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[MoBTOPEHMEe NponaeHHOro maTtepumana.

1.A3y4yeHnem cTpoeHns U (pyHKLMN KNEeTKU 3aHUMaeTCA HayKa.
A.Ombpuonorus; B.Cenekuyus;
b.l'eHeTUKa; LUutonorus.

2.CxoacTBO oOMeHa BellecTB B KfleTKax OpraHM3MoB BceX LlapCTB XXUBOW
npupoabI» - 3TO OAHO U3 NONOXEHUN TEOPUMN:

A.XpOMOCOMHOW; B.9BonNoLUMOHHON;
b.KnetoyHoun; [.[MponcxoxgeHns XusHu.

3.BHYTpeHHAA nonyxunakas cpeaa KneTku, NPoOHU3aHHaa Menb4aruliuMn HUTSMU U
TpybGoukamMu, B KOTOPOW pPacnosioXXeHbl opraHouAabl U AP0 — 3TO:

A.Bakyornb; B.annapart lNonboxu;
b.uuTtonnasma; [.MUTOXOHOPUMN.

4.0praHouabl, cocTosilwme us ocoooro Buaa PHK, pacnonoxeHbl Ha rpaHynsipHoOun
3HAoNIa3MaTU4YeCKOU CeTU 1 y4YacTByloLwme B OMocuHTe3e 6ernka — 3To:

A.NTN30COMBI; B.pnbocombi;
B.muTOXOHAPWUY; [.xnoponnacTbl.
5.0praHoua, oTrpaHU4YeHHbIU OT LUTONMNa3Mbl O4HON MeMOpaHOU, coaepXKalinmn
MHOXeCTBO (pepPMEHTOB, KOTOPbIe pacLensIgoT CII0XKHbIe OpraHu4YecKue
BellecTBa A0 NPOCTbIX, MOHOMEpPOB:
A.MuUTOXOHAOPUS; B.pnbocoma;
b.annapat onegxu; [.nn3ocoma.



3apucoBaTb B TeTpaAb XXUBOTHYIO KITIETKYVe




LinTonnasma = ob6sa3amernbHas Yacmb KriemKue
3aK/MYEHHas  MexOoy nrnasmamudyeckou membpaHou u

S0pPOMe

OHa BKNto4YaeT B cebsi pasnunyHble
opraHoudble [poOCTpaHCTBO MeXAy HUMM
3arosfiHEeHOo LUMmo30sieM = BA3KUM BOOHbIM
PacTBOPOM COMeN N OpPraHNYeCKmX
BELLECTBg NPOHNU3AHHBLIM CUCTEMOW
OEnKoBbIX HATEWN = L|LIMOCKENIEMOMe
BOMbLUMHCTBO XUMUNYECKUX N PUN3Nonorn=
YECKMX MPOLECCOB KITETKU NMPONCXOOUT B
umMTonnasmMee BHOBb CUHTE3NPOBAHHBbIE

6enkn n gpyrne BewecTsa
nepemMeLlatTcd

BHYTPW KINETKN Uin BbiIBOOATCA U3 HECe

/Hangnte untonnasmy Ha pUCyHKe U
obo3Ha4bTe €é/.



[TnasmaTtnyeckast MembpaHa = orpaHWuMBaET KNeTKy oT
OKpY>KatoLLen cpeabl U OpYyrux KreToKe

[1ne membpaHa cocTonUT U3 NUNUAOB U
OenkoBe

JInnuabl o6pasyroT ABOMHOW Crosie @ OENKK
NPOHN3bIBAIOT BCIO €€ TOSILLYe MNOrPY>KEHDI

MnasMaTn4eckan MEMﬁDaHa | |

Ha pasHyto rMybuHy B NMUNUAHbLIA CROW UIn

pacrnonaratTca Ha BHELLHEN N BHYTPEHHEN
NOBEPXHOCTU MeMbpaHble K HEKOTOPBLIM

benkam NPUKpernsieHbl yrnesoble benku un

YIneBoabl Ha NOBEPXHOCTU MeMBpaH Y
pa3HbIX KNETOK HEe OAMHAKOBbI U ABMNATCS
yKasatensamu Tuna KrneToKe

BenkoBble MoneKkynbl obecnednBaoT
N36UpaTenbHbIN TPAHCMOPT CaxapoBe

adMNHOKNCI1OTe HYKJTEOTUOOB U [1Pe B KITETKY

N U3 He€e [N NepeHoca Boabl U MOHOB
cylwecTtytoT nopbl fnaccMeHoe nocTynneHne

B=BJe aKTUBHbI NEPEHOC B=B 0Oecne4YnBatoT

0 cneunanbHble Benkve




JIn3ocombl or rpey. «nn3eo» - PacTBOPS0 N «COMay - TESO.

MnasMaTH4eckan Mem ﬁpaHa

Hanoute nn3ocomMmbl U
N3y4muTe CTpoeHue.

3mo membpaHHbIe op2aHoUOkl,

Komopsbie umMerm oeasibHyro

gopmy u d=0,5 mkm.

B Hux Haxooumcs Habop pep-
MeHMOS.

MeM6paHa JIU3OCOM r1pO4YHaA u
rperiamecmeyem rpoHUKHO&8e-

HUt0 cObCcmMBeHHbIX hepMeH-

maoe 8 yumeoriia3my Kriemeku.

NusocoMa



MuTtoxo HOPWU = ot rpede «MUTOCKP = HUTbe €XOHAPUOHMP
- 3eDHOe

| Hangoute opraHoua n usydute ero
| CTDOEHME.

MnasMmarn4eckan MeM GpaHa

T SR

Uuntonnasma

B ; g dopma ux pazHoobpasHa, OHU Mo2ym

T sl | GLime oea’sibHbIMU, NajI0o4YKO8UOHbLIMU,
HumMmeguOHbIMU CO cpedHUM d=1TMKM u
ONMUHHOU=7 MKM. CHapy>ku OHU Oo2paHUY4€eHbl
8HewHell MmembpaHoOU /noxoxa Ha nnasmMamu —
o ik yecKyro memb6paHy/. [1o0 Hel pacrnonazaemcsi
|:| 4 i BHympeHHss1 Mem6paHa,o6pa3yrowjasi ckinadku

&Y i - - Kpucmbl. BHympu Haxodsimcsi PHK, JHK u
- pubocombi. B amu membpaHbl 6CMPOEHbI
crieyuguyeckue ghepMeHMbI.
B mumoxoHOpusix npoucxooum

npeobpa3oeaHue 3Hepauu nNuujesbix eewecms

Nnzocoma
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CmpoeHue rsacmuo.

1.Xnoponnacmaei N0 OpMe HaNOMUHAKOT AUCK UK Wwap d= 4-6 MKM C JBOVNHOM
MembpaHon/HapyXHown 1 BHyTpeHHewn/ .BHyTpn numetotca [HK, pubocombl 1 ocobble
MeMOpaHHble CTPYKTYPbl — FPaHbl, CBSA3aHHbIE Mexay COO0N U C BHYTPEHHEN
mMembpaHon xfioponsiacTa. [paHbl pacnonaratTcs B LWaxMaTHOM nopsiake ong
nyJyuwero ynaenmBaHNsa CONHEYHOro ceeTa. B HMX HaxoguTca xnopodunn.

2.Xpomonsacmael cogepxaT MMrMeHTbl KpacHOro 1 XXENTOro LBeTa.

3.Jleukonnacmasi Ha CBETY MOryT npeBpallaTtbCA B XJ10porJiactbl, a OCEHbIO — B
XpomMornacTbl.

Tunaxowa ‘
CTROMBI

Tunakoua

MpaHa rpaHbl

Crpoma

[eopruHbl




JHAonna3smMmaTn4yeckas cetb U puboCcoMble

Pubocombl

JHaonnasmarudyeckas ceTb

OlC = cucrtema cnHTE3a 1 TpaHcnopTa opraHNYecKnx
BeLlecTBe [MpeactaBnseTr cobon axypHyt KOHCTPYKLMIO
N3 COEANHEHHbIX MONOCTENe KaHANbLUEB N TPYOOYEKe
OHu orpaHnyeHbl MeMbpaHOM CXO4HOWM MO CTPOEHUIO C
nrasmaTuyeckon membpaHoie

anc
MAL iAFI LLUIEPAXOBATAA
I16e3 pnbocoml Ik vembpaHe
KpensaTcs
pudocomsil

Pubocombl = menbyaniume opraHonabl KNeTkng
nmetrome sna cepbl ¢ d=20 HM 1 cocTodAwmx n3 p=PHK un
benkae Ha HMX nponcxoauTt cuHTE3 6enkoBe 3aTem
CUHTE3NPOBaHHbIE BENKM NOCTYNatT B CUCTEMY MOSNOCTEN
N KaHamnbLIEBe MO KOTOPbLIM NEPEMELLAIOTCH BHYTPU KINETKNe

B untonnasme ectb cBoOOAHbIE prb6OCOMble OHU
pacnonaratoTcs rpynnamMig Ha HUX TOXE CUHTE3UPYIOTCS
Genkne CNOMb3yeMble CaMOW KNETKOWe



Komnnekc fannapat) Flonboxue

Jlnzocoma

3HaonnasmMaruyeckasa ceTb

Komnnekc
Fonbaxu

Komnnekc siBnsieTca cneyuanbHbIM
annapaTtoM Ans KOHUEHTpauum u
TPaHCNOPTMPOBKM NPOAYKTOB BUOCHMHTE3A.
10T opraHong (5-10 MKM) cocTouT K3
3-8 CNoXeHHbIX CTOMKOW, YMOLLEHHbIX,
cnerka u3orHyTbIX, JOCKOOOpa3HbIX NOMOCTEN.
OH BbINOMHSIET B KNeTke pasHoobpasHbIe
JOYHKLMN: YHyBCTBYET B TPAHCNOPTE NPOAYKTOB
BnocuHTEe3a K NOBEPXHOCTU KIETKN U B
BblBEAEHMN UX N3 KNETKU, B HOPMUPOBAHNU
FNIN30COM.

B HacTosiLee BpeMsi CRoXunoch
npeacTaBrieHne O Hanuymn B KNeTke eduHouU
MembpaHHoU cucmemebl. B aTon cucteme
B3aMMOCBSA3aHbl SHAOMMNa3MaTn4yeckas ceTb,
Komnnekc ['onbaXu n NM3oCoMmbl.

PaccmoTpuTe Ha pUCYHKe eauHyto MeMOpPaHHYHo
CUCTEMYe



AOPOe

LleHTpanbHyto YacTb KNeTkn 3aHMmaeT okpyrinoe Tenbue (d ot 3 go 10 mkm) — aapo. OHo
OKPY>XEeHO 060M04KoM cocTosALLEN N3 ABYX MeMbBpaH(nogobHble NnasmaTn4eckomn
membpaHe). O6e meMbpaHbl cpacTasiCb 00pasytoT s0epHkie rnopsl(d=70 HM), Yepes
HUX ocyLlecTBnsieTcss 0bMeH Mexay sapoM 1 uutonna3mon. B aopax Bcerga
NPUCYTCTBYET OAHO UITN HECKONBLKO S0PbILIEK.

MnasMaTH4eckan meM 6paHa MUHOUMTO3HBIE NY3BIPEKK
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XpaHeHme HacneacTBEHHOW MHAOpMAaLIMWe

Xpomocombl

B aope xpaHutca nHopmaums o Bcex
NpU3HaKax

OpraHn3mae O CBOMCTBAX KINETKUg O NpoLeccax
KOTopble

AOJTKHbI NMPOTEKATb B HEWNg A TaK Xe O NPUN3HaKax
OpraHn3ma B LiEJIOMe

NHdopmauma 3anmcaHa B mosiekynax [HKe
KOTOpble

SBMNSAKTCS OCHOBHOM YacTbio XpoMocoMe Kpome
TOro B

COCTaB XpPOMOCOM BXOOAT pa3sityHbIE benkne
XpOMOCOMbI ITO AJINHHbIE TOHKNE HUTUe YBUOETb
KOTOpPbl€E MOXXHO B SJ'IeKTpOHHbIIZ MUNKPOCKOTIe

[Mpn oeneHnm KNeTkn oHM CKpyYnmBatoTCs B
cnuparnbe Npu

9TOM yKOpa4yMBasiCb 1 yTOSLLASAChe
Benyuien ponbto aapa aBngdeTca XxpaHeHue

HacneacTBeHHON MHPOPMaLNg a TaKke
BbIMOMHAET

A\/LUTTIIALD 11IALUTHAA . VAN Aapnadwiiiarn ool



OpraHouabl ABMWKEHUS U KITETOYHbIE BKITHOYEH S e

MNnasmMatnyeckan MembpaHa  [MMHOUWTO3HBIE NY3bIPLKH

leonnam;y. R0

CETb

S Komnnekc
T =) Monbaxu

¥ Pubocombl

Nuzocoma

K opraHonpam ABMXXeHUs1 OTHOCATCAS
Keymukug

pecHu4Ykug yumockesnemfcoctouT us
MUKpOTPYybouekds

MUKPOHUMU = TOHKNe CTPYKTYpbl cocTosiLiue U3

COeAMNHEHHbIX GenkoB§ KJTeMOYHbIU UEHMPg B
ero

cocTaB BXoaAUT UeHMPUOJIbe

KneTo4yHble BKIMOYEeHUSA Ha3bIiBaloT
HeNnOoCTOAHHbLIMU CTPYKTYpaMUM LUtTonna3mMble OHu
MOryT BO3HUKATb U Uc4e3aTb B npouecce
XU3HeAeATeNbHOCTUe Yalle Bcero KrneTouHble
BKITHOYEeHUA cogepxat 3anac nutaTesibHbIX BellecTB
U NPOAYKTbI XXU3HeaeATesIbHOCTU KIleTK e

B pacTuTesibHbIX KrieTKax HaKonsfieHue

nuTaTesibHbIX BewecTB nponcxoant B 8aKyOJIsIX =

MeM6paHHbIX MellKkax ¢ BOOAHbIM paCTBOPOM conen
n

OopraHu4yecKmnx coeguHeHN e



3anonHuTe B TeTpagm obobLLatoLLyto Tabnuuye

<«¢CTpoeHune n byHKLUNN OPraHoMaOB KINETKMNPD

CTpO€EHME N PUCYHOK
HasBaHune opraHonaa KneTku opraHomnga DyHKLMM opraHonaa

Lintonnasma

[MnasmaTtnyeckas membpaHa

JInsocomsbli

MuToxoHgpum

[NMnacTungbl

AlC, pnbocombl

Komnnekc Nonbaxu

Anpo

OpraHounabl ABUXEHUS,
KIETOYHbIE BKITHOYEHUS




