Tema: KnetoyHasa o0onoyka

3agauu:

N3yunTb 0COBEHHOCTN CTPOEHUSA U
PYHKLMM KNETOYHBIX 0O0MNOYEK.

Ilumenos A.B.



Oborioyka XuB0MmHbIX KIiemokK

dunbpunnol
MEXKKIETOYHOIO
mMaTpukca

mMukonpoTeunH

Cno rnvkokanukca

M'mapodunbHas
yacTtb hoconunuaa

CHa ﬁ(c% -

..................

dunameHTbl

unTockeneta XONECTEPUH

MonyvHTerpanbHbln 6enok
Mepudepuyecknin  MHTerpanbHbin 6enok
Benok

O6onoyka XXUBOTHOM KIEeTKU NpeacTasneHa
rnrasmanemMmMmou, Ha NOBEPXHOCTN KOTOPOM
HaxoOuTCSA a/TUKOKarsluKC.




Oboroyka XUBOMHbIX KIemokK

B HacTosiLee BpeMst ODLLENPUHATON ABASETCS KNOKOCTHO-
MO3anyHasi Modernb cTpoeHust nnasmaneMmmsl. OCHOBOW
MeMbpaHbl ABnseTca NMNuaHbin 6UCnon, B KOTOPOM
rmapodobHblie XBOCTbl dhochonunmaos obpalleHbl BHYTPb, a
rmapodouIibHbIE rONOBKU — HAPYXY.

C nunngHeiM 6ucroem cessaHbl 6enkn (4o 60%) — oHK
MOTYT NPUMBbIKaTb K TIMANgHOMY BMCO0, NOrpyXaTbCs B
HEro UM NPoHM3bIBaTb €ro HAaCKBO3b.



Oborioyka XuB0MmHbIX KIiemokK

dunbpunnbl
MEXKINETOYHOro
maTpukca

nukonpoTenH
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Cno rnvkokanukca

M'mapodunbHas
yacTtb hoconunuaa

M'vapodobHble XBOCThI

dunameHTbl

uMTOCKeneTa OMECTEPMH

/,J ~C \\:_
MonyvHTerpanbHbin 6enok -
Mepudepuyecknin  MHTerpanbHbin 6enok
Benok

*‘UHmeeparbHble Bernkn npoHn3biBaloT MeMbpaHy HacKBO3b;

*r10/1yUHMezparsHbIe NOrPYKeHbl B MEMOPaHy Ha pasnuU4Hyo rmyouHy;

‘riepuchepuyeckue benkn HaxoasaTca Ha BHELLUHEN UITN BHYTPEHHEN
NOBEPXHOCTU NIMNUAHOro bucnos;



Oborio4yka XUu80MmHbIX KI1emokK

dunbpunnbl
MEXKINETOYHOro
mMaTpukca

Cno rmyukokanukca
mMukonpoTeunH

4 ?‘?::\*

M'mapodunbHas
yacTtb hoconunuaa

M'mapodobHble XBOCTbI
dunameHTbl

unTockeneta XONECTEPUH 7 P SN
MonyuHTerpanbHbIn 6eno
Mepudepuyecknin  MHTerpanbHbin 6enok
Benok

TonuwmHa membpaHbl — NnpumMepHo 7,5 HM. CHapyXn HaxoguTca
ruKokanuke. YrneBogHbl KOMNOHEHT MeMbpaH oObl4YHO NpeacTaBneH
onmrocaxapugHbiM1 Unn nonncaxapuaHbiMm LensiMm, CBA3aHHbLIMU C
MorneKyrnammn 6enkos (a2/1uxkorpomeuHsl) WA NNNUOOB (2/1uKoIunuosb).




Oborioyka XuB0MmHbIX KIiemokK

dunbpunnol
MEXKKIETOYHOIO
mMaTpukca

mMukonpoTeunH

Cno rnvkokanukca

M'mapodunbHas
yacTtb hoconunuaa

CHa ﬁ(c% -

..................

dunameHTbl

unTockeneta XONECTEPUH

N
MonyvHTerpanbHbln 6enok
Mepudepuyecknin  MHTerpanbHbin 6enok
Benok

Monekynbl 6erkoB 1 MMNUA0B NOABUXKHbI, CNOCOOHbLI NepeMeLlaTbCs,
rmaBHbIM 0O6pa3omM, B MNITIOCKOCTN MeMbpaHbl.



Oborioyka pacmumeribHbIX KI1emok

PacTutenbHas KneTka, Kak 1 XUBOTHas, OKpPYXXeHa Lumoriasmamuyeckoll
vMeMbpaHoll, NOBEpPX KOTOPOW pacrnonaraetcs, Kak npaBuno, Toncras
KI1emoyHasi cmeHka, OTCYTCTBYIOLLLAA Y KMBOTHbIX KITETOK.

OCHOBHbIM KOMMOHEHTOM KITETOYHOW CTEHKWN SABNSIETCS LEmnono3a
(knetyatka). Monekynbl Lenntono3sbl cobpaHbl B Ny4Yku — omnbpunnsi,
obpasyouime Kapkac KneTo4HOW CTEHKMN.




Oborioyka pacmumeribHbIX KI1emok

[1nasvodecmbl — unTonnasMaTuvecKme TSHXKN, CoeanHaLWme
coaepXumoe coceqHux Krnetok. OHU NpoxXoaaT Yyepes KIeTOUHYH
CTEHKY. NpeacTaBnAT coOOU y3Kne KaHarbl, BbICTNAHHbIE
nrnasmaTnyeckon memopaHon.

Endoplasmic reticulum

Plasma
membrane

Cell wall \ €< = & SRS N
\ s oy .-

Annulus

Plasmodesma Desmotubule




Oboroyku kriemok epubos u bakmepuu

PuBocomel

o

Qbonoyka
CTEHKA KNEeTKW

Mnasmaruyeckans membpaHa

KneToyHasi cteHka 6bakTepuin B OCHOBHOM COCTOUT U3 MypenHa.
KneTtouyHasa cteHka rpmboB B OCHOBHOM COCTOUT U3 XUTUHA.
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HaTpueesli kaHan

3almnTHbIE N ONOPHbIE YHKLNUK;

OTneneHmne KNeTo4yHoro
COOEPXMMOro OT BHELUHEW cpepbl
(orpaHnYnTEnbHas)

ObecrieyeHune cBA3N Mexay
KrneTkamu (agresveHas).

MecTo npoxoXXaeHnsa DNOXMMNYECKNX
peakunm

Perynauns obmeHa BewecTB Mexay
KNeTKou U BHeLLHen cpenou
(n3bumparenbHas NPOHNLLAEMOCTD).

PeuenTtopHas.
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HaTpueesli kaHan

QyHKUUU 0b0or104KU

OpgHa 13 OCHOBHbIX PYHKLWUM
MeMbpaHbl — TpaHCNopTHas,
obecnevmBatoLast 0OOMEH BeLLECTB
MeXay KNeTKoM U BHELLUHEW cpeon.
MembpaHbl 0brnagatoT CBOMCTBOM
ulbupamernbHoU ripoHUyaemocmu, TO
€CTb XOPOLLUO NMPoHMLaeMbl Ans O gHNX
BELLECTBA UMM MOSEKYST N MNOX0
NpoHULaemMbl (UM COBCEM
HenpoHuuaemsbl) ansa apyrux.

B 3aBncumMocTn oT Heob6XoaANMOCTH
NCMOSIb30BaHNS AHEPTUK ONA
OCYLLECTBIIEHNSI TPAHCMOPTA BELLECTB,
pPas3nnyaloT: r1accusHbIlU mpaHcrnopm —
TpaHCnopT BELWECTB, uaywmn 6e3
3arpaT 3HEPrnn; akmueHhbIl
mpaHcrnopm — TPaHCMOPT, NAYLWMNA C
3arpaTamMu SHEPIuu.



TpaHcriopm sewiecme 4yepe3 membpaHy
Buabl TpaHcnopTa

[TaccuBHLIM TpaHCNoOpPT AKTUBHbIW TpaHCMnopT
[lepemeLLeHMe BeLLECTB, [lepemeLLeHne BeLLECTB,

nayllee 6e3 3aTpaTt aHeprum nayliee c 3aTpartaMm 3Heprum







QyHKUUU 0b0or104KU

ONEKTPOXUMUYECKUIA rpagueHT
= =

OpraHuyeckne aHNOoHbI

KOHUEHTpaUNOHHbIV rpagueHT 3neKkTpocTaTU4ecknii rpagnenHT

Bathing medium

paEt

e \ —

Plasma membrane

Cytosol

0

) -40 +40
Potentiometer
-80 +80

Microelectrode
filled with
conducting
salt solution

Reference electrode
in contact with
bathing medium

+ + + + + tN\+ + + + + + 4

\

B ocHoBe naccuBHOrO TpaHcnopTa
NEeXNT Pa3HOCTb KOHLIEHTpaUNN U
3apsanos. [1pn naccnMBHoM TpaHcnopTe
BELLECTBaA Bcerga rnepemMeLuaroTcs m3
obnacTtun c bornee BbICOKOM
KOHUEeHTpauuen B obnactb ¢ 6onee
HMU3KOWN, TO €CTb MO rpagueHTy
KOHUEHTpauun. Ecnn monekyna
3apsikeHa, TO Ha ee TpaHCNopT BNuseT
N ANeKTpuyeckun rpagmneHt. [Noatomy
4aCTO roBOPAT 06 3/1EeKMPOXUMUYECKOM
epadueHme, obbeanHas odba
rpagneHTa BMmecTte. CKOpOCTb
TpaHcnopTa 3aBUCUT OT BESTUYUHBI
rpagmeHTa.

Pasnuyator TP OCHOBHbIX MEXaHU3Ma
NMNacCMBHOIO TPaAHCMOPTAa.



QyHKUUU 0b0or104KU

ONEKTPOXUMUYECKUIA rpagueHT
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OpraHuyeckne aHNOoHbI
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KOHUEHTpaUNOHHbIV rpagueHT 3neKkTpocTaTUYecknii rpagneHT

[lpocmas dughpy3usi — TpaHCNopT
BELLECTB HEMNOCPEACTBEHHO Yepes
nunnuaHein Gucnon. Yepes Hero nerko
NPOXOOAT rasbl, HEMOMSIPHbIE UNU Marble
He3apsKeHHbIE NONAPHbIE MOSIEKYIbI.
Uem MeHbLue monekyna n 4yem bonee
OHa XupopacTtBopuma, TeM ObICTpee OHa
NPOHUKaAET Yyepe3 MeMbpaHy.

NHTepecHo, YTo Boga, HECMOTPS Ha To,
4YTO OHa OTHOCUTENBHO HEepacTBoOpMMa

Small neutral solutes |

H,0

B XXNpax, O4eHb ObICTPO NMPOHUKAET
yepes NMNuUaHbIn bucnon. ITo
0OBbSACHAETCA TEM, YTO €€ MOJiekyrna
Mana n afieKTpUYEeCKN HenTpanbHa.
CyLlecTBYIOT U akBanopuHbl — Derkn,
obecnevmBatoLne dbICTpoEe
NPOXOXXAEHUE BOAblI Yepe3 MeMbOpaHy.
Oundpdy3unto Bogbl Yepe3 MeMbpaHsbl
Ha3blBalOT OCMOCOM.




HUcxonHoe COCTOSIHUE
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BO3HUMKHOBEHUE OCMOTHYECKOIO AABACHMA:

| — ocMoTHUecKas sueiika; 2 — MmodaynpoHuliaeMas MeMmOpana; 3 —
MOJIEKYJIBI PACTBOPHUTEISI — BOABI; 4 — MOJIEKYJIBI PACTBOPEHHOIO BEllle-

CTBA — CaxapoO3bl



TpaHcriopm seuwecmas 4yepe3 membpaHy

Knaccuyecknm npumepom ocmoca (OBWKEHUS BOAbl Yepe3 meMbpaHy)
ABNAIOTCA ABNEHUa nnasmonusa u gennasvonnsa. MNpu godasneHmnn 10%
pacTBopa NoBapeHHOW COoNnu K npenapaTy KoXuLbl nyka Habniogaetcs
naa3mosniu3 — noHbl Na* u Cl Bbi3biBaloT BbIXo BOAbI M3 npoTonnacTta
KNEeTKN n oTcTaBaHWe nportonnacTa.

[Mpu yoaneHun pacTteopa conm n gobasneHnn Bogbl MaeT obpaTHbIN
npouecc — derniaamosius.
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TpaHcriopm seuwecmas 4yepe3 membpaHy

Lugbysus yepes membpaHHbIe KaHarslbl. 3apAXKXEeHHbIE MONEKYIbl N MOHbI
(Na*, K*, Ca?*, CI") He cnocoBHbl NPOXoAUTb Yepesa NMUMNUAHbIN BUCoN
nyTemM NpocTton Anddysnm, TeM He MeHee, OHN NPOHMKAKOT Yepes

MemMbpaHy, bnarogaps Hannuu B HEM O0COBLIX KaHarIoobpasyoLmx
6enkos, (hopMUPYOLMX pas3fNYHbIE KaHarbl.

BHeKNeTHHaA cpeaa

TpaHc- MM UKONPOTEWH
Mukonunug,

MEMBREHHBIA
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>,
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HaTpWeELIA kaHan

Lutonnazma




TpaHcriopm sewecms yepe3 membpaHy

ObreayeHHas Ougbgpy3usi — TPaHCMoOPT
BELLECTB C NOMOLLBI cneyuanbHbIX
TPaHCMNOPTHbIX BENKOB, KaXXAbl U3 KOTOPbIX
OTBEYAET 3a TPaHCNOPT onpeaeneHHbIX
MOMNEKYN UM rpynmn poACTBEHHbIX MOMNEKY.
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OHK B3aMMOOENCTBYIOT C MOJEKYNomn
NepeHOCMMOro BeLecTBa 1 Kakum-rmbo
cnocobom nepemMeLLalroT ee CKBO3b MeMOpaHy.

ARNNNVmE e FEEECEEEE

Taknm o6pa30M B KINNETKY TPaHCNOPTUPYKOTCAH
Ccaxapa, aMUHOKUCIIOTbI, HYKJI1ieoTuabl U MHOITne
Aapyrne nondapHble MOJ1EKYIIbI.



TpaHcriopm sewecms yepe3 membpaHy

TpaHcnopT MpocTas anddyauns Ob6nervyeHHas guddyauns
yepes 6enkoBble KaHanbl

E Buabl naccuBHOro TpaHcnopTa ﬂ

TpaHcnopT TpaHcnopT BeLecTB

BELLECTB Yepes TpaHCnopT BelLecTs Yyepes cneunanbHble

MembpaHHble yepes NUNUAHLIN TpaHCMNOpPTHbIE Oenku
KaHarnb! Gucnoi (npoctas (obner4eHHast

o dyams) andaysus)



TpaHcriopm sewecms yepe3 membpaHy

FACILITATED-DIFFUSION
CHANNEL

Outside of cell
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AKkmusHbItU mpaHcriopm. HeobxogumocTb
aKTUMBHOrO TpaHcnopTa BO3HMKAET Toraa,
Korga Tpebyetca obecneynTb NepeHoc
yepe3 MemMOpaHy MOseKys NpoTmB
SNEKTPOXMMUYECKOro rpagmeHTa. 1ot
TPaHCMOPT OocyLlecTBnsAeTca benkamm-
nepeHocUYnKamm, 0eaTeNbHOCTb KOTOPbIX
TpebyeT 3aTpar SHeprun.

CTOYHNKOM 3HEPrun cry>xaTt MoneKkynbl
AT®. OgHon n3 Hanboree N3y4YeHHbIX
CUCTEM aKTUBHOIO TpaHcrnopTa sABMseTcH
Hampuu-Karnuegbiu Hacoc. KOHUeHTpauus
K* BHYTpUY KNETKN 3HAYNTENbHO BbiLLE,
yeMm 3a ee npepgenamu, a Na™ —
HaoboporT. MNoatomy K™ yepes kanuessie
KaHarslbl MeMbpaHbl MaCCUBHO
andbdyHampyeTt u3 knetkm, a Na* yepes
Hampuesble KaHallbl — B KI1ETKY.



TpaHcriopm sewecms yepe3 membpaHy

FACILITATED-DIFFUSION
CHANNEL

Outside of cell

Inside of cell

Na s
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HaTpueekId kaHan

BmecTe ¢ Tem, Ans HOpManbHOIo
dYHKLUNOHUPOBAHUSI KITETKE BaXXHO
nogaepXmeaTb onpeaeneHHoe COOTHOLLEHME
noHoB K™ 1 Na* B uMtonnasme 1 BO BHELLHEWN
cpene. OTO OKa3blBAETCS BO3MOXHbIM
NoTOMY, YTO MeMOpaHa, bnarogapsi HanM4YKUIo
HaTPUN-KanmeBoro Hacoca, akTUBHO
nepekadmBaet Na* n3 knetkn, a K™ B KneTky.
Ha paboTty HaTpuin-kanmeBoro Hacoca
TpaTUTCS NOYTU TPETb BCEW 3HEPTUN,
HeobxoaAnMoun Ans XU3HeaeaTernbHOCTHU
KNETKMW.

Hacoc npegcraBnaet cobon ocobbin
TpaHcMeMbpaHHbIN 6eNoK MemMbpaHsil,
CNOCOBHLIN K KOH(OOPMaLMOHHbBIM
N3MEHEHUAM, bnarogapsa YemMy OH MOXeET
npucoeanHNaTb Kk cebe 2 noHa K*, ¢ HapyXHoW
CTOPOHbI MembpaHbl 1 3 noHa Na* ¢
BHYTPEHHEN CTOPOHDI.



TpaHcriopm seuwecmas 4yepe3 membpaHy

3a oauH UMK paboTbl HACOC BbIKaYMBaET U3 KNeTkn 3 noHa Na* u
3aKkauymBaeT 2 noHa K* 3a c4eT aHeprum OaHON MakpO3prm4ecKkon CBA3n
Mosiekysnbl ATO.

BHEKNeTOUHO®
NPOCTPaHCTBO




TpaHcriopm seuwecms yepe3 membpaHy

C 3aTpaTon aHeprum NponcxoasaT NpoLecchbl 3HOOUNTO3a N 3K30LMTO3a.

[Tpouecc nornoLweHns MakpOMOJSIEKYI KNETKOW Ha3blBaeTcs 9HOOUUMO30M.
Pa3nunyaloT ABa TUna aHaoumMTo3a:

hazouumos — 3axeaT U MOorfoweHne KpyrnHbiX YacTtuy, (Hanpumenp,

doarounTos MMM OLMTOB, NPOCTEULLINX U AP.);

MUHOUUMO3 — npouecc 3axsaTa U NOrnoweHna Kanenek XXnakoctun ¢

PaCTBOPEHHLIMU B HEW BeLLleCTBaMM.

3K30UUMO3 — NPOLECC BbIBEAEHUA PA3SINYHbIX BELLECTB U3 KITETKMN.

Copepxmmoe Be3UKyIbl BbIBOAUTCA 3a Npeaens! NeTkn, a ee membpaHa

BKITHOYAETCS B COCTaB Hapy>XHOW uuTonnasmMaTtnyeckon membpaHsoi.

daroumros

MUHOLMT 03

MnazmaTtiyeckan
mMembpaHa \

[Mnazmaruyeckan
mMembpaHa




TpaHcriopm sewecms yepe3 membpaHy

Buabl akTUBHOIO TpaHcnopTa
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HaTpumn- JK30UNTO3 AHOOUMNTO3
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TpaHcnopT MpocTtas anddyasns ObneryeHHas auddy3ns
yepes b6enkoBble KaHanbl
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Buabl naccuBHOro TpaHcnopTa?

Buabl akTMBHOro TpaHcnopTa?

Kak »kupopacTBopuMble BeLLleCTBa NonaaatoT B KNeTKy?
Kak noHsl Na* BbIBOOATCS M3 LIMTONNA3Mbl KNETKN HapyXy?
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[loemopeHue

ONEKTPOXUMUYECKUN rPafnNeHT

OpraHunyeckne aHOoHbI

2 | 4
L/ KOHUEHTPaLUNOHHBIV rpagueHT SnekTpocTaTUYeckuin rpagueHT

Y10 Ha3bIBaeTcda nna3morin3om?

Y10 Ha3bIBaeTCca OCMOCOM?

[MpyU4YnHbI NNasmonunsa?

Yem obycnoBneH anekTpoXMMUYeCcKun rpagmenHT?

B~ wnN =



[loemopeHue

TecTt 1. O6ono4yka pacTutenbHON KINEeTKU npeacTaBrieHa:
1. [MnasmaTtunyeckon membpaHoWn.

2. Kneto4yHoun cTteHkou.

3. [lnasamatnyeckon MemopaHom N KNETOYHOW CTEHKOWN.

TecT 2. [INna3maTuyeckaa membpaHa obpa3oBaHa:

1. bumonekyndapHbiM crioem nuMnuaos.
bnvxe K yutonnasme 6UMoneKkynsipHbIA CNon MNUA0B, CHaPYXu
GenkoBble MOSIEKYIbI.

3. bnwke K untonnasme 6GUMONEKYNAPHLIA CNOW NUNNOO0B, CHAPYXU
yrrnesoAHble MOJSIEeKyIbI.

4. BbumMornekynsapHbIn Ccriov nMnnaos, 6ernkM NPOHN3bIBAKOT BCHO €€ TONLLY
N pacnonararoTca Ha ee BHELUHEN N BHYTPEHHEN NOBEPXHOCTH.

TecT 3. O6pa3yroT ruapochodbHYH0 OCHOBY KIeTOYHOU MeMOpaHbl:
1. [mMukonununabl.

2. ®ochonmnuabi.

3. Xupbl.

4. benkn.



[loemopeHue

TecT 4. OCHOBHaA 4YacTb BOoAbl NonagaeT B KIMEeTKY Yepe3 KNeTO4YHYH

2.
3.

4

00O0SouKY:

Uepes rugpodunsbHble KaHanbl OEMKOBLIX MOMEKYN U Yyepes
BMMOSEKYNSPHBIN CIION NMUNUAO0B KIETOYHON MEMOPaHBLI.
3a cYeT aKTUBHOIO TpaHcrnopTa.

3a cyeT (parouunTtosa.

3a CYeT NMHouUTOo3a.

TecT 5. K charounto3sy oTtHocUTCA:

1.
2.
3.

4.

PaboTa kanun-HaTpueBoro Hacoca.

YHUUYTOXEHNE MUKPOOPraHM3MOB.

3axBaT nnasmaTm4yeckon MmembpaHoun Kanenb XUaKocTn 1 BTArmBaHme
NX BHYTPb KMNETKMW.

3axBaT nnasmaTm4yeckon memopaHon TBepAbIX YacTUL.

TecTt 6. K nHOUNTO3Y OTHOCUTCH:

1.
2.
3

PaboTa kannn-HaTpueBoro Hacoca.

YHUUYTOXEHNE MUKPOOPraHM3MOB.

3axBaT nnasmaTm4yeckon MmembpaHoun Kanenb XUaKocTu 1 BTArmBaHme
NX BHYTPb KMNETKMW.

3axBaT nnasmaTM4yeckon memobpaHon TBepAbIX YacTU.



[loemopeHue

TecTt 7. K aKTUBHOMY TpaHCNOPTY OTHOCUTCA:

1. TpaHcnopT BewecTB Yepes3 000S04KY KIETKU, KOTOPLIM NOET C
3arpartoun aHeprun ATO.

2. TpaHcnopT BewecTB Yepes3 000S04KY KIETKU, KOTOPLIM NaeT 6e3
ncnonb3oBaHus aHeprun ATO.

3. 3axear nnasmatndeckon MemopaHom Kanesb XXUOKOCTU N BTArMBaHUE
NX BHYTPb KITETKM.

4. 3axsart nnasmaTtnyeckon membpaHon TBepAbIX YacTuly, U BTArMBaHuNeE
NX BHYTPb KITETKM.

TecT 8. NocTynneHuun BoAbl B KNETKY B nNpouecce genra3Monunsa
NPOMUCXOAMUT 3a CYEeT:

AKTUBHOrO TpaHcnopTa.

Ondodpysnu.

Ocmoca.

Bcex Bbilwe nepeyncneHHbIX BUAOB TpaHcnopTa.

Bwn =



[loemopeHue

TecT 9. Nnasmonun3om Ha3biBaeTCH:

1.

2.

3.
4.

OTcTaBaHMe nnasMmaneMmbl OT KNETOYHOWM KMNETKM B pe3ynbrarte
BbIXOAa BOAbl U3 KINETKM.

TypropHoe COCTOsIHME KINeTOYHOM 0060N0YKM B pesynksraTe
MOCTYNreHne Boabl B KNETKY.

Mbenb KNeTkn B pesynbsraTte Bbixoaa BOAbI.

Mbenb KNeTku B pesynsraTte N3bbITOYHOro NOCTYNIEHUS BOAbI.

Tect 10. Ocmoc — 3T10:

1.

2.

[BmxeHne monekysn pacTBOPEHHOIO BeLLeCTBa Yepes
NoSynpoHuLaemMyto membpany.

[BmxeHne monekysn pactBopuTens Yepes nosyrnpoHMLaemMyto
MemMOpaHy.

TpaHcnopT BewecTB Yeped 0060N0UKY KINETKU, KOTOPbIN UAOET C
3arpartoun aHeprun ATO.

3axeaT nnasmaTM4yeckon memopaHoWn Kanernb XUOKOCTU U BTArMBaHNE
NX BHYTPb KINETKMW.



