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1. BBegeHue B Kypc buonorum

1.1. Buosnoaus Kak HayKka, MemoObI buosiocuu

buonorus (bios — »xu3Hb, 10g0S — cI0BO, ydyeHHE) — HayKa O
KU3HU. buonorua kak Hayka 3apoawiack okoso 2000 ner Haszamn.
OcHoBareneM OHOJIOTUM SIBJIETCS APUCTOTETh. T€PMUH TPEASTIOKHUI
Hemenkuii yaeHsi ['. P. TpeBupanyc B 1802 T.

[IpenmeToM OMONIOTUM SIBIISIOTCSI BCE TIPOSIBIICHHS KU3HU. bro-
JOTHS U3Yy4YaeT CTpoeHHe, (PYHKIMOHMPOBAHHE OPraHU3MOB M HUX
COOOIIECTB, PACHPOCTPAHEHUE, MPOUCXOKICHUE, PA3BUTUE WUHIUBU-
IyalbHOE M HMCTOPHYECKOE, UX B3aMMOJICHCTBUE MEXKIYy COOOW U C
OKPYKaroUIEeu CpeIiou.

JKuBble OMOJIOTMYECKHE CUCTEMbI OYEHb CIIOKHBI, TIO3TOMY CIIOK-
Hbl U OYEHb Pa3HOOOpPa3HBbI METOJbI, CIOCOOBI U (HOPMBI MX HCCIEIO-
BaHus. OJTHaKO, HECMOTPSI HAa 3TO PA3HOOOpa3Ue, MOKHO BBIJICTUTH Hau-
00J1e€ BOKHBIE METO/IbI UCCIIEIOBAHMS, UCIIOJIb3YEMbI€ IPAKTUYECKU BO
BCeX OMOJIOTMYECKUX HayKaX, — HAOJIOJCHUE, ONTMCAaHNE, SKCIIEPUMEHT,
CPABHUTEIIbHBIA U UCTOPUUECKUN METOABI, MOAECITUPOBAHUE.

MeTtoa HaOMI0OAEHHUS TACT BO3MOXKHOCTh aHAJIM3UPOBATH U OIH-
ChIBaTh OMOJIOTUYECKHE OOBEKTHI U siBicHUs. Ha MeTone HaOmoneHus
OCHOBBIBAETCSl OMUCATENIbHBII MeTOA. UTOOBI BBIACHUTH CYUIHOCTH
SIBJICHUSI, HEOOXOJIMMO TIPEkKJe BCEro coOpaTh (PaKTUUECKUM Mare-
pHAIl U OMUCATH €TO0.

CpaBHUTEJbHBI METOJ TIO3BOJIIET 4YEpe3 COIMOCTABIICHUE
M3y4aTh CXOJICTBO U PA3IN4Us OPTaHU3MOB U UX YaCTEMU.

Hcropuyecknii MeTO/I BBISICHSIET 3aKOHOMEPHOCTH MOSIBIICHUS U
pPa3BUTHSL OPTaHW3MOB, CTAHOBJIEHHUS MX CTPYKTYpbl U MEXaHH3MOB
(GyHKIIMOHUPOBAHUSL.

IKCIHEePUMEHTAJBLHBIN METOA CBSI3aH C [EJICHANPABICHHBIM
CO3/IAaHMEM CUTYyalluu, KOTOpas IMOMOTAET HMCCIENOBATENI0 H3Yy4aTh
CBOWCTBA W SBJICHUS XWBOM NPUPOABL. ITOT METOJ IO3BOJISIET
UCCIIC/IOBATh SIBJICHUSI MU30JIMPOBAHHO M JOOMBATHCA WX MOBTOpsie-
MOCTH IIPY BOCITPOU3BEACHUN TEX KE YCIOBUMU.

K HOBBIM METOJIaM HCCJIEIOBAaHUS B COBPEMEHHOW OHOJOTHUH
MOKHO OTHECTH MOAeJupoBaHHe. OCHOBHBIMU METOJAMH HMCCIIEIO-
BaHMUsSI OHMOJIOTMUECKHUX CHUCTEM SIBJSIOTCS HAOMIOJEHUE M DKCIle-
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puMeHT. HO 3KCIepuMeHTBl €O MHOTMMHU OOBEKTaMH, OCOOEHHO
HAJOPTaHU3MEHHOT0 YPOBHS (MOMYJIALMH, COOOIIECTBA, IKOCUCTEMBI,
ouocdepa), 4acTO HEJIOMYCTUMBI B CUJTY UX YHUKAIBHOCTU WUJIA HEBO3-
MOHBI MO MPUYMHAM TEXHUYECKOrO U (PMHAHCOBOIO XapakTepa, a
TaK)Ke M3-3a2 JUIMTEIBbHOCTH MHOTHX JKcrnepuMmeHTOB. Iloatomy 3Tm
OOBEKTHI 3aMEHSIOT UX MCKYCCTBEHHBIMHU YIPOIICHHBIMU KOMUSIMU —
MOJEISIMM, Ha KOTOPBIX TMPOBOJAT H3KcHepuMeHThl. Hampumep,
MPOCTEUIIIEM MOJEIIBIO BOJHOM 3KOCUCTEMBI SBJISIETCA aAKBAPUYM.
Benyniee MecTo cpeiy pa3iUYHBIX TUIIOB MOJENIEH 3aHMMArOT MaTe-
MaTUYECKHUE, KOTOPbIE MOKHO peaanu30BaTh Ha KOMIbIOTEpE. MaTema-
TUYECKHE MOJICNIA TO3BOJISIIOT BBIABIATh «O€Nble TSATHA» HaIUX
3HaHUAX 00 OOBEKTAaX MCCIEAOBAHUS, MPOTHO3UPOBATh UX PA3BUTHE,
BBISBJISITh MPENEIbl YCTOWYMBOCTH W ONTHUMHU3UPOBATH (PYHKIUO-
HUPOBAHUE C LIEJIbI0 COXPAHEHUS! B U3MEHSIOLIUXCS YCIOBUSAX BHEIII-
HEW cpellbl WM PaAlUOHAIBHOTO HCMOJb30BaHus. [IpenmyiiecTBa
HSKCIIEPUMEHTOB Ha MOJEJIM 3aKIIOYAIOTCS B TOM, UYTO MPHU MOJEIH-
POBAaHUMU MOTYT OBITh BOCHPOMU3BEACHBI TAKWE KpallHUE MOJIOKEHUS,
KOTOPBIE MTOJYAC HE MOTYT OBITh BOCCO3/aHbl HA CAMOM OOBEKTE.

[Ipumepsl Moaesieil: MOAENb MOCIEIACTBUN ANECPHOU BOWHBI, MO-
nenb 3KocucTeMbl 03. baiikan, Moaenb pacmpenesieHus pblObl B
SAnoHcKkOM Mope Ui OpraHU3alid  PAlMOHAIBHOTO IPOMBICHIA
(B. B. MenmytkuH, JI. A. XKakos, Apl'Y).

KoMIuiekcHoe, WM CUCTEMHOE, W3yYEeHHE MPUPOABl C HUCIONb-
30BAHUEM PA3JIMYHBIX METOJOB MO3BOJISIET HaHOOJEE MOJHO MO3HATH
SABJICHUSI U 0OBEKTHI OKPYIKAIOIIETO MUPA.

1.2. Knaccughukauyusi 6uosio2u4yeckux Hayk

buonorust uzy4daeT Bce KMBBIE OPTaHHU3MBI, UX CTPOSHHE U BCE
3aKOHOMEPHOCTH JKU3HEACITEIBHOCTH OT BUPYCOB JI0 4enoBeka. [lo-
CKOJIBKY TPOSIBJICHUS KU3HHU Yy Pa3HbIX OPraHU3MOB Pa3HOOOpa3HBbI,
UX M3yYCHHE MO3BOJMIIO OMOJIOTMH HAKOMHUTh KOJIOCCATbHBIN (haKTH-
yeckuil matepuan. Ceiiuac OMOJIOTUs MPEACTaBISIET COOONH KOMILIEKC
caMoCTOSITEIbHBIX HayK. Kiaccudukanum OMOJOTMYECKUX HayK pas-
JMYAI0TCS B 3aBUCUMOCTH OT TOT'O, YTO TMOJIOKEHO B OCHOBY.

1. ITo 00bexTy ucciaegoBaHus OUOJIOTUS APOOUTCS HAa OOTAHUKY,
300JI0THI0, MUKPOOHOJIOTHIO, aHTPOIIOJIOTHIO.
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[To Mepe HaKOIUICHUs 3HAHWUW 3TH HAyKH, B CBOIO OYEpPEIb, JIC-
JSTCSA Ha pas3felibl, KOTOPhIE CTAHOBSITCA CaMOCTOSITEJILHBIMU HayKa-
mu. Hampumep, 300J710Tusl AEAUTCA HA MUXTHOJIOTHIO, SHTOMOJIOTHIO,
OpHUTOJIOTHIO... Jlanmee 3Tu pasjaenbl JACNATCA Ha MOAPA3JACIbl U
CTAHOBSITCS CaMOCTOSITEJIbHBIMU HayKamH. Hampumep, B UXTHOJIOTHA
BBIJICTISIFOT CUCTEMAaTUKY PbIO, TEHETUKY pbIO, (PU3HOJIOTHIO PBIO,
OMOJIOTHIO pa3BUTHUS PHIO U TIP.

2. Jlpyras knaccudukainus OHOJOTHUYECKUX HAyK — HayKH,
M3y4arolye CBOMCTBA U IPU3HAKH KUBOTO:

— Mopdosorus (M3yyaeT CTpOCHUE),

— ¢usunosiorus (u3yvyaet GyHKIUN),

— 3KOJ0TUs (M3y4daeT o0pas )KU3HM),

— OMoJIOTHS pa3BUTHS,

—TeHeTuka (M3ydaeT 3aKOHOMEPHOCTH HACJEACTBEHHOCTH U
W3MEHUYUBOCTH),

— 3BOJIIOLIMOHHOE y4YEeHUE (u3yvaer 3aKOHOMEPHOCTH
HUCTOPUYECKOTO PA3BUTHS). ..

B »TuX Haykax Tak)ke HAKOIUICH 3HAYMTEJIbHBIM MaTepHual, U UX
pasaenbl TOKE CTAHOBSITCS CaMOCTOSITEIbHBIMH HayKamMu (Hampumep,
MOp(hOJIOTHS AETUTCS Ha aHATOMUIO, TUCTOJIOTHIO, IIUTOJIOTHIO).

3. Hayku knaccuuiupyroTcs 1Mo UCIoab30BaHHBIM METOIaM:

— OMOXUMUS (XUMUYECKHUE METO/IbI),

— onodusuka (hu3nIecKue METOIbI),

— OnomeTpus (MaTEMaTUYECKUE METO/IbI),

— reHeTHYecKas HHKeHepus (METO bl pabOThI C YUCTHIMU FEHAMM).

4. ITo mpakTUYECKOMY 3HAYEHHUIO BCE HAYKHU JIETSATCS HA TEOPETU-
yeckue (TeopeTudeckas OUOJIOTHSI, SBOJIIOIMOHHOE YYEHHE) U TpH-
KJIaJHbIE (MEUIIMHA, CEIbCKOXO3SIICTBEHHbBIE HAYKH, OMOTEXHOJIOTH).

IIpeomem obweti buonocuu

CamMmocToATeNbHOW HAayKOM cTayia M oOmias Ouosiorus — 00JacThb
3HaHUW, U3ydarollas HaumOoJiee HIMPOKUE, YHUBEPCAJIbHBIC 3aKOHO-
MEpPHOCTHU CTPOCHUSI U (YHKIMOHUPOBAHUS KUBBIX CUCTEM, CBOUCT-
BEHHBIC 6cem OpraHr3MaM OT BUPYCOB 0 YeJIOBEKa.



1.3. Ceoluicmea xuebix cucmem

1. LlemocTHOCTh M IUCKPETHOCTh. OpraHus3M LEIOCTEH, HApYIIe-
HUE 1IEJIOCTHOCTH MPUBEIET K ero rudenu. Bmecte ¢ TeM opranusm
TUCKPETEH, COCTOUT U3 OTMIEJbHBIX, HO B3aUMOJICUCTBYIOIIUX YacCTEH,
HaIlpUMEP OPraHoB (CM. pa3jien « YPOBHU OpraHU3aIun).

2. CTpyKTypUpPOBAaHHOCTh — HAJIMYHUE OMNPEJCICHHOTO CTPOCHHS,
HapyIIeHHE KOTOPOIo MPUBOJUT K THOEIU OpraHu3ma.

3. CyOcTtpar — 310 MaTepuai, U3 KOTOPOI0 MOCTPOEH OpPraHU3M.
JIns KUBBIX OPraHU3MOB 3TO TMPEXKJE BCEro KOMILUIEKC OMOMOJIH-
MEpOB — OEJIKOB ¥ HYKJICMHOBBIX KHUCJIOT.

4. ObmeH BemiecTB (MeTabonu3Mm). Bce kuBble opraHu3Mbl Ha
3eMJie — OTKPBITBIE CHUCTEMbI, 4YE€pe3 KOTOPbIE MPOXOIST IOTOKU
BelecTBa W HHEpruu. OpraHu3mbl MNOTIIOMIAIOT W3 OKPYKarolIeh
CpeAbl AIEMEHThI, HEOOXOIUMBIE Il MUTAHUS, U BBIACISIIOT MPOIYK-
ThI XKU3HEAeITeIbHOCTU. OOMEH BeIleCTB 00eCIeUrBaET TOCTOSHCTBO
XUMHUYECKOT'0 COCTaBa U CTPOCHUS BCEX YaCTEH OpraHu3ma.

5.ToMeocTaz (camoperynisius) — CHOCOOHOCTh OPraHU3MOB
COXPaHSATh MOCTOSTHCTBO BHYTPEHHEU Cpeibl (HampuMep, MOCTOSHHAs
TeMmIeparypa Tejla 4YeiaoBeka 36,6 °C npu Jr000i  TeMmieparype
OKpY>KaroIleu cpesibl).

6. PazgpaxuMoCTh — CBOWMCTBO >KMBOIO OpraHu3Ma BOCHPUHU-
MaTh BHEIIHUE U BHYTPEHHUE Pa3/IpaXXKUTEIN U pearupoBaTh Ha HUX.

7. Pa3aMHOXeHHEe ~ (CaMOBOCHPOU3BEJCHHUE,  PENPOYKIUs) —
CBOWCTBO OPraHMW3MOB BOCTIPOM3BOJIUTH C€O€ MOI00HBIX, UTO obecrie-
YUBAaEeT HEMPEPHIBHOCTh W MPEEMCTBEHHOCTh XKM3HU. B ocHOBe pas-
MHOXKEHHSI Ha MOJIEKYJIIPHOM YypOBHE JISKUT camoynBoeHue JIHK
(peruinkamusi), Ha KJIETOYHOM YpPOBHE — JeJeHHUE, Ha OpraHu3-
MEHHOM — Pa3MHOKEHHE OPTaHU3MOB.

8. HacneacTBeHHOCTh — CHOCOOHOCTh OPraHMW3MOB TEPE/IaBATH CBOU
NPU3HAKK U OCOOCHHOCTU PA3BUTHUS W3 MOKOJEHUS B MOKoyieHue. OHa
00ycJoBJieHa CTaOUIIBLHOCTBIO, TO €CTh MOCTOSTHCTBOM MoJiekyJt JJHK.

9. U3MEHYMBOCTh — CBOMCTBO OPraHU3MOB CYIIECTBOBAaTh B
paznuuHbiX ¢opmax (BapuaHTax). M3MEHUYMBOCTH MPOSIBISETCS B
MOSIBJICHUW PAa3IUuui MEXIy MOTOMKAaMU OJHOTO TIOKOJICHHS H
MEXy POAUTENSIMH M TOTOMKamMu. M3MEHUYMBOCTH CO3Ja€T pas3Ho-
oOpa3HbIii MaTepuan Ajisi oTOopa HamboJiee MPUCIIOCOOIECHHBIX OCO-
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Oeil K KOHKPETHBIM YCIOBHUSIM CYIIIECTBOBaHHUSA, 4YTO MPUBOJUT K
MOSIBJICHUIO HOBBIX (DOPM KU3HU, HOBBIX BUJIOB OPTaHU3MOB.

10. Poct u pa3Butue (oHTOreHe3). PocT BbIpaxaercs, Kak
MPaBUIO, B YBEJIMUEHUU MacChl. Pa3BuTHe BhIpaXaeTcsi B MPOSIBICHUU
pa3IuYMil B CTPOSHUH M (DYHKIIUSIX Pa3BUBAOIIETOCS OpTaHU3Ma.

1.4. YpoeHu opeaHu3ayuu >xusbix cucmem

[Ipupona — eauHoE 1EI0E, YHOPSAOYEHHOE U CIIOAKHOOPTaHU30-
BaHHOE, HaxoJsIleecs B yCTOMYMBOM HepaBHOBecuu. Ho B oOieit
OpraHu3aliyv MPUPOAbl MOKHO BBIAEIUTh HECKOJIIBKO YPOBHEN CTPYK-
TypHOUM OpraHU3alMi CO CBOMMHU 3aKOHOMEPHOCTSMH M CHEITU(PUKOM,
T. €. IPUPOJIA — UEPAPXUUECKAsT CUCTEMA.

Tabnuna 1
Ypoeuu op2aHuszauuu Icue020
Vposens DnemenmapHasn eOunHuya, Hayxu, ux uzyuarowue
DnemenmapHoe sienue
buonozuueckue muxpocucmemul

MOJIEKYJIAp- | T€H ounodusuka
HBII KOHBAPUAHMHAS PeNnuKayus 2ena
KJICTOYHBIA | KJIETKa IIUTOJIOTHSI, TEHETHKA

peaxyuu KiemouHo2o 0o MeHa

Buonocuueckue mezocucmemuol

TKaHEBOU TKaHb THCTOJIOTHSI,

gopmuposanue u pazgumue mxanel | SMOPUOJIOTHUS, TEHETHKA
OpTaHHBIA, | OpPTaHbI aHATOMWSI, IMOPHOJIOTHS,
CUCTEMHBIN | yHKYyUOHUpOBAHUE OpeaHa bu3HoNI0THs, TCHETHKA
OpTaHU3MEH- | OPTaHU3M OoTaHuKa, 300JI0THS,
HBIN UHOUBUOYATIbLHOE pa3eumue oped- | MUKpoOHoJorus, (pusno-

HU3Ma Jorus, aMOpuosorus,

TeHEeTHKA
Buonocuueckue maxpocucmemol

MOMYJISAN- | TTOMYJISIUS cCUCTeMaThKa,  Ouoreo-
OHHO-BUJIO- | U3MeHeHue ceHogonoa nonyiayuu | rpapus, DKOJIOTHS,
BOH ATOJIOTHS, TCHETHKA
OuoreoreHo- | GMOreoIeH03 AKOJIOTHUS
TUYECKUAN Kpy2080pom eeujecms 6 0Ouozeo-

yenosze
ouochep- HE BBIJICTISCTCS AKOJIOTHS
HBIU




Ha cucremMHOM ypoBHE oOpranbl OpraHu3Ma OOBECIHHSIOTCS B
CHUCTEMBI OpPraHOB, HAIPHUMEp IHINCBAPUTCIBHYIO, JABIXaTCIbHYIO H
np. Bce cucrembl, HCX0IS M3 BBIMOJIHAEMBIX 33124, OOBEIUHSIIOTCS B
TPYIIIBI CHCTEM.

Tabmnuria 2

I'pynnot cucmem opzanoe

I'pynna cucmem Cucmembl opeanos, 6xooaujue 8 2pynny

1. Baemnero ooMena IMUIICBAPUTCIIbHAA, AbIXATCJIbHAA, BBIICIUTCIIbHAA

2. BuyrpeHnHnero ooOmMeHa [KpoBeHOCHas, TuMdaTrueckas

3. OHOpLI N ABHKXCHUA |CKCIICT, CBSI30YHBIN arrmapar, MbIIICYHas1 CUCTEMA

4. Perymsiiuu HEpBHAs, SHAOKPUHHAsA

S. PenpopykTuBHas 0JIOBast, OpraHbl 0ECIOI0ro Pa3MHOKEHUS

2. KnetouyHas Teopus

2.1. Ucmopusi co30aHusi Kliemo4YHOU meopuu

Kiietka sBIS€TCS CTPYKTYpHOU W (YHKIIMOHAJIBLHOW €UHUIICH
BCEX JKUBBIX OpraHu3moB. JKu3Hb Ha 3emje BO BCEX CBOUX MpPOsB-
JIEHUSIX TPEACTABICHA KJIETKAMU, MOXO0XUMHU U PA3JIUYHBIMH, HO BCE
OHU UMEIOT €JIUHBIN IJIAH CTPOCHUS U MPUHIUI OPraHU3alIUH.

Bnepsrie wkietkn yBuzpen B 1665 r. anrnmmyannH P. ['yk. On
HaOII0Mal Ha cpe3e MPOOKU IyCThle SYEWKH, KOTOphbIe W Ha3Bal
KJIETKaMH. 3aTe€M TOJIJIAHJICKUI HATypaaucT A. BaH JIeBEHI'yK OTKPBLI
OJIHOKJIETOYHBIE opraHu3Mbl U Oaktepun. B 1831 r. P. bpoyn onucan
AIPO B PACTUTEJILHOU KJIETKE.

B pesynprare 0000IIEHUS HAKOIUICHHBIX K TOMY BpPEMEHU
naHHblx Hemenkue ydeHble M. IlIBann wu T. [lnewgen B 1838-—
1839 rr. chopmynupoBaii OCHOBHBIE MOJIOKEHHS KICTOYHON TEOPHH,
COTJIACHO KOTOPOM KJIETKA SIBJISIETCS €AMHULIEH CTPYKTYPhI U QYHKIIUH
)KHUBBIX opranu3moB. [lo3nnee, B 1855 r., P. BupxoB noka3sai, 4To Bce
JTOYEpHUE KIETKH O0Opa3yloTcsi IyTeM JICJICHUS MATEPUHCKUX H
Ipyroro cnocoda oOpa3zoBaHUs KIETOK HE CcyllecTByeT. Takum oOpa-
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30M, KJIETKA SIBJISICTCS U €AUHMICH Pa3MHOXKEHHS BCEX OpPraHU3MOB
(pacTeHu# 1 )KUBOTHBIX).

Bce OoCHOBHBIE TMOJOKEHHS KJIECTOYHOM TECOPHUU COXpaHWJIM 3HA-
YeHHE 1 B HACTosIIee BpeMs. B COBpeMEHHOM BHJI€ TEOPHS COACPKUT
YEThIPE OCHOBHBIX TTOJIOKECHUS.

2.2. OCHOBHbIE MOoJIoXKeHUSsI Klilemo4YHoU meopuu

e KieTka sIBIsI€TCS HAMMEHBIIEH, SJIEMEHTAPHOW CTPYKTYPHOM H
(GYHKIIMOHAILHOW €IMHUILIEH )KMBOT0. BHE KJIETKM HET KU3HHU.

e Bce opraHu3Mmbl cOCTOAT M3 KieTok. Kierku Bcex onHo-
KJIETOYHBIX M MHOTOKJIETOYHBIX OPraHU3MOB CXOJHBI II0 CBOEMY
CTPOCHHIO, XHMHYECKOMY COCTaBy, OOMEHY BEIIECTB MU JPyTHM
OCHOBHBIM MPOSABJICHUSAM KU3HEHHBIX MPOIECCOB.

e Y MHOTOKJIETOUYHBIX OPTaHU3MOB KJIETKU TudPepeHunpyroTcs,
CHEHHUAIM3UPYACH MO BBIIIOJHEHUIO onpeaeieHHon ¢pyHkuuu. Kietku
oObenMHEHbl B TKaHM U opradbl. JluddepeHunpoBka KIETOK
ONpeAeNsieTCd TEM, YTO B pa3HbIX OpraHax, B Pa3HbIX KIJIETKAX
aKTUBUPOBAHBI (pabOTaIOT) pa3HbIC TEHBI.

e KneTku o0pa3yloTcsi TOJBKO B pe3yJbTare JCICHUS UCXOIHOU
(ponuTenbCKOM) KIETKUA. Bce opraHu3Mbl pa3BUBAIOTCS W3 OJHOU
KJICTKU WJIW TPYIIIIbI KJIETOK.

CrenyeT MOMHUTB, YTO KJIETKA SIBJISICTCSI HAMMEHBIIIEH CUCTEMOM,
IJ11 KOTOPOM XapaKTEPHBI BCE CBOMCTBA KUBBIX CUCTEM.

KiteTku pacTeHuii ¥ )KMBOTHBIX, KIETKHA Pa3HbIX TKAHEW OJHOTO Op-
raHU3Ma OY€Hb CXOJHBI: B HUX CXOJCTBA HAMHOT'O OOJIbIIE, YEM Pa3JIU-
yuil. JTO CXOJCTBO B €IWHCTBE OpPraHU3AIlMU, MNPOTEKAHWU TJIABHBIX
IIPOLIECCOB  KU3HEICATEIbHOCTH, PETYJSIMUU  3THUX  MPOLECCCOB,
pPa3MHOKEHUU, XPAaHEHUH U PealTn3alliy HACJIEeCTBEHHOU NH(OpMAIIHH.

3HayeHUE KJIIETOYHOM TEOPUM 3aAKIIOYAETCS B TOM, YTO OHa
JNOKA3bIBACT €IMHCTBO MPOUCXOXKACHUS BCEX KUBBIX OPraHU3MOB Ha
3emse. B Hacrosmee Bpemsi KJIETOYHAs TEOPHS SBISETCS OJTHOM W3
0a30BbIX TEOPHUIl OMOIOTHH, HA KOTOPOU JIEpKATCSA U CTPOSITCS HOBBIE
VICCIIEIOBAHUS U TEOPHH.

[IpenmyiiecTBa KJIETOYHON OpraHU3aAIUK:

e OpranusMm,  SBISISICH  JIUCKPETHBIM,  COXpaHSE€T  CBOIO
L[EJIOCTHOCTb,



e OpranusM, COCTOAIINNA U3 KIJIETOK, UMEET OOJbIIYyI0 CyMMap-
HYIO0 KJIETOYHYIO MOBEPXHOCTb, YTO OJIArOMPUSATHO CKa3bIBA€TCS Ha
0OMEHE BEIIECTB,

e [IpeBpailieHUE ¥ HUCMOJIb30BAaHUE YHEPTUU BO3MOXKHO TOJIBKO C
WCIIOJIb30BAaHUEM BHYTPHUKJIIETOUHBIX CTPYKTYD,

e Bo3MOXHO pazjenieHue (QYHKIMN MEXIy KieTKamu (crenua-
nu3anus, 1udepeHIpoBKa), YTO MO3BOJSAET KAYECTBEHHO U OBICTPO
BBITIOJHATh Kakue-TM00 (YHKIUMU, C JAPYroil CTOPOHBI, SIBISETCS
MPEANOCHUIKON YCI0KHEHUSI OpTaHU3aINH.

e BO3MOXEH «PEMOHT Ha XOAYy» W, KaK CIEJCTBUE, YBEIUUYCHUE
MPOJAOJKUTEIIBHOCTH KU3HHU.

e Haunmyuiiee  XpaHeHue, BOCHPOU3BEIACHUE TE€HETUUYECKOUN
uHpopmanuu (KOMIAKTHas yINaKOBKAa — JieTKas Mepejadya Hacien-
CTBEHHOW MH(OpMAIIIN).

e YBennueHue SPEPEKTUBHOCTH  Pa3MHOXKEHHS  (BbIJEICHUE
CHEIUATN3UPOBAHHBIX KJIETOK).

3. XumMuns KneTkum

3.1. Xumuyeckull cocmase »uebix cucmem

Bce kneTku CXOAHBI MO XMMHYECKOMY COCTaBY. XUMHWYECKHUU
COCTaB >KMBBIX CUCTEM OTJIUYAIOT JBE OCOOCHHOCTH:

1) KJIE€TKH COCTOSAT IJIaBHBIM 00pa3oM U3 BOJIbI (COCY/IbI C BOJOM),

2) MOJIEKYJIbI MMEIOT  YIJIEPOJHBIM  CKeJIeT (OpraHu4yecKue
COCJIMHEHUS).

B KuBBIX cHUCTEMaX HAXOMSTCS T€ K€ XMMUYECKUE AJIIEMEHTBI, YTO
U B HEXHBOM TPHUPOJE, OJHAKO B APYruX cooTHomeHusx. Haunbonee
pacnpocTpaHEHbl B KUBOW MPUPOJE KUCIOPOHA, YTIEpOJ, BOAOPOI U
a30T (OpPraHOreHbI), a B HEXKUBOW MPUPOJIC — ATFOMUHHM, KPEMHUH, HaT-
puii (ux coxepxkanue coctaisier 90 %). Bcero B opranmsmax BcTpe-
yaeTcs 0osee 80 XUMUYECKHX AJIeMEHTOB. VX €At Ha TpU rPyIIIbL:

1. MakpoaneMeHnTsl cocTaBisaioT 98 %: xkucnopon O, yraepon C,
Bojtopoa H, azor N. OHu BXOJAT B COCTaB BCEX >KU3HEHHO BaYKHBIX
OMOJIOTUYECKUX BEIIIECTB.
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2. MukposneMeHTbl cocTaBisitoT 1,9% (8 »aiemeHTOB): cepa,
dbocdop, kanuit, XJI0p, KaIbIUHA, MarHUi, HATPUH, KeEJe30.

3. YabrpamukposniemenTsl. K HUM OTHOCAT LUHK, Melb, (TOp,
Mapraseil, KoOaibT, KPEMHUH W JAp. DJIEMEHTHI, COJIepKalluecs: B
KJIETKE B HCKIIOUMTEIBHO MajbIX KOJHMYECTBAX (CyMMapHOE
coaepxanue 0,1%).

HecmoTpsi Ha HHM3KOE COJAEpKaHUE, MHUKPO- U YJIbTPAMUKPO-
AJIEMEHTHl UTPAIOT BAXHYIO POJIb B JKU3HEACSATEIBHOCTH KIICTKH.
Hanpumep, 1muHK BXOoauT B coctaB okosno 100 depmeHToB, B
yactHocthu PHK wu JIHK-monmmmepas, B TOpMOH MOKEITyJOYHOU
YKEJIe3bl MHCYJIMH, KEeJI€30 — KOMIIOHEHT reMOTrJIo0nHa, HOoT — TOpPMOHA
IIIUTOBUHOM JKEJIC3HI.

Bce aneMeHThI B KJIETKE HaXOJATCS B BUJE MOHOB JINOO BXOIST B
COCTaB 00Pa3yIOIIUXCA XUMHUYECKUX COCTMHEHUM.

[ BemectBa ]
| |
I 1
[ Heopraangeckue ] [ Opraandeckue ]
'd 'd N\
Bona ] benknu
(. (. J
'd 'd N\
MuHepaibHbIe CONU ] JInnuaer

(. (. J

VYrineBoasl

HyKJ’ICI/IHOBBIC KHUCJIOTHI

[pyrue HU3KOMOJIEKYIpHBIE
COETMHEHHUS

Puc. 1. Xumnueckue coeTMHEHUS KIIETKHA

3.2. Booa

Boga— camoe pacnpoCTpaHEHHOE COCJMHEHHE B  KUBBIX
cucremax. Ho conepskanve BoJbl KOJEONETCS B IMIMPOKUX MpeJeiax:
ot 10% (amanp 3y60B), 20% (kxocTHass TkaHb), 10 85% (TOJOBHOM
MO3T 4eJioBeKa), B cyxux cemeHax 10-12%, y menysber 95-98%, T. e.
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BECh OPTaHMU3M I10 CYIIECTBY COCTOUT W3 BoAwl. Ilotepsa 20% BojbI
MPUBOJIUT K THOEIN KJIETKU UK aHAOMO3Y.

CBoiicTBa BOJbl YHUKAJIbHBI, T. €. HU OJIHO JIPYTO€ COCAMHEHUE HE
oOJiajlaeT UMH. DTO 00YCIIOBIIEHO CTPOEHUEM €€ MOJIEKYJI: OJIUH aTOM
KUCJIOPOJIa CBSA3aH MPOYHOM KOBAJIEHTHOM CBS3bIO C JBYMS aTOMaMmu
Bojiopoaa: H,O — odeHp mpoctoe coeauHeHue. ATOMBI BOJOPOJA
MIPUCOEIMHEHBI K KUCIOPOY IO YIIIOM 104,5°.

Puc. 2. CtpoeHne MOJEKYJIIbI BOJIbI

Oco0eHHOCTH (PU3MYECKUX CBOMCTB BOJIbI CBSI3aHBI CO CTPYKTY-
poii €€ MOJIeKYJbl U OCOOCHHOCTSIMU MEXMOJICKYJSPHBIX B3aUMO-
neuctBui. PacnpenesieHue SIIEKTPOHHOW IUIOTHOCTH B MOJIEKYJIE
BOJIbI TAKOBO (pHuC. 2 0, B), YTO CO3/1aI0TCA 4 MOJIIOCca 3apsa0B: 2 MOJI0-
KUTEJbHBIX, CBSI3aHHBIX C aTOMaMHU BOJIOPOJA, U 2 OTPUILIATEIbHBIX,
CBSI3aHHBIX C JJIEKTPOHHBIMM  OOJIaKaMH  3JIEGKTPOHOB  aToMa
KHCIIOposa. YKa3zaHHble 4 TMoJitoca 3apsA/oB  paclojararorcs B
BepiMHax TeTpaldapa (puc. 1 r). bmarogaps 3Tomy MojekyJsia BOIbI
JUIIOJIbHA, a YEThIPE MOJII0CA 3aPsAJIOB MO3BOJISIIOT KaXKJI0M MOJICKYJIe
o0pa3oBaTh YETHIPE BOJOPOJHBIC CBSI3U C COCEAHUMH (TaKUMH KE)
MosekyJamu. B pesynbrate o0pasyroTces Kiactepsl (IpU MTHOBEHHOM
3aMOpaKMBaHUHU OHM MOX0KH Ha KPACHUBBIC CHEKMHKHU, PUC. 3).
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cBo6oaHBIe
MONEeKynbl Boabl

KnacTepbl

Puc. 3. O6pa3zoBanue kjactepa BoJIbl

Krnactepsl 00pa3yloT padouyrw «CTpyKTypy BoAbl». BomopoaHbie
cBsi3u cinabbie, B 15-20 pa3 ciiabee KOBaJIEHTHBIX, MOATOMY OJHU
CBS3U JIETKO PBYTCS, Apyrve BO3HHMKaIOT. BcenencrBue s3toro Mose-
KYJIbl OY€Hb MOJIBMKHBI. JIF0ObIe BHEITHUE U3MEHEHHUS (TeMIIepaTyphl,
JABJICHUS U T. JI.) MEHSIIOT 3Ty pabouyro CTPYKTypy. Takum oOpazom,
BOJIa 00J1a/1a€T BBICOKOW YYBCTBUTEIHHOCTHIO U TTAMSTHIO.

MOHCKYJ'IBI BOJbI MOT'YT MHNPUCOCIUHATBHCA K MOJICKYJIaM, HECY-
UM 3JICKTPOHHBIN 3apsijl, B pe3ysbTaTe 00pa3yroTcs ruaparsl. Eciu
Chiia IMPUTAKCHUA MCXKAY MOJICKYJIaMHU BOJAbl MCHLIIC, YCM
MPUTSDKEHUE BOJIBI K MOJIEKYJIaM BEIIECTBA, BEIIECTBO PACTBOPSAETCS.

CBoiicTBa 1 pyHKUMM BOAObI

1. CBSI3bIBa€T B €AMHYIO CHUCTEMY BCKO JKUBYIO U HEXHUBYIO
npupoay Ha miaHete. Boga moaBukHA, ©3MEHYMBA, HO MEHSETCS HE
XUMUYECKUN COCTaB MOJIEKYJI, a CTPYKTYypa KjacTepa.

2. Bosa — yHUBEpCalIbHBIN pacTBOpUTEND. M3-3a MOJISIPHOCTH OHA
HE MMEET B A3TOM ceOe paBHBIX: B BOJE pacTBOpseTCs OOJblIe
BEILIECTB, YEM B KaKUX-TMOO APYruX KUAKOCTIX. BeniecTBa B KIETKY
MOCTYTIAIOT U BBIBOJISITCS TOJIBKO B paCTBOPEHHOM BUJIE.

3.1lo oTHOLIEHHIO K BOJE BEIIECTBA B KIJETKE JEIATCA Ha
2 Tpynnel:

a) ruapodoonsie (fobos — crpax, yxac): HepacTBOPHMBI B BOJIC
(>KUpBI, TOJMCAXAPUIBI U JIP.);

0) runpodunsHbie (fileon — yr006:110): pacTBOpUMBI B Bojie (MHHE-
pajbHbIE COJTU, KUCIOThI, MOHOCAXapUJIbl U JIp.).
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brnarogapss 3ToMy CBOMCTBY BOJBI (32 cyeT TrujapodOOHbBIX
B3aMMO/JICCTBUI) B KJIETKE COOMPAIOTCS OMOJOTHYECKHE MEMOpPaHBI,
oenku u JJHK npunumarot popmy cimpaniu.

4. JIns BOABI XapaKTepHa BBICOKAs TEIJIOEMKOCTh (T. €. YTOObI
MOJHSATH TEeMIEpaTypy BOJbI U pa3opBaTh BOJOPOJHBIE CBS3U, Tpe-
Oyetcst MHOTO 3Heprum). Tak, Temneparypa KUIEHUS BOJbI 100°C, a
CIIUpTa 70°C.

5. BeIcokast TEmIonpoBOAHOCTh. bilarompaps 3TOMY CBOWCTBY B
KJIETKE U OpraHu3Me MOJAEP>KUBACTCS TEIJIOBOE PABHOBECHE.

6. Boga cama KaKk XUMHUYECKOE COCMHEHHUE YYaCTBYET BO MHOTUX
XUMHUYECKUX peaknusax. Hampumep, peakiuu ruipoiansa UayT 3a cUeT
MPUCOETUHEHUS BOJIBI.

7. SIBnsierca uctounnkom O, u H' mpu dotocunTtese (poromus
BO/JIbI).

8. Boma — ocHOBHasi cpefa JJjisl TPAHCIOPTA BEILECTB B KIIETKE
(muddy3usa) u opranuzme (TOKM KpOBU U JHUMEbI, MEKTKAHEBOU
JKUJIKOCTH, COJIeprKalllell nuTareibHble BemectBa, O, u CO,, rop-
MOHBI, BEIIECTBA, BKIIOYAIOIINE W BBIKIIOYAIONINE PAOOTy I'€HOB).
D710 TpaHcnopTHasi QyHKIIHS.

9. ObecnieunBaeT 00BEM W YyOPYTrOCTh KIETKH: TYPropHOE U
OCMOTHYECKOE JIaBJICHUE, COXpaHAECT (POpMy KJIETOK M OpPraHHU3MOB
(TUAPOCKENET y KPYTJIBIX U KOJbUaThIX YEPBEH ).

10. Cpena miist oriog0TBOPEHUSI.

11. Cpena niist xKU3HU BOJHBIX OPraHU3MOB.

12. Cpena aist pa3BuTHA 3apOABIIICH )KUBOTHBIX (B aMHUOHE).

13. YuactByeT B 00pa3oBaHUM CMa30YHBIX IKUJIKOCTEH B
CyCTaBax, IJIEBPAIILHOM MOJOCTH, OKOJIOCEPACUHON CyMKe.

14. O0Opa3zyeT cnu3u, oO0ecreyrBalone MEePEIBUKECHUE BEIIECTB
M0 KUIIEYHUKY, BIAKHYIO CpPEIy Ha CIM3UCTHIX 000J0YKax (YUXaHHUE,
KaIeb).

15. YuactByeT B 00pa3oBaHUM CEKPETOB (CIIIOHA, CJIE3bl, KETUb,
CIiepMa UM COJIU B OPTaHU3ME).

16. Bona — numutupyromuii pakTop *KU3HU HA Halllel IUIaHETE.
Bcrony, rie ecth Boja, €CTh ’KU3HbB, TI€ HET BOJIBI — TaM HET >KU3HU.

14



3.3. Jlunuosi

Jlumuaer (ot rped. lipos — xup) — rpynma BEMIeCTB, XUMHUCCKH
pa3HOO0Opa3HbIX, HO 00aJAF0ITUX HEKOTOPHIMHU OOIITMMHU CBOMCTBAMHM.
Taxk, Bce TuNUIBl HEMOJSAPHBI, CIIeI0BAaTEILHO, HEPACTBOPUMBI B BOJIE,
HO XOpOIIIO PAaCTBOPSAIOTCS B HEMOJSPHBIX pacTBopax (OeH3uH, 3dup,
XJ0podopM u Iip.).

Jlunuapl comepkaTcsl BO BCEX KIIETKax, HO KOJWYECTBO CHUJIBHO
paziauuaercs: oT 1,5% no 70% (cyxue cemeHa). B kinerke Hanboliee
BaXHAsE pOJb NPUHAMICKAT TAKUM JIUINWIAM, KaK Jcupvl W
aHcuUponoodoodHvle sewecmaa (hocorunuost u 80CKu).

Kupwel TipecTaBIAIOT COOOW COSTUHEHUS JABYX—TPEX MOJICKYJI
YKUPHBIX KUCJIOT M OJTHOM MOJIEKYJIbl MHOIOaTOMHOTO ciipTa (puc. 4).

MNonAapHasa ronoeka HenonAapHble XBOCThI
. (ocTaTKM KMPHbIX KUCIIOT)
L —
M,
O ’ -

R—O—P—0O—CH,
li

O O

i
H—C-—-0—C—(CH,;),—CH=CH—(CH,)»—CHj
o
]
H—C-—~0O0—C—(CHz)heg—CHj,

H
[ )

nuuepon

Puc. 4. Ctpykrypa dochonunuga

Oo6mas gopmyna xupHbIX KuciaoT R-COOH, rae R — pagukan, mo
KOTOPOMY pa3IuyaroTcsl KUPHbIE KUCIOTHI. Panukan runpoduiieH, a
«xBoCT» ruapododeH. [losTomy pacnonokeHue TaKuX MOJEKYJT B
BOJI€, B MacJI€ U Ha IPaHUIIC BOJABI U Macja OyleT pa3IuyHoO.

KupHble KUCIOTHI OBIBAIOT HACHIIICHHBIC (TBEPAbIC) U HEHACHI-
IICHHBIC (KUIKWE, Ha3bIBAIOTCSA Macia). HachlleHHbIe XapaKTepHBI
Ui KUBOTHBIX, OoJiee TBepable. VICKiloUeHUe — phIOUNA KUP.
HeHnaceilmenHbie XapakKTepHBbI ISl KJIIETOK PACTUTEIIBHBIX OPTraHU3MOB.
Hckimrouenne — KOKOCOBBIM KUP.

Jluniuapl enSTCs Ha MPOCThIE U CiOXHBIE. [IpocThie nunuabl
(>KMpBI, BOCKH, Macjia) COCTOSIT TOJIbKO U3 OCTATKOB KHUPHBIX KUCJIOT U
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MHOTOATOMHBIX CHUPTOB. CIIOXKHBIE JUNUABI COCTOAT M3 OCTaTKOB
XKUPHBIX KUCJIOT, CIIUPTOB U APYTUX BEIIECTB.

dochoaunuabpl — COEAUHEHUS JIMIUJOB U OCTaTKOB (pochopHOM
KHCJIOThI, BXOJAT B COCTaB OMOJIOTHUECKUX MEMOpaH.

['MUKOMUNUIBI — COCAMHEHUSI JUIUI0B U YIJIEBOAOB (00pa3yroT
TJTMKOKAJICKC).

JIunionipoTen1bl — COEAMHEHHUS JTUTHJIOB U OCIIKOB.

JIunuael CUHTE3UPYIOTCA B KaHAllaxX 3HJIOIIA3MaTHYECKOM CETH,
anmnapare ['onpmxu. B opraHu3m >KMBOTHBIX JIMNHABI MOCTYHAIOT C
MUILIEH, pACHICTUISIOTCS 10 TIMIEPUHA M KUPHBIX KHUCJIOT, a 3TH, B
CBOIO 0YEpPE/ib, 00Pa3yIOT KUPBI KJIETKH.

®YHKUMM NMNKUOoB

1. CtpourtenbHast. Jlunuasl BXOJAT B COCTaB OMOMeMOpaH, a
CJI€IOBATENIbHO, IMOYTH BO BCE OPraHOUILI KJIETKH (CM. pHC. D).
brnarogapss 0momeMmOpaHe KieTKa OTrOpOK€Ha OT Cpelibl, TaK Kak
MeMOpaHa He pacTBOpsAeTcss B Bojie. MeMOpaHa MOIynpoOHUIAeMa,
MOATOMY B KJIETKE CBOS CpeJia, OTIIMYHAsL OT OKPYKaIOIICH.

Puc. 5. Ctpoenue Ouojgoruueckoit MeMOpaHbl

2. J”epreTuyeckasi. JKupbl OKHCIAIOTCS, BBIAECHSAS MHOTO
sHepruu: 1 r gaer 38,9 kJIk, T. . mpuMepHO B 2 pasza OoJjblle, YeM
yrieBoabl. OHu obOecneunBaror 25-30% »sHepruu, HE0OXOIUMOM
OpTaHH3MY.

3. 3amuTHas

a) y JKUpa HHU3Kas TEIUIONPOBOJHOCTh (B OTJIMYUE OT BOJIbI).
[TosToMy >KupoBasi Mpocioiika 0OecCreuynBaeT TETIOKPOBHBIM JKH-
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BOTHBIM MOCTOSHHYIO TeMrepaTypy Tena. Tak, KUThI, KUpoBasi Mpo-
CIIOMKa KOTOPBIX JOCTUraeT 1 M, KMBYT U pasMHoxarorcs npu 4°C;
0) )kup oOecrieurBaeT 3allUTy M OT MEXaHHYECKHUX BO3JICHCTBUI
(amopTu3aius). Y >KMBOTHBIX KUP OTKJIAJBIBACTCS HA MOYKAX, BOKPYT
r1a3, B TMOJAKOXXHOM KHUPOBOW KieTdaTke. PacteHus Omaromaps
KUPOBOW CMa3Ke JIMCThEB HE HAMOKAlOT BO BpeMsl JOXKIs. Y
KUBOTHBIX — CMa3Ka MEPbEB, IIEPCTH, KOKHBIX TOKPOBOB.

4. 3anacaromasn. JIMnuasl CIIy»KaT B Ka4e€CTBE 3aaCHBIX MUTATENb-
HBIX BEILIECTB Y JKUBOTHBIX M PACTEHUI, OCOOEHHO MHOTO UX B CEMEHAX.

5. Kup okucnsercst ¢ 00pazoBaHUEM IHAOTEHHOM BOJbI, TTIO3TOMY
npHU crisuke (MeABEAU, CYPKH) KUPbI 00€CTIEYUBAIOT OpraHU3M HE TOJIb-
KO SHEPrueu, Ho U BOAOM. 1 Kr skupa maet 1,1 1 3HA0reHHON BOIBI.

6. Hexotopble JUNUALI SBISIOTCS OMOJOTHYECKH AKTHBHBIMH
BellleCTBAMHU: TOPMOHBI (HAIpUMEp, TMOJIOBBIC), KETYHBIE KHCIOTHI,
XO0JIECTEPUH, KOPTU30H, Y PACTEHHI — pOCTOBBIEC BElleCTBA (ITOJJOOHBIE
TOPMOHaM HUBOTHBIX).

3.4. Ya2neeo0hbl

VYrieBobl — OpraHuYeCcKre COCIMHEHUS, B COCTaB KOTOPBIX BXO-
IST TPU BJEMEHTa: YIJepoJ, BoJAopoi, kuciopona. OOmas ¢gopmyia
Cn(H,0),, 3a 49TO OHHM TOJYyYMJIM CBO€ Ha3BaHHWE — YIJICBOJIBI.
VYrieBosbl coliepkKaTcs BO BCEX OpraHu3Max, 0COOEHHO MHOIO HUX B
pacrenusix — A0 90% cyxoil wmaccel (Lemroiio3a, Kpaxman). B
KABOTHBIX KJIETKaX HaxXoJauTcs B mpeaenax 1-2% yrieBonos.

YrneBoasl MNPUHATO JEIUTh HAa TPU OCHOBHBIE T'PYMIIBI:
MOHOCaXapu/ibl, OJIMTOCaXapu/ibl U MOJMcCaxapuibl (CM. puc. 6).

UeM MeHbIIe MOJIEKYJISIPHBIE BEC, TEM YTIJIEBOJBI OOJiee ClIaKue
U JIy4Ilie pacTBOPSAIOTCA B Bojie. C yBeIMUYeHUEM MOJICKYJISIPHOTO Beca
TepsETCS CIAJAKUN BKYC U CHHIYKAETCS paCTBOPUMOCTh. Tak, Haubosee
clajKasi ¥ JIETKO pacTBOpMMAs TJIFOKO3a, a LEJUII0JI03a M Kpaxmall
HEPACTBOPHUMBI U HECIIAIKH.
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YrneBoasl

MoHocaxapuibl Onurocaxapuabl [Tomcaxapuabl
coctosT u3 1 ukia (TIoKo3a, Copnepxat ot 2 1o 10 nukmnon CocCTOAT U3 MHOTUX I[UKJIOB
pubo3a, ppykTo3a) (caxapo3a, 1aKT03a) (uemrono3a, Kpaxmarll,
TJIMKOTCH)
H H
j&o 1. o CHLOH
Hon H—é—OH é|=O i HOCH: 0 H
HO—(‘:J—H —.}: HO—$—H
H—<:J‘—OH " Qt_OH H—?—OH
H—C®-OH o= é_OH H—g—on CH.OH
H—éS—OH H— |_OH H—C—OH
] H —(f
H H
Caxapoaa "
HOCH, CH,OH CH’OH CH,OH
H
H HO H /Y H P\H H A
O H OH H /4 OH H /Y
Tmoxosa Prbo3a dpykTo3a
CeH0, CoHuOs CoHiOs Hon

Henmwonosa

Puc. 6. YrieBosl

PyHKUUU YyrneBOAOB

1. DHepreTuyeckasi. JIerko paziararoTcsi ¢ BBIACICHUEM HHEpP-
ruv. 1 r yraeBoaoB npu paznoxkenuu a0 CO, u H,O nmaer 17,6 x/Ix,
T. €. CTOJIbKO e, CKOJbKO jaet 1 r O6enka. OgHaKo yrieBOJbI Jerde
pacierisitorest 0ylarofapsi CTPOCHUIO MOJIEKYJbI, TTO3TOMY HCIIOJb-
3yl0TCSl ¢ mepByro odepeab. 60% nsHeprum y 4esnoBeka olecrneyu-
BAETCS 3a CUET YTJIEBOOB.

2. CtpoutesnnbHas. 113 yrineBogoB NOCTPOEHBI OPTaHOUIbI KIIETKH,
HaIpUMED LEJUTI0I03Has 000104YKa, TIMKOKAIMKC, XUTHH, MypPEUH.

3. 3anmacaomas. YrieBoabl 3amacarOTCs Yy JKUBOTHBIX U Y
pacteHuil (kup, Kpaxmal, riaukoreH). OHU HEpacTBOPUMBI B BOJIE,
MOATOMY «KOHCEPBUPYIOTCS» B BUJIE Kallelb, TPaHYJI.

4. 3amurtHasa. Hanpumep, XUTUHOBBIN OKPOB Yy WICHUCTOHOTHX
U TpUOOB.
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5. Bxoasrt B coctaB JIHK (aezokcupu6o3za), PHK (puboza), ATD
(pubo3a).

3.5. Benku

benku — cio)HbIEe OpraHM4eckue BemiecTna, cocrosmue u3 H, O,
C, N. Hekoropbie Oeiaku 00pa3yroT KOMIUIEKCHI C JAPYTUMH COEJIH-
HeHHsAMH, BKIovaromumu S, P, Fe, Zn, Cu. benku — o4eHb KpyITHBIE
MOJIEKYJIbI, BTOpbIe Ha ma”ere nocie JHK, monekynsapHbid BeCc OT
HECKOJIbKUX TBICSY JI0 COTEH ThICSU.

benku — mojgumepbl, MOHOMEPaMHU KOTOPBIX SIBJISIOTCS aMHUHO-
KUCJIOTHL. Tak, B OpraHM3Max Ha Hailei mianere couepxurcs 20 tu-
OB aMHUHOKUCJIOT. HekoTophle aMMHOKHMCIOTHI SBIISIIOTCS HeE3ame-
HUMBIMU: OHU HE CHUHTE3UPYIOTCS B OpraHU3Me 4eJIOBeKa, a JIOJKHBI
noctynarbh ¢ nwumiei. Mx Bocempb (TpuntodaH, JU3WH, METHOHWH,
BAJIMH, JICUIIMH, U30JICUIINH, (PeHWIaTaHUH, TPEOHUH).

[TocTpoeHbl Bce aMUHOKHUCIIOTHI IO OJTHOM CXEME:

NH, - CH - COOH
OCHOBHBIE CBOMCTBA KHCIIOTHBIE CBOKCTBA 00YCIIOBIICHBI
00yCIIOBIICHBI aMUHOTPYTITION KapOOKCHILHOU IpyIION

PaznuyaroTcss aMMHOKHCIIOTHI TOJIBKO MO PauKaiy.

Oo0Opa3zoBaHue MOJUNIENTHAHOM LENH

Oxka3zaBIIUCh PSAOM BO BpeMsi CHUHTE3a OelKa, aMUHOKHUCIOTHI
COCIMHSIOTCS, U 00pa3yeTcs TUIETITH/I.

[lenTaHass CBA3b — KOBAJICHTHAsA, T.€. OYEHb NOpodHas. J[[Be
AMUHOKHMCJIOTBI 00pa3yrT IUNENTHI, €CIU aMHUHOKHCIOT MHOTO —
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nonunentua. Bce Oenku — NONMUNENTHAbl, T.K. HX MOJICKYJIbI
BKJIIOUYAIOT THICSYM aMHUHOKHUCIIOTHBIX OCTAaTKOB.

[TocnenoBaTeibHOCTh AMUHOKHUCIOT B MEPBUYHOMN MOJUTECTITH/I-
HOU 1IeNU ONpeAeseTCS TeHaMu. DTO U €CThb HePBUUHASA CIPYKMYpa
MOJIEKYJIbI Oenka. B Takom coCTOSHMM O€loK HEaKTHUBEH, T. €. HE
paboraet B kieTke. Jlanee uaet npeodpa3zoBaHue ITONH HUTH, KOTOPOE
3aBUCHUT TOJBKO OT TOTO, KaKW€ aMHUHOKHUCIIOTHI U B KaKOM TOPSIKE
coOpaHbI B OCIKE.

Bmopuunas cmpykmypa — 5T0 IepBUYHAs MOJUTETITUIHAS 1ETIb,
3aKpy4e€HHas B CHHpalib. BUTKU cnivpanu yAep>KUBAKOTCS BOJOPO-
HBIMU CBSI3IMH. JIJIs1 HEaKTUBHBIX OCJIIKOB (KE€paTWH HOTTEHM) 3TO HE
crivpanb, a JiectHuua. [Ipyu BTOpuyHON CTPYKType OEJNOK yKE MOMKET
OBITh AKTUBHBIM, T. €. pa0OTaTh B KJIETKE.

Tpemuunaa cmpykmypa — 3a CYET WOHHOW CBsI3U (AUCYJIb(UI-
HbIE MOCTHKH), BOJIOPOAHBIX CBS3EW U TUJPO(OOHBIX B3aWMOJICHUCT-
BUil. Panukanbl ObIBalOT THUAPOGWIBHBIE U THUAPOGOOHBIE, MOATOMY
OHU WU TPUTATUBAIOTCS, WIK OTTAJIKUBAIOTCA, U CIUpaJb MpeBpa-
miaercs B 11o0yny (puc. 7). boibmMHCTBO 0€JIKOB pabOTaeT UMEHHO B
ATOU CTPYKTYPE.

Yemeepmuunasa cmpykmypa — HEKOTOPbIE OCJIKU COCTOSIT U3 He-
CKOJIBKMX TOJUIENTUAHBIX IIETIeH U MOTYT Ja)ke€ BKJIIOYaTh HeOe-
KOBBbIE KOMIIOHEHThI. Hampumep, reMoriioOMH KpOBH COCTOUT U3
YEThIPEX MOJUIMCHTUIHBIX HUTEH U HEOEITKOBOTO KOMIIOHEHTA reMMa,
cozepkKalero xene3o. JKene3o ompenenseT KpacHbIM LBET HAIIEU
KpoBH. Eciii B MOJIEKyJIe COJIEPKUTCS HE KENe30, a MEJb, KPOBb OY-
ner «royiybas». CBsi3M MEXJIYy KOMIIOHEHTaMU O0eCTeUMBaIOTCS
TUCyNbUIHBIMA MOCTUKAMH, BOJOPOIAHBIMH CBS3SIMU U THAPO-
(hOOHBIMHU B3aMMOICHCTBUSIMH.
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Puc. 7. Ilepuunas (1), Bropuunas (2), tpetuunas (3) u uerBepTuuHas (4)
CTpyKTypa Oenka

benku o4eHb JAOWIIBHBI, YYBCTBUTEIbHBI K  YCJIOBHUAM
OKpY’KalomIell cpenbl U Mo JEeUCTBUEM (DU3UYECKUX U XUMUYECKHUX
dbakTopoB (TeMmiepaTypa, KHCIOTHOCTb CpeIbl M T.J.) MOTYT
U3MEHSTh CBOIO CTPYKTYpPY — Oenamypuposams. YeTBepTUUHAS
CTPYKTypa MEPEXOJUT B TPETUUHYIO, TPETUYHASI — BO BTOPUYHYIO,
BTOpUYHAs — B TNepBUuYHyl0. [Ipu BO3BpallleHUM NPEKHUX YCIOBUHN
O€JIKK MOTYT BOCCTAaHOBHUTH CBOIO CTPYKTYPY. DTO Ha3bIBACTCS peHa-
mypayus. llepBuyHas CTpyKTypa TIepelieT BO BTOPUYHYIO,
BTOpPUYHAS — B TPETUUHYIO, TPETUUHAS — B UeTBEPTUUHYIO. [Iponiecchl
JICHATypaIlMU U peHaTypaluu MOCTOSHHO UAYT B KIIETKE.

[Ipu HapyiieHUH TMEPBUYHON CTPYKTYPHI, T. €. KOT/Aa NEepBUYHAS
NOJIMMENTUAHAS 1eNb pachajaeTcss Ha OTACIbHbIE AMHHOKHUCIIOTHI,
neHarypanus HeoOpatuma. B HOBBIM O€JI0K aMHUHOKHCIOTBI MOTYT
cobparbcs Tosibko mo ykazanuto JJHK. Takum oOpazom, Ha Hamen
IUTAaHETE CYIIECTBYET TOJIBKO OJMH MYyTh MOJYy4YEHHUS OEJIKOB — IO
ykazanuto J[HK B pubocomax.

[Io aMMHOKHCIIOTHOMY COCTaBYy O€JIKH JEISATCS Ha MOJHOLICHHBIE
(T. €. comepx’aT BC€ WM MOYTH BCE HE3aMEHHMMbIE aMHUHOKHUCIOTHI)
(abOyMUH siinia, MsICO, pblO0a, MOJIOKO), T. €. MPOIYKTbI, KOTOPHIE
ONpEAeNAIoT POCT M pa3BuTue pedenka. HemnonmHoneHHbie (He
CoJIepXaT MOJIHOrO Habopa aMHUHOKHUCIOT) — OOJBIIMHCTBO pPacTH-
TEJIbHBIX OETIKOB.
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PyHKUUKN 6enkos

1. CtpoutenbHas. Bce Ouonornueckue MeMOpaHbl MOCTPOEHBI
u3 OCJIKOB U JIMIIHJIOB, a CJIEIOBATEILHO, BCE MEMOpaHHbIE OpraHo-
uael  kietku. Kpome Toro, O€IKM COCTaBISIIOT U OCHOBY He-
MEMOpaHHBIX KOMIIOHEHTOB — PUOOCOM, OOpa3yloT €€ IIUTOCKEET.
benok KoJulareH — rilaBHbI KOMIIOHEHT XPSIIENH CyCTaBOB, U3 Oelka
KepaTUHA COCTOAT BOJIOCHI, HOI'TH, TIEPHSI.

2. ®epmeHTaTUBHAs (KaTaguTu4deckasi)). Bce peakuuu B
KJIIETKE HUJYyT C YydacTUEeM OHOJOTHMYECKHX KaTalu3aTopoB — dep-
MEHTOB. OHU YCKOPSIIOT U HAIMIPABJISIIOT XUMUYECKUE PEAKIIUHU.

3. DOHepreTuyeckasi. Ilpu paznoxeHun OelKa BBIACTACTCS
sHeprus, 1 r 0enka gaet 17,6 kI sHeprumu.

4. 3amuTHass (MMMYHoJIoTHYecKasi). B opranusme uyenoBeka
coJiepKaTcsl 3allUTHBIC OelKku — aHTuTeNna. OHU CBA3BIBAIOTCS C BO3-
OynutensiMa OoJie3He (aHTUreHamu), o0pa3ysi KOMILUIEKChl «aHTH-
I'€H — AaHTUTEJIO», KOTOPBIE HE CITIOCOOHBI BBITIOIHATH CBOU (DYHKIIUH.

5. IBuratesibHas (CokpaTuTeqbHasi). Bce BUIbl JIBUKECHUU
BBITIOJIHAIOTCS COKPATUTENbHBIMU (JBUTaTedbHbIMK) Oenkamu. K
TakuM O€JIKaM OTHOCSITCA aKTHMH W MHO3UH. benku o0ecreunBaroT
JBI)KCHUE KT'YTUKOB M PECHUYEK, JUCTHEB PACTEHUM, PACXOXKICHUIM
XPOMOCOM TIPU AEIEHUHU KIETOK.

6. Peryasitopnasi. bBoJibIIMHCTBO TOpMOHOB — Oenku. OHu
KOHTPOJIUPYIOT pa3BUTHE OpraHu3Ma U BCE TMPOIECCHl  €ro
KUZHEAEATEIIbHOCTH.

7. CurHaabHasi. B Omonornyeckux mMeMOpaHaxX HaXOIATCS CIie-
UaJIbHbIE OENKU-perenTopsl. B 0TBET Ha XUMHUYECKUE U (PU3NUECKUE
(baKkTOpbl OHU MEHSIOT CTPYKTYPY, a CIEAOBATEIBHO U KOH()OPMAIIUIO
MOJIEKYJT O€JIKOB, 00OECIeUUBAIOT MPUEM CUTHAJIOB U Tepejayy hX B
KJIETKY. DTO 00YCJIOBIMBAET Pa3aPaKUMOCTbh.

8. TpancnoprHasi. beku mepeHoCAT aTtoMmbl, TPYIIIbI ATOMOB U
MOJIEKYJIbI (T€MOTJIOONH).

Takum oOpa3zom, OEJIKK ONpPENENAOT MPAKTUUECKA BCE CBOMCTBA
Y TIPU3HAKU OpraHu3Ma.
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4. OpraHu3auusa KrneTku

[lo xapaktepy OpraHu3alli F€HETUYECKOro MaTepHhayia MOKHO
BBIJICJIUTH HECKOJBLKO TUIIOB KJIETOUYHOW OpraHU3allUu.

[)KMBbIe CMCTeMbI}

Bupyceol KneTtku
(HekneToYHbIE
I
I ]
bes agpa C agpom
(NMpokapunoThl) (aykapuoTbl)
4 7\ ( 2\
aybakTepun rpunbkbI
& J . J
4 2\ ( N\
apxebakrepun XUBOTHbIE
\§ J - J
r R e 2
LumaHobakTepum pacTeHunsa
(cvHe-3eneHble L )
S BOOOPOCIN) )
Puc. 8. Turmsbl KJI€TOYHOI OpraHu3auu
Tabnuua 3

Xapaxkmepnwle npusnaxu
NPOKAPUOMUYECKUX U IYKAPUOMUYECKUX KT1eMOK

Ilpuznax IIpoxkapuomuol JyKkapuomeol
Pasmep kietku 0,5-5 MKkm OO0b1yHO 110 40 KM
IInma3zmatuyeckas + +
MeMmOpaHa

Kierounas creHka

CocTtoUT M3 aMHHO-
KHCIIOT W ToJucaxa-
pUIOB U MYpPaMOBOU
KHCJIOTBI

+ (OCHOBHOM KOMITOHEHT
Yy pacTeHHH — LEJUII0JI03a,

y TprOOB — XUTHH)

Karncyna

Ecim  wmmeercsa, To
COCTOUT U3 MYKOIIOJIU-
caxapuJioB

AnepHas MemOpaHa
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6. [ eneTnueckuit OnuHouHasi  KoJblie- | B siipe HECKOJIBKO JIMHEH-
Marepual Bast JIHK (Hyksieonn), | HBIX XpOMOCOM, COCTOSAT
yucrtas JIHK, 6e3 cBsg- | uz JIHK u 6enka
3el ¢ OeIKoOM
7. MuToXOHApHUN - +
8. Ouponia3MaTHdeckas | - +
CETh
9. Anmnapart ['onbxu - +
10. | PuGocomsl + (Mmenkue, 10 70 S) + (80 S u xpynHee)
11. | Bakyonu - +
(y pactenmii)
12. | JIm3ocombl - +
13. | dukcanua a3ora + -
(Y HEKOTOPBIX BHUJIOB)
14. | JleneHue KIeTKU [Ipocroe nenenue | MuTo3s, Meio3
(bunapnoe€)

4.1. CmpoeHue aykapuomu4yeckou Kriemku

Tabmnura 4

Knerounsie opranesmib

| CrpoeHue

| DOyHKIUU

OnHoMeMOpaHHbIE OPraHeIbl

Oupomnazmaruueckas cetb (I11C) Cucrema MeMmOpaH, | CoeIMHSET BCE KIIETOY-
oOpasyromux TpyOOUKH, | HbIC MeMOpaHHbIC
KAaHAJBIBl,  [HCTEPHBI, | CTPYKTYPHl B CIUHYIO
MIPOHU3BIBAIONIAS  I[UTO- | CUCTEMY;, MIPOCTpaH-
1a3My U KOHTAKTHUPYIO- | CTBEHHO pasnenser
mas ¢  MeMmMOpaHaMU | KJIETKY Ha OTCEKH C pa3-
KIIETKH HBIMH  (pepMEHTHBIMU
CHCTEMaMH; TPAHCIOPT
BEIIECTB
I'mankas Pubocom HeT CrpowutenbHas
(arpanyssipHast) (oOpazoBanue
JIU30COM);
OMOCUHTE3 JUIHUIOB U
YTJIEBOJIOB
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[lTepoxoBarast MeMOpaHbI MOKpHITH | brnocuHTe3 Oenka
(rpanymsipHas) pubocomamu
1
Kommneke I'onbxu Cucrema ymiomeHHblX | CHHTE3 YIJIEBOOB W
(mIacTUHYATHINA KOMILJIEKC, WX | MEMOPAaHHBIX LUCTEPH W | JUIHIOB, COPTUPOBKA.
anmnapar I'onb1kn) Ny3bIppKOB  (Bakyouiel, | Hakomienne u TpaHc-
MHUKPOBAKYyOJeH). HOPT MPOAYKTOB CEKpe-
Pacnionaraercss ~ OKOJIO | IMM; CEKpelusl OENIKOB,
aapa JUMHJOB,  YIJIEBOOB;
CTPOMUTENbHAS
(oOpa3oBaHHE JTH30COM,
IJ1a3MAaTHYECKOU
MeMOpaHbI)
JInzocomsl [Ty3bIpbKH, Bnytpuknerounoe pac-
OrpaHUYEHHbBIE LIETJIEHUE U TepeBapU-
MeMOpaHOll M cojaepka- | BAHHE BELIECTB, MOCTY-
M€ TUAPOJIMTUYECKUE | IUBIIMX B KIETKY |
(bepMeHTHI HaXOAAUIMXCs B HEH
Baxkyoun ITonoctu, 3anosiHeHHbIe | Perysnus BogHoO-coe-
KA€eMOYHbIM COKOM. BOro 0OMeHa;
B pacturensHbIX KIET- | HOAAEpKAHUE TYprop-
Kax LEHTpaJbHas BaKy- | HOTO JIaBJICHUS;
OJIb 3aHMMAaeT OOJBIIYIO | 3amacaromas GyHKIUS;
YacTh KJIETKH, OTTECHSS | OTKJIaJbIBAHUE NMUIMEH-
AIp0 W OpraHeuibl K | TOB,  ONpPEIEISIOIIMNX
KJICTOYHOH 000JI0UKe. OKpacKky  ILBETOB U
B  KMBOTHOWM  KIJETKE | IJIOJOB.
Bakyoau Menkue (nume- | Comepxar THAPOIUTH-
BapeHUE M OCMOpEry- | yeckue (hepMeHTHI
JISIIIHST)
JABymemMOpaHHbIe OpraHeJJibl
MuroxoHapuu Orpannuens! aBymst MmeM- | Cunrte3 ATO;
OpaHamu: Hapy»XHas — | KUCJIOPOJAHOE paciuen-
rnaakas (1); BHYTpeHHsA | JIeHHE  OpraHMYECKHX
(2) — oOpasyer ckimaaku — | BemecTB  (KJIETOYHOE
KpUCTHI (3), HA KOTOPBIX | JBIXAHUE);

pacnojararoTcsa

(bepMeHTBI, yJacTBYIOIINE
B cuHTe3e ATO.

cUHTE3 OEIIKOB MWUTO-
XOHJIpUH
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Buyrtpennee mnpocrtpan-
CTBO 3aMOJHEHO MaTpPUK-
coMm (4).

B Hem  coxepxarcs
konsueBeie JIHK, PHK,
pubocomer (70S), dep-
MeHTHI 1TukIiia Kpebca

IImacTuabr

(XxapakTepHbI

KJIETOK)

XJIOPOIJIAaCThL

PaCTUTEIIBHBIX

OrpaHu4eHbl JIBYMSI
MeMOpaHaMu: HapyX-
Has — raaakas (1), BHyT-
pennsst  (2), (amckum) —
TUJAKUOJIBI (3), KOTOpBIE
coOpanbl B  CTOIKH —
rpassl (4).

B wmemOpanax THako-
UJIOB HAXOJWUTCS 3€ICHBIN
MMATMEHT —  XJIOPO(HILIL.
Buytpennee coxep-
X)HUMoe — ctpoma (6) — co-
TEPKUT KOJIbIICBBIC
JHK, PHK, pu6ocomsl
(70S), depmentsl, 3epHa
kpaxmada (7)

DOTOCUHTE3: CBETOBAs
daza TPOUCXOAUT Ha
MeMOpaHaX  THUJIAKHO-
JI0B, TEMHOBasi — B
CTpOMe

[TurmenT  xyopodui
OKpalIMBaeT  JIUCThS,
MOJIOJIBIC crebmu,
TUTOJTBI B 3€JICHBIH I[BET

Conepxar OUTMEHTHI —
KapOTHUHOUBI, TIPHIAI0-
K€ JKEITYIO, KPAaCHYIO U
OpaHKEBYIO OKPACKY

OkpalimBanue JUCThEB,
L[BETOB, ILJIOJIOB

BeciBeTHBIC — TUTMEHTHI
OTCYTCTBYIOT JIHOO HaXo-
ISITCA B HEAKTHUBHOM

dhopme

3anac MATATEITBHBIX
BemecTs  (Kpaxmai —
KITyOHM KapToders)
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Hememo0

PAHHBIC OPraHe/JIbI

Pu6Gocomel

-2

OyeHp Mallbl U MHOTO-
YHUCIIEHHBI, COCTOST W3
IBYX CyOveounuy: 060.b-
woti (1) u manoii (2).
CyObe TMHUITBI
00pa3yloTcsl B SAPBIIIKE.
XWUMHUYECKUN COCTaB: p-
PHK, Oenku, nonsr Mg
(mommep>KuBaroT

CTPYKTYpY)

Cunre3 Oenka (TpaHc-
JISLIHS )

Kierounslii ieHTp (LIEHTpOCOMA)

Cocroutr u3 HABYX yew-
mpuoneti, PacroioXKeH-
HBIX MEPHEeHAUKYISIPHO
Apyr K Jpyry, U yeu-
mpocgepul.
LenTpuosnb — wUIMHAD,
CTEHKa KOTOporo obpa-
30BaHa JIEBSITHIO TPHILIE-
TaMU U3 TPeX CIAUBIINXCS
MHUKPOTpyOOUeK

CO6opka MUKPOTpPY-
0OUYEK IIUTOCKENETA,;
y4acThe B 00pa30BaHUH
MHUTOTHYECKOTO  BEpe-
TEHa JICJICHUS;

y4yacTtue B 00pa3oBaHUU
KTYTUKOB ¥ PECHUYEK

Humuagp (1), creHka
KoTOporo  oOpa3oBaHa
npomodghunamenmamu

(2)- w3  cnupanbHO
YIaKOBaHHBIX CYOBEIH-
Hu1l Oenka TyOynuHa (3)

VYyactue B o0OpasoBa-
HHUHU KIIETOYHOI'0O IICH-
Tpa, XKT'YTHUKOB, PECHU-
YeK.

®opMUPOBAHHUE LIHUTO-
cKesera

MuxkpopunaMeHTbI

Tonkue HuTH U3 Oenka
aKTWHA, IMPOHU3BIBAIO-
LI1€ LUTOIIAa3MY.
MonekyngpHas oOpraHu-
3alus: ABOMHAs CIMPAIb
U3 YHNOPAJOYEHHBIX B
LeNb 100y aKTHHA

CrpyKTypHBII opra-
HU3ATOP IIUTOTUIa3MBI.
YyacTBylOT B JBHKE-
HUM KJIETKU W TIEpeMe-
IIEHUH IUTOILIA3MBI.
Bxomsat B cocrtaB co-
KpaTUTENIbHOIO  amma-
pata MBIIICYHBIX dJIe-
MEHTOB (B KOMILJIEKCE C
MHO3UHOM M OeJKaMH
MBIIIIIT)
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Tabmuia 5

Xapakmepuble RPU3HAKU pACMUME/IbHBIX U HCUBOMHDBIX K/II€MOK

Ilpusnax Pacmenus Kueommnwvie

[ToABMKHOCTD KJIETOK - +
1. | Iluranue dboTtoTpodHOE rereporpodHoe
2. | ®orocuHTe3 + -

(B xJIOpOIIACTax)

3. | 3amacaemoe BEHIECTBO Kpaxman TJIMKOTEH
4. | Jlenenue IIEPETOPOIKOU MEPEITHYPOBKOU
5. | Kiterounslii 1ieHTp (LIEHTPHOIIN) - +
6. | Bakyonn + -
7. | IImacTunbl + -
8. | Obosouka + (C HeJTI0I0301) -

5. PaaMHOXeHue

Pa3mHOXeHNE — mpuUcCyliee BCEM OpraHU3MaM CBOWCTBO BOCIIPO-
U3BeJICHUS ceOe MoJI00HBIX. PazMHOXKEeHHEe oOecreyuBaeT IPeeMCT-
BEHHOCTh MOKOJEHUN 3a CUET Mepejayu M'eHEeTUYECKON MH(pOopMalUU
OT POJAUTENIHCKOIO MOKOJICHUS K TOTOMCTRBY.

3agaum pa3sMHOKEHMS:

1) coxpaHeHnue u yBeJIUUYCHUE YUCICHHOCTH BU/IA,;

2) obecnieyeHue pazHO0Opa3us MOTOMCTBA.

B TedyeHue WMHIMBUIYAJBLHOTO PA3BUTUSA PA3MHOXKECHHUE MOXKET
OBITh OJAHOKpPATHBIM (0a0OYKH, JIOCOCEBBIE PBIOBI, MUMEIOT MHOTO-
YUCJIEHHOE MOTOMCTBO) WJIM MHOTOKPATHBIM (MJICKOIIUTAIONINE, B TOM
YHCJIE YEJIOBEK, MEHEE TJIOJIOBUTHI).

BbIensitoT Tpu TUIIa pa3MHOKEHUS: OECIoNIoe, BEr€TaTUBHOE U T10-
jgoBoe. Bce TUIBI pa3MHOMKEHHS CYIIECTBYIOT M HE BBITECHSIOT JIPYT
npyra. CienoBarenbHO, KX bl U3 HUX UMEET CBOU NMPEUMYIIECTBA.

5.1. TunbI pa3MHOXXeHUs

becmnoJsioe pazMmHoxeHHE

[Ipu OecrmoioM pa3sMHOKEHUHM TMOTOMKHA OOpa3yroTCsi M3 OJIHOMN
COMATUYECKOW KIIETKH, KOTOpas NEIIUTCS Ha JOYEPHUE KIIETKH, a TE
(GbOpMUPYIOT HOBBIM OpraHu3M. B OCHOBE ATOro TUIA pa3MHOKEHHUS Jie-
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KUT MuTO3. CrienoBareabHO, TOTOMKHA WIACHTHYHBI POJUTEIBCKON OCO-
OM W TPEACTaBIAIOT €€ KJIOH. HecOMHEHHBIM MPEUMYIIECTBOM Oec-
MOJIOTO Pa3MHOXKEHMSI SIBIIICTCS €r0 BBICOKAsh CKOPOCThb, KOTOpas
CIIOCOOCTBYET OBICTpOMY POCTy uucieHHocTu. HemocTaTok Oecronoro
Pa3sMHOKCHHA — ITIOTOMCTBO I'CHCTUYCCKHN UJICHTUYHO, IIO3TOMY HCT Ma-
Tepuaa Jyis eCTECTBEHHOro oToopa. becnonoe pazMHokeHune 1aeT npe-
UMYIIIECTBO MOMYJISAINSAM, )KHBYIIIUM B TIOCTOSTHHBIX YCIIOBHSIX CPE/IBI.

Pa3sMHOXeHue

6ecnonoe BeretatusHoe nosiosoe
pa3MHoOXeHune
|
( 7\
aeneHuve NMo4YyKoBaHue 6e3 obpaso- c obpazo-
| ™ BaHUA raMeT BaHMEM raMeTr
~— (. J
LWN30rOHUS dparmeHTa- KOHBblOraums C onsopno-
| ums | [~ TBOpEeHueM
- - - J -
KJIOHUpPOBa- BEretTaTmBHoe Konynsaums 6e3 onnopo-
- HUue pasmHoxeHue y — | TBOpeHud
pacTeHnn
nonm-
] 3M6pMOHMSA
-

Puc. 9. Tunel pa3aMHOKEHUS

BereraruBHoe pa3MHOXKeHHE

[Ipn BereraTMBHOM pPa3MHOXEHHHU HOBBIM OpPraHW3M BO3HUKAET
HE W3 OJHOM KIIETKH, a W3 KOMIUIEKCA COMATHYECKHUX KIIETOK,
KOTOPBIM  MOXET  BKJIIOYATh  pa3inuyHble  TKaHU. llosTomy
NPUHIUIINAIBHO BEre€TaTUBHOE HE OTJIMYAETCS OT OEeCIOooro: OHO
TaKXK€ JAaeT KIOHBL [IpernmymecTBO BEreTaTUBHOTO Pa3MHOXKCHUS:
CKOPOCTb €0 €lIE BbIIIE, YEM MPU OE€CII0JIOM Pa3MHOKECHUHU.

ITos10BOE pa3sMHOKEHME

Pa3MHOXk€EHHE C TOMONIBIO CIEHUATM3UPOBAHHBIX MOJIOBBIX KIIETOK
ramer, KOTOpbIE, CIIUBASCh, IAIOT 3UTOTY, & 3UTOTa — HOBBIM OPraHU3M.
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[IpeumyiiecTBo — pazHooOpaszue mnotomctBa. [lomynsiuu, pas-
MHOYAIOIIMECS TOJOBBIM MYTEM, F€TEPOrE€HHbI, YTO JIa€T MaTepual
JUIsl €CTeCTBEHHOro oTOopa. IlosoBoe pa3MHOXKEHUE JaeT Mpeumy-
IECTBO B MEHSIOIINXCS YCIOBUSAX CPEIBI.

K HemoctaTtkaM cieayeT OTHECTH HHU3KYI0 CKOpPOCTh Pa3MHO-
KEHUsI, OOYCIIOBJICHHYI0O MHOTUMHM NPUYMHAMH, B TOM YHUCIIE 3aTpa-
TaMi Ha (OPMUpPOBAHUE TaMET, MOUCK MapTHEpa, IMOJOBOE CO3pe-
BaHWE MOTOMCTBA U JIp.

@®opMbI 0€CI0J10r0 Pa3MHOKEHH S

lenenuem Pa3ZMHOKAIOTCA OJHOKJIETOYHBIE OpraHu3Mbl (OaKTe-
pUU, CHUHE-3EJIEHbIE BOJOPOCIH, IpocTermmre u T. A.). [lpu stom
Kaxaas ocoOb JENUTCS Ha JBE JOYEPHHUE KIETKH. DTOMY Npei-
mectByeT npouece yasoenus JHK. 3atem y npokapuoT npoucxoaur
paseieHne HyKJIEOU/ 1, a Y 3YKapuOT — MUTOTUYECKOE JEJICHUE Ipa,
a CJIeIOM [IUTOKUHE3.

[lluzoconus —  MHOXECTBEHHOE  BHYTPEHHEE  MOYKOBAHHE.
BceTpedaeTcs Takke y OAHOKIECTOUYHBIX (CIopoBUKH). [Ipu 3TOM BHUIE
Pa3MHOXEHHSI TPOMCXOJUT MHOTOKpaTHOE JeJeHue sapa 0e3
IMTOKMHE3a, a 3aT€M U BCA IUTOIJIA3Ma pa3leisieTcsl Ha MHOXKECTBO
JTIOYEPHUX KJIETOK.

K 6ecnosioMy pa3MHOXKEHHUIO MOXHO OTHECTU U KIOHUPOBAHUE
OpraHu3MOB, KOTOPOE€ CTajJo0 BO3MOXHO OJlarojgapsi Hay4YHbIM
JOCTHXKEHUSIM (KJIOHUPOBAHUE C/X PACTECHUN U )KUBOTHBIX).

llonusmbpuonus — sBICHHE Pa3BUTHA OOJiee OHOTO 3apOobllla
U3 OJIHOM 3UTOThl y >KMBOTHBIX WJIM OOpa30BaHUE HECKOIbKHUX
3apOJIbIIIEH B OJJHOM CeMEHU y pacTeHuid. E€ Ouonorndeckuit cMbica
3aKJIFOYAETCS B YBEIMYECHUU YHCIA MOTOMKOB, PAa3BUBAIOLIMXCA W3
OJTHOHM OIIOJIOTBOPEHHOM SHIICKIETKH. BeTpeuaeTcs y OpOHEHOCIIEB,
MIIIAHOK, Y Y€JIOBEKa — MOHO3UTOTHBIC OJIM3HEIIBI.

@®opMBbI BEreTAaTUBHOIO PAa3MHOXKEHM S

llouxosanue BcTpedaeTcs y OaKTepuil, JPOXKIKEBBIX TIPHOOB,
KHUIIIEYHOITOJIOCTHRIX. HOBast 0coOb 00pa3yercst B BUAEC BhIPOCTa (I10Y-
KM) Ha TeJIe POJUTENIbCKOW OCOOM, a 3aTeM OTIEeNseTCsS OT Hee,
MPEBPAIIASICH B CAMOCTOSITENbHBIA OPraHu3M, COBEPUIEHHO HJICHTUY-
HBI POJAUTEIILCKOMY.

@paemenmayus — pa3feiacHue ocoOn Ha JIBE WM HECKOJIBKO 4Yac-
TeH, KaXKaas U3 KOTOPBIX pacTeT U 00pa3yeT HOBYIO 0co0b. dparmen-
Talus HaOJII0IA€TCS Y HUTYATBIX BOJOPOCIIECH, HEKOTOPBIX YEepPBEN.
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Becemamuenoe pasmnooicenue BCTpeHaeTcsd y pAcTEHUU U
rpuboB. B 3TOM ciiyyae oTaeneHHas OT MAaTEPUHCKOIO OpraHu3Ma,
OTHOCUTENIBHO OoJbiiasi, 00buHO Aud@epeHrnpoBaHHasl YacTb
Pa3BUBAETCS B CAMOCTOATENIbHYI0 0c00b. [10 cBOE CyIITHOCTH CXOTHO
C ToYkoBaHWMEeM u (¢parmeHTtarueid. Hepeako pactenust oOpaszyior
CTPYKTYpPBI, CIEIUAIbHO MpPEIHA3HAUYCHHBIE JJIsI BEre€TaTUBHOTO
Pa3MHOXEHHUS: JTYKOBUIIbI, KOPHEBUILA, KIyOHEITYKOBUIIbI, CTOJIOHBI,
KIIyOHU. HekoTopbie U3 3TUX CTPYKTYpP CIYXKaT TaK)Ke IS 3armacaHusl
MUTATEJIbHBIX BEIIECTB, YTO MO3BOJISIET PACTCHUIO TIEPEKUTH IEPUOIBI
HeOJIaroNnpUATHBIX YCIOBUH (X010, 3aCyXa).

@opMBbI MOJIOBOT0 PA3MHOKEHUSA

be3 obpazosanus camem:

® KOHBIOTAIUsI — OOMEH HACJEICTBEHHBIM MAaTEPUAIOM MEXKITY
IByMsl opranuzMamu. GopMagbHO 3TO HE PAa3MHOXKEHHE, TaK KaK He
MPOUCXOJUT YBEIUYCHUSI YUCICHHOCTH, OJHAKO MMEET MECTO IeHe-
Thueckas pexkomOuHanus. [losToMy clienyer TOBOPUTH O MOJIOBOM
nporecce (MHPY30pUn);

® KOMYJISILUS — CIHUSHAE OJHOKJIETOYHBIX OpPraHu3MOB C TIO-
CIEAYIONIUM JieJIeHHeM (IIpocTeuIume).

C obpasosanuem cneyuanu3upoBaHHviX K1emoK — TaMeT — OHU
rarIoOuAHbI (PEIYKIUS YHUCIIa XPOMOCOM OOECIIEUNBACTCS MEUO30M):

e [looBOoe pa3sMHOXKEHHE C OIUIOJIOTBOPEHUEM — HauoOoJiee
paclpoOCTpaHEHHBIN  CMOCOO  Pa3sMHOXKEHMS, XapaKTEpHBIM IS
OOJIBIIIMHCTBA BUJIOB, B TOM YKCJIE U Y€JIOBEKA. [ alyiouIHbIE TaMeThl
(SIMUEKJIETKU U CIIEpMaTO30M/Ibl) 00pa3yloTCsl B MY>KCKUX U KEHCKHX
MOJIOBBIX OpraHax B pe3yjbTaTe TraMeToreHe3a. BoccraHoBieHue
IUIOUAHOCTH TIPOUCXOJHUT B PE3YyJIbTaTe OIUIOJOTBOPEHHUS, MOCIIE
CIUSIHUSI TaMeT o0pa3yeTcsi 3uroTa, KOTopas JaeT HOBBIA OpraHu3M
(MJICKOTIUTAIOIIIHE).

e [TonoBoe pa3MHO)KeHHE 0€3 OIIoA0TBOpPEHU. PazBuTue nouep-
HEro OpraHv3Ma MPOUCXOUT U3 HEOIIOJOTBOPEHHOM SIUIIEKIETKH (OT
partenos, rped.— AeByIlIka) — mapTeHOreHe3. B mpupojae mapreHo-
reHe3 BCTpEeYaeTcs y psaja pacTeHUMN, YepBeid, HACEKOMBIX, pakooOpas-
HBIX, PbIO, MITHUII, TPECMBIKAOIITUXCS.

Y HEKOTOPBIX KMBOTHBIX JIFOOOE€ SIMII0 CIIOCOOHO pa3BUBAThHCS Kak
nocJie OIJIOJOTBOPEHMS, Tak U 0e3 Hero. JTo ciayyail gakyremamus-
HO20 napmenoceHe3a. Y M4el, MypaBbeB U3 OIJIOJOTBOPEHHBIX SIUILL pa3-
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BUBAIOTCS CaMKH, a U3 HEOIUIOJOTBOPEHHBIX — caMIlbl. TakuMm 00pa3om,
MIPOUCXOJIUT PETYIUPOBAHKE ITOJIOBOU CTPYKTYPHI MOIYIISITHH.

Obaucamusiii (00s3aTENIBHBINA) MMAPTEHOIEHE3 BCTpEUYaeTCsl Kpaii-
He peako. OH XapakTepeH, HaNpuMep, IS KaBKa3CKOM CKaJlbHOMU
simepuiibl. B 3ToM cityuae sifiia crmocoOHBI pa3BUBATHCS TOJIBKO 0€3
OIIOJIOTBOPEHMUSI, TAPTEHOTEHETUYECKH.

Y MHOrux BUJOB (TJU, NaHUM) TNAPTEHOTE€HE3 HOCUT ILMKJIIU-
YecKui xapakTep. B neTHee BpeMs y 3TUX BUJIOB CYIIECTBYIOT TOJBKO
CaMKH, Pa3MHOXKAIOIIHUECS MNapTEHOIeHETUYEeCKU. TakuM o00pa3zoM
obOecrieunBaeTCsa OBICTPOE BOCHPOU3BOJCTBO YMCICHHOCTH ITOIYJIsi-
i, OCeHbI0 MApPTEHOTEHE3 y ATUX >KMBOTHBIX CMEHSIETCS pPa3MHO-
KEHHEM C OTI0JIOTBOPEHUEM.

buosiornyeckoe 3HaYCHHE MAPTEHOTEHE3a 3aKJII0YAeTCsl B BO3-
MOHOCTU Pa3MHOKEHUS MPU PEIKUX KOHTAKTaX Pa3HOIOJBIX 0COOei
(HampuMep, Ha PKOJIOTMYECKOW mepudepun apeaa), a TakKe B BO3-
MOYXHOCTH PE3KOTO YBEJIWYEHHUS YUCICHHOCTH MOTOMCTBA, YTO BAXKHO
JUISl BUJIOB C OOJIBIION HIUKIINYECKONH CMEPTHOCTBIO.

Pa3MHOXKeHME Ha ypOBHE OPraHM3MOB OOECIIEYMBACIOT JBa TUIA
JIeJIEHUS KJIETOK: MUTO3 U MEHO03.

5.2. XKu3HeHHbIU YUKIT KIlemKu

AKu3HeHHBIA (MUTOTHYECKHI) MK KIETKH (KJIETOYHbIN
HUKJ) — 3TO MEPUOJ OT Haydaja MHTO3a JO CJEAYIOIIEro MHUTO3a.
[Tpog0KUTENBHOCTD KU3HEHHOTO IUKJIA pa3fidiyHa y pa3HbIX opra-
HU3MOB. Hampumep, y MIIEKOMUTAIONIUX B KYJIbType KJIETOK OHA
COCTaBJISIET OKOJIO 24 4acoB.

JKW3HEHHBIN UK KJIETKHM COCTOUT W3 HHTEp(aszbl — MEepUojia
MEXy JIeTICHUSIMUA — U COOCTBEHHO caMoro Muto3a. Ha Muto3 mpuxo-
nutcst okojio 20% Bcero BpemeHu. MHTepdazoii Ha3pIBaIOT CTAIUIO
MOKOSIIIEToCs s/ipa, OJHAKO 3TO HauboJiee akTUBHasi ()aza C TOUYKU
3peHUst OUOXUMHUYECKUX MPOLECCOB.

B unTepdaze Brimensror 3 nepuoja (0T aHTII. ap — UHTEpBa):

G, — npencunrerudeckuii mepuona, 60% BpeMeHH: aKTUBHO
MPOXOJUT OHMOCHUHTE3, POCT KIETKH, BCEX OPraHOUIOB U CTPYKTYD.
Kaxnass xpoMocoMa COCTOMT M3 OJHOM XpoMaTH[ibl (OJIHA MOJIEKYyJia
JIHK). I'eneTnueckas xapakTepuCTUKa KJIETKH 2N2c.
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S — cunTernueckuil mepuoid: mnpoucxoauT pemmkamus JIHK,
CUHTE3 THCTOHOB. B XpoMocoMe HaXxOJIWTCs TE€HEPh IBE MOJIEKYJIbI
JAHK, xortopele ynakoBanbl B JBE XpoMartuipl. ['eHeTmueckas
XapaKTEpUCTUKA KJIETKHU K KOHITYy neproja 2n4c.

G, — NMOCTCUHTETUYECKHI MepuoJi. 3aKaHYMBAETCS MOJTOTOBKA
KJIETKU K JEICHUIO: MPOUCXOJUT 3allACAaHUE SHEPTrHH, HAKOIUICHUE
CTPYKTYP, HEOOXOAUMBIX JJIsl MUTO3a. ['eHeTuYecKasi XapaKTepUCTUKA
KJIETKHU B 3TOT NEpUoJ 2n4c.

Konn4ectBO MHUTO30B, KOTOPOE MOXKET NPOUTH KIIETKa, T'EHe-
THUYECKU JETEPMUHUPOBAHO. VICIOMBb30BaB ONpeAEICHHOE KOJIMYECTBO
MHUTO30B, KJIETKa MOXET TMEepeuTH B 0COOyI0 a3y MUTOTHUUYECKOTO
nukia Gy — auddepeHpoBaHHOE COCTOSIHIE. B KJIeTKe MOTYT HATH
aKTUBHbIC META0O0JIMUYECKHUE MPOIIECCHI, HO B MUTO3 OHA HE BCTYIIAET.
Kietka npu 3TOM IPOJIOJKAET KUTh U AKTUBHO BBIMOJIHATH (YHKIIUU
B TKAHU MHOTOKJIETOYHOTO OpraHuM3Ma, HO YK€ OOoJbllIe HE JETUTCS.
Pasnbie kieTku B pa3Hoe BpeMms BcrynalT B Gy. Hanmpumep, HepBHBIE
KJIIETKA PaHO [MEPECTAIOT JEIUThCA, KIETKHM KOXKHOTO JIUTEIUS
JUTUTEILHOE BPEMSI COXPAHSIOT CIIOCOOHOCTh K JICTICHHUIO.

2n 2c¢

Puc. 10. Knetounsiii (MUTOTHYECKUA) UK

B MHOTOKJIETOUHOM OpraHu3Me KOJUYECTBO MUTO30B I'€HETHYEC-
K1 orpanuueHo. [Ipoiig onpeneneHHoe KOJIMYeCTBO MUTO30B KIIETKA
TUOHET. DTO OMpeJensieTcsl KICTOYHOMW MaMsIThI0 Ha XPOMOCOMHOM
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ypoBHe. Tak, y yenoBeka KjaeTku paccuntanbl Ha 50£10 MUTO30B, UTO
cooTBeTcTBYeT = 120 romam. PakoBble KJIETKM HE HUMEIOT I'€HETH-
YECKOM MaMsITH, MO3TOMY CHOCOOHBI K OECKOHEUHOMY JICJIICHUIO, YTO
MIPUBOJIUT K Pa3BUTHIO OITYXOJIH.

5.3. Mumos3s

Kaxnmas kneTka oOpasyeTcs IMyTeM JeleHUs HCXOAHOW Mate-
puHcKoi. Takum oOpa3om, JieJIeHHe KJIETOK 0OecreunBaeT «OnoJIoru-
4yecKoe OeccMepTue.

MuTo3 — HempsMoe ACNeHUE KIETKH. TepMHUH «MHUTO3» OT rped.
Mit0S — HUTb.

MuTo3 npeacTaBiseT co00r MPOIECC HEMPEPHIBHO Pa3BOpAYNBALO-
IUXCS B KJIETKE cOOBITHM. JIJ1s1 y100CTBa MCCIEAOBaHUS €ro ObLIO MpH-
HATO JIeTuTh Ha 4 iepuoja: mpodasa, metadasa, anadaza, Tenodasa.

Tabmnura 6
Mopd)wlozultecmm U ceHemudeckKas xapakmepucmuka
¢az mumosa
Dasza Xapaxkmepuvie uepmeol

Nurepdaza | JummougHeiii Habop XpoMOCOM U
paHHsIA T€HETUYECKOr0 MaTrepurasa

2n 2c

3akanuuBaerca perukamus JIHK,
Kak/1asi XpoMOocoMa COCTOUT M3 JIBYX
XpoMaTu

HuTtepdaza
TIO3THSIS

2n 4c¢
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[Tpodaza

1. Cnupanuzanus XpoMOCoOM

2. PacTBOpeHue siiepHOM 000JIOUKU U
VCYE3HOBEHHUE SIJIPBIIIEK

3. ®opMUpOBaHHE BEPETEHA JETICHUS

Meradaza

Pacnonoxkenne B 3KBAaTOpUAIIBHOM
IUIOCKOCTH PEaYILTULIMPOBAHHBIX
OJIMHOYHBIX XPOMOCOM

Anadaza

Paznenenne xpomocoM Ha  Xpo-
MaTHJIBI.
PacxoxneHne Kk mosrocaM XpoOMaTH,
CTaBIIMX CaMOCTOATEIbHBIMH XPOMO-
coMamu

Tenodaza

1. Jlecniupanu3zanust XxpoMocoM

2. OGpazoBaHue sIepHON 000JIOUKH U
AJIPBIIIEK

3. Hutoxkunes u o00pa3oBaHUE JIBYX
JUTUTONTHBIX KJIETOK

buonornueckud CMBIC MHTO3a 3aKJIOYACTCI B PABHOMEPHOM
paclpeesicHu HACJIEACTBEHHOIO MaTepuaja MEXAy JIO0YEPHUMH
KJIETKaMU: B Pe3yJIbTaTe MUTO3a 00pa3yrOTCs J0YEPHUE KIETKHU, FeHe-
TUYECKU HJICHTUYHBIE JPYr NIPYry U MATEpPUHCKOW KIeTKe. Takum
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o0pa3oM, MHUTO3 OOECHEYUBAET MOJJIEPKAHUE TMOCTOSHCTBA KapHO-
THUNA B PAY MOKOJICHUM.

[Iporieccrl, KOTOpPBIE 00ECIIEUUBAIOTCS MUTO30M:

e OECI10JI0€ Pa3MHOKEHHUE,

® POCT MHOTOKJIETOYHOTO opraHuszma (Oyarogapsi MHUTO3y BCE
KJIETKH OpraHu3Ma — KJIOHBHI),

e pereHepanus (3aMemieHue KJIETOK) Y MHOTOKJIETOYHOTO Opra-
HU3Ma.

Muto3 — HamboJsiee pacmpoCTpaHEHHBINH, HO MaJIeKO HE €IHH-
CTBEHHBIN THII JEJICHUS KJIETOK.

5.4. AMumos3

[Ipn amuTO3€ nAeneHUE saApa NPOUCXOAHUT NPSIMO IYyTEM Iepe-
TSOKKU (MIPAMOE JEJIEHUE), a HE KAK IMPHU MUTO3€ — 3a CUET CJIIOKHOIO
MHOTOCTaJUAHOTO IIPOLECCAa YIAKOBKH XPOMOCOM, HX YABOCHHS,
PAaBHOMEPHOI'O PACHPEAECICHUS MEXIy NOYEpPHUMH KieTkamu. [Ipum
3TOM JIE€JEHUU SAPO OCTaeTcss B HMHTEP(PA3HOM COCTOSIHUH, SIAPO
JEIUTCS MYTEM MEPETIKKU, BEPETEHO JeJeHus1 He oOpasyercd. Yacto
aMHUTO3 HE COMPOBOXKIAETCS JICJICHUEM LUTOILIA3MBbl, UYTO IPUBOJUT K
BO3HUKHOBEHHUIO MHOTOSIJIEPHBIX KJIETOK. JlouepHuE KIETKH MOTYT
COZIEPKATh PA3JIMYHOE KOJWYECTBO T'€HETHUYECKOI0 MAaTEpHANId, TO
€CTh ABJISIIOTCS] «T€HETUUYECKUMHU YpOoJdaMu». DTH KIETKH 00pEUEHHBIX
Ha rudenb, TePSIIOT CIOCOOHOCTh K MUTO3Y. AMUTO3 BO3HUKAET MpPHU
Pa3JINYHBIX U3MEHEHMIX Pa0OThI KJIETOK: MPU OHKOJOTHUYECKUX 3a00-
JIEBAHUSX, ITPU BOCHAIMUTEIBHBIX TPOLECCAX U T. 1.

5.5. Meuos3

Meiio3 (oT rp. MEIOSIS — yMEHBIICHUE) — JCICHHUE KIIETOK, B
pe3ybTare KOTOPOrO MPOUCXOAUT YMEHBIICHUE (PEAYKLHS) 4Yucia
XpOMOCOM B JBa pa3za. B 3TOM U 3aKIOYACTCA BaXHEUIIECE
OMOJIOTHYECKOE 3HAYCHUE MEeM03a: BBIBECTH W3 AUIIOMIHON KIIETKU
(2n2¢) u3OBITOK reHeTnueckod wuHpopManuu, cHopMUpoBaB
ramoniHoe kietku (1nlc). Meio3 JIeXUT B OCHOBE OOpa3oBaHUs
MIOJIOBBIX KJIETOK Y dKUBOTHBIX U CTIOP Y PACTEHHI.

[ToaroToBka KJIETKU K JIEJIICHUIO OCYIIECTBISIETCA B UHTEpdaze, K
KOHI[y KOTOPOW T€HETHMYEeCKasi XapaKTEePUCTHUKA KIJIETKU CTAHOBUTCS
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2n4c.

Penykuuss dyucia XpoMOCOM JOCTHTAETCs 3a CYET JABYX
MOCJIEAOBATENbHBIX JEJICHUN: PEIYKIHMOHHOTO W 3KBallMOHHOTO. B
Ka)XJIOM JICJICHUHU BBIJICISIOT T€ )K€ CTaJNN, YTO U B MUTO3E.

Tabnuma 7
Mopghonocuueckan u cenemuueckasn XapaKmepucmuka
a3z meiioza
| oenenue Il oenenue
Peoykyuonnoe IKeayuonHoe
Dasza Xapaxmephvie uepmul Xapaxmephvie yuepmul Dasza
__| Junutonneii N
< S| Habop Xpomocom =
0] Qo
& & E| M TCHETHYECKOTO - \
§ % q'.é Marepuaia -~ /
§ 2w Kopotkuit
% MIPOMEKYTOK 2
2n 2¢ MEXIy NEPBBIM =
= 3akaH4YMBaeTCA U BTOPBIM JI€lie- é
T | pemnMKanus JJHK HUSMU  (MHTEp- =
é daza 6e3 S-me- ~
I~ puoja)
[e9]
[a+]
=
o,
(]
=
=
~
1. Cniupanusanus Kpatkasd, T.k.
XpPOMOCOM CHUpaIu3anus
2. Konsbroramus XpPOMOCOM IIPO-
TOMOJIOTHYHBIX nuta B mpodase |
XpOMOCOM U 00-
pazoBaHue  Ou-
— | BajeHTOB (Te- —
§ Tpanx), KpPOCCHH- 2n4c §
= | roBep =
Q Qo
2 | 3. PactBopenue S
= o =
SIIEPHOMN
000J104KH1 U
MCYE3HOBEHUE
ATIPBIIIEK

4. ®opmupoBa-
HHUE BepeTeHa Jie-
JIEHUS
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Pacnonoxxenue B

Pacnomnoxenue

n2c

9KBAaTOpUATHLHOU B DKBaTOpHUAIb-
ILIOCKOCTH OuBa- HOH INIOCKOCTH
JeHTOB (Terpan) OJIMHOYHBIX
TOMOJIOTHYHBIX XPOMOCOM
= XPOMOCOM =
o <
= S
Cg <
é) 5
Pa3znenenne Pacxoxnenne k
OMBaJIEHTOB  Ha MMOJIF0OCaM
XPOMOCOMBL. XpOMaTH/I,
Pacxoxnenue CTaBIINX
XPOMOCOM K CaMOCTOSITEIIb-
—_ MIOJIFOCaM HBIMHA —
< <
3 on 4c XpOMOCOMaMH, 3
—g (n 2c+n 2c¢) YIBOEHUE 4YuCIia -%
XPOMOCOM T
< p <
1. OGpa3oBanue 1. OGpazoBanue s,IEpHOIN 000IOUKH
STICPHOM 2. llutokuHe3 W oOpa3zoBaHHE
000104k 4-raruIONIHBIX KIIETOK
2. lluToxkuHe3s U
oOpa3zoBaHue
JIBYX TarTIOMTHBIX
KJIETOK.
8 3
<
= S
S )
= =
ot o
= =
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[Ipouecchl, MPOUCXOASAIIME BO BTOPOM JICJICHUU MEi03a, 10 CBO-
€My MEXaHH3MY CXOJIHBI C IPOUCXOASAITUMH B MUTO3E.

B pesynbraTe Meiio3a obpasyerca 4 gouepHHE KIETKU. |'eHeTu-
YyecKasl XapaKTepUCTUKA KaKI0U KIETKH NC.

Metiio3 co3gaeT BO3MOKHOCTH ISl BOSHUKHOBEHHUS B raMeTax HoO-
BbIX KOMOMHAIINI T€HOB, PE3YyJIbTATOM YEro SIBJISIETCS T€TE€POr€HHOCTD
MOTOMCTBa, 3TO, B CBOI OYE€pe]b, OOECIEUMBAET MaTepuan s
€CTEeCTBEHHOI'0 0TOOpA.

MexaHn3Mbl, 00ECIeUNBAIOIINE PA3HOOOPA3UE FAMET:

1. Kpoccunrosep. Ilpoucxomut B npogpasze |, obecneunBaeT HO-
BbIC KOMOMHAIIMY aJUIeJICH 3a CUeT pa3pylIeHUs TPy CLETUICHUS.

2. HezaBucumoe pacxoxxjaeHue xpomocoMm B aragasze |. Ilpu-
BOJIUT K CIIy4ailHOMY pacIpeeICHUI0 MAaTepPUHCKHX M OTIIOBCKUX
XPOMOCOM MEXY JTOUYECPHUMHU SIPaAMH.

3. CiiydyalilHOE€ COYE€TaHME OTIIOBCKOM W MATEPUHCKOM HACJEIICT-
BEHHOCTH BO BpeMsI CIIy4YalHOT'O OIIOJIOTBOPEHMUSI.

5.6. F[amMmemoczeHes

I'amemozenes — niponiecc 00pa3zoBaHus MOJOBBIX KiIeTOK. OH co-
YeTaeT B ce0e U MUTOTUYECKOE U MEMOTUUYECKOE JIeJICHHUE.

VY BBICHIMX KUBOTHBIX KEHCKHE TaMeThl (SIMIEKIETKH) 00pa3yroT-
Ci B SIMYHUKAX, MYXCKHE TaMeTbl (CIEpMATO30MUJIbI) — B CEMEH-
Hukax. [Ipouecc oOpa3oBaHus MYKCKUX IMOJOBBIX KJIETOK HA3bIBAIOT
CIIEpPMATOTEHE3, KEHCKUX TOJIOBBIX KJIETOK — OBOT€HE3. Y CJIOBHO 00€
(bopMBI pa3MHOXKEHUS JIeTATCS Ha (Pa3bl UK MEPUO/IBI.

[lepuoa pa3sMHOKEHHS XapaKTEPU3YETCs MHOTOKPATHBIMU MHUTO-
TUYECKUMH JICJICHUSMH, MPUBOJAIIMMU K OOpa30BaHUI0 MHOTOYHC-
JICHHBIX CIIEPMATOTOHMN W OBOTOHUN (KJIETKU IUILUIOWAHBI 2N2C).
daza pa3MHOKEHUS y MY>KYMH HAUYMHAETCS ¢ HACTYIIJICHHEM TTOJIOBOU
3pEJIOCTU U MPOJOJIKACTCSA MOCTOSHHO B TEYEHUE PENPOTYKTUBHOIO
neproja. B )keHCKOM opraHu3Me pa3MHOXKEHHE OBOTOHUN HAauyHWHACT-
Csl B SOMOPHOHATBFHOM MEPUOJIC U 3aKAHYMBACTCA K 3-My TOJIY KU3HHU.

[lepuoj pocTa cONpPOBOXKAAETCS YBEIMUEHUEM 00beMa IUTOIIA3-
MBI, HAaKOIIJIECHUEM BEIECTB, HEOOXOMUMBIX ISl JadbHEUIINX Jee-
HUN. DTOT MEPUO]I COOTBETCTBYET MHTEp(dase mnepesr Meio30M, Ipouc-
xomut perukanus [IHK, XpoMocoMbl cTaHOBATCS ABYXpOMAaTHA-
HbIMU (2N 4cC). Tlepuon pocta Hanbosee BhIPAXEH Y JKEHCKHUX IOJIO-
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BBIX KJIETOK (TIeproJ] OOJIBIIIOTO POCTa), TaK KaKk OBOLUTHI 1 mopsijaka
HAKaIUJIMBAIOT 3HAYNUTEIIbHBIE KOJIMYECTBA MUTATEIIbHBIX BEIIECTB.

[lepuon co3peBaHusl BKJIIOYAET B ce0sl JiBa MOCJIEIOBATEIbHBIX
neneHusi menosa (aeneHus co3peBanusi). [lpu cnepmaroreHese u3
OJHOTO oBoIuTa 1 mopsiaka GopMUPYETCS YEThIPE TrarIOWIHbIC KIIET-
KM — criepMaTu/ibl (NC).

Jlenenus co3peBaHusl IPU OBOTE€HE3€ HE paBHbIC. M3 kaxmoun
TUTTOUTHON KIIETKH (OBOUMT 1 TOpsiaKa) IMOciie MEePBOTO JCICHUS
Meiio3a (opMHpyeTcsi KPYIHbIA OBOLMT 2 MOpSAAKAa W MAJIEHBKOE
HalpaBUTENbHOE (PEAyKIIMOHHOE) Telblle. BTopoe nenenue meinosa
MIPOUCXOJUT TaK K€ U 3aBepIlaeTCss 00pa3oBaHUEM SUIIEKIECTKHU U €IIIe
OJIHOTO PEAYKLIHMOHHOrO Tenblia. B pe3ynprare 3Toi (pa3bl U3 OJHOTO
oBonuta 1 mopsigka gopmupyerca 1 siinexierka (NC) U TpU peayK-
IIMOHHBIX TeJbIIa (NC), KOTOphIE 3aTEM MOTHOAIOT.

CnepmatoreHes flepuoast OoreHes
CnepMaToroHuM 0
@ OTOHHH
Nepwont!
@a/ \ P IMHOKEH A /
/
& ® @%
1 !
CrepmaTouut | NOpaaka Qount | nopagxa

Cnepmamum'm II ‘nopAaKa unT Il népanm

Nepwon coapaaauuﬂ
1-e neneH4e
Menoza

Cnepmaﬂdn /\ 2-8 AereHue
QOO

/

Meldoza @ @ @

. . peaAVKUMOHHEIE TenbLa
@ @ @ @ Nepwon
ol 2 ARUerneTka
Cﬂepmtoaauu\ (PO PMUPOBAH R L

CHCE

3urota, oGpasyrolanca
nocne onnofoTBOpeHUA

Puc. 11. Cxema rameroresesa > KuBOTHBIX

40



On1010TBOpEHUEM HA3BIBACTCS MPOLECC CIUSHUS CIepMaTo-
30MJ1a C SIMIEKJICTKOW, MPUBOIAIMMK K OOpa30BaHUIO IUTLIOWTHOU
3U20mul, KOTOpAs Ta€T Ha4aja0 HOBOMY OPTaHU3MY.

COmmkenue u ciausHue rameT. UToObl COCIMHUTHCSA C SHUIIOM,
CIIepMaTo30H] JOJDKEH MPOHUKHYTh uepe3 siiieBbie 000J04YkH. Jlis
ATOI0 y HEKOTOPBIX JKHUBOTHBIX B O000JIOYKaxX sHIla HMEITCS
OTBEPCTHUS — MUKpOTIWJIC. Y SHI] OOJIBIIMHCTBA )KUBOTHBIX MUKPOIIUJIC
HET, U MPOHUKHOBEHUE CIIEPMATO30MJa MPOUCXOAUT C IOMOIIBIO
akpocoMbl. CriepMaTto30uj, BCTYIIMB B KOHTAaKT C SMIIOM, OCYILECT-
BJISIET aKPOCOMHYIO peakIuio: (DepMEHTBI, 3aKJIFOUCHHBIE B aKPOCOME,
BBIJICJISIIOTCS HApPY>Ky, BBIPOCT aKpOCOMBI WJIM BCS TOJOBKa CIEp-
MaTo30ua MPOHUKAIOT Yepe3 pa3MsrdyeHHyro (pepmeHTamu 00JacThb
000JI0YKH, U TJIa3MaJIeMMBbI TaMEeT CIUBAIOTCS.

C 3TOro MOMEHTa CHEpPMATO30MJ U SIUII0 CTAHOBATCS €IUHOU
KJICTKOM — 3uroTtoil. B Hell u3MeHseTcs OOMEH BEIISCTB, aKTHU-
BU3HUPYETCS CUHTE3 OelkoB. KyJlbMUHAIMOHHBIM MOMEHTOM B OILIO-
JTOTBOPEHUM SIBIISCTCS CIUsIHUE siaep. Sapo cmepmarozouaa (Myx-
CKOM MPOHYKJEYC) B IUMTOIUIa3ME silla HaO0yXxaeT M JOCTUTaeT
BEJIMYMHBI sJipa SUILEKICTKH (BKEHCKOro IpoHykieyca). O0a mpo-
HYKJIEyCa NEPEMENIA0TCS HAaBCTPEUYy JPYr JPYry W MOCIE BCTPEYU
CIIMBAIOTCsA, 00pa3ysl IMUIUIOMJHOE sAApo — cMHKapuoH. Ilocie aToro
3UTroTa MPUCTYNAET K APOOJICHUIO U TAJIbHEUIIIEMY PAa3BUTHIO.

[Tocne onaoa0TBOPEHUS TNIOUAHOCTh BOCCTAHABIMBACTCA. TakuM
00pa3oM, 13 MTOKOJICHHS B TTOKOJICHUE KapUOTHUIT OPTaHW3MOB JTaHHOTO
BHJIa OCTaeTcs Heu3MeHHbIM. Eciam Obl He OBLIO Meio3a, TO MpH
OTUI0IOTBOPEHMH TIJIOUIHOCTD KaXK/IbIi pa3 yBeJIMInBaiach Obl.

5.7. XKusHeHHbIEe YUKIIbI Op2aHU3Moe8

Ku3HeHHbIH IMKJ — CBOWCTBEHHAsA JTAHHOMY BHAY MOCJEIOBA-
TEILHOCTh PA3BUTHS OT KAKOTO-TO OINPEJIEICHHOTO MCXOJIHOTO 3Tarna
710 €T0 MOBTOPEHUSA (HAIIPUMED: 0M CNOpPbl 00 CNOPLL Ul 0N 3UCOMbl
00 3u20mol).

JI1s1 )KM3HEHHOTO ITMKJIa MHOTHX OPTraHM3MOB XapaKTEPHO depe-
JIOBaHHUE Pa3HbIX (OPM Pa3MHOXKEHUS, KOTOPOE MOXKET COUETAThCA C
yepeoBaHuEM MOP(HOJOTHYECKH Pa3HbIX IMOKOJICHUN: IMOJIOBOTO H
oecmojioro (MHGY30pusi), 000EMOJIOr0 U MapTeHOreHe3a (I4Yebl, TIH),
000eroioro u BereraTuBHOro (ruapa). YepeaoBaHnue nojaoBoro (rame-

41



To(UuT) U Oecnonaoro (cnopoduT) MOKOJIECHUM UMEET MECTO y 00Jib-
IIMHCTBA PACTCHUN.

/Ku3HeHHbIe HUKJIbI PACTEHUI

J{1s1 OOJIBIIIMHCTBA PACTECHUM XapaKTEPHO Yepea0BaHUE TTOJOBOIO
(rametodur) u Oecrnonoro (cmopodut) mokoneHui. OOmas cxema
VMMEET CIEIYIOLINN BU/L.

cnopo®duTt 2n2c

OINTOAOTBOPECHUE

N

L
<
™ Melto3
rameTbl (1n

rametoduTt 1nlc cnopa (1n)

raMeToreHes
MUTO3

VY cnopodwura (auruionHas cTaaus) OOBIYHO B CICIMAIM3UPOBAH-
HBIX OpraHax — CIIOPaHTUsAX — MPOUCXOJUT CIIOPOTE€HE3, B OCHOBE KO-
TOPOTO JIKUT MENH03. Meno3 MPUBOJUT K PEAYKIMUA HACIEACTBEHHOTO
matepuaia. B pesynbrare oOpazyrorcs cmopbl (1N), KoTOopble AarOT
Hadyasio ramerodury (ramiougHas cramusi). Ilocine pasButus y
rameTopuTa MNPOUCXOJUT TaMETOreHe3. Y MXOB W MaloOpOTHHU-KOB
raMeToreHe3 MPOUCXOAUT B CICIMAIM3UPOBAHHBIX OpPraHax (MY»KCKHE
Ha3bIBAIOTCA «AHTEPUAMM», JKEHCKHE — «apXeroHuw»). B ocHOBe
raMETOTeHE3a Y PACTEHUM JISKUT MHUTO3. ['aMeThl TakKe TalyIOUIHBI
(In). TammouwmHast cTagusi 3aKaHYMBAETCS OIUIOAOTBOpeHHeM. [lpu
CIIMSIHUM TaMEeT TMPOUCXOJUT OOBEAMHEHHE MYKCKOTO M IKEHCKOIO
HACJICJICTBEHHOTO0 MaTepuajia U oOpa3oBaHUE 3UTOTHI — TUIOMIHOCTH
BOCCTaHaBnuBaercsa (2n). W3  3UTroThl  MPOUCXOAUT  Pa3BUTHE
JTUTUIOUTHOTO criopoduTa. JKu3HEHHBIN UK paCTEHUS 3aMbIKACTCSI.

Y Bogopociel B3pociioe pacTteHue ramiougHo (1n), a aurmio-
UJHAasg CTaIdsl MAKCUMAaJIbHO COKpAIEHA: MENO03 IMPOUCXOIHT Cpasy
MOCJIE OTUIOIOTBOPEHHSI.
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VY nanopoTHUKOB XOPOIIIO pa3BUTHI 00e ctaauu. B3pocioe pacre-
HUe auriouaHo. ['aMeToduT, Ha KOTOPOM 00Pa3yrOTCsSd MYKCKHE H
KEHCKHE TOJIOBBIE OpraHbl, HA3bIBAETCA «3apOCTOK». OH pa3BUBAETCS
B JIECHOM MOJICTUJIKE, UMEET BUJI CEPJICUKA.

DBOJIIOIIUST PAaCTEHWM IIUIA B HAMpPaBJICHUM YMEHBIIICHUS Ta-
IJIOUAHOTO TOKOJEHUS U YBEIMYEHUS TMEepuoAa JUILIOUHOTO
oKoJieHus (cropodur).

Y  1BeTKOBBIX (MOKPHITOCEMEHHBIX) pacTeHUU TMpeodiaagaeT
nurioniHoe nokoseHue. CrnoporeHes, 3aTeM pa3BUTHE TrameToduTa
MPOUCXOJAUT B TIOJIOBBIX OpraHax IBeTka. MyKcCKoi rameTodur
MPEJCTABICH MBUIBIIEBBIM 3€PHOM, cojepkaimum 2 crnepmus. Ken-
CKHIl TamMeTO(UT NpPEACTaBICH 3apPOJBIIIEBEIM MEIIKOM, OH Haxo-
JUTCS B 3aBSI3U IIBETKA U COCTOUT W3 8 TalyIOMHBIX KJIETOK, OJIHA U3
HUX SIUIIEKJIETKa, a JABE KJIETKH oOpa3yroT IEHTpalibHOE sapo (2N).
Omioa0TBOPEHNE Y PACTEHUM HA3BIBACTCS JBOMHBIM.

D10 0co0bIi BUA ominoaoTBopeHusi. OH Obul OTKPHIT B 1898 .
C. I'. HaBamuHbIM.

CyTbh €ro 3akjiryaercsi B TOM, YTO IPpU (POPMUPOBAHUU CEMEHHU
OIUIOJIOTBOPSAETCS. HE TOJNBKO sidiekaerka (In + 1n = 2n), HO u ueH-
TpajbHOE SAPO 3apojblnieBoro Memka (2n + 1n = 3n). 13 3urotsl B
JNaJbHEWIIEM pa3BUBAETCS 3apOAbIII, a4 M3 ILEHTPAJIbHOW KIETKU C
OIUIOJIOTBOPEHHBIM LEHTPAIBHBIM SIAPOM — TIUTATENIbHAs TKaHb —
BTOPUYHBINA TPUILIOUAHBIN (3N) 3HA0CTIepM. JIBOMHOE OII0JAO0TBOpE-
HHUE OCYIIECTBIISIETCA CIIEPMUSIMH W3 OJHOM M TOW K€ IBUIBIECBOU
TPyOKH, COAEPKUMOE KOTOPOH M3IMBAETCA B 3apOIBIIICBBIM MEIIOK.
[IpeumyiiiecTBO JABOWHOIO OIJIOAOTBOPEHHUS 3aKJIIOYaeTCd B OYEHb
ObICTpOM 00pa30BaHUM MHUTATEIBLHON TKaHU, OOECTIECYHBAIOIICH
KUBHEJEATEILHOCTD 3apO/IbIIIIA.
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