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COJEP)KAHME KAHJIUIATCKOI'O SK3AMEHA

1. O6mue Bonpocer

OOBexThl GuOXHUMHH 1 dusnonoruu pacrenmii — YKAPHUOTHYECKHE ¢)0T0'rlpocpﬂme
OPraHu3MBL. YHUKATbHEIE 0COOEHHOCTH PACTHTENHHOrO opranusma: (oTo- u aBTOTPO(GHOCTS.
ABTOTPODHOCTE B OTHOIIEHHH YCBOCHHA MWHCpANbHBIX 3iieMenToB. Cremupuka obmena
3CICHBIX DaCTCHHH 10 CPaBHEHMIO C JAPYIHMH OprausMamu. KocMuyeckas POIb 3eNeHoro
pacTenus. 3pavenne GOTOABTOTPODOB B COBMAHMH U HO/UIEPXKAHAN  TA30BOr0 |COCTaBa
aTMoC(epsl, BOXHOTO, IOYBEHHOTO U KIMMATHIECKOT0 PeKHMa Ha TIIIaHeTe.

Opranu3aius U KoopIuHars (QYHKIMOHANBHEIX CHCTEM 3€NEHOro pacrenus. OuU3HKO-
XUMHYECKHHU, SKOMOTHYECKHH ¥ SBOTIOLIHOHHEIH ACTIEKTEL

Metononorndeckine OCHOBEI HCCHEOBAHME B GHOXHMMUH K (usmonoruw pactenmuii.
Crenuduueckue MeToIBI GHOXUMUM 1 (husmosnoruu pactenuii. Coueranue pasIMIHbIX }:prBHefi
HCCIIENOBAHNUS (CYOKIETOUHBIN, KIETOUHBIH, OpraHU3MEHHEIH, OHOIEHOTHYECKHUIT) B OHOXIMUM
4 (DU3HONIOTHH PACTEHUIH,

Ousuonorus ¥ GHOXUMMS pacTeHmH — TCOPETUYECKAsT OCHOBA PACTEHMEBOJCTBA W
HOBBIX OTpacine# 6unoTexnonorun.

2. OcHOBHbIE KOMIIOHEHTHI PACTHTETLHOIO OprafHusMa U ux QyHKuuu
2.1. YrneBossr.

Ocobennoctu coctaBa u MeraGonmsma YTJIEBOJIOB pacTeHwi. MoHocaxapuisl, ux
CIPYKTypa M B3aMMONPEBPAICHHS, OCHOBHbIE TIpeICTaBHTeN. MoHOCaxapa, Kak cyﬁcxpzlrn,l st
CUHTE3a Jpyrux BemecTB. PochopHsle sdupsl caxaposbl u HyKkneosumupocdarer -
aKTHBUPOBaHHEIC (OPMBI yrimeBosoB. B3amMonpeBpameHus MOHOCAXapHIOB, SIMHMMEPH3aIAS,
aJIbI0-KETO- H30MEpH3allns, pocdomy-Tasnsle  peaxnum. TpaHCKeTOIIaBHLIle u
TPaHCAJILAONIAsHEIC  peakiuu. — OnMrocaxapufisl, HX  COCTaB, CTPYKTYpa, OC HOBHBIC
npezcraputeny. Caxaposa; TOKaTM3alyus ee CUHTE3a U (DYHKIMH. [Tonucaxapumpr: cocTas, THITH
CBs3CH, BeTBICHHe. llomicaxapuisr 3amacHble W CTpyKTYpHBIE. CrpykTypa Xpaxmana u ero
Aerpananus. OOpasoBaHue KpaXMajlbHBIX 3¢PEH B 3aMACAIOTIIHX opraHax.
2.2, Jlunumel.

Obmue cBoiicTBa  JTHITHIOB, KJaCCH(UKANNL, HOMEHKIATYpA. Hacrerimennpie u
HCHACBIICHHBIE JKMPHBIC KHUCTOTHI: KIaCCH(HKAIMS, CHHTE3, KaTaboNu3M U  (YHKIMH.
OcO6eHHOCTH CTPOEHNHS HEHACKIEHHBIX KAUPHBIX KHCIIOT pacteHui. Pekue JKUpHBIE KHCIOTHL
Tpurmauepuner u ux dynxuum. IomspHbie mwmume: docho- u THEKOIHIHIEL, WX pomh B
obmene. Creponipl. OCOGEHHOCTH pPACTHTENBHBIX CTEPOMJIOB, (DUTOCTEPUHEI. TJ]HKPBH,ILLI,
AUUNITIIMKO3U/IEL,  3QHUpPEl  CTepHHOB. bBHonOrHYeckne MeMGpaHbL, crienuprKka pPasITUYHEIX
MeMOpaH pacTUTEILHOH KIETKH.

2.3. AMMHOKHCIIOTHI ¥ GEJIKH. _

CIpyKTypa u MOHHEIE CBOHCTBA AMMHOKUCITOT. [IpOTEHHOTEHHBIE AMHHOKHCIOTSL, AMUHO-
COC/IMHCHHUSA, CHHTE3UPYEMbIE NEPBHYHO W3 MMHEPAIBHOTO a30Ta M CHHTE3 AMHHOKHCIIOT.
Peaknun mepeavmmmpoanms. Kimowesas poinb IIyTaMHHOBOH KHCIOTHI B MeTabonu3me
aMUHOKKCITOT. CeMelicTBa aMUHOKHICIIOT, KOTOPbIE IIPOUCXOAT U3 THPYBATa, OKcajoarnerara, 2-
OKcormyTapara, IIMKEMAaTa U IpoAyKToB IukiIa Kansura. OyHKIUKM CBOGOTHBIX AMHHOKHMCIIOT
W aMHHOKHCIOT B COCTaBe OCIKOBBIX MOJEKYyN. Peakmum JIe3aMUHUPOBAHNS |
MeKapOOKCHTMPOBAHNA AMHHOKHCIOT. AMMHOKHCIOTH KaK CyOCTpaTsl CHHTe3a IpyTUX
a30TCONCPXKAIIHNX COoefuHeHUH. HeOenKoBble aMUHOKHCITOTEL PACTEHHIA.

llepBuanas crpykrypa Monekysnsl monmmentuia (mentumHas cBssb. C- m N- :|1<0Heu
nonunenTyaa). Pubpumispasle U rnobyspasie 6emkn. MoHHBIE CBOWCTBA TOIMIENTHIOBR: pKa
HOHOTCHHBIX I'PYIII, H309JIEKTPHYCCKAs TOYKA. DJIEMEHTHI BTOPHYHON CTPYKTYPHI GEJIKOB — a-
Crmpanb U p-CTPYKTypa. Tperwunas u ueTBepTHYHAS CTPYKTypa GemKkoB. Hucynsunise u

s |
BOJIOPOOHBIC CBSI3H, HOHHEIE H I‘HI{pO(I)OSHBIe B3auMogencTBHA. Pois OTACIBHBIX AMHHOKHCIOT

1)




B 00pa3soBaHuK ¥ MOIEPKAHUH IPOCTPAHCTBEHHON CTPYKTYPLI GENKOBO Monekysl. benkosrie
Kommiekcrl. [lonstue cyOnemanne:. OyHKkunonatsuas Kiaccubukanys 6erKos.
2.4. HykneoTuasl ¥ HYKIICHHOBBIE KHCTOTEL,

IlypuHOBEE M NMPUMHIMHOBBIE OCHOBaHMSA. HyKICO3MIBI U HYKIIEOTHIBL: CTPYKTYpa,
cuntes, Gymkuun. Hykneosuanomadocdarsr. lukmmueckue HYKJICOTHIABl M HX POIb.
Hykneotnnneie KO(pepMEeHTBI ¥ NEPEHOCUMKH COSAMHEHHH, WX OCHOBHELE TATIBL U
OHMOTIOrHYEeCKOe 3HAYEHHE.

HyKieHHOBEIE KHCTOTHI: IepBHYHAS CTPYKTYpa, HYKICOTHIHBIA COCTaB. Bropuunas u
TpetrdHas crpykrypa JIHK. Crpykrypa PHK. Tumsr PHK (uadopmanmonsas, TPaHCIIOpPTHAY,
pubocomansHas).

2.5. BemecTBa Crieluam3upoBaHHOT0 0OMeHa pacTeH il (BTOpHYHBIE META0OJINTEI).

OcofennocTu coenpuenuii, KOTOPBIE OTHOCAT K BTOPUYHBIM MeTabonutam. OCHOBHEIE
KJIaCChl BTOPHYHBIX METAO0IMTOB: CTPOEHHE, KIacCHQUKAIMs U PACTIPOCTPAHCHHE.

Ankanoudsi: TMPOTOATKAIOUIBL, IICEBAOANKAIONIBI, HCTHHHBIE ANKAIOUAbL. OCHOBHBIC
IPYNIBI HCTUHHBIX aTKAIOH/I0B.

Hzonpenouow: (Tepnenonsr). OCHOBHbIE TPYIITIBI M30TPEHOUIOB (MOHO-, CECKBH-, TH- TpH-
U TCTPATCPICHOMIBI, HNONUMEPHBIC H30IPEHOU/bI). KapoTHHOMBI: XHMHYECKas MPUpOAa H
cTpoenue, PU3UKO-XUMHIECKHE CBOHCTBA.

@enonvuble coedunenus. OCHOBHBIE IPyNIEl (EHONBHBIX COEIUHEHMIL (henonoxkmCIOTHL,
(he-HUIIPONAHOM I, CTHIBOCHEI, (IABOHOMIL! M H30()IABOHOM/IBI, IIOTHMEPHBIE (beHOnbHbBIe
COCMHEHUS).

Munopnuie xnaccer émopuunsix memadonumos. HebekoBble aMHHOKHUCIIOTE], IHAHOICHHEIE
FTTAKO3HM/BI,  CEPYCOMACPIKAINKE TIMKO3HIOB!  (TIIOKO3HHONATHI), PpACTHTENbHEIE |aMHHEIL,
HEOOBIYHbBIE JIMTHUIB (KMPHBIE KHCIIOTHI, LHHAHONMIUIE), OCTAIMHBL, MOJHAIETHICHOBIE
[POM3BOJHBIE, AKaMUJIbl, THO(GeHBl. OCHOBHBIE NPEICTABUTENM BTOPUYHBIX coejnﬂennﬁ

K&XI0ro Kacca U UX pacripoCTpaHEHUE CPEIU PACTEHUH pa3HEIX BHJIOB.
Ilymu 6uocunmesa OCHOBHBIX KJIACCOB BTOPHYHEIX MeTabonuTOB. [IpemmecTBeHHUKH
OuocHHTE3a BTOPUYHBIX MeTabommToB. ToYk: "OTBETBIEHHA" BTOPHYHOTO METAGOIM3MA OT

[IEPBUYHOTO. Momdukanmu BTOPHUYHBIX MeTaboTUTOB (rnnxosunnpj:osaﬂue,
TUIPOKCHIIMPOBAHHE, METOKCUIIMPOBAHHUE, METHIMPOBAHUE). DH3UMOIOTHS CHHTE3A BTOPHIHBIX

meTabomuToB. OCHOBHbIC (DepMEHTHI OMOCUHTE3a AITKAOMJIOB, U30IIPEHOHU/IOB, fbel—fl:OHBHHX

COCIMHCHHUN, MX XapaxkTepucTuka. JlyOnupoBaHue myTell cuHTe3a BTOPHYHBIX MeETaOOJIHTOB.
HemeBaioHaTHBIHN 1TyTh CHHTE3a H30TIPEHOMIOB, EI0 JOKATMU3AINS U 3HAUCHHE. |
2.7. ®epMeHTHI 1 MEXaHH3MBI UX JICHCTBUA.

XapakTepucTuka (EpMEHTOB KaK BBICOKOCTICIHATU3MPOBAHHEIX GEIKOBBIX Ka'ranﬂ:{-ra'ropoa.
Anmparugeckas ¥ mpocrermdeckas HacTd (epmenta. KodakTopbl (epMeHTHON peakiuy.
OHepreTnyeckas OCHOBa KaTalu3a: akTHBHBIH eHTp ¢epmenTa. Crenuduynocts ,u%f/iCTBHH

(epmentoB. @DepmentHas kuHeTHKa. DepMeHT-CyOCTpaTHBIM — KOMILIEKC. YpEI}BHCHHe

Muxasmuca-MenTtesn. Bemuaunasr KM w1 Vmax, ux OHONOIMYECKHH CMBICI. HHI'HﬁHI:)l'Z)BaHHe

depmenTos. [leifcTre pH U TemmrepaTypsl Ha CKOPOCTh (EPMEHTHON PEAKITMH. KOHK}’pﬂ:HTHoe,
HEKOHKYPEHTHOE M HeoOpaTuMoe HHruOHpoBanue. MeXaHHU3MBI pEry/IslUy cbeleeHTHoi‘I
AKTUBHOCTH. Perymanusa o IpUHUMIY OOpaTHONW CBs3HM: aKTHBAIMA W WHTHOWPOBAHHE.
Aunoctepudeckas perynsanus. MHIyknoms W penpeccus cuHTesa. M303MMBI B KOH(OpPMEpHI.

Perynupoanue ¢ yqacTHeM MpoOTCUHKHHAS,

3. PacTureabHast KJIeTKA |
OcoOeHHOCTH CTPOEHHMs, CTPYKTypHas W (YHKIMOHAIbHAS OPraHU3alys pPacTHUTENBHON
kneTku. CuMOHOTreHHas TUII0Te3a BOSHUKHOBEHUS PACTUTELHON KITETKH. |
Aopo. OCOOCHHOCTH OpraHM3alMu SAAEPHOr0 reHoMa pacrenuit. CTpykTypa TeHOMa,
nomumopdusm  pacturensHod  JIHK. KomwmitHoetes pasueix renoB u  yuactkos | JIHK.
Ocobennoctn Metunuposanus pacturenbHoil [THK W ero BnusiHHE HA SKCIPECCUIO SHEPHBIX




reHoB. MOGHIIbHEIE TeHETHYECKHE DIIEMEHTHI PACTEHUH (TPAHCHO30HET). PeTpoTpaHCio30Hsl 1
JIHK-Tpancnio3onsl. Ac u Ds - 371eMeHTBL.

IInacmuonas cucmema. THIBl TIIACTH, OCOOEHHOCTH CTPOEHHUsA, OHTOreHe3., | eHoM
mactua. IlpokaproTrueckue 4epThl B KOMMHHOCTD IUIACTHAHOTO TeHOMA. I10MHIHCTPOHEBL
THIl PeTTMKAIMK TUIACTHIHBIX TeHOB. Mo3anuHas CTpyKTypa IUIACTH/HBIX T'€HOB. Co:%'peBaHHe
mactuaHod PHK, crmalicunr u pemaktupoBanue TpaHckpuntoB. CTaGWITBHOCT IITACTH/HON
PHK. Beinku, kosmpyembie miacTHAHBIM reHoMoM. CrHTe3 Gelka B IIacTHAAX U €ro peryssis
ceeroM. PHK-monmamepaser mnactuz, miactuaseie puGocomst. J[BoifHOe KoamupoBarue (SuepHoe
¥ TIACTHJIHOE) OONBUIMHCTBA KOMIOHEHTOB (oTocuaTerndeckoro anmapara: ®C1, ®CIL, bef-
kommiekca, CCK, AT®-cuntassl, mmactuanoit HAJI-H-nerunporenass:, Rubisco. Tpaucmopr
SIICPHO-KOUPYEMBIX OEITKOB B IJIaCTHABL. PasMHOXEHUE B HACIEIOBAHKE IIACTH]L,

Mumoxonopuu pacmenui. OcoGeHHOCTH CTPOEHHSA METOXOHAPUH pacTermit. OcobeHHOCTH
CTPYKTYpEl MHTOXOH[PHAIBHOIO TeHOMa pacreHuit. IIpokapwoTmdeckue deprTsl M| pasmep
MUTOXOH/IPHAIIBHOTO T€HOMA pacTeHuil. MoszauuHas CTPYKTypa MHTOXOHIPHAIBHEIX TE€HOB,

o |
CINIAUCHHI' W pPEHAKTHPOBAHWE TPAHCKPUIITOB. BGJIKH, KOOUPYEMBIE MUTOXOHIPHAILHBIM

reHoMoM. OcoGeHnocTH cunTesa GeTka B MUTOXOHAPHSX, pHOOCOMBI MUTOXOHIPHIL, Tp'ElHCHOpT
OenkoB u Hekotopeix T-PHK u3 syppa B mutoxommpuio. J[BoliHOE KOAMpOBaHHE (H,uépﬂoe U
miacTuiHoe) OonbiuHcTa Genkos meixarensuoit DTLI: HAJI-H-nermaporenassi, Cyl[K]_IHHaT-
neruaporeHassl, be-kommnekca, nuroxpom-oxcuaassl, AT®-cuaTa3EL

IlepeHoc reHeTHYeCKOro Marepuana Mexjuy opraHeiamu. CosmecTHas paboTa Tpex
TEHOMOB.

Membpannvie cucmemvr pacmumenvroil kiemku. [lnasmanemma, Toromnact, DI1P, ammnapart
lNombmxu.

Oco0eHHOCTH  CTPOGHHS IUlasMalieMMbl. TPaHCIOPTHBIE CHMCTEMBI  ILJa3MAalIEMMEL,
IIPOTOHHAS SHEPreTHKA TPaHCHIOPTHBIX crcTeM, H' -AT®aza P-Tua.

OcobeHHOCTH CTPOSHHs TOHOIUIAcTa. TpaHCIOpTHEIE cucTeMbl ToHommacta. HW -AT®asa
V-tuna, nupodocdarasa.

Ounnonnasmaradeckuit peruxynym (OP) pacturensrol knerku. [Ilepoxosateit B rinaakmii
OP. Pasmuunble  QyHKIMOHANBHBIE  ydYacTKM  pacturenbHoro  DIIP. CPIF}llaJIBHBIe
nocienoBarenbHocT  6enkoB, TpaHcmoptupyeMmbix B OIIP. KDEL-mociemoBaTelbHOCTb.
Oyuxiuu DI1P.

Anmapar Domemxm (Al). Crpyxrypa AI. TpaHCmopTHBIC BE3HKYJIBL, AMKTHOCOMBI,
IIy3bIppKHU. J[BA OCHOBHBIX HAIPaBIEHHS TPAHCIOPTA - IUIa3MaleMma B BakKyoJlb. OoiHOBHLIe
TPAaHCIIOPTUPYEMEIE BEIECTRA. |

Baxyone. Jlutudeckuii W 3amacarolndit TUMBl Bakyoneil. beakoBbie MapKepel THIIOB

J
Baxyoneﬁ. CurnaisHBIe IIOCIHEAOBATEIILEHOCTH 66IIKOB, TPaHCOOPTHPYCMBIX B  BaKyOJlb.

BosuuxnoBenue Bakyoneit de novo. TpaHCIOPT BEIECTB B 3amacarolie ¥ JUTHUECKHUE %arcyom«t
(cnusiHue Be3ukyIl, aBTodarust Be3ukyi). CUrHanbHble NOCIEI0BATENLHOCTH TPAHCIIOPTa OEIKOB
B BaKyob. OYHKIIMN BaKyOJISIPHOI CHCTEMBI KIIETKH. ‘
Lumockenem pacmumenviou xkiemky. CTpyKTypa LHATOCKeNIeTa. AKTHH H TyGyJFHH, ux
monuMepu3anms M aenonuMepusanus, G-aktun uw F-aktud. Benku, acconumpoBaHHBIE €
IATOCKEIETOM. Y4YacThe aKTHHOBBIX (DPUITaAMEHTOB BO BHYTPHUKIICTOYHBIX IBHKCHHIX. Sf’qacme
[UTOCKEJIETa B ABHIKEHUH M 3aKPEIUICHHH OpraHeil. POk HUTOCKENeTa B CHHTE3€ LEJIIFOJI035.
V4acTre MUTOCKEeTa B IPOIIECcCe JICJICHHS KIIETKH, ‘
Knemounas cmenxa (KC). YrineBogHble KOMIIOHEHTHI KIIETOUHOH cTeHkH. llemonosa,
FeMUIEIUTION03bL, IeKTHHBL. Kammosa. CrpyKkTypHble OelKH KIETOYHOM CTeHKM: Gelkw,
o6oramenusie ruapokcunpoiuaom (HRGPs), mnpomuaom (PRPs), rmumuuom (GRPs),
apabunoranakranosbie 6emku (AGPs). @ynkumonansusie 6enxu KC: sxcaHcHHEI, (bepMieHTH.
ITepBuYHass W BTOpPUYHAs KICTOYHAs CTeHKAa. JIMrHMHBI, BOCKa, KYyTHH, CyOCpHH.
ITmasmomecmer (I1/1), ux crpoenue. KonugecTBo miasmMojiecM Ha pasHBIX ydacTKaX KIIETOYHOR
CTEHKM W B DPa3HBIX TKaHAX. TpPaHCHOPT BelmecTB Mo muasmonecmam. JIBa Tuma CIE‘pOGHHﬂ

KIETOYHOH CTEHKH Yy TOKPBITOCEMEHHBIX pacTeHuid. OOpa3oBaHHe KIETOYHOM CTEHKH.
|




Brocuntes mukpodubpmmr memmonosst u ux camocGopka. Pomp ammapara [onbmku B
OuocunTese odneMeHTOB MaTpukca. @ymkmum KC: kapkacHas, 3alquTHaS, TpchnopTHasl
peryngTopHas, curnanbHas. OnurocaxapuHsl.

Onmozenes wnemku pacmenus. CTagud OHTOreHE3a: JCNECHHC KIETKH, pocr| KIIETKH
pacTsikeHueM, nudQepeHIpoBKa, CTapeHne W cMepTh. KieTouHsIif (MHTOTHYCCKHI) LHMKIL.
®azpr nukia - G1, S, G2, M. 3anyck u perympoBaHne KIETOYHOTO TMKNIA. [ [HKITHHEL, IIHKJIHH-
3aprcuMble TipoTenHkuHassl (CDKs). AmomnTtos pacTHTENbHBIX KIETOK - IPOrpaMMHas THOes
KineTky. CUrHaIbl 1 MeXaHu3Mbl aroITo3a.

Knemxu pacmenuii in vitro. JemnddepeHnuanus pacTUTENBHOH KISTKH in vilro u
dopmuposanue nomyisnun mpoimdepupyommx kietok. CTpyKTypHBIE H (DYHKIMOHATIBHBIE
0COOEHHOCTH KJIETOK PACTeHHH in vitro. ['€TeporeHHOCTh M aCHHXPOHHOCTH TIOMYIIALMH KIETOK
pacTeHu#l BHE opramusma. MsommpoBaHHBIE IPOTOMNACTBEI KIETOK pacTeHuil. Mcmons3oBanue
KJIETOK PAaCTeHMH in Vilro KaK MOJENBHOW CHCTEMBI B (DU3HMOJOIMYECKMX HCCIENOBAHUIX H B
OHOTEXHOIOTHH.

4. buojHepreTuKa pacTUTEILHOI0 OPraHU3Ma

Hpunyunsr mepmodunamuxy. 3aKOHBI XUMIYECKOH TepMouHamuku. CBOGOIHAS SHEPTHS;
U3MCHEHHE CTaHIapTHOH cBOOOAHOHM sHepruu (JG°). DHAEProHUYECKHE M SK3EPrOHHYECKHE
peakuuu. XHMHYECKOE pABHOBECHE, XHMHYECKHH [OTEHIMAL. BrIpakeHHe H3MEHEHUS
CBOOOJIHOM OHEpPruM pemoKC- peaklMH B EIHHHIAX SJEKTPOXUMUYECKOTO CTaHAapTHOTO
OKHMCJIUTENbHO-BOCCTAHOBUTEILHOTO TTOTCHI[HAIIA.

IIpeobpasosanue snepauu ¢ riemxe. BHEIIHEE HCTOYHUKY SHEPTHH JJIsi OPTaHU3MOB. J[Be
OCHOBHBIE ()OPMBI 3allacaHus SHEPTHH B KJIETKE: SNEKTPOXUMUYCCKUH IOTEHIIMA IPOTOHOB Ha
SHEPrU30BaHHBIX MeMOpaHaX M MaKpO3PIHYECKHe CBS3M, B3aMMOIPEBpALIEHHE 3TUX (HOpM
SHEpruH. DHepreTHKa IporeccoB cuaTesa u rugpommsa ATO. Tpamchopmanus sHeprum Ha

compsiraloUX  MeMOpaHax:  3MEKTPOXMMHYECKMH  IMOTEHOWal -  JBIDKYINas  CHia
¢bochopunrpoBanms. YHHKaIPHOCTh JHEPreTHYECKHX IIPOIECCOB pacTeHuii: (POTOCUHTE3 B
JIBIXaHHE,

4.1. ®oTocuHTE3.

3Hadenne (OTOCHHTE3a B TpaHCGHOPMALMM BEIIECTBA W JHEPTHH B npupoje. DU3HKO-
XUMHYecKas CYIIHOCTh IIporecca (OTOCHHTE3a W €ro 3HaYeHHE B JSHEPreTHYECKOM W
nnacTudeckoM obmene pacrenus. Jluer kak opran dorocunrtesa. CTpyKTypHO-QYHKIIHOHATIBHAS
opranu3anus GoToCHHTeTUIeCcKoro annapara. OCHOBHbIE II0KA3aTeIH ME30CTPYKTYPbI JIUCTA.

DIeMEHTBI CTPYKTYPhI MOJEKYJIBI XJIOpOQHIIIa, OTBETCTBEHHbIE 338 (PYHKIHMIO MOTJIOMEHHS,
3amacaHusi ¥ NpeoOpa3oBaHUs SHEPTUH B Iporecce (poTocuHTe3a. MexaHu3M IOTJIOMECHUS U
HCIYCKaHUS CBETAa MOJEKYJIOH; CIEKTPHI HOIVIOIEH . DIIEKTPOHHO-BO30YKAEHHBIE COCTOSHUS
X70poGdHIIIOB, TyTH UX Je3akTuBauuy. IIpeobpazoBanust 31eKTPOMAarHUTHON SHEPIHU B PEIOKC-
SHEPTHI0; 0OpaTUMBIE OKUCIHTEIFHO-BOCCTAHOBUTEIBHEIE IIPEBPaIeHHs] XJIIOPO(UILIOB.

Xnopodumn-6enkoseie xomiuiekcehl (XbBK); MexanusMel 00pa3oBaHWs, 3HAYEHUE CBA3M
murMenToB ¢ OemkoM., Opwentanmss nurMenToB B XBbK. MexaHu3Mbl 3HEPreTHYECKOTO
B3aMMOJIEUCTBUS I[IMIMEHTOB B KOMIUIEKCaX (IKCUTOHHOE B3aUMOJACHCTBHE) H = MEXIY
KOMILIeKCcaMH (TIepeX0IHBIC COCTOSHU).

Pons kapoTuHOMAOB B (GoTOcHHTe3e. AHTeHHAs (YHKIHMA, BO3OYKIECHHBIE COCTOSHHSA
KapOTHHOWOB, MEXaHW3Mbl MHUTPAlMH OSHEPrHHM Ha xmopoduiul. MexaHusMm 3aIlUTHOTO
neifcTBEsA KapoTuHOUA0B. OYHKIMH KapOTUHOUJOB B PEaKIHOHHOM IIEHTpPE, crenuduka mmuc-
xkoHopMmaryy. 3HadeHWe KCAHTO(MHMIUIOBBIX LMKIOB Y BBICIIMX PaCT€HHHA W BOHXOPOCIICH;
dbotonpoTexTopHas HYHKIUS 3€aKCAHTHHA ¥ JIHa30KCAHTHHA.

[lepBuuHble MpoIEcchl (GOTOCHHTE3a, MX CTPYKTYPHO-QYHKIHOHAILHAA OpraHu3arms.
[TpencrainecHne 0 GOTOCHHTETHYECKON €AMHHUILE. AHTCHHBIA KOMIUICKC, PEaKI[HOHHBIA LEHTP.
MexaHu3Mbl MHTpaldHl SHEPruyd B xjoporactax. COBpeMEHHBIE MOJIENH CTPYKTYPHOU
OpraHu3allii peakIWOHHBIX I[IeHTPOB OakTepuii ©  BBICIIMX pacTeHMH. MexaHu3M



NpeoOpasoBaHus  BIEKTPOMATHUTHON 9SHEPrUH B SHEPIHIO Pa3/IeleHHBIX 3apsijloB B
oroxmmuuecKuX NEHTpaX.

OJIEKTPOH-TPAHCIIOPTHAS ~ Lemb  (hOTOCHHTE3A. IlpencraBnenuss ©  COBMECTHOM
(GyHknHoHMpoBaHuM ABYX (oTocucTeM. KOMMOHEHTHI OTL u mocnenoBaTeNsHOCTS MepeHoca
DNEKTpOHA mo wnemu (Z-cxema). Ilukmudeckui, HENMKIMIECKHH ¥ IICEBIONMKIMYCCKHIL
SNEKTPOHHBIH Tpancnopt. [Ipoctpancreernnas opranusamms DT B TUIAKOMIHOM MeMOpaHe:
OCHOBHEIE (yHKUMOHaNbHBIE Komiuiekcsl DTI] (®C-1, ®C-2,), ux CTPYKTypa H (YHKIIHH.
Crpoenne u ¢ynxuun OC-2. OpraHusanys B THIAKOHIHOM MeMOpaHe ¥ (YHKIIMOHHPOBAHHE
peakrmonnoro nertpa ®C-2. Cucrema ¢orommsa Bomsl H 06pa3oBaHES KHCIIOpOaa IpH
dorocuutese. Crpoenne u ¢ynkmuu OC-1. O6pasosanue TpaHCMEeMOPaHHOTO IIPOTOHHOI'O
FPajMeHTa B TIpOLECCE DIEKTPOHHOro TpaHcnopra. CTpykTypa M (yHKUMH IHTOXpoM bg/f
Kommiekca, Q - muki. Perynsnums moTokos simekTpoHoB npH $hoTocuuTese. MOTOCHHTETHISCKH T
KoHTponb. Jlokamuszarms OTI] KOMIUIEKCOB B TIpaHaNbHBIX H CTPOMAaJILHBIX MeMOpaHax
TUNAKoUuAoB. CHCTEMBI peryislMH HMKIMYECKOr0 ©  HELUKIHYCCKOTO SIEKTPOHHOTO
Tpaucnopra. OOGpasoBanne mnpu (JOTOCHUHTE3E AKTHBHBIX (HOPM kucinopoaa. Ilpomeccer
(orounrubupoBanus u GoTOMECTPYKIINH; 3AUTHBIE MEXAHH3MBI XJIOPOTUIACTOB.

Gotocunrernyeckoe  pochopunupopanne. OCHOBHBIE THIBL, —HX buznonoruueckoe
3HAYCHHUC, MEXAHM3MBl PETYIALMH. MeXaHu3MBl SHEPTeTHYECKOTO COMpSDKEHHs TPAaHCIOPTa
IeKTPOHOB U cunTe3a AT®. Conpsraromue daktopsr hotodocdopumposanus, ux GyHKIMY,
CTPYKTYpa, MEXaHu3M JelcTBHs. Mexanusm paboTe! katanutuyeckux mearos CFI.

Peryngaums noTOKOB 9IeKTPOHOB Ipu  (oToCHHTE3e. (MDOTOCHHTETHYCCKHI KOHTPOJTb.
Jloxammsanus xomiiekcos OTL[ B rpaHaibHBIX M CTPOMAIBHBIX MeMOpaHax THIIAKOHJIOB.
CucTema peryismun IUKIHIECKOr0 U HELUKIMYECKOTO AIEKTPOHHOTO tpancnopra. KoHeunsie
IPOLYKTHI CBETOBOM 1 TEMHOBOU (hassl hoTOCHHTE3A.

XuMH3M TIPOLECCOB ACCHMUIISLMK YIUIepona B (oTocHHTese. Menomb3opanue IPOIYKTOB
CBETOBOW CTA/IMM JUIS ACCHMMIIANME  YIIEKHCIOTHL. PyOucko: copepikande (hepMenTa,
CTPYKTYpa, ynkumu, perynsuus. Ilukn KanbBuea, ocHOBHBIE (GepMEHTH U MeXaHM3MbI
perynsauun mpkina. Goroxeixanue. OOII- xapbokcnnasa, ee XapakTepUCTHKA M JIOKAIH3AIIHL.
[uxn Xsrya-Cimoka-Kapmmnosa, ero (QyHKIMOHANBHOE 3HAYECHHE. Opranuzanust  mporecca
ACCHMMUJIALMHA B KIeTKaX Me3oduinnra u 00Kkmamku: 0COGEHHOCTH CTPOEHHS XJIOPOILIACTOB M
peaknuii porocunTesa. OOMEH COSIUHCHHAMU MEXY Me30(UILHBIME KIETKAMHA H KISTKAMH
obxmazku. Xapakrepuctuka rpymn Cy pacrennii. ®orocuntes y CAM- pacTenuii: 0cOGEHHOCTH
OpraHy3aIyy IpoLecca 3aracanus SHEPTHM H (UKCAIIHHU YTIIEKHUCIOTH BO BPEMEHH.

Tpancriopr npofykToB (OTOCHHTE3a W3 XJIOPOIJIACTA: UENHOYHBIE CHCTEMBI BHIHOCA.
Mexanusmsl,  KOHTpoIMpylomme O6MeH MeTaboNWTaMH  MexAy — XIOPOIIACTAMH 1
[UTOIIA3MaTHIecKol (a3od knerku. [Ipespamenns CaxapoB B HUTOMIasMe M IIHTO307E;
3aracHele ¥ TpaHCHOpTHEIE hopmbl Caxapos. Briodenue yriepoia B aMUHOKHCIOTHL.

ACCHMHIIALNS YITIEKHCIOTEl B jucte. JlelicTBUe BHEMHHX (aKTOpPOB (MHTEHCHBHOCTH H
Ka4yecTBo cBera, (oromepuon, xonnentparus CO,, O, Temmeparypa u fp.) Ha (OTOCHHTE3.
Paznuuyue B KPHBBIX 3aBHCHMOCTH CKOPOCTH acCHMWIANuHM OT KoHueHTpauuum CO, u OB
rasoo#t cpene y C-3 u C-4 pactenmit. KpanTtoBeli BeIX0A (oTocunresa. Tpancnopr CO, k
MecTaM (UKcanuu, poirk KapOoaHruapassl. Y CTEHYHAS U KIETOYHAs TpoBoguMocts a1t CO, B
3aBHCHMOCTH OT BHEIIHUX (haKTOPOB M BO3pacTa JIHCTA.

4.2. JIpIxanue.
@DepMEHTHBIE CHCTEMbl [JbIXaHUS. XapaKTePHCTHKA OTHENbHBIX TIPYII JIBIXaTeNBHBIX

(GepMeHTOB:  NMUPHAMH3ABUCHUMbIE  JETHAPOTEHAssl, (hIaBHH3aBHCHMBIE  JICTHAPOTrEHA3EL,
OKchjaspl. [lepeHOCYMKH SIEKTPOHOB: XHHOHBI, JKEIE30CEPHBIE OENKH, ITMTOXPOMEI, WX
XHMHUYECKOE CTPOEHNUE H CBOHCTRA.

I'makomms.  OcHoBHBle (EepMEHTHI CHHTE3a M THAPONH3A Caxapo3bl MW Kpaxmaa.
@DepMEHTATUBHEIE PEAKIIMH H SHEPTeTHUECKHH GanaHc TITHKONIN3a, KOMIapTMEHTallMs IIpollecca
B KJIeTKax pacTeHuid. [mKonus u rimokoneorenes. OcodbeHHOCTH IIHKOIH3a y pactenuii; ATO-
3aucumas  QocodpykrokuHasa u  nupodocharzaBucumas  pochoppykTokuHaza -



peryistopHele (depMeHTsl TrimKonuza. ®pykT030-2,6 docdar - perymaTopHas MojeKyna
YIJIEBOAHOTO OOMEHa B PACTeHHUSX. '

OxucnutensHBIH neHTO30(ochaTHblid KT DepMEHTATHBHBIE PEAKIMHA W PErYIIIUL
nukia. KommaprMeHTanys QUKNA B KJIETKE U ero posib B METad0IM3Me pacTeHU .

ITupyBaTaeruaporenasHplit KOMILIEKC: CTPYKTYpa U PeryJisiius.

[Tuxn TpUKapOOHOBBIX KHCIOT. (DEPMEHTATHUBHBIE PEAKLUMU M peryisuus umkina. Poip
MaMKOH3MMa B perynsuud paborel I1ukia. JHeprerHdeckas 3(Q@exTHBHOCTH Iporecca.
OcobeHHOCTH NUKITA TPUKAPOOHOBBIX KHCIIOT B PACTCHUAX.

I'muoxcunaTHbiil HUKIT. [ THOKCUCOMBI W TJIMOKCHITATHBINA TTHKIL.

JpixartenpHas — 3JEKTPOHTPAHCIOPTHAS 1€  OCHOBHBIE  KOMIIOHEHTBI,  CIIOCOOBI
peructpauuu pegokc- cocrosuuit. Crpykrypa u ¢ynkuuu xommiekcos DTL npixanus: HAJIH-
JeTuApoOreHasHbii komiieke. CyKIMHATAETHApOoreHasHblii Komiuieke. Iuroxpom b/c koMmmekc.
[IMTOXpOMOKCHIa3HBIH KOMIUIEKC. Mexanusm 00pasoBaHusi TPaHCMEMOPAHHOTO MPOTOHHOTO
rpajiieHTa B MPOLECCE MIEKTPOHHOIO TPAHCIIOPTA.

Ocobennoctu OTI[ neixanus pacTeHuil. AnprepHatuBHBle HAJIH-mermaporenass -
JoKanm3an|s B MeMOpaHax W (yHKIHH. ANGTCPHATHBHAS OKCHAA3a: CTPYKTYpa, (YHKIIHH,
IPUHLAITE] PErYISIAHA. AJBTEPHATHBHEIA IIYTh IIEPEHOCA 3IEKTPOHOB B IBIXATENBHOW IEIH
pacTeHHd W ero ¢usamomornveckoe 3HaueHWe. WHrHOMTOPBI JIEKTPOHHOTO TpaHCIOpTa HU
VHTHOMTOPHEIH aHAN3 TIPH U3yUIEHUH IBIXaTeNbHOMH aKTHBHOCTH PACTUTEIBHBIX MATOXOH/IPHH.

Oxucnurtenpaoe (GochopunupoBanue. DHepruzaius MemOpad TpH @yHKuHOHHpOBaHHH
DTI meixanus. ATO®- cunTasa mMutoxonapuid. CTpyKTypa, JOKaIM3alus, IPOCTPaHCTBEHHAs
opranusaiusi. CoBpeMeHHBIE NpejicTaBiIeHust 0 Mexanusme cunTesa ATO. i

Perynsimus 5JeKTPOHHOTO TPAHCIOPTA B JBIXQTEJILHON menud. JIbIXaTenbHBIH KOHTPOIb.
ITonsitne o pazobmmrensx. DHeprerudeckas 3GGeKTUBHOCTh AbIXaHus. YelHOYHEIe CHCTCMBI
BeiHoca AT® u TpaHcnopT MeTaboIUTOB Yepe3 MeMOpaHbl MUTOXOHAPHH.

OYHKIMH ABIXaHUs Y pacTeHuit. UHTepMeInaTsl OKUCIUTENBHBIX PEaKui KaK cyGCTpaTLI
s CUHTE3a HOBBIX CoelMHeHuH. [Ipeppalienye opranuaeckux KUCIOT B MATOXOHApHsX. Pomb
JBIXaHUS B CO3J@HWM M TONEPKAHMH SIEKTPOXHMHUYECKOTO TOTEHIHMANa Ha KJIETOUHBIX
MemOpanax (mmasmaigeMma, ToHoOIUIacT, MemOpana OP). BHeKTpOHTpchnopTHHe 1enu
TIa3MaIeMMBL, DHJIOIIa3MaTHIe-CKOTO PETHKYIIyMa, MHKPOTEIIEll, UX CTPYKTYpa H (QyHKIHH.

[{uTomnasmarndeckue OKCH /1351 (ackopbaTokcuaasa, 1101} EeHOTOKCHAA3EI,
KCAHTHHOKCHJIa3bl, NEPOKCHa3kl, KaTanmasel). VIx jokanmsauus, QyHKOWW, BKIaq B obmee
TIOTJIOEHHE KHCIOPOJa PACTUTENHHON TKaHbO. M3MeHEHHS B HMHTEHCHBHOCTH H ITyTAX
IBIXaHHsl B OHTOTEHE3E W ITPH JACHCTBUH (PAKTOPOB CPElIbl. |

5. BogooGomen
KonuuecTBO MOTpeGNsIeMoll pacTeHHEM BOJBI, COJCPIKaHHE BOJBI B KICTKaX, TKAHAX H

opranax. Moseky/spHas cTpyKTypa ¥ GH3HuecKkue cBOKCTBA BOABL. B3auMoneicTBiHe MONCKyII
BOJBI M Omomosumepos, ruapatarms. CocTosHHe BOARI B KieTke. Boga, Kak CprKTypHBIH
KOMIOHEHT PACTUTEILHOM KIIETKH, €€ y9acTHe B OMOXUMHUYECKAX PeaKIHsX. .

TepMoauHAMUYECKHE TOKA3aTeIM COCTOSIHHSA BOJBI: AKTHBHOCTH BOJEL XUMHUIECKHH U
BoHEIT moTenman. CoCTaRIAIOUME BOJAHOTO MOTEHIHATA KIETKH: OCMOTHYECKUH, MaTpHYHBIH
[IOTEHIMAN, MOTeHIHAN JaBleHHsa. ['pajueHT BOAHOIO NOTEHNHAla KaK MABIKYIas CHIa
HOCTYIUIEHHS M TIepeBIKeH s BoAbL. OCHOBHBIC 3aKOHOMEPHOCTH IOTJIOMIEHHS BOJBI KIIETKOM:
B3aMMOCBS3b MEX/y H3MEHEHUSAMH BOJHOIO TOTEHIHANa KIETKH, BOJHOTO MOTeHIHANA
pacTBOpa M BOJHOTO IOTEHLMAna JapjieHuA. AKBAOPHHEI (OCTKH BOIHBIX KaHaJIoB), HX
CTPYKTypa, TPUHIUI pabOThl. AKBANOPUHBI IUTa3MAICMMbl W TOHOIIACTA, WX pPOIb B
HO/IEPKaHUA BOJHOTO Oamanca BOIBL.

TpancropT Boisl Mo pacTeHuio. KopeHp Kak OCHOBHOH OpraH nornor.uemm BOJIBI.
MexaHu3M paauanbHOr0 TPAHCIOPTa BOILI B KOPHE. Pone pusomepmsl W 9HIOAECPMEL B 3TOM
rporecce. IIoCTymieHHe BOIBI B COCYIbI KCHIIEMBL. Kcunema — OCHOBHAsS TPaHCHOPTHAS



MATHCTpalb /IBHIKCHHS BOAHOTO TOKA B CHCTEME «TI04BA — pacTeHHe — aTMocepay.
XapakTeprCTHKA KHHKHETO» H (BEPXHEroy JABUTATENeH BOTHOIO TOKA. KopneBoe marnenue.

Beigenenue Bonpr pactendem. yTTamms,, «mwraqy pacteHui. TpaHCnupanust ¥ ee poik B
KH3HH  pacTeHuil.  KonmuecTBeHHBle — mokasaTenu — TpaHCHHpALuu: UHTEHCHBHOCTE,
[IPOAYKTHBHOCTb, ~ TPAHCIHMPAUMOHHBIA  kodQduiment. Vereuupas W KyTHKyJISpHAS
Tpancnupanus. CTpOCHHE YCTBUIl y JBYHOTBHBIX M OHOMAONBHEIX PACTEHHM, MEXaHH3M
YCTBUYHBIX ABIKEHHi. Biusuue BHenmHuX (GakTtopos (CBET, TeMIEpaTypa, BIAKHOCTH BO3/yXa,
TIOYBBI) HA MHTEHCUBHOCTD TpaHcnupanyud. CyTodHbIE KoneOanus TpaHcnupanuu. Perynsropnas
POJIb YCTRUIL B BOJO- B razoo0MeHe.

Okonorus BojooOMeHa pactenuil. OcoGEHHOCTH BOLOOOMEHA Y pacTeHHil pasHbIX

9KOJNOTHIECKUX IPYHI (KCepouToB, Me30(UTOB, THIPOGHUTOB, ranodHTOR).

6. MunepanbHoe NHTAHHE

IlotpeGHOCTE  pacTeHMii B 9JIeMEHTAX MMHEPANLHOIO IIHTAHHS. Conmepxanne u
COOTHOIICHHE MHUHEPAIBHBIX JIEMEHTOB B [I0YBE M PACTEHUSIX, KOHIEHTPUPOBAHHE IIEMEHTOB B
TKaHsAX pacTeHus. DYHKIHOHATbHAS KIACCH(HKAIHS HIEMEHTOB MUHEPAILHOTO IIUTAHHS,

Kopers kak opran NOTJIOITEHNS MEHEPAILHBIX 3IEMEHTOB, CIEU(UIECKUX CHHTE30B C UX
YHaCTHEM M TPaHCIOpTa. POCT KOPHA Kak OCHOBA TOCTYILICHHS 3JIEMEHTOB MHHEPAIHHOIO
NUTaHWs. 3HaYEHHE 30H POCTa KOPHs B 3TOM.Iporecce. CHCTEMA B3aMMOIeHCTRIS “KOpeHb -
nousa”. Porms MuKkopu3EL.

Ilormomenne moHoB M mMX mepemBikenue B KopHe. KieToumas cTeHKa Kax thaza mis
ABKeHus HOHOB. [lomsTtue cobommoro mpocrpanctsa (CIT): BOmHOE W JOHHAHOBCKOE CII,
OllEHKa HX pasMmepoB. Mexanusmbl nocrymrenus uoHoB B CII W 3HadeHuwe 3TOro 3Tama
TIOTTIOIICHHSI.

TpancropT HOHOB Yepe3 MeMOpaHBI; NBIKYIIME CHIBI IIEPEHOCA MOHOB. IlaccuBHBIN H
aKTUBHBIA TPAHCIIOPT HOHOB. YpaBHeHue Heprera.

I'pajueHT 271€KTPOXMMHYECKOrO MOTEHIHANA HOHOB BOZODOJA - 9HEpreTHyecKas OCHOBA
AKTHBHOT'O MEPEHOCA HOHOB Yepes3 IlasManeMMy. Pasnudus sHepreTHky aKTHBHOTO TPAaHCIIOPTa
MOHOB DACTHTENBHOH M KHBOTHOH kierok. H-AT®dasa masmanemmbl, ee CTPyKTypa,
GysxnuonupoBanue u perynupopanue. 14-3-3 Genky. Jpyrue nOHHBIE HACOCHI, EHCTBYIONIHE
Ha IiasManeMme. BTOPHYHEIH aKTMBHBIA TPaHCIOPT HOHOB. BeJKH-TIEPEHOCUHKH HOHOB
(mopreper). Kunetndeckuii MOAXO/ i TEOPHUs MEPEHOCUHKOB. Y paBHEHHS Muxasnuca-Menten;
MCHOMB30BAHHE Viax U Ky U1 XapakTepPHCTHUKH TPaHCIOPTHBIX CHCTeM. VOHHBIE KaHAIBI
pacTeHuit; 00Ias XapaKTepUCTHKa UX CTPYKTYPhI, GYHKIMOHMPOBAHHS H PETYIISIIHH.

OcobenHocrr TpaHcHOpTHEIX cHcTeM MeMmOpan Bakyonmu u DP. H-AT®asa V-tuma,
mpodocdoTasa.

Monemn moCTyIUICHAS. HOHOB B KOPEHB, TPAHCIOPT MUHEPATLHBIX BEINECTB B KCHIEMY.
ATNONIaCTHBIA ¥ CHMIUIACTHBIN IyTh. Pons mmasmozmecM u DP. BsaumoneiicTeue n perysius
CHCTEM TPaHCIIOPTA HOHOB U3 CPE/Ibl B KOPEHb U 3arpy3ku Kcumemsl. Criennduka paguansHOTo
TPaHCnopTa MUHEPATBHEIX 37eEMEHTOB. CuHTeTHYecKas QyHKImsA KOpHs. CBA3b HOCTYIICHHS U
MPEBPANIEHHs MOHOB C MPOIEcCaMy [bIXaHUA. Peryisuus IHOCTYIUICHHS HMOHOB Ha yPOBHE
LIEJIOTO PaCTEHHUS.

6.1. Poite MakposieMeHTOB.

Asom. OcobennocTu a30THOro oOMena pactedHuil. McToynuku aszota s pacTeHwmit.
Munepanbapie GopMBI a30Ta, UCHONB3YEMbIE PACTEHHAMH. DOU3NOIOTHUYECKHE OCOOEHHOCTH
MOCTYNIECHHS. W BKIIOYCHHS B OOMCH aMMMAaYHOIO W HUTPATHOIO a30Ta. XapaKTepHCTHKA
CHCTEM TpaHCIIOpTa HUTpaTa i aMMoHus. Brinosas cnennduxa ycBoenus pasubix Gopm azora

CumbuoTuueckas (QUKCAlMsI MOJNEKY/ISPHOTO a30Ta: MEXAHM3MBl BOCCTAHOBJICHWS,
HCTOYHMKM SHEPTHU X BOCCTAHOBUTENHU. XapakTCpPHCTHKA H QYHKIIMOHUPOBAHHE HUTPOTEHA3HI.

Boccranosnenue HuTpatoB pacTemmsiva. Hutpar- W HHTpHTpeyKTaza: CIPYKTypa
(bepMeHTOB, JOKANM3AmMS, PETY/IALHs aKTHBHOCTH M CUHTe3a. KOHCTHTYTHBHAS u



uHAyuuOenbHas HATPOTeHa3a. DTarbl BOCCTAHOBICHUS OKUCIIEHHOTO a30Ta W WX PEryJysius B
KJIETKE i1 Vivo.

AnpTepHATUBHEIE IIyTH YCBOSHHUS aMMOHUIHOIO a30Ta; JOKAIH3ALUUA Peakiliii B KIETKE H
XapaKTepPUCTUKA bepmenTOR (rmyTamataeruqporeHassl, TITyTaMHHCHHTETA3H,
rIyTaMaTCUHTa3bl). ACCHMWIISIIMS a30Ta B XJOpolulacTte, CBsi3b ¢ ¢orocunresom. llytn
YCBOEHUS BOCCTAHOBIIEHHOTO a30Ta Y 6000BBIX. Y pensibl.

3amacHeIe W TPAHCIIOPTHEIE (JOPMBI MEUHEPAIFHOTO W OPraHMYeCKOT0 a30Ta B 3aBHCUMOCTH
0T MCTOYHHMKA a30THOTO MWTaHusA. Hakomnenuwe HUTpaTa B TKaHAX M ero myiasl. KpyroBopot
a30Ta 110 pacTEeHHIO, PEYTHIIH3ALIUS a30Ta.

Cepa. Tlocrymienue cepbl B DAacTeHHE, PEaKIMHM BOCCTAHOBIIEHHS M aCCUMHIIALINH,
amenosuadococymspar  (ADC)  docdoanenosundochocynppar (PADC). OcHOBHBIE
COCJIMHEHHS CEPhl B KIETKE, y4YacTHe B OKUCIIUTEIbHO- BOCCTAHOBUTEIBHBEIX pEAKIUSAX.
['nytatnon, THodeppemoxcuH, ¢GuroxenatuHsl, uX GyHKIUM y pacteHuid. Opranuueckue
COCOHHCHHMA OKHCIICHHOH CCPHI.

Docghop. Dopmel MuHepanpHOro Gocdopa B TKaHIX, HX copepkaHue M (QYHKIUH.
Ocobennoctu mocrtymienus docdopa W TpaHCIoOpra ero coeauHeHWH B pacTeHHH. DopMel
muHepalibHoro docdopa B Tkausx, ux Gyaxnun. Ocnorueie Gocdopcoaepkaniie KOMIOHEHTHI
KJIETKH, HX poib. 3anacHblie popmer hocdopa. KommaprmenTauus coenuaeHnit gocdopa. Pons
docdopa B peryInpoBaHUH aKTHBHOCTH (DEPMEHTOB.

Kanui. Coyepixanue U pacupesielieHue Kalus B KJIETKE, TKaHAX U OpraHax pacTeHUs; ero
IAPKYJISIHAS ¥ PeYTHIIM3AIMA, XapakTepucTuka cucteM Tpancnopra K ux Gyskuuy B pacrenum.
Poms K™ B mojuiepkanuu notennuana na Mmembpanax. Kanuit 1 ToMeocTas BHYTPHKIETOUHOH U
TKaHeBOH cpeanl (womHbId Oamanc, pH, ocMoperymamnusa, rugparauus U KOHGOpPMAIUs
MakpomMoJiekyt). Pons xanus B peryisinuu GepMEeHTHBIX CHCTEM,

Kanvyuil. Haxorenne, GopMbl COAMHEHUH, OCOOCHHOCTH TOCTYIUICHUSA W TIePEMEIICHUS
Ca”" no pacrenno. KormenTparust u pacnpenenenue Ca * B crpykrypax kierkd. CHrHambHAs
ponb Ca*, XapakTepucTUKa MeMOpaHHBIX CHCTeM TpaHCIopTa Ca®*, ocoGennoctd ux
perymsius u pois B hpopmupopanun Ca’ -curnana. CTpyKTYpHAs pOlb KATBIS B KIETOYHON
CTEHKE.

Maenuii. Coepkanie ¥ COSMHEHUSI Marius B TKaHIX pacTeHui. 3amacHeie hopMEbI Mg2+,
ero peyTHIM3ANMs M IepepacupeneNeHMe B pacTeHud. 3Hadenme cBsm  Mg''c
anenosunpocharaMu U PochOpUIMPOBAHHBIMU caxapamu. DYHKIMKA Maraus B (OTOCHHTESE.
Maruu#i kak axTuBaTOp (EPMEHTHBIX CHCTEM; poONb B CcHHTe3e amuHoanmi-TPHK u B
(YHKIAOHUPOBAHUH pHOOCOM.

6.2. MHUKpPODITEeMEHTEL.

CrolicTBa TSKEIBIX METAIUIOB, onpejaensionye ux pois B 3TL] doTocuHTesa 1 apIxanus u
IPYTHX PEIOKC- PeaKITHIX.

7Kene30: NOCTYNMHOCTh B IOYBE, BATEHTHOCTH NOIIONIaeMON (OPMEI, POIh MHKOPH3EL
OcobeHHOCTH IOCTYIIEHHS JKejle3a y JABYAOIBHBIX M OJHOJONBHBEIX pactenuit. CoeauneHns
JKelesa; paclipelieleHHe 110 KOMIIApTMEHTaM KIeTKH W B pacTeHuu. KoMIUIeKChl jKene3a B
Oenkax pelokc- 1enei u npyrux hepmenTax.

Meow: Conepxanue W pacupejleiieHde B KIETKE W TKAHAX. YYacTHe B OKHCIIATENLHO-
BOCCTAHOBUTENLHBIX Ipoleccax IbpIxanus W dorocunTesa. OYHKIHHA IHTO30JBHEIX OKCHJIA3
(acxop0ar-, GheHoI- ¥ AHAMUHOKCH/IA3).

Mapeaney: AxTHBHpyeMble MM (EPMEHTHBIE CHCTEMBI, €ro CHelH(PHUIHOCTH, Kak
xoakropa. Pons Mn*" B dyuximonnposanuu ©C-2.

Monu6oen: TloTpeGHOCTE B AJNIEMEHTE; €ro 3HAUEHHE JUIA IPOLIECCOB YTHIM3AlMH a30Ta
cpenbl. MonTepuH B QYHKIIMOHMPOBAHHE HUTPOTEHA3Hl H HUTPATPEIYKTA3EL.

Hunk: CTpyKTYpHas poJib B IIOAAEPKAHUH (DEPMEHTHONW aKTUBHOCTH U TIPH CHHTE3€ Oelika.
Zn-copepxamue GepMeHThI: Kapboauruipasa, cynepoxkcuaguacemyrasza (COJI).

Bop: xomnapTMeHTalus B KIETKe; (GOPMBI COEIUHEHUH. MeXaHH3Mbl YYacTUs B PETYIISIAH
(U3HONIOTHYECKUX NpolieccoB U MeTabomu3Ma. CTpyKTYpHAS POIIL B KJIETOYHON CTEHKE.
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Hapymenns B MetaGonmsme pacTeHuii ipu HeocTaTKe MHKPO3JIEMEHTOB.
OYHKUME (TIOTE3HBIX) 3IEMEHTOB: HATPHIL, XJIOp, KpEMHUH, KOOAJIBT.

7. Haneuuii TPAaHCHOPT H KPYTOBOPOT BEINECTB B PACTEHHH

Tpancnokauus Bemects u3 IUCTHEB B PYTrHe OPraHbL: (I105MHBIE CHTOBHIHEIE ITEMEHTHL.
Cocras Tpancnonupyembix BemecTs (caxapa, aMMHOKHCITOTEL, FOPMOHEI, HEOPIaHHIECKUE HOHET
u ap.). llepensmwxenne GoroaccuMunsTos us Me30(huIIa K cocynam (IosMer 110 anoIacTy u
CHMIIacTy. Mexauusmbl 3arpysku  (GuosMbl  u3  amomiacta u  cummiacta.  Pors
COIPOBOXKAAIOMMUX KICTOK. THI 3arpy3ku (iosMbl y pacTeHHWi pasiIHUHBIX CHCTEMATHICCKUX
TPYDII H €€ 3aBHCHMOCTh OT KIMMATHYECKUX YCIOBUIL, MeXaHU3M MepeBIIKCHHS BEIECTB 0
iosme. Mozens notoxa Boxer oy napienuem. [Iopsl CHTOBHIHON TLTACTHHKN Kak OTKDBIThIE
KaHanpl. CKOPOCTh IEPEABHKEHHA BEIIECTB N0 (JI09ME; HX BHIIPY3KA M3 CHTOBHIHBIX
3MeMeHTOB. Bocxonsammit TpaHcmopr BemecTB mo kcmeme. COCTAB KCHIIEMHOTO SKCyaaTa.
B3auMocBa3b TpaHCIopTa BOJBI M PACTBOPEHHBIX BELIECTE O KCHIIEME. Cxopocrr TpaHciopra
BOJBI M OTJC/IBHBIX BellecTB. BiaumomelicTeue (I0SMHBIX U KCHIEMHBIX TTOTOKOB a30THCTIX
BELICCTB M HWOHOB. KpyroBopor ¥ peyTHIM3alus MHUHEPaIbHBIX BEIISCTB B pacTeHuH.
QyHKUHOHATLHAS POJIb STHX (HU3HONIOTHIECKHX TIPOLECCOB.

8. Pocr m pasBuTHe pacrennit

Ornpezenenne NMOHATHIE «POCTY» U «PA3BUTHE» PACTEHHIL. [IpobGiema pocra u passuTHs Ha
OpraHU3MEHHOM, OPTaHHOM, KIETOTHOM H MOJIEKYISPHOM YpoBHsX. CylecTBOBaHME OpraHu3ma
KaK pasBEPTLIBAHNC BO BPEMEHH I'€HETHYECKO] IPOTPaMMBT; BO3IeiCTBIE BHEITHIX (GAaKTOPOE.

O6mue 3axonOoMepHOCTH pocta. [TokasaTenu pocta, S-06pa3sublit XapakTep KpuBOi pocTa,
€ro assr. KOMIOHEHTBI (KJIACCHYECKOTO» aHaNM3a POCTA M MATEMATHYUCCKUIT AHATH3 1porecca.
Tuner pocra y pacrenmit. Opranusanms MEPHUCTEM KOpHsi W cTebmst. Poct ¥ medrenbHOCTE
MepucTeM. Kierodnsie ocHoBEI pocTa. Poct pactenuit u cpena. Brusue TEMIEPATYpPHl, CBETA,
BOZBL, Ta30BOTO COCTaBa aTMOCGHEpHI, ONEMEHTOB MMHEPAIBHOTO IMTAHHS HA POCTOBBIE

IIPOLIECCEHL.
JKusHeHHBIH MUK BBICINMX pacTeHuil. OCHOBHBIE 3TAlBl OHTOICHE3A (sMOpHUOHATTHEHBII,
IOBEHUIIGHBIH, — PENPOAYKTMBHBIN,  3DENOCTH,  CTapeHus), WX MOpP(OJIOTHIECKHE,

usmosornyeckne u meraGomuueckie ocoGeHHoCTH. COCTOSHHE MOKOS y pacteHuit. Twumsl
TIOKOsl M MX 3HAYCHHE JUIA XKU3HEASSATEIIbHOCTH PACTEHMIA.

Mexanusmer Mopdoreresa pacrennit. ITonsprocTs. MHAYKIMS TreHeTHYECKUXK [Iporpamm,
MOP(OreHeTHYECKHE [PAIMEHTEl H OPHCHTAIMS KIETOK B npoctpancTse. llemoctHoCTs M
KOPPEJIATHBHOE B3aUMOJCHCTBHE OpPraHoB. Perenepanys.

["opMoHanbHas peryJsist pocTa U pasBUTHS PACTEHHI.

Ayxcunor.  buocunTes, 006pa3oBaHHe KOHBIOIATOB, Jerpafgalus ayKCUHOB. AKTUBHBIH
TPaHCTIOPT aYKCHHOB B pacTeHHsX. DH3HONOrMYECKHe OTBETHI HA AYKCHHBL ATTPArHpPYHOIMH
3bdexT, pacTsHkeHHE KIETOK M TPOIM3MEL Iu(depeHIMPOBKa KICTOK 1107 JIEHCTBHEM
dyKCUHOB, allMKalbHOE NOMHHUPOBAHHE, aKTHBH3ALMS NETCHHN KIETOK KaMOHs, PH3OICHEs.
AYKCHH KaK TOPMOH CTe0IIEBOro anekca.

Lumoxununer.  buocuntes, o6pasoBaHue KOHBIOrATOB, Jerpajalius  [UTOKHHHHOB,
Qu3HONOrH4eCKoe AEHCTBHE: aTTPAarupyrommii SOheKT, CTUMYIHIHA KIETOIHEIX JIETIeHui,
i depeHUUpoBKa 1101 ACHCTBHEM THTOKHHHWHOB, CHATHE ANHKAIBHOIO JIOMMHHUPOBAHHSA C
OoKOBBIX TI04eK. [[ATOKMHUE Kak TOPMOH KOPHEBOTO arekca.

BsaumonelcTBHEC ayKCHHOB M IUTOKMHHHOB. [[0HATHE 06 aHTATOHH3ME M CHHEPTH3ME.
l'opmonanbhpiit Gamanc B pacrenuu. KymsTypa in vitro kak Momens s U3YYEeHH
ropMoHaibHoro 6anasca. Ilomnepixanue ropmonansroro Gananca 3a CYeT pereHepaluu TOUEK
CHHTE3a ayKCHHOB M IUTOKMHHHOB. baxkrepuu, WCHOMB3yIOIME HapylleHHe TOPMOHATHHOTO
bananca Mexy ayKCHHAMU U LHTO-KUHUHAMH (Agrobacterium tumefaciens, A. rhizogenes).

T'u66epennunvi. ITlytn OmocuHTesa W MHOroOGpasue THGGEPEIIHHOB. O6pazosanue
KOHBIOTaTOB U feTpafanus. GH3HOIOTHISCKOE JEHCTBIE THO6EePEITHHOB: pacTshHKeHue KIETOK B
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AKTHBM3AIMs MHTEPKASIPHBIX MEPHUCTEM, 0Opa3oBaHHME LBETOHOCOB, IPEpHIBAHHE IOKOS H
CTUMYJIAIMAS POCTOBBIX IMPOLECCOB. DHIOTEHHBIH ypoBeHb TI'MOGOEpEVIMHOB M JTMHA I(HS.
['nOBepeiHer Kak ropMOHBI NHCTheB. KapiuKOBOCTh, BBI3BAHHAS HAPYIICHHSIMH CHHTE3a
rubbepennmiaoB. BaanmozelicTBrE ¢ IpyruMH rOpMOHAMH. .

Abeyusosaa xucnoma. Iyt Guocuatesa ABK B pacTenmsx u B rpubax, ee MeTaGOIH3M.
Du3HoIOrHIecKoe ASHCTBHE: OCTAHOBKA POCTA, MOJTOTOBKA K COCTOSIHUIO IOKOS. AKTHBH3ALIHS
CHHTe3a 3amacHbX BemecTB. ABK kak ropmon abmornueckoro crpecca. Ctparerds oTBeTa Ha
3aCyXy, IIOHIDKEHHUE TeMIepaTypsl, 3aconeuue. Poims ABK B MHAYKIMK 3alIUTHBEIX IPOLIECCOB
(CHHTE3 OCMOIPOTEKTOPOB, HOTHAMHHOB, OeNKOB-IIAMMPOHHHOB; 3aKPHIBAHHE YCTHHIL,
JIMCTOTIA]], BBI3BAHHBIA JE(HUMTOM BOJBI; CO3PEBAHHME CYXHX IUIOMOB M CEMSH).
Bsaumoneiictsue ABK u rubbepeiiiHoB B Iporeccax perysiiu HOKOs.

Omunen. buocunres ostunena. Crenuduxa oJTUaeHAa Kak Tra3000pasHOTO IOPMOHA.
Du3ronorKyecKoe JCHCTBAE: TPOHHON OTBET NPOPOCTKOB HA 3THJIEH. DTHJIEH KaK TOPMOH
MEXaHH9eCKOro u OmoTmyeckoro crpecca. CuTyauunm OHOMEXAHMYECKOTO BO3JICHCTBUS:
TIOBPEIK/ICHUE HACEKOMBIMH W KPYIHBIMH TPaBOANHBIMH, (HTONATOrEHHBIMH TpUOAMH.
Crparerus orsera Ha Ouormueckuit crpecc. Co3peBaHME COUHBIX IUIONOB W JIMCTONAM B
YMEPEHHBIX IIMPOTaxX KaK IOJTOTOBKA K MEXaHM4YECKOMY cTpeccy. Ponb sTuiena kak “ropmona
TpeBorH” B OMOuEHO3aX. BsaummopeicTBHe STHICHA ¢ AyKCUHAMHM M JPYTHMH TOPMOHAMH.
MyTrauuu, noppexnaromue 6HOCHHTE3 ITHIICHA AITH €70 PEIEIHIO.

Pezynsmoper  pocma  pacmenuil. BpaccMHOCTEPOUIBI: OHOCHHTES, MHoOT000Opasue.
Ouznosnorudeckue 3hGeKThl: pacTsIKEHHE KIETOK, POIb B naddepeHnupoBke Me3ohuiIa,
JKacmoHnoBast kucnora. buocuntes u ¢usmonoruueckne sddextr. MecTo KACMOHATOB B
perymsitige  orBeta. CxXoncTBO 0TBeTOB Ha kacMoHar ¥ Ha ABK. Cammmmnar u Ipyrue
(enonmbrbIe coenuuenns. BosmoxkHas poib B peryisupd TEPMOIEHE3a, OTBETa Ha BUPYCHYO
MH(EKLMIO, IBeTeHnH. B3auMozeiicTBre ¢ Apyrumu ropMoEaMu. OIHrocaxapuHeL.

Pomopezynayus.  y  pacmenuii. OCHOBHBIE TPUHIMIGL  (OTOpeLenuud. OTiuyme
(hoTopenenTopHBIX KOMILIEKCOB OT dHepronpeodpasyomux. OU3HONOTHIECKH BaKHEE 061acTH
CIIEKTpa: KpacHas ¥ CuHssA. DUTOXPOM U KPUIITOXPOM.

Ouroxpomuas cuctema. CreKTpanbHBIE CBOKCTBA MONEKYIEL DTAITBI npespamenust Ph, -
Phy: msmeHenus B cTpykType xpomodopa ¥ amomporera. |'eHEI, KoJupyromue OHOCHHTES.
@Dutoxpom A u B: cxometBa W orTimuMsa. DOHIMONOrHUIECKHE peakiiiy, OIoCpeIOBaHHbIE
(HUTOXPOMHOH CHCTEMOIi: CBETO3aBHCHMOC TPOPACTAHHE, JEITHONSINS, CHHJIpOM H30eraHus
Tenn. K/JIK-o6patimocts. DHTOXpOM Kak «BXOMHBIE BOPOTAY» JUIf (boToneproarnueckoro
CHTHAJIA.

Crpyxrypa kpuntoxpoMmoB. Mcrons30Banme MYTAHTOB JUTS HCCIIEOBAHUS KPUITOXPOMA.
OtTBeTsl Ha CHMHHI CBeT: pasrMOAHME AMUKANGLHON METelbKH IPOPOCTKOB, (OTOTPOIHM3MEL,
YCTBUYHBIE JIBUKEHHMS,

CrcTeMb perymanun GUSHONOTHYECKHX IPOLECCOB.

Cemb nymeii nepedawu cuenanra 6 wiemre. Bocnpusitue Bo3melicTBUE M cHTHATBHBIX
MOINIEKYJL. PenenTopsr CrumMynoB U ropMOHOB, MX JIOKAMH3AIMS. POMb ILIA3MATEMMEL [lepenaya
CHTHaa. B3anMoeiCTBre PelenTopoB ¢ MOCPEHHKAMH, EPEAOTIEMU CHIHAL Bropuunsie
NOCPEHUKM mnepefaun curuana (pochommmaza C2F UAM®, wunoszuton-3-gocthar m mp.).
Ydactne Kanmbnus B Nepefaue curhana. Poib kanemonymua 1 Ca”-CAM kominexca B
dbopmupoBanuu OTBETHON peakIu. IIpoTeMHKHHASEI, 3HAYEHHE PEaKIHH tdochopunuposanms/
nebochOpUTHpOBaHS B PEryiSiUM AKTMBHOCTH (epmentoB. Creunuka mepenauu u
(bopMupOBanus OTBETA HA OIpE/ICICHHEII CTHMYIJL

Domonepuoousm.  DeHOMEHONOTHS doroneprommama:  nBerenwe  w TPYIIIIBI
(oToneprOTIECKIX pacTeHuit, peryssLus jmcTonana, o0pa3soBaHMs IIOYEK, IEPEXoja K
COCTOSHUIO 1OKOA. Bocmpuarne mumnbl gus:  sddekr OPEPBIBAHKMS  HOYM, (GUTOXpOM,
BHYTPEHHHME 4achl. ['opmMonanbHas Teopus mperenus Yaiimaxsua, VaMeHeHus IOPMOHAJILHOT'O

Oamaxca, IpUBOMSIHE K (DU3HONOrHYECKOMY OTBETY Ha (ortonepuos. Perynsums paspurus
KJIMMaTHYeCKUMU (haKTopammu.



Bryrpennne putmMbI passuTist pactenuil. [lepuosuueckue SpieHus B puTMax opraHoreHesa
U pocra pacTenuit. [lupkagmbie puTMmEl, MexaHusM ux obpasopanus. Hacrpoiixa HHAPKa/THBIX
puT™MOB  poromeprosiom. Ilmactoxpon. KoppekTHpoBKa BHYTPEHHHX pHTMOB pa3sBUTUA
BHCIIHMMH KJTHMATHICCKUMH (aKTOpaMH: 3acCyXOil, IOHWKEHUAMH TeMIepaTypsl. [ iyGoxwmit
(busmonoruyeckmit) MOKOH M BBHIHYKIECHHBIH MOKOL. Temmeparypa u passuTue pacTeHHIA.
ABnenust crpaTH(UKalEK U SPOBA3AIMM KaK SKOTOrHYecKas afanTanus., [ OpMOHAILHAS TEOPHS
BEpHAM3ANMK pacTeHuid. [IpepeBanue TIy60KOro IOKOS MOHIKEHHBIMHM TEMIEpATYpAMH:
[POpacTaHue CeMsH, BBIXOJ [TOYEK U3 COCTOSHUS [OKOS, [IBETEHHUE.

OMOpHOHaNbHOE pasBuTHE. PasBuTHE 3apoibima y JBYNONBHBIX DACTEHHit B HOpMe.
WcronpsoBanMe MyTaHTOB [iisi W3YYeHMs MEXAHH3MOB DAsBHTHS 3apojeima  Myranuu
HapymIafo1e pasBUTHE KOPHEBOIO ¥ CTEOIIEBOIO AameKca, CyCIIeH30pa, HEKOTOPHIX CIIOEB
TkaHeH B 3aponsimax. Comarmyeckuit sMOpuoreHes, (akTopsl, BIMSIONME HA HHIYKIHIO,
oOpasoBanue U GopMUPOBaAHKE 3aPOJIBIIEH i1 Vitro.

[Ipopacranue cemsH. I'opMoHansrEI Gananc mpu npopactanuu cemsa. Otaomenne ABK/
rubbepeminbl. MyTanuu cuntesa ABK u otseta. CBA36h TOPMOHAIBHOTO cTaryca CeMEHH ¢
OMOCHHTE30M IPYrUX BEIECTB.

Perynsaums BereratmBHoro pocra pactemmil. Poct kopHs. Pomb (hUTOrOPMOHOB.
Hnddepenunpoka KopHEBEIX BonocKOB. Cepus MYTAHTOB C HAPYLICHHAMM WHHIHATMH ¥
SJIOHTallMH KOPHEBBIX BOJIOCKOB, (POPMBI BOTIOCKOB. MyTalliu, HAPYMIAIOIIHE TPaBHTPOIIH3M.

Pocr moGeroso# cucremer. YeraHoBleHRe (uoTaKCHCa TP TIPOPACTAHHA ceMeHH. Porrs
(utoropmonos. Myramuu apaGHIONCHCA C H3MEHCHHBIM PA3BHTHEM BEr€TATHBHOTO AleKca.
Poct nmcra. Poms ¢uroropmonos B sakmaixe u passutum mucta. CBs3h PasBHUTHS JHCTA W
MEpHUCTEMEI 11obera.

Perynsinus renepatuBHOrO pasBuTHs pacTenuit. UHAYKIMS 1 5BOKAIMs 1BeTeHus. Pa3BuTHe
couseruii. PanHee reHeparTWBHOE pasBHTHe, IO3HEE TI€HEPATMBHOE DPAa3BHTHE, DPA3BUTHE
userkoB. HopmanbHoe passutue nperka. Mozens «Boiukl mosummity (ABC). [enermueckue
¢byuxoun A, B u C. CemelicTBa reHOB, comepxamux MADS-noMen.

IIposiBniennst mona y pactenuii. CamonecoBmectumocts. I'etepomophuas u roMmomMopdHast
CaMOHECOBMECTUMOCTh. CHOPOMHTHBIM ¥ TaMeTO(GHUTHEIH KOHTPOIh CAMOHECOBMECTHMOCTH.
Peryisups nona. JKusHeHHble IUKIBI pacTeHHH. YCIOBHS MHHEPATHHONO IUTAHWS, BO3pAcCT,
TOPMOHAJIbHBIA CTATyC KakK (DaKTOphl, BIUAIONIME HA ION pacteHuid. IIoMoBEIE XPOMOCOMBL
MyKckue U JKEHCKHE IIBETKY Y OTHOIOMHBIX PACTEHMUI.

9. YeroiitunBocTh pacTennii kK He6aronpusaTHLIM GakTopam

Crpecc u ajjantanms — oburas XapakTepucTHka sBieHui. HeGmarompustHbie dbaxTopsr
Omornyeckod W abuoTHueckoi npupoasl. OTBEeTHBIE peakuuH pacTeHuil Ha AcHCTBHE
cTpeccopos. Crenmpudeckne u Hecneuuduyeckue peakuud. llpuposa HecrmelnubUIECKHX
peakunii. CrpeccoBrie 6enkn u ux GyHKIHH.

Boonwiii oegpuyum. Knaccnduranms pactenuit o ux ycroituusoctu k 3acyxe. Keepodurst.
Croco6HOCTb pacTeHuil MOUIEPKUBAThH BOAHEIA TOK B CHCTEME: T0YBA-PACTEHHE -aTMochepa B
ycnoBmsX 3acyxu. DakTopel, 06ecTeyMBalONIie ABWKEHHE BOIBI M3 MOYBHI B PACTCHHE U B
armocdepy y kcepopuros. OCMOTHUECKHH M IHAPOCTATHYECKUH MOTEHIMAIE Y PasHBIX IO
3aCyXOYCTONYHBOCTH pacTeHHM. Peryyiaims 0CMOTHYECKOIO MOTEHIIMAIA JABIECHHS ¢ TOMOIIBIO
OCMOIMTOB. XHMH4YECKas IpPUpOAa H OHOCHHTE3 OCMOJIHTOB. IlpoTekTOopHAsS (YHKI[HA
OCMOJIMTOB. 3aluTa OENKOB B yCIOBUSX JErHAPATAllM MATOTIIA3MbL. IIPOTHH U MOIHONIBI KaK
BayKHEHIIHE IPOTEKTOPBI OenKoB. [TomraMuHbL ~IIPOTEKTOPB! HYKIEHHOBBIX KUCIIOT. BeTauHs! u
MX 3alATHBIE QYHKIMH. BeTKy, CHHTE3UPYIOIIUECS B yCIOBHAX JAeruapaTanun. X samurHas
ponb. C4 1 CAM- Tune! mMeTabo/M3Ma Kak CHCTEMBI S9KOHOMHH BJIATH Y 3aCYXOYCTONUMBBIX
pacTteHuii.

Buicokue konyenmpayuu coneil. THIBI MOYBEHHOTO 3aconenus. [anobuTe 1 TTIMKO(HTEL
[ToBpexatoriee felictBre cofelf. AnanTalys pacTeHHii K OCMOTHYECKOMY M TOKCHYECKOMY
nedicTeuio conert. Croco6sl moanepkanue 0OBOAHERHOCTH. OCMOPEryISTOPHAS M IIPOTEKTOPHAS
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yuknuu  ocmonuros. IlpotekTopHbie Gerku (IIB), cunTe3mpyrommecss B pacTeHHSX IIPH
conesom ctpecce. Munykuus Omocuntesa 15 BHICOKMMH KOHIEHTPAIMSIME COTEH. QOyHKIIUH
IPOTEKTOPHBIX OenkoB. CHCTEMBI MOHHOIO I'OMEOCTATHPOBAHMS KIETOK. KommnaprmenTtars
HOHOB, PpONb BaKkyond. Pome miasManmeMMbl M TOHOMIACTA B IOUICPKAHHA HHU3KHX
KOHIeHTpauit Na' B ruromnasme NpH 3acojieHuH. Na -TpaHCIOPTHPYIOIHEe CHCTEMBI W HX
cBoficrea. JlansHuit Tpancnopr Na' (ypoems wnermoro pacrenus). Crparerus wu3bexanus
HAaKOIICHAS. MOHOB B aKTHBHO MeTadOJM3MPYIONMX TKaHSX W TEHEPATHBHEIX OpraHax B
YCIOBHSX 3aCOJICHHUS.

Ixcmpemanvuple memnepamypel. PacTeHHs Kak 5K30TepPMHBIE opra"usmel. TeMneparypHsie
aJlanTallid, CBA3aHHBIC C M3MEHEHHWEM coaepKaHus (EPMEHTOB B KIETKAX W WX
U30(EPMEHTHOTO ~ cOCTaBa. AjanTanuu, OOECIEUMBAOIIHE  TOCTOSHCTBO KM npu
TEMIICPATypHBIX  c/iBUTaX.  CTPyKTYpHBIE — TIEPECTPOHKH  KIETOYHBIX MeMOpaH  mpH
TEMICPATYPHBIX aJ[anTainuaX. Poib u3MeHeHus XMMHYECKOr0 COCTaBa JKHPHEIX KHCIOT M
COOTHOIIECHUS HACBIEHHBIX H HEHACHINIEHHBIX XUPHBIX KHCIIOT B 0OecIeueHHH He0OX0qMMOR
TOBHKHOCTH JIMITHIAHOrO Oucinos MeMOpaHBl IIpU TEMIEpaTYpHBIX ajanTtaiusx. V3Menenue
BASKOCTH JIMIIMJOB M PEryNAlMA aKTUBHOCTH JIOKAIM30BAaHHEIX B MeMOpanax (epmeHToB. Pos
u QyHKnEs JecaTypas B H3MCHEHWH WHIEKCA HEHACHIIEHHOCTH KUPHBIX KHCIOT IIPH
TEMIIEPATYPHBIX ajialTalHsX.

TonepantrocTs pacTenmii x 3amopaxusanuio. IIpenoTBpameHue obpa3zoBanus Ibia B
Kietkax: 1) myrem wux oOe3BoKHBaHMS B XO#e (OPMHPOBAHHS KPUCTALIOB Jbaa B
MEKKIETHUKAX; 2) 1yTem OuocHHTe3a OMONOIHYECKHX aHTH(PH30B. XHUMHUECKAs npupoa
Guosornyeckux aHTH(GPU30B. MoneKyIsapHbIE MEXaHU3MBI X JEHCTBHS. Huskomonexynsapasie
KPHONPOTEKTOPLI. 3aKallka pacTeHui. V3MeHeHHs, IPOUCXO/IAIHE B PACTHTEIHHOM OPIaHU3Me
B XO/Ie 3aKaJIK{. MexaHu3Mbl OBBIIEHHS MOPO30yCTORYMBOCTH IIPH 3aKaJIKe.

Axmusuposannwiii kucnopoo. Axrtuusie Gopmbl kucrnopoma (ADK): CYNEPOKCHIHBII
pamuKall, TUAPOKCUI- pajMKajl, CHHITICTHBIA Kuciaopoa. Mexanusmel ux oGpasoBanms. Bxian
orocunTeTnaeckoi u gprxarensroift DTL] B reHepamuro CyIepOKCHIHOTO panukana. Poib
BBICOKOH MHTEHCHBHOCTH CBETa B nepeBoccTanosnenroctr JTI] x1opommacTor u o6pasosanun
CYNCPOKCHIHBIX pajukanoB. l'enepauus ADK mpu crpeccax. Tokcuueckoe jeiicrene ADK:
CTUMYJIALHAS IIEPEKUCHOTO OKUCTEHHUS IAIMIOB.

Mexanu3smbl sammThl pactennii or u3dsitka A®K. Ilytu mpenoTBparnenus obpazoBaHus
A®K B KneTkax pacTeHuil. AHTHOKCHIAHTHBIC CHCTEMEI KIIETKH: ackopdaT - IIIyTaTHOHOBBIH
OUKI, 0CTO  KO(Gepon. AHTHOKCHIAHTHBIE (DEPMEHTATHBHBIE CHCTeMbL.  CeMeifcTBO
CYMEPOKCUATHCMYTa3. ACKOPOATIepOKCHIa3a, KCAHTODMIIIBHBIHA UK | JIp.

Anoxcus u eunoxcus. Pactenus, ycTodduBble K HEAOCTATKY KMCIOpoa. Pomb rimkommsa B
ajanTalii PacTeHHil K HENOCTAaTKy KHCJIOpOjia. AHATOMHYECKHE OCOGEHHOCTH DACTEHHH,
YCTOHYHMBBIX K GHOKCHH ¥ THIIOKCHH - CTPAaTerus m3bexaHus aHaspobuosa. Pojib TOPMOHOB B
ajanTanuu K anaspoduosy. OrseTHas peakius PACTCHHH Ha PE3KOE CHUKEHME COIEPIKAHHS
Kucmopona B cpene. besku, obpasyiommecs B pacTeHMAX B XOJ€ ajanTallié K HEJIOCTATKY
kuciopona. Mx Qynkumonanbnas pons. IIONBITKH IOIydeHHS YCTOHUMBBIX K HEZOCTATKY
KHCI0poAa hopM pacTeHui.

Toxcuunocme msoicenvix Memaniog Uisi PACTEHUH MX HAKOIUICHWE B TKAHAX. MeXaHH3Mbl
SaIllUTBI: KOMIIAPTMEHTAlMS W HAKOIUIEHHE TKENBIX METauioB B Bakyonax u KC, Poms
duToXenaTnHOB. BUmoCHeNH(GHIHOCT: B HyBCTBUTETBHOCTM H yCTOWYHBOCTH pacTeHu# K
U30BITKY U HEJOCTATKY THKEIBIX METAUIOB B cpejie. PuTopeMeramys.

Qumoummynumem. OUTOUMMYHONOTHS KaK COCTABHAS 4YacTh o6l HUMMYHOIIOTHH.
Oynkuun ummynuTera. iMmyruter. J{ByxdasHocTs 0TBeTa pacTenuii Ha BHEJIpEHHE IaTOTEHA:
PacIio3HABAHWC N1ATOTCHA U 3allIUTHAS PeaKius. DNUCHTOPE], POJb IEKTHHOB B pacrio3HABAHMH.
Penentop - smrammHerii THn - B3aEMOCHCTBHs pacTeHHA-X03siMHa MW 1aroreHa. Poms
OJMrOCaXapuHOB B OTBETHOH DEAKIMH DACTEHHS HAa BHEApPeHHe matorena. Hekporpodsl u
OHOTPO(BI — HU3KO- H BBICOKOCTICIMATH3APOBAHHEIE [[ATOTEHEL. JleTepMUHAHTEI YCTOMYMBOCTH
PaCTeHMI K IAaTOTeHaM: aHTHOMOTHYECKHE BellecTBa (UTOATEKCHHET), MEXaHUYECKHE Hapbepsr,
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aykcoTpomsi, peakius CBEPXYYBCTBHTEIBHOCTH M JAp. JleTepMHHAHTHI [AaTOI€HHOCTH
MHKPOOPraHu3MOB: (haKTOphl, CIOCOOCTBYIOIMUE KOHTAKTY MHUKPOOPraHW3Ma H PaCcTeHH,
CYIPECCcophl 3AlMTHON PeakIUM M TOKCHHBL (akTopsl, 0OecrneyuBaiolue NPOHHKHOBEHHE
[aToreHa ¥ €ro NUTAaHWEe BHYTPH pacTeHus; (akTopel, O0OECHEYHBANOIINC I[IPEOAOICHHE
3alTUTHON PeaKI[ui pacTeHHs.

THm ¥ CTENeHbh COBMECTHMOCTH B cHcTeMe: OonbHOE pacTeHue. I'eHeTmdeckas Npupoia
YCTOHYMBOCTH PACcTEHHH K aToreHam BepTuKallbHas U FOPH3OHTaIbHAS YCTORUMBOCTH. Teopus
®iopa «ren-Ha-ren». ConpsbkeHHas 5BOMIONMS PACTEHUS XO35KMHA U MaTOreHa. [Tpuobperenne
BHJIOBOM W COPTOBOH CTEIMAIH3ALHMH IATOT€HOM (MHIYKTOPHO-CYIIpeccopHas MOJE/b Xecca).

Pone BTOpHYHBIX MeTAbOJMTOB B BEPTUKAIBHOH H TOPU3OHTAIBHONW YCTOHYHBOCTH.
Jlokammzanysi CUHTE3a M HAKOIUIEHHS BTOPUYHBIX METabOJIUTOB Ha YPOBHE KIETKH, TKaHH,
oprasa, 1eyoro pactenus. CocTaB ¥ XapakTepUCTUKa CMOJI, CITH3eH, KaMe/t, JlaTeKca. Bremnsis
cexpelss BTOpHYHBIX MeTabomuToB. Crenuain3upoBaHHBIE OpPraHbl CEKPEIUH. CoctaB u
XapaKTEPUCTHKA S(PUPHBIX Macen. XapaKTepUCTHKA JIOKAIM3AMUH CHHTE3a M HAKOIUICHHUS
OCHOBHBIX TPYIIl BTOPHYHBIX META0ONHTOB. 3allMTHBIE (YHKIUH BTOPHUYHBIX COETUHCHUM.
dutoanekcuHsl, J[0Ka3aTenhCTBa SKOJIOTHYCCKUX (DYHKIMH BTOPHYHBIX COSIHHEHUH.

10. BzaumoaeiicTBHe (GU3NOJOTHYECKHX IPOLECCOB, WX HHTErPANHsA M COIJIACOBAHHOE
(GYyHKIHOHUPOBAHHE OPraHOB

JIOHOPHO-AKIENTOPHEIE B3aUMOJEHCTBIS Kak OCHOBA YHI0T€HHOH peryssiuu GoTocunTesa
B CHCTEME PAaCTUTENILHOr0 OpraHu3Ma. MeXaHu3M SHIOTEHHOW PETyJIAIHN B CUCTEME PACTEHHUS:
IIOTOKM YIJIEPO/Ia, HCTIONb3YEeMble Ha CHHTE3 Pas/IMYHBIX COCANHEHHUI U UX PACTIPE/ICIICHUE 110
TKaHAM ¥ opradam. Teopust (OTOCHHTETHYECKOH NPOXYKTHBHOCTH. IlyTH TOBBIIICHUS
5h(EKTUBHOCTH  WCNOIB30BAHMS — COMHEuHOM osHeprum mpu  dorocunTese. JIOHOPHO-
aKIENTOPHBIE OTHOIICHUsSI, PEYTHIN3ALUSI K KPYIOBOPOT MUHEPATbHBIX SJIEMCHTOB B PACTCHHH.
PacnipesienieHue BEIECTB [0 OpraHaM ¥ KOMIIapTMEHTALKs IPOIIECCOB ¥ COS/IMHEHUH B KIETKE 1
TKaHAX KaK CHMCTEMa IIPOCTPAHCTBEHHOM M BPEMEHHOH OpraHu3alud OHOXUMUYECKHX WU
(GU3MONOTMYECKUX IPOIECCOB M CIOCOD PETYNSAIUU HX COINACOBAHHOTO B3aUMOJICHCTBHS H
MHTErPalMH.

CuHcTeMBl Peryisiiiui U X HepapXus B PaCTEHUU.

Perynsuusi pacnpe/ie/IeHUs] pocTa ¥ BEIECTB, a TAKKE B3aUMOJICHCTBHUA OPI'aHOB B LIEJIOM
pacTeHHUH.

CucTeMBl peryisuun: Tpodudeckas, TOpMOHAIbHAS U 31eKTpopusnonorudeckas. [Tonarue
«3ampoc» W IpeAnoNaracMble MEXaHHM3Mbl Iepefadd curHana. JIOHOpHO-aKIEeNTOPHBIC
OTHOILICHHS.

PeryJisinust mpoiieccoB Ha KIETOYHOM ypoBHe. Mertabonurnas peryisius W MEeXaHH3M
KOHTpPONS IIPOTEKAHWsl IIpoTiecca IO IPHHIMIY OTPHIATENbHOH (IIOM0XKUTEILHON) CBS3H
KOHEYHBIMHU IPOAYKTAMHU. AJICHHIATHBIA KOHTPOJIb.

KoMmmapTMeHTanust mpoLeccoB M BEIMIECTB Kak cocod OpraHu3aluy PEeryJidlud IPOIeccoB
B IPOCTPAHCTBE U BPEMEHHU.

BzaumopeiicTeue jbiXxanus W (oTocuHTe3a: OOMEH TMpOAyKTaMH U cydcrparamu.
OcoOeHHOCTH JBIXaTENBHOTO MIpolecca B (POTOCUHTE3UPYIOLIEH KIIETKe.
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O61He mMoaXOABI K ONPEIENIeHUI0 YPOBHS ChOPMUPOBAHHOCTH KOMIIETEHIIMH CTYAEGHTOB
Ha TOCYJapCTBEHHOM 9K3aMEHE CIICIYIOMIHE:

Yposun Copepxarensaoe | OCHOBHBIE NpU3HAKM BbIAeAeHUs ypoBHS | [Istubamis
ONUCaHHe YPOBHS | (KpHTEPUHU OIeHKH chOpMUPOBAHHOCTH) Hasg IKaia
(axamemuye
cKast)
OILICHKA
[ToBpimienn | TBopueckas Branouwaem nusicecmosaujuii ypoeeHo. Ornanyno
BI JIeSITelIbHOCTh Ymenue CaMOCTOATEIBHO upunuMarts | (5)
pelIeHue, pemarh npobiemy/3anaqay
TEOPETHYECKOTr0 WK IPHKIIAHOTO XapaKTepa
Ha OCHOBE H3YYEHHBIX METOJIOB, IIPHEMOB,
TEXHOJOTHH.
Basopsrit [Tpumenenue Brnrouaem nusicecmosiuyjuii yposets. Xoporiio (4)
3HaHu# 1 ymenuii B | CriocobHocts coOUpaTh, CUCTEMATU3UPOBATD,
Oonee  IMMPOKUX | aHATM3UPOBaTB M I'PAMOTHO HCIIONB30BAThH
KOHTEKCTax uHpOpMALIHIO u3 CaMOCTOSTENBHO
yueOHOI U | HAWIEHHBIX TEOPETHYECKUX MCTOUYHUKOB H
npoeccHoHaNbHO | HILTIOCTPUPOBATH AMH TEOPETUUECKUE
W JIeATeThHOCTH, | MOTMOKEHHS WM OOOCHOBBIBATH IPAKTHKY
HEKENn [0 | IPUMEHEHHS.
obOpasny, c
Oonpinei
CTETIEHBIO
CaMOCTOATEBHOCT
W ¥ WHUITHATUBEI
VYnosnerso | PempomykruBHast Wsnoxenne B mpejenax 3amad  Kypea | YIOBIETBO
PUTEIBHBINR | IEATENBHOCTH TEOPETUUECKH " OPAKTUYECKH | PUTEITHHO
KOHTPOJIMPYEMOT0 MaTepuana 3)
Hemocrato | OTcyTeTBHE IPU3HAKOB YAOBICTBOPHTEIFHOTO YPOBHS HEY/IOBIICTB
YHBIH OPHUTEIHHO
@)

CTPYKTYPHBIX €€ 3JIEMEHTOB, PACIIOI0KEHHEIX B JIOTHYECKOH NOCIENOBATCIIBHOCTH,

,I[ononHHTe.m:.Hue KPHTEpPHH OLICHKH YCTHOI'0 OTBETa

Kpurepusmu oueskd chopMUPOBAHHOCTH KOMIETEHIHH Oy/lyT BBICTYNATE CIEAYIOLIHE
KadecTBa 3HAHWH;

-IIOJIHOTA — KOMMYECTBO 3HAHUH 00 n3ydaeMoM 00BEKTE, BXOAAIINX B IIPOrPAMMY;
-ri1yOMHa — COBOKYITHOCTE OCO3HAHHELIX 3HAHUHU 00 00beKTE;

-KOHKPETHOCTh — YMEHHE DPaCKpBITh KOHKPETHBIE IPOSBICHHS 0000IMIEHHBIX 3HAHUI
(oxaszate Ha IpUMeEpax OCHOBHBIE TIOJIOKEHHS);

-CHCTEMHOCTh — IpEJCTaBlIeHUE 3HaHuWH 00 0OBEKTe B CHCTEME, C BBIICICHUEM

-Pa3sBEPHYTOCTE — CITOCOOHOCTH Pa3BEpHYTH 3HAHUA B DA MTOCIIC0OBATECIILHEIX IIaros;

-0CO3HaHHOCTE —

IMOHHMaHHuE

CBSI3€M MEXKIYy 3HAHUSIMHU,

yMeHue

BEIICTIHTE

CYIIECTBCHHBIE M HECYIIECTBEHHEIE CBSI3M, IMO3HAHHE CIOOCOOOB H IIPUHITATIOB TIOJIYYCHUSA

3HAHWUH.

Pesynerars:

KaHJU1aTCKOTO
TOCY/IapCTBEHHOM  5K3aMEHAIMOHHOM KOMMCCHH II0 OKOHYAHUH

SK3aMeHa OOBABIAIOTCS

YCTHO

npenceaaTeieM
3aKpBITOTO 3aceaBus

I‘OC}’,D:EI.pCTBCHHOﬁ OK3aMEHAIIMOHHOW KOMHCCHH, 3aIll0JHEHUS HK3aMEHAIlMOHHOMN BEIOMOCTH,
MOAITHCaHHUA IIPOTOKOIOB.
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