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B ocHOBY HacTosLIel nporpaMmMbl NOJOKEHb] CEAYHOLINE pa3aenbl. OCHOBHbIE KOMITOHEHTbI
pPacTUTENbHOTO OpraHu3ma M ux (GYHKLMHU, pacTUTENbHAs KleTKa, OLoaHepreTuka
PacTUTENBHOTO OpraHu3Ma, GOTOCHHTE3, AbIXaHNE, BONOOOMEH, MUHEPAJIBHOE ITUTAHNUE,
JanbHUN TPAHCIOPT H KPYTOBOPOT BELIECTB B PACTCHHH, POCT U Pa3BUTHE PACTCHUI,
YCTOHYMBOCTb PACTEHHH K HEONaronpHsTHeIM GakTopam, B3aHMOZEHCTBHE NPOLIECCOB, UX
MHTEerpaums 1 corjlacoBaHHOe PyHKLHOHHPOBAHHE OPraHOB.

[Iporpamma paszpadoTaHa SKCICPTHBIM COBETOM BEICIIEH aTTeCTAMOHHON KOMUCCHH TIO
OUOOrHUECKUM HayKaM.

1. O0mue BOIpPOCHI

O6bexTel OMOXUMHHN U PUIHOJIOTHH pacTeHUH — dyKapuoTHueckue GoToTpodHbie OpraHu3MBbI.
VYHUKanbHble 0COOEHHOCTH PaCTUTENbHOrO OpraHru3Ma: (poTo- 1 aBTOTPOHOCTS.
ABTOTPOGHOCTb B OTHOLIEHUH YCBOEHUsSl MUHEPaAJbHBIX 37eMeHTOB. Cneunduka oOMeHa
3€ICHBIX PACTCHHIT TIO CPAaBHEHUIO C APYTHMH OpraHn3MamMu. KocMIdeckas posb 3eNeHOro
pacTeHus1. 3HaueHNE (POTOABTOTPO(OB B CO3TAHUN U MOAACPIKAHIH Ia30BOI0 COCTaBa
armocdepbl, BOIHOrO, MOYBEHHOTO U KJIWMATHYECKOrO PEKIUMA HA MIaHETe.

Opranuzauus M KoopAHHaLKMA PYHKIMOHANBHBIX CUCTEM 3eNleHOro pacteHus. Pu3nuko-
XUMHYCCKHI, SKOJIOrHUCCKUI U 3BOMFOLUOHHBIN aCIICKTHI.

MeTtonoaoruueckie OCHOBbI UCCIe10BaHUI B OMOXUMUHU U (PU3UONOTUH PACTEHHIT,
Crneuunduueckue metoabl GuoxumMun U Gusnonoruu pacteHuii. Couetanue pasanuHbIX ypoBHeii
uccaenoBaHys (CyOKIETOUHBIH, KJICTOUHBIH, OPTaHU3MEHHBIH, OHOLICHOTHYCCKHTT ) B OHOXUMUN
1 PHU3UONOTHH PACTCHHUH.

Dusznonorus U OMOXUMHUS PaCTEHU — TeopeTHUECKash OCHOBA PaCTEHUEBOACTBA U HOBbBIX
oTpacieii OHOTEXHOJIOTHH.

2. OCHOBHbI¢ KOMMOHEHTbI PACTUTENbLHOI0 OPraHU3Ma H UX (PYHKIHH
2.1. Yraesonsr.

OcobeHHoctu cocraBa 1 Metadoan3mMa yrieBoAOB pacTeHuil. MoHocaxapuabl, UX CTPYKTypa U
B3aMOIIPEBPALICHIS, OCHOBHBIC NpeAcTaBuTeNn. MoHOcaxapa, kak cyOCTpaThl A CUHTE3a
npyrux semecTs. ochopHbIe 3hHUPEI caxaposkl 1 HykIeo3uaaudochaTe! - aKTHBHPOBAHHBIC
dopmbl yriiesonos. Bzaumonpespaluenns MOHOCaxapuIOB, 3TUMEPH3ALNS, AIbA0-KETO-
n3omepusauns, pochomy-razneie peakuni. TpaHCKeTOIa3HbIE U TPAHCATBAONA3HbBIE PEAKLIMH.
Onurocaxapuabl, X COCTaB, CTPYKTYpa, OCHOBHbIe npeacTtaButenu. Caxaposa; nokanusalus ee
cuHTe3a U pyHkuuu. TTonucaxapuabl: COCTaB, TUMbI CBA3ell, BeTBaeHHe. [Tonucaxapuabl
3amacHbIe H CTPYKTypHbIe. CTPYKTYpa Kpaxmama u ero aerpazamnus. OdpazoBaHUe KPaxMaJIbHBIX
3€PEH B 3aIacaroLIuX Oprasax.

2.2, JIunuawl.

OOGwue ceoiicTBa TMNUAOB, Kiaccuukaums, HOMeHknaTypa. HacbimenHble 1 HeHaChILWEHHbIe
KUPHbBIE KUCIOTHI: Knaccudukauuys, cunTes, karadonusm n pyHkunn. OcobeHHOCTH CTpOeHus
HEHACBILLEHHBIX XUPHbIX KUCIOT pacTeHUui. Peake skupHble KUCAOTbl. TpUravuepuabl 1 ux
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dyukunu. [Monapuvie nunuael: pocdo- v rMKoOIUNUIbL, UX posib B oOmeHe. Cteponabl.
Oco0eHHOCTH PacTUTENbHBIX CTEPOUAOB, (PUTOCTEPUHDI. [JIMKO3UAbI, ALIMATIMKO3UABI, 3(PUPbI
crepuHoB. Brnonoruueckue memoOpaHsl, cnenuduka pasnuyHbIX MeMOpPaH pacTUTENBHON KIETKH.

2.3, AMHHOKHCJIOTBI 1 Oeskh.

CTpyKTypa 1 MOHHBIE CBOHCTBA aMUHOKHCIOT. IIpOTeHHOreHHBIC aMHUHOKHUCIOTEL. AMUHO-
COEIMHEHHS, CHHTE3HPYyeMble NEPBHYHO U3 MHHEPAIbHOIO a30Ta U CHHTE3 aMHUHOKHCJIOT.
Peakunu nepeamuunposanus. Kitouesas ponb ryTaMHHOBOI KHCJIOTBI B MeTabonn3me
aMHHOKUCIOT. CeMeiicTBa aMUHOKHUCIOT, KOTOPbIE MPOUCXOAAT U3 MUpPYBaTa, OKcajoalerata, 2-
OKCOryTaparta, lKMKMMaTa 1 npoaykTos Lukaa KanssrHa. @yHk1un cBOOOAHBIX aMUHOKUCIOT
U aMHHOKHCJIOT B COCTaBe OENMKOBBIX MOJIEKYJI. Peakiny Ae3aMUHUPOBAHNS U
JeKapOOKCHINPOBAHNS AMUHOKHUCIIOT. AMHHOKHCIIOTHI KaK CyOCTpaThl CHHTE3a OPYTHX
a3oTcozepKalMx coenrHernni. HebenkoBble aMHHOKHCNIOTHI PaCTeHHIA.

[MepBuiHas CTpyKTypa MosiexyJbl nonunentyaa (nentuaHas caasb. C- 1 N- koHel
nonunentuaa). Pudpwuiapusie 1 rnodynsapusie Oenku. HMonubIe cBOlicTBa monunentuaos: pKa
MOHOTCHHBIX IPYIII, H303JIEKTPUICCKAst TOUKA. JJIEMCHTEI BTOPUYHOI CTPYKTYPEI OeNKOB — a-
crnipane U p-cTpykTypa. TpeTuunas u yerBepTudHas crpykrypa 6enkos. Aucyneduanoie u
BOIOPOAHbIE CBSA3H, MOHHBIE U THAPO(GOOHBIE B3anMOaeHcTBHs. POb OTAENBbHBIX AMHHOKHCIOT
B 00pa30BaHUMW U MOAAEPKAHUU NPOCTPAHCTBEHHOM CTPYKTYPbl O€KOBOI MOsieky bl BenkoBbie
kommaekchl. [TouaTue cyobeannubl. @yHKIMOHANBHAS knaccudukalms 6enxkos.

2.4. HyksieoTnabl U HyKJIEHHOBbIE KHCIIOTEI.

[1lypuHOBBIC H MUPUMHANHOBBIC OCHOBAHUA. HyKI€031uaBl 1 HYKJICOTUOBL CTPYKTYPa, CHHTES,
dynkunu. Hykneosuanonugocdars. Liukniueckne Hykneotnasl U Ux poab. Hykieornasble
KOePMEHTBI 1 IEPEHOCUNKH COEMHEHNH, X OCHOBHBIE THITbI H OHONIOrHYECKOE 3HAYEHHE.

HyxnenHOBBIE KUCIOTHL: MEPBUYHASA CTPYKTYPa, HYKJICOTUIHBIN cocTa. BropuuHas u
tpetudHas cTpykrypa AHK. Crpykrypa PHK. Tunet PHK (uHdpopmMaimonsas, TpaHCIOpPTHAS,
pubocomainbHas).

2.5. BemecTra crieuann3npOBaHHOTO OOMEHA PACTCHUN (BTOPUUYHBIC METAOONUTBI).

Oco0eHHOCTH COeTMHEHUI, KOTOPble OTHOCAT K BTOPUYHBIM MeTabonuTaM. OCHOBHbIE KJTACChl
BTOPHYHBIX MeTaDONUTOB. CTPOEHHE, Kaaccuukalus U pacnpocTpaHeHHe,

Askeviouowi: NMPOTOAJKAJIOUADI, NMCEBAOATIKAIOUIbI, HCTHHHBIC aJIKaJIONbI. OcHoBHble Py nIIbl
HCTHHHDBIX aJIKAJOUOOB.

Hsonpenouos: (Tepnenonasl). OCHOBHBIC IPYNIBI H30MPEHOUIOB (MOHO-, CECKBU-, TU- TPH- U
TETpaTePneHONbl, MOJNMepPHbIE U30TpeHouabl). KapoTHHOMObI: XUMUYecKas npupoaa 1
cTpoeHue, HPHU3NKO-X HMHUYECKHE CBOICTBA.

Denoavnvte coedunenis. OCHOBHBIC TPYIIIEI (PEHONBHBIX COSAHHEHNIT (()eHOTOKUCTOTEL, (e-
HIINPOTIAHOUBI, CTHIBOEHBI, (pIaBOHOUABI M H30()IaBOHOUIEL, MOTUMEPHEBIC PCHONBHBIC
COEIUHEHHS).

MIIIOleb[@ KAACCHI GMOPUYTIBIX memaboaumos. Hebenkopbie AMHUHOKHCJIOTEI, THAHOTCHHBIC
TITHKO3HAbBL, CCPYCOACPIKAIINC INTHKO3HABL (I"JII-OKOSHHOJIaTbI)ﬁ PacTHTCIBHBIC AMHHBI,
HeoObIuHbIE JIMTTN A bI ()Kl/lprIe KUCIOTEI, Lll/[aHOHl/[l'lH,[lbl), 6eTaJ11/[Hbl, MONMTHAUCTHIICHOBLIC
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NPOH3BOAHbIE, aNKaMHIbl, THO(EHbl. OCHOBHbBIE NMPEICTABUTENN BTOPUYHBIX COEAHMHEHHH
Ka>XA0ro Kjlacca M UX pacnpocTpaHeHHe Cpesid pacTeHMil pa3HbIX BUOB.

Ilymu 6uocunmes3a OCHOBHBIX KJIACCOB BTOPUYHBIX MeTadonnToB. [IpeniecTBeHHIKH
OuocuHTE3a BTOPUUHBIX MeTaOoNuTOB. Touku "OTBETBIIEHHS" BTOPUYHOIO MeTabonu3Ma OT
nepBuuHOro. Moaudukauuu BTOPUUHBIX METAOOAUTOB (MMKO3UIUPOBAHKE,
TMAPOKCHIIMPOBAaHUE, METOKCUAMPOBAHUE, METUIHPOBAaHKE). DH3UMONOrHS CHHTE3a BTOPUUHbBIX
MeTabomuToB. OCHOBHBIE (PePMEHTBI OHOCHHTE3a ANKATIOHAOB, H3OMPEHONIOB, PEHOIBHBIX
COCAMHEHUIL, NX XapakTepuctuka. JyOauposaHue nyTeil CHHTE3a BTOPUUHBIX MeTaOOIUTOB.
HemeBanoHaTHBIH NyTh CHHTE3a H30NPEHOUIOB, €r0 JIOKANH3aLUHs U 3HAYEHNE.

2.7. @epMEHTHI U MEXAHU3MBI X ACHCTBUA.

XapakTepucrrka GepMEeHTOB KaK BbICOKOCTIELHATN3HPOBAHHBIX OEJKOBBIX KaTaJH3aTOPOB.
Anndaruueckas U npocTeTuueckas yactu pepmenrta. Kodaxtopsl pepMeHTHON peakLnm.
DHepreTuyeckas OCHOBA KaTaju3a: akTHBHbII LeHTp pepmenTa. CneundpuuHoCTb AeHCTBUS
depmenToB. DepMeHTHAsE KUHETHKA. DepMEHT-CyOCTpaTHEBIN KOMIUICKC. Y paBHEHUE
Muxasmica-MenteH. Bemmauae: Km u Vmax, ux duonormndeckuii cMpici. UTHrnbuposaxue
depmenTos. [eiictsue pH u temnepaTypbl Ha ckopocTb pepMeHTHON peakunyu. KoHKypeHTHOE,
HEKOHKYpeHTHOe U HeoOpaTrmoe HHrHOupoBaHne. MexaHu3Mbl perynisuni GpepmMeHTHOH
aKTHBHOCTU. Peryasuus no npuHLmny oOpaTHOIt CBA3U: aKTUBaALMsL U HHIUOHpPOBaHHE.
Annocrepuueckas peryasuus. Maaykuus u penpeccust cuHTesa. M303umel u koHdopmepsl.
PerymuiposaHue ¢ yqacTHEM NMPOTEHHKNHAS.

3. PacTuTepbHAs KJIETKA

OcobeHHocTy cTpoeHus, CTPYKTYpHas U QYHKLUNOHAIbHAS OPraHU3aLUHs PACTHTEbHOH KIETKH.
CumOunoreHHas runore3a BO3HUKHOBEHHS PACTHTENbHON KIETKH.

Hopo. OcobEHHOCTH OpraHH3aluy AOCPHOTO TeHOMa pacTeHnii. CTPyKTypa reHoMa,
nonumopduszm pactutenbHoi JJHK. KonuiiHOCTE pasHbIX reHOB 1 y4acTkos JHK.
Ocobennoctu merunuposanuns pacrureibioi JHK u ero BinusHue Ha 3KCnpeccHio saepHbIX
reHoB. MoOWIIbHBIE reHeTHYeCKH e 2JIEMEHTDI pacTeHHi (TPaHCNO30HbI). PeTpoTpancno3oHsl U
JIHK-Tpancnosons!. Ac u Ds - 31eMeHTbI.

Ihiacmuonas cucmema. Tunbl nnacTua, 0COOEHHOCTH CTPOEHHs, OHTOreHe3. ['eHOM MJIacTua.
[TpokapuoTuyeckue 4epThl U KONMUHHOCTL MJIACTHAHOIO reHoMa. [1oNHUHCTPOHHEBIH TUD
pernaMkKauuMu NAacTUAHBLIX FreHOB. Mo3auuHas CTpyKTypa miacTuaHbIX reHoB. Co3peBaHue
nnactuaHoi PHK, cnnaiicuHr u penaktuposaHue TpaHcKkpunToB. CTabMABLHOCThL MNAaCTUAHOM
PHK. benku, KomUpyeMBbI¢ ITACTHAHBIM T¢HOMOM. CHHTE3 O€IKa B IIACTUAAX H €0 PeryJIsaLus
ceeroM. PHK-momuMepassl mnactun, miacTuaHbe puOocoMel. [BoitHOEe KomUpoBaHUue (IOCPHOS
H TJ1acTHAHOE) OONBLIMHCTBA KOMITOHEHTOB (oTtocuHuTeTHueckoro annapara: PC1, OCII, bgf-
xommaekca, CCK, ATd-cunraswl, niacruanoin HAI-H-neruaporenasel, Rubisco. Tpancrnopr
SAEePHO-KOANPYEMbIX OeKOB B MacTuAbl. Pa3MHOKEHUE U HAacleJOBaHUE MIACTUA.

Mumoxonopuu pacmeniii. OcOOEHHOCTU CTPOSHHUST MUTOXOHAPUIT pacTeHuil. OcobeHHOCTH
CTPYKTYPbl MHTOXOHAPHAJILHOTO reHoMa pacTenHii. [Ipokapuornyeckue yepThl U pasmep
MUTOXOHAPHUANTBHOTO TeHOMa pacTeHuii. Mo3anyHast CTPyKTypa MUTOXOHAPHANbHBIX [E€HOB,
CNJIaWCHHT U PpelaKTUPOBaHKE TPAHCKPUNTOB. besku, Koaupyemble MUTOXOHAPHANbHBIM
reHoMoM. OcobeHHOCTH cUHTe3a Oelka B MUTOXOHAPUAX, pUOOCOMbI MUTOXOHAPUH, TPaHCMIOPT
oenkoB 1 HekoTopbiX T-PHK 13 simpa B Mutoxonapuio. JBoiiHOE KOOUPOBAaHUE (AOCPHOE U

4



riactuaHoe) SonbwnHeTea Oenkos avixarenbHoi DTL: HA/I-H-neruaporeHasel, cyKkuuHar-
JaeruaporeHasbl, be-koMmniekca, HMTOX poM-okcuaasbl, ATD-cuHTasbL.

[Tepenoc renernueckoro marepuana mexay opranesnamu. CoBmectHas paboTa Tpex reHoMOB.

Membpannete cucmenist pacmumensnoil kiemxu. llnasmanemma, Toromnact, 1P, anmapat
lonpmxu.

OcobeHHOCTH CTpOeHHUs Mi1a3ManeMmbl. TpaHCIOPTHBIE CUCTEMbI M1a3MalEMMbl, MPOTOHHAS
3HepreTHka TpaHcnopTHeix cucrem, H -AT®a3za P-tuna.

OcobenHocTy cTpoenus ToHonnacta. TpancrnopTHble cucTembl ToHomtacta. H' -ATdaza V-
Tuna, nupodocdarasa.

DHponnazMaTHueckuil petukyiym (IP) pacturenwvHoi knerku. LlepoxosaTeiii u riagxuii SP.
Pazinunble yHKUMOHaANbHBIE yHacTKU pacTuTesibHOro JI1P. CurHanbHble NOCIea0BaATEIbHOCTH
~

benkos, TpaHcnoptupyemsbix B JI1P. KDEL-nocnenoratentHocTh. @yHkuuu ITIP.

Amnmnapat IN'ompmxu (A). Crpykrypa Al'. TpaHcnOpTHBEIE BE3UKYJIBL, IUKTUOCOMBL, ITY3BIPHKU.
J1Ba OCHOBHbBIX HAIPaBJIEHHUS TPAHCNIOPTA - MJA3MaIEMMa U BaKyosb. OCHOBHbIE
TPAHCIIOPTHPYEMbIE BELLECTBA.

Baxyons. Jlutraeckuii 1 3amacaroUuii TUBI BAKyOJIci. beTKoBEIe MapKephbl TUIIOB BAKYOJIEH.
CurHaibHbIe NMOCIeI0BaTENbHOCTH OEJIKOB, TPAHCIOPTHPYEMbIX B BakyoJib. BosHHKHOBeHME
BaKkyousieil de novo. TpaHCNOPT BELIECTB B 3aMacalolie U JTHTHYeCKHe BaKyonu (causHue
Be3uKyJ, arToharus sesukyJs). CUrHanabHble NOCAENOBATENbHOCTHU TPAHCIOPTA OENKOB B
BaKyOb. DYHKUHUU BAKYONSIPHOH CUCTEMBI KIETKH.

lHumockeirem pacmumensnoi kiemry. CTPyKTypa UUTOCKeNeTa. AKTHH U TyOyJIHH, UX
nojumepusaLua 1 genoaumMepusauns, G-aktuH v F-akTiH. Benku, accoLMUpoBaHHble ¢
LIMTOCKENETOM. YuacTHe akTHHOBBIX (PUTAMEHTOB BO BHYTPUKJIETOUHbIX ABWKEHUsIX. YUacThe
IIUTOCKENIETA B ABIKCHUH H 3aKPETUICHUU OpraHeil. POnb MUTOCKENETa B CHHTE3€ LEIITHOJIO3bL.
YyacTue LUTOCKENeTa B IPOLECCe NEICHUS KICTKH,

Kuemounas cmenxa (KC). YrneBoaHble KOMNOHEHTHI kieTouHON cTeHku. [enntonosa,
reMuLennon03b], nekTuHbl. Kannosza. CTpykTypHble OenKu KNeTOUHOI CTeHkH: DenkH,
oboramennsie rugpokcurpoauaoM (HRGPs), npomuaom (PRPs), rmummaoM (GRPs),
apabunoranaktaHoBble Oenku (AGPs). @yukuuonanesbie 6enky KC: skcraHCHHBL, PEPMEHTBI.

TMepBuiHas U BTOpUYHAS KIETOUYHAs CTeHKa. JIMTHUHBI, BOCKA, KyTUH, cyOepuH. Tnasmonecmsl
(I12), ux cTtpoerre. Komm4ecTBo mIa3sMoOAecM Ha Pa3HBIX YYACTKAX KJICTOYHOH CTCHKH U B
pa3HbIX TKaHsX. TpaHCIOPT BELUIECTB MO IU1a3MoaecMaM. [IBa THIIA CTPOCHUS KICTOYHOH CTCHKH
y NOKpBITOCEMEHHbIX pacTennii. O6pa3oBaHne KneTouHoii creHkH. bruocruTes MukpopuSpusn
uesuTo103bl 1 ux camocOopka. Ponb annapara ['onbmku B GUOCHHTE3e /1EMEHTOB MaTPHKCA.
@Dyukuuu KC: kapkacHas, 3alliMTHasl, TPAHCMIOPTHAs!, PeryJsaTOpHas, CUrHANbHAS,
OnurocaxapuHsl.

Onmozenes kiemru pacmenus. CTaluv OHTOTeHe3a: eNeHHe KJIETKH, POCT KJIETKH
pactsbkenuem, auddepeHunposka, crapeHe u cMeptb. KieTouHbli (MUTOTHYECKUI) LMK
@azbl nukna - G1, S, G2, M. 3anyck 1 peryinpoBaHue KI€TOYHOrO LMKAA. LIMKAUHbBI, LIHKAKH-
3aBrcHMble npoTenHkHHasbl (CDKSs). AnonTo3 pacTUTENbHBIX KAETOK - NporpaMmHas rudesb
k1eTku. CUrHANBI B MEXaHU3MBI arloNTO3a.



Kuaemxu pacmernuii in vitro. Jeanddeperunauns pacTUTebHON KNETKU /77 Vilro 1
dbopMupoBaHue nonyasauuu nponaudepupyromux knetok. CTpykTypHble U PyHKLHOHAbHbIE
0COOEHHOCTH KNETOK pacTeHuil i#r vitro. T eTeporeHHOCTb 1 aCUHXPOHHOCTh MONYAALMU KNE€TOK
pacTeHul BHE oprann3Ma. M3011poBaHHbIC NPOTOILIACTHI KJICTOK pacTeHuil. Mcnone3oBanue
KJICTOK PacTeHUH 71 Vifro Kak MOACIBHON CUCTEMBI B (PU3MONOIHYECKUX HCCICIOBAHUAX U B
OMOTEXHOJIOTUH.

4. BuosHepreTHKa pacTHTEJILHOIO OPraHH3MAa

[punyunst meprocunarxy. 3aKoHbl XMMUUECKOi TepmoauHaMuku. CBoOoHas SHeprus,
M3MeHeHH e CTaHAapTHOI cBoboaHOI sHepruu (JIG®). DHaeproHuueckue U 3K3eproHuyeckre
peakunu, XUMHUYECKOE PABHOBECHE, XUMUYCCKHI MOTCHLMAN. BripakeHne n3MeHeH s
cBOOOIHON 3HEPTHH PENOKC- PEAKLHH B €IMHULAX 3JCKTPOXUMHUYCCKOTO CTAHAAPTHOIO
OKHUCJINTENBHO-BOCCTAHOBUTENILHOIO MOTEHLHAA.

[Ipeodpasosanue suepenu 6 kiemre. BHelUIHWE UCTOUHUKH SHEPruu s opraHu3MoB. /Ige
OCHOBHBIE (DOPMBI 3AIIACAHNS YHCPTHH B KJICTKE: SJIEKTPOXUMUYCCKUI TOTEHIMA IPOTOHOB HA
SHEPTH30BAHHBIX MEMOPaHaX M MaKpOdPTHUCCKHE CBA3H, B3AHMOIPEBPALICHUE STHX Gopm
JHEPruu. DHepreTHka npoueccos cuuresa u ruaposansa AT®. Tpanchopmauns sHepruy Ha
COMpAraHuX MeMOpaHax: 3NeKTPOXUMUUYECKHH MOTeHUHAT - IBHKYLLIAst CHla
docthopunupopatus. Y HUKaNbHOCTb SHEPTETUUECKUX NPOLECCOB pacTeHuit: POTOCUHTES U
AbIXaHUe.

4.1. dorocunTes.

3HaveHue GoTocuHTe3a B TpaHCHOPMALNH BEIIECTBA U SHEPTUHU B pupone. Pu3uko-
XHMMHYeCcKas CyLIHOCTb rpouecca POTOCHHTE3a U ero 3HaYeHHe B IHEPreTHYEeCKOM H
nuactuueckom obmene pacrenus. Jluct kak opran porocunTesa. CTpyKTypHO-PYHKLUMOHATbHAS
opranuzaums GoTocuHTeTHueckoro annapara. OCHOBHbIE TOKA3aTeNU ME30CTPYKTYPbI JIUCTA.

DJIEMEHTHI CTPYKTYPBI MOJIEKYJIBI XIOPOPIILIA, OTBETCTBEHHBIC 38 (DYHKIHIO MOTJIOLICHNS,
3anacaHus U npeobpa3oBaHHs 3HepPruu B nipouecce GoTocHHTe3a. MexXaHn3M MoroWeHns 1
MCITyCKaHHs CBETa MOJIEKYJIOH, CMIEKTPhI MOTIOWEHHs. DJIeKTPOHHO-BO30Y KAEHHBIE COCTOAHUS
XJ10poHINOB, NyTH UX Ae3akTHBaLKK. [TpeoOpa3oBaHUs 31€KTPOMArHUTHON 3HEPrUU B PEOKC-
SHEpruro; 0dOpaTuMble OKUCIUTEIbHO-BOCCTAHOBUTENbHbLIE NPEBPALLEHUs XJIOPOPHIIIOB.

Xnopodumi-benxosbie kommiekenbl (XBK); mexannsmbr 00pasoBanms, 3Ha4eHHE CBA3H
nurmMeHToB ¢ OenkoM. OpueHtanus nurmMeHToB B XBK. MexaHuW3Mbl 3HepreTHUECKOTO
B3aMMOJEHCTBUA MMIMEHTOB B KOMIIEKCaX (3KCUTOHHOE B3aUMOACHCTBUE) U MEKAY
KOMIUTIEKCaMH (IIEPEXONHBIC COCTOSHIS).

Ponb kapoTMHOMOB B PpOTOCHHTE3e. AHTeHHas GyHKUUs, BO3DYkI€HHbIE COCTOAHUS
KapOTMHOM/I0B, MEXaHW3Mbl MUIPALIUU 3HEPTHHU HA XJOpoduan. MexaHH3M 3alUUTHOTO
neicTBUS KapOTUHOMA0B. @YHKLUMU KAPOTUHOU/IOB B PEaKLIMOHHOM LIeHTpe, cnenuduka uuc-
KOH(pOpMaLKK. 3HAYCHHE KCAaHTOPMIIOBBIX LIUKJIOB V BBICIIUX PACTCHUH M BOIOPOCIEIH;
doTonpoTekTopHas PyHKLUNSA 3¢aKCAHTUHA U TUA30KCAHTHHA.

[TepButHbie NpoLecchkl GOTOCHHTE3A, UX CTPYKTYPHO-(DYHKLUMOHANbHASL OpPraHyu3aLus.
[IpencrasneHue O (HOTOCHHTETHYESCKON CANHILIC. AHTCHHBII KOMILICKC, PEAaKLMOHHBIH LEHTP.
MexaHn3MBl MUTPALIK SHEPTHH B XJI0poruiacTax. COBPEMEHHBIC MOACIH CTPYKTYPHOMN
OpraHu3aUvy PeakUHOHHBIX UEHTPOB OakTepHii U BEICIIUX pacTeHuil. MexaHn3m
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npeoOpa3oBaHust 2AEKTPOMATHUTHONH SHEPTHH B YHEPTUIO Pa3IeNeHHbIX 3apsi10B B
(OTOXUMHUECKUX LEHTpaXx.

DNeKTPOH-TPaHCIIOPTHAs Lenb porocuHTesa. [IpencraBneHnst 0 COBMECTHOM
dbyukunonupoBanun 18yx porocucrem. Komrnonenrol ITL] u nmocienoBarenbHOCTb NepeHoca
a1eKTpoHa Nno uenu (Z-cxema). [luknuueckuii, HELUMKIUYECKHIT U MCEBAOLMKANYECKHUT
3neKTpoHHbIH TpaHcnopT. TIpocTpaHcTBeHHas opranusauust DTL B TusakouaHol MeMOpaHe:
ocHOBHBIE (hyHKUMOHANBHBIE KOMITIIEKCHI DTL (PC-1, @C-2,), ux cTpyKTYypa U QYHKIIH,
Ctpoenue u pynkunn @C-2. Opranuszauns B THIAKOHTHONH MeMOpaHe 1 ()YHKLIHOHHPOBAHHE
peakunonHoro uentpa ®C-2. Cucrema portonusa Boabl 1 00pa3oBaHHS KHCIOPOIA MPH
dporocunrese. Ctpoenne u pynkunn PC-1. Obpazosanre TpaHCMEMOPAHHOTO NPOTOHHOTO
rpajueHTa B npoLecce 371eKTPOHHOro TpaHcnopta. CTpykTypa U pyHKUMK LMTOXPOM be/f
koMmmiekca, Q - LMk, Perysiys NOTOKOB 37€KTPOHOB Npu GoTocHHTe3e. DOTOCUHTETHHECKU it
KOHTpOJb. Jlokanuzanys 3 TL] KOMIUJIEKCOB B rpaHaIbHBIX U CTPOMAJIbHBIX MEMOpaHax
TUNTAKOUAOB. CUCTEMBI PEryIALNUN HUKINYSCKOTO H HELUKINIECKOTO 3JICKTPOHHOTO
tpancnopra. Obpazosanue npu porocuHTese akTuBHBIX popm kucnopoaa. [poueccsl
doronHrnbuposanus ¥ GOTONECTPYKLHH;, 3ALHTHBIE MEXaHH3MbI XJIOPOTJIACTOB.

dorocunretndeckoe pocopmnuposanue. OCHOBHBIC THITBL, X (PU3UOIOTHUECKOE 3HAUCHHUE,
MeXaHU3Mbl perysiuni. MexaHn3Mbl SHEPreTHUECKOrO CONPsKEHHs TPAHCIIOPTA 3JIEKTPOHOB H
cunreza AT®. Conpsaratowne pakrops! porodocopunupoBanus, ux GyHKUHH, CTPYKTYPA,
MexaHH3M aeitcTBus. MexaHusM paboTsl kaTanuTuueckux ueHToB CFL

Perymsaiust moTokoB 37eKTpOHOB Ipu GoTocHHTE3e. POTOCHHTETUYECKUI KOHTPOMB.
Jlokanuzauus kommekcos DTL] B rpaHasibHbBIX U CTPOMAIbHBIX MeMOpaHax THIAKOHIOB.
Cucrema perynsuiy LMKJIHYECKOrO H HELIMKJIHYECKOTO JIEKTPOHHOTrO TpaHcnopra. Koneunble
MPOAYKTbI CBETOBOI M TeMHOBO! (ha3b! PoTocHHTE3A.

XHMMH3M NPOLEeCcCOB aCCUMHIISIUMK yriepoaa B hoTtocuHTese. Mcnonb3oBaHue npoaykToB
CBETOBOM CTaanK 11 aCCUMHIISILMK yriekucaoTel. Pybucko: cogepkanue depmenra,
CTpYKTYpa, PyHkuuH, peryasuus. [{ukn KanbBrHa, OCHOBHbBIE (PEPMEHTBI K MEXaHN3MbI
perynsuun uukna. @otonsixanue. @OI1- kapOokcunasa, ee xapakTepUCTUKa U JIOKANU3ALUS.
Hukn Xstua-Caska-Kapnunosa, €ro (yHKUMOHATBHOE 3HaueHue. OpraHusauys npouecca
ACCHMUIJISILIUY B KJIETKAX Me30(IIIa U OOKIAOKH: OCOOCHHOCTH CTPOCHUS XJIOPOIUTACTOB U
peakumii porocunTesa. OOmMeH coeanHeHHs MU MeXay Me30(PHIbHBIMH KJIETKAMH U KJIETKaMU
obknanku. Xapaxrepuctuka rpynn Cy pacrennii. @orocunres y CAM- pacrenuii: ocobeHHoCTH
OpraHu3aLuy npouecca 3anacaHys 3Hepruu U PUKCALUU YITIEKUCTOThI BO BPEMEHH.

Tpancnopt npoaykToB GOTOCHHTE3A M3 XJIOPOILIACTA: YEJTHOYHbIE CHCTEMbI BBIHOCA.
MexaHu3mbl, KOHTpONUpYOLIEe 0OMeH MeTabOIHUTAMU MEXIY XJIOPOIJIACTAMU U
unTonaasmarnueckoit dasoil knerku. [Npespaitenns Caxapos B LMTOMA3ME H LIMTO30JE;
3anacHble ¥ TpaHcnopTHble popmbl Caxapos. BratoueHue yrnepoaa B aMUHOKHCAOTHI.

ACCHMUIIALNS YTIEKUCTOTHI B UCTe. JleficTBre BHEWHHUX (akTOPOB (MHTEHCHBHOCTD U
KauecTBO cBeTa, poroneprnoa, koHueHtpauns CO,, O,, Temneparypa u ap.) Ha GOTOCHHTES.
Paznuunie B KpUBbIX 3aBUCUMOCTH CKOPOCTH accuMmnsitinu ot koHueHTpauud CO; u Oz
ra3ooii cpene y C-3 u C-4 pacrenuii. KBantosblil Bbixoa ¢potocuntesa. Tpancnopt CO; k
MecTaM (PHKCAILIH, pOib KapOOAHTUAPAa3bl. Y CTBIMHASA U KIeTOuHas nposoauMocts a1 CO;z B
3aBHCHMOCTH OT BHEHIHUX (JAaKTOPOB U BO3PACTA JHUCTA.

4.2. IpixaHue.



q)epMeHTHb[e CUCTEMbI AbIXaHUA. Xapamepncmxa OTACJbHBIX I'PYIIN AbIXATEJIbHbBIX
(bepMeHTOBI MUPUAHUH3aBUCUMBbIC JCTUAPOTr€HA3LL, (I)J'laBl/ll-BaBl/lCHMble AECrnaporeHassbl,
OKCHAaashbl. ]'Iepeﬂocqumd SJACKTPOHOB. XUHOHDI, KEJIC30CCPHLIC 6em<14, HUTOXPOMBI, UX
XUMHYCCKOC CTPOCHUC H CBOICTBA.

I'nukonus. OcHOBHbIE PepMEHTHI CHHTE3a M MTUAPOJIM3a Caxapo3bl U kpaxMana.
DepMeHTATHBHBIE peakLMM W SHepreTuyeckuii danaHe rinkoamu3a, kKoMnapTMeHTalLus npoLecca
B KJICTKaX pacTeHHi. [ mukonu3 u rmokoneorenes. OcobeHHOCTH MIHKOIN3a y pacTeHuil: ATO-
3asucuMas pochodpykroknHasa u nupodocdarsasucumas pochodpykToKkuHa3A -
perynsiTophble hepmeHThl riinkonn3a. @pykro30-2,6 Gocdar - perynaropHas Mosiekyia
yriaeBogHoro oOMeHa B pacTeHHSsIX.

OxucnurenbHell NeHTO30(oCaTHBIN UK. PEPMEHTATUBHBIC PCAKIIHH U PETYIIALUS LIUKIA.
KomnaprmenTauus unknia B KJI€TKe 1 ero posib B MeTaboIH3Me PacTeHHI.

IMupyBaTnernaAporeHasHbii KOMIIEKC. CTPYKTYpa U Perynsius.

Lnkn Tpukap6oHOBLIX KUCaOT. PepMEHTATHBHBIE PEaKLUU U peryasuus uukia. Ponb
MaJMKIH3KUMa B peryanuy padoThl UKKkaa. DHepreTuueckas 3 exTHBHOCTb npoLecca.
OcobeHHOCTH LnKIa TPUKAPOOHOBbIX KUCIOT B PACTEHUSAX.

["nuokcunaTHbiil uUKN. [ THOKCHCOMBI U MITHOKCHITATHBIN LHKJI.

JbIxaTenbHas 3ICKTPOHTPAHCIOPTHAS LIETIb, OCHOBHBIC KOMIIOHEHTHI, CIIOCOOBI PErHCTpaLiuu
penokc- coctosHuil. CtpykTypa 1 ¢pyHkunn komruiekcos D TL nexanus: HAIH-
neruaporeHasHbii komruieke. CykunHaTaernaporeHasHoli kommieke. Lintoxpowm b/c kommekc.
LinToxpomokcuaasHblii koMmrieke. MexaHn3m 00pa3zoBaHus TPAHCMEMOPAHHOTO MPOTOHHOIO
rpajMeHTa B NpOLECCe 3IEKTPOHHOIO TPaHCNopTa.

Ocobennoctu DTL nvixanus pacrenuii. AnsrepHarusrubie HA/JH-nernaporenasp -
nokanuzauus B MmemOpanax u QyHKUMH. AnNbTepPHATHBHAS OKCHIA3a: CTPYKTYpa, GyHKLUH,
MPUHLUMIBL Pperysiiuy. ANbTepHATHBHbII MyTh NEPEHOCA 3JEKTPOHOB B bIXaTeJbHON Lieny
pacTeHuil U ero pusnonoruyeckoe sHaueHue. MHruOUMTopbl 31€KTPOHHOTO TPaHCMOPTa U
UHTUOUTOPHBIN aHAH3 TIPU U3YUEHUH IbIXATEIBPHON aKTUBHOCTH PACTUTEIBHBIX MUTOX OHIPHIA.

OxucnutenbHoe pochopunnpoaHue. DHeprusauus Memopan npu pyHkuuoHnposaHuu ITL]
AbixaHus. AT®- cunTtasa MutoxoHapuil. CTpykTypa, noxanusauus, NpocTPaHCTBEHHAs
opranuzanust. COBpeMeHHBIC IPESACTABICHUS 0 MeXaHu3Me cuaTe3a ATO.

Perynsiuns 37€KTPOHHOrO TPAHCNOPTA B AbIXaTeNbHON Lenu. [pixarenbHbiii koHTpounb. [TonsThe
0 pasobLuTensx. Hepreruueckas 3PpQPeKTHBHOCTb AbIXxaHUsA. UeHOUHbIE CUCTEMBbI BbIHOCA
AT® u TpaHCNOPT MeTabONUTOB Uepe3 MeMOpaHbl MUTOXOHAPHIA.

®yHKUMY AbIXxaHuda y pacteHuin. UHTepmeanarsl OKHCIHTENbHBIX peakUui Kak cybcTparsl 1s
CUHTE3a HOBbIX coennHeHMil. ITpespallieHe opraHiyeckux KUCIOT B MUTOXOHAPUsX. Ponb
AbIXaHUA B CO3/IaHUM U NOAAEPHAHUU 3TEKTPOXUMHUECKOTO MOTEHMANA Ha KNETOUHbIX
MeMOpaHax (Tra3ManeMMa, TOHOIUIACT, MeMOpaHa JP). DNeKTpOHTPAHCIIOPTHEBIC LETH
T1a3MAJICMMBI, 3HAOIUIa3MaTHUE-CKOTO PETUKYIJIYMA, MUKPOTEJICL, UX CTPYKTYpa U (PyHKIIUH.

[MuTonnasmaruueckue okcuaasbl (ackopdartokcuaasa, nonngeHoNOKCUaa3bl, KCAHTHHOKCHA3I,
nepokcuaasbl, katanasbl). Ux nokanusauus, pyHkiuu, Bknaja B oOliee NoraolieHle Kucaopoaa



pacTuUTeNbHON TKaHbto. I3MEeHeHHs B MHTEHCHMBHOCTH M MTYTAX ABIXAaHHUS B OHTOTE€HE3e U NpH
neiicTBUM (HaKTOPOB Cpeabl.

5. BoaoodmeH

Kommuectso notpedisieMoli paCTCHUEM BOIBI, COACP KAHNE BOABI B KJIETKAX, TKAHIX U OPraHax.
MonekyJsipHas CTpyKTypa U pusnyeckue ¢BoiicTsa Boasl. B3zanuMoneiicTele MONEKyN BOABI U
drononumepos, rugparauns. CocrosHue BOIbl B Ki1eTKe. Bona, kak CTpyKTYpHBIH KOMITOHEHT
PacTUTENBHOH KJIETKH, ee yyacTHe B OHOXUMHYECKUX PeaKLHsIX.

TepMmonnHaMU4YECKHE MOKA3aTEIN COCTOSHUS BOABI: AKTUBHOCTD BOJBI, XUMUYECCKUI U BOIHBIN
noteHuHaN. COCTABISIOIINE BOAHOTO MOTCHLHANA KJICTKH, OCMOTHYECKHUM, MATPUYHBIH
NOTeHLHa, NOTeHUWan JaBneHus. [ paayenT BOAHOrO MOTeHUHAa KaK ABIKYLIAs cuila
MOCTYNEHUs U NepenBHKeHNs Boabl. OCHOBHbIE 3aKOHOMEPHOCTH MOTJIOIEHHS BOABI KJIETKOH:
B3aMMOCB:A3b MEKAY U3MEHEHUSIMU BOAHOTO NOTEHLMala KJIE€TKU, BOAHONO NoTeHLMana
pacTBOpa U BOAHOTO MOTEHLMANA AaBieHusl. AKBanOpUHbl (Oeku BOAHBIX KAHAIOB), UX
CTPYKTYpa, IPUHIUT paboThl. AKBANIOPUHEI I1a3MaJICMMBI U TOHOILIACTA, UX POJIb B
MOAAePKAaHHH BOJHOTO OalaHCa BOZHI.

Tpancnopt Boabl no pacteHnto. KopeHb kak OCHOBHOI OpraH MorioLieH1s Boabl. Mexannsm
pagnagpHOrO TPAHCIIOPTA BOABI B KOPHE. PONE pHu30aepMbl U 3HIOACPMBI B 3TOM MPOLIECCE.
[ToctynneHue BOABI B COCYABI KCHUIeMBI. KcnaeMa — OCHOBHAS TPAHCIIOPTHAsI MariucTpaib
JBHKEHHS BOOHOTO TOKA B CUCTEME «T0YBa — pacTenne — armocdepa». XapakTepHcTHka
KHWIKHETO» M «BEpPXHEro» apuraresneit BogHoro toka. KopHesoe nasnenue.

Brinenenue Boael pactenueM. ['yTranus, «mnady» pacTeHuil. TpaHcnupauus U €¢ poJib B )KU3HU
pactenuii. KonnuecTseHHbIE NOKa3aTeny TPaHCIHPAUUH: HHTEHCHBHOCTD, MPOAYKTHBHOCTD,
TPaHCITUPALHOHHBIH KO3PpduuneHt. YeTbuuHasa U KyTHKYJIsApHas TpaHcnupauns. CtpoeHue
YCThULL Y NBYAOJBHbIX U OAHOJObHBIX PAaCTeHUH, MEXaHU3M YCTbUUHbIX NBH:KEHMI, BnusHue
BHELUIHUX (akTOpPOR (CBET, TEMMEPATYpa, BJAKHOCTb BO3/yXa, MOUBbI) HA HHTEHCHBHOCTD
TpaHcrmpauu. CyTouHble KojebaHus TpaHCupauuy. PeryasTopHas ponb YCTBUIL B BOJO- U
razooOMeHe.

Jkosnorust BoAooOMeHa pacTeHnil. OcobeHHOCTH BoJ0oOMeHa Y pacTeHUi pasHbIX
JKONOTHYECKUX rpynn (kcepoduToB, Me30PUTOB, TMrpodUTOB, ranopUTOB).

6. MuHepanbHoe NUTAHHE

HOTpC6HOCTb paCTCHHﬁ B 3JICMCHTaX MHHCPAJIBHOTO MHTAHMA. Co,uep)KaHHe U COOTHOILICHUC
MWHEPAJIbHBIX 3JIEMEHTOB B NMOYBE U PACTEHHAX, KOHUCHTPHUPOBAHHUE 3JICMEHTOB B TKAHAX
pacTeHus. (byHKLIHOHaJ'leaﬂ KHaCCl/[(])HKaLll/[ﬂ SJIEMEHTOB MHUHEPAJbHOTIO MUTAHUA.

KopeHb Kak OpraH NOTNIOLIEHU MUHEPANBHBIX SJIEMEHTOB, CIICHU(PUISCKUX CHHTE30B C UX
Yy4aCTUEM U TPaHCIopTa. POCT KOPHS KaK OCHOBA MOCTYIICHUA 3JIEMCHTOB MHHEPAJIbHOIO
nuTaHus. 3Ha4eHne 30H pocTa KOpHS B 3ToM npouecce. Cucrema B3aMMOIEHCTBUS “KOPEHb -
noysa”. Ponb MUKOpHU3BI.

[TornoumeHne OHOB U UX NEPEABIDKEHUE B KOpHE. KiteTouHas cTeHka Kak ¢a3a Iy ABHKCHUS
noHoB. [Tonsitne ceodonnoro npocrpancraa (CI1): BonHoe n nonHanosckoe CI1, oueHka nx
pasmepoB. MexaHnnzmel noctyrieHds HoHoB B CI1 v 3HadeHne 3TOro sTamna norjoLleHHs.



Tpancnopt HOHOB uepe3 MeMOpaHbl; ABHKYLUHE CHIbI nepeHoca HOHOB. [laccHBHBINH U
aKTHBHbII TpaHCNOPT MOHOB. Y paBHeHne HepHcTa.

['panueHT 3MeKkTpOXHMHYECKOTO NMOTEeHLHATa HOHOB BOZOPOIA - SHEPreTHYECKast OCHOBA
aKTHBHOTO MepeHoca HOHOB Yepes3 niazMaieMmy. Paznuuns sHepreTHKH akTUBHOIO TPAHCTIOPTa
MOHOB PacTUTENbHOIN U XXUBOTHOHU KaeTok. H-AT®a3a nnazmanemMmsbl, ee CTPYKTYypa,
(dyHKLUHOHUpPOBaHHUE U peryauporanue. 14-3-3 Genku. J[pyrue UOHHbIE HACOCHI, ASHCTBYOLHE
Ha I1asManaeMMe. BTOpHYHBIN aKTUBHBIN TPAHCIIOPT NOHOB. benKu-nepeHOCUUKY NOHOB
(mopteper). Kunernueckuii momxon U T€OpUst MEPECHOCUUKOB. Y paBHEHHUS Muxasinca-MeHTeH;
UCIONB30BaHue Vi U Ky 1018 XapakTepucTHKY TPaHCNOPTHBIX cucTeM. MoHHBIE KaHambl
pacteHuii; obuas XxapakTepucTuKa UX CTPYKTYpPbl, PYHKLHOHUPOBAHHS U PeryjsLny.

Oco0eHHOCTH TPAaHCIIOPTHBIX CUCTeM MeMOpaH Bakyonu u DP. H-AT®aza V-tuna,
nupodocdorasa.

Mopaenn nocTyniIeHust MOHOB B KOPEHb, TPAHCMOPT MHUHEPAJIbHbIX BELIECTB B KCHUJIEMY.
ATOMIACTHBIN M CUMIUIACTHBIN MyTh. Ponb miaazMomecM u P, BzauMonelicTBue U perysinus
CUCTEM TPAHCIIOPTa HOHOB U3 CPEILI B KOPEHB U 3arpy3Ku Kcuiemsl. Crenuduka paauaibHOro
TPAHCIIOPTAa MUHEPaNIbHBIX 31eMeHTOB. CruHTeTHveckas QyHkuus kopHsa. CBA3b MOCTYIJIEHHS H
npeBpalleHys HOHOB ¢ NpoLeccaMy ApixaHus. Perynsauus nocTynieHHs HOHOB Ha YPOBHE
LeJIOro pacTeHus.

6.1. Pone makpo3neMeHTOB.

Azom. OcobeHHOCTH a30THOTO 0OMEHA pacTeHuil. MICTOUHUKY a30Ta 01 paCTCHUIA.
MuHepanbHbIe (POPMBI a30Ta, HCIIONB3YEMBIE PACTCHUSIMEI. PU3HONOrHYeCKHe 0COOCHHOCTH
MOCTYTUIEHUS U BKJIIOYEHHs B OOMEeH aMMHAaYHOrO W HUTPATHOTO a30Ta. XapakTepucTUka
cUCTeM TPaHCMOopTa HUTpaTa U amMoHus. Bunosas cneundurka ycBoenus pasHoix Gopm a3ora

Cumbnotuyeckas Qprkcalys MOJICKYSIPHOTO a30Ta; MEXaHNU3MBI BOCCTAHOBJICHUS, UCTOUHHUKHU
SHEPTHUH U BOCCTAHOBUTEIIU. XapakTePUCTUKA U (PYHKIHOHUPOBAHIE HUTPOTCHA3BL.

BoccTaHOBAEHHE HUTPATOB pacTeHUsiMU. HUTpaT- 1 HUTpUTpeayKTa3a: CTPYKTypa (epMEHTOB,
JIOKAJIU3aLis, Peryislus aKTUBHOCTU U cHHTe3a. KoHcTuTyTHBHAS N MHAYLuOeNnbHAsA
HHTPOT€HA3a. DTambl BOCCTAHOBJICHUST OKHCICHHOTO a30Ta U UX PErYNSALUs B KIETKE i1 Vivo.

AnbTepHaTUBHbIE MYTH YCBOEHHS aMMOHUITHOTO a30Ta, JIOKaNU3aLks peakLmii B KjaeTke 1
XapaKTePUCTHKA (PEPMEHTOB (INIyTaMATACTUAPOTEHA3b], TIIYTAMUHCHUHTETA3bI,
TJIYTAMATCUHTA3b). ACCHMIUTALNSA a30Ta B XJIOPOILIACTE, CBsI3b ¢ poTocunTesom. [lytu
YCBOEHHS BOCCTAHOBJIEHHOTO a30Ta y O000BbIX. Ypenbl.

3anacHble U TPAHCTOPTHbIE (POPMbI MUHEPATBHOTO U OPraHUYECKOro a3oTa B 3aBUCHMMOCTH OT
HCTOYHHKA A30THOTO nuTaHus. HakonneHne HuTpara B TKaHAX U €ro nyJasl. Kpyrosopot asora
IO PACTCHUIO, PEYTUIN3ALNS a30Ta.

Cepa. TlocTyneHue cepbl B pacTeHUe, peakiiMi BOCCTAHOBJIEHHUS M aCCUMUJIALINK,
anenosuHpochocynbdar (APC) dochoanerosurdochocynphar (PADPC). OcHOBHBIE
COCOAUHCHHA CCPBI B KJICTKE, YIACTUC B OKUCIIHTCIBHO- BOCCTAHOBUTCIIBHBIX PCAKLINAX.
[Cnyraruon, Tnodeppenokcut, puroxenatnHbl, x GyHKUNHN y pacTeHnii. OpraHuueckue
COCAUHEHHWA OKHCJIEHHOH CEphL



Dochop. Dopmbl MunepanbHoro Gocdopa B TkaHsX, ux cogeprianue v pyHkunn. OcodeHHoCTH
noctynnenus pocdopa U TpaHCNIOPTa €ro coeIMHeHu B pacTeHuu. PopMbl MUHEPAJIBHOTO
docdopa B TkaHsax, ux PpyHkurn. OcHOBHbIe hochopcoaepskallie KOMIOHEHTbI KIETKH, UX
pone. 3anacHeie Gopmer hocdopa. KommaprmenTauus coeannennii pocdopa. Poras dpocdopa B
peryIupOBaHNUH AKTHBHOCTH (DEPMEHTOB.

Kaiudr. ConepskaHue 1 pacrpeeneHye Kanus B KJ1eTKe, TKaAHAX M OpraHax pacTeHUsl, ero
LHPKYJSAINSA H peyTUIN3ALMS, XapaKTEPHCTHKA CHCTeM TparcropTa K ux (yHKIIN B pacTeHmHm.
Pone K' B momaep:kaHny MoTeHIMana Ha MemOpaHax. Kammii 1 roMeocTas BHYTPHKIIETOUHOI 1
TKaHEBOH cpeawbl (MOHHBIH Oananc, pH, ocMoperynauus, ruaparauns U koHpopmauus
makpomosiekys). Posb kanus B perynsiunu GepMeHTHBIX CHCTEM.

Kazsyuit. Hakorenne, GOpMbI COSIUHEHHI, 0COGEHHOCTH MIOCTYIUICHHS i niepeMertens Ca’'
0 PacTeHHIo. Konuentpauns u pacnipenenenne Ca * B cTpykTypax kietku. CHrHANbHAsA PONb

Ca“ . XapakrepucTuka MemOpanHbIx ciuctem Tpancnopta Ca”’, 0cOBEHHOCTH UX PeryaLmu U

posb B popmuposariin Ca®'-curtana. CTpyKTYpHas poiib Ka/bLiusi B KNETOUHOMN CTEHKE.

Maenuii. ConeprxaHue U COCOIUHCHHS MAarHHUs B TKAHIX PACTCHUI. 3amacHbIe HOPMEBI Mg2 |, €0
peyTHIIM3aLus U NepepacrpenesieHie B pacTeH!H. JHaYeHHe CBS3H Mg2+c aneHnosuHpocharamu
n pocdopunrpoBanHbiMK caxapamu. PyHkunn Marius B poTocuHTese. MarHuii kKak akTHBaTOp
(depMeHTHBIX cUCTeM; posib B cuHTe3e aMuHoauun-TPHK u B pyHKLIMOHMPOBaHUK pUOOCOM.

6.2. MUKpO3IEMeHTBI.

CBolicTBa TSLKEIBIX METAIJIOB, onpeaensoune ux poib B DTL poTrocunTtesa 1 apxanus u
JIPYTUX PEOOKC- PCAKLIUAX.

JKese30: OCTYNHOCTD B MO4BE, BAJIGHTHOCTD MOTM0LLAEeMOl (OPMBL, PO/ib MUKOPH3bI.
OcoOeHHOCTH NOCTYMIIEHHUS XKene3a y ABYAOJbHbIX U ONHOAONBHBIX pacTeHuii. CoeanHeHus
JKENe3a; pacipeeneHue Mo KOMIIAPTMEHTAM KIIeTKY U B pacTeHUH. KoMIIekcr! xkenesa B
Oenkax peaokc- uerneit U Opyrux pepMeHTax.

Meos: Conepixanne u pacnpeneneHue B KieTke U TKaHAX. YUacTHe B OKUCIUTENbHO-
BOCCTaHOBHTEIIBHBIX NIPOLIECCAX AbIXaHMA U hoTocHHTe3a. PYHKUMK HUTO30IbHBIX OKCHIA3
(ackopdat-, peHON- U AMAMHUHOKCHIA3).

Mapeaney: AkTusupyembie UM PEPMEHTHbIE CUCTEMBI, €ro CnelupUIHOCTD, KaK Ko(akTopa.
Pons Mn®' B ¢dyukunonnposanun OC-2.

Mosuéoen: TTorpeOHOCTB B BNI€MEHTe; ero 3Ha4eHue /1 MPOLECCOB YTHIM3aUHH a30Ta Cpeabl.
MonTepuH U PYyHKLIHOHUPOBAHWE HUTPOre€Ha3bl U HUTPATPeayKTasbl,

Hunx: CTpyKTypHas poJib B NoAnepkaHuK (PePMEHTHON aKTUBHOCTH U NPH cHHTe3e Oenka. Zn-
cogep:kaure dpepmenTsl: kapOoanruapasa, cynepokcuaancmyrasza (COI).

bop: xkoMmapTMeHTaLUs B KJICTKE, (POPMBI COSAUHCHUN. MEeXaHN3MBI YHACTHA B PETYJISILUN
(pH3UOIOrHUeCKHX MPOoLeccoB U Metadonu3ma. CTPYKTYpHAs poiib B KJICTOUHOH CTCHKE.

Hapyuenus B MetabonnsmMe pacTeHHil Npu HETOCTaTKEe MUKPOIIEMEHTOB.
DYHKUNMN «TTONE3HBIX» 3IEMEHTOB: HAaTPHH, XJIOP, KPEMHHUH, KOOAITBT.
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7. JanbHHH TPAHCHOPT H KPYTOBOPOT BEIIECTB B PACTEHHH

TpancnOKauns BELIECTB U3 JHCTHEB B APYTHE OPTAHBL (DIIO3MHBIC CHTOBUAHBIC SIEMEHTEL.
CocraB TpaHcnouupyeMbix BelecTs (caxapa, aMHHOKHCIIOTBL, FOPMOHbI, HEOPraHHYECKHE HOHBI
u 10p.). [lepeasukenne horoaccuMunsToB U3 Me30dHIa K cocyaaM (GiodMbl 110 anoriacTy u
CUMMAACTy. MexaHu3Mbl 3arpy3kH po3mMbl U3 anomiacta v cumriacta. Ponb
COMPOBOXAAIOLIMX K€TOK. Tun 3arpy3ku (Gao3Mbl y pacTeHHil pa3avyHbIX CUCTEMATHUECKHX
TPYII U €¢ 3aBHCUMOCTB OT KIIHMATHYCCKUX YCIOBHI. MeXaHI3M MePEIBHIKCHISI BEIECTB MO
dmosme. Mozenb NOTOKa BOABI 1O AaBICHHEM. I1opb! CHTOBUAHOMN MIACTUHKY KaK OTKPBITHIC
kaHanel. CKOPOCTb nepenBrKeHYs BeLecTB no (GJioamMe; Ux BbIrpy3Ka U3 CHTOBHIAHBIX
anemeHTOB. Bocxonsiumii Tpancniopt BewecTs no kenteme. CoctaB KCHIIEMHONO HKCyaaTa.
B3auMocBs3b TpaHCNOpTa BOABI M PACTBOPEHHBIX BELIECTB Mo Kcuneme. CKOpOCTH TpaHCToOpTa
BO/IbI U OTAE/bHBIX BeleCTB. B3aumoaeicTaie GpioIMHBIX M KCUIEMHBIX MOTOKOB a30THCThIX
BCIIECTB M HOHOB. KpyroBOpOT M peyTHIM3AUNS MUHEPAIbHBIX BEIICCTB B PACTCHUH.
@DYHKIMOHANBHAS POJb 3TUX (PU3HOTOTHHYECKUX IPOLIECCOB.

8. PocT M pasBuTHE PACTeHUH

Onpenenenne NMOHATHI KPOCT» U «pa3BUTHE» pactenuii. [Ipodnema pocra u pa3BuTus Ha
OpPraHHW3MEHHOM, OPTaHHOM, KJIETOUYHOM H MOJNEKYJISIPHOM ypoBHsX. CyluecTBOBaHHE OpraHu3Ma
KaK pa3BepTbiBAHUE BO BPEMEHU MeHEeTHHECKOIt MporpaMmbl;, BO3aeHCTBUE BHELHKX (PAKTOPOB.

Obuine 3akonomeproctu pocra. [Nokazarenn pocra, S-00pa3Hblii XapakTep KPHBOH pocTa, €ro
da3bl. KOMIOHEHTBI «KJIACCHYECKOrOo» aHalN3a POCTa U MATEMATHYECKHIT aHaIU3 NpoLecca.
Tunel pocta y pactennii. OpraHusauys MepucTeM KOpHA U cTedns. PocT u nesTenbHOCTh
mepucTeM. Knetounble ocHOBbI pocTa. PocT pacTenuii u cpena. BausHue temnepartypsl, cBeTa,
BOJIBI, Ta30BOI0 COCTaBa aTMOC()EPhl, HJIEMEHTOB MUHEPAILHOTO MTUTAHUS HA POCTOBBIE
IPOLIECCHI.

KuzHeHHbI LMK BbiclunX pacTeHuil. OCHOBHBIE 3Talbl OHTOreHe3a (3MOpPHOHANbHBIIA,
FOBCHUJIBHBIN, PEIPOAYKTUBHBIN, 3PEIOCTH, CTAPSHHS ), UX MOP(OIOTHIECKUE,
¢dr3uonornueckne 1 Metadonuyeckue ocodeHHOCTH. COCTOAHNE MOKOs ¥ pacTeHUil. THIb
MOKOS M UX 3HAUYEHHE IS )KU3HEAEATEIbHOCTH PACTEHHH.

MexaHu3Mbl MopdoreHesa pacteHuil. IToaspHocts. MHAYKLMS reHETUYECKUX NPOrpaMM,
MOP(POreHETHUECKNE TPATUCHTEI 1 OPUCHTALHS KJICTOK B pocTpancTee. LlenocTHOCTE u
KOPPEIATUBHOE B3aUMOACIHCTBUE OpraHoB. Perenepanust.

T'opMOHabHas perysauus pocTa U pa3BUTHA pacTeHUH,

Aykcunsr. Buocuntes, 06pa3opaHue KOHBIOTATOB, AerpafauHs ayKCHHOB. AKTHBHbBIH TPaAHCIOPT
ayKCUHOB B pacTeHusiXx. @u3nooruyeckre OTBEThl HA ayKCUHBL aTTparupyronii s hekxT,
pacTskeHHe KIIETOK U TPOMu3Mbl, uddepeHIUPOBKa KIETOK Mo NefiCTBHEM ayKCHHOB,
anuKaabHOE JOMHHMPOBaHWE, aKTHBH3ALUA AedeHNil KieTok kamOus, pusoreHes. AYKCHH Kak
TOPMOH CTEeOJIEBOTO aIreKca.

Humoxuninsr. buocuntes, o0pa3oBaHue KOHBIOMATOB, Aerpaaalius LIHTOKHHHHOB.
dDusnonoruyeckoe AeHCcTBIE: aTTparupyoLiuit 3pdekT, CTUMYIALMS KIETOUHBIX AeNeHNH,
auddepeHIIPOBKa Mo AeHCTBHEM IHTOKHHUHOB, CHATHE aITHKAJIbHOIO JOMHHHPOBAHU C
OOKOBBIX MOUEK. LIUTOKHHMH KaK TOPMOH KOPHEBOTO alleKea.



B3aumoneiicTBre aykCHHOB W UMTOKHHUHOB. [ToHsTHE 00 aHTArOHU3MEe U CHHEPTH3ME.
TopMoHanbHbIii 6ananc B pacrednun. KynbTypa in vitro kak Moaeb 47151 U3yUueHHs
ropMoHanbHoro 6ananca. Ioaaepskanne ropMoHanbHOro 0anaHca 3a CYET pereHepalui TOUeK
CUHTE3a ayKCHHOB U IUTOKHHUHOB. bakTepun, UCMONB3YIOIINE HAPYILICHHE TOPMOHAIBHOTO
OanmaHca MEKAY aYKCHHAMH U LUTO-KHHUHAMHE (Agrobacterium tumefaciens, A. rhizogenes).

H'udbepeinnor. Tlytn GuocuHTesa U MHoroodpasue ruddepennHos. OOpazoBaHle KOHBIOraTOB
u gerpagaumst. PU3NOIOrHYecKoe AeiicTBre rHO0EPE/UIHHOB, PACTAXKEHNE KIECTOK U
aKTHBH3ALMSI HHTEPKATAPHBIX MEPHCTEM, 0Opa30BaHIE LIBETOHOCOB, IPEPHIBAHNE ITOKOA H
CTHUMYJISILIHS] POCTOBBIX NTPOLECCOB. JHAOT€HHBIH yPOBEHb rHOOEPesIMHOB U ANTMHA IHS.
[u60epennnHbl Kak ropMoHb! IMCTheB. KapinKkoBOCTb, BbI3BAHHAS HAPYLIEHUSIMH CHHTE3a
rubbepennuHos. BzaumoneiicTeue ¢ ApyruMu ropMOHaMH.

Abcyuzosasn kucioma. Tytn dSuocunresa ABK B pacrennsx u B rpudax, ee meradbonusm.
duznonoruyeckoe AeHCTBHE: OCTAHOBKA POCTA, MOArOTOBKA K COCTOSHHIO NMOKOs. AKTUBH3aLMs
cuHTe3a 3anacHbix BewlecTB. ABK xak ropmon abuotnueckoro ctpecca. CTparerus oTseTa Ha
3acyXy, NOHKUXKEHUe TeMnepaTypsl, 3aconeHue. Poib ABK B HHAYKLMH 3aLLMTHBIX NPOLIECCOB
(CHHTE3 OCMOIIPOTEKTOPOB, MONHAMUHOB, O€IKOB-IIANIPOHHHOB, 3aKPbIBAHUE YCTHULI,
JIUCTONAM, BbI3BaHHBIN AS(DULIUTOM BOABL, CO3PEBAHNEC CYXHX TUIOJOB U CEMSAH).
B3aumoneiicreue ABK 1 ru66epennnHoB B npoueccax peryjsuny MoKos.

Onmuen. buocunres sTuneHa. Cneunduka 3THIEHA kKak ra3o00pa3HOro ropMoHa.
dusnonoruyeckoe aeiCTBIE: TPOMHON OTBET MPOPOCTKOB HA STUJICH. ‘DTUJICH KakK TOPMOH
MEXaHHYECKOro U DHOTUYECKOro crpecca. CuTyannu OMOMEXaHUYECKOrO BO3ACHCTBUA:
MOBPEXAEHHE HACEKOMBIMU U KPYIHBIMH TPaBOAAHBIMH, QUTONATOreHHBIMH pHOaMH.
Crparerus orsera Ha GnoTnuecknii ctpecc. Co3peBaHHe COUHBIX MIOAOB U JIHCTONAA B
YMEpEHHbIX LIMPOTAX KaK MOArOTOBKA K MEXaHUYECKOMY cTpeccy. Ponb 3TUAeHA Kak “ropMOHa
Tpeeoru” B OuoLeHo3ax. BzauMoaeiicTBue 3Tu€Ha ¢ ayKCMHAMU U APYTUMU TOPMOHAMM.
MyTauuy, NOBPEeKIAINUE OMOCHHTE3 STHJICHA M €r0 PELICTILINIO.

Peayaamopust pocma pacmenuii. BpaccuHocTepouabl: OHOCUHTE3, MHOTOOOpasue.
Dusnonoruyeckue 3¢pPexTbl: pacTaKEHUE KIeTOK, poab B AnddepeHiupoBke Me3oduana.
JKacmoHnoBas kucnota. buocnnates u gpusnonornyeckue 3hpexto. MeCcTo KaCMOHATOB B
perymsiunu oTBeTa. CXOACTBO OTBETOB HAa yxacMoHAT U Ha ABK. Camnumnar u npyrue
deHosbHble coenquHeHnsa. BoaMoykHas posib B peryisiuuy TepMOreHesa, OTBETa Ha BUPYCHYIO
nHpekunio, userennu. B3anmoneiicteie ¢ npyrumu ropmonamu. QnurocaxapuHsl.

Domopeyasups y pacmenui. OCHOBHBIC NPUHIMIIEL (poTopeuenuun. OTaudne
(doTopeLenTopHbIX KOMIUIEKCOB OT dHepronpeodpasyownx. ®usnosnoruvdecku BaxHble 00aacTy
crniekTpa: kpacHas U cuHss. PUTOXPOM U KPUIITOXPOM.

durtoxpomHas cucTeMa. CIeKTPaIBHBIC CBOMCTBA MOJICKYJIBI. DTarel npeepawmeHus Ph, - Phy:
HU3MEHECHUS B CTPYKTYpe XpoModopa u anonporenHa. [ 'eHbl, kogupyromme OMOCUHTES.
®utoxpom A u B: cxoncrsa u otnnuus. @u3nonoruuecke peakLunu, Onocpe1oBaHHbIe
(UTOXPOMHO# CUCTEMOI: CBETO3aBHCHMOE MPOPACTAHHE, NEITHONALINSA, CHHAPOM H30eraHus
TeHu. K/JIK-00patuMocTb. @UTOXPOM KakK «BXOJHbIE BOPOTa» A (GOTONEpHOANYECKOTO
CUTHaJa.

CrpyxTypa kpuntoxpomos. McronbzoBaHHe MyTaHTOB IS UCCIIEA0OBAHHSA KPUIITOXPOMA.
OtBeTbl Ha CUHMIT cBeT: pasrubaHue anukaabHON MeTeabki MPOPOCTKOB, POTOTPONU3MBI,
YCTbUUHbIE [BHKEHUS.



Cucrembl perynsiuni GU3HOIOrMYECKHX NPOLIECCOB.

Cems nymeit nepedayu cuenanda 6 Kaemxe. BocrpusiTue BO3ASHCTBUI H CUTHATBHBIX MOJIEKY L.
PeuenTopel cTHMYJIOB 1 TOPMOHOB, UX Jokanu3auus. Posib niazmanemmbl. [Nepenava curuana.
BsanmopeiicTeyie peuenTopos ¢ NOCpeNHHKAMH, NTEPENalOWUMHU CUrHaL. Bropuutble
nocpeaHyky nepenaun curtana (pocdonunasa C', LAM®D, nxozuton-3-pocdat u ap.).
VYuacTue KanbLUus B nepenaye curuana. Ponb kansMoaynuHa u Ca’ -CAM koMmmekca B
(bopMupoBaHNH OTBETHOH peakun. [IpOTeHHKMHA3EL, 3HAUCHUE peakun HochoprrpoBaHmsy/
nedochoprIHpOBaHIS B PErySILIH aKTHBHOCTH (epMeHTOB. Crenuduka nepenayu u
dopmupoBaHNs OTBETA HA ONPEaENeHHbIH CTHMYJL.

Domoneprodusy. DeHOMEHONOrUs1 (POTONESPHOINU3MA: LIBETCHUE U TPYTIIEL
doTonepuoaMUECKIX PACTECHUM, PEryssiLus INCTONaAd, 00pa3oBaHusA MOUEK, Mepexona K
COCTOSIHUIO TIOKOA. BocnpusiTue niuHel aHs: 3gdext npepbiBaHHua HOUU, GUTOXPOM,
BHyTpeHHHe 4achl. ['opMoHanbHas Teopus userenus Yalinaxsana. H3menenns ropMoHanbHoOro
OanaHca, npuBoAdLIHe K PUIMONOTHUECKOMY OTBETY Ha potoneproa. Perysiuins pa3puTtus
KAMMaTHUECKHUMU (DaKTOpamH.

BHyTpeHHue puTMbl pa3BuTus pactennii. [lepronnyeckue siBieHUs B pUTMax OpraHoreHesa u
pocta pacrenuii. LlnpkagHeie putmbl, MexaHusm Ux obpasoeanusi. Hactpoiika unpkaaHbix
putMoB thotonepuoaom. InacroxpoH. KoppekTHpoBka BHYTPEHHUX PUTMOB Pa3BUTHSI
BHELUHUMU KJIMMAaTHYeCKUMU pakTopaMu: 3aCyXoi, MOHWKEHUsIMU TemnepaTypsbl. [1yOokui
(busmonorudeckuit) NOKOM U BBIHYKACHHBIHM MOKOH. TemmepaTrypa n pa3BUTHE PACTCHHIA.
SBneHUs cTpaTH(PUKALINN U IPOBU3ALNN KaK SKOJIOTMYECKas aganTtauus. [ opMOHaNbHAA TCOPUs
BepHasn3aunn pactenuii. [Ipepbipanne riyboKOro nmokosi MOHWKEHHBIMH TEMIEPATYPaMM:
npopacTaHle CeMsH, BBIXO IOUeK U3 COCTOSIHUS [TOKOs, UBETEHHE.

OMOpHOHANBPHOE pa3BUTHE. PasBUTHE 3apobIa y IBYAONBHBIX PACTCHHI B HOPME.
Hcnonb3oBaniie MyTaHTOB 1Jisl U3y4eHHs MEXAHW3MOB Pa3BUTHSA 3apoabiwa MyTauuu
HapyLaloLHe pa3BUTHE KOPHEBOTO U cTeONEeBOro aneKca, CyCcrneH3opa, HEKOTOPBIX CII0eB
TKaHell B 3apoabiax. Comaruueckuil sMOproreHes, GakTopbl, BAUAIOLME HA HHAYKLHIO,
oOpazoBaHue U GOPMUPOBAHKME 3aPOABILLELT in Vitro.

[Tpopacranue cemsin. ['opmonanbHblii 6ananc mpu npopacranuun cemsad. OrHowenue ABK/
ru6oepennunbl. MyTtauuu cuate3a ABK u otsera. CBsi3b rOpMOHANBHOTO CTaTyCa CEMEHH C
OMOCHHTE30M APYTUX BELIECTB.

Perynauus BereratuBHoro pocra pacrenuii. Poct xopHsi. Posib GuUTOropmMoHoB.
HAuddepenunposka kopHeBbIX BONOCKOB. Ceprs MyTaHTOB ¢ HAPYLIEHHUAMH HHHLIHALWH H
3JIOHralMK KOPHEBbIX BOJOCKOB, (POPMbl BOJOCKOB. MyTalMu, HAPYLIAIOLWHE TPaBUTPONU3M.

Poct nobGerosoii cucrembl. Ycranosienne QUIIOTAKCHECA NPHU NTpopacTaHuu cemenu. Posb
¢duroropmonos. Myraunmn apabuaoncuca ¢ H3MEHEHHBIM Pa3BUTHEM BEr€TATHBHOIO arneKca.
Poct nucra. Ponb puTOropMOHOB B 3aKj1ajke U pa3BUTHU aucta. CBsi3b pa3BUTHS TUCTA U
MepucTeMbl nodera.

Perynauus reHepatiBHOrO pa3BuTHs pacteHHil. MHOykuusa v 3Bokauus usereHus. Pazputue
couBeTHii. PaHHee reHepaTHBHOE Pa3BUTHE, NMO3IHEE NreHepaTUBHOE Pa3BUTHE, Pa3BUTHE
usetkoB. HopmanbHoe passutue 1iBeTka. Moaenb «BoitHbl no3zuuuity (ABC). 'eHeTnueckue
dynkuun A, B u C. CemelicTsa reHos, conepskatinx MADS-10meH.



[Mposasnenuns nona y pacrennii. CamonecosmecTMocTh. ['eTepomopdras 1 romomopdras
camoHecoBMecTUMOCTb. CrnopodUTHBIL 1 TaMeTOQUTHbII KOHTPOJIb CAMOHECOBMECTUMOCTH.
Perynauus nona. JKuzHeHHble UMKIIbI paCTeHUH. Y CIOBUSI MUHEPATbHOTO MUTAHUS, BO3PACT,
TOPMOHAJIBHBII CTATYC KaK (GakTOpPHI, BIUSIOWNE HA MO pacTeHU. [1010BbIE XPOMOCOMBIL
My:KcKk1e U )KEHCKUE LIBETKH Y OMHOAOMHBIX PAaCTCHUI.

9. YcTOHUYNBOCTH PACTeHMI K He0JIATONPUATHBIM (akTopam

Crpecc n agantauns — o0wwas xapakTepuctika senenuii. HeGnaronpuarhele Gakrops!
Ouornueckoii u abuornueckoii npupoasl. OTBETHbIE peakLUu pacTeHUil Ha felicTBHe
crpeccopoB. Cneunduueckre u Hecrieluduyeckue peakuun. [Npupona Hecneuupuuecknx
peakunii. CTpeccoBbie O€IKU 1 X (PYHKIUH.

Boonwrit oechuyum. Knaccndukauns pacteHHH no X yCTOHINBOCTH k 3acyxe. KcepoduTsl.
CrnocoGHOCTh pacTeHUil MoANep:KUBaTh BOJHbIN TOK B CUCTEME. TIOUBa-paCTeHHe -aTMochepa B
ycaoBUsix 3acyxu. @akTopsbl, odecrneurBatolde NBUXKEHUE BObI M3 TIOUYBbI B PACTEHHE U B
armocepy y kcepoduror. OCMOTHYECKHI H THAPOCTATUYCCKUI MTOTCHUHANEL Y PAa3HBIX IO
3aCyXOYCTONYHMBOCTU PAacTCHUN. Peryasauns oCMOTHYECKOrO MOTCHLUNANA JABICHHUS C MOMOLIBIO
OCMOJIMTOB. XUMHYecKas nipupoaa u 6Guocuures ocmoantos. [IporexTopHas GyHkims
OCMOJIMTOB. 3ainTa OENIKOB B YCIOBHAX OErHApaTaLny LHTOMAa3Mbl. [TpoivH U Noinosbl Kak
BaskHelilIMe MPOTeKTopbl OenkoB. [ToIMaMuHbI -MPOTEKTOPbI HYKNEUHOBbIX KUCIOT. beTaunHbl 1
UX 3alUTHbIE PyHKLUMU. Beakn, cuHTe3upyrolMecs B yCJIOBUAX aervapaTauuu. Mx 3aluTHas
ponb. C4 1 CAM- Tunel MeTaboIM3Ma Kak CUCTEMBI SKOHOMUU BJIATH Y 3aCYXOYCTOHYUBLIX
PaCTCHHIA.

Bevicoxue konyenmpayuu cosedi. Tunbl NOYBEHHOTO 3acoieHust. [[aTohuThl U TTHKOGUTHI.
[ToBpexxnaroiee neicTBHE COCH. AqanTauys pacTCHHI K OCMOTUYECKOMY U TOKCHYCCKOMY
neficTeuio coeil. CriocoOrl noanepkanue OBOAHEHHOCTH. OCMOPEryNATOPHAsS U MPOTEKTOPHAS
¢yukunn ocmoantos. [porektopusie Oenku (I1B), cunresupyrouinecs B pacTeHUsAX npu
conesom crpecce. Ungykuus 6uocunresa [1b BricOkMMHU KOHLEHTpaLusMu conell. PyHkunn
NpOTeKTOpHBIX HenkoB. CUCTEMbI HOHHOTO TOMEOCTAaTUPOBaHKMS KieTok. KoMnapTMeHTalms
MOHOB, pOsib Bakyostu. Pojib mnazManeMmbl M TOHOMMACTA B MOAAEPKaHUN HU3KUX
KOHLEHTpaluii Na B LIMTOMIa3Me NPy 3aCoIeHNH. Na' -TpaHCTIOPTHPYIOIME CHCTEMBI H HX
ceotictea. JanbHuii TpancnopT Na (ypoBeHb He10r0 pactenns). CTparerus n3dekaHs
HaKOIJIEHUS] HOHOB B AKTHBHO METadOIM3HPYIOWMX TKAHAX W Mr€HEPATHUBHbIX OPraHax B
YCJIOBHSIX 3aCOJIEHHUSA.

Drempesiansiore memnepantypel. PaCTeHUs KaK S5K30TEPMHBIC OPTaHH3MBL. TeMnepaTypHble
azanTauuH, CBI3aHHbIE C U3MEHEHHUEM colepIKaHus PepMEeHTOB B KJIETKAaX H UX
n3odepmeHTHOro cocTaBa. Azantaunu, obecrnednsarope nocrosHeTBo Km npu
TemnepaTrypHbix caBurax. CTPyKTYpHbIE NEPECTPOHKH KJIETOYHBIX MeMOpaH npu
TeMIepaTypHbIX aaantauuax. Poab n3MeEHEeHUs1 XUMHYECKOTO COCTaBa sKMPHBIX KHCIOT U
COOTHOLLUEHHS HACBILIEHHbIX U HEHACBILEHHbBIX dUPHBIX KUCIOT B 0decneueHn HeoOXOAUMOii
MOIBYKHOCTH JIMMTUIAHOTO OUCI08 MEMOpPaHBI MPU TEMIEPATyPHBIX agantauusax. MameHeHne
BA3KOCTH JIUMUAOB U PETYJISILIMS AKTUBHOCTH JIOKAJTU30BAHHBIX B MeMOpaHax (hepMeHToB. Posib
1 QyHKIMs gecatypas B M13MEHeHHH MHOEKCA HEHACHIIUEHHOCTH XXHPHBIX KUCIOT NPH
TEeMIEPAaTYPHBIX aoanTaunusax.

TonepaHTHOCTE pacTeHUI K 3aMopakuBaHuio. [IpenoTepalleHe 00pa30BaHUs JIbA B KICTKAX:
1) nyrem nx oe3BoxnBaHHA B X0A€ (HOPMUPOBAHHSA KPHCTAIUIOB JIbAA B MEXKKJIETHHKAX; 2)
nytem OnocuHTe3a Snonornuecknx aHTHPpu3oB. Xumuueckas npupona OHOJOrHYECKHX
aHTU(GPU30B. MonekysipHble MEXaHU3MbI UX AeHCTBUSA. HU3KOMONEKyIapHbie
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KPUOMPOTEKTOPHI. 3akanka pacrennii. Uamenenus, nporcxoasiine B paCTUTEIbHOM OpraHH3Me
B XO/I€ 3aKanku. MexaHH3Mbl MOBbILLEHHS MOPO30YCTOHYMBOCTH MPU 3aKaiKe.

Axmueupoeansiit kuciopoo. Axtusable popmbl kucnopoga (ADPK): cynepokcuanblii pagukan,
TMAPOKCHII- pagnKall, CHHIIETHBIH Kucsopoa. Mexanusmbl ux obpaszosanns. Bxuan
doTocuHTETHHECKOH N AbixaTenbHON DTL] B reHepanuio cynepokcHaHOro paaukana. Ponb
BbICOKOH MHTEHCUBHOCTH CBETa B NMepeBOCCTaHOBAeHHOCTH DTL xsioponnactos u oOpa3oBaHUU
cynepokcuaHbex pagukanos. ['eHepanus ADK npu crpeccax. Tokcnueckoe neticterue ADK;
CTUMYJISILIUS TIEPEKUCHOTO OKUCIIEHUS JIMITHOB.

MexaHu3Mbl 3a1UTh! pacTeHuii ot u3beitka ADPK. ITyTu npeaotspatueHus odpaszosanus APK B
KJIETKaX PaCTCHHH. AHTHOKCHIAHTHBIEC CUCTEMBI KIETKH: aCKOPOAT - IITyTATHOHOBBIN LIUKII, OCTO
Ko(hepon. AHTHOKCHAAHTHBIE ()ePMEHTATHBHBIC CUCTEMBI. CEMEHCTBO CYNePOKCHANNCMYTA3.
Ackopbarnepokcraasza, KCaHTOPHIUIbHbBIN LUK U AP,

Anoxcus u eunoxcs. PacTeHns, yCcToHUMBbIE K HEAOCTATKY kucaopoaa. Ponb rankonusa B
aZanTalMK PaCTeHUH K HEOOCTATKY KUCIOpOAa. AHATOMHYECKHE OCOOEHHOCTH pacTeHUl,
yCTOWYUBBIX K QHOKCUY U FMIIOKCHH - CTpaTerus u3dexanus aHaypoduosa. Ponb ropMOHOB B
azantauuM K aHaspobuno3y. OTBeTHasd peakHsa PacTeHHi Ha Pe3KOEe CHUKEHHE COIePIKaHHs
Kuciaopona B cpene. benku, obpasyrowmecs B pacTeHHsIK B XO€ aJanTalUui K HEAOCTATKY
kucnopona. Ux hyHkumoHanbHas ponb, [TonbITkH NonyueHUs yCTOHUMBBIX K HEAOCTATKY
kuciaopona Gopm pacTeHHii.

{okcuunocms msuceapx Mema:106 ANs PaCTEHUH UX HAKOTIEHHE B TKaHAX. MexaHH3Mbl
3allMThl; KOMNAPTMEHTALMA U HAKOMIEHHE TsKeNbiX MeTan1oB B Bakyosax 1 KC, Ponb
duToxenaTuHoB. BugocneLngpuuHOCTb B UyBCTBUTENBHOCTH M YCTONUMBOCTH PacTeHUi K
130BITKY M HEAOCTATKY TSDKENBIX METAJUIOB B cpene. PUTOpeMeqHaliis.

Dumonrmyrumem. PUTOUMMYHOJIOTUST KaK COCTaBHas 4acTh o0uell MMMyHONOruu, PyHKUMH
uMmmyHuTeta. UMMyHuTeT. JIByx(ha3HOCTb OTBETA PaCcTEHHIt HA BHEIpEeHNE MaTOreHa;
pPacTo3HABAHUE TTATOT¢HA U 3ALIUTHAS PEAKLM. DIUCUTOPEL, POJIb MEKTHHOB B PaCrO3HABAHIH.
Peuenrop - nurasaHbIi THI B3AUMOACHCTBHUS PACTCHUSI-X035MHA U natoreHa. Pose
OJIMTOCAaXapHUHOB B OTBETHOH peakLWy pacTeHus Ha BHeapeHue naroreHa. Hexporpoduo! n
OuoTpodbl — HHU3KO- U BBICOKOCTIELHATM3HPOBAHHBIE MMATOreHbl. [leTepMHUHAHTBI yCTONUYHBOCTH
pacTeHuii K naToreHam: aHTUOHOTHYECKUE BelllecTBa ((PUTOANEKCHHBI), MeXaHUYeCckue Oapbepsl,
aykcoTpousi, peaklusi CBepXuyBCTBUTENLHOCTH U Ap. JleTepMUHAHTBI MATON€HHOCTH
MHUKPOOPTAHU3MOB: (PAKTOPEI, CIOCOOCTBYIOIINE KOHTAKTY MUKPOOPTaHH3MA M PACTCHIIS,
CYIIPECCOPBI 3ALTUTHON PEAKLIMH M TOKCHHBL, (PaKTOPBI, 00ECTIEUHBAIOLINE TTPOHHKHOBCHUIE
naTroreHa v ero nuTaHue BHyTPH pactenus; hakTopel, odecneurBao e MpecaosieHne
3alUUTHOH peaxLuuy pacTeHHs.

Tun u creneHs COBMECTUMOCTH B CUCTEME: OONbHOE pacTeHue. ['eHeTndeckas mpupona
YCTOMYUBOCTH PACTCHUI K MaToreHaM BepTukanbHas U rOpH30HTANIBHAS YCTOMUHBOCTH. Teopust
dnopa «reH-na-ren». ConpsixkeHHas 3BONOLHNS PACTeHHs X03sMHa W natoreHa. [Ipuobperenne
BUIOBOW W COPTOBOH ClIeUUANIM3aLHK NMATOreHOM (MHIYKTOPHO-CYIPeccopHas MoIeb Xecca).

Ponb BTOpUUHBIX METAOONUTOB B BEPTUKAIBLHON U FOPU3OHTAIBHON YCTONYNBOCTH.
Jlokanuzaums cuHTE3a M HAKOTJIEHHS! BTOPUYHBIX METaOOINTOB HA YPOBHE KJIETKH, TKaHH,
oprauna, uenoro pacrenus. CoctaB 1 XapakTepHCTHKa CMOJ, CIM3€ei, kamean, narekca. BHewnss
cekpelns BTOpUUHbIX MeTadonuToB. Crelranu3sMpoBaHHble opratbl cekpeuuu. Coctas U
XapakTepucTuka 3pupHbIX Macen. XapakTepUCTUKA JOKaIM3aLMU CHHTE3a U HAKOMJIEHUS
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OCHOBHBIX I'PYTIN BTOPHYHBIX METa0ONNTOB. 3alUHTHbIE GYHKLIWN BTOPUYHBIX COEIHHEHHH.
DuTtoanekcuHbl, J1okazaTe bCTRA 3KOAOMHUECKHX (PYHKLUMH BTOPUUHBIX COSMHEHUI.

10. BzaumopeiicTBue (PU3HON0THYECKHUX MPOLECCOB, HX HHTErPALKS H COIJIACOBAHHOE
(¢yHKnHOHHpOBAHHE OPTaHOB

JIOHOPHO-aKLENTOPHBIC B3aUMOACHCTBUA KaK OCHOBA SHAOTCHHOMH Perysuuu (OTOCHHTESA B
CUCTEME PacTHTEJILHONO OpraHn3Ma. MexaHn3M 3HIOTeHHOH PeryJiiliy B CHCTEME PACTEHHS:
MOTOKH YTNIePOAa, UCTIONb3YeMble Ha CUHTE3 PAa3JINYHbIX COEAHHEHHI U WX pacnpeaeneHye no
TKaHAM u opradam. Teopus porocuHTeTHUECKOH NPOAYKTUBHOCTU. [TyTH MOBbILLIEHNS

3¢ $eKTHBHOCTH UCMONB30BAHMA COTHEUHO SHepruu npu goTtocuHTese. JJoHOpHO-
AKLENTOPHBIC OTHOLICHUS, PEYTUIN3ALNS U KPYTOBOPOT MUHEPATIbHBIX HJIEMEHTOB B PACTEHHU.
Pacnpenenenne sewmecTs no opraHaM i KOMIIAPTMEHTALIUS IPOLIECCOB H COCIVHEHHI B KJICTKE U
TKaHSX KaK CHCTEeMa NMPOCTPAHCTBEHHON M BPEMEHHOI opraHu3auini OHOXUMHYECKHX U
(U3MONOTHUECKHX NPOLECCOB U COco0 PeryJISslUy UX COrNIaCOBAHHOIO B3aHMOAEHCTBHS U
MHTErpaLmH.

CucreMbl peryisuuy 1 HX UEPapXHsi B PaCTCHUN.

Perynauus pacnpeneneHus pocra U BeLIECTB, a TAKXe B3aMMOENHCTBUS OPraHOB B LIEJIOM
PacTECHHUU.

Cucrembl peryasitiug: Tpodpuueckas, ropMoHaibHas U anexktpodusnonoruyeckas. [Tonatue
«3anpocy U npeanofaraeMble MeXaHU3Mbl nepenaun curnana. JIoHOpHO-aKLeNTOpHble
OTHOILUCHHSI.

Perynauus npoueccos Ha k1eTOUHOM ypoBHe. MeTabonuTHasA peryisiuus U MeXaHu3M KOHTPOJIs
MpoTeKaHus npouecca o NPUHLUMMY OTPULATENbHOMN (MONONKUTENBHON) CBA3H KOHEUHbIMU

MPOAYKTaMH. ANIEHUATHBIM KOHTPOb.

KoMnaprMeHnTauus npoueccos M BeLECTB Kak ciocod OpraHu3aLry Peryjsauni NpoLeccos B
MPOCTPAHCTBE U BPEMEHH.

B3aumoneiicTue npixanus u gorocunTesa: odmeH npoaykramu u cydcrpatamu. OcobeHHOCTH
IbIXATENbHOTO npouecca B POTOCHHTEINPYIOLLEH KIIEeTKE.
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