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IlosicHuTeIbHAS 3aMUCKA

[IporpamMmma kaHAMAATCKOTO 3K3aMEHA MO Hay4dyHOU cnenuaibHocTH 1.5.21 dusunonorus
u OMOXMMHS pacTEHHH BKJIIOYAET OCHOBHYIO M JIOTIOJIHUTENbHYIO NporpamMMbl. OCHOBHas
nporpamma pa3padaTbIBaeTCs Ha OCHOBAaHWU MPOTPAMMbI-MUHHUMYM KaHAWAATCKOTO SK3aMeHa
[0 HAy4YHOH CIIEUMAIbHOCTH, YTBEPKICHHOW MMUHHUCTEPCTBOM 00pa30BaHUS U HAYKU
Poccuiickoit ®enepaunu. JJonoaHurenpHas nporpaMMa, pa3padbarbIBacTCsl HHAUBUAYAIBHO JUIS
Ka)KJIOTO 9K3aMEHYIOLIErocs U BKIIIOYAET BOMPOCHI IO HAyYHOMY HaIIpaBJIEHUIO, 10 KOTOPOMY
MOATOTABIIMBACTCS HAYYHO-KBaTM(DUKAIIMOHHAS paboTa (uccepTarms).

OcHoBHasi mporpamma KaHAWJATCKOTO 3K3aMeHa COCTaBJICHAa Ha OCHOBAaHWUHU
CIIEYIOIIUX TOKYMEHTOB:

— MdenepanbHblil 3ak0H Poccuiickoit denepanun ot 29 aexadps 2012 r. Ne 273-d3 «O0
oOpazoBanuu B Poccuiickoit denepanum» (C ”3BMEHEHUSIMHU U IOTIOJIHEHUSIMU);

— ®epnepanbHblil 3aK0H 0T 23 aBrycta 1996 r. Ne 127-03 «O Hayke U rocyJapCTBEHHOMN
HayYHO-TEXHUUYECKOHN MOJUTHKE» (C U3MEHEHUSIMU U JIOTIOJTHEHUSIMH);

— IlocranoBnenue IlpaBurensctBa PO oT 24 centsops 2013 r. Ne 842 «O mopsaxe
MPUCYK/IEHUS YYEHBIX CTETIEHEN» (C U3BMEHEHUSIMU U JIOTIOJTHEHUSIMHU);

— [Ipuka3 MunucrepcTBa Hayku U Beicuiero oopasoanusi PO ot 24 ¢espansa 2021 r. Ne
118 «O6 yTBepkJAEHWH HOMEHKJIATYpbl HAy4YHBIX CHEIUAJIBHOCTEH, 1O KOTOPBIM
MPUCYXIAIOTCA YUEHbIE CTENEHH, M BHECEHUH u3MeHeHus B lloJjoxkeHue o coBere Mo 3aliuTe
JiccepTaliil Ha COMCKaHHe YYeHOU CTeleHu KaHAuJaTa HayK, Ha COMCKaHHE YYEHOU CTEeNeHH
JIOKTOpa HayK, YTBEp)KJIEHHOE NMpHKa3oM MuHHCTEpCcTBa 0Opa3oBaHus W Hayku Poccuiickoit
Oenepaunu oT 10 HOsO6ps 2017 . Ne 1093 (c U3MEHEHUSIMU U IOTIOJTHEHUSIMH);

— Ilpuka3 MuHucrepcTBa Hayku U BhIciiero odpasoBanusi Poccuiickoit denepanuu ot
20.10.2021 Ne 951 «OO6 yrBepkaeHUU deaepaTbHBIX TOCYIapCTBEHHBIX TpPeOOBaHMA K
CTPYKTYpeE MpOorpamMM MOATOTOBKH HAYYHBIX U HAYYHO-TMEAArOTMYECKUX KaJpOB B aCIUPAHType
(aIBIOHKTYpE), YCIOBHUSM HX pealu3alid, CPOKaM OCBOCHHUS JTHUX MPOrpaMM C Y4EeTOM
pasnmuuHbIX ¢GopM oOydeHHs, 00pa30BATEIBbHBIX TEXHOJOTUH M OCOOCHHOCTEH OTACIBbHBIX
KaTeropui aCnupaHTOB (8 TIOHKTOB)Y;

— ITocranoBnenue [IpaBurensctBa PO ot 30 HOsOpst 2021 1. Ne 2122 «O06 yTBEep)KaecHUU
[TonoxeHuss 0 MOArOTOBKE HAYYHBIX M HAYYHO-TIEJArOrMYECKUX KaJpOB B AacIHUpPAHTYpe
(amBIOHKTYpE)»;

— ITonoxenue 0 KaHIUAATCKUX dK3aMeHax (mpuHsATO YueHbiM coBetom KapHI[ PAH
25.05.2018, mpotokon Ne 7).



Beenenue

OObexkThl OMOXMMHM U (PU3HONOTUM pACTeHMH — 3yKapuoThdeckue (oToTpodHbIe
OpraHu3Mbl. YHUKaIbHbIE 0OCOOCHHOCTH PACTHUTEIBHOTO OpraHm3Ma: (OTO- M aBTOTPO(HOCTH.
ABTOTPO()HOCTP B OTHOUICHMHM YCBOCHHUS MUHEpAJIbHBIX 3JeMeHTOB. Crnenuduka oOMeHa
3€JIEHbIX PACTEHHM 10 CpPaBHEHHUIO C JpyrMMu opranusmamu. Kocmudeckas poJib 3€J1€HOTrO
pactenus. 3HaueHue (HOTOaBTOTPOPOB B CO3JAHMM U NOJJEPKAHUM Ta30BOrO0 COCTaBa
aTMoc(epbl, BOJHOTO, TIOYBEHHOTO U KIIMMAaTHYECKOTO PeKMMa Ha TUTaHeTe.

Opranuzanus ¥ KOOpAMHAUUS (QYHKLIMOHAIBHBIX CHCTEM 3€lIeHOro pacTeHus. Pusnko-
XUMHUYECKHH, SKOJIOTUYCCKUI 1 3BOIIOIOHHBIN aCIICKTHI.

MeTtoao0oru4ecKkiue OCHOBBI HCCIENOBAaHWKA B OHOXMMHHM M (DU3HOJIOTHM PACTCHHIA.
Crenuguyeckue MeTo bl OnoxuMuu U usznonoruu pacteHuil. CoueraHue pa3IuyHbIX YPOBHEN
uccienoBaHus (CyOKJIE€TOUHBIN, KJIE€TOYHBINA, OPraHU3MEHHBIN, OMOIIEHOTUYECKUIT) B OMOXUMHH
1 (PU3HOJIOTHH PACTEHUH.
®usnonorus U OMOXMMHS PACTEHUH — TEOpEeTHYecKas OCHOBA PACTEHHMEBOJACTBA U HOBBIX
oTpacyei OMOTEXHOJIOTHH.

1. OcHOBHBbIE KOMIIOHEHTBI PACTHTEILHOI0 OPraHu3Ma U UX QYHKIHU

1.1. YriaeBoasbl

OcobeHHocTH cocTaBa W MeTaboau3Ma YIIeBOJOB pacTeHHH. MoHocaxapuibl, HX
CTPYKTypa M B3aUMOIIpEBpAIlleHUs], OCHOBHbIE MpeicTaBuTend. MoHOcCaxapa, Kak cyOcTpaThbl
JUig cuHTe3a Apyrux BemiecTB. Dochopubie 3dupsl caxapo3sl U Hykieozugaudocdarsl -
aKTUBHUpOBaHHbIE (OpPMBI YrieBoa0B. B3aumomnpeBpallieHuss MOHOCAXapuJIoB, SMUMEpPU3ALINS,
aJIbJI0-KeTO-u30MepH3anus, GochomyTazHble peakuy. TpaHCKETONa3HbIe U TPaHCAJIbI0JIa3HbIe
peakuuu. Omurocaxapuiabl, MX COCTaB, CTPYKTypa, OCHOBHbIE mpeiacraBurenu. Caxaposa;
JoKanmu3anus ee cuHTe3a W QyHkuuu. [lommcaxapuabl: cocTaB, THUIIBI CBS3€H, BETBJIECHHUE.
[lonucaxapuapl 3amacHele M CTpyKTypHble. CTpykTypa KpaxMana M €ro Jerpajaunus.
OO0pa3oBaHue KpaxMalbHbBIX 3€PEH B 3al1aCAIOLINX OpraHax.

1.2. JIunuasl

OOmue cBoiicTBa JMMMIOB, KilaccuUKalus, HOMEHKJIaTypa. HacelleHHsle
HEHACBILEHHbIE JKUPHBIE KHCIOTHI: KIAacCU(pUKAIUSA, CHUHTE3, KaTabOIu3M U (PYHKIIHUU.
Oco0eHHOCTH CTPOEHUSI HEHACHIIICHHBIX KUPHBIX KUCIIOT pacTeHui. Pekue s upHble KUCIOTHI.
Tpurmuuepuasl u ux ¢yaxuuu. IlonspHble nunuasl: Gocdo- W TIUKOIUIUIBI, WX POJIb B
obmene. Crepounpl. OCOOCHHOCTH pPACTUTENBHBIX CTEPOUJIOB, (UTOCTEPUHBL. [ TMKO3U[BI,
AIWIITIMKO3UAbI, 3(UpBl CTepUHOB. buonornueckue MemOpaHbl, crenudpuKa pazInuyHbIX
MeMOpaH pacTUTENbHON KIETKH.

1.3. AMMHOKHCJIOTHI U 0€JIKH

CTpyKkTypa U HOHHBIE CBOMCTBA aMMHOKHUCIIOT. [IpOTeMHOr€HHbIE aMUHOKHUCIOTHI. AMUHO-
COEJIMHEHUs, CUHTE3UpYeMble IMEPBUYHO U3 MHHEPAIbHOIO a30Ta U CHUHTE3 aMUHOKHUCIOT.
Peakiun nepeamunupoBanus. KitoueBass poJib INIyTaMHMHOBOM KHCIOTBI B MeETa0OJIM3MeE
aMUHOKHCIIOT. CeMelcTBa aMMHOKHUCIIOT, KOTOPbIE MIPOUCXOJAT U3 NMUPYyBaTa, OKCAJIOAleTara,
2-0Kcorylyrapara, IIMKMMaTa W HOpoaykToB I1ukina KanpBuHa. @DyHKIMM  CBOOOIHBIX
aMHHOKHUCIIOT U aMHHOKHUCIJIOT B COCTaBe OEJIKOBBIX MOJIeKyJd. Peakuuu ne3aMHUHUpOBaHUS U
JIeKapOOKCUIMPOBAHUS AaMUHOKHUCIOT. AMMHOKHCIOTBI Kak cyOCTpaTbl CHHTe3a JApYrux
a30Tco/iepKalluX coequHeHni. HeGenkoBble aMHMHOKUCIIOTHI paCTEHUH.

[lepBuyHast cTpykTypa MOJEKyJdbl mnosunentuna (mentugHas cBszb. C- m N- koHen
nosmnentuaa). ubpunnspHelie u rnodyaspHbie Oenku. MonHble cBolicTBa noaunentuios: pKa
MOHOTEHHBIX I'PYII, U303JEKTPUUECKasi TOUKa. DJIEMEHThl BTOPUYHONU CTPYKTYpbI OEJIKOB — 0.
cnupalib U PB-cTpykTypa. TpeTuuHas W 4eTBepTUUHAs CTpyKTypa OenkoB. JlucynbduiaHbie u
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BOJIOPO/IHBIE CBSI3H, HOHHBIE U TUAPO(POOHBIE B3auUMOAeicTBUsA. POsIb OTETBHBIX aMHHOKHUCIIOT
B 00pa3oBaHMM U TOAJCPKAHUU MPOCTPAHCTBEHHOW CTPYKTYpHI OCIKOBOW MOJEKYIIBI.
benkxosrie koMiuiekcsl. [loustue cyobenuuubl. DyHKIMOHATBHAS KIacCH(pUKALUs OETIKOB.

1.4 HypHHOBLIe U MUPUMHUIANHOBBIC OCHOBAHMUSA. HyK.]'[eI/IHOBLIe KHCJI0TBI

[lypuHOBBIE M NUPUMHUAMHOBBIE OCHOBaHUs. Hykineo3uabl M HYKIEOTHIBI: CTPYKTYpa,
cuare3, ¢Gynkuun. Hykneosunnomudocdarsl. Lukimyeckne HYKICOTHIBI W WX POIIb.
Hyxneotuansle Ko(epMEHTHI W MEPEHOCUMKU COEIMHEHUH, HX OCHOBHBIE THUIBl H
OnosoruyecKoe 3HaueHHe.

HyxienHoBble KHMCIOTBHI: NEpBUYHAs CTPYKTYpa, HYKICOTUIHBIM cocTaB. Bropuunas u
tpetnuHas crpykrypa JJHK. Crpykrypa PHK. Tunsr PHK (undopmanmonnas, TpancnopTHas,
pubocomanbHas, Maisie syepusie PHK, mansie uaTepdepupyromme PHK). ®depmenratuBHast
poisib PHK (pu0o3umsr). Perynsauus crabunsnoct nHdopmannonHor PHK.

1.5. BemecTBa cnenuajin3upoBaHHOr0 00MeHa pacTeHuil (BTOpMUYHbIE MeTA00IUThI)

OCOOEHHOCTH COEIMHEHUH, KOTOphIE OTHOCAT K BTOPHUYHBIM MeTabomutaM. OCHOBHBIE
KJIaCChl BTOPUYHBIX METa0OJIUTOB: CTPOCHUE, KIacCU(DUKAIIHS U PACIIPOCTPaHEHHE.

AJKaONIBI: TPOTOATKAIOUIBI, TICEBIOATKAION/bBI, WCTHHHBIC aimkanouabl. OCHOBHBIE
TPYIIBI HCTHHHBIX alTKaJTOUIOB.

W3onpenouast (teprieHouibl). OCHOBHBIE TPYHIBI U30MPEHOUJIOB (MOHO-, CECKBHU-, JIU-
TPH- ¥ TETPATEPIICHOM/IBI, TIOJTMMEPHBIE U30TIPEHOU B! ). KapoTHHOMABI: XUMHUYEcKas pUpoia U
CTpoeHHUE, (PU3UKO-XUMUIECKUE CBONCTBA.

®eHonbHBIE coennHeHusl. OCHOBHbBIE TPYIIbI (DEHONBHBIX COSAUHEHUN ((hEeHOIOKUCIOTHI,
(he-HUITPOTIAaHOU/IBI, CTUIILOCHBI, (PIABOHOUIBI U M30(JIaBOHOUIBI, TTOJUMEPHBIE (EHOJIBHBIC
COCTMHCHUS ).

MuHopHBI€ Kacchl BTOPUYHBIX MeTa00nTOB. HeGenkoBble aMUHOKUCIIOTHI, IMAHOTEHHBIE
TJIMKO3UbI, CEpPYyCOJEpKallue TJIMKO3UAbl  (TJIFOKO3WHOJAThl), pPAaCTUTENbHbIE aMUHBI,
HEOObIYHbIE JUMUABl (KUPHBIE KHUCIOTHI, IUAHOJUMHIBI), OETaJMHBI, TOJIHALETUIICHOBbIE
MPOU3BOJIHBIE, aNKamMuabl, THO(QEeHBbl. OCHOBHBIE MPEICTABUTEIM BTOPHYHBIX COEIUHEHHM
Ka)KJI0T0 KJIacca M UX paclpoCTpaHeHUe CPeId PaCTeHUI pa3HbIX BUJIOB.

[Iytu OumocHuHTE3a OCHOBHBIX KJIACCOB BTOPHYHBIX MeTabonuToB. IlpeniecTBeHHUKH
OuocuHTE3a BTOPUYHBIX MeTabonuToB. Touku "OTBeTBIEHUS" BTOPUYHOIO METaboJIM3Ma OT
MIEPBUYHOTO. Mo udukanuu BTOPUYHBIX MeTaboJIUTOB (TTTMKO3UIMPOBAHUE,
TUIPOKCUIIMPOBAHKE, METOKCHIIMPOBAHNE, METHIIMPOBAHKE). DH3UMOJIOTHSI CHHTE3a BTOPUUHBIX
MeTaboauToB. OCHOBHBIE (DepMEHTHl OMOCHHTE3a aaKajIOWUJIOB, W30IMPEHOUAOB, (PEHOIBHBIX
COeIMHEHUH, X XapakTtepucTuka. [[yOnupoBaHue myreld CHHTE3a BTOPUYHBIX META0OIUTOB.
HemeBanoHaTHBIH MyTh CHHTE3a U30MPEHOMUIOB, €T0 JIOKAIHU3AIIMS U 3HaYCHUE.

1.6. ®epMeHTHI 1 MEeXaHU3MBbI UX JAeHCTBHS

XapakrepucTika (PepMEeHTOB KaK BHICOKOCIIELUAIN3UPOBAHHBIX OCJIKOBBIX KaTaJln3aTOPOB.
AnmucgaTtnueckas u mpocrterudeckas yactu ¢pepmenTta. Kodakropsl depmeHTHON peakuuu.
DHepreTuyeckas OCHOBA KaTaju3a: aKTUBHBIA LEHTp ¢epMmeHTa. CnenuduyHOCTh AeicTBUA
¢depmenTtoB. @DepMmeHTHas KHHeTHKA. DepMeHT-CyOCTpaTHBIH  KOMIUIEKC. YpaBHEHHE
Muxasnuca-MenteH. Bennmuunel KM m Vmax, ux Ouonoruueckuil cmeicia. MHrubuposanue
¢depmentos. JlelictBue pH u Temneparypsl Ha CKOPOCTh pepMeHTHOI peakiun. KoHKkypeHTHOe,
HEKOHKYPEHTHOE€ W HeoOpaTMMoe HWHruOupoBaHHe. MexaHU3MBbl perysiuuu  (GepMeHTHO I
aKTUBHOCTH. Perymauus mno mnpUHUMITY OOpaTHON CBS3M: aKTHBAalMsi W WHTUOMPOBAHUE.
Annocrepudeckas perymauus. MHaykuus u penpeccus cuHTe3a. M303uMbI U KOH(OpPMEpBHI.
PerynupoBaHue ¢ yuacTueM NpOTEUHKHUHA3S.



2. PACTUTEJIBHAS KJIETKA

OCOOEHHOCTH CTPOCHUS, CTPYKTYpHas W (DYHKIHOHAIbHAS OpraHU3alus PacTUTEIbHON
kieTkr. CUMOHOTeHHAs TUTIOTE3a BOSHUKHOBEHHSI PACTUTEIHLHON KIETKH.

Anapo. OcoOeHHOCTH OpraHu3aliK SAEPHOTO TeHoma pacTeHuid. CTpyKTypa TeHOMa,
noymMopdusm  pacturensHoir JIHK. KomuitHocte pasmbix reHoB u  ydactkoB  JIHK.
Ocobennoctu MetwmpoBanusi pacturenbHol JIHK u ero BimsiHMEe Ha 3KCIPECCHIO SACPHBIX
reHoB. ['erepoxpoMaTH M 3yxXpoMaTrwH. Pojb TMCTOHOB B PEryisiIMM aKTUBHOCTH TI'€HOMA.
MoOunpHBIE TEHETHYECKHe d3JEMEHTBHl pacTeHuid (TpaHcmo3oHsl). JIHK-TpaHCIO30HBI.
Tpancno3aza. HeperunkaruHas TpaHcno3unus (Ha npumepe Ac- U Ds-31eMeHTOB KyKypy3bl).
BapuanTtel (peHOTHITMYECKOTO TPOSBICHHUS AKTUBHOCTH HEPEIUIMKATUBHBIX TPAHCIIO30HOB.
Perpotpancnozonsl. Posib 00paTHOM TpaHCKpUNITa3bl B PEIUNIMKATUBHON TPACHIO3UIIIH.

IInactugnasa cucrema. Tumbel MiaacTuj, OCOOEHHOCTH CTPOEHUS, OHTOreHe3. ['eHom
mactua. [IpokapuoTuyeckne 4epThl U KOMMUHOCTh IIACTUIHOIO reHoma. lloJmMiucTpoHHbII
TUI PEeIUIMKALUU MJIACTUIHBIX TeHOB. Mo3anuHasi CTpyKTypa IulacTUAHBIX reHoB. Co3peBaHue
mwiactugHo PHK, crumaiicunr m penaktupoBanue TpaHCKpUNTOB. CTaOMIBHOCTD MJIACTHAHOMN
PHK. benku, konupyemsble miaacTUAHBIM TeHoMoM. CHuHTe3 Oenka B IlacTUax U €ro peryasuus
ceeroM. PHK-mmonmmmepassl muractu, miaactTuaabie pudocoMbl. [[BoitHOEe KoaupoBaHue (sSaepHoe
U TUIACTUIHOE) OOJIBITMHCTBA KOMIIOHEHTOB (oTocuHTeTndeckoro ammapara: ®C1, OCII, bef-
komiutekca, CCK, AT®-cunTtassl, miactuanoit HAJ[-H-neruaporenassr, Rubisco. Tpancmopt
SJIEPHO-KOAUPYEMBIX OENIKOB B IIaCTHIbl. Pa3MHOXKEHHME U HacIe10BaHUE TUIaCTUI.

Murtoxonapuu  pacteHmii. OCOOCHHOCTHM  CTPOCHUS  MHUTOXOHAPUNA  PACTCHHIA.
Oco0eHHOCTH CTPYKTYpPbl MUTOXOH/IPHAJILHOTO TeHOMa pacTeHui. [IpokapuoTuueckue 4epThl U
pa3Mep MHUTOXOHJPHAIBHOIO I'€HOMa pacTeHUuM. Mo3andHass CTPyKTypa MHUTOXOHIPHAIBHBIX
T€HOB, CIUIAMICUHT U PEJaKTUPOBAHUE TPAHCKPUINTOB. benku, koaupyeMbple MUTOXOHIpUAIbHBIM
reHoMoM. OCOOEHHOCTH CHHTE3a Oelka B MUTOXOHIPHUSX, pUOOCOMBI MUTOXOHIPHL, TPAaHCTIOPT
oenkoB u HekoTopeix T-PHK u3 siapa B mMutoxonapuro. [[BoiiHOe komupoBaHHE (SAEpHOE U
mIacTuaHoe) OonpmmHCTBA OenkoB awixatenpHO OTL: HAJI-H-nermmporenassi, cykiuHaT-
JeruaporeHassbl, DC-KOMIUIEKCa, IIUTOXPOM-0KCHAa3bl, ATd-cuHTAa35I.

[lepenoc reneTnueckoro Marepuaina Mmexay opraneiuiamu. CoBMmecTHas paboTa Tpex
TF€HOMOB (S,I€pHOTO, TUIACTUAHOTO, MUTOXOHIPUATIHHOTO).

ITepoxcucombl U riamokcucombl. Tumbl nepokcucom. OOpa3oBaHuEe aKTUBHBIX (HOpM
KHCJIOpOJa B MEpPOKCHCOMax U riavokcucoMmax. CompspkeHue MeTaboJM4ecKHX IPOLIECCOB B
KJIETKE Yepe3 NePOKCUCOMBI U IITMOKCUCOMBI. TpaHCcOpT OEJIKOB B IEPOKCUCOMBI.

MemOpaHHbIe cHUCTeMbl pacTUTeNbHOUM KJeTku. Ilimazmanemma, Tonomiaacr, JIIP,
anmapar I'osbaxn.

OcoOeHHOCTH ~ CTpOEHHs IUIa3MajeMMbl. TpaHCHOPTHBIE CUCTEMbI IJIa3MalleMMBbl,
IPOTOHHAS YHEPreTHKA TPAHCIIOPTHHIX cucteM, H -ATda3a P-tuna.

OcoGeHHOCTH CTpoeHHsT ToHOIUTacTa. TpaHCHOpTHBIE cUcTeMbl ToHOIacTa. H' -AT®as3a
V-tuma, nupodocdarasa.

DupomnasMarudeckuii  petukyaym  (OP)  pactutenbHoit  wietku. Dynkinuum - OP
HlepoxoBatbiit u rnagkuit OP. Paznuunble (yHKIMOHAIBHBIE y4acTKU pacTuTelbHoro OP.
CurHanbpHble  TOCNIEIOBATEIbHOCTH  OenkoB,  TpaHcmoptupyembix B OP.  KDEL-
nocuenoBareabHOCTb. Oneocombl. DopMupoBanue ojeocoM. OcoOEHHOCTH HApPYXHOIO CJos
OJICOCOM: HaJMYhe MOHOCJIOSI TOJSPHBIX JUMMIOB M cnenuduueckux OenkoB. buorenes
0JIEOCOM U MX Jerpajanus B Ipoliecce IpopactaHus ceMsH. benkoseie Tena. PopMupoBaHue
OEJIKOBBIX TEJl U UX (PYHKIIHH.

Annapar Tonpmxu (Al). Crpykrypa Al. TpaHcnopTHbIE BE3HKYIBI, IUKTHOCOMBI,
Iy3bIpbKH. /[Ba OCHOBHBIX HampaBlIEHUs TpPaHCIOPTA - IUIa3MajeMma M Bakyosjb. OCHOBHbIE
TPaHCIIOPTUPYEMBIE BEILIECTBA.



Bakyousb. Jlutndeckuil M 3amacaroliuil THIIBI BaKyoJieH. benkoBble MapKepbl THIIOB
BakyoJeil. CHUrHaJbHBIC TIIOCIIEAOBATEILHOCTH OCJIKOB, TPAHCIIOPTUPYEMBIX B BaKyoOJb.
Bo3uukHOBeHHe Bakyosieit de NOVO. TpaHCHOPT BELIECTB B 3aI1aCAIONIUE U IUTHYCCKUE BaKyOIIH
(cmustHue Be3WKyn, aBTodarus Be3ukyn). CHUTHalbHbIE TOCIENOBATEIBHOCTH TpPaHCIOPTa
0€KOB B BaKyoJib. OYHKIIUHN BaKyOJIIPHON CUCTEMBI KIETKH.

LuTockener pacTurebHOl KiaeTkH. CTpyKTypa HUTOCKeneTa. AKTHH M TyOyJIuH, UX
nonuMepusanuss U aenoiaumepusanus, G-aktuH u F-aktuH. benku, accouuupoBaHHbBIE C
LIUTOCKEJIETOM. Y4acThe aKTHHOBBIX (PMIIAMEHTOB BO BHYTPUKJIETOUYHBIX JBM)KEHUSAX. YdacTue
LUTOCKEJIETa B ABUKEHUU U 3aKpelyIeHUH opraneil. Poib HUTOCKEIETa B CUHTE3€ LIEIUIIOJIO3BI.
VYyactue nuTocKeneTa B mpolecce AeJICHUs KIETKH,

Kiaerounas crenka (KC). YrieBonHble KOMIIOHEHTHI KJIETOUYHOUW cTeHKHU. Llemmronosa,
reMUIEITI0N03bl, NeKTUHbl. Kammo3a. CTpykTypHble O€NKM KJIETOYHOMW CTEHKHU: OenKH,
oboramiennbie ruapokcunponmHoM (HRGPS), mnpomunom (PRPS), rmummaom  (GRPS),
apabuHoranakTanoBbie Oenku (AGPS). dyaknuonansHbie Oenku KC: sxcriaHCHHBI, ()epPMEHTHI.

[lepBuuHas u BTOpUYHAs KIETOYHAs CTEHKA. JIMTHMHBI, BOCKa, KYTHH, CYyOEpHH.
[Mnasmonecmser (ITM1), ux crpoenue. KomudecTBo mia3mMoiecM Ha pa3HBIX Y4acTKax KIETOYHOU
CTEHKHM M B pa3HbIX TKaHAX. TpaHCIOPT BELIECTB MO IIazMojaecMaM. /[Ba Tuma cTpoeHus
KJIETOYHOM CTEHKHM Yy TOKPBITOCEMEHHBIX pacTeHuil. OOpa3zoBaHHE KIETOYHOW CTEHKH.
buocunaTes MuxpoduOpmiT 1emwT0I036I U UX caMmocOopka. Pomp ammapara [ombmxu B
O6uocunTeze aneMmeHToB Marpukca. Dynknuum KC: kapkacHas, 3amIUTHas, TPaHCIOPTHAsd,
perynaropHasi, curHayipHas. OJIUrocaxapuHsl.

OnTorene3 kjerkum pacrenusi. CTaguu OHTOTEHE3a: JICJCHHE KJICTKH, POCT KIETKH
pactsbkenueM, nuddepeHnnpoBKa, crapeHrne W cMepTh. KieTouHbIH (MUTOTHYECKHI) ITHKIL.
®a3pl ukna - G1, S, G2, M. 3anyck u peryinupoBaHue KJIETOYHOTO IUKJA. [[UKIUHBI, IUKITHH-
3aBucuMeble npoternHkuHa3bl (CDKS). AnmonTo3 pacTHTENbHBIX KIETOK - MpOorpaMMHas rudenb
kieTkr. CHTHaJbl ¥ MEXaHU3MBI arloTTo3a.

Kiaerkn pacrenmii in vitro. [lemuddepeniumanus pacTUTENbHOW KIETKH IN VItro wu
(dbopMupoBaHHE MOMYISANUU MPOIH(eprpyommMX KIeTok. CTpyKTypHBIE W (YHKIIMOHAIHHBIE
0COOCHHOCTH KJIETOK pacTeHHi iN Vitro. ['eTeporeHHOCTh U aCHHXPOHHOCTD MOMYJISIIIUN KIETOK
pacTteHuil BHe opraHusMma. M3o1mpoBaHHBIE MPOTOIUIACTHI KJIETOK pacteHuil. Vcmosb3oBaHue
KJIETOK PacTeHuit iN VItro kak MOMAENbHOW CHCTEMbI B (PM3HOJIOTHUYSCKHX HCCICIOBAHUSIX U B
OMOTEXHOJIOTHH.

3. BUOOHEPTETUKA PACTEHUI

[IpuHIMOBI TEPMOAMHAMUKH. 3aKOHBI XHUMHUYECKOM TepmoauHamuku. CBoOoaHas
SHEprusi; HM3MEHEHHe CcTaHAapTHOW cBoOoaHON »sHepruun (AGO). DHAeproHUyYecKue W
9K3eprOHUYECKUE PEaKIuu. XUMHYECKOe paBHOBECHE, XMMHUYECKHI MOTeHIHal. BeipaxeHue
W3MEHEHHUSI CBOOOJHOW OHHEPrHMHM PEAOKC-PEakIMi B EIWHHUIAX AIEKTPOXUMHUYECKOTO
CTaHJIAPTHOT'O OKUCIIUTEIHbHO-BOCCTAHOBUTEIHHOTO TOTEHIMAA.

[IpeoOpazoBanuie sHepruu B KieTke. BHeNIHME HMCTOYHMKHU SHEPTUU i OPTraHHU3MOB.
JIBe ocHOBHbIE (OpMBI 3amacaHusi HHEPrMM B KIETKE: JIEKTPOXUMHUYECKHH MOTEHIHAT
IIPOTOHOB Ha HSHEPTrU30BaHHBIX MEMOpaHaX W MaKpOATHYECKUE CBS3M, B3aUMOIPEBpallCHHE
TUX (OpM BHEpruu. DHepreTHka MmpoleccoB cuHTe3a M ruaposmsa AT®. Tpanchopmarnus
SHEPrUU Ha COMPSATAIIMUX MeMOpaHaX: DIEKTPOXUMUUYECKUN TMOTEHIMAd — JABIDKYINAS CHiIa
bochopumiposanus. CydcrpatHoe GochopuimpoBaHue.

Penokc-peakiuu B kietke. OCHOBHBIE KO(AKTOPbI MEPEHOCA ANEKTPOHOB: FeS-1ieHTpsl,
[UTOXPOMBI, aTOMBl MEAW, MapraHiia, MOJIMOJEHA, XWHOHBI (YOMXMHOH, TUTACTOXUHOH),
¢naBunsl  (OMH, ®A]Jl), nupumunanykineotunst (HAHD® wu HAH). OxwucnutenbHo-
BOCCTAaHOBUTEJIbHBIE PEAKIIUU B DJIEKTPOH-TPAHCHIOPTHBIX MEMAX (POTOCHHTE3a W JBIXAHHUS.
Comnpsixenue pabotsl OTL] ¢ cunrezom AT®. OKkHCIUTETHHO-BOCCTAHOBUTENIBHBIE PEAKIIMU B
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OouocunTe3e u dHeprermueckoM ooOmene. Poms HAJl, HAJI®, ackopbatra um TiiyraTuoHa B
MOJUICPYKAHUU PEIOKC-CTAaTyCca PACTUTEIILHON KIICTKH.

VYHHUKaAIbHOCTh JHEPreTHUECKUX MPOIECCOB pacTeHUil: koomepaius (GOTOCHHTE3a U
AbIXaHU.

4. BUOXUMUA METABOJIN3MA U ®U3NOJOT'NMYECKUE ITPOLHECCHI

4.1. ®orocuure’

3nayenne (OTOCHHTE3a B TpaHC(POPMAIMU BEIIECTBA W DHEPrUM B mpupoje. DPusmko-
XMMUYECKass CYIIHOCTh Tmpoliecca (OTOCHHTE3a W €ro 3HAaueHHE B DHEPreTHYECKOM H
IUTACTHYeCKOM  oOMeHe pacteHus. Jlucr kak opran  Qortocunre3a. CTpyKTypHO-
(GyHKIMOHANbHAs opraHu3anus (oTocuHTeTHYeckoro anmapata. OCHOBHbIE THOKa3aTelH
ME30CTPYKTYpHI JIUCTA.

DneMEeHTBI CTPYKTYPBI MOJIEKYJIb XJIOPO(UILIa, OTBETCTBEHHBIE 32 (DYHKIUIO MOTJIOIIEHUS,
3armacaHusi U mpeoOpa3zoBaHUs PHEPTUU B mpolecce (GoTocuHTe3a. MexaHU3M MOTJIOUICHUS U
HCIYCKaHUSI CBETA MOJIEKYJIOW; CIEKTPhI MOTJIOUIEHHS. DIEKTPOHHO-BO30YKIEHHbIE COCTOSHUS
xJopoUIUIoB, MyTH UX Je3akTuBanuu. llpeoOpa3zoBaHusi AJIEKTPOMArHUTHOW SHEPruu B
pelIOKCc-  SHEPruio;  OOpaTUMBbIE  OKHUCIMTEIbHO-BOCCTAHOBUTEIbHBIE  IPEBPALLEHUS
XJIOPOHUIIOB.

Xnopodunn-6enkoBsie kKomiiekehl (XBK); Mexanusmbl oOpa3oBaHMs, 3HAYCHHE CBSI3U
nurmMeHToB ¢ OenkoM. Opuentanms nurMeHToB B XBK. MexaHusmbl 3HEpPreTuyeckoro
B3aUMOJICHICTBUSI TNUTMEHTOB B KOMIUJIEKCaX (SKCUTOHHOE B3aUMOJCHCTBHE) U MEXKIY
KOMILJIEKCaMU (TI€PEXOAHBIE COCTOSTHHUS).

Ponp kapoTuHOMIOB B (poTOCHMHTE3e. AHTEHHAss (YHKIUS, BO30YKICHHBIC COCTOSHUS
KapOTHMHOMOB, MEXaHU3Mbl MWIpallMd »HHEPruM Ha Xjiaopoguui. MexaHU3M 3alUTHOTO
NeUCcTBUSL KapOTUHOUAOB. OYHKIIMHM KapOTUHOUAOB B PEAKIIMOHHOM IEHTpeE, crienuduka Iuc-
KoH(opmanuu. 3HayeHHE KCAHTO(UIUIOBBIX LUKIOB Yy BBICIIUX PACTEHUH M BOJOPOCIEH;
(dhoTompoTekTopHas (GYHKIMS 3€aKCAaHTHHA U JHMA30KCAHTHHA.

[lepBuunbie mporiecchl (OTOCHMHTE3a, HMX CTPYKTYPHO-(QYHKUIHMOHAIbHAS OpraHU3aIusl.
[IpeacraBnenne o (HOTOCHHTETHUECKOW €IUHMIIC. AHTCHHBIM KOMIUICKC, PEAKIIMOHHBIA IICHTP.
MexaHu3mMbl MUrpaluu sSHepruu B xjoporiactax. CoBpeMeHHbIE MOJENU CTPYKTYpPHOM
OpraHM3allii  PEaKIUOHHBIX IIEHTPOB OakTepuil M BBICIIMX pacTeHUH. MexaHu3m
npeoOpa3oBaHUsl AJIEKTPOMArHUTHOM SHEPrUUM B DSHEPTrUI0 pa3JelieHHBIX 3apsjoB B
(hOTOXMMHYECKUX LIEHTpaX.

DneKTpoH-TpaHCHOpTHas  uenb  ¢orocuHre3a. [IpeacraBieHUss O  COBMECTHOM
¢dbyukuuonupoanuu AByX ¢otocucteM. Kommnonents: OTL u mocnenoBarenbHOCTh MepeHOCa
aNekTpoHa Mo uenu (Z-cxema). Lluknuueckui, HEIMUKIMYECKUA U TICEBAOLUUKINYECCKUIMA
ANEeKTpOHHBIA TpaHcnopT. [IpocTpancTBennas opranuzauus DT B TunakougHO MeMOpane:
OCHOBHbIE (yHKUHMOHANbHBIE KomIuieKehl OTL[ (DC-1, @C-2,), ux cTpykTypa ¥ (GYHKIIHH.
Crpoenue u ¢pynkuun OC-2. Opranuzanus B THIAKOUTHOW MeMmOpaHe U (yHKIIMOHHUPOBAaHUE
peakimonHoro nentpa ®C-2. Cucrema ¢oronmsza Boabl U 00pa3oBaHHs KHUCIOpOJA IPHU
¢orocunreze. Ctpoenune u ¢yHkuuun OC-1. OOpazoBaHHe TpaHCMEMOPAHHOTO MPOTOHHOTO
rpagueHTa B Ipoliecce dJIeKTpOHHOro TpaHcmopra. Ctpykrypa u (yHKiun mutoxpom be/f
KoMIuIekca, Q - UKII. Perynsius moToKoOB 3JEKTPOHOB Ipu oTocuHTe3e. POTOCUHTETUYECKHH
KOHTpoJb. Jlokamuzamuss OTL[ KOMIUIEKCOB B TpaHAIbHBIX M CTPOMAIBHBIX MeMOpaHax
TUNAaKOUA0B. CHUCTEMBI PEryISIIMM  LUKINYECKOTO W HEIUKIMYECKOTO 3JIEKTPOHHOIO
TpaHcnopra. OOpa3oBaHue npu (QOTOCHUHTE3€ AaKTHUBHBIX ¢GopMm Kuciopoaa. IIporeccs
(oToMHrnOMpoBaHus U (POTONECTPYKLINH; 3aIIUTHBIE MEXaHU3MbI XJIOPOILIACTOB.

dotocunTeTnyeckoe (ochopunupoBanue. OCHOBHbIE THUIBI, HX (PU3HOJIOrHUYECKOE
3HAaYeHHE, MEXAHMU3Mbl DPErysilud. MexaHU3Mbl SHEPreTHMYECKOrO COIpPSDKEHHs TpaHCIopTa
anekTpoHOB U cuHTe3a AT®. Conpsratouiue gpakTopsl GoTodochopunupoBanus, uX QyHKIUH,
CTPYKTYypa, MEXaHU3M JelcTBHsI. MexaHu3M paboTel karanuTuieckux meHToB CFl.
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Perynsmuss moTOKoB 3JeKTpOHOB mpu (ortocuHTe3e. DOTOCHHTETHUECKUI KOHTPOJIb.
Jlokanu3auust komiuviekcoB OTILl B rpaHanbHBIX M CTPOMAJIbHBIX MEMOpaHaxX THIIAKOUJIOB.
Cucrema peryisiiui UUKIAYECKOr0 U HEUKINYECKOrO JIEKTPOHHOIo TpaHcnopra. Koneunsie
MPOIYKTHI CBETOBOM U TEMHOBOH (ha3bl (POTOCHHTE3A.

XUMHU3M IPOIECCOB aCCUMWIISILIMKU yriiepoaa B ¢oTtocunTese. Mcrnosb30BaHHE MPOIYKTOB
CBETOBOW CTaIuM Ui AacCUMWIALUHN YIJIEKUCIOTHL. PyOucko: cozaepkanue (depMeHTa,
CTpyKTypa, (GyHKumu, perymsiuus. Llukn KampBuHa, OCHOBHBIE (EpMEHTHI M MEXaHH3MBI
perymsuuu nukina. @otonpixanue. OIII- kapObokcuiaza, €€ XapaKTepUCTUKA U JIOKAIU3AIHSL.
Hukn Xostya-Cmaka-KapnunoBa, ero ¢yHKmuoHanpHOE 3HadeHWe. OpraHuzamnus Ipolecca
ACCHMWISIIUM B KJIETKAaX Me30(muia U OOKIAIKU: OCOOCHHOCTH CTPOCHHUS XJIOPOIUIACTOB U
peakuuii potocuHTe3a. OOMEH COCTUHEHUSIMU MEXIY ME30(MIBHBIMUA KIETKAMH M KJIETKaMU
obxmanku. Xapakrepuctuka rpymnm C4 pacrenuit. @otocunrte3 y CAM- pacTteHuii: 0COOEHHOCTH
OpraHM3aliy Mpoliecca 3arnacaHus JHEPruu U GUKCAIUHU YTIIEKUCIOTHI BO BPEMEHHU.

Tpancnopt mpoaykToB (OTOCHMHTE3a U3 XJIOPOIUIAcTa: YETHOUYHBIE CHCTEMbI BBIHOCA.
MexaHu3Mbl, KOHTpoJIMpyrOLIMe oOOMeH MeTabonuTaMH MEXAYy XJIOpoIUlacTaMH |
nuTomazMarndeckoil (aszoit kierku. I[IpeBpamenuss CaxapoB B LUTOIUIa3ME€ U ILIMTO30JIE;
3amacHble U TpaHcnopTHele popmbl CaxapoB. BxitoueHue yrieposa B aMUHOKHUCIIOTHI.

AccuMWIALNS YIIIEKUCTOThl B JucTe. JleiicTBie BHEIIHUX (PakTOpOB (MHTEHCUBHOCTH U
KauecTBO cBera, (otonepuon, koHueHtpauus COz, Oz, TemnepaTypa U Ap.) Ha (OTOCHUHTES.
Pasnuune B KpUBBIX 3aBUCUMOCTH CKOPOCTH accuMwisinuu oT KoHueHtpauuun CO2 n O2B
razoBoit cpene y C-3 u C-4 pacrenuii. KBantoBsiii BbixoJ gorocunresa. Tpancrnopt CO2 k
MecTaM (pUKcalu, pojib KapOoaHTHIpa3bl. Y CTbUYHAS U KJIeTouyHas rnpoBoaumocts a1 CO2 B
3aBUCHMOCTH OT BHEIIHUX (PaKTOPOB M BO3pACTa JIUCTA.

4.2. JIbixanue

@epMEHTHBIE CUCTEMBI JBIXaHHUS. XapaKTepUCTUKA OTAEIbHBIX TPYII AbIXaTEIbHBIX
(epMeHTOB: MHUPUAMH3ABUCUMBIE JIETHAPOreHa3bl, (JIaBUH3aBUCHUMbIE  JETHUIPOTECHA3HI,
okcuaasbl. llepeHOCUMKHM »JIIEKTPOHOB: XHWHOHBI, >KEI€30CEepHbIE OENKH, IMTOXPOMBI, HX
XUMHUYECKOE CTPOCHUE U CBOMCTBA.

I'mukonu3. OcHoBHblE (EpMEHTHl CHHTE3a M TUAPOJM3a Ccaxapo3bl M Kpaxmala.
depMeHTaTUBHBIC PEaKIMU U YHEPreTUUECKUI OajaHC TIUKOJIN3a, KOMIIApTMEHTAIHS Ipoliecca
B KJIETKax pacTeHui. [ mukonu3 u rimrokoHeorene3. OcoOeHHOCTH riukoan3a y pacrenuii: ATO-
3aBucuMas  dochodppykrokuHaza u  nupodocdaraBucumas  dpochodpykTOoKMHAZA -
perynaropusie (epmeHTsl TnHKoIM3a. PpykT030-2,6 docdar - peryasTopHas MoieKysa
YTJIEBOJAHOTO OOMEHA B paCTECHUSIX.

OxucnutensHbelii neHTo30hocaTHbil 1UKI. DEepMEHTATUBHBIE PEAKIMH M PErYISIHS
nukia. KommaptMeHTanus HyMKIa B KJIETKE U €0 PoJib B METa00JIM3Me PaCTeHU.

[IupyBaTAeruIporeHa3Hplii KOMIUIEKC: CTPYKTYpa U peryisiusl.

Hukn TpukapOOHOBBIX KHCIOT. DepMEHTATHBHBIE PEAKIMH W PEryisnus Iukia. Poib
MajJMKIH3UMa B PErYyISIIUH paboThl LUKIA. OJHepreTudeckas 3PQPEeKTUBHOCTH Mpolecca.
Oco0eHHOCTH TUKJIAa TPUKAPOOHOBBIX KUCIOT B PACTCHHUSIX.

I'muoxcnnatHblii HUKIL. [ TTMOKCUCOMBI U TTTMOKCUJIATHBIN LIUKIL.

JlpIxaTenpHasi  AJIEKTPOHTPAHCIOPTHAs  II€Mb: OCHOBHbIE  KOMIIOHEHTBI,  CIIOCOOBI
peructpanuu peaokc- cocrostHuil. Ctpykrypa u pyHkuuu komruiekcoB DTL] apixanus: HAJTH-
AeruAporeHasHelii  komiuiekc. CyKIHMHATICTHIPOreHasHblii  koMiuiekc. Llutoxpom  b/c
KoMmIuieke. LlutoxpomMokcuaasHblii KoMIiekc. MexaHu3M 00pa3oBaHMs TPaHCMEMOPAaHHOTO
IIPOTOHHOT'O I'PaJUEHTA B IPOLIECCE IIEKTPOHHOIO TPAHCIIOPTA.

Ocob6ennoctn OTL[ nwixanust pacreHuil. AnbrepHatuBHble HAJIH-nermaporenassr -
Jmokanu3aus B MemOpaHax W (YHKIUH. ANbTEpHATHBHAS OKCHIA3a: CTPYKTypa, (YHKIUH,
MIPUHLMIBI PETYJALUN. AJBTEPHATUBHBIN IyTh MEPEHOCA DJIEKTPOHOB B JABIXATEIbHOW LIETIH
pacteHuil M ero (u3MOJIOrHYecKoe 3HayeHHe. VIHrUOUTOpBI AIIEKTPOHHOIO TpPaHCHOpTa M
WHTUOUTOPHBIN aHATH3 TPU U3YUEHUU JbIXaTEIbHOW aKTUBHOCTH PACTUTEIBHBIX MUTOXOHAPHI.
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OxucnurensHoe (ochopunupoBanue. DHepruzanus MeMOpaH NHpH (YHKIIMOHHPOBAHUH
OTL npixanus. AT®- cuHTaza MutoxoHapuil. CTpyKTypa, JOKaau3auus, NpoCTPaHCTBEHHAs
opranuzaiusi. CoBpeMeHHbIE NMPeICTaBIeHUs 0 Mexanu3Me cunre3a ATO.

Perynsanust 31€KTpOHHOTO TPAHCIOPTa B ABIXATEIBHOW LENU. JIbIXaTEIbHBIA KOHTPOJIb.
[Tonstue o pazoOmuTensx. JHepreruueckas 3hHEeKTUBHOCTh JbIXaHUs. UETHOYHBIE CHCTEMBI
BbIHOCa AT® U TpaHCIopT MeTabOIUTOB Yepe3 MEMOpPaHbl MUTOXOHAPHIL.

OyHKUMU AbIXaHUA y pacTeHull. IHTepMennaThl OKUCIUTENbHBIX PEAKIUN KaK cyOCcTpaThl
JUIS CUHTE3a HOBBIX coennHeHui. [IpeBpaiienne opraHndeckiux KUCIOT B MUTOXOHpuUsax. Poib
JbIXaHUST B CO3JAaHUM U MOJJCPKAHUU DIIEKTPOXMMHUYECKOrO IOTEHIMalla Ha KJIETOYHBIX
MeMOpaHax (Iula3mMajgeMma, TOHOIUIacT, MemOpana OP). DIeKTpOHTpPaHCHOPTHBIE EMH
TUTa3MaJIeMMBI, SHIOTIA3MATHYE-CKOTO PETHUKYITYMa, MUKPOTENIEl, HX CTPYKTypa U (yHKIINH.
[urorurazmaTuiyeckue oKCuaasbl (ackopbaTokcuasa, moJau(eHoI0KCHIa3bl, KCAHTUHOKCHIA3bI,
NepoKcuaaspl, Katanasbl). Mx nokammsanus, GyHKIMY, BKIaa B oOllee MOIJIoNEHHe KHCIopoia
pacTUTENbHON TKaHbiO. MI3MeHeHUs] B MHTEHCUBHOCTU U MYTAX JbIXaHHUS B OHTOTE€HE3€ U IpU
necTBuU (PakTOpOB Cpepl.

4.3. BoaHblii 00MeH pacTeHui

KommuectBo moTpebisieMoil pacTeHHEM BOMBI, COJCp)KaHWE BOJBI B KIIETKAX, TKAHAX H
opra"ax. MoJiekynspHasi CTPYKTypa U (U3ndeckre CBOMCTBa BOJbl. B3aumoeiicTBre MoJiekyn
BOABI W OwomosmmepoB, Tuapatanus. CocTossHME BOABI B KJeTKe. Boma, Kak CTPYKTYypHBIN
KOMIIOHEHT PacTUTEIILHON KIIETKH, €€ yIacTHEe B OMOXMMHYECKUX PEaAKIIUSX.

TepmoauHaMHUYEeCKHE TOKA3aTEN COCTOSHHS BOJIBI: AKTUBHOCTH BOJBI, XUMUYECKUH U
BOJIHBIN NOoTeHIMAI. COCTABIIAIOIIME BOJHOIO MOTEHIIMAIA KIETKH: OCMOTHYECKUI, MaTPUYHBII
NOTEHIMAJl, NOTEHIMal MAaBJICHMs. ['pagueHT BOJHOrO NOTEHLIMAaNa Kak JBMDKYLIAs Cuila
MOCTYIUIEHUS U TepeiBUKEHUS BO/Ibl. OCHOBHBIE 3aKOHOMEPHOCTH MOTJIOIEHUS BObBI KIETKOM:
B3aMMOCBSI3b MEXJy M3MEHEHUSMH BOJHOIO IOTEHLMAla KIETKH, BOJHOTO MOTEHIMajIa
pacTBOpa M BOJHOIO TMOTEHLHMANa JaBlieHHA. AKBanmopuHbl (O€IKHM BOJIHBIX KaHAJOB), HX
CTpYKTypa, MNPUHLUI paboThl. AKBalmOpUHBI IUIa3MaJeMMbl M TOHOIUIACTa, WX pOJb B
NOJJIEP>KaHUU BOJHOTO OanaHca BOJbI.

Tpancnopr Boxael mo pacteHuro. KopeHb Kak OCHOBHOW OpraH IOTJIOIIEHUS BOJbI.
MexaHu3M pajiMaIbHOTO TPAaHCIOPTa BOABI B KOpHE. Poib pU301epMBl U 3HJIOAEPMBI B 3TOM
nponecce. Iloctyruienne Boapl B cocynsl Kcuiembl. Kcmiiema — OCHOBHasi TpaHCIOpPTHas
MarucTpajb JABMKEHHMs BOJHOIO TOKAa B CHCTEME «II04YBa — pacTeHue — arMocdepar.
XapakTepucTHKa «HIKHEr0» U «BEPXHEro» JABMUraresiei BoaHoro Toka. Kopuesoe gasnenue.

Beinenenue Boapl pacreHueM. 'yrranus, «miau» pacteHud. TpaHcnupauus v ee poib B
KHU3HM  pacteHuil. KonuyecTBeHHBbIE — TOKa3aTeJd  TPAaHCOMpAMU:  UHTEHCUBHOCTb,
IPOAYKTUBHOCTb,  TPAaHCIMPALMOHHBIM  KO3(duiumeHt. VYcTbUyHasT U KyTUKYJSpHas
Tpancnupanus. CTpoeHHe YCTbULl Yy JBYIOJIBHBIX M OJHOJOJIBHBIX pacTeHUil, MeXaHU3M
YCTBUYHBIX JABWKEHUH. BiusHue BHEIHUX (aKTOPOB (CBET, TeMIlepaTypa, BIaXHOCTb BO3lyXa,
[IOYBbI) HA HHTEHCUBHOCTb TpaHcnupauud. CyTouyHble KojeOaHMs  TpaHCIHpaluu.
PerynsaTopHas poJib yCTBUILL B BOJIO- U Ta3000MEHE.

Okoslorusi  BojooOMeHa pacTeHMH. OcoOEHHOCTHM BOJOOOMEHa Yy pacTeHMH pas3HbIX
HKOJIOTHUECKHUX TPyl (KCepopUTOB, Me30(hUTOB, TUTPO(UTOB, FaTOPUTOB).

4.4. MuHepaibHOe MUTAHHE

HOTpe6HOCTI> paCTeHI/Iﬁ B JJICMCHTAX MHHCPAJIBHOI'O0 IIHUTAHUA. CO,[[ep)KaHI/Ie u
COOTHOHMICHUC MUHCPAJIBHBIX 3JICMCHTOB B IIOYBC U PACTCHUAX, KOHUCHTPUPOBAHUC DJICMCHTOB
B TKaHAX paCTCHUA. (I)yHKLII/IOHaHBHaSI KHaCCI/I(I)I/IKaI_II/IH 9JICMCHTOB MUHCPAJIBHOT'O ITUTAHUS.

KOpCHL KaK OpraH norJIOCHUA MUHCPAJILHBIX 3JIEMCHTOB, CHCI_II/I(I)I/I‘-ICCKI/IX CHHTC30B C UX
y4aCTuEM H TpPAHCIIOPTA. Poct KOpHA KaK OCHOBA NOCTYIUICHHUSA J3JICMCHTOB MHUHCEPAJIBHOI'O

10



NUTaHUS. 3HaYEHUE 30H POCTa KOPHS B ATOM Ipouecce. CucreMa B3aUMOJCHCTBUS “KOPEHb -
noysa”. Pojib MUKOPH3BI.

[Tormomenne MOHOB W WX TeEpeABMKEHHE B KopHe. KieTouHas creHka Kak ¢asza s
neukeHus MOHOB. [lonsitme cBoOomHoro mpoctpancTBa (CII): BogHoe m monnanoBckoe CII,
OllCHKa MX pa3mepoB. MexanuszMbl noctymieHuss noHoB B CII m 3HaueHuwe storo srama
MIOTJIOLLEHUS.

TpancnopT HMOHOB uYepe3 MeMOpaHbl, JABUXKYIIHME CHJIBI MepeHoca MOHOB. [laccuBHBIN U
AKTUBHBIM TPAHCIIOPT HOHOB. YpaBHeHue HepHcTa.

['paguieHT 3MeKTPOXMMUYECKOro MOTEHIMala HOHOB BOJIOPOJAa - DHEPreTUYECcKas OCHOBA
aKTUBHOTO IIEpPEHOCA MOHOB Yepe3 Iia3MaieMmy. Paznuuns s3HepreTuku akTUBHOTO TPAHCIIOPTa
MOHOB pACTUTETBHOM U JKUBOTHOM KieTok. H-AT®a3za mnna3malieMMbl, €€ CTPYKTYypa,
(GyHKIMOHUPOBaHUE U perynupoBanue. 14-3-3 Oenku. J[pyrue MOHHBIE HACOCHI, JICHCTBYIOIIHNE
Ha IUIa3MaJeMMe. BTOpHYHBIM aKTUBHBIA TPAHCHOPT HOHOB. bENKH-NIEPEHOCYHMKH HOHOB
(moprepsl). Kunetnueckuil moaxo1 ¥ TEOPHs MEPEHOCUMKOB. YpaBHeHUsT Muxasnuca-MeHTeH,;
ucnoyib30BaHue Vmax U Km 178 XapakTepuCTHKH TpPaHCHOPTHBIX cHcTeM. MOHHBIE KaHAJbI
pacTeHuii; 0011as XapaKTepUCTUKA UX CTPYKTYPbI, PYHKIIMOHUPOBAHUS U PETYISALUU.

OcoOeHHOCTH TpaHCHOPTHBIX cucteM MeMmOpan Bakyonn u OP. H-AT®daza V-tuna,
nupodocdoTasza.

Mopnenu nocTyraeHus: HOHOB B KOpPEHb, TPAHCIOPT MHHEPAIbHBIX BEIIECTB B KCHUIIEMY.
ATIOIIIaCTHBIM M CUMIUIACTHBIN IyTh. Posib muitasmonecm u OP. B3auMoneicTBre n perymsmus
CHCTEM TPaHCIOpPTa HOHOB M3 Cpebl B KOPEHb U 3arpy3ku kcuiaembl. Crenuduka paanaibHOro
TpaHCIOpTa MUHEPATIbHBIX dJIeMeHTOB. CruHTeTHYecKass PyHKIMs KOpHs. CBA3b MOCTYIIEHUS U
MpPEeBpPALEHUS] MOHOB C IMpoLeccaMH JAbIXaHWs. Perymsuus mocTymjieHuss HOHOB Ha YpOBHE
L[EJIOT0 PaCTECHHUS.

6.1. Ponb Makpo31€MEHTOB.

Azom. OcoOeHHOCTH a30THOTrO OOMeHa pacTeHuid. VICTouHWMKHM a3oTa I pacTEHUH.
MuHepanbHble (OpMBI a30Ta, UCHOJb3yeMble pacTeHUAMH. Du3HoNOrnyeckue 0coOEHHOCTH
MOCTYIUIEHUS M BKJIIOYEHUS B OOMEH aMMHAuHOTO M HHUTPATHOIO a30Ta. XapaKTepUCTHKA
CHCTEM TpaHCIOpTa HUTpAaTa U aMMOHUs. BunoBas crienudurika ycBoeHHs pa3HbIX (OpM a30Ta

CumbuoTnueckass (QUKcalus MOJEKYJIIPHOIO a30Ta: MEXaHU3Mbl BOCCTaHOBJICHHS,
VCTOYHHUKH SHEPTUU U BOCCTAHOBUTEIM. XapaKTEpPUCTHKA U (DYHKIIMOHUPOBAHNUE HUTPOT'CHA3BI.

BoccranoBiienne HUTpaTOoB pacTeHMsMH. HuTpar- M HMTpUTpenykTasza: CTpPYKTypa
(GepMeHTOB, JIOKalIM3aUus, peryasius akTUBHOCTM M CHUHTe3a. KOHCTUTYTMBHas H
MHAYLHOeIbHAasE HUTPOreHas3a. DTalbl BOCCTAHOBIEHHSI OKUCIEHHOTO a30Ta M MX PEryisuus B
KJIeTKe in VIVo.

AnbTepHaTUBHBIE ITyTH YCBOECHUS aMMOHUUHOIO a30Ta; JIOKAJIU3aLUs PEaKLUN B KIETKE U
XapaKTepUCTHUKA (bepMeHTOB (rmyramaTaeruporeHassl, [JIyTaMUHCHUHTETA3bI,
rJIlyTaMaTCuHTa3bl). ACCUMMWIALMS a30Ta B XJIOpOIUIacTe, CBsA3b C (orocuHTe3oM. Ilytn
YCBOEHHSI BOCCTAHOBJIEHHOT'O a30Ta y 0000BBIX. Ypeussbl.

3amacHble U TPAHCIOPTHBIE (POPMBI MUHEPAIBHOTO U OPTaHUUYECKOr0 a30Ta B 3aBUCUMOCTHU
OT MCTOYHHMKA a30THOro nuraHus. Hakomenue HuTpara B TKaHsIX M ero myiasl. Kpyrosopor
a30Ta 10 PaCTEHUIO, PEyTUIN3aLus a30Ta.

Cepa. lloctynnenue ceppl B pPacTE€HUE, PEAaKUUU BOCCTAHOBIEHHS M ACCHUMUIIALMM;
aneHosuHdocdocyabpar (ADPC) dochoanenosundococynbpar (PADC). OcHOBHBIE
COCIIMHEHHUSI CEpbl B KIETKE, y4acTHE€ B OKHUCIUTEIBHO- BOCCTAHOBUTENBHBIX PpEAKLUAX.
I'myratnoH, Tuodeppenokcut, ¢(uTOXenaTuHbl, X (QyHKIUM y pacTteHuid. OpraHuyeckue
COEJIMHEHUS OKMCIIEHHOU CEpBl.

Docgop. Dopmbl MHHEpanbHOTO Qochopa B TKAHAX, UX COJAEpKaHUE M (YHKIUH.
OcobGenHoctu mocTyruieHust gocdopa U TpaHCIOpTa €ro CoeAMHEHHH B pacTteHHU. Dopmbl
MUHEpaNbHOTO pocopa B TKaHAX, X QyHKIMH. OcHOBHBIE (ochopconepKaimue KOMIOHEHTHI
KJIETKH, UX pojib. 3anacHbie ¢popmbl Gocdopa. Komnaprmenranus coenunenuit gocpopa. Posb
¢dochopa B perymupoBaHIUHN aKTUBHOCTH (PEPMEHTOB.
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Kanuu. Conepxanue U pacupelesieHue Kajaus B KIETKE, TKaHSIX U OpraHax pacTeHUs; €ro
[UPKYJISAIMS W PEyTHIN3AlKs, XapakKTepUCTHKa cucteM Ttpancmopra K' wx (yHkunu B
pacrenuu. Pons K' B mopnepkaHuu mNoTeHnuana Ha MemOpanax. Kamuii u romeocras
BHYTPUKJICTOYHOW M TKaHEBOW cpeabl (MOHHBIM OamaHc, pH, ocMmoperymsuus, THIpaTanus H
KOH(pOopManus MaKpoMoJieKyi). Poib kamus B peryisiun (pepMEeHTHBIX CUCTEM.

Kanvyuu. Hakornenue, popMbl cOeTUHEHNUH, 0COOCHHOCTH TIOCTYIUICHUS U TIepEeMEIeHUS
Ca?* mo pacrenuio. Konuentpamus u pacnpenenenue Ca * B cTpykrypax Kkiaertku. CHrHanbHas
ponms Ca®'. XapakrepucTnka MeMOpaHHBIX cucTeM TpaHcnopta Ca?!, ocoGeHHOCTH HX
perynsiuu u pons B popmuposanuu Ca®*-curnama. CTpyKTypHast posib KalbllUs B KIETOYHOM
CTEHKE.

Maznuii. Cofepxanue U COeIMHEHNs MarHus B TKAHAX pacTeHuit. 3amacusie Gopmbl Mg?”,
ero peyTWIM3alMs W TiepepacnpeseneHMe B pacTeHMM. 3HaueHme cBm3m MgZ'c
aneHosuHdocatamu u pochopunupoBaHHbiMU caxapaMu. DyHKIUU MarHus B (OTOCUHTE3E.
Maruuii kak akTuBatop (epMEeHTHBIX cucteM; poib B cuHTe3e amuHoarmia-TPHK u B
(G YHKIIMOHUPOBAHUM pUOOCOM.

6.2. MHKpODJIEMEHTHI.

CBolicTBa TSKENBIX METAJUIOB, onpeesnsonue ux poab B OTL[ poTtocunTesa u Apxanus u
JPYTUX PEOKC- peaKIUsX.

/Keneso: NOCTYMHOCTh B MMOYBE, BAJIEHTHOCTH MOTJIOLIAEMONW (DOPMBI, POJIb MUKOPH3BI.
Oco0OeHHOCTH TMOCTYIUIEHHUS >Keje3a y JBYIOJbHBIX U OAHOJOJBHBIX pacTeHuil. CoennHeHus
JKeleza; pacHpeelieHne Mo KOMIIApTMEHTaM KJIETKM W B pacTeHuu. KoMmruiekchl jkene3a B
Oenkax pefoKc- 1enei u Apyrux pepMeHTax.

Meow: CopepxaHue W pacrupelielieHue B KIETKE W TKAHIX. YYacTHE B OKHCIHTEIIBHO-
BOCCTAHOBMTENBHBIX IpOLECCaxX IbIXxaHUs U (oTocHHTe3a. DYHKIUHM LUTO30JIbHBIX OKCHAA3
(ackopbart-, heHo- U TMaMUHOKCHIA3).

Mapeaney: AxtuBUpyeMble UM (EPMEHTHBIE CHUCTEMBI, €ro CHEHU(PHYHOCTb, Kak
xodaktopa. Poirs Mn?* B dyrKImonnposannu OC-2.

Monu6oen: TIoTpeOHOCTDh B JIEMEHTE;, €r0 3HAUYEHHWE IS MPOIIECCOB YTHIIM3AlUHA a30Ta
cpeabl. MontepuH 1 QyHKIIMOHUPOBAHUE HUTPOI'€HA3bl U HUTPATPEIYKTa3bl.

Lunk: CTpyKTypHas poJib B OJIep’KaHUM (PEPMEHTHON aKTUBHOCTH U IIPH CUHTE3€ OeKa.
Zn-conepykaiue hepMeHThI: KapOoaHruapasa, cynepokcupmucmyrasza (CO/).

bop: xoMmnapTmeHTanus B KieTke; (JOpMbl cOeqUHEHUI. MeXaHU3MBbl ydacTus B peryssiiuu
¢bu3nosornueckux nporeccoB U Metadonusma. CTpyKTypHas pojib B KIIETOUHON CTEHKE.

Hapy1enus B MetaOoaM3Me pacTeHuit IpU HEAOCTATKE MUKPO3JIEMEHTOB.

DYHKIUY «I0JIE3HBIX» JIEMEHTOB: HaTpUH, XJIOp, KPEMHHH, KOOAJIBT.

4.5, JanbHU TPAHCHOPT U KPYTOBOPOT BelIeCTB B PACTEHUH

Tpanciokarus BeecTB U3 JIUCTHEB B APYrUe OPraHbl: (PIIOAMHBIE CUTOBHUIHBIE JIEMEHTHI.
CocTtaB TpaHCIOUUPYEMBIX BEIIECTB (caxapa, aMUHOKHCIOTHI, TOPMOHBI, HEOPTaHUYECKUE HOHBI
u ap.). llepeapmwkenue HoToacCUMUIATOB U3 Me30(duiia K cocyaaM (pro3Mbl N0 aroIuiacTy u
cUMIUIacTy. MexaHu3Mbl 3arpy3kd  (uosMbl M3  amomjiactTa MW cuMmIuiacta. Poib
COIPOBOKIAIONIUX KJIETOK. Tun 3arpy3ku (1o3Mbl y pacTEHUN pa3lUYHbIX CHCTEMaTHYECKUX
IPYIII U €€ 3aBUCUMOCTb OT KIMMATUYECKUX yCIOBUH. MeXaHU3M NEPEIBUKEHUS BELECTB 110
¢dnosme. Mozenb noToka BoAbI 10 AaBieHueM. [Topel CUTOBUIHON TIACTMHKH KaK OTKPBITHIE
kaHanbl. CKOpPOCTh MEpEeNBM)KEHUS BEIIECTB MO (odMe; MX BBIIpY3Ka M3 CHUTOBUAHBIX
JIEMEHTOB. Bocxomdmuil TpaHcnopT BemecTB no kcwieMe. CocTaB KCHIEMHOTO 3KCYZAATa.
B3aumocBs3p TpaHCHIOpTa BOABI M PACTBOPEHHBIX BEIIECTB MO KcuieMme. CKOpOCTH TpaHCIOpTa
BOJIBI M OT/EJIbHBIX BellecTB. B3aumoseiicTBrue (IoAMHBIX U KCHJIEMHBIX TIOTOKOB a30THUCTBIX
BELIECTB M MOHOB. KpyroBopoT M peyTuiausanus MHUHEpPAJIbHBIX BEUIECTB B PAaCTEHUMU.
OyHKIMOHATBHAS POJIb 3TUX (PU3UOIOTUYECKUX MTPOLIECCOB.

4.6. Poct 1 pa3BuTHE pacTeHMil
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OmnpeneneHne NOHATHH «pOCT» M «pa3BuTHE» pacTeHHid. [Ipobmema pocta u pa3BUTHSA Ha
OpraHU3MEHHOM, OpraHHOM, KIETOYHOM M MOJIEKYJIsSIpHOM ypoBHsX. CyllecTBOBaHUE
OpraHu3mMa Kak pa3BepThIBAHME BO BPEMEHU I'€HETUYECKOM IIPOTPaMMBbl; BO3JACHCTBUE BHEIIIHUX
(hakTopoB.

Oo6mme 3akoHOMepHOCTH pocTa. [lokazaTenu pocra, S-00pa3HbIil XapakTep KpUBOW pocTa,
ero ¢a3pl. KOMIIOHEHTHI «KJIACCHYECKOT0» aHaJIM3a POCTa M MaTEeMAaTHYECKUN aHAJIU3 TIpoIiecca.
Tunel pocta y pacrenuii. Opranuzanusi MEpUcTeM KOpHS M cTeOnsi. PocTt m pesTenbHOCTH
MepucreM. Knerounsie ocHOBBI pocta. PocT pacrenuit u cpena. Bimsaue temrieparypsl, CBeTa,
BOJIbI, T'a30BOI0 COCTaBa aTMOCQEpbI, 3JIEMEHTOB MHHEPAJIbHOIO NUTaHUS HA POCTOBBIE

IIPOLIECCHI.
Ku3HeHHbI UK BbICIIMX pacTeHud. OCHOBHBIE 3Talbl OHTOre€He3a (dMOpPUOHANIBHBIM,
IOBEHWIbHBIM,  PENpONyKTUBHBIM,  3pEIOCTH,  CTapeHus), HUX  MOPQOJOrHYECKHE,

¢uznonornuyeckue U Meradbonuueckue ocoOeHHOCTH. COCTOsHHME TMOKOSI Yy pacTeHHid. TuIibl
MOKOS U UX 3HAUEHHUE JJIS )KU3HEAEATEIbHOCTH PACTEHUH.

Mexanusmbl Mopdorenesa pacrenuid. Ilonsipocts. MHAYKIIMS T€HETUYECKUX MPOrpaMM,
MOP(OreHeTUYECKUE TPaJUEHThl M OpPUEHTAlUsl KIETOK B IMpocTpaHcTBe. llemoctHocTh u
KOPPEISATUBHOE B3aMO/IeiicTBIE opraHoB. Perenepanus.

['opMoHanbHas peryssanus pocTa v pa3BUTHS PACTEHHI.

Aykcunvi. buocunTe3, o0pa3oBaHHE KOHBIOTATOB, JErpajalis ayKCUHOB. AKTHBHBIN
TPAHCIIOPT ayKCHHOB B pacTeHUsX. OU3HOJOTUYECKUE OTBETHI HA ayKCHHBI: aTTParupyrOmni
ahdexT, pacTsHKeHHE KIETOK W TPOmHM3Mbl, JU(QepeHIrpoBKa KIETOK IOJ JeHCTBHEM
ayKCHHOB, alMKaJlbHOE NOMHMHUPOBAHME, aKTHUBU3aLWs AEJICHUI KIETOK KaMOus, pU30TeHes.
AYKCHUH Kak TOPMOH CTeOJIEBOT0 areKca.

Lumoxununer. buocuHTe3, oOpa3oBaHHME KOHBIOTATOB, Jerpajanus IUTOKHMHUHOB.
du3noIoruuecKoe ACHCTBUE: aTTparupyronuid 3¢GGeKT, CTUMYISAIUS KICTOYHBIX JCICHHM,
muddepeHInpoBKa MOJA JEHCTBUEM IUTOKHMHMHOB, CHSTHE AalHMKAJIbHOTO JOMHUHHPOBAHUS C
O0KOBBIX MoyYeK. [[UTOKMHIH KaKk TOPMOH KOPHEBOT'O ameKca.

B3anmMopelictBue ayKCMHOB M NUTOKMHUHOB. [loHATHE 00 aHTaroHW3Me W CHHEPTH3ME.
I'opmoHaneHBI Oamanc B pacteHud. KyapTypa 1IN VIO kak Moaens UId  H3ydCHHS
ropmoHaneHoro Oananca. [loanepkanue ropMoOHaILHOTO OajlaHCa 3a CUYET pereHepaluyd TOYeK
CHUHTE3a ayKCMHOB M IUTOKMHUHOB. bakTepuu, HCIOJIb3YyIOIIHE HapylIeHHe TOPMOHAIBHOTO
OanaHca MEKIy ayKCHHAMHM U 1uTo-KuHMHamMu (Agrobacterium tumefaciens, A. rhizogenes).

Tubbepennunvt. Ilytm OmocuHTe3a W MHOrooOpasue rtubOepemnHoB. OOpazoBaHHE
KOHBIOTaToOB U Jerpajanus. Guznonoruyeckoe IeicTBue ru00epesuIMHOB: PacTsHKEHUE KIETOK
Y aKTHUBH3AIMs MHTEPKAJSPHBIX MEpUCTEM, 0Opa30BaHUE I[BETOHOCOB, MPEPHIBAHUE TMOKOS U
CTUMYJISILIUSI POCTOBBIX TMPOIECCOB. DHJOTECHHBIM YPOBEHb TMOOEpEIUIMHOB W JUIMHA JIHA.
'uG6epeniuubl Kak TOPMOHBI JHCTheB. KapliMKOBOCTb, BbI3BaHHAs HAPYHICHUSIMHU CHHTE3a
rub0epeminHOB. B3anMoeiicTBue ¢ ApyruMu rTOpMOHAMHU.

Abcyuzosas kucroma. Ilytn 6uocunteza ABK B pacteHusix u B rpudax, ee MeTabOIU3M.
OU3NO0JIOTUYECKOE JIEHCTBUE: OCTAHOBKA POCTA, MOATOTOBKA K COCTOSHUIO MOKOSI. AKTUBH3AIUS
cuHTe3a 3amacHeix BemiecTB. ABK kak ropmon abmoruueckoro crpecca. Ctparerusi oTBeTa Ha
3acyxy, MOHIKEHHE TeMrneparypsl, 3acoieHue. Ponb ABK B MHAYKIMM 3alIUTHBIX IPOLIECCOB
(cMHTE€3 OCMONPOTEKTOPOB, TOJUAMHUHOB, OEJIKOB-IIAMMPOHUHOB; 3aKPHIBAHUE YCTBHUIL;
JTUCTOMAJ, BBI3BAHHBIA JNe(DUIIMTOM BOJBI; CO3PEBAaHME CYXHUX IIJIOJJOB W  CEMsH).
BzaumoneiictBue ABK u ru06epenninHoB B Ipolieccax peryssiui MOKos.

Omunen. buocunte3 »stmieHa. Crnenuduka STHUICHA Kak Ta3000pa3HOT0 TOpPMOHA.
@uU3HONIOTNYECKOe ACHCTBUE: TPOMHONW OTBET MPOPOCTKOB HA ATHIIEH. DTHWIEH KaK TOPMOH
MEXaHMUYECKOro M OuoTtuyeckoro crpecca. CHUTyanuun OHOMEXaHHMYECKOTO BO3JEHCTBHS:
MOBPEXKJCHHE HACEKOMBIMH W KPYIMHBIMH TPaBOSIHBIMH, (UTOMATOTEHHBIMU TPUOAMH.
Crparerust otBera Ha OmotWyeckuii crpecc. Co3peBaHHME COYHBIX IUIOJIOB M JIUCTOMNAJ] B
YMEPEHHBIX HIMPOTAX KAaK MOJArOTOBKA K MEXaHUUECKOMY cTpeccy. Poiib 3TUIIeHa Kak “TOpMOHA
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TpeBorn” B OHOIleHO3aX. B3ammopelicTBue 3TWiIEHA C ayKCMHAMH W JPYTUMH TOPMOHAMH.
Myranuu, NoBpexaaoe OMOCUHTE3 3TUIIEHA UITH €70 PELEMIIHIO.

Pecynamopvr  pocma  pacmenuti. bpaccMHOCTepoUIbl: OHOCHHTE3, MHOTOO0Opa3sue.
duznosornyeckue 3PPEKTh: pacTsKEHUE KIETOK, pPoib B IUPGEPEHIUPOBKE Me30 (uia.
XKacmonoBas kucnora. buocunres u Qusnonornueckue >pdexTsl. MecTo XKacMOHATOB B
perymsauuu oreera. CxoncTtBo oTBeToB Ha jxacMoHaT u Ha ABK. Camumwiar u npyrue
(beHonbpHbIE coeUHEeHUs. BO3MOXKHAsI pOJIb B PErYISIIIMM TEPMOTEHE3a, OTBETa HA BHPYCHYIO
nHEKIo, BeTeHnH. B3anMoneiictBue ¢ npyrumu ropmoHamu. OIUrocaxapuHsl.

Domopeeynayus y pacmenuu. OCHOBHbIE TpHHIHMIBI (dotopenenuud. OTiamaue
(boTOpEnEenTOPHBIX KOMIUIEKCOB OT 3HeprompeoOpasyromux. DOuU3HoIoTHYeckn BaKHBIC
001acTH crieKkTpa: KpacHas U cuHsiss. DUTOXPOM U KPULITOXPOM.

duroxpomuas cucrtema. CrieKTpalibHbIe CBOMCTBAa MOJIEKYJIbI. JTarbl mpeBpaienust Phy -
Ph#: u3mMeHeHHs B cTpykType Xxpomodopa M amonpoTerHa. [ eHbl, KOAUPYIOUIHEe OHOCHHTES3.
dutoxpom A u B: cxoactBa m orimuna. DU3HOJOTHYECKHE PEAKIIMH, OINOCPEIOBAHHBIC
(bUTOXPOMHOM CHCTEMOM: CBETO3aBUCHUMOE IMPOpACTaHWe, AECITUOJISIMS, CUHIPOM H30eraHus
tean. K/JIK-oOpatumocth. DUTOXpOM KaK «BXOJHBIE BOPOTa» ISl (POTOMEPUOAUYECKOTO
CUTHAJA.

CrpykTypa KpunToXpoMoB. Vcrosib30BaHHE MYTAaHTOB JUISl MCCIIEOBAHUS KPUIITOXpOMA.
OTBeThl Ha CHHUH CBET: pa3rvMOaHuE alMKaJIbHON MEeTeNbKH MPOPOCTKOB, (OTOTPOMHU3MBI,
YCTBHYHBIC JIBHKCHUSI.

5. CUCTEMBI PEI'YJIAAIUU ®U3NOJOTNMYECKUX ITPOLHECCOB

Cemv nymeil nepedauu cucHania 6 Kiemke. BocmpusiTie BO3IEHCTBHN W CUTHAIBHBIX
MoJIeKyIl. PenenTopsl CTUMYNOB ¥ TOPMOHOB, UX Jiokanu3auus. Ponb mnasmanemmel. [lepenaya
curHana. BzaumopeicTBie penentopoB ¢ MOCPEIHUKAMH, MEPEIAOIIMMUA CUTHAI. BTopuyHbie
IIOCPEHUKN Tiepeaun curHama (dochommmaza C?*, nAM®, wunosmton-3-pochar m ap.).
VYuactue kanplMs B Iepenade curHaina. Posib KanpMoOIysinHA | Ca?*-CAM xoMIuiekca B
(dhopmupoBaHUM OTBETHOM peakiuu. [IporenHkuHa3bl, 3HaYeHUE peakiuu GhochopuanpoBaHus/
nepochopmupoBaHusi B PErysiIUM  aKTUBHOCTU (epmeHToB. Crenuduka mneperauu U
(dbopMHpOBaHUS OTBETA HA ONPEEICHHBIN CTUMYII.

@omonepuoousm.  denomeHonorus  GoTONEPUOAMU3MA:  LBETEHUE U TPYIIBI
(boTONepHOIMUECKUX PACTeHUM, PEeryisiius JUCcTonana, oOpa3oBaHHUS IOYEK, Mepexoja K
COCTOSIHUIO TMOKOsA. Bocmpusitue miuubel AHs: 3¢GdeKkT npepblBaHUS HOUYH, (PUTOXPOM,
BHYTpeHHHE yachl. [ opMoHanbHas Teopusi 1BereHus: YainaxsHa. I3MeHEeHUsS TOPMOHAIBHOTO
OanaHca, MpUBOASIIKE K (PU3MOJIOTHYECKOMY OTBETY Ha ¢oTornepuos. Perynsuus pa3BuUTUS
KITUMaTHYECKUMH (PaKTOpamMHu.

Buyrtpennue putmbl pa3BuTusi pacteHuil. [lepuonuyeckue SIBIEHHS B pUTMax
opraHoresesa u pocra pacteHuid. Llupkanneie puTMbl, MeXaHU3M UX oOpasoBanus. Hactpoiika
HUPKaAHBIX pUTMOB doronepuogoM. Ilnactoxpon. KoppektupoBka BHYTPEHHHUX PUTMOB
Pa3BUTHUS BHEUIHUMH KIMMATUYECKUMU (DAaKTOPaMU: 3aCyXOH, MOHMKCHHUSIMH TEMIIepPaTyphl.
I'myOokuii (pusmonornyeckuii) MOKOW M BBIHYXACHHBIN mMmokoil. TemmepaTypa u pa3BUTHE
pactenmii. SIBneHus crpatuUKalMM W SIPOBU3AIMK KaK DKOJIOTWUYECKAas afanTaius.
l'opmoHanbHast Teopusi BepHanmu3anmu  pacteHuil. [IpepeiBaHMe  TIyOOKOTO — MOKOS
MMOHMKEHHBIMU TEMIIEPAaTypaMU: IMPOPACTAHHE CEMSIH, BBIXOJl MOYEK W3 COCTOSIHUS TMOKOS,
LIBETCHHUE.

DOMOpuoHanbHOE pa3BuTHe. Pa3BuThe 3apofplllia y JBYIOJBHBIX PAaCTEHHl B HOpPME.
Hcnonp30BaHre MyTaHTOB JJisi M3YYEHHMs MEXAaHM3MOB pa3BUTUA 3apojbllia Myranuu
HapyIIAIIUe pPa3BUTHE KOPHEBOTO U CTEOJEBOrO amekca, CYCIEeH30pa, HEKOTOPHIX CIIOEB
TKaHei B 3apoppimax. CoMaTudeckuii sMOpuoreHe3, (GakTOphl, BIHSIOMIME HA WHAYKIIHUIO,
oOpa3oBaHue U POPMHUPOBAHUE 3aPOABILICH IN Vitro.
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[Ipopacranue cemsin. ['opMmoHanbHbIN O6ananc npu npopactanuu cemsH. Otnomenne ABK/
ru06epemnbl. Mytanun cuare3a ABK u otBera. CBsi3b TOPMOHAJIBHOTO CTaTyca CEMEHH C
OMOCHHTE30M JIPYTUX BEIIECTB.

Perynmsmus  BereratmBHOTO pocta pacteHuil. Poct xopus. Ponp  ¢uToropmoHos.
HuddepenunpoBka KOPHEBBIX BOJIOCKOB. CepHsi MyTaHTOB C HApYIICHUSMH HHHULHUAINHA U
AIIOHTAIIH KOPHEBBIX BOJIOCKOB, (POPMBI BOJIOCKOB. MyTaluu, HapyIIaronue rpaBuTPOU3M.

Poct nmoGeroBoii cucremsl. YcTaHoBjIeHHE (DUILTIOTAKCHCA TIPU TIPOpacTaHUH ceMeHHU. Poib
¢utoropmoHoB. Myranuu apaOuaoncruca ¢ U3MEHEHHBIM Pa3BUTHEM BETeTaTHBHOTO arleKca.
Poct mucra. Ponb ¢uTOoropMoHOB B 3akiajgke W pa3BUTUM jaucTa. CBS3b Pa3sBUTHS JIMCTA U
MEpHUCTEMBI o0era.

Perymsinust reHepatuBHOro pa3BuTus pacTeHud. MHayknus W 2BOKalus IBETEHMUSL.
Pasutne cousetuil. PaHHee reHepaTMBHOE pa3BHUTHE, II03/IHEE TIE€HEPATUBHOE pPa3BHUTHE,
pazButue 1BeTKOB. HopmanpHoe pasButue nBetka. Mogjenb «BoiHBI noszunuit» (ABC).
I'enetnueckue ¢pyakuuu A, B u C. CemeiicTBa reHoB, cogepxkanmx MADS-1omeH.

[IposiBnenus nmona y pacrenuid. CaMOHECOBMECTUMOCTh. ['erepomMopdHas u romoMopdHas
caMOHecOBMEeCTUMOCTb. Criopo(uTHBIH U raMeTo(UTHBIH KOHTPOJIb CaMOHECOBMECTUMOCTH.
Perynsuus nona. JKu3HeHHbIE LMKIIbI PACTEHUN. Y CIOBUS MHHEPAJIBHOTO NMUTAHUA, BO3pPacT,
TOPMOHAJNIBHBIA CTAaTyc Kak (DaKTOphl, BIMAIOMIME HAa TOJ pacTeHuil. [losoBble XpOMOCOMBI.
Myxckue U KEHCKHE IBETKH Y OTHOJOMHBIX PACTEHHM.

6. ACTIOJIb30BAHUE TPAHCTEHHBIX PACTEHWM JIJISI U3YUEHUS
PEI'YJIAIIUU POCTA U PABBUTUSA

CrocoObl TMOJydeHHUs] TPAHCTCHHBIX PACTCHHI: arpoOakTepuanbHas TpaHchopmarius,
ouobaicTuka, 3nekTponopanus. CocTaB BEKTOPHBIX KOHCTPYKUHUN: T€HBl YCTOMYMBOCTH,
mapkepubie TeHbl (GUS, GFP) u rensl mnTepeca. ['mmepakcnpeccuss TEHOB MO CHIIBHBIMHU
npomoropamu (CaMV-35S, NOS). Dxkromudeckas OKCIPECCHUs TEHOB C HCIOJb30BaHUHN
TKaHecnenu(pUYecKux U oprancrnenupuyeckux mpoMoTopoB. [IpoMOTOPHI TE€HOB MEPBUYHOTO
OTBETa Ha pa3IMYHble CTUMYJIBl JJIs aHaiW3a mpoleccoB perymauuud. KoHcTpykiuw,
JKcIpeccupyoomue B pacteHusix aHTucmbicioBylo PHK. CHuxenue »skcrpeccun T'eHOM
metrogom PHK-umaTepdepenniuu. Munynubensubie mpomotopsl reHoB BTII, mpomotopsr Ha
OCHOBE TJIIOKOKOPTUKOUJHOTO pELENnTopa MICKONHUTAIOMUX KaK WHCTPYMEHTHI YCHUJICHHS
SKCIIPECCUU T'€HOB B OIPENEICHHOE BpeMs M B OMNPENEJICHHBIX TPYIINax KJIETOK pacTEHHS.
HampasiienHblil MyTareHe3 I'eHOB. YTNpaBlieHHE IpolieccaMu MopdoreHesa B SKCIIEPUMEHTE
MyTeM TPaHCTeHO3a.

7. YCTOMUYUBOCTb PACTEHUM K HEBJIATOIIPUSAATHBIM ®AKTOPAM

Crpecc u anmanranus — oOImas XapakTepuCTHKa sBleHHH. HeOmarompustHbie (akTopbl
OouoTnueckod u abuoTnyeckod npupoibl. OTBETHBIE pEAaKUUU PpacTeHUH Ha JeiicTBue
crpeccopoB. Crenuduueckue u Hecrneuupuueckue peakuuu. Ilpupona Hecneunduyeckux
peakuuii. CtpeccoBble O€JIKU U UX QYHKIUH.

Boonwiii depuyum. Knaccuduxanus pacTeHUi Mo UX yCTOHYUBOCTH K 3acyxe. Kcepopursl.
CrnocoOHOCTh pacTeHuH NOJ/IepKUBATh BOJIHBINA TOK B CUCTEME: ITOYBa-pacTeHue -aTMochepa B
ycioBuax 3acyxu. Dakropsl, olOecrneynBaromie ABM)KEHUE BOJBI M3 IOYBBI B pacTeHHE U B
atMocdepy y kcepodutoB. OCMOTHYECKMH M THAPOCTATMUYECKHM MOTEHLIMANbl y pa3HbIX I10
3aCyXOYCTOMYMBOCTH pacTeHUH. Perynsius ocMOTHYECKOTO MOTEHIMANIA JaBJIEHHs ¢ TOMOIIBIO
OCMOJIUTOB. XHMHUECKass MpupoJa U OuocuHTe3 OcMoiUTOB. IIpoTekropHas ¢yHKuus
OCMOJIUTOB. 3amuTa OeJIKOB B YCIOBMAX AETUApPATAlUU IUTOMIa3Mbl. [IpOJIHH M MOJHOIBI Kak
BaKHEWIIME MPOTEKTOPHI 0enKoB. IloaraMuHbI -POTEKTOPHI HYKIEUHOBBIX KUCIOT. beTauHs! u
uX 3aUTHbIe QYHKIMH. Benku, cuHTe3upyromecs B yClIoBUsAX AeruapaTtannu. Mx 3amurtHas
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ponb. C4 u CAM- Tunbsl Merabosin3Ma Kak CHCTEMbl SKOHOMHHM BJAard y 3aCyXOYCTOWYHMBBIX
pacTeHui.

Buicokue xonyenmpayuu conetl. TUbl TOYBEHHOTO 3aCOJICHUS. [allOQUTHI U TIIUKOQUTHL.
[loBpexxnatomiee neiicTBue coieil. Agantanusi pacTeHHMM K OCMOTHYECKOMY M TOKCHUYECKOMY
nevictBuio coiieil. CriocoObl moaaepkanue oBOAHEHHOCTH. OCMOpErysaTOpHasi U MPOTEKTOpHAs
¢bynkuuun ocmonmtoB. IIporexktopubie Oenku (I1B), cuHTE3mMpyrommecs B pPacTeHUSAX TIPU
cosieBoM crpecce. Muaykuust Ouocunresa IIb BbicOkMMU KOHLEHTpauusMu coiied. DyHKumn
MPOTEKTOPHBIX OenkoB. CHCTEMbl MOHHOIO IOMEOCTaTHpOoBaHMs KieToK. KommapTmeHTauus
HMOHOB, pOJb Bakyoiu. Ponb mimasMaizeMmbl W TOHOIUIACTa B HOJAEPKAHUM HU3KHX
KoHreHTparmii Na* B nuroriasme npu 3acojieHnd. Na'-TpaHCHOPTUPYIONIME CHCTEMBI U HX
cpoiictBa. Jlaneuuii Tpancmopr Na* (ypoBeHb 1enoro pacrtenus). CrpaTerus M30eKaHUSA
HAKOIUIEHHs] MOHOB B AaKTHBHO MeETAOOJM3UPYIOIIMX TKaHAX M TEHEpPaTHBHBIX OpraHax B
YCIIOBHUSX 3aCOJICHUSI.

Oxcmpemanvuvle  memnepamypul.  PacTeHMss  Kak ~ SK30TE€PMHbIE  OPraHU3MBI.
TemneparypHble aganTalyy, CBS3aHHbIE C U3MEHEHUEM COJEp)KaHUS (PEpPMEHTOB B KJIETKaX W
UX H30(epMEHTHOrO cocTaBa. Apjantanuu, oOecneuyuBarolie MocTosHCTBO KM  mpu
TeMIlepaTypHbIX  ciaBurax. CTpyKTypHbIE TEpecTpOMKHM  KJIETOYHBIX MeMOpaH MpH
TEMIIEPATYpHbIX ajantanusx. Poyib W3MEHEHHsS XHUMHYECKOrO COCTaBa >KUPHBIX KHUCIOT H
COOTHOIIEHUS HACBHIIIEHHBIX U HEHACBIIIEHHBIX KUPHBIX KUCIOT B 00ecre4eHn HeoOX0AUMOMn
MOABWKHOCTH JIMIIUAHOTO OMCIIOs MeMOpaHbl IpU TEeMIIepaTypHbIX ajnanTanusax. M3meHeHue
BSI3KOCTH JIMITUJIOB U PEryJisiliisg aKTUBHOCTH JIOKAJTM30BaHHBIX B MeMOpaHax ¢epMeHToB. Poib
u (QyHKUMA JgecaTypa3 B M3MEHEHHM WHAEKCAa HEHACBIIEHHOCTH MHUPHBIX KHUCIOT MpH
TEMIIEpPaTyPHBIX aaNTalusIX.

TonepanTHOCTh pacTeHUU K 3aMmopaxuBaHuio. IIpemorBpaimienune oOpa3oBaHHS JibJa B
KiIeTkax: 1) myreM uX 00€3BOXKMBaHUS B XoJe (OPMHPOBAHMS KPUCTAUIOB JibJa B
MEXKKJIETHHKAX; 2) IMyTeM OHWOCHHTE3a OMOJOTHYECKHUX aHTU(PHU30B. XUMHUYECKas TPHPOIA
Oouosnornueckux aHTu(puzoB. MonekyasipHble MEXaHU3MBbI UX JeicTBUsA. HuskomomneKkyspHbie
KPHOTIPOTEKTOPHI. 3aKajka pacTeHuil. MI3MeHeHus, TPOUCXOIAIINE B PACTUTEIIBHOM OPraHU3Me
B XO/I€ 3aKaJKU. MeXaHN3MbI MOBBIIIEHNS MOPO30YCTOMYMBOCTH MPH 3aKaJIKe.

Axmusuposannwiii  kuciopoo. AxtuBHble Gopmbl Kuciaopoaa (ADK): cymepokcuaHbII
paauKal, TUAPOKCUII- paauKal, CUHIJIETHBIA KUcIopoA. MexaHu3Mbl ux oOpasoBanus. Bkiaa
dboTocuHTeTHYECKOW M aApixarenbHor OTI[ B reHepamuio CynepoKCHAHOTO paaukana. Poib
BBICOKOW MHTEHCUBHOCTHU CBETa B MepeBoccTaHoBiIeHHOCTH D TL] xioporiactoB U 00pa3oBaHUU
cynepokcuiHbix pagukanoB. ['enepanuss ADK npu crpeccax. Tokcuueckoe nerictBue ADK;
CTUMYJISILIUS IEPEKUCHOTO OKUCIICHUS JIUITHIOB.

Mexanu3mbl 3amuThl pacteHuii ot u3dbiTka ADK. Ilytu mpenoTBpaiieHus o0pa3oBaHus
A®K B kieTkax pacTeHUi. AHTHOKCHUIAHTHBIE CUCTEMBbl KJIETKH: acKopOaT - TIyTaTUOHOBBIN
UK, OCTO Kodepon. AHTHOKCHAAHTHbIe (epMeHTaTuBHble cucTeMbl. CeMelcTBO
CYMEepOKCHIIUCMYTa3. AckopOaTnepokcuaa3a, KCaHTOPUIIIbHBINA ITUKIT U Jp.

Anoxcus u eunokcus. PacteHus, ycToiiuuBble K HEIOCTATKy Kuciaopoaa. Ponb rmukonusa B
aJlanTallid PacTeHUH K HENOCTaTKy KHUCIOopoJa. AHAaTOMUYECKHEe OCOOEHHOCTH PpaCTeHHIA,
YCTOMUYUBBIX K @HOKCHM U THIIOKCUM - CTpaTerus usbdexaHus aHa’poOuosa. Posib TOpMOHOB B
ajanTauuMu K aHa’poOuo3y. OTBeTHas peakiusl pacTeHUH Ha pe3Koe CHIDKEHUE COJAep:KaHUs
Kuciopoaa B cpene. benku, oOpasyroniuecs B pacTeHHsX B XOJA€ aJalTallid K HEIOCTaTKy
kuciopoaa. Mx QyHkiuoHanbHas poiib. [IONMBITKM MOJSydeHUs YCTOWYMBBIX K HEIOCTaTKy
Kucinopoaa (opM pacTeHHUH.

Toxcuunocms madxicenvblx Memainog JUisl paCTeHUH WX HAKOIJICHHE B TKaHIX. MeXaHU3MBI
3alIUTHI: KOMIAPTMEHTAIUSl U HAKOIUIEHHWE TSDKENIbIX MeTauioB B Bakyonsix U KC, Ponb
¢utoxenatuHoB. Bupocnenu@puuHOCT, B UYYBCTBUTEIBHOCTH M YCTOMUMBOCTU pACTeHHUH K
M30BITKY U HEIOCTATKY TSKEIIBIX METAJIOB B cpezie. duropemenuarus.

Qumoummynumem. DOUTOUMMYHOJIOTHSI KaK COCTaBHas 4YacTb OOLIEH WMMYHOJIOTHH.
OyHKIMK UMMyHHUTeTa. IMMyHHTET. J[ByX(ha3HOCTh OTBETA pacTeHU Ha BHEJAPEHHE MaTOreHa:
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pacCrio3HaBaHUC MaTOIrCHA 1 3allilUTHAsA pCaKIus. 3JII/ICI/ITOpBI, Ponb 1eKTUHOB B pacro3HaBaHWH.

Peuentop - nuWraHgHeIi TUII B3aMMOJEHCTBHS PACTEHUA-XO35MHA M IaroreHa. Pousb
OJIMTOCAXapHMHOB B OTBETHOHM pEakIMHM pacTeHus Ha BHeIpeHue maroreHa. Hekporpodsr u
OMOTpOoBI — HHU3BKO- U  BBICOKOCHEIHMAJIM3HPOBAHHBIE NATOTEHBL  JeTepMUHAHTHI

YCTOMYMBOCTM pPACTEHMH K TIaroreHaMm: aHTHOMOTHYecKue BeniecTBa ((hPUTOAIEKCHHBI),
MEXaHUYEeCKue Oapbepbl, ayKCOTpO(DuUsl, peakusi CBEpXUyBCTBUTEIBHOCTH U JIp. JleTepMUHaHTBI
MATOr€HHOCTH MHUKPOOPTAaHU3MOB: (PaKTOPHI, CHOCOOCTBYIOIIME KOHTAKTY MHUKPOOpPraHW3Ma U
pacTeHus, CyNpeccopbl 3alllUTHOW pEaKUWh U TOKCUHBI;, (HaKTOphl, oOOeCIeYnBaroIne
IIPOHMKHOBEHHUE MAaTOr€Ha M €ro NUTaHUE€ BHYTPU pacTeHHus; (QaxkTopbl, 0OeCHeurBaroOIINe
IIPEOI0JICHUE 3aIUTHON PEaKIIMU PACTECHHUS.

Tun u creneHb COBMECTMMOCTH B cUcTeMe: OojibHOE pacTeHue. ['eHermueckas mpupoja
YCTOMYMBOCTH PACTEHMH K IIATOTeHaM BepTukanbHas M TOPHU30HTAIBHAS YCTOWYMBOCTH.
Teopuss ®nopa «reH-Ha-reH». ComnpsbKeHHash 53BOJIOLUS PACTEHUs XO3sIMHA W IATOreHa.
[IpnoOpereHne BUIOBOM W COPTOBOM CIENMATU3AIMK MATOTEHOM (MHIYKTOPHO-CYIIPECCOPHAs
MOJIeNb Xecca).

Ponp BTOpHYHBIX MeTabOOJMTOB B BEPTUKAJIBHOM M TOPU3OHTAIBHON YCTOWYMBOCTH.
Jlokanu3anusi CMHTE3a U HaKOIJIEHHS BTOPUYHBIX META0OJIUTOB Ha YPOBHE KJIETKH, TKaHH,
oprasa, 1enoro pacreHus. CocraB M XapaKTEpUCTHKA CMOJI, CIIM3€H, KaMeu, JaTekca. BHem s
CeKpelMsi BTOPUYHBIX MeTabonuToB. Crenuanu3upoBaHHble opraHbl cekpeuuu. CoctaB u
XapakTepUCTUKa I(PUPHBIX Maced. XapaKTepUCTUKa JIOKaIM3alMM CHUHTE3a U HAKOIUICHUS
OCHOBHBIX TPYII BTOPUYHBIX META00JIUTOB. 3alUTHbIE (DYHKIUH BTOPUYHBIX COEIUHEHUU.
®duroanekcuusl, Jloka3zaTeabCTBa IKOJOTUYECKUX (DYHKIMI BTOPUYHBIX COEAUHEHUH.

8. BBAMMOJIEMCTBUE ®U3HOJIOTMYECKHUX ITPOIIECCOB, UX UHTET PALIUS
N COTJIACOBAHHOE @ YHKIIUOHUPOBAHUME OPI'AHOB

JIoHOpHO-aKIENTOPHBIE  B3aUMOJICMCTBUA KAk  OCHOBAa  HHIOTCHHOW  pEryisiuu
(dhoTOCHHTE3a B CHCTEME PACTHUTEIHHOTO OpraHm3Ma. MexaHWu3M SHIOTCHHOW peryssiud B
CHUCTEME PACTCHHS: TIOTOKH YIJIEpO/ia, UCIOJIb3yeMbIe Ha CHHTE3 PA3IUYHBIX COCTUHEHUN M MX
pacrpesiesieHde Mo TKaHSIM W opraHaMm. Teopus (OTOCHHTETHYECKOH MpPOayKTHBHOCTHU. IlyTn
MOBBIICHUS A((HEKTUBHOCTH HCIIOIB30BAHUSI COJTHEYHOM dHEpruu pH ¢oTtocuHTese. JJoHOpHO-
AKIIETITOPHBIC OTHOIICHHUS, PEYTHJIM3AIUS U KPYrOBOPOT MUHEPAIBHBIX 3JIEMEHTOB B PACTCHUH.
Pacnipenenenne BemecTB Mo opraHaM U KOMITAPTMEHTAIIMS MTPOILIECCOB U COCTMHEHUN B KIICTKE
U TKaHAX KaK CHUCTEMa IMPOCTPAHCTBEHHOW W BPEMEHHOW OpraHW3allid OMOXMMHUYECKUX U
(bM3HOJIOTMYECKUX TPOIIECCOB M CIOCOO PETySIMH UX COTJIACOBAHHOTO B3aUMOJICHCTBHUS H
WHTETpaIiy.

CucTeMBbl peryisiiuy U UX uepapxus B paCTCHHH.

Perymsmus pacnpeneneHus pocTta U BEIIECTB, a TAK)KE B3aUMOJICHCTBHS OPraHOB B LI€JIOM
pacTeHuwu.

Cucremsl perymsuuu: Tpoduyeckas, TopMOHaNIbHas U dNekTpodusuonornyeckas. [lonarue
«3ampoc»y M TpeanojiaracMble MEXaHHM3Mbl Iepefadyd CurHaia. J[OHOpHO-aKIenTopHbIE
OTHOIIICHUS.

Perymsimust mporieccoB Ha KIETOYHOM YpOBHE. MeTaOoNmuTHas pPEryisiius U MeXaHH3M
KOHTPOJISl TMPOTEKaHWs TMpolecca MO MNPHUHIHUIY OTPULIATEIbHON (MONOKHUTENBHOM) CBS3H
KOHEUHBIMHU IPOJIYKTaMU. AJICHWIATHBIA KOHTPOJIb.

KoMmapTMmeHTanys mpoieccoB U BEHIECTB Kak CIIOCO0 OpraHu3aIiy Peryisiuy MPOIeCCOB
B MPOCTPAHCTBE U BPEMEHMU.

BzaumopneiictBue gpixanus u - (HOTOcHMHTE3a: OOMEH TMPOAYKTaMH U CyOCTpaTaMu.
Oco0eHHOCTH JBIXaTeTBHOTO Mpoliecca B POTOCHHTE3UPYIONICH KIIETKE.
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Kpurepun onenuBanus
Pe3ynbTarhl KaHAMIATCKOTO PK3aMEHA ONPEACIIAIOTCA OLUEHKAMU «OTIIMYHO», «XOPOLIO»,
«YZIOBIIETBOPUTENIBHO», «HEYIOBIETBOPUTENBbHO». OIEHKa BBICTABIAETCA IO CIIEIYIOIIUM
OCHOBAHUSIM:

OI_IeHKa «OTIUYHO» — OTBET IMOCTPOCH JIOTUYHO, B COOTBCTCTBUH C IIJIAHOM, INOKA3aHO
MaKCHUMaJIbHO FJ'Iy60K0€ 3HaHHC YHUBCPCAJIbHBIX, O6I.LICHp0(I)CCCI/IOHaJ'IBHBIX )51
HpO(beCCI/IOHaJ'IBHBIX BOIIPOCOB, TCPMUHOB, KaTCTOpHﬁ, HOHHTHﬁ, TUII0TE3, KOHIENIUN H
TCOprI, YCTAHOBJICHBI COJACPKATCIIbHBIC MCKIIPCAMCTHBIC CBA3H, BBIABUIACMbBIC IIOJIOKCHUS
O6OCHOB8.HBI, MMPUBCACHBI Y6CILI/ITCJ'IBHBIG IIPUMCPHI, 06Hapy>1<eH AHAJIUTHYECKUH u
KOMIUIEKCHBIM TOJXOJ K PAaCKpbLITUKO MaTCpuajia, CACIAHbl COACPKATCIBHBIC BbIBO/LI,
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MIPOJEMOHCTPHPOBAHO 3HAHHE OCHOBHOM M JIOTIONHUTENILHOW JINTEPATYphl, B T.4. 3apyOEKHBIX
HMCTOYHUKOB.

OneHka «XOpouo» — OTBET IIOCTPOEH B COOTBETCTBUM C IIJIAHOM, IIPEICTaBICHbI
pas3IuyuHBIe MOJAXOJBI K MpobieMe, HO uX 00OCHOBaHHE HE JAOCTATOYHO IIOJIHO. YCTaHOBIJIEHbI
MEXIIPEIMETHBIE CBSI3M, BBIIBUTAEMbIC IIOJIOKEHHSI OOOCHOBAHBI, OJHAKO HaOIIOAAETCS
HETIOCIIEI0BATENIFHOCTD aHaIM3a U 0000meHNs NHYOPMALIUH, OTBET HEJOCTATOYHO MOAKPEILIEH
npuMepaMu. BbIBOIbI IPaBWIBHBI, IPOJAEMOHCTPUPOBAHO 3HAHUE OCHOBHOM U JOTIOJIHUTEIBHOU
JIUTEPATYypHl, B T.4. 3apyOCIKHBIX UCTOUHUKOB.

OreHKa «yIOBJIETBOPUTEIEHO» — OTBET MOCTPOEH HE IOCTATOYHO JIOTUYHO, TIJIaH OTBETA
COOIIIOIAeTCSl HEMOCIE0BATENbHO, HEJIOCTATOUYHO PACKPBITHI MPO(ECCHOHATBHBIC 3HAHMS.
BpiiBuraeMble MOJIOKEHUS JACKIAPUPYIOTCSA, HO HEJOCTATOYHO ApTyMEHTHUPOBAHbI, HE
MOJKpEIUIeHbl TpuMepamu. He oOHapykeH aHAIUTHUYECKHMH M KOMIUIEKCHBIM TMOJXOJ K
PACKpBITHIO MaTepHaia, CIEIaHbl BBIBOJIbI, MPOJAEMOHCTPUPOBAHO TOJIBKO 3HAHUE OCHOBHOM
JINTEPATYPBHI.

OneHka «HEYJNOBIETBOPUTEIbHO» — OTBET IOCTPOEH HE JIOTUYHO, IUIaH OTBETa
coOII0IaeTCsl HEMOCIEA0BAaTENbHO, HE PACKpPBITHI NMPO(ECCHOHAIbHBIE 3HAHUA WM YMEHMS.
Hay4ynoe oOocHOBaHME BONPOCOB MOJMEHEHO PACCYXACHUSMH JUIETAaHTCKOIO XapakTepa.
OTBeT COJEPKUT pAl CEPbEe3HBIX HETOYHOCTeM u rpyObix omubok. He oOHapyxkeH
AHAIUTUYECKUH M KOMIUIEKCHBIM MOJXOJ K PACKPBITHIO MaTepuasa, CICIaHHbIE BBIBOIBI
ITOBEPXHOCTHBI WJIM HEBEPHBI, HE MPOJIEMOHCTPUPOBAHO 3HAHWE OCHOBHOM M JIONOJIHUTEIBHON
JIUTEPaTypHI.
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