Zr60Y BO TITMY WMMEHM AKALEMMKA E.A.
BATHEPA

Kagpeapa buonorum, skonorum u
"eHeTUkU



OpraHouas:

S \

Obuwero sHayeHus CneunanbHOro 3sHa4yeHus
/ \

MembpaHHoro Hememb6paHHoOro
CTpOeHus CTpOeHus

1) umronnasmartuueckas 1) pubocomur

ceTb; 2) KNeToOYHbIU LeHTp;

2) komnnekc Fonbaxm; 3) MUKpPOTpYbOUKM.

3) NU30coMmer;
4) NepOKCUCOMBIL;
5) mutoxoHApUU.



I. OpraHouabr oblero sHavyeHUs.
OpraHouasr membpaHHOro cTpoeHUs.

1 - Yuacteyroume B cuHTe3e BelecTs.

Liutonnasmaruueckaa cetb (LUTTC):

1) rnaaxkasa (arpaHynapHas);

2) wepoxosartasa (rpaHynsapHas,
3pracTonnasma).

[Naakaa - KOMNNEeKC BHYTPUKETOYHBLIX

MeMOpPaHHLIX CTPYKTYp: MHOXeCTBO

KaHanbues U NYy3bIpbKOB



CTeHKU KaHanbues - rnaakue
membpaHbr 4-7,5 HM.
TTpoucxoant mus rpaHynapHou
LMTONNA3MATUYECKOU CeTU.
["'paHynapHaa - K HaApyXHOWU
CTeHKe KaHanbLues
npukpennaerca pubocomer.
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SyHkumm LITTC
"naakaa LUTTC:

* yJyacTeyeT B YrsniesO4HOM U
Xuposom obmeHe:

1) cuHTe3s nunuaos;

2) pacuensieHue CNOXHBIX
yrnesoaos (ravkoreHa)

- TpaHcnopTHas



'paHynapHas LTIC:
1) CuHTe3:
- 6eNNKOB, BLIBOAUMLIX U3 KIEeTKU;

° CUHTe3 6enkos membpaH U marpukca
LIMTOMNJSIA3MBI .

2) Cerperaumvsa u usonsauus benkos ot
OCHOBHbLIX (PYHKLIMOHUpYowmx 6enkos

KNeTku;
3) Moaugukauusa benkos (rnrokosupoeaHue):
4) KoHpeHcauua 6enkos ¢ obpasosaHuem

CeKpeTOpHLIX FPaHyn;



5) ObpasosaHue U NocTpoeHue

KNeTOYHbIX MeMbpaH;

6) TpaHCNOpTHaA.
TTpoucxoxpeHue:

* NpOU3BOAHbLIE KNeTOYHOW
MeMOpaHbI;

* NpoU3BOAHLIE SAepHOU
MeMOpaHbI .



Komnnekc ["'onbaxu
2 TUNa:
a) AUNPEPY3HBIU — AUKTUOCOMBL;
6) ceTuaTLIN.
CtpoeHue:

1) membpaHHbEIE Melwku (LmcTepHb),
nexaume cronkamm no 5-10 -
AUKTUOCOMBL;

2) mernkKue nysbIpbKU B
nepugepudecKkux y4acTkax;

3) KpynHbIe BAKyOsU.



[noCHMe NonocTH, ‘
orpaHudeHHbie Membpanamu

TpyBouuu

(.

Cxema cTpoeHus annapata [onbaxu no
AGHHBLIM 3/IeKTPOHHOrO MUKPOCKONA



BHYTpUKkneTouHsI ceTvaThIv
annapat [onbaxu



Cxema CTpoeHUs AUKTUOCOMBIL:

TT - npokcumanbHas yacTtb, [1 - aucTanbHas
JyacTtb, B - Bakyonu, Ll - nnockme membpaHHLIe
LUCTepHLI, A - aMnynapHbIle paclwmpeHus
LUMCTepH



Annapat fonbaXu B KNETKAX TOHKOW KULIKU NAryLKW
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MOPCKOWU CBUHKU
2 - appeiwko, 3 - Al
AAPA KNETOK-caTtenmrose




Komnnekc Monbaxu
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a - uuctepHer Al B NMOKPOBHOM 3MUTENUU HOTU NPYAOBUKA
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PepmeHTHI KOMNnekca [onbaxu:

Kucnas v wenoyHas ¢pocgoTassr,
nepoKcuAaassl, rMMApPANAassl U Ap.

PyHKUMU Komnnekca [onbaxu:

- 1. Cerperauus u HakonneHue
6enkos, CUHTE3UPOBAHHLIX B
rpaHynapHou LITTC;

» 2. CUHTe3 CNOXHLIX YrnesoAos -
NnoAUCAaxXapuaos;



- 3. BriBeneHue rotoBbIx
CeKpeTOB 3a NpeAesibl KIeTKu;

- 4. ObpasosaHue SIU3OCOM.
TTpoucxoxaeHue:
1 - npoussoaHbIe rpaHynNsSpHOW
UTTC:;
2 - Npou3BoAHLIE SAepHOU
MeMbpaHsbI.



2 - OpraHouabl C 3aWUTHOU Y
NULLIEBAPUTENTBHOU (PYHKLUEW.

JNusocomur
TTy3bzpbku (0,2-0,4 MKM), OKpyXKeHbI
OAHOCSIOUHOU MeMbpaHOoU ~ 7 HM
PepMeHTHL - rMapanasbl: Kucnas
¢pocpoTasa, puboHykneasa,
Ae30KcupuboHykneasa u ap.

(scero ~ 40)
SsneHue asTonusa



TUNbI NMU3OCOM:

1) TTepsuuHbIe - 06pasyroTca B KOMNeKce
Fonbaxu;

2) BrtopuuHbie - obpasyrotca npu cnusHUU
NepBUYHLIX JIU3OCOM UNU C PArOLUTAPHLIMU U
MUHOLMUTAPHLIMU BAKYONSIMMU;

3) Tenonusocombr (OCTATOUYHbIE TenbLa) - B HUX
HaKaNAMBAOTCA HenepesapeHHbIe MPOAYKTHL,
MeHbllle (PepPMEHTOB;

4) aytocomer (ayTO(PArocomsbr) - B HUX

BCTPeYaroTCa PparmeHTbl UNu Liensie
LMTONNA3MATUYECKME CTPYKTYpLI (MUTOXOHAPUMU,

LITTC v ap.)



PYHKLUU JIU3OCOM:
1 - BHYTpUKNEeTOYHOEe nuLieBapeHue;

2 - ocBOobOXAGIOT KNeTku oT
NPOAYKTOB pacnaaa («caHUuTapbI»,
«<MYCOPLUMNKU>);

3 - BBLINOJIHAIOT BAXHYHO pOSb B
3GWMTHBIX peaKkLmax KreTku u
OpraHusma.

TTpoucxoxpneHue - obpasyrotcsa B
komnnekce [onbaxu



Cxema csasm I3C,
annapara
fonbaxu ¢

obpasosaHuem u

BbIBeAecHUEM

3UMOreHa us
AUUHAPHBIX
KNeToK
noaxenyA0YHOU
XKenesbt




TTepokcucomer
TTy3bIpbku OKpYrmnou unu osanbHOU (POPMBI,
0,3-1,5 mkm, okpyxeH oamMHapHOM
membpaHou.
PepMeHTHI:

1) okucneHua amMmMHOKUCNOT;
2) karanasa (paspywaer H,0,)
PyHKUUN:
1) obesspexusarowme peakumum;
2) pacnag XUPHLIX KUCNOT
TTpoucxoxneHmne - obpasyrotca U3 KaHanbLes

rnaagkou LITTC



TTepokcucomesr




CTpoeHue aapa KneTku

Popma aaep KUBOTHLIX KNeTOoK.
Xumumyeckum cocTas:

1) benku ~ 50-60%, u3s HUx 9-10% -
OCHOBHbIe 6enku;
2) OHK - ao 30%

PHK - 1-5%
3) NMunuasr 5-10%, 06bIYHO cBA3AHLI C
6enkamu UnNu ¢ MUHepasnbHLIMU BelleCTBAMMU;
4) HeopraHuuyeckue seuwectea - P, K, Ca, Na,
Mg, Fe v ap.



Pasmepbr - 2-200 mkm.
SpepHo - uuTONNA3MATUYECKOE
cOOTHOLWeHue .
Popmyna [epreura:

dapo onpepeneHHoro obbema cnocobHo
KOHTPONMpPOBATb OnpeAesieHHYH0 Maccy
uutonnasmer. HapyweHue 3toro
COOTHOWEHUsS NPUBOAUT K U3IMEHEHUIO
(PYHKUUOHANBHOIO COCTOSAHUSA KINEeTKWU.



PasnuyHaa popma agep: 1 - kpyrnasa, 2 - seTBuUcTas,
3 - nanoukosupHaa, 4 - nonactHaa, 5 - osanbHas,
6 - yetkoBuaHaa, 7- noakosoobpasHas




CTpyKTypHbIe KOMMOHEHTLI aApa:

1) 9pepHas obonouka
(kapyonemma);

2) S\pepHaa NNAcTUHKA
(namuHa);

3) Sapbiwko (Hykneonuc);

4) SpepHbiU cok (kapuonnasma);
5) Ctpoma aapa (apepHas ceTb):
6) XpomaTtuH.
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Cxema cTpoeHus aapa




Cxema cTpoeHus aapa:

1- npumembpaHHLI 6enKkoBbIU Cnou (NamuHa) u
noposkIe KOMMeKcksr, 2 - mexmembpaHHas
6enkoBasa ceTb matpukca, 3 - 6eNKOBLIA MATPUKC
aApLIWKA




1. 9nepHaa obonouka:

1) 2 membpaHbr - HapyxHaa W
BHYTpeHHsas, 6-9 HM., Ha HapyXHOW
membpaHe 6onblioe KONMUYECTBO
pubocom;

2) nepuHykneapHoe NpPOCTPAHCTEO,
amameTtp 20-40 HMm.;

3) apepHbIe NoOphI,
anametp 80-90 Hm.
% PyHKUMM (TpaHCNOPT,3aWMUTA,CUHTES).



CTpOeHuUs







ToHkas opraHusaums
afepHOU NOpbI:

1 - nepuHykneapHoe
NpOCTPAHCTBO,

2 - BHYTpeHHss
apepHas membpaHa,
3 - BHelHas saepHas
membpaHa, \
4 - nepugpepuveckue ’
cybveamHULLL,

5 - UeHTpanbHas

rpaHyna,

6 - pubpunner,

 1Ghnm s

OoTXoAslWMme OT rpaHyn,
7 - anagpparma,
8 - pubocoma



2. S\pepHas nnacTuHKa

- UMeeT BONTOKHUCTYHO CTPYKTYpY, CBSI3aHA C
benkamu apepHbIX NOp, ¢ onpeAeneHHLIMU
Y4ACTKAMU XPOMATUHG.

PYyHKUUU:

1) yyacteyer 8 noanepxaHum (popmur aapa;

2) yJacTtsyeT B OpraHusaumum Huxenexawero
XpOMATUHA;

3) nonunenTUALL NAGMUHLL OTBEYaOT 3a
peopraHusauuio aaepHou ob6onouku B
MUTO3Ee.



3. SapbIwko

O6HapyxuBaeTca TOSMbKO

B UHTep(a3HLIX SApax.

YnbTpacTpyKTypa:

1) Hutuyatas (BonokHuctasa) cybcraHuus
- HykneosnoHema (100-200 HMm),
COCTOUT U3:

- npotogpubpunn (5-10 HMm)

° rpaHyn (cospesarowme cybveamnHULILL
prubocom).

3akpyyeHa Hanoaobue knybka, B
neTnax KOToporo pacnonaraercs



2) amopmHaa cybctaHuma

3) 9ApPLIWKOBLIA XPOMATUH -BOKpPYT
AAPLIWKG U MeXAy NeTNSmMu
HYKNeOosIOHeMbI.

PYHKUUM:
* uctovHUK PHK knetku

* uUrpaet BaxHoe 3Ha4eHue B
MuTtose - o0bpasyroT OCHoBy
MATPUKCA MUTOTUYECKUX
XPOMOCOM.



Cxema KOMNOHeHTOoB

AAPLIWKG

1 - rpaHynapHbIn

KOMMNOHeHT

(Hykneonema);

2 - pubpunnsapHerie

LIeHTpPbI;

3 - NNOTHLIU

PpUbpUnNNapHLIU

KOMMOHEHT;

4 - ~
OKONOAAPLIWKOBBIN

XPOMATUH.




4. dpepHbIU COK
Conepxut 6enku, HykneuHosble KUCNOTLI,
(pepMeHTbI, Heobxoaumere ana cuHTtesa [HK.
PYHKUUU -
obbeauHaeT Bce CTPYKTYpLI S4pa U
obycnasnueaeT Ux AeaTeslbHOCTb.
5. fpepHaa ceTb
CocTouUT U3 TOHKUX pubpunn-
MUKpoTpybouek, obpasyeT kapkac
(ctpomy) aapa.
PyHKLUU - noaaAepKusaeT U
COXpaHseT (PopMy SApa.



6. XpomaTtuH
Xumuveckuu coctas: OHK v ructoHosbie U
HeructoHosble 6enku.
XpoOMaTuH B 9APAX UHTEPPA3HLIX KNeTOoK
CyLWeCTBYIOT B 2-X COCTOSHUAX:
1) anp@ysHLIA;
2) KOHAEHCUPOBAHHLIU .

AU @Py3HEIU - pLIXNLIU, B HEM He
NPOCMATPUBAIOTCA YNJIOTHEeHUA, rNbIbku u
HUTU. ITO AKTUBHLIUN XPOMATUH, UNU
3YXPOMATUH.



KoHaeHcuposaHHbIU - 0bpasyeT
cKkonneHusa, Cryctku, HUTU. ITO
reTepoxpomMaTtuH, OH
(PYHKLUMOHANbHO HeaKTUuBeH,
UHepTeH.

TTpu peneHum kneTku Becb SAepHLIN
XPOMATUH NepexoauT B
KOHAEHCUPOBAHHOE COCTOsHUe,

obpa3zys XpOMOCOMBI.



CtpoeHue XpOMOCOM.

NepsuuHan
NnepeTAMHKa

BropuuHan
nepeTAMHa

)



MOPZOJIOI'NEa XPOMOCOM

—Tenomepa

p-nnevo —
-LleHTpomepa

g-nneJo

—>

—Tenomepa



TTo mopponorum
pasnuuyaroT 3 TUNA
MeTa@asHbIX XPOMOCOM:

1. MeTtaueHTpuyeckue
2. CybmeTaueHTpUuveckue
3. AKpoLeHTpuyecKkue



AKpoueHTpHYe CHAR

Cy6meTtaueHTpuyeckan

MeTalLeHTpuyecKas

CtpoeHue
XPOMOCOM:

a - TUNLI
XpPOMOCOM;

6 - mopgornorus
Xpomomepa,

B. M. - BTOpUYHaGA
nepeTaxka,

C. -
cneumanuiauumn
XpOMOCOM




YnbTpacTpyKTypa
XPOMOCOM:

Touxka npukpenne -
HHUSI HUTU BeEpeTeHa

LlenTtpomepa

leTepoxpomaTu-
YECHHH y4HacCTOK

3/ HuHeToxop
(nepBuyHasn
nepe TAMKa)

O yXpoOMaTHH.
Paion <
XP OMOCOMBbl

BrtopuuHan
nepeTaMXKa



[[eTepoxpomaTUHOBLIE YYACTKU
pacnonararoTca K AUCTASIbHOMY
KOHUY nsieya, K Tesriomepy, B
obnacTn BTOpUYHLIX NepeTaKek.

Pasmepbr XpOMOCOM:

- Y XuBoTHbIX 0,2-50 MKM B ANUHY, Y
HEeKOTOpLIX BCTPe4YaroTCs rMraHTckue
XpOMOCOMBL - nonuteHHsre - 500-800
MKM;

- y venoseka - 1,5-10 mkm.



AKTUBHbIE
y4acTKu -

nydobl

HeakTuBHbIe
- ANCKW
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MonuTeHHble XPOMOCOMbI APO30dunbl 9 MyShared



TToHaTue o kapuotune.

Kapuotun - aunnouaHsin Habop
XPOMOCOM COMATUYECKOU KIeTKu,

XAapaKTepHbIU ANS AGHHOrO BUAGQ.
TTpasuna xpomocomHoro Habopa:
1. TTocToaHCTBO YUCNa XPOMOCOM;

2. TTapHOCTb XpOMOCOMHOrO
Habopa;
3. NHanBMAYyanbHOCTb XpOMOCOM;

4. HenpepbIBHOCTb XPOMOCOM.



Junaoupnoe JunaonaHoe

Bua YHCJO XPOMOCOM Bua YUHCJO XPOMOCOM
SluMeHb 14 Kypuua 78
Ogec 42 K poJink 44
Tomar 24 Koaa 60
Ckepna 6 Osua 54
[lnopoBasi myiuka Iumnanse 48
aposopuaa 8 Yenosek 46
Homawnsasa myxa 12
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Dunnompubii  Habop

XPOMOCOM

D Y e A

nounm.li Habop xpoocom B
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XpomMmocomer
Pa3HLIX BUAOB
pacteHun u
XXUBOTHBIX,
usobpaxeHue B
oAHOM
macwtabe



Kapuotun myxumHsbr
Xpomocombr 0603HaueHb:
COrfIaCHO AeHBEepCKOU cucteme

BRI 11
MS xa M KK XN &8 B4

b M M\ M xﬁx RE &4

E XX KX AR AA 35



KneTtouHbu umkn.
KneTouyHbiu umkn - nepuop CyluecTsoBaHUS
KNeTku OT OAHOro AesieHua A0 ApYyroro.
OH BKNkOYaeT:

- UHTepgasy:
- MMTO3.
NHTeppasa:
G, - NOCTMUTOTUYECKUN (NPecUHTETUYECKUI)

S - CUHTEeTUYEeCKUMn
G, - NPeMUTOTUYECKUU (NOCTCUHTETUYECKUIA)



G, - nepuoa:
1) poct maccer kneTok;

2) CUHTe3 coeauHeHUU,
HeobXoaAUMBIX KneTke AN

AN PepeHLIMPOBKU;
3) cuHTe3 benka.
TTpoaonxutensHoctb 0T 10 uac

AO HECKOJSIbKUX CYTOK.
2necC



S nepuoa:

1) cuHTtes OHK;
2) cuHTe3 PHK v ructoHos.
TTpoaonxutenbHoctb 6-10 uac

2n4C
G2 - nepuoa:
1) HakonneHue sHeprum;
2) cuHte3 PHK v 6enkos;
3) 3aBepliaeTca yABOeHUE MACCHI

LIMTOMSIA3MBL.
TTpoponxkutenbHocTb 2-5 vac

2n4C



XuU3sHeHHbIN UuuKn Knetku: I - MUTOTUYECKUU LUKn,

II - angppepeHUUpoBKa U PYHKLUMUOHANBHO QKTUBHOE COCTOsHUE,

ITII - rubenb knetku; ¢ -uucno monekyn AOHK rannouaHoro Ha6opna,

61 n G2 - npecuHTETUYECKUIA U NOCTCUHTETUYECKUU nepuoabr, M - muTos,

n - YUCNO XPOMOCOM rannouaHoro Habopa, R1 u R2 -nepuoasr nokos,
S - CUHTeTUYecKuUnepuoa



MuTos.

®a3bI MUTO3A:

1 - npogasa;

2 - meTagpasa;

3 - aHagpasa;

4 - Tenogasa
1. TTpogpasa (ctaamua «pbIxnoro knybka»):

1) koHpeHcaumua xpomaTtuHa, noseneHue BUAUMbBIX
XPOMOCOM;
2) sbIsiBfieHUEe B XPOMOCOMAX NO 2 XPOMATUADL;
3) qpopmupoBaHue BepeTeHa AereHus;
4) ucyesHoBeHUe AApLIWKA U 9AepHOU 060NOUKU.



2. Metagasa

(ctaamua «matepuHcKas 3ses3na»):

1) nepemeuieHue xpomocom B

NNOCKOCTb 3KBATOPA;

2) NonHoe pasbeAuHeHUe XpoOMaTuUA,
obpa3osaHUe «MAaTepuUHCKOU 3Be3AbI»

3. AHagasa (cTaaua «aovepHUX 3sesfny>):

1) nepensuxeHue xpomarua K
NPOTUBOMNOSNOXHLIM NOSNFOCAM KNeTKW;

2) (pOpMUpOBAHUE HA KAXAOM noskoce
«AoOvepHUX 3Be3a>.



4 .Tenogasa:
1) mexoHAeHcauua xpomatua Ha NONHOCAx
KNeTku;
2) poOpMUpOBaAHUE HOBLIX SAep:
3) paspylseHue annapaT AernieHus;
4) UMTOKUHe3;
5) obpasoBaHue 2-X HOBLIX KNeTOK.

buonoruyeckoe 3HauyeHue muTo3a: 3a cuer
pacuiensieHna XpoMOCOM Ha XpoOMaTUAbLL
obecneumBaeTcs TOYHOE U pasHOMepHOe
pacnpepeneHue OHK mexay aouvepHumu
KNeTKkamu.
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MUTO3 KNeTkn XMUBOTHBLIX

Mpogasa
BuaHbi
| ) LeHTpUonu,
Anpo ) | | pazoweaLmnecn
Heaenawenca K PasHbImM
HNeTku, BugHo nonrocam
Kpyrnoe KNEeTHKU, U
AAPLILLKO

' Metadasa

- AnepHan
obonouxa
pacTBopunachs,
' BUOAHbI HAUTH
BepeTeHa
aeneHunA

AHadasa
Xpomocomel
/' pPasoLNUCh K
NONKOCaM HNeTHU

Tenodaaa

Anpo nonHocTbO pasaenunoce

O6pa3soBanack agepHan 060noyKa,
LUuTonnaama genurcsa

o6pa3oBaHUeM nepeTamKu




CxemaTtuyeckoe usobpaxeHue
LIMTOKUHe3a

[Tonnas sapepHas
o6os09Ka BOKpYT
AEKOHJACHCUPYIOLIIHXCS]
XpOMOCOM

BHoBs oOpasylouieecs
SAPBIIIKO

OcrarouHoe TENbLE —
obnacTte nepexkpbrIBaHUA
Coxparumoe KOJbLO,
MUKPOTpyOOUueK
obpasyromee 6oposay
NeNeHUs
OctaTku NOJOCHEIX
MHKpOTpYDOUEK
BepETEHA
[Tapa uentpuonei

BoccTaHoBleHHE MHTEP(a3HbBIX
MUKPOTPYDOUEK, pACTYIIMX OT IEHTPOCOMEI




Cxema MUTO3a B XUBOTHOU KNeTKe




AMUTO3 (Npamoe AeneHue)

OHo 3aknouaeTcs 8 pasgeneHuu sapa
nepeTaxkou 6e3 COXHOU NepecTPOUKU
reHeTUYeCKoOro Martepuasna u TOYHOro
pacnpegenieHUa mexay AodYepHUMMU
KneTkamu. 3a sApom Aenurcs
uutonnasma. Bcrtpeuaerca B knertkax
OTXUBAOWMUX, 0bpeyeHHbIX Ha rubenb u
AereHepupyoWwmxX Unm CToalmx B8 KOHLe
CBOero passuTuA.



BapuaHTh amutosa

Ble)e




YacTto pasHbie (pOpMbI
AMUTOTUYECKOro AeneHus
aAep BCTpevaroTca npu
PA3SIMYHLIX npoLleccax
(socnaneHue,
3110KaYeCcTBeHHbIU

POCT U Ap.)



