3EProOHHYECKUE
peakiuu. XUMHUYECKOE paBHOBECHE, XMMHUECKUN MOTeHIMaN. BeipaxeHne nu3MeHeH!s] CBOOOTHOM
SHEPrUM PEJOKC-PEaKlUd B €IWHULAX 3JEKTPOXMMHUYECKOIO CTaHAApTHOIO OKUCIUTENbHO-
BOCCTAHOBUTEIBHOTO NTOTEHIMAA.

IIpeobpazosanue snepeuu 6 knemxe. BHeIHNE UCTOUHUKH SHEPTUU U OPraHu3MoB. JIBe
OCHOBHBIE (DOpPMBI 3alacaHus SHEPTrUU B KIETKE: SJCKTPOXMMHUYECKHI MOTEHIMAll MPOTOHOB Ha
SHEPrU30BaHHBIX MeMOpaHax M MaKpO3pPrMUecKHUe CBSI3M, B3aMMOIPEBpAIIeHHE HTHX (GopM
SHEepruu. DHepreTuka mpolueccoB cuHTe3a M rugponuza ATO. TpaHcopmaius >HEpruu Ha
CONpATAIOIIMX  MeMOpaHax:  JJIEKTPOXMMHUYECKHMI  MHOTeHuuand -  JABWXKYyIIas  cuiia
bochopunrpoBanus. YHHUKAIBHOCTb JHEPreTHMYECKHX IPOLECCOB pacTeHUil: (OTOCHHTE3 U
JIbIXaHHE.

4.1. ®orocuHres.

3naueHue (oTocHMHTE3a B TpaHchopMmalMM BellecTBa U 3HEpruu B mnpupoae. dusuko-
XMUMHYECKas CYLTHOCTh Mpolecca (OTOCMHTE3a U €0 3HaYeHHE B SHEPreTUUECKOM U TIACTHYECKOM
oOMeHe pacreHus. Jluct kak opran Qorocunre3a. CTpyKTypHO-(pPYHKIIMOHAJIbHAs OpraHU3alus
¢dorocunTeTHYecKoro anmnapara. OCHOBHbIE TOKA3aTENIN ME30CTPYKTYpPHI JIUCTA.

DONEeMEHTBI CTPYKTYPBl MOJIEKYJIbI XJI0pO(HIIIa, OTBETCTBEHHBIE 3a (DYHKIIMIO MOTJIOLICHHUS,
3amacaHus M TpeoOpa3oBaHMs PHEPTUU B mpouecce (oTocHHTe3a. MeXaHU3M MOTJIOIEHUS U
UCIyCKaHMsI CBETa MOJIEKYJIOM; CIEKTpPbl MOIJIOMICHUS. DJIEKTPOHHO-BO30YXK/IEHHBIE COCTOSHHUS
XJIOpopUIUIOB, MyTH UX JAe3akTuBanuu. [IpeobpazoBaHMs >IEKTPOMArHUTHON SHEPIUU B PEIOKC-
SHEPTHI0; 00paTUMbIE OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE NPEBPAILLIEHUS XJTIOPODHUILIOB.

Xnopogunn-6enkoBele komiuiekebl (XBK); Mexanusmbl o0pa3oBaHMs, 3HAUEHHUE CBS3U
NUrMeHToB ¢ OenkoM. Opuenrauus nurMeHToB B XBK. MexaHusmbl 3sHEpreTHyeckoro
B3aMMOJICHCTBHS MIMTMEHTOB B KOMIUIEKCAX (IKCUTOHHOE B3aUMO/JICHCTBHE) U MEXK]Ty KOMIUIEKCaMHU
(mepexoHbIe COCTOSTHUS).

Ponp kaporuHOMZOB B (oTocuHTe3e. AHTEHHas (QYHKUUS, BO30YKICHHbIE COCTOSHUS
KapOTUHOHUIOB, MEXaHU3Mbl MUTPAIlMKM HEPTUU HA XJI0poduil. MexaHu3M 3alIMTHOTO JeHCTBUS
KapoTUHOUA0B. OYHKIIMN KApOTUHOUOB B PEAKIIMOHHOM IIEHTpE, crienupuKa nuc-KoHGpOpMaIum.
3HaueHue KCAHTO(QUIUIOBBIX LMKJIOB Y BBICHIMX pPAacTEHUH U Boxopociel; (OTOmpOTEeKTOpHas
(byHKIMS 3eaKCAaHTHHA U TUA30KCAHTUHA.



[lepBuunbie mporecchl (OTOCHHTE3a, UX CTPYKTYPHO-(DYHKIIMOHAIbHAs OpraHU3alys.
[IpeacraBnenre 0 (POTOCHHTETHUECKON enWHUIE. AHTEHHBIM KOMIUIEKC, PEAKIIMOHHBIA IIEHTP.
MexaHu3mbl MUTpanuu BSHeprum B Xxjoporiactax. COBpPEMEHHBIE MOJEIU CTPYKTYpHOM
OpraHM3aliy PEaKIMOHHBIX IIEHTPOB OaKTepHil U BhICHIMX pacTeHui. MexaHusM npeodpazoBaHus
3JIEKTPOMArHUTHOM SHEPTUH B SHEPTHIO Pa3/ICICHHBIX 3apsA0B B (POTOXUMHUECKUX LEHTPAX.

OneKTpoH-TpaHcropTHass  nenb  (orocuHTeza.  IlpeacraBieHus O  COBMECTHOM
¢bynkunonupoanuu ByX (otocucrem. Kommonents: DTL u mocienoBaTenbHOCTh MEpeHOCa
NeKTpoHa 1o 1enu (Z-cxema). lluknuyeckuid, HEIUKIUYSCKUA ¢ TICEBIOIUKINYECKUNA
AJIEKTPOHHBINA TpaHcnopT. llpoctpancTBennas opranmzanus OTL| B TumakowmHoW MemOpane:
OCHOBHBIC (yHKIMOHAIBbHBIE KOoMIUIeKchl OTL[ (PC-1, ®C-2,), ux crpykrypa U GYHKIHH.
Crpoenne u ¢ynkunun ®C-2. Opranuzanyss B TWIAKOWAHOM MeMOpaHe M (DYHKIIMOHHPOBAHUE
peakuuonnoro uentpa ®C-2. Cuctema ¢oronuza BOAI U 00pa3oBaHUS KHCIOpOJAa IpH
¢orocunteze. Crtpoenne u ¢ynkuuu DPC-1. OOpazoBaHHEe TPaHCMEMOPAHHOTO MPOTOHHOTO
rpaJyeHTa B IMpoliecce AIEKTPOHHOro TpaHcnopra. CTpykTypa W (QyHKIMH LUTOXpOM be/f
KoMmIuiekca, Q-muki. Perynmsnusi mOTOKOB 3JE€KTpOHOB mpH (oTocuHTe3e. DOTOCHHTETUUECKUN
KoHTpodb. Jlokamuzammst OTL KoOMIIIEKCOB B TpaHANbHBIX W CTPOMAIbHBIX MeMOpaHax
Tunakon10B. CUcTEeMBl PEryysiui HUKINYECKOIO0 U HELMKINYECKOTO AJIEKTPOHHOI'O TPAHCIIOPTA.
ObpazoBanue npu GHOTOCHHTE3e aKTUBHBIX (GopMm kucinopozda. [Ipoueccrsl poTonHrnOUpoBanus u
(bOTONECTPYKIIMN; 3aLTUTHBIE MEXaHU3MBI XJIOPOILIACTOB.

®orocunrernyeckoe GocopunupoBanre. OCHOBHBIE THUIBL, HX (PUIUOIOTHUECKOE
3HAYEHUE, MEXaHMU3Mbl PEryasiuuu. MexaHu3Mbl SHEPreTHUECKOro COIpPSDKEHMsI TpaHCIopTa
anekTpoHoB U cuHTe3a AT®. Conpsratomue (aktopsl GorodochopunupoBanusi, UX QYHKIHH,
CTPYKTYpa, MEXaHU3M JeHCTBUA. MexaHu3M paboThl katamutudeckux 1eHToB CFI.

Perynsmuss moTokoB 37eKTpOoHOB mpu  ¢doTocuHTe3e. DOTOCHHTETHUECKUNH KOHTPOIIb.
Jlokanuzanus komiuiekcoB OTLl B rpaHaibHBIX U CTpOMaIbHBIX MEMOpaHax TuinakouoB. Cucrema
perysiiuy LUKINYECKOTO U HELUKIMYECKOTO 3JEKTPOHHOrO TpaHcnopTa. KoHeuHble MpOIyKThI
CBETOBOM M TEMHOBOH (a3wl (hoTOCHHTE3A.

X¥MH3M TPOLIECCOB aCCUMUIISIIUU yriiepoja B ¢oTocuHTe3e. Vcmonbp3oBaHue MPOIyKTOB
CBETOBOM CTaJMM JJIi aCCUMWISILIMM YIIIEKUCIOThl. PyOucko: copepxanue (pepMeHTa, CTpyKTypa,
bynkun, perymsnus. ukn KanpBuHa, ocHOBHBIE (DEPMEHTHI U MEXAaHM3MBI PETYISAIUHU IUKIIA.
®oronpixanne. OOIl-kapbokcunaza, ee xapakTepuctuka M jokammzauus. uxn Xostua-Crdka-
Kapnunosa, ero ¢gyHkunoHanbHOe 3HadeHue. OpraHusanus npolecca aCCUMWISILIMM B KIIETKax
Me3odmuia U OOKJIAKU: OCOOEHHOCTH CTPOEHHUS XJIOPOIUIACTOB M peakiuil porocunresa. OOMeH
COCIMHEHHUSIMH MEXIy Me30(UIbHBIMU KIETKaMU U KJIeTKaMH OOKIaAKU. XapaKTepUCTUKA TPYII
C-4 pacrennii. ®otocunres y CAM-pacTeHuii: 0COOEHHOCTH OpraHU3alliy TMpoIlecca 3anacaHus
SHEpPIruu M (PUKCaLUU YTIEKUCIOTHI BO BPEMEHH.

TpancnopT mnpoAyKTOB (OTOCHMHTE3a M3 XJIOPOILJIACTA: YEJIHOYHBIE CHCTEMBbI BBIHOCA.
MexaHu3MBbl,  KOHTpOJHUpyIOIHe oOMeH  MeTabonuTaMu  MEXIy  XJIOpOIUIacTaMHu |
uTOoIIa3MaTudeckon Qaszoii knerku. [IpeBpaiieHus caxapoB B IUTOIUIA3ME U IIUTO30J1€; 3allacHbIE
U TpaHCIIOpPTHBIE (hOPMBI caxapoB. BkitoueHue yriepojaa B aMUHOKHUCTIOTHI.

AccUMWIISILIUS  YTJIIEKUCIOTHl B JucTe. JlelicTBUe BHEMIHUX (PAKTOpOB (MHTEHCHUBHOCTH M
KayecTBO cBeTa, (otomepuon, kouuentpauus CO,, O, Temmeparypa U 1p.) Ha (POTOCHUHTE3.
Paznuuue B KpUBBIX 3aBUCUMOCTH CKOPOCTH aCCUMUJIALIMU OT KoHueHTparuu CO, u O,B ra3zoBoit
cpene y C-3 u C-4 pacrenmii. KBanroBelii BbIxoa ¢orocunte3a. Tpancmopt CO, k Mectam
¢dukcamuu, posb KapOoaHTHIpasbl. YCThUYHAs W KieTouHas mnpoBoaumocts mis CO, B
3aBHCUMOCTH OT BHEUTHUX (PAKTOPOB M BO3pacTa JIUCTA.

4.2. Jlprxanue.

@epMEHTHBIE CHUCTEMbl JbIXaHUS. XapaKTePUCTHUKA OTIEIbHBIX TPYII JbIXATEIbHbIX
(epMEeHTOB: MUPUANH3ABUCUMBIE JIETHAPOTeHa3bl, (IaBUH3aBUCHMBbIE JAETUAPOTE€HA3bl, OKCUAA3HI.
[TepeHOCUYHMKH 3JIEKTPOHOB: XHHOHBI, J)KEJI€30CEPHBIE OCNIKU, IUTOXPOMBI, UX XUMHUECKOE CTPOCHHE
U CBOMCTBA.



I'mukonu3. OcHOBHBIE (EepMEHTHI CHHTE3a M THAPOJIHM3a caxapo3bl M Kpaxmaina.
depMeHTaTUBHbIE PEAKIIMU M DHEPreTUYecKuil OajaHC IIIMKOIN3a, KOMIIApTMEHTAlUs Mpoliecca B
KJIETKax pacTeHMH. I'nmmkonn3 u rimrokoHeoreHe3. OcoOeHHOCTH InuKonu3a y pacteHuil: ATO-
3aBucuMas gochodpykrokunaza u nupodocdarzaBucumas GochodpyKkTokrHA3a - PETYIATOPHBIE
dbepmenThl rimkonu3a. Opykro3o-2,6 dhocdar - perymsTopHas MOJIeKyla yrieBOJHOTO OOMEHa B
pacTeHusX.

OxucnurenbHplii TeHTo30(ocdarnpiii 1K, DepMEeHTAaTHBHbIE PEAKIUUA M PETYISAUI
nukia. KommaprMeHTanys nykia B KJIETKE U €ro pojib B METa0O0JIU3ME PACTEHU.

[IupyBarneruiporeHa3Hblii KOMIUIEKC: CTPYKTYpa U PETYJIISALIMS.

[Mukn TpukapOOHOBBIX KHUCIOT. DEpMEHTATUBHBIE PEAKIMH U pPeryiasuus Mukia. Poinb
MaJMKIH3UMa B PEryJsalud pabdoThl [UKIA. ODHeprernyeckas 3S()QPeKTUBHOCTH TpoIecca.
OcoOeHHoCTH UKJIa TPUKAPOOHOBBIX KUCIOT B PACTCHUSX.

['muokcumaTHbId HUKI. [ TTMOKCUCOMBI M TJIMOKCUJIATHBINA LIAKI.

JpixaTenbHas  DJIEKTPOHTPAHCIOPTHAS  IENb: OCHOBHBIE  KOMIIOHEHTBI,  CIIOCOOBI
peructpanuu penokc-coctosHuid. Ctpykrypa u ¢ynkuuu komruiekcoB DT neixanms: HAJIH-
JeruaporeHasHpiii komiieke. CyKIMHATAEruaporeHasublii komrieke. L{lutoxpom b/c xomruiekc.
[{uTOXpOMOKCHIa3HBI KOMIUIEKC. MeXaHu3M 00pa30BaHUsS TPAHCMEMOPAHHOTO MPOTOHHOTO
IPaJIuE€HTa B MPOIECCE JIEKTPOHHOIO TPAHCIIOPTA.

OcoOennoctu OTIl npixanuss pacrenuid. AnbrepHatuBHble HAJIH-nermaporenassr -
Jmokanu3zanus B MeMmOpaHax W (GYHKIUH. AJbTEpHATUBHAsS OKCHJAa3a: CTPYKTypa, (pyHKUIUH,
MPUHLMIIB PETYIAUUU. AJBTEPHATUBHBIM NIyTh IMEpeHOca 3JEKTPOHOB B JIbIXATEIbHOW LIENU
pactenuii u ero Qusuomornyeckoe 3HaueHue. VHTUOUTOPBI SIEKTPOHHOTO TpaHCIOPTa H
WHTUOUTOPHBIN aHATTN3 TIPU U3yYCHUU JIbIXaTebHON aKTHUBHOCTH PACTUTEIBHBIX MUTOXOHIPUH.

OxucnutensHoe QochopunupoBanue. JHepruzanus MeMmOpaH npu (HyHKIIMOHHUPOBAHUH
OTL| npixanusa. AT®-cunrtaza mutoxonapuil. CTpykTypa, JIOKajlu3alus, MPOCTPAHCTBEHHAs
opranuzanus. CoBpeMeHHbIE NpeAcTaBiIeHus 0 Mexanu3Me cunre3a ATO.

Peryssiuus 271€KTpOHHOrO TpAaHCHOpPTa B ABIXATENbHOW Lenu. [[pIXaTenbHbI KOHTPOJIb.
[TonsTe o pazoOmurensx. DHepreTudeckas 3()PeKTUBHOCTH IbIxaHHs. UEeTHOYHBIE CUCTEMBI
BbiHOCAa AT® 1 Tpancmopt MeTaboJIUTOB Yepe3 MeMOpaHbl MUTOXOHIPUH.

OYHKINK ObIXaHUsl y pacTeHuil. IHTepMennaThl OKHUCIUTENBHBIX PEaKkuil Kak cyocTpaThl
JUI CHHTE€3a HOBBIX coenuHeHui. IIpeBpalieHne opraHM4ecKuX KHCIOT B MUTOXOHIpUsX. Poib
IbIXaHUS B CO3JaHUMM M NONIEPKAHUM DIIEKTPOXMMHUYECKOTO NOTEHLHAla Ha KJIETOYHBIX
MeMOpaHax (Tula3manemMma, ToOHOIUIacT, MemOpana OP). DieKTpoHTpaHCHOpPTHBIE —ILENH
IUIa3MaJIeMMbI, SHI0TIa3MaTHYECKOTO PETUKYIIYyMa, MUKPOTENEll, UX CTPYKTYpa U (yHKILUH.

[{uTommazMaTnaeckue OKCHIA3hI (ackopOarokcuiasa, oM EHOTIOKCHUIA3HI,
KCaHTHMHOKCHU/Ia3bl, NepOKCcHIa3bl, Karamasbl). WX nokanmuszauus, (yHKIMH, BKIaa B oOIee
MOTJIOLIEHUE KUCIOPOJa PAaCTUTEIbHON TKaHbl0. VI3MeHEeHNsI B UHTEHCUBHOCTH U MYTAX JbIXaHUS B
OHTOT€HEe3€ U IpU JAEUCTBUH (PAKTOPOB CpeIbl.

5. Bonooomen

KonngectBo morpebisieMoil pacTeHHEM BOAbBI, COJAEp)KaHHE BOJABI B KIIETKaX, TKaHIX M
opranax. MounekynspHas CTpyKTypa U (U3MYecKue CBOICTBa BoAbl. B3ammoneicTBue MOJEKYI
BO/bl M OuomnonumepoB, ruapatanus. CocrossHMe BOAbI B KieTke. Boga, Kak CTPYKTypHBIH
KOMITOHEHT PacTUTEIbHON KJIETKH, €€ y4yacTHe B OMOXUMUYECKUX PEaKIIUsX.

TepMoaMHaMHUYECKHE TOKA3aTENN COCTOSIHMSI BOJABI: aKTUBHOCTH BOJABI, XUMHUYECKHH U
BOJIHBIA TOTeHIHMAT. COCTaBISIIONIME BOJHOIO MOTEHIHAIA KIETKH: OCMOTHYECKUH, MaTPUYHBIN
MOTEHLIMAJ, NOTEHUHUal JaBJICHUsA. [paJueHT BOAHOIO MOTEHIWala Kak JABIKYyIas CHIIa
MOCTYIUIEHUS U TepeBUKEHHUsSI BOJbl. OCHOBHBIE 3aKOHOMEPHOCTH IOTJIOIIEHUSI BOJABI KIETKOM:
B3aMMOCBSA3b MEXly U3MEHEHUSAMHU BOJHOIO OTEHIIMANA KJIETKH, BOJHOIO ITOTEHIIMAJIa pacTBOpa U
BOJHOI'O MOTEHIIMaNa JaBieHHs. AKBanopuHbI (O€IKH BOJHBIX KAHAJIOB), X CTPYKTypa, HPUHLHUIT
palboThl. AKBaOpHHBI IIa3MaJleMMbl U TOHOIUIACTA, UX POJIb B MOJAJEPKAHUU BOJHOTO OaynaHca
BOJIBI.



Tpancnopt Boabsl 1o pacreHuto. KopeHb Kak OCHOBHOM OpraH IOIVIOIIEHHUS BOJBI.
MexaHu3M paauasbHOrO TPaHCHOpPTa BOJbI B KOpHE. Ponb pu3omepMbl U 3HAOAEPMBI B HTOM
npouecce. [locryruienne Boasl B cocyabl KcwieMsl. Kcwiema - OCHOBHas TpaHCHIOPTHAs
MarucTpaib JBI)KEHHS BOJHOTO TOKa B CHCTEME «IOYBa - pacTeHue - aTMmocdepar.
XapakTepHuCcTHUKa «HUKHEI0» U «BEPXHEro» JIBUraTesell BogHoro Toka. KopueBoe naBienue.

Beinenenne Boabl pacteHueM. ['yrranus, «miau» pactenuil. TpaHcnupanus U ee posib B
KU3HU pacTeHui. KoinyecTBeHHbIE OKAa3aTeNU TPAHCIIUPALMKA: UHTEHCUBHOCTD, IPOJYKTUBHOCTbD,
TPaHCIHUPAMOHHBIN KO3 PUIMEHT. Y CThUUHASA U KYTUKYISIpHAs TpaHcnupaiusi. CTpoeHre YCThHUII
y ABYIOJIBHBIX M OJHOJOJIbHBIX PAaCTEHMM, MEXaHU3M YCTbUYHBIX ABM)KEHUN. BiusHue BHENIHMX
(bakTopoB (CBET, TemrepaTypa, BIaXXHOCTb BO3/lyXa, MOYBbI) HA MHTEHCUBHOCTb TPAHCIHPAIUH.
CyrouHsble KoJIeOaHUs TpaHCIHPAMU. PeryasiTopHas posib yCThUIL B BOJO- M Fa3000MEHe.

Okomorusi BojgooOMeHa pacteHuil. (OcoOeHHOCTH BOJOOOMEHa Yy pacTeHUM pa3HbIX
HKOJIOTHYECKUX Ipymil (KcepoduTos, Me30PHUTOB, TUTPOPUTOB, TATOPUTOB).

6. MuHepaJibHOEe MUTAHHUE

[TorpeOHOCTH pacTeHWil B dJeMEHTax MuHepainbHOro mnuTaHus. ConuepkaHue U
COOTHOIIIEHNE MHUHEPAJIbHBIX AJIEMEHTOB B MOYBE M PACTECHUSX, KOHIIEHTPUPOBAHHUE FJIIEMEHTOB B
TKaHsX pacreHus. OyHKIMOHAIbHAS KJIACCU(PUKALUS JIEMEHTOB MUHEPAJIbHOTO MUTAHUS.

Kopenb kak opras morioueHusi MUHEPAJIbHBIX AJIEMEHTOB, CHEIU(PUIECKIX CUHTE30B C HX
y4acTMEM M TpaHCHopTa. POCT KOpHS Kak OCHOBAa IIOCTYIUIEHHMS 3JIEMEHTOB MHHEPAJIBHOIO
IUTaHUs. 3HAYEHUE 30H pocTa KOpHA B 3TOM mpouecce. Cucrema B3aUMOIEHCTBUS «KOPEHb —
1o4yBa». Pojap MUKOPU3BI.

[Tornomienre MOHOB M WX TNepenBuxkeHHe B KopHe. Kierounas crenka kak ¢aza s
nBkeHus noHoB. [TonsaTue cBoboanoro nmpocrpanctsa (CII): BogHoe u nonHanoBckoe CII, onenka
ux pazmepoB. MexaHu3msl nocTymieHust HoHOB B ClI u 3HaueHue 3Toro 3rarna norjiomeHus.

TpancnopT MOHOB uepe3 MeMOpaHbl; ABHXKYIIHME CHJIbI MepeHoca MOHOB. IlaccuBHBIA U
aKTUBHBIM TpaHCHIOPT MOHOB. YpaBHeHue HepHera.

I'pagueHT 2IeKTPOXMMHYECKOr0 IOTEHIMaia MOHOB BOJOPOAA - DHEPreTHYEcKas OCHOBA
aKTUBHOI'O IEPEHOCAa MOHOB 4Yepe3 IuiazMaiemMmy. Pa3nuuus 3HEpreTMKH akTUBHOIO TPAHCIOpPTa
WOHOB pACTUTEIbHOM U >KUBOTHOM KieTok. H-AT®aza mna3mameMMbl, €€ CTPYKTYpa,
(GyHKIMOHMPOBaHUE U perynupoBanue. 14-3-3 Genku. Jpyrue moHHBIE HACOCHI, AEHCTBYIOLIUE HA
iazManeMMe. BTOpUYHBIN aKTHBHBIA TPAHCIOPT MOHOB. BelKu-nepeHOoCYuKH MOHOB (IIOPTEPHI).
Kunernueckuil noxo U TEOpHs IEPEHOCUNKOB. Y paBHEHU Muxasnnca-MeHTeH; UCIIoNb30BaHKE
Vimax 1 Ky 71 XapakTepuUCTUKH TPAHCHOPTHHIX cucTeM. VOHHBIE KaHaIbl pPACTeHM; oOIIas
XapaKTepUCTHKA UX CTPYKTYpPbI, QYHKIIMOHUPOBAHUS U PETYIISLHH.

Oco0OeHHOCTH TpaHCHOPTHBIX cucTteM MemOpaH Bakyonmu u OP. H-AT®aza V-tuna,
nupodocdoTasa.

Mopnenu MmocTyIuleHHs MOHOB B KOpPEHb, TPAHCIIOPT MHHEPAIbHBIX BEIIECTB B KCUIIEMY.
AmnoniacTHeli M CUMIUIACTHBIA TyTh. Poib miasmonecm m OP. B3auMmopeiicTBue W perynsuus
CUCTEM TpPAaHCIIOPTa MOHOB U3 Cpelbl B KOPEHb M 3arpy3ku Kcuiembl. Crenuduka pagdaibHOro
TpPaHCHOPTa MUHEPAJIbHBIX 371eMeHTOB. CHuHTeTHuecKkass (yHKUMsS KOpHs. CBs3b MOCTYIJICHUA U
MIPEBPALICHNS] HOHOB C MPOLIECCaMU JIbIXaHUs. Perymsius nocTynaeHuss HOHOB Ha YPOBHE II€JIOT0
pacTeHus.

6.1. Posib Makpo31€MEHTOB.

Aszom. OcoOeHHOCTH a30THOro oOMeHa pacTeHuid. McTouHukm azora [UIsl pacTeHU.
MunepanbHbie  GOpMBI  a30Ta, HUCIHOJb3yeMble pacTeHUSAMHU. DPU3NOIOTHYECKHE OCOOEHHOCTH
MOCTYIUICHUSI U BKJIIOYEHUsI B OOMEH aMMHAYHOTO M HUTPATHOTO a30Ta. XapaKTepPUCTUKA CUCTEM
TpaHCIOPTa HUTpaTa U aMMOHUs. Busosas crienngurka ycBoeHUs pa3HbIX Gopm a3oTa

CumbnoTnueckass (uKcausi MOJEKYJISIPHOTO a30Ta: MEXaHU3Mbl BOCCTAaHOBJICHUS,
HMCTOYHUKHU SHEPTHH U BOCCTAHOBUTENH. XapaKTePUCTUKA U PYHKIIMOHUPOBAHNE HUTPOT€HA3HI.

BoccraHoBienne HUTpaTtoB pacTeHUsMH. HuTpar- M HUTpUTpedyKTasa: CTpPyKTypa
(bepMeHTOB, JIOKaNU3alys, Perysalus akTUBHOCTH U cuHTe3a. KOHCTUTYTUBHAs M MHIAYLUOeIbHas
HUTpPOT€Ha3a. DTalbl BOCCTAHOBJIEHUSI OKUCIIEHHOI'O a30Ta ¥ UX PETYJIALUs B KIETKE in Vivo.



AJNbTepHATUBHBIC ITYTH YCBOCHUS aMMOHUIHOIO a30Ta; JIOKATU3aIMs peakluuil B KIETKE U
XapaKTepUCTUKa (pepMEeHTOB (IiIyTaMaTIernJporeHasbl, IIyTaMUHCUHTETa3bl, TIyTaMaTCUHTA3bl).
AccUMHIIAIMS a30Ta B XJIOPOIUIACTE, CBA3b ¢ (poTocuHTEe30M. ITyTH yCBOSHHSI BOCCTaHOBIEHHOTO
azoTa y 0000BBIX. YpEuIbl.

3amacHble U TPaHCIIOPTHBIE (POPMBI MUHEPAILHOTO U OPraHUYECKOTO a30Ta B 3aBUCUMOCTH
OT MCTOYHHUKA a30THOro nuTaHus. HakomnneHue HUTpara B TKaHX U ero myisl. Kpyrosopor a3ora
10 PACTEHMIO, pEYTUIIM3ALUs a30Ta.

Cepa. lloctymiienue ceppl B pPacTeHHME, PEAKIMM BOCCTAHOBJICHUS U ACCUMMIISALNM;
anenosuHpochocynbdar (ADC) dhochoanenozundpochocynbdar (PADC). OcHOBHBIC COSTUHEHUS
ceppl B KIJIETKE, Yy4YaCTHE€ B OKUCIMTEIbHO-BOCCTAHOBMUTENBHBIX peakUusaX. [J1yTaTHoH,
tHoeppenoKcuH, (UTOXENaTHHbl, HX (YHKIUH Yy pacTeHuid. OpraHuuecKkue COETUHEHUS
OKHCJICHHOM CEPBI.

@ocgop. Dopmbl MuHEpanbHOTO ¢ochopa B TKaHIX, MX COACpKaHUE H (DYHKIHH.
OcobenHoctu mnocrymieHuss ¢ocdopa M TpaHcopra €ro coeauHeHWd B pacrteHuH. Dopmbl
MUHepasbHOro Qochopa B TKaHAX, ux PpyHKuu. OcHOBHBIE (ochopcoaepKane KOMIOHEHTHI
KIIETKU, UX poJib. 3anmacHble (opmbl docdopa. Komnaprmenrtanus coenunenuit ¢pocdopa. Pomb
docdopa B perympoBaHUN aKTUBHOCTH (DEPMEHTOB.

Kanuii. ConepxaHue u paclipelie/ieHUe Kalus B KJIETKe, TKaHSAX U OpraHax pacTeHHUs; ero
LUPKYJISIUS U PeyTHIIH3AINsA, XapaKTePUCTHKA CUCTeM TpaHcnopra K™ ux QyHKIMM B pacTeHHH.
Pons K' B mopiepikanuu moTeHnuana Ha Mem6panax. Kamuii m romeoctas BHYTPHKJIETOUHOH U
TKaHeBOW cpeabl (WMOHHBIA Oamanc, pH, ocMoperymsnusi, THIpaTanus W KOH(MOpPMAIHA
MakpoMoJeKyi). Poib kanus B peryyisuuu GepMEHTHBIX CUCTEM.

Kanvyuu. Haxonnenne, GopMbl coelMHEHH, OCOOCHHOCTH MOCTYIICHUS U TEPEMEIICHUS
Ca’" 1o pacrenmio. Konnentpanus u pacnpenenenue Ca ~ B cTpyKkTypax kietku. CUTHaNbHAS POJib
Ca®". XapakTtepucTika MeMOpaHHbIX cucteM Tpancropra Ca’’, 0COBEHHOCTH MX PEryIIAIHH H POIh
B popmuposannu Ca’ -curnana. CTpyKTypHAs POJIb KaNbIUs B KICTOUHOH CTEHKE.

Maenuii. Conepkanue ¥ COeIMHEHHs MATHHS B TKAHSAX pacTeHuit. Samacusie Gopmbl Mg”',
ero  peyTWiM3alMs M NepepacmpencieHHe B PACTGHMH.  3HaueHMe  cBm3m  Mgi'c
aneHosuHpocpartamu U ¢dochopunupoBaHHbIMU caxapamu. DyHKIMM Marius B (POTOCHHTE3E.
Marnuii kak axkTMBaTOp (PepMEHTHBIX cHCTeM; pojib B cuHTe3e amuHoauuia-TPHK u B
(GYHKIIMOHUPOBAHUH PUOOCOM.

6.2. MUKpO3JIEMEHTBI.

CBolicTBa TSDKEIBIX METaJNIOB, onpezensomue ux poib B ITL doTocunTe3a u apixaHus u
IPYTUX PEIOKC- PEAKIUAX.

/Kene3zo: NOCTYNHOCTb B TIOYBE, BAJEHTHOCTh IOIJIOMAeMO (OpPMBI, POJIb MHUKOPH3BI.
OcoOeHHOCTH TOCTYIUIEHUsl JKeJe3a Y JBYAOJIBHBIX U OAHOAONBHBIX pacTeHuil. CoenuHeHHs
JKelle3a; paclpeesieHne M0 KOMIIApTMEHTaM KJIETKHM U B pacTeHuu. KoMIuiekcsl xenes3a B Oenkax
penokc-1eneit u Apyrux pepMeHTax.

Meow: CopnepkaHue U paclpeneieHHe B KIETKE M TKaHAX. YUYacTHE B OKHUCIHUTEIbHO-
BOCCTAHOBUTEJIBHBIX IpoOLecCax JbIXaHUs W (oTocuHTe3a. DYHKUUU LUTO30JBHBIX OKCHA3
(ackopbat-, peHoa- 1 AMAMUHOKCHIA3).

Mapeaney: AxTuBHpyeMble UM (EPMEHTHBIE CHCTEMBI, €ro Crneuu(pUIHOCTh, Kak
ko(akropa. Ponb Mn®* B ¢bynkuonupoanuu OC-2.

Monu6oen: TIoTpeOHOCTh B 3JIEMEHTE; €ro 3HaueHHe JJIs MPOIECCOB YTHIIM3AIMM a30Ta
cpensl. Montepus 1 GyHKIMOHUPOBAaHNE HUTPOT€HA3bl U HUTPATPEAYKTa3bI.

Lunk: CTpyKTypHasi pojib B MOJAJEpKaHUU (PEPMEHTHON aKTUBHOCTHU U MPH CHHTE3€e Oelka.
Zn-conepxamue epMeHTHI: KapOoaHruapasa, cynepokcuaaucmyTasa (CO/).

bop: xommapT™MeHTanus B KieTke; GopMbl COETUHEHNH. MeXaHU3Mbl yUacTHs B PETYIISIIUN
¢bu3noNIOruYecKux nporeccoB U Mmeradonusma. CTpyKTypHast poiib B KJIETOUHOM CTEHKE.

Hapymienus B Metabonm3Me pacTeHHid MpH HEZOCTaTKE MUKPO3JIEMEHTOB.

DYHKIIUN «TOJIE3HBIX» JIEMEHTOB: HaTPUH, XJIOP, KPEMHHM, KOOAJIBT.



7. JaJIbHUH TPAHCTIOPT M KPYTOBOPOT BelIeCTB B PACTEHHH

TpaHcnokanys BEIIECTB U3 JUCTHEB B JAPYrve OpraHbl: (pJI0OMHbBIE CUTOBUJIHBIE 3JIEMEHTHI.
CocTaB TpaHCIOLMPYEMBIX BELIECTB (caxapa, aMUHOKHMCIOTHI, TOPMOHBI, HEOPTaHUYECKUE HOHBI U
ap.). IlepenBuxenue (oroaccCHMUIATOB M3 Me30(hmia K cocydaM (UIO3MbI IO amomjiacty u
cumIiacty. Mexanu3Mel 3arpy3ku (prosmMbl U3 amorjacrta ¥ CUMIUIacTa. Poib cOmpoBOXKIAIOIIMX
KJeToK. Tum 3arpy3ku ¢uio3Mbl y pacTeHUN Pa3IMUHbIX CUCTEMaTUYECKUX TPYII U €€ 3aBUCUMOCTh
OT KJIMMATHYECKUX YCIOBHHA. MeXaHu3M MepeaBMKEeHHUs BeulecTB 1o (iaosme. Mojens moTtoka
BOABI MOJ JaBicHUEM. lIopel CHUTOBMIHON IIIACTHHKM KaK OTKpBITbIE KaHaibl. CKOpOCTh
NEPEABIDKEHHS] BEIIECTB 1O (podMe; MX BBITPY3Ka M3 CHTOBHAHBIX AJIEMEHTOB. Bocxomsmmuit
TPaHCIOPT BEILECTB 10 Kcuaeme. CocTaB KCUIEMHOIO dKCyAara. B3auMocBs3b TpaHCIOPTa BOJBI U
pacTBOPEHHBIX BeLIECTB MO Kcuieme. CKOpPOCTH TpaHCIOPTa BOJAbI U OTIEJIBHBIX BELIECTB.
B3aumoneiictBrue (103MHBIX U KCHJIEMHBIX ITOTOKOB a30TUCTBIX BEIIECTB U MOHOB. KpyroBopot u
peyTuiIM3anusi  MUHEpalbHBIX  BEIIECTB B  pacTeHMM. DyHKIMOHAJIbHAs pOJlb  3TUX
(U3MOJOTMUECKUX MPOLIECCOB.

8. Poct u pa3BuTHe pacteHmii

OmnpezneneHue MOHATUH «pOCT» U «pa3BUTHE» pacTeHu. [Ipobiema pocta U pa3BUTHS Ha
OpPraHU3MEHHOM, OPIaHHOM, KJIETOUHOM U MOJIEKYJISPHOM YpoBHAX. CyIleCTBOBaHME OpraHU3Ma
KaK pa3BepThIBAHUE BO BPEMEHHU I€HETUYECKOI MPOorpaMMbl; BO3/1EHCTBHE BHEIIHUX (DAKTOPOB.

O6mue 3akoHOMepHOCTH pocTa. [lokasarenu pocrta, S-00pa3HbI XapakTep KpUBOH pocTa,
ero (azpl. KOMIOHEHTBI «KJIACCMUYECKOT0» aHaJIM3a POCTa M MaTEeMAaTUYECKUH aHaJIM3 Ipolecca.
Tunsl pocra y pacreHuil. OpraHuzauus MepUCTEM KOpHS M cTeOns. Poct u nedarenbHOCTh
MepucteM. Knetounsle ocHOBBI pocTa. PocT pactenmii u cpena. BiusiHue temmeparypsl, CBeTa,
BOJIbl, FA30BOT'0 COCTaBa aTMOC(epsl, SJIEMEHTOB MUHEPAJIILHOTO ITUTAaHUSI HA POCTOBBIE MPOLIECCHI.

JKuzHeHHBI LMK BBICIIMX pacTeHUil. OCHOBHBIE ATallbl OHTOTEHe3a (IMOPHOHANBHBIMN,
IOBEHWJIBHBIN, PETIPOAYKTUBHBIN, 3PETIOCTH, CTApEHHsI), UX MOP(OIOTHIECKHE, PU3UOTOTHIECKHIE U
MeTaboanueckue ocodeHHocTu. CocTosiHME MOKOs Y pacTeHuil. TUIlbl MOKOS U UX 3HAUYEHUE IS
KHU3HEIESITEIbHOCTU PACTEHUH.

Mexanusmbl Mop¢orenesa pacteHuid. IlomspHocTs. MHAYKIMSA IeHETHUECKUX MpOorpamwm,
Mop(oreHeTnyeckue TpPAAUEHTHl U OpUEHTAlMsl KJIETOK B mpocTpaHcTBe. lLledocTtHocTh
KOPPEIATUBHOE B3aMMOJECTBHE OpraHoB. Perenepanusi.

I'opMoHanbHas peryysnus pocTa U pa3BUTHS PAaCTEHUM.

Aykcunel. buocunTe3, 00pa3oBaHHE KOHBIOTATOB, JErpajanusi ayKCHHOB. AKTHBHBIN
TPAHCIOPT ayKCHMHOB B pacTeHUsX. DPU3MOJOTMYECKHE OTBEThl HAa AyKCHHBI: aTTparupyromun
3¢ eKT, pacTsbKeHHE KIETOK U TPOnHu3Mbl, AU depeHInpoBKa KIETOK MO/ JeHCTBUEM ayKCHHOB,
anvKajibHOE JOMMHHUPOBAHME, AKTUBM3ALUs JEJIEHUN KIETOK KaMOWs, pu3oreHes. AyKCHUH Kak
TOPMOH CTe0JIEBOIO areKca.

Lumoxununer. buocuHTe3, 00pa3oBaHHWE KOHBIOraToOB, Jerpajalus UTOKUHUHOB.
dusnonoruyeckoe AeWCTBUE: aTTparupyromuil 3¢Q¢exT, CTUMYISALUS KIETOUHBIX JEJICHUH,
mudpdepeHIMpoBKa MOJA JACUCTBUEM LMTOKWHUHOB, CHSTHE AaNUKaJIbHOTO JOMUHUPOBAHHUS C
OOKOBBIX MMOUYeK. [[UTOKMHUH Kak TOPMOH KOPHEBOTO aIeKkca.

B3aumoneiicTBue aykKCMHOB M LUTOKMHUHOB. [loHSATHE 00 aHTaroHM3Me U CHHEpPIrU3MeE.
I'opMoHanbHBIN OanaHc B pacreHun. KynbTypa in vitro Kak MOAENb Ui U3y4E€HUSI TOPMOHAJIBHOTO
6ananca. [logaepxanue ropMoHanbHOro 0ajgaHca 3a CYET pereHepaluy TOUeK CHHTe3a ayKCUHOB U
LUTOKWHUHOB. bakTepuu, UCToNb3ylolye HapylleHHe TOPMOHAIBHOTO OanaHca MEeXy ayKCHHAMU
Y IUTOKUHUHAMHU (Agrobacterium tumefaciens, A. rhizogenes).

T'ubbepennunvi. Ilytm OuocuHTe3a u MHOrooOpasue rubbepernHoB. OOpazoBaHue
KOHBIOraToB M Jerpaaauus. Ousnonornuyeckoe JeicTBUE T'MOOEpesUIMHOB: PacTsSKEHHE KIETOK U
aKTUBHU3AIMs WHTEPKAIAPHBIX MEpPUCTEM, OOpa3oBaHHME I[BETOHOCOB, NpPEpHIBAHHE IIOKOS H
CTUMYJISILIUSL POCTOBBIX TPOIECCOB. ODHJIOTEHHBIM YpOBEHb THOOEpEeNIMHOB M JJMHA JIHA.
I'n60epemuHbl Kak TOPMOHBI JHCThEB. KapimkoBOCTh, BbI3BaHHAs HapyLICHUSAMU CHHTE3a
rub0epeunHoB. B3aumozeicTBre ¢ ApyruMu ropMOHaMH.
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Abcyusosas kucioma. Ilytn 6uocunte3a ABK B pactenusx u B rpubax, ee MeTabOIU3M.
DU3NOIOTNYECKOE NEHUCTBUE: OCTAaHOBKA POCTA, IMOATOTOBKA K COCTOSHHUIO MOKOS. AKTHUBU3aLUA
cuHTe3a 3amacHbix BemecTB. ABK kak ropmon abumormyeckoro crpecca. Crparerus orBera Ha
3acyXy, NOHWKECHHE TeMIeparypsl, 3acojeHue. Ponb ABK B MHAyKIMM 3aIUTHBIX IPOLECCOB
(cMHTE3 OCMONPOTEKTOPOB, MOJIMAMUHOB, OCIKOB-IIATMPOHUHOB; 3aKPhIBAHUE YCTHHIL, JIMCTONA/,
BBI3BaHHBIN Je(DUIIMTOM BOJBI, CO3pPEBAaHUE CYXHUX IUIOAOB W cemsH). B3aumopeiicteue ABK wu
ru00epesUTMHOB B MPOLECCAX PETYISIIUH TOKOSL.

Omunen. buocunte3 »stuneHa. Crnenuduka >3TWIEHA Kak TIa3000pa3HOr0 TOPMOHA.
DU3MOI0rNYecCKOe AECUCTBUE: TPOMHOW OTBET MPOPOCTKOB HA ATWIEH. OTUJIIEH Kak TOPMOH
MEXaHUYeCKOro M OuoTHueckoro crpecca. Curyanuu OHOMEXaHHYECKOTO BO3JCHCTBHSA:
MOBPEXICHHE HACEKOMBIMU M KPYITHBIMU TPABOSIIHBIMHU, (pUTOMAaTOreHHbIMU rpubdamu. Ctparerus
oTBeTa Ha Omorudeckuii crpecc. Co3peBaHHe COUYHBIX IUIOJIOB U JIUCTONA B YMEPEHHBIX IIUPOTAX
KaK TMOATOTOBKA K MEXaHMYECKOMY cTpeccy. PoJb 3TuIeHa KaKk «ropMOHA TPEBOTHU» B OMOIIEHO3aX.
B3aumopneincTsue 3THEHAa C ayKCHMHaMU W APYTMMH TOPMOHAMH. MyTaluu, NOBPEKIAIOLINE
OMOCHHTE3 ATUJIICHA WU €T0 PELEIIIHIO.

Pecynamopvr  pocma  pacmenuti. bpaccMHOCTepoUIbl: OMOCHHTE3, MHOrooOpasue.
@usnonornyeckne >PQPEKTh: paACTHKEHHE KIETOK, pOiab B JU(PQPEepeHIHpPOBKE Me30(uuIa.
XKacmonoBass kucinora. buocunres u ¢usznonoruueckue 3¢¢extel. MecTo KacMOHATOB B
perymsiiuu otBeTa. CXoJCcTBO 0TBETOB Ha skacMoHat U Ha ABK. Camununar u npyrue (eHonbHBIC
coeuHeHUs. Bo3MoxHas poib B peryislMd TEpMOIeHe3a, OTBETa Ha BUPYCHYI HH(EKLHUIO,
1BeTeHuu. BzanmosnelictBue ¢ 1pyrumu ropMoHamu. OJIurocaxapuHsl.

@omopeeynayus y  pacmenuti. OCHOBHble mpuHIUNB (oTopenenuuu. OTiauydne
(doTOpenenTOpHBIX KOMILIEKCOB OT 3HEpromnpeodpasyrommx. OU3HoIOTHYecKr BakKHBIE 00JacTH
CIIEKTpa: KpacHas U CUHssL. PUTOXPOM U KPUIITOXPOM.

duroxpomHas cucrema. CreKTpalbHbIE CBOWCTBA MOJIEKYJBI. DTambl mpeBpamienus Ph, -
Phs: u3MeHeHust B cTpykType Xxpomodopa u amomporenHa. ['eHbl, Koaupyromme OHOCHHTES.
dutoxpom A u B: cxomctBa u oriauuus. DOU3MOJIOTHYECKHE PEAKIUH, OMOCPEIOBAHHBIC
(UTOXPOMHOM CHCTEMOM: CBETO3aBUCUMOE NPOpACTaHuE, AEITHONALUSA, CUHIPOM N30eraHus TeHH.
K/IK-o6patuMocTh. ®UTOXPOM KaK «BXOJIHBIE BOPOTa» sl (POTONEPUOAUIECKOTO CUTHAIIA.

CrpykTypa KpuUnTOXpomoB. [cnonb3oBaHHME MYTaHTOB AJII MCCIENOBAaHUS KPUIITOXPOMA.
OTBeThl Ha CHUHUH CBeT: pa3rubaHue anuKalbHOW TETEIbKU HPOPOCTKOB, (HOTOTPOMHU3MBL,
YCTBUYHBIE JBUKCHHUS.

CucreMsl perynsiiuy (pU3noJI0THYECKUX MPOLECCOB.

Cemv nymeti nepedauu cucnana 6 Kiemke. Boclpustue BO3IEHCTBHA M CHTHAJIBHBIX
MoOJIeKyJI. PenienTopel CTUMYJIOB M TOPMOHOB, MX JIoKann3anusa. Pones mnazmanemmsl. Ilepenaua
cUrHaja. BzanMopelicTBHe peuenTopoB C INOCPEAHMKAaMH, INEpEeNarolUMH CUTHAI. Bropuunble
IOCPeHUKY Tepenaun curaana (hpochomnumnaza C*7, TAM®, unosuron-3-hochar u up.). Yuacrue
KalplUsl B Ilepefade curHana. Ponp kampMonylnHa u Ca’"-CAM kowmmekca B ¢dbopmupoBaHUU
OTBETHOU peakuuu. IIpoTenHKMHA3HI, 3HAYECHUE peaxkuuu
dbochopunupoBanus/aepochopuaupoBaHuss B PEryisiliui akKTUBHOCTH (epMeHToB. Crneuuduka
nepenayu ¥ GopMHUpPOBaHMS OTBETA HA OMPEICICHHBIN CTUMYIL.

@omonepuoousm.  Denomenonoruss  ¢GoTonepuoaAM3Ma:  LBETEHHE U TPYIIBI
dboTonepuOaNUECKUX pPACTEHUI, perynsauus JucTonaza, oOpa3oBaHUS IOYEK, Iepexona K
COCTOSIHUIO TOKOsl. Bocrpusitue anmuubl AHA: 3(¢GeKT mpepbiBaHus HOYM, (GUTOXPOM, BHYTPEHHUE
yacbl. [opMoHanmbHass Teopusi 1BeTeHHs YainaxsHa. VI3MeHeHHsT TropMoOHaJbHOTO OalaHca,
OpUBOAsAIIME K  (U3MOJNOTHYECKOMY OTBeTy Ha  (Qotomepuon. Perymsamuss  pasButus
KJIIMMaTHYECKUMH (PaKTOpaMH.

BuyTrpenHue putmbl pa3BuTHs pacteHuil. llepnonnueckue sBIeHUs B puTMax OpraHoreHesa
u pocta pacteHuil. llupkagHbie pUTMBI, MeXaHW3M HX oOpazoBaHus. Hactpoiika HMpKaIHBIX
putMoB ¢oronepuoaomM. [lnacroxpon. KoppekTupoBka BHYTPEHHUX PUTMOB pa3BUTHUS BHELIIHUMHU
KJIIMMaTUYECKUMHU (bakTopamu: 3acyxou, IOHIKEHUSAMU  TEMIIEpaTypBhl. ['myOokuit
(pusmonornyeckuii) NOKOH M BBIHYXA€HHBINH okoH. TemnepaTypa u pa3BuTHe pacTeHui. SBieHus
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cTpaTuUKaMM W SPOBU3AIMM KaK »JKOJOTHYEecKas ajanTtanua. [ opMoHaiIbHas TeOpHs
BepHaIM3alMu pacteHuil. IlpepbiBaHMe TIyOOKOro TIOKOSI IOHM)KEHHBIMH TeMIepaTypaMu:
IIPOpacTaHue CEMSH, BBIXOJ] IIOYEK U3 COCTOSHUS MOKOS, IIBETCHUE.

OMOpuoHanbHOe pa3BuTHE. Pas3BuTHe 3aponbllia y IBYJOJbHBIX PACTEHMH B HOpPME.
Hcnonp30BaHne MYTaHTOB JUIsl M3Y4YEHMs MEXAaHU3MOB pa3BUTH 3apoablia  MyTtanuu
HapylIalllyue pa3BUTHE KOPHEBOTO U CTE0JIEBOrO anekca, CyCleH30pa, HEKOTOPBIX CIIOEB TKaHE! B
3apozbimax. CoMaTHueckuii sMOpuorenes, (pakTopbl, BIUSAIONIME HAa MHIAYKLHIO, 00pa3oBaHHE U
dhopMHUpOBaHKE 3aPOIBIIICH in Vitro.

[Tpopacranue cemsH. l'opMOHaibHBIN OanaHC Npu OpopacTaHuu ceMsH. OTHolIeHHe
ABK/ru66epemnunbl. Mytarnuu cuate3a ABK u orBera. CBs3b TOPMOHATIBHOTO CTaTyca CEMEHH C
OMOCHHTE30M JPYTUX BEUIECTB.

Perynsauus BereraTuBHOro pocrta pacteHuid. Poct kopus. Ponb  ¢guroropmoHOB.
JuddepenurpoBka KOpHEBBIX BOJIOCKOB. CepHus MYTaHTOB C HapyUICHHSMH HWHHLIUAINHA U
3JIOHrallMM KOPHEBBIX BOJIOCKOB, (hOPMBI BOJIOCKOB. MyTanuu, Hapyaromue rpaBUTpOu3M.

Poct moGeroBoii cucteMsl. YcTaHOBICHHE (DMILTIOTAKCHCA TP MPOpAacTaHUH ceMeHU. Poib
¢buToropmoHoB. MyTtanuu apabujorcuca ¢ U3MEHEHHbIM Pa3BUTHEM BereTaTUBHOIO amekca. Poct
mucta. Poiab GUTOrOpMOHOB B 3aKiiajike W pa3BUTHUHU JHcTa. CBSA3b Pa3BUTHSA JIHCTA U MEPUCTEMBI
nobera.

Peryssiius renepatuBHOrO pasBUTHs pacTeHui. MHIyKIMs U 3BOKauus LBeTeHus. Passurue
couseTuii. PaHHee reHepaTUBHOE pa3BUTHE, NIO3HEE NCHEPATUBHOE PAa3BUTHUE, PA3BUTHE LIBETKOB.
HopmanbsHoe pasutue nBetka. Moaens «Boiinbl no3unuii» (ABC). I'enerndeckue pynkuuu A, B u
C. CemeiicTBa reHoB, coqepxamux MADS-nomeH.

[TposiBnenus mona y pacrenuii. CaMmoHecOBMeCTHMOCTh. ['erepoMopdrast 1 romomopdHas
caMOHecoBMeCTUMOCTh. CropoduTHBIE M ramMeToQUTHBII KOHTPOJIb CAaMOHECOBMECTHMMOCTH.
Perymsanusa nosa. JKu3HeHHbIE LMKIBI PACTEHUM. YCIOBHS MHUHEPAIBHOIO IMTAHMS, BO3pPacT,
TOPMOHAJIBHBIA CTaTyc Kak (DakTophl, BIMsIOIIME Ha Moia pacTeHuil. [losoBble XpOMOCOMBI.
My:KcKue 1 KEHCKHE IBETKU Yy OJJHOJOMHBIX PACTEHUM.

9. YCcTOWYHBOCTH PACTEHHI K HEOJIArONPUsITHBIM (paKkTOpam

Crpecc u anmanTanus - oOmias XapakTepucTuka siBieHuil. HeOmarompusitHble (axTopsl
OouoTHuyeckor M abMoTHUecKol mpupozsl. OTBETHBIE peakIMM pacTeHUH Ha NeHCTBHE CTPECCOPOB.
Crneunduueckue u Hecnenuduyeckue peakuuu. I[lpupona HecneuuUUYecKux peakiMid.
CrpeccoBble O€NIKH U UX (QYHKLUH.

Boowwiii deghuyum. Knaccudukanus pacTeHU o UX YCTOWYMBOCTHU K 3acyxe. Kcepodursr.
CrniocoOHOCTh pacTeHUH MOAIEPKUBATh BOAHBIM TOK B CUCTEME: IOYBA - pacTeHUE - aTMocdepa B
ycIoBUSAX 3acyxH. DakTopbl, oOecreyuBaroOUIe BUKEHHE BOAbl M3 IOYBBI B PAcTEHUE U B
atMocepy y kcepoputoB. OCMOTHYECKHH M THAPOCTATUYECKMH MOTEHIHMAIbl y pa3HbIX IO
3aCyXOYCTOMYMBOCTH pacTeHHil. Perynsiuuss oCMOTHYECKOrO MOTEHIHANIA AABICHHUS C MOMOIIBIO
OCMOJIUTOB. XUMHUYECKask MPUPOa U OMOCUHTE3 OCMOJUTOB. [IpoTekTopHas QyHKIMSI OCMOJIUTOB.
3amuTa OEIKOB B YCIOBMSIX JE€rMJpaTalliyd LUTOMIa3Mbl. [IponnH M monmonsl Kak BakHeHIine
IPOTEKTOPHI OesIKOB. [lomaMHUHBI - MPOTEKTOPHI HYKJIEMHOBBIX KUCIOT. beTauHbl U UX 3allUTHBIE
¢yuknun. benku, cuHTe3upyromuecs B ycnoBusax aeruaparauuu. Mx 3amurtHas ponb. C4 1 CAM-
TUIIBI METa00IM3Ma KaK CUCTEMbI SKOHOMHUH BIIATU y 3aCyXOYCTONYMBBIX PACTCHUH.

Buicokue xonyenmpayuu coneti. Tunsl TOYBEHHOTO 3acoyieHUs. ['anoduThl U TIUMKOPUTHI.
IToBpexxnaromee neiicTBUE conei. AnanTanus pacTeHHMM K OCMOTHYECKOMY M TOKCHYECKOMY
neiicteuio coseid. CriocoObl mojjiep:kaHue OBOAHEHHOCTH. OCMOpPETYNISTOpPHAs U MPOTEKTOPHAs
¢bynkuun ocmonutoB. Ilporekropusie 6enku (I1B), cuHTe3npyromuecss B paCTeHUAX MPH COJIEBOM
ctpecce. Mnaykuust 6unocunTesa [1b BeicokuMu KoHIIEHTpausIMu cojiel. OYHKIMU MPOTEKTOPHBIX
6enkoB. CrcTeMbl HOHHOTO TOMEOCTAaTUPOBaHUS KiIeToK. KoMmapTMeHTalus HOHOB, pOJib BaKyOJIH.
Poub TIIa3ManeMMBl B TOHOTIIACTA B TIOUIEPKaHIH HI3KMX KOHIEHTparmii Na' B UTOIIIa3Me mpu
3aconenun. Na'-TpaHCIIOPTHPYIOIIME CHCTEMBI M MX cBoiicTBa. JlanpHuii TpancmopT Na' (ypoBeHb
nenoro pactenusi). Ctparerusi n30eKaHUS HAKOTUICHHWS] MOHOB B aKTHBHO METaOOIU3UPYIOIINX
TKaHSIX U TEHEPATUBHBIX OpraHax B yCIOBHSIX 3aCOJICHMUS.
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Oxkcmpemanvhbvie memnepamypul. PacTeHus: Kak 3K30TEpMHbIE OpraHnu3Mbl. TemnepaTypHble
aJlanTanuy, CBs3aHHbIe C U3MEHEHUEM CoJep)KaHus (pepMEHTOB B KJIETKaX M MX M30()EepPMEHTHOTO
coctaBa. ApanTanuy, o0ecnedrBaiouIfe NOCTOAHCTBO KM mpum TemMmepaTypHBIX —CHIBHTax.
CTpyKTypHbIE TEpEeCcTpPOMKHM KIETOYHBIX MeMOpaH MpH TeMIEepaTypHbIX aganTauusx. Poib
U3MEHEHUS XMMHUYECKOTO COCTaBa JKUPHBIX KHCIOT UM COOTHOLICHHMS HACBIIIEHHBIX W
HEHACBIIICHHBIX KUPHBIX KUCIOT B 00€CMeYeHUH HEOOXOAMMON MOABUKHOCTH JTUMUAHOTO OUCION
MEMOpaHbl TPU TEMIIEPATypPHBIX aaanTanusx. VI3MEeHeHHWe BS3KOCTH JUMIHIOB U ey
aKTUBHOCTH JIOKJIM30BaHHBIX B MeMOpaHax (epmeHTOB. Ponb 1 hyHKIUS necatypa3 B UBMEHEHUU
WHJIEKCa HEHACBIIIEHHOCTH KUPHBIX KUCJIOT IIPHU TEMIIEPATYPHBIX alalTalusx.

TonepanTHOCTh pacTeHH K 3aMmopaxkuBanuio. [IpenoTBpaineHue oOpa3oBaHUS JbJa B
KJeTKax: 1) myrem ux 00e3BOXKMBaHHS B X0J¢ ()OPMHUPOBAHUS KPUCTAIJIOB JIbJ]a B MEKKJICTHUKAX;
2) myrem OHOCHMHTE3a OHMOJOTUYECKMX aHTHU(GPHU30B. XUMHUYECKas MPHUPOJA OHOJIOTHYECKUX
aHTU(pHU30B. MOJIEKYIIIPHBIE MEXaHU3MbI UX AEUCTBUSA. HU3KOMOJEKYISIpHBIE KPUOMPOTEKTOPHI.
3akanka pacteHuil. V3MeHeHHs, MPOUCXOMAIINE B PACTUTEIBHOM OpraHM3ME B XOJ€ 3aKaJKU.
MexaHu3MBl OBBIIIEHNUS] MOPO30yCTOMYUBOCTH IIPH 3aKAJIKE.

Axmueuposannviii kuciopoo. AxtuBHble (opmbl kuciopoga (ADK): cynepokcumHblit
paauKal, TUAPOKCWI-paJMKall, CHUHIJIETHBIA Kuciopoa. MexaHusMmbl ux oOpasoBanus. Bkian
dbotocunTeTHUecKOM U nbixatenbHoM OTL[ B TreHepamuio CyNepoKCHAHOrO paaukana. Pomb
BBICOKOW HMHTEHCHUBHOCTU CB€Ta B IepeBoccTaHoBieHHOcTH DTL] xyoporuiactoB U 00pa3oBaHUU
cynepokcuHbIX panukanoB. ['enepamus A®DK npu crpeccax. Tokcuueckoe aeiictBue ADK;
CTUMYJISILIUS IEPEKUCHOTO OKHUCIIEHUS JIUIIUIOB.

Mexanu3mbl 3amuThl pactenuid ot u30bsiTka ADK. [lytn mpegorBpamienus oOpa3oBaHUs
A®K B kneTkax pacTeHuil. AHTHOKCHUAAHTHBIE CHUCTEMBI KJIETKU: aCKOpOAT-TIyTaTHOHOBBIN ITUKII,
ToKOepon. AHTHOKCHIAHTHBbIE (epMEHTAaTUBHbIE CUCTeMBbl. CeMEHCTBO CyNepOKCHATUCMYTA3.
Ackopbarnepokcuaasa, KCaHTO(OUIUTBHBIN [UKIT U .

Anoxcus u eunoxcus. PacteHusi, yCTOWYUBBIE K HEJJOCTATKy Kuciopoaa. Ponb rimmkonusa B
ajanTaluy  pacTeHUH K HEAOCTaTKy KHUCIOpoja. AHATOMHUYECKHE OCOOEHHOCTH pacTEHUH,
YCTOMYMBBIX K aHOKCMU M THIOKCHM - CTpaTerus u30exkaHus aHa’pobuosa. Poilb ropMOHOB B
ajantanuu K aHa’poOuo3y. OTBeTHas peakiusi pacTeHUN Ha PEe3KOe CHIKEHUE COJEep>KaHUs
Kuciaopoaa B cpeae. benku, oOpasyrommecs B pacTeHUSAX B XOJ€ aJanTalliM K HEJAOCTaTKY
kucnopona. Mx ¢yHkumoHanbHass poiib. IlONBITKM MONMy4eHHsS] YCTOMYMBBIX K HEJIOCTATKY
KHCI0poAa (opM pacTeHuUH.

Toxcuunocmos msadicenvix Memannog sl pACTEHUH UX HAKOIUIEHHE B TKaHAX. MeXaHu3Mbl
3aIUTHI: KOMOApPTMEHTAIMs M HAKOIUJIEHUWE TshKeNnbIX MeTamwioB B Bakyomsix u KC, Pounb
¢uToxenarnHoB. BugocnennGuyHOCTh B UyBCTBUTEIBHOCTH U YCTOMUMBOCTH PACTEHUN K U30BITKY
Y HEJIOCTATKY TSKEIIBIX METaJUIoB B cpene. duropemenuanus.

Qumoummynumem. DOUTOUMMYHOJIOTHSI KaK COCTaBHas YacTh OOIIEH WMMYHOJIOTHH.
Oynkuun uMmyHuTeta. UMMmyHnuter. [IByxda3HOCTh OTBETa pacTeHHil Ha BHEApPEHHE MaTOreHa:
pacrno3HaBaHHME MaTOT€Ha M 3aIlMTHAas peakuus. DINUCUTOPHI, Pojb NEKTUHOB B pacrno3HaBaHUU.
Peuentop - nWraHgHeli THUI  B3aMMOJEWCTBHMS  pPAcTEHUS-XO3fMHA M MaroreHa. Poub
OJIUTOCAaXapMHOB B OTBETHOM peaklMu pacTeHUuss Ha BHeApeHue mnaTtoreHa. Hekporpodsl u
OMOTPO(dBI - HU3KO- U BBICOKOCIICIMATM3UPOBAHHBIC MATOTEHBI. JleTepMUHAHTBI YCTONYHMBOCTH
pacTeHuii K MaTroreHaM: aHTUOMOTHYECKHE BellecTBa ((PUTOATEKCHHBI), MEXaHUYEeCKHe Oapbepsl,
aykcoTpodus, peakuus CBEPXUYBCTBUTEIBHOCTH U Jp. JleTepMHHAaHTHI TATOTEHHOCTH
MUKpPOOPTaHU3MOB: (aKTOpbI, CHOCOOCTBYIOLIME KOHTAaKTy MHUKpPOOpPraHM3Ma U pacTeHUs,
CYIpeccopbl 3alllUTHON peaklWu W TOKCHHBI; (aKTOphl, oOecrneurBaroulie MNPOHUKHOBEHHE
MaTOT€Ha W €r0 NMUTaHWUE BHYTPU pacTeHUs; (GaKkTOphl, 00ECIIEUNBAIONINE MPEOI0JICHUE 3aIUTHON
peaKIu pacTeHHUs.

Tun u creneHb COBMECTUMOCTH B CHCTeMe: OOJbHOE pacTeHHe. | eHeTHueckas mpupoja
YCTOMYMBOCTU PACTEHHH K maToreHaMm BepTukanbHas ¥ TOPU30HTalbHAas YCTOMYMBOCTH. Teopust
®nopa «reH-Ha-reH». ComnpspkeHHasl HBOJIIOLMS pacTeHus Xo3duHa M mnartoreHa. [IpuoGperenue
BUJIOBOI U COPTOBOM CHielMaIN3alliy TaTOreHOM (MHIYKTOPHO-CYIIpeccopHasi MOJIeb Xecca).
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Posib  BTOpUYHBIX META0OJIMTOB B BEPTUKAIBHOM M TOPU3OHTAIBHOM YCTOWYMBOCTH.
Jlokanu3zanusi CHHTe3a U HAaKOIUIEHHs] BTOPUUYHBIX META0O0IMTOB Ha YPOBHE KIIETKH, TKAHH, OpPraHa,
nenoro pacrteHusi. CocTaB U XapaKTEpUCTHKA CMOJI, CIIM3€H, KaMeau, jJaTekca. BHemHss cekpenus
BTOPUYHBIX MeTa00iauToB. Crenuain3upoBaHHble opraHbl cekpenuu. CocTaB M XapaKTepUCTHKA
3¢UpHBIX Maced. XapaKTepUCTHKA JIOKAIW3alUM CHHTE3a W HAKOIUJICHHS OCHOBHBIX TPYII
BTOPUYHBIX MeTa0OJUTOB. 3allUTHbIE (DYHKIUM BTOPUYHBIX COEIUHEHUH. DOUTOATEKCHHBI.
JloKa3aTenbCTBa SKOJIOTHIECKUX (PYHKINH BTOPUYHBIX COCTMHEHUI.

10. BzanmopeiicTBue (pM3MOJTOrHYECKUX MPOLECCOB, HX HHTErPAIMS U COTJIACOBAHHOE

(pyHKUMOHUpPOBaHUE OPraHOB

JIOHOpHO-aKIENTOPHbIE B3aMMOAEHCTBHUS KaK OCHOBA SHAOI€HHON perynsuuu (OoTOCHHTE3a
B CHUCTEME PACTUTEIBHOIO0 OpraHu3Ma. MeXaHu3M SHJOI€HHON PEryisiliMi B CUCTEME pPACTEHMS:
IIOTOKH YIJIEPOJa, MCIOJb3yEMbIe HA CHUHTE3 Pa3jIMYHBIX COCAMHEHHH M MX PACIpPElEICHHE I10
TKaHAM W opraHaMm. Teopus (OTOCHHTETHUECKOH NPOAYKTHBHOCTH. IlyTH mOBBIIICHUS
3G GEKTUBHOCTH HUCHOJIb30BAHUS COJHEYHOW 3HEpruu mnpu QgorocuHTe3e. JJOHOPHO-aKLENTOPHbIE
OTHOIIECHHUS, PEYTUIM3ALMSI U KPYrOBOPOT MUHEPAIBbHBIX 3JEMEHTOB B pacTeHuu. Pacnpenenenue
BEUIECTB 10 OpraHaM M KOMIIAPTMEHTalUs IPOLECCOB U COCAVHEHMH B KJIETKE M TKaHAX Kak
cHCTeMa TPOCTPAHCTBEHHOH M BPEMEHHOH OpraHM3aliyd OMOXMMHUYECKHX H (DPU3HOIOTHYECKHUX
IIPOLIECCOB U CIOCOO PEryJIsluU UX COINIACOBAHHOIO B3aUMOJICHCTBUS U MHTETPaLUH.

CucreMsl peryisiiiii U X uepapxusi B paCTCHHUH.

Perymnsanus pacrpeneneHus pocTa U BEUIECTB, a TAK)KE B3aUMOJEHCTBUS OPraHOB B LIEJIOM
pacTeHuu.

Cucremsl perynsuuu: Tpopudeckas, ropMoHanbHas U 3jiekTpodusnonorndyeckas. [lonsarue
«3anpocy U NperogaraeéMble MEXaHU3MbI IIepeiaun cUruaia. JloHOpHO-aKIEeNTOPHbIE OTHOLICHHUS.

Perynsuust mporneccoB Ha KIETOYHOM YpOBHE. MeTabonuTHas peryssiiuus U MeXaHU3M
KOHTPOJISI MPOTEKaHWs Mpolecca I0 NPUHLUIY OTPULATENbHONW (TOJO0KUTEIBHOW) CBA3U
KOHEYHBIMU IPOAYKTaMU. AJICHUIIATHBINA KOHTPOJIb.

KomnapTMmeHTanus npoueccoB U BEUIECTB KaK COco0 OpraHu3aluy Perysisiiiii IpOoLEcCoB
B IIPOCTPAHCTBE U BPEMEHH.

B3aumoneiictBue npixaHuss MU (GOTOCHMHTE3a: OOMEH MpPOAYKTaMH U cyOcTpaTaMu.
Oco6eHHOCTH BIXaTeNBHOI0 Ipoliecca B (POTOCUHTE3UPYIOLIEH KIIeTKe.

11. [lenarornka u NCUX0JI0TUs BbICIIEH HIKOJIbI

[Tenaroruka: nounsrue, 3aaa4un. [legaroruka BeicHIeN MIKOJBI, €€ crenu@uKa U KaTeropuu.
CoBpemeHHbIE oOpa3oBaTebHbIE napagurMol. CpaBHuTenbHas XapaKTepUCTHKa
TPaIULIMOHATMCTCKON M TYMaHUCTHUYECKOW MapaaurM oOpa3oBaHHs. MHOroypoBHEBas cHucTeMa
BbIcIero oOpazoBanus. [lopsnok opranmzanuu ydeOHOro mnpoiecca B By3e. JuaakTuka BbIcIIen
MIKOJBI: (YHKIMH, Oa3oBble NOHATUSA. [IpMHUIMIBI OOy4yeHHMs Kak OCHOBHOH OpHUEHTHp B
IpenojaBaTeNbCcKol  AesTenbHOcTH. CoBpeMeHHbIe 00pa3oBaTelbHbIE TEXHOJOTMHM M HX
npuMeHeHre B By3e. OCHOBHBbIE (OPMBI MU METOABl OOy4eHHs B BbICIIEH IIKosie. TexHosorus
KOHTpOJsl oOpas3oBaTenpHOro mporecca B By3e. CoaepkaHHE U CTPYKTypa IeJarornyeckoro
oOmenus. OCOOEHHOCTH TeAarornueckoro oOIieHuss B By3e. llcuxomoruueckre 0COOCHHOCTH
CTY/IEHYECKOI'0 BO3pacTa u npolseMa BOCIUTAHUS B BBICIIEH ILIKOJIE.
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