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BBenenue

DOTOCHMHTE3 MOKHO OMNPEJEIUTh KaK MpOolecC Mpeodpa3oBaHusl dJIEK-
TPOMArHUTHOW DHEPIrUU B DHEPTUI0 XMMHUYECKUX CBIA3EH, COMPOBOKIAKO-
HIMICA YBEIIMUYCHUEM YHEPTETUYECKOTO NMOTEHIHAIA cUuCcTEMBI. CoJIHEUHAs
SHEPrus MPU YYACTUM 3EJICHBIX PACTEHUN U (POTOCUHTE3UPYIOMMNX OaKTe-
puii npeoOpazyeTcsi B CBOOOJAHYIO SHEPTHUI0 OPraHUYECKUX COCIUHEHHUIA.
JI71s1 OCYIIECTBIICHUS 3TOT0 YHUKAIBHOTO MPOIIECCA B XOJI€ IBOJIFOIUM OBLI
CO3/1aH (POTOCMHTETUYECKUI ammapar

3aoauu memvr YCP «Jlucm xax opean ¢homocurnmesa»: BBISICHUTH
MOP(OJIOTMYECKUE U AaHATOMUYECKUE OCOOEHHOCTH JIMCTA KaK OCHOBHOTO
opraHa ()OTOCUHTE3a. Y SICHUTh, UTO (DOTOCUHTE3 SBJISETCS OCHOBOM OHO-
SHEPreTUKU Ha 3¢eMHOM mape. COCTaBUTh MPEACTABICHUE O POJU CTPOE-
HUSL U1 0COOEHHOCTEN XMMHUYECKOr0 COCTaBa XJOPOIUIACTOB B (DOTOCHHTE-
3e. 3yunTh CTpOECHUE MOJIEKYJI, XUMUYECKUE U CIEKTPAJIbHbIE CBOMCTBA
MUTMEHTOB (POTOCHUHTE3a B CBSA3U C UX JIOKATU3AIMEN B CTPYKTypax Kiie-
TOK JIUCTA.

Pexomenoayuu:

® [Iepel U3YyUYEHUEM IMpeJjaraeMoro ydeOHOro marepuajia CleayeT
MOBTOPUTH TeMbI «Mop(oiorusi 1 aHaATOMUS JIUCTa» MO Y4€OHOMY MOCO-
oumto Caytkuna T.A., IlomukcenoBa B.JI. Mopdoaorus pacTeHwmii:
yue0.mocodue; Munck: bI'Y, 2012. - 311 c¢. u «®uznonorus u OUOXUMUS
PaCTUTENILHOM KJIETKW» MO OJHOMY U3 YUEOHHMKOB, MTPUBEACHHBIX B KOHIIE
rmocooust;

e 1pu npopabotke Tembl YCP njig mojHOro moHUMaHusi y4eOHOTO
Marepuasia peKOMEHIy€eTCsl BHUMATEJIbHO 03HAKOMUTHCS C pPUCYHKAMU;

® IS 3aKpEIUICHUS] W3YUYEHHOTO MaTepuajia CIeAyeT OTBETUTh Ha
TECTHI 110 TEME, MPUBEJICHHBIE B KOHIIE TTOCOOUSI.

[Ipy MOATOTOBKE NPAKTHYECKOTO PYKOBOJCTBA WCIIOJIb30BAHA WH-
dopmanusi, puBeACHHAs B YYEOHUKAX W MPAKTUUECKUX PYKOBOJCTBAX
OTEYECTBEHHBIX U poccuicknx yueHbix — B. M. lOpuna, A. B. Beperen-
HukoBa, Bi. B. Ky3nenora u I'. A. JImutpueroii, 1. I1. EpmakoBa ¢ co-
aBT., H. H. TpetpskoBa ¢ coart., H. . Axymkunoi u ap. [1-12].

Dopma omuemuocmu 1o Teme YCP «JIuct kak opran (oTOCUHTE3a»:
TECTUPOBAHUE U OTBETHI HA BOMPOCHI KOHTPOJBHOU pabOTHI.

IIpennazHauyeHo JJi1 CTYJEHTOB OYHOM M 3a04YHOM (QopM 00ydeHHUs
crienuanbHOCTU «JIecHOe X03sICTBOY.



1 OcoGennocTu MopdoJiorun U aHATOMHUU JIMCTA KaK oprana ¢oro-
CHHTE3a

JIuct npencraBisgeT co00il OOKOBYIO CTPYKTYPHYIO 4acTh (MM OpraH)
nob6era. OH BBIMOJIHAET TPU TJaBHEHIMEe QyHKUUU: POTOCUHTE3, TPAHC-
nupanuio u razooomen. IlepBrie TUCTOBBIC OpraHbl CEMEHHBIX PACTEHUN —
cemsaonu 3apoapima. Ciaeayronme JUCTbsi GOPMUPYIOTCS B BUJIE MEpU-
CTEMATUYECKUX OYTOpPKOB — MPUMOP/IMEB, BOZHUKAIOIIMX Ha arneKce mooe-
ra.

Jluct, Kak npaBuiI0, — MJIOCKUM JOPCOBEHTPANbHBIA OopraH, ¢hopma u
pa3Mepbl KOTOPOTo CIOCOOCTBYIOT CO3/JaHUI0 MaKCUMaJIbHOM (hOTOCHHTE-
3UPYIONIEH TMOBEPXHOCTH MPU ONTHUMAJIbHBIX 3HAUYCHUSX TPAHCIHUPALIUH.
Ilnockas gopma nenmaetr nucT OudanuanbHbBIM, T.€. JBYCTOPOHHMM. Ilo-
3TOMY MO’KHO TOBOPUTH O BE€pPXHEH M HW)KHEH CTOpOHAX JIMCTa, UMES B
BUy OPHMEHTAIIMIO 3THUX CTOPOH IO OTHOIICHUIO K BEpXYyIIKe Tmoobera.
[1nockas hopma Takxke JenaeT JUCT MPOHUIIAEMBIM JIJI1 CBETA, YTO UMEET
BaXHOE 3HaueHHWE AJid (PoTtocuHTe3a B PuTOolieHO3E. BEpXHAI U HMKHISA
CTOPOHBI JIUCTAa HEPEAKO CYIIECTBEHHO pPa3MYalOTCd MEXAY COOOW Mo
aHATOMUYECKOMY CTPOCHHIO, XapaKTepy KWJIKOBaHUS U oKpacke. Pazmepbl
JIMCTHEB Yallle BCEro KoJieOMmoTesa B npeaenax ot 3 a0 10 cMm, ogHako u3-
BECTHBl TUTAQHTCKHME JIMCThS HEKOTOPHIX MalbM, JOCTUTAOIIME JIUHBI
noutd 15 M. KpynHeitive naucThs WM3BECTHOM aMa30HCKOW KYBIIMHKU
BUKTOPHUM KOpOJEBCKOU (Victoria regia) nocturaror 2 m 17 cm B 1uamer-
pe. Pazmepsl, hopMa u cTeneHb pacCeYeHHOCTH JTMCTHEB, XOTS U SBIISIOTCS
HACJIEJICTBEHHBIMU MPU3HAKAMU TOTO WJIM WHOTO BUJQ, 3aBUCIT TAKXKE OT
yCIIOBUI OOUTaHUS €0 OCOOEH.

B3pocablii TMCT 0OBIYHO pacyj€HEH Ha IJIACTUHKY WM HECKOJBKO
MJIACTUHOK (Y CJIIOXKHBIX JINCTHEB) M YEPEIIOK — Y3KYIO CTCOJICBUIHYIO €0
4acTh MEXK]y IIJIACTUHKOM M y370M 1mobera — pucyHok 1. Camas HWKHSA
4acTh JIMCTA, COYJIEHEHHAs CO CTEOJIEM, HA3bIBA€TCS OCHOBAHMEM JIMCTA.
[InacTuHka — riaBHEWIAs 4acTh JINCTA, KAK MPABUJIO, OCYIIECTBISIOIAS
€ro oCHOBHbIE (PyHKIIMU. PexynmpyeTcs niacTuHKa KpaitHe peaKo, MHOTIa
ee (PYHKUMM MPUHUMAIOT JUOO PACIIMPEHHBIA JTUCTOBUIHBIN YEPEIIOK —
Gunnoauid, MO0 KpymnHbIE MPUIMCTHUKU. Yepemok OOBIYHO OKPYTJIbIH
WM CIUTFOCHYTBIM B TMOMEPEYHOM ceueHnr. KpoMe OmopHOW M IpOBOJIS-
mer (yHKIUWA OH, JJUTEILHO COXpaHsS CIIOCOOHOCTh K BCTAaBOUYHOMY
POCTY, MOXET PEryjupoBaTh IMOJO0KEHUE IUIACTUHKHU, U3rM0asch MO Ha-



ITPaBJICHUIO K CBCTY. HCpCI[KO YCpCIIOK HE pa3BHUBACTCA, U TOT' A JIMCT HA-
3BIBAOT CUIAYNM.

PR
\

OCHOBaHKe

MPWUAWMCTHWE

Pucynok 1 — Mopdosoruueckoe cTpoeHue JnucTa

Kak opran, ocymecTBIsSOIMNA aCCUMUISILIAIO U UCITAPEHUE, OH OTJIU-
4aeTcs IJIOCKOW CTPYKTYPOM M HEOONBIION TONIIUHON, U3MEPSEMOU 10-
JSIMU MUJUTUMETpA. biarogapst 3ToMmy npu ManbIxX 3arparax CTPOUTENIbHO-
ro Marepuaiga CO3JacTCsl 3HAYMTENbHass OoOIIas MOTJIOMAIas MOBEPX-
HOCTB JMCTBEB. Tak, cyxas Macca | M° JIMCTOBBIX ILUIACTHHOK COCTABIISET
30—40 r. ToHkast nTUCTOBasK MJIACTUHKA JIyYIll€ MPOCBEYUBAETCS, YTO CIIO-
COOCTBYET IMOJHOLEHHON paboTe BCEX KJIETOK JIMCTA.

TosmuHa JIKCTA TECHO KOPPEIUPYET C MHTEHCUBHOCTHIO CBETA, MPHU
KOTOpPOM OH pa3BuBaeTcs. [Ipyu orpaHMYEeHHOM OCBEIIEHUU TOJIIIMHA JIUC-
TOBOW TUIACTUHKW MeEHbIIE. [Ipu eTanbHOM paccMOTPEHUH MOBEPXHOCTH
JIUCTA BBIMJISIAUT BOJHUCTOM, YTO YBEJIWMYMBACT MOJIHOTY YJIAaBJIMBAHUS
COJIHEYHBIX JIyY€il.

JIucroBast MOBEPXHOCTh MHOTAA JOCTUTAET 3HAYUTEIIBHBIX Pa3MEPOB U
MPEBOCXOIUT TIJIONIAAb MOYBBI, KOTOPYIO 3aHUMAET pacTeHue. s xapak-
TEPUCTHUKHU pa3MepoB (DOTOCMHTETUUECKOTO anmapara UCIOIb3YIOT UHOeKC
JUCMOBOU NOGEPXHOCMU, KOTOPBIM PACCUMTHIBAKOT KAK IUIOIIA/Ib JIUCTHEB
(M°), IpEXOAIIYIOCS HA | M [IOYBBL.

bnarogaps 00JbIIONM MOBEPXHOCTA W OMPEJAECIECHHOMY pPa3MEIICHUIO
JIMCTHEB B MPOCTPAHCTBE PACTEHUE MOXKET UCIOJIB30BATh KAK MPSIMOM, TaK
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W PACCESHHBIN CBET, MAJAOMIMK N0 PAa3IMYHBIMU yriaMu. boJbiioe 3Ha-
yeHue s 3(PPEKTUBHOIO YJIABJIMBAHUSI CBETA UMEET apXumexmoHUuKd
pacmenuti, TIOJ, KOTOPOH MOHUMAIOT MPOCTPAHCTBEHHOE PACMOJIOKEHUE
opradoB. OnTuMu3anus JMCTOBOW MOBEPXHOCTH MOCEBA MM HACAKICHUS
— BOXHBIN CIOCO0 YMPaBJIEHUS NPOTYKIIMOHHBIM IPOLIECCOM.

B 3aBucuMocTH OT BUa pacTeHUN U YCIOBUN WX NPOU3pACTAHUS JIU-
CTh OTJIMYAIOTCS OONbIIMM pazHooOpazueM. OZHAKO MOYXHO BBIJCIIUThH
o0mme arnamomuyeckue OCOOCHHOCTH, O0CCIECUMBAIOIINE BO3MOKHOCTH
3(PekTUBHOr0 (HOTOCUHTE3A — PUCYHOK 2.
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JHILE PMIMC KIICTKH

Pucynok 2 — AHaTtomuueckoe ctpoeHue ucra [12]

1. HwxkHsis 1 BepXHsIsl AIUiepMa JUCTOBOM TIJIACTUHKU, €CJIM HE CUM-
TaTh 3aMBIKAIOIIUX KJIETOK, COCTOUT M3 KIJIETOK ¢ OOJLIIMMM BaKyOJSIMH,
JMIIEHHBIX XJI0poIacToB. KpynHbie Bakyou, OJ00HO JrMH3aM, (POKYCH-
PYIOT CBET Ha PACMOJIOKEHHYIO TITy0kKe XJIOPOPUIIOHOCHYIO TKaHb. JIH-
JIepMalibHbIC KIIETKH, TMOKPHITHIE KyTUKYJIOH U BOCKOM, YMEHBIIAIOIMINMU
TpaHCIMPAIMIO, ITOMOTAIOT MOJAAEPKUBATh BOJIHBIM romeocrtas nucta. [lo-
CJIEIHEE OYEHb BAXKHO, TaK KaK CKOPOCTh (hOTOCUHTE3A 3aBUCUT OT KOJIU-
yecTBa BOJBI B TKaHIX. C Ipyroi CTOPOHBI, Yepe3 KyTUKYIY HNPOXOIUT B
20-30 pa3 menbiie CO,, yem yepe3 ycrbuia. Co3maeTcss TpoOTUBOPEUUE
MEXy BOJAHBIM M Tra30BbIM OOMEHOM, W TOJIbKO HaJW4Yue€ YCTBHUI[ TO OT-
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KPBIBAIOIIMXCS, TO 3aKPBIBAIOIIMXCA W PETYJIUPYIOUIUX TaKUM 00pa3zom
CKOPOCTh TPAHCIMPALIMM U CKOPOCTh MOCTYIUICHUS YTJIEKUCIOTO ra3a u3
aTMoc(hepbl MOXKET JUKBUIWPOBATh JaHHOE MpoTHBOpeuune. Mrak, smu-
JepMa 3aJEPKUBACT BOLY W MPOITYCKAET CBET.

Ycereuna — OCHOBHBIE «BopoTa» it noctyrenus CO,. Ilpasna,
€CTh HAOJIOJICHUS, UTO Y HEKOTOPHIX pACTCHUH, HAIIpuMep y sI0JIOHU, yT-
JICKUCIIBIN Ta3 MOXKET MOCTYIATh B JIUCT YEPE3 BPEMEHHBIE TPEIIUHBI B KY-
tukyJie. I1leam OTKpBITBIX YCThUIl 3aHUMAIOT npuMepHo 1 % muiomanu
aucToBoM minactuHku, audoysus CO, BHYTpb JUCTAa MIAET 4Yepe3 HHUX
CpaBHUTENBHO OBICTPO. OTACNIBHOE YCTHUIIE MO3BOJISET 32 1 ¢ MOCTYNUTH
B JiucT 2 500 mapa. monekyn CO,. IloBepxHocTs yncta noriomaetr CO,
TOJIBKO B 1,5-2 paza MEHbIIE, YeM OTKPHITasi TOBEPXHOCThH IIEEH TOU ke
MJIOIIAM, XOTS OTKPBIThIE YCThUIIA COCTABJISAIOT JIUIIb COTYH) YacTh MO-
BepxHOCTH. Takasi BbICOKass CKOpPOCTh CBsI3aHa C 0COOEHHOCTAMU AUBPy-
3WM Ta30B Y€Pe3 MEJIKHUE OTBEPCTHS, HAXOAIUECS HA 3HAYUTETLHOM pac-
CTOSTHUM JIPYT OT JIpyTa, 3a CUeT KpaeBoro adekra.

2. Me3odunn y OOJBIIMHCTBA PACTEHUN COCTOUT M3 CTOJ0YATOU M
ry0JaToil mapeHxuMbl. B kieTkax Me3o(uiuia coaeprkarcs XJIOporacTa.
Cronbuyaras mapeHxyMMa, pacroyiOKEHHAs MOJ BEPXHEW 3MUIAEPMOM, IMO-
riomiaeT OOJbIIE CBETA, YEM ryduarasi, v sIBJISETCS IJIaBHOW TKaHBIO, I
uaeT GoTrocuHTe3. BHITAHYTOCTh KJIETOK M MEPNEHAMKYISIPHOE PaCIoNo-
KEHUE UX K IMUAEPMUCY 00€CTIEUNBAIOT YBEIMUECHUE TOBEPXHOCTH, BIOJIb
KOTOPOW MOTYT pacrnoJiaraTtbCsi XJOpOIIacThl, HE 3aTE€Hss APYT Jpyra, a
Tak)ke 00JIer4aroT OTTOK aCCUMUJIATOB. {1 ryOuaToil mapeHXuMbl Xapak-
TEPHO HAIMYKME OOJIBIIOTO KOJIMYECTBA MEKKJIETHUKOB, 00BEM KOTOPHIX
coctaByiieT 10 15-20 % oOmero oObeMa JMCTOBOM IUIACTUHKU. Bo-
NEPBBIX, MEXKKICTHUKU MOMOTalOT ra3o00MeHy. bnarogapsi BepxHel u
HWKHEN dMHIepMe, a TaK)Ke MEXKKIETHUKAM B JIMCTOBOM IMJIACTUHKE CO3-
JAeTCsl BHYTPEHHSS ra3oBas cpenia, KOTopas, XOTS M CO00IaeTcsl ¢ BHEIII-
HEU CPENOM 4Yepe3 YCThUIIA, NPAKTUYECKUA BCEraa OTIMYACTCS OT HEE IO
CBOEMY COCTaBy. BO-BTOpBIX, MEKKJICTHUKH YBEJIWYMBAIOT BHYTPEHHIOO
MOBEPXHOCTH JiucTa B 7—10 pa3. OgHako OJHOBPEMEHHO YBEJIWYUBACTCS
MCTIapsIOIasi MOBEPXHOCTh, a CIAEA0BATEIHLHO, ONTACHOCTh 00€3BOKUBAHUS
TKaHEWN.

JlokazareabCTBOM TOTO, YTO CToj04YaTass WM ryOdartas MapeHXHUMBI
BBITIOJIHSIFOT pa3Hble (DYHKIMU, SBISIOTCS U TMOJCYETHI YMCIa XJIOPOTLIa-
CTOB B MX KjeTKax. Tak, B 0OIHOW KJIETKE CTOJIOYATON MapeHXUMbI CO/AEp-
xurcst 30—40, a B kieTke ryduaToil mapeHxuMbl — okoJio 20 xjopomia-
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cToB. BooOme 4nciio xJoporiacToB B OJJHOU KJIETKE CHILHO BAPbUPYET:
oT 20 10 HECKOJIBKUX CcOTeH. B mepecuere Ha | MM MOBEPXHOCTH JIUCTA
YHUCJIO XJIOPOIJIACTOB MOKET JOCTUTATh MOUTH | MITH. Y CUJIEHHOE a30THOE
MMTAHUE U XOpOoIllee BOJAOCHAOKEHHE PACTEHUN BBI3BIBAIOT YBEIUYEHUE
pa3MepoOB MAapPEHXUMHBIX KJIETOK M YHCIIA XJIOPOIIacToB B HUX. Cymmap-
Has MOBEPXHOCTh BCEX XJIOPOIIACTOB MOXKET MPEBBIIATH B JECATKUA Pa3
MMOBEPXHOCTh JIMCTOBOW TIJIACTMHKHW, YTO TAK¥KE CIIOCOOCTBYET JIyUIIEMY
norjomenuto CO, u cBeTa.

3. B me3odunie HaXoauTes ceTh MPOBOASAIIUX MYYKOB, B COCTaB KO-
TOPBIX BXOJAT COCYJbI, JTOCTaBJISIFOIIME KJIETKAM BOJY W MHWHEPAJIbHbBIC
COJIU, U CUTOBUJHBIE TPYOKU, OTBOASIIME U3 KIETOK MPOAYKThI (DOTOCUH-
TEe3a.

Takum 00pazom, JUCT Jydllie, YeM APYrue OpraHbl, IPUCIOCOOJIEH K
BBITIOJIHEHUIO (POTOCUHTETUYECKONU (PYHKIIMM, XOTSd (POTOCUHTE3 UJET U B
3€JICHBIX KJIETKaX cTe0JIeH, [IBETKOB, OKOJIOIIJIOJHUKOB.

B 3aBucMMOCTH OT BHEIIHMX YCJIOBHH, MPU KOTOPBIX MPOUCXOISAT
(dopmupoBaHue U PYyHKIIMOHUPOBAHUE JIMCTHEB, AHATOMUYECKOE CTPOCHUE
UX MOJKET CyIECTBEHHO pastanLc — PUCYHOK 3.

5
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PucyHok 3 — CTpoeHue CBETOBBIX M TEHEBBIX JIUCTHEB, MO [12]
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JIuctes, hopmupyromuyecs B yCJIOBUSIX HEAOCTAaTOYHOM BaroobOec-
NEYEHHOCTH, UMEIOT KCEPOMOP(DHYIO CTPYKTYpy. B 3aBucuMoctu OT Oc-
BEIIEHUS MEHSETCS COOTHOIIICHUE MEXy TONMCAAHON U ry0uaToii mapeH-
xuMoi B Mezoduiuie. ImeroTcs u apyrue npucnocobyienust st GyHKIUo-
HUPOBAHUS JIUCTA B ONPEACICHHBIX YCIoBUsIX. Elie 6oJiee cylecTBEHHbIE
OTKJIOHEHHUS OT THUIUYHOTO CTPOCHMS JMCTa CBA3aHbl C (PU3HOJIOTO-
omoxumuueckuMmu ocobeHHocTsIMU (ukcaruu CO, y Cy-pacTeHuid, K KO-
TOPBIM OTHOCATCSI KYKypy3a, CaxapHbIii TPOCTHUK, PsAJl 3TOCTHBIX COPHS-
KOB HaIlIMX MOJIEN.

Opranuzanusi (HOTOCUHTETUYECKOTO ammapaTra Ha YpPOBHE JIUCTA MO-
KET OBITh TAK)KE OXapaKTEPU30BaHA HA OCHOBE aHAJIM3a €TI0 Me30CMpPYK-
mypol. [loHsITHE «ME30CTPYKTYpa» OXBATHIBACT LIENBIA psl Mopghoghuzuo-
JIO2UUYECKUX XAPAKMEPUCUK Ucmd, TIO3BOJISIFOIIUX OIEHUTh aCCUMUJIS-
[IMOHHYIO CIIOCOOHOCTBH JiUCTa B 1IeJI0M. OCHOBHBIMM TMTOKA3aTEISIMU ME30-
CTPYKTYpPHI JIUCTA SBJISIOTCS: TUIOMIAb JIMCTA, YACIIO KIETOK XJIOPEHXUMBI
Ha €MHUILY IJIOMIAAN JIMCTA, YACIIO XJIOPOIJIACTOB B KJIETKE U UX O0BEM,
MJI0IIA/b TOBEPXHOCTU XJIOPOIJIACTOB, a TAKXKE COJAEpKaHue Xjaopoduiiia
B pacueTe Ha CAWHUILY IUIOMIAAM JIUCTa, CoJAepkKaHue (EPMEHTOB YT-
JIEPOJHOTO LUKJIA (POTOCUHTE3a B JIUCTE U UX aKTUBHOCTh, OOIIAsi UHTEH-
CUBHOCTBH (hoTocuHTE3a. [lokazarenn Me30CTPYKTYphI JIMCTA MOTYT 3HAUU-
TEJIHLHO BapbUpPOBATh B 3aBUCHMMOCTH OT BHEIIHMX (PAKTOPOB CPEIbI, a
TaKXXe OT (PU3UOJIOTUYECKOTO COCTOSHUS paCTCHUH.

2 IlorJyiomeHne 3HEPrum CBETAa JUCTHSIMH

JIucT Kak opraH pacTeHus, NPUCIOCOOIEHHBINA K (POTOCUHTERY, cPop-
MHUPOBAJICSI B PE3YJbTATE JJIMTEILHOIO 3BOIOINMOHHOrO mpouecca. OH
npeacTaBiasgeT co0oi d3PHEKTUBHYIO CUCTEMY IS MOIJIOIIEHUS U IIPeo0-
pazoBaHusI SHEPruu cBeTa B xoj€e (hotocuHTeza. CTpyKTypa jucTa ooecrie-
YMBACT HAM0O0JIEE MOJHOE MOTJIONIEHHE KBAHTOB CBETA, MOCTYIJIEHUE YT-
JIEKUCJIOr0 Tra3za u3 atMoc(epnl K XJIOporiacTaM, a TaKke BO3MOMXKHOCTb
OTTOKA aCCUMUJIATOB U3 aBTOTPOPHBIX KIETOK.

Kak Bce Qusuueckue Tena, JUCT MOIJIOLIAET, MPOIMYCKAET U OTPaXKaeT
NaJaroIIMe Ha HETO COJIHEYHBIE Ty4u. JIyuucras sHeprus, noceiaeMas ot
Connua k 3emiie, OpeacTaBiseT coOOOM 3JIEKTpOMArHUTHbIE KoJeOaHus ¢
pazHeiMu JiMHaMu BoJIH. Okoso 40—45 % 3Toil sHEpruM NpuxoIUTCs Ha
obsacte oT 380 70 720 HM. DTa 4acTh CMEKTPAa BOCIPUHUMAETCS KaK BU-
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JTUMBIN CBET. 37€Ch pacrojiaratoTcsl U3BECTHBIC 1[BETA Paayru: (UOJIETO-
BbIi, CHHUH, TOJlyOOM, 3€JICHBIN, )KENThIN, OpaHXEBBIM U KpacHbIH. K aToM
00JIacTu CO CTOPOHBI 00JIEe KOPOTKUX BOJIH MPUMBIKAET yIbTPa(UOJIETO-
Basl pajualius, a Co CTOPOHBI O0Jiee JIMHHBIX — MH(paKpacHas paaudaiusi.
[Tocneansis BocnpuHUMaeTcsa Kak Tero. MHppakpacHble Tyun HE ydacT-
BYIOT HEMOCPEJICTBEHHO B (POTOCUHTE3E, HO PETYJUPYIOT APYTUE MPOLEC-
Chl XKU3HeAeATeIbHOCTU. KopoTkoBoNIHOBas paauanus (yabTpapuoneTo-
BbIE, Y-JIy4Yd U KOCMMYECKHE JIy4H), TO-BUAUMOMY, UTPAECT OTPOMHYIO
pOJib B MyTareHe3€ pacTeHUi, B UBMEHEHUU MX HACJIEJCTBEHHOCTU. Yua-
CTOK BHJIMMOI'O CHEKTpPA, MOIJIOMAEMbIM MUIrMEHTaMM XJIoporuiacToB (380
— 700 HM), MOTYYUT HA3BAHUE homocuHmemuyecku aKkmueHou paouayuu
(DAP).

JIuct mornomaet 85 % BUAUMOTO CBETA, MPOIMYCKAET 5 Y% U oTpaxkaer
10 %. UndpakpacHas paauanus noriomniaercs Ha 25 %, mpomyckaercs Ha
30 % u oTpaxkaercs Ha 45 % - puCyHOK 4.
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Pucynok 4 — Ontudeckue cBoricTBa ucTa o [1 — 6]

AnanTanysi pacTeHM K ONpPEACICHHBIM 3KOJOTUYECKUM YCIOBUSIM
MaJio BJIMSIET HA MOTJIONIEHUE, NPOITYy CKAaHUE U OTpakeHue ceeta. CpenHue
BEJIMYMHBI, XAPAKTEPUIYIOUIME ONTUYECKUE CBOMCTBA JIMCTA y Pa3HBIX
KU3HEHHBIX (DOpPM, TOXKE OTIMYAIOTCA Majo. VICKIIIoYeHUs] COCTaBJISIIOT
BOJIHBIE PACTEHUS U PACTEHHS CyXUX MECT: y MTOJBOHBIX JTUCTHEB BOIHBIX
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pPacTeHUI 3HAYUTEIIBHO YBEIMYMUBAETCS MTPOIYCKAHUE, Y CYKKYJICHTOB, Ha-
MPOTUB, OHO MIPUOINKAETCS K HYJIIO.

Onrtuueckue CBOMCTBA JIMCTa MOTYT W3MEHsAThe. lIpu HemoctaTke
BOJIbI U OOJIBIIION OCBEHIEHHOCTH BOCKOBOW CJIOM M OIMYIIEHHOCTh JIMCTO-
BOW IJITACTUHKY YBEJIMYMBAOTCS. BOJOCKM yBEIMUMBAIOT OTPAXKEHHUE CBE-
Ta. B TeHM mioxo pa3BuBaeTcs cTosiduaras mapeHxuma, 4YTo yXyJaaeT mno-
riomeHne ceera. Kak yxe ObUIO CKa3aHO, KOJIMYECTBO XJIOPOILIACTOB B
JIMCTE 3aBUCUT OT YCJIIOBUH a30THOTO MUTAHUS U BOJAOCHAOKEHUSI.

HaOyxaHue XJIOpomjIacTOB YBEIMUMBAECT paCCEUBAHUE UMU CBETA. ITO
MOKAa3bIBAET BAXXHOCTh JJIsi (DOTOCHMHTE3a BOJHOIO TOMEOCTa3a KIIETKH.
[TornoiieHue cBeTa peryjmupyercss U IBUKEHUEM XJIOPOTUIACTOB B KIIETKE.
B ycnoBusiX HEAOCTATOYHOTO OCBEIICHUS XJIOPOIJIACTHI pacrojiaratoTcs y
KJIETOYHBIX CTEHOK, EPIICHINKYJISIPHBIX COJTHEYHBIM JTydyaMm, a B YCJIOBUSX
W3JIUIIHENR OCBEMIEHHOCTH — Y KJIETOYHBIX CTEHOK, MapasuICIbHBIX WM.
IlepBoe pacnoyioKEHUE yBEIUUYUBAET, a BTOPOE YMEHBIIAET MOTJIOIICHUE
CBETA.

JIucroBas MOBEPXHOCTH, MOTJIONIAKONIASI CBET, JOCTUTAET 3HAYUTEIb-
HBIX pa3MmepoB. Tak, o0Ias JUCTOBAs MOBEPXHOCTh Y PAaCTEHUM yMEpEH-
HOM 30HBI, paCTYIIMX Ha | ra manHu, COCTaBIsSIET MPUMEPHO 5 ra, a B FOXK-
HBIX [IAPOTAX C BIAXHBIM KiuMaToMm — 10—15 ra. Pa3menienue nucteeB B
MPOCTPAHCTBE IMO3BOJIIET PACTCHUSIM HCIMOJIb30BAaTh KaK MpPsIMOM, Tak W
pacCestHHbIA CBET, MAJAlOlIMi MMOJ Pa3HbBIMUA YrJaMH. 31€Ch CIIEAyeT
BCIIOMHUTh OCHOBHOW 3aKOH (POTOXMMUM — 3aKOH I 'porryca: GpoToxumu-
YECKUU Mpolecc, CAe0BATEIbHO, U (POTOCUHTE3, COBEPIIAKOTCS JUIIbL MO
NEUCTBUEM TEX JIy4dei, KOTOphIE MoriomarTca. OQHaKo pacTeHHs] yMe-
PEHHOM 30HBI UCTIONB3YIOT I oTocuHTe3a 1-2% (Makcumym S5 %), a
Tponuyeckue — 5—6 % u naxe 10 15 % MOraomEeHHOro BUAUMOIO CBETA.
OcranibHast SJHEPTHS PACXOAYETCS HA UCMApeHUE BOJIbl. CBET MOIJIOMIAETCS
NUTMEHTaMU JIMCTA.

Kosgppuyuenm nonesnozo oeticmeusi pomocurnmesa nucTa NoKa3biBa-
€T, CKOJIbKO MPOLEHTOB MOTJOUIEHHOW CBETOBOM JHEPrUU 3aMaceHO B
dopme PHEPruu XUMHUYECKUX CBS3EH NMPU MPEBpALICHUM TUOKCUIA YIJie-
ponaa B yrieBobl. B mpoiiecce potocuHTe3a Ha | T MOIYyYEHHOTO YTJIEBO-
na ucnoybzyercs 25,9 kJlx sHeprun. YMHOXKEHHUE 3TOro KodhduuueHrta
HAa HWHTEHCUBHOCTb OpPYTTO-(DOTOCHHTE3a JAET KOJIMYECTBO CBSI3aHHOM
SHEPruv (BEJIMYMHBI MEPECUUTHIBAIOTCS HA OJIMHAKOBYHO MOBEPXHOCThH U
onuHaKOBbIA mpoMmexyTok BpemeHu). KIIJ[ ¢porocuHTe3a oObIYHO BhIpa-
’KarOT I10 OTHOIICHHUIO JIMOO K Iajaroiiei, 1m0 K MOTrJIOLIEHHON pacTe-
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HusMu OAP. B OonbmmHcTBE cityyaeB JiicThs padoTatot ¢ KIIJ[ Mmenbie
5-10 %, HO y HEKOTOpBIX BUJOB B 0CO0O OJIArOMPUATHBIX YCJIOBUSX OH
nocturaet 15 % (y C4-31maxoB 24 %).

HecmoTpss Ha BBICOKYIO 3(()EKTUBHOCTh HAYAIbHBIX (OTOPU3NUE-
CKMX M (hoToxumuyeckux ctaaui (okojo 95 %), B ypoxkail mepexoaut
JIMIIb HECKOJIBKO MPOLIEHTOB COJTHEUHOW 3Hepruu. [lotepu oOycCloBIECHBI
JUMUTUPOBAHUEM TIpoIlecCa HAa OMOXUMHYECKOM U (PU3UOJIOTUYECKOM
YPOBHSIX, @ TAKXKE HEIMOJIHBIM MOTJIONIEHHEM cBeTa. Bo Bcex coobuiecTBax
nojydaeMasl COJIHEUHasl pajauanus Ucrojib3yercs HedahekTturHo. K dak-
TOpaMm, OrPaHUYUBAIOIIMM MEPBUYHYIO MPOIYKIUIO HA CYIIE, OTHOCATCS:
1) HEexOCTATOK BOJBI, OTPAHUYMBAIOIINK CKOPOCTh (DOTOCHHTE3a; 2) He-
XBaTKa 3JIEMEHTOB MUHEPAJIBLHOrO MUTAHUS, 3aMEJJISIONas CKOpoCTh 00-
pa3oBaHUsl ACCUMUJIMPYIONIEH TKaHW W CHUKaromas 3PpQPeKTUuBHOCTL (o-
TOCUHTE3a; 3) HeOmarompusiTHas JJIs pocTa TeMmneparypa; 4) rnomnajgaHue
OOJIBIIION YacTU pagualvii MUMO (DOTOCUHTE3UPYIOIIUX OpPraHoB (U3-3a
CE30HHOI'0 OMAaJICHUs JIUCThEB, NEUCTBUS (PUTOPAroB M mMapasuToB); S)
HU3Kas A(OPEKTUBHOCTh (POTOCHHTE3a B JIMCThAX (Ja)Ke MPU UIACAIbHBIX
YCIOBUSIX B HauOoJjiee MPOAYKTUBHBIX CEIbCKOXO3SUCTBEHHBIX CUCTEMAX
oHa penko ObiBaeT Beiie 10 % ®AP). [Ipu nameHsomuxcs yCcaoBUIX ac-
cummsinmu K11 pactutenbHbIX COOOIECTB CyIIA B CPEAHEM HIKE | —
3%. MakcumanbHas 3Q(HEKTUBHOCTh (POTOCUHTE3a MHTEHCHUBHBIX 3€pPHO-
BBIX KYJBTYp MpHU UICATbHBIX ycioBusax 3 —10 %. A ecnu paccmatpuBaTh
mianety B nesnom, To KIIJ[ mamaromeit @AP cocrasisier Bcero okoso 0,2.

3 CTpoeHue XJIOpONJIacCTOB

DOTOCHHTE3 B PACTUTEIIBHOM KIIETKE OCYLIECTBIISCTCSA CIEUUAIN3U-
POBaHHBIMM OpraHejuiamMu — xjoporuiacramu. OT Apyrux TUMNOB TJIACTHU]
XJIOPOIUIACThl OTJIWYAIOTCA HAJTUYMEM 3€JICHBIX MUTMEHTOB XJIOPODUILIOB
U CJI0)KHO OpraHU30BaHHON CUCTEMOM BHYTPEHHMX MeMOpaH. XJ1opo(uii
o0ecreyrBaeT NOrJONIEHUE U TIEPBUYHOE MPeoOpa30BaHUE SHEPTUM CBETA
npu (OTOCUHTE3E, a BBICOKAsl CTENEHb OpPraHM3allMd BHYTPEHHUX MEM-
OpaHHBIX CTPYKTYp XJIOPOILIACTOB COCTaBJISAET (DU3UYECKYIO OCHOBY JIJIs
() PEKTUBHOrO TOIJIOLICHUSI U MPEoOpa3OBaHUs PHEPTUM CBETA B XOJI€
(doTocuHTe3a. biiarogapss BBICOKOW CTENEHM OpraHU3alvu BHYTPEHHEH
MEMOPAHHON CTPYKTYpPbI XJIOPOILIACTOB JAOCTUTAIOTCS YCJIOBHUS, HEOOXO-
JUMBbIE 7151 Ipe00pa30OBaHus SHEPTUM:
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1) ompeneneHHass opueHTalMsd MUTMEHTOB B MeMOpaHe, oOecrnieyu-
Baro1as 3p(HhEeKTUBHOE MOIJIOEHNUE U MPE0OPa30BAHNE SHEPTUU CBETA,

2) NPOCTPAHCTBEHHOE Pa3/ICJICHUE BOCCTAHOBJIEHHBIX W OKUCJIEHHBIX
(OTONPOIYKTOB, BO3HUKAIOIIMX B PE3YJIbTAaTE MEPBUYHBIX AKTOB (POTO-
CUHTE3a, CBSI3aHHBIX C PA3JICJICHUEM 3aps0B B PEAKIIMOHHOM LIEHTPE;

3) cTporasi ynopsiJo4€HHOCTb KOMIIOHEHTOB PEAKIMOHHOIO LIEHTpA,
riae compskensl Obictpornporekaromue (10"°—107 ¢) dorodusndeckue u
6omee mMemnennsie (107107 ¢) depMeHTATHBHbIC PeaKIUK; HATHIHE OIl-
PEIETEHHBIX CTPYKTYP, Ii€ (POTOBO30YKICHHBIN MUTMEHT U XUMUYECKUM
aKIENTOP )KECTKO OPUEHTUPOBAHBI OTHOCUTEIBLHO APYT Apyra (HE00X0Iu-
MO JIJIs1 IPe0Opa30BaHUs SHEPTUU B PEAKIIMOHHBIX LIEHTPAX);

4) mpoCTpaHCTBEHHAsT OpraHU3alUs 3JEKTPOH-TPAHCHOPTHOW Lenu
(OTLI) xnopormiacToB, OCHOBaHHAas Ha OMPEACICHHON MOCeI0BaTEIbHO-
CTU M CTPOTOM OpHUEHTAIIUH MEPEHOCUNKOB B MEMOpaHe (HeoOXoauma st
OBICTPOTO U PETYJUPYEMOIO TPAHCIIOPTA IIEKTPOHOB U IPOTOHOB);

5) ompeaeneHHBIM 00pa3oM OpraHu3oBaHHAas cuUcTeMa MeMOpaH B
XJIOpOIUIacTaxX, 00ECIEUnBArOIIAsl COMPSKEHUE TPAHCIIOPTA 3JIEKTPOHOB H
cunreza ATO.

OCHOBHBIE 3JIEMEHTBI CTPYKTYPHOU OpraHU3alMy XJIOPOIUIACTOB Y
BBICIIUX PACTCHUUN MPEICTABJICHBI BHEIIHENH O0OJIOYKOM, CTPOMOU M XO-
POIIIO Pa3BUTOM CUCTEMOM BHYTPEHHUX MEMOPAH — PUCYHOK .

Buewmnss obonouxa xnoponnacmos OTTpaHUYMBAET €r0 BHYTPEHHEE
COAEPKUMOE OT LUTOIIa3Mbl. DTO Oapbep, OCYIIECTBISIONIUN KOHTPOJIb
oOMeHa BEHIECTB MEXKIY XJIOPOIJIACTOM M IuToIazMou. O0oj0uka co-
CTOMT U3 IBYX MEMOpaH — HapyHOU U BHyTpeHHel. HapyxHas MmemOpana
npoHUIIaeMa i OOJIBIIMHCTBA OPraHUYECKUX M HEOPTaHUYECKUX MOJIE-
KyJ. BMecTe ¢ TeM OHa COJAEPKUT CHEIUANIbHBIE TPAHCIOKATOPHI OENKOB,
4yepe3 KOTOPBIC MOCTYIMAOT MENTU I U3 IMTOIUIA3MbI B XJIOPOTLIACT.

Buympennsas membpana obonouku xnoponiacmos o0nagaetr m3dupa-
TEJbHOUW MPOHUIIAEMOCTBHIO U OCYILECTBJISIET KOHTPOJIb HaJ TPAHCIOPTOM
O€NKOB, JIMMUAOB, OPraHUYECKUX KHUCJIOT U YTJIEBOJOB MEXKy XJIOPOILIa-
CTOM U HUTOIIa3MOou. BHyTpeHHs11 MeMOpaHa 000JI0YKH YYACTBYET TaKKe
B (DOpMUPOBAHUM BHYTPEHHEH MEMOpPAHHOMN CUCTEMBI XJIOPOTLIACTOB.

Cmpoma — tuaipoPuiIbHBIN, C1A00CTPYKTYPUPOBAHHBIA MATPUKC XJIO-
pOIIACTOB, COAEP KA BOJOPACTBOPUMBIE OPraHUYECKUE COCIUHEHUS,
a Tak)Ke HeopraHuuyeckve MoHbl. B ctpome pacnosaratotcs pepMeHTHI yr-
JIEPOJHOTO 1MKJIAa (DOTOCHUHTE3A, 3J€Ch OCYILIECTBIISIOTCA PEAKIUU (POTO-
CUHTETUYECKOU accumuiisiiiuu yriaepoaa. Kpome toro, ctpoMa coaepxuT
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(GepMeHThI crHTe3a (POTOCUHTErMYECKUX MUTMEHTOB, a TAKXKE MOJISIPHBIX
JUNUA0B MeMOpaH xjoporiactoB. B ctpome Haxoasarcs konbleBas JJHK
(MOKET OBITh HECKOJIBKO OJMHAKOBBIX KOMUI), pUOOCOMBI, (DEPMEHTHI
MAaTPUYHOIO CUHTE3a, 00ECIICUYNBAIOIINE CUHTE3 OEIKOB, BXOASAIIUX B CO-
CTaB MYJIbTUIICNTUIHBIX KOMIUIEKCOB MEMOpPAH TUJIAKOWJIOB, 4 TAKKE BO-
J0pacTBOPUMOro Oeyika — 00ibIIoi cyObenuHuibl pudynozoaudochar-
KapOOKCHUIIa3bl — KIIFOUEBOTO (hepMEHTA YIJIEPOIHOTO LUKIA (POTOCUHTE3A.

Pucynok 5 — Cxema ctpoenus xjoporiacta, o [1 — 6, 11, 12]:
| — nunuaHas kams; 2 — 3epHa Kpaxmasa; 3 — Hapy KHas MeMOpaHa;
4 —rpana; 5 — JIHK; 6 - pubocoma; 7 - cTpoMa; 8 — TUIIAKOU TPaHBI;
9 — tunmakouy ctpomsl; 10 — BHYyTpeHHssI MeMOpaHa

Buympennsas membpanuas cucmema xnoponiacmog — 31€Ch NpoTeKa-
I0T CBETOBBIE peakiuu (hoTtocuHTe3a. OHA XOpOIIO pa3BUTa U HEOJAHOPO-
Ha. BHyTpeHHune meMOpaHbl (J1aMeIlibl), 3aHUMAIOT OOJBIIYI0 4acTh 00-
mero o0bemMa XJIoporiacToB. MeMOpaHsl 00pa3yroT THIIAKOUbI, KOTOPHIE
a1M00 TECHO COMPHUKACAIOTCA JIPYr C JPYTOM W YJIOKEHBI B CTONKH, WA
rpaHbl (TUJIAKOWABI TPaH), MO0 MPOHU3BIBAIOT CTPOMY, COCIUHSIST TPaHbI
MeXIy coOoi (Tuimakouasl cTpoMbl). COOTBETCTBEHHO OOpa3zylolue HX
MeMOpaHbl Ha3bIBAIOT MeMOpaHaMM (JaMelljlaMM) TpaH U MeMOpaHamu
(mamennamu) cTpoMbl. IIpocTpaHCTBO BHYTpPHM TUIIAKOWUJIOB HA3bIBACTCS
BHYTPUTHIIAKOUHBIM TTPOCTPAHCTBOM, UJIA JTFOMEHOM.
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CornacHO COBpPEMEHHBIM MPEACTABICHUSAM, MPU OOpPa30BaHWU TPaH
BHYTPEHHSISI MeMOpaHa o0pa3yeT He 3aMKHYThIE «MEIIOYKW», a, CKOpEE,
HACJIOCHUS, CKIAJAKU. B pe3ynprare BHYTpH XJIOPOIJIACTA BOSHUKAET €lIH-
Hasi BHYTPEHHASI MeMOpaHa, KOTopasi pa3JeiisieT BHYTPEHHEE MTPOCTPAHCT-
BO XJIOPOIUIACTOB HA J[Ba OTCEKa (KOMMApTMEHTA) — CTPOMY U JitomMeH. VH-
Terpaunys BHYTPEHHETO MPOCTPAHCTBA TUJIAKOUJIOB I'PaH U CTPOMBI JIOCTHU-
raeTcs 3a CYET TOrO, YTO TWJIAKOWJBI T'PaH NMPOHU3AHBI OJHOW WM HE-
CKOJIbBKUMM TWJIAKOWJAMU CTPOMBI. Tuakousbl CTPOMBI MOTYT OBITh
CUJILHO Nep(MOpUpPOBaHbI, B PE3YJIbTATE YEro 00Opa3yroTCs Y3KUE WUJIU -
pokrie MEMOPAHHBIE KAHAJIBI, KOTOPBIE CBSI3BIBAIOT I'PAHbI MEXKITY COOOM.

3HAYEHWE CTOJIb CIIOKHOW OpraHu3alMii BHYTPEHHUX MEMOpaH XJIo-
POILIACTOB COCTOUT B CIIEAYIOILIEM.

* BHyTpeHHrEe MeMOpaHbl XJIOPOIUIACTOB BKJIFOYAKOT MYJIbTUIICITU-
HbIE€ KOMIUIEKCHI, OOECIEYMBAOLIME TOIJOMIEHHE U TpeoOpa3oBaHue
SHEPrUU CBETA B XOJI€ CBETOBBIX peakuuii (horocuHtesa. biarogaps 3Ha-
YUTETbHOMY MEMOPAHHOMY MPOCTPAHCTBY AOCTUTAETCS YBEIUUYEHUE YHC-
na QyHKIMOHATBHBIX €IMHULL, CTIOCOOHBIX OCYIIECTBIISATh CBETOBBIC PEAK-
UM (OTOCHHTE3A.

* ENMHCTBO BHYTpEeHHENH MEMOpPAHHOW CUCTEMBI XJIOPOIUIACTOB IO-
3BOJISIET OTJAEJIbHBIM KOMIIOHEHTaM MEMOpPaHbl MUTPUPOBATH JIATEPATBHO
U BCTYIaTh MEXIY COOOW B CTPYKTYPHBIA M (DYHKIIMOHAJBHBIA KOHTAKT.
DTO HEOOXOIUMO JIsl IEPEHOCA PHEPTrMUA KBAHTOB CBETA B PEAKIMOHHBIE
LUEHTPHI, a TAKKE JJIsI TPAHCIIOPTA JIEKTPOHOB IO 3JIEKTPOH- TPAHCIOPT-
HOM LIEMH B X0JI€ CBETOBBIX PEAKIU POTOCUHTERA.

» Paznenenne memMOpaHOil BCEro BHYTPEHHETO IMPOCTPAHCTBA XJIOPO-
MJIaCTOB HA JIBA KOMMIAPTMEHTa — CTPOMAIBHOE W BHYTPUTHIIAKOUHOE
MPOCTPAHCTBO (JIIOMEH) — MO3BOJIIET CO3/1aBaTh AJIEKTPOXUMUYECKUE Ipa-
JMEHTBI HOHOB MeX1y HUMU. CO3/TaHUE 3IEKTPOXUMHUYECKOTO TPaJUEHTa
H' Ha BHyTpeHHMX MeMOpaHaX XJIOPOILIACTOB — BAXKHBIN 3Tall B TPaHC-
(opmMalMM SHEPTrUM KBAHTOB CBETA B DHEPIrUI0 MAKPOIPIUUYECKUX CBSI3EH
ATO.

OO0pa3oBaHue rpaHajJbHONW CTPYKTYpPhl BHYTPH XJIOPOILIACTOB 3HAYM-
TEJBLHO TMOBBIMIAET OOy 3(PHEKTUBHOCTH (POTOCUHTE3a U CO3JAET JIO-
MOJIHUTEIbHBIE BO3MOYKHOCTH JIJISI PETYJISILIMU CBETOBBIX peakiuii. Cerpe-
raius (pa3JeaeHue) B OTACJIBHBIX OTCEKaX MEeMOpaHbl (B CTPOMAJbHBIX
WM TPaHAIBHBIX TUJIAKOWAAX) KOMIIOHEHTOB MEMOpaH C pa3jIuYHbIMU
(GYHKIMSIMU TIO3BOJIAET JOOUTHCS OMNPENEIEHHOW HE3aBUCUMOCTH HUX
(yHKIIMOHUpPOBaHUS. [ paHanbHas CTPYKTypa XJIOPOIJIACTOB BBICIIMX pac-
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TEHUH — MTOr JJIMTEIBLHOIO ABOJIIOIMOHHOIO TMporecca. OHa BIEpBbIC
MOSIBUJIACH Y 3€JICHBIX BOJOPOCIICH, UTO OBIJIO COMPSIKEHO C MOSIBICHUEM Y
HUX xJiopoduna b.

buocenes xnoponnacmos. XnopomnacTbl MOTYT Pa3MHOXKATLCS JIelie-
HUeM. MHoraa MOKHO HAOMI0aTh, KaK 3€JCHBINA XJI0pOIIacT MPUHUMAET
dbopMy rantenu, a 3ateMm aenurcsa. OaHaKo yaiie OHU 00pa3yroTes U3 Mpo-
MJIaCTUJl — pUCYHOK 6. ITpomacTuabl 00pa3yroTcss U3 MHUIMAIbHBIX Yac-
THII (3a4aTKOB), COACPIKAIIUXCS B MEPUCTEMAaTUUECKUX KJIeTKax. Mx oOpa-
30BaHUE CBSI3aHO C pa3pacTaHUEM BHYTPEHHENW MeMOpaHbl O00OJIOYKU U
00pa3oBaHUEM M3 HEE HECKOJIbKUX CKJIAJ0K, HAlpaBJICHHBIX BHYTpPh Ila-
pajiebHO TOBEPXHOCTH.

3avaTku

TN\ [LIaCTH
¥/ 1 Mxu

IIpomnacTHaa

PucyHok 6 — Cxema Ouoresnesa xJioporiactos, o [1 — 6, 11, 12]
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DopMHUpPOBAHUE XJIOPOIIACTA MOXKET OCYHIECTBIATHCS JBYMS ITyTS-
MU: HEMOCPEACTBEHHO W3 MPOIUIACTH U OMOCPEIOBAHHO, Yepe3 00pazo-
BaHME STUOTIJIACTOB.

llepeviii nyms 6uoceneza XJIOPOIIACTOB — HEMOCPEICTBEHHOE MPE0o-
pazoBaHUE MPOIUIACTUL B XJIOPOIJIACTHI — PEANIM3YETCsl MPU POCTE pacTe-
HUN B YCIIOBUSAX HOPMAJLHOTO COOTHOIICHUS JHS W HOuM. [IpormacTuasl
MEPUCTEMATUYECKUX KJIETOK JIMCTa MPEBPAIIAlOTCS B XJIOPOIUIACTHI Ma-
pajiesibHO ¢ pocToM U AU OEepeHIIMPOBKON KIETOK JucTa. buorenes xJo-
pOIIACTOB COMPOBOXKIAETCS (HOPMUPOBAHUEM THIJIAKOUIHBIX MEMOpaH
XJIOPOIIACTOB MPU YYaCTUM BHYTpEHHEH MeMOpaHbl 00OJIOUYKM MpoIia-
CTHU/IBI.

Bmopoti nymv — o0pa3zoBaHue XJIOPOIIACTOB M3 3THOIJIACTOB. DTHO-
MJ1acThl — OpPraHEesUIbl KJIETOK PAaCTeHMs, pacTylIEro B OTCYTCTBUE CBETA
(aTMoIMpOBaHHOTO pacteHust). OHU 00pa3yrOTCs U3 MPOIIACTUT U UMEIOT
HEKOTOPbIE OCOOEHHOCTH BHYTPEHHETO CTPOCHMS: COAEPKaT MPOIaMesIp-
HOE Teno, CHOPMHUPOBAHHOE B PE3YJbTATE CKOIUJICHUS OTrPAaHMYECHHBIX
MeMOpaHO# TYy3bIPHKOB M PAa3BETBJIICHHBIX TPYOUaThIX CTPYKTYp. MeM-
OpaHbI TIPOJIAMEIIIPHOTO TeNla CoAepKaT HEOOIbIITNE KOJUYECTBA KapOTH-
HOUJIOB W MPEAIIECTBEHHUKA XJIopoduiia — mpoToxiopobuauaa. Dop-
MUPOBAHHE THUJIAKOUHBIX MEMOpaH XJIOPOIJIACTOB B ATUOIIACTAX MPOUC-
XOJIUT MPU y4acCTUU MeMOpaH IMpoJIaMeNIIPHOTO Tella B OTBET Ha OCBEIIIe-
HUE.

Takum oOpazom, GopMHpOBaHHME XJIOPOILIACTa HEMOCPEACTBEHHO W3
MPOIJIACTUJIBI WJIM OTOCPEIOBAHHO, M3 IPOIUIACTHABI YEPE3 STHUOIIACT
MPOUCXOUT TOJILKO Ha CBETY.

Beigensitor mpu smana gpomomopghozcerneza XA0poOIIACTOB U3 ITHO-
TJIacTOB.

Ha nepsom stane U3z TpyOUaThix 3JIEMEHTOB MPOJAMEIPHBIX Tell 00-
pa3yroTCs KpYIHbBIE IMy3bIPbKH, PacIoararIrecs mo paauycy. IToT Mpo-
IIECC COMPOBOXKIAETCS 00pa3oBaHMEM XJOpo(uisia M3 MMEIOIIErocs B
ATUOILIACTaX MPOTOXJIOpOPUILIHIA.

Ha smopom 3Tarne mpoucXoauT HaKOIIEHWE OEIKOB, JMMUAOB, ITHT-
MEHTOB M caMocOopka MeMOpaH THIaKOuA0B. CBET aKTUBHPYET CHUHTE3
O€NKOB BHYTPEHHUX MEMOpaH XJIOPOIJIACTOB U (POTOCMHTETUUECKUX ITHT-
MeHTOB. CamocOopka MeMOpaH UJET Ha OCHOBE OCIKOBBIX KOMIIOHEHTOB,
CHUHTE3UPYEMBIX KaK B XJIOPOIMJIACTaX, TAK M B IUTO30JI€, IPHU CKOOPIUHHU-
pOBaHHOM paboTe MX OEITOKCUHTE3UPYIOIIMX CUCTEM U TPAHCHOPTE OEJIKO-
BBIX KOMIIOHEHTOB W3 IIMTOIIa3Mbl B XJIOpOIIacT. B ocHOBe camMocOopku
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MeMOpaH JexaTr (U3NKO-XUMHUYECKUE MPOUECChl (TUIApOoPOOHBIE U FJIEK-
TPOCTAaTUYECKHE B3aUMOJICUCTBHSI), a TAKKE «MOJICKYJISIPHOE Y3HABaHUE,
00y CJIOBJICHHOE KOH(POPMAIIMOHHBIMU B3aUMOICUCTBUSIMU.

Ha mpemvem stane npoucxoaut nuddepeHunanus rpad. Ita craaus
COBMAJAET ¢ MHTCHCUBHBIM CHHTE30M Xjopodumna. J(ns dopMupoBaHus
rpaH HEOOXOJMM BBICOKHI YPOBEHBb COJICPKAHUS XJIOPOPHUIIOB B XJIOPO-
myacTax, mpu 3TOM 0COOCHHO BaykHA KOHIICHTpalus Xjiopodusia b.

4 IlurmenTo! PoTOCUHTE3A

[IurMeHTHl — 3TO BEIECTBA, M30UPATETBLHO MOTJIOMIAIOIINE CBET B BU-
auMol yactu criektpa. [Ipu ocBenieHun GeabiM CBETOM MX LIBET OMpEJie-
JISIETCS TOJBKO JIydaMH, KOTOPbIE OHU OTpa)aroT WK mpomyckaroT. Cro-
COOHOCTH TTMUTMEHTOB TOTJIONIATh CBET CBsA3aHA C HAIMUYUEM B WX MOJIEKY-
JaxX MPaBUIBLHO YEPEAYIOMMUXCS JABOMHBIX U OJIMHAPHBIX CBS3EH. DTO Tak
HA3bIBAEMBIE COMPSKEHHBIE, UJIM KOHBIOTUPOBAHHBIE, CBS3U. MEXy NBY-
Ms aTOMaMHM C JIBOMHBIMM CBS3SMM HAXOJWUTCS 4YeThIpe 3yekTpoHa. Korma
CUCTEMA COCTOUT U3 COMNPSKEHHBIX CBSA3EH, TO MOJIOBUHA 3TUX 3JIEKTPOHOB
criocoOHa CBOOOJIHO TMEpeMEIIaThCsl BIOJb CUCTEMBI. [IOrJI0TMB KBaHT
CBETa, TAKOW AJIEKTPOH MOXKET OTOPBATHCA OT MOJIEKYJIbI MUTMEHTa, T.C.
CTAHOBHUTCS IOHOPOM 3JIEKTPOHOB JIJIsl BOCCTAHOBJIEHHS BEIIECTB.

[IurMeHThl, y4acTBYIOIIME B (POTOCUHTE3E BBICIIUX PACTCHUH, NEINAT-
cs HA 2 TPYNMbI: XJI0POGUILIBI — 3€JIEHbIE TUTMEHTHI — U KapOTUHOUIBI —
KENTHIE.

Xnopoghunnei. Pazmuuarot xnopodpunn a (CssH.,OsNyMg) u xmopo-
bunn b (CssH70OgNsMg). Xnopodunn a — cuHe-3eleHbIi, a ximopoduin b
— JKeNTo-3e/eHbIN. XI0popuIbl HE PaCTBOPSIOTCS B BOJI€, HO XOPOIIO
pPacTBOPUMBI B OPraHMYECKUX PACTBOPUTENAX W JIETKO M3MEHSIOTCS 0]
JIEUCTBUEM KHUCJIOT, COJIEW W 1IENIoUei. B nucte conepKUTcs NPUMEPHO B
TpH paza 0oJiblie XJ0poduiia a Mo CpaBHEHUIO ¢ XJIOpopuiaIom b.

[To xuMudeckoi mpupoe XJI0pOoPUILI IPEACTABIICT COOOM CIIOXKBIM
3¢bup TUKapOOHOBOM KUCIIOTHI — XJIOpOGUIIIIMHA — U IBYX CIIMPTOB: METa-
Hona (CH;OH) u dwurona (C,yH;0OH):

B ocHoBe molekynbl xjgopoduiia JIeKAT TOpPUPUH, COCTOSIUN U3
YEThIPEX MUPPOJIHBHBIX KOJEI, COSAMHEHHBIX METUHOBBIMM MOCTHUKAMU (-
CH=). Xnopodumi oTHOCUTCS K TeTpanupposiaMm. UMeHHO 4 mupposibHBIX
KOJIbIIa 1 METHUHOBBIE MOCTHUKH CO3JIal0T COMNpPSIKEHHBIE CBSI3U. B 11eHTpe
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MOJIEKYJIbl XJIOPO(UIIIA PACMOIOKEH aTOM MarHusi, KOTOPbIA COEAUHEH C
YETBIPbMS aTOMaMM a30Ta MUPPOJBHBIX KoJiel. ClienoBaTeabHO, XJI0pPO-
Gunn oTHocUTCS K MarHui-nopupuHam. Ha pucyHke 7 mpuBeneHbl oc-
HOBHBIE OCOOEHHOCTH CTPOCHUSI MOJIEKYJIbI XJI0pOduIa.

S

Gz p=C-0 -Gl

G=0

i

L]

Hy~CH= —c:f1-cH,_--::ir;-v?u-al[l-mrrq{l-cl:rh::u;_-m{z-curt}u—m}
3 Clly, Cily on

YeTslpe nuppoIbHblX KOIBIA I'mapodobHAL 9acTs MOIeKyIs XIopodHina
(I —1IV) coeguHeHEI MEXKITY IIpecTABIeHA OCTATKOM (PumoId
coboil MOCTHKAMH, 00pasya
nopgupurosoe A0po

B cocTak Monexyns xnopofpuina XnopogHil b oTiHgaeTed 0T XI0poQHIIA a TeM, 910
EXOJHT elle xapOoyuxiuyeckoe Y HeTO KO 6MOPOMY NUPPOTbHOMY KOTbYY TIPHCOEIH-
xoasyo (V) ¢ BEICOKOAKTHEHOH HEeHA He MeM@IbHAA, A ATbOe2UOHAA ZPYNNad, TO3TOMY
Kemozpynnoi xnopoguia b cogep:kHT KHcIOpoaa Ha OZHH aTOM
OonbINe, a BOJOPOa — Ha JEa ATOMa MeHBIIe

PucyHok 7— Oco0eHHOCTH CTPOEHUS MOJIEKY bl XJIOpoduia

Xnopoduaa b oTnryaeTcs oT xjgopoduiia a TeM, YTO Y HEro KO BTO-
POMY TIUPPOJHLHOMY KOJIBIY IPUCOCAMHEHA HE METaJIbHAS, a aJIbJIeTHIHAs
rpymmna, Mo3TOMY XJopohuul b COACpKUT KHUCIOpPOJa HA OJUH aToOM
0oJbIIIe, a BOJAOPO/Ia — HA JIBA aTOMa MEHBIIIE.

braromaps HaIU4YUIO CONMPSIKESHHBIX JTBOWHBIX CBSA3CH C IOABYIKHBIMU
T-3JICKTPOHAMM ¥ aTOMOB a30Ta C HETOJICJICHHBIMH 3JIEKTPOHAMHU MOJICKY-
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na xjopoduisia B UHTAaKTHOW (HEMOBPEXKIEHHOM) KJIETKE CIOocoOHa K 00-
pPaTUMBIM OKHUCJIUTEILHO-BOCCTAHOBUTEIBLHBIM PEAKLIUSIM TOJ JACHUCTBUEM
cBeTa. A30T MUPPOJIBHBIX KOJIEI] MOKET OKHMCIIATHCS (OTIaBaTh SJIEKTPOH)
WJIM BOCCTAHABIIMBATHLCA (MPUCOEIUHATH JIEKTPOH).

Monekyny xjopoduiia AensIT HA JBE YacTu: NOpOUPUHOBOE SAPO U
(buToNbHBINA XBOCT. DUTOILHBIM XBOCT B 2 pa3a anuHHee. biaarogaps aro-
MaM KHCIIOpOJia, a30Ta U MarHus NOpPUPUHOBOE AJIpo TUAPOoGUIbHO. Du-
TOJIbHBIA XBOCT — 3TO YTJIEBOJIOPOJIHAS YaCTh, CIEJOBATEIBLHO, OH TUIPO-
(boOeH.

Takum oOpazom, MosieKyJia xjgopoduiia mojaspHa. DTa MOJSIPHOCTD
MOJIEKYJIbl 00YCJIOBJIMBAET €€ PacCIooKeHHEe B MeMOpaHax XJopoIliacTa:
(UTONBHBIA XBOCT pacrojaraercs B ruapopoOHON yacTu MeMOpaHbl TH-
Jakouaa, a nophupuHOBOE SAp0 — B ruapobunbHor. Mimes pa3Hbie CBOM-
CTBa, 00€ YacTH MOJIEKYJIb XJIOPO(UIIA BBIMOJHAIOT pa3Hble (DYHKIUU:
nop(GUPUHOBOE SAAPO TOTIIOMIACT CBET, a (PUTONBHBIA XBOCT UTPAET POJIb
SAKOPSI, YAEPKUBAIOIIETO MOJIEKYJy XJIOpO(QUIUIa B ONPEJAEICHHON YacTH
MeMOpaHbl THJIAKOW/IA.

[TonmyueHHbIlt U3 aUCTa XJI0POGUIT JIETKO pearupyeT ¢ KUCIOTaMHu U
niesioyamu. [Ipu B3aumMoaeicTBUM CO 1IEN0YBI0 00pa3yIOTCs JiBa CIUPTA —
METaHOJI U (PUTON — U IIeJI0YHas COJIb XJIOPOPUIIINHA:

[Ilenoub «oTpe3aeT» OT MOJIEKYJIbI XJ0opoduiia (PUTOJIBHBIN XBOCT, B
pesynbTare o0pa3yromascs COjJb TEPSET CIIOCOOHOCTh PacCTBOPATHCS B
OeH3MHEe, HO COXpaHseT 3ejeHbli 1BeT. Clie0BaTeNIbHO, PACTBOPUMOCTh
xjopoduiia B 6eH3uHe, ero rupohoOHOCTh 00YCIOBIEHBI OCTaTKOM (hU-
TOJIa, a TMOIJIOLIEHUE CBETA CBSI3aHO C MOP(UPHUHOBBHIM SAPOM. B KHUBOM
aucTe (PUTOJ MOXKET OTIIEIUIATHCS OT Xjopoduiia moj AehHcTBreM (ep-
MEHTa XJ0pO(UIIIa3kI.

Ilpu nmeiicTBuM caab0 KUCIOTHI XJIOPOGMUIT TEPSET 3EJICHBIM IIBET,
oOpa3zyeTcs KpacHO-0ypoe BeliecTBo (heo(UTHH, Y KOTOPOro aTOM MarHus
3aMElIEH Ha JIBa aTOMa BOJIOPO/a.

CnenoBarenbHO, aTOM MarHus TOKE BIIMSET Ha TOTJIOIICHUE CBETA
xnopodumnoM. B Hacrosiiee BpeMs pojib MarHvs B TOTJIOIIEHUH CBETa
CBS3BIBAIOT C TEM, YTO C €r0 MOMOIIBIO YEThIPE MUPPOJIBHBIX KOJbIIA pac-
MoJiararoTcsi B OJHOU mjockocTu. Eciu mMosiekynia mo KakoW-To MpUYUHE
npuoOpeTaeT Apyryr Gopmy, TO B3aMMOAECHCTBUE T-3JEKTPOHHBIX 00JIa-
KOB HapyllaeTcs, IeNb COMPSIKEHUS pa3o0IaeTcs, 1BET MUTMEHTa U3Me-
HsieTca wind ucuezaeT. C MOMOIIBI0O MarHus MOJIEKYJbl XJ0poduiia co-
SAMHSIOTCS ¢ JPYTMMU MOJIEKyJIaMHu 3TOoro nurMeHra. Kpome Toro, mar-
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HUW HYKEH JJIsI COXpPAHEHUsS] MOJIEKYJION XJopoduiijia CBOero Bo30y K 1eH-
HOTO COCTOSIHUSI.

B ecrtecTBeHHBIX YCIOBUSAX OOpa3zoBaHue (PeopuTHHA TPOUCXOAUT
pU CTApEHUU JINCTHEB, OCEHBIO, MOJ BIUSHUEM HEOJAronpuaTHBIX (Pak-
TOpoB. B pe3yibTare aucTha xenretoT. B npupose nosisaenue Gpeopurrna
BBI3BAHO YBEJIIMUYCHUEM IPOHUIIAEMOCTH MEMOpaH M MPOHUKHOBEHHEM B
XJIOPOIUIACT KUCJIOTO KJIETOYHOTro coka. [lockonbky mzOuparenbHas mpo-
HUIIAEMOCTh MeMOpaH yBEIMYMBAETCS MOJ JAeUCTBUEM J00oro (haktopa,
TO W JINCThS KENTCIOT TOJ JCHUCTBUEM HHU3KUX M BBICOKHUX TEMIIepaTyp,
neduLmTa BOJBI U €€ U30BbITKA. ITOT (PaKT JUIITHUN pa3 JOKa3bIBACT BaX-
HOCTh 3TOTO CBOMCTBA MEMOpaH.

KpoMe muppoibHBIX KOJIell, B COCTaB MOJIEKYJIbI XJI0pohuiia BXOIUT
enie KapOOLUMKIMYECKOE KOJIBIIO C BRICOKOAKTUBHOM KeTtorpynmoi. [Ipen-
M0JIararoT, YTO 3Ta rPyMIa y4acTBYET B OKUCJICHUU BO/IbI.

Xnopounasl  MOTJIOMIAI0OT  MAaKCUMalbHO  KpacHble W CHHE-
(uoneToBBIC JIyuH, Xy>K€ MOTJIONIAIOT OPAHXKEBBIE, JKEJIThIE U TOIYyObIE,
MOYTHU HE TOTJIONIAIOT 3€JICHbIE U OTPAXKAIOT JalibHUE KpacHbie Jyun. He-
OOJIbIIIME Pa3Iuuusl B CTPOCHUU MOJIEKYJ XJjiopoduiia a u b oOycinoBiu-
BalOT HEKOTOPBIE pa3vyusi B MOTJIOUIEHUA UMU CBeTa. Y Xjopoduiia b
M0JIOCa TMOTJIOIIEHHs] B KPACHOM 4acTU CHEKTpPa CIABUHYTA B CTOPOHY KO-
POTKOBOJIHOBBIX JIy4eil, a B CHUHE-(DMOJIETOBOM YacTh — B CTOPOHY JJIMH-
HOBOJIHOBBIX JIy4€EM.

Cunte3 xy0poduiia — MHOTOCTYIIEHYATBIA MPOIIECC, KOTOPHINA JENSIT
Ha JBe (pa3pl: TEMHOBYIO M CBETOBYIO. B TEMHOTE CHHTE3UpPYETCS MPOTO-
XJI0pOGUIIUA, OTIUYAIOIIUIACS OT XJI0podusIia OTCYTCTBUEM OCTaTKa (hu-
TOJIa U JABYX aTOMOB Bojopoja. IIpoToxiopodusaua CUHTE3UpyeTCs U3
aMuHOJIeBY IMHOBOM kucnoThl (AJIK). B xmopornnactax BBICIIUX pacTEeHUMN
oHa 00pazyeTcs U3 IrIIMKOKOJIa U CYKUMHUI-KOA unu U3 rioyramara. 3atemM
Ha CBETY MPOTOXJIOPOGUILIU MPUCOCAUHSET JIBA aTOMa BOJ0POJ1a U 0Opa-
3yercs xnopohwuua. K nociaegneMy npucoenuHsiercst (GUTOJ, U OH Tpe-
BpamaeTcs B XJ0poduiil. ITa peakius Tak:Ke UJIeT B TEMHOTE.

[TockonbKy CUHTE3 XJOpO(DUILIa COCTOUT M3 HECKOJbKUX PEaKIUid, B
HEM yYaCTBYIOT pa3iMuHble (DEPMEHTBI, COCTABIISIONINE MOTU(PEPMEHTHBIN
KoMIuiekc. OgHuM uU3 Haubosiee BaXKHBIX SBJSETCS (EPMEHT, KaTaau3u-
pytomuii o0pa3oBaHME aMUHOJIEBYJIMHOBOM KuciIoThl, AJIK-cuHTeTa3a.
OOpazoBanue (pepMeHTOB ycKopsieTcss moj aeictBuem cBera. CKOPOCTh
oopazoBanusi AJIK nUMHUTHUPYET CKOPOCTh BCEro MpoIliecca CUHTE3a XJIO-
podumia. Xnopodbui b o6pazyercs u3 xinopoduiia a.
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Kapomunouos: — MOJMEHOBBIE YTIIEBOJAOPOJBI KPACHOTO, KEITOTO U
OpaHKEBOr0 IBETOB, MPOWM3BOJHBIC HM30MpeEHa, coaepxkamue 40 atomoB
yriepoja. KapoTuHouapl npeacTaBisioT co00H 1enu, 001aaaroiime, Kak u
XJI0pOGUIIIBI, CONPSKEHHBIMU JABOMHBIMU CBsi3siMU. Ha o0oux KoHIax 11e-
N HAXOJSITCS MOHOHOBBIE KOJIbIIAa — PUCYHOK 8. KapOTHHOUABI TPUCYTCT-
BYIOT B XJIOpOILIacTaxX BceX pacteHui. OHU BXOJST TaKKE€ B COCTAB XPO-
MortactoB. CBOE Ha3BaHWE 3TU BEIIECTBA MOJIYYMJIM OT JIATUHCKOTIO Ha-
3BaHMsI MOPKOBU Daucus carota, B KOPHEIUIOAE KOTOPOU OHU COAEPKATCA
B 0OJIBIIIOM KOJIMYECTRE.

11,G

e oen,

Honosonoe Kontio [

PucyHnok 8 — CtpoeHue MoJieKyJibl B-kapoTuHa [§]

B 3eeHbIX JTUCThSIX KApOTUHOU B OOBIYHO HE3AMETHBI U3-3a MIPUCYT-
CTBUS XJIOpO(uiIa, HO OCEHbIO, KOTAA XJIOPO(UILT UCUE3AET, OKpAIINBA-
10T JIMCThA B JKEJITHIA U OPAHKEBBIN LIBETA.

OtHocuTeNbHAS PACOPOCTPAHEHHOCTh XJIOPO(PUIAa U KApOTUHOUIOB
B BBICIIIMX pacTeHUsIX cocTaBiseT 4,5 : 1 (kBaHToCOMBI coaepxkar 230 Mo-
aekyn xinopodumna u 50 MolleKya KapoOTUHOMI0B). IHTEpeCHO OTMETHUTH,
YTO )KMBOTHBIE OOBIYHO HE CUHTE3UPYIOT KApOTUHOUAOB. [loaTOMY *KenTas
¥ pO30Basi paclBETKA NTUIl (HATpUMEp, KaHapeekK, (JIAaMUHTO), KaK U MHO-
TOYHCIICHHBIX OECIO3BOHOYHBIX, 00YCIIOBJIEHA KAPOTUHOUIAMH, KOTOPHIE
OHU TIOJTYYalOT, TTO€/1ast pacCTCHUSI.

Kapotunouasl nensarcs Ha 2 rpynmbl: kKapoTuHbl (CyHse) U kcaHTo-
bunael (CyHs60, u CyoHs604). KapoTrnabl npeacTaBisioT co0oii yrieBo-
JI0poAbl (TeTpaTepIieHbl), a KCAHTOPUIIBI — CoepKaT JOMOJHUTEIbHbBIC
TUAPOOKCHU- U SMOKCUTPYIIIBI — PUCYHOK 9.

CH; CH, CH: CH,
CH—CH—T=CH—CH“‘CH—?—CH—CH-—-CH—CH=C—CH=CH—CH==T—CH=CH
HO CH, CH, H CH,  HC OH

PucyHnok 9 — CtpoeHue MoJIeKyJIbl 3¢aKCaHTHHA [8]
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VY BBICHIMX pACTEHU W3BECTHBI JIBA KapoTUHA (0-KApOTWUH U [3-
KapoTuH) U 4 KcaHTo(uIa (JIIOTEUH, BUOJIAKCAHTHH, 3€aKCAHTHUH U aHTe-
pokcaHTuH).}-KapoTuH UMeeT aBa [B-MOHOHOBBIX KOJIblIa (JIBOMHAS CBS3b
mexay Cs u Cq aToMamu). a-KapoTuH oTimvaeTcs oT f-KapoTHUHA TEM, UYTO
y HEro OJHO KOJIbIIO [-MOHOHOBOE, a BTOPOE — €-MOHOHOBOE (JIBOMHAs
cBsi3b Mexay Cy u Cs atomamu). JIIOTEUH — MPOU3BOAHOE O-KapOTUHA, a
3€aKCaHTUH — B-KapoTuHa — pUcyHOK 10. DTHU KCAHTOPUIUIBI UMEIOT MO
OJHOM TUAPOKCUIIBHOM TPYIIIE B Ka)XJOM HMOHOHOBOM KOJiblle. Buonak-
CaHTHUH UMEET €II€ JOMOJIHUTEIBLHO 2 aToMa KUCIIOPOo/ia MO JIBOMHBIM CBSI-
3siM Cs u Cg. KapoTHOMIBI HEPACTBOPUMBI B BOJAE, HO XOPOIIO PACTBO-
psAroTcs B OeH30J1e, OCH3UHE, allETOHE, CEPOYTJIEPO/IE.

H, e He oM, HC AT

=R" ‘R=ﬂ*
- i

Pucynok 10 — CtpoeHune MOJIEKy T 0-KapOTHUHA U JTIOTEUHA [ 8]

H,C

~

JKentple MUrMEHTHI MOTJIOMIAIOT JIyUIIE T JIy4d, KOTOPHIE TIJI0XO T10-
IJIOIIAKT 3€JI€HbIE MUIMEHThl. MaKCMMallbHO OHHU TIOIJIOIIAIOT CHHE-
(uoneToBbie, XyKe — rofyoble, HEMHOT'O TMOIJIOIIAIOT 3€JICHBIC JTyuH, HE
MOTJIOMIAIOT KPacHBIE, JKENThIE M OpamkeBbie. [loueMy pasHble MUTMEHTHI
MOTJIOIIAOT PAa3HBINA CBET? ITO 3aBUCHUT OT YMCJIA U PACIIOJOKEHUS TBOU-
HBIX CBSI3€H, MPUCYTCTBUS B HUX apOMATHUYECKHX KOJIEIl ¥ aToMa MeTallia
B MOJIEKYJIC TUTMEHTA.

KapoTuHoupl HE TOJBKO MEPENAOT MOTJIOMIEHHYK) CBETOBYIO JHEP-
TUIO XJOPOMUIITY, HO M BBIMOJHSIOT 3alUTHYIO GyHKIMI0. [lormoTuBias
KBaHT CBETa MOJIEKYJIa XJIOpo(uia crnocoOHa mpopearupoBaTh ¢ KUCIO-
poaom arMocgephbl, B pe3yJIibTaTe 4ero MoJIeKyJjia XJOpopuia nepexoaur
B OCHOBHOE COCTOSIHME M 00pazyeTcsd aKTUBHBIA KHCIIOPOJ, KOTOPBIM MO-
KET BBI3BATh MOBPEXKIACHUE XJI0poPULIoB 1 MemOpaH. KapoTtuHouas! 3a-
MIUIIAIOT KJIETKY OT 00pa30BaHWs aKTUBHOTO KUCIIOPOJa: 3a0Upar0T SHEP-
THIO OT XJIOpOo(uIa U BBIJCISAIOT €€ B BU/JIE TeIUIa. Y pacTeHUM-MYTaHTOB,
HE MMEIOIIMX KapOTUHOUJIOB, B a3pOOHBIX YCIIOBUIX XJIOPOMUIII OBICTPO
pazpyIiaercs, 1 OHU NOTHOaroT.
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TecToBBIC 3aaHUA

1. Kak Ha3wIBaroTcst OeCLBETHRIC MJIACTUEI?
1) nelikonaacTel; 2) XJIOPOIIACTHI; 3) XpOMOIIIACTHI, 4) MUTOXOH/IPHHU.

2. B xakux mmactuaax ocymecTBiseTcs npoiecc horocuHTesa?
1) xmopomnacTsl; 2) AEUKOIIACTHI; 3) XpOMOIIIACTHI, 4) MUTOXOH/IPHHU.

3. B xakux opranougax KJI€TKU MPOTeKaeT (HOTOCHHTE3?
1) MmuToXoHApUM; 2) TEPOKCUCOMBI; 3) XJIOPOIIACTHI; 4) pUOOCOMBI.

4.V kaxute (HOTOCMHTETUIECKUE MUTMEHTHI BBICIIIMX PACTEHUM.
1) anTouMaHbl, XJIOPOPUIIIBI, KAPOTUHOU/IHI,

2) KapOTHUHBI, KCAHTOPUIIBI, XJIOPOPUILIIBIL;

3) xsopohuIbl, aHTOLUAHBI, (DJIABOHOU/IBL;

4) kcanToQUIBI, GUKOOMIMHBI, KAPOTUHOUIBI.

5. Kakue 13 MATrMEHTOB SIBJISIFOTCS BCIIOMOTATEIIBHBIMU TIPU (DOTOCHH-
Te3e?
1) anTorMaHkl; 2) KapoTUHOUABL, 3) XJIopoduit a; 4) xaopodun b.

6. B kakWX CTPYKTYpHBIX KOMITIOHEHTAaX XJIOPOILJIACTA JIOKAJIW30BAHBI
MUTMEHTBI PACTCHUIA?
1) B maTpukce; 2) B Tuiakouaax; 3) B ctpome; 4) B MaTPUKCE U B TUJIA-
KOUJIAX.

7. Kakas yacth MOJIEKYJIbl XJ1I0po(duiia 00yClIaBIMBAET €€ TUAPOPUIIb-
HbIE CBOMCTBA?

1) moppuprHOBOE KOJIBLIO; 2) IUKIONEHTAHOBOE KOJbIIO; 3) OCTaTOK
criupra durona; 4) MeTaHoI.

8. [Ipu (hoTocuHTE3E MOTIOWAIOTCA CIEAYIOLIME JIyYr COJIHEUHOTO CBE-
Ta:

1) kpacHele, cUHUE, 3EJICHBIE;

2) KpacHbIE, KENThIE, (DUOJIETOBBIE;

3) KpacHbIE€, CUHUE, (PUOJIETOBHIE;

4) cunue, PUoJIETOBBIC K YACTUYHO 3E€JICHBIE.
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9. Kakyto 00;1aCTh CEKTpa COJTHEYHOTO CBETA MPUHSITO CUUTATH 3a (Po-

TOCUHTETUYECKU aKTUBHYIO paauanuio (DAP)?
1) 380-720uMm; 2) 290-380HM; 3) 450-860uM; 4) 720-4000HM.

10. ¥V BeICIIMX pacTeHUI 1 BOAOPOCIEH 00HAPYKEHBI XJI0POMUILIIBI
a) o, B;
0) a, B, v, o,
B)a, b, c,d,
r)a,b.

&
e:

9

11. Ykaxure Gpopmyny xjaopouiimHa:
a) Cy4oHs604; 6) CssH7,0sN,Mg;
B) CyH300OH; r) C3,H;3,0,.NMg.

12. YkaxxuTte 3J€MEHT CTPYKTYPHI JINCTA, KOTOPBIM MPUHUMAET MPSIMOE
y4acTHe B MpoIecce POTOCUHTE3A

a) Me30(hUILT; 0) NpOBOASAIINE TYUKHU;

B) YCTBHUIIA; I') BEPXHUU AIUIEPMMUC.

13. Ykaxure gepHoe yTBEpKICHUE. ¥ pacmeruti omKpbimulx mecm oou-
Manus

a) CTOJOYAThIA ME30(DWIT COCTOMT W3 HECKOJBKUX CJIOEB KJIETOK U
MMEET 3HAUYUTEIIbHBIN 00N 00BEM;

0) cToa04aThIi Me30(UIT COCTOUT U3 OJHOIO CJIOS KJIETOK M UMEET He-
3HAYUTEILHBIA 00NN 00bEM;

B) JINCThS KPYITHEE U TOHBIIIE, YEM TEHEBBIC JIUCTHS;

') IPOBOJAIIAS CUCTEMA MEHEE MPOTHKEHHAS, YEM Y TCHEBBIX JIMCTHEB.

14. Kak Ha3pIBalOTCA MIACTUBI, (POPMUPYIOIIMECS MPU BhIpAlIMBAHUU
pacTeHusi B TEMHOTE?

a) JIEUKOIIACTHI; 0) XpOMOILJIACTHI;

B) ATUOILIACTBHI; I') IPOTOIJIACTUIBI.

15. bnmaromaps kakoMy npuUCHOCOOJICHUIO OOECIEUMBACTCS JTyYIIMH
JOCTYT YTJIEKUCIOTO ra3a, BBIJAECSIONIEr0Cs U3 MOYBBI?

a) TOPCUBEHTPAJIbHASI CAMMETPUS JIUCTA;

0) HalIMYue MEKKJIETHUKOB B ry04aTOi XJIOPEHXHUME JIUCTA;
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B) PACIOJIOKEHUE YCTHUIL MPEUMYIIECTBEHHO B HMXKHEM SITUJAEPMUCE JTH-
CThEB;
I') JINCTOBAsi MO3AaUYHOCTb.

(v

a) Hapy>kHasi MeMOpaHa; 0) cTpoma; B) TUJIAKOU]T CTPOMBI; ') TpaHa.

17 YkaxuTte NMpaBWIbHYIO TOCIEI0BATEIIBHOCTD 3alUCH (POPMYJT TIUT-
MEHTOB (pOoTOCHHTE3a

a

CH,CH,G~0—CH,CH=C(CH,CH,CH,CH).CH
CH,  H CHs 0 CH, CH,

CH,4 CH,




a) xjopodui b, xapopoduit a, f-kapoTuH;
0) xnopodwuin a, xanopoduan b, f-kapoTuH;
r) B-kapoTuH, Xuopoduiut a, Xxjaopodu b.

17 Kakue KneTKy JucTa UMEIOT CIEAYIOIIME MPU3HAKUA: COAEpKaT, Om-
HOCUMENbHO OKPY2a0ll opMbl ¢ OOILUUMU MENCKIEMHUKAMU, KOMOpble
3aHUMAIOm O00abUULI 00bEM, YeM CaMU KIemKu.

a) KJIETKU OOKJIaJKU IMIPOBOIAIINX Ty YKOB;

0) KJIETKM CTOI0UaTOoro (majaucaaHoro) Me3opuia;

B) KJIETKH SMUIAECPMMUCA;

I') KJIETKU Ty0uaTroro mMe3oQuJia.
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