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HNPOI'PAMMA-MUHUMYM
KaHJAUJATCKOI0 9K3aMEHA IO CIIEHUATIBHOCTH
03.01.05 «®Pu3uosorust U OMOXUMHS PACTEHUIN»
Beenenne
B ocHOBy Hacrosmen mnporpaMMmbl IIOJIOKEHBI CIEAYIOIIME pPa3leibl: OCHOBHBIC
KOMITIOHEHThl PAaCTUTEIBHOTO OpraHM3Ma W UX (QYHKIHMH; pPACTUTENIbHAs KJIETKa;
OMOPHEpPreTHKa pacTUTENBHONO OpraHu3ma, (OTOCHMHTE3, JIbIXaHHE; BOJOOOMEH;
MUHEPAJIbHOE MMUTAHUE; JAaJbHUW TPAHCIOPT U KPYrOBOPOT BEUIECTB B PACTEHUU; POCT U
pa3BUTHE PACTEHMI; YCTOMYMBOCTb PACTEHMH K HEOJaronmpusTHbIM (akTopam;
B3aMMOJICCTBHE MPOLECCOB, MX HHTErpalMs M COIVIACOBAHHOE (DYHKIIMOHMpPOBAHUE
OpraHoB.
[Iporpamma pa3zpaboTaHa SKCIEPTHBIM COBETOM BEhICIIEH aTTecTallMOHHON KOMHUCCHU IO
OMOJIOTUYECKUM HAyKaM.
1. O0mue BONpochI
OObekThl OMOXMMHM M (PU3UOJOTUU PACTEHUM — 3SyKapuoTHUecKue QoToTpodHbIE
OpraHu3Mbl. YHUKaJIbHbIE OCOOCHHOCTH PACTUTEIBHOTO Opranusma: Qoro- u
aBTOTPO(HOCTh. ABTOTPO(PHOCTH B OTHOUIEHUU YCBOEHHUS MHUHEPAIbHBIX 3JIEMEHTOB.
Cneunduka oOMeHa 3€JeHbIX pPACTEHUH IO CPAaBHEHHUIO C APYTMMHU OpraHU3MaMH.
KocMmuueckass poiib 3e1€HOro pacreHus. 3HayeHue (OTOaBTOTPOPOB B CO3JAaHUU H
NOJJIEP>KAHUKM Ta30BOr0 COCTaBa aTMOC(Epbl, BOJAHOIO, TOYBEHHOIO0 U KIMMAaTUYECKOIrO
pexXrMa Ha IUIAHETE.
Opranuzanusi 1 KOOpAUHAIMUS (DYHKIIMOHAJIBHBIX CUCTEM 3€JIEHOTO pacTeHus. Pu3nko-
XAMUYECKUH, SKOJIOTUYECKUMN Y DBOTIOLUUOHHBINA ACIIEKTHI.
MeTonoa0rn4ecKue OCHOBBI HCCIEAOBAHUM B OMOXMMUM M (PU3HOJIOTUU PACTEHH.
Cneunduueckue MeToapl OMOXMMUU U (pu3nosnioruu pacteHuid. CoueTaHue pas3IuYHBIX
YPOBHEU HCCJIEOBAHUSA (cyOKJIETOUHBIH, KJIETOYHBIN, OpPraHU3MEHHBIMN,
OMOLIEHOTUYECKUIA) B OMOXUMHUHU U (PU3UOJIOTHH PACTEHUH.
®uznonorusi 1 OMOXUMHMS PACTEHUM — TEOpETUYECKasi OCHOBA PACTEHUEBOACTBA U HOBBIX
oTpaciieil OUOTEXHOJIOTHH.
2. OCHOBHBIC KOMIIOHEHTHI PACTUTEIBLHOI0 OPraHU3Ma U UX (PYHKIMHU
2.1. Yrnesoasl.
OcobOeHHOCTH cocTaBa M MeTabonM3Ma yTrIeBOJOB pacTeHuid. MoHocaxapuabl, HX
CTPYKTypa M B3aWMOIIPEBPAILECHUS, OCHOBHBIC IIpeICTaBUTENU. MoOHOcCaxapa, Kak
cyOctpathl Uit  cuHTe3a JApyrux BemectB. DocdopHble 3GuUpbl  caxapo3bl U
Hykieosuaaudocdarsl - akTUBUPOBaHHbIE (OPMBI YIIIeBOJAOB. B3aummonpeBpaineHus
MOHOCAaXapHua0B, dIUMepU3aLUs, allbJ0-KETO- n3oMepu3anus, pochomy-Ta3Hble pEaAKIIHH.
TpanckeronasHele W TpaHCaidbhoJia3Hble peakuuu. Onurocaxapuipl, HX COCTaB,
CTPYKTYypa, OCHOBHBIE npenctaButenu. Caxaposa; JoKaau3aluus €€ CUHTe3a U (DYHKIIMH.
[Tonmucaxapuapl: cocraB, TUIIBI CBsA3€W, BeTBIeHUE. [lonmmcaxapuapl 3amacHele U
cTpyktypHble. CTpykTypa Kpaxmana u ero xaerpagauus. OOpa3oBaHHE KpaxMajbHBIX
3€pEH B 3aMacarollnX OpraHax.
2.2. Jlunuael.



OOmme cBoicTBa JMOUAOB, Kiaccudukanus, HOMEHKIaTypa. HacelmeHHble u
HEHACBHIIIICHHBIE JKUPHBIE KHUCIOTHI: KJIacCH(PHUKAIUA, CUHTE3, KaTabonu3sM u (yHKIUU.
OCOOEHHOCTH CTPOEHHSI HEHACBILIEHHBIX XUPHBIX KUCJIOT pacTeHui. Penkue >kupHble
KucHoTel. Tpurnunepuasl U ux ¢yHkuuu. [loaspusie munuast: gocdo- ¥ TIUKOIUTUIHL,
ux poinb B oomene. Ctepouabl. OCOOEHHOCTH PACTUTEIBHBIX CTEPOUIOB, (PUTOCTEPHHBI.
['muko3uapl, alUITIHKO3UABI, YQUpbl cTepuHOB. bronornueckne memOpaHsl, crieruduKa
pa3IMYHBIX MEMOpaH PaCTUTEIBHOMN KIETKH.

2.3. AMUHOKHUCIIOTHI U OEJIKH.

CTpykTypa ¥ HOHHBIE CBOMCTBa aMHUHOKHUCIOT. IIpOoTEeMHOreHHbIE AMHHOKHUCIIOTHI.
AMHHO- COEIMHEHHS, CHUHTE3UPYEMblE IEPBUYHO M3 MHUHEPAIbHOIO a30Ta U CHUHTE3
aMUHOKHUCIOT. Peakunu nepeamunupoBanusd. KiroueBas posib rilyTAMUHOBOW KUCJIOTHI B
MeTabonu3mMe aMuHOKUCHOT. CeMelcTBa aMHUHOKHCIOT, KOTOpPBIE MPOUCXOAIT U3
nupyBara, OKcajoalerara, 2-oKCoriyTapara, MMKMMara U MpoAyKToB Lukia KanbBuHA.
@OYHKUMU CBOOOJHBIX AMUHOKHCIOT W AMUHOKHCIOT B COCTaB€ OEJIKOBBIX MOJEKYII.
Peaknuu ne3aMUHUPOBaHUS U AEKaPOOKCHIMPOBAHUS AMUHOKHACIOT. AMUHOKHUCIOTBI KaKk
cyOcTpaThl CHHTE3a JAPYTHX a30TCOAEpkKaMX coeArnHeHnil. HebenkoBble aMHUHOKHUCIOTBI
pacTEHUMN.

[lepBuyHast CTpyKTypa MOJIEKYJbl mojunentuaa (mentuaHas cBsizb. C- u N- KoHell
nosunentuaa). OulOpwigpHeie u  raoOynspHble  Oenku. MoHHblE — CBOMCTBa
nosunentuaoB: pKa HMOHOTEHHBIX TpPYII, HW303JIEKTPUYECKAass TOYKA. OJIEMEHTBI
BTOPUYHOMN CTPYKTYpbl O€JIKOB — a-CIIUpalb U pP-CTPYKTypa. TpeTuuHasi U 4eTBepTUYHAs
CTpyKTypa OenkoB. Jucynbdumnpie W BOIOPOAHBIE CBSI3U, HMOHHBIE U THUIAPO(HOOHBIE
B3aUMOJECUCTBHS. PoONb OTHENBHBIX AMUHOKUCIOT B O0Opa3oBaHUM W MOJACPKAHUU
MPOCTPAHCTBEHHONW CTPYKTYphl OENKOBOUM MoJIeKyJibl. beikoBblie KoMIUIeKChl. [loHsiTHE
cyObenunuibl. OyHKIIMOHATbHAS KiIaccuuKaims OEIKoB.

2.4. HykneoTnapl ¥ HyKJIENHOBBIE KUCIIOTBHI.

[lyprHOBBIE W NHUPUMUIMHOBBIE OCHOBaHMs. HyKiI€03MIbI U HYKJIEOTHU]BI: CTPYKTYpa,
cunre3, (ynkuuu. Hykneosuamomudocdarel. [{uknudeckne HyKICOTHABI U UX POIIb.
Hyxneotuanbie KOpEpMEHTHI M TMEPEHOCYUMKHA COCIWHEHWH, MX OCHOBHBIE THIBI U
OMOJIOTMYECKOE 3HAYEHUE.

HyxknenHoBble KUCIOTBHI: MEPBUYHASL CTPYKTYpa, HYKIEOTHUIHBII cocTaB. BropuuHas u
tpetnyHast ctpykrypa JHK. Crpykrypa PHK. Tumst PHK (urdopmammonnas,
TpaHCIOpPTHAsA, pubOCOMaTbHAS).

2.5. BeniecTBa crnienuain3upoBaHHOTO 0OMeHa pacTeHUi (BTOPUYHBIE META0OJIUTHI).
OCOOEHHOCTH COEIUMHEHUN, KOTOPbIE OTHOCAT K BTOPUYHBIM MeTa0oauTaM. OCHOBHbIE
KJIACChl BTOPUYHBIX META0OJIUTOB: CTPOEHUE, KIacCU(UKAIUSA U pacpOCTPAHEHHUE.
Anxanouodwvl: TPOTOAIKATIOU/BI, IICEBJ0ATKAIONIbI, UCTUHHBbIE alKalouibl. OCHOBHbBIE
IPYIIIbl HCTHHHBIX AJIKAJIOUIOB.

H3onpenouowvt (tepneHonsibl). OCHOBHBIE TPYNIbI U30MPEHOUAOB (MOHO-, CECKBH-, IU-
TPpU- U TETPATEPIICHOUbI, IOJIMMEPHBIE H30MPEHOUAbI). KapoTHHOMIBI: XUMHUYECKas
IpUpOJIa U CTPOCHUE, PUBNKO-XUMUYECKHE CBOMCTRA.



DenonvHvle coeourenus. OCHOBHBIE TPYNIBI (PEHOTBHBIX COSAMHEHUH ((PEHOIOKUCIIOTHI,
(de-HUIIpOnaHOUIbl, CTUIBOCHBI, (IAaBOHOMIBI M W30(IABOHOHUIBI, TMOJUMEPHBIC
(heHOIbHBIC COCTMHCHMS).

Munopuvle  xnaccol  émopuynvix ~ memadorumos. HeOenkoBble  aMUHOKHMCIIOTHI,
OUMAHOT€HHbIE  TJIMKO3UJBL,  CEepycoJepKallhue  T[JIMKO3UIbl  (TJFOKO3UMHOJIATHI),
pacTUTENbHbIE AaMUHBI, HEOOBIYHBbIC JUMHUABI (KUPHBIE KHUCIOTHI, I[UAHOJIUIH/IbI),
OeTanuHbl, MOJUAICTHICHOBBIE MPOU3BOJHBIC, amKaMuabl, THO(PEeHBI. (OCHOBHBIE
IPEACTABUTENIA BTOPUYHBIX COCIMHEHUM Ka)XJOro Kjacca M UX PacHpOCTPAHEHHUE Cpeau
pacTeHU pa3HbIX BUJIOB.

Ilymu Ouocunme3a OCHOBHBIX KJIACCOB BTOPHUYHBIX METa00JMUTOB. llpenmecTBeHHHKH
OMOCHHTE3a BTOPUYHBIX METa00JUTOB. TOUKM "OTBETBIEHUS" BTOPHUYHOIO METAOOIM3MA
OT TepBUYHOTrO. Moaudukanu BTOPHUYHBIX METa0OJUTOB  (TJIMKO3WJIMPOBAHUE,
TUIPOKCUIIMPOBAHUE, METOKCUIMPOBAHHME, METWIMPOBAHUE). ODH3UMOJIOTHS CHUHTE3a
BTOPUYHBIX  MeTabonuToB.  OcHOBHBIE  (epMEHTHl  OMOCHMHTE3a  AJIKAJIOHJIOB,
U30MIPEHONIOB, (PECHOJIBHBIX COCAMHEHMH, UX XapakrepucTuka. JlyOmupoBanue myTei
CHUHTE3a BTOPHYHBIX MeTa00JUTOB. HemeBanoHaTHBIA MyTh CUHTE3a U30MPEHOUIOB, €ro
JIOKanu3anus U 3HaUeHue.

2.7. DepMEHTBI U MEXaHU3MbI X JI€UCTBUSL.

XapakTepucTuKa depMeHTOB KakK BBICOKOCIIEIIUATTM3UPOBAHHBIX OEJIKOBBIX
KaTanu3aTopoB. AnmudaThueckas M mpocteTuueckas dactu ¢epmenta. KodakTtopsl
(dbepMEeHTHOM peaknuu. JHEpreTUYecKkas OCHOBA KaTajau3a: aKTUBHBEIN IIEHTP (pepMeHTa.
Crnenuduynocts nerictBus dpepmentoB. DepmentHas kuHeTuka. DepMeHT-CyOCTpaTHBIN
KOMIUIEKC. YpaBHeHre Muxasnuca-Menten. Bennuunbl Km 1 Vmax, ux Ouonoruueckuit
cMmbicil. MuHrubupoBanue ¢epmentoB. [lelictBue pH u Temmeparypbl Ha CKOPOCTb
depmenTHoi peakiuu. KoHKypeHTHOE, HEKOHKYPEHTHOE U He0OpaTuMOEe HHTHONPOBAHHE.
MexaHu3mbl perynsauun (epMEeHTHONH aKTUBHOCTH. Perymnsius mo mpuHOHIYY 0oOpaTHOMN
CBS3M: aKTHBAlMsI W WHTUOMpOBaHWE. AJUlocTepuyecKas perymsauusa. MHaykuus u
penpeccust cuHTe3a. M303uMbl M KOHpopMephl. PerymupoBanue ¢ y4acTuem
IPOTEUHKHUHA3.

3. PacTuTebHas KJIETKA

Oco0eHHOCTH CTpPOEHUs, CTPYKTypHas U (YHKIMOHAIbHAsI OPraHMU3alHs PacTUTEIbHON
kJeTki. CUMOMOreHHasl TUI0Te3a BOSHUKHOBEHUS PACTUTEIbHOMN KIIETKU.

Aopo. OcoOeHHOCTH OpraHM3aliy sIIEpHOr0 reHoma pacTeHuil. CTpyKTypa TE€HOMa,
nonumop¢usm pactutensHoit JIHK. KomumitHocts pasubix renoB u ywactkoB JIHK.
Ocobennoctn MetwiaupoBaHusi pactutenbHo JIHK u ero BiausHHME Ha 3KCIPECCHUIO
SIICPHBIX TE€HOB. MOOUJIbHBIE TEHETUYECKUE JJIEMEHThl pPACTECHUM (TPAHCIO30HBI).
Perporpancnosonst u JIHK-tpancno3onsl. Ac u Ds - 31eMeHTHI.

IInacmuonas cucmema. Tumpl TnacTus, OCOOCHHOCTH CTPOCHHs, OHTOreHe3. ['eHoM
mnactuy.  [Ipokapuornueckne  4epTel M KONMHWHOCTh  INIACTHIHOIO  I'E€HOMA.
[IonMUUCTPOHHBIM THUIT pEIUIMKALMM IJIACTUIHBIX TE€HOB. Mo3anyHas CTpyKTypa
nnacTuaHbix reHoB. CospeBanme miactuaHor PHK, cnmaiicmHr m penmaktupoBanue
tpanckpuntoB. CrabmibHocTh TiactugHo PHK. benku, komgupyemble MIacTHAHBIM
reHoMoM. CuHTe3 Oeilka B IutacTHAax M ero peryisinus ceroM. PHK-mommmepassi



IUTACTH]I, IUIACTUHBIE pPUOOCOMBI. J[BOWHOE KOAMpPOBaHUE (SIEPHOE W IUIACTUIHOE)
OOJNBIIMHCTBA KOMIOHEHTOB (QorocuHTteTndeckoro ammapara: DOCI1, OCII, betf-
komriekca, CCK, AT®-cuntasel, mnactugHon HAJ[-H-pgeruaporenassi, Rubisco.
TpaHcnopT sIepHO-KOAUPYEMBIX OEJIKOB B IUIACTHIBI. Pa3MHOXEHUE M Hacliel0BaHUE
IIACTU.

Mumoxonopuu  pacmenuti.  OCOOEHHOCTHM  CTPOCHUSI MHUTOXOHIPHUN  pacTCHUI.
OcCo0OEHHOCTH CTPYKTYpPhl MHUTOXOHAPHAIBHOTO reHoMa pacteHui. [Ipokapuoruueckue
YepThl M pa3Mep MHUTOXOHAPHUAIIBHOTO TE€HOMa pacTeHnid. MozandHas CTpyKTypa
MUTOXOHJPHUAJIBHBIX T'€HOB, CIUIAUCHHI M pPEJAKTUPOBAaHUE TPAHCKPUITOB. beinkw,
KOAMPYEMbIE MHUTOXOHAPHAIBHBIM TeHOMOM. (OcoOeHHOCcTH cuHTe3a Oenka B
MUTOXOHJPUSIX, PUOOCOMBI MUTOXOHIPHH, TpaHCHOPT OenkoB M HeKOTOpbix T-PHK wu3
a/ljpa B MUTOXOHJpUIO. J[BOWHOE KOoAupoBaHHUE (SAEPHOE U IUIACTUIHOE) OOJIBIIMHCTBA
oenkoB gpixatenpHOUW OTIl: HAJI-H-mermmporeHaspl, CyKIIMHAT-ACTUIPOTEHA3BI, bC-
KOMILIEKCA, TUTOXPOM-OKCHAa3bl, AT®-cuHTa3bI.

[lepenoc reneTumueckoro martepuana Mexay opraHemiamud. CoBmecTHas paboTa Tpex
T€HOMOB.

Membpanuvie cucmemvl pacmumenvhot kKiemku. Ilnazmanemma, TtoHorutact, OIIP,
armapart [ oJsb k.

Oco0EHHOCTH CTPOEHHUS IUIa3MaJeMMbl. TpaHCIOPTHBIE CHCTEMbl IIa3MaJEMMBbl,
IIPOTOHHAS YHEPreTHKa TPaHCIOpTHEIX cucteM, H -ATdasa P-tuna.

OcoOeHHOCTH CTPOEHHS TOHOILIAcTa. TpaHCHOPTHBIE cHCTeMbl ToHomnacTta. H' -ATda3a
V-tuna, nupodocdarasa.

OHjomuiazmaTudyeckuid petukyiym (OP) pacturensHoil kietku. [llepoxoBatelil U raaakui
OP. Paznuunble QyHKUMOHANBbHBIE Yy4yacTKH pactutensHoro OIIP.  CurnanbHbie
nocJie0BaTeNbHOCTH OeskoB, TpaHcnoptupyemsix B OIIP. KDEL-nocienoBaTeabHOCTb.

Oynkuuu JIIP.
Anmnapar T'onsmxu (AI'). Crpykrypa AI. TpaHCHOpPTHBIE BE3UKYJIbI, TUKTHOCOMBI,
ny3bIpbKU. J[Ba OCHOBHBIX HAamNpaBJICHHs TPAHCIOpPTa - IJIa3MAJIEeMMa W BaKyOJlb.

OcCHOBHBIE TPAHCTIOPTUPYEMBIE BELIECTBA.

Bakyonv. JluTnyeckuil W 3anacarolMi THUIBI BAaKyoOJIeW. DBelKOBbIE MapKepbl THIIOB
Bakyosiei. CUTHAJIBHBIC TOCIICIOBATEIHLHOCTH OEJIKOB, TPAHCTIOPTUPYEMBIX B BaKyOJIb.
Bo3nukHoBeHue Bakyoseill de novo. TpaHCHOpPT BEIIECTB B 3alacarolllie U JIUMTUYECKUE
BaKyoJid (CIMSIHUE BE3UKYJ, aBTodarusi Be3ukys). CHUrHalbHbIE MOCIEAOBATEILHOCTH
TpaHcIopTa O0€JIKOB B BakyoJib. DyHKIIUM BaKyOISIPHON CUCTEMBI KIIETKH.

Lumockenem pacmumenvroti kiemkuy. CTpyKTypa UUTOCKeNEeTa. AKTUH U TyOYyJIHMH, UX
nonuMepusanus u jnenonumepusanus, G-aktuH U F-aktun. benku, acconuupoBaHHbBIE C
IIUTOCKEJICTOM. YYacTHE AaKTHHOBBIX (DHIAMEHTOB BO BHYTPHUKJICTOUYHBIX JIBUKCHUSX.
Vyactue uMTockeneTa B JBWKEHUM M 3aKpeIuieHuU oprasHeil. Poib muTOCKEneTa B
CUHTE3€ LIEJUIIOJIO3bl. YYacTHE LIUTOCKEIETa B MTPOLIECCE JIETIEHUS KIETKH,

Knemounasa cmenxa (KC). YrieBoaHble KOMIOHEHTHI KJIE€TOUYHOW cTeHKH. llemmronosa,
TEeMUIIEIUTION03bI, TTeKTHHBL. Kamro3za. CTpyKTypHBIE OCNKH KJIETOYHOW CTEHKH: OCINKH,
oboramennbie rugapokcurnponrHom (HRGPs), npomunom (PRPs), rounumaom (GRPs),



apabunoramaktaHoBeie Oenku (AGPs). ®@ynkumonansabie Oenku KC: sKCmaHCHHBI,
(epMEeHTHI.

[lepBuyHass W BTOpPUYHAS KJIETOYHAs CTEHKAa. JIMTHUHBI, BOCKAa, KyTHH, CYyOEpHH.
[Tnazmonecmer (ITM1), mx crtpoenue. KoymuecTBO Mmiia3mMoecM Ha pa3HbIX ydacTKax
KJICTOYHOM CTEHKH M B Pa3HBIX TKaHAX. 1 PpaHCIIOPT BELIECTB IO IIa3mMonecmam. /[Ba tuna
CTPOEHHUsI KJIETOYHON CTEHKH y MOKPBITOCEMEHHBIX pacTeHuid. OOpa3oBaHHE KIETOYHOU
CTEHKHA. BHOCHMHTE3 MUKpOPMOPHIII LEUIIONIO3bl M UX caMocOopka. Posib anmapara
lombmxku B OmocuHTe3e 3neMeHTtoB Marpukca. @ynkuum KC: kapkacHas, 3aniuTHas,
TPAHCIIOPTHAS, PETYJIATOPHAsS, CUTHAJIbHAsL. OIUIocaxapuHBbI.

Onmocenez knemku pacmenus. CTaiud OHTOIE€HE3a: JIE€JIEHUE KIETKH, POCT KIETKH
pacTsokeHueM, AU GEepeHIIMPOBKa, CTapeHHe W cMepTh. KileTouHblld (MUTOTHYECKUI)
muki. @asel mukia - Gl, S, G2, M. 3anyck U peryaupoBaHUE KIETOYHOTO IUKJIA.
[uKIMHBI, TUKIUH- 3aBUCUMBbIE TTpoTernHKkrHAa3bl (CDKSs). AnonTo3 pacCTUTEIBHBIX KIETOK
- IporpaMMHasi Tu0esb Ki1eTki. CUrHaiIbl 1 MEXaHU3MBI allonTo3a.

Knemku pacmenuti in vitro. JlemuddepeHnuanus pacTUTEILHOW KICTKH in Vitro W
dopMupoBaHne  TOMyNSAIMH  Opodudepupyrmux  ki1etok.  CTpyKTypHBIE |
(yHKIIMOHATbHBIE OCOOCHHOCTH KJIETOK pacTeHWil in  Vvitro. [ eTeporeHHOCTh W
ACHMHXPOHHOCTb IOIYJISIMHA KJIETOK pacTeHUM BHE oOpranusma. M3ommpoBaHHbIE
IPOTOILIACTHl KJIETOK pacTeHuu. lcronp30oBaHME KIETOK pPACTEHWM in Vifro Kak
MO/JICTbHON CUCTEMBI B (PU3NOJIOTMYECKUX UCCIETOBAHUSAX U B OMOTEXHOJIOTHH.

4. Bno3HepreTuKka pacTUTEJIbHOI0 OPraHU3Ma

Ipunyunvr  mepmoounamuxy. 3aKOHBI XUMHUYECKOW TepMmoauHaMuku. CBoOomHas
SHEPrusi; U3MEHEHUuE CTaHAapTHOW cBoOomHOW sHepruu (G°). DHaeproHuyeckue u
JK3EPrOHMYECKHE peakuuu. XHUMHUYECKOE€ pPABHOBECHE, XHMHWYECKHM ITOTEHLHAIL
BoelpaxxeHne HM3MEHEHHs CBOOOJHOM DJHEPrUM PpPENOKC- pEeaKUMd B  EAUHULIAX
ANEKTPOXUMUYECKOTO CTAHAAPTHOTO OKUCINUTEIBHO-BOCCTAHOBUTEIBLHOIO IIOTEHIIMAIIA.
IIpeobpa3zosanue snepeuu 6 kiemke. BHEIIHNE NCTOYHUKU SHEPTUH U1 OPraHu3MoB. J[Be
OCHOBHbIE (DOpPMBI 3allaCaHus HHEPrUM B KIETKE: JIIEKTPOXUMHUYECKUN MOTEHLHAI
OPOTOHOB  HA  OJHEPrU30BaHHBIX  MeMOpaHaX W MaKpOIPTrUYECKHUE  CBS3H,
B3aMMOIIPEBpaLIEHUE 3TUX (OPM SHEPrUU. DHEPreTuKa MpoLeCcCOB CUHTE3a U TMIPOIn3a
AT®. TpancpopManys 3HEPrUM Ha COINPATAIOIUX MEMOpPaHAX: 3IEKTPOXUMUYECKHM
NOTEHIMAN - JBIWXKymas cuia (HochopuinpoBaHus. YHHUKAIbHOCTh IHEPrEeTHUECKUX
IPOLIECCOB PacTeHUI: (POTOCUHTE3 U JIBIXAHHUE.

4.1. ®orocunTes.

3HaueHue (OTOCHHTE3a B TpaHC(HOpMAIMU BELIECTBA WM 3HEPruM B npupoae. Pusuko-
XUMHYECKas CYIIHOCTh Mporecca (OTOCHHTE3a M €ro 3HAUCHHE B HHEPreTHUYECKOM U
iacTudeckoM oOMmeHe pactenus. Jlucr kak opran  ¢orocuHre3a. CTpyKTypHO-
(dyHKIMOHaNbHAsT Opranu3anus (QporocuHTeTH4YecKoro ammapara. OCHOBHBIE MOKa3aTEIH
ME30CTPYKTYPHI JIUCTA.

DJEeMEeHTBl CTPYKTYphl MOJIEKYJbl  XJIOpO(QWIJIa, OTBETCTBEHHBIE 3a  (DYHKIIHIO
NOTJIONICHNS, 3amacaHusi W TMpeoOpa3oBaHUS DJHEPrHH B TMpoiuecce (OTOCHHTE3A.
MexaHn3M IIOTJIONIEHHS W HCIYCKAaHHsI CBETAa MOJIEKYJIOM; CHEKTPHl IOTJIOIICHUS.
DNEKTPOHHO-BO30YKJIECHHBIE COCTOSHHUS XJOPOPWIIOB, MYyTH UX JE€3aKTHUBALUU.



[IpeoOpa3zoBaHusl 3JIEKTPOMAarHUTHOM JHEPruM B PENOKC- DBHEPruio; oOpaTUMbIE
OKHCIIUTETHbHO-BOCCTAHOBUTEIIbHBIC MPEBPAILICHUS XJTOPOPHILIIOB.

Xnopopumn-6enkoBbie kommiekebl (XBK); mexanusmbl 00pa3oBaHWs, 3HAYCHHE CBS3U
nurMeHToB ¢ OenkoM. OpuenTtanus nurMeHToB B XBK. MexaHu3Mbl 3HEpPreTnyeckoro
B3aUMOJICHCTBHSI NMUTMEHTOB B KOMIUIEKCAaX (PKCUTOHHOE B3aUMOJACKHCTBUE) U MEXKAY
KOMILIEKCaMH (MePEXOAHBIE COCTOSIHUS).

Ponp kapotmHOnzoB B (oTocuHTe3e. AHTeHHass (QyHKIUS, BO30Y>KICHHBIE COCTOSHUS
KapOTHHOMIOB, MEXaHW3Mbl MUTPAIMU DHEPIHMH Ha XJOpopuml. MexaHn3Mm 3alUTHOTO
JeCTBHS KapoTUHONAOB. DYHKIIMN KapOTUHOHMIOB B PEAKIIMOHHOM IIEHTpE, CHeIu(puKa
nuc-koHpopmanyu. 3HayeHHE KCAHTOQWIUIOBBIX IHMKJIOB Y BBICHIMX pPACTCHUA U
BOJIOpOCIEii; (hOTONPOTEKTOpHAS (PYHKIIMSA 3€aKCAHTUHA U TUa30KCAHTHHA.

[lepBuunbie mporecchl (OTOCHHTE3a, MX CTPYKTYPHO-(QYHKIIHMOHAIbHAS OpraHU3allus.
[IpencraBnenrie 0 POTOCHHTETUICCKON enUHUIE. AHTEHHBIM KOMIUIEKC, PEAKIIMOHHBIN
HEHTp. MexaHu3Mbl MUIPAalMKd BSHEPruv B xjopormiactax. COBpEMEHHbIE MOJAENIU
CTPYKTYPHOM OpraHu3ali pPEaKIUOHHBIX ILEHTPOB OaKTEpUil W BBICIIUX PACTECHUH.
MexanuzMm npeoOpa3oBaHUs 3JIEKTPOMATHUTHON SHEPIHMM B JHEPTUI0 PA3IACICHHBIX
3apsAA0B B (POTOXUMUYECKUX [IEHTPAX.

DONeKTpoH-TpaHCIIOpTHAasE  1enb  (orocuHTe3a. IlpeacraBieHuss O  COBMECTHOM
¢ynkuonupoBanun aByX (orocucreM. Kommnonents: OTL[ u mocienoBaTeNnbHOCTH
nepeHoca dJeKTpoHa 1o 1enu (Z-cxema). l{ukindeckuil, HEIUKIWYECKUH U
IICEBIOLMKINYECKUM ANEKTPOHHBIN TpaHcnopT. [IpocTtpancTteennas opranusanus OTL[ B
TUJIAKOUAHOU MeMOpaHe: OCHOBHBIC (pyHKIMOHAIBHBIE KOMIUIEKCH D TL (®C-1, ®C-2,),
ux crpykrypa u ¢yaknuu. Ctpoerne n pyaknun OC-2. Opranmszaius B THIAKOUITHOU
MeMOpaHe U QyHKIIMOHUpOBaHKE peakinoHHOoro nenTtpa ®C-2. Cucrema GhoToam3a BOABI
1 oOpa3oBanus kucinopoaa npu porocuntese. Ctpoenne u ¢pyHkiuu OC-1. O6pa3zoBanue
TPAaHCMEMOPAHHOI'O MPOTOHHOTO TPAJUEHTAa B IMPOLECCE 3JIEKTPOHHOIO TPAHCIOPTA.
Crpyktypa u (yHKIuu mutoxpom be/f kommekca, Q - mukia. Perymsmmst moTokoB
AMEKTPOHOB Tmpu (poTrocuHTe3e. DoTOCHHTETHYECKHH KOHTPOib. Jlokammzarmus OTI]
KOMIUIEKCOB B TpaHaJbHBIX M CTPOMaJbHBIX MeMmOpaHax TuiIakougoB. CHCTEMBI
pEeryasiiuy IUKINYECKOTO M HELMKIMYECKOro 3JEKTPOHHOro TpaHcnopra. OOpa3oBaHHe
npu QorocuHTe3e akTUBHBIX (opm kuciopoga. Ilpomeccsl (oTromHrnbupoBaHus u
(doToAeCTPYKIINH; 3aIIUTHBIE MEXaHU3MBI XJIOPOILIACTOB.

dorocunrerndyeckoe (ochopunupoBanre. OCHOBHBIE THIMBI, HX (U3UOIOTHUECKOE
3HAUYEHWE, MEXAHU3Mbl pPEryasiuuu. MeXaHu3Mbl 3HEPreTUYECKOTO  COMNPSIKEHUS
TpaHCIIOpTa AIEKTPOHOB " CUHTE3a ATO. Conpsraromue (dakTopsl
dorodochopunupoBanusi, WX (QYHKIHH, CTPYKTypa, MEXaHU3M JeUCTBUA. MexaHu3M
paboThl kaTanutuyeckux eHTon CFI.

Perynsmusi moTOKOB 37eKTpOHOB mpu (poTocunTeze. DOTOCHHTETHUECKH KOHTPOJIb.
Jlokanuzanus komiiekcoB DTL[ B rpaHaibHBIX U CTPOMAJIBHBIX MEMOpaHaxX TUIAKOUIOB.
Cucrema peryysiiii LUKIMYECKOTO M HEIUKIMYECKOTO 3JIEKTPOHHOIO TPAHCIOPTA.
Koneunbie mpoayKThl CBETOBOM U TEMHOBOH (ha3bl (OTOCHHTE3A.

XUMU3M TPOLECCOB aCCUMUIISIIIAK yriaepoaa B ¢porocuHTese. Vcmonb30Banne NpoayKToB
CBETOBOM CTaauM i1 aCCUMWISILMU YTIEKUCIOThl. PyOucko: conepxkanue QepmeHTa,



CTpyKTypa, ¢pyHKuuu, perymsuusa. Lukn KanpBuna, ocHOBHBIE (DepMEHTHI U MEXaHU3MBI
perynsiuun  1ukiaa. @oroasixanue. DOOII- kapOokcuiaza, €€ XapakTEpPUCTHKA U
nokamm3arus.  [ukn  Xotya-Cmoka-KapnmnoBa, ero  (QyHKIMOHAJIBHOE 3HAYCHHE.
Opranu3zanus npouecca aCCUMIWIALNY B KJIeTKaX Me30(uia U OOKIaJAKUu: 0COOCHHOCTH
CTPOCHHS XJIOPOIUTACTOB M peakuui QorocuHre3a. OOMEH COCAUHEHUSMHU MEXIY
Me30(UIBHBIMU KJIETKaMHU M KJIeTKaMHu OOKIaaku. Xapakrepuctuka rpymnmn C4 pacTeHui.
®ortocunte3 'y CAM- pacTeHuil: OCOOEHHOCTH OpraHu3aliu Ipolecca 3anacaHus
SHEPruM U (PUKCAIMH YTIAECKUCIOTH BO BPEMEHH.

TpancnopT NpoayKTOB (OTOCHMHTE3a M3 XJIOPOILUIACTA: YETHOYHBIE CHCTEMBI BBIHOCA.
MexaHu3Mbl, KOHTPOJMpYIOIIME OOMEH METa0OIMTaMH MEXIy XJOpPOIUIACTAMH H
nuTOIIa3MaTHIeckor (a3oit kinetku. [IpeBpamenus CaxapoB B IUTOIIa3ME U IIUTO307E;
3amacHele U TpaHcnoptHeie popmbl CaxapoB. Bkitouenue yriepoaa B aMUHOKHUCTIOTHI.
AccuMUISIIIAS yTIACKUCIOTH B JucTe. JlelicTBue BHEMIHUX ()aKTOPOB (MHTEHCUBHOCTH U
KayecTBO cBera, ¢oronepuosa, kouuentpauus CO,, O, Temmeparypa u 1ap.) Ha
¢orocunre3. Paznmuume B KPUBBIX 3aBUCUMOCTH CKOPOCTH AaCCUMWISILIUM  OT
koHueHTpauu CO, u O,B razoBoil cpeae y C-3 u C-4 pacrenuil. KBaHTOBBIN BBIXO]
dotocuntesa. Tpancopt CO, k MecTaMm duKcaru, poiab KapOoaHTHIpa3bl. Y CThbUYHAS U
KjeTo4yHasi npoBogumocTth i CO, B 3aBUCHMOCTH OT BHEIIHHX (PaKTOPOB M BO3pacTa
JIUCTA.

4.2. JIpixaHue.

@epMEHTHBIE CUCTEMBI JbIXaHHs. XapaKTEPUCTUKA OTHECIBHBIX TIPYII JbIXAaTEJIbHBIX
(epMEeHTOB: TUPUIUH3ABUCHUMBIEC JETHAPOTeHa3bl, (DIaBUH3aBHCUMBIC JETHAPOTEHA3HI,
okcuzasbl. IlepeHOCUMKH 3JIEKTPOHOB: XUHOHBI, JKEJIE30CEPHbIE OENKH, LIUTOXPOMBI, MX
XUMHAYECKOE CTPOCHHUE U CBOMCTBA.

I'mukommu3. OcHoOBHBIE (EpMEHTH CHHTE3a W THUAPOIM3a Caxapo3bl W Kpaxmana.
depMeHTAaTUBHBIC PEAKIUKA M HHEPreTHUECKUil OajaHC TIUKONM3a, KOMIApTMEHTAIUs
npouecca B KJIeTKax pacteHuid. ['nukonus u ritokoHeoreHe3. OCOOEHHOCTH TUIMKOJINA3a Y
pactennii: AT®- 3aBucumas  (dochodpykroknHaza u  nupodocdaTzaBucumas
dochodpykTokrHaza - perynasTopHbie (epMeHTHl riaukonusa. Opykro3o-2,6 docdar -
PETyJIATOpPHAs MOJIEKYJIa YTJIEBOAHOTO OOMEHA B PACTEHUSX.

OxucnutensHplii neHTO30(ochaTHBI UK. DEepMEHTATUBHBIE PEAKIUU U PEryJISIus
nukia. KommapTMeHTanust HUKia B KJIETKE U €ro poJib B META00IM3ME PaCTEHUM.
[InpyBataernporeHa3HbI KOMIUIEKC: CTPYKTYpa U PETYIISALHAS.

[uksn TpukapOOHOBBIX KHCIOT. DepMEHTAaTUBHBIE PEAKLUUU U peryisuus Lukia. Poib
MaJIMK?H3UMa B PETyJALUN paboThl LUKIA. DHepreTuyeckas 3QQGEeKTUBHOCTH IMpoliecca.
Oco0eHHOCTH UKJIa TPUKAPOOHOBBIX KUCIIOT B PACTEHHSIX.

I'mnokcunaTHbIi HUKIL. [ TMOKCHUCOMBI ¥ TITMOKCUJIATHBIN LIUKJL.

JlpixaTenbHasi AJEKTPOHTPAHCIOPTHAs LENb: OCHOBHBIE KOMIIOHEHTBI, CHOCOOBI
perucrpauuu pefokc- cocrossHuid. Ctpykrypa v QpyHKunu KomruiekcoB ODTL[ npixaHus:
HAJIH- neruaporenasuslii Komruieke. CyKIMHATAErMAPOreHa3HbI KOMIUIEKC. [luToxpom
b/c  kommuekc.  L{uTOXpOMOKCHMAA3HBIA  KOMIUIEKC. MexaHusM  00pa3oBaHUS
TPAaHCMEMOPAHHOI'O MPOTOHHOT'O TPAJMEHTA B IPOLIECCE ANEKTPOHHOIO TPAHCIIOPTA.



Ocobennoctn OTL npixanus pacteHuil. AnbrepHatuBHble HAJIH-nermaporenassr -
Jokanu3anus B MeMmOpaHax © (yHKUMH. AJbTEpHAaTHUBHAs OKCHIA3a: CTPYKTYpa,
(GYHKIMHM, TPUHIUINBL PETYISIIUA. AJBTEPHATUBHBIM MyTh MEPEHOCAa HIIEKTPOHOB B
IbIXaTEIbHOM LN pPACTEHU W ero (QU3MoNorudyeckoe 3HayeHue. VHruOUTOpsI
AJIEKTPOHHOI'O TPAHCIOPTA W HMHTUOUTOPHBIA aHadu3 MpPU HU3YYEHUH JbIXaTEIbHOU
AKTUBHOCTH PACTUTEIbHBIX MUTOXOHAPHUN.

OxucaurensHoe ¢GocPopmivpoBanue. DHEPru3anusi MeMOpaH mpu (PyHKIMOHUPOBAHUU
OTH  npeixanms. AT®-  cuHTtaza  mutoxoHjapuil.  CrTpykTypa,  JOKaIu3alus,
IPOCTPAHCTBEHHAsT opranu3anus. COBpEMEHHbIE NPEACTABICHUS O MEXaHM3ME CHUHTE3a
ATO.

Perynsauusa 351€KTpPOHHOrO TpaHCIIOPTA B ABIXATEIbHOM LENH. JbIXaTEIbHBIA KOHTPOJIb.
[TonsTne o pazobmmrensax. OHepreruyeckas 3>(PQEeKTUBHOCTb JbIXaHHs. YenHOUYHBIE
cuctembl BoiHOCa AT® 1 TpaHcopT MeTabOIUTOB Yepe3 MeMOpaHbl MUTOXOHAPUA.
OyHKIMM IpIXaHUS y pacTeHuid. UHTepMeTuaThl OKUCIUTEIbHBIX PEAKINA KaK CyOcTpaThl
JUIsl CHHTE3a HOBBIX coequHeHnM. [IpeBpamenne opraHndyeckux KUCiaoT B MUTOXOHIPHUSX.
Ponp ppixaHus B CO3MaHMM M NOAAEPKAHUM DJIEKTPOXMMHUYECKOTO IOTEHIHANA Ha
KJIETOYHBIX MeMmOpaHax (m1azmaneMma, TOHOILJIACT, MeMOpaHa OP).
OJIEKTPOHTPAHCHOPTHBIE LENM IUIa3MAJIEMMBbI, JHAOILIA3MATHYE-CKOTO PETUKYIyMa,
MUKPOTEJIELl, UX CTPYKTYpa U (PYHKIIUH.

[MuromnasmaTnyeckue OKCHJIa3bl (ackopOaTokcuaasa, o EHOTOKCHIA3HI,
KCaHTUHOKCH/1a3bl, IEPOKCHUIA3bI, KaTanasbl). X mokanuzamus, GyHKIUHN, BKIaJ B o01Iee
NOTJIONIEHUE KHUCJIOPOJA PACTUTEIBbHON TKAHBIO. VI3MEHEHMS B MHTEHCHBHOCTH M ITyTAX
JBIXaHMS B OHTOTEHE3€ U MPU ACUCTBUU (HPAKTOPOB CPEIIBI.

S. Bonooomen

KonuuectBo motpediisieMoli pacTEHUEM BOJbI, COAEP’KaHHWE BOJbI B KIETKAaX, TKAHIX H
opranax. MonekymnsipHas CTpyKTypa W (U3MYECKHE CBOWMCTBa BOJbl. B3ammojelcTBue
MOJIEKYJl BOJbI U OuonosmMepoB, ruaparanus. CoctostHue BoAbl B KieTke. Bona, kak
CTPYKTYPHBII KOMIIOHEHT pPACTUTEJIbHOM KJIETKH, €€ Yy4yacTue B OHMOXMMHUYECKHX
peaKknusx.

TepmoaMHaMHUYECKUE TIOKA3aTENU COCTOSHMUSA BOJABI: AaKTUBHOCTH BOJBI, XUMHWYECKHU WU
BOAHBIM mNoTeHIHAI. COCTaBIAIOIME BOJHOIO ITOTEHHIHANA KJIETKU: OCMOTHYECKHH,
MAaTpPUYHBI TOTEHIMAN, IOTEHUHWAJI AaBi€HUA. [ palWeHT BOJHOIO ITOTEHLIHAJIA KaK
NBIKYyIIas CWiIa IOCTYIUIEHUS M IEepeABWKEHUS BOAbL. OCHOBHBIE 3aKOHOMEPHOCTH
NOTJIONICHUS BOJbI KJIETKOW: B3aMMOCBS3b MEXAY W3MEHEHHSIMHU BOIHOTO NOTEHIMAA
KJIETKH, BOJHOTO MOTEHIMaJIa pacTBOpPA M BOJHOIO MOTEHIMAIA JIaBJICHUA. AKBaIlOPHHBI
(Oenky BOOHBIX KAHAJIOB), MX CTPYKTYpa, IPUHLMI padOThl. AKBANIOPUHBI IJIa3MaJIEMMBbI
¥ TOHOILJIACTA, UX POJIb B MOJEP>KAaHUU BOJHOTO OaraHca BOIBI.

Tpancnopt Boabl 1O pacTeHH0. KOpeHb Kak OCHOBHOM OpraH IIOIJIOIIEHUS BOJBL.
MexaHn3M paguaibHOIO TPAHCIIOPTA BOABI B KOpHE. Posib pr3omepMsl M 3HAOAEPMBI B
stoM npouecce. lloctymuienue Boxmbl B cocynabl KcuieMbl. Kcumnema — OCHOBHas
TPAHCIIOPTHAsI MAarucTpaib IBW)KEHUS BOJHOTO TOKAa B CUCTEME «IO0YBA — PACTECHUE —
atMocepa». XapakTepUCTHKa «HIDKHETO» M «BEPXHEr0» JBHraTeleld BOJHOTO TOKa.
KopHueBoe naBnenue.



Brinenenne Boapl pacrenueM. ['yrranums, «mray» pacteHnd. TpaHcnupanus U €e posib B
KU3HU pacTeHui. KomandyecTBeHHbIE TMOKa3aTelIW TPAHCHIUPALWA: WHTEHCUBHOCTD,
OPOAYKTUBHOCTh, TPAHCIHUPAIMOHHBIN KOA(PQGUIIMEHT. YCTbHUYHAsA M KyTHKYJApHas
TpaHcnupanus. CTpPOCHUE YCTBUI] Y ABYNOJBHBIX U OJHOJIOJBHBIX PACTEHUH, MEXaHHU3M
YCTBbUYHBIX JBIKEHUH. Bnusnue BHemHux (akTopoB (CBET, TemmepaTypa, BIAXHOCTh
BO3[lyXa, TMOYBbI) HA MHTEHCUBHOCTb TpaHcnupauuu. CyTouHble KoJieOaHuUs
TpaHcnupauuu. PeryistopHas pojb yCThHIl B BOJIO- U Ta3000MEHE.

Okosorus BojooOMeHa pacteHuil. OCOOCHHOCTH BOJOOOMEHA Yy pacTEHHH pPa3HBIX
AKOJIOTMYECKUX TPy (Kcepo(huToB, Me30(pUTOB, TUTPODUTOB, TATIOPUTOB).

6. MuHepaibHOE MUTAHHUE

[loTpebHOCT, pacTeHWil B dJeMEHTax MuHepanbHOro mnutanug. CoaepxaHue U
COOTHOILICHWE MHWHEPAIBHBIX JJIEMEHTOB B II0YBE W PACTEHHUSX, KOHIIEHTPUPOBAHUE
AJIEMEHTOB B TKaHAX pacteHua. DyHKIUOHaIbHAs KIacCU(pUKALUs SJIEMEHTOB
MUHEPAJIBHOTO ITUTAHUS.

KopeHnp kak opraH MorjonieHusi MUHEPaJbHbIX 3JIEMEHTOB, CHEHU(UUECKUX CHHTE30B C
UX ydacTMeM M TpaHcmopra. PocT KOpHA Kak OCHOBA IIOCTYIUIEHUS 3JIEMEHTOB
MUHEpPAJIbHOIO MHUTAHMS. 3HAYE€HUE 30H pocTa KOpHA B 3TOM mpornecce. Cucrema
B3aUMOJEHUCTBUSA “KOPEHb - 1T04YBa’ . PO MUKOPU3EI.

[lornomenne MOHOB M WX TepeaBKEHHE B KopHe. KnetouHas creHka kak Qasza amis
nBkeHnss noHOB. [lorstne cBoOGomHOTO TIpocTpanHcTBa (CII): BomHOE WM JOHHAHOBCKOE
CII, onenka ux pazmepoB. Mexanusmbl noctyimienuss uoHoB B CII u 3HaueHue 3TOro
JTaIa MOIJIOIEHHS.

TpaHncnopT MOHOB Yepe3 MeMOpaHbl; JBHKYIIUME CHUIIbI IepeHoca MOoHOB. [laccuBHBIN U
AKTUBHBIM TPaHCIIOPT MOHOB. Y paBHeHne HepHera.

I'panveHT ANEKTPOXUMUYECKOTO ITOTEHIIAAIA HOHOB BOJAOPOJA - SHEPreTUYECKAsT OCHOBA
AKTMBHOI'O IIEPEHOCA HMOHOB 4Yepe3 IulazMalieMmy. Pasnuuus SHEPreTKH akTHUBHOTO
TPaHCIIOPTAa MOHOB PACTUTENBbHOW M XKUBOTHOW KieToK. H-AT®a3a mnnazmanemmsl, ee
CTPYKTypa, (YHKIIMOHHUPOBAaHWE W peryaupoBaHue. 14-3-3 Oenku. [[pyrue wuoHHBIC
HACOChl, JACUCTBYIOIIME Ha IUIa3MajeMMe. BTOPHUYHBIM AKTUBHBIA TPAHCIIOPT HOHOB.
benku-nepenocunku MOHOB (mopTepsl). Kunetnueckuit moaxo U Teopusi IEPEHOCUUKOB.
YpaBHenuss Muxasnnca-MeHTEH; HCHONB30BaHHE Vi,x U K, W18 Xapakrepuctuku
TPAaHCHOPTHBIX cHUcTeM. VIOHHBIE KaHalbl pacTeHU; oO0mas XapaKTepUCTUKA UX
CTPYKTYpHbI, QYHKINOHUPOBAHUS U PETYIISIIHH.

Oco0OeHHOCTH TpPaHCIOPTHBIX cucTeM MemOpaH Bakyonu u OP. H-AT®aza V-tuma,
nupodocdorasa.

Mopenu nocTyIieHus: HOHOB B KOPEHb, TPAHCIIOPT MHUHEPAIbHBIX BEIIECTB B KCHIIEMY.
ATIOIJIaCTHBIA M CUMILUIACTHBIA IyThb. Posb mumasmomecm u OP. BsammogencrtBue u
peryJilus CUCTEM TPAHCIOPTa HWOHOB M3 Cpelbl B KOPEHb W 3arpy3Kd KCHIIEMBI.
Crneunduka paaHaJbHOIO TPAHCHOPTA MHUHEPATBHBIX 3JeMEHTOB. CHHTETHYECKas
¢ynkus KopHsA. CBs3b MOCTYIUICHHS W MPEBPAILEHUS MOHOB C IMPOLIECCAMU IBbIXAHHS.
Perynsauusa nocryrieHnss HFOHOB Ha YPOBHE LIEJIOIO PACTEHHUS.

6.1. Ponb MakpO371€MEHTOB.



Azom. OCOOEHHOCTH a30THOro oOMeHa pacTeHud. MCTOYHMKM a30Ta Uil pPacTEHUU.
Munepanpapie  (GOpMBI  a30Ta, HUCHOJB3YEMBIE€ pacTeHUAMU. DUINOIOTUYECKUE
OCOOEHHOCTH MOCTYIUIEHUS U BKJIIOYEHUS B OOMEH aMMHUA4YHOTO W HUTPATHOIO a30Ta.
XapakTepucTUKa CHCTEM TpaHCIOpPTa HHUTpaTa W aMMOHHsS. BugoBas croemuduka
YCBOGHUS Pa3HBIX POpM a30Ta

Cumbuotnyeckass (uKcanmus MOJEKYJIIPHOTO a30Ta: MEXaHH3Mbl BOCCTAaHOBIICHUS,
UCTOYHUKM OHHEPrUM M BOCCTAHOBUTENIW. XapaKTepUCTHKa U (DYHKIHOHHUPOBAHHUE
HUTPOrEHA3bI.

BoccraHoBineHue HUTpaTOB pacTeHHsIMU. HuTpar- W HUTpUTpEAyKTasza: CTPyKTypa
(epMEHTOB, JOKaIW3alMsi, PEryJIsius aKTUBHOCTH M CcUHTe3a. KOHCTUTyTMBHas W
UHAyIUOeNnbHas HUTPOreHa3a. OTambl BOCCTAHOBJICHHMSI OKHCICHHOTO a30Ta W HUX
peryisnus B KIETKE in Vivo.

AnpTepHaTUBHBIE IyTH YCBOCHHUSI aMMOHHUITHOTO a30Ta; JIOKAJIU3alUsl PEaKUUi B KIETKE U
XapaKTEePHUCTHKA bepMeHToB (rmyTaMataeruaporeHassl, [JIyTAMUHCUHTETA3bI,
[JIyTaMaTCUHTa3bl). ACCUMWISILMS a30Ta B XJIOpOIUIAcTe, CBA3b ¢ (porocuHTezoM. IlyTu
YCBOEHHUSI BOCCTAHOBJIEHHOT'O a30Ta y 000OBBIX. Y pEUIbI.

3amacHble W TPAHCHOPTHbIE (OPMBI MHUHEPAIBHOIO W OPraHUYECKOro as3ora B
3aBUCUMOCTH OT MCTOYHMKA a30THOrO NUTaHUs. HakomjeHue HuUTpaTa B TKaHSAX U €ro
nyJibl. KpyroBopoT a3ota 1o pacTeHuro, peyTUiIn3alus a3ora.

Cepa. lloctynienue ceppl B pPACTEHHE, PEAKLUMU BOCCTAHOBICHHUS W ACCUMUWIISILINY;
agerosuHpochocymbpar (ADC) dochoanenozundochocympdhar (PADC). OcHoBHBIC
COEJIMHEHHSI CEepbl B KIIETKE, YYaCTHE B OKHCIIMTEIbHO- BOCCTAHOBUTENIbHBIX PEAKIUSX.
I'myratnon, TuodeppeoKCHH, PUTOXENATHHBI, WX QYHKIUH y pacTeHuil. Oprannyeckue
COCAMHEHNS OKUCIIEHHOM CEPBI.

Docgop. Dopmbl MuHEpalbHOTO (ochopa B TKAHIX, UX COAepKaHUE U (YHKIUH.
Ocob6enHocTu nocrymuieHus gocdopa U TpaHCIIOPTa €ro COeAUHEHUI B pacTeHUH. DopMbl
MuHepanbHOTO (hochopa B TkaHsx, ux ¢yHknun. OcHoBHBIE (ochopcomepkaime
KOMIIOHEHTHI KIJIETKH, HX pojb. 3amacHsle ¢opmbel (ochopa. Kommaprmenrtarms
coenunennii pocdopa. Porbs pochopa B perynmupoBannn akTUBHOCTH (DEPMEHTOB.

Kanuu. Conepxanne u pacnpeaeseHue Kanus B KJIETKE, TKaHSIX U OpraHax pacTEHHS; €ro
LUPKYJSLMS ¥ peyTUIM3alus, XapaKTepucTuka cucteM TpaHcrnopta K ux ¢yHkuum B
pactennn. Pons K' B moanep:xkaHuu moTeHmuana Ha Membpanax. Kammit m romeocras
BHYTPHUKJIETOYHOW U TKaHEBOM cpenbl (MOHHBIN Oananc, pH, ocMoperyiisiuys, ruapaTanus
1 KoH(popMars MakpomoJieKyJ). Ponb kanus B peryasiuuu (epMEHTHBIX CUCTEM.
Kanvyui. Haxornienue, GopMbl COeMHEHH, 0COOEHHOCTH MOCTYIUICHUS U TIEPEMEIICHUS
Ca® mo pacrenmio. Kouuenrpanus u pacnpenenenne Ca ' B CTPYKTypax KIETKH.
CurnanbHas pons Ca’’. XapakTepucTuka MeMOpaHHBIX cHcTeM TpaHcrmopra Ca’',
0COGEHHOCTH MX Perylsuuy U poib B hopmupoBannn Ca’* -curnana. CTpyKTypHas poib
KaJIbLMS B KIIETOYHOM CTEHKE.

Macnuii. ConepxaHue U COEJUHEHUsT MarHus B TKaHSAX pAacTeHWil. 3amacHble (OpMbI
Mg2+, €ro peyTWIW3alus W NEPEepaclpesiecicCHUe B PACTEHUH. 3HAYEHHE CBS3HU Mg2+c
aneHosuHpochatamu u  (dochopwmpoBaHHEIMU caxapamu. @DYHKIIMA MarHus B



¢dorocunTe3e. Maruuii Kak akTUBaTOp (PEPMEHTHBIX CHCTEM; POJIb B CHHTE3€ aMUHOAIHII-
TPHK u B pyHKIMOHUpOBaHUU pUOOCOM.

6.2. MUKpO3JIEMEHTHI.

CBoiicTBa TSDKEIBIX METAIOB, onpenenstomue ux poib B DTL ¢poTocunTe3a u apixanus
U IPYTHX PEIOKC- PEaKLHUsX.

/Kene3o: MOCTYNMHOCTh B MOYBE, BAJCHTHOCTh MOTJIOMIAEMOW (OPMBI, POJIb MUKOPHU3HI.
OcoOEHHOCTH MOCTYIUIEHHMSI JKe€Je3a Yy JBYJIOJbHBIX M OJHOJOJBHBIX PACTEHHIA.
CoenuHenusi jkeies3a; paclpeiesieHHe IO KOMIAPTMEHTaM KIETKM W B PACTEHHH.
Kommuiekcsl xene3a B Genkax pernokc- menen u Apyrux GpepMmeHTax.

Meow: ConepxaHue M paclpelielieHUE B KJIETKE M TKAHSIX. Y4YacTUE B OKHUCIUTEIbHO-
BOCCTAaHOBUTENIBHBIX TpoOIeccax IbIXaHus U ¢oTrocuHTe3a. DYHKIHH UTO30JIBHBIX
okcupa3 (ackopbat-, heHoII- U TMAMUHOKCHUIA3).

Mapeaney: AxTuBupyeMble WM (EPMEHTHBIE CHUCTEMBI, €ro CHeuu(UIHOCTh, KakK
xoaxTopa. Pors Mn”' B dpynkimonnposannn ®C-2.

Monub6oen: 11oTpeOHOCTh B 3JIEMEHTE; €ro 3HaY€HUe s MPOLECCOB YTUIU3ALMM a30Ta
cpenbl. MonTepuH U pyHKIMOHUPOBAHNE HUTPOT€HA3bl U HUTPATPEyKTa3bl.

Lunk: CtpykTypHas pojb B HOLJAEPKAHUM (PEPMEHTHOM AKTUBHOCTH WM NPU CHHTE3E
Oenka. Zn-conepkamue GepMeHTHI: KapOoaHTuapasa, cynepokcupaucmyTtasza (CO/).
bop: koMmmapTMeHTauus B KJIETKE; (QOpMbl COEIMHEHMH. MeXaHu3Mbl ydacTHs B
perymsiuuu  (GU3MONIOTHUECKUX TMpoueccoB u Merabonm3ma. CTpykTypHas pojib B
KJIETOYHOM CTEHKE.

Hapyuienus B MeTa®onu3Me pacTeHUI pU HEJOCTATKE MUKPOIJIEMEHTOB.

DYHKIUU IOJE3HBIX» AIEMEHTOB: HATPUI, XJIOP, KPEMHUI, KOOAJIbT.

7. JanbHU#l TPAHCIIOPT U KPYrOBOPOT BEUIECTB B PACTEHUU

TpaHcioKalys BEIIECTB U3 JIMCTHEB B APYTHE OPraHbl: (PIIO3IMHBIE CUTOBUIHBIE SJIEMEHTHI.
CocraB TpaHCIOLMPYEMBIX BEIIECTB (caxapa, aMMHOKHUCIIOThI, TOPMOHBI, HEOPTaHUYECKUE
noHbl U 1p.). [lepeasmxenue GoToacCHMIIATOB U3 Me3odmmia K cocyaam (hIodMbI 1O
amnoIJiacTy M CHUMIUIACTy. MexaHu3Mbl 3arpy3ku ()JI0OSMbI U3 amnorwiacTa M CHUMILIACTA.
Ponp compoBoxparomux KiaeTok. Tum 3arpy3ku (I03MBI Yy PacTEHUH Pa3IUYHBIX
CUCTEMATUYECKUX TPYII M €€ 3aBUCUMOCTh OT KIMMAaTUYECKHX YCJIOBHU. MexaHu3zm
NepeaBKEHHST BemecTB mo ¢uosme. Moxenb moToka BOAbI moj aAaBieHueM. [lopbr
CUTOBUJHOW IJIACTUHKH KaK OTKpBIThIe KaHaybl. CKOPOCTh MEPEBHKEHHS BEIIECTB IO
¢dosme; uX BBITPY3Ka U3 CUTOBHAHBIX JIEMEHTOB. Bocxonsiuii TpaHCHIOPT BEIIECTB IO
kcuneme. CocTaB  KCWIEMHOrO 3KcyJaTa. BsauMMocBsi3b  TpaHCHoOpTa BOABI U
PacTBOPEHHBIX BELIECTB M0 KcuiieMe. CKOPOCTH TPAHCIOPTA BOABI U OTAEIIbHBIX BEIIECTB.
B3aumopeiictBue (PIO3MHBIX M KCHUJIEMHBIX MOTOKOB Aa30THCTBIX BELIECTB M HOHOB.
KpyroBopot u peyTtunusanusi MUHEpaJIbHbIX BEIIECTB B pacTeHUU. DyHKIIMOHANbHAS POJIb
3TUX (PU3NOIOTUYECKUX MPOLIECCOB.

8. PocTt u pa3BuTHe pacTeHni

Omnpenenenre NOHIATHI «pOCT» U «pa3BuTue» pacteHuil. [Ipodiema pocta u pa3BUTHS Ha
OpraHU3MEHHOM, OpPTraHHOM, KJIETOYHOM M MOJEKYISIPHOM YypoBHsX. CylecTBOBaHUE
OpraHu3Ma Kak pa3BepThIBAHHME BO BPEMEHU TI€HETUYECKOM IMpOrpamMbl; BO3JAEHCTBUE
BHEIIHUX (PaKTOPOB.



O6mue 3akoHoMepHOCTH pocTa. [lokazarenu pocta, S-00pa3HbIil XapakTep KPHUBOW POCTa,
ero ¢aspl. KOMIMOHEHTHI «KIACCMYECKOTO» aHadn3a pocTa U MaTEeMaTHYECKHUN aHaJIN3
npoiiecca. Tumbl pocta y pacteHuid. Opranuzanusi MEpUCTeM KOpHS U cTedusst. Poct u
NeATeNbHOCTh MepucteM. Kiletounble 0cHOBBI pocta. PocT pacrenuit u cpena. BinusHue
TEMIEPaTypbl, CBETA, BOJBI, Ta30BOI0 COCTaBa aTMOC(Ephl, FIEMEHTOB MHHEPAIHHOIO
IIMTaHHS HA POCTOBBIE ITPOLECCHI.

Kv3HeHHbI LMK BbICHIMX pacTeHUui. OCHOBHBIE 3Talbl OHTOreHe3a (3MOPHOHAJIBHBIM,
IOBEHWIbHBIA, PENPOAYKTUBHBIN, 3pEJIOCTH, CTApeHus), HUX MOP(OJIOrHYECKHE,
¢usnonornyeckue U Mmeradoandeckue 0cooeHHocTH. COCTOSHHUE MTOKOSI Y pacTeHui. Turibl
MOKOS M MX 3HAYEHHUE JUISl )KU3HEAEATENbHOCTA PACTEHUM.

Mexanuzmbl Mopdorenesza pacreHuid. [lonsprocts. MHAYKIMA T€HETUYECKUX TIPOrPAMM,
MoOp(hOTreHeTHYeCKIEe TPaJUeHThl U OPUEHTAIUs KIETOK B MpocTpaHcTBe. LlenocTHOCTh U
KOPPEJSITUBHOE B3aMOJICUCTBUE OpraHoB. Perenepanusi.

I'opMoOHanbHas perynsauus pocTa U pa3BUTHUS PACTEHUM.

Ayxcunvl. buocuHTe3, 00pa3oBaHHME KOHBIOTATOB, JErpajaius ayKCUHOB. AKTHUBHBIH
TPAaHCIOPT AYKCMHOB B pacTeHusiX. DOU3HOJOrMYECKHEe OTBEThl HA AyKCHUHBI:
aTTparupyrommii 3QQPeKxT, pacTsHKeHHE KIETOK W TPOMU3MbI, Tud(epeHInpoBKa KIETOK
10/l ACHCTBUEM ayKCUHOB, alMKaJIbHOE JOMHHUPOBAHUE, aKTUBHU3aLUs JCJICHUN KIIETOK
KaMOusl, pu3oreHe3. AyKCHMH Kak TOPMOH CTE€0JIEBOT0 anekca.

Llumokununwl. buocuHTe3, 00pa30BaHUE KOHBIOIATOB, JAerpajanus IUTOKUHUHOB.
OuU3NONOTNYECKOE JACUCTBUE: AaTTparupyomuid  dQQeKT, CTUMYISAIUS KIECTOYHBIX
neneHud, audQepeHurupoBKa MOJ JCHCTBHEM IMTOKMHUHOB, CHSTHE AaMHUKaJIbHOTO
JOMHHHUPOBAaHUS C OOKOBBIX MOYEK. [[MTOKMHUH KaKk TOPMOH KOPHEBOI'O aleKca.
BsaumopeiicTBue ayKCMHOB M IUTOKHMHHHOB. [loHsTHE 00 aHTaroHM3Me W CHHEPTU3ME.
I'opmoHnanbHbIll Oananc B pacreHud. KynbTypa In vitro Kak MOJENIb JJI HU3yYEHHUs
ropMoHajbHoro Oananca. [loanepskanue ropMOHaJILHOTO OanaHca 3a CUET pereHeparuu
TOYEK CHHTE3a AayKCHHOB M ILMTOKMHUHOB. bakTepuu, HCHONb3yOLIME HAPYIICHHE
rOPMOHAJBHOTO OamaHca MeXAy ayKCMHaMH W IUTO-KMHUHAMu (Agrobacterium
tumefaciens, A. rhizogenes).

Tubbepennunvt. Ilytm OuocuHTe3a W MHOTOOOpasme rudOepeumHOB. OOpa3zoBaHue
KOHBIOTATOB U Jerpafamus. OU3noJorndeckoe AeWcTBUE THOOEPEITTMHOB: PACTIKECHUE
KJIETOK ¢ AaKTUBU3ALMA HMHTEPKASPHBIX MEpPUCTEM, O0pa30BaHHE IIBETOHOCOB,
OpEpbIBAHUE TIOKOSI WU CTUMYJIALMS POCTOBBIX IPOLECCOB. ODHJOICHHBIA YpPOBEHb
ru00epeunHOB U JyinHA AHS. ['mO0epeHbl Kak TOPMOHBI JHUCThEB. KapiaumkoBOCTS,
BbI3BaHHAsl HApyIIEHUSMU CHHTe3a TuOOepe/siMHOB. B3amMozeiicTBue ¢ Apyrumu
TOPMOHAMH.

Abcyuzosasn kucnioma. Ilytn Ouocunre3a ABK B pactenusx u B rpudax, ee MeTabonIm3Mm.
@U3NOJIIOTMYECKOE JEHUCTBUE: OCTAaHOBKA pOCTA, IIOATOTOBKA K COCTOSHUIO ITOKOSI.
AKTUBM3alMsl CHHTE3a 3amacHbIX BemiecTB. ABK kak ropMoH aOMOTHMYECKOro cTpecca.
Crpaterust oTBeTa Ha 3acyxXy, MOHWKEHUE Temmeparypsl, 3acojeHue. Poap ABK B
UHAYKIUU 3al0UTHBIX IPOLIECCOB (CHMHTE3 OCMONPOTEKTOPOB, IOJIMAMUHOB, OEIKOB-
[IAMMAPOHUHOB; 3aKpPbIBAHWE YCTBHUI]; JIHCTONAJ, BBI3BAHHBIA Je(QUIUTOM BOJBIL;



CO3peBaHUE CYXWX IUIOJOB M cemsH). BzammopeiictBue ABK u rub0epennmvHoB B
Iporeccax peryysiiuy MOKOs.

Omunen. buocunre3 stuieHa. Crneuuduka 5>TUIEHA Kak Tra3000pa3HOr0 TOPMOHA.
PU3HOJIOrMYECKOE IEUCTBUE: TPOMHOM OTBET MPOPOCTKOB HA ITUJIEH. DTHIIEH KaK TOPMOH
MEXaHUYECKOT0 M OMOTHYecKOoro crpecca. Curyanuu OMOMEXaHUYECKOTO BO3ICHCTBHUS:
MOBPEXKJICHNE HACEKOMBIMU M KPYMHBIMU TPaBOSAHBIMH, (DUTOMATOI€HHBIMH TpHOaMHU.
Crpaterust oTBera Ha OMoTHueckuil crpecc. Co3peBaHUE COUYHBIX IUIOAOB M JIMCTONAJ] B
YMEPEHHBIX MIMPOTAX KaK IOATOTOBKA K MEXaHMYECKOMY cTpeccy. Ponb 3TmieHa kak
“ropMoHa TpeBOrn” B OHMOLIEHO3aX. B3aumojelicTBHe 3THIIEHA ¢ ayKCMHAMU U JIPYTUMU
ropMoHaMu. MyTaiuu, MOBPeKJaIoNIe ONOCUHTE3 STUJICHA WK €T0 PEIETIIHIO.
Pezynamopvl  pocma pacmenuii. bpaccuHOCTepOWABl: OHOCHHTE3, MHOT000pa3ue.
Ouszunonorndyeckue 3PPEeKTrl: pacTsHKEHUE KIETOK, poiib B JuddepeHINPOBKE Me30(huIIa.
XKacmonoBas kucnora. buocuntes u ¢pusznonorunueckne 3hpdexTsl. MecTo KacMOHATOB B
peryysanuu orBera. CxoxcTBo OoTBeTOB Ha kacMoHaT M Ha ABK. Camununar m npyrue
¢deHonmpHBIE coenuHEHUs. Bo3MOXXHas poiib B PEryisalMd TEpPMOTreHe3a, OTBETa Ha
BUPYCHYIO HMH(EKLUHIO, LBETEHUU. BzaumonelctBue ¢ ApPyrUMd TOPMOHAMH.
OnurocaxapuHsl.

@omopezyrayuss  y pacmenui. OCHOBHBIE TNpUHOUINBI QoTopereniuu. Otanune
(oTOpeLenTOPHBIX KOMIUIEKCOB OT 3HEprompeodpasyromux. OU3noI0rnIecKd BasKHbIC
00J1aCTH CHEKTpa: KpacHas U CuHsAA. DUTOXPOM U KPUITOXPOM.

®utoxpomHas cucrema. CrieKTpaibHble CBOMCTBAa MOJIEKYJIbI. DTansl npeBpamieHus Ph;, -
Phy: m3Menenuss B cTpykrype XxpoModopa U amompoTrenHa. ['eHbl, KOAUPYIOIINE
ouocunte3. duroxpom A u B: cxoactBa u oriuuua. PU3HOJOTMYECKUE PEAKIIUH,
OTIOCPEIOBaHHbIC (PUTOXPOMHON CHCTEMOM: CBETO3aBUCUMOE MPOPACTAaHUE, AEITHOIIALNA,
cuapom uzberanus TteHH. K/JIK-ob6patumocts. OUTOXpOM Kak «BXOJHBIE BOPOTa» IS
(doToneproANYECKOTO CUTHAIA.

CrpykTypa KpuntoxpoMoB. Mcroib30BaHUE MyTaHTOB JJIsl UCCIEAOBAHMS KPUIITOXPOMA.
OTBeTHl HA CUHHI CBET: pa3rubaHne anuKalbHON NETENbKH IPOPOCTKOB, (DOTOTPOMU3MEI,
YCTbUYHBIE JBUKEHUS.

Cucremsl perynsannu (HU3H0IOTHIECKUX MPOIECCOB.

Cemv nymeti nepedauyu cucHana 6 kiemke. Bocnpusathe BO3ACHCTBUN W CHUTHAIBHBIX
MoJIeKyJl. Penentopel CTUMYJIOB MU TOPMOHOB, MX JIOKajnu3auus. Poyib 1uiazMaieMMBbl.
Ilepenaua curHama. B3ammonaencTBuE peHENTOPOB C IMOCPEIHUKAMU, MEPEAAIOMINMU
curHalx. Bropuunble mocpenHHKH mnepexadn curHama (docdommmaza C, nAM®,
UHO3UTON-3-pocdaT u 1p.). YdacTre Kaiblus B Tiepenade CUrHaiga. Poib KabMO Ty TMHA
u Ca’-CAM xommnekca B (DOPMHUPOBAHMM OTBETHOH peakimu. IIpOTCHHKHMHA3DI,
3HaueHue peakunu GochopunupoBanus/ 1ehocopuIMpOBaHUS B PETYIIALNNA aKTUBHOCTH
depmentoB. Cnenuduka nepenaun 1 GOpMUPOBAHUS OTBETA HA OMPECIICHHBI CTUMY L.
@omonepuoousm.  DeHomeHosoruss  (OTONEPUOAM3MA:  LBETEHHE U TPYIIIbI
(doToneproANYECKUX PACTECHUH, PETYISIIHS JTUCTONaaa, 0Opa3oBaHus MOYEK, MMepexoaa K
COCTOSIHMIO TOKOsl. Bocmpusatue mmuabl qHSA: 3((EKT mpepbhiBaHusS HOYH, (UTOXPOM,
BHYTpeHHHE 4Yacbl. [opmoHambHas Teopuss uBeTeHus YanmaxaHa. 3meHenus



TOPMOHAJIBHOTO OasiaHca, MPUBOIALINE K (DU3HMOJOTHYECKOMY OTBETY Ha (POTOMEPHUOI.
Perynsmus pa3BUTHs KINMAaTHIECKUMHU (PaKTOPaMHU.

BuyTtpennue putmbl paszBuTus pacteHuid. Ilepmommyeckue sBIEHUA B pUTMAax
opraHoreHe3a M pocta pacteHuil. llupkagHble pUTMBI, MEXaHU3M HUX OOpa3OBaHUSI.
Hacrtpoiika unupkagHeix putMmoB  ¢otonepuoaoM. [lmactoxpon. KoppekrupoBka
BHYTPEHHUX PHUTMOB Pa3BUTHs BHEIIHUMH KIMMAaTUYECKUMH (DAKTOpAMU: 3aCYyXOH,
NOHIKEHUSIMU TemmepaTypsl. [myOokuii (du3nonornueckuii) MOKOW W BBIHYKICHHBIN
nokoi. Temmneparypa u pa3BuTue pacTeHuid. SIBjIeHHs cTpaTu(UKAIMKA U SPOBU3AINHN KaK
JKOJIOTHYECKass  ajanrtanus. [opMOHambHAas  Teopus  BEpHANM3ALUMUA  PACTECHUM.
[IpepbiBaHKe TIIyOOKOTO MOKOS MOHMKEHHBIMH TEMIIEpaTypaMU: IPOpPACTAHUE CEMSH,
BBIXOJI IIOYEK U3 COCTOSIHUSA ITOKOSI, [IBETCHHUE.

OMOpuoHalibHOE pa3BUTHE. Pa3BuTue 3aponpllia y JABYJIOJbHBIX PACTEHUA B HOpPME.
Hcnonp30BaHne MYyTAaHTOB ISl M3Y4YEHUs MEXAHU3MOB pPa3BUTHA 3apojpima Myranun
HapyIIAONIMe pa3BUTHE KOPHEBOTO U CTEOJIEBOro amekca, CyCreH30pa, HEKOTOPBIX CIIOEB
TKaHe# B 3apojsimax. CoMatnyeckuii sSMOprorenes, (PakTophl, BIUAIOMINE Ha HHIYKIHUIO,
oOpazoBanue u (HOPMUPOBAHUE 3APOIBIIICH i1l Vitro.

[Ipopacranue cemsH. ['opmonaneHelit 6ananc npu npopactanuu cemsin. Otaomenne ABK/
ru06epemunbl. Mytanuu cuare3a ABK u otBeta. CBs3b TOPMOHAIBHOTO CTAaTyCca CEMEHU
¢ OMOCHUHTE30M JPYrUX BEILECTB.

Perynsuus BereratmBHOro pocra pacteHuil. Poct xopus. Pombp  ¢uToropmoHos.
JuddepeHnnpoBka KOPHEBBIX BOJOCKOB. Ceprsi MyTaHTOB C HAPYIICHUSIMH UHULIUALIUU U
AIIOHTALIMA  KOPHEBBIX  BOJIOCKOB, ()OpPMBI  BOJOCKOB. MyTanuu, HapyIIaomne
IPABUTPOIHU3M.

Poct mo6eroBoii cuctemsbl. Y cTaHOBIEHHE PIITIOTAKCHCa TP MMPOpPACTaHUH ceMeHu. Poib
¢uToropmonoB. MyTtamuu apabuaoncuca ¢ W3MEHEHHBIM Pa3BUTHEM BETE€TaTUBHOTO
anekca. Poct nucra. Posib pUTOropMOHOB B 3aKiagke U pa3BUTHH JHCTA. CBSI3b pa3BUTHUS
JMCTa U MEPUCTEMBI 1ooera.

Perynsauusa renepaTuBHOrO pasBuThs pacTeHH. MHIyKmus W SBOKauus LBETCHUS.
Pasutne cousetuii. PaHHee reHepaTUBHOE pAa3BUTHE, MO3JAHEE I'€HEPATUBHOE Pa3BUTHE,
pa3Butue 1BeTKOB. HopmanbHOe pa3ButHe 1BeTKa. Mogenb «BoitHbl no3unuit» (ABC).
I'enernueckue Qynkunu A, B u C. CemeiicTBa renos, coaepxamux MADS-nomeH.
[IposiBnenus mona y pactenuii. CamoHecoBMeCTHMOCTD. ['eTepoMopdHas u romomMopdHas
CaMOHECOBMECTUMOCT. CriopoduTHbIH 151 rameTo(pUTHBIN KOHTPOJIb
caMOHECOBMECTUMOCTH. Perymsaums mnosa. JKW3HEHHbIE LHKIBI PACTEHUM. Y CIOBUSA
MUHEPAJbHOTO MUTAHUS, BO3PACT, TOPMOHAIBHBINA CTaTyC Kak (paKTOphI, BIUSIOIIUE Ha
non pacreHuid. [lomoBble XxpomocoMbl. MyKCKME M KEHCKHME LBETKHM y OJHOJOMHBIX
pacTEHUMN.

9. YCcTOMYMBOCTh PACTEHHUI K HeOJIArONMPUATHBIM (paKkTOpam

Crtpecc u amanTanusi — oOImiasi xapakTepucTuka sBieHuid. HeGmaronpustaeie (hakTopbl
OnoTHYecKOM M abuMoTHYeCcKOW mnpuponabl. OTBETHbIE PEaKUUKW PACTEHUM Ha JEHCTBUE
ctpeccopoB. Criennpuyeckue u Hecnenudpuueckue peakuuu. [Ipupoaa Hecnenuduueckux
peaxiuii. CTpeccoBble OCNKH U UX (PYHKIIHH.



Boonwvii  oegpuyum. Kraccudukanmss pacTeHHd 1O WX YCTOWYMBOCTH K 3acyxe.
Kcepodputel. CriocoOHOCTh pacTeHUl MOANEPKUBATH BOJHBIM TOK B CHCTEME: IOYBaA-
pacteHue -atMmocepa B ycioBUsIX 3acyxu. DakTopel, oOecrieunBaronue ABUKEHUE BOJIbI
U3 TIOYBHI B pacTeHue u B atMochepy y kcepodutoB. OCMOTHYECKHI U THAPOCTATUYECKUI
NOTEHIMAJIBI Y Pa3HBIX MO 3aCyXOYCTOWYMBOCTH PACTEHUU. Peryisnus oCMOTHYECKOro
NOTEHLMAJIa JABJICHUS C IOMOINBI0 OCMOJIMTOB. XHMMHYECKas MpUpoja U OHWOCUHTE3
ocMomuTOB. [IpoTexkTopHas GyHKIUS OCMOJMUTOB. 3amuTa OCEIKOB B  YCIOBUAX
JEeTUApaTaluy UUTOMIa3Mbl. [IpoauH M MONMMoNbl Kak BajkKHEUIIHE MPOTEKTOPHI OENIKOB.
[TonuamMuHbl -MPOTEKTOPHl HYKJIEUHOBBIX KUCIOT. beTamHbl M WX 3alIUTHBIE (DYHKIMH.
benku, cunTe3upyromuecs B ycinoBusx aeruaparanuu. Mx 3amurHas posb. C4 1 CAM-
THUIIbI META00IM3Ma KaK CUCTEMbI 3KOHOMHUH BJIarH Y 3aCYyX0YCTONYMBBIX PACTEHHIA.
Buvicokue xonyenmpayuu cozeti. TUbsl MOYBEHHOTO 3acoyieHus. ['anoduTel U TUKO(UTEI.
[loBpexnaromee JedcTBUE coJjied. Apjantanuss pacTeHUd K OCMOTHYECKOMY H
TOKCHYECKOMY  nedicTBuio  coneil.  CmocoObl  mopaepkaHue  OBOJHEHHOCTH.
OcMmoperynaropHas U npoTrekTopHas QyHkuuu ocMoiuToB. IIporekTopusie Oenku (I1b),
CUHTE3UpPYIOIIUECS B PACTEHUSX MpU cojieBoM crpecce. Muaykuus O6mocunteza I1b
BBICOKMMU KOHILIEHTpAUUsAMHU cojiel. @YHKIMU MPOTEKTOPHBIX O0enKoB. CUCTEMBI HOHHOTO
rOMEOCTaTUPOBaHUS  KJIeTOK. KoMmapTmMeHTanus HMOHOB, pPOJb Bakyoiau. Poib
M1a3MaleMMbl M TOHOILIACTA B IOJJEPKAHUU HU3KUX KOHIeHTpauuii Na' B nuromiasme
npu 3aconeHuy. Na' -TpaHCIOPTUPYIOIIHE CHCTEMBI M MX CBOICTBA. JlanbHM TpaHCIOPT
Na' (ypoBens menoro pactenus). CTpaTerus M30eKaHHS HAKOIUIEHHS HOHOB B aKTHBHO
METa0O0JM3UPYIOLIUX TKAaHAX U T€HEPAaTUBHBIX OpraHax B YCIOBUSAX 3aCOJICHMS.
Oxcmpemanvuvle  memnepamypsl.  PacTeHuss ~ Kak  3K30TE€pPMHBIE  OPraHHU3MBI.
TemmepaTypHble afanTanuy, CBS3aHHBIE C HM3MEHEHHEM COJACpKaHHUS (EPMEHTOB B
KJIETKaX ¥ UX U30()EpMEHTHOTO COCTaBa. Ajantanuu, 00ecrneynBaroniie NocTostHCTBO Km
Opu TemueparypHbIX ciaBurax. CTpyKTypHBIE NEPECTPOMKH KJIETOYHBIX MEMOpaH Mpu
TEMIIEpaTypPHBIX aJanTauusax. Pojib M3MEHEHUs] XUMHYECKOr0 COCTaBa KUPHBIX KHUCIOT H
COOTHOIIICHHSI HACBIIIEHHBIX M HEHACBHIIICHHBIX JKUPHBIX KHUCIOT B 0O€CIeYeHUn
HEOOXOIMMOW TMOJBHKHOCTH JIMIIUAHOTO Ouciaoss MeMOpaHbl IpH TeMIIEpaTypPHBIX
agantanusax. MI3MeHeHne BSI3KOCTH JIMIUIOB U PETYJISLUUs aKTUBHOCTH JIOKAJIN30BAaHHBIX B
MemOpanax ¢epmentoB. Pomp u ¢yHKIUS gecatrypa3 B H3MEHEHHUHM HWHAEKCA
HEHACBIIIEHHOCTH KUPHBIX KUCJIOT IPU TEMIEPATYPHBIX aJaNTALHIX.

TonepanTHOCTh pacTeHHH K 3amopakuBaHuio. [IpemoTBpamienue oOpa3oBaHMs JbAa B
KjIeTkax: 1) myreM ux o00e3BOXKMBaHMS B X0J€ (OPMHUPOBAHUS KPHUCTAJJIOB JIbJla B
MEXKJIETHUKAX; 2) TyTeM OWOCHHTE3a OHOJOTHYECKHX aHTU(PU30B. XUMHUYECKas
npupoAa OHOJOTMYECKHX AaHTH(PPHU30B. MOJIEKYJIIpHbIE MEXaHU3Mbl WX JEHCTBHUSL.
HuskomonekysipHbIe KpHONIPOTEKTOPHI. 3aKajka pacTeHu. M3MeHeHus, TpouCXoasaIume
B PACTUTEIIbHOM  OpraHu3M€ B  XOJ€  3aKajkd. MexaHu3Mbl  MOBBIIIEHUS
MOPO30YCTOWYNBOCTH IPH 3aKAJIKE.

Axmusuposannviti kuciopod. AxtuBHble Gopmbl kuciopoga (ADK): cynepokcuaHbli
paauKan, TUAPOKCHII- paguKall, CUHIJIETHBIM KHCIOpOA. MexaHu3Mbl UX 0Opa3OBaHMS.
Bxnan ¢orocunTeTnueckoit u mpixarenbHor OTIL[ B renepamuio CynepoKCHIHOTO
pagukana. Poyib BBICOKOM HHTEHCUBHOCTH CBE€Ta B IIE€PEBOCCTAHOBICHHOCTH OTILI



XJIOPOIUIACTOB M 00pa3OBaHWU CYNEPOKCUIHBIX panukanoB. ['enepammss ADPK mpu
crpeccax. Tokcuueckoe nericrsue ADK; ctuMy iy NepeKMCHOrO OKACICHHUS JIMITUIOB.
Mexanu3mbl 3amiuThl pacteHuii ot n3obiTka ADK. IlyTn npenoTBpaiienus oOpa3oBaHUs
A®K B kjerkax pacTeHHil. AHTHOKCUJAHTHBIE CHUCTEMbl KJETKU: ackopOaTr -
TIIyTaTUOHOBBIA ITUKJ, OCTO KO(hepod. AHTUOKCHUIAHTHBIE (PEPMEHTATUBHBIE CHCTEMBI.
CewmelicTBO cyrnepokcuaIucMyTa3. AckopOaTiepokcuaa3a, KCaHTOPUIUIbHBIN IIUKIT U 1.
Anokcusa u eunokcus. PacTeHns1, ycTOWYMBBIE K HEAOCTATKy Kucaopoaa. Ponb rimkonusa B
aJlanTalyy pacTeHU K HEJOCTATKy KUCIOpoAa. AHATOMUYECKHE OCOOCHHOCTH PACTEHUH,
YCTOMYMBBIX K AQHOKCHM W THUIOKCHHM - CTparerus wu30exkaHusi aHa’poOuosza. Pomp
TOPMOHOB B ajanTaluu K aHa’poOuo3y. OTBeTHas peakuus pacTeHH Ha pe3Koe
CHIDKEHHUE COJIep)KaHus KHCIoponaa B cpeae. benku, oOpasyromuecs B paCTeHUSIX B X0OJ€
ajanTaluy K HEJOCTAaTKy Kuciopoja. X ¢yHKunoHanbHas posib. [TonbITKM momyyeHus
YCTOHYMBBIX K HEIOCTATKY KHUCI0poaa (OopM pacTeHUH.

Toxcuunocms msoicenvlx Memanog JJisl PACTEHUNM UX HAKOIUIEHUE B TKaHAX. MexaHu3Mbl
3aIIMUTHI: KOMIIAPTMEHTALNS U HAKOIUIEHUE TsDKENbIX MeTauioB B Bakyousx u KC, Poiub
¢uToxenatuHoB. BugocnennpuyHOCTh B 4YyBCTBUTEIBHOCTH U YCTOMUYMBOCTH PACTEHUHN K
U30BITKY Y HEIOCTATKY TSDKEJIBIX METAJJIOB B cpelie. PuTopeMeauanus.
Qumoummynumem. DOUTOUMMYHOJIOTHSI KaK COCTaBHasi 4acTh OOIIEH HWMMYHOJIOTHH.
OyHkuun uMmyHurera. MMmyHuteT. JIByX(a3HOCTh OTBETa pPACTEHHI HA BHEAPEHUE
[IaTOT€HA: PACIO3HABAHME MATOTCHA U 3aIUTHAS peaKUus. DIUCUTOPBI, POiIb NEKTUHOB B
pacrio3dHaBaHuM. PenenTop - JMraHgHBIM THUN B3aWMOJCHUCTBUS PACTEHUA-XO3AMHA H
naroresa. Ponp onurocaxaprHoB B OTBETHOM PEAKLUH PACTEHUS HA BHEAPEHUE MMATOTEHA.

Hekporpodgsl u OMOTpOBI — HHU3KO- U BBICOKOCHEHUATU3UPOBAHHBIC MATOTCHBI.
JleTepMUHAHTBl YCTOWYMBOCTH PACTEHUH K IaTOr€HaM: AHTUOMOTHYECKHE BEIECTBA
(puToanekcunsi), MEXaHHYECKHE Oapbephl, aykcoTpodus, peakuus

CBEPXYYBCTBUTEIIBHOCTM M Jp. JleTEpPMUHAHTBI ITATON€HHOCTH MHUKPOOPTaHU3MOB:
(akTophl, CIOCOOCTBYIOIIME KOHTAKTy MHKPOOPTaHM3Ma M PACTCHHS, CYHpPECCOPHI
3alIUTHON pEaKklu U TOKCUHBI, GaKTOPhl, 00ecTeunBaronue MPOHUKHOBEHNE MTaTOTeHa U
€ro MHUTAaHHE BHYTPU pacTeHUs; (PakTOphl, 00ECMEUHBAIOIIME IMPEOJOJICHUE 3aIIUTHON
pEeaKuu pacTEHUs.

Tun u cTeneHb COBMECTUMOCTH B CUCTEME: 00ibHOE pacTeHue. ['eHeTnueckas nmpupona
YCTOMYMBOCTH PAaCTEHUM K NaroreHaMm BepTukanpHas M rOPU30HTAIBHAS YCTOMYMBOCTH.
Teopuss dnopa «reH-Ha-reH». CONpsHKEHHAs 3BOJIOLMS PACTEHUS XO35fMHA WU MAaTOrEHA.
[IpnoOpeTeHne BUIOBOH W COPTOBOW CHEIMAIM3AIMK MATOTCHOM (MHIYKTOPHO-
CyIIpeccopHasi MOJEINb Xecca).

Ponb BTOpUYHBIX META0OJMTOB B BEPTHKAJIBHOM M TOPU3OHTAIBHOW YCTOMYMBOCTH.
Jlokanu3zauus CUHTE3a U HAKOIUIEHUS] BTOPUYHBIX META0OIMTOB HA YPOBHE KJIETKH, TKaHH,
oprana, neinoro pacteHus. CocTaB M XapaKTEpUCTHKA CMOJI, CIM3€H, KaMeIH, JIATEKCa.
Buemnss cexpenns BTOpUYHBIX MeTabonuToB. Criennaiin3upoBaHHbIE OPraHbl CEKPEIHH.
CocTaB u xapakTepucTHKa 3(UPHBIX Macell. XapakTepUCTUKa JIOKAIHM3AIMH CHHTE3a U
HAKOIUIEHUS! OCHOBHBIX IPYII BTOPUYHBIX META0OIUTOB. 3aUIUTHBIE (DYHKIIMU BTOPUYHBIX
coenrHeHn. PuToanekcuHbl, Jloka3aTenbcTBa SKOJOTMYECKUX (PYHKUMNA BTOPUYHBIX
COCIMHEHHUH.



10. B3aummopgeiictBue (GU3MOIOTHYECKHX TMPOLECCOB, HUX HHTErpanmusi M
COrJIACOBaHHOE GYHKIIMOHMPOBAHHME OPraHOB

JIOHOpHO-aKIENTOPHBIE  B3aMMOACHUCTBUA KaK OCHOBA SHJOTCHHOM  PEryJsAluu
¢dboTOCHHTE3a B CHCTEME PACTUTEILHOTO OpraHn3Ma. MexaHu3M dHIOTCHHOU PeTyJIAINN B
CHUCTEME PACTEHUS: MMOTOKHU YTIIEPO/Ia, UCIIOJIb3yEMbIE HA CUHTE3 PA3JIUYHBIX COCIUHECHUN
U WX pacmpefesicHHe 10 TKaHIM ¢ opraHaMm. Teopus (GOTOCHHTETHYECKOU
npoaykTuBHOCTU. [lytu moBbimieHus 3(QPEKTUBHOCTH HCMOJIB30BAHUS COJHEUYHOU
sHeprun Tpu GoTocuHTe3e. JIOHOPHO-aKIENTOPHBIC OTHOUICHHUS, PEyTIIH3AIUSI H
KPYTrOBOPOT MUHEPAJIBHBIX 3JIEMEHTOB B PaCTeHUU. PacnpeneneHne BEeCcTB 0 Opranam
M KOMIIAPTMEHTAIMS MPOLIECCOB M COCIUHEHWW B KJIETKE M TKaHSIX KaK CUCTeMa
IPOCTPAHCTBEHHONW M BPEMEHHON OpTaHM3alii OMOXUMHUYECKUX U (HU3HOJIOTHUECKHUX
IIPOIIECCOB U CITOCOO PETYIISIITUN X COTJIACOBAHHOTO B3aMMOJICUCTBUS 1 HHTETPAIUH.
CucreMsl perymisiliii U UX UEePAPXHUs B PACTCHUMU.

Perymsanus pacripeniesieHust pocta U BEIIECTB, 4 TAKXKE B3aUMOJCHUCTBUSI OPraHOB B LEJIOM
pPacTEHHH.

Cuctempl perynsiuu: Tpodudeckas, TOpPMOHAJIbHAsA W OSIEKTPOPU3HOIOTHUECKAS.
[TonsTie «3ampoc» W TpEArojaracMble MEXaHWU3Mbl Nepefayu curHaina. JloHopHO-
AKLENTOPHBIE OTHOLICHMUS.

Perynsinus mpoiieccoB Ha KJIETOYHOM ypoBHE. MeTaOoiuTHas PEeryssius U MeXaHWU3M
KOHTPOJISI IPOTEKAHUS MPOIECCa MO MPUHIUITY OTPUIATEIbLHOM (ITOJIO0KUTEIIBHOM) CBA3U
KOHEUHBIMU NMPOAYKTAMHU. AJICHUIATHBIA KOHTPOJIb.

KomnapTmeHTanusi mporeccoB M BEHIECTB KakK CIOCO0 OpraHu3allid PeryJisiiuu
IIPOLIECCOB B MPOCTPAHCTBE U BPEMEHU.

B3anmopeiictBue npixanwsi W (GOTOCHHTE3a: OOMEH TMPOAYKTaMH U CyOCTpaTamm.
Oco0OeHHOCTH ABIXaTEeIBHOTO Mpoliecca B POTOCUHTE3UPYIOIIECH KIETKE.
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