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1. Beeoenue

Kannunarckuit sk3ameH no gucuuiuinHe «®Du3nonorus 1 OMOXUMHUS paCTCHHII»
sBisiercss  (OpPMOM  TTPOMEKYTOYHOW  aTTeCTAlldd  aCIHUPAHTOB, OOYYAIOIIUXCS IO
HamnpasieHnuto 06.06.01 buonornueckue HayKu, HAPABICHHOCTh MOJATOTOBKH DU3HOIOTHS
u onoxumus pactennii (03.01.05).

B xome »k3ameHa OILIGHMBAETCS CTEICHb OBJAJEHUS AaCIUPAHTAMHU CIEIYIONUX
KOMIIETEHIIUN

1.1 YHuBepcaJibHble KOMIIETEHIMH:

» CIIOCOOHOCTh K KPUTHYECKOMY aHAM3y W OICHKE COBPEMEHHBIX HAyUYHBIX
JOCTWKEHUH, TEHEPUPOBAHUIO HOBBIX HJCH MPU PEIICHUU HCCICIOBATCIIBCKUX U
NPaKTUYCCKUX 337a4, B TOM YHCJIe B MEXIUCIUIUTMHAPHBIX 00acTsax (YK-1);

» CIOCOOHOCTh MPOCKTHPOBATH U OCYIIECTBISATh KOMIUIEKCHBIC WCCIECTOBAHUS, B TOM
qucle MEXIUCIUIUIMHAPHBIE, HAa OCHOBE IIEJIOCTHOTO CHCTEMHOTO HAy4YHOTO
MHUPOBO33PEHUS C UCIIOJIb30BAaHUEM 3HAHUN B O0JIACTH MCTOPHH U Gmiocohuu HayKu
(VK-2);

» CIIOCOOHOCTH IUIAHUPOBATh M PEIIATh 3aJadyd COOCTBEHHOTO MPO(PECCHOHAIBHOTO H
augHocTHOTO pa3Butus (YK-5).

1.2 Ob6me-npodeccuoHaTbHbIE KOMIIETEHIIUN:

» CIIOCOOHOCTh ~ CaMOCTOSITEJIbHO ~ OCYIICCTBJISTH  HAYYHO-HCCIICIOBATEIBCKYIO
JEeSITETFHOCTh B COOTBETCTBYIOIICH MPO(ECCHOHAIBHON 00JaCTH C MCIOJIb30BaHHEM
COBPEMCHHBIX METOJOB HCCJICAOBaHUS H HH(POPMAIMOHHO-KOMMYHHKAITMOHHBIX
texnosoru#t (OI1K-1);

» TOTOBHOCTh K TPETOJaBaTEIbCKON MEATETFHOCTH 1O OCHOBHBIM 00pa30oBaTEIbHBIM
nporpammam Beiciero oopasosanus (OI1K-2).

1.3 IIpodeccnoHaibHbIe KOMIIETEHIIMU:

» crocoOHOCTh COOMpaTh W aHATWU3UPOBATh MHPOBHIE HAyYHBIC 3HAHUS B OOJACTH
COBpEeMEHHOW (U3HONOTHMH U OUOXUMHUHM PACTeHH, (HOPMYJIHPOBATH HAIPABIICHUS
CaMOCTOSITETIbHBIX ~ MCCIIEIOBaHMM, 00001maTh ¥  aHaJIM3UPOBaTh  IMOJTYYCHHBIE
PE3YJIBTAThI ¥ MIPEACTABIIATh UX B BUC HayuHbIX myonukanuii (ITK-1);

» BIIaJICHUE OCHOBaMH COBPEMEHHBIX METOJIOB UCCJICJIOBAHUH B 00acTH (PU3HOIOTHH U
ouoxumun pactennit (I1K-2);

» CIIOCOOHOCTh K HW3YYEHHWIO IMPOLECCOB, ONPEICNAIONMX JKU3Hb  PAacTEeHUH,
ocobeHHocTel X MeTabonm3Ma u cucreM ux peryisiun (I1K-3).

Hacrosimass mnporpamMMa pa3paboTaHa Ha OCHOBE IIPOrpaMMbl, YTBEp)KIEHHOU
MunuctepctBoM oOpa3zoBanus U Hayku Poccuiickoit @enepaunu (Ilpukaz MunoOGpHayku
P® ot 08.10.2007 Ne 274 «O0 yTBEpKAEHUH POTpaMM KaHIUAATCKUX SK3aMEHOBY).

ITporpamma 6a3upyercs Ha OCHOBOIOJIAraloIIuX paszjenax (PU3HoNIoruu U OMOXUMHUU
pacTeHuil, BKJIIOYasi: OCHOBHBIE KOMIOHEHTBHI PACTUTEIBHOTO OpPraHu3Ma M HX (yHKIHUH;
CTPOCHHE PACTHTEIHHON KJIETKH; OMOPHEPTeTUKA PACTUTEIHHOIO OpraHu3Ma; BOJ0OOMEH U
MHUHEpaJIbHOE NUTAHUE PACTEHUN; JAIbHUN TPAHCIOPT U KPyrOBOPOT BEILLECTB B PACTECHUU,;
POCT M pa3BUTHE pACTEHUH; B3aUMOJEHCTBHE (DU3HOIOTHUECKUX IMPOLECCOB, UX
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MHTErpalus U COrJIaCoBaHHOE (PYHKIIMOHUPOBAHNUE OPTaHOB.

Kangunarckuil sk3amMeH 1o (U3MOJOTMM U OMOXMMHUHM PAcTEHUM INPOBOAMTCA B
YCTHOM (popme Mo BOIpOcaM MpOTpaMMbl, Ha 3K3aMEHE Mpeanaraercs Tpu Bompoca (0e3
ouneroB). Ilocie ycTHOro oTBeTa MOIYT 3aJaHbl JONOJHUTEIbHBIE U YTOUHSIOLINE
BOIIPOCHI, HE BBIXOJSLIME 3a MTPeeNbl IPOrpaMMbl KaHAUJATCKOTO SK3aMEHa.

2. IIpozpamma kanouoamckozo IK3amena

2.1. O01ImMe BOIpockl

OOBekThl OMOXUMHUK M (PU3MOJIOTUU pPACTEHUN - DyKapHOoTUYeCKHe (POoTOTpodHBIC
OpraHW3Mbl. YHUKaIbHBIE OCOOCHHOCTM  pPACTUTENBHOTO  opranu3Mma: ¢oTo- U
aBTOTPOGHOCTh. ABTOTPOPHOCTH B OTHOIICHWU YCBOCHHS MUHEPAIBHBIX 3JIEMEHTOB.
Crnenuduka oOMeHa 3€IEHBIX pPACTEHWH 1O CPaBHEHUIO C JAPYTMMH OpPTaHU3MaMH.
Kocmuueckass ponpb 3eneHOro pacteHus. 3HaueHHe (OTOAaBTOTPO(OB B CO3JaHUU H
MOJJICpKAHUN Ta30BOI'0 cOoCTaBa arMocdepsbl, BOAHOTO, MOYBEHHOTO M KIMMATHYECKOTO
peXruMa Ha TIJIaHeTe.

Opranu3zamus 1 KoopauHaIKs (YHKIIMOHATBHBIX CUCTEM 3€JICHOTO pacTeHwus. Ou3nko-
XUMHYECKHUH, SKOJTOTMYSCKUM U ABOJIFOLIMOHHBIN aCIEKTHI.

MeTtoa0510rH4eCKre OCHOBBI MCCJIEIOBAHUN B OMOXUMHH U (U3HOJOTHH PACTEHUH.
Cnemnuduueckue MeToabl OMOXUMUU M (pusnonoruu pacteHuil. CodeTaHWe pa3IUYHBIX
YpOBHEH HccieoBaHusl (CyOKICTOUHBIN, KIETOUHBIN, OPTraHM3MEHHBIH, OMOIICHOTUYECKHH)
B OMOXMMUH U (PU3UOJIOTHU PACTCHUH.

®dwusnonorus U OMOXUMHSI PACTEHUH — TEOpEeTUYECKas OCHOBA PAacCTEHHUEBOICTBA U
HOBBIX OTpaciieli OMOTEXHOJIOTHH.

2.2. OCHOBHBIE KOMIIOHEHTBI PACTUTENLHOIO OPraHmu3Ma U uX QYHKIUU

2.2.1. YraeBoabl. OcoOEHHOCTHM cOCTaBa M MeTabOJIU3Ma YIJIEBOJIOB pACTEHUI.
MoHocaxapuapl, HUX CTPYKTypa M B3aUMOIIPEBPAILEHUS, OCHOBHBIE THPEICTABUTEIH.
Monocaxapa, kak cyOCTpatThl Juisi CHHTe3a Apyrux BeuiecTB. PocdopHbie 3Gupbl caxaposbl
U HykieosugaudocaTsl - aKTUBUPOBAaHHBIE (HOPMBI YTIEBOAOB. B3ammompeBparieHus
MOHOCAaXapu0B, SMUMEpHU3alus, albJ0-KeTo-u3oMepu3anus, GpochomMyTasHbIE PEaKIUH.
TpaHckeTONa3HbIE U TpaHcaldbaoda3Hble peakuuu. Onurocaxapuibl, KX COCTaB, CTPYKTYpa,
OCHOBHBIE TmpexactaButenu. Caxaposa; JoKaiIM3alus €€ CHHTe3a U (DYHKIHH.
[lonucaxapuapl: cocraB, THUIIBI CBsi3eil, BeTBieHHe. [lonucaxapunabl 3amacHble U
cTpykrypHbie. CTpyKTypa Kpaxmaia u ero aerpaaanus. O06pa3oBaHue KpaxMalbHBIX 3epEH
B 3aI1aCalOIMX OpPraHax.

2.2.2. Jlunuabl. OOmMe CBOWMCTBA JUMUIOB, KIacCU(UKAIMA, HOMEHKIATYpa.
HacpliieHHble 1 HEHACHIIEHHBIE KUPHBIE KUCIOTHI: KiaccU(UKaIUsA, CUHTE3, KaTaOOoIu3M
u pynkur. OCoOEHHOCTH CTPOEHHUSI HEHACBHIIICHHBIX KUPHBIX KUCIOT pacTeHuil. Penkue
KUpHbIE KHCIOTHL. Tpurmunepuasl u ux ¢yakuun. [lomspaeie mununael: docdo- u
TJIMKOJUMUABIL, UX Poib B oOmeHe. Crepounbl. OCOOEHHOCTH PAaCTUTEIBHBIX CTEPOHUIIOB,
¢utocTepuHbl. [ TMKO3MIbBI, AUWITIMKO3UIbl, 3QUpPbl  cTepuHOB. buonornyeckue
MeMOpaHsbl, crieruprKa pa3IMIHbIX MEMOpaH PACTUTEIIHLHOM KIIETKHU.

2.2.3. AMuHokuca0Thl M 0eaku. CTpyKTypa W WOHHBIE CBOWCTBa aMHUHOKHCIIOT.
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[IpoTenHOTeHHBIE aMWHOKHUCIOTHL. AMHWHO-COCIUHEHHS, CHHTE3MPYEMbIE IEPBUYHO U3
MHUHEpAIBbHOTO a30Ta M CHHTE3 aMUHOKHCIOT. Peakmuu nepeamuuupoBanus. KiroueBas
pOJb INIyTAMMHOBOM KHCJIOTHI B MeTaboiu3Me aMuHOKHCI0T. CemeilcTBa aMHHOKHCIIOT,
KOTOpbIE€ MPOUCXOAST M3 MUpYyBarTa, OKcajloalerara, 2-OKCorylyTapaTa, IIMKMMara Hu
npoaykrtoB Iukia KanbBuHa. @YHKIMM CBOOOJHBIX AMMHOKHCIOT ¥ aMHHOKHUCIOT B
cocTtaBe OENKOBBIX MOJEKyJ. Peakuumm ne3aMUHUpOBaHUS U JeKapOOKCHIMPOBAHUS
AMHHOKHCIIOT. AMHWHOKHCIOTHI KaK CyOCTpaThl CHHTE3a JAPYTHUX Aa30TCOACPIKaIINX
coenuHeHu. HeOenKkoBbie aMUHOKHUCIIOTHI PACTEHUIA.

[lepBuyHast cTpykTypa MoJIeKyJsbl nonunentuaa (nentuaHast cBsizb. C- u N- xoHenl
nonunentuaa). GubpusuiapHsle U rao0ynspHble Oenku. FoHHbIe CBOMCTBA NOIUMENTHAOB:
pKa HOHOTreHHBIX TPy, H303JEKTPUUYECKas TOYKa. DJIEMEHThl BTOPUYHOM CTPYKTYpHI
OenKOB — a-cripalib U P-CTPYKTypa. TpeTudHas W 4YETBEpTUYHAS CTPYKTypa OEIIKOB.
JucynbdumHasie ¥ BOJOPOIHBIC CBSI3M, MOHHBIE W TUAPOPOOHBIE B3amMojeicTBui. Pomib
OTJENbHBIX AMHUHOKHCIIOT B 00pa30BaHUM ¥ TOJICPKaHUU MPOCTPAHCTBEHHON CTPYKTYPHI
OenxoBoil Mosiekynbl. benkoBble komiiekchl. [lonstue cyOopeaunuibl. OyHKIMOHATbHAS
KJ1accuuKkamnus OCIKOB.

2.2.4. HykneoTuabl M HYKJIEHHOBbIe KHCJIOThI. [lypuHOBBIE M NHPUMHIANHOBBIE
ocHOBaHMs.  Hykmeo3uasl W HYKJICOTHABI:  CTPYKTypa,  CHHTE3,  (YHKIIHH.
Hyxneosuamomudocdarel. [lukauueckne HYKI€OTHIBI W WX poib. HykieoTtumHbie
KO(EPMEHTHI U TIEPEHOCYNKHN COSAMHEHUH, NX OCHOBHBIE TUITBI U OMOJIOTUYECKOE 3HAYCHHE.

HyxnenHoBble KHCIOTHI: IEPBUYHAS CTPYKTYpa, HYKJICOTUAHBIN cocTaB. Bropuunas u
tpernunass ctpykrypa JHK. Crpykrypa PHK. Tunet PHK (undopmarnmonnas,
TPAHCIIOPTHAsI, pUOOCOMAITbHAS ).

2.2.5. BemecrBa cnenUaJU3HPOBAHHOIO OOMeHa pacTeHHil (BTOPUYHbIE
MeTa00uThl). OCOOEHHOCTH COEIMHEHUN, KOTOPhIE OTHOCAT K BTOPUYHBIM METAO0IUTAM.
OCHOBHBIE  KJacChl ~ BTOPHUYHBIX  METa0OJHMTOB:  CTpPOEHHE, KilaccuuKanus H
pacmpocTpaHeHue.

Ankanouodsl: IPOTOATKAIOU/bI, ICEBA0AIKATION IbI, ICTUHHBIE anKanousl. OCHOBHBIE
TPYTIBI UCTUHHBIX aJIKaJIOUI0B.

Uzonperoudwt (teprieHon 161). OCHOBHBIC TPYTITBI H30TPEHOUIOB (MOHO-, CECKBH-, JTU-
TPU- U TETPATEPIEHOMbI, MOIMMEpHbIE H30mpeHoubl). KapoTuHOMIBl: XHMHUYEcKas
IpUpoJa U CTpOeHHE, (PU3UKO-XUMUYECKHE CBOICTBA.

DenonvHvle  coeounenus.  OCHOBHBIE  Tpynmbl  (DEHONBHBIX  COEIMHEHHM
(penonokucnoTHl, (e-HUIIPONAHOUABI, CTUILOCHBI, (PIAaBOHOMABI W HU30(IIABOHOUIBI,
noJMMepHBIE (PEHOTBHBIE COCTUHEHNS).

Munopnvie knaccol  eémopuunvlx memaborumos. HeOenKkoBble aMHHOKHUCIOTHI,
[IUaHOT'€HHbIE TJIMKO3UbI, CEpyCcoJAepkKallue IIMKO3U bl (TIIF0KO3UHOJIATHI), PACTUTEIbHbIE
aMMHbBI, HEOObIYHblE JIMOUABI  (KUpHBIE  KUCJIOTHI, I[MAHOJMIUIBI), OETaJuHBI,
MOJMAIETUICHOBBIE TPOU3BOJIHBIC, aNKaMHAbl, THOQeHbl. (OCHOBHBIE NPEACTABUTEIN
BTOPUYHBIX COSAMHEHUN KAXKIOTO KJacca W MX PacHpOCTpaHEHHE CPEIu PACTCHUN Pa3HBIX
BUJIOB.

Ilymu 6uocunmesa OCHOBHBIX KJIACCOB BTOPUYHBIX MeTa00aUTOB. IIpeamecTBeHHUKH
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OMOCUHTE3a BTOPUYHBIX META00IUTOB. TOUKHM "OTBETBIIEHUS" BTOPUYHOIO META0OIU3MA OT
HNEPBUYHOTO. Moudpukanum ~ BTOPUYHBIX  METabOJIHTOB (rMKO3UIMPOBAHUE,
T'HIPOKCUIMPOBAHUE, METOKCHIMPOBAHME, METUIMPOBAHMUE). OH3UMOJIOTUS CHHTE3a
BTOPUYHBIX MeTab0auTOB. OCHOBHBIE (DePMEHTHI OMOCHHTE3a AJIKAJIOUOB, U30NPEHOUIOB,
(eHOIBHBIX COEAMHEHUH, UX XapakTepucTuka. JlyoinpoBaHue nmyTell CMHTE3a BTOPHUYHBIX
MeTabonuToB. HeMeBamoHaTHBI NyTh CHHTE3a W3OMPEHOMJIOB, €ro JIOKaau3auus U

3HAaYCHHUE.
2.2.6. ®epMeHTHI U MeXaHM3MbI MX AelicTBHA. XapakTepucTuka (PEepMEHTOB Kak
BBICOKOCTIELIMATM3UPOBAHHBIX OETKOBBIX KaTaJln3aTopoB. Anudarnyeckas U

npocrerudeckass yactu ¢epmeHTta. Kodakropbl ¢epMeHTHON peakiuu. DHepreTuyeckas
OCHOBa KaTajln3a: aKTHBHBIM LeHTp ¢epMeHTa. CnenuduuHOCTh AEHCTBUS (EepMEHTOB.
®epmeHTHas KuHeTuka. depMeHT-cyOCTpaTHbI KOMILIEKC. YpaBHeHHEe Muxasnuca-
Menten. Benuunnbst Km u Vmax, ux 6uonorudeckuii cmpici. Marubuposanue GpepmMeHTOB.
HeiictBue pH u Temmeparypbl Ha CKOpOCTh (pepMeHTHOM peakiuu. KoHKypeHTHoe,
HEKOHKYPEHTHOE M HeoOpaTUMOe MHTHOMpoBaHHE. MexaHU3Mbl Peryiasuuu (epMeHTHOU
aKTUBHOCTU. Perymsuus mo mpuHUUIY OOpaTHOM CBsI3U: aKTUBAIMs M WHTMOUpPOBAHHE.
Annocrepuueckas peryisinus. MHayknus u penpeccust cuntesa. M303uMbl U KOH(GOpPMEPBI.
PerynupoBanue ¢ yuactueM NIpOTEMHKHHA3.
2.3. PacTutenbHas KieTKa

OcoOeHHOCTH ~ CTpOEHHs, CTPYKTypHas ¥  (yHKIUOHAIbHAs  OpTraHU3alus
pacTuTenbHol KiIeTKku. CHMOMOTeHHast TUIOTe3a BO3SHUKHOBEHUS PACTUTEIBLHOM KIIETKH.

Aopo. OcobeHHOCTH OpraHM3aluy siIepHOro reHoma pactenuit. CTpykTypa reHoma,
nosmmmopdusm pacturenbHor JIHK. KomuiiHocTe pasubix TeHoB W yuactkoB JIHK.
Ocob6ennoct MetunupoBanus pacturenbHoi JHK u ero BiusiHuE Ha 3KCIPECCHUIO
AJIEPHBIX TEHOB. MOOWIbHBIE TE€HETUYECKUE HJIIEMEHThl PACTEHHH (TPaHCIIO30HBI).
Perporpancnozonst u JJHK-Ttpancno3onsl. Ac u DS - 351eMeHTHL.

Inacmuonas cucmema. Tunbsl TIacTUll, OCOOCHHOCTH CTPOCHUS, OHTOTeHE3. ['eHOM
miactud.  [IpokapuoTmyeckne  4yepThl M KONMMHOCTh  IUIACTUIHOIO  T€HOMa.
[onMIUCTPOHHBIA THUN pEIUIMKAMU IUIACTUOHBIX TE€HOB. Mo3au4yHasi CTpYyKTypa
mnacTuaHbiX reHoB. CoszpeBanue miactuaHod PHK, crmalicunr w  penmaktupoBanue
TpaHckpuntoB. CtabunbHocTh miactuaHod PHK. benku, xoaupyemble MIacTHUIHBIM
reHoMoM. CuHTe3 Oenka B Iuiactujpax u ero peryisiuus cBeroM. PHK-momumepassi
IUIACTU/, TUJIACTHAHBIE pUOOCOMBI. J[BOWHOE KOIMpoBaHWE (AIEpHOE U TUIACTHU]IHOE)
OOJIBIIMHCTBA KOMITOHEHTOB (poTocuHTeTHUecKoro ammapara: @C1, OCII, bef- kommiekca,
CCK, AT®-cunrassl, miactuaaoii HAJI-H-neruaporenassl, Rubisco. Tpancmopt saepHo-
KOJIUPYEMBIX OCJIKOB B IUIACTU/Ibl. Pa3MHOXKEHME 1 HAClIeIOBAaHUE TLIACTU/I.

Mumoxonopuu pacmenuti. OCOOCHHOCTH CTPOCHUS MHUTOXOHAPUM PpPACTCHU.
Oco0eHHOCTH CTPYKTYpPhl MHUTOXOHJPUAILHOTO TeHoma pacteHuil. [IpokapuoTtuueckue
4epTbl M pa3Mep MHUTOXOHJAPUAJIBHOIO TE€HOMa pacTeHuid. MoszauuHas CTpPYKTypa
MUTOXOHJIPUATIBHBIX T€HOB, CIUIAWCHUHT W pPENAKTUPOBAaHUE TPAHCKPUITOB. benku,
KOAUPYEMbIE  MUTOXOHApPUAIbHBIM TeHOMOM. OcoOeHHocTH cuHTe3a Oenka B
MUTOXOHJIPUSIX, puOOCOMBI MUTOXOHIpUH, TpaHcnopT OenkoB U HekoTopbix T-PHK u3 sapa
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B MHUTOXOHJpHIO. [/[BoifHOE KOaMpoOBaHHE (SAEPHOE M IUIACTUAHOE) OOJBIIMHCTBA OEIIKOB
neixarenabor DOTIl: HAJI-H-mermaporeHassl, CyKIIMHAT-IETHIPOTeHAa3bl, DC-KOMIUICKCa,
HUTOXpOM-OKcHAa3bl, AT®-cUHTA3bI.

[lepenoc reHeTnyeckoro matepuana Mexay opranemiamu. CoBMmecTHast paboTa Tpex
T€HOMOB.

Membpannvie cucmemvr pacmumenvuou xiemxu. [lnazmanemma, toHomuact, JIIP,
armapar ['onpxu.

OcoOEHHOCTH CTPOEHMS IUIa3MaJeMMbl. TpaHCIOPTHBIE CHCTEMBI ILIa3MaJeMMBb,
IPOTOHHAs YHEPreTHUKA TPAHCIOPTHBIX cucteM, H'-AT®a3a P-tuma.

OCOOEHHOCTH CTPOCHHUSI TOHOIUIACTA. TpPaHCIOPTHBIE CHUCTeMbl TOHOIUTacta. HY -
AT®daza V-tuna, nupodocdarasa.

Oujomnazmatuueckuii petukyinym (OP) pacturenbHoit knetku. lllepoxoBaTelii U
rnaakuii OP. Pazmuunbie QyHkunonanmpHble y4acTku pacturensHoro OIIP. Curnanbhbie
nocieoBaTeabHOCTH 0enkoB, TpaHcnopTupyembeix B OIIP. KDEL-nocnenoBarenbHOCTD.
®Oyukiuu JI1P.

Ammapar T'ompmku (AIN). Crpykrypa Al. TpaHcmOpTHBIE BE3WKYJBI, TAUKTHOCOMEI,
My3bIpbKU. /[Ba OCHOBHBIX HaIlpaBJIEHUs TPAHCIIOPTA - IJIa3MalieMMa U BakyoJib. OCHOBHBIE
TPaHCIIOPTUPYEMBIE BEILIECTBA.

Bakyonw. JInTrnueckuil M 3amacarolivil TUIIBI BaKyoOJIeW. benkoBble MapKepbl THIIOB
Bakyosieil. CHUTHajJbHBIE IOCJEI0BATENbHOCTH OEIKOB, TPAaHCIOPTUPYEMBIX B BaKyOJlb.
BosuukHoBeHue Bakyosieii de novo. TpaHCIOPT BEIISCTB B 3alacarollie U JIMTHYCCKHUE
Bakyosnu (CIMsiHHME Be3WKyJ, aBTodarusi Be3ukyls). CHUTHAbHBIE TMOCJIEI0BATEIbHOCTU
TpaHCIOpTa OEIKOB B BaKyoJib. OYHKIIUU BAaKyOJIIPHON CUCTEMBI KJIETKH.

Lumocxenem pacmumenvroti kiemku. CTpyKTypa HUTOCKeNeTa. AKTHH U TyOyJIHH, UX
noguMepu3auus u aenonumepusanus, G-aktuH u F-aktud. benku, accouumpoBaHHbBIE C
LUTOCKEJIIETOM. YuacThe aKTUHOBBIX (PUIAMEHTOB BO BHYTPUKIETOUHBIX JBUKEHUSX.
VYyacTthe nMTocKeneTa B IBUKEHUU U 3aKPEIUIEHUN opraHesul. Posib UTOCKeneTa B CHHTE3E
LEJUTIONIO3b]. YYacTHE LIUTOCKETIETA B IPOLIECCE IETEHUS KIETKH,

Knemounasa cmenxa (KC). YriaeBoiHbIe KOMIIOHEHTHI KJIETOUHOU cTeHku. Llenmtomnosa,
TFeMUIEITI003bl, MeKTUHBL. Kamno3a. CTpykTypHble O€NKM KIETOYHOM CTEHKH: OEINKH,
oboramennbie ruapokcunpoanaoM (HRGPS), mponuaom (PRPS), rmummbaom (GRPS),
apabunoranaktaHoBeie Oenku (AGPS). ®ynkumonaneneie Oenku KC: skcmaHCHHBI,
(bepMeHTHI.

[lepBuuHass ¥ BTOpUYHAs KJIETOYHAs CTEHKA. JIMTHUHBI, BOCKA, KyTHH, CyOEpuH.
[Mnasmonecmbr (I1J]), ux crtpoenue. KonudecTBO IMIa3MoOJeCM Ha pa3HBIX YyacTKax
KJIETOYHOM CTEHKH U B Pa3HbIX TKaHAX. TpaHCHOPT BEIIECTB IO Mia3mMojecMaM. J[Ba Tuma
CTpOEHUSI KJIETOYHOW CTEHKHM Yy MOKPBITOCEMEHHBIX pacTeHuil. OOpa3zoBaHUE KJIETOYHOM
cTeHKU. buocuHTes MuUKpopuOpmT Hewono3sl U UX camocOopka. Ponbp ammapara
lompmxu B OmocuHTe3e anmeMeHTOB Matpukca. Dynkmum KC: kapkacHas, 3amuTHas,
TPAHCIIOPTHAsI, PEryJISATOpHAs, CUTHaiIbHas. OIUrocaxapuHsl.

Onmoczenes knemku pacmenus. CTaAuM OHTOTEHE3a: JEJIEHUE KIETKH, POCT KIETKU
pacTsukeHueM, nudpepeHnpoBKa, crapeHre u cMepThb. KiIeTouHblil (MUTOTHYECKUI) IIUKIT.
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®da3zer mukna - G1, S, G2, M. 3amyck u peryJupoBaHHe KIETOYHOTO IuKIA. [[UKiInHBI,
IUKJIMH- 3aBucuMble mnporenHkuHaszbl (CDKS). Amonto3 pacTUTENbHBIX KIETOK -
nporpaMMHasi ruoesnb kieTku. CUTHaJIbl 1 MEXaHU3MBbI arorTo3a.

Knemxu pacmenuui in vitro. Jdeauddepenuanmss pacTUTEIbHOM KJIETKH IN VItro u
dopMupoBaHHe ~ TOMYJISIUU  NPOIUDEPUPYIOMIUX  KIIETOK. CtpykTypHBIE  H
(YHKIIMOHAJIbHBIE OCOOCHHOCTH KJIETOK pacTeHuWid N Vitro. I'ereporeHHOCTh W
ACUHXPOHHOCTh TOMYJISAIUA KJIETOK pAcTEHWH BHE opraHu3ma. V3ommpoBaHHBIC
IPOTOILTACTBI KJICTOK pacTeHui. Vcronp30BaHUE KICTOK pacTeHHH IN VItro kak MoaeabHOU
CUCTEMBI B (DU3MOJIOTUYECKUX HCCIIEJOBAHUAX U B OMOTEXHOJIOTUH.

2.4. buosHepreTrka pacTUTEILHOIO OpraHu3Ma

Ipunyunvr mepmoounamuxu. 3aKOHBl XUMHUYECKOW TepMmoauHamuku. CBoOonHas
SHEpPrus; W3MEHEHWE CTaHmapTHoW cBoOomHoW HHepruu (J[G°). DHaepronmueckune wu
9K3EpPrOHMYECKHE pEaKUUU. XUMHUYECKOE pPaBHOBECHE, XUMHUYECKHMH MOTEHLHUA.
Breipaxxenne u3MeHeHHs CBOOOMHOM DHEPrHMM PpEIOKC- peakuud B EAMHHUIAX
ANEKTPOXUMHYECKOTO CTAHJAPTHOTO OKUCIUTEIHbHO-BOCCTAHOBUTEIBHOTO IOTEHIMAA.

IIpeobpasosanue snepeuu 6 kiemxe. BHellIHUEe UCTOYHUKU YHEPTUU JIJIST OPTaHU3MOB.
JIBe ocHoBHbIE (DOpPMBI 3amacaHusi PHEPrUM B KIETKE: JJIEKTPOXUMUYECKUU MOTEHIIHAI
OPOTOHOB  HAa  DJHEPIU30BaHHBIX  MEMOpaHax W MaKpOIpPIMYECKHE  CBS3H,
B3aMMOIIpEBpAIllEHHE ATUX (GOPM PHEPTrUU. DHEPreTHKa MPOLECcCOB CHHTE3a U T'MIIPOJIU3a
AT®. Tpanchopmanysi SHEpPrud Ha CONPATAIOLIUMX MEMOpaHax: 3JIEKTPOXUMHYECKHM
NOTEHIIMAN - JBIWXKYyIIas cuia (HochopuIupoBaHusa. YHUKAIBHOCTh JHEPreTHUECKHX
MPOIIECCOB pacTeHUi: (POTOCUHTE3 U JbIXaHUE.

2.4.1. ®oTocuHTe3. 3HaueHue GOTOCHHTE3a B TpaHC(HOPMAIIMH BEIIECTBA U SHEPTHUH B
npuposae. Ddusmko-xuMuyeckas CyIIHOCTb Ipolecca (OTOCHHTE3a M €ro 3HaueHHE B
HPHEPreTUYECKOM U IIaCTUYeCKOM oOMeHe pacreHus. Jluct kak opran (OTOCHHTE3A.
CrpykTypHO-QYHKIIMOHABbHAs OpraHu3aius (QoTrocuHTeTHYecKkoro ammapara. OCHOBHBIC
NIOKA3aTeIN ME30CTPYKTYPHbI JINCTA.

DJeMeHThl CTPYKTYpbl MOJEKYJbl XJIOpOQWIIa, OTBETCTBEHHbIE 3a (PYHKIIHIO
MOTJIOIIEHUS, 3aracaHusl U MpeoOpa3oBaHus SHEPTUH B npouecce poTocuHTe3a. Mexanuszm
NOTJIOUIEHUS! M MCIYCKaHUS CBETAa MOJIEKYJIOW; CIEKTpPbl MOIJIOUIEHUS. DJIEKTPOHHO-
BO30YKJIEHHBIE COCTOSIHUS XJIOPOMUIUIOB, NyTH UX Je3aktuBanuu. [IpeoOpa3zoBanus
AIIEKTPOMAarHUTHOM  JHEPrMM B  PEJOKC- DSHEPrui; 0o0paTHMble OKHCIHUTEIbHO-
BOCCTAHOBHTEJIbHBIE MPEBPAILIEHHUS XJI0PO(UIIIOB.

Xnopodmmi-6enkoBbie Komiuiekchl (XbK); Mmexanusmbr 00pa3oBanusi, 3HAaYCHUE CBS3U
nurMeHToB ¢ OenkoM. OpueHtanus nurMeHToB B XBK. MexaHu3Mbl 3HEpreTHUecKOro
B3aMMOJICHCTBUS TUTMEHTOB B KOMIUIEKCaX (PKCUTOHHOE B3aUMOJEWUCTBHE) M MEXAY
KOMILIEKCaMU (TIEPEXOTHbIE COCTOSTHUS).

Ponb kapoTHOUIOB B oTOCHMHTE3€. AHTEHHAs] (PYHKIIUS, BO3OYXKIACHHbBIE COCTOSIHUS
KapOTHHOUIOB, MEXaHW3Mbl MUTPAIMHA SHEPTHH Ha XJopodmn. MexaHu3M 3alIUTHOTO
NeHCTBUA KapOTHMHOMAOB. DYHKIMN KapOTUHOHMIOB B PEAKIIMOHHOM IIEHTpE, creuupuka
uc-KoHpopManuu. 3HAaYeHUE KCAaHTO(PWIIOBBIX IHKJIOB Yy BBICIIUX pPACTCHUH U
BojiopocIeil; GoTonpoTeKTOpHas (GYHKIUS 3€aKCAaHTHHA U JJUa30KCaHTHHA.
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[lepBuunble nponeccsl (POTOCUHTE3A, UX CTPYKTYPHO-(PYHKIMOHAIbHAS OpraHU3alusl.
[IpencraBnenne o (HOTOCHMHTETUYECKON enuHUIEe. AHTCHHBIH KOMIUIEKC, PEAKIIMOHHBIN
HEHTp. MexaHu3mMbl MUTpAlMM JSHEpPruM B XJoporactax. CoBpeMEHHBIE MOJAEIH
CTPYKTYPHOM OpraHMU3allii pEaklUOHHBIX IIEHTPOB OaKTepUil M BBICIIUX PACTCHHIA.
Mexanus3m npeoOpa3oBaHus JIEKTPOMArHUTHON SHEPTUH B SHEPTHUIO Pa3ICIICHHbBIX 3apsi10B
B (DOTOXMMUYECKUX LIEHTpaX.

ONeKTpOH-TpaHCHOpTHas Henb (orocunre3a. [lpeacraBieHns © COBMECTHOM
¢yHkumonupoBanun JByX ¢orocucteM. Kommonentst OTL[ u mnocnenoBaTenbHOCTh
nmepeHoca dJiekTpoHa 1o 1enu  (Z-cxema). LMkIMdeckuit, HEHMUKIUYSCKHH W
MICEBIOLMKINYECKUN 3JIEKTPOHHBIA TpaHcnopT. IIpoctpancTBenHas opranuzauus OTL] B
THUJIAKOMHONH MeMOpaHe: OCHOBHbIC (yHKIMOHaIbHBIC KoMmIuiekchl DT (DC-1, OC-2)),
ux cTpykrypa u ¢ynkuuu. Crpoenune u ¢pynkuun PC-2. OpraHuzanus B TUIAKOUIHOU
MeMOpaHe U GyHKIIMOHHPOBaHKUE peakinoHHOro neHTpa @C-2. Cuctema poTonmza Boabl U
obpazoBanusi kucinopoja npu dotocunteze. Ctpoenue u ¢yukauu OC-1. O6pazoBanHue
TpaHCMEMOpPAHHOTO TMPOTOHHOTO TpajJueHTa B MPOIECCe DIECKTPOHHOTO TPAHCIOPTA.
Crpykrypa u GyHKIUH 1uTOoXpoMm De/f kommekca, Q - mmkim. Perymsmuss moTokoB
AMEKTPOHOB Tipu  (poTtocuHTeze. DOTOCHMHTETHYECKUU KOHTpodb. Jlokamuzarnus OTL]
KOMILIEKCOB B TPAHAJIBHBIX U CTPOMAIBHBIX MEMOpaHaxX THIAKOMI0B. CHCTEMBI PETYIISINN
HUKJIMYECKOTO M HEUUKIMYECKOTrO 3JIEKTPOHHOro TpaHcnopra. (OOpa3oBaHue mpu
¢orocunTeze akTHUBHBIX (opm kucmopoma. Ilpomeccer  doTomHTHOMpOBaHUS U
dboToaeCTpyKINH; 3alIUTHBIE MEXaHU3MBI XJIOPOILIACTOB.

dorocunTeTnueckoe QochopmiupoBanue. OCHOBHBIE THIBI, WX (PU3HMOTOTHYECKOE
3HAYEHHUE, MEXaHU3MbI PEryJialuu. MexaHu3Mbl SHEPreTUUECKOTO CONPSKEHUS TPAHCIIOPTa
anekTpoHoB M cuHTe3a AT®. Conpsratoume @axtopbl GorodochopunrpoBaHus, HUX
(GyHKIMHU, CTPYKTypa, MEXaHU3M AeicTBUSA. MexaHu3M padOThl KaTaIUTHUYECKUX LIEHTOB
CFI.

Perynsuus moTokoB 35eKTpoHOB MpH (poTocuHTe3e. DOTOCHHTETUYECKUN KOHTPOJIb.
Jlokanuzanusi komriekcoB DTl B rpaHaibHBIX M CTPOMAIbHBIX MeMOpaHaxX THIIAKOWOB.
Cuctema perymiluy LIUKIMYECKOTO M HEUMKIMYECKOrO JJIEKTPOHHOTO TPaHCIOPTA.
KoHneunble TpoAyKThl CBETOBOM U TEMHOBOM (a3bl POTOCHHTE3A.

XUMH3M TIPOLIECCOB AaCCUMWISILIMM  yriepoga B QorocuHTese. lcnonb3oBaHue
IPOAYKTOB CBETOBOM CTaAMM JJIsi ACCUMWISILIMM YIJIEKHCIOTHL. PyOucko: coaepkaHue
dbepmenta, ctpykrypa, pynkuuu, perymsmus. [{uxn KanbBuna, ocHOBHBIE (hepMEHTHI U
MeXxaHu3Mbl perymsnun nukia. @otoasixanune. OII1- kapOokcuasza, ee XapakTepUCTUKA U
nokammzarus.  Hukn — Xotua-Crmoka-KapniunmoBa, ero  (yHKUIHMOHANbHOE  3HAa4YCHHE.
Opranuzanusi nporecca acCUMIIALMM B KJIETKax Me30(uuia U OOKJIaJAKU: 0COOCHHOCTU
CTPOCHHMSI XJIOPOIJIACTOB W peakuuii ¢doTocuHTe3a. OOMEH COCIUHECHHUSIMU MEXKITY
Me30(UIbHBIMU KJIETKaMHU M KJIeTKaMu OOKJIagku. Xapaktepuctuka rpynn Cs pacTeHHI.
®orocunte3 y CAM- pacteHuii: 0cOOEHHOCTH OpraHU3alluu Mpoliecca 3aracaHus SHEPTuu
U pUKCalUU YTIEKUCIOTH BO BPEMEHHU.

Tpancnopt npoaykToB (POTOCHHTE3a U3 XJIOPOIUIACTA: YEIIHOYHBIE CUCTEMBI BBIHOCA.
MexaHu3Mbl, KOHTPOJMPYIOIIME OOMEH METa0oIuTaMu MEXAY XJIOPOIUIaCTaMH U
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UTOIUTa3MaTudeckor Qaszoil knetku. [IpeBpamenus CaxapoB B IHUTOIUIA3ME M IIUTO30JIE;
3amacHble U TpaHcnopTHbIe popmbl CaxapoB. BritoueHue yriiepoaa B aMUHOKHCIIOTHI.

AccuMUIISIUS YTJIEKUCIOTHI B JiucTe. [leficTBUe BHEMIHUX (PaKTOPOB (MHTEHCUBHOCTH
U KauecTBO cBera, (oromepuon, koHuentpanus COz, Oz, TemmepaTypa u Jp.) Ha
dotocunTe3. Paznuyrie B KpUBBIX 3aBUCUMOCTH CKOPOCTH aCCUMUJISIIUU OT KOHIICHTpPALUU
CO2 u O2B razoBoii cpene y C-3 u C-4 pacrenuit. KBaHToBbIli BBIXOJ (DOTOCHHTE3A.
Tpancrioptr CO2 x mectam (ukcanuu, poiib KapOoaHTHApa3bl. YCThUYHAS W KIETOYHAS
npoBoauMOcTh st CO2 B 3aBUCHMOCTH OT BHEITHUX (DAKTOPOB M BO3pACTa JIMCTA.

2.4.2. JIbixanue. DepMEHTHbIE CHCTEMbI [bIXaHUSA. XapaKTEPUCTUKA OTICIbHBIX
rpynn JbIXaTeNbHBIX (DEPMEHTOB: MUPUAUH3ABUCUMBIE JETUIPOreHasbl, (pIaBUH3aBUCUMbBIC
JETUIporeHasbl, OKcuaaspl. [lepeHOCUMKH 3JIEKTPOHOB: XHUHOHBI, KEJIE30CEpHbIE OEINKH,
[IUTOXPOMBI, UX XUMUUYECKOE CTPOCHUE U CBOMCTBA.

I'mukonu3. OcHoOBHBIE (PEpMEHTHI CHUHTE3a U THAPOJIM3A caxapo3bl M Kpaxmaa.
depMEHTATUBHBIE PEAKIIMU M SHEPreTUYeCKUil OajaHC TIUKOIW3a, KOMIApTMEHTAIUS
npolecca B KieTkax pacteHuil. ['nukonus u rmokoHeorene3. OCOOEHHOCTH TIUKOIHM3A Y
pactenuii: AT®- 3aBucumas  dochodpykToknHaza u  nupodocdaraBucumas
dochodpykToKHHA3a - perynsaTopHble (epMeHThl Tiukonusza. dpykro3zo-2,6 dochar -
peryisTopHas MoJieKyJja yrJIeBOJHOr0 0OMeHa B paCTEHUSX.

OxucnutenbHbli eHTO30(ochaTHbIN UK. DepMeHTaTUBHBIE PEAKLUU U PETYIISILIHS
nukia. KomnaprMeHTanus HUKIa B KJIETKE U €ro pojib B METa00IM3ME PACTEHUN.

[IupyBataernaporeHa3Hblii KOMIUIEKC: CTPYKTypa U PeryJIsaLus.

Huks TpukapOOHOBBIX KUCTOT. DepMEHTATUBHBIE PEAKIIUU M PETYISIIUS ukia. Pois
MaJIMKIH3UMa B peryisanuu paboThl IUKIA. DHepreThueckas 3(p@PeKTUBHOCTH MmpoIriecca.
Oco0eHHOCTH IUKJIa TPUKAPOOHOBBIX KUCJIOT B PACTEHHUSX.

['muokcunatHbli HUKIL. [ THOKCUCOMBI M TIIMOKCHJIATHBIN ITUKIL.

JlpixaTtenbHasi SJIEKTPOHTPAHCIOPTHASI 1I€TMb. OCHOBHBIE KOMIIOHEHTBI, CIOCOOBI
peructpanuu pefokc- coctostHuil. Ctpykrypa u ¢ynkumu komruiekcoB DTI[ meixanus:
HAJIH- neruaporeHasnsiii komruieke. CyKIIMHATAETHAPOTeHa3HbI KoMIuieke. [luToxpom
b/c  komruiekc.  IIUTOXpOMOKCHAA3HBI  KOMIUIEKC.  MeXaHu3M  0Opa3oBaHUS
TpaHCMEMOPAHHOTO MPOTOHHOT'O TPaJMeHTa B MPOIECCE IJIEKTPOHHOIO TPAHCIIOPTA.

Ocobennoctn DT npixanust pacteHuil. AnprepHaruBHbie HAJIH-neruaporenassl -
JoKanu3amus B MeMOpaHax u QyHKIUU. ATbTEpHATUBHAS OKCHa3a: CTPYKTypa, QyHKIUH,
MPUHLUIIBI PETYISLUUU. AJIBTEPHATUBHBIN MYTh NEPEHOCA IJIEKTPOHOB B JbIXaTEIbHOMN LIETIH
pacTeHuii U ero (pu3MoJornYecKoe 3HaueHue. HrUOUTOPHI AIIEKTPOHHOTO TPAHCHIOPTA U
WHTHOUTOPHBIN aHadu3 TPU U3YYCHHH JbIXaTEIIbHOW AaKTUBHOCTH PACTHTEIbHBIX
MHUTOXOHIPHUU.

OKuCIUTENBHOE dbochopunnpoBanue. DHepru3aius MeMOpaH npu
dbynkuuonnpoBannu DTl geixanus. AT®- cuHTaza wmutoxoHapuil. CTpykTypa,
JIOKanu3alusi, NPOCTpaHCTBEHHass opraHu3anus. CoBpeMEHHbIE MPEACTABICHUS O
MexaHuszme cuHteza ATO.

Perynauust 370€KTpOHHOrO TpaHCIOpPTa B ABIXATEIbHOM ULenu. JlpIxaTenbHbIA
KOHTpoJdb. IloHATHEe 0 pazobmuTensx. OHepreTudeckas 3((EKTUBHOCTh JBIXAHMUS.
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Yennounsle cucrembl BeiHOCA AT® u TpaHcmopT MeTabOIMTOB Yepe3 MeMOpaHBI
MHUTOXOHIPUU.

OyHKIMUA JbIXaHUS y pacTeHuil. MHTepMenuaTtsl OKHCIUTENbHBIX pPEakiui Kak
cyOcTpaThl JUIsl CHHTE3a HOBBIX coeluHeHWi. [IpeBpalieHne OpraHMYEeCKHUX KHCIOT B
MUTOXOHJIpUsAX. Poyib JpIXaHUsS B CO3JaHUM U TOJJECPNKAHUHU DIECKTPOXUMHUYECKOTO
MOTeHI[Majda Ha KIETOYHBIX MeMOpaHax (IJia3MajiemMMma, TOHOIUIacT, MemOpana OP).
DNEeKTPOHTPAHCIIOPTHBIE LEMH  IUIa3MaJe€MMBbI, JHAOIIA3MaTHYE-CKOTO PETUKYIyMa,
MUKPOTEJIEN, UX CTPYKTypa U QyHKIIUH.

[MuronmnasmaTudyeckue  OKcHaa3bl  (ackopOaTokcuaasza,  MOJMMGEHOIOKCHIA3HI,
KCAaHTHHOKCH/Ia3bl, MEPOKCHUIA3bl, KaTanasel). X mokamusamus, QyHKIMH, BKJIaa B oOIIee
MOIJIOIIEHUE KHUCIOpOJa PAaCTUTEILHONW TKaHbIO. VM3MEHEHHST B MHTEHCUBHOCTH M IMYTAX
JIBIXaHWSI B OHTOTEHE3€ U MpU JIeUCTBUU (aKTOPOB CPEJIbI.

2.5. BomooOmen

KonuuecTBo notpediisieMoil pacTeHUEM BOJIbI, COIEPKAHUE BOJIBI B KJIETKAX, TKaHAX U
opranax. MomnekynsipHass CTpyKTypa U (u3myeckue CBOMCTBa BoAbl. B3ammoneicTBue
MOJIEKYJl BOJABI M OuomnonumepoB, ruiapatanus. CoctosHue BOJbI B KieTke. Bopaa, kak
CTPYKTYPHBI KOMIOHEHT PACTUTEIILHOMN KJIETKHU, €€ y4acTHe B OMOXMMHUYECKHUX PEAKIUSIX.

TepmoauHaMUYEeCKHE MOKA3aTeNIU COCTOSIHUS BOJIbl: AKTUBHOCTD BOJIbI, XUMUYECKHUM U
BOAHBIM mnoTeHIUan. COCTaBIAIOIIME BOJHOIO MOTEHIMATIAa KJIETKU: OCMOTHYECKHIA,
MaTPUYHBI NOTEHLMAN, MOTEHIMAl JaBJeHUA. ['paJueHT BOJHOrO MOTEHIMANA Kak
NBUKYIAs CHUJIa TIOCTYIUICHUS W TepeABMKEeHHs] BOAbl. OCHOBHBIE 3aKOHOMEPHOCTH
MOTJIOMIEHUST BOJII KJIETKOW: B3aMMOCBSI3b MEX]y W3MEHEHHSIMHU BOJHOTO IOTEHIMAA
KJIETKH, BOJHOTO MOTEHIIMAlla PacTBOpa M BOJHOTO MOTEHIMANA JaBIeHUS. AKBAaIOPUHBI
(Oenky BOIHBIX KaHAJIOB), X CTPYKTYpa, IPUHLIUI paOOThl. AKBAIlOPUHBI IJIa3MaJIEMMBbI U
TOHOILIACTA, UX POJIb B MOJACPKAHUU BOJIHOTO OajlaHCa BOJIBI.

Tpancnopt Boael mo pacteHuto. KopeHb Kak OCHOBHOM OpraH IOIJIOIICHUS BOJBI.
MexaHu3M paiuagbHOTO TPAHCIIOPTa BOABI B KOpHE. POk pr3oiepMbl U SHAOAEPMBI B ATOM
nporecce. [loctyrienue Boabl B cocyabl KcuiieMbl. Kcuiiema — OCHOBHAsi TpaHCIOpPTHAs
MarucTpaib JBWKEHUS BOJHOIO TOKAa B CHCTEME «IOYBa — pacTeHwe — arMmocdepayr.
XapakTepuCcTUKa «HUXXHETro» M «BEpPXHEro» JBHUratesne BoaHOro Ttoka. KopHeBoe
JaBJICHHE.

Brinenenue Boasl pactenreM. ['yTranus, «miay» pacTeHud. TpaHcnupauus U €€ poib
B Ku3HM pacrteHuil. KonnuyecTBeHHbIE TMOKa3aTeau TPAHCOUPAIMU: WHTEHCHUBHOCTD,
NPOAYKTUBHOCTh, TPAHCHUPAUOHHBIA Kod(pduiueHT. YcTbuyHas W KyTHKYJSpHas
TpaHcnupauusa. CTpoeHue ycTbUll y JABYAOJBHBIX U OJHOJOJIBHBIX PACTEHUN, MEXaHU3M
YCTBUYHBIX JBWKEHUU. BiusHue BHEmHUX (akTOpoB (CBET, TemIepaTypa, BIaKHOCTh
BO3/lyXa, [MOYBbI) HA HHTEHCUBHOCTbh TpaHcnupanuu. CyTouHble KoeOaHusl TPAaHCIUPALIMH.
PerynsitopHast poiib yCThbUIL B BOJO- U Ta3000MEHE.

Okonorusi BogoobOMmeHa pacteHuil. OcOOEHHOCTH BOJOOOMEHAa y pacTEeHUM pa3HBIX
AKOJIOTHYECKHUX Tpynn (KcepoduToB, Me30pUTOB, TUTPOPUTOB, TAITO(DHUTOB).

2.6. MuHepanbHOE TUTaHUE
[TorpeOHOCTh pacTeHMiI B 3JIE€MEHTaxX MUHepanbHOro mnutanus. CoaepxaHue H




11

COOTHOLIEHNWE MHUHEPAJIBbHBIX JJEMEHTOB B IIOYBE M PACTECHHSX, KOHLICHTPUPOBAHHE
JJIEMEHTOB B  TKaHAX pacTeHns. DyHKIUOHANbHAs KIACCU(PUKALUSA  AIEMEHTOB
MUHEpaJIbHOTO NTUTAHMUS.

Kopenb kak opraH MoriomieHrss MUHEPaJIbHBIX 3JIEMEHTOB, CIEIU(PUIECKUX CUHTE30B
C HMX Yy4YacTHEM M TpaHcropTra. POCT KOpHS Kak OCHOBAa IOCTYIUIEHHMS SJIEMEHTOB
MUHEPAJIbHOTO NHUTaHWs. 3HA4YeHHE 30H pocTa KOpHS B 3ToM mnporecce. Cucrema
B3aMMO/JICHCTBUSA “KOpEHb - ouBa”. Poib MUKOPU3HI.

[Tornouienne MOHOB U UX TmepeABMKeHUE B KopHe. Kietounas ctenka kak (asza s
nBuxkeHus: noHoB. [lonatue cBo6onHoro npoctpanctsa (CII): Bognoe u gonnanosckoe CII,
OLIEHKAa UX pa3MepoB. MexaHu3Mbl nocrtymuieHuss noHoB B CII u 3HaueHuwe sToro srama
MOTJIOIICHUSI.

TpancnopT HOHOB Yepe3 MeMOpaHbI; ABUKYIIUE CUIIBI IEpeHOca MOHOB. [laccuBHBIN U
AKTMBHBIN TPAHCIOPT MOHOB. Y paBHeHne HepHcera.

I'pagueHT 3JIEKTPOXMMHMYECKOrO IOTEHLIHAJIa HOHOB BOJOpPOAA - JHEPreTUYECKas
OCHOBA aKTMBHOI'O MEPEHOCA MOHOB Yepe3 IiazmManemMmy. Pa3nuuns sHEpreTUKNU aKTUBHOTO
TPaHCIIOPTa HMOHOB PACTUTENbHOM M KUBOTHOW KieTok. H-AT®aza mmazmaneMmsbl, ee
CTPYKTYypa, QYHKIIMOHUpOBaHUE U peryiaupoBaHue. 14-3-3 6enku. JIpyrue HOHHBIE HACOCHI,
JNEUCTBYIOIIME HA IUIa3MajieMMe. BTOpPUYHBIM AaKTHUBHBIM TPAHCIOPT HOHOB. benku-
MEepPeHOCYMKH HOHOB (moptepsl). KuHeTHMueckuil moaxoa M Teopus MEPEHOCUHUKOB.
VYpaBHenuss Muxasnuca-MenTeH; ucnonb3oBaHue Vmax U Km U1 XapakTepuCTUKH
TPAHCIIOPTHBIX CUCTeM. VIOHHBIE KaHaJbl pacTeHHI; 00IIast XapaKTepUCTHKA UX CTPYKTYPHI,
(bYHKIIMOHUPOBAHUS U PETYJISLIUU.

OcoOEHHOCTH TPAaHCHOPTHBIX cUCTeM MeMOpaH Bakyonu u DP. H-AT®a3za V-tuna,
nupodocgoTasa.

Mopgenu nNOCTYIUIEHHSI HOHOB B KOpPEHb, TPAHCIOPT MHUHEPAIBHBIX BELIECTB B
KcwieMy. ATIOIJIACTHBIN U CUMIUTIACTHBINA MyTh. Posib minasmonecm u DOP. B3aumopeiictue
U peryjsiliis CUCTEM TPAHCIOPTAa HMOHOB W3 CpeAbl B KOPEHb U 3arpy3KH KCUJIEMBI.
Crneuuduika paauaabsHOTO TPAHCIIOPTa MUHEPATIbHBIX AIeMEeHTOB. CUHTeTHUYECKast PyHKITUS
KOpHs. CBsA3b MOCTYIUIEHUS W MPEBpPALICHUsS HOHOB C MpoLEeccaMH AbIXaHus. Perynsuus
IIOCTYIUICHHUS] HOHOB HAa YPOBHE LIEJI0T0 PACTCHUS.

2.6.1. Posib MaKkpo3/1eMeHTOB.

Aszom. OcobeHHOCTH a30THOro obMmeHa pacTeHui. MICTOUHMKHM a30Ta JJIsl pacTEHUM.
Munepanbubie  Gopmbl  a30Ta,  HCHOJB3yeMble  pacTeHUAMH.  DU3NOIOTHYECKHE
O0COOCHHOCTH TOCTYIUICHUS W BKIIOUEHUS B OOMEH aMMHAYHOTO U HHUTPATHOTO a30Ta.
XapakTepuCcTHKa CUCTEM TPAHCIIOPTa HUTpaTa U aMMoHus. BumoBas cnernuduka ycBoeHUS
pasHbIx hopm a3zoTa

CumOunoTrnueckass Qukcanus MOJEKYISPHOIO a30Ta: MEXaHU3Mbl BOCCTAHOBJIIEHUS,
UCTOYHUKH DHEPrMM U BOCCTAHOBUTENU. XAapaKTepUCTHKa U (YHKUHOHUPOBAHUE
HUTPOT'EHA3BI.

BoccranoBiieHne HUTpaTOB pacTeHHAMH. HuUTpaT- M HUTpUTpenyKTasa: CTPYKTypa
(GepMeHTOB, JIOKaNIMU3alMs, Pperyisiius AaKkTUBHOCTH U CcHHTe3a. KOHCTUTyTHMBHas u
UHAYUHOeNbHAs] HUITPOT€Ha3a. JTanbl BOCCTAHOBJICHHS OKUCIEHHOTO a30Ta U UX PETryJIsalus
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B KJIETKE iN VIVO.

AIbTepHAaTUBHBIE IIyTH YCBOCHHsS aMMOHUWHOIO a30Ta; JIOKAIM3aLMs DPEAKUHA B
KJIETKE M XapakTepucTHKa (pepMeHTOB (TIyTamaTAeruAporeHasbl, TIyTaMUHCUHTETA3bI,
rJyTaMaTCUHTAa3bl). ACCUMHJIALIMA a30Ta B XJIOPOIUIAcTe, CBs3b ¢ (oTocuHTe3oM. [lytu
YCBOEHHMSI BOCCTAHOBJIEHHOT'O a30Ta y 0000BBIX. Y pPEeHIbl.

3amacHple W TPaAHCIOPTHBIE (OPMBI MHHEPAIBHOTO M OPraHWYECKOro a3oTa B
3aBHCHMOCTH OT WCTOYHHMKA a30THOTO MuTaHWs. HakomieHue HHUTpaTta B TKaHSIX W €T0
nyJibl. KpyroBopor azoTta no pacTeHuro, peyTHin3anus a3ora.

Cepa. Tloctynnenue cepbl B pacTeHHE, PEaKIMM BOCCTAHOBIEHHUS M aCCUMWISIINM,
aneno3undochocynppar (ADPC) dochoanenosuadochocynbdpar (PADC). OcHOBHBIC
COCIIMHEHUsI Cepbl B KIIETKE, YYaCTHE B OKHCIUTEIbHO- BOCCTAHOBUTEIBHBIX PEAKIIUSX.
['myraTnoH, THOhEppeaoKCHH, (DUTOXENATUHBI, WX (QYHKIHU y pacTeHuid. OpraHuvecKue
COCIIMHEHUS OKUCIICHHOU CEepHI.

@ocgop. Dopmbl MuHEpanbHOTO (Gocdopa B TKAHAX, UX COACPKAHUE U (PYHKIIHUH.
Ocobennoctu noctyrieHus ¢ochopa U TpaHCIIOPTA €ro coequHEeHU B pacTeHuu. Dopmbl
MuHepanbHOTO (Qochopa B TKaHaAx, ux QyHkuu. OcHOBHBIE (docdopcoaepxame
KOMIIOHEHTBI ~KJIETKHM, UX poiib. 3amacHbie ¢opMbl ¢ochopa. Kommaprmenrarus
coenuHenuit pochopa. Ponb Pocdopa B peryinpoBaHur aKTUBHOCTH (PEPMEHTOB.

Kanuu. Conepxanve U pacnpenesieHue KaJns B KJIETKE, TKaHAX U OpraHax pacTeHUS;
ero IUPKYJISLUS U PEYTHIN3AIUS, XapaKTepUCTHKa cucTeM TpaHcmopta K ux dyHkimu B
pacrenuu. Ponp K B momumepkanuu moTeHnuana Ha MmemOpanax. Kamuit m romeoctas
BHYTPUKJIETOYHOM U TKAaHEBOU cpesibl (MOHHBIN Oananc, pH, ocMoperynanus, rufparauus u
KoH(popmanust MakpoMosiekys). Posib kanus B perynsunu GepMEeHTHBIX CUCTEM.

Kanvyuu. Haxoruienue, ¢GOpMBI COCIUHEHUN, OCOOCHHOCTH TIIOCTYIUICHUS W
nepememenns Ca®" no pacrenuro. Konuentpanus u pacnpeneneaue Ca * B crpykrypax
knetku. CurnanbHas pois Ca?*. XapakrepucTuka MeMOpaHHBIX chcTeM TpaHcmopra Ca?',
0COOEHHOCTH MX PETyIauMu H poib B GopmupoBanun Ca?’-curnana. CTpyKTypHas poib
KaJIbIUs B KJIIETOUHOM CTEHKE.

Maenui. ConepxaHue ¥ COSUHEHUS] MarHus B TKAaHSIX pacTeHHi. 3amacHble (OopMbl
Mg?*, ero peyrwimsanus M mepepacupejieJieHUe B pacTeHMd. 3HaueHue cBsasu Mg2tc
ageHosuHpocharamu U  pochopwmpoBaHHEIME ~ caxapamMu. DyHKIUM MarHus B
¢orocunTeze. Maruuii Kak akTHBaTOp (DEPMEHTHBIX CHUCTEM; POJIb B CHHTE3€ aMHHOAIIHII-
TPHK u B pyHKIIMOHUpOBAHUM PUOOCOM.

2.6.2. MUKpO3JIeMEHTBI.

CBolicTBa TSKENBIX METAJUIOB, omnpeaensoomue ux poib B OTL[ dorocunTeza u
JBIXAHUS U IPYTUX PEIOKC- PEaAKIIHSIX.

JKene3o: 1OCTYITHOCTD B TIOYBE, BAJICHTHOCTD MOTJIOMAeMON (DOPMBI, pOJIb MUKOPH3HI.
OcoOeHHOCTH TOCTYIUIEHUSI JKejle3a y JBYAOJbHBIX W OJHOJMOJBHBIX PACTEHHIA.
CoenuHeHust »Kenes3a; pacmpeleseHHue [0 KOMIIApTMEHTaM KIETKH W B PACTCHHH.
Komrnekcsl jxene3a B 6enkax pefiokc- 1enei u Apyrux gepMeHTax.

Meow: CopepxaHue U pacrpesielieHue B KIETKE U TKaHAX. Y4YacTHE B OKUCIUTEIbHO-
BOCCTAHOBHTEJIBHBIX MpoIieccax AbixaHust U porocuHTe3a. OyHKINN UTO30JIbHBIX OKCH/IA3
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(ackopbat-, heHoII- U TMAMUHOKCH/IA3).

Mapeaney: AxtuBupyemble UM (PEPMEHTHBIE CHCTEMBI, €ro CHerupUIHOCTh, Kak
xogakropa. Ponrs Mn?* B pynkimonuposanuu OC-2.

Monub6oen: TIoTpeOHOCTh B AJIEMEHTE; €ro 3HAa4YeHHe MJIs MPOLECCOB YTUIU3ALUU
azoTa cpefibl. MontepuH U GyHKIIMOHUPOBAHUE HUTPOT€HA3bl U HUTPATPEAYKTA3bl.

Lunx: CTpyKTypHasi poijib B TOJIEpKaHUU (PEPMEHTHOW aKTUBHOCTH U MPU CHUHTE3E
Oenka. Zn-coxepxamue GpepMeHThI: KapOoaHTHpasa, cynepokcumaaucmyTasa (CO/).

bop: xommapTmeHTanus B KJETKe, (QOpMbl coeAMHEHUN. MexaHU3Mbl ydacTHsl B
peryisiun GU3N0IOTUYECKUX TPOIeccoB U MeTabonu3Ma. CTpyKTypHasi pojib B KJIIETOYHOMN
CTCHKE.

Hapymienust B MeTabomnu3me pacTeHU Mpu HEAOCTATKE MUKPOIJIEMEHTOB.

OyYHKIMH «TOJIE3HBIX» JEMEHTOB: HaTPHUl, XJI0p, KPEMHUI, KOOANBT.

2.7. JlanpHul TPAHCOOPT M KPYTOBOPOT BEIIECTB B PACTEHUU

TpaHcnokarusi BEIIECTB W3 JINCTHEB B JAPYTHE OPTaHbl: (DJIOIMHBIC CHUTOBHIHBIC
aneMeHThl. COCTaB TPaHCIOUMPYEMBIX BEIIECTB (caxapa, aMHUHOKHCJIOTHI, TOPMOHBI,
HEOpraHWYeCKHe MOHBI U Jp.). [lepensmxenue GoTOACCUMUIATOB U3 Me30(HILIa K coCcy1aM
(G105MBI 110 amoIUIacTy W CHUMILIACTY. MeXaHu3Mbl 3arpy3ku (pJIo3Mbl M3 amoruiacta u
cumiuiacta. Ponb  compoBokmaromux KiaeTok. Tum 3arpy3ku  (JIo3Mbl y  pacTeHUU
Pa3IUYHBIX CHCTEMATHYECKUX TPYNII W €€ 3aBHUCHUMOCTh OT KJIMMATHYECKHX YCIOBHUH.
Mexanu3M TepeIBIKCHHS BemecTB 1Mo (iodme. Mojaenb MoToKa BOJBI IO JaBICHHEM.
[Topbl CUTOBHMJIHOM TUIACTUHKHM KaK OTKPBIThIC KaHaIbl. CKOPOCTh MEPEIBMIKCHUS BEILICCTB
1o (I03Me; UX BBITPY3Ka U3 CUTOBUIHBIX JIEMEHTOB. BOCXOISAIIUI TPAHCIIOPT BEILIECTB 110
kcuiieme. CocTaB KCHIIEMHOI'O 3KCyiaTa. B3amMOCBsI3b TpaHCIIOPTa BOJABI M PACTBOPEHHBIX
BemiecTB 1o  kcuwiaeme. CKOpOCTH TpaHCIOpPTa BOJABI W OTICHBHBIX  BEIIECTB.
B3aumonelictBue (UIOAMHBIX W KCHJIEMHBIX ITOTOKOB a30THUCTBIX BEIIECTB W HOHOB.
KpyroBopoT u peyTrinnzarnys MUHEpaIbHBIX BEMIECTB B pacTeHUU. DyHKIMOHATBHAS POJIH
3TUX (PU3UOJOTUYCCKUX TIPOIIECCCOB.

2.8. PocT M pa3BUTHE pPACTCHUI

OmnpenencHue MOHIATHH «POCT» U «pa3BUTHE» pacTeHmid. [IpodiemMa pocta u pa3BUTHS

Ha OPTaHU3MEHHOM, OPTaHHOM, KJICTOYHOM U MOJICKYJSpHOM ypoBHsX. CyliecTBOBaHHE

opraHu3Ma Kak pa3BEpTbIBAHHE BO BPEMEHM T'€HETHMYECKOM IPOTPaMMBbI; BO3ICHCTBHE
BHEIIHUX (PaKTOPOB.

OO6mme 3akoHOMepHOCTH pocTta. [lokazatenn pocra, S-oOpa3HbI XapakTep KpUBOU
pocra, ero (as3pl. KOMIOHEHTBI «KJIACCMYECKOIrO» aHaliM3a pocTa U MaTeMaTUYEeCKHil
aHanu3 npouecca. Tunsl pocta y pacteHuil. Opranuzanus MepucTeM KopHs u credins. Poct
U JeATeIbHOCTh MepucteM. Knerounsle ocHOBBI pocta. Poct pacrenuit u cpena. Binusaue
TEMIIEpaTypbl, CBETAa, BOJbI, Ia30BOr0 COCTaBa aTMOC(Epbl, 3JIEMEHTOB MHHEPAIbHOTO
IIATAaHHsI HA POCTOBBIE IPOLIECCHI.

Ku3HenHsli  mMKI  BeICIIMX — pacTeHM.  OCHOBHBIE  JTalbl  OHTOIEHE3a
(oMOpHOHANbHBIN,  IOBEHWIbHBIM,  PENpPONyKTHUBHBINA,  3pEJIOCTH, CTapeHus), HX
Mopdooruueckue, pU3noIoruueckue u Meradoanueckue ocooeHHocTH. CocTosTHUE TOKOs
y pacteHuil. TUnsl MOKOS U UX 3HAYECHUE IS )KU3HEACATEIIbHOCTH PACTCHUM.
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Mexanu3mbl  Mopdorene3a pacrenmid. [lomsprocTs. MWHAYKIMS TeHETHYECKHX
nporpamMM, Mop(oreHeTH4eckne TPaJHueHThl W OpPUEHTAIMsl KJIETOK B MPOCTPAHCTBE.
L{enocTHOCTh U KOPPEIATUBHOE B3aUMOJICHCTBUE OpraHoB. Perenepanus.

['opMoHanbHas peryasilus pocTa U pa3BUTHS PACTCHUI.

Aykcunel. buocunTe3, o0pa3zoBaHle KOHBIOTATOB, Jerpafalus ayKCMHOB. AKTHUBHBIN
TPAaHCIOPT AyKCMHOB B  pacTeHHsX. DU3MOJIIOTMYECKHE OTBETbl HAa  AyKCUHBI:
aTTparupyromui 3pPeKT, pacTsrKeHUE KIETOK U TPONU3MbI, Tu(hepeHInpOBKa KIETOK MO
JNEHCTBUEM ayKCHHOB, alMKaJIbHOE JIOMUHUPOBAHUE, AaKTHUBU3ALMS JCJIEHUN KIETOK
KaMmOusi, pu3oreHe3. AyKCHH Kak TOPMOH CTeOJIEBOTO arneKca.

Lumokununvl. buocunTe3, 00pa3oBaHHE KOHBIOTATOB, AETpajalusl ITUTOKUHUHOB.
®u3noNornuecKoe JAeMCTBHE: aTTparupyromuin 3pdeKT, CTUMYIISINS KICTOUYHbIX JEICHUMN,
muddepeHIMpoBKa M0 AEMCTBUEM HUTOKUHUHOB, CHATHE allMKaJIbHOTO JOMUHHUPOBAHUS C
OOKOBBIX MOYeK. [ IMTOKMHUH Kak TOpPMOH KOPHEBOT'O anekca.

B3aumopneiictBue ayKCMHOB W LMTOKMHMHOB. IloHsATHe 00 aHTaroHumsme u
cu"epru3me. ['opMoHabHBIN Oananc B pacteHuu. KymnbTypa In VItro xak mozaens s
U3y4eHUs TopMoOHaipHOro OanaHca. [lomnepskaHue ropmMoHanbHOrO OajaHca 3a CYET
pereHepanuu TOYEK CHHTE3a AyKCUHOB M LUTOKMHUHOB. bakTepuu, HCHOIB3YIOLIUE
HapyIICHNEe TOPMOHAILHOTO 0ajlaHca MEXTy ayKCUHaMu U nuTo-kuHuHamu (Agrobacterium
tumefaciens, A. rhizogenes).

Tubbepennunvt. Ilytn OuocuHTe3a W MHOTOOOpasue rudbepemtnHoB. OOpa3zoBaHue
KOHBIOTATOB M Jerpaaauus. Ousnonornyeckoe IeHCTBHE TMOOEPENTMHOB: PACTSKEHHE
KJICTOK M aKTUBHU3AIUS HHTEPKAJSIPHBIX MEPUCTEM, 0Opa30BaHKE I[BETOHOCOB, ITPEPhIBAHNE
NOKOS M CTUMYJISIIMSI POCTOBBIX MPOIECCOB. DHJOTCHHBIH YPOBEHb THOOEPEUIMHOB U
qmHa  AHsS.  ['ub0epennmHbl  Kak TOPMOHBI JIMCTbEB. KapiauMKOBOCTb, BbI3BAHHAS
HapyUIeHUSIMU CUHTe3a Tn00epeuinHoB. BzaumonelicTBre ¢ ApyruMu ropMOHaMH.

Abcyuzosas xucnoma. lIlytm Oumocuntesa ABK B pactenusx u B rpubax, ee
meTabonu3M. DU3HOIOTHYECKOE JEUCTBUE: OCTAHOBKA POCTA, MOATOTOBKA K COCTOSIHUIO
noKkosi. AKTHUBHM3allMsl CHUHTe3a 3anacHbix BemlecTB. ABK kak ropMoH aOHOTHYECKOro
ctpecca. CTparerusi OTBETa Ha 3acyXy, [IOHWKEHUE TeMIlepaTypsl, 3acosieHue. Pons ABK B
UHAYKIMK 3alIUTHBIX TMPOIECCOB (CHHTE3 OCMOMNPOTEKTOPOB, IOJIUAMUHOB, OEJIKOB-
HIAMMPOHUHOB; 3aKpbIBAHUE YCTHUIL; JTUCTOMA/I, BEI3BAaHHBIN e()ULIUTOM BObI; CO3pPEBAHUE
CyXUX IUI0A0B U ceMsiH). B3aumoneiictBue ABK u ru66epeinHoB B mpolieccax peryJisiuu
HIOKOSI.

Omunen. buocunre3 stunena. Crneunduka 3TuieHa Kak razoo0pa3HOro ropMOHa.
®U3M0JIOrMYECcKOoe ACHCTBUE: TPOMHONW OTBET MPOPOCTKOB HA 3TUJIEH. DTUIIEH KaK TOPMOH
MEXaHMYECKOro M Ouotuyeckoro crpecca. Curyanuu OHMOMEXaHUYECKOTO BO3JECHCTBUSA:
MOBPEKJICHUE HACEKOMBIMU U KPYNMHBIMU TPaBOSIHBIMH, (DUTOMATOTEHHBIMH TPUOAMH.
Crpaterus orBera Ha OuoTHueckuii ctpecc. Co3peBaHHE COYHBIX IJIOJIOB W JIUCTOMNA] B
YMEPEHHBIX IIMPOTaX KakK IOJArOTOBKA K MEXaHMYecKoMy cTpeccy. Ponb sTmieHa kak
“ropmoHa TpeBorn” B OuoleHo3ax. B3aumopeilcTBuEe 3THIIEHA C ayKCMHAMU U JIPYTUMU
ropmMoHamMu. MyTanuu, MoBpex1arue OMOCUHTE3 3TUIEHA UITU €70 PELETLIHUIO.

Pezynamoper pocma pacmenuti. bpaccuHocTepouibl: OHMOCHHTE3, MHOTr000pasue.
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duznonornueckre 3PPEKThI: pacTsHKEHUE KIETOK, polib B nuddepeHnupoke Me3oduia.
XKacmonoBast kuciora. buocunre3 u ¢usnonorndeckue 3p¢pekTel. MecTo KacMOHATOB B
perymsauuu otBera. CXoAcTBO OTBETOB Ha xacMoHaT M Ha ABK. Camumunar u apyrue
dbeHonbHBIE coequHEeHUs. Bo3MokHast poyib B peryjsiuud TepMOIeHe3a, OTBeTa Ha
BUPYCHYIO HWH(pEKIUI0, IBeTeHWU. BzaumojaeiicTBue ¢  JpyrdMH  TOPMOHAMH.
OnurocaxapHuHsl.

@omopeeynayusa y pacmenuti. OCHOBHble TpUHIUIBI ¢doTopeuenuuu. OTinune
(OoTOpEeLeNTOPHBIX KOMIUIEKCOB OT 3HEPronpeodpasyromux. POU3N0NIOrMuecKd BaKHbIE
00JacTH CTIeKTpa: KpacHas U CuHsA. DUTOXPOM U KPUIITOXPOM.

®utoxpomHas cuctema. CHekTpaibHbIE CBOKWCTBA MOJIEKYJIBl. DTambl MPEBPALICHUS
Phr - Phf: m3MeHeHuss B CTpykType XpoModopa U amnonpoTenHa. ['eHbl, KOAMPYIOIIHE
ouocunre3. duroxpom A u B: cxoactBa u oriauuus. DuU3MONOrHYECKHE pPeaKlNH,
OTIOCPEZI0BaHHBIE (PUTOXPOMHON CHCTEMOM: CBETO3aBUCHUMOE MPOPACTaHHE, JEITHOISIIHS,
cuanpoM m3beranms TeHu. K/JIK-oOpatumocts. PUTOXpOM KaK «BXOIHBIE BOPOTa» IS
dboToneproIUIeCcKOro CUrHasa.

Crpyktrypa kpuntoxpomoB. Mcmonp3oBaHue€ MYTAaHTOB JUIsl  HUCCIIEJOBaHUS
kpuntoxpoma. OTBETbl Ha CHHHMI CBET: pa3ruOaHue anuKajbHOW METEeNbKH MPOPOCTKOB,
(OTOTPOIU3MBI, YCTBUUHBIE IBUKEHUS.

CucreMsl peryasiuuu (GU3HMOIOTHYECKUX MTPOLIECCOB.

Cemb nymeu nepeoauu cuenana 6 kiemke. Bocrpusitue BO3J€HCTBUN U CUTHAJIBHBIX
MOJIeKyJ. Penentopsl CTUMYJIOB M TOPMOHOB, HX JoOKaiau3auus. Poibp mia3maleMMmbl.
[lepenaua curnama. BsaumopeiicTBHE pELENTOPOB C MOCPEIHUKAMH, [EpPEIaOIIUMU
curHan. Bropuunble nocpemHumku nepemadnm curHana (pocgommnaza C?, nAM®,
uHO3UTON-3-(hocdar u ap.). YdacTre Kanblys B repeaade curaana. Ponb kKarbMoayIuHa U
Ca?*-CAM xommiekca B (pOPMHPOBAHUM OTBETHOM peakiuu. [IpOTeMHKHMHA3BI, 3HAYCHUE
peakiu  ¢ocopunupoBanus/  nepocOpUIUPOBAHUS B PETYISLUUU  aKTHBHOCTH
dbepmentoB. Crnienudurika nepenayn 1 GopMUpOBaHUS OTBETA HA OMPEAETIECHHBIN CTUMYIL.

@omonepuoousm. DeHoMmeHonoruss  (poronmepuoAn3Ma: LBETEHHE W TPYIIbI
dboTonepruoIuYeCcCKuX pacTEHUM, peryisius JUCTOoNaaa, oOpa3oBaHUsl MOYEK, Mepexoja K
COCTOSIHMIO TMOKOdA. Bocnpusatne miuHbl IHA: 3(QQEeKT npepblBaHUs HOYH, (PUTOXPOM,
BHYTpeHHUE d4acbl. [opMmoHanmpHass Teopus LBeTeHus YailnaxsHa. V3meHeHus
TOPMOHAJILHOTO OanaHca, MPUBOIAIINE K (PU3HOJOTMUYECKOMY OTBETY Ha (OTOMEPUO.
Perynsuus pa3Butus KIMMaTUYeCKUMHU (pakTopamu.

BHyTtpenHue putmbl pa3BuTua pacTeHuil. llepuonnueckue SBIEHHS B PUTMax
opraHoreHeza ©u pocra pacteHuil. llupkagHble pUTMBI, MEXaHM3M HX OOpa30BaHMS.
Hactpoiika 1nupkagHsix putMoB  (oronepuogoM. Ilmacroxpon. KoppekTtupoBka
BHYTPEHHUX PUTMOB pa3BUTHS BHEIIHUMM KIMMAaTHYECKUMHU (AKTOpPAMH: 3aCyXOM,
NOHWKEHUAMH Temrnepatypbl. ['myOokuil ((dusnosorndeckuil) MOKOM M BBIHYKICHHBIN
nokoil. TemnepaTypa u pa3BuTHe pacTeHUi. SIBieHHs cTpaTU(UKAIUU U IPOBU3ALMU KaK
DKOJIOTMYECKas ajantauus. ' opMOHaibHAs Teopusl BepHaIM3auuu pacreHui. [IpepeiBanue
riyOOKOro MOKOSI MOHM)KEHHBIMH TeMIIepaTypaMu: MpOpacTaHHE CEMsH, BBIXOJ IOYEK U3
COCTOSIHUS [TOKOSI, LIBETEHHE.
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OMOproHanpHOE pa3BuTHE. Pa3zBuTHe 3apojibliia y ABYIOJBHBIX PACTCHHA B HOPME.
Ucnonp3oBanue MyTaHTOB JUIsl M3Y4YEHUS MEXAaHM3MOB pa3BUTUS 3apojbiimia Myrtamnuu
HapylIaronife pa3BUTHE KOPHEBOTO M CTEOJIEBOTO arekca, CyCcleH30pa, HEKOTOPHIX CIIOEB
TKaHel B 3apojplmax. CoMaTuyeckuil sMOpHoreHes, (hakTophl, BIUAIOININE HA UHIYKIIHUIO,
obpasoBanue 1 HOPMHUPOBAHUE 3aPOIBIIIICH IN VItro.

[Ipopactanue cemsiH. ['opMoHalIbHBIN OanaHc mpu HpopacTaHuu cemsiH. OTHoleHue
ABK/ rub6epennunsl. Myrauuu cunte3a ABK m orBeta. CBsi3b FOPMOHAIBHOIO CTaTyca
CEMEHHU ¢ OMOCUHTE30M JIPYTUX BEIECTB.

Perynsuus BeretaTuBHOTO pocTta pacteHuid. Poct kopHsi. Ponb ¢uroropmoHos.
HuddepeHimpoBka KOpHEBBIX BOJOCKOB. CepHsi MyTaHTOB C HAPYHICHUSIMU UHHUIIMALIMHA U
QJIOHTAIlMM  KOPHEBBIX  BOJIOCKOB, (OpMBI  BOJOCKOB. MyTanuu, HapylIaoliiue
TPaBUTPOIIH3M.

Poct noGeroBoii cucteMbl. YcTaHOBIEHHE (PUILIOTAKCUCA TIPU MPOPACTAHUN CEMEHHU.
Ponws guroropmonos. MyTtaruu apabujgoncuca ¢ U3MEHEHHBIM Pa3BUTHEM BETE€TATUBHOTO
anekca. Poct nucra. Ponb gputoropmMoHoB B 3akiiajgke U pazBUTUU JTucTa. CBS3b pa3BUTHUS
JUCTa U MEPUCTEMBI TTobera.

Perynsinusi reHepaTUBHOrO pa3BUTUA pacTeHHMil. MHAyKUus U 3BOKAnuUs LIBETEHUS.
Pa3Butue conperuil. PaHHee reHepaTMBHOE pa3BUTHE, MO3JHEE T'€HEPATUBHOE pa3BHUTHE,
pa3BuTHe 1BETKOB. HopmanbHOE pa3BuTue LBeTKa. Mojenb «BoWHbl mosunmit» (ABC).
I'enetnueckue pynknuu A, B u C. CemeiicTBa reHoB, coaepxkanmux MADS-nomeH.

[IposiBnenuss mona y pacrenuil. CamoHecoBMecTUMOCTh. ['eTrepomopdHas wu
roMmoMop(dHasi camMmOoHEeCOBMECTUMOCTh. CropoduTHBIE ¥ TaMeTOMUTHBIM KOHTPOIb
CaMOHECOBMECTUMOCTH. Perymsauus mnona. JKU3HEHHbIE LMKIBI pPAaCTECHUU. Y CIOBUSA
MUHEpaJIbHOTO MUTaHUs, BO3PACT, TOPMOHAJIBHBIN CTaTyC Kak (DaKTOpbI, BIMSIIONINE HA MO
pacrenuii. [TogoBeie XxpoMocoMbl. MyKCKHE U KEHCKHUE IIBETKU Y OJJHOJOMHBIX PACTCHHIA.

2.9. YcToMunBOCTh pAacTeHH K HEOIaronpusTHeIM (hakTopam

Crpecc u amantauuss — oOmas XapakTepucTuka siBaeHuil. HeOnarompustHbie
dakTopbl OMOTHYECKOM W abuoThyeckoil mpupoabl. OTBETHbIE peaKIMH pacTEHUH Ha
neiictBue crpeccopoB. Cneuuduueckue u Hecrneuuduueckue peakuuu. [Ipupona
Hecnienupuyecknx peaknuii. CTpeccoBbie OTKN U UX (PYHKIIHH.

Boounwiii  depuyum. Knaccupukaruss pacTeHHd TO WX YCTOMYHMBOCTH K 3acyxe.
Kcepodutsl. CriocoOHOCTh pacTeHUil MOIIEpKUBAaTh BOJHBIM TOK B CHUCTEME: IOYBa-
pacteHue -atMocdepa B ycIoBHUsIX 3acyxu. DakTopbl, 00ecrieunBarolie IBHKEHNUE BOBI U3
MOYBHI B pacTeHne U B atMmochepy y kcepodutoB. OCMOTHYECKUN W THAPOCTATUYECKUN
MNOTEHIIMATIBI Y Pa3HbIX MO 3aCyXOYCTOMYMBOCTU pacTeHUil. Perymnsiius ocMOTHYECKOro
MOTEHI[MAaa JIaBJIICHUS C TOMOIIBI0 OCMOJIUTOB. XHMHUUYECKass NpUpoja U OHUOCHUHTE3
ocmonuToB. [IpoTekTopHas (QyHKIMS OCMOJUTOB. 3amura OEJIKOB B  YCIOBHSX
Jeruapataiui MuToruia3Mbel. [IpoiauH U MOJUONBI KaK Ba)KHEHIINE MPOTEKTOPHI OEIKOB.
[TonnaMuHBI -TIPOTEKTOPHI HYKJIEMHOBBIX KHUCIOT. beTanHbl W WX 3alIUTHBIE (PYHKIUU.
benku, cunTesupyronecs B ycioBuax gerunaparanuu. Mx samutHas pois. Cs4 u CAM-
TUIIBI META00JIM3Ma KaK CUCTEMbI SKOHOMUU BJIard y 3aCyXO0yCTOMUMBBIX pACTEHUM.

Buvicokue ronyemmpayuu conet. Tumnbl TOYBEHHOTO 3acoyieHUs. [anoputel u
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rimkodutel. [loBpexknaromee neiicTBre cojieil. Ananranus pacTeHUH K OCMOTHYECKOMY U
TOKCHUYECKOMY  JEHCTBHIO COJICH. CnocoObl  moazepkaHue€  OBOJHEHHOCTH.
OcmMmoperynsiTopHas ¥ MpoTekTopHas (QyHKkuuu ocMoiuToB. IIporekropusie Oenku (I1B),
CUHTE3UpYIOIIMECS B PACTEHUAX MpH cojieBoM cTpecce. Muaykuus Ouocunresa I1b
BBICOKMMH KOHIEHTpausiMu cojeil. OyHKuuu npoTeKTopHbIX 0enkoB. CHCTeMbl HOHHOTO
rOMEOCTATUPOBAHMUS  KJIETOK. KoMmmapTMmeHTamuss HMOHOB, poOJb  BakyoyJd. Poub
I1a3MajJeMMbl U TOHOILIACTA B IMOJICPKAHWU HHU3KUX KOHIEHTpanuit Na® B murormiasme
npu 3acosienun. Na'-TpaHCHOPTHPYIOIINE CUCTEMBI M MX CBOWCTBA. JlanbHUN TPaHCHIOPT
Na* (yposenb mesnoro pacrenus). CTpaterusi u30eKaHUs HAKOIJICHHUS HOHOB B aKTHBHO
MeTabOIM3UPYIOIIUX TKAHAX U T€HEPATUBHBIX OPTaHax B YCIOBUSIX 3aCOJICHUSI.

Oxcmpemanvhvie  memnepamypsl. PacTeHns Kak  JK30TEPMHBIE  OPraHU3MBI.
TemmeparypHble afanTaiy, CBsI3aHHBIE C U3MEHEHUEM COJepKaHus (PEPMEHTOB B KIIETKaX
U UX U30(EpPMEHTHOrO cocTaBa. AjanTanuy, OOeCHeuMBaloNIfe MOCTOSHCTBO KM mpu
TeMIepaTypHbix caBurax. CTpyKTypHbIE TEPECTPOMKH KJIETOUHBIX MeMOpaH TIpHu
TEMIIEpAaTypHBIX afanTauuax. Poib U3MEHEHUS XMMHUYECKOTO COCTaBa UPHBIX KHUCIOT U
COOTHOIIICHUSI HACBIIIEHHBIX M HEHACBIIIEHHBIX JKUPHBIX KHUCJIOT B oOOecleuyeHuu
HEOOXOUMOM TMOABMKHOCTU JIMIIUJHOTO OHUCIIOS MeMOpaHbl MpU TeMIlepaTypHBIX
aganTauuax. M3mMeHeHne BA3KOCTH JIMIUAOB M PETYJSINUS aKTUBHOCTU JIOKAJIW30BAHHBIX B
mMeMOpaHax ¢epmentoB. Ponp u ¢QyHKUMS gecarypa3 B M3MEHEHUM HHJEKCa
HEHACBIILIEHHOCTH KUPHBIX KUCIOT NPHU TEMIIEPATYPHBIX aJaNTAUAX.

TonepaHTHOCTH pacTeHU# K 3amopaxuBaHuto. [IpegoTBpamieHne 06pa3oBaHus Jibjia B
KJIeTkax: 1) myTteM uX 00€3BOXKHBaHUS B XoA€ (HOPMHUpPOBAHUS KPUCTAJIOB JibJa B
MEXKKJIETHUKAX; 2) MyTeM OMOCHHTE3a OMOIOTrHYecCKUuX aHTUGPHU30B. XUMUYECKas IPUPOIa
OHMOJIOrMYECKUX aHTU(PU30B. MonexkynspHsie MEXaHU3MBI ux JICUCTBUS.
HuszkomouekyasipHble KpHOMPOTEKTOPHI. 3aKaika pacTeHuil. MI3aMeHeHus, npoucxoasiume B
PaCTUTEIBHOM OPraHU3ME B XOJ€ 3aKaJKh. MexaHn3Mbl MOBBILICHHUSI MOPO30YCTONYMBOCTH
IIPU 3aKaJIKE.

Axmueuposannsiii kuciopod. AxtuBHbeie Gopmel kuciopoaa (ADK): cynepokcuubii
pajuKan, TUIPOKCHII- pajuKall, CHUHTJIETHBIH KHUCIOPOJ. MexaHU3Mbl UX 0OO0pa30BaHUS.
Bxrnag ¢porocunrerndeckoit u apixatenbHoit I TL B renepaiiuio CynepoKCHIHOTO paauKaia.
Ponp BBICOKOW MHTEHCHMBHOCTH CBETa B InepeBoccTaHoBieHHocTH OTLl xiopomiacToB u
o0pa3oBaHUU CyNepOKCUAHBIX paaukanoB. ['enepanus ADK mpu ctpeccax. Tokcuueckoe
nericteue ADK; cTuMyaLus NEPEKUCHOTO OKUCIICHUS JINTTHUJIOB.

Mexanu3mbl  3amuThl  pacteHnii oT u30biTka A®K. Ilytu mnpenorBpamieHus
obOpazoBanuss ADOK B kieTkax pacTeHHil. AHTHOKCUAHTHBIC CUCTEMBI KJIETKH: acKopOar -
[JIyTaTHOHOBBIM IMKJ, OCTO KOgepoi. AHTHOKCHAAHTHbIE (EPMEHTATUBHBIE CUCTEMBI.
CemeiicTBO CynepoKCHIANCMYTa3. AcKkopOaTnepokcuaaza, KCaHTOUITBHBIN UK U JP.

Anokcusa u eunoxcus. PacTeHus, yCTOWUYMBBIE K HEIOCTATKy Kucioponaa. Poib
TJIMKOJIU3a B aJIalITAIlUU PACTEHUN K HEIOCTATKY KUCIOPO1a. AHATOMHUYECKHE OCOOCHHOCTH
pacTeHuil, yCTOMYMBBIX K aHOKCUU U THIIOKCUU - CTpaTerus u3bexanus aHaspoobuosa. Poib
TOPMOHOB B aJIallTallii K aHa’3poOuno3y. OTBETHAs peakiisl paCTeHU Ha pe3KOe CHIKEHUE
coliep kaHMsl Kuciopoaa B cpene. benku, oOpasyroiuecss B pacCTeHUSIX B XO/I€ aJaNTaluu K
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HeJocTaTKy kucinopona. Ux ¢ynkuuonanpHast poiib. [IOMBITKH MOTyYeHUS! YCTOMYUBBIX K
HEIOCTAaTKy KuciIopoaa GpopM pacTeHui.

Toxcuunocms mAdMCENbIX Memanlos JUisl PACTEHUMl HMX HAKOIUIEHHME B TKAHSX.
MexaHu3Mbl 3alIMThl: KOMOAPTMEHTALMSI U HAKOIUIEHUE TSKEIBIX METAJIJIOB B BaKyOJIsX U
KC, Ponb ¢uroxenatunoB. BupocnenuduyHocTh B 4yBCTBUTEIBHOCTH W YCTONYHMBOCTHU
pacTeHHi K U30BITKY U HEAOCTATKY TSDKEIIBIX METAIIOB B cpenie. duropemennanus.

Qumoummynumem. OUTOUMMYHOJIOTHSI KaK COCTaBHAasl 4acTh OOIIEH MMMYHOJOTHH.
Oyukuun umMmyHutera. Mmmynurter. JIByx¢a3HOCTh OTBETa pacTEHUN Ha BHEApPEHHUE
MaTOT€HA: PaclO3HAaBaHUE MATOT€HA M 3alUTHAs peakuus. DIUCUTOPBI, Pollb NEKTUHOB B
pacrio3HaBaHuU. Penentop - JUraHAHBIA TUI B3aUMOJEUCTBUS PACTEHUSA-XO35IMHA U
naTtoreHa. Poyib o1urocaxapuHoB B OTBETHOM pEakLMM PACTEHHUS HAa BHEAPEHHE NATOTEHA.
Hekpotpopst u OuoTpodbl — HH3KO- M BBICOKOCHEIUATU3UPOBAHHBIC TMATOTEHBI.
JleTepMUHAHTBl YCTOMYMBOCTM pAacTEHUH K NATOreHaM: AaHTHOMOTHMYECKUE BEIlEeCTBa
(puToanexcuHsr), MEXaHNYECKUE Oapbepsl, aykcotpodus, peakus
CBEPXUYBCTBUTEIBHOCTH U Jp. JleTepMUHAHTBl MAaTOr€HHOCTH MUKPOOPTaHU3MOB:
bakToppl, CHOCOOCTBYIOIIME KOHTAKTY MHKPOOPTaHU3MAa H PACTEHUs, CYIpeccOopbl
3alIUTHOW pEaKIMi M TOKCHHBI; (DAKTOpHI, 0OECIieunBarOIIe MPOHUKHOBEHUE MATOTEHA U
€ro MUTAaHWE BHYTPHU pacTeHUs; (PaKTOphl, OOECINEUYMBAIONIME MPEOAOJICHUE 3aIUTHOU
peakluy pacTeHHUS.

Tun u creneHb COBMECTUMOCTH B cucTeMe: OoJbHOe pacTeHue. ['eHeTHueckas
IpyupoAa YCTOWYMBOCTA PACTEHUM K IaroreHam BepTukaibHas W TOPU30HTAJIbHAS
ycroitunBocTH. Teopus @nopa «reH-Ha-TeH». CoNpsKeHHAs! BOMIOLUS PACTEHUS XO35IMHA
u mnaroreHa. [IpmoOpeTeHne BUAOBOW H COPTOBOM  CHENMATU3ANMHA  TATOTC€HOM
(MHIlyKTOpHO-CYIIpeccopHasi MoJieb Xecca).

Ponp BTOpUYHBIX METaOOJMTOB B BEPTUKAIBHOM M TOPHU3OHTAIBHOW YCTOMYHBOCTH.
Jlokanuzanusi CUHTE3a M HAKOIUIEHUS BTOPUYHBIX METaOOJIMTOB HA YPOBHE KJIETKHU, TKaHH,
opraHa, uenoro pacteHusa. CocTaB U XapakTEPUCTUKA CMOJI, CIU3€il, KaMmelIu, JaTeKkca.
BremHss cekpendss BTOPUYHBIX MeTa0oauToB. CrHeruain3upoOBaHHBIE OPTaHbl CEKPEINH.
CocTtaB u xapakTepucTuka >(PUPHBIX Macell. XapaKTepPUCTHKA JOKAIHM3AIllMU CUHTE3a U
HAKOIUICHUsI OCHOBHBIX TPYII BTOPUYHBIX META0O0JUTOB. 3alIUTHBIC (PYHKIIMH BTOPUYHBIX
coenuHeHud. @uroanekcuHbl, JlokazaTreabCcTBa 3KOJOTMYECKUX (YHKUUNA BTOPUYHBIX
COEJIMHEHUN.

2.10. BzaumoneiictBrue GU3MOIOTHYECKUX MPOIIECCOB, UX UHTErpaIus U
cornacoBaHHoe GYHKIMOHUPOBAHKE OPTraHOB

JIOHOpHO-aKLIENTOPHbIE B3aUMOJEHCTBUA KaK OCHOBA DSHJIOTE€HHON PpEryJisiluu
¢doTocuHTE3a B CHCTEME PACTUTENHFHOTO OpraHu3Ma. MexaHu3M JHIOTEHHOW PETyISALUU B

CHUCTEME PACTEHMS: MIOTOKH YIIepOa, UCIOJIb3yEeMbIE HA CHHTE3 PA3JIMYHbBIX COCAUHEHUN U
UX paclpesieieHue o TKaHsAM U opraHaM. Teopus (OTOCUHTETHUYECKON MPOTYKTUBHOCTH.
[Tytu noBeimeHus 3pPEKTUBHOCTU UCIOIB30BaHMsI COJTHEUHOW 3HEPTUU MU (HOTOCUHTESE.
JIOHOPHO-aKLENTOPHBIE  OTHOILIEHWS, peyTWIN3alus H KPYroBOPOT MHUHEPAIBHBIX
DJIIEMEHTOB B pacTeHUM. PacnpeneneHne BelEeCTB IO OpraHaM M KOMIIApTMEHTalus
IIPOLIECCOB U COCIMHEHUH B KIJIETKE U TKAHAX KaK CHCTEMa IPOCTPAHCTBEHHOW U BPEMEHHOU
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OpraHu3anny OMOXMMHYECKUX M (U3NOIOTUYECKHX IMPOLECCOB M CIIOCO0 PETYyJsIUU UX
COIIaCOBAHHOI'O B3aMMOJIEHCTBUS U MHTErPALIUU.

CucreMsbl peryJsiuu U UX uepapxusi B paCTEHUU.

Perynsuusa pacnpeneneHusi pocta U BEUIECTB, a TaKXKe B3aUMOJCHCTBUS OPraHOB B
[EJIOM PACTEHUHU.

CucreMbl peryiasinquu: TpopuyecKkas, TOpMOHAIbHAsI U 3JIEKTPOPU3HOIOrHYECKas.
[lonsiTne «3ampoc» W MpeanosiaraéMble MEXaHW3Mbl Iepefauyd curHaia. JloHopHo-
AKLIETITOPHBIE OTHOILIEHHUS.

Perynsuus nporieccoB Ha KJIETOUHOM ypoBHE. MeTaboIuTHAS PETYIISIIHS U MEXaHU3M
KOHTPOJISI IPOTEKaHUs Tpolecca MO MPUHIUITY OTPUIATENbHON (TIOJIOXKUTEIHHOM) CBSI3U
KOHEYHBIMHU MPOJIYKTaMU. AJIGHUTIATHBIA KOHTPOJIb.

KoMmapTmeHTanuss mpoueccoB M BELIECTB KakK CHOCOO OpraHU3allud PeryJisiuu
IPOLIECCOB B IIPOCTPAHCTBE U BPEMEHHU.

B3aumopneiictBue apixaHus M (OTOCHHTE3a: OOMEH NPOAYKTaMH M CyOCTpaTaMu.
Oco0eHHOCTH JIbIXaTeIBHOTO MpoIiecca B POTOCUHTEZUPYIOIICH KIIETKE.

3. Tlumepamypa
3.1. OcHoBHag JIUTEpPATYpaA
1. Mensener C.C. ®uzuonorus pacrenuii: Yueouuk. CII10.: U3a-so C.-TIleTepb. yH-Ta,

2015, 512 c.

2. Kysueunos Bn.B., [Imutpuena I'.A. ®usunonorus pacrenuit. Mocksa: U3n-Bo
«BrIctmas mkomna», 2011, 784 c.

3. Iloneoit B.B. ®usuonorus pactennil. Mocksa: M3a-Bo «Beicmias mkomnay, 1989,
464 c.

3.2. JlonoJHUTEIbHAs JUTepaTypa

1. Xenar I'.B. buoxumusa pacrenuii, MockBa: W3n-Bo «bunom. JlaGopatopus
3HaHuY, 2011, 472 c.

2. 3urre, Baiinep, Ksanepaiit, bpesuncku, Kepnep. boranuka. 1.1. Knerounas
ouonorusi. Anatomus. Mopdomorus. M.: Axagemus, 2007. 368 c. T.2. ®usmnonorus
pactenuii. M.: U3n-Bo «Axkanemus», 2008, 496 c.

4. Dnexmponnwie pecypcol

1. Duexrponnas miatdopma «Jlauey» - https://e.lanbook.com

2. OmnekrponHnas miardpopma mzgarenscra WILEY-BLACWALL -
http://www.interscience.wiley.com

3. Dmnekrponnas matdopma m3naarenbctBa SPRINGER -
http://www.springerlink.com

4. Tlmatdopma Hay4IHOH ICKTPOHHON OnbmmoTexu e-Library.ru -
http://www.elibrary.ru

5. DnekrponHas miardopma usnareancta Elsevier -
http://www.sciencedirect.com

6. DnexrponHas miardopma u3narenbcTa Elsevier - http://www.scopus.com
(PedepaTuBHO-TIONCKOBAs 0a3a JaHHBIX SCOPUS)
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5. Kpumepuu ouenku

OTJU4YHO

— Bce Bonpochl pacKphITHI OJHOCTHIO;

— OOyyJaromuiics BaieeT OCHOBHBIMHU TEOPHUSIMU U TITyOOKO ITOHUMAET UX
COJIEpPIKAHHE;

— MmeeT sicHOe TpeICTaBlICHUE CBSA3M TECOPUU U ITPAKTUKH B paMKax
M3JIaraeMoro MaTepuaa;

— VBepeHHO BjajieeT HeOOXO0IMMBIMU METOJIAMHU PEIICHUS KOHKPETHBIX
3aJ1a4, MOXKET MPOMILTIOCTPUPOBATH OCHOBHBIC TIOJIOKECHUS TCOPUN
KOHKPETHBIMH IPUMEPaMHU;

— SIcHO M YeTKO J1aeT OCHOBHEBIE OTpeiesicHus. BiageeT TepMUHOIOTHYSCKUM
Y TIOHSTHIHBIM amapaToMm;

— Pa3BepHyTO OTBEYaeT Ha JOMOJHUTEIHHBIE BOIIPOCHI.

Xopomo

— Bompocsl pacKphITHI 110 CYILECTBY;

— OOyuarouuiics B 1IEJIOM BJIaZIe€T OCHOBHBIMH TEOPHSIMH U IOHUMAET UX
COJIEP’KAHMUE;

— Nmeert ob1iee npecTaBieHUe O CBSI3U TEOPUH U MPAKTUKH B PaMKax
M3JIaracMoro MaTepuaa;

— Brageer B 1iennomM HE0OX0AMMBIMU METOJaMU PEIICHUsI KOHKPETHBIX 3ajad,
MOXET IMPOUJUIIOCTPUPOBATH OCHOBHBIE MOJI0KEHUS TEOPUH KOHKPETHBIMU
IIPUMEPAMU;

— B nocraTtouHol Mepe BiiaeeT NOHATUNHBIM U TEPMUHOJIOTUYECKUM
anmapaTom;

— WMeer 3aTpyqHEHUs IPY OTBETE HA JONOJHUTEIbHBIE BOIIPOCHI.

Y10BJIETBOPUTEIBHO

— Bonpocsl pacKpsIThbl, HO HE OJIHOCTHIO;

— Cnaboe moHMMaHUE CBSI3U TEOPUH U MPAKTUKH;

— OOyyJaronuiicss MOXET MPOMITIOCTPUPOBATH OCHOBHbIE TIOJIOKEHUS TEOPUU
KOHKPETHBIMU IIPUMEPAMH, HO UMEET 3aTPYAHEHUS IIPU PELLIEHNN HEKOTOPBIX
3a1ay;

— OOyyaronuiicst He JEMOHCTPUPYET YBEPEHHOT'O BJIaICHUS TOHATUHHBIM U
TEPMHUHOJOTUYECKUM aIapaToM;

— JIoTIOTHUTENBHBIE BOIIPOCHI BBI3BIBAIOT 3aTPyAHEHUE.

HeynoBierBopuresabHO

— Bonbmias 9acTe BOPOCOB HE PACKPHITA;

— OOyyaromuiicst He MOXKET MPOWIIIIOCTPUPOBATH OCHOBHBIE TIOJIOKEHUS
TEOPUH KOHKPETHBIMU MPUMEPAMHU, HE MOKET PUMEHHUTH TEOPHIO TPU
pEeIIeHNN KOHKPETHBIX 33/1a4;

— HeT 0TBeTOB Ha 1OMONHUTEIBHBIE BOIPOCHI.
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