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Coaepxanue

1. Xumuueckuu cocmas Kiemku:

Heoprannyeckue coequHEHUSA
(BOIA 1 MUHEPAIBHBIE COJIN)

YI1€eBOIbI

JIumuabl (KAPHI)

benku

HyxnennoBeie kuciorsl: JIHK u
PHK

AT® u gpyrue opraHu4eCcKue
COeIUHEHUs (TOPMOHBI U
BUTAMUHBI)

. Cmpykmypa u (hynkyuu Kiemxu.
*  Kiterounas Teopus

[Mutorutazma n buosornueckas
MeMOpaHa

aHé{OHJIaBMaTI/I‘ICCKaH CETh U
PubocomMmbl

Kommizexe [onpmxn 1 JIn3ocoMel

Mutoxonaprn, OpraHonuabI
JIBMYKECHUS 1 BKITIOUCHUS

ITnacTuael
Anpo. IIpokapruoThl U 3YKAPUOTHI

PasnuuHbie (DOpMbl KNETOK B CBA3M C BLINONHAEMbIMM PyHKUMAIMHU
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OO011e CBeIeHus

XYVMHUYECKUH COCTAB KJIETOK PACTEHUM U )KUBOTHBIX BECHhMA
CXOJIEH, YTO TOBOPUT O €AUHCTBE UX MPOUCXOKICHUS.

B kiieTkax oOHapyxeHo Oojiee 80 XUMHUYECKHUX DJIEMEHTOB,
OJIHAKO TOJIBKO B OTHOIICHUM 27 W3 HUX W3BECTHA
(u3noornyecKas polb.

Maxkposaementsi: O, C, N, H. 98%
Muxkposaementbl: K, P, S, Ca, Mg, Cl, Na. 1,9%
YasrpamukpodiaemenTsol: Cu, I, Zn, Co, Br. 0,01%



HeoprannyecKnue COCIMHEHUS

CaMoe pacnpoCTpaHEHHOE HEOPraHMYECKOE COCAMHEHUE B KIIETKaX
KUBBIX OPraHU3MOB — BO/IA.

OHa nocTynaeT B OpraHu3M U3 BHEIITHEHW CpeJibl; Y )KUBOTHBIX, KPOME
TOIr'0, MOXKET 00Pa30BBIBATHCS MPHU PACIICIICHUN )KUPOB, OCIKOB,
yIeBoa0B. Boga HaXoguTCs B UTOIIA3ME M €€ OpraHeiiax, BaKyoulsX,
SApPE, MEKKICTHUKAX.

DyHKIUU:
1. PacTBOopuTenb
2. TpaHcnopT BeLIECTB
03/IaHUE CPEAbI IJIs1 XUMHUYECKUX

. JiacTue B 00pa30BaHUM KJIETOUYHBIX
D (IuTOIIa3Ma)
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HeoprannyecKnue COCIMHEHUS

MuHepaJjbHBIE COJIM B ONPEACIICHHBIX KOHIIEHTPALUAX
HEOOXOAUMBI JJIS HOpMAJIbHOM KM3HEICATEIbHOCTH KIICTOK.

Hampumep, HepacTBOpUMBIE COIX KaJIbLKA U hochopa
00€CIeUnBaIOT IIPOYHOCTh KOCTHOM TKaHM.

ConepxaHue KAaTHOHOB M aHUOHOB B KJIETKE U OKPY KAIOIIEH

e€ cpee (m1a3Me KpoBHU, MEKKICTOYHOM BEIIECTBE)
pa3In4HO Onarogaps

MOJYIPOHUIIAEMOCTH MEMOPAHHI.



Y1iieBOObI

. a» OTO OPraHMYECKHUE COCTMHEHUS, B COCTaB KOTOPBIX BXoAAT Bogopos (H),
~® yrnepon (C) u kucnopon (O).
= YIVIeBOJIBI 0OpasyroTest u3 Boxsl (H,O) u yrinekucsoro rasa
= (CO,) B mporecce HOTOCHHTE3A.
OpyKTO3a ¥ MIIOKO3a MOCTOSHHO MPUCYTCTBYIOT B KJIETKaX
& IUIOJI0B PACTEHUM, IPUIaBas UM CIIAJKUUN BKYC.
DYyHKIUU:
1. DHepreruyeckas (mpu pacmaje 1 r niroko3sl ocBodoxkaaercs 17,6 kJx
SHEPIUN)
2. CtpyKkTypHasi (XHTHH B CKEJIETE HACEKOMBIX U

B CTEHKE KJIETOK I'pHOOB)

-
- 3. 3amacaromas (Kpaxmai B paCTUTEIbHBIX

= KIICTKAX, I'NTMKOI'CH — B )KPIBOTHI)IX)
-
-




JInmmm el

['pymnmna >kupomnoIo0HbIX OPTaHUYECKUX COCAUHECHU, HEPACTBOPUMBIX B
BOJI€, HO XOPOIIIO PACTBOPUMBIX B HEMOISIPHBIX OPraHUYECKUX
pactBopuresx (0eH3one, OCH3UHE U T.1.).

JIunonpoTen !, TITUKOTUIIHABIL, (POCHOTUTTHIBIL.

7Kupbl — 071MH U3 KJIACCOB JUIIMIAOB, CIOKHBIE d(PUPHI NIUIEPUHA U
JKUPHBIX KACIOT. B kinetkax cogepkutcs ot 1 10 5% Xupos.

DYyHKIUU:
1. DHepreruyeckas (mpu okuciaeHuu 1 T xupa Boiaensercs 38,9 k/x
SHEPTHUH)
2. CrpykrypHas (pochoaunuabl — OCHOBHBIN
3JIEMEHTBI MEMOpPaH KJIETKHU )
3. 3amuTHas (TEPMOHU3OJISIIINS)
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benku

D10 OMONOJIUMEPHI, MOHOMEPAMH KOTOPBIX SBJISIOTCS aMUHOKHUCIIOTHI.

B cTpoeHun MOJIEKYJIbl O€IKa pa3indaroT IEPBUYHYIO CTPYKTYPY —
MOCJIEI0BATEILHOCTh AMUHOKHCIIOTHBIX OCTAaTKOB;_BTOPUYHYIO — 3TO
CIIUpaJIbHAsI CTPYKTYpa, KOTOpas yACP>KUBACTCSI MHOYKECTBOM
BOJIOPOJIHBIX CBs3€H. TpeThyHas CTPYKTYpa OEIKOBOM MOJIEKYIBI — 3TO
MPOCTPAHCTBEHHAsI KOH(PUTYypaLMsl, HAMOMHUHAIOIIAS KOMITAKTHYO
r100yimy. OHa NOAAEPKUBACTCS HOHHBIMU, BOJIOPOAHBIMHU U
TUCYIb(MUIHBIMU CBI3SIMH, a TaK)KE THAPOPOOHBIM B3aUMOACHCTBUEM.
YeTBepTrUyHAas CTPYKTYypa 00pa3yeTcs npu

B3aUMOJICMICTBUU HECKOJIBKUX IIO0YJ (Harmpumep,

CyObEeIUHMUIL).
YTpara 0e1K0BOM MOJIEKYJIOW CBOEU IPUPOAHOM

CTPYKTYpPbI Ha3bIBACTCA JIeHATYPALIUE.




HyKIeMHOBBIE KUCIIOTHI

HykjieMHOBBIE KUCTOTHI 00ECTICUMBAIOT XPAHEHUE U TIEpEAady

HACJIEJICTBEHHOM (T€HETUYECKOM) HH(POpMAIUHY B )KUBBIX OpraHU3Max.
JHK (11e30kcuprOOHYKIEMHOBAsT KUCJI0Ta) — 3TO MOJIEKYJIA, COCTOSIIAst
U3 JIBYX CIIUPATBHO 3aKPYUYEHHBIX MOJUHYKICOTHTHBIX uenen
Monomepom JIHK sBisieTcs 1e30KCUpHOOHYKIICOTHN, | =

COCTOSIIHUM U3 a30TUCTOTO OCHOBaHMS (ajieHuHa (A),

nuro3uHa (L), Tumuna (T) nnu ryanuna (I0)),

MEeHTO3bI (Ae30KCupr003bl) U Pocdara.

PHK (puboHyKJIeMHOBAsI KMUCIOTAa) — 3TO MOJIEKYJA, COCTOSAIIAS U3
OJIHOM 1I€eNH HYKJICOTUI0B. PUOOHYKIICOTHT COCTOUT U3 OJTHOTO U3
YEThIpEX a30TUCTHIX 0CHOBaHUM, HO BMecTo TuMuHa (T) B PHK ypanun
(Y), a BMecTo Ae30KCupHO03bl — prdo3a.
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ATOD

AT® (apeno3uHTpUdOChHOpPHAS KUCIOTA) — 3TO HYKICOTHU/I,
OTHOCSIIIIUMCS K TPYIIIEe HYKJIECUHOBBIX KUCIIOT.

Mousekynma AT® coCTOUT M3 a30TUCTOTO OCHOBAHUSA aJICHUHA,
NATUYTIEPOAHOTO MOHOCAaXapuaa puo03bl U TPEX OCTATKOB (hOCHOPHOI

KHUCJIOTBI, KOTOPbBIC COCANHCHBI APYI C APYTI'OM BBICOKOOHCPICTHYICCKHUMHA
CBA3siMU.

OTiiernieHne 0JTHON MONEKYIbI (POCHOPHONM KUCIOTHI POUCXOAUT C
IIOMOIIBIO (DEPMEHTOB M CONPOBOXKAAETCS BhiAeaeHueM 40 kJIx
SHEPTHUH.

Onepruto AT® kneTka uchoJib3yeT B Ipolieccax OMOCUHTE3a, TPU
JIBUKEHUM, TIPU MIPOU3BOJICTBE TEIIa, TPU MPOBEACHUN HEPBHBIX
UMITYJIbCOB, B MpoIecce (POTOCUHTE3A U T.1T .

ATO® sBnsieTCAa YHUBEPCAIBHBIM aKKYMYJISITOPOM SHEPTUU B KUBBIX
OpraHu3Max
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KierouyHasa Teopus

B 1665 roay anruiickuil ecrectBoucibiTareab Pooept I'yk, HaOmonas

M0/ MUKPOCKOTIOM Cp€3 MPOOKH JAEpeBa, 0OHAPY KU MMYCThIC STYCHKH,
KOTOPBIE OH Ha3BaJl «KJICTKAMM.

CoBpeMeHHasi KJIETOYHASA TEOPHA BKJIKOYAET CJACAYIOIME MOJT0KEHMA:
*BCE JKMBBIC OPTAHU3MbI COCTOAT W3 KJIETOK; KJIETKA — HAMMEHbIIIAs
CIMHUIIA >KUBOTO;

* KJICTKH BCEX OAHOKIJICTOYHBIX 1 MHOI'OKJICTOYHBIX
Opranu3mMoB CXOAHLI 110 CBOCMY CTPOCHUIO,
XUMHUYCCKOMY COCTAaBy, OCHOBHBIM IIPOABJICHUAM

KU3ZHEACATCILHOCTH U OOMEHY BEIIECTB;

* pa3MHOXXEHHE KJICTOK IIPOMCXOAUT IMyTEM MX ACICHHUS, M KaKaas HOBas
KJIETKa 00pa3yeTcs B pe3ysibTaTe JCJICHUS NCXOAHOM (MaTepUHCKOM )
KJICTKH;BCE MHOTOKJICTOYHBIC OpraHMU3Mbl Pa3BUBAIOTCS U3 OJIHOM KIETKU

* B CIIOKHBIX MHOTOKJIETOYHBIX OPTaHU3MAaX KIJIETKHU CIIEIHATN3UPOBAHbI
IO BBIMOJHAEMON UMM (DYHKIIUM U 00Pa3yIOT TKaHU; U3 TKAHEH COCTOSIT
OpraHbl, KOTOPBIE TECHO B3aUMOCBA3aHbI Y MMO{YMHEHBI HEPBHBIM U
T'YMOPaJIbHBIM CUCTEMAM PETYIISIIHU.



[{utormnazma buogornyeckas MeMOpaHa

[Tomy>xuakas cpesia, B KOTOPOM HAXOISITCS SAPO KIETKA U BCE OPTaHOUIBI.
[Mutonna3ma Ha 85% cocrout u3 Boasl 1 Ha 10% - n3 OCIKOB.

buoniornueckass MeMOpaHa OTTPAHUYMBAET COACPKUMOE KIETKU OT
BHEIIHEW Cpefibl, 00pa3yeT CTEHKHU OOJIBIITMHCTBA OPraHOUI0B U 000JI0UYKY
A71pa, pa3aesieT COAEPKUMOE IUTOILIA3Mbl HA OTACIBHBIE OTCEKHU.

Hapy>kXHbIil 1 BHYTpEHHUM cJion MeMOpaHbl (TEMHBIE) 00pa30BaHbI
MOJIEKYJIaMH OEJIKOB, & CPEIHUM (CBETIIBIN) — ABYMS CIIOSIMHU MOJICKYJI
TUnuA0B. JIMMUAHBIE MOJIEKYJIBI PACTIONOKEHBI CTPOTO YIOPSAJOYEHHO:
BOJIOPACTBOPUMBIEC (TUAPOPUIIbHBIC) KOHIIBI

MOJICKYJI OOpaIlieHbI K OSJIKOBBIM CJIOSIM, a
BOJOHEPACTBOPUMBIC (THAPOPOOHBIE) — APYT K
APYTY.

buonoruyeckas MmemOpaHa o0i1agaeT
M30MpPATEIBLHON TPOHUIIAEMOCTBIO. l-ll il ll
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Dunomaazmarnueckas cethb (DI1C)

DTO ceTh KaHAJIOB, TPYOOUEK, My3bIPHKOB,

IIMCTEPH, PACTIOJIOKEHHBIX BHYTPH

IIATOIJIA3MBI.

OIIC npencraBnseT coO0W CUCTEMY

MeMOpaH, UMEIOITUX YIABTPAMUKPO-

CKOMMYECKOE CTPOCHUE. :

Paznnuaror OI1C mraakyro (arpanyaspHYIO) 2’

U IIEPOXOBaTY10 (TPpaHyISPHYIO), HECYIIYIO Ha

cebe pubocombl. Ha MmeMOpanax rmaakon II1C HaxoasTcs epMEHTHBIE
CHUCTEMBbI, YYACTBYIOIIME B )KUPOBOM H YIJTIEBOJHOM OOMEHE.

Pubocombl npukperisaoTes K Memopane rpanyisapHoit S11C, u Bo Bpems
CUHTE3a OEJTKOBOM MOJIEKYJIbI MOJUIMENTHIHAS IIETT0YKa C pruOO0COMBI
norpyxaercs B kaHas J11C
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PuOocoMBl

Mernkue chepudeckre opraHouabl pa3MepoM oT 15 10 35 HM,

COCTOSIIIIME U3 ABYX HEPABHBIX CYOBEIUHUIL U COACPKAIIUE TPUMEPHO
paBHO€e KosnuecTBO Oenka u PHK.

bonplias 9acTh CyObeIUHUI] PUOOCOM CUHTE3UPYIOTCS B SAPBIIIKAX U
qyepes3 MOpPHl SIePHOM MEMOpPaHBI MTOCTYITAIOT B ITUTOIIA3MY, TJIE

pacnonararTcs 1100 Ha MeMOpaHax dHJIOIIa3MaTUYECKOM CceTH, I100
CBOOOIHO.

IIpu cuHTE3€ OCIKOB OHU MOTYT OOBEIUHATHCS Ha MH(POPMAIIMOHHON

"
&

N

pUBSEOME PHOOCOME

pynIibl (ITOJIUCOMBI)
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Kommiaeke | oabmkn

Kommnekce ['onbpxu npeacrasiser co0oit ctonky u3 5-10 mimockux
IIUCTEPH, MO KPasiM KOTOPBIX OTXOJSAT BETBAIIUECS TPYOOUKH U MEJIKUE
my3bIpbkd. OH BXOJAUT B COCTaB CUCTEMbI MEMOpaH: HapyKHasl
MeMOpaHa siIepHOM 000JIOUKH — SHJIOTIIa3MaTUUYECKast CETh — KOMILJIEKC
['onb/Ku — Hapy>XHas KJIeTouHas MeMOpaHa. B aToli cucteme
MIPOUCXOAUT CUHTE3 U MIEPEHOC PA3IIMYHBIX COCAUHEHUM, a TAKKE
BEIIECTB, BBIJCIISIEMBIX KIIETKOM B BUJE

cekpera win otopocoB. Kommieke
['onb/ KK MPUHUMAET Yy4acTHUE B
00pa3oBaHUHU JIM30COM, BaKyoOJei, B

JTH30COMBI
HAKOILJICHUH YTJIEBOAOB, B MOCTPOCHUHU
KJICTOYHOW CTEHKU (y PaCTCHUN).
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JIN30COMBI

[ITapoBUAHBIE TEIbIIA, TOKPHITHIC JIEMEHTAPHOU @__--"' TTH30COMBI
MeMOpaHoii U coneprkainue okoiao 30

TUPOJIMTUYECKUX (PEPMEHTOB, CLIOCOOHBIX

pacCIICIUISITh OCIKU, HYKJIEHMHOBBIE KUCIIOTHI,

AKUPHI U yreBoasl. O0pa3zoBaHUE TU30COM k

MPOUCXOJUT B KOMILIEKCE | OJIbIKH.

[Ipu noBpexaeHNU MEMOPaAH JIM30COM , COJIEpIKAIIUECS

B HUX (DEpPMEHTHI, MOTYT pa3pyliarb CTPYKTYpPbl CaMOM KJIETKHU U
BPEMEHHbBIC OpraHbl SMOPHOHOB U JTUYHWHOK, HAPUMEP XBOCT U KaOpbI

B IPOLIECCE PA3BUTUS FOJIOBACTUKOB
JSATYIIEK.



IlmacTunel

Copnepxarcs TOJIbKO B PaCTUTENIbHBIX KIIETKaX.

XJiopomiactsl 1o (opMe HaTOMUHAIOT IBOSKOBBIITYKITYIO JTMH3Y U COZlep Kat
3€JICHBI MUTMEHT XJIOPODHUILI.

XJ0poIuIacTsl 00J1a/1at0T CIOCOOHOCTHIO YIABIUBATh COJIHEUHBIN CBET U
CUHTE3UPOBATh C €r0 MOMOIIBIO OpraHNYECKre BenlecTBa npu yyactuu ATO.

XpoMomJIacThbl — MJIACTUIBI, COJECPKALINE
pPaCTUTEINIbHBIE MUTMEHTHI (KPOME 3€JIEHOT0),
MpUIAIOIINE OKPACKY IIBETKaM, IUIOAAaM, CTEOJISIM U
OPYTUM YaCTSAM PACTCHUM.
JleiKomjaacTel — OCCIIBETHBIC IIJIACTHIBI,
COZIEpIKaILMECs Yalle BCErO B HEOKPALIEHHBIX YacTAX
PaCTEHNI — KOPHSAX, JIYKOBHUIIAX U T.I. B HUX MOTyT
CUHTE3UPOBATHCA W HAKAILIIMBATHCS OCJIKU, KUPBI U
noyicaxapubl (Kpaxmai).
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MUTOXOHAPUU

BuiHBI B CBETOBOI MUKPOCKOII B BUJIE TPAHYJ, MTAJI04YEK, HUTEU
BeJnuyuHOM oT 0,5 1o 7 MKM.

CteHKa MUTOXOHAPUN COCTOUT U3 ABYX MEMOpaH — HApyKHOM, TJ1aJIKOM
Y BHYTPEHHEHN, 00pa3yIoleil BHIPOCThI — KPUCTHI, KOTOPBIE BIAIOTCS BO
BHYTPEHHEE COACPKUMOE MUTOXOHApUH (Marpukc). B Marpukce
MMEETCSl aBTOHOMHAsl CUCTeMa OMOCUHTE3a OCJIKOB: MUTOXOHIpHUATbHAS
PHK, JIHK u puGocomsl.

OcHOBHBIMU (DYHKIMSMHU MUTOXOHIAPHUH SIBJISIOTCS OKUCIICHHE

OPraHUYECKUX COCIMHEHUM 10 TUOKCHUIA

BuewHAa membpaHa

HyTpeHHAR membpaHa
yIIIepoa U BOABI U HAKOILICHHE CAppRAtETEIRY
XUMUYECKON SHEPTUU B
MaKpO3prudecKux CBsA3ssx ATO.
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O[!FaHOI/IgBI IBUKCHUA BxiroyeHus

K KJIETOYHBIM OPraHouAaAM ABUKEHUS OTHOCST
PECHUYKH U JKTYTUKH — 3TO BBIPOCTHI MEMOpaHbI
JUaMETPOM, COZEPIKAIIUE B CEPEAUHE
MUKPOTPYOOUKH.

CDYHKQI/IH 9THUX OPraHOM OB 3aKIIOYACTCA UJIN B

o0ecrnieueHUH JBIKEHUS (HApuMep, Y IPOCTEHIINX) WIH muin upuasnmonnn
KHUJKOCTHU BJIOJIb TOBEPXHOCTHU KJIETOK (HAIIpUMeEp, B JIbIXaTCIbHOM SIUTEIINU
TUISL IPOABUYKEHUS CIIU3H )

BkJi1roueHus1 — 3TO HEITOCTOSSHHbIC KOMIIOHCHTBHI

) g‘;"’. OIlTa3MbI, COACPIKAHUC KOTOPBIX MCHSCTCA B
!

|
ACUMOCTH OT (I)yHKI_II/IOHaJIBHOl"O COCTOsAHMSA KIICTKH. .
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Anpo

dopma 1 pazMepsl sjipa 3aBUCAT OT (POPMBI U BEIMUUHBI KJIETKU U
BBITIOTHAEMOM €10 QyHKIMU. [10 XUMHUYECKOMY COCTaBY SIAPO
OTJIMYAETCS OT OCTAIBHBIX KOMIIOHEHTOB KJIETKH BHICOKHM
conepxkanuem JIHK (15-30 %) u PHK (12 %). 99 % JAHK knetku
COCPEIOTOYEHO B SJIpE, I7I€ OHA BMECTE C OeIKaMHu 00pa3yeT KOMILIEKCHI
- ne3okcupurdonykieonporeuanl (JIHIT).

S po BBITIOJHSAET ABE INIaBHbIE PYHKIUU:

1) xpaHeHHe U BOCIPOU3BEICHUE HACIICICTBEHHON MH(OpMAIINY;

2) peryJsius npoleccoB 0OMeHa BEIIECTB, MPOTEKAIOIINX B KIETKE.
B cocTaB sijpa BXOJAT SIAPBIIIKO, cocTosiee u3 oenka u p-PHK;
XPOMATHUH (XPOMOCOMBI) U SIIEPHBINA COK, TPEACTABISIOMINAN COO0M
KOJUJTOMTHBIN PacTBOp OEJIKOB, HYKJIEMHOBBIX KUCJIOT, YIJIEBOJIOB U
(epMEHTOB, MUHEPAJIHHBIX COJICH.
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I IpoKapuroThI

He numerot ogpopmiieHHOTO
anpa

HacnenctBenHas nuHpopmanus
nepeaaeTcs Yepe3 MOJCKyIy
JIHK, xoTopas oOpa3yer
HYKJICOTH/I.

OyHKIMN 3yKapUOTUYECKUX
OpPraHOWUJIOB BBITIOJIHSIOT

OI'PAHUYCHHBIC M€M6paHaMI/I
ITIOJIOCTH

bakrepun u Cune —
3€JICHBIE

BOJIOPOCTH

u

3YKAPUOTHI

EcTb ueTko ohopMiIeHHbBIE
A]ipa, UMEIOIIKNE COOCTBEHHYIO
000JI0UKY.

Anepnas JIHK y Hux
3aKJIFOY€HA B XPOMOCOMBI.

B nuroriazme nmerorcs
pa3JIMYHbIE OPTraHOU/IbI,
BBITIOJTHSIFOIIHE
crenuduyeckue GyHKIUU

[{apctBo ['prboB, Pactenuii u
JKMBOTHBIX.
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