CTPOEHHUE KJUIETKMH -
OCHOBHBIE
OPI'AHOMN/1bI




[IEJIb YPOKA:

PaccMmorpers cTpoeHue

OPraHOM/I0B U OMPEACIUTH UX
(pyHKIMHA




@ Umaxk, c ueeco orce mvl HauUHeM, Mucmep
Caupec? — cnpocun llenkpog na cieoyrouee

ympo.

@ C camoeo nauana, - omeemun Caupec Cmum.

JKrone Bepn




= KTO OTKpPBLI KIIETKY ?
PobepTt 'Yk 1663 ro.q
= Kak Ha3pIBA€TCs HAyKa O KIIETKE ?
LintTonorus \



OpraHongaMu Ha3bIBAKOT
[IOCTOSIHHO IMPHUCYTCTBYIOIIKE B
KJIETKE CTPYKTYPbI, KOTOPHIC
BBITIOJIHSIOT CTPOTO

ONpEACICHHBIC (DYHKIIHU.



M UKD OB OPCHUHEK

Mnazmarudeckan

mMembpaHa
Annapat MonegHuM P
LluToCckener
MmankaAa
IHAONNa3MaTHeCcKan LieHTpHONK
CeTb

JNnzocomel
QOBonoyvka PubBocomel
A4 pa
AApbIW KO — Ml AT 03 OH QP MK
HAapo
MpaHynApHaA LT onnasma
JHA0NNAa3MaTHM4eCKanA

CeTb



Pacnonooicume mempadb COPUSOHMAIIBHO U HAYepmume ma@zuuy

CTpoeHne KjIeTKH

Opranoua

Oco0eHHOCTH

Crpoenue

DyHKIHUHN

DHomiazMar

NYCCKasAa CCTh

I'mankas OIIC

['panynsapnasa I11C

(MeMOpaHHBIN
OpraHou/I)

UMEET BU/I
TpyOOUEK, CTCHKH
KOTOPBIX U3

MeMOpaHBbI.

B HEU
PACIOIOKEHO
MHOKECTBO
prudocom

CuHTe3 IUIMMI0B U

YIJIEBOJIOB.

Cunres Oenka




Opranouanl T

MemOpaHHbIe HememOpaHnHbIe

= SJIPO = pUOOCOMBI

= JIIC = ITUTOCKEJIET

= KOMIUICKC = KJIETOYHBIN IICHTP
[ o mKHM

= JIN30COMBI

= MUTOXOHJPUHU




IHJIASMATHYECKAA

MEMBPAHA
CTPOEHUE OYHKIIWH
buciaon mnouaos c « bapvepnas —
HaxXOOAIIUMUCA B HEM OTTapakKnuBacT
GeIKaMI, BHYTPEHHIOIO CPEY

. KJIETKU OT BHEIIIHEH
OIrPAaHUYUBAIOIIAM KIIETKY

s [lumamenvuas —
OIJIanaeT
ATaTEIbHbIC BEIIECTBA
B BHUJIC KaIlellb
(DIMHOIIMTO3), YACTHI]
((baroTO3) UIIM IIyTEM

g dy3un




T R iemounas memopana

dyHKIMN:
PA3JEIIEHUE COACPKUMOIO KIETKH U BHEIIHEN CPEIBIL;
perymsius oOMeHa BeIeCTB MEXY KIETKON U CpeIoi;
MECTO MPOTEKAHUSI HEKOTOPHIX OMOXMMHUYECKUX PEAKIIUU (B TOM uucie (GOTOCHHTE3A);
00BbEINHEHNE KJIIETOK B TKaHU.
Baxneiilee CBOMCTBO MiIa3MaTUYE€CKOM MeMOpaHbl — MOJYIIPOHUIIAEMOCTh. Uepes Hee
MeJIEHHO UG QYHIUPYIOT TII0K03a, aMUHOKHUCIIOTHI, JKUPHBIE KUCIOThI U HOHBI.

KJIeTOo4YHbIe MeM 6paHbl

coceiHHWXx KNeToK




CTPOEHUE MEMDBPAHDI

BHekneTmHaA cpena

ThaHc-
MEeMBPAHHBI
NPOTEWH

MMUKONPOTEMH

Mukonunua
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UMTOCKENEeTa

BTopocTenexH
MPOTEUH

|l lUuTannasraa



JHT0LIUTO3
[THHOLMT (3

daroupros MnaamaTHieckan

MeMOpaHa \‘

[Na3MaTHyeckan
MemBpaHa

LiuTonnasma

m Hnnn

Liutonnasma



IK30IIUTO3

Mpoy kT 3 Q 000

MnazmaTuyeckan BbIAENEeHUA o
MembpaHa O o

Q

My eeapuTensLHan
BAKYyONb

UuTonnasma



) Humonnasma
IIpencraBisier coO0M BOASHUCTOE

BeliecTBO — euanonaazma (90 %
BOJIbI), B KOTOPOM PacIioJIaratoTcs
Pa3JIMYHbBIE OpP2aHoUobl, a TAKKE
BKJIIOUCHUS (TIBIOKH [NIMKOT€HA,
KaIruIu KUpa, KpUCTaJIIbI
Kpaxmalia.

B rnanoruiazme nporekaet
IJIMKOJIN3, CUHTE3 YKUPHBIX
KUCJIOT, HYKJIEOTUIOB U JPYTUX
BELIECTB.

ABiseTcs fJMHAMHUYECKOU
CTPYKTypou. Opranesibl
JIBUKYTCS, 4 MHOTIIA 3aMETEH U
YUKI03 — AaKTUBHOE IBUKCHHE, B
KOTOPOE BOBJIEKAETCA BCS
IIPOTOILIA3Ma.




[IUTOILJIAZMA

CTPOEHUE OYHKIINN

BuyTpenuss cpega ObecnieurBaeT
KJICTKU NIESATEIILHOCTD

KJIETKU KaK €1UHOU

CUCTCMBI







S
AJIPO

CTPOEHMUE OYHKITUN
3aMKHYTBIM pE3epBYyap, XPpaHEHHE T€HETUYECKOU
OKPYKECHHBIH JBYM MH(OPMAIIUX U CUHTE3
CJII0SIMU MEMOpaH, PHK

MIPOHU3AHHBIX

SAICPHBIMM TTIOPAMHU.
BHyTpu HaxoguTcs
ANEPHBIN COK,
XPOMOCOMBI (COCTOSIT U3
HK u Oenka) u
HI[pBIIIII(I/I ( COCTOST U3
PHK u Oenka)




Aopo

o Ilo pa3zmepam (10-20 MKkM) SIBISASICH cCaMOM KPYITHOM U3
OpTraHeL.

o Baxueiieit dyHKIMEHR s/ipa SBISETCS COXpPAHEHUE
reHEeTUYEeCKOM HH(pOpMAITUH.

0 [lokpeiTo s0epuoit 00010uUKO0U, KOTOPAA COCTOUT U3 IBYX
MEMOpaH: HAPYKHOW U BHYTPEHHEN, UMEIOIIUX TAKOE K€
CTpPOEHHE, KaK U IJa3Marndeckas meMOpana. Mex1y HUMHU
HAaXOJIUTCS Y3KO€ MTPOCTPAHCTBO, 3AIIOJTHEHHOE
MTOTY>KUJKUM BEIIECTBOM. Yepe3 MHOKECTBO IIOP B
JIEpHOM 000JI0UKE OCYILIECTBISETCSI OOMEH BEIIECTB MEKY
AAPOM U LIUTOIIA3MOM (B 4aCTHOCTH, BBIXOJI

u-PHK B npromiasmy). BHenHsAs MemMOpaHa 4acTo ObIBaeT
ycestHa pudocoMamu.

0 B kapuonnazmy (1epHBII COK) MTOCTYNAIOT BENIECTBA U3
nuToriazMbl. COIEpKUT XPOMATHH — BEILIECTBO, HECYIIEE
JHK, u adpsiuuku - oxpymiibie CTpyKTypbl BHYTPH s11pa, B
KOTOPOU MPOUCXOAUT (DOPMUPOBAHKE PUOOCOM.

0 CoBOKYImHOCTH XpOMOCOM, COAECPKAIINXCS B XPOMATHUHE,
HAa3bIBAIOT XPOMOCOMHBIM HADOPOM.




MUTOXOHAPUA

EHxHvyTpeHHAA EHew HAA
KpwvicTa fMaTpHkEc mMemabpadHa rmMembpaHa
- T o — e g s f{k‘, ,;f‘,.;.-.




MUTOXOHAPUA
CTPOEHUE OYHKIINN
OBaJIbHBIE TEJIBIIA, Cunre3 ATO npu
COCTOSIME U3 IBYX CIOCB JIbIXaHUH, CIIOCOOHBI K
MEMOpaHbI: BHEIIIHETO CaMOCTOSTECILHOMY

(IAAKOTO) M BHYTPEHHEro  JACJICHHIO
(oOpas3yeT CKIaJIKHu —

KPHUCTHI)




KOMIUVIEKC I'OJIBJZKH
R & - | . l/?': -




o
KOMILIEKC 1I'OJIB/1KA

CTPOEHUE
KoMmruieke 3aMKHYThIX

MeMOpaHHBIX

pEe3epBYapoB,
PACIIOJIOKECHHBIN BOJIN3H

saapa

OYHKIIWNU

CuHTE3 )KUPOB U
MOJIMCAaXapUJIOB,
TPAHCHOPT BEIIECTB U UX

CEeKpeLMs, 00pa30BaHUE




Duoonniazmamuueckas cemo

= CETh MEMOpaH, MPOHU3BIBAIOIIMX IIUTOILIA3MY.

= CBSI3BIBACT OPTaHOM LI MEXKY COOOH, 10 HEW MPOUCXOAUT TPAHCTIOPT MUTATEIBHBIX
BEILECTB.

» [Imagkas SIIC umeert BU TpyOOUEK, CTEHKU KOTOPBIX U3 MeMOpaHbl. B Hel
OCYIIIECTBIISCTCS] CUHTE3 JIUIIUJIOB U YIJIEBOJIOB.

» Ha MemOpanax kananoB u nonocteit rpanyasipaoi I1IC pacnonokeHo MHOKECTBO
pruOOCOM; TaHHBIN TUI CETH Y4acTBYET B CUHTE3€ OelKa.

“‘
\\ PHBOCOMI
\\ MpaHynApHan

MembpaHa  3aHQONNasMaTHYeckan

. S
> b
ceTh | ©

Mapkana
JHgoNNazMaTuyecKkan

CETb |
4




JIN30COMBbI




JIN30COMBbI

CTPOEHUE OYHKIUHA
3aMKHYTBIC MeMOpaHHble  IlepeBapuBaHue

TEeJIbIIA, COICPKAIIINE IIOCTYMHAIOIIMNX B KIICTKY
(bepMEHTHI, UTaTEIIbHBIX BEIICCTB,
PaCICILISIOIINE caMOpa3pyIICHHUE
pa3IMYHbIC BEIECTBA OTMHUPAIOIMX KIIETOK
KJIETKH R

annapar lNonea xu

- -
NMAN30COMbI

&
/

/
s

@
1

NepesapHuBanne

N




Puoocomui
menkue (15-20 am B 1uamerpe) opraHouibl, coctosimue u3 p-PHK u
MOJIUIICTITH/IOB.

Baxueimas GyHKIUS — CUHTE3 OeJKa.
VX KOMMYECTBO B KJIIETKE BEChbMa BEJIMKO: THICSYN U JICCATKH THICSY.

Pu6ocomMbl MOT'YT OBITh CBSI3aHBI C SHJIOMIA3MATUYECKOM CEThIO WIIM
HaXOAUThCS B CBOOOTHOM COCTOSIHMU. B mpolecce cuHTe3a 00bIYHO
OJIHOBPEMEHHO y4aCTBYIOT MHOXKECTBO pUOOCOM, O0BEIMHEHHBIX B 1ICTIH,
HA3bIBAEMBIE ROAUPUOOCOMAMU (ROTUCOMAMU).

LWwepoxoBaras aHgonnasMatm4eckas ceTb
3NEKTPOHHBIA MUK POCKON PO COMBI




9

MOXET JOCTHTaTh HECKOJIBKHX MUKPOMETPOB. CTCHKH MUKPOTPYOOUCK CIIOKCHBI U3
Oenka TyOyauHa.

ll CHMPUOJ/IU BcerpedaroTcs B KIETKaX )KUBOTHBIX U HU3IIMX PACTCHUM — MEIIKHE

MOJIbIE HUIUHAPHI NIMHOW B JECATHIC 10U MUKPOMETPA, IIOCTPOCHHBIE U3 27
MUKPOTpYOOUEeK. Bo BpeMs iesieHUsI KIIETKA OHU 00pa3yroT BEPETEHO JCIECHUS.

bazanvnuvie méeJibUd no crpykrypaMm UACHTAYHBL IEHTPUOIISAM, COLEPIKALIUECS B
KTYTUKaX U pECHUYKaX. DTU OpraHeUIbl BI3bIBAIOT OMEHUE KTy THKOB.

Hpyras GyHKIHAS MEKPOTPYOOUYEK — TPAHCTIOPT MUTATEIbHBIX BEIECTB. MUKPOTPpYOOUKH
MPEACTABISAIOT COOOM JOCTATOYHO KECTKUE CTPYKTYPHI U MOAAEPKUBAIOT POpMY
KJIETKH, 00pa3ysi CRBOCOOPa3HbIil Yumockeiem.

C omopoil u ABMKEHHUEM CBsI3aHa U el oJiHa (popMa OpraHesT —
M qu0¢llJlaM€Hm bl — ToHKHE OCJIKOBBIE HUTU JUAMETPOM S5—7 HM.

Tpuaner
MHKDOT Y BOK 2




CTeHKa

KNEeTKKH

LleHTpaneHaA
BAKYONb

MUTOXOHAPHUY —
Annapar

MoneaHM
Pubocomel

Aapo
ANpbIW KO

Maakan

JHaonnasMaTeckad +——

CeTb

LT onnazma

ANoponnacTel

Mnazmarudeckan
MembpaHa

Mnazmopecma

JIM20COMBI

O Bonoyka

Aapa

MaHynapHaA
IHAOMNasmMaTUYeCcKan
CETh




S
= B pacTuUTeNbHBIX KJIETKaX MPUCYTCTBYIOT BCE OpraHeIbl, 0OHAPYKCHHBIC B
KHUBOTHBIX KJIETKAaX (32 UCKIIFOYEHUEM LICHTPUOJIECH ).

s Knemounwvie cmenku PACTEHUI COCTOST U3 LEJIIONI03bI, 00pA3YIOIIEH
MUKPOPUOpHILIBL. B KileTKax IpeBOBUAHBIX PACTCHUN CJIOU IEJITIOJIO3BI
MPOIUTHIBAKOTCS TUTHUHOM, TTPUJIAIOIINM UM JOTIOJTHUTEIBHYIO KECTKOCTb.

= Cniyxar paCTeHHSIM OIOPOU, MPEAOXPAHSIOT KJIECTKH OT Pa3pbIBa, OMPEACIISIOT
(hOpMYy KJIETKH, UTPAIOT BAYKHYIO POJIb B TPAHCIIOPTE BOJBI M ITUTATEIILHBIX
BEIIECCTB OT KJIETKH K KiIeTKe. COCeIHME KIIETKH CBSI3aHbI APYT C APYrOM
njaazmooecmamu, NIPOXOISIIIAMU YE€PE3 MEJIKHUE TTOPBI KIETOYHBIX CTEHOK.

s B AK)YO0J/1b — HanlOTHEHHBIN )KUIKOCTbI0 MEMOPAHHBIN MEIIOYEK.

= B XMBOTHBIX KJI€TKax MOT'YT HaOJMIOIaThCsd HEOOIBIINE BAKYOJIH, BBITOIHSIOIINE
(haroUTapHYIO, MUIICBAPUTEIBHYI0, COKPATUTEIBHYIO U IPyTUe PYyHKIIUH.

= PactuTenbHbIE KIETKM UMEIOT OJIHY OOJIBIIYIO IEHTPAJIbHYIO BaKyOJb C
KJ1emO4YHbIM COKOM. ITO KOHIICHTPUPOBAHHBIN PACTBOP CaxapoB, MUHEPAIbHBIX
COJICH, OPTaHUYECKUX KUCIIOT, MIUTMEHTOB U APYTHUX BEIIECTB.

» Hakarmmmsaror Boay, MOTYT COAEPKATh KPACIUIUE MUTMEHTHIL, 3aI{UTHHIE
BEILIECTBA (HApUMEp, TAHHUHBI ), TUAPOJIUTAYECKUE (PEPMEHTHI, BBI3BIBAIOIIIHE
aBTOJIN3 KJIETKH, OTXOJbI )KU3HEICATEIbHOCTH, 3aMIACHBIC TUTATEIIbHbBIC
BEIECTBA.



0Bonoyka Kaneneka xupa

AN0ponnacTa it

Nlamenna Tunakoun

CTnoma



T IIacTHABL: XJA0pomiactel,

XPOMOILIACTHI, JICHKOILIACTHI

CTPOEHMUE OYHKIIMHN
MeMOpaHHbI€ Opra’He/yibl - (POTOCHHTETHYCCKAs
PA3IUYHOU OKPACKHU - 3aracHasl

- 3eneHbIe - MOTYT IIEPEXOAUTH IPYT
- LIBETHBIC - B Jpyra, CIiIoOCOOHEI K

. OEeCIBETHBIE - CaMOCTOSITCIIbHOMY

- ACJICHUIO

OBonovka Kanenkka xupa

xnoponnacta T

Namenna Tunakoug




XJIOP()HJIAC Thl




T OKMBOTHAST T PACTUTENBHAST

Annapar Fonsam

Lurockener

Mnagkan
JHAONNAIMATIHECKAR
CET

OBonoyka
Alpa

AapkIL KO
fAano

MhaHynApHaA
JHAONNA3MATIMECKAA
(BTh

KJIETKA

MUK OB OPCHHKK

MnaamaTHyeckan
MemMinaHa

Liuronnaama

CTeHKa
KNeTKH

LIeHTpaneHaa
BaKy 0Nk

MUTOXOHARMH

Annapat
[ONk01

Pubocomel

Anpo
Anpkiw Ko
Mnagkan

GHADHHGSMGTH-IECI{GFI'% =

CETb

Linronnazma

XnoponnacTel

[nazmatuieckan
MemMapaHa

Mnamogecma

THa0coMBI

(Ofonauka
Alna

MhaHynApHAA
IHAONNA3MATMYECKAA
CETh




PacTureabHaf Kiierka ZKMBOTHAA KJIETKA

CXoncTBO

1. Hanuuue nmnazmarryecko MeMOpaHBI.

2. llutommaa3Msl

3. Snpa c¢ sapeikom

4. XpomMocoMm

5. DHmoruta3MaTU4YeCKOU CETH

6. MwuTtoxoHapuin

7. Pubocom

8. Komrmekca I opxu
O1anuung

EcTh 11eHTpanbHas BaKkyoJIib Het nieHTpanibHON BaKyoIu

EcTth mmacTuanl Het mractun

Het nu3zocom Ects mu3socomMbl

Knerka cHapy»Xu MOKphITa Krnerounas CTeHKa OTCYTCTBYET,

LEJUTFOJI03HON KJIETOYHOU CTEHKOM  CHAPYXKU MOKPHITA TNIMKOKAJIEKCOM



BBIBO/I:

DOyHKIUHA OPraHOUI0B
CJIO2KHbI 1 MHOI000OPAa3HBLI.
OHH UrparoT AJIs KJIETKHU TY
7K€ POJib, YTO U OPraHbl AJIsl
[1eJIOr0 OPraHu3Ma.



S
KOHTpOJIbHOE 000011ICcHH e

MaTepuaJjia

1. Ilepeuncianre MeMOpaHHEIC
OpTaHOUIbI KICTKHU.

M UKpPOB OPCHHKK

Mnasmarmwieckan
membpaxa

Jivzocomel
OBonouka Pubocomel
Aapa
Anpsiw ko M uT OX OHAP MM
Aapo
MpawynapHa Luronnazma
3




« [luTOIIIa3mMarnyeckas
MEMOpaHa,
SH0IJIa3MaTHYECKasl CETh,
KOMILICKC | 0J1b 1K,
MHUTOXOHJIPUHU, TU30COMBI,
IJ1ACTUIBI



.» Kakue XuuMH4YeCKHe

BEILICCTBA O0OPA3YIOT
[IM?



= bDEJIKU U JIUTINIBI

BHEeKNneTtHHaA cpeaa

TpaH:- [NMKONPOTEMH &
MEMOPAHHBIM 2
MPOTEHH

Mukonunug

—

BTOPOCTENEHHE
NPOTEMH

Hmu
UMTOCKENETa

LuTonnazma




=« Kakon opranoun
SABJISICTCS
SHEPrETUYECKOU
CTAHIIUEN KJIETKU!



= MUTOXOHIpUA

rmermbpadHa

BEBHvyTpeHHAA EHew HAA

hMaTprmkc membpadHa




» Kakyro (yHKIUIO BBIIOJHSIOT JU30COMBI?




=« BHYTpPHKIIETOUYHOE
[MUIIICBAPEHUE U
PACILECIIIICHUE
BEIIICCTB



« KakoBa pyHkius komiuiekca ['oabku?
AN 5 DA T TR o~ PR e




« CUHTE3 TUIINOO0B U
YIJIEBOIOB,

CEKpenms OCJIKOB,

YIJIEBOAOB U JIMIIUI0OB



= 3HQYCHHUE PUOOCOM IJISI KICTKHU

LWwepoxoBaras aHgonnasMatm4yeckas cetb
3NEKTPOHHBIA MUK POCKON prbBO COMBI




«CuHTes Oeyka




= Kakue opranouibl CO31ar0T
[IUTOCKEJIET KJIECTKU




=« MUKpOTPYyOOUKH

Tpunnet
MUKPOT Y BOK 2




= UTO Takoe BKJIIOUECHHE"?

Ofonoyka Kanenka wupa

xnopannacta fkng

Namenna Tunarkoua

CTnoma




= HermocTossHHBIE CTPYKTYPHI, T
HAXOJUTCA 3arac MUTATEIbHbBIX
BEILICCTB: JKUP, Kpaxma, OCIIOK




= 3HaucHue JIIC?

Pubocomel

MembpaHa

MpaHynApHaA
JHAoNNa3mMaTu4ecKan
CETh

MMapkan
JHQoNNasmMaru4eckKan
CETb

4

4




= [llepoxoBaroe I11C — cunTE3 M
TPAHCHOPT OCJIKOB

« [ magkoe I11C — cuHTE3 U TpaHCHOPT
JIAIIN]IOB




= UeM OoTaeNneHo aapo OT HUATOIIA3MBbI !




= /IByCcnoriHOM AnepHOM
MEMOPAHOM.




= Haz0B1 HEMEeMOpaHHBIC
OpTaHOU/IbI




= PuOOCOMBI, KI€TOYHBIN LICHTD,
MHUKPOTPYOOUKH.

Tpunner
MHKDOT Y BOK__




JlomaniHee 3agaHue :

« Ilaparpadsl 7-8 yunThb

= 3HATh CTPOCHUE OPTaHOUIOB
U UX (PYHKIUHU




