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NMpenonaBatenb lacaesa M.B.

Ypok no TeMe: «0OCO6EHHOCTU CTPOEHUS PAaCcTUTENIbHOW KJETKMU»

OCHOBHbIE NMOoJI0XKEeHUs

B kneTkax pacteHuii npeobnaaatoT CUHTETUYECKME NPOLECCHl Haj peakumnsaMm BbICBOBOXAEHUS SHEPTUM.

Xopowo pa3BuTas BakyonspHsasa ceTb obecneunBaeT siBNeHne Typropa, B OCHOBE KOTOpOe€ JsieXXaT npoueccbl OCMOTUYECKOro
NOCTYNJIEHUA B KNETKY.

MuTOTMYEeCKOe AeneHne pacTUTeNbHbIX KNETOK npoTekaeT 6e3 yyacTus KNeTOYHOro LeHTpa.

Bce Xu1Bble OpraHn3Mbl, CyLLECTBYIOLME Ha 3EMSIE, UMEIOT KNETOYHOE CTPOEHME, 33 UCKIOUYEHMEM BUPYCOB, ABNAIOLWMXCS
napasvTaMm reHeTUYECKOM YPOBHE.

Bce KNneTkn 3yKapuoTUYeCcKUX opraHM3MoB FrOMOJIOMUYHbI, T. €. obnagatoT eanHbIM NPUHUMNOM OpraHun3auuu.

Kak MeHAnUCb nNpeacTaBieHns O KJ1eTKe U CdJOpMVIpOBaﬂOCb coBpeMeHHoOe nonoXxkeHue KJ1I€TOUHOM Teopum

Ha 3ape pa3BuTus XMU3HM Ha 3eMne BCe KNeTouHble hopMbl 6611 NpeacTaBeHbl 6akTepusaMmu. OHM BCacbiBanm opraHuyeckue
BELLECTBa, PACTBOPEHHbIE B MEPBUYHOM OKeaHe, Yepes NoBepxXHOCTb Tena.

Co BpeMeHeM HekoTopble 6akTepuun NpMcnocobnNnCcb NpoM3BOAUTL OpraHUYeckune BellecTBa M3 HeopraHuyeckunx. [Ans aToro oHu
MCMNOMb30BasIM SHEPIUIO CONTHEYHOrO CBeTa. Bo3HMKNa nepBas 3Konornyeckas cuctema, B KOTOPOW 3T OpraHusMbl 6binm
npoussoauTensMu. B pesynbTtate 3Toro B atMocdepe 3eMnu NosSBUICS KUCTOPOA, BblAeNsieMblli 3TUMK opraHmamamu. C ero
MOMOLLbIO MOXHO M3 TOW e CaMOl NULKM NOAYyYnUTb ropasao 6onblie sHeprum, a 406aBOYHYIO SHEPIUIO NCNOMb30BaTb Ha
YCNOXHEHWe CTPOeHUs Tena: pasaeneHne Tena Ha 4acTu.

OZHO U3 BaXHbIX AOCTUXXEHUI XU3HW — pasaesieHne aapa v uuTonnasmbl. B sape HaxoanTcs HacneacTBeHHas MHdopMaums.
CneumnanbHas membpaHa BOKPYr s4pa No3BonMMa 3alMTUTL OT CyYaiHbIX NoBpexaeHuit. Mo Mepe Heo6X0AMMOCTU UUTOMIa3Ma
Nnosly4yaeT u3 siapa KOMaHAbl, HaNpaBAsoOLWME XU3HEAEATENbHOCTL U PA3BUTHE KNETKM.

OpraHusMmbl, Y KOTOPbIX SAPO OTAENEHO OT LuuTonnasmbl, 06pasoBanu HagLApCTBO SAEPHbIX (K HUM OTHOCATCS — pacTeHusi, rpubsl,
XWBOTHbIE).

Takum 06p330M, K/eTKa — OCHOBa OpraHusauunmn paCTeHVIVI M XWUBOTHbIX — BO3HWKJIA U pa3Buiacb B Xoae 6unonornyeckon 3BoaOLUN.

[axe He BOOPYXEHHbIM ra3oM, a eLweé ny4yiue noa ﬂyl'lOl"’I MOXXHO BUAETb, YTO MAKOTb 3pesioro ap6y3a COCTOMUT U3 OYEHb MENKUX
KPYMWHOK, MNKN 3EpPHbIEK. ITO KNeTKNn — Menbyanlume KKUPMUYUKN>»>, N3 KOTOPbIX COCTOAT TeNna BCEX XUBbIX OPraHM3mMoB, B TOM
yncne n pactuUTebHbIX.

XX13Hb pacTeHuns ocyLwecTBnsieTcs COeAMHEHHOW AeATeNbHOCTbIO ero KNeToK, co3garwmx eguHoe uenoe. Npu MHOroKNeTO4YHOCTH
yacrem pacTeHus CcyuwecTByeT CDVIBVIOJ']OI'MHECKOG pasrpaHnyeHune nx beHKLI,VIVI, cneunanunsaumns pasinyHbIX KNETOK B 3aBUCUMOCTU OT
MEeCTOMOM0XEHNA UX B TeNle paCTeHUs.

PacTuTenbHas KneTka OT/IMYaeTCs OT XXMBOTHOM TEM, YTO MMEET MJIOTHYI 060104YKY, MOKPbIBAOLLYIO BHYTPEHHEE COAepXNMoe Co
BCEX CTOPOH. KneTka He sBNsieTCst NA0CKOoW (Kak e€ NpuHATO n3obpaxaTtb), OHa CKOpeW BCEro noxoxa Ha o4YeHb ManeHbKuin
ny3bIpéK, HanoJIHEHHbIW CIU3UCTbIM COAEPXMUMBIM.

CTtpoeHue u PyHKLUN pacTUTESIbHOWN KJIETKU

PaccMoTpuM KNeTKy Kak CTPYKTYPHO-(YHKLMOHANbHYIO eAnHuLYy opraHm3mMa. CHapyXwu KfieTka MoKpbiTa NiOTHOW KNeToYHOM
CTEHKOI, B KOTOpPOU nMetoTcs 60nee TOHKME y4acTku — nopbl. o4 Hell HaXoAMTCS OYeHb TOHKas NéHka — MeMmbpaHa,
nokpbiBatoLLas COAEPXKUMOE KNeTKN — uuTonnasMy. B uutonnasme ectb NONOCTU — BaKyosin, 3aMo/IHEHHbIE KNETOYHbIM COKOM. B
LeHTPEe KJIETKWN UM OKOJO KIIETOYHOW CTEHKWU PAcrosioXXEHO MIOTHOE Tenble — S14Pp0 C SAPbIWKOM. OT UMTOMNNasMbl SAPO OTAENEHO
apepHol obonoukoi. Mo Bcen uMTonnasMe pacrnpeaeneHbl Menkue Tenbla — nnacTuibl.
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Xu1Bas yacTb KNEeTKW — 3TO OrpaHuuYeHHast MeM6paHoi, ynopsaoueHHas, CTPYKTYpUpoBaHHas cucteMa 6MononMMepoB U BHYTPEHHUX
MeMBpaHHbIX CTPYKTYp, y4acTBYHOLMX B COBOKYMHOCTM MeTabo/IMYeCKUX U SHEpreTUYeCcKMX NpoLEeccoB, OCYLLECTBASIOWNX

noaaep>XaHue n socnpousseneHune BCEI CUCTEMbI B LLENIOM.
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NMnasmanemma (HapyxHas kneTouyHass MeMbpaHa) — yNbTpaMMKPOCKONUYeckas NaEHKa TOJLMHOM 7,5 HM., cocToswas u3 6enKoB,
$ocdhonmnnaos M BoAbl. ITO OUEHb d1aCTUYHAs MIEHKA, XOPOLIO CMayMBaloLLasicsl BOAOK U 6bICTPO BOCCTaHaB/MBaloLWas
LIe/IOCTHOCTb Moc/ie noBpexzaeHusi. IMeeT yHuBepcanbHoe CTPOeHNe, T.e. TUMNYHOE A/st BCeX BUosiornyecknx MembpaH. Y
pacTUTeNbHbIX KIIETOK CHapyXu OT KIETOUYHOM MeMbpaHbl HaX0AMTCA NpoYHasi, co3haloLlas BHELIHIOW OMopy U noaaepxuvBaioLias
¢opMy KNeTku kneToyHas cteHka. OHa COCTOMT U3 keT4aTku (Lenono3bl) — HepacTBOPMMOro B BOAe Mnonucaxapuaa.



MnasMopaecMbl pacTUTENbHOM KETKM, NPeACTaBAsoT co60i CyGMUKPOCKOMMUYECKUE KaHaslbLbl, MPOHM3bIBatoLWME 060/104KU 1
BbICT/IaHHbIE Nf1a3MaTUYeCKOl MeMBpaHON, KoTopasi TakUM 06pa3oM NepexoaunT U3 O4HOW KJIEeTKM B APYTYyto, He npepbiBasicb. C nux
NOMOLLBIO MPONCXOAUT MEXKIIETOYHAas LMPKYNSLUUS pacTBOPOB, COAEPXKALLUMX OpraHMYecKkue nuTtatesbHble BewecTsa. Mo H1UM xe
nMaéT nepeaaya 6GMOMNOTEHUNANOB U APYroi nHpopMaumu.

MopaMum Ha3bIBalOT OTBEPCTMSA BO BTOPUYHOM 060/104KeE, rae KIETKU pa3aensitoT Nnwb NepBuYHas 060s04Kka U CpeamHHas
nnacTMHKa. Y4YacTKu NepBUYHOM 060/104KN U CPEANHHYIO MNACTUHKY, pasAensaioume CoCeACTBYOLWME NOPbl CMEXHbIX KNeToK,
Ha3blBalOT NOPOBON MeMBPaHOM UM 3aMblKaloLEN NIEHKOM NOPbl. 3aMbIKaoLWy NEHKY NOPbl MPOHM3bIBAIOT NJ1a3MoAeCMEHHbIE
KaHasblibl, HO CKBO3HOIO OTBEPCTUSI B MOpax 06bl4HO He 06pasyeTcs. Mopbl 061eryatoT TPaHCNOPT BOAbl M PACTBOPEHHbLIX BELLECTB
OT KJIETKM K KneTke. B cTeHKax cocefiHMX KNEeToK, Kak rnpaBuio, oAHa NpoTUB Apyroi, o6pa3sytoTcs nopbl.

KnetouHas 060/104Ka MMEET XOPOLUO BbIPAXEHHYI, OTHOCUTENILHO TONCTYH 060/104KY MonmncaxapuaHoi npupoasl. O6onouka
pacTUTENbHOI KNETKN NPOAYKT AeSTENbHOCTM LUMTONNasMbl. B eé 06pa3oBaHMM aKTMBHOE yyacTue NpuvHMMaeT annapaT Fonbaxu n
3HAOMNA3MaTUYecKas CeTb.

CmpoeHue KNemosHoU memMEpats!

Sununudieid
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CTpoeHue KJ1eTOYHO MeM6paHbl

OCHOBY UMTONIAa3Mbl COCTaB/ISIET €e MAaTPUKC, KN rnanonnasma, — CnoxHas 6eCL|,BeTHaFI, ONTUYEeCKN Npo3payvyHasa KoanonaHaa
cucrtema, cnocobHas K 06paTVIMbIM nepexonam m3 30514 B renb. BaxHerlwas PONb rmanonsa3Mbl 3aK/1l0HaAETCA B obbeanHeHUn BCcex
KNEeTOYHbIX CTPYKTYPp B €4UHYI0 CUCTEMY U obecneyeHmMn B3anMoaencTeus Mexay HAMU B npoueccax KNeTo4yHoro MeTabonmsma.

Manonnasma (MM MaTPUKC LUMTOMNA3Mbl) COCTaBNSIET BHYTPEHHIOKW cpeay KneTku. COCTOUT U3 BOAbI U PasfiMyHbiX 6MOMNOIMMEPOB
(6en1K0B, HYKIEMHOBbIX KUCMOT, MOAMCaxapuaos, UMUAOB), U3 KOTOPbLIX OCHOBHYIO YacTb COCTaBASIOT 6€1KU pas3fiMyHOM
XMMUYECKOW M PYHKLMOHANbHOM cneunduyHocTv. B ruanonnasme cogepxatcs TakXe aMMHOKUCIOTbI, MOHOCaxapa, HyKneoTuabl v
LApyrve HU3KOMOEKYApHble BELLeCTBa.

Brvononumepbl 06pasytoT C BOAOW KOMMOWAHYIO cpefy, KOTopas B 3aBUCMMOCTU OT YCIIOBUIA MOXET 6bITb NAOTHON (B dhopMe rens)
nnun 6onee xuakon (B opme 30571), Kak BO BCElM LUTONNA3Me, Tak U B OTAENbHbIX ee yyacTkax. B rmanonnasme nokanusyorcs u
B3aVMMOAENCTBYIOT Mexay coboli 1 cpefoit rmanonnasMbl pasinyHble OpraHessibl U BKIOYEHUS. [1pU 3TOM pacnonoXeHue ux yaiie
BCEro cneundunyHo Ana onpeaeneHHbIX TUMNOoB KneTok. Yepes 6unmnuaHyto MmembpaHy ruanonnasma B3aMMoAeNCTBYeT C
BHEKJ1IeTOYHOM cpeaon. CnenoBaTenbHO, rmanonnasMa sBAsSeTcs AMHAMUYEeCKOW CPeaor N UrpaeT BaXKHY pofb B
(PYHKUMOHMPOBAHUU OTAENbHbIX OpraHen u XnsHeaesTeNIbHOCTU K/IETOK B LIE/IOM.

LUuTtonnasmarnyeckue oGpasoBava — OopraHebl

OpraHennbl (opraHonsibl) — CTPYKTYpHbl€ KOMMOHEHTbI LMToMnnasMbl. OHU UMEIOT onpeaenéHHyio hopMy U pasMepsbl, ABASIOTCS
0653aTeNbHbIMU LUTONNA3MaTUYECKUMU CTPYKTYPaMU KNETKU. Mpu UX OTCYTCTBUM MUY NOBPEXAEHUWN KNIeTKa 06bIYHO TepsieT
CNoco6HOCTb K AasbHelLweMy CyLecTBOBaHWI0. MHOMMe U3 OpraHoMA0B CMOCO6HbI K AENIEHUI0 U CaMOBOCNPOU3BeAEHMI0. Pa3zMepbl UX
HaCTONbKO Mafibl, YTO UX MOXHO BUAETb TOJIbKO B 3/IEKTPOHHbI MUKPOCKOM.

Anpo

slapo — camasi 3amMeTHasi n 06bI4HO camasi KpynHas opraHenna knetku. OHO BnepBble 661710 NoAPo6HO nccnenosaHo PobepTom
BpoyHom B 1831 roay. Aapo obecneumBaeT BaxHeWwmne MmeTabonnyeckme n reHetuyeckne dyHKLMM KneTkun. Mo dopme oHO
[0CTaTOYHO U3MEHYMBO: MOXET 6bITb LIAPOBUAHBIM, OBaslbHbIM, TOMNACTHBIM, IMH30BUAHBIM.

SlApPO UrpaeT 3HauYMTENbHYIO POSib B XU3HU KNeTkn. KneTka, n3 KOTopol yaanunu sapo, He BblaensieT 6onee 060104Ky, nepectaér
pacTu U CUHTe3NpoBaTb BellecTBa. B Heli ycunuealoTcs NpoAyKTbl pacnaja v pa3spylueHus, BCeACTBUE 3TOro oHa 6bicTpo norunbaert.
Obpa3zoBaHue HOBOrO siApa U3 LUMTOMNNa3Mbl He NponcxoauT. HoBble sapa o6pasyoTcs TONbKO AeNleHUeM Uan ApobreHnem cTaporo.

BHYTpeHHee coaepXxunMoe sapa CocTaBnseT kapuonumda (SAepHbIN COK), 3aN0NHSIOWAs NPOCTPAHCTBO MexXAy CTpyKTypamu sapa. B
HEM HaxoAMTCA OAHO MM HECKO/bKO AAPLIWEK, @ TaKXKe 3HauYUTeNbHOe KomyecTBo Monekyn AHK, coeanHéHHbIX co
cneunduryecknMmn 6enKamMm — rucToHaMu.
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SAAPbILKO — KaK U UMTOMNMasMa, COAEPXUT npenMyluecTseHHo PHK 1 cneunduyeckme 6enku. BaxHeriwas ero dyHkums
3aK/l0YaEeTCs B TOM, YTO B HEM MPoOMCXoauT popMMpoBaHMe pUBOCOM, KOTOPbIE OCYLLECTBSIOT CUHTE3 6e/IKOB B KNeTKe.

Annapart Fonbp>xu

Annapat [oNbAXn — opraHous, UMeLWwmii yHuBepcanbHoe pacnpocTpaHeHe BO BCeX PasHOBUAHOCTAX 3YKapmoOTUUYECKUX KNETOK.
MNpeacTaBnsieT coboi MHOMOSIPYCHYIO CUCTEMY MIOCKUX MEMBPaHHbIX MELIOYKOB, KOTOpble Mo nepudepun yTonanTcs u obpasyoT
ny3blpyaTble 0TPOCTKM. OH Yalle BCero pacnosioxeH B6amsu sapa.

& Se3UKYIE

Annapart Fonbpxm

B coctaB annapaTa Monbaxu o6s3aTeNbHO BXOAUT CUCTEMA MENIKUX MY3bIpbKOB (BE3MKY), KOTOPbIe OTLWHYPOBbLIBAOTCS OT
YTONWEHHBIX UMCTEPH (ANCKM) M pacrnonaratTca no nepudepum 3Tol CTPYKTYPbl. ITU Ny3bIpbKWU UrPatoT Posib BHYTPUKIETOYHOMN
TPaHCNOPTHOMN CUCTEMbI CNeundUYecKnX CEKTOPHbIX FPaHys, MOFYT CAYXUTb MCTOYHMKOM KNETOYHbIX JIM30COM.

DyHKUMM annapaTa [oAbAXW COCTOAT TakXe B HaKOMJEeHUM, cenapaunn 1 BblAeNeHUN 3a Npeaesbl KIETKN C NOMOLLbIO MY3blpbKOB
NpPOAYKTOB BHYTPUK/IETOYHOrO CUHTE3a, MPOAYKTOB pacnaa, TOKCMYeCcKnx BelecTs. [MpoayKTbl CUHTETUYECKOW AEATENbHOCTH
KNeTKM, a TakXe passinyHble BelecTBa, NOCTynatLlmMe B KNeTKy U3 OKpy>caloLLei cpeabl Mo KaHanaMm sHAonasMaTuyeckon cetu,
TpaHCNoOPTUPYIOTCA K annapaTy [oNbAXu, HakanaMeBaloTCa B 3TOM OpraHouAe, a 3aTeM B BUAE Kanenek uav 3épeH noctynatwT B
umTonnasMy n 6o MCNonb3ylTCA CaMol KNeTKOW, nnbo BbIBOASTCA HapyXy. B pacTuTenbHbix knetkax Annapat Fonbaxun coaepxut
depMeHTbl CMHTE3a noancaxapuaoB U caM nosncaxapuaHblii MaTepuasn, KOTopbI CNOMb3yeTCs AN NOCTPOEHUSI KNeTOYHOW
obonouku. MpeanonaraloT, 4YTO OH y4acTByeT B obpa3oBaHun Bakyonewn. Annapat Fonbaxm 6bin Ha3BaH Tak B YECTb UTANbSHCKOrO
yyéHoro Kamunno Fonbaxu, Bnepsble o6HapyxuBluero ero B 1897 roay.

JInzocombl

JInsocoMbl NpeacTaBnsioT coboit MeNkue Ny3blpbKW, OrpaHUYeHHble MEMBPaHO OCHOBHAst PYHKLIMSE KOTOPbIX — OCYLUEeCTBIEHNE
BHYTPUKNETOYHOMO MULLEBapeHns. Ucrnonb3oBaHMe IM30COMHOrO annapaTta NPoOMCXOAUT MpWU NpopacTaHUK CEMEHWN pacTeHus
(rMaponu3 3anacHbIX NUTaTeNbHbIX BELLECTB).



CmpoeHue nu3ocoms!

MukpoTpy60uku

MuKpoTpy6oUKkM — MeM6paHHble, HaAMOJIEKY/ISIPHbIE CTPYKTYPbl, COCTOsILME U3 6ENKOBbIX F106YJ1, PacrosIOKEHHbIX CNUPaibHbIMU
MW NPAMONIMHENHBIMU pAAaMU. MUKPOTPYBOUKM BbIMOMHSAIOT NPEeUMYLLECTBEHHO MeXaHMYecKyo (ABUraTenbHyo) dyHKUmIo,
obecrneunBas NOABUXHOCTb M COKPaLLAaeMOCTb OPraHoOMAO0B KIeTKU. Pacnonarascs B LMTOMAA3Me, OHU NPUAAIOT KIIeTKe
onpeaenéHHyo hopMy 1 obecrneymBaoT CTabUIbHOCTL NPOCTPAHCTBEHHOMO PACMONOXEeHUs OpraHonAoB. MUKPOTPY6OUKM
CNoco6CTBYIOT NepeMeLLeHNI0 OPraHou0B B MeCTa, KOTOpble ONpeAensitoTcst PU3NoNOrMYeckMMm NOTPEBGHOCTAMU KIETKH.
3HauMTeNnbHOE KOMMYECTBO 3TUX CTPYKTYP PacnoioXeHo B nnasManeMme, B6M3N KIeTOYHOM 060/104KM, FAe OHU YyUacTBYIOT B
HOpMUPOBAHMM U OPUEHTALMM LIeNSTION03HbIX MUKPOhUEPUN 060104eK pacTUTENbHbIX KIETOK.

CmpoeHue MuKkpompy6o4KU
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Bakyonb

Bakyonb — BaXxHellasa cocTaBHas 4acTb pacTUTenbHbIX kieTok. OHa npeacTasnsieT cobol cBoeobpasHyto NonocTb (pesepsyap) B
Macce UMTOoMnAasMbl, 3anoIHEHHYIO BOAHbIM PaCTBOPOM MUHEpPanbHbIX CONel, aMMHOKMUCIOT, OPraHUYeckmnx KMCNoT, MMIMEHTOB,
YyrneBsoAoB U OTAENEHHYIO OT LIMTOMNNAa3Mbl BaKyonsipHOl MeMbpaHoii — TOHOMNACTOM.

LiuTonnasma 3anosiHseT BCO BHYTPEHHIOKO MOJIOCTb TOMBbKO Y CaMbIX MOSIOAbLIX PAaCTUTENbHbIX KNeToK. C pOCTOM KNETKU CYLLeCTBEHHO
MN3MEHSETCS NPOCTPAaHCTBEHHOE PACrosioXXeHWe BHayasne Cr/loWHOM Macchl UMTOMIasMbl: Y HeE NosBASIOTCS 3ano/HEHHbIE
KNETOYHbIM COKOM HebosblUMe BaKyosiM, U BCS Macca CTaHOBUTCS Ho3apeBaTol. Mpu fanbHelleM pocTe KIeTKN OTAeNbHbIe BaKyou
CNMBAOTCS, OTTECHSIA K Nepudepun Npocioniku LuTonnasmbl, B pesynbraTe yero B ChopMMPOBaAHHOM KIETKE HaxoAWTCst 06bIYHO
oflHa 6onbluas BaKyo/b, a LMTOMNIa3Ma CoO BCEMU OpraHesiaMu pacnosnaratoTcsi 0Kosio 060/104KMU.

BopopacTBopuMble opraHMyeckme n MMHepasnbHble CoeAnHEHMS BaKyosnel 06ycnoBanBatoT COOTBETCTBYOLME OCMOTUYECKME
CBOWMCTBA XWBbIX K/IETOK. ITOT pacTeop onpe.uenéHHoﬁ KOHLUEHTpauumn asndaeTca CBOGOGpaBHbIM OCMOTMYECKNUM HacocoMm Ansa
perynmpyemoro npoHWKHOBEHUS B KNETKY U BblAeNeHNs U3 Heé BOAbl, MOHOB U MONEKY/T MeTabonnToB.



B KOMMieKce co CfoeM LuTonaasMbl U eé MeMbpaHaMu, XapakTepusyLWMMUCS CBOMCTBAMM MOJTYNPOHMLAEMOCTHM, BaKyob ob6pasyeT
3¢ dEKTUBHYIO OCMOTUYECKYIO CUCTEMY. OCMOTUYECKM 06YCNOBNEHHBIMU SBASIOTCS TakKMe NoKasaTeNn XUBbIX PacTUTENbHbIX KNETOK,
KaK OCMOTUYECKUI NOTeHLMAN, COCYLLAs CUNa U TYpropHOe AaBfeHMe.

CmpoeHue eakyonu

FroRonnAscin

Sy ONE

MnacTuabl

Mnactuabl — camble KpynHble (Nocie sapa) uMTonnasmMaTuyeckne opraHonibl, NpuUcyLumMe ToNbKO KeTkaM pacTUTeNbHbIX
opraHunamMoB. OHW He HaWAEHbl TONbKO Yy rpu6oB. MNacTuabl UrpatloT BaXKHYlO posib B 06MeHe BellecTB. OHM OTAE/EHbl OT LUTOMIa3Mbl
[IBOMHOM MEM6paHHOM 060/104KOM, @ HEKOTOPbIE UX TWMbl UMEIOT XOPOLLIO PA3BUTYIO U YNOPSAOYEHHYIO CUCTEMY BHYTPEHHUX
MeM6paH. Bce nnactuabl €4uHbI MO0 MPOUCXOXAEHUIO.

Xnoponnactbl — Haubonee pacnpocTpaHéHHble U Haubonee MyHKLMOHANbHO BaXKHble MaacTuabl hOTOAaBTOTPOMHbLIX OPraHM3MOB,
KOTOPbIE OCYLLIECTBASIOT (POTOCUHTETUYECKME MPOLECCHI, MPUBOASILLME B KOHEYHOM UTOre K 06pa3oBaHUI0 OpPraHNYeCcKMX BELLECTB U
BblA€NEHNI0 CBOBGOAHOMO KMCNOPOoAa. X/I0POMNIacTbl BbICLIMX PACTEHWUI MMEIOT C/IOKHOE BHYTPEHHEE CTPOEHMe.

CmpoeHue xnoporuacma

- BHELLHSR Membnana

DLB0COME - ——————— GHYIMPEeHHAR MemOpana
— IAHE
LHK-
Mamouxe {cmpoma)
xmwagg;ig’ - MUNGKOUG apaHe!

muNaKoudisl Crnpoms!
(naxennsy)

Pa3Mepbl XN10pONnacToB Yy pasHbiX paCTeHM[/lI HEOAMHAKOBbI, HO B CpeiHEM AnaMeTp UX cocTaBnseT 4-6 MKM. Xn10oponnacTbl CNOCO6HbI
nepeasuraTbCs Noj BAUAHUEM ABUMXEHUS LMTOoNNasMbl. Kpome Toro, noa BO34EeNCTBMEM OCBeELLUeHNs HabnogaeTcs akTUBHOe
nepeasuXxXeHne xnoponnacrtos amMeb0BUAHOIO TUNa K UCTOYHUKY CBETA.

Xnopoduin — 0CHOBHOE BELLECTBO X/I0POMIacToB. bnarogaps xnopodunny 3enéHble pacTeHns CNoco6Hbl UCMOMb30BaTb CBETOBYIO
3Hepruio.

JNenkonnacTtbl (6ecuBeTHbIE NacTUAbl) NPeacTaBnatoT coboi YETKO 0603HaUYEHHbIE TesbLa UMTOoMNAasMbl. Pa3Mepbl MX HECKOMbKO
MeHbLlUe, YeM pa3Mepbl xsioponnactoB. bonee n ogHoo6pasHa u ux popma, Nnpubnmxatowas K chepuyeckoin.

CmpoeHue neukonnacma

SHELUHRR Meymbpara
BHY IMPEHRRA MemOpara

LHK — Marmpuke {crnooma)
f
pLSocOME! 3 — mumxougu CIpOMBl
{namenns)
KPAXMankHoe
S2PHO

BcTpeyatoTcs B KneTKax anuaepMmnca, KinybHsx, KopHeBuwax. Mpu ocBeleHMn oveHb 6bICTPO NpeBpaLlatnTcs B X0ponaacTbl ¢
COOTBETCTBYIOLWNM U3MEHEHWEM BHYTPEHHEN CTPYKTYpbl. JleikonnacTbl cogepxaT GepMeHTbl, C MOMOLLbI KOTOPbIX U3 U3NULLIKOB



rNoKo3bl, 06pa3oBaHHON B npouecce hOTOCMHTE3a, B HUX CUHTE3UPYETCS KpaxMaJsl, OCHOBHas Macca KOTOPOro oTK/iaAblBaeTcs B
3anacaloLWwmx TKaHaX UK opraHax (KnyBHsX, KOpHeBULLax, ceMeHax) B BUAe KpaxMasibHbIX 3E€peH. Y HeKOTOPbIX pacTeHU B
neikonnacTax oTKNaAbIBaTCS XUpbl. Pe3epBHas dyHKLUMA NeiiKonaacToB n3peaka NposiBNsieTcs B o6pa3oBaHMmM 3anacHbix 6e1KoB B
dopmMe KpUCTanioB AN aMopdHbIX BKITIOYEHWUIA.

XpoMonnacTbl B 60/bLUMHCTBE C/ly4YaeB SIBNSIOTCS MPOM3BOAHbIMM XJIOPOMIAcToB, U3peAKa — JIeMKon1acToB.

Cmpoenue xpomoruiacma

BHELUHRA MEMODAHE
BHYMPEHRAR MemOpaHa

(4 Y,
AHK— W) rapornuHoud:
Pa3Y LUBKLLECH )l 8 kannax nunudos
MeMEDaHHLe -
CMpY X oB

pubocomst

Co3speBaHue MI0A0B WUMMNOBHUKA, Nepua, NOMUAOPOB COMPOBOXAAETCS NPEBPALLEHNEM XJIOPO- U NENKOMIACTOB KNETOK MSKOTU B
KapaTuHouaoniacTel. MocneaHve coaepxaTt NpenMyLLECTBEHHO XENTbIE NNACTUAHbIE MUIMEHTbI — KapaTUHOMABI, KOTOpbIE MNpu
CO3pEBaHMM UHTEHCMBHO CUHTE3MPYIOTCS B HUX, 06pasys OKpaleHHble NMNUAHBbIE Kanau, TBEpAble ro6y bl UK KPUCTansbl.
X10poduan npu 3ToM paspyLiaeTcs.

MuTtoxoHapUMn

MUTOXOHAPWUWN — OpraHenbl, XxapakTepHble Ans 60MblUMHCTBA KNEeTOK pacTeHuit. IMeloT naMeHumnByto opMy nanodek, 3épHblllek,
HuTel. OTKpbITbl B 1894 rogy P. ANbTMaHOM C NOMOLLbIO CBETOBOMO MUKPOCKOMA, @ BHYTPEHHEE CTPOeHMe 6bIs10 U3YyYeHO Mo3aHee C
NOMOLLbIO 31€KTPOHHOIO.

CmpoeHue MmumoxoH3dpuu

NEOCMPEHCINEO MEXTy meriparnamu

BHELUHAR Membpara

mampula BHYMPERHAs MEMOPaHa

opzaHenns!

AHK
ATD - aHepaun

PUBOCOMBL! -

MWUTOXOHAPUM MMEIOT ABYXMeM6paHHOe CTpoeHue. BHelwHss MeMbpaHa rnajkas, BHyTPEHHSS 06pasyeT pasinyHoi hopMbl

BbIPOCTbl — TPY6OUKM B pacTUTENbHbIX KfleTkaX. [POCTPaHCTBO BHYTPU MUTOXOHAPUN 3aMOSIHEHO MOMYXNAKUM COAEPXKUMbIM
(MaTpukcoM), Kyaa BXoasT hepMeHTbl, 6e/Ku, TMNUAbl, CONM KanbUWsa U MarHusi, BUTaMuHbl, a Takxe PHK, AHK 1 pu6ocomsbl.
depMeHTaTMBHbIN KOMMIEKC MUTOXOHAPUIA yCKOpsieT paboTy CNOXHOMO U B3aMMOCBSA3aHHOMO MexaHn3Ma 6MOXUMUYECKUX peakLmnii, B
pe3ynbTaTe KoTopbix 06pa3syeTcs ATO. B 3Tux opraHeniax ocyLecTBAseTcs obecneyeHne KeToK SHepruein — npeobpasoBaHune
SHEPrun XUMUYECKUX CBS3EN NUTATENbHbIX BELECTB B Makpoaprueckue cBsisn AT® B npouecce KNeTOYHOro AblXxaHus. UMeHHO B
MUTOXOHAPUSX NMPOUCXOANUT PDEepPMEHTATUBHOE pacllensieHne yrieBoA0B, XUPHbIX KACIOT, aMUHOKUCIOT C OCBOBOXAEHWEM SHEPIUU U
nocrneayoLlmm npespatlieHmem eé B aHepruto AT®. HakonneHHasi 3Heprus pacxoAyeTcsi Ha pOCTOBbIE NMPOLECCh, HAa HOBbIE CUHTE3bI
N T. A. MUTOXOHAPUM Pa3MHOXAIOTCS AeNIEHNEM W XMBYT okono 10 AHel, nocsie Yero NoABEPraloTCs paspyLUEHMIo.

dHpoNNasMaTuyeckas cetb

JHAonnasMaTuyeckas cetb — CeTb KaHanoB, Tpybouek, ny3blpbKOB, LUCTEPH, PACMONOXEHHbIX BHYTPY LMTONAa3mbl. OTKpbITa B
1945 roay aHrNMMCKUM y4éHbiM K. MopTepoM, npeacTaBnsieT cobol cucteMy MeMbpaH, MMELWKNX YNbTPaMMKPOCKONNMYyeckoe
CTpoeHue.



CmpoeHue aHdonnasmamu4eckou cemu

membpana , : 2parynApHan 31C
pubocomb!

Bcs ceTb o6beaAnHEHa B eAMHOE Lienoe C HapY>XHOW KeToYHOoW MeMbpaHon siaepHoi obonoyku. PasnuyatT IMC rnaakyo n
LepoxoBaTyto, Hecylyto Ha cebe pubocombl. Ha MembpaHax rnaakon SMC HaxoaaTcst hepMeHTHble CUCTEMBI, YYacTBYOLWME B
XWPOBOM W yrneBoAHOM obMeHe. DTOT Tun MeMbpaH npeobnajaeT B KneTkax ceMsH, 6oraTtbix 3anacHbiMK BeliecTBamu (6enkamm,
yrnesozaMu, Mmacnammn), pubocombl NpUKpennsatoTcs K MeMbpaHe rpaHynsapHoi 3MC, n Bo BpeMsi cMHTe3a 6e/1KOBON MoneKy bl
nonvnenTuaHas uenoyka c puéocomamu norpyxaercsi B kaHan 3MC. OyHKUMKM 3HAONNA3MATUYECKOW CETU OYEHb Pa3HO06pasHbI:
TPaHCNOPT BELLECTB KakK BHYTPU KNETKWU, TaK U MEXAY COCEAHUMM KETKaMU; pasfefieHne KNeTKU Ha OTAENbHbIe CEKLUUW, B KOTOPbIX
OAHOBPEMEHHO MPOXOAAT pasnnyHble hU3MO0NOrMYecKme NpoLEecchbl U XMMMYECKME peakLmu.

Pn6ocombli

Pu6ocoMbl — HeMeMbpaHHble KNeTouHble opraHonabl. Kaxaas pnéocomMa COCTOUT M3 ABYX HE OAMHAKOBbLIX MO pa3Mepy YacTUUek 1
MOXET AeNUTbCA Ha fiBa hparMeHTa, KOTOpbIe NPOAOJIXKAOT COXPaHATb CMOCOBHOCTL CMHTE3UPOBaTh 6ENoK nocsie 06beaAnHEHNS B
uenytw pnbocomy.

CmpoeHue pubocomsi

manas cydredunula

® —  UPHK
m-PHK

amuHoxucnoma

bonewan cybvedunuya

membpara 3IC

CLUHME3Upyeman
nonunenmudnas Yens

PM60COMbI CUHTE3MPYIOTCS B SAPE, 3aTEM MOKUAAKT €ro, Nepexoas B UMTOMIa3sMy, rae NpUKPensioTcs K Hapy)XXHON NoBEpPXHOCTH
MeM6paH 3HA0MNa3MaTUYECKON CETU UM pacrofiaralTcs cBO60AHO. B 3aBMCUMOCTM OT TUMa CUHTE3MpPYyeMOro 6esika pubocoMmbl
MOryT OYHKLMOHMPOBATL MO OAMHOUKE WM 06bEAUHSATLCA B KOMIMIEKCH — MOIMPUBOCOMbI.

Bonpocbl U 3aaaHUA A1 NOBTOPEHUNA

Kakue opraHouabl K/eTKU M306pa)KeHbI Ha pUCyHKe



AN
VAT

/ -

[

KakoBO CTpoeHWe pasnnyHbiX BUAOB nnactua? MNpueeanTe NpyMepbl B3aMMHOI0 NpeBpaLLeHust NaacTua.

B Kakux oTAenax xJiopornsiacta ocylecTsaseTcs ceetosas dasa GpoTocuHTesa? TemHoBas dasa dhoTocuHTesa?

OonuwuTe peakunm HOTOCMHTE3a U NPOLECC aKKyMysaUMM 3Heprum B Buae AT® B CBETOBOIA



