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BBenenue

B ocHOBY HacTosieil mporpamMMbl TMOJOKEHBI CIEAYIONIME pa3/ieiibl: OCHOBHBIC
KOMITIOHEHTBl PACTUTENILHOIO OpraHW3Ma W WX (PYHKIUU; pacTUTENbHas KIETKa;
OMOdPHEpreTUKa pPacTUTEIBHOTO OpraHu3Ma, (OTOCHHTE3, NbIXaHHE; BOJAOOOMEH;
MUHEpaJbHOE MHUTAHUE; JalbHUNA TPAHCHOPT U KPYTOBOPOT BEUIECTB B PACTEHUH,
pOCT W pa3BUTHE PACTEHUN; YCTOMUMBOCTh PACTEHUN K HeOIaronpusTHbIM
dakTopam; B3aUMOJCHCTBHE TMPOIECCOB, WX WHTErpaluss U COTJIACOBAHHOE
GYHKIIMOHUPOBAaHUE OPTaHOB.

OO61mue Bonmpocol

OObeKThl OMOXUMUU U (DU3UOJIOTUU PACTEHUN — dyKapuoTuueckue GoToTpodHbIe
OpraHu3Mbl. YHHMKaJbHbIE OCOOCHHOCTH pACTUTEIBHOrO opraHusma: (oro- u
aBTOTPO(PHOCTh. ABTOTPO(PHOCTH B OTHOILICHUM YCBOCHUS MUHEPAILHBIX AJIEMEHTOB.
Cneunduka oOMeHa 3€JeHBIX PACTEHHH MO CPABHEHHUIO C JAPYTUMHU OpraHU3MaMu.
KocMmuueckass posb 3ej1eHOTO pacTeHUs. 3HaueHue (PoTroaBTOTpo(OB B CO3AAHUU U
MOJJIEp)KAaHUKM  Ta30BOTO  cocTaBa aTrMocdepsl, BOAHOTO, TIOYBEHHOTO U
KIIMMAaTHYECKOro  pekuma Ha  uiaHete. OpraHuzanus ¢ KOOPAMHAIUS
(G YHKIMOHAIBHBIX CUCTEM 3€JICHOT 0 pacTeHusl. DU3UKO-XUMUYECKH,
DKOJIOTHYECKUA W DBOJIOLMOHHBIA  aClEKThl. METOHOJIOTMYECKUE  OCHOBBI
UCCIeIOBAaHUNA B OMOXMUMHUHU W ¢usnonoruu pacreHuil. Crnenududeckrue MeETOIbI
onoxumuu U puznonoruu pacteHuid. CoueTaHne pa3IMUHBIX YPOBHEH HCCIIEIOBAHUS
(cyOKJIETOUYHBIHN, KJIETOYHBIN, OpraHU3MEHHBbIN, OMOLEHOTUYECKUN) B OMOXUMUU U
busnonorun pacteHuii. OuU3MONOrUsS W OUOXUMHUS PACTEHUH — TEOpeTHUUECKas
OCHOBA PaCTEHUEBOJICTBA U HOBBIX OTpacyieil OMOTEXHOJIOTHH.

1. OcHOBHbIE€ KOMIIOHEHTHI PACTUTEJIBHOI0 OPTAaHU3MA U UX (PYHKIIUU

1.1. Venesoowi. Ocobennocmu cocmaga u memaboaUsMa yenes0008 pAcmeHUl.
Monocaxapuibl, UX CTPYKTypa M B3aUMOINPEBPAILCHUS, OCHOBHBIC MPEICTABUTEH.
Monocaxapa, kak cyoctparbl ajisi cuHte3a apyrux BemiectB. dochopHbie 3gupsi
caxapo3sl ® Hykieosumaudocdarsl - aKTUBHPOBAaHHBIE (OPMBI  YIJIEBOIOB.
B3anMonpeBpaiiieHls MOHOCaxapua0B, SIUMepU3alns, aiabJ0-KeTo- U30Mepu3alus,
dochomy-TazHble peakuuu. TpaHCKETOJIA3HBIE M TpaHCAJIbI0JA3HBIE PEAKIHUU.
Onurocaxapuipl, X COCTaB, CTPYKTypa, OCHOBHbIE mpeacTaButenud. Caxaposa;
Jokanu3anus ee cuHTe3a W (pyHkuuu. I[lommcaxapuabl: cocTaB, THUIIBI CBSI3EH,
BeTByieHUe. [lommcaxapupl 3amacHble U CTPYKTypHbIe. CTPYKTypa Kpaxmalia U €ro
nerpazaanus. OOpa3oBaHue KpaXMaJlbHBIX 3€PEH B 3al1aCalOlUX OpraHax.

1.2. Jlunuowi. Obwue ceoticmea aUNUO08, Kilaccugukayus, HOMEHKIamypa.
HachiieHHble ¥ HEHACHIIICHHBIC JKUPHBIE KHUCJIOTHI: KiIacCU(UKaLUs, CHUHTE3,
karaboau3M u QyHKIuH. OCOOEHHOCTH CTPOCHUSI HEHACBHIIICHHBIX KUPHBIX KUCIOT
pacteHuid. Penkue >xupHble KUCHOTHL. Tpuriaunepuasl U ux QyHkuuu. [lomspHbie
munuAbl: Gocdo- U TIMKOIUNUABI, UX poib B oOMeHe. Ctepounibl. OCOOEHHOCTH
PACTUTENBLHBIX CTEPOUIOB, (DUTOCTEPUHBL. [ JTMKO3UIBI, AIUITIIMKO3UIBI, 3(UPHI
CTepuHOB. buonormueckue wmeMOpaHbl, crnenupuka pa3IM4YHBIX  MeMOpaH
PACTUTEJIbHON KIIETKH.

1.3. Amunoxuciomer u 6erxku. Cmpykmypa u UOHHbIE CBOUCMBA AMUHOKUCIOM.
[IpoTenHOreHHbIE AMUHOKUCIOTH. AMUHO- COE€IMHEHHUSI, CHHTE3UPYEMbI€ TTEPBUUHO
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U3 MHUHEpaJbHOTO a30Ta M CHHTE3 aMHHOKHUCIIOT. Peakumu mnepeaMUHUPOBAHMS.
KiroueBasi posib TTyTaMUHOBOM KUCJIOTHI B MeTaboMM3Me aMUHOKUCIOT. CemeiicTBa
aMUHOKHCJIOT, KOTOpBIE TPOUCXOIAT U3 MUPYyBaTa, OKcajoalerara, 2 -oKkcoriyrapara,
HIMKUMaTa U NpoaykToB Hukiaa KanpBuHa. DyHKUIMK CBOOOAHBIX AMHUHOKHCIOT U
AMUHOKHCJIOT B COCTaBe OENKOBBIX MOJIEKyd. Peakuuu nae3aMUHUPOBAHUS U
JNEeKapOOKCHIIMPOBAHUSI aMUHOKHCIOT. AMHUHOKHUCIOTBHI KakK CyOCTpaThl CHHTE3a
JPYTUX a30TCOJIEpXKAIMX coequHeHU. HebOenkoBble aMUHOKHUCIOTHI pPaCTCHUMH.
[lepBuuHas cTpyKTypa MOJIEKYJbI nojumnentuaa (nentugHas cBsizb. C- u N- KoHely
noyunentuaa). OuOpwusipHble U TIOOyIsapHble Oenku. HMoHHBIE CBOMCTBa
nonunenTuaoB: pKa HMOHOrEHHBIX TpyMN, H303JEKTPUYECKas TOUYKa. DIEMEHTHI
BTOPUYHOW CTPYKTYpbl O€IKOB — a-coupailb U p-CTpyKTypa. TpernuHas u
YeTBEpTUYHASL CTPYKTypa OenkoB. [(ucynbduanbie 1 BOAZOPOIHBIE CBSI3U, HOHHBIC U
ruapogoOHbIEe B3aMMOACHCTBUA. POJb OTIENBbHBIX aMUHOKHCJIOT B OOpa3oBaHUM U
MOJJIEPKAHUKM MPOCTPAHCTBEHHOM CTPYKTYpbl OEJIKOBOM MOJEKYJbl. benkoBbie
koMIuieKChl. [Torsitue cyobenuaniibl. yHKIIMOHATBHAS KJIacCUPUKAIUS OCIKOB.

1.4. Hykneomuovl u HyKleuHogvle Kuciomol. llypuHOBbIE U TUPUMHIAHOBBIE
ocHOBaHusA. Hykneo3uabl W  HYKICOTHABL: CTPYKTypa, CHHTE3, (QYHKIUU.
Hyxneosunnonmudocdarel. [uknmdeckne HYKJICOTUIBI W UX pojb. HykieoTwaHbIC
KOpEepMEHTHI U MEPEHOCYUKH COCTUHEHHM, UX OCHOBHBIE THUIBI M OHOJOTHYECKOE
3HaueHne. HyKjenHOBble KUCJIOTHI: MEPBUYHAS CTPYKTypa, HYKJICOTHAHBIA COCTAB.
Bropuunas u Ttpernunas crpykrypa JHK. Crpykrypa PHK. Tunst PHK
(uaopmalmoHHasi, TpaHCIIOPTHAS, puOOCOMabHAas).

1.5. Bewecmea  cneyuanusuposanHo2o  obmena  pacmeHuli  (8mopuuHvle
memabonumst). OCOOEHHOCTH COEIUHEHHUM, KOTOpPbIE OTHOCSAT K BTOPHUYHBIM
metabonmutam.  OCHOBHBIE  KJIACChl ~ BTOPUYHBIX  META0ONHTOB:  CTPOCHHE,
KJIacCUPUKAIHI u pacnpocTpaHeHue. AJIKaNouIbL: POTOATKAJIOUIBI,
MICEB/IOANIKAIONbI, MCTHUHHBIE ankajgouabl. (OCHOBHBIE TPYNNbl HCTUHHBIX
ankanousioB. M3ompenouapl (TeprieHOuAbl). OCHOBHBIE TPYIINbl H30MPEHOUIOB
(MOHO-, CECKBHM-, AM- TpPHU- M TETPATEPHEHOUIbI, MOJIUMEPHBIE H3OMPEHOUIBI).
KapotuHouael: xumuyeckasi mpupojaa U CTpoeHue, (PU3nKo-XUMUYECKHE CBOWCTBA.
®deHonbHbIE  coeauHeHUs.  OCHOBHBIE  TPYNNbl  (PEHOJBHBIX  COCIAMHEHMI
(peHOoTOKUCHOTHI, (e-HUIpOnaHOUIbL, CTUJILOEHBI, (b1aBOHOUIBI u
n30(1aBOHOUIBI, TOJUMEPHBIE (PEHONIbHBIE COEAUHEHMs). MUHOpPHBIE KJACChl
BTOPUYHBIX MeTa0onuToB. HebenkoBbie aMUHOKHUCIOTHI, [IMAHOT€HHBIE TIUKO3UJIbI,
cepycoepKallne TIIMKO3U bl (TII0KO3WHOIAThI), pACTUTENIbHbIE aMUHBI, HEOOBIUHbIE
JUNUALl  (KUPHBIC KHUCIOTHI, IMAHOJIMIKJIBI), OETaJIMHBI, TOJIMALCTHUICHOBBIC
MpPOU3BOJHBIE, aimkaMuabl, THO(PeHb. (OCHOBHBIC TMPEACTABUTEIN BTOPUYHBIX
COCIMHEHUN KaXXJOro Kiacca M HUX PACHPOCTPAHEHHE CPEeAu pacTeHUH pas3HbIX
BUjoB. Ilytm OunocuHTE3a OCHOBHBIX KJacCOB BTOPUYHBIX METaOOJIUTOB.
[IpeamiecTBeHHUKN OMOCHHTE3a BTOPUYHBIX MeTa0oauTOB. Touku "oTBeTBIICHMS"
BTOPUYHOr0 MeTaboar3Ma OT nepBuuHOro. Moaunukanuy BTOPUUYHBIX META0OIUTOB
(TTMKO3UIMPOBAHUE, TUAPOKCUIMPOBAHUE, METOKCHJIMPOBAHUE, METUJIMPOBAHMUE).
DH3UMOJIOTUS CHHTE3a BTOPUYHBIX MeTaboauToB. OCHOBHBIE (DEpMEHTHI OMOCHHTE3a
aJIKaJIONI0B, HW3OMNPEHOUJIOB, (EHONBHBIX COENMHEHUH, UX XapaKTepUCTHKA.
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JybnupoBanue IMyTel CHHTE3a BTOPUYHBIX MeTa0OJIUTOB. HemeBanoHATHBIA MyTh
CUHTE3a U30IPEHOMUIOB, €T0 JIOKAIN3ALNS U 3HAYCHHE.

1.7. @epmenmovl u mexaHuzmvl ux oOeticmeus. XapaKTepUCTUKA (PEPMEHTOB Kak
BBICOKOCTICIIMAJIM3UPOBAHHBIX ~ OCJIKOBBIX  KaTanu3aTopoB. Amnudaruyeckas u
npocrernueckas 4actu  ¢epmenta. KodakTopsl (bepMEeHTHOM  peakIiuu.
DHepreTuyeckass OCHOBA KaTaju3a: aKTUBHBIM 1eHTp ¢depMenTa. CrnenupuyHOCTh
nevictBusi pepMeHToB. DepMeHTHaAs KuHeTHKa. DepMeHT-CyOCTpaTHBIH KOMILICKC.
VpaBuenne Muxadnuca-Menten. Bennmunuael KM u Vmax, ux Ouosorudeckuii
cmbici. UurubupoBanue depmentoB. [lelictBue pH u TemmepaTypbl Ha CKOPOCTh
depmenTHON  peakuud. KOHKYypeHTHOE, HEKOHKYpPEHTHOE U  HeoOpaTumoe
MHTUOMpoBaHuEe. MexaHu3MBbl perysiquu (pepMEeHTHON aKTUBHOCTHU. Perymsanus mo
NPUHIUITY OOpaTHOM CBSI3W: aKTHBAllMsl M WHTHOMpOBaHUE. AJulocTepuyeckas
perynsiuus. Waaykuums wu  penpeccus cuHte3a. HM303uMbl U KOH(OpMEpHI.
PerynupoBanue ¢ yqacTuem MpOTENHKHHAS.

2. PacTuresibHAs KJIETKA

OcoOeHHOCTH  CTpPOCHHS, CTPYKTypHas W  (YHKIMOHAJbHAsi  OpraHu3aIus
pactuTenpbHOM KieTku. CHUMOHOreHHass THUIOTe3a BO3HUKHOBEHHUS PACTUTEIbHOU
KJIETKHU.

Anpo. OcobeHHOCTH OpraHU3aIuy SIepHOro reHoMa pacteHuil. CTpykTypa
reHoma, nomumopdusm pacturensHor JJHK. KonuiiHocTh pa3HbIX TEHOB U y4aCTKOB
JHK. Ocob6ennoctu metunupoBanusi pactutenbHor JIHK wu ero BmusiHue Ha
DKCIIPECCUIO SIIEPHBIX TEHOB. MOOWIJIbHBIC TEHETUYECKHE DJJIEMEHTHI PacTeHUU
(Tpancno3onsl). Perporpancnosonsl u JJHK-tpancno3onsl. Ac u Ds - 371eMeHTHI.

[InactuaHas cuctema. THIBI MIACTHI, OCOOCHHOCTH CTPOCHHS, OHTOTCHES3.
I'enom mnactup. [IpokapuoTHdeckue 4epThl U KOMUWHOCTHh MJIACTUAHOIO TE€HOMA.
[TonMUuUCTPOHHBIM THUN PENJMKAUUM IJIACTHUAHBIX T€HOB. Mo3aWuyHasi CTPYKTypa
mactTuaHbiX reHoB. Co3peBanue miactuaHod PHK, cnalicuHr m pemaktupoBaHue
tpanckpuntoB. CtabunsHocTh nnactugno PHK. benku, koaupyeMbie miacTuIHBIM
reHoMoM. CunHTe3 OeJjika B IuiacTujax u ero perymsanus csetoM. PHK-mommmepass
MJIaCTU, TIJIACTUAHbIE puOocoMbl. [[BoliHOE KOAMpOBaHUE (SIE€pHOE U TUIACTHIHOE)
OOJIBIIMHCTBA KOMIIOHEHTOB (QoTocuHTeTndyeckoro anmaparta: ®Cl, OCIL, b6f-
komriekca, CCK, AT®-cunraswl, miactugHon HAJIH-mermaporenassi, Rubisco.
Tpancnopr  sAepHO-KOAMPYEMBIX O€nKoB B IiacTuibl.  Pa3MHOXeHUe W
HacJIeIOBaHUE TIACTHULL.

Mutoxonnpun pacteHuil. OCOOEHHOCTH CTPOEHHUS MUTOXOHAPUN PACTEHUI.
OcobeHHoctH CTPYKTYpPBI MUTOXOHAPHUATBHOTO reHomMa pacTeHui.
[IpokaproTuyeckue YepThl M pasMep MUTOXOHAPHUAIBHOIO TE€HOMa pacTEHUM.
Mo3zanyHas CTpyKTypa MHUTOXOHAPHAIBHBIX T'€HOB, CIUIAMCHHI U PENAKTUPOBAHHE
TpaHCKpUMNTOB. benku, xKogupyemble MUTOXOHAPUAIbHBIM TeHOMOM. OCOOEHHOCTH
CUHTE3a 0elKa B MHUTOXOHIPHUSIX, pUOOCOMBI MUTOXOHJPUN, TPAHCIOPT OEIKOB U
HekoTopbiXx T-PHK u3 sapa B mMutoxoHnapuro. J[BoitHOe KoaupoBaHuE (sSAepHOE U
maacTuiHoe) OombpiuHCTBa OenkoB apixarenbHoi OTIL: HAJI-H-nmeruaporenassi,
CYKIIMHAT-JIETUIPOTeHa3bl, bC-KOMILIEKCa, MHUTOXpOM-OKcHuaa3bl, AT®d-cuHTa3HI.
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[lepenoc renernyeckoro mMarepuana Mexay opranesiamu. CoBmecTHasi paboTa Tpex
T€HOMOB.

MemOpaHHBIE CHUCTEMBI PAcTUTENbHON KieTku. I[lnasmaneMma, TOHOILIACT,
OIIP, anmapat ['ompmku. OCOOEHHOCTH CTPOCHHMsS IIa3MalieMMBl. TpaHCIOPTHBIC
CUCTEMBI IIJIA3MAJIEMMBbI, MPOTOHHAs HJHEPreTUKa TPAHCHOPTHBIX cucteMm, H+-
AT®aza P-tuma. OcoOEHHOCTH CTPOCHHSI TOHOIUIACTa. TpPaHCHOPTHBIE CHUCTEMBI
toHoracta. H+ AT®aza V-tuma, mupodocdarasa.

Duponnazmatudeckuil petukynym (OP) pacturenbHoii kierku. [llepoxoBaTsiii
u rTnaakuii OP. Pasnuunble ¢QyHKUMOHANbHBIE YdacTKu pactutenbHoro OIIP.
CurHanpHble  IOCIEAOBATEILHOCTH  O€NKOB, TpaHcrnoprupyembix B OIIP.
KDELnocnenoBarensHocTh. @ynkuuu I1IP. Anmapar I'ompaxu (AlN). Ctpykrypa
ATl'.  TpaHcniopTHble€ BE3UKYJIbl, JHUKTHOCOMBI, Ty3bIpbKHU. J[Ba OCHOBHBIX
HaIlpaBJIEHUs TPAHCIIOPTA - IUIa3MaJeMMa U BaKkyosb. OCHOBHBIE TPAHCIIOPTUPYEMBIE
BEILIECTBA.

Bakyonb. JluTndeckuil M 3amacaroliMil THUIIBI BakyoJiel. benkoBble mMapKepsl
TUTNIOB BakyoJiel. CUrHaJbHbIE MOCIEI0BATEIbHOCTUH OEJIKOB, TPAHCIOPTUPYEMBIX B
BakyoJib. Bo3HukHOBeHue Bakyosiel de novo. TpaHcnopT BelllecTB B 3amacarouiue u
JUTUYECKHE BakKyoiu (CIUsSHUE BE3UKYyJ, aBTodarus Be3ukyls). CurHaibHbIe
MOCJIEIOBATEIbHOCTH TpaHCopTa OENKOB B BakyoJb. (DYHKIUU BaKyOJISPHON
CUCTEMBI KJIETKHU.

[utockener pacTurenbHOM KiIeTkM. CTpyKTypa LHUTOCKeneTa. AKTHH H
TYOyJIMH, UX ToJuMepu3auus U jenojumepusanus, G-aktuH u F-aktuH. benku,
aCCOIIMMPOBAHHbIE C ILHUTOCKEJIETOM. YUacTHE aKTUHOBBIX (UIAMEHTOB BO
BHYTPHUKJIETOYHBIX JBM)KCHUSX. YUaCTHE LIMTOCKEJETA B JBH)KEHUHM W 3aKPEIJICHUU
opraHe/ul. Ponb LHMTOCKENETa B CHHTE3€ LEJUIIOJIO3bl. YYacTUE IIMTOCKENIETa B
IIPOLIECCE ACIIEHUS KIIETKU.

Knerounass crenka (KC). VYrieBonHble KOMIIOHEHTBl KJIETOYHOW CTEHKH.
[ennton03a, reMUIEITI0103b1, TeKTUHBL. Kanno3a. CTpykTypHbIEe O€JIKH KJIETOYHOM
cTeHkH: Oenku, oOoramieHHble rugpokcunponnHoM (HRGPs), mpomunom (PRPs),
rimuHoM (GRPs), apabunoranakranoBeie 0enku (AGPs). @yHKIMOHANIbHBIE OETKH
KC: skcriancuHbl, PEpMEHTHI.

[lepBuuHass u BTOpUYHAs KJIETOYHAs CT€HKA. JIMTHUHBI, BOCKa, KyTHH, CyOEpUH.
[Tnazmonecmsl (I1]), nx crpoenue. KonnuectBo miazmoiecM Ha pa3HbIX ydacTKax
KJIETOYHOW CTEHKH U B Pa3HbIX TKaHIX. TPaHCIOPT BEIIECTB MO IUIA3MOAECMAM.

JIBa Tunma CTpOo€HUs KJIETOYHOM CTEHKHM Y TOKPBITOCEMEHHBIX pAaCTEHUMU.
OOpa3oBaHue KJIETOYHOW CTEHKH. brocHHTE3 MUKPODUOPUIIT LEIUTION03bl U HX
camocOopka. Ponp anmapara TonpIku B OMOCHHTE3e 3JIEMEHTOB MAaTpHKCA.
Oynkuun KC: kapkacHas, 3aliUMTHAas, TPAHCHOPTHAsS, PEryJNsTOpPHAs, CUTHAJbHas.
OnurocaxapuHsbl.

Ontorene3 kierku pacteHus. CTaaiuu OHTOTE€He3a: JEJIEHHWE KIETKH, POCT
KJIETKM pacTsokeHueM, auddepeHuupoBKa, crapeHue U cMepTh. KieTouHbid
(mutoTtnueckuit) mukia. ®daser nukma - Gl, S, G2, M. 3anyck u peryiampoBaHue
KJIeTOYHOro uukia. [uknuHbl, UUKIMH- 3aBucuMble mnporenHkuHaszsl (CDKs).
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ATIONTO3 pAcCTUTENBHBIX KJIETOK - MporpamMmHas TuOenb KkieTku. CUrHajabl |
MEXaHU3MBbI aronTo3a.

Krnerku pacrenuii in vitro. Jeaud depennmanus pacTUTEAbHON KIETKH 1In Vitro
u  (opmupoBaHHEe TOMYISAIUU Nponupepupyrommux KieTok. CTpyKTypHbBIE H
(GyHKIMOHAIBHBIE OCOOEHHOCTH KJIETOK pacTeHuil in vitro. [eTreporeHHOCT U
ACUHXPOHHOCTb TOMYJIAIMU KJIETOK pacTeHUil BHE opranuima. M3ommpoBaHHbBIE
MPOTOIUIACTHI KJIETOK pacTeHuil. Mcmonb30BaHWE KIETOK pacTeHUM In vitro Kak
MOJICJIbHOM CUCTEMBI B (DU3MOJOTUUECKUX UCCIIETOBAHUSAX U B OMOTEXHOJIOTHH.

3. Buo’HepreTuka pacTUTEJIbHOr0 OPraHU3Ma

[IpyHUOMOBI ~ TEPMOAMHAMUKHA. 3aKOHBl XHUMHUYECKOM  TEPMOJUHAMHUKH.
CBoOomHasi »sHeprusi; HM3MEHEHUE CTaHAapTHOM cBoOogHOM HsHeprun (JG°).
OHJIEPrOHMYECKUEe U DK3EPrOHUYECKUE PEaKIMh. XUMUUYECKOE paBHOBECHE,
XUMHUYECKUM TOTeHIMald. BpIpakeHHMe H3MEHEHHS CBOOOJHOM SHEPIHH PEIOKC-
peakuMy B €IMHUIAX JJIEKTPOXUMHUYECKOTO CTaHJApTHOTO  OKHUCIMTEIbHO-
BOCCTAHOBHUTEJIBHOTO TTOTEHITHATIA.

[IpeobpazoBanue HHEPruuM B KJIETKE. BHEIIHWME HCTOYHHUKWA DHEPTUU IS
opranu3moB. JIBe ocHOBHble (OpPMBI  3amacaHus JHEPrUM B  KIETKE:
AIEKTPOXUMHUYECKUNM TTOTEHIIMAJ TPOTOHOB HAa HHEPTM30BAaHHBIX MeMOpaHax u
MaKpOIPIHUECKHUE CBS3M, B3aUMOIIPEBpAIllCHHE ATUX (HOPM DHEPruu. DHEpPreTHKa
npoiieccoB cuHTe3a u rugponusza ATD. Tpanchopmallus sHEPrur Ha COMPSATAIOLIIUX
MeMOpaHax: AIEKTPOXUMHUYECKUM MOTEHIHA - JBIDKYIIAs cuia
dbochopunrpoBaHusi. YHUKAIBHOCTh OJHEPIEeTHYECKUX IPOIECCOB  PACTCHHI:
(bOTOCHHTE3 U JIbIXaHUE.

3.1. Domocunmes.

3nauenue (oTocuHTE3a B TpaHCPOpPMAIMU BEIIECTBA W IHEPrUU B MPUPOJIE.
Ou3MKO-XUMHUYECKasi CYIIHOCTh Tpolecca (OTOCHHTE3a W €ro 3HauyeHHUE B
HPHEPTETUUYECKOM U IIaCTUYECKOM oOMeHe pactenus. JIuct kak opran ¢oTOCUHTE3A.
CtpykTypHO-GYHKIIMOHANbHAS ~ OpraHu3anus  (OTOCHHTETHYECKOro  arapara.
OcHOBHBIE [TOKA3aTEN ME30CTPYKTYPHI JIHCTA.

DNEeMEHTBl CTPYKTYPhl MOJIEKYJIBI XJIOPO(UIUIA, OTBETCTBEHHBIE 3a ()YHKIIHIO
MOTJIOICHUS, 3alacaHusi U MPeoOpa30BaHMsS SHEPrUUM B Mpolecce (POTOCHUHTE3A.
MexaHu3M MOTJIOLIEHNUS] U UCIYCKaHUsl CBETa MOJIEKYJIOW; CIEKTPbl MOTJIOMICHUSI.
DNEeKTPOHHO-BO30YXKJEHHBIE COCTOSHUS XJIOPOPHUIUIOB, MYTH UX JI€3aKTHUBAIUU.
[IpeobpazoBaHust AJIEKTPOMATrHUTHOW DHEPIUM B PEIOKC- JHEPTrUI0; 00paTHUMBbIE
OKHCJIMTEIbHO-BOCCTAHOBUTENBHBIC MPEBPAILICHUS XJIOPOPUIIIOB.

Xnopodumi-6enkoBeie  komruiekcel  (XBK); wmexanusmbl  00pa3oBaHus,
3HAYEHHE CBSI3U MUTMEHTOB ¢ OenkoM. OpuenTarus nurMmeHToB B XbK. Mexanusmbl
HSHEPTeTUYECKOTO B3aUMOJACHCTBHUS MUTMEHTOB B KOMIUJIEKCaXx (PKCHUTOHHOE
B3aUMOJCICTBHE) U MEXAYy KOMIUIEKCaMH (TepexojiHble cocTosiHusl). Poub
KapOTHHOUJOB B (orocuHTe3e. AHTeHHas (YHKIUS, BO30YXICHHBIC COCTOSTHUS
KapOTUHOUJOB, MEXaHU3Mbl MHIpallUd »BHEprum Ha xjopoduwwi. MexaHuszm
3alIUTHOrO JEUCTBHUSL KapOTMHOWAOB. DYHKIMM KapOTUHOUJOB B PEAKIMOHHOM
HeHTpe, cnenuduka nuc-koHpopManuu. 3HAUYEHHWE KCAHTO(DWILIIOBBIX IHMKJIOB Y
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BBICIIIMX PAaCTeHHH W Bojopociel; (oromporekTopHas (QyHKIUS 3€aKCaHTHHA U
JINa30KCAaHTHHA.

[lepBuunbie mpornecchl (OTOCHHTE3a, HUX CTPYKTYPHO-(PYHKIHOHAIIbHAsS
opranmzamus. IlpencraBienne o (GOTOCMHTETHYECKOM eaWHUIEC. AHTEHHBIN
KOMIIJIEKC, PEAKIMOHHBIN LEHTP. MeXaHu3Mbl MUTPAIlUU YHEPTUU B XJIOPOILIACTaX.
CoBpeMeHHbIE MOJICJIM CTPYKTYPHOUM OpraHu3allii PeaKIMOHHBIX [IEHTPOB OaKTepuit
M BBICIIUX pacTeHuil. MexaHus3Mm mpeoOpa3oBaHUs JICKTPOMArHUTHOW SHEPTUM B
SHEPTUIO Pa3[eNICHHBIX 3apsA0B B (POTOXUMUUECKUX I[EHTPAX.

DneKTpoH-TpaHCIOpTHas 1enb ¢oTocuHTe3a. [IpeacTaBieHuss 0 COBMECTHOM
bynkuronupoanuu 1Byx ¢gotocucteM. Komnonentsl OTL u mocnenoBaTenbHOCTb
nepeHoca »dJIGKTpoHa 1o 1enu (Z-cxema). [UKIWYecKHi, HEIMUKIMYECKUN U
MCEBAOIUKINYECKUI AIEKTPOHHBIN TpaHcnopT. I[IpocTpaHcTBeHHass oOpraHu3anus
OTL B TmnakougHON MemOpaHe: OCHOBHbIE (YHKIHOHAJIbHbIE KoMIUIeKkchl DTL]
(®C-1, DC-2,), ux crpykrypa u ¢Gyakuoun. Crpoenue u  QyHKIUUDC-2.
Opranuzanusi B THJIAKOUTHOW MeMOpaHe W (DYHKIMOHUPOBAHHUE PEAKIIMOHHOTO
neutpa ®C-2. Cucrema d¢ortommza Boabl U 00pa3oBaHUsl KUCIOpOAA MPH
dorocunrese. Ctpoenne u (Ppynkumum DC-1. OOpazoBaHue TpaHCMEMOPAHHOTO
MPOTOHHOI'0 TPaJMEHTa B IMPOIECCE BIEKTPOHHOro TtpaHcrnopra. CTpykTypa U
byaKIuM TuToXpoM b6/f komriekca, Q - UK. Perynsius moToOKOB 3J€KTPOHOB MPHU
dborocuntese. DoTocuHTETHYECKUN KOHTpOib. Jlokamu3anus OTLl komriekcoB B
rpaHAIBHBIX W CTPOMAlbHBIX MeMOpaHax THIaKOUAOB. CHCTEMBI peryisiuuu
IIUKJINYECKOTO M HEIUKJIMYECKOr0 AJIEKTPOHHOTro TpaHcmopra. OOpa3oBaHuEe MpH
doTocuHTe3e akTUBHBIX (opMm kucinopona. IIpomecchl GOTOMHrMOMpPOBaHUS U
(boTOECTPYKIINY; 3AIIUTHBIE MEXAHU3MbI XJIOPOMJIACTOB.

DOTOCUHTETHYECKOE dbochopummpoBanue. OcHOBHBIC THIIHI, 1704
(bu3H0IOrNYecKoe 3HaYeHUEe, MEXaHU3MbI PEryisaiuu. MexaHu3Mbl SHEPTeTUUYECKOT0
COMPSKEHHST TpaHcmopTa 3JeKTpoHOB U cuHTe3a AT®. Conpsratomue (HakTopbl
dboTodochoprmmpoBanus, UX GYHKIIUHA, CTPYKTYpa, MEXaHU3M JeHCTBHI. MeXaHu3M
paboThl KatanuTHdeckux 1eHToB CFI.

Perynsiusi moTokoB »JIEKTPOHOB IMpu (orocuHteze. DOTOCHHTETUUECKUI
KOHTposb. Jlokamu3amuss koMmiuiekcoB OTI[ B TpaHaIbHBIX W CTPOMAJIbHBIX
MeMOpaHax TuiakonaoB. CucTeMa peryisiiuy IUKJIAYECKOr0 U HEIUKJIMYECKOTo
ANIEKTPOHHOTO TpaHcmopTa. KoHeYHble NPOJYKTHl CBETOBOM W TEMHOBOHM (ha3bl
doTocuHTE3A.

XUMHU3M MPOLIECCOB aCCUMUWJISIIIUU yriiepoaa B ¢orocunTese. Mcnonb3zoBanue
MPOJIYKTOB CBETOBOM CTaauu JUJIsl ACCHUMWIJIAIIMM  YTJEKHCIOThL.  Pybucko:
comepxanue ¢depMeHTa, CTpykTypa, ¢yHkuun, peryasuus. [Hukn Kanbpuna,
OCHOBHbIE€ (PEPMEHTHI M1 MEXAHU3MBbI PETYIISIIIUU [IUKIIA.

doroapixanne. OITI- kapbokcunaza, ee XapakKTEpPUCTUKA U JIOKAIHU3ALIUS.

[Mukn  Xortua-Cmdka-KaprimiioBa, ero  (QyHKIMOHaTbHOE  3HAUYCHUE.
Opranuzanusi mnporecca acCUMWJIALMM B KJIEeTKax Me3ohuina U OOKJIaJKu:
OCOOEGHHOCTH CTPOEHHUSI  XJIOPOIUIACTOB W peakuuid  ¢dortocuHTe3a. OOMeH
COCIMHEHUSIMU MEXAy Me30(QUIbHBIMU KJIETKAMHU U  KJIETKaMH  OOKJIAJKH.
Xapakrepuctuka rpynn Cs pacTeHui.
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®orocunre3 y CAM- pacreHuil: OCOOEHHOCTH OpraHu3aluu Ipolecca
3armacaHusi SHEPruu U QUKCAIUU YTIIEKUCIOTHl BO BPEMEHHU.

TpancnopT mpoaykToB (OTOCHHTE3a M3 XJIOPOILIACTA: YETHOYHBIE CHUCTEMBbI
BbIHOCA. MexaHu3Mbl, KOHTPOJUpYOLME OOMEH  MeEeTa0oJIUTaMu  MEXAY
XJIOpOIUIACTaMHM U IUTOIIa3MaTudecko (azoil kietku. [IpeBparieHus caxapoB B
UTOMJIa3Me U IIUTO30JI€; 3amacHble U TpaHcnopTHbie popmbl CaxapoB. BritoueHue
yTJiepoa B aMUHOKHCIIOTBHI.

AccuMumSIUA  YIJAEKUCJIOTH B Jucre. JlelicTBue BHEMHUX (aKTOPOB
(MHTEHCMBHOCTh M KauyecTBO cBeTa, ¢otomnepuona, koHmneHTtpamus CO2, 02,
TeMIieparypa u Jip.) Ha gorocuHTe3. Pa3zninume B KpUBBIX 3aBUCUMOCTU CKOPOCTH
accumuisinu ot KoHueHTpanuu CO2 u Oz B razoBoit cpene y C-3 u C-4 pacreHui.
KBantoBbsiif BbeIx0on ¢orocunre3a. Tpancmopt CO2 k Mectam (QHKCaluu, poJib
KapOoaHTHApa3bl. YCThbUYHAS U KJIETOYHAsk NMpoBoAuMOcCTh uisi CO2 B 3aBUCUMOCTH
OT BHEIIHUX (PaKTOPOB U BO3pACTa JIUCTA.

3.2. [vixanue.

depMeHTHBIE CHCTEMBI JIbIXaHUs. XapaKTepPUCTHKA OTACJIBbHBIX TPYII
JbIXaTeNbHBIX (DEPMEHTOB: MUPUANH3ABUCUMBIE JIETUAPOreHasbl, (piIaBuH3aBUCUMbIE
JIETUJPOTeHa3bl, OKCUIa3bl. [lepeHOCUHMKH BIEKTPOHOB: XHWHOHBI, >KEJI€30CEpPHbIC
O€JIKH, IIMTOXPOMBI, UX XUMHUUECKOE CTPOCHHUE M CBOMCTBA.

['nmukonu3. OcHoBHBIE (EPMEHTHI CHHTE3a M THAPOJIU3a caxapo3bl U KpaxMmala.
depMeHTaTUBHBIC peakiuu u SHEPreTUYECKUil OanaHc TJIMKOJIN3a,
KOMIApTMEHTAIlMsI Mpollecca B KJETKaX pacTeHWil. [JIMKOIM3 W TJIFOKOHEOIeHE3.
Ocobennoctu riuMkonu3a y pactreHui: AT®- 3aBucumas ¢dochodpykTroknHaza u
nupodocdarzaBucumas  dpochoPpykTrokuHaza -  pEryJIsSITOpHbIE  (PEPMEHTHI
rimkosm3a. Dpykro3o-2,6 dpocdar - perynsTopHas MojeKysa yIIeBOJHOrO oOMeHa B
pacteHusax. OKUCIUTENbHBIA MEeHT030p0ochaTHBIA UK. DEepPMEHTATUBHBIE PEAKIIUU
U peryisius nukia. KomnapTMeHTanus HUKIIa B KIETKE U €ro pojib B MeTaboIu3Me
pacrenuil. [lupyBaTneruaporeHa3Hbli KOMIUJIEKC: CTPYKTypa W peryisnus. [{ukmn
TPUKApOOHOBBIX KHUCIOT. DepMeHTAaTUBHBIE peaKUUU W peryidanus Iukiaa. Poib
MaJMKdIH3UMa B pEryasiuud paboThl MHKJIA. DHepreTudeckas >()PeKTUuBHOCTH
npouecca. OcOOEHHOCTH IIUKJIa TPUKAPOOHOBBIX KUCIIOT B PACTEHUSAX.

I'mnokcnmaTHBINA UKL | THOKCUCOMBI U I'IMOKCHJIATHBIN [TUKJI.

JlpixarenbHasi 3JIEKTPOHTPAHCIIOPTHASI 1IE€Th: OCHOBHBIE KOMIIOHEHTBI, CIOCOOBI
peructpaiuu penokc- coctosHuid. Ctpykrypa u  ¢yHKuuu KomriuiekcoB OTI]
neixanusi: HAJIH-  ngermaporenasnblid  komiuiekc. CyKIMHATAETHIPOTeHA3HBIN
koMrIuiekc. [luroxpom b/c komruiekc. [{utoxpoMokcuaasHbiii KoMIIeKe. MexaHu3m
o0pa3oBaHusi TpPaHCMEMOPAHHOI'0 TPOTOHHOTO TPaJMEHTa B MPOIECCE AIEKTPOHHOTO
tpancnopra. Ocobennoctu OTL] apixanuss pactenuid. AnbrepHaruBHble HAJIH-
JEruAporeHasbl - JIOKalu3alus B MeMmOpaHax U (QyHKIUU. AJbTepHATUBHAS
OKCHJa3a: CTPYKTypa, (YHKIHUH, MPUHIMIBI PETYJSIUU. AJIBTCPHATUBHBIA MYTh
nepeHoca 3JIEKTPOHOB B JbIXAaTENbHOW WENHU pacTeHUd U ero (u3MOJIOrH4ecKoe
3HaueHre. VHruOUTOpHl JIEKTPOHHOIO TPAHCIOPTa U MHTUOMTOPHBIA aHAIU3 MPU
W3YYEHUHU JIbIXaTeIbHOW aKTHUBHOCTH PACTHTEIbHBIX MUTOXOHAPHUA. OKUCIUTEIILHOE
dbochopummpoBanue. ODHepruzamus MemOpaH npu GyHKuoHupoBaHuu ITI]
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JbIXaHUS. AT®-  cuHTaza  MUTOXOHJIPUH. Crpykrypa,  JIOKaJu3auus,
MPOCTPAaHCTBEHHAss opraHu3anus. COBpEeMEHHBIE MPEACTABICHUS O MEXAHU3ME
cunre3a ATO.

Perymdnust 3J€eKTpOHHOIO TpPaHCIOPTA B JBIXATEJIbHOM LEMU. J[pIXaTenbHbIi
KOHTpoJIb. [loHsiITHE O pazobmurensx. DHepreTudeckas 3(PPEeKTUBHOCTh JIbIXaHUS.
Yennounsie cuctemMbl BoiHOCa AT® u Tpancmopt MeTabOJIUTOB uUepe3 MEMOpPaHBI
MHUTOXOHJPHUH.

DyYHKIUU IbIXaHUs Y pacTeHUud. THTepMeanaTsl OKMCIUTENbHBIX PEAKIIUNA KaK
cyOcCTpaThl JIJisi CHHTE3a HOBBIX coefuHeHuid. [IpeBpaliiienne opraHnyeckux KUCIOT B
MUTOXOHJIpUAX. Ponib NbIXaHUA B CO3JAaHUU U MOAJEPKAHUM DIIEKTPOXUMUUYECKOTO
MOTEHIIMala Ha KJIETOUYHBIX MeMOpaHax (Ij1a3MajiemMMa, TOHOIJacT, meMOpana JP).
DJIEKTPOHTPAHCHOPTHBIE LIEMH IA3MAJIEMMBbI, SHAO0MIa3MaTHY€-CKOTO PETUKYIyMa,
MUKpOTENEl, HUX CTpyKTypa U QyHKuuu. l[uTomnazMaTudeckue OKCHJa3bl
(ackopbaTokcuaasza, MNONU(EHOIOKCHIa3bl, KCAHTMHOKCHUJA3bl, IEPOKCHUIa3bI,
Karanasel). VX nokanmusamwusi, QyHKIMHU, BKJIAJ B OOIIEe MOTJOIICHUE KHCIOPOJa
pacTUTENbHOM TKaHbtO. M3MEHEHUs B MHTEHCUBHOCTM M TYTSAX JbIXaHUS B
OHTOI'€HE3€ U MPU IEUCTBUU (PAKTOPOB CPEbI.

4. Bonooomen

KonudecTBo moTpebiisieMoli pacTeHUEM BOJIbI, COJIEp)KaHHE BOJBI B KIIETKaX,
TKaHSIX WU opraHax. MojekynspHas CTPyKTypa U (puU3nyecKkue CBOMCTBA BOJBI.
B3aumMozelictBue MoJieKysl BOAbI U OMONOIUMEPOB, ruapaTanus. CocTOSHUE BOJBI B
KJIeTKe. Bozna, Kak CTpYKTypHBIM KOMIIOHEHT PAcCTUTEJIBHOM KIJIETKH, €€ ydacTue B
OMOXMMHUUYECKUX PEAKIIHIX.

TepMoguHamMuyeckue TMOKa3aTeau COCTOSAHUS BOJBI: AKTUBHOCTb BOJBI,
XUMUYECKHM M BOJHBIA MoTeHuuan. CocTaBisIOMIMEe BOJHOIO MOTEHUHANA KIIETKU:
OCMOTHUYECKUW, MAaTPUYHBIA MOTEHLMAJ, NOTEHUHAI AAaBJICHUS. ['paJueHT BOAHOIO
MOTEHIIMAaNa KaK JIBIXKYIAsl CUja MOCTYIJIEHUS U MEPEABHXEHUS BOJbl. OCHOBHBIE
3aKOHOMEPHOCTH IOIJIOIIEHUS] BOJbI KJIETKOW: B3aUMOCBSI3b MEXKIYy HU3MEHEHUSIMU
BOJIHOTO NOTEHIMAaJIa KJIETKU, BOAHOTO MOTEHLIHAJIa PACTBOpPA U BOAHOTO MOTEHIIMAJIA
JaBJlieHUs. AKBarOpuHbI (O€JIKM BOAHBIX KaHAJIOB), UX CTPYKTYpa, IPUHIIUI paOOTHI.
AKBAaINopuHbl IJa3Male€MMbl W TOHOIUIACTa, HUX pOJIb B MOAJEPKAHUH BOJAHOTO
OataHca BOJIBL.

Tpancnopt Boasl 1mo pacteHuio. KopeHb Kak OCHOBHOM OpraH MOIJIOIICHUS
BOAbl. MexaHu3M paauajbHOrO TpaHCHopTa BOAbl B KopHE. Ponb puzomepmsl U
SHIOAEPMBI B 3TOM Iponecce. IlocTyminenne Boasl B cocynbl kcuineMbl. Keunema —
OCHOBHAsl TPAHCHOPTHAsi MarucTpalib ABUKEHUS BOJAHOTO TOKA B CUCTEME «I10YBA —
pactenue — atMmocdepa». XapakTepucTUKa «HIDKHETO» U «BEPXHETO» JIBUTATENeH
BoAHOrO Toka. KopHeBoe naBneHue.

Brinenenune Boawl pacrenuem. ['yrranus, «mmay» pacteHui. TpaHcnupauus U
ee podb B KW3HMU pacTeHuil. KonamdyecTBEHHbIE TOKAa3aTeNM TPAHCIUPALINU:
WHTEHCHUBHOCTbD, MPOJYKTUBHOCTH, TPAHCIIUPALIMOHHBIN KOA(PPULIUEHT. Y CThbUYHAS U
KyTUKYJsipHas TpaHcnupauus. CTpO€HHE YCThUIl Y JBYJIOJbHBIX W OJHOJOJBHBIX
pPacTEHHM, MEXaHU3M YCTbHUYHBIX JBUKCHUMU.
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Brnusaue BHemHux ¢akTopoB (CBET, TeMmIlepaTypa, BIaXHOCTh BO3IyXa,
MOYBBI) HA MHTEHCUBHOCTh TpaHcnupauuu. CyTodHble KOJeOaHUs TpaHCHUpPAIUU.
PerynsTopHast pojib yCThUIL B BOJIO- U Ta3000MEHE.

Dxoyiorusi BojgooOMeHa pacTeHuid. OCOOEHHOCTH BOJOOOMEHA Yy pacTeHUi
Pa3HBIX YKOJOTUYECKUX rpyni (KcepoduToB, Me30PUTOB, TUTPODUTOB, TATOPUTOB).
S. MuHepaJibHOe MUTAHUE

[ToTpebHOCTH pacTeHMil B deMeHTax MuHepaibHoro nutanus. ConepxaHue u
COOTHOIIIEHUE MUHEPAIbHBIX 3JIEMEHTOB B MOYBE U PACTECHUSIX, KOHIEHTPUPOBAHUE
AJIEMEHTOB B TKaHSAX pacTeHus. DyHKIMOHATIbHAs KiaccU(UKAIUI DJIEMEHTOB
MUHEpaJibHOr0 nuTanus. KopeHb Kak opra MmorjolleHus] MUHEpaIbHbIX 3J1EMEHTOB,
crenu(pUUecKuX CHHTE30B C UX y4acTUEM M TpaHcmopra. PocT KOpHsS Kak OCHOBa
MOCTYIJICHUSI 3JIEMEHTOB MHUHEPAJIBHOIO MHUTaHMs. 3HAYEHHE 30H POCTAa KOPHS B
3TOM Ipouecce. CucrteMa B3auMOICMCTBHS “KOPEHB - IToYBa’ . POiIb MUKOPHU3BI.
[lornonieHne MOHOB U UX MepeBHKEeHNE B KopHe. KieTrouHas cTeHka Kak ¢aza s
nBkeHus: WoHOB. [lonsitue cBoOGomHoro mpoctpancTBa (CII): BomHoe W
noHHanoBckoe CII, onieHka ux pasmepoB. Mexanusmbl noctymnjeHus noHos B CII u
3HAQYEHUE 3TOr0 ATAIlA MOTJIONICHHUS.

Tpancnopr MOHOB 4epe3 MeMOpaHbI; JIBHXKYIIHE CHJIBI TIEPEHOCA HOHOB.
[TaccuBHBI W aKTUBHBIA TPaHCHOOPT HOHOB. YpaBHeHue HepHcra. ['paameHt
ANEKTPOXMMHUYECKOTO IOTEHIIMAjJa HMOHOB BOJOpPOAA - DHEPreTUYecKass OCHOBA
aKTUBHOT'O MEPEHOCAa HOHOB Yepe3 IiazMaieMMy. Pa3nnuns sHEpreTuku akTUBHOTO
TpaHCIIOPTa MOHOB PACTUTEIbHON U KUBOTHOMU KieTok. H-AT®a3a niazmaneMmsl, ee
CTPYKTYypa, (pyHKIIMOHUpOBaHUE U peryinupoBaHue. 14-3-3 Oenku. Jpyrue moHHBIE
HACOCHI, IEUCTBYIOIIKE Ha IUIa3MalieMMe. BTOPUYHBIA aKTUBHBIA TPAHCIIOPT U OHOB.
benku-nnepeHocuynkn HOHOB (mopTephl). Kunerndeckuit moaxox W Teopus
MEPEHOCYMKOB. YpaBHeHUs1 Muxasnuca-MeHTeH; ucnojib3oBanue Vmax u Km s
XapaKTEPUCTUKU TPAHCHOPTHBIX CHUCTeM. VIOHHbIe KaHalbl pacTeHUil; obuIas
XapaKTEPUCTUKA UX CTPYKTYPbI, QYHKIIMOHUPOBAHUS U PETYIISIUU.

Oco0eHHOCTH TpPaHCHMOPTHBIX cucTeM mMemOpaH Bakyonu U DOP. H-AT®a3za V-tuna,
nupodocdoraza. Mojaenu mocTyrjieHus: HIOHOB B KOPEHb, TPAHCHIOPT MHUHEPaIbHBIX
BEIIECTB B KCUJIEMY. ATIOIJIACTHBIN U CUMILIACTHBIN yTh. Poib miazmoaecm u OP.

B3auMogeiicTBue U peryisiiusi CUCTEM TPAaHCIIOPTa MOHOB U3 Cpellbl B KOPEHb
u 3arpy3kd Kcujembl. Croenuduka paguaibHOrO TpaHCIOpPTa MHUHEpaIbHBIX
anemeHTOB. CunTeTndeckass GyHKIUs KOpHS. CBs3b MOCTYIUICHUS W TPEBpaIleHUs
VMOHOB C MPOLECCaMU AbIXaHUsA. Perynsnuus mocTymnieHus MOHOB HA YPOBHE LIEJIOr0
pacTeHusl.

5.1. Ponv makposnemenmos.

A30T. OCOOEHHOCTH a30THOTO OOMeHa pacTeHu. VICTOYHUKH a3oTa I
pacteHuil.  MuHepanbHble  GOpPMBI  a30Ta,  HUCIOJb3YEMbI€  PACTECHUSMHU.
duznoaornuecKkue 0COOCHHOCTH MOCTYIIJICHHS U BKIIIOUCHHS B OOMEH aMMHAYyHOTO U
HUATPATHOTO a30Ta. XapaKTEepUCTHKA CUCTEM TPAHCIIOpPTa HUTpaTa U aMMOHMUSL.
BunoBas cneuuduka ycBoeHHUs pa3HbIX (OpPM a30Ta
Cumbunotnueckas (pukcanuss MOJICKYJISPHOTO a30Ta: MEXaHWU3Mbl BOCCTAHOBJICHUS,
WMCTOYHUKUA HSHEPIMH U BOCCTAHOBHUTEIM. XapaKTEpPUCTUKAa U (DYHKIIMOHHUPOBAHUE
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HUTPOT€HA3BbI. Boccranosienue HUTPATOB pacTEHUSMHU. Hurpar- u
HUTPUTPEAYKTa3a: CTPYKTypa (PEepMEHTOB, JIOKAIU3aIUs, PEryJiiius aKTUBHOCTU U
cuHTe3a. KOHCTUTYTHBHAS W MHIYyUMOEIbHAss HUTpPOreHas3a. JTarbl BOCCTAaHOBJICHUS
OKHCJICHHOT'O a30Ta M WX PEryialnus B KIETKEe In Vivo. AJIbTepHATUBHBIE ITYTH
YCBOGHHUSI aMMOHUHHOIO a30Ta; JIOKAJIM3alisl peakluidl B KJIETKE U XapaKTEepPUCTHKA
dbepMeHTOB (TIayTaMaTAeruApOreHasbl, TJIyTaAMUHCHUHTETA3bl, TJIyTaMaTCUHTA3bI).
Accumunsaiusi a3oTa B XJOpoIuiacTe, cBsizb ¢ ¢orocuHTe3oM. [lytm ycBoeHUs
BOCCTaHOBJICHHOI'0 a30Ta y 0000BBIX. Y peuabl. 3anacHble U TPaHCIOPTHbIE (POPMBI
MUHEPAJIbHOI'0 U OPraHM4YecKOro a3zora B 3aBHUCUMOCTH OT HCTOYHUKA A30THOI'O
nutanud. Hakorienwe HuTpaTta B TKaHsx W ero nynsl. KpyroBopor azora mo
pPacTEHUI0, peyTUIIM3alus a3oTa.

Cepa. Ilocrymienue cepbl B pacTe€HUE, pPEAKIUU BOCCTAHOBICHUS U
accumuisinny;  aaeHo3uHdocpocynbpar (ADPC) docdhoanenozundocdocynbdpar
(DADC). OcHOBHBIE COEAWHEHHUS] CEphl B KIJETKE, Yy4YacTHE€ B OKHUCIUTEIbHO-
BOCCTAHOBHUTENBHBIX peakinusax. [ myratuoH, THodeppenokcuH, (pUTOXENaTUHBI, UX
byHK1MU y pacteHuil. OpraHndeckue COeAMHEHUST OKUCICHHOU Cephl.
dochop. Popmbl MuUHEpadbHOTO (hocopa B TKaHAX, UX cCoOJAEpKaHUE U (DYHKIUU.
Ocobennoctu noctymienus: ¢pocdopa U TpaHCIIOPTa €ro COSAWHECHUN B PACTCHUHU.
dopmbl  MuHepanbHOTO (ochopa B TKaHAX, ux GyHKOUU. OCHOBHBIC
dbocdopconepxkaie KOMIOHEHTHl KIETKH, UX Pojb. 3amacHbelie Gopmbl docdopa.
KomnaptmenTtanus coequnenuit ¢ochopa. Ponbp dochopa B peryaupoBaHUU
aKTUBHOCTHU (hePMEHTOB.

Kamuii. Cogepxanue u pacnpejesieHue Kajius B KJIETKE, TKaHAX M OpraHax
pacTeHus; ero UUPKYJSLUUS U PeYTHIM3alus, XapaKTepUCTHKA CHUCTEM TpaHCIopTa
K+ ux ¢ynknuu B pacrennn. Pons K+ B moanepxanuu moreHImanta Ha MeMOpaHax.
Kanuii u romeocra3d BHYTPUKIETOYHOM M TKaHEBOM cpelbl (MOHHBIA OamaHc, pH,
OCMOpETyJISIUs, TUapaTanus W KoHpopMalus Makpomosiekyn). Ponp kamus B
perynsiiuu GEepPMEHTHBIX CHCTEM.

Kanpuuii. Hakomienue, gopmbl coeMHEHUIH, OCOOCHHOCTU TMOCTYIUICHUS U
nepemenieHuss Ca2+ mo pacrenuto. Konunenrpamus u pacnpenenenue Ca + B
CTpyKTypax kieTku. CurHainpHas poib Ca2+. XapakTepucTuka MEMOpPAHHBIX CUCTEM
Tpancnopra Ca2+, 0COOEHHOCTH WX PEryisiuud u poiib B GopmupoBanuu Ca2+-
curnana. CTpyKTypHasi pojib KaJIbLiUsl B KIE€TOYHOM CTEHKE.

Marnuii. ConepkaHue U COCIMHEHUs MarHus B TKaHAX pacTeHUM. 3amacHbie
dbopmbl Mg2+, ero peyruiuzainusi U HepepacHpelresieHue B pacTeHUU. 3HAYEHUE
cBsizu Mg2+c agenosundpocharamu u pochopunupoBanHbiMu caxapamu. OyHKIMU
MarHuss B (QorocuHTe3e. MarHuii Kak akTUBAaTOp (EPMEHTHBIX CHUCTEM; POJb B
cunTesze amuHoauuia-TPHK v B pyHKunoHnpoBanuu pudocom.

5.2. Mukposnemenmul. Ceoticmea msdicenvlx Memasios, onpeoenaiouue ux poisb 8
ITL] pomocunmesa u ovixanus u Opyaux pedoKc- peaKyusx.

Kenezo: mOCTYNmHOCTH B MOYBE, BAJEHTHOCTh MOTJOMIAeMON (QOpPMBI, POJib
MUKOpU3bl. OCOOEHHOCTH TOCTYIUICHUSI jKeje3a y JBYIOJbHBIX U OJHOJOJbHBIX
pacrennii. CoelMHEHUs XKeje3a; paclpelesieHHe MO0 KOMIIApTMEHTaM KIETKH U B
pactenuu. Kommiekcol xese3a B Oelkax peloKkc- enel u Apyrux pepMeHTax.
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Menb: CopepkaHue M paclpelelieHue B KJIETKE W TKaHsIX. Y4acThe B
OKHUCJIMTEIHbHO-BOCCTAHOBUTENBHBIX Mpolleccax AbixaHus U portocunresa. Oynkiuu
IUTO30JbHBIX OKCHAa3 (ackopOar-, GeHoJI- U AMAaMUHOKCHUA3).

Mapranen: AKTUBUpYyeMble UM ()EPMEHTHBIE CHCTEMBI, €ro CHeUu(UIHOCTb,
Kak koakropa. Ponb Mn2+ B dpynkunonnpoBanuu OC-2.

Momubnen: IlorpeOHOCTH B dJIeMEHTE; €ro 3HAaY€HHE [UJIs MPOIECCOB
YTUIM3aUUM a30Ta cpeabl. MonTepuH M (PYHKIHMOHMPOBAHWUE HUTPOrE€HAa3bl H
HUTPATPEYKTA3bIL.

[uuk: CTpykTypHas poJjib B MOAJAEpKaHUK (DEPMEHTHOM aKTUBHOCTH U MPHU
CUHTE3¢ oenka. Zn-cojaepixarniue (bepMeHTHI: KapOoaHruapasa,
cynepokcuaaucmytasa (CO/).

bop: kxoMmapTMeHnTaius B KieTke; GOpMbl COeTUHEHUN. MeXxaHUu3Mbl ydacTus
B peryisuuu (pu3moiaornyeckux mpoueccoB U Mmeradbonusma. CTpyKTypHas posib B
KJIETOYHOW cTeHke. Hapymienus B wmeTaboiiM3Me pacTeHHl MOpU HEJOCTaTKe
MHKPORJIEMEHTOB. (DYHKIIMU «IOJE3HBIX» D3JIEMEHTOB: HATPUM, XJIOP, KPEMHHIA,
KOOaJIbT.

6. lanbHUil TPAHCIIOPT M KPYrOBOPOT BelleCTB B PACTEHUH

TpaHcnokaius BEIIECTB U3 JUCTHEB B APYTUE OPraHbl: (PIIOAMHBIE CUTOBHJIHBIC
snemMeHnThl. CocTaB TPAHCIOLMPYEMBIX BEIIECTB (caxapa, aMUHOKUCIOThI, TOPMOHHBI,
HeopraHuueckue MoHbl u Ap.). [lepenBukenne poToacCUMUISATOB U3 Me30(huiia K
cocynaM (Jo3Mbl MO anoIyIacTy U CUMILIACTY. MeXxaHu3Mbl 3arpy3ku (JIo3Mbl U3
amoruiacTa U cuMmIiacta. Poib conpoBokparomux KieTok. Tur 3arpy3ku GpiaodMbl y
pacTeHU pa3IMYHBIX CUCTEMATHUYECKUX TPYIII U €€ 3aBUCUMOCTb OT KJIMMAaTUYECKHUX
yCI0BUM. MexaHu3M NepeBIKEHUsI BemecTB 1o (iosMe. Mopaessb MmoToka BOJIbI MO/
naBieHueM. Ilopbl CHUTOBUAHOW IUIACTUHKM KAaK OTKpPbIThiE KaHalbl. CKOPOCTH
MEePEABMKECHUSI BEIIECTB MO ()JI0AME; UX BBITPY3Ka U3 CUTOBUIHBIX 3JIEMEHTOB.

Bocxoasmmii TpaHcopT BemEeCTB N0 kcuiieMe. COCTaB KCUIIEMHOT O SKCYaTa.
B3anMocBs3b TpaHcopTa BOABI MU PACTBOPEHHBIX BelleCcTB Mo kKcuieme. Ckopoctu
TpaHCIIOpTa BOABI M OTHEJbHBIX BellecTB. BiauMmopeictBue (IOIMHBIX H
KCUJIEMHBIX MOTOKOB a30THUCTBIX BEHIECTB M HMOHOB. KpyroBopoT u peyTuim3anus
MUHEpAJIbHBIX BElIEeCTB B pacTeHUU. DyHKIMOHAIBHAS POJIb 3TUX (DPU3UOIOTUYECKUX
MPOLIECCOB.

7. PocT M pa3zBUTHE PACTEHUH

Omnpenenenne MOHIATUN «POCT» U «pa3BuTHe» pacTeHuid. [IpobGrema pocta u
pa3BUTUSL HA OPraHM3MEHHOM, OPraHHOM, KJETOYHOM U MOJIEKYJSPHOM YpPOBHSIX.
CyliecTBOBaHME OpraHv3Ma Kak pa3BepThIBAHUE BO BpPEMEHHM T'€HETHYECKOU
MpOrpaMMBbl; BO3/ICHCTBHE BHEITHUX (haKTOPOB.

O6mume 3akoHOMepHOCTH pocrta. [lokazaTenu pocta, S-oOpa3HbId XapakTep
KpuBOi pocra, ero ¢as3pl. KOMIOHEHTHl «KIACCHUYECKOTo» aHajlu3a pocTa HU
MaTeMaTUYeCKuil aHanu3 mnpouecca. Tumsl pocta y pacreHuid. OpraHuzanus
MepucTeM KOpHsS U cTebiiss. PocT u nedrenbHOCTh MepucTeM. KieTouHble OCHOBBI
pocra. Poct pacrenun u cpema. BimsHue temmeparypsl, CBETa, BOIbI, I'a30BOr0
coctaBa aTMOoc(]epbl, IIIEMEHTOB MUHEPAIIBHOTO TTUTAHUS Ha POCTOBBIE TTPOIIECCHI.
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JKusHeHHBbIE LMK BbICIIMX pacTeHud. OCHOBHBIE JTalbl OHTOr€HE3a
(oMOpUOHANbHBIN, IOBEHWIbHBIM, PENPOJYKTUBHBIN, 3pEIOCTH, CTapeHus), HX
Mopdosiorudeckue, puU3noIoruueckue u Meradonnueckue ocooeHHoctu. CocTosHue
MOKOS Y pacTeHuil. TUIIBI TOKOS ¥ KX 3HAYEHUE JJIS )KU3HEACITEIIbHOCTH PACTCHUN.

Mexanusmbl Mopdoreneza pactenuil. [lomsipHocts. MHAYKIUS TeHETUYECKUX
nporpamm, MOphOreHeTUYECKUE TPAJUEHTHl U OPUEHTAIUsl KJIETOK B MPOCTPAHCTBE.
[{e10CTHOCTH M KOPPEIATUBHOE B3aUMOJICHCTBUE OPraHOB. Perenepanusi.

['opMoOHanbHas peryssuus pocTa U pa3BUTUSL PACTCHUM.

Aykcunbl. buocunTtes, 00pa3oBaHne KOHBIOTaTOB, Jerpaiaiusi ayKCUHOB. AKTUBHBIN
TPAHCIOPT AyKCMHOB B pacTeHHsiX. DU3HOJOrMUYecKUe OTBEThl Ha ayKCHHBI:
arTparupyromuii 3Pp¢exT, pacTsIKEHHE KIETOK W TPOMmu3Mbl, auddepeHnrupoBka
KJIETOK TOJ JCHCTBUEM ayKCHHOB, alMKAJIbHOE JIOMUHUPOBAHHUE, AKTUBU3ALIMS
JIeJIeHUH KJIETOK KaMOusl, pu30rene3. AykCHH Kak TOPMOH CTE0JIEBOro arekca.

[utokuuunbl.  buocuHTe3, 00pa3oBaHHWEe  KOHBIOraToOB,  Jerpajalus

[IUTOKUHUHOB. DU3MOJIOTHYECKOE IEUCTBUE: aTTParupyromuid 3pGeKT, CTUMYIISIIUS
KJIETOUYHBIX JeleHud, auddepeHnupoBka moa IeWCTBUEM IUTOKUHUHOB, CHSTHE
anuKaJIbHOTO JOMUHUPOBAaHUS C OOKOBBIX MoYeK. L[UTOKMHUH Kak TOpPMOH
KOpPHEBOI'O anekca.
B3aumopeiictBue aykKCMHOB ¥ ITUTOKMHUHOB. [loHsTHEe 00 aHTaroHU3Me W
cuHeprusMe. ['opmoHanbHbIi 6ananc B pacteHuu. KynbTypa in vitro Kak MoJemb st
U3y4YeHUs ropMoHaibHOro Oananca. [lonnepxkanue ropMoHanpHOro OajaHca 3a cuer
pereHepanyy TOYEK CMHTE3a ayKCMHOB M IIUTOKUHUHOB. bakTepuu, MCMOJIb3yIONINE
HapyllleHHWEe TOpPMOHaJIbHOrO OallaHca MEXJIYy AayKCMHAMH W IUTO-KUHUHAMU
(Agrobacterium tumefaciens, A. rhizogenes).

['u66epemmnnl. Ilyrm  OwmocwHTe3a W MHOrooOpasue TuOOEpeIUIMHOB.
OO0pazoBanne KOHBIOTAaTOB U jerpajganus. Duszmonoruueckoe  JeUCTBUE
ruO0epeyIMHOB: PACTSHKEHUE KJIETOK M aKTUBU3AIUS WHTEPKAISIPHBIX MEPUCTEM,
o0pa3oBaHuE 1IBETOHOCOB, IPEPHIBAHUE MTOKOS U CTUMYJISILUSL POCTOBBIX MPOIECCOB.
OHJIOTeHHBI ypOBeHb TMOOEPENIMHOB U JUIMHA JHA. [ 'MOOepeinHbl KaK TOPMOHBI
TucTheB. KapnukoBOCTh, BbI3BaHHAs HApPYIIEHUSMH CHHTE3a THUOOEpEIIMHOB.
B3auMopeiictBrue ¢ IpyruMu TrOpMOHAMM.

AOcuu3oBas kucnota. [lytu Ouocunresa ABK B pactenusix u B rpubax, ee
MetabonusMm. Dusnonornueckoe AeWCTBHE: OCTAaHOBKAa pOCTa, IMOATOTOBKA K
COCTOSIHUIO TOKOSl. AKTHMBHU3alMs CHUHTE3a 3amacHbix BemiecTB. ABK kak ropMmon
abuotuueckoro crpecca. CrpaTerus OTBeTa Ha 3acCyXy, MOHM)XEHUE TEMIIEPaTyphl,
3acosieHue. Pomp ABK B MHAYKIMM  3alIUTHBIX  MPOLECCOB  (CHUHTE3
OCMOIIPOTEKTOPOB, IOJMAMUHOB, OCJIKOB-IIATUPOHUHOB; 3aKpbIBAHHE YCTHHUIL;
JUCTOMAJ, BbI3BaHHBIA NEPULUUTOM BOABI, CO3PEBAHUE CYXUX ILIOJOB U CEMSIH).
B3aumopeiictBue ABK 1 ru66epeyinHoB B mpolieccax perysiiiuy MoKosl.

Otunen. buocunres »sTtunena. Crnemuduka >STUIeHA Kak Tra3000pa3HOro
ropmoHa. PU3MOJOrMYECKOE IECUCTBUE: TPOMHOW OTBET IPOPOCTKOB HA ITHUJIEH.
OTUNIeH Kak TOPMOH MEXaHW4YecKoro u Ouoruyeckoro crpecca. Curyarnuu
OMOMEXaHMYECKOTO BO3ACHCTBHSI: TIOBPEXKACHHE HACEKOMBIMH U  KPYIHBIMH
TPaBOSAHBIMU, (PUTONATOreHHbIMU Trpubamu. CTpaTerusi oTBeTa Ha OMOTHUECKUM
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crpecc. Co3peBaHHE COYHBIX TUIOAOB M JIUCTOMAJ B YMEPEHHBIX IIMPOTaxX Kak
MOATOTOBKA K MEXaHUYECKOMY cTpeccy. Poiib 3TuieHa Kak “ropmoHa TpeBOTH B
OuorieHo3ax. BzaumopeiicTBue »TWieHa C ayKCMHAMHU M JAPYTMMU TOPMOHAMHM.
Mytanuu, noBpexaarone OMOCUHTE3 ITUIEHA NN €T0 PELEHIHIO.

Perynstopsl pocra pacrenuil. bpaccunocrepouibl: 6MOCHHTE3, MHOT000pa3ue.
dusnonornueckue 3PPEKThI: pacTHKEHHE KICTOK, pojb B AudPpepeHIIMPOBKE
mezodmmra. JKacmoHoBas kuciora. buocuHTe3 W dusmonorudeckue 3G OEKTHI.
Mecto xacMOHATOB B peryisiuuu orBera. CXOACTBO OTBETOB Ha XKaCMOHAT W Ha
ABK. Camununar u apyrue ¢peHonbHble coequHeHus. Bo3aMoxkHas posib B peryssiuu
TEpPMOr€He3a, OTBETa Ha BUPYCHYIO HMH(EKIHUI0, LBETEHUH. B3aumopeincTBue c
JIpyruMu ropmonamu. OnurocaxapyHsbl.

doroperymsinus y pacteHuid. OCHOBHBIC MPUHIUIBI (oTopeneniuu. OTandue
(GOTOpELENTOPHBIX KOMIIJIEKCOB OT 3Hepromnpeodpasyomux. DOU3N0IOrH4ecKu
BaXHbIe OOJIACTU CHEKTpa: KpacHasgs U cuHsAd. DOUTOXpPOM U KPUITOXPOM.
dutoxpomHuas cucrtema. CrieKTpalbHbIE CBOMCTBAa MOJICKYJIBL. DTambl MPEBpaACHUS
Phr - Phfr: usmMenenus B cTpykType Xxpomodopa u anornporernHa. I'eHbl, KOAUPYIOIIHE
omocunte3. duroxpom A u B: cxonacrBa u orimunsa. OU3HMOJOTHIECKUE PEAKIINH,
orocpefoBaHHbIe  (UTOXPOMHOM  CHUCTEMOMW: CBETO3aBUCUMOE IpopacTaHue,
nesTuossuus, cuHapom wusderanus TteHu. K/JIK-oOpatumocts. duroxpom Kak
«BXOJHBIE BOpoTa» s (poronmepuoanueckoro curnaia.CTpykTypa KpUITOXPOMOB.
Hcnonp30BaHre MyTaHTOB JJIsl KCClleJOBaHUs Kpuntoxpoma. OTBEThl Ha CUHUM CBET:
pasrubaHue anuKajbHOW TIETENLKH IMPOPOCTKOB, (POTOTPONMU3MBI, YCThUYHBIE
JIBUYKEHUS.

Cucrtembl peryisnuu (uUu3noIOoru4ecKuX MpoIeccoB.

Cerb myTel nepenady cUrHajia B KieTke. Bocrnpusitue BO3ACHCTBUN M CUTHAIBHBIX
MOJIEKYJI. PelienTopbl CTUMYJIOB U TOPMOHOB, UX JioKanu3anus. Poib miazManeMMmsl.
[lepenaua curnana. BzaumoaencTBue peuenTopoB ¢ MOCPEIHUKAMU, TIEPEAAIOIUMU
curHay. Bropuunbie mocpenHuku rnepenadn curHana (pochonunaza C2+, ntAMOD,
HHO3UTON-3-pochaTr u nap.). YdUacTHe Kbl B Tepemade curfama. Poib
kanmpMonynuHa U Ca2+-CAM komiuiekca B (OpMUPOBAHMHM OTBETHOM pEaKIIHH.
[IpoTenHkrHAa3bl, 3HaUeHUE peakiuu dhochopunupoBanus/ aedocPopuapoBanus B
peryisiuuu akTuBHOCTU (epMeHTOB. Crnienudurka nepenayn 1 GopMUpPOBaHUS OTBETA
Ha ONPEIECIICHHBIN CTUMYIL.

®doronepuoanzm. deHomenosnoruss GOTONEPUOIU3MA: [IBETCHHE U TPYIIIHI
GOoTONEPUOIUYECKUX PpPACTEHUM, PEryiasuus JucTonanga, oOpa3oBaHUsA IOYEK,
nepexojia K COCTOSIHUIO Tokosi. Bocipusitue nimHbl AHs: 2P eKT npepriBaHus HOYH,
buTOXpOM, BHYTpEHHHME 4Yachl. ['OpMoHanbHas Teopusi IBeTeHUs YainmaxsHa.
N3MeHeHust ropMOHAIBHOTO OanlaHca, TPUBOASIINE K (PU3HOIOTHYECKOMY OTBETY Ha
dboTonepuo. Perynsnus pa3BUTHA KIMMAaTUYECKUMU (PaKTOPaMH.

BuyTpenHue putmbl pa3BuTHs pacteHuil. [lepuoandeckue siBIeHUS B pUTMax
OpraHoreHe3a u pocta pacTteHui. llupkagHbie pUTMBI, MEXaHU3M UX O0pa3OBaHUS.
Hacrtpoiika umpkaaneix putmMoB (oronepuoaom. Ilmacroxpon. Koppekruposka
BHYTPEHHUX PUTMOB PAa3BHUTHS BHEIIHMMHU KIUMATHUYECKUMH (aKTOpaMH: 3aCYXOH,
MNOHIKEHUsIMH  TemnepaTypbl.  ['nyOokuit  (GU3MONIOrMYECKUl) TOKOW U
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BBIHY)KJICHHbI  NOKOM. Temmeparypa ©  pa3BUTHE  pacTeHuUu. SIBieHus
cTpatuduKalMu U SIPOBH3AIMM KaK »SKOJOrMYecKkas aaantanus. [opMoHalbHas
Teopusi BepHanu3auuu pacteHui. IIpepbiBanue riayOOKOTO MOKOSI MOHUXKEHHBIMU
TeMIIEpaTypaMHU: IPOPACTAHUE CEMSIH, BBIXOJ MIOUYEK U3 COCTOSHUS IOKOSI, IBETEHUE.

OMOpuoHanbHOE pa3BuTHE. Pa3BuTue 3aponbliia y ABYAOJbHBIX PAacTEHUU B
HOpMe. Mcronb30BaHNE MYTAaHTOB JJIsl U3YYEHHUS] MEXAHU3MOB PAa3BUTHUS 3apOjibllla
Myranuu Hapylamomme pa3BUTHE KOPHEBOIO U CTEOJIEBOrO ameKkca, CyCIeH30pa,
HEKOTOPBIX CJIOEB TKaHeW B 3apojblimax. ComaTuyeckuil 3mMOpuoreHes, (PpaxTopsl,
BIMSIONINE HA UHIYKIINIO, 00pa3oBaHue U (popMupoBaHue 3apoblienin vitro.
[Ipopacranue cemsiH. ['opMoOHanbHbBIN OanaHc Npu MpopacTaHuu ceMsiH. OTHOLIEHUE
ABK/ rub6epemmuabsl. Myranuu cuHte3a ABK u orBera. CBsiz3b TOPMOHAJIBHOTO
cTaTyca CEeMEHU ¢ OMOCHMHTE30M JPYruX BellecTB. Perymsuus BereraTuBHOro pocra
pactenuil. Poct kopua. Ponb Quroropmonon. uddepeHnupoBka KOpPHEBBIX
BOJIOCKOB. Cepusi MyTaHTOB C HApYyLIEHUAMU WHULMALOUMHA W DJIOHTAMU KOPHEBBIX
BOJIOCKOB, (hOPMBI BOJIOCKOB. MyTaluu, Hapymaruyue TPaBuTPOITI3M.

Poct nmoberoBoif cuctembl. YCTaHOBJIeHHME (PUILIOTaKCHUCa MPU MPOPACTAHUU
cemeHu. Ponb guroropmonoB. Myrtanuu apabuponcuca ¢ U3MEHEHHBIM pPa3BUTHEM
BereTaruBHOro amekca. Poct ymcra. Ponk (UTOrOpMOHOB B 3aKiiajike W pPa3BUTUU
mucta. CBs3b pa3BUTHA JIUCTA W MepUCTeMbl Tobera. Perymnsmus reHepaTUBHOIO
pasButusa pacreHuil. MHaykuusa u dBokauus uBereHus. Pazsurue conseruii. Pannee
T€HEPAaTUBHOE pPA3BUTHE, NO3[IHEE TIE€HEPATUBHOE pAa3BUTHE, PA3BUTHE LIBETKOB.
Hopmanbnoe pasButue 1nBerka. Moaenb «BoiHbl no3unuin» (ABC). ['enernueckue
dbyukuu A, B u C. CemeiictBa renoB, coaepxanux MADS-nomen. I[lposBienus
nona y pacrennit. CamoHecoBMecTUMOCTh. ['erepoMopdnas u romomopdHas
CaMOHECOBMECTUMOCTb. CrnopodurtHbrit 51 raMeTo(pUTHBIN KOHTPOJIb
CaMOHECOBMECTUMOCTH. Perymnsiuus nosna. JKM3HEHHbIE LUKIBI PACTEHUU. Y CIOBUA
MUHEPAILHOT'0 MUTaHUs, BO3PACT, TOPMOHAIILHBIA CTaTyC Kak (DaKTOPbI, BIUSIONINE
Ha 1o pacteHuid. I[lomoBble XpoMOCOMBI. MyKCKHE W KEHCKHE IBETKH Y
OIHOJOMHBIX PACTECHUU.

8. YceToiiuuBOCTH pacTeHuii K HeOJaronpusaTHBIM (pakTOpam

Crpecc u ananrarus — oOmasi XxapakTepucTuka sBiaeHuid. Hebnaronpustaoie
(dakTopbl OMOTHYECKON U abuoTHUecKoil npupoasl. OTBETHBIE PeaKlUU PACTEHUN Ha
neiicteue crpeccopoB. Crneuuduueckue u Hecnenudpuyeckue peakuuu. Ilpupona
Hecrienuuyeckux peaxkiuii. CtpeccoBblie OIKU U UX (QYHKIIUH.

Boaubiit nepunur. Knaccudukanus pacteHuil 1o UX yCTOMYMBOCTU K 3acCyXe.
Kcepodutsl. CriocoOHOCTh pacTeHUI MOAAECPKUBATH BOJIHBIA TOK B CHCTEME: MOYBa-
pacrenue -atMocdepa B ycioBusax 3acyxu. dakrTopsl, obecrieunBaroniye IBUKEHUE
BOJABl M3 MOYBBI B pacTeHUe U B armocdepy y kcepodutoB. OcMOTHUECKUH U
TUAPOCTATUYECKUN MOTEHIMAIBl Yy Pa3sHbIX IO 3aCyXOYCTOMYMBOCTH PACTEHUM.
Perymanuss OCMOTHYECKOrO0 IOTEHUMAJNA JAaBJIEHUS C MOMOIIBIO OCMOJIUTOB.
Xumu4deckass Tpupoga Hu  OMocHMHTE3 OcMOJUTOB. [IpoTrexkTtopHas QyHKUHUS
OCMOJIUTOB. 3amiuTa OEJIKOB B YCIOBUSX JeTUApaTaluu LuToruiasmel. [lponun u
MOJIMOJIBI  KaK BAaXKHEHUIIME TMPOTEKTOPhl OeykoB. [lommaMuHBI -IPOTEKTOPHI
HYKJIEMHOBBIX  KHCJIOT. beramHsl W UX 3amMTHBIe  (QyHKOuU. benku,
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CUHTE3UpYIOIIMECS B yclHoBUsX aeruapatauuu. Mx 3ammrtHas posb. C4 u CAM-
THUIIBI METa00IM3Ma KaK CUCTEMbI 9dKOHOMUH BJIATH Y 3aCYXO0YCTOMYUBBIX PACTCHUN.

Bricokue koHIleHTpamuu cosieil. Tumpl MOYBEeHHOTO 3acoyieHus. ['amoduTsl u
rikoutel.  [loBpexparomee aelicTBHE  cojledl.  ApanTanusi  pacTeHHM K
OCMOTUYECKOMY M TOKCHYECKOMY JedcTBUI0 cojieil. CrnocoObl mojjaep:kaHue
OBOJIHEHHOCTH. OcMoOperynsaTopHass W HOPOTEKTOpHAas (DYHKIMU OCMOJIUTOB.
[TporexkTopusie Oenku (I1b), cunTe3upyromMecs B paCTEHUSIX MPH COJIEBOM CTpecce.
Nunykuust Ouocuntre3a I[Ib  BhICOKMMU  KOHIIEHTpanusMu colieid. DyHKIUH
MPOTEKTOPHBIX  OenkoB. CuCTeMbl HOHHOTO  TOMEOCTATUPOBAaHUSA  KJIETOK.
KoMmnapTMeHTanuss MOHOB, poJib BakyoJid. Poib mazmaneMmsl M TOHOILIACTa B
MOAJECp)KAHUM HHU3KUX KOHUEHTpauuid Na+ B muTomia3Me mpu 3acosieHu. Nat-
TPAHCIIOPTUPYIOIIUE CUCTEMBbI U MX CcBOWcCTBa. JlanmbHuii Tpancnopt Nat+ (ypoBeHb
uenoro pacrenus). Crparerus wu30exaHHUs HAKOILUIGHHS] HMOHOB B aKTHUBHO
MEeTa0OM3UPYIOLINX TKAHSAX U T€HEPATUBHBIX OpraHax B YCJIOBUSX 3aCOJICHUS.

DKCTpeMalbHble TeMmIeparypbl. PacTeHus Kak 53K30T€pPMHBIE OpPraHU3MBbI.
TemmeparypHbie ananTaiuu, CBI3aHHBIE C U3MEHEHUEM COJiep)KaHus (PEepMEHTOB B
KJIEeTKaX ¢ HUX M30(pepMEeHTHOro cocraBa. AjanTtauuu, OO0eCleYnBalolnue
noctosHCTBO KM mnpu  TtemmeparypHbix caurax. CTpPyKTypHbIE MEPECTPONKHU
KJIETOYHBIX MEMOpaH TIpU TEMIIEPaTypHBIX ajanTanusx. Poilb H3MEHEHUs
XUMHYECKOTO COCTAaBa JKUPHBIX KHCIOT M COOTHOLIEHUS HACBIIICHHBIX U
HEHACBHIIIEHHBIX JKHUPHBIX KHUCJIOT B OO0ECMEYEHHH HEOOXOAUMON MOABUKHOCTHU
JUNUAHOTO OuCIos MeMOpaHbl MpH TEeMIEpaTypHBIX ajanTtanusx. V3meHeHwue
BA3KOCTU JIMMIUJIOB W PETYJSIUs aKTUBHOCTH JIOKAJW30BaHHBIX B MeMOpaHax
dbepmenToB. Ponb u QpyHKIMS AecaTypa3 B U3MEHEHHH WHJEKCAa HEHACHIIIEHHOCTU
KUPHBIX KUCJIOT IPU TEMIIEPATYPHBIX aaNTaLMIX.

TonepanTHOCTh pacTeHul K 3amopakuBaHuio. [IpenoTBpanieHue o0pa3oBaHus
JbAa B KJETKax: 1) myTem ux o0€3BOXKUBaHUS B X0oJ€ (hOPMUPOBAHUS KPHUCTAJIIOB
Jba B MEXKKICTHHKAxX; 2) MyTeM OWOCHHTe3a OWOJOTHYECKUX aHTU(]PU30B.
Xumudeckasi npupoia OMoJIOrHueckuXx aHTu(pru30B. MoJeKyIsipHbIe MEXaHU3MbI UX
nerictBua. HU3koMONeKynapHble KPUOMPOTEKTOPHI. 3aKkanka pacTeHui. M3MeHenus,
MIPOMCXOASIME B PACTUTEIBHOM OpraHU3Me€ B XOJI€ 3aKalku. MexaHu3Mbl
MTOBBILIEHHUSI MOPO30YCTOMYUBOCTH IIPH 3aKAJIKE.

AKTUBUPOBaHHBIM Kuciaopoa. AxkrtuBHble ¢opMbl kuciopoga (ADK):
CYNEPOKCUJHBIN  paguKal, TUAPOKCUII- pAJUKAJI, CHHIJIETHBI  KHCIOPO/I.
Mexann3mbl ux obpazoBanus. Bkian dorocuHTeTnueckor u npixarenbHoi OTL B
TeHEpalMI0 CYNEPOKCUIHOrO paavkana. Poinb BBICOKOW HMHTEHCUBHOCTH CBETa B
nepeBocctanoBienHoct OTI[ xyopormiactoB U 00pa3oBaHUM  CYNMEPOKCHIHBIX
pagukanoB. ['enepaunss A®K npu crtpeccax. Tokcuueckoe pericrBue ADK;
CTUMYJIALUS IEPEKUCHOTO OKUCIICHHS JIMITNAIOB.

Mexanu3mbl 3ammThl pactenuit oT u30ObiTka ADK. [lytu npenoTBpaiieHus
oOpazoBanusi A®K B kieTkax pacTeHUU. AHTHOKCHUIAHTHBIE CHCTEMbl KJIETKHU:
ackopbaT - TIyTaTHOHOBBIM  LHUKJI, OCTO KOQepod. AHTHOKCHUIAHTHBIE
dbepMeHTaTUBHBIC CHUCTEMBI. CemeiicTBO CYNEPOKCUIANUCMYTA3.
AckopOatnepokcuaasa, KCaHTOMUIIIBbHBIN LUK U JIP.
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AHOKcUSI W TUNOKcHUsl. PacrteHus, ycToluuBBIE K HEAOCTAaTKy Kuciaopoja. Pomb
[NIMKOJIM3a B aJanTalld PAacTeHHl K HEJOCTAaTKy KHCIOpOoJa. AHATOMHYECKHE
O0COOEHHOCTU PACTeHHM, YCTOMYUBBIX K AHOKCUU U TUTIOKCUU - CTpATerus N30exaHus
aHaspobuo3a. Ponp ropMoHOB B ajganTanuu K aHa’pobuoly. OTBeTHas peakius
pacTeHUN Ha pE3KOe CHWKEHUE COAECpXKaHUsS Kuciopoaa B cpene. belnkw,
oOpa3ymluecs B pacTeHUSX B XOJ€ aJanTallud K HEAOCTaTKy Kuciopona. Ux
dbyHKIIMOHANBHAS POJib. [IOMBITKY MOMYYeHUST YCTOWYUBBIX K HEOCTATKY KHCIOPOIa
¢dbopM pacTeHui.

TOKCUYHOCTh TSKENIBIX METAJUIOB JJISi PACTEHUN WX HAKOIUICHUE B TKaHSX.
MexaHu3Mbl 3alUTHL: KOMIIAPTMEHTAIMs M HAKOIUICHUE TSKEJIbIX METAJUIOB B
Bakyossix u KC, Ponbs ¢uroxenarunos. Bunocnenn(puuHOCTh B YyBCTBUTEIBHOCTH U
YCTOMUUBOCTU PACTEHUN K W3OBITKY M HEAOCTATKY TSDKEJBIX METaIOB B Cpee.
duropeMennanus.

dutouMMyHuTeT. DOUTOMMMYHOJIOTHS Kak COCTaBHas 4acThb  OOIIeH
uMMyHooruu. DyHkIuu uMMmyHutrera. HWmmynurer. [[Byxda3zHOCTh oOTBeTa
pacTeHuil Ha BHEAPEHUE MAaTOreHa: paclo3HAaBAaHUE MATOr€HA U 3alUTHAs PEaKIusl.
Omucutopsl, Ponp TNEKTMHOB B pacrio3HaBaHWW. Penentop - JNUraHAHBIA TUIL
B3aMMOJICHCTBUS PAaCTCHUS-XO35iMHA U MaToreHa. PoJib oJMrocaxapruHoB B OTBETHOM
peakiy pacTeHUs Ha BHeApeHUe nmartoreHa. Hekporpodsr u 6uorpodsl — HUBKO- U
BBICOKOCHICLIMAIN3UPOBAHHbBIEC MMATOT€HBI. J[€TepMUHAHTHI YCTOMYMBOCTA PACTEHUH K
naToreHam: aHTUOMOTHUYECKHUE BellecTBa ((PUTOATECKCUHBI), MEXaHUUECKUE Oapbephl,
aykcoTpodusi,  peakius  CBEpPXUYBCTBHUTEIBHOCTH ®  Jp. JleTrepMuUHaHTHI
MaTOT€HHOCTH  MHUKPOOPTaHU3MOB:  (DAKTOpBI,  CHOCOOCTBYIOIIME  KOHTAKTy
MHUKpPOOpPraHM3Ma M pACTEHUsA, CYINPECCOPbl 3AMUTHOW pEAKUUH U TOKCUHBIL
dakTophl, oOecreunBalONIue MPOHMKHOBEHHWE TMAaTOreHa W €ro MUTaHWe BHYTPHU
pacTeHus; pakTopbl, 00ECIeUnBaIOIINE MPEOAOJICHUE 3aIIUTHON PEaKIIMU PaCTEHUSI.

Tun u cTeneHb COBMECTUMOCTH B cUcTeMe: 00JbHOE pacTeHue. | 'eneTnueckas
MPUPOJIa YCTOMYMBOCTH PACTEHUM K maToreHaM BepTukaibHas M rOpU30HTAIbHAS
ycTtoituuBocTu. Teopusst diopa «reH-Ha-reH». CompsiKeHHas >BOJIIOLMS PACTCHUSA
X035 iMHa U maroreHa. [IpuoOpereHue BUIOBOW U COPTOBOM CHElUATU3AIUU
MaToreHoM (MHAYKTOPHO-CYIIPECCOpHas MOJIeNb Xecca).

Ponb BTOpUYHBIX META0OJIUTOB B BEPTUKAIBHOM U TOPU3OHTAIBHOMN
ycTounBOCTH. JloKanu3anusi CUHTE3a U HAKOIUICHUS BTOPUYHBIX METaOOJUTOB Ha
YPOBHE KJIETKHM, TKaHU, OpraHa, 1ejaoro pacreHus. CocraB U XapakTEpUCTUKA CMOIJI,
clu3el, KaMmenu, JaTekca. BHemHss cekpeuuss BTOPUYHBIX META0OJUTOB.
Crnennanu3upoBaHHble OpraHbl cekpenuu. CoCTaB M XapaKTepUCTHUKA SPUPHBIX
Macen. XapakTepUCTHMKA JIOKAJIW3alMM CUHTE3a W HAKOIJIEHUSI OCHOBHBIX TPy
BTOPUYHBIX META0OJUTOB. 3allUTHBIE (PYHKUIUH BTOPUYHBIX  COEAUMHEHUHU.
®dutoanekcunsl, JlokazaTenbCTBa IKOJIOTHUECKUX (DYHKIIUNA BTOPUYHBIX COCAMHEHUH.
9. BzaumoneiictBre (pU3M0OIOTHIECKUX MPOILIECCOB, UX UHTETPAIIMS U COTIIaCOBAaHHOE
GYHKIIMOHUPOBAHUE OPTraHOB

JlOHOpHO-aKkIeNTOPHBIE B3aUMOACHCTBHUS KaK OCHOBA DHJIOT€HHOM PETYISIIUU
dboTOoCHHTE3a B CHCTEME pACTUTEIBHOTO oOpraHu3ma. MexaHu3M 5SHJIOTreHHOU
pPEryJISIIMA B CHCTEME pACTEHUs: MOTOKU YTIIEPOJa, MCIOJIb3yEMble Ha CHHTE3
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pa3IMYHBIX COCAMHEHUNW M WX pACHpENesICHHEe 10 TKaHSIM H opraHaM. Teopus
dboTOCUHTETUYECKOW  MPOAYKTUBHOCTH. IlyTm  moBbimeHus  3PGEeKTUBHOCTU
UCIIOJIb30BAHUSl COJHEYHOM HHepruu mnpu QortocuHrese. J[OHOpHO-aKIENTOPHBIE
OTHOIICHMSI, PEYTHIIM3AIUSI U KPYrOBOPOT MHHEPAIBHBIX 3JEMEHTOB B PACTEHUHU.
Pacnipenenenue BeniecTB Mo opraHam M KOMIapTMEHTaIUs TIPOIIECCOB U COSAMHEHUN
B KJIETKE M TKAaHAX KaK CHUCTeMa MPOCTPAHCTBEHHOW W BPEMEHHON OpraHu3aIluu
OMOXUMHUYECKUX u (U3UOIOTUIECKUX MPOIIECCOB " crocob
PEryISIUUMXCOTIACOBAHHOTO B3aUMOJEUCTBUS U UHTErpauuu. CucTeMbl peryisiuu
U UX Hepapxusi B pacTeHUU. Perynsius pacrpenesieHus pocTa U BEIIECTB, a TaKkKe
B3aMMOJICHCTBHS OPTAHOB B IIEJIOM PACTCHUMU.

Cucremsl PETYISINN: Tpoduueckas, ropMOHaJIbHas u

anekTpodusnosniornueckas. lloHsaTre «3ampoc» U TpeanojaracMble MEXaHU3MBI
nepeaadu curuana. JloHopHO-aKIeNnTOPHbIE OTHOLIEHHUS.
Perynsmus mpolieccoB Ha KJIETOYHOM ypoBHE. MetabonuTHas peryisnus u
MEXaHU3M KOHTPOJIA TIPOTEKaHWS Tpollecca M0 MPHUHIIUIY OTPUIATEILHON
(TOJIOKUTENBHOM) CBSI3M KOHEUHBIMH TPOAYKTaMU. AJEHUIATHBIA KOHTPOJIb.
KoMnapTMmeHTanus mpoueccoB M BEIIECTB KaK CIOCOO OpraHu3alld perysiiuu
MIPOIIECCOB B MPOCTPAHCTBE M BpeMeHU. B3aumoneiicTBrue nbixaHus U pOTOCUHTE3A:
oOMeH mpoaykTamu H cyoctparamu. OcOOEHHOCTH MABIXATENBHOr0 IMpolecca B
(bOTOCUHTE3UPYIOIEH KIIETKE.

a) OCHOBHAas JIMTEpaTypa

1. Anexuna H.J[., Bamnoxun }O.B., T'aBpunenxo B.®. u np. ®usuonorus
pacteHuil. — 2 u3Md., ucnpapieHHoe.- M.: M3narensckuii nentp "Axanemus',
2007. - 640 c.

2. Aunnpees, B.I1. Jlekiuu o pusuonorun pacreHuit: yaebnoe nocooue /

B.I1. Auapees ; Hayu. pea. I'.A. BopobeiikoB ; Poccuiickuii rocyaapcTBEHHBIN
negarorunyeckuii yausepcuter uM. A. W. I'epriena. - Cankr-Iletepoypr :
PTIIY um. A. U. T'epuena, 2012. - 300 c. : cxem., Tabi., ui. - bubauorp.: c.
281. - ISBN 978-5-8064-1666-8 ; To ke [DaeKTpoHHBII pecypc]. -

URL.: http://biblioclub.ru/index.php?page=book&id=428272

3. buonoruss pasmHokenuss u pasButHsa. Yacte 1. bakrtepun. ['puber u
mumiaitnuku. Pactenus: yuye6Hoe mocobue / B.I1. BuktopoB [u ap.]. - M.:
MockoBCKHUI IeJaroruueckuii rocyaapcTBeHHbid yausepeuter, 2016.- 160 c.

4. BeperennnkoB A.B. ®@usnonorust pacrenuii: yueOuuk / A.B. BepereHHUKOB. -
M.: Axagemuueckuit [Ipoext, 2010. — 480 c.

5. Beperennukos A.B. ®uznonorus pacteHuil [IneKTpoHHBIN pecypc] : yueOHUK
/ A.B. BepereHHUKOB. — OIIEKTPOH. TEKCTOBbIE JaHHble. — M. :
Axkanemuueckuii Ilpoekr, 2010. — 480 c. — 5-8291-0755-4. — Pexum
noctyma: http://www.iprbookshop.ru/60364.html

6. Buxropos B.Il. BHyTpuBug0Basi ©3SMEHYMBOCTh pacTeHU: yueOHoe mocodue /
B.Il. BukrtopoB. - M.: MOCKOBCKMM IENAarOru4€CKUM TIOCYyAapCTBEHHBIN
yauBepcuret, 2016. - 172 c.
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7. Boubiaen, A.I1. @eHobHBIC COCTMHCHHMS B )KH3HEACATEIIBHOCTA PacTeHUM /
A.IL Bonwmaen ; pea. T.C. KnumoBuu. - Munck : benopycckas Hayka, 2013. -
284 c. - ISBN 978-985-08-1515-6 ; To xe [DneKTpOHHBIN pecypc]. -

URL.: http://biblioclub.ru/index.php?page=book&id=142423

8. byrenko P.I'. buonorust kJieToOk BBICHIMX PACTEHUH in Vitro 1 OMOTEXHOJIOTUHU
Ha nx ocHoBe. M.: ®BK-IIPECC, 1999. 160 c.

9. I'eanuc P. buomemOpaHbl: MOJIEKyJIApHas CTPYKTypa U pyHKmuu. M.: Mup,
1997. 624 c.

10.T'omoBko T.K. Isixanue pactenuit. dusznonornueckue acnektsl. CI16.: Hayka,
1999. 204 c.

11.EnemeB P.E. Xumuyeckuif cocTaB MU MHUHEpaJbHOE MHUTAHHE PACTCHUM:
yueOHoe mnocobue / P.E. Enemes, P.X. PamazanoBa, A.M. banrabaes. -
Anmarel: Anbemanax, 2016. - 164 c.

12.Kapaces, B.H. ®u3nonorust pacTeHU: SKCIEPUMEHTAIIbHBIC UCCIICIOBAHMS :
yaeOHoe nocooue / B.H. Kapaces, M.A. Kapacesa ; [ToBomkckuii
roCYIapCTBEHHbII TEXHONIOTHYeCKU yHuBepeuter. - Mommkap-Ona : IITTY,
2018. - 312 c. : un. - bubmmorp.: ¢. 291 - 297. - ISBN 978-5-8158-1999-3 ; To
*Ke [DIEKTPpOHHBIN pecypc]. -

URL.: http://biblioclub.ru/index.php?page=book&id=494310

13.Ky3uenos Ba. B., [Imutpuesa I'. A. ®uzuonorus pactenuit. - M.: Bricias
mkona.- 2011. - 784 c.

14.J1ytoBa JI.A., IIpoBopoB H.A., Tuxomees O.H. u np. I'eHetuka pa3zBuTHs
pactenuii. CII6.: Hayka, 2000. 539 c.

15.MengeneB C.C. @usnonorus pactenuit - CI16: U3a-Bo CII6 'Y, 2004. - 336 c.

16.Mengene C.C., lllaposa E.W. buonorus pa3sutus pacrenmii. T. 1. Hauamo
ouosoruu pazsutus pacteHuil. duroropmonsl. U3n-so CII6 I'Y. 2010. 367 c.

17.1Tonesoit B.B., CanamaroBa T.C. ®u3nonorus pocta U pa3BUTHSA PACTCHUM.
JL: m3n. JIT'Y, 1991, 240 c.

18.TTonskosa T.M. buonorus xinerku: yueonoe nmocodoue / T.U. Ilomsakosa, U.b.
Cyxos. - CII6.: Cankr-IleTepOyprckuii MeauKO-COUaIbHBIA HHCTUTYT, 2015.
- 56 C.

19.Ps6neBa C.A. OOmas Owosoruss u MukpobOmosyorus. Yacte 1. OOmas
ouonorusi: yueOHoe mocooue / C.A. PsabmneBa. - Craspomnons: Ceepo-
Kagkasckuit ¢penepanbubiii yausepcuret, 2016. - 149 c.

20.TapueBckuii M.A. Metabommsm pactenuii pu crpecce. Kazann: ®3H, 2001.
448 c.

21.TeopeTndeckrie W MPAKTUYECKUE ACTIEKTHI UCIOIH30BaHUSI OMOTEXHOJOTUH U
reHHON MHKeHepuu: yueOHoe nmocodue / I'.B. MakcumoB [u np.]. - Capatos:
Aii IIu Op Menua, 2018. - 471 c.

22.®uzuonorus pacrenuit: YueOHuk aas crya. By3oB /H.Jl.Anexuna, 10.B
banmnokun, B.®.I'apunenxko wu gp.: lIlon pen.M.IL.EpmakoBa. —
M.:U3narenbckuid neHTp «Axkagemus», 2005. — 640 c.
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0) 10MOJIHUTEJIBLHAA JIUTEpaTypa

1. BonoroBckuii M.JI. ®UTOXpOM — pPEryIaTOpHBIN (OTOPEIENTOp PacTCHHI.
Munck: Hayka u Texnuka, 1992. 167 c.
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Cabmuna, 1912. - Y. 1. O0meH Bemiects. - 492 c. - ISBN 978-5-4458-8294-7 ;
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pacTeHuii K HeOnaronpuaTHeiM QaktopaM cpenbl. PoctoB-Ha-Jlony, 1993. 240
C.

9. JlyroBa JI.A., IIpoBopoB H.A., TuxoneeB O.H. u np. ['enernka pazputus
pactenuii. CII6.: Hayka, 2000. 539 c.

10.JIsicenko, B.C. ®oTocuHaTE3 B XJI0POPHILI-TePUITUTHBIX TKAHIX PACTCHHM:
dbnyopeclieHTHbIE U (POTOAKYCTHUECKHUE UCCIIEIOBAHUS | MOHOTpadus /

B.C. JIsicenko ; deaepalibHOE TOCYAapCTBEHHOE ABTOHOMHOE
o0pa3oBaTeIbHOE YUPEKICHHUE BhICIIET0 00pa3zoBaHus «FOKHBII
dbenepanbHbli yHUBEpCUTET». - PocToB-Ha-Jlony : M3natenscTBo KOxHOTO
dbenepanpHOro yuusepcurera, 2014. - 137 c. : uin. - bu6n. B xku. - ISBN 978-5-
9275-1195-2 ; To xe [DIEKTpOHHBIHN pecypc]. -

URL.: http://biblioclub.ru/index.php?page=book&id=445257 .

11.Mengsenes C.C. Dnexrpodusuonorus pacrenuit. CII6.: uzn-so CII6I'Y. 1998.
182 c.

12.Mengenes, C.C. [ToasipHOCTB U €€ pOjb B PETyISIUHA POCTA U
Mopdorenesa pacTeHuit: 1oy10xeHo Ha 73-M Exxerogaom TumupszeBckom
yreHuu, 4 urons 2012 r. / C.C. Mensenes. - Cankrt-IletepOypr : U3narenbcTBo
Hayka, 2013. - 75 c. - ISBN 978-5-02-038364-7 ; To xe [DneKTpOHHBIH
pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=467931

13.Mengenes C.C., lllaposa E.W. buonorus passutus pacrenwnii. T. 1. Hauano
ouosoruu pa3zButus pacteHui. @utoropmonsl. U3n-so CII6 I'Y. 2010. 367 c.

14.Tlonesoit B.B., CanamaroBa T.C. ®u3uonorust pocta 1 pa3BUTHS paCTEHUH.
JI.: U3n-Bo. JIT'Y, 1991, 240 c.
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15.Cunemekos, B.A. ®utoxpom A: nosmumMoppu3m U moaudyHKIHOHATEHOCTD /
B.A. Cunemexos. - MockBa : I3narensctBo Hayunsiii mup, 2013. - 161 c. -
ISBN 978-5-91522-361-4 ; To ke [DnekTpoHHBIN pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=468785

16.CkymaueB B.I1. buosnepretrnka. MemOpaHHbIe TpeoOpa3oBaTEIN YHEPTHH.
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