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1. Beeoenue

Kannunarckuit sk3ameH no guctuiuinHe «®Ou3noioruss U OUOXMMHS PaCTEHHI»
aBiseTcss  (GOpMOW  MPOMEXKYTOYHOW aTTECTAllMd  ACHHPAHTOB, OOydYaIONMXCA IO
HamnpasieHuo 06.06.01 buonornueckue HayKu, HAMPABICHHOCTh MOJATOTOBKH DU3HOIOTHS
U OMOXUMHUS pacTEHUH.

B xome »Kk3aMeHa OIIEHHMBAETCSl CTENEHb OBJIAJCHHUS AacCIHpaHTAMH CJEIYIOMINX
KOMIIETEHITUN

1.1 YHuBepcajJbHble KOMIIETCHIIUM:
»  CIOCOOHOCTh TPOEKTHUPOBATH M OCYIIECTBIISATh KOMIUIEKCHBIE HCCIICIOBAaHUS, B TOM
Yuciie MEXIUCUUIUIMHAPHbBIE, HA OCHOBE LEJIOCTHOTO CUCTEMHOIO HAYYHOTO MHUPOBO33PEHUS
C UCTIOJIL30BaHUEM 3HAHWI B 00s1acTH HCTOpUH U puitocopun Hayku (YK-2);
» TOTOBHOCTh  Yy4acTBOBaTh B  pabOTe  pOCCHMCKMX W  MEKIyHAPOJHBIX
UCCIICZIOBATEIbCKUX KOJIJICKTHBOB IO PEHICHUIO HAYYHBIX W HAYYHO-00pPa30BaTEIBHBIX
3anad (YK-3).

1.2 O0menpogeccuoHaIbHbIE KOMIIETEHIIUH:
»  CIIOCOOHOCTH ~ CaMOCTOSITENIBHO  OCYIIECTBJISTH  HAYyYHO-HCCIIEOBATEIHCKYIO
NeSITENbHOCTE B COOTBETCTBYIOLIEH NpPO(GEecCHOHANbHON 00JacTH C HCHOJIb30BaHHEM
COBPEMEHHBIX  METOJIOB  HCCIENOBaHMA U  WHPOPMAIMOHHO-KOMMYHUKAITMOHHBIX
texnosoru#t (OITK-1);
»  TOTOBHOCTh K MPENOJaBATEIbCKOH JESTEIBHOCTH 10 OCHOBHBIM 00pa30BaTEIbHBIM
nporpammam Beiciero oopasosanus (OITK-3).

1.3 IlpodeccnonanibHble KOMNETEHIMH:
»  CIIOCOOHOCTH cOOMpaTh W aHAIM3UPOBATH MHUPOBBIE HAy4YHBIC 3HAHUS B O0JIACTH
COBpPEMEHHON  Ouosoru W OWOTEXHONOTHH,  (OPMYIMPOBATH  HAMpaBlIEHUS
camocTosaTenbHBIX uccienoannii (ITK-1);
»  BIAJICHHE OCHOBAMH COBPEMEHHBIX METOJIOB HccieaoBanuii B 6uonoruu (I1K-2);
»  CIIOCOOHOCTH 0000IIATh W aHAIM3UPOBATh MOJIYYCHHBIC PE3YJIbTAThl M MPEACTABIIATh
uX B BUjIc HayuHbIX myosmkanui (ITK-3).

Hacrosimass mnporpamMMa pa3pa0oTaHa Ha OCHOBE IIPOIpaMMbl, YTBEp)KJIEHHOU
MunucrtepctBoM oOpa3zoBanus u Hayku Poccuiickoit @enepanuu (IIpukaz3 MunoOpHAYKH
P® o1 08.10.2007 Ne 274 «OO0 yTBEpKAEHUH POrpaMM KaHIUAATCKUX SK3aMEHOBY).

ITporpamma 6a3upyercs Ha OCHOBOIOJIAraloIMX pas3jaenax (PU3H0oNI0rud U OMOXUMHUU
pacTeHuil, BKJIIOYasi: OCHOBHBIE KOMIIOHEHTBI PACTUTEIBHOTO OpPraHu3Ma M MX (YHKIIHH;
CTPOCHHE PACTUTEIBHON KJIETKH; OMO3HEPIreTUKa paCTUTEIbHOIO OpraH1u3Ma; BOJ0OOMEH U
MUHEPAJIIBHOE NMUTAaHUE PACTCHUM; JaJIBHUNM TPAHCIIOPT U KPYrOBOPOT BEIECTB B PACTCHUH;
poCT W pa3BUTUE PACTEHMH; B3aMMOJACHCTBUE (PU3MOJIOTMYECKMX IPOLIECCOB, UX
MHTETpalus U COrJIaCOBaHHOE (DYHKIIMOHUPOBAHNE OPTaHOB.

Kangunarckuii sk3ameH 1o (U3MOIOTUM U OMOXMMHUHU PACTEHUH TNPOBOAMTCA B
YCTHOM (popme Mo BOIpocaMm MPOTpaMMbl, HAa 3K3aMEHe IMpejajaraercss Tpu Borpoca (0e3
ouneroB). Ilociae ycTHOro oTBeTa MOTYT 3aJaHbl JOMOJIHHUTENbHBIE W YTOYHSIOLIUE
BOIIPOCHI, HE BBIXOAIIKE 3a IIPEAEIIbI IPOrPAMMBI KAHIUJATCKOTO dK3aMEHa.



3

2. IIpozpamma kanouoamckozo IK3amena

2.1. O0uIMe BOIpockl

OObexThl OMOXMMUU W (PU3HOJOTHHM PACTCHHH - dyKapuoTHueckue (HoToTpodHbIe
OpraHu3Mbl. YHHKaJIbHBIE OCOOCHHOCTH  PACTUTENBHOTO  oOpranusma: (oro- u
aBTOTPO(HOCTb. ABTOTPO(QHOCTH B OTHOILIEHUH YCBOCHHS MMHEPAJIBHBIX 3JIEMEHTOB.
Crenuduka oOMEHa 3€JIeHbIX pPACTEHUH 10 CpPaBHEHMIO C JAPYTUMH OpraHU3MamH.
Kocmuueckass ponp 3eineHOro pacteHus. 3HaueHue (OTOaBTOTPO(OB B CO3JaHUU U
NOJJIEP)KaHUU Ta30BOr0 COCTaBa aTMoc(ephl, BOJAHOIO, MOYBEHHOTO M KIMMATHYECKOIO
peXHMMa Ha IUIaHEeTe.

Opranuzanus 1 KoopaAuHAIMs (QYHKIMOHAIBHBIX CUCTEM 3€JI€HOro pacteHus. dusnko-
XUMHUYECKUH, SKOJIOTHUECKUI 1 BOIOLIMOHHBIN aCIEKTHI.

MeTtonoa0ruueckie OCHOBBI MCCIEAOBAaHUI B OMOXUMHM M (PU3NOJOTUU PACTEHUI.
Crenudpudeckue MeToabl OMOXMMHMU M ¢u3nonoruu pacreHuil. CouetaHue pazIUYHBIX
ypOBHEH HccienoBanus (CyOKIETOUHBIN, KIETOYHBIN, OPraHU3MEHHbBIN, OMOIIEHOTUYECKHH)
B OMOXUMUU U (PU3HOJIIOTUN PACTEHUH.

®dusnonorus U OMOXUMHSI pPAaCTEHUN — TEOpEeTUUeCcKas OCHOBA PAaCTEHUEBOJACTBA U
HOBBIX OTpaciieil OMOTEXHOJIOTHH.

2.2. OCHOBHBIE KOMIOHEHTBI PAaCTUTCIIBHOI'O Opradu3Ma U UX d)VHKIII/II/I

2.2.1. YraeBoabl. OCOOCHHOCTH cOCTaBa M METAa0OJIM3Ma YIJIEBOJIOB PACTEHUM.
MoHocaxapuapl, WX CTPYKTypa W B3aUMONPEBPALUCHHS, OCHOBHBIC IPEICTABUTEIIH.
Momnocaxapa, kak cyOcTparthl JiIsl CuHTe3a Apyrux BemiecTB. DochopHbie 3hUpsl caxapossl
u HykieosuaaudocdaTsl - aKTUBUPOBAHHBIE (OPMBI YIIIEBOJOB. B3anmomnpeBpaieHus
MOHOCAXapuJ0B, SMUMEpPHU3ALNS, ajbJ0-KeTo-u3oMepu3anus, (GpocPoMyTazHble peaKIHH.
TpaHckeTona3HbIE U TpaHCANb0JIa3HbIe peakiuu. Onurocaxapuibl, UX COCTaB, CTPYKTYpa,
OCHOBHblEe mpexactaBurenu. Caxaposa; JoOKaJu3alMs €€ CHHTe3a U (DYHKIHH.
[lonucaxapunpl: cocTaB, THUINBI CBsA3€H, BeTBieHUe. [lomucaxapuabpl 3amacHble W
cTpykrypHbie. CTpyKTypa Kpaxmaina u ero gerpaaanus. O0pa3oBaHue KpaxMalbHBIX 3epeH
B 3allacarollliX OpraHax.

2.2.2. Jlunuapl. OOmmMe CBOICTBA JUNUIOB, KiaccU(UKAIMsI, HOMEHKIATypa.
HacebimieHHbIe 1 HEHACHIIIIEHHBIE )KUPHBIC KUCIOTHI: KilacCU(pUKAIU, CUHTE3, KaTaboau3m
u QyHkuuu. OCOOCHHOCTH CTPOCHHSI HEHACHIIICHHBIX JKUPHBIX KHUCIOT pacTeHuid. Pemnkue
KUPHBIE KHUCIOTHL. Tpurnmunepuasl u ux ¢GyHkuun. [lomspasie nunuael: gocdo- u
TJIMKOJUNUABI, UX poib B oOmeHe. Ctepounibl. OCOOEHHOCTH PACTUTEIBHBIX CTEPOHUIIOB,
dbutocTepuHbl. [ TMKO3MIBI, AWITIMKO3UIbI, JPUPHl  CcTepUHOB. buHomornyeckue
MeMOpaHbI, crielu(rKa Pa3IMIHBIX MEMOPAH PACTUTEIBHON KISTKH.

2.2.3. AMuUHOKHUCJOTBI M Oeaku. CTpyKTypa U HOHHBIE CBOWCTBA aMHUHOKHCIOT.
[IpoTenHOreHHBbIE AMUHOKHUCIOTHI. AMHHO-COCJAMHEHHS, CHUHTE3UPYEMbI€ MEPBUYHO H3
MHUHEPAIBHOTO a30Ta M CUHTE3 aMUHOKHCIOT. Peakuuu nepeamuHupoBanus. KiroueBas
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pOJb TIYyTAMUHOBOW KHCIOTHI B MeTabonm3mMe aMHUHOKHCIOT. CeMmelcTBa aMHHOKHUCIOT,
KOTOpBbIE MPOUCXOIAT M3 MHUpyBaTa, OKcajoalerara, 2-OKcorulyTapara, IIMKUMaTa U
nponayktoB 1ukia KanbBuHa. dyHkuMM CBOOOAHBIX AMHUHOKUCIOT M aMHHOKHCIOT B
cocTaBe OCJIKOBBIX MOJEKyNI. Peakuuu Ae3aMUHUPOBAHHUS U JI€KapOOKCUIMPOBAHUS
AMUHOKHUCJIOT. AMMHOKHCIOTBI KakK CyOcTpaThl CHHTE3a JAPYTUX a30TCOAEpKAIIUX
coeuHeHui. HeOenKkoBble aMUHOKHUCIIOTHI pACTEHUIA.

[lepBuuHast cTpykTypa MoOJIeKyabl nonunentuaa (nentuaHas cBszb. C- u N- xoHer
nosunentuaa). GuOpuiispHelie U ra00yspHble 0enku. loHHbIE CBOMCTBA MOIUIENTHIOB:
pKa MOHOTeHHBIX TpPYII, HM303JEKTPUYECKass TOYKA. DJIIEMEHTHl BTOPHUYHON CTPYKTYpPHI
O0enKOB — a-cnupajib W P-CTPYKTypa. TpeThuHas M 4YeTBEPTUYHAs CTPYKTypa OEIKOB.
JucynshuaHasie 1 BOAOPOJHBIE CBA3M, MOHHBIE U TUAPO(OOHBIE B3aumozeicTBus. Poub
OTJIEIbHBIX AMUHOKHUCJIOT B 0Opa30BaHUU U MOJAJIEP)KAHUM MPOCTPAHCTBEHHON CTPYKTYpBI
oenkoBoil Mousiekynbl. benkoBeie komriekchl. [loHsiTHe cyOBeauHullbl. OyHKIMOHATBHAS
Kkjaccugukanus OeIKoB.

2.2.4. HykieoTuabl U HYKJIEHHOBbIE KHUCJIOTHI. [lypHHOBBIE W TUPUMHIUHOBBIC
ocHOBaHMsA.  Hykmeo3uapl U HYKIEOTHIBI:  CTPYKTYypa,  CHHTE3,  (DYHKIIHH.
Hyxneosuanonudocdarsl. [uknuueckne HYKICOTHABI W UX poib. HykieoTugHbie
KO(epMEHTHI U IEPEHOCYMKHU COEIMHEHUMN, UX OCHOBHbBIE THUIIBI U OMOJIOTMYECKOE 3HAUCHHE.

HyxnenHoBble KUCIOTHI: IEPBUYHAS CTPYKTYpPa, HYKJICOTHIHBIN cocTaB. BropuuHnas u
tpernuHass ctpykrypa JIHK. Crpykrypa PHK. Tunet PHK (undopmanumonnas,
TPAHCIIOPTHASI, pUOOCOMAIIbHAS ).

2.2.5. BemecrBa cHnenuaJU3MPOBAHHOI0 00MeHa pacTeHuMii (BTOPUYHBbIE
MeTa00auThl). OCOOCHHOCTH COEIMHEHUI, KOTOPhIE OTHOCSAT K BTOPUYHBIM METaOOIHUTAM.
OcHOBHBIE ~ KJIacChl ~ BTOPUYHBIX  METAa0OJIUTOB:  CTpOEHHE, KiIaccupuKkauus U
pacnpocTpaHeHue.

Anxanoudsl: IpOTOAIKAIOUIbI, ICEBI0ANKATION b, ICTUHHBIE alKalonabl. OCHOBHBIE
TPYIIbl UCTUHHBIX AJIKAJIOUJIOB.

H3onpenouodwt (TeprnieHonibl). OCHOBHBIE TPYIIIBI U30MPEHOUAO0B (MOHO-, CECKBU-, IH-
TpU- U TETPATEPIICHOUIBI, TOJIUMEPHBIE H30MPEHOUbI). KapoTHHOMABI: XUMHUYECKAs
NpUPOJIA U CTpOEHHUE, GU3UKO-XMMUYECKUE CBOMCTBA.

Qenonvrvle  coeounenusi.  OCHOBHblE  TIpynmnbl  (DEHONBHBIX  COCAMHEHMIA
(penonOKUCIOTHI, (he-HUIMPONAaHOUABI, CTUJIBOCHBI, (JIaBOHOUIBI W W30(hIaBOHOUIBI,
NOJMMEpHBIE (PEHOTBHBIC COCTUHECHNUS).

Munopnvie  knaccol  émopuunblx mMemaborumos. HeOenKoBble aMHHOKHCIOTHI,
LMAHOTE€HHBIE TJIMKO3U/IbI, CEPYCOAEPKAIIME TJIMKO3UbI (IJIFOKO3UHOJIATHI), PACTUTEIbHBIE
aMUHBI, HEOOBIYHBIE JHUMHUIBI  (KUpPHBIE  KUCJIOTHI, I[MAHOJUMUIBI), OCTAIUHBI,
MOJIMALETUIICHOBBIE TIPOU3BOJHbBIE, alKaMuJbl, THOGeHbl. OCHOBHBIE MpPEACTaBUTENN
BTOPUYHBIX COCUHEHUN KaXKI0T0 Kjacca U WX PacHpOCTPaHEHHE CPEelIM PACTEHUN pa3HBIX
BU/JIOB.

Ilymu 6uocunmesa OCHOBHBIX KJIacCOB BTOPMUYHBIX MeTabonuToB. IIpenmecTBeHHUKN
OMOCHHTE3a BTOPUYHBIX META00NMUTOB. TOUKH "OTBETBIEHUA" BTOPUUYHOTO META00IM3Ma OT
MEPBUYHOTO. Monuduxanuu BTOPUYHBIX MeTabOJIUTOB (TTMKO3UIMPOBAHUE,



5

TUAPOKCUIMPOBAHUE, METOKCWIMPOBAHUE, METHIMPOBAHKME). OH3UMOJIOTUS CHHTE3a
BTOPUYHBIX MeTa0onuToB. OCHOBHBIE (hepMEHTHI OMOCHHTE3a alKaJOU0B, U30TPEHOUIOB,
(eHOIBHBIX COEAMHEHUH, UX XapakTepucTuka. JlyoinpoBaHue nmyTell CHHTE3a BTOPUYHBIX
meTabonuToB. HemeBallOHATHBIM MyTh CHHTE3a W30IPEHOMIOB, €ro JIOKAIM3alus U
3HAYCHUE.

2.2.6. ®epMeHTHI U MeXaHM3MbI MX AelicTBHA. XapakTepucTUKa (PEpMEHTOB Kak
BBICOKOCIIEIUAIIN3UPOBAHHBIX OEJIKOBBIX KaTaJIn3aTOPOB. Amudarnyeckas U
npocreTudeckas yactu Qepmenta. KodakTopel GpepMeHTHON peakiuu. DHepreTudyeckas
OCHOBa KaTajln3a: aKTUBHBbIA LEHTp ¢epMmeHTa. CnenuuuHoCcTbh JIEHCTBHUS (EPMEHTOB.
®depmeHTHas KHHETHKA. DepMeHT-CyOCTpaTHBI KOMIUIEKC. YpaBHeHHe Mwuxasnmuca-
Menten. Benuunnabt Km u Vmax, ux 6uonorudeckuii cMmbicii. UHruOupoBanue GpepMeHTOB.
HeiicteBue pH u Temmeparypbl Ha CKOpOCTh (pepMeHTHOM peakiuu. KoHKypeHTHOe,
HEKOHKYPEHTHOE M HeoOpaTuMoe MHIruOupoBaHHe. MexaHU3Mbl peryisiuuu (GepMeHTHOU
AKTUBHOCTHU. Perymsius mo npuHUuny oOpaTHOM CBSI3U: aKTHBALUs W WHTHMOMpOBAHHE.
Annocrepuueckas perymnsuusa. MHayknus u penpeccust cuntesa. M303uMbl U KOH(GOpPMEPBI.
PerynupoBanue ¢ yuactneM IpOTEHHKHHA3.

2.3. PacturenpHas KIeTKA

OCOOEHHOCTH ~ CTpOEHHs, CTPYKTypHas ¥  (YHKIUOHAIbHAs  OpTraHU3alus
pacTuTenbHOM Ki1eTKu. CHMOMOTeHHasi TUIOTe3a BO3SHUKHOBEHUS! PACTUTEIBLHOM KIIETKH.

Aopo. OcobeHHOCTH OpraHHU3alUuy sIIEPHOTO reHoma pacTeHuil. CTpykTypa reHoma,
nosmmopdusm pacturenbHor J[HK. KomuiiHocTes pasubix TeHoB W ydactkoB JIHK.
Ocob6ennoct MetunupoBanus pactutenbHot JIHK u ero BiusiHuEe Ha 53KCIPECCHUIO
AIEPHBIX TEHOB. MOOWIbHBIE TEHETUYECKHE JJIEMEHThl PACTEHHH (TPaHCIIO30HBI).
Perporpancnozonst u JJHK-Ttpancno3onsl. Ac u DS - a351eMeHTHL.

Ilnacmuonas cucmema. Tunbl TIaCTUl, OCOOCHHOCTH CTPOEHUS, OHTOTeHE3. ['eHOoM
miactud.  [IpokapuoTtmyeckne  4yepThl UM KONMMHOCTh  IUIACTUHOIO  Te€HOMa.
[lonMIUCTPOHHBIA THUN pEIUIMKAUUU IJIACTUOHBIX TE€HOB. Mo3au4yHasi CTpPYyKTypa
mnactTuaHbiX reHoB. CoszpeBanue mmiactugHod PHK, crmalicunr w  penmaktupoBanue
TpaHckpuntoB. CtabunbpHocTh miactuaHo PHK. benku, kxoaupyemble MIacTHUIHBIM
reHoMoM. CuHTe3 Oeika B Iuiactupax U ero peryimsiuus cBeroM. PHK-momumepassi
IUIACTU[, TUJIACTHAHBIE pUOOCOMBI. J[BOWHOE KOAMpoBaHWE (AIEpHOEC U TUIACTHU]IHOE)
OOJIBIIMHCTBA KOMIIOHEHTOB (hotocuHTeTHdeckoro ammapara: PC1, OCII, bsf- komiutekca,
CCK, AT®-cunrassl, miactuaaoii HAJI-H-neruaporenassl, Rubisco. Tpancmopt saepHo-
KOJUPYEMBIX OCJIKOB B IUIACTU/IbI. Pa3MHOMKEHME U HAClIeIOBAaHHE TIACTU/I.

Mumoxonopuu pacmenuti. (OCOOCHHOCTH CTPOCHUS MHUTOXOHAPUM PACTCHUM.
Oco0eHHOCTH CTPYKTYphl MUTOXOHJpPUAIBHOIO TeHoma pacteHuil. [IpokapumoTuueckue
yepTbl M pa3Mep MHUTOXOHAPUAIIBHOIO T€HOMa pacTeHuil. Mo3anuHas CTpyKTypa
MUTOXOHJIPUATIBHBIX T€HOB, CIUIAWCHUHT W pPENAKTUPOBAHUE TPAHCKPUIITOB. benku,
KOAMpPYEMbIE  MUTOXOHApPUAIbHBIM TeHOMOM. OcoOeHHOocTH CcuHTe3a Oenka B
MUTOXOHJIpUSIX, puOOCOMBI MUTOXOHIpUH, TpaHcropT OenkoB U HekoTopbix T-PHK u3 sapa



6

B MHUTOXOHJpHIO. [/[BOifHOE KOAMpOBaHME (SIAEPHOE M IUIACTUAHOE) OOJBIIMHCTBA OEIIKOB
neixareabor DTIl: HAJI-H-mermaporeHassl, CyKIIMHAT-IETHIPOTeHAa3bl, DC-KOMILICKCa,
HUTOXpOM-OKcHAa3bl, AT®-cUHTA3bI.

[lepenoc reHeTnyeckoro martepuana Mexay opranemiamu. CoBmecTHast paboTa Tpex
T€HOMOB.

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

OcoOEHHOCTH CTPOEHMS IUIa3MaleMMbl. TpaHCIOPTHBIE CHCTEMBI ILIa3MajeMMBb,
IPOTOHHAS YHEPreTHKA TPAHCIOPTHBIX cucteM, H'-AT®a3a P-turma.

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

Oujomnazmaruueckuii petukynym (OP) pactutenbHoit knetku. IllepoxoBaTelii U
rnaakuii OP. Pazmuunbie QyHkumonampHble yyacTku pacturensHoro OIIP. Curnanbhbie
nocieoBaTeabHOCTH 0enkoB, TpaHcnopTupyembix B OIIP. KDEL-nocnenoBarenbHOCTD.
®Oyukiuu JI1P.

Ammapar T'ompmxu (AIN). Crpykrypa AIl'. TpaHcmOpTHBIE BE3WKYJBI, TAUKTHOCOMEI,
Ny3bIpbKU. /[Ba OCHOBHBIX HaIlpaBJICHUs TPAHCIOPTA - IJIa3MalieMMa U BakyoJib. OCHOBHBIE
TPaHCIIOPTUPYEMBIE BEILIECTBA.

Bakyony. JluTnueckuil M 3amacarolui THIBI BaKyosiel. belkoBble MapKepbl THIIOB
Bakyosiel. CHUrHajbHBIE IOCJIEI0BATENbHOCTH OEJNKOB, TPAaHCHOPTUPYEMBIX B BaKYOIlb.
BosuukHoBeHue Bakyosicii de Novo. TpaHCHOPT BEHISCTB B 3allacarollie U JIMTHYCCKHUE
BaKyoJHu (CIMSHHUE BE3UKYN, aBTo(arust Be3ukyis). CHUrHaJIbHbBIE MOCIEA0BATEIBHOCTH
TpaHCIOPTa OEIKOB B BaKyoJib. OYHKIIUU BaKyOJSIPHON CUCTEMBI KIETKH.

Lumockenem pacmumenvroti kiemxu. CTpyKTypa HUTOCKeNeTa. AKTUH U TyOyJIHH, UX
noguMepu3auus u genoinumepusauus, G-aktud u F-aktun. benku, accouuupoBaHHBIE C
LUTOCKEJIETOM. YuacTU€ AaKTUHOBBIX (PUIAMEHTOB BO BHYTPUKIETOUHBIX JBUKEHUSX.
VYyacTue nMTOCKENeTa B IBUKEHUHU U 3aKPEIUIEHUN opraHesul. Posib IUTOCKENEeTa B CHHTE3E
LEJUTIONIO3b]. YYacTHe LIUTOCKETIETa B IPOLECCE NETIEHUS KIETKH,

Knemounas cmenxa (KC). YraeBoiHbIE KOMIIOHEHTHI KJIETOUHOU cTeHkH. [lenronosa,
TFeMUIEITI0I03bl, MeKTUHBL. Kamno3a. CTpykTypHble O€NKH KJIETOUYHOM CTEHKH: OEINKH,
oboramennbie ruapokcunpoauaoM (HRGPS), mponuaom (PRPS), rmummbaom (GRPS),
apabunoranakranoeie Oenku (AGPS). ®ynkumonanehbie Oenku KC: sKkcmaHCHHBI,
bepMeHTHI.

[lepBuunass ¥ BTOpWYHAS KJIETOYHAs CTeHKA. JIMTHUHBI, BOCKA, KyTHH, CYOEpHH.
[Mnasmonecmsr (ITMI), ux crtpoenue. KonamyecTBO IM1a3MOJE€CM Ha Pa3HbIX ydacTKax
KJIETOYHOM CTEHKH U B pa3HbIX TKaHAX. TpaHCHOPT BEIIECTB IO Iia3MojecMaM. J[Ba Tuma
CTpPOEHUSI KJIETOYHOW CTEHKHU y MOKPBITOCEMEHHBIX pacTeHuil. OOpa3zoBaHUE KIETOYHOU
cTteHKd. buocuHTes MuKpo@uOpmin Hewrono3sl U UX camocOopka. Ponbp ammapara
lompmxu B OmocuHTe3e anmeMeHTOB Matpukca. Dynkmum KC: kapkacHas, 3amuTHas,
TPAHCIIOPTHAs, PErYJISATOpHAs, CUTHaiIbHasA. OIMrocaxapyuHsl.

Onmoczenes knemku pacmenus. CTaAuM OHTOTEHE3a: JEJIEHUE KIETKH, POCT KIETKU
pacTsukeHueM, nudepeHIpoBKa, cTapeHrue U cMepTh. KineTouHblil (MUTOTHYECKUI) LIUKIL.
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®da3er mukina - G1, S, G2, M. 3anyck u peryJupoBaHHe KIETOYHOTO IuKIa. [[uKiInHBI,
IUKIMH- 3aBUcUMble mnporenHkuHa3zbl (CDKS). AmonTo3 pacTUTENbHBIX KIETOK -
nporpaMMHasi rubesnb kieTku. CUrHajIbl 1 MEXaHU3MBbI arornTo3a.

Knemxu pacmenuui in vitro. JdeauddepeHuanus pacTUTEIbHOW KJIETKH IN VItro u
dopMupoBaHHe ~ TOMYJISIUU  NPOTUGEPUPYIOIIUX  KIIETOK. CtpykTypHBIE  H
(YHKIIMOHAIbHBIE OCOOCHHOCTH KJIETOK pacTeHwid IN  Vitro. I'ereporeHHOCTh W
ACUHXPOHHOCTh TOMYJSAIMMA KJIETOK pACTEHWH BHE opraHu3ma. V3ommpoBaHHBIC
HPOTOILIACTHI KIIETOK pacTeHUi. Vcronp30BaHne KIETOK pacTeHHi iN Vitro kak MOJIeIbHOM
CUCTEMBI B (DU3MOJIOTUYECKUX HCCIIEOBAHUAX U B OMOTEXHOJIOTUH.

2.4, buosHepreTka pacTUTEILHOIO OpraHnu3Ma

Ipunyuner mepmoounamuxy. 3aKOHBI XUMHUYECKOW TepMmoauHaMuku. CBoOOHAs
SHEpPrus; WM3MEHEHWE CTaHmapTHoW cBoOomHoW HHepruu (J[G°). DHaepronmueckune wu
IK3EPrOHMYECKUE peakluu. XHUMHYECKOe paBHOBECHE, XMMMUYECKUH MOTEHLHAI.
Belpaxxenne u3MeHeHMs CBOOOJHOM SHEPrMHM peAoKC- peakuud B eIMHUIaX
AIIEKTPOXUMHUYECKOTO CTaHAAPTHOI'O OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO MTOTEHIIAAIA.

IIpeobpasosanue snepauu 6 kiemke. BHelIHNE UCTOYHUKU YHEPTUU JUJISI OPTaHU3MOB.
JIBe ocHOBHbIE (DOpPMBI 3amacaHusi PHEPrUU B KIETKE: 3JIEKTPOXUMHUYECKUW IMOTEHIUAI
OPOTOHOB  HAa  DJHEPrU30BaHHBIX  MEMOpaHax W MaKpOIpPrMYECKHE  CBS3H,
B3aMMOIpEBpaIlleHue 3TUX (OPM SHEPruu. DHEpreTHKa MpoLEecCOoB CUHTE3a U THAPOJIN3A
AT®. Tpanchopmanusi 3HEPrHUHM Ha COIPSTAOLMX MeMOpaHax: 3JIEKTPOXUMHUYECKHM
HOTEeHIMal - JBUXKyHas cuiaa (ochopunupoBaHus. YHHUKAJIbHOCTh HSHEPreTHUYECKUX
MPOLIECCOB pacTeHUM: (DOTOCUHTE3 U JbIXaHUE.

2.4.1. ®oTocunTe3. 3HaueHNE POTOCHHTE3A B TPaHC(HOPMAITUH BEIIECTBA M SHEPTUHU B
npuposae. Dusmko-xumuyeckas CyIIHOCTb Ipolecca (OTOCHHTE3a M €ro 3HaueHHE B
PHEPreTUYeCKOM M IUIACTHYECKOM oOMeHe pacreHus. Jluct kak opraH (OTOCHHTE3A.
CtpykTypHO-(DyHKIIMOHAJIbHAsT OpraHu3anus (oTocMHTEeTHYecKoro ammapara. OCHOBHBIE
NIOKAa3aTeIN ME30CTPYKTYPHI JINCTA.

DJeMeHTbl CTPYKTYpPhl MOJEKYJbl XJOpOo(dUUIa, OTBETCTBEHHbIE 32 (DYHKIHIO
NOTJIOLIEHUS, 3aMacaHys U MpeoOpa3oBaHus YHEPrUU B mpouecce poTocuHTe3a. MexaHu3m
NOTJIOLIEHUS M MCHYCKaHUS CBETa MOJIEKYJIOW; CIEKTpPbl MOIJIOUIEHUS. JIEKTPOHHO-
BO30Y>KJIEHHBIE COCTOSIHUS XJIOPOMUIUIOB, TyTH UX Je3aktuBanuu. [IpeoOpa3zoBanus
ANIEKTPOMAarHUTHOM  HSHEPrMM B  PEAOKC- DJHEPruio; OOpaTUMbIE  OKHCIUTENBHO-
BOCCTAHOBHTEJIbHBIE MPEBPAILEHHUS XI0PO(DUIIIOB.

Xnopodumn-6enkoBbie komiuiekchl (XBK); mexanusmbl 00pa3oBaHusi, 3HaU€HUE CBSI3U
nurMeHToB ¢ OenkoM. Opuentanus nurmMeHToB B XBK. MexaHu3mbl 3HEpreTHuecKoro
B3aMMOJICHCTBUS TNUTMEHTOB B KOMIUIEKCaX (PKCUTOHHOE B3aUMOJECUCTBHE) M MEXKIY
KOMIUIEKCAaMU (TIEPEXOIHBIE COCTOSIHUS).

Ponp xapoTHONAOB B poTOCHHTE3e. AHTEHHAs! PYHKINA, BO30YKI€HHbIE COCTOSHUS
KapOTHHOWJIOB, MEXAaHMW3Mbl MHUTPAIlMA SHEPTrHUM Ha XJIOpOQHII. MexaHu3M 3alluTHOTO
NEeUCTBUA KapOTHMHOUA0B. DYHKIMK KapOTHMHOMIOB B PEaKLMOHHOM IEHTpe, crneuuduka
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muc-kKoH(popManuy. 3HAYCHHE KCAHTO(DWIUIOBBIX LHKIOB Y BBICIIMX PACTEHUH U
BOJIOpOCTIeH; GOTOMPOTEKTOpHAS (HYHKIUS 3€aKCAaHTHHA U TNA30KCAaHTHHA.

[TepBuunble npoueccsl GOTOCUHTE3a, UX CTPYKTYPHO-(DYHKIIMOHAIbHASL OpPTraHU3ALIUS.
[IpencraBnenne o (OTOCHHTETHUYECKOW €AMHMIE. AHTEHHBIH KOMILJIEKC, PEAKIMOHHBIN
HeHTp. MexaHu3Mbl Murpanuu SHeprun B xjoporuiactax. CoBpeMEHHbIE MOAEIN
CTPYKTYPHOM OpraHM3alMi pEaKUMOHHBIX LIEHTPOB OaKTepUil M BBICIIUX PACTEHHIA.
Mexanu3M npeoOpa3oBaHus AIEKTPOMArHUTHOM SHEPTUU B SHEPTHUIO Pa3JEICHHbBIX 3aps/10B
B (DOTOXMMUYECKUX LIEHTpaX.

DNeKTpOoH-TpaHCIIOpTHAas Lenb QorocuHTe3a. [lpencraBieHuss O COBMECTHOM
¢yHkunonupoBanuu JByX Qorocuctem. Kommonentsr OTL[ u nocienoBaTenbHOCTb
nmepeHoca dJeKTpoHa 1o 1enu  (Z-cxema). Lukaudeckuil, HEHMUKIUYSCKUA H
IICEBIOLUKIMYECKUI JJIEKTPOHHBIM TpaHcnopT. [IpoctpancTtBennas opranuzanms OTL] B
TUJIAKOUJIHONH MeMOpaHe: OCHOBHBbIC (hYHKIIHOHAIbHBIC KoMILiekcsl DTL[ (PC-1, ®C-2)),
ux cTpykrypa u ¢pynkuuu. Crpoenune u ¢pynkuuu OC-2. OpraHuzanus B TUIAKOUIAHOU
MeMOpaHe ¥ pyHKIHOHHpOBaHHE peakimoHHoro nerrpa @C-2. Cucrema Gorosinza BOJbl U
oOpazoBanusi kucinopoja npu (orocunrese. Crpoenne u pynkuuun OC-1. ObpazoBanue
TPaHCMEMOpPAHHOTO MPOTOHHOTO TIpajHeHTa B MPOILECcCe SIEKTPOHHOTO TPAHCHOPTA.
Crpyktypa u ¢yHKuuu nutoxpom be/f kommuekca, Q - muki. Perymsmus moTokos
anekTpoHoB Tpu  (ortocuuTese. DoTocmHTeTHUeCKHiT KOHTpOdb. Jlokammzamms OTLI
KOMILJIEKCOB B TPAHAJIBHBIX U CTPOMAIBHBIX MEMOpaHaxX THIAKOMI0B. CHCTEMBI PETYISALNAN
UKIMYECKOTO M HEUUKIMYECKOIo 53JEKTpOHHOro TpaHcmopra. OOpa3oBaHue mpu
¢orocuHTe3e axkTUBHBIX (opm kucnopoma. Ilpomecchl (oTOoMHrHOMpoBaHUS U
(oToEeCTPYKIMH; 3aIIUTHBIE MEXaHU3MbI XJIOPOILIACTOB.

®orocuHTeTHUECKOE (pocopmirpoBanue. OCHOBHBIE THIBI, UX (PU3NOIOTHUYECKOE
3HaYEHUE, MEXAHU3MBI PEryIsiiuu. MexXaHu3Mbl SHEPreTUYECKOTO CONPSKEHUS TpaHCIIOpTa
anekTpoHoB M cuHTe3a AT®. Conpsratoume @akropbl GorodochopunrpoBaHus, HUX
(GYHKIMH, CTPYKTypa, MEXaHU3M JeHcTBHUs. MexaHu3M paboThl KaTAIUTUYECKUX IIEHTOB
CFI.

Perymnsiuyst oOTOKOB 371€KTPOHOB Npu (hoTocuHTe3e. POTOCUHTETUYECKUNH KOHTPOIb.
Jlokanuzanus komriekcoB OTL] B rpaHaibHBIX M CTPOMalbHBIX MeMOpaHaxX THJIAKOWJOB.
CucremMa peryiasiiuud LMKIMYECKOTO M HEHUKIMYECKOTO AJIEKTPOHHOTO TpPAaHCIOPTA.
KoHneunble mpoayKThl CBETOBOM M TEMHOBOM (ha3bl (POTOCHHTE3A.

XUMHU3M TIPOLIECCOB AaCCUMWJISALMHU yriepona B (otocunTese. Mcnoabp3zoBaHue
IPOAYKTOB CBETOBOM CTaJAMM Ui AaCCUMMJISIIUU YIJIEKUCIOTHL. PyOucko: copep:kaHue
dbepmenta, ctpykrypa, pynkuum, perymsmus. [{uxn KanbBuna, ocHOBHBIE (hepMEHTHI U
MexaHu3Mbl perymsiuun nukia. dotonsixanune. GII1- kapbokcuiasza, ee XapakTepuCTUKA U
gokanuzamus. Hukn — Xstua-Cimoka-KapnunoBa, ero  (QyHKUMOHAIbHOE  3HAYEHHE.
Opranuzanusi nporecca acCCUMWISLIMKM B KJIETKax Me30(uuia U OOKIaJAKU: OCOOEHHOCTHU
CTPOCHHS XJIOPOIJIACTOB M peakiuilt ¢oTtocuHTe3a. OOMEH COECIUHEHHUSAMU MEXIY
Me30(MIBHBIMUA KJIETKAaMH U KJIETKaMH oOkianku. Xapakrepuctuka rpyni Cs4 pacTeHHH.
®otocunte3 y CAM- pacreHuil: 0COOEHHOCTH OpraHM3alMy Ipolecca 3anacaHus YHEPruu
U (pUKCaLUU YTIEKUCIOTHl BO BPEMEHHU.
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Tpancropt mpoaykToB (POTOCHHTE3a U3 XJIOPOILIACTA: YSIIHOYHBIE CHCTEMBI BBIHOCA.
MexaHu3Mbl, KOHTPOJIMPYIOIIHE OOMEH METa0oIuTaMyd MEXAYy XJIOPOIUIaCTaMH |
nuToria3Matuueckon Qaszoit knetku. [IpeBpamenuss CaxapoB B IIUTOIIA3ME M IIUTO30JIE;
3amacHble U TpaHcnopTHbie popmbl CaxapoB. BkitoueHue yriepoaa B aMUHOKHUCIIOTHI.

AccUMUIISIUS YTIIEKUCIOTHI B JucTte. [leficTBue BHEMIHUX (PaKTOPOB (MHTEHCUBHOCTH
U KadyecTBO cBeTa, (oromepuon, koHueHtpamus COz, O, TemmepaTrypa W Jap.) Ha
dborocunTe3. Paznuyrie B KPUBBIX 3aBUCUMOCTH CKOPOCTH ACCUMUIISIIUU OT KOHIICHTPAIIUU
CO2 u O2B razoBoii cpene y C-3 m C-4 pacrenuit. KBaHToBBIl BBIXOJ (HDOTOCHHTE3A.
Tpancnopr CO2 x mectam (ukcanuu, pojib KapOOaHTHApa3bl. YCTbUYHAS M KIETOYHAs
npoBoauMocTb st CO2 B 3aBUCUMOCTH OT BHEHTHUX (DAKTOPOB M BO3pacTa JIHCTA.

2.4.2. JIbixanue. DepMEHTHbIE CHCTEMbI [bIXaHUS. XapaKTEPUCTUKA OTIEIbHBIX
TPy IBIXaTENbHBIX (DEPMEHTOB: MUPUANH3ABUCUMEBIE JETUIPOTeHA3bI, (DIaBUH3aBUCUMBIC
JeruAporeHasbl, OKcuaasbl. llepeHOCUMKU SIEKTPOHOB: XWHOHBI, KEJI€30CEpHbIC OEINKH,
[IUTOXPOMBI, UX XUMUYECKOE CTPOCHUE U CBOMCTBA.

['mukonu3. OcHOBHBIE (EepMEHTHl CHHTE3a M TUIAPOJIM3a caxapo3bl M Kpaxmala.
@DepMeHTAaTUBHBIE PpEaKIMK W DHEPreTHYeCKHil OanaHc TIMKOJIW3a, KOMIapTMEHTalus
mpolecca B KieTkax pacteHuil. ['nukonu3 u raokoHeorene3. OCOOEHHOCTH TIUKOIHM3A Y
pacrenuii: ~AT®- 3aBucumas  QochodpykTrokuHaza u  nupodocdaraBucumas
dbochodpykToknHaza - perynsTopHble ¢depMeHThl Thnukonusza. dpykro3zo-2,6 dochar -
peryisTopHas MoJieKyJja YriieBOJHOro 0OMeHa B paCTEHUSX.

OxucnutenbHblil IeHTO30(ochaTHbIN UK. DepMEeHTATUBHBIE PEAKIIUU U PETYIISAIUS
nukia. KommapTMeHTanuys nykia B KJIETKE U €ro pojib B METab0IM3Me PaCTeHUN.

[TupyBaTaeruaporeHa3Hblii KOMIUIEKC: CTPYKTYpa U PeryJisiusl.

[uxn TpukapOOHOBBIX KUCTOT. DepMEHTATUBHBIE PEAKIINHU U PETYsuus nukia. Pois
MaJMKIH3UMa B pPEryisauuu paboThl LUKIA. DHepreTudeckass 3(pQPeKTUBHOCTH Mpoliecca.
Oco0eHHOCTH IUKJIa TPUKAPOOHOBBIX KHCJIOT B PACTEHHUSX.

I'mnokcrmiaTHBINA UK. | THOKCUCOMBI M TIIMOKCHJIATHBIN ITUKII.

JlpixaTenbHass AJIEKTPOHTPAHCIIOPTHAST 1EMb: OCHOBHBIE KOMIIOHEHTBI, CIOCOOBI
peructpanuu pefaokc- cocrostHuil. Ctpykrypa u ynkumu xomruiekcoB OTI[ neixanus:
HAJIH- neruaporeHasssiii koMruiekc. CyKUMHATAECTUAPOTreHa3Hbl KoMIuieke. [{uTtoxpom
b/c  xomruiekc.  IIUTOXpPOMOKCHAA3HBI  KOMIUIEKC.  MexaHusM  00Opa3oBaHHUs
TpaHCMEMOPAHHOTO MPOTOHHOI'O TPaJMeHTa B MPOILECCE SJIEKTPOHHOIO TPAHCIIOPTA.

Ocobennoctu DTL nprxanust pacteHuii. AnprepHaruBabie HAJIH-neruaporenassr -
Jokanu3anys B MeMOpaHax U GyHKIIUU. AJTbTEpHATHBHAS OKCHJIa3a: CTPYKTYypa, PyHKIIHH,
MPUHLUIIBI PETYISALUMU. AJIBTEPHATUBHBIN MYTh NEPEHOCA IJIEKTPOHOB B JbIXaTEIbHOMN LIETIH
pacteHuil u ero (usmonornyeckoe 3HayeHue. MHruOUTOPBI ANEKTPOHHOTO TPAHCIOpPTa U
WHTHOUTOPHBIA aHAMM3 TIPU HM3YYCHUU JbIXaTEIbHOM AaKTUBHOCTH PACTUTEIBHBIX
MHUTOXOHIPHUU.

OxucnutenbHOE dochopunrpoBanue. OHeprusanus MeMOpaH npu
¢ynkunonupoBanuu  OTL[  geixanmsa. AT®- cuHTaza wmuroxoHapuit. CrTpykrypa,
JIOKaIu3alus, NPOCTpAaHCTBEHHass opraHu3anus. CoBpeMEHHbIE MPEACTABICHUS O
MexaHuszme cuHTeza ATO.
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Perynanust 371€KTpOHHOrO TpaHCIOpPTAa B ABIXATEIbHOM Uenu. JlpIxaTenbHbIN
KOHTpoNb. [loHsiTHE © pazoOmmrensx. OHepreTuyeckas APGEKTUBHOCTD IBIXAHHUA.
Uennounble cucteMbl BbiHOca AT® wu TpaHcmopT MeTabOJUTOB Yepe3 MeMOpaHbI
MHUTOXOHIPHUU.

OyHKUUM [bIXaHUs y pacTeHui. VHTepMenuatsl OKHUCIWUTEIbHBIX pPEaKUUd Kak
cyOcTpaThl JUisi CHHTE3a HOBBIX coenuHeHui. [IpeBpaleHue OpraHMYECKUX KHCIOT B
MUTOXOHJIpUsAX. Poib AbIXaHHUS B CO3MaHUM UM TOMJIEPKAHUU DICKTPOXUMHUUYECKOTO
MOTEHI[Maja Ha KIETOYHBIX MeMOpaHax (IJia3MajiemMma, TOHOIUIacT, MemOpana OP).
DJIEKTPOHTPAHCIIOPTHBIE LIENM  IUIa3MajJe€MMBbl, JHAOIJIA3MaTUYE-CKOTO PETUKYIyMa,
MUKpPOTEJEl, X CTPYKTYpa U (PyHKIIHH.

Huroma3matuueckue  okcuaasbl  (ackopOaTokcuaaza,  MOJU(EHOTOKCHAA3HI,
KCAaHTHUHOKCHU/IA3bl, MEPOKCHUIA3bl, KaTanasbl). x mokanmuzamus, GyHKIUU, BKJIAa B 00IIee
MOTJIONICHUE KHUCIOpPOJa PACTUTEIBHON TKaHbIO. MI3MEHEHMs] B MHTEHCHUBHOCTH M TYTSIX
JIBIXaHWSI B OHTOTEHE3€ U MPU IEUCTBUU (aKTOPOB CPEJIbI.

2.5. Bonoobmen

KonuuecTBo notpediisieMoil pacTeHHEM BOJIbI, COJIEPKAHUE BOJIBI B KIETKAX, TKAHIX U
opranax. MomekymspHas CTpyKTypa U (u3udeckue CBOICTBAa BOABL. B3ammonencTBue
MOJIEKYJ BOJABI W OwononuMmepoB, ruapatamnus. CocTosHHE BOJBI B KJIeTKe. Boma, Kak
CTPYKTYPHBI KOMIOHEHT PACTUTEIILHON KJIETKH, €€ y4acTHe B OMOXUMHUYECKUX PEAKIUSX.

TepmoIMHAMUYECKHE MOKA3aTENN COCTOSIHUS BOJBI: aKTUBHOCTD BOJIbl, XUMUYECKUN U
BOAHBIN mnoTeHuuan. CoOCTaBISAOIIME BOJHOTO MOTEHIHMAIA KIETKU: OCMOTHYECKHH,
MAaTPUYHBIA TMOTEHIMAN, NOTEHUHAT JaBJIeHUA. ['paguMeHT BOJHOrO IMOTEHIMAla Kak
JBIDKYIAs CWia TMOCTYIUICHUS M TEpeABMKEHUS BOAbl. OCHOBHBIE 3aKOHOMEPHOCTH
MOTJIOIIECHUST BOJbI KJIETKOM: B3aMMOCBSA3b MEXKAY W3MEHEHUSMHU BOJHOIO IOTEHIMAJIa
KJIETKH, BOJHOrO MOTEHIMala pacTBOpa M BOJHOTO NMOTEHIMaNa JaBiCHUS. AKBAIlOPUHBI
(OenKy BOJIHBIX KaHAJOB), X CTPYKTYpa, MPUHIIUI PaOOThl. AKBAIIOPUHBI IJIa3MaJIEMMBbI U
TOHOILJIACTA, UX POJIb B MOJICPKAHUHU BOJIHOTO OajlaHca BOJIBI.

Tpancnopt Boael mo pacTteHHio. KOpeHb Kak OCHOBHOM OpraH IOIVIOIICHUS BOJBI.
MexaHu3M paiaibHOTO TPAHCIIOPTA BOJBI B KOpHE. POb pru301€pMBbl U 3HAOAEPMBI B 3TOM
npouecce. IlocTymienne Boapl B cocyapl KcriieMbl. Kecunema — OCHOBHasi TpaHCIOPTHAS
MarucTpaib JBWKEHUS BOJHOIO TOKAa B CHCTEME «IOoYBa — pacTeHue — armochepar.
XapakTepucTUKa «HHMXKHEr0» W «BEPXHErO» JBUrareiied BoaHOro Ttoka. Kopaesoe
JIaBJICHUE.

Brinenenue Boasl pactenreM. ['yrranus, «miay» pacteHud. TpaHcnupanuus U ee poib
B JKM3HM pacteHud. KonndecTBeHHbIE TOKA3aTelM TPAHCIUPALMU: WHTEHCUBHOCTb,
MPOJYKTUBHOCTh, TPAHCHUPAIMOHHBIN KOA(huImeHT. YcTbUUHAsT W KYTUKYJsSpHas
TpaHcniupanusa. CTpoeHue YCThbUIl Yy JABYAOJBHBIX U OJHOJOJIBHBIX PACTEHUN, MEXaHU3M
YCTBUYHBIX ABWKECHUI. BrusHue BHEmHHX (akTopoB (CBET, TeMIiepaTypa, BIAXXHOCTb
BO3/lyXa, MOYBbI) HA HHTEHCUBHOCTH TpaHcnupanuu. CyTouHble KOeOaHUsT TPAHCITUPAIIHH.
PerynsitopHas poib yCTbUIL B BOJO- U Ta3000MEHE.
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Okonorusi BogoobMmeHa pacteHuil. OcOOEHHOCTH BOJOOOMEHA y pacTEeHUN pa3HBIX
9KOJIOTUYECKHX TPy (KCEpOPUTOB, ME3OPHUTOB, THTPOPHUTOB, TATO(UTOB).

2.6. MuHepalbHOE ITUTAaHKE

[TorpeOHOCTh pacTeHMiI B 3JIE€MEHTaxX MHUHepanbHOro mnuTanus. CoaepxaHue H
COOTHOLIEHNWE MHUHEPAJIbHBIX JJEMEHTOB B IIOYBE M PACTCHUSX, KOHLEHTPUPOBAHHE
JJIEMEHTOB B  TKaHAX pacTeHus. DyHKIMOHANbHAs KJIACCU(PUKAIUS  DIEMEHTOB
MUHEpaJIbHOTO MTUTAHHUS.

Kopenb kak opraH MOTJOMIEHNs MUHEPAIbHBIX 3JIEMEHTOB, CHIEIU(PUIECKUX CUHTE30B
C HMX ydacTHEM M TpaHcropTra. PocT KOpHS Kak OCHOBAa IIOCTYIUIEHHS 3JIEMEHTOB
MUHEPAJIbHOTO NHUTaHUs. 3HA4eHHE 30H pocTa KOpHS B 3ToM mnporecce. Cucrema
B3aUMOJCHCTBHUS “KOPEHb - 104YBa” . POIb MUKOpHU3BI.

[lornomenrne HOHOB U WX NepenBUKeHUE B KopHe. KierouHas creHka kak ¢aza amns
nBrxkeHus: HoHOB. [lonstue ceo6onuoro npoctpancTia (CII): Bognoe u gonnanosckoe CII,
OIICHKa UX pa3MepoB. Mexanu3mbl nocryrieHuss moHoB B CII u 3HaueHue 3TOoro srama
MOTJIOIICHUSI.

Tpancnopt HOHOB Yepe3 MeMOpaHbl; ABMXKYIIUE CUIIBI IEpEeHOCca HOHOB. [laccuBHBIN U
AKTHBHBIN TPAHCIIOPT MOHOB. YpaBHeHne HepHcera.

['pagueHT 3JIEKTPOXMMHUYECKOrO IOTEHIHAla HOHOB BOJOPOAA - JHEPreTUYECKas
OCHOBA aKTMBHOI'O IIEPEHOCA MOHOB 4epe3 IIasManiemMMmy. Pasnuuns sHEpreTUKU akTUBHOTO
TPAHCIIOPTa HMOHOB PACTUTENbHOM M KUBOTHOW KieTok. H-AT®a3za mnazmaneMmsbl, ee
CTPYKTypa, QyHKIIMOHUPOBAHUE U peryiaupoBanue. 14-3-3 6enku. JIpyrue HOHHBIE HACOCHI,
JNEHUCTBYIOIIME HA IUIa3MajieMMe. BTOpPWUYHBIM AaKTUBHBIA TPAHCIOPT HOHOB. benku-
NEPEHOCYUKU HOHOB (moprepbl). KuHeTHueckuili MNOAXOI U TEOpUS TEPEHOCUUKOB.
VYpaBHenuss Muxasnuca-MenTeH; ucnonb3oBaHue Vmax U Km U1 XapaKTepUCTUKU
TPAHCIIOPTHBIX CUCTEM. VIOHHBbIE KaHaIbl pACTeHHI; 00IIast XapaKTePUCTHKA UX CTPYKTYPHI,
(GYyHKIIMOHUPOBAHUS U PETYIISALIUU.

OcoOEHHOCTH TPAaHCHOPTHBIX cUCTeM MeMOpaH Bakyonu u DP. H-AT®aza V-tuna,
nupogdocgoTasa.

Mogenu DOCTYIUIEHHST HOHOB B KOpPEHb, TPAHCIOPT MHUHEPAIBHBIX BEUIECTB B
KcuiieMy. ATIOIJIACTHBIM M CUMIUTIACTHBINA MyTh. Posib mnasmonecm u OP. B3aumopeiicteue
U peryjsiliis CUCTEM TPAHCIIOPTAa MOHOB W3 CPeAbl B KOPEHb U 3arpy3Kd KCHUIJIEMBI.
Crneuuduika paauaabHOTO TPAHCIIOPTa MUHEPATIbHBIX AIeMEeHTOB. CUHTeTHUYECKast QyHKITUS
KOpHs. CBs3b MOCTYIUIEHUS M MPEBpPALICHUS MOHOB C MpOLEccaMH AbIXaHus. Perynsuus
IIOCTYIUICHHSI HOHOB HAa YPOBHE LIEJI0T0 PACTCHUS.

2.6.1. Posib MaKkp03/1eMEeHTOB.

Aszom. OcoOeHHOCTH a30THOro obOMeHa pacTeHuil. MICTOUHMKM a30Ta JUIsl pacTEHUM.
Munepanbubie  Gopmbl  a30Ta, HCHOJB3yeMble  pacTeHUSAMH.  DU3NOIOTHYECKHE
O0COOCHHOCTH TMOCTYIUICHUS M BKIIOYEHUS B OOMEH aMMHAYHOTO U HHUTPATHOTO a30Ta.
XapakTepuCcTHKa CUCTEM TPAHCIIOPTa HUTpaTa U aMMoHus. BumoBas cnernuduka ycBoeHUS
pasHbIx Ghopm a3zoTa
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CumOuoTrueckas (Qukcanus MOJEKYISPHOTO a30Ta: MEXaHWU3Mbl BOCCTAHOBIICHUS,
UCTOYHUKH DHEPIMM W BOCCTAHOBUTENM. XapaKTePUCTHKA ¥  (YHKIMOHUPOBAHUE
HUTPOT€HA3BI.

BoccraHoBiieHre HUTpAaTOB pacTeHUSAMH. HUTpaT- W HUTpUTpEyKTaza: CTPYKTypa
dbepMeHTOB, JIOKamu3alus, pEryisiluus aKTUBHOCTH M cUHTe3a. KOHCTUTYTMBHas U
UHAYIHOeTbHAS HUTPOT€HA3a. DTaIlbl BOCCTAHOBICHHS OKUCICHHOTO a30Ta U UX PeryIISIHs
B KJIETKE IN VIVO.

AJNbTEpHATUBHBIE TYTH YCBOCHHS aMMOHHMWHOTO a30Ta; JOKAIM3AIUsl PEaKIuil B
KJIETKE M XapakTepucTHKa (epMeHTOB (TIyTamaTAeruaApOoreHasbl, IIyTaMUHCUHTETA3bI,
TJIyTaMaTCUHTAa3bl). ACCUMHIIALIAS a30Ta B XJIOpOIUIAacTe, CBsi3b ¢ (oTocuHTe3oM. [lytu
YCBOEHHSI BOCCTAHOBJIEHHOTO a30Ta y 0000BBIX. YPEUIbI.

3amacHbple W TPAHCIOPTHBIE (OPMBI MHUHEPATHLHOTO W OPTaHWYECKOTO a30Ta B
3aBHUCHMOCTH OT WMCTOYHHMKA a30THOTO TMUTaHUsA. HakoruieHWe HUTpata B TKaHSIX U €ro
nynsl. KpyroBopoT a3oTa mo pacTeHHIo, peyTHIIH3AIHS a30Ta.

Cepa. Tloctynnenue cepbl B pacTeHHE, PEaKIIMM BOCCTAHOBIECHUS M ACCUMWISIINH,
agerosuHdpocdocynppar (ADC) dochoanenozuadochocynbdar (DADC). OcHoBHBIC
COCIIMHEHUSI Cepbl B KJIETKE, Y4aCTHE B OKHCIUTEIHHO- BOCCTAHOBUTEIBHBIX PEAKIIUSX.
['myratnoH, THOQEeppeaOKCHH, (PUTOXEIATUHBI, UX (YHKIUU y pacTeHuid. OpraHuyecKue
COCIMHEHUS OKUCIICHHOU CEepHI.

@ocgop. Dopmbl MuHEpanbHOro (Gocdopa B TKaHAX, UX COACPKAHUE U (PYHKIIHH.
Ocobennoctu noctyrmieHus ¢pochopa U TpaHCIIOPTA €ro COeqUHEHUN B pacTeHuu. Dopmbl
MuHepanbHOTO (Qochopa B TKaHaAx, ux QyHknuu. OcHOBHBIE (docdopcoaepxalme
KOMIIOHEHTBl KJIETKHM, UX poiib. 3amacHeie ¢opmbl docdopa. KommaprMmenraius
coenuHeHu#t pochopa. Posb Pocdopa B peryinpoBaHum akTUBHOCTH (PEPMEHTOB.

Kanuu. Conepxxanue u pacrpeesicHHe Kaaus B KJIETKE, TKaHSAX U OpraHax pacTEHHS;
€ro IUPKYIIALUSA U PEyTHIM3aLKUs, XapaKTEpUCTHKA cHcTeM TpaHcmopra K ux ¢GyHKIimu B
pacrenun. Ponp K B momumepkanuu moTteHmuana Ha MmemOpanax. Kamuwit u romeoctas
BHYTPUKJIETOUHOM U TKaHEBOU cpenbl (MOHHBIN Oananc, pH, ocMoperynsuus, rufpatauus u
KoH(popMalust MakpoMosiekyn). Posib kanus B perynsunu GepMEeHTHBIX CUCTEM.

Kanvyuu. Haxoruienue, ¢GOpMBI COCIUHEHUN, OCOOCHHOCTH TIIOCTYIICHUS W
nepememenns Ca®" no pactenuro. Konuentpanus u pacnpeneneaue Ca * B crpykrypax
knerku. CurnanbHas ponbs Ca?*. XapakrepucTrka MeMOpaHHBIX cucTeM TpaHcnopra Ca*,
0COOEHHOCTH MX PEryIsauMu M poib B GopmupoBanun Ca?’-curnana. CTpyKTypHas poib
KaJIbIUs B KJIIETOUYHOM CTEHKE.

Maenui. ConepxaHue ¥ COSMHEHUS] MarHus B TKaHAX pacTeHWid. 3amacHble (opMbl
Mg?*, ero peyrwimsauus M mepepacupesieJieHUe B pacTeHMd. 3HaueHue cBsasu Mg2tc
ageHosuHpocharamu U  pochopwmpoBaHHEIME ~ caxapamu. DyHKIUM MarHus B
dbortocuHTe3e. Maruii Kak akTUBaToOp (PEPMEHTHBIX CHCTEM; POJIb B CHHTE3€ aMUHOAITWII-
TPHK u B pyHKIIMOHUpOBAHUM PHOOCOM.

2.6.2. MUKpO3JIeMEHTBI.

CBolicTBa TSKENBIX METAUIOB, omnpeaensoomue ux poib B OTL[ dorocuuTeza u
JIBIXAHUS U IPYTUX PEIOKC- PEAKIIHSIX.
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/Kene3o: 1OCTYyMHOCTh B NIOYBE, BAJIEHTHOCTH MOTJIOMAEMOM (POPMBI, POJIb MUKOPHU3HI.
OcoOeHHOCTH TOCTYIUJIEHUSI JKe€le3a Yy JBYAOJbHBIX W OJHOMOJBHBIX PACTEHHI.
CoenuHeHus JkeJe3a; paclpelereHue MO0 KOMIIAPTMEHTaM KIETKH U B PacTeHHH.
Komruiekcsl jkesne3a B Oeskax peiokc- 1enei u apyrux GpepMeHTax.

Meow: ConepxaHue U pacrpesielieHne B KIeTKE U TKaHAX. Y4YacTHe B OKUCIUTEIbHO-
BOCCTAaHOBUTEJIBHBIX ITpOLIEcCax AbIXaHUs U GOTOCMHTE3a. DYHKIIMU HUTO30JbHBIX OKCHA3
(ackopOat-, heHoN- U TMAMUHOKCHU/IA3).

Mapeaney: AxTuBHpyeMble UM (PEPMEHTHBIE CHUCTEMBI, €ro CHeuu(pUYHOCTh, Kak
xogakropa. Ponrs Mn?* B ¢pynkimonuposanuu OC-2.

Monub6oen: TIoTpeOHOCTh B AJIEMEHTE; €ro 3HA4YeHHe MJIs MPOLECCOB YTUIU3ALUU
azoTa cpefibl. MontepuH U GyHKIIMOHUPOBAHUE HUTPOT€HA3bl U HUTPATPEAYKTa3bl.

Lunx: CTpyKTypHast poiib B MOAJEP)KaHUN (EPMEHTHOW aKTHMBHOCTH M TPU CHHTE3E
Oenka. Zn-coxepxaimue GpepMeHThI: KapOoaHTuapasa, cynepokcumaaucmyTasa (CO/).

bop: xomnaprMmeHTanus B KieTke; (popmbl coelMHEHMHA. MexaHM3Mbl ydacTus B
peryisuu GU3NOIOTUYECKUX MpoleccoB U MeTtabonu3zma. CTpyKTypHasi pojib B KIIETOUHOMN
CTEHKE.

Hapymienust B MeTabomnu3me pacTeHU Mpu HEAOCTATKE MUKPOAJIEMEHTOB.

DYHKIMH «TOJIE3HBIX» EMEHTOB: HaTPU, XJI0p, KPEMHUI, KOOANBT.

2.7. JJlanpHui TPAaHCHOOPT M KPYTOBOPOT BEIIECTB B PACTEHUU

TpaHcnokalusi BEIIECTB W3 JIUCTbEB B JApPYrHe OpraHbl: (JI03MHbBIE CUTOBHUIAHbBIE
aneMeHThl. CoOCTaB TpaHCIOUMPYEMbIX BEIIECTB (caxapa, aMUHOKHUCIOTHI, TOPMOHBI,
HEopraHuveckne noHbl u ap.). [lepensmxenne GoToacCUMIIATOB U3 ME30QHILIA K COCyIaM
(GI05MBI O amoruIacTy W CHUMIUIACTY. MeXaHU3MblI 3arpy3ku (prrosMbl W3 amoriacta U
cumiuiacta. Ponb compoBokjaromux KiaeTok. Tum 3arpy3ku  (ao3Mbl y pacTeHUi
Pa3IUYHBIX CHCTEMATUYECKUX TPYNI U €€ 3aBUCHUMOCTh OT KIMMAaTUYECKUX YCIOBHH.
MexaHu3M mnepeaBIKeHHs BelecTB no (ioame. Mozenb moToka BOAbI MO JABICHUEM.
[Topbl CUTOBUIHOM MJIACTUHKUA KaK OTKpPBIThIE KaHallbl. CKOPOCTh MEPEIBHKEHUS BEIIECTB
1o (uio3Me; uX BBIFPY3Ka U3 CUTOBUIHBIX IEMEHTOB. Bocxoasdiuil TpaHCTIOPT BEIIECTB 110
kcuneme. CocTaB KCHIIEMHOT'O 3KCyzata. B3anMocBs3b TpaHCIOpTa BOABI M PACTBOPEHHBIX
BeulecTB 1o Kcuiaeme. CKOpOCTM TpaHCHOpPTa BOJAbl W OTHEIbHBIX  BEIIECTB.
B3aumoneiictBue (UIOAMHBIX W KCHJIEMHBIX ITOTOKOB a30THUCTBIX BEIIECTB W HOHOB.
KpyroBopot u peyrunuzaius MUHEpaIbHBIX BElIeCTB B pacTeHUU. DyHKIMOHATBHAS POJIb
3TUX (PU3UOTIOTUYECKUX TPOIECCOB.

2.8. PocT 1 pa3BuTHE pacTEHUM

Onpenenenue NOHATUI «pocT» U «pa3BuTUE» pacTeHuil. [Ipobrema pocTa u pa3BuTHs
Ha OpPraHW3MEHHOM, OPraHHOM, KJIETOYHOM MU MOJIEKYJISIpHOM YpoBHsX. CyllecTBOBaHME
OpraHu3Ma KakK pa3BepThIBAHME BO BPEMEHU T'€HETMYECKONW HIporpamMmbl; BO3JeicTBHE
BHEUIHUX (DaKTOPOB.
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OO6mue 3akoHOMepHOCTH pocTa. Ilokazarenu pocrta, S-oOpa3HbIil XapakTep KpUBOM
pocta, ero (a3pl. KOMIIOHEHTBI «KJIACCHYECKOTO» aHalIM3a pOCTa W MaTeMaTUYECKHI
aHanu3 rnpoiecca. Tumel pocta y pacteHuil. Opranuzanusi MepucTeM KOpHs U credus. Poct
U JesTenbHOCTh MepucteM. Kiierounble ocHOBBI pocTta. Poct pactenuit u cpena. Brnusuue
TEMIEpaTyphl, CBETa, BOJbI, Ta30BOr0 cCOCTaBa aTMoc(epbl, 3JIEMEHTOB MUHEPAIHHOIO
NUTAHUS Ha POCTOBBIE IIPOLECCHI.

KuszHenHsld  HMKJI ~ BeICIIMX  pacTeHWid. OCHOBHBIE  3Talbl  OHTOIE€HE3a
(SMOpHOHAIBHBIA,  IOBEHWIbHBIA,  PENPOAYKTHBHBIM,  3pEJIOCTH,  CTapeHMs), HX
Mopdonoruueckue, pusnogorndeckue u Mmetabonandeckue ocooeHHoctu. CocTosiHUEe MOKOs
y pacteHuil. TUIIbI TOKOS U UX 3HAYEHHE ISl )KU3HEACSITEIbHOCTH PACTEHUM.

Mexanu3mbl  Mopdorenesa pacrenuid. [lomsipHocts. MHAYKIMS TeHETHMYECKHX
nporpaMM, MOP(QOTE€HETUYECKUE TpaJUEHThl W OpPHUEHTALUS KIETOK B IPOCTPAHCTBE.
[lenocTHOCTB M KOPPENATUBHOE B3aMMO/JIEHCTBUE OpraHoB. Pereneparus.

['opMoHanpHas perynsanus pocTta U pa3BUTHS PACTCHUM.

Ayxcunel. buocunTe3, 00pa3oBaHHe KOHBIOTATOB, JAerpajanus ayKCUHOB. AKTHUBHBIH
TPAHCIIOPT AYKCMHOB B  pacTeHHsX. DOHU3MOIOTUYECKHE OTBEThl HAa  AyKCUHBI:
aTTparupyromui 3G eKT, pacTsKeHHE KIETOK U TPONMU3MBbI, Tu(PepeHIIMpPOBKa KIETOK MO
NEHCTBUEM ayKCHHOB, aNMKaJbHOE JIOMUHUPOBAHME, AaKTUBU3ALMS JEJIEHUNH KIETOK
KaMOusi, pu3oreHe3. AyKCHMH Kak TOPMOH CT€OJIEBOTO arneKca.

Lumokununvl. buocunTe3, 00pa3oBaHHE KOHBIOTATOB, AErpajalus TUTOKUHHUHOB.
du3noNIOrNUecKoe JACUCTBHE: aTTParupyrmuii 3QdEeKT, CTUMYIISIHS KICTOYHBIX JEJICHUN,
nuQepeHIupoBKa Mo AeHCTBUEM IUTOKMHUHOB, CHATHE allMKAIbHOIO JOMUHUPOBAHUS C
00KOBBIX MOYeK. LIUTOKUHIH Kak TOPMOH KOPHEBOT'O areKca.

B3aumoneiictBue aykKCMHOB UM LUUTOKMHUHOB. [loHsiTue 00 aHTaroHusme u
cuneprusme. ['opMoHanbHbI OanaHc B pacTeHuu. Kymbrypa in Vitro kak Mozaenb Jis
U3y4YeHHs ropMmoHaibHoro OanaHca. I[logaepxaHue ropMmoHaibHOro OanaHca 3a CYET
pereHepauuu TOYEK CHHTE3a AyKCUHOB M LUTOKMHUHOB. bakTepuu, HCHOIB3YIOLIUE
HapylIeHHe TOPMOHAILHOTO 0ajlaHca MEeXIy ayKCUHaMu U nuTo-kuaunHamu (Agrobacterium
tumefaciens, A. rhizogenes).

Tubbepennunvt. Ilytm OuocuHTe3a W MHOTOOOpasue rudbepemmHoB. OOpa3oBaHue
KOHBIOTaTOB U jerpanauus. dusmonoruyeckoe aedcTBUE THOOEPEIUIMHOB: PACTSKEHUE
KJIETOK M aKTUBU3ALMS MHTEPKAISIPHBIX MEpUCTEM, 00pa30BaHKE I[BETOHOCOB, MIPEPhIBAHUE
NOKOSL M CTHUMYJISIIUS POCTOBBIX MPOIECCOB. DHIOTCHHBIH YPOBEHb THOOEPEIUIMHOB U
JuiMHa AHs.  ['uOOepennmHbl Kak TOPMOHBI JHMCThEB. KapiaMKoOBOCTb, BbI3BAHHAS
HapyLIEHUsIMU CUHTE3a TH00epeuiMHOB. B3aumonelicTBre ¢ ApyruMu rOpMOHAMU.

Abcyuzosas xucnoma. Ilytm OumocunTesa ABK B pacTeHusx m B rpubax, ee
meTabonu3M. dusznonoruyeckoe IEHCTBUE: OCTAaHOBKA POCTA, MOITOTOBKAa K COCTOSHUIO
nokosi. AKTHMBM3AIUsl CHUHTE3a 3amacHbiXx BemecTB. ABK kak ropMoH aGuoTHYecKOro
ctpecca. CTpaterusi OTBETa Ha 3acyXy, OHIKEHUE TeMnepaTypsl, 3acosienue. Pons ABK B
UHAYKIMKM 3alIUTHBIX MPOLECCOB (CHHTE3 OCMONPOTEKTOPOB, IOJMAMUHOB, OEJIKOB-
HIAMMPOHUHOB; 3aKpbIBAHNE YCTBHULL; JTUCTOIAJl, BEI3BAaHHBIN 1e()ULIUTOM BOJbI; CO3PEBAHUE
CyXUX TUIOAOB U ceMsiH). B3aumonericteue ABK u ru66epeiinHoB B mipolieccax peryisiuu
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HOKOSI.

Omunen. buocunte3 stmneHa. Crneunduka 3TUIEHA Kak Ta3000pa3HOrO TOPMOHA.
@U3N0JI0rNYecKoe ACUCTBUE: TPOMHONW OTBET MPOPOCTKOB Ha 3TUJIEH. DTWIEH KaK TOPMOH
MEXaHU4eCKoro M Oumormyeckoro crpecca. Curyanuu OMOMEXaHMUYECKOTO BO3AEHCTBUS:
HOBPEXJIEHUE HACEKOMBIMH M KPYNHBIMH TPaBOSIHBIMU, (UTONATOI€HHBIMM I'pUOaMH.
Crparerusa orBera Ha OumoTnueckuil ctpecc. Co3peBaHHE COYHBIX IUIOJOB M JIMCTONAJ B
YMEPEHHBIX IIMPOTaX KakK MOJIrOTOBKA K MEXaHMYecKoMy crTpeccy. Ponb sTmieHa kak
“ropmoHa TpeBoru” B OuolreHo3ax. B3aumopeilcTBue 3THIIEHA C ayKCMHAMU U JIPyTUMU
ropMoHamu. Myranuu, noBpexaaroiine OMOCUHTE3 STUIEHA WIIH €r0 peLenitIo.

Peeynamoper pocma pacmenuii. bpaccuHocTepoupl: OMOCHHTE3, MHOroobOpasue.
®dusnosnorudeckre 3PQPEeKThl: pacTsKeHUe KIETOK, poib B AupdepeHIpoBke Me30(uiLia.
XKacmonoBast kucinora. buocunres u ¢usnonornyeckue 3p¢pekrsl. MecTo KacMOHATOB B
perymsiuun otBeta. CxoacTBo OTBETOB Ha kacmMoHaT W Ha ABK. Camumunar m apyrue
(deHonbHbIE coequHEeHUs. Bo3MokHasi poyib B peryjsiquud TEepMOIeHe3a, OTBETa Ha
BUPYCHYIO HMH(QEKUUI0, I[BeTeHUWU. B3aumoneiictBue ¢  JpyrMMH  TOPMOHAMH.
OnurocaxapuHsl.

@omopezynsayus y pacmenun. OCHOBHbIE NPUHIMIBI (oTopeuenuuu. OTinune
(GoTOpeenTOPHBIX KOMIUIEKCOB OT 3SHEpPronpeodpasyromux. OU3N0NIOrHuecKd BaKHbIE
00J1acTH CTIeKTpa: KpacHas U cuHsAA. PUTOXPOM U KPUIITOXPOM.

®utoxpomHas cucteMa. CHekTpajabHbIE CBOKWCTBA MOJIEKYJIBI. ODTambl MPEBPALLICHUS
Phr - Phs: m3menenus B cTpykType Xpomodopa M amomporerHa. ['€Hbl, KOIHPYIOIIUE
ounocunres. dutoxpom A u B: cxoactBa u ormimuus. DuU3MOTIOrMUYECKUE PEAKIMH,
OIOCpPEeI0BaHHbIE (PUTOXPOMHON CHCTEMOM: CBETO3aBUCHUMOE MPOpPACTaHUE, AEITHOIALMS,
cuanpoM m3beranms TeHu. K/JIK-oOpatumocts. PUTOXpOM Kak «BXOJIHBIE BOPOTa» IS
¢doTomeprnoMIecKOro CUrHana.

CtpykTypa KpuUNTOXpOMOB. Vcmonp30BaHME  MYTaHTOB JUIsl  MCCIIEOBaHUS
Kpunroxpoma. OTBEThl Ha CHHUH CBEeT: pa3rnOaHMe aNMKaJIbHOW IETENbKH MPOPOCTKOB,
(GOoTOTPONU3MBI, YCTBUUHBIE JBUKECHHUS.

Cucremsl peryssiuuu (pU3noI0rHuecKux MpoLeccoB.

Cemb nymeu nepeoauu cuenana 6 kiemke. Bocrnpusitie BO3J€HCTBUN U CUTHAJIBHBIX
MoJIeKyJ. PenenTopel CTUMYJIOB M TOPMOHOB, HX JIOKajnu3auus. Poip mia3MaieMMBbl.
[lepenaua curHana. BzauMmopelcTBUE peELENTOPOB € MNOCPEAHUKAMU, MEPEAAIOIINMU
curHan. BropuuHble TMOCpemHMKH Tepepadn curHana (pocdommnaza C?*, nAMO®,
UHO3UTOJI-3-(hocdat U ap.). YUacTue Kajblys B epeaaye curiaiga. Poiap kaibMoaysivHa u
Ca?*-CAM komruiekca B (JOPMUPOBAHMM OTBETHOM peakiuu. [IpOTEMHKMHA3BI, 3HAUYECHHE
peakimu  docopunupoBanus/  nepocOpUIUPOBAHUS B PETYISALUU  aKTUBHOCTH
depmenToB. Crieruduka nepeaadn 1 GOpMUPOBAHHS OTBETA HA OMPEICICHHBI CTUMY.

@omonepuoousm. DeHoMmeHoNOTus  (POoTONEpUOAM3MA: [BETEHHUE W IPYIIBI
(GoTonepruoINUECKUX PACTCHUM, PEryJsius JIMCTonana, oOpa3oBaHMs IOYEK, Nepexoja K
COCTOSIHMIO TOKosi. Bocmpusitue niauHbl AHS: 3QQEeKT npepblBaHUsS HOUYH, (UTOXPOM,
BHYTpPEHHHE 4Yachl. ['OpMOHalbHasg Teopus LIBETECHUS YaiinaxsHa. V3meHeHus
TOPMOHAJILHOTO OajlaHca, MPUBOASIINE K (DU3MOJOTHYECKOMY OTBETY Ha (hOTONMEPUO.
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Perymsiimst pa3BuTHs KIMMaTHYECKUMH (HaKTOpaMHu.

BuyTtpenHune putmsl pa3BuTusa pacTeHMi. llepuomnueckue SBIEHHS B PUTMax
opraHoreHeza M pocra pacteHuil. llupkajnHele pUTMBI, MEXaHU3M HX O0Opa30BaHMUI.
Hactpoiika 1upkanHeix putMoB  (ortonepuogoM. Ilmacroxpon. Koppexrtupoka
BHYTPEHHUX PHUTMOB pa3BUTHs BHEIIHUMHU KIMMaTHUYECKUMHU (aKTOpamMH: 3acyXoi,
HNOHWKEHUAMU Temrneparypbl. ['yOokuil ((u3nosorndeckuil) MOKOM M BBIHYXIACHHBIN
nokoi. Temrneparypa U pa3BuUTHE pacTeHU. SIBieHUS cTpaTU(UKALMKU U SIPOBU3AIUU KaK
JKOJIOTHYECKas ajanrtanus. 'opMoHabHAs Teopusl BepHanu3auuu pacreHui. lIpepsiBanue
rJ1yOOKOro MOKOS MOHMKEHHBIMHM TeMIlepaTypaMH: IMPOpacTaHUE CEMSH, BBIXOJ MOYEK U3
COCTOSIHUS ITOKOS, LIBETEHHUE.

OMOpuoHanpHOe pazBuThe. Pa3BuTHe 3apoibliia y ABYAOIBHBIX PACTEHUH B HOPME.
Hcnonp3oBaHne MyTaHTOB JUIsl M3Y4YEHUs MEXAHU3MOB pa3BUTHs 3aponbimia Myrtanuun
HapylIalolie pa3BUTHE KOPHEBOIO M CTEOJIEBOrO amekca, CyCcleH30pa, HEKOTOPHIX CIIOEB
TKaHel B 3apojplmax. CoMmaTuyeckuil sMOpHOreHes, (akTopsbl, BIUAIONINE HA UHIYKLHUIO,
oOpazoBanue u (HoOpMUPOBAHUE 3apObIIIEH IN Vitro.

[Ipopactanue cemsiH. ['opMoHaNbHEIN Oananc mpu mpopactaHuu cemsiH. OTHoleHue
ABK/ rub6epennunbl. Myranuu cunte3a ABK u orBeta. CBsI3b TOPMOHAIBHOIO CTaTyca
CEMEHU C OMOCHHTE30M JIPYTUX BEILECTB.

Perynsuus BeretaTuBHOro pocta pacteHui. Poct kopHs. Ponb ¢utoropmoHos.
HuddepeHipoBka KOpHEBBIX BOJOCKOB. CepHsi MyTaHTOB C HAPYLICHUSIMU MHULIMALMHA U
JJIOHTAIlUM  KOPHEBBIX  BOJIOCKOB, (OPMBI  BOJIOCKOB. MyTanuu, Hapylaromme
IPaBUTPOIIH3M.

Poct nobGerooii cucreMsl. Y cTaHOBIeHHE (DUIUIOTAKCHCA MIPH MPOPACTAHUN CEMEHH.
Ponb ¢uroropmonoB. Mytauuu apabuaorcruca ¢ U3MEHEHHbIM Pa3BUTUEM BEr€TaTHBHOIO
anekca. Poct nucra. Posb puTOropMoHoB B 3akiiafike W pa3BUTUU JucTa. CBA3b pa3BUTHUS
JUCTa U MEPUCTEMBI ITobera.

Perymsinus reHepaTMBHOrO pasBUTUsA pacTeHMM. MHAYKIMSA M 3BOKAaLuUs LBETCHUS.
Passutne consernii. PanHee reHepaTMBHOE pa3BUTHE, IO3JHEE I'EHEPATUBHOE DPA3BUTHE,
pa3zButHe LBEeTKOB. HopmanbHoe pa3BuTHe nBeTka. Mojenb «BoitHbl nosuuuit» (ABC).
I'enetnueckue pynkiuu A, B u C. CemeiicTBa reHoB, coaepxkanmx MADS-nomeH.

[lposiBnenns mnoma y pacteHuid. CamoHecoBMecTuMOCTh. ['erepoMopdHas u
roMoMOp(Hasi CcaMOHECOBMECTUMOCTb. CHOpOo(UTHBIE ¥ TaMeTO(QUTHBIH KOHTPOJIb
caMOHeCOBMeCTUMOCTH. Perymsanms mnosia. JKU3HEHHBIE LMKIBI PACTEHHU. Y CIIOBHS
MHUHEPAIBbHOTO MUTAHUS, BO3PACT, TOPMOHAIBHBINA CTATyC KaK (PaKTOPHI, BIAMSIONIAE HA TOJI
pacrenuid. [lonoBeie XxpoMocoMbl. MyKCKHE U )KEHCKHUE [IBETKH Yy OJHOJAOMHBIX PACTCHUM.

2.9. YCTOMYMBOCTE pACTEHUN K HEOJIATONIPUATHBLIM (hakTopam

Crpecc u amanranuss — o0mas XapakTepucTuka siBieHuidl. HebOmaronpustHble
(dakTopsl OMoTHMYEecKOH M abuoTuueckol mnpupoabl. OTBETHbIE peakUUM PAcTEeHUH Ha
neiicteue crpeccopoB. Crnemuduueckue U Hecneuuduueckue peaxkuuu. I[lpupona
Hecnenuuyeckux peakuuil. CtpeccoBble OENKN U UX (PYyHKIUU.
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Boonvui depuyum. Kitaccudurarmss pacTeHHid TO HMX YCTOMYHMBOCTH K 3acyXe.
Kcepodutel. CiocoOHOCTh pacTeHMid TMOJIEPKUBATH BOAHBIA TOK B CHCTEME: IOYBa-
pacteHue -atMocdepa B ycInoBusixX 3acyxu. PakTopsl, 00ecreunBaronie ABHKEHUE BOJIbI U3
MOYBHI B pacTeHue U B atMmochepy y kcepodutoB. OCMOTHYECKUN W THAPOCTATUYECKUN
NOTEHUMAIbl y PAa3HbIX IO 3aCYyXOYCTOMYMBOCTU PACTEHMI. Perymsius ocMOTHYECKOTro
MOTEHI[MAaa JIaBJICHUS C IOMOIIbIO OCMOJIUTOB. XHMHUECKass NpPUPOJa U OUOCHUHTE3
ocmonuToB. [IpoTekTopHas (QyHKUIHUS OCMOJUTOB. 3amura OEIKOB B  YCIOBHSX
JIeruapartanui nurToruia3Mbel. [IpoinuH U MOJMOIBl KaK Ba)KHEHIIME MPOTEKTOPHI OENKOB.
[TonnaMuHBI -TIPOTEKTOPHI HYKJICHMHOBBIX KHUCIOT. beTanHbl W WX 3alIUTHBIE (PYHKIUU.
benku, cuHTe3upyromuecss B ycnoBusax aeruaparanuu. Mx 3amurtHas poib. Cs u CAM-
THUIIBI META00JIM3Ma KaK CUCTEMBI SKOHOMUU BJIaru y 3aCyXO0yCTOMUUBBIX pACTEHUM.

Buvicokue ronyemmpayuu conet. Tumnbl TOYBEHHOTO 3acoyieHUs. [anoputel u
rimkodutel. [loBpexknaromee neiicTBre cojeil. Ananranus pacTeHUH K OCMOTHYECKOMY U
TOKCHUYECKOMY  JIEHCTBUIO COJICH. CnocoObl  moazepkaHue  OBOJHEHHOCTH.
OcmMmoperynsiTopHas U mpoTekTopHas GyHkuuu ocMoiuToB. IIporekropubsie Genku (I1B),
CHUHTE3UpYIOIIUECS B PACTEHUAX MpH cojieBoM cTpecce. Wuaykmusi O6mocunrteza I1b
BBICOKMMH KOHIIEHTpauusiMu cojeil. OyHKuuu npoTeKTopHbIX 0enkoB. CHCTeMbl HOHHOTO
rOMEOCTaTUPOBAaHMS  KJIETOK. KommapTMmeHTalusi HMOHOB, poOJb Bakyosud. Poub
IIa3MaJeMMBbl M TOHOIUIACTA B TOMIEPKAHWH HU3KMX KOHIEHTparuii Na* B ruromiasme
npu 3acojienun. Na -TpaHCHOPTHPYIOIINE CUCTEMBI M MX CBOWCTBA. JlanbHUN TPaHCHIOPT
Na* (ypoBenb mesnoro pacrenus). CTpaTerus u30ekKaHUs HAKOIUICHUS HOHOB B aKTHBHO
MeTabOIM3UPYIOIIUX TKAHSAX U TEHEPATUBHBIX OPTaHax B YCIOBUSIX 3aCOJICHUSI.

Oxcmpemanvhvie  memnepamypsl. PacTeHns Kak  SK30TE€PMHBIE  OpPraHU3MBI.
TemneparypHble aganTaiyy, CBI3aHHBIE ¢ U3MEHEHUEM COJIepKaHus (DEPMEHTOB B KJIETKaX
U uX H30(QEPMEHTHOTO COCTaBa. Anantanuu, OOSCIEYHMBAIONINE IMOCTOSHCTBO KM mpu
TeMIepaTtypHbix caBurax. CTpyKTypHbIE TEPECTPOMKH KJIETOUHBIX MeMOpaH MpH
TEMIIEpAaTypHBIX afanTaluuax. Poib U3MEHEHUS XMMHUYECKOTO COCTaBa XUPHBIX KHUCIOT U
COOTHOILICHUSI HACBIIIEHHBIX M HEHACBIIEHHBIX JKUPHBIX KHUCIOT B OOecleueHUuu
HEOOXOUMOI TMOABMKHOCTU JIMIIUJHOTO OHUCIIOS MeMOpaHbl MpU TeMIlepaTypHBIX
aganTanuax. M3MeHeHue BSI3KOCTH JIMIUAOB U PETYISIUs aKTUBHOCTU JIOKAJTM30BAaHHBIX B
mMeMOpaHax ¢epmeHnToB. Ponp u (¢QyHKUMS gecarypa3 B M3MEHEHUM HHJEKCa
HEHACHIIIICHHOCTH KHUPHBIX KUCIOT MPU TEMIIEPATypPHBIX alalTalUsX.

TonepaHTHOCTH pacTeHU# K 3amMopaxkuBaHuto. [IpegoTBpanieHrne o6pa3oBaHus Jibjia B
KIeTkax: 1) myremM uX 00€3BOXKHBaHUS B X0jA€ (HOpPMHUpPOBAHUS KPHUCTAJUIOB JbJa B
MEXKKJIETHHKAX; 2) TyTeM OMOCHHTEe3a OMOIOrHYecKuX aHTUGPU30B. XUMUYECKas IPUPOIa
OMOJIOTHYECKUX aHTU(pPHU30B. MonexynsipHbie MEXaHU3MBI ux JENUCTBUS.
HuszkomonekymnsipHble KpHONPOTEKTOPHI. 3aKajaka pacTeHUul. MI3MeHeHus, POUCXoAsIIue B
pacTUTEILHOM OPTaHU3ME B XOJ€ 3aKajku. MexaHU3Mbl MOBBIIIEHUS] MOPO30YCTOHYMBOCTH
IIPU 3aKaJKe.

Axmueuposannsiii kuciopod. AxtuBHbeie Gopmsel kuciopoaa (ADK): cynepokcuHbit
paauKan, THIPOKCWI- paguKall, CHUHIJIETHBIA KHUCIOPOJ. MexaHU3Mbl UX OOpa3oBaHMUS.
Bxnaa ¢porocunrernueckoit u apixatenbHor ITL] B renepalinio CynepoKCHIHOTO paauKaia.
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Ponb BBICOKOW MHTEHCUBHOCTH CBeTa B IepeBoccTaHoBileHHOCTH OTL[ XjoporuiactoB u
o0pa3oBaHuU CyHepoKCUAHBIX paaukanoB. ['enepauuss ADK mpu ctpeccax. Tokcuueckoe
nericterue ADK; cTuMyAnus NEPEKUCHOTO OKUCICHUS JIMIUIOB.

MexaHu3mbl  3amuThl  pacTeHuid oT wu30biTka A®DK. Ilytu mnpenorBpaiieHus
oOpazoBanusi AOK B kieTkax pacTeHHil. AHTHOKCUIAHTHbIE CUCTEMBI KJIETKH: ackopoart -
[JIyTaTUOHOBBIM IMKJI, OCTO KO(epod. AHTHOKCHIAHTHbIE (EPMEHTATUBHBIE CUCTEMBI.
CemeiicTBO CynepoKCUIANCMYTa3. AcKopOaTnepokcuaasa, KCaHTOGUIUTLHBIN LUK U JIP.

Anokcua u eunoxcus. PacTeHus, yCTOMYMBBIE K HENOCTATKy Kuciopoxa. Poub
TJIMKOJIN3a B aJJalTallii pacTeHUH K HEJJOCTaTKy KHCIOpoAa. AHATOMUYECKHUE OCOOEHHOCTH
pacTeHui, yCTOMYMBBIX K aHOKCHH U TUIIOKCUU - CTpaTerus u3dexxanus ana’pobuosa. Poib
TOPMOHOB B aJjanTaliy K aHa’poouosy. OTBETHAs peakilus pacTeHUI Ha PE3KOe CHIDKEHUE
coJiep KaHMsl Kuciopoaa B cpene. benku, oOpasyroniyecss B pacCTeHUSIX B XO/1€ aJaNTalluU K
HEJ0CTaTKy kuciopoaa. x ¢yHkuuoHampHast poiib. [IoMBITKH MOMy4eHUS] YCTOMYMBBIX K
HEJ0CTaTKy Kuciaopoaa popm pacTeHui.

Toxcuynocms msdcenvix Memannog sl PACTEHUNM HUX HAKOIUIEHUE B TKAHSIX.
MexaHu3MBbl 3alIUThl: KOMOAPTMEHTALMS U HAKOIUICHHE TSDKENIBIX METAJUIOB B BAKYOJSIX U
KC, Ponp ¢uroxenarnnoB. Bugocnenn@uuHOCT, B YyBCTBUTEIBHOCTH M YCTOWYHMBOCTH
pacTeHuil K U30BITKY U HEJJOCTATKY TSKEJIbIX METaIOB B cpene. Putopemeauarus.

Qumoummynumem. OUTOUMMYHOJIOTHSI KaK COCTaBHAasi 4acTh OOIIEH MMMYHOJOTHH.
OyHkMu uMMyHuTeTa. MMmyHuTer. J[Byx(a3HOCTh OTBETa pacTEHUN Ha BHEApPEHUE
NaTOreHa: pacro3HaBaHUE MAaTOT€HA M 3alIUTHAs peakuus. DIUCUTOPbI, Poiib MEKTUHOB B
pacrio3HaBaHud. Penentop - JMraHgHbIA TUIT B3aWMOJECUCTBHS PACTEHHUS-XO35IMHA H
naToreHa. Posib onurocaxapuHoB B OTBETHOM PEaKLMM PACTCHUSA HAa BHEAPECHHUE IIATOTEHA.
Hekpotpopst u OuoTpodbl — HH3KO- M BBICOKOCTECIIMATU3UPOBAHHBIC IMATOTEHBI.
JleTepMUHAHTBl YCTOMYMBOCTM pAaCTEHUH K NaTOreHaM: aHTHOMOTHMYECKHE BeEIllecTBa
(puToanexcuHsl), MEXaHNYECKUE Oapbepsl, aykcotpodus, peakuus
CBEPXYYBCTBUTEIBHOCTH U Jp. JIeTEpPMUHAHTBl IATOr€HHOCTM MHUKPOOPTaHU3MOB:
(dakToppl, CHOCOOCTBYIOIIME KOHTAKTYy MHUKPOOpraHM3Ma M PaCTeHHs, CYNPECCOPHI
3alIUTHON peaklMy W TOKCHHBI; (PaKTOPBI, 0OeCIeUnBaroMe MTPOHUKHOBEHHE MAaTOTEHA U
€ro NuTaHWe BHYTPU pacTeHUs; (PaKTOpbl, OOecreuMBarOUIe MPEOAOJICHHE 3alIUTHOU
peaKIu pacTeHUsI.

Tun u cremneHb COBMECTUMOCTH B cHCTeMe: OoJibHOE pacTeHue. [ eHeTmueckas
IpUPOJa YCTOMYMBOCTH PpACTEHUMM K MaroreHaM BeprukanpHas W TOPU30HTaJIbHas
ycroiunBocTH. Teopus ®dnopa «reH-Ha-reH». ConpsiKeHHas: 3BOJIIOLMS PACTEHUS X035IMHA
u mnaroreHa. IlpuoOpereHue BHUAOBOM W COPTOBOM  cCHEIUAIM3alUU  MATOT€HOM
(MHIIYKTOpHO-CYIIpeccopHasi MoJieib Xecca).

Ponb BTOpUYHBIX METabONMMTOB B BEPTUKAIBHONW U TOPU3OHTAJIBHON yCTONYHMBOCTH.
Jlokanu3anusi CHHTE3a M HAaKOIJICHUS! BTOPUYHBIX METAaOOJIMTOB HA YPOBHE KJIETKHU, TKaHH,
opraHa, nenoro pacreHus. CocTaB M XapaKTEpUCTUKA CMOJ, CIM3€W, KaMeau, JiaTeKca.
BremHsa cekpenns BTOPUUYHBIX MeTa0oauToB. CHelUalu3upOBaHHBIE OPTaHbl CEKPEINH.
CocTtaB M xapakTepucThKa 3(QHUPHBIX Macesl. XapaKTepUCTHKAa JOKaJIW3allMil CUHTE3a U
HAKOIUICHUSI OCHOBHBIX TPYIMI BTOPHUYHBIX META0OJUTOB. 3alIUTHBIE (YHKIIMHA BTOPUYHBIX
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coequaennii. duroanexcuHsl, JlokazaTenbcTBa AKOJOTUYECKUX (PYHKIUNA BTOPHUYHBIX
COCIMHEHUN.

2.10. B3aumopeiictBrue hU3UOJIOTHUECKUX IIPOLIECCOB, UX MHTErpaALIUs U
COIIaCOBAHHOE () YHKIIMOHUPOBAHUE OPTaHOB

JIOHOPHO-aKIENITOPHBIE B3aMMOJCHCTBUSL KaK OCHOBA DSHJOTCHHOW peryisiuu
(doTOCHHTE3a B CHCTEME PAaCTUTEIHLHOTO OpraHu3Ma. MexaHW3M DHJIOTEHHOW PETYISAIUU B
CHUCTEME PacTEHUS: MMOTOKH YIIIEPOa, UCIOIb3yeMble Ha CHHTE3 Pa3IMYHBIX COCTMHCHUN U
UX pacrpesie]iCHHe 1Mo TKaHsIM M opraHam. Teopust (POTOCMHTETUYCCKONW MPOAYKTUBHOCTH.
[Tyt noBseimeHust 3HPEKTUBHOCTH UCIIOIB30BAHUS COJTHEUHOM YHEPTUU TTPH (DOTOCHHTE3E.
JIOHOPHO-aKIENITOPHBIE ~ OTHOIICHUS, PpEYyTWIM3AIMsI ¢ KPYroBOPOT MHUHEPAIBHBIX
JJIEMEHTOB B pacTeHWHW. PacmpenesneHue BEMIECTB MO OpraHaM W KOMIIAPTMCHTAIIHS
IPOIIECCOB M COCIMHEHUH B KJIETKE U TKaHSIX KaK CHUCTeMa IMPOCTPAHCTBEHHOW U BpEMEHHOM
OpPraHu3aluy OMOXMMHYECKUX M (U3NOJOTUYCCKHX IMPOIECCOB M CIIOCO0 PEryJSIUU UX
COTJIACOBAHHOTO B3aWMOJICHCTBUS M HHTETPAITHH.

CucTeMbl perymsiuy U UX uepapxus B paCTCHUMU.

Perynsmust pacnpeneneHuss pocta M BEIIECTB, a TAKXKE B3aWMOJCHCTBUS OPTaHOB B
IIEJIOM PacTeHUH.

CucreMbl peryisiuu: Tpopudeckas, TOPMOHAIbHAS U 3IIEKTPOPU3HOIOTHIECKAS.
[Tonsite «3ampoc» W MpenrnoiaraéMble MEXaHHW3Mbl Tepefadyn curHaia. J{oHopHo-
AKIIETITOPHBIE OTHOIIICHHUS.

Perynsuus mporieccoB Ha KJIETOYHOM ypoBHE. MeTaOOIUTHAS PETYIISIIUS U MEXaHU3M
KOHTPOJISI TIPOTEKAHUS TIpoIlecca MO MPUHIUITY OTPUIATEIIBHON (TIOJIOKHUTEIBLHOW) CBS3U
KOHEYHBIMHU TTPOYKTaMU. AJICHUIATHBIA KOHTPOJIb.

KoMmnapTmeHTanusi mpoieccoB W BEIIECTB KaK CIOCO0 OpraHW3allid Peryisiuu
MIPOIIECCOB B IPOCTPAHCTBE U BPEMEHHU.

B3aumoneiictBue npixanus W (OTOCHHTE3a: OOMEH NPOAYKTAaMH M CYOCTpaTaMu.
OCoOeHHOCTH IBIXaTENBLHOTO Mpolecca B (POTOCHHTE3UPYIOICH KIIETKE.

3. Jlumepamypa

3.1. OcHOBHas JuTEpPaTYpa
1. Measener C.C. @uznonorus pacrenuit: Yueounuk. CI16.: U3a-Bo C.-Iletep0. yH-Ta,

2015, 512 c.
2. Ky3nenos Bn.B., Imutpuena I'.A. ®usnonorus pacrenuii. Mocksa: U3a-Bo
«Bricmas mxomay, 2011, 784 c.

3. [Tonesoit B.B. ®usuonorus pacrenuii. Mocksa: M3n-Bo «Bricmias mikomnay, 1989,
464 c.
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3.2. JlomostHUTENBHAS JIATEPATYPA

1. Xenar I'.B. buoxumus pacrenunii, Mocksa: U3n-Bo «bunom. Jlaboparopus

3HaHuM», 2011, 472 c.

2. 3urte, Baitnep, Kagepaiit, bpesuncku, Kepuep. boranuka. 1.1. Knerounas
ouonorus. Amaromus. Mopdonorus. M.: Akagemus, 2007. 368 c. 1.2. ®usnonorus
pactenuii. M.: U3a-Bo «Akaaemus», 2008, 496 c.

4. Dnexmponnsie pecypcol

1. Dnekrponnas miatdpopma «Jlauby - https://e.lanbook.com

2. Onextponnas miatdopma n3nareasctea WILEY-BLACWALL -
http://www.interscience.wiley.com

3. DOnexrponnas miatdopma uznarenbcra SPRINGER -
http://www.springerlink.com

4. Tlnardopma HaydHOU NEKTPOHHOM OnOIMoTeku e-Library.ru -
http://www.elibrary.ru

5. Dnextponnas miardopma uzgarenncta Elsevier -
http://www.sciencedirect.com

6. DOnekrponHas miatdhopma usgarenascTa Elsevier - http://www.scopus.com
(PedeparuBHO-TIONCKOBAs 6a3a MTaHHBIX SCOPUS)
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5. Kpumepuu ouenku

OTJU4YHO

— Bce Bonpochl pacKphITHI OJHOCTHIO;

— OOyyJaromuiics BiaieeT OCHOBHBIMHU TEOPHUSIMU U TITyOOKO ITOHUMAET UX
COJIEpPIKAHHE;

— MmeeT sicHOe npeICTaBlICHUE CBA3M TCOPUU U ITPAKTUKU B PaMKax
M3JIaraeMoro MaTepuaa;

— VBepeHHO BiajieeT HeOOXO0IMMBIMU METOJIaMHU PEIICHUS KOHKPETHBIX
3aJ1a4, MOXKET MPOMILTIOCTPUPOBATH OCHOBHBIC TIOJIOKECHUS TCOPUN
KOHKPETHBIMH ITPUMEPaMHU;

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

— Pa3BepHyTO OTBEYaeT Ha JOMOJHUTEIBHBIE BOIIPOCHI.

Xopomo

— Bompocs!l pacKphITHI 110 CYILECTBY;

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

— Nmeert ob1miee npecTaBieHUe O CBSI3U TEOPUH U MPAKTUKU B PaMKax
M3JIaracMoro MaTepuaa;

— Brageer B 1ienomM HEOOX0AMMBIMU METOJaMU PEIICHUsI KOHKPETHBIX 3ajad,
MOXET IPOUJUTIOCTPUPOBATH OCHOBHBIE MOJI0KEHUS TEOPUH KOHKPETHBIMU
IIPUMEPAMU;

— B nocraTouHol Mepe BiiaeeT NOHATUNHBIM U TEPMUHOJIOTUYECKUM
anmapaTom;

— WMeer 3aTpyaHEHUs IPY OTBETE HA JOTOJHUTEIbHBIE BOIIPOCHI.

Y10BJIETBOPUTEIBHO

— Bonpocsl pacKpbIThl, HO HE OJIHOCTHIO;

— Cnaboe NOHUMAaHUE CBSI3U TEOPUU U MPAKTHUKHU;

— OOyy4aronuiicst MOXET MPOMILTIOCTPUPOBATH OCHOBHBIE TIOJIOKEHUS TEOPUU
KOHKPETHBIMH ITIPUMEPAMH, HO UMEET 3aTPYAHEHUS IIPU PELLIEHUN HEKOTOPBIX
3a1ay;

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

— JIoTIOTHUTENBHBIE BOIIPOCHI BBI3BIBAIOT 3aTPyIHEHUE.

HeynoBierBopuresabHO

— Bonbmias 4acTe BOPOCOB HE PACKPHITA,;

— OOyyJaromuiicst He MOXKET MPOWIITIOCTPUPOBATH OCHOBHBIE TIOJIOKEHUS
TEOPUH KOHKPETHBIMHU MPUMEPAMHU, HE MOKET MPUMEHHUTH TEOPHIO TPU
pEeIIeHNN KOHKPETHBIX 33/1a4;

— HeT 0TBeTOB Ha 1OMONHUTEIBHBIE BOIPOCHI.
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