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MMPOI'PAMMA KAHJAHJIATCKOI'O IK3AMEHA
0 HANIPABJAEHHIO HOAroTOBKH 06.06.01 — BuoJornuecKkue HAYKH
no cienuaabHocTH 1.5.21 — @usnosorus u SHoxXHMMuS pacrenuii

Bseaenne

IIporpamma kaumnatckoro 3x3amena 1o CHEIUATBHON JUCHMILTHHEE (famee
«CHeUMaNbHas TUCIIUILIMHAY) [0 HAYYHON crenmamsaocta 1.5.21 dusHonOrNI 1
OHOXuMHUS pacTenuit paspaGoTaHa ¢ Hesio 00€CICYeHHS TI0/ITOTOBKM HAYYHBIX H
HayYHO-NICAarOrH4eCKUX KaApoB M  aTTECTALNH Hay9HBIX M  HAy4HO-
MEAArOrMYeCKUX — KaJpOB  BRICIIEH KBATM(HKALMM B  COOTBETCTBHM
Homenknarypoit  crenmansnocrei HaYYHbIX  pabOTHHKOB, YTBEPXKIAECHHOIM
PECIyOIMKAHCKAM ~ OPraHOM — MCIOMHUTEIILHOM BIIACTH, OO0ECIEUHBAOIIIM
(opMupoBaEUE U peanu3aLiio TOCYNapCTBEHHON MOMUTHKY B chepe obpazopanms
Y HAYKH.

B ocHOBY Hacrosmel mporpamMMEl TOTOKEHEI CIEMYIOIIHE DPa3Aeib:
OCHOBHBIC KOMIIOHCHTBI PACTHTENLHOTO OPTaHH3Ma U UX (DYHKIUM, pacTUTeNbHas
KIIETKa; OMO3HEPIeTHKA paCTHTENLHOIO OpraHu3Ma, (GOTOCHHTE3, JBIXAHHE;
BOJIOOOMEH; MUHEPAIEHOE MUTAHNE, TAILHII TPAHCIIOPT M KPYTOBOPOT BELIECTB B
PacTCHHM; POCT X  DasBUTHE DacTeHUl; yCTONYHBOCTE pacTeHHii Kk
HEOJIAroNpUITHEIM (aKTOpaM; B3aMMOJCHCTBHE IPOLECCOB, MX MHTETpalys H
COITIaCOBAHHOE (PYHKLIOBHPOBAHUE OPTAHOR.

ITIporpamma pazpaborana sKcnepTHEIM coBetoMm Bricmieif aTTECTALHOHHON
KOMHCCHH 110 OHOIOTUYECKHM HAayKaM

CTpyKTypa W conepxanne KaHIMIATCKOr0 SK3aMena

Kannuparckuit SKk3aMeH 1o  criemmanbHOL JUCHUIUIMHE [0 HAy4HO
crienuansHocTy 1.5.21 @usnonorus u GHOXMMIIL pacTeHui IIPOROJUTCS B YCTHOM
dbopmMe mo Oumeram. Dx3aMeHANMOHHLIN 6uieT BKTIOYACT B cebs JBa-TpU
TEOPCTHMECKHX BOIPOCA M IPAKTHYECKOE 33aNaHHE 110 TEME JUCCEPTALHOHHOIO
uccneioBanus. IIpoJo/DKATENEHOCT YCTHOTO OTBEeTa Ha 3k3aMeHe — 20 MHHYT.
BPEMsl Ha TIOJrOTOBKY K OTBETY HAa 3K3aMCHALHOHHEIN OwieT — mo 30 MHHYT.

KoMucens mo mpueMy KaHAMIATCKOrO 3K3aMeHa MO CHEMHATBHOI
AMCHHUIUTMHC I[IPABOMOYHA NMPHHUMATh KAaHAMJATCKHI JK3aMEH IO CHEeNMaIbHON
AUCIHIUIMHE, €CIH B ¢ 3aCeJlaHUd YHYACTBYIOT HE MEHee 3 CIEHHAIHCTOR,
MMCIOIMX  y4CHYH0 CTCHCHb KaHAWAATa HIM JIOKTOp2 HAYK MO HAYYHOI
CIICLIHANIbHOCTH, COOTBETCTBYIOMICH —cHenMambuoll mucnumiambe. Pemenue,
NPUHATOE  KOMHCCHEH, OGOPMISETCS HOpPOTOKOIOM 110 YCTAHOBJIEHHO I
YHuBepcuteToM (hopme.

YHHUBEPCUTET BIpaBe MPUMEHATh JHCTAHIHOHHEIE 0bpa3oBaTensHEIE
TEXHOJIOTHM MNpPH MNPOBEIACHHM  KaHIWJIATCKOTO 5Kk3aMeHa. OcobeHHOCTH
NPOBEACHUS KAHAMAATCKUX OJK3AMEHOB C IIPHMEHEHHEM JMCTAHI[HOHHBIX
00pa30BATENBHEIX TEXHONOTHI OMNPEIENSIOTCS TOKATHHEM HOPMATHBHBIM AKTOM
Vuupepcutera. IIpu mpoBeeHMH KaHIHIATCKOTO 3K3aMEHA C MPUMEHEHHEM
AUCTaHIMOHHBIX 00pa30BATENBHBIX TEXHOIOIMH VYHHBEPCUTET O06ECIeunBaCT
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HJICHTUQUKALNIO JTHYHOCTH ACTHPAHTOB/IPUKPEILICHHBIX JHI H  KOHTPOJTH
COOIIIONIERNS TPEGOBAHMI, YCTAHOBIICHHbIX JIOKaJIbHBIM HOPMATHBHBIM AKTOM.

Ilporpamma  xamnmparckoro  sksamena 1o ClienHalbHOCTH  1.5.21
Du3UONOTHS 1 GHOXUMES PACTEHUH COCTOUT M3 CIIEOYIOLIUX 3eMEHTOB;

1. O61me Bonpocsr

OGbexTsl GuoxuMuM M usHOTOrUH PacTeHHH — 3YKAPHOTUYECKHE
oroTpodrrie opranmaMLl. VHuKaTEHEE 0c06eHHOCTH PACTHTENBHOI'O OPTAHU3MA:
(oro-u aBTOTpOdHOCTE.

ABTOTPODHOCTE B OTHONICHHH YCBOCHHS MUHEPANBHBIX 3JIEMEHTOR.
Crenuduxa o6MeHn2 3eneHsIx pactenuit 1o CPaBHEHHIO ¢ APYTHMH OpPraHH3MAaMU.
KocMmuueckas poins zenenoro pacrenus. 3nagenye (boToarTOTPOdOR B CO3maHMUU 1
MOMICPXkAaHAH  Ta30BOTO  COCTAaBA aTMOC(EPHl, BONHOTO, IMTOYBEHHOTO I
KIIAMaTUYECKOTO PEXUMA Ha IJIaHETE.

Opranusamus 1 KOOpAWHAIHSA (BYHKIMOHATEHBIX CHCTEM 3eJIEHOT0 PacTeHMH.
DH3UKO-XUMHYECKHUIL, SKOJIOTHYECKMit 51 3ROTIOLIMOHHBIH ACTIEKTEL.
Merononoruueckue ocHOBE HecneRoRAHNIT B GHOXHMUM T (GH3HOIIOrHU pacTEHUIL.

Crnemuduyeckie MeTomBl GHOXUMUT W duszuonoruu pacrenmit. CoueTanue
PasIMHEIX YPOBHEH HCCIIENOBAHUS (CYOKIIETOUHEIH, KIIETOUHEIH, OpPTaHU3MEHHEIH,
buoLeHoTIUECK M) B GuOXMMUM B bU3HOTOrHY pacTeHwuii.

®usnonorus M OHOXMMHA — pacTeHmii — TEOpEeTHUECKass OCHOBa
PacTCHHUEBOCTBA U HOBBIX OTpaciel OHOTeXHOIOrHy.

2. OCHOBHEIE KOMIIOHEHTBI PACTHTETLHOIO OPraHu3Ma W WX bynxuun

2.1. Yraeromsr

Ocobennoctu  coctaBa ®  merabommsMma YIIEBONOB  pPacTEHHI.
Momnocaxapup!, HX CTpyKTypa M B3aHMOIPERPALICHHS, OCHOBHBIE IPEICTABUTEIIH.
MoHocaxapa, kak cyOCTpaTsl LISl CHHTe3a APYTHX BEIIECTR. ®ocdoprbie 3¢ups!
Caxapossl M HyKIeO3MIIM(pochaTel  aKTHBUPOBAHHEIC (OPMBI  YIJIEBOJOB.
B3aumonpespaienns MOHOCAaXapHJIoB, 3MUMEPU3AIHS, aJ1bJ0-KETO-
usomepu3anus, ochomyTasubie peaximn. TpaHCKETONA3HEIE H TPAHCATEIONA3HEIC
peakuyn. Onurocaxapuipsl, X COCTaB, CTPYKIYpa, OCHOBHBIE MPENCTABUTEIN.
Caxapos3a; JoKkanu3anus ee CHHTE3a U (DYHKIUM. ITonucaxapuasl: coCTaB, THIILI
CBsI3eH, BeTmNeHme. [lommcaxapunpl szamacHbie U cTpykTypHble. CTpykTypa
kpaxmana u ero jgerpagauus. O6pa3soBaHHe KPaxMAIbHEIX 3€PEH B 3aMacarOIuX
Oprasax.

2.2. JIutune:,

O6myue cpoiicTBa IMMAIOB, KIaccHbHKaIMs, HoMeHKnaTypa. Hackiennsie
U HCHACBHIIICHHBIC XHPHBIC KHCIOTHI: KIAaCCH(DUKAIMA, CHHTE3, KaTaboumM3M W
QyHkMH. OCOGEHHOCTH CTPOEHHS HEHACHINICHHBIX JKUPHBIX KHCIOT PACTCHUH.
Penxue xupHBIE KHCIOTEL

Tpurmunepuns: 1 ux Gyuaxuuu. ITonapHEe THIHALE (hocho-¥ MITMKOTUTTHIEL,
ux poms B obMene. Crepoumsl. OCOOEHEHOCTH pacTHTENBHBIX CTEPOHOB,
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Gurocrepunsl. TimkosmmsL, AUHITTIMKO3U/IbI, 3(GHUPEl CTEPHHOB. BHOMOrHYecKue
MEMOpAHEI, crieuu(yKa PasTHYHBIX MEMOPaH PACTUTETLHON KIIETKH.

2.3. AMIHOKUCTIOTHI 7 GeKy.

Crpyktypa u womHBIE CBOWCTBA  AMEHOKHCIIOT. ITporennorennsie
AMHHOKHCIIOTEL. AMHHOCOE/[MHEHMS], CHHTE3UPYCMEIE IIEPBUYHO U3 MUHEPAILHOTO
a30Ta M CHHTC3 aMMHOKHCIOT. Peakuum nepeamunmposamus. Kmouesas pons
TIIyTAMMHOBOH KHCIIOTE B META0O0MM3ME aMHHOKHCIOT. CeMelicTra AMUHOKHUCJIOT,
KOTOPBIC IPOUCXONAT U3 IHPYBATA, OKCAIOALETATa, 2-OKCOTIIyTAPATA, IMMKHMATA 1
IIPOAYKTOB K12 Kanbeuna. OyHKUMHA CBOGOHBIX AMUHOKHCIOT M AMHHOKHCIOT
B COCTaBe  OENKOBRIX  MOJIEKYIL  Peaxnum AC3aMHHHUPOBAHHA |
NEKapOOKCHIIMPOBAHHS AMHHOKMCIOT. AMMHOKHCIIOTE KaK CyOCTpaThl CHHTe32
APYTUX a30TCOACPKAINUX COoemMHEeHMi, HebekoBrIle aMUHOKHCIOTE pacTeHuit.
IlepBuanag crpykTypa MoneKyIIsI nonunentuaa (nentugHas ceasb. C-u N-koHelr
nonunentuia). PubpumiapHele u rI06yIApHBe Oenku. VOHHEIE CBOMCTRA
MONMANIENTHIOB: pKa HOHOTEHHBIX IPyIN, M303IEKTpHYEcKas TOYKA. DIIEMEHTHI
BTOPUYHOH CTPYKTYpEI OEJIKOB — a-Cipans W f-crpyktypa. Tpetwynas u
HCTBEPTHIHAA CTPYKTYpa OenkoB. Jucymsbuansie H BONOPOXHEIE CBI3H, HOHHbIE I
ruipoobHbIe B3auMOaeHCcTBHA. PONb OTIEIBHBIX AMHHOKHCIOT B o0pasoBannu 1
TONCPHKAHMH [IPOCTPAHCTBEHHOM CTPYKTYphI O€IKOBOI MOJEKynbl. Benkossie
koMIIeKkChl. [lonsTre cyObpequunbl. OyHKIHOHATBHAS KI1accuuKaiis 0eIKos.

2.4. HyKi1eoTH b ¥ HYKIIEMHOBEIE KHCJIOTEL

IlypuHoBbIc W MHEPHMUAUHOBBIE OCHOBaHHS. HyKI€O3UIEl M HYKJICOTHIBI:
CTPYKTypa, cuHTe3, GyHkuud. Hykneosuamonudocdarsr.  Lluxmmueckue
HYKJICOTHIBL ¥ MX POJIb. HykIieoTHaHEIE KObEepMEHTE U IEPEHOCUMKH COSIUHEHHMIE,
MX OCHOBHBIE THUIEI W OWOIOTHYECKOE 3HAUEHHE. HYKICHHOBBIE KHUCIOTHI:
TICpBU™IHAs CTPYKTypa, HYKICOTHIHBIN COCTaB. BropudHas M TpeTHdHas CTPyKTyp
a JIHK. Crpykrypa PHK. Tunm PHK (undopMmaimonHas, TPaHCIOPTHAS,
pubocoManbHasn).

2.5. BelecTea CHENUANH3HPOBAHHOTO OOMEHA DACTEHMIA (BTOpHUYHEIE
METabOIUTEI).

Oco6eHHOCTH COCTUHCHHMI, KOTOPbIE OTHOCST K BIOPHYHBIM METAGOIIHTAM.
OCHOBHBIE KIIACCHI BTOPHYHBIX METabONMTOB: CTpOeHMe, KiIacCHbHKALMs 1
pacIpocTpaseHue.

AJNKanousL: IPOTOAIKATIOUABI, IICEBI0ANKAION/E], HCTHHHEIC aJIKATOHIIEL
OCHOBHBIE TPYIITEI HCTHHHEBIX AJIKAJIOH/IOB.

Nzonpenouner (TepneHouabl). OCHOBHBIE TPYIIE H30IPEHOHIOB (MoHO-,
CCCKBH-, IH-TPU-U TCTPATEPICHOMIBI, IOTUMEPHBIE N30NPEHOUAB ). KapoTHHOM L
XMMUYECKasl MPHPOJA H CTPOEHHE, (PUINKO-XMMUYECKUE CBOMCTBAa. MEHONBHEIE
coeamuerns. OCHOBHEIE IPYINIBI (EHONBHEIX COSAMHEHMI (PEHONOKUCIOTH, de-
HUJINPONAHOMBI, CTUIBOCHEI, (IABOHOMIB M H30(DIABOHOMBIL, IOIMMEPHEIE
(heHONBHEIE COEUHEHNS).

MuHopHBIe KIacchl BTOPHYHBIX MeTabommToB. HebenkoBble aMHUHOKHMCIOTSL,
LUHAHOTCHHBIC TNHMKO3UJBI, CCPYCOACPIKAIIME ITIMKO3UAR (TIIFOKO3WHOJATI),
PACTUTENBHEIE AMUHEI, HEOOBIYHBIEC JTUMUAB! (KUPHBIC KHCIOTHI, LHAAHOMMIIHIbI),



OeTanvHb, NoJManeTHIIEHOREIe IIPOU3BOMAHEIC, alKaMubl, THO(EHBl. OCHOBHEIE
TPEACTABUTENIM BTOPHYHEIX COEAMHEHHI KAKIOT0 KIACCa M HX pacipocTpaHenye
CPEIM paCTEeHUH PasHEIX BHIOB.

Ilytu  GHocHHTE32 OCHOBHBIX  KJIACCOR BTOPHYHBIX  MeTabOIHTOR.
Hpenmecteennnkn GuocrnTesa BTOPHYHBIX MeTabosmToB. Toyku "oTBETRICHMS"
BTOPHYHOrO  MeTabonmsMa OT HEpBHYHOTO. Moznndukaruu  BTOpHYHEIX
METa0OHTOB  (TIMKO3UITHPOBAHHE, THAPOKCHIMPOBAHHE, METOKCHIIUPORAHIE,
METHIHPOBAHUE). DH3UMOIIOTHS CHUHTE3A BTOPUYHBIX MeTabomutoB. OCHOBHEIC
(bepMeHTH GHOCHATE3A 4JIKAJIONIOB, H3OMPEHOUIOB, DEHONBHEIX COETMHEHNUH, X
XapakrepucTuka. JlyGmipoBaHume myTell cunTesa BTOPUYHBIX MeTaGOIUTOB.
Hemesasnonatuelit myTs cunTesa nsonperonnos, ero JIOKAITA3AIMS U 3HAYEHHC,

2.6. DepMEHTDI U MEXaHU3MEL MX JICHCTBISL.

XapakTepucTika (epMEHTOB Kak BBRICOKOCTICIIHATM3HPOBAHHBIX OCIKOBLIX
KaTanusaTopoB. Amdariudeckas U NPOCTETHIECKAS YaCTH GepmenTa. Kodaxropr:
(epMeHTHOM peakuuu. DHEPreTHYeckas OCHOBA KATATH3a: aKTUBHBIM LIEHTp
depmenta. Cremupmunocts meitcTBus depmenTo. DepMeHTHAas KHHETHKA.
DepMeHT-CYOCTPaTHEI KOMILIEKC. VYpaenenne Muxasnuca-MeHTeH. BelMuns!
KM 1 Vmax, ux Guonorngeckuii cMeICL. Nurubuposanue pepmentor. JleicTrue
pPH u Temmeparypel mHa cxopocts depMenTHON peaxim, KonkypeHnTtHoe,
HCKOHKYPCHTHOE H HE00patMMoe WHIruOHpOBaHHE, MeXaHH3MbI perymsun
(epMeHTHO akTHBHOCTH. Perymsmms o IPHHIKILY OOpaTHOM CBA3H: aKTHBAIMS K
MHTHOUPOBAHHUE. ANTOCTEPHYECKAS PETyIISIS, Wuanyxuus u penpeccus cuHTE3A.
W303uMBI 1 KOH(OpMEDEI. PerympoBanue ¢ Y4acTHEM NIPOTEHHKUHA3.

3. PacTuTe/ibHAS KieTKa

OcobennOCTH CTPOGHHA, CTPYKTYpHAS W (pyHKIMOHANBHAS OPraHU3ALNY
pacTUTenbHON KieTkH. CUMOHMOTEHHAs THMOTe3a BO3ZHUKHOBEHUS PACTUTENLHOI
kneTkd. Anpo. OcobeHHOCTH OpraHu3aIuy S1EPHOTO FeHOMa PACTEHHIL. Crpykrypa
resoma, nomumopbusm pacturenpHol JIHK. KomuifHOCT pasHBIX TeHOR H
y4actkoB JIHK. OcoGennoct MeTinposarus pactutensroil JJHK u ero pmustame
Ha SKCIPECCHIO SAEPHEIX IeHOB. MOOMIBHEIE reHeTHIEeCKUe HIEMEHTEl PACTCHHI
(TpaHcmosomsl). Perpotpancmosomst u JIHK-tpancrozomsl. Ac u Ds -
dnementhlIlmacTuaHas cucrema. THIBI MacTHI, OCOGEHHOCTH CTPOSHWS,
OHTOreHe3. I'eHoM muacTun. IIPOKApHOTHYECKHE HepTHI M KOMMMHOCTE
IUIACTHAHOTO reHOMa. [TOMMIMCTPOHHBIA THII periMKayy IUIACTHIHEIX TEHOB.
Mozanunas crpyxtypa mmactuauex remos. Cospepanwe mmactummoit PHK.
CITAHCHHT M PEJaKTHPOBAHHE TPAHCKPUNTOB., CTabHILHOCTD TUacTHIHONH PHK
Benku, koaupyeMble MIacTHIHBIM reHoMoM. CHHTE3 Genka B MIACTHIAX U ero
perynauus cseroM. PHK-nomimepassr mnactun, nnactugmsie pubocoMsL. HBoiiHoe
KOAHPOBAaHUE  (SUEpPHOE M  IUIACTHAHOE)  OOJBIUMHCTBA  KOMIOHEHTOR
¢doTocuHTeTHIECKOrO anmnapara: PC1, OCTI, b6f-xommnexca, CCK, AT®-cunTasst,
mnactuaHol HAJI-H-nerunporenassl, Rubisco. TpaucmopT saepHO-KOAUPYEMBIX
OenxoB B mmacTupsl. PasMHOXEHHE W HACTeIOBAHUE mwacTua. MuToxXoHIpun
pacteHn#. OcoOeHHOCTH CTPOEHHS MUTOXOHAPHE pacTeHmii. OcoBeHHOCTH



CTPYKTYPbl MUTOXOHIPHATLHOTO I€HOMA PACTCHHIL. IIpokapuoruueckue yeprsr u
PasMEp  MWTOXOHAPHAIBHOTO TeHOMa pacTeHmit. Mo3amamHas CTPYKTypa
MHUTOXOHIPHANBHBIX I'HOB, CILIAKCHHT M PeNaKTHPOBAHHUE TPAHCKPUNTOB. Bemkn,
KOMUPYEMBIE MHTOXOH/JPHANEHEIM TIEHOMOM. OCOGEHHOCTH CHHTE3a Genka &
MHUTOXOHAPHAX, PHOOCOMBI MUTOXOHIpHIA, TPAHCTIOPT OENKOB M HEKOTOPHIX T-PHK
U3 sOpa B MATOXOHIpHI0. JIBOoHHOE KkomupoBanue (smepHOE M TWIACTHIHOE)
OONBIIMHCTBA GENKOE IBIXATENEHOM OTIL: HAI-H-nerunporenassi, CYKIIMHAT-
ACTHUAPOreHassl, bc-kominiekca, IUTOXpoM-OKcHAa3El, AT®-cunrassl. Ilepenoc
TEHCTHICCKOr0 MaTepHalla MeXAY oprasewiamu. COBMECTHAs pabora Tpex
FCHOMOB. MeMOpaHHEIE CHCTEMBI PACTHUTENBHON  KISTKIL [Tnazmanemma,
ToHomact, JIIP, ammapar Tombmxu. OcobenHoCTH CTPOCHHS ILIa3MalIEMMBL.
Tpancnoptasle crcremsn [L1a3MAICMMBI, [IPOTOHHAS 3HEPIeTHKA TPAHCIOPTHBIX
cucrem, H'-AT®asa P-tuna. OcobeHHOCTH CTPOCHUS TOHOILIACTA. TpaHCcopTHEIE
CUCTEMEI TOHOILTACTA. H*-AT®aza V-tumna, mpodocdaraza.
SHAOMNA3MATHYECKA petukynym (OP) pacrurensHoit kietku. IllepoxoBaTsiii 1
rmagkuii 3P. Pasnuunnie (QyHKIHOBAIBHBIE Y4acTKd pacturensHoro DIIIP.
CurnansHsle mocienosaTensHOCTH GENKOB, TparcnoprupyeMeix B DIIP. KDEL-
nocnenosatensHocTs. Pyrkuun DIIP. Anmapar Iomsmku (AT'). Ctpykrypa AT.
PaHCIIOPTHBIC BE3MKYIBI, JUKTHOCOMEI, My3BIPEKA. J[BA OCHORHBIX HAIPABJIEHHS
TPaHClopTa — [1a3ManeMMa U Bakyollb. OCHOBHEIE TPAHCHOPTUPYEMBIE BELIECTBA.
Bakyouns. JIuTHueckuii ¥ 3anacarommuii THITE! BaKyoleil. benkoBble MapKephl THIIOR
Bakyojied. CHIHAIbHEIE IIOCIEAOBATENLHOCTH OEIKOB, TPAHCIIOPTHPYEMBIX B
BaKyoJb. BosHukHOBeHuUE Bakyoneii de novo. TpaucnopT BELIECTB B 3aI1acaronye
M JIUTHYECKNE BaKyOlH (CIMAHME BE3WKYIL aBTO(GArus Be3uKyn). CHIHANBHELE
TIOCIIEN0BATEIPHOCTH TPaHCHOPTa OCNKOB B Bakyoib. (DYHKIMH BaKyOISpHOI
CHCTEMBI KIIETKH.

Iutockener pacTurenbHON KieTkd. CTPYKTypa LMTOCKENeTa. AKTHH W
TYOyIHH, MX MONMMMEPU3aLMs U AeTonuMepr3aiys, G-axTua u F-akTuH. Benxwy,
4CCOLMMPOBAHHBIE C IMTOCKENETOM. YYacTHe AKTHHOBEIX (DHUIAMEHTOB BO
BHYTPHKJICTOYHBIX NBMKEHUAX. Y9ACTUEC UTOCKENETA B IBHKEHHU U 3aKPEIUICHNH
opraHemt. Pons muTOCKeNneTa B CHHTE3€ IEILTIONO3bL Y4YacTHE IUTOCKETETa B
npomecce aeneHus kieTkw, Knerounas crenka (KC). YrieBogHBIE KOMIIOHEETE
KICTOYHOH creHku. llemmomo3a, reMunmenTionossl, TekTHHBL Kamioza.
CTpyKkTypHEIE  Genku  KIETOYHOH  CTEHKH: Oenku,  oOorameHHbIE
ruppokcunpomuHoM  (HRGPs), npomueom  (PRPs), rommmeOM  (GRPs),
apabuHoranaxkraHossie 6emku (AGPs). ®yuximonansasle Genkn KC: skcrnancHusL,
epmenTrL. [lepBuuHas 1 BTOPHYHAS KIETOYHAS CTEHKA. JIMTHUHEI, BOCKA, KYTHH,
cybepuH.

Inasmonecmer (I1/1), ux crpoenve. Komndectro mnasMoiecM Ha pa3HEIX
y4acTKax KJICTOYHOH CTE€HKM M B pas3HBIX TKaHAX. TpPaHCIOPT BEIIECTB IO
IIasMoziecMaM. /[Ba THIa CTPOEHMS KIETOYHOM CTEHKM y MOKPHITOCEMEHEBIX
pacteHud. (OOpasoBaHye KJIETOYHOH CTeHKH. buocHHTE3 MHKpOdHOPHII
LEILTION03bI ¥ UX camocOopka. Ponk ammapara I'onsmxu B GHOCHHTE3E DIIEMEHTOR
Matpukca. Qyrkiyuu KC: xapkacHas, 3ampTHas, TPAHCIOPTHAS, PEryNaTOpHAS,
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curHanbHad. Onvrocaxapunbl. OHTOTEHES KIETKH pacTeHus. CTaauu OHTOTE€HE3a:
AICNICHAC KICTKH, POCT KICTKH pacT:okenueM, TubdepeHuupoBKa, cTapeHue u
cMepTh. Knetounsni (Muroruaeckuit) mukn. dassl muxia -G1, S, G2, M. 3anyck u
PCTYIMPOBAHHE  KIETOYHOrO  LMKNA.  [[MKIMHEL,  IHMKIMH-33BHCHMELE
npoTerHKUHA3E! (CDKS). AOnTos pacTHTeNbHEX KISTOK — [IporpamMmHas THOeIs
KIETKH. CurHamsl ¥u MeXaHum3MBl anonrtosa. Kietku pacTeHuii in vitro.
Henuddepennmanus pacTuTenbHOR KISTKH inn Vitro W (hOpMHUPORAHHKE MOMYISIINH
nposubepupyromux Ki1etok. CTPYKTYpHbIE H (pyHKIHOHAIBHBIE 0COOEHHOCTH
KICTOK PacTeHUH in vifro. I'€T€POrC€HHOCTs H ACHHXPOHHOCTE HOMYJIAIUY KIETOK
PaCTCHMH BHE opranusma. M301MpOBaHHEIE MPOTOMNACTBI KIIETOK pacTeHuii.
Hcrnons3oBanme KIeTOK pacTeHHil in vitro Kak MOIENBHON CHCTEMEI B
(pusHoMOTHYECKHX HCCTEJOBAHMAX U B GHOTEXHOIOIHIL

4. Bro3HepreTHKa PaCTUTENLHOI0 OPraHmu3Ma

IIpHHIMNEL  TEPMOAMHAMMKH. 3aKOHBI XUMUUECKOR TEPMOJUHAMHKIHA.
CBoOonHast 3HEprus; H3IMEHEHHE CTaHJapTHOH cBOOOMHOH sHepruu (JIG°).
OHIEPrOHAIECKME M SK3EPTOHMYECKHE DEaKiyd, XUMHUECKOe paBHOBeCHE,
XUMHYECKHI TOTEHNUAN. BEIpaxkeHne H3MeHeHHs CBOGOIHOL SHEPTUH PEHOKC-
PCaKiMi B CAWHMIAX 3JICKTPOXMMHYECKOTO CTAHJAPTHOTO OKHCIHTENHHO-
BOCCTaHOBHUTCIBHOTO noTeHIMaNa. [Ipeobpa3oranue 3uepruu B knetke. Buemmye
MCTOIHHKH SHCPTUM 1J14 OPraHU3MOB. J[Be 0CHOBHEIE (JOPMEI 3aTIACAHNUS SHEPIHH B
KICTKE:  3ICKTPOXMMUYCCKMH IOTCHIMAN IIPOTOHOB HA SHEPrU30BAHHBIX
MeMOpaHax ¥ MaKpO3PTHYECKHE CBSA3H, B3aUMOIPEBPAIIECHAE STHX pop™m sHEprum.
JHepreTHKa IPOLECCOB CUHTE3a U THapom3a AT®. Tparachopmarus suepruu Ha
COTPATAIOIIMX MeMOpaHaX: 3IEKTPOXHMUYECKHI MOTEHIHAN — JABWKYIIAs CHIIa
hochopunmposanus. VHHKATBHOCTS DHEPTETHYECKHX IIPOLECCOB PACTEHH:
(hOTOCHHTES U ABIXaHUE.

4.1. ®oTocuHTE3.

3HaueHne GOToCUHTE3a B TpaHC(HOPMALINH BEMIECTBA U SHEPTHH B IPHPOJIE.
@u3NKO- XUMHYECKAs CYIIHOCTh Npouecca (DOTOCHHTE3a W €ro 3HAuYCHHE B
SHEPreTHICCKOM H IIACTHIECKOM 00MeHE pacTeHud. JINCT Kak opraH (poTOCHHTE3A.
CTpyKTypHO-(yHKIHOHANEHAS OpraHu3alis (POTOCHHTETHYECKOTO armapara.
OCHOBHEIE 10Ka3aTENH ME30CTPYKTYPHI JIHCTA. DJIEMEHThI CTPYKTYPBI MOJEKYIIB!
XJOpoduiUIa, OTBETCTBEHHBIE 33 (DYHKIMIO [IOINOMICHWS, 3aMacaHusi u
npeoOpa3oBaHusa SHEPTUH B Ipouecce (GporocuHTe3a. MexaHW3M TOITOLICHHS W
HCIyCKaHUs  CBeTa  MOJEKYJIOW; CIEKTphl  IOIVIOIICHHS.  DJIEKTPOHHO-
BO30YK/ICHHBIE  COCTOSHHSA  XJOPOQUIIOB, DOYTH WX  J€3aKTHBALUMA.
Ilpeobpa3oBanus 3MEKTPOMATHUTHON 3HEPIUH B DEIOKC-3HEPTHIO; OOPAaTHMEIE
OKHUCITUTEIEHO-BOCCTAHOBUTEIBHBIE IIPEBPAICHNS XIOPOOUIIIOB. XIOPODHILI-
Oenkorble kommuekchl (XBK); MexaHuM3MEl 06pa3oBaHMS, 3HAUEHHE CBA3N
IIUTMEHTOB ¢ OenkoMm. OpueHtamms nurMeHtoB B XBK. MexaHusMme
DHEPre€THYECKOr0 B3aWMMOAECHCTBHS MHUIMEHTOB B KOMIUIEKCAX (3KCHTOHHOE
B3aMMOJIEHCTRIE) U MEXAYy KOMIUIeKcamu (TiepexojHeie cocrosHus). Pois
KapOTHHOHIOB B (GoTOCHHTE3e. AHTeHHasd (QYHKIHA, BO30YKICHHBIE COCTOAHHSA



KapOTHHOHIOB, MEXAHM3MBI MUIDALMH SHEPIHH Ha xjopodpwur. Mexanuszm
3AIUTHOTO NEHCTBAS KapOTHHOMAOB. Dymkium KapOTHHOMJIOB B PEAKIIMOHHOM
IeHTpE, crnenuduka muc-koHdopMayy. 3HaucHue KCAHTO(QHUJIJIOBEIX LMKIIOB
BBICIIMX PACTCHHA M BOXOPOCIEH; otonporexropras GyHKIMS 3eakcaHTHHA 1
AunasokcaHTuHa. IlepRuynHBle mpomecch horocunTes’a, uxX cTpyKTypHO-
ynxumoHansHas opranuzarys.

Ipencrasnenne o dorocurTeTHYCCKO CAMHHIIC. AHTEHHBIA KOMILIEKC,
PCaKLIMOHHBIN LIEHTD.

Mexauusmel Murpanuu sHepruu s Xjopomnacrax. CoBpeMeHHEIE MOAEIU
CTPYKTYPHOM OpraHu3aiyun PCaKMUOHHBIX I[EHTPOB OaKTEPHIT U BEICIINX pacTeHuii.
Mexanuam 1peobpazosanus snekTpoMarEuTHON SHEPIUH B SHEPTHIO pa3/eIeHHbIX
3aps7I0B B (POTOXMMHYCCKUX LEHTPAX.

OJEKTPOH-TPAHCIOPTHAS IIEIh thorocunTesa. [IpencTaBieHus o cOBMECTHOM
(DYHKLUHOHKpOBaHUH TBYX (BoTOCHCTEM. KOMIOHEHTEL OTII # mocnenoBaTenbHOCTE
NCPEHOCA 3NCKTpOHA MO nHenu (Z-cxema). Llukmmueckuii, HemuKIHYecKuid u
ICEBAOLMKINYECKUHA 3ICKTPOHHBIH TPaHCIIOPT. [IpocTparcTBeHHas opranuzamus
OTILI B TMNAaKOUAHON MeMOpaHe: OCHOBHbIC QyHKIMORANbHEIE KOMIUTEKCHl DTI]
(®C-1, ©C-2,), ux cTpyKTypa U byHKIHH.

Crpoenne u dynxumu ®C-2. Opranusamus B TUTaKOHMJHOH MeMOpaHe u
(DYHKIMOHNPOBaHKE PEAKIHOHHOTO neatpa OC-2. Cuctema ¢otonmza BOme!l u
00pa3soBaHus KHCIOpOAa IpH orocuntese. Crpoecrme ®H ¢yukmuum OC-1.
Ob6pasoBanue  TpancmeMOpaHHOrO IPOTOHHOIO TPajJMeHTa B  TIPOLECCE
SIEKTpoHHOTO Tpancnopra. CTpykTypa u dyskiu wutoxpoM b6/f koMmmekea, Q-
IMKIL Perynsuus 10TOKOB 31EKTPOHOR mpH (doTocuuTese. MOTOCHHTETHYeCK
KOHTpoJb. Jlokammsarmss OTI] koMmuekcor B TPaHATBHBEIX M CTPOMAIBHBIX
MeMOpaHaX THIaKOHI0B. CHCTEMBI PEryISUyH LUKTHEIECKOr0 1 HEIUKINYECKOTo
SNEKTPOHHOro TpaHCmopTa. OOpa3soBanue NpH (POTOCHHTE3E AKTHUBHEIX (HOpPM
kucnopona. Ilponeccer dotounrubupopanus wu poTonecTpyKuMHY; 3aIUTHEBIE
MCEXaHH3MBI XNI0pONnIacToB. MoToCHHTETHYECKOE hochopimupoBanye. OCHOBHEIE
TUTBI, HX (DU3HONOTHYECKOE 3HAUEHME, MEXAHM3MEI DPeryisuud. MexaHmamel
OHCPreTHIECKOTO CONPSKECHUS TPAHCIIOPTa SJIEKTPOHOB M cHHTE3a AT®.
Conpsratomye ¢paxrops: hoTodochopumposarss, ux GyHKIHH, CTPYKTYpa,
MEXaHHU3M AeACTBHA. MexaHuaM paboTrl katamutngeckux uentor CFL Perynsius
TNIOTOKOB 3NEKTPOHOR NPH PoTocuHTe3e. DOTOCHHTETHYECKHH KOHTPOIIb.

Jlokammsauus kommiekcoB ITL] B rpaHATEHEIX H CTPOMAIBHEIX MeMOpaHax
THJIAKOMIOB. CHCTEMA PEryIISUM UKITHIECKOTO U HEIMKIHIECKOTO DIIEKTPOHHOT O
TpaHcmopTa. KoHeuHBle TPOAYKTHI CBETOBOHM ¥ TeMHOBOH (assl (OTOCHHTE3.
XHMH3M TIPOLECCOB ACCHMUISIMM YIIepoia B (hoTocuaTese. VCmoms3oBamue
MPOAYKTOR CBETOBOM CTAMMM JUIS ACCHMHISIHH  YIJIEKHCIOTEL Py6ucko:
ConepxkaHue (epMeHTa, CTpyKTypa, yHkimm, perymmus. [luxn Kanbsuma,
OCHOBHBIE (DEPMEHTH M MEXAHM3MBI Peryisinus 1ukna. doromsrxanue. OIII-
KapOOKCUIIa3a, €€ XapaKkTepUCTHKA W  JIOKATH3AIMS. HMukn Xostua-Cidka-
KapnunoBa, ero ¢yHKUMOHANEHOE 3HAYEHUE. Opraauzanus  mporecca
ACCUMHIIIIIUUA B KIETKAX Meso(i)pmna U oOxmanku: ocoOeHHOCTH CTPOCHH A
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XJIOPOITaCTOR ¥ peaknuii  oTocuuTtesa. O6men COCIMHEHUAMH  MEKILY
ME30(HMIBHEIMA KIETKAMY M KJIETKaMu o0Knagku. XapakTepHCTHKA rpynn C4
pacrenuii. ®orocuntes y CAM- pacrenyi: 0COGEHHOCTH OpraHU3AIHH porecca
3allaCaHus SHEPTUH K (PHKCAIMH YTIIEKUCIOTE! BO BPEMEHH.

Tpancnopr npoaykTor hotocunTesa 13 XJIOPOIIACTA: YEITHOYHBIE CHCTEMEI
BBIHOCA. MeXaHM3MEL, KOHTpONMpyOmmEe obMen METabOIMUTAMH  MEXTY
XJIOpOIUTACTAMHU M IIUTOILIA3MAaTHIECKON (has3oil KIeTKH, I[Ipespamienns Caxapos B
IMTOILIA3ME M LIHTO30JI€; 3aIIACHBIE U TPAHCIIOPTHEIE (GOPMEL Caxapos. Bxirouesue
YIIIEpPOJa B aMUHOKHCIOTHL. ACCHMHJIAIMAS VITEKACIOTHI B IIHCTE. HeiicTBue
BHCIIHUX  (DAaKTOPOB  (MHTEHCHBHOCT ¥  KA9eCTBO CBETa, ¢oronepuo,
konnenrpawys CO,, O, Temneparypa u ap.) Ha botocunTes. Pasnuaue B KPHBBIX
3aBUCHMOCTH CKOPOCTH aCCHMAJIALHH OT kKoHLeHTparmu CO» i O2 B razoBoii cpene
y C-3 n C-4 pacrennii. KBaHTOBBIIf BBIXO] oTocuntesa. Tpancnopr CO» k MecTam
uxcawum, pons kap6oaHrHmPasH. VCTHHUHAS U KISTOUHAS MPOBOAUMOCTE JIJIis
CO; B 3aBHCHMOCTH OT BHEIIHHX (haxTopoB 1 Bo3pacTa mHCTA.

4.2. Tnixanue.

DOCpPMEHTHBIE CHCTEMBI JIbIXAHMSL. XapaKkTepucTHKa OTAENBHBIX TPyl
IBIXaTENBHEIX (bepMeHTOB: MHPHIUH3aBUCHMEIE JNErUIpOreHassl,
(ITaBHH3aBHCUMEIE ACTHIIpOTeHassl, okcunasel. Ilepenocunkn smextporos:
XHHOHBI, XKEJIE30CEPHBIE OETKH, TUTOXPOMEL, X XHMUYECKOEe CTPOCHHE U CBOMCTRA.
I'nmukomus. OCHOBHEIC (DEPMEHTHI CHHTE3d 1 TUIPOIIM3a CaXapo3kl H Kpaxmala.
QEpPMCHTATHBHBIE  PeakUM¥ M JHEPreTWYeckdmi  BalaHc TTIUKONIN3a,
KOMIIapTMEHTAIUs [IPOLECCa B KIIETKAX PAacTeHHi. [JIMKOIM3 M IIIIOKOHEOreHEs.
OcobennocTr rmukonusa y pacrenuit: AT®-3asucumas bochobdpykrokunaza u
nupodocparsasucumas  GpochoppyKTOKMHAZA — PETYIATOPHBIE  (hEPMEHTEI
rimkomsa. Opykro30-2,6 hocdar -perysTopuas MoNeKyIa YIIEBOTHOTO 06MeHA
B PACTCHHAIX.

OxucnuTensEeii nerT030h0chaThEN HuKi. DepMeHTATHBHBIE peakuumu u
perynsnus nukna. KoMmapTMEHTams IMKIa B KIETKE U €ro Pollb B MeTaGoMmu3Me
pacTenui. IIMpyBaTAeruaporeHasHbIi KOMIUIEKC: CTPYKTYpa perynsauus. ko
TPUKAPOOHOBBIX KUCIOT. DEPMEHTATHBHEIE PEAKIMH M Peryisiys Lukia. Poms
MAIIHK3H3MMa B PEryniuun paboTel mukia. DHepretnyeckas 3()(PEKTHBHOCTH
nponecca. OCOOCHHOCTH IHMKNIA TPHKADOOHOBBIX KHCIOT B  PACTEHHSX.
Immokcunatelif mukin. TIMOKCHCOMEI M TIIMOKCHIATHBI UKL JbIxaTensHas
JICKTPOHTPAHCIIOPTHAA IEIb: OCHOBHBIE KOMIIOHEHTHI, CIIOCOOBI PErMCTPALIHI
penoxc-cocrosumit. CTpykrypa M dynxmmu komiuiekcos DT gexarus: HA J[H-
ACTHPOTeHa3HBIN KoMIieke. CyKIHHATIETHPOreHA3HEN KOMILIEKC. I{uroxpom
b/c xommmekc. IIMTOXpOMOKCHAA3HBIE KoMIiekc. MeXaHH3M 00pazoBaniis
TPAHCMEMOP2HHOT0 NpPOTOHHOIO TIpajWieHTa B  MpOLecce 3IIEKTPOHHOT O
TpaHCIOPTAa.

Ocobennoctu  OTL[ jpixaHus pacTeHHi. AJBTEPHATHBHBIE HAJTH-
ACTUPOTEHA3Bl, JIOKAMM3alud B MeMOpaHax W (QYHKUHH. AIBTepHATHRHAS
OKCHJIa3a: CTPYKTYP2, (PYHKIMM, NPUHINIIE! PEryIsaiui. AJLTepHATHRHEI MyTh
IIEPEHOCA SNEKTPOHOB B JBIXATENBHON LENM PACTeHHEl M ero (PU3HOIOTHYECKOE
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3Ha4eHue. Murubnropsr snexrporHoro TPaHCIIOPTA H MHIMOMTOPHBLINA aHAIM3 TIpH
M3y4CHHH  JBIXAaTCIbHOH  AKTHBHOCTH  PaCTHTENBHBIX MHUTOXOHAPUI,
OxucnurensHoe dochopunuposane. OHeprusamus  MemOpaH  mpu
dynxionuposanun ITI] asixamns. AT®-cuurasa MuToxouapuid. Ctpykrypa,
fTOKaju3alisl, NPOCTPAHCTBEHHAs OpraHu3ais. COBPEMEHHBIE MPEICTABIEHHS O
MEXaHn3Me cuHTe3a AT®. Perynsmus snexrpornoro TPAHCIIOPTA B ABIXATEILHOH
Uemd. JlprxaTenbHeii KOHTpONb. IToHATHE O pasoBmmTemnsx. DHepreTHyeckas
3QQexTUBHOCTE JExaHus. YeNHOUHBIE CHCTEME! BLIHOCA AT® u tpancnopr
METa0O0JIUTOB uepe3 MeMOpaHEI MUTOXOHApHI. DYHKIMY JBIXaHUS y PACTCHUI.
HTepMENHMaTEl OKUCIUTENBHBIX peakuuii Kax cyOcTpaTsl Il CHHTE3a HOBBEIX
coequHeHHi. IIpeBpamieHye OpraHMYecKux KHCIOT B MHTOXOHIpHUAX. Poms
AbIXaHWS B CO3NAHMM ¥ NOMAEPXKAHMH SICKTPOXMMHUECKOTO TMOTEHIMANa Ha
KIETOYHBIX ~ MeMOpaHax  (miIasManeMma, TOHOILIACT, MeMbpana  DOP).
SNeKTPOHTPAHCIIOPTHEIE LETH IIA3MAIEMMEL, SHI0MIA3MATHIECKOTO PETHUKYITyMa,
MHKPOTEINEL, X CTPYKTypa U GYHKIIH,

[uromnasmaruyeckie okcunassl (ackopbaroxcnmiasa, H0NU(PEHOTOKCHIA3k!,
KCaHTHHOKCHJIA3bl, IEPOKCHAA3KI, KaTanassl). VX mokamusanus, GpyHKINH, BKIAT B
OOIiee MOINOMEHHE KUCIOPOAA pACTHTENGHONW TKaHBIO. M3MeHeHus B
MHTCHCHBHOCTH H ITyTSAX NBIXaHHS B OHTON€HE3E H IIPU JAeHCTBAU (haKTOPOB CPeIbL.

S. Boxoo6men

Kommaectso norpebsemoit PAaCTEHHEM BOJIbL, COIEPKAHHE BOABI B KIETKAX,
TKaHAX W OpraHax. MonekynspHas CTPykTypa W (DUMUECKHe CBOMCTBA BOIEL.
BsaumozeiicTBue Monexy BOIBI U GuonomiMepos, rupatamus. CoCTOSHIE BOIL!
B KJIIETKE. B0/, KaK CTpYKTYPHBII KOMIIOHEHT PACTUTENHHOM KIETKH, €€ YUaCTHE B
OMOXMMHYECKHX peakiysx. TepMOAMHAMIYECKUE MOKA3aTENM COCTOSHUS BOIBI:
AKTUBHOCTE BOJKBI, XHMHYECKMH M BOXHEIA moTennuan. CocTaBIsIonye BOAHOIO
NOTCHIHAIA KICTKHA: OCMOTHYECKHM, MATPUYHBIA IOTEHIMATI, IOTEHIHAT
JaBleHus. I'palienT BOJHOTO TMOTEHIMANA KaK JRHKYINAS CHIA MOCTYIUIEHUS U
nepeaBmxenus BoAbl. OCHOBHEIE 3aKOHOMEPHOCTH TOTJIONIEHHA BOABI KJIETKOI:
B3aHMOCBA3b MEXKIY H3MEHCHHMSAMH BOIHOTO IIOTeHLMANA KICTKH, BOXHOIO
NOTEHLHANIA PacTBOpPa ¥ BOJHOTO MOTCHNIWAIA NaBIcHWs. AKBAaNOpHHBI (Oemkn
BOJHEIX KaHAJIOB), MX CTPYKTYpa, MPHHIMI paboThl. AKBATIOPHHEI IUIA3MAlIEMMEI 1
TOHOIUIACTA, HX POJb B IOQIECPKAHUH BOJHOI0 Dananca BOsL TpaHCIOPT BOABI 110
pacrennro. KopeHs Kkak OCHOBHOM OpraH TOIJOIIEHHS BOOsl. MexaHH3M
paauanibHOIo TPaHCIIOpTa BOALI B KOpHe. Poib pr3osepMsl H OHAOAEPMEL B 3TOM
nponecce. IloctymneHue BOABI B COCYABI KcuiaeMbl. KcuimemMa — OCHOBHAs
TPaHCIIOPTHAs MarucCTpaib ABHKEHHS BOJHOTO TOKA B CHCTEME II0YBa—PaCTeHHE—
arMocdepay. XapakTepHCTHKa «HHIKHETO» U «BEPXHETO» IBHUTATEIEH BOZHOTO
Toka. KopHesoe naBnenue. Beimenenwe Bojgs pactenuem. [yTTamms, «miaw»
pactesuil. TpaHcrupanus u e€e poibk B KHM3HM pacTeHmi. KonudecrBeHHBie
MOKa3aTeJH TPaHCITHPAITHH: HHTEHCHBHOCTD, MPOIYKTUBHOCTE,
TPAHCIUPAIMOHHBI KOIQOUUNEHT. YCTEHYHAS ¥ KYTHKYIAPHAS TPAHCIHPALHS.
CrpoeHue ycThuIl Y IBYOTBHBIX ¥ OXHOXOJIBHBIX DACTCHHUI, MEXAHU3M YCTHHYHBIX
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ABMXECHUH. Bimsnne BHenmsux dakropos (cBeT, TemmepaTypa, BIaKHOCTD BO3OyXa,
TIOYBEI) HA HHTEHCUBHOCTS TPAHCTIMPALIAL, CyTouHsle xoneGaHus TpancImparyu.,
Peryinsropras poss yeTbun B BoM0-H razcobyexe.

IKomnoTHsA BOX00OMena pactermit. OcobeHnocTy BOJ0OOMEHA y pacTeHmit

Pa3HBIX  3KOIOTMYECKUX TIpPymn  (KCepodHTOR, ME30(HUTOB, THUrPOPUTOE,
ranoguTos).

6. Munepaitnoe nuranue

ITorpebHOCTE pacTenmii B smeMenTax MHHEPAIBHOI'0 nUTaHusA. Comepikanue
H  COOTHOIICHWE MUHCPABHBIX 3]IEMEHTOB B  IIOYBE K PacTCHHUSIX,
KOHUCHTPUPOBAHME ~ 3JIEMEHTOB B TKAHAX  PACTEHMSL. DyHKIHOHATBHAS
KIACCHU(HKALHA 3IEMEHTOB MHUHCpAbHOTO rmTaHus. KopeHs kak opranm
OMIOIICHHS MUHCPAIBHEIX 3JIEMEHTOB, CHEIMBUYECKHUX CHHTE30B C HX y4acTuem
M TpaHcnopra. Poct xopHA Kak OCHOBa MOCTYILICHHS 3JIEMEHTOR MHHEPAITBHOTO
[IMTaHUA. 3HAYCHUE 30H POCTA KOPHS B 3TOM mpouecce. CHcreMa B3aUMOIEHCTRYS
“KOpeHb-To4Ba”. Pojib MHKODH3EL

lHormomenye HOHOB M HX TEPEABIKCHUE B kopHe. Kirerounas crenka kak
(hasa 11 ABIKEHHS MOHOB. ITOHATHE cBoboaHOro mpoctpanctra (CIT): BogHoe 1
AoHHaHOBCKOe CII, orerka ix pasMepoB. Mexanusmer nocTymenus uoros g CIT u
3HAYCHHE 3TOTO 3Tarna MOTJIOIEHHS.

TpancopT WoHOR dYepes MeMOpaHEL, IBHXKYIIHE CHIBI MEPEHOCA HOHOB.

ITaccuBHBIN ¥ aKTHBHBIA TPAHCTIOPT HOHOB. Vpasuenue Heprcra.
I'PaqMEHT 3EKTPOXHMHYECKOTO MOTEHIUANA HOHOB BOJIOPOJA -dPHEPreTUIecKas
OCHOBAa 2aKTHBHOTO IIEPEHOCA MOHOB Yepes MuasManeMmy. Pasnuums sHepreTnin
AKTUBHOT'0 TPAHCIIOPTA MOHOB PACTUTENRHOH W KUROTHOH kierok. H-AT®asza
IIIa3MANIEMMBI, €€ CTPYKTYpa, (YHKIMOHMPOBAHWE W pErymHMpoBanme. 14-3-3
Ocnky. JIpyrue HOHHLIE HACOCHI ACHUCTRYIOIME Ha IUa3ManeMMme. Bropuumbiii
AKTHBHBIA  TPAHCIOPT HOHOB.  BeNKH-IIEPEeHOCUHKH  HOHOR (optepst).
Kunerrueckuii moxxon u TeopHs NepeHOCIHKOB, Ypasuenus Muxasnuca-MenTexn:
HCNIONB30BaHUE Vg B Ky 1718 Xapaxrepuctuxu TPAHCIIOPTHBIX cHcTeM. MoHHEBIE
KaHaJIel PaCTeHHIt; 00mas XapaKTepPUCTHKA UX CTPYKTYPHI, (YHKIHOHAPOBAHUS 1
perynsuun. OcobeHHOCTH TPaHCHOPTHBIX CHCTEM MeMOpaH Bakyoiu u OP. H-
AT®a3a V-tuna, nupodocdorasa.

Mogenu nocTyniers HOHOB B KOPEHB, TPAHCIOPT MIHEPATILHBIX BEIIECT B
KCHIEMY. ANOMIAacTHRI M CHMIUIACTHBIH myTh. Poms miasmomecM u P,
BianmoneiicTeue u peryngmus cucrem TPAHCIIOPTA MOHOB W3 Cpelbl B KOPEHL H
3arpysku  kcunemel. Cnenuduxa paamanssoro TpamcropTa MHHEPAIBHELX
aneMeHToB. ChHTeTHYeCKas GyHKIHs KopHs. CBS36 NIOCTYIUIEHHS U PEBPALIEHYS
MOHOB C MMPOLECCaMU JIBIXaHUSI. Perymsius nocTyieHns HOHOB Ha YPOBHE LIEIOTo
pacTeHus.

6.1. Posb MakposieMeHTOB.

Asor. Ocoberroctu a30THOro obmena pactenmii. Mcrounuku asota mis
pacTcHuil. MumepanbHble  (OPMBI  230Ta, HCHOTB3YEMBIE  PACTCHHAMH.
DU3HOIOTHIECKHE OCOOEHHOCTH HOCTYILIEHHS U BKIIOYCHHS B 0OMEH aMMHUAYHOIO
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¥ HUTPATHOTO a30Ta. XapaKTEPHUCTUKA CHUCTEM TPAHCIIOPTA HUTpATa M aMMOHWY.
Bunoas cnennduka yeeoenns pasHeIX hopm azora. CuMOHOTHYECKAS dukcanus
MOJICKYIIAPHOTO a30Ta: MEXaHM3MBl BOCCTAHOBIICHHS, YCTOUHHKH SHEPTUH U
BOCCTAHOBUTENH.  XapakTEePUCTHKA U (QDYHKIMOHEPOBAHME  HUTPOTEHA3DL.
Boccranosnenue HUTPaToOB pacTeHmsIMIL. Hutpar-u HUTpHTpeRyKTasa: CTpyKTypa
(hepmenTOB, NOKATH3AIWS, PETyIALMs aKTUBHOCTH U cuHTe3a. KOHCTUTYTHBHAS 1
MHIYIMOCIBHAT HHTPOrCHA3a. JTANBl BOCCTAHORIEHS OKHCJIEHHOTO a30Ta U WX
PETYIAIMA B KIETKE i1 Vivo. AJIBTEDHATHBHELE [yTH YCBOCHHS AMMOHHMITHOTO 230T4:
TOKamM3alMs ~ peaklmud B KIETKE M XapaKTCPHUCTHKA tbepmenTos
(TyTamaTaerunporenassr, Ty TAMUHCHHTETA3BI, TIIyTaMaTCHHTA3bI).
ACCHMUJIAIINS a30Ta B XJIOPOIUIACTE, CBS3H C Gorocunresom. Ilytu ycBoeHus
BOCCTaHOBJICHHOT0 a30Ta Y 0000BBIX. Ypeunnl. 3anacHsie u TPaHCIIOPTHBIE (HOPMET
MUHCPAJIBHOTO M OPraHMYECKOro a30Ta B 3aBHCHMOCTH OT HCTOYHMKA a30THOTO
nuTaHua. HakomneHuwe HuTpaTa B TKaHSX M ero nynsl. Kpyrosopor asora mo
PacTCHHIO, PEYTUITH3AI[Hs 230Ta.

Cepa. IlocTymnemue cepsl B pacTeHHe, peakuuM BOCCTAHOBICHHS M
ACCUMUIIAINY; aneHosuH(ococytsdar (ADC) hocdoasenozmrbOcHocyIBhaT
(PADC). OCHOBHBIE COCIMHEHHS CEpHl B KIIETKE, Y4aCTHE B OKHCIIHMTENIRHO-
BOCCTaHOBHTEIBHBIX peakimsax. [iyratuon, tnodeppenokcun, GuToxemaTuns, ux
(yHKUMY y pacTennii. OpraHudecKue COeaUHEHHS OKHCIICHHOMN CEpBhI.

@ochop. Popmbl MHHEpANBHOrO (ochopa B TKaHAX, HX COJlEpKAaHUE U
dyHkuy. OcobernocT noctymwierns hochopa u TPAHCIIOPTA €I0 COCAMHEHHI B
pacTenuu. Popmbl MuHEpanbHOTO Gochopa B TKaHIX, UX (GyHKIME. OCHOBHBIC
(hochopcoaepxanie KOMIOHEHTB KIETKH, HX POIb. 3aracHble dbopwmer docdopa.
Komnaprmentamus coemunennit docdopa. Pons (ochopa B perymupoBanun
AKTHBHOCTH ()€PMEHTOB.

Kamuii. CozepixaHue U pacnpenenenie Kanusi B KIeTKe, TKAHAX M OopraHax
PaCTCHHA; €ro WHPKY/IALMA X PEYTUIN3ALHMS, XapPaKTePHCTHKA CUCTEM TPAHCIOpTa
K" ux ¢ynkuin B pacrenun. Poms K* B NOJIEPKAHAY NTOTEHIMANIA Ha MeMOpaHax.
Kanuii u romeocTas BHYTPHKIETOUHOM U TKAHEBOH cpersl (MOHHBIN bananc, pH,
OCMOPETYIIAIMS, THAPAaTalHd U KOHGOpManug MaxpoMonuekyn). Pons kamms s
peryasanuu GEpMEHTHBIX CHCTEM.

Kanbumii. Hakorienne, popMEl coenunenuii, 0COGEHHOCTH MOCTYILICHHAS U
nepememenuss Ca® no pacrenwro. Komuentpamus u pacmpeneneame Ca®™ »
CTPyKTypax kieTku. CuraansHas pois Ca’’. XapakTepucTika MEMOPaHHEIX CHCTEM
Tparcniopra Ca*, 0cOGEHHOCTH MX peryaaumuu u poib B (opmuposanuu Ca'-
curHana. CTpyKTypHas pojib KalblHs B KIETOYHOI CTEHKE.

Marunii. Coziepxanue ¥ COeIUHEHNST MATHYS B TKAHIX PACTeHHil. 3amacHsie
hopMer Mg>*, ero peyTwiuzamus W TepepaclpeleicHie B PaCTCHUN. 3HAYEHHE
cBasu Mg™* ¢ anerosuadocdaramu 1 GocdopHIMPOBAHHEIME CAXaPaMH. OyHKIHYT
MarHus B (GorocuHTese. Marnumii Kak akTHBATOp DEPMEHTHBIX CHCTEM; PONL B
cuHTe3e amuHoaun-TPHK u B dyHKImonuposanuu pubocoM.

6.2. MuKpo3/1€MEHTEL.
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CBoOJiCTBA TOXEIBIX METAJIIOB, onpeacsioinie ux pois B AT poTocunTesa
M JIBIXaHUS, W JIpYTHX PeNoOKC-peakmmsx. JKemeso: MOCTYmHOCTs B HOoYBe,
BAJICHTHOCTE HIOrTIOmMaeMoR HOPMEI, poits MUKOpH3EL. OcOBEHHOCTH HOCTYIUICHUS
KCIIC3a y IBYNONBHBIX ¥ ONHONONBHEIX pacTeHuit, CoeIuHEeHHUS Keesa,
PACIPENCICHAE TI0 KOMIAPTMEHTAaM KICTKH U B pacTeHuHy. KOMIIIEKCE! xkenesa B
benkax pegokc-nemneit u Jpyrux QepMeHTax.

Menb: ComepxaHue M pachpefclieHHe B KIETKE ¥ TKAHSX. VYyactue B
OKHCIUTCIBHO-BOCCTAHOBHTENBHBIX ~ MPOLECCaX ABIXAHMS M (DOTOCHHTE3A.
DYHKIHH UUTO30IBHEIX OKCHA3 (acKopGar-, deron-u 1amuHOKCHIA3).

Mapranen: AKTHBHpYeMEIe UM EPMEHTHBIE CHCTCMBI, €0 CHEUUPUIHOCTE,
Kak koakropa. Porms Mn** B gynxumoruposanuu ©C-2,

Momu6aen: TIoTpeGHOCTL B 37MEMEHTE; €ro 3HAYCHUE JUIS  TIPOLIECCOR
yTWIH3aluy a30Ta cpensl. Monrepus u (QyHKUHOHUPOBAHHE HUTPOTCHA3EI 1
HUTPaTPEAyKTa3kl.

[uuk: CtpykTypHas pons B moyiepxkasnu (epMenTHOH aKTHBHOCTH U TIpu
CHHTE3e Oenka. Zn-conepxamnue (GepMEHTHI: KapOoaHruzapasa,
cynepokcugaucmyTasa (CO/JI).

Bop: KoMmapTMeHTalus B KieTke; hOPMEI COequHEHnrI. MeXaHn3MbI y4acTusi
B perymsuuu GU3HONOTHIECKHX IIPOLECCOB H METab0M3Ma. CrpykrypHas pons B
KIeTo4HOH creHke. Hapymenns B meraGommsme pacteHmid IIPH HEIOCTaTKe
MHKPOIJIEMEHTOB.

DYHKIMH «II0JE3HBIX) YMEMEHTOB: HATPHIL, XJI0p, KPEMHMIA, KOGAIBT.

7. JaisHMi TPAHCIIOPT U KPYI'OBOPOT BENIECTR B PACTEHHH

TpaHcnokanus BEIIECTB W3 JIMCTHEB B IPYIUe Oprassl: (pJIOIMHEIE
CHTOBHAHBIC  31eMEHTEL. COCTaB  TpPaHCIOUMPYEMBIX  BEIIECTB  (caxapa,
AMHUHOKHUCIIOTEI, TOPMOHBEI, HEOpraHMYeckue uoHEl u 1p.). Ilepensmxenue
(hOTOACCHMMIIATOR M3 ME30MMILTA K COCYaM (I0IMBI TI0 anoILTacTy M CUMILIACTY.
MexaHu3MBI  3arpy3kd  GUOAMBI M3 amomiacTa W cuMIiacTta.  Posm
CONPOBOXAAIONIMX KJIECTOK. THI 3arpysku (ruosMel y pacTeHH pa3IM4HBIX
CUCTCMAaTHYECKUX IPyNIl M €€ 3aBHCHMOCTE OT KIUMATUYECKHAX VCIIOBHIA.
MexaHusM mnepenBHkeHUs] BemIECTB MO (iodMe. Mojens MOTOKAa BOABI IO
AasneHueM. ITopel CHTOBHIHOM NIACTMHKM Kak OTKPLITEIE KaHaiel. CKOpOCTE
IIEPEIBIIKEHUS BELICCTB 10 ()IO3ME; MX BBEITPY3KAa M3 CHTOBHAHBIX JJIEMEHTOB.
Bocxoasamuii TpaHCOpT BemecTB Mo Kcuiieme. COCTaB KCHIEMHOTO JKCYHATA.
B3anMocessk TpaHCTIOpTa BOABI M PACTBOPEHHBIX BEIIECTB 10 Kerieme., CkopocTH
TPaHCIIOPTAa BOIBI M OTACIBHBIX BEIIECTB. B3auMoIcCTBHE (DNOAIMHBIX W
KCHUIEMHBIX NIOTOKOB a30THUCTBIX BEIIECTB ¥ MOHOB. KpyroBOpOT U peyTHIH3AIHs
MHUHEPANIBHBIX  BENICCTB B pacTeHuu. OyHKIMOHATBHAS PoONb  3THX
(U3MOJIOTHYECKUX TIPOIIECCOB.

8. PocT 1 pa3BuTHE pacTeHHI
Omnpenenenne NOHITHIA «pOCT» U «pa3BuTHEY pacTenuil. [Tpobnema pocta u
Pa3BUTHUA Ha OPraHU3IMEHHOM, OPraHHOM, KIETOYHOM H MOJICKYIISIDHOM YPOBHSX.
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CywmecTBoBanne oprammsma kak PasBEPTRIBAHHE BO BPEMEHH I'EHETHYECKOIl
TIPOrpaMMEL; BO3NCHCTBHE BHEIIHUX (GaKTOPOB.

O6mue 3axkoHOMepHOCTH pocta. Ilokasarenu pocta, S-o6pa3Hsiii Xapaxrep
KPHBOH pOCTa, €ro (assl. KOMIIOHEHTH «KITACCHIECKOroy aHAIM3a pocTa M
MATEMATHYECKHA aHAIN3 Mpolecca. THI pocta y pacrenuii. Oprauuzarys
MEPHCTEM KOPHA ¥ CTeOus. PocT u estensrocTs MeprcteM. KieTouHble 0CHOBEL
pocra. Poct pactenuit u cpena. Biusinue TEMIICPATYPRI, CBETA, ROILI, TA30BOIr0
COCTaBa aTMOCHEPEIL, IEMEHTOR MHHEPAILHOTO MIHTAHNS Ha POCTOBBIE ITPOLIECCHI.
JKH3HEHHEI HEKI BeICHIMX  pacremmii. OCHOBHBIE 3Tallbl  OHTOIEHE3a
(SMOPHOHANBHEIN, HOBCHUIILHBIN, PCTIPOMYKTHBHBIA, 3pENOCTH, CTAPEHHS), WX
Mopdoornueckue, (bHU3MONIOrHYECKIe M METa60THYIECKHE 0COOEHHOCTH.

CocrosHue mokos vy pacTeHuit. Tumbl 1OKOS W WX 3HaYeHHWE A
IKUSHENCATENLHOCTH pacTeHHi. Mexanusmer Mopdorernesa pacTeHuii. IMonsprOCTE.
WHpyKkuus reHeTHueckux mporpamm, MOPDOTeHETHYECKHE TPajgHEHTH |
OpUCHTAIUS KJIETOK B IMPOCTPaHCTBE. llenocTHOCTE U KOpPPENATUBHOE
B3aUMOJIEACTRAE OpraHoB. PereHepanms. I'opmonanshas perymiuus pocra u
Pa3sBUTHA pacTeHUH. Aykcunel. Buocuntes, o6pasosanue KOHBIOTATOB, Erpafarys
aYKCHHOB. AKTHBHBIH TpPAaHCIIOPT AyKCHHOB B pacTeHHsiX. (DH3HOTOIHIECKUe
OTBETEI HA ayKCHHEI: aTTPAaruPYIOWUA 3QGhEKT, pacTsDKeHHE KIETOK U TPOMU3MEL,
AUGOEPEHIIPORKa  KIETOK  TMOX  JelCTRHEM AYKCHHOB,  alMKAJNbHOE
AOMHHHUPOBAHHC, aKTHBH3AIHSA ACIICHHH KIETOK KaMOus, pu3oreHes.

AyKCHH KaK TOPMOH CTeGNeBOro amekca. [[UTOKUHMHEL buocunTes,
00pa3OBaHME KOHBIOTATOB, JAETPAjAlisi [UTOKAHWHOB. (DH3HOIOIHUECKOE
JICHCTBHE:  aTTparupyronmii  sddexr, CTUMYJIAIUA  KIETOYHBIX  JCICHMIA,
Hu(PEPEHIHPOBKa [OX JCHCTBHEM IUTOKMHWHOB, CHATHE AIMKATEHOTO
AOMUHHPOBaHHS C OOKOBBIX Mo4YeK. [INTOKMHUH Kak TOPMOH KOPHEBOIO ameKca.
BzaumopneicTBue ayKCUHOB W UMTOKMHWHOB. I[lOHSTHE 06 AaHTArOHM3Me Wu
cuHeprusMe. I'opMoHaneHEN OanaHc B pactenuu. KyneTypa in vitro Kak MOAens
AT H3y4€HHs TOpMOHansHOro 6ananca. Ioxnepsxanue ropMoHansHOro 6ananca 3a
CHET pEreHepaluu TOYECK CHHTE32 AyKCHHOB H IHTOKHHHHOB. bakTepmu,
HCIOJIB3YIOMUE HAPYIIECHIE TOPMOHAIEHOI0 OanaHca MexXIy ayKCHHAMM H LATO-
KUHUHAaMK (Agrobacterium tumefaciens, A. rhizogenes). Tub6epemmmabL. IMytu
OuocuHTe3a u MHOTOOGpasHe rubbeperuno. OGpa3oBaHHE KOHBIOTATOB ©
Aerpanamus. OU3NONOrHIEcKoe JeHCTBUE THOOEPENTMHOB: PACTSIKEHHE KIIETOK U
aKTHBH3ALlKA MHTCPKASPHEIX MEPUCTEM, 00pa30BaHNUE LIBETOHOCOB, NPEPbIBAHIE
TIOKOS ¥ CTHMYISIIINS POCTOBEIX NMPOTIECCOB. DHIOTEHHBIN YPOBEHb THO0EPEILTHHOR
U JUTHHA JTHA.

I'n0bepemminel  kKak TOPMOHBI JIUCTHEB. KapaMKOBOCTb, BBHI3BaHHAS
HapyMICHAAMH CHHTe3a rub0epemmHoB. B3aumoneicTsre ¢ APYTHMH TOPMOHAMH,
AbcumsoBas kucinora. ITytn Gumocuuresa ABK B pacteHmsx W B rpubax, ee
merabomusM. OU3HONOTMYECKOE NEHUCTBHE: OCTAHOBKA POCTA, IMOJATOTOBKA K
COCTOSHHUIO TTOKOsl. AKTHBH3allMA CHHTE3a 3amacHeIXx BemiecTB. ABK kxak ropmon
abuoTHYecKoro ctpecca. CTpaTerns OTBETA Ha 3aCyXy, IOHMKEHHE TEMIIEPATyPE,
sacomeHde. Pone ABK B  HWHIyKIMH  3aI0UTHBIX IIPOLIECCOB  (CHHTE3
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OCMOTIPOTEKTOPOB, IOJMAMHHOB, 6eKOB- AP OHKIHOB; 32KPEIBAHHE YCTBHII;
JTACTONAN, BEI3BAHHBIN JE(UIIHTOM BOIHL; CO3pEBaHNE CYXHX ILIOJOB H CEMSH).
Bsanmopeiicrene ABK u THOGEPEIIMHOR R Tporeccax PETYIIIMY TOKOS. DTHIIEH.
BuocunTes sTHIEHA. Chnemudmka stunena xax razoo0pasHOro0 ropMmoHa.
DU3HONIOTHYECKOE [eiicTRIE: TPOMHOM OTBET IIPOPOCTKOB HA ITHIIEH, JTHIICH Kak
TOPMOH MEXaHHIECKOI0 M OGHOTHYECKOro CTpecca. Curyanuu GuoMexaHmgeckoro
BO3/ICHCTBUSA: IOBPEKJICHHE HACCKOMBIMA 1 KPYITHBIMHA ~ TPaBOSTHBIMH,
uTOnaToreHHBIMU rpHbamuy.

Crparerus oTsera Ha 6HOTHYECKHUIT crpece. CospeBaHue COYHBIX ILIOAOB M
JICTONA] B YMEPEHHEIX IIHPOTAX KAK MOATOTOBKA K MEXaHUIECKOMY cTpeccy. Pois
3THIICHA KaK “TOPMOHA TpPeBOrM” B OHOICHO3AX. BsanMopeiicTBue sTuneHa
AyKCHHAMH M IPYTUMH FOPMOHAMHL
MyTaunu, noBpexarmye GHOCHHTES THICHA WIH €ro perenuuo. Perynstopsr
pocra PacTEHUI. bpaccunocreponsl: OuocunTes, MHOroo0pasue.
Dusuonorugeckne >QQEKTh: pacTKEHHE KIETOK, poiib B IuddepeHIupoBke
Me3o¢ua.

KacmoHoBas kucinoTa. BuocunTes u (usnonormaeckie sddexTsr. Mecto
KaCMOHATOB B PETyIsALMH OTBETA. CXOACTBO OTBETOB Ha acMoOHAT M Ha ABK.
Camuuunar u gpyrue deHoNbHBIE coequHeHns. BoaMoxHAas pOJIb B PEryIAluu
TEPMOTCHE3a, OTBET2 Ha BHPYCHYI0 HMHOEKIUNI0, IBETEHHH. BiammomeiicTBue c
APYTUMH TOpMOHaMH. OJIMrocaxapHHBL.

@otoperynauust y pacTeHmit. OCHOBHBIE NPUHIMITEL  GOTOPEIENITHH.
Ornvume  GOTOPEUENTOPHBIX  KOMILIEKCOB  OT SHEPronpeodpasyomux.
DHU3HONOTHIECKH BaKHBIE 00IACTH CIIEKTPA: KpacHas ¥ CUHAA.
®UTOXPOM ¥ KpHUITOXpoM. DUTOXPOMHAS CHCTEMA. CriekTpanibHBIE CBOMCTBA
MONEKyNEL. Jtansl npespaienus Phr -Phfr: n3menenus » ctpykrype xpomodopa u
anonpoTeHHa. I'eHsl, Kogupyromue OHOoCHHTES,

duroxpoM A u B: cxomctBa m orTimums., OUIHOIOTHYECKUE peakuuy,
ONOCPENOBAHHEIE  DUTOXPOMHOM CHCTEMO: CBETO3aBHCHMOE IIPOPACTAHME,
ACITHONANNS, CHHIPOM H30eranus Temd. K/JIK-00parumocTh. DUTOXPOM Kak
«BXOOHBIC BOPOTa» 114 (JOTOIEPHOIUUECKOrO CUTHAIA,

Crpyxrypa kpunToxpoMmoB. Mcmoms3oBasie MyTAHTOB JIS MCCIETOBAHHS
kpunroxpoMa. OTBETHl Ha CHHHI CBET: pasruOanue AamuKANBGHOM IIETENBKH
IPOPOCTKOB, (POTOTPOITUIMEI, YCTEHUHEIE JIBIIKCHHUAL,

Cucremsl perynsuun $pusHonornyeckux npoueccos. CeTs myTeil mepenady
CHTHaNA B KJeTke. Bocnpusarue Bo3nelicTeril 1 curHaneHex Monekyil. Penentops:
CTHUMYJIOB ¥ TOPMOHOB, UX Jokanu3auus. Pois mnazmanemmel. Ilepenaua curnana.
B3auMozeHcTBHE PENENTOPOB € MOCPEAHMKAMY, TICPESHAIONIAMEA  CHTHAL.
BropuuHebie noCpeHuKY Nepeqaun curuana (dochommasza C, tAM®, uxosuton-
3-bocdar u 1p.).

YdacTue Kanpupa B Iepejade curHana. Pons kamsMonymuHa u Ca2*-CAM
KOMILIeKCa B (OPMUPOBAHMM OTBETHON peakimu. [IpOTEMHKUHA3EI, 3HAUEHIE
peakuuu (pocdopumipoarns/ KedochoprIHpoBAHNS B PEryIALMUE aKTUBHOCTH
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(pepMeHTOBR. Crenuduxa nepemauu u dbopMHUpoBaHHS OTBeTa Ha onpeaeIeHHbII
CTHMYIL.

Dotonepronuzm. DeHOMEHOTOT S dororepromM3Ma: IBeTeHNE 1 TPYIIIIEI
¢oronepuoanueckux PacTeHHH, peryismus mcTomana, 00pa3oBaHMs TIOYEK,
TICpeXoiia K COCTOSHHIO MoKos. Bocnpusitie mmmbr qus: 3hdexT npeprBans
HOYH, (PUTOXPOM, BHYTPCHHHIE YaChL. I'opMoraneras teopus uperenus Yaitnaxsua.
W3MeHeHUs ropMoHAIBHOTO batanca, npuBoAIHE K (uznonoruueckomy oreery
Ha QoTtonepuon. Perymsus PA3BUTHS KITMMATHYECKUMH (HaKTOpaMH.

BHyTpeHHue PUTMEI pasBUTHS pacTenmil, [Tepuonuyeckue sBIeHUs B pUTMAx
OpraHorenesa u pocra pactenui. [{upkagueie puTMbr, MeEXaHU3M HX obpa3oBanus.
Hactpoiika nupxagnex putmos doronepronom. TnacToxpoH. Koppektuposka
BHYTPCHHHUX PHTMOB Pa3BHTHUS BHCIIHUMH KIMMATHYECKIMH (paxTopamu: 3acyxoi,
IOHMXECHUAMY TEMIICPATY PhL.

Inyboxuit  (dusmonormueckuit) moxoit u BBIHYXXICHHBIN  TOKOIA.
Temneparypa u passutue pacrenmii. SsneHus CTpaTH(UKAUU H APOBU3ALNH KaK
3KOJIOTHYeCKast amamTaliys.

TopMoHanbHas TeopHs BepHATH3AIME pactenuil. IIpepeiRanue riy6okoro
TIOKOs MOHIDKCHHBIMH TEMIIEpaTypaMM: NPOpPACTAHHE CEMSH, BBIXOX IIOYEK W3
COCTOSHHA IIOKOS, IIBETCHHUE.

OMOpHOHaNBHOE pa3suTHe. PazeuTue 3apoJbllia y JIBYAONBHBIX PaCTEHUI B
HOpMe. MCnonb30BaHNE MyTaHTOB JUIS H3Y4EHNUS MEXAHH3MOB Pa3BUTHA 3apOIBIIIA
MyTaluu Hapymaromye pasBUTHE KOPHEBOIO U CTEBIEROIO arekca, CycreHsopa,
HEKOTOPBIX CJI0EB TKaHeil B 3apoawmax. Comartuueckuii sM6pHOrenes, GbaxTopsl,
BITHATOIINE HA HHAYKIHIO, 00pa3oBaHye U (JOPMUPOBAHNE 3apOBILLICH in vitro.
IIpopactanue cemsn. [OpMOHANBHBIL OGanaHc OpY IOPOPACTAHHU CEMSH.
OtHomenuwe ABK/ ruG6epemmuusl. Myramnn curtesa ABK u oreera. Chsizb
TOPMOHAJIBHOTO CTaTyca CEMEHM ¢ OGMOCHHTE30M JIPYTHX BEILECTR.

Perynaums BereTaTwBHOrO pocta pacteHumifi. Poct KopHi. Poms
¢uToropmonor. JlnddepeHMpoBKa KOPHEBBIX BOJIOCKOB. Cepust MyTaHTOB ¢
HapyICHUAMA HHUIWALNY W JJIOHTallMi KOPHEBBIX BOJIOCKOB, (DOPMEI BOJIOCKOB.
Myranum, Fapyiaromnue rpaBUTPOIIH3M.

Poct moberosoii cucteMsl. YcTaHoBlcHNE (GUITOTAKCHCA IPH [POPACTAHKM
CEMEHH.

Ponb puroropmoros. Myranun apabuiorncuca ¢ U3MEHEHHBIM Pa3BHTHEM
BETETATUBHOTO arekca. PocT mucTa. Pols GUTOropMOHOB B 3aK/IajgKe M pa3BHTUN
nucra. CBA3b PasBUTHUS ITHCTA H MEPUCTEMEI 1T0Gera.

Perynsuys renepaTHBHOrO pa3BuTHA pacTenuit. MHIyKIHES ¥ S3BOKALKS [[BETEHMS.
Paseutne couserwii. PanHee TreHepaTHBHOE pasBHTHE, NO3HEE T[EHEPATHBHOE
pa3sBHTHE, pa3BUTHE NBETKOB. HopMmanbHOe pasguTHe 1BeTka. MOIENb «BOHHEI
nosunmii» (ABC). T'enermueckne oynxkuuu A, B u C. CeMeiicTBa TeHOB,
COACpIKALINX MADS-nomen.IIposBinenus roja y pPaCTCHUIA.
CaMonecoBMecTUMOCTE. ['eTepoMopdHas U roMoMophHas CAMOHECORMECTHMOCTE.
CriopoduTHei ¥ raMeTOpUTHEI KOHTPONL CAMOHECOBMECTHMOCTH. Perymsius
nona. JXM3HEHHBIC MK PACTEHUH. Y CIIOBHS MUHEPATILHOTO IMTAHMS, BO3PACT,
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TOPMOHAIBHBIN CTATYC KaK (DAKTOPHI, BIMSIONIHE HA 1IOJ pactenuii. ITomoskie
XPOMOCOMBL. MyCKHe 1 5KEHCKHE BETKH Y 0THOTOMHBIX pacTeHui.

9. Veroiiunsocrs pacrenuii k HeOIAroNpHATHBIM aKTopam

Crpecc u ananramus — o6mas XapaKTepUCTHKA ABNCHUHA. Hebnaronpustarie
akTopsr GuoTHYECKOM H ABHOTHIECKOM Npupossl. OTBETHBIE PeaKIMH PACTEHMI
Ha JielcTBHE cTpeccopos. Cenuduycckue i Hecnenmpuueckue peakuun. [pupona
Hecnennuaeckux peakuuii. CTPeccoBble GeTky U ux (yuxnun. Bopuerii nedurmr.
Knaccubukanms pacremnit mo wux ycToHuusocTy kK 3acyxe. Kcepodursi
CnocobHocTs pacTeHuit TIOAICPXKUBATE BOAHEIH TOK B CUCTEME: [OYBA-PacTEHHe-
aTMoc(epa B YCIIOBUSIX 3aCyXH. DaKTOPEI, 00ECIICIHBAIONINE JBIKCHUE BOIBI 113
TIOYBEL B pacTeHWC H B arMocepy V kcepoduToB. OCMOTHYECKHH W
THAPOCTATHYECCKUH MOTERIHUANBI Y PA3HLIX 110 33CYXOYCTOMYHBOCTH PACTECHHIA.
Perynsamms ocmotuueckoro moteHmuana AABJIEHUS C MOMOILBIK) OCMOJIMTOR.
XumHAYeckas TpPUPONa H GUOCHHTE3 OCMOIMTOB. [IporexropHas QyHKus
OCMOJHMTOR. 3aluTa OeNKOBR B YCIOBUIX ACTHIpaTalliyi OUTOMIA3MEL [IpomuH u
IIONTONIBl KaK BaXHEHWINHE MPOTEKTOPHI OENKOB. [OMMAMMHEI — IPOTEKTOPEI
HYKICHHOBBIX ~ KHMCIOT. bBeramHbl u wux sammreble  QyHKmmn,  Benkw,
CHHTE3UPYIOIIUECS B YCIOBHAX Jeruaparamuu. Mx sammrHas pons. C4 1 CAM-
THIIBI METAbOMH3Ma KaK CHCTEMBI 3KOHOMUY BJIATH Y 3aCyX0YCTONYMBBIX PACTEHHIA.
BeicokHe KOHIEHTpaiu comeit. THIIB IIOYBEHHOIO 3acojcHusa. I'amoduTer u
rimuxoputel. Ilompexnaromee neiicTBHe  coucii AjanTanus  pacTeHUH K«
OCMOTHMECKOMY H TOKCHYECKOMY JACHCTBHIO coneil. CiocoObl Ioamepxkanue
OBOIHEHHOCTH. OCMODETyIATOpHAs M NPOTEKTOPHAS (YHKIMH OCMONUTOR.
IIporexropusie 6enxu (I1B), cunTesupyromyecs B PACTEHUAX MPH COJIEBOM CTPECCE.
Uunykmusa Guocurresa 1B BBICOKHMH KOHUCHTpaMAMHU coJiel. OyHKImH
IPOTEKTOPHLIX OekoB. CHCTEMBI HOHHOTO FrOMEOCTATHPOBAHUS KIETOK.

KoMnapTMenTaius HOHOB, poilk BakyouId. Poitb mIa3mManeMMbl M TOHOIIIACTA
B NIOAZACPKaHWH HU3KMX KOHLIEHTpaIui Na~ B HuTOmIasMe Ipy 3acoieHun. Na'-
TPaHCTIOPTHPYIOLIHC CHCTEMBI M UX CBOMCTBA. J[aneruii Tpancnopt Na* (ypoBeHs
menoro pacrenus). Crparerms u30exaHHs HAKOIUICHHS HMOHOB B  aKTHBHO
METa0ONM3KUPYIOIIUX TKAHIX i TEHEPATUBHEIX OPTraHaX B VCIOBHAX 32CONCHUS.
OKCTpeMaNbHbIE TeMIEPaTypsl. PacTenus kak sK30TepMHELE OpTaHU3MEL.

TemnepaTypeble afanTauMy, CBA3aHHBIE C W3MEHEHHEM coJiepiKaHus
(pepMeHTOB B KNeTKax M HX M30(DEPMEHTHOTO COCTaRa. Anarnranmym,
obecrieunBaroNye MOCTOSHCTBO KM NP TeMIepaTypHBIX CIBHTAX. CTpyKTypHBIE
MEPECTPOUKH KICTOYHBIX MEMOpaH NpH TEMIEPATypHEIX afanTauusx. Pob
U3MCHCHMS XMMHUYECKOTO COCTABA JKUPHBIX KHCIOT W COOTHOIIEHUS HACBHIICHHEIX
H HCHACBHIEHHBIX MHPHBIX KMCIOT B obccrieueHrn HeoOXOqUMOM MOABRIKHOCTH
JUIMAHOTO OHCIOs MeMOpaHBl HPUTEMIIEPATYPHBIX aJanTanuax. V3Menenue
BA3KOCTH JMIMIOB U DETYNIAIHS AKTUBHOCTY JIOKATH3OBAHHEIX B MeMOpaHax
(hepmenTOB. Poxk u dyHKIMs NecaTypas B H3MEHEHUN HHIEKCA HEHACHIIEHHOCTHU
AUPHBIX KMCIIOT IIPY TEMIEPATYPHBIX aanTalysX. [OIEpaHTHOCTh PACTEHHH K
3aMopaxuBanmio. [Ipenorepamenne obpasosanns Is1a B KIETKax: 1) myTeM mx
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00€3BOXMBaHUI B XO/1e (hOpMHpOBaHUS KPUCTATIOB mhaa B MEKKJIETHUKAX, 2)
IYyTeM OHOCHHTE32 GHOJOrHYECKHX anTudpuzoB. XuMudeckas IIpUpoIa
buomormueckux  aHTHMPH3OB. Monexynapusie Mexammsmer WX meicTBuS.
Huskomonexyispasie KPUONIPOTCKTOPEL.  3aKamka pacTeHui. J3MeHenus,
MPOMCXONAINAE B DACTHTCIBHOM OPraHH3ME B XON¢ 3aKaIKM. MeXaHmaMul
IIOBBIIICHHS MOPO30YCTOMIHBOCTH IIPH 3aKATIKE.

AKTHBHPOBAHHBIA KHCIOPOL. AKTHBHBIC hopMer  kHcTOpopa (ADK):
CYNEPOKCHIHBIH  PaquKal, THAPOKCHI-DANAKAL  CHHIJICTHEIL KHCIIOPOI.
Mexanusmer ux 06pasoBanus. Brian (orocunTeTHUEcKOR U ABIXaTenbHOM DTI] B
TCHEpaNUIO CYNIEPOKCHIHOIO pajukana. Poib BRICOKON MHTEHCHBHOCTH CBETa B
nepesoccranornenHoctTH JTLl xnopomnactos u 06pazosauum CYIEPOKCHTHEIX
papukamoB. I'enepaums A®K mpum cTpeccax. Tokcuueckoe neficTBHeE ADK;
CTUMYJIAIHA ICPEKHCHOTO OKMCIICHHS JIAIINJIOR.

MexaHu3MBl 3amuTEl pacTeHuit ot u3bsirka ADK. ITytu mpenorepaienus
oOpazopanus A®K B Kierkax pacTeHuil. AHTHOKCHAAHTHEIE CHCTEMBI KIETKH:
acKopOaT-TIyTaTHOHOBBIA ~ WUKIA,  OCTO kodepor.  AHTHOKCHAAHTHEIE
(bepMeHTaTHBHEIE CHUCTEMBL. CemeticTBo CYTICPOKCH/ITUCMY TA3.
AckopbaTnepoxcuiasa, KCaHTOMHILTLHBINA UK 1 ap.

AHOKCHA W TUIIOKCHS. PacTeHus, ycroifumsnie HEIOCTaTKy KHCIOpPOoa.
Ponb rnukonmsa B agantanuy pacTeHuii HEAOCTATKY KUCIOPOAa. AHATOMHYECKHE
OCOOCHHOCTH DACTCHHH, YCTOMYMBEIX K AHOKCMH H THIIOKCHH — cTpaTerus
130exaHus aHa3pobmo3a. Pob TOPMOHOB B ajanTamun k a"a’pobuosy. OTBeTHAS
PEAKIKs PACTCHHI Ha PE3KOE CHIKEHME COZEPIKAHNS KUCIOpoJa B cpeje. bemkn,
obpasyromyecs B pacTEHHSX B XOIE AJanTaliy K HEIOCTATKy KHciopoga. Mx
dyHkimonansHas ponb. [lOMBITKM mOTyueHus YCTOMYUBBIX K HEIOCTATKY
KHcIopoaa Gopm pacTeHuil.

TOKCHYHOCTB TSDKENBIX METAIIOB Il PACTEHMI MX HAKOIUIEHHE B TKAHSX.
MexaHuU3MBI 3aIUTEI: KOMIIAPTMEHTAINS X HAKOIUIEHHE TSKENBIX METAIOB B
Baxyonax u KC, Pons duroxenaruros. BugocnenuduasocTs B 4yBCTBHTENBHOCTY
1 YCTOWYMBOCTH PAaCTEHUH K M30BITKY M HEJOCTATKY TSUKETIBIX METAJIOB B cpene.
®uropemenuanui. DuroummynuTeT. OUTONMMYHOIOTHS KAK COCTARBHAS UACThH
o0meit UMMYHOITOTHH.

OYHKLHM UMMyHHTeTa. IMMyHuTeT. J[ByX()a3HOCTE OTBETA PacTeHMii Ha
BHEJPCHUC ITATOr€HA: PAaCMIO3HABAHKE MATOI€HA U 3AIUTHAS PEAKLUI. DITHCUTOPEI,
PoJIs MEKTHHOR B paciio3HaBaHUH.

Pernenirop -murasHEIN THI B3aUMOIENCTRIS PACTCHHSI-XO35IMHA U TATOTEHA,
Pons omurocaxapuHoR B OTReTHOM peaxiyin pacTeHHs HA BHEJPEHHE NATOreHA.
Hekpotpoder 1 GHOTPOdE — HH3KO- M BHICOKOCHEIMATH3HPOBAHHbIC TATOTEHEL.
JETepMUHAATEL YCTOMUYMBOCTM PACTEHMII K IIATOTE€HAM: AHTHOHOTHYECKHE
BEIECTBA ((UTOANEKCHHBI), MEXaHHYECKHe Baphepsl, ayKCOTpods, peaKiyis
CBEPXUYBCTBUTENBHOCTH U Jp. JleTEpMHHAHTHI MATOT€HHOCTH MHUKPOOPTaHH3MOB:
(haxTOpEI, CIOCOBCTRYIOIINE KOHTAKTY MUKPOOPTAHE3MA U PACTEHHS, CYIPECCOPE
3AIUTHON DPEaKMM M TOKCHHBI; (DakTOpHI, 0OECIEYHBAIONINE MPOHHKHOBEHHE
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ATOrCHA W €r0 IINTAHHE BHYTPH pPACTEHHS; axTopsl, obecneunBaromHe
IIPEOTIONIEHHE 3AIUTHON PEaKIMH pacTCHHUS,

Tum v crenens coBMecTMOCTH B crcTeme: Gommoe pacrenue. I eHeTnyeckas
MPUPOAA YCTONYMBOCTH PAcTEHHH K MATOreHAM BeprukaiisHas u ropusonTansHas
ycroitunBocTH. Teopust dnopa «ren-Ha-remy. Conpsixernnas 3Bomonus pacrenus
X03fMHa W mnartoreHa. IlpmoGpeTenme BumoBod ¥ copromoit CHELHATH3AITUN
NaTOreHOM  (MHIYKTOPHO-CYIIPECCOPHAS MOZIENH Xecca). Ponp  BrOpHuHEIX
METa0OIIMTOB B BEPTUKANBHOM M TOPH3OHTATLHOIN ycroguBoCcTH. Jlokamu3anus
CHHTC33 M HAKOIICHUs BTOPHYHBIX META0OIHTOB HA YPOBHE KIIETKH, TKAHH, oprana,
uestoro pactenus. CocTas M XapaKTEPHCTHKA CMON, Ciiu3el, KAMeETH, IaTeKca.
BHEWHAA CeKkpenus BTOPUYHBIX METaGOIHTOE. CrienmanusupoBasssic OpraHsi
cexpennu. COCTaB M XapaKTepHCTHKA S(UPHBIX MACel. Xapaktepucrika
JIOKATM3AMNY CHHTE32 M HAKOIUICHHS OCHOBHBIX IPYINT BTOPHUYHEIX METAGO0NHUTOR,
3amyTHBIE HYHKIMY BTOPUYHEIX COEUHEHMI.

®uroanekcuns:, J[oka3areapcTBA SKONOTHYECKUX (QYHKUMHA BTOPHYHBIX
COEIMHEHMIL.

10. B3zaumoneiicTene ¢usmonornyeckux mpoueccos, ux HHTEerpanus u
COrJIACOBAHHOE PYHKIMOHMPOBAHHE OPTAHOB

JIOHOpHO-aKIeNTOPHEIE  B3aMMONENCTBHA KAk  OCHOBA 3HJOTCHHOA
PeTynsimn  pOTOCHHTE32 B CHCTEME DACTHTENBHOTO OpraHHM3Ma. MexaHusm
SHAOTCHHOM PEryIlY B CHCTEME PACTECHHS: OTOKH YIIEPO/A, UCIIONB3YyEMBIE Ha
CHHTC3 Da3IUYHBIX COCIUHCHHH M MX DACHpEelC/ICHUE 10 TKAHAM W OpraHam.
Teopust poTtocunTeTHICCKON IPOTYKTHRHOCTH. ITyTH HOBBIIICHUS 3¢ eKkTHBHOCTH
UCTIONE30BAHMS COTIHEUHOM SHEPrud npu (oTocHHTe3e. J{OHOPHO-aKIENTOPHEIE
OTHOIICHUS, PEYTUNM3ALS H KPYTOBOPOT MUHEPATEHEIX DIEMEHTOR B PACTEHMH.
Pacripepenende BemecTs no opraHaM ¥ KOMIOApPTMEHTALMS IIPOLECCOB U
COCTIMHCHHN B KIECTKE M TKAHAX KaK CHCTEMa [POCTPAHCTBEHHOM M BPEMEHHOIA
OpraHu3alMy OMOXHMHUYECKMX W (DUIHOIOrHYECKHX IPOLECCOB U  CIocob
PEryJIANAN UX COTIACOBAHHOIO B3aMMOIEHCTRIUS ¥ HHTETPALHH.

CHCTeMBI perymsuyy U MX HEPapXHUs B PACTEHHH. PeryIaIus pacipeeieHs
POCTa U BEIIECTB, a TAKIKE B3IAUMOJEIHCTBHS OPranos B nuenom pacteHud. CHCTEME!
perynaIMu: TpoduueccKas, TOpMOHabHAs U 3eKTpodusnonornyeckas. IToustue
«3ampocy M MPEJTIOIAracMble MEXaHH3MBI IIEPENayd CHTHaua. JIOHOpHO-
AKLCTITOPHBIE  OTHOLICHHs. Perynsums mponeccoB Ha KICTOYHOM YpOBHE.
Meta0onurHas perynsmus M MEXaHM3M KOHTPOJSL NPOTEKaHHA IpOIecca Mo
NPUHIAITY OTPULATENBHOM (MONOXKHUTENBHON) CBASH KOHEYHBIMM MPOJYKTAMH.
Anenunateelii koHTpoNs. KoMmaprMenTanus mporeccoB U BELECTB Kak CHOCO0
OpraHM3alliM PETYIAINY NIPOLECCOB B IPOCTPAHCTRE U BPEMEHH.,

Bsaumoneiictene eiXaHMs ¥ QOTOCHHTE3a: OOMEH IPOAYKTAMH U
cyberpatamu. OcoGeHHOCTH JBIXATENBHOrO MPOLECca B (OTOCHHTE3UPYIOLICH
KIIETKeE.
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Crucok Jmareparypnl

Kon-Bo Hammane |

Ne | . |
/ Hanmenosanue | JKSEMIUIAPOB | SIMEKTPOHHOH |

o B OubOIHOTEKE BEPCHH B j
Joul'Y 9BC !

|

|

OcHoBHas JIMTEPATypa
1 |Berposa E.B., Boiiko M.W., 3armutko | 3 g E
IOIL ®mmonorus pacrenmii: yucGHOe | |
nocobue. — 2-¢ U3, H3M. | JO1I. — JloHenk: | ‘

HouHY, 2017. — snexTpoHHEBII pecypc (1
(aitn). |
|

2 | PacrenueBoacTeo. Texronoruu | ;
BBIDAIIMBAHKSA PACTCHHMA [DNeKTPOHHEIN | '
pecypc]: 6ubmuorp. crucok muTepaTyps! / |
[coct. O. [. Ilpuctpomosa; pex. B. A. | |
Kporoga]; 'OV BIIO "JloHeuxkwii Haiy, VH- |
", — Jlorenx: T'OY BIIO "MowHVY", 2017. E
— DneKTpoHHbIC Aaunkie (1 daiin). :
JononHuTteneHas JMTEpaTypa
1 | Kocymuna JIT. Duzuonorus | 1 =
YCTOMYHBOCTH pacTeHuit K | |
HEONMATONPHATHBEIM ~ (DAKTOPAM  Cpelst: | |
yue6. mocobue / JLT. Kocymuma, D.K.
Jlynenko, B.A. AxceHoBa; oTB. pen. A.T.
MoxponocoB. — Pocros #/J[: U3n-ro Pocr.
yH-Ta, 2006. — 235 c. ,
2 |IlpakTukyM 10 (UIHOIOTHM pPaACTEHWMIl: | | 44 -
yueb. ocobue / mox pex. B.B. Mranoga. -1
2 w3n. — Mocksa: Axagemus, 2004, 140 c. |
3 | SAxymkuna H.J. ®uswonorus pacrenwii: | 4 = i
Y4eGHHUK JI5 CTYIEHTOR, OGYYAIONIIHXCS 110 |
cneruansaocty 032400 "Buonorus" / HU. | "

|
Axymxuna, E.JO. Baxrtemxo. — Mocksa: |

Brazoc, 2005. — 463 c. |
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1.5.21. ®usnonorus u GHOXUMHUS PACTEHMIT U COOTBETCTRYET MOHITMSAM MACTIOPTA:
1-13.
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