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DOTOCUHTE3 U AbIXaHNE

BObLWIMHCTBO aBTOTPODHbIX OPraHM3MOB, MOMIOLLAs CONHEYHbIE y4l, 3aMacatoT SHEPTUHO, a
ApYyrve opraHv3Mbl UCMOAb3YHOT 3TOT 3anac /18 NOAAEPXKaHUSA CBOEN XM3HEAEATENbHOCTU. ITO
B3aVIMOZEWNCTBME OrPaHNYNBAETCS He TOJIbKO MUTAHMEM, HO TakXXe UrpaeT BaXkKHYH poJib B
bopmmpoBaHMM ra30BOro coctaBa aTMocohepsbl.

Ha Halwew nnaHeTe 3Heprus NOCTOSHHO NPEeBPALLAeTCs U3 OAHON GOPMbI B APYryHO, U UMEHHO 3TK
NpeBpaLLEHNS IexaT B OCHOBE HEMPEPbIBHOCTM XUN3HU. DOTOCKMHTES U AbIXaHWe ABASOTCA ABYMS
OCHOBHbIMU BUONOTMYECKUMI NpoLLeccaMu, obecrneurBaroLLMMK KPYroBOPOT 3Heprum B bruocoepe.

&

[ntoko3a

Kuncnopog

Yrnekuclibli ras

Boga, MuHepanbHble BellecTsa

® Kncnopog, coctaBaatowymi ® 1. Kakoii NPUPOAHBIN NPOLLECC U KaKne OpraHn3Mbl
npumepHo 21% rasos NpuBeNn K NOABAEHUIO KNCI0poja B aTMochepe?
aTMocdepbl, YUpesBblyalHO BaxkeH 2. Kak yBennyeHne KonmyecTsa KMcaopoaa B atmochepe
AnA Xun3Hn. OfHaKO KNCNOPOZ He MOBAMUANO Ha Pa3BUTVE XMU3HW Ha 3emne?
BCerja npucyTcTBoBan B 3. Kak Bbl gymaeTe, MOryT /1 XKMBble OPraHu3Mbl AblllaTb
aTMocepe 3emnn. B HeckncnopogHom cpege?

3 pa3gena Bbl y3Haete

» MNpouecc poTocnHTE3a Y PacTeHNA MPOMCXOAUT B XJIOpOriacTax ¢ yvactvem sHeprimn ConHua

* VIHTEHCMBHOCTb 1 ANMHA BOJIHbI CBETA, TEMMEPaTypa, KOHLEHTPALMS YIIEKNCIOIO rasa, KOMYECTBO BOAbI
N MUHEpPa/bHbIX BELLECTB ABAAIOTCA BHELUHMMMW BaKTOpamu, BAVAIOLLMMUN Ha CKOPOCTb POTOCKMHTE3a

* Oco6eHHOCTM CTPOEHMSA INCTa ABAAKOTCH BHYTPEHHUMMN dakTopamu, BAVAFOLLMMMN Ha CKOPOCTb
doTocnHTe3a

* B npouecce KNeTOUHOrO AbiXxaHWs OpraHNYecKmne BELLLECTBA B KETKE MO3TarnHO PacLLensakoTcs C
yyactmeM GepMEHTOB, NPV 3TOM BbIAENAETCA SHEPTUA

* ¥ 3yKapmoTUYeCKMX OpraHM3MOB KMCNOPOAHbIN 3Tan MPOUCXOANT B MUTOXOHAPUAX

* AHa3pobHOE AbIXxaHWe — 3TO pacLLeneHne opraHNYeckux BelecTB 6e3 yyactus KMCIopoaa, npu
KOTOPOM BblZensieTca HeboIbLIOe KOMYECTBO SHEPTUM

* Mpu aHa3pPOBHOM AbIXaHWW Y Pa3IMUHbIX OPTaHN3MOB MPOUCXOAMNT CMIMPTOBOE AN MONOYHOKMCIOE

bpokeHne
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5.1 ®oTtoCcnHTE3

Ha pucyHke n3obpakeH 3KCneprMeHT, B KOTOPOM
nccnepoBaTesb N3yyaeT npoLecc GoToCnHTE3a,

NCNob3ya BOAHOE pacTeHune 304eto0. B xoae My3bIpbKA
onbiTa Habatogaetca obpa3oBaHMe My3biPbKOB BO3Ayxa

BO34yXa B BOJE.

« Kak Bbl gymaeTte, B Uem npuumnHa
nosiBAeHUA Ny3blpbkoB Bo3ayxa?
KakoW ras moxxet o6pasoBbiBaTb 3TH

ny3bipbkn?
» Moxcet nn obpasoBaHue

ny3blipbKOB BO3AyXa MpPoAO/DHKaTbCA

npw oTCyTCTBUM cBeTa?

Knto-

YeBble
CnhoBa

X7I0PONACT, TUNAKOWA,
rpaHa, cTpoma, x0podun

BOAHOE pacTeHue —
3n104ex

B npouecce poTtocrHTe3a pacTeHne NCrnoab3yeT NajaroLLyro Ha
Hero Co/IHeYHyto 3Hepruto. [1pun 3Tom pacteHne npeobpasyeTt
3Hepruto CosHLa B SHEPTUHO XMMUYECKUX CBA3EN. ITa aHeprus
COXPaHAETCA B MOJIeKy/1aX OPraHNYeCcKMX BeLecTB B BUAE
BbICOKOIHEPreTMYeCKNX CBA3EN 1 3Ty SHEPTUIO UCMONb3YHOT Kak
CaMo pacTeHue, Tak 1 Apyrme opraH13Mbl, MUTAOLWMECS UM.
DOTOCUHTE3 — 3TO MPOLECC CMHTE3a OPraHUYeCcKnX BELLLeCTB 13
HeopraHn4eckmx ¢ yyacTmeM CONHEYHOW 3Heprmun. B atom
npouecce pacTeHe NCNONb3yeT YINEeKUCbIV Ta3 1 BOAy, U B
pe3ynbTaTe CUHTE3NPYETCA [1H0KO3a, @ MONEKYASPHBIA KMCNOPOA
BblgenaeTca B aTMmochepy.

6CO2 + 6HZO cBeToBasa sHepruna C6H1206 + 602

xnopoduan

Y BbICLUMX pacTeHWin GOTOCKMHTE3 NpoTeKkaeT B 0CObbIX AByMeMbOPaHHbIX OpraHennax —
xnoponnacrax. BHewHas membpaHa xnoponaacta nMeeT rajkoe CTpoeHune. BeipocTbl
BHYTPEeHHelN MemMbpaHbl — MAOCKME, AMCKOOOPa3Hble TUIAKOUABI — pacrofaratoTcs Apyr
Haz ApYyrom 1 obpasyroT rpaHbl. BHyTpeHHAS Xnakas cpega xJ0pornaacra Ha3biBaeTcs
CTpoMOIA. B 3101 cpesie HaxoAATCA HYKNENHOBbIE KMCNOTbI, pHOCOMBI, GepMEHTHI,
aMWHOKMCNOTbI, HeKoTopble 6esiku, MMnuabl 1 Kpaxman. B Tunakongax, pacnonoxeHHbIX B
CTPOME, COAEPXKMUTCA MUTMEHT XAopodnan, NpuaatoLLMIA X1I0PONaacTam 3eEHbIN LBeT.
Xnopodunnn obnasaetr cNoCOBHOCTHIO MOMOLLATh CBETOBbIE JYYW.




DOoTOCKHTE3 1 AblXaHWe

Monepeuy

Knetka

me3soduana
Xnoponnact

Tunakong

[pana

Crpoma

BHelwuHsAs
MembpaHa

BHYTpeHHss MexmembpaHHoe
mMembpaHa MPOCTPaHCTBO

doTOCKHTE3 — 3TO He OAHa peakuMs, a CIOXKHbIW LLeNMHON NpoLecc, COCTOALLNA 13
HECKO/IbKUX CTagui. XN0poduan, pacnosokeHHbI Ha MeMbpaHax TMAakomaos,
MOr0OLLAeT COMIHEUHYH SHEPTUIO, U 3Ta IHEPrUa NpeBpaLLaeTcs B Xumumyeckyro. Ha
CNesytoLLem 3Tane 3Ta SHeprus UCnosb3yeTcs B CTPOMe AN 06pa3oBaHms
OpraHMYeckymx BeLLecTB.
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OnpepeneHue xnopodpuana B INCTbAX METOAOM XpomaTorpapum

MpuHapgneXxHoCTU: 3eNEHble NNCTbA (LWNWHAT), CANPT UAK aLeTOH, CTyrKa C NecTUKoMm,
dunbTpoBanbHas bymara, Npobupka NN CTEKASHHBIN COCYA, KapaHaall.

Xop, paborbi:

1. Menko HapexXbsTre 3enéHble NUCTbSA N Pa3oTPUTE UX B CTYMKE.

2. K nsmerns4€HHbIM NcTbam gobasere HEOOMbLLOE KONMMYECTBO cnupTa (Mnu aueToHa) 1 nepemMeLuanTe.
3. MNMony4yeHHbIN 3enéHbI pacTBOp nepenenTe B CTEKMNSAHHBIN cocya.

4. Ha counerpoBanbHon Bymare kapaHgallom npoBeanTe NpsaMyto JIMHUI0 NPUMEPHO Ha 2 CM Bbille eé
HWXKHEro Kpasi.

5. MomecTute punbTpoBanbHy0 Bymary B pacTBop Tak, YToObl NPOBeAEHHAsA NMHUSA Haxoamnach He B
pacTBope, a Hag, ero NOBEPXHOCTbIO.

6. Yepes HekoTopoe Bpems Bbl Byaete HabnoaaTh, kak no Bymare BBepx nepemMeLLatoTcsi NoNockl pasfnyHbIX
LBETOB.

7. MurmeHT xnopodunn no LUBeTy U CNoCOBHOCTM NOrMoLLaTe CBET NogpasaenseTca Ha xrnopodunn a n
xnopocpunn b.

LesatenbHocTb

-

_.'_ Xnopodwan a

MurmenT

——— Xnopoduan b

O6cyaure:
1. UTo noka3sbiBalOT pa3HOLBETHbIE NOJIOChI,
KOoTopble Bbl Habaroaanu Ha punbTPOBaZIbHOM

S| Xnopoduan a H
ayasibHasa
6ymare? S| Xnopoguan b .
2. Kakum o6pa3om 3TOT onbIT AOKa3biBaeT, UTo B o
. Kpacka ancra
NINCTbAX COAEPIKATCA HE TOJIbKO 3e/1€HbIE, HO U \/

Apyrue nurMeHTbI?




doTocnHTE3 U AblXaHne

B npouecce dpoTOCHHTE3a 13 BELLECTB C HU3KMM COAEP>KaHNEM 3HEepPrnm —
Yr1eKMCA0oro rasa n BoAbl — 0b6pa3yroTcs BbICOKOIHEpPreTuyeckme opraHmyeckme
BellecTBa. HakonneHve n pacnpeseneHne opraHMYeCckmx BeLeCTB B OpraHax pacTeHns
ABNAKOTCA GU3NONOTNYECKM MOCNef0BaTe/IbHbIM U LieieHanpaB/eHHbIM NPOLLECCOM.
®OTOCMHTE3 B OCHOBHOM MPOUCXOAMUT B KeTkax Me3oduana aucra. Yacrb
obpasyroLencs rMrKo3bl Cpasy UCMONb3YyeTCs B KIETOYHOM AbIXaHWK, a Apyras 4acTb
npeBpaLLaeTcs B KpaxMaa U BPEMEHHO 3anacaeTcs B KneTkax JmcTa.

Bosbliasa yacTb NpoaykToB GOTOCUHTE3A TPAHCMOPTUPYETCA B APYrve opraHbl pacTeHms
no Tpybkam Gpno3Mbl. ITK BeLLLeCTBa HaKananMBaroTCA B KOPHAX, CTEOAAX, INCTbSAX,
naoZax N CEMeHax B 3aBUCMMOCTM OT BMAa PacTeHMsa 1 ero noTpebHocTen. Taknm
06pa3om, HakoMeHNe NPoAYKTOB GOTOCUHTE3A B Pa3/INUHbBIX OpraHax ABAsSeTcs
Ba>XHbIM BMONIOTMYECKMM MeXaHM3MOM, 0becneunBatoLLMM He TOIbKO IHepreTnyeckme
NoTpebHOCTM pacTeHus, HO 1 ero PocCT, Pa3MHOXEHME N CNOCOBHOCTb
npucnocabameaTbca K HebNaronpuUATHLIM YCAOBUAM.

CnocobHOCTb K POTOCUHTE3Y XapakTepHa He TONbKO A/ 3e/1EHbIX PacTEHUN.
HekoTopble 04HOK/IETOYHbIE OpPraHn3Mbl, Takne Kak LnaHobakTepum, Xxaopenna,
XNaMUAOMOHaAa 1 3e1€Han 3BMNEHA, TakXXe MCMOb3YHT COHEYHYH SHEPrnto ANs
06pa3oBaHMA OpraHMYeCcKnX BeLLLeCTB. T OpPraHM3Mbl UTPaKOT BaXKHYH POJib B
oboraleHnn naaHeTbl KUCA0POAOM 1 GOPMUPOBAHUM MULLEBbLIX LIEMEN.

CokpalleHune 3e1€HbIX HaCaXAEeHN ABNAETCA OAHUM 13 GaKTOPOB, BbI3bIBAOLLMNX
yBeJIMYeHMe CoAep>KaHNs yrnekncaoro rasa B atmocdepe. Kak Bbl gymaeTe, Kakyro
OMacHOCTb /1A XU3HM YesioBeKa NpeacTaBaseT 3TO M3MeHeHne?

npumeuwre nony4yeHHblie 3HaHUA

lpoaHanusupyiime npedcmasieHHyr0 cumyayuro.

YTtobbl ONpesennTb posib CBETA U YIIEKUCAOTO ras3a B GOTOCUHTESe, yUeHUKN nomeTnan byksamu A 1 B aBa
JINCTa KOMHATHOTO pacTeHUA B FOPLUKe, KOTOPOe NpeABapuTeNbHO AepXKaau B TEMHOTE B TeYeHne ABYyX
CyTOK. JINCT A NOMECTUAN B CTEKNAHHBIN COCYA, BHYTpW KoToporo Haxoamaca KOH, n naoTHO 3akpbiau ero.
YacTtb imcTta B Hakpblan antoMuHmeBor Gonbroin. PacteHne octaBuAmM Ha ABOE CYyTOK Ha CBETY.

3aTeM yueHuKn copBanm AMCTbs A U B C pacTeHns 1 Ha 2 MUHYTbI MOMECTUAM X B KMNALyro Bogy. [Mocne
3TOrO /INCTbA NEPEHECNN B COCYZ, CO CMMPTOM M HarpeBanan Ha BoAsHON HaHe A0 obecLBeunBaHUA.
ObecLBeYeHHble NNCTbs CHOBA NMOMECTUIN B TOPAYUYHO BOZY, UTODObI pa3MArynTb 1X, 3aTeM Kaxkabl UCT
OTZENbHO MONOXMAW B YalKky [eTpu n gobasuan ceepxy 1-2 kanau pacTBopa roaa.

YacTtb sincTa B, koTopas 6blna OCTaB/ieHa Ha CBETY, MO AEUCTBMEM pacTBOpa Moaa npruobpena crHe-
dronetoByro oKpacky.
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Ha yuyacTke, NOKpbITOM GpONbron, n3MeHeHus LiBeTa He npom3oLwio. Kpome Toro, McT A He NPUobpén
cvHe-bNONETOBYHO OKpPaCKy.

YTobbI pacTeHne n3pacxof0Bano MMeEOLLMIACS
B €ro JIMCTbAX KpaxmaJi, ero BblAep>K1BatoT B Cnupt
TeMHOTe B TeyeHue AByX CyTOK. R
BOfAa —1— lopauas
BOZa il
Jner — i
Jiner——
a) JInct npumepHo Ha 2 MUHYTbI NoMeLLatoT b) lnct nomewatot B Ccnvpr,
B K/MALLYH BOAY, YTOBE OCTaHOBUTDL HaxoAALLMIACA Ha ropayel
AeATeNLHOCTL (PEPMEHTOB B KieTkax 1 BOAAHOW BaHe, 1 HarpeBatoT
0CNabKTE KABTOUHYID CTEHKY. A0 obecLiBeunBaHMA.

(MpumeuaHue: xnopodpunn
pacTBopsAeTca B CupTe).
AntomMuHveBas posbra

KOH
(rnapokcug kanus — ‘
HeopraHu4yeckoe
coenHeHune C
XUMNYECKOW
dopmynoii KOH. Takxe %
Er0 HaseIBaOT EAMM. ¢y BeclyBEUEHHBIN INCT HA KOPOTKOE d) Jluct knagyT Ha 6enyto MoBepPXHOCTb
Kannem, Kayctnyecknm
ISTEINEN BT BpeMsA NoMeLLaoT B ropaYyo BOAy, (B wawky MeTpwn) 1 KanaroT Ha Hero
KanMeBoii Wénoubto. YTOObI OH Pa3MATYNIICA. pacTBop roga.
A B

O6cyauTe:

« Mouemy nocne go6baBneHns pacTtBopa Moaa AncT A He NpUOBPEN cnHe-PproNeTOBYHO OKpacKy?

« Kak MO)XHO O6BACHUTL pPa3Inumnsa B OKpacKke MeXXAY NOKpPbITOi ¢pOoNbro U HEMOKPbITON YacTAMM
nucra B?

« Kakne ¢akropbl aBAsOTCA HEO6X0A4UMBIMU ANA NPOTeKaHUA POTOCMHTE3a Ha OCHOBaHUU
pe3ynbTaToB 3TOro onbiTa ?

MpoBepbTe NosyueHHble 3SHAHUA

1. Kakune BelLecTBa pacTeHMA UCMOb3YHOT B NpoLiecce GoTocnHTe3a?

2. KakoBa posb nurmeHTa xaopodunna B ¢otocnHTese?

3. B Kakux opraHax pacTeHWUin HakanaMBaroTCA OpraHnYeckune BeLlecTBa, obpasyroLineca B pesysbraTe
doTocnHTesa?

4. Kak yactu pacTteHus, He cnocobHble K POTOCMHTE3Y, HanpuUMep KOPHWU 1 KNyHBHK, MOay4YaroT opraHuyeckme
BelecTBa?

5. Y Kakux opraHM3MoB, KPOMe pacTeHNIN, MPOUCXOAUT NpoLecc poTocnMHTe3a?

6. Ecnv Ha 3emne npekpaTuTca npouecc GOToCnHTE3a, TO Kaknmm byayT nocneactemna? O6oCcHynTe CBOE
MHeHue.




doTocnHTE3 U AblXaHne

5.2 ®aKTopbl, BAVAOLLME HA CKOPOCTb POTOCUHTE3A

OfVH 1 TOT Xe BUg, pacTeHUs Ha COTHEYHOM
yJyacTke pa3BUBaEeTCA 6bICTPO, TOrAa Kak B TEHU
pacTéT c1abo. Y HEKOTOPbIX PAaCTEHNI INCTbA
KPYMHblE U TOHKWNE, Y APYTUX — ManeHbkue u
TONICTbIE. DTV Pa3NNYMA BAVSIOT Ha bonee
3pdeKTUBHOE MCMONb30BaHME CBETA PAaCTEHMAMM
M Ha NPOAYKTUBHOCTb GOTOCUHTE3A.

» Kak Bbl AymaeTe, OT Kakux
¢akTopoB 3aBUCUT
ckopocTb poTocuMHTe3a?

» Kak ocobeHHOCTU cTpOoeHusA
JINCTa NMOBbILIAIOT
3pPeKkTUBHOCTL
¢orocuHTesa?

DOTOCUHTE3 He SBASETCA MPOLLECCOM, NMPOTEKAROLLMM C MOCTOSHHON /7
CKOPOCTbLO. Ha npouecc doTocnHTE3a HEMOCPEACTBEHHO BANSAIOT
BHeLUHWe $paKTopbl — MHTEHCUBHOCTb U AJIMHA BOJIHbI CBETA,
TeMnepaTypa, KOHLEHTPALMSA YIIEKUCIOTO rasa, KONNYeCTBO BOAbI U
MWHepaNbHbIX BELLECTB, a Tak>Ke BHYTPEeHHMEe GaKTopbl, Takme Kak
OCOBEHHOCTU CTPOEHNS OPraHOB PacTeHUs, B KOTOPbIX MPOUCXOANT
doTocnHTE3, B 0CO6EHHOCTU AncTa. Ecam kakoro-ambo mn3 atmx
$aKTOpPOB HEAOCTAaTOYHO, OH HAYMHAET UrpaTb OrPaAHNUMBAIOLLYHO
PO/b, U B pe3y/bTaTe CKOPOCTb POTOCMHTE3A CHUXKAETCS.

CKOpPOCTb GOTOCUHTES],
LCELIER THTEHCMBHOCTb CBETQ,
ANINHA CBETOBOW BOJIHbI,
TemMnepatypa, KOHLeHTpaums
Q/mechnoro rasa

NHTEHCMBHOCTb CBETA U A/IMHa BOJIHbI

[ns npotekaHns GOTOCMHTE3A CBET AB/ISETCA OAHUM U3 OCHOBHbIX YCIOBUIA. 10 Mepe yBeinyeHws
WHTEHCMBHOCTU CBETa CKOPOCTb GOTOCMHTE3a Takxke Bo3pactaeT. OAHAKO 3TO yBeNMUEHMe NPOAOIKAETCS
JVLLb A0 OMNpeaenéHHOro npeaena, Nnocie Yero CKopocTb

OCTa&TCA MOCTOSIHHOW. JTO CBA3AHO C TeM, YTO Apyrvie flornouerive ceera (%)

GaKTopbl, HaNPUMepP KOHLEHTPALWA YIIEKMCIONO rasa uam
TeMnepaTtypa, HauMHaroT OrpaHNYMBaTL MPOLIECC
doTOCKHTE3A.

CkopocTb GOTOCUHTE3a 3aBUCUT HE TOJIbKO OT B bl h ;

VHTEHCMBHOCTU CBETA, HO W OT JJ/INHbI €70 BOHbI. JTO _- _

Xnopodunn b

Xnopodwnn a

¥ & B B

CBA3aHO C TEM, YTO MUTMEHT XN0POPUN MO-Pa3HOMY Anra BonHe! (HM)
NOrNOLLAET CBET C Pa3IMYHON J/INHON BOJHbI. _LTeHcuBHOCT: doTocuKTesa
CkopocTb GpOTOCKHTE3a Hanboiee BbICOKas Mpu KPacHOM W R 2
$1oNeTOBOM CBETE, a NPW 3e/1EHOM — Camas HU3Kas. . ;,f" ‘\ > i
MpuumHa B TOM, UTO pacTeHWsi OTpaXkatoT HO/bLLYIO YacTb - F 4 e \

3e/IEHOrO CBETa W MOMOLLAOT NLLb HEGONBLLYHO €ro YacTb.
Mo3ToMy H6ONBLUNMHCTBO PACTEHWUIA Mbl BUAUM 3€NEHBIMM.

[nnHa BOMHBI (HM)
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BausaHue uBeTa cBeTa Ha CKOPOCTb pOTOCMHTE3A

0
| MpuHaANEeXHOCTU: pacTeHVe 3104eA, HECKONbKO CTaKaHOB, HaMONHEHHbIX BOAOM, LiBETHbIE MNEHKM
E Vv uennodaH (KpacHbI, CUHWIA, 3e1€HbIN), NCTOUHMK CBETa (n1aMna WA CONHEYHbIV CBET).
% Xoa pa6oTbi: )
=i 1.lomecTute pacTeHns 3104eu B CTakaHbl, HarNoJHeHHbIe BOLOW.
2. HakpowiTe cTakaHbl N1EHKaMK pasHbIX LBETOB.
3. Pacnonoxute cTakaHbl Ha OAMHAKOBOM PaCCTOAHUM OT UCTOYHVIKA CBETA.
4. B TeueHMe HEKOTOPOro BpeMeH HabtoAanTe 3a Ny3blpbkamMu KMCIOPOAA, BbIAENAOWNMUCS 3
pacTeHn.
5. CpaBHWTE YMC/IO My3bIPbKOB, HABNOAAEMbIX MPY KaXAOM LiBeTe cBeTa.
O6cyaure:

1. Moa nnéHkoi KaKoro LBeTa B cTakaHe pOTOCUHTE3 Npoucxoana Hambosiee UHTEHCUBHO?
2. Echm KoMHaTHbIe pacTeHUA AepiKaTb TOJIbKO NMpuU 3e/1IEHOM cBeTe, Kak U3SMEeHUTCA UX pa3Butue?
Mouemy?

3. Kak BblI AyMaeTe, noyemMy npv BbipalwjnBaHUn paC'rel-mﬁ B Ten/imuax yumntbiBaloT UBeT cBeta?

Temnepatypa

TemnepaTypa Takxe ABAAETCA OAHUM U3 GakTOpPOB,
BANAKOLMX HA CKOPOCTb PpoTOCMHTE3a. Kak n BCce gpyrune
buoxmmmueckme n bruosornyeckme NPoLLecchl,
npovcxogdiume B knetke, GOTOCMHTE3 NpOTEKaeT B
onpesenéHHOM ONTMMaabHOM TeMMNepaTypHOM AnanasoHe.
YcTaHOB/IEHO, YTO B ONpeAenéHHOM UHTepBaie Temneparyp
CKOPOCTb poTOCKMHTe3a noBbiwaeTca. OfHaKo Npu BbICOKOW
TeMnepaType depMeHTbl, y4acTByroLme B GOTOCMHTE3E,
TEPSAHOT CBOKD €CTECTBEHHYHO CTPYKTYPY M CBOWCTBA, MO3TOMY
CKOPOCTb GOTOCUHTE3A NOCTENEHHO 3aMeANAeTCa.

CkopocTb GpoToCHHTE3a
a

1 >
0 10 20 30 40 50 Temnepatypa (°C)
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KoHueHTpauwna yrnekmcaoro rasa
Yrnekncabli ra3 ABASETCA OCHOBHbIM CbIPbEM /1A CMHTE3a
OpraHM4yeckux BelLecTB B npouecce potocmHTesa. o mepe

yBe/IMUEHWNs ero KOHLLeHTpaLmmn ckopocTb GOTOCKHTE3a

BO3pacTaeT 40 onpeAenéHHOro npeaena, MOCKobKy pacteHne

ncnonb3yet 6bosbLe yrnekncnoro rasa. OgHako nocne

NpPeBbILLIEHNA ONTUMANbHOTO YPOBHA KOHLIEHTPALIMK CKOPOCTb — ,

bOTOCUHTE3A Y>KE HE YBEIMUMBAETCA U OCTAETCA MOCTOAHHOWM. 0 004 008 012 016 020 Koyenrpauus
yrnekuciaoro

rasza (%)

CkopocTb poTocrHTE3a
A

Kak Bbl AymaeTe, noyeMy B MacMypHYyto norogy npotecc GOoTOCMHTE3a, XOTA U
ocnabeBaeT, HO He NpeKpaLLaeTcs MONHOCTbHO?

OcobeHHOCTH CTpOeHnA ncCta

CkopocTb poTOoCKHTE3a
CkopocTb GOTOCMHTE3a TECHO CBA3aHa C TaKUMU 4

0COBEHHOCTAMMU CTPOEHUS, KakK KOIMYECTBO XI0POdUANa, YNCNO

XJI0POMNAacTOB W YCTbUL, a Tak>Ke TOLWMHA anuaepmmca u

KYTUKYbI.

KpynHble 1 TOHKMe anctbsa noay4varot 6onblue ceeta. bonblias

naoLajb NOBEPXHOCTM AncTa baaronpuaTHa ana GOTOCUHTe3a. >

Konnyectso xnopodunna

Bonblwoe uncno ycrbmy, obaeryaer NoCTynaeHne yrnekncaoro
rasa B JINCT.

Y 60nbLUMHCTBA OPraHM3MOB, CMOCOOHbIX K GOTOCMHTE3Y, MPUCYTCTBYET MUTMEHT
xnopodunn. Konnmuecrtso xsopodunna Hanpsamyro BANAET Ha CKOPOCTb GOTOCUHTE3A.
B onTuManbHbIX yC10BUAX Yem H6oAbLie x10podurana, TeM CUbHEE NOMNOLLAETCs
CBETOBAaf IHEPruns, YTO NMPUBOAMUT K YBENYEHUNIO CKOPOCTU GOTOCUHTE3A.

3HaueHVe NOoBbILLIEHUSA CKOPOCTM GOTOCMHTE3a
MoBbiweHMe cKOpOCT GOTOCUHTE3A MPUBOAMUT K YBENUYEHWNIO YPOXKANHOCTM B
cenbckoM xo3srncTtee. C 3TOM Lie/Ibto B TEMAMLLAX MOBbILAKOT KOHLLEHTPALMIO

YIeKncnoro rasa n ¢ NOMOLWbHO NCKYCCTBEHHOTIO OCBeLLEeHNA CO34at0T 4J1A paCTeHI/IIZ
onTMaJibHble YC/TIOBUA.

HOCKOJ'Ibe B TENAMLUAX pacTteHNA pa3MeLLeHbl 4O0CTaTOYHO

MAOTHO, YIIeKNCAbIV ra3 B BO34yxe HbICTPO YMEHbLLAETCs, UTo
OrpaHun4MBaeT CKOPOCTb hoTOoCKHTE3a. [To3ToMy Npwm
BblpaLLMBaHNN HEKOTOPbIX PACTEHUI TenauLbl oboralarot
YINEKWC/IbIM Fa30M.

Bnarogaps NCKYCCTBEHHOMY OCBELLEHMWIO TEMNL, OCHALLEHHbIX
COBPEMEHHbIMU TEXHOIOTUAMMU, MOXHO MOyYaTb BbICOKMI
ypo>kain B ntoboe Bpems roga. OAHON N3 OCHOBHbIX MPUYMH
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3TOro ABAAETCA BO3MOXXHOCTb PEryIMpPOBaTb MHTEHCUBHOCTb, 4J/INHY BOJIHbI N
NnpPoOAO/IXKNTEJIbHOCTb OCBELLEHNA.

Hanpumep, ocBelleHne G1oaeToBbIM 1 KPaCHbIM CBETOM YCKOPSEeT
$OTOCMHTE3 1 MNOBBILLAET YPOXKANHOCTb. MOTPEOHOCTL B OCBELLLEHNN
noabupaeTtca B 3aBMCMMOCTM OT BUJA PacTeHUs.

Mpumennte nonyuyeHHble 3HaAHUA

PaccmoTtpuTe rpaduk, AeMOHCTPUPYIOLWLMIA BANAHWE MHTEHCMBHOCTM CBETA Ha CKOPOCTb POTOCMHTE3A.

CkopocTb poTOCMHTE3a
A

MHTEHCMBHOCTb CBETa
O6cyaure:

» Mo>XHO I cuuTaTbh CBET orpaHuuuBaroWm pakropom ana porocuHTesa Ha yuactke A-B rpadpuka?
Mouemy?

+ Kak Bbl 06bACHUTE, UTO HECMOTPA Ha YBe/JIMUeHUe MHTEHCUMBHOCTU CBeTa Ha yuacTke B-C, ckopocTb
dorocuHTesa He n3meHserca?

» Kak n3ameHuTCa ckopocTb pOoTOCUHTE3a, ecn Ha yuacTke B-C temnepatypa 6yaet Huskou?
O60cHyWTe CBOU OTBeT.

MpoBepbTe Bawiy 3 HAHUA

1. Kak rpynnupytotcs GakTopbl, BAVAROLLME Ha CKOPOCTb GOTOCUHTE3A, N Kakne NpuMepbl MOXHO
NPUBECTU ANA KaXXA0WN rpynnbl?

2. [Mouemy ckopocTb GOTOCUHTE3A BbICOKA NMPU KPaCHOM 1 GUONIETOBOM CBETE, a Npu 3e1EHOM —
HW3Kan?

3. Mo kakou NpuYMHe Npu BbICOKOW TeMMepaType CHUXKAETCA CKOPOCTb pOTOCKHTE3a?

4. Kakas 3aBMCMMOCTb CyLLEeCTBYeT MeXAy KOHLIeHTpaLMen Yyrnekncaoro rasa n CKOpoCTbio
doTocmHTe3a?

5. O6bACHUTE BANAHME aHAaTOMMNYECKOTO CTPOEHMSA INCTa Ha CKOPOCTb GOTOCMHTE3a.
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5.3 lbiIxaHne v 3HepreTnyeckm obmeH

Korpa yenoBek 6bICTPO ABUraeTCs UAN BEXUT, OH BbICTPO yCTaéT. B 310 Bpems Bo3pacTaeT
YacToTa AblXaTesIbHbIX ABUXKEHWI 1 CEPAEYHbIX COKpaLLeHNA. Eciv yuenoBek Aoaroe Bpems He
NPVHUMAET MULLY, OH YyBCTBYET C1abocTb 1 beccuime. ITO yKasbiBaeT Ha TO, UTO AN Pa3IMUHbIX
MPOLLeCcCcoB, MPOTeKaOLWMX B OpraHmM3Me, Heobxoa1Mma sHeprus.

« Kak Bbl gymaeTe, nouemy Bo BpemMsi pusnueckom
AKTUBHOCTU OpraH13Mm pacxogyet 6osblue 3Heprum?

« Mouemy nNpu AANTENbHOM OTCYTCTBUM NPUEMA NULLU
opraHusm ocnabeBaer?

MUTOXOHAPWMA, KPUCTa, MaTPUKC,
CEES[EN aneHOo3nHTpUdocdart, aspobHoe
SLELLY /1bixaHue, ageHo3nHandochaT

,ﬂ,ﬂﬂ BbIMOJIHEHNA CBOUX CI)yHKLI,VII7I XnBble KNeTkn NoCToOAHHO
HY>X4aKTCA B SHEPTUN. JTa SHEPrma XpaHNTCAa B XMMUYECKNX
CBA3AX OpraHN4YeCckKnx MoseKky/sl, BXOAALWNX B COCTaB

nUTaTeNbHbIX BELLECTB.
B npoLiecce K1ETOUHOTO AbIXaHWA OpraHnYeckue BellecTBa C yyactmem GpepmMeHTOB
MO3TaNHO PacLEenAOTCS, U NPU 3TOM BbIAENAETCSH SHEPrus. ITOT NPOLLECC NPOTEKAET B
ABe cTagnn — 6eCcKUCNOPOAHYHO U KNCIOPOAHYHO. beckncnopoaHas ctagus, B KOTOPOW
KMCAOPOS, He y4acTBYET, MPOUCXOAUT B LIUTONAa3Me KNETKW. Y OpraHn3MOB, XXMBYLLNX B
beckncnoposHom cpeae, obecneueHre sHeprmen ocyLLeCcTBAAETCA MMEHHO 3a cyeT
3TOWN CTaAunu.

Y 3yKapnoTMUeckmx OpraHM3mMoB KMCAOPOAHAs CTaAns NPOUCXOANT B MUTOXOHAPUSX,
1 Ha 3TOM 3Tarne 06s3aTeNbHO Yy4YacTBYeT KNCA0POS. MUTOXOHAPUS — KAETOYHas
opraHenna ¢ AByMemMbpaHHbIM cTpoeHneM. Eé BHellHAs membpaHa rnagkas, a
BHYTPEHHSAA — CKkaagyaTtas. OTU CKNaAKM Ha3blBarOTCs KPUCTAMM, @ BHYTPEHHSA
XUnAKas cpesa — MaTpUKcoMm. B maTpukce HaxoaaTcs puboCoMbl, HYKNEUHOBbIE
KMCNOTbI U Pa3inuyHble OpraHUYeckme CoOeAnHeHNs.

HyknenHosas Pubocombl BHelwHsAs MembpaHa
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OcHoBHast GYHKLUMA MUTOXOHAPWI — CUHTE3 afeHO3uHTpUdocdarta (ATD),
KOTOPbIV ABASETCA YHUBEPCANbHbIM UCTOYHUKOM 3HEPTUmn KneTku. [oatomy
MUTOXOHAPWM YaCTO Ha3bIBAKOT “IHEPreTMUYecKMMm CTaHUNAMMN" KNETKMN.

Mpouecc AbixaHWs, NPOTEKAOLLMIA C y4aCcTMEM KUCIOPOAA, Ha3blBAeTCs
a3po6HbIM AbIxaHUeM.

CH,,0; + 60, — 6CO, + 6H,0 + SHeprua (ATD)

[laHHOE ypaBHeHMe oTpaxkaeT obLLyt0 peakLmMio a3pobHOro AbixaHus. [1roko3a
MO3TanHoO pacLLenfeTcs, B pesy/brate Yero obpasyoTcs yraekncbiv ras n
Boza. [pn 3TOM OCHOBHas 4acTb BbIAENSAOLLENCS SHEPTMM 3amnacaeTcs B
Mosiekynax AT®, a yacTtb Bblaensetcs B Buae Tensa. ATO cuHTe3npyeTcs BHYTPU
KNETKW, Y MOCKONbKY HE TPaHCMOPTUPYETCA MeXAy KAeTKaMu, NCMONb3yeTcs
TO/IbKO B TOM K/IETKE, B KOTOPOW HblNa CMHTE3NPOBaHa.

BbigeneHue Tenna npv nNpopactaHMn cemMsiH

Hwue NpoAEeMOHCTPUPOBaH OMbIT, MPOBEAEHHbIV B ABYX O4MHAKOBbIX CTEK/IAHHbIX COCYAaX, a TakxKe
pe3y/ibTaTbl, MOJNyYeHHbIe B XOA€ 3TOro onbiTa.

B cocyn A 66111 NOMeLLEeHbI MPeABapPUTENIbLHO MPOKUMNAYEHHbIE U OXNaXAEHHbIE ceMeHa daconu, a B
cocys B — npopactatolume cemeHa paconum. Yepes HEKOTOPOe BPeMs M3MEHeHWe TeMnepaTypbl B

0boux cocysax 6b10 M3MEPEHO C MOMOLLbIO TEPMOMETPa.
Xop paborbi:

1. BHUMaTENIbHO paccMoTpuTe TabaunLy U PUCYHOK.

2. Ha ocHoBe Tabaunubl cpaBHUTE M3MEHEHMe TemnepaTypbl B cocyaax A u B.

3. O6BbACHMTE NPUYKNHY TOTO, UTO B cocyae A TeMnepaTypa ocTaBanacb MOCTOAHHOW.

4. Mouemy B cocyae B Temnepatypa nocreneHHo nosbiwanacb? O60CHyMTe CBOE MHEHMe

LesatenbHocTb

Bpems Cocyp A Cocys B M A M B
(vachbl) Temnepatypa (°C) |Ttemneparypa (°C) ———————  TepmomeTp

0 13 13 3

12 13 18 BaTHas npobka

24 13 23

36 13 27

48 13 29

60 13 31

72 13 33

CemeHa daconu
O6cyauTe:

1. Kakow 6nonornueckuin npouecc gokasbiBaeT AaHHbli onbiT? O60CHYyWTe CBOW OTBET.
2. Mouemy TeMmnepaTtypa NOBbICKMIaCb TOJILKO B COCYAEe C NPOpPaCTaloWUMm cemeHammu?
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Mo cBoemMy xmmuyeckomy cTpoeHnto ATO aBaseTca HyKJ1eoTUAOM.
Mosiekyna cOCTONT N3 a30TUCTOrO OCHOBAHWA (afeHMHaA),
NATUYrNepPoAHOro yrneeoza (prnbo3sbl) n Tpéx docdatHbix rpynn. Mpu
pa3pbiBe O4HOW M3 BbICOKOIHEPreTUUYeCckMX Makpo3prnyeckmx CBasen
mexay docdaTHbIMU rpynnamm BblgenseTca aHeprus, n ATO
npespallaetcsa B ageHosuHandocoar (AAD).

®ocdaTHble rpynnbl

ATO ' '
AneHVH
Prbo3a Makpoapruyeckne csasu
\ 4
AL® fé’ Otuienusluascs
y\' y_ s P/ docdaTHas
/ rpynna
AneHVH

Pu6oza %

Bbiaensemas aHeprusa

AT® He HakanAnBaeTCa B KNeTKe HaZoJro, MOCKOJ/IbKY NPV BO3SHUKHOBEHUM
noTpebHOCTM Cpa3y MCMONb3yeTCA U BHOBb CMHTe3unpyeTca. [peBpalleHme
AT® 2 AL® nponcxoauT B KIEeTKe HENpPEPbIBHO.

Kak Bbl iymaeTe, B Kak1X KJ€TKax YNcio MUTOXoHApUIM 6onblie? O6oCHyTe CBOE
MHeHVe.

JHepreTnyeckmnin obmeH

XXnBble opraHn3mbl MOCTOAHHO NMOAYyYatoT, NPeobpasyroT N NCMOJIb3YHOT SHEPTUIO,
4yacTb KOTOPOW BbIAENAETCA B BUAE Tenia. 3Ta SHEPrus pacxoayeTcs Ha Takume
XKV3HEHHO BaXXHble MPOLECChI, KaK COKpaLleHne MblLL, CUHTE3 6enKoB, AeneHne
KNEeTOK, aKTUBHbIV TPaHCMOPT BELLECTB Yepe3 KNETOUHYH MeMbpaHy, nepesaya
HEpPBHbIX MMMYAbCOB, POCT U NOAAepP>KaHMe NMOCTOAHHOW TemnepaTypbl Tena. 3Tn
NPOLLEeCChl CBUAETENLCTBYHOT O TOM, UTO B KJIETKE HEMPEPLIBHO NMPOUCXOANT
3HepreTnyeckmm obmeH.
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MpumeHnTe NonyueHHble 3HAHUA

1. Huxxe npeactaBneHa cxema onbiTa, AEMOHCTPUPYHOLLETO NCNOAb30BaHWE KMCIOPOAa B NpoLecce
AblxaHuA. B cocyae A B onbITe XWBbIX OPraHNU3MOB HET, a B coCyse B HaxoaaTca Hacekomble. B ob6omx
COCyAax COAEPXKMTCA BELLECTBO, MOTOLLLatOLLEee YIIEKUCbIN ra3. B xoze onbiTa cocys A, B KOTOPOM HUKaKMX
N3MEHEHWI He MPOUCXOANT, NCMOb3YETCA Kak KOHTPOAbHbIA. K 06onm cocysam npucoesmHeHa
KanuanspHas Tpybka C Kanaen Macna BHyTpU.

\
\KaI'IVI!]IIﬂpHaﬂ Kanaa macna

Tpy6ka

MenkKne Hacekomble
MeTaiinyeckasa ceTka

BELL,ECTBO, MoroLuaroLLee
YIAEKUCAbIN ra3 B

BelWecTBO, nornouwarouiee
yFJ'IeKVICﬂbIVI ras

O6cyauTe:

* Kak Bbl AymaeTe, YTO AABNAETCA NPUYNHON NepemMeLLeHUA Kanan Macna B KanunnsipHon Tpyoke,
NpUKpennéHHom K cocyay ¢ HaCeKoMbIMU?

* Moyemy B onbiTe UCNONb3yeTCcs BeLeCcTBO, NOrnoLyatoLlee yrinekucnbin raz?

e Ecnun Gbl B onbiTe BMECTO MeJIKUX HaCeKoOMbIX UCNOSib30Basnuv npopacTarLine cCeMeHa,
Habnopganocb 6bl NnepemelieHne Kannm macna? O60cHyTe CBOE MHEHMe.

2. Ha pucyHke nokasaHa B3anMOCBS3b
MeXxay npoLeccamu GoTocuHTe3a 1 Opranenna |lpotekatowme | Vicnonbsyemblie CuHTesnpyemsble

npoueccsi BellecTBa BellecTBa
AbixaHna. CpaBHWUTE 3TV NpoLEecchbl 1 bou H H

3anonHuTe Tabaunuy.

Xnoponnact

MuToxoHapWS

O6cyaure:

@ * Kak Bbl aymaete, noyemy npoueccbl POTOCUHTE3A U
(o) AbIXaHUs TeCHO CBsA3aHbl Mexay cobon?
H,0 » Kak npouecc gbixaHusi BNUSAeT Ha KPYyroBOpoOT BeLecTB U
N

3Heprun? OBGOCHyNTE CBOE MHEHuUe.

?

MpoBepbTe NosyueHHble 3SHAHUA

B KaKuXx XXM3HEHHO BaXkHbIX MpOLieccax UCrosb3yeTca SHEPrus B XXMBbIX OpraHn3max?

O6bACHUTE PONb MUTOXOHAPWIA B SHEPreTMyeckom obecneyeHnmn KAeTku.

Kakve KoHeuHble NpoayKTbl 06pasyroTca CornacHo ObLLEMY XMMUYECKOMY YPaBHEHMIO a3pOBHOrO AbIxaHWA?
Mepeuncante yactn, coctaBaatoLLmne cTpykTypy ATO.

KakoBO 3HaueHve Ten10BOW SHEPTUN, BbIAENAIOLLENCA B MPOLECCe KNETOYHOTO AbIXaHWs, ANA opraHM3ma?

vihkwmp=
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5.4 AHaspobHOe AbixaHue

HekoTtopble 6akTepum, XusyLLme B TONCTOM KULIEYHUKE
YyesI0BEeKa, YYacCTBYHOT KaK B PacLLernieHnn Leuitoiosbl,
cofepxKallencs B pacTUTENbHOW MKLLe, Tak U B CUHTE3e
BuTaMunHos K v rpynnbi B.

Bbi3biBaeT nHTEpecC TO, KakK 3Tn bakTepun NpoaoKatoT

CBOHO XXN3HEAEATENBHOCTb Y NMONYYarOT SHEPTUIO B 3TOW
cpeae, rae NpakTUyYecky OTCyTCTBYET KMCIOPOA,

« Kak Bbl gymaeTe, kakum obpasom 311 6akTepmnm cNOCco6HbI
nosyyaTtb JHEPruio B OTCYTCTBUE Kucaopoga?

AHa’pobHoe abixaHue — 370 HeckMCIopoaHOe pacLlenieHne W aHaspo6HOe AbixaHue,
OpraHMyeckmnx BeLecTB B KNeTkax. B xoge 3toro npouecca rtokosa | EEEEEE ravkonms, cnimpTtosoe
pacLiennseTca B UuTonnasmMe c yyactmem GepMeHTOB, Npu 3TOM Nasa GpoxceHme,

BblAeNIAeTCA SHeprus. MOJIOYHOKUCN0E

B npouecce rankoamnsa, KOTOPbIA ABASETCS OCHOBHOM CTaAMen \_ bpoxeHue y

aHa3pObHOro AbIxaHWUsA, KNCNOPOS He yyacTByeT. Bo Bpems
FNKONN3a NPW pacLLenneHn OA4HON MOAEKYNbl TTHOKO3bI
obpasyroTca gBe MoaeKkyabl NMPoBMHOrpagHon kmcnotbl (C3H403) n
ABe monekynbl ATO.

CeH1206 = 2C3H403 + 2ATO
Mpw OTCYTCTBUM MAM HEAOCTaTKe KNCNOPOAa MHOMMe KNeTKM CHavana
pacLLLenaatoT FKKO3Y NYTEM MMKOAM3a U cnHTe3npyroT ATO. 3atem
MOXKET MPOUCXOANUTL NPOLLECC BPOXKEHUNA. Y Pa3INYHbIX OPraHN3MOB
B OCHOBHOM Hab/1t0AatoTC CMMPTOBOE I MOJIOYHOKMNC/10€
6poxkeHue.
CnuptoBoe HpoxkeHMe NPONCXOAUT rMaBHbIM 0H6pa3om B
OAHOKNETOUHbBIX APOXOKEBBIX FPnbax N B HEKOTOPbIX KAeTKax
pacTeHuiA. MpoBMHOrpasHasa KMCAoTa, 0bpasyroLLasnca B pesynbrate
INKOM3a, BO BPEMSA CMMPTOBOrO BpOXKeHNs npeBpaLLaeTcs B
stnnosbln cnnpt (C,HsOH) n yrnekmcabiv ras.
C6H1205 i 2C3H403 + 2ATO — 2C2H50H + 2C02 + 2ATO

CnnpToBOE BPOXKEHME NPOAOIKAETCA A0 TEX MOpP, NMOKa B Cpese

O,CI,HOK}'IGTOl—IHbIe
NMeeTCsA I1H0KO3a W COXPaHAOTCA NOAXOAALLME YCIOBUA. ApOXOKeBble rpubhl
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AHaspobHoe AbixaHue B KNeTKax APOdOKeN
MpuHaaneXXHOCTU: Cyxmne APOXKN, CaxapHbIV Necok, Ténnasa Boga (npumepHo 35-40 °C),
2 nnacTmkoBble H6yTbinkn 06BEMOM 1,5 n, cTonoBas n0XKa, BOPOHKA, PE3VHOBBIN LWapuK.
Xop, pa6oTbi:

1. B kaxkgyro Na1acTMkoByto ByTbiKy Hanente no 1 ctakaHy
TENION BOAbI.

[esatenbHocTb

2. B oaHy 13 ByTbIOK A0ob6aBbTe 1 CTONIOBYIO NOXKY APOXKIKEN U
cnerka nepemeuanre.

3. B apyryto 6yTbinky AobaBbTe 1 CTONOBYHO JIOXKKY APOXXKEN U
Takoe ke KO/IMYeCTBO caxapa, 3aTeM C/ierka nepemeLuanTe.

4. HapeHbTe Ha rop/bILLKO KaXAOW 6yTbINKN PE3VHOBBIN Wapuk
M NNOTHO 3aKpenuTe.

5. OctaBbTte 6yTbiNkK NpMepHO Ha 10-15 MMHYT B TEéNNIOM
mecTe.

6. Habntogante 3a n3aMeHeHNAMM pa3Mepa Pe3rHOBbBIX LLIAPUKOB
M npoLeccaMmu, MPONCXOAALLMMUN BHYTPY NMAaCTUKOBBIX

6y TbINOK.

O6cyauTe:

1. KakoBa posb caxapa B saHHOM onbite?

2. Kakve ycnoBus Bbi3biBaloT aHa3pobHoe AbixaHue K/eToK Apoxoken? O6ocHywTe cBoM
OTBeT, OCHOBbIBAACb Ha pe3y/ibTaTax onbiTa.

3. Kak Bbl Aymaerte, kaK usmeHwuica 6b1 pesysnbrat onbiTa, €civm 6b1 BMECTo TENJION BOAbI
ncnosb3oBanun ropauyro? O6ocHyiiTe CBOE MHeHMe.

MonouHokMcaoe BpoXKeHNE MPONCXOAUT B MbILLEYHbIX KNETKax YenoBeKa 1 XXMBOTHbIX,
a Tak>Ke y HeKoTopbIx HakTepu.

B cocToAHMM NOKOA MbIWweYHble KeTkn 0becneunBaroTCs KNCNOPOAOM Yepes KPOBb.

B 370 Bpems B keTkax Nponcxoamnt asapobHoe abixaHue. OfHako Npu CUAbHON
bur3nueckon Harpyske MbiLLbl pacxoayroT 6osbLue 3Hepruu. MNpu HegocTaTke
KMCNOPOAA B MbILLEYHbIX KNeTKax a3pobHoe AblxaHMe He MOXET NpoTekaTb NMOJHOCTbIO,
NO3TOMY KJ/IeTKM 0becneymBaroT CBOWM 3HepreTmyeckne noTpebHoCcTn aHas3pobHbIM
NyTEM — MOCPEACTBOM MOJIOYHOKNCNOTo HpoxkeHus. [Mpy 3TOM NMPOBUHOrpasHas
KncioTa npespattaeTcs B MoNoYHyo Kncaoty (C3HgOs).

C5H1206 d 2C3H4O3 + 2ATO — 2C3HGO3 + 2ATO

B pe3ynbtate HakonaeHunA MOJIOUHOW KUCNOTbl B MbILUEYHOW TKAHMN coKpalieHne
MblLLEYHbIX BOJIOKOH ocna6eBaeT, M B MbillLax BO3HUKaET YyBCTBO YCTaJIOCTU.
O6pa3y+ou.|,aﬂc;1 B MbILLUEYHbIX KNeTKaX MOJIOYHaA KNC0Ta NOCTyrnaeT B KPOBb U
TPaHCNOPTHUPYETCA B NeYeHb, rie BHOBb rNMpeBpallaeTca B NMMPOBUHOINpagHyrO KUCOTY.




doTocnHTE3 U AblXaHne

YacTb NMPOBMHOrPagHOM KNCNOTbI MPEBPALLAETCs B FOKO3Y, a Apyras 4acTb B
npucyTcTBumM Kncaopoga pacwenasaetca 4o CO, n H,O, npu 3TOM BblgenseTca sHeprus.
[na paclienneHms MOOUYHON KUCOTbI, HAKOMUBLLENCS NPU aHa3pPOOHOM AblXaHuu, 1
BOCCTaHOB/IEHNS HOPMaJbHOrO COCTOAHNA TPpebyeTca AONONHUTENbHbIN KNCIOPOA.
MNocne NHTEHCUMBHOW GU3NUYECKOM Harpy3KK AblxaHWe yyallaeTcs, yBeNMUYMBaeTCs
YyacToTa CepAeYHbIX COKPALLEHWI, N OpPraHM3M, pacLLenasas MOJOYHYH KUCAOTY,
BOCMOJIHAET AOMNOJHUTENbHYIO NOTPEOBHOCTb B KMCNOPOAE.

Ecav nepea cnopTMBHbLIMM
3aHATUAMMW He BbINOJHATb
Pa3MUHOYHbIE YPaXKHEHWS,
MOTYT BO3HWKHYTb MbILLIEYHbIE
cypoporu.

MO>HO N1 yTBEpPXAaTb, YTO NPOLLECC MMKOM3a NMPOUCXOAMUT BO BCEX XUBbIX KJEeTKaxX
yenoseka? OBOCHylTe CBOE MHEHMeE.

npO,D,yKTbI, nonyyvyaemble B pesysibTate CriMpTtoBOro N MOJIOYHOKNCAOTO 6po>|<eH|/m,
3aHMMakoT Ba>XXHOe MEeCTO B I'II/IUJ,eBOl‘/’I MPOMbILINEHHOCTW.

CnnpToBOe bpoXKeHMe LWMPOKO UCMOb3yeTca B XAebonevyeHnn 1 npy noayyeHnm
3TMNOBOrO cnMpTa.

MosnouHOKMCI0e BpOoXKeHNE UrpaeT BaXKHYH POb B MPOM3BOACTBE MOrypTa U Cbipa, a
Tak>Ke NP NPUroTOBNIEHNM KBaLUEHbIX MPOAYKTOB, TaKMX KaK Kamnycra v orypubl.

MonouyHokucble
bakTepun




Yactb I

MpumeHnTe NonyueHHble 3HAHUA

Ha npeacraBneHHOM rpaduike nokasaHo, kak M3MEHSAETCA YNCIO AbIXaTesbHbIX ABUXEHU
BO BpemMsa GU3MYECKOW Harpy3ku 1 nocne Heé.

Yucno AbIxate/lbHbiX ABUKEHWI
A

30
25+
20

15+

10+

Hauano OkoHuaHue
5 TPEHVPOBKM TPEHNPOBKNK
ot
0 2 4 6 8 10 12 14 16 Bpems (MUHYTbI)

OTBeTbTe Ha BOMPOChI, ONNPasch Ha rpaduk.
a) MouemMy BO Bpemsi TPEHNPOBKM MbILLLbl HE MOAYYatoT 4OCTAaTOYHOrO KOANYECTBa KMCAopoaa?
b) Kaknm 06pa3om B 31X yCN0BUAX KNETKN obecneynBatoT CBOW 3HepreTuyeckme notpebHoctn?

O6cyauTe:

« KakoBo 3HaueHue aHa3po6HOro AbiXxaHUsA ANA OpraHM3Ma Bo Bpems ¢puanmueckoin Harpysku?

 Mouemy nocsie OKOHYaHUA TPEHUPOBKM YacTOTa AbiXaTe/IbHbIX ABU)KEHUW He cpa3y BOo3BpallaeTcs
K HOpme?

MpoBepbTe NosyueHHble 3SHAHUA

1. Mo KakMM 0COHBEHHOCTAM aHa3pOBHOe AbixaHWe OTIMYaeTCs OT a3pobHoro?

2. B kakunx knetkax yenoBeka MPOUCXOANUT aHa3POBHOeE AbixaHne?

3. Ckonbko monekyn ATO obpasyeTca Npu pacwenaeHm O4HON MOAEKYbl [1HOKO3bl B MPOLLecce rnkKoamsa?
4. YcTaHOBMTE CXOACTBA M Pa3anNymMa CMMPTOBOrO U MOJIOYHOKUCAOTO BpOXKeHMS.

5. ObbACHUTE, B Kaknx 061acTax NPUMEHAETCA MOJIOYHOKMCA0E BpOXeHME B MOBCEAHEBHOMW XU3HMW,
npuBeanTe NPUMEPBI.




Hayka, TeXHO0rna, XX13Hb

ckyccTBEHHBIV POTOCMHTES

NckyccTBeHHbIV GOTOCUHTE3 — 3TO COBPEMEHHbBIN TEXHOOTMYECKUIM MOAXOA, UMUTUPYHOLLIUIA
NPUHLMMbI NpoLecca GOTOCUHTE3A M NPe0bpPasyrOLLNI CONHEYHYO SHEPTUIO B XMMNYECKYHO.
OCHOBHOW Lie/IbHO 3TOTO NOAXOAa ABAAIOTCA YMEHbLUEHME KOMYECTBa YI/IeKMCAOro rasa B atmocdepe
1 NOJlyYeHMe anbTePHATUBHbBIX NCTOYHMKOB SHEPTUN.

B npouecce nckycctBEHHOro GOTOCUMHTE3A BbIAENANOT Ba OCHOBHbIX HamnpaBaeHUs:
— MoJlyYeHVe BOLOPOAA U KUCNIOPOAa B pe3y/bTaTe GOTOKATaIMTUUECKOTrO pacLLernieHns BoAbl;
— CMHTE3 OpraHNYecKmnx BeLLECTB B pe3y/ibTaTe BOCCTAHOBEHMS YINEKMCIONO rasa.

ConHeyHas 3Heprus Mpoaykt
(opraHuyeckue BelLecTBa)
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CxemaTtnyeckas Mogenb
MCKYyccTBEHHOro GOTOCMHTE3a

HO. | :i

N ckyccTBEHHBIN GOTOCUHTES ABASETCA peanbHON 061acTbo NCCAeA0BaHNN, O4HAKO B HacTosLLee
BPEMS OH He NMPUMEHSETCA B LUIMPOKOM NMPOMbILLIEHHOM MacliTabe. OCHOBHbIMUW NPUYNHAMM
3TOrO ABJAKOTCS BbICOKAs CTOMMOCTb MCMOJIb3yeMbIX MAaTEPUANOB U YCTPOMCTB, HU3Kas
3PDEKTUBHOCTb peakLMii U CIOXKHOCTb pa3zesieHNs NoslydaemMblx NPOAYKTOB.

doTOCKHTE3, MPONCXOAALLMIA B MPUPOAE, MPEBOCXOANT CO3aHHbIE YUeJIOBEKOM TEXHOIOMMM MO
3PDEKTUBHOCTY, AeLLeBU3HE U JOCTYMHOCTU. POTOCUHTE3NPYIOLLME OpPraHN3Mbl YXKe MUANNAPAbI
NeT HENpPEpPbIBHO Y ONTMMaNbHO OCYLLLECTBAAKOT 3TOT NpoLiecc.

TeM He MeHee nccnefoBaHMA B 3TOM obnactu npogonxatotcs. MNpeanonaraercs, 4to B byayLiem
NCKYCCTBEHHbIA GOTOCMHTE3 MOXET ChIrpaTh BaXKHYH POJb B PeLLUEeHUN Kak SHepreTM4eckoro
Kpwu3wnca, Tak U NpobaeMbl UI3MEHEHNS KAMMmarTa.

MoBepxHOCTL $oToKaTasmsaTopa
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SaK/siloueHme

6CO2+ 6Hzo CBETOBAasA aHeprua C6H1206+ 602

xnopoduan

CBeTOBas saHepruna npeo6pa3yeTca B 3HEPrnto XmMmn4yecknx cBAzel

OpraHI/I3MbI, B KOTOPbIX MpOnNCXxoanT OpraHe/ma, B KOTOPbIX NpoTeKaeT

pacmeHus

yuaHobakmepuu ®OTOCUHTE3
xs0penna
Xx/n1amudomMoHada

382J/1eHa 3esieHas

XJI0pPOnAacT (y pacteHuin)

Bamsarowme Ha ckopocTb

BHewwHWe dakTopbl BHyTpeHHMe dakTopsbl
UHMeHCUBHOCMb ocsewjeHus, 0/UHa Ko/1u4ecmao x/10poghusna, HYucao
B0JIHbI CBEMA, memnepamypda, XJ10pONacmos u ycmeuu, moawuHa
KOHUeHMpayus y2/1ekucs020 2a3d, Kymuky/el, snudepmuca u me3ogusna,
800a, MUHepaibHsle gewjecmasa naowade nogepxHoCMuU aucma

—» [nvkonus (6e3 yuactmsa kuciopoaa)

NMPOnNCXoauT B UmMToniasme

L KncnopogHsiin atan -—

CeH12,06 + 60, — 6CO, + 6H,0 + 3Heprvm (ATD)

AbIXAHUE

" rﬂMKOﬂMB (OCHOBHOM 3Tan) Y 3yKapnotn4yeckmnx opraHn3moB

NpPoOnNCXoaAnT B MUTOXOHAPUN

C6H1206 i 2C3H403 + 2ATO

AHaspobHoe

CnupToBoe npoucxodum y opoxkeli U 8 HEKOMOPbIX
nponcxoanT HpoxkeHne knemkax pacmeHuti

B UuTOonaasmMe
C6H1206 - 2C2H50H + ZCOZ + 2ATO

— bpoxeHune

MonouHo- npoucxo0um 8 MblleYHbIX K/1emkax
Kucnoe —— 4e/108eKa U XUBOMHbIX, @ MAaKxe
bpoxxeHne Y Hekomopebix 6akmepuli

CeH1206 — 2C3H03 + 2ATO




O6o06wwarowme 3agaHMNA

1. ABa pacTeHUA O4HOrO U TOro e BUAa U OANHAKOBOW Macchbl 6b1/1 MOMeLLEeHbl B pa3Hble
YC/IOBUA: OAHO — B OCBELLEHHOE MecTo, Apyroe — B TéMHoe. MMouemy uepes Tpu AHA npu
B3BelLMBaHUM OTMeuYaeTcA pasHULa B Mx Macce? KakoBa OCHOBHasA NMpUYMHa 3TOro?

3 AHA cnycTa

2. ApoxokeBble rpubbl B 6€CKUCIOPOAHDbIX YCIOBUAX PaclLenifatoT INIF0KOo3y, nojayyas
3Hepruvio, Npy 3ToM BblAeNAeTca YraeKUcabii ras. B tabnvue npnBeaeHbl pesynbTraTbl
OMbITOB, NPOBEAEHHBIX MPU Pa3/INUHbIX KOHLEHTPaLUAX F/1F0KO3bl:

KoHueHTpauus ratokosbl (B %) | Konnuectso ny3bipbkos CO,, BbIAEAVBLUNXCA B TEUEHUE 5 MUHYT
2 18
5 35
7 28
10 20

a) Ha ocHoBe TabauvLbl onpesennte, Mpu Kakol KOHLIEHTPALIMKN [10KO3bl aHaspobHoe AbixaHue
npoTeKano C CaMOWN HN3KOW 1N C CAMOWN BbICOKOW CKOPOCThHO.

b) CnporHo3unpytite, kKak u3MeHnn0Cb bl BbigeneHne CO,, ecav Hbl OMbIT NPOBOAWICA MPU
KOHLLeHTpauum rtoko3bl 15%, 1 06bACHUTE NPUUYNHY 3TOrO.

3. Ha ocHOBe pucyHKa MUTOXOHAPUN BblbepuTe HeBepHble YTBEePIXXAEeHUA.

1 — HyknenHoBas Kucnota

2 — pnboCcoMbl

3 —cTpoma

4 — BHelHAs MembpaHa

5 — BHyTpeHHAA MeMbpaHa

6 — MexxmemMbpaHHas NoaoCTb
7 — Tnnakouapl




4. Kakme coearHeHns obpa3yloTca Kak B pe3y/bTaTe CNMPTOBOro 6poxkeHus,
TaK U B pe3y/ibTaTe MOJIOYHOKMKC/I0ro 6poXkeHnn?

5. B onbiTax, npoBOoAMMbIX Ha CBETY, MOCTyMnJ/ieHne N BbiXoa BO3A4yXa obecneunBannCb TO/IbKO
B O4HOM HamnpaBJ/iieHUU C NOMOLbIO CrieynasibHbIX K/lallaHOB.

a) OnpegenunTte Lenb 3TUX ONbITOB.

b) B kakom onbiTe ckopocTb poTocmHTe3a byaeT HavMeHbLlen? OBOCHyNTe CBOW OTBET.

C) Kak n3ameHATca nosyyeHHble pesy/bTaTbl, €CNN aHaNOrMYHbIE OMbITbl MPOBECTU B YCIOBUAX
OTCYTCTBMA CBETa?

Pactesop
Ca(OH),

Pacteop
Ca(OH),

6. YcTaHoBUTe cOOTBETCTBME. A3pobHoe gbixaHne AHa3pobHoe AbixaHue

a) MOXET MPOUCXOANTb B 3yKapMOTUYECKUX OpraHM3Max

b) cnHTesnpyetca ATO

C) He NPONCXOAUT B MUTOXOHAPUAX

d) KOHEeYHbIMWN NPOAYKTaMU ABAAIOTCA YIEKNC/bIA a3 N BOAA

e) npeacTaBaseT cobor beckncIopogHoe pacLyenieHne
OpraHnYyecKnx BeLEeCTB B KNeTKax




HacneacrBeHHOCTb
N AeNeHne KJeTku

Ka>kzaoe >x1Boe CyLLecTBO BOCMPOM3BOAUT NOTOMCTBO, NogobHoe cebe. Ho nouemy pebéHok
yesloBeKa MOXOX Ha YesloBeKa, @ MPOPOCTOK, NOABMBLUMICA U3 cemeHW ay6a, BblpacTeT 1 CHOBa
cTaHoBUTCA Aybom? OTBETbI Ha 3TV BOMPOChI JIEXKAT B UCCIEA0BaAHMNAX TEHETUKM U LUTONOTUN —
OfHVX 13 BaXKHEWLLIMX pa3aenos bronormu.

HacneacrBeHHOCTb — 3TO Nepeaava NpU3HaKoB M CBOWCTB XXMBbIX OPraHW3MOB 13 MOKOIEHS B
nokoneHne. OCHOBHbIM HOCUTENIEM 3TOW "BMONOrMYecKor NporpamMmbl” ABAAKOTCA HYKNENHOBbIE
kucnotbl. JHK — 310 cBOEro poga kHura HacneactBeHHoW namsaty knetkn. AHK B knetke He
CyLLeCTBYeT B CBOOOAHOM COCTOAHWW, 3, CBA3bIBAACh CO CrneLmanbHbiMK Henkamu, opmumpyet
CNIOXHbIEe CTPYKTYpPbI.

@ Habop xpomocom 60bLIMHCTBA @ 1. Kak, no-Bawemy, coxpaHaeTcs
>KMBOTHbIX, BbICLUMX PacTEHUI U HacneAcTBeHHas MHGopmMauna?
yenoBeKa ABAAETCA AUNAONAHbBIM (2n). 2. Kak Bo3Hukarot pasinymna y opraHm3amMoB
Ha kneTouHOM ypOBHE NOCTOSAHCTBO OAHOTO 1 TOrO e Buaa?
Yymcna XpoMocom obecneynBaertca 3a 3. MoryT 1 HapyLLeHNsA B HOCUTeNAX
CYEeT MUTO3a, @ Ha YPOBHE OpraHM3mMa — HacneACTBEHHOW MHGOPMALIMW NOBAUATL Ha
Meiio3a. bYHKUMOHMPOBaHMe opraHu3ma B Lenom?

M3 pa3aena Bbl y3HaeTe

» HacneactBeHHOCTb — 3TO CMOCOBHOCTL XMBbIX OPraHM3MOB MepesaBaTb CBOW NMPU3HaKM N CBOMCTBA
CNeAyOLLMM MOKONEHNAM

* HacneactBeHHas MHGOPMaLMsA XPaHUTCA B HYKJIENHOBBIX KMCNOTaxX — OPraHMYeckmux MoaeKynax
KNEeTKn

* Xpomocomsbl cocToaTt n3 monekynbl AHK, coegnHeHHbIx ¢ 6enkamm

* Kaxabl1 opraH1M3m MMeeT CBOW COBCTBEHHbIA KapnoTuUn

* Y psaga opraHnM3MoB pa3MHOXEHMWE, POCT, Pa3BUTME N BOCCTAHOB/IEHNE NMOBPEXAEHHbIX TKaHeN
NPOWUCXOAAT 3a CYET MUTOTUUECKOTO AENEeHNA

* lannonaHbI (n) HABOP XPOMOCOM rameT 1 crop obecneunBaeTcs 3a CHET MENOTUYECKOTO AeNEeHNS
» CnyyariHoe coeAnHeHve raMeT NPUBOANT K reHeTUYeCKOMY pa3Hoobpasunto

* Y pacTeHNI XXN3HEHHbIN LMK 3aBepLUAETCa YepesoBaHMEM NOKONEHNA cnopoduTta 1 rametoputa
» CTBO/IOBbIE K/IETKM, AENSACH MUTO30M, CMOCOBHbBI aBaTbh Hauyaso Pa3AnNYHbIM TUMaMm

cneumnaananpoBaHHbIX KNETOK




Yactb Il

6.1 HacnenCctBeHHOCTb 1 €€ MaTepuaibHble OCHOBBDI

HacneacTBeHHOCTb — OAHO M3 BaXKHEMLLMX
61OoNOrMYecKmx CBOMCTB XXMBbIX OPraHM3MOB.
DTO NOHATUE OTpaXkaeT nepegady NpuU3HaKkos,
MOJlYYEHHbIX OT POAUTENEN, N3 MOKONEHWSA B
nokosieHune. brarogaps Hac1eACTBEHHOCTU
OpraHun3mbl MOXOXM Ha CBOUX POAUTENEN.

« Kak, no-Bawemy, xpaHuTtcs
HacneacTBeHHaa H$opmauua?

3 » Kakum obpaszom 3ta mHpopmaums

nepepaércs u3 NoKoJieHUs B NokosieHne?

HaCcNeACTBEHHOCTb, FeH,
EE=DER THK, xpoMocoma, kapuoTun,
c/10Ba

avnaowng, ranioung

Akcrpakuma AHK

MpuHaanexxHocTn: 2 ctakaHa no 250 ma, npobupka,
BOPOHKa, nuneTka, GuabTpoBasbHas bymara, HOX, BOAsIHasA
6aHs, MotoLLee CPeACTBO, MOBApPeHHas Cob, 95-NPOLLEHTHbIN
3TUIOBbIV CNNPT (NPeABapUTENbHO OXNaXAEHHbIV B
MOPO3UIbHOW KaMepe), TEénias Boaa, baHaH.

LeatenbHOCTb

Xop pabotbi:

1. Hanewte B ctakaH 100 ma Bogbl, 10 M
MOHOLLLEro CpeacTsa, obasbTe 3 1
NMOBapEHHON COMMN 1 NepemMelLainTe.

7. Yepes HeCKObKO MUHYT Ha
C/0e cnupTa Bbl YBUANTE
BOJIOKHUCTYIO MYTHYHO Maccy.
3710 AHK 6aHaHa.

o,

2. PazoMHuTe paspesaHHblii
Ha KyCcoukmn 6aHaH.

3. MNomecTnTe NOyYEeHHYHO ‘
Maccy B MPUroTOBAEHHbIV
pacteop.

4. [Mopep>xuTte pacteop '
15 MVHYT Npu Temnepatype
60 °C Ha BogsAHOM baHe.

O6cyaure:

1. Kak Bbl cunTtaere, Kakyro posb
urpaet MotolLlee CpeACTBO B
AAHHOM onbiTe?

2. Yto npon3oinaér, ecnm cmecb
pacTBopa € U3Me/Ib4EHHBIM
6aHaHOM Bblgep)kaTb Ha BOAAHOMN
6aHe npu Temnepartype 100 °C?

5. MpodunbTpyiite pacTBop
yepes GUALTPOBasbHYHO ByMary.

3. KakoBa ponb “xonogHoro
aTaHoNa"”, po6aBaseMOro B KOHLe
onbITa, U MOXXHO /11 6b1/10 6bI
yBungetb 1HK 6e3 ncnonbsoBaHuns
aTaHona?

OTOUIBTPOBAHHOMY PaCcTBOPY.

‘ SmaHon 4é
---'

6. OCTOPOXHO MO CTeHKe CTakaHa /
npuaente 9 Ma 3TUIOBOrO CNUPTa K m

O




HaCJ'Ie.D,CTBeHHOCTb n geneHne Knetkum

I/I3yl-|eH|/|e HacneaCTBEHHOCTU Aa€T BO3MOXXHOCTb NMOHATb, KakK

.. OOCDATHAA
[pasBmBakOTCA XMBbIE OPraHM3Mbl, B YEM MPOABJIAETCA NX TPYMMA
CXOACTBO M B KaKuX Cyiydasax BO3HMKAROT pa3inynA.

o]
HacnenctBeHHOCTb He TOIbKO COXpaHAET OCHOBHbIE MPU3HAKM 0=P-0
BMAQA, HO 1 CNOCOBCTBYET BO3HMKHOBEHWNIO pa3HOObpasus. o
OCHOBHbIMW HOCUTENAAMU HAaCNEeACTBEHHON MHDOPMaLMK
ABAOTCA reHbl. COBOKYMHOCTb BCEM FEHETUUECKOM &
nHGopmMaLMY, HEOOXOANMOWN AN XU3HW U Pa3BUTUA o) PP
OpraHu3ma, 3akoamMpoBaHa B OCHOBHOM B Mosiekyne AHK FyaHuH
. C c LInTO31H
(2€30KCMPUBOHYKNENHOBOW KMUCIOTbI) 1 onpeaenser T
CTpoeHune, GYHKUUN N HaCNeCTBEHHble OCOBEHHOCTM
opraHusma. leHbl pacnonararoTca B OnpeaenéHHbIX yuacTkax C c ASOTVICTOE
OCHOBAHME
Mmonekybl JHK LE30KCVPUBO3A
' (NATVATOMHBIN yrneBos)
Monekyna AHK, MOHOMEPOM KOTOPOU ABASETCA HYKNEeOTUS,
npeacTaBnseT cobon ABe A/IMHHbIE NMOJVHYKNEOTUAHbIE Lieny, HyKNeoTUABI COCTOAT 13 a30TUCTOrO
3aKpy4eHHble BOKPYr 0bLuen ocn. ITa ABOVHas Cnupab OCHOBaHW#, A€30KCMPNBO3bI 1

docdaTHON rpynmbl.

MMeeT AnameTp OKOJO 2 HM.

TpéxmepHas ctpyktypa AHK 6bin1a otkpbita B 1953 roay B
Kembpuaxxe . YotcoHoM n ®. Kprkom Ha ocHoBe
aKCNepUMeHTaNbHbIX AaHHbIX M. YunkmnHca v P. ®paHkauH. 3a
3TO Hay4yHoe oTKpbITMe XK. YOTCcoH n ®. Kpuk 6b1am
yAocToeHbl Hobenesckon npemumm.

[>xenmc YoTcoH (cneBa) Po3zannHg ®paHkanH

1 ®panHcnc Kpuk ¢ mogenbro AHK v n3obpaxerne JHK,
NoNyYeHHOe METOAOM
PEHTreHOBCKOM AndpaKLum

B monekyne AHK kaxaas Lenb obpasyeTcs 3a CUET
KOBaJIEHTHbIX CBA3EN MeXAy Ae30KCMprnbo30M O4HOro
HykneoTuzga n pochatHOM rpynnon aApyroro. Taknum
obpazom popmupyeTca ANVHHAaA Lenb, COCTOALLAN U3
yepeaytoLleroca caxapodochaTtHoOro octosa.




Yactb Il

Hykneotunabl, asaatowmeca moHomepamu mosaekynbl AHK,
pacrosiaratotca Apyr HanpoTUB Apyra U COeAMHAOTCA NO NPUHLUNY
KOMMAEMEHTapHOCTW, 06pa3ys MakpOMOAEKYY, COCTOALLYHO U3 ABYX
uenen. HanpoTtne HykneoTuaa ageHuHa (A) pacnonaraetca TuMuH (T),
a HanpoTtue umto3nHa (L) — ryanumn ().

P — ¢ocdatHas rpynna
S — mMonekyna caxapa

Hykneotua ryaHnH cCoOeAnHAETCSA C LUTO3MHOM TPEMS BOAOPOAHbLIMU
CBA3AMM, @ aZ€HMH C TUMWHOM — ZABYMS.

* HecmoTps Ha 10,uTt0 Monekyna AHK oueHb AnvHHaA, OHa NomellaeTca BHYTPU aapa.
Kak 3T0 MOXHO 06BACHUTL?

* Kak Bbl cuntaeTe, MOXHO /I UCNONb30BaTb KPacHbIe KPOBAHbIE KNeTKW ANA
BblaeneHma AHK?

XpOMOCOMBi

XpoMocoMbl (rpey. xroma — “uBeT”, soma — "Teno”) — 310 CTPYKTypb|,
PaCNONOXEHHbIE B AAPe HEAENALLENCA KNETKN N HecyLme
HacneaCTBEHHY MHPopMauuto. B aape oHn npeacTaBiaeHbl B BUAe
TOHKWX HUTEN — XpomMaTtuHa 1 coctoaT ns AHK n 6enkos.

HwTn, obpazoBaHHble Monekynammn JHK B coctaBe xpomMocom,
Ha3blBaOTCA XpomMaTmaamm 1 obo3Hauatotca bykson c. B
HeAensALwmnxca N HeaBHO 0BPa30BaBLUMNXCA KETKaX YNCNO MOIEKYN
AHK paBHO uncay XpoMOCoM, HaXOAALLMXCA B AAPE KNETKW.

Xpomaruapi Kaxkabln BUA MMeeT CBOW XapakTepHbli HAbop XpOMOCOM —
CTpOEHME XPOMOCOMBI 1 €& KapuoTtun. B agpax comatnyecknx nam Knetkax Tesa Bcex ocoben
3/IEKTPOHHO-MUKpOCKONMyeckoe OA4HOro BMAaa 4ncao XpoMOoOCOM, Kak rnpasumiao, O4NHaAaKOBO.
n306paxeHme Hanpumep, y yenoBeka mnx 46, y wummnaHze — 48, y n1040BOW

MyLKN apo3oduabl — 8, y nepua — 48, y auMmeHs — 14, y pxun —
14 n 1A




HaCJ'Ie,CI,CTBeHHOCTb n geneHne Knetkum

MHOFAa Y Pa3HbIX BUAOB YNCIO XPOMOCOM MOXKeT ObITb O0AMHaKOBbIM, OHAKO OHWN

OT/INYAKOTCA MO APYrMM MpU3HaKam — CTPOEHUIO, pa3Mepy, GOpMe U PacnoNoXeHUIO
LLleHTpoMepbI.

XpOMOCOMbI, CXOZAHbIE MO CTPOEHUIO, GOPME 1 TEHHOMY COCTaBy Y CaMLLOB U CaMOK
OZHOTO BWZA, Ha3bIBAtOTCS ayTOCOMAMM, a OZHa Mapa XPOMOCOM, pPa3nyaroLwasncs y
CaML,0B M CaMOK, Ha3bIBaeTCs NOJIOBbIMU XPOMOCOMaMMU.

B Agpax comatnyeckmx KNeTtok yenoseka nmeetcsa 22 napbl aytocom 1 1 napa nonosbix
XPOMOCOM. [10/10Bble XPOMOCOMbI B XXEHCKOM OopraHn3me obo3Hauvatotca kak XX, a B
My>ckom — Kak XY.
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KapI/IOTI/IFI MY>XCKOTO U >XKeHCKOro opraHm3mMmoB

B knetkax yenoBeka 1 6ONbLUNHCTBA XXMBOTHbIX OPraHW3MOB XPOMOCOMbI MPEeACTaB/EHbI
NapHbIM HABOPOM. 3TV Napbl XPOMOCOM UMEOT OAMHAKOBYH GOPMY M pa3Mep 1 HecyT
reHbl OAHWX N TeX >Ke NPU3HaKoB. Takne napbl XPOMOCOM Ha3blBatOT FOMOJIOrMUYHbIMMU
XpomMocomaMMm. //Ix COBOKYNMHOCTb Ha3blBaeTCs AUNIOUAHbIM Habopom 1 0603HayaeTcs
Kak 2n. Hanpumep, B agpax coOMaTn4eckmx KJeTOK YesioBeka COAEPXKUTC 46 XPOMOCOM,
yTO cocTaBnseT 23 napbl. B knetkax HakTepuii MMeeTCs TONBbKO OfHa KOAbLEBas
XpOMOCOMa.
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Yactb I

B rameTte npucyTCTBYET TONBKO OANH HAabop XPOMOCOM, MO3TOMY
UYMCNO XPOMOCOM yMeHbLUIaeTCs B 2 pa3a. Takon Habop Ha3biBaeTcA
ranjaonaHbiM 1 ob6o3Havaetca n. Hanpumep, B rametax yesioBeka
UYNCIO XPOMOCOM paBHO 23 (n = 23). Npn onaoa0TBOPEHNN
cnepmato3oung (n) un anuekneTka (n) canearoTcs, obpasys 3uroty (2n).

anIMEHVI'I'e nonay4yeHHblieé 3HaHuUA

NccnepoBatenb n3yyaeT onpeaenérHble reHbl 3penoi KneTkn Kposu. [laHa nociesoBaTeIbHOCTb
HYKJ1€0TUA0B ONpeAesEHHOrO yyacTka OAHON 13 Lienen monekynbl JHK:
—AUL TTTTTT LIL, ATA —

O6cyaure:
e OnpegenuTe Nocneso0BaTe/IbHOCTb HYKJ/IEOTUAOB KOMMJIEMEHTAapHOM! Lenu.

e KakoBo 6yzeT cooTHOLIEHMNE YUMC/1a TPOMHbIX U ABOMHbIX BOAOPOAHbIX CBA3el B AAHHOM
¢parmeHTe monekynbl AHK?

¢ Kak Bbl cuntaerte, Kakoil TMN 3pesiol KNeTKU KpoBM 6bln NCNo/1b30BaH B aHHOM Uccief0BaHUMN?

MpoBepbTe NonyueHHble 3HaAHUA
1. Yto Takoe HacneACTBEHHOCTL?

2. Yepes kakue CTPyKTypbl Hac1eACTBEHHas MHDOPMaLMA HEMOCPEACTBEHHO NepesaéTcs U3 NOKONEHMA B
rnokosaeHue?

3. Kak ¢popmupyetca «ckenet» Lenn monaekynol AHK?
4. V13 kaknx CTPyKTyp COCTOUT XpOMOcomMa?

5. O6bACHUTE 3HaueHne ranaonaHoro Yncina XpoMoCoOM B MOJIOBbIX K/IETKaX.




HaCJ'Ie.D,CTBeHHOCTb n geneHne Knetkum
6.2 KnetouHbin umkn. Mutos

KneTouHbI UmMka — 3TO
nocaefoBaTe/IbHOCTb 3TANoB, KOTOpble
K/JeTKa NPOXOAUT OT OAHOrO AefeHus A0
cnesyroLLero. IToT 6MoNOrNYEeCcKINi
NPOLLeCC COCTOUT M3 ABYX OCHOBHbIX
CTaguii: uHTepgasa — NnoAroToBmTeNbHas
CTaaua N MUTO3 — CTaAuA AeNEHUS.

o Kak, no Bawuemy mHeHuto,
KJ1IeTKa NoAroTaB/MBaeTca K
pAeneHunio?

o MoxxeT nim knetTka AennTbes,
He NMpoxoasnA cTaauto
MHTepdasbl?

NHTepdasa, kotopas coctasnsaeTt npumepHo 90% XnsHu uHTepdasa, nepuog G, )
KNEeTKMW, ABNAETCA CaMOW ANNTENbHOWN U Hanbosiee akTUBHOMN SCEEEN nepuog G, CUHTETUYECKMIA

C TOUKM 3peHns obMeHa BeLLecTB cTagnen. B teueHne ¢/1084 nepvoa, M1UTo3, Npodasa,
NHTepdasbl KieTka He AennTcs, O4HaKO OHa PacTeT, meTtadasa, aHadaza, Tenodasa,
aKTUBM3MPYHOTCA NpOoLLeCchl 0bMeHa BelecTs 1 npoucxoant — \ LMTOKMHE3 )

KOrnnpoBaHMe reHeTn4yeCckoro Mmatepumana.

NHTepdaza aenmtca Ha Tpy NocnesoBaTelbHO MPOTEKAKOLLNX
OCHOBHbIX Nepuoga:

S
G, —— :
\ WHtepdasza

Hepensawasca
Knetka

Mepwuogp G, (Gap — nHTEpBaa) Tak>XXe Ha3bIBAOT NPECUHTETUYECKUM NepUoAoM. B stoTt
nepmog BHOBb 06pa3oBaBLLAnCca KneTka bbICTPO pacTeT, ycuanBaeTca cMHTe3 6enkoB u
PHK, yBenvumBaeTcs Uncno opraHomAoB, Takux Kak MUTOXOHAPUN 1 pubOCOMBI, B KNeTKe
HakanivBaeTcs 3Heprus. 1o NPOAOIKMUTENBHOCTM 3TO Hanbosee N3MEHUMBLIV MEPUOA,.
HekoTopble kneTkun (Hanpumep, HepBHbIE KIETKM) Ha 3TOM 3Tane nepexoasT B dasy G,
(Mokos) 1 NpekpaLLaroT geseHue.

S-nepwog, Ha3bIBaOT N CUHMemu4eckum nepuodom. B 3To Bpems NponcxoamT OANH n3
BaXKHEMLINX NpoueccoB MHTepdasbl — penaukauma AHK, To ecTb eé yaBoeHue. YiBoeHne
monekynbl JHK ABnseTcs ogHOM 13 e€ yHMKanbHbIX ocobeHHocTen. B npouecce
penavkaumm noa AencTememM crneumnanbHbix pepmeHtoB AHK HaunHaeT packpyumBaTbcs, v
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HanpOTUB HYKNEeOTUAOB Pa3oLLeALLMXCA Lenen Mo NPUHLMUMY KOMMIeMEHTapHOCTU
BbICTpanBaroTca cBOHOAHbIE HYKNeoTUAbI KneTku. B pesynbtate obpasytotca ase
monekynbl AHK, kaxaan 13 KOTOPbIX COAEPXUT OAHY CTapyto (MaTePUHCKYHO) N OAHY
HOBYIO Lienb. TaKoW MexaHV3M YABOEeHWNS XapakTepeH A/1a 6ONbLUMHCTBA XMUBbIX
OpraHM3MoB.

Crapas

Hogas

Crapas

HoBas

[na Toro utobbl Nepesatb HacneaCTBEHHYHO MHPopMaumto, Monekyna AHK konupyet
camy cebs, 1 B pesynbTaTe KaxAas XpoOMOCOMa COCTOUT U3 ABYX XpOMaTua,
COEAMHEHHbIX LileHTpoMepoWu. B 3ToT nepuog dopmyna reHeTnyeckoro matepumana
N3MEHSETCA C 2n2C Ha 2n4c.

KoHew, G, nepuoga KoHel, S nepuoga

1

-.1—7
—H

OgHoxpoMaTugHas XpoMocoma [ByxpomaTtniHas xpomocoma
n, c n, 2c
nepuo,q Gz TaK>Xe Ha3bIBAKOT noCmMcuHmemu4eckum nepnogom. 210 I'IOCJ'Ieﬂ,HI/II\/JI
HOAFOTOBMTeﬂbeIVI 3Tan nepej AeJleHNEM. B stot nepunosa CMHTE3NPYHOTCA 6e}'IKI/I,
CI)OpMVIpyI-OLLI,I/Ie BEPETEHO AENEHUA, N SHEPTETNYECKNE 3anacbl JOCTUTAOT MaKCUMyMa.

B >KMBOTHbIX K/JIeTKax opraHenna, HenoCPEeACTBEHHO yYacTBYHOLLAN B AeNEHNN, —
LLleHTpOocoMa (KNETOUHbIV LIeHTP) — YABaMBaeTCs 1M MNOAroTaBANBAETCA K
PaCXOXAEHWNIO K MONHOCaM KAETKW.

 Kak Bbl AyMaeTe, Kakoe 3HaueHne nmeet 1o, 4to monekyna IHK coctont 13
ABYX Lienen?

e MoxeT v ntoboe nameHeHne B Mmosiekyne AHK noBavATb Ha XXM3HEHHble
npoueccobl knetkn? OH6OCHyNTe CBOE MHEHMe.




HaCJ'Ie,CI,CTBeHHOCTb n aeneHme KIeTkn

[enenve knetkn. Mmnto3s

) Vsyuenue Xoga paborbi:
'g cTagun
= | MuTO3a
=
E anHaAne)KHOCTM2 1. NMomectute nykoBuLy B 5. lNomecTute 0anH 13
é’[ MUKPOCKON, Ne3Bue, BOZY, Kak r|0Ka3aHouHa 06pasLoB KOPH: Ha
pucyHke. Habatopavite i npeaMeTHoe CTekno,
nUNeTKa, pa3BUTUE KOPHEN NyKa B : fobasbTe 1 kanito
npegmMmeTHoe CTeKko, TeyeHve 4-5 gHen. i ‘ aLleToopcenHa u HakponTte
MOKPOBHOE CTEKIO, 2 .+ TOKPOBHbIM CTEKNOM.
YacoBOeEe CTeEKJI0O NN ’
yawka MeTpwn, nyk, 2. Ha uacosoe E
P y 1 e o—_— i ;p J J 6. AKKypaTHO Haxvmas
Kpacutesib A i nasbLem Ha NMoKPOBHOe
10 kanenb i
aLlleToopceM H, aueToopcenHa. E CTeKNo, pacriowunre
: obpaseLl, KOPHS.
HarpesaTe/b ;
(cnnptoska). ;
3. Nle3Bnem 0Tp<3>KbTe 7. PaccmotpuTe
Ko”””'f” L IS i MoyYeHHbIVi obpaseL, nog,
, AJIMHOW OKO/IO Tcmm ' MUKPOCKOMOM
MoMecTUTe KX Ha H
YacoBoe CTeK/IO. :
4. Mopep>xwTe YacoBoe 8. Bug npenapata nog,
CTEK/IO Haj, CMMPTOBKOWA - MVKPOCKOMOM.
A0 noABNeHVs napa.
O6cyaure:

1. Kak 6b1 Bbl 06bsicHU/IN, NoueMy o6pa3sel, 6bi21 B3AT C KOHUMKA KOPHA?
2. Kakue BbIBOAbI MOXXHO cAenaTh O KJeTkax, HabtoaaeMbix Nog MUKPOCKONom?

[eneHne kneTkn ABASETCA OAHUM U3 OCHOBHbIX MPOLLECCOB, HEOHXOAMMBIX A1A POCTA,
Pa3BUTUS N BOCCTAHOB/IEHUA MOBPEXAEHHBIX TKAHEWN (pereHepaLmn) y XX1BbIX
opraHn3amoB. OgHWUM 13 CNOCOBOB AeNeHNsA KNEeTKU ABASETCA MUTO3, KOTOPbIN
XapakTepeH B OCHOBHOM /11 COMATUUYECKUX KIETOK 3yKapUOTUYECKMX OPraHn3MOB.

B pe3ynbrate MUTOTUYECKOrO AeNeHNA U3 OAHOW MaTEePUHCKOW KaeTkn obpasyroTcs
[\Be HOBble JoYepHME KNETKN C aHaNOTMYHbIM COCTaBOM reHoB. CyTb 3TOro AeneHus
3aK/1F0YaAETCA B COXPaAHEHUWN NMOCTOSAHHOTO YMCaa XPOMOCOM B KNETKE.
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(a)

1N

WNHTepdasza

MNepes HayanoM AeneHuns Kaxjasa Kaetka npoxoauT
MOAroTOBUTE/IbHBIN 3Tan — nHTepdasy. Creayrowmi 3tan nocse
MHTepdasbl — 3TO CTaANA AeNeHNA KneTkn. MUTo3 cocTounT 13
YyeTbIpEX NocnesoBaTeIbHO NPOTEKAFOLLMX OCHOBHbIX $a3s:
npoda3sbl, MmeTadasbl, aHadasbl 1 Tenodassbl.

Mpodgasza HaumHaeTca € TOro, YTO XPOMaTUHOBbIE HUTU B AApe
CTaHOBATCA pPa3NYMMbl, NprobpeTtas BUA TOHKUX HATEA. DTN HUTK
CNUPaNU3yroTCA, yKOPayuMBatoTCca 1 yTOLLAIOTCA, NpeBpaLlanch B
ABYXpOMaTuAHble XpOMOCOMbI. OZiHOBPEMEHHO C 3TUM
pactBopseTca obosouka agpa (MembpaHbl sapa) n ncyesaet
AAPBILLKO. 3aTeM XPOMOCOMbI CBOBOAHO pacrnonaratoTca B
LuTonnasmMe, a LLIeHTPOCOMbI HAUMHAIOT NepemMelLaTbcs K
noatocam kietku. Takxe B npodase Nponcxoant popmMmmpoBaHme
BepeTeHa JeNeHuns.

O6onouka

AP () ©

LleHTpocoma

Y
Mpoda3za

B metadase 3aBepliaetca dopmmnpoBaHune BepeteHa genenusa. K
LeHTpOMepe KaXA0oW ABYXPOMaTUAHON XPOMOCOMbI C 060MX
MOJIFOCOB MPUKPENIAOTCA HATU BepeTeHa.



HacneaCTBEHHOCTb U AeneHne KAeTKN

XpOMOCOMbI BbICTPaMBatOTCA BAOAb SKBAaTOPUAIbHOM NIOCKOCTU KNETKM, 0bpa3ys
meTada3zHyto NAacTUHKy. Ha 3Toi cTagmm nog cBETOBbIM MUKPOCKOMOM J1erye BCero
noAcYMTaTh YNCIO XPOMOCOM.

BepeteHo genexus

LleHTpomepa

Metada3za

AHadaza — camas 6bicTpas dasza. B atoT nepmos
HUTW BepeTeHa AeneHna HauMHaoT yKopaumBaTbCs,
XPOMaTUAbl OTAENAOTCA OT LLIeHTPOMEPbI U1
pacxoaATca K NPOTMBOMONOXHbBIM MNOHOCaM
kneTtku. NepemectmsLunecsa K noatocam
OAHOXPOMaTUAHbIE XPOMOCOMbI Ha3blBakOTCA
AOYEPHUMMN XPOMOCOMaMM. Y1CN0 XPOMOCOM Ha
Ka>kZlOM MOJI0Ce PaBHO MX UNCAY B MaTEPUHCKOWN
KneTke. AHadaza

B Tenodgasze nponcxoaaTt npoLecchl, MPOTMBOMOIOXHbIE Npodasze. Bokpyr xpomocom,
AOCTUMLINX NOtOCoB, dopMupyeTcs agepHas obonouka. Cnvpann3oBaHHble XPOMOCOMbI
pacKpy4mMBatoTCs, NpeBpaLLancb B TOHKME XPOMATUHOBbIE HUTKU. 3aTEM NMPOUCXOANT
LMTOKMHE3, TO eCTb Je/ieHMe LMTOMNAa3Mbl, B pe3y/ibTate yero obpasytotcs ase
CaMOCTOATE/IbHbIE KNETKN. Y XXMBOTHbIX KNETOK LIUTOKMHES MPOUCXOANT NYTEM
NepeTsXKN LIUTOMAA3Mbl C KPAaEB KAETKW, @ Y pacTUTENbHbIX — MyTéM obpa3oBaHms
KNE€TOYHOWN NNACTUHKWN B LLEHTPe KNEeTKW.

o

[JouyepHsan
Knetka
(2n)
SR LI >
=

h =
JouyepHsan Tenodasa
KneTka B pacTUTENbHOM
(2n) KneTke

Tenodasa LintoknHes
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B HopmMme kneTku opraHu3ma YenoBeka pacTyT U AeNATca B COOTBETCTBUN C
onpeaenéHHbiM nopsaakomM. OgHako nHorga 3ToT NOPAAOK U MEeXaHU3M KOHTPOIA
AeneHunsa HapywarTca. Kak Bbl gymaeTe, UTO Takoe HEKOHTPOIMPYeMOoe AefieHne
kneTok? B pe3ynbrate nameHeHuu B IHK kneTkn KOHTPOAb Hag eé geneHnem
TepsAeTcs, U KNETKM HaUMHAIOT AeANTbCA HEMPEPbIBHO 1 6ecnopsoYHo.

Pak — 370 cepbé3Hoe 3aboneBaHe, BO3HMKatOLLee BCIeACTBME
HEKOHTPOANPYEMOTO AeneHna KNeToK B opraHusme. Takoe 6ecrnopagouHoe
AeneHne nNpmBoanT K obpa3oBaHuMIO onyxosien B TKaHAx. Onyxonu
noApa3fenaroTcs Ha JobpokayecTBeHHbIe (He 310KaveCTBEHHbIE) U
3/10KayecTBeHHble (pakoBble). lobpokauecTBeEHHbIE OMYXOAU PACTyT MeANEHHO U
He pacnpoCTPaHAIOTCA Ha OKPY>KaroLLme TKaHW, Torga Kak 3/10KayeCTBEHHbIe
OMyXO/IN PACTyT ObICTPO, HapyLLAOT HOPMa/bHYHO PaboTy cocefHNX TKaHeW W,
KaK MpaBmaO, pacnpoCTPaHAOTCA MO OpraHM3My vepes KpOoBb
(MeTacTasnpoBaHWe), UTO YBENUNBAET YTPO3y ANA XXU3HWN.

™

HopmanbHas knetka [Jenenvie knetku 3p0poBas TkaHb
HopmanbHas knetka [eHeTnyeckas M3MEHUMBOCTb [eneHve knetkn MertactaTnyeckmin pak

OCHOBHbIMM NPUYNHaMWM pakKa ABAAKOTCA reHeTn4yeckmne q)aKTOpr, XmmMmm4yeckmne
KaHUeporeHbl 1 NOHU3NpPyroLiee n3nyyeHunme.

leHeTnueckme pakTopbl — VHOrAa fedeKTbl B reHax, PerympyroLLnx geneHme
KNeTOK, NepeaaroTcs OT POANUTENEN K AeTAM. DTO YBeIMUMBAET PUCK Pa3BUTUSA
paka y yesoBeka.

XnmMmunueckue KaHUeporeHbl — BPEAHbIE XMMUYECKME BELLLECTBA B OKPY>KatoLLLeu
cpese moryt nameHatb AHK knetku n Bbi3biBaTh pak. K HUM OTHOCATCA cUrapeTsl,
necTMunabl N HEKOTOPbIe NuLLeBble A06aBKN.

MoHusupyloliee nsnyueHne — peHTreHOBCKNe Nyyu, yabTpadunosetosoe
M3nyYeHne N paamnmoakTVBHble BELLECTBA HapyLlatoT cTpykTypy uenu JHK, tem
CaMbIM BbI3bIBas U3MEHEHUSA.

OTka3 OT BpesHbIX NPMBbIYEK, 340POBOE NUTaHWE U perynspHble Gprsnveckme
Harpysky OTHOCATCA K GakTopaM, CHUXKAOLWMM PUCK Pa3BUTMA paka.



anIMeHVI'I'e noJjiyuyeHHbl€ 3HaHMA

1. B opraHu3me yenoBeka CyLLEeCTBYHOT pa3/iMuHble
KNETKM, Takue Kak HEPBHbIE, MbILLEYHbIE N KIETKM
KPOBW. ITW KNETKWN ABASAOTCA CNELNANN3NPOBAHHBIMW.
OzHako cyLecTByeT M rpynna KJeTok, KOTopble eLué
He cneumanv3npoBaHbl, TO €CTb HE UMEHOT
onpeaenéHHon GYHKLMN. DTN KNETKM Ha3bIBaOTCA
CTBOJIOBBIMM, TO €CTb KJNeTKaMU-MpeALecTBEHHMKaMM,
CNOCOHHBIMM K CAMOBOCCTAHOB/IEHUIO MYTEM
MUTOTMYECKOTO AeNEHUA U NMPU HEOBXOAMMOCTU MOTYT
npeBpaLLaTbCs B pa3IMyHble TUMbI
cneumanm3npoBaHHbIX K1eTOK.

B nabopatopun 66110 UCCAe[0BaHO MUTOTUYECKOE
AeneHve CTBONOBOW KneTku. B Tabanue ykasaHo
Bpems, 3aTpaunBaemMoe Ha KaXkAyr CTagunto

HaCJ'Ie,CI,CTBeHHOCTb n geneHne Knetkum

WHTepdasa MwuTo3
G, S G, M
5 7 3 1
Yace e \\‘*\\
Mpodasza | Metadasza | AHadaza | Tenodasa
36 3 3 18
MuRyTbI

O6cyaure:

 Mouemy S-nepvop nHTepdasnbl
ABnAeTca 6onee NpoAO/HKUTE/IbHBIM?

» Kak 6bl Bbl 06bsAcCHUAN TOT aKT, UTO Ha
npodasy u Tenodasy mmrosa Tpebyerca

>KU3HEHHOTO LKA UCCeLyeMOWN KNETKN. 6o/blIe BpemMeHu?

2. B nabopatopun nog MnKpockomnom 6biam
nccnesoBaHbl 06pasLbl KNeToK, B3ATble Y
ABYX pa3HbIX OPraHN3MOB, 1 MOJAYYEHbI
cnegyrolme pesynbraThbl:

O6pasey, A: feneHNe KNETKN He
nNpoucxoaunT, B agpe 46 xpoMocom 1 46
monekyn HK.

O6pasew B: kneTka akTMBHO AenunTca, B AApe
HabatosaeTcs 46 XpoMOCOM, HO 92
monekynbl IHK (xpomatunapi).

O6cyaure:

¢ Bo3amMo)xHO 2m, uto 06a o6pa3ua npuHaanexar
OAHOMY M TOMY >Ke Buay opraHusma? O6ocHyiite
CBOEé MHeHue, onupascb Ha “"4Mc/10 XPOMOCOM U
AHK".

e Echn nccnepoBatennb xouet nsyumtb 'Kapuorun”
OAHOW M3 3TUX K/JIeTOK, KaKoii obpasewn, 6yaert 6onee
noaxoaawmum? NMouemy?

¢ BbiBoA 0 KaKOM npouecce MOXXET caenaTb YUeHbIn,
Ha6noaaoWMi yBennyeHmne umcna monekyn AHK?

1. I3 Kakux CTagmnin COCTOUT KAETOUHbIN LINKA?

2. NoueMy nepBas CTaAns KNETOUYHOTO Lukaa NpoTekaeT Aosblie, yeM BTopasn? Kak 6bl Bbl 3TO
obbacHUAN?

3. MoXeT nn kneTka nepenT K MUTO3Y, He NPoxoas nHTepdasy? Mouemy?

4. lns Kakux Lenen MOXHO UCNO/Ib30BaTh CTBOJIOBbIE KAETKN?
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6.3 [leneHne knetkn. Menos

PazaMHOXeHVe — OAHO N3 OCHOBHbIX CBOWCTB XMBbIX OpraHM3MoB. AMEOa, 3eNéHas 3BrNeHa, MHPy3opmsa-

Tydenbka 1 6ONbLINHCTBO OPraHM3MOB, Pa3MHOXAKLLMXCA HeCNONbIM NYTEM, Pa3MHOXAOTCA NYTEM

MUTOTNYECKOTO AeneHus. Ana ocywecTBieHmns

NMOJIOBOTO Pa3MHOXEHWNSA OAHUM M3 OCHOBHbIX Co

ycnosun sensetca obpasoBaHue ramer. B rametax \\,
b

4YnCio XpOMOCOM B ABa pa3a MeHbLUE, YeM B
COMaTn4yecKmnx KaeTkax.

qEQ::; Melno3, busaneHT, « Kak Bbl Aymaete, B Uém 3aK/1toMaeTcs 3HaueHue Toro, UTo
ol PEAYKUNOHHOE AENEHNE, UMC/I0 XPOMOCOM B ramMeTax BABOE MeHbLle, YeM B Afpax

NHTEPKMHES, CNOPOreHe3 comartnueckux knerok? Kakmm obpasom 3to obecneunBaerca?

—

PasmMmHoXeHue apoxoken

MpuyHaaneXXHOCTU: MUKPOCKON, MUMNETKa, MPejMeTHOe CTeK/10, MOKPOBHOE CTEKJIO, CaxapHbli
MecoK, Cyxme APOoXKU.

Xop paborbi:

[estenbHoCTb

2. B nosiyueHHbIi pacteop
fobaBbTe 2 yalriHoOM
JIOXKKW CYXMX JPOXKEN v
pa3meLluaiTe ero.

1. Hacbinbte 1 noxky
caxapHoOro necka B cTakaH
Tena0Mn BoAbl 1
pasmeLuaiTe.

4. Hakpoiite ero
CBepXy MOKPOBHbIM
CTEK/IOM.

3. C nomolwbto

NUNeTKn nomectute = Ty
KanJ pactBopa Ha i f“fﬁ
npesmMeTHOe CTeKIO. -~




HaCJ'Ie,CI,CTBeHHOCTb n geneHne Knetkum

5. Paccmortpute
npenapar nog
MWUKPOCKOMOM.

O6cyauTe:

6. Bbl yBUAWTE KNETKU
LPOXCKEN, pa3MHOXKaOLLMXCA
AeneHvem.

« Kakne ¢akTopbl, ncxoaa U3 BalMx HabnogeHNN, BAUAIOT Ha pa3MHOXKEeHUe K/1IeTOK APOoXOKen?

» Kak BblI AyMaeTe, OANHaAKOBO JiM NMpoTeKaeT npoLuecc pasMHOXXeHUA y BCeX XXUBbIX opral-msmoa?

OaHUM 13 CNOCOOOB AeNeHUs KNETKM ABNSETCS MENO3.
MeKnoTn4yeckoe aeneHne — 3T0 0COObI TN AeNeHus,
obecneumvBatoLLmin obpa3oBaHMe CNOP U raMeT Y MHOTOKIETOYHbIX
opraHun3MoB. B pe3ynbraTte 310ro npouecca 13 ANNAOUAHbIX KNeTOK
(2n) obpasytoTca rannongHble knetku (n). Mpy onaoaoTBOPEHUN
ABe ranaonHble rameTbl CIMBAKOTCA, BHOBb 06pa3ya ANMNAOUAHYIO
3uroty. Takum obpasom, Melrio3 obecneyrBaeT CoOXpaHeHne
NMOCTOSAHHOTO YMCNa XPOMOCOM Y OpraHu3ma.

[lo Havana geneHuns Kaxaas Knetka NpoxoauT CTaguto nHTepdasbl.
3aBepLlunB MHTepda3y, KNeTka CTaHOBUTCS FOTOBOM K AENEHUIO.
Melo3 COCTOUT U3 ABYX NOC/AeAOBaTENbHbIX AeneHni: | n
MeNOoTNYECKOoe AeeHue.

B npodase | melrio3a XxpoOMOCOMBI, CMPann3yach, yKoOpaumBaroTCa
N yTOALWAKOTCA. 3aTeM ABYXXPOMaTUAHbIE TOMONOTMYHbIE
XPOMOCOMbI CHAMKaroTCA U 06pa3yroT napebl. Takme napbl
FOMOJIOTMYHbIX XPOMOCOM Ha3biBatoTc 6GuBaneHTamu. Ymcno
61BaNeHTOB B KaXA0W KNEeTKe paBHO ranaougHomy umcay (n).
Me>xay xpomaTnaamu napHbIX FOMOAOTMYHbBIX XPOMOCOM
NPOUCXOANT OOMEH reHeTUYeckuM MaTepuanom. ITOT NpoLecc
ABNIAETCA OAHOM U3 NPUYMH reHeTnyeckoro pasHoobpasma. OgHako
0bMeH reHeTM4eckMM MaTepuanoM Mexay XpoMaTuaamm MOXKET U
He NPOUCXOANTb.

K koHUy npoda3sbl | LLeHTpoMepbl HAUMHAKOT NepemMeLLaThcs K
NoAtoCcaM U HaumHaeTcs GopMMpPOBaHME HUTEN BepeTeHa AeNeHus.
Tak>xe pacTBopseTcs afepHas 060104Ka, N XPOMOCOMbI,
Haxoaslnecs B Buge 6uBaneHToB, CBOOOAHO pacrnosiarakoTcs B
uuTonsiasme.

LleHTpomepbl
‘/i Hutn xpomatunHa

flaepHas obonouka

y

N

O6MeH reHeTnyecknum

marepuanom
2 =
> M
& ~ al)
: - I b
j'é \‘\\ -1 |
] - .
|3 . /|
N\ k A ¥
“5%_:_‘ b, ~ 4
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TN B metadase | mero3a 3aBepLuaetca opmMmpoBaHME BepeTeHa AeNeHNs.

: K ueHTpomMepe kaxaou AByXpOMaTUAHOWN XPOMOCOMbI MPUKpenaseTcs
HWUTb BepeTeHa CO CTOPOHbI COOTBETCTBYHOLLENO NOAOCA. XPOMOCOMbI
pacrnonaratoTcs NonapHO BAO/b 3KBAaTOPMANbHOM MAOCKOCTU KNETKH,
ob6pasys meTadasHyro NAaCTUHKY. PacnosoxeHne 3TMx Nap OTHOCUTENbHO
MOIOCOB MPOUCXOANT CydalriHbiM 0bpa3om. Takoe pacnosoxeHne nap
XPOMOCOM MPUBOAMNT K 06pa3oBaHNIO Pa3fIMUYHbIX TUMOB CMOP WU FrameT.

Mertadasza |

BeposartHocTb 1 BepostHocTb 2

h) i ) —
:1 it

) S

BeposTtHocTb 3 BeposTtHoCTb 4

| A
H

[ — i i ]
T
l
T
—

B aHadase | melio3a nponcxoamt passeneHme 6MBaneHToOB n
pacxoXxjeHne ABYXpPOMaTUAHbIX XPOMOCOM K rnositocam. B pesynbtate y
Ka>XZ0ro no/roca OkasbiBaeTcA ranJonaHblin (n) HAbop XxpomMocom,

,’; {:— ::’ , coZep>Kalni TONbKO OAHY M3 FOMONOTMYHBIX XPOMOCOM.
‘q\\:;. ?” B Tenodasze | Meno3a BOKpyr XxpOMOCOM, COCTOALLMX U3 ABYX XPOMaTHA,
- PaCMONOXEHHbIX Y MONHOCOB U MMEHOLLMX ranaonaHbii Habop,
Anadaza | bopmupyetca agepHas obonouka. 3aTem KneTka genntca n obpasyrorca
= S o ABe AoYepHMe KNeTKM C ranaonaHbiM Habopom
& ’2: > g XPOMOCOM. B KOHLIe nepBoro p,eneHvl;l Meno3a Yncno
% - & XPOMOCOM YMeHbLLaeTcs BABOE. Takon TUN AeneHns
| Ha3blBaeTCA peAyKLVUOHHbIM Ae/IeHneM.
l = l Mexay merio3om | n meriosom Il Habatogaetca
o ’% o MHTEepPKMHE3 — KOPOTKas MNOAroToBUTE/IbHasA CTajua.
4 l:?’ > = < > > Ha stom 3tane penavkauuna HK He nponcxoauT, a
— .rj?!' ocyLecTBaseTca metabonnyeckas NOAroToBKa KNeTku

K nepexoay B Menos Il.




HaCJ'Ie.D,CTBeHHOCTb n geneHne KneTkum

Mocne kopoTkow nogrotoBky B npodgase Il Meno3sa fByxpomaTHbie XPOMOCOMbI
cBobOAHO pacnonaratoTcs B LmTonaasme. HaunHaetca GopmumpoBaHmne HUTeN BepeTeHa
AeneHus.

B metadase Il xpoMOCOMbI BbICTPanBatOTCA MOOANHOYKE BAOJIb 3KBaTOPUANbHOM
nAockocTn knetku. K LieHTpoMepaM ABYXpOMaTUAHbBIX XPOMOCOM C 060MX NOHOCOB
NPVKPENJIAKOTCA HATN BEpPeTeHa Jie/IeHunA.

B aHadase Il H1TK BepeTeHa cokpalLatoTcs, XpoMaTuabl OTAENA0TCA APYr OT Apyra U
AoYepHME XPOMOCOMbI NepemMeLLiatoTca K NoJsirocam. Ha KaXaoM noatoce okasbiBaeTca
ranaongHbl Habop xpomocom (n).

B renodase Il Bokpyr xpoMocoM Ha noatocax GopmMmupyertcs agepHas obonouka.
3ateM B pe3ynbTaTe LMTOKMHE3a 06pa3yroTca KAeTKM € ranaonaHbiM Habopom

XPOMOCOM.
] H
& ) & . 7
() 1
— e - =5
N o DRG]
A > & . - >
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 Kak MOXHO 06BACHUTL TOT $aKkT, UTO MeN03 NPUBOAUT K FEHETUUECKOMY pa3HOO0bpa3nto?
« Kak Bbl AymaeTe, UrpaeT M Mero3 poJib B TOM, UTO KaXKAbIA OPraHn3M YHUKaneH?

CnoporeHes

famMeTbl y pacTeHuin 06pa3ytoTcs B OCHOBHOM B pe3y/bTaTe MUTOTUYECKOTO AeNEHWNS, O4HAKO A
obecrneyeHns AUNAONAHOro Habopa XPOMOCOM B OpraHn3me pesyKLMOHHOE Ae/leHMe NPOUCXOANT
MMeHHO BO BpeMs crioporeHesa. B npoLecce cnoporeHesa y pacTeHUA U HEKOTOPbIX APYrmX
OpraHn3MoB 06pa3yroTCs CNopbl. ITOT NMPOLLECC OCYLLECTBASETCSA B pe3ynbTate MENOTUYECKOTO
aenenHns. ObpasyroLLmecs Npu CnoporeHese Cropsbl € ranjonaHbIM HA6OPOM XPOMOCOM MPOPACTALOT U
dopmupyroT HoBOE NokoeHre rametodumTa. (PrbbI e pa3sMHOXAKOTCS C MOMOLLLbIO CrOp.

CnoporeHes nrpaet po/b CBA3YHOLLEro 3BeHa MeXAy NOKOoNeHAMN cnopoduTta 1 rametoduta.
Pa3BunBasAch, cnopbl AaroT Havano rametodutam. CnopodPuT — 3TO NOKONEHME, HA KOTOPOM
06pazyroTca cnopbl, a raMeToPUT — MOKOJIEHNE, Ha KOTOPOM GOPMUPYHOTCA raMeTbl.

My>kckan
LInLIKa

L]
, S8 \a
A MatepuHckas
Knetka —
MatepuHckas Mukpocnopa (2n)
KneTka — Meracropa

@n)

KeHckas TaEs
WWIKa

Meracnopa
(n)
MatepuHckasn

Knetka — Meracnopa
Mewoa

Mpr((:\():nopa @@ @ O MMKpocnopa

Meracriopa

(n)




HaCJ'Ie,U,CTBeHHOCTb n aeneHme KIeTkn

Y WwaanoyHbix rpnboB CTPyKTypa, B KOTOPOW 06pasyroTca cnopbl, Ha3biBaeTca 6asnamnen.
B 6a3nann B pesynbtate MeNOTUYECKOrO AeneHns GopMUpyroTCa Cropbl C ranaouaHbIM
HabopoM XxpoMOCcoM — 6a3nANOCNOpPbl. TN CNOPbI PACMPOCTPAHAOTCA NOJ,
BO3/eNCTBMEM BeTpa N ApYyrnx GpakTopoB, YTO NPUBOAMUT K Pa3BUTUIO HOBbIX 0cobein
rpnbos. Takum obpasom, obpa3oBaHme 6a3nAMOCNOP ABAAETCA BaXKHbIM 3Tanom
Pa3MHOXEHMA U XN3HEHHOTO Lukaa rpnbos.

CnoporoHuin —
Kopobouka Ha HOXKe,
BHYTPY KOTOpPOM
CO3peBatoT Cropbl
& (2n)
L]

Cnopel (n)

3penbiii
I~ rametodpuT

(n)

basngnocnopsl

(n)

POpPOCTKM
cnop '.'.
(n) °P

CnopaHrun
@2n)

3penbiii My>CcKoM
NarnopoTHUK
(2n)

3apoCTOoK CNopbl — NpPoTanui

(n)
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MpumenuTe nonyueHHblie 3HaAHUA
MpepacraBneH rpaduk da3 merno3a 1 COOTBETCTBYHOLLETO UM YMC/Ia XPOMOCOM B KJETKE.

A
i
|
2N !} --------——--- ° ° ° °
1
i
i | | | |
! MHTepdasa Mpodasa | Mertadasza | AHadasza |
1
i
i
1
i
n i ° ° ° ° °
i
1
| | | | | |
i
i Tenodasa | Mpodazall  Metadasza Il AHadaza Il Tenodasa ll
1
i VHTepKkuHes
i
i
ittt ittt ettt ittt > Bpewms
NHTepdasza Melios | Metios II
O6cyaure:

« Kak 6b1 Bbl 06BbACHUAN oTcyTcTBME penaukaummn A HK Ha ctagun nHtepkuHesa?

« Ha kakow ctagum o6pasyrorca gouepHue XpoMocoMbi? YeM OHM OT/IMUAIOTCA OT APYrUx
XpomMmocom?

B opraHnsme >XnBOTHOro B pe3synbrate AndpdepeHLNPOBKN K/IETOK, o6pasylowmxca nocsie menosa,
¢dopmupyrorca rametbl. Bbi10 06Hapy>keHO, UTO y OAHOM M3 raMmeT Habop XpoMocom paBeH 2n.
Kak BbI gymaeTe, Ha KakoOW CTagumM Meiio3a NPOU3OLLJIO HapyLleHue U KakoB 6bis1 Habop
XPOMOCOM Yy OCTa/IbHbIX ramet?

« OnpeaenuTe YNC/I0 XPOMOCOM M XPOMaTUA, Ha KaXkaoun ¢gase melo3a y opraHu3mMa, y KotToporo
comaTnyeckue KJeTku umerot Habop 2n = 28.

1. KakoBO 3HaUeHne MeENOTUUECKOTO AeNeHmna?

2.Yem otnmuaetca meinnos | ot menosall?

3. Yrto Takoe cnoporeHes?

4. 470 NPON30MAET, eC/IN B LIMKJIE Pa3BUTUSA LIBETKOBbIX PaCTEHMI He ByAeT NPONCXOANTb CMOPOreHes?




Hayka, TeXHO0rna, XX13Hb

Pazninumna B reHeTMYECKOM MaTepuase XMBbIX OPraHM3IMOB NPUBOAAT K
HacNeACTBEHHOM M3MeHUMBOCTU. OfHMM 13 Hanboee NHTEPECHbBIX MPUMEPOB
TakuxX Pa3anumnin y YenoBeka ABAAIOTCA OTMeYaTku nanbLes. Ha nanbuax
YyesioBEKa MMEHTCA CNOXKHbIE Y30pbl B BUAE Ayr, neTesb U 3aBUTKOB. CTpoeHue
3TUX Y30POB Y KaX0ro YyesoBeka YHUKaNbHO N He N3MEHAETCA Ha NPOTAXEHU
BCEWN XXWN3HMU.

Kak n apyrve HacneACTBEHHbIE MPU3HAKK, OOLWMI PUCYHOK OTNEeYaTkoB
nanbLeB Y KaXA0ro yesoBeka pasnnyeH. Jaxe y ogHOANLEBbIX 6iM3HELOB,
HecMoTpA Ha ognHakoByto JHK, oTnevaTky nanbues He coBnasarot
MOJIHOCTbHO. DTN HEOONbLUNE Pa3NNUMA BO3HUKAKOT B pe3yabTaTte CyYanHbIxX
bakTOpOB Cpeabl BO BPeEMSA BHYTPUYTPOOHOroO pa3BuTumS.

MNoao6bHO oTNeyaTkaM NanbLUEeB, MHAMBUAYANbHBIA XapakTep MMELOT TakxXe
yepTbl IMLLA, PUCYHOK CETYATKM rna3a, TeMbp ronoca v apyrme oCO6eHHOCTH
yesnoBeka. TN pas3numna GOPMUPYHOTCA MOA BAUAHMEM KaK HaCNeACTBEHHbIX
bakTOpOB, Tak 1 pa3INYHbIX YCAIOBUIN CPeAbl B MPOLEcce pa3BUTUSA OpraHn3mMa.

:*k

B coBpeMeHHbIX TEXHONOTUAX 3TV MHAMBUAYANbHbIE
OCOBEHHOCTU UCMONb3YHITCA Kak bBroMeTpuyeckne
nokasartenn. buomeTtpunueckme gaHHble ABAAOTCS
HaZEXHbIM CPeACTBOM NS pacno3HaBaHWUSA U
NAEHTUDUKALMN NTNYHOCTW.

CkaHepbl OTNeYaTKOB MafbLieB NPUMEHSOTCA B
TenedoHax 1 KOMMbIOTEPAX ANSA BXOAA B CUCTEMY.
TexHONOrMA pacno3HaBaHWA AL, UCMONb3YETCA B
KaMepax 6e30MacHOCT 1 MOBUIIBbHBIX YCTpOUCTBax. B
6aHKOBCKMX M BOEHHbIX CUCTEMaX AN obecneyeHuns
BbICOKOW 6€30MacHOCTM NPUMEHAIOTCA CKaHepbl
ceTyaTkum rnasa. TexHoAornsa pacnosHaBaHWs roaoca
He3aMeHVMa Npuv UCMONb30BaHUM BUPTYasibHbIX
NMOMOLLHMKOB N CUCTEM UAEHTUPUKALNN B TenedoHax.

47



SaK/siloueHme

KnetouHbi umkn

Untepdasza Aenenne knetku. Mutos. Meiios

Ha 3ToM 3Tane kneTka pacTéT, aKTMBU3MPYHOTCA MwuTo3 — 310 CNocob aeneHns KaeTkun, obecneunBaroLLmnin
npoueccsl 06MeHa BELWECTB Y MPOUCXOANUT KOMUPOBaHUe COXpaHeHMe NOCTOSHHOIO YMC/Ia XPOMOCOM.
reHeTUYyeckoro matepuvana. Melio3 — 310 cnocob aenenus, obecneunsaroLmin
Cragns nHTepdasbl 4enUTCA Ha TPW NOCef0BaTeIbHO COXpaHeHme NOCTOAHHOIO YMCIa XPOMOCOM B
npoTeKaroLWwmMx OCHOBHbIX Nepuoga: G, S, G,. opraHu3me.

Mewos |

AvnaounaHas knetka
(2n)

Mpodasza | — obmeH
reHeTNYecKmnm
marepuanom

Mertadasa | (napsbl
TOMOJIOTUYHbIX XPOMOCOM

Mertadasza (xpomMocombl
pPacrnoNoXeHbl B OANH

pag BAO/b pacrnosioxeHbl B ABa pAja
3KBaTOpPUANbHON BAO/Ib 3KBaTOPUasIbHOWM
MNOCKOCTM) MNOCKOCTM)

l 4
l AHadasa l

Tenodasa

PepykunoHHoe feneHne

..

[lByxpomaTuaHble
XPOMOCOMblI

,Cl,ohlepHﬂﬂ KJeTKa AOHepHﬂH KNeTKa
(2n) (2n)

Meiios Il
— OaHoxpomatvaHble
v XPOMOCOMbI




O6o06wwarowme 3agaHMNA

1. OnuwuTe pasiMuma mexxay NMOHATMAMM “Xpomocoma” n “xpomartuga”, o6bacHUTE CBA3b
mexxay uncaom monekyn IHK n uncnom xpomocom B HeeNAWMXCA U AENALMNXCA KAEeTKaX.

2. OnNuLwnTe CXOACTBa M pa3/InunA B CTPOEHUN U reHeTUYECKOM COCTaBe ayTOCOM U NOJIOBbIX
Xpomocom y ocobeil ogHOro BuAa Ha Nnpumepe U3 NOBCeAHEBHOMN XXu3Hu (Hanpumep, 6pat n
cecTpa), a Tak)Ke CBS)KMTe 3TO C NOHATUEM KapuoTtuna.

3. B MeanLMHe NpeanaraeTca UCNoJ/Ib30BaTb CTBOJIOBbIE K/1IETKU A1 BOCCTAaHOB/IEHUSA
NoBpeXAEHHbIX OpraHoB (Hanpumep, NeyeHu). YUunTbiBas CTagun KJI€TOUHOIO LKA,
06BbACHUTE, NoUeMy HOBbIe KJ1eTKU, obpa3yrouimecsa B pesy/ibrate Ae/ieHUA CTBOJIOBOM
KNeTKW, FreHeTUYeCKN UAEHTUUYHbI MaTepUHCKOW KkaeTke. MouemMy 3Ta MAEHTUUHOCTb MeeT
YKM3HEHHO Ba)kHOe 3HauyeHue A pereHepauumu opraHmsma?

4. NpoaHann3mupyute cxemy >XM3HEHHOrO LiMKJ1a MY>XCKOro NarnopoTHMKa 1 OTBeTbTe Ha
BOMpPOCHI.

a. KakoB XpOMOCOMHbIV Habop KaXXA0W U3 CTPYKTYp?
b. OnpeaenvTe, Kakoe feneHNe KNeTKM MPOUCXOAUT MeXAY CTPYKTYpPaMM.
¢. Onpegennte nokoneHuns cnopoduta n rametopuTa.

d. Kak Bbl gymaeTe, kakoe nokoneHwne npeobaagaet y My>ckoro nanopotHuka? ObocHynte
CBOE MHeHWe.

B3apocnoe pacreHue

MOJ'IO,D,OG pacteHne

CnopaHrunm

3urorta AHTepuanK
(cTpyKTypa, B KOTOPOI 06PasyoTcs My>KCKMe rameTbl)

Cnopa

ApxeroHuit Mpotannm
(cTpyKTypa, B KOTOPO 06Pa3yHoTCs KEHCKIME raMeTbl)




5. MpepcraBneH rpadpuk, nokasbiBaowmnii usmeHeHue konmuecresa AHK sagpa
BHYTPW K/IETKU B 3aBUCMMOCTMU OT BPEMEHM.

6
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2 4 6 8 10 12 14 16 18 20 22 24
Bpemsa/yacsl

a. Kakve npomexyTku BpeMeHu COOTBETCTBYHOT nepmogam G,, S n G, nntepdasbl?
b. CooTHecuTe BpeMeHHble MPOMEXYTKM € pa3amMn MUTO3a.

C. B kakom npomexxyTke BpeMEHU YNCNO XPOMATU, MOXKET ObiTb PaBHO UMy
XpOMOCOM?

d. B KakoM npomexyTke HapyLLeHME NPONCXOAALLMX MPOLLECCOB MOXET NPUBECTU K
HapyLLUEHWIO OAMHAKOBOrO YMCNa XPOMOCOM Y 06pasyroLLNXCA AOYEPHMX KNeTOK?

e. Kak 6bl Bbl 06BACHWAN, NOYEMY HEKOTOPbIE MPOMEXYTKM BPEMEHWN ANNTENbHEE
Apyrnx?

6. lna nonyuyeHus 340pOBbIX CEMSAH 6b110 Npou3BeAeHO caMoonbl/ieHue
3/1aKOBOro pacTeHus € AUNJIoONAHbIM Habopom xpomocom 2n = 14,

a. KakoBo bygeTt uncio xpoMocoM B KNeTke 3HAOCNEPMa MONYYEHHOTO CeEMEHIN?
b. Onpeaenvite UNCNO XPOMOCOM U XPOMATUJ, B KNETKAX 3apOZbllla CEMEHN B
aHadaze muto3a.




KuvBble opraHM3Mbl OTAMYALOTCA APYT OT Apyra. Pasnnums saBastoTcs pesynbtaTtoM M3MEHEHWN,
BO3HMKAFOLLMX Ha MPOTSKEHUM MHOTUX MOKONEHUIN. 3Ta M3MEHUMBOCTb UIPaeT BaXKHYHO POJib B
NpUpPoAe, Tak Kak MO3BOIAIET OpraHnM3mam Nydlle npucnocabamBatbCs K yCIOBUAM Cpeabl
obutaHusa. Eciv cpega aanTtenbHoe BpeMs OCTaETCA CTabunbHOW, B MOMNYAALMN COXPaHAHOTCS
NPeVMYLLECTBEHHO CcpeAHWe npu3Haky. OfHaKO NpU U3MEHEHWUM YCIOBUIM CPefbl HaumMHakoT
OTOMpaTbhCA HOBbIE MPU3HAKM, U 3TO MOXET MPUBECTM K MOABNEHNIO PE3KO Pa3/INYaOLLMXCA rpynmn
BHYTPW MONYAALMN. e

TV U3MEHEHWS MPOUCXOAAT Ha MPOTSXKEHWN OUEHb S
JJIITENIBHOTO BPEMEHMW, N “eCTECTBEHHBIA OTHOpP"
BbI3bIBaeT B NOMYNALMAX NOCTENEHHOE N3MEHEHNe
HacneCTBEHHbIX NPW3HAKoB. B pe3ynbTtate 310
NPUBOAMWT K 06pa30BaHMIO HOBbIX BUAOB, a TakXe K
dopmMmpoBaHMto Toro 60bLLIOrO pa3Hoobpasma
>KMBbIX OPraHM3MOB, KOTOPOE CyLLEeCTBYET Ha
CEroAHSALIHNN AeHb.

C cepeaviHbl XX BEKa B CE/IbCKOM XO35IUCTBE /15 @ MNMouemy ocobu oAHOrO 1 TOro Xe Buaa He

60pbObI C BPEAUTENSMM LIMPOKO MCMOJb3YHTCA ABNAOTCS aBCONOTHO UAEHTUUYHBIMA?
nectmumnapl (Hanpumvep, A/AT). BHavane 3tm 2. KakoBa po/ib Hac1eACTBEHHOCTU U
BELLECTBa MaCCOBO YHNYTOXa/IM HAaCEKOMbIX. cl)aKTopOB Cpeabl B q)OpMVIpOBaHI/II/I
OpHako HekoTopble 0cobu B nonynaummn baarogaps MPW3HaKOB OPraHNM3MOB?
HacneACTBEHHOW M3MEHUYMBOCTM Obnaganu 3. Mouemy MoAMPMKaLIMOHHAS
NPVPOAHOM YCTONUMBOCTBIO K NeCTULMAAM. M3MEHUMBOCTb He MepeaaéTcs

Yepes HeCkoIbKO MOKONEHWM YNCIO YCTONUMBBIX CIefyHOLLMM TMOKOJIEHMSAM?

ocobeli B nonynaummn yBenamyumniochb. JTO ABNIEHME 4. Kak ectecTBeHHbIN 0T60p BAUSIET HaA

[AEMOHCTPUPYET AeNCTBME ECTECTBEHHOTO OTHOPA:
NydLle NpucnocobneHHble K cpese 0cobu
BbKVMBAMOT M Pa3MHOXKAIOTCA.

BEPOATHOCTb BbIKMBaHWA N Pa3MHOXEHWS
OpraHn3moB?

V13 pasgena Bbl y3HaeTe

ey OopraHn3MoB CyLlecTByeT HacneACTBEHHaA N HEHacneACTBEHHaA USMEHYNBOCTb

o HaCJ'Ie,Cl,CTBeHHaFI N3MEHYNBOCTb nepep,aéTcg M3 NOKOJIEHNA B NMOKOJIEHNE N CNYXKUT MaTepPUaoM ANA
3BOJIOUNN, TOTAa KaK HEHAC/IEACTBEHHAA M3MEHUYNBOCTb NMOMOIaeT OpraHn3mMy ﬂpI/ICI'IOC36III/IBaTbCﬂ
K KOHKPETHbIM YC/I0OBUAM Cpelbl

» MoandmrKaLMoHHas M3MEeHUYMBOCTb — 3TO M3MEHEHUSA MPU3HAKOB MNOJ BAUSHUEM GaKTOPOB Cpesbl B
onpesenéHHbIX Npesenax, KoTopble He HaCeayrTCS

C HOpMa peakunmn Bblpa>kaeT npeaesbl USMEHUYMBOCTU NPU3HaKa B Pa3IMYHbIX YCAOBUAX Cpelbl

* EctecTBEHHBIN OTHOP — OCHOBHaA ABUXYLLAA CMa IBONKOLIMK, KOTOpas obecrneumnBaeT COXpaHeHne
1 nepezavy NOTOMKaM MOE3HbIX MPU3HAKOB, BO3HUKLLMX B pe3y/ibTaTe HacaeACTBEHHOM
M3MEHYMBOCTM, CNOCOBCTBYS NPMCNOCOBAEHNIO OPraHN3MOB K cpeje
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7.1 IameHUYnBOCTb

XKvBble opraHM3Mbl OTANYAKOTCA APYT OT ApYra Kak Mo
CBOEMY BHYTPEHHEMY N BHELLUHEMY CTPOEHMIO, TakK 1 MO
dur3nonornyecknm ocobeHHoCTAM. ITo pa3Hoobpasne
CBSI3aHO C TEM, YTO OHW MpPUHAANEXAT K Pa3HbIM BUAAM.

* Kak Bbl AymaeTe, MMeIOTCA NN pasnuyus u
Mexay opraHm3mMamu, OTHOCSLWMUMUCA K OAHOMY
M TOMy Xe Buay?

* Ecnu Takue pa3nnuusa ecTb, KaK MOXHO
OOBACHUTb UX NPUYUHBI?

W3MEHUMBOCTb, Bapuauya,] Y3HaBaTb COTHU I0AEN — UEHOB CeMbM, ApY3eW, NHojen,

SN HacnescTBEHHas KOTOPbIX Mbl BUAMM BPEMSA OT BPEMEHMU, U Aaxe 3HAMEHUTOCTEN

V3MEeHUYNBOCTb AOCTaTOYHO HECIOXKHO. Mbl MOXEM Pa3aNUNTb 3HAKOMbIX NIHOAEN
AaXe Ha PacCTOAHUN. ITO CBA3AHO C TEM, UTO Yy /IOAEN pa3Hble
yepTbl IMLA, dopMa BONOC, LIBET rna3 n Koxun. Kpome Toro,
Pa3INYakOTCS X TEJIOCNOXEHME, POCT, TONI0C U noxoaka. [axe
BHYTPW OAHOW CEMbW HEBO3MOXHO BCTPETUTHL abCONOTHO
OAMHAKOBbIX NOAEN.

B Mupe npoxuBaeT okoso 8 muannapaoB yenosek. Kaxabiv
yenosek obnagaet MHAMBUAYANbHBIMU OCOBEHHOCTAMM, KOTOPbIE
OT/INYAIOT €ro OT APYIrMX W AeNatoT ero yHUKaAbHbIM. ITU
pasnvuma BHYTPU OAHOIO BMJa Ha3blBatOTCA U3SMEHUYMBOCTbIO
UV Bapuauuen.

HacnepcrBeHHasa u HeHac/eaCTBeHHaA U3MEHUYMBOCTb

1. BHUMaTenbHO paccMOTpUTE PUCYHOK.

2. BONBLWMHCTBO NpU3HAKOB YenoBeka dbopmumpyeTcsa nNos
COBMECTHbIM B/IMSHUEM HaCNEeACTBEHHOCTU 1 OKpY>KatoLLien
cpeapbl.

3. ObcyauTe BAUSHNE NMUTAHWUS, CONHEUYHOTO U3YyYEeHUNs 1
d13nYeCcKoN aKTUBHOCTU Ha Takne Npu3Haky YenoBeka, Kak pocT,
LLBET KOXMW U CKOPOCTb NepesBu>keHns npu bere.

4. Mepepucyrite NPUBEAEHHYHO HUXe TabaunLy B TeTpab.

LesatenbHocTb
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5. Pacnpe,n,enMTe Takune NMpusHakun, Kak MHTeNNEeKT, OTnevyaTkn nanables, pa3FOBOprII>’I A3bIK, BbBIHOC/INBOCTb,
FeMO(I)I/I.ﬂI/lﬂ, UBET [1a3, OKpalleHHbIE B qépruZ LBET BOJIOChI, MOA, POCT, UBET KOXMU, CMNAa N MacCCa Tena, Nno
COOTBETCTBYHOLLMM TpynnaM, yKasaHHbIM B Ta6m/|u,e.

Tpynnbl Mpu3Hakm

HacneacrtseHHble Npu3HaKku

Mpwu3Haku, GopMMpyrOLLMECs MOA BANAHUEM CPeabl

MpwvsHaky, GopMUpyroLLMECs NOA COBMECTHbIM BAUSHUEM
HacNeACTBEHHOCTU 1 GaKTOPOB Cpespbl

O6cyauTe:

1. C MOMeHTa nocsieAHel BCTpeun Ball POACTBEHHUK 3HAUNTE/IbHO BbIPOC, NOACTPUICA N U3MEHUN
uBeT Bosioc. CMOrau /v Bbl €ro y3HaTb, HECMOTPSA Ha 3T n3MeHeHun? O60CHyiTe CBOE MHEHMe.

2. Mouemy He Bcerga yaaércs, NOJIHOCTbIO OMpPeAEeIUTb Pasinumsa MeXAy NH0AbMU Ha CeMENHbIX

¢ororpadpuax?

Mpun3Hakn ocober, OTHOCALLUXCA K OAHOMY BUAY, ONPeAeNstoTCs NOCeL0BaTeNbHOCTbIO
reHOB, XapaKTepPHbIX A1 4aHHOTO BUAA M PaCnoN0XKEHHbIX B XPOMOCOMaX, NMOYYeHHbIX
OT poauTenen. VIaMeHeHMs B XpOMOCOMaxX Wiu B MOCAeA0BaTe/IbHOCTU FeHOB MPUBOAAT
K BO3HWMKHOBEHWIO Pa3ivumnii Mexxay ocobsmu gaHHoro Buaa. BosHMKHoBeHWe HOBbIX
NPW3HaKOB N CBOWMCTB B pe3y/bTaTe U3MEHEHWUIN B CTPYKTYpe XPOMOCOM U FEHOB

y OpraH1M3MOB Ha3bIBaeTCA Hac/1edcmeeHHOU U3MeH4YU8OCMbHO.

B npouecce melio3a nepekpéCcT XPOMOCOM M ClyYanHOe PacxoXeHe XpOMOCOM

K nostocam obecneunBatoT 06pasoBaHMe HOBbIX KOMBUHALMI reHOB. 3TO ABAAETCA
NPOosBNEHVEM HACNeACTBEHHOW N3MEHUYMBOCTY.

Ocobun ogHOM 1 TOW >ke NOoNyAALUN B ONPeaeneéHHOM CTEMEHN MO CBOUM reHam
OT/IMYAIOTCA APYT OT Apyra. 3aposblLl, Pa3BMBaOLLMNCA U3 3UTOTbl, GOPMUPYETCS NOZ
BAVAHNEM reHOB Kak MaTepPMHCKOro, Tak U OTLLOBCKOro opraHusma. [oatomy ocobu no
OZHOMY MPU3HAKY MOTyT 6bITb MOXOXW Ha MaTb, MO APYrOMYy — Ha OTLa, a MO TpeTbemMy —
ob6s1asaTb NPOMEXYTOUHBIMU NMPU3HAKaMW, CXOAHBIMU € 060UMU POAUTENAMM.
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Takvm 06pa3oM, ciydalHbi OTOOP U CAUAHNE MYXKCKUX U SKEHCKUX
rameT fABAAOTCSA OAHUM U3 OCHOBHbIX GaKTOPOB, 0becneunBaroLLmNX
HacNeACTBEHHYH N3MEHUYMBOCTb.

MpopocTkun 13 cemsH (no
Monosoe HacneACTBEHHbBIM NMPU3HaKam
pa3MHOXeHne OT/INYALOTCA OT POAUTENBCKOTO
pacTeHNs W APYrUX pacTeHuin

My>kckas ocobb nonynauum)

YKopeHEHHbI cTebneBol
UepeHOK HacNeACTBEHHO

BeretatnBHoe

pa3MHOXeHMe AeHTAYEH
cTebneBbiMun A
UepeHKam MaTepUHCKOMY

(>KeHCKOMy) pacTeHunto

XKeHckas 0cobb

HaCer,D,CTBeHHbIe M3MeHeEHNA, nepefaBadCb M3 NMOKOJIEHUA B
NnoKoJieHne, C1y>XaT OCHOBHbIM MaTepraioM 4714 UHANBUAYaNbHOTO
PasBnNTNA OPraHN3MOB N neXXaT B OCHOBE UCKYCCTBEHHOTO 0T6opa,
npoBOAMMOIO 4eJIOBEKOM MO XeslaeMblM MNMpr3HaKaMm.

Oﬂ,HOJ’IeTHeE pacteHue AI/IKOI‘;I Kanycrbl

Otnnyaerca no Otanyaetca no Otnnyaercs Otnmyaetcs OTanvaetcs Otnnvaetcs
BEPXYLLUEYHON HOKOBOW no crebto Mo IMCTbAM MO CTeBt0 1 no couBeTnam
rnouke (nasyLwwHown) nouke LBETKAM

a9

benokouaHHaa bptoccenbckas Konbpabu Jlncrosas Bpokkonun LiBeTHas
KanycTa Kanycra Kanycra Kanycra
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OnpeseneHve HacNeACTBEHHOM M3MEHUMBOCTU MMeeT HO/bLLOE 3HaUYeHMe. ITO
MOMOraeT pasnnyaTh Kak OTae/bHbIX 0cobein, Tak U BUAbl. HacneAcTBEeHHbIe
pa3vums, BCTpeYaroLmecs BHyTPM OAHOIO BUAa, CNOCOOCTBYHOT Nyyllen ajanTtaLmm
0coben K N3MEHAKLWMMCA YCN0BUAM cpeabl. B cBoro ouepesb 310 obneryaet
npucnocobaeHne Buja K pasivyHbIM YCI0BUAM B TEUEHWNE AIUTENBHOIO BPEMEHMN.
HacneacTBeHHble pa3nnumns Mexxay BUAaMMU UCMONb3YHOTCA NPU UX Knaccudbukaumm.

MO>HO 1 cUMTaTh UCMOb30BaHNE UHANBKAYabHBIX OCODEHHOCTeN And
pacrno3HaBaHWA tofel C MOMOLLbIO BMOMETPUYECKMX TEXHONOTUIN MPYIMEPOM
MPaKTUYeCKOro NPUMeHeHNs HacNeACTBEHHOM M3MeHuUnBOCTU? Mouemy?

Mpumennte nonyuyeHHble 3HaAHUA

* XKnBOTHbIE, N306paKEHHbIE Ha PUCYHKE, OTHOCATCA K BuAy cnbupckomn kocynm (Capreolus pygargus). Kak
BMAHO, y ocober 3Toro Buaa HabarogaeTca 3aMeTHOe pa3Hoobpasve B CTPOEHUN POroB.

O6cyaure:

1. Kak Bbl ;ymaeTe, N0 KaKMM NpUYMHaM Mor/la BOSHUKHYTb 3Ta usMmeHunBocTb? Kakne dpakropbl
NoB/INANUN Ha GOpMYy 1 pa3mepbl poros?

2. Kakne npenmyuiectBa MOryT aaBaTh 3T pa3nnuua ana suga? O6ocHyiiTe CBOE MHeEHMe.

I'Iposepb're noJjiyueHHbleé 3HaHUA

1. MouyeMy HacneACTBEHHbIE MPU3HAKM Y 0COBEN OAHOIO BMAA HE ABASAKOTCSA MOJHOCTBH MAEHTUYHBIMUN?

2. MNpuBeaunTe NpUMeEp HaCNeACTBEHHOW N3MEHUMBOCTH, YUMTbIBAsA CXOACTBA U Pa3NNUMs BHYTPU CEMbMW.




7.2 MogndunkaunoHHas N3MeHUYMNBOCTb

Mpw BbipaLMBaHUN Kay6HelN
OAHOTO W TOrO Xe pacTeHuns
kaptodens B pa3nuyHbIX
YCNOBUAX Cpesbl
HEeBO3MOXHO HalTW ABa
NMOJIHOCTbIO OANHAKOBbIX
pacteHus. Yxxe uepes
HeCKOoJ/IbKO Heaesb
CTaHOBUTCA 3aMETHO, YTO 3TH
pacTeHns OTANYaoTCa Apyr
OT Apyra no BbicoTe cTebns,
CTeneHW BETBNEHNS, CTENEHM
pa3BUTUA KOPHEBOM
CUCTEMBI, YNCATY U pa3mepy

« Uem MOXXHO 06BACHUTL pa3inumsa B UX BHELLHEM BUuae,
NNCTbEB 1 KNyBHeN, a Takke HeCMOTPS Ha TO, UTO BCe TPU pacTeHUs Noay4veHbl OT O4HOro
no pagy Apyrvx npusHakos. M TOro ke pacTeHus Kapropena?

* HocAat nn Bce 3tM uameHeHuA HaCI'IeACTBEHHbIﬁ xapaKTep?

» Bo3HUKAM 6bl 3TK pa3nnuums, ecam 6bl pacteHUs
BblpalLMBaNCb B O4UHAKOBbIX YC/IOBUAX cpeabl?

PP 0 VMUKALIMOHHAS He BCe npu3Haky opraHNM3MOB ABAAIOTCA HACNEACTBEHHbBIMM.
MR /13 MeHUNBOCTS, HOpMa OpraHu3mbl C OANHAKOBbIMU FreHaMK, Pa3BUBasiCb B Pa3HbIX
St PeakLMY, BapUaLMOHHbIV | YCNOBUAX, MOTYT 3HAUNTENbHO Pa3NnyYaTbCs MO CBOMM MpPU3HaKaM.
pA4, BapuaLmoHHas HekoTtopble npusHaky GopMMpyroTCs Noj BAUSHUEM
Kpunsas OKpY>KatoLen cpeapbl, B pe3y/bTaTte Yero BO3HMKaeT
M3MEHUYNBOCTb.

Moa okpy>KaroLLen cpeson MOHMMAETCA He TONbKO 3KOA0rnYeckas cpesa, B KOTOpPOU
obuTaet opraHm3mM. Hanpumep, pa3anyHble BUAbI AeATeNbHOCTM YenoBeka, obpas
XU3HW M MUTaHWNE TakXKe ABAAKOTCA BaXHbIMK dakTopamu, BANSAIOWMMMY Ha pa3BUTUE
opraHu3ma.

N3mMeHeHMa NpU3HAKOB, MPONCXOAALLME B ONPeAeNEHHbIX Npeaenax noj BAUAHUEM
baKkTOpOB OKpYy>KatoLLEen cpesbl 6e3 N3MEeHEHMS TeHOB OpraHM3Ma, Ha3blBarOTCS
MOoANPUKALMOHHON U3MEHUMBOCTbIO. DTV N3MEHEHMA He NepesaroTcs Nno
HaCNeACTBY CNeAYHOLLMM NMOKOAEHMAM.

OaHOWM 13 BaXKHbIX OCOBEHHOCTEN MOANPUKALMOHHON N3MEHUYMBOCTM ABASETCA €8
HanpaBAEHHbIA XapakTep: Noj Bo3aencTBneM GpakTtopoB cpesbl GOpMUpyroTcs
npeackasyemMble M3MEHEHMSA NMPU3HAKOB.
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BanaHune q)aKTOpOB cpeabl Ha U3MEHUYNBOCTb

s

(=

§ Xoa paborbi:

5 W 3anonHuTe caeaytoLyto Tabanuy. Ykaxute, Ha Kakmue Npu3Haku pacteHns kaptodpens MoryT BAvATb

()

'?,—5 pa3nyHble GakTopbl Cpeabl (CBET, TeMnepaTtypa, BOAa, COCTaB MOYBbI).

< ®akTOp cpeabl Ceet Temnepatypa Boza MouBa
Mpw3HakK, Ha KOTOpPble MOXET OKa3blBaTb BAUAHWE

O6cyaure:

1. Ha ABYX npumMepax OG'bﬂCHVITe, KaKue npusHakm MoryT pas/indyatbCa y ABYX OPraHU3moB C
OAVHAKOBbIMUW reHaMu, ec/iu OHU BblpPallUBalOTCA B Pa3HbIX yC/IOBUAX CpeAbl.

2. anBeAMTe npumep s cBoe HOBCEAHEBHOﬁ XXN3HU. KaKUM NMpPU3HaKoM, KOTOprﬁ N3meHaeTca
noa BiNAHNEem 0pr)Ka}ou.|,eﬁ cpeabl, HO He ABNAeTCA HacneaCTBEHHbIM, Bbl oGna,qae're?

Ans n3yueHuns BANAHNSA GakTOPOB Cpelbl Ha U3MEHUYMBOCTb YesioBeKa 0coboe 3HaueHne
MMeeT CpaBHEHWE YCNOBUIA XN3HN OfHOANMLEBbIX 6an3HeuoB. OgHoslLEeBble 6aM3HeLbI
6bIBatOT OAHOrO MoAa W, MOCKO/IbKY 061aat0T OAMHAKOBBIMU FreHaMK, X HaCNeACTBEHHbIe
NPWU3HaKN NOAHOCTbIO cXxoAHbl. OfHaKO MHOTrMe NPU3Hakn N 0COBEHHOCTN NoBeAEeHNA
yesoBeka GOPMUPYHOTCA MOA BAUSAHUEM KaK HaCNeACTBEHHOCTY, Tak 1 GaKTOPOB Cpesbl.
MO3TOMY XM3Hb 6IM3HELLOB B Pa3HbIX YCIOBUAX NMO3BOJISET Jyylle NMOHATb POb
HacNeCTBEHHOCTU U cpeabl. Hanpumep, oanH 13 6a1M3HeL0B peryasipHO 3aHMMaeTcsl CMOPTOM
N BEAET 340POBbIN 06pa3 XKU3HK, TOrga Kak 06pas >KMU3HWU APYroro ABASETCA NacCUBHbIM.
Yepes HEKOTOpOe BpeEMS UX TENIOCIOXEHME U PAA APYTUX NPU3HAKoB ByayT pa3nmyatbcs. XoTs
npeApacnoNoXeHHOCTb K aTNeTUYEeCKOMY TEJIOC/IOXEHUIO ABNSETCA HacNeACTBEHHON, He3
perynsipHbIX TPEHUPOBOK W MPaBUIbHOIO MUTaHWA 3TOT NPU3HAK MNOJHOCTbIO HE MPOABASETCS.

Habntosaemble pa3nvumnsa mexay 6anm3HeL,aMu ABAAKOTCA pe3yabTaTOM BAUSHUA CPeabl U
NpeACTaBASOT COOOM HEHACNEACTBEHHYH M3MEHYMBOCTb. TakMM 06pa3oM, CTeMeHb
MoAndUKaLMM 3aBUCUT OT CUJIbI U MPOAOIKMUTENBHOCTU BO3AencTBUA hakTopoB. Hanpumep,
Pa3BUTME CKENETHBIX MbILLL, 3aBUCUT OT UHTEHCUBHOCTM TPEHNPOBOK, @ KOJIMYECTBO MeJlaHNHa
B KOX€ — OT MPOAO/IKUTENIbHOCTN BO3LENCTBUSA CONHEYUHbIX NyYen.

OpHosnueBble 6M3HELbI .
A H H [MnTaetca 3gopoBom

HEXXVUPHOW NULLIEN,

B < BeJeT akTUBHbIN He cTpagaer
06pa3 Xu3Hu OXMpeHMeM
~
<
C MuTaetca xupHown
nuiew, “dpactdysom”,
BeJEeT MasoNOABUXHbIN
Bo3spactaet

PUCK OXMPEHWS

G A ‘_q !o6pa3 KU3HU
2 l._..-: .
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PacTteHwe, BbipalLeHHOe

MeToA0M HBoHcaw

PacteHue, pacTyllee B eCTeCTBEHHbIX
ycnosuax B bpasunnm

B ectectBeHHOW
cpese obuTaHus

?

S S

B nabopaTopHbIx
ycnosuax (npu
coaepxaHuu npwm
MOBbILEHHOMN
KOMHaTHOM
Temneparype)

Nep,
\ J
=28 4
-
Y
_. »
-

B nabopatopHbIx
ycnosuax (npu
NOKaNbHOM
MOHWXKEeHWN
Temnepatypbl B
061acTu CnnHBbI)

MNoa BANSHMEM ONpeAenéHHbIX YCIOBUI cpesbl Bce ocobun
PacTeHWI OZHOTO M TOTO XE BUAA OTIMYAKOTCA APYr OT Apyra Mo
BPEMEHM LiBETEHWS, Pa3Mepy M CPOKAM CO3PEBAHMUSA MI0AOB,
YCTONUMBOCTU K 3aCyxe U APYrvM NnpusHakam.

3BecTHO, UTO OAHM U Te Xe copTa pacTeHNIN Npn BaaronpPUATHbIX
KAMMaTUYECKMX YCNOBUAX, XOPOLLEM YA0OpeHUM, NoanBe 1
AOCTaTOYHOM OCBELLLEHMM XOPOLLO KYCTATCA U AatOT BbICOKWNIA
ypoxau. Hanpumep, pacteHue, BbipalleHHOe MeTog0M BoHcaw,
MIMeeT Te Xe reHbl, YTO U AepeBo, pacTyLlee B eCTECTBEHHbIX
ycnosusax. OfHaKo Npu BblipalMBaHUK B FOPLUKE Y OrPaHNYEeHHOM
MPOCTPaHCTBE POCT ero KOpHew caepxuBaetca. Hebonblune
pa3mepsbl fepeBa 0bycnoBaeHbl He reHamn. Ecam pacteHre He
nonyyaeT A0CTaTOYHOrO KOMYECTBa CBETA, BOAbI Y MUHEPabHbIX
BELLLeCTB, €r0 POCT TakXe OrpaHUYMBaeTCs.

J70 ABAsAETCA npnMeEPOM NM3MEHUNBOCTUN, KOTOPAA BO3HNKAET NOA
BANAHWEM Opr>KaPOLLI,eI7I cpeabl, NpoTeKaeT B O4HOM
HanpaBaeHUN N UMEET CXOAHbIIZ XapakTep.

MoandurkaymoHHas N3MEHUYNBOCTb HOCUT MacCCOBbIN (FPyNMOBOW)
XapakTep. 9TO 03HayaeT, UTO NPU U3MEHEHWWN YCNOBUIA Cpeabl Y
BCex ocoben, obnagatomx CXoXKem HacaeACTBEHHOCTbHO,
NPU3HaKN U3MEHAKOTCA B OAHOM HamnpasieHUU.

KonnuectBo n kauecTBO NuLK, KAMMaT U YCA0BUA OOUTaHUS
BbI3bIBAOT Y XKMBOTHbIX OLHOrO BUAA M3MEHEHMS,
NPosBAAIOLLMECA B pa3Mepax Tesa, roNI0Bbl U KOHEYHOCTEWN,
TONILLMHE KOXMW, OKpacke, ANIVHE U NyCTOTe LWEPCTHOIO NOKPOBA, a
Tak>Xe B OCOBEHHOCTAX NOBeAEHMS.

Hanpwumep, y HEKOTOPbIX MAEKOMUTAKOLLNX B 3aBUCUMOCTU OT
TemnepaTypbl OKpY>XatoLLen Cpesbl MOXET U3MEHATLCA OKpacka
wepcTn. MNMpr 3TOM N3MEHAETCA He TeH, a NPOsABAEHNE NPU3HAKa.
Tak, y KpONMKOB rOPHOCTAaeBOM NMOPOAbI NP BbICOKOM
TemnepaType LWepCTb Ha Tesle OCTaéTca 6enoun, a Npu HU3KOW
(okono 0°C) cTaHOBUTCA TEMHOW. DTa 0OCOBEHHOCTb B
onpeAenéHHOW cTeneHn obycnoBaeHa HaCeACTBEHHOCTbO.

MogandunkaLMoHHas N3MEHUNBOCTb Yalle BCEro ABAAETCS
obpatnMbIM npoueccom. [Mpn N3MeHeHNN YCIOBUI Cpeabl FeHbI
OCTatoTCA HEN3MEHHBIMW, N3MEHSAOTCA NINLLb MPU3HaKK B
onpeaenéHHbIX Npejenax.

Korza opraHnu3mM Bo3BpaLlaeTcs B NPeXHUe yCaoBus,
COOTBETCTBYHOLLME NMPU3HAKM TaKKe BO3BPALLAOTCSA K MCXOLHOMY
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COCTOAHUIO. HaanMep, Npn XOopoLwmnx ycnoBmax coaep>XaHna n KopMaeHna Mmacca
>KNBOTHbIX YBEJINUMBAETCA, a NMpPn HeZOCTaTKe NN — yYMEHbLUAETCA.

OpfHOK/NEeTOYHasA 3BI/IEeHa 3eNéHas Npu ANNTENbHOM MpebbiBaHMM B YCI0BUsAX craboro
OCBeLLeHWs TepsieT CBOK OKPACKY. DTO CBA3AHO C MOCTEMEHHbIM pa3pyLUeHVeM
xnopoduana B xa0ponaactax u NepexosoM opraHnu3mMa K reTepoTpodHOMY NUTaHWMIO.
Mpw BO3BpaLLEHNM K HOPMaNbHOMY OCBELLIEHNIO 3e/18Has OKpacka 3BreHbl U NpoLiece
boTOCUHTE3a BOCCTaHaBANBALOTCA.

3HauyeHune MO,D,I/Iq)VIKaLI,VIOHHOI‘/’I M3MEHUYNMBOCTM 3aK/IKOHYaAETCA B TOM, YTO OHa NMO3BONIAET
opraHmnsmMam I'IpVICI'IOC36J1VIBaTbCF| K Pas/inyHbIM BHELLIHUM CI)aKTOpaM 6e3 n3MeHeHns nx
reHoB. JTa U3MEHUMBOCTb obaeryaer ajanTtaynro ocoben nonynaunn m CI'IOCO6CTByeT nX
BbDKMBAHNHO B U3MEHAROLWKNXCA YCNOBUNAX Opr)K8I-OLLI,€I7I cpelbl.

Hopma peakumun. CtaTnctnyeckne 3akOHOMEPHOCTU M3MEHUNBOCTM

I'Ipep,enbl MOAMq)MKaLLMOHHOVI M3MEHUYNMBOCTN NPU3HAKa — AMaMNa3oH MeXay ero
MaKCMMaJIbHbIMW N MUHWUMaJlIbHbIMW 3Ha4YE€HNAMWN — Ha3bIBatOTCA HOPMOFI peakuyunu.

dopma 1 pa3mepbl LBETKOB PacTeHNN, ANaMETP SPUTPOLMTOB, XXMPHOCTb MOJIOKA Y
XXMBOTHbIX OTHOCATCA K MPM3HaKaM C OTHOCUTENIbHO Y3KOW HOPMOW peakLinu.

Crpenonuncr BoasHoW opex (Ynanm)

Nnasarowme MUCTLA
HazBoaHble

NCTbA

MnaBatowwme
NINCTbA

__.. - "‘{h
e

S,

'

Takme npu3HaKkuy, Kak BbiCOTa CTeBNS pacTeHus, AMHA U YNCIO INCTbEB, Macca Tena
>KMBOTHBIX U POCT YeN0OBEKA, XapaKTEPM3YHOTCS LLMPOKOW HOPMOWN peakLuu.
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Hopma peakunn npusHaka

Ans onpeseneHns 3aKOHOMEPHOCTEN M3MEHUYMBOCTM KONNYECTBEHHbIX NMPU3HAKOB,
NOAAANOLLMXCA U3MEPEHMIO, UCMOb3YHOT Pa3NNYHble CTaTUCTUYECKME METOZbI, B TOM
4yMcie NOCTPOEHVE BapuMaLMOHHOIO pAAa 1 BapuaLMOHHOW KpuBoOiA. Hanpumep,
ecnv onpeAenvTb POCT yyallMxca OAHOrO Bo3pacTta B Cy4YalHO BbibBpaHHOW LIKOAe U
PacrnonoXunTb UX 3HAUYEHWA B MOPAAKE BO3paCTaHWsA, MONYUNTCA BapUaLMOHHBIN pAj,.

PocT yuauuxcs V | 145-149| 150-154| 155-159 | 160-164 | 165-169 | 170-174 | 175-179 | 180-184 | 185-189

(BapunaHTa, B CM)

Yncno yuawmxcs (4actoTa p 4 20 44 84 96 88 48 24 8

BCTpeHaeMOCTM,HeﬂOBe@

Yem Wrpe Hopma peakLmu, TeM Bbille CNOCOHBHOCTb OpraHM3ma
npucnocabanBaTbCa K M3MEHAOLMMCA YCNOBUAM Cpeabl 1
BbI>KMBaTb.

YacToTa BCTpeyaemMoCTV MPU3HAKOB MOXET ObITb TakXKe

Mo>xeT a1 npusHak ebINTH npeAcTaBneHa rpaduueckyt B BUje BapuaLMOHHOW KPUBOWA.

3a npegenibl HOpMbI
peakuun? MNMouemy? 100 [ Hopmansoe }

pacnpeaeneHne

8° -

[e2)
o

N
o

Yucno yyawumxca (4acrota
BCTpe4aemMocCTm)

N
o

145-149 '150-154 '155-159 '160-164 ' 165-169 ' 170-174 '175-179 ' 180-184 ' 185-189
Poct yuawmxcs (B cm)
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NMpumeHnTe NoslyueHHble 3HAHUA

Onpegennte pocT 1 pasmep obyBM y EBOYEK AN Ma/IBUMKOB B BaLLEM KJacce U MOCTpoKTe
BapWaLNOHHbIV PAJ U BapUaLMOHHYH KPUBYHO.

O6cyaute:

« Kakue 13 3TMx npu3HakoB MMeEIOT LWNPOKYIO U Y3KYHO HOPMY peakuumn?

 Boluncnurte cpepHee 3HaueHUe 3TUX NMPU3HAKOB.

- Kak Bbl AymaeTe, cyliecTByeT M B3aMMOCBA3b MeXAy POCTOM YesioBeKa U pa3mepom
ctonbl? O60CHYyiiTe CBOE MHeHuMe.

- Kak Bbl cunTtaete, kakue eLLé pasmepbl Tes1a MOTyT U3SMEHATbLCA BMeCcTe C POCTOM
yesioBeka?

 Mouemy npousBoANTENM OAEXKADbI, 3HAA POCT YesloBeKa, MOTyT B onpeaesiéHHON cTeneHun
NpeAnoJIoXKUTb U gpyrve pasmepbl ero tesa?

MpoBepbTe NosyueHHbIE SHAHUA

1. Yem MoaMdMKaALMOHHAA N3MEHYMBOCTb OTIMYAETCA OT HaC/NeACTBEHHOW M3MEHUMBOCTI?
2. YTto BbIpaxkaeT HoOpmMa peakumn?

3. CpaBHUTE MOANDUKALIMOHHYHO U3MEHUYMBOCTb M HOPMY peakumun. B uém nx pasnnume?

4. Kakne npu3sHakn MMeroT Y3KYH0, @ Kakme — LUMPOKYH HOPMY peakLmnn?

Macca cemeHu H YnCNo KONOCKOB Yy MLIEHULbI
LiseT rnas E [OnvnHa wepctn y oBel,

5. NMpoaHanunsnpywite BapvaLMOHHBIA P, COCTaBAEHHbIV MO AaHHbIM OAHOK/IACCHWUKOB, U ONpPeaenvTe, B
KakKux rpynnax pocta HabarogaeTcs HanbosbLiee KOAMYECTBO YYaLLUXCA.

6. Hackonbko HaZiéXXHO NPON3BOAUTENN OAEXAbI MOTYT ONpeaensTb Apyrve napameTpbl Tesia Yes0BEKa,
OCHOBBbIBasACb TOJIbKO Ha ero pocte? OB6OCHYINTe CBOW OTBET.




Yactb I

/.3 EctectBeHHbIN OTHOP

Bo Bpems cBoux nyTewectsuin Yapsab3 [lapBuH NpoBoau
MHOTOUYNCNEHHbIE HabatoAeHMs 1 cobupan obpasupbl 4‘ -‘
dnopbl 1 payHbl. Ha lananaroccknx octposax B TXoMm !

oKeaHe OH M3y4Yan N3MEHYMBOCTb GOPMbI U CTPOEHMSA

KNHOBOB Y BbHOPKOB.

 Mouemy kN1OBbI Yy M306parkEHHbIX BbIOPKOB MMEIOT pa3Hyto ¢popmy?
» Kak Bbl gymaeTe, usmeHeHnsa ¢popmbl K/1l0OBa Yy BbIOPKOB HOCAT Hac/1e4CTBEHHbIN XapakTep?

« Kak, no Bawemy MHeHUI0, pa3HOOb6pa3une CTpoeHUs K/KoBa BINUAET Ha BbIDKMBAeMOCTb U
BEPOATHOCTb pa3MHOXX€HUSA BbIOPKOB?

(GIEl eCTeCTBEHHbIN OTHOP,

IS £.BVKYLLMIA OTHOP,

cnoBa .
cTabunnsmnpyrowmi
oTbop, AN3PYNTUBHbIN
oTbop

YcnoBusi cpefbl 06UTaHNA XXMBbIX OPraHN3MOB MOCTOSHHO
M3MEHAIOTCA MO Pas3/IMYHbIM NpuYMHam. B nonynauymm ocobu
BeAyT HenpepbiBHYO 60pbby 3a CylLecTBOBaHME — 3a MeCTO
obutaHma n HeobxoaMMble pecypchl. Te, KTO nyylue
NpMcnocobaeH K yCNoBUAM OKpYXKatoLwen Cpelbl, BbIXKMBAKOT, a Te,
KTO HE MOXEeT MPMCcnocobmnTbCsA, NPOUrpbIBatoT B 3TON Hopbbe u
norubator.

Hanpumep, y 6epésoBon nageHunubl dopmMa 1 okpacka nNaTeH Ha
KPbINbAX pa3nnyatotcs. Y atnx 6abouek cyLecTBytoT ocobble
reHbl, obecneunBatrowme TEMHyr0 okpacky. B 1850-x rogax B
ropoze MaHuectep (BennkobputaHms) 6OAbLIMHCTBO TakMX
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H6abouek Mmenn ceetayo okpacky kpbiibeB. OgHako k 1895 rogy y 98% 3tmx 6abouex
Kpblnbs H6blAn TEMHOrO LiBeTa.

B TOT nepuog AesaTeNbHOCTb MHOTOUYMCAEHHbIX MPOMbILLIEHHbIX NPeANpPUATUIA B
ropoge npviBena K 3arpsisHeHnto BO3Ayxa, MOBEPXHOCTW 34aHNI U CTBOJIbl A€PEBLEB
MOKPBIINCb Caxkel 1 notemHenun. B pesynbrate cBetble 6abouku ctanm bonee
3aMeTHbIMM Ha NoTeMHeBLLEM GOHe 1 1X Yalle noegann NTuLbl. TeMHble 6abouky,
KOTOpble BblNN MeHee 3aMeTHbI B TakWX YCIOBUAX, BbIXXUBaAN N UHTEHCUBHEE
pa3MHOXannck. [103TOMyY MX UNCNEHHOCTb B MOMYAALMM NMOCTENEHHO YBENNUMBANACD.
Takmm obpa3om, okpy>KaroLlasa cpesa ectecTBeHHbIM 0bpa3om “oTbupaeTt” nonesHoie
HacNefCTBEHHbIE U3MEHEHWS, U 3TU NPU3HaKN NepesaroTca cnesyroemMy NoKONEHMHO.
EctecTBeHHbIV OTHOpP — 3TO Npouecc, Npu KOTopom ocobu, obnagaroLime
onpeaenéHHbIMN HaCNeACTBEHHBIMWU MPU3HAKaMM 1 Jlyylle NpucnocobaeHHble K
YCNIOBUSIM Cpefbl, BbIXKMBAKOT U OCTaB/IAKOT MOTOMCTBO Yalle, YeM Apyrue.

®dakTopbl ecTecTBEHHOro oréopa

Xogp, pabotbi:

1. MpoaHanunsnpymTe KaxAabl NPesCTaBAeHHbIV CLeHapui, OnMpascb Ha MPUHLMUMbI €CTECTBEHHOTO
oTbopa.

2. Onpegenvte, y Kakoro XMBOTHOTO Ha OCTPOBE, rA4e 0O6UTALOT pasHble rPynnbl XKMBOTHbIX,
BEPOATHOCTb BbIXKVMBAHWA BbiLLE.

| cueHapwii Il cueHapui

Ha ocTpoBe yacto 6biBaeT 3acyxa, BO BpeMs
KOTOPOW B MCTOUYHMKAX BO3HMKAET HEXBaTKa BOAbI.
Y Kakoro >KMBOTHOTO BEPOSATHOCTb BbIXKMBaHMWA
BblLLe?

Ha octpoBe NosiBUACA HOBbIN XULLHWUK, NOEAAOLLNA NTULY
NpenMyLLLeCTBEHHO C APKOW OKPackon nepbeB. Y Kakmnx
0cobel BepOATHOCTb BbIXXMBaHWs Bbile? OBOCHYMTe
CBOW OTBET.

* KpynHoe TpaBosgHOe XXMBOTHOE, Y KOTOPOTro
BbICOKas MOTPeBHOCTL B BOAE

 Hebosbluoe MaekonuTatoLee, yaoBaeTBopstoLLee
NoTpebHOCTb B BOAE 3@ CUET pacTeHui

« MTnLa, NepecensatoLancsa Ha Apyrue oCcTpoBa B
roncKax BoApbl

« MpecMbikatoLeecs, cnocobHoe Aoroe Bpems
06x0anNTbCs 6e3 BoAb!

o MTULbI C APKUM ONEPEHNEM, He UMetoLLe APYTUX
3alWWTHBIX MeXaHW3MOB

* [TULLbI C TYCKNOWK OKPaCKOW OMnepeHus, HO
CNOCObHbIe BbICTPO NeTaTb

o [T C APKMM OnepeHnemM 1 A40BUTbIM MACOM

« MTULbI, OKpacka KOTOPbIX He BbigenseTcs Ha GoHe
OKpYy>KatoLLen cpesbl

O6cyaure:

1. C KakKMMMN NoBeAEeHYECKUMM N CTPYKTYPHBIMU NPUCNOCO6/1eHNAMMN CBA3aHO TO, YTO
npecMbiKaloLWmecs MOryT gautesibHoe Bpems o6xoauntbea 6e3 Boabl?

2. Kak nsmeHuTcA npouecc ectecTBEHHOro otbopa, ec/im Ha OCTPOBE NCKYCCTBEHHO YBEe/IMUUTD
KOJINYeCTBO UCTOUHUKOB BoAabl? O60CHYyiiTe CBOW OTBeT.

3. Kak HacJieAoBaHUEe MAaCKUPOBKU UIU APYTUX 3allUTHbIX MPU3HAKOB B/IUAET Ha 6yAyu.|,Me

nokosieHuAa nonynsa LI,I/II/I?
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Takne abmoTnyeckne dakTopbl Cpeabl, Kak CBET, TemnepaTypa, Boja 1 Nouysa,
OKa3bIBaOT Ha OpPraHN3Mbl MPAMOE UAN KOCBEHHOEe BO3AelcTBMe. B HekoTopbix
cyyasnx 3T GakTopbl MOryT OrpaHMyMBaTh POCT YNCAEHHOCTU MOMYAALUN.
CyTOUHblE 1 Ce30HHbIe U3MEHEHMA KNMMATUUYECKNX YCIOBUIA elwé 6onbLue
YCUMBAIOT KOHKYPEHLMIO MeXAy 0COBAMMN BHYTPU NONyAALMN.

Pecypcbl, HeobxoaMMble ANA CyLLLEeCTBOBAaHMA OPraHM3MOB, Takme Kak NnuLua,
BOZa, CONTHEYHAsA dHEPrus, BO3AyX, TePPUTOPUA U YKPbITUE, ABAAIOTCS
orpaHnyeHHbIMW. [ToTpebHOCTM ocobert OAHOrO BUAA B 3TUX pecypcax U
CNocobbl NX MOAYYeHMA CXOXW. B3arMoaencTema mexay opraHmsmamm
YCUAMBAIOT Kak BHYTPUBUAOBYHO, Tak 1 MeXBUA0BYH 60pbby.

OrpaHuueHHble pecypcbl U BANAHUA

OrpaHunyeHHble Pecypchbl CPeAbl, XULLHUKN 1 601e3HU

VlHTEHCVIBHOCTb paBMHO)KeHVIﬂ BINAKOT Ha POCT YNC/IEHHOCT/ nonynaunn.

Ecnm pocT YMCNEHHOCTV OpraHn3MoB B
NONyAALUNUW He peryanpyeTcs, MPONCXoanT
NX Upe3MEPHOE Pa3MHOXEHUE, B
pe3synbTaTe Yero Yepes HeKoTopoe Bpems
YMCNEHHOCTb 0CObel nNpeBbILLaeT
BO3MOXHOCTU Cpesbl MO X obecrneyeHnto
pecypcamm 1 yCNOBUAMU AN XKMU3HW.

BHyTpMBMAOBaA KOHKYpPeHL A

MockosibKy 0CcO61 BHYTPW MOMNYyAALMN
NUMEIOT OAMHAKOBbIE 3KOIorMyeckme
notpebHOCTN N 0BUTAKOT B OAHOW 1 TOW
Xe cpese, KOHKYPEHLMSA MeXAY HUMMN
HocuT 60J1ee OCTpbI XapaKTep.

npeMMyl.l.I,ECTBO B KOHKypeHuuun

B 6opbbe 3a pecypchbl BbIXKMBarOT 0cobu,
obagatoLLme NPenmMyLLECTBOM, U OHK

OCTaB/AOT 60bLLIE NOTOMCTBA. Y MeHee
nNpUCcNocobieHHbIX 0CObel BEPOATHOCTb
BbDKMBaHWA N Pa3MHOXEHWSA CHUXKaeTCA.

Pe3ynbTat ectectBeHHOro ot6opa

Yepes onpesenéHHoe Bpems MOXeET chOpPMMPOBaTLCA HOBas
rpynna, B KOTOPOW npeobnasatot ocobu, nydiie
npucnocobieHHble K AaHHbIM YCIOBUAM Cpespbl.
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Hanpumep, y pacTeHni cyLLecTByeT KOHKYPEHLMA 3a O4HY U Ty XXe TEPPUTOPUID
N OAHW N Te Xe pecypcbl (CBET, BOAY, MUHEPaJbHbIE BELLECTBa). Y XXMBOTHbIX
OCHOBHbIMW POpMaMu BUONOTNUYECKOM KOHKYPEHLUNN ABAAIOTCA Bopbba 3a
ybexkuiue 1 caMok, KOHKYPEHLMA XULLHMKOB 3a A06bIUy, a Tak>Ke CTpemieHmne
XePTB M3bexaTb XMLLHUKOB.

B ycnoBumsax KOHKYpeHLMM OAHM OpraHnU3Mbl MONYYarOT MPENMYLLECTBO HaZA
APYrMMUM 3a CYET 6o1ee MHTEHCMBHOTO Pa3MHOXeHMWA, 6ObLIEro NOraoLLeHNs
COJIHEYHOM 3HEeprum, CNocoBHOCTM 3aLUMLLIATLCA, @ TakXe YCTOMUMBOCTU K
M3MEHeHWAM TemnepaTtypbl U HebnaronpuATHbBIM BO3ENCTBUAM.

B pe3ynbrate ocobu, obnasarolime Nofes3HbIMN AN BUAA HAaCAeACTBEHHbIMM
M3MeHeHUsAMU, yylle 1 bbicTpee npmucnocabamBaroLnecs K CyLLeCTBY LM
yCNOBUAM cpefbl 1 obnagaroLime BbICOKOW CMOCOBHOCTbIO K Pa3MHOXEHWIO,
“oTbupatotca”, a HecnocobHble NpUcnocobuTbca ocobum B 3Tom Bopbbe
nornbatot. Takum 0bpas3om, B3auMoencTBmne ¢ abMoTUUYeCcKMn un
6rnoTnyeckMn GakTopamMm COCTaBAAET OCHOBY eCTeCTBEHHOro oTbopa.

B 3aBMCMMOCTI OT YCIOBUIA OKPY>KatOLLLEN Cpesbl eCTECTBEHHbIN OTOOP MOXET
AENCTBOBATb B Pa3HbIX HAMPaBJEHUAX U MPUBOAUTL K Pa3fNUHbIM
3BOJIOLMOHHBIM pe3ynbTaTaMm.

OfHaKo B OTHOCUTENBbHO CTabU/IbHbIX YCNOBUAX CPEefbl €CTECTBEHHbIN OTOOP He
NPUBOAMUT K KPYMHbIM U 3HAYNTE/IbHbIM M3MEHEHUAM B nonynaumu. B Takmx
Clyyasx, MOCKO/IbKY OpraH13Mbl XOPOLLO NPUCNOCOBAEHbI K CYLLECTBYHOLLUM
YC/OBUAM, €CTECTBEHHbIV OTOOP CNOCOOCTBYET COXPAHEHUIO CPEAHMX 3HAYEHNN
NPW3HaKOB.

Mpu3HaKK, OTKJOHAKOLLMECA OT HOPMbI, MOCTENEHHO ncye3atoT. Hanpumep, B
nonNyAaUMAX NTULLbI 3apPAHKKN, 0buTaroLwen B OTHOCUTENbHO CTabuabHOW cpese,
0C0o6M 0BObIYHO OTK/IaZbIBAOT B CPEAHEM YeTbipe flLa. Takoe KONMYecTBo
MO3BOSET POANTENAM 0HECMEUNTb NTEHLLOB A4OCTAaTOUHBIM KOJIMYECTBOM MULLM
N UX BbIXXMBaHMeE A0 3penoro Bo3pacta. Ecam otknasbiBaetca natb n 6onee au,
poauTeNnbckme ocobm He MOryT NOJHOLEHHO NPOKOPMUTL BCEX MTEHLLOB, YTO
NPUBOAMUT K UX ocnabneHnto nam rnbenn. C 4pyron CTOPOHbI, €Cu
OTK/IaZblBAeTCs OT OAHOTO A0 TPEX AL, BO3pacTaeT BEPOATHOCTb rmbenm
MOTOMCTBA M3-3a XMLLHWUKOB UM APYTMX OMacHOCTEW, UTO CTaBUT MOA yrpo3y
npogomkeHne poga. Noatomy ocobu, oTknagpiBaroine MeHblle nan 6onbLie
YeTbIPEX ANL, pexe BbIXXNBAKOT U pa3MHOXatoTCA. B pesynbtate B nonynaymm
COXPaHAKTCA NPEVMYLLECTBEHHO 0COBM CO CPEAHUM UMCNOM SKLL.

JT1a Popma ecTecTBEHHOro oTbopa HasblBaeTcs cTabunnsupyrowmm otéopom.
Crabunnsmpyrowmmi ot6op NPUBOANT K CY>XEHMIO HOPMbI peakLnm 1
obecneyrBaeT ANUTENBHOE COXPaHEHWE NPU3HAKOB B MOMYAALMUN U3 NOKOEHNSA
B NMOKOJIeHNe 6e3 CyLeCTBEHHbIX M3MEHEH .
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McxoaHasn

nonynayna

Hosas nonynauma nocie
eCTeCTBEHHOIo 0T6opa

[evictBre [JelictBre

otbopa

=

otbopa

(=

Yucno ocoben

MuHnmMym Makcrmym
Hopma peakuumn nprsHaka

OzHaKo Npv M3MEHEHNN YCNOBUIA Cpeabl CyLLecTBytoLLas Gopma opraHn3MoB
AN 6OBLLINHCTBO VX MPU3HAKOB MOTYT OKa3aTbCA HEJOCTAaTOUYHO MOAXOAALL MMM
K HOBbIM YCNOBUAM. B 3TOM cnyvae nonynsaumsa nocreneHHo npucnocabaneaeTcs
K HOBbIM YC/I0BUAM, N eCTeCTBEHHbIV OTOOP M3MEeHSAET Kak CpeAHee 3HayeHne
NPW3HAaKOB, TaK 1 BCHO UX HOPMY peakLun B onpesenéHHoM HanpasaeHun. OaHn
NPWU3HaKWN YCUANBAIOTCA, Apyrne ocnabesatoT. B COOTBETCTBUN C M3MEHEHNAMM
cpeAbl B MONyAaUMmM HaunHatoT npeobnasaTtb HOBble MPU3HAKKM, KOTOPble CO
BPEMeHeM 3aKkpennaroTcs. B pesynbtate popmmpyeTtca HoBas HOpMa peakLum.

Hanpwumep, kak 310 HabarogaeTcs B nonynsumm 6epé3oBon nsageHuLbl B
MPOMBbILLNEHHBIX FOpOAax. 3Ta popMa ecTeCTBEHHOro oTbopa Ha3blBaeTCs
ABWXXYLW MM oT6opom. Koraa HOBble NPU3HAKM AOCTUMAKOT CPEAHENO YPOBHS B
nonyasauuKn, HaunHaeT AencTBOBaTb CTabUAM3NPYHOLLNA OTHOP,
obecneumBatoLLMii UX COXPaHEHME.

Ewé oaHMM npumepom ABunxyLLero otbopa ABASETCA pa3BUTME YCTONUMBOCTY
HakTepuin K aHTMbMOTMKaM. anTenbHbIN N GECKOHTPObHBIN NPUEM
aHTMBMOTUKOB NPK NeYeHnn bakTepuanbHbix 3aboneBaHNn yCUAnBaeT gencTemne
otbopa B nonynauuax bakrepunin. Hanprmep, B nonynauunn bakrepui
30/10TUCTOrO CTaPpUNOKOKKA HEKOTOPble 0COBM OKa3blBatOTCA YCTONUMBBIMU K
BO3ZENCTBMIO aHTMOMOTMKa METULIMAANHA, MPUHUMAEMOro B TeYeHne
ANVTENbHOTO BpemeHW. [pu oTCyTCTBUM aHTUBMOTMKA 3TN BakTepun KMBYT B TeX
Xe yCNoBuAx, UTo 1 ocTanbHble. OgHako nNpwu ero npuemMe 6osbLIAs YacTb
nonynsumm nornbaet 1 BbIXXMBAKOT TONIbKO YCTONUMBBIE K aHTUONOTUKY BakTepuw.
3TV BbKMBLUME BakTepun pa3smMHOXArOTCA 1 JatOT HOBOEe MOKoeHe. B
pe3ynbraTe CO BpeMeHeM 60sbLlias 4YacTb NONYAALUN CTAaHOBUTCA YCTONUMBOW K
aHTMbmoTHKam.

Takvm obpa3om, B pesynbTaTe ABMXKYLLEro oTbopa NpM3HaKN N reHETUYECKUIA
COCTaB MONyAALUN U3MEHSAIOTCSA B ONpPesesIEHHOM HarnpaBieHUN.



3BOIIPOLI,VIF| N N3MEHYMBOCTb

Hosas nonynauuna nocne
ecTecTBEHHOro otbopa

McxopHas
nonyaaumna

[enctBue
otbopa

=

Yuncno ocobeit

MuHrmym Makcrnmym

Hoprvla peakumnmn npusHaka

B HekoTOpbIX Ciyyasx Npu M3MeHEHUM YCIOBUIN Cpesbl
NPenMYLLECTBO B BbIXKMBAHWM N Pa3MHOXEHWUW MOAyYatoT 0cobu,
pasnyaroLmecs No BHeLHeMY BUAY U Npu3Hakam. Hanpumep, B
NoNyAALUN TMMaNacknx KPoanKos 0cobu c TEMHO-CepOou U
CepoBaTON OKPACKOW LLIEPCTU MMeLOT H0o/bLUe LWAHCOB Ha
BbI>KMBaHWe, Tak KakK Jy4ylle MacKMpPYrTCA B CKaJIMCTOM MECTHOCTMU.
B Takmx yCnoBumAX eCcTeCTBEHHbIV OTOOP YCTpaHAEeT cpesHue
dopMbl NpusHaka (Hanpumep, 6enbix KPOANKOB), HO cnocobcTByeT
BbIXKMBAHWIO PE3KO OT/IMYaroLmxca ocobein. B pesynbrate
nonyaaumns nNo AaHHOMY NPWU3HaKy pasjenseTca Ha ABe uan bonee
rpynnel. 3Ta dopma ectecTBEHHOro oTbopa HasbiBaeTcs
AVU3PYNTUBHBIM OT60pOM. [JM3pyNTUBHLINA OTOOP NPUBOAUT K
yBEJIMYEHNIO BHYTPUBUAOBOrO pasHoobpasus.

HoBas nonynsuus nocie ectecTBEHHOro ot6opa

MCXOAHaH nonynauna

AT FA -

MuHuMym Makcumym
Hopma peakunu npusHaka

Ha Tponnueckom ocTpoBe BCTpeyatoTca NTULbl C Pa3NnyHONn Gopmon
knroBa. Kakme ocobu 6yayT BbkmnBaTh yawe? Nouemy?
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npumeuwre nojsiydyeHHble€ 3HaHMA

PaCCMOTpI/ITe Pe3y/bTaTbl UCC/IEAOBAHNA, ﬂpOBeAéHHOFO B MPeECHOBOAHOM O3€pe pernmoHa
C YMEPEHHbBIM CE30HHbIM KANMATOM.

Muwa MpogayueHTb! (PUTOMAaHKTOH)
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MepBrYHbIE KOHCYMEHTbI (300MAaHKTOH)
5 T o T w2 Tw Ty T w1 20T 0 o0 g1 g1
MECALLbI

O6cyaure:

 Mouemy B mae-nioHe, HeCMOTpA Ha 61aronpuATHbIE YC/I0BUA OCBELL,EHUA U TemmnepaTypbl,
UMC/IeHHOCTb pUTONIAaHKTOHA 6bICTPO yMeHbluaeTca? Ha BbDKMBaHME M pa3MHOXKEHME KaKux
ocobein B nonynaumumn Bamset 3to cHmkeHne? K kakomy tuny oréopa — crabuaunsupyrowemy,
ABWXXYLLEMY WU ANU3PYNTUBHOMY — MOXXHO OTHECTM 3TOT npouecc?

+ KakoB Hanboee BepOATHbIN UCTOUHUK YBe/IMUEeHUA KOJINUeCTBa NUTaTe/IbHbIX BELLLECTB B O3epe B
okTaA6pe? Kak 310 yBeinueHne BAUAET Ha BbDKMBaHWe HOBbIX 0cobeli 1 Kakoii ¢popme ecTeCTBEHHOro
or6opa cooTBeTcTBYeT?

MNMpoBepbTe NosiyueHHble 3HAHUSA
1. KakoBbl OCHOBHbIE Pa3NnNumMa Mexxay CTabuan3npyroLwmM, ABUXKYLUM U 4N3PYNTUBHBIM OT6OPOM?

2. Kakvne ocobu B nonynsiLmnm noayyaroT NPerMyLLECTBO B BbIXKMBAHUM U Pa3MHOXEHUMW MNP
M3MEHEHMUM YCIOBUIN CPesbl 1 Kak 3TOT MPOLLEeCC BAUAET Ha AabHelLlee pa3BuT1e Nonynsaumm?

3. YTo 03HayvaeT Cy>KeHVe HOPMbI peakLn OpraHM3MOB U C Kako Gopmoi oTbopa 3TO CBsA3AHO?




Hayka, TexHOon0rms, XXn3Hb

Pa3HoOb6pa3ne, OCHOBaHHOE Ha HAaC/NIEACTBEHHbIX U3MEHEHMSAX B
nocnegosatenbHocTn HK, MOXHO onpeaennTb C MOMOLLbIO
cneumanbHbix MeTogoB — [HK-6apkoampoBaHus 1 No otnevatkam
nanbLeB. TN HaCNeACTBEHHbIE PA3INuMA MeXAY BUAAMUN NO3BONAIOT
nccnesoBaTeNsiM pasnyaTbh Jaxke OYeHb NMOXOXME OPraHU3MbI.
AHK-6apkoanpoBaHme — 3T0 MeToZ onpeseneHns 1 knaccudukaumm
BMAOB Ha OCHOBE aHa/n3a KOPOTKOM 1 CTaHAAPTHOM
nocnegosatenbHoctn AHK 13 onpegenéHHoro yyacrka reHa.
BbibpaHHasa nocnegoBatensHoctb AHK (Hykneotuabl A, T, LL, T)
ABNAETCA XapaKTEPHOW A8 KaXKAOro BUAA M HaNnOMUHAET “LUTPUX-
KoZ" Ha ToBapax B cynepMapkeTax. Tak Xe Kak LUTPUX-KOZ NO3BOASET
6bICTPO M YAOOHO cunTbIBaTh MHGOPMALMIO C MOMOLLBIO TEXHUYECKNX
cpeacts, AHK-6apkogmpoBaHme obecrneunBaeT HbICTPOE N TOUHOE
pacno3HaBaHWe opraHn3ma NyTém CpaBHEHUS HEM3BECTHOM
nocneaosatenbHoct AHK ¢ nssectHom “6ubanotexkon
nocnejoBaTeNbHOCTEN".

DTOT METOZ, LUMPOKO NMPUMEHSAETCA ANS ONpeseNeHns HeN3BeCTHbIX
BMAO0B PacTeHWNM, XXMBOTHbIX U FPUOOB, a TakXe A1 MOHUTOPUHTa
61nopa3Hoobpa3ns B 3KOCMCTEMAX.
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"Bbubanoteka nocnegosatensHoctein” AHK
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SaK/siloueHme

U3MEHYUBOCTD

HacnepcrBeHHas N3MeHUYMBOCTb HeHacneacTBeHHas USMEHUNBOCTb
(FTeHeTUUecKkoe U3MeHeHMne) (BansaHwme cpeabl)

MpuYmnHBbI OcobeHHoCTH
* VI3meHeHwus, mpouncxojdllme B XpOMOCoMax * Hocut MaccoBeblii (rpynmnoBoit) xapaktep
* VI3meHeHws, npoucxoasLume B CTPyKType reHoB « fiBNAeTCcA 06paTUMbIM NPOLLECCOM, He NepeAaéTcs No HacaeACTBYy
* Melio3 1 HoBble KOM6MHaLI,VIVI reHoB * Nimeet Hal'lpaB}'IEHHblﬁ Xapaktep, NPoONCXoAnNT NOCTENEHHO
» CnyyainHoe coeAviHeHve rameT * VimeeTcs BapuaLMOHHbIN PAA U CpesHee 3HaueHve
Crabuamsumpytowmin - CrnocobcTByeT Nydlleli agantalmm Buaa K cpese obuTtaHums
ECTECTBEHHbIW AByxyLnia — Bo3HMKaoT HOBBIN NpM3HaK U HOBas HOpPMa peakuun
OTBOP
[AV3pyNTUBHbIN — YBe/nnumBaeTcs BHyTPUBMAOBOE pa3HOObpasme 1 BO3HUKAKOT

bopMmbI, pe3ko oTIMyatoLLMECs ApYyT OT Apyra

ECTECTBEHHbIW OTEOP U 3BOJIIOLLUA

VIHTEeHCUBHOCTb pa3MHOXeHNA
+

OrpaHunueHuns cpesbl

Bopbba 3a cyLiecTBOBaHVE
+

HaCﬂeﬂ,CTBeHHaﬂ N3MEHUYMBOCTb

EctecTBeHHbIV OTHOP
+

VI3meHeHuns cpeabl

dBontoumns




O6o06wwarowme 3agaHMNA

1. OTMeTbTe BepHble yTBepXaeHus ( V).

YTBEpXAEeHUA

BepHo

HesepHo

Bce NPM3HakKM 4esioBeKa rnepeaaroTca no HaCaeacTBy.

LiBeT rna3 pebéHka MOXET OT/IMUaTbCA OT LiBETa [/1a3 O4HOTO U3 poauTENEeN.

HaCerACTBeHHbIe NPM3HaKM ynpasadarOTCA reHaMW.

Okpy>KatoLas cpefia BAUAET Ha Maccy Tesia YenoBeka.

LLBeT KOXW ABNAETCA NCKJHYNTENIBHO HAaC1eACTBEHHbLIM MNMPU3HaKOM.

[MoTomKkn Hac1eayroT NMPU3HakKn TONbKO OT O4HOIo poauUTeENA.

2. CrpynnupyuTe npeacraB/ieHHble NPU3HaKW.

a. Ckopocme 3axxugieHus paH

b. ®usuyeckue cnocobHocmu yesnoseka

C. YpoxatiHocme pacmeHuli

d. Lisem 3epHa nweHuybl

e. [nadkasa uau MmopwuHUCMAs opma ceMsaH 20poxa
f. IameHeHue nogedeHus y XUBOMHbIX

g. lemogpunus (Heceépmeigsaemocme Kposu)

h. Lisem u y30p kpbiives y 6baboyek

HaCﬂe,ﬂ,CTBeHHaﬂ M3MEHUYMBOCTb

MogandurkaumMoHHasa HacneACTBEHHOCTb




3. B sodoéme, ko2da nuwyu 8 sude Masibkos opyaux pelb HeAoCcMamo4yHo, me
Masnbku wyku, kKomopele pacmym bsicmpee, numaromcs 6osee MesKkuMu
ocobsamu cgoe20 8UDA U pa3susaromcs ayquwie. B amux yciosusx ocmaneHsle
0cobu, Numasice MoJibko NAAHKMOHOM, ocmaromcsi Hebo/1bWo2o pasmepa.

Kakum rpa¢pmkom BO3MOXKHO NPOAEMOHCTPUPOBaTh cxeMaTuueckoe nsobpaxkeHune popmbl

ecTecTBeHHOro oréopa, AelCTBYIOLWEro Ha AaHHYyo nonynsauuio? Onpeaenute BepHblii BapUaHT.
O60cHyITe CBOE MHEHMe.
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4. MocTpoiiTe BapuaLMOHHYIO0 KPUBYHO MPU3HaKa
AJINHBbI KPbIZIbEB A1IA AaHHOW nonynsaunmu 6abouek
n, ucnonbsys popmyny M = M, BbluMcaAnTe
cpeaHee 3HauYeHMe MoandUKaLMOHHON
M3MEeHUYMBOCTU JaHHOrO NpU3HaKa.

M — cpegHee 3HaueHue

V — AnvHa KpblbeB

P — uncno cnyyaes BCTpeyaemMocTu
KPbl/Ib€B TakOW ANUHbI

n — obuee ynMco ocobern B nonynaLmm
Z — CUMBOJ1 CyMMbl

AnuHa kpeiiees (8 cm)

29 24 8 5

Kosuuecmeo baboyex




[leaTenbHOCTb YenoBeka
N OKpYy>Karoulasa cpeja

B pe3ynbTate geaTenbHOCTU YenoBeka atMmocdepa, BOAOEMbI U Ha3eMHble
3KOCMCTEMbI MOABEPratoTCA PA3NINYHBIM HEraTUBHbIM BO3AENCTBUAM.
3arpssHeHve aTMocdepbl MPUBOAUT K YBEIMUEHUIO COAEPXKAHNA BPEHbIX
BELLECTB B BO34yXe, U3MEHEHWIO KMMaTa 1 CO34aHUI0 Yrpo3bl A1 340POBbS
XUBbIX OpraHu3mMoB. [MNpwu 3arps3HeHn BOLOEMOB COKPALLAKOTCA 3anachl
NUTbEBOM BOAb! U BO3HMKAET OMACHOCTb A/ XM3HW OPraHM3MoB, ObUTatoLWmMX B
BO/HbIX 3KOCUCTEMAX.

3arpsA3HeHVe 3KOCMCTEM CyLUW B pe3y/bTaTte BblpybKM NECOB, HAKOMIEHWS Hepa3aratoLLmxcs
MAACTUKOBbIX OTXO40B N HEKOHTPONIMPYEMOTO Pa3BUTUSA TYPU3Ma NPUBOAUT K CHUKEHUHO
NAOLOPOANA MOUB, MCUE3HOBEHMIO BUAOB, @ TaKXKe YCUIEHWNIO 3PO3UN U YYaLLLEHNHO
HaBOAHEHUN.

Bce 3Th npoLecchbl HapyLwaroT paBHOBECKE 3KOCUCTEM M OKa3blBatOT HEMOCPEACTBEHHOE
BAVSIHNE Ha XW3Hb UesoBeKa.

@ B 1932-1968 rogax B ANOHCKOM ropoge MuHamara @ 1. Kakum 0b6pa3om 3arpsa3HeHne atmochepsl

MPOW30LLEN OAMH M3 CaMbIX CEPbE3HbIX CTy4aeB CBA3aHO C M3MEHEHWEeM Knmara?
3arpssHeHns Bogbl. OTXOAbl XMMNYECKOrO 3aBOA3, 2. K kaknM 3konornyeckmm npobaemam B
coAep>kallme pTyTb, cOpacbiBaavCb B 3aVB. AO/ITOCPOYHON MepCriekTBe NPUBOAUT
Mopckue opraHv3mbl 1 AroaK, ynotpebassLuve cbpoc Rl BILLISERLA BbITOBbIX
3apaxéHHble MOPenpPOAYKTbI, MOABEPIINCH OTXOA0B B BOAOEMbI?

TAXENOMY OTpaBAEHWUIO PTYTbIO. B pesynbrate y 3. K'KaKnm TAKENbIM NOCAEACTBUAM 1A

YyenoBeka W APYrX >KMBbIX OPraHM3MOoB
MOXET MPVBECTV Pa3pyLLEHME IKOCUCTEM
cywimn?

TbICAY JItOAEN ObINN NOPaXKeHb! MblLLeYHas u
HEPBHas CUCTEMbI, BO3HUKW HapYLLUEHWS 3PEHUs
n peun, a 6onee 2000 yenosek nornbO.

M3 pasaena Bbl y3HaeTe

* [leATenbHOCTb YenoBeka OKa3blBaeT Kak NMONOXUTENbHOE, TaK U OTpULATE/IbHOE BANAHWE Ha
3KOCUCTEMBI

 OcHoBHble napHukoBble rasbl (CO, CH4 1 N2O) ycnnmBaroT napHUKOBBIV 3GdeKT, crnocobcTays
YCKOPEHWIO r106anbHOro NoTernieHns

« [nobanbHOE NoTenneHe HEraTMBHO BAUAET Ha Cpesy OBUTaHWS PacTEHWUIA U XXMBOTHBbIX,
6ropasHoobpasmre, N3MEHEHNE KIMMATUYECKUX 30H U BOAHbIE PECYPChbl

* YpeamepHoe ncnonb3oBaHve yaobpeHnin HapyLLaeT 3KOA0rMYeckoe paBHOBECUE MOYBbI U BOABI

* Bbipybka 1lecoB ycKOpSAET 3pO3UH0 NMOYB, M3MEHEHME KAMMaTa, CHUXeHre bruopasHoobpasns u

YHUUTOXEHNE MECT 0bUTaHUs

* HepaznararoLumecs nnactvkoBble OTXOAb! (MOAU3TUNEHOBbIE MakeTbl, OAHOPA30BbIV NAACTVK U Ap.)
HaAHOCAT CepPbE3HbIN YLLLEPDH IKOCUCTEMAM, MOCKO/IbKY, HE pa3/arasicb, COXPaHSHOTCA B OKPY>KatOLLLEN
cpese AmTenbHoe Bpemst

* HekoHTponnpyemblii Typr3m NPUBOAUT K 3arps3HEHNIO MPUPOAHbIX TEPPUTOPUIA, MOBbILLEHUHO YPOBHS
LUyMa, 6eCroKOMCTBY XKMBbIX OPraHU3MOB Y HAPYLLEHUKO 3KOJIOTMYECKOrO PaBHOBECUSI SKOCUCTEM
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8.1 3arpasHeHne atmocdepsbl

Bo3ayx, KOTOPbIM Mbl AbILUNM, BOAA, KOTOPYHO Mbl MbEM, U CPesa, B KOTOPOU Mbl XXMBEM, HanpsaMyro BAUSHOT
Ha Halle 30pOBbe, a Tak)Xe Ha KauecTBO Hallen Xn3HW. B coBpemMeHHyto 3noxy BpeaHble rasbi,
BblbpacbiBaeMble B aTMOChepy B pesyabTaTte AesTebHOCTU MPOMbILLIEHHbIX MPEANPUATUN, TPaHCMOoPTa,
CeNbCKOro XO3AMCTBA M IECHbIX MOXAPOB, BbI3bIBAOT CEPbE3HbIE N3MEHEHNS B SKOCKUCTEMAX.

« Kak Bbl cunTaeTe, KaKUMMN OCHOBHbIMUW NYTAMMW AEATE/IbHOCTb
yesioBEKa NPUBOAMUT K 3arpsasHeHuUto atmocdepbi?

4 \ » Kak nameHeHumsa B cocraBe BO3AyXa MOryT nNnoBJ/INATb Ha
JKXUBOTHbIX U paCTEHVIﬂ?

BynkaH

TpaHcnopTHble cpeAcTBa

~ 4

XKvBOTHOBOAUECKOE XO3ANCTBO

Che ot ioh, S T TMpoMmbILAEHHbIe
Al Ak e || npeanpuATus,
3NeKTPOCTaHLMM
# Cenbcko-
X03ANCTBEHHaS
AATENBHOCTD

CosiHeuHas 3Heprua 1 aHeprvsa BETPa, J1eca, BO3AyX, BOAA, NOYBa,

P (1iC/IOTHBIE OXAN, HedTb — 3TO NPUPOAHbIE Pecypchbl, CyLLECTBYIOLWME B NPUPOAE U
SEBEN napHUKOBbIE rasbi, MCMOJIb3yeMble YeNoBEKOM. Ha NpoTaxXeHn BEKOB

Ehad MaPHUKOBbIN 3P deKT XV3HeeaTeNbHOCTb togen n3mMeHsnack. 1o XVII Beka OCHOBHbIM
3aHATMEM bbIN0 CeNbCkoe XO3AMNCTBO, OAHAKO MPOMbILLIEHHAs
pesontouma XVIII Beka npusena K GOpMMPOBaHMIO KpynHOMacITabHOro Npor3BoAcTBa. B pesynstate
3TOroO YBEJIMUYNAOCH U UCMONb30BaHVE MPUPOAHbIX PECYpPCOB. POCT UNCIEHHOCTU HaceeHsa M1pa
NPUBOAUT K Ux Bonee BbICTPOMY UCTOLLEHMIO. [leaTenbHOCTb YenoBeka CnocobCTByeT He TONbKO
COKpALLLEHNIO MPUPOAHBIX PECYPCOB, HO 1 OKa3blBaeT HeraTMBHOE BO3AEWNCTBME Ha OKPYXKAHOLLYHO Cpejy.
Y>xe 6osiee Beka 3Hepruis, ncnosablyemasn B chepe TpaHCNoOpPTa, B MPOU3BOACTBEHHBIX NpoLeccax Gpabpumk
1 3aBOAOB, a TaKxXe ANA OCBeLLeHVs JOMOB B OCHOBHOM J00bIBaeTCA 3a CHET OKUraHMA MCKOMNaemoro




[JeaTenbHOCTb YenoBeka U OKpyxKatoLas cpeaa

TonamBa — HedTW, KAMEHHOTO YA U NPUPOAHOrOo rasa. B HacTtoswee Bpemsa okono 90%
MPOW3BOAVMMOW 3HEPrMM NOYYakOT 13 3TUX BUAOB ToMAMBa. POCT NoTpebHOCTH B aHEprm
NPVBOAUT K YBEIMYEHWIO UCMONb30BaHWA MCKOMAeEMOro TOMAMBa U YCUEHUIO ero
BO3ZEMCTBMNA Ha OKPY>KAOLLYHO Cpesy.

3arpsa3HeHVie BO3zyxa ABNAETCH OAHOW M3 CaMbIX CEPbE3HbBIX 3KONOrMYeckmx npobaem
coBpemMeHHOCTM. OHO BO3HMKAeT KaK B pe3ynbTaTe AeATeNbHOCTM YesioBeKa, Tak 1 Mo,
BAVSIHNEM NPUPOAHBIX GakTopoB. OfHAKO MO CPaBHEHMIO C YesI0BEYEeCKM BO3AENCTBMEM
A0NA NPUPOAHBIX GaKTOPOB B 3arpA3HEHMN 3HAUMTENbHO MeHbLLE. ITO CBA3aHO C TeM, YTO
N3BEPXKEHWA BY/IKAHOB, JIECHbIE MOXapbl, MblbHbIE BYpU 1 Apyrie NpUpoAHbIe ABAEHNS
NPOUCXOAAT Ha OTPAHUYEHHDBIX TEPPUTOPUAX N 3HAUNTEIBHO PEXe.

3arpsAasHeHue BOo3Ayxa

MpuHapgneXXHocTU: HebobLLAA CTEKNAHHAA EMKOCTb AW BatogLe, BOAa, ManeHbKas CBeya, CryUKMY,

CTeKNAHHbIe CTaKaHbl UAKM 6aHKN Pa3HOW BbICOTbI.

Xop, paboTbi:

1. HeMHOro pa3orpenTe HMXXHIOK YacTb CBEYM U 3aKpenuTe eé B LEHTPE CTEKNAHHON EMKOCTU.

2. Hanente B EMKOCTb BOAY Ha BbICOTy 1-2 cMm.

3. 3axrute ceuy.

4. BbICTPO NepeBepHUTE CTEKASAHHBIN CTakaH U HaKpPOWTe UM
naams ropsiLiein ceeum.

[eaTenbHOCTb

O6cyaure:

1. Mouemy cBeua racHet?

2. NMouemy Boga BHYTPU CTEK/IAHHOW EMKOCTM NMoAHUMAaeTcA BBepX?

3. Mo kaKkoW NpuuMHe 3anoTeBaroT CTEHKU 6aHKN U3HYTpU?

4. Kakue rasbl Bbiensaiorca B BO3AYX NP rOPEHNN M KaK OHU 3arpasHAIOT atmocdepy?

5. Kak 31oT npouiecc cBA3aH € UCMo/Ib30BaHNEM Kuaiopoga B atmocdepe? O60cHyiiTe CBOE MHeHMe.

6. Yem, no BaleMy MHEHMIO, 3TOT MPOLLECC CXOXK C MPoLLeccaMmy, NPOUCXOAALLMMUI B PeasibHOW XKU3HN
(Hanpumep, pabota aBTOMO6W/IbHBIX ABUraTe/iei, MPOMbILLIEHHBIX NPeANPUATUA U T.4.)?

HecmoTps Ha TO, UTO B BO34yxe NPUCYTCTBYOT COTHM
3arpA3HAOLWMX BeLLecTB, Hanbosbluee HeraTMBHOE
Berep BO3A4eNCTBME Ha aTMOchepy OKa3blBatOT Takme rasbl,

# Kak okcnabl yrnepoga (CO n COy), okemabl cepbl (SO,
SO:s), okcnabl a3ota (NO, NO,, N,O) n metaH (CHy).
Mpwn OKkuraHMm nckonaemoro Tonanea B atmocdepy
BbIAENAOTCA AMOKCUA Cepbl, Pa3/InyHble OKCUAbI a30Ta
n apyrne BpegHble rasbl. OKcnabl a30Ta B OCHOBHOM
o6pasyoTcs Npu CropaHum TonanBa B aBTOMObUAAX.
[nokcna cepbl 1 OKCUAbI @30Ta, CoAepKallnecs B
BO34yXe, COeANHSAIOTCA C KanasamMu BoAbl B obiakax u
o0bpasytoT pazanyHble kKncnotbl (HSO4 n HNO3).
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Ocazikn, B KOTOPbIX COAEPXKATCA 3TV BeLLecTBa, Ha3blBAtOTCS KUCAOTHLIMM
AOXAAMU.

KucnoTtHble oxXau, BbiNagas Ha MOBEPXHOCTb 3eMN, N3MEHSAIOT
XWMUYECKMI COCTaB NOYBbl M BOAOEMOB. OHM MOTYT HAHOCUTb CEPbE3HbIN
ywepb okpy>KaroLlen cpese, BO3LENCTBYS Ha XMBble OpraHM3Mbl Kak
HanpsMYyo, Tak M KOCBEHHO. [OBbILIEHNE KMCIOTHOCTA MOYBbI CHUXKAET eé
NNOAOPOAME W 3aTPYAHAET MNOMIOLWEHNE HEODXOANMbIX MUHEPANbHbIX
BELLECTB U3 MOYBbI pacTeHUAMU. KNCNOTHbIE AOXAN YHUUTOXAIOT HBakTepuun
N rpmbbl, yYaCTBYHOLLME B PA3/IOKEHMM OpPraHNYEeCckMX BELLECTB, M3-3a Yero
3ameanseTcs NpoLecc BO3BpaLLeHNs MMHEPasioB B NOYBY.

KncnoTtHble fOXAM MOBPEXAAOT INCTbA PACTEHNA, OCNabAAKOT npoLiecc
dOTOCUHTE3a 1 3aMeaNAr0T UX HOPMasibHOe pa3BuTHe. PacTteHus ¢
NMOBPEXAEHHBIMU INCTbAMU CTAHOBATCS Hosiee yA3BMMbIMM K
60/1€3HETBOPHbIM NATOreHHbIM OpraHn3mam. MNoBbIeHHas KUCAOTHOCTb
TakXXe HeraTMBHO BAUSIET Ha BOAOEMbI 1 OOMTaKOLLME B HUX XKUBbIE
opraHusmebl. Pbibbl, aMmdrbuu, a Tak>ke 0Of4HOKNETOUYHbIE OPraHN3MBbI, K
NpPUMeEpPY MNPOTUCTbI, NMIOXO NEPEHOCAT KUCYHO Cpeay, MO3TOMY B TaKuUX
YCNOBMAX OHWN CTPAJaroT B HanbobLLIen CTeneHu.

KncnoTHble fOXAM MPUBOAAT K COKPALLEHNIO YNCAEHHOCTN HEKOTOPbIX
BMAOB U BbIHY>XAtOT UX NOKMAaTb MecTa obutaHms. B Takmx ycnosumsax
NpPenMyLLEeCTBO MOyYatoT BUAbI, 60aee yCToUMBbIE K MNOBbILLIEHHOW
KMCNOTHOCTMW.

K npvmepy, AVWanHNKN ABASKOTCS BMOMHANKATOPAMM YPOBHS 3arps3HeHus
BO3ayxa. [OCKONbKY Y HUX HET KOPHEW, OHWM MONyYatoT BOAY M NMUTaTesbHble
BELLECTBA HEMOCPEACTBEHHO M3 BO3AyXa U OUYEHb YYBCTBUTENbHbI K
3arps3HaOLWMM BellectBam. [1o3ToMy pa3Hoobpasune BUAOB NNLLIANHUKOB
SIBNIIETCA €CTECTBEHHbIM MOKa3aTeNeM YMCTOTbl BO3AyXa.

Bonee BbicOKMe U KyCTUCTblE JNnctoBatble ANLLANHNKM B cnnbHO 3arps3HEHHbIX
JNNWaRHVKN pa3BMBatoTCA npeobnagatoT B MecTax ¢ paioHax MOryT BbXMBaTb
TONbKO B palioHax C YNCTbIM YMEpPEHHbIM 3arpsisHeHNEM TONIbKO TOHKME, HaKUMHble

BO3/YyXOM BO3AyXa NLLIANHMKN




[esTeNbHOCTL YeNoBeKa 1 OKpy>KatoLLas cpeja

3arpsasHeHne Bo3ayxa anokcmnaom cepbl (SO,) 1 yrapHbimM razom (CO) onacHo ans
340pOBbs Yenoseka. [JMoKcna cepbl pasgpakaeT AbixaTeNbHble MyTW, 3aTpyaHAET
AbIXaHWe 1 MOBbILWAET PUCK Pa3BUTMA Taknx 3ab0NeBaHNN, Kak acTMa U BPOHXMT.
Mpn ANMTENBHOM BO3AEUCTBUN OH HAHOCUT CEPbE3HbIV BPea N NErKNM.

YrapHbIvi ra3 — 370 6ecuBeTHbIN 1M TOKCUYHBIN ra3 6e3 3anaxa, obpasyrowmimcsa npum
HEernoJHOM CrOpaHuW yras, ApeBecrHbl N NPUPOAHOro rasa. OH CBA3bIBaeTCA C
remorno6mHom npumepHo B 200-250 pa3 bbicTpee, yeM kncaopog, obpasys
kapbokcueemozn106uH. B pe3ynbTaTte pe3ko CHMXaeTcs CNOCOBHOCTb KPOBU
NepeHoOCUTb KUCNOPOA, N B OPraHn3me BO3HUKAET KMCAOPOAHOE roNojaHne
(rMnokcmsa). 3To NPUBOAMUT K MOBPEXAEHNO HEPBHOW CUCTEMBI, HAPYLLEHUIO
CepPAEYHOro PUTMa, CUAbHbIM FOJIOBOKPY>XKEHUAM 1 cnabocTu.

MapHWKOBbIE rasbl U MapHUKOBbLIV 3ddeKT

B atMocdepe 3eman npuCyTCTBYHOT pa3/inyHbIe rasbl, Cpeam KOTopbix ocobas
rpynna urpaeT KJto4eByto poJib B MOAAEepPXKaHWW TeMnepaTypbl, Heobxoanmou ans
CyLLeCTBOBAHMA XWN3HW Ha 3emMJie. DTU rasbl Ha3blBAOTCA MapHUKOBbIMM.
Co3paBas B atMmochepe cBoeobpa3Hyto “ra3oByto 3aBecy”, OHU YAEePXXUBAKOT TEM0
B HVDKHUX C10AX 1 CNOCOHCTBYHOT GOPMUPOBAHNIO YMEPEHHOIO KaMMaTa.

K OCHOBHbIM NapHMKOBbLIM ra3aM OTHOCATCS YINEKUCAbIV ra3, MeTaH, BOAAHOW nap
N OKCMAbI @30Ta. DTU rasbl NPENATCTBYHOT NOJAHOMY YXOAY Tenaa, NOCTynatoLLero ot
ConHua, obpaTHO B KOCMOC, U 0becrneymBatoT TeMnepaTypHbIN AManasoH,
NPUTOAHbIV ANA XU3HW. ITO ABNEHME Ha3biBaeTCs MapHUKOBbIM 3P deKTom.

Ecam 6bl 3T1X ra3oB He CyLLeCcTBOBano, TemnepaTypa NoBepXHOCTN 3eMau Hbina bl

npuMepHO Ha 33°C HMXKe, YeM cenyac.

Yrnekncabin ras o6pa3yeTc;| B pe3yibrate eCTECTBEHHbIX MPOLECCOB, TAaKMX KaK
AblXaHne XMBbIX OPraHN3MOB, Pa3JIoXKEHME OpPpraHN4YeCckKnXx BeLWeCcTB, N3BEPXEHNA
BY/NIKQaHOB W JieCHbI€ NO>Xapbl. HaanMep, €ro KoOnn4yectBo yBeNINYMBAETCA MpPU

CKUraHUW NCKOMaeMoro TOMJ/IMBa U APEBECUHBI, a
TaK>Ke Npu pas3noxeHnn bromacchl.

MeTaH 0bpa3syeTcs BCNeACTBME Pa3BUTUSA CENbCKOTO
XO3ANCTBa, NTULEBOACTBA M CKOTOBOACTBA, Ha CBasIKax
OTXOZOB, B CTOYHbIX BOAAX U Ha PUCOBbLIX MOASX,
NpeACTaBAsOLLMX COOON NCKYCCTBEHHbIE BonoTa.
Takuve XBayHble XMBOTHbIE, Kak OBLibl, KO3bl, KPYMHbIW
poraTbli CKOT 1 BYIBOJIbI, B MPOLLECCe NULLEBAPEHMS
BbIAENAOT OONbLIOE KONMYECTBO MeTaHa. B Takmx
CTpaHax, kak HoBas 3enaHans, 6onee 30%
€>XXerofHbIx BbIbpOCOB MeTaHa B aTMochepy
NPUXOANTCA UMEHHO Ha 3TUX XXVUBOTHbIX.

B nocnepHue ctonetma cpeaHsas Temnepatypa
NOBEPXHOCTM 3eMM MOBbILLIAETCA. ITO CBA3AHO He

AHannz NHCTUTYTa KOCMUYECKUX
nccnegoBaHnin umenn fopaapaa HACA

TemnepatypHas aHomanus (°C)

W /IUHVA U3MEeHeHWs TemnepaTypHO aHoManun 034 .
CpejHerosoBoii nokasatesb
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TO/IbKO C MPUPOAHBIMU PakTopaMm, HO 1 C YBEIMYEHNEM KOIMYECTBA
MapHWKOBbIX ra30B, BbI3BaHHbIM JeATE/IbHOCTbIO Yes0Beka, KoTopas
ewé 6osblUue YBENMYMBAET COAEPXKaHMe NAapHUKOBBIX ra30B B
atmocdepe. o Mepe pocTa MX KOHLUEHTPaLMn CpeaHsasa TemnepaTypa
3eMAM NOCTeNeHHO MOBLILIAETCA U MPUBAMKAETCA K KPUTUYECKOMY
YPOBHIO.

MapHMKOBbIE ra3bl NPEenATCTBYHOT pacCenBaHNO MHPPaAKPaACHOTO
N3NyYeHMA B KOCMOC, UTO MPUBOAUT K HAaKOMIEHUIO SHEPTUU B HUXKHUX
cnoax atMocdepsl. B pesynbtate NoBepXHOCTb 3eMIM HarpeBaeTcs.
ITOT NpoLiecc Ha3biBaeTca rnobasbHbIM NoTenJeHueM.

FnobanbHoOe noTensieHne — 3TO NPOLLECC, OKa3bIBaOLWMI CepbE3HOE
HeraTMBHOE BO3ZeNCTBME Ha NOBEPXHOCTb 3eMaun. CornacHo
KOMMbIOTEPHOMY MOZENNPOBAHWIO, U3MEHEHME KAMMATa MO-pPa3HOMY
BAMAET Ha Pa3/INUHbIe PErMOHbI MMPa: B OAHUX paoHax HabatoaaroTCs
ANNTENBHBIE 3aCyXM U HEXBATKA BOZAbI, B APYr1MX — YCUANBAROTCS
0CajKu 1 HaBOAHEHWS 13-3a NOBbIWEHWA YPOBHA MOPS.

Kpome Toro, B HEKOTOPbIX PErMOHax eTO CTaHOBUTCS Bonee XXapkum,
a 3umMa — b6osee markou. B gpyrux xe, HAO6OpPOT, 1IeTO CTAaHOBMUTCA
6onee NpoxsasHbIM 1 BAaXHbIM, a 3uMa — 6onee CypoBOW.
FnobanbHOe NoTenaeHme TakxXe NpeAcTaBaseT CepPbE3HYH0 Yrpo3y Ana
6nopasHoobpasns. MNoBbieHVe TeMNepaTypbl BbIHYXXAAET PacTeHNS U
>KMBOTHbIX MU3MEHATb CBOWN MeCTa 06UTaHNA. TN N3MEHEHNS
3aTparnBaroT BCe 3KOCUCTEMbI U YBENMNUYMBAIOT PUCK NCYE3HOBEHUSA
HEeKOTOpPbIX BUAOB.

I3mMeHeHme pacTUTeNbHOrO MOKPOBA, PacnpoCTpaHeHME TPOMNYECKMX
3a60n1eBaHM B HOBbIX PETMOHAX, M3MEHEHNE MUTPALIMOHHbIX MyTeu
>KVMBOTHbIX, YBE/IMUYEHME UNCANA NECHBIX MOXXAPOB N CHUXEHWNE
NPOAYKTMBHOCTM CE/IbCKOrO XO3AMCTBa — BCE 3TO BO3MOXHbIe
NocnesACTBMA robanbHOro NoTenieHus.

icnonb3oBaHMe UNCTbIX U BO30OHOBIAEMbIX MCTOUHNKOB 3HEPIUK,
Takux KakK COJIHEYHas 1 BETPOBas 3HEPrus, NpuUBoOAMUT K BbIbpocy
MeHbLUEro KoanyecTsa BpesHblX razoB B atmochepy. 310
CNOCOBCTBYET NPeAOTBPALLEHNIO M3MeHeHNs kKanMaTa. O3eneHeHne
TepPUTOPUI, a Tak>Ke NpeanoyTeHre obLecTBEHHOro TpaHcnopTa v
BE/IOCMMEA0B MOMOTatoT CHU3UTL 3arpa3HeHne, CBA3aHHOE C
TPaHCMOPTOM, 1 YAy4LIatOT KayeCTBO BO3AyXa.

BocctaHoBneHWE 3KOCUCTEM, CO3aHMEe NIECHBIX MONOC, @ TakXKe
COKpaLLeHne MPOMbILLIEHHbIX U ObITOBbIX OTXOAOB YMEHbLLAFOT OO6BEM
BPeAHbIX BIOPOCOB B aTMOChEpPY M BHOCAT 3HAUUTENbHbIA BKAAS, B
OXpaHy OKpy>KatoLLen cpespbl.
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flBnsetca v napHUKOBbIV 3ddekT caM no cebe BpeaHbIM, K Npobaema 3akaryaeTcs B
ero ycuneHnn? Kak Bbl cumTaeTe, Kakme KOHKPeTHble Mepbl HEOBXOANMO NMPeANpPUHATD,
yTObbI NPEAOTBPATUTL YPE3MEPHOE YCUAEHME 3TOrO 3hdekTa?

anMEHMTe noJjiyyeHHble 3HaHMA

Ha rpadwvke npeacraBneHbl n3mMmeHeHNa 06 bEMOB BbIOBPOCOB YINEKUCAOTO ra3a B OKPY>KatoLLYyHO Cpesay,
06yCNI0BNEHHbIX CKMraHMeM TPEX BUAOB MCKOoMNaemoro Tonavea, B nepuoga ¢ 1800 no 2000 roga,.
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B Obuiee S
|| =—=——=—= Hedms I
2 KameHHbIV yronb 6000
1] e——— MpupoaHbIv ra3

Ty anas: 5000

4000

3000

2000

MCKOMAeMOoro Tonanea/MaH TOHH B rog

B I I BRI I ST IEE EERPENE SR TR I

BbIBpOC YrNekmcaoro rasa npv CxxuraHmm

; . 1000
AT HHH
] |
et e T
1800 1825 1850 1875 1900 1925 1950 1975 2000

O6cyaure:

 Kak n3meHseTca KOANUECTBO Yr/1eKUCIOro rasa no rogam?

« Kak, no-Bawemy, cxuraHve MCKOMaemMoro Ton/iMBa B/MAIeT Ha 3arpsi3HeHue Bo3gyxa U rnobanbHoe
norenseHne?

« HannwuTte ABa BO3MOXXHbIX MOCNEACTBMA MU3MEHEeHUs KJInMaTa B permoHe Ballero NpoXXuBaHus.

nponepb're noJjiyyeHHbleé 3HaHMA

1. PacnonoxwuTte nepeuyncneHHble NCTOYHUKN — TPaHCMOPT, MPOWU3BOACTBO IHEPrUN, CeNbCKOe XO3ANCTBO U
6bITOBbIE OTXOALI — B MOpAAKe yobiBaHMA NX BKIaja B 3arpasHeHne aTMocdepbl. OBOCHyNTe CBOE MHEHMe.

2. C KakKnMu TPYAHOCTAMM MOTYT CTO/IKHYTbCA Oyayuive nokoseHus, ecan rnobanbHoe notenneHve byaet
npogoaxarbca?

3.Hannwwure ABa BOSMOXXHbIX MOC/IEACTBNA NSMEHEHUA K/IMMATa B PErMOHE, rae Bbl MPO>XKNBAETE.
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8.2 3arpa3HeHne BOL0EMOB

Ha pucyHkax npegctaBieHa NocnefoBaTeIbHOCTb M3MEHEHWI OLHOTO 1 TOTO Xe BOZOEMa Ha TPEx dTanax.
OHa HarnsaaHO AEMOHCTPUPYET, Kak 3arpsi3HeHre BOAbI BAUSAET Ha COCTOSHME 3KOCUCTEMBI:

HekoTopble
a norméLumne poibbl
vy Tenno Ortmepuuve BCMIbIBAOT
TeueHve BOZAOPOC/U Ha NOBEPXHOCTb

peku

Hre BoAabl”

MpecHas Boga

"MepTBas 30Ha"

« CpaBHUTe NepBbIA U TpeTnii pucyHku. Kakmne pasnnuma sbl Bugute?

» Kakne nsmeHeHua Bbi3blBalOT BeLLLECTBa, NOCTyNalowume B BOJOEM C pe4HbIM CTOKOM?

« Mouemy upesmepHoe pa3pacTaHue BOogOpoOC/el NpeacTaBiseT onacHoOCTb?

» Kak yao6peHuns, ncnonbsyemble B C€/IbCKOM XO3ANCTBE, MOTYT B/IMATb Ha 3TOT npouiecc?

» Kakne ncTtouHmMkKn MoryT Bbi3biBaTb 3arpA3HeHMe BOAbl B MECTHOCTH, A€ Bbl NpoXkuBaeTte?

Bop,a nrpaet Ba>XHyr pPOab B obecneyeHnu KN3HEAEATE/IbHOCTA

Bl >BTpOdUKaLIMA, o
>KMBBIX OPraHn3mMoB. Ha 3emae Koanyectso BOAbI, MPUroAHOW ANA

6roakkymynaums,

yeBble
e MUTbA N NCMOJIb30BaHMA, OrpaHNYeHo. POCT uncneHHoOCTU

6romarHndunkaums

HaceNeHns 1N Ype3MepHoe 3arpssHeHne BOAbl eLlé 6oblue
MOBbILLAKT 3HAUMMOCTb OXPaHbl YNCTbIX BOAHbIX PECYPCOB.

[lesaTenbHOCTb YenoBeKa, CBi3aHHas C 3KCMyaTalMen SKOCUCTEM CyLUN W 3arpsisHEHNEM
aTMocdepbl, a Takxe robanbHoe NoTENAEHNE NPUBOAAT K 3arpa3HeHMO BoAbl. CTOUHbIe
BOAbI N OTXOZAbl MPOMBILLEHHbIX NPEANPUATII, a TakxXe ObITOBbIE U KaHaIM3aLMOHHbIe
CTOKW, cOpacbiBaeMble B BOLOEMbI, 3arPA3HAIOT MX.

Kpome Toro, yaobpeHuna n xummueckmne BeLLEeCTBa, NPUMeHAEMbIe B CENbCKOM XO3ANCTBE,
a TaKk>ke OTXOAbl rOpHOAOObIBaroLLEeN, HePTAHOM U AAEPHON MPOMBILLNEHHOCTY, TAXKENbIE
MeTa//bl U3 3EKTPOHHbIX YCTPOUCTB 1 baTapeek, nonasgas B BOAOEMbI, BbI3bIBArOT
KackaZHble M3MeHeH 1 XMMNYEeCKOro COCTaBa BOAbI B BOAHbIX 3KOCUCTEMAX.




[estenbHoCTb

Knelikas NeHTa ANs STUKETOK.
Xop, paboTbi:

1. NMognuwwuTe cTtakaHbl Kak “KoHTposb”,
112 Mn"’ II4 Mn"’ ll6 MJ.I" M ll8 Mn" M

HanerTe B Kaxabli no 200 ma BoAb!.

EEEEE

. Bo Bce ctakaHbl, kKpome “KoHTpons”,
J0baBbTe COOTBETCTBEHHO 2 M, 4 MA,
6 M1 1 8 MA cMecK YAOBpPEeHWA.

-|-

3. Bo3bMuTE OAHY Kanako BOAbI U3 CTakaHa
"KOHTpOAb", NPUroTOBbTE BPEMEHHbIN
npenapar v NnpoBeanTe HabaroLeHWE
nog Mukpockornom. Caenarite 3anucy,

onncbiBaroLwne Ha6mo,u,aeMy+o KapTUHY.

4. OcTaBbTe CTakaHbl Ha 3 AHSA

. Yepes 3 gHs Bbl 3amMeTUTE POCT

. Bo3zbmuTte no ogHow kanse

[JeaTenbHOCTb YenoBeka U OKpyxKatoLas cpeaa

BavsaHue nutatenbHbIX BellecTB Ha BOAHbI€ UCTOYHUKHN

MpuHagnexxHoctn: 1000 Ma NPUPOAHON BOAbI (PEYHOW, O3EPHOM
AN NPYAOBOW), XNAKasa CMeCb ya0bpeHnin, coaep kallias asor, :
docdop v kanmi, 5 ctakaHoB, MepHble LuAnHAPbI Ha 10 ma 1 100 mn, &
nMneTka, MUKPOCKOM, NPeAMETHOE W MOKPOBHOE CTeK/1a, Mapkep v

Ha NOAOKOHHWKE A Noj
NCKYCCTBEHHbIM
ocBeleHNneM.

BOAOpPOC/EN B CTakaHax. Ans
HabntoAeHNM NocTaBbTe CTakaHbl Ha
6enyro NOBEPXHOCTb UAWN NNCT Bymaru
N HabtofanTe BOAY CBEPXY.

BOZbI 13 KaXAO0ro cTakaHa,
CHOBa paccMOTpUTE MOA
MWKPOCKOMOM W CpaBHUTE
pe3ynbraTthbl.

. OcTaBbTe 06pa3Lbl el Ha 4 AHA 1 NOBTOpUTE LWar 6.
. 3anunwmTe NoNyYeHHble pe3ybTaTtbl B TabAULY AaHHbIX.

JeHb/[aTa

4 mn

6 MA 8 mn KoHTpoab

HauanbHas gata

3 AHA cnycTa

7 BHel cnycTs

O6cyaure:

1. Kak go6aBneHne cmecm yaobpeHnii NoB/AINANIO Ha pa3MHOXKEHNe Bogopoc/ien?
2. Kakue ¢dpakTopbl yCKOpPAIOT pOCT Bogopocaen?
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NHpnkaTopHas Tabanua,
ncnonbsyemas B AHMMM ANs

YnobpeHus, ncnonblyemble B CENbCKOM XO3AUCTBE, a Tak>Ke ObITOBbIE U
NPOMbILLNEHHbIE OTXOAbI COAEPXKAT BbICOKME KOHLIEHTPALIMW BELLECTB, COAepKaLlLmnxX
a3oT 1 pocdop. XOTa 3TV BeLLeCcTBa ABAAOTCA MCTOYHMKOM MUTaHUSA A5 PaCTEHUA W
MUKPOOPraHM3MOB, UX M36bITOYHOE NPUMEHEHNE HAHOCUT CEPbE3HbIN Bpes,
BoA0EMaM. [loxaeBas BOAA BbIMbIBAET N3ObITOK yA0OPEHWI M3 NOYBLI U MEPEHOCUT UX
B peku 1 03épa. B pesynbtate KoamM4ecTBO yA0OPEeHNn 1 OpraHNYecKmnx BeLLecTB B
BOA0EMaXx ObICTPO yBENNUMBAETCS.

B aTom npouecce, Ha3biBaeMOM 3BTpodUKaLMen, NponcxoamT BypHbIN pocT
BOZOPOC/NEN 1 BOAHBIX pacTeHUI. Bo MHOrMX cnyyasax BOAOPOCAN MOKPbIBAOT
NMOBEPXHOCTb BOZAbI 3€/1EHOW MNNEHKOW. [1pn 3TOM CBET He MPOHMKAET B rNyOUHHbIE
C/IOW BOZbI, ¥ PacTEHNS He MOTYT OCYLLeCTBAATb GOTOCUHTES.

Yepes HEKOTOPOE Bpems pa3poCLUMECH BOAOPOCIN U BOAHbIE PACTEHNS MaCCOBO
oTMupatoT. MNpu X pPasNnoXXEHUN MPOUCXOAUT CTPEMUTENbHOE YBENNYEHWE
YMCNEHHOCTU HBaKTEPUI THUEHUS. TV MUKPOOPraHU3Mbl B MPOLLECCE PA3NOXKEHWS
noTpebastoT 60/bLIOe KONNYECTBO KMcnoposa. Mo Mepe yMeHbLIEHNA cofep>KaHus
PacTBOPEHHOTO KMC/IOPOAA B BOAE Y PbIb 1 APYrvX BOAHbIX OPraHU3MOB 3aTpyAHAETCS
AblXaHWe, UTO MPUBOAUT K UX TMbenu.

Takune y4acTKv CTaHOBATCA HEMPUTOAHBIMU AN XXM3HU 1 NPeBpaLLaroTca B Tak
Ha3blBaeMble «MEPTBbIE 30HbI». ITO MPUBOAMUT K HAaPYLUEHMIO NULLLEBbIX LLenew B
BOAHOW 3KOCUCTEME U CHUXKEHUIO Bropa3Hoobpasus.

YpoBeHb 3arpAa3HeHns pek 1 03ép NccaesoBaTeN N3IMepPSOT C MOMOLLbLO
cneumanbHbix Npnbopos. OAHAKO MHOTAA ANS OLLEHKM COCTOAHMUA BOAOEMA MPOLLE U
yf0bHee NCnob30BaThb XWBble OpraHn3mbl, obuTatowme B HEM. K Taknm opraHnamam
OTHOCATCA BOAOPOCAM, PbiObl 1 B 0COBEHHOCTM 6eCNO3BOHOUHbIE XXMBOTHbIE.

YpoBeHb 3arpa3HeHns/KOHLeHTpaumna kncaopoga B soge (npu 25 °C, mr/n)

onpeaeneHns ypoBHA

3arpsasHeHns pek

Bbicoknin/0 — 3 CpegHuin/3 -5 Hu3kuin/5 - 6

OCHOBHble NpUCyTCTBYHOLLME BUAbI

JINUMHKA MOAEHKMN MW MPECHOBOAHDI npecHOBOAHasA MOKpULLA peyHast kpeBeTka
KoNbYaTbIN YepBb
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Becno3BOHOYHbIE YAaCTO NCMOJb3YHOTCA B KauecTBe BUONHAMKATOPOB, MOCKONbKY MX
OTHOCUTENIbHO IErkO CObMpaTh B BOAOEMAX U UAEHTUOULMPOBATL MO BMAY. B
npouecce NCCNef0BaHNS CHayala U3yyaeTcs CBA3b MeXAY KONMUYECTBOM
3arpsA3HAOLLNX BELLECTB B BOAOEME, YPOBHEM KMCAOPOAa B BOAE U BUAAMU
obuTaroLLMX Tam 6eCcno3BOHOYHbIX. [Tocae ycTaHOBAEHMS 3TOM B3aUMOCBSA3M MOXHO
onpeaennTb YpOBEHb 3arpA3HeHNs pek 1 03€p Ha OCHOBE BUAOB 3TUX
6eCcrno3BOHOYHbIX.

3arpsA3HeHne BOAOEMOB MOXET ObITb BbI3BaHO TaKUMMW TAXKENbIMU MeTannaMu, Kak
PTYTb, MeAb M CBUHELL, @ TaKXXe HEKOTOPbIMU CTOMKUMU OPraHNYeCcKUMN XMMUYECKUMU
BelLecTBaMu. VIHcekTMLMABI, MPUMEHSIEMbIE B CEIbCKOM XO3AUCTBE AN 60pbbbI C
BpeAnTensiMn 1 60N1e3HAMM pacTeHUI, a TakxXe repbuLmabl, yHNUTOXAIOLLME COPHAKN,
B MPUPOAHbIX YCNOBUSAX pa3aaratoTca OueHb MeANeHHO. TW BELLEeCTBA C AOXAEBbIMY
BOAAMMW MOMajaroT B PeKM, 3aTEM NMEPEHOCATCA B MOPS MU PAaCpOCTPaHARTCS C
OKEaHWNYECKMMU TeUEHMAMM MO BCEMY MUPY.

TOKCMYHbIe BELLEeCTBa, PacTBOPEHHbIE B BOZE, HaKanaMBakoTCs B OpraHu3ame pblib u
APYTUX BOAHBIX XXUBOTHbIX U JO/ITrOe BPems He pa3nararotcs. [octeneHHoe
HaKoM/NeHNe TOKCUYHBIX XUMUYECKMNX BELLLeCTB (TOKCMHOB) B XXMBbIX OpraHM3mMax
Ha3blBaeTCs 6MoakKymynsaumen.

B pe3ynptate 3TOro npotecca TOKCNMHblI CO BpEMEHEM BCE OO/blUe HAaKanIMBatoOTCS B
KAETKaX N TKaHAX >XUBbIX OPraHN3MOB.

- Anosutble 3arpasHuTenn

EmoaKKyMynﬂme w m

Bpewms { I

e

Buomartudumkaums < w‘: I| W‘ZD
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Mo mepe nepexoaa AA0BUTbIX BELLECTB MO MNULLEBON LEenu C
OZHOTO TPOPUUECKOTO YPOBHSA Ha APYron UX KOHLeHTpaLms
yBENMUYMBaETCA. DTOT NPOLLECC Ha3biBaeTcs GuomarHnpukaumen.

Taknm 06pa3om, TOKCUHbI, MPUCYTCTBYIOLLME B MasbIX
KONMYECTBaxX Ha HMXXHUX TPODUUECKNX YPOBHSAX, 4OCTUTALOT
BbICOKNX KOHLEHTPaLMA B OpraHn3Me KpynHbIX XULLHUKOB Ha
BEPXHWUX YPOBHAX MULLEBOW Lienu.

Hanpumep, 300N1aHKTOH, NUTarOLNIACSA 3arpAa3HEHHbIMU
TOKCMHaMW BOAOPOCASMY, NoedaeTcsa pbibamu. Korga TroneHu
MUTaOTCA 3TUMMK pbibamMu, HAKOMAEHHbIE B UX OPraHn3Me
TOKCWHbI MEePEXOAAT B OpraHm3Mm TroneHa. Ha ewwé bonee BbICOKOM
Tpodurueckom ypoBHe benble MeaBean NMUTAKOTCA THONEHAMMU,
NMO3TOMY KOHLLEHTPALIMA TOKCUUHbIX BELLECTB B UX OpraHm3mMe
CTAHOBUTCA eLUE BbIlle. OTO MOXET NPUBOANTL K OTPaBAEHUAM U
pa3NnNyHbIM NpobaeMam Co 340POBbEM Y ITUX KMBOTHbIX.

CTOuHble BOAbI, 6bITOBbIE OTXOAbl M COPOCHI MPOMBILLIEHHbIX
npeAnpuaTMiA, Nonaszas B BOAOEMbI, MPEACTaBAAOT yrpo3y Kak
AN5 BOAHBIX 3KOCUCTEM, TaK U ANS 3L0POBbS YeNOBeKa.

B cTouHbIX BOAax cogep>katcs pasnnyHble HakTepun, BUPYCHI,
napasutbl 1 Apyrne MMKPOOPraHn3Mbl. TV NaToreHbl MOryT

THONEHW
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BbI3blBaTb Y Ye/IOBEKA ANAPED, PBOTY, MOBLILLIEHNE TeMMepaTypbl U
ApYrve XenyaoUYHO-KNLEeYHble MHPeKL MU, TOKCUUYHbIE XMMUYeCKne
BeLL,eCTBa HaKan/IMBarOTCA B OpPraHM3Max BOAHbIX XXMBOTHbIX U,
nepezaBascb MO NULLEBOW LENW, NONajaroT K YeOBEKY, Bbi3biBas
pa3ivyHble NpobiemMbl CO 340POBbLEM.

Taxkénble meTannbl, nonajgasa B oAy, CO BpeMeHEM HaKananBaroTCA
B AOHHbIX OTNOXKEHUNAX N XMBbIX OpraHn3mMax. oTn BelLlecCTBa
0COBEHHO onacHbI ANnAa HepBHOIZ CNCTEMDbI, MOYeK N NeveHn
yenoBekKa.

Kak MmoxHOo npeaoTBpaTnTb 3arpAsHeHne BOAOéMOB CTOYHbIMK BO,CI,aMI/I?

npumel-wne nosay4yeHHbleé 3HaHuA Uncno ocobeit

. B nonynauumm
B He6O/bLLIOM O3epe B TeYeHWe OnpeaenéHHOro A

nepuoga HabaAatTCA N3MEHEHUS YNCIEHHOCTH
TPEX NONyAALNRA, CBA3aHHbIX B MULLLEBOM LEenu. Tn
N3MEeHeHNs NpesCcTaBAeHbl Ha rpaduke.

bakTepus

pacreHne

OGCYA"Te: opraHusm A
» K kakomy Tpopuueckomy ypoBHIO

OTHOCMUTCA OpraHn3sm A B nuuieBou Lenn?
O60cCHYyWTe CBOE MHeHue.

» Kakue ¢pakropbl moryT Bbi3BaTb
yBe/IMYeHue YUMCIeHHOCTU pacTeHUA 1
opraHnsma A B MmomeHT X?

Bpems

X
» Kak Bbl cuntaere, noyemMy yepes HeKoTopoe BpemMsa UNC/ZIEHHOCTb paC'rel-mﬁ n

opraHusma A ymeHbluaetca?
 Mouemy nonynauusa 6akrepuii Npoao/KaeT yBe/IMunBaTbca?

1. Kakyto uenb n3MeHeHu B BOAHbIX 3KOCUCTEMAX BbI3bIBAET AeATENbHOCTb YesioBeKa B ObITy 1 CENbCKOM
xo3ancree? O6OCHyNTe CBOE MHEHWE, NPUBEAS NPUMEPbI.

2. O6bACHWTe, ANA KaKWX Fpynn opraHM3mMoB AeduLmnT KNCN0POoAa B BOAHOW 3KOCMCTEME MpeaCcTaBaseT
HanbonbLLYHO yrposy.

3. I'queMy no Mepe nepexoja TOKCUYHbIX BeLWeCTB K 6onee BbICOKUM TpOCI)I/Il-IeCKI/IM YPOBHAM UX
HakKonjeHne yBeﬂI/Il-IVIBaeTCFI?

4. O6'b$|CHI/ITe, KaK MCNoOJIb3yHOTCA 6I/IOI/IHAI/1KaTOpr AN MOHUTOPWHIa 3arpAasHeHnA BO,CI,OéMOB.




8.3 3arpa3HeHme 3KOCUCTEM CyLLU

K akocmcremam cyluim OTHOCATCA Neca, CTeNW, CaBaHHbI,
ropbl U Apyrne TeppuTOopunK, a TakxXe aHTPOMOreHHble
naHawadTbl, cGOPMMpPOBaHHbIE B pe3ynbraTte
JeATeNbHOCTU YeNoBeka.

Ha npoTtaxeHun TbicaueneTmii No4Ba, MCnosib3lyemas
Kak cpesa obuTaHus, a Takxe A 3eMAesenus,
CaZloBOACTBA N CKOTOBOACTBA, UrpaeT OYeHb BaXKHYHO
pOJb B XU3HM YenoBeka. Okono 98% nuwyy,
notpebasemMon ArAbMU, 3aBUCUT OT MNAOAOPOANSA
MouBbl.

OpHako C MOMEeHTa Hayasia 3eMIeAenmns Nroam
YHUUTOXWIN MUNJIMOHBI FTeKTapoB J1IECOB, Y MPUPOAHbIE
3KOCUCTEMbI MOABEPINNCE 3HAUUTENIbHBIM M3MEHEHUSM.

« Kak, no-Bawemy, U3MeHW/10Cb COCTOAHME MOYB B HallleM pPervoHe Nno CpaBHEHUIO C NpeAbIAYLMMN
rogammn?

» Kak Bbl AymaeTe, K KAKOW Lieny U3MEHEHUI B IKOCMCTEMAaX CyLUN MOXKET NPUBECTU COKpaLlleHue 1ecoB?

« Kakyto u3 akocucrem cywum, no BawieMy MHeHUI0, Hanbonee BaXkHO 3awmiatb? Mouemy?

B 50030, erpagaus, HaseMHble 3KOCMCTEMbI MOABEPratoTCs CEPLE3HOMY 3arPsI3HEHMIO
iiibsl: HABOAHEHMS B pe3y/ibTaTe AeATeNbHOCTU YenoBeka. Boipybka necos, )
HepasnararoLLMecs NJ1acTMKOBbIE OTXOAbI N HEKOHTPOANPYEMBbI
TYPU3M OCNabAAOT YCTOMUMBOCTb IKOCUCTEM. DTU MPOLLECChI
OKa3bIBaOT MPSMOE BMSHUE KaK Ha XMUBYH NPUpPoAY, Tak 1 Ha
yenoseka. s COXpaHEHNs IKOCUCTEM BaXKHO OTBETCTBEHHOE
NOBeAeHMNe KaXAoro YesoBeka.

CocTrosiHuEe 3KOCUCTEMbI cyum

sl
g MpuHaanexxHocTn: nct popmata A3, MapKepbl, KNerkme CTUKepbI.
5 .
2 Xoa paborbi:
'3_5 1. Knacc genvitcsa Ha Tpw rpynnbl, U KaXKA0W rpynne npeanaraetca O4HO U3 CNeAyrowwmx OnmcaHnin
=i TeppuTOopuUM:
1-a TeppuTOpUA BbipybneHo 6onee 50% necos.
2-1 TepputopuAa |_|aCT6VILLI,HbIe yrogba nogsepramcb t—lpesmepHoﬁ IKCryaTaumnn.
3-a TepputopUA Bblia WMpPOKO pacnpocTpaHeHa He3akoHHasA Bblpybka seca.
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2. Kaxxgas rpynna BHMUMaTENbHO YMTaeT U aHann3npyeT NpeAcTaBAeHHbIA MaTepuan.

3. [pynnam npeanaratotcs cnefyroLime BOnpochl:

* Mo KakUM NpUYMHaM MOI/1a BO3HMKHYTb ONMUCaHHas CMTyaLms Ha JaHHON TeppuTopumn?

« Kakune akonornyeckme npobiembl BO3HMKHYT B 3TOM palioHe?

 Kak npegcraBneHHas cuTyauma noeavsaeT Ha buopasHoobpasme?

* Kakve mepbl HeO6X0AMMO NPUHATL?

4. Tpynnbl rOTOBAT MNOCTEPbI MO ONpeAeNEHHbIM pa3genam (onucaHve Npobaembl, NOCNEACTBUS U NYTH
peLleHns) 1 NPeaCTaBAAKOT UX.

O6cyaure:

1. Ha kako¥ TeppuTOpMM BO34EUCTBME Ha IKOCUCTEMY MaKCUMa/ibHO?
2. B kakom cnyuae ponb uesioBeka Hanbosee 3HaunTeNIbHaA?

3. Kakue mepbl aBAsOTCA O6WMUMM ANA BCeX CUTyaLUiA?

Bbipybka necos

B pe3ynbrate pocta NoTpebHOCTU NtoAel B 3eMe U MPUPOAHbIX pecypcax naoLlain Necos
CTpeMuTenbHO cokpaltarotcs. OCHOBHbIMW NMPUYMHAMK BbIPyOKMN N€COB ABNAOTCS OCBOEHWE HOBbIX
Ce/IbCKOXO35MCTBEHHbIX 3eMeb, pacLuMpeHne nacTouLl, rpajocTPoUTENbCTBO U CTPOUTENBLCTBO
NPOMbILLNEHHBIX OOBEKTOB.

KpOMe TOro, ,D,O6b|l-la MoJIe3HbIX MCKOMaeMbIX, TaKUX KakK Heq)Tb, yroJib U MeTannnyeckme pyabl, a
TakK>Xe NCrnosib30BaHUE ApeBECKHbI And TONanBa, Npon3BoACTBa Me6en|/|, CTPOUTENBbHbIX MaTEPKNAIOB
n 6yMar|/| TakK>Xe NMpUBOAAT K YHUUTOXEHNHO NECOB.

Mockonbky neca ABAAKOTCA BaXXHOW YaCTbiO 3KOCUCTEM CYLUW, UX BblpybKa NPMBOANT KO MHOTUM
HeraTMBHbIM NocieACTBUAM. KOpHM pacTeHnin yKpenasatoT NoYBy 1 0cnabnstoT BO3gencreme
AoxaeBbix BoA. Korga neca yHNUTOXaKOTCA, yCUAMBAKOTCA 3p03Us U AerpagaLmsa nous.

MNouBa CTAaHOBMWTCS PbIXJION N NEFKO CMbIBAETCA JOXAEBOW BOZOW. B pe3ynbTate B BO3ayXe 3KOCUCTEM
CyLIN YBENNUMBAETCSH KOIMYECTBO MblAW, YCUNMBAETCA 3arpsA3HeEHMEe BO3AyXa, CHUXAETCA NaoLoposme
MOYBbI N YCUIMBAETCA NMPOLLECC OMYCTbIHMBAHWA.

HeratuBHble nocneacreuA Bblpy6KI/I lecoB
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PacTeHna cnocobCTBYHOT BMUTLIBAHWUIO AOXAEBOW BOALI B MOYBY WU PeryanpyroT
KpYyroBopoT BoAbl. [loxxaeBas BOAa yAep>KMBAETCA W NOMOLWAETCA KOPHAMU fepeBLEB.
Mpun yHNUTOXKEHMM NEeCHOTO MOKPOBa JOXAEeBas BOAA HaNnpsAMYyr nonagaeT Ha
MOBEPXHOCTb MOYBbI N CMbIBaeT eé BepXHW C1oW. Pa3MbiTad noysa HakananBaeTca B
pycnax pek, n3-3a Yero TeyeHne pek 3ameanaeTcs, ypoBeHb BOAbl ObICTPO NOBbILLAETCA
N NPOUCXOAAT HABOAHEHMUA.

Bbipybka necos Takxxe BANAET Ha KPYroBOPOT BOAbI. [1pn OTCYTCTBMM APEBECHOrO
MOKPOBa COMIHEYHbIE NIy4Yn HaNpPsAMYHO NMOMaAatoT Ha MOYBY, BOja ObICTPO ncnapsetcs, a
MouBa BbICbIXaeT, yNNOTHAETCA U pacTpeckmaeTcs. Co BpemeHem obLmpHble
TeppUTOPUM NPEBPALLLAOTCA B CTEMW W MYCTbIHW, BO3pacTaeT YNCN0 NOrnbLLImx
PacTeEHNI N XMBOTHbIX, YIybAseTca 3p03uns NoYBbl M MPOUCXOAMUT 3aCONEHMeE.

B pe3synbrate BbIpyOKMN N1€COB 1 MCUE3HOBEHWA APYTUX PacTeHNn cpeda obutaHua ans
>XVMBOTHbIX CTAHOBUTCA HEMPUrOAHOW. MHOrMe BUAbI, He HaxoAsa NMULLIK, MUTPUPYIOT NN
nornbatoT, YTO NPUBOANT K HAPYLLEHWUIO MULLLEBbIX Lienen. TV NpoLLecCbl MPUBOAAT K
c0|<pa|.|.|,eHmo  yTpaTe bronornyeckoro pasHoobpasms.

Neca, nornowwan yrnekncablin ras n3 atmocoepb,
BbIMOJIHAIOT POJIb YrNepoHoro pesepsyapa. OgHako
Npwv BbIpybKe NAN CKUraHUM NecoB B aTMocdepy
Bbiaensetca 6onbwe CO,. B pe3ynbrate nosbiLlaeTcs
TemrepaTypa, yMeHbLLaeTCA KONMYECTBO OCaZKOB U
yBENNUMBAOTCA NOTEPU BOADI.

OTO NPUBOAMUT K U3MEHEHWIO KNMMAaTa, YCUIEHWUIO
rno6asbHOro NOTEMNEHUA U CHUXKEHWNIO YCTONUYMBOCTY
3KOCKCTEM CyLLW.

Kakne coumaibHO-3KOHOMMNYeCKne nocaeacTema ana mop,eﬁ nMmeet Bblpy6Ka necos?

Bananne Hepa3aararowmnxca naactTnkoBbIX MaTepraioB
Ha 3KOCNCTEMDbI

B nocnesHue gecatnnetmsa naacTMKoBble MaTepuasl
LIMPOKO NUCMOb3YHOTCA A8 MPOU3BOACTBA PA3NNUHbIX
n3aenvii. MHorme 13 sTmx NPOAYKTOB He pa3aaratorcs
6uonornyeckn, To ectb He NOABEPratoTCs Pa3NOXEHWNHO
NnoZ AeNCTBUEM TakMX OPraHN3MOB-pesyLIEHTOB, Kak
rpubbl 1 bakTepun. Ix paznoxeHne MOXeT 3aHNMaTb
AEeCATKM, @ NHOTZAA N COTHU NeT.

MnacTnkoBble OTXOAbl NPEACTaBAAOT ONACHOCTb KakK AN
Ha3eMHbIX, Tak 1 A8 BOAHbIX 3KOCUCTEM.
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Hakananeaackb B MOYBE, OHN YMEHbLUAKOT €€ BO34yXO-
1 BOAOMNPOHNLLAEMOCTb, OFPaHNYNBAIOT Pa3BUTUE U
dYHKLNOHMPOBAHME KOPHEBOW CUCTEMbI PACTEHUN.
Kpome Toro, OHM M3MEHAIT XMMUYECKMI COCTaB
NMOYBbI M HEraTUBHO BJIUAKOT Ha KayecTBO
CeNbCKOXO3ANCTBEHHOW MPOAYKLMW.

MNnacTvkoBble OTXOAbI, MonaatoLwme B BOAOEMBI,
NPeACTaBAAT CEPbE3HYHO YrpO3y ANA BOAHbIX
>KMBOTHbIX. PbIObl, NTULbI U MOPCKME MAEKONUTaroLLne
NPWHMMas 1X 3a NULLY, OTPaBAAOTCA U Normbator.

MNpw pasnoxeHnn naacTvka B BOAY BbIAENAOTCA BpeHble XMMMYecKne BeLwecTBa, KoTopble rnonasatot
B MULLEBYHIO LieNb W BbI3bIBAKOT Pa3inyHbie Npobaembl A8 340pOBbA YenoBeka.

HeraTvBHOe BO34elCTBME TypM3Ma Ha 3KOCUCTEMBI
Jlroan nocewaroT NPUPOAY C LLeIbHO OTAbIXa, IeUEHMA 1 NyTelecTBMIA. XOTA TypU3M ABASETCA O4HOW
13 BaXKHbIX OTpacnemn Ana 3KOHOMUYECKOTO Pa3BUTUSA, HEKOHTPOIMPYEMbIA U HEOPraHU30BaHHbIN
TypV3M OKa3blBaeT CEPbE3HOE HEraTMBHOE BAUSHME Ha 3KOCUCTEMBbI CYLLW.

B pe3ynbrate TypuCTMUYECKOM AeATENIbHOCTM BbibpacbiBaeMble B OKPY>XKatOLLYO Cpeay NaacTUKOBbIe,
HyMaxkHble 1 Apyrne OTXOAbl YXYALLAlT COCTaB NoYBbl. Hepasnaratowmecs OTxo4bl AANTENBHOE BPeMS
COXPaHAKOTCA B MOYBE, NOBbILLAA YPOBEHb 3arpA3HEHNA OKPY>KatoLLEen cpeabl U NpeacTaBaas
CepbE3HyH0 Yrpo3y A/ XMBbIX OPraHN3MOB
3KOCUCTEMBI.

Mo>kapbl, BO3HMKatOLLME N3-3a 6e30TBETCTBEHHOIO
noBeAeHMA TYPUCTOB, Tak>Ke HaHOCAT 6O/IbLLOW Bpes,
npupoze.

PaclumpeHme Typuctmyeckon nHpacTpykTypbl —
CTPOUTENBCTBO AOPOT, 34aHNN N APYrMX O6bEeKTOB —
paspyLuaeT BEPXHWI CIOM NMOYBbI U MPUBOANT K
COKpaLLLeHNIO pacTUTEeIbHOTO MOKPOBa.

BosbLloe KoNM4yecTBo Ntosen B MecTax MMKHUKOB U
KeMMuHra NpuBoAMWT K YMJAOTHEHWIO MOYBbI U
NCYE3HOBEHMIO UYYyBCTBUTE/IbHbBIX BUAOB PACTEHWNM, YTO
YCUMBAET 3PO3MH0 U CHUXKAET NAOAOPOAME MOYBLI.
OzHOBpPEMEHHO BO3pacTaHmne YPoBHSA WyMa 1 6osbLuoe
KONIMYECTBO TPAHCMOPTHbIX CPEACTB HapyLlatoT
€CTECTBEHHbIN PUTM XXM3HW XXMBOTHbIX, 3aCTaBAAN NX
MEHATb MecTa 0buTaHus.

Bbipybka f1ecoB npu CTPOUTENBCTBE TYPUCTUYECKMX
06BbEKTOB, a Tak>Ke BbICOKNI Pacxod BOAbl MPUBOAAT K
COKpALLEHNIO BOAHbIX PECYPCOB, YUTO OCOHBEHHO
Yrpo>XaeT pacTeHUAM M XUBOTHbIM B 3aCyLUINBbIX
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pervoHax. 3T N3MeHeEHUSA NPUBOAAT K CHUXKEHWNIO
H6rnopazHoobpas3ns 1 HapyLLEHNO PaBHOBECUA IKOCUCTEM.
Mo3ToMy Hapsaay C pa3BUTMEM 3KOTYpU3Ma HEOHBXOANMO
cobntogatb NPUPOAOOXPAHHbIE HOPMbI U 0becrneynBaTb
YyCTOMYMBOE ynpaB/ieHne NPUPOAHbIMU TEPPUTOPUAMM C LIEbHO
COXPaHeHUNs IKOCUCTEM.

MpumeHnTe NonyueHHble 3SHAHUA

Ha pucyHke npeacTaBaeHa AMHaMMKa U3MEHEHWSA IECHBIX Y OFTONEHHbIX TEPPUTOPUI OAHOTO U3 OCTPOBOB B
1992 n 2023 roaax.

- JlecHble |:| OronéHHble

Tepputopum TeppuTopumn

. 2023

O6cynuTe:
» Kak Bbl cunTaeTte, kKakme U3MEeHEeHMS MPOU3OLUIIA B JIECHOM NOKPOBe OCTPOBa 3a 3TU roabl?
» Kakve gBe BO3MOXHbl€ NPUYUHBI MOIMU Bbi3BaTb 3TU U3MEHEHUA?

MpoBepbTe NonyueHHble 3SHAHUA

1. Kak 6bl Bbl 06BACHWAM BAVAHWE BbIPYOKM 1€COB Ha yCUNEHWE 3PO3MM NMOYBbI B IKOCUCTEMAX CYLLIN?

2. Kakve cBoWCTBa 3KOCUCTEMbI N3MEHSHOTCS, €C/IM HepasnaratoLimecs NaacTMKOBbIe OTXOZAbl OCTAtOTCS B
nouBe B TeUeHMNe ANNTeNbHOrO BpemeHun? [puBeanTe Tpu npumMepa.

3. MNoyeMy B pailoHax C pa3BUTbIM TYPU3MOM HapyLLIaeTCs eCTECTBEHHbIN PUTM XXU3HM XUBOTHbIX? Kak 310
N3MEHEHME MOXET NOBANATL Ha MULLEBYHO Lienb?

4. Bblibepute 30HY OTAbIXa WMAW Typuama BO6AM3M Balero pervoHa Ana HabawogeHus. Kakve Buabl
AEeATeNbHOCTI, CMOCOBHbIE HEraTUBHO MOBAMATL Ha SKOCUCTEMY, TaM HabatogatoTca? Kakne Mepbl MOXHO
NPWHATb 414 NPeAOTBPALLEHNA STUX BO3AENCTBUN?




Hayka, TeXHO0rna, XX13Hb

ANA CHUXKEHWNA 3arpa3HEHMA OKPY>KatoLWen cpesbl MPUMEHSAIOTCS 3Koaornyeckmne (“3enéHble”) TexHonornm,
OCHOBaHHble Ha AOCTUXeHMNAX Bronornn. OCHOBY 3TUX TEXHONIOTUIN COCTaBASET 3KONOrMYeckas bMOTEXHONOTUS.
MNprMepoM ABAAETCA OUMCTKA OTXOAOB W CTOYHBIX BOA C MOMOLLbIHO MUKPOOPraHM3MOB Pa3/ioXXeHWs.

XoTa OopraHn4yeckme BellecTtBa B CTOYHbIX BOAaX MOTyT pa3naratbCa 6aKTepVIFIMVI B MPMPOAHbIX YCNOBUAX, 3TOT
npouecc 3aHMMaeT MHOIFo BpeEMEHW, MO3TOMY CTOYHbIE BOAbI NO3TaNMHO O6pa6aTbIBaI-OTCFI M OYNLLaKOTCA Ha
cneumnanbHbIX O4YUCTHBIX COOPY>KEHUAX.

1) NepBuyHaa GunbTpaLma — ObITOBbIE CTOUYHbIE BOABI, MOCTyMNatoLLMe Ha OUNCTHOE COOPYXXEHME,
nponyckaroTcs Yepes GuabTp. Ha 3TOM 3Tane 13 BoAbl YAaNAKOTCA KaMHW, TKaHb W Apyrue KpymnHble Matepuanbl.

2) MepBuUHOe oTCTaMBaHMe — NPOGUNLTPOBaHHAas BOAA MNOCTYNaeT B NEPBUYHBIA OTCTONHUK. MOCKOIbKY
CKOPOCTb MOTOKA BOAbI CHUXAETCS, TBEPAbIE YaCTULbl OCeAat0T Ha AHO, 06pasys “NepBUYHbIA UA". DTOT UA
HanpaBAseTCcs B YCTAaHOBKY aHa3pobHOro pasnoxeHus. bosee npo3payHas XunakocTb U3 BEPXHErO C/10S
pe3epByapa NOCTynaeT B a3paLMOHHbIV pesepByap.

3) Buonornyeckas ounctka — (a) B a3pauMOHHOM pe3epByape BoAa CMELLMBAETCA C a3pObHbIMM
MUKpOoopraHnaMamu. My3bIpbkn CKaToro Bo3ayxa MOAATCA B XMAKOCTb Yepes TpybObl, pacnoONOXeHHble Ha
AHe pe3epByapa, 1 HacCbIWArOT eé KNCNoOPOoAOoM. bakTepun pasnararoT opraHnyeckme 3arpasHuTenn,
coAep>Kalumecs B BOAE;

(b) sanee cmecb NocTynaeT B KOHEYHbIN OTCTOMHUK. MUKPOOpPraHM3Mbl OCEAAOT Ha AHO, 0bpa3ys uia. YacTb
nna BO3BpaLLaeTcs obpaTHO B aspaLlMOHHbIV pe3epByap, a Apyras YacTb HanpaBAAeTCca B YCTaHOBKY
aHa3pPOBHOTrO Pa3NoXKEHMS.

OTHOCUTENBHO ounuleHHaa CToOYHada BOJ4a, HakKan/JimBaroWwanaca B BEpPXHEM C/10€, OTBOAUNTCA B oavxkaniume Peku,
oBparn n o3épa mbo HanpaeBadaeTCca Ha 4OMOJIHUTENIbHYHO OYUCTKY C UCMOJIb3OBaHMEM APYTNX TEXHOJIOTUM C

nocieiyrolnM noBTOPHbBIM
1 PewéTuatbin

MCNO/b30BaHVEM. ot
C
4) AHaspobHoe pasnoxeHne — B;::”a“\i _..-""* : o : o
"
B 6eCKMCNopOAHbIX o y y
L AapOTEHK KOHEUYHBbI OTCTOMHUK

pe3epByapax aHa3pobHble
H6akTepun pasnaratot
opraHuyeckue BeLLecTBa,
cozepxkalumecs B une, obpasys -
61oras, COCTOALMI B OCHOBHOM g:;‘:i:::i'” ¢
13 MeTaHa. DTOT UCTOYHUK

3HEeprum NCNonb3yeTcs Ans

obecneyeHmns notpebHocTeN

npeanpuatma. OcTaBLueecs

TBEPJO€e BeLLECTBO MOXET

MCNoNb30BaThCA Kak yaobpeHue

NAN BbITb YTUAN3MPOBAHO MYTEM

COKUraHuaAa. 4  YctaHoBKa
aHa3pobHOro pasnoxeHus

—>

CToyHas
BOAA
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SaK/siloueHme

OKPY>XAKOLWWAA CPEAA U AEATE/IBHOCTb YEJ/TIOBEKA

3arpsA3HeHue atmocdepbl 3arpsA3HeHve BO4OEMOB 3arpsA3HeHVe 3KOCUCTEM CyLLIM
» CKuraHve NcKomnaemoro Tonavea * MpombliwneHHble 1 BbITOBbIE OTXOAbI - * Bbipybka necos
* MPOMbILLNEHHOCTb 1 TPaHCMHOPT » CenbCKOXO3ANCTBEHHbIE YA0bOpeHMs « MnacTkoBble OTXOAbI
* KncnotHble goxam * XMunyeckmne CToku * HekoHTpOAMpYyeMbIl TYPU3M
* MNMapHWKOBbIEe rasbl * Taxénble MeTanbl  YpeamepHoOe 1crnonb3oBaHWe Nnoysbl

PE3Y/IbTATbI

* HapyLuaetcs paBHOBecHe 3KOCUMCTEMDbI

* MPOVCXOANT COKpALLEHNE BOAHBIX PECYPCOB M BO3HUKAET AePULIAT NMULLN
* [pounCXoAAT U3MEHEHWE KAMMaTa U rMobasbHoe noTenieHne

» CHuxKaeTcs 6ropasHoobpasme

* YXyALIatoTCs 3/,0pOBbEe YEI0BEKA U KAUYECTBO XN3HU

MEPbI MO 3AWLNTE U NYTU PELLEHUA

¢ /icnonb3oBaHWe BO30HOHOBASEMbIX NCTOYHUKOB SHEPTUN (CONTHEYHOW, BETPA)
* 3alLmTa BOAbI M MOYBbI OT 3arpA3HEHUA

* BocctaHOBNEHME N1€COB U YCTOMUMBOE YrpaBAeHME

* Pa3BuTune 3koTypU3ma

» CoKpalLeHne NaacTMKoBbIX OTXOA0B

» OTBETCTBEHHOE OTHOLLEHWE K MPUpPOoae




O6o06wwarowme 3agaHMNA

1. KucnotHble A0XXAWN ABNAIOTCA CepbE3HOM IKOJ/IorMyeckon npobsemoin B HEKOTOPbDIX

pernoHax mupa. B KaHage, Hopseruu u LotnaHanMn o3épa MmeroT NOBbILLIEHHYIO KUC/IOTHOCTb
B pe3y/ibTaTe BO34eMACTBUA KNCNOTHBIX goxkaen. Ha pucyHke HMKe noka3aHa ogHa U3 NpUUYMH
o6pa3oBaHMA KUCNOTHbIX A0XKAEN.

3arpa3HeHue
aTMocepsl

a) YkaxuTe eLwé ofHy NpUUnHY 06pa3oBaHNA KUCAOTHBIX AOXAEW, KDOME NMOKa3aHHOW Ha PUCYHKe.

b) O6bsAcHUTE ABa TMNA BO3AENCTBUSA KUCNOTHbIX JOXAEN Ha IeCHble S3KOCUCTEMDBI.

¢) OnuwuTe aBa PasnnNYHbIX cnocoba npeaoTepalleHna 3arpasHeHAa, KOTopble MOMOrakoT YMEHbLUNTb KUC/IOTHbIE A0XAW.

2. MpounTtanTe NpeanoXXeHMA U oTMeTbTe ux Kak "B" (BepHo) nam "H" (HeBepHO).

.) Mnactuk pasnaraerca 3a HECKO/IbKO AHEN.
. ) MuKponaactk MOXeT U3MEHATb XUMUUECKUIA COCTaB MOYBbI.

.) MnactnkoBble OTXOAblI MOMOTatoT MUTAHUIO Yepenax.

.) B mnactmkoBbIx CeTAX 1 BepEBKaX MOTYT 3aMyThlBATbCA XXMBOTHbIE, UTO MPUBOAUT K UX TMBEN.

(.
(.
(.
(.
(.

0 ) [MnacTmk He okasbiBaeT HMKAKOro BOBAEVICTBMFI Ha 3KOCUCTEMDbI CyLLN.




3. O6bAcHUTe BAMAHME MacluTabHOW BbipybKkM ecoB Ha cegylolme napamMmeTpbl
OKpY>KatoLeu cpeabli:

UYNC/IEHHOCTb BUAOB

Nnou4BbI

peku

atmocdepa
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AHOManuaA — COCTosIHME, OTKNOHAKOLWEeeCcA OT HOPMbI

N XapakKtepunsyrowieeca HEeOObIYHbIMU npoABAEHNAMMWN.

AHTUOBMOTUK — BELLLECTBO, NOZaBAAIOLLEE POCT U

pPasMHOXeHNe 6aKTepl/|l\/'I M Bbi3blBakoLLee nX rnéenso.

Ay'rocoma — XPOMOCOMa, He onpeaenaroLlasn non
OpraHmn3mMa 1 Hecyllad reHbl, OTBe4Yarolme 3a
NPW3HaKWM Te€Na.

Bbasnanin — cTpyKTypa WASNOYHbIX TPUOOB, B KOTOPOW

obpasyroTcs crnopsl.

BuBaneHT — cTpyKTypa, 06pa3zoBaHHas napown

FTOMONOINMYHbIX XPOMOCOM B CTaann I'IpOCI)a3bI | menos3a.

4 >

buBaneHT

/2

Buoakkymynauma — HakornaeHne TOKCUUHbIX
Bewects (pTyTh, A4T, TAXENbIe MeTannbl 1 4Ap.) B
TKaHSAX XXMBOro opraHn3mMa c Te4eHnem BpeMeHMU.

BuomarHudukauma — npouecc yseanyeHuns
KOHL,EHTPaL MM TOKCUYHbIX BELLECTB NO Lenu
NUTaHWA Npu nepexoge kK 60s1ee BbICOKUM
TPOPUNUECKMM YPOBHSAM.

BoHcal — cnocob BbipalmMBaHns B HEOONbLLNX
ropLikax AekopaTmBHou GopMbl AepeBbeEB C
MOMOLLbIO CneLmanbHOW 0bpeskmn 1 yxoaa.

Bpo>keHue — npoLecc HeMoJIHOro pacLuenieHuns
TIFOKO3bl B 6ECKMCNOPOAHbIX YCNAOBUAX C
obpazoBaHMeM HebobLLOro kosmyectea ATO.

Fannownp — o3HayaeT «OANHAPHbIA Habop». ITO
KNeTKa C O4HUM HabopPOM XPOMOCOM.

FeH — yyactok JHK, pacnonoxeHHbI B XpOMOCOMaXx
n obecneumsaroLwnin popmMmpoBaHme
onpeaenéHHoro Npu3Haka v ero HacaeACcTBeHHYH
nepeaaudy.

Fnnkonuns — 3tan paclienneHmsa roKosbl,
NPOUCXOAALLNIA B LUTOMNA3ME KAETKN U
CONpPOBOXAaOLWMICA 0Bpa3oBaHMEM HEOObLLOIO
Konnyectsa ATO.

fomoormuHble XpOMOCOMbI — Mapbl XPOMOCOM,
MMeroLLMe OAMHAKOBBIA pa3mep, GopMy U
nocnefoBaTebHOCTb FeHOB.

MpaHa — cTpykTypa xnoponnacta, bopmupytoLLasncs
B pe3y/ibTate yNnopsA0UYEHHOrO HaoXeH S
TUNAKOWUAOB ApYr Ha Apyra.

Aerpagauusa (o1 nat. degradatio — “cHuxeHwme”,
"ocnabneHve”) — 310 yxyjLLUeHne KavyecTBa MouYBbl,
BOZbI MW MPUPOAHOW Cpeabl.

Avnnowng, (rpeu. diploos — “aBonHon” + eidos —
“BnA") — KNeTKa, MMeroLas napHbln Habop
FOMOJIOTMYHbIX XPOMOCOM.

MHTennekT — cnocobHOCTb MOHMMATb,
aHaAM3MpoBaTh 1 3aNOMMHaTb MHbOPMaLMIO,
pelaTtb Npobaembl N NPUMEHSATb 3HaHWA B HOBbIX
CUTyaLmsX.

Nutepdasa — camasa gnmtenbHasa ctagma
KN€TOYHOTO UMKAa, MpescTaBastowas cobom
npouecc NOArOTOBKWN KNETKM K AeNeHUHO.

KaHueporeHHble BelecTBa — Pa3/nyHble
XUMUYECKNE COEANHEHWS, KOTOPbIE MpU
BO34ENCTBUM Ha OPraH13M BbI3bIBAOT pPak v Apyrue
OnyXxoAu.

KapuoTtun — xapaktepuctvka noaHoro Habopa
XPOMOCOM B fiipax COMaTUYeCKNX KNETOK
OpraHun3Ma, BKK0Yas 1x KOJIMYeCTBO U CTPOEHMeE.
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JInwanHuk — opraHn3m, NpeacTaBAsAOWMIA cCOHON
CMMBMO3 KNeTOK Bogopocael 1 rndos rpuba.

Knetka BOAOpOCAnN

Mo rpnba

MackupoBka — npucnocobieHve, Npu KOTOPOM
opraHun3Mm 6aarogaps okpacke, popme nam
NMoBeAEeHWNIO, COOTBETCTBYHOLLIMM OKpPY>KatoLLen
cpeAe, CKpblBaeTca OT BparoB WAN nerye
npmbanxaetcsa Kk Aobblye.

Me3odunbHasa KneTka — KieTka, pacnoNoXeHHas
BO BHYTPEHHEeM caoe nucta u boratas
XJoponaactamu.

HacnepcTBeHHOCTb — CTOCOBHOCTb XKMBbIX
OpraHvM3MOB MepesaBaTb CBOW CBOMCTBA U
NPWU3HaKN 13 MOKOJEHMUS B NMOKO/IEHNME.

MurmeHT — BeLLLeCTBO, MOMOLLAKOLLLEE BOJIHbI CBETA

onpep,enéHHoM AJIHBI 1 BbINMOJIHAKOLLEE pa3nnyHble

bronornyeckne PyHKLAUN.

MupoBuHorpagHaa KMcnoTa — TPExyrneposHoe
opraHun4yeckoe coeanHeHne, obpasyroLeecs B
pe3ynbTate rnKoM3a U UCNo/b3yeMoe Ha
CnefyroLLmX aTanax KNeTouyHoro AbIxaHus.

MnaHKTOH — OYeHb MesIKne OpraHn3mbl,
obuTarolwme B BOAE BO B3BELLUEHHOM COCTOSIHUM U
nepemMeLLaroLLmecs € Te4eHEM.

PeaykunoHHoe geneHue (nart. reducere —
“BO3BpaLath”, “‘npnBoamTb 06paTHO”) — NpoLecc
YMEHbLLEHNA YMcna XpOMOCOM BABOE.
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Pennnkauma — npouecc yasoeHua moaekynbl AHK
nepej geneHnemM Knetky nyTém cosjaHms eé
MOJIHOWM KOMUW.

CnopaHrui — ocobas CTpyKTypa WUau KneTka, B
KOTOpOW GOPMUPYHOTCA U 3aLULLEHBI CMOPbI.

CnoporeHes — npouecc obpa3oBaHus cnop y
pacTeHul, rpnboB N HEKOTOPBIX MPOCTENLLMX.

doTtokaTanmsarop — BelLLecTBO, KOTOpOe Noj
BO3/€MCTBMEM CBETOBOW 3HEPIUN YCKOPSET
XUMUNYECK1e peakLiMm 1 Npu 3TOM Camo He
pacxogyeTcs.

Xnopodwunn a — OCHOBHOW MUTMEHT CUHE-3€1EHOTO
LBeTa, MOrNOLWAOLLNIA CBETOBYHO SHEPIMIO B
npouecce GoTOCUHTE3A.

Xnopodwunn b — BcnomoratenbHbIi MUTMeHT
XeNToBaTO-3eNEHOTO LiBeTa, MOMOLAoLWNiA
CBETOBYHO 3HEPruto B npotiecce GpoToCMHTE3a.

Xpomatuaa — kaxxgas 13 AByx NPOAOJIbHbIX HUTEMN,
COCTaB/IANOLLUX XPOMOCOMY.

XpomaTuH — HUTEBUAHAA KOMMAEKCHas CTPYKTYpa,
coctosawas n3 JHK n 6enkos, pacnonoxeHHas
BHYTPM A4pa KNETKMW.

LleHTpomepa — y4acToK, K KOTOpOMy
NPUKPENASIOTCA HATWU BEPETEHA AENEHUA BO BPEMS
AENeHNsA KNETKU.

LiuToknHe3 — 3aBepLuatoLLas cTtaauns aeneHus
KNETKM, B KOTOPOW NPOVCXOAUT pasjeseHue
LMTOMNNA3Mbl Ha BE YacTu.

3BTpOodMKaLMA — NPOLLECC YPE3MEPHOTO
paspacTaHus BogOpOCaeln B BOAOEMaXx (03€pax,
pekax, Mopsx) B pe3y/bTate NocTynaeHns 60abLoro
KOIMYeCTBa NnuTaTe/IbHbIX BELLECTB, TakMX Kak a3oT U
docoop.

SKcTpakuma (0T nat. extractio — “nsBneveHne”,
“BblgeneHne") — 370 NpoLecc OTAENEHNS AU

N3BJeYEHNS Kakoro-ambo BelecTBa, 3/leMeHTa Un
4acTh N3 uesoro.
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Pulsuz

Oziz maktabli !

Bu darslik siza Azarbaycan dovlsti tarafindan bir dars
ilinda istifada Ugtn verilir. O, dars ili middatinda
nazarda tutulmus biliklari gazanmagq Uglin siza etibarli
dost va yardimgi olacagq.

inaniriq ki, siz ds bu darsliys mahabbatla yanasacaq,
onu zadalanmalardan goruyacaq, tamiz va saligali
saxlayacagsiniz ki, névbati dars ilinda digar maktabli
yoldasiniz ondan sizin kimi rahat istifada eda bilsin. Siza

tahsilda ugurlar arzulayiriq!






