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NPEAUCJ/JTOBHE

JAopozue yuawjuecs! B 7 - 9 kyaccax, u3y4asi 6M0JIOTHI0, Bbl TO3HAKOMUJIMCh CO MHOTUMU
NOHATUSAMM, TEPMHUHAMU M 3aKOHaMHU IpUpPOJbl. B TekylieM yye6HOM roJly Ha OCHOBe
NOJIY4YeHHBIX 3HAHUH Bbl NPOJOJLKUTE U3ydeHHe GHoJiorud. buosiorus usyyaeT cTpoeHue
KMBbIX OpPraHUM3MOB, WX XapaKTepUCTHUKH, pa3MHOXeHUe, pa3BUTUE, NPOUCXOKIEHUE,
B3aMMOOTHOLIEHUs] C NIPUPOJHBIMU COODOIEeCTBAaMU U UX MecTa ob6uTaHus. buosoruyeckue
3HaHUA NOArOTaBJUBAIOT OCHOBY [IJISl Balllero pa3BUTHS KaK JIMYHOCTH, Bbibopa npodeccuy,
pacuiMpeHusi HaydYHOTO MUPOBO33peHUsI M NPUOOpeTeHHs] 3KOJIOTMYeCKOIro MbIIJIEHUs C
IIMPOKUM NIOHMMaHUEeM Hay4HOU KapTHHbI MUpa.

C nmoMouibio 3TOro yye6HUKa Ha ypoKax GMOJIOTUM Bbl HAYYUTECh CMOTPEThb Ha NPUPOAY
KaK Ha LeJIOCTHYI0 CUCTEMY — OT HU3LIEr0 K BBICLIEMY CTPYKTYPHOMY YPOBHIO KU3HHU — U
CaMOCTOSITeJIbHO 060611aTh 6GMOJIOTUYECKUEe MOHSTUS, TEOPUU M 3aKOHBI, IPUBOJUTH UX K
eJJMHOM crcTeMe, yCTaHABJIMBAs MeX/Y HUMU IPUYUHHO-C/1eJCTBEHHYIO CBA3b.

[lepen kaxabiM maparpadpom B pybpuke «IIpoBepka 6a30BbIX 3HAHHMI» IOMeIleHbI
BOIIPOCHI M 3aJaHus. JTO NO3BOJIUT BaM Jiyylle MOHATb U YCBOWTb HOBBIM MaTepuall.
BHUMaTe/bHO OCBaMBalTe TeMaTH4YeCKUN TEKCT, CAMOCTOSITEJIbHO OTKpbIBaWTe sl cebs,
KaK UCc/e/loBaTesis, HOBble 3HAHUs. Y3HalTe, KaK co3/laBaTh UHPorpaduKy, 4YTo6bl OBICTPO
HNOHATb CYTh TEMBI.

B py6puke «IIpuMeHeHHe HOBBIX 3HAaHUW» Maparpada MepedyucieHbl 33Jja4yd Ha
YPOBHSX NO3HAHUS U NOHUMaHUs GM0JIOTUYECKUX 00'bEKTOB, IBJIEHUH U NIPOLECCOB, a TaKXe
610JI0TMYeCKUX TEOPUH U 3aKOHOB, aHa/IM3a, CUHTE3a U OL,eHKU. BbINoJiHAs 3TH 3a/jaHusl, BbI
CMO’KeTe I03HaBaTh, IOHUMATh, 00'bSICHATD, UHTEPNPETUPOBATh OMOJIOTUUECKUE SIBJIEHUS U
IpOLecchl, IPUMEHATb MeTO/bl HayYHbIX UCC/Ie[0BAaHUN, aHAJIM3MpPOBaThb, CHHTE3UPOBATD,
0600611[aTh, TPOEKTUPOBATH U MO/I€JTUPOBATh OHOJIOTUUYECKHE 0O'BEKTHI, SIBJIEHHUS, TPOLIECCHI.

[IpakTHyeckue U JlabopaTopHble 3aHATHSA, JAHHble B y4eOHHUKe, IOMOTYT BaM IMOHSATb
NpUpoAy 6UO0JIOTHUYeCKUX 3aKOHOB, IPUMEHUTDb 3HaHUS 1151 pelleHUs] 6M0JIOTMYeCcKUX 3a/au.
3akpenJisiiTe CBOY HaBbIKU C IOMOLIbIO YIPa)>KHEHUH, IPUBEJEHHBIX B KOHIIE KaXK/10H IJIaBbl.

HajaeHbTe 3alUTHYIO
OEKAY
Bo BpeMsi MpaKTHKH
c/eflyeT HaJleTh
3alUTHYIO OZIEXKTY, YTO6BI
NpeJoTBPaTUTh MoNajaHue
Ha Bac pas/IMYHbIX BEIECTB.

HaAeHbTe nep4YaTKku

YKkasbIBaeT Ha ONMACHOCTh

! TpPaBMbI pyK. Bbl J0/KHBI

" HaZleTh ePYaATKH, YTOGBI
3alUTUTD PYKHU.

Xpynkuii MaTepuaJl

OcTpblii/pexymuit JlabopaTopHoe
npeaMer
060py/I0BaHUE MOXKET
OcTpble U pexyliue pPa3bUThCA U HAHECTU

IpeAMeThbl MOTYT HAaHECTH
TpaBMy. BbI JO/KHBI GBITH
OCTOPOXKHBIMU PU UX

BpeJ, BaM U OKpY Karolei
cpefe. Bbl 10/1KHBI OBITH
OCTOPOXKHBIMU MPU

HCIIO/Ib30BaHUH. MCIOJIb30BAHUH 3THX
pe/IMETOB.
Burosorneckas JlerkoBocnaame-
OMacHOCTb

CrenyeT ocTeperaTbcs
3a00J1eBaHUH, BbI3BAHHBIX
OGaKTepHUsIMHU, IPOTOLUCTAMH,
rpubamu, pacTeHUSIMU U
KUBOTHBIMH.

HAIIeecs BelleCTBO WIU
BBICOKasl TeMIepaTypa

BbI 10KHBI GBITH
OCTOPOXXHBIMH, IOTOMY YTO
XUMHUYECKHE BellleCTBa MOTYT
B30PBATbCS UJIM 3ar0PETHCS
M0 pa3HbIM MPUYUHAM.




YUYEHBIE - BUOJIOTU
Enxun Typakynos (1916-2005). AkaseMuk AkazieMuu Hayk Pecny6suku. 3a-

—_ CTY?KEHHBIH JlesTesIb HayKH Y30eKHUCTaHa, IOKTOP OMOJIOTUYECKUX HayK, Tpodeccop.

g HayuHble pa6oThl Enknna Typaky/i0Ba cBA3aHbI C 6GUOXMMMEH THPEOUHbIX TOPMOHOB

| ¥ MPHY MATOJIOTUSX LU TOBUAHOM 2KeJsie3bl. Ero uccieJoBaHUSA MOCBSIIEHbI COBPEMEHHOHN
Ry OUOJIOTHH, MeUIIMHE, OMOXUMHH, 6MOPHU3UKE, PaJUOOHUOJIOTHN U 3HAOKPUHOJIOTHUH.
‘ ' ' 3a cBoHW paboTHI M0 3a60/IeBAaHUSM IIIUTOBHUIHOM KeJie3bl C UCII0JIb30BaHUEM PAJIHO-

aKTUBHOI0 H0/la YYE€HBIN ObLI y/I0CTOEH NPeCTKHOM [0cy/jlapcTBEHHON MPeMUH.

Jdxxypa MycaeB (1928-2014). AkageMuk AxkajgeMuu Hayk Pecny6inku Y36e- B
KMCTaH. 3aC/y’KEHHBIH esiTe/Ib HAyKH Y36eKNUCTaHa, JOKTOp 6MOJIOTMYEeCKHX HayK, &= :\)
npodeccop. Jpxkypa MycaeB co3zias reHeTHYECKYI0 KOJIJIEKLUIO XJon4yaTHUKA. OH -4
NepBbIM pa3paboTasl reHeTUYECKY0 TeOpHiI0 KOMOMHATUBHOI'O HAcJeloBaHUs Tre- |

HOB aJIJIOTETPAIJION/JHOT0 XJIOMYaTHHUKA. BMecTe co cCBOMMU yYeHUKaMU OH CO3/jaJl
KOJIJIEKIIMI0 MOHOCOMHBIX, TPAaHC/JIOKALMOHHBIX U [JUTOJOTHYECKH MeYeHbIX IUHUN
xJionyaTHUKa. [bkypa MycaeB siBJsieTCS OJJHUM M3 aBTOPOB COPTOB XJIOMYaTHHUKA
«['ronbb6axop», «<HaBbaxop», «KApMyTroH».

A6aycarTop A6aykapumoB (1942). AkafgeMuk AkaJleMUu Hayk Pecny6/uku
Y36ekucTaH, JOKTOp 6M0JI0rUYeCcKUX HayK, mpodeccop.

e A6nycatTop AGyKapuUMOB SIBJISIETCS OJHUM U3 OCHOBaTeJiel W MePBbIM AU-
4 pekTopoM MHCTHUTYTa reHeTUKU AKaJleMUH Hayk Pecny6sinku Y36ekucrtaH. A. A6-
JyKapuMOBBIM BIEpBble B Y36eKUCTaHe co3/aHa JlabopaTopusi MOJIEKYJISPHON
6u0JI0ruy, rje 6bLJIO IKCIEPUMEHTAIBHO J0Ka3aHo, UYTO TUPEOUJHble TOPMOHBI
y4acTBYIOT B peryJisiiiy MPOLLECCOB >KU3HeesITeJbHOCTH B LUTOINJa3Me, MUTO-
XOHJPUSAX U sifipe KJIEeTKU C IOMOLLbI0 CHelHalbHbIX 6eJKOBBIX MOJIEKYJI-peLen-
TOpOB. A. AGlyKapuMOB sIBJIsIETCS1 OLHUM U3 OCHOBOIOJIO)KHUKOB OHOTEXHOJIOTHU
XJIONMYAaTHUKA B pecny6JiMKe, pyKOBOAUJ NPOrpaMMON HayuyHbIX paboT, CBSI3aHHBIX C KJIOHUPOBaHU-
€M I'eHOB U [T0JIyYeHUeM pacTeHUH U3 0JJMHOYHBIX KJIETOK B UCKyCCTBEHHBIX yC/I0BUsX. B co3gaHHOM
A. A6aykapuMoOBbIM LieHTpe reHHol nHkeHepuu « TEHUHMAP» co3aHa TEXHOIOTUS CeJIEKI[UU XJIO0TI-

yaTHHUKa Ha ocHoBe /IHK-MapkepoB 1 Ha MX OCHOBe BIlepBble 10JIyYeHbl HOBbIE COPTA XJI0MYaTHHKA.
Axpop Mysadpdapos (1909-1987). [lesTesb HayKu Y36eKHUCTaHA, LOKTOP
GUoJIOrMYecKuX Hayk, npodeccop. Axpop MysaddapoB usydas BoJOpOCIU BO-

JoéMoB rop CpesHeli A3uu U BIlepBble BbiBeJ 3aKOHOMEPHOCTHU UX pacnpocTpa- .~ *
HeHust. OH Jl0Ka3aJj, YTO BOJOPOCIH MOKHO UCKYCCTBEHHO Pa3MHOXaTb U MC- e B i
[0/1b30BaTh B Pa3/IMYHbIX OTPAC/SAX HAPOJHOTO X03siiicTBa. BMecTe co cBouMu : £
HOM BOJHBIMU PAacTEHUSIMH, METO/bl UCII0JIb30BAHUS XJIOPeJJbl AJs1 MOBBILIe- y

HUSl NPOAYKTUBHOCTH >KUBOTHOBOJCTBA U OYHUCTKU BOJOEMOB, 3arpsi3HEHHBIX

BOJIOPOCJ/ISIMH, CUHe-3eJIEHbIX a30TOQUKCUPYOLUX BOJOpPOCIel B BbIpalliuBa- '

HUMU XJIOMMYATHUKA, NIIEeHULbI U pUca.

YKeHHBIH JlesiTeJlb HAYKU U TEXHUKH Y30eKHUCTaHa, JOKTOp 6M0JIOTUYeCKUX HayK, npodeccop. HayyHas
JedaTesbHOCTb Axpopa TysdaraHoBa 6blyia NMOCBsAILEHA U3YYEeHHUIO IOUBEHHBIX U PACTUTENbHOSHbIX
HeMaTo/ (Kpyr/blx yepBei). OH OTKPbIJI 0KOJIO 25 HOBBIX BU/I0B 3TUX »KMUBOTHBIX. [10/] ero pykoBo/-
CTBOM COCTaBJIEH KaTaJIOT PAaCTUTEJbHbIX U NTOYBEHHBIX HEMATO/, BCTPEYAIOIIUXCS Ha TEPPUTOPUH

y4eHUKaMU OH pa3paboTas MeTo/bl GM0JIOTUYECKON OYUCTKU BO/JbI, 3arPsI3HEH-
Axpop TyasaranoB (1908-1990). YseH-KoppecnoHIeHT AKaJieMUH HayK Y30eKHCTaHa, 3acjy-
Y36ekucTaHa, pa3paboTaHbl MepONpUATHA MO 60pbOe C Mapa3UTUUYECKMMHU HeMaToJaMH KeHada,

= XJIOIMYAaTHUKA U OBOIIHBIX KYJIBTYP.
i . Jxxanonugaun AsumoB (1938). Akagemuk AkazeMuu Hayk Pecry6uiu-
& - KU Y36eKHCTaH, JOKTOpP OHOJIOTHYECKHUX HayK, mpodeccop. JKagoauaaiuH

] A3umoB - gupekTop UHCcTHUTYTa 300 10rMK AH Pecny6siniku Y36ekuctaH. Hayd-
Hble pa6oThl [JpkasonvaarHa A3MMOBa MOCBSALEHbI U3yYeHHIO COCTaBa, pas-
BUTHS U GHOJIOrHMYeCKOT0 pa3Hoo6pasust GpayHbl NapasuTapHbIX OPraHU3MOB
B 6uoreoleHo3ax Y3b6ekucrana. OH onpezesina GakTOpPbl 3BOTIOLHUU CUCTEMBI
«Mapa3uT — X03MH», Pa3BUTHUA pa3JIUYHbIX 3HJ0Napa3uTOB NO3BOHOYHBIX U
3aKOHOMEPHOCTH GOpPMHUPOBAHUS GayHUCTHIECKUX KOMIJIEKCOB.




Mawmxypa MaBasHu (1934). AkajeMuKk AkafieMud Hayk PecnyGJauku Y3-

OGeKHCTaH, 3aC/Ay>KeHHbIH JlesTeslb HAyKH Y36eKHUCTaHa, JOKTOP 6H0JIOTHYeCKUX -—
Hayk, npodeccop. V-
Mauxypa MaBJ/isiHU — OCHOBOIIOJIOX)KHUK NPOMBIIIJIEHHONM MUKPOGHOJIOTUH B .

Y36ekucrane. Bnepsole B CpeiHell A3uu co3/jajia KOJIJIEKLHUIO TPOMBIIIJIEHHBIX '
MHUKpOOpraHuaMoB. PaspaboTasa MeTo/ibl 60pb06bl C MUKPOOPTraHU3MaMHU-BpeIH- ‘
TesssMU. Co3/iaia HOBYIO cxeMy KJaccuUKalMu 6eccnopoBbIx rpru6oB. [loa feit- ‘ '
CTBHEM raMMa- U JIa3epHbIX JIyyel eto OblIM 06HAPY>KEHbI U BHEIPEeHbl aKTUBHbIE

MyTaHTbl. U3y4uB psj ApoxoKed, co3/1aia TEXHOJIOTHI0 IPUTOTOBJIEHUS APOXOKEN /1S XJle6omneKap-
HOM, )KHBOTHOBO/IY€ECKOM U IPYTUX OTpacsel NPOMBIIIJIEHHOCTH.

M H6parum A6aypaxmaHoB (1975). Akajemuk AkaseMuu Hayk Pecny6-

# . JINKU Y36€eKUCTaH, JOKTOp 6M0JI0rMYecKUX HayK, mpodeccop.

,\' 1 Ysen BcemupHOU akajgemuu Hayk (TWAS), wieH UCHOJHUTEIBHOTO

r} %ﬂi koMuTeTa MeX/[yHapoAHOW MHULIMATHUBLI N0 reHomy xJonka (ICGI) u Ac-
: R conpanuu ucciaenoBateseit xyonka CIIA (ICRA), uneH peakoJsieruu psja

MeX/JYHapOJAHbIX KypHasioB. JlaypeaT MmexayHapogHou mnpemMuu «TWAS
Prize 2010» B 06Jy1aCcTH CeJbCKOT0 X03sWCTBAa MeXAyHAapOoIHOU aKaJleMUu
Hayk (TWAS).

JlaypeaT npemMuu MexJyHapoJAHOTO KOHCYJIbTaTUBHOIO KOMHUTETa IO
xaonky (ICAC) «MccnegoBaTtenb roga» (2013). 3a 60sb1110# BRI B pePopMbl
B 006J1aCTU HAyKH, TEXHUKU U UHHOBalUH B pecnyb6sivke B 2021 roay emy
MPUCBOEHO 3BaHHe «3aCIy>KeHHbIN H306peTaTesb U palluoHaIn3aTop Pecry6iuku Y36eKUCTaH».

[lon ero pykoBoACTBOM BIepBble B MUpe OblLla pa3paboTaHa TeXHOJIOIMS NOJABJIEHUS aKTHUB-
HOCTH reHOB puUTOXpOMa XJIOMYaTHUKA (FeH-HOKAYT) U 32 KOPOTKUM CPOK ObLIM BbIBEIEHbI HOBbIE
copTta 6e3 HCI0JIb30BaHUSl YYyKEPOJHBIX I'€HOB C BBICOKMMM IOKa3aTeJsIMU KayeCTBa BOJIOKHA,
YPOXKAaMHOCTH, CKOPOCIEJNIOCTH U Pa3BUTOU KOPHEBOM cUCTeMOW; co3faHbl copTa «llopsok-1»,
«Ilopsiok-2», «Ilopnok-3» u «[lops1oK-4». ITa TEXHOJOTHS B HACTOSLEee BpeMSsI IMPOKO UCIIOIb3YeTCs
IpH CO3JaHWU HOBBIX OUOTEXHOJIOTUYECKUX COPTOB MIUEeHULbl, KapTodess U Apyrux
CeJIbCKOX0351ICTBEHHBIX KYJIbTYP.

Axk6ap TadypoB (1927-2022). 3aciayKeHHbI PabOTHHUK HApPOJHOIO
06pa3oBaHus, JOKTOP 6UOJIOTHYECKUX HAYK, Tpodeccop.

Ak6ap 'apypoB nepBbIM B Y36eKkucTaHe co3/an KadpeJpy METOAUKH TIpe-
nosaBaHus 6uosioruu. OH SIBJISIETCS OCHOBOIOJIOXKHUKOM HayKu «MeTOoauKu
npeno/iaBaHusl OGMOJIOTMK» B Hallled CTpaHe W HAyYHOH LIKOJIbI B 3TOU 06J1a-
ctu. UccnenoBaHus y4€HOTO MOCBSALIEHBI TeHETUKE, TEOPUH IBOJIIOIIUH, METO-
JIMKe Tperno/JjaBaHus 6UOJIOTUH. SIBJIsIeTCA COAaBTOPOM y4eOGHO-MeTOANYeCKUX
c60pHUKOB «['eHETHKA YesIoOBeKa», «JBOJIIMOHHOE 00y4dyeHUe», «MeToauka
MpenoJaBaHusl GUOJIOTUUY.

Tamxanum PaxumoBa (1944). TleoGoTaHUK,
3KOJIOT, IOKTOP OGUOJIOTUYECKUX HAYK, Tpodeccop.

Hay4Hasi paboTa yuéHOTO0 NOCBsIIeHa Ol[eHKe 3KOJI0TUYeCKOTO COCTOSTHHUS
pacTUTENLHOrO TMOKpOBA W MAcTOMIN Y36eKHWCTaHa, afanTaldd 3KOJIOTO-
OUOJIOTUYECKUX XapaKTEPUCTUK KOPMOBBIX PACTeHUN, U3MEHEeHUSIM
NacTOUIIHBIX 3KOCHUCTEM B NPOLiecce OMyCTbIHUBAHUS.

Tamxanum PaxumoBa - cHeqUaIUMCT B 06JIaCTH TreoOOTAHUKU U
9KOJIOTUM pacTeHUH. fBJseTcs KPYNHbIM MpeJCcTaBUTeeM HAYYHON LIKOJIbI
M0 M3yYEHHUI0 3KOJOTr0-OMOJIOTUYEeCKHX CBOMCTB KOPMOBBIX pacTeHUU
3aCyLJIMBBIX PETUOHOB Y36ekucTaHa. OHa SIBJseTCs aBTOPOM psifia KapT Mo
OIleHKe COCTOSIHUS eCTECTBEHHbIX MACTOUI Y36eKUCTaHa.

TamxanuMm PaxvMoBa - caMOOTBEpP>KEHHBbIA 4eJI0BEK, UCKYCHbIM MeAaror, CKpOMHBIA YYEHBIH,
HAaCTaBHHUK MOJIOJIEKU. E€ y4eHUKHU TPYASATCS B BBICIIMX YYeOHbIX 3aBeIeHUSIX Halllel pecnyOJIuKY U
B Pa3JIMYHbBIX OTPACJISIX HAPOJHOTI0 X035HCTBA.




I/TIABA 1 ‘
MOJIEKYIAPHAA
BbHUOJIOTUA
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1.1. BuoJsiorua Kak Hayka.

1.2. [IpakTyeckoe 3aHATHe. MoaeiMpoBaHUue
YpPOBHeM OpraHu3alnyy >KU3HU.

1.3. XMMH4YeCKHUH COCTAB )KUBBIX OPraHU3MOB.
1.4. [IpakTHyeckoe 3aHATHE. 3HAYEHUE BOAbI IS
»KUBBIX OPraHU3MOB.

1.5. YriieBoAbl.

1.6. J/Iunuapbl.

1.7. beskw.

1.8. [IpakTnyeckoe 3anaTue. Co3gaHue
6MoJI0Tn4YecKoil UHPorpaPukm.
1.9. Hyk/1eMHOBBIE€ KUCJIOTHI.

1.10. I[IpakTHyeckoe 3aHATHe. PelieHue 3a5a4
no crpoenuo IHK u PHK.
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IJIABA 1. MOJIEKY/IAPHAA BUOJIOTUA
1.1. Buosi0o2usa KAk HAyKa

1.1. BUOJIOTUA KAK HAYKA

IlpoBepka 6a30BbIX 3HAHMI. Kakue 06J/1acTM 3KOHOMHKH CBSI3aHbl C GUOJIOTHEN?
YTo Bbl MOHKMMAETE MOoJ cucTeMou? [loueMy KaxkAplid U3 YPOBHEH XU3HU MOXKHO CUUTATh
OHO0JIOTUYECKON CUCTEMOU?

Lleib U 3azayd OGuoJiorMU. bBuosioruss uU3y4aeT IKUBbIe
OpraHU3MBbl, UX CTPOEHME, pa3MHOKEeHNEe, pa3BUTHE U IPOUCXOXKIEHHE,
B3aMMOOTHOLIEHUSI CO CpeJOd OOWMTAHUSA U C APYTUMHU OOBEKTaMHU
KUBOM mnpupoAbl. TepMHUH «O6uoOJOTUSI» ObLI BBEeAEH B HAYKy
¢panny3ckum y4yénbiMm K. B. JlaMapkoM © HeMeUKUM Y4YE€HbIM
['. P. TpeBuHapycoM He3aBUCHMO JAPYr OT Jipyra U O3Ha4daeT bios -
«KU3Hb» U [0g0s — «HayKa».

Bbuocucrema
Hepapxusa

JKocucTtema
YpoBHU *KU3HU

n ’a B 3HayeHHe OGHOJIOTMYECKMX 3HaHMWil. PasButue
13 6UONIOTMYECKOW  HAayKd  CIOCOGCTBOBAJO  PEUICHHUIO

. oV TaKUX TNpo6/eM, KaKk COXpaHEHHe 3/0POBbsl YeJIOBEKa,
. _ﬁ"’ A ' , JledeHre pa3/IMYHBIX 3a60IeBaHUN U UX NPEAYTpPEeXKIEHHUE,
Bra iy | D ye yBeJUYEHHE MPOJOJLKUTENbHOCTH KU3HH  4eJIOBEKa,
& l:‘il . . oxXpaHa Dpe/KMX PDaCTeHMii M OKMBOTHBIX, CO3JaHHe
S € u. s B BHICOKONPOJYKTUBHBIX COPTOB PACTEHHH, IOPOJ HKUBOTHBIX

Y IITaMMOB MUKPOOPraHU3MOB, 06eclieyeHre YeJ0BeYeCcTBa
Ka4yeCTBEHHBbIMHU MPOAYKTaMU NMUTAHUs. 3HaHUE OUOJIOTUH
no3BoJisieT (GOPMUPOBATH HAyYHOE MHPOBO33PEHHUE.
BuoJiorvsi Hepa3pbIBHO CBsI3aHA C MEJAUIMHON U CEJIbCKUM
X039UCTBOM (puc. 1.1).

U3ydeHure cTpoeHUsI U QYHKIUHI CUCTEM OPTaHOB KUBbBIX
OpraHM3MOB MOMOTAaeT HAaWTH KOHKpPETHble pelIeHUs B
OTpaC/IM TEXHOJIOTUH U CTPOUTEJLCTBA (puc. 1.2).

Kak oJHO M3 OCHOBHBIX HallpaBJEHWH MPOHU3BOJCTBA
OMOTEXHOJIOTHS  OKasblBaeT 3HA4YMUTEJbHOE BJHAHUE
Ha pelleHWe TaKUX TMpo6JieM, KakK MPOU3BOJCTBO
NpPOAYKTOB MHWTAaHHUs, OXpaHa OKpYyXallled Ccpeabl |
np. Kpome Toro, 6MOTEXHOJIOTHsI TO3BOJISIET MOJIYYaTh
Oe30macHble Uil )KU3HU U 37J0POBbS JIIO/IEH BU/bl TOIJIMBA
nyTéM 6uonepepaboTKH OTXOJ0B MPOMBIIIJIEHHOTO |
CeJIbCKOX0351IMCTBEHHOT'0 MPOU3BO/ICTB. B HacTosI1Iee BpeMst
C TIOMOIIbI0 OMOCHHTE3a IOJIy4aloT CaMble pa3JIMYHbIE
AHTUOUOTHUKH, GepMEHTHI U TOPMOHBI.

Ilpo6siemMbl U 3ajgauv Guosioruud. OpHOW U3
CEpPbE3HBIX MNpOOJIEM YeJOBEYECTBa, CTOSLIUX Iepen
OuoJIoTHeH, SBJSETCId COXpaHeHHWe OHOopa3HOOOpasus
B IpHpoze, obecrieueHHe 3KOJIOTHYECKOW CTAOU/IBbHOCTH, YMEHbIIeHHe HEeraTUBHOTO
BJIWAHUA [VI00AJbHBIX HW3MeHeHMH KJjuMaTa. Ha cerogHdamHUN [JeHb Heo0X04UMO
peasiM30BaTh NPOGUIAKTUKY aJlJIepruYecKrux, UHOEKIMOHHBIX U 3MHJEeMHOJIOTUY€ECKUX
3a60J1eBaHUH, yrPOXKaAIOLIKUX 3[J0POBbI0 YeJI0BEKA, MOZEPHU3UPOBATDb CEJIbCKOE X035IMUCTBO
U CTPEMHUTEJbHO €ro pa3BHBaTh, PACIIUPATH MPOU3BOJCTBO IKOJOTHYECKH YMCTBIX
IPOJAYKTOB, YJYYIIUTb COCTOSIHUE OpOIIAaeMbIX 3€eMeJsib, BHEJAPUTb COBPEMEHHbIE
arpoTexXHOJIOTHH, CIIOCOOCTBYIOLIMEe 3KOHOMUM BOZbI M IPYTHUX pecypcoB. BaxkHo# 3ajavei
OMOJIOTUM SIBJISIETCS MPeAYNpeXxaeHue COKpalleHUsl BUZ0BOro pa3Hoo6pa3usi B MPUPOJE,
BHeJ[peHHe W pa3paboTKa MEeTO/I0B COXpaHeHUs TeHO(DOHJa KUBOTHBIX U PACTEHHH,
TPAaHCIOPTHUPOBKA U TepepaboTKa ObITOBBIX OTXOJOB MPOMBIIIJIEHHOCTH U CEJbCKOTO
XO03STUCTBA, MpeAyNnpexaeHue 3arpsi3HeHUsI TPUPO/bI.

= '
Puc. 1.1. Tlpodeccuy,
CBsI3aHHbIe C OUO0JIOTHEeH



IJTIABA 1. MOJIEKYJIAPHAA BUOJIOTUA
1.1. Buoso2us Kak HaAQyKa

YpoBHH opraHusanuM KHU3HMH.
Mup XHMBOU MPUPOAbI TPEACTABISET
co60i COBOKYNHOCTb pa3Hoo6pas-
HBIX GMOCHUCTEM Pa3JIMYHOUN CJIOXKHO-
ctu. Buosiorndeckass cucrema (6uo-
crucTemMa) - OGHOJIOTHYECKHH OOGBEKT,
KOTOPBbIM  NIpejCTaBJisieT  COGOU
: COBOKYIHOCTb B3aMMOCBSI3aHHBIX U
e o A \‘\ i B3aUMO/IeMCTBYIOLIUX KOMITIOHEH-

Puc. 1.2. CTpoeHMe U apXUTEKTypa XKHUBOT0 OpTaHU3Ma — TOB, BBINOJIHSIOWKX ONpeeNEHHbIE
peumieHue l'IpO6J'IEM B 06J1acTH CTPOUTEJILCTBA Cl)y'HK]_U/II/I u O6J'IaﬂaIOU_II/IX CHOCO6-

HOCTbI0O K Pa3BUTHIO, CAMOBOCIPOU3BEJEHHUI0O U MPUCIOCOOJeHUI0 K cpeje. Hampumep,
[BETKOBOE pacTeHUe NpeJCTaBAsIeT CO60M 6UOCHUCTEMY, COCTOSILIYIO U3 BETreTaTUBHBIX U re-
HepaTHUBHbIX OPraHoB. Pa3/iMuHble B3aMM0O3aBUCHMble U B3aMMOCBsI3aHHbIe YPOBHU KUBBIX
CUCTEM COCTOSIT U3 UepapXUUeCcKoU CTPYKTYphI (puc. 1.3).

Hepapxuveckas CTpyKTypa — CTPYKTYpa, IPY KOTOPOU OZJUH U3 YPOBHEU ABJSAETCA OCHO-
BOM Ui co3laHus celytolero ypoBHs. 2Ku3Hb Ha 3eMJie cyleCTBYeT B BU/Je Pa3IMYHbIX
OGUOJIOTHUYECKUX CUCTEM, TAKUX KaK MOJIEKYJIa, KJeTKa, TKaHb, OpraH, OpraHmMsaM, MmomyJs-
11, sKkocucteMma, 6uocdepa. OHU OTIAMYAIOTCA JPYT OT APYra COCTABJSIOLUMHU UX KOMIIO-
HEHTaMHU U MPOTeKaIMMU B HUX npolieccamu (puc. 1.4). PaccMoTpUM HeKOTOpble yPOBHHU
OpraHu3aluy KU3HHU.

MoJieKyJ/IsIpHbI/i YPOBE€Hb OpPraHU3alMM KU3HU. CYyTh U3yYeHUs KU3HU Ha MOJIEKY-
JIIPHOM YpPOBHE 3aKJII0UaeTcsl B ompeJieJleHUd OGUO0J0TUYeCKOT0 3HAaYeHHUs GHOMOJIEKY,
BXO/JSIIIUX B COCTAB KJIETOK >KMBOro opraHm3Ma. KOMIOHeHTbI )KM3HU HA MOJIEKYJISIPHOM
YpPOBHE BKJIIOUAIOT GUOMOJIEKYJIbI, T. €. 6€JIKH, HYKJIEHHOBblE KUCJAOTHI, JUNUJbI U yTJe-
BO/ibl. Ha MoJIeKyJISpHOM YpPOBHE KU3HU MPOUCXOAAT NMPOLECCh], CBSI3aHHbIE C XPaHEHHEM,
BOCIIPOU3BO/ICTBOM, U3MEHEHHEM IeHeTUYecKol nHpopManuy, 06MeHOM BelleCTB U IHEP-
THU.

KieTouyHBI ypOBEHb OpPraHM3alMH >KU3-
HU. KieTka - cTpykTypHas, yHKLIHOHa/TbHAs
e/IMHUIIA, IPUCYILasi BCEM >XKUBbIM OpraHU3MaM.
CBOMCTBa KJIETKHU KaK CHUCTeMbl BO MHOIOM OT-
paXKkaloTcs Ha MOJIEKYJISIPHOM YPOBHE, T. €. B eé
KOMIIOHEHTax M UX JlesdTesJbHOCTH. KieTka co-
CTOUT W3 TAaKUX CTPYKTYPHBIX 3JIEMEHTOB, KaK

MeM6paHa, LMTOIUIa3Ma U e€ opraHoujbl. Ha e bt et el

3TOM YPOBHE OCYLIECTBJSIOTCS QYHKUHH Kile- Puc. 1.3. Uepapxudeckasi CTpyKTypa
TOYHBIX OPTraHOU/OB, JieJIeHHEe KJIETOK, NMpolLiec- OUOJIOTUYECKHUX CUCTEM

Cbl MJIACTUYECKOTO U 3HEPreTUYecKoro ooMeHa.

Kak cTpyKTypHas eAMHHUIIA }KU3HH, KJIeTKa — 3TO CUCTEMA, COCTOAIAs U3 6roMoJieKy1. Oc-
HOBHble MeMOpaHHbIE CTPYKTYPhI KJIETKU COCTOSIT U3 JUNUAO0B U 6eskoB. Mosekyna JHK
XpaHUT MHPOpPMALMIO 0 CHHTe3e 6esKoB. Ecain MexaHU3MbI npoliecca peaymiarkanyuu JHK
OTpaXkaloTCs Ha MOJIEKY/IIPHOM YPOBHE,TO Ha KJI€TOYHOM YPOBHE 3TOT IPOLLECC MPOABJIA-
eTcs B BU/Jle 1eTeJIbHOCTH KJIETKHU.

OpraHM3MeHHBI! YPOBEeHb OPpraHU3anyu >KU3HM. OpraHusM — 6MoJIoruyecKas CUcTe-
Ma, BeJlylljasl CaMOCTOSATE/IbHYI0 KU3Hb, CIIOCOOHAsA K CAMOPEeTryJIsALlMA U CAMOOOHOBJIEHHUIO,
cocTosasa U3 OJHOW UJIM MHOXeCTBa K/1eTOK. OpraHu3MeHHOMY YPOBHIO *KH3HU NPUCYLIU
TaKHe KauecTBa, KaK JBWXXeHUe, [ibIXaHue, IMTaHUe, BblJle/leHHe, 0OMeH BellleCTB U 3Hep-
T'MH, OTBETHAsA peaKlUsl Ha BHYTPeHHHUe U BHellHHe GaKTOpbl BHEIIHEH cpeJbl MyTéM pas-
JIpaXKeHus, 3aLMTa, POCT, pa3BUTHeE, pa3MHOXKEHNe U Ilepe/iadya HacJeACTBeHHOM HHdopMa-
[IMU M3 MIOKOJIEHUS B [TIOKOJIEHHE.

L L]
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IJIABA 1. MOJIEKYJIAPHAS BUOJIOTUA
1.1. Buosi02usa KAk HAyKa

Iony/IIMOHHO-BU/L0BOI YPOBEHb OPraHU3auu *KU3HU. COBOKYITHOCTb 0c0o6el oJi-
HOTO BH/Ia, UMEIIUX MOPHOPU3UOIOTrHIECKOE, TeHETHUECKOE, IKOJIOTHIECKOE, ITOIOTH-
YecKoe CXOJCTBO, JAJIUTEJbHO 3aHUMAWILUX ONpeJes,iéHHbIM apeas U BOCIPOU3BOJS-
mux cebe MOJOOHBIX B TeUeHUe OOJIBILIOr0 YMC/Ia OKOJIEHHWH, Ha3bIBaeTCs MOMY/ISLUAEH.
Hanmpumep, B BepxHux TeueHHsix Coipfapbu B PepraHckod [0JIMHE MOXXHO BCTPETUTH
camyto 6oJibILyIo nonyJsinuio TypkecTaHcKoro ycaya. B Bogoémax Byxapckoit 06/1acT Haxo-
JIATCS BTOPast 110 YUCJIEHHOCTH NOMyALMs 3TOro Bujia pel6. HanMenpmas nonyasnus Typ-
KeCTaHCKOHM MOJIM6/1apOoBOM prIObI pacnpocTpaHeHa B pekax CypxaHJapbHHCKOH 06/1aCTH.

Bup, onpezensiloT Kak COBOKYIMHOCTb MOMYJISIMA 0co6el, ciocOGHBIX K CBOGOJAHOMY
CKpelLIMBaHHUI0 ¢ 06pa30BaHMEM MOTOMCTBA, OTJIUYAIOUIUXCSA OT JPYrUX MOMYJISALUH TOro
’Ke BUJIa HEKOTOPBbIMH NPU3HAKaMH U CBOMCTBaMU. TpH OT/e/bHbIe NOMYASIUU BBIILIEYTIO-
MSHYTBIX pbI6 B @epraHckoit fosauHe, Byxapckoit u CypxaHJapbHHCKON 06J1acTSIX BMeCTe
06pa3yloT oAuH BU/J pbib - TypkecTtaHckui ycau (Luciobarbus conocephalus). Ha aToM ypoB-
He HaOJII/Jal0TCs MPOCTENIINE, 3/IeMeHTapHbIe 3BOJIIOLMOHHbIE MPE06pa30BaAHUSI.

nomnysanud

OpTaHU3M
o6uocoepa

i)

W

TKaHb

KJIETKa

MoJIeKy1a ‘ ‘ e,

Puc. 1.4. YpOBHM OpraHMU3alMu >XU3HU

JKOCHUCTEMHBIH YPOBEHb OPraHU3al MU )KU3HU. COBOKYITHOCTb KMBBIX OPTaHU3MOB
M HEOpraHW4YeCKUX NMPUPOAHBIX PaKTOPOB, CBSA3aHHBIX MEXAY CO60H 0OGMEHOM BelIECTB
M DHEPTruM, Ha3bIBAETC 3IKOCHUCTEMOM. IJKOCHCTEMA KaK OHOJIOTUYECKOe sIBJIeHHE
NpeACTaBAseT COOOM OTKPBITYI0 CHUCTEMY, COCTOSIIYH0 U3 KOMIOHEHTOB - GHUOTOMNA
(cpesbl o6buTaHUsI) U GUOLlEHO3a (COOOIECTBA KUBBIX OpraHU3MoOB). [laHHBIA YpOBEHb
XapaKTepU3yeTcsl C/eAyIIUMH CBOMCTBAMHU: GHOTUYECKHE OTHOIIEHUs, PEeryJIMpOBaHUe
MOCTOSTHCTBOM YHCJE€HHOCTU BHU/IOB; CHHTE3 GMOMACChI, MO//IepKUBAOILEH KU3Hb BU/IOB;
MOTOK BeI[eCTB U 3HEPTUH, 06eClIeYHBAIOIINX YCTOMYUBOCTb 6HOCUCTEMBI; TEPHUOANYECKUN
KPYTrOBOPOT BeIlleCTB U 9HEPTUH; CE30HHbIE U3MEHEHHS.
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IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA

1.1. Buosio2ua Kak HAyKa

BuocdepHbIii ypoOBeHb OpraHU3anMM XU3HU. C IKOJOTMYECKOU TOYKU 3peHHs
6uocdepa npe/cTaBiaseT co60i r7106aJbHYI0 3KOCUCTEMY, KOTOpas 06'be/IJUHSIET BCE KO-
CUCTEMbI Halllel MJaHeThl U B KOTOPOM MOCTOSIHHO MPOUCXOJUT KPYyroBOPOT BEIIECTB U
nepejaya sHeprud. buocdepa - 3To o60s104Ka 3eMJiY, B KOTOPOU KUBYT >KHBble OpraHu3-
Mbl. Opranusanus 6uocdepbl NpPosBIASETCA B YCTOMUMBOCTH, KOTOpash AOCTHUraeTcs YIo-
PA0YEHHOCTbIO MPOLECCOB, 0OYC/IOBJEHHBIX B3aUMHBIM BJIMSIHUEM >KUBOU U HEXUBOU
NPUPO/Ibl, U B MHOI006pa3uM B3aMMOCBSI3eN Pa3/IMYHbIX OPTaHU3MOB, IMUHAMHUYECKOM paB-
HOBECHM KpPyroBOpOTa BellecTB. [JlaBHas poJsib 6uocdepnl 3ak/a04aeTcss B obecreyeHUU
MHOroo6pasusi GopM >KU3HU Ha 3eMJie U ero COXpaHeHUHU B TeYeHHUe AJUTeJTbHOTO BpeMe-
HU. Ha 6uocdepHOM YpoBHE NPOTEKAIOT BaXKHbIE [V106a/IbHbIE TPOLeCcChl, 06ecreyrnBalole
BO3MOKHOCTb JIJINTEJbHOTO CylleCTBOBaHUS »KHU3HHU Ha 3eMJe. B 6uocdepe Hab0Aa0TCA
HelpepbIBHOE NOCTYIJIEHWE COJIHEYHOU 3HEepruy, o6pa3oBaHre CBOGOAHOI0 KUCA0po/ia 3a
cuyéT poTocuHTe3a. CoxpaHeHHEe 030HOBOTO /1041, MOAAepPKaHUEe TTOCTOSIHCTBA KOHLEHTpa-
UM YIJIEKUCJIOro rasa B aTMocdepe, 6U0JI0TMYECKOTO pa3HO06pa3us BUA0B U 9KOCUCTEM
onpeJlesISIIOT CylleCTBOBaHUe 6uocdephl.

CoBpeMeHHast 61oJi0rHs Ha 6rochepHOM YPOBHE pellaeT rJ106abHble POo6JIeMbl, HAMTPU-
Mep, ollpe/ieJileHHe MHTEHCUBHOCTH 06pa30BaHUsI CBOGOJHOI'0 KUCJIA0PO/Aa PACTUTEIbHbIM I10-
KPOBOM 3eMJIM UJIU U3MeHEeHUsI KOHI|eHTPaLUH YIJIEKHUCJIOro ra3a B aTMocdepe, CBsI3aHHbIE C
JlesITeJIbHOCThIO YeJI0OBEKa, pelllaeT 3a/lauM, HallpaBJeHHble Ha Mo//epXKaHue JJUHAMUYHOTO
Y CTaOUJIbHOT'O COCTOSIHUS 6rocdepbl U 6MOJIOTHYECKOr0 pa3HO0Opa3us Ha 3eMJIe.

Pa3Hoo6pa3ue GpopM »KU3HU. KjieTouHble OpraHu3Mbl SIBJISIFOTCSI OCHOBHOM U IIporpec-
CUBHOU popMoi »KU3HU Ha 3emJie. KileTKa Kak ajieMeHTapHas KHUBasl CUCTEMA COCTaBJIsIeT
OCHOBY Pa3BUTHUS U CTPOEHU S XKUBOTHBIX U PACTUTEIbHBIX OPTaHU3MOB Ha Halllel [JIaHeTe.
KieTka - 3TO eiMHCTBEHHAs 3JieMeHTapHasl eAMHUILA, HA YPOBHE KOTOPOU MPOSABJSAIOTCS
BCE CBOWCTBA KU3HH.

KiieTkd, U3 KOTOPBIX COCTOUT >KMBOU OpTraHU3M, pa3HOOOpa3Hbl, HO BCE OHHU HMMEIOT
e/IUHbIN PUHILIUII CTPOEHHS U 061111Me 0COOGeHHOCTH. B aTOM nposiBJisieTcs €AMHCTBO POKC-
X0XK/IeHHS BCeX >KMBbIX OPTaHU3MOB Ha 3eMJie, [|eJIOCTHOCTh OPraHUYecKOro Mupa Hallei
IJIAaHEeTHI.

OpraHusMmbl € KJI€TOYHbIM CTPOEHUEM, B CBOIO OUepe/ib, JieJISITCS Ha MPOKAPUOTHI U 3y-
KapuoThL [[pokapHUOThI BKJAKYAIOT GaKTepUH, a 3YKapHUOThI BKJIIOYAIOT BCe NPOTOLUCTHI,
rpubbl, paCTeHHUS U }KUBOTHBIX.

IIpyMeHeHN e HOBBIX 3HAHUI.

3HaHue UM IOHUMAaHue,

1. YTo BBl NIOHUMAaeETe 10/, YPOBHAMU CTPOEHUS KU3HU?

2. 06'psICHUTE KOMIIOHEHTHI )KM3HU Ha MOJIEKY/ISIPHOM YPOBHE.

3. B 4éM CcyTb KJIETOYHOTI'O YPOBHS )KU3HU?

4. OxapaKTepH3yHTe NpOoLecChl, NIPOUCXOASLME HA YPOBHE OPraHM3Ma XKU3HHU.

5. KakoBbI XapaKTepUCTHUKHU NIPOLLECCOB, IPOUCXOASAIIMX Ha yPOBHE NOMYJISILUU }KU3HU?
IIpyuMeHeHMe, 3anyIIUTe IPOLecChl, IPOUCXOAALIME Ha CTPYKTYPHOM YPOBHE KU3HU.

YpoBHM KU3HU KoMnoHeHTHI IIpoueccel

Ananu3. OnpesenvTe ypoBHU OpraHU3al UM KU3HU CJIeAYIOIUX 00 bEKTOB: YUMon/a1as-
Ma, 510po, 1é2Kue, KopeHb, cmebeslb, NeueHsb, KpoAUuK, Ko0HUS 0enb@PUHOB, 2eM02/100UH, X100~
nJaacm, Aucm, nycmuliHsl, dblXameabHas cucmema, améoa, cepdye, uHgdysopusl.

CuHTe3. Bblpa3uTe XapaKTEePUCTHUKH XKUBbIX OPraHU3MOB B KJIacTepe.

OueHka. B 4éM cyThb Jle/IeHuUs )KU3HU Ha pa3JInuHble CTPYKTypHble ypoBHU? O60CHYUTE
CBOE MHEHHUE.
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IJIABA 1. MOJIEKYJIAPHAA BUOJIOT'UA
1.2. [[pakmuyeckasn pa6oma. ModesiupogaHue ypogHell op2aHU3ayuu HCusHu

1.2. IPAKTUYECKAA PABOTA.
MO/ EJTUPOBAHUE YPOBHEW OPTAHU3AIIUU YKU3HU

Iles1b: c TOMOILbIO MO/I€/INPOBAHUS MOHSATh IPUPOAY YPOBHEMN KU3HH, ONIPEEJIUTh B3a-
MMOCBSI3b MEX/1y €€ COCTaBJISIOIIUMU U UX ClleliuPUIeCKUMH MPOLLeCCaMHU.

OpraHuyecKUil MUp BKJIIOYAET B ce6s1 GMOIOTHYECKHUE CUCTEMbl PA3HOTO YPOBHS CJI0XK-
HOCTH 110 CTpoeHU10. Bbuosiormyeckasi cucteMa npejcraBJiseT cO60M COBOKYNHOCTb B3au-
MOCBSI3aHHBIX KOMIIOHEHTOB, BbINOJIHAOIUX ONpeie€HHYI0 GYHKIMIO, 06/1a/jal01UX CIO-
COOGHOCTBIO Pa3BUBAThCSA, CAMOOOHOBJIATHCSA U IPUCIIOCABJIUBATBLCA K OKpY:Kalolllel cpefe.
PacTuTe/NbHBIA UM KMBOTHBIM OpraHuM3M - 3TO GUOJIOTHYecKasl CUCTeMa, COCTOsLas U3
KJIETOK, TKaHEeH, OpraHoB U CUCTeM OpraHoB. KyieTKH, TKaHU Y OpraHbl B3aUMOCBSI3aHbl JpyT
C ApYroM U o6eclieYuBalOT BOCIPOU3BO/CTBO OPraHU3Ma, ABJAITCA 11eJIOCTHOW CUCTEMOH
Y M03BOJIAIOT MPUCIOCOOUTBCS K BHELIHEH cpesie. ITa CUCTEMA CYUTAETCS OMOJIOTUYECKON
CUCTEMOU Ha ypOBHE OpraHM3Ma.

Kaxkzip1il CTpYKTYPHBIM YPOBEHDb )KU3HU NPECTaB/ISAET COO0H 6HOJI0TUYECKYI0 CUCTEMY.

OGopyaoBaHuUe: 11BeTHbIE KapaH/Jally, 6es1bli JUCT 6yMary.

Ilopsaa0K BbINOJIHEHUS PAGOTHI

3ajjaHus JJig MaJibIX TpyI:

1. 06¢cyauTe B rpyline NpUPOAY CTPYKTYPHBIX YPOBHEH KU3HU.

2. [laiiTe onpe/iesieHre KOMIIOHEHTAM CTPYKTYPHbBIX YPOBHEH KHU3HMU.

3. HazoBuTe npouecchl, XapaKTepHbIe [/l CTPYKTYPHbIX YPOBHEH KU3HU.

4. O6cyauTe B rpylile B3aMMOCBSI3b MeX/ly KOMIOHEHTAMH CTPYKTYPHBIX ypOBHeEH
>KU3HU U ciellupUyeCcKUMHU JIJIs1 HUX NPOLeCCaMU.

5. CnenaiiTe BbIBOZ, O BAXKHOCTH M3Y4YeHUsI HEPAPXUUECKUX YPOBHEMN KU3HU KaK GM0JI0-
TUYECKUX CUCTEM.

6. CMozenvpyiTe B BUJE CXEMbl KOMIIOHEHTbl YpPOBHEH OpraHU3alUHU >KU3HU U
MPOLECCHI, PO UCXOASAILME B HUX. B KauecTBe mpuMepa UCHO/Ib3YUTE CAeAYIOILYI0 CXEMY.

OpraHu3aInuu
JKU3HU




IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA

1.3. Xumuueckuii cocmae #cuswviX 0p2aHU3Mo8

1.3. XAMHUYECKHUH COCTAB KUBBIX OPTAHU3MOB

BuoreHHbBIN
3JIEMEHT
BydepHocTb

JlunosbHas
MoJieKyJ/1a
[uapoduabHBIN
[upodo6HBIN
[Tonumep

IIpoBepka 6a30BbIX 3HAHUU. K/leTKU pacTeHUH, >)KUBOTHBbIX,
MHKPOOPTaHHW3MOB SIBJISIIOTCS CXOAHBIMU IO XUMHUYECKOMY CO-
CTaBy, UTO SIBJISIETCS] CBU/IETENLCTBOM €MHCTBA OPraHUYeCKOro
mupa. Kakue emié 0ka3aTesbCTBA Bbl MOXKeTeE NMPELOCTABUTh?

XMMHUYEeCKU COCTaB KUBBIX OPraHU3MOB U €ro NOCTOSIH-
CTBO. UYT0ObI NMOHATh CYIIHOCTh CTPOEHHS] M MPOLEeCcChl KU3He-
JlesITeJIbHOCTU KUBbIX OPraHMW3MOB, Ba)XHO CHavaJsia y3HaTh, U3
KaKHX BeLeCTB OHU COCTOSIT, KaK 3TU BelllecTBa 06pa3yoTcsd U
Kakve QYHKLMHU BBIMOJIHAIT B opraHusme. KuBble OpraHu3Mbl,
KaK U 00'bEKTbl HEXXKUBOUW MPHUPO/bl, COCTOSIT U3 Pa3JIMYHbIX XH-
MHUYECKUX 3JeMeHTOB. OJJHAKO KaK MO0 CTPYKType XUMHUYECKHUX
coeJMUHEHHUH, BXOJSIIMX B UX COCTaB, TaK U 10 HAGOPY U cojep-
»)KAaHUI0 XUMHUYECKHUX 3JIEMEHTOB MEXJY HEXUBBIMU U KUBbIMHU

CUCTEMAaMU UMEIOTCS CYylLleCTBEHHbIe pa3/inyus. B )KUBBIX cucTeMax B 3HAUUTEJbHbBIX KO-
JIMYeCTBaX BCTPEYAIOTCS KUCJI0PO/, YIJIEPO, BOAOPO/ U a30T. EAUHCTBO XMMUYECKOTO CO-

CTaBa — O/lHAa U3 BAaXXHbIX XapaAKTEPHUCTHUK }KHUBbBIX OPraHN3MOB.

XUMUYeCKHe 3J1eMeHThl, BXOAsdllue B
COCTaB BCeX >KUBbIX OPraHU3MOB, Ha3bl-
BalOTCsi OGMOTeHHBLIMH 3JiIeMeHTaMH. Bce
3JIEMEHTbI Pa3/ieJIIlOTCA Ha JBe T'PYIIbl
110 CO/IEPKAHUIO UX B )KUBBIX OpraHU3Max:
MaKpOo3JIEMEHTbl U MUKpPO3JeMeHThl. Ma-
KpO3JIEMEHTDI, B CBOIO O4Yepejb, JesTcs
Ha ABe rpynnbl. K nepBoi rpymmne oTHO-
cartcs C, O, H, N, cocraBasiromue 98 % xu-
MUYECKOr0 COCTaBa KJETKU. ITU 3jeMeH-
Thl COCTABJIIIOT OCHOBY OpPTaHUYECKUX
COeJIMHEHUH, BXOJAIIUX B COCTAB >KUBBIX
OpPraHW3MOB,HaNlpUMep, OEJIKOB, HYKJie-
MHOBBIX KUCJIOT, JIMIIUJOB, YIJIeBOA0B. Bo
BTOpyto rpynmny BxogadaT S, P, Ca, Na, K,Cl,
Mg, Fe. Onu coctaBusaoT 1,9 %.

JJieMeHTbl, KOJIMYECTBO KOTOPBIX CO-
craBysieT MeHbule 0,001%, HasbIBawOTCA
MHUKPO3JIEMEeHTaMMU.

HeopraHuyeckKue BelleCTBA KJIETKU.
Cpeau HeOpraHUYECKUX BEIECTB BAXKHYIO
poJib B 06ecrnieyeHUH GQYHKIIMOHUPOBAHUSA
OT/ZleJIbHBIX KJIETOK UI'PAOT MUHEpa/b-
Hble cosid. CoO/IM HEOPTraHUYECKUX KUCIOT
NPUCYTCTBYIOT BHYTPU KJETKU B BHUJE
KaTHUOHOB, aHHWOHOB WJU KPUCTALJIOB
(mabauya 1).

KoHlleHTpalMsi KATUOHOB U aHUOHOB
BHYTPH KJIETKHU U BHE KJIETKH Pa3JIMyHa.

PasHasg KOHIEHTpalus HOHOB CHa-
PY>KH U BHYTPU KJIETOK NMPUBOJUT K BO3-
HUKHOBEHUIO Pa3HUIbl 3JEKTPUYECKUX
NOoTeHIMa/JoB. MHOrMe KaTHOHbI Hepas-
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Ymiepoj, BXOJUT B COCTaB BCEX OpraHUYe-
CKHUX COeJIMHEHUH.

Kuciopoa npuHUMaeT y4acTue B NpPoIiec-
Cce IbIXaHHUs a3POOHbIX KJIETOK.

A30T BXOUT B COCTaB aMHUHOKHCJIOT, 6eJI-
KOB, HYKJIEMHOBBIX KUCJIOT, AT®, xs10poduiia,
BUTAMUHOB.

docop BXOAUT B COCTAB HYKJIEUHOBBIX
kucsoT, AT®, pepMeHTOB, KOCTHOU TKaHHU.

Kasbnuii BXOAUT B COCTaB KOCTHOM TKa-
HU, yYaCTBYET B MpoIlecce CBEPThIBAHUS KPO-
BM, 06ecrieYrBaeT COKpallleHHe MBbIIIII,

MarHui BXOJHUT B COCTaB MOJIEKYJIbI XJIO0-
podwusia, npuHUMaeT ydactre B cuHTese JJHK
B KayecTBe KodpepMeHTa.

Kese30 obecneyrBaeT TPAaHCIOPTUPOBKY
KHCJIOpO/ia B CTPYKType reMorjio6uHa, MHUO-
rJI06UHA.

Kanuii oGecreuyrBaeT pa3BUTHE pacTe-
HUH, HOPMaJIbHYI0 CBEPTHIBAEMOCTh KPOBHU.

XJ10p BXOJIUT B COCTAB KeJIYJJIOYHOT'0 COKa.

Hox Bxogutr B
»KeJsle3bl.

Meab o6ecnedyrBaeT TPaHCIOPTHUPOB-
Ky KHUCJI0pOJa B CTPYKType reMOLiMaHMHA y
6€eCr03BOHOYHBIX.

Ko6asibT BX0AUT B cOCTaB BUTaMuHa B ..

®DTOP BXOAUT B COCTAB 3yOHOW 3MaJIH.

IluHK BxoauT B coctaB pepmenToB JIHK- u
PHK-nosnnmepas.

COCTaB U[UTOBUAHOU




IJIABA 1. MOJIEKYJIAPHAA BUOJIOT'UA

1.3. Xumuueckuil cocmae #cusbiX 0p2aHU3M0o8

HOMEPHO paclpejiesieHbl BHYTPU UM BHe KJeTKU. Hanmpumep, KoHLeHTpauus WoHOB K* B
KJIETKe BCerja BbIlIe, YeM B MEKKJIETOUYHOM XKUAKOCTH, a KOHIleHTpaluss noHoB Na* u Ca?
B KJIETKe HallpOTHUB — HMWXe. HepaBHOMepHOe pacrpeiesieHrMe HOHOB BHYTPU M BHE KJIETKU
He0oOXOJMMO JIJIsl OCYLIEeCTBJIEHUSI MHOTHX BaXKHBIX *KM3HEHHBIX MPOIECCOB, B YaCTHOCTH,
JJI TlepeJilayy HeEPBHbIX UMITYJIbCOB U COKPAIlleHUsI MbIIIEeYHbIX BOJIOKOH.

Ta6bauya 1
MuHepasibHbIE COIU
HoHbl HepacTBopHMBbIe cou
KaTuoHbl AHUOHBI
K*, Cl, Couiu B 3y6HOM 3MaJiv, KOCTSX, pAKOBUHAX
Na*, Ca?, Mg 2+ HCOS-, HP042-, ]—[zp()4- MOJIJIOCKOB, XATUHOBOM IIOKPOBE
YJIEeHUCTOHOTUX

BydepHOCTBIO HAa3bIBAIOT CIOCOGHOCTD KJIETKH MO/|JIEPKUBATH CIa00IIETOUHYI0 Cpeay
CBOETO0 CO/IEP’KUMOr0 Ha CTabUJIbHOM YpoBHE. BydepHbIil pacTBOp COCTOUT U3 C/Ia0BIX KUC-
JIOT Y €€ pacTBOPUMBIX coJiel. [Ipy NOBbIIIEHUN KUCIOHM Cpe/ibl B KJIeTKe aHUOHbI, UICTOUYHH-
KOM KOTOPBIX SIBJISIFOTCSI COJIM, CBSI3BIBAIOTCS C MOHAMU Bozopo/a. [I[pu CHUKEHUW KUCIOT-
HOCTH BBIJIEJISIIOTCS HOHBI Bofopoa. PochaTHble U 6GuKapboHATHbIe 6ydepHble CUCTEMBI
HMMEIT 60JIblII0e 3HAYEHUE B KJIETKaX MJIEKONUTAIIUX. BHyTpU KJjieTku 6ydepHOCTb 06€e-
Crie4MBaeTCs IJ1aBHbIM 06pa3oM annonamu H,PO,” u HPO,* . Bo BHEK/IETOYHOM XHU/JKOCTH U
KpoBH poJib 6ydepa urpator HCO*™ (cxema 1).

Cxema 1
CxeMa pa60oThbl MexaHU3Ma GyPepHBIX CUCTEM
Bukap6oHaTHas 6ydepHas cucreMa ®ocdaTHas 6ypepHas cucteMa
[Ipu yBesIMueHU M KOHIIEHTPAIIMK HOHOB [Ipy yBe/IMYeHUH KOHIIEHTPAL K HOHOB
H* B cpege H* B cpene
H*+HCO, ——— H,CO, H*+HPO,* ———> H, PO
[Ipy CHMKEHUH KOHLIEHTPAlM1 HOHOB [Ipy CHUXKeHUU KOHIIeHTPaLlMu HOHOB
H* B cpene H* B cpene

Bopaa. KosinyecTBo BoAbl B KJe€TKe 3aBUCUT OT MHTEHCHBHOCTH OOMeHa BellleCTB B HeH.
ToT ¢pakT, uTo XKHU3HEHHBIE MPOLECCH] B KJIETKE MPUCIOCOOJIEHBI K TIEPEXO/1Y B BOJIHYIO CPELY,
SIBJISIETCS [I0KA3aTeJbCTBOM TOTO, UTO *KU3Hb BIIepBble BO3HUKJA B Boje. buosiornyeckue
GYHKUMHM BOABI BO MHOTOM ONPEJEISIOTCS €€ XUMUYeCKUMU U PU3NYEeCKUMH CBOWCTBAMU.
MouJiekysia BOJbl COCTOUT U3 aTOMa KMCJI0PO/Ia, CBSI3aHHOTO C /IByMs1 aTOMaMH BOZ0po/ia Io-
JIIPHBIMUA KOBaJIEHTHBIMH CBSI3SIMHU.

OfHaKo, MOCKOJIbKY KHUCJI0PO/ SBJIsieTcsl 60Jiee 3/1IeKTPOOTPULIATENbHBIM, YeM BOJOPO/,
OH B 6OJIbIIIEH CTENeHH MPUTATUBAET K ce0e 3JIeKTPOHBI, IpUoOpeTas YaCTUYHBINA OTpHUIlA-
TeJIbHBIN 3aps. B cBo odepenb, KOKABIA U3 aTOMOB BOAOPOAA IPpUOOPETAaeT YaCTUIHBIN
MOJIOXKUTEIbHBIN 3apsij. MoJieky/ia BoAbl OJSIpU30BaHa U SIBJSETCS AUINOJIEM — UMeEeT /iBa
noJtoca (puc. 1.5).

YacTU4HO oTpULIaTebHBIN 3apsij, aToMa KMCJI0POJa OJHOU KoBaJleHTHas
MOJIEKYJIbI BO/bl IPUTSATUBAETCS YACTUYHO MOJIOKUTEJTbHBIMU CBA3b
aToMaMH BOJIOpPOJA APYTUX MOJIEKYJI, COEJUHSSICh BOJOPOAHbI-

MU CBSi3aMU. BoJlopo/iHble CBSI3M HAMHOTO cjiabee KOBaJIEHT-

HBIX, TO3TOMY JIeTKO pa3pbiBatoTcs. Clie0BaTEbHO, MOJIEKYJIbI

BO/Ibl MOJIBMXKHBI. TeMnepaTypa KUIeHus, 3aMep3aHus, IJ1aB- \

JIEHUS1 ¥ BbICOKasi TEMJOEMKOCTb BOAbI (CIOCOGHOCTh MOTJIO- gﬁ%ﬁmﬁ :
aTh TENJIO MPU HE3HAYUTEJbHOM HU3MEHEHUHM COOCTBEHHOU ("\ Q}\\
TeMIepaTyphl) 3aBUCAT OT BOJIOPOJHbBIX CBsi3eil. Bosa ob6s1aga- - -
€T BbICOKOM TEINJI0EMKOCTbIO, U 3TO CBOMCTBO NpeJOXpaHseT

KJIETKY OT Pe3KHX TeMIepaTypPHbIX KoJe6GaHHIA. Puc 1.5. Ctpyxtypa

MOJIEKYJIbl BOAbI
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IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA
1.3. XumuuecKuil cocmaes #cugsbiX Op2aHU3mMo8

Bojia Tak:ke UMeeT BbICOKY0 TENJIONPOBOAHOCTb. ITO 06ecrneyrBaeT paBHOMEPHOE
pacnpeziejieHle TeMJOThl MeX/Jy OTJeJbHbIMMU 4YacTAMKM OpraHusMa. PacteHus u
KUBOTHbIE oxna;mafoT CBOE TeJio 3a CYET ucnapeHus Bojbl (puc. 1.6).

Boja npakTuyeckd HecxxuMaeMa, OJiarofaps
4yeMy KJIETKU MO/JIEPKHUBAIOT CBOIO popMy U 06.1a-
” JIAl0T YIPYrocTbio. 3Ta 0COGEHHOCTh BO/Ibl MPOSIB-
BOZOPOJHbIE /: JIIeTCS B BBINIOJIHEHUU €10 TU/IPOCKeJIeTHOU QYHK-

CBA3M i IIMU B OpraHHU3Me }XKUBOTHBIX. Bosia iB1sieTcs cpefjoi
s 06UTaHUA GOJILIIMHCTBA >KUBbIX OpraHu3MoB. OHa
TPaHCIIOPTUPYeT NUTaTeJbHble BellecTBa U Ipo-
JyKTbl MeTabo/iM3Ma B opraHusme. PacTBopéHHbIe
B BOJle MUMHepaJibHble BellleCTBa J0CTaBJISOTCH KO
BCEM OpraHaM I10 IPOBOJSAIIUM TKaHAM pacTeHUH.
Boja siBJsisieTcsl BaXKHBIM pacTBOPUTEJIEM B KJIETKeE.
[TonsspHBIN XapaKTep MOJIEKY/IbI BOJbl ONpe/iessieT
eé CrIOCOGHOCTh KaK pacTBopuTeJis. B Hell xopoio
pacTBOpATCA NOJsAPHble coeMHeHUs. BemecTBa,
XOpOLIO pacTBOPAWILMECS B BOJE, Ha3bIBAKTCH
ruZipodusbHbIMU (puc. 1.7).

K HUM OTHOCATCS OBapeHHas COJib, MOHOCAaXa-
pUABI, AUcaxapu/ibl, IPOCTble COUPTHI, aMUHOKHKC-

JIOTBL. BelecTBa, J10X0 UJIM BOBCE HE paCTBOPUMbIe

B BOJle, Ha3bIBalOTCA ruipopobHbIMU. K HUM OTHO-

CATCA MoJIMcaxapuzbl (KpaxmaJs, IJIMKOTeH, KJeT-

yaTka), *kupbl, ATO, tunujibl, HEKOTOpble OEJNKU U
HYKJIeMHOBble KUCJIOTHL. Bozna sB/seTcs UCTOYHU- d
KOM KHCJIOpPOJaA, BbIJIe/IIEMOr0 pacTeHUsMU B aT- —— 7
Mocdepy. Boa cnyKUT HCTOUHUMKOM BOJAOPOAA [
CUHTEe3a OpraHUYeCKUX BeIlLeCTB pacTEHUSMU B
npouecce GOTOCUHTESA.

Puc. 1.6. MosiekyJia BOAbl M BOLOPOJHbIE
CBfI3U MeX/Jy MOJIEKYJIaMU

OpraaneCKne COeJUHEHUS KJIETKH.

[Tpu 3aMep3aHUuu
BOJIbl €€ O0OBEM yBeJIU-
YHBAeTCd, a IMJOTHOCTb
YMEHbIIIAeTCS. OyeHb
BaXXHO, 4YTO JEJH Jierdye
BOJIbl, TaK KakK BOJia UMe-
eT MaKCUMaJIbHYI0 IJIOT-
HOCTb npu +4 °C, moaTo-
My NpecHble BOJOEMBI He

npoMep3aloT 0 JHa. - ;
p P A0 1 J Ea 4j

K MoJsieKy/IIpHOMY YPOBHIO )XM3HU OTHOCSATCS TaKHWe OUOJIOTUYEeCKHEe MOJIEKYJIbI,
kak /[JHK, PHK, AT®, Gesku, yrieBojbl, JUNUAbL. JTU BelleCTBAa UMEIOT OOIIYI0
CTPYKTYpPy [AJisi KJEeTOK BCeX >HUBbIX OpPraHU3MOB HE3aBHCUMO OT HX BHJA.
BbicokoMo/ieKy/ISIpHbIE BelljecTBa — OeJIKH, HYKJIEUHOBbIe KUCIO0ThI, MOJIHMCaXapu/ibl
SABJISIIOTCS GUOTIOJIUMEepPaMHU.
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IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA
1.4. [Ipakmuyeckas pa6oma. 3HayeHue 800bl 0151 HCUBLIX OP2AHU3MOB

IlostuMepsBI - 3TO MOJIEKYJIbI, COCTOSIME U3 GOJIBIIOr0 KOJUYeCTBA MOBTOPSAIOLUXCS
e/JMHUI, (MOHOMEPOB), COeIMHEHHBIX JAPYT C JPYroM KOBaJIeHTHBIMU CBSI3aMU U 06pasyto-
IMX JJIMHHble Hepa3BeTBJIEHHbIE UM Pa3BeTBJIEHHbIE IIEMH.

BuonosnMepsl 06pa3yoTcsa 6sarofapsi B3aMMOCBSI3M MOHOMePOB. [losiuMeps! fensTcs
Ha JiBe rpynnsl. [loauMepsl, cocTosIe U3 0OAMHAKOBBIX MOHOMEPOB (IVIMKOTEH, KpaxMmal,
11eJ1/110J103a), Ha3bIBAIOTCSl FOMONOJIMMepaMH. [loinMepsl, cocTosLMe U3 Pa3HbIX MOHOMeE-
poB (6esiKH, HyKJIEMHOBbIE KHUCJI0ThI), Ha3bIBAIOTCS reTeponoJauMepaMu.

Tomononumep W
. ]

['eTeponosnmMep ._ - -
\c"._'z-—" =

IIpuMeHeHHe HOBBIX 3HAHUI.

3HaHUe ¥ IOHUMaHHue.

1. OnpezennnTe 3Ha4YeHUe U3YyYEeHUsI MOJIEKYJISPHOI'O YPOBHS XKU3HMU.

2. llosscHMTe 3HAYeHHe 3JIeMEHTOB, BXOAAIHUX B COCTaB KJIETKHU.

3. HazoBuTe QyHKIIMHU BO/IbI B KJIETKE.

4. TlosicHUTe 3HaYeHUe MUHEePAJIbHBIX COJIEN B [1eATeJIbHOCTH KJIETKHU.

5. HazoBuTe cucteMsbl, o6ecnedynBarinne 6yGepHoCTb KJIEeTKH.

IIpumeHenue. [IpuBeauTe NprUMepbl MOJIEKYJSIPHOTO YPOBHSA KU3HU U 00CyjuUTe B
rpynne.

AHanus. [Ipoananusupyite weTdb
PHUCYHOK. 06CY,£[I/IT€' B I'pyIIl€ BHY-  3xeJyA04HBIN COK KPOBb
TPEHHIOI Cpelly B pas/IM4YHbIX Op-
raHaX 4yeJJ0Be4eCKOro TeJa. % _,_'1 !5 é - é é 11'& _
CuHTe3. [Touemy y4€Hble c'pe,qal HEUTpaJbHas cpefia  IeJIo
CYMTAIOT, YTO KU3Hb 3apojuJach
B OKeaHe? nokasareJsb pH

Onenka. OneHuTe 3HadyeHHe
BO/Ibl B MO/I/IeP>KaHUM )XKU3HU Ha 3eMJIe.

1.4. TIPAKTUYECKAf PABOTA. 3HAYEHHME BOJbI A1 )KUBbIX OPTAHN3MOB

l.lem;: HN3y4YUTb 3HA4Y€HHE BOJAbl AJid »KHMBbBIX OPraHM3MOB, YCTAHOBHUTb B3dWMOCBA3b
Mexay CBOMCTBaMHU U (bYHKL[I/IHMI/I BO/JbI.

lpaBu/ia 6e3onacHocTy: ¥ @

3HayeHHe BOJbI B 6MOJIOTHYECKHUX CUCTEMAX

1. Bopja siBjsieTcsl yHHMBepCaJbHbIM pAacTBOPUTEJIEM B KMBBIX CUCTeMax GJiarogaps
CBOEM CNOCOOGHOCTH 06pa30BbIBATh I'U/IPATHI.

2. Peakuuu B KJIeTKax NpOTeKalOT B BOAHOU cpejie. Peakuiuu ruiposinsa NpoucxoisaT B
pe3yJsibTaTe B3auMo/iecTBUSA pepMeHTOB U BOZbl. Besiky paciien/isiloTcs Ha aMMHOKHUCJIOTHI,
HoJiMcaxapyu/ibl - Ha MOHOCAaXapW/bl, JUMU/Jbl — Ha KUpPHble KUCJOTbl U IJIMLEPHH, a
HYKJIEMHOBBIE KUCJIOThI — HA HYKJIEOTH/IbI.

3. busarogaps BbICOKOHM TeNJIOEMKOCTH BOJa IMpPEKPACHO MOAJepKHUBaeT TeNI0BON
6as1aHC B KJeTKe. M3-3a MOBBIIIEHUS TeMIIEPATYpPbl OKPY>Kalollleil cpe/ibl BOJja HarpeBaeTcs
Me/JlJIEHHO, HO NPU MOHWKEeHUU TeMIlepaTyphl J0Jro coxpaHsieT Temso. biarogaps atomy
CBOMCTBY BO/|bl OpTaHM3MblI 3alllUIIEHbI OT PE3KUX [lepena/joB TeMIIepaTyphl OKpy:Kalolien
CpeJbl.
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IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA

1.4. [Ipakmuy4eckas pa6oma. 3Ha4eHue 8006l 0151 HCUBLIX OP2AHU3MOB

4. Bopga - ocHOBHOe Cpe/ICTBO TPAHCIOPTHPOBKH BellleCTB B opraHu3Me. OHa obecre-
YUBaET JIBUXKeHHe JIUMPbI U KPOBH, NOCTYIJIEHUE BEIECTB KCUIeMbl U pJi0aMbl B pacTe-
HUs. BeljecTBa, pacTBOpEHHbIE B BOJle, TPAHCHOPTUPYIOTCSA B KJETKU Yepe3 KJIeTOUYHbIe
MeM6paHbl. TpaHcnopTHbIe QYHKILIMHK BOJIbl 06€CNEYUBAIOTCS €€ BBICOKOU MOJBHUKHOCTBIO.

5. Bopa uMeeT MakCcMMaJIbHYIO IJIOTHOCTb NMpU TeMnepaTtype +4°C U OTHOCHUTEJbHO
HU3KY10 I1oTHOCTH npu 0°C. [Ipu 3aMep3aHuU BO/Ibl €€ 06'bEM YBEJIUYMBAETCS, a IIJIOTHOCTh
yMeHbIIAeTcsl, I0O3TOMY KYCOK Jib/la BCIJIbIBA€T HAa MOBEPXHOCTb BOJbL. [IpyU moHMKeHUU
TeMIepaTypbl Bo3Ayxa Hke +4°C B KJIeTKax pacTeHUH 006pa3yroTcsl KPUCTaJIbI JibJa, U
KJIeTKH oru6atoT. [loaToMy B KauecTBe NPUCIOCOBIEHUS [J1s1 3aLUMThI OT 3MMHUX X0JI0J0B
TKaHU pacTeHUH HaKalJIMBalOT 6eJIOK U caxap.

06opyaoBaHue

Ans pa6oTs Nel:
1. Boga

2. CtakaH

3. Jloxkka

4. J1én

Jnsa pa6oTsl Ne2:

1. 2 m1acTUKOBBIX
KOHTelHHepa C
IPYHTOM

2. 10 He3aMOYEHHBIX
ceMsiH ¢pacoau

3. 10 cemsH daconel,
npeJBapUTEJNbHO
3aMOYEHHBIX

4. Bopga

st pa6oThl N23:
1. besnas 6ymara
2. JluHelKa

3. Kapangam
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ITopsA 0K BbINOJTHEHUA PaGOThI

PaGoTa N21. M3yuyeHue Mpo3pavyHOCTH BOABI U €€ 3HAYEHHE
JJ1s 6uosiornyeckux cucteM. [losoxuTe JI0XKKYy B MPO3payHbIN
CcTakaH ¢ BozgoW. Yto ciaydusnocs? KakoBa CBA3b MeXJy 3THUM
CBOMCTBOM BO/Ibl M CTPOEHHEM U PYHKIHEH I1a3a?

T CKJIepa

ceT4yaTKa

T

" X
N‘i\ 4 ; 3pUTEJIbHBIN
“'-.._\__\- = __--___.f' HepB

PaGoTa N22. syyeHue 3HAYE€HHS [IJ151 3)KUBBIX CUCTEM TYpProp-
HOTO CBOMCTBA BOZBI.

1. [TocaguTte 10 He3aMOYeHHBIX ceMsIH pacosu B OYBY B Iep-
BbIM IJIACTUKOBBIA KOHTEWHep (KOHTPOJIbHAS IPyIna).

2. [locaguTte 10 3aMo4YeHHBIX ceMsIH pacoyu B IOYBY BO BTO-
pO¥ MJIACTUKOBBIX KOHTeMHep (rpymnna NpakTUKAHTOB).

3. Ha6usroaliTe 3a nmpopacTaHWeM CeMsiH B KOHTPOJIbHOU U
NPaKTUKaHTHBIX TPyNIax B Te4eHHe OJHOU HeJleH.

4. Hapucyiite rpaduk CKOpOCTH mpopacTaHusi U 3GPeKTHB-
HOCTH KaXJJ0r0 CEMEHHU.

5. O6cynuTe BAMAHWE TYpPropHOTo JaBJieHUs BOZAbI HA NpO-
pacTaHue CeMsH.

6. Kakoe 3HayeHMe MMeeT CBOMCTBO TYPropHOTO JABJIEHUSA
BOJIbI [JISl >KUBBIX CUCTEM?

Pa6oTa Ne3. M3yyeHHe KOJMYECTBA BO/bl B Pa3HbIX OpraHax
YeJI0BEYeCKOro TeJla.

1. lIpoananusupyiite uHGopmMalro, U306pakKEHHYI0 Ha PU-
CYHKe.

2. HapucyiiTe rpadprk u3MeHeHHUs] KOJIMYECTBA BOJAbI B opra-
Hax yeJIOBeKa.

3. Kak kosin4ecTBO BOJbI B pa3HbIX OpraHax NpOSIBJISAETC B
GYHKIIMOHUPOBAHUM OPTaHOB?



IJIABA 1. MOJIEKYJIAPHASA BUOJIOTUA

1.5. Yaneso0wl

IOKa3aTeJib BOJ bl

JI
Mbmmbl(@jS% 7 0 % 86%(ﬂ neveHb
- 22% 4N '

nm 90% 6?’@ Rona
\ I N 1
g U

KpOBb

OpraHbI

1.5. YIVIEBOJbI

IIpoBepka 6a30BbIX 3HaHUM. Kakue 3/ieMeHTbI BXOJAT B CO-
cTaB yrJyieBoZoB? Kakue npoAyKThl 60raThl yriaesogamu? Kakosa

YrneBopbl
pOJIb TOPMOHA WHCYJIMHA B yrJeBogHOM obMeHe? Kakas yacTb MoHocaxapuz
MHILH, KOTOPYIO YeJI0BEK Che/aeT 3a /ieHb, 0JKHA COCTOATb U3 | Ourocaxapuy
yrJIeBOJ0B? Jucaxapun

YraeBoapl. YrieBojbl CYMTAIOTCA Haubosiee BaXKHLIMU Op- Eonncaxapna
JTHKOKAJIUKC
raHUYeCKUMHU COeJJUHEeHUAMU B KJIeTKe, COCTOSIUMU U3 aTOMOB

buosiornyeckue
yI/1epojia, BOJOPOAA M KuCI0posia. Bo MHOrnx Mosekynax yrae- | oo

BOJIOB aTOMbl BOJOPOJA U KUCJOPOJA HAXOAATCS B TAKOM >Ke
COOTHOIIEHUH, KaK U B MoJieKyJiax BoJbl (2:1). O6masa dopmy.ia
yraesozos C_( H,0) . HekoTopble yriieBo/ibl UMEIOT JOIOJHUTE/NbHbIE aTOMBI a30Ta,
docdopa uim cepbi.

YrieBoAbl coiepaKaTcs B KJIEeTKaX BCeX )KUBbIX OpraHu3MoB. CoJiep>kaHue yraeBo-
JI0B B )KUBOTHBIX KJeTKax He npeBbiiaeT 10 % OoT cyxol Macchl, a B paCTUTEIbHbIX
KJIeTKax MOTyT JocTUuraThb A0 90%.

[Io cocTaBy yryieBo/ibl AeJATCS HAa TPU TPyNIibl: MOHO-
caxapuadbl, 0/1uU20caxapudsvl U N0AUCaAxXapuobl.

MoHocaxapuabl. MoHocaxapu/bl (OT rped. monos -
«OAMH») - ©OeclBeTHble, He pacnajawluecs M0yTEM
TUJpoJii3a Ha MeHbIlIHe 3JIEMEeHTbl, GUOMOJIEKYJbl CO
CIaJJKHM BKYCOM H XOpOILIeHd pacTBOPUMOCTbIO B BOJeE. Tmoko3a -
HasBaHuWe MoOHOcaxapu/Zia 3aBUCUT OT KOJIMYECTBa  «BHHOIPAJHBIN caxap»
aToMOB yrJjiepoja. TpuO3bl UMe-
10T 3 aToMa yrjepoja, TeTpo3bl — 4,
NeHTO3bI - 5, reKco3bl - 6 (mabauya 2).

[Ilpumepamu HauboJiee pacnpo-
CTpaHEHHBbIX  MOHOCaxapuJl0B  fIB-
JIAIOTC NSATUYTJIEpOJHble TEHTO3bl
- pu603a U J1e30KCUpPHU603a, U LIIeCTUY-
IJIepo/iHble TeKCO3bl — IVII0K03a, PPYK-
To3a (puc. 1.8).

- (i) ey =
[1r0K03a ¥ $PYKTO3a XOPOLIO PAaCTBOPAIOTCH B
BOJle U SIBJIAIOTCH OCHOBHBbIMU KOMIIOHEHTaMU

BETKOBOI'O HEKTapa U Meza.
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IVIABA 1. MOJIEKY/JIAPHAA BUOJIOTUA
1.5. Yesresoowl

[71rok03a BcTpevyaeTcss B CBOGOJHOM BHJE B KJeTKaX, TKaHEBOM MUJKOCTU U B
nmasMe. [J110Ko3a BCTpevaeTcss B KPOBU B OINpe/ieIEHHOM KOHIIEHTpalUu U obecrnedu-
BaeT TKaHU sHeprueil. Hopma cojiep:kaHusl TJIIOKO3bl B KPOBU 4YesioBeka 4,5 - 5,5 MMoJib
(80 -120 mr/100 mu1). YBesIMUEeHUE UM yMEHbIlIEHUE KOJIMYeCTBa IVIIOKO3bl B KPOBU CBU/Ie-
TeJIbCTBYET O HapylleHUH 06MeHa BelleCTB.

['eKkCO3bI BXOAAT B COCTAaB AUCAXapU/IOB U MO CaXapU0B. Tabauya 2
MoHocaxapuasl | ®opmyiia IIpumepbl OyHKIMA
C,HO, |mosouHas kucjaoTa | B mpouecce [bIXaHUA B TEMHOBBIX
Tpuo3sbl nupoBuHOrpagHas | $asax GoTocuHTe3a UTPAOT POJIB
C,H,0, KHUCJIO0Ta IPOMEXYTOUHBIX IPOAYKTOB.
Heob6xoauMa /15 CHHTE3a BHUTA-
TeTpo3sl C,H,0, 3puTpo3a MUHa B, B pacTeHUsIX, baKTepHUsX U
rpubax.
C.H, O, pubosa Bxonsat B coctraB PHK u ATO.
[leHTO3BI
C.H, 0, Jle30Kcuprbo3a BxogsaT B coctaB JIHK.
OCHOBHOW UCTOYHHUK SHEPTUU KJIET-
CH,,0, IJII0KO3a p
KU.
TeKCO3bI CH.O ieieEs B cB0OGOAHOM BH/ie HAXOJUTCS B
CRIZic BaKyo0JIIX PACTUTE/IbHBIX KJIETOK.
CH,,0, rajlakTosa BxoauT B cocTaB JIaKTO3HI.
CH,OH CH,OH
H 0
OH H J OH H H HO
H H H HO OH H OH H CH,OH
OH OH OH H H  OH HDH OH H
pubosa Jle30Kcupubo3a [VIIOKO3a rajaktosa dpykTo3a
C5H1005 C5H1004— C61—11206 C6H1206 C6H1206

Puc. 1.8. MoHocaxapu/ibl

O/iMrocaxapugbl peJCTaBASAIOT 060U coeJuHeHu ], cocTosiue u3 2-10 ocTaTKOB MO-
HOCaxapH/I0B, MOC/IeI0BATETbHO COeITMHEHHBIX KOBAJIEHTHBIMU CBSI3IMHU. OJIMrocaxapu/ibl,
coJiepiKaliiye JiBa OCTaTKa MOHOCAXapH/I0B, HA3bIBAIOTCA JCaXapUaMHu.

Jvcaxapu/ibl Tak»Ke 06paA3yIOTCS MPU COeIMHEHUH JIBYX MOHOCaxapuioB (puc. 1.9). /Ira
MOHOCaxXapua CBSA3bIBAIOTCSA APYT C APYTOM C MOMOIIbI0 [VIMKO3U/IHOU CBSI3U C 06pa3oBa-
HUeM aucaxapuga C 0,

12H22

C.H,,0, +CH,,0,=CH,0 +H0

22711

6 1276

MasibTOo3a cColepXKUTCSA B IPOPOC-  Caxapo3a — 3TO «caxap», KOTOPbIi MbI IOTpe6.1seM B 1o-
WX 3€épHaxX 3JIaKOBBIX, TAKUX KaK  BCeJJHEBHOM KHU3HH, N10Jly4aeMbli NPOMBILIJIEHHBIM CII0-
AYMEHD U POXKb. co60M U3 CaXdpHOIr'o TPOCTHUKA UJIHU caxapHof/'I CBEKJIBI .
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IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA
1.5. Yenesoodul

Jlvcaxapu/ibl TakK e, Kak U MOHOCaXapU/pbl, C1aJiKve Ha BKYC M XOPOLIO pacTBO-
pstoTcsa B BoJe. U3 jucaxapyuioB HauboJiee UPOKO pacpoCTpaHeHa caxapo3a — CBe-
KOJIbHBIM WJIM TPOCTHUKOBBIN caxap. Tak Kak OH XOPOLIO pacTBOPSETCS B BOJE, TO B
pacTeHUsAX B 60JIBLIMX KOJUYECTBAX TPAHCIOPTUPYeTCcs 1o ¢psioame (puc. 1.9).

JlakTO03a, WM MOJIOYHBIA caxap, SBJSETCS BAXHbIM HUCTOYHUKOM 3HEPTUH [JIs
JIeTEHBIIIENH MJIEKOTTUTAIOIIHUX.

CH.OH CH.OH
2 CH,OH H/ H
H HAgT  AH s Ao
OH H H 2 N/ OH
oH | © OH H
! H H o n on
H OH LS H OH
MasibTO3a Caxaposa JlakTo3a
(rroKo03a +IJ110K03a) (rmroko3a+dpyKTosa) (rsroKo3a+raJsiakTosa)
Puc. 1.9. lucaxapuibl

MasnbT03011 Ha3bIBAIOT 3ePHOBOM caxap, OHa 06pa3yeTcs NMPHU pacajie KpaxMasa B
npoiiecce npopacTtaHus 3epHa. Kpome Toro, MaibT0o3a Tak»ke 06pa3yeTcsi IpH paclie-
IJIEHUH KpaxMaJia oJ, Bo3/ielcTBHeM pepMeHTa aMuUJIa3bl B OpraHax nuileBapeHus.

IloucaxapuJbl — BBICOKOMOJIEKYJISIPHbIE coeZiluHeHUs. He uMeloT BKyca, He pac-
TBOPSIOTCS B BOZE U 06PA3yIOT KOJIJIOU/IHBIN pacTBOp. MOHOMepaMHu MoJIMCaxapuoB
SIBJISIIOTCSI MOHOCAaXapHu/ibl, KOTOpbIe B MOJIMCAXapU/Jax COeJWHEHbl TIVIMKO3WUIHOU
CBSI3bIO:

CH,0,+CH O0+CH,O,...+CH_,O,=(CH,O,) +(HO),

K mosicaxapujiaMm OTHOCSTCS KpaxmaJi, [VIMKOT€eH, 1[eJIJIF0J103a, XUTUH U TMEKTHH.
[7110K03a SIB/IIETCS MOHOMEPOM KpaxMaJia, KIeTYATKH U [eJIJII0I03bI.

[To Mepe yBe/MYeHHUs] KOJTMYECTBA MOHOMEPOB PAaCTBOPUMOCTD B BO/JI€ U CJAJKUN
BKYC IMOJINCaXapU0B CHIKAIOTCS. HeKoTopble yriieBozbl ClIOCOGHBI 06Pa30BbIBATh
KOMIIJIEKCHI C 6eJIKAMH — [NTHKOTIPOTEU bl ¥ JIMITUAAMHU — [JIUKOJTHUITUBI.

llestosio3a 0o6pasyeT KJIETOYHYH CTEHKy pacTeHuid. W3 Heé penaloT Mmare-
puaJs, 6ymary U Jpyrue npoaykTbl. Hampumep, 3epHa puca W NIIEHUIbI COAepKaT
no 60-80 % xkpaxmasa, a kayoHu kaptodens - g0 20 %. KieTKH >KUBOTHBIX
He coZiepXKaT KpaxMaJl.

-
=
(2]
> =
X
(v}
Q.
9

TJIMKOT€H
-e9eeeeed-eesaee-teeew
WJ
LeJJIrnJo3a

Puc. 1.10. CxeMblI CTpOE€HUSA MOJIEKYJI [10JIMCaXapUJ 0B
['1uKoreH, To eCcThb NoJIMCaxapy, Ha3bIBaeMbIH XKMBOTHBIM KpaxMaJsiOM, XpPaHUTCS

B KayeCTBe pe3epBHOI0 MUTATEJbHOTO BellleCTBAa B OpraHU3Me 4YeJIOBeKa, ’KUBOTHBIX
Y TPUOOB.

llestosio3a 0o6pasyeT KJIETOYHYH CTEeHKY pacTeHMH. U3 1eJi0/103bl AesalT
TKaHU, 6yMary u Jjpyrue npoMbllJieHHble NPOAYKTHI (puc. 1.10).
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IVIABA 1. MOJIEKYJIAPHAA BUOJIOTUA
1.5. Yeaeesodwul

DyHKIMH YT/IeBOAOB. YTJieBO/Jbl BBINOJHAKT pasMyHble QYHKIHUU B KUBbIX
OpraHU3Max.

JHepreTudeckasa GyHKIUsA. YrieBo/bl OBICTPO pacllensoTca ¢epMeHTaMu. B
npoiiecce okucjaeHus 1 r yrjieBo/ioB BeicBoboxAaeT 4,1 kkas uiu 17,6 k/[>k sHepruu.
B sHepreTHyeckoM 0OMeHE YTJIEBO/bl UMEIT CBOMCTBO pa3pyllaTbCs B aHAa3pOOHOU
¥ aspobOHou cpeje. [Ipu pacuienyieHUd yrjieBojJoB B a3pobHOU cpejie obpa3lyeTcs
60Jiblile 9HEPTUH, YEM B aHA3POOHOM.

3anacawmas ¢yHknu. [losnvcaxapuabl ABAATCA pe3epBHBIM NPOAYKTOM JJIs
»KMBBIX OPTaHU3MOB. B KauecTBe 3anacHbIX MUTATEJbHbIX BeLeCTB YIAeBO/bl y pac-
TEHUH OTKJA/|bIBAalOTCS B BU/le KpaxMaJia, a y )KUBOTHBIX U TPUOOB B BH/I€ IJIMKOreHa.

CTpyKkTypHasa GyHKLIUA. YI/eBOAbl CIYyXKAT CTPOUTENbHbBIM MaTepuaJoM KJeT-
KH. YIPYTrOCTb ¥ IPOYHOCTb CTEHKU PACTUTEbHOMN KJIETKHU 3aBUCUT OT COJlep>KaHHUs
B Hel KJyleTyaTKHU. KiieToyHas cTeHKa 3aljyljaeT BHYTPEHHIOO Cpey KJIEeTKHU U MOJ-
JlepkiBaeT GopMy KJIeTKU. XUTHH 0b6ecrnieyrBaeT NPOYHOCTb KJIETOUYHOU 060JI0UKHU
IrpU6OB U MOKPBLITHSA TeJsla YIEHUCTOHOTUX. XUTHH COJIEP>KUT a30T. MypeuH BXOJUT B
COCTaB KJIETOYHOM CTEHKHU OaKTepUH.

PenentopHasa ¢yHkums. [lonvcaxapubl, BXoAd1LMe B COCTaB MJa3MaTU4YeCKOU
MeMOpaHbl )KUBOTHBIX KJIETOK, 00pa3yl0T Hapy»KHbI MeMOpPaHHbINA KOMILJIEKC — IJIU-
KOKaJIMKC. YTJIeBOJIHble KOMIIOHEHTHI [IJIa3MaTU4YeCKON MeMOpaHbl TaKXKe BbINOJIHSA-
I0T POJIb PELleNTOPOB, MOoJy4yash CUTHaJbl U3 OKpYXKallllell cpe/ibl U Nepe/iaBasi UX B
KJIETKY.

IlnacTuyHaa QyHKUMA. YTieBO/bl YYaCTBYIOT B 00pa30BaHUM CJIOXKHbBIX OpraHu-
YeCcKHUX coeiuHeHU#. Pu6o3a BxoauT B coctaB MoJsiekya AT® u PHK. /le3okcupurbo3sa
BXOJUT B cocTaB HykJeoTn0B [JHK.

MeTa6osmm4yeckas GyHKOUA. B kieTkax *KUBbIX OpraHWU3MOB MOHOCaXapU/bl s1B-
JIIFOTCS OCHOBOM /1151 CHHTE3a MHOTMX OPraHU4eCKHUX BelllecTB — [0JIMCaXapyu/oB, Hy-
KJ1e0THU/0B. P51/ BelliecTB, 06pa3yoluxcs B pe3yJibTaTe paciajia MoJleKyJl MOHOcaxa-
PHU/I0B, UCHIOJIb3YIOTCSA KJI€TKAMU JIJIS1 CHHTEe3a aMUHOKHUCJIOT, )KUPHBIX KUCJIOT U P.

3amuTHaA GyHKuUA. [enapyH npeJoTBpaliaeT CBEPThIBaHKE KPOBU Y YesJ0BeKa
Y )KHUBOTHBIX.

IIpyMeHeHHe HOBBIX 3HAHM.

3HaHUe M NOHUMaHHE.

1. Onpenenute MoHOcaxapuabl (A), aucaxapuasl (B) u nonucaxapugst (C).

1 |[1roko3a 5 |llennrosiosa 9 | XuTuH

2 |[nukoreH 6 |PpykTo3za 10 |Kpaxman

3 |JlakTo3a 7 |Caxaposa 11 |/le3okcupubo3a
4 |Pubosa 8 |MasnbTo3a 12 |MypeuH

2. Kakue 6uosiorniyeckrve GyHKIMHU BBINOJHAIOT MOHOCaXapu/bl?

IIpumeHeHue

1. [loueMy 3aMOpOKeHHBIN KapTodesib OC/Ie OTTAUBAHUSI UMEET CJIaJKUU BKyC?

2. CpaBHUMTe KpaxmaJl, 1 eJIJIF0JIO3Y Y IVIMKOTeH 10 UX cBoMcTBaM. OnpesenuTe UX

CXO/ZICTBO U pas/Inyiue.

AHajns.

1. Kak MeHseTca BKyC yIJIEBOJOB M UX PAaCTBOPUMOCTb B BOJe C yBeJMYeHUEeM
MOJIEKYJIIpHOUM Macchbl? KakoBO 6M0JI0TMYECKOe 3HaYeHUE ITOTO SIBJIEHUS?

2. [loyeMy /1I0KO3a B OpraHM3Me KUBOTHBIX U YeJ0OBeKa XpaHUTCA B popMe IIU-
KOT€eHa, a He B BU/ie COOCTBEHHO IVIIOKO3bI, XOTS CUHTE3 IJIMKOreHa TpebyeT J0MoJI-
HUTEJIbHDBIX 3aTPaT 3HEPruu?
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IVJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA
1.6. /lunudwi

CunTe3s. KnaccuduuupyiiTe yrieBo/ibl 10 pa3HbIM KPUTEPUSIM:
1) 1o HaJIMYMIO B )KUBBIX OPraHU3Max;

2) 10 MOJIeKYJSIpHOW Macce;

3) mo 4uc/y aTOMOB yIJIepo/ia;

4) 10 CBOMCTBY PacTBOPUMOCTH;

5) 1o BbInoJIHSIEMON QYHKLUH.

Onenka. Kpaxmas B KJleTKax paCTeHUH U IJIMKOTEH B KJIeTKax >KUBOTHBIX BbINOJHAKOT
pe3epBHY10 QyHKIHIO. OCHOBHBIM KOMIIOHEHTOM KpaxMaJia fBJISeTCS pa3BeTBJIEHHbBIHN 110-
JINCaxapu/, aMUJIONIEKTHH. [JIMKoreH nMofo06eH aMUJIONEKTHHY, HO UMeeT MEeHbIIY MoJe-
KyJIIPHYIO MacCy U pa3BeTBJIEHHYI0 CTPYKTYpy. OlleHUTe 3TH CBOMCTBA IVIMKOTeHa C TOYKHU
3peHUs UX OMOJIOTUYECKOT0 3HaYeHMUS.

1.6. MU AbI

IlpoBepka 6Ga30BbIXx 3HaHMil. Kakue BeljecTBa  Ha3bIBAlOT
ruZipodo6HbIMU? KakoBbl QYHKLIMM JIMNIN/I0B B OpraHusMe?

Jlunupg
Bock
®ochonunugpl
[ukounu bl
Ctepoufibl
XonectepuH

JIunuaepl. JIunuael BXOAAT B COCTaB KJIETOK BCEX KUBBIX OPraHU3MOB.
Jlunubl — HenoJsisspHble TUAPOPOOHBIE MOJIeKy bl JIMNIKUABl PaCTBOPUMBI B
HeIoJIPHbIX OPraHMYeCKUX PAaCTBOPUTEJIAX, TAKUX KaK 6€H30J1, XJ10podopM,
adup.

KosinuecTBO JIMNIUA0B B }KUBBIX OpraHu3Max coctasJseT 5-15% ot cy-
X0M Macchl Tesa. KosuyecTBO JIMIKUJ0B B KJIETKaxX >KUPOBOU TKAaHU [OCTH-
raeT 90%. Jlunupl B 60JbIIUX KOJUYECTBAX COAEPHKATCA B HEPBHOW TKaHHY,
rUIoZepMe U MOJIOKe MJIEKOIUTAIOIHX.

CeMeHa Y MJ10/ibl HEKOTOPBIX paCTeHUH (OACOJHEYHUKA, apaxHca, OJIMBOK, JIbHA, KYH-
Ky Ta, COM) TaKXKe coJlep>KaT 60JIbIllioe KOJIUYeCTBO JIUIH/I0B.

CocTraB IUNUAOB. XUMUUECKasi CTPYKTypa JIMNHUJOB O4YeHb pa3HoobpasHa. JIMmuzbl
MpeACTaBASAIT COO0M C/I0KHbIE 3QUPBI, 06pa3yIOLUECS B pe3yibTaTe peaKiui KOHJeHca-
LMY )KUPHBIX KUCJIOT U cnupTa (puc. 1.11).

B 3aBUCMMOCTHU OT UX CTPOEHUS JIMIIU/IbI JAEeJISATCS Ha HECKOJIBKO TPYIII.

HelimpasabHble Hcupbl - HauboJiee TPOCTble U IMHUPOKO PACIpPOCTPAHEHHBIE JIUITU/BIL.
HMx MoJsieKyJibl 06pa3yloTcsl B pe3yJibTaTe NPUCOeAUHEHUS TPEX OCTATKOB BbICOKOMOJIEKY-
JIIPHBIX KUPHBIX KUCJIOT U OJAHOW MOJIEKYJIbI TPEXaTOMHOIO CIUpPTa-ravLepuHa. Kupsl
ObIBAIOT TBEPABIMU HJIM KUJKHMU IPU KOMHATHOW TeMIlepaType.

TJIMNEPUH KUPHbIE€ KUCJOThI MOJIEKYJIA XX pPa

Puc 1.11. CuHTe3 MOJIEKYJIbI 2KMPa U3 [VIMLIEPUHA U 3 MOJIEKYJI }KUPHBIX KUCJIOT
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IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA

HUSL.
Pocghoaunudsl BASAIOTCI OCHOBHBIM

KOMIIOHEHTOM BCeX KJIeTOYHbIX MEMOpaH.
Pocdonnuibl M0 CTPOEHHIO CXOXKHU € pyc, 1.12. CTpyKTypa MoJieKyJibl dochonunua.

»KHPaMH, HO B UX MOJIEKYJIE OJJUH OCTATOK

YKMPHOM KUCJIOTBI 3aMeHsAeTCs pajiuKaaoM octaTka ¢pochopHor kucaoThl. Pochonunu-

Jibl SIBJISIFOTCSI OCHOBHBIM KOMIIOHEHTOM BCeX KJIETOYHbIX MeEMOPaH.

Mounekyna poconunuaa cocToUT U3 JBYX
yacTel, pa3/IMyarIIUXCcs M0 PpacCTBOPUMOCTH
B BoJie: 1) ruZipodpuibHOMN MOJIIPHOM «T0JIOB-
HOM» 4YacTH; 2) «XBOCTOBOW» 4YacCTH, COCTOSI-
mer U3 ruApoPoOHBIX YIIEBOLOPOAHBIX Iie-
nouek (puc. 1.12). TuapoduibHass «roJsoBKa»
MoJieKys1 pocPosMnnuL0B B3aUMO/IENCTBYET C
NOJIIPHBIMU pacTBopuTeasamu (puc. 1.13). Ta-

Puc 1.13. Pacniosioxenue MoJieKysn Gocho-  pqgq npupoza GpocdoIUIHUAOB OIpeeseT UX
JIMMU/I0B Ha IPanHLe BOAbI U Macaa (a), B ocyopHyto posib B GOPMUPOBAHMH CTPYKTYPBI
Boze (6) O6MO0JIOTUYECKHX MEMOpaAH.

[NMTUKOIUIUBI - 3TO CJI0XKHBIE BELeCTBa, 06pa3yoliuecs NyTéM COeJUHEHUs JIUIU-
Jl0B C yrjieBoaMU. [IMKoaunuapl, Kak U ¢pochonnu/bl, BXOAAT B COCTAB IJla3MaTHYec-
Kol MeMOpaHbl. OHHM B OCHOBHOM PacIoJIOXKeHbI Ha TOBEPXHOCTHU MJIa3MaTUYECKON MeM-
O6paHbl ¥ y4aCTBYIOT B 00pa30BaHUH IVIMKOKaJIHUKCA.

Crepouapl. Ocob0oe MeCcTo 3aHUMAIOT B OPraHU3Me ye-
JIOBEKA U )KUBOTHBIX CTEPOU/] XOJIeCTEPUH, KOTOPBIH ABJISA-
€TCs OCHOBHBIM KOMIIOHEHTOM KJIETOYHOU MeMOpaHbl. B
KOpPKOBOM CJIO€ HaZJI0YeYHHUKOB U MI0JIOBBIX 3KeJle3ax U3 X0-
JlecTeprHa 06pa3ylTCs CTepOUHble TOPMOHBL. XoJiecTe-
PVH TaK»Xe He06X0AUM /i/11 CHHTe3a BUTaMUHa D. U36bITOK
X0JIeCTEPHHA MOXKET IPUBECTH K Pa3BUTHUIO HEKOTOPHIX 3a-
6oJsieBaHMU B opraHu3Me. Hanpumep, n3bbITOK xX0J1€CTEPHU-

f Ha HaKaIlJIUBAaeTCA Ha CTeHKaX COCYJ0B M TakuM obpasom  Puc 1.14. HakorieHue xosecTe-
Cy’KaeT UX. ITO NIPUBOJUT K aTepocKjieposy (puc. 1.14). prHa B KPOBEHOCHBIX COCY/laX

B aToM ciydyae HapyliaeTcss KpOBOCHAaOKeHHe TKaHel U
OpraHoB, 0COOEHHO Cep/e4YHOMN MbIIILb], U IOBBIIIAETCH PUCK pa3BUTHUA HHPAPKTA MUO-
KapJa, UHCYJbTa U ApYyrux 3aboJsieBaHuil. KypeHue, MasonogBUKHOCTb, HENIPaBUJIbHOE
nuTaHue (ynotrpeb6sjeHue U30bITOYHON M »KUPHOW MHUILU) U JpP. TOBbIIIAIT KOJUYECTBO
X0JIeCTEpHHA B OpraHU3Me.

B rpynmny cTepouioB BXOAAT >XKUPOPACTBOPUMble BUTAMUHBI, Takue Kak A, D, E, K.

dyHKIUSA TMNUAOB. JIUNIK/bl BBINOJHSIOT pa3/inuHble QYHKIUU B KJIETKE.

CtpykrypHass yHKuus (ctpouTtesbHasgs OGyHKIUs). JIMnuagbl BXOASAT B COCTaB
KJIeTOYHOU MeMGpaHbl — $ochoUNU/bl, X0JeCTePUH, JUIMONPOTEUHBI, TJIUKOJUIU/bI

(puc. 1.15).

FI/IHpO(bOG-

1.6. /lunudwl
Bock o6pa3yeTcs U3 >KUPHBIX KUCJIOT U .
MHOTOAQTOMHBIX CIUPTOB. OH MOKPBbIBAET S 2
KOXy U LIEPCThb >KMBOTHBIX, MePbs NTHUL, EE p—
CMArdad Mx M npegoxpaHdd OT I,C[el‘/JICTBI/Iﬂ g ?é OGOOOQQQ
BOZbI. BOCKOBOW 3allUTHBIM CJ0W MOKpPHI- == ,:l' I i jj i b ol
BaeT TaKe CTe6JIH, IUCThS U IJIOJbI MHO- = gggggggﬂ
o I
rMX pacTeHUWMW W 3alMIAeT OT BbIChIXa- 2 s
2
=~
o
e

MacJio

NN
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IJTABA 1. MOJIEKYJIAPHASA BUOJIOTUA

1.6. lunudwi
VINKOJIUITU rUpodUIbHbBIE «KTOJIOBKH»
[JINKOMIPOTEUH dochonunuioB

TnoJIMcaxapu/s %ggi’

oo

X0JIeCTEePOJI
HUHTErpasbHble nepudepuyeckre

OeJIKU 0eJIKU
ruipopoOHBIE «XBOCTBI»

dochonunumor
Puc. 1.15. llnasmaTuydeckass MeM6paHa

PerynsaTtopHas ¢pyHknusa (rymopanabHas) ¢yHkuus. KopTukoctepoujHble TOPMOHBI,
Bbl/le/IsieMble Ha/INOYeYHUKAMU, U 3CTPOTEHHbIE U aHIPOTEHHbIE TOPMOHBI MOJIOBBIX XKeJie3
OTHOCSITCS K I'PyIIIe CTEPOUI0B U BBIMTOJIHAKT FrOpMOHaIbHbIe QYHKIUU.

JHepreTuuyeckass QyHKUUA. [Ipy MoJIHOM OKHCJeHUH 1 I'p JIMNHUA0B BbICBOOOXKIAET
9,3 kkas uiu 38,9 k/[>k 3Hepruu. ITO MO3BOJISIET )KUBOTHBIM, BIAJAKLUM B 3UMHIOIO CIISI4-
KY, UCII0JIb30BaTh 3aMachl )KUPA, HAKOIJIEHHbIE JIETOM U OCEHbIO, /15 TOAJeP>KaHU S XKU3He-
JleITeJIbHOCTU B 3TOT Nepuo/. JIMMu/ibl B ceMeHaX pacTeHWH 06eCcredyrBalOT SHEPTHIO AJIs
Pa3BUTHUSA 3apo/blila.

KpomMe Toro, 60J1b1110€ KOJIMYECTBO MOJIEKYJT BOJbI 06pa3yeTcsl MPH OKHUCJIEHUH X KUPHbBIX
KHCJIOT YTIJIEBOJIOPOIHBIMH 1[ENSIMU, BXOASIIMUMU B COCTAB KHUPOB.

Me/Be/in HaKaMIMBAOT 60JIbLIOE KOJIU- Bep6110/1bl UCTIOJIB3YIOT SHEPTHIO U BOAY, OJTy4eH-
9€CTBO XUpa NepeJi SMMHEH CISTIKOU. Hble B pe3y/IbTaTe OKHUCJIEHUs ) KUPHBIX KUCJIOT.

¥

Bock, coaepmamnﬁcg B KyTHKYJI€, IOKPbIBalo- y KI/ITOO6p33HbIX H JIACTOHOTI'MX HaKallJINBaeTCA

el NOBEPXHOCTh JINCTHEB PACTEHUH, CAYKUT TOJICTBIY MOAKOXKHBIN XUPOBOH cioil. Biaroza-
3allUTHBIM CPECTBOM OT Ype3MepPHOro Hcnape- Psi HU3KOH TEIJIONPOBOAHOCTH KUpa OH 3aLu-
HUsI BOZBI paCTEHUEM. IaeT UX OT X0JI0/a.
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IVIABA 1. MOJIEKYJIAPHAA BUOJIOTUA
1.6. /lunudwl

[ToTpe6GHOCTB K BOJle MYCTBIHHBIX )XUBOTHBIX U NPU Pa3BUTHUM 3apOAbllIa Y pacTEHUHN
B OCHOBHOM Y/IOBJIETBOPSIETCA 32 CYET OKUCJIEHHUS KUPHBIX KUCIOT. [Ipy okucienun 1 kr
»kupa obpasyetcs 1,05 - 1,1 auTpa BoJibl.

3amuTtHasa QyHKUUA. [[0KOXKHBIN })KUPOBOU CJIOW 3alUILAaeT OPraHu3M OT TOKCHUHOB U
MeXaHW4YeCKUX BO3/eMCTBUM. JIMNTUABI TOMOTaloT YAEePKUBATh TEIJIO B OpraHU3Me 3a CUET
HU3KOU TeNnonpoBOAUMOCTH.

CoeperaTtesibHasA QyHKLUA. )KUp HaKalJMBaeTCsl B PACTEHUSIX U ) KUBOTHBIX. ¥ YCThIH-
HBIX U BNAJAIOLMX B CIAYKY KUBOTHBIX 3allaCEHHBINA B OPTaHU3Me KUP CAY>KUT UCTOYHHU-
KOM 3HepTHH U BOJBI.

XKupopactBopumsie ButamuHusl A, D, E, K coctaBasitoT kopepMeHTHYI0 YacTb pepMeH-
TOB.

IIpuMeHeHH e HOBBIX 3HAHU.

3HaHUe ¥ IOHUMaHHue.,

1. laliTe XUMHUY€ECKYIO XapaKTEPUCTUKY JIUITH/IAM.

2. HazoBHTE KOMIIOHEHTHI JIUITH/0B.

3. B KakuxX TKaHAX U OpraHax pacTeHHWH U KUBOTHBIX B OOJIbIIUX KOJUYECTBAX COJEP-
KaTcs JTUNUAb1?

4. OxapakTepu3yiTe TpyIIibl JUMKJ0B. KakoBbl OCHOBHble 6HOJIOTHYeCKUE PYHKIUHU
KaX/J|0W Ipymmbl?

5.IloyeMy nIpu KOMHATHOH TeMIlepaType HEKOTOpble JIUNK/bl TBEPADIE, & IPYTHE — KU/~
kue? [IpuBeuTe NpUMephl TBEPABIX U KUJKHUX ) KUPOB.

IIpuMmeHeHue.

1. OnpejienuTe CXO/[CTBA U PA3/IM4Ks B CTPOEHUH, CBOUCTBAX kupa U GocPounuos.

2. 3anosHuTe Tabauny. O6bsAICHUTE, KaK QYHKIIMU JIUTU/IOB CBSI3aHbI C UX QU3UUYECKUMU
Y XMMHU4YeCKHMH CBOMCTBaMH.

DOyHKIUA JIMNIU/0B CBoiicTBa JIMIUJ0B IIpumep
CTpykTypHasd

3HepFeTI/I‘{eCKaH

3amuTHas
3anacaroiiast

Anaysus. 1. J)KuBoTHbBIE, Oo6UTaIOI[HE B
XOJIOJHOM KJIMMaTe, UMelOT TOJICTYI MOJ-
KOHO-KUPOBYIO KJjeT4yaTKy. HekoTopsle
CTelHble W NYCTbIHHbIE XWBOTHbIE TaKXe
3amacarT MO0/ KOKel 60J/iblIoe KOJUYeCTBO
»Kupa. KakoBbl QYHKIIMHK KUPOB B OpraHU3-
Me 3TUX KUBOTHBIX?

2. IloyeMy NpY OKUCJIEHUH KUPOB BblJe-
JisieTcs: 60Jiblie 3HEPTUU, YEM NPU OKUCIIe-
HUU yTJI€eBOJOB?

CuHTte3. HapucyiiTe rpaduk yBesauye-
HUSA KOJIMYECTBA »KUpa B MUILLEBbIX NIPOAYK-
Tax. Ha3zoBUTe NpoOAyKTHI, KOTOpbIE COZep-
»KaT GOJIbLIE BCET'0 M MEHbLIE BCETO XKUPa.
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IJIABA 1. MOJIEKVJIAPHASA BUOJIOT'UA
1.7. besaku

OneHka.

1. KosinyecTBO pe3epBHBIX YIJIEBOJOB B PACTUTEJIbHBIX KJIeTKax cocTtaBidgeT 90 % oT
CYyXOM Macchl opraHusMa. B opraHusMe »KUBOTHBIX B OCHOBHOM 3anacaroTcs »kupbl. Kak aTo
OLIEHUTb?

2. B xozne skcnepuMeHTa cobake B MUILY A00aBJISJIA TOJbKO pacTUTesJbHble Macja.
Yepes 2 Mecs1a 66110 yCTAaHOBJIEHO, YTO COCTAB YKUPOB B OPraHU3Me CO6aKU He OTJIMYaJICS
OT PacTUTEJIbHBIX }KUPOB. Kakue BbIBO/Ibl MOXKHO C/ieJIaTh U3 3KCIlepuMeHTa?

1.7. BEJIKH

IIpoBepka 6a30BbIX 3HAHUM. KaKy10 poJib UTpalOT 6eJIKU B OpraHM3Me YyesoBeKa?
Kakue npoAyKTbl NUTaHUsA 60raThl 6esiKkaMu?

besiku (HpOTeI/IHbI) - OCHOBHOM CTpOHTEJIbeIﬁ MaTepHaJl KJIETKH, OHU AB- m
b

JISIOTCSI HEOT'bEMJIEMOH YaCTbI0 BCEX XKUBbIX OpraHu3MoB. Kaxkapiii u3 6eskoB | besok

MIMeeT CBOK CTPYKTYPY ¥ GyHKIUH. 3/IeMeHTHBIH COCTaB GeJKOB Mpe/icTaBjen | AMUHOKHC/IOTa

yraepogoM (C), Bogopogom (H), kucaopogom (0), asotom (N) u cepoii (S). MenTuanas
Cpe/iyl OpraHUYECKUX BELECTB KJIETKH Ha /0JI0 GEJKOB MPUXOAUTCH 60- | Coor

[lonmunenTtuy
Jiee T0JIOBUHBI CYXOI'0 BellecTBa. besikU — 3T0 MoJIMMepBI, COCTOSLIME U3 aMU- JlenaTypanus
HOKHMCJIOT. Besiky pacuienifaioTcs B mpoLecce MUIeBapeHHs ¢ 00pa3oBaHUEM | peyarypanus
CBOOO/IHBIX aMUHOKHUCJIOT. ITU aMUHOKHUCJIOThI UCHOJB3YIOTCS [JIJJIsl CUHTE3a
6eJIKOB, HE0OXOAUMBIX /151 KJI€TOK opraHuaMma (maébauya 3).
pajuKan aJlaHUH BaJIMH IIUCTENH
H H H H HH
N Hn'a'c’?ﬂ Hl'»l—'c’?o Hr:lc':c”ﬂ
H—N —C— C— OH g_ “OH “OH L OH
. HEL=H > H-C—H
o oy B H H=C=H H-C—H L
AMUHOTPYIINa KapboKCU/IbHaA rpynna H H

Puc. 1.16. CTpoeHHE ¥ BUJbl aMUHOKHUCJIOT

AMUHOKHUC/IOTBI. AMUHOKUCJIOTBI SIBJSIIOTCS MOHOMepaMHu 0eJIKOB. AMUHOKHUCJ/IOTHI
NpeJCTaBJIAT CO60M oOpraHuYecKue CoeJMHeHUs ¢ aMuHorpynnod (NH,) u kap6oKcu/b-
HoH rpymnnoi (COOH). AMUHOKUC/IOTBI OTJIMYAIOTCA APYT OT JApyra CBOMMU pajiMKajaMHu.
Cnenuduryeckre CBOMCTBa paJiUKaIoB ONpPeesioT CBOMCTBA aMUHOKHUC/IOT U JIeXaT B OC-
HOBe QyHKLUI 6eIKOBBIX MoJieKy.I (puc. 1.16).

CyuwectByeT 60siee 150 BU/JI0B aMHHOKHUCJIOT, HO TOJibKO 20 M3 HHUX Y4YacTBYHOT B
06pa3oBaHUM NPUPOAHBIX 6esiKOB. [lo/IHbIe U COKpaléHHble HAa3BaHUS 3TUX AMUHOKHUCJIOT
npuBeJieHbl B TabuLe 3.

Tabauya 3
HasBaHme aMHHOKHCIOT CokpaliéHHoe HasBaHue CokpaliéHHoe
Ha3BaHUe aMUHOKUCJIOT Ha3BaHUE
AnaHuH Aa JleHuH Jlen
ApruHuH Apr JInsuH Jlus
Acnaparun AcH MeTHOHUH MeT
AcrnaparnHoBasi KUCJ10Ta Acn [IposnvH [Ipo
deHuMaaHUH ®eH Cepun Cep
F'vuctugun ['uc vcTtenH [uc
[W0%5008%05 1 [nn Tuposun Tup
[1roTamuH ['mH TpeonuH Tpe
[U1roTaMUHOBasA KUCI0TA Iy TpunTtodan Tpn
H3oneinun Wne Banun Ban
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IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA

1.7. beaku
CBOGOIHbIE aMUHOKHCJIOTHI
repeBaprBaHHE i ——>  GeNKH
OeKu > OKHCJIEHHE <« TkaHeif
MUIIA
C02 / \
NH, dHeprus
H,0

Crpoenne 6eyIKOB. B 6e/1KOBbIX MoJieKy/1ax aMmuHorpynna (NH,) ogHol aMmuHOKMCII0-
ThI CBSI3bIBaeTCsl C Kapb6okcuabHOM rpynnoil (COOH) apyroil aMMHOKHKCIOTHI, TPU OA00-
HOM B3aUMO/JIEMCTBUU BblJeJsIeTCs OJHa MoJeKyJja BoJAbl. B aToM ciydae KoBasieHTHas
CBsI3b, 00pa3ymoIlasacsd MeX/Jy aTOMOM a30Ta OCTaTKa aMUHOTPYIIbI U aTOMOM YIJIepoJa
OCTaTKa KapOOKCUJIbHOW TpyNIbl, Ha3blBaeTCs NEeNTHUAHON cBsA3blo. CoefuMHEHME, COCTO-
sdllee U3 ABYX aMUHOKMCJIOT, Ha3blBaeTCA JUIIENITUAOM, a COeJUHEeHHe, COCTodAllee bosee
yeM U3 10 aMUHOKHCJIOTHBIX OCTaTKOB, Ha3blBaeTCs MoJyunentugoM. Kak npaBuso, MoJie-
KYJIbl 0€eJIKOB MPeJCTaB/SIT COO0U MOJUNENTUb], COAepKalliie COTHUA U ThICIYM aMUHO-
KHUCJIOTHBIX OCTaTKOB.

BeJsiku coCTOAT M3 n0C/Ie0BaTebHOCTH AMUHOKHUCJ/IOT, PACIIOJIOKEHHBIX B ONpe/iesIéH-
HOM MOpsiZiKe, U 3TOT MOPSJI0K ONpefeisieTcsl reHeTUUYecKol nHpopMaLnuel U3 Koaupyto-
mero 6esnka JIHK - cTpykTypbl reHa. PacnosioxkeHre aMMHOKUCIOT B 6€JIKOBOU MOJIEKYJIe —
Heu3MeHHOe CBOMCTBO BU/A.

H

=

H H O
H o H O H o
9 2 B T | A
N—C—C + N—C—C - N € €, N € ¢ +HO
K Femas o g - o | T
g e g oW R memtna- W R OH
B H.O Hble CBA3U

KOH/ZIeHCalud BOJbI

Puc. 1.17. CoejyiHeHHe aMUHOKUCJIOT

Besiky, BcTpeyaeMble B OpraHU3Max, IpUHaA/IeXaluX K OJHOMY U TOMY >Ke BUJy, MHO-
TrOYUCIEHHBbI U pa3HOOOPA3HbI, U KaXK/AblH O€JIOK COCTOUT U3 YHHUKaJIbHOH NOC/el0BaTe /b-
HOCTU aMHUHOKHCJIOT Y BBINOJIHSAET pa3Hble QYHKLUUU. B TO e BpeMs CyIlLeCTBYIOT OeJIKHY,
BBINIOJIHSAOIME OJJHY U TY XKe PYHKLHIO B OpraHU3Max, HO IpUHa/iexKalle pa3HbIM BUAM.
ITu 6eJIKK pa3/IM4yarTCs 10 aMUHOKUCI0THOM 10C/1e;0BaTeJIbHOCTH.

MBbI cocTaBJisieM MHOKECTBO CJIOB, UCNOJIb3ysl OYKBBI a/ipaBuTa. Mcnosb3ys oJHU U Te
ke 20 pa3/IMUHbIX aMUHOKUCJIOT, MOXKHO CO3/1aTh MHOXKECTBO 0€JIKOB, pa3/INYarLUXCs KO-
JIMYECTBOM Y NOPSIJKOM aMUHOKHCJIOT B CBOEM COCTaBe.

AsmompogHble op2aHU3Mbl CUHMe3Upyrom ece Heo6xodumble UM AMUHOKUCA0MbI U3
nepeuYHbIX NPOIYKmMos8 (pomocuHme3a U a3omcooepicawjuX Heop2aHu4eckux coeouHeHull.
Iuwa s.8455€MCs1 UCMOYHUKOM AMUHOKUC/A0M 0151 2emepompo@HbIX 0p2aHuU3Mos. Y yeno-
8€Ka U HCUBOMHBIX HEKOMOpPble AMUHOKUC/A0Mbl MO2YM CUHME3UPO8AMbCS U3 NpodyKmoa
Mmemaboausma. Takue aMUHOKUC/A0Mbl HA3bIBAWMCA 3AMEHUMbIMU AMUHOKUCA0MAMU.
Yes08ek U #UBOMHbIE HE MO2YM CUHME3UPO8AMb HEKOMOpble AMUHOKUCAI0Mbl U3 Opy2ux
Op2aHU4ecKux eeuwjecme U no/ayvyarwm ux ¢ nuujel. Imu aMUHOKUC/A0MbI HA3bIBAOMCS
He3aMeHUMbIMU aMUHOKUciomamu. besku, cocmosawue u3s He3aMeHUMbIX AMUHOKUC/I0M,
HA3b18AMCS KA4eCMBEHHbIMU 6ENKAMU.

Uz nuodp 1, 2, 3, 4, 5 MoxkHO cocTaBUTh 120 nsg-
TU3HAYHBIX YHUCEJ IPHU YCJIOBUH, YTO [UPPHI HE TTOBTO-
psaTcA. EcTh nATh cnoco60B BbIOpaTh MePBOE YHUCJIO, L N N
yeThbIpe crnocob6a BbIOpaThb BTOpPOE, TPU crnocoba BbI- <
6paTb TpeTbe, [iBa Clocoba BbIOpaTb BTOPOE W OJWH @
crnoco6 BbI6paTh nocaeaHee yncao. O6liee YUCJI0 paBHO o

@

YHMUKa/bHbIE KOMOUHAIUU

5:4-3-2-1=5!=120. Ucxoas U3 NpuBeEHHOIO BhIIlIE "
YCJIOBUS, CKOJIBKO Pa3JIMYHbIX 6€JIKOB MOKHO MOJIYyYUTh
13 20 pas3/IMYHbIX aMUHOKHUCJIOT?
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IJIABA 1. MOJIEKVJIAPHASA BUOJIOT'UA
1.7. besaku

YpoOBHM NPOCTPAHCTBEHHOM OpraHU3anuy 6eJIKOB.

[locnefoBaTe/IbHOCTh AMHUHOKUC/JIOTHBIX OCTATKOB,
COe/JMHEHHBIX MEeNTUHbIMU CBSI35IMU B MOJIEKYJIe DeJsiKa,
onpejesisieT ero NeEPBUYHYI0 CTPYKTYpy. Jpyrue cTpyk-
Typbl GOPMUPYIOTCA Ha OCHOBE MEPBUYHOU CTPYKTYPHI.
[lepBudHas cTpykTypa omnpegnesseT $opMy, CBOHUCTBA U
6uosioruyeckre GyHKI UM Hesika.

nepBUYHas CTPYKTypa

[osunenTuaHasa Lienb MPeJCTaBJsSET

H .
cmci c060M O4YeHb TMOKYH 3JIACTUYHYIO MO-
5 JIEKyJly, KOTOopas o00pa3yeT HECKOJbKO

1]

l.|=- :.: ’E I : ’E : fN D_H:?"_FF pas/IMYHBIX TPOCTPAHCTBEHHBIX (GOPM
e ¢ \'ﬂ"t"ﬁ/ ¢ ‘Illl\t_.,ﬁ’ ¢ ¢ o 9 (xondopmanuii). BeskM K/IeTKHM Haxo-
0 napo H o @‘15 JAATCcd B GYHKIIMOHAJIbHOM COCTOSIHUM B
H ﬁrl-ll i |;| 4o € ompesenénHol KoHpopMmauuu. Bropuy-
Bl CnGREN- CEREN e ¢ M e a0 crpykTypa B Buge ajabda-cnupanu

e ) R PYKTYD A p
o HiS 0 H 8 o Y o6pasyerca 3a CY4éT COeJMHEHHUs TPy
' e “" NH u CO, yyacTBywumux B 06pa3oBaHUU
¢ i NENTUHON CBA3U B lieNnu 6eJKa, nocpe/-

BTOPUYHAs CTPYKTypa .
CTBOM BOJIOPOJIHBIX CBSI3€H. ITa CTPYKTY-

pa ycToilurBa 6J1aroZiapsi MHOXKeCTBY BO-
JIOPOJHBIX CBsI3el Mexay rpymnmnamu -NH,
pacnoJ/io)KeHHbIMUA B OJJHOM KOJIble CIIH-
pasy, u rpynnamu CO, pacnoJioKeHHbIMU
B CJIe/1yI01LeM KOJIble CIUPAJIH.

P

[ToMHMO BOLOPOJHBIX CBSI3€M, YCTOMYUBOCTD TPETUYHOM CTPYKTY- e &am
pbl 6eJIKOB 06ecredruBalOT HOHHbIE, JUCYAbbUAHBIE U TUAPODOOHbBIE £ {j w\@
CBSI3H. TpeTI/IqHUaﬂ CTPYKTypa U6eJIKOB omnpesensieTcss 06pa30BaHU- s
eM 106ynspHOi (cdepryueckoi) CTPYKTYypbl B MPOCTPAHCTBE MOJIU- %N{"’:’-‘
NeNnTUHOU LieNu B BU/Jle CIUPAJIH. S

TpeTHU4YHas CTPYKTypa

o o YeTBepTHUYHAsS CTPYKTYpa OINpeessieTcss KOM6U-
@} o HalMeu JBYX UK 60Jiee He3aBUCUMO CUHTE3UPYeMbIX
@ 2 g Y HOJIMIENTHUIHBIX Cy6bequHUL. Hanpumep, remorsio-
: OHH COCTOUT U3 2 a-cyobeauHuI, (141 aMUHOKHUCIOT-
. 4 ¥ Hbli ocTaToK) U 2 [B-cyobeauHun, (146 aMUHOKHC-
JIOTHBIX OCTaTKOB). KaxkJiasd cyobe/JUHUIIA CBsI3aHA C
YyeTBEepTUYHAasA CTPYKTypa MOJIEKYJION reMa aTOMOM KeJie3a.

CBoiicTBa 6e/IKOB. be/IKM MeHSII0T CBOIO eCTECTBEHHYI0 CTPYKTYPY U CBOMCTBA M0/, BO3-
JlelicTBMEeM pa3/IMYHbIX PaKTOPOB, HAIPUMeEP, BICOKOW TeMIepaTyphl, TSXKENbIX MeTaJLJI0B.
Hapyuienue cTpykTyphsl 6e/1Ka 0/, BO3/1eHCTBHEM Pa3/IMYHbIX GAaKTOPOB MPHU COXpaHEHUHU
ero NepBUYHOM CTPYKTYpbI Ha3blBaeTCs JeHaTypanuei. [IpuMepom aToro npouecca sBJs-
eTcs CBEpPThbIBaHMe Oesika KYpUHOTO fifIia IPU ero Bapke U KUNSAYeHUH MoJioKa (puc. 1.18).

B pe3ysbTaTe JeHaTypalUu pa3pblBalOTCS BOAOPOAHBbIE, HUOHHBIE, AUCYIbOUHbIE U
ruZipopobHble CBSA3M, obecreynBarolide YCTOMYUBOCTh NPOCTPAHCTBEHHOW CTPYKTYpbI
6eJIKOBBIX MOJIeKyJ. B pe3ysbTaTe yTpauynBalOTCsa YeTBePTUYHAsA, TPETUYHAsA U BTOPUY-
Hasl CTPYKTypbl 6eJika, 6Mo0TU4YecKass akTUBHOCTb U PacCTBOPUMOCTb Oesika. /JleHaTy-
panus 4acTo ABJsSETCS HeoOpaTUMbIM NpPoOLEeccoM. B HEKOTOPBIX cay4yasx mocjae KparT-
KOBPEMEHHOT'0 Bo3/ielcTBUA paKkTopa 6eJI0OK MOXKeT BOCCTAaHOBUTH CBOE eCTeCTBEHHOE
COCTOsIHUE. JTO sIBJIeHUe Ha3blBaeTCs peHaTypalyei (JaT. re — <06HOBJIEHUEY).
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IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA

1.7. beaku
F =S ’K?{%‘;‘g’e JeHaTypauusi B MegULHHE
2 The—s i 8
n.’pfg P f—;‘:“aﬁ/} ———, HeOOpaTH- o, JleHaTypanus UCIoIb3yeTcs A1
g = Masd eHaTy- 2 CTepUJH3aLUd MEeJULUHCKUX U3-
aKTUBHbIN AeHaTypanus panus .. /JeJIM4 NIpU BBICOKOM TeMIepaType.
6eJIoK besika \_\,}'f::' JleHaTypuUpyloljue pacTBOPbI, TaKHe
— e KaK 3TUJIOBBIA CIUPT, PEHOJI U XJIO-
. : - paMMH, HCHOJb3YIOTCA B KadyecTBe
[y, > = %
= g TR AHTHUCENTHUKOB JJis Je3WH}EKLUH.
AKTUBHDIH JeHaTypaLus o6paTuMast nogorpetoe KPOMe TOro, eC/IM KoXa TPaBMHPO-
60K 6esKa JleHaTypawust MOJIOKO BaHa, eé 06pabaThIBalOT HOAHBIM

HUJIW CIMPTOBBIM PaCTBOPOM.

Pa3BepHyTasi NOJIMNENTH/IHASA L[eNlb3aKPYYUBAETCS U BOCCTAaHABIMBAET CBOIO TPETHUHYO
CTPYKTYpy. DTO O3Ha4yaeT, YTO NMPOCTPAHCTBEHHAsl CTPYKTypa Oesika ONpefessieTcs ero

HepBI/I‘{HOﬁ CTDYKTypOﬁ, T. €. 10CJ1Ie0BATE/IbHOCTbIO aMHWHOKHWC/IOTHBIX OCTATKOB.

dyHKIUU 6E/TKOB

I'pynna
Ilpumepsbl dyHKIUA
0€eJIKOB p p YHER
Ob6ecneuynBaeT NPOYHOCTh COEIMHUTE/IbHOM TKaHU (KO-
Kostaren
CTH, CYXOXKUJIUS, CBA3KH).
CTpykTyp-
CoZlep>XUTCA B IIEPCTH M HOTTSAX MJIEKONUTAIOLUX, T1e-
Hble OeJIKH Kepatun . .
pbAX OTUL U YellyHKax PeNTUINM.
Ty6yaun Ba)KHbIN KOMIIOHEHT MUKPOTPY6OUEK.
AHTHTENA HeillTpasusyeT HHOPOJHOE BELeCTBO — AHTUT€H, HANlPU-
3auUTHBIE Mep, 6aKTepuH, 'PUOBI, MONaBLIKe B OPTaHU3M.
6eJIKU dubpruHoreH |O6GecneuynBaeT CBEPTHIBAEMOCTb KPOBH.
HUuTepdepoH |AKTUBHUpPYeET 6esIKH, 6JIOKHUPYIOLME PeIIMKALUI0 BUPYyCa.
JlbIxaTespb- l'emornio6un | CoeaunseTcs ¢ O, B KpOBU O3BOHOYHBbIX.
Hble 6eJIKH Muorsio6uH | 3amnacaeT O, B MbIIIIAX.
Tpancnopt- | Mem6panHble |O6ecneynuBaeT akKTUBHBIA U IACCUBHBIA TPAHCIIOPT Be-
Hble OeJIKU 6esIKu 111eCTB Yepe3 MeMOPaHY.
JlBuraTteJib- AKTUH BxoauT B cocTaB MUOPUOPUILI, 06ecriedrBaAET COKpalie-
Hble 6eJIKU Muo3uH HUe MbIIIL],
AmMunnasa PacuiensisieT KpaxmaJ 0 MaJbTO3BbI.
®epMeHThI
[Ternicun PacmiensisieT 6eJIKU B XKeJyIKe.
WHcynuH B nevyeHH U MbllIIaX 06pa3yeT IVIMKOTeH U3 IVIIOKO3bI.
FopMoHBI [opMoH pocTa, ceKpeTupyeMbli nepeHEN J10JIEN TUIIO-
P CoMaTOTpONUH p p ) CEKPETHDY ped A
¢dusa.
Cb6epera- .
p Avynbin . .
TeJIbHble Pe3sepBHBbI 6es10k ANLA.
aIbOyMUH
GeJIKU
PenenTtop- OncuH [IurMeHT 3peHud B ceTYaTKe, BXOAUT B COCTAB
Hble 6eJIKU pOJ0TICHHA.

I[IpiMeHeHN e HOBBIX 3HAHMIA.

3HaHMe U NOHUMaHUue.

1. Kak Ha3biBaeTCd pas3pylleHHe BTOPUYHOU, TPETUYHOU M YE€TBEPTUYHOU CTPYKTYP
6enka? Kakue pakTopsl 1eHdCTBYIOT HA U3MEHEHHE IPUPOJHbBIX CTPYKTYp O6esika?
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I[JIABA 1. MOJIEKYJIAPHAA BUOJIOTUA
1.7. beaku

2.YeM PubpuisipHble O€JKUA OTIMYAIOTCA OT IJ100YyAApHbIX? [IpuBeauTe
npruMepbl GUOPUJIJIAPHBIX U II0OYISAPHBIX OEJIKOB.

3. HazoBuTe ocHOBHbIe GUOJIOTHYECKUE QYHKIUU OeIKOB, IPUBEUTE
COOTBETCTBYHOLIME IPUMEPBL.

4.Yto Takoe pepmeHThI? [loueMy 60JIbLIIMHCTBO GMOXUMHUYECKUX NPOLLECCOB B
KJIeTKe He OCYILeCTBJATCA 6e3 UX yyacTusa?

5. OxapaKTepu3yiTe CTPYKTYpHbIe YPOBHHU 6esikoB. Kakue xumuyeckue CBsI3u
onpeJessl0T CTPYKTYPHbIe YPOBHU O€JIKOBBIX MOJIEKYJT?

IIpumeHeHue.

1. 3anosiHUTE TAGIUILLY.

[lepBHU4YHas
BTopuyHas
TpeTuyHas
YeTBepTHUUHas

2. 3anoJiHATe TabIULy.

QubprUHOreH
KepaTtun
'eMmorsio6uH
AmMusaza
Muo3uH
HuTtepdepoH
Muorso6uH

Anainms.

1. KakoBa cneuududyHocTb pepMeHTOB? [loueMy pepMeHTbl aKTUBHBI TOJIBKO B ONpe/e-
JIEHHOM /iMana3oHe TeMnepaTypsl, pH u apyrux paktopon?

2. [ToueMy 6eJIKHM HUCMOJIb3YIOTCS B KaueCcTBe UCTOUHHWKOB 3HEPTrUHM TOJIbKO B KpaHUX
cyyasix, T. €. KOrJia B KJIeTKe He OCTaéTcs 3araca yrjieBo/0B U KUPOB?

CunHTe3s. Mcnosb3ys JONMO0JHUTE/bHbIE JAaHHbIE, 3aNI0JIHUTE TAaOJ/IULYy NPOAYKTAMH, CO-
Jlep:KalliMu He3aMeHHWMble aMUHOKUCIOTHI.
BasinH
W3oaednun
JlenyuH
JIusuH
MeTHOHUH

Ounenka. Hemeuxkuit xumuk lOctyc ¢oH JIlubux, oAUH U3
OCHOBOTIOJIOXKHUKOB COBPEMEHHOW arpoXUMHHU, IePBbIM pa3paboTas
TEOPUI0 MHUHEPAJIbHOTO NHUTAHUSl pPACTeHUH, YTO O0O6YCJ0BUJIO
pasBUTHE NPOU3BOACTBA MHUHEPAJOB M HX MCHNOJb30BaHUE B
arpoHoMHUHU. OH yCTaHOBWJI, YTO MPOAYKTUBHOCTb KYJbTYPHBIX
pacTeHUU 3aBUCUT OT MUHePaJIbHbIX BEIleCTB, HAXOASIIUXCS B TIOUBE
B He6OJIbILIOM KoJinyecTBe. biarosiapsi npoJiesiaHHON paboTe Y4EHbIN
B 1840 roay cdopmysupoBas Ba)KHBIH 3KOJIOr0-9KOHOMUYECKUUN
3aKoH. [IpyMeHuTE CYyTh 3TOTO 3aKOHA K aMUHOKHUC/I0TaM, UCII0Jb3ys
MaTepuasbl u3 MHTepHeTa.




IJIABA 1. MOJIEKYJIAPHAS BUOJIOTUA
1.8. Ipakmuyeckas pa6oma. Co3daHue 6uos102udeckoli uHghozpaguku

1.8. IPAKTUYECKAA PABOTA.
CO3JAHUE BUOJIOTHYECKOA UHPOTPA®UKU

Llesnb: co3aHue U npeJcTaBieHre HHPorpadUKU 6M0JI0TUYECKON MHPOpMaLUH.
IlopsA0K BbINOJIHEHHUS PA6GOTHI:

1. Bei6op TeMbl AJ1g uH$orpadpuku.
2. Onpepenenue nesaed MHPOrpadprKH. - A ]0
3. C60p faHHBIX AJ11 UHPOrpadUKH. (L

4. Yriopsa04eHHOe pa3MelleHne

it
C06paHHbIX JaHHBbIX. ‘i : r BapéHbIN 10 npoAyKTOB, ‘% 3aMOpOXKEHHBIH
% MOCTOSIHHOE
5.Pa6ora Haj fu3aiiHOM HHGOrpadUKHU. m O e CTREHHD Heoﬁxﬁoanmmx | (ocrosice.
Wudorpaduka - 3To BU3yanu3aLus UH- G By paoboThI I1a3 (:)@ —

dbopmMauuu WM Ujel, HalpaBJieHHass Ha
JloHeceHHe CJ10KHOM MHPOpMaunuu A0 ay-
JUTOPUU B ObICTPOM M MOHATHOU dopme.
[ToMmrMO M3006pakeHUM, K MHCTPyMEHTaM
uHporpaduku oTHOCATCS rpaduku, Aua-
IPaMMBbl, CXEMbI, TAOJIHIIbI, KAPTHI, CIIUCKH.

Hudorpaduka - aTo Habop U306paxke-
HUW W AWarpaMM ¢ MUHUMYyMOM JJOTIOJIHU-
TEJbHOTO TEKCTa, MO3BOJISIOLUN OGbICTPO
HOHSTh CYyTh TEMBI.

B o6pasoBaHuu nHporpadpuka UCMIoJib-
3yeTcs JAJs1 TOTO, UTOObI c/leIaTh Y4eOHbIN
MaTepHrasl 3allOMUHAIIUMCS:

* ObICTpEE YCBOUTD TEMY;

* 06'bSICHUTD CJIOKHBIE MPOLIECCHI;

* Ipe/ICTaBUThb Pe3y/bTaThbl UCCIE0Ba-
HUS U JaHHBIX ONPOCa;

* I0JJBECTU UTOTHU AJMHHOMN CTAaThU UJIU
JI0K/1a/a;

* CPAaBHUTb pa3Hble BApUAHTHI IPOAYKTA;

* IOBBICUTb OCBEJJOMJIEHHOCTb O MPO6JIEMe UM PEeSICTaBUTh UJIEU.

PekoMeHJjlaMKM 1O CO3J,@aHUIO HH-

T=N=:
Eii

320me () dbopmanoHHOM MHPOrpaduKu:
69ms ffi ‘ e BbIGEpUTE Ha3BaHME, KOTOPOE SICHO
BbIpaKaeT CyTb WHOOpMAIUH, MOpej-

CTaBJIEHHOU B KaXK/|OM paszeJie;
e IPOHYMepyWTe paszesibl, YTOObI
06J1erYuTh YTeHUEe UHPOpMaLUY;

35mg ﬁ/ .
mg ﬁ,) .. _'

12 mg ﬁi‘J

030 [Fa’ m _ e MeHSNTe 11BeTa, TUIIbl BU3YaJIbHbIX
024 me “ 5 ' (0086 mg 3JIEMEHTOB M MX HalpaBJIeHHe, YTOObI
- % ; ; ' - NpHUBJeYb BHUMaHHE OJJHOKJIACCHUKOB,;
D143 my ﬁ:}J : . (B2 ) 0.058 mg
- * : f’i = e Ipe/icTaBbTe MHGOPMALMIO C IOMO-
g e [A 835

111bI0 3HAYKOB U U300paKeHUH.

5
b
L

'
093z 024g o

O6cyauTe M caesialTe BbIBOAbI.
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IJIABA 1. MOJIEKYJIAPHAA BUOJIOT'UA
1.9. Hyk/1euHogbwle Kuc/omul

1.9. HYKJIEMHOBBIE KHCJ/IOTbI

HyksnenHoBble
KHCJIOTBI
Hykneotup
MaTpuua

JAHK

PHK
Hyxkueo3uz
3akoH Yapradoda

IIpoBepka 6a30BbIX 3HAHUM. PacckaxuTe 0 CBOEM MOHUMAHHUU MeXaHHU3-
MOB, pea3yIIUX NPU3HAKU HACAEACTBEHHOCTH U U3MEHUYUBOCTH, pa3MHO-
»KeHUS U Pa3BUTHS KUBbIX OPTaHU3MOB.

Bce xuBble oOpraHu3MbI OCHOBbIBASACL HA HAYYHbIX OOCMUNCEHUSX
06/1alaloT CMOCOGHOCTBIO CO- cogpemennoil 6uosozuu, akademuk M. B. Boab-
XpaHATb HACJIEACTBEHHYIO wenwmetin daa caedyouee onpedeseHue nous-
MHOOpMaLMI0 U NepeliaBaTh myjo ycusHu: «Kueble mead, Cyuecmayloujue
e€ OT NOKOJIeHUS K IOKOJIe- nq 3Zemse, npedcmagsiiom co6oii omKpsimele,
Huto. IlpusHaKM U CBOWCTBA cqmopezyaupylowuecsi u CamMo80CNPOU3B00si-
KUBBIX OPTaHU3MOB 3aBUCAT yuecs cucmemvl, NOCMpoeHHble U3 6UONOAUMEPO8-6E/AK08 U
OT cocTaBa ux 6eKoB. Hykiie- pykieunoswixkuciom». Kakueceolicmea6eakoe uHyKAEUHOBbIX
MHOBbIE KHMCJIOThbl 00eCnevyu- gucaom DPACKPbIBAOM CYyMb NOHSMUS HCUIHU?

BAIOT Iepejladyy CTPYKTYPhI U

cocraBa OeJIKOB MO Hacae[-

cTBy. OHU SIBJISIIOTCSI HOCUTEJISIMU HacJeJCTBEHHOW MHOpMaLUMKY, NIporpaMMHBIM obecrie-
YyeHUEeM CTPYKTYpbl U MeTabosinueckor akTuBHOCTU opraHu3MoB. [JHK u PHK B kyeTkax
BCEX )KUBbIX OPraHU3MOB BBINOJHAT QYHKIMM XpaHe- HOCH, . OH HOCH, .0
HUS HacJeICTBEHHOW MHpOpMaLuU U Mepesadyu eé 1o
HacJe/JCTBY.

JHK BcTpedaeTcd B 4/ipe 3yKapyUOTOB, a TaKXe B MU-
TOXOHpUSX U maactuaax. PHK HaxonuTcs B ocCHOBHOM - H o OH
B LUTOIlJIa3Me, YaCTUYHO B fiipe, MJIACTUAAX U MHUTO-
xoHZpusax. B kinetkax npokapuotsl JJHK u PHK pacrmo- %gégx(cﬂnﬁllg)- I’(‘gg"}g’)"‘
JIOXKEHBI B LIUTOIJIa3Me.

HykJieMHOBBIe KHUCJIOTBI NpPEeACTaBJSIOT COO0U MO-
JIMMEpPDI, @ UX MOHOMEPHI — HYKJIEOTU/Ibl. KaXk b1l HY-
KJIEOTH/J] COCTOUT M3 TPEX KOMIIOHEHTOB: a30THUCTOTO

OH

IIypHUHOBbBIE NMUPUMHUIUHOBLIE
OCHOBaHUA OCHOBaHHUA

OCHOBaHMsl, MOHOCaxapHu/a M ocTaTka GpocpaTHOH Kuc- NE? sz
JoThI (puc. 1.19). ?,JNM g o NF T H
A30THCTble OCHOBAHHUSA B 3aBUCUMOCTH OT cTpoeHus  H— ‘ /L [
N A =
JleJISITCS Ha NMypPUHOBBIE U NMUPUMHUJMHOBBIE. [lypuHO- : N O N
Bble OCHOBaHMs 06pa3yoTCcs NYyTEM COeJUHEHUS BYX H H
aJleHUH IIUTO3UH
IIECTHUYTOJbHBIX U NATUYTOJbHBIX KoJiel. [Tupumuau-

y y 1. HIHpUMHA (JHK, PHK)  (ZHK, PHK)
HOBble OCHOBAHMS COCTOSAT TOJIBKO U3 OJHOTO LIECTHY- 0 &
TOJIBHOTO KOJIBLA. NL__ ’A“‘N’H Ho A ey

CyliecTBYIOT /Ba Pa3/IMUHBIX THUIMA MYPUHOBBIX OC- H{ J‘/\ /L N 2
HOBaHUM — afieHuH (A) ¥ ryaHuH (I') u Tpu pa3/MuHBIX N N-;” fhz O{I’\‘N/’“H
TUINA TUPUMUJUHOBBIX OCHOBaHUM - nuTo3uH (L), Tu- H 0
MuH (T) u ypayun (Y). lli%,}%HlI)/II?K UMUK

B cocraBe [JHK nHaxozdaTca HyKJI€OTHABI, coJepiKa- (AHK, ) (IHK, PHK)
I1e a/leHUHOBbIE, TYaHUHOBBIE, [UTO3UHOBBIE U THMHU-

HOBbIe a30THCTble ocHOoBaHus; PHK cozmepxxut HykJ1eo- AT H\N_/'"L-,VH
TH/Ibl, COJep>Kalllie a30THUCTble OCHOBAHUS aJleHUHa, Pl \\1 l |
ryaHMHa, IMTO3WHA U ypaluJa. '\? = 'T_ 9 gy~ H

HasBaHWe HYK/JIEMHOBBIX KUCJOT CBSI3aHO C OJHUM \H__O_,// g

M3 UX OCHOBHBIX KOMIIOHEHTOB - NeHTo3aMu. HykJieo-

dochopHbIe ocTaT-  yparua
TuAbl PHK BktoyaroT pu603y, Hykaeotuasl JJHK Bkito- k4 ([JHK, PHK) PHK)

4aloT [|e30KCUPUO03Y.
Puc 1.19. CocTaB HyK/JIEOTH/IOB
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IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA

1.9. Hyk/1euHo8ble Kuc/10mul

Hykneotubl, Bxoasauue B coctaB /IHK, Ha3biBaloTCA 1€30KCMPUOOHYKIE0TUAAMH, HY-
KJ1e0TH/ibl, Bxogsmue B coctaB PHK, Ha3biBaoTcs pubOHYKIIE0THAMHU.

TpeTbUM KOMIIOHEHTOM HYKJIEOTHUJOB £BJSAETCA OCTaTOK ¢GOCPOPHON KHUCIOTHI
(HPO,*). 3ta monekya npuzaeT JJHK u PHK kucioTHbIE CBOMCTBA.

B mponecca cvHTe3a HYKJIEOTHAOB a30THUCTOE OCHOBAaHWE U NEHT03a COeJUHANTCS
IJIMKO3U/IHBIMU CBSI3aMU U 06pa3yloT HyKJ1eo3us. HykeoTus obpasyeTcs npu cCOeJMUHEHU N
neHTo3HOM W QocdaTHOU rpynn B HykJeo3uze depe3 3dpupHyro cBa3b. O6pa3oBaHue
IJINKO3U/IHBIX U 3QUPHBIX CBSI3eH CONPOBOXK/AETCS BblJleJIEHUEM OZHOM MOJIEKYJ/IbI BOJBI.
HykJieoTuibl CyKaT CTPYKTypHbIMU eguHuIiamMu MmoJsiekysa JIHK u PHK (puc. 1.20).

P

H " e

Wi~ -CHy azoTucToe
‘ OCHOBaHMe

/
., s
O

docparnas M

A rpymmna

y ﬁ “‘\\ CBAI3b

|
TJIMKO3U/I- [O—P—{C—cH, ([©
Has CBA3b b / y .

a
H\N . CH, a30THCTOe
OCHOBaHMe
/}.\‘\

P H . 9bupHas O H

VMIMKO3U /-
HadA CBA3b

H IIEHTO03a

OH H b

HYKJIEO3U/[, HYKJIEOTH

Puc 1.20. A - nHyk/eo3uJ; b - HyK/JeoTUn,

Mousiekysbl IHK Bcex *XUBbIX OPraHU3MOB COCTOAT U3 HYy-
KJIEOTHJIOB OJHOTO THMA. XOTS TUIIbl HYKJIEOTUO0B B KJIEeTKax
KMBbIX OPraHM3MOB OJMHAKOBBI, UX NOPALOK U KOJIUYECTBO
OT/IMYAKTCA APYT OT Apyra. UMeHHO 3Ta XapaKTepUCTHKa SB-
JIsieTCcsl OCHOBHBIM (aKTOPOM pa3HO06pa3us »KUBbIX OpraHu3-
MOB.

U B JIHK, u B PHK docdaTHas rpynmna oJHOTO HyKJieOTHAa
Coe/IMHEHA C IeHTO30M pyroro Hyk/JaeoTuAa yepes pocdou-
adupHbIe CBSA3H, 00pa3ys AJUHHbIE IOJMHYKJIEOTUAHbIE LIENH.

OpvH KOHel, NOJIMHYKJIEOTUAHOU Lield Ha3blBAeTCH
5’-KOHI|0M, a [pyroy KoHel Ha3biBaeTcs 3 -KoHuoM. [Tocsieo-
BaTeJIbHOE pacloJIoKeHHe HOHYKJIEOTUZ,0B B ITOJUHYKJIEOTH-
JlaX COCTaBJIsIeT €ro IeEPBUYHYIO CTPYKTYPY.

Crpykrypa u ¢ynkuuu JHK. Mosekynnl JIHK npeacras-
JIIOT CO00M JiBe BIIpaBO3aKpyuYeHHble BOKPYT 061lel ocH Mo-
JIMHYKJIEOTUHBIX LleNH, UJIU ABOUHYIO criupasb. Llenu B aToi
JBOWHOM CIIMpaJlM aHTUINApaJ/lJIe/IbHbI, OJHA HauyUHAeTcd C
3’-yryepojia U 3akaH4YMBaeTcs 5°-yryiepojoM, Apyras Hadu-
HaeTcsi ¢ 5'-yryiepojia u 3akaHuuBaeTca 3 -yriuepogom. Ilypu-
HOBbI€ U MUPHUMHUIUHOBBIE OCHOBAHUSA PaCIOJIOKEHbl BHYTPU
cnupasu (puc. 1.21) [lypuHOBOe OCHOBaHHeE OJHOM LleNHU U MHU-
PUMHAMHOBOE OCHOBAaHUE JPYrod Lieny CoOefUHSTCA JPYT C
JIPyrOM C NOMOLIbI0O BOJOPOJAHBIX CBsA3el, 06pa3ys KoMILje-
MeHTapHble Naphl.

Mexay aZleHUHOM U THMHHOM 06pasyloTcs JBe BOJOPO/J-
Hble CBA3Y, a MeX/y 'YaHUHOM U JUTO3WHOM — TPHU BOLOPOJ-
Hble CBsI3U (puc. 1.22).

OfvH MOJHBIM BUTOK cUpaau cofepkuT 10 map HykJieo-
TUJIOB, €€ JIJIMHA COCTaBASeT 3,4 HM.
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3,4 HM

1 BUTOK crpanu

JAvamMeTp MOJIEeKY/IbI=2 HM

Puc 1.21. CTpoeHHEe MOJIEKYJIbI
JHK



IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA
1.9. Hyk/a1euHo8ble Kuc/10mul

KoMnieMeHTapHOCTh a30TUCThIX OCHOBAHUM SIBJISIET- @ Ttumun (T)
cs xuMuyeckod ocHoBod ¢yHkuuu [JHK mo xpaHeHuio u CH,
nepejiaie HacJle[ACTBEHHOH MHPOPMALMM OT MOKOJIEHHA WD\\
K okoJsieHu10. HacneacTBeHHass uHGopMalus nepesaércs K N H\ /H
110 HAcJeACTBY 6e3 OMMOGOK TOJbKO MPHU COXpaHEHUU Mmo- \"’ ™K N
cJ1eJloBaTeIbHOCTH HYK/IeoTUA0B. JIHK 0601 K1eTKH KO- o] H“‘N 7 N
JUpyeT UHPOPMAIMIO O CTPYKTYpe Bcex Oe/IKOB JJaHHOTO - | N}HH
opraHusMa. H” N

B 1950 r. amepukaHckuil yuénbiil 3. Yapradpd u ero
KOJIJIETH U3y4uJU cocTaB MoJiekyabl JJHK n ycranoBuimn
cleAyolie 3aKOHbl, KOTOpble BIOCJEACTBUU ObLIM Ha-

azeHuH (A) Co

3BaHbI npaBuamu Yapradda: @  uurosuH (1)

1. KonnyectBo afieHuHOB B MoJsekysne JJHK paBHO Ko-
Ju4ecTBy TUMHUHOB (A=T), a KOJIMYeCTBO T'yaHUHOB PAaBHO H 'L
KoJIn4ecTBY LIMTO3MHOB (I'=L1). H\%\( ~

2. KosnyecTBO NYypUHOBBIX a30THUCTBIX OCHOBAaHUM N lN H \\
pPaBHO KOJIMYeCTBY NUPUMUAUHOBBIX a30THUCTBIX OCHOBA- -~ \l'r S o
Hul (A+I'=T+C). o “ H "

3. CymMMa HyKJIeOTUJOB C aJ€HUHOM W TYaHUHOM \H | ")—H
paBHa CyMMe HYKJIEOTHJIOB C THUMHMHOM M LUTO3MHOM \N =N
(A+L=T+I). | |

IJTO OTKPBITUE MTOMOIJIO ONPEEJIUTh NPOCTPAHCTBEH- H Tyauun (I @@
Hy10 cTpYKTypy /IHK 1 eé posib B 06ecriedueHMH TOYHOM NTe-  Puc 1.22. cxeMa 06pa3oBaHUs
pefilauy HacaeCTBeHHON HHopManuu. Onrpasach Ha npa- KOMILIEMEHTapHbIX ap a30THUCThIX
Buia Yapradda v cBeseHUs], NMoJydeHHble aHTJIUHCKHUM OCHOBaHHH

6uodusrkoM M. YUJIKMHCOM, O IPOCTPAHCTBEHHOM cTpoeHUH MoJjekysbl JIHK, B 1953 r.
aMepUKaHCKUH yyeHbIN [>K. YOTCOH M aHTIUHCKUU 6uosior @. Kpuk npeiioxuin Tpéxmep-
HYI0 CTPYKTYpPHYI0 MoZesb MosieKysbl JIHK.

Crpoenue u pynknuu PHK. Ctpoenue PHK

cxoxke co ctpoeHueM MoJsekysnbl JIHK. Opnako A _.?

€CTb HEKOTOpPbIE OTIMYHUS. SE— 5
H3BecTHO, yTO Mosiekyabl PHK comepxat pu- .,'W\M

603y BMECTO /1e30KCUpPU603bl U ypauua (¥Y) Bme- 2,

cto TumuHa (T). Monekynbsl PHK ofnHonenovey- 5 -GG

Hble. KoMmieMeHTapHble HYKJIEOTHJAbl B LEeNH Q-G

PHK cnoco6HbI 06pa30oBLIBaTh BOAOPOAHbIE CBS- ool

3u Apyr ¢ ApyroM. Mosiekynsl PHK HaMmHOTO0 KOpO- KE

Yye 1o aJuHe, yeM JIHK. e A T KOJBLO
B KkJeTKe HMMeeTcsl Heckosibko TumnoB PHK, }II""AG—A—(‘—A—C'/CJU\A

pa3/MYalIlUXCs pas3MepaMH, CTPYKTYpoH U F A EL A% b

dyHKuUMel cBoux Mosiekyn. Bee Tunbl PHK cunre- ST A G C-U-G-U-G é

a “o-u-c-¢ Gy Uy~

3MpylOTCs B Ol'IpEf[eJIéHHbIX y4acTKax OJHOH U3 & .1 G
uener /JIHK. Tako cuHTe3 Ha3bIBaeTCsl MaTpUi- b, " N G
HBIM CHHTe30M, IOCKOJIbKY Mojiekyna JIHK apna- ¢ L
eTcs MaTpuIlei A cuHTe3a MoJsiekys PHK. Eﬁ
Pu6ocomanbHaa PHK (pPHK) cocraBaser P
80 % Bcerr PHK B xsieTke. MoJsiekynbl pPHK co- d R
eIMHSIIOTCS CO CrelUaJlbHbIMU OeJIKaMu U o6pa- AHTHKOAOH- _ ¢ z
3YI0T pU60COMBI — OpPTaHeJ/IJIbl, B KOTOPBIX CUHTE- A \E:i:ii

3UPYIOTCS OEJIKU.

Puc. 1.23. Ctpoenue TPHK

35



IJIABA 1. MOJIEKYJIAPHAA BUOJIOTUA
1.9. Hyk/1euHogble Kuc/10mul

TpancnoptHas PHK (TPHK) coctaBnsieT okosio 15 % Bcex kieTouHbix PHK. Mosiekyiibl
TPHK nMmeroT oTHOCUTEIbHO MaJieHbKui pasmep (B cpegHeM 80 Hyk/1eoTH/10B). biarogaps
06pa30BaHUI0 BOJIOPOJHbBIX CBsA3eill BHYTpU MoJieky/ibl TPHK, oHa uMeeT npocTpaHcTBeH-
HOe CTPOEeHUE, Ha3blBaeMoe «KJieBepHbIM JucToM» (puc. 1.23). @yukuusa TPHK 3akitovaeT-
sl B lepeHoCce aMHUHOKUC/IOT Ha pU6OCOMBI M y4acTHUM B IIpoOliecce CHHTe3a Hesika.

UHdopmanmroHHbie iy matpuudble PHK (MPHK, MPHK) pasnuyatoTcs no pasmepy u
cTpykType. Mosiekysnbl MPHK coxpaHsitoT ©uHpopMalMio 0 CTPYKType onpe/ieJIEHHOT0 6eJ-
Ka. B nporecce cuHTe3a 6esika B pubocomax MPHK BeicTynaeT B poJsii MaTpulibl, I03TOMY
6UOCHHTE3 GesiKa TaKXKe SIBJIsIeTCs MAaTPUYHbIM npolieccoM. PyHkuuu Bcex TunoB PHK cBs-
3aHbI C IpoleccaMy CHHTe3a beJsiKa.

I[IpiMeHeHN e HOBBIX 3HAHMIA.

3HaHMe ¥ NOHUMAaHUue.

1. Kakue rpymmnbl 61M0J0THYECKUX TOJIUMEPOB Bbl 3HaeTe?

2. 0nuumunTe CTPYKTYpPY, CTPOEHHE U CBOWCTBA aMUHOKUCJIOT.

3. laiiTe onpeeseHre 3aMEHUMbIM U HE3aMEeHUMbIM aMHUHOKHCI0TaM.
4. O6'bSICHUTE CTPYKTYPHbIE YPOBHH GEJKOBBIX MOJIEKYI.

5. Knaccuduuupyiite 6esKku o UX QyHKIUIM.

I[IpumeHeHue.

1. CuHTEe3UpyUTe BTOPYIO LieNb HA OCHOBe nepBou enu /JHK.

1 uenp
JIHK
2 Llelb
JIHK

2. B cocraB uPHK Bxogut 34 % ryanuHa, 18 % ypanuia, 28 % uutosuna u 20 % age-
HUHa. Onpeze/iMTe NPOLLEHTHBIN cocTaB HykJeoTuoB JHK, nocnyxuBnii MmaTpunen a/s
atoit uPHK.

Anasmms. CpaBuute ctpoenue /IHK u PHK v 3anosinuTe Tabauny.
XapaKTepuCTUKH AHK PHK

Hanunyue B KJeTKe

Qyukusa

[TorunenTugHas 1edb

YrneBogpbl

[lypriHOBBIE OCHOBaHHUA

HI/IpI/IMI/I,ELI/IHOBbIe OCHOBAHHA

CuHTe3

Cunres. Hapucyiite mozaenu JHK u PHK. B mozaensx npefcraBbTe HyKJI€0TU/[bl YETHIPb-
Ms pa3HbIMU 1iBeTaMu. [lokaxkuTe pochoanadup, BOLOPOAHBIE CBSA3HU.

OueHka. Y ucciefoBaTess uMeloTcsa Tpu MmoJiekysbl JJHK oguHakoBol fivHbL. U3BecT-
HO, YTO KOJIMYEeCTBO TUMHUHOBBIX HyKJ1eoTH/10B (T) B mepBoM o6pasiie coctarisieT 20 % oT
o611ero KoJM4ecTBa HyKJIeoTH/I0B, BO BTOpoM — 36 %, B TpeTbeM - 8 %. UcciesoBaTenb
HayaJ HarpeBaTb o6pa3ubl JIHK, nocrenenHo noselas TeMnepaTtypy. B aToMm ciyvyae kom-
IJIeMeHTapHble LellM Hauya/ld OTAeATbCA APYT OT Apyra. DTOT MPoLecc Ha3blBaeTCs MJIaB-
senveM /JJHK. Kakoil o6pa3zer; pacTBOpPUTCS MePBbIM, a Kakou nocieqHuM? UTo sBjseTCs
NPUYUHOU 3TOr0?
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IJIABA I. MOJIEKYJIAPHAA BUOJIOTHUA
1.10. [Ipakmu4eckoe 3aHamue. PewieHue 3aday, c8s13aHHbIX co0 cmpoeHuem /IHK u PHK

1.10. MIPAKTHYECKOE 3AHATHE.
PEHIEHME 3A/AY, CBA3AHHBIX CO CTPOEHHUEM JHK U PHK

Ilenb: U3yYHUTh METO/ bl pellleHus 33/1a4, CBSI3aHHbIX co cTpoeHueM /IHK u PHK.

HYKJIEI/IHOBbIe KHUCJOThBI — INOJINMEPDbI, d UX MOHOMEPbI — HYKJIEOTHU /I bI. Ka){(ﬂblﬁ HYKJI€O-
THUA COCTOUT U3 3 KOMIIOHEHTOB.

H.
IlopsAA0K BbINOJTHEHMS PaGOTHI: p- J«\L

1. CpaBHeHue /IHK u PHK.
2. U3yyeHue MeTO/IOB pellleHUs 3ajady, I I

0
on E”
cBA3aHHbIX co ctpoeHueM /IHK u PHK.

3. Pewnenue 3a/1a4, CBSI3aHHBIX CO CTPYK- ﬂ
Yo JHK 1 PHE. ESoRaGont © | °

4. 06¢cynuTe U ciesIaiiTe BHIBOIbI.

z/’%

r|

1. CpaBHeHue /JHK u PHK.

2. 3yyeHue MeTOA 0B pelleHus 3a4a4, CBA3aHHbIX co ctrpoenreM JHK u PHK.

1. ®parment JHK coctouT u3 3 500 HyksieoTu0B. Onpesenure JJUHY U MOJIEKYAsIp-
HY0 Maccy 3Toro ¢pparmeHnTa MoJsiekysbl JIHK.

Pemenue: 1) U3BecTHo, uTo MoJiekysa JJHK cocTouT U3 AByX 1ienei, a KoMnieMeHTap-
Hble HYKJIEOTH/Ibl pacioJioKeHbl onapHo. Cae0BaTeNlbHO, 0061 ee KOJTUYECTBO HYKJIEOTH-
JIOB, 06pa3ymoIIMX JBe IelH, CeJyeT pa3iesuThb Ha JiBa: 3 500:2=1750 HyKJIeOTUOB.

2) Paccrosinue MexAay AByMs HykjaeoTHAaMu paBHo 0,34 HM. [loaTomy AJig onpefee-
HUS AJUHbI parMeHTa MoJiekyJibl JIHK He06X04MMO KOJIMYeCTBO HYKJIEOTU,0B YMHOXKHUTD
Ha JVIMHY paccTosiHUus Mexay Humu: 1 750 - 0,34 = 595 um.

3) MouekynsipHas Macca ¢pparmenTa /JHK paBHa ko/1MuecTBY HyK/J1€0TH/|0B, yMHOX€EH-
HOMY Ha Maccy 1 HykseoTuza (Macca 1 Hyk/JeoTHAA IPpUMepHO paBHa 345 r/MoJ1b):

3500-345=1207 500 r/mosb

OtBet: [sinHa ¢parmenTta JIHK, cocrosiero u3z 3 500 HyK/J1e0TH/I0B, COCTaBJISIET
595 um, a ero macca 1 207 500 r/moJ1b.

2. Ecnu pnuna pparmenTta [JHK cocraBasier 544 HM, onpezennTe 061ee KOJUIECTBO
HykKJieoTu10B pparmenTa JJHK.

Pemenue: 1) YuuThiBasi, 4TO pacCTOSIHHE MEXAY JBYMSl HYKJEOTHJAMH B MOJIEKYyJe
JHK pasno 0,34 HM, AJ151 onipe/ie/ieHHs YMCIa BXOJASLMX B HE€ HYKJIEOTHUIOB HEOOXOIUMO
AaunHy dparmenTa paszaenuts Ha 0,34 HM. 544 : 0,34 = 1 600 HYK/JI€OTU/OB.

2) YuutsiBas, yTo mMoJsekysa JAHK coctouT u3 AByx 1ienem, yMHOKaeM pe3yibTaT Jiese-
Hus Ha ZiBa: 1 600 - 2 = 3200 HyKJIEOTUJOB.
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IJTIABA 1. MOJIEKYJIAPHAA BUOJIOTUA
1.10. lIlpakmuyeckoe 3aHssmue. PewieHue 3aday, c8s13aHHbIX co cmpoeHuem JJHK u PHK

OtBeT: Mosiekysa JHK giinnoit 544 uMm copepkut 1 600 nmap uiu 3 200 HyKJI€OTU0B.

3. ®parmenT mosekyJibl JJHK coctouT u3 5 760 HyK/I€O0TH/I0B, U3 KOTOPBIX KOJIUYE-
CTBO IITMTO3WHOBBIX HYKJIEOTHI0B paBHO 1 125. OnpenenvTe AJMHY JaHHOTO dparMeHTa
Y KOJINYECTBO aJleHUHOBBIX, TAMUHOBBIX, [YyaHUHOBBIX HYKJIEOTU/OB.

Pewmenue: [lo npaBuny kommiaemeHntapHoctu A=T, I'=1] B monekyJsie JIHK. CooTBeT-
CTBEHHO, €CJIM KOJIMYECTBO HYKJIEOTU0B IIUTO3UHA paBHO 1125, KOJIMYECTBO HYKJIEOTHU-
JIOB I'yaHWHa Takxxe paBHO 1125. /lns onpefeseHrs o61iero KoJn4ecTBa aJleHUHOBBIX U
THMHUHOBBIX HyKJIEOTHU/IOB:

1)1125-2 =2 250 (L+D);

2)5760-2250=3510 (A+T);

3)3510:2=1255(AunuT).

OtBeT: Mosiekysia [IHK, coctosimast u3 5760 Hyk/eoTU0B, coaepXUT 1 125 nuto3u-
HOBBIX HYKJIEOTHU/I0B, @ KOJIMYEeCTBO I'YaHMHOBbIX HYKJIEOTU/0B TakKe paBHO 1 125. Cym-
Ma KOJIMYeCcTBa aJleHUHOBBIX U TUMHUHOBBIX HYKJI€0TUI0B cocTaBJsieT 3 510, a KakAbli
13 HUX paBeH 1 255.

4. OnpenesnTe KOJIMYECTBO BOJAOPO/IHBIX CBA3€el, eciv B ogHou nenu JJHK HykieoTu-
Jbl PacoJIoKeHbl B CIeAYIOIEM OPSAJKE:

OUCATTATTTATATTTALT

Pemenue: 1) Mosiekysa JHK cocTouT U3 AByX Lienei, U HYKJeOTUAbI B ABYX LENsX
MeX/ly 0601 KOMIIJIEMEHTApHO COeIUHSAIOTCS BOJLOPOHbIMHU CBsi3aMu. TakuM 06pa3om,
Mbl KOHCTpYUpyeM KoMIieMeHTapHy!o nenb JIHK ncxogHon nenu:

[ILITATTATTTATAITTALIT
ITUTLATAAATATLIALTTA.

2) YuyuTbiBas, uto Mexay ' u 1] umeeTcs 3 BoJOpOiHbIX CBsI3U, a Mexay Au T - 2,
omnpejiesisieM KOJMYECTBO BOJOPOJHBIX CBsi3dedl. Bo ¢parmenTe 12 map A-T, 3HayuT:
12 - 2 = 24; map I'-11 7, cnepoBaTtenbHo: 7 - 3 = 21; 24 + 21 = 45.

OtBeT: B nanHom ¢pparmenTte JJHK 45 BogopoaHbIX CBsA3EM.

5. Ecau mosekysa IHK coctout u3 6 000 HyKJIeOTU/0B, HAaWIUTE KOJUYECTBO IOJI-
HbIX 060poTOB MoJieKy.ibl JIHK.

Pemenue: 1 nosnbit 060poT cnupasiu AHK coctout n3 10 nap Hyk/eoTruaoB. 6 000
HYKJIEOTHU/I0B B JJaHHOM 1ienu cocTaBasg0T 3 000 nap ocHoBaHu#. CiieloBaTE/IbHO, KOJIU-
4yeCcTBO NMoJIHbIX 060poTOB: 3 000 : 10 = 300.

OtBet: B nenu /IHK 13 6 000 nyksieotu10B 300 noiHbIX 060POTOB.

3. Pemienue 3aaa4, cBA3aHHbIX €O cTpyKkTypou JHK u PHK.

1. ®parmenT Mosiekysnl JIHK coctout ns 6 000 HyksneotuzoB. OnpesennTe AJAHY
atoro ¢pparmeHTa moJiekyJnl JJHK.

2. @parmeHT MoJiekysbl JIHK cocTouTt u3 700 nap Hyk/eoTuZ0B. OnpesenuTte JJUHY
aToro ¢pparmMeHTa moJiekysbl JJHK.

3. ®parmenT Mosekysbl JIHK coctout us 3 000 HykJ1IeOTUA0B, U3 KOTOPBIX YUCJIO LIU-
TO3UHOBBIX HYKJ1I€OTHA0B paBHO 650. Onpegenute AauHy fJaHHoro ¢pparmMenTta JJHK u ko-
JINYeCTBO aJleHUHOBBIX, TAMHUHOBBIX, [YaHUHOBBIX HYKJIEOTH/OB.

4. ®parmenT MoJiekysbl JJHK coctout n3 730 nap HyK/JI€0TH/I0B, U3 KOTOPBIX YUCJIO
I'YaHUHOBBIX HYKJIEOTH/I0B paBHO 425. OnpezenuTe AauHYy AaHHoro ¢pparmenTta JJHK u
KOJIMY€eCTBO aleHUHOBbIX, TAMUHOBBIX, ITUTO3UHOBbIX HYKJIEOTU/0OB.

5. OnpenenvTe KOJMYECTBO BOJOPOAHBIX CBSI3eH, ecyu B ogHou Lenu JJHK nykneoTu-
Zibl PACIIOJIOKEHBI B CJIeiyI0leM NIopsa/Ke:

TUIATTAOUOTATTATLLIIIIT.
4. 06cyauTe U caesiafiTe BbIBOADI.
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IJTABA 1. MOJIEKYJIAPHASA BUOJIOTUA

3AJAHHUA K IVIABE 1
1. 3anuuuTe XapaKTEPUCTUKH YPOBHEH KHU3HHU.

YpoBHU XKHM3HU CymHoCcTh

2. 3anoJsiHUTe TabJyuLy, CpaBHUB ocobeHHOCTH cTpoeHus JJHK u PHK.

CBoiicTBa JHK PHK
MoJiekynsipHas CTPyKTypa
MoHoMepHbI
Hykyieotuzanl
CeoiucTBa
DyHKIUU

PacnosioxxeHue B KJ1eTKe

3. OnpejiesinTe COOTBETCTBUE OPraHMYECKHUX BEIlleCTB C UX CBOMCTBAMM, TPUBE/IEH-
HBIMU B TabJIMIIE.

OpranudyeckKue .
I/u P OTBeT CBouicTBa
BellleCcTBa

'napodobHOE BellecTBO, IIJI0X0 pacTBOpSAIeecd B

1 |YrneBogabl A Apod . ’ p pAIom
BOJie
C NOMOIIBIO NEeNTUAHOU CBA3U 00pa3yoT

2 |Benkn b a A pasy

NMoJIMNEeNnTUHbIE LIeITU

HyxknenHoBbie

B OCHOBHOM UCTOYHUK JHEPIrruun KJIETKH
KHCJIOTBI

CozepxuT GpochopHYI0 KUCJIOTY, MOHOCAXapU/bl U

4 | Jlunugbl r
A30THCThIe OCHOBAHHS

4. OnpenesnTe COOTBETCBHE XUMUYECKUX 3JIEMEHTOB C UX CBOMCTBAMU.

XumMnyeckum .,
/1 OTBeT CBoiicTBa
3JIEMEHT

1 |Yrnepog A |BXOAWT B COCTaB }eJIyL0YHOr0 COKa

2 |Kucnopog b BxoauT B cocTaB reMoIyIo6MHA U MUOTJIO6MHA

3 | docdo B BXoUT B cOCTaB MOJIEKYJIbI XJI0pOdHUIIIa, TIPUHUMAET

p y4actue B cuHTe3e /JHK B kauecTBe KopepmeHTa
. BxoauT B cocTaB HyKJIEMHOBBIX KUCI0T, AT®, pepmMeHTOB

4 |Kanpuun r A . y ! , dep
1 KOCTHOM TKaHU

5 | Marsuii i Ob6ecne4yuBaeT CBEPTHIBAEMOCTb KPOBU, COKpallleHUe
MBIIIII], BXOJUT B COCTaB KOCTHON TKaHU
[IppHUMaeT y4acTHe B Mpollecce AbIXaHHUs a3POOHBIX

6 |Keneso E p y pon A p
KJIETOK

7 |Xnop E  |BxoguT BO BCce opraHuyeckue coeJMHeH s

5. Kakue MoOHOMepbl opraHuye-
CKMX BeILeCTB COJepKaTcs B 3THUX
npoayktax? Ha3oBuTe XuMHYecKHe
3JIeMEeHTbI, BXOJsALHe B COCTaB MOHO-
MepOB.




I/IABA 11

KJIETOYHAA
bUOJIOT'UA

2.1. JykapuoTtnyeckas KjieTka. KiilerouHas cTreHka.

2.2. llutony1asma. HemeMOpaHHbIe OPraHOMAbI KJIETKH.

2.3. MeMOpaHHbIe OPraHOU/bI KJIETKH.

2.4. JJabopaTopHas pa6oTa. U3yyeHue BJIMAHUSA TEMIIEePATypPhbl HA
KJIETOYHYI0 MEMOPaHY.

2.5. Aapo.

2.6. [IpokapuoTnyeckas KJieTkKa.

2.7. [IpakTnyeckoe 3aHaTHe. CpaBHUTE/IbHOE H3y4YEeHHEe CTPOECHUA
NMPOKAPUOTUYECKHUX U IYKAPUOTHYECKUX KJIETOK.

2.8. O6MeH BeleCcTB. JHepreTUYeCKi OOMeH.

2.9. [IpakTnyeckoe 3aHaTue. Peinenue 3asay, CBA3aHHbIX C
3HepreTU4eCKUM OOMEHOM B KJIEeTKaX.

2.10. Peanu3anus reHeTUYECKOM MHPOPMALUH B KJIETKE.

2.11. lIpakTHyeckoe 3aHsATUe. Moae/IMpOBaHMe OGHOCHHTE3a GeJiKa.
2.12. Pa3MHOX@XeHH e IPOKAapUOTHYECKHUX U 3YKaPUOTHYECKHUX K/IETOK.
2.13. Mewos.

2.14. J1abopaTopHas pa6oTta. U3yyeHue nponecca MUTO3a C IOMOLIbIO
MHUKpoInpenaparos.

2.15. IIpakTuyeckoe 3aHsATue. CpaBHeHue pa3 MUTO3a U Meio3a.




IJIABA I1. KIETOYHAA BUOJIOTUA
2.1. Jykapuomuyeckas Kj1emka. KiemouHasi cmeHka

2.1. 3YKAPUOTHYECKAA KJIETKA. K/IETOYHAA CTEHKA

IIpoBepka 6a30BbIX 3HAHMI. UTO Bbl 3HaeTe O CXOJICTBAX U
Pa3IMYUAX IYKapPUOTUUECKHX U IPOKAPUOTUYECKUX KJIETOK?

[0 CTPOEHUIO KJIETOK KUBbI€ OPraHU3Mbl JieJsaTcsd Ha 2 6osib- || [Ipokapuor
LIM€ FPYIIIbI: TPOKAPHOTHI U 3yKapHOThI. [IpOKapuoThI - 3T0 op- | dyKapuoT
raHu3Mbl, He UMerome 0GOPMJIEHHOTO A/pa, TO ecTh 6esazep- [ [l1asmMosemma

Hble, HallpuMep, 6aKTepPUHU. [IMKkokanukc
JyKapuoTH4YecKas KJaeTKa. JyKapuoThI (0T rped. eu - «uc- IH/I01MTO3
TUHHBIWY», karion - «1po») — OpraHU3Mbl, y KOTOPBIX [TOJIHO- daronuTos

cTbio chOpMUPOBaHO Apo. K saykapruoTaM oTHOCATCA NpoTHCThI, [ [IMHOLMTO3

IpuOBI, pAaCTEHUS U }KUBOTHBIE.

HeUpoH

PECHUYHBIN 3NUTETUN
il

njacTuga

KOCTHafd KJIeTKa SPUTPOLUTDBI

Helporius

ﬂﬁueKﬂeTKa ’KMBOTHAA KJIETKaA cnepMaTo3on/

Puc 2.1. Buzibl 3yKapuOTHYECKOM KJIETKU

JyKapUOTUYECKHE KJIETKH CaMbIX Pa3HbIX OPraHMW3MOB OTJIMYAKTCSA pasMepaMy,
dopMoii 1 cnenupudeckuM ctpoeHueM (puc. 2.1). Kpome Toro, KJieTKH B pa3HbIX TKa-
HSIX OJJHOTO U TOT'0 Ke OpraHu3Ma MMeloT pa3Hoe cTpoeHue. HecMoTps Ha pa3Hoo6pa-
3Me 3yKapHUOTHUYECKHUX KJIETOK, B UX CTPOEHUH eCTb 06111e CBOUCTBA (puc. 2.2).

Y MHOTOKJ/IETOYHBIX OPraHU3MOB COMAaTUYECKHeE U I10JI0BbIe KJIETKH pa3/IndaloTCs.
ComaTuryecKue KJIETKHU ABJIAKTCA KJIeTKaMU TeJsla, U UX XPOMOCOMHBIMA Habop JUIJIO-
U/HbIN. [I0JI0BbIE KJIETKU NPEACTABISIOT COO0M AUIEKIETKH U CEMEHHUKH, a UX XPO-
MOCOMHBIY HAabOPp ranouHbIH.

Kaxxzasa sykaproTrdeckas KJeTKa COCTOUT U3 3 YacTel: Hapy»KHOU LUTOIIa3Ma-
TUYeCKOM MeMOpaHbl, [UTOMNJIa3Mbl U OPraHOU/0B.

UccnenoBanus, npoBeiéHHBIE CIOMOLLBI0 3JIEKTPOHHOI'0O MUKPOCKOIIQ, I03BOJIMJIU
onpeJieJIMTh HaJM4Me TOJICTOM HApY>XHOU CTEHKHU y KJIeTKU IpUbOOB M pacTeHUU U
TOHKOU Hapy>KHOU 000JI0UKH Y KJIE€TKH )KUBOTHBIX. KileTouHas MeMOpaHa CBA3bIBAET

41



IJTIABA 11. K/IETOYHAA BU0OJIOTUA

2.1. Jykapuomuyeckas K1emka. KaiemouHasi cmeHka

Puc. 2.2. A - ’KUBOTHas KJeTKa; b - pacTuTe/ibHasd KJ1eTKa; B — rpubHas KjieTka.

1 - KJleTOYHas CTeHKa; 2 - IVIaJiKkasl 3HJOIJIa3MaTHyeckas CeTh; 3 — IMUTOIJIAa3Ma;
4 - MUTOXOHJIpUs; 5 — a/1po; 6 - lIepoxoBaTas 3H/OMJIa3MaTUYeCKasl CeThb; 7 — pubocoma;
8 - masmaruyeckass MeMbpaHa; 9 - inzocoma; 10 - annapat losbaku; 11 - KJIeTOYHBIHN IIEHTP;
12 - BakyoJib; 13 - mutactuja.

KJETKHU C BHEIIHeH cpefiod U JpyruMu KieTkaMu. OH TakKe BbINOJHAET QYHKIUU
3aluThl (6apbepa), U36UpaTebHOr0 IPOXOK/AEHUS BellleCTB U peLieniTopa. 060s104Ka
YKMUBOTHBIX KJIETOK O4YeHb TOHKAs U 3JIaCTUYHasl.

OCHOBHOM YacTbI0 KJI€TOYHON 060/I0YKH SIBJISIETCSA MJIa3MaTUYecKast MeMbpaHa. Y
YKHUBOTHBIX KJIETOK C HAPY>KHOW CTOPOHBI IJIa3MaTUYeCKOW MeMOpaHbl pacroJioraeT-
s TJINKOTIPOTEUHOBBIN KOMILJIEKC, KOTOPBIM Ha3blBaeTCs INIMKOKAJIUKCOM. [1ocko1b-
Ky TJIMKOKAJIMKC UMeeT 60JIblLI0e KOJIMYEeCTBO PELlENITOPOB, OH CBSA3bIBAET KJIETKU C
BHEILHEU CpeJior U JPyrMMH KJIeTKaMHU.

Hapy»xHasi HOBepXHOCTb MeMOpPaHbl paCTUTEJbHOM KJIETKH MOKPbITA L|eJIJIF0JI030H,
a BHELIHSAs MOBEPXHOCTb MeMOpaHbl KJIETKHU I'PUOOB MOKPbITA KJAETOYHOW CTEHKOH,
cocTosel U3 XuTUHA. KiileTouHas cTeHKa TakKe BBIIIOJIHAET ONOPHYI0 QYHKIUIO.

OCHOBHYW 4YacTh KJIETOYHON OOOJIOYKH COCTaBJSET LUTONJIa3MaTUYecKas
MeMOpaHa (mJasMaThyeckass MeMbpaHa), ABJSIONASCA YHUBEPCAJIbHOU [IJIsT BCEX
KJIeTOK. B HacTosi1lee BpeMs y4EHbIMU IPUHSATA )KUAKOCTHO-MO3aWYHasi MOJieJib MEM-
6paHbl. OCHOBHBIMY KOMIIOHEHTAMHU IJ1a3MaTUYeCKOW MeMOpaHbl ABJASIOTCS JIUU/ b
U 6eskd. Jlunugbl coctaBasioT 40 % mem6panbl. Haubosiee pacnpocTpaHEHHBIMU U3
HUX ABAATCI GOCHOIUNU/BI.

®ocdonmnubl B MEMOpaHe pacnoJiaralTcs B jBa c1osi. Mosiekysia pochonunuja co-
CTOUT M3 MOJIIPHOMN rMAPOGUIbHON OJIOBKH U HENOJISIPHOTO THAPodoOHOro xBocTa. B
[IUTOILJIa3MaTU4YeCKOW MeMbpaHe ruApodUIbHbIE TOJOBKU 06pallieHbl K BHELIHEN U BHYT-
peHHel cTopoHaM MeM6paHbl, a THAPOGOOHBIN XBOCT 06pallléH K BHYTPEHHEN CTOPOHE
MeM6paHhbl (puc. 2.3). MeMbpaHa TakXKe BKJIIOUAET WHTerpajibHble U nepudpepudeckKre
6esky. UHTerpaibHble GeJIKU NOrpyKeHbl B MeMOpaHy WM MOJHOCTbIO HAXO/ATCS BHE
eé. [lepudepudeckue GesKU pacnoJio>keHbl Ha BHEIIHEN U BHYTPEHHEN CTOPOHAX MeM-
OpaHbl, ¥ 6OJILIIMHCTBO U3 HUX CBAA3bIBAIOT KJIETKH C BHYTPEHHE!N U BHEILIHEH cpeion.
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IJTIABA 11. KIETOYHASA BUOJIOTUA
2.1. Jykapuomu4eckas K1emka. KaemouHas cmeHKka

rusipoduibHas roJoBKa

JIUIIUIHBIN

—_— 6 "
HCJIOH

(i//j TIMKOKAJTMKC
ruipodoo6-
Hble XBOCTBI

MoJiekyJia dpochoaunuaa

HUHTerpasb-
HbIH 0€JIOK

WHTerpajbHbIN

nepudepudeckue 6egKu 6eJ10K

Puc. 2.3. CTpoeHUe IUTOINJIa3MaTUYeCKON MeMOpaHbI (IJ1a3MoJieMMa)

DYyHKI MU UTON/Ia3MaTUYEeCKOM MeMOpaHsl. [luTonsiasMaTruyeckass MmeMbpaHa
BBINIOJIHSIET MHOTHeE Jipyrve QYHKI WM, BAXKHEHUIIUMU U3 KOTOPBIX ABJISIOTCS 3alUT-
Has (6apbepHasi), pelenTopHasa U TpaHCIOPTHas.

3amuTHaa ¢yHkuMsa. lutonsasmaThyeckas MeMOpaHa MOKpbIBaeT KJIETKY
CHapy>X{ W 3allUIlaeT BHyTPEHHee COJEepKUMOe KJIETKHU OT OKpYy»Kallled cpejbl.
Ty QyHKLHIO 00ecneyrBalOT JIMNHU/bI, NPEeNnsTCTBYS NPOHUKHOBEHHUIO B KJIETKY
VHOPOJHBIX YaCTHUL,

PenentopHasa ¢pyHKnus. besiky B LUTON/Ia3MaTU4YeCKOM MeMOpaHe onpeessioT
(owyuiaoT) Te UM MHbIE BO3J€MCTBUS HA KJIETKy. B pe3ysibTaTe BHEIIHUX BO3/eil-
CTBUM Ha 6eJIKM 00pa3yloTCs UMIYJIbChI, U 3TU UMITYJIbChI lepeJlaloTCcs B KJIETKY. B
pe3yJibTaTe KJeTKa peardpyeT Ha BO3/JeHMCTBUS U 0OMeHMBaeTcs MHQopMalnuen C
BHEUIHEN CpeJIoi.

TpancnopTHasa PyHKuus. OfHOM K3 BaKHEHIIUX QYHKIUN LIMTONJIa3MaTHye-
CKOM MeMOpaHbl SBJIIeTCS TPAaHCIOPT BEILEeCTB B KJIETKY U U3 Heé. PazinuyatoT He-
CKOJIBKO TUIIOB TPAaHCHOPTHOW QYyHKIMU MeMOpaH. BakHelIlline M3 HUX aKTHBHbIE
(Hacockl MoHOB Na* u K, aHI01IMTO3 U 3K3011MT03) ¥ accuBHbIe (AU Dy3us).

Auddysua — 3To naccuBHOE NMPOXO0KJeHKe BelleCTB yepe3 MeMOpaHy, IpU KOTO-
pOM BellleCTBa TPAaHCHOPTUPYIOTCA U3 CpeJibl C BLICOKOU KOHLeHTpalel B cpeay C
HM3KOH KoHIeHTpauuend. Hanpumep, okcug asora (II) (N,0), kucnopog (0,), okcup
cepnl (IV) (SO,), MoyeBHHa M pa3IM4YHble HOHBL [ubdysusa Bojbl Yyepe3 MeMOpaHy
Ha3bIBaeTCs 0CMOCOM.

AKTHBHBIA TPAHCIOPT — 3TO TPAHCHOPT BelleCTB Yepe3 MeMOpaHbl U3 MeCTa HU3-
KOM KOHLIEHTpAL UM B MECTO BbICOKOW KOHIeHTPaLUU. ITOT NPOLECC MPOUCXOAUT C
y4acTHUEM clielHalbHbIX GepMeHTOB U UcnoJib3yeTcs aHeprust AT (puc. 2.4).

[IpyuMepoM aKTHBHOIO TpaHCHOpPTa fABJASAETCA TPaHCHOPT WOHOB K' B KJeTKy H
noHOoB Na' u3 kieTku. [lyTeM akTMBHOro TpaHCHOpTa MJla3MaTH4YeckKass MeMOpaHa
IIEPEHOCUT B KJIETKYy He TOJIbKO HEKOTOpble MOJIEKYJIbl UJIHA HMOHBI, HO U KpPYIHBbIE
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IVIABA II. KIETOYHAA BUOJIOTUA
2.1. Jykapuomuueckas K1emka. KaemoyHas cmeHKka

® @
) O
&
JIAITUZHBIA
5)2 (o ()7
- - C' O —, Ty
. KaHA/BLEBAA 11y ddy3Hs C TOMOILBIO o C(f 3HepTrUs
Andoysus yepes  AudPysns Ge/IKa-NepeHoCYHKa ©
JIMIUAHBIN GHCION % TPaAHCIOPT Yepe3
006J1eryéHHasn MeMOpaHHbIN HAacoC
[npocTtas guddysusa AudPysus |
MaCCUBHBIN TPAaHCIOPT AKTHUBHBIA TPAHCHIOPT

Puc. 2.4. llyTu 1poxXoX/AeHUs BelleCTB Yepe3 MeMbOpaHy

MOJIEKYJIbl WJIA KpPYyIHble YacTULbl. ITa OCOOEHHOCTb HA3bIBA€TCS 3HJOLUTO30M
(sHJO - «BHYTpH», yumo3s - «KJIeTKa»). JHAOIUTO3, B CBOK OYepe/b, JIeJUTCA Ha
darouuTo3 U NMHOLUTO3 (puc. 2.5).

darouuTos. OpraHu4eckue BellecTBa, HAIpUMep, 6esIKY, oJIucaxapuzibl U TBEp-
Jible YaCTHUILb], IPOHUKAIOT B KJIETKY yTEM daronuTosa (0T rped. phageo — «1oesaTb»,
«IepeBapuBaTh»). B 3TOM nponecce HenmocpeCTBEHHO y4yacTBYeT IJla3MaTHU4yecKas
MeMb6paHa. Hanpumep, nyTém ¢darouurosa NUTAOTCA aMEObI, OTHOCALHUECA K MPO-
TOKTHUCTaM. JIeNKOLUTBI TaKXKe CIOCOOHBI K paronuTosy. B cBA3U € TeM, YTO CTEHKHU
pacTUTeJIbHbIX M 6aKTepUa/bHbIX KJIETOK IIJIOTHbIE U TOJICTbIE, B HUX HE IPOUCXOAUT
daronuTo3a.

I[IMHOLMTO3 - NIPOHUMKHOBEHUE PA3JIMYHbIX BELECTB B KJIETKY B paCTBOPEHHOM
Buze. [I[puémM BHYTpB KUJKOCTH B BUJI€ MEJIKUX KalleJlb.

[ToaTOMYy 3TO siBJIeHHMe Ha3blBaeTCs NUHOLMTO30M (OT rpey. pino — «Mbko»). ITOT
npouecc NpoOUCXOAUT TaK Ke, Kak garonuTos. [IMHOXUTO3 IWKUPOKO pacnpocTpaHeH
B IPUPO/Ie U OCYLIeCTBJISAETCA B KJIeTKax OaKTepuu, TpUO0B, paCTEHUM U )KUBOTHBIX.

Tak, npuMepaMy 3yKapuOTUYECKUX OPTraHW3MOB ABJISIOTCA NPOTOLUCTHI, TPUODI,
pacTeHUsl U KUBOTHbIe KileTKH 3yKapUOTHYEeCKUX OPraHU3MOB MMEIOT MOJHOCTbIO
opopMiieHHOe AApo. Takxke, B OTJIMYHWE OT NPOKAPUOT, Y HUX UMEITCSA OCHOBHbIE
OpraHOH/Ibl.

, it &% e = T T

Puc. 2.5. 3u10111TO3 (@ — MMHOLUTO3; 6 — ParonuTo3)

6)
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IJIABA I1. KIETOYHASA BUOJIOTUA
2.2. qumonaazma. HememGpaHHble 0Op2aHOUdbl KaemKu

IIpMeHeHHe HOBBIX 3HAHUIA.

3HaHue M IOHUMaHUe.

1. Ha xakue rpynmnsl feJaTcs *KUBble OpraHU3Mbl 110 KJIeTOYHOMY CTPOEHHUI0?

2. V3 kaKux yacTel COCTOSIT 3yKapUOTUYECKHE KJIETKU?

3. KakoBo cTpoeHue na3MaTH4eCKON MeMOpaHbl?

4. KakoBbl pYHKIMU KJIETOYHOU CTEHKU?

IIpumMmeHeHnuMe.

1. Kakoe 3HaueHUe MMeeT MJa3MaTU4ecKass MeMbpaHa /151 KJieTKu?

2. Kakoe 3HaueHue umeeT npouecc AudpPy3un B )KU3HU KJIETOK?

AHnanmus.

1. /lng yero He06XOAUMBI JIMITUAHbIE CJIOM KJIETOYHOU MeMbpaHe?

2. B 4ém pasHuLa Mexay $arouuTo3oM U NUHOUUTO30M? [loueMy B pacTUTEJbHBIX U
6aKTepUaIbHbIX KJIeTKaX He IPOUCXOAUT parouutosa?

CuHTe3. MojiesiupoBaHUe IJIa3MaTHYeCKOW MeMOpaHHhI.

Ouenka. OueHuTe 3Ha4YeHHUe aKTUBHOTO U IACCUBHOI'0 TPAHCIIOPTA B KJIETKe.

2.2. HIUTOIIJIABMA. HEMEMBPAHHBIE OPTAHOU /bl KJ/IETKH

IIpoBepka 6a30BbIX 3HAHMM. UTO Bbl 3HaeTe O CTPOEHUH
HeMeMOpaHHbIX OPraHOU0B?

I[luTonsiaaMa oT/ie/ieHa OT BHENIHEHW Cpejbl Mya3MaTH4yec-

. . - . HemeM6paHHBIE
KOW MeMOpaHOH, a OT BHYTPeHHeN — MeMOpaHoi sapa. Kujkas OpraHoMIbI
4acTh LUTONIA3Mbl — IUTO30Jb (rHasomnnasma). liuronnasma - | [iyronnasma
NOJIY’KUJIKOE COJlepKUMoOe KJeTKU. B nuromniazme HaxoAsaTcs [ masionsiasMa
psJi  CTPYKTYp-OpraHOWJOB, BKJIIOYEHHUH, cocTaBasgwuux [lluTockener
CKeJIET KJIETKHM, MejbYyaiux Tpy6ouyek u HuTed. OcHoBHoe [ Kommiekc
BeIeCTBO IUTOMJA3Mbl COZEPKUT MHOro 6esikoB. OCHOBHbIE Tobpxu
MeTabosIMYecKue TMpOIECChl MPOUCXOJAT B  IUTOILIA3Me. §”30C0Ma
[luTo30/1b — MpO3payHas }KUAKOCTb, 06pa3yrolas BHyTPEHHIOK aKyo0J/Ib

LleHTpUOJIb

cpeny KJeTKU. B Hell pacnosiaratoTcst Bce BHyTPEHHUE CTPYKTYPbI
KJIEeTKA U OCYLIeCTBJSIOTCI 0O0MeHHble mpouecchl. 70-90 %
COJZIEP>KMMOr'0 ILUTO30Jis1 COCTaBJISIET BOJId, B COCTAaB KOTOPOH BXOJAT OEsIKH,
yIJIeBO/JbI, JIMIK/bl U Pa3/IMYHble HEOPraHUYeCcKUe BellecTBa. LIUT0O30/1b COAEPKUT
aMHUHOKUCJIOTHI, HYKJEOTUABl U Jpyrue GUOMOJHUMEPHI, a TaKXKe MPOMEXYTOYHbIe
NPOAYKTbI, o6pasyloluecss B pe3yJjbTaTe MeTaboJu3Ma, B PACTBOPEHHOM
COCTOSIHUMU. L|UT030J1b OCYILI[eCTBJISIET XUMUYECKHE TMPOLIECCHI B KJIETKEe U CBSI3bIBAET
BHYTPEHHHUE CTPYKTYPHI. LluTon/1a3Ma 06'beIUHAET BCE OPraHOU/Ibl B €/JMHOE LIeJI0€ U
obecreyrBaeT )KU3He/|eSITEbHOCTb KJIETKU. LluTonIasmMaTuyeckre opraHou/ibl o ux
pacnoJIo’KeHUIO B KJIETKe MOXKHO pa3/le/IUTh Ha 06111e U clieljdalbHble OpraHOU/Ibl, a
10 UX CTPOEHUI0 HA MeMOpaHHble U HeMeMbpaHHble opraHoubl. O61Ke OpraHOUAbl
MMEIOTCSI BO BCeX KJeTKax opraHusMa. Hanpumep MUTOXOHAPUSA, KJIETOUHBIN [IEHTD,
KoMI1eKc ['o1b/12KH, pru60COMBI, IH/I0MJIa3MaTHY€eCKasl CETh, TU30COMBI, IIJIACTU/IBL.

CrnenuanbHble OPraHOM /bl BCTPEYAIOTCS TOJIBKO B HEKOTOPBIX Ki1eTKax. Hanpumep,
PECHUYKU Y UHPY30pUH, KTYTUKH y 3BIJIEHBI U CIEPMATO30M/10B, TOHOQUOPHUILIBI Y
3NUTENNAJbHBIX KJIEeTOK, HeHPOPHUOPUIJIbI Y HEPBHBIX KJIETOK U MUOPUOPUILIBI Y
MBIIIIEYHBIX KJIETOK.

MeM6paHHble OpPraHOU/bI JeJATCA Ha OJHO- U JByMeMOpaHHble opraHoubl. K
O/IHOMEMOPAHHBIM OPraHOWJAM OTHOCSATCS 3HJOIJIa3MaTH4yecKasl CeTb, KOMILJIEKC

45
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[osnbky, au30coMbl, Bakyoau. K JByMeMOpaHHbIM OpraHouJiaM OTHOCATCS
MUTOXOH/IpUH, IJIacTUAbl U s4po. K HeMeMOpaHHBIM OTHOCATCA pubocomMa U
KJIETOYHBIN LEHTP.

LIluToCKesIeT SBJIeTCS BHYTPEHHUM OINOPHBIM CKEeJETOM KJIETKU W BbINOJHSET
ONOPHY0 QYHKIMIO. [IuTOCKeIeT COCTOUT U3 MUKPOGUOPHUJIIT U MUKPOTPybOoUek (puc. 2.6).

[MTOIlJIa3MaTHye-
cKkasi MeMbpaHa

3H/0IJIa3MaTH-
yeckas CeTb

MUKPOTPYOOUYKHU

MUKPOGUOPHUILIBL

pu60oCOMBI MUTOXOHZPHS

Puc. 2.6. CTpoeHUe [UTOCKeJIeTa

MukpoduOpU/I/IbI  NPEeJCTaBAAKT CcO60M  (QUIAMEHTHI, COCTOSLHE U3
IJI00YJIIPHBIX 6€JIKOBBIX MOJIEKYJI aKTUHA (puc. 2.7 a).

MHKpPOTPYGOYKH. MUKPOTPYOOUKU COCTOAT U3 TYOYJIMHOBBIX GE/JIKOB U UMEIOT
bopmy Tpybouek (puc. 2.7 6). OHU 0becneyUBaOT YNOPALOYEHHOE PACHOJIOKEHUE
KOMIIOHEHTOB KJIeTKU. MUKPOTPYOOUYKH 00pa3yloT BepeTEéHa JieJieHUs NpPU JeJIeHUU
KJIETKHU M 00ecriequBaloT pacnpe/esieHue XpoOMOCOM K IOJIIOCAM.

Mukpodubpuibl U MHUKPO-
TpyOOUYKM  BMecTe C  IJla3Ma-
TUYeCKOM MeMOpaHOM Y4yacTBYIOT B
obecrieyeHUH JBUXKEHUS IIMTO30JIS B
npolLeccax 3HA0LHUTO3a U 3K30LUTO3a.

a) MoJieKyJla akTHHa

(ACSCIACSCXSASCINND
JJIeMeHTBl IUTOCKeJeTa OYeHb ' “}f .o z,iL_ZtL___:.i
M3MEHYHMBbI U MOTYT pacnaZaThCsl Ha . >+ ' (‘_"_I‘—f--'_ ~I
YaCTU U BHOBBL BOCCTaHaBJIMBATLCA _ T"\C Tﬁ "r T r“ o W
0J] BJIMSIHUEM U3MeHeHUH BHeLlHeH \ARAAAAISA SN —, | >
Y BHYTPEHHEU Cpe/ibl. %
K/1eTOYHBI LEHTP COCTOUT U3 6) Mosiexy1a TyGy/MHa

O4eHb MaNeHbKHX Tejel IH/INH- Puc. 2.7. CTpoeHHe akTUHA U TyOyJIMHA

Jippuyeckoil popMbl, PACHONIOKEHHBIX TMOJ, MNPSIMbIM YIJOM JApyr K [Jpyry, 4
Ha3blBaeMbIX YeHmpuoasimu. CTeHKa LEHTPUOJU COCTOUT U3 JEeBATH INYYKOB,
MMEIOLIMX [0 TPU MUKPOTPYyOOUKHU. LleHTprosn 06pa3yoT MUKpOTpPYyO0o4KH (puc. 2.8).
B nepuojsie uHTEppa3bpl KJIETOYHOTO IMKJIA LEHTPUOJH YABAUBAIOTCS B Pe3yJbTaTe
CcaMOCOOpPKU TYyOYJIMHOBBIX 6esIKOB. B mepuos npodasbl OHM pacxoAsTcs K MoJHCcaM
KJIETKH U COCTABJISIOT OCHOBY 00pa30BaHUsI BepeTeHa JleJIeHUSI.

46



IJTIABA 11. KIETOYHASA BUOJIOTUA
2.2. qumonaa3zma. Hememo6paHHble 0p2aHOUdbl KJaemKu

Y LBETKOBBIX M TOJIOCEMEHHBIX pacTeHUW WU y OOJIBIIMHCTBA TPUOOB HET
KJIE€TOYHOTO IeHTpa, MO3TOMY BepeTeHO JeJjieHUus o6pasyeTcs M3 ClieljMaJbHbIX
dbepMEeHTHBIX IIEHTPOB.

Pu60ocoMbl pe/icTaBASAIOT cO60M chepudeckre yacTuiibl fuamerpom 15,0-35,0 Hm,
coCTosIliMe U3 JBYX OOJIbIIMX U MaJsbIX eAuHUL (puc. 2.9). PubocoMbl cofepxat
IPUMEPHO PaBHOE KOJIMYECTBO OEJIKOB U HYKJIEMHOBBIX KUCJIOT. PubocomanbHast PHK
CUHTe3upyeTcs B aape MmoJsiekysbl JITHK.

TPUILJIET

LeHTPHOJIN MUKPOTPYyOOUEK

Puc. 2.8. KnieTo4YHbIN HEHTP

Y npokapuoTtoB pubocoma ¢opMuUpyeTcs B LUTONJIa3Me. Y 3yKapHUOTOB eé
dbopMHUpoOBaHUe HayMHaAeTC B f/ipe M 3aKaHuYMBaeTcs B nuTomnsadMe. OCHOBHas
byHKLMA pub0OCOM - CUHTE3 6eJika. B 3TOM C/10’)kHOM Ipoliecce y4aBCTBYeT He 0/1Ha, a
HECKOJIbKO J1eCITKOB pU60COM, Ha3blBa€MbIX NOAUPUOOCOMAMU WU NOAUCOMAMU.

B 1nuTomsiazmMe pubOCOMbI MOTYT pacnoJiaraTbCsi CBOOOJAHO WJIU ObITh
NPUKPENJIEHHBIMHU K Hapy>KHOM MOBEPXHOCTU MeMOpaH 3H/0MIa3MaTUUYEeCKON CETH.
Pr60ocoMbl UMEIOTCA KaK B IPOKApPUOTHUYECKUX, TaK U 93YKapUOTHUYECKUX KJIeTKaX.

BK/Il0OUeHHUsA - HeNOCTOsIHHbIE
CTPYKTYPbI IUTOIJIa3Mbl, KOTOpPbIE TO
BO3HUKAIOT, TO UCYE3AI0T B IIpoLecce Masasi cyo'beJJMHULIA

»KU3HeJeATeJbHOCTH KJIETKH. PHK
® —  — u
BKJ/IIOUEHUSI MOXXHO pPa3/leIUTh

Ha 4 rpynnsl (puc. 2.10). K mpogu- TPHK
YecKUM  TUTATeJbHbIM  BKJIIOYe- aMHUHOKHCJIOTa
HUSM OTHOCSATCSl >KHUPOBbIE KaIlly,
IJIMKOTEeH, JIEUUTHUH, I'PaHy/bl Geska GoJibluas
B HEpPBHBbIX KJIETKAaX, TCpaHyJIbl cy6beiMHUIA
KpaxMaJsia M aJleMpOHa B pacTeHUSX.
K cekpemopHbiM BKJIIOUEHUSIM OTHO-
csTcst GepMeHThI U TOPMOHBIL.

IKCKpemopHble 6KAKYEHUS — 3TO MembpaHa
MPOAYKThl MeTa6o/iM3Ma, HelepeBa- aHﬂomaiZ{:;quCKo“

peHHble OCTaTOYHble MUTATEJbHbIE
BellecTBa, o6pa3oBaBIIHECS B
JIN30COMaX.

CHHTe3WpyeMasi MoJIU-
MenTHUAHas elb

Puc. 2.9. CTpoeHHe pru60COMBI
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OHM BBIBOJATCA U3 KJETKU. K MUIrMeHTHBIM BKJIKYEHUAM OTHOCUTCS MeJIaHUH.
KieTouHble Bk/IOYeHUs He QYHKLIMOHUPYIOT CaMOCTOSATeAbHO. OHU UCNOJIb3YHOTCA
B [1eITeJIbHOCTH KJI€TOYHbIX OPTaHOU/OB.

Kanun »xupa B KpaxMaJ/ibHble 3épHa BeJIKH B ceMeHaX Kpucrasiel okcanata
LIUTOIJIa3Me UHPY30pHHU- KapTode,s MIIEeHUTIbI KaJIbLIUA B KJIETKaX
TydesnbKku JIUCTbEB 6EerOHUHU

Puc. 2.7. BKJrouyeHus

IIpyuMeHeHre HOBbIX 3HAHHMH.

3HaHUe U NOHUMaHMe.

1. HazoBUTe HeMeMOpaHHbIe OPTAaHOU/IbI KJIETKHU.

2. [laliTe MHPOPMALUIO O BKIOYEHUAX U UX THUNAX.

3. 06bsACHUTE CTpOeHUEe U QYHKIUIO KJIETOYHOI0 LIeHTPa.

4. KakoB XUMHY€eCKUH cocTaB pubocom?

5. PacckakuTe 06 0COOEHHOCTAX LJUTOCKEeJIeTa.

[IpumeHeHue. OnumuTe CTpoeHUe M QYHKUUM HeMeMOpaHHbIX OpPraHOM/0B
KJIETKH.

Opranouabl CTtpoeHue dyHKIIMU

Pub6ocoma

KiyieTo4HbBIN LiEHTP

IluTockesneT

Ananu3. Eciu paccMaTtpuBaTh KJIETKY KaK I[EeJIOCTHYI CHUCTEMY, Kakas CBS3b
MMeeTCsI MeX/y eé opraHouiaMmu?

CuHTe3. CpaBHHUTE BH/bl TPAaHCHOPTHPOBKU BeIlleCTB B KJIETKY. [lokakuTe Ux
CXO/ICTBO U pa3/In4yus Ha JuarpamMme BenHa.

Ouenka. HekoTopble BellecTBa, Hanpumep, 3¢up, xa0podopM, O6BICTPO
TPAHCIOPTUPYIOTCA 4Yepe3 KJIEeTOUYHYH MeM6paHy. OOBbICHHUTE 3TO sIBJIeHHUE U
OLlEHUTE ero 3HaYeHHUe.
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2.3. MEMBPAHHBIE OPTAHOU/bI KJIETKH

IIpoBepka 6a30BbIX 3HAaHUM. UTO Bbl 3HaeTe 06 MeMOpaH-

HBIX OpraHou/iax KJeTKU?
p a MeM6paHHbIE

K MeMO6paHHBIM OpraHou/JilaM OTHOCSTCS 3HJOIJIA3MaTH- [ OpraHOMUbI
yecKas ceTb, KOMILIeKC ['0JIbJPKM, MUTOXOHAPHH, IIacTuga, [ IHAOMIa3MaTH-

BaKyO0.JIb. yeckasl CeThb
JdHoIIa3MaTHYECKas CeTh IPe/CTaBAsgeT CO60M CI0XK- MuToxonApHH
HYI0 CHCTEMY KaHaJIOB M nonocTef/i B LJUTOI/Ia3Me, OrpaHMdeH- Qﬁggggﬁ:g“
HOM OJHOCJOHMHOM MeM6paHOH, 3aHMMawmeld nodytu 50 % Xpomomnact
K/IeTKH. PasiuvaloT ABa BuAa SHAOIUIA3MaTHeCKOH ceTh - | Mem6pana

IJIaIKyI0 ¥ TpaHyIsipHYyIo (1epoxoBaTyto) (puc. 2.11). Typrop

Ha HapykHOW TNOBEpPXHOCTH MeMOpaH TpaHyJsIPHOU
3H/0MJIa3MaTUYeCKOW CETHU pacnoJiaraloTcs MHOro pub0ocoM, U 3/1eCb CUHTE3UPYIOTCS
6eJIKH, KOTOpble BbIBOAATCA U3 KJIETKU. BpubocoMaxsHion1a3MaTUYeCKOM CETH TaKXKe
CUHTEe3UPYIOTCs 6eJIKH, BXOsIIME B COCTaB MeMOpaHbl (MX MHOTO B CIIOHHBIX KeJle3ax,
runoduse, NoAKeay104HOM xese3e). Ha MeMbpaHax rJiaJKou aHA0M/Ia3MaTUYeCKON
CeTH CUHTE3UPYIOTCS NOJIMCaXapyabl U IMNU/ bl (HaIOYEYHUKH, I0OTOBBIE KeJie3bl).

sa/ilepHas MeMb6paHa A7po

pu6OCOMBI

[VIa/iIKasA SHAOI/IasMaThu4ecKad CeThb IepoxoBaTas 3H/[0MJIa3MaTUYeCKasi CeTh
Puc. 2.11. CTpoeHue 3HAO0MNJIa3MaTUYECKOH CETHU

CHHTE3 yIJIeBO0OB U JIUIK/IOB MPOUCXOUT HA MeMOpaHax VIaJJKOH 3HJO0I/Ia3Ma-
TUYECKOU ceTH. 3/leCb HAKaIlJIMBAIOTCS MOHbI KaJbl[Us, 00ecreyrnBaroliye 1esoCT-
HOCTb OpraHM3Ma U UTparole BaXKHYI0 PoJib B QYHKIUAX KJIETOK.

BellecTBa, CHHTe3UpyeMble B 3H/OMIAa3MaTUUYECKOW CeTH, M0 KaHa/IbllaM TPaHC-
HOPTUPYIOTCS B KOMILIEKC [01b/KH.

['paHysisipHas 3HAOMIa3MaTUYECKAsl CETh BCTPevyaeTcs B KJIeTKaX C UHTEHCUBHbBIM
CUHTe30M G6eJIKOB (HampuMep: B CJAIOHHBIX JKeJse3ax, TMNOQU3e, MOKeJNyA0UHON
Kesie3ze). OHa TaKXKe pa3BUTA B KJIeTKaX, CAHTE3UPYIOLIUX MOJIUCAXapPU/bl U JIUITH/IbI
(HaZMOYeYHUKH, TOTOBBIE JKeJsie3bl).

Komnekc l'oabaxu npezacrtaisieT c060M 0JHOMEMOpPAHHbINA OpPraHOU/, B €ro
KaHaJbllaX ¥ My3blpbKaX HAKaIJMBAIOTCS BeleCTBa, CHHTE3UPYyeMble B MeMOpaHax
3H/I0TJIa3MaTHUYEeCKOU ceTH (puc. 2.12).

BemlecTBa, TpaHcHopTUpyeMble K KoMIUiekcy [oJibJKH, TpeTepreBaoT
OMOXMMHYECKHMEe HU3MEHEHUs B €ro KaHaJjbllaX M TPaHCIOPTUPYIOTCA B BU/E
ny3bipbKa. [Iy3bIpbKH CJIMBAIOTCS C MJIa3MaTHYECKOH MeMOPAHOH, U UX COAEPXKUMOE
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BbICBOOOX/1aeTCsl 3a NpeZiesibl KJIETKH MyTEM 3K301KMT03a. B koMmiekce [osibapku
TaKXXe CUHTE3UPYITCA MOJMCaXapU/ibl.

OpHoM U3 BakHeMIMX QYHKIMU KoMmsekca [onbmxku siBysieTcsl oOpa3oBaHUe
JIN30COM.

KOMIIJIEKC prU6OCOMBI
KJIeTOYHas TOTbKY

MeMOpaHa

JHJO0IlJIa3MaTHU4YeCKad CETb

MeMOpaHHBIN
Ny3bIPEK

3K30umoii

Puc. 2.12. Cxema pacnoJioxkeHUs1 KoMILiekca ['oJibpKu

MUTOXOHAPHUH (OT rpey. mitos - «<HUTb» U chondro — «3epHO») MPUCYTCTBYIOT BO
BCEX 3YKapUOTHUUECKHUX KJleTKaX. CTOJIb IIMPOKOEe pacnpoCTpaHEHMEe MUTOXOHAPHU B
»KUBOTHOM U PaCTUTEJbHOM MUPE CBU/IETEbCTBYET 00 UX B&XKHOCTH B KJIETKE.

MuTOXOHAPUHU ObIBAIOT pa3HbIX GOpM: KpyrJible, MJIOCKUE, LUJIUHJPUYECKUE U
Jlaxke HUTeBU/IHbIe. Ux pa3Mep BapbupyeTcs oT 0,2 MkM 10 15 - 20 mkm. KosinyectBo
MUTOXOHJPUM B Pa3HbIX TKAHSAX 3aBUCUT OT QYHKIUOHAIbHOW aKTUBHOCTU KJIETKHU.

HanpumMmep, B KJieTKax neyeHU UX MoxeT O6bITh 710 2 500, a B iuMmouuTax 25 - 50.
Hapy»kHast MeM6GpaHa MUTOXOH/IPUH I/1a/iKasi, a BHYTPeHHsIsA MeMOpaHa CKJaZjyaTas,
M I9TU CKJI3JKU Has3blBalOTCAd KpucTaMU. [losocTb BHyTpeHHed MeMOpaHbl
Ha3blBaeTCcsl MaTpUKcoM. Ha MeMOGpaHaxXx KpPHUCT pacloJioKeHbl MHOTOYHMCJIEHHBIE
bepMeHTBI, Y4aBCTBYIOLIMEe B 3HEPreTUYeCKOM oOMeHe. MUTOXOHJPUU SABJIAKTCA

pUOOCOMBI

JJHK HapyXHasi MeMOpaHa

MaTpPHUKC

BHYTpPEHHSS MeMOpaHa

MeXXMeMOpaHHoe
MPOCTPAHCTBO

|/

KPHUCThI

Puc. 2.13. CTpoeHre MUTOXOHIpUH
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N0JIyaBTOHOMHbIMK  OpPraHOW/aMHM, B MeXMeMOpPaHHbIX MOJOCTSAX KOTOPBIX
HaxogaTca KoublieBble JJHK, PHK u pubGocombl, Heob6xoauMble [Jisi CHHTe3a
6enka (puc. 2.13). MUTOXOHJPUM YBEJUYUBAKOTCSA IyTeM JieJIeHUsI 3a CueT
yBesinueHus BABoe MoJsiekysbl JJHK. OcHoBHasg QyHKIMS MUTOXOH/JAPUM — CHUHTE3
YHUBEPCAJbHOTO UCTOYHUKA 3Hepruu AT®. B MUTOXOHJpUSX NMPOTEKAIOT peaKIUuu
a3po6HOro 3Tana 3HepreTUYeCcKoro obMeHa.

Il1acTuAbl - OpraHoU/bl paCTUTEIbHOU KJIETKHU (puc. 2.14).

cTpoMa

JIMIIUAHAaA KaIllJid

rpaHa

MeXXMeMOpaHHOe
IPOCTPAHCTBO

BHYTpPEHHOE IPo-
CTPaHCTBO THUJIAKOUAA
BHYTPEHHSS
MeMb6paHa
HapyKHas TUJIaKOU/Ibl

MeMOpaHa

KpaxXMaJIbHO€ 3€pHO

Puc. 2.14. BHyTpeHHee CTpOeHuUe IJIaCTHU/Ibl

Cy1iecTBy0OT TpH BUJA niactuj (puc. 2.15).

1. Jleiikonsn1acmul — 6eclBeTHbIE IJIACTH/bI,
HaXoJslIMecss B CTeOJIAX, KOPHAX M KJIYyOHSX.
OHM y4acTBYIOT B CHHTe3e Kpaxmaja u3
MOHOCAaXapH/JI0B U AMCaXapuzioB (B OT/AeJTbHbBIX
JIeMKOIJIacTaX TaKXKe 3amacalTcd OeJKH |
YKUPBI).

2. Xsaoponaacmel cojepaTcsd B JIMCTbAX,
O/IHOJIETHUX CTeOJIAX U HeN03peJbIX II0Jax
pacteHuil. OHHU  OCYUIECTBJSIIOT  TNPOLECC
doTocuHTEe3a. XJIOPOMJIACTBI COCTOSIT M3 JBYX
CJ1I0€B MeMOPaHbI, KaK U MUTOXOHApUH. Hapy>xHas
MeM6paHa TIJaikasi, a BHYTPEHHSS — BbITJISAAUT
KaK CTOTIKa MOHET, B HeH HaX0/[AATCS XJI0POPUILIIBI.
XslopomacTbl  IBJSIOTCS  MOJYaBTOHOMHBIMHU
OpraHoOWaMH, MX KOJIMYECTBO YBEJUYUBAETCS
nyTéM feseHUs. B MeXMeMOpaHHBIX IMOJIOCTSX
miactug cogepxarca moJsiekysanl [AHK, PHK wu
pubocomsl (puc. 2.14).

ol
3‘:'

"

L
JIEHKOIIJIaCThI

Puc. 2.15. Buabl iactug,
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3. Xpomonsacmel 6bIBalOT pas/JIMYHON OKpacku. PasHasd okpacka JienecTKOB
Y IJIOJIOB — KEJITasd, KpacHasi, 30JI0TUCTask — 3aBUCUT OT XpoMoImacToB (puc. 2.15).
B xose oHTOreHesa IJacTH/Abl MOTYT NpeBpaliaTbCsl APYr B Apyra. XJIOPOMJIacThI
IpeBPAILAITCS B XPOMOIIJIACTHI, JIEUKOIIACTHI B XJIOPOIJIACTHIL.

JInzocombl UMelOT GopMy NMy3bIPHKOB, OKPY>KEHHBIX MEMOPAHOM, UX BHYTPEHHAS
4YacTb 3aloJiHEHA MULIeBapUTETbHbIMU pepMeHTaMU. ITH GepMeHThl PaCLeNIsAI0T
6esIKM, YIr/1eBO/ibl, JUMUJbl U HYKJEeUHOBbIE
KUCJAOThl (puc. 2.16). IlomaBiive BHYTPb
KJIeTKU TNUTaTeJibHble (parMeHTbl MNyTEM
daronuTo3a paclenJsgTCca JU30COMaMH,

JIUIIUHbBIA

CJI0% . MeMbpaHa
)

U I3THU BellecTBa MUCIOJb3YHOTCA  [AJd L 0_;0 ‘.

KU3HeJeATeJbHOCTH KJIEeTOK. MeMGpaHHble Z Of_’ho B
®parMeHTbl  MUTATeJbHbIX  BeLleCTB, Fg;‘;‘;jg;ﬁ bt

NOMABIIMX B KJIETKY, MOTYT PacClleNJIATbCA TpaHCHOPTHLIE CMECh r'Mpo-

TOJIBKO IMPH Yy4acTHUMU JIM30COM. BelecrTsa, besku — J&ﬁﬁ:ﬁfgg

pacuierigroiecd B JIM30COMaxX, MepexondaT Puc. 2.16. JIluzocoma

B ruasioniadMmy nytém auddysuu (puc. 2.17).

\nmueBoﬁ dparmMeHT

KJIETOYHAadA MeM 6paHa

daronuTap- CMeChb TUZPOJIU-
HBIH My3bIPEK ~~ TUYeCKUX dep-
@ MEHTOB
[UCTEPHBI
My3bIPKU KOMILJIEKCA
KOMIIJIEKCa
Fonbmxu
Tonbmxu

BTOpPUYHAsI JIU3
coma (nmuieBapu
TeJIbHbIN BaKyOJIh

\.\ f
@

IIOCTyIlJIEHWE TUTAa- ; \
TeJIbHBbIX BEIIEeCTB B
ruajionyjgasmy

. +HEIIepEBAPEHHbIE
o OCTATKH

Puc. 2.17. CxeMa nepeBapuBaHUs NULIEBOro pparMeHTa NPy Y4aCTUH JTU30COMbI

Bakyosin BcTpeyaroTcs B KJIeTKax HPOTOKTUCTOB, pacTeHHUH U rpu6oB. OHHU
OKpY>KeHbl OJIHOCJIOWMHOM MeMOpaHOH, HMX MOJIOCTh 3amoJiHeHa BoJoW. Bakyosiu
00pasyloTcs 3a CYET MOPUCTBIX MeMOpaH 3H/O0IJIa3MaTUYECKON CeTH U KOMIlJIeKca
['onbaxu. B Mos1oibIX pacTUTEIbHBIX KJIETKaxX 00pa3yeTcs MHOro BakyoJiel. [lo mepe
pOCTa KJIETKU OHU 00'beIMHAITCS, 00pa3ys LieHTPaJbHY0 BaKyoJib U 3aHUMas MOYTH
90 % mJolagu KJIETKH.

B BakyoJIIpHOM COKe BCTpedarTcs pa3HOOOpa3Hble OpraHWYecKHe CoeMHEHUs
u coad. OcMoTHYecKOe [aBJeHHe, CO3JaBaeMoe 3THM COKOM, obecrne4uBaeT
NOCTYIJIEHUEe B KJIETKY BO/lbl, KOTOpass 00YyCJIOBJIMBAeT HANpsKEHHOE COCTOSIHUE
KJIETOYHOU 060JI04KM - Typrop. ITo obGecrneyMBaeT MNPOYHOCTb PACTEHUH K
MeXaHU4YeCKUM BO3/1eHCTBUSAM.
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IJIABA 11. K/IETOYHAA BUOJIOTUA

2.4. la6opamopHas pa6oma. H3y4yeHue 8/1USIHUSI MeMNepamypbl Ha KJAemo4Hy0 MeMOpaHy

WTak, MeMOpaHHble OPraHOU/Ibl KJIE€TKHA ObIBAIOT OJIHO- U JIByMeMOpaHHbIMU. K
OZJHOMEMOpPaHHbIM OpPraHOUJAM OTHOCSTCS 3HJIOMJa3MaTH4YecKas CeTb, KOMILJIEKC
['on1b/KH, JIM30COMBI, BaKyoJu U Ap. fAjpa, MUTOXOHAPUM U IJIACTUABI ABJATCH
npuMepaMu ByMeMOpPaHHbIX OpraHoUA0B. Kaxkib1ii opraHon 1 UMeeT CBOI0 CTPYKTYPY
Y QYHKIUIO.

IIpuMeHeHH e HOBBIX 3HAHUI.

3HaHMe U IOHUMaHUe.

1. Yto Takoe MeMGpaHHble OPraHOU/Ibl KJIETKU?

2. Kakyto ¢yHKIMIO BBIOJHSIET B KJIETKE JIM30CcoMa?

3. laliTe nHPOpMaIL IO 06 OPraHOU/IAX C OJHOU U IByMsI MeM6paHaMH.

4. O6bsICHUTE CTpoeHHe U OYHKLUMM TPaHYJSAPHOW U IJIAJIKOW 3H/OMIa3MaTUYeCKOU
ceTH. PacckaxkuTe 0 CBOMCTBAX MUTOXOHAPUH.

IIpumeHeHue. 06bSICHUTE 0COGEHHOCTH MEMOPAaHHBIX OPTaHOU/IOB.

OpraHouabl CrpoeHue dyHKIUU

3H,£[OHJIaSMaTI/I‘{eCKaH
CeTb

KoMmniekc l'onbmku

JInzocoMma

BakyoJsib

Ananu3s. CpaBHUTE CTpOeHHE U QYHKIIMU XJIOPOIJIACTOB U MUTOXOH/IPUH.

CuHTe3s. HOﬂFOTOBbTe KOpPOTKO€ 3CCe O TOM, 4YTO BbI Y3HAJIH I10 3TOM TeMe, U O6CYAI/ITe
ero co CBOMMH OJHOKJIACCHHUKaMH.

Ouemca. CYI.U,GCTBYET FUII0TE3a, YTO XJIOPOIJIaCTbl U MUTOXOHAPHUH MPOU3OIIJIN OT MMPO-
KapHoT. an/IBeﬁ[I/ITe (1)aKTbI, BBICTyIIalOliye 3a UJIU ITPOTHUB 3TOH IMIIOTESHI.

2.4. JTABOPATOPHAA PABOTA. U3YYEHHUE BJIMAHUA
TEMIIEPATYPbI HA KJ/IETOYHYIO MEMBPAHY

Llesb: U3y4YUTDb BJIMSAHUE TeMIlepaTypbl BOAbI HA IPOHUILAEMOCTb
KJI€TOYHOM MeMOpaHbl KOPHEIJIO0B CBEKJIBI.

IIpumeyaHue. B pesynbTaTe HEKOTOPBIX BO3JEHCTBUH HapyluaeTcs
11eJIOCTHOCTb KJIETOUHOM MeMOpaHbl U Hcye3aeT G6apbep /s BCaCblBaHUA
KPYIHBIX MOJIeKyJl. B pe3ynbTaTe KpynHble MOJIEKY/IbI B LIUTOIJIa3Me BbI-
XOZAT 3a npefesibl KaeTKU. KieTKy KopHs CBEKJIbI UMEIOT KpacHbIN 1BET,
IIOTOMY UTO KJIETOYHbIE BaKyOJIM COZiepKaT NUTMEHT aHTOLMaH.

) O A A

OGopyAoBaHMe: KOPHEIIO/, CBEKJIbI, HOX, K0J16a C JieJIsTHOW BOZ,0H, K0J16a C BOLOW KOM-
HaTHOM TeMIlepaTyphl, KoJsi6a C TEIJION BOIOMH, K0JI6a C KHUMISITKOM U MMUHIIET.

IIpaBuIa 6e30MaCHOCTH:

IopsAAOK BbINOJTHEHUS paGOThI:

1. O4MCTUTBH KOPEHB CBEKJIBI HOXKOM.

2. Pa3pexbTe KOpeHb Ha 4 4acTH.

3. [Ipomo¥iTe cpe3bl YUCTOU BOJOM B TeUeHUE 5 MUHYT, UTOObI y1aJIUTh aHTOIHA-
HOBbIe IUTMEHTHI, BbIJ|eJIUBIIHECS U3 BaKyoJiel NOBPeX/JeHHbIX KJIETOK B pe3yJbTa-
Te pa3pe3aHusl.

4. [lomecTUTe KyCOYKH KOPHEIJIOJO0B B OT/ieJIbHble KOJIOBI:

a) B K0JIOy C JieISTHOW BOZI0M.

6) B K0JI0Y, HAIlIOJIHEHHYO BOJ0M KOMHAaTHOW TeMIepaTyphl.
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IJIABA I1. KIETOYHASA BUOJIOTUA
2.5. ldpo

I') B KOJIOY C TENJIOW BOJLOH.

Z1) B KOJIOY C KULIITKOM.

5. Uepe3 nsaTh MUHYT NOHAOJ/II0/IAlTE 32 MPOIECCOM B K0J16aX, 3aUIINTE pPe3yJib-
TaThl B TETPA/IU.

Pe3ysbTaThI:

Homep k01651 TemnepaTtypa BoAbI YTo ciayuymsaoch?
Kon6a Nel
Kosi6a Ne2
Kosi6a Ne3
Kosi6a N24

BBIBOJ: Kak B/MsieT TeMIlepaTypa Bo/bl Ha IJIa3MaTHUYeCKYI0 MeMOpaHy KJIeTKU?

2.5. A7IPO

IIpoBepka 6a30BbIX 3HAHUM. Kakyo QyHKIMIO BBINOJHSET 407

H,qpo SABJISIeTCS Ba)KHelIlled COCTaBHOM 4acTblO0 BceX 3yYKapu-

sapo OTHYECKHUX KJIeTOK. OObIYHO KJIETKU UMEKT OJHO spo. JIULIb OT-
ApepHas JleJIbHble KJIeTKU ObIBAlOT ABYXbAAEPHBIMU (MHPY30pUA-Tyeib-
060“0“:31 Ka) WJIU MHOTOSI/IepHbIMH (Y HEKOTOPBIX MPOTOKTHUCTOB KJIETKH
AREPHBIA COK | 116 epeyHO-110/10CATBIX MBIIIL). HEKOTOpble K/IETKH B IPOLECCE
Xpomocoma CO3peBaHUs JIMIIAKTCA sAep (3pUTpouuThl). B KiIeTKax >XKHUBOT-
Ziﬁ;lil;o HBIX PO o6quH(3 pacroJioKeHO B LieHTpe KJIETKH, TOTAA KakK B
Fanons KJIeTKaX pacTeHUH OGOJIbLIYI0 4YacTh KJETKU 3aHHMaeT BaKyoJlb,

I[TO3TOMY AAPO pacmoJjiaraeTcd Ha r[epml)epml KJIETKH.

pubocoma 9 =

XpOMaTHH

s/iepHas
MeMOpaHa

AAPbIIIKO

AJlepHbIN COK

AOEPHbIE ITIOPbI

Puc. 2.18. CtpoeHue aapa
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IJIABA I1. KIETOYHASA BUOJIOTUA
2.5. ldpo

CTpoeHue U PyHKUUM AApa. fpa Bcex 3yKapUOTUYECKUX KJIETOK MOX0XHU IO
CTPOEHMI0. fIJpo COCTOUT M3 AJlepHOM 000JI0YKH, A€PHOT0 COKa, XPOMOCOMBI U
aapbllika (puc. 2.18).

flpepHBIA COK OT/ie/IéH OT LUTOIMJAa3Mbl JBYXCJIOMHOM MeMbOpaHoU. Hapy»xHas
s/lepHasl MeMOpaHa OrpaHMYeHa LMTOIJIa3MOM, e€ BbIPOCThI COEJUHSATCA C KaHa-
JIaMH 3H/I0MJIa3MaTUYeCKOW CeTH, a K UX MOBEPXHOCTU MPUKPEIJISAIOTCA pUOOCOMBI.
BHyTpeHHsA s/lepHas MeMOpaHa IJa/Jikas U CONpUKacaeTcs C ilepHbIM COKOM. Ye-
pe3 ga/lepHyl0 MeMOpaHy NPOX0oAAaT MHOXeCTBO KaHaJIOB, [10 KOTOPbIM U3 s/jpa B L{U-
TOIJIA3My NPOHUKAKT pUOOCOMHbIE CybbearuHuUIbl, Mosekyabl MPHK u TPHK, a us
LIMTOIJIa3Mbl B /Jp0 — pa3/iM4yHble Oesikd (a Takke ¢pepMeHThl), HyKJIeoTUibl, AT®,
HeopraHHW4yecKHe UOHBI U JIp.

flaepHBINA COK >KMBOU KJIETKU NpeJ-
CTaBJIsIET COOOM resie06pas3Hyro Maccy,
3alOJIHAUIYI0 PO U COJepKallylo
HeopraHW4yecKhe U OpraHuvyeckue Be-
1ecTBa. 1Apo ¥ XpoMaTHH pacioJioxe-
HbI B 1/IEPHOM COKe.

XpomaTuH 6b1BaeT B GOpMe TOHKUX
HUTEH, MeJIKUX 3épeH WU pparMmeH-
TOB. [l0o XMMHYECKOMY COCTaBYy Xpo-
MaTuH coctouT U3 JIHK 1 ructoHoBbIX
6es1KoB. [lepe]| e/ieHUeM KJIETKH Xpo- Puc. 2.19. Buzipl XxpoMmocoM
MaTHH CIIUPAIU3yeTCcs U 06pa3yeT IJIOTHBIE TeJblia-XpOMOCOMBI (puc. 2.19).

AapeIIKO 06pa3yeTcs B TOM 4aCTU XpOMaTHHA, IAe nNpoucxoguT cuHTe3 pPHK.
B anpe cuntesupyetcsa pPHK, koTopas coenuHsieTcs ¢ MoJieKys0i 6eJika, 0bpasys
cyobeJuHHUIbI pubocoMbl. Bo BpeMs npodasbl A/pbIlIKO UcYe3aeT U BHOBb pOpPMHU-
pyeTcs BoO BpeMs Tesiodasbl KJIETOYHOTO JieJIeHUs.

XpoMoOCOMa B CTaauu MeTadasbl JAHK
MHTO3a

MOJIEKYJIA
OeJika TUCTOHA

Puc. 2.20. BHyTpeHHBbI} COCTaB XpOMOCOMBI
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IJIABA 11. K/IETOYHASA BU0OJIOTUA
2.6. [Ipokapuomuyeckas Kjiemka

fApo BbINOJIHAET /jB€ OCHOBHbIE QYHKIMU:

1) xpaHeHMe, BOCIpOM3Be/leHUEe U Nepejiaya reHeTU4ecKol nHOopMalu U3 1o-
KOJIEHUA B [IOKOJIEHUE;

2) peryJisiLys NpoLeccoB 0OMeHa BellleCTB, IPOTeKalIIUX B KIETKe.

B nnTepdase kaeTo4yHOro LuKIa npoucxoaut peaynankanus JHK, B pesysibTaTe
4yero KaXkJjbli XxpoMaTHH obpa3syeT jBe MoJiekyJbl /IHK, a B npodasze xpomaTuH cnu-
pasiudyeTcs U 06pa3yeT XpoOMOCOMBI (puc. 2.20).

B »XMBBIX OpraHM3Max pas/jvyarT ABa BU/JA KJIETOK: MOJO0Bble U COMaTHUYeCKHe.
[Tos10BbIE KJIETKU UMEIOT rallJIOUHbIM HAO0p XPOMOCOM.

HanpumMmep, saiiniek/eTKa U ciepMaTo30u/ yesoBeka UMeloT 23 (n=23) XpOMOCOMBI,
prYeM XpPOMOCOMBI B ralJIoOuJJHOM Habope HENOBTOPHUMBI 110 GOpMe U pa3Mepy.

ComaTunyeckue, TO eCTb KJIETKH TeJsia, y4aCTBYIOT B 00pa30BaHMU TKaHEW U opra-
HOB. B coMaTHueckux KJeTKax AUIJIOWAHBIN (2n) Habop xpoMocoM. B aunsionaHomM
Habope Bce XpOMOCOMBI apHble. KiieTKU TeJia yesJloBeKa UMEIOT 46 XpoMOCoM, T. €. 23
napsbl (2n = 46). [lapHble XpOMOCOMBI OJJMHAKOBHI 10 pa3Mepy U ¢opMe U reHeTHYe-
CKHU UJIeHTUYHBI.

UTak, 44p0 - 3TO caMblii OCHOBHOW KOMIIOHEHT 3YKapUOTUYECKOMN KJIETKH, KOTO-
pBI COCTOUT U3 IIEPHOT0 COKa, 1/lepHOM MeMOpaHbl, XpOMOCOMBI U A/pbIlIKa. AApo
ylpasJsieT PoLeccaMy B KJIETKe.

IIpyMeHeHHe HOBBIX 3HAHU .

3HaHUe U IOHMMaHue.

1. Kakue opraHusmbl UMeIOT A4p0?

2. VI3 KakhX KOMIIOHEHTOB COCTOMUT A4pPO7?

3. KakoBo cTpoeHue s/ipa U KaKOBbI ero QYHKIUU?

4. KakoBo cTpoeHure XxpoMaTUHa?

5. Kakue nusMeHeHH NPOUCXOAAT C XPOMAaTHHOM B NIEPUO/] KJIE€TOYHOTO JleJIeHUs?

[IpumeHenue. CBfA3aHO JIM YMUCJIO XPOMOCOM CO CTENEeHbI0 CJI0XKHOCTHU
OpraHu3MoB?

AnHasus. Bce J11 kMBble OPraHU3Mbl UMEIOT OZJMHAKOBblE XPOMOCOMBbI?

CuHTe3s. ECTb /1M CBAA3b MEXAY XPOMaTHUHOM U XpPOMOCOMOM?

Onenka. HanumuTe scce Ha 0OCHOBe OJIy4YeHHOW UHPOPMaL UK U 06CYIUTE

C OZJHOKJIACCHUKAMH.

2.6. IPOKAPUOTHYECKAA K/IETKA

IIpoBepka 6a30BbIX 3HAHUM. 3HaeTe JIM Bbl 0COOEHHbIE
NPU3HAKU IPOKAPUOTHUYECKUX KJIETOK?

[IpokapuoThl M3BeCTHO, YTO B 3aBUCUMOCTH OT CTPOEHUS KJIETKHU JIeJISAT-
Kokku Csl Ha JiBe TPYIINbL: MPOKapUOTUYecKUe (6e3 sJpa) U ayKapuo-
Banuiibl Tuvyeckue (c sapoM). K nepBoi rpynmne oTHOCATCS OaKTepuH,
Bubpuonsbl KO BTOPOU Irpymnie — NpOTUCTbI, FPUObBI, pAaCTUTEJIbHbIE U KU-
AHaspob BOTHbIE KJETKHU. Ec/iM CpaBHUTBH CTpOeHHE NPOKApPUOTHYEe-
A3pob CKHX Y 3YKapUOTHYECKHUX KJIETOK, B YEM UX PA3JIMYUA U CXO/-
Me3ocoMma cTBa?

[IpokapuoTbl — NepBble KUBble OpPraHM3Mbl Ha 3eMJIe.
JyKapuOTbl NMPOMU3OULIX OT MPOKAPUOTOB. [I[pokapHOTUYECKHE KJIETKH HaMHOTO
MeHbllle 3YKapUOTUYECKHUX. YUEHble OTMETUJIH, UTO JAUaMeTp NPOKapUOTHUYECKUX
KJIeTOK Yy 60JibIIMHCTBA BUJO0B cocTtaBiseT oT 0,1 go 50 mxkMm. Cpeiu NpoKapuoOTOB
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2.6. IIpokapuomuyeckas Kiemka

MHOTOKJIETOUYHble (GOpPMbl He BCTPEYArTCs, TOJbKO HEKOTOpble BHUJbI 0OpasyloT
KOJIOHUHU. JYKapUOThl UMEIOT OJJHOKJIETOYHOE U MHOT'OKJIETOYHOE CTPOEHHUE.

[To ocobeHHOCTAM cTpoeHUs U GOpMe BbIJIeIAKT TPU IPyNIbl IPOKAPHUOTOB:

1) wapoBuiHbIEe (KOKKU), 2) BBITHYTbIE NAJ04YKHU (6ayuiibl), 3) civpasieBU/iHbIE
WJIK 3aKpy4eHHble (8ubpoHbl, cnupuaavl) (puc. 2.21). JyKapuOTHUYECKUE KJIEeTKHU
MMEIOT pasHylo popmy.

Kokku Bbanuibl CnupuJ/LIbI
CTPENTOKOKK ‘/"f
= BUOPHOH
JIUIJIOKOKK LeNb
GalMJJIbI
TeTpaja . .
Sy ) -
' ' CIIpUJLIA
MaJIouKa GaIUJLIbI
CrupoxeTa

CTapUIOKOKK

Puc. 2.21. ®opMbl NPOKAPUOTHUYECKUX KJIETKOK

[IpokapuoTHyecKass KJeTKa MMeeT 6oJiee MPOCTOe CTPOeHHWe MO CpPaBHEHUIO C
3yKapuOTaMH, Y HUX OTCYTBYIOT He TOJIbKO si/lepHasi 060/104Ka, HO U MeMOpaHHble
OpraHoOW/ibl (MHUTOXOHJIPUH, XJIOPOILJIACTHI, 3HJOIJ/Ia3MaTU4YeCKasi CeTb, KOMILJIEKC
['os1b/KH, 1IM30COMa, KJIETOYHBIA LIEHTP U AP.).

KieTouHas cTeHka M LUTOIJIa3MaTH4yecKass MeMOpaHa COCTaBJSAKT HApYXXHYIO
000JI04Ky NPOKAapUOTHYECKUX KJEeTOK. HekoTopble OakTepuu TakKXKe HMEKT
JIONIOJIHUTE/IbHbIe Hapy:KHble MeMOpaHbl. KiieToyHass cTeHKa OOJIBIIMHCTBA
6aKTepuil OKpY»KeHa CJIM3UCTOU KarcyJIou.

KneTouHasa cTeHKa 6aKTepuM OTJIMYAETCA OT KJIETOYHOW CTEHKU pacTeHUH U
rpu60B. E€ 0CHOBHO coCTaB - MoJiIMCaxapuz, MypeuH.

Ha mnoBepxXHOCTH NPOKAPUOTHUYECKHUX KJIETOK HMEKTCA KIYTUKU (OAUH
WJIM HECKOJIbKO) U pas/iMyHble BOPCUHKU. [IpOKapUOTBHI C MOMOILbI0 KTYTHUKOB
nepesBUTralOTCA B KUJKOW cpeZie. BOPCHUHKM BBINOJHAKT pa3/iMdyHble QYyHKLUU
(3amuTa OT BJIATH, COoeJMHEeHUs], TPAHCIOPTUPOBKA BeLleCTB, Yy4yacTHe B
06pa30BaHUU MOCTHKOB B IIPOLieCCe KOH'bIOTAIMH).

DyHKUUM MeMOpaHHBbIX CTPYKTYP BBINOJIHAIOT BbIPOCThI, 0O6pasywouuecs
NyTEéM BBbINAYMBAHMA B LUTOIJIA3My. JTHU pas3pacTaHUs ObIBAlOT TPyO4aTOH,
MJIACTUHYATON U Apyrux GopM U Ha3bIBAIOTCSA Me3ocoMaMu (puc. 2.22). Me30CcoMbl
y4acTBYIOT B 00pa30BaHUM IMONEPEeYHbIX MEeperopojioK MNpU JeJIeHUH KJIETOK.
MeM6paHHbIe BBIPOCTbI cofepKaT (GOTOCUHTE3UPYIOLUe NMUIMEHTbl, GpepMeHThI,
obecrneyrBawIlMe AbIXaHUe U JpyTrUe MPOoLecChl.

B neHTpaspHOM 4YacTU NPOKAPUOTHYECKOM KJETKM HaXOAUTCA OJUH
KOJIbIIEBUJHBbIA HYKJIEOU («xpomMocoMa»), B cocTtaB kortoporo BxoauT /IHK. B
OTJIMYME OT 3YKapUOTOB MPOKApPUOThbl HE UMEKT IMCTOHOBBIX OEJIKOB B CBOMX
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2.6. [Ipokapuomuyueckas Kjiemka

KIYTHUK

LM TOMJIa3Ma

HYKJIEOU[|

. X 4  FR - pecHUYKH
1 ol | ._ A e N b
Tl _

KaIicyJjia
njasMuaa

IJra3MaTu4deckas

pubocoma
MeMOpaHa

KJIETO4YHaA CTEHKa

Puc. 2.22. BHyTpeHHee CTpOeHHEe IPOKAPUOTUUECKOU KJIETKHU

xpoMocoMax. Hykisieouipl He OTJesieHbl OT LMUTOIMJIAa3Mbl MeM6paHOH. [lomumo
HYKJIEOU/IOB, IPOKAPUOThI TAKXKE COJleP>KaT MJAA3MHUABI C KOJIbIIEBON CTPYKTYPOM.

[IpokaprOTHYECKHE KJIETKU UMEIOT PUOOCOMY, HO OHA OTJIMYAETCS TEM, UYTO OHA
MeHbllIe pa3MepPOM 110 CPAaBHEHHIO C pUOOCOMOM 3yKapUOTHYECKUX KJIETOK.

[IpokaproTHYecKas KJieTKa pa3MHOXaeTcsi OMHApHBIM JiesieHueM. [lepes faesieHu-
€M HYKJIEOUJ YBeJUUYUBAEeTCs B JiBa pa3a. Pa3bl MUTO3a U Melo3a He HaOJII0/Jal0TCs.
B He6/1aronpuUsTHBIX YCJIOBUSIX MPOKAPUOTUYECKHUE KIETKU 06pa3ytoT cropbl. Copbl
MO3BOJISIOT KJIE€TKaM COXPaHATb KU3HECMIOCOOHOCTh NMPU BBICOKUX U HU3KHUX TeMIle-
partypax. Bo BpeMsi 06pa3oBaHus1 cClIOp NPOKapUOTHYeCcKasi KJeTKa NOKPbIBAETCs TOJI-
CTOM MPOYHOU 060/104KOM. EE€ BHYTpEHHSSA CTPYKTYpa MOYTHU He U3MEHSETCS.

B npokaproTHYecKHX KJeTKax s/po He cGOPMHUPOBAHO, OCHOBHbIE OPraHOU/bI —
MUTOXOH/IPUH, 3H/I0MJIa3MaTHU4YeCcKasl CeTh U APYrue OTCYTCTBYIOT. OYHKIMIO 3TUX
OpPTaHOH/I0B BBINOJIHAT BBIPOCTHI BO BHYTPEHHEHN YacTH MeMOpaHbl IPOKAPUOTOB.

IIpyuMeHeHHe HOBBIX 3HAHUU.

3HaHUe U IOHMMaHue.

1. Kakue TUNbI KJIETOK pa3/IMyaloT MO0 KJIETOYHOMY CTPOEHHUI0?

2. KakoBbl pOpMbI IPOKAapUOTUYECKUX KJIeTOK? Kakne opraHM3Mbl OTHOCATCH K
npokapuoram?

3. Y3 kakuX 4YacTel COCTOUT NpOKapuoOTHUYecKas KieTKa?

4. I'ne pacnosioraeTcs reHeTU4eckas MHGopMalLysa B IPOKapUOTUYECKOM KeTKe?

5. KakoBbl QyHKIIMHA ME30COMbI?

IlpumeHeHue. OObSACHUTE HA IPHUMepax, Kakrue NMpernMyllecTBa UMEIT 3YKapHo-
THUYeCKUE KJIeTKHU NlepeJ IPOKapUOTUYECKHUMHU.

Ananu3s. Bce i1 npoKapuOThl UMEOT OJUHAKOBOE CTPOeHHUE?
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IJTIABA 11. KIETOYHASA BUOJIOTUA

2.7. llpakmuy4eckoe 3aHsimue. CpagHume/1bHoOe usy4eHue cmpykmypul
npokapuomu4eckKux u 3yKkapuomu4eckux K/1emok

CuHTe3. YKaXKnuTe CX0ACTBO (001ee) acneKTOB NPOKAPUOTUYECKUX U 3YKapPUOTH-
YeCKHUX KJIETOK B KJlacTepe.

Onenka. CocTaBbTe CpPaBHUTEJIbHYIO TabJIMIly, OCHOBbIBASICh HA CBOUX 3HAHUSX O
IpOKapUoTax U aykapuoTax. 06¢cyuTe MHPOpPMaIMIO B TabJIMILE B TpyIIIeE.

2.7. TIPAKTHYECKOE 3AHATHUE. CCABHUTE/IbHOE U3YYEHUE CTPYKTYPbI
INTPOKAPHOTHYECKHUX U 3YKAPUOTHYECKHX K/IETOK
Ilesib: U3y4YUTb 0COOEHHOCTH CTPOEHUS U PA3/INYUA MeX/y 3yKapUOTHYECKUMHU U
NPOKAPUOTHUYECKUMHU KJIE€TKAMHU. @ A

IIpaBu/ia 6€30MaCHOCTH:
IopsAAOK BbINOJTHEHUA PAGOThI:

1. U3y4uTe KJIeTKU OaKTepUH, TpubOB, paCTEHUH Y }KUBOTHBIX 110 MUKPOCKOIIOM.

2. CpaBHHUTEe KJIETKH, KOTOpPble Bbl HA0JII0AA/IM 0/, MUKPOCKOIIOM, C pUCYHKaMH,
NpUBEAEHHBIMU HUXeE.

3. U3yuynTe cTpoeHUe KJIETKH U 3all0OJTHUTE Tab/IuLLy.

6aKTepI/IaJ'IbHaH KJIETKA KJIeTKa I‘pI/I6a KMBOTHAadA KJIETKa pacCTUuTeJIbHAA KJIETKA

YHuukanbHOe bakTtepuanb- | Kierka | dKuBoTHas | PacTurtesibHas
CTpoeHue Hadq KJIeTKa rpu6a KJIeTKa KJIeTKa

Anpo
Hyxksieotup,

[lnTonyiazma

[MuKoKaJInKC

MuTOXOHApPHUA

[Tnactuga

3Hﬂ0HﬂaSMaTquCKaH CeTb

KoMmnnekc l'onbmku

JInzocomMma

Bakyosib

[Iepokcrcoma

KiieTouHbI# EeHTpP

[lnTockeseT

Pu6ocoma

06cyauTe U caesiaiiTe BbIBOAbDI.

1. O6'bsICHUTE MPAKTUYECKYIO BOXKHOCTb M3y4eHHsI 0COGEHHOCTEN MPOKapuOTHYe-
CKMX KJIETOK.

2. B 4éM cX0/CTBO Y pas/IMyre MeXAy 3yKapUuOTUYEeCKMMHU U TPOKAapUOTHUYECKUMH
KJeTKaMu?
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IJTIABA 11. K/IETOYHAA BU0JIOTUA
2.8. 06meH seujecms 8 Kjemke. IHepzemu4ecKuii 06 MeH

2.8. OBMEH BEIIECTB B KJIETKE. SHEPTETUYECKW OBMEH

IIpoBepka 6a30BbIX 3HaHUH. [louemy npu pusnveckor pabore
HabJirogaeTcs ojblmka? Yro aTo o3HavaeT?

Accumunanus
JuccuMunanus

A 6 ,[lJIH nogaep>xKaHud [MOCTOSAHHOU TeMIepaTypbl TeJla H
apo

KU3HeEesATeJbHOCTU OpraHusMy TpebyeTcsd sHeprus. [us

AHaspo6
[IMKOIH3 obecrieyeHHUs1 KJETKU OJHEpPrued  HCNOJIb3yeTCs  3JHeprus,
Kucnopoanoe BblJI€JIAKOIIAACA B pe3y/ibTaTe pacClienieHnuda OpraHrU4YeCKHUX

paciiernienme BeleCTB H XNUMHYECKHUX peaKuHﬁ. YI‘JIeBO,ELbI ABJIAKOTCA

HMCTOYHUKOM 3HEPTUH JJis1 60JIbIIMHCTBA }KUBOTHBIX U YeJIOBEKA.

COBOKYIHOCTb peakL U, obecneyrMBaIOUIMX KJETKY 3Hepruen, HasblBaeTCs
3HepreTUYeCKUM 0OMEHOM (AUCCUMUSALHUS, KaTabou3M). COBOKYIHOCTb peaKi Ui
IJIACTUYECKOT0 U 3HEepreTHYecKoro obMeHa, 06ecnevyMBaloOlIMX HENpPepbIBHOCTb
KU3HENEesATEJbHOCTH KJIETKH, Ha3blBaeTCsd MeTaGo0JIM3MOM, a MpPOJYKThI
MeTabosiu3Ma - MeTabosuTaMu (puc. 2.23). IlnacTUYyecKUd W 3HEpPreTHYeCKUH
obMeH B3auMocBsi3aHbl. AT®  daBaseTcsd  yHUBepCaJbHbIM  HUCTOYHUKOM
3HEepruy, OH Heob6XOoJUM [AJisl peakKUUH MJacTUYeCKOro ob6MeHa. JTO BelleCTBO
CUHTE3UpyeTCs B peaKLUsX sHepreTuyeckoro oomeHa. PepmMeHTbl, HEOOXOAUMbIE
ISl JUCCUMMJISILMY, CHHTE3UPYIOTCA B peakUUsAX I[JaCTUYeCKOro o6MeHa.
KJjleTKM MOCTOSIHHO CBSI3bIBAIOTCS C OKpY»Kalolleld cpeJiof 3a CUET MIaCTUYECKOT O
M DJHepreTHU4Yeckoro o6MeHa. IJTHU TMPOLECChl SBJSIOTCS T[JIABHBIM YCJIOBUEM
JlOJITOJIETUS KJETKU, ICTOYHUKOM €€ POCTa, pa3BUTUSA U QYHKIUH.

coJI-
~ - opraHu4ecKue
HeyHad / ;4 \
suepruaglh 3 X" BelllecTBa
A

MHUTOXOH/IPUS

XJIOPOILJIACT
XHUMHU4YEeCKasd SHeprud
3amnacHasi
9Heprus

—_—

Puc. 2.23. MeTab0113M

Bce 1Bble OpraHW3Mbl, UMeIOLIMe KJIEeTOYHOEe CTPOEeHUe, IPeACTaBJISIOT COO0M
OTKPBIThIE CUCTEMBI, KOTOPbIE TOCTOSIHHO 0OMEHUBAIOTCS BELeCTBOM U 3HEepruen ¢
OKpY>Kalolllel cpeioi.

JHepreTu4eCKUd OOMEH - JUCCUMUJISLMUSA. YHUBEpCAJbHbIM MCTOYHUKOM
3Hepruu BO Bcex KJieTKax cayXUT AT® (apmeHosuHTpudocdaT). ITO BelecTBO
CUHTE3UpyeTCs B pe3y/bTaTe peakiuu ¢pocHopuIMpoBaHUS:

ADF + H,PO, + 40 k/lx = ATF + H,0.
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IJIABA 11. KJ/IETOYHAS BU0OJIOTUA
2.8. 06 meH seujecms 8 Kaemke. IHepzemu4eckKuii 06 MeH

AT® obpasyeTcs 3a CUET pas3/I0KeHUS R

OpraHMYecKHX BelleCTB B KJeTKe. ITa )/\’Cm

JHEprusl 3amacaeTcss B XUMHYECKHUX AZIEHUH 2 - =

cBs3sax ATO. / Tpuochar
JTanbl 3HEPreTUYeCcKoro 06- J pubosa

MeHa. [Iponecc oO6MeHa 3Heprued B SHeprus

KJIETKe TaK)Xe Ha3bIBAKT KJIETOYHBIM O O SHeprus

JbixaHueM. OpraHuaMmbl, KOTOpbIE

WCIOJIb3YIOT KUCJOPO/|, MPU JbIXaHUH,
Ha3bIBalOTCA a3pobaMu, a OpraHu3MBbl,
KOTOpble JblIIAaT B 0GeCKUCJI0POJHOU
cpesie, Ha3bIBAalOTCA aHaspobaMu. Y
aspobax AUCCUMUJIALUS MNPOUCXOAUT
B 3 3Tama.

1. IlodzomosumenwvHslll  3man.
[ToAroTOBUTE/IbHBIN 3TAll B OpraHU3Me
YyeJloBE€Ka  OCYILEeCTBJAETCA  IYyTEM
pacuienyieHus caxapo3bl, JaKTO3bl, [JIMKOTeHa U KpaxMaJsia Ha MOHOMepHI (TJII0KO03Y,
$pyKTO3y, rasiakTo3y) C MOMOUIbI0 MHUILEBAPUTENbHbIX pepMeHTOB. B xoze 3Tux
peakU Ui Bbl/ieJIIETCS SHEPTHs, HO BCS dHEePTUsl paccerBaeTcCs B BUJe Temsa. YacTb
00pa30BaBLIMXCS HA 9TOM 3Talle BeleCTB UCN0Jb3YeTCs /11 CHHTe3a OpraHUYeCKUX
BElIeCTB, HEOOXOAUMBIX J[Jis MPOILEeCCOB KHU3HeAesaTeJbHOCTU KJIETKHU, a 4YacTb
pacuienseTcs.

2. Beckuca0podHbslii 3man. beckyciopoJHbIN 3Tan (IJIMKOJIW3) 3aKJIH4YaeTCs
B (depMeHTAaTHBHOM OECKHCJOPOJHOM pacllelJieHUd HHU3KOMOJIEKYJISIPHbIX
OpraHWYecKuX BeleCcTB, KOTOpble ObLIM MOJyYeHbl B XOJl€ MOJATOTOBUTEJbHOTO
stana. Hanpumep, pacuienyieHue IIH0KO3BI.

I/IMKO/IM3 - 3TO aHA’pPOOHBIM MYyTh pacUieNJieHUs TJIIOKO3bl J0 MOJIOYHOU
KHCJIOThI, CONPOBOXK/AOUIHICS BblleJIeHUEM 3Hepruy, 3anacaemoii B Bujie ATO.

ajleHnH nudocdar

Puc. 2.23. JHepreTu4yecKkuil o6MeH

IJIFOKO3a

‘aleTu1
A KoA

Puc. 2.24. lluka Kpebca

l 4 . ‘ \ ( _"‘\g*-a..\ -f““"\-\._._
. - TPaHCIOPT
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IJIABA I1. KIETOYHASA BUOJIOTUA
2.8. 06 meH seujecme 8 Ksiemke. IHepeemuyeckKuili 06 MeH

[Ipu pacuienyieHnu 0lHOM MOJIEKYJIbI IJIFOKO3bI B [TPOLieCcCe [JINK0JIM3a 060pa3yoTcs
2 MOJIeKYyJIbl MOJIOYHOM KHUCJOTHI, 2 MoJieKyJbl AT® U BbljensieTcs 2 MOJIEKYJIbl
BoAbl. Becero Boigenserca 200 k/lxx sHepruu. 40 % 3TOM 3Hepruv HaKalJIMBAeTCs B
dochaTHbix cBa3sx ATD, a octanbHblie 60 % paccenBaloTCs B BU/l€ TelJa:

C,H,,0,+ 2H,PO, + 2A/l® = 2C,H 0, +2AT® + 2H,0

6”12

[Iponecc ravMKoiM3a OCYLIECTBJASAETCA B KJeTKax pacTeHUH, )KUBOTHBIX, TPUOOB,
6akTepui. B MbllIlax yesoBeKa Mocje Hanps>KEHHOM Gpu3nyeckor paboThl B KIeTKaX
He XBaTaeT KUCJI0PO/Ja, U U3 TJII0KO3bl 06pa3yeTcs 60J/1bllI0e KOJIUYECTBO MOJIOYHOM
KHUCJIOTHI. B pe3ysibTaTe MbILILbI YCTAIOT.

3. Iman Kuc/10podHo20 pacwensieHus. B aapo6HbIX OpraHU3Max MocJe rJaMKoJn3a
NPOUCXOAUT MOCJIeAHASA CTaAUsl SHEPreTUYeCKOTro 06MeHa — a3po6HOe pacllen/ieHue.
[Ipy aToM BellecTBa, o6pa3ywluvecs B INpoliecce TJMKOJNW3a, PacCUIeNsoTca 10
KOHe4HbIX npoAyKkToB (CO, u H,0). Ilpu 3TOM M3 2 MOJIEKY/l MOJIOYHOH KHC/IOTHI
o6pasyetca 36 mosiekys AT®, 42 mosiexyibl H,0 u 6 mosiexy CO,:

2C,H,0,+60,+36A/10+36H,P0,=6C0,+42H,0+36ATd

3776 3

B pe3ysibTaTe MOJIHOr0 OKUC/IEHHS ABYX MOJIEKYJ MOJIOYHOM KMCJIOThI BbIZEJSIETCS
2600 /I sHeprum, 1 440 k/lxx koTopou cBsi3biBatOTCs ¢ AT®. OctanbHblie 1 160 k/x
3HEpPruy pacCeuMBalOTCs B BHJE TelJa. TaKUM 06pa3oM, CyMMapHO 3HepPreTHYeCKUn
00MEH KJIETKH B C/Iyyae pacnaja IJIl0KO3bl MOXKHO NPEJICTaBUTh CJEeAYOLUM 06pa3oM:

CH,,0, + 60, + 38A/l® + 38H,PO, = 6CO, + 44H,0 + 38AT®

Bo BpeMs 3Tux npeo6Gpa3oBaHUM BbljessieTcsd npubausutesbHo 2 800 k/x
HEPTrUH, U3 KOTOPBIX B BUJe XUMUYECKUX CBA3el MoJiekys AT® 3amacaeTcss 0KoJ0
1520 x/Ix.

Takum o6pas3oM, aHaspoOHas CTaJUsl IHEProoOMeHa MPOTeKaeT B IUTOIJIAa3Me, a
a’pobHas - B MUTOXOH/PHUSIX.

[IpuMeHeHUe HOBBIX 3HAHUH.

3HaHMe U IOHUMaHue.

1. B 4émM 3akJIr04aeTcs NpoLecc 3HepreTUYecKoro ooMmeHa?

2. OTkyna 6epércs aHeprus Juisa cuate3sa ATO uz AJ1O ?

3. 3 KaKuX 9TanoB COCTOUT 3HepreTUYeCcKHUit 06MeH?

4. O6'bSICHUTE peaKIMyu a3po6HOTO paclenyeHus.

5. 06'bsICHUTE CBA3b MEX/Y MJIACTUYECKUM 0OMEHOM U IHEPTeTUYECKUM 0OMEHOM.

le/lMeHEHHe. YcTaHoBUTE COOTBETCTBUE MeXxAy sHepreTu4eCKuM 0OMEHOM H ero 3Ta-
ImaMH.

JTamnbl JHEepreTu4eCcKoro

IIpoueccsl 06MeHa BelllecTB
pont m oOMeHa

A) pacuen/ieHMe NUPOBUHOTIPAJHOU KUCJIOTHI Ha
YIJIEKUC/IBIM T'a3 U BOAY

B) pacuienJieHue IJII0KO3bI 10 TUPOBUHOTPAZHOM
KHUCJIOThI

B) CunTes 2-x Mmosiekyn AT®

[') CunTes 36 mosiekyn ATD

/1) IpOUCXOAUT C ydacTUeM pUOOCOMBI

E) NpoucxoAUT B MUTOXOH/APUSAX
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IJIABA 11. K/IETOYHAA BUOJIOTUA

2.9. [l[pakmuyeckoe 3ausimue. PeweHue 3a0a4, C8A3AHHbIX C SHep2emu4ecKum
06MEHOM 8 KJ1emKax

Ananus. [IpoaHasu3upynTe NPOLECCh], MPOUCXOAAINE NPU JbIXaHUHU KJIETKH, U306pa-

JKeHHbIe Ha PUCYHKE.

'f‘:;mmconns '
2 NAD*|

| mupyBaTt
I s
aHa3poOHbIE LUMTOIlJIa3Ma

i |
o

_ N
L D NAD" \\ yc/10BUs
3THUJIOBBIN CIIUDT,

i
MOJIOYHBI€ KHUCJIO-

,'I TbI U P.

|| | s——1=12NAD hixl

i D N——pa N\

| ~42NADN—_ _[6NADN| {2FAND -

II i | i » 1 it

i OKHCJIEHHE MU~ > OKHUCJIUTEJIbHOE

! | ____|pysara 2 aneTuu 1 docdopunu-

| | . U KoA poBaHue

% & :
ATO AT®

ATD
CunTe3s. Kakue NpoAyKThl 0Jy4YalOT B pe3y/bTaTe CIUPTOBOT0 OPOKEHUS?

OueHka. O6bsiCHUTe 3HaYeHHE a3p0OHOI0 AbIXaHUS B 3BOJIIOIHH.

2.9. TIPAKTUYECKOE 3AHATHE. PELIEHUE
3A4AY, CBA3AHHBIX C JHEPTETUYECKHUM OBMEHOM B K/IETKAX

Llesib: HAYYUTHCS peliaTh 33/la4M, CBSI3aHHbIE C IHePTeTUYeCKUM 0OMEHOM, 3Ta-
NaMH 3HEePreTUYeCKOro o6MeHa, MOAT0TOBHUTEJbHBIM 3TAallOM, 06pa30BaHUEM dHEDP-
T'UU NPH TJIMKOJIM3€e U a3POOHBIM pacnazioM.

JHeprusi, Heo6xoaMMasi JJisl IPOIECCOB B KJIETKe, HaKallJIMBAETCS B BUJlE PA3/IHY-
HBbIX aKKYMYJHUPYIOIIUX BelecTB. OJHUM U3 TaKUX BellecTB sBjsgeTcd AT® (ageHo-

suHTpudocdar) (puc. 2.25).
Mouiekysia AT® cuuTaeTcss yHUBepCaJbHbIM UCTOYHUKOM 3HEPTHUU B KJIETKaX KU-
BbIX OPTaHU3MOB. B T0 ke BpeMsi, Kor/ja B KJIeTKax NPOTeKaT 3Hepro3aTpaTHble MPo-

1[eCChl, KJIeTKa MoKeT CHHTe3upoBaTh AT® u3 mosiekysibl AJ[D. [IoTpe6GHOCTb KJI€TKH
B JHEpPTUH BCerjla BO3HUKAET NP ruziposuse mosekyabl AT®, To ecTb npu oTzese-
Huu A1® u docdhopHoit kucaotsl (M AM® u nupodocdara) ot AT®. Iueprus, Bbl-
JleJIII0IIAsics IPU 3TOM, PAacXOAyeTCs Ha BCe MPOILeCcChl )KU3HeAes I TEIbHOCTU KJIETKH,
HamnpuMep, Ha AaKTUBHYIO TPAHCIIOPTUPOBKY HWOHOB HATPHUS, KaJIUs U KaJIbIUs yepe3

MEM6paHbI M Ha BCe MMpoLecCbl CHHTE3a.

aZleHUH NH,
|
ocdhopHast KUcI0Ta
Cl) (l) p /}N“C/c\\“‘ﬂ
0 0 B I |
L

o
I | |
Ho—p~o—P~0—|F*—c—CH,

|
OH OH  OH

CH OH
Puc. 2.25. CoctaB AT®
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IJTABA 11. K/IETOYHAA BU0JIOTUA

2.9. [I[pakmuueckoe 3aHsamue. PeuieHue 3a0a4, C8A3AHHbLIX C IHepzemu4ecKuM
00MEHOM 8 K/1emkKax

IloAroTOBUTE/ILHBIH BecKuCc/I0pOAHBIH KuciopoaHbIii
aTan aTan aTan
200 x/lx 2600 k/Ix

Boinensemasi seprus | 80 k/lx - 2AT® (40 %) | 1440 x>k - 36ATO (55,4 %)
nosiHoCThIo paccenBaetcs | 120 k/lx (60)%) paccen- | 1 160 x/x (44,6 %) pacceun-
B BU/JIE TeIIa. BAIOTCS B BU/IE TeIIa. BAIOTCS B BUJIE TEIIA.

3azava 1. OnpefesuTe KOJMYECTBO PaCUleNJIEHHOW MOJIOYHOM KUCJIOThI U HAKO-
mieHHod 3Heprud (k/K) B AT® Ha aspo6HOM 3Tame, ecjqiv B IpoLecce TJIUKOIM3a
720 k/I>k 3HepryuM paccesyiocb B BU/JIe TeIlIa.

Ha cTtapguu 6poxeHus, T. e. TJIMKOJIM3a, OT pacnaza 1 MoJieKyJibl IJII0KO3bI BbIeJIs-
eTcs 2 MOJIeKyJIbl MOJIOYHOM KUCA0THI U 120 k/[>k 3Hepruu B BU/Je TeIia.

1 mosiekysna C.H,,0, - 2 mosieky.ibt C,H O, - 120 k/I>k TenioBast sHeprus

1-120 KJx

x-720 K/Ix

X=6 MOJIEKY.JI [JIIOKO3BbI.

Htak, us 1 mosexynnl C.H ,0, o6pasytorcs 2 mosiekynl C,H O, , a u3 6 mosexky

C,H,,0, o6pasyrwrca 12 mosrekysa C.H,O,.

[Ipu pacuienyieHur 2 MOJIEKYJIbl MOJIOUHOM KMCJIOTHI B a3po6HoM 3Ttane 1 440 Kok
3Hepruu HakamiauBawTcsa B ATO.

2 mosiexyJibl C,H O, - 1 440 x/lx

12 mostekys - x

x=1440-12/ 2 =8 640 x/lxx

OTBeT: pacuiernyieHo 12 MoJieKy/J1 MOJIOYHOM KHUCJOTBI U HakomaeHo 8 640 k/x
sHepruu B ATO.

3aaayva 2. [Ipu nosiHOM paclyenieHUHU K036l BbigenseTcsa 7 680 k/lx TerioBou
sHepruu. Kakoe Kosin4ecTBO 3Hepruu HakamniubaeTcs B AT®, eciv Takoe KOJIMYECTBO
IJIOKO3bI [10/IBEpTraeTcd He NOoJIHOMY pacuiernsieHu0? Orset: 480.

3agava 3. HeusBecTHOe KOJIMYECTBO IJIIOKO3bI MO/ABEPIJIOCH IOJTHOMY M HEMNOJI-
HOMY pacuienjeHuo. B utore obpasoBanuchk 252 mosiekysnbl AT®. KonndectBo noJ-
HOCTBIO paclleNJéHHbIX MOJIeKy.JI I/110K03bl B 0,5 pa3a 60J1blie KOJIM4YeCTBa [JII0KO3BI,
no/Beprilercs HemoJHOMYy pacuiensieHuto. Onpenenute koaudectso AT®, obpazo-
BaBllleecs U3 IJIIKO3bI, NOABEPriIercs NoJHOMY OKucaeHuo. OTBeT: 228.

3azayva 4. [Ipu nosiHOM pacuienyieHuHu riroKo3el Beigensetcd 6 400 k/lx TerioBou
sHepruu. Kakoe konndectBo saHepruu (k/lx) HakaniuBaetcs B AT® npu riaukosinze?
OTBeT: 400 K/ XK.

3agava 5. B mpoiecce sHepreTU4eckoro obMeHa ObLJIO CHHTE3UpPOBaHO 152
MoJiekysibl AT®. CkoJIbKO NPOLEHTOB U3 HUX CUHTE3UPYETCS B MUTOXOHJPUAX?
OTtBeT: 94,7.

3apgavya 6. HeusBecTHOe KOJIMYECTBO IJIIOKO3bI MO/ABEPIJIOCH IOJTHOMY M HEMNOJI-
HOMY pacuienjieHuo. B utore obpasoBanucek 252 mosiekysnbl AT®. KonndectBo noJ-
HOCTBIO pacllenJIéHHbIX MOJIeKY.JI I/110K03bl B 0,5 pa3a 60J1blie KOJIM4eCTBa [VII0KO3BI,
O/ Bepriuelcss HeoJHOMY pacuiernieHuto. OnpejenTe KOJM4eCTBO OJHOCTBIO pac-
HenJIéHHOM IJ1roko3bl. OTBeT: 228.

06cyauTte U caenanTe BbIBOJAbL. OOMeH 3Hepruei BO BCeX OpraHrM3Max Mpoucxo-
JUT B Tpu 3tana? CooTHecuTe QYHKL MU YIJIeBOJI0B, 6€JIKOB U )XKUPOB B 3HepreTuye-
ckoM oO6MeHe. Kak BHelllHsIsI cpe/ia BJUSIET HA MeTab0/IM3M U 9HEPreTUYECKUU 0OMeH?
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IVIABA I1. K/IETOYHAA BUOJIOTUA
2.10. Peanuzayus HacsiedcmaeeHHOUl UHhopmMayuu 8 Kaemke

2.10. PEAJIM3ALIMA HACJIEACTBEHHOM UH®OPMAIIUU B KJIETKE

IIpoBepka 6a30BbIX 3HAHUM. KakuM 06pa3oM KJieTKa pery-
JIMPYET CBOIO [IeATeJbHOCTb KaK caMoylnpaBJsieMass cucteMa?
KakoBo 3HauyeHue perminkauuu JHK gaa knetku?

[eHeTHYecKkul Kog,
Hyxkneornp,

’Kusnle OpraHMW3MbI o6naaa10T CIIOCOOHOCTBIO BOCIIPOU3BO- Peﬂyn}]y]}cauy]ﬂ
JIUTbCS, TO €CTh CO3/laBaTh cebe MOoA0OHBIX, U 3Ta XapakTepu- | TpaHCKpUNIUS
CTHKa CBsI3aHa C llepe/Jjayed reHeTUYeCKoH nHbopManuu us no- f§ TpaHcasnus
KOJIeHMs B IOKOJIeHHe. ITOT NPOLLecC Ha MOJIeKyIspHOM ypoBHe gMarpuna
ocHoBaH Ha 6uocuHTe3e [JHK nyTéM pensivkanuu, obecneyrBa-
Iollell TOYHOe KONMMpOBaHUe reHeTHUYeCKOW HHPopManyu. Ha KieToOYHOM ypoBHe 3TO
CBOUCTBO peayu3yeTcs IYyTEM JleJIeHUsI MUTOXOHJPUM U XJIOPOILJIACTOB B IIpoLieccax
MUTO3a U Meno3a.

KieTka, AB/SASICh reHeTUYECKOM eAVHULEeH, NepeJatolleld HaclaeACTBEHHY WH-
dopManuo nocaeAywIUM OKOJIEHUAM, 00ecriedrBaeT HePePbIBHOCTb NOSIBJIEHUS
HOBBIX TOKOJIEHU M.

OCHOBHBIM BellleCTBOM, NlepeJjalolliuM reHHy0 HHbopManuio, asiasetca JJHK, Ho
3TOT NPOLLECC MPOUCXOAUT TOJIBKO B )KUBBIX KJI€TKaX.

OCHOBHBIM yC/JI0OBUEM KU3HU OPTraHM3MOB SIBJISIETCS CHOCOOHOCTb KJIETOK CUHTe-
3MpOBaTh OeJIKOBbIE MOJIEKYJIbl. BeJIKH BBINOJIHAIOT B OPraHU3Me MHOXKeCTBO Pa3Ho-
06pa3HbIX QYHKI UM, TO3TOMY B KJI€TKE CUHTE3UPYIOTCS ThICSYU Pa3/IMUHbIX OEJIKOB.

Kax b1l BUJ UMeeT YHUKaJbHbIM HA60p 6€JIKOB, OTJIMYAOLUAICA OT APYTUX BU-
Jl0B. besiky, BBINOJIHAWILNE OAHY U Ty Xe QYHKIMIO B Pa3HbIX OpraHU3Max, TaKxKe
pas/IMYaTCA 10 KOJIMYECTBY Y MOC/IeL0BaTeJIbHOCTH aMUHOKHUCIOT. besiky, BeInoJI-
HSAIOL e BaXKHble )KU3HEeHHble QYHKIIUH, CXOJHbI BO BCEX OpraHMU3Max.

Hykneotupapl
2
1 3
y I A r
yyy peHmI- yuy YAY yry y
THPO3UH UCTENH
. Yy aJlaHWH YL YAL, YIy I
cepuH
YYA . YA P YAA CTOT- YTA | cron-komoH | A
JIEUIUH
yyr yur YAT KO/ZLOHBI YIT | tpuntodan | T
hyy quy LAY ry y
TUCTHNH
0yL . LI AL LI'L 1
I JIEHIIUH POJIMH ApPTUHUH
YA IA LAA LTA A
IJIIOTaMUH
uyr ur AT qrr r
AYY ALY AAY ATY y
. acrnaparvH CepUH
AYI | usonennun | AL AAIL AT'1] 11
A TPEeOHUH
AYA AllIA AAA ATA A
JIU3UH apPTUHUH
AYT | metnonun | AT AAT AI'T r
ryy rugy T'AY | acnaparuno- | ITY y
Iyl LI TAL] | Bad KucaoTa | IT] i
r BaJIMH aJIaHUH TJIMLAH
['YA A T'AA | tmoramuno- | [TA A
ryr rur Al | Bad KucaoTa [ T'T'T r

Puc. 2.26. 'eHeTHYECKUU KOJ,
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IJIABA 11. K/IETOYHASA BU0OJIOTUA
2.10. Peasnuzayus Hacs1edcmeeHHOU UHHopMayuu 8 Kjiaemke

Besiky nuiu nepeBapuBarOTCcA (paclienisiloTCsS [0 aMUHOKUC/IOT) B OpraHax Mu-
1IeBapUTEJbHONU CUCTEMbl. AMMHOKHC/IOTHI IOCTYNAKT Yepe3 CTEHKU KUILEYHUKA B
KpPOBb Y TPAHCIOPTUPYIOTCS B KJIETKH, IJle U3 HUX CUHTe3UPYIOTCS OesIKH, XapaKTep-
Hble /11 JaHHOTr0 opraHnu3Ma. Kaxk/1as kjieTka CMHTe3HMpyeT 6€eJIOK B COOTBETCTBHUH C
reHeTndeckor uHPpopmanueil. Cpok :kU3HeeATebHOCTH 6eJIKOB OTPaHUYEH, U Uepes3
HEKOTOpOe BpeMsl OHHU pacna/laloTcsl. BMecTo HUX 6ecipepbIBHO MOSIBJASIOTCS HOBBIE.

CBoiicTBa 6e/JIKOB B MEPBYIO OYepe/ib ONpeJess0TC UX IEPBUYHON CTPYKTYpPOH,
T. €. 10CJIE/J0BATEIbHOCTbI0O aMUHOKHUCIIOT. [lepBUYHAsA CTPYyKTypa Oe/JIKOB oNpeeis-
eTcsl NoCJe;0BaTeNbHOCThI0 HYK/1eoTH10B B JIHK. UHpopManusa o cTpoeHuu u npo-
1eccax >KU3HeJesATEeJbHOCTU KaXKJO0W OTHAEeJIbHOW KJETKH, JlaKe MHOTOKJETOYHOTrO
OpraHu3Ma, 3aKJIl04eHa B ocjieoBaTe/ibHOCTH HykaeoTru 0B AHK. 3Ta unpopmanus
Ha3bIBAaeTCA Hac/1e0CmeeHHOU UJIN 2eHemu4veckol uHgopmayuet.

leHeTH4YecKu Koj. [eHeTuveckasd mHbopMalus O MEPBUYHON CTPYKType OeJ-
KOB pacroJiaraeTcsi oJHa 3a Jpyroyd B BH/JIe MOCJ€eL0BaTEJIbHOCTEN HYKJIEOTU/IOB B
nenu JAHK. Yactp Mosekyabl [AHK, nocsenoBaTesilbHOCTh HYKJIEOTHIOB B KOTOPOU
omnpeesisieT NOCJe0BaTENbHOCTh aMUHOKHUC/IOT B JAHHOM OeJiKe, Ha3bIBalOT FEHOM.
HabGop couyeTaHUM KaXA01 aMUHOKUCIOThI, BXOJSAIIEN B COCTAaB 6€JIKOB, C TOMOIIbIO
TPEX HYKJIEOTH/0B (TPUILJIIETOB, KOJOHOB), PACIOJIOKEHHBIX MOCJAeJ0BATEJbHO B
HYKJIEMHOBBIX KUCJI0TaX, Ha3bIBaeTCs FeHeTU4eCKUM KOAOM. YeThipe pasHbIX HYK-
neotrusa PHK moryT o6pa3oBbiBaTh 64 koM6HUHaALMH, 4°=64 KOZA. YCTAaHOBJIEHO, YTO
60JIBIIMHCTBO OCHOBHbIX aMUHOKHUCJIOT KoaupywTcsa 1, 2, 3, 4, 6 Tpunietamu. Pac-
mudpoBKa reHETUYECKOT0 KOJla OCYyIleCTBJIeHa aMepPUKAHCKHMH OHOXMMHUKaAMU —
M. Hunep6eprom u C. Ouoa B 1962 roay (puc. 2.26).

0Cco6eHHOCTH reHeTUY€eCKOro Koja:

1. Kaxxaiyto aMMHOKUCJIOTY KOAMPYET TPUILJIET HYKJIEOTU/OB.

2. Kax/bli TPUILIET KOAUPYET JIMLIb OJHY aMUHOKUCJIOTY.

3. 0iHa aMUHOKHCJIOTA MOXKET KOJJUPOBATbhCH HECKOJIbKUMU TPHUILJIETAMMHU.

4. 'eHeTHUYECKHH KO/, YHUBEPCAJIEH, TO €CTh €JJUH /1JIs1 BCEX OPraHU3MOB.

5. U3 64 KOMOMWHAUMW TPUIJIETOB FeHETHYECKOT0 Koja 61 KoAWMpPYHT aMHUHO-
KUCJOThbl. JTU TPUILIETbl Ha3blBalOTCA 3HAa4YUMbIMU. YI'A, VAA, YAI' He KogupyroT
AMHUHOKHCJIOTBL. ITO KOAOHbI-TEPMUHATOPbI, CUTHAJIU3UPYIOLIHME 00 OKOHYAHUU
MMOJIMTIENTHAHOH IEIH.

XpoMocoMa

cBo6oaHbIE HYKIeoTHAbl  JIHK-mosmMepasa

JIUAMpPYIOLLas HUTh

XeJMKa3a

MaTpHUYHaAA

LleINb 3apas/biBarolias HUTh

e AleHUH
—=< TumuH
e [[1To3uH
@ ['yvaHuH
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IJIABA II. KIETOYHAA BUOJIOTUA
2.10. Peasnuzayus Hacs1edcmeeHHOU UHopmMayuu 8 Kjaemke

Peakuuy MaTpu4HOro cuHresa. ['eHetndeckass undopmanusa JIHK onpenensercs
110CJ1e/J0BAaTe/IbHOCTBIO COeJUHEHUS MOJIEKYJT HYKJI1eOTUA0B. CHHTe3 6HONOIMMEepPOB Ha
OCHOBe IeHHOM MH(}OpMaLMU Ha3blBaeTCs peaklvell MaTpuyHOro cuHTe3a. Croa BXo-
1At cuntes [JHK - pepynnukanus, cuate3 PHK - TpaHckpunus, cMHTe3 6eJIKOB — TpaHC-
JIALMA. B 0CHOBe peaKiuy MaTpUYHOI0 CUHTE3a JIEXKUT IPUHLUI KOMIIJIEMEHTApHOCTH.

Pepynimmkanus JHK. Buocuntes /IHK ocHoBaH Ha cioco6HocTy MoJsieky JJHK k
CaMOy/ZIBOE€HHIO, BCJIJCTBUE Yero Jo4YepHUe MOJIEKYJbl CTAHOBATCA TOYHOW KONHUEN
MaTEpPUHCKOW. JTOT MpPOLeCcC Ha3blBaeTca peAyniukayuen. /Ise nenoyku JHK pas-
JleJIIFOTCS C MOMOLIbIO ClleliManbHbIX pepMeHTOB. Kax/jaa 1ienb CTAaHOBUTCA MaTpHU-
11ei, Ha KOTOPOW COOUPAIOTCA HYK/I€0TH /bl 10 IPUHIUNY KOMIIJIEMEHTAPHOCTHU. ITOT
CUHTE3 NpoucxoguT c yuactueM pepmenTa JIHK nosmuvmepasnl 3a cuét sHepruu ATO.
[Iponecc npoucxoauT B UHTepda3e :KU3HeeaTeJIbHOCTU KJIeTKHU (puc. 2.27).

Pea/mM3anusa reHeTH4eCKOro Koja B KjJeTKax. Peasusanya reHeTu4eckoy HUH-
dopManyu B KJIeTKe MPOUCXOAUT B JiBa 3Tama: CHayasa MUHPopMaLus 0 CTPYKType
6eska nepenocutcd ¢ JIHK na MPHK (Tpanckpunuus), 3aTeM B pubocoMax OCyIecT-
BJISIETCS KOHEUHBIM NPOAYKT — CUHTe3 OeJiKa (TpaHCasaLus).

Tpanckpunuusa (cuate3 PHK). B sToMm npounecce JHK saBaserca matpuneit. UH-
dopmanusa o ctpyktype 6eska xpaHutcsd B JJHK. CuHTe3 Gesika MPOUCXOJUT B IU-
TOIJIa3Me, Ha pubocoMax. MHdopmalys o CTpyKType 6esika NepeHOCUTCS U3 fipa B
yutomnsadmy ¢ nomoinso MPHK. 3anuceiBaetcs dyacts gBorHOM nenu JIHK u cunHTe-
supyetcsa MPHK c nomoubio pepmenta PHK-nosimMepassl Ha 0CHOBe KOMILJIEMeHTap-
Hoctu (A-Y, I'-1]) B ogHOM U3 ueneit. Tosbko ogHa HUTH [JAHK nmeeT cMbica, BTopas
nens [JHK genctByeT kak MaTtpuna. MPHK cuHTe3upyeTca U3 3Tom MaTpU4YHOM LieNu.
CunTesupoBaHHasd MPHK koMmniemeHTapHa TpaHnckpubupyemoit nenu /IHK, To ectb
NI0CJIel0BATeJIbHOCTb HYKJIeoTH0B B MPHK cTporo onpepenserca nocienoBaTesib-
HoCTbI0 HykJeoTu10B B /IHK. Hanpumep, ecinu yactb TpaHckpubupyemon nenu JAHK
VMIMeeT MO0CJel0BaTeJbHOCTb HyKJI1eoTUA0B A-1I-I'-T-I'-A, To cooTBeTCTBYIOLasA 4YacTh
moJsiekysbl MPHK umeet Bug Y-T-1-A-11-Y. TakuM 06pa3oM, B pe3y/ibTaTe TPAHCKPHUII-
[IMU IPOUCXOAUT llepeHoc reHeTuyeckor nHopMmanuu ¢ /IHK na MPHK.

PHK
.q
JIHK
T L B
CACTCAT TN
™Yrrrrror T S L L L BB
ATGCCGCA A TACCACCTA
U
TTACAC V T
£ 4 i | |

4 AC CL\CUC&U C/ |

\*_ 13,/

JHK ,ZlHK-nonHMepasa

JIHK

Puc. 2.28. TpaHckpunuus
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IJIABA I1. KIETOYHAA BUOJIOTUA
2.10. Peanuzayus Hac/1e0cmeeHHOoU UHHopMayuu 8 Kjaemke

TpaHcKpunuusa MoKeT NPOUCXOAUTb OJHOBPEMEHHO B HECKOJIBKMX F'€Hax Ha OJi-
HOM XpOMOCOMeE U B reHax, pacrnoJIoKeHHbIX Ha pa3HbIx XpoMocoMax. [lepeHoc undop-
MalUu 0 nocyaenoBatesbHOCTH aMUHOKUCIOT ¢ JIHK Ha MPHK HasbiBaeTcs TpaHc-
Kpunuueu (puc. 2.29).

Mousekynbl PHK, cuHTe3npoBaHHBIe y NMPOKapUOTOB, MOTYT HENOCpPeJCTBEHHO
B3aUMO/IeNCTBOBATh C pUOOCOMaMM U y4aCTBOBATh B CUHTE3e OeJiKa. Y 3yKapuoTOB
MPHK cuHTe3upyeTcs B s/jpe U € MIOMOLIbIO Clleljua/IbHbIX O€JIKOB MPOXOJUT uyepes
nopsel gpa B uuromaasmy. Emé asa Buga PHK - TPHK u pPHK - Takke cuHTE3upyroT-
CAl B ClleljMaJIbHbIX T€HaX.

TpaHcisanusa (cuHTe3 6eaKoB). TpaHc/ALMS - 3TO NpOLEeCC epeBo/Jja TeHETH-
yeckod MH$opManuu c «sa3bika» MPHK Ha «a3bIk» aMHHOKUCIOT. B 3TOM npouecce
MaTpulel aBisetcsa MPHK. B npoiecce Tpancasiuu B pubocoMax popMupyeTcs nep-
BUYHas CTPYKTypa OeJsika Ha 0CHOBe UHpopMauuy, cofepxaileiica B PHK. Pu6oco-
Mbl puKpenstoTcsa k yuactky MPHK, rjie HaunHaeTcs cuHTe3 6esika. Ha aTom KoHIe
MPHK nHaxoauTca Tpumier AYI, HaUMHAKOIMUKA TPAHCAALUIO, KOTOPbIA Ha3bIBaeTCs
«CTapTOBBIM KOJOHOM». AHTUKO0HbI TPHK KoMniemenTapHbl kogoHam MPHK B pu-
6ocoMax.

TPpAHCIANHUA

BbixoJ, MPHK B
LUTOIJIa3My
S G .

pactyuias noJiy-
NenTU/Has [elb

Puc. 2.29. Tpancnauusa

Biiarogaps yHUKaJbHOMY pacloJIOKEHUI KOMIIJIEMEHTAPHbIX HYK/JI€0THUL0B MO-
nexkysa TPHK umeer ¢opmy, nosobHyto sucty kiaeBepa (puc. 2.30). Kaxpaa TPHK
¥MMeeT aKLeNTOPHBIA Y4acTOK, K KOTOPOMY NPUCOeAUHAETCA aMUHOKUC/IO0TA, aKTU-
BUpyeMas sHeprueit AT®. B npoTuBonosioxkHor yacTu MoJsiekyibl TPHK HaxoauTca
cnenprUUecKU TPUILJIET — AaHTHUKO/IOH, OTBEYAIIIMM 3a €€ MpUCcoeIMHEHHE K COOT-
BeTcTByloLeMy TpumieTy MPHK (KoZ0Hy) no npyuHIUNY KOMIIJIEMEHTAPHOCTH.
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IJIABA II. KIETOYHAA BUOJIOTUA
2.10. Peanuzayus HaciedcmeeHHOIl UHopMayuu 8 Kaemke

AntukonoH moJsiekysbl TPHK, cBs- aMUHOKHCJIOTa —*
3bIBAKOIIMI aMUHOKHUCJOTY, KOMILJIe- 3
MeHTapeH koZoHy MPHK.

TakumMm >xe o6pazoM BTOpass TPHK A
COEJJUHAET aKTMBUPOBAHHYID aMHU- 5 "‘W"gg
HOKHUCJIOTY CO CJIeAYIOIUM KOJOHOM P
MPHK. Mexay naByMsa aMHWHOKHCIIO- c- IIJ-
TaMu 00pasyeTcs NenTHAHas CBA3b, AU

ook T xosb110

nocse dyero nepsas TPHK orgenserca bk i g
OT aMHUHOKMUCJIOThI U MOKUZAET pUb0- F o g—;}—{;—a}—g’ A
comy. [locsie sToro MPHK mepexoant — o~G~p s C-0-G-U-G_ d
K OJHOMy TpMIUIETy, a ciaejywlomas ¢ et C"U_G U~p~
mosiekysna TPHK, cBa3anHas ¢ aMuHO- G /(’}-c--:':-q a
KUCI0TOM, BXOJUT B pubocoMy. B pe- - G.q...gA
3yJbTaTe K JAUNEeNnTU]y JobaBiseTcs GG
TpeThsi aMMHOKKCI0Ta, U MPHK mepe- ?E‘
MelaeTcsd elé Ha oAMH TpuiaeT. Ta- oA o '\A
KMM 06pa3oM, MOJNMIENTH/HAs Lielb AHTHKOAOHOBas _ | b
YAJMHSETCS. — b

[Iponecc TpaHCJAALMM NpPOJOJIKA- P
eTcs ZI0 TexX Mop, MoKa OJUH M3 TPEX A-U-G-C-C-A-C-A-G-C-U-U-A-G-U-G-A-A-U-U-U
CTOI-KO/JOHOB He COEJMHUTCS C pU60- Puc. 2.30. KoMmnieMeHTapHOCTb aHTUKO/,0HA
COMOM, MOCJIe Yero CUHTEe3 GeJIKa mpe- TPHK xonony MPHK

KpauaeTcsl 1 pubocoMa paclieniseTcs Ha JiBe CyOo'beJUHUIIbL.

Bce BhIlIenepeyrcieHHbIE POLEeCCHI TPOUCXOAAT 04eHb ObICTPO. Ha kaxk10M aTa-
ne 6MOCHHTe3a Oesika COOTBETCTBYIOIIME GepMEHThI KaTaJIM3UPYIOT U obecrneynBa-
I0T 3HEePruIo 3a cueT pacuienyueHus ATO.

[ToaTOMYy Takue NpoLecchl, KAK pa3MHOXXeHHe OpraHM3MOB, pereHepanus U Jiee-
HUe KJIETOK, Nepejiaya reHeTUYeCKOM MHPOpMaLMy, 06ecreduBarTCsa N0CPeCTBOM
peakL My MaTPUYHOTO CUHTE3a.

l'lpnmel-lelme HOBbIX 3HAHU M.

3HaHUe U IOHMMaHUe.

1. YTo 03HaAYaeT C/1I0BO pelJIMKaLUsA U TPAaHCKPUIILIUA?

2. 06bsscHuTe MexaHu3M cuHTe3a PHK u3 /IHK.

3. Kakue cBolicTBa MMeeT reHeTUYECKUU Kof?

4. Y10 Takoe MaTpU4YHbIN CUHTE3?

5. Kakue pyHKIIUU UMEeOT pUubOCOMBI B CUHTe3e 6esika’?

[IpumeHeHue. [loueMy aMHHOKHUC/IOTBHI BKJIYAIOTCSI B COCTaB 6Oejka MpH
TPaHC/SLUU He CIy4alHbIM 06pa3oM, a TOJIbKO KoaupyTcs Tpumietamu MPHK u co
CTPOTUM COOJIIOZIEHHEM MOCIe0BaTENbHOCTH 3TUX TpUIieToB? Kakue Tunsl TPHK
y4aCTBYIOT B CUHTe3e 6esika?

Anasns. OnpepenuTe nocjaef0BaTeJbHOCTb HYKIeoTUL0B B MPHK 1 kosinuecTBO
aMHHOKHCJIOT B 6esiKe, CHHTE3MPOBAaHHOM Ha ocHOBe MoJiekyibl JIHK, cocTosiei us
HykseoTuaHou nocaegoBatesbHOCTH [ TUATITATAT TULITAAT.

CuHTe3. HUcnosb3ysa TabJuIly TEeHETHYECKOr0 KOJla, COCTaBbTe CXEMY
MCIOJIb30BAHUSl TeHeTH4YeCcKOM HHopMalUu B Ipoliecce OGHOCUHTe3a Oesika U
OTpa3uTe e€ B TaOJIMULE HUXKE.

69



IJIABA I1. KIETOYHASA BUOJIOTUA
2.11. [Ipakmuueckoe 3aHsamue. ModeupogaHue npoyecca 6uocuHmesa 6eaKka

Mepeas uens IHK | ATT | TAT | TAA | TAT | UT | LT | I'TT | LA | TTA

BTtopas nens JHK

uPHK
(komoH)
TPHK
(aHTHKOZ0H)

AMUWHOKHUCJIOTHI

Onenka

1. Eciu MosiekysisipHasg Macca 6esika coctaBiseT 36 000 r/mosib, onpejenuTte
KOJIMYECTBO HYKJIe0TH10B B cooTBeTCcTBYWOIMX MPHK 1 /IHK aToro 6eska.

2.0npefieinTe KOJIMYECTBO HYKJIEOTU0B B CUHTe3upoBaHHOM MPHK 1 kosimuecTBO
aMHHOKHCJIOT B 6eJiKe, a TaKXKe Maccy 6esika, ucxo/is us pparmenta JJHK, coctosiero
13 450 nap HyKJIEOTH/OB.

2.11. TPAKTUYECKOE 3AHATHE.
MOJAE/INPOBAHUME INPOLIECCA BUOCUHTE3A BEJIKA

Ilesb: MOHATH M 0TPAbOTaTh HAa MPAKTHUKe Mpolecc 6MOCMHTe3a 6eJika Ha OCHOBE MO/ie-
JIUPOBaHMUS.

BuocuHTe3 6esika COCTOUT W3 MPOIECCOB TPAHCKPHUMIIUU U TpaHcasanuu. B aape PHK
cunte3supyetcs u3 AHK c nomoupio pepmenTa PHK-nosumepasel. ITOT npouecc Ha3biBa-
eTcd TpaHCKpunuueu. CuntesuposanHasgd MPHK BeIxonuT B iuTONn/Ia3My yepes nopel s4pa
U coefuHseTcs ¢ pubocomoit. TPHK TpaHcnmopTupyeT aMUHOKHUC/IOTBI, COOTBETCTBYIOLIME
nocje/0BaTeJbHOCTH Hyk/aeoTu0B B MPHK. 3TOT npouecc Ha3biBaeTcs TpaHCASALUEN.

OGopyaoBaHUe: KapTOH, [BETHAs OyMara, HOXKHHLbI, KJIeH.

® 0 A

IpaBu/1a 6€30MaCHOCTH: |

TPaHCKpUNILUSA
dAMHWHOKHCJIOTA
%TPHK
‘ ';\W uPHK

pubocoma

TpaHCIALUA
Mf@‘ 3 p I
@@AM

Puc. 2.32. BuocuHTe3s 6eka

3
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IJTIABA 11. KIETOYHASA BUOJIOTUA

2.11. llpakmuyeckoe 3ausimue. ModeauposaHue npoyecca 6uocuHmesa 6e/ka
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IJTIABA I1. K/IETOYHAA BUOJIOTUA
2.11. [Ipakmuueckoe 3aHsamue. ModeauposaHue npoyecca 6uocuHme3sa 6egaKa

IlopsAJ0K BBINOJIHEHUSA PAGOThI:

1. HapucyiiTe Mozenb pubOCOMbl M3 MJIOTHOTO KapTOHA U BbIpexbTe eé. ClesaiiTe
Ha/ipe3bl C 06eHX CTOPOH.

2. CaenaiiTe U3 MJIOTHOM GyMaru JIeHTOYKY IIMPUHON HEMHOTO Y>Ke Hajipe3a. JTa JieH-
TOYKa CAYUT Mo/iesibio MPHK. BeipexxbTe 13 11BeTHOM 6GyMary KBaJjpaT U IPUKJIEeNTe ero K
mozenu uPHK. Kaxxablit KBaJpaT npeAcTaB/isieT 0UH TpuUIlieT (KoAo0H). Pubocoma nokpsl-
BaeT aBa Tpunieta MPHK.

3. BeipexxbTe Mmozenb TPHK u3 kapToHa. OTpexbTe TOHKYI0 MOJIOCKY BETHOW 6yMaru u
npuKJaenTe eé K BepxHer yactu TPHK. OTu 1BeTa npecTaBIsI0T aHTUKO/I0H.

4. BeipexbTe MO/ieJib aMUHOKHUCJIOThI U3 IBETHOM MJIOTHOW OyMard.

5. llpukpenuTte TPHK 1 aMMHOKUCIOTY, IPOTKHYB HUXKHI010 YacTb TPHK 1 amuHokucio-
Thl HOXKHHUIIAMU.

6. Korga pubocoma, TPHK 1 uPHK 6yayT roToBsl, npoBeiuTe 6uocuHTe3 6eska. Coenu-
HUTeE LIBeTa KOJIOHA, aHTUKO/JJ0HA U aMHUHOKHUCJIOThI COOTBETCTBEHHO.

7. CuHss1 6ymara cooTBeTCTBYyeT ctapToBoMy KoZoHy AYT B MPHK. B TPHK anTuko0oH
YAL| HeceT aMUHOKUCJIOTY METHOHHUH.

8. IIpouecc noBTOpsieTCS B 3TOM NOC/aeA0BaTebHOCTH. [lociequuit kogoH B MPHK - Tep-
MUHATOPHBIN KOJOH 6eJioro 1BeTa, KOTOPbIN YKa3bIBaeT Ha KOHel| chHTe3a B ¢popMe YAA,
YAT wnn YTA.

O6cyauTe U caesiaiiTe BBIBOADI.

1. Kako¥l mporecc GHOCHHTE3a
GeJiKa IPOUCXOAHUT B sAfpe?

2. KakoBo cTpoeHue pubocoMbI?

3. I'ne HaxoAsATCA KOJOH U aHTH-
KOJIOH U KakoBa UX GyHKIUs?

4. Kakoii mpolecc u306pakéH Ha
pucyHke?

5. PacckaxuTe 0 1ocJieZjoBaTeJbHOCTH TPAHC/ISALUH.

ABHUXEHHUeE pI/I60COMbI

- y]_[y \ y[‘lll Ty [ AT | ry | Wit m

KOJIOH

(% AHTUKOJIOH
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IJIABA 11. KIETOYHAA BUOJIOTUA

2.12. Pa3MHO3#ceHUe npoKaApuomu4ecKux u 3yKapuomu4ecKux KJ1emok

2.12. PABMHOXEHHUE IIPOKAPHOTUYECKUX H 3YKAPHUOTUYECKHUX K/IETOK

IIpoBepka 6a30BbIX 3HAaHMM. Kak pa3aMHOXalOTCS KJAeTKA?

|
'

Puc. 2.33. Jlenenue
GakTepui

y,
g

coM 1 JIHK HaxogUTCs B COCTOSIHUH 2N2C
COOTBETCTBEHHO (N — YHCJIO0 XPOMOCOM,
¢ - yucso JAHK. Yucno IHK paBHO yucity

XpOMaTUn).

B nmepuop cuHTe3a (S) Habsoga-
etca pepymiankanua JJHK. Cunresupy-
I0TCS TUCTOHOBBIE OeJIKH, BXOJdALIMe B
cocTaB XxpoMocoMbl. Kaxxzas xpomoco-
Ma UMeeT iBe xpoMaTu/bl (2n4c). LieH-

TPHOJIb Y/IBauBaETCHl.

[MocrcunTeTnyeckui nepuox (G,) -

[IpokapruoTHYeCKHEe M 3yYKApUOTHU-
YyecKHe KJEeTKH CIOCOOHBI K JIeJIEHUIO.
BakTepun pa3MHOXalTCHa JeJiIeHHeM
KJeTKU Ha JABe 4acTu. Ux yBesnyeHue
OCHOBAaHO Ha reoMeTPUYECKOU mporpec-
cum (2,4,8,16,32...). Y bakTepuid cHayajia
peaymunupyetca JIHK, a nocse 3aBep-
weHud peaymiaukauuu JHK otpensior-
cqa Apyr ot gpyra. KnetouHnasa memb6paHa
BTATMBaeTCd, a LUTOIJIa3Ma JeJIMTCA

MwuTo3
HUuTepdaza
[Ipodaza
MeTadaza
Anadaza
Tesnodasza
LluTokuHes
Kapuokunes

Ha JiBe 4YacTdU. B uTore obpasyrwoTcs HOBble OAaKTEPUU
(puc. 2.33). llpu 6a1aronpusTHBIX YCJOBUSX HEKOTOPHIE
OaKTepuH JesAaTca Kaxble ABaJlaTb MUHYT.
JyKapuOTUYECKHUE KJIETKHU JIeJIATCS MUTO30M U Meiio3oM. [lepuon neseHus Kjet-
KM J10 CJIelyI0ILero JieJleHusl Ui rubesiv Ha3blBaeTCsl KJIeTOYHbIM UKJI0M. KiteTou-
HbIM LIMKJI COCTOUT U3 UHTepda3bl U MUTO3a. MHTepdasza JeqIuTca Ha TpU epuoza.
lpecunTeTnyeckuit nepuo (G,) - KJieTka yCUIeHHO PacTET, CHHTE3UPYIOTCH Bellle-
ctBa (PHK, depmeHThI), y4aBCTBYIOLIME B [TIepUO/ie CHHTEe3a. B 3TOT nepuo/; yrc/io XpoMo-

MHUTOXOHJAPUHU JensiTcsad HajBoe. CHUH-
Te3upyeTcs TyOyJIMH, BXOASIIMU B COCTAaB BepeTeHa JiesieHus (2n4c).
MuTO3 COCTOUT U3 YEeThIPEX Pa3:

1. Mpodasza. XpomMocoMbl CHHUPATU3IYIOTCH, YKOpaYHBa-
I0TCA Y YTOJILAIOTCA. B 3TOT Nepros XpoMOCOMBI MOKHO OKpa-
CUTb U PAaCCMOTPETH N0J, MUKPOCKOIIOM. XpOMOCOMA COCTOUT
Y3 [IByX XpOMaTH/[l, COeJUHEHHBIX [IEeHTPOMepOH. B ) KMBOTHBIX
KJIETKAX LIeHTPUOJIA PACXOAATCA K IPOTUBOIIOJIOKHBIM I10JIIO-
caM. M3 1eHTpuoIM 06pasyeTcss BEpETEHO JesieHus. Apbiii-
KU ucyesarT. PacTBopseTrca sajepHas
060Js104Ka (2n4c).

Puc. 2.24. KneTo4HbIN LUK

2. MeTtadasza. XpoMoCcOMbI pacrnoJiaraloTcsi B 9KBaTOPU-

aJIbHOU TMJIOCKOCTU. BepeTéHa JesieHus (axpoMaTUHOBBIE
HUTU) NPUKPEIJIAIOTCA K LieHTpoMepe XpOMOCOMBI C JBYX
CTOpOH (2n4c).
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IJTIABA 11. K/IETOYHAA BU0OJIOTUA
2.12. PazMHoOJ#CeHuUe npoKapuomu4eckKux U 3yKapuomu4eckKux K/1emok

fEe T e N

¥ - —————— ¥

Anadasa. [Ipogosmkaercs Hefo/r0. LleHTpoMephl pas-
pbiBatoTCcA. M3-3a yKOpOYeHUs axXxpOMaTHHOBBIX HHUTEHU
XpOMaTH/bl IEPETATUBAOTCA K MOJIIOCAM KJIETKH, J0XO0-
JISIT 10 TIOJIFOCOB B BUJZie XpoMocoM (4n4c).

4. Tenogasza. XpoMOCOMBI ieCIUPAIAZYIOTCSA
Y IpeBpalalOTCa B XpOMaTHUH. BepeTeHo pgerne-
HUA pacnagaetcs. [logBasgoTca 94po U aepHas
o6oJio4Ka (2n2c).

JleneHue a/pa Ha3blBaeTCd KApUOKHHE30M,
a JieJleHre LUTOIJIa3Mbl - ETUTOKMHE30M.

[luTokMHe3 pas3iu4yaeTcd B pac-
a 6 TUTEJbHBIX U KUBOTHBIX KJeTKax. B

AT “\ . KJEeTKax >XUBOTHBIX 00pa3yloTcs B
£ e 9KBAaTOPHUAJIbHOW IJIOCKOCTH Tepe-
L, \t‘> ] TSKKH, YTJIYBJISIOTCA B CTOPOHY IIUTO-
Vo a i S IJIa3Mbl U Pa3fesIIloT MaTEPUHCKYIO
L ,_/-"' KJIETKy Ha JiBe J04YepHHe KJIeTKU. B

pacTUTeJIbHbIX KJIeTKax ob6pasyeTcs
BHYTPUKJIETOUYHAS neperopojka.
[leperoposka pacmiupsieTcss  JaTe-
paJIbHO U AEeJIUT KJIETKY Ha JiBe YaCTH.

Puc. 2.25. [leneHue >kMBOTHOU
(a) u pactuTesibHOU (6) KJIETKU

3HayeHUe MUTO3aA:

* Ipu AeJieHU MaTEPUHCKON KJIETKU 00pa3yroTcs /iBe J0UepPHUE KIETKHY;

* obecneyrBaeT POCT XKUBbIX OPraHU3MOB;

* pacTeHUs1 pa3MHOXKAIOTCS BET€TaTHUBHBIM My TEM;

* IPOUCXOAUT pereHepanus.

IIpuMeHeHHe HOBBIX 3HAHUI.

3HaHUe U IOHUMaHHue.

1. 4YTo Takoe KJIeTOYHbIN LIUKJI?

2. Y3 kakux $a3 cocTouT MUTO3?

3. Ha kako¥i ¢pase MUTO3a CIUPATUIYIOTCI XPOMOCOMBI?

4. Kak npoucxoUuT pereHepanus y siepur?

5. KakoBo 3HaYeHHe MUTO3a B pOCTe paCTEHUN?

IIpumeHeHue. ConoctaBbTe KosuvecTBo JJHK m XpomocoM Ha cTajjusix KJIETOUHOTO
LMKJIa.

1. MeTadasa 5. G, mepuog a) 2n2c
2. Tenodasa 6. AHadasa b) 2n4c
3. [lepron cuHTE3a 7. G, mepuon c) 4n4c
4. Ilpodaza 8. UnTepdasza
Cunte3. Hanumurte /IHK ¥ 4yncio xpoMocoM UBOTro opraHusMa ¢ 38 JUIJIOUHBIMU
XpPOMOCOMaMH.
a) npodasa;
6) meTacdasa;
B) aHada3za;

r) Tesiodasa.
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IJIABA 11. KIETOYHAA BUOJIOTUA

2.13. Meiio3

OneHka. OTMeTbTe N0C/Ie10BaTEbHOCTh IPOLecca MUT03a Ha PUCYHKE.

2.13. MEM03

IIpoBepka 6a30BbIX 3HAaHUM. KakoBO 6GMOJIOTHYECKOE 3HAYe-
HUe Meno3a?

Meii03 - yMeHblIeHHE B /IBa pa3a 4yucJa XPOMOCOM B KJIETKE.
Kak 1 MUTO3, Mei103 HaunHaeTcs ¢ UHTepda3bI.

B uHTepdasze mertabosimyeckue NpPOLECCH], TaKMe KaK CHH-
Te3 AT® u 6eska, yckopsawTcd. KonnuectBo IHK yBennuuBaercs
BABOe. B K/eTKax >KMBOTHBIX YBEJIWYUBAIOTCA LEHTPUOIU. Mel-
03 MPOTEKaeT B JIBe CTaAUU: pedyKYuoHHoe desieHue (melio3 I);

JKeayuoHHoe desieHue (metios II).
Anadaszal
[Ipodasal MeTadasa |

MeTadaza Il

Puc. 2.26. 3tanbl Melo3a

Melios
JKBaIMOH
Penykuus
HWHTepknHe3
Konsbroranus
Kpoccrunrosep

Tenodasa |

Tenodasa II
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IVIABA I1. KIETOYHAS BUOJIOTUA
2.13. Meiio3

IIpodasza I. Camblii A/1MTeNbHBIN IEPUOJ. XpOMATH/ bl YTOJIIAIOTCA U yKOpaYMBa-
10TCs1, 06pa3ys XpOMOCOMBI, KOTOpbIe 00J1er4yaloT ABUKEHUE XPOMOCOM NPH JieJIeHUHU.
Kaxgas xpoMocoMa COCTOUT U3 JBYX XpoMaTHu/. [0OMOJIOTMYHbIE XPOMOCOMBI CXO/I-
Hbl 10 JJIMHE U PACIOJIOKEHUIO LleHTpoMep. ['OMoJIorTMYHble XPOMOCOMBI NONAapHO
00 beIMHAIOTCA APYT C [pyroM, 06pa3ys TeTpaay, COCTOSINE U3 YEThIPEX XPOMATU/,
Com>KeHre rOMOJIOTUYHBIX XPOMOCOM Ha3blBaeTCs KOHbIOranuemn, ooMeH yuacTKaMu
Ha3bIBaeTCs KPOCCUHTOBEPOM (puc. 2.37).

TeTpa,qa FOMOJIOTHYHBIX XpPOMOCOM

Puc. 2.27. Tlpouecc KOHbIOTallMU U KPOCCUHTOBEPaA

BJlaroziapsi KpoCCHHIoBepy NPOUCXOAUT OOMeH reHaMHU U 06e-
crie4yrMBaeTCss KOMOUHATHBHAsA U3MEHYUBOCTD.

B npodaze | pacnasaercsa AApBILKO U s/iepHas 0060J04Ka.
B ’KMBOTHOW KJIeTKe LIEHTPHUOJIM paxodaTcs K noJrwcaM. ['omo-
JIOTUYHbIE XPOMOCOMBI pacloJIaralTcs MONapHO U JABUKYTCH K
3KBaTOpPUAJIbHOW MJIOCKOCTH (2n4c).
f’ﬂx—hﬁ\\ MeTtadasza I. XpoMocoMbl B BHU/Jle Te-
f : \ Tpajbl pacnoJaralTCs BJOJb 3KBaTOpa
x | BMecCTe CO CBOMMHU LieHTpoMepaMHu. AXpo-
: MaTHHOBble HUTHU NPUKPENJIAITCH K LieH-
TpoMepe (2n4c).

izl
AnHada3za L. ['oMosioruyHble XpOMOCOMBI, He pa3/iessAsach Ha
XpOMaTHU/BbI, PACXOAATCA K IPOTHUBOIOJJIOXKHBIM IT0JIFOCAM KJIET-
kU. OTIOBCKUE U MaTepPHUHCKHE XPOMOCOMBI B KaXK/101 ITape pac-
npeJiesieHbl [0 MOJIKCaM B Cy4YalHbIX cOueTaHUsX (2n4c).

Tenodgasa I. Ha aTom 3Tane XxpoMaTUH Jecnupainsy-

\ eTcs, obpasyeTcs sifiepHast o6osiouka. OO6pasyroTcs jBe
Ao4depHue KJIeTKH C TralJiongHbIM Ha60pOM XpoMoCcoM
(In2c).

Ctazgusa Mexay epBbIM U BTOPBIM JleJIEHUSIMU Mero3a
Ha3bIBaeTCsd UHMepKuHe3. B oTiinuue oT HHTepdasbl, MO-
sekybl IHK B 3TOT Nepuo/, He yABauBalOTCA.

-

IIpodaza Il He oTaMvaeTcs OoT mpodasbl

P i e -

f ’\\\. /

¥ ‘-_ r f r k.
MHUTO3a. CIUpaJU3yroTCa XpOMOCOMBbI. Mcuyesa- / w
eT ilepHas 000J104Ka U AApbIIKO. LleHTproan J i ”
pacxoJATcsA K MOJII0CaM U 00pasyloT BepeTeHo | ¥\

J e 9
Aenenus (1n2Zc). , W b
i TR _'__'____.:"41-
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IJTIABA 11. KIETOYHASA BUOJIOTUA

2.13. Meiio3

MeTtada3sa II. XpoMocoMbl ¢ IByMs XpoMaTH/A- :_,-”H \\\ H,«"'ﬁ' ™,
MU PacCIoJIaralTcs M0 9KBAaTOPY. AXpOMaTHHOBBIE ;f 5 A
HUTU NPUKPEIIAIOTCA K LleHTpoMepe (1n2c). ':;:: ons ix :u‘:“]'
.v'\u .:-';f -l\'f. -"'rj

Anadaza II. y b y

E . -
T SR, L

h 4 % YKopauuBawTCs
7 A by A | ‘7 A Ny \  axpOMaTHHOBBIE HUTHU U TAHYT XPOMOCOMBI OT Ii€H-
| | TpOMepbl K pa3HbIM HoJitocaM. Pa3priBaloTcs LieH-
4 v ‘l A v " ' TPOMEDBI, M KaX/ask XpOMaTH/ia CTAHOBUTCH CaMo-

-y CTOATENBHON XPOMOCOMOM (2n2c).

Tenodgasa II. XpoMocoMbl, AOCTUTLIKE HOJIIO-

COB, JeCHUpPUIMU3YIOTCH, 00pasylTca fjepHas

060J104Ka ¥ AAPbILIKO, TPOUCXOAUT LUTOKUHE3. B £ @‘-‘ @""—'
pesysibTaTe 06pasyrOTCA YEThIPE HOBbIE KJIETKH, | S s 'M;' L
OTJIMYAIOIMECs] OT POAUTEbCKOM KaeTKH (Inlc). g - —_— W S
) s (=

BuoJsiornyeckoe 3HaYeHUe Melio3a: y & =

e U3 OJIHOM JUIJIOWJHOMN KJIETKU 006pa3yroTcs
YyeThIpe rafjiouiHble KJIeTKY;
e YBeJIMUMBAETCS pa3HOO6pa3ue OPraHU3MOB;
e GOPMUPYIOTCA OPraHU3Mbl, MPUCIOCO6JIEHHbIE K BHELIHEH cpefie.

Muto3 Meiio3
OcHOBHOe gBJieHHE 6ecnosioro pasMHO-|OCHOBHOE fIBJIEHME IOJIOBOTO Pa3MHO-
YKEHUSI. YKEHHUSI.
BoJsibllioe 3HaueHHWe HMeeT MpPU 0Opa-
Ob6ecrneyrBaeT POCT W pPa3MHOXKEHHE|30BaHUU IOJIOBBIX KJETOK MHOTOKJIe-
3YKapUOTUYECKHUX OPTaHU3MOB. TOYHBIX OPTAaHMU3MOB M CIIOP HEKOTOPBIX
»KUBbIX OPTaHHU3MOB.
[losiyyeHHbIe KJIETKU reHeTU4YeCKU uzieH- | KieTky, obpasyrouipecs B pesysabTaTe
THUYHBI POJAUTEbCKOU KJIeTKe (32 UCKJIIO- | leJIeHUs], OTJINYalTCA Jpyr OT Apyra U
YeHUEeM MyTallyi). OT MAaTEPUHCKOMW KJIETKH.
KineTky, ob6pasyriiuecs B MHOrOKJIe-
TOYHBIX OpPraHM3Max, OTBevyaloT 3a pocT,|[losyyeHHble KJETKH 00ecrneyrnBaloT
pa3BUTHE U 00eCeYNBAIOT PereHepaluio |[10JI0BOe Pa3MHOXKEHHUE.
TKaHeu OpraHru3Ma.

Aapo u uutomsiasMa AeaSTCS JBaXKAbl

Anpo a3Mma o) as. . o
AP0 ¥ LIMTOIJIa3Ma AesIATCA OL4UH pa3 TreFis L metes 1)

O6pasoBaBluMecd KJeTKU MOryT cHoBa | O6pasoBaBlivecs KJIETKHU He MoJBepra-
JeJINTHCHL. I0TCA JaJIbHEUIIEMY MEeHUO03Y.

B pesysibTaTe Melo3a 4MCJI0 XpOMOCOM B /1Ba pa3a yMeHblIaeTcsa. Melo3 COCTOUT
Y3 peJyKIIMOHHOTO Y 3KBAllMOHHOTO JiesieHud. B pe3ysibTaTe Melo3a pacliupsieTcs
reHeTuyeckas U3MeHYUBOCTbD.

I[IpyuMeHeHUe HOBBIX 3HAHUU.

3HaHMe U IOHUMaHHue.

1. U3 kakoro KoJsinyecTBa CTaZui COCTOUT UHTepdaza?

2. louemy npodasa [ gauTcsa Tak goaro?

3.4T1o Takoe TeTpaza’?

4. Y10 TaKoe LEHTPHUOJIU U LIeHTPOMePbI?
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IVIABA I1. KIETOYHAS BUOJIOTUA
2.13. Meiio3

IIpumeHeHue. [IpoaHanusupyiTe pucyHok. Kakoi npoiecc Ha HEM U306paXKEH?
AHasmm3. B Tabsuie OTMETbTE OTBETHI, COOTBETCTBYIOLIME PeAYKIIMOHHOMY (a) U 3KBa-
I[MOHAJIbHOMY (6) AeJIeHHUO.

1. | O6pasyroTcs TeTpajpbl. 5. |[oMoJiorMyHble XpPOMOCOMBI PaCMoJIaraloTcs
110 3KBaTOPY.

2. | O6pasyeTcs AunIoUAHAsA KJIeTKa. 6. |PacTBopsieTcsa sigepHas 060/104Ka.

3. |IIpoucxofUT KPOCCUHTOBED. 7. |O6pasyroTcs yeThblpe raniouJHble KJIeTKH.

4. |XpomaTuza npeBpailaeTcs B XxpoMo- |8. |XpoMocoMbl pacXoAsTCs K MOJI0CAM.
COMyY.

CuHTe3. CpaBHUTE NPOLLECC MUTO3a U Melo3a.

Ouenka. [IpoaHanusupyiTe npuBeIEHHBIN TpaduK.

[
=
8 I M A T
o
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& i i n M A T
o L wmeio3 1l —— /d—-—f”hl—"_k\‘
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(&) i i
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s : Meiio3 2
= i P
E |
2n \
N sl e i E e e s
P » Tporece
Seeee————— "~ " \eiloa
nntepdaza kapuokeHes 1 nurokeHes 1 xapuokeHes 2 IUTOKEHES 2
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IVIABA II. KJIETOYHAA BUOJIOTUA
2.14. la6opamopHas pa6oma. H3yyeHue npoyecca Mumo3sd ¢ Uucno16308aHuUemM Mukponpenapamos

2.14. JABOPATOPHAA PABOTA. U3YYEHHUE ITPOLIECCA
MHUTO3A C UCI10/Ib30BAHUEM MUKPOIIPEIIAPATOB

Llesib: U3y4YUTb NPOLECC MUTO3a B KOPHSX JIyKa MyTEM MPUTOTOB-
JIeHWs] BpeMEeHHOr0 Npenapara.

PocT pacteHuil o6ecrieynBaeTcsi MUTO30M. MUTO3 MOXXHO HabGJII0-
JlaTb B KOPHE JIyKa.

IIpaBu/1a 6€30NaCHOCTH: 0 @ A A @

OGopyaoBaHMe: TPUTrOTOBJIEHHbIN KpacUTe b alleTOKapMUH, JIYKOBULA, TUHLET,
JIAHL|eT, IOKPOBHOE U NIpeJMeTHOe CTEKJIA, CIMPTOBKA, CMeCh alleTOHa U CIUPTA, XHU-
MUYeCKUH cTakaH, yauka [leTpy, syna, punbTpoBasibHas 6ymara, 3aXKuUM, Jiyna, MU-
KPOCKOIL.

IlopsA0K BbINOJIHEHUA PA6GOThI:

1. YianuTe TMIIHIOKO LIEJYXYy ¥ KOPEHb JIyKa.

2. IlomecTuTe IyKOBULY B BOAY B CTaKaHe.

3. [laliTe IyKOBUILE YKOPEHUTBCS B TeUEHHE HECKOJIbKUX JIHEU.

4. [IpuroToBbTE ALleTOHO-CIIMPTOBOM PAaCTBOP B COOTHOLIEHUHU 1:3.

5. OTpexbTe OT HOBOOOPa30BaHHBIX KOHUMKOB KOPHEH KyCO4YKH 1o 1 cm.

6. [loMecTHuTe cpe3aHHble KOHYMKU KOpHEW B alleTOHO-COMPTOBOM pacTBOpP B
yauike [letpu Ha 10 MUHYT.

7. lloMecTHTe KOHYMKH KOPHEHN Ha 4acoBOe CTEKJIO U 00aBbTe JOCTAaTOYHOE KO-
JINYEeCTBO aLleTOKapMKHA, YTOOBI MOKPBIThH UX.

8. YepxxuBas CTEK/I0 4acoB 3aKMMaMU, HarpenTe ero B COUPTOBKE, He Kacadch
IJIaMEeHH.

9. OTpexxbTe OT 0O0pabOTAaHHBIX KOHILIOB KOPHEN KyCOUYKM TOJUIMHOW 1-2 mm U
IIOJIO’KUTE UX Ha IpeJJMeTHOe CTEKJIO C TIOMOLbI0 TMHIIeTa.

10. Pa3spexxbTe HeCKOJIbKO pa3 B OHOM HamnpaBJ/ieHUU. Ucnosib3yiiTe Jsiyny, 4TOObI
YETKO BU/IeTb KOHYMKU KOPHEM.

11. KanHuTe KaIJio alleToOKapMHHAa ¥ BOJbI HAa Cpe3bl KOPHEU Ha Ipe{MeTHOM CTe-
KJIe ¥ 3aKpOWTe MOKPOBHbIM CTEKJIOM. YOepUTe JIMIIHIOK KUJKOCTb C TOMOILbIO OY-
Ma>XHbIX calipeTOoK.
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IJTIABA 11. K/IETOYHAA BU0OJIOTUA

2.15. llpakmuyeckoe 3aHssmue. ModeaupoeaHue ha3z Mumo3sa u Meiio3a

12. [loMecTTe NPUTrOTOBJEHHBIKM MpenapaTr B
MUKPOCKON Y HAWAWTe U300pakeHUe B MaJleHbKOM
00'bEKTUBE.

13. PaccmoTpuTe H3006pakeHHWe MOJ, 6GOJbILIUM
00'bEKTUBOM.

06cyauTe U caesiaiiTe BHIBOAbI.

1. OOBsACHUTE 1mOCJAe0BaTEJbHOCTbL 3TaIllOB
NPUTOTOBJIEHUS NIpenapaTa U3 KOpHSI.

2. Ha kako¥ cTaiuu MUTO3a XpOMOCOMbI HaubO-
Jiee OTYETJIMBO BUJHBI 10/ MUKPOCKOMIOM?

3. Kakoe BeniecTBO ob6ecneyrBaeT Y6 TKOe U300paKeHHe XpOMOCOM?

2.15. TIPAKTUYECKOE 3AHATHE.
MO/IEJIMPOBAHUE ®A3 MUTO3A U MEHO3A

I.lem:: HN3Yy4YUTDb U pa3jindaTb Ipouecc MUTO3a U MeKno3a.

1. BHUMaTe/NIbHO pacCMOTPUTE KAPTUHKHU Y OTBETHTE Ha BOl'[pOCbI

e B Kakou K/ieTKe NIpOUCXOJHUT JesieHue?

e B Kkakol KJeTKe U3 LeHTPHoJel 06pa3yoTcs axpoMaTUHOBbIE HUTH?

e OTyiM4aeTCd JIM NPOLeCC LUTOKMHEe3a y paCTeHUH U KUBOTHBIX?

2. K kakomy nepvoly MMTO3a OTHOCATCS IPOLeCChI, Ipe/iCTaBJIeHHble Ha PUCYHKe?
"~ 4
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IJIABA 11. K/IETOYHAA BUOJIOTUA
2.15. lIpakmuueckoe 3aHsimue. ModeaupogaHue haz Mumosa u Meiioza

3. ComocTaBbTe Mpolecchl B TabJUIe C MUTOTUYECKOU cTajuel (MOCKOJIbKY BO-
POC MOXXET UMETb HECKOJIbKO OTBETOB, OZIJUH OTBET MOXKET ObITh HCIIOJIb30BaH JIJIs
Pa3HBIX BOMPOCOB).

1. CuHTE3 3. [locTcuHTeTnueckuit nepuod. 5. Ilpodasa 7.1lpodaza I

2.Metadaza 4.Anadasa 6. Tenodasa

8. Kakoe 13 nepeyurc/ieHHbIX B TabJivllie COOBITUM He MPOUCXOAUT B KJETKax
pacTteHun?

9. Kakoe 13 nepeyucaeHHbIX B Ta6J/IHIe COObITUMN He MPOUCXOAUT B KJIETKAX KH-
BOTHBIX?

10. PacniosioxkuTe mpoiecchl, yka3aHHble B TabJiulle, B COOTBETCTBUU C MOCJIEM0-
BaTeJIbHOCTbI0 BOBHUKHOBEHHUS B KJIETKAX PaCTeHUN U ) KUBOTHBDIX.

B) pacnoJioXKeHue

a) pensinkauusa JTHK 6) cnupuaIn3aLusa XpoMOCOM XPOMOCOM 110 9KBATOPY

r) o6pasoBaHue J1) obpa3oBaHuUe sepHOH e) 4ndc
XPOMATHHOBBIX HUTEH | 060JIOYKH U SA/IPbIIIKA

K) BITYMBaHUE
LIUTOIJIa3Mbl

1) pacxoxJeHue

3) nponecc KapuoKrMHe3a ueHTpHOHeﬁ K IIOJIFOCaM

K) o6pa3oBaHUe
LUTOIJIa3MaTUYECKUX |JI) CUHTe3 6eJika TyOy/IMHa
1Ieperopojiok

4. [IpoaHaIM3upynTe CXeMy.

M) KOH'bIOTALUs
rOMOJIOTUYHBIX XpPOMOCOM

LN p
MeHo3 74 Y ¥ _\' MHTO3 @ @

n

5. ComocraBbTe /[IHK M 4mcio xpomMocoM B KjeTKax € pucyHkoM. Hapucyiite
¢urypy, coorBeTcTBywoiyo /HK 1 HOMepy XpoMOCOMBI, HaJIO)KEHHYK0 Ha MyCTOH
KPYXKOK.

5 a)2n=4
6)2n=6
B)n=1
r)2n=2
A)n=4

06cyauTe U caesiaiiTe BbIBOADI:

1. fIBssAeTCS JIM MUTO3 OAHUM M TEM >Ke MPOILECCOM B KJIE€TKaX paCTEHUM U }KUBOTHBIX?
2. Kak uamensietcs yucio AHK u xpomocoM B xoze mero3a?

3. KakoBo 3HaueHHWe MHUTO3a U Melo3a?
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IJTIABA 11. K/IETOYHAA BU0OJIOTUA

3AZJAHHA K IVIABE 11

1. CooTHecuTe KJIeTO4YHble OPraHOU/Ibl, IPeCTaBJeHHbIe HA PUCYHKE, C UX QYHK-
IUSIMH.

a) XpaHUT reHeTUYECKYI0 UHOpMaLHIO;
6) cUHTe3upyeT OeJOK;

B) CHHTE3UPYeT JIUIUJbI;

I) paciensieT JUMU/bl;

n) cuanTe3upyet AT®;

e) o6pasyeT BepeTéHa JieJleHus;

’K) 3alUIIAET OT BHEIIHUX GaKTOPOB.

2. 3anoJiHATe TabJIULLY.

ComMmaTu4yeckas .
OpraHnusm Annexnerka CnepMaTo3ouj,
KJIETKA
YenoBek 23
Myxa npo3oduia 8
Caszan 52
Tapakan 48

3. CpaBHUTE NPOKApPUOTHUYECKHUE U 3YKAPUOTUYECKHUE KIIETKH.

NPOKapUuoT

4. HaliiuTe ayvilHee U 060CHYWUTE OTBET:

a) LeHTpHUoJIa, LeHTpoMepa, pubocoMa, JIM30CoOMa;

6) xpoMaTHJa, XxpOMOCOMa, XPOMATUH, XJI0POUILI;

B) S/IPBILIKO, si/lepHasi MeMOpaHa, KapuoIja3Ma, [UTOIIa3Ma;

111) XJIOPOIJIACT, LieJI/110J1033a, BaKY0JIb, IeHTPHOJIb;

J1) MUTOXOH/IpUS], TM30COMa, KOMILIeKC [0/1b/>KY, 9H0MIa3MaTHYECKas CETh;
e) npodasa |, kon'brorayus, KpocCUHroBep, MeTadasa;

’K) a3pOoOHbIM, aHA3POOHBIN, POTOIN3, MUTOXOH/PUSI.
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IJTIABA 11. K/IETOYHASA BUOJIOTUA

5. Co3paiiTe uHPorpadpuKy Ha TeMy «JHEPreTHUYECKUM 0OMEH B KJIETKEX.

[MoAroToBH- - [loz BO3elicTBMEM aMUJIa3bl KpaxMaJl pacllenisieTcs [0

TeJIbHBIN 3Tan [JIIOKO3BI;
= 3HepI‘I/IH paCCeI/IBaETCH B BH /e TeIllJia,

- NP pacnaje [VII0K03bl 06pa3yloTcs 2 MOJIEKY/Ibl MOJIOYHOMN
KHCJIOThI (YKCYCHOH Wik ciupTa) U 2 MoJieKyJibl H,O;

- CUHTE3UpYITC 2 MoJieKyJibl ATO;

- 80 k/I>x u3 200 k/[>x sHepruu 3anacaetcs B AT®, 120 k/I>x BbI-
JlesisieTcs B BU/Je TellIa;

- [Ipu pacuienyieHuu 2 MoJIeKyJ1 MOJIOYHOM KUCI0Thl 06pasyoT-
cs1 42 mosiekysbl H,O u 6 mosiexya CO, ;

- cUuHTe3upyloTcs 36 MoJsieky ATD;

- 1440 x/Ixx u3 2 600 /[« saHepruun 3anacaetrcsd B AT®, 1 160
k/l>k Bbl/lesIsieTcs B BU/Je Tela.

A3poGHBIN
Tan

6. [I[poaHanM3upynTe AAHHBIE.

NpaBUJIbHO/
Mp Aanbie HeNpaBUJIbHO
1 He6oubuive mosiekybl JJHK B iuTomniazMe 6akTepruil Ha3bIBaKOT-
sl JIa3MUJaMHU.
XpoMoInaacTbl UMEIT 3eJ1EHbIN MUTMEHT.
3. | Ty6epky/é3, Xosepa 1 4YyMa BbI3bIBAIOTCS BUPYCAMU.
4 [lepBUYHas CTPYKTypa 6eJIKOB ONpeiesisieTcsl MoC/1e/l0BaTe b-
" | HocTblo HyKJeoTH10B B /IHK.
Cunres [IHK 1 PHK Ha3biBaeTcs pegyninkalyen.
6. | BpacTuTesbHBIX U KUBOTHBIX KJI€TKAX [UTOKWUHE3 PA3JIUYaeTCs.
7 B Tesiodaze u B npodase npoucxo AT NIPOTUBOMOJIOXKHBIE
POIECCHI.
8. Meiio3 Il - 3To 3KBaLMOHHOE JeJIeHHUe.
9 [Teproa Mex1y IepBbIM U BTOPBIM JleJIeHUeM Mel03a Ha3bIBaeT-
" | cauHTepdazoi.

7. 0TBeTbTe Ha BONPOCHI.

1) [loyeMy 3e/1€HBIN MOMHU/IOP KpacHeeT Jake MocJie pa3pe3aHus?
2) Kakoe 3HaueHHe UMeeT MOJIYIPOHULAEMOCTb MEMOpPAHbI?

3) Kakum 06pa3oM GaKTepHU BbI3bIBAIOT 60/I€3HU?

8. 3anuiuTe B TeTPaAb TEPMHUHBI C UX ONMHUCAHUSIMHU.

JyKapHUOT, TPOKAPHUOT, KOKKH, IIUTOCKEET, ME30COMA, XPOMOCOMA, IJIa3MH/I, IIUTO-
30J1b, MUKPOOUOPUJLIA, TYOYJIUH, TOJMCOMA, KPUCTA, MAaTPUKC, XPOMATHUH, CIIUPHUILIA,
GanuIa.
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[JIABA I
"KU3HEHHBIE
MPOLIECChHI

3.1. becnosioe pa3MHOKeHH e OPraHU3MOB.
3.2.TameTorenes.

3.3. [los10BOE pa3MHOXKeHH e OPraHUu3MOB.

3.4. becnosioe ¥ 0JI0BOE pa3MHOXKeHHE B )KU3HEHHOM
UKJIe paCTeHUH U ’KUBOTHBIX.

3.5. [IpakTuyeckoe 3aHaTHe. Moge/iMpoBaHHue 6eCIOJIbIX U
MOJIOBBIX NIOKOJIEHUH pacTeHu# (MXH, XBOLIH,

NanopOTHHUKM, CEMEHHbIE PACTEHUS).




IJIABA I11. )KU3HEHHBIE IPOLIECCHI
3.1. becno.i0e pa3MHOMdCeHUe OP2aHU3MO08

3.1. BECIIOJIOE PABMHOKEHUE OPTAHHU3MOB

IIpoBepka 06a30BbIX 3HaHMIL.
BHUMaTeNbHO paccMOTpUTE Kap-
THUHKY. CKaXXuTe, KaKMM 006pas3oMm
MOXXHO Ha OJJHOM paCTEHUH BbIpac-
TUTH JIBa BHU/1A IJIOJ0B?

Kion

BuHapHoe feseHue
[IIn3oroHus

Cropa

PazMHOXXeHHEe - 3TO CIOCO6-
HOCTh KHUBBIX OPraHU3MOB  BOC-
NPOU3BOAUTL cebe TMOAO0OHBIX C
IOMOIIIbI0 TeHeTH4Yeckod uHpopmanuu. baarogapsi camoBoc-
NpOU3BEJIEHUI0 ObOecreyrBaeTCs AJUTENbHOE CYleCTBOBaHHUE
BUJa. biarosaps pasHoo6pa3vio KOMOUHALMN T'e€HEeTHUYeCKOro
MaTepuasia MOSIBJSIOTCS HOBble FeHeTHYeCKHe MPU3HAKU. JTO
CIOCOOCTBYET pa3HOOOpa3HI0 BHYTPU OJTHOT'O BH/A.

CyuwecTtBytoT JBe GOpMbl BOCIPOU3BEAEHUST KUBBIX OPraHU3MOB: GecroJsioe U
MI0JI0BO€ Pa3MHOXKEHHUE.

Ilpy GecmosioM pa3MHOXKEHUM HOBOe IIOKOJieHHe o6pa3yeTcs M3 OJHOU
WJIM HECKOJbKHX COMAaTHYECKHX KJIETOK MaTepUHCKOTO opraHu3Ma. B ocHoBe
Pa3MHOXKEHHUS JIEXKUT MUTO3. Bo BpeMs nHTepda3bl MUTO3a reHETUYECKHUI MaTepHall
yABauBaeTCs U pacnpe/iessieTcs IOPOBHY MeX/ly J0YepHUMHU KiaeTKaMuU. [losyyeHHble
KJIETKHU UJEHTHUYHBI U SABJSIOTCS TOYHBIMH F€HETUYECKUMU KOMUSMU MaTepPUHCKON
KJIETKH, TO eCTh KJIOHBI. C/iejoBaTe/bHO, NPU Bcex GpopMax 6ecrnosioro pa3MHOKeHHUs
reHOTHII IOTOMCTBA COBNA/JlaeT C FTeHOTUIIOM POJUTeeN.

[Tog BAMSIHMEM MyTareHHbIX (GAKTOPOB BHEUIHEH cpe/ibl MOXET H3MEeHSThCS
reHeTUYeCKUd MaTepuasl KJeTKH, MOTYT Pa3BUBATbCS pPAaKOBble KJIETKU. B Takux
KJeTKaxX HapyllaeTcsl IporpaMma, peryjaupyolias pasMHoKeHue. U3-3a u3aMeHeHUs
CTPYKTYpPbl U GYHKUMHU s7[pa OHO CTAHOBUTCS OOJIbllle MO CPaBHEHUID C SpOM
3/10pOBOM KJETKH. U3MeHEHHOe [P0 OTJIHUYAeTCs OT sj/ipa MpeJpaKoBOU KJIETKHU
pasMepamu, GopMOH, CTPYKTYPOU U PYHKIUSIMU. ITU U3MEHEHHS B PAKOBbBIX KJIeTKaX
HapyUIaloT CTPOTHe NMpaBUJia PAa3MHOXKEHHs], 3aCTaBJisAsl KJIETKY PacTU ObICTPO U
HepaBHOMepHO (puc. 3.1)

[ToukoBaHue
MuUKpOKJIOHHUPO-
BaHUe
®parMmeHTanus
[ToinamMbproHus

HopmasibHbI€e KJIEeTKHA PakoBble KJIeTKH
PakoBble KJI€TKH KpyllHee HOpMaJbHbIX
Y UMEIOT pa3Hble GOPMbI KJIETOYHOTO
afpa.
@ @ PakoBbIe KJI€TKH Je/SATCs ObICTPO U

@@ HepaBHOMEPHO.

PasMep pakoBbIX KJIE€TOK, popMa HX
OpPraHOW/IOB OTJUYAIOTCS OT pa3Mepa U
bopMBI HOpMaJIbHBIX KJIETOK

@@@ KieTku, usmeHusiive Gpopmy u

838 pa3Mepbl, pa3MHOXKAITCs OBICTPEE.

Puc. 3.1. HopMaJsibHbl€e U paKOBble KJIETKH

b 2




IJTIABA 111. )KU3BHEHHBIE ITPOLECCBHI

3.1. Becnosi0oe pa3mMHo)CeHUe OP2aHU3 MO8

Taﬁjmua 3. CpaBHI/ITe.)IbHaH XdpaAKTEepPpHUCTHUKA 6ecroJIoro U nNoJI0BOro PAa3MHOXEHUA

Becnosioe PAa3MHOXKEHHEe

IMosioBOE PAa3MHOXKXEHHuEe

Buosioruyeckoi ocCHOBOM 6ecnoJioro pas-
MHOXEHUs SIBJISETCS JeJleHue KJIeTOK C Heus-
MEHHBIM Ha6OPOM XPOMOCOM.

Buosiornyeckoii OCHOBOH ITOJIOBOTO
pa3MHOXKeHHUsI fBJisieTCs o06pa3oBaHUe
raMeT B pe3y/ibTaTe JieJieHUs KJIeTOK.

MaTepuHCKHH OpTaHU3M
y4dacTHe B pa3MHOXKEHUU.

IIpUHHUMaeT

PO,E[I/ITeJIbCKI/II\/’I OpraHu3M INpPUHHUMaAeET
y4dacTHve B Pa3MHOKEHHH.

[ameThbl He 06pazyroTCs.

06pasyeTcs ramera.

HoBnbi# OpraHM3M pa3BHBaeTCA U3 COMATHUYE-
CKOM KJIETKHU UJIU CIIOPHbI.

HoBbIi oOpraHusM pasBUBaeTCs U3
3UTOThI, 06pa30BaBIlIeNCsd B pe3ysbTaTe
C/IMSIHUS TaMeT.

[loslyyeHHOE NOTOMCTBO WJEHTHYHO POJHU-
TeJIbCKOMY OpraHM3My (3a UCK/IIOUYEeHHEeM pas-
MHOXXEHHUS CIIOpaMU y pacTeHUH ).

HOJ’Iy‘IEHHOG IIOTOMCTBO OT/IM4YAETCA
OT POAUTE/IbCKOT'O OpraHrU3Ma.

OHO o6ecrnednBaeT O6BICTPOE UM KpYyIMHOeE
pa3MHOKeHHe 0CObeH.

BHyTpH BH/Ia OCYIIECTBIISIETCS
MeXaHU3M, obecreurBaroIui
pasHoo6pa3ue — KOMOUHALIMOHHAs
HM3MeHYMBOCTb.

He npoucxoauT M3MeHEeHUS] FeHeTU4YeCKOU
MHObOpPMAIMH U YBeJIUYeHUs pa3HO06pa3us, YTO
obecrnieurBaeT MPHUCIOCOGJIEHHE OpraHu3sMa K
HOBBIM YCJIOBHUAM Cpebl.

[To cpaBHEHHIO CO CBOUMU POAUTEIAMHU
HOBOE INOKOJIeHHe 6oJiee >KU3HeCTOMKO U
alallTUPyeTCd K U3MEHSAIMNMCS YCI0BHU-
AM OKpY»Karolien cpesbl.

BbecnoJsioe Pa3MHOKE€HHE€ OAHOKJ/IETOYHbIX OPraHU3MOB.

IIpocToe GUHApPHOE AesieHue HabJito/a-
eTcd y npokapuortoB. Kosnbuesada /JIHK npo-
KapUOTUYECKOU KJIETKU peAyIINLUPYeTCs,
MeXx/y KJIeTKaMU 06pasyeTcsl Ieperoposka,
Y KJIeTKa J,eJINTCS Ha JBe MOJIO/ble KJIETKH.

BuHapHoOe Je/leHHe XapaKTepHO [Jist
NPOTOKTUCTOB, TaKHUX KakK aMé6a, 3BIVIEHA
U uHpy3opus. B ocHOBe JesieHUSI JIEXKUT
MHTO3.

IIIn30roHUs - MHOXXECTBEHHOE JIeJIEHHE,
XapaKTepHO /Js1 Ma/sIpUAHOro mapasuTa.
fapo MHOroKpaTHO J[AeJUTCS MHUTO30M H
06pa3yeT MoJIoZble KJIETKHU.
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Puc. 3.4. PasMHO)XXeHUE MaISIpPUHOTO
rapasuTa METOAOM ILIN30TOHUN




IVIABA 111. AKU3HEHHBIE ITPOLLECCHI
3.1. Becno.s10e pa3MHoJXceHUe 0p2aHu3mos8

XJyiopeJsia ¥ xJIaMMJ0MOHa/la pa3MHOXa-
I0TCS CHOPaMHU.

Cnopsl - ramjoujHble KJIETKH, 06pasy-
IolMecs B pe3y/bTaTe MUTO3a U CJyXaliue
JU1s1 pa3MHOXKEHHUS.

Puc. 3.5. Pa3amMHOXEHUE XTOPEIUTHI C
00paszoBaHUEM CITOp

IloukoBaHUe HabJIIOAAETCS Y APOXIKEH.
B ocHOBe JeJieHHsI JIEXKUT MUTO3.

B MaTepuHCKOW KJiIeTKe TMOSIBJISETCA
Oyropok, coJepXaluil spo, OH YBeJHU-
YyyBaeTCss B pasMepaX M CTaHOBUTCA
CaMOCTOSITEIbHBIM OPTaHU3MOM.

* Puc. 3.6. TloukoBaHHe JApoXxoKent

Imo uHmepecHo. B Hebsa20npusmHbIX ycao8usx 6akmepuu o6pasyrom cnopy,
HO 3mu cnopbl He y4acmeylm 8 pa3MHodiceHuu. Cnopvl - HeakmueHbvle KAemKu,
ycmotivyugble K Heb/a20NpusimHblM — YCA08UAM U  0641a0arwue NOHUNEHHbIM
Mema6oausmMoM. Chopbl no3eo/sil0m 6GAKMeEpUusIM B8blHUBAMb 8 HeO/Aa20NPUSIMHbBIX
YCA08USX U pACNPOCMPAHAMbCS HA 601bWUE PACCMOSHUS € NOMOWbI0 8empa UAU 800bl.
B 6sazonpusamuoii cpede cnopbl pacnadaromcs, U 6aKkmepuaabHas KJ1emka Ha4uHaem
camocmosime/abHO pasmMHoxcamwcs (puc. 3.1). y

KneToyHast 060/104Ka 6aKTepUi P T —

I CIIOpBI
. I
|

= 1 n
1
14 \l : ( \
= )
1
. I
8 ]
b _,.JI

Puc. 3.7. dTanbl cnopoo6pa3oBaHUsi 6aKTepUil

Y MHOTOKJ/IETOYHBIX OPraHM3MOB HAGJIIOAAIOTCA CAeAyI0Iue
¢opmBbI 6ecnoI0ro pa3MHOKEHUA:
/‘
- A
opa- ([ 2
eFeTaTHB- Cl'IOpOO pa' IIOYKOBaAHUe (l)pal"MeH-
HOEe pa3MHO- 30BaHUe ‘ E— MOJINAMOPUOHUSA
KeHue ! /J | _,/ .\

PacTeHuss pa3MHOXKalOTCSI BereTaTUBHBIM CIIOCOOOM, C IMOMOIIbI0 BereTaTHUBHbBIX
OpraHoB — KOpHeH, cTe6s1el (06 3TOM Bbl y3HAJIU B MJIAJILINX KJIACCAX).

MUKpPOK/JIOHUPOBAaHME - COBPEMEHHBbIA MeTOJ; BereTaTHBHOI'O pPAa3MHOXEHMUS,
IpU KOTOPOM OTOMpAIOTCA TI'eHEeTUYeCKHM W/ EeHTHUYHble, 3[J0POBble CaXKEHIbl pacTeHUs
C MOJIE3HBIMU JJIs 4YesioBeKa Npu3HakaMy. OUMILeHHYH OT MUKPOOPraHM3MOB TKaHb
IPOPOCTKOB BbIPAIMBAIOT B JiabopaTOpUM B CHeLMaJbHOM MUTATeJbHOU cpelie B
ycsoBUSX In vitro (1aT. «B Tpo6UPKe», BHE OPTraHW3Ma, TEXHOJIOTHUS NIPOBE/Ji€eHUS ONbITOB B
HCKYCCTBEHHBIX YCJIOBUSIX).

ITOT NPOLLECC COCTOUT U3 HECKOJIbKUX 3TAIOB:
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IJIABA I11. AKU3HEHHBIE ITPOLLECCHI
3.1. Becnos10e pa3MHoJceHUe 0p2aHu3mMo8

Y g KJIETKU
o o
/—’ : @C—’S\MGPI/ICTGMaTI/I‘{eCKOH
& : L)
' ( N ) TKaHHU rnocajzka npopocTka
\B 59
\_@ B IIOYBY
MepUcTeMaTHu4yecKas f—
TKaHb

KJIyOEeHb

A
KaprodeJist o6pasoBaHMe IPOPOCTKA  pa3BUTHE NPOPOCTKA
13 MEPUCTEMBI

Puc. 3.8. 3tanpl MeTOZja MUKPOKJIOHUPOBAHUS

- BbIOHUpaeTcs 6e3BUPYCHOE, 3J0POBOE pacTeHUe-A0HOP;

- CTepU/IM30BaHHAs TKaHb MepUCTeMbl NOMeLlAeTCs B KOHTEHHep B CHelUaJbHYIO
NUTATEJbHYIO CpeLy;

- B IMTaTeJIbHOU Ccpe/ie pa3BUBAeTCs pacTeHHe, KOTOPOe TOTOBAT B K pa3MellleHUI0 B
TenJuLe AJis afalTaluy K 10JIEBbIM YCAOBUSM.

Jns BeIpaljMBaHUA pacTeHUH In Vitro UCNoJb3yIOT pa3J/IMuHble NUTATeJbHble CpeJbl
B 3aBUCUMOCTH OT BUJA pacTeHus. Ha ceroqHAMHUN [leHb CylLeCTBYeT HECKOJIbKO BU/IOB
MCKYCCTBEHHBIX NHUTATEJIbHBIX CpeJi, KOTOpble MCMOJIb3YIOTCA B Pa3/JIMYHBbIX 00/IACTAX.
(puc. 3.8)

KoMnOHeHTBI HCKYCCTBEHHON NMUTATEJNbHOM CpeZbl, UCI0JIb3yeMOU il BbIpallluBaHUSA
pPacTUTEeNbHBIX KJIETOK U TKaHeH In vitro, MOXHO pa3/ie/IMTh Ha HECKOJIbKO PyIII.

Makpo3JjieMeHTHbIe KOHCepBaHTbl: NH 4N03, KN03, CaCIZ, MgSO "

MukposjieMeHTHbIe KOHCEPBAHThI: H3B03, CoCIz . 6H20, FeSO N 7H20, MnSO . 4H20, KI,
Na,MoO, - 2H,0, ZnS0, - 7H,0, FeNaEDTA, CuSO, - 5H,0.

FeNaEDTA npejacTaBJisieT CO60M KEITO-KOPUYHEBbIA KPUCTAIMYECKUI TOPOLIOK,
pPacTBOPUMBIH B BOJie. ITOT BELLEeCTBO CYATAETCS MUHEPaIbHbIM IUTATeJbHBIM
BeleCTBOM /IJIsl paCTEHUH, a B €r0 COCTaB BXOASAT TaKue KOMIOHEHTHI, Kak Na, I11-
BasieHTHOe Fe u 3/ITA - «3TU/IeHUaMUHTeTpayKCyCcHast KUCJI0Ta».

BuTaMuHBI M OpraHM4YecKue coeJUHEHHUA: HUKOTUHOBas KUCI0Ta, nupugokcrHa HCl,
TuamMuHa HCl, MHO-MHO3UTOJ, IIMIMH, arap-arap, caxapo3a 1 IVII0Ko3a.

®UTOrOpMOHBI: aYKCUH, [UTOKUHUH, THO6EPUJIIKH.

Bce KOMIIOHEHTBI MCKYCCTBEHHOU MUTATe/NbHOW CpeJbl BaXHbl, OHU HUIPAIOT
onpe/ieJIEHHYIO pOJib B POCTE U Pa3BUTHUH IKCIJIAHTOB pacTeHUH (KJIEeTOK, BblJ|eJIeHHbIX U3
MaTEepPHUHCKOIo OpraHrW3Ma).

4 MeTo0M MHUKpOKJIOHAJbHOI'0 Pa3MHOEHUS1 MOXXHO yBEeJHWYUTb pa3Mep pasIM4yHbIX
pacTeHUM (KpYyNHBIX JepeBbeB, 0COOEHHO XBOMHBIX), MOKHO Pa3MHOXKaThb JIeKapCTBEHHbIE
pactenusd. C MOMOILBIO 3TOT0 MeTO/a TaKXXe MOXKHO CIAaCTHU UcYe3arollue BU/bl paCTEHUH.

i, ek L = 'F
- e — I!

Puc. 3.9. MUKPOKJIOHUPOBAHUE B JIaOGOPATOPHBIX YCIOBUSIX




IJIABA I111. }XU3SHEHHBIE ITPOLECCHI
3.1. becno.10oe pa3MHOMCeHUEe OP2aHU3 MO8

B Hamel cTpaHe B JsiabopaTopusax lleHTpa reHoOMUKH U OGHOMHPOPMATHKH HAYATO
BbIpalllMBaHHWE YCTOMUMBBIX K XOJIOJy, COJIM W 3acyXe COPTOB XJOMYaTHHUKA, KapTodes,
XpU3aHTeM, BUHOTpaja (puc. 3.9)

IIpenMyniecTBa MeTO4a MUKPOK/JIOHMPOBAaHUSA. MeTo/| MUKPOKJIOHUPOBAHUS IT03BO-
JIsieT BbIJIeJIUTh MMOYKHU U3 PACTEHHUS U BBIPACTUTh 332 KOPOTKUM MPOMEXKYTOK BPEMEHHU Thl-
CSIYU U JlakKe MUJUJIMOHBI CaXKeHLeB. Bce mosiydyeHHbIe caXKeHIbl UMEIOT M0JIe3Hble MPU3Ha-
KU, IIpe/ICTaBJISIOLNE UHTEPeC JJis YeJOBEKa, TO eCTh OJJUHAKOBbI C TeHETUUYECKOU TOUKU
3peHus. [I0CKOJIbKY TKaHU BbIPAIIMBAIOTCS B 0COObIX CTEPUIBHBIX YCJI0BUSIX, BbIpallleHHbIE
Ca)KeHIbI TOJTHOCTBIO 3/J0POBbBI, CBOOOAHBI OT BUPYCOB, Napa3UTUPYIOIIUX GAKTEPUHN U TPU-
60B.

Jpyras ¢opma 6ecrnoJioro pa3MHOMKe-
HUSl — pa3MHOXKEeHHUe CIopaMu - HabJito-
JlaeTcsl y BOJAOpOCJel, TpUbOB U CIOpPO-
BbIX pacTeHuM. JIErkye cropbl MO3BOJISIIOT
pacTeHUsM IMIMPOKO pacHpoCTPaHSAThCA
B IPUPOJE.

B 3aBUCHMOCTHU OT BU/la TPHUGOB CIOPHI
Pa3BUBAIOTCS B pa3HbIX yacTsax. Hanpumep,
y IJIECHEBOTO rpuba mpu 61aronpUsiTHbIX
YCJIOBUSIX U3 €ro BereTaTUBHOIO TeJa BbI-
pacTaeT Hepa3BETBJIEHHOE IJIOAOBHUTOE
TeJsi0 (cnopoo6pa3syioiiee Teso). Ha KoHIe
IJIOZIOBUTOTrO TeJjla 06pasyeTcs LapOBU/-
Hblil cnopaHruil. Co3peBlIMI CIOPAaHTUM BereTaTHMBHOE TeJa (n)
4YEpHOTro I|BeTa pacKpbIBaeTCs, a U3 CIOP, Puc. 3.10. Copoo6pasoBaHUue MyKopa
NOMAaZAlIUX B OJIArONPHUATHYIO Cpeny,

CIIOpaHT Ui
Muro3

CIIOpPBI

I1J1I040BO€E TeJIOo

- - = CITOpHI (1)
¢dparmeHTa pa3BUBAETCS HOBbIM OPTaHU3M. e

B JKM3HEHHOM I[MKJIe MXOB, XBOIIEH U
MaNoOpPOTHUKOB HaGJIIOZAeTCs 4epejjoBa-
HUe 6ecCloJibIX U MOJIOBbIX MOKOJEHUH. B
6ecroJjioM TMOKOJIEHUH CIOpoPUT 06pasy-

pa3BUBalOTCsA HOBbIe THQHI (puc. 3.10). E
Y rpu6oB 6ecrnosioe pa3aMHOKeHHE TPo- = criopasruii (2n)
HUCXOJIUT TaKXe C JieJIeHHeM BereTaTHB- = i
A A = ——= Meiios
Horo Tesia. U3 Kaxka0ro o6pa3oBaBuIerocs g ‘—"‘s_,, 2
]
=
[S 2N

eT crnopbl. Co3peBlIMe CIOPBI OCHINAKTCA b-;ﬂ__,:\N.'i:q;_,gH =y 2 = %‘ — f‘

Y pa3HOCATCA BeTPOM WM BoJoH. U3 Hux =~ E{‘: f‘ﬁ Heo ?Q e f"

pasBuBaeTca rameTodur (puc. 3.11). E{ | (" | { -’J‘M "I ‘@-
becnoJioe pasMHOXXeHHE XUBOTHBIX Y “:_Ha_) o %_)% L\« L ;'{i \ T

OCYIeCTBJISIETCA CJAeAYIOIHMMH CIIOCO- L) 9 sl

6aMu.

Pa3MHoOxeHUe MOYKOBaHUEM HabJIIo-
JlaeTcs y TY60K U y KUIIeYHOOJIOCTHBIX.

dparmeHTanus - 3TO ClIOCO6 Pa3MHO-
>KeHHsI, OCHOBAaHHbIA Ha mpoliecce pereHe-
panyy, OpU KOTOPOM 0COOb AEJUTCS Ha
HECKOJIbKO yacTel. BcTpevaeTtcs y ry6ok,
KUIIEYHOTNOJIOCTHBIX, IJIOCKUX 4YepBed U
UTJIOKOXHX.

Y OpoHeHOCIeB 3apo/iblll, pa3BUBAl0-
UIUNCA U3 3UT0Thl, HA TEPBOU CTaJUHU pas-

Puc. 3.13. ®parmeHTanus y 6ej0¥ MiaHapyuu
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IJIABA I11. )KU3HEHHBIE ITPOLIECCHI
3.1. Becno.ioe pa3mMHoM3CeHUe OP2aHU3 MO8

BUTHS JI€JIUTCS Ha HeCKOJIbKo ¢par-
MEHTOB, U M3 KaxJoro c¢dparmeHTa
pa3BUBAETCS HOBbIM OPraHU3M. JTO
siBJIeHWe Ha3blBaeTcs MOJIHU3IMOPHUO-
Hus (puc. 3.14) Y yesioBeka 6J1M3HelbI,
pa3BUBLIKECS U3 OJHOM SAANIEKJETKH,
SIBJISIIOTCS IPKUM IPUMEPOM 3TOTO.

3HayeHMe G6eCcmoJioro pasMHO-
»KeHMs 3aKJ/I04aeTcs B obecrieyeHUU
OBICTPOTO M MHOTOYMUCJIEHHOTO pas-
MHOXXeHHSI 0cobed IMpu 6Jaromnpu-
SATHBIX ycaoBUsaX. Ho mpu 6ecnosiom
Pa3MHOXKEHUU H3MEHEHUsI TeHeTH-
YecKoro MarepHasa, pa3Hoobpasus
opraHu3Ma He HabJtozaeTcss. UMeHHO Mo3TOMy 6GOJIBIIMHCTBO OPraHM3MOB Pa3MHOKAIOTCS
He TOJIbKO 6eCMoJIbIM, HO U TI0JIOBBIM MY TEM.

[To3TOMy B 3aBUCUMOCTH OT BH/1a KJIETKH, JieXKalllell B OCHOBe pa3MHOXeHHUs1, pa3JInyaroT
6ecroJioe U MOJ0BOe pa3MHOKeHUe. Bce crmoco6bl 6ecrnosioro pa3MHOKeHUsI OpraHU3MOB
OCHOBaHbl Ha MUTO3e. [loKoJieHHe, cO3JaHHOE B pe3y/ibTaTe 0GecrnoJioro pa3MHOMKeHHUs,
CUUTAETCS KJIOHOM POJUTENbCKOTO OpraH1u3Ma.

[log BAMSIHHUEM MyTareHHbIXx (GAaKTOPOB H3MEHSIETCS HACJeJCTBEHHOCTb KJETOK U
OBICTPO Pa3BUBAIOTCS PAKOBble KJIETKH; MUKPOKJOHUPOBAHUE - COBPEMEHHBIA METO/]
BEreTaTUBHOTO PAa3MHOXKEHHS], KOTOPbIA BaKeH [/l MOJIYYeHHUs] GbICTPbIX Pe3yJbTaTOB
3a KOPOTKHM NMPOMEXKYTOK BpeMeHH; 6ecrojioe pa3MHOXKeHUe obecriedyrBaeT ObICTPOE U
60J1b1II0€ KOJIMYECTBO IOTOMCTBA B 9BOJIIOI[UU OPTraHU3MOB.

D

Puc. 3.14. Tlonn36prUOHUSA Y TAHITUPHBIX

IIpuMeHeHUe HOBbIX 3HAHUM.

3HaHUe U IOHMMaHue.

1. Ha kakoM crnoco6e iesieHHs KJIeTOK OCHOBAaHO 6ecIoJioe pa3MHOXKeHHe?

2. Kakue Tunbl 6€crnosioro pa3sMHOXXeHUSI BCTPEYaTCH Y OAHOKJIETOUYHbIX?

3. KakoBbI 0CO6EHHOCTH 6€CroI0TO PAa3MHOXEHUS?

4. B 4éM cyTbh MeT0ZjJa MUKPOKJIOHUPOBAHUA?

[IpumeHeHue. CooTHecuTe MHGOPMaLMI0 06 OpraHU3Max U Clocobax ux 6ecrnosIoro
pPa3MHOXeHHUS.

1 |[Tuapa A |/lesleHHe BereTaTUBHOTIO TeJIa HA YaCTHU U CIOPaMH
2 |besasg niaHapus b |Pa3mHOXeHHe cnopamMu

3 |beJsiadg nyieceHb B |buHapHoe fesieHne

4 |IlanopoTHUK [' |®parmeHTanus

5 |AmMéba 1 |IloykoBaHue

Ananmu3. B Muaamux kJjaccax Bbl MO3HAKOMUJIMCb C NPUBUBOYHBIM CHOCOGOM
BEreTaTUBHOI'O Pa3MHOXKeHUs pacTeHUU. [IpoaHaIM3upyiTe CXOACTBA U Pa3JIUYUs MEXAY
MUKPOKJOHUPOBAaHHWEM U IPHUBUBKOH.

CunTte3s. [loTOMCTBO, 06pa3ytoleecsl NPU 6ecrnosoM Pa3MHOKEHUH, SIBJISIETCS TOYHOU
KONHUeHl poAuTeNbCKOr0 OpraHrM3mMa (3a UCK/II0UeHHEM Pa3MHOXKEHHS CIOpaMu y pacTEHUR).
BHuMaTesibHO IpoynTaiTe TeMy. CKaXKUTE, IoYeMy IPU Pa3MHOKEHHUU CIIOPAaMU TOTOMCTBO
He SIBJIIeTCS TOUHOM KOIMel MaTepUHCKOro opraHrusma?

Ouenka. B mporecce BbIpalidBaHUs U c6opa IpuUOOB HEOOXOJMMO He MOBPEAUTh
HaXOoJSLIYIOCS B I04YBe YacTb. Kak Bbl 3TO 06'bsicHUTE?
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I[JTABA I11. XU3BHEHHBIE ITPOLIECCHI
3.2. TamemoezeHe3

3.2.TAMETOI'EHE3

IIpoBepka 6a30BbIX 3HAHUU. Bbl
3HaeTe, YTO B IPUPO/ie KUBbIe OPraHU3-

HN3oramusa
MbI MOTUGAKOT MO pa3HbIM MPUYKHAM, a

['eTeporamusa
B pe3sy/bTaTe Pa3MHOXEHUA Ha MeCTO o
yMepIIUX OPraHU3MOB IIPUXOJAT HOBbIE oramus
OKOJIeH!sI. 3HaeTe JM Bbl 0 KiaeTkax,| Cl€pMaToreHes
HECyIUX B ce6e MPU3HAKHU MPEeKOB? OBoreHes

[losloBoe pa3MHOKEHHE MPOUCXOJUT
NpU CJAUBAaHHUU OCOOBIX TraMeT (IOJIOBBIX
KJIETOK), 00pasymwIluuxcsi B  I0JOBBIX
»kesie3ax (puc. 3.15) Ilpouecc pasBuTUA
raMeT B IMOJIOBbIX >eJjie3aX Ha3blBaeTcs
raMmeTtoreHe3oM. B npoiiecce rameToreHesa
NepBUYHbIE TI0JIOBbIE KJIETKHU AEATCS MyTEM MHUTO3a U Meli03a, 06pa3ys 3peJsible TaMeThl.
CTpoeHue U 0COGEHHOCTU raMeT y BCEX OPTaHU3MOB, Pa3MHOXKAIOLIMXCS TT0JI0BbIM NYTEM, B
NpUpO/ie pa3anuyHbL YKeHCKHe U MyKCKHe raMeTbl OpraHU3MOB, IPUHA/IJIEXKALUX K OHOMY
BU/Y, UMEIOT YHHUKaJIbHOE CTpoeHue, opMy U pa3Mephl.

PaccMOTpuM cTpOeHHe NOJI0BBIX KJIETOK Ha IpUMepe raMeT MJIEKONUTALIHX.

CnepMaTo304/i, MJEKONMUTALUX UMeeT GOpMYy AJUHHOW HUTH, KOTOpPAsi COCTOUT U3
TPEX YacTeHN: TOJIOBKH, IIEUKHA U XBOCTUKA. rojoBKa LHATOILIa3Ma
B rosioBke pacrnoJioxeHo 4/1po, a B e€ nepe/j- est aKkpocoMa b
Hell 4acTu HaXOJAUTCs YIJIOTHEHHAs 4acThb
UTOIJIa3Mbl - akpocoMma. C MOMOLIbIO
dbepMeHTOB B aKpocoMe CIiepMaTO30U/bl
NPOHUKAIOT B AWLEKJeTKY. LleHTp KJyeTku
pacrnosiokeH B 00J1aCTH KOPOTKOM IIENKH,
KOTOpasi EePEeXoAUT B XBOCTHK. 10 cTpoe- Puc. 3.16. CTpoeHue N0JIOBBIX KJIETOK
HUI0 XBOCTHUK HAallOMUHAET KI'YTHK U IBJISIETCS OPraHesIJIoN BUKEH U ClepMaTo301/10B. Sii-
LeKJIeTKa Yallle OKpyrJasi, aMéGOBUHOU GOpMbI, HEMOABUKHA. [JTaBHOE OTJIUYUE €€ OT Jpy-
I'MX KJIETOK — KpyTHble pa3Mepbl. PazMep siiillekeTKU 06yCI0BJIeH HATUYKEM B [IUTOIJIa3Me
6oraToro 6eJIKOM MUTATEJbHOI'O BELeCTBA — KEeJTKA. Y MO3BOHOYHbBIX, PA3MHOXAIIMUXCS
OTKJIa/IbIBaHUEM SIUI] (PENTUINHN U NTUL), AHLleK/IeTKa 3HaUUTe/IbHO KpyTHee (puc. 3.16).

OpraHu3Mbl POM3BOASAT raMeThl pa3HOT0 pa3Mepa U MO/IBU?KHOCTH. B COOTBETCTBUM C 3TUM
pa3/MyaroT cieayrolire GopMbl IOJIOBOTO PA3MHOXKEHHSI.

H3oramusi - THII 10JI0BOT0 POLLECCA, TPU KOTOPOM CJIUBAIOTCS OJJMHAKOBbIE BHEILIHE, HO
passnyamiuecs 6MOXUMUYECKUMU U PU3NOJIOTUYECKMMHU CBOMCTBAMH MOJIOBblE KJIETKH
(y/10TpHKC).

TeTeporaMus xapaKTepU3yeTcsl TEM, UTO MY»KCKHE U KeHCKHe raMeThbl MOJIBUXKHbI, HO
>KEHCKHe raMeThl KpyIHee MY>KCKHUX (XJaMU/JOMOHA/bl).

Ooramms - THII IOJIOBOTO MpoIecca, IPU KOTOPOM B OIJIOJIOTBOPEHHUH YYACTBYIOT YKEH-
CKasl raMeTa — KpyInHasi HeloABUKHas sINIeK/IeTKa U MeJIKUE MOJBUXKHbIE MY»CKHe CIiep-
MaTO30H/Ibl.

[ToaBUKHBIE ClIepMaTa30U/ibl HAGJII0/JAI0TCS Y »KUBOTHbBIX, MXOB, IallOPOTHUKOB. Heno -
BW)KHblE MY>XCKHE TraMeTbl-CIepMUU .

BCTPEYAIOTCS Y IIBETKOBbIX pacTeHUN
(puc. 3.17) M /
[Iponiecc paszButusgs U ¢GopMHPO- \ .

n3oramMus réreporamus ooramMus

Puc. 3.15. Ciusguue rameT

SLIPO
CIIePMATO30H T STUTIEKITeTKA

BaHHA CIIEpMATO30M/0B HA3bIBAETCA

criepMaToreHe3oM, a pa3BUTHeE sillie-
p »ap 1 Puc. 3.17. Tunbl coefUHEHUS raMeT
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KJIETOK — OBOTreHe30M. Y MHOTOKJIETOYHBIX } CEeMEeHHHK ANYHUK
OpPraHU3MOB raMeToreHe3 MIPOUCXOAUT B 0CO-
OBIX [10JIOBBIX OpraHax. 3a UCKJIUYEeHUEM KHU-
IIEYHOIOJIOCTHBIX, y BCEX MHOTOKJIETOYHBIX
>KUBOTHBIX I10JIOBbI€ OPTaHbl COCTOSAT U3 MO-
JIOBBIX KeJs1é3. My»KcKasi 1oJioBasi »eJie3a Ha-
3bIBAaeTCsl CEMEHHHMKOM, B Hell pa3BUBaIOTCS
cnepMaTo30u/bl. JKeHcKHe MoJ10BblIe KeJse3bl
Ha3bIBAKOTCS AMYHUKAMM. JillekneTka co3-
peBaeT B ssuyHuKe (puc. 3.18). }KuBoTHble, y
KOTOPBIX KEHCKHE U MYMKCKHE raMeTbl 00-
pasylTCcs B OAHOM OpPraHM3Me, Ha3blBaIOTCS
repmMadpoauTaMH.

Y BojlopocJieit U TpU6OB M0JIOBbIE KJIETKU
06pasyloTcs B raMeTaHTMAX. Y CIOPOBBIX
pacTeHUl CliepMUM Pa3BUBAIOTCS B aHTEPH-
AUAX, a dileKJeTKH — B apxeroHusax. Ciau-
sIHUMe raMeT, TO eCTh ONJIOJOTBOPEHHE, PO-
HCXOAHWT B BoJie (oAb, poca). B pesynbraTte
OIJIOJOTBOPEHUS] 0O6pa3yeTcsl 3UroTa U U3
Heé pa3BuBaeTcs cnopoduT (puc. 3.19)

FaMeTOoreHes y B BEeTKOBbIX pPaCTEeHUM.
Y LBeTKOBbIX pacTeHWH o6pa3oBaHHUe IMO-
JIOBBIX KJIETOK MMPOUCXOAHUT B MbLJIbHUKE U B cemarotKa
ceMsizayaTKe UBeTKa (puc. 3.20). [leppuyHas
MY3KCKasl M0JI0Basi KJeTKa B NbIJIbHUKE Ha-
3bIBAETCS MUKPOCIOPOLUTOM, NMOTOMY 4YTO
OHa MeHbllle, YeM KeHCKasl 10JIoBas KJeTKa.
MUKpPOCTIOPOLUT UMEET AUIJIOUAHBIA HAbOp
XpOMOCOM, B pe3yJibTaTe MENOTUYECKOTO Jie-
JleHUs1 06pa3yeT yeThlIpe ranjou/Hble KJeT-
KHW-MUKpPOCIOpPbL. 3aTeM KaXk/iasi MUKpocIopa
JleJIUTCS MUTO30M Ha /JiBe: KpPYIHY -

BEreTaTUBHYI U MaJyl0 — TeHEPATHUBHYIO. TS
U3 ka0 MUKpOCHOpbI MOCJEe MHUTOTH- )
YeCKOro JiejieHHus1 00pa3yrTCcs NblIblieBble
3épHa. Vi3 reHepaTUBHOM KJIETKU B pe3yJibTaTe MUTOTUYECKOIO JlejieHUsI 06pa3yroTcs JBa
cnepmus (puc. 3.21).

U3 funaou HOM MaTEPHUHCKOHN KJIETKH — MeracnopounuTa (KJjeTKa Tak Ha3blBaeTCs 1o-
TOMY, YTO OHa KpyIIHEe MUKPOCIIOPOLIMTA) B pe3y/ibTaTe MeHOTHUECKOTro JieJileHus 06pa3y-
10TCs 3 MeJsiKUe U 1 KpynHas KJeTKa — Meracnopa. MeJsikue KJeTKH 6bICTPO OTMUparoT. Me-
racrnopa Tpu pasa JeJIUTCS MUTO030M M 06pa3yeT BOCbMUSAJePHbIN 3apO/ibIIIEBON MEIIOK.
JTHU KJIeTKH pacnoJiararoTcs cJaeAy0LUM 06pa3oM: TPU Ha OJHOM I0JII0Ce 3apO/iblllIEBO-

4

/{
‘ o
S

~

IecCTUukK TBIYMHKAa

Puc. 3.20. [losn08ble opraHbl IBETKOBbIX pacTeHUH

g MUKpOCIIopa BereTaTUBHas KJeTKa ClIepMUHU

P2 s, s
e o [w
(, ; { .\1 * Meno3 —» =
: P

) @ /--;“\‘ \‘i\ I/’ o Xq\

| Wi —r& J+ MHTO3 &> MHTO3 -\ %%)

k. e t\_JJ {:.‘} e i
n \ n

NblJIbIE€BbIE

. 2n n 3epHa n

MUKpOCHOpPOLUT resHepaTruBHad KJIETKa

Puc. 3.21. Pa3BUTHE NbLIbLEBbIX 36PEH Y [IBETKOBbIX paCTeHUI
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IVIABA III. XXU3HEHHBIE ITPOLIECCHI
3.2. TamemoczeHe3

ro MellKa, TPY Ha ApPyroM, ABe B LieHTpe. OcTaBlLIMecs B LIeHTPE JiBe KJIETKH CJAUBAIOTCS,
06pasys AUNJIOUJHYIO IleHTpaibHY0 KjaeTKy. OHa U3 TPEX KJETOK, PacloJIOKeHHbIX Ha
MUKPONU/ISIPHOM TIOJIIOCE, OTINYAeTCsA 60JIbLIIMM pa3MepoM U Ha3bIBAeTCs SHIEKJIEeTKOU

(puc. 3.22)

AlLleKIeTKa n

MEeracrnopoIUT Meracropa
2n n

3apo/bILIEBbINA MEIIOK

OeHTpaJIbHad KJIeTKa

Puc. 3.22. Pa3BUTHE IBETOYHOU CYMKH Yy [|BETKOBBIX paCTEHUHN

l'amMeToreHes >XMBOTHBIX BKJ/I0YaeT P/l ITAlOB Pa3BUTUSA, IPU KOTOPbIX NepBUYHAsA
110J10Basl KJeTKa peTepeBaeT CJI0XKHble U3MeHeHUsA. CEeMEHHUKU U INYHUKU JleJIATCA Ha
30HBI, B K&X/JJ01 U3 KOTOPBIX IPOUCXOJUT OINpeieJIEHHBIN Mpo1ecc.

n -—
II/H 30HBI XpOoOMOCOMa; IIpoueccel
c- IHK

JoHa MHUTO3. CnepMaTOroHMW W OOTOHUHM [JeNATCA
1 ASMHOMKEH S 2n 2c NyTEéM MUTO33, U UX KOJWYECTBO yBeJIUYMBAETCH.
P CoxpaHnsieTcst JUMJIOWIHBIK HA60P XPOMOCOM.

WUHTEP®A3A. Knetku,  o6pa3yromuecs B
3TOM 30HEe, HA3bIBAIOTCS CHEPMATOLMUTAMU U
2 30Ha pocTa 2n4c OOLIUTaMH NEePBOro nopsaxa. Hekoropele KjieTKH
yBEJMYMUBAIOTCS, HAKAIJIMBAIOT MUIIEBbIe 3aMachl,
a kosnmyectBo JJHK ynBauBaeTcs.

MENMO3. CrnepMaToOUUTBI U OOLMUTHI IEPBOrO
Nopsi/iKa MpeTepreBalOT PeyKLIMOHHOE JeJIeHUE,

n 2c
006pasyroTcsl CliepMaTOLUTBl U OOLUTBI BTOPOIO
3 30Ha MOPSIAIKA.
CO3peBaHusA
CrmepMaTOLUUTBl M OOLMUTBI BTOPOro MOpAfKa
nc JleIITCS  TMIOPOBHY, o06pasys coepMaTuibl U
ANIEKIEeTKU.
3oHa Y ciepMaTo301/0B 06pa3yoTcs roJI0BKa, LelKa U

4 nc XBOCTOBAs 4acTh. po pacnoJio’keHO B rOJIOBKE,
dopMHUpOBaHUS
MHUTOXOH/IPUH B XBOCTHUKE.

CpaBHUTEJ/IbHAsA XapaKTepPUCTHKA 0OreHe3a U cnepMaTtoreHesa. [lo cpaBHeHHIO cO
cliepMaToreHe3oM, 0oTeHe3 3aHUMaeT Iopas/io 60JbIlle BpeMeHU. ITO CBS3aHO C TEM, YTO
sSINlleKJIETKA COEPXKUT ropaszo 6oJibllie BEIeCTB, YeM criepMaTo30ou/. Ha ctaguu melio-
3a NpU CcliepMaToreHese IUTONJIA3Ma JeJUTCS MMOPOBHY MeX/1y YeTbIpbMs KJeTKaMu. B
ooreHese TOJIbKO OJTHOM KJIETKe JIoCTaeTCs 60Jibliie BCEro IUTOIIa3Mbl. B KoHIle ciepMa-
TOoreHe3a 06pa3yloTcd YeThIpe OJJMHAKOBbIE KJIeTKU. B KOHIle ooreHe3a 06pa3y0TCs ofHa
KpyTHas U TPU MeJIKue KJIeTKU. MeJiKkre KJIeTKU MOoTrubaT, KpyHas KJeTKa CTAHOBUTCS
ANIEKJIETKOM.
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[ TAMETOTEHE3 )
CrIepMaTOrOHU N 30Ha 0OTOHUHU
pa3MHOXXeHus
2n2c MUTO3 2n2c
CIepMaTOLUT
! oonuT I mopsaka
I nopsizka 2n4c 30Ha pocTa 2ndc . pan
nHTepdasza
CrlepMaToL YT 2 30Ha e oouut Il nopsagka u
Il nopsaaka CO3peBaHMsA HalpaBUTeJbHOE TeJIble
Meuno3s \
crepMaTHa nc nc 9 4 b giineknerka u
i ﬁg‘;‘-{' HaNpaBUTEJbHOE TeJIbIie
CIIiepMaTO30U/,
| 4 ¥
30Ha popMuUpoOBaHUA n O 3I/II‘OTa\‘ p

Puc. 3.23. TameToreHnes
WTak, raMmeTbl — 3TO MOJIOBbIe KJIETKU C raljiouJHbIM HabOPOM, XpaHslhe reHeTU4e-
ckylo uHpopmMmaiuw. [aMeToreHe3 MpPoUCXOJUT B IOJIOBBIX *Kese3ax. B cnepmaToreHese
IIBETKOBBIX PAacCTEHUN HAOJIIOAAETCs CHaYasia Melo03, 3aTeM JIBa MOCJe/0BaTeJbHbIX MUTO-
THUYECKUX JesieHus. [Ipu co3peBaHUM KeHCKUX raMeT HabJII0/laeTCs CHavyasa Melo3s, 3aTeM
TpPH NOCJEe0BATEJbHbIX MUTOTUYECKUX JeJIEHUS.

IIpuMeHeHHe HOBBIX 3HAHUI.

3HaHMe ¥ IOHUMaHue.

1. Kakoe cTpoeHHe UMeIOT raMeThbl MJIEKOTIUTAI0LUX?

2. KakuMu GbIBaIOT THUIIbI COEJMHEHNS MOJIOBBIX KJIETOK B 3aBUCHMOCTH OT CTPOEHHUS U
0COOEHHOCTEN MYXCKHUX U KEHCKHX raMeT?

3. Kak HasbIBaeTCs pa3BUTHE NOJIOBBIX KJIeTOK? [[1e 3TO NporucxoguT?

4. Kak Ha3bIBaeTCd OpraH, B KOTOPOM NPOUCXOAUT raMeTOTeHe3 CIOPOBBIX pACTEHUN?

IIpumeHenue. Kakoe 3HaueHHe UMEIOT IpOLeCCbl MUTO3a U Melio3a B raMmeToreHese’?

Ananus. [IpoaHasu3upyiTe CX0ACTBA U pa3/iMyHds MPOLLECCOB OOreHe3a U cliepMarTore-
He3a Ha OCHOBe JuarpaMMbl BeHHa.

Cunres. IlpexacraBiieHMs O rame- 1) 3apopiuiesbii 8) Muxpocriopa
. MeIIoK 9) Cnepma
TOTeHe3e IBETKOBbIX pPAaCTeHUM MpH- 2) AiinexeTKa 10) MbLIbLEBOE 3€PHO
BeJleHbl HWXe. PacroJsioxxute mOHATHSA, 3) llenTpasbHas sueiika 11) MUKPOCTOpOLUT
00BSICHAIOIME Tpoliecc 06pa3oBaHUMA 4) Meiio3 12) MeracnoponuTt
HOM NopAaKe COIrJiaCHO Ta6f[I/II_[e. 6) FEHepaTI/IBHaﬂ KJIeTKa

7) Meracnopa

My2KcKue raMmeTbl

KeHCKMe raMeThl

OueHka. B npupoje Mesikue >KMBOTHbIE IJIOLOBUTBIE U 04EHb OBICTPO PAa3MHOMKAOTCS.
[Ipu 3TOM B 6OJIBLIMHCTBE C/Iy4aeB YUCJEHHOCTb UX BU,0B He MEHSIETCS, U OHU JIepKaTcs B
cpe/iHeM KosindecTBe. Kak Bbl 00'bSICHUTE 3Ty CUTYyaIUI0?
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3.3. [I0JIOBOE PABMHO?KEHUE OPTAHU3MOB

IIpoBepKa ONMOPHBIX 3HAHUM. Y HAC ECTb YEPTHI, IOXOKUE U OTJIU-
YUTeJbHbIE OT pOJUTeseN, GpaThbeB U cecTep. Kak Bbl [yMaeTe, B 4€M

IpAYUHA 3TOr0?
Konbroranuga

Tpancdopmanus

[TosioBOe pasMHOXeHHe NPOHUC-

XOJIUT B pe3yJIbTaTe CJAUSHUS TaMeT

poxnutesiell. TakuM 06pa3oM MOSIB-

nsieTcs aurora. U3 surorsl passu- || NOTYJIALKA

BaeTCsi HOBBIi opranusm. Tenorun | [lapTeHoreHes
\ HOBOTO opraHusMa oTauyaercs § ONJIOJOTBOpeHUe

OT TFeHOTUIA OTLA WU OT TFeHOTHIA

MaTepu. B HOBBIX MOKOJIEHUSIX CO3/IaéTCsl HOBasi KOMOU-
HalUsl TeHOB, o6ecrnevyrBalolas NpUCIocobieHre K U3MEHSIOIUMCS YCA0BUSM cpeabl. To
€CTb [10JIOBOE Pa3MHOXEHHE OCHOBAaHO HAa KOMOMHATOPHON U3MEHUYUBOCTH.

Y 6akTepuil He HaGJ/IOAAETCS MOJOBOI'0 PAa3MHOXKEHHS, HO B UX KJIeTKaX NPOUCXOJAT
c/lelyIole MPOLeCChl, MIPUBOJsIME K TeHETUYECKUM U3MEeHEHUSIM: KOH'bIOralUsl, TPaHC-
bopManus U TpaHCAYKIUSIL.

Ilo/s10BbIE IpPOLECCH] Y GAKTEPUHA

KoHbloranus y 6aktepuii - 3To Coco6 nepeiayd reHeTUYECKOro MaTeprasa KJIeTKH OT
O[JHOUM OAKTEPHUH K PYTOH, MPU 3TOM /iBe OAKTEPHUU CBS3BIBAKOTCS Y3KUM MOCTHKOM, U Ye-
pe3 3TOT MOCTUK MPOUCXOAUT Iepe/iaya reHETUYEeCKOro MaTepHuasia OT JJOHOPCKOW KJIEeTKH
KJeTKe-pelunueHTy. [Ipy HenocpeACTBEHHOM KOHTAKTe MHOT/A NepefaéTcs TOAbKO IJ1a3-
MH/1a, a UHOT/Ia C MJIa3MU/I0M MOXKeT NepeHOoCUThesA oHa HUTh JJHK ocHOBHO#M XpOMOCOMBI.
[eHeTHYecKHe CBOMCTBA pelUNMeHTa U3MEHSIOTCS B 3aBUCUMOCTH OT KOJIMYECTBaA Iepe-
JlaHHOM reHeTH4YecKol HHPopManuu (puc. 3.24).

Tpancaykuusa

GaKTepUH, yCTOMYMBbIE K aHTUOMOTUKAM GaKTepuu, HEYCTONYHBbIe K aHTUOUOTUKAM

- _b R ——

* 6akTepus, NOJy4YHBLIas ['eH YCTOWYUBOCTH

/ ; \\\
o X

Puc. 3.24. llpouecc KOHbIOTALUU B 6aKTEPUAX

[Iponiecc BoccoerHeHUs JIO6GOW 4YacTH HAcJeACTBEHHOM MOJIEKYJbl OJHOTO
OpraHM3Ma C HacJieICTBEHHOM MOJIEKYJIOW B COCTaBe JAPYroro opraHvu3Ma Ha3blBaeTcCs
TpaHcpopmanueil. To ectb JJHK MEpTBBIX GaKTepuil monajaeT B Pyrylo )KUBYIO 6aKTe-
pHUI0 U3 BHEIIHEN cpesibl U PUCOELUHSETCH K €€ reHeTUYeCKOM XpOMOCOMe, YTO NIPUBO-
JUT K U3MEHEHUIO reHeTUYeCKOro MaTepuasia 6akTepuu-penunuesTa (puc. 3.25)

[lepeHoc reHOB U3 0ZJHOM GaKTepUaJIbHOU KJIETKHU B PYTYIO C MOMOLLbI0 $paroB Hasbl-
BaeTCs TPAaHCAYKIUel. ['eHbl, nepeHocHMble ¢paraMy Bo BTOPYI0 6aKTepUaIbHYIO KJET-
Ky, U3MEHSIOT HacJIe[CTBEHHOCTb 3TOM 6aKkTepuH (puc. 3.26)
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Bo Bcex Tpéx ciydyasx KOJMYEeCTBO 0CO6Gel He YBEJUYUBAETCS, T. €. OAKTEPUHU He pas-
MHOXawTcs. KosimuecTBO 0praHM3MOB He MeHsIeTCs, HO Ha6JII0aeTCs peKOMOUHAIUS Te-
HeTH4YecKoro MatepuaJsa. Konbrloranus, TpaHchopManus U TPAHCAYKIHUS B COBOKYITHOCTH
Ha3bIBAIOTCS 20pU30HMAAbHbIM NEPEHOCOM 2€HO8.

Tpancpopmanua ¢parmeHrTa

AH<
WHTerpanus j ;f S
dparmenta 3 %gzarmemb] i
JHK B k1eTky

OaKTepui

o
NPOHUKHOBEHHE o

JHK B kseTky l'\.;.‘:fj @

=

Puc. 2.25. llpouecc TpaHchopMaIiyuu

6akTeprodar B .. TpOHHMKHOBeHHEe
‘5/ JIHK ¢ara

e

XpOMOCOMa JJOHOPHOH &

B KJIETKY
Gaktepuu sl GakTepun
e =Y
I = L
\'\.. i — -"‘r;
paspylieHue | i o)
GaKTepUaNbHOH i o =
AHKnoa ("1 Py W
nelicTBUEM N D= “‘“\( /
depmenToB para =\
l JAHK ¢ara
darc
¢dparmeHTo “‘\ cbopka
JIHK ,qox—xopa\m 3;7‘? xaﬁ“f“ | HOBBIX
iy o ¢daros
nepezaya 4
¢parmenTa JHK *ES/‘-‘%_
JIOHOpa B KJIETKY S \ - G6aKkTepus-
penuMnueHTa ZAEA peUIUeHT
|
TpaHCAYLUPOBaHHasI
KJIeTKa

s

0

Puc. 3.26. Tpancaykuus

0. -0

Puc. 3.27. Konbloranus y "HQy30puu
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IIPOHUWKHOBEHHE J
JIa3MU /bl B KJIETKY

Tpaundopmanus njia3aMmubl

\

miasmua THK [I1a3MUABI  COCTOAT U3
5 3 koJsbla aAByHuTeBou JIHK
pa3MepoM B COTHH pa3 MEHb-

\ IIMM, YeM OCHOBHad OaKTe-

C::) XpOMOCOMbI ,
Z E:: }/,J puanbHaag xpomocoma. OHHU

coctoAT U3 3-10 reHos, Ko-
TOpble CUHTE3UPYT oep-

\/ MEHTBI, pacCIleNJsoIIe aH-

SE—— TUOUOTUKUA WU TOKCHUHBI.

{} 5_: }:_‘IJ [l1asMuibl  penIMIUpyoTCS

— He3aBUCHMO OT OCHOBHOHU
XPOMOCOMBI.

J

IlosioBble mponeccbl y HNPOTOKTHCTOB.
Konbloranusa HabJofaetrcs My UHOY30pHi.
[lepes KoH'bIOTALIMEN GOJIbIIOE /PO  UHDY30-
pHU pacTBOPSIETCS.

Masnoe sgpo JlenuTcs, obpasysa [Ba
rafJiouIHbIX sa7pa. /Ise Tydesbku coMmKanTcs,
COe/IMHSs CBOU IIMTOINJIA3Mbl, MOSIBJSIETCS MOC-
TuK. 06e HUHPY30pUU ABIAIOTCSA Param, MoJy-
YUBLIUMU AAepHYy0 fJoHopcKyto JIHK. Tpancay-
LMpOBaHHAsI KJIeTKa SIBJISETCS PelUNUeHTHON
KJIeTKOH (puc. 3.27)

OnHO U3 fep KaXKJOoro opraHvM3Ma Iiepe-
MellaeTcss K JPyroMy C MOMOIIbI0 IIMTOIJIa3-
MaTH4YeCKOH KHUJAKOCTU. /|Ba ranjioniHbIX s/ipa
KaX,0i TypesbKU CIMBAOTCS, 06pasyst AUILIO-
uaHoe saapo. KowbroorupoBaHHble TydeabKH
pacxoAsaTcs U BelyT CaMOCTOSITEJNbHYI KHU3Hb.
Byiarogaps o6MeHy reHeTHdeckoi MHpopmaiu-
el (peKoMOUWHAIMH ) B pe3yJibTaTe KOH'bIOTaluu
reHOTHUIl HOBOOGPAa30BaHHbBIX 0COOEN OTIMYAET-
Cs1 OT TeHOTUIIA UCXOIHBIX 0cobel (puc. 3.27)

Jpyroil moJsioBoM  mpouecc, KOTOpbIA
HabJ/0[aeTcsl y NPOTOKTUCTOB — KOMYJSLUSA
(ot naT. copulatio - «coepuHeHue»). [Ipyu aToM
COeZIMHSIIOTCSl ClieljdajbHble MOJIOBble KJIETKH
- raMeThl, 06pasywIlnue 3WUTOTYy C HOBBIM
HabopoM TeHeTHYeCKOro MaTrepuasa. Y 3THX
OPraHMU3MOB raMeThl 06pa3yTCs B pe3yJbTaTe
MHOTOKPATHBIX JleJIEHUH MaTepPUHCKON KJIEeTKH.
[locne meprojia MOKOsl U3 3UTOThI 06PaA3yTCI
HOBBIE MOJIO/Ible OPTaHU3MBI (puc. 3.28).
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B3pocsas oco6b (n) O6pa3oBaHue rameT (MUTO3)

P

Meno3

B -

Puc. 3.28. Konyasauys y IpOTOKUCTOB

&P
cropei (n) 3urora (2n) ;ﬁ

Ilo/10BOE pa3MHOKeHHE IPUGOB. B Heb61aronpysTHHIX YCJAOBUAX Oesas IJieceHb pas-
MHOXaeTCs M0JIOBbIM MYTEM. Y HUX, KaK Y BbICOKOPA3BUTBHIX OPraHU3MOB, raMeThbl He 00-
pasytoTcs. [anioniHble ridbl pa3HbIX MULIEJHMEB Ipruba CONMNKAIOTCSA, COeJUHASCh CBOUMU
KOHYMKaMU, HO OHU OT/ieJIeHbl Nleperopofikoil. Yepes HeKOTOpOe BpeMs Ileperopojika uc-
ye3aeT, U UX f/ipa CJAMBAIOTCSA, 00pa3ys AUIJIOUJHYIO 3UTOTY. 3UroTa OKPbIBAETCS TOJI-
CTOM 060JI0YKON U NepexoJUT B COCTOsSIHMe NMOKos. [locie neproja nokos 3Urorta AejnuTcsa
Mel030M U 0b6pasyeT 4 ranjiouiHble KJeTKHU. [Ipy 61aronpUATHBIX YCI0BUAX U3 FalJIOU/-
HBIX KJIETOK Pa3BMBAETCS HOBbIM MUIIEJNNH, a U3 HETO — MJI0A0BUTOE TeJso (puc. 3.29).

C/IMsiHUE siiep ByX ocobel (n)

S T P o6pa3oBaHMe CIOp B

-H | J, . CIIOpaHrusx (n)
i - ¥ o
" A - By R
S e S teag
e = - i
M‘S‘*:: :_'__}.' ® o
POCT U COTMKEHUE g TR e BT
* el e g - e
rud ByX pasHbIX 00pa3oBaHUe 3UTOTHI _ R S e
ocobeii (n) (2n) Meiio3 o T

Puc. 3.29. Tlos10Boe pa3MHOXKeEHUE TJIECHEBBIX TPUOOB

Ilos10BOe pasMHO)KeHHe IBETKOBBIX PACTEeHUM. Y LBETKOBBIX PAacTeHUN MOJIOBOE
pa3MHOXXeHHe NPOUCXOAUT NMYTEM CJAUSAHUSA raMeT, T. €. OIJIoJO0TBopeHHUd. XKeHcKue ra-
MeThI — ANLEKJeTKH CO3peBal0T B ceMA3ayaTKe, a My»KCKHe raMeThbl — CIepMaTO30U/bl B
nblIbHUKe. [locsie onblieHUsl BereTaTMBHAsd KJleTKa NMbLIbLbI, NONAaBIIAs Ha pbLIbLE Ie-
CTHKa, HaUMHaeT MpopacTaTb, 06pa3ys AJMHHYI0, TOHKYIO NblLIbLieByl0 Tpybky. OHa pa-
CTET, YAJIMHAETCA Y BHeJpsieTCcs B CeMANOYKY 3aBfA3U. /[lBa cnepMus, 06pa30BaBLUIMXCA U3
reHepaTUBHOW KJIETKU NbLIbLbI, IONAJAl0T B 3apOAbIIIEBbIM MELIOK Yyepe3 NbLIbIEBYIO
Tpy6Ky. OZJUH K3 ClIepMUEB CIMBAETCS C AUIEKJIETKON, BTOPOX CIEPpMUH CJIUBAETCA C I[eH-
TPaJIbHOM KJIETKOM 3apO/ibILIeBOT0 MellIKa. ITOT NPOLecC Ha3blBAaeTCs JABOMHbBIM OIJIOZOT-
BopeHueM. On/10J0TBOpPEHHAsA AWLleK/IeTKa — 3UroTa pa3BMBaeTCsd B 3apo/blllle, a U3 OILJIO-
JIOTBOPEHHOW LIeHTPaJIbHOM KJIETKM pa3BUBaeTCA 3HJAOCHEpPM. 3apoAblll U 3HAOCIEPM
BMecTe 06pa3yloT ceMsl. TakuM 06pa3oM, ocJie ABOMHOTrO OMJIOLOTBOPEHHUS U3 CEMANOYKHU
pa3BuBaeTcs ceMs. 3 ero 060/104KH, KOXKYPbl, OKpYy>Kalollel ceMs, a TakkKe U3 3aBA3U U
JpyTrux 4acTey 1BeTKa obpasyeTcs miaof (puc. 3.30)
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MblJIbLIEBOE 3€PHO i 3HAOCIIepM
_##, _anpocriep

NbLIbIEBast TPyOKa

IleHTpabHas
KJIeTKa

CTEHKa
ceMdA3a4YaTKa CliepMUuHn

afIeKIeTKa
3apo/ibIIIeBbIM MeIoK

Puc. 3.30. Onyiof0TBOpeHMe BETKOBBIX paCTeHUH

Ilon10BO€E pa3MHOXKeHHUe }KUBOTHBIX TPOUCXOUT NPH CAUSHUU MYKCKHUX U XKEHCKUX
rameT. PepMeHThI B aKPOCOMe CIIepMaTo030M/1a BO3/IeUCTBYIOT Ha 060JI0YKY SHIEKIETKU
Y paspyLIaoT eé.

leHeTUYeCKUH MaTepuaJs CIepMaTO30M/ja BHe- S i 2
JpsieTcsl B siekaeTKy. [locie aToro siineksaeTka : : SO0 :
OBICTPO BOCCTAHABJHWBAaeT CBOIO 00OJIOUKY W He
NpoNycKaeT BHYTPb APyrye cnepMaTo30u/ibl. B pe-
3yJIbTaTe CJAWSHUSA [BYX rallJIOUJHbIX raMeT 06pa-
3yeTcs JUNJIOUAHASA 3UT0Ta.

Y KUBOTHBIX HabJlOJlaeTCcsl BHeNIHee U BHY-
TpeHHee ONMJIOAOTBOpPeHHue. BHewHee on100omeo-
peHue B OCHOBHOM HabJIl0JjaeTCs y BOJAHBIX opra-
HU3MOB (pbl6 U aMmPubuii). CaMKH OTKJIAJbIBAIOT
sgia cpeay BOJAOPOCJEH, a caMibl pa3bpachiBalOT
cnepMaTasouibl. TakuM o6pasoM, OIJIOAOTBOpeE-
HUe TPOUCXOJUT B BOJIE.

B  3BosiOLIMM  OpraHMW3MOB  BHYTpPEHHee
ONJIOJOTBOPEHHE HMeJI0 3HayeHHe TpPU BbI-
X0Zle  JKMBOTHBIX H3 BOJbl Ha cyuy. BHy-
TpeHHee  OIJIOJOTBOpPEHHE  MPOUCXOJUT Y
YJEHUCTOHOTUX, PEeNTUJIHUH, NTHL U y MJIEeKO-
nutapumux. CausHUe raMeT Yy 3THUX TPYII KU-
BOTHBIX MPOUCXOAUT B sAHLEBOJE >KEHCKOTO
opraHusma (puc. 3.31)

3HayeHHe NMOJIOBOT0 pa3MHOKeHHA. CusHue TaMeT 03B0oJIsieT 06'beJUHUTDL reHe-
TUYeCKHe NPU3HAKU 060MX poauTesiell. HOBbI opraHusM MoxKeT oKa3aTbcs 6oJiee MpU-
CTNOCOGJIEHHBIM [JIS1 BBIXKMBAHUS B U3MEHSAOLIENCs cpeZie. ITO Ba)KHO /ISl Bb)KUBAHUSA
OpraHU3MOB B 3BOJIIDIIMOHHOM IpoIiecce.

IlapTeHoreHes (0T rped. parthenos — «JIeBCTBEHHOCTb») — 0co6eHHasi popma MoJI0BO-
ro pa3MHOKeHHUs], IPU KOTOPOM U3 HEOMNJIOJOTBOPEHHOMU sIHllEeKJeTKH pa3BUBaeTCs HO-
BbI{ opraHu3M. [lapTeHoreHes BcTpeyaeTCsl y pa3/ie/IbHONOJIbIX OPraHU3MOB U BbI3bIBaeT
YyCKOpeHHe pa3MHOXeHHsl. Pa3/inyaloT ecTeCTBEHHbIM U UCKYCCTBEHHbIM NMapTeHOreHes.
EcTecTBeHHbIN MmapTeHOTeHe3 MOXXHO HabJloAaTh y M4és. M3 omnyof0TBOpEHHOU siile-
KJIETKHM pa3BUBAIOTCS CAMKH, U3 HEOIJIOJOTBOPEHHON - caMubl (TpyTHH) (puc. 3.32). B
HacTosllee BpeMsl MapTeHOreHe3 BO3MOXXHO MPOBOJAUTb U UCKYCCTBEHHBIM NyTéM. /s
3TOro NpuMeHsOTCs ¢U3ndeckre (MexaHUYECKOe BO3JeWCTBUE, 3JEKTPOTOK, TEIJO U
Jp.) U xuMu4deckue pakTopbl. Hanpumep, ecaiv Bo3JelcTBOBATh HA AULEKIETKY JATYILIKH

Puc. 3.31. BHelllHee ¥ BHyTpeHHee
OIJIOZJOTBOPEHUE Y dKUBOTHBIX
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& ’_,m TpyTeHb (n)

of

&:IWCHEPMaT%OHH (n) - % pa6ouyast myesa
' 9 (2n)

gﬁ MaTka (2n)

aineKJeTKa

(n)

Puc. 3.32. [lapTeHoreHes y myésn

WTJIOH, U3 HEé MOXKHO MOJIYUUThb B3pOcJjble 0co6U, Bce OHU 6yayT camkamu. b. JI. Actaypos
(1904-1974) paspaboTas METOJUKY MOJIy4YeHHUSI CaMIIOB TYTOBOTO IIEJKONpsifia MyTEM
HCKYCCTBEHHOI O MapTeHOreHesa.

Takum 06pasoM, y 6akTepuid HabJI10/Jal0TCS TaKKe MOJIOBble MPOLECChl, KAK KOH'bIOTra-
us, TpaHchopmalnus U TPAHCAYKLUUSA. B pe3ysbraTe KOH'bIOrallud U3MEHSETCS TOJIbKO
reHeTUYECKUN MaTepuaJ, a KOJM4YeCcTBO 0cobell He yBesJrWuuBaeTcs. [JBoMHOe ONJOJLOT-
BOpeHUE MPOUCXOAHUT y BETKOBbIX pacTeHUN. BHyTpeHHee 1 BHeIIHee OMJIOIOTBOPEHHE
HabJt0iaeTCcs y 2KUBOTHBIX.

IIpiMeHeHN e HOBBIX 3HAHMIA.

3HaHMe U NOHUMaHue.

1. Kakue nmoJioBble mpolecchl Hab/I04al0Tcs y 6aKkTepuid?

2. Kak mpoTekaroT 0JIOBbIe MPOLECChl Y TPOTOKTUCTOB?

3. Kak npoucxoauT moJjioBoe pa3MHOXKeHHe y Tpu60B?

4. Kakue BU/ibI ONJIOJJOTBOPEHUS OBIBAIOT Y YKUBOTHbIX?

IlpumeHneHnue. Kakoe 3HauyeHHWe HMeeT JBOWHOE OIJIOAOTBOPEHHE B >KU3HEHHOM
[[UKJIE IBETKOBBIX PacTeHUI?

Ananus. [IpoaHaIM3UpPyTe CXOACTBA U PA3JIUYUSA MEXKY JIBOMHBIM OIJIOOTBOPEHUEM
I[BETKOBBIX PACTEHHUU U OIJIOJJOTBOPEHHEM KUBOTHBIX.

CuHTe3. 3an0JHUTE MyCTble SYENKU B MPUBEAEHHON HUXKe MO/IesH, U3006pakaroliei
polecc BOMHOIO OIJIOJOTBOPEHUS.

? + ? = ?
LeHTpasibHas il
? = 3HAOCHEPM[—  ?
KJIETKa _ . :
2 — 3  CeMeHHas
: KOXypa = [
0KOJIO-
3aBfI3b =3 MIOAHAK

OueHka. B oTsinune oT 60/1bITMHCTBA aMPUOUH, AIIEPUITBI ) KUBYT JIaJIEKO OT BOJIOEMOB.
C KaKMM aclleKTOM BOCIPOU3BO/ICTBA 3TO CBSI3aHO?
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3.4. BECITIOJIOE M ITOJIOBOE PABMHOKEHHUE
B ’KU3HEHHOM IIUKJIE PACTEHUH U YKUBOTHBIX

m IIpoBepka 6a30BbIX 3HAHMUI. O6CYHTE C OJHOKJIACCHUKAMU MOHSTHUS

YepeoBamme «becrnosioe U IMOJIOBOe pa3MHOXKeHHe». Kak Bbl NOHMMaeTe TepMHH
pea «4yepeZ0BaHUE IIOKOJIEHUN»?
Crnopodurt
TameTobuT B npupoze 60/1bIIMHCTBO OPraHM3MOB Pa3MHOXKAKTCSA IBYMS ClI0co6a-
JIurions MU: 6€CII0JIBIM U NO0JIOBBIM. ITa 0COOEHHOCTb CBU/ETENbCTBYET O HAJIUYUHU
Tamioua B UX >KM3HM 6ecIi0/I0r0 U M0JI0BOro nepuooB. YepejoBaHHe 6eCMOJIbIX U
YusHenupi | MOJIOBBIX NEPHUOAOB Ha OCHOBE CTPOrOro 3aKOHa HasblBaeTCd YepeoBa-
KT HUEM NOKOJIEHUH.

MexaHU3M uyepe/l0BaHUS BbIpaXaeTcs CJAeAyroluM o6pa3oM. Y pacte-
HU, Ipe/iCTaBJAILIero 6ecrnosioe NOKoJeHNe, B pe3y/ibTaTe Melio3a 06pa3yoTcs ranjious-
Hble CIIOPBI, U3 KOTOPbIX pa3BMBAETCS OJHOINOJIbIN UJIH JIBYNOJIbIA OPraHU3M.

Y BETKOBBIX pacTeHU I BO BpeMs [10JI0BOT'0 Pa3MHOXKeHUS 06pa3yoTcs NbliblieBoe 3ep-
HO (My>KCKas ramMmeTa) ¥ 3apo/blLIeBbIN rameTochT (n)
MelloK (keHcKas rameTa). X kjeTku

MMEIOT TallJIOWAHbIA Habop XpoOMo- /%‘
coM (KpoMe IeHTpPa/IbHOH KJIETKH).

WTak, npu MOJI0OBOM pPa3MHOXEHUU

raMeToQUT 06pasyeT rariouHbIe ra- / 5., cnopel (n) A Ho"hg-}\BopeHHe
MeTbl. B mpolecce OmI0OLOTBOpeHMs L
CopopuUT

COeJIMHAIOTCA TalJIOUZHbIE TaMeThl \
¥ 06pasyloT JUIIOMJHYIO 3UroTy. U3 \ (2n)

s
3UTOThI Pa3sBUBAETCA 6eCroJioe MOKo- L I _

.. MeHo03

JeHue (cnopodur) (puc. 3.34).

O6pasoBaHye CHOPbI TarJIOU/[I-
HOTO Habopa B pe3ysibTaTe MeHo3a U
BOCCTaHOBJIEHHE AUIJIONAHOTO Habopa B Pe3yJ/ibTaTe OIJIOJOTBOPEHHUS SIBJISETCS TPaHHUIEN
MeXAy 6eCroJIbIM U MOJIOBBIM MTEPUOAAMH Pa3MHOMKEHHS.

Y pacTeHul pa3sHOTO YPOBHs CTPOEHMSI COOTHOIIEHHE OECIOJIbIX U MOJIOBBIX MOKOJIe-
HUM pa3IMYHO. ITO CBU/IETEJNLCTBYET 00 YCJIOXKHEHUHU GECII0JIOro Mepro/ia U MOCTENeHHOM
YIPOLIEHUH TOJIOBOTO MIEPHUO/A PA3MHOXKEHHS B 9BOJIIOLIMHU PACTEHUH.

Hanpumep, y MxoB npeo6JiaziaeT mnoJjioBoe nokosienue (puc. 3.33). To ectb rameToduT
MMeeT 0oJiee CJI0XKHOe CTPOEHHE U

>)KH3HEeHHble CBOWCTBa, 4YeM CIiopo- = /")&‘“.\.

Puc. 3.33. YepeioBaHUE TOKOJIEHUN Y MXOB

1

éuT. Y nanopoTHUKOB Mpeob6JajaeT

nMﬂbueBoe
cnopopuT (6ecnosioe MoKoJeHHE) C d 3epH0 (n)
3ap0[[bIHleBbII/I
Pa3BUTBIMM KOPHSAMH, CTE6JAMM U el ‘34

JUCTbsIMU. [aMeTOGUT MMeeT cepAlle- ygertok (2n) |
BUAHYIO GOPMY, MaJIeHbKHUU pa3mep, U '”t @ ).
NPUKpPENJIsieTcs K 3eMJie PU30H/IaMHU. - /

_ . g

Y ceMeHHBIX pacTeHHM IOJIOBOE
MIOKOJIEHUE YIIPOCTUJIOCh. To ecTh pe-
JYUUPOBAHHBIA ramMeTopUT COCTOUT
BCEro U3 HECKOJIbKUX KJieToK. Cropo-
GUTHBIA TepUOoJ COCTOUT M3 pacTe-
HUH CO CJI0KHBIM CTPOEHHUEM B BHU/E
JlepeBbeB, KYCTAPHUKOB, MOJyKyCTap-
HUKOB, OJJHOJIETHUX W MHOTOJIETHUX

OIlJIOZJIOTBOPEHU E

\ J BHAOCIEPM

3apojbIul (Zn) (3n)

Tpas (puc. 3.34). Puc. 3.34. YepejoBaHUEe TOKOJIEHUHN Y IIBETKOBBIX
pacTeHuH
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IVIABA 111. AKU3HEHHBIE ITPOLLECCHI
3.4. BecnoJioe u n01080e pa3MHoXMCeHUe 8 HCU3ZHEHHOM YUK/1e pacmeHUll U HCUBOMHbBIX

- o

o = W, [_
T . |
S - 8],

.'h'-‘_-_yf
Puc. 3.35. CooTHoIIeHHEe 6eCIOo/IbIX U IT0JI0OBBIX ITOKOJIEHUH B )KU3HEHHOM I[UKJIE PACTEHHH,
OTHOCSIIIUXCS K Pa3HbIM CUCTEMATHUYE€CKUM TpyIInaM

BJsiarosaps HaJW4MIO JUIJIOMHOTO Habopa XpOMOCOM COPOGUT XPAHHUT BJIBOE 60JIb-
1ie reHeTU4YeCcKou uHbopMalyy, 4yeM rametToPpuT. ITO obecrneyruBaeT BbICOKUH YPOBEHb
aJlanTallud pacTeHUM K U3MEeHSIHUMCA yCI0BUAM cpe/ibl. ITa 0COGEHHOCTb NpHBeJa K
npeo6JiaZilaHrio 6ecroJIoro MOKoJIeH!Us Haj, M0JIOBbIM B 3BOJIIOLIMU pacTeHui (puc. 3.35).

B ’KM3HEHHOM L|MKJIe )KUBOTHBIX CMeHa MOKOJIEHUI HabJII0JaeTCsl Y KUIIEeYHOI0JI0CT-
HBIX, HEKOTOPbIX PaKOOOPA3HBIX, IIJIOCKUX U KPYTIJIbIX YepBel, HEKOTOPbIX HACEKOMBIX.

B ’KM3HEHHOM LIMKJIe HEKOTOPBIX >KUBOTHBIX YepelyeTcsl 6ecroJsioe ¥ 0J10BOe pa3MHO-
KeHHUe.

PasMHOXKeHMe B }KU3HEHHOM L|MKJIe Ie4€HOYHOT0 COCAIbLIMKA IPOUCXOJUT CO CMEHOH
OpraHM3Ma-xo3s1Ha.

OcHOBHOM X0351IMH (JIIOJAW WJIU KONBITHbIE »KUBOTHBIE) 3apaXKaloTCA LIUCTAMU Ne4YEHOY-
HOTO COCaJblIMKa 4Yepe3 BOJAY WJIM pacTeHUs. 3apaKéHHble LIUCTAMHU pACTEHUS OOBbIYHO
BCTpeyalTca Ha 6eperax BOJ0EMOB. B nuieBapUTeIbHON CUCTEMe X0351MHA U3 LIUCTHI pas-
BUBaeTCs B3pocJsasd 0cob6b M moma-

JlaeT B JKeJYHble MPOTOKU MeYeHU. I10JI0BO3PeJIbii
M TaM napasuT NUTaeTCH KeJ4blo U 4epBb

KpoBbl0. [le4éHOYHBIN cocCaNbUIUK w
ABaseTc repMadpoJUTHBIM oOpra-

HHM3MOM M IOCJIe CO3peBaHUsA 06pa-
3yeT rametbl. O6pa3oBaBIIascs Npu
CIUSIHUU TaMeT 3UroTa C >KeJ4blo
Bbl/leJIIeTCS B KUILEYHMK, a OTTyJa

nonaZiaeT BO BHellIHIOW cpeay. Eciu &
Allla NoNaZaloT B BOAY, U3 HUX pas- @ A/%d
BUBAIOTCS MMUKPOCKONMYECKUE JIU- xpoctaras £
YMHKM C pecHUYKaMH. JINYUHKHU C il
peCHUYKaMM pPa3BUBAKTCA BHYTPHU
TeJla MOJIJIIOCKA MpYyAOBUKA U cbpa-
CbIBAlOT CBOM pECHUYKH, 00pasysd
HOBble JIMYUHKU. BHyTpu npynpoBu-
Ka JIMYMHKA COCaJIbIIMKa HECKOJIBKO
pa3 pasMHOMKaeTcsd O0ecHoJsiblM my-
TeM. [lo3xke y JIMYMHOK 0bOpasyeTcs

g JIMYHUHKA C

#i1 peCHUYKaMH

JIMYUHKH B TeJie MOJIJIFOCKa

Puc. 3.36. YKu3HeHHbIH IIUKJ Pa3BUTHUSA
IIe4EHOYHOI'0 COCalblLIMKa
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IJTIABA 111. )KU3BHEHHBIE ITPOLECCHI

3.5. HpaKmuquKoe 3adHsamue. Moae/lupoeanue 6ecnoJIbIX U N0/108bIX NOKOJ/1eHUTl 8 HCU3HEHHOM Yyukiae

pacmeHuﬁ (MXU, nanopomHuKu, Xxeowu u CeMeHHble pacmeHus
XBOCT. JIMYMHKa BbIOpAChIBAET XBOCT M MPEBPALIAETCSA B LIUCTY, MOKPBITYIO TOJCTOH 060-
Jloyko#. TakuM 06pa3oM, LIUKJI oBTOpsieTcs (puc. 3.36)

HWTak, B 3BOJIDIIMOHHOM IPOIECCe Pa3MHOXKEHHUE PACTEHUH U )KUBOTHBIX SIBJISETCS pe-
3yJIbTAaTOM MPHUCIOCOO/IEHHUSI K He6JIAaronpUsTHBIM yCJI0BUAM cpefibl. OpraHusMbl ¢ Mpo-
CTBIM CTPOEHHEM PAa3MHOXKAITCS TOJILKO GECIOJIbIM MyTEM. Y OpraHU3MOB C 60JIee CJI0XK-
HbIM CTpOeHHEeM HabJolaeTcs 6ecroJsioe 1 MoJIOBOe YepeloBaHe TTOKOJeHUH (pacTeHus],
HEKOTOpbIE )KUBOTHBIE). B 9BOJIIOLIMOHHOM IpoIecce, UCXO s U3 CTPOTMX 3aKOHOMEPHOCTEN
I[[MKJIa Pa3BUTHUs OPraHU3MOB, 3HaUYeHHe ralJIOWJHOTO MOKOJIEHUS] YMEHbBIIUJIOCh, @ 3HaYe-
HUe JUIJIOUTHOTO YBEJUYUIIOCH.

IIpyMeHeHHe HOBBIX 3HAHM.

3HaHUe U IOHMMaHue.

1.YTO0 y opraHu3MOB Ha3bIBaeTCs pa3MHOXKeHUueM?

2. Kakue nponeccol BKJO4aeT B cebs1 raMeTOQUTHBIN epUo/, pacTeHUI?

3. YTto Takoe cnopodUTHBIN NEPUOJ, PaCTEHUI?

4. Y KaK{X XUBOTHBIX MOXXHO HabJil0[aTh B KM3HEHHOM IMKJIe pa3MHOXEHUs
yepen0BaHWe NOKOJIEHUMN?

Ilpumenenue. Kakoe 3HaueHHe HMeeT 4YepeJjoBaHHUE OECHOJIbBIX U MOJIOBBIX
IIOKOJIEHVU B »KU3HEHHOM LIMKJIe OpraHu3Mma’

Ananus. HaliiuTe cooTHOIIeHHe raMeTOGUTa U CIOPOPHUTA B ) KUSHEHHOM LIUKJIe
[|BETKOBBIX pacTeHHMU. Kakoe 3Ha4eHMe UMeeT 3TO COOTHOLIEHHE /I paCTeHUN?

CuHTe3. PacnosiokyuTe NpoLecchl, OTPaXKawliye ) XU3HEHHBIU LIUKJI IeY4EHOUYHOT 0
COCaJIbIIMKA, B IPABUJIbHOU N10CJIe0BATEIBbHOCTH.

[UnN

B3pocJiblii 4epBb-repMadpoauT 2n

O6pa3oBaHUE 3UTOTHI 2N

O6pa3oBaHUE raMeT n

PazButue MHUKPOCKOIINYECKUX PECHUYHBIX IMYNHOK 2n

PasBuTHe BHyTpH NPYAOBUKA 2 N

PasBuTHE XBOCTATON JIMYUHKH 2N

I_II/ICTbI nonazarT B KHIIEYHUK YeJIOBEKA UJIW KOIIbITHBIX 2n

Boixop, OHJIOAOTBOpéHHbIX AWI U3 )KEJTYHBIX IIPOTOKOB B KUILIEYHHUK U ja/iee BO BHELIHIOIO Cpeay 2n

O (00 (|0 |01 [+ (WD

BbI6paCbIBaH XBOCT, OKpyIJideTCAd U NOKPbIBA€TCA TOJICTOU 060110‘1K0ﬁ, npeBpamasach B UCTY 2n

Ouenka. [loueMy B 3BOJIIOLIMH pacTeHUN U3MEHUJIOCh COOTHOLIEHHE TOKOJIEHUH raMme-
TopuUTa U ciopodUTa, T. €. IpeobiaZaeT cnopoPuT? ApryMeHTHPyHUTe CBOE MHEHHE J0Ka-
3aTeJIbCTBaMU.

3.5. NIPAKTUYECKOE 3AHATHE. MOAE/INPOBAHME BECIIOJIBIX U
MOJIOBBIX IOKOJIEHWH B )KU3HEHHOM LIUKJIE PACTEHUHM (MXH, XBOIIIH,
IMMAIIOPOTHUKU U CEMEHHBIE PACTEHH )

Iles1b: U3YyYHUTH 3BOJIIOLMIO OECTOJIBIX M TOJIOBBIX TIOKOJIEHHUH B )KU3HEHHOM IIMKJIe MXOB,
NalnOpPOTHUKOB, XBOILEW U CEMEHHBIX PACTEHUM.

3anomMHuTe!

MexaHH3M yepel0BaHUSA NOTOMCTBA BbIpaXKaeTcs CAeyI0IUM 06pa3oM.

B pesysnbTraTe Meio3a y pacTeHHUs, IpeACTaB/IAIOILEr0 CIOPOPUTHOE MTOKOJIeHHe, 06pa-
3YIOTCA ranJouiHble CIOPbl, YaCTh U3 KOTOPBIX Pa3BUBAETCS B OJHOINOJIbIE WX [IBYIIOJIbIE
opraHusMbl. Bo Bpems onsiof0TBOpeHUsl raMeTOGUT 06pa3yeT ramnsiouHble rameTsl. [Ipu
OIJIOJOTBOPEHHMH ralJIoM/IHble FaMeThl CJIMBAIOTCA, 06pasys AUIJIOU/HYIO0 3UT0TY. M3 3uro-
ThI pa3BUBaeTCs 6ecnoJioe nokosieHue (cnopodur).
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IJIABA I111. }XU3SHEHHBIE ITPOLECCHI

3.5. lpakmuyeckoe 3aHsamue. ModesiuposaHue 6ecno/siX U N0/108bIX NOKO1eHULl 8 HCU3ZHEHHOM YUK./1e
pacmeHuli (MXu, nanopomMHUKU, XeoWwjU U ceMeHHble pacmeHusl)

OGopyaoBaHHe: yieOHUK, paboyasi TeTpPajb, LIBETHblEe KapaH/allly, E
MapKep, MJIACTHJIUH, CKaJsIblie/ib, BUJleOPpParMeHT O KU3HEHHOM IHUKJIE -
pacTeHUH, MPOEKTOP, KOMIIbIOTEP.

MpaBu/ia 6e30MaCHOCTH: @ A

Iops 0K BbINOJTHEHUSI PaGOThI:
1. OnpesesnuTe ¥ BIOUIIUTE CTaJiMH, COOTBETCTBYIOI[HE KU3HEHHOMY
[IUKJIy TAlIOPOTHUKA, B COOTBETCTBYIOIIHE KJIETKH.

2. HpoaHanH3prI‘/’1Te >KU3HEHHbIN OUKJI MXOB MW IallOPOTHHKOB Ha OCHOBE
AvarpaMMbI BenHa.

3. 3amnoJIHUTe NpPOIYCKH, BIIMCAB CTaJ WU, COOTBETCTBYIO- (MANOPOTHHK
1Me )KU3HEHHOMY LIMKJIY MXOB. [IokakuTe Habop XpOMOCOM.

& CIIOpodUT %
[Q a[ ?] [d,l ]% ] [ CHIOpaHT Ui }
| ? CIiepMaToO30u/
(e ( —
apXeroHum ?
% raMmeTopuT J{/

4) CocTaBbTe MO/IE/Ib )KU3HEHHOTO LIMKJIA [[BETKOBBIX PACTEHUH:

a) HapUCyHTe CXeMy >XU3HEHHOTO LMKJIAa LIBETKOBBIX pPAacTeHHWH Ha JIMCTe OyMmaru
dopmaTa A3;

0) cAiesaiiTe U3 MJIACTUIMHA JIeTaIM, OTHOCALIMECS K 6eCI0JIOMY U M0JIOBOMY CIIOCOGY
pa3MHOXEHHS;

B) /leTaJId pacloJIOKUTe B IPABUJILHOM MOPS/IKE HA YePTEXKe CXEMBI;

') OTMETbTE MapKepPOM PaHHULbl 6ECIIOJIBIX U MOJIOBBIX COUJIEeHEHUH Ballleld MOJeJIH.
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IJTIABA 111. )KU3BHEHHBIE ITPOLECCBHI

3.5. [Ilpakmuyeckoe 3aHamue. ModesuposaHue 6ecno/siX U N0/108bIX NOKOA1eHUIl 8 HCU3ZHEHHOM YUK./1e
pacmeHuli (MXu, nanopomMHUKU, Xeowju U ceMeHHble pacmeHusl)

06cyauTe U caesiaiiTe BBIBOAbDI.

1. Kakoe nokoJieHHe Npeo6JaZjaeT B })KU3HEHHOM LU KJIe CIIOPOBBIX PACTEHUN?
2. Kakas ctagus npeo6JiaiaeT B ’KU3HEHHOM IMKJIE [IBETKOBbIX PaCTEHUU?

3. KakoBO 3HayeHUe 3TOr0 NperuMyllecTBa JJis [BETKOBbIX paCTeHUN?

3AJAHHUA K IJIABE 111

1. Bbl MoKeTe NpUHATD JII06Y0 HHGOPMAIUI0 KaK UCTUHHYIO WU OTBEPTHYTh eé
Kak JIoxKHY10. [oxkasyicTa, OTBEThTE «Jla» Ha KaXk/J0e MpaBUJIbHOE YTBEpKJeHUEe U
«HEeT» Ha KaX/l0e HEBEPHOE YTBEPXK/eHHE.

OpraHu3Mbl, 06pa3oBaBIINeCs B pe3yJibTaTe 6eCli0/I0r0 pa3MHOXKEHHUS, He | Ja | HeT
CYUUTAIOTCS TOYHbIMU KONUAMU POAUTETBCKUX GOPM.

ManapuiHBIY MJIa3MOAMU pa3MHOXaeTCA Iy TEM IIN30TOHUU
(6ecnoJibiM).

Crnopsl rpr60B UMEIOT AUIJIOUAHBIN HAOOP XPOMOCOM U AesATCA
MHUTO30M.

KuineyHono/10CTHbIe pa3MHOXKAIOTCA NOYKOBAHUEM.

Y 6poHeHOCL0B HabJiogaeTcs pparMeHTaLUsl.

MUKpOKJIOHMpPOBaHMe — KJIaCCUYECKHUU METOJ, BereTaTUBHOT O
pa3MHOXeHHUS.

W3 cnop rpu60B pa3BUBaeTCs MJIOAOBUTOE TEJIO C AUIJIOUAHBIM HAOOPOM.

1

(ol N N (U1 | W

becrnosioe pPa3sMHOXEHHEe NPOUCXOAUT HA OCHOBE MUTO34A.

2. 3anoJIHMTe MyCThle AYEUKHU, UCXOS U3 3aKOHOMEPHOCTEN MOJIOBBIX IPOLLECCOB
y 6aKTepuil.

II/u| IIpoueccsl Kak aTo npoucxoaur PesynbTaTt
1 [eHeTUYeCKUN MaTepuasa OJHON
? 0aKTepUaJIbHOU KJIETKU MepeaéTcs ?
JIpyroii 6aKTepHuHr Yepe3 TOHKUH MOCTHK.
2 [eHeTHUYeCcKHUU MaTepUas
TpaHc- GaKTepUN-pEeLIUIIMEHTOB
dopmanus ? U3MEHSIeTCs, HO UX
KOJIMYECTBO HE MEHSIETCSI.
3 ['eHbl EPEHOCATCA U3 OJHOMU
? OGaKTepUaJbHOU KJIETKHU B IPYTYIO C ?

MOMOIIbI0 (AroB.
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IJIABA 111. )KU3HEHHBIE ITPOLECCHI

3.5. lpakmuyeckoe 3aHsamue. ModesiuposaHue 6ecno/sIX U N0/108bIX NOKO1eHUTl 8 HCU3HEHHOM YUK./1e
pacmeHuil (MXu, nanOpomMHUKU, X80WjU U ceMeHHble pacmeHusi)

3. CoopmupyiiTe NpaBUIbHYIO IOCAE/0BATENbHOCTD, BIUIIUTE B SYEUKU MO/, pUCYHKa-
MU COOTBETCTBYIOIMEe HOMEepA CTPOK M3 TaGJIMILbl, YYUThIBAsk 3aKOHbI PA3BUTHS KEHCKUX

raMeT y LiBETKOBBIX PaCTE€HUH.

MeracnopoLuT B ceMsANOYKe
nocJjie MEHOTHUYECKOTO JlesIeHus XeHckue rameTsl [Mocne
1 | o6pasyert 3 MasieHbKHe KJeTKM MU 1 |3 | pa3BUBaOTCA B 3aBSA3U 3-KpaTHOro
60JIbLIYI0 AULEKIETKY. NecTHKa IBeTKa. MHUTOTHYECKOTO
5 JleJIeHus1
B 3apozpiiieBoM Melike 3 KJeT- obpasyeTcs
KU pacIoJiaraloTcs Ha BEpXHEM Meracnopouur 3apo/iblileBbIH
2 | noJjtoce, 3 - Ha HUXKHEM TOJIOCe, /iBe |4 | co3peBaeTcs B 3aBSI3U MEIOK C 8
KJIETKH, COeJUHSASACh B IIEHTPE, 00pa- mecTHKa. A/paMHu.
3YIOT L[EeHTPAJIbHYIO0 KJIETKY.

4. 3anuimnTe B TETPa/lb YeTbipe MPU3HAKA, OOUIMX JJisl ABYX U3 YETHIPEX MPOLIECCOB
criepMaToreHesa v 0oreHesa.
CnnepMaTouLyuT

O6uue OoreHes
CBOMCTBA

CnepMaTtoreHes

5. Ucnonb3yst undopmanuio u3 naparpada 4, onpeesivre yrpoluieHue (a) U ycI0KHEeHH e
(6) mporecca B 3BOJIIOIUHU PACTEHUH, TPe/iCTaBJEHHbIE CAeIyIOUUMHU rpaduKamMu:.

a) 6)
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I/IABA IV
HACJIEACTBEHHOCTbD
U USMEHYHUBOCTb )

4.1. 3aKOHBI HACJIEeACTBEHHOCTH.

4.2. [IpakTHyeckoe 3aHarue. Pemienue 3aa4 Ha NOJIHOE M HENOJIHOE
AOMHHHUPOBaHUE (AM-, IOJUTHOPUAHOE CKpeluBaHUE)

4.3. [IpakTHyeckoe 3aHarue. Pemienue 3aa4 Ha KOAOMUHAPOBaHNE U
JIEUOTPONHUIO.

4.4.'eHeTHUKa moJia.

4.5. HacsieagoBaHUe NPU3HAKOB, CHENJIEHHOE C MOJIOM.

4.6. [IpakTyeckoe 3aHaTue. PemieHue 3aja4, CBA3aHHBIX C I0JIOM.
4.7. U3MEeH4YUBOCTb.

4.8. lIpakTyeckoe 3aHaTue. U3yyeHne MoagnPpUKaALMOHHOMN
U3MEHYHUBOCTH.

4.9. Buabl reHOTUIIMY€ECKON U3MEHYUBOCTH.

4.10. [IpakTnyeckoe 3aHaTve. CpaBHUTE/IbHOE U3yYEeHHe
MOAUPUKALMOHHON MU MYTALlMOHHOM U3MEHYUBOCTH.




IJIABA IV. HACJIEACTBEHHOCTb U UBMEHYHUBOCTb
4.1. 3akoHbI HaAc/1edcmeeHHocmu

4.1. 3AKOHbI HACJIEACTBEHHOCTH

IIpoBepKa 6a30BbIX 3HAHUU. [10 KAaKUM MPU3HAKaM MOXXHO OINPE/eUTD,
YTO BbI IOX0XKH HAa CBOUX POJAUTEJIEH, @ 10 KAKUM — YTO OT/IMYAETECH OT HUX?
[eneTuka
Hacnenue
JloMHUHaHTHbIN
PenjeccuBHbIN

[eHeTHKa - 3TO HayKa, M3yyalollas 3aKOHbl HAC/JAeJCTBEHHOCTH U W3-
MEHYMBOCTH, CBOMCTBEHHbIE >XUBbIM OpraHusMaM. HacieacTBeHHOCTb -
3TO CBOWCTBO pOJIUTEJIEW NepeiaBaTh CBOU
NpPHU3HAKU U OCOOGEHHOCTH pa3BUTHSA CJie-
JYIOIIUM TOKOJIEHUSIM, obecrnedyuBalolie
CXOJCTBO 0cobel BHyTpU Buza (puc. 4.1).
HN3MeHYMBOCTb — CIOCOGHOCTb OPraHU3MOB
NpOsIBJSATL HOBble NPU3HAKU U CBOMCTBA, U
| 9TO obecneuynBaeT pa3HOOOpasHve KUBBIX
opraHusMmoB (puc. 4.2). 3TU ABa CBOMCTBa
»KU3HU COCTABJISIOT OCHOBY 3BOJIIOIMU Opra-
HHUYECKOT0 MUpa.

MexaHU3Mbl HACJEACTBEHHOCTU H3ydyasa YeUICKUH
y4énbid . MeHze/ b C NMOMOIUIbIO THOPUAOJOTHYECKOTO
MeTo/a.

I'm6puaoI0rud4ecKMi MeTo/, OCHOBAH Ha CKpelluBa-
HUM OPraHM3MOB C CUJIbHO pasyMyarouiuMucs (ajbTepHa-
TUBHBIMU) NpPU3HAKaMHU U aHAJIM3UPOBAHUU NOSIBJIEHUSA
3THUX NPU3HAKOB B NOCJEAYIOLUIMX TOKOJEHUSX.

o [lapHble reHbl, onpejesiolie B3aUMOUCK/II0YaloLHe

Puc. 4.2. U3SMEHYUBOCTD NpPH3HAKH, HAa3bIBAlOTCS a/l/IeJibHbIMU reHaMu. OHM pacno-

JIO’)KEHBI B OJHUX U TeX e JIOKycax (MecTaxX) FOMOJIOTUYHBIX

xpoMocoM. OpraHu3M, COCTOSIIIUN U3 OJMHAKOBBIX JOMUHAHTHBIX (AA) UM peLecCHBHbIX

(aa) asnesiedf, Ha3bIBaeTC TOMO3UTOTHBIM OpPraHW3MOM K 006pasylOT OJUHAKOBBIE

rameTbl. OpraHusM, COCTOSILIMKA U3 pasHbIX ajjiesnedl (0AHOTO JOMHUHAHTHOTO U OJHOTO

pelieccMBHOr0 — Aa), Ha3bIBAaeTCsl reTEPO3UTOTHBIM OPTAaHU3MOM U 06pasyeT JiBe pa3Hble
raMeThl.

'ubpusonoruye-
CKUW METOJ,
AnienbHbIE reHbl
KoiloMMHaHTHOCTb
MHoroaJ/ieJbHOCTb
[lnerioTponusa

— HeToJIHOe JIOMHUHHPOBaHHe
NMoJTMMepHOe B3aUMoieiiCTRIe
| KOAOMHUHHUPOBAHHUE
5 N 3MUCTaTHYECKOe B3aUMOIeiiCTRHe
NpU3HaK
/ A
A [—— mpusHak PU3HAK
] NpHU3HAK B
OAI/IH reH MOXEeT BJIMATb Ha pa3BUTHE OAI/IH W TOT K€ INIPU3HAK MOXKET IPOABUTLCA 110/
HECKOJIbKHX ITPHU3HAKOB. BJIMAHHWEM HECKOJIbKUX '€HOB.
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IJTABA IV. HACJIEACTBEHHOCTb U UBMEHYHUBOCTb
4.1. 3akoHbvI Hac/1edcmeeHHOCMU

B3aumogeicTBHE a/l/Ie/IbHbIX T€HOB.

1. I[lpy moJIHOM JOMMHHMPOBAHHUHU [0O-
MHHAHTHBIH (A) reH NoJHOCTBLIO JJOMUHUDPYET AA 2 Aa
HaJ, pelieccCUBHbIM (a) reHOM. B caydae rere- - o s -
po3uroTsl (Aa) BiIMsAHME JJOMUHAHTHOIO reHa
CUJIBHO BBIPQXKAeTCs.

Hanpumep: yépHas mepcTth (B) Mbliielt JoMuHUpyeT HaJ, KopuuHeBoH (b). OpraHru3Mbl
nosiydeHHble B F, (mepBoM MoKoJIeHHH) MMEIOT YE€PHYI0 epcTh (Bb).

Po’e;

rOMO3WUTOTHBIN roMO3WUroTHas
YEpHBIU camer] cepas caMKa

>

1
T

!

f
( x ANLEKJIeTKH
‘ .

TRA"

CriepMaTO30M bl

b

Puc. 4.3. HacnefoBaHve IPU3HAKOB Y MbILIEH C HOJHBIM JOMUHUPOBAaHUEM

[lpy ckpemuBaHHWU JBYX MbIlIeld MEPBOro MOKoJeHUusa F, Mexnay co6oi (mpu mos-
HOM [JJOMHHMPOBAaHMM) BO BTOpPOM IOKoJieHWM F, HabsoflaeTca paculienjieHue 1o re-
HoTuny: 1/4 d4épHbli romosuroTHelil (BB), 2/4 4épHbiii retepo3urotHblii (Bb) u
1/4 xopuuHeBblil (puc. 4.3, 4.4).
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IJIABA 1V. HACJIEACTBEHHOCTb U UBMEHYUBOCTb

4.1. 3aKkoHbI Hacs1edcmeeHHOCMU

p 0’9% ”_._, 0

g OO0 00
o)

F BB Bb Bb
2& 5 g
25% 25% 25% 25%
Puc. 4.4. TlonHOe JOMUHUPOBaHUeE IPU3HAKA

2. HpI/I HENMOoJIHOM JOMHWHHUPOBAHHUH ILLOMI/IHEIHTHI::II‘;I F'eH HEe MOXET IMOJIHOCTbIO IIPOA-
BUTb CBOH IIpU3HAK, B pe3yJibTaTe B retepo-

3UTOTHOM COCTOSIHUM MOABJISAETCAd HOBBIU AA aa Aa
NpH3HaK, a GEHOTUINl OCTAETCS MPOMEXY- - T —
TOYHBIM. v

Hanpumep, y HOYHOH KpacaBHLbl
KpacHasi OKpacka BeH4YHMKa (A) HENMOJIHOCTbIO JOMUHUPYeET HaJ, 6esioi (a). [eTepo3uroTsl
MMEIOT PO30BYI0 OKpacKy (Aa) BeHYHKa.

U
SN
.
>e
m(_ ]
Pla;
+O

)

Ty
\ fi AN

PucyHok 4.5. HenosiHOe JOMUHUPOBaHUE ¥ HOYHOU KpacaBUI[bl

F2

I[lpy ckpemBaHUU JIByX HOYHBIX KpacaBHI| IepBOro mnokosienus F,— mexay
co60¥ (IpH HENMOJHOM JOMWHMPOBAaHMH) BO BTOPOM INOKoJeHuH F, Habiromaercs
pacienieHue no reHoTuny: 1/4 romo3uroTHele kpacHoie (AA), 2/4 reTepo3UroTHblie
po3oBbie (Aa) u 1/4 6ennle (aa) (puc. 4.5).
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IJIABA 1V. HACJIEACTBEHHOCTb U UBMEHYHUBOCTb
4.1. 3akoHbI Hac1edcmeeHHocmu

3. KoagOMMHAHTHOCTBL - 3TO IIO-
siBJIeHHWe NPU3HAKOB, CHELUPUYHBIX - ‘
o —_—
JLJ1s1 060UX aJljiesiel], y TeTepO3UTr0THBIX ;
OpraHusMoB. [lockoJIbKy NpU y4acTUU
KaK/JIoro aJljieJisl CHHTe3UpyeTcsl OT/Ze IbHbIM 6eJloK, 6eJI0K 060UX aJljiesield BCTpevyaeTcs

y reTepO3UT0OTHBIX OPTaHU3MOB, U 062 reHa NposIBJAAIT CBOU 3P PeKThbl HE3aBUCHUMO JPYyT
OT ApyTa.

[IpuMepoM KOJJOMUHHUPOBAHUS SIB-

arrJoTUHOreH A arrjTUHoreH B
JIIeTCS HacjeJ0BaHUe TPyNIl KPOBU
/ \\ y 4eJioBeKa. ['pynmna KpoBHU 4YesioBeKa
y omnpejesisieTcs TeHOM |, uMer1UM TpU
i ayens: 4, 1B u [° [Ipy roMo3uroTHoM
armIIOTHHAH B - reHoture [A[* Ha TOBEPXHOCTH 3PUTPO-

IIUTOB Oy/leT TOJIbKO arrJIlOTUHOTEH A
(Il rpynna KpoBH), IpY TOMO3UT'OTHOM

arrJiroTuHoreH A u B ArTIOTHHOTCH B[B
OTCYTCTBYeT [’I® Ha NOBEpPXHOCTH 3PUTPOLUTOB OY-
ZleT ToJbKo arrtoTuHoreH B (I1I rpyn-
na KpoBH).
[Ipy Ha/IM4YMU B TeHOTHIIE TPETHEr 0
i ajlyiesIl B TOMO3UTOTHOM COCTOSIHUH —
arrIOTHHMH OTCYTCTBYET arrIOTMHUH o 1 B [°I° arrIrOTHHOrEH HA MOBEPXHOCTHU

Puc. 4.6. KomroMUHHUpOBaHHe IPYNILI KPOBU  3pUTPOIMTOB oTcyTcTByeT (I rpymnma
KpoBH). l'eTeposuroTHbie [I° o6pasy-
10T arrtoTuHorensl A (Il rpynna kposu) uiu IB1° u arroruHorenst B (111 rpynna kpoBu).
C Apyroil CTOpOHBI, IPH MOSIBJIEHUH OMO3UroTHOTO [AI® Ha MOBEPXHOCTH 3PUTPOLUTOB
06pasyroTcs Kak arrioTHHoreHsbl A, Tak v B (IV rpynna kposwu) (puc. 4.6).
4. MHOXXeCTBEHHBIH a/IJ1eJIn3M HabJtolaeTcs PYU HaJIMYUU 6oJiee BYX ajljiesieil reHa
B NpeJieJiax NMoNny/asiuyuu Wiv BuJa. Hanpumep, cepuss MHOXECTBEHHbBIX ajljlesleld rMMaJliai-
CKOTO aJIbOMHKU3Ma Y KpoJiMKa 0603HavaeTcs: 6ykBou C — JOMUHUPYET HAJl APYTUMHU aJljie-
JISIMU, onpezieJisisi YEPHBIN BET LePCTH (puc. 4.7), a aApyrue ocobu B coctossHUU C" — yépHas
OKpacKa KOHEeYHOCTeH, XBOCTa, yIllled U Hoca (ruMasiafickast okpacka), C™" - muHIIM/II0Bas
OKpackKa, a ¢ — onpefessieT ajJibOMHMU3M. X BJIMsiHMeE [ipyT Ha Apyra MO>KHO BbIPa3UThb CJie/y-

oM o6pasom: C > Ch> Ch > c.
L )

-

»
a8 LY .

| C‘C CCH’ CCLII]-_. CC I CI‘C", C]ICL‘EI= Chc .' Cchc_c]l, Cl.']lc cc

Puc. 4.7. HacnenoBaHMe OKpacKy Mexa y KPOJIMKOB MO/, BJUsIHUEM aJiyesiel C

IlnedoTponus - siBJieHUE OJJHOBpPEMEH-
HOTO BJIMSIHUS OJHOTO IeHa Ha HEeCKOJIbKO NpH3HaK A
dbeHOTUNINYECKUX TPU3HAKOB. [lyiefioTponHoe 1
reH § ‘ npusHak B

BJIMSIHUE TE€HOB ObIBAaeT MEPBUYHBLIM U BTO- | |

PUIHBIM. | npusHak C ‘
Tlpy NepBUYHON MIEHOTPOIIMH [OJ BJIHsI-

HHEM reHOB OJHOBPEMeHHO NPOSIBJIAIOTCS He- | TeH | PHHAC_ ]

CKOJIbKO [IPU3HAKOB.

NpY3HaK NIpY3HaK
B i G
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IJIABA IV. HACJIEACTBEHHOCTH U UBMEHYHUBOCTbH
4.1. 3aKoHbI Hac1edcmeeHHocmu

Hanpumep, MyTanus reHa nepeHoc-
% YHKa HeUTpaJbHOW aMHHOKHUCJIOTHI
| opN e (BOAT1) BbI3bIBAET HapylleHHue
SPUTPOLMTBI Ceprio- SpUTPOLUT BCaCbIBaHUSA aMHUHOKHCJIOThI
BU/IHOH GOPMBI TpuntodaHa B KUIIEYHUKE, HapylleHHe
eé peabCcopOIMY B TOYEYHbIX KAaHAJIbLAX,
M3MeHeHUs1 B MeMOpaHaX KHLIEeYHbIX
M TMOYEeYHBIX 3MUTEJHAJbHBIX KJIETOK.
[Ipy  BTOPUYHOU MJIEHOTPONHU TOJ
BJIMSIHMEM MYTalUU TeHa MOsBJSAETCS
CHavyajla OJJUH MpU3HaK, 3aTeM psij
npyv3HakoB noapsf. Hanpumep, y
yeJiOBEKAa C TUIIOM aHEMUM B pe3y/ibTaTe HapylleHHUs CUHTe3a reMorJi00MHa M3MeHsIeTCs
dbopMa 3pUTPOLUTOB, NOBHILIAETCS MX BSIBKOCTb, pa3BUBaeTCsl aHeMMWs, HabJIIOJArTCs
M3MeHeHUs B IOUKaX, cep/lie, F0JIOBHOM Mo3re (puc. 4.8)
Wrak, cBONMCTBO NepejaBaTh OYAYyIIMM [OKOJIEHUSIM MpPU3HAKU OpraHusaMa Hu
0COOEHHOCTH pa3BUTHS — 3TO HACJIEICTBEHHOCTD, a CBOMCTBO CO3/1aBaTh HOBbIE NPU3HAKH —
M3MEHYUBOCTb.

NpUKJIEUBaHUE
""" 3PUTPOLIUTOB

Puc. 4.8. CepnoBU/JHOKJIETOYHAS aHEMHUS

IlpyMeHeHUe HOBBIX 3HAHMH.

3HaHMe M IOHUMaHue.

1.YT0 Takoe HacJ/ieICTBEHHOCTb?

2. 06bsAcHUTEe 3HAYeHHWE HaC/JeJCTBEHHOCTM M HW3MEHYHBOCTH B 3BOJIOLUU
OpraHUYecKoTro MUpa.

3. HackoJ/1bKO pa3/inuHbl B3aUMOAEUCTBUS a/lJIe/IbHbIX TeHOB?

4.006bsICHUTE MEXaHU3M JIeUCTBHS JOMUHAHTHOTO reHa Py HEeTIOJTHOM IOMUHHUPOBAHHUH.

I[lpuMeHeHHe. Y 4YesioBeKa Kaperyla3oCThb SABJSETCS JAOMHUHAHTHBIM MPU3HAKOM, a
rosiy60or/1a30CTh — pelleCCUBHBIM. Ecaii y oJlHOTO U3 poauTesiel Kapue IJas3a, a y JApyroro
roJiyoblie, TO C KAKMM LIBETOM IJ1a3 POJISITCS AETH B 3TOU ceMbe?

Ananu3. Psaj BUJIOB pacTeHHMM HWMeWT reH albOHWHHU3Ma. PacTeHUsl, TOMO3UTOTHbIE
10 3TOMY TeHy, He MOTYT CHUHTE3UPOBaThb XJOPOOUJJI. Y TeTepO3UTOTHOT'O0 pPaCTEHUs
Tabaka, CloCOOHOr0 K CHHTe3y XJopoduJijia Mo 3TOMY I'eHy, HabJIIO[aJH CAaMOOIblJIeHHEe U
o6pasoBaHue 500 ceMsiH. 3 CKOJIbKUX CeMsIH BbIPACTYT OeJible pacTeHUsI?

CuHTe3. Onpe/ie/uTe BEPOSITHBIA MPOLEHT 3/I0POBBIX U OOJIbHBIX JIeTeW NMPU Pa3HbIX
THUIAaxX HacJieJ0BaHUS.

Twun Hacsie- Orern Matsb ChIHOBbBA Jlodyepu
JIOBaHUS 60JIbHbIE | 3/10POBbIE | 60JIbHbIE | 3[J0POBbIE
AyTOCOMHO- AA aa
JOMHUHAHT- Aa Aa

HbIX Aa aa
AyTOCOMHO- AA aa
peLeccuB- Aa Aa

130307t aa

OneHka. Y KapakKy/JbCKUX NOpOJ OBel| cepas OKpacKa IIepCTH LIKMpasu 3aBUCUT OT
JIOMUHAHTHOI'0 TeHa, a YépHas — OT peLleCCUBHOTO. ['eH, KOHTPOJIMPYIOLMH OKPACKY LIEPCTH,
OKa3bIBaeT IJIENOTPONHOE JelCTBUE, BbI3bIBasg Tubesib oBell. Cepas oKpacka IepCcTH
IIMpa3y y OBel} LleHUTCA 3HAaYUTeJIbHO BbllIe, YeM YépHasd. B 0BLleBOYeCKUX X031 CTBAX A1
pa3BeJieHus OBell LIMpPa3H UX CKpelMBa/IM C OBLIAMU € YépHBIM MeXoM. Kak BbI olleHHBaeTe
aty cutyanuo? [logcHUTe CBOM OTBET.
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IJTIABA 1V. HACJIEACTBEHHOCTb U USMEHYUBOCTb

4.2. [pakmuyeckoe 3aHsimue. PeweHue 3ada4 Ha no/iHoe U HENOJIHOE AOMUHUPOBAHUE

4.2. TIPAKTUYECKOE 3AHATHE. PEHIEHHUE 3AZIAY HA
IIOJIHOE U HEITOJIHOE JOMUWHUPOBAHHUE

Ilenp: pemaTh 3a/jayy, CBAI3aHHbIE C TOJHBIM U HENOJHBIM JOMUHUPOBaHUEM, OCBAU-
BaThb MOHATHUSA «JOMUHAHTHBIN», «PELECCUBHBINY, «KTOMO3UTOTHBIN», «T€TEPO3UTOTHBINY,
YYUTb pelaTh 33/1a4H, CBSI3aHHbIE C MOHO-U JJUTUOPUIHBIM CKPEIMBAHHEM.

JlaHo Ten TemoTumn 3aganue 1. Poixas okpacka BOJIOK-
v Ha XJIOIMYaTHHUKA He IMOJIHOCThK JOMH-
PbDKMM 1IBET BOJIOKHA A AA o
HUpYyeT Haj 6esioi, u B F, 06pasyioT-
Besibli LIBET BOJIOKHA a aa csl pacTeHUs1 ¢ GeXeBbIMU BOJIOKHAMHU.
BexeBblil 1[BET A s Eciu 61*1/1U6p1/1,zu>IUF1 CKpeLUBaKTCA MexX-
BOJIOKHA ) Zly 060, KaKOU pe3ysibTaT MOXHO 0XKH-
natb BF,?
deHoOTHUN pbDKHE OeJible
P ? X 3
FeHOTHUII AA aa
rameThl A__ 3
F, Aa
6exxeBble
deHoTHUN 6exeBble 6exxeBble
P ? X 3
FeHOTHUII Aa Aa
rameThl A a_| ~__ a
AL %‘/
F
2 pbDXUe 6exxeBble 6esible
25% 50% 25%
COOTHOILIEHUE 110 TEHOTHUILY 1:2:1
COOTHOILIeHHE TI0 PeHOTUIy 1:2:1

3agaHue 2. Y HOUHBbIX KpacaBUI, KPacHbIN [BET JIENECTKOB MpeobsajjlaeT HaJ, GesibIM.
CkpeliyMBaHHe KPaCHOLBETKOBBIX pOpM GoromoJia ¢ 6es101BeTKOBbIMU popmamu (F,) maét
$opMbI € po30BbIMHU LIBETKaMH, a BTopoe ckpemuBanue (F,) naét 50% po3osbix, 50% 6es1o-
LIBETKOBbIX GopM. OnpeieiuTe reHOTUI pojuTe/ield U TH6pUI0B F, BO BTOPOM OIbITE.

dbeHoTUn po30BbIe 6esible
P ? X 3
FeHOTHUII ? ?
rameThl ? ?
deHoTHI pO30BbIE 6esible
TeHOTHUI ? ?




IJIABA 1V. HACJIEACTBEHHOCTb U UBSMEHYUBOCTb

4.3. lI[pakmuyeckoe 3ausimue. PeuweHue 3a0a4 Ha KOOOMUHUPOBAHUe U N/1eliomponuio

3aganue 3. BcraBbTe HyXHbIe JJAHHbIe BMECTO 3HAKOB BOIIPOCA B A4eMKax HHUXKe
Y COCTaBbTe 33Jauy.

deHoTHUN ? ?
P X

FeHOTUII 7a A?

raMeThl ? a A ?

?

=~
=~

?

2 ? ? rJajKue
25% 50% 25%

COOTHOIIIE€HHE 10 TEHOTHUITY ?

COOTHOIIEeHHeE 10 GeHOTUILY ?

3apanue 4. Y 1ypMaHa KpacHbIM LIBET LiBETKa He MOJHOCTbIO JOMUHUPYET HaJ, 6ebIM.
Hasnnyue koJsitoyek Ha MOBEPXHOCTU IJIOLOB IOJHOCTHIO JOMUHUDPYET HaJZl IVIaZKOCTLIO.
PacTeHue c KpacHBIMM LIBETKaMH U KOJII0Y€el TOBEPXHOCTHIO IJ10/1a CKPECTUJIU C PACTEHUEM
C GesIbIMU 1BETKaMW M IJIaJJKOW TOBEPXHOCThbIO uiofa. B F, mosiydyeno 960 pacreHuH,
B F,- 1888 pacrenwuii. Ckosibko pacTenuii F, moxoxu Ha poauTesiei? BoipasuTe noJiy4eHHbIe
pe3yJabTaThbl B rpaduKe.

3apanue 5. [Ipy cKpellMBaHUU KPYIVIbIX NATHUCTBIX pacTeHUN apOy3a ¢ pacTeHUSIMHU
C YAJIMHHEHDBIMU 3€JIEHBIMU IJIOZAMU BCE PACcTeHHUsl B F, UMeJIK KpyrJjible 3eJIEHbIE MJIO/bIL.
Bo BTOpOM onbITe Gblja IPOBeJieHA TaKasl ke TrMOpuu3aliys, U NoJy4eHHble B TOKOJIEHUHN
pacTeHHUs] MOXKHO pas3ZleIMThb Ha ciaeaywouue ¢eHoTunbl: 20 pacTeHUH C OKPYIVIBIMHU
3eJIEHBIMU IJI0JaMH; 18 pacTeHUH C KpPYyIJIBIMU NATHUCTBIMU IIoA4aMu; 19 pacteHuit c
YAJIUHEHHBIMU 3eJIEHBIMU IJI0JaMy; 21 pacTeHUe yIJMHEHHOE, C NIATHUCTBIMU IJIOAAMU.
OnpefiesiuTe TeHOTUIl BCEX PACTEHUM, MOJyYeHHBbIX B pe3ysbTaTe ceneKiud. O0bsicHUTE
HacJleJOBaHUe U3y4YeHHbIX IPU3HAKOB.

OGcyauTe U caesiaiiTe BbIBOJBI.

1. CxeMaTHyeCcKd M300pa3uTe MeXaHU3M IMOJIHOCTbIO JOMUHAHTHOI'O HacJeJ0BaHUSA
NIPU3HAKOB.

2. OObsICHUTE 3aKOHOMEPHOCTHU HaCJeJOBaHUSl NPU3HAKOB IpPU aHATU3UPYIOLIEM
CKpellUBaHUHU.

3. Kak npogBJ/IA0TCA NPU3HAKU ¥ IOTOMCTBA IPY HENIOJIHOM HacJieJOBaHUU?

4.3. TIPAKTUYECKOE 3AHATHE. PEHIEHUE
3A/IAY HA KOJJOMUHHUPOBAHUE U IJIEMOTPOIIUIO

Ilesib: HayYUThCA pelaTh 3a/ia4y, CBsi3aHHble C KOLOMUHUPOBaHUEM U IJIEHOTPONUEN.
3agaya 1. [leBymika ¢ roMo3uroTHoi Il rpynmnoil KpoBU BbIlLJIA 3aMy 33 MYXXYUHY C
retepo3urotHo# Il rpynnoi kpoBu. Kakue rpynmnbl KpoBU OYAyT y UX JleTei?

P 0 deHOTHUN Il rpynna a II1 rpynna
FeHOTHUII AA BO
raMeThl: ? ?
F Il rpynmna IV rpynna
1 ? ?

3agava 2. Eciu geByiika c retepo3uroTHoi Il rpynmoil KpoBW BbIHAET 3aMy» 3a
MY>KYUHY C reTepo3uroTHoi Il rpynmnoi KpoBH, KaKue IpymIiibl KPOBU OYAYT yV UX JleTen?
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IJIABA 1IV. HACJIEACTBEHHOCTDb U UBMEHYHUBOCTD
4.3. [l[pakmuueckoe 3aHamue. PewieHue 3ada4 Ha KOQOMUHUPOBaHUe U N1ellomponuio

IIpusHak Il rpynmna kpoBu Il rpynna KpoBu

Il rpynna kpoBH A [AIa [A10

[l rpymnna KpoBu BB [B1°

IB

['eHOTHI KEHIIUHbI ?
['eHOTUII MY>KYUHBI ?
?

['eHOTUNBI JeTel

3agaya 3. B poau/bHOM 0Me NepenyTaau [ByX MiaJZeHleB. [lepBad napa poaurtesnen
umeer Il u [ rpynnel kpoBH, BTopas napa - Il u IV rpynner kpoBu. OjuH pebeHoK nmeeT |
rpynmny KpoBy, a BTopoi - II. Onpenenute poguTesneil 060UX AeTEN.

1 cembs 2 ceMbs
deHoTHN I11 | deHoTHUN I11 IV
P2 TE€HOTHII ? x | d ? P& reHOTHUII ? x | & ?
raMeThl ? ? raMeThl ? ?
7,7 ?
K, | ? KpOBU | ? KpOBU Fi

3agaya 4. ApaxHOAAKTUJIMA Yy YesJ0BeKa HacjleAyeTcs 0 ayTOCOMHO-ZOMUHAHTHOMY
tuny. Hapsaay c usmeHenueM ¢opMbl najblieB y JIIOJeH C apaxHOJAKTU/IMEN HMeTCs U
Jipyrue natosoruu. [oMo3uroTHble OpraHW3Mbl NOTUOAIOT €lllé B SMOPHOHAIbLHOM IEpPHO-
Zie. KakoBa BepOSTHOCTb pOXKJeHUs 3[0POBLIX JleTel B ceMbe, TJie MYXK U KeHa CTpajaloT
CUH/POMOM apaxXHOJAKTHUIUN?

3aaa4a 5. Y HeKOTOPBIX IOPOJ Kyp KOPOTKHE HOTU. ITOT r'eH PacnoJsio’KeH B ayTOCOMe U
Hac/e[yeTcs [0 JOMUHaHTHOMY TUIly. OH Tak:Ke OTBETCTBEHEH 3a KOPOTKHU KJIIOB. [oM031-
roThl IOrM6al0T B 9MOPHUOHA/TIBHOM Nepuoje. Kakrve reHOTUIIMYEeCKHE OPraHU3MbI 10/IXKHbI
CKpelMUBaTh JJis OJy4YeHUsI KODOTKOHOTHX UBIIAAT Ha nTUledabpuke?

3agaya 6. Y MEKCHKaHCKOTO /10Ta I'eH, BbI3bIBAIOIIUK OTCYTCTBUE LIEPCTH, B TOMO3UTOT-
HOM COCTOSIHMHU BeJET K rubesid noroMctsa. [Ipy cKkpeliuBaHUU JBYX HOPMaJIbHbIX /10T0B
4yacTb NOTOMCTBA norubasa. [Ipy ckpelmuBaHUM TOTO e caMIia CO BTOPOM CaMKOM rubesu
IIOTOMCTBA He 6b1/10. KaKUX 111eHKOB Mbl II0JIy4UM, €CJIU CKPECTUM LIeHKOB OT IIEPBOTO CKpe-
IIMBaHMs C TETEPO3UTOTHBIMU OpraHu3MaMu?

3agava 7. B pesysbTaTe CKpelUBaHUs MblIIEN C CEPOM IIEPCThI POAUJIUCH 72 MbI-
IIOHKA C cepol U 36 c YépHOU LepcThio. OnpesesnTe reHOTUI POAUTENEN, yYaCTBYIOLIUX B
CKpeLlMBaHUU.

3apgaya 8. CepnoBujiHas aHeMUs1 HacaeayeTcs pereccuBHo. 90 % fneTel ¢ 3TUM NpU-
3HAaKOM paHO YMHUpPAIOT. 3,0POBbI MOJIOJOM 4YeJOBEK OT 3J0POBbLIX POAUTEJIEN KEHUJICS
Ha 3/]J0pOBOM KEHIIMHE, Y KOTOPOU TaKk»Ke ObLIM 3/J0pOBble POAUTEJIM, HO y HEE paHO yMep
6paT. B aTOl ceMbe poaunch 4 eTeld, OAUH U3 KOTOPBIX yMep B Bo3pacTe 5 JieT. KakoBa
BEPOSAATHOCTD MOCJIEAYIOILETO POXKEHHUs Y HUX 3/J0POBBIX AeTel?

OGcyauTe U caesiaiiTe BHIBOJBI.

1. CxeMaTH4yeCcKH U306pa3uTe MexaHW3M HacJiel0BaHUsl IPU3HAKOB MPU KOJOMHUHAHT-
HOCTH.

2. 3HaeTe JIM Bbl TPYNIbI KPOBU YJIeHOB Ballleil ceMbu? Kak BbI iyMaeTe, Io4yeMy BaXKHO
3HaTb CBOIO IPyNIy KpoBU?

3. Kak nposiBasIIOTCS PU3HAKKU B MOKOJIEHUSIX IPU NJIEMOTPONHOM Hac/ieZJ0BaHUN?



IVZIABA IV. HACJIEACTBEHHOCTb U UBMEHYUBOCTb
4.4. lTenemuka no.a

4.4.TEHETHUKA I10JIA

IlpoBepka 6a30BbIX 3HAHMH. Bbl HaBepHsAKa 3HaeTe, 4YTO
MY?KCKOW U )KE€HCKHH OPraHU3Mbl OTJIMYAIOTCS APYT OT APYyra MO CBOEH |Teuyeruka mosa
6uosiornyeckoi npupose. O6bsICHUTE, KaK. MooBoi

Y 6aKTepuii U BOJOpOC/IEl HET MOJOBOTO PAa3MHOKEHHS, OHU pa3- | AUMOpdU3M
MHOalTCcd AesieHueM. Ha onpefie1éHHOM 3Tamne 3BOJIIOLIMU Ha 3eMJie [omoramera
NMOSIBUJIUCH Pa3/ieJIbHOMOIbIe OPraHU3MEl. [10sIB/IeHHe Takux opraHus- | leTeporamera
MOB MMeJIO BaXKHOe GHO0JIOTHYeCKoe 3HaUeH e B Pa3BUTHHU opraHuyecko- | [Iporam
ro mupa. [losiB/IeHHe MOJIa MO3BOJIMJIO YBEIHYHTh Pa3HOO6pasue rexe- | IMHUraM
THYecKoi HHOPMALUH TOKOIEHHH U cHOPMUPOBATH MIPHUCIOCOGIeHHe RCHHIAM
OpraHM3MOB K MEHSIOLUIMMCS YCJIOBUSAM CpeJibl.

I1os1 - 3TO COBOKYIHOCTb IPU3HAKOB U CBOWCTB OpraHMW3Ma, 06ecneyrBaoLUX pa3MHO-
’KeHHe NMYyTEM 06pa3oBaHMs raMeT, epefadyy reHeTHYeckol MHPopMaLuU CleylolieMy
IIOKOJIEHUIO. Y BBICIIMX )KMBOTHBIX IPU3HAKH, CO3/al0l1e 0J0Bble Pa3nyus, JeJsaTcs Ha
nepBUYHbIE 1 BTOPUYHBIE. [[epBHUYHbIE [10JI0Bble IPU3HAKHU BKJIIOYAIOT Pa3/IM4us B [10JI0-
BbIX OpraHax. BropuuHble noJioBble NPpU3HAKU NOABJISOTCS M0/ BJUSHUEM F'OPMOHOB, BbI-
JleJisieMbIX N10JIOBBIMU Kesle3aMU. HanprMep, caMIibl ITUL U MJIEKOTTUTAOLIUX OTJIUYAKTCS
KPyIHBbIM pa3MepoM TeJa U IPKOM OKpackoil. bsarogaps reHeTnyeckoil HHGOpPMaLUK KeH-
CKUH M MY>KCKOH I0JI B IPUPO/ie pa3/IMyaloTcs. Y }KUBbIX OPraHM3MOB I10J10Bble IPU3HAKHU
Bblpa)keHbl MOpdoI0ruyecKuMHU, GU3rn0JI0rH4eCKUMHU, 6MOXHUMUYECKUMH U NIOBEleHYeCKU-
MU 0CO6eHHOCTAMU. PazHUIla BO BHELIHEM BHJe MYKCKHX U KEHCKHUX 0COOel Ha3blBaeTCs
MOJIOBBIM JuMopdusmom (puc. 4.9)

M‘ﬁLBM y

[TosioBO# uMOpdU3M HABJIIOAAETCS Y 6OJIBITMHCTBA Pa3/e/IbHOMOJIbIX }KUBOTHBIX, U CO-
OTHOIIEHHE MOJIOB IPUMEPHO ogrHakoBoO — 1:1. [ToJ onpeiesisieTcss B MOMEHT OMJIOJIOTBOPeE-
HUS U OTIpefiesisieTCs TeHOTUIINYEeCKH XPOMOCOMHBIM Ha6opoM. XpOMOCOMBI, OJIMHAKOBbIE
y MY>KYHMH M KEHII[WH, Ha3bIBAIOTCS ayTOCOMaMU. KapruOTUIIbI My CKHUX U }KEHCKHUX 0Cobel
>KUBOTHBIX OPTraHW3MOB Pa3JIMYalOTCS 10 ape XpOMOCOM. JTY Mapy Ha3bIBAalOT MOJIOBbBIMU
XpoMocoMaMHu (reTepocoMamMu). Y GOJIBIIMHCTBA MY»KCKHUX OPTaHU3MOB B IPUPO/Ie BCTpe-
yaroTcs XY, a y »)KeHCKUX opraHu3mMoB XX M0JIoBble XpOMOCOMBI (puc. 4.10)

JKeHII[MHa MY>K4YMHa X xpoMocoma

e

Puc. 4.9. TlosioBo#t Aﬁ

Y-xpoMmocoma
—= reMouIns

—= NIUTMEHTHBIN PETUHU
—= JIAJITOHU3M —= TUNEepPTPUXO3

o611as BeTOBas
e cjernora

X X X Y

Puc. 4.10. ToMoJiIOTHYHBIE ¥ HETOMOJIOTUYHbIE YYaCTKU MOJOBOM XPOMOCOMBI YeJIOBeKa
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IJTIABA 1V. HACJIEACTBEHHOCTb U UBMEHYUBOCTbD

4.4. lTeHemuka noJa

Hanpumep, y Myxu po30QUIbI KAPUOTUI COCTOUT U3 6 ayTOCOM U 2 MOJIOBBIX

XpPOMOCOM:

ayTOCOMBI — 6

2n=38

[10JIOBbIE
XpPOMOCOMBI — 2

[omMoramMeTHBIN MOJI — IOJI OCO6€I>II, B KAapHUOTHIIE KOTOPbIX O6pa3YIOTCH OJHNHAKOBbI€
raMeTbl, HeCylujue OANHAKOBbIE€ ITOJIOBbI€ XPOMOCOMBI. FeTepOFaMETHbIﬁ MoJI — MOoJI 0CO6€I>1,

CaMKa

B KapuOTHUIle KOTOPBIX 06pasyloTcs

TIOJIOBast XpOMOCOMa PasHble TaMeTbl, HeCylue pasHble Mo-

I10J10Basd
pomocoma

dyToCcoMa

Puc. 4.11. Kapuotun Drosophila melanogaster

>

d

CaMKa

22+X 22+Y

dyToCcoOMa

JIOBble XpOMOCOMBI. KeHIIUHBb], caM-
KA MJIEKONUTAIOIIUX U HEKOTOpPbIX
HAaCeKOMBbIX T'OMOTraMeTHbI, a MY»K4H-
HbI U caMIbl reTeporamMmeTHbl. Hao60-
POT, Yy NITHL, HEKOTOPBIX PENTHJINHN U
HEKOTOPbIX HACEKOMBIX CaMLibl FOMO-
ramMeTHbl, a CaMKU TreTeporaMeTHEI
(puc. 4.11). Tllpu o6pa3oBaHUU TOJIO-
BBIX KJIETOK B IIpoliecce MeKo3sa B ra-
MeTbl TeTeporaMeTHbIX WHJWBU/OB
nonazawT X U Y xpomocoMmsl. [loaTto-
My B IIpoliecce I0J0BOTO pa3sMHOXe-
HUSA KOJIMYECTBO MYXXCKHUX U KEHCKUX
ocobell ofuHakoBo. Hampumep, y ye-
JIOBeKa KapuoTul: 44+XX y KeHILUH,
44+XY y My>K4MH.

Y HeKOTOpbIX OPraHU3MOB HabJII0-
JlaeTcs reTeporaMeTHOCTb BCJeACTBUE
yTpaThl OAHOW MT0JIOBOM XpOMOCOMBI. B

caMKa 22+X 44+XX 44+XY pe3y/ibTaTe rOMOTaMeTHbIN OPraHu3M —
ato XX, arereporameTHbIN - X0.
reTeporamMeTHbIN TO0JI C TalJIOUAHbIM
caMmerf Ha6op0M
i, |'\-1 .m
4 v M F{xv) - n l—iF | —
Wi

./' b
—:-,»I I, n| —
() -

o

-

(w)

b

Fo— (Zw] —

rereporamMeTHasd \
CaMKa

e

b 4

peayknoud OTHOBCKOT'O

reHoMa
W Py r(ﬁ\a i
=2 (| —a 0| ——a

L4 J
L A

Puc. 4.12. TeTeporaMeTHOCTb B OpraHU3Max



IVZIABA IV. HACJIEACTBEHHOCTb U UBMEHYHUBOCTb
4.4. lTeHemuka no.a

CaMKH KJIOTIOB M CTpeko3 uMeloT XX moJsioBble XpOMOCOMBI, a camibl X0, y Moy,
Hao6o0poT, noJsioBble XpoMocoMbl caMok X0, a camuoB XX. CoOTBETCTBEHHO
y caMmuoB kJsiona 13 xpomocoM, a y caMoK 14. U3 Hux 12 XpoMOCOM ayTOCOMHBIE.
puc. 4.12 - 4.13)

~

Y d’ X 9

oL@
o)

Y 4yesioBeka B ciepMaTo3ouax 22+X Ui
22+Y xpoMocoM, B fAlilleK/IeTKax — 22+X.

CapaHya, Ky3HEYUKU U HEKOTOPbIE pyrue
HaCeKOMble UMEeIOT TOJIbKO OJVH TUII
MI0JIOBBIX XpOMOCOM. Y caMoK XX, y caM1|0B
XO0.

& g o

Y nTHL, HEKOTOPBIX PhIO U HACEKOMBIX ¥ CAMOK
SAULEKJEeTKU COAepaT TUIl XpoMocoM ZW, ay
CaMILIOB B cCiepMaTo30ujax — ZZ.

Y n4és1 1 MypaBbEB CAMKHU Pa3BUBAOTCA U3
OIJIOLOTBOPEHHBIX AUL.

Puc. 4.13. opMUpoBaHUe KAPUOTHIIA ¥ HEKOTOPbIX OPraHU3MOB

Onpepesienue nosia. OpraHu3Mbl JleJIATCA Ha TPU FPYIIIBI [0 CPOKY ONpeJie/IeHUs moJa.
B nporaMHOM THIIe onipe/ie/ieHUs 110J1a y OPraHU3MOB I10JI U3BECTEH 10 OMJIOLOTBOPEHUS
saunek/geTkU. Hanpumep, B )KeHCKOM OpraHu3Me ackapuj, U J0XJeBbIX yepBeill ob6pasy-
I0TCS [iBa TUIA SIUL: KPYIHbIe, 60raThble [[UTOMNJIA3MOMH, U MeJIKKe, MaJoLUTONIa3MaTUYe-
CKMe, C TalJIOUJHBIM HabopoM XpoMOCOM. B pe3ysibTaTe ONJIOAOTBOPEHUS KEHCKUN opra-
HU3M 06pasyeTcs U3 3UT0ThI, 60raToM IUTOMNJIA3MOM, a My»KCKOW — U3 MaJIeHbKOU 3UTOTHI C
MEHBIIUM KOJIMYECTBOM LUTOIJIa3Mbl. [I[p¥ 3MMAraMHOM THIIE FeHIepHOU AeTepMUHALMU
dopmMupoBaHHe 1oJ1a 3aBUCHUT OT GaKTOPOB BHEIHEH cpebl. HanmpuMmep, ecii HeKOTOpble
YyepBU MOKUJAIOT SO0 U BeAyT CBOOOJHYIO KHM3Hb, TO 06pa3yeTcsl CaMKa; ec/iy »KeHCKUH
OpraHu3M MPUKPENJAeTCAd K Napa3uTy, pa3BUBAETCA MYKCKOU opraHusM. lllupoko pac-
MPOCTPaHeH CHHIaMOBBIM THII OolIpe/iesIeHHs 110J1a, U M0JI SINI[eKJIeTKH U3BECTEH B IIEPUO/,
OIJIOZOTBOPEeHH. [1oJ1 B OCHOBHOM ompeesissieTca N0J0BBIMU XpoMocoMaMu. Hanpumep, y
MJIEKOMUTAIOIUX, Y AP030dHUIIbI, TAKUM 06pa30oM onpe/iessieTcs HoJl.

Puc. 4.14. ®opMupoBaHue MoJi1a y YeJ0BeKa
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IJTIABA 1V. HACJIEACTBEHHOCTb U UBMEHYUBOCTbD
4.5. HacnedosaHue npu3HaKos, cyenjieHHoe ¢ N0/10M

Y yesnoBeka Tun XX onpefesisieT })KeHCKUU noJi, Tun XY - My»ckoH (puc. 4.14). llon onpe-
JleJISIeTCs TT0 HAaJIMYHIO0 SMYHUKOB Y KEHI[UH U CEMEHHUKOB y MY>K4YHH. YCTaHOBJIEHO, UTO Y
YyeJIoBeKa M0JIOBbIe KJIETKH 06pa3yIoTCs U3 STUTEJIHS M0JIOBBIX KeJIE3.

[ToHMMaHMe MOJIOBBIX Pa3JIMYHMA OpraHM3Ma B MPUPO/ie BAXKHO /I U3yYeHHUs U3MeHe-
HUM B monysnsuusax. M3yyeHue moJsia y yesoBeka UMeeT 00JIbIIOe 3HAYEeHHE MPU HUCCIe/0-
BaHHWU 3aKOHOMEPHOCTEN HaCJIeIOBaHUS FreHeTUYeCKHX 3a60J1eBaHUH, UX MPOPHUIAKTHKE,
IpY aHAJ/IM3e MOCIe[CTBUM GpaKa MeXy PoJICTBEeHHUKAMHU.

I[IpiMeHeHN e HOBBIX 3HAHMIA.

3HaHMe ¥ NOHUMaHUue.

1. YTo Takoe moJioBoH JuMopdusm?

2. [IpuBeauTE NpHYMeEpPbl FTOMOTaMeTHBIX U FeTEPOraMeTHBIX YKEHCKUX OPraHU3MOB.
3. HazoBuTEe MexaHU3MBbI OlpeieseHUs moJa.

4. MO>HO JIX yIIpaBJATH MOJIOM B Ipupoze?

IIpuMeHeHMe. 3anoJHHUTEe NPUBEIEHHYI0O HUXKe TabJIUIY B TETPA/IU.

[Ipy3Haku oTya [IpusHaku pe6éHKa [IpusHaku MaTepu

AHanus. M0oKHO JIM ONlpe/leJIMTh Hac/le40BaHUe ayTOCOMHbBIX IPU3HAKOB Y MYKCKUX U
YKEHCKHUX OPraHu3MOoB?

CuHTe3s. HazoBuTe My»KCKUe rOMOraMeTHble OpPraHUu3Mbl NPUBEAEHHBIX OPraHU3MOB:
BOpo6eH, KpOJIUK, FoJIy6b, MeJIBe/lb, TUTD, Ip030(dUJIa, JUCUIIA, IACTOYKA, MbIIIb, TYTOBbIH
HIeJIKOnpsiji, 6abovka.

OueHnka. B npupope coorHomeHue noJsioB 1:1 nHoraa HapyuaeTcd. Kak Bbl onjeHUBaeTe
TaKyl CUTyalUI0?

4.5. HACJIEAOBAHHME NPU3HAKOB, CHEIIJIEHHOE C I10JIOM

& 8 8 B IpoBepKa 6a30BbIX 3HaHMIA. Kakoe 3HaYeHHe UMeeT MOosABJIeHUe

3akoH Moprana | MOJIOBBIX Pa3/IMYUM ¥ KUBbIX OPraHU3MOB?

Hacneposanne B omnbiTax, npoBeféHHbIX ['peropom MeHpesneM, HE3aBUCUMO OT
PU3HAKOB, TOr0, KAKOEe pacTeHHUE B3STO B KauyeCTBe NeCTUKA U KaKOe pacTeHue —
Eﬁizj;eHHoe ¢ B KauecTBe Ol'II:IJIfITeJIH, B [IEPBOM MOKOJIEHUH MOJIy4daJIcs o,qu u E‘OT
PenunpoKHoe »Ke pe3yJIbTaT: XKEJTas OKpacKa IJioja npeo6na;[a11:i HaJ, 3eJIEHOMU, a
CKpelHBaHHe KpacHasl OKpacka I|BeTKa JJOMHHHpoOBaJia HaJl Gesioil. OiHAKO GoJjiee

e——— [103/lHM€ OIIBITbl HaJ| CKpell¥BaHUEM OPraHU3MOB NOKa3a/d, YTO B
psfie cjaydaeB NMPU3HAKKM B COYETAHUM C MOJIOM JlaBaJll pasHbIe pe-
3yJIbTAThl OT IOKOJIEHUS K IOKOJIEHHUIO.

HacnegoBaHue Npu3HAKOB MyTéM NpHcOeJMHEHUs NMOJIOBOM XpOMOCOMbI. M3yye-
HUEM Hac/e/JoBaHUS MPU3HAKOB, CLeNJIEHHBIX C 0J10M, 3aHMMaJsicsa T. MopraH, ¥ OH U3y-
YUJI HacJleloBaHUe LiBeTa IJ1a3 po30QUIIbL.

Y Myxu Apo30dU/bI IBET IJa3 ABJSAETCA HACAeCTBEHHbIM IPU3HAKOM, CLENJIEHHbIM C
X-10JI0BOM XpOMOCOMOM. Y Heé KpacHbIX 1BeT I1a3 (A) JoMUHUpYeT Haj 6esibiM (a).

UccnepoBaTenn CKpeCTUIM KPACHOIJIA3y0 CaMKy Apo30QUJbI C 6es0orJasblM CaMLoM
X?Y ¢ romo3urotHeiM resorunom X*X*. B F, BCé N0TOMCTBO 0Ka3a/10Ch KpacHoriasbiM. U3
MoJiy4eHHbIX B F, KpacHOI/Ia3pbix caMoK %2 4acTh MMeJia FTOMO3UTOTHBINM FeHOTHII, a BTOpast
%> - reTepo3uroTHblil. Cpeiu caM10B %2 yacTb UMeJia KpacHble IJ1a3a, a Jipyras ¥z — 6eJible.
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IJIABA 1V. HACJIEACTBEHHOCTDb U UBMEHYUBOCTD

4.5. HacaedosaHue npusHakKos, cyensieHHoe ¢ no/iomM

Ecau B3sTh AJId CKpelMBaHHA KPACHOIVIa3bIX

reTepO3UTrOTHBIX CAMOK M 6eJIora3biX CaMI[0B, TO o
1 4acTb caMOK OyZieT KpacHoIvIa3as, a Bropas ¥ -

6esioryiazas. Y % 4acTd caMIl0B IVia3a KpacHble, y

BTOpOM %2 - 6esble (puc. 4.16)

XA

Xa

Puc. 4.16. HaciegoBaHue 1jBeTa a3 y
Jipo3odun

Y nrTun, pakoo6pasHbIX, HEKOTOPbIX
pbI6, HACEKOMBIX (YelTyeKPhIIbIX) U PENTH-
JUA TOJI ompejessieTcsi XpOMOCOMaMH B
cucteme ZW/ZZ. Tlpyu 3TOM XEHCKHU oOp-
raHu3M OOBIYHO reTeporaMeTeH, U ero mo-
JIOBble XpOMOCOMBI onpezesitorces Z u W.
Hampumep, y kypul psibast okpacka nepbeB
JIOMUHAHTHasl, 4YépHasl - peleccUBHas.
[eHbI IOKa/IM30BaHbI B Z-XpOMOCOME.

Eciu ckpemuBarwoTcs yépHasa (Z°W)
Kypuna c¢ psoeiMm (ZPZF) mertyxom, B
F, nosBiserca ps6oe IMOTOMCTBO
(puc. 4.18).

XA\ “XA

Puc. 4.15. HacnegoBaHue 11BeTa
a3 y po3odui

Ecnu B3STh /1 CKpellMBaHUs GeJsiorsa-
3bIX CaMOK MyXH M KPACHOIJIa3bIX CaMI[OB
(peuMNpoOKHOE CKpelMBaHUE), CAaMIbI P030-
uuibl, nosydeHHnie B F, 6yayT Gesoriasbl-
MH, 2 CaMKH AP030HU/IbI — KPACHOIIA3bIMH.
Y2 4acTb caMKu Apo3oduinl B F, 6yneT umeThb
KpacHble IJ1a3a, a BTopas %2 - 6esble. Y 2 ya-
CTH CaMIIOB OYZyT KpacHbIe I71a3a, a y BTOPOH
Y - 6eunble (puc. 4.17).

Xa

Puc. 4.17. PulienpoKHOe CKpelllBaHUe AP030dUIbI

B F, Bce neTyxu OyayT psiGbIMHU, a KypHILIbl %2 pA6bIMH, @ %2 C YEPHBIMU NEPbAMH.
CooTHoweHue coctassieT 3:1, unu 75% ntuy, c psa6siM onepeHreM U 25 % ¢ 4EPHBIM

oTnepeHHeM.

A

YAYAL ZPW

Puc. 4.18. HaciieqoBaHue 11BeTa onepeHus y Kyp
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IJTIABA 1V. HACJIEACTBEHHOCTb U UBMEHYUBOCTbD
4.5. HacnedosaHue npu3HaKos, cyenjieHHoe ¢ N0/10M

Z°ZP ZPW YA YAYA

Puc. 4.19. PeuunpokHoe CKpeljuBaHUE Kyp

[Ipy peunpoKHOM CKpeIuBaHWU psA60H KypHILbI C YEpHBIM NETYXoM B F, mosiyvatoTcs
4épHbIe Kypulibl U psab6ble neTyxu. B F, 2 Kypo4ek u neTymKoB MMeIOT psibyto OKpacky, %2 -
yépHyw (puc. 4.19)

Y nroelt HecaXapHbIM [UA0OET, paXUT, He BblJIEYUBAKIIHNCA BUTAMUHOM D, 0oTCyTCTBUE
BTOPOTI0 pe31ia, TEMHbIH 11BET 3yOHOH aMasiu, reModuins, JalbTOHU3M U KYpUHasi CJ1enoTa
CLieIJIEHHO HAC/eYI0TCs C 10J10Bo# X-xpoMocomoit (puc. 4.20. - 4.21.)

Jetu c remodunen, HapylieHUeM CBEPTHIBA€MOCTH KPOBH, CTAaHOBSTCS CJ1aOBIMU U B
HEKOTOPBIX C/Ayvasix YMUpaloT. 3aboJsieBaHUe NepesaéTcsl U3 MOKOJeHUsI B IOKOJIEHHE Ye-
pe3 KeHIHUH C reTepO3UTrOTHbIM FTeHOTUIIOM.

CeHOTUII XHXH ER XhXh Xiy Xhy
denoTun 3/10poBast JleByIlIKa- 60JIbHaA 3/10POBBIH 60JILHOM
AEBYIIKA HOCUTeJIb AEBYLIKa MY»KYHUHa MYy»KYHUHa
Q [xxH ‘th - QIXHXH | XY |y Qxixe  IXby (o

R T
& & &

(X7 KX X1y (DX XY (X [XHXH XHY ‘

(X XX XY @XHXh Xy @ XhXh| Xny ‘

75 % neteyi 3m0poBbie. Ho 0 %
Bce getu 3g0poBbie. Ho 503'& AOP 500 % AleTeN 310POBLIE,
BOYeEK ABJIAIOTCA
BCe JIeBYIIKY HOCHTEJIH, 0 leBoYe JIAKOTC 50 % [meBOYEK SABJISIFOTCSA
HocuTesiaMu, 50 % HocuTesssMu, 50 %
MaJIbUMKOB 0O0JIEIOT. MaJIbYMKOB OO0JIbHEIE.

Puc. 4.20. HacnepoBanue reMoQuINH y YeJ0BeKa
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IJIABA 1V. HACJIEACTBEHHOCTb U UBSMEHYUBOCTb

4.5. HacaedosaHue npusHakKos, cyensieHHoe ¢ no/iomM

[eH flasibTOHM3Ma NepeAaeTcs M0 HAaCAe/CTBY, Kak reModuus (puc. 4.21).

HacnenoBaHue 3a60JieBaHus B CEMbE, T/le HacsiegoBaHue 3a60/ieBaHHs B CEMbE,
MaThb SIBJISIETCS HOCUTEbHUIEN r/le MaTh SIBJISIETCS HOCUTEeNbHUIIEN
JIAJIbTOHU3Ma, @ OTell 3/[0POB. JIAJIbTOHKU3Ma, a OTell 60JIeH.
XPx4 XPx«
XP X4 XP Xd
XPY XP XPXP XPbxd X4y Xd XPxd Xdxd
Y XY X4y Y XY X4y
Puc. 4.21. HacnefjoBaHue JJalbTOHM3Ma Y YeJI0BEKA
XX
HekoTopble reHbl pacnoJsioKeHbl B Y-XpOMOCOME U NepeatT-
Al 110 HaCJIeACTBY CLENJIEHHO C 3TOM XpoMocoMou. Hanpumep, rem, X X
onpe eI U36bITOUHBIM POCT BOJIOC Y 4YeJsioBeKa (rumep-
TPHUX03), UXTUO3, KPYIHbIe U MeJIKUe 3yObl, CUJIY, PACIOJI0KeH Ha xye|l X | xx | xx
Y-xpoMocoMe U nlepefiaeTcsi OT OTLA TOJbKO CbIHOBbSM (puc. 4.22).
OO6bIYHO B poLecce Melo3a ayTOCOMBI M II0JIOBble XPOMOCOMBI ve | xyb | xyb
PaBHOMEPHO pacnpefesisiloTcsl B raMeTax. B HEKOTOpbIX ciydasx

[10JIOBbIE XPOMOCOMbI MOTYT HEPABHOMEPHO pacnpe/iesisiTbCs Mo
KJIeTKaM B xoJle Melo3a. B pe3ysnbTaTe ofHa rameTa UMeeT [Be
X-XpOMOCOMBI, a Jipyrasd raMeTa He UMeeT X-XpOMOCOMbI. Takas
sSiMlleKJIeTKa MPU OMJIOAOTBOPEHUHU CO CIEPMATO30UJAaMHU C X-XpO-
MOCOMOM WM Y-XpOMOCOMOM 06pasyeT yeTbipe Pa3JUYHbIX THINA
3urot (puc. 4.23)

Kaxk 6 amoMm cayuae Hacsedytomcsi N0108ble NPU3HAKU?

[Ipu ckpeuMBaHUU U3YYEHHOU Bblllle 6eJsIora30M caMKu Jpo-
30QUJIbI C KPACHOTJIa3bIM CaMIlOM, ecjiM X-XpoMOCOMa paclnpe/je-
JleHa B raMeTax HepaBHOMEPHO, Ap030dUJIbl C TpeMsi X-XpOMOCO-
MaMu (XXX) 6yAyT ouyeHb KPYMHBIMU CaMKaMH, U OHU MOTHUOHYT.
Camka apo30duibl, KOTopast pa3BuBaeTcs U3 3UroThl XXY ¢ AByMs
X ¥ oJiHOH Y-xpoMocoMaMH, OyZieT UMeTh OeJible r1a3a. Jjpo3oduia
€ 0iHOM X-XpOMOCOMOM O6YZEeT CaMIlOM C KPacHbIMH IJ1a3aMu, JlaxKe
ecau Y-XxpoMocOMa OTCYyTCTByeT. My»KCKOU OpraHu3M, FeHOTHI KO-
TOPOr0 UMEET TOJIbKO Y-XpOMOCOMY, TaK»ke NOrubHeT. Takas cuTy-
anus MoKasbIBaeT, YTO Y-XpoMOcoMa He BCerja CAYKUT WHJUKATO-
POM MY3KCKOT0 10J1a Y IP030QUIbIL.

Puc. 4.22. HacnepgoBaHue
NPHU3HAKOB Yy YesioBeKa
CBI3aHO C Y-XpOMOCOMOU

1| XX+X=XXX
2 XX +Y = XXY
3 0+X=X0
4| 0+Y=YO0

Puc. 4.23. llocneactBuga
HepaBHOMEPHOTI'O pac-
npeJie/IeHUsI XxpOMOCOM

Tak, cuenJieHHble ¢ X-XpOMOCOMOM MpPU3HAKK NepeAarTcs OT MaTepy A0YepsM U Chl-
HOBBSIM, a OT OTLA — TOJIBKO JlouepsiM. Y-CliellJIeHHble IPU3HAKK HACJIeIYIOTCS OT OTLA TOJIb-

KO CbIHOBbAM.

IIpyMeHeHHe HOBBIX 3HAHUIA.
3HaHUe U IOHMMaHHe.

1. [IpuBeauTe NpUMeEpPHI HAC/TEJ0BAHUS IPU3HAKOB, CLENJIEHHBIX C T0JIOM.

2. PacckaxuTe CyTb ONBbITA, NPOBELEHHOT0 MopraHoMm.
3.YTo Takoe peliMIpoOKHOE CKpelliiBaHrue?

4. [IpuBearTe NpUMep 3aBUCUMOr0 OT I10J1a HACJ/IeJ0BAaHUSI IPU3HAKOB Y OPTraHU3MOB.
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IJTIABA 1V. HACJIEACTBEHHOCTb U UBMEHYUBOCTbD
4.6. [I[pakmuyeckoe 3aHamue. PewieHue 3aday, c6s13aHHbIX C NOJI0OM

+

IIpumeHenue. O6bsACHUTE, OYEMY Oe- W
JIBIY 1[BET rJia3 y Apo30¢duJibl HaAbJIJAET- P ))(( ng 'y
Csly caMIOB MOKoJIeHus F,. @

Anasmm3. Bo3MOXXHO JIU OlNIpe/ieIUTh 0JI

PO 1

=W
D

TOM CJiydae, €CJIM 30JI0TUCTasdA KypHulld CKpe-

LBIIJIAT TOJIBKO II0 OKpacKe UX OllepeHus B
crepMa
IleHa C TOMO3UTOTHBIM CePbIM NMETYXOM? F @ - : -

MIOKOJIEHHE
W+ N W+
1 j.‘_h“_ﬂ‘i aB
Cunrte3. llpeanoxute 3dpPeKTus- Q = g &P

HOe pelnieHue JJs NpoPUIAKTUKH Ha- A
CNneJICTBEHHBbIX  3abosieBaHuil.  [loge- e
JINTECb  CBOMMH  IPEAJIOKEHUSIMH  C @ cnepma
OZJTHOKJIACCHUKAMH. i e
b N W | ™ W
Ouenka. [loroBopuTte ¢ poAgUTeNsIMH IOKOJIEHHUE A=
A
0 00JIE3HSX, OOIMX /JJid OOJIBIIMHCTBA F, j “;"v e
S TeE
BalllUX OJIU3KHUX POJACTBEHHUKOB. Kak BbI oy Sl |y Gl
[e— c—=
olleHUBaeTe 3POPEKTUBHOCTL PabOTHI, ? w &

NPOBOJMMOM CEroJH B MeAUIIMHE, MpO-
TUB reHeTU4YeCKHUX 3a00JIeBaHUMN?

4.6. IPAKTUYECKOE 3AHATHE. PEIIEHUE 3A/1AY, CBA3AHHbIX C I10/I0OM

Ilesib: HAyYUTHCA pelaTh 33/1a4H, CBA3aHHBIE C II0JIOM.

B uctopuu renetuku [. MeH/ie/ib epBbIM BBEJ GYKBEHHYI CUMBOJIMKY /1Jis TeHOB. Ha-
caeJiCTBEHHble QaKTOPhI, BbI3bIBalOIIMe pa3BUTHE JOMHWHAHTHOTO NPU3HAaKa, OH 0603Ha-
4YuJI 60JIBIIMMHU OYKBaMH, a pelleCCUBHOr0 — MaJibIMU. Ho mo3:xe, Korjja MHOTHe reHbl ObIJIU
M3y4YeHbl y pa3HbIX OPTaHU3MOB, CTaJIO ICHO, YTO 0603HAaYeHUE UX OJJHUMU U TEMU XKe OyK-
BaMU NPUBEJET K MyTaHuLe. B CBSI3U € 3TUM B HacTosilee BpeMsl FeH IPUHATO 0603HAa4YaTh
HavyaJbHOM GYKBOUM aHIVIMICKOTrO asidaBuUTa.

Hanpumep, y niiogoBod Mymku Jpo3odusbl yépHoe Teso (black) — b, cepoe Tesio — b+,
HOpMaJibHble KpbLIbsl (vestigial) - vg+, yKOpOYeHHble — Vg, ¥ KPEMHUCTON KYKypy3bl 3H-
JloCllepM — WX, a Y KpaxMasucTol — wx+. Kak BUiuTe, Korjja reHbl pe/iCTaBAeHbl 60JbII0ON
OYKBOW MJIM aHIVIMMCKMMU OYKBaMU, JOMUHAHTHbBIE aJlJIeJId He Bcerjia MUY TCs 60JbIINUMHU
O6yKBaMH, a 32 CTPOYHbIMHU OYKBaMHU cJjielyeT apuPpMeTUYECKHUU 3HAK MJIIOC (+).

HOpHﬂOK BbINNOJIHEHUA paﬁoTbI:

3aganuve 1. ['eHeTHYecKHe CHUMBOJIbI deHoTUn leHeTHYECKKME CUMBOJIbI
UCHOJIBb3YIOTCA NpPU U3YYEeHUM Hacjes- 310pOBas HKEHIMHA O
CTBEHHOCTH 4eJsioBeKa. JlaJIbTOHWU3M fIBJISA-
eTCs1peL,eCCHBHbIMIPU3HAKOM, €T0aJIENb | 310pOoBbIi MyKYMHA D
HacJeAyeTcs MyTEéM NMpUCOeAUHeHUs K X
NMoJI0BO# XpoMocoMe. [1o 3ToMy npu3Haky |DOJ/IbHasA XKeHI1HA

MaTb 3/10pOBa, a OTel, — JaJIbTOHHUK. Eciu B 7
CcéMbe POoANJICA CbIH-AAJIbTOHHUK, COCTAaBb-
Te CXeMy HacJegoBaHUuA OaJIbTOHHU3MaA
B CEMbE.

BosibHOW MyX4KHa

Bpax o—
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IJIABA 1V. HACJIEACTBEHHOCTDb U UBMEHYUBOCTD

4.6. HpaKmuquKoe 3ansamue. PeuieHue 361061'—1, CBA3A0HHBIX C NO/IOM

3aganue 2. ['pynnbl KPOBHU Y Yes0BeKa onpeaessioTcd aaensaMmu A, B, 0. B Tabuiuie
HU>Ke T0Ka3aHbl IPYNIbl KPOBU POAUTENEN U UX JeTel.

I'pynna KkpoBu Matb OTery,
['pynna
deHoTHN FeHOTHII deHoTun kposr IV ['pynna kpoBwu I
I'pynna kposw I e TeHOTHII JAJ® JoJ°
['pynna kposu I1 JAJA JAO rameTsbl | J°
reHOTHUN A[O B[O
I'pynna kposwu III JEJB JBJO 1OTOMCTBA J% J7]
['pynna ['pynna KkpoBu
['pynna kposu IV JAJB ¢eHoTHII }qg)an 11 Py 11 P

JEJERh"Rh

3aganue 3. HejocTaTOYHOCTh UMMYHHUTETA y JleTel CBsI3aHa C TEM, YTO B UX KPOBU
He CUHTe3upyeTcs Y-TJIo6yaruH. OJUH BUJ, T€HOB, BbI3bIBAKIIMX 3Ty 60J1€3Hb, HAXOAUTCS
B ayTOCOMe, a Jpyroll BUJ, — B moJsioBoH X-xpomocoMe. Ob6a Hacjie,CTBEHHbIX MpPHU3HaKa
pelieccMBHbBL. MaThb sIBJISIeTCSl FeTepPO3UTOTHOM 10 060UM npusHakaM. OTel, 3J0pOB U y €ro
npeaKoB 3a6osieBaHUM He HabJ10an0ch. Kakol MpoLeHT poXAEHHBIX B 3TOM ceMbe eTel
Oy/ZleT 3/10POBbIM 110 IEPBOMY MPU3HAKY?

3aganue 4. ['MnepTpuxo3 HacJeAyeTcsd KakK ClelJIeHHbIH ¢ Y-XpOMOCOMOUM NMpHU3HAK,
KOTOPbIN MPOABJAETCA JHIIb K 17 rojaM >XU3HU. B ceMbe, r/e »KeHI[MHA 3/10POBa, a MY
SIBJIsIETCS 06J1a/laTesieM TUIePTPUX03a, POAUJICS MAJTbYUK C UXTHO30M. MOTYT JIM IEBOYKH,
POJIUBIIMECS B 3TOU CeMbe, UMETb IPU3HAKU F'HIIepTPUX03a?

3aganue 5. Rh (pe3yc-pakTop) - 3TO THUN aHTUTEHA, pacloJiararuuics Ha MeMbpaHe
3pUTPOLUTOB YesoBeKa. Eciu Mem6paHa uMeeT Rh-anTures, To Rh - mosoxuTenbHbIH,
a ecqu oTCyTcTBYyeT, Torfa Rh - orpunartenbHbiil. [lonokuTtenbHbid Rh - 1oMUHAHTHBIN
NpU3HAK, OH MOXKET UMETh 'OMO3UTOTHbBIN UJIU TETEPO3UTOTHBIN reHOTUI. OTpULlaTeTbHbIN
Rh HaxoauTCcs TOJBKO B FOMO3WUTrOTHOM cocTosiHUM. HecoBMmectumocTb Rh dakTopa y
YyeJI0BEKa B OCHOBHOM Ha6JII0/1aeTCs P HECOBMECTHUMOCTH KPOBU MaTepH U Iioja. Eciu
1o Rh-nosioxkuTenbHbIN, @ MaTh Rh-oTpullaTesibHasi, JeMKOIMUTHI MaTepyd Paclo3HAT
Rh-aHTUreH MJioJla KaK HHOPO/JHOE TEJIO U BbIPpabaThIBAalOT aHTUTOKCUHbBI MPOTUB ILJIO/A.
AHTUTOKCHHBI POXOJAT 4Yepe3 IJIALEHTy K IJoay. [lion poxaaeTcs ¢ reMoJUTUYeCKON
6o0s1e3Hb0. OOBSICHUTE MeXaHHW3Mbl HacjeA0BaHUs 3a00JieBaHUs B NMPUBEAEHHBIX HIDKE
CeMbSIX.
JAJORhRh-  JBJ°Rh'Rh*

JAJARh"Rh JBJERh*Rh- J°J°RhRh

JAJ°RhRh- JAJARKWRh

O

O

@ On'

| aedeaiind |

S

O O

Cembst AnBapa

Cewmbs bartbipa

Cewmbsa Kamana

Cembsa Canna

123



IJIABA 1IV. HACJIEACTBEHHOCTb U UBMEHYHUBOCTb
4.7. U3meHYU80CMbH

3aaada 6. CoctaBbTe 3a/laHue 110 KAPTUHKE.

[22+7] (I

[ @ ¢
3aganue 7. Co3jaiiTe 3a/ja4yy 1o CXeMe.

(10—

com O ol

06cyauTe U cAeiaiiTe BbIBOJbI.

1. CxeMaTU4YHO U306pa3UTe MeXaHU3M reHe-
TUYEeCKOT0 Hac/eL0BaHUs IPU3HAKOB.

2. UsMeHsAOTCS JIM 3aKOHbI HacJiej0BaHUA
MPYU3HAKOB IIPU PEUIIPOKHOM CKpeLUBAaHUN?

3. Kak nposiBJII0TCSA NPU3HAKU Y IOTOMCTBA
IIpY HacCJeJO0BaHUM, CLEIJIEHHOM C Y-XpOMOCO-
MOM?

4.7. UIBMEHYHUBOCTDb

IIpoBepka 6a30BbIX 3HAHUU. OO6'bSICHUTE 3HAYEHUE U3MEHYU-
M3MeHYHBOCTb BOCTH B 3BOJIIOL|MU KaK CBOMCTBA KMBbIX OPTaHU3MOB.
MoaudurkanoHHas
MU3MEHYUBOCTb
Hopwma peakuyu
BuomeTtpus

3akoH Ketiie
BapuanuoHHbI# psaj

H3meHYUB0CMb — 3TO CIOCOGHOCTD KUBBIX OPraHU3MOB MPUO6-
peTaTh HOBble MPU3HAKU U CBOWCTBA, OTCYTCTBYIOIIUE ¥ POJUTE-
Jnen (puc. 4.23). PazHoo6pa3ve opraHu3MOB 0OeclieuruBaeTCsl U3-
MEHYHMBOCTBIO.

M3MeHYMBOCTb GbIBaeT peHOTHUIINYeCKasl (HeHac/eCTBEHHas)
Y TeHOTUNMYecKas (HacjeJCTBEHHas).

Puc. 4.23. I3MeHYUBOCTb KMBbIX OPraHU3MOB

124




IJIABA IV. HACJIEACTBEHHOCTb U UBMEHYHUBOCTH
4.7. U3mMeHYU80CMbH

deHOTUIHYECKASA HW3MEeH- | W3MEHUYUBOCTD |
YUBOCTb  NOApa3jessieTcs Ha
OHMoO2eHemu4eckyro 1 Modu- | dbeHOTUNIMYECKUM | | reno*mnnqecxnﬂ

(ﬁUKCIUUOHHyiO. OnmozeHemuue-
CKas U3MEHYUB0CMb BO3HMHKaeT |OHTOr€HETHYE- MO,E[I/I(l)I/IKa].[I/[' | MyTaLlPIOHHbIﬁ | |KOM6HHaTHBHhIﬁ |

CKUH OHHBIN
B Iponecce pa3BUTHUA XKHBOI'O

opranuaMa. PopMUpoBaHUeE KPYITHOI'O pacTeHUs U3 MaJIEHbKOTO CEMEeHU U U3MEHEHMUS B Op-
raHu3Me pe6EéHKa B TeYEHHUE KU3HU MPOUCXOJAT 6J1arojapsi OHTOreHeTHYECKON N3MEeHUYUBO-
ctu (puc. 4.25).

Puc. 4.24. OHTOoreHeTn4eckass U3aMeHYUBOCTb

ModugukayuoHHas usmMeH4u80CcMb BO3HUKAET IO/, BJUSIHU-
eM $aKTOpOB BHelllHel cpeabl. OlyBaHUMK, PacTyIIMi B IJIO-
JIOPO/IHOM TOYBE, UMEET KPYIHbIE JUCThs, OOJbIION JUaMeTp
COLBETHUS U AJIMHHBIE [IBETOHOXXKHU. PacTeHuUs1, BbIpoCIIHeE B ro-
pax, UMelT MeJIKUe JIUCThs, MaJIeHbKUH AHaMeTp COLIBETHUS U
JJIMHHbIE [[BETOHOKKHU. Ho ecsiu ceMeHa pacTeHU B 000X CJIy-
Yyasgx cobpaTh U NOCAAUTh B TOYBY CO BCEMU YCJIOBUSIMHU, TO BCE
pacTeHus 6yAyT pa3BUBAThCSA OJWHAKOBO (puc. 4.26).

[Ipy BblpallUBaHWU TMMaJalCKOTO KpOJIMKA NpU TeMIe- Puc. 4.25.
patype +30 °C wmiepcTh >KUBOTHOTO OY/leT MOJIHOCTbIO OeJIOi. MoandurkannonHas
Ecsiu ero pactuTh nipu Temneparype +18 °C, To ero W3MEHYMBOCTD
KOHEYHOCTH, MOP/I0YKa U YIIHU CTAaHYT YEPHBIMH, a ' ’I
OCTaJIbHbIE YAaCTH OCTaHYTCA 6esbIMU (puc. 4.27) \
Ecnu y rumasiaiickoro KpoJiika Ha ClIMHe BbILIU- % >
naThb 6esyio 1epCcTb U IOMECTUTD €ro B X010, (U1 ;
HaJIOXKUTb XOJIOJHYI0 NOBA3KY), HA 9TOM MeCTe Bbl- ok
pacteT 4yépHas 1mepcThb. Ecy 4épHyto mepcThb yaa- a - 5
JUTb U HAJIOXKUTD TEMJIYIO NOBA3KY, BRIPACTET G€-  Pyc 4.26. a - KPOJIUK, BHIPALEHHDbIH [PHU
Jiad IepCTh. TemiepaTtype Bbille +30 °C; 6 — KpoJIUK,
[TocKOo/IbKYy TeHOTHIl He U3MeHsieTCsl, MoAUU- BbIpALLleHHBI 1P TeMiepaType +18 °C

KallMOHHad M3MEHYHUBOCTb HE€ HacjieayeT-

cs1. CHOCOGHOCTh OZJHOTO TeHOTUIIa MEHSTh ’I : ’/ ‘l
GeHOTHI B 3aBUCMMOCTH OT YCJIOBHH BHeLI- h’ ' ‘. - ‘.
Hel cpe/ibl, HA3bIBAETCS HOPMOU peakyuu. * I ‘
IBOJIDIIMOHHOE 3HauyeHUe MoJudUKaIU-

OHHOU M3MEHYMBOCTHU 3aKJIDYAETCs B TOM, Puc. 4.27. 3sMeHeHHe oKpaca LlIepCTU

YTO OHA MO3BOJIAET OPraHU3MaM MPHUCIOCA- ruMaaliCKOro KpoJiuKa Npu HU3KOHW TeMIrepaType
6,1MBaThCcd K GaKToOpaM OKpyKalolllel cpe-

JIbI B X0/ie oHTOTreHe3a. OpraHu3Mbl C IIMPOKOM HOPMOU peaKIuy 60Jiee TPUCTIOCOOJIEHHbIE

B YCJIOBUSIX eCTeCTBEHHOI0 0T60pa. Takue NprU3HAKH, KaK POCT, Macca TeJa, MUrMeHTaLUs
KOXXU U [ipyTHe, IpeApacioioeHbl K MOAU(PUKALLMOHHON U3MEHYUBOCTH.
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IJTABA IV. HACJIEACTBEHHOCTb U UBMEHYHUBOCTb
4.7. H3ameH4Yusocms

[IpoucxoxieHHWe pa3HOOOpa3us 3aBUCAT OT H3MEHEHUs] OUOXMMHYECKHUX U
dbepMeHTaTUBHbIX peaKklUil B OpraHu3Me.

MoaudukaumoHHass U3MEHYMBOCTb XapaKTepU3yeTCs CJIeAYIOIUMU CBOMCTBAMU:

e He HacJelyeTcs;

* 3aBHUCUT OT BJIUSIHUS BHEIIHUX GAKTOPOB;

e MeeT rPyNI0BOM XapaKTep, BCTpeYaeTcsl Yy MHOTMX OPTaHU3MOB;

e 06ecreyrBaeT KU3HECIOCOOHOCTh B U3MEHSIOIIUXCS YCAO0BHUSIX.

MoaudukaumoHHass U3MEHYUBOCTb HMeeT O00Jbllloe 3HAaYeHUe B MeJULUHE.
OnpenenéHHoe 3a60J/ieBaHUE MOXET ObITh PAa3HbIM Y Pa3HbIX Jiloield (CBSI3aHO C pa3HOU
HOpMOM peakuuu). Takue cjiy4ad O4eHb pacCIpOCTPaHEHbI B MeJIUIIMHE.

BuomeTpusi 3aHMMaeTcs pa3paboTKON MeTO0B U3yYeHUsI U3SMEHYMBOCTHU IPU3HAKOB.

[TapaMeTphl llepevyrcieHbl B TOPsi/iKe BO3pacTaHus, YTOObl ONpeAeUTh BapUaTHB-
HOCTb CUMBOJIOB. Ha6op BapuaHTOB, pacnoJioyKeHHbIX B ONpe/ieIEHHOM MOops/iKe, Ha3blBa-
eTcsl BapUalMOHHbBIM psioM. OpraHu3Mbl B BApUALIMOHHOM PSiJly U3MEPSIOT U ONpeJessA0T
MX YHCJI0 TOBTOpeHUM. HanpuMmep, AJis onpejesieHUs JJIMHbI KYKYPY3HOT'0 3epHa KJIaAyT
100 3épeH B p4/ B opsAJKe BO3pacTaHUA AJUHBL JJJIMHY KaX/J0TO0 CEMEHU U3MEPAIOT B MM
Y 3alUCBIBAIOT B TeTpab. [locuuThIBaeTCS KOJMYECTBO CeMSIH OJMHAKOBOU AJMHBL. Ha
OCHOBAHMHU 3TOT0 3aM0JIHSETCA cleAyolas Tabaula:

\' 5 6 7 8 9 10 11 12 13 14 15
P 2 4 6 12 18 20 18 8 6 4

B ungvkatope BapuanTa (V) B TabJiulle AJIMHA 3epHA KYKYpy3bl yKa3aHa B MM B OpsiJiKe
yBeJM4yeHus KoanyecTna (5, 6, 7..15 mm). KosimyecTBO ceMsH 3TOH JIJIMHBI 3aIMCbIBAETCS B
KoJinyecTBe noBTopeHui (P). HanpuMep, KosinuecTBO ceMsIH AMAaMETPOM 5 mm pPaBHO /IBYM,
KOJINYeCTBO CeMSIH JJUaMeTpoM 6 mm paBHO YETBIPEM U TaK Jjajiee.

C nmoMouipbio TabGJHUILI CTPOUTCA ciaefyouidi rpaduk (puc. 4.29). Tllo ocu abcmucc
(ropusoHTasNbHAsA IMHUSA) yKa3aH NI0Ka3aTesb BapuaHTa (HanpyuMep, JiJINHA CEMEHU B mm),
a 1o oCu OpAUHAT (BepTUKaIbHAs JIMHUSA) — KOJIMYECTBO MOBTOPEHUIN KaXK/[0I'0 BapUaHTa.
3aTeM BCe TOYKHU COeIUHSAIOTCS JIMHUEH, U popMUpyeTCcs BapyuallMOHHAs KpUBasl.

YTOoObI ONpeieIUTh, KaK 4aCTO BCTpeYaeTCsl CUMBOJI, HAXOUTCS €ro cpe/iHee 3HaYEHUe.
[Ipy aTOM cpefHUI NoOKasaTeslb KaxJou
rpynnbl  yMHOXaeTcsi Ha KOJMYeCTBO
NOBTOPEHWH 3TOM rpynnel, a BCe 3TH i
MOKa3aTesN¥ CKJIAAbIBAIOTCS BMECTE U 4gq \
JeJIATCA Ha 061Iiee KOJIMYeCTBO BADUAHTOB. q4- \
Js 00bEeKTUBHOM  XapaKTEPUCTUKU 42 |
M3MEHYMBOCTU IpU3HAKA OINpesesseTcsd 10 /

P4
20 I

cpe/iHee 3HaYeHUe 1o GopMy.ie: 8
M=Y (V-P)/N. 8
3gecb M - cpeauuii nokasartenb, 4

2
0

Y - cymma; V - mokasaTeJid BapuUaHTa;
P - uacrora nosropenus; N - obwee "o 3 5 34 56 7 8 9101112131415 V
KOJIM4€CTBO BAPHUAHTOB.

Bocnosnbsyemcs TabuLen AJid
onpeaeseHud CpEﬂHeapI/I(l)MeTI/I‘IeCKOI‘O
3Ha4YeHHA 3epHa KyKypy3bl.

M=Y (5-2)+(6-4)+(76)+(8-12)+..(15-2)/ 100.
Cpe,quﬁ BE€JIMYHMHE [IPU3HAKA HA I‘pa(l)I/IKe COOTBETCTBYET CaMad BbICOKad TOYKaA.

L 4

Puc. 4.29. 'padudeckoe n3006pakeHHe
TabIUIBI
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IJIABA IV. HACJIEACTBEHHOCTb U UBMEHYHUBOCTH
4.7. U3meH4YU80CMbH

OnpepesneHre 3TOro rnokasaTesisi UMeeT 60JIbLIIOe 3HAaYeHHe B MPOU3BoAcTBe. Hanpu-
Mep, CTOJI U CTYJI, Ha KOTOPBIX CUAAT YYEHUKH, OYAYT NPOU3BOAUTHCA 10/, yYeHUKA Cpe/iHe-
ro pocta. Pydku aBTo6yca alanTHpoBaHbl K 4eJI0BEKY CpeJIHEro pocTa.

WTak, U3MeHYMBOCTb — 3TO MOSIBJIEHHE HOBBIX NPU3HAKOB. PeHOTUNIHYECKas U3MEHYH-
BOCTb NO/pa3/iesisieTcs] HA OHTOTeHeTUYeCKy0 U MoAudUKaluoHHY0. [Ipy ycTaHOBIeHUH
Mo PUKALIMOHHON M3MEHYMBOCTU ONpeJeISIIOT BapUalMOHHBINA psiJi, HOPMY peaKLuu U
cpesiHee apudMeTHUECKOE 3HAUEHHE.

IIpumMeHeHNe HOBBIX 3HAHHU M.

3HaHue M IOHUMAaHue,.

1. Kakue Tunsl ¢eHOTUNHNYeCKON U3MEHYUBOCTH CYLeCTBYIOT?

2. 0T yero 3aBUCUT MOAMUKALIMOHHAsA U3MEHYUBOCTh?

3.YTo Takoe OHTOTeHeTHYecKas U3MEeHYUBOCTb?

4, Kakve opraHM3Mbl IPUCNOCA6JIUBAIOTCA K BHelLlIHeH cpejie?

5. Kak onpezensietcsa cpefjHee apudMeTHYECKOe 3HAYeHUEe CUMBOJIOB?
ITpumeHeHnwue. [IpogosxuTe cxemy.

HN3MEHYHNBOCTb

Ananu3. Kakoe 3HayeHHe B JKM3HM 4YeJlOBEeKa MMEET onpeaesieHUue cCpeaHero
apI/I(l)MeTI/I‘{eCKOI‘O 3Ha4Y€eHHA poCTa OpI‘aHI/I3MOB?

CuHTE3. HpI/IBe,qI/ITe npuMepbl UBMEHYHNBOCTH.

OHTOreHeTU4YeCKass U3MEHYHUBOCTb MOAI/I(I)I/IKaL[I/IOHHaH HU3MEHYHUBOCTb

OueHka. [IpoaHanusupyiTe rpaduxk.

/ He6OJIbIINe U3MeHEeHUSs
o]
=~
jan]
g « —— Cpe/lHHe U3MEeHeHUs
o
E
5
E GoJIbIINe U3MEeHEeHHUs
]
F
o
= !
(&) 1
(9] 1
= H
1
1 ]
i
1 ]
1
n
1
e '

BapuaHThI
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IJIABA IV. HACJIEACTBEHHOCTb U UBSMEHYUBOCTbD
4.8. [I[pakmuueckoe 3aHamue. HayueHue Modu@dukayuoHHOU u3MeH4YU80CMU

4.8. IPAKTUYECKOE 3AHATHE.
U3YYEHUE MOAUPHUKAIITMOHHON USMEHYUBOCTHU

Llesb: U3y4yUTh XapakTep MOJAUPHUKALLUOHHOW U3MEHYUBOCTU U OUO-
MeTpUYEeCKHEe MeTO/ bl €€ U3yUeHUS.

OGopyAaoBaHMe: [uarpaMMbl, U306pakaroliue BapuallMOHHBbINA psj, U
BapUAIMOHHYI0 KPUBYI, MUJUJIMMeTpoOBasi 6ymara, suHelka, 100 cemsaH
dacosm.

3anomHuuTe! buomempuueckuii Memod VCNOJb3yeTCcs A/ U3yuYeHUs
B)KHOCTU MOJAUQPUKALLMOHHOW U3MEHYMUBOCTH. /IJ1 3TOM 1jeJId CTPOUTCA rpaduK U HaxXo-
JUTCA cpefiHee apudMeTHUeCKOoe 3HaUYeHre C UCI0JIb30BaHUEM MOHATHUH «BapUallMOHHbIN
psAA», «BapuallMOHHAsA KpUBasa», KKOJUYECTBO BCTPEYAMOCTHY», «CpefHeapuPMeTHUUeCKOTO
IIOKa3aTeJb».

IlopsaA0K BbINOJIHEHHUS PAGOTHI:

1. U3mepbTe AMHY ceMeHU pacou B MUJJIMMETpPaAX.

2. llocTpoiiTe BapyuallMOHHBIN PAAJ AJUHBI CEMEHU OT HAMMEHbILEr0 YHCJIa K 60/IbLIEMY.

3. [loacynTanTe KOJUYECTBO CEMSIH OJMHAKOBOM JJINHBL.

4. TloMmecTuTe JJAaHHBIE B TAOIHILY.

Jnuna cemsH, mm (V)

KosmmdecTBO BapuaHTOB,
T (P)

5. HapucyiiTe rpaduk, UCIoIb3ys AaHHbIE U3 TAOJIUIIbI.
P

A

KOJIN4€CTBO BApHUAHTOB

AJIMHA CEMAH, IMm

6. Halinute cpenHee apudMeTHUIECKOe 3HAYEHUE 0 Ciaeayolned popmyie:

M=Y (V-R)/N.

3necb M - cpeZlHUM MOKa3aTesb, ). — CyMMa; V - MoKasaTeJiu BapuaHTa; P - vacrora
noBTopeHusi; N - o611ee KOJIM4eCTBO BAPUAHTOB.

CuTyanlMOHHbIE BONPOCHI.

1. [Ipu HaGiOAeHUU MeTaMopdo3a y MyX JIpo30dUJI 00HAPYKEHBI CAeAyIOIIe U3MeHe-
HUS:

a) eciM K KOpMy JIMYMHOK J06aBUTh HUTpaT cepebpa (AgNO,), okpacka MyX cTaHeT
YKEJITOW, HECMOTPS Ha TO, YTO OHU TOMO3UTOTHBI (AA) 110 JOMUHAHTHOMY CEpOMY IIPU3HAKY;
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IJIABA 1V. HACJIEACTBEHHOCTb U UBMEHYUBOCTb
4.8. [I[pakmuyeckoe 3aHamue. H3yueHue modughukayuoHHOIl usmeHyu8ocmu

6) MyX{ C TOMO3UT'OTHBIM pelleCCHBHBIM FeHOM KOPOTKOTI0 Kphblia (bb) nuMeroT kopoTkue
KpbLIbs IPU COZlEP:KAaHUU NPU TeMIlepaType +15 °C, a npu cojiep:kaHUM [IPU TeMIlepaType
+31 °C KpblJIb UMEIOT HOPMaJIbHYIO JIJIMHY.

OO6'bsiICHUTE NPUPOAY TAKUX M3MEHEHUH. MOXeT JiIh B 3TOM CJyyae peleCCUBHBbIN r'eH
CTaTb JOMHUHAHTHBIM?

2. 50 MasibllIel B poUIbHOM JOMe UMEIOT CJIeAyI0l1e T0Ka3aTe u pocTa:

PocT, cm 44 46 49 50 52 55 57
KosinuecTBO BapuaHTOB 5 3 7 15 10 6 4

HapucyiiTe BapualluOHHYI0 KPUBYIO HAa OCHOBE NIOKa3aHUU U OIpe/lesIUTe Cpe/iHee 3Ha-
YyeHHUe.

3. 50 meTei B rpyIre JeTCKOr0 CaJla UMEIOT CJIeIyIoliiie BECOBbIE MTOKa3aTe H:

Bec (kg) 8,5 9,0 9,5 10,0 12,0 14,5 15,0
KosauyectBo 4 v 10 12 10 6 1
BapUAHTOB

Hapucy#iTe BapualiMoHHYI0 KPUBYIO U OTIpe/ie/IuTe Cpe/iHee 3HaUYEeHUe.

4. Ha rpaduke mpuBejieHa 4aCTOTa BCTPEYAeMOCTH POCTA Masb4uuMKOB. [lo rpaduky
cOoCTaBbTe TAOJUIY U HAUJWTe cpeJiHee apudMeTHIecKoe 3HAaYEeHHE.

14

12

10

KosimuyecTBO Ma/JIbuMKOB
co

0_']. T T T T T T T T T
145 150 155 180 165 170 175 180 185 190

PocT, cm

06cyauTe M cAenalTe BBIBOJBI.
1. Kakue cvMMBOJIbI B BapUalMOHHOM Ps/ly MOBTOPSAIOTCA Yallle BCero?
2. KakoBo 3HaueHMe y4éTa JIIoiel CpeJJHEr0 BO3pacTa B IPOU3BOJACTBE?

129




IJTABA IV. HACJIEACTBEHHOCTb U UBMEHYHUBOCTb
4.9. Budsl 2ceHOmunu4eckoil usmeH4usocmu

4.9. BUJIbl TEHOTUIIMYECKOA U3SMEHYHMBOCTH

IIpoBepka 6a30BbIX 3HaHMU. Kak npoucxogaTt myrtauuu? Iloses-
HbI JIU MyTalluu?

['eHOoTHNIMYeCcKasd U3MEHYUBOCTb ABJIAETCS HAC/JeJCTBEHHOW W3-

MEHYHUBOCTBIO U NOApa3/iesseTcss HA KOMOMHAaTUBHbIE U MyTAallUOH- W3meHuuBoCTH
Hble BU/bL. KOMGUHATHBHAA M3MEHYMBOCTb BOSHUKAET U3-3a pas/ny- | MyTanus

HbIX KOMOMHALMWA TeHOB OopraHu3ama. MyTalMoHHas U3MEHYUBOCTH Tpansunus
0BYC/IOB/IeHa BHEWIHWMH MyTareHHbIMM akTopamu. MyTarenuple | |PaHCBepCHs
baKTOpbI: pU3MUECKHe — pafUOAKTUBHbIE JIydH, TEMIepaTypa; Xumu- | Ae1eLHs
YecKHe - HeOpraHu4yeckue 1 op- Ayninkauus
WHuBepcusa

raHn4yeckue BellecTBa; OMOJIO-
MyTalMOHHAs U3MEHYMBOCTh Tpancokanus
rU4ecKue — BUPYChl, TOKCHUHBI.

. | MoHocoMus
B pe3sysibTaTe MyTalMOHHOU Tpucomus
reHHas MyTalus FeHOMHAs MYTal¥A | oM e HYUBOCTH 06pasyroTcs B oM
MyTaHTHbIe OpraHu3Mbl. MyTa- R
XpOMOCOMHAasA MyTaluA IIMOHHAd W3MEHYUBOCTb MOJ- TpaHcroKaus

pa3fesideTcd Ha I'€HHbIe, XpOo- TpI/ICOMI/IH

MOCOMHbI€ U TEHOMHbI€ MyTallhH. _

I'eHHBbIE MyTallUU CBA3aHbI C UI3BMEHEHHWEM I10- FeéHHad MyTalud
CJ1e0BaTeJIbHOCTHU HYKJIEOTHUAOB. 3ameHa NypHUHO-
BOI'O OCHOBaHHA Ha Apyroe nypruHOBoOeE, NJIK OJHOT'O

MUPHUMHAMHOBOTO Ha JPyroe MUPUMHU/UHOBOE, Ha- TPaH3UIHs TpaHCBepCUsi
3bIBAeTCs MpaH3uyueli. 3aMeHa MyPUHOBOTO OCHO- | |
BaHUS HA MUPUMUAMHOBOE U HA0OOPOT HAa3bIBAETCS A-T A-T
mpaHceepcueli. T-1 r-11

[Ipu ceprnoBUAHONW aHEMHUU B pe3yJibTaTe 3aMe-
Hbl TUMUHOBOI'0 HYKJIEOTH/A HA aJleHUHOBBIA npoucxoauT TpaHcBepcusa JIHK, oTert-
CTBEHHOM 3a CUHTe3 reMorji061Ha. B pesyibTaTe nosy4aeTcs BaJlMH BMeCTO TJIIOTaMUHA
B aMUHOKHUCJIOTHOM MOC/e/J0BaTeJIbHOCTH. B pe3ysibTaTe 3pUTPOLUT NpUobpeTaeT cep-

NOBUAHYIO GOPMY U HE MOKeT IOJTHOLEHHO Bbl-
CAA COTA AAC ATA CGA CTI CT1 MOJIHSATH CBOIO q)yHK]-U’"O (puc. 4_30)
GUU Cal UUG Uall CCU Gas Gaa
ANbOGUHM3M y 4YeJslOBeKa XapaKTepU3yeTcs
OTCYTCTBHEM NMUIMEHTA MeJIaHWHA B KOXe, BO-
Jlocax ¥ Ap. ['1a3a 6siegHO-rONyOble UM Kpac-
HOBaThle U3-3a NPOCBEYMBAIOLUX KAlIUJIJISPOB.
AnbOMHU3M ABJISETCA TeHeTU4YeCKUM 3aboJie-
BaHUEM, I[IOCKOJIbKY HU3MeHseTCs MOocC/e/l0Ba-
TeJIbHOCTb HYKJIEOTUZOB B reHe. B pesyubTa-
Te ¢JepMeHT
TUpPO3UHaA3a,
CNOCOOCTBYIOIIMN 06pa30BaHUI0 NUTMEHTa MeJaHU-
Ha U3 aMUHOKUCJIOTbl TUPO3UHA, CHHTE3UPYeTCH C Je-
dexToM. BosbHble a/bOUHU3MOM YyBCTBUTEJbHbI K
COJIHEYHOMY cBeTy. YacTo OHM paboTalT HOYbIO (puc.
4.31). MyTauuu, Bbi3blBaloll[ie U3MeHEHUS B CTPYKTY-
pe XpoMOCOM, Ha3bIBAOTCA XPOMOCOMHBLIMH MyTall1-
AMM.

XpOMOCOMHBIE MyTallU IIPOUCXOAAT C U3MEHEeHU -

MU y4aCTKOB XpOMOCOMbI (puc. 4.32).

Can TA aAl ATA GGA OAT CTT

GUU CALL UG DALl COU GLA GAA

Puc. 4.30. llpoucxoxieHue ceprnoBUIHON
aHeMuHu

Puc .4.31. AnbOMHU3M
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IJIABA IV. HACJIEACTBEHHOCTb U UBMEHYHUBOCTH
4.9. Budvl 2ceHomunu4eckoil usmeH4usocmu

CylecTBYeT YeThblpe BU/la TAKUX My Tal[{iA: XPOMOCOMHbIE MyTALIMH
1) Aenenms - NoTeps y4acTKa XpPOMOCOMBI;
2) AynJIMKauys - yABOeHHe OJHOr0 U TOTO Ke

y4acTKa XpOMOCOMBI, Jenenus WHBEPCHS
3) uHBepCcHUs — TOBOPOT Y4acTKa XPOMOCOMbI Ha
180°;

AYTIJIMKa WA TpaHCJIOKal 4

4) TpaHCcJOKanus - oOMeH y4yacTKaMHu MeXAy
HErOMOJIOTUYHBIMH XPOMOCOMaMH.

{a]ﬂEICDE’FGH ABCE FGH “AECDE FGH ADCEBE FGH
L DR — £ J——— N [
t1 t f
ABCDE FGH ABCBCDE FGH ABCDE FGH MNOCDE FGH
o SO D) e D - D
1. & II. —
MNOPQG R ABPQG R
'\‘:_'} e

Puc. 4.31. XpoMoCOMHbBIE MyTaLUU: a) AeJienust; 6)AyIINKaLWs; B) MHBEPCHUS; I') TPAHC/I0KaLUsA

l'eHOMHBIE MyTaL MM CBsI3aHbI C U3MEHEHUEM YHCJIa XPOMOCOM:

1) MOHOCOMMS - OTCYTCTBHE B XPOMOCOMHOM Habope AUIJIOUJHOT0 OpraHU3Ma OJHOU
XpPOMOCOMBI (2n-1);

2) TpUCOMMA - HaJIMYUe I0NOJTHUTETbHON XpOMOCOMBI B KapuoTuIe (2n+1);

3) mosiMcoMus - yBeJIMUEHME YUC/IA XPOMOCOM OoJiee UeM Ha AiBe (2n+3; 2n+4);

4) NOJMUIVIOUAUSA - KpaTHOe YyBeJUYEeHUe Yuc/Ia
xpomocoM (“n; 3n; *n).

T€HOMHAasA MyTalA

Yepes MoHOCOMUWO MOXKHO ONpeJeIUTh (QYHKIUIO

XpOMOCOM B )KHBOM OpraHH3MeE. MOHOCOMMUS HOJILCOMMUS
MOHOCOMHBIE JUHUU ObLIU CO3aHbl l'IYTéM YMEHb-
MEeHUA 9ucCja XpOMOCOM Yy XJIOMYAaTHHUKA W MNIIEeHUIbl 00 HOJIMILJIOU NS

OHOU. XJIOTIOK UMeeT 26 XpOMOCOM, U, CBE/IS1 UX K OJHOU,
MO>KHO OIpeJieIMTh aKTUBHOCTB T'€Ha, pacloJI0KeHHOT0 Ha 3TOU XpOMOCOMe,

Tpucomus - yBesueHUe YUCIa XPOMOCOM Ha ofHY. YKc/10 XpoMocoM y Tabaka 2n=24,
n=12. Y4yéHnle co3nann 12 pa3auyHbIXx KOMOMHALMK Tabaka ¢ 25 xpoMmocomaMu. Bce oHu
OTJIMYAJIUCh APYT OT APYra, U YpOBEHb UX KU3HECIIOCOOHOCTHU pe3K0O CHU3MUJICA. Y YesloBeKa
cuH/ipoM /layHa BbI3bIBaeTcs TpucoMuel 21-i1 xpoMocoMnl. B npornecce meitosa 21-a napa
XpPOMOCOM paclpoCTpaHsAeTCsa K OAHOMY I0JIIOCY, He pa3zesssack. B pe3ysnbraTe Aillek/1eTKa
C 24 XpoMOCOMaMH OIJIOZ0TBOPSETCS HOPMa/IbHBIM CIEPMATO30Ui0M (N=23) U IPUBOJUT
K Pa3BUTHIO 3UTOTHI € 47 xpoMocoMaMH. O6GbIYHO YeJIOBEK C CMHAPOMOM /layHa >KUBET He-
Jl0JITO, U Y HEro He ObIBAeT JieTeu.

MoHOCOMHMU U TPHUCOMHUHM BO3HUKAKOT B pe3y/bTaTe Hepas- 3
HOMEpPHOT0 pacnpejiesjieHus XpOMOCOM K IOJI0CaM IpU JleJIeHUU
KJIETKHU.

[loaunsoudusi LIMPOKO pacnpocTpaHeHa B paCTUTEbHOM MUDPe
(puc. 4.33) 3BeCTHO, UYTO COMaTUUECKHE KJIETKH U 3UTOThI UMEIOT
JUIJIOUAHBIA Ha6op (2n), mosioBble KJIETKH UMEIOT ranjouHbIN
Ha6op (n). [Ipy MONUMJIOUAUU KOJUYECTBO TAMJIOUAHBIX HA60POB
yBeJIMUUBAETC MHOTOKpPAaTHO: 3N — TPUIJIOUJHBIK, 4n - TeTpa-
IJIOUAHBIH, 5N — MEeHTAIJIOUAHbIH, 6N — FeKCAIlJIOUAHbIHA U T. [.

Puc. 4.32. {IBneHue
MOJIMILJIOU AU U
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IJTABA IV. HACJIEACTBEHHOCTb U UBMEHYHUBOCTb
4.9. Budsl 2ceHOmunu4eckoil usmeH4usocmu

Puc. 4.33. a) aiunyiouiHble U 6) MOJUILJIOUHbIE COPTA XPU3AHTEMbI

Hanpumep, aunioniHeIi HA60p XpU3aHTeMbl UMeeT 2n=18 xpoMocoM. ['ekcanioniHbIA
BUJ, UMeeT 6n=54 XxpoMocoMbl. B pe3ysibTaTe yABOEHUS YMCIa XPOMOCOM ObIJIU MOJTYYEHbI
pacTeHHs € 60JIbIION YPOKAaHHOCTBIO U 60JIBLIMM JUaMeTpoM IBeTKa (puc. 4.34).

B 1901-1903 rogax rosuianAckuil yuénnlii ['ioro ge @pus chopMmynrpoBas TEOPUIO My-
TalU.

MyTanus o61afaeT CaeAyIMMU CBOUCTBAMU:

1) MyTanuy BO3HUKAIOT BHE3AIHO;

2) MyTalMH IBJSIOTCS Ka4eCTBEHHbIMU U3MEHEHUMU, HAC/IeAYIOTCS;

3) MyTal My MOTYT ObITh N10JIESHBIMHU UJIU BPeJHBIMU;

4) BeposAITHOCTb OOHApy:KeHHs MyTal Ui 3aBUCUT OT KOJIMUECTBA UCC/Ie/lyeMbIX 0CO0el;

5) oAHY U Te Ke MyTalluy MOTYT BO3HUKATb IOBTOPHO;

6) J1I060¥ Y4aCTOK XPOMOCOMBI MOXKET NO/IBEPTHYThCS My TaLlUH.

WTak, MyTalLUuu NPOUCXOAAT MO/, BJUSHUEM MyTareHHbIX ¢akTopoB. [eHHble MyTalUU
IPOUCXOJAT B pe3y/ibTaTe U3MEHEeHHUs M0C/Ie[0BaTebHOCTU HYKJIEOTU/0B. XpPOMOCOMHbBIE
MyTalU¥ U3MEHSIOT Y4aCTKU XpOMOCOM. [eHOMHbIe MyTallUu CBsI3aHbl C U3MEHEHUEM YHC-
Jla XpOMOCOM. XpPOMOCOMHY0 TeOpHUI0 pa3paboTa ['toro ge @pus.

IIpiMeHeHr e HOBbIX 3HAHMH.

3HaHMe U NOHUMaHUe.

1. Kakue cyliecTBYIOT BUZbl MyTaLLuii?

2. K kakuM MyTanusaM OTHOCSTCS TPAHCBEPCHS U TPAHCAOKAIUA?

3. JlaiiTe onpejeseHre NOJUIJIOUAUU U TOJTUCOMUM.

4. YKakuTe pas3/inuus MexAy JeselusaMu, AYIJIMKAIUSIMHU, UHBEPCUSMU U TPAHCJI0Ka-
ASMHU.

5. 06'bsiIcCHUTE MPUYHUHBI CEPIIOBUITHON aHEMUH.

IlpumeneHnue. Kako# npoijecc M306pakeH HA pUCyHKe?
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IJIABA IV. HACJIEACTBEHHOCTBb U UBMEHYUBOCTb
4.10. IIpakmuyeckoe 3anamue. CpagHuUmMe/IbHoe
uzyveHue Moou@duKayuoHHOU u MymayuoHHOU U3MeH4Yugocmu

Ananu3s. CeMeliHasl napa, y KOTOPOH y»e eCTb pebGEHOK-aJIbOUHOC, XOUeT ellé 0JHOr0
pe6éHKa U 06paTHUIach K Bpauy 3a KOHCy/lbTanuel. Hy)HO Jin B 3TOM c/iyyae MPOBOJHUTH
aHaJIu3 KapyuoTuIia rameTt?

Cunres. [IpoBepbTe, ABAsAETCSA JaHHasd HHOPMaLUsl BEPHOU UJIM JIOKHOU. Beinuuinte

BEPHYI0 HHPOPMALIUIO.

1) Jleneuuu v AynjavMKandu MOXXHO 0OHapY»KUTb NIPU UCCIe[0BaHUM KapUOTHIIA.
2) llonunionys MUPOKO pacnpocTpaHeHa B 3)KUBOTHOM MUpe.

3) MoHocoMusi HabJII0AaeTcsl B pe3y/ibTaTe YBeJUYeHUsI YU Cla XPOMOCOM Ha O/[HY.
4) MyTauuy NpoUCXOAsAT Ha TeHHOM, XpOMOCOMHOM U TEHOMHOM YpPOBHE.

5) Cungipom /layHa 06ycyioBjIeH TpUcoMUuer 21 XpoMOCOMBI.

6) ANTbOUHU3M - pe3yJIbTaT TeHOMHOU My TalLUU.

OneHka.

1. CeprioBuiHasi aHEeMHUsI HaAcJeJyeTcsl peleccuBHO. [loueMy 3TO 3a60JieBaHUE pexe
BCTpeYaeTcs y JUIJIOWAHBIX OpraHu3mMoB? B kakux ciydasix yBeJUYHMBAETCsI BEPOSITHOCTD

60J1e3HU?

2. TloyeMy MNOJIMIJIOUAMSI CPeAU PACTEHHWU BeNET K >KU3HECMOCOOGHOCTH, HO Cpeau
»KUBOTHBIX PE3KO CHMKAeT 3TO KauecTBO?

4.10. MPAKTHYECKOE 3AHATHE. CPABHUTE/IbHOE U3YYEHUE
MOAU®UKAIIMOHHOM U MYTAIIMOHHOM U3MEHYUBOCTH

Llesib: U3y4YUTHb BU/Ibl U3MEHUYUBOCTH, UX CXO/ICTBA U PA3JIUIHSI.
3aganue 1. CpaBHUTE BU/Ibl U3MEHUYUBOCTH.

deHoTunu-

YyeCKHue

3aganue 2. [I[poaHanusupyite TabauLy.

reéHOTHUIIn-
4YeCKue

HeHacyiegcTBeHHast HacsieacTBeHHas U3MEH-
Oco6eHHOCTh
HU3MEHYHUBOCTh YHUBOCTb
06 BbEeKT U3MEHEHUHA denoTun [eHOTHD

Biauswomue GpakTopbl

®aKTOpbl BHEILIHEN Cpe/ibl

Kom6uHalnus reHoB, MyTa-
U

Bo3aelicTBue Ha
OpraHusm

[ToBBIIIae€T BEDKMBAEMOCTDb
OpPraHM3MOB B U3MEHSIO-
uieics cpejie

[Tos1e3HbIE N3MEHEHUST
MOBBIIIAIOT >KU3HECIIOCO6-
HOCTb, BpeAHbI€ U3MEHE-
HHUA BEAYT K TUGeIn

BaxHOCTH B 3BOJIIOIIMA

OGecreynBaeT MPUCIOCO-
6JieHUEe K BHELIHEH cpejie

HpI/IBOAI/IT K IOABJIEHHU IO
HOBbBIX BU/IOB

<I>0pma M3MEHYHUBOCTHU

['pynnoBas

WuauBrAyanbHasa
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IJIABA 1V. HACJIEACTBEHHOCTb U UBSMEHYUBOCTb
4.10. Ilpakmuueckoe 3aHsimue. CpagHumMe 1bHoe
u3ydeHue MoouhuKayuoHHOI u MymayuoHHOIl usmeH4yugocmu

3aganue 3. OnpejenuTe, Kakasi MyTalys IPOU301LJa 10 KAPUOTUIIHOU CTPYKTYpe.
HazoBuTe 60J/1€3Hb U €€ CHMITOMBI.

Xé)( KK XK XK KX
XX XX XX XX XX
KKK X XY XX
TR
XXX

OGcyauTe U caeslaiiTe BbIBO/bI.

1. K kakoMy BUAly U3SMEHYHUBOCTH OTHOCUTCS IOTEMHEHHE KOXH Y YeJI0BeKa 110/] BO3/iel-
CTBHEM COJIHLIA?

2.YeM 06bsICHAETCS pa3HUIA MEX/Y 5-JIeTHUM pe6EHKOM U 15-71IeTHUM NOAPOCTKOM?

3. Kak Ha3bIBalOTCA MyTalUH, CBSI3aHHbIEe C U3BMEHEHHWEM YHCJ1a XpOMOCoM?

4. [ToueMy HeJib3s OGHAPYKUTh FeHHbIE MyTallMU NIPU IPOBEpPKe KapuoTumna?

3AJJAHHUA K IVIABE 1V

1. C KaKoH Ipynnoi KpoBH POASATCS JAETH B CEMbe, €CJIM MaTh FeTEPO3UTrOTHAS CO
Il rpynmno# kpoBy, a oTel, roMo3uroTHbIH ¢ Il rpynnoi kposu?

IIpusHaku I'en FeHoTHII
['pynna kposu I1 A [A14 1A 10
['pynna kposu 11 I IBI5; B I°
[eHOTHMN KEHIIIUHBI ?
[eHOTUI My>KYUHBI ?
[eHOTHUIIBI AEeTEN ?

2. MyxuwuHa co Il rpynnoit kpoBy, y oTiia kotoporo IV rpynmna KpoBy, a y MaTepH - |, xke-
HUJICA Ha reTepo3uroTHoi AeByuike c Il rpynnoit kposu. OnpezienvTe GeHOTUI U TEHOTHUIT
JLeBYLIKH, My>KYMHBI U UX JeTeH.
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IJIABA 1V. HACJIEACTBEHHOCTb U UBMEHYUBOCTb

3. HanuumuvTe 3Ha4eHWe TUIIOB ONpe/leJIEHH M0JIa.

Tunel onipeesieHUA MoJja 3HayeHue IIpumepsbI

[IporamHoe

CuHraMHoe

JIUraMHoe

4. OnpeaeJmTe roMoraMeTHbIN U FeTepOFaMeTHbIﬁ IoJ1y JaHHbIX OPraHu3MOB U
3allMIINUTE UX B Ta6m/1uy.

Opra}msmm ToMoraMeTHbIH MOJI I‘eTeporameTHblﬁ moJi

Komrka

Tony6b

Jlpo3oduia

Ky3sHeuuk

Kunon

[Mumnanse

5.1lo PUCYHKY oIlpeaeJINTe KOJIMYeCTBO ayTOCOM U II0JIOBBIX XpPOMOCOM B KapUOTHUIIE
OpPraHM3MOB.

IlonroBBIE

OpraHusmMsbl Bcero xpomocom AyTOCOMBI
XPOMOCOMbBI

Camerr

YesoBek
CaMka

Camer,

[ITuMmnaH3e
Camka

Camer,

Kuton
Camka

Camer,

Jpo3odunia
Camka

6. OnpejieinTe OTBETHI, COOTBETCTBYIOLME GEHOTUIINYECKOH (2) U TeHOTUTINYeCKOH (6)
HM3MEHYUBOCTH.

1) cMHTe3 MeJIaHWHA B KOXKe MO/l BO3/IeICTBHEM COJIHEYHbIX JIy4Yel;

2) co3laHue MOJHUIIJIOUHBIX COPTOB XPHU3aHTEMBbI;

3) pocT 1 pa3BUTHE CEMSH;

4) poxxaeHue pe6éHKa C CHHApOMOM /JlayHa;

5) u3MeHeHHe OKpPaCKH MIEPCTH Y TUMAIAaWCKOT0 KPOJIUKA;

6) KpyIHble JIUCTbSl U JAJIMHHbIE IIBETOHOXKU y OAYBAHYMKA B YCJOBHUSAX BBICOKOU
BJIQYKHOCTH;

7) OTCyTCTBHE MUTMEHTa MeJIaHWHA B BOJIOCAX, KOXKe U IJ1a3ax;

8) kpaTHOe yBeJMYeHre KOJIUYeCTBA ranJou/[HbIX HA6OPOB XPOMOCOM.
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5.4. [IpakTnyeckoe 3aHaTHe. OnpeeseHre cCaiToB
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IJIABA V.TEHETUYECKAA UHXEHEPUA U BUOTEXHOJIOTUA
5.1. Tenemuyeckaas uHyiceHepus

5.1. TEHETUYECKAA UHXXEHEPUA

IIpoBepKa 6a30BbIX 3HAHUM. UTO Bbl 3HAeTE O 3HAYEHUU I'€H-
HOM MHXXeHepUH (TeHeTHYeCKOM UHXXeHepHUH ) U GUOTEXHOJI0TUN?

Biarosapsa usy4eHuio MeXaHM3MOB IpoLecca peKOMOMHATUB- | [eHHas MHKEHEPHUS
HOM M3MEHYMBOCTH y GaKTepUH M U3MEHEHMs Hac/e/ICTBEeHHOH | PekoM6UHALUA
MHGOPMALMHU KJIETOK BUPYyCaMU GbUIO CO3J,aHO HOBOE HampasJie- | BeKTopbl
HUe B 06slacT 6MOJIOrHMY — FreHHasl HHXKeHepus (reHeTndeckast | GepMeHTHI
WH)XeHepHUsi), KOTopasi Ha CEroJHsIIIHUNA JleHb UMeeT OTPOMHOe PeTpoBHPYCHI
MPaKTH4eCKOe 3Ha4YeHHe B MOJIEKY/IApDHOH Guosioruu. TeHeTH-§ jynonykieassl
YyecKasg UHXKEHEePHUs - COBOKYIHOCTb MPUEMOB, METOJIOB U TeX-
HoJIoTUH TnosiydeHUs pekoMOuHaHTHBIX PHK u JIHK, BeIgeienus
reHOB M3 opraHusMa (KJeTOK), OCYILeCTBJeHUs] MaHUNY AU ¢ reHaMyd. OCHOBHasl CyTh
3THUX MAaHUNYJSLUN - NIpeJlHAMEPEHHOE BBeJIeHHe HOBOT'O reHa B TEHOM OIpe/ieIEHHOTO
opraHusma. Eciiv B reHOM 6aKTepyil BHEJJPUTDb I'eH, KOJUPYIOLUI onpe/ieIEHHBIN GeJoK,
TO BIOCJIEJICTBUU OAaKTEepUHU OYIyT CUHTE3UPOBATh 3TOT 6esiokK. [1o/j06HbIEe poI1iecchl pe-
KOMOWHAIIMU HAOGJIIOAI0TCS U B €CTeCTBEHHBIX YCJOBUSAX. BUpPyChl, 6aKTEepUH CIOCOOHBI
[IepeHOCUTb CBOIO HAC/I€ICTBEHHYI0 HHPOPMALIUIO B Uy KHMe OPTaHU3MBI.

B uém cymb npoyeccos pekombuHayuu,
Ha6/1100aemMblX y NpoKapuomos, — mpaHc-
¢opmayuu, mpaHcdykyuu, KoHwrO2ayuu?
Moo#cHO AU ux cuumams 8UAOM ecmecmaeeH-
Holl eeHemuyeckol uHiceHepuu? Ob6cydume
amom 8onpoc 8 zpynne.

Llenbto 2eHHOU UHICEHepuu s18/15emcs
U3MeHeHUe 8HympeHHe20 CMpPOEHUsl 2eHO8
8 onpede/sIéHHbIX Yeasx, ynpasieHue ux de-
siMe/sIbHOCMbH0.

[lesb TeHHOW UHXKE€HEPHUU — U3MEHUTh

CTPYKTYPY F€HOB B COOTBETCTBUHU C ONIpe/le/IEHHOM LieJIbI0, yIIPABJIATh UX aKTUBHOCTBIO. B
pe3y/ibTaTe MOKHO B IPOMBIIIJIEHHBIX MacIITabax alalTUPOBATh XapaKTePUCTUKH J10060-
ro )KUBOT'0 OpraHM3Ma K L|eJI1, U3MEHSTh BU/Ibl PACTEHUH U )KUBOTHBIX B COOTBETCTBUHU C
NOTPEOHOCTSAMHU YeJI0BEKA, TOUHO U OBICTPO IMarHOCTUPOBATh r'eHeTHYEeCKUEe U UHPEKLIU-
OHHbIe 3a60J1eBaHUs U UX IPUYUHBL.

O6'beKkTaMu HCCJIeOBaHUN T€HHOW MHXXeHEepPUH SIBJSAIOTCS BUPYChl, GAKTEPUH, KJIET-
KU IpUOOB, pacTEHUN U KUBOTHbIX. COBpeMeHHble MeTO/lbl TEHETUYECKON HHXKEeHepUU
M03BOJISIIOT pa3MHOXKaThb Jit060M oTpe3ok JIHK niav 3amMeHATh 10601 HYKJIEOTH/| B LiENU
JHK npyrum, nepeHocuTh omnpefenéHHble yyacTkd [JHK B reHoM apyrux opraHusMoB.
PasymeeTcs, 3TU ycniexu JJOCTUTHYTHI B pe3yJibTaTe M0CJe[0BaTeJbHOI0 U3y4eHUs 3aK0-
HOMEPHOCTEeH HacJieICTBEHHOCTHU. Pa3BUTHE TEXHOJIOTUM TAaKOTO BBICOKOI'O YPOBHSA SBJISA-
€TCsl CaMbIM [epPCIEKTUBHBIM HalpaBJieHUeM 6H0JI0TMU. TeXHOJOTUM BbICOKHUX YPOBHEH —
3TO NMepCreKTUBA COBPEMEHHOU HayKH OHMOJIOTUH.

BekTopbl. BekTop (B MoJieKy/sipHOW O6HOJIOTMH U reHeTUKe) - MmoJsekyaa JJHK, uc-
noJib3yeMas Jijisi BHeIpEHUSI FTeHETUUYECKOr0 MaTeprasia BHYTPb KJIETKHU.

Ha ceropHslIHUM JleHb NOJly4YeHHe KONUH JIFObIX 'eHOB — HeTpy/iHas 3aj/jladya. MeTtoz,
NI0JTy4YeHUsI MHOXKeCTBa OJIMHAKOBBIX KOMUM ONpe/ie/IEHHOT0 reHa Ha3blBaeTCsl KJIOHUPO-
BaHHEM IreHOB. /[Jis1 3TOro Hy»KHbl KJIOHUPYIOLI[e BEKTOPBI, T. €. IEPEHOCYUKU KJIIOHUPYe-
MOr0 reHa. JTUMHU BEKTOPAaMU BbICTyNAKOT MJIa3MHUAbI U 6aKTepuodarm.
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IVJIABA V. TEHETUYECKAA UHXXEHEPUSA U BUOTEXHOJIOTUA
5.1. lTenemuyeckaas uHceHepus

[lnasMuibl - BHEXPOMOCOMHbBIE TE€HETH- HYKJIEOU]] 1asMu/ia
YyeCcKHe CTPYKTypbl OaKTepuid, MpeJCcTaB-

273 i
Jdwoue coboil 3aMKHyTble KoJiblia JIHK = @’f
(puc. 5.1). OHU He PeNMJIUIUPYIOTCS CAMOCTO-
saTtesbHo. baktepuodaru (dbaru) - BUPYCHI, @ ©
CIOCOOHbIEe K BHEJPEHUIO CBOEro HacJjes-

CTBEHHOr0 MaTepuasa BHYTpPb KJeTKU 6Gak-
TEpPHUH.

KiyloHHMpyeMbl#l TeH NOCpeACTBOM CHeL-
duveckux pepmeHToB npucoeaunsiercs k JJHK Bbi6paHHO#M nyia3aMuabl uau ¢ara. Ita
«KOHCTPYKLUSI», cocTosas u3 pparMmeHToB MoJiekysbl JJHK pasHbix opraHu3MoB, Ha-
3biBaeTcsd pekom6buHanTHoU JHK. 3ta JHK BHeapsieTcsa B kaeTKy 6akTepuu. [locie
npucoeauHeHus yyxoro reda kK /IHK 6aktepun eé kosimyecTBo 6yJeT yBeJIUINBATbHCSA
3a CUéT JlesieHUs KJeTKU 6akTepuu. HanpuMep, nyTéM BBeJleHUSl B TeHOM GaKTepuU
reHa MHCYJIMHA MOXXHO NOJIyYUTb OUOJOTHYECKU aKTUBHBIM FOPMOH UHCYJHUH B YH-
CTOM BH/E.

[lnasmuppl - KoabLEBUAHBIE, IByXHUTEBBIE MoJieKyJibl [JHK, cocTosne 3 Hecko1b-
KUX F'eHOB 1 NOBBILIAIOLIMe TPUCIOCO6JeHHOCTb KJIeTKU OaKTepPUHU K OKpY»Kalollei cpe-
Jie. HanpuMep, oHU NpUJal0T CBOMCTBO HEBOCIPUMMUYUBOCTU K aHTUOMOTUKaM. HekoTo-
pble MIa3MUJbl CIOCOOHBI «pa3pe3aTb» ocHOBHYI [JHK 6akTepuu u npucoeIuHATbCSA
K HeH, T. e. peKOMOUHUPOBAThCA. ['eHbI 3TUX MIa3MUJ, OyAYyT NPOJOKAThb BbINOJIHATH
cBoto GpyHKLUIO. [Ipy lesleHnu KAeTKU 3TH IJ1Ia3MU/bl paclipesiesisloTCs IOPOBHY MeX-
Jly NOYEepHUMHU KjeTKaMu. HekoTopble maa3Mu/ibl CIOCOOHBI PENJIMIMPOBATHLCSA aBTO-
HOMHO OT ocHOBHOM /IHK 6akTepuu. PacnpesesieHre 3TUX MJIa3MU/ MeXAY KJIeTKaMHU
ocyulecTBJsIeTCsS 61arofaps NpoueccaM KOH'bIOralluy U TpaHcpopManu. B reHHoM uH-
»KeHepUH IJIa3MHU/ bl UCII0JIb3YIOTCA KaK BEKTOPBI.

[IpeumyiecTBO paroB nepen naa3My/iaMU B TOM, YTO BEKTOPHbIMHU paramMu MOXKHO
KJIOHUPOBATh 60JIbllle TeHOB. 3a4acCTyI0 JJIs1 3TUX lieJield UCNoJb3yIoT A (1AaM61a) dar.
Onpenenénnas yactb [JHK dara 3ameHsieTcss TeM reHoM, KOTOPbIM HY>KHO KJIOHHUPO-
BaTh. [locsie aToro ¢par npoHUKaeT B KJIeTKy OaKTepUH U BHE/IPSIETCS B €€ TeHOM.

depmeHTbI. DepMeHThI FreHeTHYECKOW MHXKEHEPHHU — 3TO GePMEHTHI, I03BOJIS0IUE
NPOBOAUTH pa3/IMYHble MaHUMYJIALUY ¢ MosieKysaMu JIHK: paspe3aTsb B onpeie/Ié HHbIX
MeCTax, COeJUHATb pa3MyHble M0 NPOUCXOXKAEHUIO pparMeHTbl, CHHTE3UPOBATh HO-
Bble, He CYLeCTBYIOIIME B IPUPO/E N0C/Ie[0BAaTEJbHOCTHU U T. i. DepMeHThl, IpUMeHse-
Mble [IPU KOHCTPYUpPOBaHUU peKkoMObuHaHTHbIX [IHK, ycji0BHO M0KHO pa3/jeIuTh Ha He-
ckoJsibKo rpyni: AeseHue JIHK Ha dparmenTsl; cunte3upywinue JJHK Ha matpuie PHK;
coeguHsoue ¢pparmenTsl JIHK (surasel); nosBossirolide oCylleCTBUTh U3MEHEHUE
CTPYKTYpbl KOHLIOB dparmeHToB JIHK.

OpHuM U3 HauboJiee YaCTO UCMOJIb3yeMbIX B FeHETUYECKOU MHXKeHepUuu pepMeH-
ToB siBjseTcss JHK-mosmmepasa. 3ToT pepMeHT BliepBhle 6bl1 OTAENEH U3 Esherichia
coli (6akTepuu KullleyHOU nasiouku) KopeHnbeprom u ero corpyaHukamu B 1958 roay.
JHK-nonnMepasa ydacTByeT B nponecce peaymankaguu JHK nyTém npucoegunenus
HYKJIEOTH/I0B HAa KOMILJIEMeHTapHOU ocHOBe. ITo cBorcTBO JIHK-nnosimMepas ucnosbay-
eTCsl B TeHHOW MH)KeHePHUHU AJ1s CMHTe3a HOBbIX MoJsiekys JIHK.

PeTpoBUpychl UMEIOT PpepMeHT, KOTOpPbIK crocobeH cMHTe3upoBaTh Ha PHK-ma-
Tpule kKomiieMeHTapHyro /JIHK. Tak kak 3TOT mnpouecc npsaMo MNPOTHUBOIOJIOXEH
TPAaHCKPUIILUY, laHHas MoJMMepasa MoJay4ynsaa Ha3BaHWe 00paTHas TPaHCKpUITa3a
W1 peBepTa3a. PeTpoBUPYCHI KCIIONB3YIOT 3TOT GpepMeHT JJisl UHTerpalnuu cBoeu
HacseAcTBeHHOW nHpopmanuu, coctosuieit us uPHK, B JIHK kneTku-xo3simHa. B kieT-
Kax KaXX[J bl aKTUBHBIA I'eH CUHTEe3UpyeT ThICAYU KoMmieMeHTapHbIX UPHK. AKTHB-

Puc. 5.1. TeHeTHYeCcKU MaTepual
GakTepui
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IJIABA V.TEHETUYECKAA UHXEHEPUA U BUOTEXHOJIOTUA
5.1. lTenemuyeckaas uHiceHepus

HOCTb F'€eHOB B Pa3HbIX KJeTKax pa3/jnMyaeTcs. Hanpumep, reH, KogupyoImun 6e/10K UH-
CYJIVH, aKTUBEH B KJIETKaX MOJXeJay[04HOH xeJse3bl. CieJoBaTeNbHO, eCIM Mbl 3HaeM
B KaKHUX KJIeTKax aKTUBEH OIpeJieIéHHbIN I'eH, TO MOXHO Jierko fo06beiTb UPHK 3aToro
reHa. [locsie aToro c nomoup pepMeHTa 06PAaTHOU TPAHCKPUIITA3bl MOKHO CUHTE3U-
poBaTtb JIHK Komuio HyHOI0 reHa.

[lepBble uccne0BaHMA, HalpaBJeHHbIE HA Bbl/ieJIeHUe ONpe/ie/IeHHbIX FeHOB, CBf-
3aHbl € OOHapyKeHUeM PeCTPUKIMOHHBIX (OT JaT. restricting - orpaHUYeHNe) IHAO-
HyKJ1ea3 uiu pectpukTas B 1960-1970-x rogax. O6Hapy»KeHHbIe B KJIeTKaxX O6aKTepui,
3TU pepMeHThl CIOCOOHBI paclenyaaTh dyxepoaHble JIHK BupycoB, TakuM obpasom
OrpaHMYMBas UX pemvMKanuwoo. Kaxaaa 6akTepuss CHHTe3UpyeT clieqUPUUECKYH0 pe-
CTPUKLHMOHHYIO 3H/0HYK/Ieasy.

Eco - E.coli (Escherichia

Eco Rl [ Eco RV .

, _ coli) - Ha3BaHUe GaKTepuu
5-GAATTC- 3 5-GATATC - 3 R - pepMeHT pecTpUKIMU
3-CTTAAG-5 3- CTATAG - 5 PMEHT PECTPHKA

| [ - mnepBbli epMeHT,
A BbI/IeJIEHHBIN U3 GaKTepui
5-G P AATTC- 2 5-GAT- P-ATC-3 ; Cgli p
I-CTTAA-P = 3-CTA-P -TAG-g T
«JIUIKHE» KOHIbI «TYIbIe» KOHI[bI

Puc. 5.2. PecTpuKTasbl

PecTpukTasbl — 3TO rpynna 3HJO0HyKJIea3, KOTOpble pacno3HalT creluprUIecKylo
10C/el0BaTeNbHOCTh HyK/aAeoTuZ0B JAHK - caliThl pecTpUKUUM — U TUAPOJU3UPYIOT
eé. PecTpuKTasbl paclno3HaloT N0C/Ie0BaTeJbHOCTb 4-6 HYKJEOTU/0B, OTPe3aloT 3TH
Y4aCTKH C 06pa30BaHUEM «JIUMKHUX» WJH «TYIbIX» KOHIOB (puc. 5.2). ®parMeHThI C
«JIMIKUMHU» KOHLIAMHU CII0COOHBI 06pa30BbIBATh KOMIIJIEMEHTAPHbIE CBSAI3U C TAKUMH K€
¢parmentamu apyrux JHK. [Tonydyennbit pparment JJHK cBsA3bIBalOT ¢ 6akTeprodparom
WJIM TIJ1a3MU/I01, 06pa3yst BEKTOPHYI0 KOHCTPYKLUIO. [Ipy 0603HaYeHHUU pecTPUKTa3 UX
HauMMeHOBaHHUe CKJa/|blBaeTCA U3 Ha4aJIbHbIX OYKB JIATUHCKOTO Ha3BaHUA BU/Ja OaKTe-
pUH, U3 KOTOPOT0 ObLI BblJe/ieH GepMEHT, U JI0NOJHUTEIbHOI0 0603HaYeHUs], TaK KaK
U3 OaKTepui OHOr0 BUJA MOXET ObITh Bbl/IeJIEHO HECKOJIbKO pPa3/IMYHbIX peCTPUKTA3.
CylecTBYIOT peCcTpUKTa3bl, paszendoiive moaekyny JHK Ha oTpesku ¢ «IMNKUMU»
koHLLaMu (EcoRI) u ¢ «tynbimu» konuamu (Hpal). OTpe3ku JJHK ¢ «MnkuMu» KoHLLAMHU
JIETKO COeJUHSAITCS — cauBatoTcs. [lojo6HbIe pecTPUKTAa3bl LIUPOKO MCIOJIb3YHTCS B
reHHOM WHXeHepuHu. [logBepruyThie BO3AeMCTBUIO pecTpuKTas MmoJsiekysbl JJHK pasge-
JIAIOTCA Ha pparMeHThbl C IOMOIbIO 3/ieKTpodopesa. /lasee Bole/ieHHble GparMeHThI
MCII0JIb3YIOTCA B TeHHOM WHXXeHepUuH. K HacTosilleMy BpeMeHU M3 pa3HbIX MUKpPOOpra-
HU3MOB Bbl/leJIEHbI pa3JIMYHble PECTPUKTA3BI.

[Iponecc pPEKOMOUHALIUU
BKJIIOYAaeT pa3pbiB U NOCJIEAy-

I0lllee BOCCOeJUHEHNE MOJIEKYJI JiMrasa

JJHK. ®depMeHTBbI, BOCCTaHaB- m ; mm@m
auBawe ¢ochoausdupHbie 2 @BUU n B

CBSI3U MEX/JYy COCEeJHUMHU HY- | B '

KJIEOTU/IaMU, Ha3bIBaIOTCA

<
AHK-nurazamm  (puc. 5.3). WEEW

Jlurasnl OCyLeCTBJAAKT COe-

AnHeHHe (QpAarMeHTOB /BYX- Puc. 5.3. Coepunenue /IHK depmeHTOM 1Mrassl
nenoyeynou JIHK, o6nazgato-
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5.1. lTenemuueckaas uHceHepus

@

o6paboTka
\ pecTpUKTa3on
coeJlMHEHHEe
A 521
C IOMOILBIO
, / i eKOM6
|

f Jirassl |
| h || HaHTHas

\\: :" f — H‘QISBMI/I,E[a

Puc. 5.4. 06pa3oBaHNe peKOMOUHAHTHON
MJ1a3MHU/Tbl

'|

I[IpuMeHeHre HOBBIX 3HAHUM.
3HaHWe U TIOHUMaHue.

——

IIMX KOMIIJIEMEHTAPHBIMU «JIUIKUMU» WU
«TYNbIMU» KOHLAMHM. JIUrasel SBJSAIOTCS
OJJHUMHU W3 CaMbIX IIMPOKO MPUMEHSIEMBbIX
dbepMeHTOB B reHHOM HHXeHepuHu. s cos-
JlaHUS1 BEKTOPHOM KOHCTPYKIIMU CHayaJia
WCNOJIB3YIOT Ipynny pectpukras. C momo-
IbI0 PECTPUKTA3bI BbIJIEJISIOT HY>KHbIH T'eH,
MOTOM, UCMO0JIb3ys 3TOT Ke pepMeHT, 06pa-
6aTbiBatoT miaasmuay uan JHK Bupyca. 3a-
TeM pecTpukuUoHHble ¢pparMeHThl JJHK u
MJIa3MUJbl CMELIMBAIOT, UX «JIUIKHUE» KOH-
bl IPUCOEAUHATCA APYT K APYry U obpa-
3YIOT CHaya/la BOJOpPOJHbIe CBA3H, a MOCJIe
JlobaBJIeHUs1 JIMra3 dbochoauadupHbie
cBs3u (puc. 5.4).

1. YTo aBssieTcss 06bEKTOM MCCJIEJ0BAHUSI TEHHOW UHXXEHEPUHN?

2. PacckaxkuTe 0 11e/19X FeHHOM MHXKEHEePUH.

3. KakoBO 3HaueHMe MJ1a3MU/, B )KU3HEEATEJNbHOCTU OAKTEPU?

4. Ha kakue rpynmnsl geasTcsi GepMeHThl, UCII0JiIb3yeMble B TEHHOW MHXKEHEePUU?

5. KakoBbI L1es11 pecTpuKTas?

an/IMEHEHI/Ie. CooTHecuTe (bepMeHTbI, HCII0JIb3yeMbI€ B reHHOM HWHXEHEPHH, C UX

GYHKIUAMM.
| . JTHK dara |
II/n| depmMeHTHBI dyHKIMYU GpepMEHTOB BbIJje/IeHIEe
1 [Tonnmepasa Cunresupyet JIHK Ha ocHOBe ¢parmenTa JIHK
MaTtpuyHoi PHK depMmeHTaMU
2 Jlurasza Y4dacTByeT B npouecce pecTpUKTa3bl
peayTIMKaluu ~
3 PecTpukTassl O6pasyer pochoausdupHbie| | I [
CBSI3U JHK nurasa
JIUT
4 PeBepTasa Pazpenset mosekyny JHK Ha I_I I
$parmeHThI BblJleJIeHHas
yyxad JIHK Y
AHa/us. L 4 peKOMGUHAHTHAs

1. PacckaxxuTe 0 MexaHHU3Me pabOThbl PeCTPUK-

[IJMOHHBIX PEpMEHTOB.

2. 06BbsACHUTE CyTb 06PAaTHOW TPAHCKPUIIIIHH.
Cunrte3. Cobepute MHPopMaL U0 06 UCTOPUHU -
pPa3BUTUS T€HHOW UHXXeHEePUH U3 JPYTUX UCTOYHHU-

KOB.

Ounenka. OnyIIKTE NMPOILECC, yKa3aHHbIM Ha pU-
cyHke. OLleHUTe 3Ha4eHHue peKOMOUHAHTHOro ¢ara

B reHHOU HWHXXEHEpPHH.
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I/TIABA V.TEHETUYECKA{ UHXXEHEPUA U BUOTEXHOJIOT'UA
5.2. U3meHeHUue K/1emo4HOol Hac/1edcmaeeHHocmu

5.2. A3BMEHEHHUE KJIETOYHOM HACJIEACTBEHHOCTH

IIpoBepka 6a30BbIX 3HAHUM. YTO Bbl 3HAETE O 3HAYEHUU
reHHOW UHKeHEePUH U OUOTEXHOJIOTUU?

OpraHusM, FeHOM KOTOPOTrO OblJ1 U3MEHEH B pe3yJbTaTe
BHeJIpEHUS YY>KePOJHOTO reHa MeTO/J0M FeHHOM HMHXKeHEepHH,
Ha3blBaeTCsl TPAHCreHHbIM OPraHM3MOM (WJIM TeHeTHye-
CKUHM MOAUPULIMPOBAHHBIA OPTaHU3M).

Ha ocHoBe TexHOJIOTMH NOJy4eHUS PEKOMOWHAHTHOTO
JHK vy reHHOM UHXXeHepUU Hac/leACcTBeHHasA UHGOpManus
OJIHOT0 OpraHu3Ma (ZJoHOpa) BHeApseTCs B PYyroi OpraHu3M
(peuunueHT), U TAKUM 06pa3oM obGecriedrMBaeTCs ero HacJje-
AyeMocTb. Hanpumep, B MUKpOGHOJIOTMYECKON NPOMBIIIEH-
HOCTH NYTEM BBeJleHHUS a30TOQUKCHPYIOIIUX T€HOB B LieJISIX MOBbIIIEHUS yPOXKalHOCTHU
pacTeHHH MoJIy4YaloT WTaMM a30TGUKCUPYIOIIUX 6aKTepUH (3TO NPUBOAUT K YMEHbILEHHUIO
MCI0JIb30BaHUA YA0OpEHUH U K yIy4IleHHIO OKpy:xatoliel cpefbl). Ha cerogHAIHUN JeHb
MeTO/ibl TeHHOM UHKeHEePUH JJal0T BOSMOXXHOCTb U3 LUITAMMOB PEKOMOUHAHTHbBIX OaKTepui
HOJIyYUTb OMOJIOTUYECKU aKTUBHbBIE COeIUHEHHS, B TOM YK CJle TOPMOHBI (MHCY/IMH, COMaTo-
TPOIIMH, COMAaTOCTAaTHH), IpenapaT NPOTUB BUPYCOB — UHTep(epOH.

HUckyccTBeHHOe nosyyeHUe pekoMbrHaHTHOM /IHK BriepBble ocylecTBIeHO aMepUKaH-
ckuMHu y4éHbiMu ['epbepTom Boliepom u Ctensu Kosanom B 1972 rogy. Knonuposanue /IHK
AIBJIA€TCA OCHOBHBIM METOZ0M NoJIydeHHs konuk ogHoro JHK B reHHON MHXXeHepUH.

[Ipy kJ10HMpPOBaHMU reHOB (HampuMep, reHa 6GeJsiKa, UCIOJb3yEMOIr0 B MeJUIIMHCKON
IpaKTHKe) C MOMOIIbI0 PECTPUKTA3 3TOT FeH BbIpe3aeTcs M3 reHoMa KJIeTKH, I/le OH Ha-
XOIUTCA B aKTHBHOM COCTOSIHMH, U BHeJpsieTcs B MoJiekyay /IHK-BekTopa (dar nam nias-
mup). B pesynbraTte o6pasyetcs pekom6unanTHas JAHK (nnu IHK, cocTosinas U3 HeckoJib-
KHUX pa3HbIX GparMeHTOR).

3aTeM peKOMOVMHAHTHYIO [JIa3MU/ly BHEJIPSAIOT B KJIeTKy 6akTepuu. bakTepuu, cofep-
»Kaliue B cebe HY>KHble I'eHbl, OTAESAIT U Pa3MHOXKAKT UX. C KaXK/bIM JileJleHueM KJIeTKU
yBeJIMYMBAETCHd U KOJIMYECTBO PEKOMOMHAHTHBIX JIa3MU/, KOTOpbIe NlepelaloTcs IocJe-
AYIOLIUM TOKOJIEHUAM.

3auem co3dasamb HECKOIbKO KONUL peKOMOUHAHMHOU Naa3Mudsl?

JTanbl reHeTUYeCKOM MHXKeHEePUH HacJeICTBeHHOM HHPOopMaL U GaKTepril:

1) BbIJjeJIeHMe HY»KHOI'0 TeHa U3 OpraHu3Ma JI0HOpa; 2) BHeJpeHHe reHa B BEKTOPHYIO
KOHCTPYKILMIO; 3) BHeJIpeHHe BeKTOPHOW KOHCTPYKIIMH B Yy>KOM OpraHU3M (peLunueHTa);
4) BbIJle/IeHUE KJIETOK, COXPAaHUBIINX B cebe 4yKou (JOHOPCKHI) reH; 5) KJIOHHPOBAHHUE
3THUX KJIETOK (KJIOHHUpOBaHHUe TeHoB) (puc. 5.5).

Jdtan 1. BeifesieHre HY>KHOTO reHa U3 OpraHrM3Ma JoHopa.

3a4acTyo reHbl COCTOSIT U3 HECKOJIBKMX ThICSY [1ap HYKJIEOTHU/IO0B, U HAUTH OJUH HYX-
HbIH r'eH He TaK-TO U JIeTKO. JlJisl oJlydeHus KONUU F'eHa UCNO0JIb3YI0T CeyoLie MEeTO/bI:

1. [Tonyvyenue u3s IHK konuu reHa nytém Boigesenrss UPHK u cmewinBanus ero c o6par-
HOW TPaHCKPUIITA30H.

2. cKycCcTBEeHHOE CHHTEe3UpPOBaHKeE T'eHa;

3. Pacwensienve mosiekysbl JJHK pectprkTasaMu Ha pparMeHThI U TOUCK HY>KHOTO Tr'eHa
cpeZit 3TUX GparMeHTOB.

Kaxablii Hyksaeotusa B coctaBe JIHK cozepxuT B cebe oTpUIlaTEbHO 3apsiP)KEHHYIO
yacTb — ocTaToK ¢pochopHOUN KUCAOThL. U3-3a aToro pakropa pparMeHThl C pa3HOU AJIH-
HOW MMEIOT Pa3Hylo 3apsKEHHOCTb. JTOT BaXKHbIHM NOKa3aTeJ/b MOXKHO MCII0JIb30BaTh JJIs
paspenenus ¢pparmeHToB JIHK asekTpudeckyum noJsieM, IpUMeHUB MeTO/, ajeKTpodopesa
B rejie. OguH u3 ¢pparmentoB JHK opranusma-goHopa MoXeT cofepkaTh B cebe HYKHbIU
HaM reH. OCHOBHOW HeJ0CTaTOK 3TOT0 MeTo/ia — TPYAHOCTH C olpe/ie/ieHMeM pparMeHTa,
Co/leprKalllero Hy>KHbIH T'eH.

['eHHasa uHKeHepus
KionupoBanue
TpaHcreHHOe pacTeHue

BekTopHast KOHCTPYKLUS
[TnasmMu bl
TpaHcdopmanus

Kamnyc
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JTamn 2. BHeceHUe HY>KHOTO reHa B BEKTOP.

Kak 6b1/10 cka3aHO B IPOIJION TeMe, 3a4acTylo B poJik BeKkTopa BeicTynaet JHK nias-
MU/bl WK ¢ara. CHayasia pacCMOTPUM BHe ipeHue JjoHopckoro JIHK B miiasmuy. Buepe-
Hue B /JHK dara npoucxoAUT NprMEPHO TAaKUM Ke 06pa3oM.

Kosibieo6pasHble MoJIeKyJIbI IIJIa3MU/] B 6aKTEPUAX MeHbIlIe, YeM UX OCHOBHAsA XpOMO-
coMa. byiaroziapsi 3aToMy UX MOKHO JIETKO BbIZI€JIUTh U3 KJIETKH. [JJis1 3TOro KJIeTKU 6aKTe-
pUH U3MeJsIbYaloT M MOMeUAT B LeHTpUdyry. B pesysbraTe ocHOBHAd, TSxKEIAsd XpOMO-
COMa 0CeJIaeT, a MeJIKKe U JIETKUE MJIa3MU/ibl HAKalJIMBAlOTCSl HAa MOBEPXHOCTH MPOOUPKH.
[lepen TeM kak 06pabaThiBaTh MJIAa3MUAbI pecTpukTaszamy, JJHK miazMu/ibl 04MIAIOT OT
npuMecei. C MOMOILIbIO PECTPUKTA3bI BbIZEJSI0T HYXKHBIM 'eH, TOTOM, UCI0Jb3Ys 3TOT e
depMeHT, 06pabaTriBatoT MasmMuay. PparmenTsl JoHopckol JJHK u miiasmupl cmenBa-
10T. OHM COeAUMHSAIOTCA APYT C APYTOM MOCPEACTBOM «JIUIMKUX» KOHILOB.

Jdtan 3. BHeipeHHe BEKTOPHOU KOHCTPYKIUH B UY>KOW OPraHy3M (penunueHTa).

Ha aToMm 3Tane BeKTOpHbIN dar uad miaa3Muzia BHeAPsSeTCs B KJIeTKy 6aKkTepuu. 3a-
YacTyo JJig 3TUX LieJiel UCNOJIb3yIT 0OUTaTe s KUIIeYHNKA YeJl0BeKa — KMIIeYHYIo Ma-
04Ky (6aktepus Escherichia coli). Biarogapsi MoJHOMY HU3y4€HUIO HACJAeJCTBEHHOCTU
KHUIIIEeYHOW MaJIOYKHU U e€ TeMIOB JesieHus (kaxaple 30 MUHYT) paboTa c 3ITUMU GaKTe-
pUSIMM He MpeJCTaBJsieT TPYAHOCTH. [/isi reHHOW MHXXeHePUU Obl BbIBEJleH CIelHalib-
HbI MyTaHT - mWTaMM E.coli, KOTOPbIH MOXET KUTb TOJbKO B JJA6OPATOPHBIX YCIOBUSIX.
Eciu 3TOT WuTaMM c/y4alHO MONaZlEéT B OPraHU3M 4YeJiIoBeKa, OH He CMOXKET BbLKHUTH TaM.

JHK nonopa
BEKTOP
JoHopHasa JHK
paspe3aeTcs |
depmentamu  , \p & WIT
o TTA T T
peCcTpUKLUU 4 - T,y BekTopHasa JJHK
?»P‘TT \z~ TTAA «JIUIIKHEe» KOHLbI 7 pa3pe3aeTcs
1;- dbepmeHTaMH
ﬁ B &?*E: ,Aiqu peCcTpUKLNHU
«‘ﬂ

[ |
[
JIHK nurasa Coe,zm AeT «JIUIKUX» KOHL0B

peKOM6I/IHaHTHaF{
‘::::D AHK

JHK 6akTepun BHeceHMe B 6aKTEPHIO

(m 0 @&0)

Pertukanus pekom6ruHanTHOH JIHK 1 pasMHOKeHHE KJIETOK

Puc 5.5. KnoHupoBaHue reHa
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[Ipy ucnos1b30BaHUM BEKTOPHOM KOHCTPYKIIMHU TpenapaT MJ1a3MU/bl BJUMBAIOT B IPOGUPKY,
rje pactét Kyabtypa E.coli. [loMuMo 3TOro, A,06aBJASIOT UOHBI KalbLiusA (B BH/Ee XJ0pUza
KaJIbIi¥sl) Y NOAJEPKUBAIOT BbICOKYIO TeMIlepaTypy. B pesynbTaTe Ha nuTon/iasMaTuue-
CKOW MeMOpaHe KUIIEeYHOH NaJIoYKK 06pa3yroTcs nopbl (OTBEPCTHs ), YEPE3 KOTOPhIE BEK-
TOPHBIE [IJIa3MU/Ibl 10N1aAAI0T BHYTPH KJIETKHY, T. €. IPOUCXOUT MpoLecC TPAHCPOpMALUH.
[Ipu Mcno/1b30BaHM U BEKTOPHBIX (aroB UX MOMEILAIOT B KYyJbTYpPY KJIETOK, HAaXOASIIUXCSA B
arapHoOU MUTATeJbHOU CpeJie.

Kak ¢pazu npoHukarom 8 6akmepuansHyro K1emky?

Jtan 4. BoijiesieHe KJIETOK, COXPAaHUBIIUX B cebe 4y»KoM (JIOHOPCKHUI) TeH.

[Ipy no6aBjieHUU BEKTOPHOM MJa3MHU/bl B KYJbTypy KJIETOK BO3HUKAIOT JiB€ IMPO-
6/1eMbl: IepBas — He BCe OAaKTepUU NOJBeprawTcsa TpaHchopMaluy, T. €. He IPUHUMAIOT
IJIa3MU/bl; BTOpasi — He BCe IJIa3MHU/Ibl SBJSIIOTCS BEKTOPHbIMU (T .€. He XpaHAT B cebe
JIOHOPCKUM reH). BekTopHbBIe MJ1a3MU/bl COJlepKAT I'eH, 06ecrnedynBaIUN YCTOMYHUBOCTh
K olpeie/IEHHOMY aHTUOHUOTUKY. [Ipu f06aBIeHUM aHTUOUOTHUKOB B Cpefly, B KOTOPOH pa-
CTYT GAaKTepPHUHU, TOJbKO TpaHCPOPMUPOBaHHbIE (T. €. HECYIIMe MJIa3MU/ibl) GAKTEPUH MO-
I'YT Pa3MHOXaTbCSA U 06Pa30BbIBATh KOJIOHHUU.

Jrtan 5. Kionuposanue JJHK.

EnvHcTBEHHaAs MoJieKyJia BeKTOpHOTo dara, cogepkaias goHopckyto JIHK, moxeT co-
3/1laTh MUJIJINOHBI CBOMX KONIMU NPU 3apa>KeHUU OJHOW KJIeTKU. PeKOMOMHaHTHasA Kulley-
Hasl NaJIoyuKa, coZieprkalllasi BEKTOPHYO MJIa3MHU/Y, IPU BbIpalllUBaHUU B arapHoi cpejie B
yaiike [leTpu fenuTcs kax/able 30 MUHYT ¥ 32 KOPOTKHE CPOKHU 06pa3yeT KOJIOHUH, BUH-
Mble HEBOOPY>KEHHBIM IV1a30M. Bsiarosapst 3TUM AByM crioco6aM 3a KOPOTKHUM MPOMEKYTOK
BpPEMEHU MOXXHO NOJIYYUTb MUJIJIMAP/Abl KJIOHOB HY»KHOI'O I'eHa.

IloslyyeHHe TPAaHCTeHHbIX paCTeHUM. 3a4acTyto /15 BHeJpeHHs Oollpe/ie/IEHHOr0 reHa
B FeHOM pacTeHUH B KaueCTBe BEKTOpa UCNOJIb3YIOT NOYBEHHY0 6aKTeputo (Agrobacterium
tumefaciens). Agrobacterium tumefaciens 3apa>kaeT 60JIbIIMHCTBO JBYA0JbHbBIX PAaCTEHUH,
Ipy 3TOM 00pa3ys 60Jie3Hb, MOX0XKYI0 Ha pak (puc. 5.6). 3a 3TOT mpolecc OTBeYaeT Gak-
TepuasnibHas Ti-miasmuza. Onyxosu obpasyroTcsa U3-3a gedatenbHocTd T-JJHK ydacTka
Ti-masmugel. [Ipu 3apaxkenun Ti-nnasmuzpa BHeApsieTCs B KJIETKY U NPUCOEJUHAETCS K
JHK pacteHus. 3apakéHHas KJeTKa BbIpabaTbhIBaeT BeIECTBa, YCKOPSIOLIMe JesieHHe
KJ1eToK. ['pynna KjieTok, 00pa30BaBUIMXCS IPU 3TOM, Ha3bIBaeTCsl KaJLJIyCOM.

Ti-nnazmMuzga sB/sieTcs TOTOBBIM NMPUPOJHBIM BEKTOPOM, CO CBOMMH MeXaHU3MaMH
BHeJipeHud yykepogHoro JJHK B reHOM K/1eTKH.

Jns u3MeHeHUs] HaC/eJCTBEHHOCTH PAacTEHUW MeTOJO0M TFeHHOW WHXXeHepHUU 4YacThb
T-IHK Ti-nuia3mu/ibl arpob6akTepuy pa3pe3aroT CleluaJbHON peCTPUKTA30U, BCTABJISIOT B
Heé HeOOXOAUMbIM r'eH U I'eH YCTOMYMBOCTH K aHTUOUOTHKAM U CO3/Jal0T 8eKMOPHYH KOH-
cmpyKyuro.

pacTuTenbHas
XpoMocoMa

reHOM
O6akTepui

o6pa3oBaHUe
OMyXO0JI1

pacTuTe/ibHad

6axmepus Agrobakterium fIeTRa

tumifaciens

Puc. 5.6. 06pa3oBaHUe ONyX0JI Y pacTeHus], BbiI3BaHHOW Agrobakterium tumifaciens
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BekTop BBOAAT B mITaMMbl Agrobacterium tumifaciens. [Ipu 3apa’keHUU pacTUTEJbHOU
KJIETKH 3TUMH GAaKTEpPUSIMHU arpobakTepusi BBOAUT B reHOM pacTeHus Ti-miaazMupy c 4dy-
»KepOAHbIM reHOM. [eHeTHYeCKU TpaHCPOPMUPOBAHHAA pacTUTe/IbHAsA KJIeTKa Ha3blBaeT-
csl TPAaHCTeHHOM KJeTKOoU. B pe3dynbraTe AesieHUs TpaHCGOPMUPOBAHHONW PACTUTENbHON
KJIETKH 00pa3yeTcsl COBOKYNHOCTb KJIETOK — KaJlZlyCHas TKaHb. 3apOAbIILI PaCTEHUS U HOP-
MaJIbHO€ BO BCeX OTHOLIEHUSAX B3POCJIOe TPAHCT€HHOe PacTeHHe [TOCTelNleHHO MOoJIy4aloT U3
KJIETOK KaJIJTyCHOW TKaHU B IPUCYTCTBUM PAaCTUTEJbHOTO FOPMOHA U JIPYTUX PETYAATOP-
HbIX BelecTB (puc. 5.7). Kaxx1as KjeToyHast XpoMOCcoMa TPAHCTeHHOI'0 pAaCTEeHUS COJEPXKUT
TpPaHCIJIAHTUPOBaHHBIU TreH. [1o 3TOU NpUYUHE NPU OJOBOM Pa3MHOXXEHUU TPAHCTE€HHO-
ro pacTeHHUs Yy>KepOJHbli reH NepesaéTcs U3 MOKOJIEHUs B NOKOJIEHHE. YyeHble paboTa-
I0T HaJ, CO3/laHUEM TPAHCIeHHBbIX COPTOB CEJbCKOXO3WCTBEHHbBIX KYJIbTYpP, YCTOMNYUBBIX
K pa3/IMYHbIM 3a00JIEBaHUSIM U BPEJOHOCHBIM HAaCEKOMbIM. B 4acTHOCTH, CO3/jaHbl CKOPO-
creJible TpaHCreHHbIe COPTa XJI0MYaTHUKA, YCTOMYUBbBIE K BpeZJHbIM HACEKOMBIM.

6aKTepI/IH Agrobakterium .I-
tumifaciens
\__—\/—_..J
O ’ﬂ } BCTPOEHHas

TJHK ¢ uyy>xxum

reHOM

4 BHEJpEHME B ’\
GakTepuaibHylo (5 OAaKTepHH A
KJIETKY VICTIOJIB3YIOTCS JLJIS O
BctaBku T-IHK c uykum \. /

reHoM B XpoMOCOMYy

PECTPUKIIMOHHBIH

i AHK KJIETKU PaCcTeHU AT G'ky/bTypa
F e KJIETOK
i pEeKOMOUHAHTHAsA i ol pacTeHui
IUIa3MU/a U3BJIeKaeTCs Ti masmu /
u3 6aktepuun u T-JHK
1 paspesaeTcsa ==
dbepMeHTAMHU 3 uyxaa JJHK scraBagerca B T-ITHK
pPeCTPUKINU m IJ1a3MU/ibl B MECTO paspesa
2 yyxas IHK Bripe3aeTcs 7) pacTeHHe, BbIpoCliee U3 OJHOH KJIeTKH-KJIOHA.

TeMH e pepMeHTaMu Bce ero kieTku cogepxat uyxyto JHK

Puc. 5.7. lloniyueHue TpaHCTeHHOT'0 pacTeHHUs

IIpyuMeHeHU e HOBBIX 3HAHUM.

3HaHMe U NIOHMMaHMue.

1. Kakue opraHu3Mbl CYUTAIOTCA TPAHCTEHHBIMU?

2. PacckaxkuTe 0 MOCJe[0BaTeJbHOCTH MOJyYe-
HUs1 pekombuHaHTHOU [HK. m}

3. PacckaxkuTe 0 mocJsef0BaTeJbHOCTHA MOJyYe-
HUS BEKTOPHOH KOHCTPYKIMH. w M

IIpumeHeHue. Kakue npo6seMbl MOXKHO PEIIUTh Ty
NyTéM U3MEeHEeHUs HacJAeJCTBEHHOCTH pacTeHU?

AHanms. PacckakuTe moc/jieZ0BaTeJbHOCTb IMO-
JlydeHUs] BEKTOPHOU KOHCTPYKL WU /11 06pa30BaHUsA
TPaHCTeHHbIX pAaCTEHUH.

CunTe3. CocTaBbTe GU3HEC-IJIAaH MO BbIPAbOTKe -
NUILIEBBIX 06aBOK U 0OCYAUTE €ro B IpyIIIe.

OuneHka. Kak BBl olleHMBaeTe 3HAaYMMOCTb
TPaHCTeHHBIX IPOJYKTOB B MUILLEBOM oTpacau?

Ly
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5.3. BUOTEXHOJIOTUA

IlpoBepka 6a30BbIX 3HAHHUMH. C yBeJMUEeHUEM KOJUYECTBA JI0Jel
Ha 3eMJie YBeJMYUBAETCS U MOTPEOHOCTh B MUIEBBIX NPoyKTax. Ka-
KHWe TEeXHOJIOTUHU IPOXU3BOACTBA IHUIIEBbIX IPOAYKTOB Bbl 3HaeTte?

Bbl 3HaeTe, YTO U3 MIIEHUIbI MOXKHO CJleJIaTh XJ1e6, U3 prca — CIIUPT,
W3 BUHOTPa/la - BUHO, U3 PPYKTOB — YKCyCHble KUCIOTHI. Bce 3T npo-

[[€CChI TPOUCXOSAT MPH YIACTUH )KUBBIX OPraHU3MOB.

BUOTEXHOJIOTHSI — TEXHOJIOTHUs, OCHOBaHHAasl Ha
MCI0JIb30BaHUU GUOJIOTUYECKUX MPOIECCOB JJis TO-
JIydeHHs1 6UOJIOTHUYECKUX BELECTB B MPOMBILIJIEHHbBIX
MaciiTabax. BUOTEXHOJIOIHsI MPUMEHSIeTCS JJisl TIOJTy-
YeHHUsI 6€JIKOB, OPTaHUYECKHUX KHUCJIOT, aMUHOKUCJIOT,
CIIUPTOB, JIEKAPCTBEHHBIX BelIECTB, pepMEHTOB, rop-
MOHOB U JIPyTUX GMOJIOTHYECKUX BelleCTB /JI1 OUUCT-
KU pyJ, TMOJyYeHHs MeTa/JIOB B YUCTOM BHJE, s
OYUCTKU BOZI0OEMOB M T. Ai. [l0 CpaBHEHUIO C APYTUMHU
TEXHOJIOTUSIMH, OMOTEXHOJIOTHsI SIBJISIETCS CaMOM Ma-
JI03aTPATHOM, OYTHU He 06pa3yeT OTXO/bl U CUUTAET-
€1 9KOJIOTUYECKU YU CTOM.

Bce siu MUKpoopz2aHusmul 8 hpupooe 84510mcs
8pedHbiMu? Apzymenmupytime ceoli omeem.

~ GUOTEXHOJIOTHA
~ OKpyXamomel
cpeabl )i

buorexHosorus
CeJIbCKOX03H-
CTBEHHad
OGHOTEXHOJIOTUSA
MeaunuHcKast
OGHOTEXHOJIOTUSA
JKoJIoTHYecKast
OGHOTEXHOJIOTUSA
[TumeBas
OGHOTEXHOJIOTUSA
[eHeTn4yeckas
OGHOTEXHOJIOTUSA

Ilonodcuemamyuénwix,e 100g
Xx/1e6a u3 pxcaHoii MyKu codep-
Jacumcesi do 6,5 g 6es1Ka, a 8 x/1e6e
u3 nweHu4Hol mMyKu - 8,3 g 6e-
Ka. OdHako, Koz2da ue108ek cped-
Hez20 8o3pacma ceedaem 3a 00UH
deHb 450 g xsae6a, Koauyecmaeo
6e/1Kka, Komopoe OH noJy4aem,
cocmasasiem 29 g, ymo paeHO
00HOU mpemu e20 cpedHell cy-
moyYHoli nompe6HOCMU.

HUmak, Kak MOX}CHO nosvicumb
nuujesyto yeHHocms x1e6a?

o
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broTexHoJI0TMs pa3BeTBJISIETCS HA HECKOJIBKO HallpaBJIEHUM.

IInmeBas GMOTEXHOJIOTUA — 3TO NULIeBble KOMIIOHEHTHI, TEXHOJIOTUH, IPUMEHseMble
JIJ141 TIOBBIIIEHHS UX [10JIe3HbIX CBOMCTB NIPU IPOU3BO/CTBE NMUIEBbIX NpoAyKTOB. Ha cerog-
HSIIHUM JleHb IIUPOKO pacnpoCcTpaHeHa MeTOAMKa U3MeHeHHUs Hac/le[CTBEHHOCTH OaKTe-
pU, pacTeHUH U )KUBOTHBIX [1J14 I0JIy4eHHU HOBbIX OPTaHU3MOB C HOBbIMH, HY>KHbIMH HaM
npu3HakaMU. Takve reHeTHYeCKU HW3MeHEHHble OPraHU3Mbl HA3bIBAlOTCA IeHeTHYeCKH!
MoauGUIUPOBAaHHbIMM opranusmamu ('MO) (puc. 5.8).

Puc. 5.8. TeHeTHn4ecku
MOAUPUIIMPOBAHHbBIE
OpraHU3Mbl

MeaunHCcKasa GMOTEXHOJIOTUA. B pe3ysbTaTe MeJUIITMHCKON GUOTEXHOJOTHU ObLIO
cUHTe3MpoBaHo nopsaaka 6000 BUA0OB aHTUOUOTHUKOB, 60Jiee CTa U3 KOTOPbIX UCIO0JIb3YIOTCSA
B MeJuuuHe. OJHUM U3 CaMbIX IPOCTbIX, HO 04eHb 3G PEKTUBHBIX CIOCOO0B NPOPUIAKTUKHU
rpunmna sBjseTcs HaJlaKUBaHMe MacCOBOT0 CHHTEe3a BbICOKOKAa4eCTBEHHOTO YeJI0BeuecKo-
ro uHTepdepoHa. Yxke ceroiHsl B HECKOJIbKUX CTpaHax MUpa reH UHTepdepoHa BHEJPEH B
6aKTepUH, TAKUM 00pa3oM MoJy4yaroT YUCTbIA HHTepdepoH. Y u3-3a Bo3pacTarolero cnpo-
ca Ha 3TOT 6eJIOK JJ0 CUX IIOP NOSIBJISIIOTCS HOBbIE CIIOCOOBI €ro MoJIyYeHus.

[IpuMepoM paboT, MPOBOJUMBIX B 006J1IaCTU MEeJULIMHCKON GHMOTEXHOJIOTHUH, SABJISETCSH
BakiuHa ZF-UZVAC-2001, co3ganHas npoTuB 3a6osieBanusi COVID-19 B coTpygHuYecTBe
C y36eKCKUMHU U KUTAUCKUMU y4eHbIMU. [l/1s1 CO3JaHUsA 3TOW BaKLMHbI OblJ Bbl/leJIEH T€EH,
OTBEYAKIIMN 32 CHHTE3 6eJIKa, MO3BOJISIONEr0 BUPYCYy KKOPOHBI» MPOHUKATh B KJIETKY Ye-

JIOBEKaA.

8) BHUpyCcHas yacTuIa BaKLUHbI

ala,
&:‘ ':,u
e, ¥
L', N 7) pekoMOHWHaHTHAas BaKIMHa
2) HeaKTHUBHas BaKIlMHa Sy
dvpte
g:“"*“":,. " peuenrop-
,_:‘ T e 1 v : CBA3bIBAKOIIH
v, Sy y - JlOMeH
‘1’;1‘{ ‘;
ar 6) BakuuHa PHK
3) HeXkU3Hecnoco6Has H ;-_v
BaKLMHA v ¥ 2
‘\;n ""1’. ‘|.. .
’: E“ “‘I
L
(5 :
J’fl\fﬁ ‘-.‘_.._ o

4) BaKIMH3,
uMelomas BekTop Bupyca o) AH

Puc. 5.9. Bak1iuHbI
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IVIABA V.TEHETUYECKA{ UHXEHEPUSA U BUOTEXHOJIOT'UA
5.3. BuomexHo02us

ITOT reH 6B BCTPOEH B 3YKAPUOTUYECKYIO KJIETKY C TTOMOIIIbI0O BEKTOPA U Pa3MHOKEH.
Beslok, CMHTe3UpOBaHHbIM HAa OCHOBE 3TOTO reHa, OYUILA/IM OT KJETKU U MoJIydyald BaKLu-
Hy (puc. 5.9).

B pesysibTaTe UcciejoBaHUN YUEHBIX B chepe reHeTUUeckoi TexHosioruu B JIHK nomu-
Jlopa 6blJ1 BCTaBJeH reH S-6eJsika KopoHaBupyca. [locie Toro, kKak 60JbHON ChecT BaKIH-
HYy-IIOMH/IOp, OHA MOMa/JaeT B OPraHU3M YeJIOBEKA, a KJIETKU TOMaTa BbIe/SI0T aHTUTEA,
CO3/al0l1e UMMYHHUTET.

HoJiy4yeHue
HY>KHOTO reHa OT mepeHoc
BO30OYAUTEJST e
; BEKTOP, reHOB
_______ > . o [ ——
BHECEHHBIN
KJIOHUPOBa-

B pacTeHUe

HHE HY?>KHOTI'O
redHa C IOMoO-
b0 BEKTOpa

POt

TPaHCTeHHbIE
pacTeHus C HyX-
HbIM aHTUTE€HOM:

TOMaT, OTypelL,

MOPKOBb

MPUBUBKA OT
6oJs1e3HeH

3alyTa OT
aTOTeHOB

PLTITILT

Ce/IbCKOX035MICTBEHHAsA GMOTEXHOJIOTUSI - O/lHA W3 OCHOBHBIX OTpacjer 6uoTex-
HOJIOTUH, KOTOpasi obecrneyrMBaeT HaceJeHUE MUILEBbIMU NPOAYKTaMu. B 3ToM Hampas-
JIEHUM pa3pabaThIBalOTCsS YCTOMYMBBIE K BHEIIHEMY BO3/EHCTBUI0 COPTAa KYJbTYPHBIX
pacTeHui, 6uonpenapaTbl NPOTUB PUTONATOTEHHBIX (MAPa3UTHUPYIOLIUX HA pPACTEHHUSIX)
MUKPOOPTraHU3MOB M HACEKOMbIX-BpeJUTesel, pellaTcs BONPOChl NepepaboTKU cellb-
CKOX035IMCTBEHHbIX OTX0/I0B. B mocyeaHue rojibl 0co60e BHUMaHUe yessieTcss Bopocam
MCII0JIb30BAaHUSI BO30OHOBJISIEMbIX MPHUPOJHBIX PECYPCOB WU TNOJYYeHUS yAOOpPEeHUM HuX
CeJIbCKOX035IMCTBEHHBIX OTX0/I0B. B Halell cTpaHe npoBoAsATCS paboThl 0 MOCEBY CoJie-
YCTOMYMBBIX pacTeHUM Ha 3aCOXLINEe TEPPUTOPUM ApPaJbCKOrO MOpA W MO OpraHy3aluu
KapToQdeJbHOTO CEMEHOBO/ICTBA C TOMOLIA MUHUTYyOeEpa.

Puc. 5.11. TlonyyeHnue yno6peHui
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IJIABA V.TEHETUYECKAA UHKEHEPUA U BUOTEXHOJIOT'UA

5.4. ll[pakmuueckoe 3aHsamue. OnpedesieHue caiimoe pecmpuKyuu.
Hcnosb308aHue neKmuHa3sl 0151 NoAy4eHust ipyKkmoeozo coka

BHoTexXHO/I0TUsA OKpY>Kaloulel cpeAbl. BUOTEXHOJIOTHS OKpPYXKalolllel cpe/ibl 3aHUMa-
eTcsl BOIpocaMu 06e3BpeKMBaHUsI BPeHbIX BEIeCTB B MPHUPO/ie, TPOU3BO/CTBO 6HOrasa
Y KOMIIOCTa U3 OpTraHopasJiaraeMbIX XKUJKUX U TBEPABIX OTX0A0B (puc. 5.11), moaydyeHus
3HEpPruu U3 OpraHUYECKUX pasJiaraeMbIX OTXOJ0B, YJAy4dlleHUs KauecTBa MOYBbI, 3arpss-
HEHHOM TSKEBIMU YTJIEBOIOPO/IAMH, OTIpe/iesIeHUsI BpeJHbIX Bell[eCTB B Cpe/ie C TOMOIIbIO
MUKPOOPTaHU3MOB.

Bce »kHBblIe cylllecTBa SIBJSIOTCS YacTbio GOJIBIION eJMHON aKocucTeMbl. Halle 310po-
BOe Oy/iylilee HaNpsIMY0 CBSI3aHO C COCTOSIHUEM MOYBbI, BO/IbI M BO3/[yXa B HAIIEM PerHoHe.
Hcnosb3oBaHUe CTpaTeruu OUOTEXHOJOTHYECKON TpaHCHOpMalMU SIBJISIETCS BO3MOXKHO-
CTBIO JIJIsI MPABUJIbHOM OLleHKH GM03KOHOMHUYECKHUX MMEPCIIEKTUB CTPAHBI.

IIpyMeHeHN e HOBBIX 3HAHMIA.

3HaHUe ¥ IOHUMaHHue.

1. PacckaxkuTe o Lje/1IX ¥ 3a/ia4aX OUOTEXHOJIOTHH.

2. Kak BbI peficTaBiisieTe OyAyliee pa3sBUTHUSA GUOTEXHOJIOTUU?

3. PacckakyuTe 0 3Ha4YeHHUU 6AKTEPUU B OMOTEXHOJIOTHU.

IlpumeHeHue. Bocnosib3yiTech NpUBeIEHHON HUXKe CXeMOUW U pa3paboTalTe Mpe/Jio-
»KeHHe I10 yJIy4lleHUI0 KauecTBa 0YBhI.

Anasmms. Kak Bbl lymaeTe, noyeMy Obll BBIOpAaH UMEHHO MOMUJO0P [JS1 BHEJPEHHUS B
Hero BaKIMHbI?

CuHTe3. CocTaBbTe IJIaH 10 OMOTEXHOJOTUYECKON 60pbbe € yXyAlleHUeM IKOJI0Tude-
CKOI'0 COCTOSIHUSA pervoHoB [Ipuapanbs.

Ouenka. KoMmnoctupoBaHue - 3To passioKeHUe OpraHWYeCKUX BeLeCTB JJIs yJydlle-
HUS KauecTBa 04YBbl. YTOObI
pacTeHHWs MOIJIM YCBOUTb
OpraHuMyeckue  BelleCTBa,
HCIIOJIb3YIOTCS  OaKTepuH.
Jns Ku3HeJesTeJbHOCTH
3TUX GaKTEepPUH HYKHBI BO3-
ZyX, BOJia, NUILA U CpeaHss
TeMneparypa. OneHuTe 3Ha-
YHMMOCTb 3TOTO MpolLecca.

5.4. IPAKTUYECKOE 3AHATHE. OIPEAEJTEHUE
CAWTOB PECTPUKIIUU. UCITOIb30BAHME
INNEKTHUHA3bI /14 IIOJIYYEHUA ®PYKTOBOI'O COKA

Pa6oTa 1. UaeHTHPUKALUSA CAlITOB PEeCTPUKLIUH.

Ilesib: BbIIBUTb CAalThl PECTPUKL MU HAa OCHOBE 3a/laHUH.

PecTpUKTa3bl - 3TO cHeluaJbHble pepMeHThbl, paclo3HaILUe M0C/Ie[0BaTEJbHOCTh
n3 4-6 HykjJeoTuaoB B MoJiekyse [HK. B HauMeHOBaHUMM peECTPUKTA3 HCIOJIb3YHOTCS
Hauya/ibHble OYKBbI IATUHCKOT'O Ha3BaHUs BUJa OaKTepUH, U3 KOTOPbIX BbljeieH GepMEeHT,
M [JIONOJIHUTeJIbHble CUMBOJIbL. PecTpukTasel paspesaroT MoJekyay JHK, co3paBas
«yunkue» KoHIbl (EcoRI), «tynbie» koHup! (Hpal), ¥ ¢ moMoIibio MOJIyYeHHBIX «JIUITKUX»
KOHLOB passinyHble ¢parMeHThl JJHK MoryT 6bITh coesuHeHbl BMecTe. baarogaps aToi
0COOEHHOCTH JJaHHble peCTPUKTa3bl LINPOKO UCNOJIb3YIOTCS B TEHHON UHXXEeHEePUU.
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IJIABA V.TEHETUYECKAA UHXKEHEPUA 1 BUOTEXHOJIOTUA

5.4. [lpakmuueckoe 3aHsamue. OnpedeseHue caiimos pecmpukyuu.
Hcnoawv3o0eaHue nekmuHaswl 0415 noay4eHus pyKmoeozo0 coka

:;, HOCJ’[EAOBaTe.TIbHOCTb

HYKJIEOTHAOB

OTME€4YEeHHO€E MeCTO [Jid O6p€3KI/I

PectpukTrasa EcoRI pa3peszaeTt
JHK c o6pa3oBaHuEeM «IUIKUX»
KOHI|0B

[TocnesoBaTe/IbHOCTh
HYKJIEOTHU/OB

OTMEe4YeHHOe MeCTO AJid O6p€3KI/I

5 GCTT AAC 3 Pectpukrasa Hpal pa3pesaer /JHK

3'-(: AA TT 6-5' C 00pa30BaHUEM «TYIbIX» KOHIIOB
3agaya 1: PectpukTasa Pvul pacno3HaéT cieayoyo nocae 0BaTeNbHOCTb HYKJI€0TH-
JlI0B ¥ pa3pes3aeT nepByo Lenodky mexay T u LI:

5’-UTATLI-3"

3-TLUTATL-5"

Kakue pparmeHThl 06pa3yroTcs B pe3ysibTaTe?

3agava 2: Ogna us genovek /JHK umeet cnefyromyro nocjie0BaTeIbHOCTb HYKJI€OTH-
Jl0B:

S5-UTTTALUTATUI TTALLT-3"

OnpenenuTe MOC/IAE0BATENbHOCTh HYKJIEOTHA0B BO BTOpo# nenouke JJHK u o6pabo-
TaiTe 3TOT PparMeHT pepmerTom Pvul.

Pa6oTa 2: UcnoJib30BaHUe NEKTUHA3bI AJ1s Noay4YeHHus] PPyKTOBOro COKa.

Iensb: [losyyeHre Npo3payHOro coOKa U MOBbIIIEHHE NPOLAYKTUBHOCTH.

IleKTHMHA3BI UCNOJIb3YIOTCA JJI NMOJyYeHNU COKAa U3 TaKUX PPYKTOB, KaK A06JI0KU. ITH
dbepMeHThI BbIJIEJNSIOTCSA U3 IPUOOB, UCHOJIB3YIOTCS AJisI OUYMCTKU GPYyKTOBOro coka. [Ipu
IIOJIy4YeHUH COKa 00pa3yeTcss MHOXKEeCTBO MOJIMCAaXapU/0B, U3-32 KOTOPBIX COK CTAHOBUTCS
MYTHBIM, HO NeKTHHAa3bl PACLIENJIST UX 10 MOHOCAXapHU/0B, U COK CTAHOBUTCA NpO3pay-
HBIM.

O6opyaoBaHue: 2 516J10Ka, 2 CTaKaHa, MOPOILOK NeKTHHA3bl, QUJIbTPOBaJIbHAA OyMara.

MpaBuia GesonacHocru: (Y @ A A

1. ByabTe oCTOPOXXHBIMU NPU pabOTe C MEKTUHA30M.

2. Cnepute, 4TOOBI NMEKTHMHA3a He NoONaJla Ha KOXY WUJM B I1a3a. PepMeHT MOXKeT Bbl-
3BaTh CUJIBHYIO a/lJIEPTHIO.

3. PacceimaHHble WM pa3/iuThIe BelleCTBa HEME/JIEHHO BBITPUTE TKaHbIO. TKaHb X0pO-
110 MPOMOWTE MO/ MPOTOYHOM BOJIOM.

149



IJIABA V.TEHETUYECKAA UHKEHEPUA U BUOTEXHOJIOT'UA

5.4. ll[pakmuueckoe 3aHsamue. OnpedesieHue caiimoe pecmpuKyuu.
Hcnosb308aHue neKmuHa3sl 0151 NoAy4eHust ipyKkmoeozo coka

4. CobuiroaiiTe Mephl MPEIOCTOPOKHOCTH NMPHU MPUTOTOBJIEHUHU SI6JIOUHOTO MIOPE.

Jdtanbl paGoThI:

1. [IpuroToBbTe NMiope U3 2 s16JI0K, pa3ieJIUTe ero Ha 2 4acTH.

2. PaznoxkuTe miope mo 2 crakaHaM 06bémMoM 250 cm?,

3. B nepBblii cTakaH j06aBbTe 1 YallHYI0 JIOXKKY EKTHUHA3BI.

4. [lepeMeliaiiTe Maccy U JJalTe MOCTOSATh 5 MUHYT.

5. [IponycTuTe cofepKMMoe 060MX CTAKAaHOB Yyepe3 GUIbTPOBAJIbHYIO 6yMary U 0CTaBb-
Te COKHY Ha 24 4aca B TEMJIOM ITIOMeIleHU .

6. Yepe3 24 4yaca cpaBHHUTE KOJIMYECTBO U KaUeCTBO COKA B 060UX CTaKaHaXx.

OGcyauTe U cAesiaiiTe BbIBO/bI.

1. EcTb /i1 pa3HUIla MeX/1y COKaMU U3 ABYX Mope? Kak Bbl 3TO 00'bSICHUTE?

2. [ToyeMy npu XpaHEeHUH MIOPE B TENJIOM NIOMELEHUU COKa BblZieJisieTcst 60Jiblie?

3. Kak BblI JlymaeTe, ec/iv MI0pe XpaHUTh B X0JI0JJHOM MOMELIeHUH, KaK 3TO NMOBJIUSET HA
KOJIMYECTBO CcoKa?

3AJAHUA K IVIABE V

1. Mexay cioBaMHy, IpUBELEHHBIMU B IIEPBOM CTOJI0Le TabJIMUILbI, CYLECTBYET ONpe/e-
JIEHHAs 3aKOHOMEPHOCTb U CBAI3b. Ha OCHOBe 3TOro OTHOILIEHWS ONpeJie/IuTe NOHATHE, KO-
TOpOE COOTBETCTBYET MYCTOM f4eliKe TabIULbI.

1 |Hayka, nsydatoias U3MEHbYMBOCTb TEHETUYECKOTO MaTepUasia
2 |/lomoJiHUTE/bHbIE XPOMOCOMBI B GaKTEPUATbHBIX KJIETKAX
2. OnpesesiiTe COOTBETCTBUE MEX/1Y OTPACASIMU OUOTEXHOJIOTUHN U UX TOCTHKEHHUSIMHU.
HanpagBiienust .
Ne P OTBeT OcoGeHHbIE CBOMICTBA
OMOTEXHOJIOTUU
1 MeaunuHcKas A B pe3ynbraTte uccienoBanuii yuénnix B JJHK nomumopa
OHUOTEXHOJIOTUS ObI1JI BCTaBJIEH TeH S-6eJiKa KOpOHaBUpYCa.
B pesyJibTaTe H3y4YeHUs JNesTeJIbHOCTH
[TunieBas
2 B |MHUKpOOpraHU3MOB CUHTe3UpoBaHO O6osiee 6 000
OUOTEXHOJIOTHS
AQHTUOHUOTHKOB.
[Ipou3BoACTBO MU EBBIX KOMIIOHEHTOB U
[eHeTHuyeckas
3 B |BcmomoraTe/JbHbIX TEXHOJIOTMYECKUX [J06aBOK [Jis
OHOTEXHOJIOTHSA .
MOBBIIIEHUS M0JIE3HBIX CBOMCTB MUIEBbIX MPOAYKTOB.

3. CooTHecuTe poLEeCCHl, IpeACcTaBJeHHble Ha pUCYyHKax A U b, ¢ ux onvcaHueM.
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IJIABA V.TEHETUYECKAA UHXKEHEPUA U BUOTEXHOJIOTUA

1 |IIpouecc TpaHCAYKIIUU
2 |IlepeHOC TeHOB M3 OHOM 6aKTepUH K APyroil mocpecTBoM dparon
3 MeToz mepeHoca reHETUYECKOr0 MaTepuasia U3 OJHOM GaKTepua/lbHOU KJIETKH B
APYryto
4 |[IpUBOAUT K KOMOMHATHBHOW U3MEHBYMBOCTH
5 |[Ipouecc Tpanchopmanuu
6 |I[IpoucxoAuT npu y4acTUuu 6aKTepUi
4. CooTHecuTe NpUBeIEHHbIE B Ta0J/IMLle TEPMHUHDI C UX XapaKTepUCTUKAMMU.
Ne TepMuHBI OTBeT XapaKTepUuCTHKHA
1 l'enHasa A JIONIOJITHATEJIbHble XPOMOCOMBI B KJETKax OaKTepu U
WHXXeHepHus HU3IIUX 3YKapUOT
paszen OGUOTEXHOJIOT U, paboTaroiui c
MUKPOOpPTraHU3MaMH, PacTUTEJbHbBIMU W >XUBOTHBIMHU
2 | Tpancoopmanus b poop ' P
KJETKaMH, KyJbTUBUPYEMBIMHU B OCOOBIX YCJIOBHUSIX M
noABepraeMbIMHU pa3/IMYHbIM MaHUNYJIALUAM
otaen JIHK-para, npukpenyiéHHbI K JIM30TeHHOU
3 TpaHcno30H B 0aKTepHaJbHOM  XpOMOCOMEe I0Ji BO3/leHCTBHUEM
BHEIIHEHN CpeJibl
4 PecTpukTassl r MOJIyYEH C TOMOIbIO TEHHOW NHXXeHePHUU
[ dbepMeHT, KOTOphIX cBs3bIBaeT pparmeHThl JAHK nyTém
5 HOCTHKA i | BoccTaHOBJieHUsT ¢GochoausadupHbIX CBSA3ed MeXay
COCeJHUMHU HYKJIEOTHAAMU
CoMaTOTpPONHBIN
6 E 3JIEMEHTBI F'eHa, ClIOCOOHBIE K MepeBHKEHUIO.
FOPMOH
KOMILJIEKC METOZOB [Ji1 BbISIBJE€HUS KOHKPETHbIX
7 Jlurasa K reHOB, BBI3bIBAIOIIMX 3a00JieBaHHE, U IO3BOJISIOLIUN
06HapyKMBaTb reHeTUYECKHE U3MEHEHUS B KJIETKaX
8 [lnazamupaa 3 depmeHTHI, pazpesatoniue JHK
[IepeHOC KaKOW-JM60 YacTh reHeTUYeCcKoro MaTepuasa
OLHOr0 OpraHM3aMa B KJIETK roro opraHusMa
9 WuayKius " A P y APy p
B  (QYHKIMOHA/JIbHO aKTUBHOM  COCTOSIHUM  TIpU
OIpe/ieIEHHBIX YCJI0BUAX
10 KieTouyHas K HayKa O MoJUPMKALUM TeHEeTUYecKoro maTepuasaa
MHXeHepHus KJIETOK OpraHrM3Ma

5. HexoTopas yacTb yesioBeyeCcTBa HEraTUBHO OTHOCHUTCS K TPAaHCT€HHbIM OpraHU3MaM
Y NPOJYKTaM NUTAHUS, CO3JaHHBIM METOJaMU reHHON uHXeHepuH. [[pyunHoOM 3TOrO NO-
CJIY>KMJIO TO, UTO B CpPeJiCTBaX MaccOBOW MHGOpMaLMK NOosABUIACh HHGOPMALUA O TOM, YTO
TPaHCreHHble NPOAYKTbI MUTAHUs BPeJHbI JIJ1s1 YeJIOBEKA, a TPAaHCTeHHble OPraHUu3Mbl He-
raTUBHO BJIMSAIOT Ha 9K0OJIOTMYeCKYyIo cpealy. CKaXKUTe, KaK Bbl OTHOCUTECH K BbIILIEU3JI0’KEH-
HbIM UiedM? ApryMeHTHUPYUTE CBOE MHEHHUE.
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I7TABA VI
IKOCUCTEMA

6.1. CTpyKTypHas opraHu3sanusa 3KOCUCTEM.

6.2. IIpakTnyeckoe 3auaTHe. OnipeaesieHUe cocTaBa
3KOCHUCTEM.

6.3. JKosiornyeckue GpaKkTopsl.

6.4. IIpoexTHaa pa6oTa. CpaBHEHHE CTPOEHUA PACTEHUH,
BbIPAlLlleHHbIX B Pa3HbIX YC/JI0BUSAX.

6.5. Tpodpuyeckasa CTPYKTypa IKOCHUCTEM.

6.6. IIpakTnyeckoe 3aHATHe. COCTaB/IeHHE CXeM U pelieHue
3a/4a4, CBA3aHHBIX C NMIIEBbIMH LeNAMH U MU EeBbIMU
CETAMM.




IJIABA V1. 3JKOCUCTEMA
6.1. CmpykmypHasa op2aHu3zayus 3Kocucmem

6.1. CTPYKTYPHAA OPTAHU3AIIUA 3KOCUCTEM

IIpoBepKa 6a30BbIX 3HAHUM. UTO SBJISAETCSA CTPYKTYPHO-PYHK-
LUOHAJIbHOW eIMHUIEN 3KOCHCTEMHOI0 YPOBHS opranusanuu? Ka-

IJKOCUCTEMBI
KHe IIPOLeCChl )KU3HeAesATe/IbHOCTU XapaKTePHBbI /15 9KOCUCTEMHO-
” [IpoayueHT
r'0 ypOBHA’
KoHcymeHT
Mopsi, pexy, 03€pa, ropbl, Jieca ¥ MyCThIHUA Ha IOBEPXHOCTH 3eM- fPeqylieHT

JIU — 3TO MeCTO OOMUTAHUA XKUBBIX CyLIeCTB. AI‘pOBKOCI/ICTeMa
COBOKYIIHOCTb MBbIX OPTaHM3MOB, OOMTAKOWIMX NpU onpeje- §Yp6aHoIKOCHCTEMA
JIEHHBIX yCJIOBHUSAX U QaKTOpax OKpyKalollel cpefibl, Ha3blBaeTCs
3KOCUCTEMOM. MaTepHKH, OKeaHbl, 03€pa, Jieca U JIyra sBJAsAITCSA 3KocucTeMaMu (puc. 6.1).
BMecTe Bce skocucTeMbl 06pa3ytoT 6uochepy.

np%‘-_, = &,L._ . . 4
5KOCHCTEMa OKeaHa 3KOocCHCTeMa Jieca
Puc. 6.1. 3kocucTeMbl

TepMuH «akocucTeMa» 6bl1 BBeEH B HayKy B 1935 r. aHrsiniickuM y4éHbiM A. TaHc-
su. [lo ero cjoBaM, 3KOCUCTEMHaAs AesATeJbHOCTb NpeJCTaB/sseT COO0M KOMILJIEKC KUBbIX
OpraHu3MOB U QU3NYECKUX PAKTOPOB CpeJibl, CBSI3aHHbIX C 0OMEHOM BeIleCTB U NOTOKOM
3Hepruu.

JkocucTeMa — COBOKYIIHOCTb KHBbIX OPraHU3MOB U HEOPTaHUYECKUX NPUPOAHBIX PaK-
TOPOB Pa3HOM BeJIMYMHBI, CBI3aHHBIX MeX/y COO0M 00MeHOM BellecTB U 3Heprueil. Cyuie-
CTBYIOT 3KOCUCTEMbl Pa3/JIMYHOr0 MacuiTaba: Majible 3KOCUCTEMbl — MUKPO3KOCUCTEMBI
(kamss BOABI C MUKPOGAMHU, TPYXJISIBbIM NEHb C MUKPOOPraHU3MaMHU, FPUGaMU U MEJKUMH
[I03BOHOYHBIMH >KUBOTHBIMY, JIyXa C JOXKJAEBOW BOJOM, aKBapUyM U [ip.); CpeHUE IO Be-
JIMYMHE 3KOCUCTEMbI — ME309KOCHUCTEMBI (s16J10HEeBbIH ca/i, MoJ1e, Jiec, TPy, peKa, 03epo U
Jlp.); KpyIHbIe 3KOCUCTEMbI — MAaKPOIKOCHUCTEMBI (OKeaH, CTellb, Talira, TPONMUYECKUH JIec,
ropbl, MyCThIHA U /p.); I7106a/bHas 3KocucTeMa 6uocdepa. IKocucTeMbl MOTYT OBITh ecTe-
CTBEHHbIMHU U HCKYCCTBEHHBIMU. MCKyCcCTBEHHbIE 3KOCHUCTEMbl CO3JANTCA JIIOJAbMU [Js
CeJIbCKOX03SIMCTBEHHBIX LieJIeM.

CTpyKTypa 3KOCUCTEMBbI XapaKTepU3yeTCsl HaJU4YUMEeM [BYX KOMIIOHEHTOB — YCJOBUU
cpe/ibl (6MOTOMN) U COBOKYNMHOCTH KHUBBIX OPTaHU3MOB (6HOLIEH03), BKJIIOYalOIlel B cebs
TPU QYHKIIMOHAJIbHO pa3J/iMuHble TPYIIbl OPTaHU3MOB, OCYLIECTBJAIIIME IBUKEHNUE Be-
11eCTB B KPYTOBOPOTE XUMUUECKUX 3JIeMEHTOB 3eMJIM U TOTOK SHEPTUU.

BuoTton (oT rped. bios - «KU3Hb» U tOPOS — KMECTO» UJIU «MECTOOOUTAHUE») — ITO HE
TOJIBKO MPOCTPAHCTBO, 3aHMMaeMoe CO0bI1LeCTBOM OPraHU3MOB, HO U B3aUMOJENCTBYIO-
IIMHA KOMIIJIEKC 3KOJIOTUUECKUX YCI0BUM OKpYyXKatllel cpe/ibl, B COBOKYIIHOCTHU C KOTOPbIM
IpOoTeKaeT >KU3Hb 3TUX c00611ecTB. CBOEH KU3HEeAesATeJIbHOCTbIO XKHBble OpraHU3Mbl 6HO-
reoleHo3a CyLeCTBEHHO U3MEHSIOT aOMOTHYECKHE YCI0BUS Cpefibl (3KOTOM) U IpeBpalla-
IOT UX B OUOTOTI.

AbuoTudeckyto cpeay (3KOTOI) 3KOCUCTEMbI 06pa3y0T HEXKUBOU KOMIIOHEHT — KJIMMa-
ToI (CBET, TEMIIEpATypa, BJIara, BO3JyX U T. I.) U KOMIIOHEHT GMOKOCHOT'0 MPOUCXOXKAEHUS
- 3sadoTon (1o4yBa, FPyHT).

JKOTOI NpeJCTaBJsAeT ONpeJie/IEHHYI0 TEPPUTOPUI0 CO BCEMHU OCOGEHHOCTSAMHU IO-
YBBbI, KJIMMaTa U ApPyrux GpakTopoB B He U3MEHEHHOM opraHu3dMaMu Buze. [IpumMepamu
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3KOTONa MOTYT CJYXHUTb 3aHOBO 006pa-
30BaBlUIMeCsl TEePPUTOPUH, HaNpUMep,
HOBOOOpa3oBaBlIMECS ByJKaHUYeCKUe
WJIM KOpaJlJIOBble OCTPOBA. JKOTOI, Ha-
CeJIEHHbIN >KUBBIMU OpPraHUM3MaMH, WJIU
TEeppUTOpPUS, HaCeJEHHAdA oOlpesesEH-
HbIMU BHJIAMU PACTE€HUH U KHUBOTHBIX,
Ha3bIBaeTCs GUOTONOM.

BHOLeH03 - 3TO COBOKYIHOCTb KU-
BbIX OPraHM3MOB, HaceJsSUIMX GHUOTOI.
BuoueHo3 XapakTepusyeTcs oIpe/e-
JIEHHBIM COCTaBOM, KOJIMYECTBOM BH/IOB,
B3aMMOOTHOLIEHUSIMM BHYTPHU BH/IOB,
MexX/Jy BHUJAMH W C BHEUIHEW Cpenou
(puc. 6.2).

3enéHble pacTeHUs OuOreoleHO3a
(duToneHos), ucnosib3dys B npoiuecce ¢po-
TOCHHTE3a COJIHEYHYI0 3Hepruio, obpa-

Puc. 6.2. CTpyKTypa aKoCHUCTEM 3yI0T OpraHU4ecKue BellecTBa, KOTopble
CAYKAT MUIEHN AJ1 pa3JIMYHbIX X)KUBOTHBIX (30011eH03). ['pubbl (MUKOIIEHO3) U MHUKPOOP-
raHu3Mbl (MUKpPOOHOLIEHO3) pa3pyllaloT OpraHUYecKHe BelllecTBa U BO3BpaALAlOT HEOp-
raHU4YecKre CoeJJMHEHUsS B OKpyKatoliyto cpeay. OCHOBbIBasiCh Ha MUIIEBBIX B3aUMOOT-
HOILIEHHAX BU/IOB, B 6HOreoleHo3€e UJIET NOCTOSIHHBIA KPyrOBOPOT BEILleCTB U IHEPTUU OT
OKpYy»Kalolllel cpe/ibl K >KUBbIM OpraHM3MaM U OT HUX B aBUOTHYECKYIO cpeay. ITO MOCTO-
SIHHOe JIBI)KeHHe BelleCTB U IOTOKOB 3HEPTUH, clieliupUUHbIe [ KaXA0ro 6MoreoneHo-
3a, BJIMBAIOTCS B 001U I IJ100aJbHbIA KPYTOBOPOT BELECTB U NOTOK 3HEPTUU GUOChepHI.

Bce »kuBble OpraHu3Mbl 6MOIEHO3a JIe/ATCS Ha TPU QYHKIUOHAJbHbIE TPYNIbL: MPO-
JNYLEeHThI, KOHCYMEHTbI U peAyLeHThI (puc. 6.3). OTU TPU I'PyINIbl OTJAYAKTCA 10 IKOJIO-
rMYeCKUM CBOMCTBaM. B ux cocTaB BXOAAT MONyJISALMA MHOTHMX BU/IOB, CieliUPUYHBIX A5
KOHKpPEeTHOM 3KocucTeMbl. UX B3auMOJIeHiCTBHE MeXAy COO0M U C OKpPYKaWIed cpeion
obecreyrBaeT IKOCUCTEME ero L[eJI0CTHOCTD.

IKOCH

ABTOTpOdBI T'eTepoTpodbl

MpoAyLEeHThI KOHCYMEHTbI peaAyuneHThI

Puc. 6.3. DyHKLIMOHAJIbHBIE TPyl 6HOLIEH03a
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IIpoayueHTsl (0T s1aT. producens — «CO3aI0IIUNA»), UJIU IPOU3BOAUTEN OPTaHUYeCKUX
BellleCTB — aBTOTPOQHBbIe OpPraHM3Mbl, CIOCOOHbIE CHHTE3UPOBATh OpraHWYecKue Bellle-
CTBa M3 HeOpraHUWYecKux coejrHeHUH. K JaHHOW rpynmne OTHOCAT 3e/I€Hble pacTeHMs, a
Takke GOTOCUHTE3UPYIOLIMEe U XeMOCUHTE3UPYIole GaKTepUH.

KoHcyMeHTBI (0T J1aT. consume — «10Tpe6JIsA0»), UK IOTPEOUTENHN — reTepoTpodHBIE
OpraHU3Mbl, KOTOPbIE OTPEOIAIT OpraHu4YecKre BellecTBa U NepealoT CoZleprKallyocs
B HUX 3HEPrHUIO Jajiee Mo NUIlleBbIM LensM. [luieBas (Tpoduueckas) Lenb — MOCaAe0Ba-
TeJIbHOCTb OPTaHM3MOB, B KOTOPOM MPOUCXOAUT MO3TANHBIN IEpEeHOC BelleCTBA U SHEPIUU
OT UCTOYHHKA K NOTpebuTet0. K KOHCyMeHTaM OTHOCATCS BCe XKUBOTHbIE U pacTeHUs-Na-
pasuTHIL.

PeayueHTbl (0T JiaT. reduco - «BO3Bpalllalo», «BOCCTAHABJIMBAIO»), UJIH AeCTPYKTO-
pbI (OT J1aT. destruo - «pa3pyliaw») — reTepoTpodHble OpPraHU3Mbl, pacllensiolue op-
raHU4YecKre COoeJIJMHEeHHUd [0 HeOpraHW4yecKux BelllecTB. K HUM OTHOCATCA canpoTpodHble
(canpoduTHble) 6akTepUr U Irprubbl. OHU MOTPEOGJISAIOT MEPTBblE OPraHUYECKHe OCTAaHKH
Y N0JIBEPTAIOT UX MHUHepaIn3aluu (JecCTpyKIMU) 0 HEOpPTraHUUECKUX coeuHeHU . O6pa-
3ymollleecsl MUHepaJibHOE BellleCTBO HaKallJIMBaeTCs B I0YBE U B JlaJIbHeHIIeM NOTJI0LaeT-
cq npoAyLeHTaMu. TakuM 06pa3oM, 6HMOLEHO3 COCTOUT M3 NPOAYLIEHTOB, KOHCYMEHTOB U
penyneHTOB. OTZe/IbHOE CYLeCTBOBAaHWE OPTaHU3MOB KaX/0M U3 3TUX QYHKIIMOHAJIbHbIX
IpyII HEBO3MOXHO.

JkocucTteMbl 3eMJIM OYeHb pa3Ho06pasHbl. [lo TPOUCXOXKAEHHIO Pa3IUMYyal0T Cleaylo-
I{1e TUIIbl 3KOCUCTEM:

1. EcTrecTBeHHblEe (MPUPOAHBbIE) IKOCUCTEMBI — 3TO 3KOCUCTEMBI, B KOTOPBIX GHO0JIO-
TMYeCcKUU KpyroBOpoT NpoTeKaeT 6e3 NpsAMOro y4yacTus yesoBeka. Hanpumep, 03épa, mop4,
Jieca. EcTecTBeHHBIE 3KOCUCTEMBI GOPMUPYIOTCA MO/ BJUAHUEM NIPUPOJHBIX GaKTOPOB.

2. UcKyccTBeHHBIe (QHTPOIIOreHHbIe) 3KOCUCTEMbI — 3KOCUCTEMBI, CO3JaHHbIE Ye-
JIOBEKOM, KOTOpbIe CIOCOOHBI CYLeCTBOBATh TOJIBKO NPU NMOAJepKKe yesoBeKa. K HUM oT-
HOCATCA arpo3KOCHUCTEMBI, YpOAHOIKOCHUCTEMBI (FOPOJICKHME IKOCUCTEMBI) U KOCMUYECKHe
3KOCHUCTEMBL.

EcTecTBeHHbIEe 3KOCUCTEMBI 06/1aZlal0T PAJIOM CBOMCTB, KOTOpbIe NMOJJePKUBAIOT UX
YCTOMYMBOCTb B TeYeHHe J0JIroro BpeMeHH. K 3TUM CBOMCTBAM OTHOCATCS CaMOBOCIIPO-
M3BejleHUe (BOCCTAHOBJIEHUE), YCTOMYHUBOCTb, CAMOPETYJISLIUS, pa3BUTHE, IKOJOTUYeCcKast
cykueccusi (3aMeHa akocucteM). [IpupoiHble 3KOCUCTEMBI 06/1a/]al0T GOJIBIIMM BH/A0BbIM
pasHoo6pa3veM N0 CPAaBHEHHUIO C aHTPONOreHHbIMU. EcTecTBeHHbIe 3KOCHCTEMBI QYHKIIU-

20O 1 3aTpaT CO CTOPOHBI YesioBeKa. B_3aB ' 7
a3/1e/ITI0TCA Ha TPH
; 3) MOPCKHe 3KOCHCT bl




IJIABA V1. 3JKOCUCTEMA
6.1. CmpykmypHasa op2aHu3zayus 3Kocucmem

HaseMmHble 3kocucTeMbl pa3Ho06pa3Hbl. COBOKYITHOCTb Ha3eMHBIX 9KOCUCTEM, KOTO-
pble CYLIeCTBYIOT B OJHOPOJHBIX JAHAIIAPTHO-KIUMATHYECKUX YCJIOBHUSAX, Ha3bIBaeT-
ca GUOMOM. Bhijienda0T ciaeayrole TUNIBI 6MOMOB: ApKTUUYecKasd U AJbIUKCKas TYH-
JIpbl; cCeBepHble XBOWHbIE Jieca; JIMCTOMNA/[HbIe Jieca yMepeHHON 30Hbl; CTeNU YMepPeHHOU
30HBI; MyCTbIHU; TPONIUYECKHUE Jieca.

[IpecHOBOAHBIE 3KOCHUCTEMbI 3aHMMAIOT HAUMEHbBUIYIO YaCTh 3€MHOTO LIapa Mo CpaB-
HEHUIO C JIpyTMMH 3KOCUCTEMaMH, OZJHAKO MX 3HaYeHHe OuyeHb BeJIMKO. Bce mpecHoBo-
JIHbIE 3KOCUCTEMBI M0 XapaKTepy CTPYKTYPbl NOAPA3JeAS0T Ha TPU FPYNIbL: CTOSYHE —
03€pa, NIpy/ibl; TEKy4YHe — PEKH, PYYbH, POJAHUKH; 60JI0Ta.

K MopckuM 3KocucTeMaM OTHOCSTCSI OTKPbITOe Mope (OTKPBITbIM OKeaH), KOHTUHEH-
TaJIbHbIE Leabbl, OYXThI, IPOJIMUBLI, YCThA peK (JiIMMaHbl). MOpCcKHe 3KOCUCTEeMbl 3aHU-
MatoT 70 % noBepXHOCTH 3eMJIH.

HcKyccTBeHHbIe 3KOCUCTEMBI - 3TO aHTPOINOreHHble 3KOCUCTeMbl. B mponecce
HMCTOPUYECKOr0 Pa3BUTHs YeJIOBEK MOCTENEeHHO NMpeobpa3oBbIBal MPUPOAY [Jsl CBOUX
HYX /1. X03MCTBEHHas JieATeJbHOCTb NPUBeJa K YaCTUYHOM 3aMeHe PUPOHBIX IKOCH-
CTeM aHTPONOTreHHbIMHU — arpO3KOCUCTEMAMU U YPOAHOIKOCUCTEMAMHU, CTPYKTypa KOTO-
PBIX CO3JaéTCs, NOAAEPKUBAETCSA U KOHTPOJIUPYETCS 4YeJI0BEKOM B CBOUX UHTEpecax.

McKyccTBeHHbIE 3KOCHUCTEMBI He CIIOCOOHBI K CAMOBO30OHOBJIEHUIO, CAMOPETYJIUPO-
BaHHUIO, KpallHe HEyCTOMYMBbIe U HE MOTYT CylLeCTBOBaTb B Te€YeHHE NPOJOJKUTEb-
HOTO0 BpeMeHHU 6e3 BMelLlaTeJbCTBAa 4esioBeka. OHU HCNOJIb3YIOT 3HEPrUI0 COJHLA U
JIONIOJIHUTE/IbHYI0 3HEPTHIO0, NOCTaBJAgeMY0 4eJJOBEKOM. Mo/ie/Ibl0 pa3/IMuYHbIX UCKYC-
CTBEHHBIX 9KOCHUCTEM SIBJISIOTCS aKBapUYMbl, TOPILIKH C [[BETAMHU.

Yp6aHoakocucTeMbl (OT J1aT. urbs — «ropojZi») — UCKyCCTBEHHO CO3Jj@aHHble W MOJ-
Jlep>KUBaeMble 4eJIOBEKOM 3KOCHUCTEMbI, BOSHUKAWILKE B pe3yJsbTaTe CO3JaHUs Ioce-
JIeHUH 4esioBeka. K HUM OTHOCATCA ropoja, NOCENKU U ypOAHU3MPOBAHHBIE JIIOJbMU
Yy4aCTKH 3eMJIH.

ArposkocucreMsbl (OT Iped. agros — «I1oJie») — UCKYCCTBEHHble 3KOCUCTEMbI, BO3HHU-
Kalolllie B pe3y/bTaTe CeJbCKOX035IMCTBEHHON JesITEJIbHOCTU YesoBeKa. ITO CeJIbCKO-
X03AMCTBEHHbIE 110JI5], OTOPO/bI, CaZibl, BAHOTPAaJHUKHU U T. . ATPO3KOCUCTEMBI HHOTAA
Ha3bIBaIOTCs arpolieHo3aMu. OHU peryJsipHO MOJJAEePKUBAIOTCS YeJ0BEKOM, 06/1aJjal0T
BbICOKOM MPOJAYKTHUBHOCTBIO (YyPOKalHOCTBIO) OJIHOTO UJIM HECKOJIbKUX N30paHHbIX BU-
JlOB, IOPO/, >KUBOTHBIX UJIK COPTOB PAaCTEHUH.

ArposkocucTeMbl OTJIMYAIOTCA OT €CTeCTBEHHBIX 3KOCHUCTEM, paboTaKLIMX TOJbBKO
6s1arofapsi COJTHeYHOU aHepruu. OHU NOJIY4YalOT AOMOJTHUTENbHYI0 9HEPTUIO B BUJE V/0-
O6peHMH, opolIawlell BoAbl. ITU CUCTEMbI POU3BOAAT NMPOAYKTbI MUTAHUSA, KOTOpbIE
SIBJISIFOTCS TOBAPOM, UTPAIOLIMM BaXKHYI0 POJIb B 3KOHOMHUKE.

[loBbIlIEHME TJIOAOPOJAMS arpoO3IKOCUCTEM TpebyeT GOJIbLIOTO pacxoja SHepruy Ha
POU3BO/ICTBO FOPIOYET0, XUMHUYECKHX BEIIECTB, 9KCIJIyaTalM0 MalIUH.

IIpuMeHeHN e HOBbIX 3HAaHUI.

3HaHUe U NIOHUMAHHUE.

1. Ha3oBHTe KOMIOHEHTBI 3KOCUCTEMBI.

2. laiiTe onpe/iesieHUe MOHATHUAM «OUOIEHO3» U «OUOTOTI».

3. HazoBuTe QyHKIMOHANbHbIE IPYNIIbI OPraHU3MOB B 3KOCUCTEME.

4. O6pSICHUTEe 3HaYyeHHWe OPraHM3MOB, NPHUHAAJIEXKAIIUX K pPa3HbIM (QYHKIHUOHAJb-
HbIM I'pyIIaM B 9KOCUCTEME.

5. OnuuIKTe BaXKHOCTh NPOU3BOJUTEEN B IKOCUCTEME.

IIpumeHeHue.

1. [IpuBepuTe npuMepbl POTOTPOPHBIX U XEMOTPOPHBIX OPraHMU3MOB.

2. 06bsACHUTE POJIb PeAYLIEHTOB B 9KOCUCTEME Ha IpUMepax.
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3. [laiiTe onpe/iesieHre CeAYIOLIUM MOHATHUSAM U IPUBEAUTE IPUMEPHI.

dyHKIMOHAJIbHAs rpynna

OnucaHue IIpumep

duToneHos3

30011€HO03

MuKoOIeHO3

MuKpo6HuoLeHo3

Anain3. CooTHeCUTe TePMHUHBI 3KOJIOTUU U UX ONIMCaHUE.

JKosioruyecKue
II/u OTBeT OnucaHue
TepPMHHBI
1 durtoneHos A AGHOreHHas 4acTb 3KOCUCTEMBI.
Cpefia, ©13MeHEHHas 10/, BJUSIHUEM KU3HeLesITeIbHOCTU
2 | PepyueHThI b >)KUBBIX OPTaHU3MOB U ABJISIOIIAACS AJIS1 HUX MECTOM
06UTaHUS.
Cpefia, He TPOHYTAasi )KUBBIMU OpraHU3MaMH, 06.1ajaro1as
3 | BuoneHos B peAa, POHY p ’ A
CBOEU N0OYBOM U KJIUMATOM.
4 |IlpoAyLeHTDI r CMeHa 6HOI€HO30B.
5 |3koTon i | 2KuBble opraHu3Mbl B COCTaBe GUOTOIA.
6 | Kiiumarton E [ToTpebuTes M OpraHUYECKUX BEIECTB.
JkocucTeMa, 06pa3oBaHHas B pe3yJibTaTe
7 | KoHCyMeHTBI K » OBP besy
YKM3He e TeJbHOCTH )XUBbIX OPTaHU3MOB.
JKoJsioruyeckas 3 [eTepoTpodHble OpraHMW3Mbl, pacllenJsgpLde opra-
CyKLeccus HHUYeCKHe BellecTBa 10 MUHepabHbIX BELECTB.
9 |3padoron u 06pasyoT opraHUYeCKHe BEIECTBA.
10 | Buoron K 3eJsiéHble pacTeHUS IKOCUCTEMBIL.

CuHTe3. YCTaHOBUTE B3aUMOCBA3b MEX/Y Pa3HbIMU I'PYyIIIaMU 3KocucTeM. OnuiuTe
3TH cBA3U. [IpuBeuTe npuMephl.

OneHka. K kakuM 3K0JIOTU4eCKHUM N0C/IeJCTBUSAM MOKeT IIPUBECTHU pe3Koe CoOKpalie-
HHUe KOJIMYeCcTBa peJyLileHTOB B COCTaBe 3KOCUCTEeMbI? YTO MOXeT IPOU30UTH, €CJIU BCe
pe/lyLieHThI Ha IOBEPXHOCTU 3€MJIM UCUE3HYT?

6.2. IPAKTUYECKOE 3AHATHE.
OINIPEAEJIEHUE COCTABA 3KOCHUCTEMbI

Ilesib paGoThI: Olpe/iesieHHe COCTaBa 3KOCUCTEM, CPaBHEHHE eCTECTBEHHbBIX U
HCKYCCTBEHHBIX 3KOCUCTEM.
IopsAAOK BbINOJIHEHHSI Pa6GOThI:

1. 3az1a4u 1o onpeje/IeHUI0 COCTaBa 3KOCUCTEM.

2.3a/1a44 10 CPAaBHEHHUIO €CTECTBEHHbBIX U UCKYCCTBEHHBIX 3KOCUCTEM.
3. BeiBoI.
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3apanue 1. Huxe npuBeseHa cxeMa skocucTeM. CIUIINTE TaGJ/IUIY B CBOIO pabouyto
TEeTPa/ib.

JKocucrema
buoTon BuoneHos

3aganue 2. 06bsICHUTE B3aMMOCBSI3b MEX/ly KOMIIOHEHTaMU 3KocucTeMbl. [IpuBeau-
Te MpUuMep JIJIsI KaXKI0U CBS3HU.

™

T _»( 300LEHO3 )w = T

i —

A Tk g
. MHUKOLEHO3 | T ., MHKpOGHOLEeHO3

o+ ¢uToneHos ) 4

BUOI[EHO3

BUOTOII
. 3fadoron ¢ *| rHAporonm |

3aganue 3. CooTHecuTe GYHKIMOHAJbHbIE TPYIINbl GUOLEHO3a U HUX QYHKIHHU.
OTBeTHI 3aNULIKNTE B PabOUYyI0 TeTPa/lb.

PyHKIMOHA/IbHEBIE
IIpeacraBuTe/ I
rpynibl

1. MpoayenTs: 1) NolOPOXKHUK; 7) LOX/1€BOM YEPBb;
2) oJieHb; 8) MualiHUK;

2. KoHCyMeHTBI 3) casas; 9) 6esbli TPUOOK;
4) namMuHapus; 10) meaBenKa;

3. PeptynieHThI 5) nadpHus; 11) aMmMoHUGUIIUPYIOIIHE GAKTEPHUH;
6) kesie306aKTepusi; 12) aMébGa 06bIKHOBEHHASI.

3agaya 4. O6bsICHUTE B3aUMOCBSA3b MeX/y rpynnamMmu buoneHosa. [Ipusegure npume-
pBI /151 KaXK/J0M CBSI3H.

f - i KOHCYMeHT [ 1_ |/ KOHCYMeHT II “__ i KOHcyMeHTIlI\'
L NpOAYLIEHT ] i | mopaaka | | nopajgka [ nopsiika
T » AeuTpur %
[Muﬂepanbﬂble J v
el el [ Jaedtputodar

T —

| peayuent

3aganue 5. K kakuM 1oc/1e/ICTBUSIM MOXKET IPUBECTU PE3KOE CHIKEHUE YUCJIA pefy-
LIeHTOB?
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3apaHue 6. CnuinTe TaG/IMIy B CBOIO Pab0O4yIo TeTpaJb U 3aMl0JIHUTE, IPUBE/S NPU-
MephI eCTECTBEHHbIX U UCKYCCTBEHHBIX IKOCHCTEM.

EcTecTBeHHbIE 3KOCUCTEMbI I/ICKYCCTBEHHI:IE 9KOCHCTEMBI

3apanue 7. CnyumMTe Tab/avLy B CBOKO paboyyl TeTpaAb U 3alOJHUTE, CPAaBHUB
eCTeCTBEHHbIe U UCKYCCTBEHHbIE 3KOCUCTEMBI.

CpaBHl/ITeJIbeIe CBOMCTBa EcTecTBeHHbIE I/ICKYCCTBEHHI)IE
3KOCHUCTEMBbI 3KOCHUCTEMBI

BusioBoe pasHoo6pasue

OG6GMeH BellleCTB U 3HEPTUHU

[ToTpeGHOCTD B IOMOJHUTENbHON
3HEPTUH U3BHE

KosinuyecTBO TpoduUyecKuX CTyneHed B
MUIEBOY IEMOYKe
W CcTOYHUK S3HEpruu

YcTolyuBOCTD

Croco6HOCTh K CAaMOPETYIMPOBAHUIO

Buj oT6opa

3azanue 8. /laliTe CpaBHUTEJNIBHYI0 XapaKTEPUCTUKY eCTECTBEHHOU U UCKYCCTBEHHOU
3KOCHUCTEME.

XBOMHBIN JIeC O61ue cBOMCcTBaA XJIONKOBOE 10Jie




IJIABA V1. 3JKOCUCTEMA
6.3. IKo102uYecKue hakmopul

6.3. 3KOJIOTUNYECKHE ®AKTOPBI

IIpoBepka 6a30BbIX 3HAHUI. BcnoMHKTE, B UEM MPOABAAIOTCSA
MPUCIOCO0OJIEHUsI OPTraHU3MOB K cpeJie o6uTaHusi. M3BecTHO, 4TO
»KUBBIE CyLI[eCTBa 0OMTAIOT B pa3HbIX YCI0BUAX. Kakue ycioBus sB-

JKoJIOTHYeCKHUe

daKTOpHI JIIOTCA ONpeJie/ISILUMU B pa3HbIX cpejax?

TonepaHTHOCTB Jlis cpefibl 0OUTaHUS XapaKTepPHbl 3KOJ0TU4YecKre (GaKTOphl,
Jlnmutupyomue § gotopble COCTABJAIOT €6 XKUBOH M HEXHBOH KOMIOHEHTHI. KoM-
$akTopbI NOHEHTHI CpeJibl OKAa3bIBAalOT HAa OpPraHW3Mbl pa3JIMYHOE BO3JEW-
JKoJioruyecKas CTBHE.

i e Jkosorudeckue GpakTophl. OT/ eNbHbIe YCI0BUA CPefbl 06H-
KocMomnoanTe! TaHMS, OKa3blBaIOLMe pa3/IMYHOe BO3JEeWCTBUe Ha 0cobel, momny-
IBPUOUOHTHI

JIILUYU U COOOIeCTBa, TaKUe KaK PU3UKO-XUMUUECKUe U OGUOJIOTH-
YyecKre, Ha3bIBalOT 3KOJIOTUYECKUMHU PaKTOPaMH.

[Io koMIIOHEeHTaM cpe/ibl 0OUMTAHUSA 3KOJIorHYeckre GaKTOphI NMOJpasAessaTca Ha
abuoTHyeckre, GUOTUYECKHE U aHTPONOTEHHBIE.

Ab6uornyeckue GpaKTOpPbl - KOMIIOHEHTHI HEXXKUBOUM NpUpobl. X nmospa3ensoT Ha
yeThIpe rPyMNbl: KIUMaTHYeckue GpakTopbl - GaKToOpbl, QOPMUPYIOIIHE KIUMAT B JaHHOU
cpefie o6uTaHUA (CBET, TeMIepaTypa, BJXKHOCTb BO3/lyXa, 0CaZiK1, aTMochepHoe J1aBJie-
HUe, ra30BbIi COCTAaB BO3/lyxa, CKOPOCTh BeTpa); agadudeckue GpakTopsl (0T rpey. edafos -
«I[104YBa») — CBOWCTBA M0YBbI (OpraHUYeCKUi COCTaB, MUHEPaJIbHbIN COCTAaB, IJIOTHOCTB,
BJIQXKHOCTb); Tonorpadudeckre pakTopsl (pakTophl pesbeda) — 0cO6eHHOCTU pesibeda;
dusndveckue pakTopbl - GU3NYECKHE SABJIEHUS TPUPObI (MarHUTHOE MoJie 3eMJIY, rpa-
BUTAIMs], HOHU3UPYIOIEe U 3JIeKTPOMAarHUTHOE U3JIYYeHUs U T. [T.).

Buotudeckre pakTopbl - GpakTOpbl KMBOU NPUPOAbL. B 3aBUCUMOCTH OT BO3/eM-
CTBYIOII[ETO OpraHU3Ma OHOTHYecKHe GaKTOphbI ZieJsaT Ha GpUTOreHHble (BJIUSIHUE pac-
TEHUH), 300TeHHble ()KUBOTHbIX), MUKPOOUOTEHHbIE (MUKPOOPraHMU3Mbl), MUKOT€HHbIE
(rpu6bI).

AHTponoreHHble PaKTOPbI — GaKTOPHI YeJIOBEYECKOHM e Te/IbHOCTH. ITO BU/IbI Ye-
JIOBEYECKOU J1eSITeIbHOCTH, IPUBO/SAIME K U3MEHEHHUM MMPUPOJbI KaK CpeJibl 00U TaHUS
JIpyTMX OPraHu3MOB M HENOCPeJCTBEHHO BJMSAIOIINE HAa UX XKU3Hb (3arpsi3HeHUue Cpe/ibl
06UTaHUS, 0X0Ta, pbl60JIOBCTBO, BbIPYOKa JIECOB, pacnallka CTelnew, ocylieHre 60J10T, J0-
6bI4Ya N0JIE3HBIX UCKOMAEMBbIX).

3aKOHOMEpPHOCTH JelCcTBUA GaKTOPOB cpeJbl Ha OPraHu3M. JKoJioruyeckre dpak-
TOPbI BJUSIOT Ha OpraHu3Mbl [0-pa3HoMy. Ho B xapakTepe UxX BO3/1eHiCTBUS Ha OPraHU3-
MbI U B OTBETHbIX PeaKI[HSIX }KUBbIX CYIL[€CTB MOXHO BBISIBUTb Psi/J] 06LIHX 3aKOHOMEPHO-
CTeMn.

Kaxpaplii opraHusaM uMeeT crenuduyeckue npucnocobseHuss k ¢dakropaMm cpe-
Jibl U 6JIaroMoJIy4HO CYIIECTBYET JIUIIb B ONpeAe/éHHbIX TPAaHULIAX UX U3MEHSIEMOCTHU
(puc. 6.4)

OTpuuaTesbHO CKa3blBAeTCH Ha KHU3HeJesATeJbHOCTH 0Cobell KaK HeJJ0CTaTO4HOe,
TaK U U30BbITOYHOE JelicTBUe dpakTopa. /luanasoH JedcTBUsA paKkTopa, KOTOPbIH HaubO-
Jiee GJIarONPUSATEH AJI5 )KU3He1esITeJIbHOCTH JaHHOTO BHU/IA, HA3bIBAIOT 30HOM ONTUMY-
Ma U1 6M0JIOTHYEeCKU ONNTUMYM.

OTKJIOHEHUS] OT GMOJIOTUYECKOTO ONTHMYMa OINpeessoT 30Hbl YTHETeHUs (30HbI
neccuMyMa) opraHusma. YeM cusibHee OTKJIOHEHHE OT ONTHUMyMa, TeM 6oJiblle BbIpa-
»KaeTcsl yrHeTarwollee JieicTBMe paKkTopa Ha opraHv3M. /luanasoH J1eicTBUSA 3KOJI0TuYe-
ckoro ¢akTopa OorpaHHYeH TOYKAaMU MHHUMyMa U MaKCMMyMa U COCTaBJISIET NpeJesibl
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rpaHHUlla TOJePaHTHOCTH
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JlvanasoH JelcTBUS 3KoJI0rnyecKoro GpakTopa

Puc. 6.4. 3akoHbl BMsAHUSA GAaKTOPOB BHEIIHEHN Cpe/ibl HA OPraHU3MbI

BbIHOCJIMBOCTH, 3TO KPUTUYECKHE TOYKH, 3a Ipe/ieslaMd KOTOPBIX CylleCTBOBAaHUE yiKe
HEBO3MO>HO, OpraHU3M I'MOHEeT.

06/1acTh TOJIEPaHTHOCTH (J1aT. tolerantia — «TepNUMOCTb») — JUaNa30H 3HAYEHUU
3KO0JIOTHYeCcKoro ¢akTopa, Mnpejesibl BBIHOCJAMBOCTU MEXJY KPUTHYECKMMHM TOYKAMH,
IIpY¥ KOTOPOM BO3MO>KHO CyLI,eCTBOBaHHWE OpraHu3Ma.

11 KaXKJ0ro opraHu3Ma XapaKTepHbl CBOM MaKCHMYMbl, OITUMyMbl U MUHUMYMbI
3KoJIoTUYecKUX GaKkTOopoB. HanpuMep, KOMHaTHas Myxa BblJlep:KMBaeT KoJiebaHue TeMIle-
patypsbl oT +7 g0 +50 °C, koMHaTHas TeMneparypa oT +23 g0 +25°C aBJsgeTcs A/ HUX OIl-
TUMaJIbHOM, a UesioBeuecKasi ackapu/ia >KUBET TOJIbKO [IPY TeMIlepaType TeJia YeJI0BeKa.

O/iHa u Ta >ke cuJia NposiBeHUsI paKTopa MOXKET ObITh ONITUMAJIbHOM JIJIsl OJTHOTO BU/I,
NeCCUMaJIbHOM — JIJISl IPYTOr0 Y BBIXOJUTH 3a MPe/iesibl BBIHOCAMBOCTH [1J1sl TPETHETO.

Hemenkuit xumMuk l0ctyc ¢poH JIM6UX yCTaHOBUII, YTO NPOAYKTHUBHOCTb KYJIbTYPHBIX
pacTeHUH B MepBYI0 ouepe/ib 3aBUCUT OT TOTO MUHEPAJIbHOI'0 3JIEMEHTA, KOTOpPOe NpeJ-
CTaBJIEHO B NO4YBe HauboJiee caabo. [Io vMeHU y4éHOro Ha3BaHO 0Opa3Hoe MpeJcTaBJie-
HUe 3TOT0 3aKOHA — TaK Ha3biBaeMas «604ka Jlubuxa».

CyTp MOJieJIM COCTOUT B TOM, UTO BOJA IPH HANOJIHEHUU GOYKU HAYMHAET Mepesiu-
BaTbhCA Yepe3 HaMMEHBIIYI0 J10CKy B O0YKe, U JJIMHA OCTAJIbHBIX [JOCOK Y>Ke He UMeeT
3HavyeHud (puc. 6.5). 3aKOH orpaHuYMBawUlero (Ju-
MUTHpYyloulero) ¢bakTopa, UiM 3aKOH MUHUMyMa Jlu-
6uxa, 3By4YHUT TaK: «/lJI1 BBDKUBAHUS OpraHu3sMa (Uau
3KOCUCTEMbI) HauboJsiee 3HAYUMbIM SABJISETCA TOT
3Kosiornuyeckuil ¢pakTop, KOTOpbI HauboJiee yjass-
eTcs (OTKJIOHSETCSA) OT CBOEro ONTHMaJIbHOTO 3Haue-
HUA». [loaTOMy BO BpeMs IPOrHO3MpPOBaHUS 3KOJIOTH-
YeCKHX YCJIOBUH WUJIM BBINOJIHEHUS 3KCIEPTHU3 O4YEHb
BaXKHO OIpe/ieJIMTh CJ1aboe 3BEHO B KM3HU OpraHMU3-
Ma.

JIMMUTUPYOILUI (orpaHUYUBalOLUi) paKTop -
JII060M GaKTOp, KOTOPbIM OrpaHUYMBAET IMPOIEecC
Pa3BUTHS UJIH CYLECTBOBAaHUS OpraHW3Ma, BUAA UJIU
coobuectBa. Hanpumep, eciu B nouBe UMeeTCs HeJ0-

Puc. 6.5. Bouka JIlubuxa
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CTaTOK KaKOTIO-TO ONpe/e/IEHHOTO0 MUKPO3JIEMEHTA, 3TO BbI3bIBAaeT CHMXKeHHUE ypoKau-
HOCTH pacTeHUH. 3-3a OTCYTCTBUSA MUY THOHYT HACEKOMbIe, KOTOpbIe MUTA/IUCh 3TUMU
pacTeHUsAMU. YMeHbllleHHe YUCJIeHHOCTH HaCeKOMBIX, B CBOIO OoYepe/ib, CKa3blBAeTCA Ha
BbDKMBAHUU U PAa3MHOXKEHUU 3HTOMO(AroB, HACEKOMbIX, 36 MHOBOJHbIX (0GUTAIOIHUX B
BO/Ie U Ha Cyllle), peNTUJINH, ITUL, MJIEKOUTAILUIMX, IUTAKIIUXCA STUMHA HACEKOMBIMHU.

CTEHOOUOHT 3BpPUOUOHT CTEHOOUOHT

KOJIIOIITKa KaMbasia

oUoJIorMyeckasts akTUBHOCTb

) max
coJiéHad BoJa

IIpeCHad BoJa

.
-

| |
Puc. 6.6. 061aCcTb TOJIEPAaHTHOCTH K COJIEHOCTH BO/IbI JJis1 pOopesiu, KOJIOLIKH U KaMbaslbl

OrpaHuuuBarolie GaKTOpbl ONpeeoT apeas pacceseHus Kaxaoro Buja. Hanpu-
Mep, pacnpoCTpaHeHue MHOTUX BUJ0OB KMBOTHBIX Ha CeBep CAep>KUBAeTCAd HeXBAaTKOMN
TeIJla U CBeTa, Ha 10T — AebUIMUTOM Bjard. JINMUTUPYOIUM GaKTOpOM, OrpaHHUYHUBAIO-
IIIUM pa3BUTHE OPTaHU3Ma, MOXKeT ObITh KAK MUHUMYM, TaK U MaKCUMyM 3KO0JIOTUY€eCKO-
ro Bo3zelcTBUA (puc. 6.6). lLINpoKy0 3KOJOTMYECKYI0 TOJEPAaHTHOCTb BH/Ia 110 OTHOILIe-
HHUIO K aOMOTUYeCKUM paKTOpaM cpefbl 0003HAYalOT ,006aBJIeHUEM K Ha3BaHUIO paKTopa
NPUCTABKU «3IBPHU». IBPUOGUOHTHI (OT Ipey. eurys — «KIIMPOKU» U biontos — «KUBYILUN»),
»KUBOTHBIE U PACTUTEJIbHbIE OPTaHU3MbI, CHOCOOHBIE CYLeCTBOBATh NPU 3HAYUTEIbHbIX
M3MeHEeHHU X YCJI0BUN OKpY»Katollel cpe/ibl UM BU/IbI C 60JIbIIUM JUala30HOM BbIHOCJIH-
BoCcTU. HanpuMep, BUAbI-KOCMOIOJUTBI LIKPOKO aJallTUPYIOTCS K U3MEHYMBOCTHU OKpY-
amwlei cpeZibl. KOCMONOJIMTHI - IMPOKO pacnpocTpaHEHHble BU/bl, 06J1aCTh 00UTa-
HUSI KOTOPBIX OXBAaTbIBae€T OTPOMHbIE TeppUTOpPHUM 3eMJu. Hanpumep, KOCMONOJIMTaMHU
CYUTAIOTCS KPbIChI, TApaKaHbl, MyxH, 6j10x1. Hecnoco6HOCTh NepeHOCUTh 3HAaYUTe/IbHbIE
KosiebaHUs (aKTOpa, UM y3Kas IKOJOTMYecKass BaJIeHTHOCTb, XapaKTepu3yeTcs Npu-
CTaBKOU «CTeHO». CTeHOGUOHTHI (OT Iped. stenos — «y3KUi», «KorpaHuYeHHbIW» U biontos
— «KUBYUIMI») — })KUBOTHBIE U PAacTeHMs, CHOCOOHBIE CYLeCTBOBATbH JIMIIb IPU OTHOCHU-
TeJIbHO TMOCTOSIHHBIX YCJIOBHUAX OKpYXKallllell cpejbl, BblJep>KUBalollue JUIb He60JIb-
1Me KosebaHUs TeMIIEPATypPhl, BJAXKHOCTH UJIM aTMOCPEPHOro JaBjaeHus U T. . HekoTo-
pble BU/bl 10)KHOAMEPUKAHCKOW KOJIMOPY NUTAIOTCSA HEKTAPOM [|BETKOB OIpeie/IEHHOTO
BHU/la PaCTEHHUH, U 00J1IaCTh UX PACIPOCTPAHEHUSI OTPAHUYMBAETCS Y3KUM apeasioM JiaH-
HOI'0 pacTeHUs. ABCTPAJIMUCKUNA CyMUYaThbIM MeJiBe/lb KOaJla MOXKET KUTb TOJIbKO Ha TeX
BU/]aX 9BKAJIMIITOB, JIUCTbSIMUA KOTOPBIX OH MUTAETCH.

IloHATHE 06 3KOJIOrM4YeCKOM HMIIe. B c/10’)kHOU cucTeMe B3aMMOOTHOILEHUH C 3KO-
JIOTUYECKHMMU GaKTOpaMHU CpeJibl KaXK/Abl BUJ, 3aHUMAET CTPOro onpejieJIEHHOe MeCTO —
3KOJIOTHUYECKYI0 HULLY (puc. 6.7). IKoJIorudecKas HULIA — COBOKYITHOCTb BCeX aOUOTH-
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YeCKHUX M O6MOTUYEeCKUX PaKTOpOB, B Ipe/iesiaX KOTOPbIX BO3MOXKHO CyLeCTBOBaHHUE BU/A.
JKoJiorryecKasi HUIA MpeCcTaB/sseT 00pa3 }KU3HU OPraHU3Ma, YCJI0BUsl ero 06UTAHUS U
NMTaHUA. IKOJOTUYECKYIO HULIY He cleJlyeT NMyTaTb C MeCToobUuTaHWeM BuJa. [loHATHE
«MecTOo06UTaHHe» 0603HAYAEeT TEPPUTOPHUIO, TJie XKUBET opraHusM. Hanpumep, TpaBosij-
Hble 06MTaTe M CTeNel — KOpoBa U KEHT'YPY — 3aHUMAlOT OJJHY 9K0JIOTHY€eCKYI0 HUIILY, HO
MMEIOT pa3JInuHble MeCTa 06U TaHUS.

15

- Yubuc

e s OXOTHUTCS Ha
g MasleHbKHX
- Kymux HACEKOMbIX. "

- T'ycb niutaercs
- BOIHBIMH
- HaCeKOMBIMH.
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GnamMuHro wmer: . BOAHBIMH'
nuily Ha AHe | PacTeHHAMH.

~ .BOJIOEMOB.

. Puc.6.7. 3xosorvdeckas HUlIa

Beska U JIocb OTHOCATCA K TPABOSJHBIM >XKMBOTHBIM, OOMTAIOT Ha OJJHOW TeppH-
TOPUH — B JieCy, HO 3aHUMAIOT pa3Hble IKOJIOrMYecKkue HUIIU. B caBaHHax AQpUKH BCTpe-
YaeTcsl HECKOJIbKO BH/I0B TPAaBOSIAHBIX KONBITHBIX MJIEKONUTAIUX. MecTooO6uTaHue y
HUX 006lllee, HO OHU MTO-Pa3HOMY UCIOJIb3YIOT UMEIOIHECS KOPMOBbIE PECYPChI.

HecMoTps Ha To 4To AsATeN U Gesika OOUTAIOT HA OJHOM JiepeBe, OJJUH M3 HUX MUTa-
eTCsl HACEKOMBIMH M3-1I0J, KOPbI IepeBa, a BTOPOU — CEMEHAMU 3TOTO pacTeHUs. JKOJIO-
ruyecKkre HUIIM BU/I0B, KOTOPbIE }KUBYT COBMECTHO, HUKOT/Ia MOJIHOCTHIO HEe COBIA/IAOT,
VWHaye OJUH BUJ BBITECHUT APYroi. Hampumep, mpyu COBMECTHOM OOUTAHUM MOMYJISIUNA
Cepoi ¥ YEPHOU KPbIC Cepble KPbIChI MOCTENEHHO BhITECHSIOT YEPHBIX. B 0JTHOM coobiie-
CTBE OJIHY U TY K€ 3KOJIOTMYECKYI0 HUIIY He MOTYT 3aHUMaTh JiBa Buja. HabstonaeTcs,
YTO OJIMH U TOT K€ B/ 3aHUMaeT pas-
JIMYHbIE 3KOJIOTHYEeCKHe HUIIK B pas-
Hble TMEepUoAbl OHTOreHe3a. BcmoMHU-
Te HempsiMoe pPa3BUTHE HACEKOMBIX. B
NPUPOAHBIX YCJAOBUAX GAKTOPHI Cpesbl
BO3/IEMCTBYIOT Ha OpPraHU3M KakK eJu-
HbIM KOMILJIEKC.

Jkosioruyeckue GakToOpbl He TOJIb-
KO BJIUSIIOT HAa OPraHMW3Mbl, HO U B3au-
MOJIEUCTBYIOT ApYyT C Jpyrom. B couye-
TaHUMW C APYrUMHU GaKTOpaMHU OJMH U
TOT ke GaKTOp MOKET OKa3aTb HEOU-
HAaKOBOe BO3JeUCTBHE HA OPraHU3M.
B TakoMm ciydyae HabJitoJjaeTcs ycuJie-
HUe WJIH ocjabJjieHHhe CUJIbl BO3/eH-
CTBUSA oAHOro daKTopa MoJ BJAUSHUEM

i
CUHHUIIBI, OTHOCSIIHECS K Pa3HbIM
3KO0JIOTUYECKHUM HUILAM
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JApyroro. HanpuMep, npy HU3KOM BJIaXKHOCTH BO3/1yXa BbICOKas JIETHSASA TeMIlepaTypa Ie-
PEHOCUTCS OPraHU3MOM JIerde, YeM NPU BBICOKOW BJIQXKHOCTH BO3/1yXa.

BoszelicTBywoue Ha opraHiusM GakTophl cpefibl 00J1ajal0T pa3HOU CUJIOW BO3JeM-
cTBUs. OpraHusM B OJIHO U TO Ke BpeMs He MOXKeT NPOSABJATb pa3Hbli YPOBEHb KU3He-
JleITeJIbHOCTU B OTBET Ha JeWCTBUE KaXJoro U3 3Tux ¢paktopos. Hanpumep, pacteHue
He Oy/leT pacTH ¥ pa3BUBaThbCH, €C/IM TeMIlepaTypa U OCBeLEHHOCTbD /iJIsl pacTeHUs ONTH-
MaJibHas, a BJIaQXKHOCTb MUHUMaJIbHasA. 2KU3HeeATeIbHOCTb paCTEeHUsI OTPaHUYMBAETCS
HeJI0CTaTKOM BJIAarH.

CneloBaTesIbHO, XKU3HEJeATEJbHOCTb OpraHU3Ma JIMMUTUPYET (orpaHUuuBaeT) dpak-
TOpP, KOTOPbIH 60JIbIlIe BCETO OTKJIOHHUJICA OT 30HBI ONITUMyMa. [Ipy o/iMBe pacTeHUs ero
pOCT BO306HOBJIsAeTCSAA. U3MeHeHMe CUJIbl BO3/IeMCTBUSA IUMUATHUPYIOILEro paKkTopa MpuBo-
JUT K U3MEHEHMUIO KHU3HeeaTeJIbHOCTHU opraHru3mMa. [loaToMy BbisiBJeHUE JIUMUTHUPYIO-
11X GaKTOPOB UMeeT O0JIbLIOE IPAKTUYECKOe 3HaUYeHHe, TaK KaK I103BOJISEeT YIIPaBJIATh
YKHM3HeJeATeJIbHOCTbIO OPraHM3MOB. JTO IOMOTraeT YeJI0BEKY IOHATh MHOTHE SIBJIEHUS U
NPUHLMIIBI pacnpe/ie/ieHusl OpraHu3MoB B Ipupo/e. U3MeHss culy BO3JelUCTBUSA ITOTO
daKTOpa, MOXKHO yIIPaBJ/IATh }KU3HeAeATeJTbHOCTbIO OPraHU3MOB B IPUPO/ie U XO35IUCTBeE.
BrisiBieHMEe TMMUTHUPYOLHUX GPAKTOPOB OYeHb BaKHO U B NMPAKTHKE CEJIbCKOTO XO035M-
CTBa, TaK KaK, HallpaBUB OCHOBHbIE YCUJIUS HA UX yCTPAHEHHE, MOXKHO ObICTPO U 3pdek-
THUBHO IIOBBICUTD YPOXKaWHOCTb KYJIbTYPHBIX PACTEHUU UM NPOAYKTUBHOCTb JOMALIHUX
YKMBOTHBIX.

YT0O6BI COXpaHUTh UCYE3a0LUN BU/J, B ONIpe/Ie/IEHHOM pervoHe, Hy>KHO BbISICHUTD, He
BBIXOJAT JIM JIUMUTHpYIoLIMe GaKTOPbl Cpe/bl 3a Ipe/iesibl 3KOJI0TMYeCKOM MJIaCTUYHO-
CTHU ero opraHu3MoB. OCOGEHHO 3TO BaXKHO B NIepUOJ, pa3MHOXeHUs U pa3BuTus. U3me-
HASl CUJIy BO3/ielcTBUSA GaKTOPOB, OTPAaHUYMBAIOIIUX PAa3MHOXKeHUe 0CO6el, MOXKHO J0-
OUTBHCA NOBBILIEHUS UX YUCJIEHHOCTH.

TakuM o6pa3oM, akosiorudeckue GpakToOpbl, HAXOASACh B TECHOM CBSI3U U HeNpepPhIB-
HOM B3aWMOJIEWCTBHHU JIpyT C JPYTOM, 00yCJI0BJIUBAIOT pacCIpoOCTPaHEHUEe OPTaHU3MOB Ha
3eMue.

l'lpumeﬂel-me HOBBIX 3HAHUM.

3HaHUe U IOHMMaHUe.

1. Kakue BHU/ABI DKOJIOTHYECKHUX (1)3KTOpOB BBI 3HaeTe?

2. Kakue cy1iecTBYOT BUbl aOHUOTHYECKOTO BJAUSHUSA?

3.4YTo BBl HOHUMAaETE nog TEpMHUHOM «6I/IOJIOFI/I‘-IECKI/H>'I OHTI/IMYM»?

4. MoryT Jiu pa3/IduHble BU/Ibl 3aHUMAThb OJIHY U TY K€ 3K0JIOTUYECKY0 HUIIY?

IlpumeHeHue. Kakue GpakTopbl Ha3bIBAIOT JUMUTUPYIOIIUMHU? O6bsICHUTE 3aKOH JIU-
61xa 0 6U0JIOTUYECKOM MUHUMYME.

Ananu3s. Kakue U3 HWKenpuBeAEHHbIX GaKTOPOB ONPEAESIOT Cpey OOUTAHUS KU-
BOTHBIX, @ Kakue - pacTeHUu? QaKTopbl: BOJA, BETEP, COJTHEYHbIN CBET, JUOKCU/, YTJIepO-
Jla, OpraHUYecKre BellleCTBa, MUHepasibHble coid. O60CHYHUTE CBOM OTBET.

CuHTe3. 3UMOM BO BpeMs CHUJIbHbIX BETPOB PHCK Nepeox/ax/JeHus pacTeHUH BhILIE,
yeM Npu 6e3BeTpeHHOU noroze. Kak M0KHO 00bSCHUTD 3TO siBJeHHe? OO0CHYHTe CBOU
OTBeET.

Ouenka. OUeHUTe MOCAe[CTBUS PUBEJEHHBIX aHTPOIOreHHBIX GAKTOPOB: BbIPY6-
Ka J1ecoB; fo6b14a HepTH U3 IHA OKeaHa, eé TPAHCIIOPTUPOBKA U NepepaboTKa; 6ECKOH-
TPOJIbHAsI 0XOTa U UCTPeOJIEHHE KUBOTHBIX; IPUMEHeHHe XUMHUYECKUX BEIeCTB MPOTHUB
BpeAuTeJel; 3arpsi3HeHre BOJJOEMOB MIPOMBIIIJIEHHBIMU U X035IMCTBEHHBIMU OTXO/IaMU.
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6.4. IPOEKTHAS PABOTA. CPABHEHUE CTPOEHU S PACTEHUH,
BbIPAIIEHHBIX B PA3HbBIX YC/IOBUAX

Ilesb mpoeKTa: U3yYUTh BJIUSHHE A6UOTHYECKUX GAKTOPOB: CBETA, BJIAKHOCTH, CO-
CTaBa MOYBBI Ha )KMBbIE OPTAaHM3Mbl; IPOAHAJIU3UPOBATH BIUSHUE AOUOTHYECKUX PAKTO-
POB Ha KHBbIE OPTAaHHU3MBI.

06opyaoBaHMe: YepeHKU KOMHATHbIX paCTEHUH (HallpuMep, TepaHu).

DO LA

IlopsiA0OK BBINIOJIHEHH S pA6GOTHI:

1. Bo3pMUTE YeThIpe 0JMHAKOBBIX OOKOBBIX [T06€era repaHu ¢ TpeMs y3J1aMHU C OJJHOTO
pacteHud. C ABYX HUKHUX Y3JIOB JIMCThS YaJ/IUTe, 2 HA BepXHEM y3Je ocTaBbTe. [lome-
CTHTe 06eru B BOJy /10 NPOpacTaHUs KOpHs. YepeHKU pacTeHHMH XOpouIo JaloT KOPHU B
BO/Jle IPY KOMHATHOW TeMImepaType.

2. /lBa yepeHKa M0OCa/INTe B TOPLIKY C OOBIYHOM MOYBOMH, a pyrye JBa — B TOPLIKU C
IIOYBOM, 60TaTOU MeperHoeM.

3. Ha kak/ibI¥ TOpPILIOK HaKJIeUTe spJiblKKM C 0003HaYEHUEM HOoMepa.

4. Topmku Ne1 u Ne3 nomecTuTe Ha MNOJLOKOHHHUKH, OKHA KOTOPBIX OTKPBITHI HA 0T, a
ropwiku N2 2 u Ne 4 - Ha 4 MeTpa OT OKHa.

5. IlepBble Tpu JiHS NOJMBalTe pacTeHUsI 0OMJIbHBIM KOJIMYECTBOM BO/ibl. B mocieny-
I0lllMe JHU pacTeHus u3 ropimkoB Ne 1 u N2 3 nosiMBalTe B J,OCTaTOYHOM KOJIMYECTBE, a
y3 ropwikoB N2 2 u N2 4 - B MeHbLIEM.

IIpaBu/ia 6€30MaACHOCTH:
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6. HabsronaliTe 3a pocTOM U pa3BUTHEM pacTeHUM. Kaxayro HeZeso 3anucbiBanTe
pe3yJbTaThl BallUX HAOJ/II0J€HUH.

BiusHue abruoTH4eCcKUX PaKTOPOB HA POCT U pa3BUTHE pacTeHUM

HaGmonaeMbie Ha6u10gaeMble pe3y/ibTaThl
napaMeTphbl Pacrenue Ne 1| Pactenue Ne 2 | PacteHue Ne 3 | Pactenue Ne 4
YcnoBus pocra
pacreHui
1 Hepens
2 Hejens
PocT
3 Hepens
pacteHus
4 Hepens
5 Hepens
1 Hepens
KosinuecTBO A
JINCTbEB
1 Henens
Pasmep A
JINCTbEB
liBeT 1 Hepenst
JINCThEB

7. Yepes 5 Henesb cliesialiTe BbIBO/IbI 06 3KciepuMeHTe. CBOE 3aKJil0ueHue 0Tobpa-
3WTe B BUJie AMarpaMMmbl.

8. OTBeTbTe Ha CleAylOIIHE g
BOIIPOCHI: 4 ]
e U3 Kakux abMOTHUYECKUX % .‘
$aKTOPOB COCTOUT OKpY»Kalo- Pactenne Nel Pactenue Ne2 Pactenue Ne3 Pacrenue No4
mwas cpesia? poct - _  pasmep
e Kak BimdAIoT nmoysa, pe- pacTeHHs  gonmuectBo JIMCThEB
Jbed W BeTep Ha pacmpepeJie- [——

HHUe BOJABI U TeMmIlepaTypbl B
akocucrteme? [I[pruBearUTE NIPUMEDHL.

e Kak BsiMgeT 3acoJieHHe NI0YBbI, HAChIlleHUe e€ KUCJI0POJ0M Ha COCTOSTHUE 3KOCH-
CcTeMbI?

e PasgenuTe npuBeféHHble PAaKTOPbl HA TPU TPYIIbl - aOUOTUYECKUE, OGUOTHYe-
CKHe M aHTPOINIOTeHHble: XUITHUYECTBO, BbIPYOKa JIeCOB, BJaXXHOCTb BO3/jyXa, TeMIlepaTy-
pa OKpy»Karolel cpesibl, Napa3uTHU3M, CBET, IOCTPOMKH 3JaHUH, aTMOCcPepHOe aBJIeHHUE,
Bbl/leJIeHue B aTMocdepy JUOKCH/Ia YIiepo/ia U3 3aBOJI0B, COJIEHOCTb BO/IbL.

e B koMOpPTHBIX yCI0BUAX MUKPOK/IMMATA YeJ0BEK MOXKET )KUTh U paboTaTh MpakK-
THUYeCKHU Be3/le — U B MOp03 B AHTapKTU/e, U B KOcMoce. MOXKHO JIM CKa3aTkb, YTO TeMIlepa-
Typa He fABJAeTCA JUMUTUPYIOIUM PaKTOPOM J/1s YyesioBeKa?
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6.5. TPO®PHUYECKAA CTPYKTYPA 3KOCUCTEM

IIpoBepka 6a30BbIX 3HAHMM. ONUILIUTE aBTOTPODHbIE OPraHU3-
Mbl, OCHOBBIBAsICb Ha 3HAHMUSX, NMOJy4YeHHbIX paHee. CpaBHUTE POTO-
TpodHBIE U XEMOTPOHbIE OPraHU3Mbl. BcCOMHUTE BU/bI MUTAHUS Te- MpoAyLeHT
TepoTPOPHBIX OPraHU3MOB. KoHCyMeHT

CTpyKTypa 3KOCHCTEeMBI. JKOCHMCTEMA paccMaTpuBaeTcs Kak oc- | Pegyuent
HOBHasi CTPYKTYpHasi eIMHULIA IPHUPOAbI Ha 3eMJie. JKocucTeMa — KoM- | [IuieBas cethb
IJIEKC U3 COOOLIECTB XUBBIX OPraHU3MOB U CpeJibl UX 0O0UTAaHUS, B KO- [niesas nenp
TOPOM MPOUCXOAUT KPYTOBOPOT BEIleCTB U SHEPIHH. Tpoduyeckuit

B aKocucTeMe passiMyHble BUAbI OPTAaHU3MOB BBINOJIHSIOT pa3Hble | YPOBEHD
byHKIMU. B 3aBUCMMOCTH OT POJIM, KOTOPYIO BU/bI UT'PAIOT B KPYTOBO-
pOTe, UX OTHOCAT K pa3HbIM (QYHKLMOHAJbHBIM IpynnaM: MNpoAyLeHTaM, KOHCYMeHTaM
WJIU pefylileHTaM.

[Ipoay1ieHTbl CUHTEe3UPYIOT OpraHUdecKoe BelleCTBO U3 MUHEepPabHOI'0 C UCII0JIb30-
BaHUeM 3Hepruu. K fanHoi yHKIMOHA/IbHOM I'pyIiNe OTHOCATCSA 3eJI€HbIE pacTeHus, ¢po-
TOCHHTE3UPYIOIIHE U XeMOCHHTe3UpywIlHe 6akTepur. ABTOTPOHbIe OPraHU3MBbI CI1y-
KaT NULEH, ICTOUHUKOM 3HEPruy, 06ecrneyrBaIUMH CyllleCTBOBaHUE reTepoTPOPHbBIX
opraHn3MoB. KOHCYMeHTBI NOTpeO6JIAIT KUBOE OpraHWYecKoe BellleCTBO U NepejarT
coZlepKallyrocsl B HEM 3HEPryio N0 NUILeBbIM LensaM. K HUM 0THOCATCS BCe )KUBOTHbIE U
pacTeHUA-I1apa3UThl.

JlJ1s1 KOHCYMEHTOB UCTOYHUKOM IUTAHUS SBJASIOTCSA aBTOTPODbI (JJ1s1 pacTUTENbHO-
A/IHBIX )KUBOTHBIX) WJIU JIpyTUe OpraHrU3MBbl (/15 JIOTOA/JHBIX )KUBOTHBIX). B 3aBHCUMO-
CTH OT BH/JIa MOTPeO6JIIEMOr0 OPraHUYECKOTO BelleCTBA KOHCYMEHTHI NOAPa3/esioTcs
Ha MOPAAKU: a) OpraHU3MBbl, IOTPeO6JIA0LIMe POAYLIEHTOB, Ha3bIBAOTCS KOHCYME@HTaMH1
[IepBOro MOpsA/IKa, HAIpUMeD, paCTUTEJIbHOA/IHbIE }KUBOTHbIE — CapaHuya, )KYK-JIMCTOe/,
I'PBI3YHBI, KONbITHBIE >KUBOTHBIE, a TAK)Ke pacTeHUsA-Napa3uThl; 6) KOHCYMEHTOB IepBO-
ro nopsi/ika noTpeo6/ssl0T KOHCYMEHTbI BTOPOI0 MOPsi/iKa, K KOTOPbIM OTHOCATCS MJIOTO-
A/iHble (XWIHble) }KUBOTHBIE; B) K KOHCYME@HTaM TPeTbero U MnocJjeAyolUX NOpsALKOB
OTHOCATCS XUIIHbIE )KUBOTHbBIE, IUTAKLIMecd KOHCYME@HTaMU BTOPOTO U MOC/JAeyLUX
NopAAKOB. BcesgziHble :KMBOTHBIE, HAIIpUMep, KabaHbl, MOTYT ObITb KOHCYMEHTAMH Iep-
BOT'0 U BTOPOTO NNOPA/IKOB, a XUIIIHbIe, HAIpUMeD, BOJIKA — BTOPOTO U TPEThEro NOpsIKOB.
Buzibl >KUBOTHBIX, KOTOPbIE OJIMHAKOBO YNOTPEOJISIOT U MACHYIO0, U PACTUTEJIbHYIO MUY
Ha3bIBalOT BCEAAHBIMU. K TaKUM KHUBOTHBIM OTHOCATCS], HAIpUMep, TapaKaHbl, CTpay-
Chbl, KPBIChI, CBUHBHY, OypbIi Me/iBe/ib. KosiMyecTBO NOps/1KOB KOHCYMEHTOB B 3KOCUCTEME
OTpaHUYEHO U ompeJiesisieTcss 00 bEéMOM 6MOMACChl, CO3JJaHHOM MPOJYyLeHTaMU.

PeayueHThl (4eCTPYKTOPBI) — OpraHu3Mbl (IOYBEHHbIE GAKTEPUU U TPUOBI), KOTO-
pble B XOJie KU3HeJleITeJIbHOCTHU NpeBpaljaloT OpraHU4ecKrve OCTaHKHW B HeOopraHuue-
CKMe BelllecTBa, obecrieurBasl BO3BpallleHHe COJepKallluXcsl B HUX 3JIEMEHTOB B Kpyro-
BOpOT BewllecTB. OHU y4acCTBYIOT B NOCJAeJHEN CTaJUU PaA3JI0KEHUS — MUHepaIru3al i1
OpraHMWYeCKUX BellleCTB [0 HeOpraHUu4ecKux coeiMHeHUM. OHM BO3BpaLIAlOT BellecTBa B
KpyroBOPOT, NpeBpaljasi uX B GOpMbl, JOCTYIHbIE JJis IPOJYLLEHTOB.

OTMepliMe OCTAaHKU pPacTeHUU U IpUOOB, TPYNbl U 3KCKPEMEHTbl KUBOTHBIX, BOB-
Jledu€éHHble B IPOLECC pa3J/IOKEHUs], HA3bIBAOTCA AETPUTOM. B npouecce pasioxeHUs
JleTpUTA YYaCTBYIOT JeTpuTodaru v peyneHThl. K feTputodaraM oTHOCATCA MOKPULLBI,
HEKOTOpbIe KJIeIlH, MHOTOHOXKH, )KyKU-MepPTBOe/ibl, HEKOTOPble HAaCeKOMble U UX JIU-
YMHKH, 4epBU. [leTpuTodaru ABIA0OTCI KOHCYMEHTaMHU.

Ilenn ¥ ceTu nuTaHu4. [logsepxxaHrve KpyroBopoTa BellleCTB U NpeBpalleHUs IHep-
TMU ABJIAETCA OCHOBHBIM YCJIOBHEM CyLeCTBOBaHUSA 3KocucTeMbl. biarogapsa Tpopuue-
CKUM (MUILEBbIM) CBA3SIM MEX/y BUJAMHU, OTHOCAIIUMUCS K pa3HbIM QYHKIMOHAIbHBIM
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rpymnmaM, obecneyrBaeTcs NOAJepKaHUe KpyroBopoTa BelecTB. OpraHvyeckre Belle-
CTBa, CUHTEe3UpPOBaHHbIE MPOJAYLEHTAMH W3 HeOPraHUYEeCKHX BelleCTB C HUCIO0JIb30Ba-
HHUEeM COJIHEeYHOM 3HepruH, epeJlaloTcsd KOHCYMEHTaM 10 NULeBOH Lienu. B pesyabraTte
KU3HeesaTeJbHOCTH peyLLleHTOB OCHOBHbIe OMOTEHHbIE 3J1eMEHTHI IepexXoiAT U3 opra-
HUYeCKUX BeuecTB B Heopranuyeckue (CO,, NH,, H,S, H,0). Heopranuyeckue Beriectsa
VCII0JIb3YIOTCA NPOAYLEHTAaMU JJisl CO3JaHUsl HOBbIX OpraHUYeCKUX BelecTB U CHOBA C
IIOMOLIbIO IPOAYLIEHTOB BOBJIEKAIOTCA B KPYTOBOPOT.

Jlns ocyuiecTBIeHUs MOJHOLEHHOT0 KpyroBOpOTa BeIeCTB B 3KOCHUCTEME JL0JIKHBI
6bITh BCce TpU QYyHKILMOHAJIbHbIE IPYINbl OPraHU3MoB. U Mexy HUMU J0J)KHO IPOUCXO-
JUTb IOCTOSIHHOE B3aUMOJIEUCTBUE B BUJle TPOOUUECKHUX CBsI3ed C 06pa30BaHUEM TpPO-
dudeckux (MULEBbIX) LieNer, UK Lenel MUTaHUs.

IInimeBas nenb - 5TO JIMHEeNHasA N0C/Ae0BaTeJIbHOCTb OPraHM3MOB, B KOTOPOH Mpo-
MCXOJUT Nlepesiaya BellecTBa U SHEPTUM OT OJHOTr0 3BeHa (MCTOYHUKA) K Apyromy (mo-
TPeOGUTEJIO).

TepMuH «nuieBas Lenb» 6bL NPEAI0XKEH aHIVIMHUCKUM YYEHBIM-300JI0I0M U 3K0JI0-
roMm Y. 3ntoHoM B 1934 roay. [luieBas 1jenb COCTOUT U3 HECKOJIBKUX 3BEHbEB. [lepBbIM
3BEHOM LieNM 0ObIYHO AABJAIOTCSA 3eJI€HblE PACTEHHUS, 3a HUM CJleJlyeT 3BEHO pacTUTe Ib-
HOSIAHBIX OPraHU3MOB (6eCcl03BOHOYHbBIE, TI03BOHOYHbBIE }KUBOTHbIE, pAaCTeHUs-NIapa3u-
Thbl), C/Ieflytolee 3BeHO COCTOUT U3 XUIHUKOB U Iapa3uTOB, KOTOPbIE, B CBOIO 04Yepe/ib,
TaK>Xe UMeIOT CBOUX Mapa3vuTOB U XUIIHUKOB. Llenu nUTaHUs, HAYUHAKOLIKMECS € 3eJIEHbIX
pacTeHMH, Ha3blBAlOTCA MACTOMIHBIMYU LendaMH (LensAMU BblefaHus). [IuieBble nenu
BbleJlaHUSl HAUUHAIOTCSA C IPOAYLEHTOB U BKJIIOUAIOT KOHCYMEHThI pa3HbIX NOpsAAKOB. Ta-
KYI0 [TMLIeBYIO Liellb MOXKHO NPeJCTaBUTh CJeAYI0lLIed CXeMOu:

KOHCYMEHTBbI | | KOHCYMEHTbI | | KOHCYMEHTbI
[ mopsazaka Il mopsiaka I1l nopsaaka
[IpofyuieHThI ABAAIOTCA 06'bEKTAMU MUTAHUSA AJIS1 TPABOSIJHBIX )KUBOTHBIX — KOHCY-
MEHTOB II€PBOro nopdaakKa, KOTopbie, B CBOIO o4epeb CTAHOBATCA 06beKTaMHU NUTAHUA
JUIsl TJIOTOSIAHBIX (TEPBUYHbBIE XUILHbIE) KMBOTHBIX-KOHCYMEHTOB BTOPOro MopsijKa

(puc. 6.8).

NpPOAYLEHTHI

Puc. 6.8. [TacTouiHasa 1jeb MUTAHUS:
pacTeHHe - paCTUTEJbHOsIJTHOEe HACEKOMOe — HACeKOMOSsIiHAs MTHLA — XUIITHAs MTULA

[110TOSIIHBIX TOEJAaI0T KOHCYMEHTBI TPETHEro MOPsi/IKa U KPYIHbIE XUITHUKHU (BTO-
pUYHbIE XMUTHUKH) (puc. 6.8).
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Puc. 6.9. leTpuTHasa nuujeBad Lelb

WHorzaa nuieBble el HAYMHAIOTCA C leTpUTa. Llenb, HauMHaw1asacs ¢ MEpTBOTO Op-
raHUYEeCKOro BellleCTBa — JIeTPUTA, Ha3bIBAETCs AE€TPUTHOM NMUILEBOM Lenbl. B Takoi
[lelI0YKe OpraHUuYecKoe BeleCTBO NMOrU6LINX pacTeHUH, )KUBOTHbBIX, TPUOOB MU GaKTe-
pui ycBauBaeTcs eTpUuTodaraMu, KOTOpble, B CBOIO 04epe/ib, CTAHOBATCA JOObIYEN XULIL-
HUKOB (puc. 6.9).

B aTOM cilydae yacTb NUTATEbHBIX BEILECTB, COJlePKAILUXCS B eTPUTE, BO3Bpalla-
eTCs B KpyrOBOPOT, MUHYS CTa/IUI0 Pa3JIOKeHHUS 0 MUHepabHbIX COeIMHEHUN U TOTpe-
6J1eHUSI UX PACTEeHUSIMH. JleTpUTHBIE eNU UCIOJIb3YITCS YeJ0BEKOM JJisl IepepaboTKU
OpraHHUYecKHUX OTXO/0B U pa3BeJleHUs [0 /1eBbIX YePBEN U JIUMYUHOK MYX Ha KOPM IITHU-
1jaM UJIM pbli6aM.

JleTpUTHBIE 1leMd OOBIYHO MMEKT /ABAa, PeJKO TPU 3BEeHA, a MACTOMUIIHbIe — YeThI-
pe-11ecThb 3BEHbEB.

B Bojoémax nmpeo6Jialal0T MacTOMIHbIE LIeNMU NMUTAHUSA, KOTOpPble COCTOSAT M3 He-
CKOJIbKUX TOCJ€e/J0BAaTEeJbHbIX 3BEHbEB. [IepBUUYHBIM HCTOYHHUKOM 3HEPTHUH B BOJAHOM
6UOTeo1eHO3€, KaK U B OOJIbIIMHCTBE 9KOJIOTHYECKHUX CUCTEM, CIYXKUT COJIHEYHBIH CBET,
6s1aro/iapsi KOTOPOMY pacTeHUs] CUHTe3UPYIOT OpraHu4eckue Bellecta. Hanpumep, pac-
TUTEJIbHBIMU OCTAaHKaMHU M Pa3BUBAIOIIMMUCA Ha HUX GAKTEepUSAMM NMUTAKTCA NPOCTEN-
1Me, KOTOPBIX MOeJaloT MeJIKUe paykKd. Pauky, B CBOIO o4yepe/ib, CAyKaT MUIEeN pbibaMm,
KOTOPbIX MOTYT M0€/laTh XUlIHbIe pbl6bl. [IpuMep nuieBoi Leny BoJ0EMOB: GUTOIJIAH-
KTOHBI (BOAOPOC/IH) — 300IJIAaHKTOHBI (AapHUHU, LUKJIOMNbI) - MaJbKK pblO (M10TBa) —
XULIHbIE PBIOHI (L[yKa, OKYHb). B KOHIle NHILeBOU 11eNu HaXOAATCSA peAyLeHThl, KOTOpbIe
IpeBpalialoT OTMepLIee OpraHUYecKoe BeLeCTBO B HeOpraHM4eCcKue CoeJMHeHUs.

[IpupogHble coobliecTBa KOPeHHbIM 006pa3oM pasJ/M4arTcd 10 BUJLO0BOMY COCTaBy,
OJTHAKO MO TPOPHUYECKOU CTPYKTYPE OHU CXOJIHBI: B HUX MPUCYTCTBYIOT OCHOBHbBIE 3KOJIO-
ru4ecKue KOMIIOHEHThI — IPOAYLEHThI (aBTOTPOPHbI), KOHCYMEHTHI Pa3JIMYHBIX NOPSKOB
Y pelyleHThI (reTepoTpodsnl).

Tpoduuyeckue ypoBHM. [10 nosioKeHUIO BUJOB B MUIIEBOU II€NU pa3In4yal0T Tpodu-
YyeCcKHe YPOBHHU OHOTreolleH030B (3KocucTeM). Kaxk/iblii opraHu3M B 1leNU NUTaHUSA OTHO-
CUTCA K ompeJie/IEHHOMY TpopHUyeCKOMY YpPOBHIO. MecTo opraHM3Ma B NHUIIEBOH Lienu
WJIK COBOKYITHOCTb BCEX )KMBBIX OPraHU3MOB, PHUHA/JIEKAIUX K OJJTHOMY 3BEHY MHUILeBOX
L|ely, Ha3blBaeTcsd TPoPHuIeCKUM ypoBHeM. TpopHUuecKUx YpOBHEN CTOJIBKO, CKOJBKO
NULIEBbIX 3B€HbEB B L|eNU NUTAHUS.

[lepBbIF TpodpuUeCcKU YpOBEHDb NPEACTABJSIT aBTOTPOPHbIE OPTaHU3MBbI KaK IPO-
YL eHTbl — MOCTABIIUKN OpraHUYeCKUX BeLeCTB JJis reTepoTpodHbIX opraHu3mMoB. Ko
BTOPOMY TPOPHUYECKOMY YPOBHIO OTHOCSTCS KOHCYMEHTHI IEpBOT0 nopsiaka, ¢urtodaru.
XUIIHUKY, nUTapIuecss pUToTpodaMu, OTHOCATCA K TpeTbeMy TPoPUUECKOMY YPOBHIO
(koHCyMeHTbI BTOpOro nopsiika). K 4eTBEpTOMy — KOHCYMEHTBI TPEThEro MopsiJKa, T. €.
XUIIHUKY, OTPebIs0IINe APYTUX IJIOTOAAHBIX (puc. 6.10)

B kax/ bl TpodUuecKU ypoBeHb 0ObIYHO BXOJAUT HECKOJIbKO BUJI0B. Hanpumep, B
IPUPOJHOM COOOIECTBE MEPBbIK TPOPHUUECKUN YPOBEHD COCTABJISAIOT MHOT'OUYHC/IEHHbIE
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BU/Ibl pacTeHUH. BTopoii u ciefytomue Tpodrieckre YypoBHU TaKKe COCTOAT U3 60JbLIO-
ro yrcJsia BUJ1oB. OT MHOroo6pasusi BUZ0B TPOPHUUECKUX YPOBHEN 3aBUCUT YCTOMYHUBOCTD

U JJIMTEJIBHOCTD CYIIECTBOBAHUA 6I/IOFeOLleH033.

[ ypoBeHb Il ypoBeHb Il ypoBeHnb IV ypoBeHb V ypoBeHb
[IpoayueHT KOHCYMEHT KOHCYMEHT KOHCYMEHT KOHCYMEHT
[ mopaaka Il nopsaaka [II mopaaka IV nopanka

XKYK-ycad aATeN sacTpeb KyHHUIIA

pacteHust

KacaTKa

Puc. 6.10. Tpoduueckre ypoBHHU

B npupoge MHoruve BU/bl MUTAKOTCHd HE OJHMM BU/JOM IMIIM, a MUCIOJb3yIOT pas-
Hble NUILeBble 00beKThl. Cle/j0BaTeNbHO, B 3aBUCMMOCTU OT XapaKTepa KOpMa, Kax-
JbI BU/Ji MOXKET HaXOAUTbCH HA pa3HbIX TPOPHUUECKUX YPOBHAX B OJHOU U TOU Ke MHU-
meBod uenu. Hampumep, nmoespass Mbllled, sacTpeb6 3aHUMMaeT TpPeTUH TpodUUecKUi
ypOBeHb, a noejasg 3Meld — 4eTBEPThIM. KpoMe TOro, OHM MOryT OBITb 3BEHbSIMU pas-
HbIX MUILEBbIX Lieneld ofHOBpeMeHHO. OJIMH U TOT e BUJ, MOXeT ObITb 3BEHOM pas-

7 -

open

3med

CHHUIA

Puc. 6.11. IIuieBas ceTb
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HbIX INUILEBBIX Ilellel, CBA3bIBasi UX Mexay cobod. Hampumep, acTpeb6 MOXeT CbecTb
AllepuyLly, 3ailla WM 3Melo, KOTOpble BXOASAT B COCTaB pasHbIX lened nutaHus. Cie-
JloBaTeJIbHO, TpopUUeCKHe LieNu NepelseTalTcsd U 00pa3yloT B 3KocucTeMe Tpodu-
4eCKyl (NMHILEBYKW) CeTb - CJOXHYI CeTb, COCTOSIIIYI0 M3 HECKOJbKHUX MUILEBbIX
ueneu (puc. 6.11).

B nuieBoi ceT 3BeHbsI OAHOM NMULIEBOH LeNHU SBJSIOTCSA COCTABHBIMU YaCTSIMU JIPY-
roi nenu. Kaxxaas u3 uenei ABJaseTcA OT[eJbHBIM KaHaJIOM, 10 KOTOPOMY NepeaTcs
BelllecTBa U 3Heprus. OTcCro/a caeayeT BaXKHbIM 061U BbIBO/JI: €CJIU KaKoe-HUOY/1b 3Be-
HO OMoreoleH03a BbINaJlaeT, TO CUCTEMA He HapyllaeTcs], TaK KaK UCIOJIb3yIOTCA Apyrue
HCTOYHHUKU NUIK. YeM 60Jiblile BUI0BOE pa3HOObOpa3ue, TeM CUCTeMa yCTOUYHBee.

IIpuMeHeHNe HOBbIX 3HAHM.

3HaHMe U NIOHUMaHMe.

1. laiiTe onpe/iesieHHEe TOHATHIO «3KOCUCTEMA».

2. llpuBeguTe NpruMepbl KOHCYMEHTOB IIEPBOr0 NOPAAKa.

3. Kakyto GyHKIMIO BBIOJIHAOT peiyLeHThl B 3KOCUCTEME?

IIpumeHeHue. CocTaBbTe NACTOMILIHYIO Liellb NUTAHUSA, BbIOPAB HY>KHble 3BEHbsI U3
C/1elyI0IIUX KOMIIOHEHTOB: OCHHA, AsTeJl, 6epé3a, CHHULA, auCT, TyceHUIa 6epé30Boi nsi-
JleHU1|bl, KOPLIYH.

AHasu3. YCTaHOBHUTE COOTBETCTBUE MEX/Y QYHKIIMOHATIbHBIMY IPYNIaMU U UX peJi-
ctaBuTeaMu. PyHKUMOHaAbHbIe rpynnbl: 1. [IpoaynenTsl. 2. KoncymeHThl. 3. Penynen-
Thl. [IpeacTaBuTenn: a) 6epésa; 6) J10Ch; B) AOXKAEBOM YEPBb; I') pbIOa-1LIYKa; /1) CMOPYOK;
e) JIMIIalHUK, XK) JJaAMUHApUS; 3) THUJIOCTHBIEe OaKTepuu; 1) fJadHus.

CuHTe3. Mcnosib3ys NUleBYO Liellb Ha UJIKOCTPALMK, COCTaBbTe 8 MUIEBBIX L[eN0YeK.

OI.IEHKa. K KakuM 3KoJIOTHYEeCKUM nocjieACTBUAM MOXKET IMPUBECTHU PE3KOE CHHUXKE-
HHE KOJIn4YeCTBa peJyIeHTOB B 3KocucTteme?
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IJIABA V1. 3JKOCUCTEMA

6.6. [Ipakmuueckoe 3aHamue. Cocmas/ieHue cxem U peuleHue 3a0ad,
C853AHHBIX C NUWEBbLIMU YensaMu U NUWe8bIMU cemsamu

6.6. IPAKTUYECKOE 3AHATHE. COCTABJIEHUE CXEM U PELIEHUE 3A/1AY,
CBA3AHHBIX C IIMILEBBIMU LHEIIAMHU U ITUINEBBIMU CETAMU

Ilesn: M3y4yUTh NpaBUJa IKOJOTMYECKON MUPAMHU/Ibl, OCBOUTb 3HAHUS O TPOPUYECKUX
CBSA3X B 9KOCUCTEMe — MMLIEBYIO LieNb U €€ BUJbl; HAYYUTbCS COCTABJIATH U pellaTh 3aJauu
10 TeMe.

IlopsA0K BbINOJIHEHMSI pAGOTHI:

1. 3a/1ayy Ha 0OCBOEHHE BU/I0B TPOPUUECKOH LIEMH.

2.3a/layy Ha cocTaByieHHe TPOoPUIECKOH LenH.

3. 3az1auu Ha cocTaBJ/ieHHe TPOPUUECKON CETH.

4. PelieHue 3a/1a4 Ha IpaBuJia 3KOJIOTMYECKOW MUPaAMU/bI.

5. 06cynuTe U caiesialiTe BbIBO/IbI.

1. 3asaym Ha OCBOeHH e BUJ 0B Tpopuueckou nemnu.

1. CpaBHUTE TpodUuueckue Lenu. OnpeseiuTe UX CXOACTBA U Pa3IUYUSL.

1) kJ1eBep JlyroBoH — 3asl] — 3Mesl — AUCT;

2) onaBIIMe JIUCTbS — 10XK/JE€BOM YepBb — APO3/[ — CTPeD.

CxoacTBa TpodHUUeCKHX Henei Pa3imyus TpodudecKux neneun

2. K kakoil Tpoduueckol ILenu MOTYT OTHOCHUTbCS IMepPeYUCIeHHble OpraHU3Mbl?
CnumuTe TabaULy B pabouyto TETPaJb U 3aM0JIHHUTE.

1) Kposnuk; 2) nsryuika; 3) njiecHeBoW rpu6; 4) cTpekosa; 5) mouBeHHble 6AKTEPHUU;
6) TonoJib; 7) cnuporupa; 8) casan; 9) noxaeBou uepBb; 10) osieHb; 11) Mokpuna; 12) xKyk-
najganbinuk; 13) Tpassl; 14) kyHuna; 15) sactpeb.

Ilenu nUTaHKA IIacT6MInHAasa MUIlleBas elb JeTpUTHas NUIIeBas eNb

qucjiaa

2.3aAa4u Ha cocTaB/JieHHe TPOPUIECKON Lenu.

1. CocTaBbTe NacTOULIHY0 TPOPUUECKYIO LieNb, BbIOpaB HYXKHbIe 3BEHbS U3 CJIeAYIOLHUX
KOMIIOHEHTOB: OCUHA, [JifATeJ, 6epé3a, CHHULA, auCT, TyCeHuLla 6epé30BON NsALAEHUIIbI, KOP-
IIYH.

2. CocTaBbTe AETPUTHYIO TPOPHUUYECKYIO LieNb, BbIOPAB HYKHbIe 3BE€HbsI U3 CIeYIOIINX
KOMIIOHEHTOB: 3Mes, IOrubuias NTULA, TOYBeHHble OaKTePUH, TUUUHKU MYX, TpaBsiHas Jisl-
T'yLIKa, JIeCHEBbIE TPUObI, MUHEpaJ/IbHbIE BEIleCTBa.

3. Hrxe nprBe/ieHbl HECKOJIBKO NMUILEBbIX Llenel. 3ano/JHUTE OTCYTCTBYIoLIMe parMmeH-
Thl CIEYIOIUMU )KUBOTHBIMU: KOPOEJ, MblllIb, TayK-KPECTOBHUK, *aba, »KypaBJib, YCEHUIIA.

pacteHue Myxa > » CHHHUIA >
Kopa JiepeBa > JSITeN
JUCThS > KyKYIIIKa
ceMeHa > 3Mest > aucT
pacTCHuC Ky3HEUUK > > BO@’;I({OH >

3. 3aja4yu Ha cocTaBJ/ieHHe TPodUYeCKOoil ceTH.
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IJIABA V1. 3JKOCUCTEMA

6.6. [Ipakmuyeckoe 3anamue. CocmasieHue cxem U peuieHue 3adad,
C853AHHBIX C NUWEBLIMU YeNnsaMu U NUWe8bIMU cemsamu

1. CocTtaBbTe NUIIEBYIO LiENb
13 MepevyrcJeHHbIX OPTaHU3MOB:
pacTeHue, Myxa, CKBoOpel], aba,
3Mes, 3asdl1l, BOJIK, Mbllllb, Ky3He-
YMK, COBa.

2. CKOJIbKO IMIIEeBbIX Ilenel B
MUIIEBOX CETU HA UWJIJIIOCTPALU?
Kakoe MecTo 3aHHMaeT OpéJa B
Pa3HbBIX MUIIEBBIX LEeMOYKaxX?

4. PemieHue 3aja4 Ha NpaBU-
JIa 3KOJIOTUYE€CKOM MHUPAMHU/bI.

1. CocTaBbTE NUpPAMHUAY 4YHU-
ceJl 3KOCHUCTEMBI ITacTOUIIA.

Pactenus: 3 500.

['ycenuupl: 50, nuTarOTCA pac-
TEeHUSIMHU.

ba6ouku: 100, nuTarTCH pac- ¢ KpOJIMK
TEHUAMHU. a— MBIIb

Myxu: 200, nuTaroTca pacre-
HHUSIMU.

Ctpeko3sl: 20, nuTatoTcsa 6a-
60YKaMHU U MyXaMH.

2Kabwr: 5, nuTarTCSI MyXaMH.

Smepuupl: 5, TUTAOTCA CTpe-

KO3aMU, TyCEHUI[aMH U MYXaMH.

Bapcyk: 1, nutaeTcs )kabamy, siljepuLaMu, 'yCEHUILaMHU.

2. TluweBas Lenb 3KOCUCTEMbI COCTOUT U3 CJAEAYIOIIMX KOMIIOHEHTOB: pacTeHue -
JIMYMHKA XKYKa — KPOT - sicTpeb - irucuia. B 3Tol akocucTeMe 06UTAIOT TPU JIMCHUILLbI C BECOM
4,5 kg, 4 kg u 6,5 kg. Onpeiennute 6uomMaccy pacTeHH.

3. OpHa Mblllb B TedyeHHe OAHOro roja notpebsser 1 kg pacTUTeNbHONW MacChl.
Jlucuipl ke noefatoT 5 % oOT 061Iel YMCIEeHHOCTH Mbllliel (o/Ha JIMCHLIA B TeYeHHe roja
B cpeaHeM noegaeT 4 000 mbieit). Ecau mMbiu noefatoT 1 % oT 6MoMacchl pacTeHUH B
3KOCHCTEME, TO ONpeJeJUTEe KOJUYECTBO JIMCHUL, KOTOPblE MOTYT MPOXXUTh B 3KOCUCTEME,
rae 6uomacca pacteHui paBHa 40 000 ToHH.

4. PemieHue 3aJa4 Ha MpaBUJIa IKOJIOTUYECKOW MUpaMuAbl. CpaBHHUTE 3KOJIOTHYe-
ckue nupamu/ibl A U B, 06bsicHUTe UX cyTb. CaMOCTOSATENbHO COCTABbTE 3a/Jla4yM 10 3TUM
nUpaMugaMm.

<«—— Koncywmenrs! Il nopsaka B

<«——— Koncymenrsl Il nopsggka —

<—— KoHcyMmeHThl | nopsiika —>

<— J[lpogyueHThl — >

OGcyauTe U caesiaiiTe BbIBO/bI.
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IJIABA V1. 3JKOCUCTEMA

3AJJAHHUA K IVTIABE VI

1. Pa3,aejmTe HpI/IBEL[éHHbIe B Ta6JII/I]_[e 9KOCHUCTEMBI Ha €CTeCTBEHHbIE U UCKYCCTBEH-
HbI€, 3alITMIINTE UX B BUJ € KJIaCTepad.

II/1 JKocHUCTEeMbI Il/H JKoCHUCTEMbI II/1 JKoCHUCTEeMbI
1. |Jlec 6. Kocmuteckas 11. [XJyiomKOBOE moJie
CTaHLUA
2. |Cag 7. |IlmeHu4YHOE moJje 12. |BoJsoTo
3. |[Jyr 8. |Crenb 13. |Peka
4. |TyrauHbIH Jec 9. |Teppapuym 14. |Topop
5. |Mope 10. |BuHOrpagHukK 15 |0O3epo

2. OxapakTepu3ylTe CBOMCTBA eCTECTBEHHbIX M UCKYCCTBEHHBbIX 3KOCUCTEM Ha Jiha-
rpamme BeHHa.

1) MuHepaJibHbIE BellleCTBa, KOTOPbIe YCBOUJIU ITPO-
AYUEHTBL, BO3BPAIAIOTCA B ITO9BY. ecTeCTBeHHas HCKyCCTBEeHHas

2) Hasunvue KOHCYMEHTOB B ULIEBOH LENH. 3KOCHCTeMa 3KOCHCTEMA

3) Mauvioe ByIMsIHYE YeJI0BEKa Ha 0OMEeH BeleCTB.

4) Hasnunyue peyLieHTOB B IUIEBOM LIEMHU.

5) 3kocucTeMa yCcTOWYHBA U 6€3 BMelllaTe/bCTBa ye-
JIOBeKa.

6) OCHOBHOM HCTOYHHUK 3HEPTHHU — COJIHIE.

7) Hanudyue npoayneHTOB B MUIIEBOU IIEMH.

8) MuHepaJibHble BellleCTBa, yCBOEHHbIE NPOJAYLLEHTAMH, IOKUAAIOT Npeesibl 3KOCH-
CTEMBI.

9) 3kocucTeMa He yCTOMYHBaA 6€3 YeJIOBeYeCKOro BMellaTe/IbCTBa.

10) YestoBeK MCKYCCTBEHHO J00aBJIsIeT MHUHepaJibHble BellleCTBAa U JOINOJHHUTEIbHbIE
HMCTOYHHKU IHEPTUH.

11) ABssieTCA OCHOBHBIM 3BEHOM IHUILEBOH I[eNH Ye/JI0BEKA;

12) OnpegensieTcs BUAOBbIM pa3HOOOpa3ueM.

3. B akocucTeMe Jiyra OOHTAIOT CJAEAYIOIIHE >XKHUBOTHbIe: 6abOYKa-depBb, YUTTAK,
JIIOLEPHa, sicTpeb. Co3alTe NUILEBYIO LIENOYKY, UCII0JIb3Ys 3TUX ) KUBOTHBIX.

4. OnpependTe COBMECTUMOCTb JAHHBIX KHMBbIX OPraHUM3MOB C MX 3KOJOTHUYECKH-
MU TPYINaMU U 3alMUIKMTE UX B TABGJULY: Slepula, OpeJ, JAryliKa, MUKPOCKONUYECKUH
rpuo, XYyK.

JKO0JIOrnYeCKUe rpynimbl KvBble OpraHu3Mbl

NpPOAYLLEHT
KOHCYMeHT | nopajka

KOHCyMeHT Il nopsagka

koHcyMeHT lIl mopsazaka
peAyLeHT

5. OnpefenuvTe 061y0 MacCcy 3BeHbeB NHUILEBOU LieNX IPU YCJIOBHH, UTO 06111as Macca
KOHCYMEHTOB TPeThero nopsi/ika cocranJsieT 8 kg. 3anuiunTe JaHHbIe B TaOMLLY.

KoMnoHeHTHI NMILeBO# Lenu O6masa macca
GUTONIAHKTOH
MeJIKhe paKooOpas3Hble
PhIOBI
BbIZIpa 8 kg

6. BuoMacca pacTeHUl B UILEBOM 1leNU «pacTeHHe — KPOJIUK — jiMca» cocTtapJsieT 100
TOHH. OnpesiesIMTe KOJIMYECTBO 0CO0el B MOMYJIALMHU JINChI NIPU YCJOBUH, YTO GHOMacca
OJIHOT0 KpoJiMKa paBHa 1 kg.
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7.1. IBmKymue GpakTopbl 3BOJIIOLUAH.
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7.5. [IpakTnyeckKoe 3aHATHe. U3yyeHue ajanTanuu OpraHu3MoB
K OKpYy2Kawlleu cpeae.
7.6. Bugoo6pa3oBaHue.




IJIABA VIIL. 3BOJIOIIUA
7.1. Jleusicywjue dhakmopul 380110yuu

7.1. ABUXKYIIUE ®PAKTOPbBI 3BOJIIOIUU

IIpoBepka 6a30BbIX 3HaHMM. Kak Bbl AymaeTe, BUJ, — 3TO 60Jib-
110€ MOHATHE WM NONy/IALUA?

[Monynanusa
Bun Bomnpoc o npoucxoxeHuu By/ia — 3TO OCHOBHAs nMpobJseMa 3BO-
MyTayus JIIOIIMOHHOU TeopuH. [lo 3TOW mNpUYMHE HEe0oOXOAMMO pas3jiruyaTh

NOHATHUSA NMONYJALUUA U BUJA. BUJA — 3TO COBOKYNHOCTb NMOMYJIALUN
0co6eM, cX0HbIX 10 MOPPOJIOTUIECKUM, GU3UOJOTUIECKUM, ITOJIO-
rU4ecKuM, reHeTHUYeCKUM, 6MOXUMHUYECKHM 0COOEHHOCTSM, CI0CO6-
HBIX K CKpelLlMBaHHUI0, JAI0LIUX IIJIOJOBUTOE IOTOMCTBO, HACEIALIUX
onpe/ieJIEHHYI0 TeppuUTOpHUIO (apeas). JIMIIb B HEKOTOPBIX CaAy4Yasax
BU/] COCTOUT U3 OJHOM NONYJISAUHU. BO MHOTHUX C/y4YasiX OH BKJIIOYAeT
B ce0sl COTHU WJIM Jla’Ke ThICAYM NMonyasiuui. UTak, nonyasnus sBasieTcsd CTPYKTypHOH
efuHULed BuJa. CXxoiHble OpraHU3Mbl 00'beJUHAIOTCS B MOMYJIALUI0, a 6JU3KUe JPYT K
JpyTy NonyJsiu1 06pa3yroT 6M0J0TUYECKUN BUJ,

Ilony/1AMA - COBOKYITHOCTb 0CO0€el BU/a, KOTOpBIE AJIMTe/bHOE BpeMs CylLeCTBY-
I0T OTHOCUTEJIbHO 060CO0JIEHHO OT APYTUX NMONYJSLUMKA Ha onpe/ie/IEHHOW YacTH apeaJa.
Ocob6u ogHOTr0 BUJA@ MOTYT KUTb TaKXXe CeMbSIMH, CTaZlaMy, cTasgsMu. OJHaKO Takue c0006-
lecTBa MOTYT pacnaZaTbCs WIW 00beAUHATHCA. [103TOMY UX Heslb3sl Ha3BaThb 3JIEMEH-
TapHBIMU e[JMHUILIAMH 3BOJIIOLIUH.

B 3aBUCHMMOCTH OT IJIOIA/A apeasia, HACeJIEHHOIO ONpe/ie/IEHHBIM BU/IOM, YUCJIO I10-
NyJsAAN B HEM MOXET ObITh Pa3/IMYHbIM. B 061IMpPHOM apeasie YMC/I0 NONyJIsILiuiA BU/IOB,
KaK MpaBuJIo, 60Jibllle, B HEOOJIbUIOM apeaJsie MeHbllle. Apeasibl NONMyJSALUH, IPUHAAJIeXa-
IIMX K pa3HbIM TUIIAM, OTJIMYAIOTCA APYT OT Jpyra pa3MepoM 3aHMMaeMOW 3TON NOMyJIsi-
nuer tTepputopuu. Ilionaap apeasa nonysMU 3aBUCAT OT CKOPOCTHU NepeBUKEHUA
’KUBOTHBIX, @ Y paCTEHUH — OT pacCTOSAHUS, B IIpeJiesiax KOTOPOTO0 OHU MOT'YT IlepeKpECT-
HO ONBLIATHCA. TaK, BUHOTpaZHas YJIUTKA llepeiBUraeTCd B paZjiyce HeCKOJIbKUX JecAaT-
KOB METPOB, a CEBEpPHas JiMCa — B paiuyce HECKOJIbKHUX COTEH KUJIOMETPOB.

Ilnomwaak apeasia >)KMUBOTHBIX U paCTeHUM
(mo A. B. los1iokoBy u A. I'. IOcydoBy)

Jpeiid reros
[Tony A MoHHbBIE
BOJIHBI
Hzonsauus
l'eHodonf,

Bug, Ilnomaas apeana
BunorpaaHas yautka (Helix pomatia) HECKOJIbKO /IeCATKOB METPOB
Cenbpb (Clupea harengus) HECKOJIbKO COTE€H KHJIOMETPOB
CeBepHas siucuna (Vulpes lagopus) HECKOJIbKO COTE€H KHJIOMETPOB
CeBepHbIH oJieHb (Rangifer tarandus) 60Jiee cTa KUJIOMETPOB
Oupatpa (Ondatra zibethicus) HECKOJIbKO COTEH KUJIOMETPOB
Cunuii kut (Eschrichtius gibbosus) HECKOJIbKO ThICSAY KUJIOMETPOB
CkanucTbili Ay6 (nblibna) (Quercus petraea) HECKOJIbKO METPOB

B 3aBrCUMMOCTH OT IJIOLIA/IM apeasia NOMYJIALMY 3aBUCUT U YUCJEHHOCThb eé 0cobel.
Y HaceKOMBIX UYMCJIEHHOCTb 0CO0ElN B OT/EJIbHbIX MOMYJASALUAX MOXKET JOCTUraTh COTEH
THICAY U MUJIJIMOHOB 0co6eil. C ApYyro CTOPOHBI, MOMYJ/IALLMU HEKOTOPBIX dKUBOTHBIX MO-
I'yT GbITh CPABHUTEJIbHO HEOOJIBIIMMHU 110 YMCJAEHHOCTU. Hanpumep, nonysnus peicy,
obHapy>xeHHasl B ropHOM MaccuBe ['Mccap B Y36ekucTaHe, HacCUUTbIBaeT okoJio 140-150
0cobeH.

CocTaBsisitolye MOMYJISALIMI0O OPraHU3Mbl CBSI3aHbl JPYT C APYyroM pa3/iIMYHbIMU B3a-
MMOOTHOIIEeHUSAMU. OHM KOHKYPHUPYIOT APYT C APYTrOM 3a Te WJIM UHbIE BUJbl PECYPCOB,
NnoeJIaloT JIPYT APYTa, BMeCcTe 000POHSIIOTCS OT XMIHUKOB. [M6eJib OT/IeJIbHbIX OCIab/1eH-
HbIX OPraHU3MOB MOXET YJIy4IIUTb KaueCTBEHHbIM COCTAB MOMYJISALUU (B TOM YUCIIE Ka-
4eCTBO HACJe/ICTBEHHOI0 MaTeprasa, KOTOPbIM pacloJiaraeT Moy sius), IOBbICUTb eé
CMOCOOGHOCTDb K BBDKMBAHHUIO B MEHSAIOLIUXCS YCIOBUAX CPeJbl.
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IJIABA VIIL. 3BOJIOIIUA
7.1. lsusicyuwjue ghakmopul 380a104uu

B npepenax Kax/ou Mony/ai{uyM OpraHu3MoOB, pa3MHOXKALUXCA OJOBbIM NYTEM,
UJET NOCTOSIHHBIM 06MeH reHeTUYECKHUM MaTepuasoM. CKpeliuBaHue ocobell U3 pas-
HbIX MONYJALUN NPOUCXOAUT TOPaszo pexe, NO3TOMY FeHeTUYEeCKUU OOMeH MexAy
pa3HbBIMU MONYJASALUSAMU OrpaHUYeH. B pe3ysbTaTe KaxkJas MOmyJsaslusl XapaKTepu-
3yeTcs CBOUM crnendpruiecKkUM HaGOPOM IreHOB — TeHOQOH/IOM C MPUCYLIUM TOJBKO
JIAHHOW MOMYJISILUY COOTHOLIEHUEM YacTOT BCTPEYaeMOCTH pa3HbIX asesneil. Takum
06pasoM, cylecTBOBaHUe B popMe NONYJ/ALUK NOBbILIAET BHYTPpeHHee pa3Hoobpa3ue
BU/Ia, €r0 yCTOMYUBOCTb K MECTHBIM U3MEHEHHUSIM YCJA0BUH )XKU3HHU, I03BOJISIET €My 3a-
KpemnJAThCA B HOBBIX JI/151 ce651 yca0BUAX. OT CBOMCTB NONy/AALUNA BO MHOTOM 3aBUCAT
HanpaBJieHHe U CKOPOCTb 3BOJIIOLMOHHBIX U3MEHEHUH, MPOTeKaUUX BHYTPU BU/A.
[Iponeccel 06pa3oBaHUsA HOBbIX BU/JJOB O€pYT Ha4yaslo B U3MEHEHUSX CBOUCTB OT/eJb-
HbIX TONYJAIUN.

K nmpouneccam, npuBoJAIMM K U3MEHEHHMI0O reHOPOHa NMONMy/IALMUA, OTHOCATCA
MyTaluH, peiid reHoB, NOMYJISLUOHHbIE BOJIHBI, U30JIA11s U Ap. 3MeHeHUe reHeTHYe-
CKOro MaTepuaJjia Ha3biBaeTcsa Mymayuetl. Kaxkbli reH B reHo0dOH/ie NONYJIALUH, COCTOS-
IIMX U3 HECKOJIbKUX MUJIJIMOHOB 0CO6€eH, MOXeT M0/|BEpraTbCsi MyTal[MsIM B IOKOJIEHUSIX.
9TU MyTalMu NOCPeACTBOM KOMOWHAaTHUBHOM MU3MEHYMBOCTH NepeAalTcs M0 HacJes-
CTBY. BOJIBIIMHCTBO MyTalMH SIBJSIIOTCS PeleCCHBHBIMU U He MPOSIBASAIOTCSA B GeHOTUIEe
reTepos3uroT. Mytanus cayKuT MaTepHuaJoM /sl 3BOJTIOLHOHHBIX IPOLEeCCOB.

B 3aBUCUMOCTH OT XapaKTepa M3MeHEHHWHM B reHeTUYeCKOM MaTepuasie pasiuyaloT
2€HHble, XPOMOCOMHbIE, 2EHOMHbIE U yumonJjadmamuyeckue mymayuu. 3HadyuTeslbHas
4YacTb MyTalUH, KaK IpaBUJIo, BpeJHa AJsl OpraHW3Ma U YCTPaHseTcsl B MpPolLiecce ecTe-
CTBEHHOTO 0T60pa. HekoTopble U3 HUX MOTYT NIPUHECTH ONpeJeIEHHYIO N0J1b3y. Takue
MyTallUK NepefalTcs OYAyIIUM MOKOJIEHUSAM B Ipoliecce pa3MHOXKEHHUs U HaKallJIMBa-
I0TCA y 0CO6el MoNnyJISIUU 10 Mepe Nepexo/ia U3 MOKOJIeHUs B IOKoJIeHHe. MyTaliMOHHas
M3MEeHYMBOCTb YCUJIMBAETCS €CTECTBEHHBIM OTOOPOM B TeUeHHe JINTEJbHOTO BpeMeHHU
Y U3MeHsleT reHOQOH/, oMY IALUH.

JApen¢ reHoB UM reHEeTUKO-aBTOMAaTHUUEeCKHe MPOLECChl — siIBJeHUEe HeHalpaBJieH-
HOT'O M3MeHEeHHUs 4YacTOT a/lIeJIbHbIX BapUAHTOB 'eHOB B MOMNYJALUH, 00YCI0BJIEHHOE
CIy4YalHBIMU CTaTUCTUYECKUMU NPUYUHAMU. B He60/IbIION MONYJISAILIUKM HEKOTOPbIE 0CO-
64, He3aBUCUMMO OT UX F€HOTHIIa, MOTYT OCTaBUTb NIOTOMCTBO, @ MOTYT U He OCTaBUTH 110
C/ly4allHbIM NpUYHMHaM. B mpoliecce pa3aMHOXKeHHS ¥ 0co6ell B MONyJsMA 06pasyeTcs
60JIbIII0OE YUCJIO MOJIOBBIX KJIETOK — raMeT. boJsiblias yacTb 3TUX raMeT He GOpMUpPYeT
3UroT. M aToT pakTop B nonysijuu U3MeHsIeT YacTOTY (MOBTOPSEMOCTb) TeX UJIU UHBIX
aJslyesient.

CnyyaiiHbIM 06pa30M M3-3a U3MEHEHUsI YaCTOT FeHOB OJJHU aJlJIeJIM COXPaHSIOTCS, a
Jlpyrue ncyesaroT. B pe3ysibTaTe ciy4alHOro ipeiida reHOB reHeTUYEeCKU CXO/AHbIE MOMy-
JISIUH, )KUBYILIHE B OJHUX U TEX 2Ke YCJI0BUSX, IOCTENEHHO TEPSIOT YaCTh CBOUX aJljlesieH,

U reHeTHYecKasd CTPYKTypa MONyJsLUH U3MeHs- — F_A:aa i
eTcs. 3 e =
Jpeiid reHOB Hccaef0Bag aMEPUKAHCKUH re- - _# -
HeTUK C. PaiiT. Ero onbIT 6611 IpOCT: B Ipo6Up- i" - ’ﬂ_, | 4 L
KM C KOpPMOM OH NOCaJuJI 110 JiBe CaMKH U 110 /iBa [ ’ﬁ, L S » / o 2
caMila MyX JApo30(QHJ, TeTEPO3UTOTHBIX MO TeHY TR S e
A. Yepes HECKOJILKO MOKOJIEHUI 0Ka3aJi0Ch, 4TO B [ = -
HEKOTOPBIX IONYJIALUAX BCE 0COOM CTald TOMO- - ‘ﬁ .:.*
3UTOTHBIMU 10 MyTaHTHOMY aJlJiesiio (a), B APYrux _ﬁdﬂ ‘ﬂw F —,ﬁv
NONyJIALUAX OH ObLJI BOBCe YTpPayeH, U, HAKOHell, #’*‘ﬁ * i z#’
4acTh NONYJALUN cojep:Kaja KaK HOPMaJIbHbIN, Y- R G f’
TaK U MyTaHTHbIN anienb (puc. 7.1). AA aa  AA Aa aa

Puc. 7.1. [lpeiid reHoB (3kcniepumeHT C. PaiiTa)
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7.1. lsuscywyue ghakmopul 380110Yuu

UTak, npeid reHoB MpPUBOJUT K U3MeHeHUI0 reHodoHAa monysasiuu. Jpeiid reHos
SIPKO MPOSIBJISIETCS IPU PE3KOM COKPAIleHUH YU CTIEHHOCTH NOMYJSLUU B Pe3yJIbTaTe CTH-
XUUHBIX 6eCTBUH (JIECHBIX I103KapOB, HABOAHEHHUH ), MAaCCOBOr0 PacpOCTPaHEHUsI Bpeau-
TeJIen.

Ilony/1AMOHHbIE BOJIHBI
- 3TO K0JIe6aHUs YMCJIEHHOCTH
0co6ei, COCTaBJAKIIUX MOMNYy-
JISILUIO.

[lepyoanYHOCTb NONyJIALHU-
OHHOM BOJIHBI pas/IM4yHa y pas-
HbIX OpraHusmoB. Hampumep,
y O6eJIOK MepuoJi COCTaBJseT
8 - 11 net, y MeJKUX TpbI-
3yHOB 0KOJI0 10 JeT, S
KallyCTHON GeJIAHKM MOBTOpS- i \ /
etcs yepes 10 JieT, a y capaH4u 1939 rox 1940 rox 1948 rog 1954 ron
okoJio 11 seT. [lonyisLiMOHHBIE
BOJIHbl OOBIYHO CONPOBOXK/A-
I0TC M3MeHeHHeM ILIOIaJY,
3aHMMaeMoW UHAUBHJAMU. U3
COOCTBEHHBIX HabJIIOJeHU !
BaM H3BECTHO, YTO B TOJbBI C
6/1aroNpUATHBIMU TOTOJHBIMU
YCJIOBHAMU YHCJIO HEKOTOPbIX OPraHU3MOB Pe3KO0 YBeJIMYUBAETCS, a B TO/bl, KOT/la 3TH YC-
JIOBUS HEOJIarONPUATHBIE, OHO PE3KO COKpalllaeTcs.

3aMeTHOe yBeJIMYeHHe WJIM pe3Koe COKpallleHhe YMCJAeHHOCTH OPraHM3MOB MOMYJIs-
UM Ha3bIBaeTCs NONYASAYUOHHOU 80HOU (puc. 7.2).

[I[pyuriHaMU pe3KUX HeNepUOAUYECKUX CHUIKEHUM YMUCIEHHOCTH MONyJALUU MOTYT
TaKKe ObITb CTUXUUHBIE 6e/ICTBUS: 3aCyXH, I0Kaphl, HABOJHEHUS. B pe3ysibTaTe nomy.Jis-
LIMOHHOM BOJIHBI YMCJEHHOCTb OJHUX 0COO€eH yBeJUUYUBaeTCs, a HEKOTOPbIX YMeHbIIaeT-
cd. Y norub1nx ocobeil reHbl ¥ COOTBETCTBYIOLIME UM IPU3HAKY UCYe3al0T B NOMYJISALUH.
['eHodOHA BBLKMBIIUX 0COOeN coxpaHsieTcsl. YacToe NOBTOpeHHEe TaKUX SIBJIEHUH B KOHEY-
HOM MTOTe NPUBOJUT K U3MEHEHHI0 FeHOPOH/a MONyJISAL KU,

H3onanus. l'eorpaduryeckas, 61osoruyeckas, IKoJoruieckas U Jpyrue TUIbl U30J15-
[IMU NPENsATCTBYIOT CBOOOAHOMY CKPELIMBAHUI0 UHAUBUJO0B. U301l — 9TO YaCTUYHOE
WJIM MIOJIHOE OTCYTCTBUE CKPELIMBAaHUA 0COOEN pPa3HbIX MOMYJISLUH.

Korpa Mexay nonyiiijusiMU Cy1LieCTByeT NOTOK FeHOB, FeHeTU4YeCKHe pa3/inins He Ha-
KanJauBarTcs. MU3osg1us npepbiBaeT 06MeH reHETUYECKON MHPOpMaLMel U npeBpaljaeT
NOIYJIALIMIO B HOBYIO CAMOCTOSITE/IbHYI0 FTeHETHYECKYIO CTPYKTYpyY. Passin4yaroT HeCKOJIbKO
BU/IOB U30JIALAU.

Teoepaguueckasn u30aayus - 3To pasfesieHre NONyJALUN B pe3ybTaTe 06pa30BaHUsA
peK, rop Y Apyrux reorpaguyeckux nperpag,.

Ikos102udeckas u3oasyusl IpUBOJUT K TOMY, YTO MOMYJISILIMU OJHOTO M TOrO e BUJA
He CKpelUBalOTCH B pe3y/bTaTe NPOKMBaHUS B pa3HbIX Cpe/laXx B Pa3HbIX YaCTAX apeasa
BU/JA.

Buosozuveckas usoasiyus NPUBOAUT K HEPA3MHOKEHUIO OPraHU3MOB B pe3yJibTaTe
pas/Muui penpoAyKTHBHbBIX OPraHOB 0C06el BHYTPHU BH/IQ, Pa3/IMYMU B CTPOEHHUHU L|BET-
KOB Y pacTeHHM.

LR

Puc. 7.2. TlonynAliMOHHbIE BOJIHBI
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IJIABA VII. 3BOJIIOIUA

7.2. [l[pakmuyeckoe 3aussmue. H3yueHue demozpagpudecKux
nokasameeil Ha 0cHoge 3aKoHa Xapdu-BaiiH6epza

Imosio2uveckas u30/4514usl CBsi3aHa C MOBeJleHHEM KHUBOTHBIX. SIpKUM NPUMEPOM TOMY
SIBJISIETCS TOT GAKT, YTO y Pa3HbIX BUJOB MTHUIL OTJUYAIOTCSA PUTYaJIbl yXaXKUBAHUS U Gpad-
HBbIE TIECHU.

WTak, nonyndanud sABJseTCd 3JIeMeHTapHOU eAMHULeN 3BoonMu. K nponeccaM, BbI3bI-
BaIOILUM U3MeHeHHUs B reHOMOH e ONyJsIUK, OTHOCATCS: MyTalus, Apeid reHoB, momy-
JIIIIMOHHbIE BOJIHBI, U30JIAIUS, ECTECTBEHHbIN 0TOOP U Jp.

IIpuMeHeHH e HOBBIX 3HAHUI.

3HaHMe ¥ IOHUMaHue.

1. YTo Takoe nomnysAanusa’?

2.4To0 Takoe MonyJsAilMOHHbIE BOJHbBI?

3. OxapakTepusyiTe BU/Ibl U30JISILIUY OPTAaHU3MOB.

4. OT yero 3aBUCUT apeaJl YUCJEHHOCTU HaceJeHUs1?

I[IpumeneHue. Kakve BUAbl U30JISII]UH Bbl 3HaeTe?

Ananus. [loyeMy nonysAnyd AABJAgeTCS 3JleMeHTapHOU eMHULIEN 3BONTIOLUU?

ApryMeHTUpy#Te CBOE MHEHHUE.

CunTe3s. YTo 06111ero MexAy Nony/IsMOHHbIMU BOJIHAMM U TeHHbIMU Jipeiipamu?

Ouenka. KakoBo 3HaueHUe NONYJAIMOHHON BOJIHBI B 3KOCUCTEME? APTryMeHTHUPYUTE
CBOEé MHEHHUe.

7.2. IPAKTUYECKOE 3AHAATHUE. U3YYEHHUE JJEMOIPA®UYECKUX
MMOKA3ATEJIEM HA OCHOBE 3AKOHA XAPIU-BAUHBEPTA

Ilenb: n3yyeHue AeMorpadpuiyeckux nokasaTesel HaceJleHUsI MyTEM pellleHus 33/1a4 Ha
OCHOBe 3akoHa Xapau-BaliH6epra.

HauvasnbHble 3Tanbl 3BOJIIOLIMOHHBIX NPOLIECCOB B MOMNYJSLMSIX OCHOBAaHbI Ha 3a-
KOHaX HacJe/[CTBEHHOCTU. H3ydyeHue TreHEeTUYECKOW CTPYKTYpbl MOMNYJSLMU CBsi3a-
HO C oOmpeJesieHueM TeHOTUIHWYECKOr0 COCTaBa. B Takux 3ajavyax omnpenesdrT 4a-
CTOTY TEHOTHIIOB U aJljieJiel, KOTOpble BbIPAXKAKT B NPOIEHTaX. ITOT 3aKOH ObLI
HEe3aBUCHMO YCTAHOBJIEH JIByMsl MCCJeloBaTessiMU — MaTeMaTukoM [. Xapau u Bpaduom
B. BaitH6eprom. Bce monyssiiuyd UMerOT pa3/iMiHble MyTallUd U T€HOTUIIUYECKH HEOJHO-
poAHBL [Ipy OTCYyTCTBUY BJIUSHUSA Ha MOMYJISLIMIO BHEIIHEN Cpe/ibl TEHETHUYECKast HEOHO-
POZIHOCTb B HEU OY/IeT COXPAHATHCA HEU3MEHHOW U B OINpeJie/IEHHOM 6aJjlaHCe B OYAYIIUX
MOKOJIEHUSIX.

[Ipeinoa0KM, YTO B HEKOTOPOU MOMYyJNSAUU C OJUHAKOBBIM COOTHOIIIEHWEM TeHOTH-
noB AA ¥ aa yacToTa reHoB A (JOMUHaAHTHBIX) ONIpe/ieisieTCs P, @ YacTOTa reHOoB a (periec-
CUBHBIX) Ollpe/ieisieTcs q.

? d p(A) q(a)
p(A) p*(AA) pq (Aa)
q(2) pq (Aa) el
p?(AA)+2pq(Aa)+q®(aa)=1, p+q=1

CyMMa 4acTOT reHOB B MOMYJISILIMK paBHA p + = 1, MO3TOMY ypaBHEHHE MOXKHO
BbIPA3UTh Kak:

p*+2pg+q®=1.
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7.2. [l[pakmuyeckoe 3aussmue. H3yueHue demozpagpudecKux
nokaszameueii Ha ocHoge 3akoHa Xapdu-BatiH6epza

Jdta dopmyJia, npeasioxkeHHas: Xapau-BaliH6eprom, Tenepb Ha3bIBAETCs 3aKOHOM Xap-
du-Batin6epza. 3akoH Xapiu-BaiiH6epra MoXKHO 00bSICHUTD CaeyoUMM o6pa3oM: «B cTa-
OUJIbHOM MOMYJISALUU OTHOILEHHE YaCTOT aJljiesied TEHOB M TEHOTUIIOB OT MOKOJIEHUS K MO-
KOJIEHHUIO ABJISIETCS OCTOSIHHON BEJIMYMHOU U COOTBETCTBYET CJIeAyI0leMy YPaBHEHHUIO:

p*+2pq+q*=1.

3/ech: p? - 4acTOTa MOSBJIEHUs TOMO3HUIOT M0 JOMHUHAHTHOMY aJlJIeJlo; P — 4acToTa
JIAHHOTO aJlesisl; q? - YaCTOTA MOsIBJIeHHUs] TOMO3HUTOT 0 PELeCCUBHOMY aJlJIesio; ( — 4a-
CTOTa COOTBETCTBYIOLIETro ajljiesisl; 2pq — 4acTOTa NOSABJIEHUS TeTePO3UTOoT.

3akoH Xapau-BaliHGepra uMeeT NpakTU4YeCKOe 3HaYeHHEe B MeJIUKO-TeHEeTUYEeCKHX UC-
C/le[JOBaHUSAX, a TaKXKe NPU ONpeJieIeHUH YaCTOTHOCTH F'eHOB, TeHOTUIIOB U PEeHOTHUIIOB B
HNPUPOHBIX MONYJISLHUSAX, CeJIEKIIUN U })KUBOTHOBO/ICTBE.

IlopsAA0OK BEINIOJTHEHH S PAGOTHI:

1. H3syuyeHue MeTO/la pellieHUs 33/]la4 Ha OCHOBe 3aKoHa Xapau-BaliH6epra.

2. CamMocTosiTesbHOE pelleHHe 3a/jla4 Ha OCHOBe 3aKoHa XapAu-BalH6epra.

3. CaMocTosiTe/IbHOE COCTaBJEHUE 33/la4 Ha OCHOBE 3aKOHa XapAu-Balin6epra.

4. 06cyauTe U cAesaiiTe BbIBOJBI.

1. U3yyeHue MeTO/a pelieHus 3aJa4 Ha OCHOBe 3aKoHa Xapau-BaiiHo6epra.

3agaua 1. B ogiHy K016y moMecTusu 10 nmap kaperJiasbix (aa) aposodusa u 40 nap kpac-
Hors1a3bix (AA) apo3odui. KakoBo 6yeT peHOTUNIMYECKOEe COOTHOLIEHUE B 5-M MOKOJIe-
HUU NIPY CKpeLIMBaHWU 3TUX JIBYX BUJI0B Jipo3odu?

Pemenue: Eciy npenosioXuTh, 4TO Apo30dU/bl B KOJIGe CKpelMBalTCS CAy4anHo,
TO MOKHO IPUMEeHUTb popMyay Xapau-BaiiH6epra.

BcrpeyaemocTb reHoTuna AA B 4 pasa 60Jibllle, 4eM reHoTua aa. CiiejoBaTe/NbHO, Ya-
croTta a/nend A cocrasadet 0,8, a aymtend a - 0,2. Pe3ysbTaT UX CKpelMBaHUA BBITJIALUT
caeyoIuM 06pa3oMm:

? d P(A)- 038 q(a) - 0,2
p(A)-0,8 p? AA - 0,64 pq (Aa) Aa-0,16
(1-q)a-0,2 pq (Aa) Aa-0,16 q%aa- 0,04

O6pasyercsa: q2 AA-0,64; 2q (1-q)Aa-0,32; (1-q)2aa-0,04. 3gech: yactoTa A-asens
paBHa 0,64AA + 0,16Aa.

YacroTa a-annens cocrasaset 0,04aa+0,16aa=0,2.

OTBeT: 3HAYMUT, YACTOTA '€eHOB He U3MEeHUJIacCh B CJeJyI0LeM NOKOJIEHUU.

2. CamocTosATe/IbHOE pellleHHe 33/a4 Ha OCHOBe 3aKoHa Xapau-BaiHOepra.

1. Y MOpCKHX CBUHOK KOPOTKasl 1mepcTh (A) JOMUHUPYET Haf AJUHHOU (a). B oiHOM U3
nonysasAnuii red A cocrasisieT 60%, a red a - 40 %. OnpejenuTe KOJMYECTBO UHAUBU/IOB C
KOPOTKOH HIEePCThI0, eCJIU U3BECTHO, UTO MOy isanus HacuuTbiBaeT 3600 ocobeil.

2. Y nonyraeB 3e/éHbIA LBeT IepbeB MpeobsajaeT HaJ KOpUyHeBbIM. [lpu
CKpeIlMBaHUU FeTEPO3UTOTHOTO MOMyras € APYITMM reTepO3UrOTHBIM nomyraeM B F, 66110
noJsiydeHo 800 monyraeB. Ha ren A npuxoautcsa 60% Bcex nonysisiiui, a Ha TeH o - 40%.
CkouibKo monyraes F, roMo3uroTHbi?

3. Y kuTaiilleB y3KHe TJia3a JOMHHHUPYIOT Haj GosbliuMu. B cese ¢ HacesieHHeM
60 000 yesOBEK IreTepO3UT0OThI COCTABJIAT 22,62 %. KakoBo o61ilee KOJTUYECTBO JIIOJEH C
Y3KUMHU Iy1a3aMu?
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3. CamocTosATe/IbHOE COCTaBJ/IeHH e 33/1la4 HA OCHOBe 3aKOHa Xapau-BaiH6Gepra.

1. Y pacTeHus KpacHasi OKpacka LiBeTKa npeo6JiajaeT Haj xEéaTo. CkpeliyMBaiu re-
TEpPO3UTOTHbIE OpraHu3Mbl. ['eH A Bcex monyJsisiLiuil coctasisieT ... %, a reH a - ... %. Kakoe
KoJiMyecTBo pacTeHui u3 1 000 wtyk B F, 6yAyT reTepo3uroTHbIMU?

2. B monynsamnuu ... Ha 1 000 xxénThix sucul, npuxoautcs 10 6eabix. Mcnosb3ys npuse-
JIeHHY0 Bblllle UHQOpMaLHMIO, ONpeJieJINTe NMPOLEHT JIMCUL], KOTOPbIe AABJAITCA [OMO3H-
TOTHBIMH (@), ... TeTEPO3UTOTHBIMH (b) B 3TON nomy/sijuu.

4. 06¢cyauTe U caesiaiiTe BbIBOJDI.

1. Ha yTo ciefyeT o6paTUTh BHUMMaHUe NPU pellleHUH 33/ia4 Ha OCHOBe 3aKoHa Xap-
nu-BaiiH6epra?

2. MoHO /11 IpUMEHUTDb 3aKOH XapAu-BaliHb6epra K Hac/ieICTBEHHOCTH Yy 3KTOT€HETH-
YeCKHUX OpraHu3MOB?

3. [loueMy HeJsib3s1 NPUMEHUTH 3aKOH Xap/u-BaiiH6epra k Hac/e/ICTBEHHOCTH Y caMo-
OILJIOZOTBOPSOILUXCA opraHu3MoB? [[osicCHUTe CBOU OTBET.

7.3. ECTECTBEHHBIN OTEOP

IIpoBepka 6a30BbIX 3HAHUM. [loueMy >KMBble OpraHHU3MbI
pacnpejesieHbl Ha 3eMJie HepaBHOMepHO? [loueMy OHU He HcYe-

EcTecTBeHHBIN 0TGOP

CTabuau3npyroIui
3aI0T COBCEM WJIM, HANPOTHUB, HE 3aCeJIAIOT NOJHOCTBIO 3EMHYI0 | J1pprscumnpit
NOBEPXHOCTh? UTO BbI AYMaeTe 06 3TOM? PyaMMeHTapHbIE

WHauBuUAyanibHas U3MEHYMBOCTh MPOUCXOJUT Y BCEX UHAM- || KPbLIbS

BU/IOB NOMYJIALMH, OOUTAIOUMX B NPUPOAHBLIX ycaoBuax. OHa [ AU3PYNTHBHBIN
NpOSIBJISIETCS B TPEX HalpasJeHnsx. OfHU U3 HUX [OJIe3Hbl A5 | POPR6a3a
OpraHu3Ma, BTOpble Ge3pas/M4Hbl JJA HEro, a TPETbU MOTyT [ealieCTBOBAMHE
ObITh Bpe/iHbl. HeHTpasbHAs U3MEHYUBOCTh He BJIUSET Ha MKHU3-
HEeCNoCOOHOCTb OPraHU3MOB, a OPraHHW3MBbI C BpeJHON M3MEHYMBOCTbIO MOrM6al0T Ha pas-
JINYHBIX 3TanaxX UHAUBU/AYaJTbHOTO Pa3BUTHS. UHUBU/BI C 10J1I€3HON U3MEHYUBOCTBIO BbI-
»KUBAIOT GJiarofiaps NpeuMylecTBY B 60pb0e 3a cyllecTBOBaHMe. BbkrMBaHUe B 60pbbe 3a
CyLeCTBOBAaHHE OPTraHU3MOB C ONpe/ieIEHHBIMU M0JIE3HBIMU CBOWCTBAMH, a TaKKe rubesib
OpraHM3MOB, He UMEIOLIUX TaKUX CBOMCTB, HA3bIBAETCS €CINeCcCmM8eHHbIM 0MOOPOM.

[Ipouiecc ecrecTBeHHOro oT6opa HMeeT PAJ OTJIMYMN OT Npoliecca UCKYCCTBEHHOIO
ot6opa. EcTecTBeHHbIM OTGOPOM BJIaJle€T NPUPOJA, @ UCKYCCTBEHHBIN OTGOP OCYIeCT-
BJISIETCSI 4eJIOBEKOM. B TO BpeMsi Kak B eCTeCTBEHHOM OTGOpE UHTEPeChl OpraHM3Ma CTo-
AT Ha [IepBOM MeCTe, B HCKYCCTBEHHOM OTOOpe Y 4YesioBeKa BCerja eCTb CBOM UHTEPECHL.
EcTecTBEHHBIH OTOOpP MPOUCXOAUT B TeUeHHWE MUJJIMOHOB JIET, a UCKYCCTBEHHBIH 0TOOP
IPOUCXOAUT B KOPOTKHE CPOKU. B pesysibTaTe ecTecTBeHHOTO oT60pa o6pa3yeTcs BU/J, B
pe3y/IbTaTe UCKYCCTBEHHOI'0 0TGOpa 06pasyeTcs Mopoja, CopT, taMM. biarogaps ecre-
CTBEHHOMY OTOOpY yBeJM4YMBaeTCs pa3HOOOpa3ve OPraHM3MOB, B IpOIecce 3BOJIIOLUU
YCJIOKHSIETCSI CTPOEHHEe OPraHW3MOB, THOHYT BU/bI, HEJOCTATOYHO MPHUCIOCOGIEHHbIE K
YCJIOBUSIM CPEJIbl.

Takum 06pa3oM, opraHuU3Mbl, IPUCIIOCOOJIEHHbIe K 60pb6e 3a BbXKUBAHUE, TOTUOAIOT
pexe, 4eM HeNpHUCIOCO6IeHHbIE. ITO CBU/IETENbCTBYET O 3HAYEHUU eCTECTBEHHOT'0 O0T6O-
pa, Npucnoco6yeHust OpraHM3Ma K cpefie, HOBOH NMOMYJIALIMN U IPOUCXOXK/eHUS BUJA.

PaznuyaroT cra6uausupyoliye, ABWKylIIUe, AU3PYNTHBHbIE GOPMbI €CTECTBEH-
HOro oTb6opa.

Cmab6uausupyrowuil om6op. YCI0BUS Cpesbl, B KOTOPBIX }XUBYT OPraHU3Mbl, MOTYT
MOCTENEHHO MEHSAThCS C TEYEHHUEM BpeMeHHU UJIM OCTAaBaThCsl OTHOCUTENbHO HEU3MEH-
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HbIMU. )KM3Hb KaXX/JA0W NONYyJNSALUU 3aBUCUT OT OKpy:Kamwlel cpeabl. [lonynsauus Bcer-
Jla 0JKHA MpUCnocabiuBaThCA K e€ YCJI0BUAM, YTOOB! BBKUTh. ECiM B TeyeHUe He-
CKOJIbKMX MOKOJIEHUH YCJOBUS )KU3HU He U3MEHAITCH, TO NoNyasanus OyaeT HUMeTb
BBICOKYIO CTelleHb NPUCNOCO6IEMOCTH, @ €CTECTBEHHbIH O0T6GOp Oy/leT HampaBJsAThb
M3MEeHYHUBOCTb B CTOPOHY CTabUJIM3aLUU. B pe3ysbTaTe COXpaHAKTCA NPUCIOCOOIIEH-
Hble K cpefie GOPMBI CO CpeJiHeH HOPMOM, 2 U3MEeHEHHbIe OT HOPMbI oru6atoT. [loaTomy
TaKOW OTOOP CHUXKAET U3MEHUYMBOCTDb MONYJAALUU Y NOBbIIIAET €€ YyCTOMYUBOCTb. TOT
$aKT, 4TO TaKMe OpraHU3Mbl, KaK raTTepHus, 2UH2KO 6U/106a, 1aTUMePHs, a TAKXKe BCTpe-
yawuueca B AMyjapbe amydapbuHcKue 604bWas U Maaas A0HHO0A0NAMOHOCbIe PBIOHI,
COXPaHSAIOTCA B IOCTOSIHHBIX YCJI0BUSX CPeJibl, ABJSETCSA pe3ylbTaTOM CTaOUIHU3UPYIO-
mero orb6opa (puc. 7.3)

CTabuan3upyrouMi 0T60p BAUSAET TaKXKe Ha JtoJlel. HopMmasibHas yesoBedyeckas KJaeT-
Ka nuMeeT 44 ayTOCOMbI U 2 MOJIOBble XpOMOCOMBI. Ec/iM oniofoTBOpéHHas fAilleK/ieTKa
YKEHLIMHbI UMeeT 44 ayTOCOMBbI U TOJIbKO OZJHY X-XpOMOCOMY (0A4HOM X-XpOMOCOMBI He XBa-
TaeT), TO IJIOJ, IepeCcTaéT pa3BUBATLCA B yTpoOe MaTepH yepes 2-3 MecsAla U IPOUCXOAUT
eCTeCTBEHHOEe ero OTTOpXKeHHUe.

raTTepus TUHKO 611062

Puc. 7.3. CTabumu3upywImun oTéop

Jeusxcywuii oméop. llpu U3MeHeHUH YCI0BUMN Cpe/ibl BBKUBAIOT Te 0COOU BH/IA, Y KOTO-
pbIX IPOSIBUJIACH HACJIeICTBEHHAs U3MEHYMBOCTDb U B CBSI3U C 9TUM Pa3BUJIUCh NPHU3HAKHU
Y CBOMCTBA, COOTBETCTBYIOLME HOBBIM YCJIOBUSAM, a T€ 0COOU, KOTOPbIE HE UMeJIM TaKOH
M3MEHYUBOCTH, MOru6amT. ITa dopmMa oTO6Opa XapaKTepu3yeTcsd TeM , UTO Ha CMeHy WH-
JUBUJIAM CO CTapbIMU YepTaMM XapaKTepa NPUXOAAT HHJAUBUJBI, IPUCIOCOOMBIIMECH K
yCJIOBUSIM HOBOM Cpeibl.

Bo BpeMsi cBoero nsATU/AeTHEro nyTeliecTBUs JJapBUH 06HAPYXUJI, YTO HA OKEAHUYEeCKUX
OCTPOBAX, Tie TOCIOACTBOBAIN CUJIbHbIE BETPBI, YaCTO BCTPEYAITCH HACEKOMBbIe C PyAU-
MEeHTapHbIMH, YAJUHEHHBIMH, HOPMaJIbHbIMU KPBLJIbSIMH, @ TaKKe 6eCKpbLIble HAaCEKOMBIE.
Kak 06'bsICHAJ Y4EHBIHM, HACEKOMbIe C HOPMaJIbHBIMU KPbIJIbSIMU He MOIJIU IPOTUBOCTOATD
CUJIbHBIM BeTpaM Ha 3TUX OCTPOBax U norubasu. HekoTopble 0co6H € YAJMHEHHBIMU KpPbI-
JIbSIMU MOIJIM JIeTaTb NIPOTUB BeTpa. A HAaCEKOMble C PyZAUMEHTApPHBIMU KPbLIbSMHU U bec-
Kpbl/Ible COBCEM He MOJHUMAJIUCh B BO3AYX U CKPbIBAJIUChH B LIeJIsAX, HAX0/s TaM YKpBITHE.
3TOT NpPOUECC, KOTOPbIA CONPOBOXAAJICS HAC/TEACTBEHHON U3MEHUYUBOCTBIO U €CTECTBEH-
HbIM OTGOPOM U MPOAOJIKAJICH B TeYeHUEe MHOTUX ThICSAY JIET, IPUBEJ K COKpaLleHUI0 YUC-
JIEHHOCTH Ha 3TUX OCTPOBAX HACEKOMBIX C HOPMaJIbHBIMU KPbIIBSIMU U K NMOABJIEHUIO 0CO-
6ell c pyAMMeHTapHbIMU U JJUHHBIMU KPbIJIbSIMHY, @ TaKKe 6eCKPbl/IbIX HACEKOMBIX. Masio
TOr0, HA OCTPOBAX, I/le AYIOT CUJIbHbIE BETPa, NOCTENEHHO UCYe3JIM BbICOKHE JlepeBbsl WU
OT/leJIbHO pacTylLHe TPaBSHUCTbIE pAaCTEeHUS B pe3y/ibTaTe reHeTUYeCKOW U3MEeHYUBOCTH U
eCTeCTBEHHOI'0 0TO0pPa, UX BBICOTA CTaJIa COCTaBJIATH A0 1 MeTpa. COXpaHUJINCh NOLYIIKO-
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Puc. 7.4. 3Bostoniyis JIOAAW — pe3yJbTaT ABUXKYIIEro oT60pa

BU/IHbIe pacTeHus. KpoMe Toro, pyluMeHTalHs KPbLJIbeB Y HEKOTOPBIX MTUI, U HACEKOMBIX,

OOKOBBIX IMaJjibleB y KONBbITHLBIX, INIa3 Y HEKOTOPbIX XXKNBOTHLIX, KOpHeﬁ H JINLCTbEB Yy pacTe-

HUN-NIapa3UTOB, SABJASETCS APKUM IPUMEpPOM JIBHKYILero oToopa (puc. 7.4).
JuzpynmusHblli om6op. B HEKOTOPBIX C/ay4yasx CpeJu OpraHus-

MOB OJIHOT'O BH/Ia, PACNpPOCTPAHEHHBIX B OMNpe/ieIEHHOM MeCTe,
MOTYT BCTpeydaThCsl /iBe U 6oJjiee rpynibl 0CO6el, OTINYALIUXCS
JpyT OT Jpyra. 3To pe3yJbTaT AU3PYNTHBHOIO OTO6OpA, ellje OHON
0co60 $opMbI ecTeCTBEHHOTr0 oTO0pa (puc. 7.5) Hanpumep, siBJie-
HUEe Ce30HHOTO MoJMMop¢dU3Ma MOXKHO YBUZETb Y JIBYXTOYEUHOU
60>Xbell KOPOBKMU. Y 3TH KYKOB ObIBAlOT KaK Y€PHbBIE, TAK U KPaCHblEe
KpbLIbsi. DOpMbI C KPACHBIMU KPBLIbSIMU PeKe MOTUOaT 3UMOU OT
X0J10/1a, HO JIETOM JIAI0T MaJio MOTOMCTBA. A GopMbI ¢ YEPHOU OKpa-
CKOM KpblJIbeB, HA060OPOT, Yallle TOTUOAI0T 3UMOH, OYJIy4YH HE B CO-
CTOSIHUU MPOTHUBOCTOSATH X0JI0/IaM, HO JIETOM JJal0T MHOTOYHCJIEH-
HOe TOTOMCTBO. TakuM 06pa3om, 3Tu ZiBe GopMbl 60KbUX KOPOBOK B
CUJIY PA3HOU MPUCIIOCOOJIEHHOCTH K Pa3JIMYHBIM CE30HaM COXpaHs-
JIU CBOE MIOTOMCTBO Ha MPOTSI?KEHUHU JIOJITOT0 BpeMEHH.

Bopnb6a 3a cylecTBOBaHHUE 3aKJII0YAETCS B TEKYIIel AesaTeb-

HOCTHM OpPraHW3MOB, HAPaBJEeHHOW HA COXpaHeHUWe COOGCTBEHHOU Puc. 7.5.
)KU3HU U obecriedyeHHe >KU3HeAesTeJbHOCTH CBOEro IOTOMCTBA. ﬂHprT%THBHBIﬁ
oT60p

[TousaTre 60pbOBI 3a cymiecTBOBaHue npeoxua Y. JapsuH. [Ipu
MHTEHCHBHOM Pa3MHOXEHUU OPraHU3MOB BO3HHUKaeT JeULUT NPUPOJIHBIX PECYPCOB, He-
06X0IUMBIX JIJisT HOPMaJIbHOTO CYIIleCTBOBAHMUS KaXK/[0M 0COOH: 3a11acoB MHUIIU, BOJIbI, apea-
Jla U T. I. OIMH CBUHOM COIUTEp O0TKJabiBaeT 0 200-300 MUIJIMOHOB SIUII, O/iHA ACTYIIbS
cymka gaét 70 000 cemsH, a 6enena - 6oJiee 400 000 cemsH. Eciv 6b1 He ObIJI0O HUKAKHUX
NPEnsTCTBUS /IS UX PA3MHOX€EHMs], Yepe3 HEKOTOpPOe BpeMsi OHU 3aHSIJIM ObI BCe BOJ0EMbI
U cymy. Ho Takoro HUKoria He 6bIBaeT B npupojie. M3-3a gucbasanca Mex/1y CKOPOCTbIO
pa3MHOXeHUs 0c06el BUJA U KOJIMUYEeCTBOM HEOOXOAUMBIX [JIsl UX >KU3HU pecypcoB 60Jib-
1110e KOJINYeCTBO 0co6el MOTHGHET B 60pb0e 3a CyIlleCTBOBaHHUE.

JlapBuH pasauyas Tpyu GopMbl 60pbOBI 32 CyllleCTBOBAHHE: MEXBU/IOBYI0, BHYTPHUBHU-
JIOBYIO U 60pbOYy C HEGJIATOMPUSATHBIMHU YCJOBHUSIMH HEOPTaHUYECKOU NMPUpPObl. BHympu-
s8udosasi 60pbba OTpaKaeT COMEPHUYECTBO MEXAY WHJAUBHUJAMU OJHOTO BuJa (puc. 7.6).
JdTa 60pbba Oy/leT O4YeHb UHTEHCUBHOW M 0KECTOYEHHOM, 0COGEHHO M3-3a TOTO, UTO UH-
JUBHU/bI, TPUHAJIJIEXallMe K OJJHON MONyJSIUH, HYKAAKTCSI B OJHUX U T€X K€ YCJIOBU-
SIX, YTOOBI )KUTb U OCTABJIATh MOTOMCTBO. B KauecTBe mprUMepa MOXKHO MPUBECTH TO, KaK
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’KUBOTHbIe-caMIibl BO BpeMs GpayHOro nepuoja
CpaXkaloTcsl MexJy co6oi 3a o6saflaHHe CaMKOH.
B xo/ie 3BOJIIOIMY MTOSIBUJIMCH Pa3/IMYHbIE PUCIIO-
co6JIeHUs], yCTpaHsLe 60pb0y Mex/1y UHJUBU-
JlaMU ofiHOTro BUJa. HanpuMep, kabaHbl U MypaBbH
pa3rpaHU4YMBalOT 3HAKOM TEPPUTOPHUIO, TJe OHHU
*KUBYT. HeKoTOpbIE ’KUBOTHbIE OE/IAI0T COGCTBEH-
HOE MOTOMCTBO (IL[yKH, MbIILIH) UJIH pa3/aBJUBaOT
ux (aucThbl), KOT/la YUCJIEHHOCTh MOMYJISUHU Mpe-
BbILIAET ONpPe/eIEHHYI0 HOPMY.

Mesceudosas 60pbba oTpaxkaeT 60pb0Oy MeXAY
0C005IMU, IpUHAJJIeXKalMMU K pa3HbIM BU/JIaM (puc.
7.7) v IposiBJsIETCS B CJleiyI0lleM Bu/ie: a) 60pbba

WH/MBU/IOB /IByX BH/IOB, )KUBYIIUX B OJHOH Cpejie |

3a ycJa0BUS KU3HU (6opbba MexJy IoceBaMHU U
COpHSIKAaMH 3a BJIAry, CBET U NMUTATeJbHblEe Belle-
cTBa); 6) OJJTHOCTOPOHHEE UCIOJIb30BAHUE OJHOTO
BU/JIA IPYTUM (XULIHUK U )KepTBa); B) CO3/laHHUE O/I-
HUM BU/JIOM yA06CTB JJis Apyroro Bujaa 6e3 Bpeja
s cebs (pacmpocTpaHeHHe CeMsIH pacTeHUN de-
pe3 HIepPCThb KUBOTHBIX); T') CO3/laHUE B3aUMOBbBI-
TOAHBIX YCJIOBUW pa3JUYHBIMU BUJIAMH (HaACEKo-
Mble COGUPAIOT cebe MUILLy, ONbLIsIS LIBETHI).
Fopvba ¢ He6iazonpusmublMu YCA08USAMU

i A D i
Puc. 7.7. MexxBup0Bas 60pb6a

8HewHell cpedbl — 3TO GOpbOA OPraHU3MOB C HEGJIArONPUSATHBIMU a0UOTUYECKUMU TTPH-
poAHbIMU PpakTOpaMu. OHa 0COOGeHHO OYeBU/IHA B perMOHaxX, KOTOPbIe ABJIAIOTCS Ype3Bbl-
YallHO CyXWMHU WJIY BJIAXKHBIMHU, ’KapKUMH UJIH X0J0AHBIMU. B X0/1e 3BO/TIOLMM OpraHU3Mbl
BbIpaboTasIv psJi IPUCIIOCOOJIEHUH, TO3BOJISIOIIMX UM BbXKUBATh B KpaliHe HebJiaronpu-

ATHBIX YCJIOBUAX.

Hanpumep, pacTeHus, Npou3pacTarolye BO BJAXKHOM U )KapKOM KJIMMaTe, UMeIOT 60JIb-
11K e JIMCThS. B CyXOM M kapKOM KJIMMaTe JIMCThs PACTEHUU MeJIKUE, ONYIIEHHBIE, INCTOBBIX
oTBepcTuit Masio. OHU 06ecleunuBalOT MeHblIIee UcapeHHe BoAbI (puc. 7.8).

Puc. 7.8. Bopb6a opraHrM3MOB C HEOJIATONPUSTHBIMU YCAOBUSIMHU MPUPO/IbI

[ToaTOMYy ecTecTBEHHBIN OTGOP UMeEET BAXKHOE 3HAYEHHE B IPUCMIOCOBJIEHUH OpraHU3Ma
K Ccpejie, B Ipollecce BOSHUKHOBEHUS HOBBIX MONMYJASALMNA U BUA0B. CyIeCTBYIOT CTaOUJIN3U-
pyiolive, IBWKYIIMe, IM3PYNITUBHbIe GOPMBI ecTeCTBEHHOT0 0T60pa. bopb6a 3a cyiiecTBo-
BaHMe o6ecrieYrBaeT BbDKMBAHWE OPraHU3MOB U XKM3Hb UX TIOTOMKOB.
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IIpuMeHeHMe HOBbIX 3HAaHUI.

3HaHUe ¥ IOHUMaHHue.

1. [laiiTe onpe/ie/ieHHe eCTECTBEHHOMY OTGODY.

2. Kakue ¢popMbl ecTeCTBEHHOT'0 OTOOPA Bl 3HaeTe?

3. Kakue cy1uiecTByOT BU/ibl 60pbObI 3a CyllleCTBOBaHHE?

IIpumeHeHnue. Kakoe 3HaueHue UMeeT 60pb6a 3a CyLeCTBOBAaHUE B )KU3HU OPraHU3MOB?

Anasms. [loueMy MexxBHJl0Basg 60pbOa He Takas 0KeCTOYEHHasA U HaNpspkEHHasd, Kak
BHYTpUBU/IOBaA?

CunTte3s. Kakasi cBSI3b UMeeTCsl MeX/ly eCTeCTBEHHBIM 0TOOPOM U 60pb6OI 3a Cy1eCcTBO-
BaHue?

Onenka. HanumuTe 3cce, OCHOBBIBAsACh Ha CBOMX 3HAHUAX O PA3JIMUUAX MEXAY ecTe-
CTBEHHBIM U UCKYCCTBEHHBIM OTOOPOM.

7.4. TIPUCIIOCOBJIEHUA B OPTAHUYECKOM MUPE - PE3YJIbTAT 3BOJIIOLIUU

IIpoBepKka onOpPHBIX 3HAHUM. 3BeCTHO, YTO BCe *KUBble Opra-
HU3MBbI B IPUPO/ie 3a60TATCSA O CBOEM IOTOMCTBE B Pa3HOU CTEMEHH. AJanTanus
Y KaKuX OpraHu3MOB CHUJIbHO pa3BuTa 3a60Ta 0 notoMcTBe? OT Ka- 3Kpsnecnoco6HOCTL
KX IPU3HAKOB 3aBUCUT YPOBEHb 3TOU 3a60ThI? KoHKypeHTo-

ApanTanus - 3To IPUCIOCO6JIEHHOCTh BHYTPEHHETO U BHEIIHe- §CrOCOGHOCTh
ro CTPOEHHsI OpraHU3MOB, QYHKLIMHM OPraHoOB, MOBeJeHUsI U 00pasa §PepTUIBbHOCTD
»KU3HU K YCJIOBUSIM OTIpe/ieJIEHHOU cpeibl 00MTaHus. Bee xxuBble op- §II0OKpOBUTEILCTBEH
raHU3Mbl 006J1aJJal0T YHUKAJIbHBIMU MPUCIIOCOOIEHUSMH, KOTOPble JHas OKpacka
M03BOJISIIOT UM BBIXKHUBATh B TOH CpeJie, B KOTOPOU OHU 06UTAIOT, T0- | MacKkupoBKa
0ex/JjaTh B 60pb6e 32 BBDKUBAHUE, OCTABJISTh HOpMaJibHOEe MOTOM- IMUMUKpUs
CTBO U llepe/laBaTh CBOU YePThI 6YAYIMM MOKOJIEHUSM. AJjanTalusl
SIBJISIETCS. HEOT'bEMJIEMOM YaCThI0 BbDKUBAHUS, KOHKYPEHTOCIOCO6GHOCTH U HOPMaJIbHOTO
BOCIPOM3BO/[CTBA OPraHW3MOB. ITH TPU KOMIIOHEHTA aJjallTallid B3aUMOCBsI3aHbI IOCPeJ -
CTBOM eCTeCTBEHHOT0 0T60pa. Pas/inuHble yCI0BUS OKPYKaIOILeH cpe/ibl IBJASIIOTCS MPUYH-
HOU TOr0, YTO MPU3HAKH MPUCIIOCOGJIEHUS Y OPTAHU3MOB TaKXKe pa3JInYHbI.

Mopdghoaozuueckue adanmayuu. B pe3ysbTaTe BJAUSAHUA PAKTOPOB BHEIIHENH Cpe/ibl B
CTPOEHHUH TeJla OPTAaHU3MOB IMOSIBJSIIOTCSA YEPThI, COOTBETCTBYOLIME 3TOH cpese. Hanpu-
Mep, o6TekaeMasi popMa TeJia CIOCOOCTBYyeT OGBICTPOMY Nepe/BMXKEHUIO NTUL, B BO3/JyXE,
pbI6 B BoZe. [I[pruMepaMu MOpdOIOTHUeCcKUX aJJallTAllUH Y ) KUBOTHBIX SIBJISIOTCS TOKPOBH-
TeJIbCTBEHHasi OKpacka, MaCKMPOBKa, MpeioCTeperawiias OKpacka, MUMHUKpPHS, pacyJieHs-
Io11asl OKpacKa.

B 60J/IbIIMHCTBE C/lyyaeB OKpacKa *KUBOTHBIX COOTBETCTBYET OKpPACKe Cpe/ibl, B KOTOPOU
oHU 06UTaT. Takas OKpacka Ha3bIBAeTCsS NOKPOBUMEAbLCMBEHHOU okpackol (puc. 7.9).

3esIéHas capaHya dlepuLa KyponaTka (4us) TyCceHHUIa KallyCTHOU
6a604KH
Puc. 7.9. IloKkpoBUTEJILCTBEHHAA OKpPACKa Y ?KUBOTHBIX
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Ecau uBeT okpy»arolel cpeibl MeHs1eTCS B 3aBUCUMOCTH OT BpEMEHHU I'0/ia, TO MeHs-
€TCS U 11BET >KUBOTHBIX. B HEKOTOPBIX CIydasix cX0ACTBO GOpPMbI U OKPACKH TeJia }KUBOT-
HOT'O C OKPYKaIIUMHU IIpeJiMeTaMH Ha3blBAOT Mackuposkol (puc. 7.10).

|

6abouka KasauMa NaJ0YHUK MOPCKON KOHEK
Puc. 7.10. MacKHMpOBKa »KUBOTHBIX

HekoTopele )KMBOTHBIE UMEIOT Pa3HOLBETHY0, OpOCAIOILYIOCA B IJ1a3a APKY OKpa-
CKy, KOTopasl HasblBaeTcs npedocmepezawujeli okpackol. O6GbIYHO Y TaKUX KUBOTHBIX
VMMEITCS JOMOJHUTE/bHbIE CPeCTBA 3aLMThI OT BparoB. K TakuMM cpe/icTBaM OTHOCAT-
csl BblZleJisieMble UMU HeNpUSATHbIE 3alaxyu UM 1J0BUTbIE XKUJKOCTH, LETUHKU U UTO-
JIOYKHU Ha Tesie (puc. 7.11).

6pOH30BKa 60>Kbs1 KOPOBKaA nyesja MeJOHOCHass  KOPPaJIOBbIM acliug
Puc. 7.11. llpefocTeperaroliias OKpacKa }KUBOTHBIX

MuMHKpUS - 3TO UMHUTALUSA BUJIOM, 6€33alLUTHBIM Ilepe/; HEKOTOPhIMU XUIIHUKAMH,
BHEUIHOCTH JIpyroro BM/ia, KOTOPOro 36erarT 3TU XUIIHUKU U3-3a HECbeJOOHOCTHU U1
HaJIM4Msl 0COOBbIX CPeJCTB 3alUThL. ITO NOAPAKATEbHOE CXOJACTBO HEKOTOPBIX }KUBOT-
HBIX, [JITaBHBIM 00pa30M HAaCeKOMBIX, C APYTMMU BULAMHU KUBBIX OPTaHU3MOB UJIU HEChe-
JIOOGHBIX 00'bEKTOB BHEIIHEH cpejibl, 0OecrneyrBalollee 3alUTy OT BparoB. Hanmpuwmep:
CXOZCTBO MYXU-XKY>KaJIKU C 0ObIKHOBEHHOM 0COM M HesZJOBUTOI0 aMEPHUKAHCKOTO yKa C
SITOBUTBIM KOPAJIJIOBBIM aClUIOM — IpKUU PUMep MUMUKPUH (puc. 7.12).

5 - R T ;:'n ] e
CTEeKJITHHUIIA TapakaH MyXa-)Ky@HoKalKa aMepUKaHCKUH YK
Puc. 7.12. MUMUKpPHUA Y )KUBOTHBIX

e

Ha Tesie HEKOTOPBIX dKUBOTHBIX UMEIOTCSI CBETJIble U TEMHbIE NMOJOCKH U MATHA, CIO-
¥3-3a Yero XMIHUK yIyCKaeT U3 BUJY CBOIO XKepTBY. Takasi OKpacka Ha3bIBaeTCs pacyJie-
HAawuel (puc. 7.13).
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Puc. 7.13. PacusieHsiro1ast OKpacKa >KUBOTHbIX

du3uos02udeckue adanmayuu. Jta ajantauus obecnedyrBaeT QyHKIMOHAJIbHbIE
IpeuMylecTBa OpraHM3Ma, HalpuMep, NOCTOSHCTBO PU3HO0JIOTMYECKUX TapaMeTpoB —
TeMIepaTypbl TeJsa, BOJHO-COJIEBOr0 0OaslaHCa, KOHUEHTpaLMKU caxapa B KpPOBU U Ip.
OpraHu3Mbl COXPaHSAT CBOK YCTOMYHMBOCTb 110 OTHOUIEHUIO K U3MEHEHUSIM BJaru u
TeMIepaTypbl B OKpy:Kallllel cpe/ie Ha pa3HbIX 3Tanax oHToreHesa. Hampumep, Mmopo-
30CTOMKOCTb pacTeHUH CBsi3aHa C MOBBILIEHHWEM KOJIMYECTBa caxapa U KOHLEHTpaluu
KJIETOYHOI'0 COKa U C yMeHbIlIEHUEM BO/ibl B UX KJieTKaX. TI0J1eHH, AJIUTeTbHO HaX0 A1 -
ecsl 1O/ BOJOM, KpOMe reMoryio6MHa UMelT NUTMEHT, CIIOCOOHBIN CBA3bIBATh 00JblIe
KHMCJIOPO/ia, - MUOTJI00MH. Hakom/ieHre MHOTUX >KMPOBBIX BEILECTB B OpraHU3Me My CThIH-
HBIX ’KUBOTHBIX SIBJIsIeTCS IpUMepoM GU3UO0I0THYECKON aJlanTaluH.

Buoxumuyeckue adanmayuu. Takas aganTanys ocyliecTBaseTcs GepMeHTaMu Kiie-
TOK 1 OPTaHOB YU OCHOBaHa Ha peryisiliui 6MOXMMHUYEeCKUX peakliuii B opranusMe. CHHTe3
0eJIKOB, >KUPOB, YIJIEBOJOB U JAPYTUX OPraHMYECKUX KUCJIO0T, GMOXMMUYECKOe yIpaBJie-
HUe MeTaboJIM3MOM, IOCPEJCTBOM pas3JiOXKeHUs], SABJISAETCA NIPUMEPOM OMOXUMHUYECKOH
ajanrtauuu. buoxuMuyeckue ajanTayyu 3aBUCAT OT GaKTOPOB OKpYy»Karoliel cpeapl. Ha-
nprMep, y 6eCli03BOHOYHBIX, PENITHUINN U MJIEKONIUTAOLIUX, 0OUTAOLIMX Ha Cyllle, aMMHU-
aK BbIJIeJIIE€TCS B OKPYKalOUIYI0 Cpely B BU/le MOYEBUHBI, a y KUBOTHBIX, 0OUTAIOLIMX B
BO/l€e, BbI/leJISIeTCSl 10 BCEMY OPraHU3My IPU JbIXaHUU U ObICTPO BbIMbIBA€TCS BOJOH.

Imosi02uveckue adanmayuu. JTOT TUIl aJallTallMM CBSI3aH C IOBeJleHHUEM >KUBOT-
HbIX. C IOMOILbIO ONpeJe/IEHHbIX J1eMCTBUU KUBOTHbBIE 3alUIAIOTCA OT CBOUMX BParos,
HaXOJ AT Y 3allacaloT NUILY, IPUCIOCcabaMBaIOTCA K BpeMeHaM ro/ia, BbIOMparoT cebe napy
Y Pa3MHOXAITCH, @ TaKXKe 3all[UILAIT CBOE NMOTOMCTBO. JKUBOTHbIE NPAYYTCSA UJIU Be-
JyT ceb4 ycTpaluarple, 4ToObl U36eXaTh HanaZeHus Bparos. 3a60Ta 0 IOTOMCTBe UMeeT
60JiblIIOe 3HAYEeHHUd [/ BbhKMBaHUA. HekoTopble aMeprUKaHCKUE COMbl MPUKPENISIOT
MKpYy Ha CBOE OpPIOX0 U HOCAT eé Ha cebe, MOKa U3 UKPHUHOK He BbUIYNATCA MaJbKu. JKa-
6a-MoBHUTYXa HOCUT OIJIOJIOTBOPEHHbBIE AN Ha CIIMHE /10 TeX MOop, I0Ka U3 HUX He M0os-
BSITCSI MOJIOZIbIE XKa0bl. B OT/IMYME OT HU3LIKX MO3BOHOYHBIX, ITUIbI OTKJIA/bIBAIOT SIHIIA
B CIeLiMaJIbHO NIOCTPOEHHbIE THe3/la U COrpeBalOT UX CBOUM TesloM. PoauTtenu KopMAT
NTEHIOB M 3allMLIAI0T UX OT Bparos. [Iprcnocobsienus, cBsA3aHHble € 3a00TOM O MOTOM-
CTBE, 0COOEHHO CUJIbHO Pa3BUThl ¥ MJIEKONUTAIOIUX.

IIprcnoco61eHHOCTh B MUPe pacTeHHMH. B npo1ecce 3Bo/IIOL MY y pacTeHUU NOSBUII-
s pa/i IpUcnoco6eHUH K GaKkTopaM oKpy»xarolel cpesbl. Hanprumep, pacTeHus no-pas-
HOMY MPUCIIOCO06JIEHBI K lepULUTY BJard. JIMCTbs1 OAHUX PACTEHUH MOKPBITHI BOCKOBBIM
cnoeM (QUKYyC), APYTUX — TYCTBIMU BOJIOCKAaMHU (KOPOBSK JPKyHrapcKuit). JIuctbs cakca-
yJia IPeBPATU/IMCh B MeJIKHE «4ellyHKu». JINCThS SHTaKa MeJIKHe U )KECTKHeE, 60JIbIINH-
CTBO BeTBeW MMEIOT KOJIIOUKU. KaKTyc, as03, araBa OTHOCATCA K YMC/Iy pacTeHUH, 3amna-
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carouux Boay. HekoTopble pacTeHHs UMEIOT KOPOTKHUM BereTallMOHHBIN IEPUO/: JIIOTHUK
eKui, koctep [laHTOHUY HAUMHAKOT PAa3BUBATbCS paHHEW BeCHOM W yCleBalOT JlaTh ce-
MeHa [I0 KOHLa BereTalnuu. Bep6J1toXkbs KOJIIOUKA, NOJIBIHb U MOJ0OHBIE UM PAaCTEHUS B
3aCyxy BbDKUBAIOT, COpPAChIBAst JIUCThSI.

Y pacTeHuil cyuecTByeT psJi NPUCIIOCOOJeHNH, CBA3aHHBIX C UX OoNblIeHueM. Pacre-
HUS, ONblJIsIEMble HACEKOMbBIMHU, IPUBJIEKAIOT UX CBOMMU KPYIHBIMH, APKUMHU 11BETKAMH,
KOTOpBbIe 06J1afal0T NIPUATHBIM 3al1laxOM U cofiepKaT HeKTap. LIBeTky pacTeHUH, OnbLIsA-
eMble MIPpYU MOMOIIM BeTpa, HA060POT, MeJIKUe, HeB3pauHble, OecliBeTHbIe, 6e3 3amnaxa, C
JIETKOM IBbIJBIOH.

Y pacTeHul BCTpeyarTCcs NPUCIOCOOIeHUs], KOTOpPbIe CIOCOOCTBYIOT pacnpocTpaHe-
HUIO UX IIJIOZIOB M ceMsH. PacnpocTpaHsieMble C TOMOLIbIO BeTpa MJIO/AbI U ceMeHa Gepé-
3bl, Kaparaya, ailJlaHTa, KJéHa UMEIT KPbLJIOBU/HbIE OTPOCTKH, CEMeHa XJIOMYaTHUKA
cHabXeHbl BoJIOCKaMU. [1y104bl yepesibl, 3Bep0604, JUKOU MOPKOBHY, JIOIyXa, pOrOTr0oJiOB-
HUKA CHabXeHbl KPIOUKaMH, KOJIIDUKaMH, BOJIOCKaMH, C IOMOILbI0 KOTOPbIX OHU LieIIs-
I0TCA 3a LIepPCThb )XUBOTHBIX, [Iepbsl ITUL, 0JeX/Ay YeJl0BeKa U pa3HOCATCA Ha OoJibliue
pacCTOSIHUSL.

MscucTble, COUHble KOCTOYKOBbIE U O€CKOCTHBIE MJIO/bI TOeJATCA NTULAMU U [Ipy-
IMMU )KUBOTHBIMH, HellepeBapeHHble CeMeHa PacTEeHUH C TAKUMHU IJI0JaMU BbIEJSI0TCS
C IOMETOM U TaKUM 00pa30M paclpoCTPaHATCA Ha Apyryue Tepputopuu. CeMeHa U 1J10-
Jibl, pacrpoCcTpaHsieMble C TOMOLbI0 BOJbI, TAKXKEe UMEIOT HEKOTOPbIE MPUCIOCOBIEHHS.

TakuM o6pa3oM, NpuCnoOCco6JeHUs Y )KUBbIX OPraHW3MOB MOSABUJIMCh B pe3yJibTaTe
€CTeCTBEHHOT0 0T6Opa B Mpoliecce 3BOJIIOLUMU. B pe3ysbTaTe afantanuil ;KUBble opra-
HU3MBbl HaxoAATCA B TaKOM cpeJie, B KOTOPOM OHU MOTYT CBOOOJHO XUTb U OCTaBJATH
notoMcTBo. [loaToMy npucnoco6ieHrs] B OpraHUYecKOM MUpPe CYUTAIOTCS pe3yJbTaTOM
3BOJIIOLMH.

I[IpyuMeHeHU e HOBbIX 3HAHM M.

3HaHHe ¥ IOHMMaHHE.

1. C kakKuMU CBOMCTBaMHU OPraHM3MOB CBsI3aHa aJlanTanua?

2. IlpuBenuTte npuMepbl MOPHOJOrUIECKOUN aZlalTAl[UH U €€ BU/IbI.

3. KakoBbI 0COGEHHOCTH 3TOJOTHYECKUX aJlallTal[ui?

4. PacckakuTe 06 afjlaniTalusax B paCTUTEJbHOM MUPE.

IlpumeHeHue. Kakuve afganTanyu CylecTBYIOT B MUPE 1IBETKOBbIX paCTEHUN?

Ananu3. Kakoe 3HaueHMe HMeeT IOSIBJIEHHME KPIOUKOB, KOJIIOUEK U BOJIOCKOB
y pacteHui?

CuHTe3. HazoBuTe 061111e 4YepThl PU3U0JIOTHUECKUX U OMOXMMHUYECKUX aJlanTalui?

Ounenka. Kakoe 3HaueHUe MMeeT eCTECTBEHHBIA OTOHOP B Mpoliecce BOSHUKHOBEHUS
NPUCIIOCOBJIEHUN Y OPraHu3MOB? APryMeHTUPYUTE CBOE MHEHUE, IPUBE/IS IPUMEPHI.

7.5. IPAKTHYECKOE 3AHATHUE. U3YYEHUE
AJIATITALIMY OPTAHU3MOB K OKPYKAIOIIEA CPEJIE

ue.)lb: HN3Yy4YUTb aJallTalUI0 »KHUBbIX OPIraHHM3MOB K Oprma}OLueﬁ Cpene — omnpene-
JINTb IPU3HAKH l'[pI/ICI'IOCO6J'IeHI/Iﬂ IITHUL] K BO3AYXY, pr6 K BOJi€, Hepellax K NMMyCThIHE.

MOp(l)OJIOI‘I/I‘-IECKI/Ie, q)HBI/IOJIOFI/I‘-IECKI/Ie, OMOXUMHUYECKHE )51 3THOJIOTUYECKHEe
aallTalud  OpPraHU3MOB IO3BOJIAKOT MM BbIXKHBATHL B TOH cpene, B KOTOpOfI OHH
O6I/ITaI-OT, HO6e}K,ZLaTb B 60pb6e 3a BbI’)KMBaHHE U IepeJaBaTb IIPU3HAKKW IIOKOJIEHUAM,
OCTaBJiIdAd HOpPpMaJIbHOE€ IIOTOMCTBO. Aﬂal’[TaLU/IH — I39TO BbBIXHBaHHE OpPraHU3MOB,
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Hepa3pblBHO CBSI3aHHOE C KOHKYPEHTOCIOCOOHOCTbID UM  HacC/e[CTBEHHOCTHIO.
ApanTanuMy y OpraHU3MOB BO3HHUKAalOT B Ipoliecce 3BOJIOLMM Ha OCHOBe
beHOTUNMYECKON U FTeHOTUIIUYECKON U3MEHYUBOCTH.

0O6opyaoBaHue: yuieOHUK, aKBapUYM C pblOKaMH, MONyrai, KaHapernKa WU Apyrue
OTULBI B KJIETKe, Yepernaxa, €, Bep6JII0XKbsl KOJIFOUKA, KOPOBSK PKYHTapCKUK WJIH Tep-
6apuii c IIOOBIMU APYTUMHU PACTEHUSIMH, KAKTYChI.

IIpaBuia 6e30mMacHOCTH: A ) @ A & @

MMopsAJOK BLINOJIHEHUS Pa6oTel:

1. OcMoTpHUTE ONepeHUe Nomnyras, KaHapeUKH UK APYyroi NTUILbI B KJIETKe.

2. OnpepenuTe NpU3HAKU NPUCIOCOOIEHHUS K MOJIETY BO BHELIHEM CTPOEHUH ITHIIL.

3. OmpefennTe, Kakue INPUCIOCOOJEHUSI €CTb Yy eXa W yepemnaxy JJs 3alUThI
OT Bparos.

4. OnpefiesiMTe, KakvMe MPUCIOCOOJEHUS €CTh Y BepOJ/IIOKbeN KOJIIOYKK U KOPOBsIKa
JOKYHTApCKOro, KOTOpbIe 3aLIUIIAIT pacTeHHe OT pa3HOOGPa3HbIX TPABOSAHBIX dKHUBOT-

HBIX U 3allacaloT BJary.
5. 3anmosiHUTE NPUBEEHHYIO HIXKe TAa6JIMIy Ha OCHOBE CBOUX HABJIIO/[EHUH.

| Opram | M | A e
1 |Ex
2 Honyral;/’l 58078
KaHapelka
3 |Yepenaxa
4 |Prpiba
5 |Bep6Jiroxkbs KOJIFOUKA
6 |KopoBsik mKyHrapckui
7 |Kaktyc

6. 3aM0JIHMTE NPUBEJIEHHYIO HHXKE CXeMY Ha OCHOBE I0JIy4YeHHbIX 3HaHUH.
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7. Ha ocHOBe noJly4YeHHbIX 3HAaHUM Ha YpOKe OMOJIOTUU U HabJII0JeHUH B IpUpo/je
3anumuTe GopMbl MOPPOJIOrMYECKUX alalTalUil U COOTBETCTBYIOIIME IPUMEPHI.

Tunsl ajantTanyy y OpraHu3MoB

06cyauTe U caesianTe BbIBOADI.

1. Kakue npucnoco6/ieHUsl y OpTaHU3MOB MM03BOJISSIOT UM IlepeIBUTaThCSl B Pa3HBIX
cpepax?

2. C KakMMM CBOMCTBaMH OPraHU3MOB Hepa3pbIBHO CBsI3aHa aganTtauus? Apry-
MEHTUPYUTE CBOE MHEHHE.

7.6. BUIOOBPA30BAHUE

IIpoBepka 6a30BbIX 3HaHMI. KaKOBO 3HaUeHHe ABWKYIIHUX
CHWJI 3BOJIIOIIMM B BOSHUKHOBEHHU HOBBIX BUJIOB? [loueMy mosiB-
['mbpuansanus JIeHWe HOBBIX BUI0B HAaYWHAETCH C NOMyJIALun?

[luBepreHyus [TosiBJieHWe HOBBIX BU/I0B HAUMHAETCS C MOMYJISAMH, 60TaTOH
Annonarpudeckasa § MytanuaMu. B pesysbTaTe CBOGOAHOrO CKpeljMBaHHs OpPMU-
CuMmaTpuyeckas pyIOTCs 0CO6H C HOBBIM T'€HOTHUIIOM U PpeHOTUNOM. 3MeHeHUe
MosumIouAHAS YCJIOBUH KM3HH NIPUBOJUT K PACXOXK/EHHUIO IPU3HAKOB y 0cobei
NOMyJISILUY, T. €. K AUBepreHyuu. B pesysibTaTe Haya/bHas M0-
NyJISAL s IPOU3BOJAUT psf, 1oAGOPM € pa3HbIMU IPU3HAKAMHU.

[lox BAMSHHEM JBWXKyIIEro oT6opa 0co6U € pasUUHbIMHU
NprM3HaKaMHU B HOBOM cpejie MoJiyyaT BO3MOXXHOCTb OCTaBUTh IMJIOJOBUTOE MOTOMCTBO U
BbDKUTb. OCOGM C MPOMEXYTOYHbIM XapaKTepoM Bcerjia HaXoAsATCS B COCTOSIHUM KOHKY-
pPEHLUHU APYT C IPYTOM, M IO3TOMY MorubatoT 6bicTpee. TakuM 06pa3oM, BHYTPU UCXOJHOU
NOMYJISILIMM BO3HUKAIOT HOBble MOJATPYIIbI, U3 KOTOPBIX CHayaJjla BOSHUKAIOT HOBBIE MO-
nyJISLMY, a 3aTeM, B CUJy psjia AUBePTreHl i, HOBble NOABH/AbI U BUAbI. TakuM 06pasoM,
HOSIBJISIIOTCS POJibI, CEMENCTBA, OTPSA/LbI U IpyTHe CUCTeMaTUYeCKHe IPyIbI.

B HacTosIee BpeMs y4éHble ONpeesisiioT TpU cnocob6a BU006pa3oBaHust. OusieTu-
yeckoe BU/JJ006pa3oBaHue - IOCTeNeHHOe NpeBpallleHre BO BpeMeHHU OIHOTO BU/Ja B JIpy-
roi. 'M6puaM3anus ABYX BUJOB — 3TO Pe3y/IbTAT CKPELIMBaHHSA OPraHU3MOB JIBYX Pa3HbIX
BU/IOB, IPUBOJAIIMN K NOSIBJIEHHWIO HOBOT'O, TPEThEro BH/1a. /lMBepreH s — pacxoxKJeHue
(pasmenenue) npusHakoB (puc. 7.14).

MukpoaBosronua
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BUA b Bug A BugB Buab BUI b BUJ A

BUJ A BUJ A BuJ b BUJ A
dunetnyeckui rubpuau3aIus JVBepreHus
Puc. 7.14. llyTu BuA006pa3oBaHus

M3yyeHre BuU/1000pa30BaHUsl CTaJKUBAeTC C JBYMsl TPYAHOCTSIMH: BO-NEPBBIX,
BHU/I000pa30BaHUe B IPUPOJie MPOUCXOJUT B TeUEHUE JIJIMTEbHOTO BpeMEHH, BO-BTOPBIX,
3TOT NPOLECC Y PA3JIMYHBIX OPraHU3MOB [IPOTEKAET IMO-PA3HOMY.

B npupoje Hab/toaeTcs ABa criocoba BU1000pa30oBaHUsI.

1. Aanonampuueckoe unu eeozpaguveckoe 8udoobpazosarue. BOSHUKHOBeHHE HOBOTO
BHU/Ia POUCXOJUT B TeX CAy4asaX, eCJAd OT/ieJibHble MOMyJSAIUH BUAA G6YyT MOJHOCTbHIO
paszesieHbl pa3/IMUHbIMK MPOCTPAHCTBEHHO-TEPPUTOPHUAJIbHBIMU NperpazamMu (ropHble
XpeOThl, peKH, NyCThIHY, Jieca). [Ipu pacuiMpeHUr apeasia HOBble BHU/Ibl CTAJKUBAIOTCS C
HOBBIMH YCJIOBUSIMU cpeJibl (MMOYBA, KJIUMAT, YKMBble opraHu3mbl). ['eHopoHT Oy AN
CO BpeMeHeM MeHsIeTCsl U3-3a HacJIeICTBEHHON U3MEHUYUBOCTH, 6OPbOBI 3a CylleCTBOBAHUE
M eCTeCTBEHHOro oT6opa. ITOT MpollecC MPUBOJUT K 0O6pa3oBaHHIO HOBOTO BHJA
(puc. 7.15). Hanpumep, B 1leHTpaibHOM perrnoHe EBpomnbl mpouspactaet 20 BUAOB JIIOTUKOB.
Bce 3TH BU/bI NPOM30LIJIU OT OJAHOT'O U TOTO K€ BH/1a U3 CUET reorpadpUuecKor 301U,
B pesyabTaTe reorpaduyueckodl HU30JSAIMAM MOSBUJIMCH TaKHWe NOJABHAbI (a3aHOB, Kak
XUBUHCKHH, CEMUPUYUHCKUH, MyprabCKHUM, KABKAa3CKUN, MAHbWKYPCKUH, ATTOHCKUN. TakuM
»Ke 06pa3oM NMosABUJICSA U obuTarwiui B CeipJapbe U AMy/lapbe BUJ, pbI0 — JXKEJI0NAaTOHOC.
OH NpUHAJIEKUT K JPEBHHUM OCETPOBBbIM. biM3kue K HEMy BUJIbI PbI6O BCTPEUYAIOTCS B
peke Muccucunu (CeBepHas AMepuKka). B ocHoBe mpoijecca mosiBJeHUs HOBBIX BUJ0OB B
aJIJIoNaTPUYECKOM HallpaBJIEHUH JIEXKUT reorpadpudeckas U30JA1H1s.

Puc. 7.15. AnyonaTpuieckoe UM reorpapruieckoe BUI000pa3oBaHUe
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2. Cumnampuueckoe e8udoobpazosaHue. HoBbI BHJ, BO3HHUKAaeT BHYTpPU apeasa
MCXOZHOT0 BU/IQ, T. €. BUJI000pa30BaHUe NPOUCXOJUT HAa OJHOU TeppUTOpUM. M301MpoBaH-
Hble NOMYJIALMHU PacIpoCTPAaHAITCA B OJJHOM apeaJie C poJoHavyaJbHbIM BU0M. OOGbIYHO
rpylna HW30JMpPOBaHHBIX 0CO0ed OTJIMYaeTcs OT pPOJOHA4YaJbHOTO BHJA BpeMeHeM
POXKAEHUSI UM MECTOM INPOXHUBAHHUSA, JUOO pasjvuusMU o nojay. U3 monyasanuii, B
pe3y/ibTaTe MyTallMOHHON M3MEeHYMBOCTH U eCTeCTBEHHOI'0 0TOOpa MOABJISIOTCA HOBBIE
BU/bl. HanpruMep, U3BeCTHO, 4TO B 03epe JlaHao, Bo3HUKLIeM Ha PununnuHax 10 Teicad et
TOMY Hasa/, TOJbKO OT OJJHOT'0 €JUHCTBEHHOI'0 POJJOHAYaJIbHOT0 BM/Ia pbl6 06pa3oBaioch
18 HOBBIX BU/I0B, 2 OT OJJHOT'0 POJIOHAYa/IbHOTO BH/1a G0OKOIJIABOB, BBICIIUX PAKOOOPA3HBIX,
250 HOBBIX BH/IOB. 3apOXK[eHUe HOBbIX BHJI0B MOET MPOUCXOAUTH B pe3yJbTaTe
9KO0JIOTUYECKOW U30JIALMH, I03TOMY AaHHY0 GOpMy BU006pa30BaHUsA 4acTO HA3bIBAIOT
3KoJioruyeckoi (puc. 7.16)

Puc. 7.16. CumnaTpuieckoe BUA000pa3oBaHUue

K npyroi#i popMe cuMnaTpuiyeckoro BUZ006pa3oBaHusi OTHOCAT BHe3alHOe 06pa3oBa-
HUe BUZ0B, IPOUCXOJsIee B pe3ybTaTe XpOMOCOMHBIX, TeHOMHBIX MyTalldi U TUOpUHU-
3alMu. B oT/le/IbHBIX CJlydasX PU JleJIeHUH KJIEeTOK 110/ BO3/leCTBMeM BHEIIHUX GaKTo-
pPOB HapyllaeTcsl pacnpejie/leHrhe XpOMOCOM MeX/y J0YepHUMHU KJIeTKaMU. YBeJuyeHue
WJIM YMEHbLIEHHEe YUCJIa XPOMOCOM B OT/Ie/IbHBIX CIy4asx JIEXKUT B OCHOBe 060pa30BaHUs
HOBBIX BHU/JI0B. HanpuMmep, B poJie ckep/bl U3 CeMeNCTBa CJ0KHOIIBETHBIX BCTPEYarTCs
aHeyIJIoOUJHble BUABI € 3,4, 5,6 1 7 XpoMOCOMaMU, B pPoJie OCOKHU MJIaKa — BU/Ibl, COJlepiKa-
mwue oT 12 1o 43 xpoMmocoM. [Ipy He6G/1aronpUATHBIX YCA0BUAX MPOUCXOAAT U3MEHEHHUS
B BEpETEHE JleJIeHUs KJIeTKU. ITO, B CBOIO 0Yepe/b, NPENATCTBYET PACXOXK/AEHUIO XPOMO-
COM K 060UM MoJIr0caM KJeTKH. [[03ToMy KoJIM4ecTBO XpOMOCOM B MaTEPUHCKOM KJleTKe
YA BauBaETCs, MOSABJSAIOTCS MOJUILJIOW/AHbIE BU/bl. YCTAaHOBJIEHBI, HAIPUMED, BUJbl XpH-
3aHTeM c 18, 36 u 90 xpoMocomaMu, BUAbI Tabaka ¢ 24, 48, 72, BublI nineHUIbI ¢ 14, 28,
42 xpomocomamu. [losunsioniHble BU/Ibl 60Jiee IPUCIIOCOOIEHbl K HEGJIAarONPUATHBIM
yCJIOBUSIM BHEILIHEN cpeJibl 0 CPaBHEHUIO C BU/JIJaMH, UMEOLUMU JUIJIOUAHBIN HA60D
XPOMOCOM.

MHorpga BU006pa3oBaHWe MPOUCXOAUT 3a CYET TMOPUAU3ALMU C NOCTEYIOLIUM
yABOEHHEM YHCJIa XpoMocoM. HanpuMep, KyJbTypHast CJIMBa BO3HUKJ/IA MYTEM CKpeLu-
BaHUsl BUUIHU C TEPHOM, C NOC/JAEAYIOIUM yJBOEHHMEM YHMCJIa XPOMOCOM. [‘anmiongHbIA
Habop XpOMOCOM y BUIIHU 16, a y TépHa 8, M03TOMY ranjioniHbId HA60p XPOMOCOM y UX
rubpuja 24. [lo MHeHHIO YYEHBIX, BU/bI XJIOMMYaTHUKA G. hirsutum u G. barbadense c Ha6o-
POM XpoMOCOM 52 MosiBUJIMCH B pe3yJibTaTe CKpelluBaHus BUja G. herbaceum c 1pyrum
BU/IOM, TOXe UMeIUM 13 XpoMOCOM B ranjiouJHOM Habope, ¥ MOCJAeAYIOIEero yJBoe-
HUS YMCJIa XpOMOCoM Tubpusios (puc. 7.17).
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Puc. 7.17. Terpanmiouubi (A - G. hirsutum L.) v punnouanbii (b - G. herbaceum L.)
BHU/IbI XJIOMYAaTHHUKA. 1) 1[BeTKH; 2) JieneCTKU; 3) OKOJIOIBETHHUK; 4) JIUCT;
5) HepackpbIBIIasics KOPOOOUKa; 6) pacKphIBIIasics KOpoOOUKa; 7) ceMeHa

CuHTeTH4YecKasa Teopusd 3BOJIOIMHU U €€ mpaBuja. [JapBUH pa3bACHUJ BaXKHeH-
IIMKA BONIPOC 3BOJIOLMOHHON TEOPUH C HAYYHOM TOYKM 3peHUs. Ho u3-3a oTcyTCcTBUA B
TO BpeMs pf/ia HayK KJIAaCCUYEeCKUU JapBHHH3M He MOT pellUTb TaKHhe MpoOJieMbl, Kak
MaTepHaibHble OCHOBBI HACJeJACTBEHHOCTH, MEXaHU3Mbl NPOsIBJIEHUS TeHeTUYeCKOU U
HereHeTU4YeCKOM M3MEeHYMBOCTH M UX 3BOJIIOIMOHHOE 3HayeHue, IPUPoJa U CTPYKTypa
6M0JIOTUYECKUX PA3HOBU/IHOCTEH.

K XX Beky cTasu noApo6GHO HM3y4aTbCAd TaKHWe BOIPOCH], KaK HACJeACTBEHHOCTb
M U3MEHYUBOCTb, OTHOLUEHHWA MeXJy OpraHU3MaMHy, MNpUHAJJIeXAlUMHA K OJHO-
My U pasHbIM BH/JiaM, BUo0Bas cTpykTypa. CdopMupoBaivch HOBble OTPACaU GHOJIO-
TMU - TeHeTHKa, IKOJIOTHs, MOJIeKyJIsspHasa 6uoJiorusa. B pesysibTaTe CTBIKOBKM KJac-
CUYEeCKOro JapBUHM3Ma C 3TUMU HayKaMHu Oblla CO03JjlaHa CUHmMemu4eckas meopus
3801104 UU.

OCHOBHBIMH I0JIOKEHUAAMH 3TOM TEOPUH ABJIAIOTCA CeAYIOLHe yTBEePXKIeHU:

1) nonysiauKsA - HAUMeHbLIasa 3J1eMeHTapHas 3BOJIIOIIMOHHAsA eIMHUIIA.

2) 3/1eMeHTapHbIM 3BOJIOIMOHHBIM COOBITUEM SIBJISIETCS U3MEHEeHHe reHeTUYeCKOT0
cocTaBa MOMyJIALUH;

3) maTepuaoM JJi 3BOJIOLMHU CJAyKaT, KaK NPaBUJI0, U3MEHEHUs HacJe[,CTBEHHO-
CTH — MyTallMOHHAs U KOMOUHATUBHAsA U3MEHYUBOCTb;

4) [BMXKYIUMHU PaKTOPaMH 3BOJIIOLUH SBJSIOTCS: NONYJISILIUOHHbIE BOJIHBI, FTEHETH-
KO-aBTOMaTH4YeCKHe NpoLecchl (Apeld reHoB), MUrpaLus, U300 U eCTeCTBEHHBIN
0T60D, BO3HUKAIIIMK B IpoLecce 60pbObI 3a CyLeCTBOBAHUE;

5) MyTalMOHHBIN NPOLeCC, KOMOMHATUBHAs U3MEHYUBOCTbD, NONYJISI[MOHHbIE BOJIHBI
Y U30JI1IlUs UMEIOT CJIlydalHbIM U HeHaNpaBJIeHHbIM XapaKTep;

6) eAMHCTBEHHbIN HaIpaBJAALHAN GaKTOp 3BOJIIOLUMUA — €CTECTBEHHBINA 0TOOP, BO3-
HUKAIIIUKA Ha OCHOBe 60PbOBI 3a CyIeCTBOBAHUE;

7) 3BOJIIOIUS — OCTENEHHbIN U JJIMTEeJbHbIN POIECC;

8) Bu/Jj, Kak IpaBUJIO, COCTOUT U3 MHOXKeCTBA CONOAYUHEHHBIX, MOpdoIoruyecky, Gpu-
3MOJIOTUYECKH Y FeHEeTUYEeCKU OTJIMYHBIX, HO PENPOAYKTUBHO He U30JIMPOBAHHBIX e/lU-
HUI] — TOABU/IOB U NONMYJISLUHT;

9) o6MeH asl1esIIMU, IOTOK T€HOB BO3MO>KHbI JIUILb BHYTPH BU/Ia;

10) aBosiroLMsl UMEET AUBEPreHTHbIN XapaKTep, T. €. U3 0JJHOI'0 BH/la MOXKeT BO3HUK-
HYTb HECKOJIbKO BU/IOB, @ MHOTZ|a U3 OJJHOTO BHJIa MOXET BO3HUKHYTb JAPYroi OTAe/b-
HbIA BU/I;
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7.6. Budoo6pazoeaHue

11) MUKpPO3BOJIIOLUSA MPEACTaBJSIET COO0M 3BOJIIOIMOHHbIE MPOLECChl, TPOUCXOAS-
1Me BHYTPU BUJQ, MAKPO3BOJIIOIUSA — PoLiecchl ¢ GOPMUPOBAHHUEM CEMEUCTB, OT/EJIOB,
THITIOB, KJIACCOB.

[ToaToMy pa3Hoo6Opasue KUBbIX OPraHU3MOB O0O'bSICHSAETCS MPOLECCOM AWMBEPreH-
UM, TPOUCXOASALUM BHYTpU BuZa. O6pa3oBaHre HOBBIX BUJ0B MPOUCXOAUT PUIETHU-
YeCKUM, TMOpPUAM3allMOHHBIM M JAWBEPTeHTHBbIM Clloco6aMU. BO3HMKHOBEHHE HOBBIX
BU/IOB MPOUCXOJUT JByMs NMYTSMU: a/JJIONATPUYECKHUM U CUMIATpUueCKUM. CUHTETHU-
yeckasi TeopHus 3BOJIOIMHA BO3HHMKJIA B pe3yJibTaTe 06pa30BaHUsI HOBBIX OTpacjed B
OGUOJIOTUU — TeHETHUKH, IKOJIOTHUH, MOJIEKYJIIPHOU OUOJIOTHUU — U UX COeZIMHEHUS C KJiac-
CUYECKHUM JAPBUHHU3MOM.

I[IpuMeHeHUEe HOBbIX 3HAHUH.

3HaHUe U NIOHUMaHHe.

1. Kakue TpyZJHOCTU UMEKTCS NP BO3SHUKHOBEHUU BUI0B?

2. 00'bsICHHMTe 3HaYeHHEe MyTallMi B MOSIBJIEHUH HOBBIX BU/IOB.

3. Kakue cnoco6bl BU1006pa3oBaHus Bbl 3HaeTe? [[puBeauTe npuMepshl.

4. Kakue npoueccbl BXOAAT B UCXOAHbINA MaTepuaJl 3BOJTOIAN?

IlpumeHeHue. PacckakuTe 06 0COGEHHOCTSIX MOSIBJIEHUS] BUZ0B B CUMIIATPUYECKOM
HalpaBJIEHUHU.

AHanu3. YeM oT/iMyaeTcsl ajssionaTpUdeckoe BUA006pa30oBaHUE OT CUMIIATPUYECKO-
ro?

CunTe3. Ha ocHOBe KaKuX pa3/ie/ioB 6MOJIOTHH Obla CO3/laHA CUHTETHYeCKasi TEOPUS
sBosirouu? Kak oHa Bo3HUKJIA?

OueHka. [loueMy noJsiMnIOUIHbIE BU/Ibl 60JI€€ PHUCIIOCOOJIeHbI K HEOJIATONPUSITHBIM
YCJIOBUSIM CpeJibl, YeM JUTJIOUHbIE?

3AZJAHHUA K IVIABE VII

1. OnpejiennnTe NOHATHS, KOTOPbIE COOTBETCTBYIOT MYCThIM sTYelKaM TabJIMIbI.

1 |HauMeHblllas 3/ieMeHTapHasl eJJUHUIA 9BOJIIOIUHU [Tonynsinuysa
2 |PasgeseHre CMMBOJIOB THIIA

[leproguyeckre U3MeHEHHS YMCJIEHHOCTH 0CO0EeH,
COCTaBJISIIOIIUX MOMYJISIIUIO

2. OnpepenvTe 0CO6EHHOCTH NpoLecca, U300paKEHHOI'O Ha PUCYHKe.
A

1 |BHyTpuBHA0Bas 60pb6oAa.

2 |MexBugoBasi 60pb6a.

3 |Bopbba 6yzeT 0:KeCcTO4EHHOM.

4 |Bopbba He OY/JIET 0’)KECTOYEHHOM.

5 |[IpoucxoauT ecTeCTBEHHBIN OTOHOP.

6 |[IporcxoaUT HUCKYyCCTBEHHbBIN OTOOP.
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3. OnpesienvTe XapaKTEPUCTUKU KaXKJ0r0 U306parkeHHUS.

1) [losiBieHMe BHUJA B CUMIATPUYECKOM
HalpaBJIEHUHU.

2) [losiBsieHME BU/ja B 2/17IONIATPUYECKOM
HalnpaBJIEHUU.

3) |Bo3HMKHOBeHHUE MOABU0B dpa3aHa.

B o3epe JlaHao 18 BH/10B pbI6 MPOU30LLIN

4
) OT OZJHOT'0 POZ,0CJIOBHOI'O BU/A.

B ocHOBe aTOTO Imponecca JIEXKHUT

5
) O6uoJIoru4yecKas U30JaAaLus.

B ocHoBe aTOTO Imponecca JIEXKHUT

6
) 3KOJIOTHYECKas U30JIA1 U,

4. CooTHecuTe aZlallITallu HUKENIPHUBEJEHHbIX OPraHU3MOB.

/u OpraHusMbI Tun aganraguu

1 KypomnaTka A | Pacunensronias okpacka.

2 Tapakan b | MackupoBka.

3 | dukyc B [IoBEpXHOCTB JIMCTA NOKPBITA I'YCTBIMU
BOJIOCKaMH.

4 | Arasa r PacnpocTpaHsiTbcsi Ha O6oJIblIMEe pPACCTOSIHUS,
NPUKPENJIAACH K HIEPCTHU }KUBOTHBIX.

5 | Cakcayn A | Ilpegocreperarnias oKkpacka.

6 | 3BepobGoi E | [loBepxHOCTH JiMCTa MNOKPBHIT BOCKOM.

7 bpoH30BKa K | JIucTpa npeBpaTUJINCh B MeJIKME «YEIIYUKU».

8 | Kupad 3 | PacTeHnmue, 3anacarwliee Boay.

9 KopoBsik mxyHrapckut | U | MuMukpus.

10 | ba6oyka kaJysiMMa K | [lokpoBUTE/NILCTBEHHAA OKpacCKa.

5. 3BecTHO, 4TO 3UroTa 06pa3yeTcs B pe3y/ibTaTe CAUSHUSA ranJouJHON AHLEKIEeTKU U
ciepMaTo3ou/ia. CYMTAeTCs, UYTO 3UT0Ta UMeeT AUIJIOUAHbIN Habop. CKaXXUTe, ouyeMy Npu
bopMHUPOBaHUM PACTEHHUS CIUBBI 06pa30BaUCh THOPU/IHbIE XPOMOCOMBI IIPH OTJIOAOTBO-
pPEHUH BUILHM C ramjouJHbBIM Hab0opoM xpoMocoM (16) u TepHa C ramouHbIM Ha60poOM
xpoMocoM (8) BMecTo 06pa3oBaHUs JUILJIOUAHOTO Habopa, 3TO chOpMUPOBAIU TATJIOU/I-

HbI Ha6op (24). Kak Bbl 06'bsiICHUTE?
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Ab6uotnyeckne ¢aktropbl (0T Trped. a - MOBBILIEHUEM BHYTPUBU/JOBON N3MEHUYUBOCTH.
oTpulLlaTeJbHas 4YacTula, bios - «xu3Hb») bBHoJiormYyeckuii perpecc (oT JaT. regressus
HeopraHu4yeckrhe KOMIIOHEHTbl  MPHUPO/bI, - «BO3BpallleHUEe», «ocelaHUEe») -
BJAUSIOLIME HA  KU3HeAEeATeJbHOCTb U 3BOJIIOLIIMOHHOE [BW)KEHHE, TMpPU KOTOPOM

pacnpoCcTpaHeHUue }KUBbIX OPTaHU3MOB.
ABTOTpOdHBIE opraHmsmbl (0T rpey. autos -
«caMm», trophe - «mua», «IUTaHUE») — 3TO
OpTaHW3Mbl, NPOU3BOJANIME HEOOXOJUMbIE
JUIsT WX JKU3HU OpraHudYecKde BellecTBa
M3 HeOpraHWYeCKHX 3a CYET MpOIeCCOoB
doTocuHTE3a U XEMOCUHTe3a.
Arposkocucrema (0T rped. agros — «ImoJie») -
HCKYCCTBEHHAsl JKOCHUCTeMa, CO3JaHHas |
peryjsipHO ToOJJepKuBaeMasi 4YeJIOBEKOM C

LeJIbI0  TMOJIyYEeHUs] CeJbCKOXO3MCTBEHHOU
MPOAYKIUH.
AnsienbHble TeHBbI - TeHbl, 3aHHMalolue

OZJMHAKOBblE  JIOKYCbl B  TOMOJIOTUYHBIX
XpOMOCOMaxXx M OTBeyawllde 3a pa3BUTHE
aJIbTEPHATUBHbIX MPU3HAKOB.

Annorenes (ot rped. allos - «uHOI», «Apyroi»,
genesis - «pa3BUTHE») - 3BOJIOIMOHHOE
HanpaBJieHHE, CONpOBOXK/atoleecs
NpruobpeTeHUEM UIM0AJANITAIU M.

AMMoHUUKanus - PoLecc pa3/ioKeHUs 6eKOB
U o06pa3oBaHUS aMMHaKa I0j JeHCTBUEM
MUKPOOPraHU3MOB MOCJIEe THOeIM OpraHU3MOB.

AHaGuo03 - MPUOCTAaHOBKA >KU3HEJEeSITEJbHOCTH
opraHu3Ma c NocJe/yoliuM BOCCTaHOBJIEHUEM
eé npu 6J1IaroNpPUATHBIX YCJIOBUSIX.

AHaspoGHBIE OpPraHuU3Mbl - 3TO OPTaHU3MBI,
JbIXaHUe KOTOPBIX NPOUCXOAUT B
6eCKUCI0POHOM cpe/ie.

Apean (n1aT. area - «moJie», «IIPOCTPAHCTBO») —
ecTeCTBEHHas cpejia 0O0MTaHUs KaXJ0To BUJA
- onpeJie/IéHHAsI aKBATOPHUS WU TEPPUTOPHS.

Accumunanua  (OT  JlaT.  «HNOJOOHBIM») -
COBOKYITHOCTb pOLeCcCOoB O6MOCHHTe3a
OpraHUYeCcKUx BelleCTB c 3aTpaToi

3Hepruu B >KHUBOM opraHusMme. bBbuocuHTes
BBICOKOMOJIEKYJ/IIPHBIX COeJIMHEHUH (6esIKOB,
HYKJIEMHOBBIX KHUCJIOT, NOJIMCAaXapHU/i0B,
JINTIU/I0B).

A3poGHbIe OPpraHu3Mbl - OPraHU3Mbl, KOTOPbIE
HY)KJAIOTCA B CBOOOJHOM MOJIEKYJIIPHOM
KHUCJI0pOJe A/ AbIXaHUS.

BuHapHoe [JejieHMe -  CI0OCO6
O/IHOKJIETOUHBIX OPraHU3MOB.

BuoreHHble 3/1eMEHTBI - XUMUUeCKHe 3JIEMEHTHI,
BXOJSIILIM€ B COCTAB KUBbIX OPraHU3MOB.

Buosiornyeckui mporpecc (OT JiaT. progressus
- «ABWXKeHHWEe BHepén») - mpeodsaZaHue
POX/1aeMOCTH B MOMYJISIIIUSAX HAJ, CMEPTHOCTBIO
B HUX. XapaKTepU3yeTCcsi pOCTOM YHCJAEHHOCTU
ocob6eM, pacliMpeHUeM IJIOIIAIU TPOKUBAHMUS,

JeJIeHUs
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MPOUCXOJUT COKpallleHHe apeasia, YMeHblIeHU e
YHCJIEHHOCTH 0c06eli, BBIMUpaHUe BUJA.

Buocpepa (or rpeu. bios - «wkusHb», sfera -
«chepa») - obosioyka 3eMJsHd, 3acesiéHHas
)KUBBIMH OpraHU3MaMM, HaXOJSIAsACA IOJ
UX BO3JeWCTBUEM U 3aHATasd MNPOLYKTaMU
X JKU3HeJesTeJbHOCTU. BepxHuil mnpepen
6uocdeprl onpe/iesisieTcsi 030HOBBIM CI0EM.

Buocucrema -  OHOJIOTHYECKHE  OOBEKTHI,
KOTOpble B3aMMOCBSI3aHbl W BJIMUSIIOT JpYyT
Ha Jpyra, BBINOJHSAIOT  ONpeJeseHHYI0
dyHKIUIO, 06J1a/1a10T CIIOCOGHOCTbIO
pa3BUBATBCS, CaMOBOCCTAHABJIMBATBCA U
npucnocabJnuBaTbCs K OKpy:Kalollei cpejie.

BuoTtexHosioruss - (rped. bios - <« KU3HbY,
techne - «ymeHHe», «HCKycCTBO», logos -
«y4eHHEe») — COBOKYMHOCTb IPOMBIIIJIEHHBIX
METO/I0B, HCIOJIb3YIOIIUX >KHUBbIE

OpraHvM3Mbl WU OHOJIOTHMYECKHe IpoLecchl B
pa3JIMYHBIX 06JIACTAX CEJIbCKOTO XO0351MCTBa,
MPOMBILIIJIEHHOCTH U MEJUIMHBI.

BuoTon (oT rped. bios - «KU3Hb», tOpOSs — «MeCcTO»)
- 4YacTb 3€MHOH MOBEPXHOCTH (CyWIH WU
BOZl0éMa) C OJMHAKOBBIMU 3KOJIOTHUYECKHMU
YCJIOBUSIMH M 3aHATasg crneyuduuecKuM
6U1011eH030M; BU/I0BOE MPOCTPAHCTBO.

Bophb6a 3a cynecTBOBaHUE — OJIMH U3 IBHXKYLIUX
$aKTOpOB 3BOJIONMHU, HAPALY C €CTECTBEHHBIM
0TOOPOM UM HaCJeJCTBEHHON U3MEHYUBOCTHIO,
COBOKYINHOCTb MHOI'000Pa3HbIX U CJOXKHBIX
B3aMMOOTHOIIEHUH, CYLIECTBYIOUUX MEXIY
OpTaHMW3MaMHU U YCJIOBUSIMU CpeJibl.

BydepHOCTb - CBONCTBO KJIETKU NOAJEPXKUBATH
onpefieIéHHbIH  ypOBeHb  KOHIEHTpaLUU
HOHOB Bogopoza (pH).

BeKTopbl (BreHeTUKe U MOJIEKY/ISIPHON GHOJIOTHH )
- 3to Mousekyasl [JHK, ucnosnbsyemeie pnia
BBe/leHUsI TeHETUYECKOI0 MaTepUaJia B KJIETKY.

lF'ameTbI - MyXCKHe 1 )XEHCKHE M0JIOBbIe KJIETKY,
ob6pasyoluiyuecss Opyd MOJOBOM Pa3MHOXKEHUU
OpTraHH3MOB.

lamiouaHblii HAG0p - OJWHApPHBIA HabGop
XPOMOCOM 3peJIOH M0JI0BOM KJIETKH.

FeHeTHMYecKuil KOA4, - CUCTeMa 3alHUCHU
HacJeACTBeHHOH HMHPOpMALMU B MOJIEKy/aX
HYKJIEMHOBBIX KUCJIOT, OCHOBaHHas
Ha olnpeneJéHHOM yepe0BaHUU
10CJIeI0BaTebHOCTEN HYKJIEOTH/IOB B
JHK win PHK, o6pasyomux KoJoHBI,
COOTBETCTBYIOLIME aMUHOKHUCJIOTaM B GeJIKe.

l'eHHas MHXKeHePU s — 3TO COBOKYITHOCTb METO/0B



CJIOBAPb TEPMUHOB

U TEeXHOJIOTWH, TMO3BOJISIOIINX CO3/JaBaTh
pekom6uHanTHyro JIHK mnyrem BHeceHus
M3MeHeHUH B TeHeTUYEeCKHUH anmnapaT KJIeTOK U
Ha 3TOU OCHOBE C03/]1aBaThb 06'bEKTHI C HOBbIMU
OMOJIOTUYEeCKUMU CBOMCTBAMM.

TeHeTHKa - 3TO HayKa, M3y4yawlas 3aKOHBI
HacJeJCTBEHHOCTH U M3MeHYUBOCTH,
CBOMCTBEHHbIE BCEM KUBbIM OpPTaHU3MaM.

FeHOoTHUN (genos - «IOKOJieHWe», typos -
«3K3eMILJISIp») — CyMMa BCeX TeHOB 0COOU.

lTeTeporamusa (getero - «pas3Hble», gamos -
«O6pakK») — 3TO OAUH U3 TUIIOB CJAUSHUSA raMer,
npeficTaBaseT Cco60H  mpolecc  CAMAHHE

MO/BIXKHBIX, MOP}OJOrHIECKU Pa3HbIX TaMeT,
OTJINYAIOIIMXCS IO pa3MepaM.

I'mapoduibHble BelecTBa - BellleCTBa, KOTOpbie
XOPOIIIO PACTBOPSIIOTCS B BOJE.

T'uapodoGHbIe BelecTBa — BeIleCTBa, MJI0X0 WU
COBCEM He pacTBOpsiEMBIE B BOJIE

InMukosm3 -  pacuiensieHue
6eCcKUCI0pOHOM cpefie.

FomeocTtaz (gomeo - «TakoW »xe», stasis -
«yYCTOWYUBBIN») — COCTOSTHHE OTHOCHUTEJbHOU
CTAaOUJIBHOCTH  CTpPOeHHs U PYHKIUH
OpraHU3MOB.

Jenenus -3Tonotepsi cpesHEN YaCTH XPOMOCOMBL.

JeHaTypanusa - HapylleHUe eCTeCTBEHHOU
CTPYKTYpBI 6esiKa Moj AelCTBUEM PA3IUYHBIX
$aKTOpPOB MpHU COXpAaHEHHWU €ro MepBUYHOU

TJIFOKO3bI B

CTPYKTYDBHI.
Auccumunanua  (pasjiokeHHe) -  Tpoliecc
paclienyieHUsi OpraHWYecKUX BeIeCTB C

BbI/IeJIEHHEM SHEPTUU.

Ju3pynTHUBHBIA O0T60OpP — popMa eCcTeCTBEHHOT0
0TOO0pa, MPUBOAAIIAS K 00PAa30BAHUIO0 BHYTPH
MOMYJISIIIUK HECKOJIbKUX MOJUMOPPHBIX GOpM,
OTJIMYAIOIINXCA APYT OT ApyTa.

AymMKanuss — yJBoeHHe KaKOW-JH60 4YacTu
XPOMOCOMBL.

EcTrecTBeHHBIH OT6Op - 3TO  Ipollecc
oTbopa FeHOTUIIOB ocobel, HauboJiee

MPHUCIIOCOGJIEHHBIX K JAHHBIM YCJIOBUSIM CPeZbl,
Y YCTpaHeHMWs TeHOTUIOB o0cobell, MeHee
MPHUCIIOCOGJIEHHBIX K JAHHBIM YCJIOBUSIM.

N30ag0Ms - 9aCTUYHOE WJIH [TOJTHOE OTCYTCTBUE
CBOOOJIHOIO CKpeLIMBaHUS 0Co6Gell pas3HbIX
MOMYy/ISALUH.

WHauBHUAya/IbHOE pa3BHUTHUE, T. €. OHTOTEHe3,
- Tpouecc pa3BUTHUS OpraHU3Ma  Kak
CaMOCTOSITEJIbHOM  0COOM  OT  MOMEHTaA
OTJleJIEeHUSI OT POJUTENbCKOTO OpraHu3Ma
(B ciyyae 6ecnosioro pa3MHOMXEHHS) WJIH OT
MOMEHTA OIJIOAOTBOPeHHUs (IPU IOJIOBOM
Pa3MHOKEHHUH) /10 TUOEJIH.

HHBepcus - 3TO NOBOPOT y4YacTKa XpPOMOCOMBI Ha
180°.

JIMMUTHUPYIOLIMHA dakTop - daxTop,
3aMe AN WJIA  OCTaHaBJHMBAIOIINHI
’KU3HeZeATeJIbHOCTb U pa3BUTHE >KUBOTO
OpTraHK3Ma, BH/Ia, CO0OIeCcTBa.

MaTpuna - HyKJeoTH/AHas N0CAe[0BaTeJbHOCTD
PHK wnau oxgHoit nenu JHK, sBaswomasics
OCHOBOM («11a6J10HOM» ) /1151 EPMEHTATUBHOTO
CHUHTe3a KOMILJIEMEeHTapHO! el
MOJIMHYKJIEO0THUJHON N0C/Ie0BaTEbHOCTH.

MuKpo6HoJIorus (0T rped. micros — «MaJieHbKHM»,
bios - «xu3Hb», logos -«yyeHue») - oTpacipb
HayKH, H3y4yamoollas MUKPOOPTaHHU3Mbl U UX
BO3/lefiCTBUE Ha Jpyrue >KUBble OpPraHU3MBI.
Bapuarus - 9To nposiBJieHHEe HOBbIX TPHU3HAKOB
Y XapaKTePUCTHUK B MIOKOJIEHUSX.

Hac/ieacTBEHHOCTb - CIIOCOGHOCTb OPraHU3MOB
nepejaBaTb CBOM NPU3HAKU M OCOGEHHOCTH
pa3BUTUS HOTOMCTBY.

Hopma peakuum - 3TO mpejes CHOCOGHOCTHU
OJIHOTO TeHOTHUIA MNPOAYLUPOBATH pa3HbIE

deHOTUIIBI B 3aBUCMMOCTH OT YCJOBHUHU
BHEIIHEN Cpe/ibl.

OHTOreHe3 (rpe4y. onton - «CyleCTBOBaHHEY,
genesis — «pa3BUTHE») — HWHJAUBUAYAJIbHOE

pa3BUTHE OpraHU3Ma.

Ooramusi (00 - «AHIO», gamos — «6paK») — BHU/I
[I0JIOBOTO Ipoliecca, NpU KOTOPOM CJMBAOTCS
pe3Ko oTJMYarolecs APYT OT Apyra M0J0Bble
KJIETKHU — KpyIHas HeNo/iBMKHas fUIeKIeTKa
C MeJIKOW, OOBIYHO TMOABHXHOU, MYKCKOU
M0JIOBOM  KJIETKOM (CllepMaTO30MJ0M WM
criepMueMm).

OntumyM (oT JaT. optimus - «Iydmun») -
JiianasoH fAedcTBusA dakTopa, IPU KOTOPOM
3¢ deKTUBHBI POCT, pa3BUTHE U PAa3MHOXKEHUE
opraHusMa.

OcMoc - siBJIeHMe CaMONPOU3BOJILHOIO NepeHoca
BelllecTBa yepes HOJIyNIPOHULIAEMYIO0
MeMOpaHy  MOJIEKyJl ~ pacTBOpUTeas B
CTOPOHY PacTBOPEHHOTO BelllecTBa 6oJIbllei
KOHLIEHTpAaI1H.

OoreHes - 3TO NPoOLECC Pa3BUTUA ANLEKIETKH.

OnJ1040TBOpPEHHUE — 3TO IPOLLECC CAUAHUS FaMeT.

IInmeBas umenmb - 3TO CUCTeMaTHYecKas
M0CJIel0BATEbHOCTD OpraHU3MOB, B
KOTOPOH BelllecTBa U 3HEPTHUs NepexofsAT OT
O/IHOTO 3BeHa (MCTOYHMKA) K APYroMy 3BeHY
(moTpebuTeso).

IImHOLMTO3 (OT Trpey. pino - «NUTb», Sitoz
- «KJIeTKa») - TOIVIOLeHUEe  KJIEeTKOH
U3  OKpyXawoolled cpeAbl >KUAKOCTH C
coJiepKallluMuUCs B Hell BellleCTBaMHU.
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IlneiioTponisi - MHOXEeCTBEHHOe JlelicTBMe YpG6aHo3aKocucTteMa (0T JiaT. urbs - «ropoa») -
reHa, CHOCOGHOCTb OJHOTO HAaC/aeJCTBEHHOTO HCKYCCTBEHHO CO3JlaHHAsl U MOAJAepKUBaeMast
dakTopa - reHa -  BO3JeHCTBOBATHb yesoBekoM cpejia. Crojla OTHOCATCS TOpoja,
OJJHOBPEMEHHO Ha  HECKOJbKO  Pa3HBIX MOCEJIKM U yp6aHU3HWPOBAHHbIE
NPU3HAKOB OpraHU3Ma. Y4YaCTKU 3eMJIH.

IloIM3MGPUOHUA - pa3BUTHe HeCKOJbKUX ParomurTo3 - Mpolecc, Npd KOTOPOM KJIETKHU

He3aBUCHUMBIX 3apO/blllieil U3 OJHOU 3UTOTHI.
Mo/mnaougusa - KpaTHOe YBeJMYEeHHEe Yuc/a
XPOMOCOM.
IMonmyasiuMss - COBOKYIHOCTb 0COGEeH, CXOAHBIX

MOpPGODU3HOTOTUIECKH, reHeTU4YecKH,
3KOJIOTUYECKH, ITOJIOTUYECKH, HMeIOLUX
obliee MPOUCXOXK/IEeHHUE, CBOGOJIHO

CKpeIUBaILUXCA APYr C APYroM MU JAaroliux
NJI0OBUTOE TIOTOMCTBO.

IIpoaynentelr  (or  JaT.  producentis -
«CO3JalIIUi») — aBTOTpodHbIE OPraHU3MBI,
co3jalllie OpraHUYecKkhe COeJMHEHUS U3
HeopraHUYeCcKHUX BelllecTB.

IIpoKapuoTBl -  OJHOKJIETOYHble  >KHBbIe
OpraHusMbl, y  KOTOPbIX  OTCYTCTBYeT
0pOopM/IEHHOEe KJIETOYHOe SApO U JApyrue
MeMO6paHHble OpraHOU/bL.

PeayuéHThl, WK AeCTPYKTOpbl (0T JjaT. reduco
-  «BO3Bpalllalo», «BOCCTAHABJIMBAaIO») -
OpraHu3Mbl (B OCHOBHOM OaKTepUH U I'PUOHI),
pasJaralljie 0CTaHKH »KMBbIX OPTaHU3MOB [0
HeOpraHU4ecKHX BelllecTB.

PekoM6UHaNUA - 3TO NOsABJEHHE y MOTOMCTBA
NpPU3HAKOB, OTCYTCTBYWOLUX Y POJUTeJel, B
pe3y/nbTaTe Iepepacnpefie/ieHUs] TeHOB IpHU
rubpuarsanuu.

Penatypanua (ot JsaT. re -
O3Hayawulas BO300OHOBJIEHMe, natura -
«IpUpofa») - BOCCTAaHOBJEHUE 6Gejika B
HCXOJHOEe COCTOSIHMe ToCJe BO3/eHCTBUS
Kakoro-iu6o ¢pakTopa.

TosepaHTHOCTBH (JaT. tolerantia - «TeprneHue»)
- nOpejes  BBIHOCJMBOCTH  IOKa3aTeJed
$aKToOpoB cpesbl, B KOTOPBIX MOTYT MHTb
>KHBble OPTaHU3MBbI.

TpaHCAYKLIMS - 23TO IlepeHoC TeHOB U3
OJJHOH 06aKTepHaJbHOW KJETKH B JApPYTyIo
NOCpPeACTBOM ¢aros.

Tpancpopmanma - mpoluecc MNOIJIOLEHUA
6aKkTepHa/IbHONW KyeTkou MoJsekyabsl JJHK wus
BHEIIHEHN Cpe/ibl.

TpaHc/I0OKamuA - TUI XPOMOCOMHBIX MyTalluy,
IpU KOTOPBIX MPOUCXOAUT IEepeHOC ydyacTKa
XPOMOCOMbBI Ha HETOMOJIOTUYHYI0 XPOMOCOMY.

Tpucomus - 3To yBesiMueHMe YUC/Ia XPOMOCOM Ha
0ZHY (2n+1).

IMpUCTABKa,
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JaCTHUILBI.
dusoreHes -  HCTOpPUYECKOe  pa3BUTHe
OpraHU3MOB.
dortoTponu3M (rpey. trope - «IOBOPOT») -

JIBIDKEHHE pacTeHUW mnoJf, JeHCTBUEM CBETa,
IPY KOTOPOM HalpaBJieHUe JBU>KeHUsI 3aBUCUT
OT HalnpaBJIeHUs CBETA.

Xpomocoma - wmoJsekyna JIHK, koMnakTHO
yHNaKoOBaHHasl C MOMOIIbI0 BCIIOMOTATEJbHbIX
0eJIKOB-TUCTOHOB, popMHUpyTcad B mpodasze
BCJIE/ICTBHE CITUPATU3ALMH XpPOMaTHHa.

JKoJsioruyecKasi HUIa — COBOKYMHOCTb GaKTOpPOB
Cpenbl, B Ipefiesax KOTOPBIX OGUTAET TOT UJIU
VHOU BHU/J| OPTaHU3MOB, €r0 MECTO B IPUPOJE,
B Ipefieslax KOTOPOTO JAHHBIA BHJ MOXET
CyLIeCTBOBATh HEOTPAHUYEHHO JJ0JITO.

Jdkocuctrema (OT rped. 0ikos «JJOM», «KUJIUILLE»)
- Kak OuoJsiorhyeckasi CHUCTEMA, OTKpPBIThbIE
CUCTEMBI, COCTOSIIIME K3 KOMIIOHEHTOB -
ouoTona (cpeAbl OOWTAHHUsI) W OHOLIEHO3A
(coob1ecTBa }KUBbIX OPTaHHU3MOB), CBI3aHHBIX
obMeHOM BellecTB. Hampumep, mpyz, osepo,
Jiec, THUIOLee 6PEBHO U [[BETOK B FOPIIKE.

IMGpuoreHes (0T rped. embryon - «3apojblii»)
- 3TO Tmepuoj, pa3BUTUS OpraHW3Ma OT
06pa3oBaHUs 3UTOTHl O POXJeHUs (BbIxoZa
Y3 AH1eBbIX 060J104€EK).

JHJ0HYyKJIea3bl - GepMeHTHI, pa3pe3arollye [enu
JHK Ha oTpe3ku (pecTpuKTashl).

JHJOLUTO3 - MpollecC 3aXBaTa U MOIVIOLEHUS
IJ1Ia3MaTHYeCKOU MeMb6paHOH KJIETKOH
KPYIHbIX YaCTHUILI.

JyKapMoOTBhl — OPraHU3Mbl, B KJETKaX KOTOPBIX
cofepxatcs odOpMJIeHHble, OTpaHUYEHHbIE
060JI0YKOM s7pa, B KOTOPbIX HaXOAUTCHA

reHeTu4eckKas nHbopManus (rpu6bl,
JINIIAMHUKY, pacTeHUs], )KUBOTHBIE).
JdBoawOLUA - 3TO U3MEHEHHe OpPraHUYecKoro

MHUpPa BO BpEMEHHU.

IBPUGHUOHTBI — OPTAaHU3MbI, IPHUCIOCOGUBIIHNECS
K JKU3HU B LIMPOKO MEHSIIOIUXCS YCIOBUAX
OKpYKalolllei cpeJibl UK UMelIle IIUPOKUM
JIUana3oH MpeiesI0B BHIHOCIUBOCTH.



CKa4aHo ¢ caiita www.idum.uz

O‘quv nashri

BIOLOGIYA
10

Umumiy o‘rta ta’lim maktablarining
10-sinfi uchun darslik

(Rus tilida)

Ilepesod 3auToBa Haprusa
Pedaxkmop MapxuaoBa EkaTepuHa
KomnwvromepHas eepcmka ManukoB PaBiiaH
Xydoscecmeennwili pedakmop ®apmonoB CapBap
TexHuueckuii pedakmop Cys1ailMOHOB AKMaJt
XydosxcHuk-dusatiHep MyJna-AxyHoB JUaMypos
Koppexkmop CappapsH 3ape

[Tognucana B neyatsh 31.10.2022. Popmat 60x84 1/8.
[apuuTtypa «Cambria». Kersib 12. [leyaTs opceTHasl.
Ycn. neu. s1. 20,46. Y4.-usjg. g 21,59.

Tupax . 3aka3 Ne
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CBeAeHI/IH 0 COCTOAHHUH yqeﬁﬂmca, BbIJJAHHOTI'O B ape€HAYy

CocTogHue CocTtog-
yeOHUKA [Moanuceh HUe [Toanucoh
damunug, umda Y4ye6- y A A
Ne . npu KJIACCHOTO y4ebHHKa KJIACCHOTO
y4eHHKa HBIN T'oJ
noJsiyye- | pyKOBOAUTeEJIS | IPHU cjadye | pyKOBOAUTESA
HUU
1
2
3
4
5
6

Ta6 1M1 3an0/THAETCA KJIaCCHBIM PYKOBOAMTEJIEM NIPU Nepejayde

y4eGHUKA B apeH/ly M BO3BpaTe B KOHILe Y4eGHOro roja.

IIpu 3ano/THEHNH TAaGIULbI MCIIOIb3YIOTCSA C/IeyIIIie OLleHOYHbIe KPUTEepHH:

HoBbii CocTosiHMe yyeOHMKA IPU IEPBOM UCIOJIb30BAHUU.
O6s10)kKka He NOBpeXJeHa, He OTJesJeHa OT OCHOBHOM 4YacTH y4eOHHKa,
Xopomui |UMeroTCs BCce cTpaHUIbl. CTpaHUILbI He TIOPBaHbI, He OTKJIeeHbl, HA HUX HUKAKUX
3anyvcey U JIMHUM.
VIOBJIETEO Ha o6Jsi0kke MMelTCA 3alMCu M JIMHUM, ee Kpasd noBpexzeHbl. O6J0XKa
rennnpg | CTAC/IEHa OT OCHOBHOM 4acTH y4eOHHUKA U OTpecTaBpUpOBaHa [10J1Ib30BaTeEM.
P PectaBpanus y0B/1eTBOpUTE/IbHAS.
HeynoB- | O6s105kKa oBpex/ieHa, OTAe/leHa OT OCHOBHOM 4aCTHU y4eOHHKa UJIM 4aCTHU4-
JIETBOPHU- | HO OTCYTCTBYyeT. HeKoTOopble cTpaHuULbl OBpexAeHbl. PecTaBpanus cTpaHuLL
TeJIbHbIA | HEYZ0BJeTBOpUTeNbHasA. CTpaHUILbI NMOPBAHbl, HUCYepYeHbl U UCHAYKaHBL

HeKOTopre CTpaHHULBbI OTCYTCTBYIOT. Y4eOHHK BOCCTAHOBJIEHUIO HE MNOAJIEXNHT.






