KJlIeToyHoe CTpoeHne opraHnM3MoB

KaK AoKa3aTe/IbCTBO UX POACTBAa,
eANHCTBAa XXWBOW MPpMUpoabl




[TPU3HAKKN XXNBOIO

CXO4HbIN XMMUYECKUMN COCTaB U eAnHbIN NPUHLNM
CTPOEHMUS

«OTKpbITbIE» CUCTEMBbI
O6bMeH BeLllecTB

PearnpyroT Ha naMeHeHune akTopoB OKpYyXKatloLleun
cpeabl

Pa3BuBalTCA ynopsaaoy4yeHHO, NOCTEeNeHHO U
nocnepoBaTesibHO

Pa3MHOXeHHne
HacneaCcTtBeHHOCTb U UBMEHUYUMBOCTDb
[MpucnocobneHHOCTb K onpeaeneHHoOW cpene obutaHus



NMPU3HAKU XUBbIX OPTAHU3MOB

1. KneTo4yHoe CTpoOoeHue XNBbIX OpraHN3ImMoB

BaktepunanbHasa Knervka YKuBortHasa

Knertka rpuba PacturennbHas

ared




METOA4bl LUTOJIOTUN
MNMCTOJ1I0I'M#nN



CBETOBOW MUKPOCKOI

OIITUKA:
A — OKyJAp
B — 00bekTHB
C — 00BeKT

D — xoHAEHCOD
E — npeaMeTHBIN CTOJIHK
F — 3epkajio (OCBETUTEIIb )

MEXAHHNKA

G — TyOycC

H — tyOyconepxarens

| — mTaruB

J — MHKpO- 1 MaKpOBHUHTBHI



MMKPOCKON U ero yBenndyeHus

Y106bI NONYUYNTb YBEIMYEHUE MUKPOCKOMNA HAAO0
YBennueHue JIMH3bl OKYJifipa X YBe/IMYeHue JIMH3bl 06beKkTuBa

Hanpumep: okynap x7, obvektus x40, YBenuueHne 7*40 = 280

Koroa Kakoe yBenmnyeHue:

1.
2.

B MMKpPOCKOM MOXHO paccMaTpuMBaTb TOJIbKO Npo3payvHbie 06beKThl
YT106bI CpaBHMBATb POPMY K/ETOK — MeHbluee yBennyeHune (x200-
300), yTobbl paccMaTpuBaTb opraHomnabl — 6onblLiee

3. NoapobHoe cTpoeHune kneTok Bpoae pubocom x1000
4.,

B cBeTOBOW MMKPOCKOM B KJ/IETKE MOXHO NMOMUMO siApa MakCUMyM
MOXXHO pPacCMOTPETb MUTOXOHAPUN N HEKOTOPLIX BakTepumn

. bakTepuin paccmaTtpusatoT npu okynape x7 / 10 / 15 npwu

obbekTnBax 40 / 90

. [pocTenimne n HeKoTopble pacTUTENbHbIE KNETKU AOBOJIbHO

KPYMHblE, X MOXHO YBUAETb NOA NYNoOW

Yenoseyeckuun rnas cnocobeH pas3nmuntb 06bekTbl HEMHOMMM MeHee

MUITMMETpPa



KJIETO4HHAA TEOPUA



1. Kneto4Hoe cTpoeHue OopraHM3MoB Kak AoKa3aTeNbCcTBO UX POACTBA. eAUHCTBa XKUBOWN
npupoabl. CpaBHUTE KNETKU pacTeHun n rpubos.

Mepebie 3Tansl HOPMUPOBAHUA M PA3BUTHUS NPEACTABNAEHUM O KNETKe

v v v
[. 3apoxaeHne NoHATHSA O II. BO3HUMKHOBEHHME I11. PazBnirne KNeTo4HOWN
KneTtke KNeTO4HOW Teopuu Teopun

-

1665 rr. - P. I'yK

BNepeble paccMoTpen
NOA MMKPOCKONOM Cpes
npobkun, BBEN TEPMUH
“knetka”

1680 r. - A. J1eBeHryK
OTKPbIN OAHOKNETOUHbIe
OpraHv3aMbl

1838 r.- T.UlBaHH
M.lWinenaeH
0606WnNK 3HAHKS O
Knertke,
chopmynmupoBanm
OCHOBHOE NONOXEeHHWe
KNETOYHOWN Teopun. BCe
pacTUTENbHbBIE M
XXMBOTHbI® OPraHn3Mbl
COCTORT N3 KNEeTOoK,
CXOAHDIX NO CTPOEHMIO

i

1858 r. - P. Bupxoe
yTBEpXAan, 4T0 Kaxaas

HOBafA KNeTKa
NPOMCXOANT TONBKO OT
KNETKW B pesynbrate ee
AENEHNS

1858 . - K. bap
YCT3HOBWN, YTO BCE

OpraHm3mMbl HAYMHAKOT
CBOE pPasBUTHE C OQHOW
KNeTKH




cTopunsa LUMTONOrnMun

BCE XXMBbl€ OPraHmM3Mbl Ha 3eMsie, 3a UCK/TIDUYEHMEM BUPYCOB, UMEIOT
KNeTOYHOoe CTpOeHune

LinTonorna — ogHa n3 OTHOCUTENIbHO MOM0AbLIX BMONOrMYecKnx Hayk,
ee Bo3pacT HeMHoruM 6onee 100 net. Bo3pacT xe TepMmnHa "kneTtka "
HacuuTbliBaeT cBbiwe 300 neT.

OTKpbITUE N AafbHENLIee UlyvyeHue KJIeTKn crtano
BO3MOXHbIM TONIbKO 61arogaps TeXHM4YeCKoMy rnporpeccy, B
YAaCTHOCTU - M306peTeHnIo MUKpOCKonNna.

YenoBeuyeckuun rna3 He cnocobeH pasnnyaTtb 06beKTbl C
pa3MmepamMun meHee 0,1 MM, 4yTo coctaBndet 100 MMKpoMeTpoB
(cokpaly. MUKPOH nnn MKM). Pa3smepbl e kneTtok (a TeM 6onee,
BHYTPUKJIETOUYHbIX CTPYKTYpP) CYLLECTBEHHO MeHbLLeE.
Hanpumep, AnameTp XUBOTHOMN KJIETKU 06bIYHO HE MnMpeBbIlaeT
20 MKM, pactutenbHon — 50 MKM, a A/IMHa xJioponaacTa
LBETKOBOro pacreHunsa — He 6onee 10 MKM



[10 KNneTo4yHOU Teopuwm

Pob6epT lNYyk

TepMuH «KJIETKA» (cpe3 npobkun)

«Mukporpausi, niin HEKOTopbl€ (pU3N0JIOrMYECKHNE
OrnMUCaHns Mesib4anLLnX Tesiely rnpuv rnoMoLym
YBEJ/INYNTEJIbHbIX CTEKOJT» (1665)

AHTOHM BaH JleBeHryk

1673 - AHUManbKynu

OTKpbIT KNEeTKN KpOoBU, MUKPOOPraHmn3Mmbl,
NpOCTENLLUUNX

Po6epTt BpoyH

1831 - OTKpbIN 94p0

BpoyHOBCKOE ABMXEHME — XaoTUYHOe ABUXKeHune
NblNblUbl B BOAE




LLinenaeH, LLiBaHH 1 Bupxos

MaTtTnmac lWWnenpeH

O6o06WweHne ceegeHnm o KneTkax
CO3OATEJ1Ib KINETOYHOWN TEOPUU

Teopop LLIBaHH
Hemeuknin dousmnonor

[[OMONOrNYHOCTb K/IETOK XXMBOTHbIX U pacTeHuu
CO3A0ATEJIb KJIETOHYHOW TEOPUU

Pypnonb¢g Bupxos

Bcsikas KneTka npouMcxoAamnT OT APYroil KNeTKu
AONOJIHEHWE K KIIETOYHOW TEOPUU



Kneto4yHasa Teopus

B 1838—1839 6oTaHuk Martrmac LLinengeH i aHaTtoMm Teosop
[l/IBaHH TNpaKTU4YeCcKn OAHOBPEMEHHO BbIABUHYIN NAELO
KSIETOYHOro0 CTPOEHUS opraHun3Ma. LLBaHH NpeanoXxun TepMunH
«KKJIETOYHasi Teopusi» VN nNpeacraBua 3Ty TEOPUO HAYUYHOMY
coobuliecTBy:

1. Bce XuBble cywecTtBa COCTOAT U3 KJIETOK

2. KneTtku pasHbiX OpraHnM3MoB CXO/[Hbl MO CTPOEHMUIO,
XMMNYECKOMY COCTaBY M XU3HEHHbIM (PYHKLIMAM

3. KneTkn MoryTt caMoCTosITeNIbHO NUTATbCS, PacTu U
pa3MHoXaTbca (Aaxe 6yayyum cneymanmnnpoBaHHbIMUN)

4. (pononHeHue oT BupxoBa) Bce KieTKku ob6pa3yroTcs U3
APYron KJIeTKMU, @ He CaM03apoXKaatoTcs



XUMUNYECKUUWN COCTAB
XUBbIX OPFTAHU3MOB



B COCTaB K/1eTOK BXOAAT ABEe
rpynnbl XMUMNYECKNX BELLECTB:

1. Boga v HeopraHM4YeckKune coJin - BellecTBa, KOTopble
BCTPeYaTCs Kak B BMonormnyecknx cucremax, Tak m B

HEeXXMBOW npupoae.

2. OpraHnyeckue BeLjecrBa, KOTopble 06pa3ytoTcs TONbKO
B KJIeTKaX U He MOryT CyLWeCcTBOBaTb A/IUTENbHOE BpeEMS
BHe 6bnonormyeckmnx cucrtem (benku, xupsbl, yrnesoasi,
HYK/TIENHOBbIE KNCNOTbl, HN3KOMOJIEKYSIPHbIE
opraHunyeckue coeanHeHNsa Bpoae MOYEBUHbI U
OpraHMYeckKknux KNCnoT, BUTaMUHBbI).



HEOPIAHNYECKWE BELLECTBA

BOA:

1. Boaa cny>XuT yHMBEpPCA/IbHbIM PacTBOpPUTENIEM MOSAPHbIX BELWECTB
N cpenow Ans TpaHCnopTa BELLEeCTB.

2. Boga cnyxuT cpenoi Ans NpoTEKaHUS XUMUUYECKUX peakLnn U
caMa y4yacTBYEeT B XMMUYECKUX peaKunsax.

3. BcneactBme BbICOKOM TEMNOEMKOCTU W TEMSIONPOBOAHOCTU BOAa
obecneynBaeT OTHOCUTENIbHOE MOCTOSSHCTBO TeMnepaTypbl BHYTpU
KNETKMW.

4. Boaa Cny>XwT AOHOPOM MPOTOHOB U 3/1EKTPOHOB B 0OMEHHbIX
npoLeccax.

5. Boaa (kak n apyrme XuaKkoctn) npakTUUYECKn HeC)KUMaeEMa U
NO3TOMY BbINOSIHAET PYHKLUMIO FTMAPOCTAaTUYECKOro CKenetTa KNeTku.
6. Boaa cnyxuT cpenon Ans nepeaBuXXeHns oTAeNbHbIX K/eTOoK.



HEOPI'AHNYECKWE BELLLECTBA

B coctaBe kJieTok oOHapyxwuBaeTcsa 6o05nee NOo/I0BUHbI 3/IEMEHTOB
[Meprnoanyeckon CUCTEMDI . A. MeHaeneesa. OaHako
obsizaTeNibHbIMWU  KOMMOHEHTaMU  KJIeToKk  gaBngetca  nauwb 20
3/IeMEHTOB: BOAOpOA, Kwucnopoad, yrnepoa, as3oT, ¢ocdop, Kanun,
HaTpUN, KanbuUWW, MArHWM, >Xeneso, cepa, XJop, noa, MapraHeuy,
kobanbT, Medb, UWHK, MonunbaeH, 6op, @TOp. B o0O4YeHb ManbIX
KOJIn4eCcTBaxX BCTpPeYaloTCsa TaKWe 3/1eMEeHTbl KaK KPeMHWN, CesieH,
XPpOM, CTPOHUMN N HEKOTOpPblE ApYrue.

Mo coaep>aHUIO B KJIETKEe BblAeNIAIoT YeTblipe
rpynnbl 3J1IeMEeHTOB:

e OGuoreHbl

*  MaKpO3J/IeMEeHTbI

*  MMUKpPO3JIEMEHTbI

*  YJIbTPAMUKPO3J/IEMEHTbI.



BUOIEHDI

BK 6moreHamM OTHOCATCHA 3NeMeHTbl, KOTopble 06s3aTeNlbHO BXOASAT B
cocTtaB bmMononnmepos:

-  KMNCNOPOA (coctaesnseTt 65...75 % cyxoro
BellecTBa KJ1eTKN)

.+ YINEPOA (15...20 %)
. BOAOPOQ (8...10 %)
. A30T (1...5 %)

. ®OC®OP (0,2...1,0%)



MAKPOSJIEMEHTDI

K MaKposJ/ieMEHTAM OTHOCATCA TE€ 3JIEMEHTbI, COAEPXaHUNE KOTOPbLIX B
KNEeTKaxX UaMepsdaeTrcda gecatbiMn U COTbIMMN AONAMU MpPpOUEHTA CYyXOro
BEWECTBA KJ/IETKW.

KAJTUIA
HATPUN
KAJTbLIUNA
MAMCHUM
XJ1OP
YXXEJIE30
CEPA
nona



MUKPOSJIEMEHTDI

3TO 3JIEMEHTbl, CyMMapHOe coAep>XaHue KOTOpbIX B KNeTke 0Obl4HO
He npesBbiwaeT 0,01 %.

MAPIrAHELU
KOBAJIbT
MEAb
LNHK
MOJIMBAEH
BOP

PTOP



YJIbTPAMUWKPOSJIEMEHTDI

D/IEMEHTbI, COAEpP)KaHUe KOTOPbIX B K/IETKE COCTaBASAET MUJIJIMOHHbIE
[0SV MPOLEHTA

CEJIEH
AJTIOMUHUN
KAOMUNA
30J10TO
CEPEBPO
PAOVM
MbILLUbSK U OP.



OPIAHUYECKWE BELLECTBA KJIETKWU

BEJIKU

(npoTeunHsl,
nonnnenTuabl)

TO IMHENHbIE reTeponosiMMepbl, MOHOMEPAMN KOTOPbIX
ABNSAOTCA a—aMUHOKUNC/IOTbI, CBSA3AHHbIE MeXay
cobon nenTuagHbIMU CBA3SMU.

HyknenHoBble

3TO NINHENHbIE reTeponosIMMEpPbl, MOHOMEPAMN KOTOPbIX

KUCNOTbI ABMSAKTCA HYKIE€0TUAbl, CBA3aHHble Mexay cobon

(AHK n PHK) dochoamadnpHbIMN CBA3SIMN.

Yrnesogel, 5TO OpraHn4yeckune BeulecTtBa, COCTaB KOTOPbIX MOXET ObITb

Unun caxapa onucaH opmynon C,(H,0),,. K yrneeogam oTHOCATCH
MOHOCaxapwuabl, onnurocaxapuabl n nonncaxapuabl. B
nosiMepax CBSA3UN MMNKO3NAHbIE

Jinnnabl 3T0 cbopHaa rpynna opraHMYecknx BewecTB, KOTOpble MNIoXxo

(>knpbl 1 Macna)

pacTBOpPUMbI B BOAE, HO XOPOLLIO pacTBOPUMbI B OpraHn4yecKmnx
(HenonspHbIX) pacTBOpUTENSX

Hunako-
MONEeKYysapHble
opraHuyeckue
BellecTBa
KNeTKu

ButaMuHbl, ankanouasl, aHTM6MO=TMKM, MpoAYKTbI
MeTa6OJ'IM3Ma, TOKCUHbI U T.A4.




CTPOEHME KJIETKW



[TpOKapnoTbl 1 3YKapUoThHI

NMpokapuoThbl JYKapuoThbl

 HeT oopMSIEHHbIX  ECTb OpOpM/IEHHbIE
opraHouaos opraHouabl




nmMnngHble

% nuzocombl
BK/IOYEHMS]

rpaHynsapHbeiv 3P

aaepHas obonoyka
24po

AAPbILIKO

rnagkun MNP

MUTOXOHAPUA

UeHTpuoun

annapat
FonbaXu

CeKpeTopHbIe
rpaHynbl



[ ManonaasMma

Huronmazma (cytoplasma) — 3To BHYTpeHHSS cpela KJICTKHM, OTTpaHWYCHHAS OT
BHEIIHEH cpeabl 000J0UKOM — IIa3MajJeMMOM - U BKIIIOUArOIas B ce0sl MPO3pavyHOe
BEILIECTBO 2UAIONIA3MY C HaXOISIUMHUCA B HEH O00s3aTEIbHBIMUA KJIECTOYHBIMU
KOMIIOHEHTaMM — OPraHOWIaMM - M Pa3JIMYHbIMM BKIIOYEHUSIMHU. B nuromnnasmy He
BXOISAT SIZIPO U, B CIIy4ae PpaCTUTEILHON KJIETKH, BAaKyOJIH.

I'masiomuiazma BbINOJHACT HECKOJIbKO BAaKHENIIUX PYHKIMN B KJIETKE:

1. SBnsieTcss BHYTPEHHEW CPEAOM KJIETKH, B KOTOPOW MPOUCXOIAAT MHOTHE
XAMUYECKHUE TIPOLECCHI;

2. OObEAUHSIET BCE KIIETOYHBIC CTPYKTYphl M OOECIEUHUBAECT XUMHUYECKOE
B3aUMO/JIEVICTBUE MEXY HUMU,

3. OMpeaeNsaeT MECTONONOKEHNE OPraHesll B KJIETKE;

4. o0ecnieyrMBaeT BHYTPHUKJICTOUYHBIM TPAHCHOPT BEIIECTB W MNEPEMEIICHUE
Opraseiul (Harpumep, IBMKEHHUE XJIOPOIIACTOB B PACTUTENIBHBIX KIIETKAX).

. SIBJISIETCA OCHOBHBIM BMECTHIIMILIEM M 30HOM nepeMenieHust MoJieKysn AT® —
MCTOYHUKOB DHEPTUU KIIETKH.



LinTockener

I{uTOCKEEeT MPEACTABIICT COOOM CIIOKHYIO TPEXMEPHYIO CE€Th OCIKOBBIX HHUTEH,
KOTOpas O00eCIeYMBACT CHOCOOHOCTh DJYKAPUOTHYCCKHUX KJICTOK COXPaHSITh
ompeneleHHy0  GopMy, a TaKXke  OCYHISCTBISATh  HaIpaBICHHBIE U
KOOPJMHUPOBAHHBIC IBMKCHUS KaK CAaMHUX KJIETOK, TaK M OT/ICJIBHBIX OpraHesl.

L{uToCKeeT BHINOJHACT TPU IVIABHbIC (PYHKIIUMU.

1. CoyXUT KJIETKE MEXAHUYECKUM KAPKACOM, KOTOPBIM NPUAAET KIETKE THUIUYECKYIO
dbopmy U obecreunBaeT CBsI3b MEXKy MEMOpaHoil U opraneuiamu. Kapkac npeacrapiseT
coO0Ol JUHAMHUYHYIO CTPYKTYpY, KOTOpasi MOCTOSHHO OOHOBIISIETCS] MO0 MEpe M3MEHEHUS
BHEIIHUX YCIOBHUM U COCTOSTHUS KJIIETKHU.

2. JIeicTByeT Kak «MOTOP» Il KJIETOYHOTO MABMKECHMS Ojarojapsi CrieluaibHbIM
JIBUTATECIbHBIM OelikaM. KOMIIOHEHTBI IUTOCKENIETa ONPEACISAIOT HalpaBiICHHE U
KOOPJIUHUPYIOT JBHXKEHUE, JEJICHHE, M3MEHEHHE (OPMBI KIETOK B IPOLECCE POCTa,
MEPEMEIICHUE OPTAHEIII, JBUKEHUE IUTOTLIIA3MBI.

3. CHOyXUT B Ka4eCTBE «PeJbCOB» [JI1 TPAHCIOpPTA OpraHe/ul U APYTUX KPYIHBIX
KOMIUIEKCOB BHYTPH KJIETKHU.



[lna3maTnyeckass MeMbpaHa

Ili1asmasieMMa ecTh a0COJIIOTHO y BCeX KJIETOK, a KJIETOYHAasA CTEHKAa MOBEPX
nJ1a3MajieMMbl 00pa3yeTcs TOJIbKO Y PACTEHUM, TPUOOB U MPOKAPHUOT.

DOYyHKIUU IIA3MATHYECKON MeMOPaHBbI:
*BBIMIOJIHAIOT (QYHKLIMIO Oapbepa, OTIECISIONIET0 COAEPKUMOE KIIETKH OT
OKPYKarOIE CPEIBbI.
*VCTpONCTBO MeMOpaHbl MO3BOJISIET €M TOHKO PEeryjiMpoBaTh IMPOIECC
MOCTYIUICHUS B KJIETKY M BbIXOJIa U3 HEE pa3HOOOPA3HBIX BEIIECTB
*MemOpaHa BBITIOIHSET POJIb «MAaTPUIIbD», HA KOTOPOU B OMPEACIEHHOM MOPSJIKE
pacnoJjiaratotrcst OeJIKd, Tak, YToObl OHU HanboJjiee 3(PGHEKTUBHO BBITIOIHSIIN CBOU
(YHKIIHH.
*['mOKast u snacTUYHasA TJIEHKA CIOCOOHA MPEJOXPAHUTH KIIETKY OT TMOEIH IpU
YMEPEHHBIX MEXaHUYECKUX Harpy3kax H HAPYLICHUAX OCMOTHYECKOTO
PABHOBECUS MEKIY KJIETKON U OKPYKAIOLIEH CPENOH.
*[IOBEepXHOCTHBINI  KOMIUICKC W3 yIIEBOAOB (IIMKOKAJIMKC)  OIpeaeiseT
BO3MOHOCTbB KJIIETOK «y3HaBaTh» APYT JIpyra U YCTAaHABJIUBATH KOHTAKTBHI.
*bnaromapss meMOpaHaM HEKOTOPBIX THIIOB KJIETOK BO3MOXHA TE€HEpamus u
MPOBEJICHUE HMMITYJIbCA



[Tna3maTnyeckass MeMbpaHa

JKUJAKOCTHO-MO3aM4YHAsI MOJeJb CTPOCHUS MeMOPAaHbI. OCHOBY MEMOpaHbl COCTAaBJISET
JIBOMHOW JIMOUJHBIA  CJIOW, O0Opa3oBaHHbIA ruApopoOHbIMU  dochomunuaamMu —
00ecIeurBaloT HEMPOHUIIAEMOCTh MEMOPAHBI JIJIs1 BOABI U PACTBOPEHHBIX B HEH BEIIECTB, a
TaK>KE TEKy4ECTh MEMOpPAHBI

Kpome mMonekyn TunuaoB O4€Hb BaXKHBIM
KOMIIOHEHTOM MEMOpaH SIBJIIOTCS OEIKHU.
Hanuuune 6e1KoB onpeennseT TO MHOrooopasue
CJIIOKHEUIINX (PYHKIAA, KOTOPHIEC BBITTOIHAECT
MeMOpaHa B KJIETKE.

E1e oqHMM Ba)KHBIM KOMIIOHEHTOM
IIATOILIA3MATHISCKIX MEMOpaH >KUBOTHBIX
KJICTOK SIBJISIFOTCS YIIEBOAKI. Jlons ux B
MeMOpaHe HeBeJIMKA.




OpraHounabl

MemMbpaHHble HemeMbpaHHbIe

2MeMbpaHHble | 1MeMbpaHHbIe

nJacTtuabl, D[P, komnnekc pnb6ocoMbl (MOSIMCOMBI)
MUTOXOHAPUN [oNbaXu, KNEeTOYHbIN LLEeHTp
KNeTo4Hoe TIN30COMbI 3/1eMEeHTbIl UMUTOoCKeneTa
a4po BaKyo/un

Opramouna (MM opraHe/jia) — 3TO NOCTOSIHHO WJIM BPEMEHHO
IPUCYTCTBYIOIIAE MUKPOCTPYKTYPHI, BHITOJIHSIONIAE KU3HEHHO
Ba)KHbIC (DYHKIIUU B KJICTKE.

- IOCTOSIHHBIE: SIAPO, MUTOXOHAPUHU

-BPEMEHHBIC: BEPETCHO JICIICHUS.




BAKYOJIAPHAA CUCTEMA KJIETKWU

BakyoasipHasi cucteMa — 3TO CUCTEMa M3 OJHOMEMOpPAHHBIX Pa3HOOOPA3HBIX IO
CTpOCHUIO W (YHKIIMAM OpraHei (dHIOIUIa3MaTUYECKUN PETUKYIyM, armapar
[onb/KKU, JU30COMBI, HJAOCOMBI, CEKPETOPHBIE BaKyOJH), KOTOpas BBIMOJHSICT
o0myr0 (QyHKIHUIO CHUHTE3a, NEpecTpOrMKH (MoauduUKalyKu), COPTUPOBKU H
BBIBEJICHUS (PKCIIOpTA) M3 KIETKU OWOIOJMMEPOB, a TakKe (PYHKIIMIO CHHTE3a
MEMOpaH ATOM CUCTEMBI U IIJIa3MaTU4Y€CKOM MEMOpaHBI.

CroiicTBa BaKYOJIIPHOIl CUCTEMBI:
* CTpyKTypHBIEC: OTHOMEMOPAHHBIE KOMITAPTMEHTHI KJIETKH
* Hcrounuk oOpa3oBaHus: TPaHYJISIPHBIN YHIOTIA3MATUYECKUI
PETUKYITYM.
* DyHKIMOHAJIBHBIE: KOOIIEPATUBHOCTH - B3aUMOCBSA3b U
MOCJIEOBATEIILHOCTD 3TANIOB OOPA30BaHMUS, IEPECTPONKH,
TPAHCIOPTA U IKCHOPTA CUHTE3UPOBAHHBIX BEIIECTB.



BAKYOJIAPHAA CUNCTEMA KJIETKH

CocTraB BaKyOJISIpHOM CHCTEMBbI:

*JHIAOIIAZMATHYECKHI PETUKYJIYM: INIAJKUN U
IIEPOXOBATHIN

*Kommieke I'oabaku (ammapar I oybmkn)
*/JIN30COMBI IEPBUYHBIC 1 BTOPUYHBIC

JlonmoJIHMTEIbHbIE KOMIIOHEHTHI (HE BO BCEX KJIETKAX):
cepOoCOMBI, IEPOKCHUCOMBI.



oMC

BaxHenwmne dpyHKunm rpIMNP: cnHTEe3 «3KCNOPTHbIX» 6€nKoB

CUHTE3 MmeMbpaH. y y
OTmmuuTenbHOU qCcpTOHn

rpIIIP sBisieTcsa To, 4TO €10

SHAONMNAa3MaTUYECKun  ApepHas obonoyka MeM6paHa CO CTOPOHBI

PETUKYINYM ruaioria3Mbl IIOKphLITa
MEJIKUMH YaCTUIIAMU -
prubocomMaMu

Baxknenmme GpyHKIUAU
riadJIIP:

CUHTE3 JIUIUIOB,
[JIMKOTCHA,




AnnapaTt [onbaXxwu

1. MeMOpaHHble daeMeHThl Al yd4acTBYIOT B cerperanum u
HAKOIUIEHUH IIPOJIYKTOB, CHHTE3UPOBAHHBIX B JP
2. Y4acTBYIOT B XMMHYECKHX II€pECTpPOHMKax M CO3pPCBAaHMU,
[JIABHBIM o0pazom, OJIMTOCAXAPUIHBIX KOMIIOHEHTOB
TJIMKOIIPOTEUHOB.
3. OCcymeCTBISIOT MPOLIECC
BBIBCACHUS I'OTOBBIX CCKPCTOB 3a IIPCACIIbI

KJICTKH.
4. UCTOYHUK KJIETOUYHBIX JIU30COM.

CXEMA CTPOEHWA ANMNAPATA roNnbaXu

nnockue nonocmu,
02paHuYeHHble MembpaHamu

mpybouku



J1In30combl

OcHoBHas QYHKIUS: paclICIICHUE BEIIECTB YK30I€HHOTO U
9HJIOT€HHOT'O IIPOUCXOKICHUS

C n o
onvonolbmn T JIn30COMBI HE IPEICTABIAIOT COOOM B KIIETKAX

gy CaMOCTOSITEJIbHBIX CTPYKTYP, OHU 00pa3yrOTCs 3a CUET
AKTUBHOCTHU SHJOILIA3MATUYECKOTO PETUKYJIYMA U
armapara [ onbku

XapakTEepHOU YEPTOU JTU30COM SIBIAETCA TO, YTO
OHHU coAeprKaT 0K0J0 40 THUITOB THAPOJIUTHYECKUX
(hepMEeHTOB

BHYTpPEHHHE (epHeHTbl

HepBI/I‘IHI)Ie JIN30COMBI: CJINBAIOTCA C (l)aFOI_II/ITapHBIMI/I, ITMHOIIUTO3HBIMU
BAaKYOJIIMH, DOHA0COMAMH C O6p&30BaHI/ICM BTOpH‘IHOﬁ JIN30COMBI

BTOpI’I‘IHbIe JU30COMBI: JIN30COMA, COACPKaIIasA KOMIIOHCHTHI, 3aXBA4YCHHBIC B
X0€ OHAOIIUTO3a



BakyoJid paCTUTENbHBIX KIETOK

Y MOJIOJIBIX KJIETOK MOXKET OBITh HECKOJIBKO METKHUX
BaKyoJIei, KOTOpbIE 10 Mepe pocTa U JudhepeHINPOBKU
KJIETKU CJIUBAIOTCS JIPYT C IPYTOM U 00pa3yroT OJHY WU
HECKOJIBKO KPYITHBIX BAKyOJIEH, 3aHUMAIOIIUX 10 90%
o0beMa BCEH KIIETKHU

[ToocTh  BaKyoJIM  3aloOJIHEHA  TAaK  HA3bIBAEMbIM  KJIECTOYHBIM  COKOM,
NPEJACTABIAOIMNM COOOM BOJHBIA PAacCTBOP, B KOTOPBIM BXOIAT Pa3JIUYHBIC
HEOPTaHUYECKUE COJIM, Caxapa, OPraHUYECKUE KHUCIOTbBl U UX COJA U JPYrue
HU3KOMOJICKYJISIPHBIE COCIUHEHUs, a4 TAaKXKE HEKOTOPbIE BBICOKOMOJIEKYJISIPHBIC
BeIlECTBA (HampuMmep, OCJIKu).



ONBYMEMBPAHHbBIE OPIrAHEJIJ1bl

JIBymMeMOpaHHbIe OPraHe/JIbl — aNNapaThl JHEProodecnedeHust

VY rereporpodHbIx opranu3MoB cuHTE3 AT® 0CylIeCTBISIOT TOIBKO MUTOXOHIPHUH,
y aBTOTPO(OB BAXXHYIO POJIb UTPAIOT U XJIOPOILIACTHI.

{ afeHuH

KUCNoTbl

JI71s1 ocyIecTBICHUS JTIOOBIX KJIETOUHBIX (DYHKIIMI HEOOXOUMBI 3aTpaThl SHEPTUH.
JKuBBIE OpraHU3MBI WK MOTYYaAKOT €€, UCTIOJIb3Ysl BHEIITHUE NCTOYHUKH, HAIIPUMED,
sHepruto CoyHIIa, WM 3a CYET OKHUCICHUS pa3jIndHbIX cyocTparoB. B o0oux

CIy4asX OpraHu3Mbl CUHTE3UPYIOT AT® Kak HEKYH0 YHHUBEPCAJIbHYIO TOILUIMBHYIO
«MOHETY.



MUTOXOHAPUN

OcHoBHasi (QyHKIHUS: OKHMCICHHE OPraHUYECKHX COCAWHECHUHW M HCIIOJb30BAaHUE
SHEPTUM, BHICBOOOXKJICHHOM B X0JI¢ OKUCIICHHUS, B cuHTe3e ATD

Monekyrnt
Mexmembparnoe ATh-cuHTasbl
NPOCTRaHCTRO I

MuUTOXOHIpPHUH OTPAHUYECHBI ABYMSI
MeMOpaHaMu — Hapy>KHOW Y BHYTPEHHEH.
Mex 1y BHEIITHEW U BHYTpPEHHEW MeMOpaHaMu
UMEETCS TaK
HA3bIBAEMOE NePUMUMOXOHOPUATLHOE
(MedcMeMOpanHoe) npoCmpanHcmeo

MarTpukc

Kpreral

PrbHocomb

BuyTpesnas
Membpana

' Bnympennss membpana o0pa3zyeT MHOXECTBO

AHK HapykHas!

menbpaka o o
BITAYNBAHHUHN BHYTPb MUTOXOHIPHUHU TakK
Ha3bIBACMBIX KpUucm.

Ipanynsl SN

OrpaHnyeHHOE BHYTPEHHEH MEMOPAHOI BHYTPEHHEE COJIEPKUMOE MUTOXOHIPUU
(Mampuxc, Mumoniasma) o COCTaBy OJU3KO K IIUTOILIa3Me

B MUTOXOHAPUAX ECTb AHK!!!



MUTOXOHAOPWUN

B MUTOXOHIpHSX HIET OMOJOTrMYE€CKOE OKUCICHUE YIIIEBOJAOB 10 BOABI U
YIJIEKMCIIOTO Ta3a. DTO OKMCIICHUE HA3bIBACTCS «TKAHEBOE JABIXaHUE» U
COITPOBOX/IACTCS BBIJICJICHUEM SHEPTUH, KOTOPAS 3aracaeTcs: B Buae Mojiekyn ATO

CeH 1206 +60, = COs+ 6H,0



NJTACTUADI

[ImacTuabl — XapakTepHbIEC OpraHesIbl KIETOK aBTOTPO(HBIX 3YKAPUOTUUECKUX
OpPraHu3MOB.

OBonodka Kanenska ¥mpa

Xxnoponnacta Tlaperng

Namenna Tunakoun

CTpoma

XapakTepHbIM CBONCTBOM XJIOPOIUIACTOB SIBJISIETCS HAJIWYHWE B HHUX IMUTMEHTA
XJ0podUIIIa, Y4aCTBYIOIIIETO B Mpoiecce (POTOCUHTERa

nCo, + nH,0 — (CH,0)., + n0,
PasnuyatoT xnopomjactbl, XpoOoMOnaacCTbl 1 NenKonnacTbl.

B XJIOPOIJIACTAX ECTb AHK!!!



XnoponjacTbl

N3 Tpex TUMOB IIACTHA (JEUKOIUIACTBI, XJOPOIUIACTBI, XPOMOILIACTHI) TOJBKO
XJIOPOILJIACTHI  COMEPKAT TUTMEHT XJOpPOhWIJI, Y4YacTBYIOUIMM B MpoOLEcce
(dboTocuHTE32

B xone ¢porocunTesa:
1. BbigejasieTcss KHCJIOPOA KaK TOOOYHBIN MTPOAYKT
2. O0pa3yercsi IJII0KO3a M3 YIIEKHCJIOT0 ra3a M BOAbl (OpraHuka U3

HEOPraHUKH )

3. Oopa3syerca AT® (3amacaercs dHEpPrus)

6C0O2+6H20=CgH1206+605



Sl nepHbIN amnmapar

AOEPHAA OBOJTOYKA

T 1) xpanenue u nepenaya
BHELWHAA BHYTPEHHARA
e & MEMbEANA TCHETHYCCKOM MH(POpMAaIIHH;

| 2) peanu3anus reHeTHYECKON
NEPUHYIKNEAPHOE MH()OPMALUHU ITIOCPEICTBOM
G peryssiliig CUHTE3a OeiKa.
R 3) Perynsiiius oOMeHa BEIECTB
HaGGTE Y DHEPIUU B KJIETKE.

AOEPHAA MOPA

JIBoiiHast MeMOpaHa

Y sykapuot JJHK nmuHenHas, y npoOKapuT — KOJIbIIEBAs

Y npokapuort sapa Het, JIHK naxoaurcs B 3o0ne HYKIIEOW A
XpoMaruH B MHTepdasze paciuieTeH, nepe AeIeHUEM KOHICHCUPOBaH
AnperIKo — puOOHYKJIEONPOTEN/T, HICTOYHUK PUOOCOM



LleHTpnonu (y pacteHmnmn n rpnbos HeT!)

IleHTpHOJb - ATO LUWJIMHIpPUYECKAas 4YacTHla,
OCHOBY KOTOPOM  COCTaBJISIIOT  TPUILIETHI
MUKpPOTpYyOOUeK - 3 MHKPOTPYOOUKH,
MOCJIEIOBAaTEIbHO  COCAMHEHHBICE OOKOBBIMU
MTOBEPXHOCTSIMHU.

A- cxeMa CTpOeHHs LIeHTPHOIH
b - Mukpodororpadus HeHTPUOIH

B kaxaoW XKMBOTHON KJIeTKE HAXOAATCH [ABEe LEHTPHUOJM, PACIHOJI0KEHHbIE
NEePNEeHANKYJIAPHO APYr APYrY M Ha3biBaeMble IMILJIOCOMON (IIEHTPOCOMON).
Ilepen neneHueM KIE€TKHA HEHTPUOJIM JUIIIIOCOMBI PACXOIATCA U PAJIOM C KaXJI0H U3
HUX TyTeM caMocOopku (opMUpYETCS BTOpasl IEHTPUOJIb - OOpa3yroTCs JBE
JTIUTIOCOMBI, KOTOPBIE B TAJIBHEUIIIEM CTAHYT IIOJIFOCAMU BEPETEHA JICJICHUS.



He nyTante UeHTPUOJZIN U BepeTeHOo AesieHUs

HUSI — BPEMEHHasi CTPYKTypa, KOTopas oOpaszyercs
B MHUTO3€ M MEMO3€ Il OOCCICUCHHUS PA3JICICHUS XPOMOCOM U
ACICHMS KICTKH.

TunmuHoe BepeTeHO SBISETCS OWIOMSIPHBIM — MEXAY OBYMS
MOJIIOCAaMU 00pa3yeTCsl BEpETEHOO0pa3Has CUCTEMa MUKPOTPYOOUEK.

BepeTeHo 00pa3yloT TPH OCHOBHBIX CTPYKTYPHBIX 3JIeMEHTA:
1. MUKpPOTPYOOUKH

2. MOJII0CA JIeJIeHUS

3. XpOMOCOMBI.

B opraHuzanyu MOOJKOCOB  JCICHHUS Y KUBOTHBIX YYaCTBYIOT
IIEHTPOCOMBI, COAECPKAIIME IIEHTPUOJIM. Y PACTEHUH, a TaKXE B
OOLIMTAaX HEKOTOPBIX JKUBOTHBIX LIEHTPOCOMBI OTCYTCTBYIOT


https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%82%D1%80%D1%83%D0%B1%D0%BE%D1%87%D0%BA%D0%B8

Pnéocombil

Prbocomel — HeMeMOpaHHbIe

OpraHCJuibl, Y4YaCTBYIOIIIMC B CHHTE3€
manas cyoredurula oelIKa

CmpoeHue pubocomsi

Pacnonararorcst 1m0O0 CBOOODHO B

U-PHK
m-PHK MU TOILIa3MeE, 1100 CBS3aHBI C
T nrepoxoBarbiM 1 1P
Gonswas cybredunuya COCTOST U3 2-X Cy6’I>GJII/IHI/IHZ
ebonbmas
*Manas
— membpara 3TIC
70S y mpoxkapuot (50+30)

CUHMEesLOYeMan
nonunenrmudnan yens  80S y aykapuot (60+40)



CX0oACTBa U pas3nnMung KNeToK pa3HbIX LapCTB

NMpoKapuoThbl rpubobl pacTeHus XUBOTHbIE
Kneto4yHasa MenTnagornnkaH | XUTUH Llenntono3sa He nmetoT
CTeHKa (cnH. MypeunH)
nnas3ManeMmma Y Bcex! XnakoctHo-Mo03an4vHasa mMoaenb
JHepreTmyeck | niasmasneMmma MUTOXOHAPUN MuToxoHapuun MUTOXOHAPUN
Ui annapat U nnacTtuabl
BakyonsapHaa | He nmelor 2P, Al', Nn30ocoMbl, AOMNOJSIHUTENbHbIE
cucrtemMa oAHOMeMbpaHHbIe MYy3bIPbKW C BKIIIOYEHNAMMU
Pnéocomsil ECTb Y BCEX!
70S (505+30S) 80S (605+40S)
3anacHoe Jinnnapl, rMMKoreH Kpaxman rMMKoreH
BeLlecTBo yrnesoabl
(rpaHynésa) u
Ap.
Anpo HeT . 3oHa AHK [ABymeMbpaHHoe, ¢ nnHenHbiMn [QHK B cocTtaBe
- HyKNleouna XPOMOCOM
LleHTpnonu He nmetoTt He nmetoTt He nmetoT nnnocoma







CBOWCTBA KNeToK

K 00mum cBOMCTBAM KJIETOK OPraHU3MA, MONAAIIUMCH 00beKTHBHON PerucTpanuu u
o0yc/IaBIMBAKOIIMM X PYyHKIIMHU, OTHOCHAT:

*  pa3apa)kKUMOCTb — CIIOCOOHOCTh KJIETKH OTBEYaTh Ha pa3ApakuTesib (DU3NYECKOU,
XMMHUYECKOU WITH JJIEKTPUUECKON IPUPOJIBI,

*  BO30YyAIMMOCTb — CIIOCOOHOCTb KJIETKH OTBEYATh PEakiueil BO30yXJACHUS Ha JCHCTBUE
pa3apakKuTEN,

°*  NPOBOAMMOCTb — BOJHA BO30YXXICHHUS, PaCOPOCTPAHSIOMIAsCS IO KIETOYHOH
MIOBEPXHOCTH OT MECTA ACUCTBUS PA3APAKUTENS,

*  COKPATMMOCTb — YKOPOYEHHE KJIETKU B OTBET Ha Pa3IpaKCHHUE,

°*  MOIVIONIeHNe W YCBOEHMe — CIOCOOHOCTh KJETKH TOIVIONaTh W MCIOJIb30BATh
MUATATEIbHBIE BEIIECTBA C €€ MOBEPXHOCTH,

*  CeKpemul0 — CIOCOOHOCTh KJIETKU CHUHTE3UPOBATh HOBBIC BEILIECTBA M BBIJICISTh HUX
TUIS1 ICTIOJIb30BAaHUS IPYTUMU KJIETKaMU OpraHu3Ma,

*  JKCKpPeNUI0 — CIOCOOHOCTh KJIETKH BBIACIATH 4Yepe3 CBOIO IMOBEPXHOCTh KOHEUYHBIE
IPOIYKTHI METa00JIM3Ma — YYKEePOJIHbIC BEIIECTBA, OCTATKU KJICTOUHBIX OpraHesl,

*  JbIXaHHMe — CIIOCOOHOCTHh OKHCIISITh IMIIEBBIC BEIIECTBA, BBICBOOOXKIAs M3 HUX
SHEPIHUIO,

*  POCT — yBEIMYECHUE MACCHI,

*  pa3MHO:KeHHMe — BOCIIPOU3BOJICTBO MOJOOHBIX KJIETOK.



CoMaTnyeckme 1 nosoBble KNeTKU

OCHOBHBIE OTJIMYHUS MOJOBBIX KJIETOK OT COMATHYECKHX
1.Cnepmaro3onabl W SHLEKIETKM HWMEIT TalIOWJAHBIA HA0Op XpOMOCOM, a HE
JTUTUIOWIHBIN, KaK 3TO CBOMCTBEHHO COMaTHYECKUM KJICTKAM.

2.JI7m TOJIOBBIX KJIETOK XapaKTEPHO CJIOXKHOE, CTaIMMHOE pa3BHTHE; IPH OTOM HMEET
MECTO OCOOBIN CITI0CO0 JIEJICHUS — MEHO3.

3.I1o5i0BBIE KJIETKU TOTUIOTEHTHBI, T. €. OHU COXPAHAIT CIOCOOHOCTH (hOPMHUPOBATH
mo0ble (BCE) OpraHbl WM TKaHUW opraHu3ma. Ecid M3 coOMaTHYeCKON KIIETKHM MOMKET
0o0pa3oBaThbCsl JIMIIL Takas K€ JOUYEpHss KIETKa, TO W3 MOJOBBIX KJIETOK (pOpMHUpPYETCS
L[EJIBI HOBBIA OPTaHU3M.

4.Y TONOBBIX KJIETOK [0 CPaBHEHHUID C COMAaTHYECKUMH PE3KO H3MEHEHO SIAEPHO-
MJIa3MEHHOE OTHOIIEHUE: Y SIUIEKIECTOK OHO CHMXKEHO OJlarojiapsi yBeJIMUEHHOMY OObEMY
OUTOIUIa3Mbl, B KOTOPOW pA3MEIIEH IMUTATEIbHBIM Marepuan (KEITOK) M1 pa3BUTHS
3apojiblllla, & y CIIEPMATO30UJIOB Oiaromaps MalloMy KOJHUYECTBY LMTOIUIA3MBbI SIACPHO-
LIUATOIUIa3MaTUYECKOE OTHOIIIEHUE BBICOKOE.



BUPYChbI



[ paHMLUa XXNBOTO U HEXXUBOIO

BHyTpuKIeTOUHBIM Mapa3sur. BHE KIETKHW HE NPOSBISAET
CBOMCTB )KUBOT'O

- BHE KUBOI'0 OPTaHU3Ma — KPUCTAJLIBI

Ho!

1. Bupycsl pa3MHOXaIOTCSI

2. 'Y BUPYCOB €CTb HACJIEACTBEHHOCTh U U3BMEHUUBOCTD

YCTpPOUCTBO:
HK (PHK wunu JIHK) okpy:keHa 0eJIKOBOM 000JI0YKOW — KarlCHIOM

bone3nu

YeJ10BeK: IpUIII, 0CMa, KOPb, IOIUOMUEUT, OceteHcTBo, CIT ]
/KuBoTtHbIe: sS11yp, YyMa CBUHEW W NITUL], HHPEKI[ aHEMHUS JIOIIa I
Pactenusi: TabauHas MO3auKa, KapJIMKOBOCTh, CKPYYMBAaHUE JINCTHEB



Bupycsl — Hekj1eTOYHasA popMa KU3HU
Bupyc (oT mar. Virus — s1) — mpocTeimas ¢opMa KU3HH, MHKPOCKOIMYECKas YacTHIIA,
npeacTaBIsioNnias cooo Mojekyibl HykiIenHoBbIX kucioT (JJHK wan PHK), 3akmtoueHHbIe B
0€IKOBYI0 000JI04KY (KaIlCHI) U CIIOCOOHBIC MH(PUIIMPOBATH )KUBBIC OPTaHU3MBI.

Bupycel, 3a peIKUM UCKIIFOYEHHUEM, COJIEPKAT TOJIBKO OAWH THUI HYKJICUHOBON KHUCIOTHI: JIMOO
JIHK, mu60 PHK (HexoTOphIe, HanmpuMep MUMUBHUPYCHI, UMEIOT 00a THIIa MOJIEKYN).

BI/IPYCI)I SBJIAIOTCS OOJIUTaTHBIMU ImapasuTaMm, TaK KadK HC CIIOCOOHEI Pa3SMHOZKAaTbCsl BHC
KJICTKU. BHE KiIeTKHn BHUPYCHBIC YaCTHUIIbI BCAYT ce0s KaK XUMHYECKUE BCUICCTBA.

B HacTosiiiee BpeMsi U3BECTHBI BUPYChI, PA3MHOMKAIOIIMECS B KJIETKaX PacTCHUM, >KUBOTHBIX,
rpuOoOB U OakTepuil (mocieIHuX OOBIYHO Ha3bIBalOT OakTepuodaramu). OOHAPYKEHBI TAKKE
BUPYCHI, TOPAXKAIOIIHUE IPYyTUe BUPYChI (BUPYCHI-CATEIIIINUTHI).



CTtpoeHue BUPYCOB
[IpocTo opraHu3oBaHHbBIC BUPYCHI COCTOST U3 HYKJIIEMHOBOW KHCJIOTHI U HECKOJIBKHUX
OeJIKOB, 00pa3yIoIIMX BOKPYT Hee 00010UKy — Karcujl. [IpumMepoB Takux BUPYCOB
SABJISIETCS BUPYC TabauHOM Mo3aumku. Ero kamcuja COAEp>KUT OJWMH BHUJ OelKa C
HEOOJIBIIION MOJIEKYISIPHOM MaCCOH.

Bupyc tabauHoil MO3auKu

Bupvc rpunmna
PacnpocTpaHeHne BUPYCOB HA 3eM.11epy p

Bupychl SIBASIOTCS OJJHOM M3 CaMbIX PaclpOCTPaHEHHBIX (OPM CYIIECTBOBAHUS OPTraHUYECKON
MaTepuy Ha IUIAHETE MO YMCJICHHOCTHU. BOJLI MHUPOBOIO OKEaHa COJEPKAT KOJOCCAIBHOE
KOJIM4eCTBO OakTepuodaroB (okojao 250 MUIJIMOHOB YacTHUIl HA MUJUIMJIMTP BOJIbI), UX OOIIas
YUCJICHHOCTh B OKEaHE — OKOJIO 4%, a YHCJICHHOCTb BUPYCOB (OakTeprnodaroB) B JIOHHBIX
OTJIOKEHMSIX OKeaHa MPAKTUYECKHW HE 3aBUCUT OT ITyOMHBI U BCIOJy OYE€HBb BhICOKA. B okeaHe
OOUTAIOT COTHU THICAY BHUIOB (IIITAMMOB) BUPYCOB, MOJABJSAIONIEE OOJIBIIMHCTBO KOTOPBHIX HE
OMMCaHbl U TeM 0oJiee HE U3y4eHbl. BUPYChl UTPAIOT BaKHYIO POJIb B PETYISIUU YUCIECHHOCTH
MOMYJAIMIA HEKOTOPHIX BHJIOB JKMBBIX OpPraHu3MOB (HampuMmep, BHUPYC JTUKOBAHHUS pa3 B
HECKOJIBKO JIET COKpaIllaeT YUCICHHOCTh MECI[OB B HECKOJIBKO pa3).



IIpouecc BUpycHOro MHGUUIUPOBAHUSA
Yca0BHO TpoliecC BUPYCHOIO MH(PUIIMPOBAHUS B MaciiTadax OJHOM KJIETKH MOXXHO pa30UTh
Ha HECKOJIBKO B3aMMOIIEPEKPHIBAOIINXCS ITAIMOB:
* IPOHUKHOBEHUE B KJIETKY
* [IepenporpaMMHUPOBaHUE KIECTKU
* IEPCUCTEHITUS (TIEPEX0/l B HEAKTUBHOE COCTOSHUE)
* CO3/IaHME HOBBIX BUPYCHBIX KOMIIOHEHTORB
* CO3PEBAHUE HOBBIX BUPYCHBIX YACTHIl U UX BBIXOJ U3 KIETKHU

MPOHUKHOBEHHE B RKIIETKY

Ha »TomM »3Tame BuUpPYCYy HEOOXOIMMO JOCTaBUTh BHYTPb KIETKU CBOK TI'€HETHYECKYIO
uH@opmarrio. HekoTopble BUPYChI IEPEHOCIT TaKKE€ COOCTBEHHBIEC OCJIKH, HEOOXOIUMBIE JIJIs
ee peanuszanuu. Pa3nuuHbie BUPYCHI IS TPOHUKHOBEHUS B KIJIETKY HCHOJIB3YIOT Pa3HBIE
CTpaTeruu. HApUMeEp, MUKOPHABUPYCHI BIPBICKMBAIOT CcBOO PHK depes3 rmurazmarnyeckyro
MeMOpaHy, a BUPHOHBI OPTOMHKCOBHUPYCOB 3aXBaThIBAIOTCS KJIETKOM B XOAE SHJOILMTO3a,
MOMAJal0T B KHUCIYK CpEdy JIM30COM, TIJI€ MPOMCXOAUT KX OKOHYATEIBLHOE CO3PEBAHUE
(mempoTenHU3alUMs BUPYCHOM wyacTulibl), mocie uvero PHK B kommjiekce ¢ BUPYCHBIMH
OelIKaMM MPEOJI0JIEBACT JIM30COMAJIbHYI0 MEMOpaHy W IIONaJaeT B IUTOILIazMy. Bupycel
TAKXKE PA3JIMYAIOTCA MO JIOKAJIW3allMM WX PEIUIMKAIllUM, 4acTh BUPYCOB (HANpuUMep, T€ Ke
NMAKOPHABUPYChI)  pa3MHOXKAETCS B IUTOIUIA3ME  KJIETKM, a 4YacThb (HaAIpumep,
OPTOMHUKCOBHUPYChI) — B €€ SJIPE.



PasmHoxeHue supycos:

N »w

Bupyc npukpensngeTtcs K NoBepXHOCTU BOCNPUUMUUBOU
KneTku - agcopbyms

Bupyc BBOAUT CBOHO HYKITEUHOBYHO KUCIIOTY B KNETKY U
NPOHUKAET NOJIHOCTBHO, 3aTeM oTAesiseTca oT 6efIkoBou
060N0UYKU - UHBEKYMSA

Peaynnukayusa BUpYCHbIX MOSEKy 1 HYKITeMHOBOWU KUCTOTb]
CuHmes BUPYCHbIX 6enKoB U epmMeHToB

Cbopka BUPYCHBIX YacTUL

JInsumc - BbIXOA BUPYCHBIX YaCTUL U3 NOPAXEHHOWU KNeTKuU.



PazMHO>KeH1e BUPyCOB

novkoennerme |

TUnuYHBIN JKM3HEHHBIN LIUKA

BUpYCa Ha IpuMepe Bupyca

rorraTiaTa

Bocnpou3BOICTBO BUPYCC
IIPOUCXOINT B KJICTKE XO35UHA U
COCTOUT M3 HECKOIbKUX CTAIUN

1. ApcopOuus Ha KICTOYHOH
000704KE

2. ITpOHMKHOBEHHE HY KJICUHOBOM
KHUCJIOTBI B KJIIETKY (MHBEKIMS)

3. Bcrpausanue Bupycuou /IHK B
TE€HOM KJICTKU (MHTErpaLusi) u
PEIUIHKALYS BUPYCHOM HY KJIEHHOR
KHCIIOTBI

4. CuHTE3 BUPYCHBIX OCIKOB H
()epMEHTOB.

5. COopka BUPHOHOB

6. BeIxoa BUPHOHOB U3 MOPAXKCHH(
KJICTKU U 3aPa>KEHUE HOBBIX KJIETO




