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Kanauparckuii 5K3aMeH MO CeUalbHON JUCHUILUIMHE CAAETCS MO MPOrpaMMe, COCTOAIIEH
U3 JIBYX 4YacTei: THUIOBOM MNPOrpaMMbl — MHUHUMYM II0 CHELUAIBHOCTH, W JOMOJHUTEIBHOMN

IIporpaMmsil, pa3pa60TaHH0171 COHCKAaTCJICEM yquOﬁ CTCIICHHU COBMCCTHO C HAay4YHbIM

PYKOBOJIUTEIIEM.
MNPOrPAMMA-MUHUMYM
KaHIUJIATCKOTO K3aMeHa M0 HAYYHOH CIIeIUATIbHOCTH
1.5.21 ®wusunonorus u OUOXUMHUS paCTEHUI
10 OMOJIOTUYECKUM HayKaM
Beeaenne

B ocHOBy HacTosmledl nporpaMMbl TOJOKEHBl CIEAYIOLIUME pa3feiibl: OCHOBHBIE
KOMIIOHEHThI PACTUTENBHOIO OpPraHu3Ma M MX (YHKIMM; PAcTUTENbHAs KJEeTKa; OMO3HEepreTuka
pPacTUTENBHOTO OpraHu3ma, GOTOCUHTE3, AbIXaHHUE; BOJOOOMEH; MUHEPAIbHOE MUTAHUE; NaTbHUM
TPAHCIIOPT U KPYTOBOPOT BEIIECTB B PACTEHUH; POCT M Pa3BUTHE PACTCHHIA; YCTOWYUBOCTD
pacTeHHWii K HEONIarompusATHBIM (aKkTopaM; B3aUMOJCHUCTBUE IMPOILECCOB, WX HHTETpalus |
COIIaCOBaHHOE (PYHKIIMOHUPOBAHUE OPTaHOB.

[Iporpamma pa3paboTaHa SKCHEPTHBIM COBETOM BhICIICH aTTECTAIlMOHHOW KOMHCCHUHU TIO
OMOJOTUYECKHM HayKaM.

1. O6mme BOpoCHI

OObekThl OMOXMMHMM U (DU3HOJOTUM PACTEHUM — 3yKapHOTHYECKHE (POTOTPOHBIE
OpraHW3Mbl. YHUKaJIbHBIE OCOOCHHOCTH PACTHTEIIBHOTO OpraHm3Ma: (poTo- u aBTOTPOPHOCTH.
ABTOTpOGHOCTh B OTHOIICHUU YCBOCHUSI MUHEPAIbHBIX 31eMeHTOB. Crenuduka oOMeHa 3eIeHbIX
pacTeHUll MO CpPaBHEHUIO C ApyruMu opraHuszmamu. Kocmudeckas poJib 3€JI€HOr0O pacTeHUs.
3nauenue GoTroaBTOTPO(OB B CO3TAHUH U MOMJCPKAHUU Ta30BOTO COCTaBa aTMOC(ephl, BOAHOTO,
MOYBEHHOTO U KJIINMAaTUYECKOT0 peXMMa Ha IUIaHEeTe.

Opranuzanys ¥ KOOpAMHALMSA (PYHKIIMOHATBHBIX CHUCTEM 3€JeHOro pacTeHus. Dusuko-
XUMHYECKHH, SKOJIOTNUYECKUM 1 3BOJIIOIMOHHBIN aCIIEKThI.

MeTo10/10THYECKHE OCHOBBI HCCIEAOBAaHUNH B OHOXMMHM M (PU3HOJIOTUM pPACTEHUH.
Crnemuduyeckne METo/bl OMOXUMUU U (Pu3HoIoTUU pacTeHuid. CouyeTaHue pa3IUYHBIX yPOBHEH
uccienoBanus (CyOKIETOYHBIN, KJIETOUHBIM, OpraHM3MEHHBIH, OMOLICHOTHYECKHI) B OMOXUMUH U

(GU3UOTIOTHH PACTECHHH.



du3nonorus U OMOXUMUS PaCTEHUN — TEOpeTHUYECKass OCHOBA PACTCHHEBOJCTBA M HOBBIX
oTpacieil OMOTEXHOJIOTHH.

2. OcHOBHBbIE KOMIIOHEHTHI PACTUTEJILHOT0 OPTraHNU3MA U UX QYHKIIUH

2.1. YrneBogsbl.

OcobeHHOCTH cOCTaBa W MeTaboiM3Ma YIJIeBOAOB pacTeHWd. MoHocaxapuibl, HX
CTPYKTypa M B3aUMOITPEBpAIICHHs, OCHOBHBIC TpeACTaBUTEINM. MoHOCcaxapa, Kak cyOcTpaThl Jist
cuHTe3a Jnpyrux BemecTB. Docdopuble dhupsl caxapo3bl W Hykieosuanudocdarsr -
aKTUBHUPOBaHHBIE (OPMBI YIIIEBOAOB. B3aumompeBpalieHHs] MOHOCAaXapuaoB, AMHUMEpPU3ALINS,
abJI0-KeTO- m3oMepu3anus, pochomMy-Ta3Hple peakuuu. TpaHCKETONA3HbIE U TPaHCAJbI0Ta3HbIC
peaknuu. Onurocaxapunbl, HX COCTaB, CTPYKTypa, OCHOBHBIE mpencraBurenu. Caxaposa;
Jokanu3zanus ee cuHTe3a M (QyHKuuu. [lommcaxapuipl: cocTaB, TUIIBI CBS3€il, BETBJICHHE.
[Tonucaxapuapl 3anmacHble U CTPYKTypHbIe. CTpYKTypa Kpaxmaina u ero aerpagaius. O6pa3oBaHue
KpaxMallbHBIX 3€PEH B 3aMacaOIINX OpraHax.

2.2. Jlummapl.

O6mme cBoOiicTBa JUNUIOB, Kiaccu(duKkanuys, HOMEHKiIarypa. HacelmeHHble U
HEHACBHIIICHHBIE JKUPHBIE KHUCIOTHI: KJIacCH(HUKAIUS, CHUHTE3, KaTabomu3sM U (YHKIIHH.
Oco0eHHOCTH CTPOEHUS HEHACHIIICHHBIX >KUPHBIX KUCIOT pacTeHuil. Penkue >KUpHBIE KHUCIOTHI.
Tpurmunepuabl u ux QyHkmun. [lomspaeie umuasr: Gocho- U TITUKOIHIUAILI, UX POJIh B OOMEHE.
Crepounpl. OCOOEHHOCTH PaCTUTEIbHBIX CTEPOUAOB, PUTOCTEPUHBI. [ TUKO3U/IbI, ALIUITIUKO3U/IBL,
a¢upsl cTepuHOB. bronormdeckre MeMOpaHbl, crienudpuKa pa3IUYHBIX MeMOpaH pacTHTEIbHOM
KIICTKHU.

2.3. AMUHOKHUCIIOTBI U OSJIKH.

CTpyKTypa M MOHHBIE CBOMCTBA aMUHOKHUCIOT. [IpoTernHOreHHble aMUHOKUCIOTHL. AMUHO-
COEIMHEHUS, CHHTE3UpYEMbIe MIEPBUYHO U3 MUHEPATHLHOTO a30Ta M CHHTE3 aMUHOKHUCIIOT. Peakuuun
nepeaMuHupoBanus. KitoueBas poib TIYyTaMUHOBOW KHCIOTHI B METa0OIM3ME aMUHOKHCIIOT.
CemeiicTBa aMUHOKHCIIOT, KOTOPBIE MPOUCXOAAT M3 MHUPYBaTa, OKcajoalerara, 2-OKCOriyTapara,
HIMKUMaTa U MpoaykToB nukia KampBuna. @yHKINMK CBOOOAHBIX aMUHOKHUCIOT U AMHUHOKHUCIIOT B
cocTaBe OEJNKOBBIX MOJEKYJ. Peakiuu ne3aMUHHPOBAHUS U JIEKapOOKCUIUPOBAHUS aMUHOKHUCIIOT.
AMUHOKHUCIIOTBI KaK CyOCTpaThl CHHTE3a APYTUX a30TCOJEpKalux coequHeHui. HebemkoBbie
AMHHOKHUCIIOTBI PACTEHUU.

[lepBuuHas cTpykTypa MoJsieKyjdbl nojunentuna (mentugHas cBsizb. C- u N- KoHen
nonunentuaa). GuOpmspasie U rI00yIsIpHble Oenku. MoHHBIE cBolicTBa monumnenTuaoB: pKa
MOHOTCHHBIX TPYII, U303JIEKTPUYECKasi TOYKA. DJIEMEHTHl BTOPUYHON CTPYKTYphl OEIKOB — a-
CIUpalb W P-CTPYKTypa. TpeTwuHas W dYeTBEpTUYHAs CTPyKTypa OenkoB. [lucynbhuaHbsie u

BOJIOPOJIHBIC CBSI3U, HOHHBIE U THAPO(HOOHBIE B3aMMOEHCTBHsI. POJIb OTIEIBHBIX aMHHOKHUCIIOT B
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00pa30BaHUM U TOJAEP)KaHUU TMPOCTPAHCTBEHHOH CTPYKTYphl OENKOBOW MOJEKYJbl. belkoBbie
KoMmIuieKchl. [lonsTre cyobpenuanibl. @yHKIMOHATbHAS KiIaccu(uKaius OeIKoB.

2.4. HykneoTuapl U HyKJIE€UHOBBIE KUCIIOTHI.

[lypuHOBBIE M NUPUMUAMHOBBIE OCHOBaHMA. Hykieo3uapl W HYKIEOTHUIBI: CTPYKTYpa,
cunre3, GQynkuun. Hyxneosuanomudocdarel. Iluknuueckne HYKIEOTHABI ©  HUX  POJIb.
Hyxneornaapie KohepMEeHTHI U TIEPEHOCYUKH COCTUHEHUH, NX OCHOBHBIC THIIBI I OHMOJIOTHYECKOE
3HaYEHHUE.

HyxsienHOBbIE KHMCIOTBHI: NEpBUYHAS CTPYKTYpa, HYKICOTHAHBIM cocTaB. Bropuunas u
tperuunas ctpykrypa JHK. Crpykrypa PHK. Tunst PHK (undopmannonnas, TpaHcrnopTHasi,
pubocomaibHas).

2.5. BemecTBa crieniuaiM3upoOBaHHOTO OOMEHa pacTeHUH (BTOPUYHBIC METAOOIHTHI).

OCOOEHHOCTH COEIMHEHHUH, KOTOpble OTHOCAT K BTOpPUYHBIM MeTabosnutam. OCHOBHBIE
KJIaCChl BTOPUYHBIX META0O0JIUTOB: CTPOCHHE, KIacCU(UKAIU U PACIIPOCTPAHEHHUE.

AnKanouapl: NPOTOANKAIOUABI, ICEBAOATIKAIOUIbl, HWCTUHHBbIE ankagouabl. OCHOBHBIE
IPYyNIbl HCTUHHBIX aJIKaJIOUI0B.

W3onpenouas! (teprnenon ibl). OCHOBHBIE TPYIITBI H30IPEHOUIOB (MOHO-, CECKBU-, TU- TPH-
U TETpPAaTepIEHOU/bI, IOJIMMEPHBIE HW30IpeHOMbI). KapoTMHOMIBI: XMMHMUYECKas NpUpoJa HU
CTpoeHHE, (PU3NKO-XUMUYECKHE CBONCTBA.

®deHonbHBIE coeauHeHUs. OCHOBHBIE IPYMIIbl (DEHOJIBHBIX COECAMHEHUH ((PEeHOJIOKUCIOTHI,
(be-HuInponaHouAbl, CTUILOEHBI, (DIaBOHOMIB U M30()JIABOHOW[BI, MOJUMEpHBbIE (DEHOJIbHBIE
COCJTMHCHMS).

MWUHOpPHBIE KIIaCChl BTOPUYHBIX METa00IUTOB. HeOenmkoBble aMHUHOKHUCIIOTHI, IIHAHOTEHHBIE
[JIMKO3U/IbI, CepycoeprKalliue INIMKO3UAbl (TIF0KO3MHOJIATHI), PACTUTEIbHBIE AMUHbI, HEOOBIUYHBIE
JUNUAABl  (KUPHBIE KHUCIIOTHI, IMAHOJMIUABI), O€TaluHbl, IOJIMALETUICHOBBIE NPOU3BOJHBIE,
ankaMugbl, THOGeHbl. OCHOBHBIC MPEACTAaBUTENN BTOPHUYHBIX COCTUHEHUH KaXKIOTO Kiacca M MX
pacnpocTpaHeHue Cpeu pacCTEHUM pa3HbIX BUOB.

Ilytn OumocuHTE3a OCHOBHBIX KJIACCOB BTOPUYHBIX MeTabonuToB. IlpeamecTBeHHUKH
OMOCHHTE3a BTOPUYHBIX MeETa0oiIMTOB. TOukHM "OTBETBIEHHs'"' BTOPHUYHOrO MeTaboau3Ma OT
nepBUYHOTO. MoupUKAIIME BTOPUYHBIX META00IUTOB (TJTMKO3WINPOBAHUE, THIPOKCHINPOBAHHE,
METOKCWJIMPOBAHHWE, METUJIUPOBAaHUE). OH3UMOJOTUS CHHTE3a BTOPUYHBIX METa0OJIUTOB.
OcHOBHbIE (epMEHTBHl OHMOCHHTE3a AJIKAIOMI0B, W30NPEHOUIOB, (PEHOJBHBIX COEAMHEHHH, HMX
xapakrepucTuka. [lyonupoBaHue myTel CHHTE3a BTOPUYHBIX MeTa00auTOB. HeMeBanoHaTHBIN My Th
CUHTE3a U30MPEHOUIOB, €T0 JOKAJIN3ALNS U 3HAYECHHE.

2.7. ®epMeHThI U MEXaHU3MBI UX JICUCTBUSI.



XapakTtepuctuka (pepMEHTOB KaK BBHICOKOCIICIIMATH3UPOBAHHBIX OCIKOBBIX KAaTalU3aTOPOB.
Amudartndeckass W mpocreTHdeckas dacth ¢epmenta. KodakTopel (EepMEHTHOW peaKIIvH.
DHepreTUYecKas OCHOBAa KaTanu3a: aKTUBHBIN 1eHTp (epMenta. CrnenudUIHOCTh JEHCTBUS
dbepmentoB. PepmenTHas kKuHeTHKa. DepMeHT-CyOCTpaTHBIN KOMIUIEKC. Y paBHeHHEe Muxasnuca-
MenTen. Bemmuumaer KM w Vmax, ux Ouonormueckuid cMmbici. WHruOupoBanue (epMeHTOB.
Heiictreue pH w  Temmeparypbl Ha CKOpOCTh (epMeHTHOW peaknuu. KoHKypeHTHOE,
HEKOHKYpPEHTHO€ U HeoOpaTMMoe HHruOupoBaHue. MexaHU3Mbl perysiiuuu  (QepMeHTHOM
aKTUBHOCTH. Perymsuus mno mnpuHOMIy oOpaTHOW CBS3U: AaKTUBallUg W HMHTUOMpPOBAHHE.
Amnoctepudeckast perynsius. MHIykius u penpeccuss cuHTe3a. M303uMbl M KOH(OpPMEpHI.

PerynupoBanue ¢ yqactuem NpOTEHHKHHA3.

3. PacTutenbHast Ki1eTKa

Oco0OeHHOCTH CTpOEHMsI, CTPYKTypHas M (pyHKIMOHaJIbHAs OpraHu3alus pacTUTEIbHOU
kJeTku. CuMOMOreHHasi TMIOTe3a BOSHUKHOBEHUS PACTUTEIbHON KIIETKU.

Aopo. OcoOeHHOCTH OpraHu3alluu SAIEpPHOro reHoMa pacTeHuil. CTpyKTypa TreHoMa,
nonumopdusm pacturensHoit JIHK. Komuitnocts pasubix reHoB u ydactkoB JJHK. Ocobennoctu
MmeTtmirpoBanus pacturenbHol JJHK u ero BnusiHue Ha sxcnpeccuio siepHbIX TeHOB. MoOUIbHBIE
T€HETUYECKUE AJIEMEHTHI pacTeHul (TpaHcmo3oHbl). Perporpancnoszonst u JJHK-Tpancmo3onsr. Ac
u Ds - snemMeHTsI.

IInacmuonaa cucmema. Turnbl TUIACTHI, OCOOEHHOCTH CTpPOCHHUsS, OHTOreHe3. ['eHom
mnactul. [IpokapuoTuyeckue 4epThl U KOMMMMHOCTD IUIACTUAHOTO reHoMa. [1oNMMIucTpOHHBIN THIT
peIIMKAalMKM  IUIACTUAHBIX TIeHOB. Mo3andyHasg CTpyKTypa IIacTUAHBIX TreHoB. Co3peBaHue
wiactuaHoi PHK, crimaiicunr u penaktupoBanue TpanckpuntoB. CtabmibHoCTh TutactuHo PHK.
Benku, xonupyemble miacTuAHbBIM TeHoMoM. CuHTe3 Oenka B IIACTHAAX U €0 PEryJIsiius CBETOM.
PHK-nonmumepaspl  miaacTuf, IUIaCTUAHBIE puOocoMbl. J[BOWHOE KOaupoBaHUE (siA€pHOE U
IUTACTHIHOE) OOJBIIMHCTBA KOMIIOHCHTOB (oTocuHTeTHueckoro ammapata: ®Cl, ®OCII, bef-
komruiekca, CCK, AT®-cunraspl, mmactugHod HAJI-H-nermmporenassi, Rubisco. Tpancmopt
SJIEPHO-KOAMPYEMBIX OCJIKOB B TIACTH/IbI. Pa3MHOXEeHNE 1 HACIeJOBaHUE IIJIACTU/.

Mumoxonopuu pacmenuti. OCOOEHHOCTH CTPOCHUSI MUTOXOHApU pacTeHui. OCOOEHHOCTH
CTPYKTYpPbl MHTOXOHJPHUAJIBHOTO Te€HOMa pacTeHui. IIpokapuormyeckne dYepTel M pa3mep
MUTOXOHJPHAIBHOTO TE€HOMa pacTeHuil. Mo3anuHass CTpyKTypa MHUTOXOHJPHUAIBHBIX T'€HOB,
CIUIAMiCUHT U peJaKTUPOBAHUE TPAHCKPUINITOB. benku, Koaupyembie MUTOXOHAPHUATIBHBIM T€HOMOM.
OcoOeHHOCTH CHHTE3a Oellka B MUTOXOHIPUSIX, pUOOCOMBI MUTOXOHAPUMN, TPAHCHOPT OENIKOB U

HekoTopelx T-PHK w3 snmpa B mMutoxonmputo. /[BoliHOe KomupoBaHUE (SIEPHOEC W TUIACTHUIHOE)
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oonpmmHcTBa OenkoB abixarenbHor DT HAJ[-H-neruaporenassl, CyKIMHAT-ASTUAPOTEHA3BI, be-
KOMIIIIEKCa, IUTOXPOM-OKcnaa3bl, ATd-cuHTAa3bI.

[lepenoc reHermyeckoro marepuaina Mexay opraHemiamu. CoBmecTHass pabora Tpex
TE€HOMOB.

Membpannvie cucmemol pacmumensvhotl kiemxu. [lnazmanemma, Tonoruiact, SI1P, anmapar
Tonbmxu.

OcoOeHHOCTH  CTpOEHHUsl IUIa3MaJeMMbl. TpaHCHOPTHBIE CHUCTEMBl IUIa3MaJIEMMBI,
IPOTOHHAS YHEPreTUKA TPAHCIIOPTHBIX chucteM, H'-AT®aza P-tumna.

OcoOeHHOCTH CTPOCHUsI TOHOILIAcTa. TpaHCIOpTHBIE cucTeMbl ToHOIUTacTa. H -AT®asza V-
tuna, mapodocdarasa.

DHpomiazMatndeckuii petukyiaym (OP) pacturenpHol kinetku. [llepoxoBateiii U riaakuit
OP.  Paznuunbie  ¢GyHKIUMOHANbHBIE  y4acTku  pacturenbHoro  OIIP.  CurnanbHble
nocienoBarenbHOCTU OenkoB, TpancnoptupyeMbix B JI1P. KDEL-niocnenoBarenbHoCcTh. OyHKINN
OIIP.

Amnmapar Tompmxu (AI'). Crtpykrypa AI. TpaHCHOpTHBIE BE3WKYJbI, TUKTHOCOMBI,
NMy3bIpbKU. JIBa OCHOBHBIX HaNpaBJ€HUS TPAHCIOpPTa - IUIa3MajieMMma U Bakyoidb. OCHOBHBIE
TPaHCIIOPTUPYEMBIE BEIIECTBA.

Bakyone. JlnTmyeckuii W 3amacarOllMi TUIIBI BAaKyoOJIeHd. benKoBbIE MapKepsl THIIOB
Bakyosied. CurHajgpHbBIE TOCIEAOBATEIBHOCTH OEIKOB, TPAHCHOPTHPYEMBIX B  BaKyOIb.
BosuukHoBeHHe Bakyosieii de NOvo. TpaHCOPT BEIIECTB B 3amacaroline W JUTHYCCKUE BaKyOJIH
(cnustHue Be3UWKyJ, aBTo(arust Be3ukys). CUrHaJIbHBIE MTOCIEI0BAaTEIbHOCTH TPAHCTIOPTa OENKOB B
BaKyoOJb. OYHKIIMU BaKyOJISIPHOU CUCTEMBI KIIETKH.

Lumockenem pacmumenvuou xknemku. CTPyKTypa HHUTOCKeNeTa. AKTHH WU TYyOYyJWH, WX
nonuMepuzanuss W AenonuMmepusanus, G-aktuH U F-aktuH. benku, accouunupoBaHHBIE C
IIUTOCKEJIETOM. YYacTHE aKTUHOBBIX (DMIAMEHTOB BO BHYTPUKIETOUHBIX IBIKEHUSX. YUacTHe
LIUTOCKEJIETA B JBWKECHUN W 3aKPEIUICHWM OpraHeil. Poib HUTOCKENETa B CHHTE3€ LEJUIIOJIO3BI.
VYyacTue nuTockeneTa B Ipouecce AeNeHUs KIETKH,

Knemounas cmenxa (KC). YriaeBonHble KOMIIOHEHTHI KIJIETOUHOHM cTeHku. llemmronosa,
TeMULEIUTIONO3bl, MeKTUHbl. Kamnoza. CrTpykTypHble O€JIKM KJIETOYHOW CTEHKH: OeNKH,
oOoramennsle rungpokcunpoauHom (HRGPs), mnpomunom (PRPs), raumuaom  (GRPs),
apabunoranaktanoBbie O0enku (AGPs). ®ynkimonanbabie 6enku KC: axcriancunbl, epMEHTHI.

[lepBuunas u BTOpUYHAs KJIETOYHas CTeHKAa. JIUTHUHBI, BOCKa, KyTHH, CyOEpHH.
[Mnazmomecmer (I1M1), ux crtpoenue. KommuecTBo mMmiazMonecM Ha pa3HBIX Y4YacTKaX KIETOYHOM
CTEHKM M B pa3HbIX TKaHAX. [paHCIOPT BEIIECTB IO IIa3MojecMaM. JlBa Tuma CTpPOCHHS

KJIETOYHOW CTEHKH y TOKPBITOCEMEHHBIX pacTeHmii. OOpa3oBaHUe KIETOYHOW CTEHKH. buocuHTes
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MUKPOGUOPHILT LEJUTIONIO3BI U X caMmocOopka. Ponb anmapata ['onbaku B OMOCHHTE3€ 3I€MEHTOB
marpukca. @Oynkuuu KC: kapkacHas, 3alMTHasi, TPAHCIOPTHAs, PETYJISTOPHAs, CUTHAJIbHAS.
OnurocaxapuHsl.

Ounmocenes knemku pacmenus. CTaguu OHTOT€He3a: JAENEHUE KIETKH, POCT KIETKU
pacTsbkeHueM, audepeHInpoBKa, cTapeHre U cMepTh. KiileTouHblil (MUTOTHYECKUH) UK. Da3bl
mukina - Gl, S, G2, M. 3amnyck u peryJdpoBaHUE KIETOYHOrO UK. [[UKIWHBI, TUKIUH-
3aBucuMble TporenHkrnHa3bl (CDKSs). AmonTo3 pacTHTENbHBIX KIETOK - MpOrpaMMHasi THOENb
kJeTKd. CUTHAIBI 1 MEXaHU3MBI allorTo3a.

Knemxu pacmenuti in vitro. JlenuddepeHunanus pacTUTEIbHON KiIeTku IN VItro wu
dbopMUpOBaHUE MOMYJSAIUU TpoHdepupyromux Kietok. CTpyKTypHbIE W (QYHKIIHMOHATBHBIE
O0COOCHHOCTH KIIETOK pacTeHuit in Vitro. ['eTepOoreHHOCTh M ACHHXPOHHOCTH MOIMYJISIIMU KJIETOK
pacTeHuii BHE OpraHu3ma. M30IupoBaHHBIE MPOTOIUIACTHI KJIETOK pacTeHuil. lMcmonbp3oBaHue
KJICTOK pacTeHuid IN VItr0 Kak MOJENIbHOW CUCTEMbI B (DU3MOJIOTUYECKUX HCCIICIOBAHUAX U B
OMOTEXHOJIOTHH.

4. BuosHepreTHKa pacTUTEJIHLHOI0 OPraHu3Ma

Ipunyunsr mepmoournamuxu. 3aKOHBI XUMUYECKOU TepMoauHaMuKu. CBOOOIHAS SHEPTHUS;
W3MEHEHHE CcTaHAapTHOW cBoOomHON HHepruu (HG°). DHAeproHWYecKue U IK3EPrOHHUECKUE
peakiuu. XUMUYECKOE paBHOBECHE, XUMUUYECKHI MOTEHIIUal. BhIpakeHne u3MeHeHus: CBOOOTHOM
SHEPTrUU PEIOKC- PEeaKIUH B EIWHUIAX JJIEKTPOXUMUYECKOTO CTAaHIAPTHOTO OKHUCIUTENbHO-
BOCCTAaHOBUTEJIHHOTO MTOTEHIIHAA.

IIpeobpasosanue sHepeuu 6 Kiemke. BHEIIHUE UCTOYHUKU SHEPTUU JAJIsl OPraHu3MoB. [IBe
OCHOBHBIC (DOPMBI 3alacaHMsi SHEPTUM B KJIETKE: JIEKTPOXUMHUYCCKHH IMOTSHIIMA MPOTOHOB HA
SHEPrU30BaHHBIX MeMOpaHaX M MaKpOIPrHYeCKHe CBS3HM, B3aHMOIIpPEBpalleHHEe ATUX (HopM
SHEPruu. DHEpreTHKa MpoleccoB cuHTe3a u ruaponuza AT®. Tpanchopmaius sHEprum Ha
COMpATAIOIIMX  MeMOpaHax:  JJIIGKTPOXMMUYECKHMU  TOTEHIMand -  JABWXKYyIIas  CHIa
dochopmmpoBanus. YHHUKAUIBHOCTh JHEPIEeTHUSCKHX IMPOIECCOB PACTCHHU: (POTOCHHTE3 U
JIbIXaHHE.

4.1. ®orocuHTes.

3nauenue (oTocHMHTE3a B TpaHchopMmammu BEIIeCTBA M DHEPruM B mpupojae. DPusuko-
XUMHYECKasl CYIIHOCTh Mpoliecca (POTOCHHTE3a U €ro 3HaYeHHE B SHEPreTUYECKOM U TIaCTUYECKOM
obmene pactrenms. Jluct kak oprad ¢otocuHTe3a. CTpyKTypHO-(QYHKIIMOHAIBHAS OpTraHU3alus
dborocuHTeTHYECKOTO anmapaTa. OCHOBHBIE MTOKa3aTEIH ME30CTPYKTYPHI JIUCTA.

DNEeMEHTBI CTPYKTYPBI MOJIEKYJIBI XJI0pO(HIIIa, OTBETCTBEHHBIE 32 (DYHKIIMIO TOTJIOMICHHS,
3armacaHus ¥ TpeoOpa3oBaHUs dHEpruyd B mporecce (poTocuHTE3a. MeXaHW3M TOTJIOUICHUS H

UCITyCKaHHsI CBETa MOJEKYJIOH; CIEeKTpPbl MOIJIOMIEHUS. DIEKTPOHHO-BO30YKIEHHBIE COCTOSHUSA

7



XJIOpOPHIUIOB, MYTH MX Je3aKTUBAIMU. [IpeoOpazoBaHMs AIEKTPOMArHUTHON SHEPIHU B PEIOKC-
SHEPTHUI0; 00pPATUMBIE OKHCIUTEIHHO-BOCCTAHOBUTEIIBHBIEC MMPEBPAIICHUS XJIOPO(PUILIOB.

Xnopodpumi-6enkoBbie komruiekchl (XBK); Mexanusmbl 00pa3oBaHUs, 3HAYCHUE CBS3U
nurMeHToB ¢ OenkoMm. Opuentranuss nurMeHToB B XBK. MexaHus3Mbl 3HEpPreTHYECKOro
B3aMMOJEHCTBYSI MIUTMEHTOB B KOMIUIEKCAaX (3KCUTOHHOE B3aUMOJIEHCTBHE) U MEXy KOMIUIEKCAMU
(epexoaHbIE COCTOSIHUS).

Ponp kaporuHOMZOB B (QoTocuHTe3e. AHTEHHass (QYHKLUS, BO30YXKIEHHBIE COCTOSHUS
KapOTHHOHU/I0B, MEXaHU3MBbl MUTPALMK SHEPIHU Ha XJopoduiul. MexaHu3M 3alIUTHOTO AeHCTBUSA
KapOTHHOU10B. OYHKIIMU KApOTUHOUJIOB B PEAKIIMOHHOM IIEHTpE, CIIeU(HUKa HUC-KOH(OPMAIIHH.
3HayeHWEe KCAaHTO(MIUIOBBIX IIMKIOB y BBICHIMX PACTEHHWH W BOAOpOCHeH; (oTompoTeKTopHas
(YHKLHS 3eaKCaHTHHA U JUa30KCAaHTHHA.

[lepBuunble mporecchl (OTOCHHTE3a, HUX CTPYKTYPHO-(QYHKLUMOHAIbHAs OpraHu3alus.
[IpencraBnenre o (HOTOCMHTETHUECKOW enuHHIIe. AHTCHHBIH KOMIUIEKC, PEaKIMOHHBIN IIEHT.
MexaHu3smMbpl MUTpaluu  3Hepruu B xjopormiactaX. CoOBpeMEHHbIE MOJENIN CTPYKTYpHOM
OpraHu3alliyi PEaKLMOHHBIX LIEHTPOB OaKTEepUil U BBICHIMX pacTeHui. MexaHu3M npeoOpa3zoBaHus
3JIEKTPOMArHUTHOM 3HEPTUH B SHEPTHIO Pa3/IeICHHBIX 3aps10B B (POTOXUMUYECKHUX LIEHTPaX.

DNeKTpoH-TpaHCcopTHas  uenb  (¢orocuHre3a.  [IpenctaBieHHss O  COBMECTHOM
¢ynkunonnpoBanun 1Byx (ortocucreM. Kommonents: DTL] u mociemoBaTteabHOCTh TNEepeHOCA
9JIeKTpoHa 10 Tenu (Z-cxema). lluknnueckwii, HEIMUKIWYECKHHA W  TCEBJAOUUKIMYCCKUI
3NIEeKTpOHHBINA TpaHcnopT. IlpocTtpancTBenHass opranuzauus OTL[ B TuimakonaHoW MemOpaHe:
ocHOBHbIE (yHKIMOHANBHBIE KoMIUiekchl OTL[ (PC-1, DC-2,), ux CTpykTypa H (yHKIHH.
Crpoenne u ¢ynkuun @C-2. OpraHuzanysi B TWIAKOWAHONH MeMOpaHe W (DyHKIIMOHHUpOBaHHE
peakmuonHoro 1eHTpa ®C-2. Cucrema Qoronusa BOIbI W 00pa3oBaHHUS KHCIOPOJa TMpH
¢orocuntese. Crtpoenune u ¢ynkuuun DPC-1. OOpazoBaHMe TpPaHCMEMOPAHHOTO MPOTOHHOIO
rpajiieHTa B MPOILECCEe OJIIEKTPOHHOTrO TpaHcmopra. CTpykTypa u (QYHKIUH LUTOXpoM be/f
KoMmIuiekca, Q - UK. Perymnsuus moTOKOB 3JIEKTPOHOB Npu (oTocuHTe3e. DOTOCHHTETUIECKUN
KoHTpoJib. Jlokamuzammst OTI[ KOMIUJIEKCOB B TpaHAIBHBIX M CTPOMAJIBHBIX MeMOpaHax
THWIaKoN10B. CUCTEMBI Peryssiiii MUKIMYECKOT0 U HEIUKIMYECKOI'0 3JIEKTPOHHOTO TPAaHCIOpTA.
Ob6pa3zoBanue npu (poTocuHTe3e aKTUBHBIX (hopM kucimopona. Ilpomecchl (GOTOMHrHOUpOBaHUS U
(doToaecTpyKINH; 3aIIUTHBIE MEXaHU3MBbI XJIOPOILJIACTOB.

dorocunrernueckoe GochopmwimpoBanue. OCHOBHBIE THIBI, WX (U3HOJOTUYECKOE
3HaYeHHWE, MEXAHU3Mbl PErySIMU. MeXaHu3Mbl HHEPreTHUECKOro COIMpPSDKEHUs TPaHCHOPTa
anekTpoHoB u cuHTe3a AT®. Compsratomue (akropsl dorodochopuinpoBanust, UX (QyHKIHH,

CTPYKTYypa, MEXaHU3M JehCcTBUsL. MexaHu3M paboTsl karanutudeckux 1eHToB CFI.



Perynsiivss TOTOKOB 3JEKTPOHOB Tpu (poTocuHTe3e. DOTOCHHTETUUECKUN KOHTPOJIb.
Jlokanuzanus kommiekcoB OTL] B rpaHaiabHBIX U CTpOMaIbHBIX MeMOpaHax THJIAakouaoB. Cucrema
peryJisilui IMKINYECKOTO M HELUKIMYECKOro 3JEKTPOHHOro TpaHcnopra. KoHedHble MpOIyKThI
CBETOBOM U TEMHOBOH (ha3bl (POTOCUHTE3A.

XUMH3M TIPOLIECCOB aCCUMWISILIMU YTiiepoaa B ¢orocuHTe3e. Vcnonap3oBaHue MpoIyKTOB
CBETOBOM CTaJMH JUIsI aCCHMWIALUK YTIIEKACIOTH. PyOucKo: comepkanue GepMeHTa, CTPyKTypa,
¢ynkuuu, perymauus. Luxn KanbBuHa, OCHOBHBIE ()EPMEHTHI M MEXAHM3Mbl PErYJIILMU LUKIIA.
®otoasixanue. OOII- kapOokcunaza, ee xapakTepucTuka M jokamuzanus. Lukn Xosrtua-Coska-
Kapnunosa, ero ¢yHkunoHanabHOe 3HadeHue. OpraHuszalnus Mpolecca acCCUMHIISIMM B KIIETKaX
Me30(hnuia U 0OKJIaTKHA: 0COOCHHOCTH CTPOSHUS XJIOPOIUTACTOB W peakiuii ¢orocuHTe3a. OOMeH
COEJMHEHUSAMH MEX1y Me30(MIbHBIMU KJIETKAMU U KJIETKaMU OOKJIaJKu. XapaKTepUCTUKa TPyl
Cs4 pactenuit. ®orocunre3 y CAM- pacTeHuil: 0COOEHHOCTH OpraHU3alMM Ipolecca 3anacaHus
SHEPTUU U (PUKCAITUH YTICKUCIOTHI BO BPEMEHH.

TpancmoptT NpOAYKTOB (OTOCHHTE3a W3 XJIOPOIUIACTA: YEIHOYHBIE CHCTEMBI BBIHOCA.
MexaHu3Mbl,  KOHTpOJMpYHOIME OOMEH  MeTaboiIMTaMH  MEXIy  XJOpOoIUlacTaMH U
UToIIa3MaTiueckoi asoit knerku. [IpeBpamienns CaxapoB B HIUTOIUIA3ME U [IUTO30JI€; 3alaCHbIE
u TpaHcropTHbie popmbl CaxapoB. BximroueHne yriepoga B aMUHOKUCIIOTHI.

AcCCUMMIISIMSA YTJIEKUCIOTH B JiucTe. JleficTBue BHEmHHX (PAaKTOpOB (MHTEHCHUBHOCTH U
KauecTBO cBeTa, (otomepuoj, koHueHtpauus COz, Oz, Temmeparypa U Ap.) Ha (POTOCHHTE3.
Paznuuune B KpUBBIX 3aBUCMMOCTH CKOPOCTH acCUMWISILIMU OT KoHUeHTpauu CO2 u O2B razoBoi
cpene y C-3 u C-4 pacrenmii. KBantoBwlii BbIxoa ¢orocuntesa. Tpancmoptr CO2 k mectam
¢ukcauuu, poab KapOoaHruapasbl. YCTbMYHAs M KieTo4yHass mpoBoaumocts st CO2 B
3aBUCUMOCTH OT BHEIIHUX (DAKTOPOB U BO3pacTa JIUCTA.

4.2. JleixaHue.

@epMEeHTHBIE CHCTEMBl JbIXaHHs. XapaKTepPUCTHKA OTHCIBHBIX TPYMI JbIXaTeIbHBIX
(epMEeHTOB: MUPHUINH3ABUCHMEBIE JCTHIPOT€HA3bl, (IaBUH3aBUCHMBIE JETHIPOTCHA3bl, OKCHUIA3HI.
[TepeHOCUYMKH 2TIEKTPOHOB: XMHOHBI, JKEJIE€30CEPHBIE OENIKH, IIUTOXPOMBI, UX XUMHUYECKOE CTPOCHHE
Y CBOMCTBA.

I'mukonu3. OcHOBHBIE (EepMEHTHI CHHTE3a M THAPOIU3a C€axapo3bl M Kpaxmaia.
®epMeHTaTUBHBIE PEaKLMU U SHEPreTUYECKU OallaHC TJIMKOJIN3a, KOMIIApTMEHTAlM Mpoliecca B
KJIeTKaxX pacTeHuil. ['nmukonu3 u riaokoHeoreHe3. OcoOCHHOCTH THMKONHM3a y pacteHui: ATO-
3aBucumMas pocodpykroknnaza u nupodocdaraBucumas hpochoPppykToKnHA3A - PETYIATOPHBIE
depmenTs! riukonuza. Ppykro30-2,6 docdar - perynsaTopHas MOJEKyja YIJIeBOJAHOTO OOMEHa B

pacTeHusX.



OxucnutensHplid MeHTO30(ocaTHpld 1HKI. (DepMEeHTAaTHBHbIE PEAKIMU M PETyJISIus
nukiaa. KoMmnaprmenTanys nukia B KJIETKE U €ro pojib B META00JIN3ME PACTEHUH.

[MupyBaTnerunporeHa3Hblii KOMILIEKC: CTPYKTYpa U PEryJIsLus.

Hukn TpukapOOHOBBIX KHCIOT. (DEepMEHTATHBHBIE pPEaKUUU W peryiauus nukia. Ponb
MaJIMKIH3UMa B perysiiud  paboThl LUKIA. OHepreruueckas 3(QeKTuBHOCTH Mporecca.
Oco6eHHOCTH UKJIAa TPUKAPOOHOBBIX KUCIOT B PACTCHHUSX.

I'muoxcumaTHEIN UK. [ THOKCHUCOMBI M TTTHOKCYIIATHBIN ITUKIT.

JlpIxaTenbHasi — 3JMEKTPOHTPAHCIOPTHAs  LENb: OCHOBHBIE  KOMIIOHEHTBI,  CIIOCOOBI
perucTpanuu penokc- cocrosiHuid. Ctpykrypa u QyHkumu xomruiekcoB OTLI nprxanums: HAJIH-
JeTUApPOreHa3Hblil KomIuieke. CyKIMHATACTHAPOTeHa3HbI KoMITIeKC. LluToxpom b/c xoMrmiekc.
[{uTOXpOMOKCHIAa3HBIH KOMILIEKC. MexaHu3M o00pa3oBaHUs TPaHCMEMOPAHHOTO MPOTOHHOTO
IpaJMeHTa B MPOLECCE AIEKTPOHHOIO TPaHCIOpTa.

Oco6ennoctn OTLl neixanus pacrenuil. AnbrepHatuBHble HAJIH-nerunporenassr -
JoKanmm3anusg B MeMmOpaHax © (yHKOMH. AJNbTEpHAaTHBHAs OKCHIA3a: CTPYKTypa, (QyHKIUH,
IOPUHIUNBL PETYJSIUUA. AJNBTEPHATUBHBIA IyTh IEPEHOCA 3JIEKTPOHOB B [JbIXATEIbHON IeNu
pacTeHM u ero Qusnonoruyeckoe 3HaueHue. VHrHOUTOpPHI 3JEKTPOHHOTO TpaHCHIOpTa U
UHTUOUTOPHBIN aHAJIN3 MPU U3YUYCHUU IbIXaTeIbHON aKTUBHOCTH PACTUTEIBHBIX MUTOXOHAPHIA.

OxucnurensHoe (GocdopunrpoBanne. DHepruzanuss MeMOpaH npu (yHKIHOHHPOBAHUU
OTL neixanus. AT®- cuHTaza muToXoHIApui. CTpyKTypa, JOKadu3alus, MPOCTPAaHCTBEHHAas
opranu3zanusi. CoBpeMeHHbIe NpeCcTaBIeHus 0 MexaHu3me cunte3a ATO.

Perynsmus 371€KTpOHHOIO TPAaHCIOpPTa B JbIXaTEIbHOM LeENU. J[pIXaTeIbHBIA KOHTPOJIb.
[Monartne o pazoOmmrensx. DHepreTrueckas 3(Q(EeKTUBHOCTH AbIXaHUsS. YEITHOYHBIE CHCTEMBI
BbiHOCAa AT® 1 TpancopT MeTab0JIUTOB Yepe3 MeMOpaHbl MUTOXOHIPHH.

@OyHKIUYN [bIXaHUs y pacTeHUH. VIHTepMeauaThl OKUCIUTENIBHBIX peakluil Kak cyOcTpaThl
JUIsl CUHTE3a HOBBIX coelMHEHui. IIpeBpalieHne opraHn4ecKux KHUCIOT B MUTOXOHIpHsX. Pounb
JbIXaHUs B CO3JAaHUM U MOJJEPKAHUU DIIEKTPOXMMUYECKOTO0 TOTEHIMala Ha KJIETOYHBIX
MeMmOpaHax (Tia3MajieMMa, TOHOIIACT, MemOpaHa OP). DOneKTpOHTpaHCHOPTHBIE IEMH
IUIa3MaJIeMMbI, SHI0MIIa3MaTHYEe-CKOTO PETUKYIyMa, MUKPOTEJIEL, UX CTPYKTypa U (QyHKIMH.

[uTonnazmarnyeckue OKCH/1a3bl (ackopbaTokcuaasa, MO EHOIOKCUIA3bI,
KCAaHTHMHOKCH/Ia3bl, TEPOKCHIa3bl, Karamasbl). Mx nokanm3anms, (yHKOUH, BKJIang B oOrmiee
HOIJIOIIEHHE KUCIOpOJa PaCTUTENbHOM TKaHb0. MI3MEHEeHUs] B MHTEHCUBHOCTH U MyTSIX JbIXaHUS B
OHTOT€HE3€ U NP ACUCTBUH (DAKTOPOB CPEIbI.

5. Bogooomen

KonnuectBo morpebisieMoll pacTeHHEM BOAbBI, COJAEP’KAHUE BOJbI B KJIETKaX, TKaHAX U

opranax. MoJyieKyJisipHas CTPYKTypa W (pu3ndeckue CBONCTBA BOJABL. B3ammonelcTBHE MOJEKYI
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BOJBI W OuwomonuMepoB, ruaparanus. CocTossHHME BOIbI B KIeTKe. Boja, Kak CTPYKTYpHBIN
KOMITOHEHT PACTUTEIHLHOHN KIIETKH, €€ yJacThe B OMOXUMHUYECKUX PEaAKIUAX.

TepMoanHaMuyeckue MOKa3aTed COCTOSIHHMSI BOJABI: aKTUBHOCTb BOJbI, XUMUYECKUN H
BOAHBIN moTeHnran. CocTaBsIoNMe BOAHOTO MOTEHIMANA KIETKU: OCMOTHYECKUH, MATPUUYHBIN
MOTEHIMAN, TOTEHIMAN MAaBlieHUs. [pagueHT BOJHOTO TMOTEHIMANA KakK JBIDKyIIas CHIa
NOCTYIUIEHUS W NEepeaBUKEHHUS BOJbl. OCHOBHBIE 3aKOHOMEPHOCTH IOTJIOIIEHUS BOJBI KIETKOM:
B3aMMOCBS3b MEX/Iy U3MEHEHUSIMHU BOJIHOTO MOTEHIMANA KJIETKH, BOAHOTO MTOTEHIIMAaja pacTBOpa U
BOJIHOTO TIOTEHIIMANA JaBJieHHs. AKBAOpUHBI (O€TKM BOJHBIX KAHANOB), UX CTPYKTYpa, MPUHIIMII
paboThl. AKBaNoOpHHEI MJIa3MajJeMMbl M TOHOIUIACTA, UX POJIb B TOJACPXKAaHUK BOAHOTO OanmaHca
BOJIBI.

Tpancnopt Boabl 1O pacTeHuto. KopeHb Kak OCHOBHOW OpraH TMOIJIOMICHUS BOJBI.
MexaHu3M paguanbHOTO TPAaHCIOpTa BOABI B KOpHE. Ponb pu3zogepMbl M SHAOIEPMBI B 3TOM
npouecce. Iloctymnenue Boabl B cocyabl Kcuiembl. Kcunema — OCHOBHAas TpaHCIOPTHAs
MarucTpaib JBI)KEHHS BOJHOTO TOKa B CHCTEME «II0YBa — pacTeHHe — arMocdepay.
XapakTepHucTUKa «HIKHETO» U «BEPXHEroy» JIBUraTesieil BoAHoro Toka. KopHeBoe naBnenue.

Broigenenue Boabl pacteHuem. ['yTranus, «mimau» pacreHuil. TpaHcmupaius U €€ posib B
KU3HU pacTeHuid. KonnyecTBeHHBIE TTOKA3aTEH TPAHCTIHPAIIUN: UHTCHCUBHOCTD, MIPOTYKTUBHOCTD,
TpaHCIHPAIMOHHBIN K03 puumeHT. Y cThuHas M KYTUKYJISIpHAs TpaHcnupaiys. CTpOeHUE YCTHHIL
y IBYJIOJIBHBIX M OJHOJIOJIbHBIX PAaCTeHHM, MEXaHU3M YCTbUYHBIX ABI)KCHUN. BiusHue BHENIHUX
dakTopoB (CBET, TeMmIepaTypa, BIaXXHOCTh BO3/yXa, MOYBbI) HA MHTEHCHUBHOCTH TPAaHCIUPALIUU.
CyTtouHble KonebaHus TpaHCIHpAIMK. PerynsaTopHas poib yCThUIL B BOJO- U Ta3000MeHe.

Okonorusi BojooOMeHa pacTeHui. OCOOCHHOCTHM BOJOOOMEHAa y PACTEHHH pa3HBIX
9KOJIOTUYECKHX TPy (KcepopuToB, Me30(UTOB, TUTPOPHUTOB, TaTOPUTOB).

6. MuHepajibHOE MUTAHHE

[MoTpebHOCT, pacTeHHMd B JJIeMEHTaX MHHepanbHOro mnuTanus. CoaepxaHue U
COOTHOILIEHUE MUHEPAJBHBIX 3JEMEHTOB B MOYBE M PACTCHUSAX, KOHLUEHTPUPOBAHUE 3JIEMEHTOB B
TKaHAX pacTeHus. DyHKIMOHANbHAS KJIAaCCU(pUKALUS YIEMEHTOB MUHEPAIbHOTO TUTAHHUS.

Kopenb kak opran moryomeHuss MUHEPaIbHBIX 3JIEMEHTOB, CIEIU(PUUECKUX CUHTE30B C UX
y4acTHEeM H TpaHCmopTa. PocT KOpHS Kak OCHOBa TOCTYIUICHHS SJIEMEHTOB MUHEPAILHOTO
nuTaHus. 3HauY€HUE 30H POCTa KOpHSA B 3TOM Impouecce. Cuctema B3aUMOJCHCTBHUS “‘KOpPEHb -
noysa”. Pojib MUKOPU3HI.

[Tornomienne MOHOB M WX TMepenBKeHUE B KopHe. Kierounas crteHka kak Qasza it
nBuxkeHust HoHOB. [loHsiTue cBoboaHOTO TipocTpanctBa (CII): BogHoe u nonnanosckoe CII, orenka

ux pazMepoB. Mexanu3msl noctymuieHus: HoHoB B CII u 3HaueHue 3Toro 3Tamna norjiomeHusl.
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TpancoptT HMOHOB 4epe3 MeMOpaHBI; ABIKYIIHME CHIIBI MepeHoca MOoHOB. IlaccuBHBIM U
AKTHBHBINM TPAHCIIOPT HOHOB. Y paBHeHue HepHcra.

I'pagueHT 31€KTPOXMMHUYECKOrO MOTEHIMAla HOHOB BOAOPOZA - DHEPreTHYECKas OCHOBA
aKTUBHOTO IIEPEHOCAa MOHOB uepe3 IulasMaleMMy. Pasnnuus 3HEPreTHKH aKTMBHOIO TPAaHCIOPTa
VMOHOB pAacTUTENbHOM M KMBOTHOM kieTok. H-AT®aza mnnazMaiemMmsl, €€ CTPYKTypa,
GyHKIHOHMpOBaHUE U peryiupoBanue. 14-3-3 Oenku. [[pyrue mOHHBIE HACOCHI, AEUCTBYIOIINE HA
rmia3MajieMMe. BTOpUYHBIA aKTUBHBIA TPAHCIIOPT MOHOB. BeaKu-TIepeHOCUUKH MOHOB (TIOPTEPHI).
Kunetndeckuil noaxos U TEOpHs IEPEHOCUNKOB. Y paBHEHUs Muxasinca-MeHTeH; HCIIOJIb30BAHNE
Vmax 1 Km a7 XapakTepUCTHKH TpPaHCHOPTHBIX cUCTeM. VOHHBIE KaHalbl pacTeHHil; oOras
XapaKTEPUCTHKA UX CTPYKTYPHI, GYHKIMOHUPOBAHUS U PETYJIISAIIHH.

Oco0eHHOCTH TPaHCIOPTHBIX cucTeM MemOpan Bakyosn u OP. H-AT®aza V-tuma,
nupodocdorasa.

Mopnenu NMocTyIUIEHHsT MOHOB B KOPEHb, TPAHCIOPT MHMHEPAJIBbHBIX BEIIECTB B KCUIIEMY.
AnomuiacTHeI M CHUMIUIACTHBIN MyTh. Ponb muiasmomecm u OP. B3aunmopeiicTBue M perynsiuus
CHCTEM TpaHCIIOpTa MOHOB M3 CpPe/bl B KOPEHb M 3arpy3ku KcwieMmbl. Cnenuduka paguaibHOrO
TPaHCHOPTa MUHEPAIbHBIX 31eMeHTOB. CuHTeTHuecKass (yHKUMs KOpHA. CBs3b MOCTYIUICHUS U
IIPEBpALICHNs] HOHOB C MPOLIECCaMU AbIXaHMA. Perynsius nocTymieHuss HOHOB Ha YPOBHE LIEIOI0O
pacTeHus.

6.1. Ponmb MakposieMeHTOB.

A3zom. OcobeHHOCTH a30THOro oOMeHa pacTteHui. McTouHuku a3ora A pacTeHUi.
Munepaibisie  (pOpMbI  a30Ta, HCHOJIB3yeMble pacTeHusIMH. Dusznonornyeckue OCOOCHHOCTU
NOCTYIUIEHUS U BKJIIOYEHHS B OOMEH aMMHUA4YHOI'O U HUTPATHOTO a30Ta. XapaKTepUCTUKAa CHUCTEM
TPaHCIOPTa HUTpaTa U aMMOHMs. BuoBas crnennguka ycBoeHus pa3HbIX GOpM a30Ta

CumbuoTnueckass (uKcauss MOJIEKYJIIPHOIO a30Ta: MEXaHU3Mbl BOCCTaHOBJICHHS,
UCTOYHUKHU YHEPTUU M BOCCTAHOBUTENHN. XaPAKTEPUCTUKA U (PYHKIIMOHUPOBAHUE HUTPOTCHA3BI.

BoccranoBneHne HUTpatoB pacTeHussMH. HuTpaT- W HUTpUTpenyKTasza: CTPYKTypa
(epMEHTOB, JIOKAIU3aLMsl, PEryJsilus aKTUBHOCTH M CUHTe3a. KOHCTUTYTHBHAs M MHAyLMOENbHAs
HHUTpPOTreHa3a. DTalbl BOCCTAHOBJICHHSI OKUCIICHHOTO a30Ta U UX PEryJISILUs B KJIETKE IN VivO.

AnbTepHAaTUBHBIE IyTH YCBOEHUS aMMOHMIHOIO a30Ta; JOKAJIW3allUs peakUui B KJIETKE U
XapaKkTepucThka (epMeHTOB (TIyTaMaTAeruaporeHasbl, TIyTaMUHCUHTETA3bl, INIyTaMaTCUHTA3bI).
AccuMuIsAIMs a30Ta B XJIOpOILUIAcTe, CBA3b ¢ (oTocuHTe30M. IlyTH ycBOEHMS BOCCTaHOBIEHHOTO
a30Ta y 0000BBIX. YpeuIbl.

3amacHble U TPaHCTIOPTHBIE (POPMBI MUHEPATBHOTO U OPraHMYECKOTO a30Ta B 3aBUCUMOCTH
OT MCTOYHHUKA a30THOrO nuTaHus. HakomieHne HUTpaTa B TKaHAX W ero myJsl. Kpyrosopor azora

10 PACTEHHIO, PEYTHIIU3AIHS a30Ta.
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Cepa. lloctymieHue cepbl B pacTEHUE, DPEAKIMM BOCCTAHOBJIEHHMS U ACCUMUIISALNMY;
anerosuHpochocynspat (ADC) pochoanenozunpochocynbpdar (PADC). OCHOBHBIC COCAMHECHUS
ceppl B KJIETKE, Yy4YaCTHME€ B OKUCIHMTEIBHO- BOCCTAHOBHUTENBHBIX pEAKIMAX. [JIyTaTnoH,
THOEeppenOKCHH, (UTOXENaTUHbl, HMX (YHKIMM Yy pacTeHUd. OpraHuyeckue COeIUHEHUs
OKHUCJIEHHOM CEpBI.

Docgop. Dopmbl MuHEpaTbHOTO ¢Gochopa B TKaHAX, HX COACpPKaHHEC W (DYHKIIHH.
Ocob6ennoctn moctymieHus (ocdopa w TpaHCHOpTa €ro COCAMHEHHWH B pacTeHUU. DopMbl
MUHepasibHOro (ocdopa B TKaHiAX, uX (pyHKIuH. OcHOBHbIE (ochopcoaepxanie KOMIOHEHTHI
KJIETKH, WX poiib. 3amacHble Gopmbl pochopa. Kommaprmenrtanus coenunenuii gocdopa. Ponb
docdopa B perympoBaHUN aAKTHBHOCTH ()EPMEHTOB.

Kanuu. Conepxanue u pacupeiesieHue Kajdus B KJIETKE, TKaHSAX M OpraHax pacTeHUs; ero
HUPKYJISIAS ¥ PEYTHIM3AINS, XapaKTeprcTuka cucteM Tpancnopta K' ux GyHKuuuM B pacTeHuu.
Pons K' B mommepkanuu moreHimana Ha memOpanax. Kamauii U romeoctas BHYTPUKICTOYHON U
TKaHEeBOM cpenpl (MOHHBIM Oamanc, pH, ocMoperynsuusi, rugparanuss W KoHpopmauus
MaKkpoMoJeKyJ). Ponb kanus B perynsauuu GepMEHTHBIX CUCTEM.

Kanvyuu. Hakonnenue, GpopMbl coeAMHEHUH, 0OCOOEHHOCTH MOCTYIUICHHSI M MepeMeleHHs
Ca?* o pactenuto. Konnenrpamus u pacupenenenue Ca * B cTpykTypax kieTkd. CUrHaabHas poiib
Ca?*. XapakTepucTuKka MeMOpPaHHBIX cucTeM TpancropTa Ca®’, 0cO6EHHOCTH MX PEryJIsSlyH U POib
B popmupoBanuu Ca®*-curnana. CTpyKTypHas pOJTb Kalbllis B KJIETOYHOH CTEHKE.

Maznuii. Conepkanue U COeIMHEHHs MarHus B TKaHAX pacTeHuil. 3anacHble GpopMbl Mg?*,
ero  peyTWiIMsamMs M IepepaclpeleleHHe B pacTeHUM. 3HadeHWe cBasu  Mg?'c
aneHosnHdocharamu u (PochopuapoBaHHEIMU caxapamMu. DyHKIUM MarHus B (poTocuHTE3E.
Marnuii kak axkTUBaToOp (EpPMEHTHBIX CHUCTEeM; poJib B cuHTe3e amuHoamwi-TPHK wu B
(bYHKIIMOHUPOBAHUH PHOOCOM.

6.2. MUKpPO3JIEMEHTHI.

CBoiicTBa TSDKENBIX METAIIOB, onpezesnstomue ux poib B DTL ¢orocunTe3a U IbIXaHUS U
JPYTUX PEIOKC- PEAKLIUAX.

/Kenezo: HOCTYmHOCTh B TIOYBE, BaJEHTHOCThH IOIJIOIIAEMONW (OPMBI, POJIb MUKOPH3BI.
OcCo0eHHOCTH TOCTYIJICHHSI Kele3a Yy ABYJOJBHBIX M OJHOAOJNBHBIX pacTeHuid. CoenuHeHus
JKelesa; pacupelielieHle M0 KOMIIApTMEHTaM KJIETKM U B pacTeHuu. KomIulekcsl xkene3a B Oenkax
penoKc- Leneu u Apyrux pepmMeHrax.

Meow: ConepxaHue U pacHpeiiefieHMe B KIETKE M TKaHAX. Y4acTue B OKHMCIMTEIbHO-
BOCCTAHOBUTEJIBHBIX TpoLeccax AbIXaHuss W ¢orocuHTe3a. DYHKIMU IMTO30JBHBIX OKCHJIA3

(ackopOat-, peHo- 1 TUaMUHOKCHIA3).
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Mapeaney: AxTuBUpyeMble UM (EPMEHTHBIE CHCTEMBI, €ro CHeUu(pUYIHOCTh, Kak
ko(akropa. Poms Mn?" B ¢pynkrmonnposarun OC-2.

Monu6oen: TloTpeOHOCTh B AJIEMEHTE; €ro 3HA4YC€HHE JUIsl MPOIECCOB YTHIIM3AIMU a30Ta
cpensl. MonTepuH U pyHKIIMOHUPOBAaHHE HUTPOTEHA3bl M HUTPATPEIYKTa3bl.

Lunx: CTpyKTypHas pojb B NMOAJACpXKaHUU (PEPMEHTHOW aKTUBHOCTHU U NPH CHUHTE3€ OeKa.
Zn-coneprkaniue pepMeHThI: KapOoaHTHapasa, cynepokcumaucmyrtasa (CO/).

bop: xomnapT™MeHTanus B KiIeTKe; GOpMbl COETUHEHNH. MeXaHU3Mbl y4acTHsl B PETYJISALNH
(GuU3MOIOrHUECKUX MpoIieccoB U MeTaboau3ma. CTpyKTypHasi pojib B KIIETOYHOM CTEHKE.

Hapymenus B MeTabosin3Me pacTeHU pU HEJOCTATKE MUKPOIJIEMEHTOB.

OYHKIMH «TOJIE3HBIX» 3JICMEHTOB: HATPHUH, XJIOpP, KPEMHHIA, KOOAJIBT.

7. JanbHUH TPAHCHOPT M KPYrOBOPOT BEILECTB B PACTEHUH

TpaHcnokanus BeIIEeCTB U3 JUCTHEB B JIPYrHe OpraHbl: (pJI0AMHbBIE CUTOBUIHBIE 3JIEMEHTHI.
CocTtaB TpaHCIONMPYEMBIX BELIECTB (caxapa, aMUHOKHUCIIOTHI, TOPMOHBI, HEOPTaHMYECKUE UOHBI U
np.). IlepenBmwkenue (oroaccHMuIsATOB U3 Me3odmnia K cocydaMm (JI0dMBI IO amnoIuiacTy |
cUMILIacTy. MexaHu3Msbl 3arpy3ku (po3Mbl U3 anoriacTa U cUMILIacTa. Poiab cOpoBOXKAAIONMINX
KJeToK. Tum 3arpy3ku ¢uio3Mbl y pacTeHUH pa3InYHbIX CUCTEMAaTHUECKUX IPYMII U €€ 3aBUCUMOCTb
0T KJIMMATHYECKUX YCJIOBHH. MexaHHW3M NepeiBMKEeHHs BellecTB Mo ¢uiodMe. Mojens MmoToka
BO/Abl MOA JaBieHHEeM. [loppl CHUTOBMIHOM MJIACTMHKM KakK OTKpBITble KaHalbl. CKOpOCTh
HEepeABIKEHHsI BEIECTB IO (DodsMe; MX BBIIPy3Ka M3 CUTOBUJAHBIX JIEMEHTOB. Bocxonsmmit
TPAHCIOPT BEIECTB 110 Kcuneme. CocTaB KCMIIEMHOTO 9KcyAara. B3auMocBsI3b TpaHCIIOPTa BOJBI U
pPacTBOPEHHBIX BeIECTB MO Kcuieme. CKOpOCTM TpaHCHOpPTa BOABI M OTIEIbHBIX BELIECTB.
B3aumoneiictBue (uIodMHBIX U KCUJIEMHBIX IOTOKOB a30TUCTBIX BEIIECTB U MOHOB. KpyroBopot u
peyTHIu3anusl  MUHEPAIbHBIX  BEHmIECTB B pacTeHuM. (DyHKIMOHAIpHAs pOJNb  OTHUX
(U3UOTOrMUECKUX TPOLIECCOB.

8. Poct u pa3BuTHe pacTeHunii

Onpenenenue MOHATUN «pOCT» U «pa3BUTHE» pacTeHuid. [Ipobnema pocta u pa3BuUTUS Ha
OpPraHU3MEHHOM, OPIaHHOM, KJIETOYHOM M MOJIEKYJSIPHOM YpOBHsX. CyIleCTBOBaHHE OpPraHM3Ma
KaK pa3BepThIBAHUE BO BPEMEHU I€HETUYECKOM MPOrpaMMBbl; BO3AEUCTBIE BHEIIHUX (PAKTOPOB.

O6mume 3akoHOMepHOCTH pocta. Ilokazarenu pocrta, S-o0pa3HbIil XapakTep KpUBOM pocra,
ero (a3pl. KOMIOHEHTHI «KJIACCHYECKOT0» aHaIM3a POCTa U MAaTEMAaTHYECKHI aHaJH3 IPOIecca.
Tuner pocta y pacrenmid. Opranuzarnusi MepucteM KOpHS U ctebnsa. Poct u gesTenbHOCTH
MmepucteM. Kietounsle ocHOBBI pocTa. PocT pacteHmii u cpena. BimsHue Temmneparypsl, CBeTa,
BO/JIbI, TA30BOT'0 COCTaBa aTMOC(EPHI, SJIEMEHTOB MUHEPAIBHOTO MUTAHUS HA POCTOBBIEC IMPOLIECCHI.

KuzHeHHbIM 1MKI BbICIIMX pacTeHuil. OCHOBHBIE 3Tambl OHTOr€HE3a (dMOpPHUOHAIIBHBIM,

IOBEHUJIbHBIN, PENPOTYyKTUBHBIN, 3peJI0CTH, CTapeHus ), ux Mopdonoruueckue, (GU3HOIOrHUYEeCKUe U
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meTabonnueckue ocobeHHocTH. COCTOsIHUE TOKOSI Y pacTeHui. TUIlbl OKOS W WX 3HAYEHHUE IS
KU3HEESATEIbHOCTH PACTEHUH.

Mexanusmbl Mopdoreneza pacteHuil. [lomsipHocTs. MHAYKIMS T€HETUYECKUX MPOTPaAMM,
MopOreHeTHYeCKHe TIpaJUeHThl M OpHEHTAalMs KIETOK B MpocTpaHcTBe. LlenocTHocTh
KOPPEJIATUBHOE B3aUMOJEHCTBHE OpraHoB. Perenepanus.

['opMoHanbHas perysius pocTa U Pa3BUTHsI PACTEHUN.

Aykcunvl. buocuHTe3, 00pa3oBaHHWE KOHBIOTATOB, JErpajaliisg ayKCHHOB. AKTHBHBIN
TPAHCIOPT AyKCHUHOB B pacTeHUsAX. PU3MOJOTMYECKUE OTBETHI HA AyKCUHBL: aTTParupyOLIUi
3 eKT, pacTsKEeHHE KIETOK U TPOMHU3MBI, Au((epeHInpoBKa KIETOK MO JIeHCTBUEM ayKCHHOB,
anuKajJbHOE JOMMHHMPOBAHHME, aKTHBH3aLUsl JEJIEHUM KIETOK KaMOMs, pu3oreHe3. AYKCHH Kak
TOPMOH CTEOJIEBOTO areKca.

Lumokununer. buocunrte3, o00pa3oBaHME KOHBIOTATOB, Jerpajalys LUTOKHMHUHOB.
dusnonoruyeckoe JAeicTBue: arTparupyrommid  3pGeKT, CTUMYIALUS KICTOUYHBIX JEeJICHHH,
i QepeHMpoBKa MO JCHCTBHEM NHUTOKHHUHOB, CHSATHE AalMKaJbHOTO JOMHUHHPOBAHUS C
OOKOBBIX NOYEK. [ [UTOKMHIH Kak TOPMOH KOPHEBOI'O areKca.

B3aumopneiicTBie ayKCMHOB M LMTOKMHMHOB. [loHATHE 00 aHTaroHW3sMe M CHUHEpPIrU3Me.
I'opmonanpHbIi OamaHc B pacreHun. KynpTypa in vitro Kak MoJeb JJIsl H3Y4EeHUS! TOPMOHAIBHOTO
Oananca. [lonnep;xanue ropMoHaIBbHOTO OajaHca 3a CYET PereHepaly TOYeK CUHTE3a ayKCUHOB U
LIUTOKMHUHOB. bakTepuu, UCIIONb3yIOIIKe HapyllleHue TOPMOHAIBHOTO OagaHca MEXIy ayKCUHAMU
u nuro-kuauHamu (Agrobacterium tumefaciens, A. rhizogenes).

T'ubbepennunvi. Ilytm OuocuHTe3a M MHOrooOpasme rubOOepemnnHoB. OOpa3oBaHue
KOHBIOTaTOB M Jerpaaanusi. Gu3nonornyeckoe neicTBre rHOOEPENTMHOB: PacTsDKEHUE KIETOK U
aKTUBHU3AlMsl MHTEPKASIPHBIX MeEpHCTeM, OOpa3oBaHUE LIBETOHOCOB, IPEPbIBAHUE IIOKOS H
CTUMYJIALIUS POCTOBBIX IPOLIECCOB. OHAOICHHBIH YypOBEHb TI'MOOEpEIIMHOB M JUIMHA JHS.
I'nG6epenMHbl Kak TOPMOHBI JHCThEB. KapnuKoBOCTh, BbI3BaHHAs HAPYIICHUSIMH CHHTE3a
rud0epenHoB. B3aumozeicTBue ¢ ApyruMu ropMOHaMHU.

Abcyuzosas kucroma. Ilytn 6mocunre3a ABK B pacTeHusx u B rpubax, ee MeTaOOIH3M.
DU3NOJIOTUYECKOE JIEHCTBUE: OCTAHOBKA POCTA, MOATOTOBKA K COCTOSHHUIO MOKOSl. AKTHUBU3ALUA
cuHTe3a 3amacHbIXx BemiecTB. ABK kak ropmon abuotnyeckoro crpecca. Crparerus orBera Ha
3aCyXy, MOHM)KEHUE TemmepaTrypsl, 3aconeHue. Poib ABK B MHOyKIMM 3alIMTHBIX MPOLECCOB
(cHHTE3 OCMONPOTEKTOPOB, MMOJIMAMUHOB, OEIKOB-IIAIIMPOHUHOB; 3aKpbIBAaHUE YCTBMIL; JUCTOMNAN,
BBI3BaHHbIM Ae(QUIUTOM BOABI; CO3pEBaHUE CYXMX IJIOAOB M ceMsH). B3aumoneiictBue ABK u
ru0OepeITIMHOB B MPOLIECCAX PETYIIALUHU TOKOSL.

Omunen. buocunres »sTHieHa. Cremuduka >STWIEHA Kak Ta3000pa3HOrO TOPMOHA.

DU3NOIOTUYECKOE JCHCTBHE: TPOMHOM OTBET MPOPOCTKOB HA ATUJICH. OTWIEH KaK TOPMOH
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MEXaHUYeCKOro W OuoTtuyeckoro crpecca. CurTyanun OHOMEXaHHYECKOTO BO3JACHCTBUS:
MOBPEXXICHHE HACEKOMBIMU M KPYIHBIMH TPaBOSIHBIMU, (PUTOMATOTeHHBIMU rpubamu. Ctparerus
oTBeTa Ha Omotnueckuit crpecc. Co3peBaHre COYHBIX IJIOJIOB U JIMCTONA] B YMEPEHHBIX IIUPOTAX
KaK MOJrOTOBKA K MEXaHU4eCKoMy cTpeccy. Ponb aTuneHa kak “ropmMoHa TpeBoru” B OMOLIEHO3aX.
B3aumopeiictBue dTUEHAa € ayKCMHAMU U JIPYTMMH TOpPMOHaMM. MyTanuu, IOBpEXAArOLIUe
OMOCUHTE3 ATUIJIEHA WIIN €r0 PELEILHIO.

Pecynamopvr  pocma  pacmenuii. bpaccuHOCTEpOHMIBI: OMOCHHTE3, MHOT000Opa3ue.
Ouznonornyeckue 3PQEKThl: pacTsHKEHHE KIETOK, poib B AuddepeHiupoBke Me3oduiia.
KacmonoBas kucnora. buocwntre3 u ¢usznonorunueckue 3PpdexTel. MecTo KacMOHATOB B
perymsinun orBeta. CXoCcTBO O0TBETOB Ha kacMoHatT u Ha ABK. Camunmnar u apyrue ¢eHoOIbHbBIE
coenuHeHUs. Bo3MoxkHast poib B PETyJsLMU TEPMOreHe3a, OTBETa Ha BHUPYCHYIO HHQEKIHUIO,
nBeTeHnH. Bzaumonelictue ¢ npyrumu ropMoHamu. OJIUrocaxapuHabl.

@omopeeynayus y pacmenuti. OCHOBHbIe mnpuHIMNBI (oTopenenuun. OTinune
(doTOperenTOpHBIX KOMILIEKCOB OT 3HEpromnpeodpaszyonmx. Ou3nonornyeckn BakHbIE 00JacTh
CHEKTpa: KpacHas U cUHss. DUTOXPOM U KPUIITOXPOM.

duroxpomHas cucreMa. CrnekTpalbHble CBONCTBA MOJEKYJbI. JTambl npeBpamienus Phr -
Phfr: n3MeHeHus B CTpyKType XpoModopa M anonpoTeuHa. [eHbl, KOIUpYIOIIHe OWOCHHTE3.
Odutoxpom A u B: cxomctBa u ornuuus. DU3HOIOTHYECKHE PEAKIUH, OIOCPEIOBAHHBIC
(UTOXPOMHOM CHUCTEMOI: CBETO3aBUCUMOE MIPOpacTaHue, JEAITHONSIMS, CHHAPOM M30eraHus TeHH.
K/[IK-o6patumocts. DUTOXPOM KaK «BXOJHBIE BOPOTa» sl (OTONEPUOANUECKOTO CUTHAIA.

CrpykTypa KpunToxpomoB. Mcnosiab3oBaHHE MYyTAaHTOB [UIsl MCCIEIOBAHUS KPUNTOXpOMA.
OTBeTbl Ha CHHHMIA CBET: pa3ruOaHHe anuKaJbHOW TMETeNIbKA TPOPOCTKOB, (OTOTPOITU3MBL,
YCTbUYHBIEC TBUKECHHUS.

Cucremsl perysiiuu (pU3nOIOTHIECKUX MTPOIIECCOB.

Cembv nymeti nepedauu cucnana 6 Kiemke. BocmpusTue BO3ACHCTBUH M CHUTHAJIBHBIX
MoJIeKyJ1. Penientopbl CTUMYJIOB M TOPMOHOB, MX Jokanu3anus. Ponp mnasmanemmsl. Ilepenaua
curHaja. B3auMojeicTBue pPEelenTopoB C MOCPEAHUKAMH, MEPENAIONIMMU CUTHalI. BTopuuHbie
NOCPEeHUKH Tiepeaaun curnana (pocdomnunaza C2*, nAM®, unosuron-3-gocdar u ap.). Yuactue
KalblUs B Hepefade curHana. Pomb xansmomynuna u Ca’*-CAM komiuiekca B (hOPMUPOBAHUU
OTBETHOI peaxkiuu. [IporennkuHassl, 3HaYeHUe peakuuu dochopunmupoBanus/
nedochopwupoBaHus B PETyJSIMM  aKTUBHOCTH (epmentoB. Cnenuduka mnepegadn U
dbopMUpOBaHUS OTBETA HA OMPEACIECHHBIA CTUMYII.

@omonepuoousm.  DenomeHonmorust  QoTONEpPUOAM3MA:  LBETEHHME U TPYIIIBI
doTonepuoOANYECKUX PpACTEHHUH, peryisiuus JucTonaza, oOpa3oBaHUS TIOYEK, Iepexoja K

COCTOSIHUIO MOKOs. Bocnpusitue anuubl nus: 3¢dexT npepbiBanus HOUH, GUTOXPOM, BHYTPEHHUE
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yacel. ['opMoHanmbHast Teopust LBeTeHHs YainaxsHa. V3MeHeHHs TOpMOHaJIbHOTO OanaHca,
npuBOJAIIME K  (QU3MOJIOTMYECKOMY OTBeTy Ha  (Qotomepuon. Perynsuus  pa3Butus
KJIMMAaTHYECKUMU (aKTOPaMH.

BryTpenHue puTMmbl pa3BuTus pacTeHuil. Ilepnonnueckue sABIE€HUS B pUTMax OpraHOTeHE3a
U pocta pacrteHuil. LlupkagHble pUTMBI, MEeXaHM3M HUX oOpaszoBaHus. HacTpoiika mHUpKaaHBIX
putMoB ¢oronepronom. [Imacroxpon. KoppektnpoBka BHyTPEHHUX PUTMOB Pa3BHTHSI BHEITHUMHU
KJIIMMaTUYECKUMU dakTopamu: 3aCyXOHu, MOHWKCHUSIMA ~ TEMITEpaTyphl. ['myGoxkuit
(pusnonornyeckuit) MOKON U BBIHYKACHHBIN NOKOW. TemmnepaTypa u pa3BuTHE pacTeHui. SBIeHUS
cTpaTHUKAMM W SAPOBU3AIMHM KaK »JKOJOTHYecKas afanrtanus. [opMmoHanbHas Teopus
BepHain3auuu pacteHui. [lpepbiBaHue TiIyOOKOro IOKOSI TOHM)KEHHBIMH TEMIIEpaTypaMu:
IIPOPACTAHUE CEMSH, BBIXOJ] IIOYEK U3 COCTOSHUSA IOKOs, IIBETCHHE.

OMOpuoHanbHOe pa3BUTHE. Pa3BuTHEe 3aponblllla y JBYJIOJBHBIX PACTEHUA B HOpPME.
Hcnonp3oBaHne MyTaHTOB Il M3YyYEHUS MEXAaHHW3MOB Da3BUTUS 3apoisllia  MyTanuu
HapylIalollyie pa3BUTHE KOPHEBOTO U CTEOJIEBOr0 ameKkca, CyCcleH30pa, HEKOTOPBIX CJI0EB TKaHEH B
3apoapimax. ComaTudeckuid SMOpuoreHes, (akToOphl, BIUSIONIME HA WHIYKIHUIO, 0Opa3oBaHUE H
bopMupoBanue 3apopIiieii in Vitro.

[Ipopacranue cemsiH. 'opMoHanbHbIN OanaHc npu npopactanuu cemsH. OtHomenue ABK/
rub0epemnabl. Mytanun cunre3a ABK u orBeta. CBsI3b FOpMOHAJIBHOTO CTaTyca CEMEHU C
OMOCHHTE30M JPYTUX BELIECTB.

Perymsiuuss  BereratuBHOro pocra pacrteHuil. Poct kopHsa. Poab  (uTOropmMoHOB.
HuddepeHumpoBka KOpHEBBIX BOJIOCKOB. Cepusi MyTaHTOB C HApYLICHUSAMH HWHHLIMALUH U
AJIOHTaLMK KOPHEBBIX BOJIOCKOB, (POPMBI BOJIOCKOB. MyTalnuu, HapyIIaouue rpaBUTPOIN3M.

Poct mobGeroBoit cucteMbl. YCcTaHOBIIEHHE (PUILTOTAKCHUCA MPU MTPOPACTAaHUU CeMEHH. Poib
¢uroropMoHoB. MyTanuuu apabuoncuca ¢ U3MEHEHHbIM pa3BUTHEM BEreTaTHUBHOIO amekca. Poct
mucrta. Ponb GpUTOropMOHOB B 3aKkianke W pa3BUTUM JUCTa. CBs3b Pa3BUTHUS JIMCTAa U MEPHUCTEMBI
noOera.

Perynsauus renepaTuBHOTO pa3BUTHS pacTeHuil. MHayKkims v sBokanus uBeTeHus. Pa3surtue
couBeTHil. PaHHee reHepaTUBHOE pa3BUTHE, NTO3AHEE IEHEPATUBHOE PA3BUTHE, PA3BUTHE LIBETKOB.
HopwmanwsHoe pa3Butue 1iBetka. Mojenb «BoiiHbl nozunuii»y (ABC). I'enetnueckue pynkuuu A, B u
C. CewmeticTBa reHoB, cogepxammx MADS-nomen.

[IposiBnenus nona y pacrenuit. CamoHecoBMeCTUMOCTh. ['eTepoMopdHas u romoMopdHas
CaMOHECOBMECTUMOCTb. CropouTHbIf M raMeTO(UTHBII KOHTPOJIb CaMOHECOBMECTHMOCTH.
Perynsauus nona. JKu3HEHHbIE IMKJIBI PACTEHUH. YCIOBUS MHHEPAIbHOIO IUTAaHMs, BO3pAacT,
TOPMOHAJIBHBIA CTaTyc Kak (akTopbl, BIMAIOIIME Ha Moia pacteHuil. IlomoBble XpOMOCOMBI.

My>KCKHe 1 KEHCKHUE IBETKH y OJTHOJTOMHBIX PACTEHUH.
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9. YCcTOIYNBOCTH PACTeHUI K HeOJIaronpusiTHbIM (paKkTopam

Crpecc u apmanrtanuss — oOmas xapakTepuctuka siBaeHuil. HeOmarompusitHble (QaxTopsl
OMOTHYECKOW U a0MOTHYECKOUN mpupoabl. OTBETHBIE PEaKIMK PAaCTCHUI Ha JICHUCTBUE CTPECCOPOB.
Crnemuduueckue u Hecnenuduueckue peakuuu. [Ipupona HecrenupHUUECKUX  PeakIHi.
CrpeccoBble 0eNKH U X (PYHKIUH.

Boowuwiti degpuyum. Knaccuduxanus pacTeHU Mo UX yCTOMYUBOCTHU K 3acyxe. Kcepodursl.
CrnocoOHOCTh pacTeHH TOIIEPKUBATh BOJAHBIM TOK B CHCTEME: IOYBAa-pacTeHHE -aTMocdepa B
ycioBusAx 3acyxu. DakTopbl, oOecreyuBarolfe IBUKEHHE BOABI M3 TOYBHI B PAcTeHHE U B
atMocdepy y kcepopuTtoB. OCMOTHUECKHMI M THAPOCTATUYECKHH IMOTEHIMAIbl y Ppa3HBIX IO
3aCyXOyCTOMYMBOCTU pacTeHUH. Perynsduus ocMOTHYECKOro MOTEHLMaja AABJICHUS C MOMOILBIO
OCMOJIMTOB. XUMHUECKas MPUPoia U OMOCUHTE3 OCMOJUTOB. [IpoTekTopHast (GyHKIMS OCMOJIUTOB.
3ammra OeNKOB B YCIOBMAX JAETHIpaTalii LUTOMIa3Mbl. IIposuH M MonMosbl Kak BakKHEHIIME
IpOTEeKTOpbI OenkoB. [TomuaMHHBI -IPOTEKTOPHI HYKJICHHOBBIX KUCIIOT. beTauHbl M MX 3alUTHBIC
¢yukuun. benku, cuHTesupyomuecs B ycnoBusax geruaparanuu. Ux 3amurtHas ponb. C4 u CAM-
TUIBI MEeTa00IM3Ma KaK CHCTEMbI SKOHOMUH BJIATU y 3aCYyXOYCTOWYUBBIX PACTEHUH.

Buicoxue xonyenmpayuu coneii. Tunbel TOYBEHHOTO 3acojeHus. ['anmo@uTbl U TIUKOPUTHL
[loBpexxnatomiee neicTBuEe cojeil. AnanTanus pacTeHUH K OCMOTHYECKOMY U TOKCHUYECKOMY
nevictBuio conei. CriocoObl mojyiep:kaniue OBOAHEHHOCTH. OCMOpEryIsTOpHAas W MPOTEKTOPHAS
bynkun ocMonuToB. [Iporekropasie Oenku (I1B), cuHTE3MpYyIONIMECS B PACTEHUAX MPH COJIEBOM
ctpecce. Unaykmus 6unocuntesa [1b BbICOKMME KOHIIEHTpausMu cosieid. OyHKIUU MPOTEKTOPHBIX
6enkoB. CrcTeMbl HOHHOTO TOMEOCTATHPOBAHUS KJIeTOK. KoMmapTMeHTanus HOHOB, pOJIb BaKyOJIH.
Posib T1a3ManeMMbl d TOHOILIACTA B MOAEPKAHUN HU3KUX KOHIEHTpanuii Na* B 1iuTOIIIa3Me mpu
3aconeHuy. Na*-TpaHCcnopTHPYIOIUE CUCTEMBI M UX CBOMcTBa. JanbHuii Tpancnopr Na* (ypoBeHb
nenoro pacreHus). CtpaTerust u30eXaHUs HAKOIUIEHUS HMOHOB B aKTMBHO METaOOJIM3MPYIOLIMX
TKaHAX U T€HEPATUBHBIX OpraHax B yCIOBUSAX 3aCOJICHMUS.

Oxcmpemanvrvie memnepamypsi. PacteHust Kak 3K30TEpMHbBIE OpraHU3Mbl. TemneparypHble
aJlanTalyy, CBSI3aHHbIE C U3MEHEHHEM CO/epKaHUs (PEepMEHTOB B KJIETKaX W UX U30(epMEHTHOIO
cocTtaBa. Agjanrtanuy, OOECHEYMBAIOIINE TOCTOSHCTBO KM mpu TemmepaTypHBIX CIIBUTax.
CTpyKTypHBIE TIEpECTPOMKM KJIETOUYHBIX MeMOpaH IpH TeMIEepaTypHBIX ajanTtanusx. Poub
U3MEHEHUS XHMHUYECKOTO COCTaBa JKUPHBIX KHCJIOT U COOTHOLICHHS HACBHILIEHHBIX U
HEHACBIIICHHBIX KHUPHBIX KUCIOT B 00ecredyeHH HE00X0JUMON OABMKHOCTH JIUIMTUAHOTO OUCIO0s
MEMOpaHbl TPU TEeMIEpaTypHBIX aaanTanusx. V3MeHeHHe BS3KOCTH JUNUAOB W PEryIslus
AKTUBHOCTH JIOKQJIM30BAaHHBIX B MeMOpaHax ¢pepMeHTOB. Ponb U QyHKIMA IecaTypas3 B U3MEHEHUN

HMHACKCA HCHACBIIICHHOCTH JXUPHBIX KHUCJIOT IIPHU TCMIICPATYPHBIX adallTalusgXx.
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TonepantHoCcTh pacTeHHMd K 3amopaxuBaHuio. [IpemoTBpamieHue oOpa3oBaHus JbJa B
KJeTKax: 1) myreM ux 00e3BOKMBaHMSI B X0/€ (OPMUPOBAHUS KPUCTAJUIOB JIbJIa B MEXKKJIETHHUKAX;
2) myTtem OWOCHHTEe3a OHOJOTHYECKMX AaHTHU(PPHU30B. XUMHUYECKas MPHUpoAa OHOJOTHYECKUX
aHTU(pu30B. MonekynspHble MEXaHU3Mbl UX AecTBHUS. HU3KOMONEKyIsipHbIE KPUOIPOTEKTOPHI.
3akanka pacTeHuil. 3MeHeHUs, NPOUCXOAAIUE B PACTUTEIBHOM OpPraHU3ME B XOJI€ 3aKaJIKH.
MexaHn3MBbI OBBIIIEHUS MOPO30yCTOWYNBOCTH IIPH 3aKAJIKE.

Axmusuposannwiti kuciopoo. AxtuBHbie ¢Gopmbl kuciopona (ADK): cynmepokcumHbIi
paauKal, THAPOKCWI- paJuKal, CHHIVIETHBIM Kuciaopold. MexaHu3mbl uX oOpa3oBaHus. Bxian
¢orocunTernyeckoir M apixarenbHoil OTL[ B TreHepauuio CynepoKCHAHOrO pajaukaia. Ponb
BBICOKOM HMHTEHCHUBHOCTU CBeTa B IepeBoccTaHoBieHHOCTH JTLl xjmopomnacTtoB u 0o0pa3oBaHuU
CynepokCcHAHbIX panukainoB. ['eHepamuss APK mpu crpeccax. Tokcuueckoe neiictBue ADK;
CTUMYJISIUS IEPEKUCHOTO OKUCIICHUS JTUITUOB.

Mexanu3msbl 3ammThl pacteHuil ot u3obiTka ADK. Ilytn npemorpamienus oOpa3oBaHUs
AO®K B KJIeTKaxX pacTeHU. AHTHOKCHIAHTHBIC CHUCTEMBI KIIETKH: aCKOPOAT - TITyTaATHOHOBBIH ITHKIT,
0cTO KOodepos. AHTHOKCHIaHTHBIE (hepMEeHTAaTUBHbIE cucTeMbl. CeMeMCTBO CyNepOKCUATUCMYTa3.
Ackopbarnepokcuiasa, KCaHTOPMIIIBHBINA UK U JIp.

Amnoxcusa u eunoxcus. PacteHus, yCTOWYUBBIE K HEOCTATKy Kuciopona. Ponb rimkonusa B
aJanTalMd PacTeHUH K HEIOCTAaTKy KHUCIOopoaa. AHATOMHUYECKHE OCOOCHHOCTH pPACTEHHIA,
YCTOWYMBBIX K AHOKCUM M TUIOKCHM - cTpaTerus u30exaHus aHa’podbuosa. Poirb ropMoHOB B
ajanTalMu K aHadpobuo3y. OTBeTHas peakuusi PAacTeHUH Ha PE3KOe CHIKEHHE COJCpXKaHUs
KUcopoaa B cpeae. benku, oOpasyiommecs B pacTeHUSX B XOJ€ aJalTalldid K HEIOCTaTKy
kuciaopona. Mx ¢yHkiuoHanbHas poJib. lIONBITKM MONMy4YeHHs] YCTOWYMBBIX K HEIOCTATKY
KHcIopoaa GopM pacTeHUH.

Toxcuunocmv msadxicenvix Memannog s pacTeHU X HAKOIUIEHHE B TKaHAX. MeXaHW3Mbl
3allUThl: KOMIIAPTMEHTAIMsl W HAaKOIUIEHME TsDKENbIX MeTawioB B Bakyoiasix u KC, Pounb
¢uToxenaruHoB. BugocnennpuyHOCTh B UyBCTBUTEIBHOCTH U YCTOMUYUBOCTH PACTEHUHN K U30BITKY
Y HEJOCTATKY TSKEJIBIX METAJUIOB B cpene. duropemenuanusi.

Qumoummynumem. DOUTOMMMYHONOTHSI KaK COCTaBHAas 4YacTh OOIIEH HMMYHOJIOTHH.
Oynkuuun uMMyHHTeTa. MMMyHHTeT. /IByX(ha3HOCTH OTBETa pacTEeHWI HAa BHEAPEHHME IMATOTCHA!
pacno3HaBaHUE MMATOT€HA W 3allUTHAsl peaklus. DIUCUTOPHI, Pojb NEKTHHOB B paclo3HaBaHUU.
Penentop - JuraHgHeli  TUO  B3aMMOJCUCTBUSA  PACTCHUS-XO3iIMHA M martoreHa. Pouib
OJIMTOCAaXapWHOB B OTBETHOM peaklMd pAacTeHUs Ha BHEApeHue mnaToreHa. Hekporpodsl u
OMOTPO(BI — HU3KO- M BBICOKOCIECIMATU3UPOBAHHBIE MATOTEHBL. J[eTepMUHAHTBI YCTOHYHUBOCTH
pacTeHuil K maroreHaMm: aHTHOMOTHYECKHE BelecTBa ((hUTOATIEKCHHBI), MEXaHHUYECKHE Oapbephl,

aykcoTpousi, peakuuss CBEpPXUYBCTBUTEIBHOCTH U Jp. JleTepMUHAHTBI [AaTOT€HHOCTU
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MHUKPOOPTaHU3MOB:  (DAaKTOPBI, CHOCOOCTBYIOIIME KOHTAKTy MHKPOOpPraHHM3Ma U PAaCTCHHA,
CyNpeccopbl 3alIMTHOM peakUuu M TOKCHHBI; (PAKTOphl, OOECHEeYMBaIOLIME MPOHUKHOBEHUE
naToreHa M €ro NMuTaHUE BHYTPHU pacTeHus; (akTopbl, oOecreunBarone IpeoaoIeHne 3alluTHOM
peaKlMK pacTEHHUS.

Tun u creneHb COBMECTHMOCTH B cHcTeMe: 0ojibHOE pacTeHue. ['eHeTmueckas mpupoja
YCTOMYHMBOCTH PAacCTEHUM K IAaTOreHaM BepTukanbHas M TOPU30HTAIbHAs YCTOMYMBOCTH. Teopus
®nopa «reH-Ha-reH». CompspkeHHasl 3BOJIIOLMS pPacTeHUs XO3sMHAa U maroreHa. [IpumoOpereHue
BUJIOBOM M COPTOBOM CrieIMaIN3alliy MaTOreHOM (MHyKTOPHO-CYTpeccopHas MoJieib Xecca).

Ponb BTOpPUYHBIX META0OJIMTOB B BEPTUKAIBHOM M TOPU3OHTAIBHOW YCTOHYHMBOCTH.
Jlokanm3anus CHHTE3a W HAKOTUICHHSI BTOPHYHBIX METa0OJMTOB HA YPOBHE KJIETKH, TKaHHU, OpraHa,
uenoro pactenusi. CocTaB U XapaKTepHUCTUKA CMOJI, CIIU3€H, KaMeIH, JaTekca. BHemH A cexpenus
BTOPUYHBIX MeTabonuToB. Crenuanu3upoBaHHbIE OpraHbl cekpennu. COCTaB U XapaKTepUCTUKA
3pUpPHBIX Maced. XapakTepUCTHKA JIOKATW3allMM CHHTE32 W HAKOIUICHHS OCHOBHBIX TPy
BTOPUYHBIX METa0OIMTOB. 3amuTHBIE (QYHKIUM BTOPUYHBIX cOenNWHEHHNA. DUTOANIEKCHHBI,
JlokazaTenbcTBa KOJIOTHYECKUX (PYHKITUH BTOPUYHBIX COSTUHEHUN.

10. B3aumoaeiictBue (pU3M0J0THYECKHX MPOIECCOB, UX HHTErPAIUsi U COTJIACOBAHHOE
¢GyHKIMOHUPOBAHME OPTaHOB

JIOHOpHO-aKIENTOPHBIE B3aUMOJICHCTBUS KaK OCHOBA SHJIOTCHHOU PeTyJIaiuu (POTOCUHTE3a
B CHCTEME pPACTUTEIBHOIO OpraHu3Ma. MeXaHu3M SHJIOT€HHOW pEryJisilud B CHCTEME PAaCTECHHUS:
MOTOKH YIJIEPOJA, MCHOJIb3yEeMble Ha CHUHTE3 Pa3IMYHBIX COCIMHEHUW M UX paACIpEACNICHHE IO
TKaHAIM U opraHam. Teopus QoTocHHTETHYECKOH TPONYKTHUBHOCTH. [lyTH mOBBIIICHUS
3P PEKTUBHOCTH HCIOJIB30BAHUS COJHEYHOW PHEPTUU MpHU ¢orocuHTe3e. JJOHOpHO-aKIENTOPHbIE
OTHOLLIEHUS, peyTWIM3alUsl U KPYTOBOPOT MUHEPAJIBHBIX 3JIEMEHTOB B pacTeHUH. Pacrpenenenue
BEILLECTB 0 OpraHaM M KOMMIApTMEHTAIUsl MPOLECCOB M COECIMHEHMHM B KIIETKE M TKaHAX Kak
cUCTeMa MPOCTPAHCTBEHHONM M BPEMEHHOH OpraHu3alMd OMOXMMUYECKMX M (PH3HMOIOTMYECKHX
IPOLIECCOB U CIIOCOO PEryJISIMU UX COINIACOBAHHOIO B3aUMOJCHCTBUS U HHTErPaLlUU.

Cuctemsl perysiiuy U X Uepapxusi B pACTCHHH.

Perynsmus pacnpeneneHus pocta M BEIIECTB, a TAK)K€ B3aUMOJECHCTBUSI OPraHOB B IIEJIOM
pacTeHun.

Cuctemsl peryisnuu: Tpodudeckas, TOPMOHAIbHAS U dJeKTpodu3noigornyeckas. [lonsarue
«3aIpoc» U MpeanogaraéMble MEXaHU3Mbl Iepejaul CUrHajia. JJOHOpHO-aKIENTOPHbIE OTHOILICHHUS.

Perynsus mpoiueccoB Ha KJIETOYHOM ypoBHE. MeTaOoJWTHas pErymsius U MeXaHU3M
KOHTpOJII TPOTEKaHWsl Mpolecca I0 NPUHLUIY OTPHULATEIbHONW (IIOJOKUTENBHOM) CBS3U

KOHCYHBIMHU IIPOJYKTaMHU. AI[CHHH&THBIﬁ KOHTPOJIb.
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KomnapTmeHTanus mporeccoB U BEIIECTB Kak CIOCO0 OpraHU3aldu PETyJISLUH MPOIECCOB
B IIPOCTPAHCTBE U BPEMEHHU.

B3anmoneiicteue gpixanus W (OTOCHHTE3a: OOMEH TMPOAYKTaMH H  CyOCTpaTamH.
Oco0eHHOCTH ABIXaTENBHOTO Mpoliecca B (POTOCHHTE3UPYIOLIEH KIIeTKeE.
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PesynbTats! JK3aMeHa ONPEAEIIAIOTCS OLICHKaMH «OTJIINYHOY, «XOPpOILOY,
«YJOBJIETBOPUTEIIBHO» U «HEYJOBJIETBOPUTEIHHOY.

OTnenbHO OLEHMBAETCS KaX/IbIi U3 TpeX BOIPOCOB OMIIETa, COCTABICHHOrO 110 IpOrpaMMe-
MHUHMMYM, U KaXIbIH U3 TPEX BOIPOCOB JOMOIHUTEIBHON MporpaMmbl. OO11as OLeHKa 3a SK3aMeH
BBIBOJIUTCS KaK CPEIHEE U3 IIECTH OLICHOK.

Onenka «otTam4Ho». OTBET Ha BOMNPOC, MIOCTABJICHHBIM B OmieTe, U31ararTcs JOTMYHO,
II0CJIEI0BATENBHO U HE TPEOYIOT AOMOIHUTENBHBIX MOACHEHUH. JlenatoTcss 000CHOBaHHBIE BHIBOIBL.
CobnronatoTcss HOpPMBI JIUTEpaTypHOH peun. OTBET AOIKEH OBITh Pa3BEPHYTHIM, YBEPEHHBIM,
coJepXkKaTh JOCTATOUYHO YeTKHE (POPMYITHPOBKH.

Onenka “OTNMYHO” CTABUTCSA AacCHpaHTaM, KOTOpPbIE TIPH OTBETE: OOHAPYKUBAIOT
BCECTOPOHHEE CHCTEMAaTHYeCKOe M INIyOOKOe 3HaHUE MPOrPaMMHOIO MaTepuasa; CHOCOOHBI
TBOPYECKH TPHUMEHATh 3HAHUE TEOPUU K PEIIEHUI0 NPO(PECCHOHATIBHBIX 3a/ay; BIIAJCIOT
HOHSATHIHBIM anmnapaToM; JEMOHCTPUPYIOT CIIOCOOHOCTh K aHAJIU3Y U COMOCTABICHHUIO PA3TUYHBIX
MOJIXOJI0B K PELICHHIO 3asBJICHHON B BOIPOCE MPOOIEMATHKU.

Onenka «xopomo». OTBeT Ha BONPOC  H3JAralOTCs  CHUCTEMATH3UPOBAHO U
nocienoBarenbHo. Marepuan uznaraercst yBepeHHO. JleMOHCTpHpYeTcss YMEHHME aHaJIu3UpOBaTh
MaTepuas, OAHAKO HE BCE BBIBOABI HOCAT apryMEHTHPOBAHHBIM M JIOKA3aTEIbHBIA XapakTep.
Cobmo1at0TCss HOPMBI JIUTEPATYPHOU PEUH.

OreHka “X0poIo” CTaBHTCS acHMpaHTaM, KOTOPHIE MPU OTBETE: OOHAPYKHUBAIOT TBEPAOE
3HaHUE MNPOrPaMMHOr0 MaTepHala, CHOCOOHBI NPUMEHATh 3HAHWE TEOPHM K PEIIEeHUIO 3ajaay
npoeCCHOHATIBHOTO XapaKTepa, HO; JOMyCKAIOT OTIENbHBIE MOTPEHIHOCTH W HETOYHOCTU NpHU
OTBETE.

Onenka  «ynoBiaeTBopuTeabHO». [lpu  oTBeTre  JomyckaroTcs — HapylleHHs B
HOCJIEI0BATENbHOCTH M3JI0XKEHUs. J|eMOHCTPUPYIOTCS TIOBEPXHOCTHOE 3HaHHME Bompoca. Mmerores
3aTpyiHEHUs ¢ BbIBOAAaMHU. JlonycKaroTcs HapyLIeHUs] HOPM JIUTEpaTypHOU peyn.

Onenka “yJOBJIETBOPUTENBHO CTABUTCS aCHUPAHTaM, KOTOPHIE NPU OTBETE: B OCHOBHOM
3HAIOT NPOTPaMMHBIM Marepuajn, HO JOMYCKAaIOT CYIIECTBEHHbIE IMOIPEIIHOCTH B OTBETE Ha
BOMPOCHl HK3aMEHAIIMOHHOTO OuiieTa; MPUBOAMMBIE (OPMYIMPOBKH SIBISIOTCS HEIOCTaTOYHO
YETKUMHU; B OTBETAX JIOIYCKAKOTCSI HETOYHOCTH.

OneHka «HeyA0BJIETBOPUTEIbHO

Marepuan u3naraercsi HENocCleOBaTeIbHO, COMBUMBO, HE MPEACTAaBIIAET OIpPEACICHHON
cucteMbl 3HaHUM. VMeroTcs 3aMeTHble HapyLIeHHs HOPM JIMTEpPaTypHOW peuyd. ACHHMpaHT HpU
OTBETE: OOHAPY’KUBAIOT 3HAUYUTENIbHBIE MTPOOEIBI B 3HAHUSAX OCHOBHOT'O MPOTPAMMHOI0 MaTepuaa;
JIOTYCKalOT NMPUHIUNNAIbHBIE OMIMOKM B OTBETE€ Ha BONPOC OWIIeTa; AEMOHCTPUPYIOT HE3HAHHE

TEOPUU U MPAKTUKH.
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