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Hoporue npy3bs!

B s1OM yuyeGHOM rojy Bbl MPOIOJKHTE H3ydeHHE *KMBOH NPHUPObl. Bbl y:xe MHO-
ro 3Haete o GaKTepHsix, MPOTHCTAX, IPUOAX, PACTEHHSIX U XKHBOTHBIX, 00 0COOEHHOCTSIX
UX CTPOCHHsI M (PYHKLMOHMPOBAHMS, MecTax OOUTaHHsl, PUCIIOCOOJNEHHUSIX K YCJIOBUSIM
OKpYzKalolllel cpefibl, 3Ha4YeHHH B MPUPOJIE W »KM3HH YesIOBeKa. Bbl Tak:ke UMeeTe Mpel-
CTaBJIEHHE O TOM, YTO BCE MEePeUUC/IeHHbIE IPYIIbl }KUBbIX OPraHU3MOB XapaKTepH3YIOT-
csl GOJILLIMM YMCJIOM BHIOB M padHooOpasueM (opm.

YinuBHTEIBHOE pa3HooOpasue xHU3HM Ha 3emJje nopaxkaet Boobpaxkenue. YKupbie
OpPraHu3Mbl MOXKHO BCTPETHTb MOBCIOy: OT TOPSYHUX BOJ B 2KepJiax TNJyOOKOBOJHBIX
BYJIKAHOB /10 BEYHO TOKPBITHIX JIEASHBIM MAHLHMPEM FOPHBIX BEPLIHH.

JKuBble opraHuambl MOPOH HACTONBKO HEMOXO0XKH JIPYT Ha JIpyra, 4TO MeK1y HUMH
CJI0’KHO Ha#WTH oblye uepThl U cBorcTBa. CpaBHUTE, HarpuMep, XBOHHOE pacTeHHE
eab 00bLKHOBEHHYIO, WWIISINOYHbIH rpUO nodocuHosuk W dearoseka. Tem He MeHee,
Y Pa3HbIX OPraHU3MOB MOKHO 0OGHAPYKHTb MHOTO 00111ero — ocoOble NPU3HAKH U CBOI -
CTBa, TPHUCYLIHE BCEMY KHBOMY, 0OllMe 3aKOHOMEPHOCTH OpPraHU3alUH, >KU3HEIes -
TEJIbHOCTH, Pa3MHOXKEHHsI H PA3BUTHSI.

Mayyennem o6LIMX CBOHCTB KHBBIX OpPraHU3MOB Bbl M OyjleTe 3aHUMAaTbCsl Ha
NPOTSKEHUH 3TOro ydeGHOro roja. Bbl MO3HAKOMHTECH C KJETKOH KaK HauMeHblleH
CTPYKTYPHOH U (PYHKIIHOHAJILHON €IMHULEH BCeX XKUBbIX OPraHU3MOB, ¢ XHMHUYECKHM
COCTAaBOM OPraHU3MOB, MX OOMEHOM BELIECTB, Pa3MHOXKEHUEM M HHIMBHIYyaJbHbIM
pasBUTHEM, HACJEJICTBEHHOCTbIO U H3MEHUYMBOCTHIO. Bbl y3HaeTe 0 3HAYEHUH pas/ivy-
HbIX XMMHUECKHX BELLECTB B CYLIECTBOBAHHH YKUBBIX OPraHU3MOB, O TOM, KaK H3 €JIMH-
CTBEHHOH KJIETKM — 3UIOTbl — pa3BMBAETCsl CJIOKHBIH MHOIOKJICTOYHBIH OpraHuaMm,
KaK XpaHWTCSl M MepeaeTcsl M3 MOKOJIEHHs] B MOKOJIEHHe Hacje[cTBeHHast nHdop-
Malusi. Bl cMokeTe y3HaTh O MPUYMHAX HACJEICTBEHHbIX 3a00JeBaHUI yeJoBeKa M
0 TOM, Kakde TepCleKTHBHbIE METOIbl HX JieUeHHsl MPUMEHSIIOTCS B COBPEMEHHOMH
MeJIMLIMHE, KaK W JUIs 4ero co3JaloTcsi reHeTHIeCKH MOAU(UIIMPOBAHHbBIE OPraHUu3Mbl
¥ MHOTO€ JIpyroe.

Matepuan yueGHHKa BkJtouaeT 53 naparpada, oObeanHeHHbIX B 7 riaB. Kpome
OCHOBHOTO MarepuaJsa, B maparpadax umeeTcsl AOMOJHUTEIbHAS HH(OpPMALHUsI, KOTO-
past HabpaHa GoJiee MeJIKHM LIPU(TOM U OTMeUeHa JIByMsl 3eJIeHbIMH BEPTHKAJIbHBIMU
JUHUSIMU. JIOTIOJIHUTE/IbHBIE MaTepuall pacliupsieT, yrayoJsieT WIH KOHKPETH3UPYyeT
3HAHUS MO TOMY HJIH HHOMY BOIMpOCY, a TaKXKe COAEP:KHUT MHTepecHble OHOJoTHYE-
ckue (hakThl.

Baxkuefiline TepMHUHBI M MOHSTHS Bbl€/JeHbl XMUPHBIM LWIPUPTOM, HA3BAHUS XKH-
BbIX OPraHW3MOB, YIIOMUHAeMble B yueOHHKE, OTMeUEHbl KYpPCUBOM.



4 Ot aBTOpOB

Pucynku, cxembl W ororpaduu moMoryT Bam Har/siiHO MPEACTABUTb CTPYKTYPbI
KJETOK M OpPraHu3MoB, pa3oOpaThCsi B XapaKTEPHbIX JUIs HUX 3aKOHOMEPHOCTSIX.

B yueGHuKe Bbl HabjleTe MOPTpPeThl U KpaTKHe OMOrpacuyeckde JaHHble YUeHbIX,
KOTOpble BHEC/IH BaXKHBIH BKJAL B pa3BuThe Ouosiorund. O3HakomseHue ¢ 31ok nHdop-
Mmaleli 6yaet crnoco6CTBOBATh PACUIMPEHUIO Balllero Kpyrosopa M yrayOJeHHIo 3Ha-
HUHA B 06JIACTH UCTOPUU OHOJIOTHH.

IMocsie Kaxoro naparpada npearaioTest BONPOCH H 3aaHus, 0603HAYCHHEIE 2
OHM NOMOTYT BaM 3aKpeNnuTb MOoJydeHHble 3HAHMS, 4 TaKKe BBIICHUTb, HACKOJbKO
MOJIHO H3yYeH W YCBOEH MaTepuadl.

B KoHle yyeOHMKA BaM MpeiaratoTcsl NpUMepbl pelleHust 3aiay Mo pa3HbiM Te-
MaM. 37leChb Bbl TaKxKe HalJIeTe C0BAPb OCHOBHBIX TEPMHHOB M MOHSATHH. OH MOMOXKeT
BaM riy02Ke MOHSITh CMBIC/ U3y4aeMOoro marepuaJa.

B xHHre ecTb npeiMeTHbIH yKazaresb, ¢ MOMOLIBIO KOTOPOTO Bbl CMOXeTe GbICTPO
OTBHICKAaTh HEOOXOIMMYI0 HH(popMalHio. FIMeHHOl ykasaTesib MOACKaXKeT, B KAKOM MecTe
yueGHHKA BCTpevaeTcst ykazaHue GpaMuIny yueHoro Wik ero OTKPhITHE.

[Tomuute! IlproOpeTeHHble 3HAHUSI MPUIOAATCS BaM He TOJBKO /sl YCIELIHOro
u3ydenust 6uosiorud. OHU MO3BOJAT ClleNaTh CO3HATENbHbBIH BHIGOP Mpodeccuu, GyayT
noJie3Hbl B Oyaylleil TPyIOBOH AESITENbHOCTH U B MOBCEAHEBHON YKHU3HH.

JKenaem ycrexos!



JKuBble opraHuambl MosiBUIMChL HA 3eMJjie NPUMEpPHO 3,5 MUJIIHAPAA JIeT Hasal.
B Hacrositiiee Bpemsi HX MOTOMKH JIOCTHIVIM OTPOMHOI YMCJIEHHOCTH M pa3Hoobpasusl.
KOJ]I/IHQCTBO BHUI0B 2KHUBbIX OPraHu3MOB COCTaBJISIET HECKOJIbKO MUJIJIMOHOB. Cpeﬂn HUX
MeJibuaiiinue 6akrepuu pasmepom okoJso 0,25 MKM M OTpOMHBIE pacTeHHs, J0CTHIalo-
llIMe B BBICOTY HECKOJIbKHX JIECSITKOB METPOB, — 38KAAUNMObL U ceKB8OUU. JKuBble
OpraHM3Mbl OTJIMYAIOTCS JPYT OT ApYyra Mo MHOXKECTBY MMPHU3HAKOB: M0 BHEILIHEMY BHILY,
BHYTPEHHEMY CTPOEHHIO, PacpOCTPaHeHHIO B MPUPOJE, MecTaM oOUTaHMsl, cnocobam
nutannsi. EcTb opraHuaMbl, KOTOpbIE BCIO »KH3Hb TMPOBOJISAT HA OHOM MeCTe, a JIpyrue
aKTUBHO TlepeaBuratorcsi. HecMoTpst Ha Takoe pazHooOpasue, BCe yKHUBble OpPraHu3Mbl
MMeIOT 061IHe YepThbl, OTJIHYAIOLINE X OT 0OBEKTOB HEXKHMBOH MPUPObl. Takumu crie-
UM(UUECKUMHU NTPU3HAKAMU SIBJISIIOTCS CJIEIyIOLIHE.

1. Eduncmeso xumudeckoeo cocmasa. yKuBbie opraHudMbl 06pa3oBaHbl Bellle-
CTBaMHu, B COCTaB KOTOPbIX BXOAAT dATOMbI T€X 2KE€ XUMHUYECKHUX 2JIEMEHTOB, U3 KOTOPbIX
COCTOSIT OOBEKTHI HEXKHUBOH MPUPOJIbl. OHAKO COOTHOIIEHHE ITHX 3JIEMEHTOB B JKHBOM
U HEe2KMBOM HEOJAHWHAKOBO. Bouiee 98 % MaccChbl XKHUBbIX OPraHu3MOB COCTaBJIAIOT YEThI-
pe sJIeMeHTa: KUCJ0POL, yraiepos, Bogopoa 1 asor. Ocrasuimecs: 2 % — 3T0 Kaabliyil,
thocdop, Kauit, cepa, XJ10p, HATPUE, MarHHH, YKeJIe30 U HEKOTOPbIE JIPYTHe JIEMEHTDI.
B oTanune ot »KUBBIX OPraHu3MOB, COCTaB KOMIIOHEHTOB HEXKMBOMH TPUPOJIbI PA3/IHUEH.
Hanpumep, B BosHO# 06oJiouke 3emiu (rugpoctepe) npeobiiajaoT BOJOPOJL U KUC-
Jlopoji, B ra3oo6pasHoi (aTMocdepe) — a30T U KUCJI0POJ, B TBepo# (autoctepe) —
KUCJIOpo/L U KpeMHHil. Kpome Toro, B cocTaB »KUBbIX OPraHM3MOB BXOJISIT YEThbIpe TpyIl-
Mbl OPraHWYecKHX BellecTB (OeJKH, JUMHUIbI, YIJeBOAbl W HYKJIE€HHOBBIE KHCJOTHI),
KOTOpPble B HEXHUBOH MPUPOJIe He BCTPEUAIOTCS.

2. Knemounoe cmpoenue. )KuBble OpraHu3Mbl OTJIWYAIOTCS BbICOKOYMOPSIO-
yeHHbIM cTpoeHueM. CTPYyKTYpHOH W (DyHKUHOHAJbHOH €JIMHUIIEH YKHUBBIX OPraHu3MOB
IBJISIeTCS KieTKa. BHe KJIeTKH HeT »KU3HH.

3. Obmen gewecms u snepeun. OOMeH BELIECTB MEXKIY XKUBbIMH OpPraHH3MaMu
M BHEILIHEeH cpeof siBisieTcsl 0053aTesbHbIM yCJIOBHEM CYLIECTBOBAHMS, TOra Kak
TeJsla HEXKUBOH MPUPOJIbl OH NMPUBOJUT K Pa3pylleHHio, MpeBpallleHHIo B Jpyrue TeJja.
JKuBble oprannambl M3BJEKAIOT, MPE0OPA3YIOT U MCMOJbB3YIOT BEILIECTBA U SHEPTHIO U3
OKpY2Kalolllel cpejibl U BO3BpAlLAIOT B Hee MPOAYKTbI pacrajga v npeoGpa3oBaHHylo
SHEPruio, HaTMpuMep, B BUJIE Tera.

Opranuambl NoTpebJIsIOT BellleCTBa U3 OKpy»Kalolllel cpejipl B Xole nutaHusd. [luiia
Hy>KHa BCEM JKMBBIM oprannamam. OHM UCTIOMb3YIOT €€ KaK MCTOUHHK SHEPIHH U BELIECTB,
HeOGXOILl/lelX JJ1s1 pOCTa, Pa3MHO2KEHUsT U JIPYTUX MPOLUECCOB 2KUSHEIEATE/IbHOCTH.

Opranuambl pasHbIX TPy PasanyaloTcsl Mo cnocoly MOJMydeHHs] MUTATENbHBIX
BenlectB. [loutn Bce pacreHusi criocoOHbl K (POTOCUHTE3Y, T. €. OHU CaMH CO3JIAI0T




6 Beenenue

OpraHHyeckre BelllecTBAa M3 HeOpraHWuecKuX, MCMOJb3ysl Hepruio cBeta. PoTOCHH-
Te3 — onHa u3 popm aBTOTpOodHOTO nuranusi. JKUBoTHble U rPUOLl NMUTAIOTCS
MHa4ye: OHM HCIOJb3YIOT OpraHuueckre BellecTBa APYyrHX OpraHu3MoB, pacllenJsis ux
C NoMolIbI0 PepMEHTOB M yCBaUBasi NPOAyKThl pacliensetusi. Takoe nuranne Ha3biBa-
T retepoTpodHbl M. [eTeporpodamu sBASIOTCS TakKe MHOTHE OaKTEPUH W MPO-
THCTBI, XOTSI CPEIM HUX €CTb U aBTOTPO(BI.

JIJ1s1 BCceX npoLieccoB XKU3HeAeATe/bHOCTH Hy»KHa sHeprus. [TosTomy 3HauuTe/bHAs
4aCThb MUTATENbHBIX BELLIECTB, T0JIy4aeMbIX B Pe3yJ/ibTaTe aBTOTPO(HOro Uil reTepoTpod-
HOrO MUTAHUSI, UCMOJIBb3YETCs] B KAUECTBE UCTOUHHKA SHEPrHU. DHEPrusi BbICBOOOK/A-
eTCsl B Mpolecce AbIXaHUsl MIPH PaCUIENIeHHH OpPraHuiyecKux coeiHeHni. BoicBoGoXK-
JlaeMasi SHeprus 3amnacaercs B MoJiekyJiax afieHo3uHTpudochopHoii kuciaorsl (ATD),
KoTopast 0OHapy’KeHa BO BCEX YKUBbBIX KJETKaX.

JKuBble opraHuambl BLIBOAST U3 OpraHU3Ma KOHEUHbIe MPOLyKThl 0OMEHa BEUIEeCTB,
M30BITOK BOJIbI, COJICH M HEKOTOpPble Jpyrue BellecTBa, 0Opa3oBaBllIHecs B Mpolecce
JKU3HEIESTENLHOCTH WM MOCTyNHBLIKe ¢ nuulei. [Ipouece BbiBeeHHsT 3THX BELLECTB
Ha3bIBAETCSl BbIAGJIEHUEM WM 3KCKpeuuen. BriieseHnio npuHanieXUT BaxKHas poJb
B MOJIEPKAHNUM TIOCTOSIHCTBA BHYTPEHHEH CpPeibl OPraHu3MOB.

Takum o6pasom, /s »KUBbIX OPraHM3MOB XapakTepeH o0MeH BelecTB C OKpY-
JKatolled cpesloil 1 IHepro3aBUCMMOCTb.

4. Camopeeyaayua. )Kupble opraHusMbl, OOHTaIOLLME B HENPEPbIBHO MEHSIIO-
LIMXCSl YCJOBHSIX OKPY2KalOLLEH cpefibl, 00J1a1al0T COCOOHOCTBIO MOIEPKUBATL 110-
CTOSIHCTBO CBOEr0 XMMHMUECKOTO COCTaBa U MHTEHCHBHOCTb MPOTeKaHUs (PU3HOJIOrHYe-
CKMX MPOLECCOB. DTO CBOHCTBO HasbiBaeTcs camoperyasuuveid. Hanpumep, y MHOTHX
JKUBOTHBIX Ha MOCTOSIHHOM YPOBHE MOJUIepKMBAETCsI KOHUEHTPALMSl HOHOB BOJIOPOJA,
COJIEprKaHKe IVIIOKO3bl BO BHYTPEHHEH cpejle opraHn3Ma, KpoBsiHOE JlaBJeHHe 1 MHOTHE
JIpyrue mapameTpbl, 4TO JIOCTHraeTcsl 6Jarofaps AeaTe/bHOCTH PEryJsiTOPHBIX CHCTEM
OpPraHu3Ma — HEPBHOH U SHAOKPHUHHOM.

5. Modsuscrocme. YKUBOTHBIE OTJHYAIOTCS OT pacTeHUE CIIOCOOHOCTBIO MepeMe-
1IAThCS1 U3 OIHOTO MeCTa B JIPYroe, T. €. CNOCOOHOCTbIO K NepeaBHKeHUI0. JKHUBOTHBIM
HeOoOXOIMMO JIBUraThCsl, YTOObI J0OBIBAThL MUILLY, YKPbIBATHCS OT BPAaroB M HEMOro/bl.
C pasanuHbIMH C€rocoGaMH JIBXKEHHST >KUBOTHBIX Bbl MOAPOOHO 3HAKOMHJIMChL TIPHU
u3ydeHun OHoJioruu B 8-M kjacce. MoryT nepeiBUraTbcsi TakKe HeKOTOpble Hakre-
puM M NpoTHCThl. Pacrenusi BeiyT npuKpenseHHblii 00pa3 KU3HH, TaK Kak OHH CIO-
coOHbl CaMH CO3/1aBaTh MUTaTesbHble BelllecTBa nyrem gotocuuresa. Ho u 'y pacrenuii
MOKHO HaOJ0aTh pazHooOpasHble IBHKEHHSI: Nepe/IBUraloTCsl OpraHoubl B KJIETKax,
OTKPBIBAIOTCSl M 3aKPbIBAIOTCS LIBETKH, H3MEHSIIOT CBOE€ MOJIOXKEHHE B MPOCTPAHCTBE
JIUCTBSI, CKJIA/bIBAIOTCS JIMCTOUKH CJIOXKHOTO Jiucta W ap. [lpaBma, 3Tv aBH:KeHMS
MEHee 3aMeTHbI, YeM MepeBHAKEHHUS XKUBOTHbIX.



Beenenune 7

6. Pazdpasxcumocmo. Bee )KuBble OpraHu3Mbl COCOGHBI T€M WM HHBIM 00pa3oM
pearupoBaTh Ha U3MEHEHHS BHELIHeH 1 BHyTPEHHEH CPeibl, YTO MOMOTaeT UM BbIXKHTb.
CrnocoGHOCTD 2KUBbBIX KJIE€TOK, TKaHeH, OPraHoB H I1eJIbIX OPraHH3MOB OTBEYaTh MPHUCIIO-
COOUTEIbHBIMU PeaKIMsIMU Ha BHEILITHHE UM BHYTPEHHHE BO3/IEHCTBHSI HA3bIBAETCs pa3-
aApaxumoctblo. Hanpumep, y pacoru B )apKuii ieHb JIMCTOUKH CKJIafIbIBAIOTCS. Y MJIe-
KOTMHUTAIOLIMX TIPH MOBBILLIEHUH TeMIePaTypbl OKPY:Kalollell cpeibl PacIupsIOTCs: Kpo-
BEHOCHBIE COCY/Ibl KOXKH, YCHJUBAETCS MOTOOT/IEIEHHE — TeM CaMbIM MOJJIEPKUBAETCS
onTHMaJbHas TemMnepartypa Tesa. Jllo6oe u3MeHeHHe B OKpYy:Kalollel cpeie sBJsieTcs
pasjipaxKuTesieM, a peakiysi OpraHu3Ma — MpOsIBJIEHHEM pasipakKuMocTH. CoueTaHust
«pasnpazkuTe ib-peakiys» MOTYT HaKarlMBaTbCsl B BHAE OMBbITA M MCMOJIb30BATHCS
OpraHu3MOM B KauecTBe YCJOBHbBIX Pe(JIEKCOB.

7. Pazmuoocenue. [1pono/mKUTENbHOCTD XKU3HH KAXKIOTO OpraHU3Ma orpaHuye-
Ha. Buibl 2ke MOTYT Cyl1eCTBOBaTh HEONpeieieHHO Joyro. JInTe ibHOe CylllecTBOBA-
HHe KakK/I0TO BHJA »KMBBIX OPraHU3MOB oOecriednBaeTcsi 6yaroaapsi COXpaHeHHIo y T0-
TOMCTBa OCHOBHBIX MPHU3HAKOB POJUTEJIEH. DTO OCYLIECTBJSIETCS MPH GECMOIOM HIH
MOJIOBOM pa3MHOKeHHH. Pa3MHoXKeHHne — 3To CrmocoGHOCTb OPraHM3MOB BOCTPOM3-
BOJUTH ce6e MoJ0OHbIX.

8. Hacaedcmeennocmos u usmenuugocmeo. Bocrpouspenenre cebe MogoOHBIX
TECHO CBSI3aHO C HACJEICTBEHHOCTbIO — CIOCOOHOCTBIO OPraHU3MOB MepeaaBaTh Mo-
TOMKaM CBOM TNPU3HAKH M CBOMCTBA B HeM3MeHHOM BHAe. [TOTOMKH 0OBIMHO MOXO0XKH
Ha CBOUX poJuTesiel, HO He HaeHTHUHbl WM. CroCOGHOCTh OpPraHu3MOB MPHOGPETaTh
HOBBIE CBOMCTBA M MPHU3HAKH HA3bIBAETCS M3MEHYMBOCTHIO.

9. Pocm u pa3sumue. B TeueHue KH3HH OPraHU3Mbl MPETEPIEBAIOT PsiJl KOJIH-
UeCTBEHHbIX (YBeJMUeHHe YHC/Ia KJIETOK, MAacChl M PasMepoB Tesa) U KaueCTBEHHBIX
(mpdhepeHMpOBKa KIeTOK, 06pasoBaHHe TKaHel W OpPraHoB, CTapeHHe) U3MeHEeHHH,
T. €. OpPraHuaMbl 00J1aAI0T CMOCOGHOCTBIO K POCTY U MHAMBHAYAJbHOMY Pa3BUTHIO.

10. Adanmayus K ycaosuam cyujecmsosanus. )Kusble OpraHu3Mbl ajar-
THPOBaHbI (TMpHCToco6eHbl) K cBoell cpene obutanus. OHM COOTBETCTBYIOT CBOEMY
o6pagy ku3HW. JlocTaToOuHO 03HAKOMHUTBLCSI CO CTPOEHHEM Tesa Kpoma, polOvl WK
napazumu4eckoeo 4epss, 4yToObl MOHATb, B KAKUX YCJOBHSIX OHM KUBYT. OcobeH-
HOCTH CTPOEHHSI, KH3HEJIeSITe/IbHOCTH U TOBeIeHHs, 00ecneunBaolille BbKHBAHHE H
pa3MHOXKeHHe JKUBbIX OPraHU3MOB B MX cpejlie 0OUTaHUS!, HA3bIBAIOTCS afaNTaLMUSIMH.



XHUMHUecKrne KOMITOHEHTbI 2KUBbIX
OpraHu3mMoB

§ 1. CoaepkaHue XUMHUYECKUX 3J€MEHTOB B OpraHu3me.
Makpo- U MUKPO3JI€eMEeHTbI

B »kuBbIX opranuamax oGHapyxeHo Oosice 70 XUMUUECKHX 27eMeHTOB. OHU sIBJIsI-
IOTCSl COCTABHOM YaCThiO OIMpeJIe/IeHHbIX BeleCTB, 06pa3ylolnX CTPYKTYpbl OpraHuamMa u
YUACTBYIOIIHX B XMMHUYECKHX peakiysiX. OJHUX XUMHUECKHX 3JIEMEHTOB B OpPraHu3Max co-
JepKuTCst GoJblile, IPYTHX MEeHbIle, TPETbU MPUCYTCTBYIOT B HHUTOXKHBIX KOJMUECTBAX.

Maxkpoasnemermst. XUMUUECKHE JIEMEHTBI, COJIEPIKAHHE KOTOPHIX B YKHUBbBIX Op-
raHW3Max COCTaBJSIET OT JIECSTKOB JI0 COTBIX JIOJIEH MPOLEHTA, HA3bIBAIOTCSI MaKpoaJe-
mentamu. YKupbie opranusmbl 6o/ee yem Ha 98 % COCTOAT M3 UYETLIPEX XMMHUECKHX
snemenToB: kucsopoza (O), yriepona (C), Bomopona (H) u azora (N). Bonopon u Kuc-
JIOPOJI — COCTaBHbIE 3JE€MEHTbI BOJbl. Hapsiy ¢ yriepojioM 1 a30TOM 3TH 3JI€EMEHTbI
SIBJISIIOTCS OCHOBHBIMU COCTABJISIIOIIMMH OPraHUUECKHX COeJIMHEHHH YKUBBLIX OPraHU3MOB.

B coctaB mMoJieKys1 MHOMMX OpraHMYeCKHX BElEeCTB Takxke BXOAAT cepa (S) u doc-
tdop (P). Kpome Toro, k Makpossementam otHocsitest Hatpuit (Na), kamuit (K), mar-
uuit (Mg), kanbuuii (Ca), xsop (Cl) u ap.

BaxkHelilmmM Makpos/JeMeHTOM i OpraHM3Ma 4YesioBeka sBjseTcs Kaublui. Ero coenunenns,
B 4aCTHOCTH opTodocar, COCTABIAIOT MHHEpaJbHYl0 OCHOBY KocTefi W 3yOoB. Jlpyrue coeiuHeHHs
KaJIbLMsA y4aCTBYIOT B HEPBHOMH M MBILLIEUHOI IEATENLHOCTH, BXOAAT B COCTAB KJAETOK W TKAHEBOH XKH]l-
KocTH opranuama. CyTouHasi NOTpeGHOCTh B3POCJIOro YesioBeKa B KasbliK cocTabiser or 0,8 10 2 .
OcCHOBHbIE HCTOYHHKH 9TOrO 3J1€MEeHTa — MOJIOKO, Kedup, TBOPOr, Cblp, pbiba, dacosb, MeTpylKa,
3eJIeHbI JIYK, a TakxKe siila, rpeuka, OBCsIHKa, MOPKOBb M TOPOX.

OjHako B NHIIE MOTYT TAKXKE COAEPKATLCA BELLECTBa, MPENATCTBYIOLIHE YCBOCHHIO KaslblLHs, Ha-
rnpumep LasesieBas Kucjaora u gutni. Co 11aBesieBoil KHCJI0TOl Kaslblui 06pasyeT MajopacTBOPUMYIO
CoJlb, (PUTHH TOXKE J0BOJILHO MPOYHO YAepP:KUBaeT Kajbliuil. [TosToMy BaxkHO He 3/10ynoTpebiisTh 6.110-
JIAMH U3 L1aBeJisi i LINMHHATA, B JIICTBSIX KOTOpbIX cofepxkutes 0,1—0,5 % 11aBeJIeBOil KMCI0Thl. DUTHH,
MPUCYTCTBYIOLIMI B OBOLLAX W 3J/1aKaX, paspyllaeTcs NPH HArpeBaHHH, MO3TOMY MeHee BpesieH. Pxa-
HO Xs1e6 roJie3Hee MILIEHHYHOrO — B HEM MeHbllie (UTHHA.

Mukpoanremenmeot. JKusneHHO BayKHble 3J1€MEHTbI, KOTOPbIE COAEPXKATCS B XKH-
BbIX OpPraHU3Max B MCKJIOUMTEJbHO MaJbix KosmdecTsax (menee 0,01 %) cocrapasior
Ipyny MUKpPO3JeMeHTOB. K 3Tol rpyrne oTHOCATCS HEKOTOPble MEeTaJl/Ibl, HApUMep
xeqeso (Fe), uunk (Zn), menp (Cu), mapranen, (Mn), ko6anst (Co), mosnbuen (Mo),
a Takke Hemertasuibl grop (F), fion (1) u ap.

[TpouieHTHOE Ccolep:KaHHe TOrO WM HHOTO 3JeMEeHTa He XapaKTepH3yeT CTeleHb
ero BaXKHOCTH B opraHuame. Hanpumep, #ioj, coaep:kaHue KOTOPOro B HOpMe B Op-
ranuame yesoseka He npesbiaet 0,0001 %, BXOAUT B COCTaB TOPMOHOB LIMTOBHIHON
Kejie3bl THPOKCHHA MU TPUHOATHUDPOHUHA. DTH TOPMOHBI PETYJUPYIOT 0OMEH
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BElIECTB, BJUSIOT HA POCT, pPa3BuTHE W NU(PGHEPEHIIMPOBKY TKaHel, Ha NesTebHOCTh
HEPBHOH CHCTEMBI.

JKenezo n mMenb BXOAAT B cOCTaB (PEPMEHTOB, YUACTBYIOIIMX B KJIETOYHOM Jibl-
xaHuu. Bmecte ¢ KoGanbToM OHM MIPalOT BaXKHYIO POJib B MPOLLeCcax KPOBETBOPEHHSI.
LIMHK 1 MapraHel| OKa3bIBalOT BJAUSIHHE HA POCT U PAa3BUTHE OpraHuaMoB. PTop BXOAUT
B COCTaB KOCTHOH TKaHH W sMa/u 3y6oB. Bosee moapoGHast nHpopmaims o copepxa-
HUM U OMOJIOTMYECKOH POJIH XMMHUECKHMX 3JIeMEHTOB B »KMBBIX OpraHM3Max MpHUBecHa

B Tabguie 1.
Ta6auua |. buoaornuecku BaxkKHble XAMUUECKHE 3J1€MEHThI

dJeMeHT Conepxanue, % buosornueckasi posib

MakpoaJjemMeHTbI

BxomuT B cocTaB MoJjieKyJl BOJbI U OpraHHyecKHX Be-
Kucnopon (O) 65—75 11ecTB, o6ecneynBaeT peakilii OKUCIEHHS, B XOIe KO-
TOPbIX BblEJISIETCS HEOOXOMMAast OPraHH3My SHeprust

Yraepon (C) 15—18 Bxomut B coctaB MoJsieKys1 BceX OpraHMueCcKHX BellecTB

BXOﬂJ/IT B COCTaB MOJICKYJl BOIAbl U BCEX OPraHH4YeCKuX

Bonopon (H) 8—10 BElIeCTB

BXOI]J/IT B COCTaB MOJIEKYJI OPraHHY€CKUX BEUIECTB, B TOM

Asor(N) [,6—3 uicsIe 6eJIKOB, HYKIeHHOBBIX KucoT, ATO

Bxoaut B cocTaB KOCTHONH TKaHM, 3yOHOH sMaJH, yya-
CTBYET B ITPOIleCCcax CBePThIBAHUSI KPOBH 1 oGecreunBa-
€T COKPATUMOCTb MbILLIEYHBIX BOJIOKOH. Y PaCTEeHUI BXO-
JIUT B COCTaB KJETOYHOH CTEHKH

Kanbumii (Ca) 0,04—2

Bxomut B cocraB opranudeckux Betlects (JAHK, PHK,

Pocgop (P) 0,21 AT® u 71p. ), KOCTHOI TKAaHH U 3yCHON SMasik

OJMH U3 OCHOBHBIX KATHOHOB B OpPraHW3Me >KHBOTHBIX:
yyacTByeT B reHepaluH OHO3JIEKTPHUECKHX MOTEeHIHa-
JIOB, PETyJISILIMK PUTMA CepievHOl AesTesbHoCTH. Takke
ydacTByeT B npoliecce (hOTOCHHTE3a

Kasnit (K) 0,15—0,4

BXOLLI/IT B COCTaB OpraHU4YeCKHX BelIeCTB (GQHKOB, He-

Cepa (S) 0,15—0,2
KOTOPbIX aMUHOKHCJIOT)

OCHOBHO aHHOH B OpraHuame »KUBOTHBIX. Bxomut B co-

Xaop (Cl) 0,05—0,1 .
CTaB COJISTHOW KHUCJIOThI 2KeJIYIOYHOT'O COKa

OI[I/IH U3 OCHOBHLIX KATUOHOB: Y4acCTBYeT B T'eHepalnuu
6”09JI€KTpW—IECKHX NOTEHLHAJIOB, TMOJIEP2KUBAET HOP-
MaJlbHbIH pUTM Cepﬂ,eLlHO[;l JIeATEJIbHOCTH, BJIMSACT Ha
CUHTE3 TOPMOHOB

Harpuii (Na) 0,02—0,03

Bxomut B cocraB xsopoduiia, HEKOTOPBIX PePMEHTOB,

Marnuii (Mg) 0,02—0,03 . .
a TaKXKe B COCTAB KOCTHOM TKaHH U 3yGHOI 3MaJu




10 ImaBa 1

Oxkonuanue mabn. 1

DJieMeHT Conepxanue, % buosornueckas posib

MMKpOBJ]eMeHTbI

Bxoaut B coctaB MHOrMX (hepMEHTOB, reMOrIOOHHA U
JKeneso (Fe) 0,01 MHOIVIOOHHA. YUacTByeT B Ipolieccax KJIeTOUHOrO Jibl-
XaHus1 U (hOTOCHHTE3A

YuactByeT B (pOPMHPOBAHHM KOCTEH W KoJjjlareHa —
Kpemnuit (Si)* 0,001 OCHOBHOTO 0eJIKa COEIHHHUTENLHOH TKaHH »KUBOTHBIX.
Bxoaut B cocraB kjeTouHOH 060JI0UKH pacTeHHi

Bxoaut B coctaB HHCY/NMHA, HEKOTOPBIX (DEPMEHTOB,
Lunk (Zn) 0,0003 NPUHUMAET ydacTHe B TMpPOLeccax CHHTe3a PaCTUTEJb-
HBIX TOPMOHOB

y‘{aCTByeT B Impoleccax CbOTOCI/IHT€3a, KJIETOYHO-
ro JbIXaHH#l, CHHTE3a remorjiobuHa. Bxomut B co-

Menp (Cu) 0,0002 CTaB FeMOLIMaHHHOB — JIbIXaTeJIbHbIX TTHTMEHTOB KpPO-
BH M FeMOJIMM(bI HEKOTOPbIX BHIOB GeCrno3BOHOYHbBIX
JKHBOTHBIX

Drop (F) 0,0001 Bxoaut B cocraB 3yGHOIT 3Masi U KOCTHOMN TKaHH

Hon (1) 0,0001 Bxomut B cocTaB ropMOHOB LIMTOBUIHON KeJj1e3bl

BXomuT B COCTAB HJIH MOBBIIIAET AKTHBHOCTH HEKOTOPBIX
Mapraner (Mn) menee 0,0001 (hepmMeHTOB. YuacTByeT B pOpMHPOBAHHH KOCTEI, B ITPO-
Liecce (hoToCHHTE3A

Bxomut B cocraB BuTamuHa By, yuacTByeT B npoueccax

Ko6asast (Co) menee 0,0001
KPOBETBOPEHHSI

y'-laCTByeT B Ipoleccax CBsi3bIBaHUst aTMOC(bepHOFO

Monu6aen (Mo) menee 0,0001
asora KiyOeHbKOBBIMH OaKTepUSIMH

* Jlnst pacTeHH#H — MaKpO3JeMeHT

Jist dyesoBeka HCTOYHMKAMH MaKpO- M MMKPO3JEMEHTOB SIBJISIIOTCS TPOIYK-
Thl NUTaHWsl W Boja. l[losTomy misi TMOJHOrO YHOBJETBOPEHHS] TOTpeOHOCTEH B
MakKpo- M MHMKPO3JEMEHTax HeoOXOAMMO TMOJHOLIEHHOE M padHooOpa3Hoe MUTaHHe,
BKJIIOYAtoLIee MPOAYKThbl KUBOTHOTO M PacTUTeJNbHOro mnpoucxoxaeHus. Has bena-
pyCH M HEKOTOPbIX JPYTHX PEerHoHOB 3eMJIM XapakTepeH HeIoCTaToK Hoaa u (ro-
pa B npupoaHol Boje. [TosToMy oueHb BakHO yallle ynoTpeOJsaTh B IMHUILY MOpe-
MPOJYKThI, a TaKKe BOCIMOJHATb 3TOT HEIOCTATOK ymoTpebjeHrneM (pTOpHpPOBaAHHON
¥ HOJAMPOBAHHON IMOBApPEHHOH COJIM, MPOU3BOACTBO W IPOAAKA KOTOPOH HaJIaXKeHbI
B HALLIEH CTpaHe.
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9 1. B Kakon rpynne Bce 3/IeMeHTbl OTHOCATCA K MakpoanemeHtam? K MUKpoanemeHtam?

B) HaTpHil, KUCAOPOJ, HOT;
r) rop, Meab, Mapratell.

a) Keneso, cepa, kobasbT;
6) occhop, maruui, asor;

2. Kakne xnummyeckune anemeHTbl HasblBaloTCs MakpoaneMeHTamu? lMNepedncnute nx. Kakoso
3Ha4YeHe MakpO3NEMEHTOB B XMBbIX OpraHn3max?

3. Kakune anemeHTbl Ha3bIBalOTCA MUKpoanemMeHTamn? lNpueeauTte npumepsl. B 4yem 3aknio-
YaeTcs Porib MUKPOSINIEMEHTOB [N151 XXN3HEOEATENbHOCTU OPraHn3MoB?

4. YcTaHOBUTE COOTBETCTBME MEXAY XUMWHYECKMM 3MIEMEHTOM U €ro 6MONornYeckon yHk-
unen:

1) Kanbiimii a) yyacTByeT B CHMHTE€3€ TOPMOHOB pPACTEHHH, BXOJAUT B COCTAB HMHCYJIMHA.
2) mMaruui 6) BXOIHUT B COCTAB FOPMOHOB LLIUTOBHHON KeJse3bl.
3) KoGaJbT B) SIBJISIETCS] KOMITOHEHTOM XJIOpO(HJLIa.

ﬂ) He0OXOUM JIJIs1 MbILLIEUHOT'O COKpallleHHs1 U CBEPTbIBAHHWSA KPOBH.

) o ') BXOJIUT B COCTAaB I'eMOLHAHMHOB HEKOTOPBIX OECIO3BOHOUHBIX YKUBOTHBIX.
) €) BXOIMT B COCTaB BUTaMHHA B .

5. Ha ocHoBaHun matepuana O GMOMOrM4ECKOW PONM Makpo- M MUKPOINEMEHTOB W 3Ha-
HWIA, MOMy4YEeHHbIX MPU U3Y4EHWM OpraHM3ma YesnoBeka B 9-M Knacce, 06bACHUTE, K KakuMm
MOCNEACTBUAM MOXET NPUBECTUM HEJOCTATOK TeX WM MHbIX XMMUYECKMX 3NIEMEHTOB B opra-
HM3ME YernoBeka.

6. B Tabnuue ykasaHo copep>XaHne OCHOBHbIX XMMUYECKMX 3IEMEHTOB B 3eMHOI Kope (Mo
macce, B %). CpaBHUTE COCTaB 3EMHOM KOPbl M XMBbIX OpraHM3MoB. B yem 3akntoyarotcs
OCOBGEHHOCTW 3IEMEHTAPHOr0 COCTaBa XWBbIX OPraHn3moB? Kakve ghakTbl MO3BONSAT CAe-
naTtb BbIBOA, O €AMHCTBE XWBOW M HEXMBOW MpUpoabl?

OnemeHT Copepxanwue, % AnemeHT CopepxaHue, % OnemeHT Copepxanve, %
Kucnopop 49,13 Hatpui 2,4 Yrnepop 0,35
KpemHunii 26 MarHwuii 2,35 Xnop 0,2
AntoMuHun 7,45 Kanun 2,35 ®docchop 0,125
XKeneso 4,2 Bogopon 1 Cepa 0,1
Kanbuni 3,25 Tutan 0,61 A3oT 0,04

§ 2. XuMHnueckue coelMHEHHUS! B XKUBbIX OpraHu3max.
Heopranvueckue BeuiecTBa

[To3HakOMMBILIHMCH C XHMHYECKUMHU 9JIEMEHTaMH, COACPKAIIUMUCA B 2KHUBbBIX
OopraHmusmax, O6paTI/IMCH K H3YYEHHIO BEULECTB, B COCTAB KOTOPbLIX 3TH 3JIEMEHTbI
BXOOAT. Cpem/l HUX BbIICJISAIOT HE€OpPraHUYEeCKHE (BO,ZIa, MUHEpaJIbHbIE COJIU



12 ImaBa 1

—| HeopraHuyeckne coegnHeHus | | OpraHuyeckne coeguHeHns |
—{ Bopa | H BbicokomonekynspHble
UERCRDICRVIEREES (mMakpomonekyrnbl, 6uononMmepsbl)
—{ MuHepanbHble conu |
—{ MoHocaxapwvgbl | | Monuncaxapuppl ’7
HeopraHuyeckue
(MUHeparsbHble) —{ AMVHOKMCIOTbI | | Benkun }7
KUCNOTbI U Ap.
—{ Hykneotuapl | |HyKJ'IeVIHOBbIe KUCNOTbI ’7

—{ Jvnungpl |

—{ Kap6oHoBble KI/ICJ'IOTbI|

—{ CnupTbl 1 ap. |

Puc. 1. BellleCTBa, BXO/silliMe B COCTaB KHUBbLIX OPraHU3MOB

M KHCJIOTBI) H OpraHuvYecKHUe coeauHenus (puc. 1). Bosbiie Bcero mo macce B
YKUBBIX OpPraHU3Max COIEPIKUTCS BOJIbI.

Booda. Conep:katnue BoJbl B XKHBBIX OpraHuamax coctaJsier 60—75 % WX Mac-
Cbl, @ y HEKOTOPbIX, HanpuMep Meay3, — 10 98 %. B JIHCThsIX M couHbIX MJI0aaX pac-
TeHHH CojlepKanue BOJbl TaKKe MOXKeT JocThurath 98 %.

Ko/inuecTBO BOJbI HEOJMHAKOBO B Pa3HbIX TKaHSIX M opraHax. Tak, y uejoBeka B
CepoM BeleCTBEe TOJOBHOTO MO3ra ee cojepxkanue coctapiser 85 %, a B KOCTHOM
tkann — 22 %. HauGosbliee comepkanue BOAbl B OpraHusaMe HabJ01aeTcss B 3M-
GpuoHanbHblil neproa (95 %) M ¢ BO3pacTOM MOCTENEHHO yMeHblnaeTcs. bes yro-
TpebJIeHHsT BOJIbl UeJIOBEK MOXKET MPOXKHUTh He Oojiee 5—7 JHEN. 25

Kak Bbl yxke 3Haere W3 Kypca xuMmuH, moJsekyaa Boabl (H,O) 0]
COCTOUT M3 JIByX aTOMOB BOJOPOJA, COEIMHEHHbIX KOBaJIeHTHBIMH 5+H/ \H5+
MOJISIPHBIMU CBS3SIMH C aTOMOM KHCJIOPOJIA.

Cesisu H—O—H pacnosoxenbl nox yriom 104,5° npyr k apyry. Kuciopon
obsagaet GoJIbLIEH 3JEeKTPOOTPULLATENBLHOCTBIO, YeM BOIOPOJ, MO3TOMY aTOM KHCJIO-
pojia TIpUTSITUBaeT K ceOe 0OlIHe JIEKTPOHHbIE Mapbl U NPHOOpPETAET YaCTHUHO OTPH-
HaresbHbIA 3apsil. ATOMbI BOJOpOa MPUOOPETAIOT YACTHYHO TTOJIOXKUTEIbHBIN 3apsiil,
T. €. MOJIEKYJIa BOJIbl SIBJISIETCS] MOJSIPHOM.

Mezkly aTOMOM KHCJIOpOZia OIHOH MOJIEKYJIbl BOJABI W aTOMOM BOJOPOAA JPYro
MOJIEKYJIbI BO3HHKAeT 3JIeKTPOCTaTHUECKOe MNpHUTsKeHWe. Takoe B3auMoOJeHCTBUE,
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6oJsiee cyaboe, ueM MOHHAsi CBSI3b, HA3bIBAETCSl BO-
JnopoaHol cBs3blo. Kaxknas mMosekyna Bombl, TMO-
JOGHO MaJIeHbKOMY MarHuTy, MpUTSITMBaeT K cebe
3a cdyeT 0Opa3oBaHUs BOJOPOJHLIX CBsI3el ellle
yeTbipe MoJiekyJbl (puc. 2). baiaronaps o6pasosa-
HHIO BOJIOPOJIHBIX CBsI3eil MOJIEKYJIbl BOJIbI CBSI3aHbI

apyr ¢ gpyrom. [Tostomy Bojma mpu TemmnepaTypax ?-——
/
/

|
|
|
H

H
ot 0 °C o 100 °C MoxKeT coXpaHsiTh JKHIKOE arpe- J\\\
raTHOe COCTOsSIHHe, TOrJa Kak MojoCHble el BoJo- :
poanble coemuHenust (Hanpumep, HoS, NH;, HF)
SIBJISIIOTCST Ta3aMu.

BuoJsioruyeckast poJsib BOJbl B KHUBBIX OpTraHH3-
Max CBs3aHa C ee CBOHCTBAMM, MpPEXKIE BCErO C  Pyc. 2. Bonopoamble CBI3H Meky
MaJIbIMH pa3MepaMH MOJIEKYJI, UX TMOJIIPHOCTBIO U MOJIEKYJIAMH BOJIbI
CroCOOHOCTbIO 00PA30BbIBATL BOJOPOJHbIE CBA3H
MeXKJly COO0H U € JIPYTHMH COEJMHEHUSIMH.

MwmenHo Bosa onpenessieT 06beM KJIETOK M BHYTPUKJETOUHOE (TYpropHoe) 1aB-
Jerde. byaronapsi MoJIIPHOCTH MOJIEKYJIbI BOJIbI CMTOCOGHBI (hOPMHPOBATHL TaK HA3bl-
Baemble THJIpaTHble 000JOUYKH BOKPYr HOHOB M MOJSIPHBIX MOJIEKYJ. DTO CIO-
coOeTByeT 060COOEHHIO YACTHLL U TIPETIATCTBYET UX CKJIEMBAHMIO JIPYT C JIPYrOM, 4TO
0COOEHHO BaXKHO, HAMpUMep, Jis OEJKOBBIX MOJIEKYJI.

[TosisipHOCTb MOJIEKYJT U CTIOCOGHOCTH 0OPA30BBIBATL BOJOPOJHBIE CBSI3H JlesIaeT
BOJly YHUBEPCAJIbHbIM PACTBOPUTENEM JIIsl MOJSIPHBIX BELIECTB, JIyUllIUM, YeM OO0Jlb-
[IMHCTBO M3BECTHBIX YKUAKOCTEH. B 3aBHCHMOCTH OT PAacTBOPUMOCTH B BOJIE COeIHHE-
HHUS1 YCJIOBHO JI€JISIT HA PACTBOPHMbIE, UKW TUAPO(UIbHBIE (OT rped. eudop — BOJA,
Gurus — n106J110), U HepACTBOPUMbIE, WK TUAPOdOoOHbIE (0T Tped. poboc — cTpax).
[UApOUILHBIMU BEIIECTBAMH SIBJISIIOTCS MOHO- W JMCAXapH/bl, MHOTHE MHHEpPaJbHbIE
COJIM ¥ KHCJIOTHI, HU3IIHE CIUPTHI, HU3IIME KapOOHOBBIE KUCJAOTHI U Jip. [UapocdhoGHbI
BbICIIIHE KapOOHOBbIE KHCJIOTHI, XKMPbl U HEKOTOPbIE JIPyTHe BellecTBa.

Bosna — 3710 cpena npoTekaHusi MHOXKeCTBA 0OMEHHBIX MPOLECCOB. BOJIBIIMHCTBO
XMUMHUYECKHUX PeaKI|i B OpraHu3Me MPOUCXOJUT MIMEHHO B BOJIHBIX pacTBopax. [Tocrymie-
HHe U BbIBeJIeHHE BEIeCTB U3 KJETKH OCYIIEeCTRJISIeTCs, KaK NMPABUJIO, B PACTBOPEHHOM
Bujle. Bona npuHHMaeT HeMmocpeCTBEHHOE ydacTHe BO MHOTHX XMMHUECKHX peaKilHsiX,
MPOUCXOJIAIINX B KJIETKAX, B TOM YHCJIE B ITPOLIECCAX pacllerneH st OpraHuuecKuxX Coe/iu-
HeHui. OHa IBJSIETCS] OIHUM M3 MCXOJIHBIX BELIECTB B peakiusix potocunresa. Kueaopo,
o6pagyloliuiicst B xojie (hOTOCHHTE3a, BbIIEJAseTCs MPU pacllenjeHld MOJIEKYJ BOJbI.

Bona kak pacTBopuTe/ib TPUHUMAET yUyacTHe B SIBJEHUSIX OCMOCA, HIPAIOIIUX BakK-
HYIO POJIb B XKM3HEJIESITebHOCTH KJIeTOK opraHudma. OcMoc — 3TO TepemeliieHne
MOJIEKYJT BOJIbI Uepe3 MOoJyIpoHHIIaeMylo MeMOpaHy (Harnpumep, 4epe3 LUTOMNIa3MaTH-
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Yactnua
MonynpoHvuaemas Monexyna pacTBOpPEHHOro
MeM6paHa BOAbI BellecTsa

Pas6aBrieHHbIV KOHLEeHTppoBaHHbIV
pactop pactsop

Puc. 3. Cxema npotiecca ocmoca

yeckylo MeMmOpaHy KJIETKH) U3 00J1aCTH C MeHblIeH KOHIEHTpallhel pacTBOPEHHBIX
BelleCTB (HampuMep, coJiedl, caxapoB WJIM MOUYEBHHBI) B 06JacTh ¢ GoJiee BBICOKOH
KOHIIEHTpallMell 3TUX BellecTB (puc. 3). 3a cueT ocMoca TPOUCXOJUT BbipaBHUBAHHE
KOHIIEHTpAlM# PaCTBOPEHHBIX BELIECTB B KJETKE W BHEKJETOUHOH CpeJie.

Ecsn pactBop 1 pacTBopHTe/b (HanpuMep, BOLy) pasziesiTh H3OHpaTesbHO NPOoHHIaeMoi MemOpa-
HOH, Ha0J1I0[aeTCsl epeMeLleHHe MOJIeKYJl pacTBOPUTE/IS Yyepe3d MeMOpaHy B pacTBop. st Toro 4to0bl
BOCIIPEMNSATCTBOBATH MOCTYMJIEHHIO PACTBOPUTEISI, K PACTBOPY HEOOXOAMMO MPHJIOKHUTL OMpesieseHHoe
JlaBJieHHe, KOTOPOe Ha3blBaeTcss OCMOTHUYECKHUM aaBJeHHeM. Yem Gosee KOHIEHTPHPOBAHHBIM
SIBJISIETCSl PACTBOP, T€M BbILE €r0 OCMOTHYECKOE JlaBJIeHHE.

PactBopbl, ocMoTHYeCKO€ 1aB/IeHHE KOTOPBIX TaKoe »Ke, KaK B KJIeTKax, MOJyul/IH Ha3BaHHe H3 0 TO -
HuuecKux. O6beM KJIETOK, NOrpy’KeHHbIX B M30TOHHUECKHE PACTBOPBI, OCTAETCSl HEM3MEHHbIM (pHC. 4, a).
M3oToHuueckre pacTBOPbI, B 4aCTHOCTH G U3HO0JOoTHUeCKHH pacTBOp (Boaubiili pactBop NaCl
maccoBoit pogeit 0,9 %), UCIOJIL3YIOTCSl B MeuHe. VX npuMeHstoT npu cuibHOM 06€3BOKUBAHUU U
norepe KpoBH GOJIBHBIMH, /151 PACTBOPEHHS! JIEKAPCTBEHHBIX MPENapaToB, BBOAUMbIX MyTeM HHBEKLHI.

PactBop, ocmoTHueckoe JaBjeHHe KOTOPOro Bhillle, YeM B KJeTKax, Ha3blBaeTcs THMMepPTOHH -
ye cKUM. KieTku, norpy:KeHHble B MHIIEPTOHHYECKUH PacTBOpP, TEPSIIOT BOAY M YMEHbLUAIOTCS B 00b-
eme, T. e. cMoplMBatoTest (puc. 4, 6). [unepronnueckuit pacTBOp HAXOAUT NPUMEHEHHE B JIEUEHHH PaH.
MapieBasi noBsiaka, cMOU€HHAs TAKUM PACTBOPOM, XOPOILO BIHUTHIBAET THOH, UTO CMOCOOCTBYET OUH-
LLICHHIO U 3AXKUBJICHUIO PaHBbI.

[IportuBonoJ/ioxKHast KapTHHA HAGJI0AETCS TIPH MOTPYXKEHHH K/JIeTOK B THTIOTOHHUYeCKH i pacT-
BOpP, B KOTOPOM KOHIEHTpAIHUsI PaCTBOPEHHBIX BEIeCTB HHXKe, UeM B KjaeTKax. B stom ciyuae Bona
ycTpemJsieTcsl B KJIETKy, KjaeTKa pagdyxaeT H MOXKeT JIM3UPOBAThCS, T. €. JIOMHYTb (pHC. 4, 8).
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Puc. 4. OcMoc npu norpy2KeHHH 5pUTPOLIUTA U KJIETKH PACTEHUS B U30TOHHUECKHIH (a ), THIIePTOHUUYeCKU (0)
1 THIIOTOHHUYECKHI (8) pacTBOPbI

C BOJIOM CBsI3aHa TaK»Ke peryJjsiiysi TenjaoBoro pexxuma OpraHn3moB. BO}le CBOM-
CTBEHHA BBICOKAsT TEIJIOEMKOCTb — CIIOCOOHOCTb IMONJIOLIATL OO0JbIIOEe KOJMYECTBO Te-
[JI0TbI MPHU HE3HAYUTEJIbHBIX U3MEHEHHUSIX c0OCTBEHHOH TeMIlepaTypbl. Bnaronapﬂ 9TOMY
BoAa MpeAoTBpallaeT pe3Kue U3MEHEHHs TeMIlepaTypbl B KJAETKax U OpraHusme B LEJ0M,
JlazKe Korja temMriepatypHbie KoJieOaHus B Oprma}OHleI/ul cpeie 10CTaTOYHO BEJIMKH.

O6l1ee KoJIMYeCTBO BOLOPOIHBIX CBSA3EH MKy MOJIEKY/IAMH BO/Ibl H3MEHSACTCS B 3aBUCHMOCTH OT TeM-
nepatypbl. [1pu Tasinun Jibaa paspyiiaercst ipumepto 15 % Bogoponmbix cesizeit, a npu 40 °C — nosiopu-
Ha. [Ipu nepexosie B cocTosiHMe Mapa pa3pyllalTcst Bee BOLOPO/HbIe CBsA3H. [1pn n3aMeHeHun Temmeparypbl
BHELLHEH cpejibl BOJA MOMJIOLLAET (MJIH BbIICJSCT) TEMJIOTY BCJEACTBHE Pa3pbiBa (M/M 006pa30BaHUst) MHO-
FOYHCJICHHBIX BOJIOPOJHBIX CBsA3EH. DTUM OOBSICHSETCS BLICOKAsH yle/IbHAS TEMJI0EMKOCTb BOJbI.

[Ipu ucnapennu Boapl opraHuaMamu (TpaHCIUpaUUsl y pacTeHHH, MOTOOTIAeNeHHE
y MJIEKOMUTAIOUINX ) TPATUTCS MHOTO TEMJIOThI, YTO 3allMUIAeT WX OT Meperpena.

Buaaronapst BbICOKOH TeJIONPOBOIHOCTH Boja oOecleunBaeT paBHOMEPHOe paclipe-
JleJieHHe TerJIoThl MeXIy TKaHSIMH opraHu3ma (Hampumep, yepe3 CHCTeMY KpoBooOpa-
utenust). Takum o6pa3om, Bojia ydacTBYeT B PeryJsillii TEMJOBOrO peXKUMa OpraHu3Ma.

Munepaasvnosie coau u kucaomel. JIns noaiepKaHus KU3HEAEATEJBHOCTH KJe-
TOK W OpPraHu3Ma B L1eJIOM HeOOXOAMMbI MHHEpaJIbHble COJM. B »KHBbIX OpraHuaMax OHH
HaxozTest JIMOO B PAaCTBOPEHHOM BHJle (JIMCCOLMHPOBAHBI HA HOHBI), JIUOO B TBEPIOM
coctosinny. C GHOJIOTHUECKON TOUKH 3peHHs1 HauboJsiee BayKHBIMH CPEIHM HOHOB SIBJIS-

torest karronbl K, Na®, Ca**, Mg*" u anuonn CI™, HCO;, HPO; ™, H,PO;.
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OO6liee conepxkaHue MHHEPAJbHBIX COJIEH B PA3/IMUHBIX KJETKAaX BapbUPyeT OT
OJIHOTO JI0 HECKOJIbKHX MpoLeHToB. MX poJib B KieTKe pasHooGpasHa. Tak, padHasi KOH-
uentpauusi voHoB K™ u Na® BHYTpH M CHapy»Ku KJIETOK MPUBOIMT K BOSHHKHOBEHHIO
PA3HOCTH 3JIEKTPHUYECKHUX MOTEHIMAJIOB Ha LIMTOMIa3MaTHUECKOH MeMOpaHe, 4TO OueHb
BayKHO /ISl Mepesladid HEePBHBIX HMIYJIBCOB, a TaKxkKe JUIsl TPAHCIOPTA BELECTB yepes
mMemOpany. [1pn ymMeHbllleHHH 3TOH pa3HOCTH CHHKAETCs BO3GYAMMOCTh K/ETOK.

HexkoTopble HOHBI HEOOXOMMMBI JUIl CHHTE3a OpraHudecKux BellecTs. Hampumep,
ocTaTkh (ocdOpHOl KHCIOTHI BXOMAT B cocTaB HykjaeoThaos u AT®, won Fe*' —
B coctaB remornioouna, Mg — B cocras xaopoduana u . 1. Moner NO;, NH;

SIBJISIOTCS HCTOUHMKAMM aTOMOB a3oTa, Mo SO — aToMoB cepbl, KOTOpble HeoGXo-
JMbl aBTOTPO(HBIM OpPraHU3MaM JUlsl CHHTe3a aMUHOKHCJIOT. PeryssiTopHyto (hyHKLHIO
M aKTHBHM3alLMI0 MHOTHX (hepMeHTOB ocyllecTtssioT noubl Ca** u Mg?". Kpome Toro,
nonbl Mg?" akTHBH3HPYIOT SHepreTHYecKHii ooMeH H chnTes AT,

Coenunenus kKanblus (Hanpumep, CaCO;) BXOJAT B COCTAB PAKOBHH MOJIJTIOCKOB,
naHuuper paKooOPa3HbIX U APYIHX KUBOTHBIX. Y HEKOTOPBIX MPOTUCTOB BHYTPUKJIETOU-
HbIH cKeJsleT nocTpoeH 3 okeuaa kpemuusi (1V) SiO, nnu cynbdara crponuus SrSO,.

Heopranuiyeckne KHCJOTBI TAaKKe BbIMOJMHSIOT BaxKHble (DYHKIIMM B OpPraHHU3Me.
Tak, B »xeJiy/iKe 1103BOHOUHBIX COJISIHASI KUCJIOTA CO3JaeT KUCJIYIO Cpelly, CrocoOCTBys
YHHUTOXKEHHIO 00JIE3HETBOPHBIX MHKPOOPraHU3MOB M aKTHBALMK (PEPMEHTOB KeJy-
JIOUHOTO COKa, CTHUMYJIMPYET COKpALLEHHsl CTEHOK »KeJsylKa. YroJibHasi KHCJoTa M ee
aHUOHBI (hopMHpYIOT GHKapOoHaTHYyl0 OydepHylo cUcTeMy, a aHHOHbI (pocOpHOH KHC-
JoThl — hocaTthyto OydepHyIO cHCTeMY.

Kucaomnocme cpedsi. Ha nporekanne GHOXMMHUECKHX PeaKLMI B JKHUBBIX Op-
raHu3Max CyleCTBEHHOE BJIHsIHHE OKA3bIBAET KOHLEHTPALst HOHOB Bopopona (H') —
KHUCJIOTHOCTb cpelbl. B HeliTpasbHbIX pacTBOpax 3Ta KOHLUEHTPALMs COCTaBJsieT
1077 Mosb/n. st XapakTepUCTHKM KMCJIOTHOCTH CPejibl YI0GHO M0Jb30BaThesl BOLO-
ponHbiM nokasaresaem pH (ms-aur) u wkamnoi pH (puc. 5).

B Bommbix pactBopax BesuunHa pH o6biuHO npuHumaer 3navenusi ot 0 o 14.
HeiitpanbHast cpena xapakrepuayercsl 3HadeHueMm pH =7, B 1uienounoii cpene pH
6oJible 7, B KHCJ0H — MeHblle 7. Hem Gosblile BesqnunHa pH otiyaercst ot 7, Tem
6oJiee KUC/IBIM WJIH LLEJOYHBIM SIBJISIETCS PACTBOP.

BuyTtpu kjeToK cpena He#tpadbHas wiau  caabouienounas (pH=7,0—7,3),
B KpOBH BesinuuHa pH HecKoJIbKO Bhillle, 4eM B KJeTKaX M 0ObIYHO KoJsiebJieTest B npe-
neqax 7,35—7,45. B nuuieBaputesbiom tpakre pH cuibHO BapbHpyet. DKeTpemalb-
Hble BesnunHbl pH xapakrephbl a5 xkeqyaka (1 —2) u Tonkoro kuieunuka (Gosee 8).
3Haunresbhble Kosnebanus pH (4,8—7,4) nabaonatorest B Moue.

Ilonamue o 6ygepnsix pacmsopax. )Kupble OpraHU3Mbl B 11€JI0M U HX OT/IEJb-
Hble KJIETKH 00J1alaloT CroCOOHOCTbIO MOIEP:KHBATH KUCJIOTHOCTb Cpellpl Ha orpe-
JejieHHOM ypoBHe. B nomnep:xanun csaGolieodHON peakiMd BHEKJETOUHOH Cpejibl
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XKenyb
KenynouHbin KpoBb | Cok nompkenyao4Hom Xenesbl

COK Moua |

| — [ 100 I
IR 1 T 1
IS 6 7 8

Kucnas HelitpansHas
cpepa cpepa

Puc. 5. llIkana snauennit pH

ydacTBytoT yroJbHasi kucaora HyCOj; u ruppokap6onar-uon HCOj;. YrosbHas kuc-
JloTa — cJabblil SJEKTPOJIUT, B pACTBOPE OTpe/e/ieHHast YacTh €€ MOJIEKYJ JUCCOLMH -
poBaHa W HabJoaaeTcs GaJlaHc:
H,CO; < H" + HCO;.
Ecain no kakoii-u6o npuunHe KoHieHTpauust vonos H B pactsope yBesmunba-
eTcsl (cpena cTaHoBuTCsl Godiee Kuc10i), annonbl HCO; CBA3BIBAIOT HX:

H"+HCO; — H,CO.,.

Ec/in KHCNIOTHOCTD Cpejibl CHUMKAETCS, MOJIEKYJIbl YTOJbHON KHCJIOTHI TMCCOLMUPY -

10T, BBICBOOOK/1AS1 JIOTIOJHUTE/IbHbIE HOHBI BOJLOPOJA:
H,CO; — H" + HCO;.

Tak B pacTBOpe COXpAHSIETCsI OTHOCHTEJILHO MOCTOsIHHAST KOHIIEHTpalust HoHoB H.
CxomHbIM 06pasoM aHHoHbl (ocdoproii kueaoTsl HyPO, 1 HPO?  obecneunpaior
nojyiepxKaHie HelTpasbHOM WK Ca1abO0LIEJOUHON cpelibl BHYTPH KJeTOK. PacTBopbl,
B KOTOPBIX MPH U3MEHEHHH COCTaBA CpPe/ibl 0OeCcrneyuBaeTCsi OTHOCHTENBHOE MOCTOSIH-
CTBO KOHLIEHTpaluk HoHoB Bogopoaa (H'), nasbiBatorcs: GydepHbIMH.

9 1. Kakne HeopraHu4eckne BellecTBa BXOAAT B COCTaB XUBbIX OPraHM3MoB?

" 2. Kakue BelllecTBa Ha3bIBAOT rMAPOPUIbHLIMU? TMaPodo6HLIMM? MprBeauTe NpUMeEpsI.
3. Oxapaktepuaynte 6MONOrMHYECKYIO Posib MUHEpasbHbIX COMEn U KUCMOT.
4. CKONMbKO BOfAblI COQEPXMTCA B XMBbIX opraHmamax? OT yero a1o 3aBucuT? lNoyemy pac-
TEHUs Npu HeJocTaTKe BOAb! yBAZaoT?
5. [1Ba pacTBopa rfoKo3bl pa3geneHbl MeMO6pPaHon, He NPomnycKatoLLer MONeKysbl MOKO3bl, HO
nponyckatoLlen soay. KoHLeHTpaums rokosbl B nepsomM pactsope — 1 %, Bo BTopom — 0,1 %.
Y10 nNpomcxoguT ¢ Mosiekynamu Bodbl? Kak HasblBaeTcsl 3TO fBneHue?
6. KakoBbl OCHOBHble (OYHKLIMW BOAbI B XMBbIX OpraHuamax? Kak unanyeckne n xumm4eckue
CBOWCTBa BOAbl CBA3aHblI C €e BUONOrN4ecKUMN PYHKLUNMAMU?
7.Kak Bbl gymaeTe, rno4emy OOJSbLUMHCTBO MOMSAPHLIX BELLECTB XOPOLLO PacTBOPSAIOTCA
B BOE, a HemnonspHble, Kak nNpasuiio, HepacTBOPUMbI B HE?
8. BydepHble CBOMCTBA BHEKTETOYHOW Cpefbl 06eCcneyvnBatoT yrofbHas KMcnoTa u rugpokap-
60HaT-UOH, BHYTPU KIETOK 3Ty (PYHKLMIO BbINOMHAKT aHWOHbI (POCOPHOA KUCIOTLI. [lodemy
3TN COeQMHEHNS NO3BONAIOT NOAAEPXKMBATL B paCTBOPaX OMPefenNeHHYI0 KOHLEHTPaLMO MOHOB
BOAOPOAA, B TO BPEMS Kak a3oTHas M ConsHas KUCMOTbl, @ TaKXe UX aHWOHbI, He obnaparoT
TakMMn CBOMCTBaMU?
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§ 3. Opranunueckue BeulecTBa. AMMHOKHCAOTBI. Benku

Opzanuyeckue seuwjecmea. Ilonamue o 6uonoaumepax. Kax yxe ormeua-
JIOCb, B COCTaB KHBbIX OPraHu3MoOB, KpOME€ HeOpraHnuiyeCKHx, BXOIAAT pa3J/hUvyHbI€ Op-
raHpyeckKue BellecTBa: O€JIKH, JIUMHU/bI, YIJeBO/bl, HYKJI€HHOBble KUCAOTHI U Jp. OHK
06pasoBaHbl, MPEKJE BCEro, YeTbIPbMS XUMHUECKUMH 3J1€MEHTAMHU: YIJIePOIOM, BOJIO-
POJIOM, KHCJOPOJOM M a30TOM. B cocraBe 0esIKOB K 3THM 3JeMeHTaM J00aBJsieTcs
cepa, a B HyKJIEHHOBBIX KUCJ0TaX — ocdop.

B kMBBIX opranu3dmMax opraHuueckue BellecTBa MPeACTaBIeHbl KaK HeOOMbIINMA,
C OTHOCHUTEJIbHO HU3KOH MOJIEKYJISIPHOM MacCoH, MOJIEKyJaMH, TaK U MaKpOMOJIeKyJia-
M. K HU3KOMOJIEKYISIDHBIM COEIHHEHUSIM OTHOCSITCS aMHHOKHCJIOThI, MOHOCAXapPH/IbI,
HYK/I€OTH/Ibl, KapOOHOBbIE KMCJOTbI, CIUPTHI U HEKOTOpble pyrie. MakpomoJeKyJibl
(oT rpeu. makpoc — GOJBLILOH) NpeJcTaBeHbl GeJKaMH, NoJUcaxapuaaMi U HyKJIeu-
HOBBIMH KHCJOTAMH. DTO CJIOXKHBIE 110 CTPYKTYpe COe/IUHEHHsI C GOJbILIOH MOJIEKYJIsp-
Ho#t mMaccoil. Tak, oTHOCHTe/IbHASE MOJIEKYJ/IsIpHAs Macca GOJbIIMHCTBA GEJKOB COCTaB-
asier ot 5000 mo 1 000 000. Kak Bbl 3HaeTe M3 Kypca XHMHHM, OTHOCHTEeJbHas
MoJieKysisipHast macca (M,) paBHA OTHOLIEHHIO MacChl OJIHOH MOJIEKYJIbl BellecTBa
K é YaCTH MaccChl aToMa YrJjepojia M, CJe/loBaTesbHO, siBJISIeTCSl BeJMUMHOH 6 e 3 -

pasmepHoi. 3HaueHHe M, 1oKasblBaeT, BO CKOJIbKO pa3 mMacca MoJieKyJibl JaHHOIO
BellecTBa O0Jblle aTOMHON €IMHHIBI MACChI.

Mouiekysibl GeJIKOB, MOJHCAXapUI0B H HYKJIEMHOBBIX KHCJIOT COCTOSIT H3 OO0Jlb-
1I0T0 YHCJIAa OJIMHAKOBBLIX WJIM Pa3/JMUHBIX MO COCTaBY MOBTOPSIOLINXCS 3BeHbeB. Kak
Bbl 3HaeTe W3 Kypca XHMHH, MOJ00OHbIe COe/IMHEeHUsT HasblBaloTCsl nojaumepamu. [Ipo-
CTble MOJIEKYJIbl, H3 OCTATKOB KOTOPBIX COCTOSIT MOJIMMEPBI, HA3bIBAIOTCS MOHOMepa-
mMu. MoHoMepamu 6esIKOB SIBJSIIOTCS AMUHOKHUCJIOTBI, MOHOMEPAMHU MOJIMCaXapHioB —
MOHOCAXapHJibl, MOJIEKYJIbl HYKJIEMHOBBLIX KMCJIOT MOCTPOEHbl U3 HYKJ1eoTHIO0B. beJky,
noJicaxapuipl W HYKJIEHHOBbIE KHMCJIOThl COJIEPKATCSl B KJIETKAX BCEX »KMBBIX Opra-
HU3MOB W BBIMOJIHSIIOT HCKIIOUUTENLHO BaxKHble GHOJIOTHUECKHe (PYHKIIHH, TIO3TOMY HX
Ha3bIBAIOT GUOJOrMUECKUMU NoJuMepaMu (61Monoaumepamu).

B kseTkax pas/iMuHbIX »KHBBIX OPraHU3MOB COJEpKAHHE TeX HJIM HHBIX OpraHu-
YyeCcKHX coeuHeHUH pasHoe. Hanpumep, B KJeTKax KUBOTHBIX MpeoOJanaloT GejiKd
JMIWIBL, a B KJeTKaX pacTeHuil — yrjeBoapl. OMHAKO B Pa3jMUHbIX KJeTKax orpe-
JieJIeHHble OpTraHUYecKHe COeIMMHEHHS BBIMOIHSIOT CXOKHEe (YyHKIMH.

B »KUBBIX OpraHu3mMax cped MakpoMoJieKyJl Mo (yHKIMOHAJIBHOMY 3HAYEHUIO Be-
Jyl1ast poJib NpUHaaIeKuT GesikaM. besikn Bo MHOTHX oprannamax rnpeo6/aaaioT U Ko-
JndecTBenHo. Tak, B opranuaMe »KMBOTHBLIX oHH cocTaasioT 40—50 %, B opranusme
pacrenuiit — 20—35 % cyxoii Macchbl. Besikn — 3TO noJMMepbl, MOHOMEpPAMH KO-
TOPBIX SIBJSIIOTCS AMHHOKHC/IOTHI.

Amunokucaomol — «KUpnuquku» 6eAK08bIX MOAEKYA. AMUHOKUCIOTH —
OpraHuvecKue COeJMHEeHHUs!, cojlepxKalliie onHoBpeMeHHo amuHorpynny (—NHy), aisi
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KOTOPOH XapakTepHbl OCHOBHbIE CBOHCTBa, M Kapbokcuibhywo rpynmny (— COOH)
C KHCJIOTHbIMH cBoHcTBaMM. MaBectHo okosio 200 aMMHOKMC/IOT, HO B 00pa3oBaHHU
NPUPOHBIX GEJIKOB ydacTByeT ToJbKO 20. Takue aMHHOKHCIOTBI HAa3biBalOTCs O € J10K -
o6pasywuiumu. B rabsuile 2 npuBejieHbI MOJHbIE H COKPALlEHHbIE HA3BAHUS THUX
AMHHOKMCJIOT (He /151 3aTIOMHUHAHHS ).

Ta6auia 2. BenokoOpa3syouie aMUHOKUCIOTBI U UX COKpallleHHble 0003HauYeHus]

Hazpanne aMHHOKHCIOTHI O6o3HaueHHe Hazpanne aMHHOKHCIOTHI O6o3HayeHne
Ananun Ana Jlenun Jlen
Aprunux Apr JInsux JIuz
Acnaparun AcH Metuonun Mer
AcnaparuHoBast KucJora Acn [posnn I[po
Banun Ban CepuH Cep
[uerumun [ie Tuposux Tup
[myn [ Tpeonnn Tpe
[nyramun [nn Tpunrodan Tpn
[nyramuHoBasi knesota Ly Denunanannt Den
W3zoneiuun Hae [ucrenn Llnc

B mosiekysnax 6e10K0OpA3yoUX aMUHOKHCIOT KapOGOKCHIIbHAST Tpyrna U aMHHO-
rpyrna CBs3aHbl C OJIHUM U TeM ke aToMoM yryiepoa. [To stomy npusHaky 20 amuHO-
KHCJIOT CXOJIHBI MeXKy cob6oil. Jlpyrasi uactb MoJieKyJibl, Ha3biBaeMasi pajgukajoM (R),
y pasHbIX aMMHOKHCJIOT MMeeT pasJjityHoe cTpoeHue (puc. 6). Pamykan moxker ObITh
HEMOJIIPHBIM WJIH MOJISIPHBIM, THAPOMOOGHBIM UK THIPOMUIBHBIM, YTO U TIPUIAET Pas-
HbIM aMHHOKHCJIOTAM 0COOble CBOHCTBA.

AMMHOKUCNOTbI
KapbokcunbHas
amuHorpynna H2N—(I:H—COOH rpynna
R
pagukan
Kucnblie HevitpanbHbie OcHoBHblIe
HN—CH—COOH H2N—(|:H— COOH H,N—CH—COOH
(CHy), CHj3 (CHy)4
|
COOH AnaHuH NH,
nmytamnHoBas kucnota JInauH

Puc. 6. PazHooGpasne aMHHOKHCJIOT
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Y OoJibliiell yacTu 6eJOKOOPasyIolIuX aMUHOKUCJIOT UMEETCsl OfHA KapOOKCHJIb-
Hagl TpyIna v oHa aMHUHOrpyIirna — TaKhe aMHUHOKHCJ/IOTbl Ha3bIBAIOTCS H € ﬁTpa.n b -
HbBIMHU (cM. puc. 6). CyllecTBYIOT TaKxKe 0 CHOBHble aMHUHOKHCIOTHI, ¢ GoJiee yeM
OJIHOW aMHHOTPYNIOH, U KU CJl bl € aMHHOKHCJIOTHI, ¢ 6oJiee yeM OAHOH KapOOKCHJIb-
HOW rpynmno#. Hannuwe nomosHUTENbHONH aMHUHO- WM KapOOKCHJIBLHOH TPYMIMbI OKa-
3bIBAET BJUSIHUE HA CBOWCTBA aMHHOKHCJIOTBI, KOTOPbIE UIPAIOT OTMPEESIONLYI0 POJIb
B (hOPMHUPOBAHUH MPOCTPAHCTBEHHOH CTPYKTYphl 6enka. B cocraB pamykana HEKOTOPBIX
AMHHOKHCJIOT (HAmNpHUMep, 1LIMCTENHA) BXOJISIT aTOMbI CEPHI.

ABTOTpO(HBIE OpPraHW3Mbl CHHTE3UPYIOT BCE HEOOXOJMMble WM aMHHOKHCJIO-
Thl U3 MEPBUYHBIX MPOAYKTOB (POTOCHHTE3A M A30TCOMEPKAIIMX HEOPraHHYECKHX CO-
emyHeHui. Jls reTepoTpohHBbIX OpPraHW3MOB MCTOUHHKOM aMHHOKHUCJOT SIBJSIETCS
[Tu1a. B opraHusme 4eJsioBeka W KUBOTHBIX HEKOTOpPble aMWUHOKHCJIOTbI MOI'YT CHH-
TE3UPOBAThCSl W3 TPOAYKTOB oOMeHa BelecTB (B MEPBYI0 odepeib — U3 Jpy-
rMX aMHHOKMCIOT). Takue aMHHOKHCJIOTBHI Ha3blBAOTCSI 3aMeHUMbIMHU. lpyrue
)K€, TaK HasblBaeMble He3aMeHHMble aMHHOKHCJIOTBHl, He MOTyT ObiTh CHH-
Te3MpPOBaHbl B OpraHu3dMe M [03TOMY JOJKHBI TOCTOSIHHO TMOCTYNaTh B HEro B
cocraBe OeNKOB THMUIM. Desnku mwuM, cojpeprkalllie OCTATKH BCEX He3aMeHH-
MBIX aMHHOKHCJIOT, Ha3bIBAOTCS MOJHOILEHHBIMH, B OTJIHYHE OT HEMOJHO -
€ HHBIX, B COCTaBE KOTOPBIX OTCYTCTBYIOT OCTAaTKM Te€X HJIH WHBIX HE3aMEHHMbIX
AMHMHOKHCJIOT.

HesameHUMbIME aMHHOKHCJIOTAMH Uil 4eJIOBeKa SBJSIOTCA: TpUMTOdaH, JU3UH, BaJUH,
M30JMeHIHH, TPEOHHUH, peHUJANaHUH, METHOHUH W saelluun. Jasa nereil HezameHH-
MbIMH SIBJISIIOTCS TaKKe apTrUHUH W THCTHJAUH.

Hannune xak oCHOBHOMH, TaK W KUCJOTHOH Tpynn o6yc/oBAMBaeT aM(pOTepHOCThb
M BBICOKYIO PEaKIIMOHHYI0 CMOCOOHOCTb aMHHOKUCIOT. AmuHorpynna (— NH,) onHoi
AMHMHOKHCJIOTHI CMocOoOHa B3aMMOJIEHCTBOBAThL ¢ KapOokcuabHoil rpynnoi (— COOH)
JIpyroil aMMHOKHCJOTHL. [Ipu 3TOM Bble/sieTcs: MoJieKyJ/Jda BOJbl, a MEXIy aTOMOM
a30Ta aMUHOTPYMIbl U aTOMOM yIJepoa KapOOKCHJIbHOH TpyMibl BO3HHKAET KOBa-
JIEHTHasl CBsI3b, KOTOpPAsl HA3bIBAETCsl MENTUAHOM cBsA3blo. OOpasyioliascs MoJekyJa
npeacrasJsier coboi aunentua (puc. 7). Ha onHom KoHile MoJieKyJbl AMMENTHAA Ha-
XOAUTCS CBOOOJHAs aMUHOTIPYINA, a Ha APyroM — cBOOOJAHAA KapOOKCHJIbHAS TpyIl-
na. baarogapst sToMy aunenTua MoXKeT MPUCOEAMHAATL K cebe Apyrue aMHHOKHMCJIOTH,
o6pasysi oauronentuabl. Eciu Takum o6pasom coennnsiercst 60osiee 10 octaTKoB amu-
HOKMCJIOT, TO 00pa3dyeTcsi MOJUMenTHA,.

[lenTtuapl urpatoT BaKHyl0 poJib B OpraHuame uesioBeka. MHorue ropmoHsl (rsioKaroH, Ba-
30NpecCcHH, OKCHUTOLMH MU Jp.), aHTUOHOTHKH (HANpHUMep, rpaMUILUAHH), TOKCHHBI (Ha-
npuMep, AMGTepHAHBIA TOKCHH) MO XHMHUECKOH MpPHPOLE SIBJSIOTCS OJIMIO- W [OJHIer-
THIAMH.
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Puc. 7. Cxema o6pa3oBanusi aunenTuaa

Beaku. Yposnu opeanusayuu 6eaxosoli moaexkyast. [lomvnentuiHble 1enu
MOTYT OBbITb OYeHb JJIMHHBIMH W BKJIIOYaTb CaMbl€ pa3Hble KOM6HHaLLHI/I AMHUHOKHCJIOT -
HBIX OCTATKOB. HOJII/IHQHTI/I,UJ)I, B COCTaB MOJIEKYJI KOTOPBIX BXOAUT OT 50 J10 HECKOJIbKHX
ThbICAY OCTATKOB aMHHOKHUCJIOT, HA3bIBAIOTCA 0esKaMH. Ka)K}lblﬁ KOHerTHblﬁ 0eJI0K Xa-
pakKTepuayeTcsi CTpOro MnoCTossHHbIM COCTABOM M I10CJI€/I0BATCJbHOCTbIO aMHHOKHCJIOT -
HbIX OCTATKOB.

ABJSIOTCS OEJIKH, MMEIOLIHE B CBOEM COCTABE KOMIIOHEHT HEAMHHOKMCJOTHOH MPUPOALI. DTO MOTYT
6bITb HOHBI MeTaqioB (Fe?', Zn**, Mg®", Mn?"), aununbl, Hykaeotussl, caxapa u ap. [TpocTbiMu GeJika-
MU SIBJISIOTCS! a/1b,OYMUHbI KPOBH, (PUOPUH, HEKOTOPbie (hepMeHThl (Tpuricun) u ap. CJioxkHble GejiKn —
3TO GOJIBILIMHCTBO (hepMEHTOB, UMMYHOIJIOGYJIMHBI (aHTHTENA ).

“ Bemm, 06pa3OBaHHbI€ TOJIbKO OCTaTKAMHU aMHHOKHUCJIOT, HA3bIBAIOTCAA M P OCTbIM H. ClOXHBIMH

Mousiekysibl  6€JIKOB MOTYT TPUHUMATh pasJiMuHble TPOCTPAHCTBEHHbIE (op-
Mbl, KOTOpPblE€ MPEJACTABJSAIOT COOOH 4YeThipe YPOBHSI WX CTPYKTYPHOH opraHusa-
1y (puc. 8).

[lernoyka M3 MHOXKECTBA AaMHHOKHMCJOTHBIX OCTAaTKOB, COEIMHEHHBIX MeTl -
TUAHBIMH CBSI3SIMH, IpPEICTaBJ/sieT CoO0H MEPBUUYHYK CTPYKTYpPY O€JKOBOH MO-
JieKyJbl. D10 HauboJiee BayKHasi CTPYKTypa, TaK Kak MMEHHO OHa orpejessier dop-
My, cBoicTBa M yHKUMH Oesika. Ha ocHOBe MNepBHUHON CTPYKTYPbI CO3/AIOTCS
Japyrue Bullbl CTPyKTyp. Kakablil 6es0K opraHuaMa MMeeT YHHUKaJbHYIO [ePBHUHYIO
CTPYKTYpY.

Bropuunasi crpykrypa Gesika BO3HHKAeT B pedysbTate 00pa3oBaHUs BOJIO PO -
HbIX CBfI3el Mexay aromamu Boaopoaa NH-rpynn u atromamu kuciopona CO-rpymnn
pa3HbIX AMHHOKHMCJIOTHBIX OCTAaTKOB noJiunentuaHol uenu. [loaunentuanas uenb npu
3TOM 3aKpyuuBaeTcsl B crupasb. Bopopoamble cBsisu cjabble, HO OJarogapst 3Ha-
UUTEJILHOMY KOJIMYECTBY OHM 0OecrneuuBaloT CTabUJIbHOCTL 3TOH CTpyKTypbl. [ToJ-
HOCTBIO CIMUPAJILHYI0O KOH(UTYPALMIO HMEIOT, Harpumep, MOJIEKYJbl KepaThuHa —
OCHOBHOTO ©OeJjika BoJioc W Horted uesoBeka. CrupajbHasi BTOpUYHAsi CTPYK-
Typa XapakTepHa MW Jylsl HEKOTOpbIX Jpyrux OeJIKOB, Hamnpumep JJsi MHO3HHA
U KoJljlareHa.
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Puc. 8. YpoBHu opranusaiinu 6eJKOBOH MOJIEKYJIbI

B sToM ciydae HeCKOJIbKO TMOJIMTENTHIHBIX Lerneil (MM y4yacTKOB OAHON TIOJHIMENTHAHON Lenu) pas-
MeLaloTesl napaJiebHo, 06pasysi CTPYKTYpy, CloxKeHHylo Hanono6ue rapmouiku (cm. puc. 8). Takyto
KOH(UIypalKnio uMeeT, Harpumep, 6e/oK hH 6 poHH, COCTAB/AIOLMI OCHOBY BOJOKOH HATypaslb-

Bropuunasi ctpyktypa 6esika, MOMHMO CHHpa/H, MOXeT ObITb MpeACTaBJeHa CKAAAUaTbIM CJOEM.
HOTO 1lIeJIKa.

Tperuunas crpyktypa dopmupyercsi 3a cuyeT 00pa3oBaHHWs BOJIOPOILHBIX,
MOHHBIX M JPYrHX CBs3eH, BO3HUKAIOUIUX MEXIY Pa3HbIMH IpynnamMH aToMoB Oe-
KOBOH MOJIEKYJIbl B BOJHOH cpejie. Y HEKOTOPbIX OENKOB BayKHYIO POJib B 06pa3oBaHUH
TPETHUHOH CTPYKTYpPbl UrpaloT S—S CcBsi3 U (JUCyIb(pUIHbIE CBS3H) MEXIY OCTaT-
KaMH LMCTerHa (aMHUHOKHMCJIOTHI, cojeprkaliert cepy). [Ipu sTom nosmvnentuanast cnu-
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pajib yKJajibIBaeTCsl B CBOeOOPa3Hblil KIyOoK (Ty100ysy) TakumM o6pasoM, 4To THIPO-
(hoGHbIe aMUHOKHC/IOTHBIE PAZMKAJIbl TTOTPYKAIOTCS BHYTPb [I00OYJIbl, 8 THAPOPHIIbHBIE
pacrioJiararoTcst Ha MOBEPXHOCTH M B3aUMOJIEHCTBYIOT C MOJIEKYJIaMH BOJIbl. TpeTHUHOI
CTPYKTYpOl OMpPENeNSIOTCs] CleUUpUIHOCTL GEJKOBBIX MOJIEKYJ, MX GHOJIOTHYeCcKast
AKTUBHOCTb. TpeTHuHyl0 CTPYKTYypy HMeEIOT MHOrHe OeJIKHM, HalpuMep MU OTJ 00U H
(6esloK, KOTOPbIH yuyacTByeT B CO3JAHMHM 3araca KUCJ0pOoja B MBIIILAX) U TPUIICHH
(tbepmeHT, pacuiensiionini 6eJiK1 NMULLH B KUILIEUHHUKE ).

B cocraB Mosiekys1 HEKOTOPbIX OEJKOB BXOAMT HE OJIMH, a HECKOJIBLKO MOJIUIIe-
THIOB, 00pa3yIoOLIUX eIHHbIA KoMIieKe. Tak hopMUpyeTcsi ueTBepPTUUHAS CTPYKTYpa.
[TosmnenTtuapl (OHM MOTYT HMETb OJIMHAKOBOE WJIM pa3HOe CTPOEHHE) He CBS3bIBAIOT-
Csl KOBQJIHTHBIMH CBsi3iMH. [IpoyHOCTL 4eTBEpPTHUHON CTPYKTYypbl 0GecreunBaeTcst
B3aUMOJIEHCTBHEM CJIabblX MeKMOJeKyJasapHbI X cui. Hanpumep, yerBepTHuHas
CTPYKTypa XapakTepHa /st 6ejika re Moo 6uHa. Ero Mosiekysa COCTOUT U3 YeThl-
pex CTPYKTYPHBIX 3JIEMEHTOB — CYObeIMHHUIL, B COCTAB KaKJIOH CyObEIMHUIIbI BXOIUT
TOJIUMENTH/IHAS 11eMb W HeGeJNKOBbIH KOMIIOHEHT — TeM.

) 1. Kakve BeLLecTBa SIBNSIOTCH GUONOTMHYECKUMM MonMMepamMn? Kakve BellecTsa sIBASOTCS
' MOHOMepaMu OJisi MOCTPOEHWsi MOSEKYS GMOMONIMMEPOB?

a) AMHHOKHCJIOTHI; I') HYKJIEOTHIIbI;
0) HYKJEHHOBbIE KHUCJIOTHI; 1) GeJiKy;
B) TOJIMCaXapyibl; €) MOHOCaxapH/ibl.

2. Kakvne yHKUMOHamnbHbIE TPyMMbl XapakTepHbl Af1S BCEX aMUHOkucnoT? Kakumu cBon-
cTBamMuM o6nagatT 3T rpynnbl?

3. CKOJfIbKO aMUHOKMUCINOT y4acTBYeT B 06pa3oBaHum NpupoaHbix 6enkos? Hasosute obuine
4epTbl CTPOEHUS STUX aMUHOKUCIOT. YeM OHW pasnuyatoTtca?

4. KakvuMm 06pa3oM amuHOKMCIOTbI COEdUHAITCA B NONWNEnTuaHyo uenb? [loctporiTte
avnenTtug v Tpunentua. [Onsa BeINONHEHWA 3aAaHns UCMONb3yWTe CTPYKTYPHbIE hopMyrbl amu-
HOKWCIIOT, MoKa3aHHble Ha pUCyHKe 6.

5. OxapaKkTepunaynte ypoBHU CTPYKTYPHOWN opraHu3aummn 6enkos. Kakue xvMu4eckune cBsisu
06YyCrnoBNMBAIOT PasfnyHble YPOBHU CTPYKTYPHOWM OpraHu3auuv 6enkoBbiX MOMEKyn?

6. Henosek v XMBOTHbIE MOMy4aloT aMUHOKUCIIOThI U3 NULLW. 3 4ero MoryT CUHTE3MpoBaThCs
aMWHOKUCIOThI Y PacTeHnA?

7. CKOMbKO pasHbIX TPMNENTUAOB MOXHO MOCTPOUTL M3 TPEX MOMEKYN aMUHOKMCIOT (Hanpvmep,
anaHuHa, n3nHa 1 rnyTamMMHOBOW KNUCOTbI), €CIN KaXOyl0 aMUHOKUCIIOTY MOXHO MCMOMb30-
BaTb TOMIbKO OAWH pas? BygyT nun 3Tm nentuabl obnafate OAUHAKOBLIMW CBOMCTBAMW?

8. [nsa paspgeneHvs cMmecn 6efKOB Ha KOMMOHEHTbI UCMOMb3yeTCcs MeToh anekTpodopesa:
B 3MIEKTPUHECKOM rosie oTAesibHble GenKoBble MOSIEKYSbl C OMpefeneHHon CKOpOoCTbIo mne-
pemMeLLalTca K OfHOMY U3 3MeKTpPoaos. [pu 9TOM OfHW Genku ABUratoTCs B CTOPOHY Ka-
Toda, Apyrue nepemMeLLaloTcs K aHogy. Kak ctpoeHve monekysbl 6efka CBA3aHO C ero Cro-
COBGHOCTbIO ABWratbCsi B anekTpuyeckom none? OT Yero 3aBUCWT HanpasfieHUe OBWKEHWS
6enkoBbIX Monekyn? OT Yero 3aBUCUT MX CKOPOCTb?
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§ 4. CoiictBa U pyHKuMH OeNKOB

Muozoobpa3sue u csolicmea 6eakos. 1o bhopme MosieKys GeJIKH MOXKHO pa3-
JIeJIUTh Ha JIBe Tpymibl. MoJiekyJibl r100yAsipHbIX GeJIKOB UMEIOT OKPYIJylo Gopmy,
bubpuanapHble OesKH XapaKTepU3YIOTCs BBITSIHYTOH, HUTEBUAHOH (OpMOH MoJe-
KyJ1. Tak, rio6GyssipHbIMH GeJIKaMH SBJSIOTCS TAO0OYJAUHB U aJdbOYMUHBI KpPO-

BU, GUOPUHOTEH, TeMOTJJ006UH. OuOpUIIsApHble GeJKM — KepaTHH, KOJI -
JlareH, MUO3HUH, 3JacTUH u ap. (puc. 9).
Benkn — npeumylilecTBEHHO BOJOpPACTBOPHMbIE BelIECTBA, HMEHHO B BOJHBIX

pacTBOpax OHH MPOSIBJSIIOT CBOIO (DYHKIMOHAJbHYIO aKTHBHOCTh. DesIKOBble MOJIEKY-
Jibl HecyT GOJIbLIOK MOBEPXHOCTHBIH 3apsil. DTO CKa3biBAETCSl HA KaTaJMTHUECKOH aK-
TUBHOCTH O€JIKOB, Ha MPOHULAEMOCTH OHOJIOrMUecKHX MeMOpaH (OesKH BXOIST B HX
cocTaB) W Jpyrux ¢yHkuusx. Eie ofHON BayKHONH 0COGEHHOCTbIO GEJIKOB SIBJSETCS
TO, UTO OHH TPOSIBJASIOT CBOIO aKTHBHOCTD JIMIIb B Y3KHX TeMMepaTypHbIX paMKax H B
OIpeJie/IeHHOM JIMana3oHe KUCJIOTHOCTH CPeJibl.

Henamypayus u penamypayus 6eaKko8. OHO 13 OCHOBHBIX CBOHCTB O€JIKOB —
CMOCOOHOCTL U3MEHSITH CTPYKTYPY U CBOHCTBA MO/ BJUSIHUEM PA3JHUHBIX (DAKTOPOB (BbI-
COKasl Temreparypa, ﬂeﬁCTBHe KOHUEHTPHUPOBAHHBIX KUCJIOT U me.noueﬁ, TAXKeJbIX MeTaJl-
JoB U 1p.). [1pouece HapyuieHusi MpUPOAHOK CTPYKTYPbl OEJIKOB TOJL BJIHSIHUEM KAKHX-
J60 akTopoB 6e3 paspylleHHs] MEPBUUHON CTPYKTYpbl HA3blBa€TCs JAeHaTypauuen
(oT naT. de — mpucTaBKa, O3HAuUAIONIAs yTpaTy, Hamypa — TPUPOJIHbIE CBOHCTRA).
JleHaTypalyst MPOMCXOJUT BCJIEACTBUE pa3pbiBa BOJOPOAHBIX, HOHHBIX, JIHUCYJIb(UIHBIX
U JIPYTHX CBsi3eil, CTaOUIM3UPYIOLIUX MPOCTPAHCTBEHHYIO CTPYKTYPY OEJIKOBBIX MOJIe-
KyJ1. [Ipu 3TOM MOXKeT yTpauuBaThCsl X YETBEPTHUHAS, TPETHUHAS U JIaXKe BTOPHUHAS
cTpyktypa (puc. 10). Henatypauusi conpoBoxkaaetcs: norepeil GHOMOTHYECKON aKTHB-
Hocth Gesika. [lpu 3Tom HabJionaeTcsi yMeHbllIeHHEe ero pacTBOPUMOCTH, U3MEeHeHHe
dopMbl U pasMepoB MoJieKyJ. Tak, ColM TsSHKEeJbIX MeTa/JIoB MpPH B3aUMOJEHCTBUH
¢ 6eskaMu 06pasyloT HEPACTBOPUMbIE COEIMHEHHS, U GEJIKH BbIMAAAIOT B OCAMIOK.

Jlenarypauusi yacto uMeet HeoGpaTUMbI XxapakTep. OHAKO B psifie cjydaeB Moc-
Jie HeINpOIOJ/LKUTENBHOIO BO3NEHCTBHUS MOBPEXIAIONIEro dakropa 6esoK MOKET BOC-
CTaHOBMThL CBOE MEPBOHAYATBHOE COCTOSTHUE. DTO SIBJEHHE HA3bIBAETCS peHaTypauuen
(oT ;at. pe — mnpucTaBka, o3Hayaiollasi Bo3oOHOBJeHHe ). PasBepHyTas moJunenTu-
Hasl 1leMb CrocoOHa CaMOMpPOU3BOJILHO 3aKPYTHThCSl B CHMpalb, a 3aT€M YJIOKHUTh-
Csl B TPETHUUHYIO CTPYKTYpy. DTO O3HAUAET, UTO MPOCTPAHCTBEHHAs] CTPYKTypa OeJika
OTIpe/IeIIeTCs €0 TEPBUUHON CTPYKTYPOH, T. €. TIOC/eI0BATENbHOCTBIO AMUHOKHCIOT -
HBIX OCTATKOB.

SIBjieHMe feHaTypali 4acTo MCMOJb3yeTcsl B OHOJIOMMUECKUX HCC/IeI0BaHUSAX W B MeauuuHe. [Ipu
onpesie/ieHHd B OHOJIOTMYECKOM MaTepHalie HU3KOMOJIEKYJSPHbIX COeIMHEHMH W3 pacTBOpa cHayasa
yaansioT 6eaku. It 3Toro BbI3BIBAIOT MX JeHATYPaLMIO, 3aT€M OCAKAAIOT WK OT(PUIBTPOBBIBAIOT.
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OucynedupaHas
CBA3b

Monekyna 6enka

HeHaTypaums 11 PenaTypauus

ATOMBI
cepbl

KonnareH (mbpunnspHbIin 6e0K) [eHaTypupoBaHHbIit 6e10K

Puc. 9. Besiku ¢ pasnoii opmoii MoJieKyst Puc. 10. lenarypauusi 1 peHatypaiyst 6eJKOB

JIEHaTypUPYIOLIUM areHTOM sIBJsIeTCsl BbICOKasl TeMrepartypa). Takue jaeHaTypupylolllMe areHThl, Kak
STUJIOBBIH CIIUPT, (PEHOJT U XJIOPaMHH, HCTIOJBL3YIOT B KaueCTBe aHTHCENTHKOB JUISl 1e3HH(EKIHH 3arpsi3-
HEHHBIX MaTE€PHAJIOB U MOBEPXHOCTEH. AHAJIOMHYHBIE TTPOLLECCHI TPOUCXOAAT NPH 06e33apayKuBaHuK paH,

B MeJIMlUHe AeHaTypaluuio MPUMEHSIOT [Jisi CTePUJIM3allud MHCTPYMEHTOB W MaTepHaJioB (SILECb
CCaJluH, LaparnnH pacTBOpomM Hona niu CIIUPTOM.

Dyuryuu 6eakos. Boubiioe pazHooOpasne OEJNKOB MO3BOJISET UM BbIMOJHSATh
B XKMBOM OpPraHU3Me MHOXKECTBO PA3JHUUHbIX (DYHKIIMH.

CrpykrypHast ¢yHKuMs. Besiki BXOJASAT B COCTaB BCEX KJETOK M TKaHEH YKUBBIX
opranu3mMoB. besiku §BasIOTCS 0053aTENbHBIM KOMIOHEHTOM BCEX KJIETOUHBIX MEM-
O6paH U OpraHousOB KJeTKU. VI3 6e/IKOB MOCTPOEHbl 3/1€MEHThI LIUTOCKeeTa, COKPaTH-
TeJIbHbIE 3JIEMEHTHI MbILLIEUHbIX BOJOKOH. [IpenmyliiecTBeHHO 13 GEIKOB COCTOAT Xpsi-
LM U CyXoxXKuusl. B ux coctaB BXOAUT 6eJIOK KOoJJareH. BaxHeAIUM CTPYKTYPHbIM
KOMIOHEHTOM TephbeB, BOJIOC, HOTTEH, KOTTEH, POrOB, KOMBIT y KMUBOTHBIX SIBJSIETCS
0eJioK KepaTHUH. B cocTaB CBS30K, CTEHOK apTepuil U JIETKUX BXOAUT CTPYKTYPHbIH
0eJI0K 214 CTHH.

®epmenraTuBHaa (kKatanutuyeckas) dyHkuus. MHorue 6esiku SIBASIOTCS (hep-
MeHTaMH. PepMeHTbl — 3TO GUHOJIOTHUYECKHE KaTaju3aTopbl, T. €. BellecTBa, YCKO-
psifolllde TPOTEKaHHEe XUMHUYECKHX peaKlMd B YKUBbIX opraHu3max. depmeHTHl yua-
CTBYIOT B TpOIeccax CHMHTe3a M pacllerieHdsT pa3indyHbiX BelecTB. OHM 06ecrneunBaioT
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a4

Cy6eTpar
(caxaposa)

depMmeHT-cyb6CTpaTHbIN
KOMMIEKC

AKTUBHbIN LEHTP

&

DepmeHT MpopyKTbl peakuum
(caxapasa) (rmoko3a mn ¢hpyKTo3a)

Puc. 11. Cxema pabotbl epmeHTa

thukcalpio yriepoia B mpolecce oTOCHHTe3a, paclllernyieHle MUTATeNbHbIX BelleCTB
B TIHILIEBAPUTEJLHOM TPaKTe U T.J. [IpakTHueckd Bce MPOIECChl XKU3HENEATENbHOCTH,
npoTeKatollie B opraHuame, 00yC/0B/eHbl (hePMEHTATHBHBIMH peaKLMsSIMHU.

@epMeHTbl YCKOPSAIOT XHMUUECKHE peaKIMH 3a CUYeT TeCHOTO B3aWMOJEeHCTBUS

C MoJieKyJlaMH CyOCTPaToB — MCXOJHBIX pearupytouux Belects (puc. 11). C cy6-
cTpatoM (Msi cyGeTpaTaMu) B3aUMOJICHCTBYET He BCsl MoJieKyJsia depMeHTa, a Jiib
HeOOoJbIION ee ydacToOK — aKTHUBHBIH 11eHTp. Halle Bcero oH o6pasoBaH He-

CKOJIbBKHMH aMHUHOKHCJIOTHBIMH ocTaTkaMu. Popma W XUMHUYECKOe CTPOeHHEe aKTHBHO-
ro LIEHTPa TAKOBbl, YTO C HUM MOIYT CBSI3bIBATHCS TOJILKO OIpejlesieHHble cyOcTpaThl
M3-3a COOTBETCTBHSI HX MPOCTPAHCTBEHHBIX CTPYKTyp. MHbIMH ciioBamu, cyOGeTpar no
(hopme MOIXOAUT K aKTUBHOMY LIEHTPY, KaK KJltou K 3aMmky. [ IpucoennHenne K akTHBHO-
My LEHTPY MPUBOAUT K TOMY, YTO MOJIEKYJbl cybCTpaTa onpeseseHHbM o6pasoM pac-
rnoJiaratoTcsl B MpOCTPAHCTBE M 1e(DOPMHUPYIOTCS, B UX CTPYKTYpe ocsabJsitoTest onpe-
JleJieHHble XMMHUeCKHe CBsI3W. Bce 3TO MPUBOIUT K YCKOPEHHIO peaKluH.

Ha saksitounTesibHOM 3Tare XMMHUYECKOH peakiuu (epMeHT-CyGCTpaTHBIH KOMIIEKC
pacragaercsi ¢ BbICBOOOXKIEHHEM KOHEUHBIX MPOIYKTOB W cBoOoaHOro (epmenrta. OcBo-
OOMBLLMHACS AKTUBHBIH LEHTP MOXKET NPUHUMATbL HOBbIE MOJIEKYJIbl cyOcTpaTta.

CxonerBo epMeHTOB ¢ OOBIYHBIMH XMMHUECKHUMH KaTa/ju3aTopaMH MPOsIBJSIETCs]
B TOM, UTO ¥ T€ W JApYyrde YBeJHYMBAKOT CKOPOCTb peakLMH, HO [IPH 3TOM He Pacxojy-
I0TCSl U MOTYT MCIOJIb30BaThCsl MHOTOKPATHO.

B otsiune ot 06bIUHBIX XHMHYECKHX KaTalu3aTopoB (hepMeHTbl 06J1a1aloT C Tl e 1L H -
GUUYHOCTHIO, T. €. KaxXIplil (hePMEHT YCKOPSIET TOJBKO OIHY ONpeesIeHHYI0 PeaKLHI0
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WM JIEHCTBYET TOJIbKO Ha OMpejle/IeHHbIH THT CBSA3U. DTa 0COOEHHOCTh 0ObSICHSIETCS
COOTBETCTBMEM AKTHUBHOTO LIeHTpa (pepMeHTa ornpesiesieHHbIM cyOcTpatam. PepmMeHTh
paGoTaloT ropasno ObicTpee (YCKOPSIIOT peakii B MUJIJIMOHBI U MUJLIMAP/bBI Pas, a He-
OpraHu4eckHe KaTa/jnu3aTopbl — B COTHH M ThICSUYH Pa3), MOITOMY JaxKe B OYeHb MaJbIX
KOHLEHTpalMsX oOecrneynBaloT UHTEHCUBHOE MpOTeKaHHe KaTaJu3HPYeMbIX peakiHil.
DepmeHTHl SIBJASIOTCS OeJIKAMH, MO3TOMY aKTHBHO pabOTaloT JMUIb B Ofpeje-
JIeHHOM juanasdoHe pH, Temnepatypbl u apyrux dakropos. Hanpumep, depmeHT xe-
JIIOYHOTO COKa MeTNCHH aKTUBEH TOJbKO B KHCJOH cpese, a (DepMeHThbl CJIOHbI
amMmuJaza M MaJgabTasza — B cjadollegouHol. [1pH MoBbILIeHUH TemnepaTypbl
BCE XMMHMUECKHE pPeaKLUMH YCKOPSIIOTCS, a peakUMH, Karajusupyemble (epMeHTaMH,
3aMeISIOTCs], a 3aTeM BOBCe MpeKpalulaloTes. [ToBbllieHHe TeMnepaTtypbl, H3MEHeHHe
KMCJIOTHOCTH CPe/ibl M IPYTHX (akTOpPOB MPUBOIMT K JeHATypaluu (hepMeHTOB, B pe-
3yJIbTaTe 4ero OHW TepsIoT CoCOOHOCTb CBS3LIBATLCS CO CBOMMH CyOCTpaTaMy.

Hexotopbie epmMeHTbI, MOMUMO AKTHBHOTO LIEHTPA, UMEIOT OJIUH HJIH HECKOJILKO P € TYJI51T O P H bl X
eHTpoB. Kak ¢ akTHBHBIM, TaK W C PEryJ/siTOPHBIM LIEHTPAMH MOTYT CBSI3bIBATBLCS OMpe/eseHHbIe
BEILIECTBA, BJMSIOLINE HA AKTHBHOCTh (hepMenTa. BeliecTBa, MoBbIIAONHE CKOPOCTh (hepPMEHTATUBHBIX
peakluii, Ha3bIBAIOTCSI aKTHBATOPaMHU (OT JlaT. AKMUBYC — JESITEJIbLHOCTHBII ).

Belectsa, cHuxaiolye Ui GJOKHPYIOLIHE aKTHB-
HOCTb (pepPMEHTOB, HA3bLIBAIOTCSI HHTHOUTOpPAMHU
(ot Jar. uweubeo — CIEpPKUBAIO, OCTAHABJUBAIO). Cy6eTtpar
Pasnuuaior HeCKOIbKO THIOB HHMHOHPOBAHMSI, B HACT-

HOCTH, KOHKYPEHTHOe M HeKOHKypeHTHoe (puc.12).
KonkypeHTHoe HHTMOHpOBaHHE BbI3bIBAETCS Bellle-

CTBAMHM, KOTOpble MO CTPYKTYPE CXOAHbI C CyOCTpaTom depmeHT O/
U CIOCOOHBI CBSI3bIBATLCS C AKTHBHBLIM LEHTPOM q)ep- .

meHTa. [Ipu 3TOM MoseKysbl cybeTpaTta U MHHrHOUTOpA ﬁ‘gmg”bm

KOHKYPHPYIOT 32 aKTHBHbIH 1leHTp. KoHKypeHTHbIe HMH-

rMOUTOPBI HEPENKO HCMOJb3YIOTCS B KauecTBe JieKap-

CTBEHHBIX CPEJCTB (aHTHOHOTHKH, MPOTHBOOIMYXOJEBbIE
npenaparsl U fip. ).

HexonKkypeHTHBIE MHTHOUTOPBI HE HMEIOT CTPYK-
TYPHOTO CXOJCTBA C CyOCTPATOM H TPHUCOQJMHSIOTCS He
K aKTHBHOMY LIEHTpY, a K JPyrUM ydacTkam epmeHTa
(B YaCTHOCTH, K PEryJ/ITOPHOMY LIEHTPY).

< NHrnéutop

KOHKypeHTHOoe MHrMbupoBaHue

Cy6cTpar

PerynaTopHbin
LieHTp

CDepMeHTbl LIMPOKO UCMOJb3YIOTCS B IMULLE-
BOH TPOMBIIIJIEHHOCTH (TTPH MPOM3BOJCTBE Chl-
pPOB, COKOB, OBOILIHbBIX M (DPYKTOBBIX MiOpe, B W
xJe60MeueHnn, MMBOBAPEHUH, BUHOMEIHUH, VISt
00paboTku Msca U T. J.). X Takke nmpHUMeHsi-
IOT B CEJIbCKOM XO3SIHCTBE ISl TOJy4eHHsT KOp-
MOB, B MeJuUlUMHEe JJId JUArHOCTHKH W JieUeHUd

NHrmnéutop

HekoHKypeHTHOe uHru6uposaHue

Puc. 12. Cxema unruupoBanust
tbepmenra
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3a60JieBaHuUM, B TEKCTHIILHOK M KO?KEBEHHOH MPOMBILLIIEHHOCTH /7151 00paboTKH TKaHeH,
KOKH U MeXa, B MPOU3BOJCTBE CHHTETHUYECKHUX MOIOLINX CPEACTB M JIp.

TpancnoprHaa ¢yHKuusi. Muorue GeJiki coCOOHbI TPUCOEUHSATL H EPEHOCHTh
pasnuuHble BellecTBa. [eMOraoOHH CBA3BIBAET U MEPEHOCHT KMCJIOPOAL H YIJIeKHC-
JIblii ra3. Al 6y MU HBl KPOBH TPAHCTIOPTHPYIOT JKUPHBIE KUCJIOThI, TJ10OY U H bl —
MOHbl MeTa/lJIoB M ropMoHbl. MHorue OeJiKM, BXOJsLLME B COCTAaB LMUTOMNJA3MaTHye-
CKOH MeMOpaHbl, y4acTBYIOT B TPAHCIOPTE BEILECTB B KJETKY M H3 Hee.

CokparurenbHasi (aBuratenbHas) ¢yHkuusi. CokpaTuTe/ibHble GeJIKH 0Gecreun-
BAlOT CMOCOGHOCTh KJIETOK, TKaHEH, OPraHoB W 11eJIbIX OPraHu3MOB H3MEHSITh (hOpMY,
Jauratbesl. Tak, ak THH U MU O3HUH obecreyuBaloT paGoTy MbILILL U HEMbILIEYHbIE
BHYTPHKJIETOUHbIE COKpallleHHsl. Beslok Ty 6y M H BXOAMT B COCTaB MUKPOTpyOOUueK
BepeTeHa JIeJIeHHsl, PpECHUYEK M XKTYTHKOB 3YKapHOTHUYECKHX KJIETOK.

Peryasitopnasi ¢ynkuusi. Hekoropble nentuabl 1 OesKH SIBJSIIOTCSI TOPMOHAMH.
OHu BAMSIIOT HA paz/iuuHble (U3UOJOrHUecKhe npouecchl. Hanpumep, MHCy U H
M TJIOKAaTrOH PeryJupyloT COeprKaHhe TIIOKO3bl B KPOBH, @ COMATOTPOMHUH
(ropmMoH pocta) — TIpolecchl pocTa U (PU3HYECKOTO Pa3BUTHSI.

CurHanbHasi ¢yHkuus. Hexotopble GesiKM KJI€TOUHBIX MeMOpaH CroCOOHBI M3-
MEHSITb CBOIO CTPYKTYpPY B OTBET Ha JieHcTBHEe BHeWIHUX (akTopoB. C MOMOLIBIO 3THX
6eJIKOB TPOUCXOUT MPHUEM CHTHAJIOB M3 BHELIHEH cpebl W repenaya HHPOPMALMH B
KJIeTKy. [IpuMepomM MOXKET CJy»KHTb OMCHH — COCTaBHAsl 4acTb 3PUTEJBLHOIO TIHT-
MEHTa POJAOINCHHA, COAEPIKALLLrOCs B KJIETKAX CETUATKH IJiasa.

3awmtHas dyHkuus. Bejky npenoxpaHsiioT OpraHu3M OT BTOPXKEHHST UyKEpPOJl-
HBIX OpPraHW3MOB M OT MOBpexaAeHUH. TakK, B OTBET Ha MPOHUKHOBEHHE Uy:KEePOAHBIX
00bEKTOB (aHTHI€HOB) OMNpeleieHHble JeHKOUMTbl BblpabaThbiBAlOT crelngpuiecKre
6eJIKW — UMMYHOTJOOYNUHbBl (aHTHTEJA), ydacTBYIOLIHE B HMMYHHOM OTBe-
Te opranuama. besjok WHTepdepoH 3alMIIAET OPraHu3M OT BUPYCHOH HHMEKIHH.
OubpuHoren, TpoM60NJAacTUH U TPoMOUH 0OecrneynBalOT CBEPThIBAHHE
KPOBH, MpeJ0TBpallas KpoBOMOTEPIO.

Tokcuueckasi pyHKuMsI. MHOTHE XKHBble OPraHU3Mbl BbIIEJSIOT OEJKU-T O K C H H b,
KOTOpbIE SBJASIOTCH sIAMHU ISl IPYTUX OPraHu3MOB. TOKCHHBI CHHTE3WPYIOTCS B Opra-
HH3ME psijla KUBOTHBIX, TPUOOB, pacTeHUH, MUKPOOpPraHu3MoB. B cBoio ouepenb, He-
KOTOpbl€ OpPraHu3Mbl COCOOHBI BbIPA0ATHIBATHL @ HTUTOKCH Hbl, KOTOPbIE MOAABJAIOT
JIeHCTBHE 9THUX SIJIOB.

Auepreruueckas ¢GyHkuusi. [locne pacuienseHusi 10 aMHHOKUCIOT OeJIKH MO-
TYT CJY’KMTb MCTOUHMKOM HEpruH B kjeTKe. [Ipu mosHom okuciaeHun | r 6eska Bbl-
nessiercst 17,6 kIk sHeprun. OnHaKko OesKH pacXoyloTes Ha SHEepPreTHUECKHe HYKIIbl
JMIIb B KPaHUX cJydasiX, KOIJla McuepraHbl 3arnachl YrJeBOJOB H JKHPOB.

3anacawowas ¢yHkuus. B cemenax pacrenuil 3anacaioTcsi pe3epBHble OeJiKH,
KOTOpBIE HCIOJIb3YIOTCA MPHU MPOPACTAaHUK 3apOJIbILIEM, a 3aTeM M MPOPOCTKOM Kak
MCTOUHMK a30Ta.
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9 1. Kak HasblBaeTcs MpoLecc HapylleHUs MPUPOAHOM CTPYKTYpbl 6efika, npu KOTOpoM
* coxpaHsieTcs ero nepeuYHas CTpPyKTypa? [eicTBue Kakux (PaKTOpPOB MOXET MPUBOAUTbL
K HapyLLUEHWIO CTPYKTYpbl 6EMKOBbIX MONEKyn?
2. Hem qombpunnspHble 6efkn oTnmyaroTca OT robynapHbIX? Mpuseaute npuMepsl puépurn-
NAPHBIX N TNOB6YNAPHBLIX 6ENKOB.
3. HasoeuTe 0CcHOBHbIe 6ronornyeckne yHKUMM 6enKoB, NPYBEANTE COOTBETCTBYOLLME NPU-
Mepbl.
4. Yto Takoe chepmeHTbI? [Novemy 6€3 nX yHacTus npoTekaHne 60NbLUMHCTBA BMOXUMUNYECKNX
NPOLIECCOB B KJleTKe 6bI110 6bl HEBO3MOXHbLIM?
5. B yem 3aknioyaetcs cneundmyHocTb epmeHToB? KakoBa ee npuumHa? MNoyemy dep-
MEHTbl aKTMBHO (PYHKLIMOHMPYIOT N1LLb B ONpefdesieHHOM Avanas3oHe Temnepartypbl, pH u
Apyrux akTopos?
6. MoyemMy 6enkun, Kak MpaBwmo, MCMOMNb3YIOTCA B KaYeCTBE WCTOYHUKOB SHEPruv nullb B
KpanHMx cny4asx, Korga B KJieTKax mcyepnaHbl 3anacbl yrieBofoB U XUpoB?
7. Y MHOrMX 6aKTepuin B npoLeccax CrHTesa BeLLLeCTB, He06X0AMMbIX AJS1 HOpMarbHOro pocta
N pa3MHOXEHWs, y4acTByeT napaamuHobeH3onHasa kucnota (MABK). B 1o xe Bpems B Megu-
unHe Ona nedeHus psapa 6akrtepuanbHbiX MHMEKUMIA UCMONb3YHTCS CcynbdaHunamuabl —
BellecTBa, No CTpykType cxopHble ¢ NMABK. Kak Bbl oymaeTe, Ha 4eM OCHOBaHO nevyebHoe
JencTeune cynbaHunammngos?

I
H2NOCOOH HZNOT? —NH—R
o

[TABK
O61was popmyna cynbhaHUIaMHIOB

§ 5. ¥YraeBoapl

Yenes00br — opranuueckue CoelMHEHHsl, KOTOpble 00pa3oBaHbl aTOMaMHU yrJje-
poza, Bo0po/a 1 Kueaopoaa. B Mosiekynax MHOTHX yrJieBOJOB BOJOPOJL H KMCJIOPOJL, CO-
JIepKaTcsl B TAKOM 2Ke COOTHOLIEHHH, Kak 1 B Bojie (21 1). OTciona n ux Ha3BaHHe —
yraeBoabl. CoctaB GOJILUIMHCTBA YIJIEBOJOB MOXKHO BblpasuTh (opmyJoi C,(H,0),,,
rIe 1 ¥ m paBHbI TpeM U GoJsiee. BmecTe ¢ TeM ecTb yriieBojibl, Y KOTOPBIX COOTHOILIE-
HHe yKa3aHHbIX B (OPMyJie XHMHUECKHX JIEMEHTOB MHOE, a HEKOTOpble, KPOMeE TOTO,
cojiepKaT aToMbl azota, (ochopa UK Cephl.

YriieBoibl BXOSIT B COCTAB BCEX YKHUBBIX OPraHM3MOB. B KJieTKax »KHBOTHbBIX CO-
JleprKanue yrieBojos He npesbimaer 10 % cyxoil Macchl, B KJI€TKAaX pacTeHHil UX 3Ha-
yuTeNBHO Gosibiie — 10 90 %.

BbinensiioT Tpu Kjacca yrjieBoJOB: MOHOCaXapHabl, OJJUTOCAXapHIbl U
noJaucaxapujbl. Monocaxapudel (0T rped. MOHOC — OJUH) — OecCLBETHbIE KPH-
CTaJI/IMYeCKHe BElIEeCTBA, XOPOLIO pacTBOPUMbIE B BOJIE M HMeEIOLINe cIaikuil BKyc. [1o
KOJIMUECTBY aTOMOB yIJIepPOJla B COCTaBe MOJIEKYJ MOHOCAXAPH/IbI JIJISITCS HA HECKOJTh-
KO TPYINI, BaKHEHILIMMH M3 KOTOPBIX sIBJASIOTCS NsATHyryepoaHbie (Cs) — MeHTO3 bl
u 1iectuyryepostble (Cg) — reKcosbl.
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MeHTO3bI Fekco3bl
CH,OH CH,OH
HOCH HOCH, O H QH O H HOCH, O
H H H H OH H OH H H HO
H H H H HO OH H OH | CH,OH

OH OH OH H H  OH H  OH OH H

Pn6osa [esokcupnbosa [mioko3a [anaktosa ®pykTo3a
Cs5H1005 C5H1004 CgH120¢ CgH1206 CeH1206

Puc. 13. Monocaxapupl

Hau6Gonbliee 3HaueHue aJisi »KUBBIX OPraHU3MOB HMEIOT TaKHE TEHTO3bl, Kak
pu6o3a u nesokcupubo3sa (puc. 13). Pu6osa BXoIUT B cOCTaB BayKHEHIIMX COEJMHEHUN
k1etkn — PHK (pu6onyknennoBoi kucaotsl), AT®, Buramuna B,, psna dhepmeHnTos.
Jesokcupu6osa Bxonut B coctaB JIHK (ne30kcupu6oHyK/IEHHOBOI KHCIOTHI).

Baknyto Guosiornyeckyio poJib UrpaioT rekcosbl — TI0K03a, (ppykro3a, ranak-
To3a (cM. puc. 13). [Nokoza — OCHOBHOH MCTOYHMK SHEPTHH JJIsI KJETOK, OHA CO-
JIEPIKUTCS B KJIE€TKAX BCEX JKMBBIX OprannamoB. Ppykrosza B cBOOOIHOM BHIE TPUCYT-
CTBYET B BaKyoJisiX KJETOK pacTeHni. MHOro QpyKTo3bl COIepKUTCS B iroaax, Qppykx-
Tax, Mefe.

Oauzocaxapudel (0T Tped. 0AUeOC — HEMHOT0) — COEJIMHEHHS], COCTOSIINE U3
2—10 ocraTKoB MOHOCAXapHIOB, MOCAEA0BATENbHO COEIMHEHHBIX KOBAJEHTHBIMH CBSI-
3siMU. B coctaB MoJieKyJs1 0/IMrocaxapuioB MOTYT BXOJAMTb OCTATKH OJIHOTO MJIH Pa3HbIX
MOHOCaxapHuaoB. DoJIbIIMHCTBO 0/IMrocaxapuaoB, BbIAEJIEHHBIX B UMCTOM BHAE, KaK H
MOHOcaxapuibl, — OGecliBeTHble KPUCTAJJIMUECKHEe COeIMHEHHUS], XOPOLLIO PACTBOPHUMbIE
B BOJIE M CJIajIkhe Ha BKYC.

OugMrocaxapujibl, B COCTaB KOTOPbIX BXOJAT JBa OCTATKA MOHOCAXapHJOB, HA3bl-
BalOT AMcaxapuaamu. Haubosee BaxkHble mucaxapuabl — caxapo3a (TPOCTHH-
KOBbIH WJIM CBEKJOBUUHBIH caxap) (puc. 14), manbro3a (coJiofloBbIi caxap), JAakTo3a
(MosounbIll caxap). B pactenusix caxaposa CJy:KHT pacTBOPUMBIM Pe3epBHBIM yrJe-
BOJIOM, @ Tak:Ke TPaHCMOPTHOH (OpPMON TPOAYKTOB (OTOCHHTE3a, KOTOpasi JIerko

nepeHocuTcsl mo pacrenuto. Mansrosza B 6oJb-

CH,OH IIUX KOJIHYECTBAX COJIEPXKUTCST B MPOPACTAIOLIUX
H A o H HOCH O ceMeHax 3JakoB. Jlakrosa siBJIsieTCsl BaKHEH-
OH H H HO UM yIJIEBOJHBIM KOMIOHEHTOM MOJIOKA MJIEKO-
HO O CH,OH
MU TATOILIHX.
H OH OH H Hoaucaxapudot (ot rped. noauc — MHOT0) —

6I/IOHOJII/IM€pr, MOJIEKYJIbI KOTOPbIX COCTOSIT M3
Puc. 14. Crpykrypnasi dopmyJia caxa-
po3bi (CoHy0,) 60JIBLLIOrO Yucsa (110 HeCKOJIbKHX ThICAY ) OCTaTKOB
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N
> Kpaxman
AMUNONEKTUH 'nukoreH
(@100 0 00 0 0 0 0.0 0.0 0.0 0.0 0.0 0 e e
W“..)
Amunnosa Lenntonosa

Puc. 15. CxeMbl CTpoeHHUsT MOJIEKYJI TTOJHCAXapUIOB (@ — OCTATOK MOJIEKYJIbI NJIOKO3bI)

MOHOCaxapHioB. B coctaB nosvcaxapuaa MOryT BXOIUTb OCTATKH OHOTO MJIH Pa3HbIX
MOHOCaxapHuaoB. B oriune oT MOHO- M OJIMTOCAXapHIOB MOJHCAXapH/bl TPAKTHUECKH
HepaCcTBOPHMbI B BOJIE M HE HMEIOT CJIaJIKOro BKyca.

[Tosmcaxapuapl MOTYT HMETb JIMHEHHYIO, HePA3BETBJACHHYIO (Le/UTI0103a, XUTHH ) JIHOO
pa3BeTBJEHHYIO (TJIHKOTeH) cTpyKTypy. KpaxmaJs npescraBiisier co6oit cmMech ToJircaxapi-
noB — npumepHo Ha 80 % (10 Macce) OH COCTOMT M3 PA3BETBJECHHOrO AMUJIONEKTHHA
u Ha 20 % w3 JMHeiiHoro nosmcaxapuua amuaosbl (puc. 15). Tlosmcaxapuubl pasnya-
10TCSl MexKIly COOOH COCTaBOM MOHOMEPOB, JUIMHOW M CTENEHbIO PA3BETBJCHHOCTH LENek.
HaunGosiee Ba:KHBIMH MosIMCaXapuiaMi SIBJSIIOTCS KpaxMaJl, TJIMKOTeH U LeJUTI0J103a.

Kpaxman cunTesupyercsl B K/JAeTKax PacTeHHH M COCTOHUT M3 OCTATKOB IJIIOKO3bI
(cMm. puc. 15). B 3HaunTe IbHBIX KOJIMUECTBAX KpaxmaJl 3aracaeTcsi B ceMeHax, KiyOHsX,
JIUCTBSIX U APYrux opranax. Oco6eHHO BBICOKO CofepKaHue KpaxmaJa B ceMeHax 3ep-
HOBBIX KYJILTYp — poicu, nuienuyol, puca, Kykypysot (10 80 % cyxoit Macchl), KiyGHsX
kapmogeas (oxono 25 %). Kpaxmas oTKIaibiBaeTcsl B KJAeTKaX B BUIE TAK HA3biBae-
MbIX KpaxMaJ/ibHbIX 3€peH.

Y epubos, JHCUBOMHbOIX W 4EA0B8EKA Pe3ePBHBLIM (3amacHbIM) MOJUCcaXapHIoM
siBJIsieTcss raMKoreH. Kak M KpaxmaJsi, TJIMKOT€H TOCTPOEH H3 OCTAaTKOB TJIIOKO3H,
HO €ro 1enu BeTBATCs ellle cuiibHee (cM. puc. 15). OH oTK/ajibIBaeTcss B OCHOBHOM
B MBIILIIAX U KJIETKAaX TeUeHH B BUJE KPOLIEUHbIX PaHy.I.

B o6os0ukax KaeTok pacTeHnH (K/JIETOYHBIX CTEHKAX) COMEPXKUTCS LeIoa03a —
MPOUHBIH, BOJIOKHUCTbIH, HEPACTBOPUMBII B Boje moJucaxapuil. [IpeBecuna, BoJoKHA
XJIOMYAaTHHKA COCTOSIT B OCHOBHOM M3 LeJTI0J03bl. Llesmiono3a, Kak yxKe oTMeyasnoch,
NpeJcTaB/sieT co00H Hepa3BeTBJIEHHbIH MOJUMEp TJIIOKO3bl (CM. pHc. 15).

Llenmonosa urpaer BaxkKHylo poJib B MPOMBIIIEHHOCTH. VI3 Hee u3roraBmmBator
XJ10MmyaToOyMaXKHble TKaHH, Gymary ¥ MHOTOe JIpyroe.
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[Tomumo TOTO, YTO 11€J1/110/1032 ABJIFETCA OHUM H3 CTPYKTYPHDBIX KOMITIOHEHTOB KJETOUHBIX 000J104eK,
OHa CJIY?KHT IMULLEH JUIsl HEKOTOPbIX XKHBOTHBIX, IPUOOB M MHUKpOOpraHusmMoB. PdepmeHT 1eJtona3a,
pacLenIsolMi 1eJ//110J103y 10 TJ1I0KO3bl, BbIpabaTbiBaeTCs TOJILKO HEKOTOPBIMH IPyIIaMi OPraHu3MoB
(Gaxrepuu, rpubbl, HEKOTOPbIE TPOTHCTHI). [TosTOMY B OpranuamMe GOJbLUIMHCTBA XKUBOTHBIX LEJIII0/103a
HE MOXKET MCIOJIb30BATbCsl KaK MUTATeJbHOE BELIEeCTBO, XOTA OHA NpeCTaBisieT coO0H MPAKTHYECKH
HercyepriaeMblil U MOTEHIMAIBHO LeHHBIH HCTOYHHK MJIIOKO3bI.

OJ1HaKO y MHOTHX TPaBOSIIHBIX XKUBOTHBIX B IHIIEBAPUTEJIBLHOM TPAKTe B KauecTBe CHMOHOHTOB 00H-
TaloT GAKTEPUU M NPOTHCTbI, KOTOPbIE BbIPAbATLIBAIOT (DEPMEHT, paCLLeNIsIOIHUil Liesto103y. MuKpo-
OpraHu3Mbl, CroCoOHbIe PACIIEMIIATD LEJ/II0J03Y, BXOAAT TaKKe B COCTaB MUKPOMIOPBI TOJICTOrO KH-
IIeYHHKA YesloBeKa.

B cocrtaB KyTHKyJsibl 4JIEHHCTOHOTHX, KJETOUHBIX 060JI04eK MHOTHX TPUOOB M
HEKOTOPbIX TPOTHCTOB BXOAUT TOJIMCaXapui XUTHH. [1o cTpyKType OH cxozeH ¢ ued-
JIIOJIO30H, OIHAKO B COCTABE MOJIEKYJ COLAEPXKUT He TOJIbKO YIJIepPOJ, BOLOPOL U KHUC-
JIOPOJ1, HO H a30T.

Pynkyuu yenesodos. B KUBbIX OpraHU3Max YrjeBoJbl BbIMOJHSIOT pas/jMuHble
(yHKIIMH, HO OCHOBHBIMH SIBJISIIOTCSI SHEpreTHUeCKasl, 3anacaolast 1 CTpyKTypHasi.

AHepreTnueckass (YHKIUS COCTOMT B TOM, UTO YIJIEBOIbI MO BJHSHUEM (ep-
MEHTOB JIETKO PACLLENJISIIOTCS U OKMC/ISIIOTCS ¢ BbllesieHHeM sHepruu. [lpu nosHom
okucsieHuu 1 1 yraeBonoB BeicBoOoxKnaercst 17,6 k[x sHepruu. Koneunsle npoaykTbl
OKHCJIEHHS] YIJIEBOJIOB — YIVIEKHCJIbIE ra3 W Boja. BakHedwasi posib yrjeBoJoB B
SHEePreTHYeCKOM OOMEeHe »KHMBbIX OPraHM3MOB CBfi3aHA C UX CIOCOOHOCTbIO paclie-
MUISITbCS KaK MPH HaJIMYHKU KMCJI0POJA, TaK U 6e3 Hero. DTo UMeeT 0oJiblloe 3HaUeHHe
JJIs OPraHU3MOB, XKMBYUIMX B YCJIOBHSIX NePUUMTA KMCJIOPOAA.

3anacatowas (QyHKIMs 3aKai04aeTcs B TOM, YTO MOJHCAXapHIbl SIBJSIOTCS 3arac-
HBIMH MUTATENbHBIMH BELECTBAMH »KUBbIX OPIraHU3MOB, Urpasi POJib «XpaHWUJHILL» SHEp-
TMH. 3anacHbIM (pe3epBHbIM) YIVIEBOIOM y PACTEHHH sIBJsIeTCSl KpaxmaJ, y *KHBOTHbIX
¥ TpuboB — ryMKOreH. [IpH HEoOXOIMMOCTH 3TH TOJIMCAaXapuibl PACIIENJISIOTCS 10
IJIIOKO3bl, KOTOPAst CJIy?KUT OCHOBHBIM UCTOUHHKOM 3HEPrHH WISl KMBbIX OPraHM3MOB.

CrpyktypHas (yHKIHS YIJIEBOJIOB 3aKJI0UAETCs B TOM, UTO OHH HCIOJIb3YIOTCS B
KauecTBe CTPOUTE/bHOro Matepuana. O6osouKH KaeTok pactenuil Ha 20—40 % co-
CTOSIT U3 LIEJITI0JI03bI, KOTOpast 00J1alaeT BLICOKOH MPOYHOCThIO. [105TOMY OHM HanexK-
HO 3allMIIAIOT BHYTPUKJIETOUHOE COAEPXKMMOE M TMOIepKUBAIOT (DOPMYy KJeTOK. XH-
THH, KaK y>K€ FOBOPHUJIOCH, SIBJISIETCS BayKHBIM CTPYKTYPHBIM KOMIOHEHTOM Hapy:KHOTO
cKeJleTa YIEHUCTOHOTHX, KJeTOYHbIX 060J104eK rpHOOB H HEKOTOPBIX POTHCTOB.

OJiuro- W moJsicaxapuiibl BXOJST B COCTAB LIUTOMNJa3MAaTHUECKOH MeMOpaHbl Kie-
TOK KMBOTHBIX, 00pa3ysi HaMeMOpPaHHbIH KOMIJIEKC — TJAUKOKaJdHKC. YIJeBoj-
Hble KOMIMOHEHThI LUTOMN/IAa3MaTHUECKOH MeMOpPaHbl BbIMOJMHSIOT peLenTopHylo (QyHK-
LMI0: BOCMIPUHUMAIOT CHTHAJIbl H3 OKPY2KaloLLeH cpe/lbl U MepeialoT UX B KJETKY.

Meraboaunueckast QyHKIHS YrJI€BOJOB COCTOMT B TOM, UTO B KJETKAax »KHMBbIX
OpPraHU3MOB MOHOCAXapH/bl SIBJISIIOTCS OCHOBOH Ji/Isl CHMHTE3a MHOTMX OpraHuue-
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CKHUX BeUIeCTB — OJIMI'o- U MoJiMcaxapuaoB, HYKJACOTHA0B, HEKOTOPbLIX CIIMPTOB. PHIL
BeUIEeCTB, OépaSYEOLU,I/IXCH B X0Jle paculerjieHust MOJIeKyJl MOHOCaxapuioB, HUCIOJIb3Y-
€TCs KJIETKaMU JJI1 CUHTE3a daMUHOKHUCJIOT, XKUPHBIX KUCJOT U AP.

MOBPEXKICHUH I€PEBbEB, HANPUMEP BUULCH U C/LLLB’) ABJIAIOTCA MPOU3BOAHBIMU MOHOCaXapuaoB. Oun

Yr1eBOJbl TAKXKE BBIMOJHSIOT 3alIUTHYIO (byHKLlI/IlO. TaK, KamMmenau (CMOJH)IY BbIACJISAAIOIHECd T1PpU
NPenATCTBYIOT MPOHUKHOBEHHIO B PaHbl 60.}]83HeTBOprIX MHUKPOOPraHu3MOB.

9 1. Kakue BelllecTBa ABNAOTCA MoHocaxapuaamu? Onurocaxapuaamun? lMNonucaxapuoamun?

a) Jlakroaa; I') IJII0K03a; K) LeJUII0J03a;
6) TJIMKOTeH; 1) pr603a; 3) hpyKTO3a;
B) MaJibT03a; €) XUTHH; 1) caxaposa.

2. Kakve 6uonornyeckne yHKLUM BbINOMHAIOT MOHOocaxapwabl? Oducaxapuabl? lMpuseante
npvmMepbI.

3. Hem o6ycnoBneHo pasHoobpasve onMrocaxapvpoB M noavcaxapuvpgoB?

4. Kak MeHsieTca BKYC YrmeBOAOB M UX PacTBOPUMMOCTb B BOAE C YBENNYEHWEM MOMEKynsap-
HOM Macchbl?

5. MMo4yeMy NpPOMOpPOXEHHBIV KapTodenb BCKOPe Nnocne oTTanmBaHus NpuobpeTaeT cnagkosa-
TbIl BKYC?

6. CpaBHUTE MO pPa3nUYHbLIM MpPU3HaKaM Kpaxmarsl, Lenmnonosy 1 rmmkoreH. B yem nposens-
eTca ux cxoncTeo? B uvem 3akntovaroTcs pasnuynsa?

7. MNoyemy rnioko3a B OpraHM3mMe XMBOTHBIX M 4eioBeKa XpaHuTcs B hopMe rMKoreHa, a
He B BMAE COOCTBEHHO [TIHOKO3bl, XOTS CUMHTE3 FMKoreHa TpebyeT [OMOSIHUTENbHbIX 3atpar
3Heprum?

8. Kpaxman B KneTkax pacTeHWU U MUKOreH B KNeTKaxX XXMBOTHBIX BbIMNOMHAT OAHY U Ty Xe
dyHKumo — 3anacatoLLyto. OCHOBHOWM KOMMOHEHT Kpaxmarna — pa3BeTBIEHHbIN Monucaxapuvn,
amMWUIONEeKTUH. [NKoreH nNofo6eH aMuoneKTVHY, OQHAKO UMEeEeT MEHbLUYIO MOMEKYNAPHYIO
Maccy u 6ofiee pas3BeTBIIEHHYIO CTPYKTYypy. KakoBo 6MOMOrM4yeckoe 3HaqeHue ykKasaHHbIX
0COBEHHOCTEN rnukoreHa?

§ 6. Jlunuap!

Jlunuodet (ot rped. Aunoc — }Kup) — OOUIMPHAS TPYIINA XKUPOB U KUPOTIOA0OHBIX
BEILECTB, KOTOpble COJIEPKATCsl B KJIETKAX BCEX KMBBIX OPraHM3MOB. BosblIMHCTBO
M3 HUX HEMOJISIPHBI M, CJEN0BATeNbHO, THAPOpoOHbl. OHH MpakTHYeCKH HEpacTBO-
pUMBbI B BOJe, HO XOPOILO PACTBOPSIIOTCSI B OPraHMYECKHX PacTBOpUTeJIsIX (OeH3HHe,
xJiopoopme, schupe u ap.).

B >KMBbIX OpraHuaMax cojiepsKanue JIHMUIoB cocTasseT ot 5 10 15 % cyxofii Mac-
cbl. B kietkax »kupopoit Tkann oHo pocturaet 90 %. Boicokoe comepkanue JUIHI0B
XapakTepHO I HEPBHOH TKaHM, TMOJIKOXKHOH KJEeTYaTKH, MOJIOKA MJIEKOMHUTAIOIIHX.
MHoro »KHpPOB B ceMeHax M MJIojlax HEKOTOPbIX PACTeHUH (1n00coAHe HUKA, epetKoe0
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H,C— 0—C—R;

OcTtatku
KapHOHOBbIX
KMcnoT

OcraTok
rnvuepvHa

Puc. 16. Cxema ctpoenust
MOJIEKYJIbI JKHpa

JeJbHbBI€, HIHU

opexa, MACAUHbL, AbHA, KACWEBUHbL, panca, cou, KYKy-
py3et). OHM UCMOJB3YIOTCS /I MPOMBIIIJIEHHOTO MOJyYe-
HUSI PACTUTEJIbHBIX MaceJ.

[To XMMHUECKOMY CTpPOEHHIO JIMMHUJbI BechbMa pas-
HooOpasHbl. PaccMoTpuM BakKHeidlllMe Tpymnbl JHIHIOB.
JKupbl — HauOGoJsiee npocTble U LHPOKO pacnpocTpaHeH-
Hble aunupl. FIx Mosiekysibl 06pasylotesi B peayJisrare Mnpu-
COeJIMHeHHsT K MOJIeKyJie CrMpTa TJIMIEePHHA TPEX OCTATKOB
KapOOHOBBIX KHCJIOT (Yallle BCEro BbICUINX), KOTOPbIE MOTYT
ObITb OJIMHAKOBBIMHM HJIM pa3HbIMU (puc. 16).

ATombl yrsiepoma B MoJieKyJiax KapOOHOBBIX KHCJIOT
MOTYT ObITh COEIMHEHBI JIPYT C JIPYTOM KaK MPOCTHIMH, Tak
M JIBOHHBIMH CBsI3sIMU. B mepBoM cilyuae KHCJIOTbI Ha3bl-
BAIOTCSl MpeJleIbHBIMHU WIM HaCbllleHHb MHU. Ecin
»Ke HUMEIOTCSl JIBOMHbIE CBSI3H, TO 3TO KHCJOTbl Hempe -

HeHacbileHHble. Cpean npenesbHbIX KapOOHOBBIX KHCJOT

HanboJiee 4yacTo B COCTaB 2KMPOB BXOJAT MaJibMUTHHOBasd M CTeapuUHOBad,
a Cpelir HenpeaeJbHbIX — OoJieMHOBasl, JUHOJ€eBAsI U JIUHOJ€HOBAsl KHC-

JoThI (puc. 17).

JloHa yriepomHbIX 1eneil ¥ KOJMYeCTBO JIBOHHBIX CBfI3eH B OCTaTKax KapOoHO-
BbIX KHCJIOT ONPENesioT (hU3MUeCKHe CBOHCTBA TOTO WJIM HHOTO »kKupa. Iljis »Kupos
C KOPOTKHMH W (MJIM) HEHACBILIEHHbIMH LENSIMM XapakTepHa HHU3Kasi Temreparypa
nyasjaeHus. [Ipy KOMHaTHOH TeMrnepatype OHM MMEIOT »KHUJKYIO JIHOO Ma3ernoloOHyto

R

CreapuHoBas kucnota (Cq7H35COOH)
CH3_CH2_CH2_CH2_CH2_CH2_CH2_CH2_CH2_CH2_CH2_CH2_CH2—CH2_CH2_CH2_CH2_COOH

OneuHoBas kucnorta (C17H3;3COOH)
CHg—CH;~CH,~CH,~CH,~CH,~CH;~CH,JEHIZ CH — CH,~CH,~CH,—CHy~CHy~CHy~CHy—~COOH

Puc. 17. CrpoeHue MoJieKyJl CTEaPUHOBOH W OJIEMHOBOH KUCJIOT
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KOHCHCTeHLHUI0. M1 Ha060poT, KUPBI ¢ IJTHH-
HBIMM M HACBILLEHHBIMH LENsIMH TIPH KOM-
HATHOH TeMrepaType MpeACTaBJIsIoT coOOoi
TBep/ble BeLleCTBa. ¥ »KUBOTHBIX, KHBYLLHX
B XOJIOAHOM KJjuMaTe (Harpumep, y poib
APKTHUECKUX MOpEil), »KUPbl 0OBLIYHO CO-
Jepxkat GoJibllle OCTATKOB HEHACBILIEHHBIX
KHCJIOT, UueM y oOuTaTe/iell 10KHbIX LIHPOT.
[lo 3Toii mpuuMHE HX YKUP W TIPU HU3KHUX
TemIepaTtypax ocCTaeTcst »KHIKMM, a TeJlo
coxpaHsieT rHOKOCTb.

®ochoaunuapl Mo CTPYKType CXOJHDI
C KMpaMH, HO B HX MOJIEKYJie OJIMH OCTa-
TOK KapOOHOBOH KHCJIOTHI 3aMellleH pa-
JIMKAJIOM, COJepKallliM OCTaToK Qocdop-
HOl KucsoThl (puc. 18). Docdoanunubl

Ocratok

hocopHOM KUCOTbI {

OcTaTtok rnuepuHa {

OcTtatku

Kap6OHOBbIX KACMOT

vopodunbHas
rosioBka

'vapocobHbIe
XBOCTbI

Puc. 18. Crpoenune MoJieKyJbl ocdonunuia

SIBJISIIOTCS OCHOBHBIM KOMITOHEHTOM KJIETOUHBIX MeMOpaH.

Mouviekyna docoannuaa coCTOMT M3 JBYX uacTel, pas/MyHbIX M0 CBOEH pac-
TBOPUMOCTH B BOJI€: MOJISIPHOH THAPOGMHUIbHOH TOJOBKH U THAPO(OOGHBIX XBOCTOB —
HEMOJISIPHBIX YIJIEBOJIOPOJIHBIX 1ienel KapGoHOBbIX KUC0T (cM. puc. 18). Ha pucynke 19
nokKasaHa OpHeHTalusi MoJiekya (ocoJUNUI0oB B pas3HbIX cpeiax. Takas mnpuponua
thochosmnuiIoB 00yCIOBIHBAET UX KJOUEBYIO POJib B (DOPMHPOBAHUH CTPYKTYpPbl GHO-
JIOTHUECKHX MeMOpaH, KOTOpPble Mbl PACCMOTPHUM MO3JHEE.

Macno

Bopa

6

Bopa

W

Bopa

Puc. 19. Opuentauusi Mosiekys hochoHMnuuoB Ha rpaHule Boga — Macho (a) u B Bojie (6)
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K JIMIMUAaM OTHOCSITCSl TakKzkKe BOCKH, BbIINOJHAOLIME B OpraHusme paCTeHI/IIU/I H
2KMUBOTHbIX B OCHOBHOM 3allUTHYIO Cl)yHKLLl/HO.

Y MJIEKOMHTAIOLIMX BOCKH BXOJST B COCTAB CEKpeTa, BbIAEJISIEMOro cajlbHBIMHU 2Kejie3amu Koxku. Ce-
KPeT Ca/IbHbIX KeJle3 CMa3blBaeT KoKy H BOJIOChI, JieJ1ast UX 2JaCTHUHBIMU M YMEHbLUAas CHALLHBAEMOCTb
BOJIOCSIHOTO MOKPOBA. ¥ TNTHIL BOCKH, CEKPeTHPyeMble KOMUHUKOBOH »Kesle30H, MPUAAloT MepbsiM BOJO-
OTTaJIKMBAIOLIMEe CBONCTBA.

BockoBoit cyiofi MOKPHIBAET JIMCThsl HA3eMHBIX pacTeHHi (BOCKOBAs KyTHKYJIa) U MOBEPXHOCTD Tesla
Ha3eMHBbIX UJI€HHCTOHOTHX, [PEIOXPaHsis OT H3JIMLLHEro MCnapeHHsl BObL.

Bockn — cyioxHble 3pHPbI 0HOATOMHBIX BBICOKOMOJIEKYJISIPHBIX (MMEIOLINX AJTUHHBIA YIJIePOIHbIH
CKeJleT) CIUPTOB M BBICHIMX KaPOOHOBBIX KHCJIOT. ¥ *KHBOTHBIX BOCKHM TaKyKe BXOASIT B COCTAB TOJIOB-
HOro Mo3ra, JuMpaTHYECKHX y3J10B, cesedeHkH. O6pasyeMblii MuesaMu BOCK HCMOJIb3YeTCs VI CTPOU -
TEJIbCTBA COT.

Ele oaHy rpymnmy JIMIUAOB COCTaBJSIIOT cTepouabl. VIX mMosiekysibl He comep:kat
OCTaTKOB Kap6OHOBle KHCJIOT. CTepOl/lIlaMl/l ABJIAIOTCA, HallpUMep, KeJUHble KHC-
JIOThl (BaKHEHILHME KOMIOHEHTbI JKeJIUH) U CTePOUJIHbIe TOPMOHBI (10J0BbIE
FOPMOHbI, FTOPMOHBI KOPbI HA/INOYEUHHKOB — KOPTHKOCTEPOU/IbI ).

MckouuTebHO BaXKHYIO POJIb B OpraHu3Me 4eJloBeKa W KUBOTHBIX HUIPAET X O -
decTepuH. OH HeOOXOAUM /ISl CUHTE3a JKeJUHbIX KHCJOT, CTEPOMJHBIX TOPMOHOB,
ButampHa D. Kpome Toro, xosiectepuH BXOAUT B cocTaB OHOJOTMUECKHX MeMOpaH,
obecrieynBaeT UX CTaOUIBHOCTb U PEryJupyeT MPOHUILAEMOCTb.

OnHako MOBbILIEHHOE COJepXKaHMe XOJeCTepuHa B OpPraHU3Me MOXKeT BbI3bIBATh
pasBuTHe psifa 3abosieBaHUi, B YACTHOCTH CEPAEUHO-COCYAUCThIX. XONECTEPUH MOXKET
OTKJIa/IbIBATbCSl HA BHYTPEHHUX CTEHKAX KPOBEHOCHbBIX COCY/0B, H3-3a YEro HX MPOCBET
cyKaeTcsl. DTO BeJleT K HapyLIEHHI0 KPOBOCHAOXKeHMsl TKaHel W OpraHoB, B MePBYIO
ouepe/ib CepAEUHOH MbllLLbl, TOBBILLIAETCS PUCK HH(APKTa MHOKAPAA, MHCYJIBTa, IPYTHX
ocaoxkHeHui. K dakropaM, NMoBbIlIAIONIMM YPOBEHb X0JeCTEPHHA, OTHOCSTCS: KypeHHe,
HejloCcTaTouHAast pUanyecKast akTHBHOCTb, HelpaBUJ/IbHOE THTaHKe (Tepeenanue, U3ObITOK
»KUPOB B IMHLLE) U JIP.

Jlunuapl cnocoGHbl 06Pa30BbIBATH CJIOXKHbIE COEIMHEHUST C BELIECTBAMM JPYTrUX
KJiaccoB, Hanmpumep ¢ GejKaMH — JHUTONPOTEHHBI, C YIIeBOJaMH — TJHKO -
JUM T U LBl

Pynkyuu aunudos. OnHa U3 0CHOBHBIX PYHKLMH JUIUIOB — 3HEpreTuyeckas.
[Ipu nosiHOM OoKHMC/eHUH | T YKHPOB [0 YIVIEKMCJOTO ra3a U BOJbl BbIIEJSETCS OKOJIO
39 k> Hepruu, yTo HaMHOTrO GOJbLIE MO CPABHEHHUIO C MOJHBIM OKHCJEHHEM TaKOTO
)K€ KOJIMYECTBA YIJIEBOJ0B. DTO JAAET BO3MOXKHOCTb 2KHBOTHBIM, BMNAAAIOLMM B CIISIUKY,
pacxof0BaTh HAKOMJIEHHbIE JIETOM M OCEHbIO »KHPOBbIe 3anachl isl MOUIeP:KAHUST T1PO-
LIECCOB »KU3HENESITENIbHOCTH B 3UMHUI Mepuoj. Bbicokoe copep:kaHue JIUMUAOB B ce-
MeHax pacTeHui obecrneunBaeT HEpPruedl pasBUTHE 3apojblllia U MPOPOCTKA, T0KA OH
He MepersieT K caMoCTOosITeIbHOMY MTHTaHHIO.
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Kpowme Toro, npu okucienun 1 r xkupoB o6pagyercsi 1,00—1,1 r Bojbl, nostomy
6Jiarosapsi 3arnacam yKupa HeKOTOpble XKHBOTHbIE MOTYT JJHTEJIbHOE BpeMsl 0OXOAUTHCS
6e3 Hee. Hanpumep, sepbaiodol B nycTbiHe BbliepKUBatOT 6e3 Boabl 10—12 cyTok,
medsedu v ipyrue XKUBOTHbIE BO BpeMsi 3UMHEH crisiuku — 0oJiee 1ByX MecsilieB. Heo6-
XOZUMYIO JI/Is 2KM3HEIESATeIbHOCTH BOJTy 9TH XKUBOTHBIE MOJYYal0T HMEHHO B pedyJsbTate
OKHCJICHHUST 3aMaceHHbIX KHUPOB.

BaxkHoll yHKIMeN UNKIOB siBJsieTcs: cTpouTebHast (cTpykrypHas). ®ocdosiu-
MHJBI, XOJNECTEPHH, JIUITONPOTEHHbI, [JIMKOJHUIHUAbl — Ba)KHEHIIHE KOMIOHEHTHI KJe-
TOYHBIX MeMOpaH.

3awurHas GyHKUMS JUNHIOB 3aK/II0YAETCs B TOM, YTO OHHM MPEIOXPaHSIOT BHY-
TpPeHHUE OpraHbl OT MeXaHWYeCKHX TOBpeKIeHUI (HarnpuMep, MOYKH 4es08eKa
MOKPBITHl >KHPOBBIM CJIOEM, 3aUIMILAIOLMM HX OT TPaBM, COTPSICEHHSI MPH Xoabbe
U MPbDRKKAX).

Hakansusasicb B MOAKOXKHOH »KUPOBOH KJe€TYaTKe, XKHPbI BBIMOJHSIOT TENJA0U30-
JILMOHHYI0 (yHKumMIo. Tak, y cureeo Kuma TOJIIMHA MOIKOMXKHOTO KHUPOBOTO CJIOS
MOXKeT mnpeBbiiath 50 cM.

Peryasitopnas dyHkumsi. [losioBble rOPMOHBI M KOPTHKOCTEPOMJIbI PErYJIHPYIOT
NpPOLECChl PasBUTHS M pa3MHOXKeHHusi, oOMeHa BellecTB. Buramuusl rpynnsl D, Ko-
TOpbIE SABJSIOTCS TPOU3BOJHBIMH XOJI€CTEPHUHA, UTPAIOT BayKHYIO POJib B 0OMEHe Kallb-
uus v ocdopa. KesuHble KUCJIOTB y4acTBYIOT B MHIIEBAPEHHH: OHH 06€CTeUNBaIOT
9MYJIbTUPOBAHHE KUPOB MHIIM U BCACbIBAHUE MPOJYKTOB HX paclllernJeHus.

9 1. Yto npencTasnAlT co6on MnNuabI? K Kakon rpynne OTHOCUTCA GOMbLUMHCTBO NAMWMAOB —
' K rmppousibHbIM Mn K rMapoo6HbIM BeLlecTBam?
2. B kakmx knetkax (TkaHsix, opraHax) pacTEHWUMA W >XXUBOTHbIX COAEPXMTCS GOrbLUe BCEro
nunupos?
3. lMepeyuncnute rpynnbl NMNUOOB. Kakne OCHOBHblE GUONOrMYeckne PyHKLUN XapakTepHbl
ONs KaKA0W rpynnbl?
4. MoyeMy NMpu KOMHATHOW TemnepaType OOHW XWpbl TBepAble, a APYrve UMEKT XUOKYHO
KoHcucTeHumno? MNprBeauTe NpuMepbl TBEPAbIX U XXUOKUX XMUPOB.
5. BbisBUTE CXOACTBO M pasnuyna B CTPYKTYPE M CBOWMCTBAX XUPOB M (POCHONUNULOB.
6. MHorne XnBOTHble, obuTalrOLLMe B YCMOBUAX XONOZHOIMO KAMmara, UMEeKT TOMNCTY MNoA-
KOXHYIO >XXMPOBYIO KneTyaTky. HekoTopble obutaTenu ctenen U MNyCTbliHb TakXe YCUIIEHHO
3anacalT MOOKOXHbIN XUp. Kakne yHKUMM BbIMOMHAKT XUPbl B OpraHu3Me 3TUX XU-
BOTHbIX?
7. MoyeMy Npv OKUCAEHWUU XUPOB BbICBOBOXAAETCA 6OMbLUE 3HEPrUKU, YeM MPU OKUCIIEHUN
Takoro e Konu4ecTea yrnesogoB?
8. CopepxaHue 3anacHbiX YrmeBOOOB B KreTKax pacteHun MoxeT pocturatb 90 % cyxom
Macchbl. B opraHM3mMe XMBOTHbIX OCHOBHbIE 3amnachl XpaHATCA B BUAE XMUPOB. Yem 3TO MOX-
HO O6BLACHUTL?
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§ 7. Hyk/ienHoBble KUCJAOTDI

Bce »kuBble opraHu3mbl cnocoOHbl COXPaHsATh HAC/EACTBEHHYIO HH(OPMALHIO H
nepeiaBath ee MOoTOMKaM MPU PA3MHOXKEHHH. DTy (QYHKIMIO BBLIMOJHAIOT HYKJIEUHO-
Bbl€ KMCJIOTbI.

BriepBble HyKk/IeMHOBblE KHCAOTHI ObUIM OTKPBITHI IBEHIAPCKHM OGHOXMMHKOM
®. Mumepom B 1868 1. B xome uccyieoBaHUil yueHbI OOHAPYKUJ W BbIIEJIUI
UX U3 sijiep JICHKOLMTOB 4e408€Ka W CHepMaTo30MIoB .10cocsa. OT cjoBa «sapo»
(OT JaT. HyKAeYyC) U MPOU30LIJIO HA3BAHUE CHYKJIEMHOBbIE KMCJIOThI».

BriocnencTBun HykjeHHOBbIE KUCJOTHI ObIM 0OHAPYKEHbI BO BCEX KJETKaX pac-
TeHU, »KUBOTHbBIX, TPUOOB, MPOTUCTOB, OakTepuil U aaxke B Bupycax. [Ipuuem Bbisic-
HHJIOCh, UTO MOJIEKYJIbl HYKJIEMHOBBIX KHCJOT COJIEPKATCS HE TOJILKO B sipe, HO U B
LIMTOMJIa3Me KJIETOK, B COCTaBe€ HEKOTOPBIX OPTaHOMJIOB.

Hyk/enHoBbIe KHCJIOTBI — caMble KPyMHble M3 MOJIEKYJl KHBBIX OpraHu3MoB. Kx
OTHOCHTEJIbHASI MOJIEKYJISIPHASI Macca MOXKET COCTaBJSATh OT HECKOJbKMX ThICSU JI0
HECKOJIbKUX MHJIJTMOHOB.

Hyk/aenHoBble KHCJIOTBI — CJIOXKHblE OUOMOJMMEPbl, MOHOMEPAMH KOTOPBIX
SBJISIOTCS HY KJ1€ O T U I bl.

Cmpoenue Hykaeomudos u o0Opas3osanue NOAUHYKAeOMUA08. Kaxbiii
HYKJICOTHJI COCTOUT W3 A30THCTOTO OCHOBAHHMS, MATHYTJIEPOAHOrO caxapa (TeHTO3bl)
1 octatka gocopHoit kucaothl (puc. 20).

B cocraB Hyk/eoTHIa MOXKET BXOAUTH OJTHO M3 MSATH a30THUCThIX OCHOBAHUH: a i€ -
HuH (A), ryanun (I), uurosun (L), tumun (T) wan ypauua (V). AneHun
1 TyaHWH OTHOCATCA K MY PHHOBBIM OCHOBAHHUSAM, LMTO3WH, THMHH M ypauua —
K MUPHUMHIHUHOBBIM.

O6paruTe BHUMaHHE, UYTO B MOJIEKYJe HYKJeOTHIa a30THCTOE OCHOBAHHWE TMPUCO-
e/IMHEHO K [EePBOMY aTOMy Yrjepoja TeHTO3bl, a OCTaTOK (POCPOPHON KHCJIOThl —
K TISTOMY.

dopmupoBaHle JHHEHHON MOJMHYKJIEOTHIHON LENOYKH TPOUCXOIUT MyTeM CO-
e/IMHeHHs] TIEHTO3bl OJIHOr0 HYKJIEOTH/IA C OCTATKOM (POCHOPHON KUCJOThI JIPYroro Hy-
Kjaeotuaa (puc. 21).

B 3aBucuMOCTH OT BuJa TATHYTJIEPOAHOTO caxapa B COCTAaBe HYKJIEOTHJIOB pas-
JIMYAIOT JIBA THIMA HYKJEMHOBBLIX KMCJIOT: Ae30KcupuboHykiaenHoBble (JHK) u pubo-
HykjaeuHoBbie (PHK).

B cocraB uyksmeotunoB JIHK BxomauT ocraTok ne30KcHpuOGO3bl, a HYKJIE€OTHIIb
PHK conep:xat ocratok pu6osbl. Kpome Toro, azorucroe ocHoBanue TuMuH (T) mo-
JKET BXOJUTb TOJIbKO B coctaB Hykjeotunos JIHK, a ypauus (¥) BcTpeuaercsi ToJib-
Ko B cocraBe HykneotuaoB PHK. Takum o6pasom, kak B cocraB JIHK, tak u B cocras
PHK Bxomut no ueTbipe TUNA HYKJEOTHIOB.
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Cmpoenue u ¢pyurxyuu JHK. Monexyna JITHK cocrout u3 nyx nosimHyk/eo-
THHBIX 11eMel, COeIMHEHHBIX MeXTy COO0H BOJLOPOJAHBIMHU CBS3SIMU (HA PUCYH-
Kax MoKasaHbl MyHKTHPOM). DTH CBSI3H BO3HHUKAIOT MEXKJy a30THCTbIMH OCHOBAHHSIMHU
HYKJIEOTHJIOB MPOTHBOMOJIOKHBIX 1IeNel: MeXIy ale HUHOM H THMHHOM BO3HHKA-
IOT JIBE BOJIOPOJIHbIE CBS3M, @ MEXKIy TYAHUHOM M ILHTO3UHOM — TpHu (pHc. 22).
Hyxkneotunbl 06pasyioT napbl, B3aUMHO JOTIOJHSS JIPyT Jpyra. Takoe COOTBETCTBHE
MapHbIX HYKJEOTHIOB HA3bIBAETCS] KOMIJIEMEHTAPHOCTbIO (OT JIaT. KOMMAACMEHMYM —
nonoganenue ). Takum o6pasom, 1enu JIHK koMmmiemeHTapubl — mnocaenoBaTebHOCTD
HYKJEOTHIIOB B OJIHON LIeMH OTIPeIe/IsieT UX MOC/e0BATENBbHOCTL B IPYTOH, UTO JIEXKHUT
B OCHOBe (hOpPMHUPOBAHUS MPOCTPAHCTBEHHOH CTPYKTYphl MoJsiekyabl JIHK.

JIBe nonunykaeotuansie nenu JIHK sakpyuensl Bokpyr o61iieil ocu, co3napasi ABOK-
HYIO CTIHpaJib IHAMETPOM OKOJIO 2 HM, HalTOMHHAIOIIYIO BUHTOBYIO JIECTHHUILY (pHC. 23).
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Puc. 22. Cxema o6Gpa3oBaHusi KOMIIEMEH-
TAPHBIX Map a30TUCTbIX OCHOBAHUH Puc. 23. Crpykrypa mosiekyJbl JTHK
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YotcoH [xermc [Obton (p. 1928) — amepuKaHCKuin 6u1o-
xumuk. B 1953 r. npeactaBun paspaboTaHHYO COBMECTHO C
®. Kpukom mogenb asonHon cnvpany OHK. Jlaypeat Hobe-
nesckon npemun (1962).

Onun BUTOK crupanu BraodyaetT 10 map HyKJ€OTHIOB, €ro
uiHa 3,4 HM. B crnupasbHOE MoJieKysie JIBYLIENOueyHON
JIHK azoTuctble ocHOBaHHSI HAXOAATCS BHYTPH CIHPAJH.

Gyukupent [IHK sBasietcss xpanenue HacsieCTBEHHOH
(reHeTHYECKOH ) MH(OPMAIMHU, a TaKKe Tepefaya TOH HH-
hopmanun noromkam. B JIHK sto6oii k1eTkH 3akopupoBaHa
nH(opMalHs O CTPYKType BcexX Ge/KOB JaHHOTO OpraHu3Ma.

Pacumdposka crpykrypsl JIHK umeer cBoto npeabicroputo. B 1950 r. amepu-
KaHCcku# yuenblit . Hapradd W ero xosuerd, ucciaenys cocraB modekysbl JIHK,
YCTaHOBUJIM CJIeIylollMe 3aKOHOMEPHOCTH, BIMOCJEJICTBUH Ha3BaHHble MpaBHUJIaMHU
Yapradda.

1. KosmyecTBo aneHnI0BbIX HyK/I€oTHI0B B MoJsiekyJse JIHK paBHO KosnuecTBy TH-
MHHIIOBBIX (A =T), a KOJMYeCTBO TyaHUJIOBBIX — KoJHYecTBY HUTHAMIOBLIX (I' = L1).

2. Ko/sinuecTBO MypHHOBBIX a30THCTHIX OCHOBAHMH PABHO KOJMYECTBY MHPUMHIH-
HoBBIX (A + =T + L1).

3. CymmMapHOoe KOJIMUYECTBO aeHWJIOBBIX M UHTHIUJIOBLIX HYKJEOTHIOB PaBHO
CyMMapHOMY KOJIMUECTBY THMMIMJIOBBIX M TyaHWJIOBbIX HyKaeotuaoB (A+11=T +T),
4TO CJeJlyeT U3 TepBOro npaBuia.

ITO OTKPBITHE CMOCOOCTBOBANO YCTAHOBJIEHHIO MPOCTPAHCTBEHHOH CTPYKTYphI
JIHK u onpenesienuto ee poJid B repejavye HACJEACTBEHHONW MH(GOpPMALMK OT OJHO-
ro nokoJienust apyromy. B 1953 r. Ha ocHoBanuu npasus Yapradda u aHHbIX 0 MPO-
CTpPaHCTBEHHON cTpyKType MoJeky/bl JIHK, nonyuennbix anrsiuiickum GHODU3MKOM
M. Yunkuncowm, amepukaHckuil ydenoli JK. YoTcoH
1 anranyanud @. Kpu K npeyioxkuin TpexMepHyto MoJeb
crpyktypel JIHK, kotopasi mosyunna HazBaHue <«IBOHHOH
cnupanu» (cM. puc. 23). 3a pa3paGoTKy MOJEJH MOJIEKY-
ael JIHK JIk. Yotcon, @. Kpuk u M. Yuakune B 1962 1.
OblTH ynocToeHbl HobeieBcKoil npemu.

Kpuk ®peHcuc Xappu KomnToH (1916—2004) — aHrmuinckui
61oun3nK n reHetnk. B 1953 r. coBmecTHO ¢ [IX. YOTCOHOM
paspaboTan mogenb monekynsl HK (gBoriHyto cnvparnb), 4To
NOSIOXKWUIIO Hayano MONEKYNApHON reHeTuke. Jlaypeat Hobe-
nesckon npemun (1962).
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[1pu u3mMeHeHUH ycloBHI (HanmpuMmep, Npu MoBbileHHH Temnepatypbl) [IHK moxer monsepraTbes
JleHaTypauud — nJaBJeHHU 0. [IpH 5TOM BOLOPO/HBIE CBS3H MKy a30THCTBIMH OCHOBAHHSIMH pa3-
pBIBAIOTCS M KOMIJIEMEHTapHble Lienu oTaestiorest Apyr ot apyra. Modexysbr JTHK, B koTopbix npe-
o6manator I'—L1 napwl, xapakrtepuaytorest G0JbIIHM COlepKaHHEM BOJOPOJHBIX CBsI3eH, YeM MOJIEKYJIbl
¢ npeobaananrem A—T nap, nostomy muassitest npu Gosiee Kectkux yeaosusix. lenarypamus [THK,
KaK MpaBHJIO, HOCHT 06paTHMBIH Xapakrep.

Cmpoenue u ¢pynkyuu PHK. Crpoenne mosekyns PHK Bo mHorom cxomno co
crpoenuneM mogiekya JIHK. Onnako nmeercs u psin cyliecTBeHHbIX oTJMuni. Kak Bbl
yxke 3HaeTe, B MoJsiekysax PHK BmecTo nesokcHpu603bl B COCTaB HyKJEOTHIOB BXO-
quT pubosa, a BMecto TuMuHa (T) — ypauua (¥). OaHako riaBHOe OTJHYHE COCTOUT
B ToM, uTo MoJsiekysibl PHK onnounenoueunsie. Hykneoruns uenu PHK crnoco6-
Hbl 00pPa30BbIBaTh BOJIOPOJHbIE CBSI3H MEXKIy COOOH, HO B 3TOM CJjyyae pedb MAET O
BHYTPUMOJIEKYJIIPHOM B3aUMOJIEHCTBUM KOMIJIEMEHTAPHBIX HYKJI€OTHI0B. MoJieKysibl
PHK snauurensbno kopoue JIHK.

B knetke cyuiectByeT HeckosbKo BuioB PHK, KoTopble pazinuaiores no Besnuu-
He MoJieKyJ, cTpyktype u yHkuusam. Bee Buapt PHK cunTesupytores Ha onpenesen-
HbIx yuacTkax onaHoi u3 ueneil JJHK. Takoit cuHTe3 nosyuus HazBaHWe MaTPUUHOTO,
Tak Kak MoJekyna JIHK aBaserca maTpume# (1. e. 06pasiioM, MOJEJbIO) /I CHH-
Teza moJekya PHK.

Pu6ocomubie PHK (pPHK) cocrasasior 80 % Bcex PHK kietkn. Mosekyibl
pPHK coenunsitorest ¢ ocobbiMu 6ejikamu U 06pasyloT puO0OCOMbl — OPraHOU/bI,
Ha KOTOPBIX MPOUCXOAUT CHHTE3 OJIKOB U3 aMHHOKHCJIOT.

Tpaucnopthbie PHK (TPHK) cocrasnisiior okono 15 % Beex kietounbix PHK.
Monekyabl TPHK cpaBuurenbno neGogbiie (B cpeqHeM coctoaT u3 80 HykieoTH-
J0B). Bce oHH MMeIOT cXojiHYIO MpOCTpaHCTBeHHYI0 KoHgurypauuio. baaronapst dop-
MHPOBAHHIO BHYTPUMOJIEKYJISIPHBIX BOAOPOAHBIX cBsizell Mmosiekysa TPHK npuoGperaer
XapaKTepHyIO MPOCTPAHCTBEHHYIO CTPYKTYPY, Ha3blBAEMYIO KJeBePHBIM JHCTOM
(cm. puc. 67 Ha c. 119). Oyukuus TPHK — nepenoc ammuHokucaoT K pubocomam u
yuacTHe B Mpoliecce cuHTe3a OeJika.

Undopmauuonnbie, unu matpuunbie, PHK (nPHK, MPHK) nan6osee pasnopon-
Hbl 110 pasmepam U cTpykrype. Mouekynbl HPHK conepxkat nndopmaimio o crpykrype
onpenesieHHbIX 6esKOB. B Xone cunTesa 6eskoB Ha puOOCOMax OHH CJIyKaT MATPULIAMH,
nosToMy GHOCHHTe3 0eJsika TakxKe OTHOCHTCS K MaTpUUHbIM mpoiieccaM. Cosepanue
uPHK cocraBasier 3—5 % Bceil knetounoil PHK.

@ynkunu Beex tunoB PHK cBsazanbl ¢ npolleccamn cuntesa Gesika. Takum 06-
pasom, /IHK siBaisiercss xpanutesem uHdopmaiyu o crpykrype Bcex 6eskoB, a PHK
obecrnieunBaloT peasii3allio 3ToH MHGOpPMAalLMH, ydacTBYysl B Ipoliecce OMOCHHTe3a
6eJIKoB Ha pubocomax.
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9 1. Kakne Tunbl HyKNEeMHOBbIX KWCIIOT CYLLECTBYIOT? YTO ABMAETCA MOHOMEPaMM HYKIEeNMHOBbIX
L
Kncnot?

a) A3oTHCTbIE OCHOBAHMUST; J1) MOHOCAXapH/bl;

6) aMHHOKHCJIOTHI; €) HYKJICOTH/bI;

B) PHK; K) docthopHast Kuc10Ta.
r) JHK;

2. Onuwnte cTpoeHne Hykneotnga. Kakum o6pa3oM MOryT COEAMHATLCA HYKNeoTuiabl B MO-
nekyne OHK?

3. YcTaHoBneHa nocnenoBaTenbHOCTb HYKNeoTuaoB ogHou u3 uenen OHK: UTFAT TTUA.
Onpepenvte NOPSAOK HYKNEOTUAOB KOMMNIIEMEHTAPHOW Lienu.

4. OxapakTepuaynte NpOCTPaHCTBEHHYIO CTPYKTypy monekynbl JHK.

5. Kakne Ttunbl PHK copepxatca B knetke? CpaBHUTE KX MO BbIMOMHAEMbIM OYHKLN-
SIM, OCOOEHHOCTAIM CTPOEHWUs U MPOLIEHTHOMY CcOAepXaHutio oT obulero konuyectsa PHK
B KIeTKe.

6. CpaBHuTe no pasnuyHbiM npusHakam OHK n PHK. BbisiBUTEe 4epTbl ux cxopcTBa u pas-
mymns.

7. ®parmeHT monekynbl OHK copgepXxuT 126 afeHnnoBbIX HyKNeotugos (A), 4To cocTaBnseT
18 % OT 06LLEero KonMyecTsa HyKneoTuaoB B 3TOM dparmeHTe. Kakosa fnuHa gaHHoro dpar-
meHTa [HK 1 ckonbko umtmamnoBbix Hykneotngos (L) oH copepxut?

8. V uccneposatensa umeetcsa Tpyu Monekynbl AHK ognHakoBowW AnuHbI. VI3BECTHO, 4YTO CO-
aepxaHve TMMmMannoBbix Hykneotngos (T) B nepeoM obpasue coctasnseT 20 % oT obLiero
yucna HykneoTuaos, BO BTOPOM — 36 %, B TpeTbeM — 8 %. OH Havan HarpeBaTb fdaHHble
o6pasupl JHK, nocteneHHo nosbiwas TemnepaTypy. MNpu 3TOM NPOUCXOANI0 OTAENEHNE KOM-
naemMeHTapHbIX Lenen apyr oT gpyra — Tak HasbiBaemoe nnasnenve OHK. Kakow o6pasel,
Hayan nnaBMTbCA MEpPBbIM, @ KakoW pacnnaBuics B MocnefHiow odvepenb? Movemy?

§ 8. AT®

Hykseotuapl sBASIOTCS CTPYKTYPHOH OCHOBOH I CHHTE3a LeJIOro psila opra-
HHUeCKHUX BelllecTB. K TakuMm BelllecTBaM B MeEPBYIO OYepPelb OTHOCUTCS aAeHO3MH-
tpudochopHasa kuciaora (ATP). ATO — yHuBepcasnbHblil XpaHUTEIb U TIEPEHOCUUK
HEPrUM B KJETKaX BCeX opraHuamoB. [IpakTuueckn Bo Bcex GHOXMMMUECKHX Tpollec-
cax, MAYLIMX B KJETKax C 3aTpaTaMu SHEPruH, B KauecTBe MOCTABIIMKA SHEPTHH HC-
nosibzyercst ATO.

Baaronapsi ucnosb3oBanuio sueprun ATO B KiieTkax CHHTE3MPYIOTCS HOBbIE MO-
JIeKyJibl GeJIKOB, YIVIEBOJOB, JIMITHIOB, OCYLIECTBJISIETCS aKTHBHbBIH TpaHCIOPT Be-
HIECTB, ABHUXKEHHE 2KIT'YTUKOB W PECHUYEK, MPOUCXOAUT AeJIEHUE KJIETOK, OCYULECTBJIsA-
eTCA paGOTa MbILILL, MOAAEPKUBACTCsI MOCTOsIHHAsT TeEMIlepaTypa TeJa TEINJOKPOBHbIX
JKMBOTHBIX H T. L.

Mougiekyna AT® cocTouT M3 a30THCTOrO OCHOBAHMS a /1€ HHU H a, NATHYTJIePOIHOTO
caxapa pu603bl U Tpex ocTaTKoB pochopHOil Kuca0Th. DocdaTHble rpynnsl B
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modiekyse AT® coennHeHbl Mexty coGoi JABYMSI

AneHH q)occpc%%Tc)?f(MmonOTbl MaKpO3pPruyecKUMHU (BbICOKOIHEpreTHUE-
CKUMHM) CBSI3SIMU (pHC. 24).

m@w@ B npouecce runpoaunza AT npoucxo-

A 4 JIUT Pa3pblB MAKPOIPIrHUECKUX CBA3EH U BbIAEJIS -

Makposprudeckue eTcst 60JbLIOe KOJHYECTBO 3Hepruu. B pesyJib-

Pu603a censn TaTe THAPOJUTHUECKOro oTilenyenus or AT

oj1HOrO octatka (hocOPHOH KHUCJOTHI (peakiys

Puc. 24. Cxema crpoetns nedocdopunpoBanusi) obpasyercsi aaeHO3MH-

mouteky.ibr ATP audochopuas kucaora (AAP) u BbicBOGOK/IA-

ercst 40 kJLx/Moub SHEPIUu:
AT® + H,O — AII® + H;PO, + 40 kIlx.

AJI® MoxKeT nojBeprathes AajbHeRIeMy MHAPOIU3Y C OTLIENJIEHHEM elle OHOH
hochaTHON rpyMIibl U BblAEIEHHEM BTOPOH «nopuun» snepruu. [1pu stom AJID npe-
obpasyetcs B aneHo3uHMOHO(ochopHyio kuciaotry (AMP):

AID + H,0 — AM® + H,PO, + 40 k.

O6parnsbiit ipottece — cuHTe3 AT — mpoucxomut B pesdyJbrate PUCOEIH-
HeHust K MoJiekysie AIID ocratka dochopHoit KueaoThl (peakiust hochopuanpoBanus ).
DTOT MpoLeCC OCYLIECTB/SIETCS 3a CUET SHEPTHH, BBICBOOOXKIAIOLIENCS MPH OKHCJIe-
HUM OPraHUYeCKUX BeLIeCTB (TJIIOKO3bl, BHICHIMX KapOOHOBBIX KHUCJOT U 1p.). s 06-
pazosanusi 1 mosib AT® uz AIIP no/mkHO ObITh 3aTpadeHo He MeHee 40 kJIK sHepruu:

AJI® + H,PO, + 40 /T — ATd + H,O.

AT® upesBbiuaiiHo ObICTPO OGHOBJISIETCS. Y UeJIOBEKA, HATPUMED, Kaxkjaasi MoJie-
kyna AT® pacuiensisiercst U BHOBb cHHTe3upyercsi okosio 2400 pas B CyTKH, MO3TOMY
CpeJiHsIsi POJIOJIPKHUTEIbHOCTD ee «»KH3HU» — MeHee | MuH. CunTe3d AT® ocyuiectniis-
eTcsl IIaBHbIM 00Pa30M B MHUTOXOHJPHSIX M XJIOPOIJIACTAX, YACTHUHO B HAJIONJIA3Me.

Makpospruueckie CoeiMHeHHsT MOTyT 06pa30oBbLIBATLCS M HA OCHOBE APYTHX HYKJIEOTHIOB, HaIpH-
Mep, BaXKHYI0 POJib B psifie GHOXHMHUECKHX MpolieccoB urpaet ryanozuntpudocdar (I'TP). Onnako
AT siBnsieTcst HauboJsiee pacnpoCcTpaHEHHBIM H YHHBEPCAJbHBIM aKKyMyJISITOPOM SHEPrHH B KJeTKax
JKHBBIX OPraHM3MOB.

9 1. Kakue cnosa nponyLleHbl B NMPeanoXeHnn 1 3ameHeHbl 6yksamu (a—r)?

B cocraB mosiekysibl AT® BxoauT azoTHcToe OCHOBaHHE (a), MATHYrJEpOAHbIH MoHOcaxapun (6) u
(B) ocTatka (T) KHCJOTHI.

2. CpaBHute ctpoeHne AT® 1 cTpoeHne HykneotTuaa. BbisBUTE CXOACTBO M pasnuyus.

3. Yto npepfcraenset cobon npouecc rugponuda AT®? CuHtesa ATD? B yem 3akntoyaetcs
6uonornyeckasn ponb ATO?

4. Kakne CBsi3W HasblBalOTC Makpoaprudeckumn? Kakve (yHKUMM MOTYT BbINOMHATL Be-
LlecTBa, codepXxallime Makpolaprmyeckmne cesasm?
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5. O6wwas copmyna AT® — C,,H;cN5O,5P5. Mpu rugponmse 1 monb AT® go AP BbigenseTcs
40 kX 3Heprnn. CKONbKO 3HEprum BbigenuTcsa npu rugponmse 1 kr ATO?

6. B ofHy Knetky BBenM Mosiekyrbl AT®, mMedeHHble pafnoakTMBHbIM dhocdopom P mo
nocnegHemy (TpeTbemy) octaTky hocthOpHON KACMOThI, a B APYryto — Mosekyrnbl AT®, MeyeH-
Hble %P no mepsBomy (6nuxailuemy K pubose) octaTtky. Yepes 5 MUH B 06eux Knetkax
N3MEpPUIIN cofiep>XXaHne HeopraHn4eckoro gocdar-noHa, medeHHoro *2P. [oe oHO okasasoch
BbILLE M noyemy?

§ 9. buosornuecku aKTMBHbIE BellecTBa

Oco6oil rpynroi opraHUUeCKUX COeJIMHEHUH SIBJISIOTCS OUOJIOTMUECKH aKTHBHbIE
BellecTBa. C MX TOMOIILBIO OCYLIECTBJISIIOTCS M PETyJUPYIOTCs Mpoliecchl o6MeHa Be-
ILIeCTB, POCTA M Pa3BUTHSI XKHUBbIX OpraHu3mMoB. Hekoropble GHOJIOrHUECKH aKTHBHbIE
BelECTBA, Bble/sieMble OpraHu3MamMu, 0Ka3bIBAIOT BJAMSHUHE HAa 0COOel CBOEro u apy-
rUx BUJIOB. Haripumep, »KHBOTHBIE C MOMOIIbIO Pas/IMUHbIX OGHOJOTHUECKH aKTHBHbBIX
BELIECTB CMOCOOHBI TMPHUBJIEKATH 0COOEH MPOTHBOIMOJMOXKHOTO T0JIa WJW OTIMYyrHBaTh
BparoB, a pacTeHUsi — yrHeTaTb WJIM CTUMYJIMPOBATh POCT JAPYTHX PACTEHHH, MOUBEH-
HbIX MUKpoOpraHuaMoB. K GHOJIOTHUECKH aKTUBHBIM BELECTBAM OTHOCSITCSI BUTAMMHbI,
rOPMOHBI, (DEPOMOHBI, aJKaJOUbl, aHTUOMOTHUKU U JIp.

ButamuHbl — 3TO HU3KOMOJIEKYJ/ISIDHBIE OpPTaHUUECKHE COEIMHEHHS, HeoOXOIH-
Mble JI/151 YKU3HEAESTeJbHOCTH OpraHuaMoB. OHM MPUHHUMAIOT yyacTHe B PEryJsiiuu
oOMeHa BellecTB MPeuMylIeCTBEHHO KaK KOMIOHEHTbI CJI0XKHBIX (hepPMEHTOB.

TpanuuponHo BUTaMUHBI 0003HAYal0T OyKBaMH JlaTHHCKoro andasuta A, B, C, D
M T. I, HO y K&XKJIOTO W3 HUX eCTh U Ha3Banusi. Hanpumep, BuTamun A — peTuHOJ, BU-
tamuH C — ackop6uHOBas KUcjaoTa. BUTaMUHBI UMEIOT pa3Hylo XMMHUECKYIO CTPYKTY-
py ¥ cBofictBa. OiHM BUTAMMHBI PACTBOPSIOTCS B XKHUpPAX — HX HA3bIBAIOT KU PO P a -
cTBOpUMBIMHU (Hanpumep, A, D), apyrue pacTBOPHUMbI B BOJie M, COOTBETCTBEHHO,
Ha3bIBalOTC BogopacTBopuMb MU (Hanpumep, C, B, By).

cTouHMKOM BUTAMUMHOB JJ1s1 U€JIOBEKA U YKHUBOTHBIX SIBJISIIOTCS TTPOJyKThI MHTAHUS
MPEUMYIIECTBEHHO PACTHTEJLHOTO TMpoucxoxkieHus. OIHAKO HEKOTOpble BUTAMHUHBI
COJIEPAKATCST TOJILKO B MPOJYKTAX KMBOTHOTO MPOUCXOxIeHHs (HanpuMep, A u D).

Psi BUTAMUHOB MOYKET CHHTE3UPOBATLCS B OPraHU3Me UeJIOBEKA M YKUBOTHBIX M3
Npe/IeCTBEHHUKOB (MTPOBUTAMUHOB). Harpumep, B Koxke 4ueJioBeKa MoJ IEHCTBHEM YJIb-
TpaHOIETOBOTO U3JIyUeHHsI U3 TPOBUTAMHUHA (TIPOU3BOJIHOE XOJIECTEPHHA ) CHHTE3UPYET-
cst BUTaMuH D, a B medenu U3 KapoTHHOB oGpasyetcsi ButamuH A. HekoTopble BUTaMUHbBI
B OpraHM3Me uejIoBeKa M >KMBOTHBIX MOTYT CHHTE€3UPOBAaTh CUMOUOTHUECKHE MUKpOOpra-
HU3Mbl. Hanpumep, B KHllleUHHKe UeJIOBEKa OHU CHHTE3UPYIOT BUTAMHH By,

[opmoHbl (0T rpeu. eopmao — nobyxaaw) — OUOJOTMUECKH aKTHBHbIE Bellle-
CTBa, KOTOpble BbipabaThIBAOTCS ClElHaJUM3MPOBAHHBIMH KJIETKAMH, TKAHSIMM M Opra-
Hamu (KeJie3aMH BHYTPEHHEH M CMEILAaHHON CeKPeL|H ), BK/IOUAKOTC B OMOXMMUYECKHE
MPOLIECCHl U OKA3bIBAIOT BO3EHCTBHE HA JIPyrue KJETKH, TKAHU U OpPTaHbl ( MUILICHH ).
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[opMoHBI MOTyT HMeTb OeJIKOBYIO (rOPMOH pocTa COMAaTOTPOMUH, TOp-
MOHDBI HOIL)KeJTy[IOLlHOﬁ KeJjiegbl MHCYJUWH W TJKaro H) H CTEePOWIHYIO IMpH-
poiy (10JIOBbBIE FOPMOHBI, TOPMOHBl KOPbl HaANMOY€UYHHUKOB), a TaKxke ObITh
MPOU3BOAHBIMH AMHHOKHMCJIOT (TOPMOHBI LIMTOBHUHON KeJie3bl THPOKCHH H TPH -
HOATUPOHHUH, TOPMOHbl MO3TOBOrO BelIECTBA HA/ITOYEYHHKOB HOpaJpeHaJJHH,
azjpeHaJJuH) U Jp.

[opmoHam cBoficTBeHHa BbicoKasi GHOJIOMMUECKasl aKTHBHOCTb — JlaKe B OY€Hb
MaJlbIX KOHIIEHTPALIMSIX OHH OKa3bIBAIOT CHJIbHOE BO3AEHCTBHE Ha MPOLLECCh, MPOTeKa-
tolpe B opranuame. CrietUUHOCTL TOPMOHOB BbIpaXKaeTcsi B TOM, UTO OHH J€HCTBY-
0T Ha olipeaesI€eHHbIe MHUILIECHH. Hanpnmep, FOPMOH poOCTa BJIMFAECT MPEUMYLIECTBEHHO
Ha KOCTHYIO M XpsilleBYyl0 TKaHW. [lop KOHTposieM rOpMOHOB MPOHCXOASIT BCe 3Tarlbl
MHIMBHLYaJbHOTO PA3BUTHSI YesIOBEKA M XKMBOTHBIX, a TaKxKe BCE MPOLLECChl KU3Hejle-
sresibHocTH. OHH 00ecrneunBaloT NpucrnocobeHne K U3MEHEeHUSIM YCJIOBUI BHeIIHEH
M BHYTPEHHEH Cpeflbl OpraHu3ma, peryJsiuyio akTHBHOCTH (hepPMEHTOB.

Eciu onpeneniennble ropMOHbI BbIpaGaThIBAIOTCS B HEIOCTATOYHOM KOJIMUECTBE
WM He BbpabaTbiBaloTCsl BooOlle, B OpraHuamMe HaOJIoaI0TCsl HAapyllleH|sT pa3BUTHST U
oOMeHa BelleCTB pasHoil cTereHH TsKecTH. Tak »Ke oTpUlaTe/JbHO Ha OPTraHHu3M BJIMSIET
1 upe3MepHoe oOpasoBaHue onpeje/eHHbIX ropMoHoB. M3 Kypca 6uosiornu 9-ro knacca
BaM M3BECTHO, HaATpUMep, YTO MPH HE0CTaTOUHOM 00pa3oBaHUH B OpraHuaMe peGeHKa
rOpMOHA POCTa Pa3BMBAETCH KAPJHUKOBOCTb, a MPH YPE3MEPHOM — THIaHTH3M.

Y pacTeHHil CHHTe3UPYIOTCI U TOTOPMOHBI (OT rped. gpumon — pacrenue ). OHH BIUSIOT NpakK-
THYECKH Ha BCE MPOLECChl POCTa M PA3BUTHsI PACTEHHMIl: JeJieHHe U POCT KJIETOK, AUddepeHLHpOBKY
TKaHeil, popMHpOBaHHe OPraHoB, pa3BHUTHE T0UEK, NpopacTaHue ceMsiH U T. 1. OiHU PUTOrOPMOHBI CTH-
MYJIHPYIOT 3TH MPOLIECCHI, JAPyrie, HA060POT, YrHETAIOT.

Hanpumep, ayKcHHbl, KOTOpble CHHTE3UPYIOTCS B BEPXYLICYHbIX 00PA30BATE/bHBIX TKAHSX, Bbl-
3bIBAIOT PACTSKEHHE KieToK. B pesysibrate crumysupyercss poct creGiedl, JHCTbeB M KOPHEH, BO3-
HUKAIOT UX M3rHObl. [H6G6epesiIMHBl TakKe YCKOPSIIOT POCT OPraHoB 3a CUET CTHMYJSILMH Kak
JIeJIeHHst, TaK U pacTsKeHHsl KaIeToK. Kpome Toro, oHH NMpepbIBalOT MepHOJL MOKOsT y CeMsiH, KJIyOHeH, Jy-
KOBHLL, CTUMYJIMPYIOT NpopacTaHue Tbliblibl. CHHTE3UPYIOTCS THOOEPEIUIHHBI B MHHTEHCHBHO PACTYLIMX
opraHax — (OPMHUPYIOLIHUXCS CeMeHax, BEPXYLLIEUHbIX MOYKax, pexe B KOPHSAX. LI To KM H M Hbl, KO-
TOpPBIX GOJIbllIe BCEro B ceMeHax, MJoiax U 06pa3oBaTe/IbHbIX TKaHSX, CTUMYJHPYIOT JeJeHHe KJIETOK.

®epomonbl (0T rped. epo — Hecy, eopmao — noOykaal0) — OGUOJOTHUECKH
AKTHBHbIE BELIECTBA, KOTOPbIE BbIIESIOTCS U3 OPraHu3Ma BO BHEILHIOI CpPelly M OKa-
3bIBAIOT BJIMSIHUE HA MOBeJeHHE M (PU3HONOTHIECKOe COCTOsSIHUE 0COOel TOro »Ke BHJA.
depomoHbl MCTIOMBL3YIOTCS /IS y3HaBaHHUsl 0coOell CBOero BHiA, JJs NPHUBJEUEHHUS
OpayHoro maptHepa, Jyisi 0003HAYEHUs] CBOEH TePPUTOPHM WJH JJIsi 3auiuThl. Pepo-
MOHbI, KaK M TOPMOHBI, JIEHCTBYIOT B MaJiblX KOHIEHTPALMUSAX U TPECTaBIsIOT co6Oi
CHTHAJIbHbIE MOJIeKyJibl. M ecii rOpMOHBI PerynpyloT MpOLECChl YKU3HEAESTEbHO-
CTH BHYTPHM OpraHusma, To (pepoMOHbI MepenaroTes APYruM OopraHu3MaM B KauecTBe
XUMHUECKUX cHrHasoB. KoMMyHHKalMsi ¢ momoliiblo (hepoMoHOB HabJionaercsi y 6ax-
meputl, POMUCMOB U PA3NUUHbIX HCUBOMHOLX.
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Ankanouabpl — 3T0 opraHuueckde GHOJIOTHUECKH aKTHBHbIE BellleCcTBa vallle pac-
TUTEJBLHOTO TMPOUCXOXKAEHNS. DOJBIIMHCTBO aNKaJOUI0B SIOBUTHI I XKUBOTHBIX H
yesoBeKa. AJKaaouibl oGHapy:KeHbl MPUOIH3HTEbHO Y 2500 BHIOB MOKPHITOCEMEH -
HBIX pacTeHuil. VX 3HaueHHe B »KU3HH pACTEHHH, MO-BUAUMOMY, 3aKJIOUAeTCs B 3a-
LIMTE OT MOEJAHUs KUBOTHBIMHU.,

HexoTopble ankasonpl B MaJjbIX 103aX HMCHOJb3YIOTCH YeJOBEKOM B MEIUIH-
He B KauecTBe JIEKapcTB (aTPOTUH, KO euH, MOPGhHUH U Jp.). ANKaJoWI XU HUH
MPUMEHSIOT MPH JIEUEHUH MAJSIPUH: OH YrHETAaeT XKU3HENEATeNbHOCTh MAAAPULIHOCO
nAa3MO0USL B SPUTPOLIUTAX UeJOBEKA.

Oco6asa tpynna GUONOTHYECKH AKTHBHBIX BEIIECTB — AHTUOMOTUKMU (OT Tped.
awmu — TIPOTHB, OUOC — KU3Hb). DTO OUOJIOTHUECKH aKTHBHbIE BEIECTBA TMPH-
POJIHOTO WJIM CHHTETHYECKOTO MpoucxoxkaeHus. [IpupoaHbie aHTHOMOTHKY BhIpabaThi-
BAIOTCSA KJIETKAMU Pa3JIMUHBIX MUKPOOPraHu3amMoB. OHU BJIMSIOT HA KJIETKH JPYTHX MHU-
KPOOPraHU3MOB, yTHeTas pasBUTHE MOCJEIHUX WM yOUBasi MX.

UesioBeK HIMPOKO MUCMOJb3YeT aHTUOHMOTHUKHU JUIst JieueHUust 3a00JieBaHUl, BbI3BaH-
HBIX O0JIE3HETBOPHBIMH OAKTEPHUSIMH, MAaPA3UTHUECKUMH TPOTHCTAMHU WJIH TPUOAMH.
HekoTopble aHTHOMOTHKH TOPMO3AT POCT 3JIOKAYECTBEHHBIX OIMyXOJed, yrHeTasi pas-
MHOKEHHEe PaKOBBIX KjaeToK. OMHaKO aHTUOMOTHKH CJIeAyeT MPUHUMATh TOJbKO MO Ha-
3HAUEHWIO Bpaya, NpudeM CTporo cobJiojias peKoMeHal|u 1o ux rnpuemy. Camosieue-
HHe U 3J10ynoTpeOJ/ieHne aHTHOMOTUKAMM MOKET PUBECTH K 0csabJ/ieHHI0 COOCTBEHHON
3allUThl OpraHu3ma, rubesii MUKpohIopbl KHIlIeUHUKA, 3a00/IeBAHUAM TI€UeHH U MOYeK.

9 1. HazoBuTe OCHOBHbIE FPYMMbl GUONOTUHECKN aKTUBHbIX BELLECTB.
2. MNo4yemMy npu HepocTaTke MNM OTCYTCTBUWM OMpefesieHHbIX BUTAMWUHOB B OpraHuame 4e-
NOBEKa M XMBOTHbIX HAGMIOAAITCA pasfivyHble HapyLUeHVs obmeHa BeLlecTs?
3. KakoBbl OCHOBHblE CBOMCTBA FOPMOHOB?
4. Ha ocHoBaHuM MaTepuana, U3y4eHHoro B 9-M Knacce, [OKaxute, YTo M36bITOYHAA U He-
JocTaTto4Has Cekpeumsi FOpMOHOB BeAeT K HapyLUeHWsM MPOLECCOB XU3HEQEATENIbHOCTU U
pasBuTUA OpraHu3ma.
5. KakoBa 6uonormnyeckas ponb oepomMoHoB? YT1o obLuero y oepoMOHOB U rOpMOHOB? B yem
3aknoYaeTCs rMmaBHOe OTNNYME MeXAy 3TUMU rpynnamm 6MONorM4eckn akTUBHbIX BELLEeCTB?
6. Yto Takoe ankanongpl? KakoBo WX 3Ha4eHne B MpUpoAde U XM3HW yenoseka?
7. Vicnonb3ys 3HaHWsi, NOMyYEHHbIE MPY M3y4EeHUN OpraHn3mMa 4YenoBeka B 9-M Knacce, 06b-
SICHUTE, NoYeMy 3noynoTpebneHne aHTMbMoTUKaMn Hepeako NPUBOAUT K pacCTponcTBam nu-
LieBapeHusi, ocrnabneHnto CO6CTBEHHON 3alLMTbl OpraHM3mMa, 60Me3HAM NeYeHn U Nodek?
8. 3aboneBaHus, BbI3BaHHbIE U3BbLITOYHLIM MOCTYMNIEHNEM BUTAMWHOB B OpraHvW3Mm, Ha3bl-
BalOTCA runepeuTammHo3amun. Yaile Bcero y nogen HabnogarTcs rvnepsutammHo3bl D
n A. lMpu runepsutamuHo3e D pasBuBaeTca ronoBHas 60b U 60Mb B MbilLaX, HapyLla-
erca nuwesapeHune. lMpu runepsutammHode A Ha6MOAAIOTCA PACCTPOMCTBA HEPBHOW CU-
CTEMbI, 3y W LUENyLIEeHe KOXu 1 T. . B To xe Bpemsa runepsutamunHossbl C, B;, Bs BCTpe-
YalTcsa ropasfo pexe W, Kak npaBufo, fnedyarca HamHoro 6bicTpee. Kak Bbl gymaete,
C YeM 3TO CBA3aHO?



Knetka — cTrpyKrypHas v yHKUMOHAAbHAs
eIMHULIA XKUBbIX OPraHM3MOB

§ 10. UcTtopusi OTKPbITUSI KJIETKH.
Co3naHue KJIeTOUHOW TEOPUH

Bce »kiBble opraHU3Mbl COCTOAT U3 KJIeTOK. HekoTopble — Bcero JiMib U3 OHOM
KJeTKH (MHOTHe OaKTePUH W MPOTHCTbI), JIPYTHe SIBJSIOTCS MHOTOKJIETOYHBIMH.

Knerka — ajemMeHTapHas CTPYKTypHasi U (pyHKUMOHaNbHASI €MHULIA OPTraHU3-
ma, o6saaarolas BceMd OCHOBHbIMU NPU3HAKAMHU XKHUBOTO.

KseTkn cnocoGHbI pa3MHOXKAThCsl, pacTH, 0OMEHUBATBCS BEIIECTBAMH U SHEPTH-
el ¢ OKpy»KarLlel Cpellol, pearupoBaTh HA H3MEHEHHs!, IPOUCXOASALLUE B 3TOH Cpefe.
B kaxnoil KieTke »HMBOr0 OpraHu3Ma COIEPXKHUTCS HACJIEJICTBEHHBII MaTepHal, B KO-
TOPOM 3akKJjoueHa HHdopmalys 060 BCex MPU3HAKAX W CBOHCTBAX JaHHOIO OpraHU3ma.
Jlst Toro 4ToObl MOHATH, KAaK CyLIECTBYET M pabOTaeT »KMBOH OpraHu3M, HeOOXOAUMO
3HATb, KaK OPraHU30BaHbl U (QPYHKIMOHUPYIOT KJAETKH. MHOTHe MpOLEeCcChl, NpHUCylre
OpraHuaMy B 11€JI0M, TPOTEKAIOT B KaX/I0M €ro KJeTKe (Harnpumep, CHHTE3 OpraHnyeCcKhx
BELLIECTB, JIbIXaHHe H Jp.).

V3yyeHnuem CTpoeHHs! KJIETKH M TMPUHIUIOB €€ >KH3HEIesITeIbHOCTH 3aHUMaeTcst
uMTOIOrUs (OT rped. Kumoc — KJeTKa, siueiika, 1020¢ — ydeHHe, HayKa).

Hcmopus omkpoimus kaemiu. BoJbIIMHCTBO KIETOK HMEIOT 0UY€Hb MaJleHbKHE
pasMepbl, MOITOMY HX HeJIb3sl PacCMOTPETb HEBOOPYXKEHHbIM TazoM. CerojHsi us-
BECTHO, UTO JAuaMeTp OOJbIIMHCTBA KjeTok He mpeBbiniaer 20— 100 MkMm, a y 1ia-

poBuIHbIX Gakrepuit — 1,5 MKM. [To3TOMy OTKpbITHE KJIETKM CTaJO BO3MOXKHbLIM
TOJILKO TOCJIE M306pETeHHsI YBEJIUUUTEJNbHOTO MPUOOpa — MHKPOCKONa. DTO MPo-
uzouio B KoHie XVI — nauase XVII B. OnHako TosibKo dyepe3 mnoJjiBeka, B 1665 r.,

aHrauyanvH P. 'y K npuUMeHHs MUKPOCKOT /1Sl UCCJIENI0-
BaHM$1 KHBBIX OPraHu3MoB. [YK U3yduJ1 110JL MHKPOCKOTIOM
TOHKMH cpe3 MPoOKH W YBHIEJ €€ sUEHCTOe CTPOEeHHe,
MoJI0OHOE [MUEJIMHBIM COTaM. DTH siueliku [yK W HasBaJ
KJIeTKaMH. BcKope KJeTOYyHOoe CTpOeHHEe pacTeHMH Mojl-
TBEPAMJIN UTAJbSHCKUAI OWoJior U Bpadu M. Maabnuru
v anrauiickuil 6otanuk H. I'pto. MIx BHUMaHWe npuBJeK-
Ju opMa KJIEeTOK M CTpoeHHe HX oOoJjiouek. B pesyiib-

FN'yk Pobept (1635—1703) — aHrMMIACKNA eCTeCTBOMUCTIbI-
Tarenb, Pa3HOCTOPOHHWUM Y4YEHbIN W 9IKCNEepUMEHTaTOP.
YcoBepLUeHCTBOBaN MUKPOCKOMN W YCTAHOBUI KNETOYHOe
CTPOEHMNE TKaHEWN, BBEN TEPMUH «KIeTKa».
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lBaHH Teogop (1810—1882) — Hemeukun 6uonor,
OCHOBOIMOSIOXXHWUK KIETOYHOW TeopUM.

TaTe BO3HUKJO TIPEACTaBJEHHE O KJETKAaX KaK 0 «Me-
1I0YKAX», WIH «My3bIPbKax», HAMOJHEHHbIX <THTATEJb-
HBIM COKOM>.

3HauNTENbHBIN BKJAJ B H3ydeHHE KJIETKH BHEC roJl-
JIAHJICKUH MHKpockonuceT A.BaH JleBeHTyK, OTKpBIB-
LIMH OJIHOKJIETOYHbIE OpPraHU3Mbl — uH@y30puL, ame-
OovL, 6akmepuu. OH TakKe BrepBble HAGJIOAAN KIETKH
YKUBOTHBIX — 3IPUTPOLUTHI U CIIEPMATO30UIbI.

B navasme XIX B. ObuiH MpeanpuHATH MOMBITKH
M3y4yeHHs BHYTPEHHEr0 COJEp:KUMOro Kjetok. B 1825 r.
vemckuil yuenbt Y. [lypkuHe oTKpbl sapo B siflieknetke ntuil. OH  Tak-
JKe BBeJ MOHSATHE <«IpoTorJiasmMa» (0T TIped. npomoc — TepBblil, naazma —
0(hOpMJIEHHBII), KOTOPOE COOTBETCTBYET CETOAHSLIHEMY MOHATHIO LHUTOM/Ia3MBbl.
B 1831 r. anrauiickuii 6otanuk P. BpoyH Bnepsbie onucan sipo B KJeTKax pac-
TeHu#, a B 1833 1. OH mpullles K BBIBOIY, U4TO SPO SABJAsSETCH 0053aTeJbHOH yac-
ThIO PACTUTEJbHON KJeTKH. Takum 06pa3om, B 3TO BpeMsi MeHsieTcsl MpejcTaB/eHue
0 CTPOEHHMH KJIETOK: IVIaBHBIM CTaJii CUMTAThb HE KJETOUHYIO 0OOJIOUKY, a BHYTpEH-
Hee coflepKUMOoe.

Kaemounasa meopua. B 1838 r. 6bina ony6ankoBana pa6oTa HemelkKoro 6o-
tanuka M. lllnefinena, B KOTOpo# OH BbICKA3aJ WJE0 O TOM, UTO KJIeTKa SIBJSIET-
Csl OCHOBHOH CTPYKTYpHOH equHMIlel pacTeHu#. OHAKO YeCTb CO3[aHHs KJIE€TOUHOH
TEOPUH TMPUHAIEKUT HEMELKOMY 300J10Ty U (DH3HOJIO-
ry T. IlIsanny. OcHoBbiBasick Ha padore M. Illneii-
JleHa U jipyrux uccnenosaresei, llsann B 1839 r. ony-
OJIMKOBa/l KHUIY «MHKpPOCKONMUECKHE HCCIe/I0BAHUS
0 COOTBETCTBUHU B CTPYKType M POCTE XKMBOTHBIX U pacre-
HUIA», B KOTOPOH paccMaTpUBaJl KJIETKY KaK YHHBepcasb-
HbIl CTPYKTYPHbIH KOMIOHEHT »XMBOTHBIX H PACTEHMH.
[IBanH cnenan psin 0606111eHNH, KOTOPbIE BIOCAEACTBUH
Ha3Ba/jW KjaeTouHoW Tteopueil. OH cuurtajn, uTO BCe

WnenpeH Mattnac 9Ako6 (1804—1881) — HemeLkuit
60TaHUK, YbM TPYAbI CbirPany BaXKHY posb B 060CHOBA-
Hum T. LLIBaHHOM KneTo4HOM Teopuw.
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Bupxos Pyponbd (1821—1902) — HemeuUkuin 6Guonor,
ocHoBaresflb Teopun, COrnacHoO KOTOPOW 060N NaTonorun-
YeCKMI MpoLecC B OpraHnMamMe — 3TO CyMMa HapyLUueHun
XKN3HEOEeATeNbHOCTU OTAENbHbIX KMETOK.

JKUBbBIE CYIIIECTBA COCTOSIT M3 KJIETOK, KOTOpbIe y pacre-
HHE W YKHBOTHBIX HMEIOT CXOJIHOE CTPOEHHE.

T. IIann, kak u M. Ilnefinen, omuOoO4YHO T0JIA-
raji, YTo KJETKM B OpraHu3Me BO3HHUKAIOT W3 HEKJIeTOU-
HOro BelllecTBa. [1039TOMY OueHb Ba)KHBIM JIOTIOJIHEHHEM
K KJIETOUHOH TEOPHH CTaJl MPUHLIMIT HEMEIKOro OGuoJiora
P. Bupxosa: «Kaxnast kietka — ot kjaeTkn» (1858).

B 1872 r. npodeccop Hepnrckoro yHuBepcuteTa (HbiHe 3T0 TapTyckuil yHHBepCcHTET, DCTOHHS)
. Pyccos, a B 1874 r. mosionoit pyccknii 6otannk M. JI. YncTskoB Biepsble Habionany aeJe-
Hue KaeTku. [TosnHee Hemenxuit yuenbiit B. @ e MM U HT AeTanbHO onucas CTaauu AeJeHHsT KIeTKH,
aO. l'eprBur u 9. Crpac6Gyprep He3aBUCHMO JIPyT OT Jpyra NPHILJIH K BBIBOJLY, UTO HH(OpMa-
1lMs1 O HACJIeCTBEHHbIX MPHU3HAKAX KJIETKH 3aKjiodeHa B siape. Tak, paGoTaMM MHOTHX Hcc/efoBaTesei
Obls1a TIOATBEPXKACHA U JIOTIOJHEHA KJIETOUHAsl TeopHsl, ocHOBY KoTopoit 3anoxui T. [1IBann.

B Hacrosillee BpeMsl KJIETOUYHAsl TEOPHsl BKJIOUAET CJIeIYIOLHE OCHOBHbIE M0J10-
YKEHHsI.

1. Knetka — 3jieMeHTapHasi CTPyKTypHast W (yHKUHMOHANbHAS €IMHULA 2KHBbIX
OpraHu3mMoB, KoTopasi o6JajiaeT BCeMH MPU3HAKAMH H CBOHCTBAMH 2KHBOTO.

2. KneTkn Bcex OpraHu3MoB CXOJHbI 1O CTPOEHHIO, XUMHYECKOMY COCTaBy H
OCHOBHBIM TPOSIBJIEHHSIM »KH3HELESTEbHOCTH.

3. Knetkn o6pasytorcsi nyTeM jiesieHust HCXOIHOH MATEPUHCKOH KJETKH.

4. B MHOrokJIeTOUHOM OpraHu3Me KJETKHM CHeLHaJu3upyloTcss no (yHKUUAM U
00pasyloT TKaHH. M3 TKaHell MoCcTpoeHbl OpraHbl U CUCTEMbI OPraHoOB.

Knetounas Teopusi — onHo U3 BaxKHeHIMX 060011eHn# 6Guosorun. Ee coznanue crano
3HAUUTEJIbHLIM COObITHEM B ecTecTBO3HaHMU. KileTouHas Teopust okasasa CyLLeCTBEHHOe
BJIMSIHME HA pa3BUTHE GMOJIOTHM U TIOCY:KH/IA (PYHAAMEHTOM /ISl IaJbHEHIIero pa3BUTHsl
MHOTHUX GHOJIOTHYECKHUX IUCUMIIMH — 3MOPHOJIOrHH, THCTOJIOIHH, (DU3UOJIOTHH U .

OcHOBHbIE MOJIOXKEHHST KJETOUHOH TEOPUH COXPAHUJIH CBOE 3HAYE€HHE M Ha CErof-
HSILUHUIH J1eHb, X0Ts1 Gosiee yeM 3a 170 JjieT OblIM ToJIydeHbl HOBbIE CBEIEHHS O CTPYK-
Type U ’KH3HEIESITEJIbHOCTH KJIETKH.

9 1. Komy npuHagnexuT oTKpbiTUe KnetTku? KTo sBNsieTcs aBTOPOM UM OCHOBOMOJSIOXKHUKOM
KNeTo4YHon Teopumn? KTO OOMOMHMN KMETOYHYK Teoputo npuHumnom: «Kaxpas knetka —
OT KNeTkn»?

P. Bupxos, P. bpoyn, P. Tyk, T. llIaun, A. Ban JleBeHryk.
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2. Kakue y4eHble BHECNW 3Ha4MTenNbHbIA BKNag B pa3BuTMe MNpPeAcTaBneHun o knetke?
HasoBuTe 3acnyrn Kaxporo u3 Hux.

3. CdhopmynupyiiTe OCHOBHbIE MOJIOXEHMWS KIETO4HOM Teopuu. Kakown Bknap BHecna Kie-
TOYHas Teopus B pPa3BUTME €CTECTBEHHOHAYYHOW KapTUHbI Mupa?

4. lcnonb3ys 3HaHWUs, NOMyYeHHbIE MPU N3yYeHun 6uonormm B 6—9-M knaccax, Ha npumepax
JOKaXuTe cnpaBed/IMBOCTb HYETBEPTOro MOSIOKEHUS KNETOYHOM TeopUu.

5. [lo 1830-x rr. 6bI510 PACNPOCTPAHEHO MHEHME O TOM, YTO KNETKU — 3TO «MEeLUOYKU» C Mu-
TaTenbHbIM COKOM, MPW 3TOM NaBHOM YacTbio KINETKU cyuTanacb ee o6ono4ka. HYem morno
6bITb OOYCINOBNEHO Takoe NpPeAcTaBneHne O KneTkax? Kakme OTKpbITMS crnoco6CTBoBanv
V3MEHEHMIO NMPEACTaBEHUA O CTPOEHUM U (DYHKLMOHMPOBAHUM KIETOK?

6. [JOKaxute, YTO MMEHHO KneTka SIBMSIETCA 3MIEMEHTApPHOM CTPYKTYPHO-(YHKLMOHANBHOM
eauvHULEN XMBbIX OPraHn3MoB.

7. Paamepb! 60MbLUMHCTBA PACTUTESbHBIX 1 XXMBOTHbLIX KNeTok coctasnstoT 20—100 MKM, T. e.
KNETKM ABMSATCSA OOBOSIbHO MENKMMMU CTPYKTypamu. Yem 06ycCnoBfieHbl MUKPOCKOMUYECKME
pasmepbl KNeTok? O6bACHUTE, NOYEMY PACTEHWUS U XXMBOTHbIE COCTOST HE U3 OJHOW (Mnu
HECKOJIbKMX) OrPOMHbBIX KMETOK, & U3 MHOXECTBa MesKuX.

§ 11. Metoapl u3yueHust Kiaetkd. OO MJIaH CTPOEHUS KIETKH

Memooder usyuenus kaemu. Jljis U3yueHust CTPOEHHUSI U KU3HEAESATENbHOCTH
KJETOK TMPUMEHSIIOT caMble pasHooOpasHble MeTofbl. Kcropuuecku nepsbiM MeTOIOM
cTajla cBeTOBasi MUKPOCKOMHMS, KOTOpasi OCHOBAaHA HA TOM, UTO 4epe3 Mpo3pauHbii
WK TIOJTyNPO3pauHblil 00bEKT UCCAEI0BAHUST POXOSAT JIydd CBeTa, rnonajaiolile 3a-
TeM B CHUCTeMY JIHH3 OObEKTHBA W OKyJsipa. JIMH3bl YBEJMUHBAIOT OOBEKT MCCIeN0-
BaHusi. C MOMOLIBIO CBETOBBIX MUKPOCKOIMOB OblJia OTKPBITA KJE€TKAa W HEKOTOpblE ee
CTPYKTYPhI (MJacTHjibl, siipo, 06oa04Ka, Bakyosn). Ho MHOrHe KjeTouHble CTPYKTYpb
WK JIeTalli HX CTPOEHMsI HEBO3MOXKHO ObIO pacCMOTPETh H3-3a MX MPO3PAuHOCTH.
[Tosatomy Oblin pazpaGoTaHbl criellMajgbHble MeTO/bl (PUKCALMK W OKpallWBAHUS MC-
cJlellyeMoro marepuasa, Mo3BoJisiiollde MOJyYdTh Tpenapartbl, Ha KOTOPbIX Oblid Obl
XOPOILO BUIHBI OKpallleHHble CTPYKTYpbl KJETKH, Kak, HalpUMep, B KJeTKaxX KOHUMKA
KOpHSs1 JiyKa (puc. 25).

B Hauasie 1930-x rT. GbLT CO3/aH 3JIEKTPOHHbINH
MHUKpocKon (puc. 26), KOTOPbIH Jaj BO3MOXKHOCTD
JIeTaJIbHO PaCCMOTPETh KJIETOUHbIE CTPYKTYPbl pasme-
pom 10 0,1 HM. B 3/1eKTpOHHOM MMKPOCKOIE BMECTO
CBETOBbIX JIydeH HCIIOJIb3YeTCs IMy4OK 3JIEKTPOHOB.
[lon 2/1€KTPOHHBIM MMKPOCKOIIOM BHIHBI OHOJIOTH-
yeckre MemOpaubl (TosHa 6— 10 M), pruGOCOMBI
(mametp okosio 20 HM) U ApPyTHE CTPYKTYPbI KJIETKH.

Jlnst BbiaeIeHHst M MOAPOOHOrO H3yYeHHst OT-  p,.

25. OkpallieHHbIH  T1penapar
JCJIbHBIX OPraHOMAOB KJIETKH 4YaCTO HCIIOJb3YEeTCA KJIETOK KOHUMKA KOPHSI JiyKa



CBeTOBOM MUKPOCKON

<~

Tak BbIrNAZAT XnoponnacTbl B KNneTkax pacteHus

Puc. 26. CBeTOBO U 9/1€KTPOHHbII MUKPOCKOIIbL
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MeTosl auddepeHLnanbHOro (pas3aennTe]bHOro) LeHTPUdyYrupoBaHusi: paspylleH-
Hble KJETKH MOMelaioT B HeHTpUudyry — npubop, B KOTOPOM MPOOHPKH C KJie-
TOUHBIM MaTepHaJOM BPAIAIOTCS Ha OYeHb BBICOKOH CKOPOCTH. PasHble KjeTouHble
CTPYKTYpPbl UMEIOT pasJjiMuHble Maccy, pa3Mepbl U MJIOTHOCTh, MO3TOMY TOJ, JIeHCTBHEM
LEHTPOOEKHOU CHJIbI B paCTBOpAX OMpee/eHHbIX BELIECTB (HanpuUMep, caxaposbl UK
XJIOPHJIA 11€3Hs1) OHU OCENIAl0T C PA3HOH CKOPOCTbIO U OCTAHABJMBAIOTCS B OTpe/e/ieH-
HOM CJIO€ YKHJKOCTH, UTO JIAeT BO3MOXKHOCTb OTJIEJIUTH OJIHH YACTHIIbI OT APYTHX. Takum
METOJIOM OT/IEJISIIOT MUTOXOHJIPHH, PUOOCOMBI U JIpYTHe OPraHOMJIbl KJIETKH.

B pacnopsizkeHHH COBpeMEHHBIX YUEHbIX UMEETCs LEbIH Psii XHMUYECKHX W (DH3H -
YECKUX METOJ0B, MO3BOJIFIOUHUX UCCAECN0BATb Pa3J/JMUHbIE BUAbI MOJIEKYJI, BXOAALLIUX B
COCTaB KJIETKH. ,HJIH U3ydyeHHUs1 JIOKaJM3aluuu OTAEJbHbIX XUMHUYECKUX BEUIECTB B KJIET-
Ke 1LIMPOKO HCIOJB3YIOTCS METOJbl UMTO- U TMCTOXUMUHM. OHM OCHOBaHbl Ha H30OHpa-
TeJILHOM JICHICTBUM PEaKTHBOB U KpacUTeJiel Ha ONpeJie/ieHHble XHMHUECKHe BellleCTBa,
coJepKalMecss B TOH MJIM UHOU KJIETOYHOH CTPYKTYype.

Ecin tpebyetcst npoc/ieinTh 3a KaKUM-JIMOO XHUMHUECKUM COEJIMHEHUEM B KJIETKe,
TO MO2KHO 3aM€HHTb OJAWH U3 aTOMOB B €r0 MOJIEKYJ1IaX Ha PalMOHYKJIUI. Takue MOJIEKYJIbI
OyIyT UMEeTb PAITHOAKTHUBHYIO METKY, [0 KOTOPOH MX MOXKHO OGHAPYKHTb C MO-
MOIIBIO CUETUHKA PAJIMOAKTUBHBIX YACTHLL HJIM 110 CMOCOOHOCTH 3aCBEUMBATH (hOTOIIIEH-
Ky. Yallle Bcero B KauecTse pajOaKTHBHBIX METOK HCIOJBb3YIOT HyK/IMbl Bogopona (*H),
yraepoza ("C) u docdopa (**P). Takoii MeToj nosyums HasBaHue aBTopaguorpaduu.

MeTo/l peHTreHOCTPYKTYPHOrO aHaiu3a JaeT BO3MOXKHOCTb OTNpelessiTh Mpo-
CTPAHCTBEHHOE pAacoJioXKeHHe aTOMOB W MX IPYNIMPOBOK B MOJEKyJax (Hampumep,
JIHK, 6esikoB), BXOJSIIMX B COCTAB KJETOUHBIX CTPYKTYP.

JInst M3ydeHust MPOLECCOB JIeIeHUsT KJIETOK, UX JTuddepeHIIMPOBKH U Crielaamu3a-
MY UCMOJB3YIOT METOJl KJAETOUHbIX KYJbTYP — BbIpallliBaHHe KJIETOK MHOTOKJIETOU-
HbIX OPraHU3MOB Ha IMUTATEJbHbIX Cpe/laX B KOHTPOJUPYEMbIX YCJIOBUSAX.

le/l HceseJ0BaHuu 2KHUBbLIX KJICTOK, BbIICHEHUH q:)yHKU,l/lﬁl OTAEJIbHBIX OPraHoOu10B
MPUMEHSTIOT METO/bl MUKPOXHUPYPTUM, T. €. OMEPATHBHONO BO3IEHCTBHS HA KJETKY:
yJlajieHne OT/IeJbHBIX OPraHOMJIOB WJIM HX TepecarkiBaHHe W3 OJIHUX KJETOK B Jpyrue,
MHKPOMHDBEKIIUU PA3JIMUHBIX BEIIECTB U T. JI.

[TpocaennTs 3a mpoieccamu, MPOUCXOAALUIUMH B »KUBOH KJETKE B TEUEHHE MJIH-
TeJILHOTO BPEMeHH, M03BOJISIeT 3aMelJleHHas KUHO- WJIM BUAEOCbEMKA uyepe3 MOlll-
Hbl€ CBETOBblE MMKPOCKOIbI.

O6uwuil naan cmpoenus kKaemku. [1o CTPOSHUIO KIETOK »KHBbIE OPraHU3Mbl Jie-
JISITCSl HA JIBE TPYMIIbL: MPOKAPHOTHI U 3yKapuoThl. [lpokapuotsl (0T Jiat. npo — mepej,
BMECTO, OT I'Peu. KapuoH — SApo) — JA0sIepHble OpraHuaMbl. X KJIeTKH He HMeIOT siipa.
K npokapuoram oTHocsTcsi Oaxmepuu. JyKapuoTbl (OT rped. 9y — IMOJHOCTbIO, XO-
pollIo, KApuoH — $p0O) — OPraHU3Mbl, KJIE€TKH KOTOPBIX COAEPKAT SAPO (siAepHble
OpraHU3Mbl). DYKAPUOTAMH ABJSIOTCH APOMUCHIbL, epubbl, PACTEHUS W HCUBONIHbLE.
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KneTkun 6akTtepuii OBrneHa WHdy3opus
3eneHas Tydenbka

KneTku nucta KneTku pusogepmbl  Knetku anutenus OpuUtpoumThbI HenpoH
anogev (NOKpOBHOM TKaHM Tpaxeun
KOPHS)

Puc. 27. Pa3nooGpasue KjieTok

KneTkn opraHu3moB pasHbIX LIAPCTB OTJIMUAIOTCS APYT OT jpyra pasmepamu, ¢op-
MO#, 0COOEHHOCTSIMH CTpOeHHst (puc. 27 ), BbINOJHSEMbIMH (YHKLHSMH. DoJiee ToTO,
CYLIECTBEHHbIE PA3JIMUMS MOXKHO OOHAPYXKMTb B CTPOEHHHM U (PYHKLHMSIX KJIETOK pas-
HBIX TKaHell OJIHOro opraHu3ma.

Hecwmotpst Ha mHOroo6pasue KJeToK, Bce OHM UMEIOT eAUHbIH MPUHLMIT OpraHu-
3aumu (puc. 28, 29). Knetka cOCTOMT U3 TPeX OCHOBHBIX YAaCTE€H: MOBEPXHOCTHOT O
annmapaTa, uutTonaa3dmMb U saapa (ysykapuor). PaccMoTpum cTpoeHne KIeToK
SICPHBIX OPraHU3MOB.

[loBepxHocTHBIA anmapaT o6pa3oBaH LMUTONJIa3MaTHUECKOH MeMOpaHOH W Hajl-
MeMOpaHHbIM KoMIyiekcoM. [ToBepxHOCTHBII anmnapaTt orpaHMYHBaeT BHYTPEHHeEE CO-
Jep:KUMOe KJIETOK, 3alUMLIAET ero OT BHELIHMX BO3ACHCTBHUIH, OCyLLecTBJseT 0OMeH
BEUIECTB MKy KJETKOH W BHEKJICTOUHOH cpenoil. HaaMemOpaHHBIH KoMMieKe Kie-
TOK pacTeHHil, (pHOOB U MHOTHX MPOTHUCTOB TMpeJICTaB/IeH MJIOTHOH, 4aCTO MHOTOCJION -
HOH, pa3Ho06PA3HON 10 CTPOEHUIO KJETOUHOH CTeHKOH (060J0uKoil). KneTku »kuBot-
HbIX TOKPBIThl TOJBKO LUTOIIa3MATHYECKOH MeMOPAHOH.

Huronaasma (ot rpeu. kumoc — KieTka, siieiika, naasma — 0(OPMJIEHHbIN )
BKJ/IIOUAET BHYTPEHHIOIO CPEly KICTOK — THaJioNJJaa3My — H IOrPyKeHHbIe B Hee
LIUTOCKEJIET, OPraHOW/bl U BKJIoueHHsl. [luTocKe e T (BHYTPUKIETOUHBIH CKeJeT) —
9TO CHCTEMA MHKPOTPYyOOueK M MHUKpPO(DUIAMEHTOB (MHUKpOHUTeH). OH BbINOJHSET
OMOPHYIO (PYHKIHMIO U 06eCcreuuBaeT BHYTPUKIECTOUHbIE IBHAKEHHSI.
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‘ Knetka ‘
| |
‘ [MoBEPXHOCTHbIN annapaT‘ ‘ Lintonnasma ‘ ‘ Anpo ‘
l
| |
LinTonnaamaTtunyeckas Hapmem6paHHbIv
MembpaHa KOMMIEKC
| | |
‘FmanonnasmaH LinTockenet ‘ ‘ OpraHongbl ‘ ‘ Bknto4eHus ‘
| |
‘ Hemem6paHHble ‘ ‘O,D,HOMeMﬁpaHHble‘ ‘ ,U,ByMeMﬁpaHHble‘

Puc. 28. O6wwuil nan cTpoeHust KIeTKH

Anpo

Xnoponnact

manonnasma

Komnnekc Monbgxm

MuToxoHapus

Pu6ocombl

OHponnasmartmyeckas
ceTb

LinTonnasmatunyeckas
MembpaHa

KneTouHbIV LeHTp KnetoyHas o6ono4yka
(kneTo4Has cTeHka)

XKnBoTHas kKneTtka

PacTtuTtenbHas KneTtka

Puc. 29. Cxema cTpoeHHst XKUBOTHOH M PAaCTHUTEJLHOH KJIETOK
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OpraHoubl — MOCTOSIHHBIE CTPYKTYPhl LUTOMIA3Mbl, HMEIOLIME PAa3HOE CTPO-
eHHe W BBINOJHSIOUIME pas3iuuHble QyHKIHU. OpraHousibl MOXKHO pasfiesiiThb Ha JiBe
rpynmbl: MeMOpaHHble U HeMeMOpaHHble. MeMOpaHH bl € OpPraHoWIbl TaKxkKe Mpej-
CTaBJIeHbl IByMsl THIIaMK — JIByMeMOpaHHbIMU U ofHOMeMOpaHHbIMU. K 1BymemOpan-
HbIM OPraHOMAAM OTHOCSITCSI MUTOXOHAPHH W mJaacTHabl. OnHomeMOpaHHBIMU
OpraHoOMIaMH SIBJISIIOTCSI SHJOMJa3MarTuuyeckass ceTb, Komnaekc [oJb-
JPKH, TU30COMbl M BakKyosu. K HeMeMOpaHHBIM OpraHouiaM OTHOCSATCS
pu6GOCOMBl M KJAETOUHBIH LEHTP.

BxnioyeHnss — HenocrosiHHble BHYTPHUKJETOUHble 00pazoBaHusi. OHM MOTYT
NOSABJATLCA B IIPOLIECCe 2KM3HEJIEATeJbHOCTH, MCUe3aTb W BHOBb 00PA30BbIBATLCA.
Bk/toyeHHs1 B OCHOBHOM TMpEJCTaBJAIOT COOOH 3amacHble BelleCTBA MJIM KOHEUHbIE
NPOAYKThl 0OMeHa BEU1eCTB KJAETKH. DTO MOTYT ObITh, HApUMep, JHMHAHbIE KarljH,
rpaHyJibl (3epHa) Kpaxmasia MJd [JIMKOTeHa, KPUCTaJllbl Cosel.

Snpo — BakHelillasi CTPYKTypa KJETOK 3YKapHOT, HMelollasi AByMeMOpaHHOe
crpoenue. B nem comepxkutest JIHK, kotopasi siBjisieTcst HOCHTeJIeM Hac/eICTBEHHON
uHdopmalnu. Snpo obecrieunBaeT XxpaHeHHe W peasn3allfio HACEICTBEHHON MHPOP-
MalMH, a TaKKe ee Nnepeiady JOUePHUM KJIETKAM.

9 1. Kakue opraHu3mbl OTHOCATCA K dykapuotam? K npokapuoTtam?
’ Pacrenust, rpuGhbl, MpoTHCTBI, GAKTEPUH, KHBOTHBIE.

2. Kakue noHATUA NpOnyLLEHbl B 6UOMOMMYECKMX «YPaBHEHUSIX» U 3aMEHEHbl BOMPOCUTESb-
HbIMX 3HaKaMmn?

[ToBepxHOCTHBIH ammnapar KJAeTKH + ? + siIpo = syKapHOoTHUYecKas KJeTKa
[{uTonnasma = opraHouapl + BK/IIOUEHHS] + LUTOCKeJaeT + ?
HanmemGpanHblit KoMIIeKC + ? = TOBEPXHOCTHbII amnapar KJeTKH

3. Ha3oBuTe 1 OxapakTepu3ynTe OCHOBHbIE METOAbl U3YHYEHUs] KNETKU.

4. KakoB 06LWMIA NPUHLUMIN CTPOeHMs KneTok? O 4em cBuAeTenbCTBYeT TOT (PaKT, YTO KreT-
KM pasfnyHbIX OpraHM3amMoB UMET OOLLMIA NiiaH CTPOeHUA?

5. Kak ycTpoeH MOBEPXHOCTHbIA annapaTt KNneTok?

6. Yem opraHoupbl OTNMHaKOTCA OT BKIHOYEHUI? B KneTkax Kakvx TKaHel M opraHoB pac-
TEeHUI COOEPXUTCS GOnblLUe BCEro BKOYEHUN?

7. Mopb6epute MeTOApbl, NMOAXOAALUME AN KaXAOro LMTONOrM4eckoro mccnepoBaHust. O6b-
SICHUTE CBOW BbIOGOP.

a) Onpeje/sieHde TOJILIMHBI LUTOMIA3MATHIECKOH MeMOpPaHbl K/JIETKH.

6) Bbinesienne U3 HelpOHOB siiep U MX COOp B OTEJbHYIO MPOGHPKY /IS JaJibHENIEro H3ydeHus.
B) [Toacuer uncna seiikoniactos (GeclBETHBIX MJIACTHL) B KIETKaX KiayOHsi KapTodesi.

r) OnpesiesieHne hopMbl MOJIEKYJIbI GeJIKa U TOCTPOeHHEe ee 00BEMHOr0 H300PaKEHH S

1) PasmHorkenne B jabopaTopui JIEHKOLMTOB UeoBeKa U ONpeseaeHre, CMOTYT JIM OHH BBITIOJMHATh
cBoW (pyHKUMU Ge3 siipa.

e) [Toncuer yucsia spuTpouyToB B 1 MM? KpoBH uesoBeKa.

8. B cBA3M C 4EM HEKOTOpPbIE KNETKM JOCTUraloT CPaBHUTENBHO KPYMHbLIX PA3MEPOB (SMLEKNETKN

NTUL 1 akyn, KNETKM MAKOTW NMOAOB M 3HAOCNepMa CeMsH, HEMPOHbI ¢ oTpocTkamu 6onee 1 m)?
EcTb nn npeaennl VBENVHeHNo (VMeHbIIIEHMIO) Da3MeDOB KNeToK? Yem oHn 06ycnoBneHb!?
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§ 12. Huronaasmaruueckass memo6paHa

Humonaasmamuueckas membpana (naazmaremma) — OCHOBHAsI, YHHUBED-
casibHasi J1s1 BCeX KJIETOK 4acTb MOBEPXHOCTHOIO arnmnapara. Ee ToJillHHa cocTabJsieT
okosio 10 um. [lnazmanemMma orpaHuuuBaeT LMTOMJA3MYy W 3alllMLIAeT €€ OT BHell-
HUX BO3ACHCTBUH, MPUHUMACT y4acTHe B Npoueccax oOMeHa BELIECTB Mex/y KJIeTKOH
W BHEKJIETOYHOH CpeloH.

OCHOBHBIMH KOMITOHEHTaMH MeMOpaHbl SIBJSIIOTCS JIHIKABL U OeJikd. JInnuapl co-
crapastior okosio 40 % macchl MmemGpan. Cpenu HUX NpeobaanaroT GocdOoHITHIbL.

Mouiekynbl pocoMNUI0B pacrnoaraioTesi B BHAE JABOHHOTO CJosi (JIMIHAHBIA
6ucioit). Kak Bbl y2xke 3HaeTe, Kaxaas MoJiekyJa (ocdosnnnia o6pazoBaHa MnoJspHoi
ruApO(UILHON TOMOBKOH M HEMOJSPHBIMU THAPOPOOHBIMU XBocTaMu. B 1uToniasma-
THUECKOH MeMOpaHe TuapoHiibHble TOJOBKH 00palleHbl K HAPYKHOH M BHYTPEHHEH
cTopoHaM MeMOpaHbl, a ruapodoGHbIE XBOCTH — BHYTpb MeMOpaHbl (puc. 30).

Kpome sununos, B coctaB MeMOpaH BXOAST OeJIKK JABYX THIOB: MHTErpajibHble
nepudepuueckne. Muterpanbhble Gefku Gojiee WIH MeHee TIyOOKO MOTPyKeHb
B MeMOpaHy JIMOO IPOHU3LIBAIOT ee HackBo3b. [lepudepuueckue Oeaxku pac-
10J1araloTcsl Ha BHELIHEH ¥ BHYTPeHHeH MOBEPXHOCTSX MeMOpaHbl, IPHYeM MHOIHE H3

S TupgpochunbHas
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MHTerpanbHbin
6enok

Mepudpepunyeckme
6enkn

WHTerpanbHbIi 6enok

Puc. 30. Cxema cTpoenust HUTON/Ia3MaTHUECKOH MeMOpaHbl
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HUX 00ecrneuuBaloT B3auMOJIEHCTBHE Myla3MaeMMbl ¢ HaIMEMOPAHHBIMU M BHYTPHKJIE -
TOUHBIMH CTPYKTYpaMH.

Ha BHellIHel MOBEPXHOCTH LIUTOMIA3MATHUECKOH MeMOpPaHbl MOTYT pacroJaraThest
MOJIEKYJIbl OJIUTO- M MoJncaxapuaoB. OHY KOBAaJIEHTHO CBA3BIBAIOTCA ¢ MeMOpPaHHBIMH
Junuaamu U 6ejikaMu, o0pasys [IMKOJUIKABL U [JIHKOIPOTEeHHbl. B KjeTkax »KHUBOT-
HBIX TAKOH YIJIEBOJHBIA CJIOHW MOKPBIBAET BCIO MOBEPXHOCTH Mya3MajeMMbl, 06pasys
HajaMeMOpaHHbiii Komruieke. OH Ha3biBaeTcsl TIMKOKAIMKCOM (OT JiaT. 2AUKUC —
CJaAKuH, Kaarom — TOJCTas KoxKa).

Dyukyuu yumonaasmamuiecKoii memobpanst. [11a3manemMma BbINOTHSET PSiJL
(hyHKIMH, BaKHEHIIMMHM M3 KOTOPBIX ABJAIOTCA GapbepHasi, pelenTopHas U TpaHC-
NopTHas.

BapbepHas ¢yHkuus. [uronnazmatuueckass MeMOpaHa OKpPY»KaeT KJIETKY CO BCeX
CTOPOH, Urpasi poJib 6apbepa — Mperpajibl MeXKIy CJ0KHO OPraHU30BAHHBIM BHYTPU-
KJIETOUHBIM COJEPXKUMBIM W BHEKJIETOUHOH cpenoil. bapwepHyto dyHKIMIO 06ecneun-
BaeT, Mpexje BCEro, JUMUAHBIA OUCI0M, He MO3BOJSIIOIMN COIEPKUMOMY KIE€TKH pac-
TEKaTbCs M MPENATCTBYIONIMA MPOHHKHOBEHHIO B KJETKY Uy’KEPOJHBIX BEIIECTB.

PeuentopHasi dyHkumusi. B uuronjasmMaTueckyro MeMOpaHy BCTPOEHbI GeJiKH,
crnocoGHble B OTBET Ha JIeHCTBHE pA3JIMUHbIX (PaKTOPOB BHElIHeH cpejibl M3MEeHSITh
CBOIO MPOCTPAHCTBEHHYIO CTPYKTYPy W TakuM 00Opa3oM MepefaBaTh CUIHaJbl BHYTPb
kiaeTku. CrenoBaTesibHO, IMTOMIa3MaTHueckas MembpaHa obOecreunBaeT pas3japa-
JKUMOCTb KJIeTOK (CMOCOOHOCTb BOCIPUHUMATD Pa3NparKUTesid U onpeiesieHHbIM 00-
pasoM pearupoBaTh Ha HHX), OCYLIECTBJsAS OOMeH MH(opMalMell MeXIy KIeTKOH H
OKpyzKarollel cpeon.

HexoTopbie pelientophbie 6eNKH LUTOMJIA3MATHUECKOH MeMOpaHbl CrOCOGHBI
pacrio3HaBaTh OIpeJieJieHHbIe BEIIeCTBA U CrielU(PUIECKH CBA3bIBaThCs C HUMU. Takue
6eJIKH MOTYT y4acTBOBaTh B 0TGOpe HEOOXOAMMBIX MOJIEKYJI, TTOCTYNAIOIIHUX B KJIETKH.

K peuientopHbiM GejiKaM OTHOCSITCSI, HalpUMep, aHTUIeHpPACMO3HAlolIHe peLern-
TOpbI JTUM(OIUTOB, PelenTOpbl FTOPMOHOB U HEHPOMEIUaTOpoB U T. 1. B ocyiiecrsie-
HUU peleNTOPHOK (PYHKIMH, KpoMe MeMOpaHHbIX GeJIKOB, BaXKHYHO POJIb UTPAOT 3Jie-
MEHTBI TJIMKOKAJHKCA.

Pasnoo6pasue u cretn@UuHOCTb HAG0POB PELENTOPOB HA MOBEPXHOCTH KJAETOK MPUBOJUT K CO3-
JIAHHIO CJIO?KHOH CHCTEMbI MapKepoB, MO3BOJISIOLINX OTJIHYATh «CBOM» KJIETKH (TOH ke 0cOGH HJIH TOTO
JKe BHUJA) OT «4y:Kux». Bsiarogapst 3ToMy KJeTKM MOTYT BCTynaThb Jpyr ¢ JAPYroM BO B3aWMOJEHCTBHUS
(HarpumMep, KOoHblOTalUs y 6akTepHii, 00pa3oBaHne TKaHEH Yy KUBOTHBIX).

B uuronsasmaruueckoii MemGpaHe MOTYT ObITh JIOKAJH30BaHbl ClelU(pHIECKHE peLeNnTophl,
pearupyiolne Ha paznndnble huandeckne dakropel. Hampumep, B niaszmaseMme cBeTOUyBCTBHTEIBHBIX
KJIETOK YKMBOTHBIX pacriosiokeHa criefiHaibHast (poTopelienTopHasi cucTeMa, KJIoueByl0 poJib B (DyHK-
[IMOHMPOBAHUH KOTOPOH HrpaeT 3pHTebHBIH MUrMeHT pogoncuH. C momouibio (GoTopelentopon
CBETOBOH CHrHaJ MpeBpallaeTcsl B XMMHUECKHUI, YTO, B CBOIO O4epeib, MPUBOAUT K BO3HHKHOBEHMIO
HEPBHOTO HMITyJIbCa.
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TpancnoptHasi pyHkuusi. OnHON M3 OCHOBHBIX (DYHKIIMH TJ1a3MaJieMMbl SIBJISIET-
cs obecrieueHre TPAHCTIOPTA BEIECTB KaK B KJETKY, TaK U M3 Hee BO BHEKJIETOUHYIO
cpelly. BblesisiioT HEeCKOJIbKO OCHOBHBIX CIOCOOOB TPAHCIOPTA BELLECTB yepe3 LHUTO-
nJiagmMaTHieckyto Memopany: npocrast auddysusi, obsmerdennas aupysus, akKTHBHbIN
TPAHCIOPT U TPAHCIOPT B MeMOpPaHHOH ynakoBke (puc. 31).

[Ipu mpoctoit nuddysun nHabaogaeTCs CAMONPOU3BOJBLHOE TMepeMelleHne
BelleCTB uepe3 MeMOpaHy U3 00JIaCTH, IJle KOHLEHTPALMs STHX BellleCTB Bhillie, B 00-
JlacTb, TAe UX KoHlleHTpauus Hmke. [lyrem mpocrofi muddysun udepes mniasmasnem-
My MOTYT MPOXOJUTb HeOoJblIne MoJekyJbl (Harnpumep, Hy,O, Oy, CO,, MoueBHHA)
1 nonbl. Kak mpaBu/io, HemoJisipHble BELIECTBA TPAHCTIOPTHPYIOTCS HEMOCPEACTBEHHO
yepes JIMMUAHBIH GUCJION, a TOJsPHblE MOJIEKYJIbl U HOHBbI — uepe3 KaHaJbl, o0pa-
30BaHHbIE CrielMalbHbIMM MeMOpaHHbIMH Oeskamu. [lpocras muddysust nmporncxoaut
OTHOCHUTEJIbHO MeIeHHO. JlJist yekopeHust Iuddy3HOro TpaHCnopTra CyLleCTBYIOT MeM-
6pannble Oenku-niepeHocynki. OHM H30MpaTeNbHO CBSA3BIBAIOTCS C TE€M HJH HHBIM
MOHOM HWJIH MOJIEKYJION W TepeHocAT MX vepe3 MeMmOpany. Takoil Tum TpaHcnopra
HagbiBaeTcss o6aerueHHOl audysunen. CKopocTh nepeHoca BelIeCTB TMPH
o0JierdyeHHON AU Qy3Mn BO MHOTO pa3 Bhlllle, UeM MPH MPOCTOH.

Huddysus (npocrast u obserdyeHHasi) — pa3HOBHAHOCTH MAaCCHBHOT O TpaHC-
nopra. OH XapakTepuayeTcsl TeM, YTO BelleCTBa TPAHCIIOPTUPYIOTCS Yepe3 MeMOpaHy
6e3 3aTpaT HEPrUM M TOJBKO B TOM HarpaBJeHHH, Ijie HaOJofaeTcss MeHbIas KOH-
LIeHTpallHsl TaHHBIX BEIECTB.

() GG O O OO O
o o o ©
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QOPOC
ddra JTIMANAHBIA
6vicnon
0PeO ‘ ‘ ‘ o
o © ° KaHanbuesas
mddY3A  Oudpdpyans c SHepris
Ondpdpysus yepes NMOMOLLIbIO 6enka- TpaHCMopT C MOMOLLbIO
NUNNAHbIA 6GUcnomn nepeHoc4uka MeM6paHHOro Hacoca
lpoctas angysnsa O6neryeHHas
w angpgysus
MaccuBHbIN TpaHCNOpPT AKTUBHbI/ TpaHCMNOPT

Puc. 31. Cxema TpaHcropta BelIeCTB Yepe3 LUTOIMIA3MaTHIECKYI0 MeMOpaHy
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AKTUBHBIH TpPpaHCNOPT — MePEHOC BEIEeCTB uepe3 MeMOpaHy U3 06/1acTH
HH3KOH KOHIIEHTPAIMK 3THX BellleCTB B 06J1acTh GoJiee BbICOKOH. [t aTOro B MeMOpaHe
MMEIOTCS! CrielinalibHble HacoChl, paboTalollke C HCMONb30BaHHEM SHEPTHH (cM. puc. 31).
Yauie Bcero Jyuisi paboThl MeMOPaHHBIX HACOCOB UcnosibayeTcest sHeprust ATO.

OnHuM 13 HauboJee pacnpocTpaHeHHbIX MeMOPAHHBIX HACOCOB SIBJISIETCS HAT P U -
kanuepaa AT®aza (Na'/K'-AT®dasza). Ouna yranser u3 kaetku nonbl Na®
W 3aKaunBaeT B Hee HoHbI K'. Jlna pa6oTel Na'/K'-ATdasa ucrobayeT sHepruio,
Bhilesisiemyto ipu ruapoanse AT®. Bnaronapsi atomy Hacocy mojjiep:KuBaercsi pas-
HocTh KoHueHTpaimil Na©™ u K B K/ieTKe ¥ BHEK/JIETOUHON Cpejie, YTO JIEKHT B OCHOBE
MHOTHX GHO3JIEKTPHUECKHX M TPAHCTIOPTHBIX TPOLIECCOB.

B pesysibraTe akTHBHOrO TpaHCMoOpTa € MOMOLIbI0 MeMOPAaHHBIX HACOCOB TPOMC-
XOJUT TaKxKe peryasuust cofepxanus Mg®", Ca** u 1pyrux MOHOB B KjeTke.

[lyrem axkTHBHOTO TpaHcmopra yepe3 LMUTOIJA3MA-
THYECKYI0O MeMOpaHy MOTYT TepeMelllaThCsl He TOJbKO
HOHbI, HO U MOHOCAXapHJbl, aMUHOKHCJIOTbI, JIPyrHe HU3-
KOMOJIEKYJISIDHbIE BEIeCTBa.

CB0e0oOpa3HoOil W OTHOCUTEJNIHO XOpOILIO H3y4eH-
HOH pa3HOBHIHOCTHIO MeMOPAaHHOTO TpaHCIopTa SBJSA-
eTcss TpaHCMOPT B MeMOpPaHHOH YMNaKOB-
kKe. B 3aBucumoctu 0T TOro, B KaKOM HarmpaBJeHHH
nepeHocATCs BellecTBa (B KJETKY WJIM W3 Hee), pas-
JUYAloT JIBA BHUAA 3TOTO TpaHCIOpTa — 3IHAOLUTO3 U
9K301UTO3.

DHAOUHUTO3 (0T rped. IH0OH — BHYTPH, KUMOC —
KJETKa, siueiika) — TOIJIOleHHe KJIEeTKOH BHELIHHUX Ya-
CTUI TyTeM 00pa3oBaHusi MeMOpaHHBLIX My3bIpbKoB. [1pn
SHJIOLUTO3€e OMNpeJlesIeHHbIH YUacTOK MJiasManeMMbl 00BO-
JIAKHBAET BHEKJETOUHBIH MaTepHas W 3aXBaTbIBAeT ero,
3akJ/ouast B MeMOpaHHyt yakoBky (puc. 32).

Boiensitor Takue pasHOBHAHOCTH SHAOLMTO3a, Kak
barouuTo3 (3axBaT U MOMJIOLIEHHE TBEPJBIX YACTHIL)
U MUHOIMUTO3 (MONIOIIEHHE KUIKOCTH ).

[lyTem sHmOUMTO3a OCYLIECTBJSIETCS MUTAHHE reTe-
pPOTPOHBIX MPOTHCTOB, 3allUTHbIE peaKlUH OpraHu3Ma
(norJiotleHHe JIEHKOLMTAMH Yy KEPOJIHbIX YaCTHIL) U JIp.

DK30UHUTO3 (OT Tped. 3K30 — CHAPYXKH) —
TPAHCTIOPTHPOBKA BENIECTB, 3aK/II0UEHHBIX B MeMOPaHHYIO
YMaKOBKY, U3 KJETKH BO BHEIIHIO cpery. Hanpumep, my-
Puc. 32. Cxema sugowmrosa  3bIPEK KoMIieKca [0JIbKH nepeMeliiaeTcest K IUTorniasma-
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THYECKOH MeMOpaHe W CJAMBAeTCsl C Hel, a COAEP:KUMOe My3bIPbKa BbIIEJSETCS BO BHeE-
KJIE€TOUHyI0 cpely. Takum crnocoO0M K/IETKH BBIIEJSIOT MUILEeBAPUTENbHBIE (hepMEHTH,
FOPMOHBI M JIpyrHe BelllecTBa.

9 1. MoxHO nv yBUAeTb niasmanemMMy B CBETOBOW MUKPOCKON? KakoBbl XMMWUYECKUA cocTas
" 1 CTpOeHVe LMTOMNa3MaTn4eckon MemMopaHbI?
2. YT0 Takoe rmukokanukc? Ans Kakux KNeTok OH xapakTepeH?
3. lMepeuncnute n NOSCHATE OCHOBHbIE (DYHKLUW MnasMasnemMmmbl.
4. Kaknumm cnocobamm MOXEeT OCYLLIECTBMATLCA TPAHCMOPT BELLECTB Yepe3 MmembpaHy? B vem
3aKnYaeTcs NPUHUMNMANbHOe OTIMYME MACcCMBHOMO TPaHCMopTa OT aKTUBHOrO?
5. Hem oTnunuaroTca npoueccsl arountosa 1 nuHoumMTo3a? B 4em nposiBnseTcs CXOACTBO
3TUX npoLieccoB?
6. CpaBHWTE pasnunyHbie TUMbl TPAHCMOPTa BELLECTB B KNETKY. YKaxuTe 4epTbl UX CXOACTBA
N pasnuyus.
7. Kakve dyHKUMM He cmorna 6bl BbINOMHATH uUMTOMnasmarudeckas membpaHa, ecnv Obl
B ee cocTaB He Bxoaunu 6enkn? OTBeT 060CHYyWTe.
8. HekoTopble BellecTBa (Hanpumep, AUMSTUOBBIN 3chMp, XNOPOGOPM) MPOHUKAKT 4Yepes
6uonornyeckne MembpaHbl faxe 6bICTpee, YeM BOfAA, XOTA MX MOJEKYSbl HAMHOro 6orblue
monekyn sogel. C 4yem 3TO €BA3AHO?

§ 13. luanonaasma. Llutockener

Tuaaonaaszma (0T rped. xuaaoc — CTEKJO, NAa3MA — O0(DOPMJIEHHDIH ) — BHY-
TPEHHSIS1 Cpe/la KAETKH, B KOTOPOH Pa3MellaloTcsl BCe BHYTPUKJIETOUHbIE CTPYKTYPhl U
NpoTeKalT pagHooOpasHble INpolecckl oOMeHa BellecTs. [Wajsonsasma npejacrasJsier
co060# rycToi OeCUBETHbIM BA3KHUI pacTBOpP, COAEPrKaHUE BOJbI B KOTOPOM COCTaBJISAET
70—90 %. B ruanoniazme COJIEPIKUTCS MHOTO O€JIKOB, MPUCYTCTBYIOT YIJIEBOIbI, JIUITH-
JIbl M pazjiMuHble HeopraHuyecKue CoeMHeHHsl. 3JIeCh K€ B PAaCTBOPEHHOM BHE HAxo-
JTCSl AMHHOKHCJIOThI, HYKJEOTH/bl M JPyrHe «CTPOMTEJIbHble OJIOKH» OHOMNOJMMEPOB,
a TakxKe MPOMEXKYTOUYHblE MPOIYKTbI, 00pasylolilecs B Xoae oOMeHa BelIeCTB.

[nanonsiagma oObeMHsIET BCE KJETOUHblE CTPYKTypbl M oOecrneynBaeT XUMHYe-
CKO€e B3aUMOJIEHCTBHE MEXKIy HUMH.

Humockeaem (8Hympuraemounslii yumonaasmamuvecKkuii ckeaem) —
COCTaBHAsl YacCTh LIMTOIJIA3Mbl, €€ MexaHWYeCKuH kapkac. [lutockeser npencrapJiser
co00¥ CIOXKHYIO TPEXMEPHYIO CeTh MUKPOMHUIAMEHTOB U MHUKPOTpyOoueK (puc. 33).

MukpodunamenTbl — TOHKHE OeJIKOBble BOJIOKHA ((UOPHIIbI), COCTOSILIHE U3
JIByX CIIMpPAJIbHO 3aKPyUYeHHbIX OJHA BOKPYr Apyroi Huteil. Kaxknasi HUTb BO3HMKaeT
B pe3yJbTare MnoJuMepu3aln MoJsiekys 6ejika akTuHa (puc. 34, a).

B knetke o6Hapy:KuBaloTCs TakkKe (GUOPUJIBI JPYroro BakKHOro OGejka —
MU 03H1Ha. Mno3nHoBble hUOPUJIIBI BMECTE ¢ AKTHHOBBIMM MUKpPO(HIaMeHTaMi 06pa-
3yIOT KOMIJIEKC, CMOCOOHBIA COKpallaThCsl 3a CYeT HCMoJb30BaHus sHeprun ATD.
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LinTonnasmatuyeckas
MembpaHa
OHpgonnasmarmyeckas

ceTb

MukpoTpy6oyka
MukpodunameHThbl
Prn6ocombl MuToxoHgpus

Puc. 33. Cxema opranusauuu 1LUTOCKeJeTa

MuUKpPOTPYOOUKH CO/IEPKATCS BO BCEX 3YKAPUOTHUECKHUX KjeTKax. OHM MpejcTaB-
JSIIOT cOOOH TOHKHE M0Jible Hepa3BeTBJeHHble TPyOOUuKH, 06pa3oBaHHble MOJIEKYJJIaMH

6esika Ty6yJauHa (puc. 34, 0).

[lutockeser BbinmosHseT padnuunble (yHkuud. Harpumep, on ynopsinounBaet
pasMellleHHe BCeX CTPYKTYPHbIX KOMMOHEHTOB KJeTKM. MHUKpOTpyOOUKH LHUTOCKEJe-

Monekynbl Ty6ynuHa /

Puc. 34. Cxema crpoenust Mukpocunamenra (a)
U MUKPOTPY6OUKH (6)

Ta MOJUIEPKUBAIOT OTpeJiesieHHyo (op-
My kjaetku. OHH pacroJiaraloTest TaKUm
0o6pa3oM, 4TOObl MPOTHBOAEHCTBOBATH
pacTsKeHHIO U CxKaTHio KJaeTkd. Kpome
MexaHH4eCKUX (PYHKIUH, MHKpPOTpy6OuU-
KW 006ecreyuBaloT BHYTPUKJETOUYHBIN
Tpancnopt. Bposb mukporpybouek ¢
MOMOLLBIO CleLHa/bHbIX OeJIKOB Mepe-
MELLAIOTCsl pas/iMuHble YacTHLbl, rpa-
HYyJIbl, BaKyoJd W JpyrHe KJeTOUHble
KOMIOHeHThl. Bo Bpemsi nesienust Kier-
KW  MHKPOTPYOOUKH MPUHUMAIOT He-
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MOCpeNCTBEHHOE ydacTHe B 0OpAa30BAHUM BepeTeHa JieJleHHsI U B PACTATMBAHUH XPO-
MOCOM K T10JII0CAM KJIETKH.

MukpocduniaMeHTbl B3aUMOJEHCTBYIOT ¢ MUKPOTPYGOUKAMH TTOBEPXHOCTHOTO CJIOS
[UTOMNJIA3Mbl U C IMTOMJa3MaTHIeCKoll MeMOpaHo#, obecreunBasi ABUTaTeJbHYIO aK-
TUBHOCTb T'HAJIONJIa3Mbl, MPOLECCHl SHAOLUMUTO3a U 3K30LUTO3a. B3aumonericteue sJe-
MEHTOB LIMTOCKeJeTa C IJla3MaJeMMOl TakxKe JIE)KUT B OCHOBE aMeOOHIHOTO JIBHXKe-
HUSA, XapaKTePHOTO JIIsi HEKOTOPBIX KJIeTOK (Harnpumep, amel, JIEHKOLUTOB ).

DJIeMeHTBl IIUTOCKeJeTa OYeHb JMHAMMUHBL. B ompesesieHHbIX ydacTKax KJeTKH
npy U3MEeHEHUH BHELIHUX W BHYTPEHHHUX YCJOBUH OHM MOTYT pacnagaTbCsi U BHOBb
cobupatbes. OTaenbHble GENKOBbIE MOJIEKYJIbl, 06pasytolipecs Mpu pa3bopke MUKPO-
TpyGOueK U MHUKPO(UIAMEHTOB, MEPEXOAAT B PacTBOpP B cOCTaBe rHaJjorasmbl. [lpu
cOOpKe 3J1eMEeHTOB LIMTOCKeseTa Ha0J1t01aeTcst 0OpaTHbI mpolece.

9 1. Yrto fABnAeTcs BHYTpeHHeWl cpefon KneTkn? Kak HasbiBaeTCA OMopHO-ABUraTesibHbIN
annapar KneTku, NpeAcTaBneHHbI CeTbio TOHYanLLIMX HUTEN 1 Tpybodek?

Hﬂpo, OpraHOMW/ibl, LIUTOCKEJIET, LIMTOIlJIa3Ma, I'HaJiolnja3ma, BKJIOYEHHUs.

2. Y70 npepncTtaBnsfeT cobon rvanonnasma? Kakos ee xvMuyeckuii coctaB? Kakue yHk-
LUMN OHA BbINOMHAET?

3. B yem 3aknoyaeTcsa pasnuume Mexgy MOHATUSMU «uuTonnasma» u «rmanonnasma»?

4. /3 yero cocTtouT umtockenet? KakoBbl ero yHKUMN B KNeTke?

5. HYeM MUKPOTPYOOHKM OTANHAKOTCA OT MUKPOUIAMEHTOB?

6. B 4yeM nposBnsieTcs AMHAMUYHOCTL CTPYKTYPHBIX SMIEMEHTOB LMUTOCKeneTa?

7. V13BeCTHO, 4YTO rvanonna3mMa MOXET MEHsITb BA3KOCTb U TEKYYeCTb, Nepexoas U3 Xuakoro
COCTOSIHUS B reneobpasHoe M Hao6opoT. [MpegnoxuTte rvnoTesbl, Kakum o06pa3oM I3TO
MOXET OCYLLECTBATLCS.

§ 14. Knetounbid uentp. Pud6ocombi

Kaemounoui yenmp vmveercss y OOJBLIMHCTBA »KUBOTHBIX KJETOK, a TaKxKe Yy
HEKOTOPbIX epubos, sodopocaell, Mmxos u nanopomruxos. OH pacrnosokeH BOJU3U
sipa 1 0Opa3oBaH JABYyMsl MOJILIMH LMJHHAPAMH — L EeHTPpH 0JaMH. Kaxknas uenr-
PHOJIb COCTOMT M3 JIEBSITH TPUIIIETOB MUKpOTpyGoueK (9 X 3), cBA3aHHBIX ClelHallb-
HbIMH OesikaMM B ejitHylo cucTeMy (puc. 35). LleHTpuosu pacronaraiores neprieH-
JUKYJIspHO Apyr Apyry. OT HHMX B pa3HbIX HarpaB/JeHHsIX OTXOIAT MHOTOYHCJIEHHBIE
MHKPOTPYOOUKH.

DyHKIMS 1eHTpHOsIEH — 3amycK cOOPKH MHKPOTPYyGOUeK, T. €. OHH SIBJISIOTCS
LIEHTPOM «TIPOU3BOJCTBA» MHKPOTpyGouek. K LeHTpHOMSIM TpaHCOpTHPYeTCs: GesloK
TyOyJIMH, U3 MOJIEKYJl KOTOPOTO U coGUpatoTest MUKpoTpyOouku. [lasee oHH Hampasssi-
I0TCsl B pa3Hble YH4AaCTKH KJIETKH, Tl€ U BbBINOJHAIOT CBOU (byHKLLl/ll/l.

[Ipu noarotoBke KJAETKH K J€JIEHWIO MPOUCXOIUT YABOEHHE LeHTpuoJsel. Bo
BpeMsl JeJIeHHd OHH TMOoMapHO pacxoAsdaTcss K IMNPOTHUBOIOJOXKHBIM TOJIOCAM  KJIET-
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Tpunnet
MUKPOTPY604EK

KneTouHbI LeHTp

LleHTpronu

[

Puc. 35. Cxema pacriosioykeHusi U CTPOEHHS KJIETOUHOTO LeHTpa

KA W yyacTBYIOT B 00Opa3oBaHuM BepeTeHa jaeneHus. Takum oGpasom, BO Bpe-
Msl JIeJIeHHs] B KJIETKE COJEprKatTcsi JiBe Tapbl LEeHTpHoJel (Mo OfHOH nape y Kax-

JIOTO TI0JT10Ca ).

Pubocomor — HemeMOpaHHble OPraHOM/bl, OCYLIECTBJ/SIOLIME CHHTe3 Oel-
ka. Onu ouenb Masbl (15—30 HM) U cofepxkaTcsl Kak B 3YKAPUOTHUECKHX KJeT-

Bonbluas cyébeamHmua

Manas cy6veamHuLa

Puc. 36. Cxema cTpoeHHust pu60COMBL

Kax, TaKk M B KJeTKax TMpokapuoT (6akrepui).
KosinuectBo puGocoM B pasHbIX THNAX KJIETOK
COCTaBJISIET OT HECKOJIbKUX ThICSIY 10 HECKOJbKHX
MHJIJIHOHOB.

Pu6ocoma cocTout u3 a1Byx cy 6 be IMHU L —
6oJibLI0N 1 MaJiol (puc. 36). Kaxnas cybbeununa
npejacTaByseT coboi kommnaeke puéocoMmHbix PHK
(pPHK) ¢ 6enkamu. Cy6beaunuipl pubocom dop-
MHUPYIOTCSI B slipe, a 3aTeM 4Yepe3 siiepHble MOpbl
BbIXOJAT B UuTOMaa3My. Ha pubocomax ocyuiect-
BJsieTcsl cOopKa MoJieKyJ1 GeJIKOB U3 aMHHOKHCJIOT,
JIOCTaBJsSIEMbIX MoJieKyJaamMu TpaHcnoptHbix PHK
(TPHK).

Bosibliine 1 mMasble cyGbeauHulbl pubocom pac-
MoJIaraloTesl B 1LIUTOMNJIA3Me OTAEJbHO JIPYT OT Jpyra
1 00BEIMHSIOTCS TOJILKO A1 cuHTe3a 6eska. Mnu-
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HaTopoM cOOPKH pUOOCOMBI CJIY?KHUT MoJieKyJsa uHpopmaluoHHo# (MaTpuutoi) PHK
(nPHK, MmPHK), conepxaiiasi uuopmaiinio o cTpykrype Toro 6esika, KOTOPbIH Mpej-
CTOHT CHHTE3HPOBATb.

CdopmupoBattble puGOCOMbI MOTYT HAXOAUTbCSI B CBOOOJAHOM COCTOSIHUH B
ruajornsasMe JUO0 MPUKPENATHCS K MOBEPXHOCTH 3SHJOMNA3MAaTHYECKOH CETH WJIH
spa. CBoOonHbIE PUOOCOMBI CHHTE3UPYIOT O€JIKH, HeOOXOAMMBIE IJIsl HYXKJI CaMOH
KJAeTKH. PuGocombl, MpUKperyieHHble K SHA0TIa3MaTHUECKOH CeTH U 000JIoUKe sijipa,
CUHTE3UPYIOT OCJIKM, Mpe/Ha3HaueHHble JJIs BbIBEAEHHUS] U3 KJETKH, a TakKxkKe MeM-
OpaHHble OCJIKH.

9 1. Hem aBRAOTCA KNETOYHbIA LEHTP U pM6oCoMbI?

KoeTounbimu BKJIIOYEHUAMH, HeMeM6paHHblMI/I OopraHouJlaMH, MeM6paHHblMl/l opraHouiaMu.

2. Kak yCTpPOEH KIEeTO4HbIN LEHTP?

3. MNoyeMy KNeTOYHbIA LEHTP Ha3blBaKT «LEHTPOM OpraHm3auum MUKpOTPpyBodeK»?

4. OxapakTepuaynte XMMUYECKWUIA COCTaB, CTPOEHME U PYHKLMIO prBOCOM.

5. Kakve 13 nepeyncreHHbIX Hvxe 6enkoB CUHTe3MpPYKTCs Ha CBOGOAHbLIX pubocomMax, a Ka-
Kne — Ha pubocomax, NMPUKPeriieHHbIX K MOBEPXHOCTU SHAOOMNIa3MaTUHecKon cet unu aapa
kneTkn? OTBeT 060CHYWTE.

a) MHcysuH B KJIETKaX MOJKEJYI0UHON 2KeJie3bl.

6) Beskn-penenropbl HefipoMeHaTOPOB B HEPBHBIX KJETKAaX.
B) [eMoryo6uH B MOJIOABIX SPUTPOLUTAX.

r) TyGysuH B KJeTKax POCTKOBOTO CJIOSI SMHACPMHCA KOXKH.
1) GubpUHOreH B KJIETKAX MeyeHH.

6. Kak Bbl gymaeTe, rge cogepXuTcs 6onblue puboCoOM — B KNETKax BOMOCSAHbIX JTYKOBUL,
NN B KNeTKax Xnposor TkaHn? lMoyemy?

7. VI3BECTHO HECKOSbKO rpyrn BeLeCcTB, CMNOCO6HbIX CBA3bIBATLCA C pMOOCOMaMu NpoKapmoT
W Hapylatb WX HopManbHoe (YyHKUMOHWpoBaHWe. BaxHO TO, YTO STW BellecTBa He OKa-
3blBAOT MOAOOHOrO0 AENCTBMA Ha PUOOCOMbI 3yKapuoT. [Oe HaxogdaT MpUMEeHeHue Takue
BellecTBa? B cBA3n ¢ yem?

§ 15. duponaasmaruyeckas cetb. Komniaekc [oabmKu.
JInzocombl

Indonnazmamuueckan cemo (IIIC), v sndonasasmamudeckuii pemu-
kyaym (IIIP), npencrapiser coOOH CHCTEMY KaHAJOB W TIOJNOCTEH, OKpY:KeH-
HbIX MeMOpaHOH W TMPOHU3BIBAIOLINX THAJONIa3My KJAeTKH. MemOpaHa sHOMIa3Ma-
THYECKOH CEeTH HMEeeT CTPOEHHE, CXOJHOEe CO CTPOeHHeM MJa3MaseMMbl. KaHasmbl u
nonocth AIIC, sanumaiomme 10 50 % o0beMa KIETKH, HULIE He OGpPbIBAKOTCS
M He OTKpbIBAIOTCS B ruasoniasmy (puc. 37). Paznnuaior iepoxoBatyio W ryiaj-
kyto II1IC.
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foepHasn o6ono4ka Anpo
Pu6ocombl

Mmagkas sHgonnasMaTnyeckas ceTb

LLlepoxoBatas aHgonnasmarmyeckas ceTb

Puc. 37. Cxema cTpoenust SHIO0MIa3MaTHIECKOH CETH

Ha wmemGpane mepoxoBatoit DIIC pacnosokeHO MHOKECTBO PHOOCOM.
MmeHHo 31ech cuHTe3UpyloTest GEsKH, BBIBOAMMBIE 3a Mpeesbl KaeTkd. Ha puboco-
max tiepoxoBaroil AIIC Takxke cCHHTE3UPYIOTCS MeMOpPaHHbIE GEJIKH.

Ha nosepxnoctu raagko# I I1C npoucxomur CHHTE3 YrJIeBOJAOB W JIUIHIOB.
Kpowme Toro, B riaakoit DI1C HakaniuBaloTcsi MOHbI KaJiblUsl — Ba)KHbIE PEryJIsiTOPbI
(hyHKIMI KJIeTOK U opranuama B 1iesioM. [nankas II1C kaeTok rneueHu ocyliecTBIseT
Mpollecchl pacilernieHust i 06e3BpeKUBAHUST TOKCUUHBIX BEIIECTB.

BemecrBa, koTopble o6pasyiores Ha memOpanax IIIC, HakaniumBaTcs BHYTPH
noJioctell cetTw U npeobpasytotesd. Hanpumep, 6eaKk1 npuoOpeTatoT CBOHCTBEHHYIO UM
BTOPHUUHYIO, TPETHUHYIO WJIH YETBEPTHUHYIO CTPYKTypy. 3aTeM oOpa3oBaBllMecs Be-
ILleCTBa 3aK/ioualoTcsi B MeMOpaHHble TY3bIpbKM W TPAHCIOPTHPYIOTCS B KOMIIIEKC
[ombmKu.

[epoxoBaras IIIC jyuiiie pa3BuTa B TeX KjaeTKax, KOTOPble CHHTE3UPYIOT GOJIb-
1110€ KOJIM4ecTBO 6eJKOB (HampuMmep, B KJETKaX CJIOHHBIX KeJje3 W MOKENyI0uHOH
»KeJiedbl, KOTOpPble OCYLIECTBJSIIOT CHHTE3 THILEBAPUTENbHLIX (DEPMEHTOB; B KJeTKax
TMOJKEJTYIOUHON 2Kesie3bl W TUrou3a, BbIpabaThIBAIOIIMX TOPMOHBI GEJNKOBOH TMpH-
poabl). Inankasi DI1IC Xopolio pa3BuTa B KJeTKaX, KOTOpPble CHHTE3WPYIOT, HarpH-
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Mep, MoJHucaxapuibl U JUNKIbI (KJAETKH HaANoOueyHHUKOB M TMOJOBBIX 2KeJse3, Bbipaba-
THIBAIOIIME CTE€POUHbIE TOPMOHBI; KJIETKH TMeYeHH, OCYLIECTBISIONHE CHHTE3 TJIHKO-
reHa u Jip.).

Komnaexc (annapam) loavdycu — >3T0 cucTeMa BHYTPHKJIETOUHBIX MeEM-
OpaHHBIX CTPYKTYpP: LIUCTEPH M TY3bIPbKOB, B KOTOPbIX HAKAIJIHBAIOTCS BeLECTBA,
cUHTe3upoBaHHble Ha Membpanax II1C (puc. 38, 39).

BeutectBa noctaBasitoresi B Komraeke [0bpKH B MeMOpaHHBIX My3blpbKax, KO-
TOpPbIE OTIIHYPOBBLIBAIOTCSA OT SHON/IA3MATHYECKOH CEeTH W TPHUCOEIUHAIOTCS K M-
cTepHaMm Komriekca [osib/pKH. 371ech 9TH BelllecTBa MpeTepreBaloT pas/juuHble GHO-
XUMHUYECKHe TIpeBpalleHts], a 3aTeM CHOBA yIaKOBBIBAIOTCS B MeMOpPaHHbIE My3bIPbKH,
1 00JbllIas MX 4acTb TPAHCIOPTHPYeTCsl K LMTOMJa3MaTHueckol MmemOpaHe. MeM-
OpaHa My3bIPbKOB CJMBAETCS € LUTOMJIA3MATHUECKOH MeMOpPaHoH, a COIep:KUMOE Bbl-
BOJIUTCSI 32 TIPeJe/ibl KJIETKH MOCPEACTBOM IK301IMTO3A.

B xomnniekce TosbpK1 pacTuTeIbHBIX KIETOK CHHTE3UPYIOTCS MOJHCAXapU/Ibl Kie-
TOUYHOH CTeHKH (06O0JIOUKH ).

Eie omna BaxkHast yHKIMs KoMruiekea [o/1b/ukd — 3To o6pa3oBaHue JIH30COM.

JIuzocomor — HebGodiblline MeMOpaHHble My3bIPbKH, KOTOPblE OTLIHYPOBBLIBAIOTCS
OT LIMCTEPH KoMMJIekca [ombmkn U cofepKaT HaboOp MHILEBAPUTENbHBIX (hePMEHTOB.
DepMeHTbI JIM30COM CMOCOOHBI paclIenJisiTh OeNKH, YIJIeBO/bI, JHUIMHbI, HyKJIeHHOBbIE
kucnoTel. Koraa B KIeTKy myTeM ¢aroiuTosa nomnajgaioT MuilieBble YacTUIbl, UX He0OX0-
JIUMO TIepeBapUTh, T. €. PACLIEMUTb 10 TAKUX BEILECTB, KOTOPble KJIeTKa MOXKET HCMOJb-

Komnnekc Puéocombl

KneTouHast Fonbaxu SHponnasmaruyeckas
MembpaHa

Anpo

Mem6paHHbIn
ny3bipek

OK30UmnTO3

Puc. 38. Cxema pacriosioxeHust Komriekea [0/1bKu
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Puc. 39. Cxema nepeBapuBaHus MULIEBOH YaCTULbI IPH YUACTHH JIM30COMBI

30Bath. JlJisi Toro 4ToObl MepeBapuBaHUe CTal0 BO3MOXKHbBIM, (arolUTapHbIil My3bipex,
B KOTOPOM HAXOJIMTCS THILEBAsi YACTHLA, JIOJKEH CJUTLCS C JIM30COMOi (cM. puc. 39).

[Tyrem C/MsiHUST JIMBOCOMBI € (DArOLUTAPHBIM My3bIPEKOM 06pa3yeTcst BTOpUUHAST
Jquzocoma. B Hell moj neficTBHeM (epMEHTOB MUTATe/bHbIE BEIECTBA PACUIEIJISIOTCS
JI0O MOHOMEPOB, KOTOpbIE MyTeM AH(dy3ur MoCTynaT B ruajsoniasmy. Henepesapen-
Hbl€ OCTATKH BbLIBOAATCHA 3a l'lpeILeJ]bl KJICTKH ﬂOCpeILCTBOM 9K301MTO34a. BTOpl/]‘{Hble
JIU30COMBI, 0OPA3YIOIIHECcs: B KIETKaX MPOTHCTOB, OOBIYHO HA3BIBAIOT MULIEBAPUTEb-
HbIMU BaKYyOJISIMU.

[TomnMo niepeBapuBaHHsi BELIECTB, MOCTYMHUBIINX B KJETKY U3BHE, JIM30COMbI MTPH-
HUMAaroT yyacTue B paCLU,eﬂJ]eHI/II/I BHyTpeHHl/IX KOMITOHEHTOB KJIETKH (MOﬂeKyJI U LeJIbIX
OpraHoOWJIOB), MOBPEKJIEHHBIX MJIH OTCJIYXKHUBUIMX CBOH CPOK. DTOT MPOLECC MOJyYHII
HasBaHWe ayTodaruu. Kpome Toro, nom aefictBueM (pepMEHTOB JIM30COM MOXKET
MPOUCXOUThH CaMOTIepeBaPUBAHKE CTAPbIX, YTPATHBIINX (DYHKIMOHAIbHYIO AKTHBHOCTh
HJIN l'lOBpe)K]leHHle KJETOK U TKaHeH.

9 1. K kakon rpynne opraHovoB OTHOCATCS JIM30COMbI, 3HOOMNa3MaT/4eckas ceTb 1 annapar
[onbaxn?
OnnomemGpannble, IByMeMOpaHHble, HeMeMOpaHHbIE.

2. KakoBO cTpoeHue u yHKUMM 3Hponnasmatuyeckon cetn? Yem wepoxosatas 3lC
OT/INYaeTcsa OT rnagkon?
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3. Kak ycTtpoeH komnnekc Fonbmxn? Kakume dyHKUUM OH BbINOAHAET?

4. Camble KpyrnHble komnnekcbl Fonbmxu (8o 10 MKM) O6HapyXeHbl B KNeTKax dHOOKPUHHbIX
xenes. Kak Bbl gymaete, C 4eM 3TO CBA3aHO?

5. Yt0 06L1ero B CTPOEHMM U DYHKLMAX SHOOMIA3MaTUYECKOM CETU U KoMMnekca onbaxn?
Yem oHM oTnuyaroTca?

6. Y10 nNpencTaBnsloT cobor NMM3ocombl? Kak oHM 06pasytoTca? Kakve yHKUMKM BbINMOMHAT?
7. MNpepnonoxuTe, novemy epmeHTbl, HaxodsLLMecs B IM30COME, He pacLLennaoT ee cob-
CTBEHHYO MeM6paHy. K Kakum MOCneacTBUsAM OJisi KNETKM MOXET MPUBECTU pPas3pbiB MeM-
6paH nnaocom?

8. YCTaHOBMNEHO, YTO K MOMEKyNnaM MHOTMMX BELLECTB, MOAMEXALUMX BbIBEOEHUIO U3 KNETKW,
B KOMMeKce MoNbaXn «MpULLIMBAIOTCA» OMNPefeneHHbIe ONUIo- WKW Monmcaxapvabl, npuyemM
K pasHbIM BellecTBaM — pasfu4yHble YrneBofdHble KOMMNOHEeHTbl. B Takom mopunduumpoBan-
HOM BMOe BellecTBa M BbIBOOATCS BO BHEKNETO4YHYIO cpedy. Kak Bbl gymaeTe, Onsa 4ero
3TO HYXHO?

§ 16. Bakyoau

B k/eTkax pacteHuit, rpu60oB U MHOTHX MPOTHCTOB COJEPKATCS BAKYOJIU — KPYyII-
Hble MeMOpaHHble My3bIPbKH WJIM MOJOCTH, 3aM0JIHEHHbIE TPEUMYIIeCTBEHHO BOJIHbLIM
cojiepKUMbIM. Bakyosin 06pasyioTest U3 1y3bIPEBHIHBIX PACIIMPEHUI SHIOMIA3MATH-
UECKOH CeTH WJIM U3 Ty3bIpbKOB KoMriekca [0/bKH.

Baxyoau pacmumensvnolx kaemok. B MosiofibiX KJeTKax pacTeHU BO3HHUKAET
MHOTO HeOOJbIINX BaKyoJiel. YBeJHUMBAsCh, OHM CJAMBAIOTCS B OJHY LEHTPAJbHYIO
BaKyoJlb, KoTopasi MoxkeT 3anumathb 10 90 % oGbema kietkn (puc. 40).

Conep:kMoe BakyoJiell — KJAeTOuHbld cok. OH TnpejcTaBJsieT cOO0H BOIHbBIN
pPacTBOP PaA3JIMUHbIX HEOPraHHMYECKUX U OPraHUYeCKUX BellecTB. XUMHUECKHH COCTaB U
KOHIIEHTPALIUSI KJETOYHOIO COKA OYeHb M3MEHUYMBBLI M 3aBHMCSIT OT BHIA pacTeHHsi, op-
raHa, TKaHW W BO3pacTa KJETKH. B KJIeTOUHOM COKe MOTYT COJep:KaThCsl COJIH, yriie-
BOJIbI (TMpexK/e BCEro caxaposa, IJokKosa, Qpyk-
To3a), KapOOHOBble KHCJIOTbI (si6JI0UHas, JIM-
MOHHasl, 11laBeJieBasi, yKcycHasi), aMUHOKHCJIOTHI,
6eJiKM. DTO 3aMacHble BeleCcTBa, KOTOpble
BPEMEHHO BbIBEIEHbI M3 0OMeHa BEIIeCTB U MO-
YT UCIOJIb30BAThCsl KJIETKOH CHOBA.

[ToMuMO 3amacHbIX BelIEeCTB, KJIETOYHbIH
COK COJIEPXKUT KOHEeUYHble MPOJYKTH 00 -
M€ Ha, KOTOpble BBHIBOJSTCS B BAaKyOJb U TaKUM
00pa3oM HU30JUPYIOTCS. DTO, HANPUMeEpP, TAHUHBI
(yGusibHble BellecTBa), alKaJoOW/bl, HEKOTOpPbIE
nurMeHTbl. CuMTaeTcst, YTO TAHUHBI C WX BSDKY-
MM BKYCOM H aJIKaJOW/bl BBITOJHSIOT 3alUMT-  Pyc. 40. Bakyosn B KieTKax pacTeHHi
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HYI0 (QYHKIHMIO: UX HEMPUSITHBIN (Yallle FOpbKUi) BKYC M crielrduUeckuil 3amnax ot-
TAJIKMBAIOT TPABOSIIHBIX KMBOTHBIX, UTO MPEIOTBPAILAET TOEJIAHHE STHX PACTEHHI.

B Bakyosisix 4acto 0oGHapy:KMBalOTCSi pa3HOOOpasHble Mo (opMe KpUCTaJlIbl
oKcasiaTa KaJibllksl, KOTOPbIH TaKyKe SIBJISIETCS KOHEUYHBIM MPOAYKTOM oOMeHa Be-
mectB (puc. 41).

B KJIeTOUHOM COKe MHOTHX pacTeHHH cojepxKarcsi murMeHTbl. CaMbIMH pacrpo-
CTPAHEHHBIMH M3 HHX SIBJISIIOTCS aHTOIMaHbl, MPUIAIOLIHE KJIETOUHOMY COKY Myp-
MypHbBIHA, KPacHbIH, CHHUH WM (DHOJIETOBBIN 11BeT. D/n3kue K aHTOolMaHaM (J1aBo -
HOM/Ibl OKPAILMBAIOT KJACTOYHBIE COK B XKEJThle H KPEMOBbIE OTTEHKU. IMeHHO 3TH
MUTMEHTBI OMPEIEJISIIOT OKPACKY JIEMECTKOB, MJI00B, MOYeK, JUCTHEB H KOPHEIJION0B
MHOTHX pacTeHWd. Hanpumep, 1BeT KOPHEMJIOA0B CBEKJIbI 0OGYCJOBIEH aHTOLMAHAMH.

LIBeT aHTOIMAHOB MOKET MEHSIThCSI B 3aBHCHMOCTH OT KHCJIOTHOCTH CPEJIbl: B KUCJIOH Cpefie OH Kpac-
Hblil, B HEATpa/IbHOI — (HOJETOBBIA, B Lieja04HOl — cuHuil. Kpome Toro, moryT HabJtonatbest Bee
nepexoHble OTTEHKH. Peaklus KJAE€TOUHOr0 COKa B Tpoliecce KU3HEAeTeTbHOCTH PACTEHHH MOXKET Me-
HSTbCS1 OT CUJIbHOKUC/IOH 10 C1a00KHUCJ/ION WM lazke ca1aboLLe/IOYHOM, UTO BbI3bIBAET COOTBETCTBYIOLLME
M3MeHeHHst 11BeTa MUrMeHToB. [To3ToMy 1IBETKH HEKOTOPBIX pacTeHUH (HarpuMep, MedyHul bl HeACHOLL)
BO BpeMsl LIBETEHHsI MOI'YT U3MEHSTh CBOIO OKPACKy OT PO30BOM /10 CHHEH.

KyeTouHblil COK HEKOTOPBIX pacTeHHH CONep:KUT OUOJOTHUECKH AKTHUB-
Hble BelleCcTBa, HANpuMep PUTOTOPMOHBI (PEryJasTopbl U KOOPAUHATOPDI
pocta pacTeHui), GUTOHILUJbBl (BellecTBa, yOUBAIOLIME HJH TOJABJSIOLIME POCT
MHMKPOOPTraHU3MOB), e pMeHThl. B mocienneM ciydae Bakyosu JEHCTBYIOT Moa06-
HO Ji3ocomaM. [locsie ruGenn KaeTku MeMOpaHa, OrpaHUUMBAIONIAs BAKYOJIb, TepsieT
CBOI0 MU36GMpATENbHYIO MPOHHIIAEMOCTb, U (PePMEHTHI, BBICBOOOXKIASICH M3 BaKyoJieH,
BBI3bIBAIOT caMollepeBaprBaHie KJAETKH (a BT OJ1 3).

BakyoJsii urpaiot riaBHyto poJib
B TMOTJIOIIEHUH BOJIbl PACTUTEJLHBIMU
KJIETKAMH. BOILa HOCTyﬂaeT B Ba-
KyoJib MyTeM OcMoca (Tak Kak KJje-
TOUYHBLIH COK sIBJIsieTcsl OoJiee KOH-
LEHTPUPOBAHHBIM PACTBOPOM, YeM
ruajonjasmMa) U OoKa3blBaeT aaBJe-
HUE Ha LUTOIMJIA3MY, a TeM CaMbIM U
Ha 060JI0UKy KJeTKU. B pesysbrarte
B KJETKE pa3BUBAETCs1 TypropHoe
JlaBjeHre, KOTOopoe OOYyCJOBJHBAET
HarnpsKeHHOEe COCTOSHUE KJIETOUHOH
000JIOUKH, a TAKXKE €€ PaCTSKEHUE

Puc. 41. Kpucrasubl okcanaTa KasblLiMs B BaKyoJIsX BO BpeMsi POCTa KJIETKH.
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B sanacaroumx TKaHfIX pacTeHHE BMECTO OJHOH LIEHTPAJbHOH BaKyoJH 4acTo ObIBAET HECKOJBKO.
B HuUX HakamMBaloTCsl 3anacHble MUTaTe/bHble BelleCTBa. YTJIEBOJbl MOTYT HAXOIUThCS B BaKyoOJIsiX
B PAacTBOPEHHOM BHJEe (MOHO- W OJIUTOCAXapHibl) WK B BUIE IpaHys (mosucaxapuipl). beaku otknia-
JIbIBAIOTCSl B BUJIE TBEPbIX 3€PHUCTBIX 00pazoBaHuil. X 0cOOEHHO MHOrO B KJETKaX CEMsH 3J1aKOB U
6000BBIX.

Cokpamumeanotole (nyavcupyroujue) 8aKyoau XapakTepHbl VI OAHOKJIETOU-
HBIX TPECHOBOJHBIX MPOTUCTOB, Hanpumep uxgyzopuu mygervxu (puc. 42). Kon-
LeHTpalusl CoJIedl B PEUHON HJIM O3epHOH BOJie 3HAUYUTENBbHO HUXKE, YeM B KJEeTKax
MPOTHCTOB, MO3TOMY BOJIa HETPEPBIBHO MOCTYNAET B UX KJIETKH MyTeM ocMoca. M36bl-
TOK BOJIbl HAKATJIMBAETCS B COKPATHUTENbLHBIX BAKYOJIsIX, KOTOPbIE MEPHOJHUYECKH CO-
Kpatuiatoresi 6Jaroaapsi B3aUMOJIEHCTBHIO PACIIONOKEHHBIX BOKPYT HUX MUKPOTPyGoUeK
1 MUKpo(UiaMeHTOB. Bojia BBIBOJUTCS HApY:Ky uepe3 CrelHalbHyIO BbIIEIUTENbHYIO
nopy, M KJeTKa coxpaHsieT GoJiee WJIM MeHee MOCTOsiHHbINH o6beM. CJe0BaTeNbHO,
COKpaTHTeJIbHble BAKYOJH BBIMOJHSIOT B KJIETKaX (YHKIHIO OCMOPETYJSIMH — TMOJl-
JIEPKUBAIOT HA OIpPeJIe/IeHHOM YPOBHE COJIep2KaHHe BOJIbl H KOHIEHTPALMIO COJIEH.

Takum 06pazoM, BaKyoJM BLIMOJHSIOT B KJIEeTKAX BayKHble (DYHKIIMH, CBsI3aHHbIE
C peryJisiliieil BOJIHOTO PexKUMa M TOJJIep:KaHUeM Typropa KJETKH, a TakkKe C Xpa-
HeHUeM 3aracHbIX MHTATeJIbHBIX BeleCTB, OMOJIOTHYECKH AKTHBHBIX BEIIECTB H KO-
HEUHBIX MPOIYKTOB YKU3HEJIEATEJbHOCTH KJIETKH.

PecHuyku st e, _Bonbluoe sapo

COKpaTVITeJ'I bHas

BaKyonb KneTouHbIi poT

aneBapMTeanag KneTto4Has rnotka

BaKyoIsb I'IopouJMua

Puc. 42. Uudysopus tydenbka

9 1. Y70 npencTaenaloT cobon Bakyonu? Kak oHu ob6pagsyrotca?
2. Kakve BeLyecTBa cofdepXarcsi B KIIeTOYHOM COKE BaKyosieil pacTUTENbHbIX KeToK?
3. Kakne yHKLUMM BbINONHAIOT BaKyonnM B PacTUTENbHbIX KNeTKax?
4. Y Kakux OpraHv3MOB UMEITCS COKpaTuTenbHble Bakyonn? Kakosa ux yHKUmA?
5. Yem nuieBapuTenbHble BaKyonu OTNMYAKOTCA OT APYrMxX Bakyonew Knetku?
6. AMeby 1 3pUTPOLUT NMOMECTUNN B AUCTUINMPOBaHHYIKO BOAYy. YTO Npou3oMOeT ¢ Kaxaown
knetkon? MNoyemy?
7. [okaxuTe cnpaBednMBOCTb yTBepXaeHus: «OpHomMeMOpaHHble OpraHovAbl KNeTKn B3a-
MMOCBSA3aHbl U 06pa3yloT eAuHYI0 MEMOPaHHYI0 CUCTEMY, KaXbIi KOMMNOHEHT KOTOPOW cre-
LpanM3npoBaH Ha BbINOSIHEHUW OnpefesieHHbIX PYHKUMN».
8. Y MOpCKMX NPOTUCTOB COKpaTUTESIbHbIE BaKyonu MyfbCUPYIOT OY4€Hb PEAKO Uv BOOOLLE
oTCcyTCTBYIOT. C 4eM 3TO CBA3aHO?
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§ 17. Murtoxonapuu. [lnactuapl

Mumoxondpuu (0T Tped. MUMOC — HWUTb, XOMOPUOH — 3€PHO) — OPTAHOUJIbI,
y4acTBYIOIME B Mpolecce KAETOYHOrO JAbIXaHus M 00ecrneynBaloliie KJAETKy SHEepru-
eit B BUie AT®. MHUTOXOHJPUH BCTPEUAIOTCST MPAKTHYECKH BO BCEX 3YKAPHUOTHUECKHUX
KJeTKax. VX KosnuecTBo B pas/iMuHbIX KJIE€TKAX BAPbUPYETCS OT OJHOH UJIH HECKOJbKHUX
(OHOKJIETOUHBIE TTPOTHCTBI, CIIEPMATO30U/Ibl) 10 COTeH Thicsdy. OcoGeHHO MHOIO MHU-
TOXOHJPUH COAEPXKUTCS B TeX KJETKaX, KOTOPble HYXKIAIOTCS B GOJBUIOM KOJMUECTBE
9HEpPruM (KJIETKU MBI, nedeHd). B dhoTocHHTe3upyomnX KJIeTKaX pacTeHUH MHTO-
XOHJIPUH MeHbllle, YeM B KJeTKaX »KMBOTHBIX, TOCKOJbKY HUX (yHKIMH (cuHTe3 ATD)
YACTHYHO BBIMOJHSIOT XJIOPOTJIACTHI.

MuToxoHapUM MOTYT MMETh BHJ OKPYIJIBIX TeJell, najsodyek, Huteil. Ouu obpa-
30BaHbl JIByMs MeMOpaHaMH — HapyXXHOU W BHYTpeHHe# (puc. 43), Mexiuy
KOTOPbIMH HMeeTcss MexkMeMbpanHoe npocTpaHncTBo. Hapyxuas mem6pa-
Ha ryajKasi, oHa OT/eJIsIeT COAEePKUMOe MHUTOXOHAPHUU OT THaJONJa3Mbl U OTJHYAETCS
BBICOKOH MPOHUIAEMOCTbBIO IS PA3JUUYHBIX BellecTB. BHyTpeHnsis membpana meHee
npoHulaemMa, oHa o6pa3yeT KpHUCThl — MHOIOUYHCJEHHbIE CKJIAJIKH, HanpaBjeHHble
BHYTPb MHUTOXOHJIPHE. 3a CUET KPUCT TJIOLIA/b MOBEPXHOCTH BHYTpeHHeH MeMOpaHbl Cy-
IECTBEHHO yBeJIMUnBaeTcst. BHyTpeHHss MeMOpaHa MUTOXOHJIPHI CONEPAKUT (hEPMEHTDI,
yUacTBYIOILIME B MPoLecce KJAETOUHOTO JibIXaHust U oOecneunBatolie cuute3 AT,

BHyTpeHHee MpoCTPaHCTBO MUTOXOHIPHH 3aroJiHeHO rejieoOpas3HblM MaTp UK -
coM. B HeMm cozepkatcs pasnnunbie GeJIKH, B TOM 4ucje (epMeHTbl, aMHHOKHUCJIOTHI,
KoJiblieBble MoJiekyJ bl JIHK, Bce tunbl PHK u npyrue BelnectBa, a Takxke pubOCOMBI.
Hanuuune co6erBennbix mosekys JIHK u pubocom obecrneunBaet HEKOTOPYIO aBTOHOM-
HOCTb MMTOXOHJPHI, XOTS B 11€JIOM UX paboTa KOOPIMHUPYETCS SAPOM KJIETKH.

@yukuus mutoxonapuit — cunres ATD 3a cueT sHepruu, BbICBOGOKIAIONIENCS
NpU OKUCJEHUH OpraHuuecKux coeauHeHud. HauasbHble 3Tarbl OKHCJIEHHST BELIECTB

MexmembpaHHoe

MPOCTPaHCTBO DN

BHyTpeHHss =
MembpaHa -

Matpukc
KpucTbl

HapyxHas
MemMbpaHa

Puc. 43. Cxema cTpoeHHsT MUTOXOHAPHH
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B MUTOXOHApPHSIX TPOUCXOAAT B MATPUKCE,

a nocJeayrollde — Ha BHyTpeHHel MemOpa- 7] k

He. TakuM 006pa3oM, MHTOXOHAPHH SIBJISIOTCS 4 l'r 2&-]
«3IHEPreTHUECKUMH CTAHLMSIMU» KIETKH. U

MHuUTOXOHAPHH B KJIETKE MOCTOSIHHO 00- XpomonnacTl

HoBJIsitOTCsl. Hanpumep, B KieTkax mnedyeHH

CpelHss IPOJOJKHTENBHOCTh  2KM3HM  MH- NCRE L
TOXOH/PUH cocTasJ/sieT okosio 10 nneit. Yse- 5% el %0 10
JIMUCHHE KOJIMYeCTBA MUTOXOHIPHH B KJETKe ho “,ﬂ':t: oa

MPOUCXOJIUT MYTEM HX JIeJIeHHS.

ITaacmudst (ot rped. naacmoc — Bbl-
JIETUIEHHBIH, O(OPMJIEHHBIH) — OpPraHoOW/bl
KJIETOK pacTeHWi W Bojopocseld. Y pacre-
HUH pa3iMyatoT TPH OCHOBHBIX THIMA TJIACTHIL
XJIOPOTJIACTbI, XPOMOIJIACTHl U JICHKOMJIACTbI

INerikonnacTbl

(puc. 44).

Xnoponiactbl (0T Tped. xaopoc —
3eJIeHblil) — OpraHoH/bl, OCYILIECTBJSIONIHE Pric. 44. T TN IAACTHA B KIeTKax
npotiecc (GoTOCHHTE3a. 3eJIeHbIH IBET XJIO- pacTeHs
poryiactoB  00yCJOBJIEH MPUCYTCTBHEM B
HHUX OCHOBHBIX (POTOCHHTETHUECKHX MUIMEHTOB — XJOPOQHAJT0B. XJIOPOMAACThI
CoJlepaKaT TakyKe BCIIOMOTaTesibHble MUIMEHTbl — OpaHXKeBble, YKeThle UJIH KpacHble

KapOTHHOMUBI

Y pacTeHHiH B OJHOH KJIETKE JINCTA MOXKET HAXOIUTbCS HECKOJIbKO JIECSATKOB XJO-
pOMJIaCcTOB, a Yy HEKOTOPbIX BOAOPOC/EH — JiMiIb |—2 THraHTCKUX XJOpomnsacta
(BCIIOMHHUTE CTPOEHHE XAOPEeAAbl WU CRUPORUPDL).

Yalle Bcero XJoporsacTtbl UMeloT (hopMy ABOSIKOBBIMYKJIOH JiMH3bL. Kak u jyisi
MHTOXOHJPHH, /15 XJOPOIJIACTOB XapaKTepHO AByMeMOpaHHOe cTpoeHHe (puc. 45).
Mexny Hapy>KHOH M BHYTpeHHel MemMOpaHaMH HaXOAUTCI MeKMeMOpaH -
Hoe npocTpaHcTBo. Hapyknas memOpaHa poBHasi, OHA OrpaHUUYHBAET XJOPO-
nsact. BHyTpeHHsisi MemOpaHa B XoJle Pa3BUTHsl XJ0poriacta oOpasyeT BISIYUBAHHMS,
KOTOpbIE MPeBPaLIAOTCsl B 3aMKHyTble JIMCKOBMHble 00pa3oBaHHUsl — THJa KO HJLbI.
Cronku Jexatyx Jpyr Hajl APYroM THIAKOWIOB HA3bIBAIOTCS T'paHaMH.

B mem6panax THIAKOHIOB pacroioKeHbl (POTOCHHTETHIECKHE TTUTMEHTBI, MOTJI0-
ialolle CBET, a Takxke (epMeHTbl, KOTOPble Y4acTBYIOT B npeoGpa3oBaHUH dHep-
TMH CBeTa.

BuyTpenHsisi cpea xjoponsiacta — cTpoMa. B Hell coneprkarcsi KoJiblieBble MO-
gexyanl JIHK, Bce tunst PHK, puGocomsbl, 3anacHble BeliecTBa (JUMUIBI, 3epHA KpaxX-
MaJia) ¥ pasjuuHble 6eJIKH, B TOM uuc/e gepMeHThl, yuactBytoline B gukcaun CO,.



74 [aBa 2

paHa

MexmembpaHHoe
NPOCTPaHCTBO

BHyTpeHHee NpoCcTpaHCcTBO
Tunakomga

BHyTpeHHss membpaHa KpaxmanbHoe 3epHo

Hapy>xHasa membpaHa Tunakongbl

Puc. 45. Cxema CTpoeHusi XJ10poriacTa

OcHoBHasi (yHKLHMSI XJOpOIJACTOB — ocyllecTBaeHne ¢ortocunreda. Kpome
TOTO, B HUX MPOUCXOAUT chuHTe3 AT®D, HEKOTOPBIX JIMIHIOB H OEJIKOB.

Kak 1 MHTOXOHIPHH, XJIOPOMJIACTBI COCOOHBI ICNUThCs, Garofapsi 4eMy HX KO-
JIMUECTBO B KJIETKE MOYKET YBEJIUUMBATHLCS.

Jleiikonsiactbl (0T rpeu. serikoc — Oedblit) — OeclBeTHble MaacTuabl. OHU He
MMEIOT I'PaH M He CofieprkaT MUrMeHToB (puc. 46). B jefikonacrax oTkianbiBatoTes 3a-
nacHble MUTaTesIbHble BELIeCTBA — Kpaxmas, OeJsiKH, »KUpbl. B cTpome JsiefikoniacToB
conepxatcst JIHK, PHK, puGocombl, a takke depmeHTbl, obecrneunBaiolie CHHTE3
M paculernvieHue 3anacHbiX BeulecTB. HekoTopbie JIeHKOMIACTbl MOJHOCTBIO 3ATOJMHEHBI
KpaxmajoM. OHM HA3bIBAIOTCS KPaXMaJbHbBIMU 3epHaMu (puc. 47).

Xpomonaactel (0T rped. xpomamoc — Kpacka) OTJMYAIOTCS OT JAPYTUX [Jia-
cTH, pazHoobpasHoi dopMoil H okpackoi. OHKM ObIBAIOT JAMCKOBUIHBIMU, CEPIIOBH/I-
HBIMH, POMOMYECKMMM, MUpaMuasbHbIMU U Ap. (puc. 48). OpaHKeBblil, KeJTblH
WM KPaCHBII LIBET XPOMOIIACTOB 00YC/JOBJEH KapoTHHoMaamu. [lpucyTcTBHeM 3THX
MUTMEHTOB B XpoMoriacTax oObsICHSETCs sipkasi OKpacKa MJOA0B MoMamos, paourel,
WUNOBHUKA, KOPHEIJIONOB MOPKOSU. BHyTpeHHsisi cucteMa MeMOpaH B XpOMOIJIAcCTax
OTCYTCTBYET.

Heo6xonuMo OTMETHTD, UTO B OJIHOH KJIETKE MOTYT COAEPKAThCsl MJIACTH/IBI TOJIBKO
OJIHOTO THIIA.
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Vi

JlelikonnacTbl KapTodenb

Puc. 46. JlefikonnacTbl B KJIETKaX 3MUAepMHCa Puc. 47. KpaxmaJsibHble 3epHa
JIMCTa TpajieCKaHIUH

[Tnactuapl pasHbIX THIIOB HMEIOT 06lllee MPOHCXOXKIEHHE: BCe OHM PAa3BUBAIOTCS U3 TI€PBHYHBIX IJIa-
cTHI 00pa3oBaTe/IbHON TKaHH, UMEIOLMX BUI MesKUX (10 | MKM) my3bipbKoB. [lnactuasl omHoro tuna
MOTYT TIpeBpaliaThCst B MacTHipl Apyroro. Tak, Ha cBeTy B MepBHUHBIX MJIACTHAAX (DOPMHPYETCS BHY-
TPEHHsIsE MeMOpaHHasi CHUCTeMa, CHHTE3MPYeTCsl XJI0POGhUIII, W OHH MPEBPALLAIOTCS B XJOPOIJIACTHI.
JlefikoniacTbl MOTYT MpeBpallaThCsl B XJOPOIJIACTbl WM XpoMoruiacTbl. Hanpumep, KieTkn kiyGHeit
KapTodeJisi, cojeprKaline 6oJblIoe KOJMUECTBO JIEHKONJIACTOB, HA CBETY NPHOOPETAIOT 3eJIeHYI0 0Kpa-
cky. [Ipu crapeHun JIMCTbEB, CO3PEBAHUH T1JI0JI0B B XJIOPOILIACTAX Pa3pyllaeTcst XJA0POMHII U BHYTPEH-
Hsisl MeMOpaHHasi cUCTeMa, W OHH MPEBPALLaloTesl B XPOMOIJIACTbI. TOJIbKO XPOMOIIACTBI HUKOTA He
NpeBpallaloTest B MIACTHb APYTHX THIIOB, TaK KaK sIBJSIOTCS KOHEUHbIM 3TArloM Pa3BHTHSI MJACTHL

PabuHa

Puc. 48. XpomornuiacTbl B K/eTKax MSKOTH 3pPeJibIX TJIOJI0B
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9 1. Pacnpegenute opraHonibl Ha TpU rpynnbl: ogHOMeMOpaHHbIe, ABYMEMOpPaHHbIe U HeMeM-
6paHHble.
PI/IGOCOMH, JIM3OCOMBI, IJIACTHUIbI, KOMITJIEKC 1—‘OJII)H)KI/I7 BaKyoJIu, KJI€TOUHbI HEHTP, MUTOXOHAPHWH,
SHJAOIIa3MaTHYeCKasa CeThb.

2. Kak yctpoeHbl MuToxoHApun? Kakyro OyHKLMIO OHW BbIMONHAOT?

3. Kakve Tunbl nnactmg BamM M3BECTHbI? YemM OHWM pasnuyatotca? [oYemMy OCeHbHo NNCTbA
MEHSOT OKPAaCKy C 3€MeHON Ha XEenTyro, KPacHyo, OpaHXeByro?

4. OxapaKkTepuayite CTpoeHne U OyHKLMM XIOPOMnacToB.

5. Knetkn netaTenbHbIX MbILL HACEKOMbIX COOEPXAT MO HECKOSbKY ThICAY MUTOXOHIPWIA.
C 4eM 37O cBsI3aHO?

6. CpaBHUTE X110pONNacTbl 1 MUTOXOHOPUKU. BbiABUTE YepTbl MX CXOOCTBA U pasnuyus.

7. JokaxuTe Ha KOHKPETHbIX NMpMMepax CrpaBedsIMBOCTb yTBepXaeHus: «KneTtka npencras-
nsetT cobon LEenOoCTHYI0 CUCTEMY, BCE KOMMOHEHTbl KOTOPOW HAxXOOATCs B TECHOW B3aMMO-
CBA3M ApYr C OpYyrom».

8. B 4em 3akno4aeTcs OTHOCUTENbHAA aBTOHOMHOCTb MUTOXOHAPUIA U XITOPOMNSIacToOB B KIET-
ke? Yem oHa obycnosneHa?

9. B yem nposiBNseTCA B3aMMOCBA3b U B3aMMO3aBUCUMOCTb MUTOXOHAPUIA 1 prubocom?

§ 18. Anpo

SIopo — BaxkHelllasi CTPYKTypa KJETOK BCEX 3YKapHOT. DOJBIIMHCTBO KJIETOK
uMeeT ofHO sapo. Mapenka Bcrpeuatorcst ABysiepHble (uH@yzopus mygeavka) u
MHOTOSIJIEpHbIE KJI€TKH (HEKOTOpble MPOTUCTHI, KJIETKH TPUOOB, MOMEPEYHONOJ0caThie
MbllIeuHble BoJIOKHA). HekoTopble KIeTKH B 3pejioM COCTOSIHHM He MMeIoT siipa, Ha-
MPUMep 3PUTPOLIUTHI MJIEKOMUTAIOIINX, KJI€TKH CHTOBHMJHbBIX TPYOOK 1IBETKOBBIX pac-
Tenui. Takue KieTKH He crocoOHbl K Pa3MHOXKEHHIO.

OO6bIUHO SIPO UMEET 1IAPOBUIHYIO (DOPMY, HO MOXKET ObITh JIMH30BHHBLIM, BepeTe-
HOBHIHBIM M JIa2Ke MHOTOJIONACTHBIM (B KJETKAax 3€PHUCTBIX JIEHKOLMTOB). B 2KuBOTHOH
KJIeTKe $I[po0 OObIYHO PACIOJOXKEHO B LIEHTPE, a B PACTUTEJbHOH, KaK MpaBWJIO, Ha-
XOJUTCST Ha nepudepruk KIeTKH (LeHTpasbHYI0 YacTh YaCTO 3aHUMAET BaKyoJlb ).

Cmpoenue u ¢ynkyuu adpa. O6UMil NJaH CTPOEHHUs slpa OJMHAKOB Y BCeX
KJ1eTOK 3ykapHoT (puc. 49). OHO cOCTOUT U3 siepPHON 000J0UYKH, SIEPHOTO COKa, XpO-
MaTHHA U SIPbIIIKA (OJHOTO MJH HECKOJbKHX).

OT uMrTonIasMbl ColepKUMOE siipa OTAEJEHO SIAEPHOH 000JOYKOI, COCTOsIILEH
13 AByX Mem6paHn. Hapyxnast mem6pana rpaHuduT ¢ LIHTONNA3MOH KJIETKH, B HEKOTO-
phIX MeCTax OHa MepexXOAUT B KaHaJjbl SHIOMJIa3MaTHIeCKOH ceTH. K HapyxHoil MeM-
OpaHe siipa MpUKpensiioTess pubocombl. BHyTpenHsii MemOpaHa, KOHTaKTHpYyloLIast
C SiIepPHBIM COKOM, ryiajKasi. Slnepnasi o6oJ04Ka NPOHH3aHa MHOXKECTBOM MOp, yepes
KOTOpble M3 sjipa B LUTOMJA3MY BBIXOJAT CyObeIuHHIbI pUbocoM, MoJiekysibl HPHK
u TPHK, a B sapo u3 unronaasmel noctynaior pasiauunbie Gejiku (B ToM uucie dep-
MeHThbI), HyKJeoTHbl, AT®, HeopraHuueckHe HOHbBI H T. JI.
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flpepHasn o6onoyka fpepHas nopa

XpomaTuH

LLlepoxoBaTas Anpbiwko
aHgonnasmarmyeckas
ceTb

SnepHbIn cok

Pu6ocombli

Puc. 49. Cxema crpoeHus sijipa

SlnepHbiit cok HMeeT resieoGpasHyl0 KOHCHCTEHIIMIO, B €ro COCTaB BXOASAT pas-
JIMYHbIE OpPTAaHWUECKHE W HEOpPTaHWUECKHe BelllecTBa. B sjepHOM coke pacrnogaratorcs
XPOMATHH H SILPILLIKH.

XpoMaTHH 0], MUKPOCKOTIOM HMEeT BHJL TOHKHX TSyKeH, MeJIKUX PaHyJl UJH TJIbl-
60K. OcHoBy xpomatuHa coctap/siior MoJiekysbl JIHK, coennnenubie co cneunduue-
ckuMHU Gesikamu. B cocraB xpomatuHa BXoasAT Takxke mosiekysbl PHK, cunTes korto-
pbix ocyulectsiaseres Ha JTHK.

Slapbluiku — TJIOTHBIE, OKPYTJible, HE OrpaHWYeHHble MeMOPaHOH y4acTKU sijipa.
3nech npoucxoaut cunted pubocomubix PHK 1 o6bennnenue ux ¢ mosiekysnamu 6eii-
KOB, UTO TPUBOJUT K 06pa3oBaHuio cyObeauHull pubocom. Takum oGpas3oM, SAPHIIIKO
npejcrasJsier coboil Mecto cuHTeda pPHK u c60pku oTne/bHBIX cyObeIMHUL, pHOOCOM.
B Hauase nesieHus KJISTKH SIPBIIIKA Pa3pylialoTcsi, a B KOHIIE JeJeHust (opMUpyIOTCs
BHOBb B OIPeJie/IEHHbIX YUACTKaX XPOMOCOM.

Baxknefimmu hyHKIMAME pa sIBJASIOTCS CJEYIOIIHE.

1. XpaHeHue HacJe/ICTBEHHOH HH(OPMAlMM W Tepefaya ee JOUYEPHUM KJETKaM
B nipoliecce jiesieHust. Kak Bbl 3HaeTe, Hac/e/ICTBEHHAs] MHBOPMALMs 3aKOMPOBaHa B
mostekynax JTHK.

2. YnpaBseHue nporeccamu KU3HEIEATENbHOCTH KJIETKH.

Xpomocomost. B Havase eieHUs KJAETKH XPOMATHH YIJIOTHsIETCsl, 00pasysl KOM-
MaKTHbIe CTPYKTypbl — XpoMocoMmbl. CrielinasibHble siiepHble GeJKH TpH 3TOM 06e-
CMeUHBAIOT TPaBWIbHYIO YKJIAAKy (cnupanusaiuio) mosekynbl JIHK, B pesysbrate
yero ee JJIMHA BO MHOTO pa3d yMmeHblinaetcs. Kaxknas xpomocoma oGpasoBaHa JBYMsi
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LleHTpomepa

CecTpyHCKIMe XpoMaTubl

CnupanunsoBaHHas
monekyna JHK

Mano4koBngHas
Xpomocoma
PaBHonnevas

Xpomocoma HepaBHonneyas 4
Xpomocoma Bua Nnop 3NeKTPOHHLIM MUKPOCKONOM

Puc. 50. CtpoeHue u THIBI XPOMOCOM

cecTpUHCKUMH xpomaTtugaamu (puc. 50). B cocraB kaxno# XpoMmaTuipl BXOAMT
onHa mogekyna JJHK. Monexynbl JIHK B cectpunckux xpomatiaax oaHo# XpoMOCOMBI
WIEHTHYHBI, T. €. HMEIOT OJIMHAKOBYIO MOCJIE0BATENbHOCTD HYKJIEOTHIOB.

CecTpHUHCKHE XpOMAaTHIIbl COEMHEHbI IPYT C JAPYroM B 06JIaCTH ILE HTPOM € p bl
(mepBUUHON MepeTs)KH). LleHTpomepa e/ UT XpOMOCOMY Ha JiBa MJi ey a. Xpo-
MOCOMbI C PaBHbIMM HJIM TOYTH PABHBIMH TJleHaMH Ha3blBAIOTCSl PABHOIMJ €Y UM H,
C MJleyaMd HeOJMHAKOBOH JUIMHbl — HepPaBHOMNJEeYUMH. XPOMOCOMbl C OIHUM
JUIMHHBIM, a JAPYrHM O4Y€Hb KOPOTKHM, €/1Ba 3aMETHbIM MJIeHOM Ha3blBAIOTCSI MaJoy -
KOBHJLHbIMH.

Y 2KHBBIX OPraHU3MOB pPas/HyaloT MoJOBble U comaTHueckue kieTkd. Habop xpo-
MOCOM, COjlep2Kalliicsl B MOJIOBBIX KJeTKax (rameTax), Ha3blBalOT ranjouaHbIM Ha6o-
pom u obo3HavaoT OykBo# n. Hanpumep, criepmato3onsipl M sIALEKJIETKH YesoBeKa Co-
Jepxkat 1o 23 xpomocombl (n=23). B ramiongHomM HaGope Kaxkiasi XpoMOocoMa YHH-
KaJibHa: HEBO3MOXKHO HAHTH JIB€ XPOMOCOMbI, OJHHAKOBbIE M0 CTPoeHHIo (popme, pas-
MepaM, pPacroJioKeHHI0 NepeTsKeK) U CoflepaKaHUuIo HAC/IeICTBEHHON HH(OPMALIUH.

ComaTnueckue (OT rped. coma — TeJ0) KJIETKH COCTaBJISIIOT TeJIO »KUBBIX Opra-
HHU3MOB, 00pa3dyst TKAHW U OpraHbl, U BBIMOJHSIOT pagHoobpasHble QyHKUuH. B orin-
yde OT raMeT COMaTHYecKMe KJETKM He TMPHHHMAIT HEeNOCPEeICTBEHHOrO y4acTHsl
B [10JIOBOM Pa3MHOXKEHHH W, KaK MpaBHJIO, COAEPKAT AUMIOUAHBIA (1BOHHOI) HaboOp
XpomocoM, o0o3HadaeMbli 211.

B nunsionnsom Habope Bce XpOMOCOMBI MapHble. B yacTHOCTH, coMaTHuecKue KJeT-
KU ueJioBeKa cojepxkaT 46 xpomocom, T. e. 23 maphl (21 = 46). Tlapubie xpomMocombl
OJIMHAKOBbI MO CTPOEHHIO M CXOJIHbI MO COJAEP>KAHMIO HACJIENCTBEHHONH HH(OpPMALUH,
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HO MMEIOT pasHoe MpOoUCXoxkKIeHHe (0JlHAa U3 HUX — MaTepuHCKasl, Jpyras — OTLOB-
ckas). Takue xpoMocoMbl HA3bIBAIOT TOMOJOTHUYHBI MU (cM. puc. 100 Ha c. 188).

Ksetkn ¢ HaGopom XpoMOCOM, yBeJIMUEHHBIM B TPH U OoJsiee pa3d (KpaTHO ramso-
WIHOMY HaGopy), Ha3bIBAIOT MOJUMJIOUMAHBIMU. Hanpumep, 3n — TpunjonaHbiii Ha-
60p, 4n — TeTPanJOUIHbIA U T. 1.

Ilonamue o kapuomune. Opranu3mbl, MpUHAAIEKAIME K OTHOMY BHIY, MMe-
0T OJIMHAKOBBLIH HaGOp XPOMOCOM B COMATHUECKHX KjeTKax (MPH 3TOM YUHTbIBAETCS
KOJIMYECTBO XPOMOCOM, HX pasMmepbl, hopma, ocoGeHHOCTH cTpoenus). M nao6opor,
B KJIETKaX pa3HbIX OHOJOMMUECKHX BHJIOB XPOMOCOMHblE HaGoOpbl pas/juuHbl. Jlaxe
€CJIM COBMAJAeT UYUCI0 XPOMOCOM (HampuMep, y Kapmogeas u wumnanze 2n = 48),
UX pa3Mepsbl, hopMa U CTpoeHHe OyayT pas3HbIMH.

CoOBOKYMHOCTb MTPU3HAKOB XPOMOCOMHOI0 Ha60pa, XapaKTePHBIX /151 KJIETOK OTpe-
JIeJIEHHOTO BHJA »KMBbIX OPraHU3MOB, HA3bIBAETCS KAPUOTUNOM (OT rped. KaApuoH —
snpo, munoc — obpasen). Kapuotun — cBoero pona «XpoMOCOMHBIH MacrmopT», Mo
KOTOPOMY KJIETKH OJIHOTO BHJIA OPraHM3MOB HA€XKHO OTJIHYAIOTCS OT KJETOK JPYTHX
GHOJIOTHYECKHX BHIIOB.

MezKly KOJIHYeCTBOM XPOMOCOM M CJIOXKHOCTbIO OPraHH3alliK »KUBbIX OPraHu3MOB
HeT MpsMOH cBA3W. Hampumep, KIeTKM pasHbIX BHAOB paduosapuii (MOPCKHX TIPoO-
tctoB) coiepxkat 1000— 1600 xpomocom, KneTku Kypuyor — 78, a wumnanse —
Bcero 48. Jlunonanblil Habop eau (roJoceMeHHOe pacTeHHe) cocTaBfseT 24 Xpomo-
COMBI, a Oepe3vl (MOKpLITOCEMEHHOE pacTeHue) — 8.

N 1. [Ina KNeToK KaknX XWBbIX OPraHM3MOB XapakTepHO Hanu4ve agpa?

’ Bakrepuii, npoTucToB, rpu60B, pacTeHHi, }KUBOTHBIX.
2. /13 Kaknx KOMMOHEHTOB COCTOUT AApo Knetkn? Kakue yHKLUMM OHO BbINONHAET? Kakum
o6pa3oM OTCYTCTBUE AApa MOXET MOBMUATb Ha XXU3HEOEATENIbHOCTb KINeTKn?
3. YTo npepcTtaBnsioT cobon AOpbIWKN? ovemy agpbillki B Sape KAeTKU Nepuopgmyecku
NOSIBASAIOTCA U MUCHe3aloT?
4. Yto npepcTaBnseT cob6oM XpomMaTuH? YTO MpoucxoguT C XPOMAaTMHOM B Havane [eneHus
KNeTkn?
5. Yem rannongHbin HA6OP XPOMOCOM OTNIMYaETCsA OT AvnnongHoro? [Ons Kakux TUNoB Kie-
TOK XapaKTepHbl AaHHble XPOMOCOMHbIE HAa60opbI?
6. Y10 Takoe kapuotun? lMoyemy cyLlecTBOBaHME BMAOB CBA3AHO CO CTAOWUSIbHOCTLIO UX Ka-
puotmna?
7. B umkne pasBuTua pacTeHUn MPOUCXOQUT CTPOroe 4epefoBaHue OBYX MOKONEHUN — Cro-
podmTa 1 rametoduta. CnopodunTbl pa3BmMBaKOTCA U3 3UrOT, FAMETOPUTLI — U3 ranouaHbIX
cnop. BcnomHWTe LMKIbI pa3BuUTUS Mxa, NanopOTHUKA, FOSIOCEMEHHOIO U MOKPLITOCEMEHHOIO
pacTeHui, n3y4eHHole B 7-M Knacce. Kak B xofe 3BOMIOLUW PaCTEHWUA U3MEHSANUCL pas-
Mepbl, CTPOEHME U POJib KaXAOro MOKONEHUs B UMKne pas3sutua? Kak Bbl gymaete, Yem 06-
yCrnoBneHa obHapyXXeHHas 3aKOHOMEPHOCTb?
8. B Tennbix Mopsx 06uTaloT HEeoOblYHble 3efieHble BOOOPOCAM — auetabynapuun. M3secT-
HO HEeCKONbKO BWAOB auetabynsapui, pasnuMyarowmxcs (OpMOW LUAAMKM W HEKOTOPbIMU
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Opyrumu  npuadHakamu. Teno auetabyns-
pun npefctaBnseT cobon OfHY TUraHTCKYH
KMETKY, COCTOSILLYIO U3 HOXKU C pudongamu,
TOHKOrOo cTebenbka W wnanku. Crebenek
pocTuraet B oJivHy 6 cm, a wnanka — 1 ¢cm
B OgnameTpe. Auetabynapum XMBYT Ha Men-
KOBOAbE W 4acTO MOBPEXAAKTCA MPUOGOEM.
OpHako OHWM obnafatT CNOCOBGHOCTHIO pere-
HepvpoBaTb BCE 4YacTW CBOEro Tena, kpome
sapa, KOTOpoe HaxXOOUTCs B MPUKPENSIEHHON
K KaMHSIM HOXKe.
Kakune aKkcnepumeHTbl ¢ 3TUMU BOLOPOCHSIMU
MO>XHO NMPOBECTM, YTOObI AOKa3aTb, YTO UMEH-
! HO SIAPO KIETKM SIBMSETCA OCHOBHbLIM XpaHu-
Pasnble Buapl aterabyaspuit Tenem HacneacTBEHHOW WHopmaumm?

§ 19. Oco6eHHOCTH CTPOEHHUS KJIETOK NPOKAPUOT

Bam wn3BecTHO, 4TO MO OCOOEHHOCTSIM CTPOEHHSI KJETOK OpraHu3Mbl [PHUHSTO
JIeJIUTh Ha JiBe TPYMIbl: MPOKapPUOTHl (JIOslepHble) H 3YKAPHOThI (siiepHbIe).
K mepBoii rpynne oTHocATCH GaKTepuUH, KO BTOPOH — MPOTHCTHI, IPUOHI, pacTeHHs
U »KUBOTHbIe. KaKOBbI OTJIMUUTE/IbHBIE TPU3HAKH TIPOKAPUOTHUECKHX KJIETOK M0 CpaB-
HEHHIO ¢ 3YKapHOTHYECKUMH ?

Pasmepbl KJIeTOK MPOKapHOT, Kak MPaBHIIO, 3HAYUTEJBHO MEHbLLIE, YeM 3YKAPHOT, H B CPEIHEM CO-
crapysiior 0,25— 10 mxm. OnHako ecTb uckaodeHus. KieTku HeKOTopbIX Humuameolx cepobaxmepuii
MMeIoT ameTp okoslo 50 MKM, 0OHapy:KeHbl crnupoxemol JmiHol 10 250 MKM, a KpyrHEHLIMe U3 u3-
BeCTHbIX GakTepuil jocturaior pazmepa 750 Mkm (0,75 Mm).

KneTkn npokaproT MOryT MMeTb pas/nyHylo (opMy: MIapoBHAHYIO (KOKKH),
NaJIoOuKOBUIHYIO (6 a M J1J1bl), H30THYTYIO (BUOPHUOHBI), COMPATLHO 3aKPYUEHHYIO
(cmupuaAbB) U Ap.

[ToBepXHOCTHBIH annapaT NPOKAPUOTHUECKHUX KJIETOK BKJIOUAET 1IUTOMIa3MaTHyIe -
CKyl0 MeMOpaHy W KJIETOUHYIO CTEHKY. ¥ HEKOTOpbIX GaKTepuH MOBEPXHOCTHBIH ammna-
paT MMeeT JIONOJHHUTEJIbHYIO HapyXKHYt0 MeMOpaHy. KieTtounas cTeHka MHOTHX Gakre-
pUii MOXKeT ObITh OKpYXKeHa CJH3UCTON KaricyJioi (puc. 51).

CrpoeHue u (PyHKIMM LMTOMJIA3MATHIECKOH MeMOpaHbl CXOJAHbI C TAKOBBIMH Y
5yKapHuoT.

Kserounast creHka GakTepuil CYLLIECTBEHHO OTJIMYACTCS [0 CTPOEHHIO OT 060-
JIOYeK KJETOK pacTeHuil M rpu6oB. Ee OCHOBY cocTaBiisieT »kKecTkasi pelieTka M3
1oJiMcaxapuaa My p € M H a.
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BkntoyeHus

CrnuavcTas kancyna
KneToyHas cteHka XKryTmk

LinTonnasmatnyeckas
MembpaHa

— <) ° n
LuTtonnasma nasmuna
PuGocoma 2D
Konbuesas
monekyna JHK

Me3ocoma BopcuHka

Puc. 51. Cxema cTpoeHust pOKapHOTHUECKOH KJIETKH

Moviekysia MypenHa MpeACTaB/isieT co0Oil MPaBHIbHYIO CeTb M3 NapaliesibHO PacrooKeHHbIX
noJiMcaxapuHbIX Lernei, CLUINTBIX JPYT C APYrOM KOPOTKHMH MENTHAHBIMH LiernoukaMmu. Takum o6pasom,
6aKTepHasbHast KJIeTKa OKpy:KeHa MyPeMHOBBIM MEIIKOM, 00pa3oBaHHbIM, 110 CYTH JieJ1a, OAHOH MoJe-
KyJsiofi. B coctaB K/IeTOUHOH CTEHKH MOKeT BXOAMTb MHOXKECTBO TaKHX MyPEHHOBBIX MEIIKOB, KOTOpbIe
pacriosiaraloTcsi OlIMH MOBEPX JIPYroro W o6pasyloT »KeCTKHi ONOPHbIl Kapkac, oGecrneynBatoiui no-
CTOSIHHYI0 (hOpMy GaKTEpPUALHOH KJIETKH.

[To cTpoenuto KaeTouHOH cTeHKH GaKTEpHH MOAPA3/e/IsIIOTCs Ha JIBe TPYMIbl — TPaMIOJ0XKH -
TeJbHbe M rpaMoTpullaTeJbHbie (puc. 52). Y rpamMnoNoKUTENbHbIX OAKTEpPUl KJIeToUHast
CTeHKa TOJICTasi, MHOTOCJIOFHAs!, Y TPaMOTPHLIATE/IbHBIX OHA TOHbLIE, HO CHAPYKH OT Hee pacrosioxKeHa

HapyxHaa membpaHa

MexmembpaHHOe NPOCTPaHCTBO

MypewvH
LinTonnasmaTtu4yeckas -
MembpaHa
OHK
MpamnonoxwurenbHas LuTonnasma FpamoTpuuaTenbHas
6akTepus 6akTepus

Puc. 52. [ToBepxHOCTHBI! annapar KJIeTOK IPaMII0JI0KUTEIbHbIX H IPAMOTPHLIATEbHBIX OaKTepuil
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JIOTIOJIHATEIbHAsT MeMOpaHa, KoTopasi MpensTCTByeT MPOHHUKHOBEHHIO B KJETKY psiia BElIecTB. IJTO
JleJlaeT rpaMoTpHLaTe/IbHble 6aKTepHH GoJiee YCTOMUMBBIMH K JEHCTBHIO HEKOTOPBIX S10B, (hepMeHTOB,
aHTHOMOTHKOB.

Jls1 BeIsiB/IeHUsT GaKTepHil 10l MUKPOCKOINIOM MX 06pabaTbiBaloT CrielHalbHbIMH KPACHTEJSIMK 10
MeTojy, paspaboTaHHOMY JAaTCKUM ydeHbiM X. [pamom (oTciona v HazBaHusi rpynn Oakrepuii). [1pu
9TOM T'PaMIOJIO’KUTEbHbIe OaKTepHH MPHOOPETAIOT TEMHO-CHHIOI0 OKPACKy, a IpaMOTpHLIATe/IbHble —
pPO30BYIO.

Y HeKOTOpbIX OaKTepu# UMEIOTCS BOPCHMHKM — TOHKHE O€JIKOBble BbIPOCThbI Ha
MOBEPXHOCTH KJIETKHU (CcM. puc. 51). DyHKIMS BOPCHHOK 3aKJII0UAETCS B TIPUKPETJIEHUH
GakTepuil K KJeTKaM JAPyruX OpraHu3MoB, Pas3JjMuHbIM YacTHLAM, a TAaKxKe B TepeHoce
JHK ot onHoll 6akTepuasbHON KJAETKU K APYToi.

KsieTku HEKOTOPbIX BUIOB GaKTepPHH UMEIOT KIYTUKH (OJIMH, HECKOJILKO HJIH MHO-
ro), KOTopble MOryT ObITb B HECKOJIbKO Pa3 AJHHHEE CaMOH KJETKH.

[IpokapHoThl, KaK cjelyeT W3 WX Ha3BaHHUsl, He UMelOT odopMaeHHOro spa. Kx
Hac/eCTBeHHasi MH(POPMALKs CONEPKUTCS, KaK TPaBUJIO, B KOJIbLIEBOH MOJEKyJe
JHK (cm. puc. 51), xortopasi pacrnosaraetcsi HernocpeiCTBEHHO B LUTOMJa3Me U
YCJOBHO Ha3biBaeTcsl OaKTepuasbHON XpoMocoMol. [lomumMo GakTepuasbHON XpoMo-
COMbI, B LIMUTOMJIa3Me KJIETOK MOTYT cofepKaTbesl HeboJbline Mosekysbl JIHK, cno-
coOHble aBTOHOMHO YABAaWUBATbCSl M TPH JIeJIEHHM MepelaBaThCsl JOUEPHUM KJETKaM.
Takne BHEXpOMOCOMHBIE (JIOMOJHUTENbHbIE 110 OTHOLIEHHIO K XPOMOCOME) CTPYKTYpbI
Ha3bIBAIOTCS MJIA3MUAAMHU.

BakrepuaJsibHble KJETKH He MMeEIOT MeMOpaHHbIX OPraHOMAOB, XapaKTepHbIX sl
KJIETOK 9YKapHOT, — MUTOXOHJPHI, MJIACTH], SHIOMNIA3MaTHIECKONH CeTH, KOMIIeKea
[osbmky, an3ocom. PyHKIMIO STUX OPraHOKIOB BBIMOJHSIET LIUTOMNIa3MaTHIECKAS MeM -
O6pana uaM ee mnpousBojaHble. LluTonnazmaruueckass mMemOGpaHa MPOKAPHOT MOXKET
00pa3oBbIBaTh BISIYUBAHHUSI BHYTPb KJIETKH — M@30COMbI, KOTOpPbIE YaCTO UMEIOT BHI,
3aKpydeHHbIX B CMUpaJ/b WM KIyGok oOpazoBaHui (cm. puc. Hl). Cuuraercs, uto
Me30COMbl MOTYT MPUHUMATh y4acTHe B 00pa3oBaHUM TOMEPEUHbIX MEPEropojioK MpH
JIeJIeHUH KJIETOK, a TaKXKe CJIY»KUTh MECTOM MpPUKpernJieHust GaKTepuabHbIX XPOMOCOM.

Kpome Toro, B npokapuOTHUeCKHX KJETKaX OTCYTCTBYET KJETOUHBIH LEHTP W
LIUTOCKeJIeT. B To »Ke BpeMsl B LMTOMJIA3Me pacnoJjiaraloTesi MHOTOUUC/IeHHble pubo-
COMbI, KOTOpble MMEIOT CXOAHOE CTpoeHHe ¢ pUOOCOMAMH 3YKapHOT, HO OTJMYAIOTCS
MEHbILIUMH pa3MepaMH.

Y HeKOoTOpbIX OakTepuil, 0OMTAIOUIMX B BOAOEMAX MJM Karujuispax Mousbl, UMe-
10TCsl 0cOOble Ta30Bble Bakyosil. M3mensist nx oGbem, GaKTepuu MOTYT NepemellaThest
(BCTUIBIBATH M MOTPY2KAThCS) ¢ MHHUMAJIbHBIMH 3aTPaTaMH HEPrHH.

B xnetkax uuaHoGakTepuil cojiepKaTcs OKpYyTJible 3aMKHyTble MeMOpaHHble
CTPYKTYpPbl — Xpomatodopbl (0T Tpeu. xpoma — Kpacka, ¢popoc — HecylUlni),
B KOTOPBIX pacroJjioxkeHbl POTOCHHTETHYECKHE TUIMEHTHI.
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[TopaBastollee GOJBLIIMHCTBO 5YKapHOT SIBJAIOTCA a3po0OaMU — TaK HasblBa-
10T OPraHU3Mbl, HCIOJL3YIOLINE /1 KJIETOYHOTO JIbIXaHHsl KHCJ0poA. B oTyiyne ot HUX
cpeiy MPOKapUOT H3BECTHO HeMaJlo aHa?po OG0B — OHHU CIOCOOHBI CYLLECTBOBAThb
6e3 jl0cTyna KUCI0pojia, a Ha KJETKH HEKOTOPbIX aHa’poOOB KUCJOPOJ JEHCTBYET W
BOBCE TyOUTEJIbHO.

Hekoropble 0Gakrepun cnocoOHbl ycBauBaTh aTMocdepHbiii azotT (N,), uvero
9YKapHOThI JieJaTh He MOryT. Takne GakTepuu Ha3bIBAIOTCS 30T (M UKCUPYIO LLH M H.

B HeGsaronpusiTHBIX YCIOBHSIX (X0JI0, »Kapa, 3acyxa M T. JI.) HEKOTopble OaKTe-
puu cnoco6Hbl 00pa3oBbIBaThH cnopsbl. [1pu criopooGpazoBannu BOKPYr OakTepHuaJsbHOH
XPOMOCOMBI 06pasyeTcst MIIOTHAsE MHOroc/10kHast 060Js0uka. Cropbl yCTOHUHBBI K JIeH -
CTBHIO HU3KHX M BBICOKHMX TeMrepaTyp (B HEKOTOPBIX CJyyasiX BbLIEPKUBAIOT IJIUTEJIb-
HOE KMIISTYEHHE), HOHM3HMPYIOLLETO H3JyuyeHHsl, MHOIHX XMMHYECKHX BELIEeCTB M Jpy-
rux (akropoB. Criopbl MOTYT JECATUIETHSIMH HAXOAUTHCSI B HEAKTHBHOM COCTOSIHHH,
a B 0JIarONPUSITHBIX YCJOBUSIX CHOBA MPEBPALLAThCS B AKTUBHBIX OaKTepHH.

BouibiHeTBO [MPOKAPUOT — OAHOKJIETOYHbIE OpraHu3mbl, HO BCTPEYAOTCs1 KO-
JIOHHAJIbHBIE W MHOTOKJIETOUHblE (DOPMbI (HarpuUMep, HEKOTOpble yuarobakmepuu).
CKOTIJIEHHST KJETOK MPOKapHuoOT MOTYT UMETb BHI HHTeﬁ, 1aposB, rpo311eﬁ, HHOrJa OHHU
OKPY>K€Hbl OOLLEH CJIU3UCTON KarcyJoH.

9 1. Kakvie 13 nepedncneHHbIX CTPYKTYp MMEKOTCs B 6aKTepuasnbHOW KneTke?

U,I/ITOHJIHSM&TI/IHGCKHH MeM6paHa, SApo, LUTOIJIa3Ma, paSHOO6p83Hble MeM6paHHbI€ OpraHonibl,
H€M€M6paHHbI€ OpraHou/1bl.

2. KakoBbl 0CO6EHHOCTU CTPOEHMS NOBEPXHOCTHOrO annapara KneTtok 6akrepuin?

3. Yto npepnctaBnseT cobor 6akTepuanbHas xpomocoma? MNnasmmabl? Y10 Takoe Me30CoMbI?
4. Kakne opraHuambl HasblBaloTca aspobammn? AHaspobamn?

5. B kneTkax npokapuoT OTCYTCTBYIOT TakvMe opraHomibl, KaK MUTOXOHAPWUW, MnactTuibl, KOM-
nnekc Fonbaxu, sHponnasmaTnyeckas cetb. Kakum o6pas3om mx KNeTku MOoryT OyHKLMOHM-
poBatb 6e3 3Tux opraHougoB? lNovemy NPoKapuMoTbl HE MOryT «0O60NTUCL» 63 pubocom?
6. CpaBHUTE MO pas3fMyHbIM MPU3HAKaAM MPOKAPUOTUHECKYID U 3YKAPUOTUHECKYIO KNEeTKW,
BbISIBUTE 4epTbl CXOACTBA M pasnunyus.

7. CpaBHUTE CTpOeHWe AByMEMOPaHHbIX OpPraHoMaoB (MUTOXOHAPWIA, XNIOPOMNnacToB) U 6ak-
TepuanbHbiX KneTok. Kakve 4epTbl cxogcTBa o6HapyxuBawTca? [lpegnonoxure, 4em OHu
MOTYT OB6BACHATLCS.

§ 20. Oco6eHHOCTH CTPOEHHUS KJIETOK 3YKapuoT

Cxodcmeso 8 cmpoenuu kaemok sykapuom. Ha 3emiie cyliecTByeT MHOXKECTBO
BHJIOB 3YKAPHOTHUECKUX OPraHu3MoB, 0ObelMHsIeMbIX B 4eThipe Lapcrsa: Pacrenns,
JKusotnbie, [puber u I[Tpotuctel. HeemoTpsi Ha 3HauuTe/IbHBIE PA3/HUYHS B CTPOEHHUH
1 o6pase KM3HH MpeJCTaBUTE el pa3HbIX LAPCTB (M Jlazke OJHOTO L@ApPCTBa), /s BCeX
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5YKAPHOT XapakTepeH psil OOLIMX MPU3HAKOB, KACAIOLIUXCS CTPOCHHS U (DyHKLIHOHH-
POBaHMS MX KJIETOK:

® ¢/IMHBII TJ1aH CTPOEHMS KJIETKH;

® HaJIMYKE A1pa, LUUTOMJIA3Mbl C Pa3HOOOPA3HBLIMH MeMOPAaHHBIMH H HeMeMOpaH-
HBIMH OpPTaHOWIAMH, LIMTOCKE/eTa;

® CXOJICTBO MPOTEKAHUS MPOLeCCOB 0OMEHa BEIIEeCTB M IHEPTUH B KIETKE;

® CXOJIHbIE MPOIECCHI JIeJICHHST KIETOK.

Pasauuusa 6 cmpoenuu rkaemok 3ykapuom. CpaBHHBAsi CTPOEHHE KJIETOK
OpraHu3MOB Pa3HbIX LAPCTB, MOMUMO CXOJCTBA, MOXKHO BBIIEJHUTH CYlLIECTBEHHbIE pa3-
Juust (em. puc. 29).

KseTkn pacTeHMil MMeEIOT KECTKyI0 KJeTOUHylo cTeHKy (o6odiouky). O6oJgouka
npuaaeT KJIeTKaM MeXaHMYEeCKYyl0 MPOYHOCTb, MOIEP:KUBAET UX (POpMY M pasMephl,
3allMLIAeT OT MOBPEXKICHHI M BBbICBIXaHHsl, a TaKxkKe MPENsTCTBYeT Pa3pbiBy KJETOK
MPH MOCTYMJIEHHH B HUX OOJIBLIOTO KOJHYECTBA BOJbI.

OcHoBy 060JI0UKH COCTABJISIET XKECTKHH KapKac U3 MapaJsijiesbHO pacnosoxKeHHbIX
BOJIOKOH, MOTPY’KEHHBIH B MSATKHH, TJIACTHUHBIA MaTPUKC. BOJIOKHMCTBIM KOMIMOHEH-
TOM KJIETOYHBIX 000JI0YEK pPacTeHHH SBJSETCS I eJJI003a, JUHEHHbe LEeTNOouKH
KOTOPOiH 0OBEAMHSIOTCS B My4YKH M BOJIOKHA ((puOPHIIBI) Gsaroaapst BOSHHKHOBEHHIO
MEKMOJIEKYJISIPHBIX BOJIOPOJIHBIX CBsizeH (pHc. 53 ). PUOPHU/IIbI MapasliebHBIMU PsilaMu
pacriosiaratotcst B Matpukce. B coctaB mMaTpukca BXOIAT pa3siMuHble MOJMCAXAPHUIIBI.

B o6osiouke MosIOJbIX KJIETOK CoflepyKaHhe BOJIOKHUCTBIX 3J€MeHTOB HeBbicoKoe (He Gosiee 30 %

cyxoii maccel). Takast o6Gosiouka HadbiBaeTcst mepBHYHOH. OBGOJI0UKH MOJIOABIX KJIETOK CrOCOGHDI
K pacTsKeHHto, Garojapst ueMy BO3MOXKeH pocT kjaeTku. [locse mpekpailleHust pocta Ha MepBHUHYIO

Kneto4yHas
oborno4ka /

Llenntonosnas
dunbpunna

KneTtka Mukpodmbpunna

MoneKyna Lennnosbl
H OH H OH H OH  CH,OH

CH,OH CH,OH
—o1n iy W ONroon iYW ONpobn Ry AT ONo-
A JTOTOH AL N /PO OH HAL N S0\ OH HA,
CH,OH H

H OH CH,OH H OH  CH,OH OH

Puc. 53. Cxema cTpoeHHsl LeJII0I03HbIX (PUOPUILIT KJIETOUHOH 000JI0UKH PacTeHUH



OcoGeHHOCTH CTPOEHHS KJIETOK 3yKapuoT 85

0060JI04Ky H3HYTPH OTKJIAABIBAIOTCS HOBBIE CJIOM — TakK (DOpPMHpyeTcsl MpouHasi BTOpHUUHAs 060-
Jouka. CojieprkaHue BOJIOKHMCTBIX BELIECTB B HEHl 3HAYHTEJBHO GOJiblE.

Bropuunble 060/104KH KIETOK PaCTEHHIT COCOGHBI MPOMUTHIBATHCS TUTHHHOM U OflpeBECHEBATH,
YTO MpHAAeT MM 0COOYI0 MPOYHOCTb. B 060/0UKax HEKOTOPBIX PACTHTEJbHbIX KJIETOK OTKJajblBaeTcs
Jipyroe BellecTBO — cy 6 e puH. DTOT npouecc Ha3biBaeTcs: onpobKoBeHreM. Cy6GepHHH3UPOBAHHbIE
060JIOUKH CTAHOBSITCSI HETPOHUIIAEMBIMH /ISl BOJIbl, MO3TOMY COZIEP’KUMO€ KJIeTOK OTMHpAeT, H OHH 3a-
TOJIHAIOTCS BO3/lyXoM. Ha 1oBepXHOCTH K/IeTOUHbIX 000JI04eK MOTYT OTKJIaAbIBATLCS KYTHH M BOCKH.
OTH BellecTBa TaKkKe MPUAAIOT KJIETKaM BOAOHeNponuaeMocTs. [Tostomy si6/10kH, 3aknanbiBaemMble Ha
XpaHeHHe, HeJlb3sl MbITb W BbITHPATh BO U30€KaHHE MOBPEXKIECHUS BOCKOBOIO CJIOSI.

Pacrenuss — aBTOoTpOodHbBIe opraHuaMbl. KieTku JHUCTbEB H MOJIOJBIX CTe-
6Jiefl pacTeHHil COlepKaT XJIOPOIJIACThI, B KOTOPbIX MPOUCXOAUT hoTocuHTe3. B MeM-
6paHax XJOpOMJIACTOB HAXOATCS CBETOMONJIOUIAONHMEe MUIMEHThl — XJIOPOMHUIIBI U
KapoOTHHOU/bBI. B KjeTKax pacTeHMH MOTyT MPUCYTCTBOBATb W JIPyrHe MJIacTHAbl —
XPOMOIIIACTBI U JIEHKOMJIACThI.

JInst pacTUTENbHBIX KJIETOK XapaKTepHbl KPYMHbIE BAKYOJH, SIBJSIOLIMECS pe3ep-
BYapoM BOJIbI U XpaHHJIMILEM Pa3HOOOPa3HbIX BellecTB. B kjeTKax O0JBIIMHCTBA pac-
TEHHH OTCYTCTBYIOT LEHTPHOJIH. 3aracHbIM YIJIEBOJOM pPACTeHUH siBJsleTCsl Kpax -
M aJi, KOTOPbIH OTKJAJbIBAETCS B BUAE KPaXMaJibHbIX 3€peH.

KsieTKHM 2KMBOTHBIX MOKPBITHI TOJILKO LUTOMN/Ia3MaTHYeCcKol MemOpaHoi. Hanvem-
OpaHHbIi KOMILJIEKC MPeACTaBIeH UKOKAIUKCOM. JKHBOTHBIE — TeTepoTpod b,
MCTOUHHKOM yIJIepojia JUlsl CHHTE3a OpPraHMyeCKHX BELUEeCTB Yy HHUX SIBJSIIOTCS Bellle-
CTBa, MocTtynaiouipe ¢ nuuier. [luraresbbie BellecTBa Cay:KaT Jyisl XKMBOTHBIX TaK-
JKe MCTOYHMKOM SHEpPruu. B K/eTKax *KMBOTHBIX OTCYTCTBYIOT MJIACTH/IbI, HET KPYIHBIX
BaKyoJiell, HO €CTb LEHTPHOJIH. 3aracHbIM YIJIEBOJIOM SIBJSIETCS TJIMKOT € H, KOTOPbIH
OTKJIA/IbIBAETCS B LIUTOTJIA3Me KJIETOK.

Y KJ1eTOK rpubOB, KaK M Y pacTeHHi, ecThb »KeCTKasi KJeTouHas cTeHka. Y 6oiib-
IIMHCTBA TPUOOB €e OCHOBY COCTABJISIIOT (DUOPHJIBI XU THHA. XHUTHH He MepeBapu-
BaeTcst GOJIBIIMHCTBOM OPTaHH3MOB H3-3a OTCYTCTBHUsI (DepMeHTa XUTHHA3bl, OITOMY
000J104Ka (KJIETOYHAsI CTEHKA) HA/E’KHO 3allMLIAeT BHYTPEHHEE COLAEPKUMOE KJETOK
rpubOB OT MOBPEXIEeHHUs APYTHMH opraHuamamu. Tejo rpuba (rpubHuULA) MpeicTaB-
JisieT coBOoil COBOKYMHOCTb TOHKHMX TpyO4aTbhiX HUTeH — ru @, 06pa3oBaHHBLIX OJHHUM
PSIOM KJIETOK. ¥ HEKOTOPbIX rpUOOB Meperopoiku B rudax OTCYyTCTBYIOT, U IPUOHHUIA
npeacTasJsieT cob6oil ofiHy FMIaHTCKYI0 MHOTOSIIEPHYIO KJeTKy. B kietkax rpu6os ume-
I0TCSl KPYIHbIE BAKYOJIH, 3aMOJHEHHbIE KJIETOYHBIM COKOM.

[pubhbl, KaK 1 KUBOTHbIE, — T'€TepPOTp O bl, MUTAIOTCS FOTOBLIMH OpraHuye-
CKMMH BelLeCTBAMM, MJIACTHL B MX KJIETKaX HeT. 3aracHbIM YIJIeBOJOM B KJeTKax IpH-
60B (Kak H KUBOTHbBIX) SIBJISIETCS] TJIHKOT € H.

[lpotucTbl — HeoxHoponHast rpynna opraHuaMoB. Cpein HHUX €CTb OJHOKJIETOY-
Hble, KOJIOHHAJ/IbHbIE U MHOTOKJIeTOUHble (hopMbl. HeKoTOpble OJHOK/IETOUHbIE M KOJIO-
HHAJIbHbIE TIPOTHUCTBI CMIOCOOHBI MEPEABUraThCsl ¢ MOMOLIBIO pecHuueK (uHpysopuu),
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KIYTHKOB (XAamMudomorada, sgenena 3eAenas, 804b80KC) UIN JIOXKHOHOXKEK (ame-
Oot). [To TuMy muTanuss NPOTUCTBI MOTYT ObITb ABTOTPO(GHBIMH, aBTOTETEPO -
TPODHBIMU U TeTepoTPOdHBIMHU.

ABToTpodHble W aBTOreTEpOTPO(HBIE MPOTHCTHI HA3BIBAIOTCS BOAOPOCASIMU. B nx
KJIeTKaX COZIeprKaTCsl XJI0POIIACTbl (OT OJHOTO 10 HECKOJILKHX JECATKOB), OCYLLECTB/IsA-
IOlIMe Ha CBETy mpouecc (hoToCHHTE3a. XJIOPOMIACTBl BOAOPOCAEH MOTYT HMETh pas-
HooOpasHyto (hopMy: YalleBUAHYIO (Y X20peaast), ClUpalbHyto (y cnupoeupsl) u T. [
MtHorue Bo1opoc/v UMEIOT KIETOUHyIO CTEHKY. B K/eTKax aBTOTPO(HBIX MPOTHCTOB CO-
JIeprKaTCsl BAKYOJIH C KJIETOUHBbIM COKOM. HeKoTopble OIHOK/I€TOUHbIE BOIOPOCIH UMEIOT
CBETOUYBCTBUTENbHBIN IMIA30K M COKPATUTEJIbHBIE BAKyOJIH.

B orsinune oT aBTOTpObHBIX aBTOreTepoTPOhHbIE MPOTHCTHI (9821eHa 3enreras,
XAAMUOOMOHAOA ) MOTYT HE TOJILKO OCYIIECTBJATh POTOCHHTE3, HO M MOTJIOIATh BCEH
MIOBEPXHOCTbIO TeJsla PACTBOPEHHbIE B BOJE OpPraHMYeCKHe BelllecTBa.

[erepoTpodHble MpoTUCTH (amebol, uHpy30puL W Jp.) He CrnocoOHbl K (HOoTo-
CHHTE3Y, MO3TOMY MOTPeOJSIOT TOTOBble OpraHUYeCcKHe BelllecTBa U MepeBapuBaloT UX
B TIHIIEBAPUTE/bHBIX BaKyossiX. B KieTkax reTepoTpoHbIX MPOTHCTOB OTCYTCTBYIOT
MJIACTH/IbI U CBETOUYYBCTBHUTEJbHBIN [71a30K. He UMEIOT OHM U KJI€TOUHOH CTEHKH.

) 1. Kak HasblBaloTCs XUBblE OPraHn3Mbl, KIIETKU KOTOPbIX copepXaT odropmsieHHoe fapo?

ABTOTPOdBLI, reTepOoTPOPLI, MPOKAPHOTHI, IYKAPHUOTHI.

2. B 4yem nposiBnsieTCA CXOACTBO KNETOK MPOTUCTOB, rPUOOB, PACTEHUA U XXUBOTHbLIX?

3. Yem pactutenbHasa Knetka oTnMyaeTcs OT XWBOTHOM?

4. Kakne obLyme 4epTbl U Kakue pasnuyuus MOXHO BbIOENUTb, CPaBHMBAs KIETKN PasHbIX
rpynn ApoTMCTOB?

5. CpaBHuUTe KNeTku rpuboB, PacTEHUA M XMBOTHBIX MO Pa3fN4YHbIM KPUTEPUAM. YKaxute
YyepTbl CXOACTBA U Pasnuyvsa Mexay HUMMU.

6. Mo copep>xaHnto 6efKOB rpmbbl NPaKTUYECKN He yCTynarT macy. [ovemy ke cuuTaeTcs,
4YTO NuULLEeBas LEHHOCTb rpuboB ropasfno HuMxe, 4em msca?

7. YyeHble nNpegnonaraT, 4TO NepBble (Camble APEBHME) XUBbIE OPraHM3mbl Ha 3emre npea-
cTaBnanu coboi HacnencteeHHbin matepuan (OHK, PHK), koTopbii 6bl1 OKPYXeEH BA3KUM
pacTBopoM 6ENKOB M OrpaHvyeH OT BHELUHeW cpefbl MeM6paHow. [Npepnoxure runotessbl,
KakvuM 06pa3om B NpoLecce 3BOMOLMM MOMNO BO3HUKHYTb SAPO M pasfvyHbie opraHougbl,
XapaKkTepHble A1 COBPEMEHHbIX 3YKapnOTUHECKUX KIETOK.

§ 21. KneTtouHblid LUK

Buoaoeuueckoe 3navenue denenus kKaemox. HoBble KJIeTKH BO3HUKAIOT B pe-
3yJIbTaTe JIeJEeHUs yxKe CYLIECTBYIOUIMX. EC/aU IenuTCs OHOKIETOYHbIH OpraHu3dM, TO
13 Hero o6pasdyloTcest JBa HOBbIX. MHOIOKJ/JIETOUHBIH OpPraHu3M TaK:Ke HAUMHAET CBOe
pasBUTHE yallle BCEro C OfHOK-EIMHCTBEHHOH KJeTKH. [IyTeM MHOTOKpPATHbIX Je/eHHi
o6pagyeTcsi OTPOMHOE KOJIMUECTBO KJIETOK, KOTOpPble M COCTAaBJISIIOT opraHuadm. [lese-
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HHe KJIeTOK oGecrieurBaeT pPa3MHOXEHHe W Pa3BUTHE OPraHW3MOB, a 3HAYHUT, Herpe-
PBIBHOCTb »KH3HH Ha 3eMJie.

Kaemounotil yuxa — >K13Hb KJIETKH C MOMEHTa ee 06pa3oBaHus B Mpoliecce Jlesie-
HHUST MATEPUHCKOMN KJIETKH JI0 COOCTBEHHOTO JieJieHUsT (BKJIIOUasi 3TO JieJieHHe ) JTH THOEJH.

B Teuenue 3TOrO 1MKIA KaxIasi KJIeTKa pacTeT U pa3BUBAETCS TaKUM 00pa3oM, 4To-
Obl YCIEIIHO BBIMOJHATL CBOW (PYyHKIMH B opraHusMme. Jlasee kjeTka (yHKIHMOHMPYET
orpeJieJIEHHOE BPeMsi, 110 MCTEUEHHH KOTOPOTro JIMGO JeNUTCs, 06pasysi JouepHue KJeT-
KM, JOO0 TIorHOaeT.

Y pasyiMuHbIX BMJIOB OpPraHM3MOB KJETOUHBIH LMK/ 3aHUMaeT pa3Hoe BpeMsi: Ha-
npumep, y 6axkmepuil on aautcs okoso 20 muH, y ungysopuu mygeasvku — ot 10
10 20 4. KyleTKH MHOTOKJIETOUHBIX OPraHW3MOB Ha PaHHUX CTAUSX PAa3BUTHS JEJIATCS
4yacTo, a 3aTeM KJIETOUHble [UKJIbl 3HAUMTENbHO yauiuHstoTest. Hanpumep, cpasy nocse
POXKIEHHST YeJIOBeKa KJEeTKH TOJOBHOrO Mo3ra Jesstes orpomHoe unesao pas: 80 %
HEHPOHOB TOJIOBHOTO MO3ra (OpMHpyeTCss UMeHHO B 3TOT mnepuoi. OpHako 6oJib-
IIMHCTBO 9THX KJETOK OBICTPO TepsieT CoCOGHOCTb K JIeJIEHHI0, a YacCTh J0XKHMBAET JI0
€CTeCTBEHHOW CMepTH opraHuama, BooOlle He JIeJsiCh.

KneTounbiii MK cOCTOUT U3 HHTepPdasbl U MUTO3a (pHUC. 54 ).

CUHTETUYEeCKUin
nepuog,

Puc. 54. [1epuoibl K1eTOUHOrO IMKAA (21 — AUMJIOWIHBIH HAGOP XPOMOCOM;
2¢, 4c — KOJIMUECTBO CECTPUHCKUX XPOMAaTHIL B Habope)
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UHTepdaza — TPOMEKYTOK KJETOUHOTO ILMK/IA MEXKIy JBYMS JleJeHUSIMH.
B rteuyenue Bceil uHTepdasbl XpoOMOCOMBI HECTIHPANM30BaHbl, OHH HAXOAATCS B spe
KJeTKH B BUIe XxpomatuHa. Kak npaBusio, uHTepdasa coCTOUT U3 TPeX MepPHOJIOB: Mpe-
CHHTETHYECKOT0, CUHTETHUYECKOrO H MOCTCHHTETHYECKOTO.

[pecunrernyeckuii nepuoa (G,) — HauboJee MPOAOLKUTENbHAS YaCTh HH-
Tepdasel. OH MOXKET TIPOJO/IKATBCS Yy Pa3NUUHbIX THIOB KJETOK OT 2—34 [0
HeCKOJIbKHMX CyTOK. Bo Bpemsi 3Toro nepuoja kjaeTka pacteT, B Hell yBeJMUHBAETCS KO-
JIMUECTBO OPraHOMIOB, HAKAMJIMBAETCS SHEPrHsl M BELLECTBA /sl TOC/E/YIOLLEero yIBO-
ennst JIHK. B Teuenne G,-neprona Kaxkuasi XxpoMocoMa COCTOUT U3 OJIHOH XPOMAaTH/Ib,
T. €. KOJIMIeCTBO XPOMOCOM (72) U xpomaTus (c¢) coBnanaer. HaGop xpomocom u xpo-

Puc. 55. Cxema peruikauuu modiekyasl  JIHK:
@ — MarepuHCKHe Uenu; O — JouepHHe LeNH,
8 — JIHK-nosumepasa

matun (mosiekyn JAHK) munnonanoit
KJ1eTKH B (3| -niepuojie KJAeTOYHOrO 1IMK-
Jla MOXKHO BBIPa3uTh 3amucklo 2n2c.

B cunrernueckom nepuope (S)
npoucxomut yasoenue JIHK, a Tak-
JKe CHHTe3 OeJIKOB, HeOOXOIUMBIX 151
nocJseylonlero GopMHpPOBaHHs XPO-
mMocoM. B sToT ke mnepuom mpouc-
XOJIUT Y/IBOEHHE 1I€HTPHOJIEH.

YnBoenne JIHK wnaswiBatoT pe-
nauMkauueii. B xone penikauuu cre-
LyaJjbHble (PepMEeHThl  Pa3bEeAUHSIIOT
JIBe LEeNH UCXOJHOH MaTepUHCKOH MO-
qekyabl JIHK, paspoiBasi Bomopoanbie
CBSIBU MEXKJy KOMIJIeMeHTapHbIMH
Hykiaeotuaamu.  C  pasolleMH-
Csl LENsIMH CBS3BIBAIOTCST MOJIEKYJIbI
JHK-nmonumepasb — riaBHoro
(hepMeHTa peruUIMKalMd. 3aTeM Mo-
qekyabl JIHK-noaumepassr HaunHaioT
JIBUTATbCS BIOJIb MATEPUHCKHUX LIEMe,
MCIOJIBb3Ysl MX B KauecTBe MaTpHll,
M CHHTe3UPOBATh HOBbIE JlOUEpHHE
Lernu, noadupast aisi HUX HyKJIEeOTHIIbI
o MNPUHUMIYY KOMIJIEMEHTAPHOCTH
(puc. 55). Hampumep, ecan yua-
ctok MarepuHckoi uenu JIHK nme-
eT M0CJ/IeI0BATEIbHOCTb HYKJE€OTHIOB
AUTTIA, 1o yuactok jouepHeil
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tend Oyner uMeth B TTILALLT. B cBsizgu ¢ 3THM pernyiMkaiidio OTHOCAT K pe-
aKlMSAM MATPUUHOTO CHHTe3a. B pesysbrate peruikalud oOpasyloTcsi JiBe WJIeH-
THUHble JBYyllenodedHble MoJekysbl [IHK. B cocraB kaxnoi W3 HHUX BXOAMT OjiHA
1[eM0YKa UCXOJHON MaTePUHCKON MOJIEKYJIbl M OJIHA BHOBb CUHTE€3MPOBAHHAS JI0UEPHSIs
11eMoYKa.

K koHlly S-nepuona Kaxkaasi XpoMOCOMa COCTOMT y»Ke M3 JIBYX HJEHTHUHBLIX ce-
CTPMHCKHX XPOMAaTHJ, COeIMHEHHBIX JPYT ¢ JPYroM B o0JacTu ueHTpoMepbl. Kosu-
YeCTBO XPOMATHJL B KaXKJIOH Mape roMOJIOTHYHBIX XPOMOCOM CTAHOBHTCSI PaBHbLIM ue-
ThipeM. Takum o6paszom, HaGOP XPOMOCOM W XPOMATHJL JUIJIOWHON KJIETKH B KOHIle
S-mepuona (T. e. mocse penJiMKallii) BbIpaXKaeTcs 3amuchio 2n4c.

[Mocrcunrernueckuii nepuon (G,) Hacrynaer nocse yagoenus JIHK. B 310 Bpe-
Msl KJeTKA HaKarJMBaeT SHEPTHIO U CHHTe3UpyeT OeJIKH I MPEJCTOSIIEro JleJeH s
(Hanpumep, 6esoK TyOyJHH I TOCTPOEHHs] MUKPOTpyOodeK, 0Opasyrolx Brocae]]-
CTBHM BepeTeHO JiesieHust). B Teuenune Bcero G,-nepuoga HaGop XPOMOCOM M XpoMa-
T/ B KJIETKe 0CTaeTcsl HeU3MeHHbIM — 2n4c.

WMurepdasa 3aBepiiaetcsi, © HaUMHAeTCs JeJ€HHe, B pe3ysibTaTe KOTOporo obpa-
3yIOTCSl Jl0uepHUe KJeTKH. B Xxome MuTo03a (oCHOBHOrO criocoba jiesieHust KJeToK
9YKAPHOT) CECTPUHCKHE XPOMATHJIbI KaXKJI0H XPOMOCOMBI OTJEJISIIOTCS JIPYT OT JIpyra u
NonajialoT B pa3Hble 1ouepHUe KieTKd. CJeloBaTe/bHO, MOJIOJblE JIOUEPHHE KIIETKH,
BCTYNAIOlIHe B HOBBIF KJIETOUHBIH LMK, UMEIOT Habop 2n2c.

Takum 06pazom, KJIETOUHbIH LMK/ OXBATHIBAET MPOMEXKYTOK BPEMEHH OT BO3HHK-
HOBEHHsI KJIETKH JI0 ee TMOJIHOTO pasjie/ieHus1 Ha JiBe JIoUepHHUe W BKJIIOUaeT UHTepdasy
(G-, S-, Gy-nnepuoapl) u MuTo3 (cM. puc. 54). Takas nocse0BaTEJLHOCTL MEPHO-
JIOB KJIETOYHOTO 11MKJ1a XapaKTepHa JJisi MOCTOSIHHO JIEJISIIUXCs KJIeTOK, HanpuMep Jist
KJETOK POCTKOBOTO CJIOSl 3MHUAEPMHUCA KOXKH, KPACHOTO KOCTHOTO MO3ra, CJM3UCTOH
060JI0UKH 2KeJIyJIOYHO-KHIIIEUHOT0 TPaKTa »KMBOTHBIX, KJETOK 00pa3oBaTeJbHOU TKa-
HU pacteHuil. OHU CrIOCOGHBI EJUThCS Kaxjible 12—36 u.

B npoTHBOMONOKHOCTL 3TOMY OOJIBIIMHCTBO KJETOK MHOTOKJETOYHOrO opra-
HH3Ma BCTAIOT Ha MyTb CrelMaqu3allid M Mnocje MpoxoxaeHus yacti G, -nepuoaa
MOTYT TepPEeXoinTh B TaK HasbiBaeMblil mepuon nokos (Gy-nepuon). Knerku, mpe-
6biBatoliine B (Gy-mepuojie, BBIMOJHSIOT CBOU crielliprieckre QyHKIHK B OpraHu3Me,
B HHUX MPOTEKAIOT Mpollecchl 00MeHa BelIeCTB W SHEPTHH, HO He MPOUCXOJIUT MOJro-
TOBKa K peruiMkaluuu. Takue KJIeTKH, KaK MpaBuo, HaBCeraa yTpauluBaioT cnocoOHOCTD
K JlesieHnto. [IpuMepaMu MOTYT CJy»KUTh HEHPOHbBI, KJIETKH XpyCTasiKa rjasa v MHO-
rue JIpyrue.

OnHako HeKOoTOpble KJeTKH, Haxojsiiiecss B Gy-miepuosie (Hanpumep, JeHKOIU-
Thl, KJIETKH MeUeHH ), MOTYT BBIXOJUTb U3 HETO U MPOJAOJIKATH KJAETOUHbIH LUKJ, MPOHi-
Jisl Bce MepHojibl MHTepdasbl U MUTO3. TaK, KJIETKH MedeHH MOTYT CHOBa rpuobpeTaTh
CNOCOGHOCTD K JIeJIEHHUIO CIyCTsl HECKOJIbKO MecsilieB NpeObIBaHUs B MEPHOJE MOKOSI.
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Kaemounas eubeno. Tubenb (cMepTh) OTAEALHBIX KJAECTOK MM HX TPYII MOCTO-
SIHHO BCTPEUYAETCsl Y MHOTOKJIETOUYHBIX OPraHM3MOB, TaK »Ke Kak rubesb OfHOKJe-
TOUHBIX OPraHu3MoB. [MOeJ/ib KIETOK MOXKHO Pa3ie/MTh Ha [Be KaTeropuH: HEKp o3
(OT rpey. HeKpoc — MepTBbIil) U AT OMTO3, KOTOPbIH 4acTO Ha3bIBAIOT MPOrpam-
MHPYEMOH KJIE€TOUHOH CMEPTbIO MJIH JaxKe KJETOYHbIM CaMOyOHHCTBOM.

HerOS — OTMHUpPaAHHUE KJIETOK W TKaHeH B »KHBOM OpraHu3sme, BbI3BaHHOE ﬂeﬁ-
CTBHEM MOBpekaaoUX pakTopoB. [IpuunHamu Hekpo3a MoxKeT ObiTb BO3JEHCTBHE
BBICOKMX M HU3KHX TeMIepartyp, MOHU3UPYIOLLMX H3Jy4eHHH, pas/jHiHbIX XMMHUECKHX
BelIeCTB (B TOM YHCJIE TOKCHUHOB, BblACJIA€MbIX 6OJ163H€TBOprlMI/I MHKPOOPTraHHu3-
Mamu ). Hexporuueckas rubesib KaeTok HabJioaeTcsl TakKe B pe3ysbTaTe HUX Mexa-
HHYECKOTO TOBPEXKIEHHsI, HAPyLIEHHs] KPOBOCHAOKEHHSI U HHHEPBALUMHU TKaHEeH, Mpu
aJUIepPruyecKuX peakLusix.

B noBpexeHHBIX KJeTKax HapyllaeTcs MPOHHUIAeMOCTb MeMOpaH, OCTAHABJIMBAET-
csl cuHTe3 0eJIKOB, NMPEKpallatoTesl Apyrue rnpouecchl o6MeHa BellecTB, MPOUCXOAUT pas-
pyLUeHHe siipa, OPraHoMIOB H, HaKoHell, Bcel KiaeTKH. OCcoOEeHHOCTbI0 HeKpo3a siBJIsieTcs]
TO, UTO TaKOH rubesin MoJABEpraloTes LeJible IPyMNilbl KAETOK (HarnpuMep, Npu HHdapkTe
MHOKap/a M3-3a MpekpaileHnsi cHabxeHHs] KUCJOPOJOM OTMHpAeT Y4acToK CepieuHoH
MBILILBI, COAEPKALIUA MHOXKECTBO KJ1eTOK). OObIYHO OTMHpAIOLIMe KAETKH MOjIBEPratoTes
aTake JICHKOLUMTOB, U B 30He HEKPO3a pa3BMBAETCSl BOCHA/MTENbHAS PeaKLHsl.

Anonrto3 — 3anporpaMMHUpoBaHHasi THOe/ib KJIETOK, peryjupyeMasi OpraHu3MoM.
B xone pasButs M (yHKIHMOHMPOBAHHS OpPraHW3Ma 4yacTb €ro KJAeTOK rorubaer 6e3
HEIMOCPEJICTBEHHOTO MOBPEXKIEHHS. DTOT MPOLleCC NPOTEKAeT Ha BCEX CTAUSX YKU3HH
opraHusma, jaxe B sMOPHOHAJbHBIN MEPHOL.

Bo B3poc/siom oprannamMe Tak:Ke MoCTOSHHO MPOUCXOIUT 3anjaHnpoBaHHast THOEb
KJIETOK. MHUJIIMOHAMU THOHYT KJETKH KPOBH, STHIEPMHUCA KOXKH, CJAU3UCTOH 000J0UKH
JKeJTyIOUHO-KHLIeuHoro tpakra u ap. Ilocse oByssiumu noru6aet 4acTb (OJITHKYJISIP-
HbIX KJIETOK dWYHHKa, T0cJe JIaKTaluuHh — KJICTKH MOJIOYHbIX 2KeJie3. B OopraHusme
B3POCJIOT0 YeJIOBEKa €:KeJHEBHO B pedyJbrare anontosa ruéHer 50—70 mMuiinapion
kaetok. [lpu anonrtose kjeTka pacnajzaercsi Ha OT/esbHble (DparMeHThbl, OKPYKEHHbIE
niazmasieMMoi. OObIYHO (parMeHThbl MOTHOIINX KJETOK MONJIOMIAIOTCS JIEHKOLUTAMU
WJIM COCEJTHUMH KJIeTKaMK 0e3 3armycKa BocnauTeJIbHOH peakiuu. BocrnosiHeHue yTpa-
YeHHBIX KJIETOK 00ecreunBaeTcs myTeM JeJieHusl.

Takum o6pasom, anonTo3 Kak Obl MPepbIBAET GECKOHEUHOCTb KJIETOUHbIX JICTEHHH.
OT cBOEro «poXKAEHUsI» JI0 arnomnTo3a KJAeTKH MPOXOASAT onpe/eseHHoe KOJMUECTBO HOP-
MaJIbHbIX KJIETOUHBIX LMKJIOB. [locsie Kaxa0ro U3 HUX KJaeTKa NepexoauT Ju60 K HOBOMY
KJETOUHOMY LIHKJY, MO0 K aromnTosy.

7 1. Y10 Takoe KISIeTOYHbIN LMKN?
2. Yto HasbiBaeTca MHTepdasoin? Kakue OCHOBHble co6biTua npovcxofdt B Gi-, S- m
G,-nepuogax nHtepasbl?
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3. [Ina kakux Knetok xapaktepeH Gy-nepuog? Y10 mpoucxoguT B 3TOT nepuon?
4. Kaknm obpasom ocyLecTsnserca pennukauus OHK?
5. OpguHakoBbl nn monekynbl OHK, BxogsLLme B cocTaB roMosIOrMyHbIX Xpomocom? B coctas

CeCTpUHCKMX xpomaTtuna? lMovemy?

6. YTo npepgcraBnseT cobon Hekpo3? AnonTto3? B yem 3aknoyaeTcs CXOACTBO M pasnunyus

Hekposa n anonto3a?

7. KakoBO 3HaveHue 3al'|p0rpaMMVIpOBaHHOI‘/II rméenn KNeTok B XWU3HW MHOMOKNETOYHbIX op-

raHM3moB?

8. Kak Bbl gymaeTe, novemy y nofaBmsitoLLero 60MbLUMHCTBA XUBbIX OPraHM3MOB OCHOBHbIM
XpaHuTenem HacnencTeeHHou uHdhopmauunn asnsetca OHK, a PHK BbinonHaeT nvwb BCNO-

MoraTesibHble YHKLMN?

§ 22. llpoctroe 6uHapHoe aenenue. Muto3. AMuTo3

Ilpocmoe 6unapnoe deaetue xa-
pPaKTEpHO TOJBKO JIf KJIETOK TpOKa-
puot. baktepuasnbHble KJIETKH CofepxKaT
OJIHy XPOMOCOMY — KOJIbIIEBYIO MO-
qekyay JTHK. Tlepen nenenviem kietku
MPOUCXOJIUT PErIHKal|s U 06pasyloTcs
JBe ofauHakoBble Mosiekysabl JIHK, kax-
Jlasi U3 KOTOPBIX MPHUKperJieHa K I1UTO-
nJiaamaTuyeckoil MmembGpare (puc. H6).

[lpu neseHUH KJIETKH LUTOIIA3-
Matudyeckas MeMOpaHa BpacTaeT Mex-
ny neymsi moJiekysamu JIHK takum 06-
pasoM, 4YTO B HTOre JEJUT KJETKY Ha-
nBoe. B kaxnoi o6pasoBaBlLeics KeT-
Ke OKa3bIBaeTcsl Mo OJHOW HIEHTHYHOH
mosiekyse JIHK. Takoii npouecc mo-
JIYUHJ1 Ha3BaHUe MPOCTOro OMHAPHOIO
JeJeHus.

BakrepuanbHas
Xpomocoma

YnBoeHune
XPOMOCOMBbI

Puc. 56. ITpocroe GuHapHoe 1esieHne

I[JIH 9YKAPUOTHYECKHUX KJICTOK XapaKTEpHbI Apyrue Crioco6bl JIeJIEHHUA: MHUTO 3,

AaMUTO3, MeH03.

Mumo3s (ot rped. MUMoc — HUTb) — OCHOBHOH COCO0 JIeJIEHHs 5YKapUOTHUECKHX

KJIETOK, B pe3yJ/bTaTe KOTOPOro M3 OJAHOH MaTepUHCKOH KJIeTKH oOpasyloTcs JBe
JouepHHe ¢ TAKMM Ke Habopom XpomMocoM. B MHTO3 MOryT BCTynath K/IeTKH C pas-
JIMYHBIMM HabopaMHl XpOMOCOM — JHMILIOWAHBIE, TarJoWAHble, noJunionansie. [Tpo-
JIO/DKMTEIBHOCTb MMTO3a Y JKHBOTHBIX KJIETOK B cpemHeM cocTapser 30—60 muH,

ay pacTHTesbHbIX — 2—3 u.
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Mpodhaza

2n4c

MeTtadhaza
=

2n4c

AHadpaza

2n2c

2n2c

2n2c

2n2c

Puc. 57. ®a3nl murosa

MuTto3 — mpolecc HernpepbiBHbINA, HO JIs1 y1006-
CTBA €ro MOJAPA3ZE/SIIOT Ha 4YeTbipe I0C/e10BaTe/b-
Hble (hasbl: npocdasy, Metadasy, anadasy u Tesocdasy
(puc. 57).

lpodaza. B kietke yBesmuuBaetcs o6beM sifpa,
HauMHAeT CIHPaJM30BATbCS XPOMATHH, B peayJsbraTe
yero copmupyoTess xpoMmocoMbl. Kaxkias xpomocoma
COCTOHT M3 JIBYX CECTPHHCKHMX XPOMATH/, COEAMHEHHBIX
B 006JacTH LEHTPOMepbl (B JUMJIOWAHOH KJeTKe —
Habop 2n4c). TlocreneHHO pacTBOPSIIOTCS SIIPBILIKH,
pacnanaercsi siiepHasi o6oJjiouka. YactuuHo cnupa-
JIM30BAHHBIE XPOMOCOMbI OKa3bIBAalOTCSl B THAJIONJa3-
Me W pacroJaraioress B Hel 6ecrnopsiiouHo (XaoTH-
YeCKH).

LleHTpuoain TmonapHo pacxoisaTcs K o MoJiocam
KJIETKH, TJe UHHUMHUPYIOT 0Opa3zoBaHue MUKPOTPYyOO-
UeK, U3 KOTOPbIX HAauMHAaeT OPMHUPOBATHCS BepeTe -
HO npeJseHUs. HacTe HUTEH BepeTeHa JeJIeHHS] HIET
OT MoJIoca K TIOJIOCY, APyrHe HUTH TPUKPENJISIIOTCS
K LEHTPOMEPaM XPOMOCOM H CIOCOOCTBYIOT MX Ile-
peMellleHHI0 B 3KBATOPUAJbHYIO MJIOCKOCTb KJETKH.
B kaeTkax OGOJBIIMHCTBA pPACTEHHH ULEHTPUOJH OT-
cyTcTBYIOT. B 3TOM cilydae eHTpamMu oGpasoBaHus
MUKPOTPYOOUEK BepeTeHa JeJIeHHs SIBJSIIOTCS 0coOble
CTPYKTYPhbI, COCTOSILIIME U3 MEJKHX BaKyoJei.

Mertadasza. 3aBepiuaercs GhopMHpOBaHUe Bepe-
TeHa JiesieHnsi. XpOMOCOMbI JIOCTHIAIOT MaKCUMaJsIbHOM
CTUpaAH3aLMK M pacroJaraloTest ynopsjioieHHO B 9K-
BAaTOPHA/ILHON TIOCKOCTH KJeTku. OO6pagyercsi Tak
Ha3blBaeMass MetadaszHas TMJacTHHKA, COCTOS-
11as1 U3 IBYXPOMaTHIHBIX XpoMocoM. B 3Ty dazy mox-
HO JIETKO MOJICUMTATh KOJIMUECTBO XPOMOCOM M M3yUHTh
0COOEHHOCTH HX CTPOEHHS.

Anadaza. Hutu BepeteHa JieJieHust yKopaulBaioT-
csl, B pe3yJ/ibTaTe Yero CeCTPUHCKHE XPOMATHIbl KaxK-
JI0OH XpOMOCOMbBI OTJIEJISIIOTCSl JIPYr OT Jpyra W pac-
TSITUBAIOTCSl K MPOTUBOMOJOKHBIM MOJIOCAM  KJIETKH.
[TocKoJbKy CecTpHHCKME XPOMAaTHibl MAEHTHUHBI Py
JPYTY, ¥ JBYX MOJIOCOB KJIETKH OKAa3bIBAETCsl OJIMHAKO-
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BbIll FeHeTHYeCKHH Marepuas (B JUIUVIOWIHOH KJeTKe — 2n2¢ y KaxKjaoro moJioca).
Tenepnb pasotieimecst XpoMaTH/Ibl HA3bIBAIOTCS I0Y€PHUMH XPOMOCOMAMH.

Tenodasa. JlouepHrue XpoMOCOMBI JIECTIUPATU3YIOTCS (PACKPYUHBAIOTCS) Y MOJIOCOB
KJIETKH ¢ 00pa3oBaHheM XpoMaTHHa. BOKpyr siiepHOro martepuasa Kaxkuoro roJjioca H3
MeMOpaHHBIX CTPYKTYP LMTOMJIa3Mbl (hOPMHUPYIOTCS siiepHble 060J104KH. B 1ByX 06paso-
BaBIIUXCS SiIpaX BO3HUKAIOT sIPbILIKK. HUTH BepeTeHa Jie/ieHUsT pa3pylaoTCs.

Ha stom nenenune snpa 3akaHuMBaercsi, U HauMHAeTCs pasjiesieHHe KJIeTKH Ha-
IBO€e. Y KJIETOK »KMBOTHBIX B 9KBATOPHAJbHOH TJIOCKOCTH BO3HMKAET KOJbIleBas
nepetsxkka. OHa yrybJsieTcs, MOKa He MPOM3OKAET pasjiesieHHe JBYX JOUepPHHUX
KeTok. B 06pasoBaHuH MepeTskKKY BayKHYIO POJib UIPAIOT CTPYKTYPbl LIUTOCKEeTa.

KneTkn pacrenuii He MOTYT Ie/TUTHCS MEPETSIKKOM, TaK KaK UMEIOT JKECTKYIO KJe-
TOYHYIO CTEHKY. B sKBaTOpHAJIbHOMN TVIOCKOCTH PACTUTEBHON KJIETKH U3 COJEPIKUMOT0
My3bIpbKOB Komriekca [osibpKu oOpasyercsi Tak HasbiBaeMasi CpeJlHHHAas MJa -
CTHHKA, KOTOpast U pasfieJisieT IBe JIoUepHHe KJIETKH.

C MoMeHTa pasziesieHust 10UEPHUX KJIETOK Kaxkiasi M3 HUX BCTyMaeT B HHTepdasy
HOBOTO KJIETOUHOTO IUKJIA.

Buoaoeuueckoe 3navenue mumo3a 3aKkno4aeTcsl B TOM, YTO OH o6ecleyrBaeT
rnepejiayy HacJjIeJICTBEHHbIX MPU3HAKOB W CBOHCTB B Psily MOKOJEHUE KJIETOK, UTO He-
06X0/IMMO /7151 HOPMAJbHOTO PA3BUTHS MHOTOKJIETOUHOTO opraHuama. baaromgapst tou-
HOMY M paBHOMEPHOMY pacrpe/esieHHI0 XpOMOCOM TIPH MUTO3€ BCE KJETKH OpraHu3Ma
reHeTHYECKH MIEHTHUHBI.

MuT03 00yC/IOBJIHBAET BaXKHEMIIIHE MPOLECCH KUHENESTENbHOCTH — POCT, pa3-
BHUTHE, pereHepalyio (BOCCTaHOBJIEHHE TOBPEXKIEHHBIX TKaHel U opraHoB). Muroruue-
CKOE JIeJIeHHe KJIETOK JIEXKHUT B OCHOBE 0ECroJIoro Pa3sMHOXKEHHsI MHOTHX OpPraHH3MOB.

AmMumo3 ocylecTBASIETCs MyTeM MPSIMOrO JIeJIEHHs] KJIETOUHOTO siipa MepeTsixK-
Koil. ITpu amurose He oGpasyeTcst BepeTeHo JeJeHUs] U He MPOUCXOUT CrIUpaIn3allys
XpOMaTHHa, TMO3TOMY HACJ/eICTBEHHBIH MaTepuas pacrpeessieTcsi MexIy J0UepHUMH
spaMH HEpPaBHOMEPHO, cjydailHbiM o6padoM. Takoil THI jiesieHust BeTpedaeTes y oOfi-
HOKJIETOUHBIX OpraHuamMoB. Harpumep, amuTo3om aenutcsi GOJbIIOe MOJHUIJIOUIHOE
PO UHDY30puLl. AMUTO30M JIEIATCS TaKyKe HEKOTOpble KJETKH MHOTOKJIETOUHbBIX
OpraHu3MOB: BBICOKOCTMEIHATU3UPOBaHHbIE ¢ OcnabJaeHHON (hU3UOJOTHUECKON aKTHB-
HOCTbIO, cTapelolie, oGpeueHHble Ha rubesb. Kpome Toro, amutos Hab/ionaercs npu
paA3JIMUHBIX MATOJOTMUECKHX MPOIeccax, TAKUX KaK POCT 3JI0KAUECTBEHHBIX OIyXOJei,
BocraJjieHne u ap. JlJist TakuxX KJAeTOK CTAHOBHTCSI HEBO3MOXKHBIM BO3BpAT B HOPMaJlb-
HBIF KJIETOUYHBIH 1IUKJ, MOArOTOBKA K J€JE€HHI0 U MHUTO3.

AwmuTo3 MOXKHO HabuiolaTh B TKaHsIX pacTyllero KIyOHs KapTodessi, SHIOCTEpMe
CeMsiH, CTeHKaX 3aBsi3h MeCTHKA W MapeHXHMe YepEelIKOB JIHCTheB. ¥ MKUBOTHbBIX U ue-
JIOBEKA TaKOW THII JIeJIeHHs] XapaKTepeH J/isl KJIETOK MedYeHH, Xpsillel, POroBuLbl 11asa.

[Tpu amurose yacro Hab/i0aa€eTCs TOMBKO Ae/eHHe sapa 6e3 NajbHeHlero pasie-
JIEHUs1 KJIETKH Ha JBe JouepHue. B 3ToM ciiyuae BO3HMKAIOT ABYSIEPHbIE U JIaXKe MHO-
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rosiiepHble KJAeTKH. Ec/n xKe jouepHHe KJIETKH Bce-TakM 0O6pasyloTes, TO KJICTOUHbIE
KomrnoneHTsl, Kak U JIHK, pacnpenesnsitorest Mexay HUMH CiydaliHO U HEpPaBHOMEPHO.

n 1. Kakue crnoco6bl AeneHust xapakTepHbl ANs KNETOK SykapuoT? [ns npokaproTUHECKUX
" Knevok?
MHTOS, AMHUTO3, MPOCTOE 6I/iHapHO€ JieJieHue, MeHo3.

2. Yto npefctaBnseT cobor nNpoctoe GUHapHOe AeneHune?

3. Y10 Takoe mnT03? OxapakTepuadynte pasbl MUTO3A.

4. Bnarogapst 4eMy Jo4epHUEe KNETKU B pe3ynbraTe MMTO3a Mony4varoT MAEHTUYHYIO Hacneq-
CTBEHHYI0 MHbopmMauuo? B 4yem 3aknoyaeTcs 6MOIorn4yeckoe 3HavyeHne mmtosa?

5. Konn4yectso xpoMocom — n, xpomatug — c. Kakum 6yaeT COOTHOLLEeHWe n u ¢ ansa co-
MaTMYECKMX KMETOK YeSloBeKa B CrefyloLmx nepvonax MHtepdasbl M MUTo3a. YCTaHOBUTE
COOTBETCTBUE.

1) Gy-nepron a)n=23, c=23
2) Gy-niepuogt

3) Ipocasa 6) n=23,c=46
4) Meradasa B) 1= 46, c =46
5) Y KaxIoro mnoJioca KJIeTKH B KOHIle aHadasbl

6) B kaxioii 1ouepHeil KjeTKe B KOHLE Tesodasbl r)n=46, c=92

6. HYem amnTO3 OTnIMHaeTcs OT mMuto3a? Kak Bbl fymaeTe, NoyeMy aMuTo3 HasblBaloT nps-
MbIM OENEHVEM KINETKM, & MUTO3 — HEMPSAMbIM?

7. B agpe Hepensawlencs KneTkn HacneactTeeHHbIn matepuan (OHK) HaxoguTcs B Buae amopd-
HOro paccpegoTO4eHHOro BellecTBa — xpomMaTuHa. [epen geneHvem XpomaTuH cnvpanmay-
eTcs 1 obpasyeT KOMMaKTHbIE CTPYKTYPbl — XPOMOCOMbI, @ Mocne AefleHWs BO3BpaLlaeTcs
B MCXOOHOE COCTosiHME. [N 4ero KfeTkM COBEepLUalOT Takme CIOXHbIE BUOAOU3MEHEHUS CBO-
€ero HacnepcTBeHHOro marepuana?

8. YCTaHOBNEHO, YTO Y OHEBHbIX XMBOTHbIX MakCMMasibHas MUTOTUYECKas aKTUBHOCTb Krie-
TOK HabnoJaeTcs BEHEPOM, a MUHMMAsbHas — AHEM. Y XMBOTHbIX, BEAYLUMX HOYHOM obpa3s
XKU3HU, KINETKN Hanbosiee MHTEHCMBHO OENATCA YTPOM, HOYbIO XXE MUTOTUYECKas aKTUBHOCTb
ocnabneHa. Kak Bbl gfymaeTe, ¢ YeM 3TO CBA3aHO?

§ 23. Meii03 u ero 6uojoruyeckoe 3HaueHHe

Meiio3 (0T rped. metio3uc — yMeHblI€HHEe) — 3TO CIoco0 JIeJeHHsT 3YKAPUOTH -
YeCKHX KJIETOK, B pe3yJsibTaTe KOTOPOTO M3 OJHOW MaTePUHCKOUN KJETKH 0OpasyloTcs
yeTbipe JouepHUe ¢ yMeHblleHHbIM B 2 pa3a Habopom xpomocom. Eciu B Meiio3
BCTYMaeT JMMJIOWAHAs coMaTHdeckasi KjeTka (2n4c), To obpasyroTcs deThbipe rarmjio-
uiHble Kjaetku (1nlc). KieTkn ¢ ramsioniHbiM HaG0poM XpPOMOCOM HE MOTYT J€JUThCs
MeH030M.

Meiio3 npencrapisier co60# HenpepbIBHbIA Mpollecc, COCTOSIUIMI M3 JIBYX MOC/e-
JIOBATEJILHBIX JIeJICHHH, Ha3biBaeMbix Meiio3oM | u meitozom II. B kaxnom nesnennu pas-
JudatoT npocasy, metadasy, aHadasy u tesodasy (puc. 58). B pesysbraTe nepporo
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JleJIeHdsT Meio3a 4YMCJI0 XPOMOCOM YMEHbIIIAeTCsl BABOE, B XOJle BTOPOrO JIeJeHHUs]
Meil03a ranJouIHOCTb KJIETOK COXPaHsIeTCsl.

B npodasze meitoszal (uiu npodase I) pactBopsiioTess sApBINIKK, pacrafaeTrcs
siepHasi 060s0uKa ¥ HauMHaeTcs: GOPMHPOBAHHE BepeTeHa JeseHus. XpoMaTuH Cru-
pasnusyetcst ¢ 06pa3oBaHUEM ABYXPOMATHIAHBLIX XPOMOCOM (B AMTJIOWIHOH KJEeTKe —
Habop 2n4c). TomosornuHble XpOMOCOMbI MOMApHO COJIMMKAIOTCS, TOT NPOLECC Ha-
3bIBaeTCsl KOHbIOTalluel xpomocoM. [Ipu Konblorauuu XpoMmaThapl FOMOJIOTHYHBIX
XPOMOCOM B HEKOTOPBbIX MeCTax nepekpeliuBatorcsi. Mexkty HEKOTOpPbIMM XpOMaTH/A-
MH TOMOJIOTHYHBIX XPOMOCOM MOXKET MPOHCXOANTh OOMEH COOTBETCTBYIOLUUMH ydacT-
KaMH — KPOCCHHTOBEDP.

B meradase I napbl roMoJIoOrHUHBIX XPOMOCOM PaCosiaraloTcsl B 9KBaTOPHAIbHOM
MJIOCKOCTH KJIETKH. B 3TOT MOMEHT crinpanusaiidsi XpoMOCOM JIOCTHraeT MakCUMyMa.

B anadaze |l romosiornunble XpomMoCOMbl (a He CECTPMHCKHE XPOMATHbl, Kak
NPU MHTO3€) OTXOAST JAPYr OT JApyra M pacTAruBalTCs HUTSIMM BepeTeHa JeseHHs K
MPOTHBOIOJIOXKHBIM T10JII0CaM KJeTKH. CJieloBaTesIbHO, U3 KaxK10H Mapbl roMoJIOrny-
HbIX XPOMOCOM B JIOUEPHIOI0 KJIETKY MOMaJeT TOJIbKO OfiHa. Takum o6pasoM, B KOHIle
aHadasbl | Habop XpOMOCOM W XPOMATHJL Y KaxKJIOro mnoJioca Jessiileicst KAeTKH Co-
cTaBasieT 1n2c — OH y:Ke yMeHbIIWJICS BJBOE, HO XPOMOCOMbI BCE ellle OCTaloTCsl
JIBYXPOMATHIIHBIMH.

B renodase | Bepereno nenenusi paspyuiaercsi, TpoMCXoAUT (GOPMUPOBAHHE JIBYX
sjlep W JlesieHde LUTornsadMbl. OOpasyloTest Be JlouepHue KJeTKH, cojepxKallie ra-
MJIOUIHBIA HA0OP XPOMOCOM, Kax1asi XpoMocoMa COCTOMT U3 JByX xpomatuj (112¢).

[IpomerkyTok Mexay meitozom | u meiiozom Il ouenb kopotkuil. Uutepdasza Il
npakTHiecKu oTcyTcTByeT. B 310 Bpemsi He nmpoucxomut penankauus JHK u ne no-
YepHHUEe KJETKH ObICTPO BCTYMAIOT BO BTOpOE JeJieHHe MeHo3a, NpoTeKatollee no THITy
MHUTO34.

B npodasze Il npoucxonsiT Te »Ke npolecchl, yTo U B npocaze MUTO3a: POPMHU-
PYIOTCSI XpPOMOCOMBbI, OHM GeCNOpsI0UHO pacroJaraloTesi B LUTonaa3Me Kjietku. Ha-
YUHaeT (POPMHUPOBATBLCSI BEPETEHO JeJIeHHSI.

B metadase Il xpomocombl pacnosaraioresi B 9KBaTOPHaJIbHOH TJIOCKOCTH.

B anadaze Il cectpuHckre XpoMaTHIbl KaXK10H XPOMOCOMbI Pas3iensitoTesi U OT-
XOJSIT K TIPOTHBOIOJIOXKHBIM MoJtocaM KJaeTkd. B koHile anadasbl [I HaGop xpomocom
M XpOMaTH y Kaxkaoro noJioca — lInlc.

B tenodase Il o6pasyiorcsi yeThipe ramouaHble KJAETKH, KaxKaas XpoOMOCOMa Co-
CTOUT U3 ofHO#N xpomaTubl (1nlc).

Takum o6pazom, Meiio3 mpejacTaB/seT cob6oi JBa MOC/AeI0BATENbHBIX JAeJeHHs f1pa
¥ LUTOMJIA3Mbl, Mepejl KOTOPbIMH PerJIMKallisi MPOUCXOAUT TOJbKO OJIMH pas. dHep-
TUsl U BELLeCTBA, HEOOXOMUMbIe JUisi 0OOUX JIeJIeHUH Melo03a, HAKAIIMBAIOTCSl BO BpeMsi
uHTepdasn [
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B npodase meitoza I mpoUCXoauT KPOCCHHIOBEP, UTO BeJET K TepeKOMOHHALMN
HacJIe[CTBeHHOro Martepuasa. B anacdase [ romosiornunble XpoMOCOMBI CJIydaiHbIM
06pas3oM pacxXoisTcs K pasHbIM ToJjilocaMm KjeTkd, B aHadase Il To ke camoe mpo-
HCXOJIUT C CECTPUHCKUMHU XpoMaTHaaMu. Bece 3TH mpoiiecchl 06yC/a0BIMBAIOT KO M O 1 -
HATUBHYI0 U3MEHUYUBOCTb KUBbIX OPraHU3MOB, O KOTOPOH GYyleT FOBOPUTHLCS
Mo3xKe.

Buoaoeuueckoe 3nauenue metioza. Y *HUBOTHBIX U UeJIOBEKA MeH03 MPUBOJUT K
006pa30BaHMIO TamJIOUAHBIX TOJOBBIX KJIETOK — raMeT. B Xoje mocJ/eyrolero npoiec-
ca OTIOOTBOPEHHUS ( CJIUSIHUSI FaMET) OPraHU3M HOBOTO MOKOJIEHHS TIOJIydaeT JUTJION -
HbII HA0OP XPOMOCOM, a 3HAUMT, COXPAHSIeT MPUCYLLMH JAHHOMY BHIy OpPraHU3MOB Ka-
puotun. CjenoBaTe/bHO, MEH03 MPENSTCTBYeT YBEJHUEHHIO YHC/IAa XPOMOCOM IPH MO-
JIOBOM pa3MHOXKeHHH. bBe3 Takoro mexaHumsma jiesieHHs XpOMOCOMHbIE HaGOpbl yABa-
UBAJIUCh Obl C KAXKIbIM CJIEYIOLIUM MOKOJEHUEM.

Y pacteHuii, rpu60OB ¥ HEKOTOPBIX TPOTUCTOB MyTeM Meio3a 00pasyloTCsl CHOPHI.
[Ipoueccnl, npoTekatollide B Xole Meko3a, CJayxKaT OCHOBOH KOMOWHATHBHOUN H3MeH-
YUBOCTH OPraHHU3MOB.

D 1. CKONbKO [0YEepHUX KNIETOK M C KakMM HabopoM XpOMOCOM 06pasyeTcs U3 OfgHOW Au-
" nnougHOW KNeTku B peaynsTaTe: a) MuTo3a; 6) Melo3a?

ﬂBe rarnJionanble, e JQUIJIOWIHbIE, YETbIpE ranJouaHble, YeTbIpe AUIJOHIHbIC.

2. Y10 npencTaBnsieT cob60M KOHbIOraums Xpomocom? B kakyto hasy menosa npoucxogut
KpoccuHrosep? Kakoe 3Ha4eHne umeeT 3TOT npouecc?

3. Kakue cobbITus, npoTekawllme B Menose, 06ecrneymBaloT yMeHblleHne BABOe Habopa
XPOMOCOM B [OYEPHMX KreTkax?

4. KakoBo 6uonornyeckoe 3HaveHve menosa?

5. CpaBHUTE MUTO3 N MeW03, BbIBUTE YepTbl CXOACTBA M pasnuuusa. B yem 3akniovaetcs
rnaBHoe OTNN4Me Mero3a OT MUTo3a?

6. Knetka KopHsa 6epesbl cogepXuT 18 XxpoMocom.

1) OunnompgHasa KneTka nbinbHVKa 6epesbl npeTepriena merno3. O6pasosasLumMecs npyu 3TOM
MUWKPOCTOPb! NMOAENUIIUCL MUTO30M. CKOMbKO KNeTok 06pa3oBaniocb? CKOJbKO XPOMOCOM CO-
OEPXUTCH B KaXXO0W U3 HUX?

2) Onpepenute 4MCI0 XPOMOCOM U O6LLIee KONMMYECTBO XpomaTug B KrneTkax 6epesbl BO Bpe-
Msi MEMOTUYECKOro AefieHns: a) B 9KBaTOpMasibHOM MNOCKOCTU KNeTkn B metadase |; 6) B me-
Tacbase ll; B) y Kaxaoro nontoca KneTku B KOHUe aHadasbl |; 1) y Kaxaoro nomntoca Knetku B
KoHLe aHadasbil Il

7. lNoyemy Melio3 He HabNOOAETCA Y OPraHnM3mMoB, KOTOPbIM HEe CBOMCTBEHHO MOSIOBOE pas-
MHOXeHue?

8. [1ns Yero Hy>XXHO BTOpOe JefieHne Menosa, Befb YMeHbLLEeHVe Yucna XpoOMOCOoM B 2 pasa
y>Xe Mpou30LLUNO B pe3ynbrare NepBoro AeneHva?



Oo6mMeH BelecTB
¥ npeoOpa3oBaHHe 3HEPTUU B OpraHu3Me

§ 24. O0wasn xapakrepucTuka oOMeHa BelllecTB
M npeoOpa3oBaHHe IHEPTUU

Honamue obmena seujecma. CylleCTBOBaHHE YKUBbIX OPraHU3MOB 0OeCreun-
BAETCsl HEMpPEPBLIBHLIM TMOTJIOLIEHHEM OMNpeeeHHbIX BEIIECTB M3 OKPYyrKalollel cpe-
Il [eTepoTpodHble opraHu3Mbl (XKUBOTHbIE, TPUObLI, MHOTME MPOTHCTHI M OakK-
TEPUH ) HYXKJAIOTCS B MOCTYIJIEHUH TOTOBBIX OPraHMyeCKUX COEIMHEHUH, a TAKXKe BOJIbl
¥ MUHEpaJIbHBIX BellecTB. ABTOTP O HbBIe OpraHuaMbl (pacTeHusi, BOIOPOC/H, He-
KOTOpble HAKTEPUH) TaKKe HAXOJATCH B MOCTOSHHOM OOMEHE BellleCTBAMH C OKpy»Ka-
IOLLEH CPeIoi, HO TIPU 3TOM MOTJIOUIAIOT U3 Hee TOJbKO HeopraHWuecKue BelecCTBa.

BeniectBa, nocTynuBliiiMe B OpraHnuaM, MoJBEPraioTcs NpeBpalleHnsiM B pedysbrare
pas3/IMuHbIX OMOXUMHUECKUX peakiuil. HekoTopblie BelllecTBa HCMOJB3YIOTCS KJIETKAMH
OpraHu3Ma B KauecTBe CTPOMTEJbHOrO MaTepuaJga, ApPyrue paculenysioTcs U CJIyKaT
HUCTOYHUKOM 3Heprud. KoHeuHble MpOyKTbl pacllleryieHusi BbIBOAATCS W3 OpraHu3ma
B OKpy:Katolyio cpety. COBOKYMHOCTb MPOLECCOB XUMHUUECKOTO TIPEBpallleHHsT BELIECTB
B OpraHu3Me HasblBaeTcss OOMEHOM BeLeCTB WM MeTa0oJau3MoM (OT rped. mema-
bose — nepemeHa, npespaiilenne). [Tpotieccol oOMeHa BelllecTB 06ecneynBaloT pocr,
pasBUTHE, XKU3HENEATEJNHLHOCTb, PA3MHOYKEHHE OPraHU3MOB, a TaKXKe UX B3aUMOJIEH-
CTBHE C OKpYyzKalollleld Cpelok.

OO6MeH BelllecTB COMpoBoOXKaaeTcs npeobpasoBaHueM sHepruu. Hanpuwmep, npu
pacilernieHHd MUTaTebHbIX BEleCTB BbICBOOOXKIAETCS IHEPTus, 3aK/l0ueHHash B HX
XUMHUECKHUX CBf3siX. HacTb 3TOH SHEpPTrHUM paccerBaeTcs B BHIE Teruia (T. e. 1peos-
pasyercsi B TEMJIOBYIO), Jipyrast yacTh 3anacaetcst B Buje mosiekys ATPD. dorocunre-
3UpYIOLIHME OPTaHU3MbI MOTJIOLIAIOT CBETOBYIO SHEPTHIO M MPeo6pasyloT ee B SHEPrHio
XUMHUECKHUX CBSI3€H OpraHuyecKHuX BElIeCTB.

Accumunayusn u duccumunayus. B koM opraHuame OJHOBPEMEHHO MPOHUC-
XOJISIT MPOIECChl JIByX THMOB: CHHTe3a W paciiernenus BelectB (puc. 59). CoBokyn-
HOCTb PEaKIHi CHHTE3a CJIOXKHBIX OPTaHUUECKHUX BEIleCTB U3 GoJiee MPOCThIX COEIHHE -
HUI HA3bIBAETCS acCUMUJSIMEN (OT JIaT. accumuafyuo — YCBOEHHE ), aHaboJaM3MOM
(oT rpeu. anabosre — TONBLEM) WJIM MJAACTUUECKMM oOMeHoM. Peakuuu mniacruye-
cKoro oOMeHa WJIyT ¢ 3aTpaTaMu (MOrJIolleHWeM) Heprud. B Xoje acCHMUJISIMH U3
pa3HOOOGpPa3HbIX XUMHUUECKHX COEMHEHHH, TOCTYNUBIIMX B OpPraHU3M, CHHTE3UpY-
I0TCSl BelllecTBa, criellduuHble /s JaHHOro opraHudma. OOGpasoBaHHble BelllecTBa
MCIOJIb3YIOTCS JIJIi POCTa KJIETOK U 0GHOBJIEHUS KJIETOUHBIX CTPYKTYP, WIYT HA TOCTPO-
eHMe HOBBIX KJEeTOK W TKaHed. HekoTopasi yacTb MpoayKToB mjacTHyecKoro obmMeHa
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[MuTatenbHble BellecTBa

MuwesapeHve
(pacLuensieHne CoXHbIX BELLECTB,
NMOCTYNWBLLINX C MULLIEN, UM 3anacHbIX)

Kata6onusm v AHabonusm
| MeTa6onuTbl li
A4 v A4
O6pa3zoBaHne KOHEeYHbIX CUHTE3 CHOXHBIX
BbicBo60XOEHME
MpOLYKTOB 06MeHa - ep)ﬁm > OpraHM4eckux BeLLEecTB
(CO,, H;0, ammuiak v op.) (MAET C NOrNOLLIEHNEM SHEprin)
\ 4

DyHKLMOHaNbHAsA aKTUBHOCTb
(aKTUBHbIV TPAHCMIOPT BELLECTB,
JeneHve KIeTok, paéoTa Mbilu,

TenonpoayKums 1 ap.)

Puc. 59. Cxema B3aumocBssian o6MeHa BEUIECTB U MpeBpalleHnust SHEPrulu B opraHusme

OTKJIa/IbIBACTCsl B KJETKaxX B KauecTBe 3anacHblX BellecTs. Ilpoueccamu niacruue-
ckoro oomeHa siasitoresi: potocunTes, 6uocuntesd JHK (penmuxauus),
6uocunte3d PHK, 6enkoB, nunugoB, nonucaxapujioB U T. .

[Ipouecchl paciuenieHusi CJI0XKHBIX OPraHMYeCKHX BellecTB 10 0oJjiee MPOCThIX
COEJIMHEHHUH COTPOBOXKAAIOTCS BblAeJEHHEM (BBICBOOOXKIEHHEM ) SHEPIUH HX XHUMMUE-
cKHX cBs3el. Kak yxke oTMeuasoch, oJHa 4acTb 3TOH SHEPTHH PACCEUBAETCS B BHIE
TenJa, a apyrasi akkyMyJUpyeTcsl B BuJle Makposprudeckux cpszeilt AT®. Takue npo-
Lecchl HA3bIBAIOTCS AUCCUMUASILMER (OT JaT. duc — MNpUCTaBKa, 03HA4alollas «<Ha-
pYLIEHHE»; ACCUMUASYUO — YCBOEHHe), KaTaboau3mom (0T rpeu. kamabose —
paspylleHne) WM dHepreTHyeckum oOmeHoM. KoHeuHbIMH MpOAyKTaMH IPOLLECCOB
JICCHMHUJISILMH SIBJISIIOTCS YIVIEKHC/IBIH Ta3, Boja, aMMuak. K sHepretrueckomy o6MeHy
OTHOCHTCSl GpOKEeHHEe U KJAEeTOUYHOE JbIXaHHUe.

Mouiekysbl AT®, cuHTe3upoBaHHbIE B XOjle peakilil SHepreTHYeckoro oOMeHa,
CJIy2KaT MOCTABLIMKAMH SHEPrMH /sl TPOLECCOB CHHTE3a OPraHMYeCKUX BELLECTB,
AKTHMBHOIO TPAaHCIOpPTA BELIECTB 4epe3 IJlasMasieMMy, JeJIeHHUsl KJETOK, Nepenauu
HEPBHbBIX MMITyJbCOB. bBiaronaps sneprun AT® nomuepkuBaeTcsi MocTosiHHAS TEMITe-
patypa Tesia y NTHL U MJIEKOIHTAIOLLHUX, OCYLIECTBJSIIOTCS BCE BH/Ibl ABUXKEHHUS (B TOM
YucJle W MBILIEUHOTO) U T. JL.

[Ipouecchbl MaCTHYECKOrO M HEPreTHYecKoro oOMeHa TeCHO CBsI3aHbl MeEX1y
coboii. MHorue BellecTBa, 06pasylolMecs: B X0Je HepreTHueckoro obMeHa, MOTyT
MCIO0JIb30BAaThCS B [JIACTHUECKOM 0OMEHe j/Isl CHHTe3a 0oJiee CJIOXKHbBIX OpPraHHuecKHX
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BenlectB. M1 Hao60pOT, MPOIYKTHI ACCUMUJIALMH MOTYT TOJIBEPTaThCs PaCUIENJICHUIO
M CJY’KHTb MUCTOUHHKOM 3HEpPrHu B rpoiieccax auccumusiinu. AT, kortopas o6pa-
3yeTcst B Xojie HepreTHyeckoro ooMena, pacuienisercst 1o AIID u HyPO, u coyxur
MCTOUHUKOM HEPrUH JJIs Peakluil MjacThieckoro obMeHa.

Takum o6pa3oM, acCCUMUSILUS U TUCCUMUJISILUSL — JB€ B3aUMOCBSI3aHHbI€ CTO-
POHbI €IMHOro npoiecca oOMeHa BeLIECTB U NMPeoOpa3oBaHUsl HEPTUH B XKHUBBIX
opraHu3max.

[Iporiecebl acCUMUJISIIMK HE BCerJa ypaBHOBELIEHbBI MPOLIECCAMU JAUCCHMUISIINH.
Tak, B MoJiofibIX opranuaMax npeobJajatoT Mpolecchl acCUMUJIAIMK. baaronaps sto-
My o6ecreunBaeTcsi HAaKOTJIEHHe BEIeCTB, MHTEHCHBHBIH POCT U Pa3BUTHE OpraHU3Ma.
B crapom opranusme, kak npapuiio, npeo6JanaioT rnpouecchl auccuMussinu. To xe
camoe HaOJIIolaeTCs MPU BBICOKUX (PM3UUECKUX HATPYy3KaX M HEJIOCTATKE MUTATEJIbHBIX
BenlecTB. Ec/in He KOMIEHCUPOBATh SHEPreTHUECKUE 3aTPaThl YCUJICHHBIM TTHTaHUEM,
MPOU30H/IET TMOCTENIEHHOE WCTOIleHHe OpraHu3ma, Bejylllee B KOHIE KOHIIOB K €ro
ruGesiu.

HTEHCUBHOCTL TPOIIECCOB HEPTeTHUECKOTO M MMJIACTHIECKOr0 OOMEeHa peryJiu-
pyeTcsi HepBHOH CHCTEeMOH W ropMmoHamu. Hampuwmep, anpeHanun ciapuraer GajaHc
B CTOPOHY SHepreTHyeckoro o6MeHa, a MHCYJMH U COMaTOTPONHH (FOPMOH pocTa) —
B CTOPOHY TJIACTHUECKOTO 0OMeHa.

n 1. Kakue NoHATWS NpOMyLLEHbl B GUONOTUYECKMX «YPaABHEHUSX» U 3aMEHEHbI BOMPOCUTENb-
" HbIMK 3HaKamu?

OG6MeH BellecTB = ? + 3HepreTHUECKHil 0OMeH
AnaGosuam + ? = MeTab0o/13M
Accumusisiust + JUCCUMMIISILAS = ?

2. Kakuve npouecchl HasblBaoT acCUMUNAUMEN U guccumunaumen? MNpueegute npumMepsbl.

3. Hem aBTOTPOOHbIE OPraHn3Mbl NMPUHLMNNASIBHO OTANYAKTCA OT reTepoTPOdHbIX?

4. [1ns OCyLLEeCTBNEHNS Kaknx NpoLLeccoB OpraHM3Mbl UCMONb3YOT aHepruto ATD?

5. B Kakux cry4asx npouecchbl 3HepreTM4yeckoro obMeHa B OpraHv3Me npeobnapatT Hapg
npoLeccamm nnacTm4eckoro obmMeHa n Hao60poT?

6. MNpuBeguTe NpuMepbl NPeobpa3o0BaHUA SHEPTUM B XXMBOM OpraHuU3Me.

7. Jokaxute cnpaBeanmBoCTb YTBEPXKAEHMA: «ACCUMUNALMSA N OUCCUMUAALUA — OBE CTOPOHbI
eavHoro npouecca o6MeHa BeLLeCTB U Npeo6pa3oBaHUst SHEPTUN B XXMBbIX OpraHM3Max».

8. CyTo4yHasi Hopma yrneBodoOB AJ1s B3POCSIOro YenoBeka coctaenseT 5—8 r Ha 1 Kr maccol
Tena (B 3aBUCMMOCTM OT SHEPreTUHECKUX 3aTpar opraHnama). [Mpu okucneHun 5 r yrneesogos
BblgenseTca 88 kKX 3Hepruu, 4TO JOCTATOYHO OJ1 HarpeBaHusa 1 Kr Tena 4efioBeka OT TeMm-
nepatypbl 36,6 °C o Temnepatypbl 62 °C. NonpobyiiTe camMOCTOATENBHO MPOM3BECTU STOT
HECMOXHbIA pacyHeT Ha OCHOBaHWMM 3HAHWW, MOMYYEHHbIX NPU M3yYeHUn OU3NKM B 8-M Krac-
ce. YuTute, 4TO CpefHsis yaenbHas TEnroeMKoCTb YenoBedeckoro Tena 3,47 k[x/(kr - °C).
K yemy morno 6bl MpYBECTM pasorpeBaHve KINeToK Tena 4ernoBeka [0 Takon Temnepartypbl?
Mouvemy aTOro Ha camom pene He npoucxoguT?
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§ 25. KnerouHoe apixaHue

KsneTkam »KHBBIX OPraHM3MOB TMOCTOSIHHO TpeGyeTcsl SHEprust Jyis OCylleCTBJe-
HUSI PA3JIMUHBIX MPOLECCOB KU3HEAEATENbHOCTH. YHUBEPCATIbHbIM TOCTABLUIMKOM 3TOH
sHeprun caykut AT®, kortopasi oGpadyercsi B peakisiX HepreTHueckoro obMeHa.
Y GosbiinuHerBa oprannamoB AT® cuHTe3upyeTcst riaBHbLIM 00pa3oM B Mpolecce Kie-
TOYHOTO JbiXaHusi. KneTouHoe nbixaHue — CJIOXKHBIN Tpollece, B X0e KOTOPOro Mpo-
UCXOJIUT pacllenieHHe OpraHuyecKuxX BElIeCTB (B KOHEUHOM UTOTe — JIO0 TPOCTEHIINX
HeopraHUYeCKUX COeJMHEHHH ), a BbICBOOOKAAIONIASICS SHEPTHST HX XMMHUECKHX CBSI3el
3aracaertcsl M 3aTeM MCHoJib3yeTcst kiaeTkoi (puc. 60).

BoJIbIIHHCTBO KUBBIX OPraHU3MOB (BCe pacTeHHsl, GOJBIIMHCTBO XKUBOTHBIX, I'PH-
60B W TPOTHCTOB, MHOTHE OAKTEPHM) HCIOJIb3YyeT B MpPOIECCe KJIETOUHOTO JIbIXaHHS
Kucsaopoa. Takue opraHu3mbl HasbiBalOTCsl aspoO6aMu (OT Tped. ap — BO3MYX,
6uoc — >KWU3Hb), a UX THIl JbIXaHUss — a3pOoOGHBIM JAbiXaHUeM. Pacemorpum,
KaK MpPOTeKaeT MPOLECC KJAETOUHOTO JbIXaHUsT B a9POOHBIX YCJIOBUSX (T. €. B YCJOBUSX
cBOGOJIHOTO JIOCTyNa KUCJOPO/A ).

Imanol karemounoeo doixanus. oaroroBuTeNbHbINA 3TaN 3aKj0YaeTcsl B pac-
HIEMJIEHUH KPYTHBIX OPraHUUeCKUX MOJIEKYJ JI0 GoJjiee MPOCThIX COeMMHEHUH. DT MPO-
11€CChI MTPOUCXOAT B MHUILIEBAPUTENLHON CHCTeMe (Y XKMBOTHBIX) M LIUTOMJIA3ME KJIETOK
6e3 wucnosib3oBanus kucjopona. [lon peficTBueM mMuileBapUTEbHBIX (DEPMEHTOB MO-
JiMcaxapyiibl paculenJsiioTest 10 MOHO-

caxapuaoB, KHPbl — JI0 TJIMLIEPUHA U
BBICIIHX KAPOOHOBBIX KUCJIOT, GEJIKH — Monvcaxapyas
JI0 AMUHOKHCJIOT, HyKJE€HHOBbIE KHCJIO- (CeH140s)n
Thl — JI0 HyKJeOTHIOB. [1pn 3TOM BbI- I'IonrOTZEQLeanblﬁ J,
JIeJISIeTCsT MaJlo SHEPruH, OHAa He 3ara-
caercst B Buie AT®, a paccenBaetcs B Friokosa
Buze Tensa. bosee Toro, mst mpoteka- CgH1x05
HUSI peaklui pacliernyienus TpeGyloTes BecK1CNOpOaHbIit > 2ATO
OrpeJieIeHHbIE 3aTpaThl SHEPTHH. (mﬁlgﬂms) \ll
BeulecrtBa, oOpasoBaBlidecsi B HBK
peayJibTaTe MOArOTOBUTEJILHOTO 3TaNa, C3H,05
MOTYT MCMOJIb30BAThCSl KAETKOH KaK B VeR— SeATD
peakiusX MJaacTHieckoro oOMeHa, Tak otan AP
M Uil JlajibHeillero pacuiernJyeHus ¢
1eJIbIO MOJTydeHHsT SHEPTHH. I
: CO2 H,O
Bropoil sTan sHepreTHuecKoro 06-

M€Ha Ha3bIBACTCA 6eCKVlCJlOp0IlelM
WiH aHa’poOHbIM. OH 3aKJIOYaeTCs Puc. 60. Cxema 3TanoB K/JA€TOUHOTO JbIXaHHS
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B (DePMEHTATHBHOM paclleneHUH OPraHnyecKnuX BeLeCTB, TOJYYeHHbIX B X0/ MOJAroTO-
BUTeJIHOrO 3Tana. Kucjopoa B peakuusix 3TOro srana He ydacTByeT, Oosiee TOro, aHa-
5pOGHBII 3Tar MOXKET NMPOTeKATh B YCAOBHSIX TOJHOTO OTCYTCTBHS Kucaopoaa. OCHOBHBIM
MCTOUHUKOM SHEPruM B KJIETKE SIBJISETCS TVII0KO3d, MO3TOMY BTOPOH 3Tar Mbl PACCMOTPUM
MMEHHO Ha TpuUMepe GeCKHCJIOPOIHOrO pacllernJieHus MII0KO3bl — [JIMKOJIU3a.

[Mukonms — mHoroctyneHyaTslil npouece 0ECKMCJIOPOAHOIO paCLIENJIEHHS TI0-
ko3bl (CgH,O0g) o nupoBuHorpannoin kucaoth (C4H,0;). Peakiuu rimkosu-
34 KaTaJH3UPYyIOTCs CrielMabHbIMU (pepMeHTaMH M TPOTEKAIOT B LIUTOIIA3ME KJIETOK.

B xone rimkosm3a Kaxaasi MoJieKyJa TJIIOKO3bl pacllerJsieTcst 10 ABYX MOJEKY.J
nupoBuHorpaaHoit kucaotel (I1BK). Tlpu stom BbicBoGOXKIaeTess sHeprus, yacTb Ko-
TOpOH paccerBaeTcsl B BUJE TelJa, a OCTaBLIAsicsl MCMOJb3yeTcs JJisi CHHTe3a 2 MO-
aekyn AT®. [TpomexxyTouHble MPOAYKTBI TJIMKOJIH3A TOABEPTAIOTCS OKUCAEHHIO —
OT HHX OTIUEMJSIIOTCS aTOMbl BOJAOPOJA, KOTOPblE HCIOJB3YIOTCS I BOCCTAHOBJIE-
st HAJT.

HAJI — HHKOTMHAaMHIA€HHHIUHYKIEOTH] (TOJIHOE HA3BaHWE MPHUBOIUTCS He JJIst
3aMOMHHAHHUs1) — BEL1EeCTBO, KOTOPOE BBIMOJHSAET B KJETKe (DyHKUHIO MepeHOCUHKa
aTomoB Bonopozna. HAJI, mpucoenvHUBIINI JBa aTOMa BOJOPOJa, HA3blBaeTCs BOCCTa-
HoBJIeHHBIM (3amuckiBaercst kak HAJ['-H+HT). Boccranossennsiit HAJ] MoxkeT oTinasathb
aToMbl BOJIOPOJIA JPYTHM BELIECTBAM K MePexouTh B okucaeHnyio dopmy (HALY).

Takum o6pasom, npoiiecc rJIMKOJAM3a MOXKHO BbIPA3UTh CJEIYIOIIMM CyMMapHbIM
ypaBHeHHeM (V151 yIPOLLEHHsT BO BCEX YPAaBHEHHUSIX PEaKLMH 9HepreTHueckoro ooMeHa
He yKaszaHbl MOJIEKYJIbl BOjibl, 06pagytoiiecst npu cuHtede ATD):

CeH 5,0, + 2HAIT" + 2ATD + 2H,PO, — 2C,H,0, + 2HA-H+H' + 2ATO.

B pesysbrate niMKoJu3a BbICBOOOMKIAETCS JIMIIL OKOJO 5 % 3HEpPrHH, 3aKJI0-
UEHHOHW B XMMMYECKHX CBS3(X MOJEKYJ TJIIOKO3bl. 3HAUHWTeJNbHAsi 4acTh SHEPTHHU CO-
JepxKkutcsl B npoaykre ramkoanda — [IBK. Tlostomy npu aspo6GHOM abixaHuu mnocie
TJIMKOJIU3a CJEAyeT 3aBepIlaoNni 3Tan — KUCJIOPOAHBIA, UIH a3pOOHbIN.

[TupoBuHorpannasi kucsiora, o0pa3oBaBliasicss B pe3dyJbraTe [VIMKOJIU3a, MOCTY-
nmaeT B MaTPUKC MHTOXOHJAPHH, TJ€ TMOJHOCTbIO PACUIETJIETCS W OKHUCIseTes [0
KoHeuHbIx npoaykToB — CO, u Hy,O. Boccranosnennsiit HAJL, o6pasoBaBiuuiicst npu
TJIMKOJIM3€e, TaKkyKe MOCTyrnaeT B MUTOXOHIPHH, IJ€ TMOJBepraercs okuciaeHuto. B xone
a3po6HOro 3Tana JbIxaHusi notpedJisieTcst KUCA0POL U cuHTe3upylotest 36 moaekyn AT®
(B pacuete Ha 2 mosiekysbl [IBK). CO, BbinessieTcsi ©3 MUTOXOHAPHIH B rHaJOMNIa3My
KJETKH, a 3aTeM B OKpyxKatollylo cpely. KiTak, cymmapHoe ypaBHeHHE KHCJOPOAHOrO
ITana AblXaHus MOXKHO MPEACTaBUTh CJEIYIOIIUM 00pa3oM:

2C,H,05 + 60, + 2HAJI-H+H" + 36AIId + 36H,PO, — 6CO, + 6H,0 +
+ QHAJT" + 36ATD.
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Puc. 61. Cxema KMCJI0pOAHOTO 3Tana KJIETOUHOTO JIbIXaHHs

B matpukce mutoxounpuii [1BK noxsepraercs ciiokHomy pepMeHTaTHBHOMY pacllenyeHuio, mpo-
JIyKTaMH KOTOPOTO SIBJISIIOTCSl YIVIEKHC/IBI Ta3 W aToMbl Bojopoia. llociennne pocraBssiioTcst
nepenocunkamu HAJl u PAJl (paraBuHageHUHAKHYKIEOTHI) HA BHYTPEHHIOID MeMOpaHy MHTOXOH[-
puu (puc. 61).

Bo Buyrtpenteii memGpane mutoxoHapuil coaepxutcs pepment ATD -cunrterasa, a takke
6eJIKOBble KOMILIEKChl, o6pagyloline 3J1eKTpoH-TpancnopTHylo nenb (ITLL). B pesyasrate
¢ynkunonuposanusi KomnonentoB ATLL atombl Bomopona, noayuentsie ot HAIL u @AJL, pasnensiiorest
na nporoubl (H) u ssektponbl. [IpoTOHbBI NepeHOCsTCst uepes BHYTPEHHIO MeMOpPaHy MUTOXOHAPHIL
U HaKarJiMBalOTCsl B MEKMEMOPAaHHOM MPOCTPAHCTBE. DJeKTPoHbl ¢ nomoliblo DTLL nocrasastores
B MaTpPHKC Ha KOHeuHblil akuentop — kucaopox (O,). B pesyssrare o6pasyores annoHbl O

HakonsieHne npoToHOB B Me:KMEMOPAaHHOM [POCTPAHCTBE BELET K BO3HUKHOBEHHIO 3JIEKTPOXH-
MHYeCKOro MoTeHlHasa Ha BHyTpeHHel MeMOpaHe MHUTOXOHApPHi. [lpu nocTH:KeHuu ornpesesieHHOH
KOHLEHTPALMK TIPOTOHBI HAYHHAIOT TEPeMELIaTbCsl B MATPUKC, MMPOXOs Yepes CrelualbHble KaHallbl
tepmenta ATD-cuHTeTa3bl. DIEKTPOXHMHUUECKAS SHEPIUST UCIOJIb3YeTCs It CHHTE3a GOJIBIIOTO KOJIH-
yectBa mMosiekysl AT®. B marpukce npoTOHbI COEIUHSIOTCS ¢ aHMOHAMK KMCJIOpojia M 06pasyeTcst Boja:
2H" + 0?" — H,0.

CurieloBate/ibHO, MPU MOJIHOM PACLUENJIEHHH OJHOH MOJIEKYJbl TJIIOKO3bl KJeTKa
MOXKET CHHTe3upoBaTh 38 Mogekya AT® (2 mosiekyabl B mnpolecce IJIMKOJU3a U
36 MoJieKya B Xxolle KucaopoaHoro srana). OOliee ypaBHeHHe a3poGHOro JbIXaHHsl
MOKHO 3armmcath CJIeIylolHM 00pasoM:

CyH 504 + 60, + 38AJID + 38H,PO, — 6CO, + 6H,0 + 38ATD.
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OCHOBHBIM HCTOYHMKOM 3HEPTHH JJIs1 KJETOK SIBJSIIOTCS YIJIEBOJbl, HO B Mpollec-
cax HepreTHyeckoro o6MeHa TakxkKe MOTYT HCMOJb30BATHCS MPOIYKThI pacllerneHus
JKUPOB U OEJKOB.

7 1. KneTto4Hoe AbIXxaHuWe OTHOCWUTCA K MpoLeccam acCUMUnALMM unn guccummnaumumn? Modvemy?
2. YTto npepfcTaBnsieT cob6or NPOLECC KMETOYHOro ApixaHma? OTkyga 6epetcs aHeprus ans
cuHTeda AT® B npouecce KETOYHOro AblXaHua?

3. MNepeuuncnute atanbl KNETOYHOMO AbIXxaHus. Kakue n3 HUx conposoxgarTcs cuHte3om ATO?
Kakoe konunyectBo AT® (B pacyeTe Ha 1 MOSb IMOKO3bl) MOXET 06pa3oBaThbCs B XOAE KaX-
poro aTtana?

4. [me ocywecTBnseTca rmMukonua? Kakune sellectsa HEO6XOAUMbI AN NPOTEKaHUA MUKOMK-
3a? Kakne KOHeYHble NMPOAyKTbl Mpu 3TOM 06pasyroTca?

5. B kakux opraHovpax MpoOMCXOQMUT KUCIOPOAHLIN 3Tan KneTovyHoro AbixaHus? Kakve Be-
LecTBa BCTynatT B 3TOT 3atan? Kakue npodykTbl 06pasytoTcsa?

6. B nogrotoBuTesbHbIA 3Tan KAETOYHOro AbixaHusa BCTynaeT 81 r rnukoreHa. Kakoe mak-
cvMarnbHoe konmyectBo ATD (MOJb) MOXET CUHTE3MPOBATLCS B pe3ysibTaTe MocneyoLlero
rmukonusa? B xoge aspobHOro atana AblXaHus?

7. Mo4emy pacLuenneHne opraHn4ecKux COeAMHEHUA MPK y4acTUM KNCNOPOAA SHePreTuyeckn
6onee apheKTNBHO, YEM MpW ero OTCyTCTBUM?

8. [InnHa MuToxoHapun Konebnetca ot 1 o 60 MKM, a wnpuHa — B npegenax 0,25—1 MKw.
[Mo4emy npu CTOMb 3HAYUTENBbHBIX Pa3NMYUAX B ASIMHE MUTOXOHOPUIN MUX LUMPUHA OTHOCUTENb-
HO HEeBeNvKa U CpaBHUTENbHO MOCTOSIHHA?

§ 26. bpoxeHnue

7K13Hb HEKOTOpPbIX OpraHW3MOB BO3MOXKHA B OeCcKHCI0poAHON cpee. Takue op-
raHM3Mbl HasbiBaloTcsi aHaspoOamu. K aHaspobam oTHOCATCS MHOTHe OGaKTepuH,
HEKOTOpbIe MPOTUCTBI, TPUOLI (HATTPUMED, OpOJCIHCLL) U MKUBOTHBIE (HAMTPUMEp, COCAAb-
WUKU, AeHMOoUHble Yepsu, ackapudst). BosbliMHCTBO aHa9pOOHBIX OPraHU3MOB TOJIY-
yaeT 3HEPruio, HeOOXOAUMYIO /151 KU3HEEATENBHOCTH, B Tpolecce GpoXKeHHsl.

Bpoxkenne — mpoliecc aHa9pOOGHOTO pacllen/ieHHst OpPraHUYeCKHX BEIEeCTB, Mpe-
MMYIIECTBEHHO YIJIEBOJIOB, MPOUCXOASIIMN NOJ, 1elicTBHeM (hepMeHTOB. bBpoxkeHue mo-
KeT MPoTeKaTh U B KJIETKaX a3pOOHBIX OPraHH3MOB B YCJIOBUSX JIePUIIMTA KHCJIOPOJIA.

Ha nepBom stane GpoxkeHus IIIOKO3a paculenJsieTcsi 10 NMHPOBHHOIPATHON KHC-
JIOTHI (Kak W B mpoliecce riukoausa). [1pu srom o6pasyercst 2 Mosiekysisl HAJT-H+H"
1 2 mogekyabl AT®. 3arem nupoBuHOrpajHasi KMCJOTA MpeBpallaeTcss B MOJIOUYHYIO
KUCJIOTY, STUJOBBIH CIHUPT, YKCYCHYIO KMCJIOTY WJIH Apyrude npoaykthl (puc. 62). B 3a-
BHCHMOCTH OT KOHEYHOTO MPOJYKTa PasanyaioT MOJOYHOKHCJ/IOE, CITUPTOBOE, YKCYCHO-
KHCJIOE U JIpyTHE BHbI OPOXKEHHUSI.

TepmuH «6poxkeHne» OblT BBeJIEH TOJUIAHACKUM aJxuMUKoM BaH [enbmouTOoM B XVII B. st
TMPOLECCOB, MIYIIMX C BblaeaeHHeM razos. B XIX B. 0CHOBOMO/MOKHHK COBPEMEHHOH MHKPOGHOJIOTHH
Jlyn ITactep nokaszasn, uto 6GpoxKkeHHe SIBJSETCS Pe3yJbTaTOM KHU3HENEATENbHOCTH MUKPOOPTaHU3-
MOB, H yCTAHOBHJI, YTO Pa3JIHYHbIe THIbI GPOXKEHHST BLI3bIBAIOTCS PA3HBIMHU IPYITIaMH MUKPOOPraHH3MOB.
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Fnoko3sa
CeH1206
WV\/> 2ATO
\ 2
nBK
\ 2
Monou4Hast kucnora OTunosbIA cnupT YKcycHas Kucnorta
C;Hg0; C,H;OH CH,COOH
+ +
co, co,
Mono4Hokucnoe CrnmpToBoe YkcycHokucoe
b6poxxeHne b6poxeHne b6poxxeHne

Puc. 62. Cxema OCHOBHbIX THIIOB OPOXKEHHS

Moaounokucaoe 6podcerue OCyLIECTBISIIOT MOAOUHOKUCAble Oakmepuu. T1pu
3TOM THIE OPOXKEHHST IVIIOKO3a paclIenJisieTes 10 MUpoBUHOrpaaHoi kueaotsl (C4H,O4),
KOTOpast 3aTeM BOCCTaHABJMBAETCs IO MOJMIOUHOH KHcaoThl (CsHgOs).

CXQMaTH'—leCKI/I MOJIOYHOKHCJIOE 6pO)KeHI/I€ MOKHO BbIPpasuThb CJIEIYyIOUUMH YPaBHEHHUSIMMU!
1) CeH,,04 + 2HAJIL" + 2AIId + 2H,PO, — 2C,H,0; + 2HAI-H+H' + 2AT®;
2) 2C,H,0, + 2HAI-H+H* — 2C,H 0, + 2HAIL.

CyMMapHOG ypaBHeHHe MOJIOYHOKHCJIOTO 6pO)KeHI/IH TaKOBO:
CoH .05 + 2AIID + 2H,PO, — 2C4H 0, + 2ATD.

MouJiouHoKHcI0e GpOKEeHHE OCYLIECTBISETCS TAKXKe B MBILICUHBIX KJIETKaX 4yeJio-
BEKa M JKUBOTHBIX B YCJOBUSX AeulUTa Kucaopoaa. Hakomnienne MoJIOUHOH KUCIOThI
SIBJISIETCS OTHOH M3 MPUYMH Pa3BUTHS yTOMJEHHs Mbillll. C TOKOM KPOBH MOJIOYHASI
KMCJI0Ta MOCTYNAeT B MedeHb U MOYKH, re nepepadaTblBaeTcsi B [VIIOKO3Y.

Cnupmosoe 6posiceriue BbI3bIBAIOT OPOICHCL, & TAKIKE HEKOTOPbE AHAIPOOHbLE
baxkmepui. DTOT THUI OPOXKEHUsT HAOJIONAETCS U B PACTUTENbHBIX KJIETKAax MpH OT-
cyTetBUM Kucsopoza. [lpu cnuproBom OpoxkeHuu riiokoda pacuienisiercs jo [IBK,
KOTOpasi, B CBOIO Ouepellb, pacllernisieTcss ¢ 00pasoBaHueM 3 THJOBOTO CHUPTa
(CoH;OH) u yrnekuncsoro rasa.
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Bhauase cnuproBoe GpoxKeHHe HIET aHaJOTMUHO MOJIOUHOKHUCIOMY:

1) CeH .04 + 2HAIT" + 2ANID + 2H,PO, — 2C3H,05 + 2HAJI-H+H™ + 2ATO.

2) 3areM NUPOBUHOrpaAHAsl KHCJIOTA PpaclluersieTess ¢ o6pasoBaHUEM YKCYCHOTO ajibAeruia
(CH;COH) u yraiekucsioro raza:

2C3H,05 — 2CH3;COH + 2CO,.
3) YKCyCHbIl albIeru BOCCTAHABJIMBACTCS 10 9THIOBOrO crupra 3a cuer HAJI-H+H™:
2CH;COH + 2HAJI'H+H™— 2C,H;OH + 2HA".

[Ipouecc cnuproBoro 6poxKeHUst MOXKHO BbIPa3UTh OOLIUM ypaBHEHHEM:
CeH 206 + 2A1D + 2H;PO, — 2C,H;0H + 2CO, + 2AT.

Ykcycnokucaoe 6poscerue OCylUIECTBISIETCS YKCYCHOKUCAOIMU OAKMepUIMU.
[Ipu takom tume GpoxkeHus o6pasdytorcs ykcycHasa kucaorta (CH;COOH) u
YIJIEKUCJIBIN Ta3.

I—[epBble JBa >Talla YKCYyCHOKUCJ0TO GPO)KEHI/IH MpoTeKaloT aHaJIOTHYHO CITUPTOBOMY:
1) CgH 0 + 2HAIL + 2AID + 2H,PO, — 2C,H,0, + 2HAJI-H+H" + 2ATD.
2) 2C,H,0; — 2CH,COH + 2CO,.
3) 3aBeplialoliuii STan WAET C yUaCTHEM KHCJIOPOJa, KOTOPLIH OKHC/SET YKCYCHBIH a/blerus B YK-
CYCHYIO KHCJIOTY:
2CH,COH + 0, — 2CH,COOH.

[Tpu sitoGom THre GpoKeHHsT HE TIPOUCXOJIUT MOJIHOTO OKHUCJICHHS TJIFOKO3bI, TI03TO-
My 3HAUMTEJIbHASI YaCTh SHEPTHH OCTAETCS B KOHEUHbLIX MPOJYKTaX — MOJIOUHOH KHC-
JIOTE, STUJIOBOM CITUPTE U JIp. DHEPreTHUECKHI BbIX0 6poxkeHUst — 2 mMoJeKyabl AT
(M3 pacueTa Ha OJIHYy MOJIEKYJy TJIIOKO3bl). [To3aToMy NpH paclienyieHun OJHHAKOBOTO
KOJIMUeCTBA YIJIEBOJOB B XOJe 3HepreTHyeckoro obMeHa aHaspoObl MOJydalOT ropasio
MeHblIle SHEPTHH, YeM aspo0bl.

Ilpakmuueckoe 3HaveHnue OpodceHus. DpoxkeHue HM3BECTHO JIOAIM C He3a-
NaMsITHBIX BpeMeH. ThicsuesieTHsIMH YeJIOBEK HCIOJIb30BaJ CIUPTOBOE OpOXKeHHe Jijist
M3rOTOBJIEHUS] BHHA, @ MOJIOUHOKHCJIOE — JJIsi TOJy4eHHUsT KMCJIOMOJIOUHBIX TPOJIyK-
TOB, M3TOTOBJIEHHS CLIPOB. B Te BpeMeHa Jitojin He 3HaJIM, YTO BCE ITH MPOLECChl MPO-
UCXOJISAT C MOMOLIbI0 MUKPOOPTaHU3MOB,

[Ipotiecchbl 6poxkeHHsT HAXOASAT ILIMPOKOE MPAKTHUECKOe NMPUMEHEHHEe U B HACTOSI-
ee Bpemsi. CrnupToBoe GPOKEHHE JIEKUT B OCHOBE MPOMBILIJIEHHOTO MOJIyUeHHsT pa3-
JIMUHBIX CITUPTOB, MpeXe BCEro 3THJOBOrO, a Tak:Ke BMHA W nuBa. Klcrnosb3oBanue
JPOACKEN B XJ1e60oMeyeH|d CBS3aHO ¢ TeM, YTO My3bIPbKH YIJIEKHCJIOro rasza, o0pasylo-
1LIEerocst B Tpoliecce CrMpPTOBOr0 OPOXKEHHsI, PA3PLIXJSIOT TECTO, JieJiast €ro MbIIIHbIM.

B pasHbIx uacTsix cBerta Jiisi MoJiydeHHsl CIHPTA UCOJIBb3YIOT pa3JHiHble MUKPOOpraHuambl. Harpu-
mep, B EBporie uaiile Bcero npumMeHsiioT Apoxoku U3 popa Saccharomyces, B HOxuHoit Ameprke —
6akrepun Pseudomonas lindneri, B A3un — myxoposoie epubu.
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YKCyCHOKHCJ/10e OpOXKEHHE JIeXKHT B OCHOBE I10JIydeHHs Nuilesoro ykcyca. Mo-
JIOUHOKHCJI0e OpOKEHHE HCIIOJb3YeTCsl ISl TOJIydeHHsl Pas/HYHbIX KHCJOMOJIOYHBIX
MPOJYKTOB, MPH COJIEHHH W KBalleHHW OBOUIEH, CHUJI0COBAaHWM KOpMOB M T. J. [Ipo-
JIYKTOM COBMECTHOH JIeSITeJIbHOCTH MOJIOUHOKHC/IBbIX OaKTepHi W JIPOACKEH siBJsieTCs]
keup. M3BECTHO MHOXKECTBO HALMOHAJLHBIX KHCJIOMOJIOUHBIX MPOAYKTOB (KyMbIC,
afipaH, HOTypT W Ap.), /sl U3TOTOBJIEHHS] KOTOPBIX HCIIOJb3YIOT KOPOBbE, KOOLIbE,
BepOJItOXKbe, 0Beube, KO3be MOJIOKO, a B KauecTBe 3aKBACOK — €CTeCTBEHHO BO3HHK-
1IMe W CoXpaHsieMble KOMIJIEKChl MOJIOUHOKHCIIbIX OaKTEePUH U IPOKAKEH.

Ckucanue CJIHBOK, HeOOXOAMMBIX /sl MOJyueHHsl CJIMBOUHONO Macsa, BbI3bIBAIOT OakTepHu pojia
cmpenmokokK. [ToMUMO MOJIOUHO# KHCJIOTBI, HEKOTOPble W3 HUX 06pasyloT alleTOH W AMALeTHJ, MpH-
Jlatolye CIMBOUYHOMY Mac/ly XapakTepHblit 3amax 1 Bkyc. Cy6CTpaToM MpH 9TOM CJIy?KHT JIMMOHHAsT KUC-
JIOTa, cojiepyKanue KOTopoil B MoJioke jocturaet 1 r/a.

Takke He0OXOMMMO OTMETHTb, UYTO MPOLECCH OGPOXKEHHUSI UIPAIOT BAXKHYIO POJib
B KPYroBOpPOTE BELLECTB B MPHPOJE.

7 1. Yto Takoe 6poxeHne? MoxeT nn GpoXeHne NpoTekaTb B KNIETKax aspobHbIX OpraHn3mMoB?
" 2. Kakve Tunbl 6pOXeHUsi BaM M3BECTHbI? HasoBWTe KOHEYHble MPOAYKTbl KaXZoro tuna
BPOXeEHMS.
3. OxapakTepu3yiTe NpakTUYeCcKoe 3Ha4YeHWe Pas3fMyHbIX TUMNOB 6poXeHus. Yem o6ycnoB-
JIEHO MCMOoSIb30BaHMe APOXOKEN B BMHOAenMM? B xneboneveHnn?
4. 13BeCTHO, 4YTO NPV N3roTOBMEHUM BUHA B AOMALLHMX YCNOBUSAX MHOrAa BMECTO BUHA 06pa-
3yeTcs NPOJYKT C BbICOKUM COOEPXaHMEM YKCYCHOM KUCNOTbl. YeM 3TO MOXHO OOBACHWUTL?
5. Mo4emy npu 6POXEHNM BbICBOOOXAAETCA MEHbLUE SHEPrUM, YEeM MPU KNETOYHOM ObIXaHun?
6. B 4em 3akmno4aeTcs CXOACTBO OPOXEHUS W KNETOYHOro AbIXxaHusa? Yem 6poxeHwe OT-
M4aeTca OT KINETOYHOro AblxaHua?
7. Onpenenute maccy roKo3bl, pacLLensieHHOM MOSIOYHOKUCTIbIMU 6aKTEPUSMU, eCIM UMK
6b1710 06pazoBaHo 135 r Mono4YHOM KUCnoThl. Kakoe MakcumanbHoe Konmyectso ATD (Mosb)
MOFfI0 CMHTE3MPOBAaTLCA B KNeTKax MOSIOYHOKUCHbIX 6akTepuin?
8. Opoxokn ytunuamposany 90 r rntoKo3bl, MPY 3TOM HYacTb MOKO3bl NoABEprinach nosiHoOMy
OKWUCNEHWMIO, a Apyras 4acTb Oblna pacLuensieHa B Xxo4e CnMpToBoro 6poxeHus. B peaynsrarte
6b1710 06pasoBaHo 61,6 I yrnekmcnoro rada. Kakoe makcumasnsHoe konmdectso AT® (Mosb)
MOrno obpasoBaTbCsl NPU 3TOM B KneTkax apoxoken? Kakas dactb rmokosbl (%) 6bina pac-
LenneHa B xofe 6poXxeHusa?

§ 27. ®otocuHTe3

Honamue ¢pomocunme3sa. J15isi »uBbiX OPraHu3aMoB 3eMJId OCHOBHBIM HCTOUHH-
KOM 3HEPTHH SIBJISIETCS COJHEUHbIH CBeT, GJarojapst KOTOPOMy MpsiIMO HJIM KOCBEHHO
YIIOBJIETBOPSIIOTCS X SHEpreTndeckre norpedHocTH. B mpouecce ¢ortocunTesda pac-
TEeHHsl, BOJOPOC/IH, IMAHOOAKTEPHUH C MOMOILLbIO CMelHalbHbIX MUIMEHTOB MOMVIOLIAIOT
COJTHEUHYIO SHEPTHio U MpeolGpasyloT ee B SHEPTHIO XUMHIECKHUX CBSI3€H OpraHnyecKux
BellecTB. [IpH 3TOM HMCXOAHBIMH COEMHEHMSIMU /ISl CMHTE3a OpPraHMYeCKHX BeLEeCTB
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ciy:kat OejlHble SHepruell HeopraHuueckue BellecTBA — YIJIEKMC/bIH ra3 W Boja.
Takum o6paszom, orocuHTed (0T rped. pomoc — cBeT) — 3To npolece o6paszo-
BaHMSl OpPraHUYeCKHUX BeIECTB M3 YIVIEKUCJOrO ra3a M BOJbl HA CBETY MPH YYacCTHH
(hOTOCHHTETHUECKUX TTHTMEHTOB.

DotocHHTETHYECKHE MTUIMEHTbl — 3TO OpPraHUYecKHe BELECTBA, COCOOHBIE MOIIOLIATh IHEPTHIO CBETA.
[Tpu 3TOM OHHM MOTJIOIAIOT CBET ONpe/ieJIeHHOH JUIMHBI BOJIHBI, a JIPyTHe CBETOBbIE BOJHbBI OTpaxkaloT. Pas-
JIMYAIOT TPH KJacca (OTOCHHTETHYECKHX TTUIMEHTOB — XJIOPOMHIUIbI, KAPOTHHOMIBI 1 (PUKOGHJIHHDI.

Hau6osee BazKHBIMH MUrMeHTaMH SIBJISIIOTCS XJ10 PO P U Bl (OT Iped. X20poc — 3ejeHbli, gua-
20K — JgimcT). M3BecTHO HecKoJbKo hopm xmopoduina (a, b, ¢ v Jp.), pasjinialolUXCcsi CTPOeHHEM
MoJieKyJ1. Bee xnopodu/ibl HHTEHCHBHO TIOTJIOMIAIOT KPACHBIH M CHHUIL CBET, a 3eJIeHbIH 0TpaXKaloT, uTo
1 OTpEJIE/ISIET 3eJICHYI0 OKPACKY 9THX MHIMEHTOB, a CJII0BATE/IbHO, W JIMCTHEB PACTEHHIL.

Jpyryio rpymnmy (hOTOCHHTETHUECKHX MUTMEHTOB COCTAB/AIOT KapOTHHO WALl (OT 1aT. Kapoma —
MOPKOBb ), HMEIOLLME PA3JIMYHYI0 OKPACKY — OpPaHXKEBYIO, JKEJTYI0, KpacHyio W jap. OHH coueprKarcst
B XJopomJiactax M xpomoriacrax. OceHblo, KOrja XJI0po(UIIBl pa3pyLialoTesl, KAPOTHHOWABI CTaHO-
BSITCSl XOPOLIO 3aMETHBIMH (JINCTbsl MEHSIIOT OKpacky). KapoTHHOM/IbI MOMVIOWIAIOT CBET, HEAOCTYMHbIH
JIPYTHM MUTMEHTaM, W MepealoT MOrVIOLeHHYIO SHEPTHIO XI0podH/IaM.

JInst KpacHbIX BOJIOpOCI/ICH W LiHaHOOGAKTEPHil, KpOMe XJOPO(UIIIOB, XapaKTepHbl TakkKe G HKO -
6GuaUHBL (0T rped. uxoc — BOAOPOCIb U JAT. OuUAUC — KeJUb). DTH MUTMEHTbl HMEIOT KPacHYo
WJIM CHHIOIO OKPAacKy M CIOCOOHbBI TONIOUATh 3eJIeHbI, CHHHIl U (DHOJIETOBBIA CBET, TPOHUKAIOULUHA
B TJIyOMHY MOpel U OKeaHOB.

O6pasoBanHble B X0le (OTOCHHTE3a OpraHUYeCKHe COeJMHEHHUs SIBJSIOTCS He
TOJIbKO UCTOUHUKOM SHEPrHH, HO M MCTOYHMKOM aTOMOB yrJiepoja, BOA0opoja U KHUCJIO-
pojia JUisi CHHTe3a BEelIECTB, HEOOXOMMMBIX OPTraHU3My TPH MOCTPOEHHH HOBBIX KJIETOK
M CTPYKTYp. 3HAuUTeJbHAs YaCTh MPOJIYKTOB POTOCHHTE3A MOXKET MPeoOpa3oBbIBATHCS
M 3aracathcsl B BUJIe KpaxmaJsia, XKUPOB HJIH OeJIKOB.

Y pacTeHuil U Bojopocsell (OTOCHHTE3 OCYLIECTBISIETCS B CrelHadbHbIX OpraHo-
Wlax — XJopomngacrax. Bul yxe 3Haerte, uTo BHYTpeHHsisi MeMOpaHa XJIOPOIJIaCTOB
o0OpagyeT THMJAaKOUJbl — TJIOCKME MELIOYKH, YJOXKEHHble B CTOMKH (TpaHbl).
B mMemGpaHax THIAKOWJIOB PACMONOXKEHbI 0COObIe MUIMEHT-0eNKOBbIe KOMIIEKChl —
boToCcHCTEMBI

CyuectByet nBa Tuna gotocucreM — dorocucrema [ u porocucrema II. B cocras
KaxI0H BXOAUT cBeTocoOMpatoulas aHTeHHAa, 00pa3oBaHHAs MOJEKyJaMu
MHUTMEHTOB, P€aKIIHOHHbBIH LEeHTP U MepeHOCUUKH 3JeKTpoHOB. Cie-
TocoOupaiolias aHTeHHa (QYHKIHOHUPYET Hanojo6He BOPOHKH: MOJIEKYJbl MTUIMEHTOB
MOTJIOLIAIOT CBET U MePEIaloT BCIO COOPAHHYIO SHEPTHIO B pe aKIMOHHbIH 1LeHTP,
rle HaXOAUTCS MOJIeKyJia-JIOBYIIKa, MpejicTaBjeHHas xjopoduioMm a (puc. 63).
[TorsloTHB 3HEpPrUI0, MOJIEKYIa-JIOBYILIKA MEPEXOMUT B BO3OY:KIEHHOE COCTOSIHHE H OT-
JIaeT OJIMH M3 CBOMX 3JIEKTPOHOB CIelHaNbLHOMY MEPEHOCUHKY, T. €. OKHCJISIETCS.

[naBHoe pasnnuue oTocHCcTeM 3aKjouyaeTcss B TOM, 4TO B COCTaB (pOTOCHCTE-
Mbl I BXOIHT 0coObIi (DepMeHTHbIH KOMILIEKC, OCYLIECTBJSIONIMN Ha cBeTy (hOTO -
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JIU3 BOJbl — paclleneHie MOJeKyJl BOJb
¢ o6pasoBanuem kucaopoaa (O,), 3JeKTPOHOB
u nporonos (H):

2H,0 — O, + 48 + 4H".

I_IOJTy‘{eHHble [ph 3TOM 3SJIEKTPOHbI HC-
noJibdyiotest horocucremoit Il st Boceranos-
JICHUST MOJIEKYJIbI-JIOBYUIKH B pPEeaKUUOHHOM
uentpe. B dotocucreme [ orcyrerByer mo-
JOGHBIA (pepMeHTHBIH KOMIJIEKC, H, CJleloBa-
TeJIbHO, OHa He crocoOHa MCIoJb30BaTh BOLY
B KAueCTBE MCTOUYHHKA 3JEKTPOHOB JIs1 BOC-

CTAHOBJICHHSI CBOEH MOJICKYJIbI-/JIOBYLIKH. PeaKuMoHHbIA LieHTp
D . C Monekynou-
OTOCHHTE3 TPOUCXOJHUT B JBe (hasbl FIOBYLLIKOV

CBETOBYIO U TeMHOBYI (puc. 64). CperoBas

thasa ocyulecTBasiercss Ha MeMOpaHax
THJAAKOHULOB W TOJbKO NMPH HAaJHUHH
cBeTa. Peakunu TeMHOBO# (hasbl MpoTeKatoT
B CTpPOMe XJoOpoMNJacTa M He TpeOYIOT CBeTa, OMHAKO AT UX [IPOXOXK-
JIeHHsT HeOOXOAMMBI TPOIYKThl CBeTOBOH (hasbl. [Tostomy TemHOBasi hasa maet npak-
THYECKH OJHOBPEMEHHO CO CBETOBOH.

Puc. 63. Cxema ctpoenusi u paboThl
thorocucTeMbl

CBETOBASl ®A3A TEMHOBAS ®A3A
0 w 6CO,

HALQ® + 28 + 2H "> HAO®-H+H™ - - >12HALD-H+H=

Ctpoma eeee
xroponnacra
2 o o AO® + H,PO, >18AT®
®orocuctema ll, |§| ®otocuctema l, |&

CeHi0s

Mewm6panall 8 m E; E; E; E; E; E; E; E; Ez s; 5;
Tunakompa|) w mmmmsmmm!

BHyTpeHHss cpeaa PeaKLoHHble H*  HY H*
Tunakouaa LEHTPbI
2H20|021+ 48 + 4H*

doTonus Boabl

Puc. 64. Cxema npotiiecca poTocHHTE3a
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Csemosas ¢paza pomocunmesa. [poiiecchl, MpoTeKalolye B CBETOBON (hase,
MOKHO MPEJICTaBUTh CJEYIOLIMM 00pa3oM.

1. [Turmentsbl o6enx ¢oTocHcTeM TOTNJIOUIAIOT CBET, MOJydeHHasi SHeprus rne-
penaercs B peaKlMOHHbIE LEHTPHl HA MOJIEKYJIbl XJ0poduiia a (MOJEKYJIbl-JTOBYILI-
KH), KOTOpbIE MEPEeXOJAT B BO3OY:KIEHHOE COCTOSIHME W OTJAIOT 3JEeKTPOHbI repe-
HOCUHKAM.

DJIEKTPOH U3 POoTOCHCTEMBI | TpaHCOPTUPYETCS TePEHOCUHKAMH Ha BHELIHIOK CTO-
POHY THJIaKOMa. DJIEKTPOH M3 hotocucTeMbl Il ¢ MOMOLLBIO TEPEHOCUHKOB JIOCTaBJISIETCS
B ortocucremy [ ¥ BoCCTaHABJIMBAET MOJIEKYJY-JIOBYIIKY B peakKIMOHHOM 1leHTpe. Tak
thorocucrema | BoccraHaBMBaeTes 3a CueT 3JEKTPOHOB M3 QoTocucteMbl I, KoTopas,
B CBOIO OUepe/lb, MOJIyUYaeT 3J1eKTPOHbI, KaK Bbl yKe 3HaeTe, 3a cueT (pOoToJM3a BOJbI.

Kucsiopon, koropbiit o6pasyercsi npu oToJM3e BOJIbI, BLIAEJISETCS U3 XJI0POIJia-
CTa B IHa/oIJIa3My KJAETKH, 3aTeM B OKpyKaiollylo cpey, a npotonsl (H) nakarniiu-
BAIOTCSI BHYTPH THJIAKOWJIA.

2. Hakonsienne nmpoToHOB BHYTPHM THJIAKOWIA BEIET K BO3SHUKHOBEHMIO 3JIEKTPO-
XUMHUECKOTro TMOTeHlMata Ha ero Memb6paHe. B memOpaHe Tuiakouaa coaepKuTCs
tdepment ATD -cunrterasa. Korna KoHUEHTpalys MPOTOHOB JIOCTHraeT orpe-
JIEJIEHHOTO YPOBHSI, OHH YCTPEMJISIIOTCS B CTPOMY XJIOpPOIJIACTa, MPOXOJsi uepe3 crie-
unanbhble Kanajbl AT®-cunretasbl. [1pu stom AT®-cunTeTasa MUCMOIb3YyeT SHEPTHIO
JIBUXKEHHUST TPOTOHOB Jyuisi cuiHTe3a ATO.

3. Ha BHeluneii cropoHe THIAKOWIA IPOMCXOIUT BoccTaHoBaenne HAJ D'
3a cyeT TMPUCOEMHEHHUsT K HeMy 3J1eKTpoHOB U npotoHoB. HAJI® — uuxkotuHamuj-
ajleHuHauHyKIeoTHadochaT (moJHoe Ha3BaHUe MPUBOJUTCS He JIIsi 3alIOMUHAHUSA) —
MepeHOCUMK aTOMOB BOJOpoJia B rpolecce (POTOCHHTE3a.

HAI®* + 28 + 2HY — HAILD-H+H".

Takum o6paszom, B xojle CBeTOBOH (Da3bl HEPrUsi CBeTa MOMJIOLIAETCs U Npeos-
pasyeTcsl B Hepruio Makposprudeckux cpszeit AT®, nmpoucxoaut pacuiensenne Bojbl
C BbIJIeJIEeHHEM KHCJ0POJia U HAKOMJIeHHe aTOMOB Bojioposia (B dopme HAI®-H+H™).
[Tpomykramu cBeToBO# hasdbl orocunTesa siBnsitoress AT®, BoccTaHOBJIEeHHBIH
HAJI® u kucnopon Kuceaopor — mnoGouHblil MPOAyKT (DOTOCHHTE3a, OH BhIe-
asietTcest B okpyxkatoityio cpeay. AT® u HAIIO-H+H™ ucnosbsyrores B TeMHoBo# hase
thorocuHTE3A.

Temnosan ¢pasza pomocunmesa. V13 okpyxatolieii cpejibl B XJI0pONIACTbI M0-
CTynaeTt YIJIEKHCJbIH ra3, a B CTPOME XJIOPOIJIACTOB MPOMCXOAUT €ro BOCCTaHOBJIE-
HHE JI0 OPTaHHYECKHX BEUeCTB. DTO CJOKHBIF MHOTOCTYNEHYAThIH NpoLece, KOTOPbIH
MOKHO BBIPA3UTb OOLIUM ypaBHEHHEM:

6CO, + [2HAJIO-H+H" + 18ATD — C,H,,0, + 12HALD" + 18AID + 18H,PO,.
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FNopgHeB TuxoH Hukonaesny (1893—1982) — M3BECTHbIN
6enopyCCKU yYeHbIA, OU3NONOr pacTeHur, uccnenosa-
TeSlb MEXaHN3MOB (POTOCMHTE3A.

M3 npuBeneHHOro ypaBHEHHsI BUAHO, YTO YISl CHH-
T€3a OJHOH MOJIEKYJIbl TJIIOKO3bl HEOOXOIUMO OKHCJHThH
12 monekysn HAJIO-H+H" (city?KUT HCTOUHMKOM aTOMOB
BoJI0po/Ia) U pacienutsb 18 mosekyn ATD (cuykut uerou-
HHKOM IHEPrUH /sl CHUHTEe3a IJII0KO3bl). TakuM obpasom,
B TeMHOBOH (aze (pOoTOCHHTE3a SHEPTHs MaKpOIpruye-
ckux cBsizeit AT® npeoGpasyeTcsi B SHEPTHIO XUMHUECKUX
CBsI3ell OpraHuyecKrnX BELLECTB.

B temHoBO ase dorocuHTe3a, Kak yxe oTMeua-
JIOCh paHee, HCMOJb3YIOTCS TIPOIYKThl CBETOBOH (hasbl
(HAI®-H+H"u AT®), nosroMy peakiid TeMHOBOMH (hasbl MPOXOAAT MOUTH OJHOBPE-
MEHHO C peaklHUsiMH CBeTOBOH (hasbl. Ecii 06beMHUTL Mpolecehl, NpoTeKalollde B
o6enx (aszax, UCK/IOUMB BCE TMPOMEKYTOUHbIE CTAMHM M BELIECTBA, MOXKHO MOJYyYHTh
CyMMapHoe ypaBHeHHe mnpoliecca (hoToCHHTEe3a:

CBeT
6CO, + 6H,0 — > C4H,,0, + 60.,.

TTUTMEHTBI

3Hauvenue pomocunmesa. YHUKaJIbHOCTb U OHOJIOTHYECKOE 3HAYeHHE (POTOCHH-
Te3a ONpPEIeJSIIoTCS TeM, YTO »KH3Hb Ha Halllell MJaHeTe BCeM CBOWM CYLIECTBOBAHHEM
o0si3aHa stomy npotieccy. PoTocuHTe3 SIB/SETCS OCHOBHBIM HCTOUHHKOM MHTATEJbHbIX
BELIECTB /Il »KUBBIX OPraHU3MOB, a TaKxkKe eIMHCTBEHHbIM MOCTABLIMKOM CBOGOJHOIO
kucsopona Ha 3emse. M3 xucenopona chopmupoBascst U MojiepKUBAETCsS 030HOBbIH
CJIOH, 3alMIIAIONIMI KUBbIE OPraHU3Mbl 3eMJIH OT IYOUTEJNBLHOTO BO3JIEHCTBUS KOPOT-
KOBOJIHOBOTO yJibTpacrosieToBoro uaiydenust. Kpome toro, Gsaronapsi ¢otocuHresy
MOJUIEP2KUBAETCST OTHOCUTENBHO ToCTosiHHOEe conepKanne CO, B atMocdepe.

B usydenue npoiiecca goTocuHTe3a, pacKpbiTHe €ro MexaHu3ma OGoJibLIOH BKJaJ
BHEC/IM ydeHble pa3HbIX CTpaH: Bbyatoliuiics pycckuil yuenblit K. A. Tumupsises,
amepukaney M. KanbBuH, aBerpanuiiel M. JI. Xetu u P. U. Cnsk, a tak-
xe Genopycckue yuenbie T. H. Tonnes u A. A. Ulabik.

9 1. OTOCMHTE3 OTHOCMTCS K MpoLeccam MnacTMHeckoro WM SHepreTU4eckoro obmeHa?
Mouemy?
2. B Kakux opraHomgax pacTUTENbHOW KNEeTKN NPOUCXOLMT POTOCMHTE3? YTO npencTasnseT
cobor chotocuctema? Kakyro hyHKLMIO BbIMOSHAT hOTOCUCTEMBI?
3. KakoBo 3HayeHue doTocuHTe3a Ha 3emne? [lodyemy 6e3 (DOTOTPOMHLIX OpraHM3MoB
cyLlecTBoBaHve 6uocdepbl 6b110 6bl HEBO3MOXHbIM?
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4. OxapakTepuayinTe CBETOBYIO M TEMHOBYIO (pa3bl (DOTOCUHTE3A MO NnaHy: 1) MecTo npoTe-
KaHus; 2) NCXoOHble BELLECTBA; 3) MpomMcxoasLume NpoLecehl; 4) KOHeYHble NpoayKTbl. Kakne
NPOAYKTbl CBETOBOM (hasdbl hOTOCMHTE3A UCMNOMb3YHTCA B TEMHOBOW (hase?

5. CpaBHuUTE (hOTOCMHTE3 N a’3pobHOE ObixaHue. YKaxXuTe YepTbl CXOOCTBA U pPasnuyus.

6. Yenosek 3a cyTku notpebnaet npumepHo 430 r kucrnopopa. [epeBo cpefHen BenuyuHbl
nornowaet okono 30 Kr yrnekucnoro ra3a B rod. CKonbko OepeBbEB HEOOXOOMMO, YTOObI
o6ecne4vnTb OOHOMO YenoBeKa K1cnopogom?

7. ViccnepoBaTenu pasgenvnun pacTeHus MileHnubl Ha ABe rpynnbl U BblpallmBanm Ux B na-
60paTopun B OAMHAKOBbLIX YCMOBUSAX, 3@ WUCKIOYEHMEM TOro, YTO pacTEHWs NEpBOM rpynnbl
ocBellany KpacHblM CBETOM, a pacTeHWUsi BTOPOW rpymnnbl — 3eneHbIM. Y pacTeHun Kakom
rpynnbl pOTOCMHTE3 npoTekan 6onee MHTEHCMBHO? C YeM 3TO CBA3aHO?

8. C NOMOLLbIO KaKoro aKCrnepuMMeHTa MOXHO [oKa3aTb, YTO KMUCMOpOop, BblAENOLWMIACA npu
poTOoCUHTE3E, 06pa3yeTcs MMEHHO M3 MONEKyn BOAbl, @ HE U3 MONEKyN Yrnekucnoro rasa
UM Kakoro-nmbo Apyroro sellecTsa?

§ 28. XpaHeHue HacieacTBEHHOW UH(BOPMALUU

Hounamue o ecenemuueckom rkode. OJHUM M3 BayKHEHIIUX TPOLECCOB, MPO-
UCXOAsIIIUX B KJIETKAX 2KUBBIX OPraHU3MOB, SIBJFETCsS CHHTE3 OeJIKOB. Be.ﬂKl/l BbI-
MOJIHSIIOT B OpPraHu3Me camble pasHooOpasHble (DYHKIMH, MT03TOMY HEOOXOJMMO CHH-
TE3UpOBATh THICAYM PA3JIUUHBIX OEJKOB. YUHTHIBAsi, UTO OOJBUIMHCTBO GEJKOB HMe-
IOT OTPaHHUYEHHBLIH CPOK (PYHKIMOHHPOBAHUS, MX CHHTE3 He JIO/LKEH TMpeKpaliaThes
HU Ha MHUHYTY.

Kakiblil BUL »KUBBIX OPraHW3MOB MMeET CBOH COOCTBEHHbBIH, CTPOro ONpeesieH-
HbIl HAaGop 6esKOoB. Desikyu SBASIOTCH OCHOBOH YHHKAJIBHOCTH KaXIOro BHUAa. B To
)K€ BPeM$l HEKOTOpble U3 HHX, BBIMOJHSAIOUIME OJHY U Ty »Ke (DYHKIHIO B Pa3HbIX Op-
raHu3Max, MOTyT ObITb MOXOKHUMH U JayKe OAHHAKOBbIMU. Kpome Toro, oco6u oaHOro
BHJIAa XOTb HEMHOTO, HO OTJIMYAIOTCS JPYT OT Apyra. VHIMBULyaibHYO HEMOBTOPUMOCTD
KaXKJI0i 0coOU TakxkKe 00eCreunBaloT pasjiuuds B CTPYKType GEJKOB.

CBoficTBa 6EKOB OMPeesIoTCs TPeXKIe BCero UX mMepBUUHOH CTPYKTYpoH,
T. €. TIOC/IIOBATEJILHOCTbIO aMHHOKHCJIOT. VHdopMaluo o nepBUUHON CTPYKType
Bcex GesikoB opraHuama cojep:kat moJekysbl JIHK. CoenobarenbHo, nH(popmaius
O CTPOEHHUU W YKU3HEJEATENbHOCTH KaK KaXKIOH OTAEJbHON KJEeTKH, TaK M BCEr0 MHO-
FOKJIETOUHOTO OpraHM3Ma 3akJioueHa B nocjenoBaTesbHocTH Hykaeotunos JIHK. Dta
MH(OpMalllsl Ha3biBAE€TCsl HACJAEICTBEHHON WJIM F€HETHYECKOM.

Yuactok mousekynbl JIHK, comepxKauwmii nudopmannio o nepBUUHON CTPYKType
ofHoro 0 e J1K a, noJiydus1 Haspanue red. Kpome toro, renamu nasbiBatoT yuactku JJHK,
conepakaliue nudopmaiio o crpykrype mosiekya pP HK u 1P HK. B mosnekyne JIHK
KaXkJioe «cooOlleHHe» MpeacTaB/isieT CoOOH CrelnpUIecKyo MOCIe10BATENbHOCTD,
«3aMMCaHHYI0» C HCMOJb30BAHUEM YeThipex «3HakoB» — HykjaeotuaoB A, T, T, 11,
nofo6HO TOMY Kak THCbMeHHble COOOIIeHHsT 3amnuchiBaloTess OykBamu asdaBuTa.
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Cucrema 3anucu MHGOpPMALMH O MEPBUUYHON CTPYKType O€JIKOB B BHJE MOCJEN0BA-
TEJIbHOCTH HYKJICOTHIOB TOJIy4HJIa Ha3BAaHHE FeHETUYECKOro Koja.

Csoilicmsa ezenemuuecko2o Koda. leHeTHuecKUil KOJL XapaKTepU3yeTcsl Cliefy-
IOLMMH CBOHCTBAMH.

1. KOLL SIBJISIETCSl TPUIVIETHBIM, T. €. KaK/dsl aMHHOKHCJ/I0OTA KOAUPYETCsl TP H -
naetomM (KOJLOHOM) — COYETAHHEM TPeX MOCJAE0BATENBHO PACHOJ0KEHHbIX
HykneotnaoB. K Hacrosiiiiemy BpeMeHM H3BECTHO, KaKHe TPHUILIEThl HH(OPMALMOHHOH
PHK (u, coorBerctBenno, JIHK) komupyror kaxmyto uz 20 6e/0K06pasyrollx amMmu-
HoKucsoT (TabJ. 3).

Ta6auua 3. lenernueckuii koa, ykazanbl Hykaeotuabl MPHK
(TIepBBIA HYKJIEOTHL TPUILIETa GEpyT U3 JIEBOTO BEPTHKAJLHOTO psijia, BTOPOH — M3 TOPH3OHTAILHOIO
psiia, TPETHIl — M3 NPABOr0 BEPTHKAJBHOTO)

Teppbiii Bropoit nykieornn Tpernit
HYKJIEOTH]L y 1 A r HYKJIEOTH]L
Den Cep Tup Luce hY
v Den Cep Tup Lue L1
Jlei Cep Cron Cron A
Jleit Cep Cron Tpn r
Jlei ITpo e Apr Yy
Jlei [po Tc Apr 1
H Jleit [po [nH Apr A
Jlei [po [nn Apr r
Nane Tpe Ach Cep hY
A Wane Tpe AcH Cep L1
Nane Tpe Jlus Apr A
Mer Tpe JIuz Apr r
Ban Ana Acn [ N
r Ban Ana Acn [n L1
Ban Ana Ly I A
Ban Ana [y [ r

O6patute BHUMaHHe, uTo HekoTopble TpurieTsl UPHK (YAA, YAI, YT'A) He komu-
PYIOT aMMHOKHCIOThL. DTO TaK Ha3blBaeMble TEPMUHHUPYIOILIME KOJJAOHBl (CTOT -
K010 Hbl). OHU CJIy2KAT CUTHAJIOM OKOHYaHMsl cHHTe3a OeJiKa.
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2. Kon He mepekpbiBaeTcsl — OJIMH U TOT K€ HYKJIEOTH] HE MOXKET BXOJUTb
OJIHOBPEMEHHO B COCTaB JIBYX COCEIHHX TPHIJIETOB.

3. Koz ogHO3HaYeH — KaxKablil TPUIIET KOAUPYET TOJBKO OJHY aMHHOKHCJIOTY.

4. HeTpy/HO MoJCUUTATD, UTO YHCJIO BO3MOXKHBIX KOMOWHALIMH U3 UETHIPEX THIIOB
HYKJIEOTH/I0B 110 TpU cocTapsieT 4° = 64. Dtoro GoJiee yeM A0CTATOUHO JJIsi KOAUPO-
BaHusi 20 aMHHOKHCJIOT, BXOASLIMX B cocTaB OeJIKOB. B CBSI3W ¢ 3THUM Koj sIBJISIET-
cs1 U30bITOUHBIM (BbIPOXKAEHHBIM) — OJIHA U Ta K€ AMHUHOKHUCJOTA MOXKET KOIU-
poBaThCs HECKOJIBKHMH pasHbiMH Tpurietamu. Hanpumep, B uPHK dennnananun
MOYKET KOJMPOBAThCS TpUIIeToM YYV uian tpunjerom YYLI; usosedinpun — AVY,
AYLL, AVA; npoaun — LILLY, LI, A, LI cepun — YLLY, VUL, YLA, VLI,
ALY, AT'LL.

HckatoueHne coCTaBsiOT METHOHHH U TPUNTO(haH. MeTHOHUH KOAHUPYEeTCs TOJb-
Ko onHuM Tpuruietom — AVYT, tpunrocdan — rtosibko Tpunierom YIT.

5. Kon HenmpepbiBeH, WjM, WHaue roBOpPsi, He UMEeT 3HAKOB MPenuHaHusl. DTo
3HAYUT, UYTO €CJAM TPOU3OHAET BbIMAJE€HUE OJHOTO HYKJEOTHIA, TO TPH CUUTHIBA-
HUU €ro MecTo 3aiMeT OJIMKAULIMU HYKJIeOTH] U3 coceaHero komoHa. V3-3a srtoro
MU3MEHHUTCS W BeChb MOPSAOK CUMTHIBAHMA. VI3MeHeHMe mopsaka CUMTHIBAHHS TPO-
MCXOJUT He TOJIbKO B CJIydae BBIMajeHHs] HYKJEOTHIOB, HO W H3-3a BCTABKH JIMIIHHX
HYKJIEOTHIOB.

[IpaBuibHoe cuutbiBanue kopa ¢ UPHK oGecneunBaercsi ToJbKO B TOM cJjydae,
€CJIM OHO HAUMHAETCsl CO CTPOro ompeaeseHHoro nynkra. B mosekyne nPHK crap -
TOBBIM KOJJOHOM siBjasercss AYI, MeHHO ¢ Hero HauMHaeTCsl CYMThIBAHHUE.

6. Kon yHuBepcaneH — y BCEX »KHBbIX OPraHU3MOB OJIHUM M TEM »Ke TPUIIETaM
COOTBETCTBYIOT OJIHH W T€ K€ aMUHOKHCJOTHI. MHBIMH CJI0BaMH, y BCeX »KMBbBIX opra-
HHU3MOB T'€HETHUECKHH KOJ pacliMpPOBLIBAETCS OJMHAKOBO (32 PEJIKMM HMCKJIOUCHHEM ).
YHHBEPCANBHOCTb TEHETHUECKOTO KOJIa CBHIETENBCTBYET O €IMHCTBE IMPOUCXOXKICHHUS
YKMBBIX OPraHu3MOB.

B xaxpnoit mosiexyse JIHK, kak npasusio, 3akoaupoBaHa UHpOpPMALKS O NepBUY-
HOH CTPYKType MHOXKECTBA Pa3HbIX OEJKOB, T. €. B KaXKJIOH XPOMOCOME COJIePIKUTCS
MHOTO TeHOB. PazgjinuaioT reHbl, B KOTOPbIX 3aKOAMpPOBaHA MH(OPMAlUS O CTPYKType
6esikoB (Ha 3THX reHax npoucxoaut cuHte3d MPHK), a Takke reHbl, Ha KOTOpBIX MPO-
ucxoaut cuntes pPHK n TPHK.

7 1. YcraHoBuTe COOTBETCTBUE:

1) cucrema 3anucd MH(OPMALMKH O TEPBHYHON CTPYKTYype a) re

6eJIKOB B BHJIE MOCJEI0BATENLHOCTH HYK/JIE€OTHIOB

2) yuacrok mosekysbl JIHK, comepxatiumii uHpopmaryio 6) KomoH

0 MEePBHUYHOH CTPYKType OAHOro GeJika

3) TPH TMOCJIENOBATENBLHO PACONOKEHHBIX HYKJIEOTHA, KO- B) F€HETHUECKHI KOJL

JUPYIOLLHE OHY aMMHOKHCIIOTY
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2. YTo npepcrtaBnseT cobon HacneacTBeHHan nHpopmauma? Kakum o6pa3om B KneTkax xpa-
HUTCS HacneacTBeHHas nHdopmauma?

3. OxapakTepuayinTe CBOWCTBA FEHETUYECKOro Koaa.

4. Y10 npenctaBnsalT Co60M TEPMUHUPYIOLLME KOOOHbLI? Kakyio pofib UrpaeT CTapToBbIn
kogoH AYT?

5. MNoyeMy aMMHOKMCNOTa KOQUPYETCH HE OOHUM W He ABYyMSA, a TpPeMs nocnefoBaTenbHO
pacnofioXXeHHbIMU HyKneoTuaamm?

6. Monekyna WPHK HauvHaeTcs co cregylowen nocrnegoBaTeslbHOCTM  HYKNeOoTUAO0B:
AYTTYAUUYYITUAL... C kakon nocnenoBaTeslbHOCTU aMUHOKUCIIOTHBIX OCTaTKOB Ha-
YnHaeTcsa 6enoK, 3aKoaMpoBaHHbIN aTon MPHK?

7. Kak Bbl gymaeTte, kakoe OMONOrMYecKoe 3Ha4YeHWe MMeeT CBOWCTBO BbIPOXOEHHOCTU
reHeTn4yeckoro kopa?

8. [elicTBME HEKOTOPbIX haKTOPOB (PEHTTEHOBCKMX JyYen, ynbTpaduoneToBoro Usny4eHus,
onpeneneHHbIX XMMUYECKUX BELLEeCTB U Ap.) UM OWnOKW, MHOrga BO3HMKaloLme npu pe-
navKaumm, MoryT npuBoOuTb K M3MEHEeHWI0 nocnepoBaTenbHOCTM Hykneotupos OHK. Mpu
3TOM MOXET MPOUCXOAMTb BCTaBKa WM BbiNaAeHVE HYKeoTMAOB NMG0 3aMeHa OfHMX
HYKNeoTMAOB Ha Apyrve. Kak Bbl cuMTaeTe, Kakme U3MeHeHUs Halle NpuBoaaT K HapyLLEeHWIO
HOpPMasibHOro (PYHKLUMOHUPOBAHUS KNETOK (M Jaxe K MX rmbenn) — BCTaBKW M BbINafeHUs
unu xe 3ameHbl Hykneotugos OHK? OG6oCHyiTe OTBET.

§ 29. Peanuzauus HacaeacTBeHHOW UH(opMauuu

[Tpouecc GuocuHTe3a Gesika OCyLIECTBJSETCS HAa puOOCOMax, a XpaHUTEJEM re-
Hetuueckoi uudopmauun ssasiercs JIHK. Jlnst nepenaun unpopmauuu ¢ JIHK, naxo-
Jseics B sipe, K MecTy cHHTe3a 6eJsika TpebyeTcst nocpeiHUK. Ero posib BbIMOJHAET
uHdopmauronHasa (matpuunas) PHK, xortopas cuntesupyetcs Ha onHOH M3 Lienei
moJiekyJibl JIHK no npuHuuny KommnjieMeHTapHOCTH.

Takum oGpasom, peanusauusi Hac/AeCTBEHHOH MH(OPMALMH B KJETKE OCYyLlecT-
BJsIeTCsl B JIBa 3Tara: cHauaja uHdopmauusi o cTpykrype Oesika konupyeres ¢ JIHK
Ha uPHK (Tpanckpunuus), a 3arem peannsyercs Ha puOGOCOMe B BHJle KOHEUHOTO
npoaykra — Geka (TpaHCcAs U s). DTO MOXKHO NPEJCTABUTL B BUJIE CXEMbI:

TpaHCKpUNLUS TpaHcasgUus
MPHK e —— 0esioK

JAHK

Tpanckpunyus. IlepenucbiBanue nacsienctseHHod uHdopmaunn ¢ JHK na
WPHK HasbiBaeTcss TpaHcKpunuuen (OT JaT. mMpPaHcKpunyuo — TepernncbiBaHue ).
DTOT MpoLece MPOUCXOIUT CEIYIOLUM 06pa3oM.

Ha onpenenennom yvactke mosiekysbl JJTHK npoucxonaut pazbearHeHHe KoMmIe-
MeHTapHbIX Lieneid. Baosb oaHo# U3 Lieneil (ee Ha3bIBAIOT TPAHCKPUOUPYyeMOH
1enblo ) HaunHaet apkeHue hepment PHK-nonumepasa.
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HeakTuBHas
HuTb OHK
(He TpaHcKpu-

@/ TpaHckpu-
6upyeTcs) )

MpyeMbm
y4acTok

BT\
OHK

PHK-
nonuvepasa

[ T

Puc. 65. Cxema TpaHCKpHILIUH

PHK-nosumepaza cuHtesupyer u3
HyksaeotuaoB mosekyay MPHK, npu stom
Tpanckpubupyemas tienb JIHK ucnosbay-
eTcs B KauecTBe MaTpHllbl (puc. 65). [Tosy-
yenHass UPHK xomnsiementapHa ydactky
TpaHckpuOupyemoit uenu JHK, 3nauwur,
nopsinok HykaeotuaoB B HPHK ctporo
ornpese/seH NopsakoM HykJaeotwioB B JTHK.
Hanpumep, ecau yyacToK TpaHCKpHOHpY-
emoin tenu JIHK wummeer mnocsienosatesin-
Hocth HykaeotHnoB ALLTTTA, to coor-
BETCTBYIOLLUI yyacToK MoJekysabl HPHK
Gyner nmetb Bua Y [ILALLY (oGparture
BHHMaHUe, U4To B cocTaB HykjaeoTHnos PHK
BMECTO TUMHHA BXOMUT ypanuJ). Ta-
KMUM 00pa3oM, B pe3yJibTaTe TPaHCKPHITLHH
reHeTHueckasi MHpopMalus MepernuchbiBa-
ercst ¢ JIHK na nPHK.

TpaHnckpumnuust  MOXKeT  [POUCXOUTh
OJIHOBPEMEHHO HA HECKOJIbKHX I'€Hax OJHOH
XPOMOCOMBI M Ha TeHaX, pacroJioXKeHHbIX
B Pa3HbIX XPOMOCOMAaX.

[Tockosbky B omHolt Mosekyae JIHK
CONIEP2KUTCSI  MHOXKECTBO TE€HOB, OUY€Hb
BaxkHO, 4To6bl PHK-monumepasza Hauu-
Hasa cuHte3 HPHK co erporo onpenesen-
nHoro ydactka JIHK. Ilostomy B nHauase
KaxJI0ro reHa HaxXoauTcst ocobasi crel-
(huyeckast Moc/el0BaTeNbHOCTh HYKJIEOTH-
110B, HasblBaemasi npomoTtopom. PHK-
noJiMMepasa pacro3HaeT MpoMoTop, B3a-
MMOJIEHCTBYET C HHM M HAuMHAET CHHTE3
uernoukn MPHK ¢ HyxHoro mecra. ®@ep-
MeHT cuHTesupyer WPHK, npucoenunnsisi
K HeH HOBblE HYKJEOTH[bl, MOKa He J0H-
JeT J10 0coOOH M0C/eN0BATE/IBHOCTH HY-
kjaeotuaoB B Mogsekysne JIHK — Tep-
MHHaTopa. ITa MO0CJAeI0BATEIbHOCTh
HYKJICOTH/I0B YKa3blBaeT Ha TO, 4YTO CHH-
te3 HPHK HyKHO npeKkpaTuTs.
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Y npokapuoT CHHTe3upoBaHHble MoJekyabl HPHK moryT cpasy ke B3aumopeii-
CTBOBaTh ¢ puOOCOMAMH M y4acTBOBaTb B CHHTe3e OesikoB. Y sykapuoT MPHK cun-
TeaupyeTcst B siape. TaM oHAa B3aUMOJIEHCTBYET CO ClelHa/bHbIMHU sI€PHBIMH GeJIKaMu
M MePEHOCHTCS Yepe3 Mopbl B siIepHOH MeMOpaHe B LIUTOIJIA3MY.

Ha cneumanbhbix renax cuHtesupytores v aga apyrux tuna PHK: TPHK u pPHK.

Tpancasayua. Ipouecc cunresda 6e/ika U3 aMHHOKHCIIOT, TPOUCXOASILIMI Ha pHOO-
coMax, Ha3blBaeTCsl TPaHCAsILMeNn (0T JIaT. MpaHcAayuo — nepeBof). B xone Tpance-
JISILIMY OCYLLLECTBJISIETCS] TIePEBOJL MOC/I€10BATENbHOCTH HYKJIEOTHII0B MoJieKyJibl HPHK
B [10C/1€10BaTE/NbHOCTb AMMHOKHCJIOT MOJIeKyJbl Oejka. MHbIMH clloBaMM, <SI3bIK»
HYKJICOTHIOB MEPEBOAUTCS HA «SI3bIK» aMHHOKHCJIOT.

B upronsasme 06s13aTesibHO 0M12KeH ObITh MOJHBIE HAO0OP aMUHOKHCJIOT, HEOOXO/IU -
MBbIX JUISl CHHTe3a Ge/IKOB. DTH aMMHOKHUCJIOThI 00pasyloTest B pedyJibTaTe pacileneHnst
6eJ/IKOB, MOJIydaeMbIX OPraHU3MOM C MHLIEH, WK CHHTE3UPYIOTCSl B CAMOM OpraHu3Me.

Nudopmanuonnas PHK cBssbiBaercst ¢ manoit cyGbenunuiieii pubocombl,
rocJjie 9Toro npucoeannsiercss Godbluas cybbeanuuua (puc. 66).

Cunte3 Gesika HauuHaeTcst co ctapToBoro kKojpoHna AYI. Tak kak 3ToT TpH-
MJIeT KOAUPYeT aMUHOKHCJIOTY METHOHHH, TO Bee 6eJiKH (3a HCKJoYeHHeM 0COObIX CJTy-
yaeB) OylyT HAUMHATBLCSI C OCTaTKa MeTHOHMHA. OTIernJeHne 3TOro octatka y 00Jib-
LIMHCTBA OEJIKOB MPOUCXOAHUT T103]IHEE, B XO/le CO3pPeBaHUsT OEJKOBOH MOJEKY.IBI.

Hauunnast co craproBoro komoHa, mosekyna HPHK nocnenoBatensHo, Tpunier 3a
TPUMJIETOM, TPOJIBUTAETCSl Yyepe3 puOOCOMY, YTO CONPOBOXKIAAETCS POCTOM MOJMIIEN -
THAHOH 1lenoukn. CoelMHEeHHe aMUHOKUCIOT B HYXKHYIO TIOCJIEI0BATENbHOCTD (B COOT-
BetcTBUU ¢ KojloHamu WPHK) ocyuiectsisiercst Ha puGocomax nmpu ydacTuu TpaHec -
noptubix PHK.

Bnaronapsi creunduueckoMy pacrosioKeHHI0 KOMIJIEMEHTAPHbIX HYKJI€OTHI0B
mogsiekysna TPHK, kak yxe oTmeuasoch, UMeeT (opMmy, HaOMMHAIOUIYIO JIHCT KJjle-
Bepa (puc. 67). ¥ kaxmoil TPHK umeercsi akenTopHbl i KOHEL, K KOTOpOMY
MPUCOEIMHSIETCST  OMpe/ieieHHasi aMHHOKMCJIOTA, TNpeIBapUTeibHO aKTHBMPOBAHHAS
sHeprueil AT®. JIns aktuBauuu OAHOH aMHHOKHC/JIOTHI HEOOXOAUMO PACLIENUTh OJHY
moJiekyy ATO.

B nporuBonosoxkuo#t vyactu modiekysbl TPHK Haxomurest cneunduueckuit Tpu-
MaeT — aHTHKOJ0H, OTBETCTBEHHbIN 32 MPUKPeNJieHHe MO MPUHIIUIY KOMIJIeMeH-
TapHOCTH K cooTBeTcTBylollemMy Tpuriety HPHK (konony).

Mougexyna TPHK ¢ npucoennnenHo#t akTUBUpOBAHHOH aMHHOKHCJOTOM GJiarona-
psl aHTHKOJIOHY KOMIIJIEMEHTapHO CBSI3bIBAETCSl ¢ COOTBETCTBYlOMM KopoHoM MPHK.
Takum ke o6pasom k cienytowemy kopoHy WPHK npukpensisiercs sropas TPHK
C aKTUBUPOBAHHOH aMHMHOKHCJIOTOH. Mexay JByMsI aMHUHOKHCJIOTAMH BO3HHMKAeT
nenTtuaHas cBs3b, nocie yero nepsast TPHK ocBoboxnaercst oT aMHHOKUCIOTH
M MOKHAAeT pubOCOMY.



Manas cy6beamHmua pubocombl

MpucoepnHeHne

/ 60SIbLLION

cybbeanHuLbI
prbéoCcoMblI

Hanpasnexue
nevxeHns nPHK
<l

«

O6pasoBaHve
nenTugHon cBaA3n

YAl AL
AV

[MpoHWKHOBEHME B prb6OCOMY
cnegyoulen TPHK ¢ amvHokucnoton

HapalumeaHve nonvnenTuaHon Lenm OKoH4YaHue cuHTe3a 6enka

Puc. 66. Cxema Tpancssiuun
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[Tocne storo uPHK capuraercs
Ha OJIMH TPHILIET, a B puGOCOMY Mpo-
HUKaeT ciefnytollas moJekyia TPHK
¢ amMuHOKHCJ0TOH. B pesysbrare k 06-
PA30BAHHOMY JMIENTHIY [PUCOETUHSI-
etcs TpeTbs amuHokucaora u MPHK
c/BUraeTcsl elle Ha ofuH Tpumiet. Tak
MPOUCXOIUT HApalllMBAHHE TOJHUIENTH]I-
HOM 1IeMOYKH.

[Ipouecc TpaHCAALMKM TPOAOJIKA-
eTcs JI0 TexX T1op, Moka B pubocoMy He
nonajeT OJMH M3 TPeX CTOM-KOJOHOB!
YAA, YAT unu ¥YTA, nocje 4ero cunTes
OeJsika npekpauiaetcss 1 pubocoma pac-
najgaeTcsl Ha JiBe CyObeIMHUIbI.

Bce ommcanHble peakiMyd MPOUCXO-
JSIT oueHb OblcTpo. [ToacunTaHo, UTo CHH-
Te3 KPYMHOH MOJIEKYJbl Gesika OCyIIecT- ||
BJISIETCS] TPUOJIUBUTENBHO 3a | —2 MuUH. %
Kaxnpii sTan 6uocuHre3a Oeska Ka- T
TaJIM3UPYETCsl COOTBETCTBYIOLIMMHU (hep-
MeHTaMH W cHabKaeTcsl IHepruel 3a
cuer pacuierniennss ATO,

Mounekyna nPHK mozkeT cBsi3bIBaTbCs OIHOBPEMEHHO C HECKOJILKUMM puHocoma-
mu. Kommnsieke n3 uPHK u pu6ocom (0T 5—6 10 HECKOJILKHUX JIECATKOB) HasbIBaeTCs
nosucomoi. O6Gpa3oBaHue MOJHCOM TMOBbIIAET 3PPEKTUBHOCTL (YHKIIMOHUPO-
Banust UPHK, Tak kak nmo3BosisieT OIHOBPEMEHHO OCYLLECTBJISITb CHUHTE3 HECKOJbKUX
OJIMHAKOBBIX MOJIEKYJT GesKa.

Ecnn cuHTe3 6eska MpoUCXoius Ha puOOCOMax, CBA3AHHBIX C I1I€pOXOBATON
AIIC, to obpasoBaBiiasics MOJUMENTHAHASA LeMb CHAyaja OKa3bIBAeTCS BHYTPH TMO-
JIOCTH 3HJOMJIA3MaTHUYECKOH CeTH, a 3aTeM TPAHCMOPTHPYEeTCs B KOMIIEKC [OMbIKH.
B 3THX opraHouaax npoucxXoiuT co3peBaHue OGeJska — (HOPMHPOBAHHE BTOPHU-
HOH, TPETHUHOH U UETBEPTUUYHOH CTPYKTYphl, MpUCOeNUHEHHE K OeJKOBOH MOJEKyJe
He6eJIKOBbIX KOMITOHEHTOB W Ap. Ecan cuHTe3 Gesika OCyIIECTBJSANCH Ha CBOGOIHBIX
pubocoMax, pacroyio;KeHHbIX B FHaJoMnaasMe, To CHHTE3HpOBaHHast OEJIKOBast MOJIEKY -
Jla TPaHCTIOPTUPYETCs B HY:KHYIO 4acTh KJETKH, TJle U MPHOOpeTaeT COOTBETCTBYIONULYIO
CTPYKTYpY.

Takum o6pazom, reHetuueckas uHdopmaius, kotopas coaepxkurca B JIHK, B
pesyJibTaTe MpoleccoB TPAHCKPUIILMKM H TPAHCIASUMH peasusyeTcs: B KJETKe B BHJE

AHTUKOOOH

—— AKLeNTOpHbIN
KOHeL|,

Puc. 67. Cxema crpoenust TPHK
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Mouiekys GesikoB. CuHTes Gesika oOecrieunBaercsi B3aumojieiicTeuem Beex tunos PHK:
pPHK sBnsiercsi riaBHbIM CTPyKTypHBIM KoMmoHeHToM pubocom, n”PHK — Hocure-
JieM uH(opMaluu 0 repBUUHON cTpyKType Oesika, TPHK nocraessitor Ha pubocomy
AMHUHOKMCJIOTHI, a TaKKe 00ecrneyuBaloT UX MPaBWIbHOE BKJIIOUEHHE B TOJMIENTHI-

HYIO LeTlb.
buocunres PHK (Tpanckpuniws) u 6uocuntes 6eska (TpaHCIIHSA ) OCYHIECTBISA-
torcst ¢ ucnogab3zoBanneM Mmatpuil — JIHK u nPHK cootBetcrtBenno. Tlostomy, Tak

K€ KaK MU peTJuKalhsd, NpolecCbl TPAHCKPUNUHUU WU TPpAaHCJHAAULUNUHU SBJS-
I0TCA peakKuMsiMU MaTpUYHOIO CUHTE3a.

n 1. Kakve npouecchbl OTHOCATCS K peakLusaM MaTpu4yHOro cuHtesa?

Bpoxxenue, TpaHcasiuusi, TpaHCKPHUILUS, (OTOCHHTE3, pPeNIMKaLHUs.

2. Yto Takoe TpaHckpunuua? Kak npoTekaeT 3TOT npouecc?

3. Kakoli npouecc HasbiBaeTcs TpaHcnsumen? OxapakTepu3yihTe OCHOBHble 3Tarbl TpaHC-
naumm.

4. MoyeMy Npu TpaHCNAUMM B COCTaB 6enka BKIHOHYAOTCA He Nobble aMUHOKMCIOThI B CRy-
YarHOM nopsiake, a TONbKO Te, KOTopble 3akoaupoBaHbl Tpunnetamu MPHK, npuyem B cTpo-
roOM COOTBETCTBMU C MOCNEAOBATENLHOCTLIO 3TUX TpUneToB? Kak Bbl AymaeTe, CKOMbKO
Bngos TPHK yyacTtByeT B cvHTE3€e GENKOB B KNeTke?

5. Peakuun matpu4HOro cuHtesa crniegyeT OTHOCUTb K mpoueccam acCUMUSaUMM Un guc-
cumunauun? Moyemy?

6. YyacTok TpaHckpubupyemon uenn OHK wmeeT crnegyowmin nopsgok HyKNeoTUAOoB:
TAUTITAUATATTALUAATALT. YcraHoBuTe nocnenoBaTeslbHOCTb aMWUHOKUCIIOTHBIX
OCTaTKOB MenTuaa, 3aKkoaMpPOBaHHOMO STUM YYaCTKOM.

7. NccnepoBaHusa nokasanu, 4to B monekyne MPHK 34 % oT obuwero 4ucna a3oTUCTbIX
OCHOBaHUI NpUXoauTCs Ha ryaHuH, 18 % — Ha ypauun, 28 % — Ha UMTO3UH U 20 % —
Ha ageHvH. OnpefenvTe NPOLUEHTHbIA COCTaB a30TUCTbIX OCHOBAHWI ABYLIENOYEYHOro y4acT-
ka OHK, ogHa 13 uenen KOTOpPOro cnyxuna maTtpvuen ana cvHTesa gaHHon MPHK.

8. B aputpoumTax MIeKonuTatoLLmMx CUHTE3 reMornotrHa MOXeT NPOUCXOAUTb eLLe B TeHEHUe
HECKOSIbKUX OHEN nocne yTpaTtbl 9TUMK KNneTkamu sgep. Kak Bbl MOXeTe 3TO 06bACHUTL?



CTpykTypHasi opraHu3aums U peryJasiius
(DyHKL Ui B 2KUBBIX OpraHu3max

§ 30. CTpykTypHasi opraHu3auusi XKMBbIX OPraHM3MOB

Jlns opraHuaMoB, HaceJISIIONIMX HAllly TMJIAaHeTy, XapaKTepHbl pasjinuHble (OpMb
CTPYKTYpHOH opranusauuu. Han6osee yacto BeTpeyaroTes cieytolme.

1. OdHokaemounoslii opeanusm. Y Takux OpraHu3MOB Bce (PYHKLHMH YKH3HEJE-
SITEJILHOCTH BBIMOJIHSIET OJIHA-€/IMHCTBEHHAs KJeTKa. [1pn pasmMHoKeHUH OJIHOKJ/IeTOou-
HbIIl OpraHU3M OOBIMHO JEJIUTCS HAABOE, W Kakjaasi J0UepHsisl KJeTKa MpeacTaB/sieT
co60# HOBBIH opranuaMm. OJHOKJIETOUHbIMH OpraHu3MaMH SIBJSIOTCS GOJILIIMHCTBO
6aKTepuil, MHOTHE TMPOTHUCTHI (UHQysopus mygervka, ameba, xaopesra, sgereHa
3enenas u ap.).

2. Cugponosas opeanuzayus. Telo HEKOTOPbIX OPraHU3MOB [PECTABJIsI-
eT co00H OJIHy THFaHTCKYI0 MHOTOSIEPHYIO, 4acTO pa3BETBJEHHYIO KJeTKy. Takas
CTPYKTypHasi opraHusaliusi HasbiBaeTcss cudoHoBo . OHa XapakrepHa /s HEKO-
TOpbIX IPUOOB (HANpUMep, MYKOpPA) U Bojopocsell (Hanpumep, kaysepnot). Ha pu-
cyHke 68 Bbl BHIMTE, UTO TeJO KayJeprbl pasjeseHo Ha 4acTH, HalOMHHAIOLIME JIH-
CTbSI H KOPHH.

3. Koaonuanvnaa ¢popma. Cpean BOAOPOC/El 4aCTO BCTPEUAIOTCS KOJOHH-
aJibHble (OpPMbl B BHJle cOOpaHUs OTAEbHBIX KIETOK, 00be/IUHEHHBIX CJIU3bI0 B OJIHO
nesoe. Popma TakMX KOJOHHH, MX pasMepbl U KOJHUUYECTBO CJU3HM Y PasHbIX BOJIOPOC-
Jiell MOTYT CYIIEeCTBEHHO pasJjiMuaTthesl. B oT/iHuMe OT MHOTOK/IETOUHBIX OpPraHu3MOB
KOJIOHHAJIbHbIe (hOPMbI COCTOSAT U3 ¢1abo AU depeHIInPOBAHHBIX U OTHOCHTEJBHO Ca-
MOCTOSITENIbHBIX KJeToK. Ha oTnesbHble paszapaykuTenn y TakuX OpPraHU3MOB 4acTo
pearupyloT OT/JeJbHble KJIETKH, a He BCSl KOJOHHS B 1eJoM. B GosibliMHCTBE City-
yaeB KJETKH, HCKYCCTBEHHO U3BJIeUeH-
Hble W3 KOJIOHWM, He TIOorubaioT, a MpH-
CTYNAIOT K aKTUBHOMY JIeJIEHHIO, POPMUPYSI
HOBBIE KOJIOHHH.

Tosibko 'y HEMHOTHX KOJIOHHAJIbHbIX
Bojlopocsiell HabJolaeTcsl Creluani3alius
kiaetok. Hanpumep, y soavsokca GonblivH-
CTBO KJIETOK KOJOHMM — BE€reTaTHB -
Hbl€, OHU MeJIKHE W He MPUHUMAIOT yua-
CTHS B Tpollecce pasMHOKeHHs. Mexmy
HUMH pasbpocanbl GoJsiee KpynHble —
reHepaTMBHBIE — KIETKH, 06ecreun-
BatollMe pa3MHOXKeHHEe BOJILBOKCA. Puc. 68. Cudonosas Bogopocib KayJepna
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BonbBoxe npezcraBssier co60il MOJBIH 1ap AXAMETPOM OKOJIO | MM, COCTOSIIMI U3 MOJY?KHIKOTO
CTYJIEHHCTOTO BeleCcTBa, B KOTOPOe MOTpy:KeHbl KJeTKH (puc. 69). Kaxknas u3 HUX MMeeT JBa XKry-
THKa. KneTkn HaxofsITest y caMoi MOBEpPXHOCTH CTYAEHHCTOTO BEIIeCTBA, TaK YTO JKTYTHKH BBICTYMAIOT
Hapy:ky. CocejiHie KJIETKH KOJIOHHH COeIMHEHbl MEXIy co00i LHUTONIa3MaTHIeCKHMH MOCTHKAMH, YTO
JIaeT UM BO3MOKHOCTb KOOPJIMHMPOBAThH CBOM peakuuu. Baarojapsi corsacoBanmoit pa6ote »KIyTHKOB
BOJILBOKC TlepeKaThiBaeTcst B BOjle («BOJIbBOKC» O3HAYaeT «KaTSIIMHCT» ).

KosionnasbHble opraHu3mbl THIA BOJIb-
BOKCA pacCMaTpUBAlOTCSl Kak MepexopHast
(opMa OT OIHOKJNETOYHBIX OPTraHW3MOB K
MHOTOKJIeTOYHbIM. Kosonnasmbhbie  opmbl
BCTpEYaloTCsl He TOJIbKO Cpeid BOAOpOC-
Jieil, HoO ¥ B JPYrux Tpynnax »KHUBBIX Op-
raHU3MOB.

4. Mmnocokaemounolii opeaHu3m.
Tesio MHOTOKJIETOUYHBIX OPraHU3MOB COCTO-
UT U3 GOJILLIOTO KoJnYecTBa KiaeTok. Kier-
KU MHOTOKJETOUHOTO OpraHu3Ma HMMeloT

Puc. 69. Boabsoke OJIMHAKOBBIH HaGOp XPOMOCOM M T'eHOB, HO

MpH 3TOM pazjuyaioTest mo gopme, pazme-

pam, pacnosioxKeHHio B opranuame, GyHkuusM. Pasindnbie THIBI KI€TOK 06pasyloTcst

nyTeM KJeTouHoi anddepeHunpoBKM — TpuoOpeTeHus KJIeTKAMH MHAWBHLyabHbIX

crnetrduueckux pasanuuil B xoae passutus (puc. 70). C noBblllleHHeM YPOBHS CJI0XK-

HOCTH OpraHM3Ma YHCJIO Pa3jMUHbIX THIOB KJETOK B HeM yBejuuuBaercsi. bBiaaropa-

psl crielMau3alyy KJeTOK BO3pacTaioT (pyHKIMOHAJNbHBIE CMOCOOHOCTH OPraHM3MOB.

MHOrOK/IETOUHBIMH SIBJISIIOTCSI MHOTHE BOJOPOCHM M TpUOBI, a TakxkKe BCe pacTeHMs
1 ’KHBOTHBIE.

JnuddepeninpoBka KaeTOK NPUBOAUT K (HOPMHUPOBAHUIO Y PACTEHHH H YKUBOTHBIX
(KpoMme ry6OK M KHILIEYHOMOJIOCTHBIX ) TKaHell 1 opraHoB. TkaHb — 3T0 crucreMa Mex-
KJIETOYHOTO BEIIECTBA M KJETOK, CXOAHBIX MO CTPOEHHIO, MPOMCXOKIEHHIO M BBIMOJ-
HSIIOILMX OJIMHAKOBbIe (DYHKUMH. Pasinuator mpocThle TKAHH, COCTOSIIIHE U3 KJIETOK
OJIHOTO THMA, W CJIOZKHbI€e, COCTOsIIIME U3 HECKOJLKMX THMOB KieToK. Hamnpuwmep,
STMUEPMUC Y PACTEHHH COCTOMT M3 COOCTBEHHO MOKPOBHBIX KJIETOK, a TaKKe 3aMblKa-
IOLIUX U MOOOYHBIX KJETOK, 00Pa3ylolIX YCTbHYHbIE annapaThl.

M3 Tkane# Qopmupylorcsi opranbl. B coctaB opraHa BXOJUT HECKOJBbKO THIIOB
TKaHeH, CBS3aHHBIX CTPYKTYPHO H (DYHKIMOHAJbHO, HO OOBIYHO OJMH M3 HHUX Tpeos-
Janaet. Hanpumep, cepaue o6pazoBaHO B OCHOBHOM MbILICUHOH, a FOJIOBHONH MO3r —
HepBHOﬁ TKaHbio. B cocTtaB JIMCTOBON MJIaCTHHKH pacTeHus BXOJAT IMOKPOBHAsA TKaHb
(3MMaepMHUC), OCHOBHASI TKaHb (XJIOPOMHUIJIOHOCHAS MapeHXKMa), MPOBOJsIIME TKAHH
(kcusema ¥ 1osma) u ap. OnHako npeobJiagaer B JIMCTe OCHOBHAS TKaHb.




KneTkun noKpoBHOM TKaHu

‘/ KneTkv MexaHWu4eckow TKaHu
Knetka . 

o6pa3oBaTtesnibHOW
TKaHu
pacTeHus

Knetkn npoBopsLuen
TKaHu

KneTtku anutenvansHOM TKaHu

% —. (>

KneTku MblLLeYHOM TKaHu W) © -

BN

KneTkn xpsiLieBon
TKaHu

KneTtka
HEPBHOW TKaHu

)4
paal

KneTkun KpoBu Knetka coeauHUTENbHOM TKaHu

AMm6puoHanbHas
KNeTKa XXMBOTHOIO

Puc. 70. Cxema quddepeHIHPOBKI KIE€TOK PACTEHHH W KMBOTHBIX



124 ImaBa 4

Opratbl, BbiNosHsIOLIHE 0011He PYHKIHH, 00pa3yloT CMCTeMbl OPraHoB.

Tkanu, opeansl u cucmemol 0OPeaH08 pacmeHutl U HUBOMHbLX. ¥ pacme-
HuL BbIIEJSIOT 0OpasoBaTesbHble, MTOKPOBHbIE, MEXaHHYeCKHe, MPOBOASLIHE H OCHOB-
Hble TKaHHU.

Knetkn obGpa3oBareibHbIX TKaHel (MepHUCTEM) B TeUEHHE JUIUTEJILHOTO Bpe-
MEHH COXPaHSIOT CMOCOOHOCTh K JeseHuio. Biaronapst sToMy oHM MPUHUMAIOT y4acTHe
B 00pa3oBaHUM BCEX OCTaJIbHBIX THMOB TKaHel M o06ecrneynBaloT pocT pactenus. Bep-
XyllIeUHble MepPHUCTEMbl HaXOJSTCSl HAa KOHUMKax 1oGeroB M KopHel, a GokoBble (Ha-
npumep, KaMOUH ©W MepHULUKJI) — BHYTPH STHX OPraHoB.

[lokpoBHbIE TKaHU PACIOJIOXKEHBI HA IPAHULIE C BHEIIHEH CPEIoN, T. €. Ha TIOBepX-
HOCTH KOpHEH, cTebJiel, JIUCTheB U APYrux opraHoB. OHU 3alIUILAIOT BHYTPEHHHUE CTPYK-
Typbl pACTEHHsT OT MOBPEXKAECHUH, ICHCTBUSI HU3KUX M BBICOKHX TEMIEPATYp, U3JUIIHETO
MCMapeHust U UCCyLeHUsl, POHUKHOBEHHST 6OJIE3HETBOPHBIX OpPraHu3MoB U T. M. Kpome
TOrO, TOKPOBHbIE TKAHW PEryJHpyloT ra3000MeH W HUcnapeHde Bojbl. K MoKpoBHbIM TKa-
HSIM OTHOCSAITCSl SNTU€epPMHUC, MepUiepMa U KopKa.

MexaHuveckre TKaHU (KOJIJIeHXUMAa U CKJepeHXHMa) BhIMOJHAIOT OMop-
HYIO W 3allUTHYIO (DYHKIIMM, NPHAABas MPOUYHOCTL OpraHaM M 00pasyst «BHYTPeHHHH
CKeJIeT» pacTeHHs.

[IpoBoasilme TkaHu obecreynuBalOT B OpraHU3Me pacTeHHsl MepeBHKeHHe BOJIbI
¥ PaCTBOPEHHBIX B Hell BelllecTB. KcuJe Ma jgocraBisieT Boly C pacTBOPEHHBIMH MHU-
HepaJbHBIMKM BeElleCTBAMM OT KOpHeH KO BceM opraHam pacteHus. @nosma ocy-
I1IECTBJISIET TPAHCIIOPT PACTBOPOB OpraHuueckux BelectB. Keunema u diiosma o6biu-
HO pacriofioyKeHbl psiioM, 06pasyst CJOM WIH MPOBOASUIHE MYUYKH. B JAUCTbAX HX
MOKHO JIETKO 3aMETHTb B BHJIE JKHJIOK.

OcHOBHbI€ TKaHM, WK T1apeHXHUMa, COCTaBJSIOT OCHOBHYIO YacTh TeJjla pacTe-
HUsA. B 3aBUCHMOCTH OT pacriosioyKeHHst B OpraHu3Me pacTeHUust U 0COOEHHOCTEH cpejibl
ero oOGUTAaHUST OCHOBHbIE TKAHW CMOCOOHBI BBIMOJIHATH Pa3inuHble (DYHKIMH — OCy-
1IECTBJISITL (DOTOCHHTE3, 3aracaTh MUTaTe/bHble BEIECTBA, BOLY WM BO3IyX. B cBsi3u
C 3THM pas/nyaloT XJO0pPOPUAJOHOCHYI0, 3anacaloulyto, BOLOHOCHYIO H
BO3/yXOHOCHYI0 MapeHXHMY.

Kak Bbl momHHTe M3 Kypca GHOJIOTHM 7-TO KJjacca, y pacTeHHH BbUIEJSIOT Be-
reTaTUBHbIE W IeHepaTHBHbIE OpraHbl. BereTaTHBHBIMH OpraHaMu SIBJSIIOTCS KOPEHb
noGer (crebesib ¢ JUCTLIMH M TOUKaMH ). [eHepaTUBHbIE OpraHbl MOAPA3NENsIOTCs Ha
opraHbl 6€croJioro U MoJIOBOr0 Pa3MHOXKEHHUS.

Opranbl 6ecrosioro pa3MHOXKEHHS pacTeHHWH Ha3bIBalOTCH cmopaHT UM U, OHH
pacroJiaraloTcst MOOJMHOUKE WK OOBEIUHSIOTCS B CJOXKHBIE CTPYKTYpbl (Harpumep,
COPYCHI Y NANOPOMHIUKOB, CIOPOHOCHbBIE KOJIOCKH Y X8ouwjell U nAayHOos).

Opratbl 10JI0BOTO pasMHOXKeHHs1 oOecrieunBaloT oOpagoBaHue ramet. Myxkckue
(AHTEepHUIUH) U KEHCKHE (apXeTOHHU M) OpraHbl MOJOBOTO PA3MHOXKEHUS Pa3BH-



CrpyKTypHasi OpraHu3auusi XKMBbIX OPraHM3MOB 125

BAIOTCSl Y MXOB, XBOILIeH, MJIayHOB W MarnopoTHUKOB. [/l rosioceMeHHbIX pacTeHHi Xa-
paKTepHbI TOJBKO apXEeroHWH, Pa3BUBAIOLIMECS BHYTPH cemsidauatka. AHTEpHIMH Y HHUX
He POPMHUPYIOTCS, M My»KCKHE TOJIOBble KIETKH — CepMHM — 00pasyloTcsi U3 reHepa-
THBHOH KJICTKH [MbIJIbLIEBOTO 3epHA. ¥ LBETKOBBIX PACTEHHH OTCYTCTBYIOT KaK aHTEpPHIMH,
TaK U apXeroHuu. reHepaTHBHblM OpraHoMm y HHX SIBJISIETCA LIBETOK, B KOTOPOM IIPOUC-
XOIUT 06pa3oBaHue CrOp M raMeT, OIJIOI0TBOPeHHe, POPMHUPOBAHKE TJIOIOB H CEMSIH.

Y HuBOMHbLX TAKHKE BbIIENSIOT HECKOJBKO THIOB TKaHeH. JnuTennanbHble TKa-
HHM TIOKPBLIBAIOT OPraHU3M CHApy’KH, BBICTHJIAIOT TMOJIOCTH TeJa U CTEHKH MOJbIX Op-
raHoB, BXOMSIT B COCTAB OOJBIIMHCTBA 2KeJie3. JNUTesnnanbHas TKaHb COCTOUT U3 Kile-
TOK, MJIOTHO MPHJIETaoLLKUX APYT K APYTY, MEXKKJIETOYHOE BelleCTBO He pa3BuTo. [yaB-
Hble ql)yHKU,l/ll/l 3MUTEJNHANbHBIX TKAHEeH — 3alllMTHast 1 CEeKpeTopHasi.

Tkanu BHyTpeHHeH cpefbl XapaKTEepHU3YIOTCS XOPOLIO Pa3BHUTHIM MEKKJIETOYHbIM
BELIECTBOM, B KOTOPOM TTOOJMHOYKE HMJIM TPYNIaMH pacrnosaraiTcs KaeTKH. MexkkJe-
TOYHOE BELLECTBO, KaK MPABHJIO, COAEPKUT OOJbLIOE KOJUYECTBO BOJIOKOH. TKaHH BHY-
TpeHHeH cpejibl — camasi pa3HooOpasHasi Mo CTPOEHHI0 M (DYHKIUSIM Tpyrna TKaHel
2KHUBOTHDIX. C}O]la OTHOCATCSl KOCTHagd, XpslleBasi U 2KUPOBasl TKaHH, CcOOCTBEHHO CO-
e/IMHUTENIbHblEe TKAaHW (MJIOTHAsT U PbIXJasi BOJOKHUCTbIE ), a TAK:Ke KPOBb, JUMda U JIp.
OcHoBHble (yHKIMH TKaHEH BHYTPEHHEH cpelbl — OropHasi, 3alluTHasi, Tpouueckasl.

MblieyHble TKAHU XapaKTEPU3YIOTCSl HAJIMUMEM COKPATHTEJbHBIX 2JIEMEHTOB —
MHO(HUOPHJIJI, PACIIOJNOKEHHBIX B LIMTOIN/IA3Me KJIETOK H 0OeCreunBatoluX COKpaTH-
MOCTb. MblllledyHble TKAHH BBIMOJHSIOT JABUTraTeJIbHYIO qi)yHKLLl/l}O.

HepBHasi TKaHb COCTOWUT M3 HEPBHbBIX KJETOK (HEHPOHOB) U KJeTOK Tjinu. Heii-
pOHBI CcMOCOGHBI BO30YXKIAThCSl B OTBET HA JIEHCTBUE PasHuHbIX (DAKTOPOB, IeHepH-
poBaTh U MPOBOJHUTL HEPBHBIE MMIYJIbChI. [JHAJbHBIE KJIETKH 00€CNeyuBaloT MUTaHHe
M 3al1UTy HEHPOHOB, (hOPMUpOBaHHE HX 060JIOUEK.

TkaHu KUBOTHBIX y4acTBYIOT B (POPMHPOBAHHHM OPraHOB, KOTOpPble, B CBOIO Oue-
pelb, O6"beIIMHﬂ}OTCH B CHUCTEMbl OpPraHoOB. B oprannsme IMO3BOHOYHbLIX 2KHBOTHbIX
M YesIoOBEKa pasjiMyaloT CJeIylolllde CUCTEMbl OPraHOB: KOCTHYIO, MBILLIEUHYIO, MHIIE-
BAPHUTEJIbHYIO, JIbIXaTeJ/IbHYI0, MOUYEBbIIEJIUTENbHYI0, M0JIOBYIO, KDOBEHOCHY!O, JMMpa-
THYECKYI0, HMMYHHYIO, HIOKPHHHYIO U HepBHYI0. Kpome TOro, y *KMBOTHBIX HMEIOTCSI
pas/MuHbIe CEHCOPHbIE CHCTEMbl (3pHUTeJbHasA, CayxoBas, OOOHSTesNbHAsl, BKycOBas,
BeCTHOYJISIpHAS U JIP.), ¢ TIOMOLIbIO KOTOPbIX OPTaHW3M BOCITPUHHUMAET W aHAJNU3UPYeT
pasHooOpasHble pa3aparkKUTesid BHELIHEH U BHYTPEHHEN Cpejibl.

Mnozokaemounoli opeanusm — UeAOCMHAS UHMeEPUPOBAHHAS cucme-
Mma. JlioOomy »KUBOMY OpraHM3My CBOHCTBEHHO [OJIyY€HHE M3 OKpyrKawolleH cpe-
Jbl CTPOMTEJIBHOTO M HEPreTHYeCKOro MaTepuasa, oOMEeH BeleCTB M NpeBpalleHHue
9HEPruu, pocT, Pa3BUTHE, CMOCOOHOCTb K PA3MHOXMKEHHIO M T. M. Y MHOTOKJETOYHBIX
OpPraHu3MoB pa3Ho0GpasHble MPOLLECChl KU3HEEATEbHOCTH (TUTAaHHE, JIbIXaHHE, Bbl-
JleJleHde W JIp.) peasiugytotcsi Ogaroapsi B3aUMOJEHCTBMIO OIpeeIeHHbIX TKaHel
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1 opraHoB. [Ipu 3TOM Bce MpolecChl KUZHEAESITENBLHOCTH MPOXOIAT MO KOHTPOJEM
peryJsiTopHbIX cucteM. byiarogapsi 3ToMy CJI02KHBIE MHOTOKJIETOUHbBIH OpraHu3M (yHK-
LMOHUPYET KaK eIHHOe LeJoe.

Y KUBOTHBIX K PETYJISATOPHBIM CHCTEMAaM OTHOCATCS HEepPBHASf H SHAOKPHUH -
Has. OHu o6ecneynBaloT COraacoBaHHylo paboTy K/ETOK, TKaHell, OpraHoB W MX CH-
cTeM, 00yCJIOBJIMBAIOT LEJOCTHbIE PeaKUMH OpraHu3Ma Ha U3MEHEHHMsl YCJOBUH BHELll-
Hell U BHyTPEHHeH Cpellbl, HaMpaBJeHHble Ha MOJJepKaHUe romeoctada. ¥ pacTeHui
JKU3HEHHbIE (PYHKIIMH PEryJHPYIOTCS C MOMOIIBIO PA3JHYHBIX OHOJOTHYECKH aKTUBHBIX
BelllecTB (Harmpumep, GUTOrOPMOHOB).

Takum 06pa3om, B MHOTOKJIETOUHOM OpPraHU3Me BCe KJETKH, TKaHH, OPTaHbl U CH-
CTeMbl OPraHOB B3aUMOJIEHCTBYIOT JPYT C JPYroM, CJaXKEHHO (DYHKIMOHUPYIOT, OJia-
rogapsi 4emy OpraHu3m IMpeacTaB/sieT COO0H LUEeJOCTHYIO OMOJOTHYECKYIO CUCTEMY.

7 1. BblbepuTe U3 CnucKa TKaHW: a) PacTeHWit; 6) XMUBOTHbIX.

HpOBODf[HLI/Ie, SMUTEJJMNAJIbHbIE, MbIIIEYHbIE, TIOKPDOBHbIE, MEXaHHYECKHE, O@paSOBaTeﬂbele, OCHOB-
Hbl€, TKaHH BHyTpeHHeﬁ Cpelibl, HEpBHAs1 TKaHb.

2. Kakvne ¢hopMbl CTPYKTYPHOW OpraHn3aumn CBOWCTBEHHbI XMBbIM OpraHuaMam?

3. B 4em 3aksoyaeTcs rMaBHOE OTNMYME KOMOHMANbHbIX (DOPM OT MHOMOKNETOYHbIX? [Mo-
YeMy KOJSIOHMasnbHble OpraHvW3Mbl TWMa BOMbBOKCA CYMTAIOTCA MepexopHbiMUM dopmamu OT
OHOKIETO4YHbIX OPraHU3MOB K MHOMOKSIETOYHbLIM?

4. Kak Bbl gymaeTe, Nno4eMy TKaHVW BO3HUKIN Yy HA3eMHbIX PacTEHW, a He y BOOOPOCNeNn,
OT KOTOPbIX MPOM3OLLINN PacTeHns?

5. Kak Bbl NoHMMaeTe BblpaxeHue: «MHOrokneTo4HbI OpraHu3M — LIefloCTHas UHTerpupo-
BaHHasa cuctema»?

6. MpuBeauTe Npumepbl B3aMMOCBSA3M TKaHEN M OPraHoB B XOAE BbIMOSIHEHWS PacTUTENbHbIM
WX KUBOTHBIM OPraHN3MOM Kakux-nnméo yHKLUUN.

7. KneTkn ogHOro 1 TOro e MHOIOKIETOYHOro OpraHM3mMa MOryT CYLLEeCTBEHHO pasfnuyathb-
ca no popme, 0COBEHHOCTAM CTPOEHUA U XMMUYECKOrO0 COCTaBa, BbIMOSHAEMbIM PYHKLMAM
(Hanpvmep, HEMPOHbI, NENKOUWTBI, KNETKN anuaepmmuca Koxu n ap.). OgHako B sapax aTux
KNETOK COAEPXUTCH OAUHAKOBas HacnefcTBeHHasa MHpopMaums. Yem MOXHO O6bACHUTL AaH-
HOe npoTuBope4me?

§ 31. Peryasuus xKnu3HeHHbIX PYHKUMIA opraHu3Ma

Honamue o camopeeyarayuu. CamoperyJisitiisi — 3TO CMOCOOGHOCTb YKUBbIX Op-
raHW3MOB TIOJJIEPKUBATh MOCTOSTHCTBO CBOEH CTPYKTYPbl, XHMHUECKOTO COCTaBa W MH-
TEHCUBHOCTH (DU3HOJIOTHYECKUX MpolieccoB. CUrHAMOM /sl BKJIIOUEHHST TOTO HJIH UHO-
ro MexaHu3Ma CaMOperyJsiliiid Mo:KeT ObiTh H3MeHeHHe KOHIEHTPalUH KaKoro-ju6o
BEIIIeCTBA MJIH COCTOSIHUSI KaKOH-JIMGO CHCTEMbl, MPOHHKHOBEHHE BO BHYTPEHHIOIO
Cpejly opraHMaMa 4y»<epojiIHOrO BelllecTBa U T. TI.

Hanpumep, xjaoponjactbl Moj BJAUSHUEM CBeTa CMOCOOHDI K MEPEABHIKEHHIO B
KJETKAaX C TOKOM THaJomJasMbl. B sipkuil CoJHEUHbBI JIeHb XJIOPOIIACTbI pacroJa-
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Ha sipkom conHue
-

b

ﬂ B nacmypHble gHY

Puc. 71. lepemellieHne XJI0pOMJIACTOB B KJETKE M0/ ACHCTBHEM COJIHEYHOIO CBETa

ratoTcst BAOJb KJIETOUHOH 060JI0UKH, KaK Obl cTapasich H36exaTb IeHCTBHS CHJIBHOTO
cBeta. A B macMypHble MK 00JauHble HH OHH PABHOMEPHO PACTpeiessioTest Mo Beei
LIMTONJIa3Me KJIETKH, YTOObI MONJoLaTh 0oJiblie cojiHeuHoro ceeta (puc. 71). Ilepe-
XOJI XJIOPOTJIACTOB M3 OJIHOTO MOJIOXKEHHSI B IPYroe MoJ| BJAUSHHEM CBeTa COBepIIAeTCs
6Js1arofapst MexaHu3MaM KJI€TOUHOH PeryJisiiyH.

Peeynsayua ¢yuryuii y pacmenudi. [lpouecchl XKHU3HENEATENbHOCTH PACTU-
TEJILHOTO OpraHuadMa, Kak y:Ke OTMedasjoch, PEryJHpyloTcsi ¢ TOMOIbI0 GHosorHye-
CKM aKTHBHBIX BellleCTB. Befylias posib B peryJisiliid MpolecCoB JieeHusl, pocta H
T hepeHIIMPOBKY KIETOK pacTeHHH MpuHaiIeUT puroropmonam. /laxke B HesHa-
UUTEJIbHBIX KOJIMUECTBAX OHM MOTYT YCKOPSITb HJIM 3aMeIATh PAs/HUHble KU3HEHHbIE
(yHKUMH pacTeHHi: (opMHUpoBaHHEe KOpPHEH, pa3BUTHE MOUYEK, POCT MoOeros, IBeTe-
HHe, Cco3peBaHKe TJION0B, OMaaaHue JUCTbEB, MpopacTanne ceMsH U ap. Puroropmo-
Hbl 06pasdyloTCsl ONpeieeHHBIMU KJIEeTKAMH M TPAHCIIOPTHPYIOTCS K MECTY ACHCTBHS
M0 TPOBOJSIIAM TKaHSIM HJIH HEMOCPEJICTBEHHO OT OJHOH KJIETKH K JIPYrod.

paCTeHMﬂ, KaK WU Jpyrue >KuBbl€ OpraHu3Mbl, CMoCcoOHbI BOCIPUHHUMATb USMEHEHHUsT B Opr)KalOlIleﬂ
cpefie W onpesiesieHHbIM 06pa3oM pearupoBath Ha HUX. B peaysibraTe nefCTBHS HEKOTOPBIX PasipaKy-
Tesiell MoXKeT HabJIIoaThes MosiBJieHHe H3rHOOB M0GEroB 1 KOPHeH, H3MeHeHHe TOJI0XKEHHUs JINCTHEB U
JIPYTHX OpraHoB. Takne peakiuu MOJYYHJIH Ha3BaHWE TPOMU3MOB H HACTHIL.

Tponmuambl (OT rped. mponoc — MOBOPOT, U3MEHEHHE HATIPABJECHHUS) — 3TO POCTOBbIE JBH-
JKEHUs1 OPraHoOB PACTEHUI B OTBET HA Pa3/iPaXKHTE/Ib, HMEIOLLHMI OMPEIeJCHHYI0 HAMPABJICHHOCTb, JTH
JIBH2KEHHST MOTYT OCYLIECTBJISITHCS KaK K Pas3ipa)KUTesio, Tak W B MPOTHBOMOJIOXKHYIO cTOpoHy. OHu
SBJSIOTCS PE3YJILTaTOM HEPABHOMEPHOTO JleJIeHHst K/JIETOK Ha Pas3HbIX CTOPOHAX OPraHOB B OTBET Ha
JIefiCTBHE (DUTOrOPMOHOB.

Hacrtuu (or rped. Hacmoc — yIVIOTHEHHBIH) — 3TO JABMXKEHHS OPraHOB PACTEHWI B OTBET Ha
JICAICTBHE Pa3APAKUTE/Is, HE HMEIOLLErO OMPEICJCHHOrO HarpasJeHus (Hanpumep, W3MEHEHHe OCBe-
LLIEHHOCTH, TeMrepatypsbl). [IpumMepom HacTHil MOXKET CJIyXKUTb pacKpbiBaHHE W 3aKpbIBaHHE BEHUMKOB
IIBETKOB B 3aBHCHMOCTH OT OCBELIEHHOCTH, CKJIabIBAHHE JIMCTbEB MPH M3MeHeHHH TeMnepatypbl. Ha-
CTHH MOTYT ObITb 00YCJIOBJIEHDBI PACTSKEHHEM OPTaHOB BCJIEACTBHE HX HEPABHOMEPHOTO POCTa WJIH H3-
MEHEHHEM TYPrOpHOTO JaBJEHHS B ONPEENEHHbIX IPYIax KJIETOK.
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Peeyasayua scudnennolx Pynkyuli opzanusma xcusomnoix. KnusHeHHble
(hYHKLMH OpraHu3Ma »KUBOTHOTO B LIEJIOM, & TAKXKE €ro OTAEJbHbIX OPraHOB U CHCTEM,
COTJIaCOBAHHOCTb HX JI€ATELHOCTH, MOUIEpPKAHUE OIpPeeJIeHHOro (PU3HOJMOTHIECKOTO
COCTOSIHUSA U TOMEOCTa3a PeryJupyroTCsl HEPBHOH M SHAOKPUHHON CHCTEMaMHM.

HepBHasi cucrema perysnupyer >kKu3HeHHble (DYHKIMH OpraHW3Ma ¢ MOMOILbIO
HepBHBIX MMIMYJbCOB, HMECIOLIHX 3JEKTPUYECKYIO NpUpoy. HepBHble HMMYJbChI
nepefanTcst OT PelenToOpoB K OMpele/eHHbIM LIeHTpaM HEpPBHOH CHCTEMBI, 7€ OCy-
LIECTBJSIETCS UX aHAJIM3 U (POPMHUPOBAHHE COOTBETCTBYIOLIMX «KOMaHA» pabouuM op-
ranam. MmnyJibebl U3 HEPBHBIX LIEHTPOB HANPABJISIIOTCS K pabounM opraHam, U3MeHsis
UX JIeATEbHOCTD.

HepsHasi cucrema GbICTPO BOCIPUHUMAET W3MEHEHHSs], MPOUCXOJSIINE BO BHEIlI-
Hell M BHyTpeHHeH cpejie opraHudma, W ObICTPO Ha HUX pearupyet. BcrnomHuM, 4To
OTBETHbIE peaKLMH OpraHu3Ma Ha pasiparKUTeJH BHEIIHEH W BHYTPEHHEH cpefpbl,
MPOUCXOJISILIIME TIPU YYACTHH HEPBHOH CHCTEMbl, HA3bIBAIOT pedueKcamMu (OT Jar.
pegrexcyc — otpaxennbiil). CienoBatesbHO, A HEPBHOH CHCTEMbl XapakTepeH
pedaeKTOpHB A NpUHLMN paGoThl. B ocHOBe c/l0XKHOH pabOThl HEPBHBIX 1IEHTPOB
JIEZKAT POLLeCChl BOSHMKHOBEHHSI HEPBHOIO BO30Y:K/ICHHS M ero TOpMOoxKeHHsl. MIMeH-
HO Ha 3THX MpoLEeccax OCHOBBIBAETCS HEPBHAs AEATEJNbHOCTb UeJOBEKAa M JKUBOTHBIX,
obecrnieynBaronlas ajganraluio opraHiaMa K U3MeHeHHsIM B OKpy:katollel cpeje.

[ymopanbHas peryasiuusi (OT J1aT. eymMop — KUAKOCTb) — OJIMH M3 MEXaHM3MOB
KOOPJIMHALMK TPOLLECCOB »KH3HEAEATENLHOCTH B OpraHH3Me, OCYLIECTBJSIEMbIH yepes
JKUIIKHE Cpeflbl opraHuaMa (KpoBb, JHUMAQY, TKaHEBYIO JKHAKOCTb) C TOMOLIBIO OHOJIO-
TMYECKH aKTHBHbBIX BELLECTB, BblICJSEMbIX KJICTKaMH, TKaHAMH W opraHamu. Bemyuuas
poJib B TyMOpAJIbHOH PeryJisiiii MPOLEeCcCOB KU3HEAEATENbHOCTH MPUHALIEIKUT 9 H 1O -
KPHHHOMN cUCTeMe. DHIOKPUHHbIE KeJie3bl XKUBOTHBIX M UeJioBeKa (Kesie3bl BHY-
TPeHHEeN ceKpellnn) BbIpabaThiBAIOT T'O P M O H bl, KOTOPble ¢ TOKOM KPOBH, JIMM(bI HJIH
MOJIOCTHOH 2KMAKOCTH PAacrpoCTPaHsAIOTCS M0 OPraHW3My M OKa3blBalOT BO3JICHCTBHE HA
COOTBETCTBYIOLLIME OpraHbl-MUilIeHH. CNOCOOHOCTBIO CEKPETHPOBATL FOPMOHBI TAKKe
00/1a[a10T KeJIe3bl CMEIIaHHOW CeKPELHH U HEKOTOPbIE JPYrHe OpraHbl XKUBOTHBIX.

DHIOKPUHHbIE »KeJjie3bl B OOJBLUIMHCTBE CJyuyaeB He CBsI3aHbl MPOCTPAHCTBEHHO,
ux paboTa cornacoBbiBaeTcs 6sarogapst HEPBHOH PEryJisiiii WK ¢ MOMOIIbIO TOPMO-
HOB. [IpH 3TOM ropmoHbl, BblpabaTbiBaeMble OJHUMH JKeJie3aMH, BJHSIOT Ha paboTy
JPyrux »xeJse3. Kpome Toro, ropMoHb! BJIHSIIOT Ha J1eATE€NbLHOCTb HEPBHOH CHCTEMBI.

[ymopaisibHast perysisiuusi MOXKeT OCYLUECTBJATbCS M C MOMOLIBIO JIPYTHX GHOJIOTH-
YECKH aKTHBHBIX BellecTB. Hanpumep, H3MeHeHHe KOHLEHTPAUMH YIJIEKHC/IOro rasa B
KPOBH BJIMSIET HA JIESITEJBbHOCTb JIbIXaTebLHOrO 1IEHTPa TOJOBHOrO MO3Ta Ha3eMHbIX M0-
3BOHOYHBIX, 4 U3MEHEHHEe KOHLEHTPALMK MOHOB KaJsbliMs W KaJius — Ha paboTy cep/ua.

CpaBHuTe/IbHAST XapaKTePUCTHKA HEPBHOH M I'yMOpPaJIbHON pPeryJisiliui NpuBeieHa
B Tabsmue 4.
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Ta6auia 4. Oco6eHHOCTH HEPBHOH M FYMOPAJbHOMH peryisiuuu

HepsHas peryJsiuus

[ymopasibHast peryJisiims

Ocy1iecTBisieTcst ¢ TOMOLIBI0O HEPBHBIX HM-
MyJIbCOB, BO3HUKAIOLINX B HelpOHaX

OCyLU,ECTBJ]ﬂeTCﬁ C MOMOLILBIO TOPMOHOB W JIPyrux
OHOJIOTHUECKH aKTUBHBIX BEILIECTB

Curnajbl (HepBHBIE MMIYJIbChI) MMEIOT 3JIeK-
TPUYECKYI0 MPHUPOJY, PAaCIPOCTPAHSIOTCS MO
HEPBHBIM BOJIOKHAM

CurHasibl  (GHOJIOTHYECKH AKTHBHbIE BeleCTBA)
MMEIOT XUMHUECKYIO MPUPOJLY, PACTpPOCTPAHSIOTCS
YKHJIKHMH CPe/IaMi OpraHuama

Bbicokasi CKopocTb repejiauk CHrHAJOB (Harpy-
Mep, y desioseka — 10 120 m/c)

CpaBHHTEJIbHO MeJJIeHHasi Tepejiaya  CHrHaJoB
(nanpumep, y uesiopeka — 10 0,5 m/c)

HepBHble HMITysIbCbl HANpaBJISIOTCS HA KOH-
KPEeTHBII Oprat WM rpymiy Opralos

Buosiornueckn akTHBHbBIE BellleCTBa JIEHCTBYIOT Ha
YYBCTBUTEJ/IbHbIE K HUM KJETKHU-MUIIEHH BO BCEX
OpraHax, B KOTOPbIX TaKHe KJIEeTKH HMEIOTCs

O6ecneunBaer TOYHbIA U GBICTPbIH OTBET Op-
raHu3Ma Ha JeHCTBHE pagipaxKuTeseld B BUE
JIBUTaTe/IbHON aKTHBHOCTH, Pa3JIMUHBIX MOBEJIeH-
YECKHX PeaKLHi

Kontposupyet anuresbHO npoTekaroliye npotec-
Cbl B OpraHu3Me: pocT, pa3BUTHe, OOMEH BElleCTB
1 J1p. B onpesie/ieHHBIX CUTYaALUsIX [IEPEBOJUT B aK-
THBMPOBAHHOE COCTOSIHUE CPa3y HECKOJILKO CHCTEM

opranmusma

[ymopasbHast peryssiuyst MoAuMHEHa HEPBHOH, B TO »Ke BpeMsi o0a MexaHH3Mma
peryJsitiii (HEepPBHBI W TyMOpaJsibHbli) paboTalOT COMJIACOBAHHO, B TECHOM B3aHMO-
JeicTBUH. BMecTe oHM COCTaBJ/ISIIOT €IMHYI0 CUCTEMY HEMPOryMOpPaibHOW peryasiuuu,
obecrneynBaollyto nojyiep:KaHie roMeocTasa B opraHuame.

Hanpumep, y uesioBeka nocJjie npuema Mnuiy NPOUCXOAUT TOBbILLIEHHE KOHLLEHTpPa-
LIMH TJIIOKO3bl B KPOBH, YTO BbI3bIBAET BO30OYXKJIEHHE COOTBETCTBYIOLIMX PELENTOPOB,
nepealoLIMX HMITYJIbChbl B LIEHTPaJIbHYI0 HEpPBHYIO cucTeMy. HepBHast cuctema ctumyJin-
pYeT CeKpeLHio TOpMOHa HHCYJHHA KJICTKAMH MO/LKENyA0YHOH Kese3bl. MHeynH,
B CBOIO O4epe/lb, CTUMYJIMPYET MOCTYIJIEHHE [VIIOKO3bl B KJETKH OpPraHu3Ma, a TakwkKe
CrnocoOCTBYeT ee MpeBpallleH’io B 3anacHoil yrjeBoja — riukoreH. baaronapst stomy
cojiepKaHue [JIIOKO3bl B KDOBH CHHMXKAETCSI 10 HOPMAJIbHOTO YPOBHSI.

W naoGopot, npu puanueckoil Harpyske TJl0K03a aKTHUBHO MOTPebJisieTcsl KaeT-
KaMH B KauecTBE MCTOYHHKA IHEPrHH, [03ITOMY €e cojep:KaHHe B KPOBH yMeHblla-
etcs. HepBHasi cuctemMa nocblaeT UMITYJbChl B MO3rOBO€E BELLECTBO HA/AMOYCYHHKOB.
ITH Kesle3bl BbIACSIOT B KPOBb FOPMOH aapeHaJauH. [lox nefictBuem agpenanuna
TIPOUCXOJUT paclllenyieHne IJIMKOreHa 10 III0KO3bl, U ee KOHIEHTpPalUsl B KPOBH yBe-
JIMUUBAETCSI.

Takum o6pasom, B peadysibTaTte COBMECTHOTO AEHCTBHS HEPBHBLIX U TYMOPaJbHbIX
MEXaHU3MOB PEryJiIsiiMH TOAIePKUBAETCSl OTHOCHTEJIBHO MOCTOSIHHBIA YPOBEHb IJIIO-
KO3bl B KPOBH.
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7 1. Kakum 06pasomM OCYLLECTBIISIETCS PErymsiLnsi NMPOLECCOB XWU3HELEesTeNbHOCTU Y XKMBOT-
" HbIX? Y pacTeHuin?

a) Tosibko Guarofapst ryMopaJibHON peryJisiium;
6) TosIbKO GJlarojiapst HepBHOH peTyJIsiLvY,
B) 34 CYET COIJIACOBAHHON PabOThl 'yMOPAJIbHBIX U HEPBHBIX MEXaHH3MOB PEryJIsILIHH.

2. KaK ocyLlecTBASeTCs perynaumns XXU3HEeHHbIX YHKLMI Yy pacTeHuin?

. BcnomHuTe, 4to Takoe romeoctas. Kakume mMexaHu3Mmbl ero NnogaepXXaHus BaM U3BECTHbI?
. Kakas cBsi3b CyLLecTBYyeT MeXay HEepBHOM U 3HOOKPUMHHOM cuctemammn?

. Y710 0b6Lero B npoLeccax HEPBHOW U rymopasibHOM perynaumm? Yem oHu oTnuvyarotca?
. Kakum o6pa3om MOXeT perynupoBaTbCsi COAepXaHue roKo3bl B KPOBU YernoBeka?

. HekoTopble Hego6pocoBeCTHbIE CMOPTCMEHbI, @ UHOrAA M oW, fanekue OoT npodeccu-
OHasIbHOro crnopTa, MPUHUMAaKOT Ocobble npenapaTtbl — aHabonuyeckue crtepoufpbl. [loyuTn
BCE OHU SIBMSIIOTCS CUHTETUHECKUMM NMPON3BOAHBIMU FOPMOHA TECTOCTEPOHA. AHabonunyeckne
cTepouabl YCKOPSIOT POCT MbILLL, YMEHbBLUAT XUPOBYH MPOCONKY, MOBbILLIAIOT YPOBEHb re-
mMornobuHa. OfgHako, HECMOTPS Ha BCe MJOChI, 3TU BELLECTBa paspyLUMTESIbHO OEACTBYIOT
Ha OpraHvaMm 4esfioBeka. Y XeHLLUMH, MPpUHMMaIoLLMX aHabonnyeckne ctepovapl, Habnogaercs
ycuneHne pocta BOSOC Ha Tene, orpybneHne ronoca, yMeHbLUEeHNEe MOMOYHBIX Xenes, Hapy-
LLIEHNs1 MEHCTPYanbHOro unkna v ap. Y My>X4uH nNpouCXOAUT paspacTaHue MOSIOYHbIX Xenes,
HabngaeTcsa aTpodus anYeK, CHXXEHME NOoBOM NOTeHumu, 6ecnnogue u T. 4. [Novemy gaH-
Hble CTepouabl Ha3BaHbl «aHAboNMYeCcKMMK»? Kak Bbl OyMaeTe, KakoBbl MPUYMHbI U3MEHE-
HUIA, NPOUCXOAALLMX MPU UX NPUemMe B OpraHuame XeHLMH? MyX4uH?

NOoOO®

§ 32. O6was HecneuuduUyeckas 3auMra opraHu3ma

Ilonamue 06 ummynnol 3aujume opeanudma. yKuBbie opraHuamMbl MOIyT Cy-
111€CTBOBATh TOJILKO TMPU YCJOBUH MOCTOSIHCTBA MX BHYTpPeHHEH cpelibl. B To e Bpe-
M1 BOKPYT CYLLECTBYET MHOXKECTBO «BPAroB», KOTOPbIE MMOCTOSIHHO CTPEMSTCS MpO-
HUKHYTb BHYTPb OPraHHU3Ma W HapyUIUTb €ro 11eJ0CTHOCTh. B ux uncie — GoJiesHe-
TBOPHBIE areHTbl (8upycol, bakmepuu, RPOMUCMObL, MUKPOCKONUYeckue 2pubot),
a takke GoJiee KpyIlHble MapasuThl (Hanpumep, eeavmunmol). Kpome Toro, opraHu3m
JIOJDKEH 3allMIIAThCs OT arpecCHBHOTO MPOHHKHOBEHHMS BO BHYTPEHHIOIO Cpefly ue-
pe3 GapbepHble TKaHH (KOXKY, CJAM3UCTbie 0GOJIOUKH KEJTYJI0UHO-KHUIIEUHOTO TPaKTa,
ILblxaTeJIbHOﬁ U BblﬂeﬂHTeﬂbHOﬁ CHCTeM) PasJMYHbIX YYy2KEPOAHbIX BEUIECTB H3 OKPY-
Katouer cpenbl. [Topot naxe cob6CTBeHHbIE KJIETKH MOIYT MPeICTaB/IsiTh Yrpo3y Juist
opraHuama, HarpuMmep KJETKH, 3apaKeHHble BHPyCaMH, a TakyKe 3JI0KaueCTBEHHbIE
(paKkoBble) U MMOBPEXKJICHHbIE KJIETKH.

CyliecTBOBaHHE U XKU3HENEATENLHOCT OPraHu3Ma Kak 1eJOCTHOH CHCTeMbl 00e-
crieunBaeT UMMyHHTeT. Kak Bbl yxKe 3HaeTe W3 Kypca GUOJIOTHM 9-TO Kjacca, HMMY-
HUTET — 3TO CIOCOOHOCTb OPraHU3Ma MPOTHBOCTOATb BMELIATEJbCTBY UY2KEPOJIHbIX
BEIIeCTB M HH(MEKIHOHHBIX areHTOB (AHTHIeHOB), a TaKKe COXPaHSTb MOCTOSHCTBO
BHYTpPEHHEH CPeJIbl U CBOI0 OMOJIOTHUECKYIO MHIUBUYaJbHOCTb.
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[Tonsarue «ummynurer» nosisuioch B XIX B. Gsaronapst tpynam Jlyu [Tactepa u M. M. Meu-
HUKOBA. OHM 3a/02KU/JH OCHOBbI HMMYHOJIOTHMM — HAYKH O 3alIMTHBIX peaklMsX opraHuama, o6
VIMMyHHTETE.

B 1880 r. ¢paniysckuii yuensiii JI. ITactep rposest onbiThl ¢ BO3GYAHTeNEM KYPHHOIT X0siepbl 1 yOe-
JUJICST B TOM, YTO MPUBHBKA NMTHLAM OCaabNeHHbIX WM YOUTBIX OaKTepHil 3allMilana uX B AajJbHeHIIeM
ot »kuBoro BoaGyuutesst. JI. [Tacrep npesrosoxui, uto ocnadieHHble Bo30yuTe/ M 60JIC3HH, BBEICHHbIE
B OpraHu3M, BBI3BIBAIOT B HEM Pa3BUTHE HEBOCTIPHUMUHBOCTH K JaHHOMY 3a6osieBanuio. MmMeHHo 310 Ha-
GJII0JICHHE J1a/10 HAa3BaHHE SIBJICHHIO UMMYyHHUTETA (OT JIaT. UMMYHUMAC — HEBOCIPUUMUHBOCTD ).

OrpoMHbIil BKJIA B CTAHOBJEHHE UMMYHOJIOTHH BHecsu saypeaTol HobGeseBckoii npemun (1908)
V. M. MeuHnkoB, 000CHOBaBILHi 3HAYeHHe (AroLMTUPYIOLINX KJICTOK B 3alHTHBIX pPeaKLMsX,
n I1. D paux, 1oxkazaBunil BaKHEHIYI0 POJIb aHTHTE B (POPMHPOBAHHH HMMYHHTETA.

B npouecce 3Bo/IIOLMK Pa3BUJIOCh MHOXKECTBO MEXaHH3MOB, 3allMIIAIOLINX Op-
raHu3Mbl OT TPOHHKHOBEHHUSI B MX BHYTPEHHIOIO CpeJly Uy:KepOJHbIX areHToB. Bce 3ti
MeXaHHW3Mbl MOXKHO pa3[esuThb Ha JIBe TPYNMbl: Hecrieuuduueckuil (BpOKIEHHbIH )
v crieuuduyeckndt (MpuoOpeTeHHbIH ) HMMYHHUTET.

Hecneunduuecknit nMmynurer obecrieynBaercss —(yHKIIHOHMPOBAHHEM
€CTECTBEHHBIX MeXaHHYeCKHX GapbepoB, MPEeNsATCTBYIOUIHMX TPOHUKHOBEHHIO aHTHTEHOB
B OPraHu3M (KOXKH, CJH3HUCTBIX 060JI0UeK ), HEKOTOPBIX KJIETOK (Hanpumep, (aroiuros)
U psiioM usurosorndeckux gaxkropos. K BpoxKIeHHOMY MMMYHHTETY OTHOCSTCS TaKHe
3alllUTHbIE peaKUWH, KaK HYhXaHbe, KallleJb, pBOTa, MOHOC, MOBbILIEHHE TEeMIIepaTypbl
tesa u ap. Hecneunduyeckyto 3aiuty opraHu3ma o0ecreuynBaloT U HEKOTOpble Bellle-
CTBA, CBA3bIBAIOLLME HJIH [T0BPEXKIAIOLIHE MUKPOOPTaHU3MBbI (JIM30LUM, OJIKH CHCTEMbI
KOMIJIEMEHTa ) Wik 06ecreunBatoliie POTHBOBUPYCHYIO 3alUTy (MHTEPhEPOHbDI ).

Crneuncduueckrne MexaHH3Mbl HMMMyHHTeTa oOecreyuBaloTess HMMMYHHOM
CHCTEMOI, KOTopast pacro3HaeT U 06e3BPEeKUBAET aHTHI€HbI.

Obuwaa (necneyugpuueckan) 3awuma opeanusma. Paccmorpum Godiee Moj-
pPOOHO HEKOTOpble MEXaHU3Mbl BPOXKICHHOIO UMMYHHTETA.

KoxxHble nmokpoBbl. BHelllHui cl0il KO)KH — 3N HUJepMUC — TIpeacTaBjeH
MHOTOCJIONHBIM TMJIOCKHM 3MHTEJJHEM. }Kl/lele KJIETKHU POCTKOBOTO CJi0s1 31MKUAEpPMHUCA
MHTEHCHBHO JIEJISITCS M MPOJBUTAIOTCSl K [MOBEPXHOCTHBIM CJIOSIM, TJle OpPOTOBEBAIOT,
OTMMpAIOT W CJyLIMBaloTCsl. BmecTe co c/ylMBaOIMMUCA OPOrOBEBLIMMH KJIETKAMHU
C MOBEPXHOCTH SMUAEPMHCA MEXaHHYECKH YIA/SIOTCs TONaBIlke Ha HEro MHKpoopra-
HU3MBbI U MPOLYKThl MX XKHU3HEAEATEJbHOCTH.

[ToToBast kHAKOCTb, BbIpabaTbiBaeMasi TOTOBBIMHU KeJe3aMHU AEePMbl U Bbl-
JleJisieMast Ha MOBEPXHOCTb 3MUJePMUCA, TOMUMO TEPMOpPEryJupyollel hyHKIUH, Bbl-
MOJIHSIET W 3aluTHY0. Byarojapsi HajquuMio B ee cocraBe HM3KOMOJIEKYJISIPHBIX Opra-
HUUeCKUX KMCJIOT pH 1oToBoi »kuikocT cocrabsisieT 5,5. Takasi Kucjasi cpejia co3jiaeTr
HeOJIaroNpUsITHbIE YCJOBHS ISl paccesieHUs Ha KoxKe OakTepuil U rpuOKOB.

B cekpere ca/ibHBIX XKeJe3 JAepPMbl TaKKe cojep:Kates HeGIaronpusiTHO Jeki-
CTByIOIIME€ HAa MMKPOOPraHW3Mbl OpraHuueckue BelllecTBa. Kpome Toro, »KupoBoi ce-
KpeT 3allulaeT KoKy OT MCCYIIEHHS U PacTpeCKUBAHMUS.
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Ha noBepxXHOCTH KOKH TMOCTOSIHHO OOMTAlOT MPEACTaBUTE]M HOPMaJbHOMU
KOXHOH MHUKPOGQJIOPBHI, KOTOPble MOIYT BBICTYyNAaTh B KauecTBE AHTArOHHCTOB
60J1€3HETBOPHBIX MUKPOOPraHW3MOB, MPENATCTBYS UX BHEAPEHHUIO W PA3MHOKEHHIO.

Takum oOpasom, Garonapsi COBMECTHOMY JICHCTBHIO Psiia 3aLIMTHBIX MEXaHH3MOB
310poBasi KoxKa IMPEJACTaBJseT COOOH Cepbe3Hylo Mperpaiy Ajs MPOHHKHOBEHHS I1a-
TOr€HHBbIX MHKPOOPraHU3MOB. YUaCTKH KOXKH, MOBPEXKAEHHbIE B pe3dyJibTaTe TPaBM HJIH
0KOTOB, HEPEJIKO CTAHOBSITCS BXOAHBIMM BOPOTAMHM JJIsl MH(EKIIHH.

Causucrbie 000/104KHM NHLIEBAPUTENBHOTO TPAKTA, AbIXaTeJbHbBIX MyTeH M JIPYyTHX
OpPraHoB TaKxKe MPensTCTBYIOT MPOHUKHOBEHHIO OO0JIE3HETBOPHBIX MHKPOOPTaHM3MOB.
BapbepHast n 3aiurtHasi yHKUMH CJAH3HCTBIX 000J04eK 0OYCJIOBJICHbl BblIEJICHHEM
CEKpeToB, cojeprKalliX C/U3b U psil OMOJOTHYECKH aKTHUBHBIX BELIECTB, a TaKXkKe Bbl-
COKOH CMOCOOHOCTBIO KJIETOK K pereHepaluH.

B cocraB cekpeToB OOJBUIMHCTBA CJAM3UCTBIX 0060J104eK BXOIUT OGaKTepPULHAHBIN
6eJIoK 1130 11U M. OH COIepKUTCS B CJIIOHE, CIE3HON MKHMIAKOCTH, BbIIEJIEHHSIX CJAU3N-
CTBIX 000JI04eK KHMIIEYHHKA, MOYEBBIBOASLIMX MyTeH, OpraHoB MOJOBOH CHCTEMbI IM0-
3BOHOYHBIX, @ TAKXKE B IJ1a3Me KPOBH, TKAHEBOH »KHUAKOCTH W jp. JIM301MM BbI3bIBaeT
rubesb GaKTepHil, 0JIHAKO OH He aKTHUBEH B OTHOLIEHHH BUPYCOB.

BakrepuuuanbiMu cBoficTBaMu 00J1aa10T COJIsiHAsT KHUCJO0Ta M NMHULLEBA -
pUTesNbHble (epMeHTH, BblesseMble KIeTKAMH CJIM3UCTON 000JIOUKH MKeJy/IKa,
a TakKxKe KOMIOHEHTBI K € J14 H, TOCTyMalol1e B MPOCBET TOHKOTO KUILIEYHHKA.

HenoperkneHHast KoxKa U CIM3UCTble 000JIOUKH, KaK [IPABHJIO, HAleXKHO 3alLMLLIA-
0T OPraHu3M OT MPOHHKHOBEHHSI Uy?KEpPOHbIX areHToB. OHAKO HHOTIA UM YAAeTCsl Mo-
nacTb BO BHYTPEHHIOIO Cpejly opraHuama. B sTom csiydae Ha momollb NpUXOAUT ¢aro-
UMTO3. DTO 3aUIMTHBIH MEXaHM3M, OCYLLECTBJSIEMbIH [yTeM 3axBaTa M NepeBapUBaHUsI
Uy’KEePOJIHbIX YACTHLL ClelMaJbHbIMU KJIeTKaMl — ¢ arouuTamu (ot rped. ghacoc —
noxkuparesb, Kumoc — knetka). [1pu ¢arounrose nMpouCXomuT CBSI3bIBAHHE M TIOTJIO-
lleHHe (harolUTOM Uy»KepPOJHOTO areHTa, Harpumep Gakrepuu (puc. 72). K darouuram
OTHOCSITCSI 3€pPHUCTbIE JIEHKOIUTBI U TKaHeBble Makpodaru. OHM CrocoGHBI TOTJIOIATh

Benok O6pasoBaHuve BbloeneHue BeLecTs,
CUCTEMbI Baktepus  ¢haroumtapHoro paspyLuatoLLmx 6akTepuo
ny3blipbka A\

KOMnyieMeHTa AHTUTENO

Puc. 72. Cxema carouunrosa
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1 nepeBapuBaTh MHKPOOPraHU3Mbl U JIPyrHe uy»KepojHbie 0ObEKThI, a TakKe MepTBLIE,
MOBPEXK/IEHHbIE M MaTOreHHble KJeTKH COOCTBEHHOrO OpraHu3Mma. 3alluTHasi (QyHKLMS
tharolMTOB BrepBble Oblla OTKPbITa pycckuM ydeHbiM M. V. MeuHnkoBbIM.

M. . MeuHnkoB nomecTus B Tesio dagruu cropy rpuba 1 3aMeTHJI, YTO Ha CIOpy HaraialoT 0co-
Oble MOJABHKHBIE KAETKH. Ec/H OH BBOAMJ CJIMILIKOM MHOTO CHOp, KJIETKH He MOIVIM MX MepeBapHThb
¥ »KMBOTHOe roru6aso. Beesienue 1mna posbl B po3padHoe TeJj10 JIMUHHKH MOPCKOL 362306l IPUBEIO
K CXOJHOMY P€3yJ/IbTaTy — BOKPYT ILIMMa CKOIHJ/I0Ch MHO?KECTBO «OJIy’KIAI0LINX>» KJIETOK, MbITAIOLIMXCS
repeBapuTh HHOpOHOE Teso. CBOM MHOTOUMC/IeHHbIe HecenoBanust K. M. MeuHHKOB 110J103KH/T B OCHO-
By TeopuH (DaroluTo3a, Co3aHuio KOTOPOH OH MOCBATHI 25 JIET CBOCH XKH3HHU.

Uurepdeponbl — 370 Gesiku, o6safatoline MPOTHBOBUPYCHBIMH M TIPOTHBO-
OIyX0JieBbIMH cBoMcTBaMU. OHU BbIpabaThIBAIOTCS JIEHKOUUTAMHU M JIPYTUMH THIAMH
ka1eToK. MHTepdeponbl BAUSIOT HA MPOLECChl CHHTe3a OEJKOB M HYKJEHMHOBBIX KHC-
JIOT, BbI3bIBAsi B KJETKAaX TaKHe M3MEHEHHsl, KOTOpPble MPENsITCTBYIOT PA3MHOKEHHIO
M pacrnpocTpaHeHHto BUpycoB. Kak npaBujio, OHM He crnacarT KJETKH, yxKe ropa-
JKEHHbIE BUPYCOM, HO TIPENOXPaHSIIOT OT 3apaKeHusi cocelHue KiaeTku. Kpome Toro,
MHTEP(hEPOHbl MOAABASAIOT PAa3MHOXKEHHE BHYTPHKJIETOUHBIX OGaKTepUH W CIOCOOHbI
NPensTCTBOBATh PAa3BUTHIO 3/10KAYE€CTBEHHbBIX OMyXOJei.

B cocraB cucrembl KommiemeHTa BXOAUT OK0JI0 20 0CoOBIX O€JKOB, MOCTOSIH-
HO MPHUCYTCTBYIOUIMX B KPOBH. HekoTopble U3 HUX MOTYT MPUKPENJISITHCS K MeMOpaHe
HaKTeprasbHbIX U JIPYTHX Uy?KEPOJHBIX KJETOK. 3aTeM K 3THUM OeJsikaM B OlpejieJsieH-
HOM TOpPSIKE MPUCOEIUHSIOTCS JIpyrhe OeJiKM CUCTeMbl KoMIlieMeHTa. B pesysbrare
o0pagyeTcsi KOMIIEKC, Nnephopupytolyil (T. e. NPOJALIPSBIUBAIONINI) MeMOpaHy, 4To
YacTo MPUBOAMT K paspylIeHHIO UYy:KEepPOAHOH KJIeTKH. Kpome Toro, KieTku, «mnome-
UeHHbIe» CHCTEMOH KOMIMJIEeMEHTa, aKTHBHO YHHUTOXKAIOTCS (haroluTamu.

B oTBer Ha noBpexieHHe KJIETOK W TKaHel opraHu3ma (Harmpumep, B pesyJsbraTe
TPaBMbl) MJIM HA J€HCTBHE NAaTOrEHHOIO pa3apaKUTeJisl pa3BUBAETCSl MECTHAsl PeaKLHsl
OKpY2KaloOLMX TKaHEeH, KOTopasi MPOosIBJsieTCsl B MOKPACHEHUH, oTeKe, GO0JIe3HEHHOCTH
M 4acTo — B IOBbILIEHHH TeMIepartypbl. Takol rpoliecc HasblBaeTCs BOCHAJICHHEM.
Bocnanenne — 3amuTHasi peakuys opraHu3ma, KOTopasi OMOraeT CrpaBUTbCsl C MH-
theKKeld U BOCCTAHOBUTH HOPMaJIbHYI0 paGoTy MOBPEXKIEHHBIX TKaHEH.

Bocnanenune npencrapssier coGoil Leblil Komiaeke cobbiTuii. Hanpumep, B pe-
3yJisTate TpaBMbl MOJ KOXKY I101aJ10 Olpe/e/ieHHoe KoJndecTBo Oakrepui. Uro npu
3TOM npoucxoautT? [loBpexkieHHble KJIeTKH W JIEHKOLUThI, HAXOAsIIHECs] B TPABMHPO-
BAHHOM y4acTKe TeJla, BbIACJSIOT CllelalbHble BellecTBa — 'MCTAaMHH H Cepo -
ToHHUH. [Tof neficTBMEM 3THX BEILLECTB PACIIMPSIIOTCS KPOBEHOCHbBIE COCYJIbI, UTO YCH-
JIMBAET MPUTOK KPOBH K MOBPEXKACHHOMY YUaCTKy M, KaK CJEACTBHE, NPUBOJAUT K I10-
KPAacHEHHUIO U TIOBBILLIEHHIO TEMIEePaTYphbl.

Bospacraet Tak:Ke NPOHHLAEMOCTb CTEHOK KalWJUISIPOB, B pedyJsibTaTe 4ero ycH-
JIUBAETCS BbIXOJL TJIa3Mbl KPOBH B MEXKKJIETOUHOE MPOCTPAHCTBO. ITO BbI3bIBAET
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Tpom6ouuTbl

KpoBeHoCHbIN cocyn

Puc. 73. BocnanurenbHasi peakuusi: [ — TPOHHKHOBeHHe B paHy Oakrepuil; 2 — CcBepTbiBaHHe

KPOBM B MecTe paHeHWsl; 3 — Bblle/JeHHe THCTaMMHA M CEPOTOHHMHA; 4 — BBIXOJ JIEHKOLMTOB M3

KPOBEHOCHOTO cocyaa; & — (arounTos; 6 — BblleJIeHHEe BElLLECTB, NPUBJEKAIOLMX KJIETKH HMMYHHOH
CHCTEMbI B 04ar BocrasieHus

HaOyXaHHe MOBPEXKIAEHHOrO ydacTKa TKaHW — pa3BHBaeTcsl oTek. HUepe3 CTeHKH Ka-
NUJJISIPOB B 0Yar BoCHasieHHs] aKTUBHO MPOHMKAIOT (aroluTHPYyIOLIHe KJAETKH, KO-
TOpble TOTJIOIIAIOT Yy:KEepPOJHble BelleCcTBA, MHKPOOPraHW3Mbl, OMEPTBEBIIHE KJETKH
coOCTBEHHbIX TKaHell opraHMama W rnepeBapuBaloT ux (puc. 73). Hepenko darouuts
camu roru6atot, saumias opranuam. [Hoit, o6pasyoluiicst B ouare BocnaJieHusl, npej-
cTaBJjisieT co60i COBOKYMHOCTb MEPTBBIX KJETOK OpraHuama (B TOM 4HcJe MOrHOLINX
JIEHKOLMTOB ), MUKPOOPIaHU3MOB M Pa3JIMUHbIX OMOJIOTMYECKH aKTHBHBIX BELLECTB.

Bce paccMoTpeHHble 3alLMTHbIE MeXaHU3Mbl SIBJISIIOTCS BPOXKICHHBIMH M JlexKaT
B OCHOBe Hecreluduueckoro uMmynureta. Haspanne «Hecneuuduueckuit» o0yc/aoB-
JIEHO TeM, 4To JaHHasi opma MMMyHHTeTa oOecreuuBaeT CTaHAAPTHbIE, OMHOTHITHbIE
peaklHn Ha aHTUreHbl 0e3 uX creluduueckoro pacrno3dHaBanus. MubiMu cioBamu, He-
crneurduuecKuii UMMYHUTET paboTaeT Mo MPUHLIKIY «CBOH WJIH Uy:KOH», NPENsTCTBYS
MPOHUKHOBEHHIO B OPraHU3M JIIOObIX Uy?KEPOAHBIX 00BEKTOB JIMOO YHUUTOXKAS HX.

7 1. Y10 Takoe MMMyHUTET?

* 2. Y70 NpepcTaBnalT cobovi Hecneunpuieckne MexaHnm3Mbl UMMyHUTETa? MovyemMy OHW Ha-
3bIBAOTCA Hecneumdnyecknmm?
3. Kakne 0CoO6EHHOCTU KOXHOrO MOKpoOBa M CRM3UCTbIX 06ono4vek obycnosnvealT ux 6a-
PbEPHYIO U 3ALUMTHYIO DYHKUMU?
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4. MMo4eMy haroumTo3 OTHOCAT K Hecneumpu4ecknm 3allnTHbIM peakumsm opraHnama?

5. B 4eM 3akno4aeTcsa 3aluMTHas posib MHTEP(EPOHOB U CUCTEMbI KOMMemMeHTa?

6. B kakux cryyasx MOXeT pas3BuBaTbCA BOCManNuTenbHbIA mpouecc? C 4em cBA3aHO Mo-
KpacHeHve, pa3BuTe OTeKa W MOBbILLEHWE TeMnepaTypbl B o4yare BocraneHus? B yem 3a-
KntoyaeTcs 3almnTHas OYyHKUMS BOCNanuTenbHOW peakumm?

7. MNMoyemy MeAULMHCKMM paboTHUKaM (Jaxe Tem, KTO paboTaeT B MHPEKLMOHHbIX 60MbHULAX)
He JenarT NPUBUBKM OT BCEX MHADEKLIMOHHLIX 60ne3Hein? Ha3oBUTE HECKONMbKO MPUYUH.

§ 33. Cneunduueckas iMMyHHas 3alllMTa OpraHu3mMa

Ilonamue o cneyugpuueckoldi ummynnoii 3aujume. Eciv Hecreunduieckum
MeXaHH3MaM 3alUMUThl He yiaeTcst 00e3BpeiMTh BO30yaUTe 51 O0JEe3HH HJIM Uy2KEPOHOE
BELLECTBO, TO B JIeHCTBHE BKJIOYAETCS CrellHguuecKas 3allura — HMMMYHHbIH
OTBeT opraHusmMa. Ero oT/IHUUTEIbHONH OCOOEHHOCTHIO SIBJSETCS pacro3HaBaHUe 4Yy-
JKEpOJHOro 06beKTa — aHTHUTeHa — M BbIpabOTKa (paKTOPOB 3alLMThI, HAMPAaBJEHHbIX
crieldajbHO MPOTHB Hero. MIMMyHHBIF OTBET opraHusma ocyllecTBJsieTcst GJaroaaps
(hYHKUMOHUPOBAHUIO W B3aUMOJEHCTBUIO 0COOBIX TPy JIEHKOLMTOB.

Kak Bbl nomHute M3 Kypca OuoJiornu 9-ro kjacca, pasjiMyaloT 3epPHHUCTble H He-
3€pPHUCTBIE JIEHKOLUTBI, K HE3€PHUCTbIM OTHOCSTCS MOHOUMTHI M JuMouuThl. Mmen-
HO JIUMQOLMTHI UrpaloT JIABHYIO POJib B OCYIIECTBJEHHH Creld(UIeCcKON 3allUThl
oprauusma. VIx mnpunuato nenuth Ha
aBe rpynnbl — T-auMPOUUTH H
B-numdpounte. Yepes HekoTopoe
BpeMs 1ocJie NPOHUKHOBEHHSA B opra- MuHaanuHsbl
HM3M aHTureHa cpeau T- W B-sum-
(hOLMTOB TOSIBJISIIOTCST OCOObIE KJIETKH,

npefHazHayeHHble [Is1 3aUUThl OT JaH- BUIOUKOBAS Keneaa
HOTO Yy»KepojaHoro arexta, — Qop- (Tvmyc)
mupyetcst cneuuduyeckuin (npuodpe- Ceneserka
TEHHbI) UMMYHUTET.
O6pasoBaHue U CO3PEBAHUE JIM- JnmcponpHas TkaHb
CTEHOK KULLIEYHMKa
(hOLMTOB MMPOUCXOJUT B OPraHax UMMYH- )
o KpacHbin
HOW CUCTEMDbI. KOCTHblH MO3Ir
Nnmdpatnyeckne
yanbl
PaznuualoT LieHTpasibHble 1 epudepuue-
CKHe OpraHbl HMMYHHOH CHCTEMbI (pHC. 74).
K 1eHTpasibHbIM OTHOCSITCSI KPACHBIH KOCT-
. JNumdbatuyeckne
bl MOST M THMYC. ) cocyabl
KpacHblfi KOCTHBIE MO3T couep-
JKUT CTBOJIOBBIE KJIETKH, U3 KOTOPbIX 00pa-
3yloTesi Bce (DOPMEHHbIE JIEMEHTbl KPOBH, Puc. 74. immyHHas cucrtema uyesioBeKa
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B TOM umcie u aumepolnthl. O6pasoBasiivecs JUMQOLUTHI MePEMENaloTest B THMYC MM B rieprdepu-
yecKHe opraHbl MMMYHHOH CHCTEMBI, IJle TTPOMCXOAUT MX JH(hepeHIupoBKa (co3peBatue).

Tumyc (BUJOYKOBas KeJje3a) — OIMH U3 CAMbIX 3araJlouHblX M MaJioH3ydeHHbIX OpraHoB
Halero Tesia. BHJOuKoBasi »kejie3a pacriosiozkeHa B BEpXHEl 4aCTH IPYIHON KJIETKH, 3a TPYAHHOH.
Tumyc MakcHMasIbHO Pa3BUT B pAHHEM JIETCKOM BO3pACTE, a y MOAPOCTKOB HAYUHAETCS €0 HHBOJIOLHS,
T. e. oOpaTHoe pa3BuTHe oprana. B tumyce cospesaior T-sumdouutel. 3pesbie T-nmumbountsr 06e-
CMeYHBAIOT pacro3HaBaHWe H YHHUTOKEHHe aHTHIeHOB, a TaKXKe PerysupyloT paGoTy HEKOTOPHIX APYTHX
KJIETOK UMMYHHOl CHCTEMBbI.

K nepudepuueckum opraHam UMMYHHOF CHCTEMbI OTHOCSTCSI ce/le3eHKa, JUM@aTHUeCKH e
y3Jibl, MUHlAJUHDbI, @ TAK2ZKE CKOIIJI€ HH s JlI/IMCl)OI/IleOI;I TKAaHW B CTEHKaAaXxX KHIIeYy-
HUKa W JAPYTHX OpTraHoB. 3/ech NMPOUCXOAUT co3peBaHue B-smimdouuTos, raasHoil gyHKIHei
KOTOPBIX SIB/SIETCH BbIPAOOTKA aHTHTEJ (MMMYHOTJIOOYJIHHOB ).

Hmmynnoti omeem. Ilonanast B opranusm, Bo3OyAUTE/b pa3MHOXKACTCS U MPH-
BJeKaeT K cebe BHHUMaHHE KJIETOK UMMYHHOH cHcTeMbl. IMMyHOKOMIETEHTHbIE KJeT-
KM OTJIMYAKOTCSI TE€M, YTO YMEIOT Paclio3HaBaTh Pa3/MyHble THIbl AHTUIEHOB U MCIOJIb-
30BaTh Haubosiee 3pPeKTHBHbIE METO/bI 3AILUThI TIPOTHB KAXKJIOTO.

JlonycTrm, B opraHM3Me MPOUCXOAUT pa3dMHOKeHHEe O0JE3HETBOPHBIX OaKTepHH.
Mx o6HapyKkuBalOT KpyrnHble QaroliuThl — Makpodaru (oT rped. Makpoc — 60Jib-
1o#, ¢paeoc — moxuparesnb). Makpodary He TPOCTO MOTJIOUIAIOT W MepeBapuBalOT
uyKepoaHble 06beKTbl. OHU 0cOObIM 006pAa30M PACHIEIIAIOT HX, a 3aTeM pasMellatT
aHTUreHHble parMeHTbl Ha COOCTBEHHOH MeMOpaHe W NPEACTaBJSIOT /Il pacrno3Ha-
BaHust T-sumdouuTam.

T-nuMpouuThl HEOAHOPOIHBI, B 3aBUCUMOCTH OT BBIMOJHSAEMbIX (DYHKIIMH BblieJsi-
IOT TPH OCHOBHBIX KJ1acca: T -xesinepbl (B epeBojie ¢ aHNHICKOTO — MOMOLIHHKH ),
T-kunnepn (youitupl) u T-cynpeccopsl (nomasurenu). Hrak, makpodar
BCTpevaercst ¢ T-xesnepaMu U «JIeMOHCTPUPYET» MM aHTHreHbl. T-xeJjrnepsl crnoco6-
Hbl HE TOJIbKO pacriosHaBaTh aHTHIE€Hbl, HO U OMPEAEJSATh, BCTPeyascs JI C HUMH Op-
raHMaMm pasblie. PacnosHas onpeae/sieHHbIH aHTUreH, T-XeJrnepsl HAYUHAIOT CTHMYJIH-
poBaTh B-nnuMdouuThl K BoIpaGoTKE COOTBETCTBYIOUIMX A HTUTEJl — <OPYKHSI»
MPOTHB JAHHOTO aHTHIeHa.

Becb mpouece, npuBOJSUIMA K HMMYHHOMY OTBETY OpraHuama, oObIYHO pa3BH-
Baetcst 7—14 nueil. MmeHHO uyepe3 3TOT CPOK MJa3MOLUMTHI (aKTHBUPOBAHHBIE
B-ﬂI/IMCpOLLI/ITbl) HAaYUMHAOT MHTEHCHUBHO BbIACJ/ATH aHTHUTEJAa, KOTOpbIE IMOCTYNaroT B
KpOBb, JUMQY, TKaHEBYIO JKHIKOCTb M PACMpPOCTPAHSIOTCS MO OpraHuamy. AHTHTesa
(MMMYHOTJIOOYJIMHBI ) — 3TO cnelidduueckre GeKi, CnocobHble CBA3LIBATLCS C OMpe-
JIeJIeHHbIM aHTUreHOM (puc. 75). PassnuHble aHTHTesa BBINOJHSIOT pasHble (QyHK-
LMK CNOCOOCTBYIOT YHHUTOXKEHHIO OIMPEeIeHHbIX MHKPOOPTaHU3MOB MJIH MOJABJSIOT
UX 2KH3HEIESTEJbHOCTL, 00€3BPEKUBAIOT Yy:KEPOJHbIE KJETKH, HEHTPasU3YyIoT TOK-
CHUHble BelllecTBAa W T. M. [locKoJibKy aHTHTe/sa BBIIEJSIIOTCSl B KHAKHE Cpellbl Op-
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FaHU3Ma, TPAHCIIOPTUPYIOTCA UMH M CaM MPOLLECC CBA3BLIBAHUSA AHTHTEJ C AHTUIEHAMU
TaKxKe TPOUCXOUT B KMIKOH cpefie, AaHHyI0 (POPMy 3aLUThl OTHOCSAT K T'yMOpPaJbHbIM
(OT ;Mat. eymop — KHUJIKOCTb) MeXaHH3MaM MMMYHMTETA.

AnTHuTes1a BbIpaGaTHIBAIOTCS HMEHHO [POTHB TOrO AHTHI€HA, KOTOPbIH ronas B opraHuam. Onu
10-pa3HOMy J€HCTBYIOT Ha «BpAroB»: OJIHM CKJIEMBAIOT aHTHIreHbl (arryIIOTHHUHBI), IPyrHe OCaKIaioT
(TIPEeLMMUTHHBI ), TPETbH aKTUBHPYIOT CHCTEMY KOMIJIEMEHTA H TeM CaMbIM MPHBOJAT HUy?KEPOJIHbIE K/IET-
KM K pa3pylieHHnio (JH3uHbl). A Takde aHTHTe/a, KaK OMCOHHHbBI, HIPAIOT «PEKJAMHYIO» pPOJib — OHH
IPUKPEILISIIOTCS K YyXKEPOAHbIM KJIeTKaM, Jesas UX OoJjiee MPUBJCKATEJbHBIMU ISl MOIVIOLCHUS
tharountamu. B mo6om ciydae aHTHreHbl 06e3BpeKHBAIOTCS.

[Ipocsiennm BCro Lenovky B3aWMOAEHCTBHH, KOTOPast MPUBOAUT K HUMMYHHOMY OT-
BeTy: aHTureHbl — Makpodaru — T-xesnepbl — B-numdouutsl — antutena — obes-
BpeKMBaHHe aHTHI'€HOB.

OnHako He Bce YyKepojHble areHTbl MOXKHO PAClo3HaTb U YHUUTOXKHTb C TOMOLLBIO
tharounto3a u antutes. Takue crnocoObl rofsrTes, HanpuMep, st GopbObl ¢ GAKTEPUSIMH,
OJIHAKO OHM He3(eKTHBHbI B OTHOLLEHWH BMPYCOB. Jle/i0 B TOM, UTO BMPYCbl MPOHHKA-
I0T B KJETKH OpPraHua3Mma, rjie W MPOTeKaeT MX LMK/ pasBUTHs. AHTHTeNa M (arouuthl He
MOTyT 00€3BPEe/IUTh BUPYChI, «CIPSITABLIMECS» BHYTPH KJETOK. UTOObBI CIIpaBUTHCS C BU-
pycamu, 3a4acTylo MPUXOAUTCS YHHUTOXKATb COOCTBEHHbIE KJIETKH, 3apaKEeHHbIE HMHU.

A1y GYHKUMIO YCTelHO BbINOMHSIOT T-kuaaepbl. O creunduuecku pac-
MO3HAIOT M YHHUTOXKAIOT KJETKM, 3apaKeHHble BUpycaMmu. T-Kujuiepbl 3(HeKTUBHO
paspyliatoT u JIpyrue «jedeKTHble» KJIETKH, Hanpumep onyxoJeBble (puc. 76). [1pu
TOM TPOUCXOJIUT HEMOCPENCTBEHHbBIH KOHTAKT UMMYHOKOMITETEHTHOH KJieTKH (T-KuJi-
Jiepa) ¢ aHTUreHOM, 1M03TOMy (yHKUMOHUpoBaHHEe T-KHepOB OTHOCAT K KAETOYHBIM
MexaHH3MaM UMMYHHTeTa.

MecTo AHTUreH
NPUCOEANHEHMS!
aHTUreHa

AHTUTENO
(MMMyHO-
rno6ynuH G)

Puc. 75. Cssi3biBaHne aHtuTe a Puc. 76. T-kuniepbl yHUUTOKAIOT OMyXOJIEBYIO KJIETKY
C aHTUreHOM
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Hrak, B TeyeHHe OrNpe/ieleHHOr0 BpeMeHM HMMYHHBIH OTBET pa3BMBaeTcCsl, Ha-
6upas cuiy. M BoT «Bpar» yxe orcrynaer. OpraHuaM He JIOJ/UKEH TPaTHTb CHJIbI
3psl — MMMYHHYIO PEaKlHI0 HY>KHO OCTAHOBHMTb. DTO OCYLIECTBJSIETCS C MOMOLLbIO
T-cynpeccopoB. Eciu 661 T-cynpeccopoB He Obl10, HMMYHHAsl peakiiysl MOCTO-
SIHHO HapacTtaJia Obl U CTAaHOBHJIACh HEYMPaBJIsSeMOI.

Hekoropble kieTkd, obecrnieunBatollyde creldpuiecKyto 3aluTy opranu3ma, cro-
COOHBI He TOJBbKO pacrno3HaBaTh, HO M «3alMOMHHATb» KOHKPETHbIE AHTHUTEHbI. DTO
KJeTKH UMMYHHOH MmaMs$iTH, KOTOpble MOTYT cylectBoBath 20 u GoJsee JieT,
a MHOIJIA B TeUEHHMEe BCeH »KU3HM opraHusma. bjarojaps ¥M npu MoBTOPHOH BCTpeye
C @aHTHTeHOM HMMYHHBIH OTBET pa3BuBaeTcst ObICTpee, BO MHOTHX CJIydasix ellle 10 TOro,
KaK 4y>KepoJHbIH 0OBEKT yCreBaeT NMPUYUHHUTL BpPeL OpraHudmy. Takof HMMYyHHbIN
OTBET Ha3bIBAETCS BTOPUUYHBIM.

AxruBalysi MpuOGPETEHHOr0 UMMYHHTETa COMPOBOXKIAETCS MOBbILIEHHEM TeMrepaTypbl W 00LieH
cn1aboCThlO, T. K. OPraHW3M HarpasJsieT OCHOBHbIE CHJbl Ha 60pbOy ¢ anTurenamu. [loBbiieHHnast Tem-
nepatypa TeJsia ryOUTe/IbHO JIeHCTBYeT Ha BO30OyHTeNel MHOIHX 3a00JIeBaHUI, CTUMYJIMPYET MPOLLeCChl
00MEHa BELLECTB M MOBbILIACT aKTHBHOCTb KJIETOK HMMYHHOl cucTeMbl. [ToToMy HexXenaTesbHO cOM-
BATh TEMIEPaTypy, eCJin Bo BpeMsi Gosieann oHa Hike 38 °C.

Bpoxnennblii (Hecneuuduueckuit) u npuoOpeTeHHbIH (crienudUUecKni) UMMY-
HHATET TECHO CBsI3aHbl, OJIHAKO TMOCTOSTHHO aKTHBEH TOJIbKO BPOXKJIEHHBIH UMMYHHTET.
Bnaropapsi emy oprannam ObICTPO pearupyer Ha Jo00e YyxKepojHOe BMELIATeNbCTBO.
Crieliddpuueckrii UMMYHHBIH OTBET — 3TO BTOPOH 3Tan 3alllUTHONH peaklMHd OpraHu3-
Ma, OH Pa3BHBAETCSl CPABHUTEJBLHO MeJ/UIEHHEE.

Kax necrieuuduueckuii, Tak 1 creuuduueckKuii HMMYHHTET OMUPAIOTCsl HA KJETOY-
Hble W TymMopaJibHble (akTopbl, KoTopble 00001ieHbl B Tabauie 5. Kietounsie u rymo-
paJibHble MeXaHM3Mbl MMMYHHTETA B3aUMOCBA3AHbl U JEHCTBYIOT COIVIACOBAHHO.

Ta6auia 5. OcHOBHbIE MeXaHU3MbI HecnelU(HUecKoro
¥ crneirduueckoro MMMyHHUTETa

Mexanuambt Hecneundnuecknii Crenuduyeckuit
MMMyHHTETa (BpOXK/IEHHDII ) HMMYHHUTET (npHoGpeTEHHBIH ) AIMMYyHHTET
FUMODALHbLE DyHKLMOHUPOBAHHE JIM30LIMMA, CHCTEMbI KOM- DyHKIHOHMPOBAHHE AHTHTEJ!
yMmop TJIeMeHTa, HHTeP(hEPOHOB, JIPYTHX BELLLECTB (MMMYHOTJIOOYJIHHOB )
Knerounbie darouuros HesitesmbHocTb T-KuIEpOB

Aanepeus. Vuorna uMMyHHasi cHcTeMa MozkeT jaBaTh c6ou. Hanpumep, y HekoTo-
pBIX Jtofied HabJIIolaeTCsl MOBbILIEHHAS] YyBCTBUTEIBHOCTD K ONPEEJICHHBIM BELIECTBAM.
OO6bIuHO 3TH BelllecTBA He MPEICTABASIOT Yrpo3bl A8 OpraHnama, HO B Cjydae WX Mpo-
HUKHOBEHMSI Pa3BMBAETCsl MOLUHBIH, HeajeKBaTHbIH MMMyHHbIH oTBeT. Takasi peakiius
OpraHu3Ma Ha3blBaeTcsl ajJlepruei, a BbI3bIBAIOLIME €€ BellecTBa — ajllepreHamu.
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AnjiepreHaMd MOTYT ObITh KOMIOHEHThI JOMAlIHEH TMbIH, [EPCTh »KMBOTHBIX,
MbIIBIA PACTEHWH, MUIIEBbIE MPOIYKTHI (IIUTPYCOBBIE, OpPeXH, MeJ, WIOKOJaj, SHiia,
poiba ¥ 1p.), a TakkKe JIeKAPCTBEHHbIe MpernaparTbl, BelleCTBa, BXOJAIIHE B COCTaB
CpeiCTB OLITOBOH XUMHM, KOCMETHKH, MapdioMepun U Jip.

AJJIeprust HepeKo COMPOBOXKIAETCST HACMOPKOM, CJI€30TEeUEHUEM, CHJIbHBIM Kalll-
JIeM, PacCTPOHCTBOM MHILIEBAPEHHS], PA3JTMUHBIMUA KOXKHBIMH BBICBITAaHUSIMH. B HekoTO-
PbIX CJydasix ajjiepruiyeckasi peakiusi MOKeT MPeaCTaB/IsiTh ONACHOCTb JJIs1 OpraHu3Ma
U Jla’ke TIPUBOJUTHL K cMepTH. MHOr1Me CHMITOMBI ajJIeprui CXOAHBI C PAHHUMH TIPH-
3HAKaMK HH(EKIHOHHBIX 3a00JIeBaHUI, TIOTOMY 3aKJFOUeHHe O HaJMUMK Y desioBeKa
aJyIeprui Ha TO WJIM MHOE BEIIECTBO MOXKET JaTh TOJLKO Bpad.

B nocniennue necatusietust HabJtonaeTcs poct 3a60J1eBaEMOCTH PA3JIMUHBIMU op-
MaMH aJyiepruy. Ero cBA3LIBAIOT ¢ 3arpsisHEHHEM OKpY»KatolleH Cpesibl, MCMOIb30BaHH -
€M TPOJYKTOB XMMHUECKOH TPOMbIIIJIEHHOCTH B OBITY, CEJILCKOM XO35IHCTBE M JIPYTHMH
takropamu. OHAKO MPUUHHBI U MEXaHHU3Mbl Pa3BUTHS a/Jepruu elle HeJ0CTaTOuHO
U3y4yeHbl, YTO 3aTPYJAHSIET JIeUeHHE aJlJepruieckux 3a60J/eBaHUH.

Pelienne 3To# ¥ MHOTHX JPYrHX aKTyasbHbIX Mpo6JeM UMMYHOJIOTHH (MPOTHBO-
ornyxoJjieBasi 3alluTa, TpaHcIuiaHTauus opraHoB W Tkanei, CIIMJI, cospanue sch-
(heKTUBHOW MMMYHHOH 3alllUThl IPOTHB BO3OYAUTENEH OMACHBIX HH(MEKIHIT) BIseTCs
3agauelt MmeauuuHbl XXI B.

') 1. OTBeT opraHnama Ha OonpefeneHHbIi aHTUreH, OCYLLECTBASEMbIN C MOMOLLbIO MMMYHHOM
CUCTEMBI, CieQyeT OTHOCUTL K Creumdmn4ecKoMy unm HecneumgmyeckoMy MMMyHUTETY? Yem
OTNINYAIOTCA Cneungmryeckne MexaHnambl 3aluTbl OT Hecneunuyeckmnx?

2. Kakue Bvabl UMMYHOKOMMETEHTHbIX KNETOK 06padytoTcs B opraHname? Kakosbl UX yHKLMN?
3. Yto Takoe BTOPMYHBIN WUMMYHHBI OTBET? [lodyemMy OH passuBaeTcs ObiCTpee nepBuY-
HOoro? Yem o06ycrnoBfieHa YCTOMYMBOCTb K BETPSIHOW OcChe y nogen, nepebonesBlunx 3Ton
60Me3HbI0?

4. Bupyc nmmyHogedmumuta venoseka (BWY) nopaxaet T-xennepbl n cnocobCTBYET UX rnbenu.
K kakum nocnepcTBusiM Ons opraHnama 370 MOXET MPUBOLAUTL?

5. B 4em cOCTOUT pasnuyne mexapy rymopasnbHbIMU U KNETOYHbIMU MEXaHU3MaMu UMMYHU-
Teta? lpuBeanTte npumepsbl.

6. Kakune BeLlecTBa MOryT Bbi3biBaTb annepruo? [Noyemy annepruio HasblBalOT «HeadekBaT-
HbIM MMMYHHbIM OTBETOM>»?

7. NlnmcboumnTbl B XOf4e CO3peBaHus NpuobpeTaroT cneumduryeckne MeMoépaHHble peLenTopsl,
No3BOMSAOLLME ITUM KNeTkam B3avMOAENCTBOBaTb APYr C APYroM M pacrno3HaBaTtb onpefe-
JIEHHble aHTUreHbl. Mo xuMKU4eckon npuponde peLenTopbl NMMMAOLNTOB NPEACTaBMAT CO60M
CNOXHble 6enkn. CUHTE3y peLienTopoB NPEALIEeCTBYOT MHOMOKPaTHbIE Cly4YalHble nepecTa-
HOBKWM Y4aCTKOB reHOB, KOOMPYIOLLMX AaHHble 6efku. Kak Bbl fymaeTe, B YeM 3akrovaercs
61OMOrM4ecKoe 3Ha4yeHne Takux nepecTaHoBOK?



Pa3smHoxeHue u WHIANBUAYAJbHOE€
pa3BHUTUE OPraHu3mMoB

§ 34. Tunbl pa3MHOKeHHUSI OPraHU3MOB.
becnonoe pasmHoxKeHHe

Cywnocmo npouecca padmnosicenusi. Pa3mHoXXeHMe — 3TO CBOKHCTBO KH-
BbIX OPTraHW3MOB BOCIPOM3BOAUTHL cebe MoAoOHbIX. [Ipu pasMHOMKEHHH MPOUCXOAUT
nepenava Hac/aeACTBEHHON MHPOPMALMK OT POIUTENLCKUX (POPM MOTOMCTBY, 4TO 00€-
CreuuBaeT BOCIPOM3BEEeHHE MPHU3HAKOB HE TOJIBKO JAHHOIO BHIA, HO M KOHKPETHbIX
poauTesibekux ocobeil. CoeloBaTesbHO, pa3MHOKEHHE MOJUIEPKUBAET JJIUTEJIbHOE Cy-
LIeCTBOBAHHE BHJA, COXPaHsisi IPH 3TOM MPEEMCTBEHHOCTb MEXKy POAMTEJISIMH H HX
MOTOMCTBOM B Psijly MHOIMX MOKOJIEHHH.

Paznuyator aBa TMNa pasMHOXKeHHs: GeCrosioe U MoJoBoe.

becnoaoe pasmuoxcerue — 310 pa3MHOXKEHHE OPraHu3MOoB 6e3 ydacTHsl 10JIo-
BbIX KJeTOK. B GecrosioMm pasMHOKeHHH Y4acTBYeT TOJILKO OJIHA POJIUTENbCKasi 0co0b,
4yTO B OOJIBLUMHCTBE CJlydaeB BeIET K TOSIBJICHHIO O1HOOOPAa3HOro MOTOMCTBA, yHa-
cJleloBaBlIero Bee npuaHaku poautelsi. CyllecTByeT HECKOJBKO CocoBoB Gecroioro
PasMHOXKEHHUsT: JeJICHUE KJIETKH, MMOYKOBAHUE, (fpparmeHTaunﬂ, BereraTuBHOE pasmMHO-
JKeHHe, cropooOpa3oBaHue H Jp.

baxkmepuu W MHOTHE OJIHOKJIETOUHbIE TIPOTHCThI (amebol, 38ereHbl, UHDY30pUL
M 11p.) pa3MHOXKAIOTCsl JesieHneM KieTku. OOpa3oBaBlinecs JouepHUe KJIeTKH pacTyT,
JIOCTHrasi BeJIMUUHbI MATEPUHCKOTO OPraHW3Ma, W CHOBA JIeJISITCSI.

[Ipy noukoBaHMM HOBBIN OpraHuaM 00padyeTcs Ha TeJse POIUTEJbCKOH 0CcoOH
B BHJle HeOOJBIIOTO BBIPOCTA — MOUYKH, KOTOPAsi pacTeT, a 3aTeM OTaeJsieTcsi, npe-
Bpallasicb B caMoCTosiTe/IbHbIA opranudm (puc. 77). [loukoBanue xapakrepHo Juist ey-
00K, KUWeYHONOAOCMHbLX, HEKOTOPBIX uepsed. Eciu npu 3TOM nouepHHe 0COOH He
OT/EJISIIOTCSl OT MaTEPUHCKON (HATMpUMep, y KOpaai08), To HOPMUPYETCS KOJOHHSI.

[ANAE

Puc. 77. IloukoBanue rujpsbl
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MHorue epubol MOTYT pa3aMHOXKATBCS (PparMeHTaMu (ydacTkamu) rud, a auwati-

HUKU W MHO2OKAemouHoble 8000pocau — dparmenTamu cjoeBuil. Takoi cnocoG
pa3MHOXKeHHsl Ha3biBaeTcst (hparmMeHTaumeil. PasmHoxeHre opraHuamMoB myteM gpar-
MEeHTalliM OCHOBAaHO HAa pereHepal WU — CHOCOOHOCTH BOCCTAHABJUBATHL yTpa-

UeHHble WJH MOBpEXJEHHble YacTH Teja. PparmeHTalusi Takke HabJtofaeTes y ey-
OOK, KUULeYHONOAOCNIHbLX, NAOCKUX U HEKOTOPBIX KOAbUAMObLX uepsell.
BereraruBHoe pasmHoxkeHne — 5To o6pa3oBaHHe HOBbIX 0COOEH U3 BereTaTHB-
HBIX OpraHoB. BeretaTnBHOe pasmMHO:KeHHE, KaK U ()parMeHTallnsi, OCHOBAHO Ha sIBJiE-
HUY pereHepainu. DTOT cnocod pasMHOKEHHS LIMPOKO PaCPOCTPaHeH B PACTUTEIbHOM
MHpe, HO HauboJIblIEero pagHooOpasusi IOCTUTALT y ysemKosulx pacmenut (puc. 78).

YepeHkamu

Jncteamum OTBOAKaMM MpviBrBKOWA

Puc. 78. Cnoco6bl BereTaTHBHOTO pa3MHOKEHHSI PACTEHUH

B nipuposie npu BereTaTUBHOM PA3MHOYKEHUH HOBble 0COOH MOTYT (DOPMHPOBATHLCS
M3 KO p H e, Ha KOTOPbIX 00pa3dyloTest pUaaTOUYHble MOUKH (KOpPHEBAst TIOPOCb BLUL-
HU, WUnosHUKa, cuperu), 3 moo6eroB (crebyieBble OTBOAKH CMOPOOLUHbL, KpPbL-
JHCOBHUKA) WM UX YacTel (Harpumep, U3 YepPeHKOB UBbL AOMKOLL, JUCThEB KAAAH-
x03). Tlpn 3TOM Ha dparmente nobera 06s3aTebHO JIOJXKHA MPUCYTCTBOBATh BEp-
XylleuHast ujad OoKoBasi 1odka JUGO TOJ BJIUSIHUEM BHEIIHHX YCJIOBMH (Hampumep,
TPaBMbl ) JIOJLKHBI C(hOPMUPOBATHLCS TPUAATOUHBIE TIOUKH.

BerertatiBHoe pas3MHOXKeHHE MOXKET OCYLIECTBJISTHCS TaKKe TMPH  MOMOIIH
BHJIOU3MEHEHHbIX M06eroB: KJayOHel (kapmogerv, monunambyp), NyKOBHUIL
(ayK, HecHOK, MIOAbNAH, HApyucc), KoOpHeBU UL (noiped, AanOblul, Kpanusa),
Y COB (3eMAAHUKA, MOMUK NOASYHULL).
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Y HEKOTOPBLIX PACTeHWH (OCUMbL, UBbL, CAUBLL, BUULHL, MAAUHbL U 1P.) BEreTaTHBHOE Pa3MHOXKe-
HHe MOXKeT Jaxke 1peoOJafaTh Hajl MoJoBbIM. [IpuMepoM pacTeHHsi, aKTHBHO pPa3MHOKalollerocs Be-
reTaTMBHO, SABJACTCS 9400es1 KaHaoCKas — JBYJOMHOe pacTeHue, oOuTaloliee B MPECcHbIX BOLOEMaX.
B Espony u3 CeBepHoit AMepuK1 ObljI1 3aHECEHBI TOJBKO »KEHCKHE 0COOM 3TOro pactenus. Heemorpst
Ha 9TO, 9J10/e51 CTaa O4eHb OLICTPO PAa3MHOXKATLCA BEreTaTHBHBIM CIOCOOOM, TOJL 3a IOJ0OM OCBauBas
HOBbI@ BOJIOEMBbI.

B npakTHKke pacTeHHEBOJACTBA HIHPOKO HCIOJb3YeTCsl HCKYCCTBEHHOE BEreTaTHB-
HOe pasMHOXKeHHe pacteHui. Tak, MHOTHe KyJbTypHble pacTeHHs] MOXKHO Pa3MHOXKAaTh
crebiieBbIMU (cMOpOOJUHA, 8uHO2PAd) U JUCTOBbIMU (ysambapckas guarka, 6eeo-
HUsA) YepeHKaMH, OTBOJKAMHU (KpblicOBHUK) W APyrMMH criocobamu. B camnoBojacTse
pacnpoCcTpaHeHO BEreTaTHBHOE PA3MHOMKEHHE C TMOMOIIbIO MPHBHUBKH. DTOT CrO-
cob Mo3BoJsieT ObICTPO PA3MHOXKHUTL LIEHHbIE pPAacTeHHst U 00ecreunBaeT UX YCKOpeH-
HOE pa3BUTHE MPH MOJHOM COXPaHEHHH COPTOBBIX KauecTB. [IpuBHBaeMoe KyJbTYypHOE
pactenue (MpHBO M) MOXKET MOJYYHUTh TaKHe 1leHHble CBOHUCTBA MOJBOS (pacTeHusl,
Ha KOTOPOE JICAIOT MPUBHBKY), KAK MOPO30YCTOHMUYHBOCTD, YCTOMYHBOCTD K GOJIE3HSIM,
HeTPeOOBATENLHOCTh K MJIOJOPOJUIO TIOUBBI U JIP.

Becriosioe pasmHoXKeHHe feJeHUeM KJIETKH, MOYKOBaHHeM, dparMeHTaiuei u
BEreTaTUBHLIMM OpraHaMH OCYIIECTBJISIETCS 3a CUeT COMaTHUecKuX KJeTok. Ha-
psly ¢ 3THM JJIsi MHOTHX TPOTHCTOB, TPUOOB M paCTEHHE XapaKTepHO CTMOpo -
o6pasoBaHHUe, NP KOTOPOM (DOPMHUPYIOTCS CrElMANU3UPOBAHHbIE KJIETKH — CIO-
pbl. OHH COCTOAT M3 sipa U LMUTOMJIA3Mbl ¢ MHHUMAJbHBIM KOJUUECTBOM MHTATE/b-
HbIx BenlecTB. Criopbl 00pasyioTcsi MyTeM MHTO3a WJIM Mel03a B OObIYHBIX COMATH-
YECKHX KJETKAaX MaTepHHCKOTrO OpraHu3Ma WJH B CHEelHAJH3HPOBAHHBIX OpraHax —
cnmopaHTHsAX. B OGJaronpusTHBIX YCJOBHSIX CIOPbI TPOpACTalOT M JAIOT Haua-
JIO HOBOMY OpraHuamy. [JlaBHOE JOCTOMHCTBO TaKOro cCrocofa pa3MHOMKEHHs —
BO3MOXKHOCTb 00pa3oBaHusl OOJBILIOTO YUCIa MOTOMKOB M OBLICTPOTO paccesieHHsl.

[Tpu s06Goit hopme GeCrnoyoro pasMHOKEHHsT TIPOUCXOMUT YBEJHUCHHE YHCIEHHO-
CTH ocobell JaHHOTO BHUA. JIOCTOMHCTBO 0ecrosioro pa3aMHOXKeHHs! 3aKJI0UaeTcsi B ero
npoctote U 3(HEKTUBHOCTH — HET HEOOXOAUMOCTH B MOMCKE MapTHepa, MOTOMCTBO
MOKET OCTaBHTh MPAKTHUECKU JitoOasi 0coOb U T. JI.

9 1. Kakve cnosa B NpeasioxXeHnax NponyLleHbl 1 3aMeHeHbl 6yksamu (a—B)?
BocnpomBeaeHHe 2KUBBIMH OpraHU3MaMu cebe HOD,OéHbIX Ha3bIBaeTCA (a)
Paznuuator nBa tuna pasmuoxkenusi: (6) u (B).
2. KakoBo 610n0rm4yeckoe 3Ha4yeHme pasmMHOXEHUS OpraHM3mMoB?
3. Kakumun cnocobamm MOXeT OCYLLEeCTBATLCA 6ecrnonioe pasMHOXeHWe y GakTepuid, npo-
TUCTOB, rPUBOB, PaCTEHUI U XUBOTHBLIX? Kakne opMbl 6€CNONoro pa3mMHOXeHUs OCHOBaHbI
Ha ABNEHWUW pereHepaymmn?
4. Kakve crnocobbl BeretaTMBHOro pasMHOXEHUSA LLUMPOKO MCMOSb3YIOTCA B CEMbCKOM XO35M-
ctee? lNoyemy? lNpuBeguTe npumepsl.
5. B yem 3akno4atoTcsd 0COOGEHHOCTU 6ECMONOro PasMHOXEHUS PACTEHUA N XXMBOTHBLIX?
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6. MNpy pa3MHOXeHUN pacTeHU OOpPEBECHEBLUMMUN YepeHKaMu PpeKOMEHAYIOT AenaTb Haapes
B HWKHEWN 4acTu 4epeHka Ana 6onee 6bICTPOro ykopeHeHus. Kak Bbl gymaeTe, OO Kakoro
Cnost TKaHen HyXHO yrnyoutbca? Kakow BuA KOpHern obpasyetcs Ha vepeHkax?

7.Y XBOLleW HapyxXHas 060f04Ka Kaxdow cropbl 06pal3yeT OBe NEHTbl, KOTOpPble B CyXOM
BO3[yXe PacKpy4mBatoTCs M OO6bEAMHAIOT CMopbl Apyr ¢ Apyrom. Bnarogaps aTomy cnopbl
XBOLLIEN pacrnpoCTpaHalTCa rpynnaMu. Y Opyrux pacTeHun, Hanpumep y nanopoTHMKa Luu-
TOBHMKA, CMopbl pasneTarTcsa noogmHodke. C yem CBA3AHO HanmM4Me JNIEHT y CrOp XBOLLEN 1
noyemMy Cropbl LLMTOBHUKA HE UMEIOT TakuxX NpuUCrocob6rieHnin?

§ 35. llonoBoe pasmHoxKeHue. OOpa3oBaHHe MOJOBbIX KJIETOK

[lonoBoe pa3mHoxkeHHe — cnoco® pasMHOXKEHHS, MPH KOTOPOM HOBasi 0COOb
00BbIYHO pa3BUBAETCsl U3 3UrOThI, 06pasylollleicst B pedysibTaTe CAUSHHS JBYX MOJOBbIX
KJIETOK.

Ioaosoi npouecc. TlonoBoe pasMHOXKEHHE XapaKTEPU3yeTCsl HaJMuHeM I10J10-
BOTO Mpolecca, B X0Je KOTOPOro MPOUCXOAUT COJIMKEHHE TMOJIOBBIX KJETOK (rameT)
U Toc/eytollee UX ciausiHie (omJsoaoTBopeHUe). [ameTsl y GoJibLIMHCTBA Op-
raHu3MoB 00pasdyloTcesi ¢ 1epeKOMOMHUPOBAHHBIMU POAUTEJNLCKUMH XPOMOCOMAMHU
(BcrioMHHMTE, KakK ocyulectBisieTcs: Meio3). [lpu causinun ramer o6pasyercst AUMJIO-
WaHasi 3urora, M3 KOTOpOIjI pasBuUBaeTCyd OpraHu3Mm, yHaCﬂeﬂOBaBLﬂl/lljl YHUKaJIbHYIO
KOMOHHAIMIO TeHOB W MPU3HAKOB o6onx pomuteseii. Takum o6pa3om, mosoBoe pas-
MHOXKeHHE (B OTJIMUHE OT OecroJioro) NPUBOAUT K MOSIBJEHHIO pa3dHO0OPas3HOro 1o-
TOMCTBA. DTO MOBbLIIAET BO3MOKHOCTb OPraHW3MOB MPHUCNOCAOIUBATLCS K MEHSIIO-
HIMMCsT YCJOBUAM Cpe/ibl, YTO UMEET MEePBOCTEINEHHOE 3HAYEHHE B 3BOJIIOUUHU JKUBOH
MIPUPOJIBI.

Paszsinuaior iBa THra MoJoBOro npoiecca — KOHbIOraluio  KomyJsuuio. [Ipn KoHbiloramuu
TIPOHCXOJIUT CJIMSIHHE COJIEPIKMMOTO JIBYX HeClelHaNH3HpPOBAHHBIX KJIETOK (Y HEKOTOpbIX sodopocaeli
U epubos) nnau oOMEH TeHEeTHYECKUM MaTephasoM Mexay ocoOsiMH (y HEKOTOpbIX Oaxmepuil
v ungpysopuit). Tlpuuem Bo BTOPOM Cilyyae He MPOUCXOMMT yBEJMUECHHs KoJnuecTBa ocobeil. OnHako
3a cuet oOMeHa M MepeKOMOMHALIMM TeHETHYECKOro MaTephaja obecrneunBaeTcsi MoBbllleHHe Hac/e/l-
CTBEHHOH H3MEHUMBOCTH OPraHHU3MOB.

Konynsuusa (rameToramus) — CJadsHUE MOJOBBIX KJIETOK ¢ oOpa3oBaHueM 3urotsl. [lpu
STOM TanJionHble siipa raMeT 06pasyloT AUIMJIOHIHOE SAPO 3HTOThI.

Cmpoenue noaosoix Kaemok. Y OOJILIIMHCTBA BUIOB KHUBBIX OPraHu3MoB (op-
MHUPYeTCsl IBa THIA TOJIOBBIX KJETOK, OTJHYAIOIIMXCS M0 CTPOEHUIO H (DHU3HOJIOrHYe-
CKUM CBOHCTBAM — MYKCKHe (MOJIBUXKHbIE CTTEPMAaTO30HU bl WK HEMOJIBHKHbIE
CTepPMHUHU) U KEeHCKHE (TH L eKTEeTKH).

CnepmMaro30ubl YeJIoBeKa U MHOTHX XKMBOTHBIX UMEIOT TOJIOBKY, LIEHKY, CPEIHIO
YacTb W JUTMHHBIN JKIYTHK (XBOCT), CJYXKAIlMi /151 aKTHBHOTO nepeBiKeHus (puc. 79).
[o/10BKa COMEPXKUT TATJIOWIHOE SJIPO U HE3HAUMTENbHOE KOJMUECTBO LUTOMIa3Mbl. Ha
nepejiHeM KOHIE TOJIOBKM pacrioJfioykeHa a KpoC oM a, NpeicTa/sionias co0ok BUI0-
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U3MeHeHHbIH anmnapat [osbpku. B akpocome copepkatcst (hepMeHThI, pacTBOPSIOIIHE
060JI0UKH SIHLEKJIETKH NPH OTIONOTBOPEHNH. B 1iieiike pacnosiaraiorest 1Be EHTPHOJH,
a B CPeJIHEH YacTH — MUTOXOHJIPHH, KOTOPbIE T€HEPUPYIOT SHEPTHI0, HEOOXOMUMYIO JI/Ist
JIBUZKEHHUST JKTYTHKA. B XBOCTe HAXOMUTCS MOJABHXKHASI OCEBasi HUTH JKI'YTHKA, MOCTPOEH-
Hasi U3 MUKPOTPYyOOUEK.

CriepmMaTo30Hibl MOTYT JUIHTE/IbHOE BPEMsl COXPaHSTh CBOIO KM3HECTIOCOOHOCTb BHE OpraHH3Ma MpH
3aMOPaKMBAHUH. DTO CBOHCTBO LUIHPOKO MPUMEHSIETCSI B CEJIbCKOM XO03SIIICTBE, B YaCTHOCTH MPH pa3-
BeJIeHHH KPYMTHOTO POraToro CKoTa MeTOJ0M HCKyCCTBEHHOro oceMeHeHHs. CriepMy SJIUTHBIX TIOPOJL 2KH -
BOTHBIX COOMPAIOT M XPAHSAT B JKHIKOM a30Te, a Moc/e pPasMopaKMBaHHsl HCTOJb3YIOT IS TOJydeHHs]
BBICOKOITPOJYKTHBHOTO MOTOMCTBA.

sliiuekneTky yaille BCero HenojABHKHBI U MMeloT cepuueckyto dopmy (puc. 80).
SlfinekneTka CONEPXKUT SAPO U LUTOIIA3MY ¢ HAOOPOM Pas/IMYHbIX OPraHOMIOB M 3aria-
COM TIHTaTeJIbHBIX BELECTB JUIs Pa3BUTHs 3apojbiia. [losTomy sifiek/IeTkH, Kak npa-
BMJI0, HAMHOTO KpyIHee CrepMaTo30MI0B U COMaTHYeCKHX KJeTok. Hanpumep, auamerp
sAlekeToK vesioeka gocturaer 200 MKM, B TO BpeMsl KaK JJIHHA CIEPMaTO30MI0B —
okoJs10 60 MKM. OueHb KpynHble pasMepbl UMEIOT SHLEKIETKH KHBOTHBIX, SMOPHOHAJIb-
HOE pa3BUTHE KOTOPBIX MPOMCXOAMT BHE TeJa MaTepu, — MMuy, penmuiuil, angpu-
outi, poto6 u np. Tak, y kypuyol nuameTp siiiliekaeTku (siiina 6e3 GeJIKOBOH 000JOUKH )
6onee 30 MM, y HekoTopbIX akyr — 50—70 mm, a'y cmpayca — 80 mm.

Akpocoma

Lintonnasma

[onoBka
Anpo

MuToxoHapum

LLenka
CpepHss
yacTb
Ocesas
HUTb
DonnuKynsapHble
XKrytnk — KNneTKu
Puc. 79. Crpoenne criepmartosounsia Puc. 80. Ctpoenue siiiliekaeTKH

MJIECKOITUTAIOIHX MJIEKOIIUTaO KX
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slitiiekeTkn MOKpbITEl oGoJsoukamu. [lo mpoucxoxkaeHnio 0GOMOUYKH JENAT Ha MEpPBHUYHBIE, BTO-
puyHble M TpeTHuHble. [lepBuyHas 000J/104Ka SAHLEKJIETKH SIBJISETCS POU3BOJAHON LMTOMJA3Mbl U Ha-
3bIBaeTcs KeNTouHOH. OHa XapakTepHa Uil sIHLEKJETOK BCeX »KMBOTHBIX. BTopuuHble 060/104YKH
00pasyloTcst 3a CyueT JesiTeJIbHOCTH KJIETOK, MUTAIOLIUX stiilieKaeTKy. OHH XapaKTepHbl, Hanmpumep,
JUISl UJIEHUCTOHOTHX (XUTHHOBas obosouka). TpeTuunble 060J0UKH BO3HHUKAIOT B pe3ysbraTe fesi-
TEJILHOCTH 2KeJle3 MoJoBbIX NyTell. K TpeTHYHbIM OTHOCATCS CKOpJynoBas, NOACKOpJAyNnoBas
n O6enKoBas 0OOJOUKH WL MTHIL U MPECMBIKAIOUIUXCSA, CTyAeHHUCTass 060J0uKa SHIEKIETOK
3eMHOBOJIHBIX. OGOJIOUKH SIHIEKIETOK BBIOJMHSIOT 3allUTHbIE (YHKIHMH M obecrieunBaloT oOMeH Be-
L1eCTB C OKpYy:Kalollel cpeso.

TI'amemoeene3s — 3710 npouecc o6pa3oBaHusl U pPa3BUTHs rameT. ¥ pacTeHuH,
HEKOTOPBIX BOAOpOC/el W rpu6OB (POPMUPOBAHHE TAMeT MPOUCXOAUT B CEHAJbHbBIX
opranax. Hanpumep, y CropoBbIX pacTeHHH »KeHCKHe rameTbl 00pasyloTest B apXxe -
FOHHUSX, My?>KCKHE — B aHTepHUAUsAX. ¥ OOJbIIMHCTBA XKUBOTHBIX FaMeTOreHes
NpoTeKaeT B MOJOBbIX KeJe3ax.

B npupoje cyliecTByeT HeMaso BUAOB, Y KOTOPbIX OJMH M TOT K€ OPTaHU3M MO-
KeT 00pa3oBbIBATh KaK MyXKCKHe, TaK M yKEHCKHE T0JI0Bble KJeTKH. Takue opraHu3msl
HasbiBaloTCs repmadpoauramu (B rpedeckod mudosoruu lepmacdpoauroc —
o6oeroJgioe cylectBo, quTs 6oros [epmeca u Adpoautsl). [epmacdponntuam pacnpo-
CTpaHeH cpel OeCro3BOHOUHBIX XKUBOTHBIX ( KUULEYHONOAOCIHbLX, NAOCKUX W KOAb-
yamolx yepsetl, MOALIOCKOB8) Uy PACTEHHUH.

[epmadponnTuam pazBuBascsi Kak rnpucrnocobsenne K cUasuemy, MajonoaBHKHO-
My MJIM [apagutuieckomy o0pady »Ku3Hu. OIHUM U3 ero NpeuMyLLecTB sIBJsIeTCs BO3-
MOKHOCTb CaMOOTIJIONOTBOPEHHUST TIPH HAJIMUHK TOJIbKO OIHOH ocoOu. OpHako y 60Jib-
IIMHCTBA repMadpOIUTHBIX BHIOB TIPOMCXOIUT MEPEKPECTHOE OTJIOA0TBOPEHHE MEXKIY
pa3HbIMM OCOOSIMH, MOCKOJIbKY HUMEIOTCSl MeXaHU3Mbl, MPEMNsITCTBYIOIIHE CAMOOTJIO-
notBopenunto. Hanpumep, nepekpectioe onofoTBOpeHHe y MOPCKUX PAKOOOPAZHbLX
1 HEKOTOPBIX MOAAIOCKO8 0OecreunBaeTcsi HEOJHOBPEMEHHBIM CO3PEBAHMEM MYXKCKHX
M JKEHCKHX TaMeT. ¥ pecHuurolx W 00dcoesvlx uepsetl TIOJOBOH ammapaT yCTpPoeH
TakuM 00pasoM, YTO MOCTYIMJICHHE CIIePMAaTO30H/I0B B KEHCKHE OpraHbl TOH »Ke 0coOH
CTAHOBHUTCS] HEBO3MOKHBIM.

Obpa3osanue noaosvix Kaemok y maekonumarowux. Ilpoiecc dopmupo-
BaHHSI MY>KCKHMX T10JIOBbIX KJIETOK HA3bIBAETCSI CIEPMATOTEHE30M, KEHCKHX —
00TreHe30M.

CnepmatoreHe3 MpPOUCXOIUT B MYXKCKHX I0JIOBBIX KeJje3aX — CeMEeHHHKaXx.
DTOT mpolece MojpasiesioT Ha YeTbipe rnepuoaa (puc. 81).

1. B nepuon pasmMHOXXeHHs TUIJIOWIHbIE TPEIILIECTBEHHUKH MYXKCKHX rameT —
CepMaTOTOHHWM — MHOTOKPATHO JIEJISITCS MHTO30M, UTO BEJET K 3HAUUTEJbHOMY
YBEJIMUEHHIO MX KOJHYECTBA. ¥ CaMLIOB MJICKOMUTAIOLIMX (B TOM YHCJIE M Y YeJ0BeKa)
3TOT MPOLleCC HAYMHAETCS C MEPUOJIA MOJOBOTO CO3PEBAHUS U MPOTEKAET N0 TyOOKO#
CTapOCTH.
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Puc. 81. Cxema crniepmarorenesa U ooreHesa y MJIEKOMHTAIOLMX

2. B mepuon pocra jiesieHHe CriepMaToOroHHEB MPEKpPaIlaeTcsi, i OHW HaYHHAKOT
pacTd (MpH 3TOM pa3Mepbl YBEJHUHBAIOTCS HE3HAYMTE/BLHO) — 06pas3yioTesi crep -
MaTOUHTH MEPBOr0O MOPSjKa.

3. B nmepuon co3peBaHMsl ClIepMATOLMTBI T€PBOrO TOPSIKA JAEJSATCS MEH030M.
[Tocsie epBoro ae/ieHusi Meio3a U3 KaxKJIoro CriepMaToluTa nepBoro nopsiika o6pasy-
FOTCST JIBA TAMIOWIHBIX CTepMaTOIHTa BTOPOTO MOPSKa, Mocae BTOPOro —
qublpe ranJiongHbie CII e p MaTH/bI.

4. B nepuon popmupoBaHusi criepMaTHibl MpeoOpasyroTesi B ClepPMaTO30H -
JLbl, TIPH 3TOM MeHsieTcst opMma KJIeTKH, 06pa3yloTcesi XKIYTHK, akpocoma H Jip.

[Tpoo/KUTENBHOCTL CliepMATOreHe3a y YeJIOBEKA COCTaBJISIET OKOJIO 75 CYTOK.
B cemennukax (sinukax) (OpMHPYeTCsi OFPOMHOE KOJIHYECTBO CHEPMATO30HMIOB, Ha-
npuMep y yesioBeka B 1 MJI ceMeHHOW »KUJKOCTH UX cojiepxkutest o 100 miiH.

OoreHe3 MpOTEKAET B KEHCKHUX MOJIOBBIX XKeJjle3ax — siMUHHUKaX — W HauuHa-
eTcs elle 710 poxkaeHusi. B npoiiecce dhopMupoBaHus SHIEKIETOK BbIEJASIOT TPH Me-
puoza (cm. puc. 81).
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1. B nepuon pasmMHoXKeHMSsI JUMJIOWIHbIE TIPEIIECTBEHHUKH SIHIIEKIETOK —
OOTOHMHU — MHOTOKPATHO JEJISITCS MHUTOTHUECKH. ¥ MJEKOMUTAIOIIMX 3TOT Mpo-
1iecc MPOUCXOAUT B 3MOpHOHAJBbHOM mepuose (10 poxxaenus ). KosmyecTBo ooroHues
B SIMUHMKAX 3HAYHTEJbHO BO3PACTAET, a 3aTe€M OHH COXpaHstoTcs 6e3 U3MEHEHHs J10
HACTYTJIEHUS! TTOJIOBOH 3PEJIOCTH.

2. C HacrymnyieHHeM TI0JI0BOH 3pPeJIOCTH OT/E/bHble OOTOHMH MEPHOAMUECKH BCTY-
NaloT B MEPHOA POCTA, KOTOPBIH MOXKET MPOJLOJIKATHCS HECKOJBKO MecsilieB. 3a 3T0
BpeMst HX 00beM 3HAYUTEIbHO YBEJIUUUBAECTCS 3a CUET MOCTYIJIEHHS BEILECTB U3 OKPY-
JKaoWKX QOJUMKYJISIPHbIX KIeTOK W KpoBH. Tak o6pasyloTcsi 00 MThl MepPBOTO
nopsijka.

3. [lepuomuuecky 0OLUTHI MEPBOTO MOPSIKA BCTYNAlOT B Mel03. DTO — nepuoj,
co3peBaHus. B npouecce mMerio3a 06pasdyioTcsi pasHble M0 BeJHYHHE JI0YepHHUE KIETKH.
[Tocne mepBoro mefioTnueckoro aeseHnst o6padyeTcst KpyrnHast rarjionHas KieTka —
OOIUT BTOPOTO0 MNOpsAKa — M MajJeHbKasi, Ha3biBaeMas Te€pPBHYHBIM
MoJSAPHBIM TeJablieM. [IpoucXomuT OBYJSILIUS — OOLMT BTOPOro MOPsiIKA
BBLIXOJUT M3 SIMUHHKA B OPIOLIHYIO MOJOCTb. 3aTeM OH MONajaeT B MaTouHyto TpyoOy,
rje coBepllaeT BTOpoe MeHoTHuecKoe JesieHHe, 00pasyst KpyNHyl sl eKJeTKY
M MeJKOe BTOPHYHOE mnoJgasipHoe TeJblie. [lepBuyHoe nossipHoe TeJble,
KaK TMpaBUJIO, TOXKE JIeJUTCsl HajBoe. Bee mosisipHble Tesblia BMOC/EACTBHM NOTHOGAIOT
M paspyLiaoTcs.

Takum o6pasom, B oT/iMuHe OT crepMaToreHesa, Tje B Xofie Meko3a 06pasyloTcs
yeThlpe pPaBHOLIEHHbIE TaTJIOWIHbIE KJIETKH, MPH OOreHe3e pa3BMBAETCs OJHA KPYyIHast
SILIEKJIeTKa W TPU HeOOJbLIMX MOJSIPHBIX TeJblld. DHosornuecknii cmblics HepaBHO-
MEpPHOTO0 JleJIeHHs] 3aKJII0UAETCs B COXPAHEHHUH B sIHLIEK/IeTKE MAKCUMAJIbHOTO KOJIHye-
CTBA MUTATEJbHBIX BELIECTB, HEOOXOAMMBIX /151 OY/IyLIEro 3apojiblliia.

9 1. Kak HasbiBatoTCA OpraHbl, B KOTOPbIX OCYLLECTBIAETCA 06pa3oBaHne XEHCKMUX U MY>XCKMUX
ramMeT y CMopoBbIX PacTeHUN? VY XMBOTHbIX?

ﬂI/I‘ﬂ-II/IKI/I7 AHTEepUINH, CIIOpaHIvuH, CEMEHHUKH, apXeroHuH.

2. Kak cTpoeHune cnepmaro3onga v aiLekeTkn CBA3aHO C PYHKLMAMMU, BbIMOMHAEMbIMU 3TU-
MU KneTkamu?

3. Cnepmaro3omnbl NpakTUHECKM He cofdepXaT LMTOonna3mbl U nuTaTeNlbHbIX BELLEeCTB, Of-
Hako UM Heob6XxoAMMO 6O0JbLUOE KONMMYECTBO dHepruu ons ABuxeHus. Kak Bbl gymaete, OT-
Kyga 6epeTtcs aTa aHeprua?

4. Kakoe MakcummarnbHOe KONMMYeCTBO SAWLEKNETOK U BTOPUYHBIX MOMAPHBIX Tenew MOXeT
ChOpMMPOBaTLCH Y KOLLKM U3 4ETbIPEX OOLMTOB NEPBOro nopsaka?

5. Kakve npouecchl, MPOMCXOAALLME B XOfAe OOreHesa, 06ecrneymBaloT HakorneHve B snue-
KneTkax 60MbLIOr0 KONMYecTsa nuTaTesibHbIX BeLecTB?

6. KakoB 6uonormnyeckuii CMbici 06pa3oBaHna Npu ooreHese NonspHbIX Teneu?

7. CpaBHuUTE NpoLiecchl crnepmaToreHesa 1 ooreHesa, ykaxute 4epTbl CXOACTBA M pasnmyus.
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8. B aAanyHmnKax 22-neTHer XeHLUMHbl CO CTabunbHbIM 28-AHEBHBIM PenpofyKTUBHbLIM LIMKIIOM
cogepXxuTcs 42 TbicA4n PONMKYNOB. BONBLUMHCTBO M3 HUX OYEHb MENKKE, 1 Nub 299 nme-
10T anameTp cebitwe 100 MKM. Kpome Toro, B an4HMKax ectb 5 xentbix Ten n 112 py6uos,
OCTaBLUMXCA OT HUX. B Kakom Bo3pacTe y 3TOW XEHLUMHbI Mpou3oLufia nepeas oBynauma?
B kakom BO3pacTe y Hee, BeposiTHEE BCEro, NpekpaTtuTcs 06pasoBaHne ANLEeKNeTok?

§ 36. OnaonorBopeHue

Ocemenenue u onnodomeopenue y scusomuoix. [Ipoiiecchl, 06yCgI0BIUBAIO-
I1lMe BCTPeUy M KOHTAKT MYXKCKHX H YKEHCKHX TTOJIOBbIX KJIETOK KHUBOTHbBIX, Ha3bIBAIOT-
csi ocemeHeHuem. OceMeHeHHe TMPEIIECTBYET CJAUSHUIO FAMET — OMJOJ0TBOPEHHUIO.
Y OJIHUX >KHBOTHBIX CJIMSIHHE CIIEPMATO30U/a C SIHIEKJETKON MPOUCXOIUT BO BHELIHEH
cpejle, y JIPyruX — BHYTPHM OpraHu3Ma caMkd. B cBsi3W ¢ 3TUM pas3jiMyaioT Hapy:KHOe
1 BHyTpeHHee OMJIOJIOTBOPEHHE.

[Ipy HapyXKHOM OIJOJOTBOPEHUH CMEPMATO30W/IbI U SIHIIEKJIETKH BBIBOJSITCS
B BOJy (T. €. BO BHEIIHIOIO CPeJy), TJie ¥ MPOUCXOJUT UX CHsiHHE. SHAUUTebHAS YacTh
ramet noruGaeT oT HeGJATONPUSITHBIX YCJOBUE CPEbl, TIOITOMY Y YKHBOTHBIX C HAPYXK-
HBIM THIIOM OTJIONOTBOPEHUS (KOCmHbLX polO, amhuduLi, MHOTUX 800HbLX 6€cn0380-
HO"HbLX) BhIpaGaTbiBaeTcst 6OJIbIIOE KOJHUECTBO MOJIOBLIX KieToK. Hanpumep, mpecka
BbIMETbIBaeT 0KoJ10 10 MJIH UKPUHOK, a pbotba-ayna — po 300 M.

BHyTpeHHee 0mJI0/I0TBOpEHHE MPOUCXOMUT B MAaTEPUHCKOM OpraHu3me, JJisi 3TO-
ro CrepMaTo30Hjibl BBOJATCS B TOJIOBbIE MyTH CAMKH. BeposiTHOCTb BCTpeun My»-
CKHX M YKEHCKHX TaMeT ropasjio Bbillie, YeM MPH HAPYKHOM OTJIOIOTBOPEHHH, TTOITOMY
y caMoK (popMHpyeTCsl MeHblllee KOJMUECTBO SIHLEKJIETOK. BHyTpeHHee OrIoi0TBO-
peHue XapaKTepHO MpexJie BCero Jyisi oOuTaTesiell Cylid — MHOTHX 0eCro3BOHOUHbBIX
(KpyeavLx uepsetl, naykos W HACEKOMbLX) U BCEX HA3EMHbBIX TO3BOHOUHBIX (penmiu-
AU, NMUY, MACKONUMAOWUX). DTOT TUI OTJIOJOTBOPEHHUS HAGJIONAETCS H Y HEKO-
TOPBIX BOJHBIX KUBOTHbBIX, HATIPUMED Y XPsUeBbLX PolO U 20A080HOCUX MOANIOCKOS.

[Ipotiecc omIOIOTBOPEHUST COCTOUT U3 HECKOJLKHUX 3TANOB: MPOHUKHOBEHHS Criep-
MaTo30Mja B SIAIEKJIETKY, CJAUSHUSI TAlJIOUJHBIX sijlep 00euX ramer ¢ oOpa3oBaHHeM
JITIJIOUJIHOF 3UTOTHI W ee aKTHBALMH K JIaJIbHeHIlIeMy Pa3BUTHIO.

[IpoHHKHOBEHHE CrIEPMATO30H/1a BbI3bIBAET Y SIUIIEKJIETKH OTCJI0EHHE 060N OUKHU
OMJIOJOTBOPEHHUS, TMPENsSTCTBYIOUIEH MPOHUKHOBEHHUIO JIPYTHX CHEepMaTO30HI0B.
B uuronsiazme sifileKIeTKH SIPO CIIepMATO30M/Ia YBEJHUMBAETCS U JIOCTHTAET Pa3MepoB
syipa sIAleKIeTKY. 3aTeM siipa cOJMMKAIOTCS W CJIMBAIOTCS, B pedyJsibraTe o6pasyeTcst
3urora. B sjpe 3UroThl Bce XpOMOCOMbI BHOBb CTAHOBSITCSI MAPHBLIMH: B KaXKJIOH rape
FOMOJIOTHUHBIX XPOMOCOM OJIHA SIBJISIETCS] OTLIOBCKOM, japyras — matepuHckoi. Ciie-
JIOBATeJIbHO, JUIMJIOUIHBIA HAGOpP XPOMOCOM, XapaKTepHbIH JJIsi COMAaTHYECKHX KJIETOK
GOJILILIMHCTBA YKHBBLIX OPraHU3MOB, BOCCTAHABJIMBAETCS HMEHHO MPU OTMJIOAOTBOPEHHH.
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Ocobennocmu onaodomsopenus y pacmenuii. PaccMoTpuM mpolece orio-
JIOTBOPEHHS] Ha TPUMEpPe IIBETKOBBIX (TOKPHITOCEMEHHbIX) pacTeHHi. Y HHMX OIJIOo-
JIOTBOPEHHUIO TMPEIIIECTBYET ONbIIEHHE — MEePEHOC MbIIbLEBbIX 3epeH C THIYHHOK Ha
pbuiblie nectHka. [IbliblieBoe 3epHO, MoNaBllee Ha pbliblle MECTHKA, BCKOpe Hauu-
HaeT rpopacrath, o6pasyd nbljabileBylo Tpyo6ky (puc. 82). [IbuiblieBas Tpybka
MPOHU3bIBAET MSIKOTh CTOJOMKA W 3aBsi3H, IOCTHIrasi cemsizauaTka (CeMsirouKH ).

BHyTpu Kaxknoro cemsizauaTka COAEPIKUTCS 3aPpOAblLI€BbIH Mell 0K, Colep-
KAl ceMb KJIETOK — TamnJouWIHyIo 5111 e KJ e TKY, IUMJIOUIHYIO e HTPaJbHY 0
KJeTKY, a TAKXKe MSITh BCIOMOraTe/IbHbIX rarJouIHbIX KaeToK. [1pu BXoae B 3apojibl-
1IEBBIH MeIIOK KOHell MblIblIeBOH TPYOKH JIONAeTCs], H U3 Hee U3JIMBAETCsl BHyTpeHHee
COJEPIKUMOE C JBYMSI MY?KCKMMH raMeTaMi — CI e pPMHU 5 M H.

I'IpopaCTarou.lee NblibLeBoOe 3epHO

MbinbueBas

3aBs3b

3pensii
3apofbiLLeBbIv
MeLLOK

BeretaTtneHoe A0po

R

MpopgonbHbIN pa3pes MNpopacTaHue NbiNbLEBOro
necTuka 3epHa

BcnomorarenbHble ~£Z o N0
T

LleHTpanbHas
kneTka (2n)

LieHTpasnbHas
kneTka (3n)

BcnomorartenbHble

KNeTkn 3urota
Cnepmun (2n)
MNpoHuKHOBEHME W3nusaHue copepxumoro 3apopblILLeBbIi MELLIOK
NbINbLEBOW TPYOKM NbINbLEBOW TPYOKM nocne onjoAoTBOPEHUs
B 3apofblLLeBbIf (ABYX cnepmMmues)
MeLLOoK B 3apoAbILLEBbIA MELLIOK

Puc. 82. [IBoiiHoe OMJIOIOTBOPEHHE Y LIBETKOBLIX PACTEHUI
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OauH M3 criepMHeB cuBaeTcsl ¢ sHLEKJIeTKON, 00pasyst 3UTOTY, a APyroi —
C LEHTPaANBHOH KJIETKOH 3apojpliieBoro Memka. O6a causHus MPoUCXOAAT MOUYTH Ofi-
HoBpeMeHHO. M3 3uroThl pasBuBaeTcs 3apoJibl I CEMEHH, UMEIOIMH IUTJIOUIHbIH
(2n) nabop XpoMOCOM, a M3 OIJIOJOTBOPEHHON LEHTPANBHON KJIETKH — TKaHb, Ha-
3blBaeMast SHAOCHEPMOM M MUMelollasi TPUILIOUIHBIH (371) HaGop XxpomMocoM. B -
JIocTiepMe OTKJIa/IbIBAIOTCS TTUTATe/IbHbIE BelllecTBa, HeOOXOAUMbIE 3apPOIbILLY.

[locne omJonoOTBOpeHHs] Kaxjiblii M3 cemsi3ayaTKOB TpeBpallaercss B CeMfl,
a B peayJibTaTe paspacTaHusi 3aBs3u (GOPMUPYETCs T1.J10 1.

Takum 06pasom, y 1IBETKOBBIX (MOKPbITOCEMEHHbIX) PACTEHUH MPOUCXOAUT JBOM-
HOe OMJIOA0TBOPEeHHe. DTOT npolecc Obl1 OTKPLIT pycckuM yueHbiM C. I HaBamiu -
HblM B 1898 1. B pesysbrare ABOHHOTO OMJIONOTBOPEHHST TPOUCXOIUT (HOPMUPOBaHHE
He TOJIbKO 3apojplllla, HO W THTaTeJNbHOH TKaHW (39HAOCTEpMa), U4TO yCKOpsieT Bech
IPOLIECC PA3BUTHS CEMEHH.

Ilapmenoeene3 npencrapasier co6oil ocobyto (HopMy MOJOBOTO Pa3MHOKEHHS,
NPy KOTOPOM 3apojibllll PA3BUBAETCS M3 HEOMJOAOTBOPEHHON SHUEKIETKH.
dta opMa pasMHOKEHHS XapakTepHa TJIaBHBIM 00pa3oM JJisi BHAOB, 00Ja1aiolmx
KOPOTKHM KM3HEHHBIM LIUKJIOM.

[TapreHorenes MoxKeT ObITb TamIOWIHBIM W AUMJIOWAHBIM. [Ipn ranmsonanom
napTeHoreHe3e HOBbIH OpraHu3M pa3BuBaercsi U3 ramiounaHou (1) situeknerkn. Ha-
NpUMeEp, y AHe, Napa3umuueckux oc, Mypasoes B pedyjbTate TMapTeHoreHesa To-
SIBJISIIOTCS TATIOUHBIE CaMIlbl, B TO BPeMSsl KaK M3 OMJIOJIOTBOPEHHBIX Sl — JIUIJIO-
WIHBIE CAMKH, YTO MPHUBOAMT K BO3HUKHOBEHHIO PAa3JMUHBIX KACT OPraHU3MOB. Takoii
MeXaHH3M Pa3MHOKeHHs1 Y 0O1ECTBEHHBIX HACEKOMBIX MO3BOJISIET PETYJHPOBAThL YHC-
JIEHHOCTb TOTOMKOB MY?KCKOTO H 2KE€HCKOTO MoJia.

Y maeil, dagruil, HEKOTOPBIX Aujeput, HaOMOAAeTCS] AU O U HbI i MapTeHo-
reHes, MpH KOTOPOM CaMKH (hOPMHPYIOT «HeCTaHAapTHbIE» UMJIOUAHbIE (21) sifile-
KJ1eTKH. M3 Takux sifililekaeTok 6e3 OnJoJ0TBOPEHHsT PA3BHUBAETCS JAMIJIOMAHOE TMO-
TOMCTBO. DTO MOMOTaeT MOIEPKUBATH UYMCJIEHHOCTb TOMYJ/SLIMN B YCJIOBHSX, KOTIa
BCTpeua ocobell pasHoro rnoJa 3aTpyiHeHa.

B GaaronpusTHbIX YCJ0BUSIX Yy Oaguuil He TPOUCXOAUT Melio3, a (HOPMHPYIOTCS JHIJIOWIHbIE
SLCKJIETKH, KOTOpPbl€ pa3BHBAIOTCS (€3 OIJIOAOTBOPEHHS M JAIOT HA4ajlo camMkaM. Y CKAAbHbLX
awepuy, Tepes MeHo30M MPOUCXOAUT YABOEHHE 4YHCJIA XPOMOCOM B KJETKaxX TOJIOBBIX KeJles.
Janee rtetparnuionanbie (47) KJIETKH MPOXOAAT MeH03, W B pe3y/braTe 00pasdyloTcst AUMIOMAHbIE
SHLEKJIETKH, KOTOpble 6e3 OIJIOI0TBOPEHHS Ial0oT Hauajlo HOBOMY TMOKOJIEHHIO, COCTOSILIEMY TOJILKO
M3 CaMOK. YCTAHOBJIEHO CYLICCTBOBAHHE €CTECTBEHHOrO MAPTEHOTEHE3a Y HEKOTOPbIX BHIOB MTHILL.
Hanpumep, y oiHo# M3 MOpOj urdeek MHOTHe sifilla Pa3BUBAIOTCS MApTEHOMEHETHUECKH, MTPHUEM M3
HUX MOSIBJISIIOTCS TOJIBKO CaMLLbI.

Cpasnenue ocobennocmeii 6ecnonoeo u 0108020 padmuoscerus. CpaBHu-
TeJibHast XapaKTepUCTHKA GECoJIOro U MoJIOBOr0 PA3MHOXKEHHUST TPHUBeJIeHA B TabJiuLe 6.
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Ta6anima 6. Oco6eHHOCTH GECMONOro U MOJOBOr0 Pa3MHOXKEHUSI

becrnosioe pasMHOXKeHHE

[TosoBoe pasmHoxkeHHe

[Tpoucxonut 6e3 yuactusi ramet

[Ipoucxonut ¢ yuactuem ramet

YyacTByeT OfiIMH OPraHU3M

YUacTBYIOT IBE POAMTENbCKHE 0COOH (32 HCKJIIO-
YeHHEM MapTeHoreHe3a i CamMoOI/I0I0TBOPEHHS )

Her neo6xoaumoctu B noucke napriepa. [Ipak-
THYecKH J106asi 0co6b MOXKET OCTaBHTb MOTOM-
CTBO

[ToTroMcTBO MOXKET OCTaBUTb He Kaxaasi ocolb,
He0OXOIMMBI OTIpe/ie/IeHHbIE YCIOBHS JUIsl BCTPe-
4y MapTHepoB, 06Pa30BAHUST POAUTENLCKHX Map,
BBIBEJICHHS TOTOMCTBA

B GosblumHcTBE CJiydaeB MOTOMCTBO O[LHOO6p83-
HOe, ABJIACTCA KOMHUeH poautedisi. Bcee «yApadHble »
U «HeyJauyHble» COYeTaHUs POIAUTEJIbCKUX I'€HOB
NEePexXo AT B CJe/lylollee MmoKoJeHue

[ToromcTBO pasnooGpasHoe, T. K. Kaxabli MO-
TOMOK HacJjieyeT YHHKA/IbHYI0 KOMOHHALMIO PO-
JINTEbCKUX TEHOB M MPHU3HAKOB. BosHuKaioT Ho-
Bble «yJauHble» W «HeyjadHble» COUeTAHHUs Te-

HOB U IMTPU3HAKOB

9 1. 4ro Takoe onnofoTeopeHne? KakoBo ero 6uoniornyeckoe sHa4eHne? Kakue atanbl BKIIO-

YaeT npouecc OnnogoTBOPEHNSA?

2. [1ns Kakux >XXMBOTHbIX XapakKTepHO Hapy>XHoe onnofgoTsopeHve? BHyTpeHHee? B yem 3a-
KIO4aeTCA NPeMMYyLLIECTBO BHYTPEHHErO OMJIOAOTBOPEHUSA Nepen Hapy>XHbIM?

3. Kak nponcxoamnT onogoTBOPEHUE Y LIBETKOBbLIX pacTeHMn? MNoyemy OHO Ha3bIBAeTCs ABONHBLIM?
4. Yem OMnnovgHbIA NapTeHOreHe3 OTNMYaeTCs OT ransiougHoro?

5. B 4em 3akntoyaloTca npemMMyLLecTBa U HeQOCTaTKM NapTeHoreHesa nepeq 06bI4HbIMU op-
MaMu MOSIOBOro pPasmMHOXeHNA?

6. HazoBuTe oTnnunTENbHBIE OCOGEHHOCTH, a TakxXe NPeMMyLLLecTBa U HegocTaTkm 6ecrnosnoro
M MOJSIOBOIO Pa3MHOXEHUS.

7. Tnn Npon3BoanaT 3a JIETO HECKOSIbKO MapTEHOrEHETUYECKNX MOKOSIEHNI, COCTOALLNX TOSNBKO
N3 6eckpblibix caMokK. [pn nepeHaceneHnn unm gpyrmx HebnaronpuaTHbIX 06CTOATENbCTBAX
CaMKW HayMHaloT OTKNagblBaTb Anla, U3 KOTOPbIX pasBMBaOTCA KpblnaTble 0cobn 060mx no-
noB. Kakoe 310 uMmeeT 6uonormyeckoe 3HadveHune?

§ 37. OHTOreHe3. AMOpUOHAJIbHOE PA3BUTHE XKMUBOTHBIX

Ilonamue 06 onmoezene3e. OHTOreHe3 — 5TO WHIMBH/IyaJbHOE PA3BUTHE Op-

raHu3Ma OT HadaJla €ro CyuleCtBoBaHus 10 KOHLA 2KU3HU. Y OJIHOKJIETOYHbIX 68KTepI/Iﬁ
W MIPOTUCTOB OHTOr€HE3 MPAKTHYECKH COBMAAA€T C KJIECTOYHbIM LHUKJIOM. On HayuHa-
€TCsd C MOMEHTa 06pa3013aHH$1 OIHOKJIETOYHOI'O OpraHu3Ma B Ipolecce AeJIeHHWs1 Ma-
TepHHCKOﬁ 0cobU U 3aKaHYMBAETCSI JeJICHHEeM HWJIK CMEpPTbIO.

Y MHOTOKJIETOYHbIX OpraHnu3MoB Ha4daJioM CyUIeCTBOBaAHHWs HOBOI'O OpraHusma

qaule BCEro siBJISICTCS O6paSOBaHI/I€ 3HUTI'OThI (HpI/I IMOJIOBOM pa3MHO}KeHI/II/I) HJIK OTHE-
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JieHHe MOTOMKA OT MaTepPUHCKOH 0coOM (TMpH OecrosioM pasMHOKEHHH ). Y YKHBOTHBIX
BBIIEJISIIOT JIBA NE€PUOJIA OHTOreHe3a — 3SMOPUOHAJIBHBIA U MTOCTIMOPHOHANBbHBIN.

ImOpuoHanbHbLiL, WK 3apodblulesslii, nepuood 0XBATHIBAET MPOMEXKYTOK Bpe-
MEHHM OT MEPBOro AeJEeHHs 3UTOTHI 0 BbIXOJAA M3 SIHLA HJIM POXKICHHST MOJIOLOH 0CO-
6u. IMOpHOHAbLHOE pa3BUTHE OOJBUIMHCTBA KUBOTHBIX MPOXOAUT M0 €IMHOMY TJIaHy
M BKJIIOYAET TPH OCHOBHBIX 3Tamna: ApobJieHHe, racTpy silitio i OpraHoreHes.

PacemoTpum aMOpuoHabHOE pA3BUTHE HA TpUMepe MPUMHUTHBHOTO XOPIOBOTO
JKHBOTHOTO — AaHyemuuxa (puc. 83).

008

3urorta

[po6neHue 6nactomepos

e Bnactyna B paspese Hauano o6pasoBaHus racTpynb
HepBHbIn
MepeudHas SkTonepma HepBHas nnactuHka )KeJF')I060K

29
up;ﬂ‘..

pBEERL
(L

oes
nt

«*‘;
t-t

. KuniieuHas
[MepBrYHBIA pOT Mesogepma (NueBapuTenbHas)
(ractponop) Tpy6Ka
lactpyna PaHHsig Henpyna Hevipyna

Puc. 83. JIpo6aenue 3urotbl 1 06pa3oBaHue 3apoJbllIeBbIX JHCTKOB
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Hepes HeKoTOpoe BpeMsl I0cjie OIIOAOTBOPEHUs 3Mrota IpeTepreBaeT psifl
nocJieIoBaTe/IbHbIX MHUTOTHUECKHX JesieHnil. OOpasyiolinecss Mpu 3TOM KJIETKH —
6JacToMepbl — He pacxojisiTcs W He yBeJnuuBaioTcst B pasmepax. C KaxIpM
MOC/IeYIOUMM MHTO30M OHH CTAHOBSATCSl BCe MeJbue M MeJbue. Taxkoe jesieHHe,
npuBoJsllee K YBeJHYEHHIO KoJsnuecTBa OJlacToMepoB 6Ge3 MX pocTa, Ha3blBaeTcs
apobaenuem. B pesysbsrare apoOGJeHHst 3UrOThl 3apojibllll CTAHOBHUTCSI MHOTOKJIETOU-
HBIM, COXpaHsisl PH ITOM MPUMEPHO TOT XKe 0OBEM.

le/l ﬂpO@ﬂeHHI/l 3UT'0OTbl HHOTla Haé.mOﬂaeTCﬂ pasoGLueHHe GHQCTOMGPOB, U3 KOTOPbIX BITOCJIEACTBUHU

pa3BUBAIOTCsA CaMOCTOATEJIbHbIC OPraHu3MBbl. Tax 06paByIOTCH MOHO3HWTOTHDBIC 6JTI/13HELLI)I, KOTOpbIe
TaKyKe HasblBAIOTCST OJHOSIHLEBBLIMH MJIH UIEHTHUHBIMH.

Jpob6nenue 3aBepiaetcss 06pa3oBaHUeM OJHOCIOHHOTO MHOIOKJIETOUHOTO 3apo-
Jpllla — 6Jactyabl. B TUMMYHOM cilydae oHA HATNIOMHHAET TOJBIH LIap, CTeHKAa KO-
Toporo, oO6pa3oBaHHasi OJHUM cJjioeM 0OJ1acTOMEpPOB, HadbiBaeTcss GJaCTOJLEepPMO H.
BuyTpu Gs1acTyJ/ibl UMEETCSs1 [0JIOCTb, 3alOJMHEHHAs! KHAKOCTbIO, — 6J1aCTO L el b.

[Tocnie npoGJsieHHs HAUMHAETCSl MPOLECC FacTPYJAsilMU, KOTOPbIH y JaHLEeTHHKA
OCYLIECTBJIsIeTCA MyTEM BINSYUBAHMS YacCTH OJ1aCTOAEPMbl BHYTPb MOJIOCTH OJIACTYJIbI.
B pesynbrate cdopmupyercsi ractpyia — udalleBWIHbIH 3apojibllll, 06pA30BaHHbIM
JIBYMs1 CJIOSIMH KJIETOK — JIByMsl 3apOJbl € BB MU JHCTKaM H. Hapykublii 3apo-
JIbILLIEBBIN JIUCTOK Ha3bIBaeTcs 3 KT O /1€ pM O i, BHYTPEHHHI — 3HTO e p Mo . BHy-
TPEHHSS MOJIOCTb FaCTPyJibl — NEePBHUYHAS KH U Ka — COOOLLACTCS C BHELIHEH cpe-
JIOF OTBEPCTHEM, KOTOPOE HA3bIBACTCA MEPBHUUYHBIM PTOM HIKTACTPOMOPOM.

Y uepseu, MOANIOCKOB W YACHUCMOHO2UX TACTPONOP B JajbHeHlIeM MpeBpa-
1AeTCsl B POT. DTH KUBOTHble 00pa3yloT Tpynny NepBUUYHOPOTHX. ¥ x0pdosoLx
JKHUBOTHBIX MEPBHUUHBIA POT NpeBpallaeTcs B aHaJbHOE OTBEPCTHE, a POTOBOE OTBEP-
cTHe oOpasyeTcst Ha MPOTHBOINOJNOKHOH CTOPOHe 3apojpiiia. Takue »KUBOTHblE Ha3bl-
BAIOTCA BTOPHUYHOPOTHIMH.

Tonbko eybku v Kuuleunonosocmrole 3aKaHUMBAIOT CBOe SMOPHOHA/IbLHOE pas-
BUTHE Ha CTaauM 00pa30BaHMS JIBYX 3apPOJbILLEBBIX JIMCTKOB. ¥ OCTa/IbHbIX »KHBOTHBIX
thopMupyeTcsl elle U TPETHH 3apOIbILLIEBbIH JUCTOK — Me3oaepMa. ¥ XOPHOBbIX
SMUTEJHUI MEePBUYHON KUIIKK 06pasyeT MapHble BBIMSIYMBAHUS B MPOCTPAHCTBO MEKILY
IKTOJIEPMON M 9HTOJAEPMOH. B wuTOre OT MNEepBHUHON KHUIIKM OTLIHYPOBBIBAIOTCS
3aMKHYTble [10JIble MELIOYKH — 3a4aTKh Me3oiepMbl. [lojiocTh BHYTPH MelLOYKOB
Jlanee pa3BUBAETCS B MOJIOCTb TeJa.

Janbreiiiast quddepeHIHpOBKa KJIETOK KaxKI0r0 3apOJbILIEBOr0 JIMCTKA MPUBO-
JUT K 00pa3oBaHUIO TKAaHEH M OpPraHoB, T. €. K TMCTOreHe3y U opraHoreHesy.

[Tocnie 3aBepiueHnst racTpyJsiliiK y 3apojibllliefi XOP/IOBbIX XKUBOTHBIX HAUMHAECTCS
npotiecc 06pa3oBaHHsl OCEBbIX OPraHOB — HEPBHON TPYOKH, XOP/bl M MHIIEBAPUTEb-
HOW (KuLIeuHO#) TpyOKH. KileTKH 3KTOAepMbl, pacnosioyKeHHble BOJU3U MEPBUUHOTO
pTa, HAuMHAIOT OLICTPO JEJIUTbCA M 00pasyloT HEPBHYIO MJAaCTHHKY, KOTOpas
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TSIHETCSl 10 BCeH CMHUHHON CTOpoHe 3apojbllia. B jpanbHeliiemM GoKoBble Kpas mnJja-
CTHHKH NPHUIOAHUMAIOTCS, @ €€ LIeHTpaJsibHasl 4acTb OMycKaeTcsi, 00pasdyst He pBHbIH
Kesno6ok. Kpas »xemobka cMbIKaloTCsl, U OH MpeBpallaeTcst B JexKallylo Moj K-
TOACPMOH HEPBHY TpyOKY — 3a4aTOK LIEHTPaJbHOH HEPBHOH CHUCTEMBI.

N3 rpynnel KJIETOK 3HTOAEPMbI (POPMHpYeTCs XOpjaa — YIPYrHid CTep:KeHb,
NPOXOAsIIIMH Yy SMOPHOHOB XOPJIOBbLIX MOJ HEPBHOH TPyOKOi. BriocsieacTBun y no3Bo-
HOYHBIX »KUBOTHBIX XOpAa MOJIHOCTBIO 3aMellaeTcsi TI03BOHOUHHKOM, U TOJBKO Yy He-
KOTOPBIX pbl6 COXpaHsieTcsi B TeueHHe Bcel »xkM3HM. OcTasibHasi 3HTOAepMa JaeT Ha-
YaJio KUIIEeUHOH (MullleBapUTeabHON) TpyOKe, pacrosoKeHHOH MOJ XOPJIOH.

OceBoil KOMIJIEKC OpraHoB 3apojplilia OnpeessieT ABYCTOPOHHIO CHMMETPHIO
tesia. Crajusi, Ha KOTOPOU OCYLLECTBJSIETCS] 3aK/ajlka OCEBbIX OpPraHOB, Ha3blBAETCs
HeHlpyJoil.

M3 Tpex 3apojplilieBbIX JIUCTKOB (POPMUPYIOTCS BCe TKAHW W OpPraHbl >KHBOTHBIX.
Y n0o380HOYHbLIX U3 9 KTOJ€pMbl 00pa3yloTcsl HEPBHAsI CUCTEMA, OPraHbl UyBCTB,
SMUJIEPMUC KOXKH C yKeJie3aMH U MPOU3BOJIHBIMU CTPYKTYpaMH (BOJIOCHI, Mepbsi, KOTTH,
KombitTa U Jp.). I3 sHTOLe pMBl (DOPMHPYIOTCS OpraHbl MUIIEBAPUTEBHON W JIbl-
XaTeJIbHOW CUCTEM, HIMTOBHJIHAS »KeJie3a, IJIaBaTeJbHbIA My3bipb (Y KOCHIHbLX polD).
M3 mMmesonepMbl pa3BUBAIOTCS BCE BH/BI TKAHEH BHYTPEHHEH Cpeiibl, ONOPHO-ABH-
raTeJIbHbII annapar, KpoBEHOCHasl, BbIICNUTENbHAsS U T10J10Basi CUCTEMBI.

Bzaumnoe sauanue wacmeii passusaroujezocs 3apodsiuia. [1pouecc muddepeHpoBKH Kie-
TOK B 3HAUMTE/ILHON CTeNeHH 06yCJIOBIEH BJAUSIHUEM JPYT Ha JIpyra 4acTell pa3BUBAIOLIErocs 3apojibliia.
Tax, npu u3yueHur sMOPHOHAJIBLHOTO PA3BUTHS JISITYLIKH ObIJIO YCTAHOBJIEHO, YTO CTPOTO OTpeJie/ieHHbIe
KJIETKH, 3aHUMAIOLME COOTBETCTBYIOIEE MECTO B GJacTysie, AT Hayalo CTPOro OMpeieseHHbIM 3a-
yaTKaM OPraHoB. YaJoCh BBISICHHTb, KaKHe IPYMIIbl KNETOK AAl0T Haya/lo HepBHOH TpyOKe, Xopje, Me-
3o7iepMe, KOXKHOMY 3ITHTe/HI0. UeM Ke BbI3biBaeTcsl Mpeo6pa3oBaHne TeX WM MHbIX KJIETOK 3apojbllia
B KOHKpETHblE TKaHH H OpraHbl?

BriepBbie BbIsicHeHHeM 3Toro Boripoca 3aHsiicss HeMmelkuil yuenblit I. Hlnmeman (1869—1941),
KoTopblit B 1935 . 3a cBou HccsenoBanust Obul ynocroen HoGeseBckoit npemuu. B onHom u3 orbi-
TOB Ha CTaAMH PaHHEH racTpyJ/ibl OH BbIpe3as 4acTb 3a4aTka Me30/epMbl Y OJIHOTO 3apOABILIA JISTYLIKH
U Mepecausl ero roj SKTOAEPMy ApPYromy 3apojplily. B MecTe KoHTakTa y BTOporo 3apojsiiia chop-
MHpOBaJsach JI0NOJHUTEIbHAS HepBHas TpyOka. CiefoBaTe/IbHO, B Mpollecce Pa3BHTHSI OJMH 3a4aToK
BJIMSIET HA JPYroOH, onpeseJisis nmyTb ero pa3Butusi. Takoe siBjeHHe OblJI0 Ha3BaHO SMOPHUOHANbHO |
MHLY K111 e ii. IMOpHOHabHAsT HHAYKLMS (OT JaT. uHOyKmyc — 1noOyxkKIeHHe ) sIBJsieTCsT BaKHEHILTNM
(haKTOPOM Pa3BUTHSI BCEX MHOTOKJIETOUHBIX KMBOTHBIX. OHa peanuadyeTcst Kak Ha TKaHEeBOM ypPOBHE, TaK
¥ Ha YPOBHE OT/IEJbHbIX KJIETOK.

9 1.4t0 Takoe oHTOreHe3? Kakue nepuofpbl OHTOreHes3a BbIAeNAloT Y XUBOTHbIX?

2. Yem pgpobrieHve oTnn4aeTcs OT 06bIYHOMO AENeHUs KNeToK?

3. OnuwnTe CTpoeHne 6nacTynbl, racTpynbl 1 HeWpynbl. B yem 3aknoyatoTcs OCHOBHbIE pas-
nM4Ynsa Mexay 3aTMMu ctagnamm’?

4. Kakux >»XWBOTHbIX Ha3blBalOT NEpPBMYHOPOTEIMU? BTOpU4HOpPOTEIMM? B 4em cocTouT rnas-
HOoe pasnuyve mMexagy HUMK?
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5. Kak npovcxoguT 3aknagka 0CeBOro KOMMJiekca opraHoB Y XOPAOBbIX XXUBOTHbIX?

6. Kakve TkaHu 1 opraHbl pas3BMBAIOTCA Y MO3BOHOYHbIX XMBOTHbIX U3 3KTOAepMbl? U3 3H-
Togepmbl? 3 mesogepmbi?

7. 3vrota nocne nepeoro MMTO3a AaeT Havano ABYM MAEHTM4YHbIM 6nactomepam. B onbl-
Tax C 3apofdblluaMu narywek atm 6rnactoMepbl OTAENANM Apyr oT Apyra — u3 Kaxgoro pas-
BMBAJICA MOSHOLEHHbIM ronoBacTuk. Ecnn xe oguH n3 gsyx 6r1actoMepoB paspyLuanu, HO
He 130nMpoBanu OT APyroro, U3 eAUHCTBEHHOrO XMBOro 6r1acToMepa HadnHana pas3BmBaTbCs
NYLWb MonoBMHa Tena 3apogbiwa. Kako BbIBOL MOXHO chenatb M3 3TUX OnbITOB?

8. Ecnv Ha ctagum 6nactynbl nepecagnTb HECKONbKO 61acToMepoB M3 OAHOro yyacTtka 3a-
pofbilia B APYroW, TO U3 MepeMeLLEeHHbIX KMeTOK pa3BMBAOTCA CTPYKTYPbl, XapakTepHble
Ona MecTta nepecagku. Hanpumep, U3 Knetok 6yayLient 3KTogepMbl, NepecaxeHHbIX B 06-
nactb 6ygyLien 3HTOAepPMbl, pa3BMBaETCA CTEHKa KuevHuka v T. n. Ecnn xe npoussogntb
nepecagku Ha CTafun Hempysbl, TO KIMETKW HE MEHSIOT HanpaBfieHus cBoero passutus. 3
KIeTOK 3KTOAEPMbl Pa3BMBAIOTCS MPON3BOAHbIE 3KTOOAEPMbl HE3AaBMCMMO OT MECTa, B KOTOPOe
OHWM ObINN nepecaxeHbl. Tak e BepyT cebs KINeTKM 3HTO- U mesogdepmbl. [lonpobyiTte
haTb 06bACHEHME OaHHbIM haKTam.

§ 38. lMocTam6pUoHaNbHOE pa3BUTHE XKUBOTHbBIX

Ilocmambpuonasvroe passumue u ezo nepuodet. [locsie nosiBienus opra-
HH3Ma Ha CBET HAauMHAeTCsl ero MocTaMOpHOHAdbHOE, WM MOocde3apopllieBoe, pas3-
BUTHE, KOTOPOE y Pa3HbIX BUJIOB OPraHU3MOB MPOJOJ/IKAETCS OT HECKOJNbKHX JAHEH 10
coted JieT. OHO BKJIIOYAeT TPH OCHOBHBIX MEPHOJA — IOBEHUJIbHbIH, EPUOJL 3PEIOCTH
M MePHOJL CTAPOCTH, 3aKAHUMBAIOUIMHCS CMEPTHIO.

FOBeHubHBIN Mepuon (0T JaT. 108eHMYc — I0HBIH) TPOJIOJIKAETCS 10 TOCTHIKE -
HHUs1 NOJIOBON 3peJiocTH. Jlj1s 9TOoro nepuoja xapakTepHo npsimoe JIMO0 HelpsiMoe pas-
BUTHE.

[1pu npsiMOM pa3BUTHM U3 sIiilla WJIK U3 TeJa MATePH BLIXOAUT 0COOb, MOX0XKAasi Ha
B3pOCJ/IYI0, HO 3HAYNTEJBbHO MEHBLINX PasMepoB (y MAeKOnumarowux, nmuy, npe-
CMOLKAIOUWUXCSL, HEKOTOPBIX 0eCNO380HOUHbLX HUBOMHbLX). B 3TOM ciiydae 10BeHHb-
HBI TIEPHOJL CBOJUTCS B OCHOBHOM K POCTY U MOJIOBOMY CO3PEBAHMIO MOJIOZBIX 0COOEH.

[Tpn HenpsAMOM pa3BUTHHU MOSIBUBILIMKCS HA CBET OPraHu3M I10 CTPOEHHUIO U 06pasdy
YKM3HHM OTJIMYAETCS OT B3POCJBIX 0coOeil M Has3blBaeTcst J1UY M HK O i. Pasnuuaior nsa
THIA HEMPSIMOTO PAa3BUTHSI — C MOJIHBIM H HEMOJIHBIM MpeBpalleHneM (MeTaMopgo3om ).

[Monnbiii MeTamopdo3 XapakTepeH Jyisi HACEKOMBbIX, JIHUMHKH KOTOPBIX MPHUHLM-
MHAJBHO OTJHYAIOTCS OT B3POC/bIX 0COOeH BHELIHUM W BHYTPEHHHM CTpPOEHHEM, Xa-
paKTepOM MUTaHUsI, a B HEKOTOPbIX CJyuasix M cpejlod oOuTanus (Hampumep, 6aboy-
KU, JocyKu, 08YyKpolable, nepenoriamoxpolisie). JINUMHKH yCUJIEHHO MUTAOTCS, pa-
CTYT, a 3aTeM IpeBpallaroTcss B HEMMOABHUKHBIX KY K O JI1 O K. B CcTaauu HOKOHLU,eﬁICﬂ Ky-
KOJIKH JIMUHHOUHbIE OpPTaHbl MOJBEPTalOTCsl pacnajy, Mocje 4ero KJAeTOYHbIH MaTepHall
W HaKOIlJIEHHbIE TMMUTATEJIbHbIE BeUIECTBa HCIOJb3YIOTCA J1JIs1 (,t)Ole/lpOBaHI/lﬂ OpraHoB
B3POCJIOr0 HAaceKOMOro (puc. 84).
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Ango JnymHka Kykonka Bapocnas ocobb

Puc. 84. PasButue ¢ 1noJHbM MeTaMopho3om

[Ipu pasBuTHH ¢ HemoJHbIM MeTamop¢030M TpeBpallleHle JUUHHKA BO B3pPOC-
JIylo 0COOb MPOUCXOIUT MOCTENeHHO, CTA/Usl KYKOJKH OTCyTCTBYeT. Takoi T pa3Bu-
TUS XapaKTepeH I HEKOTOPbIX uepseti, MOANIOCKO8 WU YAeHUCMOoKo2ux (Hanpumep,
Kaeuweil, cmpekos, NPAMOKDLIAbLY ), & TAKXKE JIJIST polO U 3eMHOBOOHbLX.

Y afeyuiku, HarpuMep, U3 UKPUHKU pa3BUBAETCS JIMUHMHKA (TOJIOBACTHK), KOTO-
past OTJIMYAETCSl OT B3POCJIbIX »KUBOTHBIX 110 CTPOEHHIO, 00pa3dy »KU3HH W cpejie 00U-
tanus (puc. 85). Y rosioBacTrka, Kak y pbl6, uMetoTcst xkabpbl, opraH 60KOBO# JIMHUH,
XBOCT, JIByXKamepHoe cepjle, OfHH KPyr KpoBooOpateHusi. JInuunka nuraercs, pac-
TET U CO BPEMEHEM MpPeBpallaeTcs B JATYIIKY.

Hannuue snyunouHom CTaluh B Pa3BUTHHU 3€MHOBOAHBLIX U MHOTHUX APYTUX XKUBOT-
HbIX 06eCreunBaeT UM BO3MOXKHOCTb XKHTh B Pas3HbIX CPEaX U HCIMOJIb30BATh Pa3Hble
HCTOYHUKHU TTHLIHA. TaK, roJIOBACTHUK 2KHMBET B BOJAEC U IHUTACTCHA paCTHTe.ﬂbHOﬁ nnmeﬁ,

Bapocnas
nsAryLKa

JIiryLoHok

% [onoBacTukm
=g
e

Puc. 85. PasButuie ¢ HernoJiHbIM MeTaMopdo3om
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a JIATyllKa BeJeT B OCHOBHOM Ha3eMHbIH 00pa3 »KU3HU W MUTAETCsl KUBOTHOH THIILEH.
Takoe siBsienne HabJOAETCS TAKKE Y MHOTMX HACEKOMBIX.

Cmena cpepl 0OMTaHHUsI U, KaK CJAEACTBHE, cMeHa 00pasa »KU3HH KUBOTHOTO MPH
Mepexoe ero OT JIMYHHOUYHOH CTauHu K B3POCJOMY OPraHM3My CHHKAET BHYTPHBHIIO-
BYI0 KOHKypeHIH10. Kpome Toro, y HEKOTOpbIX MaJIOMOABHAKHBIX HJIH TPUKPENJIeHHbIX
JKMBOTHBIX (KOPAAA08ble NOAUNGL, Yempuybl, muduu v Ap.) cBOOOAHOIIABAOLLAS
JIMUMHKA CMOCOOCTBYET paccesieHUIo BUA, PaCLIMPEeHHIO ero apeasa. ITO TO3BOJSET
u3bexaTb rnepeHaceseHusl, KOTopoe MoJek/a0 Obl 32 cOOOH yCUJieHHe KOHKYPEHLIUH
3a MUULy M Apyrue pecypchbl, yrpoxKaiollell BbRKUBAHHIO BUAA.

[Tocsie toBeHHIBHOTO TepHOa OPraHW3M BCTYMAET B MEPHUOJ, 3PEJOCTH, KOTOPLIH
Y MO3BOHOUYHBIX XKMBOTHBIX, KaK MPaBUJI0, 3aHUMaeT OOJbLIYIO YacThb KU3HU. Ha 3Tom
sTarne y 60JbLIIMHCTBA XKMBOTHBIX MPeKpallaeTcst pocT H 00pa3oBaHHe HOBBIX OPraHoB.
[lepuon 3pesiocTh XapakTepuayercsi YCTOSIBILIMMCS 0OMEHOM BEL1EeCTB, OTHOCHTEJbHO
cTaOMJIbHBIM TOPMOHAJIBHBIM (POHOM, B OpraHH3Me MPOUCXOAST MPOLECChl caMOOOHOB-
JICHUs] W3HALLMBAIOLLMXCS MJIH MOBPEXKACHHBIX CTPYKTYp. B 3TOT nepuon npoucxomut
pasMHOYKEHHE OPraHM3MOB M TMOSIBJEHUE Y HHX MMOTOMCTBA.

[lepvon crapocTy — 3aK/IOUUTEbHBIH 3Tan MOCTSMOPHOHAJIBHOIO Pa3BUTHS
(1 oHTOreHe3a B 11€JI0M), 3aKaHUMBAIOUIMHCS CMepThlo opranuama. CrtapeHue CBOii-
CTBEHHO BceMy »KMBOMY. B pasHoe Bpemsi y pasHbIX BHIOB HAUHHAIOTCS 3aKOHOMEPHbIE
BO3PACTHbIC U3MEHEHHsI, CHHXKAIOLLIME aaNTallMOHHble BO3MOXKHOCTH OpPraHu3Ma H no-
BbILIAIONIHE BEPOSITHOCTb CMEPTH.

[Ipouece crapenust 3aTparuBaer pas/jiMuHble CTPYKTypbl. Hakansiupatores uame-
Henust B mogiekysnax IHK, meusiercs cunres PHK u 6GesikoB, 3aTparubaetcsi sHep-
reTHyecKui oOMeH M T. J. YMEeHbIUAeTCsl MUTOTHUECKasi aKTMBHOCTb KJIETOK, Hapy-
aetcsi MeMOpaHHBIA TPAHCTOPT, CEI0BATENbHO, H3MeHsieTCsT U (PYHKIMOHUPOBaHHE
KJI€TOUHbIX opraHouoB. Ocnadnsiores QyHKIHM CHCTEM OpPraHoB — HEPBHOH, 3H-
JIOKPUHHOMH, KPOBEHOCHOH W JIp.

CyllecTByeT MHOXKECTBO THIIOTe3 O MexaHudmax crapeHusi. CorsiacHO OJHOH
M3 HHUX, CTapeHHe — 3anporpaMMHPOBAHHBIN MPOLECC, B pe3yJbTaTte KOTOPOro ak-
TMBHOCTb I€HOB CHMKaeTcsl ¢ BodpactoM. [lo apyrofi rumorese, crapeHue siBJsieTCs
CJIeJICTBMEM HAKOMJIEHHsT MOBPEXKIEHHH T'eHEeTHUECKOro anrnapaTta KJeTOK B XOJe OH-
toreHesa. CJjiejlyeT OTMETHUTb, UTO B HACTOsIlllee BPEMsI HET €IMHOH TEOPHUM CTApeHHs.

Ilonamue o xncusnennom yuxae. JKU3HEHHbIA UMKA, WIH UMK Pa3BUTUSL, —
9TO COBOKYMHOCTb BCEX CTaJMH pPa3BUTHsI OpraHu3ma, Mpokis KOTOpble OH J0CTHraeTr
3peJsioCTH U crnocobeH 1aTh Havaso CjeaylolleMy MOKoJNeHH 0. PasiuualorT npoctbie U
CJIO’KHbI€ »KM3HEHHbIE LIHKJIbI.

[TpocTo# KU3HEHHBIH LMKJ XapaKTepeH Jyisl }KUBOTHBIX C MPSIMbIM MOCTIMOPHO-
HaJlbHbIM pa3BuTHeM. CJIOXKHBIH UMK Pa3BUTHs OCYLIECTBJSIETCS] ¢ MeTaMopdo-
30M WM C 4epefoBaHueM TokoJeHui. [Ipu pasButhn ¢ Metamopo30M KU3HEHHBIH



158 ImaBa 5

[UKJ TPOCJIEKUBAETCS B TeUEHHE PA3BUTHS OJHOH ocoOu (Harpumep, y 6abouKu:
U0 — JIMUYMHKA — KyKoJIKa — B3pocJiast 0cobb, cM. puc. 84). [lpu pasButuu co
CMEHOH TOKOJIEHUH WJIK CMEHOH CIOoCOOOB PAa3MHOXKEHMS »KU3HEHHbIH LIHKJ NpocJie-
JKUBAETCsl HA HECKOJIbKUX 0COOSIX Pa3HbIX MOKOJEHHH JIO MOSIBJAEHUsS] HCXOMHON (op-
Mbl. Hanpumep, crporoe uepenoBanue B »KM3HEHHOM LHKJE MOKOJEHHH, pa3MHOXKa-
foLMXCs OecrnosbiM M MOJOBBIM criocobamu, HabJgiofaeTcss y Bcex pacreHuil (Gec-
noJjioe TMOKoJieHHe — CrnopoduT, MoJoBoe — TraMeTo(MUT), HEKOTOPBIX MPOTHCTOB
U KHIIEYHOMOJIOCTHBIX. Y MPeACTaBUTEeH MJIOCKUX uepBel (cocasbujukil), HEKOTO-
PBIX WIEHUCTOHOTHX (mau, daghHuu) B YKU3HEHHOM LHKJIE UEPEIyloTCs TMOKOJCHHUS,
pasMHOXKAIOUIMeCs ¢ OIIOJOTBOPEHUEM U MapTEHOreHETHUECKH.

9 1. Kakve nepuofibl NOCTIMOPMOHANBHOIO PasBUTUA BbIOENAT Y XXUBOTHbIX?

' 2.Yem oTnuyaeTcs NpsAMoe pasBuUTME XMBOTHLIX OT Henpsmoro? HasoswTe npeumyllectsa
W HefocTaTky NPSMOro 1 HempsMoro pasBuUTUS.
3. Kak ocyuiectsnseTca NonHoe v HenomnHoe npespaileHne? MNpueegute npymMepsl.
4. KakoBO 6MONOrM4ecKoe 3HaYeHne Hann4uns JIMYUHOYHOW CTaauu B PasBUTUMN HACEKOMbIX,
3€eMHOBOJHbIX W APYrUX rpynmn XWBOTHbLIX?
5. Kakve npoLecchl NpoTeKaroT B XOAe CTapeHust XMUBOTHLIX U Yenoseka?
6. YTo Takoe Xu3HeHHbI uMKn? [NpuBeauTe MpUMepbl MPOCTLIX U CHOXHBIX XU3HEHHbIX
LMKIIOB.
7. CyLLeCTBYIOT AECATKM IMNOTE3, OOBACHSAIOLLMX NPUYMHBI U MEXaHM3Mbl cTapeHns. CornacHo
OOHOV U3 HWX CTapeHuwe 3anporpaMMMpPOBaHO reHeTuyeckn. CTOPOHHMKW OpYrov rmnoTessbl
CBA3bLIBAIOT CTAPEHMNE C HAKOMIEHWEeM MOBPEXOEHU reHeTU4ecKoro Matepuana KneTtok. Ka-
K1e eLle rmnoTesbl MOXHO MpeanoXuTtb? AprymeHTUpymTe uXx.

§ 39. OHTOreHe3 yenoBeka

Buympuympobnoe pazsumue 4weno8eKka HaunHAETCs MOC/E OMJIOIOTBOPEHHUS,
KOTOpoe 0ObIYHO MTPOMCXOAUT B OIHOH W3 MaTO4YHbIX TPYO (siieBonoBs). baaronaps co-
KpalleHHI0 MbILIEYHOH CTEHKH MAaTOUHOH TPYObl U JBMXKEHHIO PECHUUEK ee SMUTeJHs
Pa3BUBAIOLIMACS 3apOJbIll MepeMelaeTcss B CTOPOHY MaTKH. IDTOT MyTh 3aHUMaeT
OKOJIO O JIHEH. Y2Ke uepe3 HEeCKOJIbKO YacoB T0c/ie OMJI0J0TBOPEHHS] HAUMHAETCS PO-
OJieHHe 3UroThl: CHauyaJa oOpasdyloTcs JBa OJacTomepa, MOTOM YeThlpe M Tak jaJjee
(puc. 86). Ha 3—4-ii neHb nocse 3ayatsi 3apojibllll CTAHOBUTCSI MOXOXKHUM Ha TIJIOJ
€XXEBUKH, 3Ta CTaJusl HasblBaeTcss MO PyJio . 3a Hell cjeayeT crajust 6J1acTO U -
CThl (BHElIHe HATIOMUHAET OJIACTYJy JIAHIIETHHKA).

I[OCTI/IFHyB heJii CBoero mnyTelecTBusl — MAaTKH, 3apO/blll MOrpyKaeTcsd B €€
CJIM3UCTYI0 000JI0UKY W 3aKpenJsercs B Hell. DTOT Mpollecc HaunHAeTCsl Ha 7-€ CyTKH
nocsie OIJIOAOTBOPEHHsT M HasdblBaeTCsl HMNJaHTalLuel 3apoapiia. ITponcxoaur
ractpyJasuus, v oOpasyloTcsi ABa 3apOAbILLEBBIX JIMCTKA — 3KTOAEpMa M 3HTO-
nepma. Bekope 3aksanpiBaeTcsl TpeTHi 3apopllleBblil JMCTOK — Mesonepma. OpHo-



5cytok 7 CyTOK
Briactoumcra [actpyna

1cymm
3urota

3 Henerm 5 Hegerb 7 Hegerb 8- 9 Hegerb
HaumHaeT cokpaLuarses 3aknagpIBatoTCs BHYTPEHHE  VIHTEHCMBHO dhopmmpytoTes HnuHa nnoga 3—5cm
cepaue opraHbl (MeyeHb, XXeryaokK, MbILLILIbI Y CKENeT
MOYKU 1 [IP.)

11 Hegerb 12 Hegerb 16 Hegerb
[Mpopomkaetcs passuTve VHTEHCVBHOE passuTvie IMriog 6bICTPO pacTerT,
BCEX CUCTEM OpraHvava HEPBHOI CUCTEMbI OBVIraeT pyHkamu
1 MepeBopas“mBaeTcs

18 Hegerb 8 mecsieB 9 mecsieB
[rmHa nnoga 20 cwm, 3aBepLuaroLLn PoxneHue yernoseka
MaTb OLLYLLIAET €ro ABVKEHMSA repvon pasBuTUs

Puc. 86. Dranbl sMOGpHOHAJILHOTO Pa3BUTHsI YeJ0BeKa
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BPEMEHHO ¢ 3THUM (POpMHUPYIOTCSl 000JI0YKH 3apojibliia. BHyTpeHHsst 060/104Ka TOHKas
M rpospayHasi, oHa oOpasyeT My3blpb C KHUIAKOCTbIO, B KOTOPOH MJIaBaeT 3apObILL.
Ata o6oJsiouka MpeoXpaHsieT 3apoblll OT COTpsiceHuil W Bubpaumn. Hapyxuasa o60-
Jlouka o0pasyeT BOPCHHKH, C [OMOLLbIO KOTOPbIX OyAeT OCYLLeCTBJISATHCS MUTaHUE
Y JbIXaHHE PA3BHUBAIOLLEIOCs OpraHU3Ma.

Ha 2-ii nenesie y nuiona gopmupyioTcest oceBble opraibl — HepBHasi TpyOKa, Xop/a
M KdlleuHast TpyOKa. dT1a Hejlesisl OYeHb OTBETCTBEHHAS, BElb MMEHHO B 3TOT MEPHOLL
3aKJ/1a/IbIBAOTCS [VIABHble CHCTEMbl H opraHbl Oyayllero MaJjbiiia. M3 HepBHO# TpyOKH
HAUMHAET PA3BUBATbCSl HEPBHAs CHCTEMA, M3 KHILIEUHOH TPyOKH — MUIIEBAPUTEJb-
Hast. [TosiBaIsitOTCSl 3a4aTKK APYTUX CUCTEM OPraHOB — JbIXaTeJbHOH, BbIIEJIUTE/BHOH,
KpoeHocHOH. Ha 21-ii nenb y 3apojbliia HauMHaeT OUTbCS MajJleHbKOE CepAeUKO.

K KoHLy BTOpOro Mecsiia BHyTPUYTPOOHOIO Pa3BUTHs 3apOAbILI YK€ BHELIHE I10-
X0 Ha YeJioBeKa, XOTsl ero JJHHA cocTaBJ/sieT Bcero 3 cM. BopcuHkn Hapy:KkHOH 0060-
JIOUKHM 3apOjiblllia PUHUMAIOT yyacTHe B (POPMHPOBAHHM MJlall€ H T bl. 3aKaHUHBAET-
sl 3apojbllIeBbli epHO BHYTPUYTPOOHOTO Pa3BUTHsI, MPOAOJKABLIKKCS 8 Heslelb,
¥ HauMHaeTcs MIOAHBbIN repuof (¢ 9-i no 40-10 Hemeso).

[lnauenra pasBuBaeTcsi B BHIE AMCKA, MPOYHO YKPEIJIEHHOTO B CJAM3UCTOH 0060-
Jlouke MaTKM. Hepes3 CTeHKH KanuJisipoB BOPCHHOK MJIALEHTbI TPOUCXOAUT OOMEH ra-
3aMH W MUTATEJbHBIMU BellleCTBAMH MeEXK1y OpraHu3MOM MaTepd W mJjojoM. Kposb
MaTepu W MJiojia HUKorja He cMmelunBaetcst. CrycTsl HECKOJIbKO HeJlelib [oc/e Hadana
TUIOIHOTO TIEPUOJIA TIJIALLEHTA OCTAETCs CBSI3AHHOM C 3aPOJIbILIEM TOJIBKO My TOBHHO H,
WIM IyNOYHBIM KaHaTUKOM, HMEILUM WinHy 10 40 cwm.

[lnaienra — eAMHCTBEHHBIH OpraH, COCTOSIMHA M3 KJIETOK JBYX OPraHM3MOB: MaTep M MJ0Ja.
[lynoBuna — 310 4yacTb muosa. Yepes Hee MPOXOAAT KPOBEHOCHBIE COCY/bl, BXOISILLHE B COCTAB KpPO-
BEHOCHOH CHCTEMbI 3apojblllla ¥ Hecyllfe KpoBb B 060HX HampaBJeHHsIX: OT MJIoja K IJialleHTe H OT
MJIaLeHTHl K 110/y. Cocy/bl MyNOBHHbBI OTAE/IEHbl OT KaMUISPOB MaTKH TOHKOH MeMOpaHoH, uepes Ko-
TOPYIO OCYLLECTBJIsIeTCs 0OOMEeH BelleCTB MerK/ly Pa3BMBAIOIIMMCS IJIOIOM W OPraHH3MOM MaTepH.

OT MaTepH K TJ10/ly MOCTYMAlOT MUTaTe/bHble BEllleCTBa, BOla, MUHepaJbHbIE COJIH, BUTAMUHbI, aH-
THTeNa, Kucaopoa. OT miofa K MaTepd — M3JUILIKH BOAbI, YIVIEKHC/IbIH ra3 v pyrie KOHEeUHble Tpo-
JyKTbl 0OMeHa BelllecTB. Uepes mualleHTy MOTYT MepeiaBaThCsl TakKe H BpeoHOCHbIe (pakTopbl (6ak-
TepHH, BUPYCHI, SU/bl, JIeKAPCTBEHHbIE MpernapaThl), MX BO3/eHCTBHE YAaCTHUHO HEHTpasM3yeTcst co-
JIeprKaLLMMUCS B KPOBH IO/l aHTUTEJAMH, aHTUTOKCHHAMU U T. .

K Tpem MecsiliaMm BHYTpHYTPOOHOTO pa3BUTHSI (POPMUPYIOTCS MOUTH BCE OpraHbl.
K stomy BpemeHu MoxKHO omnpenesutb noJ Oyayuiero pebenka. C 13- Henenn Oe-
pPEMEHHOCTH MJaleHTa, MOMUMO BBIMOJHEHNS] CBOEH OCHOBHOH (DyHKLMH, HAuYMHAeT
BBIIEJISITh TOPMOHbBI, KOTOpPble 06ecreynBaloT HopMa/bHoe MpoTekaHne GepeMeHHO-
CTH, @ TaKxKe FOTOBAT opraHu3m Oy/yllel MaTepu K pojaM M JaKTaluu (BblpadoTKe
MOJIOKA ).
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Ha 4—>5-m Mecsiile 6epeMeHHOCTH MPOCJYIIHBAIOTCA COKpAllleHUs cepjla IJoja,
4acToTa KOTOPbIX B 2 pasa BhIllle, 4eM y MaTepu. B 3TOT nepuos mioja 6bICTpo pacTer
1 K 5 Mecsiiam JlocturaetT macchl okosio 500 1, a K MOMeHTY poxkieHusi — 3—4 Kr.
[Ipono/mKnuTenbHOCTL 6€PEMEHHOCTH Y 2KEHIIMH cocTaBaseT okoao 280 nueit (40 He-
neJib, uin 10 JyHHBIX MecsileB).

Bausanue ycaosuil oxkpyscaroueil cpedol Ha sHympuympooHoe pa3sumue
pebenka. Pa3putie opraHu3Ma rpejcTaBJsieT co00l CI0KHOE coueTaHue TaKhuX Mpo-
IIECCOB, KaK JieJIeHHEe KJIETOK, WX TepeMellleHhe W B3auMojielcTBHe, (DOpMHUpPOBaHHE
TKaHe#l u opraHoB. Jlio60e H3MEHeHHe ITHUX TMPOIECCOB MOXKET BBI3BATh MOPOKH pas-
BUTHsI opraHuama. Takue HapylleHHst MOTYT BO3HHKATH MOJ BO3JEHCTBMEM PA3JIMUHbBIX
noBpexkaainx hakropob. K HUM OTHOCATCS: MOHU3UPYIOILAS pajlaliys, BbI3bIBatO-
111ast UK3MEHEHHsI B HACJIEACTBEHHOM arnapare KJeToK; BUPYChl (HANpUMep, Y YKEHIIUH,
MepeHECIIUX KOPEBYI0 KPAaCHYXY B TI€pBOH TpPeTH OGEPeMEHHOCTH, 4acTO POXKAAITCS
JIeTH ¢ 60JIe3HSAMH CepAla, TJIyXOTOH, KaTapakTod — TMOMYTHEHHEM XpyCTajuKa rJa-
3a); pasJuuHble MUKPOOPraHU3Mbl (HampuMep, BO30yaUTe b cUdUIUCa CoCOOeH Bbi-
3BaTh BPOXKJIEHHYIO [JIYXOTY); HEKOTOpPbIE JIEKAPCTBEHHbIE MpernapaThl.

Y poauTesielt, 3/10yrnoTpebIsoNMX ajKoroJeM, YacTo POMXKAAKTCS JIETH C 3aepaK-
KOH B (hM3UUECKOM M YMCTBEHHOM Pa3BUTHH, C TIOPOKAMH PA3BUTHS Cepjilla, TOJIOBHOTO
MO03ra, MOJIOBBIX OPraHOB U JPYTHMMH aHOMAaJUSIMH.

Ha neroponnblie QyHKIMM udesoBeKka BJHUseT KypeHue M ynorpebJjeHue HapKo-
THKOB: Yy KypsILLIMX MY:KUHMH CHMXKAETCS] KOJHUYECTBO TIOJABHXKHBIX CIEPMATO30HMIOB,
a 'y »KeHlMH puck Gecnoaust Bospactaet Ha 30 %. Ho ruaBHblil Bpes TaGauHblil AbiM
HaHOCHT GymyliieMy MaJjbiiily. Hepeko 1eTi KypusbIIMKOB MOSIBJASIOTCSA Ha CBET C pas-
JIMUHBIMHA OTKJIOHEHHSIMM — HH3KOH MacCo Tesia, OTCTAaBaHUEM B TNCUXUYECKOM pas-
BUTHM, TIPEPACTION0KEHHOCTBIO K Pa3/HUHbIM 3a00/eBaHUAM. Y KypsAUIMX >KEeHIIHUH
yalle NMPOUCXOAAT BBIKMABILIM (T. €. CIIOHTaHHOE IpepbiBaHHe GePEeMEHHOCTH), BBICOK
PHCK POXKJICHHSI MEPTBOTO pebeHKa.

Hapyiienust B pa3BUTHH BbI3bIBAIOT B OCOOEHHOCTU Te (DAKTOPBI, KOTOpPbIE JICH-
CTBYIOT B TeUEHHE OMPe/IeeHHBIX KPUTHUECKUX MepuoaoB. [log KpuTHYeCcKU M MO-
HAMAIOT TaKOH MEPUOJ B PAa3BUTHH MJOJA, KOTJA TOT OKA3bIBAETCS MaKCHMAJbHO UyB-
CTBUTEJIbHBIM K OIpe/ie/IeHHbIM BO3AeHCTBUsIM. Kak mpaBuiio, KpUTHUECKHE T€PUOJIbI
MPUYPOUEHbI K T€M 3Taram pa3BUTHSI OpraHWaMa, KOrIja MPOUCXOAsAT rpolecchl dhop-
MHUPOBAHHS U AKTHBHOTO Pa3BUTHSI OCHOBHBLIX OPraHOB M CHUCTEM. ¥ KaxXKJOro opraHa
CBOH KPUTHUECKHH MEPHOJ, XOTA HHTepBas Mexay 15-mu u 60-Mu cyTkamn 6GepemeH-
HOCTH CUMTAeTCsl KPUTHUECKHUM Jyisi MHOrux opraHoB. Ceppile ¢dopMmupyeTcss MexXiy
3-U W 4-1 HeensMH, TOTJA KaK Hapy:KHble MOJIOBble OpraHbl HauboJiee YyBCTBUTEb-
Hbl K BO3NEHCTBUSM Mexay 8-t u 9-il Hemensimu. HepBHasi cucrema M cKeJieT, Ha-
YypHast ¢ 3-U HeJleM TOC/e 3a4aThsl U Ha TPOTSKEHUH BCEro cpoka GepeMeHHOCTH,
MOCTOSTHHO UYBCTBHUTEJbHbBI K BPEJIHBIM BJIUSHUSM.
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Pocm u passumue pebenxa. Pazinuaior cielyloiye Mepruobl MOCTIMOPHO-
HAJIBHOIO Pa3BUTHSI peOeHKa: MepHoJ HOBOPOXKACHHOCTH, TPYAHOH MNEpPHO], PaHHEee
JIETCTBO (fICEJIbHBIH MEPUONL), JNOUIKOJbHBIH W IIKOJbHBIH Tepuoasl. dopmupoBanue
opraHuama 3akaHuuBaeTcsi K 22—25 rojam.

[lepBble ueTbipe Hejle/IM AKU3HU CUHTAIOTCS TTEPUOIOM HOBOPOXKAEHHOCTH. [1o3a
HOBOPOXKJIEHHOTO HATMOMHUHAET TMOJ0KeHHe MMJ0jla B MaTKe. boJibliyio yacTb CyToK OH
CTHT, TPOCHINAsACH JIMIIL KO BpeMeHW KopmiieHusi. HaubGosee rapmMoHMUHO peOGeHOK
pasBHUBaeTCs TPH €CTEeCTBEHHOM TPyIHOM BCKapMJnBaHuH. HoBopoxkieHHble JeTH
Jlydllle BCEro YCBaUBAIOT OeJIKH, XKUPbl U YIJIEBOJbl MATEPUHCKOIO MOJIOKA.

Bo Bpewmst rpyaHoro nepuoa (¢ 5-# Hejesu JI0 KOHIA 1 -ro rojia »KU3HH) B JIBH-
rateJibHOH cucTeMe peOGeHKa MPOUCXOAWT MHOTO H3MEHEHHH: B KOHIe l-ro mecsia
JKH3HU OH TIbITAETCS PACHpPSIMUTL HOXKKH, Ha 0-U Hellesie MOJAHUMAET U yIepKUBAET
FOJIOBKY, Ha 6-M Mecdle CUIUT, B KOHLE I-ro roja >KM3HHU TIbITACTCs AeJaTb IMep-
Bbl€ LIATH.

He meHee WHTEHCHBHO B 3TOT Mepuoj, pas3BuBaeTcs M Tcuxuka pebGenka. Ha
2-M Mecsilie YKHU3HH OH YJIbIOAeTCst TP BUIE SIPKUX MPEIMETOB, TPU MOSIBJICHUH MaTepH,
K 4-My Mecsilly 6epeT B POT MIPYLIKHM, MCCJelysl MX, HauMHAeT pasjuyaTb B3pocC-
abix Joaeit. K kouiy 1-ro ropa »usun pe6eHOK HauMHAeT MOHUMAaTh MHOTHE (Dpasbl
ponuTeJsen.

B nepuon panHero percrBa (ot 1 g0 3 JieT) y peOGeHKa aKTUBHO pas3BHBAIOTCS
JABUraTeJibHbIe HaBbIKH. OH Ha4YMHaeT XOAWTb, OBJIaJEBA€T pa3JIMYHbIMU crocobaMu
MaHUTMYJIMPOBAHUSA TIpeMeTaMd. B 3ToT mepuon y peGeHKa MOSIBASETCS CTPEeMJEHHE
K MO3HAHWIO MHPA, TAra K CaMOYTBEPKICHHUIO.

Jletn nouikosbHOro Bo3pacra (oT 3 J0 6 JieT) MPOSIBJSIIOT OTPOMHBIN MHTEpeC
K OKPY2KaLLeMy MUPY — 3TO CTajusl BONPOCOB, HJM «IIOYEMYUYHbIF» BO3pPACT.

Jlns pa3BUTHA MBILIIEHHS, PEUd U TPYAOBOH JAEATENbHOCTH O0COOEHHO BaKeH
nepuos oT 2 o 4 Jjietr. Eciv oH ymyllleH, TO BO3HMKAET OTCTaBaHUE B IMCUXHYECKOM
1 (PM3MUECKOM PA3BUTHH.

Bo Bpemsi wikoabHoOro nepuoza (ot 6 1o 17— 18 seT) NpoucxomuT KauecTBeHHOe
M3MeHeHHe BCeH AeATebHOCTH yesoBeKa. [IIKoNMbHUKN MaIaIIIMX K1acCcoB MEJIEHHO H
C TPYZOM BBITIOJHAIOT CJOXKHbBIE W TOUHbIE JBHXKeHHs. OKoHUaTe bHOEe (POPMUPOBAHHE
JIBUraTeJIbHOU JIEATEIbHOCTH 3aKaHuuBaeTcs K 18 romam.

®usnosiornueckoil 0CO6eHHOCTBIO CEPIEUHO-COCYIUCTONH CUCTEMbI MOJIPOCTKA SIB-
JISIeTCsl OTCTaBaHWE POCTAa COCYJOB (HX MOMEPEYHOro ceyeHusi) oT pocTa cepaua. ATo
HEpeJIKO MPUBOJUT K PacCTPOHCTBAM KpOoBoOGpallleH s, BO3HHKAIOT TOJIOBOKPYKEHHE,
MOBBILIEHHOE KPOBSIHOE JlaBJIeHHe, HapylleHnst paGoThl ceptia. OCo6eHHO CHIBHO 3TO
NPOSIBJISIETCS B NEPHOJ, NOJOBOr0 CO3peBaHus. Y MOJAPOCTKOB yBeJHuMBaeTcsi Bo3Oy-
JIUMOCTb, BO3HUKAET MOBLIIIEHHAS] Pa3PaXKUTeNbLHOCTL, HAa0JI01aeTcsi PacCTPOHCTBO
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CHa. YCHJIEHHO€ BblleJieHHe TOPMOHOB MOJJIEP’KUBAET B OpPraHu3Me COCTOSIHHE BhICO-
KOH aKTUBHOCTH. [IpoucxofsiT cepbe3Hble U3MEHEHUS B CTPOEHUH U (PYHKIIMOHHPOBA-
Huu opranusma. K 18 rogam 60JIbIIMHCTBO (PM3UOJIOTHUECKUX (PYHKIIHH MOJIOIOTO ye-
JIOBEKa MPUOGJIHKAETCS 110 MoKaszaTessiM K (DYHKIUSIM B3POCJIOro.

B nocsieinne siecsiTuieTHs BO BCeX IKOHOMUUECKH PA3BUTHIX CTPAHAX YCKOPHJIUCH
TeMITbl (DU3UYECKOTO (B TOM UMCJe U TOJOBOr0) Pa3BUTHS JeTell U MOJAPOCTKOB. DTO
sIBJIeHHe TOJIydM/JI0 Ha3BaHWe aKcejepauuu. [IpuunHbl akcesepalyn CJAOKHBI H JI0
KOHIIA He BbisicHeHbl. K HUM, MpeAnosoKUTebHO, OTHOCATCS U3MEHEHHUsT B MUTAHHH,
[IpUeM BUTAMHUHOB, 3aHsITHS CIIOPTOM, HCKYCCTBEHHOE yBeJIMYeHHEe CBETOBOTO JIHsT U JIP.
HauGosiee spko akcesepaiidsi MposiBjsieTcsl B yBeJHUeHHH (M0 CPABHEHHUIO CO Cpejl-
HUMH T10Ka3aTeJsIMH) POCTa, MACChl Tesla, OKPY?KHOCTH TPY/IHON KJIEeTKH U T. 1. Bme-
CTe C TeM paHblile MpekpaliaeTcss pocT: y CoOBpeMeHHbIX oHolel B 18—20, a 70 siet
Hasajg — B 24—26 jet. I cCOBpeMEHHOH MOJIOIEXKH XapaKTepHO U OoJjiee paHHee
MoJIOBOE co3peBaHue. DTo TpedyeT 0coO0ro BHUMAHUS CO CTOPOHBI POJUTENEH U Tie-
JIaroroB, BOCIUTAHHSI COOTBETCTBYIONIMX HOPM TOBEJIEHHUS, MOTOMY UTO paHHee (u-
3UUECKOe Pa3BHTHE COBPEMEHHbIX JIeTel He BJeveT 3a COO0H YCKOPEHHST UX TCHXOJIO-
THYECKOr0 CO3peBaHHUsl.

9 1. KakoBa npofo/iK1TENbHOCTL 3MOPUOHASTILHOrO PasBUTUA YesioBeka? Kakue nepuopabl OHO
" BKMoYaeT?
2. Kakre cobbITvsi MPOUCXOAAT B Te4eHMe 3apOofblLLeBOro rnepuvoga BHYTPUYTPOOHOro pas-
BUTMA 4YenoBeka? KakoBbl OCOGEHHOCTW MNIIOQHOMO MEpMOAa BHYTPUYTPOOHOrO pasBuUTUA?
C 4ero oH Ha4uHaeTcs?
3. Yto npepcrtaenset cobon nnaueHTa? Kakue yHKUMM OHa BbIMOMHAET?
4. Kak ycrnoBusi XWU3HW poguTenen, OCO6EeHHO maTepu, BAUSAIOT Ha (hopMuMpoBaHWe U pas-
BUTWE nnoga?
5. Y10 npeacTaBnsaloT CO60M KpUTUYECKME Nepuoabl pasBuTna? Kakme Kputndeckne nepunogbl
BHYTPUYTPOOHOIrO pPa3BUTUSA 4eSlOBEKA BaM WU3BECTHbI?
6. HazoBute 1 oxapakTepusynTe OCHOBHbIE 3Tarnbl Pa3BUTUS YENOBEKa OT POXAEHWs OO ne-
pvoga 3penocTu.
7. 470 Takoe akcenepauus? KakoBbl ee BO3MOXHblE MPUHUHBI?
8. VlccnepoBaHusi MokasbIBaloOT, YTO MPOAOIDKUTENBHOCTb XU3HM JIOOEN B MMPE C KaXAbIM
rogoM BoapacTtaeT. Kak Bbl gymaeTte, C 4eM 3TO CBA3aHO? [loyYemy XEeHLUWHbl B CpegHeM
XUBYT JOSMbLUE MY>XHYMH?



HaCJICIlCTBeHHOCTb U UIBMEHYUBOCTD
OpraHu3mMoB

§ 40. 3akoHOMepHOCTH Hacjeq0BaHUSI MPU3HAKOB,
ycraHoBJjeHHble . MeHaenem. MoHOruOpuaHoe cKpeulMBaHue.
[lepBblii 1 BTOpoi 3aKoHbl MeHaens

Ilonamue o nacaedcmsennocmu u usmenqusocmu. HacaeacrseHHocTh —
5TO CBOHCTBO BCEX »KUBBIX OPraHM3MOB COXPaHsATb W MepelaBaTb CBOM NPU3HAKU U
CBOWCTBA MOCJEYIOLIUM MOKOJeHUsIM. baarogapsi 3ToMy KaxKIbli B }KHBBIX OPraHu3-
MOB COXpaHsIeT Ha MPOTSKEHUH JYIUTENbHOIO BPEMEHU XapaKTepHble JJisl HErO YePThl.

[lepenaua reHeTHueckoil (HacJieICTBEHHON) MH(pOPMALIUK OT OJHOTO MOKOJIEHUS
JIPYyrOMy Ha3bIBA€TCSl HAacJel0OBaHUEM. ¥ OPraHH3MOB, KOTOPBbIM CBOHCTBEHHO MOJIOBOE
Pa3MHOXKEHHE, KJIIOUEBYIO POJib B HACJEIOBAHUH UTPAIOT TaKUe MPOLECChl KakK M e 110 3
M OMJOJAOTBOpeHHe. B Xome Melo3a y Ka)Ka0ro POAUTENsT MPOUCXOAUT Mepe-
KOMOUHALMS HACJENCTBEHHOTO MaTepuasa W ero pacrnpefiesieHue MexKay TaMeTamH.
PesynbratoM OMJI0J0TBOpPEHUsT SIBJSIETCS OObEIMHEHHE TeHeTHUECKOH WHhopMallnH,
coziepKallelics B ramerax OOOMX poauTesield, W (OpMHPOBAHHWE HACJEICTBEHHOTO
annapata HOBOIO OpraHHu3Mma.

Kak Bam nsBecTHo, yuacTku MoJiekysbl JIHK, conep:kaliiine nHpopMalmio o cTpyk-
Type onpesesenubix 6enkoB (6o pPHK, nn6o TPHK), HasbiBaioTes renamu. [enb
pacrioJioXKeHbl B XpoMocomax. B Xojie peanusalivi HacjeICTBEHHONH HH(OpPMALIUU, CO-
JlepKalleiicsl B reHaX, OCYIIeCTBJIsIeTCs CUHTE3 onpejiesieHHbIX 6 e J1K 0 B. Kaxplil Ge-
JIOK BBIMOJIHSIET OMpeJieIeHHYI0 (PYHKIIMIO, UTO BEJET K MPOSIBJIEHHIO TOTO WJIH MHOTO
nNpU3HaKa OpraHuama.

HU3mMeHuMBOCTbL — 3TO CIMOCOOHOCTb OPTaHU3MOB B MPOLIECCe XKUBHENESTENbHOCTH
npuo6peTaTh HOBbIE TPU3HAKHK TM0Jl BO3AEHCTBHEM pa3JIMUHbIX (hakTOpoB cpepl. bia-
rofapst K3MEHYMBOCTH OCOOM B Mpeesiax BUAA Pas/jMyaloTcsi Mexki1y COOOM.

HacnencrBeHHOCTh M H3MEHYMBOCTb OPTaHU3MOB M3ydyaeT reHeTuka. OCHOBHBIM
METOJIOM HCCJIE/IOBAHUI B T€HETHKE SIBJSETC THOPUAOJOTMYECKUU MeTol, 3a-
KJIIOUAIOLIMICS B ONPEAEJEHHON CUCTEMe CKPELIMBAHWH OpPraHW3MOB, OTJMYAIOLIUXCA
JIpYT OT Jipyra Mo OJAHOH, HECKOJbKUM HUJM MHOTHUM Napam aJibTePHATUBHBIX MPU3HAKOB
¢ NoCJeIyolUM aHAJIU30M MOTOMCTBA.

Kpome 3Toro, HCMosb3yloTess HHTOTEHETHUYECKU N (MUKPOCKOMHUECKOE H3-
yueHHe XpOMOCOM), OMOXHUMHUYeCKH I (HCCae0BaHUe COCTABA HYKJIEHHOBBIX KHC-
JIOT, OEJIKOB W JIPYTHX BEILIECTB B KJIE€TKAaX OPraHU3MOB), FeHeaJioruuecKu il (aHa-
JIU3 POJIOCJIOBHBIX UeJIOBEKA U 2KUBOTHbIX, [N03BOJISIIOLLMI YCTAHABNUBATD XapaKTep Ha-
CJIeIOBaHUSl NIPU3HAKOB, OMNpeNe/siTh BEPOSITHOCTb HMX MPOSIBAEHHUSI B MOCJELYIOLLIHX
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Mengenb perop MoranH (1822—1884) — BblgatoLymiics
ABCTPUNCKUIA  y4eHbIn-ecTecTBOMCTbITaTENb.  OCHOBOMOMOXHUK
Y4EHUS O HacnencTBeHHOCTU. Brepsble 06GHapyxwun cylle-
CTBOBaHVE HaCNefCTBEHHbIX (DAKTOPOB, BMOCNEACTBMM Ha-
3BaHHbIX reHamu.

MOKOJIEHHSIX) U JIPyTHe MEeTO/bl. B reHeTHKe 1IMPOKO MpHMe-
HSIOTCS TAKXKE CTATUCTHUYECKHE MeTO/bl aHajauaa, 1o-
3BOJISIIOLIME BbISIB/IATH 3aKOHOMEPHOCTH HacJIe/I0BAHUS MPHU-
3HAKOB M MPOSIBJIEHHS] U3BMEHYHBOCTH Y 2KUBbIX OPraHU3MOB.

H3yuenue nacaedcmeennocmu Ipecopom Mendenem.
OcHoBHbIE 3aKOHOMEPHOCTH HACJIEIOBAHUS MPU3HAKOB BIEp-
Bble PACKpbLI ABCTPUHCKUI MCCe0BaTENb, MOHAaX ABry-
ctuHckoro MoHactoips [ Menngean B 1855— 1865 rr.
OHn nocraBuJ nepeji co60# 3a1ady — BBISICHUTb, KaK HACJENyIOTCSl OT/ebHble MpH-
3Haku. s storo I. Menaesb npuMeHuWs THOPULOJOTHUECKUH MeTO/L

Ynauno 6bl1 BbiGpaH MenjieneM U 0GbEKT UCCIEN0BAHUS — 20POX NOCEBHOL. DTO
pacTeHue JIerKo KyJBTHBUPYETCs, HEMPUXOT/AUBO, JAeT MHOTOUMC/JIEHHOE TOTOMCTBO.
N3 mHoxkecTBa copros ropoxa I. MeHzaenb BbIOpasl Te, KOTOpble YETKO OTJIHYaJIUCh
Mo CeMH napam aJbTepHaTHBHbBIX MpusdHakoB (puc. 87). B teyenune npyx Jiet I Men-
JIesib TIPOBEPSIT €UMCTOTY» Kaxkjaoro copTa. /s 3TOro oH MpefocTaBusl pacTeHHsIM
BO3MOKHOCTb CaMOOTIBLISITECS (TOPOX — CaMOOTIBIISIIOLIEECsT PACTEHHE) U UCTOJb-
30BaJl B CBOWX HCCJIEJIOBAHUSAX TaKHe COPTa, Y KOTOPbIX MOTOMKH B Psily MOKOJEHHI
He M3MEHSIJIUCh 110 BHEUIHEMY BHIL, T. €. COXPaHSJIH MPU3HAKH POIHUTENLCKUX (DOPM.
B nanbHelilieM Takue rpynibl OpraHu3MOB OblIM HA3BaHbl YUCTbIMU JHUHHUSMHU.

Hrak, nia nposenenust ckpetunBanuil I. Menaesnb oT6upas pacTeHUsl YUCTBIX JIH-
HUH, OTJIMYAIOIIMeCs 10 napaM aJbTepHaTHBHBIX MPHU3HAKOB. B cBoeli paboTe oH cHa-
yaja aHaJM3upoBaJl Hac/eloBaHWe OJHOH Mapbl MPU3HAKOB, 3aTe€M JBYX M T. . BaxHo
To, yto I. MeHaenb BeJl TOUHBIH yyeT YHucJ/a MOTOMKOB, YHACJIE0BABLIMX pasHble po-
JIUTEJNbCKHE MTPU3HAKH. DTO TO3BOJIM/IO €My YCTAHOBHTh KOJIMUECTBEHHbIE 3aKOHOMEp-
HOCTH HACJIe[I0OBAHHUS TIPU3HAKOB.

CkpeliBaHie opraHu3MOB Ha3blBaeTCsl rMOPUAM3ALMEH, A TIOTOMKH OT CKpellH-
BaHHUS1 JIBYX POAMTEJbCKUX 0COOEH ¢ pa3jMYHbIMH MPU3HAKAMH — FMOpUAAMM.

,U,JIH 3alucu CerHJ,I/IBaHI/II/UI HUCIOJIb3YETCH ME2KAyHapoaHast CHMBOJIMKA:

P — ponutensckue ocobu (0T Jat. parentes — poiuTedb);
— JKeHCKasl ocoOb; d — MyzKcKast 0coOb; G — TaMeThbl;
F — mnoromcTBo (0T Jart. filiale — novyepHuii) ¢ COOTBETCTBYIOLUIMMH HHIEKCAMH
nokoJeHun: I\, Fy, F5 u T. 1
3HAYOK «X» 0003HauaeT CKpellMBaHHe.
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1. Okpacka LBeTKoB
2. Okpacka nnogos
3. BbicoTa cTebns
4. ®opma nnopos
5. Okpacka cemsH
6. NoBepxHOCTb CeMSH
7. PacnonoxeHve LBeTKoB
2 / XKentble

hj 3eneHble

1
®duoneTtoBble benble

|(ll.

XenTble 3eneHble
® - &
Mmapgkne  MopLuMHUCTbIE MagywHble BepxyLueyHbie

Puc. 87. Ilapbl anbrepHaTHBHLIX MPHU3HAKOB TOpOXa, Hac/Jea0BaHHe KOTOpbIX uaydas [. Mennenb

Monoeubpudnoe ckpeuwjusanue. 3akon edunoobpasusa subpudos nepsozo
noxoaenus. CKpelBanue, 1pu KOTOPOM POAMTE/IbCKHE OPTaHU3Mbl OTJIHYAIOTCS APYT
OT JIpyra 1o OjIHOH Nape ajbTepHATHBHBIX MPU3HAKOB, HA3bIBAETCSI MOHOTHOPHIHDBIM.

B OJHOM H3 OIIbITOB I. MeHlIeJH) naydaJsi HacJieloBaHHE OKpacCKu CeMsiH ropoxa.
On CKpelirBaJ pacTeHusl, BbIpallleHHbIE U3 2KEJIThIX CEMSIH, C PACTEHUSIMH, BbIpalleH -
HbIMH H3 CEMdAH 3€JICHOI'O LBeETAa. Yrobbl peaAOTBPAaTUTL CaMOOIIblJICHHE, I. MeHILeJII)
y paCTeHI/Iﬁ OIHOTO CcopTa ropoxa yaaJist/i B UBE€TKax TbIYHUHKH, Yy APYroro — IMeCTHKH
W IpoBOAKUJI I‘I/I6pI/IlH/ISaU,I/I}O nyTeM HCKYCCTBEHHOI'O OIbLJIECHHUSI.

PesyabraThl ckpeuldBanust ObIIH OJHO3HAUHBI: Y BCEX TMOPUAHBIX pACTEHUH mep-
BOI'0 TMOKOJICHHs CeMeHa 0Ka3aJluChb 2KeJITbIMH HE3aBUCHUMO OT TOIr'o, MaT€pUHCKHUM HJIH
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OTLIOBCKMM ObLJIO pacTeHHe ¢ TaKUMH CeMeHaMHu. 3eJjieHast
OKpacka ceMsiH y rMOpHIOB MepBoro nokoJexus He npo- | F- Q X ‘

sBgssach (puc. 88): @

P: 9 xentble cemena x < 3e/ieHble ceMeHa Q x Q
F|: BCe pacTeHHsl HMEIOT XKeJIThie ceMeHa @

= OQO00@

Puc. 88. Cxema
JieJib OOHApPY»KUJ, UTO BO BCEX CJyYasix y TMOPHIIOB Mep- MOHOHOPHIHOTO CKPEIIHBAHHS

BOT'O IMOKOJIEHUs TIPOABJIsAJICSA JIMIIL OAWH U3 JIBYX aJib-
TEPHATUBHBLIX TMPH3HAKOB. ﬂBﬂeHl/le ﬂpGO@.ﬂaﬂaHl/lﬂ OJIHUX TPHU3HAKOB Hald APYruMu
ObLJI0 HAa3BaHO JOMWHHUPOBAHUEM, a Hpeo6ﬂaﬂa}0mue [NPpU3HAaKH — AOMHUHAHTHbI-

=

CkpelBasi pacTeHMsl, OTJHMYAIOLIMECS IO APYrUM
napam ajikTepHaTHBHbIX MPU3HAKOB, HAMIPUMEP MO OKpa-
CKe 1IBETKOB WjH opme miofoB (cm. puc. 87), I. Men-

mMu. [1pusHaku, KOTOpble He MPOSIBJSIMCH Y THOPHIOB 11€PBOTO MOKOJIEHHUST, MTOJYUH-
JI Ha3BaHHE peleCcCHBHBIX.
Otkpoitas [. MenzesieM 3aKOHOMEPHOCTb BMOCJEACTBUN Obla Ha3BaHa 3aKOHOM
€/IMH000pa3us TMOPUIOB NEPBOTO NMOKOJEHUS W/ MEPBbIM 3aKoHOM MeHues.
DTOT 3aKOH 3BYUHT CJIEYIONIMM 00pa3oM: MPU CKPeIIMBAHUHU 0C00ei YMCThIX JiU-
HUU, OTJIMYAIOLLMXCS MO OJHOW NMape ajJbTePHATHMBHbIX NMPU3HAKOB, 'MOPUAbI Nep-
BOTO MOKOJIEHUs] OYIyT €IMHO00Pa3HbIMU MO0 TOMUHAHTHOMY MPHU3HAKY.

3aron pacwenaenusa. IlyreM camoonblieHHsi THOPHIOB 11€PBOr0 MOKOJEHHS

[ MeHzaesb noJiyuusl BTOpoe MOKOJICHHE, B KOTOPOM % pacTeHU HMeJIH TOPOLUMHbI

2KeJITOI'O LBeTa U % — TOpOLUMHbI 3€JIEHOI'O LBETa. [TosiBieHHe B MOTOMCTBE 0CO-

6eil, pa3MualOLIUXCS 110 aJIbTEPHATUBHBIM MPHU3HAKAM, Ha3blBAETCS pacllenjeHreM.
B nanHom ciydae na6mionanoch paciierienue 3 : 1 (em. puc. 88).

Takoe ke pacueniienne 661710 0GHAPYKEHO U TIPU UCCJEOBAHUN JIPYTHX AP aJlb-
TEPHATHBHBIX MPU3HAKOB: BO BTOPOM MOKOJIEHHH Y % pacTeHuil MpPOSIBJISIUCHL JIOMH-

HaHTHbIE IMPHU3HAKH, a Y % — pelecCHuBHbIE.

CJienoBaTesIbHO, PELIECCUBHBIN MPU3HAK Y TMOPUJIOB MEPBOrO MOKOJIEHUS HE Hcue-
3aJl, @ TOJIbKO OblJ MOJIaBJIeH U BHOBb MPOSIBJISAJICS BO BTOPOM TOKOJIEHHH. DTO 0606-
11eHHe 1oajaHee ObLIO HA3BAaHO 3aKOHOM pacllienyieHUusl Wid BTOPbIM 3aKoHOM MeH-
JeJisi, KOTOPbIH 3BYYHUT TaK: MPH CKPelMBaHUU THOPUIOB MEePBOro MOKOJEHUS] MexX-
1y co0oii BO BTOPOM MOKOJEHWH HaOJIofaeTcsl pacuienjeHve no ajbTepHaTUBHbIM
NpU3HaKaM B COOTHOILUEHHUH: 3 YacTH ocobeil ¢ JOMMHAHTHBIM NMpPU3HaKoM K 1 ua-
CTH 0cobeil ¢ peuecCUBHbIM MPU3HAKOM.
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Heo6xonnmMo oTMeTHTB, UTO MeaqbHOTO COOTHOLIEHUS 3 : 1 oObluHO He oGHapy-
»KMBAJIOCh HH B OfIHOM ombiTe. Hampumep, usydasi paciiensenne no okpacke cemsiH,
[ Mennenb ucenenopan 8023 ropoiinHbl U MoJaydua cooTHoulenue: 6022 kenTbie
2001 sesenasi, uto oueHb OJM3KO K cooTHoleHuio 3: 1. M To/ibKO craTuCTHYECKHI
aHaJIn3 TO3BOJIUJ YCTAHOBUTD XapaKTep pacllernJeHHs.

MHuorouuc/ieHHbIMH UCCJICNOBAHUSAMU psiila YYEHBIX B TOCJCAYIOLIHME TO/bl OblJI
yCTAaHOBJIEH YHUBepcasbHbIl XapakTep 3akoHoB Mennensi. UM noguuHsioTcst Bce XKu-
Bble OPraHu3Mbl, B TOM 4HCJIe 4YeJIOBEK, Y KOTOPOro H3yueHO W OMUCAHO MHOro nap
aJIbTePHATHBHbBIX TPU3HAKOB.

9 1. 4tomnsy4aeT reHeTUKa? HYTo Takoe HaCNeaCTBEHHOCTL 1 KAKOBO ee 61ONIorn4ecKoe 3HadeHmne?
* 2. O6bsicHNTe, KakMM 06pa3oM reHbl OrnpemnenstoT pasBuTMe NpPUaHaKos.
3. OxapakTepuaynTe OCHOBHble MEeTOAbl UCCMEOOBaHUNA, UCMOSb3yeMble B FEHETUKE.
4. Y10 Takoe AOMWHAHTHBIA N PeLeCcCUBHbIN NPU3HaKN?
5. Kakune 3akoHbl yctaHoBun . MeHaenb Ha OCHOBE MOHOrM6puaHOro ckpewmBanua? Caop-
MYNUpynTe UX.
6. MonpobyinTe Ha Npumepe Ballen ceMbn U ceMen H6N3KUX POACTBEHHMKOB MpoaHanmManpo-
BaTb HaCeOBaHNE HEKOTOPbIX MPU3HAKOB YenoBeka. OTO MOXET ObITb, HANpPUMep, LIBET BO-
10C UK rnas, oivHa PecHul, TONLWMHA ry6, Hanm4mMe Unu OTCYTCTBME BECHYLLUEK (MU AMOY-
K1 Ha nogbopoake), CNoCOBHOCTb MM HECMOCOBGHOCTL CBOpPAYMBaTh S3bIK TPYOGOUKOM U T. M.
MonbiTaiTech BbISIBUTb OMUHAHTHbIE U PELECCUBHbIE MPU3HAKWU. Kakum o6pa3om 3TO MOX-
HO cpenartb?
7. MoxHO nu yTBepXaaTb, YTO M3 Mapbl anbTepHaTVBHBLIX NPU3HAKOB OOMWHAHTHbIM BCerga
ABNAETCA TOT, KOTOPbIN NPOABASETCS Y 60NbLUMHCTBA 0CO6Een TOro unm nHoro smga? Moyemy?

§ 41. Uuronornueckue oCHOBbI Hac/e10BaHUSI TPU3HAKOB
NPU MOHOTUOPUAHOM CKpellMBaHUM

Hlonamue o domunanummuelx u peyeccustolx 2enax. B xome cBoux najb-
HelllMx uceyenoBanuil [ MeHjiesib MpeocTaBual  pacTeHUsIM BTOPOTO  TOKOJIEHHS
BO3MOXKHOCTb CaMOOIbLISATbCs. OH XOTeJl BbISICHHTb, KaK OYyIAeT OCYLIECTBJISThCS
HacJ/efloBaHue TIPU3HAKOB B MOCJEIYIOIINX TTOKOJIEHHSIX.

Y pacTeHuil, BHIPOCIUIMX M3 CeMSIH 3€JIeHOTO 1IBETA, TTOTOMCTBO HACJENOBAJIO TOJb-

KO 3eJIeHyl0 OKpacKy ropoiuuH. OjpHaKo pacTeHusi, MOJyYeHHbIE M3 KEJThIX CEMsIH,

BeJsid cebsi uHaue. K3 Hux % ocoben JaBaJii B IMMOTOMCTBE pacuieryieHie B COOTHO-

IIEHUH 3 XKeJThle K | 3eJIeHOH, a B MOTOMCTBE % ocobel paculernieHus: He OblIo —

BCe paCTEHUsA UMEJIH 2KeJITbIe T'OPOLUHHDI. Takue xe pe3yJibTaThbl ObLITH [MOoJIy4€Hbl M1
[0 JApyrum ImMapam aJibTePpHAaTUBHLIX TMPHU3HAKOB. B uem xe [pu4ynHa paCLU,EHJIeHHH?
Hoquy npu JaJibHeHIlIeM CaMOOIbLIEHUH CHOBA [POUCXOJUT pacllenJeHrue B CTporo
ornpeaeseHHbIX COOTHOLLIEHUSIX?
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s oObsicHeHUsT pe3ysibTaToB CBOMX HaOstofieHnil [. MeH/e/b BbIIBUHYJ Clle-
JYIOLLyI0 TUMOoTe3y. AsnbTepHATHBHBIE MPHU3HAKM OMPENESIOTCs KaKUMHM-TO Hacsel-
CTBEHHBIMH (DAKTOPAaMH, KOTOpPble MepeNaoTest OT POIUTEJed MOTOMKAM C raMeTaMH.
[ Mennenb MpearnosoxKui, 4To JAOMMHAHTHBIH TPHU3HAK OGYCJIOBJEH JIOMMHAHTHBIM
(hakTOpOM, a pellecCHBHBIN MPU3HAK — pellecCHBHBIM (hakTopoM. BriociencTBun Ha-
c/le/ICTBeHHbIE (DAKTOPBI, OTBETCTBEHHbIE 3a (POPMHUPOBAaHHWE MPU3HAKOB, CTaJM Ha-
3bIBaTh reHaMH. JIOMHHAHTHBIE TeHbl MPUHATO 0603HAYATh MPOMUCHBIMUH OyKBaMH Jia-
THHCKOTO ajipaBuTa (Harmpumep, A), peliecCuBHblE — CTPOUHBIMH (a).

[ MeHnnesb moJiaraj, uyTo KaxkIoMy MPHU3HAKY KOHKPETHOTO pPAcTeHHsi COOTBET-
CTBYIOT /iBa (haKTOpa, OIMH U3 KOTOPBIX MOJy4€eH OT OTLOBCKOTO pPacTeHus, a APyrol —
OT MaTepuHcKoro. [ToaTomy B pedyJibTaTe MOHOTHOPHIHOTO CKPELUBAHUS, TIPH KOTOPOM
POIUTENM OTJIMYAJHUCH, HATIPUMEp, OKPACKOH ceMsiH, BCe THOPH/IBI EPBOTO MOKOJIEHUS
o6Js1afia/ii Kak HacJIeJCTBEHHbIM (akTopoM A (onpeesisiioliiM KeJTylo OKpacKy), Tak
1 (akTopoM a (OTBETCTBEHHBIM 3a 3eJeHbli 1BeT ceMsH). [lockosbKy cakrop A no-
MHHHUPYeT HaJl (pakTOpPOM a, Y BCeX THOPUIOB MPOSIBUJIACH KeJITasi OKpacKa CeMSsiH.

[ Mennenb TakiKe MpPeIrooKu/I, YTO KaxKIbl TMOPHI MEPBOro MOKOJEeHHs 06-
pasyeT JiBa THIIA MOJIOBBIX KJIETOK: MOJIOBUHA TaMeT COJNEP:KUT (akTop A, apyras mno-
JoBuHa — cakrop a. CrenoBaresibHO, MapHble Hacje/ICTBeHHbIE (aKTOpbl MpH 00-
pa3oBaHHUH TMOJIOBBIX KJIETOK Pa3NelsiioTess U B KaXKIyl0 raMeTy IMornajaeT Kakou-ju60
OJIUH U3 HHUX.

Ilonamue 06 aaneavnoix eenax. Lfumoaozuueckue ocHoBblL Hacne008aHUA
npu3naKos npu monoaubpudnom ckpeuwjusanuu. Tojbko mocae TOro Kak OblIH
OTKPBITbl XPOMOCOMbI, OMHUCAHO MX MOBEJEHHE MPH MUTO3€ U Mel03e U JI0Ka3aHo, 4To
reHbl JIOKaJM30BaHbl B XpoMocomax, mpearnosoxkenus . Mennenss Haumwm HaydHoe
MOJTBEP2KIIEHHE.

[enbl, KOHTpOSIMpPYIOLIHE pa3vuHble (aabTepHaTHBHbIE ) (DOPMBI MPOSIBJAEHUS MPH-
3HaKa, Ha3bIBAIOTCS ANIEISIMU UK alJlelbHbIMU TeHaMU. YCTAHOBJIEHO, UTO aJljielb-
Hble TeHbl PAcnoJaralTcsi B OIMHAKOBbIX y4acTKax (J0Kycax) roMoJOrMYHbIX Xpo-
mocom. Cie/loBaTe/bHO, y JII0OOr0 JUIVIOWIHOTO OPraHu3Ma IposiBleHHe TOro WJH
MHOTO MPU3HAKa OTpefiesseTcs IBYM 1 a/leIbHBIMH FeHaMH.

COBOKYIHOCTb BCeX MeHOB OpraHM3Ma HasblBalOT FeHOTHNOM. [IpuMeHHTeIbHO K
OTZIeJIbHOMY TPH3HAKY CJIOBOM <«T'€HOTHI» 0003HAYaIOT COYeTaHHE aJIebHbIX TeHOB,
KOHTPOJIMPYIOLIUX JIaHHbIH Tpu3HaK. OpraHuambl, HMEIOIIHe OIMHAKOBbIE aJllesIbHble
TeHbl, HA3bIBAIOTCS TOMO3UrOTaMH. PasnyaioT IOMHHAHTHBIE TOMO3HTOTH (HX reHO-
TUT MOXKHO 3amucath Kak AA) u peuneccruBHble romMo3urothl (aa). Ocobu, umeroliye
pasHble ajjiesbHble TeHbl, Ha3bIBAIOTCS IeTePO3UroTamMM, X reHOTHIT MOXKHO 0603Ha-
UUTh Kak Aa.

[ameTbl 06pasyioTcsi B pesysbraTe Mefo3a W COAeprKaT ranjouaHblil Habop Xpo-
MocoM. Beromuum, uto B anacase I romosiornuHble XpOMOCOMBI, COMEpIKalllfe aji-
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Puc. 89. Llurosoruueckne 0oCHOBbI MOHOTHGPHIHOTO

CKpeluuBaHus

JieJIbHbIe TeHbl, PAacXoJsaTcs K MpPOTH-
BOTOJIOXHBIM TIOJTIOCAM JIeIsileNcsT KeT-
KU U B KOHEUHOM UTOTe MOMNajatoT B pas-
Hole rametsl (puc. 89). CaenoBaresbHo,
JIBA aJlJIeJIbHBIX TeHa He MOTYT OKasaTh-
Csl B OJHOM M TOH 2Ke MOJIOBOH KJeTKe.
B kaxmyto ramety nomnajgaet Jiviib OJUH
13 HUX.

[Ipennosioxkenne o Tom, 4TO aJ-
JieJibHble TeHbl pachpeiesisioTest Mo-
POBHY MEXIy IMOJIOBLIMH KJETKAMH, He
nornasiasi o6a B OJIHy ramerty, He pa3daB-
JIIICb U HE CMEILHUBAsiCh, aHTJIMACKHUN
reHeTdk Y. batcon B 1909 r. nagBan
TUNOTE30M YUCTOThI ramer.

[oMO3HTOTHBIE OpPraHU3Mbl HMEIOT
OJIMHAKOBbIE aJlJieJIbHbIE TeHbI, MO3TOMY
y HUX QopMHUpYyeTCcs OJMH THIT Tamer:
y ocobeil ¢ rerorunom AA Bee moJoBbie
KJETKH cojiepKaT reH A; y opraHuamon
C TeHOTHIIOM a@ BCE TaMeThl cojepxKaT
red a. lereposurotioie oco6u (Aa) 06-
pasyloT JiBa THMA raMeT B PaBHOM CO-
otHowmenun: 50 % MOJIOBBIX KJIETOK CO-
nepxkat aanenb A, 50 % — anens a.

[Ipu onaoa0TBOPEHUH rarnJouiHble
rameThbl poAuTesIel cauBatoTes ¢ obpa-
30BaHHEM JIUIJIOMIHON 3UTOThI. B 3uro-
Te XPOMOCOMbI BHOBbL CTAHOBSATCS Map-
HbIMH. B Kaxoil mape romMoJiorHUHbIX
XPOMOCOM OJIHA SIBJISIETCS MaTePUHCKOH,
a Jipyrasi — OTLOBCKOH. 3HAUUT, Y KaxK-
JIOTO TOTOMKA pa3BUTHE KaKoro-Jubo
npu3HaKa OyeT OnpeesiThes IByMs aJl-
JIeJIbHBIMUM TeHaMH, MTPUUEM OJIMH U3 HUX
yHacJe/IoBaH OT MaTepu, a Jpyrol —
OT oTuA.

BepHeMcsi K 9KCMepUMeHTY, B KOTO-
pom [T MeHnzenib nccsieoBas Hacaen0Ba-
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HHe OKpacku ceMsiH ropoxa. O603HAUMM JJOMHUHAHTHBIN I'eH, 00yCJAOBJHBAIOLINN XKeJl-
TyI0 OKpacky, OyKBOH A, 1 pelleCCUBHbIN TeH, ONpelesIoNIni 3e/eHy0 0KpacKy, — d.
[Tockosbky I MeHziesib HCMOJIB30BaJ B KAUECTBE POJIUTENLCKUX (POPM 0COOM U M C T bl X
JUHWH, UX TEHOTUTBI caeayeT 3anucatb Kak AA n aa. O6a pomuresnss — romo3uro-
Thl, KQXKJIblil W3 HUX MIPOM3BOJUT IaMEThI JIHIIbL OJHOTO THIA: y 0COOH ¢ reHoTHrom AA
dopmupyroTest ToJbKO rameTsl A, y 0co6H ¢ TeHOTHIIOM aa — TaMeThl d.

CausiHue ramMeT MpUBesio K 00pa30BaHHUIO 3UTOT, U3 KOTOPbIX PA3BHJIUCH THOPHIbI
nepBoro mnokosienus. O4eBHAHO, YTO BCE OHH MMEJH TeHOTHN Aa M XKeJNTylo OKpacKy
ceMsiH (JIOMHHAHTHbBIA TeH MOJHOCTBIO MOABHJI MPOSIBJIEHHE PELECCHBHOTO).

3anuiem 1anHoe MoHoru6puaHoe ckpeliBanne. Hanbosee pacnpocTpaHeHHBIMHA
chopMamu 3amnCH CKpellMBaHUH SIBJSIIOTCSI TeHHAsi U XpOMOCOMHas. B neppom
cJlydae reHbl 3aMUCHIBAIOT «B CTPOUKY», 6e3 yKazaHusi xpomocoM (Hanpumep, Aa). Bo
BTOPOM CJlyyae TMpH 3aMHUCH FeHOTHUIOB aJlyle/ibHble TeHbl PA3MellAtoT IPYT HaJl APYroM,
MpU 3TOM JBYMSI YePTOUKAMH 0003HAYAIOT TOMOJIOTHUHbBIE XPOMOCOMBI, B KOTOPBIX 3TH

A .
PeHbl pacrioiaraiotest (Hanpumep, —). 3aech M ajee HCnofb3yiTe Oy H3 dopm 3a-
nucH (Mo yKasaHuio yuureJist).

leHHasa dopma 3anucu XpomocomHas ¢popma 3anucu
CKpeLlmBaHus CKpeLBaHuUs
A a

P: QAA  x d aa P: Q y x d =

XernTtble 3eJieHble XernTtble 3eJieHble
e (4 ®
Fi: Aa Fi: %

KenTble XenTtble

CoOBOKYMHOCTb TIPU3HAKOB M CBOMCTB OpraHu3Ma HasbiBaioT ¢eHoTHnom. Ecsu
peub HUJIET O KOHKPETHOM CKpeLIMBAHUH, MOHSATHEM «(eHOTHIT» 0003HAYAIOT TOT MpPH-
3HaK (MJIM MPU3HAKH ), KOTOPBIH B 3TOM CKpellMBaHuu uceaenyercs. Hanpumep, B pac-
CMOTPEHHOM CJlydae MOXKHO CKa3aTb, UTO TMOPHbI TIEPBOr0O MOKOJEHUS] HMEIH OJIU-
HAKOBbIH (DEHOTHIT — >KeJIThIH L[BET CEeMsIH.

[UGpHIbl MePBOTO MOKOJIEHHST — TeTeposuroThl (Aa), mostoMy y HUX OpPMHPO-
Basloch JiBa Tuna ramet (A u @) B paBHBIX cooTHOWeHHsIX. C/nsiHie TaMeT HOCHUT CJly-
YalHbIll XapakTep, T. €. JioOyl0 SIHLEKIETKY MOXKET OMJIOJI0TBOPUTH JI06OH criepmaro-
3oujl (criepmuit). [TosTomy mpu omjogoTBopeHn (GOPMHUPOBAIMCH Pa3Hble THIbI 3U-
rot: AA, Aa v aa.

HTo6bl HAIVISIAHO 110Ka3aTh BCE BAPUAHTbLI CJAMSIHUS FaMeT W paccuuTaTh BeposiT-
HOCTb TIOSIBJIEHHS] TIOTOMKOB C pasHbIMU Te€HOTHNAMHU (M (eHOTHNAMH), MOXKHO T10-
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F 0A2a  x  OJAa CTPOUTL CrelHanbHylo TabJiMly, HasblBae-
mylo pemetko# Ilenneta (ee Bmep-

Q < @ @ Bble MPeIOKUI UCTONB30BATh AHTJIHHCKUI
revetuk P. [lTennerT). B pemerke [len-

@ xé;‘rA;ue )Keﬁfue HeTa M0 TOPU3OHTAJM YKa3blBAIOT TaMeThl
OJIHOTO POJAMTEJISI, a MO BEPTHKAaJM — ra-

@ Aa aa MeThl Ipyroro poautesisi. B kimetkax Ha mne-
HETTHIE senierioie pecedeHHH CTPOK M CTOJIOLOB 3alUChIBAIOT

FeHOTHIBI M (PeHOTHITbl 0COGel, KOTOpble
Puc. 90. Pemerka [Tennera BO3HHKAIOT MPH CJUSIHHM COOTBETCTBYIOIIMX
ramert (puc. 90).

Kax BHIHO H3 OCTPOEHHOH PeIeTKH, Y TeTePO3UTOTHBIX POIUTENbCKUX (hopM 06pa-
3YIOTCsI TOTOMKH C TpeMsi reHoTHnaMu B cootHotiennn 1AA : 2Aa : laa. CnenoBaresib-
HO, pacuienJieH’e no reHoTuny cocrasisietr 1:2: 1. BeposaTHOCTb MOsIBJICHHST TOTOM-
CTBA KaXKJ0TO THIA MOXKHO BbIpasuThb W B npouentax: 25 % AA, 50 % Aa u 25 % aa.

Pacuiensienve no uccaeayeMoMy TMPU3HAKY TaKOBO: % ocobell ¢ KeJTbIMH ce-

menamu (75 %) u i — ¢ seqenbiMu (25 %). 3HauuT, paciienaenue no (GeHoTuny
cocrasasieT 3 : 1.
. A A
Fi: 9 Aa X dAa Fy: 9 a X d?
XenTble XenTble XenTble XenTble
« W® ®E « WO OO
£ A A A a
F: AA Aa Aa aa & A 2 2 2
- - O A a8 g
Kenteie senekbie XerTble 3eneHble

XOTsl pacTeHHsi ¢ YKeATHIMH CeMeHAMH BHeIlIHe BBINJISAT OJMHAKOBO, IeHeTHue-
cku oHu HeopHopoaHbl (AA u Aa). CraHoBSITCA MOHATHBIMM NMPUYHHBI PA3HOTO «IIO-
BE/IeHHsI» UX MOTOMCTBA B MOCJE/IYIOLINX MOKoJeHHsIX. [Ipu camoonblienun cpeau 1no-
TOMKOB JIOMMHAHTHbIX romMo3uroT AA He Gyner HaG/ofaTbCs pacllleryieHus, Kak |
Cpell MOTOMKOB peleCCHBHBIX FOMO3UTOT aa. leteposurotHeie ocobu Aa Gynyt na-
BaTh B MOTOMCTBE pacuiernJenue 3: 1.

Takum o6pasom, B 0CHOBe 3aKOHOMEePHOCTeH, OTKPhIThIX [. MeHzesem, JIe:KUT no-
BeJleHHe TOMOJIOTHYHBIX XPOMOCOM B Tpoliecce Meifo3a W ciydaiiHoe causiHue (codera-
HHE) TaMeT MPH OTJIOOTBOPEHHH.
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9 1. Kakve reHbl HasbiBaloTCA annensbHbIM1? oe pacnonaralotcs asnesibHble reHbl?

* 2. Jante onpeneneHns MOHATUAM «(PEHOTUM», «FEeHOTUM», «FOMO3UroTa», «reTepoanroTar.
3. Moyemy TOT unNM MHOM MpU3HaK opraHnama B GOMbLUMHCTBE CIy4aeB OnpeaensieTcs OBY-
Ms annenbHbIMU reHamn? Movemy npu o6pa3oBaHUM raMeT B Kaxayk nonagaeTt Nuilb oauH
annenbHbl reH 13 napbl?

4. Kakve UMTONOrMYecKMe SIBIEHUS NexXaT B OCHOBE 3aKOHOMEPHOCTEWN, OOHapY>XEHHbIX
[". MeHpenem?

5.V yenoseka kapwii LBET rnas nonHOCTbI0 AOMWHUPYET Hapg rony6beiM. BO3MOXHO nu pox-
OeHve rony6orna3oro pebeHka B cembe, roe oba pogutens kapernasbie? Ecnn BO3MOXHO,
TO B KaKOM CJly4ae U C Kakow BEpOSITHOCTbIO? Ecnn HEBO3MOXHO, TO noyemy?

6. [IBe cepble KpbICbl OblfIM CKPELLEHbl C 6efbiM camuoM. B noTomMcTBe MepBOV Camku —
7 cepbIX OeTeHbIEeR, B MOTOMCTBE BTOPOM — 5 6enbiX 1 4 cepbiX. Kakon UBET LepcTu Jo-
MUHMpYeT? 3anuwmte oba CKpelumBaHUS.

7.00vH chepmep Kynun y apyroro depmepa YepHoro 6apaHa O/ CBOEW YepHOM OBeYbewn
oTapbl. Yepe3 HeKoTopoe Bpemsi OH Mpeabsasui nNpoAasLy NPeTeH3uu, Nockonbky na 30 po-
OVBLLMXCS SITHAT CEMEpPO okalanucb 6enbiMu. Ha 3To mpodaBeL, OTBETWUS, YTO ero 6apaH Bu-
HOBAT NULLIb HaMOJIOBMHY, a NOJIOBMHA BMHbI NIEXUT Ha OBLAx Nokynatens. Bnagenew oBeyben
oTapbl C 9TUM He COrnacwncs, 3asBuB, YTO €ro OBLbI MPEXAE pPoXanum TONbKO YEPHbIX ArHAT.
Kto u3a cepmepos npas? ModyemMy OBLbI poXanu TOMbKO YEPHbIX ArHAT?

§ 42. B3aumopeiicTBue anjesbHbIX F€HOB.
MHoXKecTBeHHbIN ajlieanu3m

Bsaumodeiicmsue annenvnvix 2enos. PasnyaloT HECKOIbKO THIOB B3aUMO-
JIEUCTBHUST aJlie/IbHBIX T€HOB.

[MoaHoe noMUHUpPOBaHME — B3aUMOJIEHCTBHE, TIPH KOTOPOM JIOMHHAHTHbIH aJliesb
MOJIHOCTBIO MOJIABJISIET TIPOsIBJEHHE PelleCCHBHOrO ajuiesisi. B 3Tom ciydae Kak y romo-
aurot AA, Tak n'y retreposurot Aa nposisisieTcsi AJoOMUHAHTHBIN pusHak. [To Takomy tTumy
HacJ/1eyl0TCsl MHOTHE NPU3HAKK oprannamMoB. Hanpumep, y eopoxa »enThlii 1IBET ceMsiH
MOJIHOCTBIO JIOMUHUPYET HaJl 3eJIeHbIM, a I1aJIKasti TOBEPXHOCTh CeMsIH — HaJl MOPLIMHH -
CTOH. ¥ 4en08eKa Kapuil LBET 1J1a3 MOJHOCTbLIO JOMUHUPYET Hajl ToslyObIM, Pe3yc-moJo-
JKUTEJILHOCTh — HaJl Pe3yc-0TPHIIATENBLHOCTBIO, TPABOPYKOCTh — HaJl JIEBOPYKOCTHIO,
1LIECTUNAJIOCTb IOMUHAHTHA O OTHOLIEHHIO K HOPMAJbHOMY CTPOEHHIO KHCTH W T. 1.

HexoTopble asuiesibHble reHbl B3aUMOIEHCTBYIOT 110 THITY HEMOJHOTO JOMUHUPO-
BaHus. B 3TOM ciiyyae JOMUHAHTHBIN TIPU3HAK MTPOSIBJISIETCS] TOJNLKO MPH HAJUUUHK JIBYX
JIOMHUHAHTHBIX ajuiesielt B renorune (AA). Ecin »xe opranusm rereposurorer (Aa), T. e.
MMeeT JIMIlIb OJIUH IOMUHAHTHbIH aJljleslb, B eHOTHIIE MTPOSIBJSETCS TIPU3HAK, TPOM € -
KYTOYHBIH MeXIy JOMHHAHTHBIM M PELLeCCHBHBIM.

[IpuMepom HeroJIHOTO JOMHHUPOBAHUS SIBJISIETCS] HAC/IEI0BAHHE OKPACKHU 1IBETKOB
y pacTeHuil HOYHOU Kpacasuyol. Kak BUIHO U3 pucyHKa 92, rOMO3UTOTHbIE pacTeHUs
uMetoT Jin6o Kpachbie (AA), 6o Genbie (aa) 1BeTkH. [Ipu ckpenmBannu pacre-
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HUH ¢ KpacHbIMH W OeJIbIMH 11BETKAMH B Iep-
BOM TOKOJIEHHM y BCeX pacTeHHH LIBETKH Oy-
JyT po3oBbIMH (Aa), T. e. HaGJOHAETCS MPO-
MeXYTOUHbIH XapaKTep HacJe/l0BaHHUsI.

[Ipu HemosHOM JNOMUHMPOBAHHM H3MEHS-
eTCsl XapakTep pacllernyieH|s BO BTOPOM T10-
KOJIEHHH, TaK KaK (PEHOTHIT reTepo3uroT OTJ-
yaeTcsi 0T (heHOTHINa roMo3uror. B stom ciy-
yae paculernJyeHue no GeHoTHITy U 10 reHOTHITy
coBrnazaer: 1 yacTb pacTeHHH uMeeT OeJyto
OKpAacKy 1BETKOB (aa), 2 4acTh — pO30BYIO
(Aa) u 1 yactb — kpacuyio (AA), wmm 1:2: 1.

Henosnnoe pomuHHpoBaHMe WIMPOKO pac-
npoctpateno. [To Takomy Tury HacsieyeTcst Kyp-
4aBOCTb BOJIOC Y 4ea08eKa (KypuaBble BOJIOCHI
He MOJIHOCTbIO IOMMHHPYIOT HaJl NIPSIMBIMH, MPO-
ME>KYTOUHBIH MPU3HAK — BOJIHMCTbIE BOJIOCHI),
MaCTb KpYnHo20 poeamozo cKoma, oKpacka
OMEPEHHsl Y KYp W TJIONOB 3eMASLHUKU, JPyrue
NPU3HAKH PACTEHHH, >KUBOTHBIX U UeJIOBEKA.

[Ipy KOOOMHUHMPOBAHWUM Yy TETEPO3UTOT-
HbIX 0COOEN MOJIHOCTBIO MPOsIBJsIOTCS 06a aJ-

JiesibHbIX reHa. Kiaccuueckum mnpumepom Ko-
Puc. 92. HacnenoBanne okpackn BeH4YHKa .
y HOHO KpaCaBHILbl HIOMHHHPOBAHUA SBJAETCS  B3AMMOLCHCTBHE
(HemoHOe IOMHHHPOBaHHe) reHOB y UeJIoBeKa C UeTBEPTOH TPYNMoil KPOBH
(o cucreme ABO).

[pynner kpoBu 0, A, B u AB onpenensitorcst reHom /. M3BeCTHBI TpH pa3HOBHJI-
HocTH 3Toro rena: I, B, I°. AnnenbHbie rensl /*u [P nosHocTbio foMuHKpPYIOT Haj [,
HO KOJOMHHAHTHBI 10 OTHOLLIEHHUIO JPYT K JIPYTY.

Ten [* oGyc/ioBaMBaeT HaJMuKe Ha MeMOpaHax 3pHTPOLMTOB anThrena A, ren [°
onpejieisieT HaJuuKe Apyroro anturena — B. CiiefoBaTesibHO, y Jiofiefi ¢ reHotunamu /A
u IM° 3pUTPOLUTEL HECYT TOJILKO anTHren A — 310 BTopas (A) rpynna Kposu. Y Jio-
neii ¢ renotunamu 2% u [PI° KpacHble KpoBsiHbIE KJIETKH HECyT TOJIbKO aHTHreH B —
3TOKpoBb TpeThe il (B)rpynnst. Yenosek ¢ renotunom °/° umeerne psyto (0) rpyn-
My KPOBM — Ha MOBEPXHOCTH €r0 SPUTPOLUTOB OTCYTCTBYIOT aHTHreHsl A u B.

Y reteposurot ¢ renotunom /*® rensl /A u [P He nopaBisiOT nposiBJeHHe APYT
Jpyra, a KopoMuHupytoT. Kax/plil U3 HUX B MOJIHOH Mepe BBIMOJHSET CBOIO (PYHKLHIO,
MO3TOMY 3PUTPOLMTHI cojlepakaT o6a anturena (A u B). B pesyasrare dopmupyercs
HOBbI NpusHak — vyeTBepTas (AB) rpynmna Kposu.
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B

Puc. 93. Oxpacka 1epcTi KpoJIMKOB: @ — 4epHasi; 6 — IIMHILIWIOBasT; 8 — rMMaJiaiickasi; e — GeJiast

Mnoorcecmaennoii anrneaudm. OKpacka CeMsH e0poxa, HACNENOBAHHE KOTO-
poii uzyuan Menziesib, onpeesisieTcst AByMsl ajjlesiiMi — JIOMMHAHTHLIM U PeLleCCHB-
HbIM. Ho MHOTHe reHbl mpejcTaBjeHbl He ABYMsi, a OOJbIIAM YHCJIOM ajuiesied. Bol
yXKe 3HaeTe, UTO TeH, ONPeNesIoNMi Y 4ea08eKka rpynmbl KpoBu (no cucreme ABO),
cyutectsyeT B Tpex dopmax — /A, [P [°. Jlns rena, KOHTPOJMPYIOLIErO CHHTE3 FeMo-
rJ06MHA, U3BECTHO HECKOJIbKO JECATKOB pasHoBuaHOCTeH. [Ipu aTOM y Kaxknoil KoH-
KPETHOH 0cOOU MMeeTesl He OoJiee JIBYX ajllesIeld KaxK/Ioro reHa, nockoJsibKy CoMaTuye-
CKHE KJIETKH COJIeprKaT JUIJIOMIHBIN HA00p XPOMOCOM.

SIByienue cyuiecTBoBaHMs reHa GoJiee 4eM B JIBYX aJulesIbHbIX (POPMax HA3blBaeTCsl
MHOX€CTBEHHbIM a/l1equ3MOM. MHOKeCTBEHHbIE aJlie/li HepeKo 00pasyloT cepu, B
KOTOPbIX KaxK/bli MPeAbILIHI ajjie/b JOMUHAHTEH 110 OTHOLIEHHIO K MOCJEAYIOUIUM.
Hanpumep, y kpoauxa wssectha cepusi amneneii: C>c¢™ > c¢"> ¢ e annens C,
ONpeJeAOIIMA YEPHYI0 OKpPacKy Mexa, JIOMHHUPYeT HaJl TpeMs JPYyrMMH: Haj aJjie-
JIeM, ONpeie/IAionMM WHHIIKAIoBYI0 (¢), rumanaiickyio (¢") n 6enyto (c) okpacky.
Asisiesib LIMHIIMJJIOBOF OKPAaCKH, B CBOK Odepelb, JTOMHHHPYET HaJl aJjijejieM ruma-
JIAWCKON OKpacKW, a TOCJeIHUH JIOMHHHUDPYET HaJl ajjiesieM, OMpeessioliuM Oenyto
okpacky (puc. 93). M3BeCTHbI cepuH MHOXKECTBEHHBIX aJljiesied, OMpeaessolIUX [[BET
rna3 y dpo3oghuaot, pUCYHOK Ha JIHCTbSIX 6€A1020 Kaesepa W Jip.

Anaausupyruiee ckpeuwjusanue. [1pyu noJHOM JOMUHUPOBAHHH OIHOTO aJljielist
Hajl IPyTUM OpraHu3Mbl, HMeIOlIHe JOMUHAHTHBIH (PEHOTHIT, MOTYT HMETb pasHble Tre-
Hotunbl — AA nnu Aa. Kak onpenennTb reHOTHIT 0co6H, obJajiatolieil JOMMHAHTHBIM
MPU3HAKOM? DTO MOXKHO CJeJIaTh MO pe3yJbTaTaM CKpelMBaHHSI MCCJIeNLyeMOi 0co-
6u ¢ peleccHBHOl romosurotoit (aa). Takoe ckpellMBaHHEe HA3bIBAETCSI aHAJAU3UPY-
IOLIUM.

Hanpumep, y momamos reH, KOHTPOJHUPYIOLIME MOSIBJIEHHE KPYIJIbIX TJI0JIOB,
MOJIHOCTBIO JIOMUHUPYET HaJ TeHOM, OMpEeIessIonM rpylieBuaHyto dopmy. HyxHo
YCTAHOBUTH T€HOTHIT PACTEHHsI ¢ KPYNJIbIMHU MJ10JaMu. BBejieM 0603HAUEHHST COOTBET-
CTBYIOLIMX I'eHOB: A — Kpyrjble Miojibl, @ — rpyuieBuaHble. Mccnenyemoe pacrenue
MoxkeT UMeTb reHotun AA wan Aa. B 3ToM ciyyae 3anucbiBaloT peHOTHTHYE -
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CKMHU paaMKaJjg — Ty 4acTb €HOTHNA, KOTOpasi onpesessieT (eHOTHIT OpraHu3ma.
B Hauiem ciyuae deHoTHMMUECKUI padKag CJelyeT 3anucath B Buje A-.

CkpectuM HccsenyeMylo 0cobb ¢ pelleCCHBHOH MOMO3HIOTOH, T. €. ¢ pacTeHHeM,
MUMEIOLINM TPYLLIEBH/HBIE TJIO/bI.

P: A- x aa
KpyrJibie rpyIIeBH/IHBIE

Paccmorpum siBa BapuaHTa aHasusupylollero ckpeliusanus (puc. 91), ucnob-
3ysl JIBa BO3MOXKHBIX reHoTHIa uccaenyemoro pacrenusi (AA u Aa). TlotometBo, mnoJy-
UeHHOe TMPH aHaJM3UPYIOLIEM CKpelllMBAHUH, NPUHATO 0003HayaTh Kak [,. O6paTtnte
BHMMaHHe, YTO B MEPBOM CJlydae B [IOTOMCTBe HabJtofaeTcsl equHoobpasue rubpuIIOB,
a BO BTOpoM — paculerenue 1 : 1.

@

AA

®

e @ @ @

w
o

Aa Aa aa

EpunHoo6pasue rubpungos Paciyennenve 1:1

Puc. 91. Anassupyoliiee CKpeliBaHne

Hrak, ecsii MTOTOMCTBO, MOJIydEeHHOE MTPU aHAJTU3UPYIOLIEM CKPEIIMBAHUH, SBJSETCS
elMHOO0Opa3HbIM MO JOMHHAHTHOMY T[PH3HAKYy, TO aHaJju3upyemasi ocobb $B-
asietcst romosurotHoit (AA). Ecim ke B motomcTBe HabJiojlaeTesi pacuienjeHue,
MCCJIElyeMblil OpPraHu3M SIBJISIETCS eTepo3UroTHbIM (Aa). 3HauuT, aHaiau3upylollee
CKpellMBaHWe — 3TO CKpelllMBaHue 0COOH, UMEIoLeH TOMHHAHTHbBIA (heHOTHTI, ¢ To-
MO3HUIOTHOH peleCCUBHON 0COObIO /sl BhISIBJEHUSI T€HOTUIIA aHAJIU3UPYeMON 0COOH.

9 1. Kakvie TvMbl B3aMmMOOenCTBMA afesibHbIX FTeHOB BaM U3BECTHbI?

* 2. Yem nosHoe LOMMHMpOBAHME OT/IMYAETCS OT HerosHoro? MpvBeguTe NpUMEpHI.
3. JonycTum, 4TO y onpeneneHHoro BUaa pacTeHni LWMPOKMUE NTUCTb OOMUHUPYIOT Hag y3Ku-
MU. CKpecTunun aBa retepo3nroTHbIX pacTeHus. NoToMCTBO C Kakumu heHoTMnammn un B Ka-
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KOM COOTHOLLEHUM crieQyeT OXupaaTb, €CNN MeHbl, KOHTPONUPYIOLLME LUMPUHY NNCTLEB, B3a-
WMOZENCTBYIOT MO TUMY MOMIHOrO AOMWHMPOBaHMA? 10 TNy HEeMnonHOro AOMWHUPOBAHMWA?
4. Y10 Takoe KOOOMUHMPOBaHME? Kakown TuM B3aMMOJENCTBUSA HabMogaeTcs Mexay reHamu
B n P°, onpepenstowmmy rpynny Kposu Yenoseka? Mexay reHamu A n [B?

5. Y10 Takoe MHOXeCTBEHHbIN annenuam? MoxeT nv y yenoseka ObiTb TPW annens, Kotopble
onpegensanu 6bl rpynny kposu (no cucteme ABO)? Moyvemy?

6. Y10 npepcTaBnseT co6oV aHanM3upyroLlee ckpeluvBaHne? Kak mo pesynbratam aHanu-
3MPYIOLLIEr0 CKpeLUMBaHUA MOXHO YCTaHOBUTb FEeHOTUN ocobu, obnagaroLlien JOMUHAHTHLIM
deHoTunom?

7.V ViBaHa n Mapun 4eTtBepo feTen. Bce oHn umetoT pasHble rpynnbl kposu: |, I, Il n IV.
OnpegenuTe rpynnbl KPOBK U reHoTunbl ViBaHa 1 Mapuu.

8. Okpacka onepeHusi y Kyp HacnegyeTcsi no TUMy HEnosiHoro JOMUHMPOBAHMUSA (YepHOe one-
peHne OOMUHMPYET Hapg 6enbiM, NPOMEXYTO4YHbIA NPU3HaAK — necTpoe onepexue). MecTpbix
KYp CKpPecTunu ¢ nectpbiMu netyxamu. /I3BecTHO, 4TO elle OO OnnogoTBOpeHus nornéaet
70 % rameT, HecyLmnx peLeccuBHbI annenb, n 30 % rameT, HECYLLUMX AOMUHAHTHLIA annensb.
OnpepenvTte NpPOLEHTHOE COOTHOLLIEHWE NMOTOMKOB CO BCEMW BO3MOXHbLIMU heHOTUNaMMU.

§ 43. duru6puaHoe ckpeuuBanue. Tpetuid 3akoH MeHaens

Hueubpuonoe ckpeuwjusanue. 3aKoH He3ABUCUMO20 HACAED0BAHUA NPU-
3Hakog. CKpelllBaHue, MPH KOTOPOM POJUTENbCKHE (DOPMbI OTJIMYAIOTCS MO JIBYM
napaMm ajibTepHAaTHUBHBIX MPU3HAKOB, Ha3blBaeTCs AUTHOPUAHBIM. Eciu poautesnu ot-
JIMYAIOTCSl IO MHOTHM Mapam aJibTePHAaTHBHBIX TMPU3HAKOB, CKpelllMBaHHe HA3bIBAETCS
NOJUTUOPUIHDBIM.

B onbitax . MeHnesb cKpellBal rOMO3UrOTHbIE PACTEHHSI e0pOXA, PaA3IUual0-
1Mecs OJIHOBPEMEHHO TI0 JIBYM MapaM TPU3HAKOB, HANpUMep MO OKpacke W opme
noBepxHoct ceMsiH (puc. 94). OHU POAUTENBCKUE PACTEHHUS UMEJIH JKEJIThIe TJIaJKHe
ceMeHa, JIpyrue — 3eJjieHble MOPIIMHUCTbIE. B nepBoM mokosieHnH HabI01aJ0Ch eJ1-
HooOpasue — Bce rHOPHIbI UMEJIH JKeJIThle TJIaJIKHe CeMeHa. 3HAUUT, JKeJiTas OKpacKa
MOJIHOCTBIO JIOMUHHPYET Hajl 3eJICHOM, a rJiajiKasi MoBePXHOCTb — Hajl MOPIIMHUCTOH.

[Iyrem camoornbijieHusi THOPUIOB MEPBOTO MOKOJIEHUST ObIIO TIOJy4eHO BTOpPOE MO-
KoJIeHHe, B KOTOPOM COIVIACHO 3aKOHY paclIerJIeHHs] MPOSIBUANCH HE TOJIbKO JIOMH-
HaHTHbIE, HO U pellecCUBHbIe Mpu3Haku. [Ipu aTom Hab/io1aIuCh BCe BO3MOXKHbBIE CO-
YeTaHHsl NPU3HAKOB CEMSIH: JKeJIThble TIJIajIKhe, XKeJIThle MOPIIMHUCTbIE, 3eJleHble TJIajl-
KHE U 3eJieHble MOPIIMHUCTbIE B COOTHOLIeHHH 9:3:3: 1.

Takum o6pazom, ObLIO MOJYYEHO TTOTOMCTBO 4YeThipeX (DEHOTHUITHUECKHX KJIACCOB:
JIOMHHAHTHbIE 110 060UM TIpU3HAKAM — %

HbIe 10 BTOPOMY TPH3HAKY — %, pelleCCUBHbIE T10 IEPBOMY U JIOMHHAHTHbBIE 10 BTO-

pomy — 3 peuecCruBHbIC 11O 0601uM NpusHakKam — % 4acCTb.

16’

; AOMHHaHTHbIE 10 NMEePBOMY U PELLECCHUB-
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Puc. 94. TuruGpuaHoe cKpellMBaHHe PACTEHHI ropoxa, pas/jHyaloLIMXCsl OKPAacKOH M MOBEPXHOCTbIO
cemsii (A — KenThle, @ — 3eJeHble, B — ryankue, b — MOPIUIMHUCTBIE)

[Ipoananiaupyem Hac/ie0BaHHE KaxK/I0H Mapbl aJbTepPHATHBHBIX TPU3HAKOB B OT-
JIeJIbHOCTH U ITOJTYUHM CJIe/IyIOLIHe Pe3yJ/IbTaThl: 12 yacTel ceMsiH UMEJIH KTy OKPACKY,
a4 yactu — 3eJieHylo, T. €. pacllernJyeHue Mo NPpU3HaKky OKPacku, Kak U py MOHOTHOPHL-
HOM cKpellBaHuH, coctaser 3 : 1. Takas »xe KapTuHa HaGJ/110aeTCsl U NPU aHaA/IU3e
paclienJ/eHus o gopme MOBEPXHOCTH ceMsiH: |2 raaknx ¥ 4 MOPUIMHUCTHIX, T. €. 3 1.
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DTO TOBOPUT O TOM, YTO MPH JUTHOPUAHOM (@ TaKxKe TMOJUTHOPUIAHOM) CKpeLy-
BaHMM pacllienieHne Mo KaxIoH nape ajbTepHATHBHBIX MPU3HAKOB MPOUCXOAUT H € -
3aBUCHUMO OT JAPYyrHX. 3HAUUT, IMTHOPUIHOE CKpElIUBAHUE, MO CYTH, MPEACTaBJseT
co60i1 IBa HE3aBUCUMO HyLIIMX MOHOTHOPHAHBIX CKPEIMBaHUS. DTa 3aKOHOMEPHOCTB,
ycraHoBsieHHast [. MeHaesiem, Broc/eACTBUH Oblja Ha3BaHa 3aKOHOM He3aBUCUMO-
ro Hac/je10BaHWsl MPU3HAKOB WUJH TPeTbMM 3akKoHOM Menaeasi. Ero moxHo cdop-
MYJIMPOBATh CJEAYIOIMM 06pa3oM: MPU CKPeIMBAHUU 0co0ei, OTIHYaloIUXCs Mo
ABYM W OoJjiee mapam ajbTepPHATUBHBIX MPU3HAKOB, reHbl U COOTBETCTBYIOLLUE UM
NPU3HAKU HACJAENYOTCS He3aBUCUMO U KOMOMHUPYIOTCS BO BCeX BO3MOXKHBIX CO-
YyeTaHUsX.

Ilumoaoeuueckue 0CHOBbL 3aKOHA HE3ABUCUMO20 HACAED0B8AHUA NpPU-
3naxos. B paccmorpenHom ombite [. Mennenb usydasn HacaeloBaHWe ABYX Map ajb-
TePHATHUBHBIX NPU3HAKOB. OUEBHJIHO, YTO LBET CeMSIH U opMa UX MOBEPXHOCTH Orpe-
JeJISTIIOTCS IByMsT pa3HbIMU napamu reHoB. O603HAUMM ajliesib XKeqNTOH oKpacku A, 3e-
JIeHOH — a, T1aiKkoi Gopmbl — B, MOpUIMHUCTOH — b.

[enbl, KoHTpoOJMpYIOLIME pa3BUTHE PA3HbIX Map MPHU3HAKOB, HA3BIBAIOTCS Head-
JeabHbiMU. OHU pacrniosiaraloTcsi B pa3HbIX Napax XpoOMOCOM WJIM B pPa3HbIX yyacT-
Kax romMoJIOTMYHbIX XpomMocoM. B nanHom ciyuae reHbl, 06ycl0BANBAIOLINE OKPACKY
(A ¥ a), Hea/uleJIbHBI M0 OTHOLIEHHIO K TeHaM, ONpPEIeJISIONM T0OBEPXHOCTb CEMSIH
(B u b). I1peanosoykum, 4to 3TH Napbl ajjieneid HAXOAATCS B HEFOMOJIOTHYHBIX XPO-
MOCOMaX, T. €. B Pa3HbIX Mapax XPOMOCOM.

Ponurenbckue pacrenust 6yayt umeth renotunsl AABB w aabb. Ocobu, roMmosu-
FOTHBIE MO JIByM Napam reHOB, HA3bIBAIOTCS JUTOMO3HUTOTaMHU. B ramersl nonana-
eT 10 OfHOMY TeHy M3 KaKA0#i mnapbl. CrenoBaresbHO, Y KaKI0TO M3 TMIOMO3H-
FOTHBIX pojuTesieil GOPMUPYETCs OIMH THIT TaMeT: y oxHoro — AB, y apyroro — ab.
B pesysbrate onsonoTBopenusi pasBuBaeTcs nepBoe MokoJeHue ru6puaos. Bee onu
MMEIOT JKeJIThble TIaJKue ceMeHa, 4to obyc/oBieHo reHotuniom AaBb. Ocobu, retepo-
3UTOTHBIE MO JIBYM Mapam TeHOB, HA3bIBAIOTCS AUTeTepo3UroTaMm . CKOJIbKO TH-
NoB ramMeT 06pasyloT JAUreTepo3UroTHble 0COOH?

Kak usBectHo, B anacase | meitoza romosiorndnbie XpoMOCOMBI PACXOASATCS K Pas-
HbIM T0JIIocaM KJeTKd. [1pn 3ToM pacxokienue Kaxkioi napbl XpOMOCOM MPOHUCXOAUT
He3aBUCHMO OT Apyrux nap. Heromosoruunbie XpoMOCOMBbI PacXofsTcsi K TMOJ0caMm
cydaiiHbiM 06pa3oM, o6pasysi pa3jiduHbie KOMOWHALMH. 3HauyuT, reH A MoxeT mno-
nacTb B OfIHy TaMeTy C reHOM B usn ¢ reHom b. TouHo Tak »Ke reH a MOXKeT 0Ka3aTbes
B OJIHOH rameTe ¢ reHoM B uiu ¢ redom b. [1o 3Toil mpuuMHe 1UreTepo3UroTHbie 0COOH
oGpasytoT yeTbipe THna ramet AB, Ab, aB, ab B paBHoM cootHowenun — no 25 %.

CBoGojiHOE coueTaHHe TAKUX raMeT MpH OMJIOAOTBOPEHHH MPUBOJUT K 06pa3oBa-
HUIO pa3HbIX BAPHAHTOB 3WTOT, a 3HAYUT, W MOTOMKOB. Mcnosbayst heHoTHMMUECKHE
pajMKadJbl, paciienaeHyie 1o GeHOTHITy MPH JUrHOPHIAHOM CKPELMBAHUU (K TIPH yCJI0-
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BUM, YTO aJslie/IbHble T'eHbl KaXK10H Mapbl B3aUMOJCHCTBYIOT MexkIy coGof Mo THIy
MOJIHOTO JIOMMHMPOBAHMS) MOXKHO 3aMucaTh CJAeIyIOLIUM 06pa3oM:

9 A-B- : 3 A-bb : 3 aaB- : 1 aabb.

Takum 06pazom, B OCHOBE HE3aBUCHMOIO HACJENOBAHUS JIEXKUT:

1) cayuaitnoe pacxoxkaeHHe HEFOMOJIOTHUHBIX XpOMOCOM B aHadase | mefiosa, Ko-
TOpO€ MPUBOAUT K (hOPMHUPOBAHUIO TAMET C PA3JUUHBIMH KOMOWHAIIUSIMU TE€HOB;

2) ciydailHoe CJIMsIHME TaMeT TMPH OIJIOJOTBOPEHUH, UTOo 06YCJIOBJINBAET 00pa3o-
BaHUe pa3HbIX THUIIOB 3UIOT.

Jlokasatb, 4TO y JUreTepo3uroTHON ocoOu 00pasyloTCs raMeThbl YeThlpeX THIIOB,
MpUYEM B PaBHOM COOTHOIIEHHH, MOXKHO C TIOMOILbIO aHAJU3UPYIOLIET0 CKpPelnBa-
Hus. JJ1 3TOro IUreTepOo3UTrOTHBIH TOPOX, UMEIOIINH YKeThle TJIaJKHe CeMeHa, CKpe-
CTHM C PELECCUBHOH JUroMo3urotToil. B moromcTee Oyner HabJtonaThesi ueThbipe e-
HOTHIHYECKHUX (M FeHOTHUITMYECKHX) Kaacca B cooTHowenuu 1:1:1: 1, 1. e. no 25 %.
ITO CBUAETEJBCTBYET O PABHOBEPOATHOM (DOPMUPOBAHUM UETHIPEX THUIOB TaMeET Y HC-
CJIelyeMOro POAUTEIS.

P: Q AaBb x d' aabb
XenTble rnagkue 3es1eHble MOPLUMHUCTbIE
o () () (o)
F,: AaBb Aabb aaBb aabb
Xentble Xentble 3eneHble 3eNeHble
rnapkve MOPLUMHAUCTbIE rnagkue MOPLLMHUCTbIE

9 1. Kakoe ckpelumBaHve HasblBaeTcs AMrnépuaHbim? MonmrnépuaHsimM?
2. B 4em 3akmo4aeTcsa CyLIHOCTb 3aKOHa He3aBMCUMOro HacnepoBaHusa? Kakue umtonoru-
YeCcKne OCHOBbI OBGYCNOBMMBAKT HE3ABUCUMOE HacnenoBaHWE FeHOB U COOTBETCTBYHOLLIMX
UM NpU3HaKoB?
3. Kakoe pacLuenneHune no reHotuny u no eHotuny 6yaeTt HabnogaTbcs B NOTOMCTBE, €CNN
OUreTepo3nroTHy0 0Co6b MOABEPrHYTh aHaNM3NPYHOLLEMY CKpeLLmBaHuio? Kakoe paclienne-
HMe no cheHoTMNy HabnoOaeTcsl B pe3ynbrate CKPeLUMBaHUst AUreTepo3vroT Mexay Co6omn?
4. Boinvwnte BCE TUMbI raMET, KOTopble 06padyoT ocobu ¢ reHoTunamu: AAbb, AaBb, aaBb,
AaBbDd.
5. OKpacka LBEeTKOB HOYHOM KpacaBuLbl HacfeQyeTcs Mo npoOMeXyTOYHOMY TUMy (KpacHble
LUBETK/ AOMWHUPYIOT Haf 6efbiMu, Yy retepo3vroT LBETKM PO30Bble), a BbICOKUIA cTebenb
MONHOCTbIO OOMUHUPYET Haf KapnukoBbiM. CKpelumBaloT ABa OUreTepo3UroTHbIX PacTeHus.
CKOnbKO NPOLEHTOB pacTeHUA MepBOro MOKONEHUs YHACNeayloT: a) KapnukoBbin ctebenb n
pPO30Bble LBETKN; 6) BbICOKMIA CTEOESNb N KPaCHble LIBETKU; B) KAp/IMKOBLIA cTebesnb 1 6enble
LiBETKM; T) BbICOKMIA CTe6ENb N PO30Bble LBETKN?
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6. Y 4enoBeka TeMHbI LBET BOMOC MOMHOCTLIO AOMUHMPYET Haf, CBETSIbIM, a HOpMasibHbIN
CNyX — Hap, BPOXAEHHOW rMyXOTOW. Y CBETI0BOIOCOrO MY>UMHbI, MYXOro C POXAEHWs, ecTb
TEMHOBOJIOCHIV CblH C HOPMalibHbIM CITyXOM M [OYb CO CBETIIbIMM BOIOCAMU, Y KOTOPOW Mpo-
SIBUNacb HaCnefcTBeHHas rnyxota. YCTaHOBWTE FeHOTUN MaTepu 3Tux feTteii. Kakosa Be-
POATHOCTb POXAEHWUS B 3TOM ceMbe pebeHka ¢ PeHOTUNOM mMaTepu?

7.Y XOMSIKOB KOpWYHEBas OKpacka LUepcTu onpepensercs OOHUM OOMWHAHTHBIM FEHOM,
a abpukocoBas — [PYr¥M AOMWHaHTHbIM FeHOM. [laHHble reHbl PacnonoXeHbl B Pa3HbIX
napax XpoMOCOM, X peLecCcrBHbIEe annenu NpuBoasAT K NosisneHunto 6enomn okpacku. Ecnm xe
B FEHOTUME XOMSAKa NPUCYTCTBYIOT 06a HeannesnbHbIX JOMUHAHTHbLIX reHa, NnosBAfeTca HOBbIV
npu3Hak — 4epHas okpacka. OT cKpelLymBaHus abprMKOCOBOrO camua C KOPUYHEBOW CaMKOW
poauncs geTeHbil ¢ 6eflon LWepcTbio. YCTaHOBUTE MeHOTUMbI POAUTENbCKMX 0cober. Kakoe
NMOTOMCTBO MOXHO OXWAaTb Yy HUX B AanbHenem?

§ 44. CuenseHHOe Hacleq0BaHUE.
XpoMocomMHasi Teopusi HaCJAeACTBEHHOCTH

Cuyenaennoe nacaedosanue. I. Menzesb ony6/aMKoBa pe3ysnbTaThl CBOUX HC-
cneoBanuil B 1865 1., 0HAKO TOTA €ro OTKPBITHS OCTAJUCh He3aMedeHHbIMH. ToJIbKO
B 1900 r. K.Koppeunc (Iepmanus), I ne ®pus (Tomnanmua) n 9. Yepmak
(ABcTpHSs) HE3aBUCHMO JIPYT OT Apyra 0OHAPY:KHJIM Y Pa3HbIX BHAOB PACTEHHH Te Ke
3aKOHOMEPHOCTH HACJIeI0BAHUS MPU3HAKOB, uTo U [. Mennenb. AHIIMACKUI TeHETHK
Y. bsartcon noarBepmua 3akonbl MeHzaesst Ha KUBOTHBIX. [lepeoTKpbiTHE 3aKOHOB
Menziensi BbI3Basio TIyGOKHE MHTEpeC K H3y4eHHI0 3aKOHOMEPHOCTEeH HacjeloBaHHs
MPU3HAKOB U CTMOCOOCTBOBAJIO GBICTPOMY PA3BUTHIO MeHETHKH.

B 1902 r. nemeuxuii uutosor u sm6puosor T. boBe pu npencraBui n0kazarebCTBa yuacTHs Xpo-
MOCOM B ITpolieccax nepeiayn HacsecTBeHHOH HHdopmatuu. OH rokasas, HalpuMep, 4To HOpMaJibHOe
Pa3BUTHE MOPCKO20 eaca BO3MOXKHO JIMIIL MPH HaJMYMM Bcex XpomocoM. [lono6Hyio cBf3b 3ameTH.
B 1903 r. n amepukanckuii uurosior ¥. C 3 110 H. Tak nostydnsin o6ocHoBaHue npeanosozkenust Menuesnst
0 HacJIeCTBEHHBIX (PAKTOPaX, O HAIMUMK OIMHAPHOTO Habopa 3THX (PAKTOPOB B raMeTax U ABOHHOTO —
B surotax. B 1909 r. gatckuii 6uosior B. MoranceHn BBeJ NOHATHE <IeH».

B 1910 r. amepuxanckuii reHetTik T. MopraH 3KCclepUMeHTaJbLHO JIOKa3al,
YTO TeHbl PacrosioXKeHbl B XpomMocomax. MHorouuc/eHHble uccaenoBanust Moprana
M €ro y4eHUKOB IPUBEJH K LEJOMYy Psjly BaKHEHILIUX OTKPBITMH, KOTOpbIE JICIVIH B
OCHOBY XpPOMOCOMHOI Te€OpHUH HacjaeacTBeHHOCTU. OJIHO U3 ee TOJIOKEHHH MOXKHO
chopMyUPOBATHL CJIEYIONMM 06pa30M: FeHbl PachoJoXKeHbl B XpOMOCOMaxX B JiU-
HeilHOM MOopsiIKe U 3aHUMAIOT ONpeeseHHble YUaCTKU — JIOKYCbl, IPUYEM aJlieb-
Hble reHbl HAXOJATCS B OJIMHAKOBBIX JOKYCAaX FOMOJIOIHYHBIX XPOMOCOM.

3aKoH He3aBUCHMOTOo HacjenoBaHusl (TpeTuil 3akoH Mennessi) cnpaBeiin B
TOM cJjlydae, €CJIM HeaJljeJibHble T'eHbl HAXOAATCS B pasHblX napax xpomocom. Oj-
HAKO KOJIMUECTBO TE€HOB Yy JKHUBBIX OPraHM3MOB 3HAUMTEJbHO O0O0Jblle 4YHCIa Xpo-
MocoM. Harnpumep, y 4enrosexka okono 25 ThiC. TeHOB, a KOJHYECTBO XPOMOCOM —
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MopraH Tomac XaHT (1866—1945) — amepukaHCcKuii 61o-
nor, OQMH U3 OCHOBOMOJIOXHUKOB reHeTUKKU. MepBbiM Havan
nccnegoBaHus Ha NNogoBOM MyLLKe apo3odune. ITorom aTmnx
OMbITOB SIBUIAaCb XPOMOCOMHAs TEOpWUs HacneaCcTBEHHOCTW.
Jlaypeat Ho6enesckon npemum (1933 r.).

23 napel (2n = 46); y niofoBoi MylKu 0po3oguist npuoIu-
3uTesibHO 14 Thic. reHOB U Bcero 4 napbl XxpoMmocoM (21 = 8).
CrieoBare/bHO,  Kaxaasi XpPOMOCOMa  COZEPKHT  MHOXKe-
CTBO TeHOB. BymyT /i reHsl, JloKasu3oBaHHble B OJHOH XpO-
MOCOMeE, HacJ/eloBaThCsl He3aBUCUMO? (OueBMIHO, UTO HET.

[enbl, pacnosoxeHHble B OfHOI XpoMocome, 06pa3yloT rpynny cuemnjeHus u
Hacaenylorcst BMecte. CoBMecTHoe HacsienoBaHue reHos T. Mopran npemioxus Ha-
3bIBaTh CLEMJIEHHbIM HacjeloBaHMeM (B OTJIMuHe OT He3aBucumoro). Kaxkpas mapa
FOMOJIOTHYHBIX XPOMOCOM COJIEPXKHUT T€Hbl, KOHTPOJUPYIOIME OJHH U Te XKe TPU3HAKH,
09TOMY KOJMYECTBO IpynM cuenjeHus paBHO 4yucay nap xpomocom. Hanpuwmep, y
yeJioBeKa 23 rpynbl CLUENJeHust, a y Apo3opuanl — 4.

Bam u3BecTHO, UTO NpH HE3aBUCHMOM HACJEIOBAHUHM JMIE€TEPO3UTOTHAST 0COOb,

A B
Hanpumep — =, o6pasyeT ueTblpe THIA raMeT B PABHOM COOTHOLUIEHUH, T. €. 110 25 %:
AB, Ab, aB 1 ab. DT0 06YCJIOBJEHO TE€M, UTO HeasJieJbHble TeHbl HAXOAATCS B PA3HBIX
napax xpomocoM. Ec/iy »ke OHU pacrnoJioyKeHbl B FOMOJIOTMUHBIX XPOMOCOMAX, CJIeN0-

Baso Obl 0XKWJATb, YTO JUIETEPO3UrOTA % Oy/leT NPOU3BOJUThL JIMIIL JIBA THIMA ra-
met: 50 % AB u 50 % ab (oOpaTuTe BHHMaHMe Ha TO, YTO CLEMJEHHblE T'eHbl 3a-
MHCBHIBAIOTCST B OJIHY XPOMOCOMY ).

Onnaxko T. Mopran o6Hapy»uJ/, 4To B OGOJBIIMHCTBE CIyYyaeB AUTETEPO3UTOTHBIE
oco6u 06pasdyloT He JBa, a ueTbipe THna ramet. [loMumo oxxunaembix AB U ab (op-
MUPYIOTCA TaKxKe raMeTbl ¢ HOBbIMH KOM6I/IH3LII/IHMI/I ['€HOB!: @ U aB, TOJIbKO B ME€Hb-
IIeM TPOLEHTHOM COOTHOlLIeHHH. Pacemorpum oauH u3 skcnepumenTtoB T. Moprana,
B KOTOPOM H3y4aJsloCh Hacje/loBaHHe CLEMJIEHHBIX TeHOB Y dpo3oghubl.

Ecan mounctuTh pyKThl UK OBOLIM U HE Cpa3y BbIOPOCHTb OYUCTKH IGO0
OCTaBUTb (DPYKTbI HA CTOJIE HA HECKOJIBKO JAHEH, TO MOXKHO 3aMeTHTb, Kak —
BOKPYT OCTaTKOB THIIM HAYHYT POMTHCS MaJieHbKHE MYLIKH pa3MepoM OKOJIO ?"\\‘
2—3,5 MM. 10 dpo30ghuabl — TIIOOBbIE MYILIKH, PO HACEKOMBIX OTpsijia
JBykpoiibie (puc. 95). O6bItHO APO30(HIbI UMEIOT KPACHBIE TJ1a3a U HKEJITO-
KOpPHUHEBYIO OKpacKy Gpiolka. YKusHeHHbIH LUK/ APpO30(HIT KOPOTOK: pas-
BUTHE OT stiilia JI0 MOJIOBO3PEJIOi 0cobu npu 25 °C sanumaer 10 apeii. He-
60JIblIIHE pa3Mepbl, BLICOKAsS MJIOJOBUTOCTb, MPOCTOTA KYJILTHBHPOBAHUS H
pslL IpyruX 0COGEHHOCTEH Ha JOJTOEe BpeMs Clesanu APo30(HIy TJaBHBIM
06beKTOM reHeTHKH. He onun HoGesieBCKUI Jlaypeat, KpOMe CBOEro HHTeJI-
JieKTa, 00s13aH el CBOMMH HayYHBIMH JIOCTHXKEHHUSIMH. Puc. 95. ﬂp030d3HJla
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Puc. 96. CkpeluiBanue 4HCTBIX JIMHHMH
Jpo30huI

[lyTeM cKpelMBaHHS YHCTON JIMHUH JPO30QHUITI,
MMEIOLIUX Cepoe Tejio M HopMaJibHble (JJHHHBIE)
KPbUIbsl, C YUCTOH JIMHUEH, O0COOM KOTOPOH UMe-
JIM YepHOe TeJI0 U 3a4aTOUYHble KPbUIbsi, ObUIH MO-
JIydeHbl THOPHBI TepBOTO MoKoJeHus (puc. 96).
Bce oHM B cOOTBETCTBUM C 3aKOHOM €IMHOOOPA3Us
Obl/IH CePbIMH C HOPMaJIbHO PA3BUTBIMH KPbUIbSIMHU.
CrienoBartesibHO, Y 1po3oduit cepoe Tejio (A) moJ-
HOCTbIO JOMHHUPYET Haj YepHbIM (@), a HOpMaJib-
Hble Kpblabst (B) — Hapn 3ayatounbiMu (b). Bee ru-
OpHIbI IEPBOTO MOKOJEHHUA — JUTETEPO3UTOTHI.

3ateM GbLI0 MPOBEJIEHO aHATM3UPYIOLIEe CKpe-
muBanue (puc. 97). JIMreTeposuroTHy CamKy
M3 THOPUIHOTO TOKOJIEHHSI CKPECTHJIM C pellec-

CHUBHBIM JWI'OMO3HUI'OTHBIM CaMLOM (qepHoe TeJIO U 3a4aTOYHbIC Kpb[.ﬂbﬂ). B norom-
ctBe GbL10 nogyueno no 41,5 % ocobeil ¢ cepbiM TeJOM, HOPMAJbHLIMH KPbLILSIMHU
¥ YepHbIM TeJOM, 3a4aTOUHBIMU KPBUILSIMH, a Takke N0 8,5 % Myx ¢ cepbiM TeJioM,
3a4aTOYHBIMHU KPBIJIbSAMH M YEPHBIM TEJIOM, HOPMAJbHBIMH KPBIIbSIMHU.

Ecnn 6bl rensr,

ornpenessdolniMe UBeT TeJa W pa3sBUTHE KPblIbeB, HaXOAWJ/IUChb

B pa3HbIX Mapax XpoMOCOM, COOTHOLIeHHEe (EeHOTHITMUYECKHX KJIacCoB Oblio Obl paB-

HeiMm — 1o 25 %. Ho storo He Ha-
HaXOIATCS
B FOMOJIOTMUHBIX XpOMOCOMax M Hacje- | P: Q

6JI}OlIaJIOCb, 3HAa4yuT, TECHbI

JAYHOTCA CLEINJICHHO.

Hecmotpss Ha cuerjieHHe TI'eHOB, EI6)

caMKa

Thipe THNa ramer. OJHAKO rameT ¢ Hc-
XOIHBIMHM COUYETAHHUSIMH CLIETJIEHHBIX I'e-
HOB (pOPMHMPOBAJIOCH HAMHOTO GoJiblle | Fy

B
b 1pousBoJMJa HE JiBa, a 4e-
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(AB v ab BMmecTe coctaBuin 83 %), \ \
yeM C HOBbIMH HX COUETAHUSIMU (CyMMa AB b Ab
Ab 1 aB pasHa 17 %). :b = I £
Bbio  BbIsicHeHO, YTO MPUUMHON 15% 415% 8,5% 8,5%
M0sIBJIEHHsT XPOMOCOM C HOBBLIMH KOM- Y 2t M ’
Heroccoseprle KpoccoBepHble
OUHALMSIMU  POJUTEJbCKUX T€HOB $IB- oco6u ocobm

JIACTCA KPOCCHHIOBEp. Bbl I[TOMHHTE,
YTO STOT Mpouecc MpoucxoauT B IPO-

Puc. 97. Anasusupyioliiee cCKpeliuBaHie
JIUreTEPO3UTOTHOH CaMKH JPO30QHIIbI
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thaze [ meitoza u npencransser co60i 0OMeH COOTBETCTBYIOUIMMH YUACTKAMH MEXIY
rOMOJIOFMUHBIMU XpoMocoMamH. Takum oOpa3oMm, KPOCCHMHIOBep MpensiTcTBYeT noJ-
Homy (a6co/I0THOMY) cUenJieHHI0 TeHOB. [aMeThl, KOTopble 00pa3yloTcsi B pe3yJibra-
Te KPOCCHHrOBepa, U 0COOH, KOTOPbIe Pa3BUBAIOTCA MPH YYaCTHM TAKHUX IAMET, Ha3bl-
BAIOTCA KPOCCOBEPHBIMU MIM peKOMOHUHAHTHBIMHU. B pacCMOTpeHHOM 3KcC-
nepuMeHTe rameTbl Ab W aB SIBJISITIUCb KPDOCCOBEPHBIMH, a raMeTbl AB W ab — He-
KpPOCCOBEpHBbIMU (cM. puc. 97).

KpoccuHroBep Meskiy KOHKPETHBIMH CLEMJIEHHBIMH TeHaMH TPOUCXOJUT C
ornpesie/IeHHOH BepOsITHOCTbIO (4acTtoToit). s pacyeTa 4acToTbl KpPOCCHHIOBepa
(rf, ot auri. recombination frequency — dacToTa peKOMOWHALMK) MOXKHO T0JIb30-
BaThCsl Clelylollell popmyJioH:

CyMMa KPOCCOBEPHBIX rameT (ocobeit) 100 0/
= . 0.
o611lee KOJIMUEeCTBO raMeT (ocobeil)

if

Takum o6paszom, mMexiay renamu A W B, KOHTPOJUPYIOIIMMU LBET TeJa W JIJTHHY
KPbLILEB JPO30(HJIbI, KPOCCHHIOBEP MPOUCXOAUT C YaCTOTOM: rfys = 17 %.

HanbHeiime uccnenoBanus, nposeaeHnbie T. Mopranom W ero coTpyaHHKa-
MH, MOKa3aji, YTO YacToTa KPOCCMHroBepa MPONnopUMOHAJbHA PACCTOSIHUIO MEX-
Ay TreHamu, pacrnojioXKeHHbIMU B OHOH Xpomocome. YUem GoJiblie paccTosiHie
MEXKJly CLEMJEHHbIMU T'eHaMM, TEeM Yallle MeXIy HUMH TPOUCXOAUT KPOCCHHTOBEP.
1 nao6opot, uem 611K e APYT K APYry PacroJioXKeHbl FeHbl, TeM M € Hb Il € YacToTa
KPOCCHHTOBepa Mexay HUMH. HeM oGbsiCHSIeTCsl 3Ta 3aKOHOMEPHOCTh?

B npodaze [ mefioza npu KoHblOralu TOMOJOTHUHBIX XPOMOCOM 06pas3oBaHHe
MepeKpecToB MeXKIy XpPOMaTHIAMH OCYLIECTBJSIETCS] MPOU3BOJILHO, HA JIOObIX COOT-
BETCTBYIOIIMX yuacTKax. Paccmorpum pucyHok 98.

[enbl A u B (nn a v b) HaXoJsTCsl CPaBHUTENLHO OJIM3KO JIPYT K Jpyry. Beposrt-
HOCTb TOI'O, YTO IMepeKpecT npou3013w,eT MMEHHO Ha y4acCTKe, pas3aeJidiolnleM 3TH I'eHbl,
HeBesinka. lensl A u D (W a u d) pacnosaratiotcst Ha 3HAYUTEJNbHOM PACCTOSHHUM
Jpyr oT apyra. [TosToMy BepoATHOCTb TOTO, YTO XPOMATHJIbI IEPEKPECTATCSH HA KAKOM-
J60 ydacTKe MexXKTy HUMH, HAMHOTO BbIllle. 3HAUHUT, yeM OO0Jblle PACCTOSTHUE MEXKILY
reHaMH, TeM vallle OHU Pas3lessiioTesl PU KPOCCUHTOBEPE.

Takum 06pazom, yacTora KPOCCUHIOBEPA MO3BOJISIET CYUTh O PACCTOSIHUH MEXKIy
reHamu. B yects T. Moprana eiHuIa H3MEPEHUST PACCTOSTHUS MEXKIly TeHAMH TMOJTy4H -
Jla Ha3BaHWe MOpPTraHUJAa WIH, YTO TO JKe caMoe, CaHTUMopranuaa (cM).

Mopranuaa (cantumopraHuaa, cM) — 3To reHeTMueckoe paccTosiHue, Ha KO-
TOPOM KPOCCHHIOBEP NMPOUCXOAUT € BeposiTHOCTBIO 1 %.

Buosiornyeckoe 3HaueHHe KpPOCCHHIOBepa uUpe3BblUAMHO BeJUKO. B pesysbrate
3TOTO TPOLECCa BOZHUKAIOT HOBble KOMOWHAIMK POAMTENLCKUX T€HOB, YTO TMOBbBIIIAET
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Puc. 98. CxeMbl pa3/iMiuHbIX BapHAHTOB KPOCCHHIOBEpa
ME2KJly FOMOJIOTHUHBIMH XPOMOCOMaMH

reHeTHYECKOe pa3HooOpasuHe MOTOMCTBA M PACIIMPSieT BO3MOXKHOCTH afanTalllu op-
FaHW3MOB K PA3JIMUHBIM YCJIOBUSM OKpY»Katollel cpeibl.

Tenemuueckue kapmeot. T. Mopran U COTPyIHUKH ero JjabopaTopuu Mokasasu,
YTO 3HAHWE YACTOThl KPOCCHHTOBEPA MEXJy CLeNJeHHbIMH FeHaMH MO3BOJISIET CTPO-
UTh FeHeTHUecKHe KapThl XpOMOCOM. [eHeTHUecKast KapTa MpejicTaB/sieT co00i cxemy
B3aHMHOT0 PACTOJIOXKEHUS TeHOB, HAXOISIMXCS B OJIHOH TPYTINe CUENJIEHHs], ¢ YUeTOM
paccTosiHUi Mexay HUMH (puc. 99).

[eHeTnueckre KapThl XPOMOCOM YK€ COCTaBJIEHbI /ISl YeJIOBEKA, MHOTMX BHJIOB
JKUBOTHbBIX, PacTeHWiH, rpuOOB M MHUKPOOpPTraHW3MoB. Hasiune reHeTHUeCKOH KapTbl
CBUJIETEJILCTBYET O BBICOKOH CTeMeHH M3y4eHHOCTH TOr0 WJIM HHOTO BHIA OpraHu3ma
¥ npejcTaB/sieT 60JbLION HayuHblil HHTepec. Takoil opraHu3Mm siBJsIETCS] MPEKPaCHbIM
00BEKTOM JJIsi TIPOBEJeHHsT JIaNbHEHIIINX SKCIIePUMEHTaNbHBIX paboT, HMEIOIIUX He
TOJIbKO HAay4yHOe, HO M TpaKTHUecKoe 3HaueHWe. B uyacTHOCTH, 3HAHHE reHETHUECKHX
KapT MO3BOJISIET TJIAHUPOBATL PAGOTHI M0 MOJYYEHUIO OPraHU3MOB C OTIpe/eJeHHbIMU
COUEeTaHUSIMM MPHU3HAKOB, UTO LIMPOKO MPUMEHSIETCS] B CEJIEKIMOHHON MpakTHke. [e-
HeTHYeCKHe KapThl XPOMOCOM UeJjIoBeKa MCMOJIb3YIOTCsl B MEJIUIMHE JJIsT IUATHOCTHKH
1 JleueHUsl psiia HacJ1eICTBEHHbIX 3a00seBaHUH.
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Cepoe HopmarsbHble
TEeno KpblJbA
G "

OnvHHbIE KpacHble 4 ' KpacHbie
YCVKM rnasa rnasa
ab ab v ab

0 48,5 54,5 65,5 104
L . LE N

KopoTtkue TlypnypHble™ KopuyiHeBble
YCUKM rnasa rnasa
3a4aTo4Hble
YepHoe Kpblbs
Teno

Puc. 99. Cxema renetnueckoil KapThl BTOPOH XPOMOCOMBI IpO30(HHIIbI

OcHoBHbLE NON0HCEHUS xpomocomnod meopuu HacaedcmeeHHOCMU.
1. [enn! B XpomMocoMax pacroJiozKEeHbI JIHHeﬁHo, B OHpe,[LeJIeHHOIU/I rnocJjenoBareJib-

HOCTH. AJjieJIbHBbIE TeHBI HaXoJsiTCAd B OJJMHAKOBLIX JIOKyCax OMOJIOTHYHBIX XPOMOCOM.

2. TeHbl, pacrnosioykeHHble B OJHOH XpoMocoMme, 00pasyloT Ipyriy CUeneHus H

HacCJIe[lyloTCsd BMECTE. KousinuectBo rpymnm cuerieHus: paBHO YHCJY MMap XpOMOCOM.

3. CueruieHue reHOB MOXKET HApyLIaThCsl B pe3yJsbTaTe KPOCCHHIOBepa, IpOUcC-

Xoaduero npu KoOHbloraui roMoJIort4HbixX XpoMOCOM B npod)a3e [ mefiosa.

4. Yacrora KpoccHHroBepa MPONoOpUHOHAIbHA PACCTOSIHUIO MEXKIy FeHaMHu: 4eM

6oJbllle pacCTOsIHUE, TeM BbILIE YacToTa KPOCCHHIOBepa, U HAa000pOT.

5. 3a e/IMHULy pACCTOSIHUSI MeXIly CLIENJIEHHBIMU reHaMu TpuHsiTa | Mopranuia —

paccTosiHie, HAa KOTOPOM KPOCCHHIOBEP MPOMCXOAUT ¢ BeposiTHOCTLIO 1 %.

9 1.Bcerga nu co6niopaetca lll 3akoH . Mengena? B Kakux criyvasx reHbl HacnemytTcs He-

3aBVCMMO, a B KaKUX Cny4asx — CLEenfeHHo?

2. Y10 Takoe rpynna cuenneHns? Yemy paBHO KONMYECTBO rpynn CUEMNeHns B Knetkax pas-
HbIX OpraHu3moB?

3. lMo4vemy vacTtoTa KpoccuHrosepa Mexpay CLEeneHHbIMW reHamn 3aBUCUT OT PacCTOsHUA
Mexay Humn?

4. YTO Takoe reHeTnyeckme KapTbl XpOMOCOM? KakoBbl MEepCnekTuBbl MX UCMOb30BaHUA?
5. CopmynupyiTe OCHOBHbIE MOSIOXEHNSI XPOMOCOMHOWM TEOPUW HACNeACTBEHHOCTMU.

6. Kakve Tunbl raMeT U B KakoM MPOLEHTHOM COOTHOLLUEeHWM 6yayT dopmMmpoBaTb aurete-

PO3UrOTHbIE OCO6U A:f 7] A—g, €CNM U3BECTHO, YTO paccTosiHue mexgay reHamu A n B co-
a a

ctasnsieT 20 mopraHvg?



lenernka noJaa 187

7. Cepbll UBeT Tena y Apo3oduibl AOMUHUPYET Hah >XenTbiM, KpacHble rfasa — Hag rpa-
HaToBbIMW. [eHbl, OTBEYatoLMe 3a 3TN NPU3HAKKW, NOKanM3oBaHbl B NepBON nape XpoMOCOM
N HaxopaTcs Ha paccTosHum 44 mopraHmabl. CKPecTUnmn YNCTbie JNIMHWM CEepoTeNbIX MyX C
rpaHaToBbIMM rnasamMu 1 XenToTenblX C KpacHbIMU rnazamu. V13 nony4eHHbIX rmépuaos Bbl-
6panv caMKy 1 NoaBepriv ee aHanuaupyLwemy ckpelumsaHuio. Kakum 6yget npoueHTHoe
COOTHOLLEeHMEe (DEHOTUMNYECKMX KNAcCoB B NOTOMCTBE?

8. Y oOHOro 13 B1MAOB pacTEeHUA pacceyeHHble NUCTbA JOMUHUPYIOT Haf LenbHbIMU, @ CUHAS
oKpacka LIBETKOB — Hajf, po30BoOW. B pesynsrare aHanuampyloLero ckpelumsaHmsa 6bino no-
Jly4eHO MOTOMCTBO 4YeTbipex dpeHoTunmyeckmx knaccos: 1) 133 pacteHus ¢ pacceyeHHbIMU
IMCTBAMW N CYHUMU UBETKamu; 2) 362 pacTeHus C pacCe4eHHbIMU JINCTbAMU U PO30BbIMU
uBeTkamu; 3) 127 pacTeHui ¢ LeNbHbIMU NINCTbAMU U PO30BbIMU LIBETKaMu; 4) 378 pacteHuii
C UefbHbIMX JINCTLAMU N CUHUMMK LBEeTKamMWn. 3aTtem pacTeHus nepBoro PeHoTUnM4ecKoro
Knacca CKpecTunn C pacTeHusMM BTOpPOro (heHOTUNMYeckoro knacca. CKOMbKO MpOLEHTOB
NOJMyYeHHbIX rMOpuOoB OyAyT MMETb pacCeyeHHble NUCTbS M PO30Bble LBETKU? LlenbHble
JICTbA U CUHUE LBETKN?

§ 45. leHeTuka noaa

Xpomocomnoe onpedenernue noaa. C JaBHUX BPEMEH Ue€JOBEUECTBO HH-
TepecoBasl BOMPOC: MOYeMy Y OJHMX M TeX Ke POAMTeJeH TOSIBJISIIOTCS MOTOMKH pas-
HOTO T10J1a ¥ B CBSI3H C 4eM Yy OOJIbIIMHCTBA PA3/lesIbHOMOJMBIX OPraHH3MOB HaOJII01aeTCs]
MPUMEPHO OIMHAKOBOE COOTHOLLIEHHE MYXKCKHX M 2KEHCKHX 0co6el? BpliBUraanch coTHu
FUIoTE3, HO TOJIbKO PasBUTHE T'€HETUKHU U LHUTOJIOTHMHU NaJl0 BOSMO2KHOCTb PACKpPbIThb
MeXaHM3M HaCJ/IeL0BAHUS U ONpeeseHHs MoJ1a.

[Mon — 3T0 COBOKYMHOCTH MOP(OJIOrHUECKHX, (DH3HOJOTHUECKHX, GHOXMMHUYECKHUX
1 JIPYyruxX NpU3HAKOB OpraHuama, obecreynBatolx BOCnponsBeieHne cebe nogoOHbIX.
BCHOMHI/IM, 4YTO I0OJIOBbI€ IMPU3HAKH MTPHUHSATO ACJUWTb HA M€ PBUYHBIE (HaJll/I‘{l/le I1o-
JIOBBIX 2KeJie3 OIpe/ie/IeHHOr0 THIA W IPYTHX PENPOAyKTHBHBIX OPTaHOB) U BTOPHY -
Hble ((eHOTHNHUECKHME PA3JIUUNST MYXKCKHX H YKEHCKHX 0COOeH, HEeMoCpeaACTBEHHO He
NPUHUMAIOLLKE YyUacTHsl B rpolecce pasmHoxkeHust). [TockosibKy npusnaku onpenedsi-
I0TCSl reHaMu, ObIO CIeJIaHO MPEANOJIOKEHHE, YTO M0 OpPraHu3Ma OMNpejiesisieTcs re-
HETHUECKH.

le/l HCCJeNJOBAHUH KAapUOTUIIOB MHOI'MX BHAOB 2KHBOTHbLIX W YeEJIOBEKA OblJI0
YCTaHOBJIEHO, UTO y 0COOEH MYXKCKOIO M 2KEHCKOT0 MM0J1a UMEIOTCSl Pa3JjiMiusi B OIHOM
nape xpomocom. JlanbHeillline Hccaen0BaHUS MOKA3aJH, YTO 9TH XPOMOCOMbI H OTIpe-
JeJISIIOT T10J1 OpraHu3Ma, B CBSI3H C YeM OHM MOJIyYHJIH HAa3BaHHE MOJOBBIX XPOMOCOM.
Bce ocrasbHble napbl XpoMOoCcOM (OJIMHAKOBbBIE Y 0COGEl MY»KCKOTO M XKEHCKOTo 1MoJ1a)
OblJIM HA3BaHbl ayTOCOMAMHM.

B comaTnueckux kjeTkax 4e108exa COAep:KUTCs 23 mapbl XpoMocoM: 22 napbl
ayTocoM W | mapa roJsioBblIXx XpoMoCOoM. B KjeTkax My»KCKOro opranusma I0JiOBble
XPOMOCOMbI Pe3KO OTJIHYAIOTCSl 10 pasMepy M cTpoeHuto. OaHa M3 HUX KpymnHas,
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AyTOCOMbI (22 napsbl) XPOMOCOMbI

Puc. 100. Ha6op xpomocom uesioBeka

HepaBHoOIMJIeUasi, COIePKHUT O0Jlb-
1I0€ KOJIMYeCTBO TE€HOB — 3TO
X-xpomocoma (ukc) (puc. 100).
Jpyrast xpomocoma MeJiKasi, HaroMH-
HaeT OYKBY Y M COJAEPKUT CPaBHU-
TesJIbHO Masio reHoB. OHa HasBaHa
Y-xpomocomoii (urpek). B kier-
Kax JKEHCKOro opraHuama MoJo-
Bble XPOMOCOMbI OJHHAKOBblE —
JBe X-XpOMOCOMBI.

O603HaunB ayrocombl GykBOH A,
MOKHO 3aricaTb XpPOMOCOMHBIH Ha-
60p »KeHIIMHLI B Buae 44A + XX,
My»KuuHbl — 44A + XY. Tlpu 06-

pa30BaHWK raMeT B KaX/Iyl0 W3 HUX IOMajgaeT MOJOBHHA ayTOCOM M OJIHA M3 TOJIOBbIX
XPOMOCOM. 3HAUHT, B ’KEHCKOM OpraHu3Me oOpasyeTcst OJMH THI SIHLEK/ICTOK: Bce
OHH uMeloT HaGop xpomocoM 224 + X. B myxckoMm opranuame GhopMmupyloTcs ABa
THIA CIIEPMaTO30UJI0OB B PaBHOM cooTHolleHnu: 22A + X u 224 +Y.

Ecn sifinexsieTky oruiooTBOpsieT CrepMaTo30M, cojeprKallil X-xpomocomy, M3
3UTOTHI PA3BUBAETCS YKEHCKUI opraHuaM. Eciiu B OMiofloTBOpeHHH ydacTByeT criepma-
TO30UJL C Y-XpOMOCOMOH, U3 3UroThl pa3BuBaeTcsi pebGeHOK MyxKckoro nosa. Cienosa-
TeJIbHO, Y 4eJioBeKa 1o/l peOeHKa 3aBUCHT OT THMa crepmarosouna orua. [Tockosbky
o0a TUMa My:KCKHX TameT 00pasdyloTcsi ¢ OJIMHAKOBOH BEpPOSITHOCTBIO, B MOTOMCTBE Ha-

6JtofaeTcs pacluensenue no noay 1: 1.

Tak ke, KaK y ueaogexa, NMPOUCXOAUT
onpeseseHue ToJa y OOJBbIIMHCTBA JIPY-
TUX MACKONUMQIOWUX, PSa HACEKOMbLX
(Hanpumep, y dpo3oghunel), MHOTHX 08Y-
domnolx pacmenuti. Tak, Hanpumep, B co-
MaTHUeCKHMX KJeTKaxX dpo3oguibl
eTcst 4 mapbl XpOMOCOM: 3 Tapbl ayTOCOM
u 1 mapa nosoBbix xpomocom (puc. 101).
XpoMocoMHbIH Habop caMoOK 0po3oguibl
6A + XX, camiiob — 64 + XY.

[Ton, uMerolMii OIMHAKOBBIE MOJIOBbIE
XPOMOCOMBI U 00pasytouMid OIMH THI Tra-
MET, MPHUHATO Ha3biBATb TFOMOTaMeTHBIM.

HMe-

Puc. 101. Xpomocombl 1po30QuJibt
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[Tos1, dopmupyolmii 1Ba THMA rameT, HasbiBaeTcsi rereporameTHbiM. [Ipu XY-Tune
ONpeJiesIeHHs] 110J1a KEHCKUH T10J1 IBJISETCS] TOMOTaMeTHBIM, a MY’KCKOH — reTepora-
MeTHbIM (puc. 102).

=)

o

d ?

Q d

+O

Yenosek (XY) Ky3Heuuk (X0)

g

d ¢ d’m
® @ O
¢

¢ d

Metyx (ZZ) Muena (camey rannoug)

Puc. 102. OcHoBHble TUIIBI OIIpeLeJeHUs] [10J1a
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B npuposie BerpeuaeTes ¥ MPOTHBOIOJOXKHbBIFA THIT ONpeiesieHust 1oJa, NpH KOTo-
POM My>KCKHE 0COGH SIBJISIIOTCSI FOMOTaMETHBIMH, a >KEHCKHEe — TreTeporaMeTHbIMH. DTO
XapakTepHo, Hanpumep, aast nmuy (cMm. puc. 102), MHOTHX npecmolKaroujuxcst, HeKo-
TOPBIX polh, 3eMHOBO0HbLX, babouek (mymosulil uieakonpsd), pacmenutl (3emas-
Huka). [Tpn 3ToM mosioBble XxpoMocombl 0603HavaloT 6ykBamu Z 1 W, 4ToObl BbIAEJUTD
JIAHHBIH THUI ONIPEJIeJIeHHsT TToJ1a. ¥ CaMIIOB MOJIOBbIE XPOMOCOMbBI 3aUCHIBAIOT KaK ZZ,
ay camok — ZW.

Y HEKOTOPBIX BUI0B XKUBbIX OPraHU3MOB FeTepOraMeTHbIH M0JI HMEET JIHILb OJIHY HEMapHyIo MOJIOBYIO
XPOMOCOMY, B TO BPeMsi KaK rOMOraMeTHbIH — JiBe ofiiHaKoBble. Hanpumep, y Ky3neuuka caMki UMeIoT
xpomocomublit Hatop 164 + XX, a camupl — 164 + X0 (Hysem o603Havyal0T OTCYTCTBHE XPOMOCOMDI ).
CaMKH SIBJISIIOTCS FOMOraMeTHBIM 10J10M, HX sIHIIEKJIETKH Co/ieprKart 1o aeBsiTh XxpomocoMm: 84 + X. Cam-
bl MPOM3BOJSAT JIBA THIA CIEPMATO30MJIOB: B OJHHX COJIEPXKUTCS TakxkKe JEBSTH XpoMocoMm: 8A + X,
B IpYTrHX — TOJIbKO BoceMb: 8A + 0. CiieioBaTesibHO, y Ky3Heuuka My»KCeKoil o reteporametet. X0-Tur
OTIpeJiesieHlsi 1oJia BCTpeYaeTcss My JIPYTUX BHIOB APAMOKPOLLALIX, & TaKXKe Y JMYKO8, Naykos,
HEKOTOPbIX KA0M08, Kpyervlx yepsetl. B ciyuasix, KOria reTeporaMeTHbIM 0JIOM SIBJISIETCS KEHCKHUH,
MOJIOBbIE XPOMOCOMbI CAMOK 3anucbiBaloT Kak Z0, a camioB — ZZ.

Y nuen, oc, Mypasoes 1 HEKOTOPBIX IPYTHX 1epenoH4amoKpblAbLX HET TI0JOBLIX XpoMocoM. CaMKi —
3TO IUIIOU/IHBIE OPTAHU3MbI, KOTOPbIE PA3BMBAIOTCS U3 OMJIOAOTBOPEHHDIX STHIL, 4 FAMJIOUIHbIE CAMIbI —

U3 HEOMJIONOTBOPEHHBIX (cM. puc. 102).

Ocobennocmu Hacaedo8anus NPU3HAKOS, CUenaeHHblx ¢ noaom. Ilojosbie
XPOMOCOMBI COfiep2KaT He TOJIbKO I'eHbl, OIpeeJIsitollie M0J1 OpraHu3Ma, HO W Ipyrue,
He MMerollMe OTHOLIeHHs K nosy. Hanpumep, B X-Xxpomocome vejioBeKa pacroJfiozKeHbl
TeHbl, KOHTPOJIMPYIOLLME CBePThIBAHHE KPOBH, LBETOOLLyleHHE (CIOCOOHOCTDL pasJiu-
4aTb OCHOBHbIC LBeTa), pa3BUTHE 3PUTE/LHOIO HepBa M Jp. Y-XpoMocoMa 3THX FeHOB
He COJLEepPXKHUT.

Y-xpomocoma yesioBeka HMeeT HeOOoJblUMe padMepbl U COOTBETCTBEHHO COJEPXKUT MEHblLE IeHOB,
ueM X-xpomocoma. OiHaKo, TOMHMO T'€HOB, OMpPeEJISIOINX PA3BUTHE MYyKCKHX [0JIOBBIX MPU3HAKOB,
B Hell umetotes u apyrue. MiMenHo B Y-Xxpomocome HaXOASITCS TeHbl, ONpeiesisiiollife HalnIHe JKeCTKHX
BOJIOC HA YIIHBIX PAKOBMHAX, KPYMHbIX 3y0OB W HEKOTOPBIX APYrHX MpH3HaKkoB. B X-xpomocome Takux
FeHOB HeT, MO3TOMY JlaHHble MPU3HAKH MOTYT TPOSIB/ISITBLCS JIMIIL Y MY?KUHH.

HpHSHaKH, KOTOpbIE ONpeAesdT s reHaMu, paclioJIO2KEHHbIMHA B [1OJIOBBIX XPO-
MOCOMax, Ha3blBalOTCAd NPU3HAKAMH, CLEMJI€EHHbIMHU C IMOJOM. HaCJIe,ZIOBaHI/Ie 9THUX
[IPU3HAKOB HUMEET CBOH 0COOEHHOCTH. PaCCMOTpHM WX Ha MpuMepe HacJaeJCTBEHHOIO
3aboJieBaHUs UeJIOBEKA — T'e MO q3 HJI U H.
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Y 60JIbHBIX reMo(HUIHel HapylleH MPOLECC CBEPThIBAHUS KPOBH, MOSTOMY B pe-
3yJbTaTe TPaBM WJIM XMPYpPrHYeCKOro BMellaTe/bCTBa MOIYT BO3HHKATh KpoBOTeue-
HUs1, IPEJICTABSIONINE YTPO3y JUisi }KU3HH. KpoMe Toro, y reMoUIHKOB HEPEJIKO MPO-
UCXOAAT CIIOHTAHHbIE KPOBOU3JIMAHUA B CyCTaBbl U BHYTPEHHHE OpPraHbl.

Ata GoJiesHb 06YC/IOBJIEHA PELECCHBHBIM TeHOM /1, ClIMJIEHHBIM ¢ X-XpPOMOCO-
Mo#i. JloMHHaHTHBIN reH [ onpesesieT y yejoBeka HOpMaslbHOE CBEPThIBAHHE KPOBH.
Y JKEHIHH JBe X-XpOMOCOMBI, MO3TOMY MO MPHU3HAKY CBEPTbIBAEMOCTH KPOBH, KakK W
M0 JIPyrUM MpH3HAaKaM, CLEMJIEHHbIM ¢ X-XpOMOCOMOH, BO3MOXKHbI TPH BapHaHTa re-

HOTHIIA:

¢

(1py renHoil dopme sanucn — T X'X) — snopoBast KeHiMHa;
(mn T XX") — 310poBast JKeHLMHA, HOCHTEbHULA FeHa reMODHIIUH:

¢

(nn ? X'X") — keniumHa-reModuIHK.

4‘_0
SIs sz T

JleBoukH, GoJibHblE TeMOgUJIMel, POXKAATCA Ype3BbluaiiHO penko: oaHa Ha 100 muiH HOBO-
POXKIEHHBIX (CPelM MaJbuMKOB 3TOT TOKaszaTesb HaMHOro Bbile, B cpeaHem 1 : 10 000). Paubuie
MHOTHE JIEBOYKH-TeMO(UINKH YMUPAJIH B MOJAPOCTKOBOM BO3pAcTe B CBSI3H C HAyajoM MEHCTpya-
uui. XoTs reMoHUIMs W HA CErOAHSIIHME JIeHb CUHTAETCs HEM3JeUMMOH 60Je3Hblo, ee TeueHHe
KOHTPOJIMPYETCS ¢ MOMOILbIO HHBEKLME HelocTatollero Gakropa cBepTbiBaHus KpoBH. Takum 06-
pa3oM, COBpeMeHHast MEIMLIMHA CYLLECTBEHHO TPOJIEBACT MPOJOJIKUTENbHOCTb KU3HH OOJbHbBIX Te-

MoHIHEI.

[1pu 3amucu ckpeluBanuii Y-xpomocomy 0603Ha4aloT YePTOH ¢ KPIOUKOM: —.

B otHowennu reHoB H wid h oHa siBjsietcsi «mycToi». [To3ToMy y My»KUMHbI
HMeeTcsd JIMllb OAHH I'€H, onpeﬂeﬂmoumﬁ CBEPTbIBAEMOCTb KPOBH. DTOT TeH HAXodMT-
Cdad B X—xpomocome h BCerja MposBJsdeTCd B dpeHomne He3aBHUCHUMO OT TOTI'O, ABJIACTCA
JIM OH JOMHWHAHTHbLIM HWJIK PELECCHUBHbLIM. Takum 06pa30M, Y MY>KYHUH MOT'YT ObITh CJle-

JAyroue reHoTHIlbL:

H (nmu & X"Y) — sp0posbiii MyxkuuHa;

% (nmn & X"Y) — MyskdmHa-reModUIHK.

Kak BHIHO H3 3anucen F€HOTHUIIOB, MY2KYHWHbI HE MOTYT SABJATLCA HOCHUTEJISIMU
reHa l"eMOdJI/IJH/II/I n JIpyrux HacJeACTBEHHbIX 3860J’[eBaHHﬁ, CHEIJIEHHbIX C X-XpOMO-

COMOH.
PaccmoTtpuM, Kakoe MNOTOMCTBO MOXKET IOSIBUTbCSI Y KEHUIUHbI-HOCHTEJbHULLbI

reHa I‘eMO(pHJIHI/I U MY2>K4YHUHBI C HOpMaJIbHOﬁ CBEPTbIBAEMOCTbIO KPOBH:
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MeHHasa chopma 3anucu

P: Q XHx x 3 xty
HocuTeNbHULAa 3[10pOBbIf
reHa remounum MYy>XX4MHa
& () ) . @
Fi: @ XHXxH Q@ XHX" d xHy d xy
370poBast O04b- 3[10pOBbIN CbIH-reMoUInK
[04b HocuTenbHULAa CblH

reHa remocunum

XpomocomHas ¢popma 3anucu

. H
P: L x Ji
HocuTenbHMLA 300pOBbIV
reHa reMounmm MY>XHMHa
¢« @O ® @
H H
F: % Q= Jhi Jgh
H h
370poBast [04b- 300POBbIN CbIH-reMogunInK
[04b HocuTenbHMLA CbIH

reHa remounmm

Hrak, cpenn cbiHOBel HaOJ/0AaeTCs pacllernJeHue 1o reHOTUIY W PeHOTHIY: T10-
JIOBUHA — 3]10pOBble, MoJioBMHA — reModuiuku. Cpenn pouepeil HabJofaeTest pac-
leMNJIeHHe 110 TEHOTHITy: BCe OHH 3[0POBbI, HO MOJOBUHA — HOCHTEJbLHUIbI TeHa Te-
mMocusn. [Tono6Hast 3akoHOMEPHOCTb XapaKTepHa W JJIsl IPYTHX PeLeCCHBHBIX MPH-
3HAKOB, CLEMJIEHHbIX ¢ MoJoM. K HUM OTHOCSTCS, Harpumep, Takue Hac/eACTBEHHble
3a60JIeBaHus], KAK 1A bTOHU3M, aTpoO(pUs 3pPUTEJbHOTO HEPBA, OTCYT-
CTBME MOTOBBIX )KeJe3.

Jlnst Toro 4to6bl pojuJach JIeBOUYKa C PELECCHBHBIM MPU3HAKOM, CLIEMJIEHHbIM C
X-XpoMOCOMOH, He0OXOAUMO 00beMHEHHE B 3UrOTE A BY X PELECCHBHBIX F€HOB — OT
mMarepu M oT oTua. /st nposiBjeHust Takoro ke MpH3HaKa y MaJjbulKa JA0CTaTOYHO
OJIHOTO pELECCHBHOrO TeHa, MOJyYeHHOro OT MaTepH (T. K. OTell Mepeaaer ChIHy
ToJIbKO Y-xpomocomy). [lTosTomy peueccuBHble, cuenjieHHble ¢ X-XpOMOCOMOH TpH-
3HAKHM yallle BCTpeyatoTes cpeau My:kuuH. Hanpumep, B EBpone nanbroHusmMom crtpa-
naet 6osiee 6 % MyKCKOTO HAaceseHHsi, B TO BPeMsl Kak CPEeIu *KEeHIIMH 3T0 3a60Je-
BaHue BCTpeyaercst ¢ yacToToil npubausutenbho 0,5 %.
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leHoTun Kak uesnoctHasi cucrema. M3yuass 3akoHOMEpPHOCTH Hac/e/I0BaHHsI MPH-
3HAKOB y OPraHU3MOB, Bbl MO3HAKOMMJIMCH C Pa3HbIMM THIIAMH B3aMMOJCHCTBHUS aJl-
JISJIbHBIX TeHOB. B psijie c/iydaeB pe3yJsibTaTOM TaKOro B3aUMOJCHCTBHS MOXKET ObITh
MosIBJICHHE KaYeCTBEHHO HOBOTO MPU3HAKA, HE OMpe/esIsBLIErocst HU OIHUM M3 T'€HOB B
OT/IeJILHOCTH (BCIIOMHHUTE, HaTpumep, yeM obycsopiena [V rpynna KpoBu y yesoBeka).

OpHako y »KMBBIX OPraHM3MOB H3BECTHO OIPOMHOE KOJIMUECTBO MPH3HAKOB, KO-
TOpble KOHTPOJIMPYIOTCSI He OfHOH, a AByMsi U OoJiee mapamu reHoB. BsaumopeficTu-
€M HeaJslJIeJIbHBIX T€HOB OTPEeAeJSAI0TCs, HAPUMEpP, POCT, THI TEJIOCJHOKEHHUS W LBET
KOXKH y 4eJIoBeKa, OKpacKa LIEePCTH M OMEePEeHUsl Y MHOTHX MJICKOMHUTAIOLIMX W MTHL,
copma, BesIMUMHA, OKpacKa IJIOJOB M ceMsiH pacTeHud u ap. Hacrto HabJsiopaercsi
M TPOTHBOMOJOXKHOE $IBJICHHE, KOIJa OJHA Mapa aJjuleJbHbIX T'€HOB BJIMSET cpasy
Ha HECKOJIbKO MPU3HAKOB opranuama. Kpome Toro, feficTBHE OIHUX F€HOB MOYKET ObITh
M3MEHEHO COCEJICTBOM JIPYTHX I'€HOB WJIH YCJIOBHSIMH OKpY2Kalolllel cpespl.

Takum 06pasoM, reHbl TECHO CBSI3aHbl H B3aUMOAEHCTBYIOT Jpyr ¢ aApyrom. [TosTo-
My TE€HOTHI JIIoOOro OpraHu3Ma HeJsib3sl pacCMaTpHUBaTh KaK MPOCTYIO CyMMY OTAEJ/b-
HBIX TeHOB. [@HOTUIT — 3TO CJI0XKHAsA 1LeN0CTHAst CUCTeMa B3aMMOJICHCTBYIOIUX FEHOB.

9 1. Kakoii Habop NONOBLIX XPOMOCOM XapakTepeH AJ1f COMaTUYECKUX KIIETOK MY>XUMHBI? DKeH-

" wmHbl? Metyxa? Kypuubl?
z7Z, ZW, WW, XX, XY, YY.
2. MNouemy y 60MnbLUMHCTBA Pa3fernbHOMOSbIX XUBOTHBIX MOSBASETCA NPUMEPHO OQMHAKOBOE
KONMMYeCTBO NMOTOMKOB MY>XCKOMO WM >XXEHCKOro nona?
3. AvinekneTka WwWmMMnaH3e coaepXuTt 23 ayTocoMbl. CKOMbKUMM XPOMOCOMaMu MpeacTaBeH
KapvoTun LumMMnaH3e?
4. Kakve nNpu3Haky HasblBaKTCs CLEMNEHHbIMU ¢ Nonom? KakoBbl 0CO6EHHOCTU Hacnenosa-
HUS 3TUX NPU3HAKOB?
5. [lokaxxute, YTO reHOTUM XMUBOrO OpraHn3ma npeacTaBfsieT CO60M LIeNOCTHYIO CUCTEMY.
6. [ansTOHM3M — peLecCUBHbIN NPU3HaK, CLEMNeHHbIn ¢ X-xpomocoMon. B cembe, roe matb
ob6nagaeT HopMasibHbIM LIBETOOLLYLLIEHNEM, poaunack A04b-AaNbTOHUK. YCTaHOBUTE reHOTU-
nbl poauTenein. Kakosa BepOSTHOCTb POXAEHUS Y HUX 3[0POBOro CbiHA?
7. Y NONSIPHON COBbI OMEPEHHble HOMN OOMVHMPYIOT Hag rofbiMK. OTOT MPU3HAK KOHTPONU-
pyeTcs ayTOCOMHbIMY reHaMu. OnnHHbIe KOrTM — AOMWHAHTHbIN NPU3HaK, KOTOPbIN onpefe-
NAETCA reHOM, JI0KanM30BaHHbIM B Z-xpoMocoMe. CaMKy C OnepeHHbIMU HOramu CKpecTUnm
C camLOM, UMEIOLMM ANNHHbIE KOTTU M OnepeHHble Horu. B pesynsrate moayyvnu noTom-
CTBO C pa3nun4HbiM CoYeTaHMEM BCex (DEHOTUMMHECKMX NPU3HAKOB. KakoBa BEpOATHOCTb (%)
nosiBNeHns cpeay NOTOMCTBa camua C rofibIMW HOraMu U KOPOTKUMWU KOrTamMn?
8. Y ogHoro 13 BngoB 6a604ek reTeporaMeTHbIM MOSIOM ABSIETCH XEHCKUIA. [poBegeHo ckpe-
LMBaHWEe KpacHoro camua, umetoLero 6ynaBoBUAHbIE YCUKWU, C XENTON CaMKOW C HUTeBUA-
HbIMW ycukamu. MNonoBMHY NOTOMCTBA COCTaBUIM XENTble CaMubl C HATEBUOHbLIMWA YCUKaMU,
OPYryto NosIoBUHY — KpacHble CaMKW C HUTEBMAHBIMKU ycukamu. Kak HacnegyoTcs okpacka
Tena n TUn ycukoB? Kakue npu3Hakv OOMWHWUPYIOT? YCTaHOBWTE FeHOTWMbl CKpeLLnBaeMbix
hopM 1 MX NOTOMCTBA.
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§ 46. U3MeHUMBOCTb OpPraHu3mMoB, €€ THIIbI.
MoaundukauvoHHass U3MEHUHUBOCTb

Poasb cenomuna u ycaosuii cpedol 8 popmuposanuu npudnakos. Vzyias sa-
KOHOMEPHOCTH HaC/IeI0BaH|s IPU3HAKOB, Mbl yOEIHIUCh, YTO (DEHOTHIT ONPEEISETCS Te-
HotunoM. B psine ciyuaeB npusHak IeHCTBUTENBHO (DOPMUPYETCS TOJBKO MOJI, BAUSIHUEM
FeHOTHIA U He 3aBUCHUT OT YCJIOBHH Cpe/ibl, B KOTOPbIX pa3BuBaeTcsi opraHuam. Hanpumep,
y 4eJioBeKa, HMeIoLero B reHotune renpl /A u [°, HesaBMCHMO OT ycJIOBHEl Ku3HH (op-
mupyetest IV rpynna kposu. B To ke Bpemst pocT, Macca Tesia, KOJIMYeCTBO SPUTPOLIUTOB
B KPOBH M MHOTHE Jpyrue MpU3HAKH 3aBUCAT ellle W OT YCJOBHH OKpyxKalolllel cpefpl.

B 1895 r. ¢panuysckuii 6ota-
Huk [. Boube nposen caenytomui
OMBIT: Pa3iesuy MOJIOJ0e pacTeHHe
00Yy8aH4LKA HA IBE YACTH U CTaJ Bbl-
palKBaTh HX B Pa3HbIX YCJIOBUSX —
Ha paBHUHE W BBICOKO B ropax. [lep-
BO€ pacTeHHe JIOCTHUIJIO HOPMaJIbHON
BBICOThI, @ BTOPOE 0Ka3aJ/10Ch KapJiu-
y KOBBIM (puc. 103). dToT onbIT noka-
3bIBAeT, UTO Ha opmHUpoBaHue e-
HOTHMA (T. €. MPU3HAKOB) OKa3biBa-
eT BJIMSIHME He TOJbKO TeHOTHII,
_ HO U yCJIOBUS OKpyxXKatuien
'. cpenbl. [Tosromy opranuamel, ume-
IOLLME OJIMHAKOBbIE TE€HOTHIIbI (Ha-
npuMep, MOHO3UTOTHbIE OJIM3HELLbI ),

Puc. 103. PaBuunHast u ropHasi popMbl otyBaHYHKa MOTYT OTJIHYAThCSI JIPYT OT JIpyra 1o
theHoTHITY.

M3 naHHoro onbiTa BbITEKAaeT W APYroil BbIBOL: Ka<[blil OpraHu3M, pasBHBAasiChb B
onpeJieIeHHbIX YCJIOBUSX OCBELIEHHOCTH, BJIAKHOCTH, TEMMEPaTypbl U T. Jl., UCMbIThI-
BaeT Ha cebe JielicTBUE PAKTOPOB CPeJibl U COCOOEH U3MEHSITHCS TMOJL X BJIUSIHUEM.

Pagnuuaior HenacaencTBeHHyl0 (MOAM(PUKALLMOHHYIO) H HacCJe] -
CTBEHHYI0 (FT€HOTHUTNHYECKYIO) H3MEHIHBOCTb.

Moougukayuonnas uzmenqusocmes — 3510 U3MeHeHue (BeHOTHUNA MO JeH-
cTBHEM (DaKTOPOB OKPY:Kalollell cpebl, nporcxosilee 6e3 U3MEHEHUsT TeHOTHTIA.

Paznnunble npu3Haku opraHu3mMa B pPasHOH CTeNeHH MEHSIIOTCSl MOJ BJIMSHHEM
BHEWHUX ycoBuH. OJHM M3 HUX OYeHb MJIACTHUYHBI U M3MEHUMBBI, JPyrHe MeHee W3-
MEHUMBBI, TPETbH MOTYT ObITb MU3MEHEHbI YCJOBUSIMHU Cpellbl B OUeHb MaJsOH CTereHH.
Hekoropble Npu3HaKK MPaKTHYECKH HE H3MEHSIIOTCSI.
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Hanpumep, ecsu Mbl BHUMATEJIbHO PACCMOTPUM (DOPMY OT/E/IbHBIX 1IBETKOB U CO-
LBETUH (KOP3UHOK) OJyBaHUMKOB, a TakKe (POPMY JIMCTHEB U U3MEPHUM HX BEJIUUKHY,
TO 0GHAPYKHUM, UTO pa3Mepbl U opMa 1IBETKOB H3MeHsIIoTCs MaJjio. B Gosblieil cre-
MeHW BapbUpyeT BeJIMUMHA KOP3HHOK. B To »Ke BpeMsi JyIMHA JIMCTHEB U UX (opma cy-
IECTBEHHO Pa3JiMyaloTCs Jaxke B Mpefesiax OJHOro pacTeHus. 3amedeHo, ecau (op-
MHUpOBaHHE JIMCTbEB 11O MpU GoJiee HU3KOH TeMIepaType, TO OHU MeJibue U JIMCTOBas
niacTUHKa nMeeT OOsblIMe Bbipe3bl. Hamportus, mpu GoJiee BHICOKOH TemrepaType
thopmupytotesi 6oJiee KpyIHble JIUCThsI ¢ HEGOJbIIMMH BbIPe3aMH.

Onnako npu Kakoi Obl TeMmrepatype HH 1110 (OPMHPOBAHUE JIUCTHEB, Mbl He
HalJeM Cped HUX HU CJIMIIKOM MaJsIeHbKHUX (HEeCKOJbKO MHJIJIMMETPOB), HU CJIHIII-
KoM Gosbiux (6osiee 40 cM). 3HAYUT, MO BJAMSHUEM CpPebl MPU3HAKA MOTYT H3-
MEeHSITbCSl TOJILKO B oOTpejiesieHHOM auanasone. [lpenesibl MoaMUKALMOHHON H3-
MEHUHBOCTH TPU3HAKA HA3BIBAIOT €r0 HOPMOK peakuuu. OjHU MPU3HAKH, HATTPUMED
JUIMHA JIMCTbEB, BbICOTA pPACTeHHH, Macca Tesja »KUBOTHBIX, YAOHHOCTb KpYmnHo2o
po2amozo ckoma, SUIEHOCKOCTb Kyp, 06JIaIaloT I U P 0 K 0 i HOpMOH peakuuu. Jlpy-
rHe, HAMpUMep BeJMUHHA LBETKOB W MX pOopMa, OKpacka CeMsiH, 1IBETKOB M MJOJI0B,
MacCTb YKHBOTHbIX, XKHPHOCTb MOJIOKa, — 6oJiee Y3KOH HOPMOH peaklyu.

Eule omHuM mpuMepoM, HJTIOCTPUPYIOIIMM BJIMSIHHE BHEIIHEH cpelbl HA TpO-
SIBJICHHE TIPU3HAKOB, CJY’KHT H3MEHEHHEe OKPACKH LIEPCTH Y SUMAAALCKUX KPOAUKOS.
O6biuno npu 20 °C wepceTh y HUX Ha BceM Tesie 6eJiasi, 3a MCKJIOYEHHEM YepHbIX
yiied, jar, xsocta 1 Mopoukd. [Tpu 30 °C KpoJiMKu BbIPaCTaOT TOJHOCTbIO GEJIbIMHU.
Ecsn ke y rumanaiickoro KpoJiika cOpUThb 11ePCTb HA OOKY WJIM CIHHE W COJepKaTb
ero mpu Temmnepartype Bodayxa Hike 2 °C, To BMeCTO 6esioi LIePCTH BbIPACTET 4ep-
Hast. Ecau cOpUTh LepcTb Ha yxe, TO M IpH OObIYHOH TeMIepaType TaM CHOBA Bbl-
pacreT uepHas uiepctb. CJen0BaTeNbHO, I KAXI0H 06J1aCTH Tesla y KPOJUKa eCThb
CBOW TemmepatypHblii mopor (puc. 104).
At HabJiojieHust 0ObSCHSIOT, MoUeMy TH- 25 __27°C
MaJsialickue KPOJHKH POXKIAIOTCS TMOJHOC-

TblO O€JIBIMH: HX SMOPHOHAJIBHOE PA3BUTHE 25°C 5

MPOUCXOJUT B YCJOBUSIX BbICOKOH TemIlepa- Jo—

Typbl. 29°C .\ 2°C
BosnukHoBeHue MO DUKALIHI B \ 29°C

OCHOBHOM CBSI3aHO C Te€M, YTO YCJOBHS
OKpYy2Kalolllel Cpeflbl BJMSIOT Ha aKTHB-
HOCTb (PEPMEHTOB, a 3HAUUT, MOTYT B OTpe-
JIeICHHOH Mepe M3MeHSITb HHTEHCHBHOCTD
W XOJL MPOTEKaHHUsi MpoueccoB oOMeHa Be-

16°C 14°C

Puc. 104. Kapra TemriepaTypHbIX Moporos
LIECTB B OpTraHHU3MeE. MUIMEHTALIMK LEePCTH Y TMMAJIaiCKOro KpoJiuKa



196 ImaBa 6

Monundurkanpontast U3MEHUHBOCTb XapaKTepU3yeTes PsiioM 0COOEHHOCTEH, Bax-
HEHIIMMH U3 KOTOPBIX SIBJASIIOTCS CJEyIOLIHe.

1. Moaudukauun 4acto HocAT 06 paTU MBI Xapakrep, T. €. CO CMEHOH BHell-
HHX YCJIOBUH Y 0CcOO€H MEHSIeTCsl CTereHb BbIPaXKEHHOCTH TeX WJIM MHbIX [PU3HAKOB.
Hanpumep, y B3pocsioro yesoBeka B 3aBUCUMOCTH OT MUTaHUsI U 00pa3a »KU3HH M3-
MeHsIeTCsl Macca TeJsla, Y KOpO8 MOTYT U3MEHSIThCS YIOH, Y Kyp — SIULEHOCKOCTb.

2. B OoJblUMHCTBE cC/yuaeB MOAM(UKALMHM HOCST aje€KBaTHBIH Xapakrep,
T. €. CTereHb BbIPAXKEHHOCTH MMPU3HAKA HAXOAMTCS B MPSIMOH 3aBUCHMMOCTH OT MHTEH-
CUBHOCTH U MPOAOJLKHTEIBHOCTH JICHCTBHSI TOTO WM UHOTO (hakTopa. Hanpumep, uyem
6oJiblile BpEMEHH YeJIOBEK MPOBOJUT MOJ, MPSMbIMH COJIHEUHBIMH JIydaMH, TeM GO0Jib-
llle MeJIaHHHA CHHTE3UPYeTCsl B OTKPBITHIX y4acTKaX KOXKH H COOTBETCTBEHHO TEM-
Hee ee uBeT. [loaToMy MomMdUKAUMOHHYIO H3MEHUYHBOCTH €llle Ha3blBAIOT OMpe -
neJie HHO H.

3. Moudukalyn HOCAT alanTUBHbBIH (MPUCTIOCOOUTENBHBIN) XapakTep. DTO
03HAyaeT, YTO B OTBET HA U3MEHMBLIHECS YCJIOBHUSI CPejlbl y 0COOH MPOSIBJSIIOTCS TakHe
(heHOTHIHYEeCKHe M3MeHeHHsI, KOTOpble CIOCOOCTBYIOT ee BbRKHBaHUIO. Hanpuwmep, y
yeJIoBeKa, OKA3aBIIErocst BbICOKO B ropax, yBeJMUMBAETCsl CollepaKaHhe 3PUTPOLIMTOB
B KPOBHM, UTOOBI 00€CNeuuTh KJIETKH Tesla KUCJIOPOIOM.

4. OaHUM U3 OCHOBHBIX CBOHCTB MOAM(UKALMI SIBJSIETCS HX MACCOBOCTb. JTO
BbIPAXKAETCS B TOM, YTO OJMH M TOT »Ke (PAKTOp BBHI3bIBAET MPUMEPHO OJAMHAKOBBIE
u3MeHeHHs1 y ocobel, CXOMHbIX reHoTHnHuecku. [TosToMy MOAM(PUKALMOHHYIO U3MEH-
YHBOCTb HA3bIBAIOT Ipy M1 oBo . Hanpumep, npu nepemenienun osey B 6GoJjiee Xo-
JIOJIHbIE YCJIOBHSI Y BceX 0cobeil 1epeTh cTaHOBUTCS GoJiee TYCTOM.

5. Tak Kak npu MoIM(HUKALMOHHOH HM3MEHYMBOCTH TEHOTHI He 3aTparuBaercs,
TO MOAM(UKALMM He HacJeayloTcs. Hacnenyercs TonbKo HOpMa peakuuu, mMo-
CKOJIbKY OHa 00YyCJ/IOBJIEHA F€HOTHIIOM.

Takum o6pazoM, TMpU3HAKH W CBOHCTBA OPraHU3MOB TIeHETHUYECKH Mpeornpesie-
JIeHbl U MOTYT M3MEHSITbCSl MO BJAMSIHUEM cpellbl 6e3 M3MeHeHMsl MeHOTHIA TOJbKO
B Mpe/esiax HOPMbl peaklnH.

Cmamucmuueckuii anaau3 modugpuxkayuonnoii usmenuugocmu. [pusnaku
OpPraHU3MOB MOJIPA3EJSIOTCS HA KaueCTBeHHble (LBET IV1a3 ¥ BOJIOC Y UeJIOBEKaA,
MacTb KHBOTHbBIX, OKPACKA CEMSIH M JIp.) U KOJTHUEeCTBEeHHble (POCT UesoBeKa,
Macca TeJsia XKHUBOTHBIX, BbicOTa cTeGJisl U pa3Mep JUCTbeB pacTeHWd u ap.). las
XapaKTePUCTHKH CTENeHH H3MEHUHBOCTH KOJIMUECTBEHHbBIX NMPU3HAKOB MPUMEHSIIOT
CTaTHCTHYECKHE METO/Ibl — T0CTPOEHHE BAPHALLMOHHOTO Psiid U BAPHALLMOHHON KPHBOII.
Hanpumep, Ko/JM4ecTBO KOJOCKOB B CJIOKHBIX KOJIOCBSIX MUEHUYbl OLHOTO COpPTa
BapbUpyeT B IIMPOKUX Mpeaenax. LEcju pacrnoiokuTh KOJOChS MO BO3pacTaHMIO
KOJIHUECTBA KOJIOCKOB, TO MOJIYYUTCS] BAPUALMOHHBIA P U3MEHUMBOCTH JaHHOTO
NpU3HAKa, COCTOSILUIMHA M3 OTHEJbHBIX BapuaHT. HacToTa BCTpeyaeMOCTH OTHAE/Ib-
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HOH BapHaHTbl B BapHallMOHHOM Psily HEOJMHAKOBA: HanOoJee 4YacTo BCTpeyaloTcs
KOJIOChSI CO CPEe/IHUM YMCJIOM KOJIOCKOB H pexke — ¢ OOJ/IbIIMM U MEHbLIMM.

Yuei10 KOJI0CKOB B KOJ10Ce, U 14 15 16 17 18 19 20

KosnuectBo Kosoches, p 2 7 22 32 24 8 5

Pacnipeniesienne Bapuant B 3ToM pagy  p

MOXKHO M300pasuTh rpaduuecku (puc. 105). 32
Jlist 3T0r0 Ha OoCH abCIMCC OTKAaAbiBa- 24
10T 3HaueHusl Bapuant (v) B MOpsKe MX 22
YBEJIMUEHHsI, Ha OCH OpPJMHAT — YaCTO-
Ty BCTPEUAEMOCTH KaxK[I0H BapHaHTbl (p).
[paduueckoe BbIpaxKeHHe H3MEHYHBOCTH g
MpuU3HAKa, OTpa)kalllee Kak pa3max Ba- g
2

pHauui, TaK M YaCTOTbl BCTPEUAEMOCTH
OTJ/IeJIbHBIX BapHAHT, HA3bIBAIOT BapvalM-
OHHOI KPHWBOW.

Urob6bl 1aTh OOBEKTHBHYIO Xapakre- Puc. 105. Bapuauuonnas Kpupasi yncsa
pHCTHKy U3MEHUUBOCTHU HpHSHaKa, Hy}KHO KOJIOCKOB B CJIO?KHBIX KOJIOChAX TIHEHHUILbI
U3Y4UTh OO0JIbILIOE KOJHYECTBO OcobOel, Tak
KaK CTaTHCTHYECKHE 3aKOHOMEPHOCTH — 3TO 3aKOHOMEPHOCTH OOJIbILMX YHCEJI.

3nauvenue modugurayuonnoii usmenqugocmu. MoaudukalnoHHast H3MEeHUH -
BOCTb 06€CreurBaeT CPaBHUTEBHO ObICTpoe GOPMHUPOBAHHE B XOJE OHTOTeHe3a MpH-
crnoco6JieHnil opraHuaMa K U3MeHSIIOLMMCS YCJOBUSIM BHEILHEH cpejibl, CrocoOCTBYS
TeM caMbIM BbKMBaHHMIO ocoOefi. Cie0BaTe/IbHO, MOAMMHKALNY SIBJSIIOTCS] BarKHEH-
MM (PakTopoM HOPMaJIbHOTO TMPOTEKAHUS] UHAMBHIYAJbHOTO PA3BUTHSI KUBOTO OP-
raHuama.

3HaHHe 3aKOHOMepHOCTeH MOAM(UKALIMOHHOH H3MEHUMBOCTH HMeeT OoJibliioe
NpakTHUeCKoe 3HaYeHHe, TaK KaK M03BOJISIET MPEABHICTh U 3apaHee MIaHupoBaTh MHO-
rue rnokasatesu. B yacTHOCTH, cosjaHne oNTHMAJbHBIX YCJIOBUH /sl peaiu3alliu re-
HOTHIIA JIaeT BO3MOKHOCTb JOOUTBHCSI BBICOKOH MPOAYKTHBHOCTH YKUBOTHBIX H PACTEHHUH.

14 15 16 17 18 19 20 v
Hopma peakuun npusHaka

9 1. KakoBa posib reHoTuna v ycrosui cpefpbl B (popmmposaHnm dheHotuna? MNpreegure npumeps.
" 2. Y710 npepncTaBnsieT co60i MOAUUKALIMOHHAA U3MEHYNBOCTL? lMpuBeauTE NpUMepbl.
3. Y10 Takoe HopmMa peakunmn? [oKaKMTe Ha KOHKPETHbIX NpMMepax CnpaBeanMBoOCTb YTBEPXK-
OeHMa 0 TOM, YTO HaclegyeTcs He caM MpU3Hak, a ero HopmMa peakuuun.
4. OxapaKkTepu3yinTe OCHOBHble CBOWCTBA MoauduvKaumii. [loyeMy HeHacneOCTBEHHY W3-
MEHYMBOCTb TakXe HasbiBaloT rpynnoson? OnpepeneHHon?
5. Kakne cratuctudeckme mMeTombl MPUMEHSIOTCA ONS aHanmM3a U3MEeHYMBOCTU KONUYECTBEH-
HbIX NPW3HaKoB?
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6. Hackonbko BaXXHO Ha NpakTWKe 3HaTb HOPMY peakLuu MPU3HaAKOB Y PacTeHWUW, XUBOTHbIX
1 Yyenoseka?

7. Ecnv npumyny, koTopas B 0ObI4HbIX YCIIOBUSX UMEET KpacHble LiBETKWU, MEPEHECTN B OpaHXe-
peto ¢ Temnepatypoirt 30—35 °C 1 NOBbILLEHHOW BIXXHOCTbIO, HOBbIE LIBETKN Ha 3TOM pacTeHunn
6ynyT yxe 6enbiMu. Ecnv 3TO pacTeHve BepHYTb B YCIIOBUS OTHOCUTENbHO HWU3KOW TeMnepaTypbl
(15—20 °C), OHO BHOBb HAYMHAET LIBECTM KPaCHbIMK LiBeTKamn. YeM 3T0 MOXHO OBbACHWTL?
8. MNouemy Ha nTuLedabpukax CBETOBON AeHb Y KYp-HECYLLUEeK UCKYCCTBEHHO MpoasieBatoT Ao
20 4, a y NeTyLKOB-6pONNepPoOB — COKpaLlaT A0 6 4 B CYyTKU?

§ 47. leHoTUNMUeCcKass U3BMEHUYUBOCTD

Boinensior nBa THna reHOTHNMUYeCKOH (HaC/eACTBEHHON) U3MEHUUBOCTH: KOMOH-
HATHBHYIO W MyTallHOHHYIO.

Kombunamusnasn uzmenuusocmes. V3BectHo, 4To JIeTH OOLIYHO TOXOXKH Ha
CBOMX pOJMTeJsIed, OJIHAKO HUKOIJIA He SIBJSIIOTCS MX TOUYHBIMH KomusiMu. Kpome Toro,
JIETH OJIHUX WM TeX K& POJUTEeJIed MOTYT 3aMETHO OTJIMUaThes. B uem mpuumHa Taknmx
pazanuuii? C OfHON CTOPOHBI, HEKOTOPbIE U3 HUX MOTYT OOBSICHATHCH PA3HBIMH yCJIO-
BUSIMH, B KOTOPBIX MPOUCXOANJIO Pa3BUTHE opraHu3dmMoB. C Apyrod, MPUUMHOH MOXKET
ObITb BO3HHKHOBEHHE y MOTOMCTBA HOBBIX COYETAHUN (KOMOMHALMI ) POAUTENBCKUX Te-
HOB. Takasi K3MEHYHBOCTL HA3bIBAETCS KOMOMHATUBHOM.

McrounnkamMu KOMOUHATHBHON U3MEHUMBOCTH CJIy»KaT TPH MpoLecca.

1. Kpoccunrosep, npoucxosiiuii B mpodase I meriosa.

2. HeszaBucumoe pacxoxkjieHde xpomocoMm B aHadase | meiioza. MimenHo He3aBu-
cUMoe KOMOHHHPOBAHHWE XPOMOCOM SIBJIIETCSI OCHOBOU TpeTbero 3akoHa Menjess.

3. CiyuaiiHoe coueTaHHe rameT TP OTJIOI0TBOPEHHUH.

[lepBbie aBa mporecca obecrneunBalOT 06pa3oBaHue ramer ¢ pasHbIMM KOMOWHA-
uusaMu retoB. Ciayda#iHoe CJAMSHUE TaMeT MPUBOAUT K 00pa30BaHUIO 3UTOT C PasJfny-
HbIMH COYETaHHSIMU TeHOB 000MX poauTenell. B peadysbrate y ruGpuioB MOSBAAIOTCS
HOBble KOMOHWHALIMK POJIUTENIbCKUX MPU3HAKOB, a TaK:Ke HOBblE MPU3HAKH, KOTOPBIX He
6b10 y poauTesieli. CTPYKTYpa reHOB MpH 3TOM HE M3MEHSIETCSI.

OyHUM U3 TPUMEPOB KOMOWHATHBHOM M3MEHUHBOCTH MOXKET CJIY2KUTh POXKIEHHE
netedt ¢ [ wun [V rpynnoit KpoBH y reTepo3uroTHbix poauteeit, umetounx I u I rpyn-
Mbl KPOBU (Y TMOTOMKOB TMOSIBJISIIOTCS HOBbIE MPU3HAKH, OTJIMUHBIE OT POAUTEJBCKHX).
Jpyrum npumMepoM MoKeT ObITh MOSIBJEHHE MyX C CEPbIM TEJOM H 3a4aTOUYHBIMH KPbl-
JIbSIMM, C YEPHBIM TEJOM M HOPMAaJIbHBIMH KPBIIbSIMH MPH CKPELIMBAHWU JUTE€TEPO3H-
FOTHOH Opo3oghuabt (cepoe Teslo, HOpMaJibHble KPblJibsi) C Y€PHBIM CAMIIOM, UMEIOILIHM
3a4aToO4yHble Kpblbs. B 1aHHOM cJjydyae y MOTOMCTBA BCJEACTBME KPOCCUHIOBEPA BO3-
HHUKAIOT HOBble COYETaHWsl MPU3HAKOB poJHTENeH.

Takum o6pa3om, KOMOWHATHBHAS M3MEHUHMBOCTb — BAXKHEHIIMH HCTOYHHK pas-
HOOOPAa3usi KUBBIX OPTaHU3MOB U MX BO3MOXKHOCTH K aJlanTallli.
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Mymayuonnasn usdmenqugocmo. IIpuuMHON 3TOro THMAa M3MEHYMBOCTH $IBJISI-
I0OTC MyTaUMU — HacJelyeMble U3MEHEHHsT T€HETHYECKOTO MaTepHuaJsia OpraHu3MoB.
HpaKTI/ILIECKI/I Jio60e M3MeHeHHe CTPYKTYpbl I'€HOB, CTPOCHHA HJK KOJHUYECTBA XPO-
MOCOM, IIPH KOTOPOM KJIETKA COXPAHSIET CIIOCOOHOCTb K CaMOBOCIIPOM3BEACHHIO, 00Y-
CJIOBJIMBACT HACJACICTBEHHbIC U3MEHEHHS TMPUSHAKOB OpraHusMa. Hpouecc BO3HHUKHO-
BEHHSA MyTaLII/IIU/I MoJiyunJ1 Ha3BaHue MmyTareHea3a, a OpraHu3smbl, USMEHUBIIHWE CBOM
(heHOTHI B pe3yJbTaTe MyTallMd, HA3bIBAIOTCS MYTaHTa M H.

BriepBbie TepMHH «MyTalusi» Obla MPELIOKEH TOJJIaHACKMM ydeHbiM . e ®puszom B Kiac-
cudeckom tpyte «Myrauuonnast teopusi» (1901 —1903), ocHoBHBIE 110J103KEHHST KOTOPOTO JI0 CHX MOP
He YTpaTH/H CBOEro 3HAUEHHSI.

1. Myrauun (B oT/iMuHe oT MOAH(HUKALMI) He Pa3BHBAIOTCS MOCTENEHHO, a BO3HUKAIOT BHE3aITHo,
cKkaukooOpasHo. OHKM He 06pasyloT HENpPEPbIBHBIX PSI0B H3MEHYHBOCTH, HE HMEIOT HOPMbI PEaKIIMH.

2. Myrauuu Hac/enyloTcs.

3. Myrauuu HeHanpaBJieHHbl (HeorpejiesleHHbl) — H3MEHHTbCS MOXKET JII0G0H 3JeMeHT Hac/ejl-
CTBEHHOTr0 MartepHuaJsa KJeTKH (FeH, XpoMOCOMa, XDOMOCOMHBII HAGOpP B LIEJIOM), IPHYEM HeJb3sl C J10-
CTOBEPHOCTBIO MPEJICKA3aTh, KAKHE HMEHHO MeHeTHUeCKHe CTPYKTYpbl Oy/lyT 3aTPOHYThI, KAKHM 00pa3oM
TPOU30FYT U3MEHEHHST M K KAKMM T10CJIe/ICTBUSIM JUIsl KJIEeTKH (M OpraHuama) 3TO TPHBEJIET.

4. Myralii He HOCAT MacCoBbIil XapakTep, a MpOosBJSIOTCS MHIWBHIYaJbHO.

5. CxoiHble MyTalMH MOTYT BO3HHKATh HEOJAHOKPATHO.

dusnyeckne, xumMuueckre M OHOJOTHYECKHE (DAKTOPbI, BO3JIEHCTBHE KOTOPBIX
Ha 2KMBble OPraHU3Mbl MPUBOAMT K MOSIBJEHUIO MyTallui, Ha3bIBAlOTCSl MyTareHHbI-
mMu akropamu wiu MyrareHamMmu. O uU3uueCcKUMHU MyTareHaMmH SIBJSIIOTCS Bce
BH/Ibl MOHH3UPYIOLLMX M3JIyYeHHH (raMma- W PeHTIeHOBCKHE JIyUH, POTOHbI, HEHTPO-
Hbl), YABTPaUOJETOBOE H3JydeHHe, OueHb BbICOKAsl WJIM HU3Kasi TemrepaTypa H Jp.
K XuMHuecKHM MyTareHam OTHOCSITCSI MHOTHe BellleCTBa, HANpumep opMaJiuH,
KOJIXMLIMH, KO(EHUH, HEKOTOPbIE MHUILEBble KOHCEPBAHTBI M MECTHLM/IbI, KOMIIOHEHTHI
TaGayHoro JpIMa, JEeKapCTBEHHbIX MpenapaToB. buosornueckumMu MmyrareHamu
SIBJISIIOTCS BUPYChl M TOKCHHBI, BbljleJiieMble apa3duTaMu, MaeCHeBbIMU IpubaMu U JIp.

CylliecTByeT MHOTO MOAXOA0B K KJacCH(PUKALMH MyTaLM.

®[lo MpOMCXOXKIEHUIO PA3JIUUAIOT CIIOHTAHHBbIE W HWHAYLIMPOBAHHBIE MYTallWH.
CrioHTaHHbI€ MyTalli¥ BO3HHKAIOT CAMOIPOU3BOJILHO Ha MPOTIHKEHUH BCEH KU3HHU Op-
raHu3mMa B HOPMAaJIbHBIX JJIsT HETO YCIOBUAX OKpyzKaioulei cpebl. MHayuupoBaHHbIMU
Ha3bIBAIOT MyTalliH, UCKYCCTBEHHO BbI3BAHHBIE MPU TMOMOILK MyTareHHbIX (PaKTOPOB B
9KCIepUMEeHTAIbHbIX YCJa0BUsIX. MHIyllMpoBaHHble MyTallM¥ BO3HUKAIOT BO MHOTO pas
yalle, 4eM CIOHTaHHbIE.

®[lo ypoBHIO U3MeHEHMs] TeHEeTHUECKOro MaTepuaja MyTalldd MOAPaslelsioT Ha
reHHble, XPOMOCOMHbI€ W T€HOMHbIE.

[eHHble MyTauMu — 3TO U3MeHEeHMsI HyKJeOTHAHOH nocjenoBatenbHoctd JIHK
B Mpejiesiax OJJHOTO I'eHa BCJEICTBHE BCTABKH, BhIMAJEeHUS WM 3aMeHbl Hy-
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KJI€OTHI0B. Takne H3MeHeHHSI BOCHPOU3BOASATCS B
ctpyktype MPHK u yacto nmpuBomsT K M3aMeHeHHIO
TMOCJ/I€I0BATEbHOCTH AMUHOKUCIOT CHHTE3HPYEMbIX
0eJIKOB. DTO caMblii pacrnpocTpaHeHHbIH THI MyTa-
UMH ¥ BaXKHEHIIMHA HMCTOYHHK HACJEJICTBEHHOH H3-
MEHUYHUBOCTH OPraHH3MOB.

Hanpumep, y uesnoBeka 3ameHa omnpejeseH-
HOrO HYKJEOTHIa B TeHe, KOAUPYIOIEM LeNb re-
MorJioOMHa, TMPHUBOJUT K 3aMeHe B 3ToM OeJ-
Ke OJIHOH aMHMHOKHMCJOTH (TJIyTaMHHOBOH) Ha Jpy-
rylo (BasuH). ViameHneHue cTpykTypbl remorsio0MHa
BEJIET K TOMY, YTO 3SPUTPOLUTHI BMECTO OKPYIJIOH
dopmbl  nipHoOpeTaloT cepnioBuaHyio (puc. 106)
M TepsIIOT CMOCOOHOCTb K TPAHCMOPTY KHCJIOPOJA.
I10 3a60/1€BaHHEe HOCHT HA3BaHHE CEPTOBUIHOKAETOYHONH aHeMHUHU.

XpoMocoMHble MyTaUMM — 3TO H3MEHEHHsI CTPYKTYPbl XpomocoM. Pasinyaior
BHYTPHUXPOMOCOMHBIE H MEKXPOMOCOMHbIE MyTallHH.

K BHYTPUXPOMOCOMHBIM MyTalUsIM OTHOCST: BbIMajJeHHe ydacTKa Xpo-
MOCOMBI (71€J1€e 1 U5l ), ABYKPaTHbIH MM MHOTOKPATHBIH MOBTOP (hparMeHTa XpomMoco-
Mbl (Iy MM Ka I K ), MTOBOPOT yyacTka XpoMocoMbl Ha 180°, U3-3a uero reHbl 3TOro
ydacTka pacriojiaratorcesi B 00paTHOH mocjienoBaresibHOCTH (HHBepcus) (puc. 107).

K MeXXpOMOCOMHBIM MyTalMsM OTHOCST OOMEH YYaCTKaAMM MEXKJy ABYMs
HEroMOJIOTHYHBIMH XPOMOCOMaMHU (TpaHCcJJa0Ka U ).

Puc. 106. HopmasbHasi 1 ceprioBriHast
thopma 3pUTPOLIUTOB
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A B C E A BCODTJDE A B D CE R S D E
Oeneuus Aynnukaums NHBepcus TpaHcnokauus

Puc. 107. CxeMbl XpOMOCOMHBIX MyTaLHH

[eHoMHbIE MyTauUMM — 3TO H3MEHEHHEe KOJIMYecTBAa XPOMOCOM B  KJeTKax.
B ocHOBe TaKuX HapylUCHHH JIeKHUT HepacxoxkKIeHHEe XPOMOCOM K IOJIIOCaM KJETOK
NpH Meio3e WM MHUTO3e. DTO MOKET ObITh BbI3BAHO JEHCTBHEM PA3JIMUHBIX (PAKTOPOB
Ha HUTH BepeTeHa aesieHnsi. Cpe reHOMHBIX MyTaLMi BbIAEJSIOT MOJNHUIIOUNIO U Ie-
TEPOIJIOUIHIO.
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[Tonunaouauss — 35TO yBeJHUEHHe YUCIa XPOMOCOM B KJeTKaX, KpaTHOe ra-
nyongHoMy Habopy. [Ipu monumiona v BO3HUKAIOT TPUMAOUHBIE (31), TeTpa -
njaouaHble (4n), rekcangoujaHblie (6n), okTanJoujaHble (871) KIeTKH
u T. 1. [Tomunionaus pacrnpocrpanena raaBHeIM o6pa3om y pactenuil. [losmnionnnsie
thopmbl UMelOT GoJiee KPYIHbIE JIUCThSI, LIBETKH, MJIOJbl U CEMeHa, OTJIHYAIOTCS MOBbI-
IEHHOH YCTOMYHBOCTHIO K HeOJaronpusTHeIM pakropam cpejbl (puc. 108).

a 6 a 6 a 6

Puc. 108. [Tunsounnsie (@) u teTpansonanble (6) ¢hopMbl TIOJbIaHA, HAPLKCCA U 3€PHOBOK PKH

[eteponnounusa (aHeynaoOUAMUSA) — 3ITO M3MEHEHHE UHMCIA XPOMOCOM,
He KpaTHoe rarvioupHomy HaGopy. [etepornsionaust HabJoaeTcsi, ecii BO BpeMsi MH-
TO3a WJIM MeH03a OT/e/bHble TOMOJIOTHUHbIE XPOMOCOMbI HE PACXOAATCS MJIH TePsIOT-
cs. B pesysbrate MoryT BO3HHMKATh MOJIOBBIE KJIETKH C JIMIIHUMH XPOMOCOMaMH HJIH,
Hao0OpOT, ¢ HEXBATKOH OINpe/eIeHHbIX XPOMOCOM.

[Ipu canstHun Takux rameT ¢ HOPMaJsibHbIMH MOJIOBBIMH KJIE€TKaMH MOTYT 00paso-
BaThbCs 3UTOThI ¢ HaGopamu: 2n + | (tpucomus ), 2n— 1 (MmoHocowmust ) uap. Ha-
npumep, JIoaU ¢ cuHapomoM JlayHa siBasitoTest TpucoMUKamu o 21-i xpomocome, mno-
CKOJIbKY UMEIOT B KJIETKaX OJIHY JIMIIHIOI XpoMocomy U3 21-i1 mapel. Ecan oTeyTeTBy-
eT napa rOMOJIOTHUHBIX XPOMOCOM, MyTallMi0 HA3bIBAIOT HyJJHUCOMHUel (21— 2).
M3BecTHbI MyTalluK, TIPU KOTOPbIX B HAOOPe COAEPKUTCS HECKOJIBKO JIMIIHUX FOMOJIO-
THUHBIX XPOMOCOM: TeTpacoMusd (2n + 2), nentacomusd (2n +3)u 1. 1.

* B 3aBucumMocTH OT TOro, B KaKHX KJIETKax IMPOU3OLLJIM MyTaluWH, HX MOApa3-
JCJISIIOT Ha COMAaTUYeCKWEe W TI'eHepaTUBHbIC. Comaruueckue MyTalKHu TPOUCXOASAT
B COMAaTHUeCKHUX KJeTkax. OHu MOTYT MPOABJISATLCA Y camoil ocobu H nepeaaBaTbCs
[TOTOMCTBY IpU BETreTaTUBHOM pPa3MHO>KEHHH. reHepaTl/lBHble MyTalMu HOPOUCXOASAT
B MMOJIOBBIX KJI€TKax W MnepeaaroTcs IMpu 1noJjoBOM pasSMHO2KEHHH.

*[lo B/MAHMIO Ha »KM3HECMOCOOHOCTb M TJIOAOBHTOCTL OCOOEH passMyaioT cie-
JyIolllMe THIbl MyTalui. JleTasbHble MyTallid NMPUBOAAT K ruOesd opraHu3ma (Ha-
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npUMep, y ueJIoBeKa OTCyTCTBHE X-XpOMOCOM B HaGope Bbi3biBaeT rubesib Mjoja Ha
TpeTbeM Mecsilie 5MOPHOHANLHOTO pa3BuTHsi). [lodyneTaibHble MyTalMH CHHXKAKOT
JKH3HECTIOCOOHOCTb MyTaHTOB (reMouJ/insl, BpOXKieHHasi hopma caxapHoro aumaoe-
Ta u ap.). HeiltpanbHble MyTallu He OKa3bIBAIOT CYLIECTBEHHOTO BJIMSIHHS HA »KH3-
HeCMoCOOHOCTb M MJIOOBHTOCTL ocobell (mosiBaeHne BecHyiek). [lose3Hble MyTauuu
MOBBIIAIOT MPUCTOCOOJEHHOCTh OPraHU3MOB K YCJIOBUSIM Cpefibl (MyTalluu, o0OycJoB-
JIMBAIOLIME HEBOCTIPUUMUYMBOCTb K OTpeJesieHHbIM BO36ymuTe siM 3ab0/eBaHUH —
BUY, masnsipuitHoMy M1a3Moauto U p. ).

3akon zomonrozudeckux pados HacaredcmseeHHol udmenyugocmu. Boinaio-
wmiicst pycckuit ydennlil H. M. BaBusoB udydan pagHooOpasve M MPOUCXOXKIEHHE
KyJBTYpHBIX pacTenuid. OH yCTaHOBWJI BaKHYI0 3aKOHOMEPHOCTb, H3BECTHYIO TMOJ Ha-
3BaHHEM 3aKOHA TOMOJIOTHUECKHUX PSJI0B HacJeICTBEeHHOW u3mMeHuuBocTU. Cylil-
HOCTb 3TOTO 3aKOHA 3aKJI04aeTcss B TOM, YTO BHIAbI U POJbl, OJM3KHE reHEeTHYECKH,
CBSI3aHHbIE €IMHCTBOM MPOUCXOXKIEHHS, XapPAKTEPU3YIOTCS CXOJIHbIMU PSJaMHU Ha-
CJIEICTBEHHON MU3MEHUYMBOCTU. 3Hasi, Kakue (POpMbl U3MEHYUBOCTH BCTPEUYAIOTCS Y
OJTHOT'0 BHMJia, MOXKHO MPeIBUIETb HAX0XK/IEHUE CXOIHbIX (POopM y Ipyrux BUIOB.

daxTamMu, MOATBEPKAAIOIIMMH TOT 3aKOH, SIBJASIOTCS Clyyad aibOMHH3MA Y T0-
3BOHOUHbBIX, FeMO(UJINN, HACJIEICTBEHHBIX (POPM KaTapakThbl (MOMyTHEHHE XPyCTaJIH-
Ka) ¥ caxapHoro audabera y 4esoBeKa M JIPYTHX MJEKOMUTAIOLIUX, OTCYTCTBHE OCTEH
B COLIBETHSIX, UepHasl OKpacKa 3epeH 3JIaKOBbIX KyJbTyp W T. . [losiBieHHe CXOMHbIX
MyTalui 0O bIICHSIETCS] OOIIHOCTBIO TeHOTHITOB. UeM GoJbliie cTerneHb BOJMIOLIHMOHHOTO
pOJCTBA paccMaTPUBAEMbIX OPraHU3MOB, TeM OO0JIblle CXOJACTBA HAGJOMACTCS B psijlaX
HaCJIEe/ICTBEHHOH H3MEHYHBOCTH.

Sakon H. V. BaBuioBa wnmeer GoJibllioe MpaKTUUECKOe 3HAUeHHE JUIt ce-
JIEKIMH U CEJNbCKOr0 XO3HCTBA, MOCKOJbKY MPOTHO3UPYET HAJMUUHE OTpejiesieH-
HbIX (DOPM H3MEHUMBOCTH Yy pPacTEHUH W >KUBOTHBIX. 3Has XapaKTep H3MEHUHBO-
CTH Y OJHOTO WJIM HECKOJbKHX OJIM3KMX BHJOB, MOXKHO LleJIeHarpaBJeHHO HCKaTb
(hopMbl, ellle HEHU3BECTHbIE y JAHHOTO BHIA, HO YyXKe OT-
KpbITble 'y pOACTBEHHBLIX eMmy ¢dopM. baarogapsi 3ako-
HY TOMOJIOTHYECKHUX PSI0B MEIUIMHA M BETePUHAPUS T10-
JIYIUJIM  BO3MOYKHOCTb TE€PEHOCUTb 3HAHUA O MeXaHHU3-

Basunoe Hukonan MeaHosu4 (1887—1943) — pycckui
60TaHVK, FeHeTuK, pacTeHueBop, reorpad. Cdopmynupo-
Basl 3aKOH rOMOJIOrMHYECKMX PAOOB HAcNeaCTBEHHON U3MEH-
ynsoctn. Cospan y4eHne o LeHTpax NpoUCXOXOEHUS Kyrb-
TYpHbIX pacteHuii. [posen ceputo akcneguumii no 40 ctpa-
HaM, cobpaB YHUKaSIbHYIO KOSMEKUMIO COPTOB KYNbTYPHbIX
pacTeHur, KoTopasa No cen AeHb ABMAeTCa OCHOBOW ANs ce-
NIEKLMOHHbIX paboT.
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Max pa3BUTHUSI, TeUeHWU W crocobax JeueHdsi 3ab0JieBaHUHA  OJHUX  BHIOB
(B UACTHOCTH, UeJIOBEKA) Ha Jpyrue, GJU3KOPOJICTBEHHbIE.

3Havenue eenomunu4yeckoll usmendusocmu. Myrtauuy Kak HUCTOUHUKHM Ha-
CJIE/ICTBEHHON M3MEHUHBOCTH SIBJAIOTCS BaXKHEHIIUM (DAKTOPOM 3BOJIOIMH, obecrie-
YUBAIOIEH afanTalyio MOMyJ sl U BUIOB K H3MEHSIOIIMMCS YCIOBUAM CPEJIbI.

[eHoTHMMYECKAasT M3MEHUMBOCTh JIEXKUT B OCHOBE MPAKTHUECKOH CeJIeKIHH MpH
CO3/IaHUM HOBBIX MOPOJL }KHBOTHBIX, COPTOB PAaCTEHHWH M IITAMMOB MHKPOOPTaHU3MOB.
Taxk, B HacTosilllee BpeMsl MPAKTHUECKH BCe MHPOBOE MPOU3BOACTBO AHTUOHOTHKOB
OCHOBAHO HA MCIMOJBb30BAHUH BbICOKOMPOAYKTHBHBIX ILITAMMOB MUKPOOPTaHU3MOB, MO-
JIyUeHHbIX TOJ JeHCTBUEM MyTareHoB. FcroJib3oBaHHWe MYTAareHoB B CeJIeKUUH pac-
TEHUH MO3BOJIMJIO MOJYUUTh HOBbIE, GoJiee TPOAYKTUBHBIE U Jiydllle TIPUCIOCOB/IeHHbIE
K YCJIOBUSIM CPEJIbl, COPTA NULeHUUbL, PICU, AUMEHI, e0POXA U JAPYTUX KYJBTYp.

9 1. 410 Takoe KombuHaTUBHaA M3MeH4MBOCTL? [lprBeanTe npumepbl. HasoBUTE UCTOYHUKM

" KOMOVHATUBHOW N3MEHYMBOCTMU.
2. [lante ornpefenieHne MNOHATUAM «MyTauusi», «MyTareHesd», «MyTtareH». Ha kKakuve rpynmbl
NPUHATO OenuTb MyTareHsl? MpuBegute npumepbl.
3. OxapakTepu3yinTe OCHOBHbIE TUMbl FEHHbIX, XPOMOCOMHbIX Y FEHOMHbIX MyTauui.
4. Kakve Tunbl MyTauui BbIOENSAIOT MO NpoucxoxaeHuto? Mo Tuny MyTUMPOBaBLUMX KNETOK?
Mo BAMSAHMIO HA XWU3HECNOCOBHOCTbL U NNOLOBUTOCTL OPraHM3MoB?
5. B 4em cocTouT MpuHUMNManbHoe pasnuyve mMexgy KOMOMHATMBHOM U MYTauMOHHON W3-
MEHYMBOCTbIO? HeM oTnnvaeTcsd MyTaunmoHHas U3MEHYMBOCTb OT MOAUMUKALNOHHON?
6. B 4em cyTb M MpakTMyYecKoe 3HaAYeHUE 3aKOoHa FOMOSIOMMYECKMX PSAOB HACneOCTBEHHOWM
M3MEHYMBOCTUN?
7.V NWeHWLbI-OOHO3EPHAHKM rameTbl codepXart no 7 XpoMocoM. CKOMbKO XPOMOCOM CO-
OEPXNTCS B COMATUHECKMUX KIIETKax MyTaHTOB MLUEHULbI-OOHO3EPHSAHKN, eCNU K BO3HUKHO-
BEHWIO MYTaHTHOM (QopMbl npuBena Hynnucomusa? MoHocomua? Tpunnougna? Tpucomumsa?
TeTtpannonguna? TeTpacomma?
8. YepHasa okpacka LUepCTU Y KOLUEK OOMWHUPYET Haf pbhKen, reTepo3uroTHbIE KOLLKWU 06-
najarT 4YepenaxoBoli OKPACKOM — YepHble MATHA YepenytoTcs C PbbKMMU. [eHbl, KOHTPOU-
pytoLLMe LBET LUEPCTU, PacmnonioXeHbl B X-XpOMOCOMe. TeOpeTUHeCcKn KOTOB, T. €. CaMLOB,
C YepenaxoBOW OKPACKOW He [OMKHO ObiTb (MOYeMy?), OOHAKO MHOTAA OHW poxparTcs. Kak
06BACHUTL 3TO ABNeHVe? Kak Bbl cuMTaeTe, Kakue elle 0COBEHHOCTU (KpoMme HeoObI4HOW
OKpacku) xapakTepHbl A5 4epenaxoBbiX KOTOB?

§ 48. Ocob6eHHOCTH HacC1eACTBEHHOCTH
M M3MEHUYMBOCTH uejlOBEKa

OCHOBHbIe 3aKOHOMEPHOCTH HACJIEACTBEHHOCTH U H3MEHUHBOCTH, YCTaHOBJIEHHbIE
JUISi OPTaHU3MOB, YHHUBEPCAJIbHBI, CJE0BATENbHO, CIIPABEIUBhI U /i1 yeaoBeka. Oji-
HAKO KaK OObEKT reHeTHUYECKHUX HCCJeJOBAHUH, YeJOBEeK HMeeT CBOH 0COOEHHOCTH.

st onell HEBO3MOXKHO 3SKCIEPUMEHTAJbHO MOJy4aTb MyTallud, HE MPUMEHUM
rubpuaosornueckuii Mmeton. Kpome Toro, reHeTHUYecKHl aHaJU3 YCJOXKHSETCS PSIOM
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thakTopoB: GOJBIIUM UYHCJAOM XPOMOCOM, MaJbiM KOJMYECTBOM MOTOMKOB B CEMBE,
MEeJICHHOH CMEHOH TMOKOJIeHHH (0fiHO ToKoJieHne — B cpeaHem 30 JieT), HIMPOKUM
FeHOTUITMYECKUM W (heHOTUITMUECKHUM MoJIMMOphU3MOoM (pasHooGpasuem) U T. .

Bwmecre ¢ Tem Gsarogapsi TOUHOMY aHa/M3y BbIOOPOK M3 GOJBIIOTO KOJMYECTBA
6pauHbIX Map, BO3MOKHOCTH ydyeTa ceMell ¢ MHTepecylOUIMMH MPU3HAKAMH, SKCIEPH-
MEHTaM HaJl COMAaTHUECKUMH KJIEeTKaMH ueJjioBeKa, pa3paboTke HOBEHIIMX METO/I0B pa-
6oTbl ¢ JIHK 1 MHOromy npyromy reHeTHka yesoBeKa B IMOCJEIHHE TOIbI JOCTHIJIA
3HAYMTEJIbHBIX YCIIEXOB.

B coBpemeHHOI reHeTHKe 4eslOBEKA HMCMOJB3YIOTCS KAK KJacCHuecKue MeTOJbl
MCC/IeI0BaHUI (reHeaoruueckuii, 6JM3HEeLOBbIH, LUUTOTeHETHUECKHH, MOTMYJISILIHOHHO-
CTATUCTHUECKUH, €PMATOTJIH(PUUECKHIT), TAK W HOBble — OHOXHMHUYECKHE M MOJIEKY-
JISIPHO-TeHeTHYEeCKHE.

TI'eneanoeuueckuil memod ocHOBAH HAa MOCTPOEHHU M H3YYEHHH POJIOCJTOBHbIX.
C nomolpbio 3TOro MeTojla MOXKHO BbISICHUTb, HACJEIyIOTCsl JIH M3yuyaeMmble MpH3Ha-
KH, YCTAHOBHUTb THI HACJEI0BAHUS (IOMHHAHTHbBIH WJIM PELECCUBHBIH, CLENJIEHHBIH C
M0JIOM WJIM ayTOCOMHBIF) W THI B3aUMOJEHCTBHSl MeHOB. [eHeasiornueckuit MeTox Hc-
NoJib3yeTest ISl AMarHOCTUKH HACJIeICTBEHHbBIX 3a00/1€BaHUH U MeJMKO-TeHETHYECKOT0
KOHCYJILTHPOBAHHSI.

C nomolIplo reHeasorMueckoro MeToja JIOKasaH HACJeICTBEHHBIH XapakTep MHO-
TUX NPU3HAKOB U 3a00J/1eBaHuil. Kylaccuuecknm npuMepoM pelecCHBHOTO, CLEMJIEHHOTO
¢ X-xpomocomoit 3a6oJieBaHust siBJIsSieTCsl Te MO ¢ M J1 U 51, HAac/1elloBaHUe KOTOPOi YeT-
KO TIPOCJIEXKMBAETCS M0 POJOCAOBHBIM ceMeH, 11apcTBoBaBiix B EBporne (puc. 109).
AHaJIOrMuHBIl THI HAc/el0BaHUs HMMEOT aTpodus 3PUTENbHOTO HepBa
M nanbToHu3M. [Ipumepamu HOMUHAHTHBIX 3aboJsieBaHUH, ClLEMJEHHBIX ¢ X-Xpo-
MOCOMOH, MOTYT ObITb THNOTIJIA3 U5 (MCTOHUEHHe) SMaJu 3yO6O0B, a TaKKe Ha-
c/eficTBeHHas opmMa paxuTa, KoTopasi He JIeuuTest BATaMUHOM D.

K 3aGoseBaHusiMm ¢ ayTOCOMHO-JIOMHHAHTHBIM THIOM HAacCJ/el10BaHHUs OTHOCST-
Ccl MOJNUAAKTHJAMSA (IIECTUNANOCTh), GpaxXuAaKTUAUS (KOPOTKOMAJNOCTh),
axoHaponaa3dus (KapJukoBoCTb) M Ap. MHorue 3aboJ/ieBaHusl 4YeJIOBEKA HMEIOT
AyTOCOMHO-PelleCCHBHBIN THI Hac/1e0BaHus (e HUJAKEeTOHYpHS, anbOUHHU3M,
HacJ/elCTBeHHble (hOpMbl caxapHoro auabeTa W ap.).

bausneyosotil memod cCOCTONT B CPABHUTEJBHOM M3yUe€HMH Pa3BUTHsI TPHU3HA-
KOB y OJin3Hell0B. BriepBble oH Obl MPeIOKeH aHTJIHHCKUM aHTPOMOJIOTOM M MCH-
xonorom @ . TanbToHoM B 1875 1. JlaHHBII METO MO3BOJISIET OMPENEJUTL BKJAJ
reHeTHUYeCKUX (PaKTOPOB M YCJOBMH Cpejibl (KJIUMAT, MuTaHne, o6pa3 yKU3HH W T. J1.)
B Pa3BUTHE KOHKPETHBIX (DEHOTHUIHYECKHUX MPHU3HAKOB YeJIOBEKA.

[Ipu ucnosbzoBanun GJM3HELIOBOrO METOA MPOBOAUTCS CPaBHEHHE MOHO3MIOT-
HbIX (OIHOSIALIEBBIX) OJIM3HELIOB KakK JIPYr € JAPYroMm, Tak W C JU3HTOTHBIMH (pa3HosIi-
LeBbIMH ) OJIM3HEIAMH U C OOLIEeH MOMyJsiHeH.
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MoHo3urotHble GJIM3HELbl Pa3BUBAIOTCS M3 ONHOH 3UrOThl, Ha CTaguu ApoodJe-
HUsT IaBlIed Havyasio AByM Wik GoJiee sMOpHoHaM. C reHeTHUECKOH TOUKH 3PeHHsT OHH
WJIEHTHYHBI, TaK Kak 00J1aJ1al0T OJIMHAKOBLIM reHoTHIIoM. COOTBETCTBEHHO, OHH OYeHb
MOXO0KH BHELIHEe, BCeraa OJHOTO MoJia, UMEIOT OJMHAKOBYIO TPYIy KPOBH, OJMHAKO-
Bble OTIIEUATKH MaJbLEB U T. II.

JlnzurotHble 6JIM3HELbI PA3BUBAIOTCSI B TOM CJIyUae, eCJid OJHOBPEMEHHO MPOU30LL -
JIO OTIOIOTBOPEHHE JIBYX Pa3HbIX SHIEKJIETOK AByMsl criepmaTto3oupamu. CooTBerT-
CTBEHHO, Takue OJIM3HeLbl UMEIOT Pa3jHuHble TeHOTHIIbl U CXOAHbI MeXK1y COOO0H He
6oJiee yeM 0ObluHble OpaThsi U cecTpbl. B cpennem uacrora poxKaeHusi GJIU3HELOB CO-

cTaBJsieT oKoJio | %, M3 HHUX % MPUXOAUTCS Ha paSHOHI;IU,eBbIX.

Hlumoeenemuueckuii memod 0CHOBaH HAa MHMKPOCKOITMYECKOM H3YYeHHH XpO-
mocoM. B 1956 r. mBeackue uuronornt JI. Tuo n A.JleBaH ycraHoBWIH, UTO y ue-
JoBeka 46 xpomocom (cm. puc. 100), 4TO MOJMOKUIO HAYALO LLIMPOKOMY H3YUEHHIO
XPOMOCOM YeJIOBEKa.

B 1959 r. 6buia ycraHoBsieHa XpoMocoMHasi mpupoaa cuHapoma JlayHna.
B nasnbHefiliem OblM ONMMCaHbl U APyrHe XpOMOCOMHbIe GoJie3HH vesoBeka. B pesysib-
TaTe UMTOreHEeTHKA CTasla BAKHEHIIMM pas/iesoM MpakTHIeCKOH MeauUMHbl. B HacTo-
sillee BpeMsl LIMTOreHeTHYECKHH MEeTOJ LIMPOKO MPUMEHSIETCS /sl IMarHOCTHKH XPO-
MOCOMHBIX 00JIe3HEH, H3yYeHUs] MyTaLMOHHOTO Tpoliecca U T. J.

Ilonyaayuonno-cmamucmuveckuil memod CBsi3aH C HM3yueHHEM Hac/e/l-
CTBEHHBIX MPH3HAKOB B OOJIbILMX IpyMNnax HaceseHHsl (TOMyJsILUsX), BaXKHbIM YCJI0-
BHEM MPH 3TOM SIBJISIETCS TOUHAsl CTATUCTHUYeCKast o6paboTKa MoJyuyaeMblX JAHHbIX.
[TomyIiuMOHHO-CTATUCTHUECKHUE METOJL MO3BOJISIET OMNPENesiTh YaCTOTy BCTpeuaeMo-
CTH B TOMYJSILUSAX ONpeJiesleHHbIX TeHOB, MeHOTUNOB W (PEHOTHUIOB, HCCJE0BATh 3a-
KOHOMEPHOCTH MYyTaLlHUOHHOTIO MpOLEcca, BbISIBJIATL POJib PEHOTHIIA W YCJIOBHH Cpejibl
B BO3HMKHOBEHMH HACJ/EICTBEHHbIX 3a00/eBaHUI U P.

Hepmamoeauguueckuti memod ocHOBaH Ha U3ydeHHH pesibedha KOXKH Ha MaJib-
1ax, JaJoHsX ¥ MOJOIIBAaX CTOM. B oT/MuMe OT APYrux yacTeill Tesa 3jleCb UMEIOTCS
3MUepMalibHble BBICTYIbI, 00pa3ylolliie CJIOXKHbIE Y30pbl — JIyTH, TIETJH, 3aBUTKH
(puc. 110). PucyHok Ha nanbuax CTporo WHAMBHIyaJe€H W MOYKET COBMAAThb TOJBKO
y MOHO3HTOTHBIX OsiM3HeloB. Kiaccudukauus ysopos Obia pagpaborana @ . ladab -
TOHOM.

B XX B. nepmatorsimuieckuil METOA LIMPOKO HCMOJBb30BAJICS YISl AMArHOCTHKH
HEKOTOPBIX HACJEACTBEHHbIX 3a00JIeBAHUH U ONpeieieH sl 3UrOTHOCTH Osin3HeloB. On
TaKxKe MPUMEHSIICS [JIsl yCTaHOBJIEHUS] OTLOBCTBA, B CyleGHON MeIUIIMHE U KPUMHHA-
JIUCTHKE B 11eJIsIX MeHTHDUKALMK JIMYHOCTH. B HacTosilee BpeMsi HCMo/b30BaHUE Me-
TOJOB JIepPMATOIVIM(UKK CTano Oojiee OrpaHMUYEHHBIM B CBSI3M C MOSIBICHHEM HOBbIX,
6oJsiee COBEPLIEHHBIX METOA0B — OMOXMMHUECKHX M MOJIEKYJISIPHO-TeHETHUECKHX.
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Puc. 110. OcHoBHble THIIBI lepMaTOrIH(HIECKHX Y30POB

MHorue HacsiencTBeHHble 3a0o0JieBaHHs ueJsoBeKa 0OYCJIOBJEHbl T'€HHBIMH My-
TAlMSIMH, B pe3ysbTaTe KOTOPBIX H3MEHSIETCSl CTPYKTypa COOTBETCTBYIOUIMX OEJKOB.
B GousblinHCTBE cydaeB Takue OeJKM OKa3bIBAIOTCS HECTOCOOHBIMM B MOJHOH Mepe
BBIMOJIHSATH CBOM (PYHKUMH JHOO MOJHOCTBIO YTPAUUBAIOT GHOJOTHUECKYIO aKTHBHOCTb.
OTO NPUBOAUT K Pas/UYHBIM HapylleHUsIM 0OMEHa BELECTB W OTPAXKAETCsl HE TOJb-
KO Ha XMMHUYECKOM COCTaBe OTACJIbHbBIX KJIETOK U TKaHeﬁ, HO U Ha OMOXMMHUYECKHX T10-
KasareJsix KpOBH, CITMHHOMO3TOBOH KHIAKOCTH, MOUYM, MOTA U T. TI.

CresloBaTe/IbHO, TeHHble MYTaldM MOXKHO BBISIBJSITH C TOMOLIBIO Guoxumuye-
cKux memodos. OH1 OCHOBAHbI HA KAUECTBEHHOM W KOJIHYECTBEHHOM aHaJju3e ornpe-
JIeJICHHbIX BELLeCTB, Mpexae Bcero (epMeHTOB M MPOAYKTOB KATaJU3UPYyeMbIX MMH
peakuuil. Mcrnosb3oBaHue cOBpeMeHHbIX OMOXHMHYECKHX METOJOB MO03BOJISIET Olpe-
1eJisiTh JioOble cnetuduueckre MeTaboJMThI, XapaKTepHble 1Jis KOHKPETHOH HacJell-
CTBEHHOH OoJie3HH. BuoXumHuecKne MeTopl aloT BO3MOXKHOCTb HE TOJIbKO JIHArHo-
CTUPOBATb 3a60J1eBaHus U CJAeIUThb 3a XOA0OM HX JieHeHHsl, HO W BbIsSABJIATb I'e€TE€PO3U-
FOTHBIX HOCHTEJIeH le(heKTHBIX TEHOB, ONPeIesiTh HACIEACTBEHHYIO MPeAPacooKeH -
HOCTb K pasJiMuHbIM 3aboJsieBaHusIM. B psie ciyyaeB 5T0 BO3MOXKHO OCYLLECTBHUTb €L1e
JI0 POXKIEHUS YeJloBeKa, Ha 3Tane 5MOPHOHAILHOTO PAa3BUTHSL.

Memod comamuueckoil eubpududayuu no3BoJSET MONyYaTh THOPUIHBIE KIIET-
KM OPraHU3MOB Pa3HbIX BUJIOB (4€A08€K — Mblulb, YeA0B86K — KOMAP W T. J1.) TyTeM
CJIUSIHUST COMATHUECKHX KJIETOK B J1aGOpaTOPHbIX YCJOBHSIX. B Takux kjaeTkax QyHK-
LMOHUPYIOT XPOMOCOMBI 0OOHX BHIOB, TPOMCXOIUT CHHTE3 COOTBETCTBYIOLLMX OEJKOB.
OILHaKO [pu 1eJI€HUHU Fl/l6pl/l,71Hble KJIETKH MTOCTEIEHHO yTPpauuBaloT HeJ0BeYECKUE XPO-
MOCOMbI. IDTO CBSI3aHO C TEM, YTO HCXOJHbIE KJETKH YejoBeKa «He MPHUBBIKIU> Jie-
JIMTbCS TaK MHTEHCHBHO, KaK, HalpuMmep, KJIETKH MblIK WM Komapa. Korna rubpuu-
Hasl KJIeTKa TepsieT KaKyto-J1100 XpPOMOCOMY, B Hell epecTaloT CHHTe3HPOBATLCS oMpe-
nesieHnble 6eqku. [1loaToMy MOXKHO Mpeanosarathb, YTo reHbl, KOAUPYIOLIHE 3TH OeJKH,
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pacrioJioXKeHbl B «MOTEPSIHHON» XpoMocoMme. MeToji coMaTHueCcKol ruOpUamu3aluy no-
3BOJISIET YCTAHABJIMBAThL TPYIIbl CHEMJIEHHS U BBIACHATh T0CJEI0BATENbHOCTL PacIio-
JIOXKEHUS F€HOB B XPOMOCOMaX, T. €. CTPOUTh T€eHEeTHUECKHE KaPThl XDPOMOCOM UeJIOBEKA.

Moanekyaapno-zenemuueckue memoder — OoJiblliasi U pagHooOpasHasi rpymnmna
METOJIOB, MO3BOJISIIOIIMX aHAJTU3UPOBATh (DparMeHThl HyKJEUMHOBBLIX KUCJIOT, HAXOIUTD U
BBIJIEJIATH OT/IEJIbHbIE T€Hbl, ONPEIE/ISATh B HUX MOC/I€10BATE/bHOCTD HYKJIEOTHIOB U T. /1.

[Touck omnpenesieHHbIX Te€HOB WM MX (DParMEHTOB MOXKHO OCYIIECTBJISATH MyTEM
ru6punusanuu JJHK. s storo k o6pasuam uccnenyemort JIHK nobapnsior cnenu-
aJibHble 30 HJIbl — HCKYCCTBEHHO CHHTe3npoBaHHble 1enouku JIHK ¢ uzBectHoit no-
cJaenoBaTesnbHOCTbIO HyKaeoTuaoB. JIHK-30m1 co3nator takum o6pa3om, 4ToObl OH MOT
KOMIIJIEMEHTAPHO CBSI3aThCsl C HCKOMBIM I'€HOM, a TaKxKe CoJeprKas pajloaKTHBHYHO
WM CBeTsLIytocs MeTKy. MeTKa Hy:KHa jiisi 0OHapy»KeHHs1 30H/a T0CJie TOro, Kak OH
CBsKeTCs ¢ UHTepecytoluM Hac yuactkoMm JIHK. Dtor merton nospossier oGHapyu-
BaTh €MHCTBEHHBIH TeH CPeH NECATKOB ThICSY.

Boinesierne reHoB (MM MX ()parMeHTOB) MPOU3BOJUTCS C MOMOIIBIO CrelHaTbHbIX
thepmeHTOB, paspesatoix Mosiekysabl JITHK B ctporo onpenesennbix Mecrax. Eciu
MOJTyYeHHbIX (DPArMEHTOB 0Ka3aJioCh HEJOCTAaTOUHO JIsi MOCJEIYIOIIEero aHaju3a, ux
MOXKHO «Pa3MHOXKUTb» C MOMOLbI0 MojJumMepa3Hoil uenHoi peakuuu (I[ILP). dtot
Mpollecc MPOTeKaeT Mo TOMy »Ke npuHuuny, 4to u yasoenue JIHK B knetkax, u dak-
THYECKH MPeACTaBaseT co60i MHOTOKPATHYIO PEMJIMKAILMI0O B MCKYCCTBEHHO CO3/aH-
HbIX ycnoBusiX. C nomotpio [THP MokHO 32 HECKOJILKO YacOB CO31aTh MUJIJTHOHBI KO-
nuit ucxonHoro dparmenra JIHK.

JIyist «ipouTeHUs» 'eHOB U BbISBJIEHUS JIIOOBIX THIIOB MEeHHBIX MyTalluil MPUMEHS -
eTCsl CeKBEHUPOBaHHeE (OT aHIJI. Sequerce — TIOCJEI0BATENbHOCTD), T. €. OTpeJieie-
Hue nocyenoBaresbHoct Hykiaeotunos JIHK. B 1990 r. craproBan mexmayHapoaHbiii
Hay4YHO-HUCCEN0BATENLCKUN NPOEKT «[CHOM YesloBeKa», B X0jle KOTOPOro MyTeM CeK-
BEHUPOBaHUs Obl1a OINpejesieHa HyKJeoTHAHAs rocyenoBaresbHocth JIHK Beex xpo-
MOCOM YeJIOBeKa.

YcranossieHo, uto JIHK venoBeka, a Takike >KUBOTHBIX W PACTEHHH COJAEPMKHUT
0coOble TIOBTOPSIIOLIMECS] MOCJEI0BATENLHOCTH HYKJIEOTHIOB. MIX cTpyKTypa 1 pacro-
JIOXKEHHE B XPOMOCOMAX YHMKAJIbHO JIJIsT KAXJ0T0 YeJIoBeKa, KaK OTIeUYaTKH MaJibles,
M COBMANAET TOJbKO Y OJHOSIHIIEBLIX OJIU3HEI0B. AHAIN3 TaKHUX MOCJIEI0BATEILHOCTEH
UCITOJIb3YeTCs /I ICHTU(PUKALIMK JIMUHOCTH HJIM YCTAHOBJIEHUS POACTBA. DTOT METOJL
MOJTyYHJ1 Ha3BaHWe MeHHOUW NAaKTHJIOCKOTHUH.

9 1.Kakoii MeTo He NPUMEHAeTC B reHeTUKe YesioBeKa: LIMTOreHeTUHecKuid, reHeanoruye-
* CKWI, 6NU3HEL0BbIN, rMOPUOONOrMHECKNiA, OepMaTOrNMpUIECKNin?
2. Kakve ocob6eHHOCTM 4YefioBeKa Kak 06beKTa MeHeTUKM OCIOXHSAKT U3YyYeHne ero Hacneg-
CTBEHHOCTU N N3MEHYNBOCTN?
3. KakoBbl OCHOBHblE METOAbl U3Yy4EHUS HACNEACTBEHHOCTM U U3MEHYMBOCTU 4enoseka?
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4. Kaknum 06pa3om CpaBHUTENILHOE U3YHeHMe G6IIM3HELOB NMO3BOSSET BbISBUTb POSib FreHOTMNA
W YyCroBUIN cpedbl B (POPMUPOBAHNM KOHKPETHbIX MPU3HAKOB opraHnama?

5. Kakve MeTofbl FeHeTMKM 4YesloBEKa MOXHO MCMONb30BaTh AJ1S1 BbISIBNEHUS TEHHbIX My-
Taumin? XpOMOCOMHbIX Y FEHOMHBIX MyTauumii?

6. OxapakTepuaymnTe OCHOBHbIE MOJSIEKYNAPHO-FEHETUHECKME METOLbI, KOTOPbIE UCMOMb3YTCA
ONsi M3y4eHUst HACNEeLACTBEHHOCTU U U3MEHYMBOCTM YeNoBeKa.

7. HacnepgctBeHHaa popma caxapHoro guaberta o6ycrnoBrieHa peleccuBHbIM ayTOCOMHbIM
reHom. O6crnefoBaHve HaceneHns KpPyrnHoro M3onmMpoBaHHOrO OCTpoBa Mokasano, 41o 1 %
nopen, NPoOXUBAKOLLMX HA 3TOM OCTPOBE, CTPaAalT BPOXAEHHbIM caxapHbiM anadetom. Ka-
Kyto gonto (%) cpeau 300pOBOro HAaCEeNeHns OCTPOBa COCTaBAIOT reTepO3UrOTHbIE HOCUTENN
3TOro 3a6oneBaHua?

§ 49. HacnencrBeHHble 60J€3HU YeqoBeKa

[Ipo6isiema 310poBbsl HeJIOBEKa M MeHeTHKa TeCHO B3aMMOCBsI3aHbl. B Hacrosiee
Bpemsi uzBectHo GoJiee 5500 HacsencTBeHHBbIX Gosie3Hell yesoBeka. Cpeiy HUX BbI-
JIeJISIIOT TeHHble ¥ XPOMOCOMHble 00JIe3HH, a TakKe 3ab0JieBaHUsl ¢ HACJEICTBEHHON
NpeIpacnoioKeHHOCTIO.

TI'ennole 60ne3Hu — 3TO 3HAUUTEJNbHAs TPyMNa 3a0oseBaHUi, BO3HUKAIOLIMX B
peayJaibrate noppexxiennit JIHK Ha yposHe rena. O6biuHO naHHble 3a060seBaHus onpe-
JIeJISIIOTCST OJIHOH TIapO# aJlieJIbHbIX TeHOB H HACJEIYIOTCSl B COOTBETCTBHH C 3aKOHAMH
[ Menpnens. Ilo Tuny Hac/ienoBaHus BbIAGJSIIOT ayTOCOMHO-JAOMHHAHTHbIE, ayTOCOM-
HO-pPEeLeCCHBHBIE W CLEMJeHHble ¢ 1oJjoM 3aboseBanus. OO1as yacToTa reHHbIX 3a-
GosieBaHuii B YeJOBEUECKHX MOMYJASLHUsX cocTapasier 2—4 %.

Bo/blIMHCTBO reHHbIX G0JIe3Hel CBS3aHO C MyTallUsIMU B OTpejie/IeHHbIX FeHaX, uTo
BeJIeT K U3MEHEHHUIO CTPYKTYPbl U (DYHKIMI COOTBETCTBYIOLIMX OEJIKOB M MPOSIBJASETCS
tenotunuyeckd. K reHHbiM 3a60sieBaHHSIM OTHOCSITCS MHOTOUMCJIEHHbIE HapyLIEHHs
oOMeHa BelllecTB (yrJeBOJIOB, JIUNUIOB, aMHHOKUCJIOT, MeTaJl10B U 1p.). Kpome Toro,
reHHble MyTallMd MOTYT SIBJISIThCSI TIPUUMHON HEMPaBUJILHOTO PA3BUTHSI U (DYHKIIHOHH-
pOBaHUsT OTMpeJieJIeHHbIX OpPraHoB W TKaHeH. Tak, neeKTHbIMM reHaMH 06YCJIOBJEHbI
HacJeACTBeHHAs TrJyxoTa, aTtpodus 3pUTeJbHOrO HepBa, lie-
CTUMANOCTh, KOPOTKOMAJOCTb M MHOTHE JIDYyrHe MaTOJOTHYECKHE MTPU3HAKH.

[Tpumepom renHo#t 60J1€3HH, CBSI3aHHOH C HapyLIEHHEM AMHHOKHCJOTHOTO 06-
MeHa, sBAseTCsl (PeHUNKETOHYpHUsl. DTO ayTOCOMHO-peleccuBHOE 3abojeBaHue ¢ ya-
croto#i Bcrpeuaemoctd 1 : 8000 HoBopoxkaeHHbIX. OHO BbI3BaHO Ae(EKTOM reHa, Ko-
JUpYIoLLero (epmMeHT, NpeBpallalolitidi aMUHOKHCJIOTY (heHUIalaHuH B JIPYTyl0 amMu-
HOKHUCJIOTY — THPO3uH. JleT ¢ (heHnIKeTOHypHel POXKIAIOTCS BHEIIHe 3[0POBBIMH,
O/IHAKO JaHHBIH (epMeHT y HUX HeakTHBeH. [losToMy (beHnnanannH HakamaMBaeTcs
B OpraHMaMe W MpeBpaullaeTcsi B psil TOKCHUHBIX BEUIECTB, MOBPEXKIAIOUIUX HEPBHYIO
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cucremy pebeHka. Bese/icTBHe 3TOro pa3BMBaloOTCsl HapylIEHHsT MBILIEYHOIO TOHYCa H
peJieKCOB, CyIOPOrH, MO3XKe MPUCOEMHSIETCS] OTCTABAHME B YMCTBEHHOM PA3BUTHH.
[Ipu cBOeBpeMeHHONH MOCTAHOBKe JMarHosda (Ha paHHUX 3Tanax pa3BUTHs peOeHKa)
(heHUIKETOHYPHSl YCTIENIHO JIEUUTCSl C MOMOIILBIO CHelHaNbHOH HeThbl ¢ HU3KHM CO-
nepxkanveM ¢enusananuna. Crporasi queta He obsi3aTe/ibHA B TeueHHe BCeH »KU3HH,
T. K. HEpPBHAsl CHCTeMa B3pOCJOro yesoBeka Gosiee yCTOHYMBA K TOKCHYHBIM MPOJYK-
Tam oOMeHa (eHuIaNaHHHA.

B pesysnbrate Myrtaunn reHa, OTBEUAlOLIEro 3a CHHTE3 OJHOTO M3 O€JIKOB COEIMHHTEIbHOTKAHHBIX
BOJIOKOH, pasBuBaeTcsi cunapom Mapdana. D1o 3a6osieBaHHe Hac/eyeTcsl N0 ayTOCOMHO-J0MHHAHT-
HOMY THITy. DOJIbHBIX OTJIMYAET BBICOKHII POCT, JUIMHHbIE KOHEUHOCTH, OUEHb JUIMHHbIE «IaydbH» Majlb-
1pl, TJI0CKocTonue, nedopmauus rpyaHor kaetkd (puc. 111). Kpome Ttoro, 3aGoseBanne MOXKeT co-
MPOBOMIATHCS HEIOPA3BUTHEM MBILLLL, KOCOMVIA3HEM, KATAPAKTOM, BPOXKACHHBIMK OPOKAMH Cepilia H
T. 1. CjielyeT oTMeTHTBb, 4TO cHHipoMoM Mapdana crpajaiu Takue n3sectHble Jioad, Kak H. Ila-
rauunu U A. JIMHKOJIBH.

Puc. 111. Xapaxrepuble npusnaxku cuuapoma Mapdana

Jpyrum npumMepom reHHoll 00J1€3HH SIBJsieTCS reMOMUIUs — HACeICTBEHHOE
HapyllleHHe CBEPThIBAEMOCTH KPOBH. DTO pellecCHBHOe 3aboJieBaHue, CLENJIeHHoe ¢
X-XpoMocoMo#i, 0OyCJIOBNIEHO CHH)KEHHEM WJIM HapylIeHHEM CHHTe3a OMNpeeJieHHO-
ro gaxropa cBepTbiBaHusi KpoBu. [lpu TsiKkesiofi opme reModuinu KpoBOTEUEHHS,
onacHble Jyisl )KU3HH OO0JILHOTO, MOTYT ObITh BbI3BaHbI JlaKe HEe3HAYUTEJbHON Ha mep-
BbIll B3MVIsL TpaBMol. Jledenne GosibHbIX reMoUIHeld OCHOBAHO HA BBEIEHHH HEJO-
cTaiolero (akTopa cCBepThIBAHHSI.

Xpomocomnoie 60ae3HU 06YCIOBIEHB XDPOMOCOMHBIMH U T€HOMHBIMH MyTalll-
SIMM, T. €. CBSI3aHbl C U3MEHEHHEM CTPYKTYpbl MM KoJuuecTBa XpomocoM. Cpean HHUX
MOXKHO BBIICJIMTb aHOMAJ MU MOJOBBIX XPOMOCOM, TPHCOMHHU MO ayTo -
coMaM, a TaKxkKe CTPYKTypHblE HAPYLIEHHS XPOMOCOM.
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K cuHapomam ¢ 4HMC/IOBBIMM aHOMAJMSMH TOJOBBIX
xpomocom oTHocsitesi: cunapom [lepeineBckoro — Tep-
Hepa, CHHAPOM MOJUCOMHH MO X-XPOMOCOME Y JKEHLIHH,
cunapom Kasifindensrepa u ap. [lpuunHodt paHHbIX 3a-
6oJieBaHUll SIBJSETCS HapylIeHHE PACXOXKIACHHUS MOJIOBbIX
XPOMOCOM TpH 06pa3oBaHUH TaMeT.

Cunppom llepewmesckoro — TepHepa pasBuBaercs
y JIeBOYeK ¢ XpoMocoMHbIM Hatopom 444 + X0 (orcyrt-
cTByeT BTopasi X-xpomocoma). Hacrora BCTpeyaemocTH
1 : 3000 HOBOpOkKIEHHBIX JieBoueK. JIyis GONbHBIX Xapak-
TepeH HU3KHUH pocT (B cpennem 140 cm), KopoTkas iest
¢ TIyGOKMMH KOXKHBIMH CKJIJIKAMH OT 3aThlJKA K TJIeya,
yKOpoueHue 4-ro u 5-ro najblieB pyK, OTCYTCTBHE HJIH
cnaboe pa3BUTHE BTOPHYHBIX TOJIOBbIX MPH3HAKOB, Gec-
nioare (puc. 112). B 50 % cayuaes HabJiofaeTcst yM-
CTBEHHAsl OTCTAJNIOCTh WJIM CKIOHHOCTb K MCHX03aM.

Cunppom nojucoMuu mno X-XpoMocome Yy JKeH-
UIMH  MOXKeT ObITb 00ycJ/OoBJeH TpucoMueil (Habop
44A + XXX), terpacomueii (44A + XXXX) wiu nentaco-
mueil (44A + XXXXX). Tpucomusi BCTpeuaeTcsi ¢ 4aCTOTOH
1: 1000 HoBopoXneHHBIX jeBoueK. [lposiBienust gocra-
TOYHO Pa3HOOOpa3Hbl: OTMEYAETCsl He3HAUMTENbHOE CHHU-
JKeHHe MHTEJIJIEKTa, BO3MOXKHO Pa3BUTHE TCHXO30B H M-
30(peHuH, HapylieHue (QyHKIHHA STMUHUKOB. [IpM TeTpacoMMH W MEHTAaCOMMH MOBbI-
1I1aeTCsl BEPOSTHOCTb YMCTBEHHOH OTCTA/IOCTH, OTMEUAETCsl HEOPA3BUTHE TIePBUUHbIX
M BTOPHUUYHBIX MOJOBBIX MPU3HAKOB.

Cunapom Kasiindenbrepa naGsonaercss ¢ uyactoroi 1 : 500 HOBOpPOMIEHHBIX
MaJIbiMKOB. BoJsibHble HMeloT sz X-xpomocomy (44A + XXY). 3aGosieBanue npo-
IBJISIeTCS B TEPHOJ TIOJIOBOTO CO3PEBAHUSI U BHIPAaXKAeTCsl B HEOPA3BUTHH TMOJIOBBIX
OpPraHoB M BTOPHYHBIX MOJIOBBIX TPHU3HAKOB. [I1s1 My»>KUMH C J@HHBIM CHHAPOMOM Xa-
paKkTepeH BBbICOKMH POCT, KEHCKHUE THIT TEJIOC0KEHHUS (Y3KHe TJIeud, LIMPOKUH Ta3),
yBeJIMUeHHble MOJIOUHbIE 2KeJie3bl, Ca0blil POCT BOJIOC Ha Jule. Y GOJbHBIX HapylieH
npollecc criepMaTtoreHesa, M B OOJIbLUIMHCTBE ciydyaeB oHH Oecriofnbl. OTcraBaHue
MHTEJIIEKTYaJIbHOTO Pa3BUTHsI HAaOJII0aeTCst Jnlib B b % Cilydaes.

Puc. 112. JleBouka ¢ cunapomom
[epemeBckoro — Tepuepa

V3BecreH TakkKe CHHIPOM aucomuu no Y-xpomocome (44A + XYY). On HaGsofaercst ¢ 4acToToM
1 : 1000 HOBOpO2K/IEHHBIX MAJILYUKOB. OGBIYHO My>KUHHBI C IAHHBIM CHHPOMOM He OTJIMYalOTCsl OT HOP-
MblI [0 YMCTBEHHOMY M (hU3HUECKOMY pa3BUTHIO. BO3MOXKHO HEKOTOpOE yBeJHIeHHe pocTa Bbillle CPef-
HEro, He3HauMTeJbHOE CHHKEHHE MHTEJUIEKTa, CKIOHHOCTD K arpeccHy.
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Cpenu  ayTOCOMHBIX TPHUCOMMEH HauboJiee
pacrmpocTpaHeHHBIM sBJsieTcss cuHapom Jlay-
Ha, TIPUUHHOK KOTOPOTO SIBJISIETCS TPUCOMHST T10
21-it xpomocome. Yacrora 3a6oJieBaHUs B Cpefl-
HeM coctaBJssieT 1 : 700 HoBOpoXKIeHHBIX. BoJib-
Hble XapaKTepU3YyIOTCsl HU3KHUM POCTOM, KPYTJIbIM
VIJIOLLIEHHBIM JIMIIOM, MOHTOJIOWJIHBIM pa3pe3om
r1a3 ¢ 3NMKaHTYyCOM — HaBHCalollel CKJaj-
KO HaJl BEDXHUM BEKOM, MaJieHbKUMHU Je(DOPMHU-
POBAaHHBIMH yILIAMH, BBICTYMAIOUIEH YeJIOCThIO,
MaJIeHbKHM HOCOM C LIMPOKOH TMJOCKOH mepe-
HOCHIleH, HApyLIeHUSMH YMCTBEHHOTO Pa3BUTHS
Puc. 113. Jlepouka ¢ cungpomom Jayna (pHc. 113). Bonesnb compoboxaaercs cHuKe-

HHeM HMMyHHUTETa, HapylleHueM paboThl IHIO-
KPUHHBIX KeJie3. OK0JI0 MOJOBHHBI OOJbHBIX HMEIOT MOPOKH PA3BUTHSI CEPAEUHO-CO-
CYAMCTOH CHCTEMBI.

Berpeuatorest Tak:ke 3abosieBaHusi, CBsi3aHHbIe ¢ TpUcomuel no 13-i u 18-# xpo-
MocomaM. JleTH ¢ TaHHBIMH aHOMaJIMSIMU 0OBIYHO YMHPAIOT B paHHEM BO3pacTe B CBs-
3H CO MHOYKECTBEHHBIMHM MOPOKAMH Pa3BUTHSI.

Oxkos10 90 % 0T 06111ero YKucaa HaCIeACTBEHHBIX MAaTONOTHI YeJ0BeKa COCTABJISA-
10T 3a60ae8anua ¢ HacaedcmsenHol npedpacnoaodicennocmoro. K Hanbosee
yacTo BCTpeyarolumMcsi 60J1e3HM JaHHOTO THIMA OTHOCATCS: peBMaTH3M, LHP -
po3 mevyeHH, caxapHblil nuabeT, TUNEepPTOHUS, HlleMHYecKas 6o-
Je3Hb cepaua, musoppenus, 6poHXxHasbHasg acTMma Hap.

[naBHOe oT/iMuMe 3THX 3a60JeBaHUE OT T€HHbIX W XPOMOCOMHBIX 3aKJIOYaeTCs
B 3HAUMTENBLHOM BJIMSHHM YCJOBHH OKpY:Kalollled cpeibl U o6pasa »KU3HH UesJoBeKa
Ha pasBuTHe GoJieaHu. OmnpejiesieHHOe codeTaHWe BHEIIHUX (PAKTOPOB MOXKET CMpo-
BOLMPOBATh paHHee pa3BuTHe Gosesnn. Hampumep, KypeHue MOXKeT CTUMYJHPOBATh
pas3BuTHe OPOHXHAJNLHON aCTMbl, THIIEPTOHUUECKOH OOJIE3HH U T. JI.

Ilpogpuraxkmuka, duaznocmuka u nedeHue HacaedcmseHHblx 3ab60ae8a-
Hutl umeloT GoJibllioe 3HaueHue. Iyt 3TOrO BO MHOIMX CTpaHax MHUpa, B TOM uHcJ/e
1 B benapycu, cosmana cetb yupexaeHn#, oGecrneynBalolMX MeIHKO-TeHeTHUIeCKoe
KOHCYJIbTHpOBaHHe HacesieHdsl. OCHOBHAS 1leJlb MEIMKO-TEeHETHUECKOTO KOHCYJIbTHPO-
BaHUs — TIPeyNpexaeHne POKIeHHs JIeTel ¢ HacleCTBEHHbIMU 3a00/1€BaHUIMA.

[eneTnueckasi KOHCyIbTalUS U JIOPOJIOBAsT AMAarHOCTHKA 00s3aTebHbl B CJydasiX,
ecJin poauTenu Oyayuiero peGeHka:

e SIBJISIIOTCST POJICTBEHHUKAMH (TpH OJIM3KOPOJCTBEHHOM Opake B HECKOJbKO pas
MOBBILIAETCS BEPOSITHOCTb POXKACHHUS JIETEH C PelecCUBHBIMM HAC/IECTBEHHBIMH 3a-
60J1eBAHUSIMMU );
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e cTapuie 35 JieT;

® paboOTAIOT HA BPEAHOM IPOU3BOJCTBE;

® UMEIOT reHeTHUeCKH He6JIaronoJydHblX POJACTBEHHUKOB JUOO y:Ke UMEIOT jeTel
C BPOXKIEHHOW MAaTOJOTHEH.

[IpuMeHeHHe KOMILIEKCa JMAarHOCTHUECKUX METOJIOB (TreHeajlorHyeckoro, UTore-
HEeTHYECKOTr0, HUOXUMHUYECKHUX U JIP.) TO3BOJISIET pacCUUTaTh PUCK POXKJAEHHUS peOeHKa
C HACJIe[ICTBEHHON aHOMAaJMel, HA PAaHHHUX 3Tarax Pa3BUTHSI YCTAHOBUThb MPHUUHBI 3a-
6oJ1eBaHUs U TIPUMEHUTL COOTBETCTBYIOIIME METO/bI JieueHust. CieyeT OTMETHTD, UTO
KypeHue, ynotpebJieHre ajaKoroJisi U HAPKOTUKOB MaTepblo WJH OTLOM OYJyllero pe-
OeHKa 3HAYUTEJIbHO MMOBBILIAIT BEPOSITHOCTh POXKIAEHUSI peOeHKa ¢ HAC/IeACTBEHHbIMU
3a60JIeBaHUSIMH.

B ciyuae poxnenus GosibHOro peGeHKa TMpHU CBOEBPEMEHHOM BBLISBJIEHUH psjia
HACJIe[ICTBEHHbIX 3a00J1€BaHUI BO3MOXKHO MeJIHKAMEHTO3HOE, JHeTHUeCKOe WJIM rop-
MOHAaJIbHOE JIeUeHHE.

2 1. Kakne Tunbl HacNeACTBEeHHbIX 3a00/1eBaHNn YenoBeKa BbioenaoT?

" 2. Kakue reHHble 60Me3HM Bbl MOXETe Ha3BaTb? KakoBbl UX MPUYMHbI?
3. HazoBuTe 1 oxapakTepu3yinTe U3BECTHbIE BAM XPOMOCOMHble 60ne3Hn Henoseka. KakoBbl
NX MPUYUHBI?
4. Kakve aktopbl MOryT CMOCO6CTBOBATL Pas3BUTUIO 3a60MeBaHni C HacneaCcTBEHHON npea-
pacrnofioXXeHHOCTb?
5. KakoBbl OCHOBHblE 3afa4v MEeAUKO-TeHETUHECKOro KOHCYNbLTUPOBaHMA?
6. Ons nogert ¢ KakMMy HacnedcTBEHHbIMM 3a60f1EBaHUSIMU BO3MOXHO MPUMEHEHME Top-
MOHanbHoOro nevenua? Ouetotepanun?
7. PoxpeHne getel C KakMMm XPOMOCOMHbIMWU GONEe3HAMU BO3MOXHO, €cnv y oTua Menos
NnpoTeKaeT HOPMaJibHO, a y MaTepu NosioBblE XPOMOCOMbI HE pacxofsaTcs (06e nepemMeLlarTcs
K OQHOMY nontocy Knetkn)? JInbo ecnm y matepu Meno3 npoTekaeT HopMasnbHO, a y oTua
HabntoJaeTca HepacxoXaeHue MonoBbIX XPOMOCOM?
8. Ecnv peten, roMO3UIroTHbIX MO reHy (PeHUNKETOHYpUKM, C NEePBbIX AHEN XU3HWU PacTAT Ha
OVeTe C HU3KMM COofepXaHueM cbeHunanaHuHa, 6onesHb He passumBaeTcs. OT 6pakoB Ta-
KUX ntogen co 340POBbIMU FOMO3UIOTHBIMU CynpyramMu O6bl4HO POXAAOTCA 3[40pPOBblE re-
Tepo3nroTHble getn. OgHaKo M3BECTHO HEMAIO Cy4aeB, KOrAa Y XXEHLLUMH, BbIPOCLUMX Ha On-
eTe 1 BbllLeWMX 3aMyX 3a 3[0POBbIX FOMO3UrOTHbLIX MY>X4WUH, BCE OETU ObIN YMCTBEHHO
oTcTanbiMU. Yem 3TO MOXHO OObACHUTL?
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§ 50. Cenekuusi, ee 3aa4yv U OCHOBHbI€ HaNpaBJeHUs

Cenekuus (OT Jart. ceaexyuo — oT6op, BbIGOP) — 3TO HAYKa O CO3/IaHHH HOBBIX
M YJYUILIEHHH YyKe CYIIECTBYIOUIMX COPTOB KYJBTYPHBIX PaCTeHHH, MOPOA JOMaIIHUX
JKUBOTHBIX W LITAMMOB MHKDPOOPTAHH3MOB C II€HHBIMH JUIsl YeJOBEKa MPHU3HAKAMU U
coiictBamu. CopTom, MOPOOH MK WITAMMOM HAa3blBAIOT HCKYCCTBEHHO CO3MaHHYIO
4eJIOBEKOM COBOKYIHOCTb OPraHW3MOB OJIHOTO BHJA, MMEIOLIMX OIpeJieJieHHble Ha-
CJIEJICTBEHHO 3aKper/ieHHble PU3HAKK W CBOKCTBA, a TaKXKe OJHOTHITHYIO PeaKIHio Ha
JieiicTBUHe (haKTOPOB OKpy»Katollei cpebl.

Bo3HUKHOBeHHE W pa3BUTHE CeJICKLUMU KaK HayKd OblJI0 CBSI3aHO ¢ HEOOXOAMMOCTBIO pelleHMs Ta-
KOI »KH3HEHHO BayKHOI Mpo0JieMbl BCEro 4e/0BeYeCTBa, KAaK I1POJOBOJLCTBEHHAs. [l 5TOro HyxHO
He TOJIbKO MOCTOSIHHO COBEPILIEHCTBOBATh TPAIULIHOHHBIE METO/IbI BECHHSI CEIbCKOT0 X03s1HCTBa (BHE-
CeHUe ONTUMAJIbHBIX 103 YL0OPEHHUH, OCyLLeCTBICHHEe KOMIUIEKCa Mep M0 COXPAHEHHIO U IOBbILLIEHHIO
MJIOIOPOAIHST MOUB U JIP.), HO TAK:Ke HCMO0JIb30BATh HOBble HAydHble METOJB! MPOH3BOJACTBA MPOAYKTOB
MUTAHUS B YCJIOBUSAX UHTCHCHBHOIO 3€MJIC/EIIHS.

BoamoxkHoCTH yBenUeHHsT MPOAYKIHH CEeJbCKOTO X03HCTBA IKCTEHCHBHBIM MyTEM, T. €. MyTeM yBe-
JIMUEHHs] TTOCEBHBIX TJIOLIA/el, y2ke faBHO Hcuepriabl. [TosTomy cambiM sthdexTHBHBIM U Hanbosee
9KOHOMHYECKH BbIFOAHBIM CMIOCOOOM IOBbILLIECHHS TPOLYKTHBHOCTH CEJIbXO3IIPOU3BOACTBA ABJSETCS Ce-
JIeKLMST BBICOKOMPOJYKTHBHBIX (hOPM >KHBbIX opranuamoB. Hanpumep, Taxk HadblBaeMylo «3eJ1eHylo pe-
BOJIIOLIMIO» B 3eMmJiesiesiin Mekcuku, Muanu n psaa apyrux ctpan o6ycioBU/I0 BHEJPEHHEe HH3KOPOCIbIX,
TOJIyKapJIMKOBBIX H KapPJHKOBbBIX COPTOB puUca, NuleHULbl W APYTUX 3J1aKOBbIX Ky/abTyp. OHH XapaKkTepH-
3YIOTCS1 HE TOJILKO YCTOHYHBOCTBIO K MOJIETAaHHIO, HO U BbICOKOH MPOJIYKTHBHOCTBIO. B pesysbrare ypo-
JKAWHOCTb COOTBETCTBYIOLIMX 3€PHOBBIX KYJILTYp Bbipocia GoJiee yeM B 2 pasa.

OCHOBHBIMH HaNpaBJeHUSIMH COBPEMEHHON CeJIEKLUH SBJSIOTCS CJIeIyIoliHe.

1. [Tosyuenre BbICOKOYPOXKAHHbBIX COPTOB PACTE€HHH, BHICOKOMPOIYKTHBHBIX MOPOJL
»KMBOTHBIX M IITAMMOB MHKPOOPraHH3MOB.

2. [loBbilIeHHe KayecTBa MPOAYKLHMHK (Hanpumep, BKyca, BHELIHEr0 BHUA, Coco0-
HOCTH K JJIUTEJbHOMY XpaHEHHI0, coiepKaHust GeJKOB, YIJIeBOIOB, BUTAMUHOB U JIp. ).

3. CoBepliieHCTBOBaHHE PU3UOJOTHIECKHUX CBOHCTB PACTEHUH, 2KHBOTHBIX K MHKPO-
OpPraHu3MoB (CKOPOCIMEJIOCTH, YCTOHUHBOCTH K OOJI€3HSIM, BPEIUTE/ISIM, HeOJIaronpu-
SITHBIM YCJIOBUSIM CP€Jibl U T. JL.).

4. nrencudukails pasBUTHs (Hanpumep, y pacTeHH — TIOBbILIEHHE «OT-
3bIBUMBOCTH» Ha yNOOPEHHsI U TOJIMB, Y KMBOTHBIX — YyBeJIHUEHHE TaK Ha3blBaeMOi
«OIJIaThl» KopMa).

Ha ceronnsiuiHuii leHb MOXKHO CKasaTb, YTO B psifie CJydaeB CeJIeKIHUs YxKe JI0-
CTHIJIA HEKOEro MpeJeJsia: HarpuMep, eCTb MOPObl KYyp, Hecyllye sila MpakTHIeCKH
Kaxbli JieHb. [lambHerias ceseKiiMonHast pabota BeleTcs B HarpaBJeHUH HaWBBIC-
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1Iefl «onaThl» KopMa (T. €. CO3AaHUs MOPOJ, AAI0IIMX HAHOOJbIINH BbIXOJ MPOAYKIIHH
NpH HAUMEHbIIUX 3aTpaTax KopMa) ¢ yUeTOM MHIYCTPHAJIU3alUH arpornpoMBbliLIEeHHO-
ro KommnJjiekca. Hanpumep, BbiBeseHbl TOPOABI Kyp, He CHHXKAIOUIHE MPOLYKTHBHOCTH
B YCJIOBHSIX OOJBILOH CKYYEeHHOCTH »KMBOTHBIX Ha MTHIle(abpuKax, a TakkKe copTa
OBOLIHBIX KYJILTYD, JAlOl{e BbICOKHE YPOXKaW MPH BbIpAlMBAHUN B TETJIMIAX.

CoBpeMeHHast ceJieKIUsl BeJIeTCsl C y4eTOM NOTPeGHOCTEH PhIHKA CeJIbCKOX03s1i-
CTBEHHOH MPOLYKIMK U KOHKPETHBIX OTpac/ieil MPOMbILIJIEHHOr0 MPonu3BoAcTBa. [py-
TUMH CJIOBAMH, POBOJMTCS CrielMasu3upoBantas cesekuus. Hanpumep, misi Boineuku
BbICOKOKAYeCTBEHHOT0 XJ1e0a C JaCTHUHBbIM MSIKHIIEM W XpYCTsillel KOpouKoi HeoO-
XOJIMMbl TaK HasblBaeMble CT e KJIOBHLH bl € COPTA MSTKOH rnuleHiilbl C BBICOKUM CO-
JlepKanreM ynpyroil kiaeiikosutbl (He metnee 30 %). Tosibko B 3ToM cayuae u3 100 r
3epHa MOXKHO MOJyudTh GatoH oobemoM 1000 cm®, Tak Kak 3jacTHUHAs KJEHKOBM-
Ha y/lepKUBAeT YIVIEKUCIbIH a3, BblleJsoluics npu OpoxKenuu. st u3rotossenus
BBICILIMX COPTOB T1€UeHbsI HYKHbI XOpOLIMe MYUYHH CTbl€ COpTa MSITKOH TMIIEHHLLb,
a MaKapoHHble H3/le/1usi BbIpaOaTbIBAOTCSl U3 COPTOB TBE PO H IILIEHHULBbI.

Yeriex paGoThl cesieKIHOHEPA BO MHOTOM 3aBHCHT OT TPaBUJIbHOCTH BbIOOpa HC-
XOJIHOTO MaTrepuasa (KOHKPeTHbIX BHIOB, COPTOB, MOpPoi Wuu iwrammoB). [louck
HYKHBIX (DOPM BeJETCS B OINpeeJeHHOH MOC/el0BATENbHOCTH, C YUeTOM MHPOBOTO
reroonzna. [Ipexne Bcero MCnosb3yloTCs MeCTHbIE POPMbI C HYKHBIMH MTPHU3HAKAMH
M CBOHCTBAMH, 3aTeM MpH HEOOXOAMMOCTH MPUBJEKAIOTCS U afanTHPyIOTCs GopMbl U3
JIPYTHX CTPaH WJIH KJAMMATHUECKHX 30H W, HAKOHell, WIYT B JIeJIO caMble COBpeMeHHbIe
MEeTOJIbl CeJIEKIIHOHHOH paboThl.

st ucnosib30BaHusi B CeJIEKIUH PA3JIHUHOIO UCXOHOTO MaTtepuasa (peikux Ju-
KUX (DOpM, COPTOB, H3BSITHIX U3 TPOU3BOACTBA, W T. J.) CO3/AIOTCS CMELMATU3UPO-
BaHHble reHeTHUeckue OaHku AaHHbIX. [IpuMepom Takoro GaHka siBJsSIETCS KOJJIEKLUS
Bceepoccuiickoro uHetutyTta pacrenuesoictsa uMmend H. M. BaBusiosa. B nacrosiiiee
BpeMmsi oHa HacuuTbiBaeT Gosiee 213 000 06pasiioB KyJBTYpHBIX PACTEHHH W MX JHKHX
COpOJMYEH, KOTOpblE ILIMPOKO HCIMOJb3YIOTCSl CeJIeKIMOHEPAMH PasHbIX CTpaH B Ka-
yecTBe MCXOAHOrO MaTtepuasa Juls CO3/aHusi HOBBIX COPTOB 3€PHOBbIX, MJIOI0BbIX,
OBOLLHBIX, TEXHHUECKHUX, JIEKAPCTBEHHbIX W JAPYIHX KYJBTYP.

Onpezensiioniasi posib B pellleHUd MPaKTHUECKH BCeX 3ajau CeJieKIUH NpHHajl-
JeXKUT reHetrke. OHa MoMoraeT pallMOHaJIbHO TMJAHHPOBATH CeJIEKIIMOHHbIH MPO-
ece ¢ y4eToM OCOOEHHOCTEH HaCJ/eloBaHUsT KaXK/I0ro KOHKPETHOTO MpHU3HaKa. YBe-
Juuenre 3pdeKTHBHOCTH paboOThl CeJEKLMOHEPOB CTal0 BO3MOXKHBIM OJsaroaapst
NPUMEHEHHIO 3aKOHOB M METOJIOB T€HETHKH, B YACTHOCTH 3aKOHA TOMOJIOTHYECKHX
pSZIOB HaCJIe/ICTBEHHOH H3MEHYMBOCTH, IKCMEPUMEHTAJLHOrO MyTareHe3a, MeTOJ0B
paHHeil IMarHOCTHKHU CeJIEKIIMOHHON MepCreKTHBHOCTH HCXOJHOr0 Marepuala u 3¢-
thekTHBHOTO 0TGOpPa HaubGoJiee LEHHbIX F€HOTHIIOB C HY»KHbIM KOMIJIEKCOM MpPU3HA-
KOB U CBOHCTB.
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Bwmecre ¢ TeM cesieKUMsi ONMUpaeTcsl U Ha JOCTHXKEHHS JIPYTHX HAYK: CHCTEMAaTH-
KM W reorpacduu pacTeHHil W XKUBOTHbBIX, MUKPOOUOJIOTHH, LIUTOJOTHH, SMOPHOJIOTHH,
OUOJIOTHH HHMBH/yaJbHOTO Pa3BUTHsI, MOJIEKYJISIPHON OUOJIOTHH, (PU3HOJIOTHH U GHO-
xuMHUH. BypHoe pa3BuTHe 3THX HanpaB/eHHI eCTeCTBO3HAHHS OTKPbIBAET COBEPLIEHHO
HOBble mepcrnekTuBbl. [Iupokoe Hcno/b3oBaHHe METOOB OMOTEXHOJOTHH TO3BOJIHJIO
3HAUYUTENLHO YCKOPUTH CEJIEKIIMOHHBIH MPOLECC U MOCTaBUTh €ro Ha KayeCTBEHHO HO-
Byto ocHOBY. Ha ceromusilinuii 1eHb ceJieKIMsl y»Ke BbllllJIa Ha YyPOBEHb LieJieHarnpan-
JIEHHOTO KOHCTPYHPOBAHHsI OPraHH3MOB C HY>KHBIMHM MPU3HAKAMH M CBOHCTBAMH.

7 1. 470 Takoe cenekuma? YTo COMMKAET MOHATUA «COPT», «Nopofa» W «wramMmm»? B yem 3a-
" KnoYaoTes Ux pasnuumna?
2. Kakoe noHsATME Lumpe: «nopoga» unn «sug»? «Bug» nnm «copt»? MNpuBegute npumMepbl,
NoATBEepXAarLLMe Bally npaBoTy.
3. O3HaKkoMbTECh CO CrnedyoLLMM CIMCKOM: «[1Be HEMeLKUe OBYapKu, ogHa Takca, CMamCKui
KOT, ABEé CMaMCKMe KOLLUKWU, TpU LeHKa gobepmMaHa, nepcuackas Kowka». CKOMbKO BMOOB XM-
BbIX OpPraHM3mMoB npuBegeHo B cnucke? Ckonbko nopon? CKOMbKo 0co6ein?
4. KakoBbl OCHOBHblE HarnpaBfeHUsi COBpeMEHHON cenekummn? MNpuBegnte npumepsl.
5. YT0 Ha mpakTuKe 03Ha4aloT BbIPAXEHUSA: «y PacTEeHUI MOBbICUIACh OT3bIBYMBOCTL Ha YAO-
O6peHns» U «BO3pocna onnara kKopma XUBOTHLIMU»?
6. Kakoe 3Ha4yeHne Ons cenekumm umeeT OTO60p McxopHoro matepuana? Kak OH ocyuuecT-
BnseTca?
7. Ha poCTuMXeHMa Kakux Hayk onupaeTcsi COBpEMeEHHas cenekums?
8. /13BeCTHO, 4TO y pacTeHuii ¢ yBenMyeHneM Habopa XpoOMOCOM BO3pacTaloT pa3mepbl 1 ypo-
XanHocTb. Hanpumep, ypoxar TeTpannongHon TBepaon NleHWLbl 3HAYUTENbHO NPEeBOCX0aUT
ypoxan OUnnovuaHONM NLEHWLbI-OOHO3EPHAHKKW. [ovemy xe B nocnegHee BpeMs TPUMIOuaHbIe
ap6y3bl ¥ BUHOrpag, nonb3ytoTcst 60bLLMM CNPOCOM, HYeM TeTpaniovaHble, B TO BPeMSi Kak C
3n n 4n chopmaMm NOACONHEYHUKA U haconm cuTyaums NOMHOCTbIO NPOTUBOMONOXHAA?

§ 51. MeToapl ¥ 1OCTUXKEHUS CeJeKLUU

Memodet ceaexyuu. B ocHoBe cesleKUMOHHOTO MPOLECCa JIEKHT UCKYCCTBEH-
HbIE OTOOP — BLIGODP UeJIOBEKOM HauboJiee 1EHHBIX B XO3AHCTBEHHOM OTHOILIEHUH
JKUBOTHBIX, pacTeHHH W MUKPOOPraHU3MOB JJIsl JaJibHEHIIero MmoJiydeHusi OT HUX MO-
TOMCTBA C »KeJlaeMbIMM MPHU3HAKAMHM W CBOHMCTBaMM. PasinuaioT JBa OCHOBHBIX BHJA
0TOOpA: MACCOBBIH U UHAMBHUyaJbHbIM.

MaccoBbiit 0oT60p — 3TO BblIeJeHHE IPYNIb 0COOEH, CXOAHBIX 110 OJHOMY
WJIM HECKOJIbKUM JKeJIaeMbIM TPU3HaKaM (T. €. 0TOOp Mo eHoTUIy), 6e3 TPOBEPKU HX
reHotuna. Hanpumep, U3 Thics4 pacTeHHH nuieruybl TOro WiM MHOro copTa Jylsl 1aJib-
HeHllIero pa3MHOMKEHHST OCTABJSIOT TOJIBKO T€ paCTeHHs, KOTOPbIE OTJIHYAIOTCS YCTOM-
YHBOCTBIO K TMOJIETAHUIO U UMEIOT KPYIMHBIA KoJsioc. B mocsenytonmx moKoJeHusax CHO-
Ba OTOMPAIOT PACTEHUS C HYXKHBIMH KaueCTBAMH.
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OCHOBHBIMH JIOCTOMHCTBAMH JIAHHOTO METOJIa SIBJISIFOTCST €r0 TPOCTOTa, SKOHOMUY -
HOCTb ¥ BO3MOXKHOCTb CPaBHHTEJBbHO OBICTPOrO YJIydllleHHs] MECTHBIX COPTOB M MO-
pon. HenocraTok COCTOMT B HEBO3MOXKHOCTH WHJIMBHIyaJbHOH OLIEHKH MOTOMCTBA, B
CHUJTy Uero pesaysibTaTbl 0TOOpa HEYCTOHYUBLI (B MOTOMCTBE MOXKeT HabJIoaThesi pac-
LIeMNJIeHHe, a 3HAUUT, He Bce 0COOM YHAC/EMYIOT LieHHble MPU3HAKH ).

[lpy nuauBUAYyaJbHOM OTOOpe (MO TEHOTHIY) MOJYYaloT H OLEHHBAIOT
MOTOMCTBO KaxKJIOr0 OTAEJbHOrO0 OpraHu3dma B psily TMOKOJEHHH Npu 00si3aTesibHOM
KOHTpOJIe HACJIeI0BAHUST MHTEPECYIOIIHX CesleKIMoHepa npu3HakoB. Ha nmocsenyioniux
sTanax oTéopa HCMOJb3YIOTCST TOJNBKO Te 0COOH, KOTOpble Jajn HauboJiblliee YHUCIIO0
MOTOMKOB C BBICOKMMHU TIOKA3aTeJSIMHU.

[TonoGHblil oT6op HaubGosiee 3PheKTUBEH CPeIH CaMOOIBIISIIONIMXCS PaCTeHH
(nwenuya, aumers W JIp.), Tak Kak TMPUBOAUT K MOJydeHHUIO YHCTHIX JIUHUEH, obJajiato-
IX MAaKCHMaJIbHOH CTENeHbI0 TOMO3UTOTHOCTH. [1pH 3TOM OT OJHOrO pacTeHHs MOXKHO
MOJIy4UTh GOJIbIIOE KOJUUECTBO WJIEHTHUHBIX TTOTOMKOB 3a CUeT Gecrosioro u roJioBOro
Pa3MHOXKeHHSI.

C uesblo yBeJIMUEHHSI BapUAHTOB MCXOJHO-
ro Mmartepuaja Jyisi CeJIeKUHH HCIOJb3yeTCsl MH-
JNyUMPOBaHHbIA MyTareHe3. Tak, y MHOTMX 3Ja-
KOB C TIOMOII[bIO PEHTI€HOBCKOTO H3JjiydeHHsl OblIH ) j
NoJiyueHbl MyTaHTHbIE (OPMbI C PSIOM TOJIE3HBIX
npu3HakoB. OHM OTJIHYAIOTCS TMOBBIILIEHHOH YpO-
JKaHHOCTBIO, OTCyTCTBHEM ocTell (puc. 114), yko-
poueHHbIM cTebsieM. Takue pacTeHHs MMeEloT 3a-
MeTHble TMpeuMyllecTBa TpHU MAalIdHHOH  y6op-
Ke ypoxkasi. Kpome Toro, KopoTkasi 1 mpouHas co-
JIOMHHA TIO3BOJISIET BECTH JIaJIbHEMHIIYIO CeJIeKIIHI0
Ha yBeJHuYeHHe pa3Mepa W Macchl 3epHa 0e3 omna-
CEeHHsi, UTO TOBBILIEHHE YPOXKAUHOCTH TMPUBEJET K
MOJICTaHHIO PACTeHUH.

JInst ceNbCKOX03SIUCTBEHHBIX KMBOTHBIX Xapak- Puc. 114. Octierast n Gesoctas
TEPHO TOJILKO TOJIOBOE pa3MHOXKEHHe M HEMHOTO- hOPMBI MHHIEHHIIB!
YUCJIEHHOE TTOTOMCTBO, MO3TOMY Hapsity ¢ 0TGOpOM
YKMBOTHBIX-TPOU3BOJIUTENIEH TPUMEHSIIOTCS ClelMabHble MEeTOJbl pasBelleHHs, Ha-
NpUMepP MCKYCCTBEHHOE OCEeMeHeHHe. DTOT METOJ| MO3BoJsieT 3PPEeKTUBHO HUCMOJb-
30BaTh MeHETHUECKHH MOTEHLMAJ JIYUYIIHX MMPOU3BOIHUTENEH. DKOHOMUYECKHH S(deKT
00yCJIOBJIEH CHHXKEHHEM 3aTpaTr Ha cojiepxKaHhe GOJIbIIOro TMOroJOBbsl MPOU3BOJIUTE -
Jiel, a TakKe BO3MOXKHOCTbIO OBICTPOrO MOJydeHHs] MHOTOUHCJIEHHOTO MOTOMCTBA C
XO3SICTBEHHO TMOJIE3HBIMU TMpU3HaKaMu. Haripumep, MCnosib3ysi HCKYCCTBEHHOE oOce-
MeHEeHHe, OT OJIHOTO OblKa ceJieKIMoHep MoXKeT nosyuuthb 10 35 000 Tensar. i piu-
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TeJILHOTO COXpaHeHHUsl CrepMaTO30UJI0B HCIOJb3YIOT METOM IJyOGOKOr0 3aMOpaXKUBa-
Husi. CerofHsi BO MHOTHX CTpaHax MHpa CYIIECTBYIOT GAHKH CIePMbl YKHBOTHBIX C 11€H-
HBIMH TeHOTHITAMH.

CeJieKlIMOHHBIH 0TGOp Haubosee 3(h(deKTHBEH B COYETAHUH C OMNpeiesIeHHbI-
MM THIIAMH CKpelluBaHus (MeTojaMu rubpuausauuu). Bee pasHoobGpasue MeTojoB
BHYTPHUBUJOBOH rHOPUAM3ALIMN CBOAUTCS K MHODUAMHIY U ayTOPUIUHTY.

Mubpuauur — 3710 GJM3-

P| Aa | KOPOJICTBEHHOE CKpelllBaHHe (BHY-
TPHUIIOPOIHOE WJIH BHYTPHCOPTOBOE ),

v v MPU KOTOPOM B KayeCTBE HCXOIHBIX

'7| A Aa aa | (opM HCIOJIB3YIOTCS MTOTOMKH  OJI-
i v v i HHUX W TeX Ke poauTesed, aubo no-

,2| A Aa 2 | TOMKH CKDEILMBAIOTCS C POJUTEJIb-
. . CKUMH (hopMaMH. DTOT THI CKpe-

A2 2 [MBAHUST TIPUMEHSIETCST /ISl TOTO,

’3| AA Aa aa | yTOObI  MEPeBeCTH  GOJIbIIMHCTBO
ir_*i FeHOB TMOPOJIbl HJIH COpTa B TOMO-

l4| i |Aa| p” | 3UTOTHOE COCTOSTHHE M H30eXKaTh

pacuienJyieHusi Mo X0351MCTBEHHO

Puc. 115. MaMeHeHue 4acToT reHOTUIOB 1pY MHOpWiMHre:  LIE@HHBIM IIPU3HAKAM B sy MOKOJIE-

Iy, Iy, ¥ T. 1. — MNOKOJIeHHUs], [OJIyUeHHble ITyTeM Huil (puc. 115). Bmecre ¢ tem npu

HHOpHHHTa MHOpPUWIMHTE  4YacTo  HabJIoflaeTcst

uubpenHass agenpeccuss —

CHIDKEHHE KM3HECMOCOOHOCTH M TMPOAYKTUBHOCTH MOTOMCTBA, MOCKOJbKY B TOMO3M-
FOTHOE COCTOSIHHE MEPEXOJISIT U BPEJHbIE PelleCCHBHbIE MyTalMH.

AyTOGpHUAUHT — HEPOACTBEHHOE (MEXIOPOJHOE HJIM MEXCOPTOBOE) CKpe-
mBaHue. AyTOpPUIMHT B COUYETAHMH C Pa3HbIMHU (hopMaMu 0TGOpa MO3BOJISET CO3/1aTh
KOMOMHAIMIO TIOJIE3HBIX MPHU3HAKOB, KOTOPbIE MO OTAEJBbHOCTH XapaKTepHU30BaIu HC-
XOJIHble MOPOJIbl MU COPTA.

[Ipn MeXMopoTHOM WM MEXKCOPTOBOM CKPEIIMBAHMM BO3pACTaeT reTepO3UroT-
HOCTb OPraHU3MOB, BCJIEJICTBHE Yero THOPH/bI MEPBOTO MOKOJIEHHs] 4acTO OKa3biBa-
fotest GoJiee KU3HECTTOCOOHBIMH U TMPOJYKTUBHBIMH, UYeM POJUTENbCKHE GOPMbL. DTO
siBJleHHe Ha3blBAeTCsl TeTEPO3UCOM WIM THOPUIHON MOULHOCTbHIO. B mno-
CJIeMYIONINX TIOKOJIeHHSAX 3(eKT reTeposnca ociabeBaeT U Ucue3aer.

Knaccuueckum mpuMepoM ycCreliHoro MmpUMeHeHHUsi TeTepo3nca B pacTeHHeBOJ-
cTBe sBAsieTcs Kykypysa (puc. 116). Tlosydenne BBICOKOTPOAYKTHBHBIX TETEPO3MUC-
HbIX THOPUIOB UMEHHO 3TOr0 pacTeHHsi OblIO BIEpBble MOCTABAEHO HA MPOMbILIIEH-
HYI0 OCHOBY. BasioBble c60pbl 3epHa Takux rHOpuaoB okasaanch Ha 20—30 % Beile,
UyeM pOJIMTENIbCKUX OpraHuaMoB. B HacTosilliee BpeMsi noJyueHHe reTepO3HUCHBIX M-
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OpPWIOB IHMPOKO HCIOJb3yeTcsl B
pacTeHHeBOACTBE, MPOMBILIJIEHHOM }
NTHIEBOACTBe (OpoiijepHble LbIM-
JISITa) U CBUHOBOJICTBE.

LleHHble  pe3ysibTaThl  TaKKe - g
JIaeT MeToll OTJAaJeHHOH TH-
Gpuan3alum, KOTOPbI Mpej-
roJlaraeT CKpeliMBaHWe OpraHu3-
MOB, MPUHAJIEKALIUX K Pa3HbIM a0 6
BUaaM (1 gaxke poaam). [lpu
9TOM TaK:Ke MOXKeT HalJI01aThes
stdekT rereposduca, HO B 0OJb-
LIMHCTBE CJyYaeB MeXKBHJOBbIE TH-
Opu/bl OKasbIBalOTCSl GECTIIONHBIMU. DTO CBSI3aHO C TeM, YTO MX XPOMOCOMHBIH Ha-
60p MpeacTaB/eH Pa3jMuHbIMU XPOMOCOMAaMH, KOTOPble B Mei03e He 00pasyloT naphbl
(He KoubloTHPYIOT). Kytaccuuecknm mpuMepom siBasieTcs Mya — THOPUA aouwiadu (Ko-
OblIbl) U Ocaa (camiua). DTO CUIbHOE, BLIHOCJIMBOE YKMUBOTHOE, KOTOPOE MOXKET HC-
MOJIb30BATHCS B 3HAUMTENBHO GoJiee TSKeJbIX YCAOBHSX, UeM 06e poauTesbekue (op-
Mbl. OjiHaKO MyJibl GeCIJIONHBI.

Jlns BoccTaHOBJIEHHS TIJIOAOBUTOCTH Y MEXKBHIOBBIX TMOPHMIOB pACTEHHH COBET-
ckuii redetuk [ JI. Kapneuenko B 1924 r. npemyioxkua UCMOIb30BATh yIABOEHHE
urcsa xpomocoM. KparHoe yBesnuenne Habopa XpOMOCOM Y MEXKBHIOBBIX H MEXKpO-

JIOBBIX TMOPHIOB MOJYYHJIO HA3Ba-

Lo

%

Puc. 116. O6uwmit Bu1 pacTeHHi U 1104aTKOB
POIUTENLCKUX JIMHUH KYyKypy3bl (a)
1 reTepo3uCHOr0 TMOpHA NMEPBOro MoKoJeHus (0)

HUe anjaonJouanu. JlaHHbIH MeTos

M03BOJISIET MIPEO0JIETh OeCIIoane

JIAHHBIX THOPUIOB, TOCKOJIbKY BCe ramerbl

MX XPOMOCOMbI CTAHOBSITCS Tap-

HBIMH M MOTYT KOHBIOTHPOBATH B

Meiose. Pepbka
. 2n=18

Coueranue oTiaJeHHOl THOPH-
JIM3aLMKU U aJIJTOTIJIOUIMH TTO3BOJIHIIO

MOJIYUUTh MJIOJI0BUTHIE THOPHIIBI KA - BecrnoHbli
nycmot u pedoxu (puc. 117), poacu r6pua MNoRoBMTHIi
2n=18=9+9 répna

W NUeHuyol, NuleHulol U nolpes u
T. 1. Hanpumep, B pesysibrate TH-
6puansanuy nieHuuws (Triticum) u
pxu (Secale) nonyuusu psin hopm,

00beIUHEHHbIX OOLIMM Ha3BaHHEM
Puc. 117. Cxema rnoJiydenus MJIoJ0BUTOrO rubpuia
mpumuxane. Oun 06/1a1al0T Bbl- KATYCTBI H PE/IbKH

4n=36=18+18

Kanycta
2n=18
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COKOH YPO2KaHHOCTBIO TIIEHHUIbI, 3MMOCTOMKOCTbIO H HEMPUXOTIMBOCTBIO PXKH, YCTOM-
YMUBOCTBIO KO MHOTHM GOJIE3HSIM.

B cesekuuu pacrteHuil WMPOKO HCIOJb3YyeTCs aBTOMOJUMIOMAUA — KpaTHoe
yBeJiMieHne Habopa XpPOMOCOM Y OMPEeJeHHOrO0 BHIA JKHUBBIX OPraHM3MOB. ITOT
MeTOJl TI03BOJISIET MOJIy4aTh MOJMUIIONIHbIe pacTenust (4n, 6n, 8n u 1. 1.). OHu
oTanyatoTcst 6oJee KPynmHbIMM padmepamu (cM. puc. 108), BBICOKOH ypoxKAHHOCTbIO,
TMOBBIIIEHHOH YCTOHYHBOCTbIO K 0O0JIe3HSIM M HeGJaronpusiTHbIM (pakTopaM Cpejibl.
Oxkoso 80 % coBpeMeHHbIX KyJIBTYPHbIX PACTEHHH ABJSIOTCS MOJHMIIOMIAMH.

Psan cneuuduuecknx ocoGeHHOCTEN MMeeT cesleKlds MHUKPOOPraHM3MOB. ¥ HHX,
KaK TpaBUJIO, MeHbllle TeHOB, YeM Y »KHBOTHBIX M pacTeHuil, 6oJee MPOCTHIMU SIBJIS-
I0TCSl MEXAHU3MbI PETYJISILMK TeHHOH aKTHBHOCTH. KpoMe Toro, y cejiekiiioHepa ume-
eTCsl HeorpaHUueHHOe KOJMYeCTBO MaTepHasa i paboThl: 3a CUMTAHHbIE THU HA TH-
TaTeJIbHbIX CPelaX MOKHO BBIPACTHTH MUJIJIHAP/IbI KJIETOK. B ceieKIMn MUKPOOpraHna-
MOB HIMPOKO MPHUMEHSIETCS] MyTareHe3, a MOCKOJbKY OOJBIIMHCTBO MHUKPOOPTaHH3MOB
ranJouIHbl, MyTaHTHble (DOPMbI MOXKHO BbISIBUTH Y:Ke B MepBOM TokosieHHH. OT6opy
BBICOKOTPOLYKTHBHBIX 1ITAMMOB TIPEIIECTBYET LieJeHanpasaeHHas pabora ceseKino-
Hepa ¢ reHeTHYeCKUM MaTepHasioM MCXOJHBIX MUKPOOPraHu3moB. Vcrosbayercsi kom-
OGUHMpOBAaHHE TEHOB MyTeM KOHBIOTALHU — oOMeHa reHeTHUeCKHM MaTepuasioM
MeXy GakTepusiMU. DTO MO3BOJUIO0, K TPUMEPY, CO3/aTh LITAMM MHUKPOOPTaHH3MOB,
CMOCOOHBIX YTHIU3UPOBATh YrJIEBOAOPO/bl HE(TH.

Hocmuocenus cospemennoii ceaexyuu. 3a nocnennve 100 net 6aaronaps ycu-
JIMSIM CeJIEKIMOHEPOB YPOXKANHOCTb 3€PHOBBIX KyJBTYP MOBbICHAAch oyt B 10 pas.
ITO JaeT BO3MOXKHOCTb MOJydaTh B psijie CTPaH PeKOP/HbIE YPOXKaH.

Bosbiiine yenexu foCTHrHYTHI M cesiekipoHepamu besapycu. Copra 3epHOBBIX,
6000BbIX, TeXHMUECKHX W KOPMOBBIX KYJBTYP O€JIOPYCCKOH CeJIEKIIMH BBICOKO IEHSIT-
Csl He TOJIbKO Ha POJMHE, Te OHM 3aHMMAaloT Gojee 75 % MOCEBHbIX MJIOLIANEH, HO
M B JIPYyTUX CTpaHax.

Haunnas ¢ 1920-x rr. 6esopyccKuMu cesekiinoHepamu cosnano 6osee 100 cop-
TOB Kaprodessi. PasuBasi paspaGortku axamemuka [1. M. AnbcMuKa, oCHOBOMO-
JIO’KHHKA Hay4dHOH cesieKIun kaprodess B Benapycu, Haiy ydeHble yCrenHo co3aaioT
HOBbI€ BBICOKOIPOJYKTHBHbIe copta (baakum, 3opauka, Maenam w np.). MHorue
copTa KaprodeJsisi 6eJ0pyCCKOl CeJieKIIMH BHECEHBI B TOCyapCTBEHHbIE peecTpbl Poc-
cun, Apmennn, Mosnobl, Kutast 1 Ipyrux cTpas.

[1Iupokyto momyssipHOCTb B pecryO/nKe M COCEIHHX CTpaHax MOJyddsn 6eso-
pyCcCKHe copTa SIFOJHbIX H TUIOIOBbBIX KyJbTyp. Cpeid HUX COpTa YepHOH CMOPOIHHbI
(beaopycckas caadkas, Kawmama, [lamamu Basurosa v np.) n si6jaonsb (Anmetl,
beaopycckas marunosas u up.).

JloCTUrHYTBI 3HAYNTE IbHBIE YCTIEXH B CO3JAHUH HOBBIX M YJYUIIEHHH YKe CylIe-
CTBYIOLIMX MOPOJL, >KHBOTHBIX. B pesyJ/ibrare AnTebHON U 1leJieHanpaBieHHol paboThl
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Puc. 118. Benopycckasi yepHo-nectpasi nopoja Puc. 119. )Kepeber 6esnopycckoit
KPYIHOTO poraToro ckora YOPSIKHOK TTOPOJIbI

OTeUeCTBEHHBbIMH CeJIeKIIMOHEPAMH BbIBeJleHa 0eA0pycckas wepHo-necmpas mo-
pona kpynHoeo poeamoeo ckoma (puc. 118), obecneunBaroias B XOPOILIUX YCJO-
BHUSIX KOPMJIEHHST U COJIEPKaHHsI BHICOKHE YJIOM MOJIOKA C 3alaHHON YKUPHOCTBIO U CO-
Jiep:kaHueM 6eJika.

[Iponomxkaercsi cesieKlMOHHAsE paboTa MO YBEJHUEHHIO Pa3MEpOB, Macchl TeJia
U TIOBBIILIEHUIO PaBGOTOCNOCOOHOCTH 1owadetl 0OeAopyccKol YynpascHol TOopoJpl
(puc. 119). Benyrest paGoThl 1o yJydllieHHIO MPOAYKTHBHOTO MOTEHIMala OBell 10 Ha-
CTPUTy ILIEPCTH, Macce U IJIOJOBHUTOCTH, MO CO3JAHUI0 JIMHUE MSCHBIX YTOK, TyceH,
BbICOKOMPOJYKTUBHOK MOPOJIbl Kapra u Jp.

Crnenpamicramu  cejieKiMonHoro 1eHtpa benHWMI :kuBoTHOBoACTBA co3naHbl
beaopycckas uepHo-necmpas u 6esopycckas macHas nopoibl cgureti (puc. 120).
DTH MOPOJIbI OTJIMYAIOTCS TEM, UTO »KUBOTHbIe JocTuraoT mMacchl 100 Kr 3a KOpoTKuii
nepuoj, a npumion cocraraser 10— 12 nopocar 3a onopoc.

Benopycckas yepHo-necTpas Benopycckas macHas

Puc. 120. IToponp! cBuHe# 6eJ0pyCCKO# CesleKIHH
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7 1. Y70 Takoe UCKycCTBeHHbIN 0T60p? Kakne hopmbl oT6opa Bam n3secTHbI? CpasHuTe hop-
' Mbl 0T6OpPA, BbIBUTE MPEUMYLLECTBA U HEOCTATKN KaXOOW U3 HUX.
2. B kakunx oTpacnax cenekuuu LUMPOKO MUCMONb3yeTcs MyTareHes?
3. C 4yem cBA3aHa uH6pepHas genpeccunna? Yem obycnoBneH adpdekT retepoaunca?
4. B yem 3aknoyaeTcs NpuUHUMNManbHoe OTnnyYne Metona OTAANEHHOW rmbpuamsaumm n ayT-
6puauHra?
5. Yto Ttakoe aBTononunnovaus? Yto takoe annonnongma? MoyemMy 1Mcnonb3oBaHWe MeToaa
annonsiovgun NO3BONSET NpeofoneTb 6ecnnogme MexBUAOBbIX rMOPUAOB?
6. B yem 3akntoyatoTCA 0COBEHHOCTU CENEKLMOHHON paboTbl C MUKPOOPraHnamamm?
7. MpuegnTe NpuMepbl Havbonee 3Ha4YUMbIX JOCTUXKEHUIN 6ENOoPYCCKUX CEeNeKLMOHEepPOoB.
8. Npwu npopaxe cemsiH Ha HEKOTOPbIX YNakoBKax KPynHbIM LLUPUTOM yKasaHo «F;». Kak Bbl
JymaeTte, noyemMy CenekUMOHepbl XOTAT o6paTuTb BHMMAaHWE MOKynaTenen Ha 3TM CemMeHa,
4YeM OHW nydlle ocTanbHbIX?

§ 52. OcHoBHbIe HanpaBJeHUss GUOTEXHOJOTUU

Buomexnonoeus, ee 06veKkmol u 0cHOBHbLE HanpasaeHus. Buorexnonorus —
00J1aCTh HAyKK W MPaKTHYECKOH JesITENbHOCTH, CBSI3aHHAs C MPOU3BOJCTBOM PasJivy-
HBIX MPOJYKTOB MPH TMOMOILM >KMBbIX OPraHU3MOB, KyJbTHBHUPYEMbIX KJeTOK M OHO-
JIOTHYECKHUX MPOLIECCOB.

TepMHH «OGHOTEXHOJIOTUS» TIOJNYUHJT LIMPOKOE pacrpoCTpaHeHHe CPaBHUTEJNbHO
HeJaBHO, XOTsl MHOTME TEXHOJIOPMH TPOW3BOJICTBA, OCHOBaHHbIE Ha OWOJOTMYECKHX
npoueccax (xneborneyeHue, BUHOACIHUE, MOJyYeHHE KHCJIOMOJOYHBIX MPOIYKTOB, 00-
paboTKa KOXKH U JIp.), CYLLECTBYIOT C JaBHUX BPEMEH.

TeopeTuueckylo OCHOBY mJisi pa3BUTHsI OGUOTexHOJorMH B XX B. 06ecreuyusii re-
HeTHKa, MUKpoOHoJoTHsl U Ouoxumus. [IpakTHueckoit 6a3of ctana MUKpoOGHOJOrHYe-
cKasl MPOMBILIJIEHHOCTb, OYpHOE pa3BUTHE KOTOPOH CBSI3aHO C OTKPBITHEM W HauyaJioM
MPOHU3BOJICTBA aHTUOHOTHKOB. MeTobl U JIOCTHKEHHS] OUOTEXHOJIOTHH HCIOJb3YIOTCS
B MUILEBOH, XUMUUECKOH, (hapMalleBTHUeCKOH MPOMBILIJIEHHOCTH, MEIULMHE, SHepre-
THKE, CeJICKLMH, CeJIbCKOM XO35IHCTBE, B 00J1aCTH OXpaHbl OKPY:KaloLleH cpejibl U T. 1.

O6bekTaMu GUOTEXHOJIOTHH SIBJISIOTCH BUPYChl, OGaKTEpPHUH, TMPOTHUCTHI,
rpubbl, pacTeHUs, XHUBOTHBIE, a TAaKKe H30JUPOBAHHBIE KJETKH
M OpraHoHMblL

OcHoBHble Hanpap/eHUst GUOTEXHOJOTHH:

© [IPOU3BOJICTBO C TIOMOIIbI0 MUKPOOPTaHU3MOB U KYJLTUBUPYEMbIX 3YKAPUOTH-
YeCKHUX KJIETOK OHOJIOTHUECKM aKTHBHBIX COEJIMHEHWH M JIEKAPCTBEHHBIX IMpernapaToB
(thepMeHTOB, BUTAMHHOB, TOPMOHOB, aHTHOUOTUKOB, HMMYHOTJIOGYJIMHOB H JIp. );

© MIPOU3BOJICTBO THIIEBBIX MPOIYKTOB U KOPMOB JJIt 2KMBOTHBIX;

© CO3/]aHHE HOBBIX T0JIE3HBIX WHITAMMOB MHKPOOPTaHH3MOB, COPTOB pacTeHUH
U TIOPOJL KUBOTHBIX;
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e pazpaboTKa M HCMOJb30BaHHE OHOJOTHYECKMX METOJIOB 3alllUThl pacTeHHH OT
Bpenuresied U 0oJie3Hel;

© CO3/IaHHE M HCII0JIb30BAHHE OMOTEXHOJIOTHUECKUX METOJOB 3alUThl OKPYKalo-
el cpeibl U T. .

OcHoOBO# cOBpeMeHHOH OHOTEXHOJIOTHU SIBJISIETCSl TeHeTHUecKass U KJe -
TOYHAsl UMH2XKeHepHusd B COYETAaHUHU C LUUPOKHUM H360pOM MeTOA0B OUOXUMHH.

Kaemounaa unicenepuss — >T0 KyJBTHBHPOBAHHWE B CELHMAJBbHBIX YCJIOBHSIX
KJETOK pacTeHHH, »KMBOTHBIX U MHKDPOOPTaHH3MOB, BKJIIOUAsl pasjiHyHble MaHHITyJIsi-
LMK C HUMU (CJIMSIHUE KJIETOK, ylajleHHe WM nepecaaka OpraHouoB U T. 1L.).

Haubosiee ycneuHo pasBHBaeTcsl KJAeTOYHast MHxKeHepHst pacTeHuit. Mcrosbays
METO/Ibl T€HETUKH, YUE€HbIe CO3/1dl0T JIMHUKU KJIETOK, MPOAYUUPYIOUIUX HEHHbIC BELLE-
crBa. Takue KJjeTKM CrocoOHbI pacTH Ha TPOCTBHIX MUTATEJNbHBIX CPelax, CUHTE3UpYsl
npu 3ToM O0JibLLIOE KOJMYECTBO HEOOXOAMMOro NpojayKra. VX KysnbTuBHpoBaHHe yiKe
UCIOJIb3YeTCsl B MPOMBIIIJIEHHBIX MacliTabax Jyisl MoJydeHus: psiia OMOJIOTMUYeCKH aK-
THBHbIX BellecTB. Hanpumep, HajakeHO NPOM3BOACTBO OHOMACCHl JHCeHbULEH IS
HYKJl MEIMIIMHCKON U MappioMepHOH MPOMBIIIIEHHOCTH.

Hpyroe BakHOoe HampapjeHHe KJIETOYHOH MHXKEHEPUM — pasMHOXKEHHEe pacTe-
HHH Ha OCHOBE KYyJbTYpbl TKaHel (puc. 121). D10 craso Bo3aMoKHbIM OJiarosia-
psi CIOCOOHOCTH PACTUTENLHBIX KJIeTOK (DOPMHUPOBATH 11eJI0€ pacTeHHe W3 eIMHUUHbIX
KJIETOK B pedyJsibTate pereHepauuu. KysbTypy pacTUTe/IbHBIX TKaHEH BBITOAHO MCIOJIb-
30BaTh /ISl OBICTPOTO Pa3MHOXKEHHs] MEIJIEHHO PACTYLMX PACTeHUH — MaCAUUHOL
naaomot, nepcuxka v 1p. Tak, npu oObIUHOM Pa3BeACHUH KYCT MAALHbL MOXKET 1aTh He
6osiee 50 10UepHUX PACTEHHI B IO, B TO BPeMs KaK C MOMOLIbIO KYJIbTYpPbl TKAHEH HX
MOxKHO osiyuuTh 6osiee 50 000.

BO3AMKa O6pa3oBa- Paspgenenve KynbtuemposaHue [lony4exve Mocagka
TenbHas KIeToK KI1eTOK npopocTka B MPYHT
TKaHb Ha nuTaTensHon
cpene

Puc. 121. PaamHokeHHe pacTeHUl HA OCHOBE KYJILTYpbl TKaHei
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PacTteHus PasHbIX BUOOB
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Puc. 122, Cxema nojiyueHust MeKBHIOBbBIX THOPHIOB
pacTeHUil MyTeM COMaTHUYECKOH ruOpUan3aLum

MeToapl  KJIETOUHOH — MHXKe-
HEPUH TO3BOJISIIOT  3HAUYUTEJIBHO
YCKOPUTb  CeJIEKLIMOHHBIH  Mpo-
Lecc MpH BbIBEIECHHH HOBBIX COp-
TOB 3J1aKOB M JIPYTHX BaKHbIX
CeJIbCKOXO3SIHCTBEHHBIX  KYJIBTYP.
Cpox X roJiyueHust coKpallaercs
10 3—4 jyier Bmecto 10—12, He-
00XOJUMBIX TPH  MCMOJb30BAHUH
0OBIYHBIX METOJI0B CEJIEKLIHMH.

[TepcrnieKTHBHBIM ~ criocoOoM
BbIBE/ICHHST HOBBIX COPTOB CEJIbCKO-
XO3SIUCTBEHHbBIX KYJIBTYD SIBJISIETCS
NPUMEHEHHEe TaKoro MeToja Kije-
TOUHOH WHXKEHEePHUH, KaK COMaTH-
yeckast rHOpUan3aLus.

Comaruueckass rudbpu-
AU3aLUsT — 3TO CJUSIHHE pas-
HbIX THIIOB COMATHYECKHX KJIETOK
OJIHOTO OpraHHW3Ma WJIHM KJIETOK op-
raHu3MOB, MPUHAJIEKALINX K pa3-
HbIM BujaMm (puc. 122). C nomoriibio
9TOr0 MeToja, Hanpumep, OblIH
CO3laHbl THOPHIBI, KOTOpble He-
BO3MOYKHO TIOJIyYHTb IyTEM CKpe-
uMBaHusl  ocobell —  ruOpUbI
mabaka u Kapmogheasi, MOPKOBU
U nempyuwKu, momama U Kap-
mogheass w 1.1, Comaruueckas
ruOpHIM3aLIUsT MEXKY KYJIBTYPHbI-
MU W JUKUMH dopMaMH Kapmo-
¢heas Mo3BoSIMIA TIOJYUUTH COpTa,
YCTOHUMBbBIE K HEKOTOPBIM 3aboJie-
BAHUSIM H BPEUTEJSIM.

BaxkHoe HampaBJsieHMe KJje-
TOUHOH HHKEHEPHUH CBSI3aHO C paH-
HUMH CTafUsiIMH 3MOPHOHANBLHOTO
pasButus. OrnJjonoTBOpeHue  siit-
LEKIETOK B JIaBOPATOPHBIX YCJIO-
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BUSIX BHE OopraHuama matepu (Tak HazbiBaeMoe DKO — skcTpakopriopasibHoe OmJio-
JIOTBOPEHHE ) MO3BOJISIET MPEOJ0JNEBATH HEKOTOPbIE POPMbI GECTIIONUS Y UesoBeKa.

Y CesbCKOXO3IUCTBEHHbIX »KUBOTHBIX C MOMOILIbLIO UHBEKLIUH FOPMOHOB YyaaeTcs
MOJIy4UTb OT OJHOH BBICOKOTPOJYKTUBHOH CAMKHU AECSTKH SIHIEKIETOK, UCKYCCTBEHHO
OIJIOZIOTBOPUTL UX CIIEPMON MOPOAUCTOrO Camlia U UMIUIAHTUPOBATh B MATKH JAPYTHX
caMoK. Tak MOXKHO TOJyYHUTb OT OJHOTO LIEHHOTO 3K3eMIIsipa BO MHOro pa3 6oJblie
MOTOMCTBA, YeM 3TO OblIO Obl BO3MOXKHO C IMOMOLIBIO HCKYCCTBEHHOTO OCEMEHEHHSI.

TIenemuueckasn (eennas) undceHepuss — pasjies MOJEKYJSIPHOH OHOJOTHH,
CBSI3aHHBIH C BblIeJIEHUEM T€HOB U3 KJIETOK YKHUBBIX OPTaHU3MOB, OCYLLECTBJIEHUEM C
HUMMU Pa3JIMUHbIX MAHUITYJISLME (B TOM UKMcie — co3laHueM rub6puaHbix Mosiekys JIHK)
U BHEJpEeHUEM UX B JIpyrue opraHudmbl. [JIaBHbIMH MHCTPYMEHTAMH F€HETHUYECKON HH-
YKEHEPHUHU SIBJISIIOTCS (DePMEHTBI M BeKTOpbl. C MOMOIIIbI0 HaGopa crielUabHbIX (hepMeH-
TOB MOXKHO pa3pesdTh B onpeneseHHblx yyactkax moJekysbl JJHK u PHK, Bbiieasth
M3 HUX Hy)KHble (DparMeHThbl, KOMMPOBATh U CIIMBATH 3TH (DparMeHThl JIPYTr C JPYrom.

JIJ1s1 10CTaBKU Uy»KePOJHBIX T€HOB B KJETKH PA3JIHUHBIX OPraHU3MOB MPUMEHSIIOT-
Ccsi BeKTOPbl — creuualbiblie Mosiekysbl JIHK, koTopble cnocoGHbl caMocTosITENb-
HO PerUIMIIMPOBAaThCs B KJeTKax U o6ecrneunBaTh pasMHOXKeHHe (KJIOHUPOBAHHUE ) U pa-
60Ty (9KCMPECCHIO) UCKYCCTBEHHO BCTPOEHHBIX B HUX TE€HOB.

JI1s1 ocylliecTBAHHsT epeHoca FreHOB OJIHOTO BHIA OPraHM3MOB B JPYroi, 4acTo OYeHb JasieKHH Mo
MPOUCXOKICHUIO, HEOOXOAMMO BbIMOJHUTB HECKOJIBbKO onepauuii (puc. 123).

1. Boinesienne renos (otaenbibix dpparmentos JJHK) u3 kiaetok-1onopoB. B otaesibHbIx coyuasix sty
onepaluio 3aMeHsII0T HCKYCCTBEHHBIM CHHTE30M HY KHbIX F€HOB.

2. CosnaHue BEKTOPHON KOHCTPYKLMH (BBeeHHE BblieaeHHoro u3 joHopa gparmenra JJHK B nsaz-
MHJIHBI BEKTOP C TOMOLIbIO CrielHanbHbIX (PepMeHTOB). B reHHO! HHKEHEePHH LIMPOKO MCIOJIb3YIOTCS
BEKTOPbI, CO3/laHHbIe HAa OCHOBE MMJ1a3MHJ], — BHEXPOMOCOMHbIX KoJiblieBbIX MoJiekys JIHK, xapakrepHbix
JUIsl TPOKapHOT.

3. BBeznenune nosiyueHHoi BEKTOPHOIH KOHCTPYKLMH B KJIETKY HOBOTO X03siHHa (OaKTEpHIO).

4. Knounuposanue ¢parmenta JIHK (yBennuenne xonuit Bekropa, conepxxaiero senennyio JJHK),
B XOJ1¢ MHOIOYMCJICHHDIX JeJeHHH OaKTepHalbHON KIIETKH.

JKuBble oprannambl, TeHOM KOTOPBIX OblJ1 K3MEHEH MyTeM IeHHO- HHKEHEPHBIX Ol -
pauui ¥ COAEPKHUT XOTs Obl OfMH aKTMBHO (DYHKIMOHMUPYIOUIMH I'eH JAPYroro opraHua-
Ma, Ha3blBAIOT TPAHCTeHHbBIMHU (reHeTHUeCKH MOIU(UIMPOBaHHBIMH). Baaronaps
repeHocy reHOB y TPaHCTeHHBIX OPraHW3MOB BO3HMKAIOT HOBble KauecTBa. Hampuwmep,
comaToTporuH (ropmon pocra) ¢ 1980 r. mosyualoT ¢ MOMOILIbIO TPAHCTEHHBIX ITAMMOB
6aKTepUl KuuLeyHot naiouku. JTo eIMHCTBEHHOE CPEJCTBO JiedeHHsl KapJHKOBOCTH
y nereil. JIo pasBuUTHS TeHHOH HMHXKEHEPHUM COMATOTPOIHMH BbIAEJSIN M3 THIIO(PH30B
ymepiux Jitozieil. Ceropust 1 J1 cycneHsun TpaHCTeHHbIX GaKTepHil 32 HECKOJIBKO 4acoB
MPOMU3BOJIUT TAKOE KOJHYECTBO TOPMOHA POCTA, KOTOPOE COAEPIKUTCS B AECATKAX I'HIO-



226 [haBa 7

BbloeneHHbIn
MnasmuaHbIn tparmeHT OHK

BEKTOp
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BBepneHve B 6akTepuio l 3
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Mnasmupa Xpomocoma
C TpaHCreHOM
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4 KnonunposaHue B xofe aeneHus
6aKTepmanbHOM KNeTkn

Puc. 123. Benenune BeKTOPHOH KOHCTPYKLUHMH B GaKTepHAIbHYIO KJIETKY

(hu30B uesoBeka. [eHHO-HHXKEHEPHBIH COMATOTPOIUH JlellieB/e, JOCTynHee B 0OJb-
IIMX KOJIMUeCTBax U 6e30maceH B TJIaHe 3apayKeHUsl BUPyCaMH.

B 1979 r. B mupe HacuuTbiBajioch Gosiee 60 MJIH GOJIbHBIX caxapHbIM JMaGeToM.
M3 Hux TosbKo 4 MJH TOJyYau HHCYJIHH, KOTOPbIA BBIIESAJCA W3 MOMKEYI0UHBIX
x)eges kopos u ceureti. C 1982 r. npearnpusTHs MHOIMX CTpaH HauaJu MPOU3BOIUTH
reHHO-HHKEHEPHBII MHCYJIHUH. [eH 4yesioBeueckoro HHCy/MHa Obll BBeJEeH B GaKTepH-
aJibHble KJEeTKH — HayaJsicsl CUHTe3 rOPMOHA, KOTOPbIH GaKTepuu HUKOTJA He Bhipa-
OaTblBaJIM paHee.

Ha ceromusiiinuili leHb MeTO/bl TEHHOH HWHXKEHEPHH TO03BOJIMJIN OCYLLECTBUTH B
MPOMBILIJIEHHBIX MacilTabax CHUHTE3 MHOTHX OHOJIOTMUE€CKH AKTHBHBIX BELIECTB —
pa3JiMuHbIX TOPMOHOB, BUTAMHHOB, UHTEp(EpPOHa U T. JI.

YaKe ToJTyd€eHbl TPAHCTEHHBIE MblULL, KPOAUKU, CBUMbLU, KO3bL, B TEHOME KOTOPbIX
paGoTaloT YyXKepojiHble I'eHbl PA3JMUHOTO MTPOUCXOXKJIEHHS, B TOM UHMC/e I'eHbl Gakre-
puil, IPOXKEH, APYruX MJIEKOTNUTAIOUINX, YesJoBeKa. ECTh TpaHCreHHble pacTeHusi, Ha
6aze KOTOPbIX CO3MaHbl COpPTa WM (DOPMbI CENbCKOX03SIUCTBEHHBIX KYJBLTYP, KOTOpble
MPAKTHIECKU HEBO3MOXKHO MOJYUUTH TPAAHIIMOHHBIMH METOIAMU CEJIEKIIHH.
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IToayuenue mpanceennoix sycugomusvtx. OJHUM U3 OCHOBHBIX METOJIOB MOJIY-
YeHHUs] TPAHCTeHHbIX KUBOTHBIX sBJseTcs MUKpouHbeKuusa JHK B omnonorso-
peHHble sifilekaeTKH (puc. 124). Bee nauunnaercsi ¢ BBenenus ¢gparmenrta JIHK, co-
JiepKallero HeCKOJIbKO KOMHUH HY»KHOTO T'eHa, B IpO CMepMaTo30uja, Oniof0TBOPUB-
mero sifiiekyaeTKy. Ilocie Toro Kak npousouieT CJUsHUE siep, MOIUMUIMPOBAHHbIE
3UrOTHI MEPEHOCAT B MaTKy CaMKH-pelunueHTa. Yepe3 HekoTopoe Bpemsi OHA TPO-
M3BOJIUT HA CBET TPAHCTEHHBIX JIETEHbIIIEH,

Aror Meton ¢ 1982 1. u /10 HACTOAIIEr0 BPEMEHH OCTaeTcsl HauboJee TMOMyJsip-
HBIM Y UCCJIeJloBaTeIeH, 3aHATBIX MOJydeHHEM TPAHCTEHHbIX KUBOTHBIX, HECMOTPS Ha
TO, UTO OH TpeOyeT BBICOKOH KBaJM(UKAIMK U JIOPOTOCTOSIIIETO 000PYI0BAHHSI.

B nocieinue rojpl AJisi CO3/1aHKUS TPAHCTEHHDBIX XKUBOTHBIX UCIOJIL3YIOT TAKXKE 3 M -
OpHOHaJbHBIE CTBOJOBBIE KJeTKH, MOJydaeMble U3 3apOAbIIel HA PaHHUX
ITanax pa3BUTHsI. DTH KJIETKH MOTYT JUPhepPeHIMPOBATHCS B JIIOOLIE JAPYrHe TUTTbI KJle-
TOK MHOTOKJIETOYHOTO OpraHudMa. IMOPHOHAJLHBIE CTBOJNIOBbIE KJIETKH MOYKHO KyJlb-
TUBUPOBATH BHE OPTaHU3Ma B T€UEeHHE JYIUTEJHLHOTO BPEMEHH ¥ BBOJUTH B HUX OTpeJie-
JIEHHBIE TeHbI C TIOMOIIIBIO BeKTOPOB. [locsie 3TOro KAETKH CO BCTPOEHHBIMU UyKepOJl-
HBIMH I'eHaMU BHEJPSIIOT B Jpyrie SMOPHOHBI JYIst TTOJYUEHUsT TPAHCTEHHBIX KUBOTHBIX.

MukponuneTka ~_
'

OnnopgoTBopeHHas

AnLeKkneTka o
TpaHcreH

Anpo

ANLEKNeTKN

MukponHbekuma OHK

Anpo
cnepmarosovga l
L 9 1 WmnnaHtaumsa anuekneTku
\:w:! 'Lfr“-" B 0CO6b XEHCKOro nona
l HekoTopble 13 NOTOMKOB
(ot 1 80 3 %)
50 0 rosyyaroT TpaHcreH

\..if“"\.

CKpeLumBaHue TpaHCreHHbIX CkpelumBaHue TpaHCreHHbIX
NMOTOMKOB C HETPAHCTE€HHbIMU MOTOMKOB C TPaHCTreHHbIMU

Puc. 124. Tlonyuenue TpaHCreHHBIX XKUBOTHBIX METOIOM MUKpouHbekiuu JJHK
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9 1. 470 Takoe 6uoTexHonorna? B Kakux cpepax OeAaTenbHOCTU YesloBeKa MCronb3yTcs 61o-

TEXHOMNornyeckne npoweccol?

2. KakoBbl OCHOBHbIE HanpasneHnss 6UOTEXHONOrnn?

3. Yto npepncTtaBnsieT cobor KnetodHas MHXeHepua? Kakme Metodbl KNEeTOYHOW WHXEeHepun
BaM M3BECTHbI? Kakue peaynbtaTtbl MNOfly4eHbl Npu UX NPUMEHEHUN?

4. Y10 Takoe reHeTu4yeckas MHxeHepua? Ha30BUTE OCHOBHbIE WMHCTPYMEHTbI MEHETUHECKOMN
VHXEHEPUN.

5. Kakvne opraHv3mbl Ha3blBalOTCS TpaHCreHHbIM1? Kakue mMetofbl NoslyYeHUs TPaHCreHHbIX
XXVBOTHbIX Bbl MOXETE Ha3BaTb?

6. B 1962 r. GpuTaHckuii yyeHblh . FepAOH NpoBen creaylowmin akcnepument. C no-
MOLLbIO  yNbTPadMONeTOBOrO U3My4eHUss B OMNIOAOTBOPEHHON SNLEKIIETKE NArYLIKWA 6bino
paspyLueHo fapo. 3atem B 6e3bAAEpHY0 3UroTy nepecagunm sapo, B3ATOE U3 KIETKU Ku-
LLIeYHNKa B3POCIION NAryLKW. Takaa HeobblyHas 3Mrota Hadana gpobuTbCs U CO BPEMEHEM
pasBunacb B HopManbHyt0 narywiky. . FepgoH u ero nocnegosaTenu NPOAOXKUAU UC-
crnepgosaHusa B aton obnactn. B 2012 r. k. lepgoH ctan naypeatom Hobenesckon npe-
Mun. Kakve BbIBOAbI MOXHO cenatb M3 ONMMCaHHOro akcnepumeHta? Kak Bbl gymaete, Ka-
KOe 3Ha4yeHune 1 NPOAOIHKEHME MMenn akcnepumeHTbl Ox. MeppoHa?

§ 53. Ycnexu u 10CTHKEHHMS] FeHETUUECKO MHXKEeHepUH

Tenoduaenocmuka u eennas mepanus. MeToJbl TeHHOH UHXKEHEPUH yXKe ce-

TOJIHST YCIIEITHO MCMONb3YIOTCS JIsT AMArHOCTHKN M JiedeHHsT HACAeICTBEHHbIX 3a0o0Jie-
BaHWH 4YeJIOBeKa.

reHOIl,l/lal"HOCTl/lKa — 3TO COBOKYIIHOCTb METOHOB, ITO3BOJIAIOLIHX O6Hapy}KHBaTb

M pacro3dHaBaTh reHeTHUECKHe M3MeHeHUs (Ie(eKThbl) B KJIEeTKaX, a TaKXKe BbISBJATDH
no cretrduuecKiM renam Bo30yauTe el 6oJie3Hell Ha paHHUX STanax 3a0oJeBaHusl.

reHHle Tepanui MO2KHO OIpeAe/UTb KakK JedYeHHe HaCJCACTBEHHbIX 3aboJieBa-

HUH nyTeM BBEACHHS HOPMaJibHbIX T€HOB B KJACTKH MallMEHTOB C 1LEJbI0 HallpaBJ€HHO-
o USMEHEHHS T€HHbIX ,U,eCll)eKTOB WKW TMIpUJIaHus KJAETKaM HOBbBIX beHKLLI/II/UI.

BbicTpoMy pasBHTHIO eHHOH Tepanuu crnocoOCTBOBAIM PE3yJIbTaThl, 0JMyYeHHbIe

B XOJI€ BBIMOJHEHUST MEXKIyHAPOAHOTO MpoekTa «[eHom uesoBeka». Ouaaercs, uTo B
OJiKaieM OyyllieM HCC/IeN0BATENH OKOHYATEJIbHO YCTAHOBAT (DYHKIMH BCEX T€HOB
1 Gy/lyT yCIEelIHO UCTOJb30BaTh MOJIydeHHbIE JaHHbIE JJIs IeUeHUs U MPeIynperkKaeH s
HacJeICTBEHHBIX OOJIe3HEH.

[TepBbiM Hac/eACTBEHHBIM 3a00/1€BAHHEM, B OTHOLIEHHH KOTOPOrO OblIH TPHUMEHEHbI METO/Ibl eH-
HOI Teparuu, OKasasics BPOXIEHHbIH HMMyHOLEHUUT, 0OyCIOBIEHHDBIH MyTalHell B reHe depmeHTa
anenosunedamMutasnl. 14 centsaopst 1990 r. uetbipexsietHer amepukanckoil geBouke Arantu Jle-Cuiib-
Ba, CTpajaiolieil 5TUM 3abosieBaHieM, OblIH repecakeHbl ee coocTBeHHble T-MMpOLUTBI, NpeaBapy-
TeJIbHO TPaHC(OPMUPOBAHHbIE BHE OPraHU3Ma COOTBETCTBYIOILUM MEHOM TMPH MOMoLLM BekTopa. [Tocse
nevennst Awantu B 25—30 % ee T-1uMpOLMTOB ypoBeHb hepMenTa aieH03HHIe3aMUHA3bl CTa/l HOP-
MaJIbHbIM U Cefluac OHa COBEpLIEHHO 310poBa. B HacTosiliee BpeMsi reHHast Teparnust 3Toro 3a6oJieBaHus
nposonurest B CILA, Uranuu, @pantuu, BennkoGpuranuu u Slnonuu.
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Petnaionium ycjioBueM ycrelHoi reHoTepanuu sipjsietcsi 3h(eKTUBHOCTD J10-
CTaBKH YyXKEPOJHOTO T'eHa B KJIETKH-MUIIEHH, oOecriedyeHHe ero JYIMTeJbHOTO (yHK-
LIMOHUPOBAHUSI B 3THUX KJETKAX M CO3/laHHe YCJOBHH JJs1 MOJHOLEHHOH paboThl reHa
(ero skcripeccun). B kauecTBe KJIeTOK-MHMIlIEHeH yallle BCErO MCMOJB3YIOTCS JHUMGO-
LUThI, KJETKH KPACHOTO KOCTHOTO MO3ra, OMyXoJiel, MevueHu U Jp.

B Hacrosiiliee BpeMsi yCMEINIHO OCYIIECTRJSIETCS] BBeleHHE BEKTOPHON KOHCTPYK-
LMK, Hecyllel reH (akTopa CBepThIBaHHSI KPOBH, GOJILHBIM Fe MO G U1 e il. PesyJib-
TaThl KJAMHHYECKUX HCCJEI0BAHUN CBHETEJILCTBYIOT, UTO TaKoe <«TeHHOe JiedeHHe»
npejynpexnaeT BOSHUKHOBEHHE KPOBOTEUEHHH W MallMeHThbl OoJiee rojia He MCMbIThI-
BAlOT HEOOXOJIUMOCTH B UHBEKIHMSX (DaKTOpa CBEPTHIBAHMUSI.

C TOUKH 3peHHst TeHHOH Tepanuu caMbIMH MPOCTBIMH (B MJIaHe JIeUeHHs ) SBJSIOT-
csl HACJIeJICTBEHHbIE GOJIE3HH, ONpeJiesisieMble OJIHON Mapol ajJiesIbHbIX FeHOB, HarpH-
Mep CepNnOBHUAHOKJAETOUHAass aHeMUs, TeMoHuIUs, GeHUJTKETOHY -
pus. Y:Ke UMeloTCsl JlaHHble 0 pa3paboTKe 3KCMePUMEHTAJIbHBIX TOAXOJM0B U 06 HC-
NbITAHUSIX METOJOB I'eHHON Teparuu B OTHOLLIEHHH TOYTH TPeX JIeCITKOB 3a60JeBaHnH
TAKOro poja.

Bosiee cioxHbIMM SIBASIIOTCS HCC/IeN0BaHUs B 00JacTH O0JIe3HElH, pa3BUTHE KO-
TOPBLIX 0OYCJIOBJIEHO KOMIJIEKCHBIM B3aHMOJIEHICTBHEM T'eHOB ¢ (DAKTOpaMH OKpY»Kaio-
el cpeapl — caxapHoro guabeTa, OHKOJOTHYeCcKUX 3ab6oJeBaHUN
v T. 1. OHAKO pe3yJsibTaThl MePBbLIX KIMHUUECKHX UCTBITAHHH B OTHOIIEHHH TaKUX 3a-
6oJ1eBaHUi B BbICLIEH cTerneHH 0OHaeKHUBAIOLIHE.

Yenexu u docmudicenus eenemu4uecKkoll UHJCeHepul 8 YayduleHUU XO03il-
CMBeHHbIX c80licms HcusomHuolx u pacmenuti. OnHa U3 BaKHEHIINX 3aj1ad r'eH-
HOW HMH)XXEHEPHW — BbIBEJleHHE TPAHCTEHHBIX (TeHeTHYeCKH MOAU(PUIMPOBAHHDIX )
YKUBOTHBIX C TMOBbILIEHHOH MPOMYKTHBHOCTBIO, GoJjiee BBICOKMM KaueCTBOM MPOJIYK-
MK W YCTOMUMBOCTBIO K OoJjie3HsM. He MeHee BaxKHO cO3laHHMe TaK Ha3biBAEMbIX
KUBOTHBIX-OHOPEaKTOPOB — MPOU3BOJAUTEJIEN LIEHHbIX OMOJIOTHIECKH aKTHB-
HbIX BelllecTB. OcoObli MHTepeC MpeCTaBJseT reH, KOJAUPYIOIIHA rOPMOH pocTa.

[lepBble TpaHcreHHble Mbiuiy CO BCTPOEHHBIM F€HOM FOPMOHA POCTa KPbIChI OblIH
noJydenbl B 1982 1. YV HUX oTMeuasoch MOBbIIEHHE CKOPOCTH pocTa M OBICTPOE yBe-
JIMUeHHe Macchl Tesia (puc. 125).

Brieuatssiionme pesysbraThl ObLIH MOJydeHBl Ha esponeiickom aococe. Ocobn
JIOCOCSI CO BCTPOEHHBIM T€HOM TOPMOHA pOCTA 3HAYUTENbHO KpyrHee OObIYHBIX
U B 2 pasda 6bIcTpee JOCTUraloT TOBApHOW Macchl (puc. 126).

JloBOJIbHO YacTo i TPOM3BOJACTBA TE€HHO-HHXKEHEPHBIX MEIUIMHCKHUX Tpernapa-
TOB MCMOJIL3YIOT TPaHCTeHHble KYJbTYPbl KJ€TOK »KUBOTHbIX. Ha 3To# ocHoBe,
Harpumep, pa3paboTaHO MPOU3BOJACTBO YEJOBEUECKOTO 3 PUTPONO3THHA — Top-
MOHa, CTHMYJIUPYIOLIEro o6pa3oBaHUe 3PUTPOLMTOB. DTO MO3BOJUJIO YCIEUIHO Mpo-
BOJIUTh JiedueHHe OOJIbHBIX Pa3/IMUHBIMU POpPMaMH aHeMHH (MaJIOKPOBHS ).
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1. Boigenenune JHK 2. BbipesaHue dparmeHta AHK

C HY>XHbIM reHOM

3. MonyyeHne Konuii reHa ,\'/>'\’ - —TeH
~

4. BBefieHVe KOMNuii reHa B My>XcKoe a4po

/

ONI0J0TBOPEHHON ANLIEKNETKN

5. AnuekneTKy TpaHCMNaHTUPYIOT NPUEMHOW
mMarepu, rae oHa nNpoaorkaeT passuTue

6. Ecnu BBEeOeH reH ropmoHa pocTa,
B MOTOMCTBE MOSBMAETCA TPaHCreHHas
rMraHTcKas Mbillb

Puc. 125. TlosyyeHne TpaHCTeHHbIX MblLIeH ¢ FeHOM FOPMOHA POCTA KPbICHI

[lepcnieKTHBBI CO3/IAHUST TPAHCTEHHBIX CEJbCKOXO3SHCTBEHHBIX PACTEHHH CBSi-
3aHbl C MOBBILIEHHEM HX YCTOHUMBOCTH K 0O0JI€3HSIM M HEOJAronpHsTHBIM YCIOBUIM
Cpellbl, a TaK:Ke C pacllMpeHHeM Kpyra KyJbTYpPHBIX pPacTeHHil, COCOOHBIX K CHM-
6uoTnyeckoil (hukcauuu asora v T. 1. [l 9TOro B pacTUTe/bHbIE KIETKH BBOJISTCS
HY>KHbIE T€Hbl, MOJIydeHHbI€ He TOJIbKO OT JIPYrMX PACTEHHH, HO W OT »KHUBOTHBIX MJIH
MHKPOOPTaHH3MOB.

Cero/iHsi reHHasi MHXKEHEPHUs1 0OCBaMBaeT HOBble pyOexku. B Hactosilliee Bpems yxe
noJiyueHbl TpaHcreHHble Gopmbl momama (6ogee 260), cou (6onee 200), xaonuam-
Huka (6onee 150), moiksennoix pacmenud (6onee 80), a TakkKe nuienHuyol, noo-
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Puc. 126. TpaHcrennblii Jococh B CPaBHEHHH ¢ OGBIYHBIM

coaHeunuka, aoaonu, semarsnuku (puc. 127) u np. Muorue TpaHcreHHble pacTeHMs!
cojlepzKar reHbl YCTOHUMBOCTH K HACEKOMbIM-BPEIUTEJISIM, TOKCHUHBIM BELLECTBaM H T. [L.
Hanpumep, BbiBeneHbl copra Kapmogeasd, YCTOHUHBOTO K KOAOPAOCKOMY JiCYKY
(McTbst BbIpabaThIBAIOT O€JIOK, SIOBUTBIN ISl 2KYKOB), PAaCTeHHsI, CIOCOOHbIE 3allly-
1ath cebsl OT TSKEJbIX METa/IOB, He(TENPOAYKTOB, PAIMOHYKIUIOB U JaXKe OUHLIATh
OT 3THX BELLECTB [104YBY W IPYHTOBbIE BOJbI.

B nociiennee Bpemsi paspabatbiBaeTcsl NMPOEKT BBEAEHHsI B 3€PHOBbIE KYJIBTYpPb
reHoB GaKTepHil, CNOCOOHBIX YCBAWBATH aTMOCHEPHbIH a30T. DTO MO3BOJIUT H30ABUTh-
csl OT HeOOXOAMMOCTH BHOCHTb B T10YBY a30THble ynoOpenusi. OHaKo BCTpauBaTh He-
00X0IMMO LieJIbli KoMIieKe U3 17 GakrepuasbHbiX reHoB. Kpome Toro, Hy:KHO 3acTa-
BUTb paboTaTh BCE 3TH TeHbl B YyKEPOAHOM AREEERRRERE RN
JUISl HUX TeHOMe (HanpuMep, AUeHUUbL),

YTO CYLIECTBEHHO YCJIOXKHSIET 3ajiauy.

OnHMM W3 MepcreKTHBHBIX Harpa.Je-
HUH TeHHOH MHXKEHEPHUH SIBJISIETCS] CO3/laHHe
pacTeHUH-O0HOpPEAaKTOPOB, CIOCOO-
HbIX TPOJyLIMPOBAThH O€JKH, HeOOXOAMMbIE B
MenuuuHe, dapmakosorud u ap. Vx mnocro-
MUHCTBAMM SIBJISIETCS] OTHOCUTEJIbHAST TIPOCTO-
Ta CO3aHUSl U Pa3MHOXKEHUs, BbICOKAs! 11PO-
NyKTUBHOCTb. Kpome Toro, uy:kepojuble 6eJi-

KH HE€ BBISLIBAIOT HMMYHHBIX PEaKLHH y pac- Puc. 127. T1noasl TpaHCTeHHBIX PACTEHMIl
TEHHI, Yero TPYIHO JOOHTHCS Y KUBOTHDIX. 3CMJISIHHKH CaJ0BOi
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TI'enemuueckaa unscenepus u 6uodezonacnocms. OnHo# U3 11pobJeM, ¢ Ko-
TOPOH CTOJIKHYJAaCh TEHEeTHUeCKas WHKEHepHs, SBJAETCS HAaCTOPOXKEHHOe, a HHO-
rJla U HEraTUBHOE OTHOLIEHHE HEKOTOPOH YacTH HaceJIeHWsl K TPAHCTEHHbLIM (TeHEeTH-
YeCKH MOIU(MHUIIMPOBAHHBIM ) OPTaHU3MAaM H MPOIYKTAM U3 HUX. DTOMY CMOCOOCTBOBAJN
ny6GJMKalMK B CPEACTBAX MaccoBOH HH(OpPMAlMH, B KOTOPbIX YTBEPXKIAJOCh, UTO
TpaHCTeHHAs MPOAYKLHUS BpeAHA JJIs UYeJOBeKa, a CaMH TPaHCTeHHblE OpraHU3Mbl
HeCyT yrpo3y jjisi 9KOJIOTHUECKOH 0OCTAHOBKU | T. TI.

CriefyeT mopuepkHyTh, uto yxke Gosiee 20 siet B pasButhix crpanax (CIIA, Ka-
Hajle W JIP.) UCIIOJIb3YeTCs 3HAUUTENbLHOE KOJMUECTBO MeHHO-UHXKEHEPHBIX MPOIYKTOB,
OnHako Kakux-H60 HAydHO JTOKA3aHHBIX HEXKeJaTeNbHbIX 3((EKTOB OT HUX TpHUMe-
HEHHUsI yCTaHOBJEHO He Oblio. Ellle Ha cTaguu co3naHusi TeHETHUECKH MOIUQUIMPO-
BaHHbIX opranuamoB (I'MO) ocyuiecTB/sieTCsT CTPOrHE KOHTPOJb 3a T€M, YTOObI BHO-
CUMBIH FeH He CHHTE3UPOBaJ KaKOH-JMOO TOKCHMYHBIH WM aJJIEPreHHbIH KOMITOHEHT.
[Tocie 3TOrO MPOAYKTHI, BbIpaOaTbIBAEMbIE TPAHCTEHHBIM OPTAHU3MOM, TIIATEJILHO
uccsenyloTest B 1abopaTopHusix.

Kpowme Toro, npu BbiMycKe Ha PbIHOK F€eHETHUECKH MOAU(MHUIIMPOBAHHbIE MTPOIYKTHI,
TaK »Ke KaK M JoOble IPyrhe, MoJiydeHHble XHMUUECKUM HJIH HHBIM CIIocoO0M (JieKap-
CTBEHHBIE TIpenapathbl, CTUMYJATOPbI pOCTA PACTEHHH, CaXapo3aMEeHWUTENH, THIIIEeBbIe
KPAaCHUTEJIH, KOHCEPBAHThI, yI0OpPeHUsT W T. J.), TIPOBEPSIOTCH CIEUHAJbHBIMU CJTyXK-
6amu. VX MCOBITBIBAIOT HA TOKCHUHOCTb, aJJEPreHHOCTb, KAHIEPOreHHOCTb W T. .
[TosTOMYy TpaHCreHHast MPOIYKIHUs, TPOLIeas NoJ00HbIe HCIbITAHUS, SBJSETCS He
6oJiee oracHoi, uem Jobas japyras. UTo ke KacaeTcsi BO3MOXKHOCTH HETaTHBHOTO
BJIMSIHUST T€HETHUECKH MOAU(MHUIMPOBAHHBIX OPraHU3MOB HAa OKPYXKAKOILyl0 Cpey, TO
37ech OJIHO3HAYHOTO OTBETA MOKA HET, U TeOPETHUECKH Takasi nmpoOjeMa CylIeCTBYeT.

Pesysibrathl crielajbHbIX UCCJIEN0BAHUE TTOKA3BIBAIOT, YTO IKOJIOTHUECKHH PUCK
MPU BbIPAUIMBAHUK TPAHCTEHHBIX PACTEHHH MOXKHO CPaBHUTb C PHUCKOM HCTIBITAHUS
0ObIYHBIX HOBBIX CeJIEKIIMOHHBIX COPTOB. Bce coeiuHeHHs, KOTOpble MOSIBJSIOTCS
B TPAHCTEHHBIX PACTEHHUSIX, KaK MPABHJIO, yXKe CYIIeCTBYIOT B pupoje. Mmeetcs omnpe-
JIeJIEHHbIH PUCK TIepeHOCca T'eHOB, HarpuMep, ONMpPEIeJSOIIUX YCTONUMBOCT K repOu-
I[1aM, B COpPHbIE PACTEHHSI B pe3yJbTaTe UX CJIydallHOTO CKpelllUBaHWS ¢ TepOUIu-
JIOYCTOHUMBBLIMU TPAHCIeHHBIMH pacTeHusiMu. OJIHAKO y»Ke JIAaBHO M3BECTHO, UTO TPH
JUTUTEJILHOM HCIOJb30BAHUU TepOUIUAA TaKMe COPHAKHU TOSBJAIOTCA U B OOBIYHBIX
YCJIOBHSIX.

K Tomy ke BOo3MOXeH 0OMEH TE€HOB MEXTy TeHeTHUYeCKH MOAU(HUIMPOBAHHBIMH
pacTEeHUsIMU U POJICTBEHHBIMH MM KyJIbTYPHBIMH W JHKUMH BHIaMH, UTO B OTJAJIEH-
HOM Oy/IyllleM MOKET CKa3aThCsl HA CTAOMJIBLHOCTH CJI0XKUBIIMXCH sKocucTeM. Ceromus
H3-332 CPaBHUTEJIbHO KOPOTKOI'O CPOKA HCIOJIb30BAHUS TPAHCTE€HHBIX PACTEHHH Mbl
He MOxKeM aOCOJIOTHO TOUHO TMpecKasaTh OTAAJEeHHbIe TOCJAEICTBUS MX BJHSHUSA Ha
okpy:katolyto cpey. [109Tomy, 4TOOBI HCKJIIOUUTh HEKOHTPOJIMPYEMOE UCTOJIb30BaHHE
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reHeTHYeCKH M3MEHEHHbIX OPTaHW3MOB, MEXKJyHApOJHble OpPraHHU3alUMH U OTeJsbHble
CTpaHbl pa3paboTanu pPsA 3aKOHOAATEJbHBLIX JIOKYMEHTOB, HarpaBJeHHBIX Ha Tpey-
npexjeHue BO3MOXKHbBIX HeOJaronpusTHbIX SKOJOTHUECKHX TOCJAEICTBUH /ST OKpY-
JKalolled cpefibl U 3M0POBbsl YeJOBeKa OT MCMOJIb30BAHHS TEHHO-MHXKEHEPHDbIX TeX-
HOJIOTHH.

B benapycu, kak 1 B GOJBIIMHCTBE PA3BUTLIX CTpaH, BeAeTcs padoTa Mo Co3-
JIaHUI0 HOPMaTHBHON 0asbl 1o GuoGesonacHoctd. B 2006 r. Obl1 mpuHsaT 3akoH
Pecny6muku bBesapycs «O 6e30macHOCTH TeHHO-MHKEHEPHOH JieTesbHOCTHY. B Hem
copMyIMPOBAHBI OCHOBHbIE MPHUHIMIBI 0€30MAaCHOCTH B paboTe C reHeTHYeCKH MO-
JMUIMPOBAHHBIMU OPraHU3MaMH W TMPOAyKTaMH, CO3JaHHBIMU Ha MX ocHoBe. Ompe-
JieJleHbl OpraHu3allMOHHO-MPABOBblE OCHOBBI TOCYAAPCTBEHHOTO PEryJHpOBaHUS, MO-
PSIIOK TOCYIAPCTBEHHOH IKCMEPTH3bl GE30TaCHOCTH TeHETHUECKH MOAH(HUIIHPOBAHHBIX
OpPraHU3MOB, WX PErHCTpallMd, BBICBOOOXKIEHHSI B OKPYKAIOLLYIO Cpely M JIpyrHe BO-
MPOCHI.

Bce 3T Mepbl OymyT cnocoOCTBOBATH MHHUMH3ALMH BO3MOXKHbBIX BPEIHbBIX MO-
CJIEAICTBUH OT MCIOJb30BAHUS T'€HHO-HHKEHEPHBIX TEXHOJOTHI, 6€3 KOTOPbIX UesoBe-
yectBO B XXI B. y»Ke HUKAK He CMOXKET 0OOHUTHUCH.

) 1. 470 NpepgcrasnaeT cobon reHogmarHocTuka? MeHHas Tepanuna?
2. MNpviBegnTe MpVYMEpbl YCMELIHOro MCMoNb30BaHNA METOAOB FEHETUYECKOW WHXEHepun B
XXMBOTHOBOACTBE W PacTEHNEBOACTBE.
3. Kakne nepcnekTnBbl OTKPbIBAOTCA B CeNeKUMn B CBA3W C NPUMEHEHNeM MeTOLOB FeHHON
N KNETO4YHOW MHXeHepun?
4. Kakve Mepbl NPUHMMAOTCA A1 HEAOMYLUEHUS HEKOHTPONMPYEMOro MCMONb30BaHWSA re-
HEeTMYECKN MOANMDULIMPOBaHHbBIX OPraHM3MoB?
5. MpvBeanTe 0OBOAbBI «3a» U «MPOTUB» UCMOMb30BAHWS TPAHCTEHHbIX OpraHn3MoB. Kak nmy-
HO Bbl OTHOCUTECH K AAHHOW mpobneme? lMovemy?
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§7

1. Yyacrok onnoil u3 ueneit mogexynbsl JTHK nmeer cienyroliyto nocjienoBareb-
Hoctb HykgeotuoB: AT TILIAALLT. Onpenesnure HyKJI€OTHAHYIO MOC/EIOBATENb-
HOCTb ydacTka Bropoil uenu JIHK, KomrjieMeHTapHOTO JIaHHOMY.

Pewenue. B monexyne IHK anenun komnsiemeHTapeH THMHUHY, a TyaHHH —
LUMTO3UHY. 3HAUUT, KOMIJIEMEHTAPHBIH y4acTOK MMeeT CJIIYIolLylo MOC/el10BaTeb-
Hoctb Hykjeotunor: TILILIAT TTTA.

OTBert. HykneorumHass moc/e10BaTe/bHOCTh KOMILJIEMEHTAPHOTO — yyacTKa
TUHLATTTTIA.

2. ©parment mogekysabl JIHK (nBofiHoit cnivpanu) nmeet iy 68 HM U cojiep-
*KUT 120 anennsioBbIx HykjaeotHioB (A). Paccuuraiite npoleHTHOE ColepyKaHue Beex
THUIIOB HYKJIEOTHJIOB, BXOJSIIMX B cocTap jaHHoro gparmenra JIHK.

Pemenune. 1. Haiinem obiliee KoJMUeCTBO HYKJEOTHIOB B JaHHOM (pparmeHte
JAHK. Omun Butok npo#iHoit crimpanu JIHK comepxkut 10 nap HyKJIEOTHHOB U HMe-
et aauny 3,4 uMm. CjenoBaTesibHO, OflHa Mapa HyKJAeOTHAOB 3aHuMaeT ydactok JIHK
niHof 0,34 HM. 3uauut, nanublil pparment copepkut 68 : 0,34 = 200 nap HykJjeo-
tHa0B = 400 HyKJIEOTH/IOB.

2. IlpoueHTHOE cofepKaHKe aleHUJIOBbIX HYKJICOTHIOB B 3TOM (hparMeHTe paBHO:
A=120:400+100 % =30 %. Cornacno npasuny Yapradpda, B mosekyne JIHK
A=T, I'=11. Cnenosarensno, A=T =230 %. Ha ocranbubie nykneoruas (I' u L)
npuxoautest: 100 % — 30 % — 30 % =40 %. [ =11=40 % : 2 =20 %.

Orsetr. A=30 %, T=30 %, =20 %, L1 =20 %.

§ 23

1. Slilueknerka kykypy3bl comepkuT 10 xpomocom. CKOJIBKO JIOUEPHUX KJETOK
obpasyercst MpH JeJIeHUH COMATHYECKOH KJIETKM KyKypy3bl rmyTeM MuTtosa? Meiiosa?
Kakoe KosinuecTBO XpoMocom OyIyT Colep:KaTh JIOUePHHUE KJETKH B KaXIOM c/yuae?

Pemwenune. 1. filuexknetkm — 3TO M0JIOBbIe KJETKH, OHM MMEIOT rarJoWaHbIH
(r) HabGop xpomocom. CrenoBaTesibHO, st Kykypysbl n = 10. ComaTuueckas KjeTka
KYKYPY3bl COJEPKHUT JIUIJIOUAHBIE Habop xpomocom: 2n = 20.

2. B peasyJsibraTe MHTO3a M3 OJIHON MaTEPUHCKOH KJETKH 00pasyroTcs JBe J104ep-
HHe C TakuM ke HaGopOM XPOMOCOM. 3HAUMT, W3 OJIHOH COMATHUYECKOH KJeTKH 00-
pasytores JiBe, U B Kaxaoil Oyaer comepxkatbest no 20 xpomocom. B pesysibrate meii-
03a M3 OJIHOH MAaTepUHCKOH KJIETKH 00pasyloTCsl YeThipe JIoUepHHe C YMeHbIIEHHbIM
B 2 pagda Hab6opom xpomocoM. CJieoBaTeIbHO, U3 COMAaTHUYECKOH KJeTKH (211) o6pasy-
I0TCS YeThIpe J0UepHUe ¢ TarionaHbiM (#71) Habopom — 1o 10 XpoMocoM B KaxKJoH.
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Orser. [lpu geseHun Muto3oM 00pasyroTes JBe J0UEPHHUE KJIETKH, cojlepxKallue
no 20 xpomocom. [Ipu nenennn meriozom o6pasdyloTcst UeThipe AOUEPHUE KJIETKH, IO
10 xpoMocoM B KaKjIoH.

2. Kapuorun BoJsika npejcrabjeH 78 xpomocomamu. Hemy GyneT paBHO KoJikue-
CTBO XpOMOCOM (1) U XpomaTuJ (¢):

a) B COMaTHUYeCKOH KJeTKe BoJika BO BpeMsi Gy-niepuosia uurepdasbl;

6) B criepMaTo30MHJIE;

B) Y KaXKJI0TO MOJIOCA KJIETKH KHIIeUHHKA B KOHIle aHadadbl MUTO34;

T') B IoYepHHX KJIeTKaX, 00pa30BaBIINXCS MOCJE MEPBOr0 MEHOTHUECKOTO JeJIeHHUs ?

Peuwenune. 1. Knerku tesa BoJKa cojepKaT JUIJIOWAHBIE HaGOp XPOMOCOM.
CaienoBatesibHO, KapuOTHN BoJKa: 21 = 78.

2. Comatnueckue Kjetku B Go-riepuosie cojiepkat Habop 2n4c, 4to Jyisi BoJKa
coctaBJisier 78 xpomocom, 156 xpomatua. CrnepmMaTo3oubl 00pa3yloTest B pedyJbraTe
Melio3a, sHauuT, ux Habop lnlc — 39 xpomocom U xpomatu (XpoMaTHIbl — 3TO JIO-
uepHHe XpoMocoMbl). KieTka Kuileunnka — comartuueckasi, B KOHIE aHadasbl MUTO3a
y KaxJIoro rnoJioca Haxoaurest 2n2c, T. e. 78 xpomocoM W xpomatui. Habop kaxioi
JlouepHel KaeTku nocse merosa I cocrasaser 1n2¢ wnu 39 xpomocom, 78 xpomaTu.

OtBeT.a)n=78,c=156;6)n=239,c=39;B)n=78,c=78,r)n=39,c=78.

§ 25

CKOJIbKO IpaMMOB KHCJI0POJIa HEOOXOAUMO YISl MOJIHOTO okucaeHust 360 r rimo-
Ko3bl? Kakoe makcnmasibHoe KoandectBo AT® (MoJib) MpH 3TOM MOXKET CHHTE3MPO-
BaTbCsl B OpraHu3me?

Pemenue. 1. Halinem KoanuecTBO MIIOKO3bI (MOJb), MOABEPTIIECHCS TOJHOMY
OKHCJICHHIO.

M(CgH,506) =126+ 1+12+ 16+ 6 = 180 r/moJb.

n(CgH,506) =m M =360r: 180 r/mosb = 2 MOJIb.

2. CyMMapHOe ypaBHeHHe a3pOOHOTO JIbIXaHHS:

Ce¢H 206 + 60, + 38A/I® + 38H;PO, — 6CO, + 6H,0O + 38ATO.

Jast mosnHoro okucseHust 1 MoJib 110K03bl HEOOXOAUMO 6 MOJIb KMCJI0POAa, MpH
9TOM MOXKeT CHHTe3upoBaThes 38 mosb ATD. CirenoBatesbHO, JJIsi MOJHOTO OKHC-
JIeHHUs1 2 MOJIb TJII0KO3bl MOHAN06UTCst 12 Mosib KHC0poaa, W TPU STOM MOXKET CHH-
TeaupoBathest 76 Mosib ATO.

3. Paccuuraem maccy Kucsoposa.

M(Oy) = 16+2 =32 r/moib.

m(Oy)=n+M= 12 moab * 32 r/Monb = 384 T.

OrBert. Heobxomimo 384 r Kucioposia, MOKeT CHHTe3HpoBaThesi 76 mMosib ATO.
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§ 26

B opranuame vesoBeka mpu MbliiedHol paGore Gblio HapacxopoBaHo 0,1 Moib
IJIIOKO3BI, TIPHYEM TOJHOMY a3poGHOMY pacllenentio noasepraoch 60 % roKossl,
ocTaJibHast 4acTb Obla YTHJIM3HPOBaHa B xojie OGpoxkeHusi. Kakoe mMakcnmasbHOe KO-
JnuectBo AT® (MoJib) MOTJIO TIPH 3TOM CHHTE3UPOBATHCS ?

Pewenwue. 1. [Tonnomy okucsaennio nogsepriock: 0,1 mosb 60 % : 100 % =
= 0,006 MOJIb TJIIOKO3HI.

B xone 6poxkenus ucnosb3zoano: 0,1 mosb — 0,06 mosib = 0,04 MoJIb TJIIOKO3HI.

2. CymmapHoe ypaBHeHHe a3pOGHOTO JIbIXaHHUSI:

CeH 5,04 + 60, + 38A/1D + 38H;PO, — 6CO, + 6H,0O + 38ATD.

[Ipu nosHoM okucseHHH | MOJIb TJIIOKO3bl MOXKET CHHTE3HPOBAThCS 38 MOJIb
AT®, 3uauur, npu nosHom okucienun 0,06 MoJb TJIIOKO3bI MOXKET 0OpPA30BATHCS:
38+0,06 = 2,28 mosib ATD.

3. B opranusme vesioBeka npu aeuUUTE KUCJIOPOAA MPOTEKAET MOJOUHOKHCIOE
OpoxKeHue:

CeH 206 + 2AIID + 2H4PO, — 2C,HiO5 + 2ATO.

[Tpu pacuienyiennn 1 mosib ritoko3bl o6pasyercst 2 mosib AT®. CrenoBaresibHo,
npu pacutensennn 0,04 mMosab rmoko3sl MoxeT cuHTedupoBathest 0,08 Mo ATD.

4. Hainem o6iiee kosuuectso ATD:

2,28 mouab + 0,08 Mo = 2,36 MoJIb.

OTBerT. B opranuame morsio cunreaupoBatbesi 2,36 mosib ATO.

§ 27
CKOJIbKO YrJIeKHCJIoro rasa (Kr) 6blIo TIOTJIONIEHO PACTeHUsIMU B Tpoiiecce ¢ho-
TOCHHTE3a, €CJIM U3BECTHO, YTO UMH Oblio cuHTe3npoBaHo 900 r rioKo3bl?

Pemenune. 1. Hailnem KosimuectBo (MOJIb) CHHTE3UPOBAHHOMN TJIIOKO3HI.

M(CgH,506) =126+ 1-12+ 16+ 6 = 180 r/moJb.

n(CgH,506) =m : M =900 r: 180 r/mosb = 5 MOJIb.

2. OGuiee ypaBHeHHe (HOTOCHHTE3A:

6CO, + 6H,0O — C4H,,0O4 + 60,.

Jlast cunteda 1 Mosib rimtokodsl HeoGxoauMo 6 Mosib CO,. 3HauuT, A5 06pa3oBa-
HUST D MOJIb TVIIOKO3bl HYKHO O * 6 = 30 Mosib CO,.

3. Onpenenum maccy norgomienHoro CO,.

M(CO,) =12+ 16+ 2 = 44 r/moib.

m(COy)=n+M = 30 mosb * 44 r/monb = 1320 r = 1,32 kr.

OTBerT. Pacrenust norsotuan 1,32 Kr yriekucsoro rasa.
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§ 28

Mouiekyna Gesika coctout u3 180 ocratkoB amuHokuc/0T. Kakyio aauny (HM)
UMEeT T'eH, KOAUPYIOUIMH AaHHbIH Gesok? CTapTOBBIF KOJOH M CTOM-KOJOH TIPH pac-
yeTax He y4uTbIBaHTe.

Pewenne. 1. Onpenesum KoJMUECTBO HYKJI€OTHIOB B cooTBeTcTBYolleil MPHK.
Kaxknasi amuHoKHCI0Ta KOAMPYETCs TPUTJIETOM — COYETaHHEM M3 TPeX HYKJIEOTHIOB.
CnenosaresibHo, UPHK conepxkut 180 tpunieroB uin 180+ 3 = 540 Hyk/I1€0THIOB.
B ycnoBun 3ajaun yKasaHo, 4TO CTApTOBbIH KOJIOH H CTOMN-KOJIOH YUHTHIBATH HE HYX-
HO, MO3TOMY Mbl He npubaBJsieM elile 2 Tpurera (6 HyKJI€OTHIOB).

2. TTockosbky nPHK conepxkur 540 HyK/J1€0THIOB, COOTBETCTBYIOIIME reH (yda-
crok MmoJgiekyabl JIHK) conepxxkur 540 nap nykneotunoB. Butok noiiHoit cnupasu
JHK conepxxut 10 nap HyK/JIeoTHIOB U UMeeT JUIMHY 3,4 HM, T. €. OJlHa Mapa HyKJeo-
o 3anumaet yuyactok JAHK mnunoit 0,34 um. Takum oGpasom, ydacTok MoJieKy.Jibl
JIHK, conepxatmit 540 nap HykseoTHnos, umeet aauny: 540 - 0,34 um = 183,6 HwM.

OTBeT. [en umeer auny 183,6 Hm.

§ 29

YeraHoBUTe mocjienoBaTesibHOCTh aHTHKonoHOB TPHK, yuacTByloiux B cuHTese
MenTHUaa, eCad COOTBETCTRYIONIAsA HeTpaHCKpubupyemas uenb mogekynsl JJHK conep-
XKUT nocseoBatenbHocTh HykaeotHioB: LIATIHIIITATILITILTAT C nomortibio
TaOJUIBl TeHEeTHUECKOro Kojia OfpeiesiiTe MOC/el10BaTe/NbHOCTh aMHHOKUCIOTHBIX
OCTAaTKOB JIAHHOTO MeNTH/A.

Pewenune. 1. [lo npuHuuny KomIJieMeHTapHOCTH YCTAHOBUM T0CJEI0BATE/b-
HOCTb HyKJIeOTHI0B TpaHckpuOupyemoi tenu JIHK u coorsercrsyiotieit u”PHK (yuu-
ThiBasi, uto B MoJiekyie PHK Bmecro TumuHa comepxkurcs ypauui). 3aTeM ¢ MOMO-
110 TaOJMLBI TEeHETHYECKOTr0 KOJla YCTAaHOBUM CTPYKTYPY 3aKOAHPOBAHHOIO MENTHA.

Herpanckputbupyemasi uens JIHK ~— LIAT LT ATT LUTL  TAT

Tpanckpubupyemas tens JIHK I'TA I'TA TALL AT ATILL
nPHK LHAY LY AYT UYL VYAT
[Tentun [uc — Ilpo — Mer — Jleil cron

2. 3anuiem antukojaoHbl coorBetetByolnx TPHK. Tlpu stom He 3a6biBaem, uto
TPHK K cron-kononam 3anucbiBaTh He HY»KHO.

Antnkononnl TPHK ['VA I['TA YALL AT —

OrBer. [locnenosarenbuocts antukononos TPHK: T'VA, ITA, YALL, T'AlL Ilo-
CJIEJIOBATE/IBHOCTh  AMHHOKMCJIOTHBIX  ocTaTkoB rnentuaa: [uc—IIpo—Mer—/Jleil.
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§ 41

Y dejioBeKa yMeHHe Jiydllle BJAJETh MPaBOH PyKOH (MPaBOPYKOCThb) MOJHOCTHIO
JIOMHHUPYET Hajl JieBopyKocThlo. YKeHlMHa-npaBiia, oTell KOTOPOH Obl JIEBOPYKHM,
BbILIJIA 3aMYy»K 32 My:KUMHY-JeBly. KakoBa BeposiTHOCTb pOKIAEHHUs B 9TOH ceMbe pe-
OeHKa-JIeBIIU?

Pemenue. 1. Beegem 0603HaueHUsS TeHOB:

A — mpaBopyKocTh (npaBuia);

a — JIEBOPYKOCTb (JieBlla).

2. OnpeniesiiM TeHOTHIbI pouTesieil. YKeHllMHa — TpaBliia, 3HAYUT, OHA MOXKET
uMeTb reHotun AA wian Aa. B ycloBHH TakxKe CKazaHo, 4To ee OoTell Obli JeBHIOH
(reHOTHNT — aa), 3HAUWT, JOYb yHacjeaoBajsa oT Hero reH a. CjenoBaresibHO, re-
HOTHI »KeHlIIMHbl — Aa. [eHoTHN ee My»ka — aa, T. K. TI0 YCJIOBUIO 3a/]a4d OH JIeB-
a. CkpellMBaHie MOXKHO 3arucarth JitoObiM cocoGoM (Ha BbIGOD):

FeHHas cphopma 3anucu XpomocomHasa cdopma 3anucu

A a

P: : = =
Q Aa x d aa P Q . x d -
a W@ @ a (a),
Fy: Aa aa F,: A a

npasLua nesLa npaima ne:ma

50 % 50 % e i)

3. Hrak, pacuiensiende no ¢eHoTHny (M 1Mo reHOTHIY) B MOTOMCTBE COCTABMJIO
1 : 1. BepoarnocTsb poxaenusi peGenka-npasin — 50 %, seswn — Takke 50 %.

OTBeT. Bepostnocts poxaenus: pebenka-nesun — 50 %.

§ 42

1. Bee [TOTOMKH, MOJIyY€HHbIC OT CKpEUIMBaHHUs paCTeHI/Iﬁ JIbBUHOT'O 3¢€Ba C LIH-
POKHUMH W Y3KHMHU JIUCTbSIMHU, UMEIOT CpeAHHhe T10 MHPHHE JIMCTbs. B pesyJibTaTte
CKpelrBaHusi paCTeHHﬁ, UMeUx cpeHue JIMCTbsl, [MOJY4EHO 80 paCTeHHﬁ JIbBU -
Horo 3eBa. CKOJILKO U3 HHX HUMEIOT Y3KHE€ JIMCTbsl, €CJIK pacllerJieHrne COOTBETCTBYET
TECOPETHUYCCKH O}KI/IILaeMOMy? KaK HacJeyeTcs uprhHa JIMCThEB Y JIbBUHOI'O 3eBa?

Pewenue. 1. Tensl, onpenensioniye WUpUHy JUCTbEB JILBUHOTO 3€Ba, B3aUMO-
JIEHCTBYIOT O THITy HEMOJHOIO JOMHHHPOBAHHMS, MOCKOJBLKY Yy TMOPUIOB MPOSIBJSIET-
Csl IPOMEXKYTOUHBIH MPU3HAK — CPEeIHHE MO LIHPHHE JIUCThbsl. 3HAUUT, pacTEeHHsl CO
CPeIHUMH JIMCTBSIMK — TeTE€PO3UTOThI.
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2. U3 ycnoBust 3a1auk HEOUEBHIHO, KAKOH MPU3HAK SIBJISIETCS IOMHHAHTHBIM (11K -
POKHE JINCTbsI UM Y3KHe), @ KaKOH — pelleCCHBHBIM. [IpH HernoJHOM IOMHHHPOBAaHUH
9TO HEBAXKHO, MOHSATHSI «JIOMHHAHTHBII» U «PELECCHUBHBIA» B TaHHOM CJydyae HCIOJb-
3YIOTCSl TOJILKO pail ynoOCTBa (B OTJHYHE OT MOJHOTO JAOMHHHpOBaHHs). JlomycTum,
JIOMHHAHTHBIH TeH OrNpeJesisieT IIMPOKHE JIMCThbsl, 8 PELECCHBHBIA — y3KHe (MOXKHO
0603HaYUThb TeHbl «HA000POT», OTBET 3alaud OT TOr0 He U3MeHHTCs). BBenem 06o-
3HAYEHHS T€HOB, YKaXKeM I'€HOTHI TeTePO3UrOTHBIX PaCTEHHH:

A — UIUpPOKHE JIUCTDS;

@ — Y3KHe JINCTbS;

Aa — cpejiHHe JIUCTDS.

3. 3anuuieM XoJ CKpellMBaHUsI PACTEHHH CO CPEJIHUMHM JIUCTbSIMH:

FeHHas chopma 3anucu XpomocomHas chopma 3anucu
- Aa X d Aa - A i
P: Q P: Q2 x  d
e WEH OO e (&) @
F: AA Aa Aa aa Fr, A A A a
LUMPOKME cpepHue y3Kune A a a a
5%  50%  25% Lnpoie  cpeirine  yaKne

4. B nortomctee HaGsonaetcs paciiervienue 1 : 2 ;1. O6liee KoJMUECTBO M0-
ToMKOB — 80, 1P 3TOM y3KHe JIUCTbsl HaceayloT 25 %. 3HauuT, KoJMyecTBo pac-
Teuuii ¢ yakumu Juctbsamu: 80 25 % : 100 % = 20.

OTBerT. lllupHHa JIMCTHEB Y JILBMHOIO 3€Ba HACJEIYeTCs [0 THITY HEMOJIHOTO JI0-
MHHHPOBaHHUs1. Y3KHe JiMCTbst uMetoT 20 pacTeHHH.

2. Kakue rpynnbl KpoBM MOTYT ObITb y JIeTeH, eCc/d MX MaTb UMeEeT YeTBepPTYIO
rpyniy KpoBH, a oTel, — MepBylo?

Pemenwue. 1. Ipynnbl kpoBu no cucreme ABO KOHTPOJIMPYIOTCS TpeMsi PeHaMH,
JIBa U3 KOTOPbIX B3aUMOJEHCTBYIOT M0 THIY KOJOMHHHPOBAHHS, UYTO MPUBOAUT K MO-
sigjieHdto [V rpynnel KpoBH. BBenem o603HaueHMsl, yKaxKeM COOTBETCTBYIOLLME TIPH-
3Haku (He 3abbiBas o [V rpynme KpoBH):

[ — 1 rpynna kpoBu;

I* — 11 rpynna KpoBu;

[® — 1II rpynna kposu;

P® — 1V rpynna Kposw.
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2. Tenotun uyesoBeka ¢ IV rpynnoii Kpopn — To/bko '[P, ¢ mepBoit — ToJbKO
I’ npyriie BapHaHTbl HCKJIOYEHbI. 3alHIIeM X0/ CKpPeLUBaHHSI:
FeHHasn dhopma 3anucu XpomMmocomHas chopma 3anucu
p- Q1P x d rpe p: Q r x d
e (r) g ‘ ® ‘
Fy: AP P Fy: /° /°
Il rpynna Il rpynna Ilr
o pynna Il rpynna
50 % 50% 50 % 50 %
3. Pacuiensienne B notomerse 1: 1, 50 % netefi — co BTOpPOil rpynmnoii KpoBH,
50 % — c TpeTbeil.
OTseT. BepostHocTh poxienusi pebeHka co BTopoil rpynmoii kposn — 50 %,

¢ tpetbeii — 50 %.

§ 43

Y 4esoBeKa pes3yc-MoJOKUTENbHOCTb TOJMHOCTBIO JOMHHUPYET HaJ pesyc-oT-
puLaTesbHOCTbIO. B cembe, rie o06a pomutensi — pe3yc-ToJ0KUTEbHbIE, Y MaTepH
[ rpynna kpoBu, a y otua — III, poausacsa pesyc-orpuniatesbbiii pe6eHok ¢ I rpym-
noit. KakoBa BeposITHOCTb POXKIEHHS y STHX POAUTEJEH Pe3yc-TMONOKUTEIBHOTO pe-
6enka c Il rpynmoit kpoBu?

Pemenwue. 1. BBenem o603HaueHust reHOB:

[ — 1 rpynna KpoBu;

A — 1I rpynna Kposu;

[ — 1II rpynna KpoBu;

[*® — 1V rpynna KpoBu;

D — pesyc-nooxurenbtoctb (Rh);

d — pesyc-orpunatesnbHocTs (Rh™).

2. YcraHOBHUM TeHOTHIBI poauTesel. [To ycoBHio 3ajaun y pesyc-MmosioKuTe b-
HOW MatepH | rpymnma KpoBH, 4TO MO3BOJISET 3aMUCaTh YacTh ee reHoTHna ((peHOTHIH-

0
yeckuil panukais) caetyiowmnm o6pasom: I/1°D- (mu /::) Y pesyc-noJioXKUTebHOTO
/°

5D
otua Il rpynna kpoBd — 3amuiieM yacTb ero reHotuna B suge: /°-D- (umu ==).
B ycioBuu ckasaHo, 4To y 3THX pOAMTENEH €CTb pe3yc-OTPHLATE/bHbIH pe6GeHoK

104
¢ | rpynnoit kposu — ero renorun [°/°dd (HJIH ) Y peGeHKa B KaxK/IOH aJsjiesb-
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HOW Mape OJIMH M3 T'€HOB TIOJNy4eH OT MaTepH, APYyrol — OT OTUA. 3HAUMT, Yy 00OHX

pO,ZIHTe.HeI/UI B T'€HOTHUIIE UMEETCH I'eH ]0 U ren d. ,HOHOJIHI/IM I'€HOTHIIbI pO,U,I/ITEJIeIU/I CO-
OTBETCTBYIOLIMMHU I'€HAMU KU 3allMllleM CKpellUuBaHHUE!

leHHasa ¢hopma 3anucu XpomocomHasa dopma 3anucu

p. Qrrod  x  J PrDd P 9%% x d %%
e (.0 ) |a@E) EE) @

3. TToctpoum petietky [leHHera, B siyeiikax KOTOPOH YKax<eM TFeHOTHIbI H (e-
HOTUIIBI feTelt (F)):

BI°DD | B°Dd | I°°DD | I°°Dd ED | ED | PD | I°D
MRh* | WRh* | IRh* | IRA* PD | Pd | PD | Pd
IWRh* | IRh* | IRh* | IRh*

PBI’Dd | Pl°dd | I°°Dd | I°I°dd
NRh* | IRh~ | IRh* | IRh" BED | Bd | D | I°d
Pd | Pd | Pd| Pd
IRh* | Rh™ | IRh* | IRh

4. PaccunutaeM BepOSTHOCTb POKAEHUS pe3yc-noJoxKuTesbHoro pedenka c 111 rpyn-
MOil KPOBH: g =100 % = 37,5 %.

OTBeT. BeposiTHOCTh poxkaeHusi pedyc-mnoJoxkutenbHoro pedenka c I rpynmnoti
kpou — 37,5 %.

§ 44

Y 1po3oduJibl cepasi oKpacka Tejia JOMHHUPYET HaJl UepPHOH, a KpacHble ryaza —
Haj MyprypHLIMU. [eHbl, KOHTPOJMPYIOILIME OKPACKY TeJia W IBET TJ1a3, HAXOAATCS BO
BTOPOH Mape XpOMOCOM Ha paccTosiHud 6 mMopranuj apyr ot apyra. Camky, reTeposu-
TOTHYI0 10 000WM TpPH3HAKAM (MIPH 3TOM CEpyl0 OKPAcKy TeJia OHa yHacJjeloBasa OT
OIHOT'O POAMTEJISI, @ KPACHbIH LIBET Iyla3 — OT JPYroro), CKPecTUIu C YepPHbIM CaM-
1IOM, MMEIOLIMM TyprypHble ryaza. KakoBa BepOSTHOCTbL TMOSIBJIEHUS] B TOTOMCTBE:
a) cepbiX 0coOell ¢ KpacHbIMU TJiazaMu; 0)yepHbIX 0cO6el ¢ KPACHBIMH IJla3amMu?

Peumrenune. 1. BBenem o603HaueHMst reHOB, YKayKeM PACCTOSIHUE MEXKIY HUMMU:
A — cepoe Tedo;
@ — 4YepHoe TeJIo;
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B — KkpacHble niasa;
b — mypnypHble I1asa;
rfis =6 % (6 moprauun).

2. Tenbl, onpesesiioline OKpacky Tesia U LBET a3, cluernenbl. Jluretepo3urotHas
camKa yHacJjielioBaJjia cepyto okpacky Tesa (A) u KpacHbie rjiasa (B) oT pasHbIX pojiy-

. Ab .
Tesell, IOTOMY ee FeHOTHI CJlelyeT 3anucaTh Kak: Ab//aB (niu <5 Hephbiii cament

C MypIypHLIMH TJIa3aMH MMeeT reHotun ab//ab (uwin Z:Z). 3arnuiieM CKpelyBaHHe,
YUHTBIBAS, UTO Y JIUTETEPO3UTOTHON CaMKH 00pa3dyeTrcs JIBa THNA HEKPOCCOBEPHBIX I'a-
MeT B PaBHOM COOTHOILIEHHH M JIBA THIA KPOCCOBEPHBIX FAMET TakK:Ke B PABHOM COOT-
HotleHud. {1 yno6CeTBa BbIIGJIUM KPOCCOBEPHbIE TaMeThl U 0coOU 3Be3noukamu (*).

MeHHasa dhopma 3anucu XpomocomHas ¢popma 3anucu
Ab ab
P QAb/aB  x  Jabyab||p: & < d 25
: (40).(a8). 48). (@) o (20) () a8). (@)
. Ab aB AB* ab*
Fy: Ab/ab aB/fab AB/ab* ab/ab* ||Fi Zp b ab ab
cepoe YyepHoe cepoe YyepHoe cepoe YepHoe cepoe YepHoe
Teno Teno Teno Teno Teno Teno Teno Teno
nypnypH. KpacHble KpacHble MyprypH. nyprypH. KpacHble  KpacHble  MNypnypH.
rnasa rnasa rnasa rnasa rnasa rnasa rnasa rmasa
47 % 47 % 3% 3 % 47 % 47 % 3% 3%

3. Paccuuraem npouenTHoe cooTHouleHue ocobeil B ). Paccrosinne mexuy re-
HaMM — 6 MOpraHuji, 3Ha4uT, KPOCCUHIOBEpP MeXIy HHMH MPOTEKAET C BEPOSITHOC-
Th10 6 %. CuenoBarte/ibHO, 00lIee KOJMYECTBO KPOCCOBEPHBIX 0cobGell coctaBuT 6 %
(a ocobeil Kaxoro (eHotunuueckoro kaacca — no 3 %). Obliee KONMYECTBO He-
KpoccosepHbix ocobeil pasHo: 100 % — 6 % = 94 % (7. e. Kawblii GpeHOTHIHYEeCKHUIl
knacec — 110 47 %).

OTseT. a)Cepbix ocobeil ¢ KpacHbIMU rasaMid — 3 %; 6)uepHbIX ocobeil ¢
KpacHbiMH riiazamn — 47 %.

§ 45

1. JlanbToHU3M 0GYCJIOBJIEH PELECCHBHBIM T'€HOM, JIOKAJM30BAHHBIM B X-XpOMO-
come. B onmHO# cembe MaTh cTpajaer JAJLTOHH3MOM, a OTel| HOPMaJIbHO pa3jinyaeT
1peta. KakoBa BeposiTHOCTb POXKAEHHS B 3TOH ceMbe: a) peGeHKa, HOpPMaJbHO pas-
JIMJaioniero 1peta; 6) 1aJbTOHUKA CPEIU ChIHOBEH?
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Pemwenue. 1. Beegem o603HaueHHs] FeHOB:

A — HopMaJibHOE 11BeTOOlIylleHHe (HopMa );
@ — JaJIbTOHU3M.
2. Tenorun wmarepu, crpajawolleil aansTroHu3dmMoM, XX* (B XpoMocoMHO# (opme

a ay (A .
3anucu 7). [enorun 3noposoro otua — X'V (= ). 3anuiiem X0/ CKpelUBaHHs:

leHHas chopma 3anucu XpomocomHas chopma 3anucu
p: Q xx@ x d x*y P QL x gA
). () @
. Aya . A a
Fy: XX X2y Fy: 5 2
SA0pOBas Aob CblH [AATIBTOHNK 300poBas [o4b CbIH JANbTOHMK
(HocuTenk) 50 % 50 % (HocuTens) 50 % 50 %

3. BeposiTHoCTb porkienust pebeHka ¢ HopMaJbHbIM LBeTooltylieniem — 50 %,
NpUYeM 3TO TOJBKO JE€BOYKH, M BCe OHM OylyT HOCHTEJbHMLAMH I'eHa AaJbTOHU3MA.
Bce cbiHOBbsI B 3TOl ceMbe — JaJIbTOHHKH, TO3TOMY BEPOSITHOCTb POXKIEHHS JaJib-
TOHWKA cpean chiHOBeld — 100 %.

OTBeT.a)BepositHocTh pokiieHnsi peGeHKa, HOPMaJIbHO pas/Hyalollero 1BeTa, —
50 %; 6) BepoATHOCTL POXKIeHHsT AaibToHuKa cpeau chinoseli — 100 %.

2. Y KaHapeek JUIMHA KJIOBA — ayTOCOMHBIH MPU3HAK, NPHUEM KOPOTKHUH KJIOB
JIOMUHUPYET HaJl JJIMHHbIM. 3eJieHasi OKpacka MepbeB JOMHHHPYET Haj KOPHUHEBOH,
[[BET OTEpPEHUsT KOHTPOJUPYETCS TeHaMH, JIOKAJH30BaHHBIMU B Z-Xxpomocome. [lure-
TEPO3UTOTHOTO CaMlla CKPeCTHJIM C 3eJIeHOH CaMKOH, WMelolled AJIMHHbIA KioB. Ka-
KOBa BEPOSITHOCTb TIOSIBJICHHSI B MOTOMCTBE: a) 3€JIeHbIX 0COOEH ¢ KOPOTKUM KJIIOBOM;
6) KOPUUHEBBIX CAMOK C JUIMHHBIM KJIOBOM; B) 3€JIeHbIX 0COO€H C JJIMHHBIM KJHOBOM
Cpeid caMIoB?

Pemwenue. 1. Beegem o6o3Hauenust reHos:

A — KOPOTKHH KJIIOB;

a — JUIMHHBIA KJIOB;

B — 3esieHasi okpacka;

b — KopuuHeBasi oKpacka.

2. Y NTHL reTeporaMeTHbIM M0JIOM SIBJISIFOTCS CAMKH, M03TOMY F€HOTHIT 3eJIeHOM
CaMKHM, UMeIOLLeH JIMHHBINA KJIOB, HY?KHO 3anucath Kak aaZW (%é) Camel gurere-
a

pO3UroTHLI — ero renotun AaZP7’ é%) 3anuiiieM ckpeliuBaHue:
22l
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FeHHaa chopma 3anucu XpomMmocomHas chopma 3anucu

J Aazez P: aﬁ x d
@)@ (2).62).62).62) GCC CCCC

3. Ilocrtpoum petetky [leHnera, B siuefikax KOTOPOH yKaxkeM TFeHOTHIbI U (e-

P: 9 aaZ?w X

HOTHITBI ToToMceTBa (F)):

@2
c¢opma
sanucu Aaz8z8 AazBzb aaz?7® aaz°z’
KOPOTKUIA KOPOTKUI OJIMHHbBIN OJIMHHbBIN
3ereHbln 3eseHbli 3efeHbli 3eseHbli
AaZEW Aaz’w aaz®w aaz’Ww
KOPOTKUI KOPOTKUI DJIMHHBIN OJIMHHBIN
3eneHas KOpVYHeBas 3eneHas KOpUYHEBas
XpomocomHas
popua @y @8 @
3anucu
AB AB aB asb
aB ab aB ab
KOPOTKUIA KOPOTKUIA ONUHHbBIA OJIMHHbBIN
3eneHbIn 3eneHbIn 3eneHbIn 3eneHblIn
AB Ab asB ab
- == - == - == - ==
a a
KOPOTKMI KOPOTKUI ONVHHbIN OSIMHHbBIA
3eneHas KOpUYHEBas 3eneHas KopuyHeBas

4. BeposiTHOCTb MOSIBJIEHHST 3eJIeHbIX
cJydae moJ ocobell He BaKeH): % - 100 % =

ocobeil ¢ KOPOTKMM KJIOBOM (B JaHHOM

37,5 %; KOPHUHEBBIX CAMOK C JJIHHHBIM

KJIIOBOM: é - 100 % = 12,5 %. BeposaTHocTb NOsiBJAEHHS 3e1€HbIX 0COOeH ¢ IJTHHHBIM
KJIOBOM CPp€JlH CaMILOB COCTaBJSET 2 - 100 % = é - 100 % =50 %.
OtserT. a)37,5 %; 6)12,5 %; B 50 %.
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Y MOHSATUH

ABToretepoTpodbl — OpraHu3Mbl, COCOOHbBIE KaK K aBTOTPO(HOMY, TaK H K re-
TEPOTPO(HOMY MUTAHHUIO (HATIPUMED, 3821€HA 3EAeHASL).
Asronoaunaouaus — cm. [losurionus.

ABTOTpObbI — OpraHU3Mbl, CHHTE3UPYIOLHe OpraHHYeCKHe BelllecTBa U3 Heop-
raHWYeCKHX (3eJieHble PacTeHHsl, BOJOPOC/H, HEKOTOPble GaKTEPHH ).
AKpocomMa — OpraHouj, pacrosioXKeHHbIH Ha TepeiHeM KOHIE TOJIOBKH criep-

martozonna. CofepKUT (pepMeHTbI, pacTBOpsIOle 000J0UKH STHIEKJIETKH TPH OTJIO-
JIOTBOPEHHUH.

Akcenepauuss — ycKopeHHe TeMIOB (DU3UYeCKOro (B TOM YMCJIE W MOJIOBOrO)
Pa3BUTUS JIETEH.

Ankanouapl — OGUOJIOTHUECKH aKTHBHbIE a30TCOJEprKalMe OpraHuyecKue Bellle-
CTBa TMPUPONHOTO (IIPEUMYIIECTBEHHO PACTHUTEJILHOTO) MPOUCXOXKIEHHUS. 3allMIIaT
pacTeHusi OT MoelaHus KUBOTHbIMU. MHorue ajkajouabl — CHJIbHbIE $i/ibl, HEKOTO-
pbl€ HUCMOJIb3YIOTCS B MEJIMIIMHE.

AnnenbHble reHbl (aaneau) — reHbl, KOHTPOJHUPYIOLIHE ajbTepHaTHBHBIE (op-

MbI TTPOSIBJIEHHUsT OJIHOTO U TOTO YK€ MMPHU3HAKa; PAcroJiaraloTcsi B OJIMHAKOBbBIX JIOKyCax
FOMOJIOTHYHBIX XPOMOCOM.

Anneprusi — HeaJeKBaTHBII 10 CHJe WUMMYHHBIF OTBET, BbI3BAHHBII MOBbILLIEH-
HOW UyBCTBUTEJLHOCTBIO OPraHU3Ma K OTpeJieJIeHHOMY BeleCTBY (asieprety).

Ansonsionaus — KpaTtHoe yBeJiHueHHe HaGopa XPOMOCOM Y MEXBH/IOBBIX H MEX-
POZIOBBIX THOPHIOB, MO3BOJISIIOLLEE MPEOIOIETh GECIIOIHe TAKUX THOPHIOB.

AnbTepHaTHBHbIE MPU3HAKW — TMPHU3HAKH, KOTOPble OOLIYHO HE MOTYT IMPHCYT-
CTBOBaThb y OpraHu3Ma OJHOBPEMEHHO; B3aMMOMCKJIoUatoline npusHaku. Hampumep,
MOJIOKUTEJIbHBIN U OTPULATE/bHBIH pedyc-(haKkTop, riaaKas H MOPIIMHUCTAsT MOBEPX-
HOCTb CEMSIH.

AMHMHOKHMCJIOTbI — HHU3KOMOJIEKYJISIPHbIE OPraHUueCKHe COeJIMHEHHS], B COCTAB MO-
JieKyJ1 KoTopbix BxoasT amuHorpynna (—NH,) u kap6okeusbhas rpynna (—COOH).

AMUHOKHCJIOTBI — MOHOMephl GesikoB. M3BectHo okosio 200 aMHHOKHCJIOT, HO B CO-
cTaB 0eJIKOB BXOJAT TOJbKO 20 — MX HA3bIBAIOT 0eJI0KOOPa3yIOLIHMH.
AmMHTO3 — TMpsiMoe JieJieHHe KJIeTKH 6e3 0O0pa3oBaHusi BepeTeHa jesienust. [1pu

aMHUTO3€ TeHETHYECKHH MaTephasl pacrpeesisieTcsi MexKay J0YepHUMH KIeTKaMU He-
paBHOMEPHO, CJydaiiHbiM 00pa3oM, 4acTo MPOUCXOUT JIMLIb JlesieHune siapa 6e3 pasjie-
JIEHWs! KJIETKH Ha JIBe JI0UepHHUeE.

Ana6oausm — cm. [lnactuueckuii o6GMeH.

AHanusupyiollee CKpelidBaHMe — CKpelllBaHWe 0coOH, UMeIOlIel JOMMHAHT-
HbIH heHOTHN (aHaau3upyemasi ocobb ), C TOMO3HTOTHON pelieccUBHON ocobblo. [1o de-
HOTHIMAM MOJIy4eHHOTO MOTOMCTBA MOYKHO YCTAHOBUTb M€HOTHI aHATM3HPYEMOH 0COGH.
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AHa3po6bl — opraHusMmbl, criocobHble 06UTAaTh B OECKUCIOPOIHON cpejie (MHO-
rue GakTepud, HEKOTOPble MPOTUCTHI U IPUODI, Mapa3UTHUECKHE YePBU U JIp.).

Aneynaouans — cM. [ereporionys.

AHTUOMOTHKM — OHOJIOTHYECKH aKTHBHbIE BEIIECTBA MPUPOJAHOrO WJIH CHHTETH-
YeCKOro MPOUCXOXK/IeHUs, CMOCOOHbIE yOUBATHL MUKPOOPTAaHH3MbI HJIH YTHETATH UX POCT.

AHTUTeHbl — uyXXKepOJHble JyIs OpraHu3Ma BellecTBa U OGBEKThbl, CIOCOOHbIE
BbI3BaTh UMMYHHBIH OTBET.

AHTHKOIOH — yuyacTok MoJiekyJsibl TPHK, cocrosiiimii U3 Tpex HyKJIeoTHIOB, OT-
Beuaronmh 3a coequnenne TPHK ¢ nPHK B mponecce cunresa Genka. Ecau komoH
uPHK u antukonon TPHK okasbiBaioTcst KommjieMeHTapHBIMH, TO MEXKIy ABYMS aMH-
HOKHCJIOTAMH, OKa3aBIIMMHCS PSIIOM B PEaKIIMOHHOM LeHTpe puGOCOMbI, BO3HUKAET
MENTHIHAS CBSI3b.

AnTtutena — cm. IMmyHOr/100y/IMHBIL.

Anonrto3 — 3anporpammupoBaHHasi THOesb KJeToK. [Ipoliecc caMosMKBUaALMK
KJIETOK, PeryJaupyemblil OpraHu3mMOoM.

Annapart loabakun — cm. Kommieke [o/baKu.

Accumunasauus — cM. [lnactuyeckuit oOMeH.

AT® (apeHosuntpudochopHasi KuciaoTa) — BelECTBO, BBLIMOJHAOIIEE POJb
YHUBEPCAJILHOTO aKKyMyJISITOpAa M MEePeHOCUHKa SHEpPrud B KjeTke. B cocrtaB moJe-
Kysibl AT® Bxomut anenun, pu6osda u Tpu ocratka ochopHoil KucaoThl. [1pu nooue-
PEJHOM OTILENJIEHHH JIBYX OCTATKOB (DOCOPHOM KUCJOThI [103TAIHO BHICBOOOXKIAETCS
SHEPTHs], 3aKJI0UEHHAsT B JIBYX MAKPOIPrUUECKUX CBSA3sIX MOJIeKy/bl ATD.

AyTOpPUIMHT — HEPOJICTBEHHOE (MEXKIOPOJHOE HJIH MEXKCOPTOBOE ) CKpELIMBAHHE.

AyTOCOMbI — HEMOJIOBbIE XDOMOCOMbI; BCE XPOMOCOMBI, 32 UCKIIOUEHHEM MOJIOBbIX.

Ayrodarus (aBrodharusi) — paspylieHue NOBPeXIeHHbIX UM HEAKTUBHBIX KJle-
TOUHBIX CTPYKTYP C TIOMOLIBIO JIN30COM.

A3po6bl — OpraHu3Mbl, HCIOJIL3YIOLINE B MPOLECCE KJIETOUHOIO JIbIXaHHsT KMCJIO-
poji (Bce pacTeHusi, GOJILIIMHCTBO }KUBOTHBIX, TPUOOB M MPOTUCTOB, MHOTHE OAKTEPHH ).

Benku — GHOMOJMMEpBI, MOJIEKYJIbl KOTOPbIX 00pa3oBaHbl aMUHOKMCJIOTHBIMH
ocratkamu (0T 50 710 HECKOJILKHUX ThICSU ), COEJMHEHHBIMH MENTHAHBIMK CBA3SIMHU. Bbi-
MOJIHSIIOT B OpraHu3me pazHooGpasHble (YHKIMH: CTPYKTYPHYIO, KaTaJuTHUECKYIO,
JIBUraTeJIbHYt0, TPAHCIOPTHYO, 3allUTHYI0, PELeNTOPHYIO U Jp.

Buonoruueckue nonumepnbl (OMONONUMEPbI) — BBLICOKOMOJIEKYJIIPHbIE OpPTaHU-
yecKHe COe/IMHEHHUs, KOTOPhIE COJEPIKATCS B KJIETKAX YKUBbLIX OPraHU3MOB W BBIMOJIHS -
I0T MCKJIOUMTENILHO BaKHble OHoJiorHdeckne QyHkiuu. K GHomnosuMepaMm OTHOCSTCS
6eJIKH, NoJIUcaxapu/bl U HyKJIEUMHOBbIE KUCJIOTHI.

BuotexHonorusi — 006Js1acTh HAYKH M MPAKTHUECKOH JIeATEJbHOCTH, CBsI3aHHAs C
MPOU3BOJICTBOM Pa3JIMUHBIX TIPOIYKTOB TPH TIOMOILH XKHUBBIX OPraHU3MOB, KYJLTHUBUPY-
€MbIX KJIETOK M OUOJIOTHYECKHX TTPOLECCOB.
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Baacryna — cramus 5MOPHOHANIBLHOTO Pa3BUTHSI YKUBOTHBIX: MOJIBIA Ty3bIpEK,
CTeHKa KOTOPOro 00pa3oBaHa OIHUM CJIOEM KJETOK — GJIacTOJePMOIi.
Bpoxenne — depmenTaTHBHOe OGECKHUCIOPOAHOE PpacllerneHne OpraHuuecKux

BeUIeCTB, MNPEUMYLIECCTBEHHO YIJIEBOJOB. XapaKTepHo JUIsT KJIETOK aHaapoéoB, MO2KET
[MpOTEKATb U B KJIETKax aSpOéHbIX OpraHu3smoB I1pH ILe(i)I/IU,I/ITe KucJaopoaa. B 3aBu-
CUMOCTH OT KOHEYHbIX MPOAYKTOB pas/nyaroT MOJIOYHOKHUCJ0€, YKCYCHOKHUC/I0€, CIIUP-
TOBOE€ W JIpyTrHe THUIIbI 6pO)KeHI/IH.

BydepHbie pacTBopbl — pacTBOpbI, B KOTOPBIX MPH M3MEHEHUH COCTaBa Cpepl
COXPAHSETCS OTHOCHTE/ILHOE MOCTOSIHCTBO KOHLEHTPALUMH HOHOB Bopopoaa (HT).
Bakyoaun — opraHouibl KJe€TKH — OfHOMEMOpaHHbIe My3bIPpbKH WJIM TOJOCTH

C KJ1€TOUHbIM cOKOM. OCHOBHbIE (DYHKIMH: XpaHEeHHe U U30JISIIIUS PA3JHUHBIX BEIECTB,
perysiiiusi BojHOro 6aJjiaHca KJeTKH. B K/eTKax MPOTHCTOB MOTYT COAepKAaThCs
COKpaTuTeJIbHbl€ BAaKyOJid, BbIITOJHAOLLIHE CbYHKU,l/I}O OCMOperyJisitiiu.

Bekropbl — 1CKycCTBeHHO CKOHCTpyHpoBaHHble Mosieky bl JIHK, ncnosbsyemble
B FeHETHYECKOH HHXKEHEPUH JJIsi MlepeHoca reHeTHUeCKOro Matepuala B KJIETKH pas-
JIMUHBIX OPraHU3MOB.

BkatoueHuss — HemocTosiHHble BHYTPUKJETOUHble 00pa3oBaHuMsl, yallle BCEro 3a-
nacHble MUTaTe/bHble BELLECTBA MJIM KOHEUHble TPOIYKTbl 0OMEHa BELLECTB.
B-aumdouutel — KJIETKH UIMMYHHOH CHCTEMbI, KOTOpbIE TIPH KOHTAKTe C aHTUre-

HOM WM B pe3yJibTare CTUMYJsUUd T-JuMpoluTaMi, akTHBUPYIOTCS W BbipabaThiBAIOT
MMMYHOTJI00Y/IUHBL (4acTh B-MMpOIUTOB CTAaHOBUTCS KJIETKAMM UMMYHHOH MaMsiTH ).

Bopoponnas cBa3b — ciaboe HeKOBaJIEHTHOE B3aUMOJACHCTBHE MEXKIy aTOMOM
BOJIOpPOJIA KAKOU-JMO0 MOJIEKYJIbl, HMEIOLMM YaCTHYHO TMOJIOXKUTEJIbHBIA 3apsii, |
ssiekTpooTpuliatesbibiM atomMoM (O, N, S W ip.) Apyro#i WK TOH Ke camMoil MOJIeKy-
Jbl. Bomopontble cBsidgn 00yC/lOBAUBAIOT Psil 0COOLIX CBOMCTB BOJIbI, CTAOUJIM3UPYIOT
BTOPHYHYIO CTPYKTYpy MoJiekya Oesnkos, JHK n npyrux Beuiects.

Bopoponnbiit nokazarenp (pH) — Besimunna, xapakrepusytoiiasi KOHIEHTPALUIO
WM aKTHBHOCTH MOHOB Bosiopoaa (H™) B pactBopax. B BoaHbIX pacTBopax BeJMuKHA
pH o6biuno npunumaet snauenust ot 0 no 14. HeiitpanbHas cpena xapakrepusyetcs
3nauenneM pH =7, B wmenouno# cpene pH Gosbliie 7, B KUCJI0H — MeHblle 7.

[ameTorenes — npoiecc o6pasoBaHusi MOJOBBIX KJIETOK (ramer).

[ameTbl — m0JI0BbIE KJETKH; CMelHaIU3HPOBAHHbIE KJIETKH, oOecrevnBalolile
M10J1I0BOE Pa3MHOXKEHHE OPraHu3MoB. B rnopasJsitonieM OOJIBLIMHCTBE CJydaeB coiep-
»KaT ranjionHblii Habop XPOMOCOM.

lannouanblii HaGop xpomMocom — ojuHapHblil HaGop xpomocom (171), B KoTopom
BCE XPOMOCOMbI HenapHble. XapakTepeH /sl MOJOBbIX KJIETOK U CIOp.

lactpyna — cragust sMOpPHOHAIBHOTO Pa3BUTHSI »KUBOTHBIX; 3apojiblll HA 3TOH
CTaJIMd MMEeeT CTeHKY, 00pa3oBaHHYyIO IBYMS CJOSIMM KJIETOK (HAPY»KHbIH CJIOH — 3K-
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ToJlepMa, BHYTPEHHHMH — 3HTOJAEpPMa) U BHYTPEHHIOIO MOJIOCTh — TracTpolesb, CO-
OOLLAIOLLYIOCS ¢ BHELUHEH Cpejlofl OTBEpPCTHEM — TacTPONOpoM ([E€PBHUHBIM PTOM ).

lacTpyasiuus — npouece 060coOMeHUS IBYX NMEPBUUHBIX 3aPOJIbILIEBBIX JIUCTKOB
(9KTO/IEpMbI U SHTOEPMbI) Y 3apOJblllieil MHOTOKJIETOUHbBIX 2KHBOTHBIX.

lemodmanss — HacieaCcTBEHHOE HapyllleHHe CBEPTbIBAEMOCTH KPOBM, 00YCJIOB-
JICHHOE PElleCCUBHBIM M€HOM, PacnoJozKeHHbIM B X-XpoMocoMme yesoBeKa. ¥ GOJIbHbIX
CHHKEH WJIM HapylleH CHHTe3 OJHOro U3 (PaKTOpPOB CBEPTbIBAHHMS KPOBH.

len — yuacrok mosekysnl JIHK (yuactok xpomocombl), conepKauiuii nHpopma-
M0 0 CTPyKType onpenenentoro 6enka, pPHK uwan TPHK.

leneTka — Hayka, M3ydarollasi 3aKOHOMEPHOCTH HACJIECTBEHHOCTH H U3MEHYH-
BOCTH KHUBbBIX OPraHU3MOB.

leHeTnueckasn (reHHasi) MHXKeHepus — pasjiesl MOJIEKYJISIPHOH OGHOJIOTHH, CBSI-
3aHHBII C BbIJEJEHHEM T'€HOB M3 KJETOK »KMBBIX OPTaHM3MOB, OCYILIECTBJIEHHEM pa3-
JIMUHBIX MaHUMYJSIIUI ¢ HUMH (B TOM YHdc/ie co3iaHueM ruOpuaHbix mosekya JIHK) u
BHEJPEHHEM HX B JIpyrHe OpPraHHu3Mbl.

lenetnuecku mopuduuuposanHbie opranuambl (FTMO) — cm. TpaHcrenHble
OpraHu3MBbl.

leHeTnyeckuil Koa, — yHHMBepcasibHAs /sl XKMBBIX OPraHU3MOB CHCTEMa 3aIMMCH
MH(pOPMALMK O TIEPBUYHOH CTPYKType GeJIKOB B BMJIE M0OC/€10BATEJbHOCTH HYKJIEOTH-
noB JIHK (nPHK).

leHHasa Tepanus (reHotepanus) — JieueHHe HaCJeACTBEHHbIX 3a60JeBaHUN My-
TeM BBEJeHHsI 'eHOB B KJETKH MaLMEHTOB C LeJIbI0 HAMpPaBJEHHOTO M3MEHEHMs T'eH-
HbIX 1e(DeKTOB WM NPUAAHHS KJIE€TKAM HOBBIX (DYHKLIHH.

[eHHble MyTauMM — MyTallMK, TMPU KOTOPBIX M3MEHSIETCSl MOC/Ae/I0BATeIbHOCTh
nykaeorunoB JIHK B npenenax onHoro rena.
[eHoaMarHocTMka — COBOKYNHOCTb METOJ0B, O3BOJISIIOLLMX OOHAPY:KHBATh M

pacrnosHaBaTh reHeTHYECKHEe M3MEHEHUsl B KJETKaX, a TakxkKe BBISIB/SATH MO crieuudu-
YeCKUM reHaMm Bo3OyauTeseil GoJie3Heill Ha PaHHUX 3Tanax UHpEKIHH.

[eH6M — COBOKYNHOCTb I'€HOB, XapakTepHbIX JUlsl ranyouHoro Hadopa Xpomo-
COM JIaHHOTO BHJIA OPraHu3MOB; ranJouaHblil HaGop TeHOB.

[eHoMHbIe MyTauuM — MyTalliM, CBsI3aHHblE C U3MEHEHHEM KOJIMUeCTBa XPOMO-
COM B KJIeTKaXx.

[eHOTMN — COBOKYMHOCTb TE€HOB KaKOH-HG0 0COOH.

lereporamerHblii Mo — T10J, MUMEIOLUIMI pasHble I0JIOBbIE XPOMOCOMBI (HJIH
OJIHy — HemnapHyio) u obpasylollui aBa Tuna ramet. Hampumep, y MJeKonuTaoumx
3T0 My>KCKol noJgi (XY), y ntui, — »xeHckuit (ZW).

lerepo3urorHasi ocoOb (rerepo3urora) — oOpraHudM, B KJETKax KOTOPOTO CO-
JlepyKaTesl pasHble ajesibHble renbl, Hanpumep Aa, Bb, [P,
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lerepo3uc (rubpuaHas MOLIHOCTb) — TOBbILIEHHE KU3HECTOCOOHOCTH M MPO-
JYKTUBHOCTH MMOPHIOB MO CPABHEHUIO C POAMTEJbCKUMH (DOPMAMHM.

lereponsionaus (aHeynaoamsi) — THI TeHOMHBIX MyTalMil, CBSI3aHHbIH C U30bIT-
KOM WJIH HEIOCTaTKOM XPOMOCOM B OINpeAe/eHHbIX NOMOJIOTHUHBIX Mapax, IpH 3TOM
KJIeTKH MyTaHTa COAep:KaT KOJHYEeCTBO XPOMOCOM, He KpaTHOe rarjouaHoMy Habopy.

lereporpohbl — opraHusaMbl, KOTOpble MUTAOTCS TOTOBbIMH OpraHUYeCKHMH
BElIEeCTBAMH, T. K. He CMOCOOHBI CHHTE3UPOBATH MX M3 HEOPraHMUECKUX COeIMHEHHH
(>kMBOTHBIE, TpUOBI, MHOTHE MPOTHCTbI M GakTepuu, OecxJOpoU/IIbHbIE paCTeHHUS -
napasuThl ).

lManonnasma — BHYTpeHHSISI cpela KJEeTKH, B KOTOPOH PacnoJjioyKeHbl BCe BHYT-
puKJeToYHble CTPYKTyphl. [IpencraBssier co60l B3KMHA pacTBOp, CojeprKallMil pas-
JIMUHblE OpraHWyecKue M HeopraHuyecKue BellecTBa.

[ubpug — mNOTOMOK OT CKpelMBaHHsl T'€HETHYECKH Pa3jMYHbIX POIUTENbCKHX
dhopm.

[ubpuausauuss — mnpouece ckpelmBaHus ocoOel 0fHOr0 BHAA (BHYTPUBHIOBAS
ruOpUaAM3alis) WK Pa3HbIX BUIOB, POJIOB (OTAaJeHHasi THOPHUAM3ALHUS ).

[ucrorenes — mnpouecce GopMUpOBaHHUsST TKaHEH B XOjle MHIMBHIYaJbHOTO pas-
BUTHSI OpraHu3Ma.

[Mukokanuke — HaaMeMOpaHHbIH KOMIIEKC KJIETOK »KUBOTHbIX. OOpa3oBaH Mo-
JIEKyJlaMH OJIMTO- W MOJIMCAaXapHI0B, KOBAJIEHTHO CBSI3AHHBIMH C JIMITUAAMH U OeJIKaMH
njasmaseMmbl. OCHOBHbBIE beHKLll/ll/l: peuenTopHasi, ysHaBaTeJibHasi.

[MMKoIM3 — MHOTOCTyNeHuaThlil Mpoiece GepMeHTaATUBHOTO GeCKHUCJI0POAHOTO
pacllenyieHus TJI0KO3bl 10 MUPOBUHOTPAIHON KMCJIOThI, NPOTEKAIOUIMHE B LUTOMIA3Me
KJIETOK.

[nukommnuapl — BeliecTBa, o6pasylolyecs B pesy/bTaTe COSAMHEHHUs JHUMHUI0B
C yIJeBOJAMH.
[omorameTHbli MO — 10J, UMEIOLIMI OIMHAKOBbBIE MOJIOBbIE XPOMOCOMbI U 06-

pagylolnii oauH Tun rametr. Hanpumep, y mjekonuraioumx 31o »keHckuil noa (XX),
y OTHL, — MYKCKOH (ZZ).

[omo3urotHas ocobb (romosurora) — opraHmaM, B KJIETKaxX KOTOPOTO COMAEP-
KaTesl OJMHAKOBbIe aJesibHble renbl, Hanpumep AA, aa, P[P

[omonornuHbIe XPOMOCOMBI — MapHble XPOMOCOMbI. KIMeIOT 0fiMHaKOBOe CTpoe-
HUe, COJEepKaT OJIMHAKOBBIH HAaGOp TEHOB (MOTYT pas3J/iMuaThCs JIMIIb aJJlebHBIMA
(hopMaMK TEHOB) U OMNPEJEJISIIOT Pa3BUTHE OJIHUX U TEX XKe MPU3HAKOB. [OMOJIOTHUHbIE
XPOMOCOMBI MOTYT 0OMEHHBATBCS yIaCTKAMU B X0j/Ie Meii03a (sIBleHHe KPOCCHHIOBEPa).

[pana — rpynna Jexaiux Apyr Haj JApPyroM THJIAKOWIOB B XJOpoOTJacrax pac-
TUTEJIbHBIX KJIETOK.

[pynna cuenneHus — rpynna reHoB, HaxOASILIMXCSl B OIHON U TOMH 2Ke XpPOMOCO-
Me. KosinuecTBo rpynn clienseHust paBHO YUCJY Map XpPOMOCOM.
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Heneuuss — BHYTPUXPOMOCOMHAsi MyTallMsl, B pe3yJbTaTte KOTOPOH MPOUCXOIUT
noTepsi yuacTka XpOMOCOMBI.

HeHatypauus — yTpaTa NPUPOAHOH CTPYKTYpbl MoJieKyJamMH OHOMOJHUMEpPOB
(6e/1KOB, HYKJIEHHOBBIX KHCJIOT) TOA JeHCTBHEM (DU3MUECKHX MM XHMHUECKHX (DaKTo-
poB 6e3 paspyllieHHs MepBUYHON CTPYKTYphl. JleHaTypauus BeJleT K M3MEHEHHIO Mpo-
CTPAHCTBEHHOH KOHMUTYypalMH ¥ CBOHCTB OHOMOJHMEpA, MOKeT ObITb MOJHOH W ua-
CTHYHOH, 06paTUMON W HeoOpPaTUMOII.

JdurnépunHoe ckpewBaHvue — ckpelllMBaHue (GopM, OTJIMYAIOLIMXCS 10 JIBYM
napam aJibTepHAaTHBHBIX TIPU3HAKOB.

JunaouaHsii HA60p XPOMOCOM — JIBOHHON HAGOP XPOMOCOM (211), KOTOPBIH Xa-
paKkTepeH /sl COMaTHYECKHX KJETOK GOJIbLIMHCTBA OPraHu3MoB. B JHM/IoMaHOM Ha-
6ope Bce XpOMOCOMbI MapHbIE.

duccumuasiumsi — cMm. DHepreTHYeCKHH 0OMEH.

Hucynbduanbie cBsizu (aucyab(uaHbie MOCTUKM) — KOBAJICHTHbBIE CBSI3H MEXK-
Jly aTOMaMH Cepbl, BXOASLIMMH B COCTAB OCTATKOB AMMHOKHMCJIOTHI LHCTeHHA. [lucyiib-
(huaHbIE CBSA3M CTAOMJIU3UPYIOT TPETHUHYIO CTPYKTYPY O€JKOBBIX MOJIEKYII.

Juddysuas — camonpousBosibHOe TepeMellleHHe YacTUll BellecTBa U3 00J1acTH
BBLICOKOH KOHLEHTPALMK 3TOr0 BellecTBa B 00J1acTh 0oJiee HU3KOH.

JHK (ne3okcupubonykienHoBasi KUcaoTa) — OGHOMOJIUMED, 11€MH KOTOPOTO T0-
CTPOEHbl M3 YeTbIpeX THIIOB HYKJEOTHIOB, COAEpXKALLMX AE30KCHPHOO3Y M OTJIMYAIO-
mxest azotuetbiM ocHoBanueM (A, T, I, LI). Mousekyaa JIHK cocrour u3 apyx no-
JIMHYKJEOTH/IHbIX Lienell, CoOeMHEHHbIX Mex1y coO0i BOJOPOJAHLIMU CBSI3SIMH, MPHUYEM
HYKJEOTH/Ibl PA3HbIX LleMel pasMelaloTcsi Apyr HarpoTHB JApyra Mo NPUHLKIY KOMII-
JgementapHoctu. B kietkax JIHK oGecneunBaer xpaHeHue Hacsie/IcTBeHHOH MHMOpMa-
LMK U ee Nepeaauy A0YePHUM KJIeTKaM.

JloMUHaHTHBIA reH (Mpu3HaK) — reH (M COOTBETCTBYIOUIMK MPHU3HAK), KOTOPBIN
NMposiB/sieTcsl B (PeHOTUIE Y TeTePO3UTOTHBIX 0COGEel M MOJABJSET MPOSIBIEHUE JPY-
roro reHa W rpuaHaka (peleccuBHOro).

Hdpobaenne — nocsenoBaTesbHOe MHOTOKPATHOE JIeJieHHe 3UrOThl MHTO30M, MPH-
BOJSILIIEE K YBEJMUEHHIO KOJIMUECTBA JI0UePHUX KaeToK (OacTtomepoB) 6e3 HX pocTa.

Jynavkauusi — BHYTPUXPOMOCOMHAsi MyTalMsl, MPH KOTOPOH BO3HMKAeT JBY-
KpPaTHbIA WJIK MHOTOKPATHBIN MMOBTOP y4acTKa XPOMOCOMBI.

JKupbl — BaxkHefilast Tpynna JHUMHJIOB, KOTOPble MPEICTaB/IsAIOT COO0H CIO0K-
Hble 3(UPbl CIUPTA TJIHIEPHHA W KapOOHOBBIX KHCJOT.

3urora — aunJouaHast KaeTka, o0pasyloliascs B peayJssTate CJAUsIHUS IBYX ra-

MeT. ¥ pacTeHMH, »KHBOTHBIX, HEKOTOPbIX 'PUOOB H MPOTHCTOB — OIJI00TBOPEHHAS]
SULEKJIEeTKA.
U3meHuMBOCTb — CMOCOOHOCTh OPraHU3MOB NPUOOpEeTaTb HOBble [PU3HAKH

Hu CBOI:ICTB‘EIy oTJIMHarouie HuX OT POAHUTEJIbCKUX (pOpM. Passnuator HacCJIeICTBEHHYIO
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(reHOTHTHYECKYI0) W HeHACJEACTBEHHYIO (MOIMMHUKAIIMOHHYIO) U3MeHYHBOCTh. K Ha-
CJIeJICTBEHHON OTHOCHTCSI KOMOWHATHBHASI M MYyTallMOHHAST H3MEHUHBOCTb.

HUmMMyHHUTET — c1OCOGHOCTh OpraHu3Ma NPOTHBOCTOSITh BO3ACHCTBHIO Pa3/IHUHBIX
AHTUI'€HOB, a TAaKXKe COXPaHSATb MOCTOSIHCTBO BHYTPEHHEH Cpellbl W CBOIO GHOJOrHye-
CKYIO MHIUBHyabHOCTb.

WUmmyHorao0yauHbl (aHTHTeNla) — 3allMTHble OEJIKH, KOTOpble CelU(pUIecKH
CB$I3BIBAIOTCS € OMNpe/esIeHHbIMH aHTHI€HAMH W HEHTPaJIM3YIOT UX, 00pasysl KOMIJIeK-
Cbl «aHTHTeH-aHTUTeN0». KiMMmyHOr/106yauHbl BbipaGaThiBAIOTCS AKTMBHPOBAHHBIMH
B-numdountamu M pacnpocTpaHsiioTcss B OpraHudMe KpoBblo, JIMMQOH, TKaHeBOH
YKUJIKOCTbIO.

WubOpennas nenpeccus — CHHXKEHHE »KH3HECTIOCOOHOCTH M MPOJAYKTHBHOCTH MO-
TOMCTBA MPH MHOPHAMHTE, 0OYCJOBJEHHOE MEPEXOA0M BPEIHBIX PELEeCCHBHBIX MyTa-
LMA B TOMO3HTOTHOE COCTOSIHHE.

UHOpuauHr — OGJIM3KOPOJICTBEHHOE CKpelllBaHue.

WuBepcusi — BHYTpPUXPOMOCOMHAsi MyTalusi, B pe3dyJsbraTe KOTOPOH YYacTOK
XPOMOCOMBI TIoBOpauuBaercsi Ha 180°, MpH 3TOM MeHsIeTCsl MOC/e/I0BaTe/NbHOCTh pac-
MOJIOKEHHUS TEHOB.

WunyuupoBaHHble MyTauMM — MyTalKH, BO3HUKAIOLLME M10J IHCTBHEM TeX WJIH
MHBIX MyTareHoB B HCKYCCTBEHHBIX (9KCIEPUMEHTAJIBHbBIX) YCJAOBHSIX.

UHTepdaza — yacTb KJIETOUHOTO LMKJA MEXIY JABYMs T0C/Ae10BaTeIbHbIMU JIe-
Jgenusivu. Kak npasuJio, BKJIIOUAeT TpU nepuoja: npecuHretndeckuit (G,), CHHTeTHYE-
cku#t (S) u nocrcuntetnueckuii (G,).

Unrepdeponbl — 3aumtHble Oesikd, obJsaaiolide MpoOTHBOBUPYCHBIMH U MPO-
THBOOIYXOJIEBBIMH CBOHCTBAMH.

uPHK, MPHK (undopmaunonnsie, nan marpuunsie, PHK) — wmosexynb PHK,
KOTOpbIE COAEPXKAT 3aKOAMPOBAHHYIO HH(OPMALMIO O CTPYKType OIpeseseHHbIX Oes-
KOB M CJIy>KaT MaTpULaMM JUlsi CHHTe3a 3THX OeJIKOB Ha pubocoMax.

UckyccTBeHHBbI 0TOOP — BbIGOP YesoBeKOM HauboJsiee 1IeHHbIX B XO35HCTBEH-
HOM OTHOIIIEHUH XKUBOTHBIX, PACTEHHH W MUKPOOPraHU3MOB JIIsl 1aJIbHEHIIEr0 ToJyye-
HHUST OT HHX MOTOMCTBA C KeJIaeMbIMU TPU3HAKAMH M CBOHCTBAMH.

Kapuotun — COBOKYNHOCTb MPHU3HAKOB XPOMOCOMHOTro Habopa (KOJHYecTBO,
pasmep, opma, CTpoeHHe XPOMOCOM ), XapaKTePHbIX /11 KJIETOK OMpelesleHHOro BUa
YKUBBIX OPraHU3MOB.

KapoTuHoMapl — MNMIMEHTbl KPacHOro, »KeJITOro, OpaHKeBoro 1BeTOB, y4acTBY-
tolye B npotiecce orocuntesa. ComepaKaTcesi B XJA0poOMaacTax ¥ XpoMorJiacrax.

Kara6onmusm — cM. dHepretuueckuii oOMeH.

Knerounasi mHxKeHepuss — KyJbLTHBHPOBAHHME B ClELHANbHBIX YCJOBHSAX H30-
JIMPOBAHHbBIX KJETOK WJH TKaHeH pacTeHHH, »KMBOTHBIX M MHKPOOPTaHH3MOB, BKJIIO-
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yasi pa3/JMuHble MAHUIYJSIUUKA C HUMH (CJIMsIHUE KJIETOK, YAaJleHHe WU repecajka op-
FaHOMJIOB U T.JL.).

Knerounas kyabTypa — COBOKYMHOCTb KJIETOK OIpPEIEJEHHOTO BHAA MHKPOOP-
raHU3MOB JIMOO OMNpeaeseHHON TKAaHU PACTeHHUH WJIM »KUBOTHbIX, BblpallleHHAsl B MC-
KYCCTBEHHbIX YCJOBUSX HAa MUTATEJNbHOH cpejie.

KneTouHoe npixaHue — CJIOXKHBIH MHOTOCTAJAMHHBIA MPOllecC, B X0Ae KOTOPOTro
MPOUCXOUT PaclIenJeHne OpPraHuuecKUX BelIecTB (B KOHEYHOM HTOTe 10 Heopra-
HUUECKUX COEJMHEHHH ), a BbICBOOOXKIAIOIIASACH SHEPIUs UX XUMHUECKHX CBs3€H 3a-
nacaetrcst B Buje ATD. VY GoJiblIMHCTBA OPraHU3MOB KJIETOYHOE JIbIXaHHE HET C HC-

10JIb30BaHUEM KHCJI0posia (aspobHOoe JblXaHHe), Y HEKOTOpPbIX — 6e3 ydacTHsi KHC-
Joposa (aHaspoOHOE JbIXaHue).
KaerouHblii cok — coaep:kuMoe BakyoJiel, KOTopoe MpeacTaBisieT co00H BOJ-

HBII pacTBOp, cojepxKalluil pas/HuHble OpraHuyeckre M MHHepaJibHble BellecTBa
(6UOJIOTHYECKH aKTHBHbIE, 3aracHble, KOHeUHble MPOAYKThl 0OMeHa, MUTMEHThI U T.I1.).

KnerouHblii neHTp — HeMeMOpaHHBIH OpraHou, COCTOSIMH U3 JIBYX MepreH/IH-
KyJISIPHO PACMOJIOKEHHBIX LUMJIHHAPHYECKHX TeJiell (LleHTpHOJIEei), OT KOTOPbIX B pas-
HbIX HAMpaBJeHUsSIX OTXOAAT MHKPOTPYOOUKH. XapakTepeH Jijisi XKUBOTHbBIX KJETOK, OT-
CYTCTBYET y OOJIbILIMHCTBA pacTeHUi. JIBJseTcsl UEHTPOM OpraHu3aldud MHKpPOTpy6o-
yek, obecreynBaer GopmMupoBaHne U (HYyHKUMOHHPOBAHHE BEpeTeHA JCNEHHUS KJIETKH.

KaeTouHblii UMKA — cyliecTBOBaHHE KJETKM OT MOMEHTa ee 0OpasoBaHHs B
npouecce JejieHns MaTePUHCKOH KJETKH 10 COOCTBEHHOTO JieJieHust (BKJouas 3To jie-
JIEHHE ) WK rubesiu.

KomomMuHMpoBaHue — paBHOLIEHHOE ydyacTHe 060UX a/JesIbHbIX TeHOB B (hOpPMH-
pPOBaHHM TPHU3HAKA Y TeTePO3UroTHOH 0coOU. ITpuMepoM MOXKeT C/1yKMTb B3aUMOJIeH -
CTBHE JIOMHHAHTHBIX I'€HOB, ONpPENE/SIIOIMX TPYMbl KPOBH: y YeJOBEKa C eHOTHIIOM
[P Kaxplil TeH B TIOJIHOM Mepe MpOSIB/ISETCS], 0ITOMY PHUTPOLIMTBI CojepKaT 00a
anturena — A u B (IV rpynna xposu).

Konon (tpunaer) — yuyacrok JIHK wnn nPHK, kotopbiii cocTouT M3 Tpex Hy-
KJIEOTHJIOB U KOJIMPYET OMNpeJlesIeHHYI0 aMHHOKHUCIOTY (JIMGO CJYXKUT CHTHAJIOM OKOH-
YaHMsl cMHTe3a 0eslka — TEePMHHHUPYIOLIUHA KOJIOH, CTOM-KOJ0H ).

KomOuHaTMBHAasi M3MEHYMBOCTD — H3MEHUMBOCTb MOTOMCTBA, OOYCJOBJEHHAs
BO3HUKHOBEHHEM HOBBIX coueTaHWH (KOMOWHALMil) TreHoB poauTeneid. McTouHuku
KOMOMHATHBHOH H3MEHYMBOCTH: KPOCCUHTOBEP, HE3aBUCUMOE PACXOKIAEHHE XPOMOCOM
B anadase | mefiosa, ciyualinoe codetanue rameT MpH OMJIOAOTBOPEHHH.

Komnaeke (annapar) loabmku — onHoMeMOpaHHBIE OPraHoMl KJETKH, Mpejl-
CTaBJSIIOLIMH coOO0M cUCTeMy LMCTEpH, TpyOoUeK W My3blpbKOB. Y4YacTBYeT B HaKOIJIe-
HHM, XPaHEHHH H TPAHCHOPTHPOBKE PasJ/IMYHbIX BELLECTB, BbIBEICHHH HX 3a Mpeesibl
KJETKH, B OCTPOEHUH KJIETOUHOH 060JI0UKH, 06Pa30BAHUH JIM3OCOM.
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KomniemeHTapHOCTb — B3aWMHOE COOTBETCTBHE B CTPOEHHH B3aHMOJEHCTBYIO-
wmx MogiekyJs1. B mosekysie JIHK Habsonaercst ctporoe cooTBeTCTBHE MapHBIX HYKJIEO-
THIOB pyr apyry. Komnyiementapubie napsl 00pasyloT a30THCTble OCHOBAHHSI: aieHHH
M THMHH, TYaHHH M LHTO3HH.

Konblorauna — 1) cOanxkeHre TOMOJIOTMUHBIX XpoMocoM B mpodase | meiio3a;
2) noJioBo#l npoiiecc Ge3 yuyacTHsi rameT, B XOJ€ KOTOPOTO MPOUCXOAUT OOMEH, re-
penada wiu oO6belMHEHHe TeHeTHYeCKOH HH(OpPMAalMH pasHbIX KiaeToK (ocobeil). Xa-
pakrepeH /isi GAKTEpPHil, BCTpeUaeTesi y HEKOTOPbIX NPOTHCTOB H IPUOOB.

Kpuerbl — cknanku, o6pa3oBaHHble BHYTPEHHEH MeMOpPAaHOH MUTOXOHIPHUH.

Kpoccunrosep — oOMeH yuacTKaMu MexKJly TOMOJIOFHUHBIMU XPOMOCOMAMH B MIPO-
ecce mMeroasa.

KpoccoBepHble (peKoMOMHAHTHbIE) ramMeTbl U 0COOM — rameTbl, 06pa3oBaB-
iMecst B pedysbraTe KPOCCHHIOBEpa M COjeprKallide HOBble KOMOWHALMH POAUTEJIb-
CKHMX T'eHOB, a TaKkKe 0COoOM, KOTOpble MOSIBJSIOTCS MPH YYAaCTHH TAKHX ramer.

Jleiikonyactbl — GeclBeTHbIE MJIACTHIbI, COEprKAllMe 3arnacHble MUTaTebHble
BelllecTBa.
JIuzocombl — opraHoujibl KjaeTKHu — HeOoJibline OJHOMeMOpaHHble My3bIPbKH,

cozieprkalliie Habop TMHIlEBAPUTEJbHBIX (pepMeHToB. ObecneunBaloT pacliernjeHne
CJIO2KHBIX OPraHHYEeCKHX BEleCTB (BHYTPHKJIETOUHOE THIIleBapeHHe ), pa3pylieHHe Mo-
BPEXKIEHHbIX HJIH HEAKTUBHbBIX KJIETOYHBIX KOMIIOHEHTOB.

Jlunuapl — oO6wupHas Tpynmna »KUPOB H KUPOMOAOOHBLIX BellecTB. MHorue
JITIHJBI TIPEJICTABJSAIOT COOOH CJIOXKHbIE 3(UPbI CIIUPTOB U KapOOHOBBIX KHCJIOT.
OcHoBHble 6uoJIOTHUECKHE (YHKIMN: SHEPreTHiecKas, CTPyKTypHasi, 3alluTHas, pe-
ryJISITOpHAs.

JlunonporenHsl — BelllecTBa, 06pa3yioUInecs B pesy/abraTe COeIMHEHUS JIUTMH-
JIOB ¢ OeJIKaMH.

Jlokyc — yuacTok XpOMOCOMbI, 3aHUMAEMbIH TeM WJIH UHbIM T€HOM.

MakpoajieMeHTbl — XUMHUYECKUE 3JIEMEHTbI, COlepKaHHe KOTOPbIX B KUBbIX Op-
raHuaMax cocrasjser ot gecatkos npouentos 10 0,01%. K makpossnementam oTHo-
CATCS: KUCJIOPOJ, YIJIEPOJ, BOJAOPOJ, a3oT, (ocdop, cepa, XJ0p, KalblUi, MarHui,
HATpHH, KaJHH.

MaTpukc MUTOXOHAPUUM — TPOCTPAHCTBO, OTpPaHHUEHHOE BHYTpeHHell MeMOpa-
HOH MUTOXOHJIPUH, a TaK¥Ke COAEePKUMOE 3TOr0 MPOCTPAHCTBA.

Me3onepma — cpelHUI 3apOJbILIEBbIH JIMCTOK, KOTOPbIA 3aKJ1a1bIBAETCSI MEXK]LY
9KTOIEPMON ¥ SHTOAEPMOH y OOJIBIIIHHCTBA »KUBOTHBIX. K3 Me301epMbl y MO3BOHOU-
HbIX »KUBOTHbIX PA3BUBAIOTCS TKAHW BHYTPEHHEH Cpejlbl, ONOPHO-ABUraTe/bHbIA ar-
napar, KpoBeHOCHas!, BblAeJHUTe bHASI U MOJIOBASI CUCTEMBI.

Me3ocombl — MeMOpaHHble CTPYKTYPhl IPOKAPUOT, 00Pa3yIOLLUHecs: yTeM BIIsi-
YUBAHUS MJ1a3MaJieMMbl BHYTPb LIUTOIMJIA3MBbI.
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Meiio3 — croco6 jiesieHdsi 3yKapUOTHUECKHX KJIETOK, B pe3yJbTaTe KOTOPOro
U3 OJHOH MaTepPUHCKON KJETKH 0OpadyeTcsi UeTblpe JIoUepHHe KJIETKH C yMeHblIEHHBIM
B 2 paza HaGopoM xpoMocoM. COCTOMT W3 ABYX CJEIYIOLIMX JAPYr 3a APYroM JeseHui
(mefios I u metios II).

Meta6oausm — cm. O6MeH BellecTs.

MukpoTpy00ouKM — TOHKHe MoJible TPyOOUuKH, 06pa3oBaHHble MoJeKyJaMu GeJi-
ka TyOyJuHa. BXomarT B cocTaB LMTOCKeJeTa, LEHTPUOJEH, PECHHUYEK M KTYTHKOB,
o6ecrneunBaloT BHYTPUKJIETOUHbIH TPAHCIOPT Pa3/MYHbIX YAaCTHLL M OPraHouioB, 00-
pasyloT BepeTeHO JeJIeHHs] KJICTKH.

MukpoduaamenTbl — ToHuafiine GeJKOBble BOJOKHA, COCTOSILLIME H3 MOJEKYJ
Gesika akTHHA. BXo#dT B cocraB LUTOCKeseTa, 06eCrneunBaloT JBUKEHHE THasoNIa3-
Mbl, aMeGOUHOE JBHKEHHE KJETOK, YUACTBYIOT B MPOLLECCAX IHI0- U IKIOLUTO3A.

MuKpoaeMeHTbl — XMMHUECKHEe 3JIEMEHTbI, KOTOpble COEPKATCsl B YKUBBIX Op-
raHu3Max B MCK/IIOUMTENBbHO Manbix KosudectBax (menee 0,01 %). K num otHocaTcst
»KeJsieso, IMHK, Me/lb, BTop, HOJ, MapraHell, Ko6aJbT, MOJHOIEH U .

MuT03 — OCHOBHO#H croco6 JieIeHHs] SYKapUOTHUECKUX KJEeTOK, MPH KOTOPOM U3
OJIHOM MAaTepPUHCKOH KJIETKH 00pasdyloTcst JIBE JOUEpPHHE C TaKUM 2Ke HAaOOpOM Xpo-
MOCOM, KaK H B MaTepUHCKOH KJjeTKe. MHTO3 COCTOUT U3 4YeThIpex MOC/el0BaTeNbHbIX
tas — npodasnl, meTadasnbl, aHadasbl U Tes0dasbl.

MuroxoHapun — jBymMeMOpaHHble OpPraHoW/bl, YUacTBYIOLLHE B MpoLecce KJje-
TOUHOTO JbIXaHusl U oOecredynBaroliie KaeTky sHepruei B Bujae ATO.

MHo>KeCTBEeHHbII anieqn3mM — CyllecTBOBaHHeE reHa 6oJiee YeM B JIBYX aJsljiesb-
Hbix popmax. Hanpumep, st reHa, onpenessiiollero rpynmbl KPOBH YeJoBeKa, H3-
BECTHO TPH aJiesbible dhopmbt: /A, [P u [0,

MoaudukaunoHHasi U3MEHUMBOCTb — H3MeHeHHe (eHOTHNa Mo AeHCTBHEM
(hakTOpOB OKpY2KAIOllel cpefbl, MPOUCXOJisililee Oe3 U3MeHeHHUs] FeHOTHIIA B Mpeeax
HOPMbI PeaKitH.

MOHOFPIG])PIILHOC CKpeuMBaHue — CKpelluBaHue CbOpM, OTJIMYaoIKXCs  T10
OJIHOM rnape aJbTepHAaTUBHbIX MPU3HAKOB.
MOHOCElxapl/lIlbl - HpOCTEfII_I_II/Ie [0 CTPYKType YrJeBOAbl, MOHOMEpPLI OJIMTO- H

noJicaxapuuoB. BaxHe#dIMMu U3 HUX siBJsitOTCs MeHTo3bl (Cy-caxapa; Hanpumep, pH-
603a U 1e30Kkcuprub03a) U rekcosbl (Cg-caxapa; Harpumep, rJroKo3a).

MoHocomusi — OTCyTCTBHE B XPOMOCOMHOM HaGope JHIJIONAHOIO OpraHu3Ma
OftHOH XpomocoMbl (2n — ). [eHoMHast MyTalysi, YaCTHBIHA CJlydai TeTepornonInH.

Mopranupa — eIMHHIA YACTOTHl KPOCCHHIOBEPA W OTHOCHTEJILHOTO PACCTOSTHUS
MeXJly TeHaMM. [eHeTHUecKoe pacCTosiHie, Ha KOTOPOM KPOCCHHTOBEP MPOUCXOJHT ¢
BeposiTHOCTbIO 1 %.

MPHK (matpuunbie PHK) — cm. uPHK (undopmaumnonnsie PHK).

MyrareHe3s — mnpolecc BO3HHKHOBEHHSI MyTallli.
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MyrareHHbie ¢akropbl (MyTareHbl) — (Qu3HUecKHe, XUMHUECKHe U OMOJIOTHYE-
cKue (hakTopbl, NPUBOISLIHME K BOSHUKHOBEHHIO MyTalMH Y YKUBbIX OPraHU3MOB.

MyTtaHTbl — OpraHu3Mbl, U3MeHHBILME (EHOTHI B pe3yJbsTaTe MPOSIBJICHUST My-
TalWH.

MyTtauum — HacseyemMble H3MEHEeHHs] TeHEeTHYECKOro MaTepraJsa OpraHu3MoB.

MyTauyoHHass U3MEHUYHUBOCTb — THII HACJIEICTBEHHOH H3MEHUHBOCTH, MPUUUHOM
KOTOPOTO SIBJISIOTCS MYyTalllH.

HAA®, HALL u ®Al, — kodepMeHTbI, ydacTBylolllie B 0OMEHE BEIeCTB; Be-
111€CTBA, UTPaIolle POJib MEPEHOCUMKOB aTOMOB BOJIOPOJIA M 3JIEKTPOHOB B KJIETKE.

HaCJIeIlCTBeHHOCTb — CBOKCTBO >KHBbIX OpPraHU3MOB COXpPaHsITb W MepeaaBaTb
[TIOTOMKaM CBOM TPHU3HAKH H CBOHCTBA B HEU3MEHHOM BUJIE.
HeannenbHble reHbl — FeHbl, pacCloJiozKEHHbIE B HEIOMOJIOTHYHBIX XpOMOCOMAax

(B 9TOM CJlyuae OHM HACJELylOTCsl HE3aBUCHMO) HJIM B PA3HbBIX JIOKYCaX FOMOJIOTHYHbBIX
XpPOMOCOM (B 3TOM CJjlydae OHH HACJeLyloTCsl CLEMJIEeHHO ).

He3ameHumble aMHHOKHMCIOTBI — HEOOXOAUMbIE AMMHOKHMCJIOTBI, KOTOpPblE He
CUHTE3UPYIOTCSl B TOM HJIM HHOM OpraHu3me (Harpumep, B OpraHu3me uejoBeKa)
JIOJDKHBI MOCTyNaTh B cocTaBe MULIM. Jl/1s1 B3pOC/IOro 310pOBOro yesoBeKa Hesame-
HUMBIMH SIBJISIIOTCS 8 aMUHOKHCJIOT: TPUNTO(MAaH, BaJIMH, JIU3UH, JICHLHUH, H30JEHIIHH,
TPEOHHUH, (heHUIaNaHUH U METHOHHUH. [{/1d 1eTeil He3aMeHUMbIMH TaKxKe SIBJASIOTCS ap-
TMHUH ¥ TUCTHIMH.

Heilipyna — craausi SMOpPHOHAJBHOTO PA3BUTHSI XOPJOBBIX »KHBOTHBIX, HA KOTO-
POl TIPOMCXOIUT 3aKJjaika U (OPMHPOBAHHE HEPBHOH TPYOKH M JIPYTHX OCEBBIX Op-
raHoB (XOp/ibl, KULIEYHOH TPYOKH).

Hekpo3 — ru6esb KJI€TOK U TKaHell B }KUBOM OpraHu3Me, BbI3BaHHAs! IeHCTBHEM
MOBPEKIAIOIINX (PAKTOPOB PA3TUUHON MPHPOIBI.

HenosHoe noMMHMpOBaHMe — B3aUMOJEHCTBHE aJlIe/IbHBIX T€HOB, TPH KOTOPOM
Y TeTePO3UTOTHBIX OPraHU3MOB MPOSIBJSETCS MPU3HAK, MPOMEXKYTOUHbBIH MEXKLy JOMH-
HAHTHBIM M PeLeCCHBHbIM.

Hecneunduyeckuit MMMyHUTET — 3alllUTHble MEXaHU3MbI, TPENSATCTBYIOLINE
MPOHUKHOBEHHUIO B OPTAaHM3M Uy>KEPOIHBIX 00BEKTOB MJIM HarpaBJeHHble Ha MX YHHY-
ToXKeHHe 6e3 crielUIecKoro pacnosHaBaHusi (6apbepHble CBOWCTBA KOXKH M CJIM-
3UCTBIX 000Ji04eK, ParonTos, HyHKIMOHUPOBAHHE HHTEP(HEPOHOB, JIM30LHUMa, KOM-
njieMeHTa u Jip. ).

Hopma peakuun — npefesibl MoaMUKALMOHHON U3MEHUMBOCTH npu3Haka. Hop-
Ma peaKlUd OTpPeesIieTCsl TeHOTUTIOM U MepeaaeTcs Mo Hac/aeICTBY.

HyknenHoBble KucaOTbI — GHOMOJUMEpPBl, MOHOMEPAaMH KOTOPBIX SIBJSIOTCS
HYK/JI€OTH/bl. M3BeCTHO JBa THUMA HYKJEHHOBBIX KHCJOT: J1€30KCUPUOOHYKJIEHHOBBIE
(JIHK) n pubonyknentonbie (PHK). Onu conepkatcst B K/1eTKax BCeX XKUBbIX OPraHU3-
MOB, ofecrieunBast XpaHeHue, repeaavy U peasn3alnio HacaeJCTBEHHOH HH(OpMAlUH.
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Hykseotnapl — oprannueckue CoelMHEeHHUs!, MOJIEKYJIbI KOTOPBIX COCTOSIT U3 a30-
THCTOTO OCHOBAHHs, MATHYTJIEPOJHOTO MOHOCaxapuaa (pubo3bl UK 1e30KCHPUOO03bI) 1
ocratka ocopHoil KUCA0TH. M3 HyK/I€OTHIOB MOCTPOEHBI MOJIEKYJIbl HyKJIEHHOBBIX
KHCJIOT.

Hyaaucomuss — oTcyTCcTBHE B XPOMOCOMHOM HaGope JIMIJIOWAHOTO OpraHu3ma
napbl TOMOJIOTHUHBIX XpOMOCOM (2n1 — 2). [eHomHast MyTalusi, yacTHbIH cJydai re-
TEPOTIOUIHH.

O6neruenHasi audpysusi — rnepemeliieHre BELIECTB Yepe3 OUOJIOTHUECKHE MEM-
OpaHbl U3 00J1ACTH BBICOKOH KOHLIEHTPALMH 3THX BellecTB B 006J1acTh OoJiee HUBKOM,
OCYLLECTBJISIEMO€E C MOMOLIBIO crielU(uuecKux GeJKOB-MepeHOCUIHKOB.

Oo6meH BewecTB (MeTab0aM3M) — COBOKYIMHOCTb MPOLECCOB XUMHUECKOTO Mpe-
BpalleHUsT BEILIECTB B XKMBBIX OPraHW3Max OT MOMEHTa HX MOCTYIJIEHHs] B OPraHu3M JI0
BblJIe/IEHHS] KOHEUHBIX MPOJAYKTOB. BKilouaeT peakuuu cuHTe3a (acCHMHUJISILMS) U pac-
LeNJIEHUsT BeLEeCTB (JUCCUMUIISILNS ).

Osurocaxapuabpl — YrJeBOJbI, MOJIEKYJbI KOTOPbIX cocTodaT u3 2— 10 ocTaTkoB
MoHocaxapunoB. Hanbosee pacrnpoctpaHeHbl qucaxapHiibl, COCTOSIIME U3 IBYX OCTaT-
KOB MOHOCaxapHuJoB (Harpumep, caxapos3a, MaJjbTo3a, Jiakrosa).

OHTOreHe3 — WHAMBHIya/JbHOE Pa3BUTHE OPraHW3Ma. Y MHOTOKJETOYHBIX Opra-
HU3MOB HauMHAeTCsl ¢ MOMeHTa 0Opa3oBaHMsi 3UrOThl (MPH TMOJOBOM Pa3MHOKEHHH )
WM OT MOMEHTA OTJeJIEHHSI OT MaTePUHCKOH 0coOu (Mpu GecrosoM pa3MHOMXKEHHH) U
MPOJOJIAKAETCS JI0 KOHILA »KU3HU. ¥ OJIHOKJIETOUHBIX HAUMHAETCS ¢ MOMeHTa 06pa3oBa-
HUS OpraHu3Ma B Mpolecce JeNeHUst MaTepPUHCKOH 0cOOM M 3aKaHYMBaeTcs JieeHHeM
WJH CMEPTHIO.

OoreHe3 — mpolecc 06pa3oBaHKst KEHCKUX TTOJOBBIX KJIETOK.

OnnonoTBOpeHre — MPOLIECC CJUSIHUSI TAMET, B pe3yJsibTaTe KOTOPOro GopMupy-
eTcs 3Urora.

OpraHoreHe3 — rmpoliiecc (hOPMHUPOBAHHS OPTaHOB B XOjle MHAUBUIYaJIbHOTO Pa3-
BUTHSI OpraHU3Ma.

Oprauomu;l — MOCTOsIHHbIE ClIeHaJIM3UPOBAHHbIE CTPYKTYpPbl KJACTKH, BbIITOJIHS -
[olIMe orpesiesieHHble PYHKUIMH. Pasmnuaior onHoMeMOpantble, AByMeMOpaHHble U He-
MeMOpaHHble OpraHOW/IbI.

Ocmoc — mudhysusi MoJieKys1 pacTBOpUTeJIst (HarpuMep, BOJpl) uepe3 MoJynpo-
HUIlaeMyl0 MeMOpaHy (HanpuMep, mJjasManeMMmy ), pa3aessiollylo pacTBOPbl C pasJ/ny-
HOM KOHILIEHTpaLHel pacTBOPEHHbIX BellecTB. [Ipu 3TOM MOJIeKy/bl pacTBOPUTENS Tie-
peMellalTcs U3 MeHee KOHIIEHTPUPOBAHHOTO pacTBopa B GoJsiee KOHLEHTPHPOBAHHBIH.

OtpaneHHas rubpuamM3aumsi — CKpelllMBaHHe OPraHu3MoB, NPHHAMJIEKAIIHUX K
PasHbIM BUAAM.

[MapTeHorene3 — pas3BuTHe OpraHu3Ma W3 HEOMJIOJOTBOPEHHON SHIIEK/IETKH.
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[lentTuaHas cBA3b — BHJL KOBAJIEHTHON CB$I3H, KOTOpPAsi BO3HUKAET B pe3yJibTa-
Te B3auMojeicTBUsi amuHorpynnbl (—NHy) oHON aMHHOKHCIOTHI ¢ KapOOKCHIBbHOM
rpynmnoit (—COOH) npyroit aMUHOKHUCIOTHI.

[lenTuapl — opraHuueckue BelLEeCTBA, MOJIEKYJbl KOTOPbIX COCTOSIT U3 OCTATKOB
AMHUHOKMCJIOT, COEIMHEHHbBIX TeNTHAHBIMU CcBA3sIMU. [lenTupl, B cocTaB KOTOPbIX BXO-
quT 6osiee 10 0CTaTKOB aMHHOKMCJIOT, HA3bIBAIOTCS MOJUTIENTHIAMH.

[lMHOUMTO3 — mpouecc MNOTJIOUEHHsST KJIETKOH KHAKOCTH (C COAeprKaLIUMHUCS
B Heil BellleCTBAMM) B BHAE MeJKHX Kanesb. OcyllecTBisieTcs MyTeM 3axBaTa KareJb
BLIPOCTAMH 1171a3MaJleMMbl € JaJibHEHIINM 3aK/Il0UeHHeM HX B MeMOPAHHYIO yIaKOBKY.

[TupumMuanMHoBble ocHOBaHUS (MUPUMUIMHBI) — A30THCTble OCHOBAHMS, KOTO-
pble SIBJISIOTCS] POU3BOAHBIMH LIMKJIMYECKOTO COIAMHEHHs — NUpUMHanMHA. B cocras
HYKJIEMHOBBIX KHCJIOT BXOAST MHPUMHUAMHOBbIe ocHoBanusi: TumuH (B [IHK), ypaunn
(B PHK) 1 uurosun.

[lnasmanemma — cm. [lutonsnazmatuyeckas memopaHa.

[lnasmuapl — BHEXPOMOCOMHbBIE (DAaKTOPBI HAC/IEACTBEHHOCTH; KOJbLEBbIE (pexKe
suHelnble) mMosiekysibl JIHK, crioco6Hble cyliecTBOBaThH B KJI€TKE B aBTOHOMHOM (He
CBSI3aHHOM C XPOMOCOMAMH ) COCTOSIHMH, CAMOCTOSITEJIbHO YABAUBATHCS U MIPH JIe€HHU
nepenaBaThCsi JJOUEPHUM KJIETKAM.

[lnactuapl — aBymMemOpaHHbIE OPraHOWIbl KJIETOK pPaCTEHWH M BOAOPOCIEH.
Y pacreHHH pas3/MyaloT TPH OCHOBHBIX THIA IJIACTHIL XJIOPOIMJIACTbI, XPOMOIJIACTHI
U JIEHKOIJIACTDI.

[lnactuueckuit odmMeH (accumuasiuusi, aHab0JAM3M) — COBOKYIHOCTb peaKuUHil
CHHTEe3a CJIOXKHBIX OpPTraHHYeCKHX COeMHeHHH u3 Gosiee MpocThix BellecTB. Conpo-
BOXK/IAETCs 3aTpaTaMu (TorJolenremM) sHepruu. [1poueccamu nyactuyeckoro oomeHa
SIBJISIIOTCST BCe PeaklMd MaTPUUYHOrO cCHHTe3a, (POTOCHUHTE3 U JIp.

[Tonumepasnas uennas peakuus ([NLLP) — wmeron mosekyssipHoit GuoJOTHH,
MO3BOJISIIOIIMI MHOTOKPATHO BOCHPOU3BECTH (T. €. «PA3MHOXKHUTbL») OIpeeeHHbIH
cdparment JTHK. TTHP mwmpoko ucnonb3yetcs B 6HOJOTHU M MEAMIMHE, HATpUMeEp
JUIsl IMarHOCTHKK psiia 3aboJieBaHni (HAC/AeCTBEHHBIX, HH(PEKIIMOHHBIX), yCTaHOBJIE-
HHUSI OTLLOBCTBA, KJIOHUPOBAHUSI TEHOB U JIp.

[Monunaonans (aBTONOJNUMIAOUIMSI) — THII FEHOMHbIX MyTaUMi — yBeJHYEHHe
yhcsla XpOMOCOM B KJIETKaX Kakoro-jau00 opraHu3ma, KpaTHOe rarjouaHoMy Habopy.
[Ipu 3TOM MOTYT BO3HMKATH TPUILIOUAHBIE (371), TeTpanionaHble (471) KNeTKH U T. JI.

[Monucaxapuapl — GUHONONUMEPDI, MOJIEKYJIbl KOTOPBIX MOCTPOEHBI U3 MHOXKECTBA
OCTaTKOB MOHOCaxapuaoB. MoryT UMeThb JIMHeHHYIO (Harpumep, Le10103a) WK pas-
BETBJIEHHYIO CTPYKTYpY (Hampumep, TJIHKOTeH ).

[lonHoe noMuHMpOBaHMEe — B3aUMOJEHCTBME aJIesIbHBIX I€HOB, MPH KOTOPOM
JIOMUHAHTHBIN I'eH TOJHOCTBIO TOAABJSIET MPOSIBIEHHE PELLeCCUBHOTO reHa.
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[ToasipHble Teabna — MeJiKMe rarJioWjHble KJeTKH 6e3 3araca MUTaTesbHbIX
BELLECTB, KOTOpble 00pasyloTcsi MpH OOreHe3e B Ipolecce MEHOTHYECKOro JeJIeHHs!
OOLIUTA U BMOCJENCTBUH MOrHHAIOT.

[IpokapuoTbl — opraHusmbl, KJA€TKH KOTOPBIX HE MMEIT 0(OPMJEHHOTO siipa
(nosimephble opranuambl). K npokapuoram oTHOCSITCS GaKTepHH.

[IpocToe 6uHapHoe fAejseHne — JesieHne MPOKAPHOTHUECKON KJIETKH Ha JIBE MpH-
MEpHO OJIMHAKOBBIE 10 pasMepam JouepHHE KJETKH.

IlypvHoBbIe OcHOBaHWS (NMYPUHbI) — Aa30THCTble OCHOBAHMSI, KOTOpbIE $IBJISI-
I0TCST TIPOM3BOJIHBIMM CJIO?KHOTO LIMKJIMUECKOr0 COeIMHEeHUs — MypuHa. B cocraB Hy-
KJI€HHOBBIX KUCJOT BXOJST MyPHHOBbIE OCHOBAHMSI: aleHUH W I'yaHWH.

Pasapaxxumoctb — C110COOHOCTb »KMBBIX KJIETOK, TKaHEeH WM LLeJIoro opraHusma
pearnpoBaTh Ha M3MEHEHHsl BHEILIHEH W BHYTPEHHEH Cpepl.

Peakuusi MmaTpu4HOro cuHTe3a — IMpolECC CHHTE3a U3 MOHOMEDPOB MOJIEKYJIbI
6uornoJsnMepa, CTpoeHre KOTOPOTo MOJHOCTBIO OMpPEeJISIeTCs] CTPYKTYPOH MOJIEKYJIbl-
MaTpHLibl (MPOLYKT Peaklyd MaTPUUHOrO CHHTe3a MpejcTaB/seT co00H «OTrevaToK»
WM «cjenok» marpuupl). OCHOBHble peakliMd MaTpPHYHOIO CHHTE3a: pervihKalus,
TPAHCKPUIILUS U TPAHCJISILHS.

Penarypauusi — BoccTaHOBJIEHHE MPUPOAHON NPOCTPAHCTBEHHON CTPYKTYpbl OHO-
nosiumepa (6eJska, HyKJI€MHOBOH KUCJIOThI) T0C/1e JeHaTypalliH.

Penaukauus — ynpoenue moJsekysabl JIHK, onHa u3 peakiinii MaTpUUHOTO CHH-
Te3a. buocunres nByx nouepnux uenein JJHK ocyuiectsisiercst ¢ ucnosib3oBaHneM He-
XOJIHBIX (MaTePUHCKHUX) 1leNell B KauecTBe MaTpHIL.

PeuieccuBHbIil reH (Mpu3Hak) — TeH (M COOTBETCTBYIONUIMH MPHU3HAK), KOTOPHIH
He MposiB/sieTcsl B (beHOTHIE Y IeTePO3UTOTHBIX 0COOeH WJIM MPOSIBJASETCs JHIlb ya-
CTHYHO (MPH HEMOJIHOM JIOMHHHPOBAHHH ).

PuGocombl — wmesbuaiiiine nHemem6pannbie opraHouabl (15—30 um), ocy-
lecTBAsionIne GuocuHTe3 GenkoB. CojepaKaTcsl Kak B 9YKAPUOTHUECKUX KJeTKaX, Tak
M B KJIETKaX NMPOKAapHOT.

PHK (pu6oHykienHoBasi Kuciaota) — GHOMOJNMMED, LIEMH KOTOPOTO MOCTPOEHBDI
M3 4eTbIpeX THUIOB HYKJEOTHIOB, COAEPKALIMX PUOO3Y M OTJIMYAIOLLUXCS A30THCTBIM
ocHoBanueM (A, ¥, I, 11). Kak npasuno, PHK npencrasiser co6oit oaHy mnoJu-
HYKJICOTHIIHYIO LieMb, PUHUMAIOLILYIO ONpeesIeHHYI0 MPOCTPAHCTBEHHYIO KOH(HUrypa-
uuto. Pagnuuaior tpu tuna PHK: nndopmaumnonnyio nnu marpuunyio (nPHK, mPHK),
tpancnoptHyio (TPHK) u pubocomnyio (pPHK).

pPHK (pu6ocomubie PHK) — mousexysnbl PHK, koTopble coenunsitiorest co crnenu-
thuyeckumu Gesikamu, o6pasyst cyobenunulpl pubocoM. OcHoBHas pyHkuus pPHK —
obecrieueHre npoliecca cuHTe3a GeJka.

Camoperyasuusas — CrnocoOHOCTb OHOJOTHUECKHX CHCTEM TIO[JIEPXKUBATh Ha
OMNpe/ie/IeHHOM, OTHOCHTEJIbHO TMOCTOSIHHOM YPOBHE Te WJIM HHble I0Kazares, T. €.
obecreunBaTb roMeocTas.
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CekBenupoBanue JJHK — onpenesnenue noc/ienoBaTe/lbHOCTH HYK/JIEOTHIOB MO-
qekynbl JIHK.

CesleKuusi — HayKa O CO3/IaHMH HOBBIX U YJIyUlIEHHH YK€ CYLIEeCTBYIOLINX COPTOB
KYJIBTYPHBIX PACTEHHi, MOPOJL JOMAIIHUX KUBOTHBIX U IITAMMOB MHKPOOPraHU3MOB.

Cucrema kommniemeHnTa — 0kK0J10 20 GesIKOB MJIa3Mbl KPOBH, COCOOHBIX (POPMH-
poBaTh Ha TMOBEPXHOCTH UYXKEPOJHBIX KJIETOK 0COOble KOMILIEKCHI, MeppopHpyoLiye

MeMOpaHy.

CudoHoBasi opraHusauuss — Qopma CTPYKTYpHOH OpraHudaluM, Npu KOTOPOH
OpraHu3M IpeicTasJisieT coOOH OHY I'MTaHTCKYI0 MHOTOSIEPHYIO, YacTO Pa3BeTBJICH-
HYIO KJIETKY.

Comaruueckast rudpuamsaums — METOJ KJIETOUHOH MHXKEHEPHUH, B XOI€ KOTOPO-
r0 OCYLIECTBJISIETCS] CJAUSIHUE Pa3HbIX THIIOB COMATHUECKHX KJIETOK OJHOIO OpraHu3ma
WM KJETOK OPraHU3MOB, MPHHAMIEKALIMX K Pa3HbIM BHIAM.

Comaruyeckue KJIeTKM — KJETKH, COCTaBJISIIOLIME TeJO »KUBBbIX OpPraHU3MOB 3a
HCKJII0YeHHEM TIOJIOBLIX KJETOK (TaMeT).

Cnepmartorene3 — rpoliecc 06pa3oBaHHsi My>KCKHX T10JIOBBIX KJIETOK.

Cneuudurueckuii MUMMYHUTET — 3alllUTHblE PEaKUMH OpraHu3Ma, OCyllecTBJIsie-
Mble UMMYHHOH CHCTEMOH, B XOJle KOTOPbIX MPOUCXOAUT Crelnduueckoe pacno3Hana-
HHE U I0C/Ielytollee YHHUTOXKeHHEe aHTHIeHa.

CnoHTaHHble MyTaUMM — MyTalMH, KOTOPble BO3HHKAIOT y OPraHW3MOB CaMo-
MPOU3BOJIbHO, B HOPMAJIbHBIX JUISl HUX YCJIOBHSIX OKPY2KaIOLLEH CPeJibl.

Crpoma xjopomnjacra — BHYTPeHHsIsl cpella XJIOpOIJiacTa, cojepKallias TuJa-
KOH/IbI.

CuensieHHoe Hac/eloBaHWE — COBMECTHOE HacJ/e/lOBaHHE TeHOB, PACTOJOKEH-
HbIX B OJIHOH XPOMOCOME.

CuensieHHble € MOJOM MPU3HAKM — TPHU3HAKH, KOTOPble KOHTPOJHUPYIOTCS Te-
HAMH, PACTOJIOXKEHHBIMH B MOJIOBBIX XPOMOCOMAX.

Tunakouapl — 3aMKHyTble MeMOpaHHblE CTPYKTYpbl, 00pa3oBaHHble BHYTPEHHEH
MemOpaHoil xsoponaacra. Conep:kat GOTOCHHTETHUECKHE TTUIMEHTHI.

T-aumdouutbl — KJIETKH UMMYHHOH CHCTEMbI, MPOXOASLIME 3TAll CO3PEBAHMS
(kaeTouHOH AMdQepeHIIMPOBKI) B BUJIOUKOBOH Keje3e — Tumyce. Mrpaior BaxHyto
poJib B crieliddpuueckoM WMMyHHOM oTBere. OcHOBHbIe Kjacchl: T-xennepbl, T-Kui-
Jepbl U T-cynpeccopsl.

TpaHcreHHble opraHM3Mbl — OpPraHu3Mbl, TeHOM KOTOPBIX Obll H3MEHEH MyTeM
reHHO-UHXKEHEPHBIX OMepalyil U COAEPIKUT XOTs Obl OIMH AKTHUBHO (DYHKLHOHUPYIO-
LI TeH ApYyroro opraHuama.

Tpanckpunuua — 6uocnntes PHK Ha cooTBeTCTBYIOIIMX yuacTKax OfHON M3 Lie-
ne#t JIHK (tpanckpubupyemoit) — ofHa U3 peakiliil MaTPUUHOTO CHHTE3a.
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TpaHcnokauusi — MeKXpOMOCOMHasi MyTallusl, MPH KOTOPOH JIB€ HEeromMoJo-
TMYHblE XPOMOCOMbI B3aUMHO OOMEHHUBAIOTCS YYaCTKaMM, JIMOO MPOUCXOAUT TepeHoc
yyacTKa OfHOH XPOMOCOMBI Ha JIPYTylo, HEFOMOJIOTHUHYIO.

Tpancasiuusi — OuocuHTe3 6esika U3 aMHUHOKHUCJIOT, TIPOUCXOASAIIMHA Ha pUOOCO-
Max, — OJIHA U3 peaklluil MaTpPUUHOTO cuHTe3a (Matpuuei cayxut nPHK).

Tpunaer — cm. Kojon.

Tpucomua — HajMuue OJHON JIMIIHEH XPOMOCOMBI B JHIJIOMIHOM Habope

(2n + 1), 1. e. HAaMMUKE TPEX FOMOJIOTHYHBIX XPOMOCOM BMECTO JIBYX — PEHOMHAST My-
Talst, YACTHBIA CJIydail reTepOTIOHINHI.

TPHK (tpancnoprubie PHK) — neGosbiune mosekyast PHK, nmetomme npo-
CTPAHCTBEHHYIO KOH(MIypalnio, HANOMHHAIOLLYIO JUCT KieBepa. JlocTaBisiioT ornpe-
JIeJIeHHbIe AMHHOKHCJIOTHI Ha pUGOCOMBI U 0GECMEUMBAIOT MX BK/IIOUEHHE B PACTYILLYIO
TMOJIUTENTUHYIO 1IeMb.

TypropHoe naBjeHue — jaBjieHHe BHYTPEHHETO COAEPXKHUMOIO KJETKM Ha ee
000J104Ky, BHyTPHKJIETOUHOE JlaBJIeHHE.
YraeBoapl — opraHuueckue COEIMHEHHsI, MOJIEKYJbl KOTOPbIX 00pa3oBaHbl aTo-

MaMH yriepoza, Bofopoaa U kucjopopa. CoctaB G0JbLUIHHCTBA YrJI€BOLOB MOXKHO Bbl-
pagutb opmysoit C,(H,0),,, rne n u m pasubl Tpem u 6osee. OcHOBHbIE OHOJOTH-
yeckue (DYHKIMHU: SHEpreTHUeckasl, sanacatouias 1 CTpyKTypHas.

®arouuro3 — mpolece 3axpara M MOJIOUIEHHS KJIETKOH MHILEBbIX YaCTHLL, JIPY-
rMX KJeTOK (Harmpumep, MOTJOleHHe MHKPOOPraHU3MOB JIEHKOLUTAMU) WJIM MaKpo-
mosiekyst. [1pn darountoze o6pasytorcesi BbINAUUBAHUS [J1a3MaJleMMbl, KOTOPbIE OKPY-
JKAIOT TIOMVIONIAEMYIO YACTHIY H 3aKJI04aloT B MeMOPaHHYIO YIIaKOBKY.

darouutsl — criennasM3upoBaHHble KJIETKH KMBOTHBIX H Ue€JIOBEKA, CMOCOOHBIE
K darouuTosy (3epHUCTbIE JEHKOLUTLI, MaKpodaru ).

PeHnaKeTOHypUs — ayTOCOMHO-PELLECCUBHOE HAC/ECTBEHHOE 3a00/eBaHue ve-
JIOBEKA, CBsI3aHHOE ¢ MyTalldel reHa, KoAupyollero bepMeHT, npeBpaiaonini Gexu-
JlanaHuH B TUPO3WH. B opranname 60J1bHOTO HAKAIJIHUBAIOTCS $I0BUTbIE TIPOJYKThI 06-
MeHa (peHuIaaHlHa, YTO MPUBOJAHUT K TOPAXKEHHIO HEPBHOH CHCTEMbBI H C1a00yMHIO.

®eHoTMN — COBOKYMHOCTb BCEX MPU3HAKOB M CBOHCTB OpraHu3ma, (hopMHpyIo-
ILIUXCST B MPOllecce B3aUMOJIEHCTBHSI €10 TeHOTHIA ¥ BHEILIHEH CPeJibl.

dPeHoTUnMuUecKUil paaMKal — 4acThb reHOTHNA 0CcOoGH, omNpeesionias ee GeHo-
tun. Hanpumep, 1ist oco6u, y KOTOPOil MPOSIBUIIMCH JIBA JIOMHHAHTHBIX NpU3HaKa: A-B-.

q)epMCHTbl - 6EJIKI/I, BbITITOJIHAIOLIIHE q)yHKU,HIO OHOJIOrMYEeCKUX KaTaJius3aTtopoB,
T. €. YCKOpsiolHe NMpoTeKaHne XUMHUYECKUX peaKuHﬁ B KHWBbIX OpraHU3Max.
q)epOMOHbl — OHOJIOTHYECKH AKTHUBHbIE BelleCTBa, KOTOpPbIe Bpra6aTbIBa}OTCH

crieMaJM3upoBaHHbIMU 2KeJie3aMU (l/l.ﬂl/l K.ﬂeTKaMl/l) 2KMBOTHbBIX, BbIACJAIOTCA BO BHEIL-
HIOIO Cpely M OKa3bIBaloT BO3/IeHCTBHE Ha rnoBeacHHKeE, Ct)I/ISI/IOJ'[Ol"I/IquKOG COCTOsIHHE
WJIK pa3sBUTHE ocobell TOro ke BHJA.
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®ochoaunuapl — CJI0XKHbIE JIUIHBLI, B MOJIEKYJIAaX KOTOPbIX COMEPXKUTCS OCTa-
TOK (pochopHON KHUCIOThI. BXoasiT B cocTaB GUOJIOTHIECKUX MeMOpaH.
®otocuHTe3 — mpouecc 06pa3oBaHKsl OPraHMUECKHX BELECTB U3 YIJIEKHCJIOTO

rasa M BOJibl, NPOTEKAIOLIMA C MOIJIOUIEHHEM CBETOBOH SHEPrHH NPH ydacTHH (OTO-
CUHTETHYECKUX MUIMEHTOB B KJIETKAaX 3€JEeHbIX PacTeHHH, BOJOPOC]EH U HEKOTOPBIX
OaKTepui.

PotocucreMbl — 0coOble TUIMEHT-0€e/IKOBbIe KOMIIIEKChI, PACToJOKEeHHbIE B MEM-
HpaHax THJIaKOMIOB XJ0porJiacToB. Pagnuuaior n1ga tuna orocucteM: potocucremy | u
torocucremy II. B cocras kaxko# hoTocucTeMbl BXOIUT CBETOCOGHpalollast aHTeHHa, 06-
pasoBaHHasl MOJIEKyJlaMH MUIMEHTOB, PeaKLMOHHBIH LEHTP W NEPEHOCUHKH 3JIEKTPOHOB.

Xsoponjactel — 3eJieHble MJIACTHbI, B KOTOPbIX MPOUCXOAUT (oTocuuTe3. Co-
JiepKaT XJOPOPHUILIbL U Apyrre (POTOCHHTETUIECKHE TTUTMEHTHI.
Xsopoduaiibl — 3ejieHble TUIMEHThI PACTEHHE U BOJOPOCIEH, C TTOMOILBIO KOTO-

PbIX OHM TOIJIOIIAIOT CBETOBYIO SHEPTHIO H OCYILIECTBJSIOT doTocuHTes. CyllecTByer
HECKOJILKO THIOB XJOPOMUJJIOB, PA3JIMUAIOUIMXCS 0COOEHHOCTSIMHU CTPOEHHS U CIIeK-
TPOM TONJIOLIEHUST CBETa.

XpomaTuapl cecTpUHCKMe — JiBe HeHTHUHble MoJieky bl JIHK (B kommiekce ¢
6esKaMH ), U3 KOTOPBIX COCTOMT XpoMOcoMa MocJje perukaiuu. B mpolecce mutosa
WK MelH03a XpOMaTH/Ibl PACXOAATCS K MPOTHBOIOJIOXKHBIM TMOJI0OCAM KJE€TKH W Ha3bl-
BalOTCS JI0YEPHUMHM XPOMOCOMAMH.

Xpomatun — xommjeke JIHK, PHK u GesnkoB, comepxkauiuiicsi B siape KJAETKH.
B npoluecce K/eTOUHOro jieJieHHsi XpOMaTHH CliMpaJindyercst (KoMIakTu3upyercsi), 00-
pasysi KOMMAKTHbIE CTPYKTYPbl — XPOMOCOMBI.

Xpomonaactbl — OKpallleHHble TJIaCTHAbl pasniudHoil dopmbl. Copepkarcs
B KJIETKAaX CIeJbIX [JIOAOB W JIeeCTKOB MHOIMX pacTeHud. Pojib XpomonsiactoB —
NpUBJIeUEHHE OMbLIUTENEH U paCTPOCTPaHUTEIEH TJIOAOB U CEMSIH.

XpoMocOMHbIe MyTaLlMM — MyTalliM, CBSI3aHHblE C U3MEHEHMEM CTPYKTypbl OT-
JIeJIbHBIX XPOMOCOM.
XpoMOcoMbI — CTPYKTypHble KOMMOHEHTH KaeTouHoro siipa. Comepxkat JIHK,

B KOTOPO# 3akJtoueHa Hacje/ICTBeHHAst HHpopMalus oprannama. MoryT ObITh B JIBYX
COCTOSIHUSIX: CIIMPaJIM30BAHHOM (KOMITAKTH3UPOBAHHOM) — BO BpeMsl JIe/IeHHs] KJIETKH
WM JIeCrMpasu30BaHHOM (B BHJE€ XpPOMAaTHHA) — BO BpeMsli HHTep(asbl.

LleHTprosn — mosible LMJIMHAPBI, 00pa3oBaHHble 9 TpUIJIETaMH MUKPOTPYOOUEK,
CTPYKTYPHbIE KOMIIOHEHTbI KJIETOYHOrO LIEHTPA.

LuTonoruss — Hayka, ugydatoiasi cTpoenue, (GpyHKIUMOHMPOBAHHE, PA3MHOKEHHE
M pasBUTHE KJETOK.

Lluronnasama — BHyTpeHHee COJEpP:KUMOE KJETKH, 33 MCKJo4YeHHeM sapa. Llu-
TOIJIa3Ma COCTOMT M3 IHaJIONJa3Mbl, OPraHOWIOB, BKJIIOUYEHUH W LIUTOCKEJ/eTa.
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LiyTonnasmarnueckas mem6paHa (njaasmajnemMma) — yHHUBepcaJsibHasi GHOJIOMH-
yeckasi MeMOpaHa, OTJAeJsIolasl BHyTPeHHee COAEp:KUMOe JII0OOH KJIETKH OT BHeLl-
Hell cpefipl (HampuMep, y >KUBOTHBIX) WK KJIETOUHOH 060JI0uKH (Y pacTeHHil, rpu6boB
v 1p.). Baxuefiiuve dyHkuun: 6apbepHasi, peuenTopHasi, TpaHCIOpPTHas!.

LiyTockener — BHYTPUKJIETOUHASI CHCTEMA MUKPOTPYGOUYeK U MUKPO(HIAMEHTOB.
Boinosinsier onophyio ¢yHKIMIO 0 oGecreynBaeT BHYTPUKIETOUHbIE BHKEHHUS.

Yucrble AMHUM — TPyl 0c00el, Y KOTOPbIX HCCJAEIyeMbli MPU3HAK MOCTOSTHHO
BOCIIPOU3BOANTCSI U3 MOKOJIEHUSI B TOKOJIEHHE; OPraHu3Mbl, FTOMO3HIOTHBIE 110 H3yyae-
MbIM T€HaM W OJHOPOJHbIE MO COOTBETCTBYIOIIMUM MPHU3HAKAM.

JK301MTO3 — BbIBEJIEHHE BEIECTB, 3aKJII0UeHHbIX B MeMOPaHHYIO YIIAKOBKY, H3
KJIETKH BO BHEKJIETOUHYIO CpeJLy.
dKToepMa — HapY:KHBIH 3apOJIbIIIEBBIH JIMCTOK »KUBOTHBIX. ¥ TMO3BOHOUYHBIX

YKUBOTHBIX M3 9KTOJEPMbl PAa3BUBAIOTCSl HEPBHASI CUCTEMA, OpraHbl UyBCTB, SMHAEPMHUC
KOXKH C €ro yKesle3aMu U MPOU3BOIHBIMA.

duponaasmaTvyeckas ceTb, snaonaazmaruyeckuii perukyaym (3IC, 3MP) —
OpraHoM KJIeTKH — CHCTeMa KaHaJblLeB U MOJOCTeH, TPOHU3BIBAIOIIMX THAJNOTIA3My
M OrpaHHYeHHbIX OT Hee OAMHAPHOH MeMmOpaHo#. Paznnuaior ruiaikyio v 1iepoxoBa-
tyto II1C, na membpanax nocsenHein umeiorest pudocombl. OcHoBHble pyHkIMH I1C:
CHHTE3 JIMTIHIOB W YIJIEBOJOB, HAKOTJIEHHe WM BbIBeJleHHe M3 KJETKH SIOBUThHIX Be-
mectB (rnagkasg DI1C); cuHTe3 GeaKOB Ha MPHUKPENJIeHHbIX pubOCcOoMax, HaKOIJIeHHe
1 co3peBaHue GesikoB (1epoxopatasi AI1C).

AHAOUUTO3 — TPAHCMOPT MAKPOMOJIEKYJI, UX KOMIJIEKCOB U YaCTUIL BHYTPb KJIET-
KM C MOMOLIBIO MJ1a3MajeMMbl, YJ4aCTKH KOTOPOH 0OGBOJIAKMBAIOT BHEKJETOUHBIH Ma-
TepuaJs M 3aK/II04aloT ero B MeMOPaHHYIO yIMaKOBKY.

AHepreTUyeckuii 0OMeH (IMCCUMUISLMS, KaTa00aM3M) — paclleryieHne Ca0xXK-
HBIX OpPTaHUYeCKHX COeIMHeHHH /10 GoJsiee MpoCThIX BelecTB. COMpOBOKAAETCS BbI-
JesieHneM (BbICBOOOXKIEHHEM ) SHEPIMH XHUMHUeCKHX cBsizell. K sHepretnueckomy 06-
MeHY OTHOCHTCSI OpOKeHHe M KJIeTOYHOE JIbIXaHHe.

AHTOAEpMA — BHYTPEHHWH 3apOJbILLIEBbIH JHUCTOK YKUBOTHBIX. ¥ MO3BOHOYHBIX
M3 SHTO/IEPMbl PAa3BUBAIOTCS OpraHbl MHUILEBAPUTENBHON U JIbIXaTeJbHOH CHCTEM, HIH-
TOBHJHAS yKeJ1e3a, MJaBaTe/bHbli My3bipb (Y KOCTHBIX pbIb).

AyKapuoTbl — OPraHNU3Mbl, KIETKH KOTOPBIX cojiepKaT ohopMIeHHOE PO (siaep-
Hble OPTaHU3Mbl). DYKAPUOTAMHU SIBJISIIOTCSI TPOTUCTbI, TPUOBI, PACTEHHST U XKUBOTHBIE.

Slnpo — BaKHEHIINI KOMIMOHEHT KJIETOK BCEX OPraHW3MOB, 3a HCKJIIOUEHHEM MPOo-
KapuoT. COlePKHUT sIEPHBIH COK, XDOMATHH, sAPbILIKH. OT/Ie€HO OT LIMTOMIa3Mbl siiep-
HOH 060s0uKOl. B simpe xpanutcst reHeTHueckast HHpopMalys, yepe3 cucteMy 6esiKo-
BOTO CHHTE3a SIIPO YUacTBYeT B yIPaBJAEHHH MPOLLECCAMH YKU3HENEATEIbHOCTH KJIETKH.

SlnpbllIKo — MJI0THOE OKPYrJioe TeJblie BHYTPH KJETOUHOTO sipa, B KOTOPOM
npoucxoaut cuntes pPHK u cbopka cybbenunull pubocom.
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