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BBEJIEHUME

Cucrema cpenHero npogeccnoHaIBHOTO 00pa3oBaHMs CTaBUT Mepel coOoi 3aady MOJIrOTOBKU
oOyyaromuxcsi K JKU3HU B OOIIECTBE, KOTOpasi BKIOYAET B ceds (OpMHUpPOBAHUE Y HUX NMPAKTHUECKUX
YMEHUI U HaBBIKOB.

[{enpro n3yueHus: OMOJIOTUU HAa YPOBHE CPETHETO 00IIero 00pa3oBaHUs SBISCTCS

* TodydYcHHE (QYHIAMCHTAIBHBIX 3HaHWW O Owonormueckux cucremax (Kmerka, Opranmswm,
[Monymsiuust, Bun, Dxocucrema); UCTOPUM Pa3BUTHUSI COBPEMEHHBIX MPEICTABICHUN O JKUBOU MPUPOAE,
BBIJIAIONINXCS. OTKPBITUSX B OMOJIOTHYECKON Hayke; PO OHMOJIOTHYECKOH Haykd B (OPMHPOBAHUHU
COBPEMEHHOW €CTeCTBEHHO-HAYYHOU KapTHHBI MUPA; METOaX HAYYHOTO MTO3HAHUS;

* OBJIAJICHHE YMEHUSIMH JIOTUYECKH MBICIINTh, 000CHOBBIBATH MECTO M POJIh OMOJIOTHYECKUX 3HAHHUH
B TPAKTHYECKOW [ESITEIBHOCTH IIIOJCH, Pa3sBUTHH COBPEMEHHBIX TEXHOJIOTHH; OIPENEeNITh KXHUBBIE
O0OBEKTHI B MIPHUPOJIC; MPOBOIUTH HAOIIOMEHUS 32 DKOCHCTEMAaMHU C IENBI0 WX OMUCAHUS W BBISBICHHS
€CTeCTBEHHBIX M aHTPOIOTCHHBIX W3MEHEHWIi; HAaXOJWUTh W aHAIM3UPOBATH WHPOPMALHUIO O IKHUBBIX
00BEKTaX;

* pa3BUTHE TIO3HABATEILHBIX WHTEPECOB, HHTEIUICKTYalIbHBIX M TBOPYECKHX CIIOCOOHOCTEH
oOyyaronuxcs B MpOIECCe M3Y4eHUs OMOJOTMYECKUX SBJICHUM; BBIIAIONINXCS JOCTHKEHUN OHUOJIOTHH,
BOIIE/IIINX B 00IIEUEI0BEUECKYIO KYJIbTYPY; CJI0KHBIX U IPOTUBOPEUMBBIX ITYTEH pa3BUTHUS COBPEMEHHBIX
HAy4YHBIX B3IVISIOB, HJEH, TEOpUH, KOHIEMNIHH, TUrnoTe3 (O CYIIHOCTH M MPOUCXOXKACHUU >KHU3HH,
YeJIOBEKa) B X0J1e PabOThI ¢ pa3TMYHBIMU HCTOYHUKAMH HHGOPMAIIHIH;

* BOCIHTAaHHE YOEKICHHOCTH B HEOOXOAMMOCTH IMO3HAHHUS XUBOM MHPUPOJIBL, HEOOXOAUMOCTH
PaIMOHAIBLHOTO MPUPOIOIIOIb30BaHUs, OEPEKHOTO OTHOIIEHHUS K IPUPOIHBIM PecypcaM U OKpyxKarouiei
cpene, COOCTBEHHOMY 370POBbIO; YBAXKEHUS K MHEHHUIO OIMOHEHTA MPHU OOCYXKIIEHUU OHOIOTMYECKUX
npooseM;

* HCII0JIb30BaHUE MPUOOPETEHHBIX OMOJOTMYECKUX 3HAHUN U YMEHUN B TIOBCETHEBHOM XKHU3HU IS
OIICHKH TIOCJIEJICTBUN CBOEH MAEATEIbHOCTH (M AESITETbHOCTH JPYTHX JIOJEi) MO OTHOLICHHIO K
OKpY’Kalolllel cpelie, 370POBBIO APYTUX MO 1 COOCTBEHHOMY 3/10POBbI0; 0OOCHOBAaHHUE U COOJIIO/ICHUE
Mep NpodUIAKTHKU 3a00JeBaHUM, OKa3aHHWE MEPBOM MOMOIIM MpPU TpaBMaX, COONIOJIEHUE MPABHI
MOBEACHUS B IPUPOJIE.

ConepxaHue MpakTUYECKUX pabOT OPUEHTHPOBAHO HA MOJATOTOBKY CTYAEHTOB K OCBOECHMIO Y4eOHOI
JMCLUIIIMHBI «BHONIOTHsA» OCHOBHOM MPO(ecCHOHATbHOM 00pa3oBaTeIbHOM MPOrpaMMBbl IO CIIEIUATbHOCTH U
(hopMUPOBaHHIO OOIIMX KOMIETEHIUI:

OK 01. BpiObupare cnocoObl pelieHus 3agad MpoecCHOHATBHON JESTENbHOCTH MPUMEHUTENBHO K

Pa3IMYHbIM KOHTCKCTAM.



OK 02. Mcronb30BaTh COBpPEMEHHBIE CPEACTBA TIOMCKA, aHAIM3a M WHTEpIpETaly MH(POpMALNH, U
MH(pOPMaIMOHHBIE TEXHOJIOTHH JUIS BBITIOTHEHHS 33/1a4 MPO()EeCCHOHATBHON ESTEIBHOCTH.

OK 04. DhhekTHBHO B3aUMOICHCTBOBAT U pabOTATh B KOJJICKTUBE M KOMaH]IE.

OK 07. CoznelicTBOBaTh COXPAHEHUIO OKPYXKAIOIICH CPEIIbl, PECypCcoCOepPeKEHHIO, PUMEHSTH 3HAHUS 00
M3MEHEHUN KIIMMAaTa, TPHHIMIBI OepEXIIMBOTO TPOM3BOJICTBA, d(PPEKTUBHO NIEHCTBOBATh B UPE3BBIYAIHBIX
CUTYaLUSX MUPHOTO U BOEHHOT'O BPEMEHH.

A TaKKxe OBJIaIeHUIO PO(HEeCCHOHATTBHBIMUA KOMITETCHIHSIMU:

I1K 1.3 TIpou3BOANTE OLIEHKY COCTOSIHUS THJIPABIMYECKUX U THEBMATUYECKUX YCTPOICTB U CUCTEM
IOCJIE BBINIOJIHEHUS HAJIAJJOUHBIX pabOT, KOHTPOJIb TEXHUUYECKOTI'O COCTOSIHUSA 000pYyA0BaHMsI IPU BBOJIE B
AKCIUTYaTalHIo.

[IK 2.1 TIpou3BoAUTH JUArHOCTHKY COCTOSIHMSI TUAPABIMYECKUX M MTHEBMATHYECKUX YCTPOWUCTB U

CUCTEM.



INPAKTUYECKOE 3AHSITUE
CTpyKTYpPHO-(PYHKIIHOHAJILHAS OPraHU3AIMUA KJIETOK

eap NPpaKTHYECKOT0 3aHATHUS
[IpogomkuTh HM3yd4eHHE KIETOYHOTO YpPOBHS opraHuzanuu xu3Hu. CPopMHpOBaTh 3HAHHA O
CTPOCHUH U (DYHKIHUSAX KIICTKU
MeTtoau4yeckuii MaTepuaJl
CTpoeHne KJIETKH.
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KneTka cocTOUT M3 BHENMIHEH MUTOIIA3MaTHUECKOH MEMOpPaHBI - TJ1a3MOJIEMMBI (OTICIISIONICH
COJEPKUMOE KIETKH OT OKpYKaloLel cpelibl M COCEAHUX KIETOK), f/ipa U nuToruiasMsl. [lutomnmnasma
B CBOIO OYepe/Ib JCIUTCS Ha THAJOMIa3My (OCHOBHYIO IJIa3My, B KOTOPOU HaXOASITCS BKIIOUCHUS) U

OpraHeJuIbL.

Ilia3moJieMMa (BHEIIHAS NUTOIJIA3MATHYECKAas MeMOpaHa).




Puc. 5. CTpoerue KIeTOYHO
MeMOpanbi (cxeMa).

| — numugsi; 2 — ruapocobas
30Ha OHCI0S JHTHAHBIX MOJIEKYJ;
3 — yHTerpabHble GenKkn mMemOpa-
HbI} 4— fnoJMcaxapuyibl [JINKOKa-
JIHKCa.
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XUMHUYECKHI COCTAaB MIa3MOJIEMMBbI — JIMIOMPOTEUHOBBINA KOMIUJIEKC TOJIIIMHA M1a3MOJIEMMBbI
10 aMm (10 MUJIIMMUKPOH; 3TO caMmasi TOJICTasl U3 BCEX KIETOYHBIX MeMOpaH). CHapyKH OT
TJ1a3MOJIEMMBI PacIojiaraeTcsl TITUKOKAINUKC, TOMIIHHA ero 3-4 HM. [ TUKOKaIUKC eCTh 0053aTeIbHO
BO BCEX KJIETKaX, HO BRIPAKEHHOCTh €0 pa3inuyHa. [ THKOKAJIMKC MPEeACTaBIsAeT COO0M
ACCOIMMPOBAHHBIN C IIA3MOJIEMMOM TNIMKOTPOTEUHOBBIM KOMILIEKC, B COCTaB KOTOPOTrO BXOIAT
pa3auYHbBIC YTJIEBOIBI. YTIEBOABI 00pa3ylOT IJIWHHBIE, BETBSIIUECS ETTOYKHU MO CAXITPU/IOB,
CBSI3aHHBIC C OCIKaMU W JTUMHUIAMH, BXOJASIIMMH B COCTAB IIa3MOJIeMMbI. MyKOTIOJIHCaXapH Ibl
00pa3yroT Kak OBl U€XO0JI MOBEPX IIA3MaTUUYECKONH MeMOpaHbl. B TIMKoOKamuKce MOTYT pacioiar aTbCst
Oenku (Kak mpaBuiio, PEepMEHTHI), HE CBSI3aHHBIC HETIOCPEACTBEHHO ¢ OMJIMTTUIHBIM CIIOEM.

DOYHKIUA Taa3MOJEeMMBI. 1) pasrpaHUYEHHUE IUTOIUIA3Mbl KIETKA C BHEIIHEH Cpenoil u
OJHOBPEMEHHO MEXaHMYECKOEe yJEpKUBAHUE PSIOM JeXKaIlUX APYr C IPYyroM KIETOK. 2) QyHKUHUS
peuenuuu (GyHKIIMOHATBPHOE «y3HaBaHUE» KIIETOK U BEMIECTB). 3) TpaHCIIOPTHAS QYHKIUS TTaCCUBHAS
Y aKTHBHAas 3a cUeT dHAOLMUTO3a ((parouuTo3a U MUHOLMTO3a) U IK301uTO3a. [11a3mMonemMma pa3nuuHbIX
KJIETOK JKMBOTHBIX MOKET 0Opa30BBIBATh BBIPOCTHI PA3IUYHON CTPYKTYpHl. Y psla KIETOK TaKue
BBIPOCTBI BKJIIOYAIOT B CBOWM COCTaB CHEIMajbHbIE KOMIIOHEHTHl LUTOIIA3Mbl (MHUKPOTPYOOUKH,
¢bulpusIIbl), 4TO MPUBOAUT K Pa3BUTHUIO CIEHUATBHBIX CTPYKTYp — PECHHYEK, XTYTHKOB U Ap.
Haunbonee vacto BcTpeyaroTcss Ha MOBEPXHOCTU KJIETOK MUKPOBOPCHUHKH (Yalle Yy SMUTEIHOLMTOB).
DTO BBIPOCTH IUTOIJIA3Mbl, OrpaHUYEHHBIE I[UIa3MOJIEMMOW, HMET (opMy UIMHAPOB,
3aKpyrieHHbIXx Ha BepimuHe. Juametrp ux a0 0,1 mukpoHa. 3a cyeT MHKPOBOPCHHOK PE3KO
YBEIMUYMBAETCA IIOMAAb BCACHIBAHHA (B KHIIEUYHOM »muTenud Ha 1 Mm? mpuxomutes 1x108
MHUKPOBOPCHHOK).

MexkiieTouHble coeluHeHus (KOHTakThl). [lna3moineMma MHOTOKIETOYHBIX OPraHU3MOB
00pa3yeT MEXKJIETOYHbIE COEIUHEHHS, O0eCleunBaIOIINe MEXKIETOUYHbIe KOHTaKThl. Pasznmuyaior
HECKOJIbKO THUIIOB TAKUX KOHTAKTOB:




1) [IpocToe MexXKIIeTOUHOE COeIUHEHNE — CONMKEHNE TIIa3MOJIEMMBbI COCETHUX KIJIETOK Ha
paccrosiane 15-20 am. Ilpu >TOM NPOMCXOAUT B3aMMOJIEUCTBHUE CIIOE€B TIUKOKAIMKCAa COCETHUX
KJIETOK.

2) [InoTHOE coenuHeHue (3amuparonias 30HA) — 30HA, TJ€ CJIOM JBYX ILJIa3MOJIEM
MAaKCHMAaJIbHO COJIMKEHBI, 3/1eCh MPOUCXOAUT KaK Obl CIUSHHE YYAaCTKOB IJIa3MOJIEM JIBYX COCEIHUX
KJIeTOK. POJIb TaKOTO CoOeAMHEHNS B MEXaHUYECKOM COEAMHEHUU JIBYX COCEIHUX KIIETOK. DTa 00J1acTh
HEeMpoHHUIIaeMa JJIsl MAKpOMOJIEKYJ U HOHOB.

3) JlecMocoMbl (0OCOOEHHO YacTO B J3MHUTENHH). DTa CTPYKTypa MIpeACTaBiseT coOoit
IJIOIIAAKy, WMHOTAA HMelomias CIOMCThIM Buia, auamerpom 0,5 MKM, rae Mexay MeMOpaHamu
pacrojaraeTcs 30Ha C BHICOKOM AJIEKTPOHHOM MIOTHOCTHIO. B 00macTtu gecMocoM K Mia3MoJieMMe cO
CTOPOHBI LHUTOIJIa3Mbl MPUJIETaeT y4acTOK 3JIEKTPOHHO-TUIOTHOTO BELIECTBA, TaK YTO BHYTPEHHUMN
cioi mMeMOpaHbl BBITVISIAMT YTOJIIEHHbIM. [log 3TUM yTojdmieHHeM HaXOJUTCS 00JacTh TOHKHX
¢bulpusI, KOTOpPble MOTYT OBITH MOTPYXKEHBI B OTHOCUTEIBHO IUIOTHBIM MaTpukc. DyHKIIMOHATbHAS
POJIb IECMOCOM B MEXaHMUECKOM CBSI3U MEXKIY KIETKAMH.

4) I[ManeneBsunHoe coeauHeHue. Y COCENHHUX KIETOK IMaJbLEBUAHBIE BBIISIUYABAHUS
TJIa3MOJIEMMBI, 3aXO0IAIIHE MEXKTY TAKUMHUIKE BBITISTYMBAHUSAMH COCEIHEH KIICTKH.
5) [leneBuansie coeaunenus. IlpeacraBnstor coboit ywactkum B 0,5-3 MKM, rIe

IJ1a3MOJIEMMBl  pa3fielieHbl MpOMEXyTKaMu B 2-3 HM. [IpumMeMOpaHHBIX LUTOIUIaA3MaTHYECKUX
CTPYKTYp B JaHHOM o0O0JacTM HET, HO B IUIa3MOJIEMME COCEJHUX KJIETOK ApPYyr MNpPOTHB Jpyra
pacnoJsiararotcsd  O€JIKOBBIE CTPYKTYpbI, KOTOpble 00pa3yroT Kak Obl kaHanbl. Ilo 3TuM kaHamam
MIEPEHOCSTCS MOHBI M MEJIKHE MOJIEKYIIbl U3 OJTHOM KJIETKHU B APYTYIO (CepAedHasi MbILIIa).

6) Cunantuueckue coequHeHusl. KOHTAKT MeXy OTPOCTKaMHM HEPBHBIX KIETOK.

Oprase/uibl HUTONIA3MBL. Oprasemisl — MUKPOCTPYKTYpPbl LUTOIUIa3Mbl, MOCTOSIHHO
IPUCYTCTBYIOLME U 00s3aTeNbHbIE AJI BCEX KIETOK, BBHINOJHAIOIINE )KU3HEHHO Ba)KHblE (DYHKIUU.
Pa3nuuaror MeMmOpaHHbBIE OpraHe/ulbl — OTCEKM LMTOIIa3Mbl, OTIPAHUYEHHblE MeMOpaHOi
(MUTOXOH/pUH,  HHAOIJIA3MaTHuYecKas  ceTb, anmapar  [odabaKM,  JIU30COMBI,  IJajKas
SHJAOIMJIA3MaTHYecKasi CeTb) W HeMeMOpaHHble opraHesuibl (CBOOOJHBIE PUOOCOMBI U TOJUCOMBI,
MUKPOTPYOOUKH, LEHTpHOIH, (riiaMeHTbl). MemMOpaHbl B OpraHeiulax = KOHBEEp, MaTpHlla, Ha
KOTOPOH MIyT MOCIeJoBaTelIbHbIE PEaKLUN pa3lloKeHUsl U cuHTe3a. A ¢popMupyeMble MeMOpaHaMu
OpraHeslI NPOCTPAHCTBA = pe3epByapsl UIsl XPaHEHUS! OKMCIIEHHBIX MU CUHTE3UPOBAHHBIX BEILIECTB,
nepejada BELIECTB € OJHOM opraHeiisl Ha apyryto. [lpupona mpenycmarpuBaeT cOoif, mo3TOMY
CO3/1a€T XpaHUJIUIIA.




OHIIOTUIA3MATHYCCKUN PETUKYINYM (TpaHYISApHBIH H TIAIKUWA) TPEICTABICH 3aMKHYTBIMH
MeMOpaHamu ¢ GOPMHPOBAHWEM MEIIKOB, IIUCTEPH, TpyOouek. llIupuHa ux ot 20 HM 10 HECKOJIBKHUX
MUKpOH (peako). Iloag cBETOBBIM MHUKPOCKONIOM B BHJE MEJIKUX oOpa3zoBaHuil. @DyHKUIUS
pazHOOOpa3Has: HAaKOTUICHHE U MIEPEHOC OEIKOB, YTIEBOIOB, JIUIHIOB.

Kommneke I"onbku (BHYTpEeHHHUH ceTuaThiid anmapart). [Ipeacrasien ckomieHneMm MmeMOpan (5-
10) B omHO# 30HE (muKTHOCOMa). MemOpaHbl CKpPYyYE€HBI B IIMCTEPHBI, HepaBHOMEpHOU (25-50HM)
MUpUHBI (amMTynbl). B IUKTHOCOME MHUCTEPHBI JIeXKaT APYr OT Apyra Ha pacctosauu 20-25 uMm. Ecnn
JUKTUOCOM MHOTrO (5 IIT), TO OHH MPEACTABICHH B BHJAE TPEXMEPHOH pBHIXJIONH CETH, XOPOIIO
pa3nM4YuMOil B CBETOBOM MUKpockome. DYHKUMS: CHUHTE3 JIUMNHAOB U MOJIUCAXapUAOB, HX
KOMIUIEKCHUpPOBaHUE ¢ OenkaMu; GOpMUPOBAHUE KIETOYHBIX JTU30COM.

Jluzocombl — pa3HOOOpa3Hble IIAPOBUJHBIE CTPYKTYPhl, OTTPAaHUYEHHbIE OJUHOYHOMI
MemOpanoi. ConepkaT B CBOEM COCTaBE pa3IMUHbIE TMAPOJIa3bl, B TOM YHCIIE U KUCTYIO pocdarasy.
Paznuuator nepBuunbie nu3ocomsl (0,2-0,4 MKM), BTOpUYHBIE JTU30COMBI (CUThIE ¢ (parocomamMu U
MIOATOMY KpPYIHBIE, OUYEHb XOPOIIO pa3IMYUMble) U OCTaTO4yHble Teibla (Menkue). [loBuagumomy
pasHble JIM30COMBI - 3TO OTpa)K€HHE (PYHKIMOHAJIBLHOIO COCTOSHHS PAa3JUYHBIX JTU30COM B KIETKE.
OyHKUA JIU30COM: paclleIuieHue, TepeBapuBaHue BEIIeCTB (BHYTPUKIECTOYHbBIC YUCTUIIBIIUKH).

IlepokcucoMBl — HeOOJIBIIINE OBAJILHBIE TCJIblla, OTIPaHUYCHHLIC MeM6paHOﬁ, coacpikar
KaTaJjiasy. CDYHKI_II/ISI — 3alllUTHasA (bYHKI_[I/IH OT HAKOILUICHHUA IICPCKHUCHU BOJOPOaAA.
MUTOXOHAPUHU — OpraHclibl CHUHTC3a ATCD, OPra”HeJljibl KIJICTOYHOI'O JbIXaHW,

MUTOXOHAPUAIBHOTO aBTOHOMHOTO OenkoBoro cuHTeza. CTpoeHHe B BHUJE ABYX MeMOpaH: Tiaikoit
Hapy>KHOM U BHYTPEHHEH C MHOXXECTBOM KPHUCT M CKJagoK. DYHKIUS = OKUCIEHUE OPraHMYeCKUX
COCIMHCHUN M UCIIOJIb30BaHNE 0CBOOOMBIICHCS dHEpruu A1 moctpoeHust ATD.

HememOpaHHbI€ OpraHesibl.

Pubocombl — 3T0 cnokHble puboHyKIeonpoTen bl (25x20x20 HM), B COCTaB KOTOPBIX B PABHBIX
cooTHomeHusx Bxoaat 6enku u PHK. Moryt pacnonararscsi cBOO0JHO B rHajoIja3Me MOOJANHOYKE
UM KOMIUIEKcaMH (IIOJIMCOMBI), HO MOTYT NPUCOCAMHATHCA K MeMOpaHaM 3HAOIIa3MaTHYECKOTO
peruxkyinoMa. DyHKUuUA: pubOCOMBI  3TO JJIEeMEHTapHble ammapaThl CHHTE3a Oelka WIH
MOJIUIENTHIHBIX MOJIEKYJI.

OnopHO-ABUTATEAbHBIE CTPYKTYPHI KIETKHU. [{UTOCKENeT.




MukpoTpybouku (MuKpoduaamentsl). OuOpuLIsApHbIE CKEIETHBIE CTPYKTYPBI, TOCTPOCHHBIE
U3 crnenuanbHOro Oenka TyOynWHA, KOTOPBIA IyTéM CHOHTAHHOW CcaMOCOOpKH 00pa3syer
MUKpPOTPYOOUKH co ciaoucteiMu (~13) crenkamu. Camu TyOynMHBI B KJIETKE MOTYT OBITh B JBYX
dbopmax: cBOOONHOW W B BHJIE MHUKpOTpyOouek. DyHKIHMS MHUKPODHIAMEHTOB = CO3/JIaHHE
3JIACTHYHOTO, HO BMECTE C TEM YCTOMYMBOr0 BHYTPEHHETO KapKaca (LIUTOCKeNeTa), He0OX0AMMOT0 JJIs
noanepxanus ¢opmbl kieTok. Ilox Bo3aelcTBHEM HEKOTOPHIX BEUIECTB (HANpUMEpP, KOJXHIMHA)
MPOMCXOAM]T JCTOJMMEpHU3aus TyOyJdMHAa M TOTJa KJIETKa pPe3K0 H3MEHSET CBOI (opmy.
Jlemonumepu3anrs BO3MOKHA U B CBA3U C JPYTMMH NpuuuHamu (au3uHbl, pH cpenpl, muctpodus).
V3meHeHus1 KacaroTcs M MPOCTPAHCTBEHHOW OPHEHTAMHM OpraHel (HampuMep, MUTOXOHJAPHH), YTO
BEJIET K HapylIeHUI0 oOMeHa. MUKpPOTPpYOOUYKH COCTAaBJISIOT KapKac BCEX BPEMEHHBIX (IIUTOCKENET
UHTEep(A3HBIX KIETOK, BEPETEHO JEJCHHS) WM TOCTOSHHBIX CTPYKTYp (LEHTPUONH, PECHUYKH,
KTYTUKH). MUKPOTPYOOUKH HE COKPAIIAIOTCs, OHU 3JACTHYHO-YIIPYTH, YTO MMO3BOJIIET UM COXPAHSITH
cBOIO opMy. B OGompmmx KoJIHMUECTBAX MUKPO(PUIAMEHTHI HAaXOATCSA B OTPOCTKAX HEPBHBIX KIIETOK,
B (hubpoOmacrax, COCTABISIIOT OCHOBY PECHHYEK, )KTYTUKOB H T. .

Hentpuonu. (ctp. 61) OueHb MenKkue Tenblla, pa3Mep KOTOPBIX HAXOJUTCS Ha TpaHULE
paspemniaronieil cnocoOHOCTH CBETOBOTO MUKpocKoma. HaxonsTcest B IIEHTpE KIETKH, OKPYKEHBI 30HOM
cBeTJoN umToria3mel (1eHTpocdepa). COBOKYMHOCTh LEHTPUOJEH U IEeHTpocdepbl HAa3bIBAIOT
KJIeTOYHBIM 1eHTpoM. @Dynknwms: [lomararor, 4TO OHHM YYacTBYIOT B (OPMHUPOBAHUM TyOyJIHHA
(MukpoduIaMeHTOB).

Brurouenns. HeoOsi3aTenbHbIE KOMIIOHEHTHI KJIETKH, BO3HUKAIOIIME W HMCYE3alONINe B
3aBUCUMOCTH OT METa00JINYECKOTO COCTOSTHHSI KIETKH.

CexpeTopHble

IINTMCHTHBLIC

o SIIpo COCTOUT M3 XPOMATHUHA, SJAPBIIIKA, KApHOILIa3Mbl (HYKICOIJIa3Mbl) U SACPHOM
000JIOYKH.

. XPOMATHUH — yyacTku (30HBI) IJOTHOI'O BEIIE-CTBA BHYTPU SJipa, KOTOPBIC XOPOIIO
BOCIPUHU-MAIOT Pa3HbIC KPACUTEIN, 0COOCHHO OCHOBHBIC (TéMAaTOKCHIINH, a3yp). 3a 3Ty cIOCOOHOCTh
XO-pOIIIO0 OKpAalIMBAaThCA ATOT KOMIOHEHT sAApa M Ha3BaduW XpOMaTUH (XpOMOC = IIBET, Kpacka). B

coctaB xpoMmarnHa BxoautT JIHK B xoMmiiekce ¢ 0€IKOM (XpOMOCOMBEI).

7<

Anpeimiko (Hykieona). Mecto oOpa3zoBanus xpomocoMHbix PHK. TonkoBojmokHuCTO B
CBETOBOM MMKpPOCKOIE (TpaHyIspHBIA U GUOPMILIAPHBIN KOMIIOHEHTHI). JleficTBMEe MHOTHX BELIECTB
U3MEHSIOT CTPYKTYPY AAPBILIEK.
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. Anpeimiko. B snpe umeercs o4HO UM HEC-KOJIBKO OKPYIJIBIX TEJIEL] BEJIMYUHON 1-5 MKM,
CUJIBHO IPEJOMIISIOIIUX CBET, 3TO HYKJIEOJa - SAPBIIIKO. SAPBINIKY MIOTHBIE, TOHKOBOJIOKHUC-TBIE,
0a30o¢uiIbHBIC, HMHTEHCHBHO OKpAIIMBA-IOTCS T'€MAaTOKCHJIIMHOM M  a3ypoM. B anpeiukax
BoipabareiBaercs PHK mis nurommasmel. Unceno saphlliek B KIETKe, WX pa3Mephl, Gopma U BBI-
PaXKEHHOCTh BOJIOKHUCTOCTH 3aBUCHUT OT (PYHK-IIMOHAIBHOT'O COCTOSHUS KICTKH.

Snepnas obonouka. CocTtoMT W3 JBYX MeMOpaH: BHYTpeHHEH u BHemHed. MemOpaHBbI
pa3elieHbl IEepUHYKJIEapHBIM IIPOCTPAHCTBOM. SlmepHas 000s04Ka COAEPXKUT mopbl. Ymciao mop
3aBHCHUT OT META00INYECKO aKTUBHOCTHU KJIETOK. UeM CuilbHEE CHHTE3 KIETOK, TeM OOJIbIIe 1op.

Puc. 18. Crpoenue KoM-
nJekca mopel (cxema).

I — nepuHykJeapHoe npo-
CTPAaHCTBO; 2 — BHYTPEHHAA
apepHasi memGpana; 3 — Ha-
pyXHas sjgepHas MemOpaHa;
4 — nepu¢gepuyeckue rpaHy-
Jbl; 5 — LEHTpajJibHasg TpAHY-
na; 6 — uOpuIBl, OTXOASA-
mMe oT rpaHya; 7 auadparma
nopbl; 8 — pubpuIBl XpoMma-
THHA.

IIpakTnyeckas 4acThb
3amanue Nel.

PaccraBbTe iU pbl, COOTBETCTBYIOIINE OPraHOUIaM KJIETKH.

IluTommasma

1
2 Knerounas memOpana
3. SAnepnas o6osouka

4 Anpo

11



SAnpeimko
MurtoxoHipuun
JInzocoMal

Lerpocomsl

© ©® N o o

Amnmapat I'onbxu

10. DHI0IIa3MaTHYECKAs! CETh
11. [IMHOUTO3HBIN ITy3BIPEK
12. Pubocomsl

3aganue Ne2 OTBeTbTe Ha BONPOCHI TECTA.

1. Yro Takoe MuTo3?

1) nenenue Bcex KIETOK

2) neneHHue KIETKU OTHOKICTOYHOTO OpraHu3Ma
3) neneHue MPOKaApPUOTUIECKON KIIETKH

4)neneHne yKapuOTHIECKOU KJIETKH, TPH KOTOPOM 00pa3yroTCs ABE JOUYEpPHUE KIETKH C UICHTUYIH
BIM POJAUTEIHCKOMYHA0OPOM XpOMOCOM

2. Kakue KJIeTKu B OpraHu3Me 4ejioBeKa He CIIOCOOHBI K JIETICHUI0?

1) HEHpPOHBI

2) POCTKOBOTO CJIOS dMHAEpMUCA

3. M3 yero cocrout xpomocoma?

1) u3 ieTpomep

2) U3 XpoMaTu

3) U3 MUKpPOTpyOOUEK

4) U3 BepeTeH JIeNeHUs

4.B xakoit ¢a3ze geneHus KJISTKH XPOMATUIbl PACXOIATCS K TPOTUBOMOJIOKHBIM MOJIIOCAM KJIETKU?

1) B anadase 2) B renodaze 3)B mpodaze 4)B metadase

5.B sape knetku nucta romata 24 xpomocoMbl. CKOJBKO XpOMOCOM OyJIET B siApe KIETKH KOPHS
TOMaTa MocJie ee AeICHUs?

1) 122) 483) 364) 24

6.BepHbl 51u cneayronme CyKJIeHus o Meiose?

A.Meiio3 - crioco0 JieneHus KIeTOK, MPUBOASIIINN K YMEHBIIEHUIO BIBOE YUCIIa XPOMOCOM.

b. Meii03 cOCTOUT U3 ABYX ITOCIEN0BATEIbHBIX IEICHUN,
KOTOPBIM MpeamiecTByeT ogHokpaTHoe ynBoenue JIHK Bunrepdase.

1) BepHO TOJIBKO A
12



2) BepHO ToJIbKO b
3) BepHBI 002 CyXICHHS

4) o0a cy)xJeHUs HEBEPHBI

3ananmne Ne3
®parment uenu JJHK umeer cnenyrouryto nocnenosarenbHocTh: I TATLITAAALIAT.

Ornpenenure MOCIEA0BATENLHOCTS HYKJIEOTHI0B HAa BTOpoit nenu JJTHK.
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INPAKTUYECKOE 3AHSITUE
OO0OMeH BellleCTB U NMPeBpPAallleHUe YJHEPTUHU B KJIETKe

eap NPpaKTHYECKOT0 3aHATHUS
[IpoBepka ocBoeHHsI OOy4arOUUMUCS 3HAHUH U CHOPMUPOBAHHOCTH YMEHHMH 1O Teme “OOMeH

BEILIECTB U SHEPTUH B KIIETKE”
MeTtoau4yeckuii MaTepuaJl

O0s13aTebHBIM YCIIOBHEM CYIIECTBOBAHUS JTFOO0OTO OpraHU3Ma SIBIISIETCS TIOCTOSTHHBIN IIPUTOK
IIATATEIbHBIX BEIIECTB U IIOCTOSIHHOE BBIJICJICHUE KOHEYHBIX IIPOLYKTOB XUMUYECKUX PEaKIUH,
MIPOUCXOJAIIMNX B KiIeTKaxX. KiieTka NOCTOSIHHO HaXOAUTCS B IBUYKEHUH — LIUTOIIIIA3Ma ITepeMeNIaeTcs,
yBIIeKasi 32 cO00I OpraHou/ bl U BKJIFOUEHUS, aKTUBHO paboTaroT pubOCOMBI U MUTOXOH/PHUH,
COBEPILAETCS MHOKECTBO XMMUYECKUX MPEBpallieHuil. Bee KuBbIe OpraHu3Msl, CyHIECTBYIOINE HA
3emiie, MPeICTaBISAIOT CO00M OTKPBITBIE CUCTEMBI, XapaKTEPHU3YIOLIUECS CIOCOOHOCTBIO aKTUBHO
00OMEHHMBAThCS C OKpY’Karollel cpefoi BeuiecTBaMu U sHeprueil. 13 okpyxkaromieil cpebl B KIETKY
ITOCTYIAIOT Pa3JIMYHbIE BEIIECTBA, & U3 KIIETKH B OKPYKAIOLIYIO CPEAY YIAISAIOTCS HEHYKHBIE TTPOYKThI

oOMeHa — MPOUCXOTUT 0OMEH BelecTB, uiu MetadonusMm (Puc. 1).

<y
»
»
»
»
»
»
»
»
-
»
>
»

Puc. 1. OOMeH BelecTB KIETKH ¢ OKpYKarollel cpeoit

ITuTatenbHBIC BEllecTBa HCIOJIB3YIOTCA OpraHnu3dMaMi B Ka4C€CTBC NUCTOYHHKA ATOMOB XUMHWYCCKUX
3JICMCHTOB (npex(ﬂe BCCIo arToMOB yrnepoz[a), N3 KOTOPBIX CTPOATCA 71100 OOHOBIISIFOTCS BCE CTPYKTYPBIL.

B OpraHus3M, KpoMe IMUTATCIbHBIX BCHICCTB, NOCTYIIAOT TAKKE BOdd, KHCIOPOA, MUHCPAJIbHBIC COJIH.

HOCTyT[I/IBI_HI/Ie B KJICTKU OPTaHUYCCKHEC BCIICCTBA (I/IJ'H/I CHUHTC3UPOBAHHLIC B XO/I€ (I)OTOCI/IHTGSEI)
PACIICIUIAOTCA Ha CTPOUTCIIBHBIC OJIOKH — MOHOMCPBI U HAITPABJIAOTCA BO BCC KIICTKHU OpraHU3Ma (P uc.
2) Yactb MOJICKYJI 9TUX BCIICCTB PACXOAYCTCS HA CUHTC3 CHCI_[I/I(I)I/I‘-ICCKI/IX OpraHn4YeCKux BCUICCTB,
NMpUCymux JaHHOMY OpraHU3MYy. B knerkax CUHTC3UPYIOTCA GCJ'IKI/I, JIMMNIUbI, YTJICBOAbI, HYKJICUHOBBIC
KHCJIOTBI U APYTHUC BCHICCTBA, KOTOPBIC BBIIIOJIHAKOT PA3JIMYHBIC (I)YHKI_II/II/I (CTpOI/ITeJ'IBHYIO,

KaTaJIMTUYCCKYIO, PCrYIIATOPHYIO, 3allIUTHYIO U TaK ;[anee).

14



)lpyra;l 4aCTb HU3KOMOJICKYJISIPHBIX OPTraHUYCCKUX COCHHHCHHﬁ, MOCTYIIUBIINX B KJIICTKU, UACT HA
oOpazoBanue AT®, B MoseKynax KOTOPOW 3aKII0UeHa SHEPTHs, TpeIHa3HAUYCHHAs HETIOCPEICTBEHHO JUIS

BBITIOJTHEHUS Pa0OTHI.

benku, nunuael, yrnesoabl,
HYKNENHOBbI€ KUCNOTbI

OpraHuyeckue

MoHoMepb!
BeulecTasa

AT® (AgeHosuHTpudocdar)

Puc. 2. Pactipenenenue opraHM4ecKux BEIIECTB

DHeprust He0OXoAMMa JIJIsI CHHTE3a BCeX CIenn(PrIecKrX BEIIECTB OpraHu3Ma, Mo Iep >KaHus ero
BBICOKOYITOPSIOYCHHON OpraHu3aIlii, akTHBHOTO TPAHCIIOPTA BEIIECTB BHYTPH KJIETOK, U3 OJTHUX KIETOK
B JIpyrue, U3 OJHOM YacCTH OpraHU3Ma B IPYTyI0, IS Mepeadd HEPBHBIX UMITYIbCOB, TIEPEABIKCHUS
OpPraHU3MOB, MOJICPKAHUS TOCTOSIHHOW TeMnepaTyphl Tena (y MTHIl K MICKOTIUTAIOIINX) U IS IPYTUX
LEeJIEH.

O0MeH BelecTB (MeTa00JIM3M) — COBOKYITHOCTh OMOXUMUYECKUX PEAKIINi, MPOTEKAIOIINX B
KJIETKE ¥ 00ECTIeUNBAIOIINX MPOIIECCHI €€ KUZHEAEITeTbHOCTH.

B xone npeBpalicHuA BCIICCTB B KJIICTKAX 06pa3y10Tc>1 KOHCYHBIC ITPOAYKThBI O6M€Ha, KOTOPBIC
MOT'YT OBITH TOKCHYHBIMHU JJI1 Opraiu3mMa U BbIBOIATCA U3 HCT'O (HaHpI/IMep, aMMI/IaK). Takum O6p330M,
BCC JKHUBBIC OPraHU3MbI ITIOCTOSHHO HOTpe6J'I$IIOT n3 OKPY)KaIOHleﬁ CpCAbl ONIPCACIICHHBIC BCIICCTBA,
npeo6pa3y10T HUX U BBIACIIOT B CPEAY KOHCYHBIC ITPOAYKTHI.

B 3aBucumoctu ot 06111e171 HAIIPaBJICHHOCTHU MIPOUCCCOB BbIACIIAIOT KaTabOJIM3M U aHA00IU3M.

AHa601U3M (AaCCHMMMIISIIIUSI) — COBOKYITHOCTh XUMHUYECKUX MPOIECCOB, HAITPABIICHHBIX HA
o0Opa3zoBaHue U OOHOBJICHUE CTPYKTYPHBIX YacTei KJIETOK, 3TOT MPOIIECC MMEET BTOPOE HAa3BaHUE —
IIACTUYECKUN OOMEH.
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dorocunres: 6H20 + 6CO2 — CsH1206+ 602 1

CroJ1a MOKHO OTHECTH, HallpuMep, (PUKCAINIO a30Ta U OMOCHHTE3 OelKa, CHHTE3 yIJIeBOJIOB U3
YIIICKUCIIOTO Ta3a ¥ BOJBI B X0/ POTOCHHTE3a, CHHTE3 TIOJIMCaXapuI0B, JIMMUA0B, HykIeoTn10B, JJHK,
PHK u npyrux BemiectB. AHAOOIU3M SBJISIETCS CO3UAATEIBHBIM 3TarloM 0OMeHa BEIIECTB, OH BCETaa
OCYILIECTBIISICTCS C MOTPEOJICHUEM YHEPTUH U C ydacTHEeM (PepMEHTOB.

Karta6o1u3Mm (1uccuMuiIsinms) — COBOKYITHOCTh PEaKIIfii, B KOTOPBIX MPOUCXOIUT pacrial
KPYIHBIX OPTaHUYECKUX MOJIEKYJI J0 MPOCTHIX COSIMHEHUI C OTHOBPEMEHHBIM BBICBOOOKICHUEM

SHEpPruu.

Karabonusm obecrieunBaeT 3Hepruei Bce MpoIiecchl, MPOTEKAIOIINE B KIETKE, 1 UMEET BTOPOE

Ha3BaHHE — SHEPTETUICCKUI OOMEH.
Herxaaune: CeH1206+ 602 — 6H20 + 6CO2 + ATD

[Ipu pa3peiBe XUMHUYECKHUX CBSI3€H MOJIEKYJI OPraHUUYEeCKHE COEAUMHEHNUSI SHEPT U BBICBOOOKIAI0TCS
1 3aI1acaroTcs TJIaBHBIM 00pa3oM B BUE MOJIEKYI aJieHo3uHTpudochopHoitl kuciotsl — AT,
YHUBEPCAJIHLHOTO UCTOYHHMKA SHEPTUH Y BCEX KUBBIX opranu3mos (Puc. 3).

Tpu ocTtaTtka
docchopHON KUCNOThI

NP SN\
| I M OH
W~V —0—F=0 OH
. ‘/“\' 3 A )
™ o o=t o
\ Yo—tf :

WC=—CH 0—Fr=0

| Ol
HO OH

Puboaa

Puc. 3. Ctpoenue monekynsl ATD

ITo cBoeit xumuueckoii npupoae AT sBrseTcss MOHOHYKJICOTHIOM U COCTOUT U3 a30TUCTOTO
OCHOBaHHMS a/ICHHHA, YIIIEBOJIa PHOO3bI U TPEX OCTATKOB (POCHOPHOM KUCIOTHI, COSTMHEHHBIX MEXTY
c000i1 MaKpOIPTUYECKUMH CBS3SMH. Bblenenue sHepruy B KIETKE MPOUCXOAUT MPH OTACICHUH OTHOTO
u3 HoCcHOPHBIX OCTATKOB OT MOJIEKY bl AT®D, pa3pbiB 3T0O# CBSA3M BHICBOOOXKIAET 7,3 KMJIOKAJIOPUH,
TOTJIa KaK IPH pa3pbIBe XMMHUYECKHX CBSI3€H IpyrUX COeTMHEHUN SHEPTUU BBIICISAETCS B TPU-UEThIpE
pasa menblie. [Ipu aTom oOpaszyercsa Mosiekyna ageHo3uHaudochata — AP, ¢ iByms pochopHbIMU
ocraTkamu. OHa JIeTKO MOXKET BOCCTaHOBUTHCA 110 AT®, nprcoemHUB OAUH 0CTaTOK (ochopHOit
KHCJIOTHI WJIM OTAATH ellie OuH (oc(OpPHBIM OCTATOK U MPEBPATUTHCS B aieHO3UHMOHOochar — AMD
(Puc. 4).
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Otwennenue ot AT® u AJI® dpocopHOro ocrarka NpuBOAUT K BbIIEICHUIO SHEPTUH, a IPUCOETUHEHHE

Anexosnntprdocdar (ATD) Anexoannandocdar (AAD) AnenosvHmonedocdar (AMD)

| Aaevn | Putoa @ [ Aewm | Pubosa | Aaevun | PuBoa }—@

@ — OCTATOK (POCHOPHON KMCNOTH ® — ocTaToK QOCHOPHOIM KUCNOTEI @ — OCTATOK (POCHOPHON KNCNOTH

Puc. 4. BoipaOoTka 3Hepruu B KJIeTKe

[Tepexonq AT® B AII® 1 0OpaTHO — 3TO OCHOBHOM MEXaHU3M BbIPAOOTKH SHEPTUH B KIIETKE.

K AM® u A/I® pocdopHoro ocrarka NpuBOAUT K HAKOIUIEHUIO SHEPTUH.

IIpakTnuyeckas yacTb
Bapuant 1

1. B mporiecce nuieBapeHus O€IKy pacIIeTUISTFOTCS 10

1) TJTFOKO3BI

2) HYKIICOTHIOB

3) AMUHOKHCIIOT

4) TJIMIEPUHA U KUPHBIX KACIOT

2. UcxomabpiM MaTepuaiioM jist (pOTOCHHTE3A CITy»KaT BoJa 1

1) MUHEPAIbHbIE COJIH
2) KHCIIOPOT

3) YIJIEKHCIIBIN Ta3

4) Kpaxmait

3. N3yuute rpaduk 3aBUCUMOCTH (POTOCHHTE3a OT KOHIICHTPAIIUH YTIEKUCIOTo ra3a (1o ocu X

OTJIOKCHA KOHIICHTPAIHS YTIIEKHCIIOTO T'a3a, 0 OCH Y - OTHOCHUTENIbHAS CKOPOCTh (POTOCUHTE3A).
Haunbonpuras ckopocTs hoTOCHHTE3a OYACT NP KOHIICHTPALIUK YTIECKUCIIOTO ra3a

OTHoCuTeNbHas CKOpPOCTb d)omcmm‘esa

100
75
50
L

o]

25 “/
9 0,02 0,04 006 008 01 0,12 0,14 0,16 0,18 0,2
KoHueHTpauua yrnekucnoro rasa, % o6.

1) 0,02
2) 0,04
3) 0,06
4) 0,14

17



4. Mex 1y MO3ULUSAMH IIEPBOTO M BTOPOTO CTOJIOLOB MPUBEAEHHON HUXKE TaOIHIIBI UMEeTCS

onpezenénHas cBsa3b. Kakoe noHsTHE ciiexyeT BIMCaTh HA MECTO MPOITyCKa B ATON Tabauie?

1)
2)
3)
4)

Yactb Lenoe
cnHTes n-PHK
TpaHcnAuuA CUHTE3 nonunenTuaa
TJIMKOJIN3
MeTa00JIn3M
JUCCUMMIIALIAS
TPAHCKPHUIILVS

5. Cpenu npeAcTaBIeHHBIX OPraHU3MOB aBTOTPOPOM SBIIIETCS

1)
2)
3)
4)

iaw vl <5 s

6. BoiOepute Tpu BepHbIX 0TBeTa U3 mecTH. Cpeau MepeurciIeHHbIX CBONCTB, ISl (JOTOCHHTE3a

XapaKTepHO

1)
2)
3)
4)
5)
6)

IIOIJIOIICHUE KUCIOPOaa
IIOIJIOIICHUE YIJTICKUCIIOTO ra3a
06pa3013aH1/Ie OpPraHN4YCCKUX BCUICCTB
BBIACJIICHUC SHCPIrUU

MMPOUCXOAUT TOJIBKO Ha CBETY
BBIICJICHUC YI'JICKUCIIOTO Ira3a

7. BcraBbTe B TeKCT “MeTabonu3m’ MpomylieHHbIe TEPMHUHBI U3 TPEI0KEHHOTO TIepeyHs,
MCIOJIB3YS 7Sl 3TOTO K(POBBIe 0003HAUYCHHE. 3aMUIINTE MOTYYHBIIYIOCS MOCIEI0BATEILHOCTD U B

COOTBETCTBHUE C OyKBaMHU.

METABOJIM3M

Hpoueccm KJIIETOYHOT'O METa00JIM3Ma MoApa3aACIgArOTCs HA (A) - CUHTC3 OPraHNYCCKUX BCIICCTB
3a CUYCT SHCPIrUH pacraza AT(I), HalpuMmep (E) - pacian, OKUCJICHUC OPTaHNYCCKUX BCIICCTB C LECJIbIO
TMOJIYYCHHA SHEPTHUU U HAKOIIJICHUA €€ B BUIC (B), Harpumcep, 6p0)KCHI/IC, KJI€TOYHOC AbIXaHUC.
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1) TJIMKOJIU3

2) OnocuHTe3 Oenka
3) ACCHMHUJISLIHS

4) AT®

5) TIII0KO03a

6) JTMCCUMUIISIIAS

8. YcTraHoBUTE COOTBETCTBHE MEXAY MPOLECCAMU, IPOUCXOISIIUMU B KJIETKE U dTallaMu
HHEPTeTUIECKOTO 0OMEHA. 3anuIInTe BEIOpaHHbIE IH(PHI 10T COOTBETCTBYIOIIUMHU OYKBaMH.

[Tporeccel B KIIeTKE: DTarnbl SHEPTETUUECKOT0 0OMEHa!
A) HauMHAeTCs ¢ paclleIeHUs 1) OeCKHCIOPOIHBIN ATAl
TJTFOKO3BI 2) KHCJIOPOIHBIH dTaIl

b) cunresupyercs 2 monekynsl ATO
B) mpoucxoaut Ha MeMOpaHax KpUcT
I') cunresupyercst 36 monexkyn ATD

J1) HaunHaetcs ¢ pacuieruienus [IBK
E) npoucxonut B uromiasme

9. Haitnure ommoOKu B TEKCTE, YKOXKUTE HOMEPA MPET0KEHUHN, B KOTOPhIX OHU CHEJIaHBbI.
ChopmynupyiiTe mpaBUIbHBIEC PEUIOKEHNS B3aMEH OIMHOO0YHBIX.

(1) Pactenus siBasitoTcst POTOCHHTEIUPYIOMIMMU OpraHu3Mamu. (2) ABTOTpodHbBIE OpraHU3MbI HE
CTIIOCOOHBI CHHTE3UPOBATh OPraHMYECKUE BENIECTBA U3 HeopraHundeckux. (3) ®OoToCHHTE3 MPOUCXOIUT B
XJIoporutacTax pactenuit. (4) B cBeToBoit daze poTrocuHTe3a 00pa3yrOTCsi MOJIEKYIIBI TITIOKO3BL. (5)
Kucnopon B armochepy BoiensieTcs B TeMHOBOH daze. (6) B mporiecce poTocuHTEe3a SHEPTHUS CBETA
MEPEXOUT B DHEPTUIO0 XUMHUYECKUX CBS3EH HEOPraHMYECKUX COCANHEHHIMA.
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INPAKTUYECKOE 3AHATHUE
OHTOreHes pacTeHuii, ;)kWNBOTHBIX H YeJI0OBEeKa

I.[e.m; MNPaAKTUIECKOI'0o 3aHATUHA

MeTtoan4yeckuii MaTepuaJl

1. Onmoczenes — npouecc MHAMBUYATBHOTO PAa3BUTHSI OpraHu3Ma (OT 3a4aTHsi IO CMEPTH), B pe3yJIbTaTe
KOTOPOTO PEAM3yeTCsl er0 HACIeACTBEHHAs! HH(pOpMAIHsL.

OHTOreHe3 COCTOUT U3 JIBYX NEPUOOB:

1) Imopuonansubiii — HaYMHACTCS C MOMEHTA OIUIOZOTBOPEHUS U ITPOJIOJDKACTCS JIO0 POXKICHUS
OpraHu3sMa.

2) IlocmImopuonanvHblil — HAYMHACTCS Cpa3y MOCIE POXKICHHUS, KOTIa OPraHU3M CIIOCOOCH
CYIIECTBOBATh CAMOCTOSTENBHO, M MPOJIOJIKAETCS IO CMEPTH.

2. OMOpPHOHAJILHBIN EPUOJ PA3BUTHS.

1) [Ipu cussHUM NOJIOBBIX KJIETOK 00pa3yercs 3uzoma.

2) 3urota HauMHAET APOOUTHCS HA Oitacmomepsl 10 TEX MOP, TIOKa He 00pazyeTcs dracmyna (onas
MIapOBUIHASI CTPYKTYPA C OJTHUM CJIOEM KJIETOK — OJTHOCIIOWHBIH 3apOIbIII).

3) F'acmpynayus — npoucxout GOPMUPOBAHKE YAIIEOOPA3HOTO JBYX-CIOMHOTO 3apOIBIIIa ITyTEM
BISTYMBAHUS (MUTPAIMH KJIETOK, PACCIOCHUSI WJIM 00pacTaHus ) OJTHOM U3 CTCHOK OJIaCTYIIbI.
JIBYXCIIOMHBIH 3apO/IBIIII, COCTOSIIIIAN U3 IBYX 3aPOIBIIIEBBIX JTUCTKOB (9Kmodepmbl (HAPYKHOTO) U
9HMoOepmul (BHYTPCHHETO0)), HAa3bIBACTCS 2acmpy/oil. Mexy IByMsl 3apO/IbIIIEBBIMA JIACTKAMH MOKET
UATH 3aKJIaJIKa TPETHETO 3apOIBIIICBOTO JINCTKA — . Me300€PMbl.

4) B kaxJ1oM U3 3apOABIIIEBBIX JTUCTKOB MPOUCXOAUT 3aKJIaKa OCEBBIX CTPYKTYp 3apojibliia (Xop/a,
HepBHas TpyOKa, MUIIeBapUTEIbHAsS TPYOKa). DTa cTaus 3apo/Ibllia Ha3bIBACTCS Helpynoi.

5) I'ucmozenes u opeanozenes — ujeT nanbHeias muddepeHImpoBKa TkaHel, GopMupoBaHHe U
pa3BUTHE OPraHOB, CUCTEM OPTaHOB.

3ananue. Mcnousb3ys TekeT yueOHuka (§ 3.4), 3anonHure Ta0nuiy.

3ap0,Z[LII_HeBLIe JIMCTKH, UX ITPOU3BOJHBIC

Ha3zBanue [Ipoun3BoaHbIE KaXKAOTO JTUCTKA
JIMCTKA

Okronepma | IIokpoBel Tena (HapyKHBII SMUTENNM, KOXKHBIE JKEIE€3bl, POTOBbIE YELIYH,
MIOBEPXHOCTHBIN €110 3yOOB), HEpPBHAsI CUCTEMA,
NepeHUN U 3aIHUI OT/AEbI KUILIEYHHUKA

OHTOoZEpMa | DNUTENN CPEJHEN KUILKHU U MUIIEBAPUTENIbHBIE KEJIE3bl, JIUTEINN AbIXaTEeIbHON
CHUCTEMBI

Meszonepma | Bce mbliieuHble, COEAMHUTEIbHBIE TKAHU, KaHAJIBI BBIACIUTEIBHBIX OPraHoB,

KpPOBCHOCHAA CUCTCMA, YaCTh TKaHEeM IIOJIOBBIX OpraHoOB
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3anomnume!

VY npeobnagaromero OOJBIIMHCTBA OPraHU3MOB MPOIIECC SIMOPUOHAIILHOTO PAa3BUTHS MPOUCXOTUT
cXoHBIM 00pa3oM. bombiioe BiausiHUE HA pa3BUTHE 3apOIbIa UMEIOT (DAaKTOPBI CPEbl: paaranusi,
TOKCHYECKHE BEIeCTBA (HUKOTHH, AJIKOTOJIb, HAPKOTHKH ), HEOCTATOK KUCIOPOAa, BUPYCHI, TAPA3UTHI,
HCYAOBJICTBOPUTCIIBHOC MUTAHUEC U TOMY HOI[OGHOC. Hx nocrosaaHOE BO3I[€I>'ICTBHG MOZKCT IMPUBCCTHU K
ru0eny 3apopIia WM K HApYIICHUI0 HOPMAIIbHOTO Pa3BHUTHSI.

3. llocmamopuonansvnoe pazgumue op2anu3ma COCTOUT U3 TPEX MEPUOJIOB:

1) /lopenpodykmuenulii — pOCT OpraHu3Ma, pa3BUTHE U MOJOBOE CO3PEBAHMUE.

2) PenpooykmueHulii — akTUBHOE (DYHKIIMOHHUPOBAHUE B3POCIIOTO OpPraHu3Ma, pa3MHOKEHHE.

3) IlocmpenpodykmueHulii — CTAPSHUE, TIOCTEIICHHOE yracaHue MPOLECCOB KU3HECITEIILHOCTH.

Hocmamﬁpuonaﬂbuoepa;mumue JKUBOTHBIX OBIBAEeT ABYX THIIOB — IMPAMOC U HCIIPSAMOC.

[TocTomMOproHanbHOE pa3BUTHE JKUBOTHBIX

| THOIE pasEMMTHA |

/H

| HeopAamaoe | | ITi Aaraoe |
1 1
= afma ERIZOOET THESEHHFA, FOTo— e myuyIHHOEHEIN bSO e R HIIHE
pad HMeeT b olflee I oCcToE CTE o E— HE TEJAa MATEPRH BEBIN OIHT O TaEH FE I
HHE, WENM B3 OCITEIH oD Tak S Tl HeLoMBIITHE pasMepoR, HO B HET
T HEeE OCOBEIE IHYMHHOSHHEIE OPRTAHEL, SANOMEHE BECE GCHOEBEHEIE ORTaHEL,
EoToRbhle BIIOCIIecTEHHE & asis Wl a— CECHOCTEEHHEBIE BSOS CIL O R M HE O T—
EOTCHA H ZAaMEeHARSTCA SR aHahiia. HomMY., [ locTsMEDHOHATEHSE D AasSE I —
CECRACTEEHHEIMMH B3O CIIEL I O Ia— THE CEOQHTCA B OCHOBH OGN B I OCTW
IS TIEL Tl H IIOIICESIMY GO eE Ak HES
! ! ¥
o THBEIE S aEoTHEE FHEBEOTHEIE, HMEFDII[HE I AT S
O TIwJTELEI TN O ETE TIIT B EI ToI pPAaEHTHE . I ©CMEBEIFAaFSII[H e O, ITTH-—
IfreEAlITe FEE T IS AITTS FH S I B, MIEKSTHTARSIITHE, DR BB
eIV S M EIJIELE I AN B EIJIEL &
OEVRKDEIJIELES, HACE O MMELE
ISl e T HT & T o —
K EIEL &
HACE O MELE

4, PaCCMOTpI/ITC CXeMy ((3apOI[bIH_IeBOC CXOACTBO y HO3BOHOYHBIX JXUBOTHBIX).

Ecmu CpaBHUTDb 3M6pI/IOHBI Pa3JIMYHbIX IIO3BOHOYHBIX JKXUBOTHBIX, MOKHO OTMCTHTD, YTO HAa PAaHHUX
CTaluAX Pa3BUTHUA UX 3apOAbIIIHN OYCHD ITIOXO0KH, HO C JanbHEUIIM pa3sBUTHEM pa3n1/1q1/n71 CTaAaHOBUTCA
6OJ'II>I_HC, TaK KakK HpI/IO6peTaIOTC$I IIpU3HAKHU KJlacca, poJa, BUJd, UHAUBUAYAJIIbHOI'O OpraHnu3ma. 9TOoT
MIPpUMEP AO0KA3bIBACT B3AUMOCBA3b MCKAY HHAWNBUAYAJIbHBIM PA3BUTUCM KaKJI0I'0 OpraHu3sMa nu
JBOJIIOLIHEH BUJa, K KOTOPOMY 3TOT OPraHu3M OTHOCHUTCH.

OTa B3aMMOCBS3b OTpa’keHa B OMOT€HEeTHUECKOM 3aKkoHe, chopmynrpoBaHHoM @. Mromepom u O.
I'ekxenem: Muousuodyanvroe pazeumue ocoou (onmozenes) 00 onpeodeneHHol cmenenu nosmopsem
ucmopuieckoe passumue 8uda (Qunozenes), K KOMOPOMY OMHOCUMCS OAHHASL 0COOb.

To ecTh OMOreHETUUECKUI 3aKOH TOBOPHUT O TOM, YTO OHTOTICHE3 €CTh KPATKOC INOBTOPCHUC (pI/IJ'IOTCHC3a B
3aKOHOMCPHO U3BMCHCHHOM U COKpAIllCHHOM BUJIC. A. H. CCBCpI_[OB YCTAHOBHII, YTO B OHTOTCHEC3C
MOBTOPAIOTCA NPU3HAKN HC B3POCJIbIX ocobOeit IpEAKOB, a UX 3ap0m>1me171.
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HpaKTH‘leCRaH 4acTb

3aganue. 3anogHUTE TAONHUILy, UCTIONB3YS MPUBEACHHBIC HU)KE BApUAHTHI OTBETOB.

CpaBHEHHUE 10JIOBOTO U OECII0JIOr0 Pa3MHOKEHHS

DNeMEeHT cpaBHEHUS

becnionoe pasmHoxeHne

[TomoBoe pa3zMHOKEHUE

1. KonnuecTBO poauTenbCKUX 0coOeit

2. Hannuue noJIoBBIX KIETOK

3. Hammume meiosa

4. CX0/CTBO IOTOMKOB C POJIUTENISIMH

5. ¥V Kakux OpraHu3MOB BCTPEYAETCS

6. CKOpOCTb YBETHMYCHHS YHCIIa
IIOTOMKOB

Bapuanmuvr omeemos:
a) oJTHa

0) ObICTpPO

B) M€H03 OTCYTCTBYET

') MOTOMKH OTJINYAIOTCS OT POJUTENEeN Ha TEHHOM YPOBHE

)I) HET IMOJIOBBIX KJICTOK
€) eCTh Mei03
) TOTOMKH UJCHTUYHBI POUTEISIM

3) KCHCKHUEC U MYXKXCKHE ITOJIOBBIC KIICTKH

1) pacTeHUs U KUBOTHbBIE

K) pacTeHHusl, MUKPOOPTaHU3MbI, HU3IIUE KUBOTHbBIE

1) 1BE

M) MEJUICHHO

OtBerT:
PasmHOXeHUE 1 2 3 4 5
becnonoe A pil| B X K b
ITonoBoe JI 3 E r 141 M

22




INPAKTUYECKOE 3AHATHUE
3akoHoMepHOCTH HacjaeqoBanus. CuenieHHOe HacJleJ0OBaHNe IPU3HAKOB

eap NPpaKTHYECKOT0 3aHATHUS

[Tokazatb 0COOEGHHOCTH OpraHM3alMy HACIEJACTBEHHOTO MaTepHana, PacKpbITh MEXaHHU3MBI
XpaHEHUs U Mepeavyl HacJIeACTBEHHOW HH(OPMAIHsI Ha pa3HBIX YPOBHAX. AKTYaIH3HpPOBATh, PACIIUPUTh
U yrIyOWTh 3HaHUSA O 0a30BBIX KIETOYHBIX MEXaHWU3MaX, JIKAIIUX B OCHOBE IOJIOBOTO M OECIOJIOro
Pa3MHOXEHHS.

MeTtoanyeckuii MaTepuaJl

CueruieHre T€HOB - TO COBMECTHOE HACJIEIOBAHNE T€HOB, PACIIOJI0KECHHBIX B OJHOM U TOH e
xpomocome. KomuecTBo rpymnin CliiernieH!sl COOTBETCTBYET TAIIONAHOMY YUCITY XPOMOCOM, TO €CTh Y
npozoduisl 4. [Ipupony clierieHHOTo HacleoBaHusl 00bICHIII. MopraH ¢ coTpyaHukamu. B kauectse
00BbeKTa UCCIIEIOBAHUS OHU W30pain IUIO0BYIO MyXY JAp030¢uiTy, KOTOpas oKa3aiach OUYeHb yI00HOM
MOJIEIIBIO JUTS U3YUCHUS JTAaHHOTO (DeHOMEHa, TakK B KJIETKaX e TeJia, HaXOAUTCS TOJIBKO 4 maphl
XPOMOCOM M HMEET MECTO BBICOKAsi CKOPOCTH IIJIOIOBUTOCTH (B TEUEHHE TOJa MOXKHO HCCIIeIoBaTh Ooee
20-tn mokonenuit). Tak, CreryieHHBIME TPU3HAKaMU Ha3bIBAIOTCS TIPU3HAKHU, KOTOPHIE
KOHTPOJHUPYIOTCS T€HAMU, PACTIOJIOKEHHBIMH B OJTHOH XpoMocoMe. ECTECTBEHHO, UTO OHU MepeaaroTCs
BMECTE B CJIyJasiX IMOJTHOTO CIEIUICHUS (3akoH MopraHa).

[TonHOE cuemneHne BcTpeyaeTcs peko, 0ObIYHO — HEMOJHOE, U3-3a BIMSHUSA KPOCCHHIOBEpa
(mepekpemuBaHus 1 0OMEHa ydacTKaMHi TOMOJIOTHYHBIX XpOMOCOM B Tpolecce Meio3a). To ecTh, reHbl
OJIHOW XpOMOCOMBI ITEPEXOAT B APYT'YI0, TOMOJIOTHUHYIO €H.

YacToTa KpOCCHHIOBEpa 3aBHCUT OT PACCTOSHUS MKy reHamu. Yem Omrke Ipyr K Apyry
PacIIOJI0KEHBI TEHBI B XPOMOCOME, TEM CHIIbHEE MEXIY HUMH CIICTIIICHUE H TEM PEKE TIPOUCXOIUT UX
pacxoXxaeHue MPU KPOCCUHTOBEPE, M, HAOOOPOT, YeM Jajibllie APYT OT IPyra OTCTOSAT I'eHBI, TeM cliabee
CIICTITICHHE MEXy HUIMH U TEM YaIlle BO3MOXHO €ro HapyIIeHHe.

Ha pucynke 1:

Cnesa: paccmosinue medncoy eenamu A u B manenvkoe, eposmHocms paspwléd XpoMamuovl UMEHHO
medncdy A u B nesenuka, nosmomy cyenienue noiHoe, XpoMocomul 8 2AmMemax UOeHMuyHbl
pooumenvbckum (08a muna), Opyeux apuarHmos He noseIAemcsi.

Cnpasa: paccmosanue Mexay renamu A u B Gouiblioe, OBBIIIAETCS BEPOSITHOCTD pa3pbiBa
XpOMAaTH/IbI M MOCIIEIYIOLIETO BOCCOSTMHEHHS KPEeCT-HaKpeCcT MMEHHO Mexay A u B, moatomy
CIIeTIJIEHUE HE
MIOJIHOE, XPOMOCOMBI B FaMeTax 00pa3yloTCsl YEThIPEX TUIIOB - 2 UJICHTUYHBIC POIUTENbCKIM
(HEeKpoCCOBEpHBIE) + 2 KPOCCOBEPHBIX BapHAHTA.
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KonmnuecTBo pa3HbIX TUIIOB raMeT OyJIeT 3aBUCETh OT YaCTOThl KPOCCUHIOBEPA WIIM PACCTOSHUS MEK LY
aHAJIM3UPYEMbIMU TeHaMU. PaccTosiHue MEXly TeHaMH UCUUCIISIETCS B MOPraHUJaX: €UHHIIE
paccTosHUS MEX 1y F'eHaMu, HaXOIIIUMUCS B OJJTHOW XpOMOCOME, COOTBETCTBYET 1% KpocCcHHTOBepa.
Takast 3aBUCUMOCTb MEXy PaCCTOSTHUSIMU M YaCTOTOM KPOCCHUHIOBEpPa MPOCIIEKMUBAETCS TOJIBKO 70 50
MopraHuj. Yactora KpOCCHHIOBEpa MEK/y ONPEEIEHHOM Mapoii TeHOB — JI0BOJIBHO MOCTOSIHHAS
BEJTMYMHA (XOTS pagualysi, XMMHUUECKHUE BEIECTBa, TOPMOHBI, JIEKAPCTBA BIMSIIOT Ha HEe; Halpumep,
BBICOKAs TEMIIEpaTypa CTUMYIUPYET KPOCCUHTOBEP).

IIpumep, ocHoBaHHBIN Ha onbITax Moprana

Pucynok 2
DeHOTHUTIBI
A-cepoe Teno, HopMalbHbIC KPBUIhs (TOBTOPsIET MaTepUHCKYIO (hopmy) b-TéMHOE Teno, KopoTkue
KpBbUTbs (TOBTOPSIET OTIOBCKYIO (hopmy) B-cepoe Teno, KopoTkue KpbUlbs (OTIIMYAETCS OT POIUTEIICH)
I'-réMHO€ Teno, HopMalbHbIE KPbUIbs (OTIMYAETCS OT POAUTENCH )

B u " nonydens! B pe3ysibTaTe KpOCCHHIOBEpa B Me03€.

«I'eHBI, pacMoI0KeHHbIC B OTHOI XPOMOCOME, HACJIEAYIOTCSI COBMECTHOY.

Ecnu ckpecTuTh MyIIKY Ap030(QHITy, UMEIOLIYIO CEpOe TEJIO U HOPMAJIbHBIE KPbLIbs (HAa PUCYHKE CaMKa),
C MYIIKOH, o6naatomei TEMHOM OKpacKoi M 3a4aTOYHBIMU (KOPOTKUMH) KPBUIbSIMH (Ha PUCYHKE
camel), TO B IEPBOM MTOKOJIEHUH THOPU/IOB BCE MYXU OYIyT CEPbIMH ¢ HOPMAJILHBIMU KPBUTBSMH (A).
OTO0 reTepo3uroThl 10 IBYM MapaM aJlJIeNIbHBIX F€HOB, IPUUEM T'€H, ONPEAETISAIONINI CEPYI0 OKPacKy
OploIIKa, JOMUHUPYET HaJl TEMHOM OKPAcKOii, a reH, 00yCIOBIMBAIOINN pa3BUTHE HOPMAJIbHBIX
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KPBUILECB, - JOMUHHUPYCT HAJl TCHOM HCIOPA3BUTHIX KPbLJILCB.

[Tpu ananu3upyromem ckpemmBanuu rudpuaa F1 ¢ romosurotHoit pereccuBHoi apo3oduioit (b)
MOJIABJISTOIEE OOJIBIIMHCTBO MMOTOMKOB F2 OyJeT CXOHO ¢ pOAMTENLCKUMHU (POPMaMH.

910 MPOUCXOJUT IIOTOMY, UTO I'CHbI, OTBCHAIOIIUC 3a CCPOC TCJIO U HOPMAJIBHBIC KPbLJIbA - CI.[GIIJICHHLIC
T'CHBbI, TAKXKC KaK U I'CHbI, OTBCYAIOIIMEC 3a TEMHOE TEIIO U KOPOTKHUC KPbLIbs, T.C. OHU HAXOJATCA B O)IHOﬁ
XpOMOCOME. HACICAOBAHUEC CUCIIJICHHLIX 'CHOB HA3bIBAIOT - CHCIIJICHHOC HACJIICIOBAHUC.

CremneHue MOKeT HapymaTbes. DTO JI0Ka3bIBatoT ocodu B u I' Ha pucyHke, T. €. ecinu ObI CIeTUIeHUE He
HapyIMIaI0Ch, TO 3TUX 0c00ei ObI HE CYIIECTBOBAJIO, OJHAKO OHHU €CTh. DTO MIPOUCXOAUT B PE3yIIbTaTe

KPOCCHHI'OBEpPa, KOTOPBIN U HAPYLIAET CLETNIEHHOCTh 3TUX I'€HOB.

Ha pucynke 3 oneir Moprana orodpakeH moapoOHO.
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Puc. 3

Hecuermeﬂﬂoe HacJIeAI0BAHUE. [1BA T'CHA HAXOJATCA B pPa3HBIX XpOMOCOMAX, T€TECPO3UIoTa C paBHOﬁ
BCPOATHOCTHIO AACT YCThIPC TUIIA I'aMCT:

CuenieHHOe HacJe0BaHHue: IBa 'eHA HAXOATCS B OJHOU XpoMOCOMC.

a) HpI/I IMMOJIHOM CHCIJICHUU I'CTCPO3UT0Ta JACT TOJILKO JIBA THUIIA T'aMET
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0) Ilpu HEMOIHOM CIETICHUH T€TPO3UTOTa AT YEThIPE TUIIA TaMeT, HO He C paBHOU
BEPOSATHOCTBIO.

Ha BrImieckazanaoM CTPOUTCA

XpOMOCOMHAasI TEOPUHA HACTCACTBEHHOCTH Mopraﬂa:

1. I'enbl HaxXOASTCS B XpOMOCOMAaX M PACIIOJIOKEHbI B JINHEHHOU MOCIEA0BATEIbHOCTH Ha
OIPENIENIEHHBIX PACCTOSIHUAX JIPYT OT Apyra.

2. I'eHbI, pacroyioKeHHbIE B OJTHON XPOMOCOME, COCTABIISIFOT TPYIITY CIETIeHUs. Yuciio rpym
CIETUIEHUS = TaIJIONIHOMY YHCITy XpoMocoM. [Ipu3Haku, reHbl KOTOPBIX HaXOAATCS B OJHOM
XpOMOCOME, HACJIENYIOTCS CLETIIEHHO (T.€. B TEX e COUETaHUSAX, B KOTOPhIX OHU OBLIM B XpPOMOCOMax
HCXOJIHBIX POJAUTEIBCKUX (popM)

3. HoBrle coueTanus reHOB, pacloOIOKEHHBIX B OJJHON MTape XpOMOCOM, MOTYT BO3HHKAaTh B pe3yJibTaTe
KpPOCCHHI'OBEpa B Ipoliecce Meiioza. YacToTa KpOCCHHTOBEpPa 3aBUCUT OT PACCTOSTHUSI MEXK/Y T€HAMU.
Kpoccunroep ObiBaeT 0IMHAPHBIM (CaMblid YaCTHIN ), JBOWHBIM, MHOKECTBEHHBIM.

4. YuuTbiBas JUHEWHOE PACIOJIOKEHNE T€HOB B XPOMOCOME U YaCTOTY KPOCCHHTOBEpA KaK MOKa3aTest
pPacCTOSIHUSA MEXKy T€HaMU, MOHO ITOCTPOUTH KapThl XpOMOCOM. 3a €IMHHUILY PACCTOSIHUS MEX Y
reHaMH MPUHSTA YacToTa KpoccuHrosepa = 1% (Mopranuaa, cantumopras, cM).

CLerIeHHBIMU C T0JI0M Ha3bIBAIOTCS MPU3HAKH, T€HbI KOTOPBIX PACHOJIOKEHBI HE B ayTOCOME
(HETOJIOBOM XpOMOCOME), a B TE€TEpOCOME (ITOJIOBOM XPOMOCOME).

CxeMa penieHus 3aa4 Ha HACJIEJOBAHUE TPU3HAKOB, CLIEIUICHHBIX C [10JIOM, HHas, YeEM Ha
ayTOCOMHOE MOHOTHOpPUIHOE CKpelirBaHue. B ciydae, ecnu reH cuerieH ¢ X-XpoMOCOMOM, OH MOXKET
NepeAaBaThCs OT OTLA TOJIBKO JI0YEpsM, a OT MaTepy B PABHOW CTENEHU U JOYEPSIM, U CBIHOBbSAM. Ecnu
I'eH CUEIUIEH ¢ X-XPOMOCOMOM U SIBJISIETCS PELIECCUBHBIM, TO Y CAMKH OH IPOSIBISETCS TOJIBKO B
TOMO3UTOTHOM COCTOSIHMU. Y CaMLOB BTOPOW X-XPOMOCOMBI HET, IOATOMY TaKOM I'€H MPOSBISAETCA
BCeErja.

IIpu peleHUH 33124 STOTO TUIIA HCTIONB3YIOTCS HE CUMBOJIBI TeHOB (A, a, B, b), xak npu
ayTOCOMHOM HACIIeJIOBAHHH, 2 CHMBOJIbI MOJIOBEIX XpoMocoM X, Y ¢ yKa3aHHEM JIOKaIN30BAHHBIX B HUX
reHos (X4, X?).

AHOMaJ'II/II/I, CHCIIJICHHBIC C I1OJIOM, Yallle KOHTPOJIMPYROTCI PECIECCCUBHBIMU I'€HAMU, JIOKAJIM30BAHbI
B X-XpOMOCOMe U IPOABIIAOTCH IPU I'CHOTUIIC XY (T.e. Yy CaMIIOB MIJICKOTIMUTAOIIUX U CAMOK l'ITI/II_I).
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Beiie 661 paccMOTpEHBI IPUMEDPHI, TJIE TeH, CIETUICHHBIH ¢ TI0JI0M, pacroJiaraics Ha X-
XpOMOCOME, HO €CThb I'€HbI, JJOKAJIM30BAaHHBIE HA Y -XPOMOCOME. Y BUJIOB, Y KOTOPBIX MYKCKOH I10JI
IeTEpOraMeTeH, dTOT I'€H MOXKET IIPENaBaThCA TOJILKO caMiiaM. Y 4eJI0BEKa I'€H OJHOIO U3 BUAOB
CHHJIAaKTHJINH, BRIPAXKAIOIEHCs B 00pa30BaHUU MEPETIOHKH MEXy 2 1 3 majbliaMy Ha HOTe,
JIOKAJIM30BaH Ha Y -XPOMOCOME, II03TOMY BO3HUKAET TOJIBKO Y MyKuuH. M3BeCcTHa ele oHa aHoManus -
TUIIEPTPUXO03 Kpasl YIIHON paKOBUHBI (sl BOJIOC HA yX€), IEPEAOLIUECS 10 TAKOMY K€ MeXaHu3My. B
M3y4aeMOM CEMbE C ITOW aHOMaJIMEN OHA IepeaBaach B IIATH TOKOJICHUAX 110 MYKCKOU JINHUH.
JpyruM npumMepom Hacje0BaHus, CLEIIEHHOTO ¢ Y -XpOMOCOMOM, SIBJISI€TCS HAcIe10BaHUE MEPENOHKH
MEXAy NajblaMu HOT

HacJiecTBEHHOCTh — CBOMCTBO OPraHU3MOB MEPEAABATH CBOU MIPU3HAKU B PSAY CIAETYIOLINUX
HOKOJIEHUH.

HN3MeHYnBOCTDb — CBOICTBO OpraHru3MOB U3MCHATLCA B MPECACIaX BUAA.
.JIOKyC — MCCTOIIOJIOKCHHE I'€HAa B XpOMOCOME.

AJLj1eJIbHbIE€ F'eHbl — TSHBI B TOMOJIOTHYSCKHIX XpoMOCOMax OTBEHAKOIIMEC 3a q)OpMHpOBaHI/Ie
OJIHOT'O ITpU3HAaKa.

I'eHoTHIT — COBOKYITHOCTH T€HOB OJTHOTO OpraHU3Ma.

MeHOTHIT — COBOKYITHOCTh BCEX NMPU3HAKOB OpTraHU3Ma.

XpoMocoMHBII HA0OP — HAOOP XPOMOCOM JIAaHHOTO BH/JIA.

CuenieHHoOe HacJIeI0BaAaHHe — HACJIeI0BaHUE MPU3HAKOB, T€HbI KOTOPBIX JIOKAJIN30BaHbI B OJTHOM
xpomocome. Cuna cyenyienus Mexicoy 2eHaMU 3a8UCUM OM PACCIMOAHUSL MeHCOY HUMU. YeM Oalbuie 2eHbl

pacnonazaromcs opye om opyea, mem uvlude 4acmoma Kpoccun208epa u Haobopom.

IlosiHOe cuenJieHne — Pa3HOBUHOCTh CUEIUIEHHOTO HACleA0BaHUs, IPU KOTOPOM I'eHbI
aHAJIM3UPYEMbIX PU3HAKOB PACMOjaralTcs Tak OJU3KO OPYT K IPYTY, UTO KPOCCHHTOBEP MEXKIY HUMU
CTaHOBUTCS HEBO3MOKHBIM.

Henoanoe CHENJCHUE — PASHOBHUIHOCTDL CHCIIJICHHOTO HACJICA0OBaHUA, ITPU KOTOpOﬁ I'CHBI
AHAJIIM3UPYEMBIX ITPU3HAKOB pacrojararoTCa Ha HCKOTOPOM paCCTOSAHUHM APYT OT Apyra, 4To ACaacT
BO3MOKHBIM KPOCCUHI'OBEP MCKIY HUMU.

Kpoccunrosep — nepekpect XxpoMocoM B Iipohaze nepBoro MeHOTUYECKOTO JICTCHHUS.

HerOCCOBepHLIe raMmeTbl — IaM€Thl, B IIPOLECCE O6p2130B8.HI/I5{ KOTOPBIX KPOCCUHI'OBEP HE
IIpOU301ICII.

Kpocconepm,le raMmeTbl — raMeThbl, B ITPOLECCE O6p830BaHI/IH KOTOPBIX IMTPOU30IICIT
KPOCCHHI'OBED. Kak MMpaBHJIO0, KPOCCOBECPHLBIC I'aMECThbl COCTABJIAIOT HC6OJ'H>I_HyIO 4acCTb OT BCECTO
KOJIMYCCTBA IraMcET.

AYTOCOMBI (OT rped. Autos- caM, coma- TeJ'IO)' HCIOJIOBBIC XPOMOCOMBI, OINHAKOBBIC Yy CaMIia U
CaMKH.
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I'eTrepocombl (OT rped. «XeTepocy» - APYroi, MHOM, «COMay - TEJO) - TOJOBBIE XPOMOCOMBI, 110
KOTOPBIM CaMell OTJIMYAETCS OT CAMKH, UM MYXXCKOM OpraHu3M OT KEHCKOTO.

I'omorameTHblii mos1 — (OT Iped. «<XOMOC» - OJAMHAKOBBIH, «TAMETEC) - CYIPYT) — I0JI, KOTOPbII
IpOAYLUPYET OAUH COpT rameTr — XX.

I'eTeporamMeTHslii 0JI — (OT Ipey. «IrETEPOC» - APYTO, HHOMU, «TAMETEC) - CYNPYT) - MOJI,
KOTOPBIM MTPOAYLMPYET ABA PA3HBIX copTa raMer — XVY.

HacnenoBanue, clenyieHHoe ¢ I0JIOM,- HAacJIe0BaHHE IPU3HAKOB, 00YCIaBIMBMbIX T€HAMH,
PaCIOIOKEHHBIMU B TIOJIOBBIX (X 1iu Y) XpoMocomax (JIOKaIU3alus TeHOB B MOJIOBBIX XPOMOCOMAX -
CLIETVIEHUE C TI0JIOM).

I'eneTnyeckasi kKapTa XpoMOCOMBI — CXEMaTHUECKOE N300pakeHNE OTHOCUTEIBLHOTO MOJI0KEHHUS
T'€HOB, BXOSAIIUX B OJIHY IPYIITY CLETUICHUS

HpaKTI/l'-leCKaﬂ 4acTb

OnpegenuTe NPU3HAKKW, XapakTepPU3YHOLWMA OPraHU3mM.

Tun BapuaHToB oTeeToB: (TekcToBble, [paduueckue, KoMBUHUPOBaHHEIE).
BapuaHTBI oTBETOEB:

1) koT

2) rerotun XExE

3) kowka

4) renoTin XBx®

5) reHoTtun X2y

6) rerotun X=Y

MpaBunbHble BapUaHTBL:

3) KowWKa

4) renoTun XEXE

Mopckaska: pelwunTe 3anavy. Kakoe MoToMCTEO OXMAAETCA OT peixero kota (X°Y) u yepHoi kolku

(X8x8)?
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INPAKTUYECKOE 3AHATHUE
3aKOHOMEPHOCTH N3MEHYNBOCTH

Ilesb NPaKTHYECKOI0 3aHATHA

MOJIyYHUTh 3HAHUS O (POpMax U3MEHUYHMBOCTH, TOHATH CYITHOCTh MOAN(UKAITMOHHONW U MyTaIllHOHHOM
W3MEHYHMBOCTH, 3HaTh  (PAKTOpbI, CHOCOOCTBYIOIIME  BO3HUKHOBEHHIO  HACIEACTBEHHBIX U
HEHACJIEACTBEHHBIX U3MEHEHNN OpraHu3mMa.

MeTtoauyeckuii MaTepuaJl

I'enotnnnyeckass U3MEHYMBOCTD - KOMOMHATHBHAS U MyTallUOHHAas. YPOBGHB U MECTO BO3HUKHOBCHUA
pa3IMYHbIX KOMOMHAIIMM F€HOB U UX POJIb B CO3/IaHUHM I'€HETHYECKOIro pa3HooOpasus ocobeil B mpezenax
Buja. Kimaccudukanust Myranuii no ypoBHIO 1 MECTY BOBHUKHOBEHHUA. YacToTa U MPUYUHBI MyTalUi.
3HaueHune MYTaIII/Iﬁ IJId TIPAKTHUKU CECJIBCKOT'O XO3SHCTBA. HpOH?;BO}ICTBCHHI:IC YCJIOBHUA KaK BO3MOXHasA
MIPUYMHA NOBBIIIEHHON YaCTOThI MyTallli y ueroBeKa. 3aKOH TOMOJIOTHYECKHUX PsIIOB HAC/IEJCTBEHHON
n3menunBocty (H.M.BaBunos). LlutonnasmaTrueckas HaclieJCTBEHHOCTb.

DEeHOTUNNYECKASI U3BMEHYUBOCTD. POJIb YCII0BHI1 BHEIIHEW Cpe/ibl B pa3BUTHH U MPOSIBJICHUH MPU3HAKOB.
CraTuctrueckrue 3aKOHOMEPHOCTH MOAU(PUKAIMOHHON U3MEHYUBOCTH. BapuanoHHbIN ps U
BapHvanMoHHas kpuBas. Hopma peakiuu. YrpapiieHHE JOMUHUPOBAHUEM.

N3yuenne TeMbl TO3BOJISET BCKPBITh MAaTEPUAIbHBIE OCHOBBI H3MEHYMBOCTH, [IOMOTAET JIydIIe
pa3o0paThCsi B OCHOBHBIX MOJIOKEHUSIX COBPEMEHHOMN TE€OPUH IBOJIIOLINH.

Crnemnduyeckue pynkmuu JJHK obecrnieunBaroT siBlieHHE HacIeACTBEHHOCTH. Hapsiay ¢ 3TuM Bcem
YKUBBIM OpraHU3MaM CBOMCTBEHHA U3MEHUYUBOCTb, KOTOpAs ONpeaesseT 00ibinoe pazHooOpa3ue
opranuueckux Gpopm Ha Hauiell miuaHete. HacnencTBeHHOCTh M K3MEHYMBOCTH HEPA3phIBHO CBSI3aHbI
MEXy COOO.

B pesynbrate ckpemnBaHusl OpraHu3MOB U B3aUMOJCHUCTBUS (PAKTOPOB BHEITHEH CPEIIbl IPOUCXO ST
pa3IM4YHbIC K3MECHEHUS B CAMOW HACJICICTBEHHOCTH (T€HOTHITNYECKasi U3MEHUYMBOCTD) HITH B €€
nposiBiaeHUAX (peHOTUIHYEeCcKass U3MEHUYUBOCTB ).

T'eHoTHIIMUECKAsT U3MEHUYUBOCTD CKJIAILIBAETCS U3 MYTAHHOHHOPI "
KOMBUHATHUBHOM u3MeHUHBOCTH.

B ocHoBe HaCHCHCTBCHHOﬁ HU3MCHUYUBOCTH JIC)KHUT ITOJIOBOC PA3SMHOKCHHUEC JKUBBIX OPIraHU3MOB, KOTOPOC
obecreynuBaeT OI'pOMHOC pa3H006pa3He T'CHOTHIIOB.

YeMm O6y0J'IOBJ'ICHa KOMOMHATHUBHAS U3MEHYMBOCTE? BO'HepBHX, TEM, UTO I'CHOTHII 110001 0coou
npeaAcCTaBJIsACT co00ii coueTaHne reHOB MAaTCPHUHCKOI'O U OTIHHOBCKOI'O OpraHu3MOB. BO'BTOPBIX,
HC3aBUCHUMOC PACXOKIACHUC T'OMOJIOI'MYHBIX XPOMOCOM B IICPBOM MEUOTHYECKOM JCIICHUU. B'TpeTbI/IX,
peKOM6I/IHaI_[I/IH I'CHOB (I/I3M6H6HI/Ie COoCTaBa I'pyImil CI_ICHJ'ICHI/IH), CBA3aHHAA C KPOCCHUHT'OBEPOM
(HepereCTOM). U emte oqun q)aKTOp KOMOMHATUBHOM M3MEHUYMBOCTH - cnyqaﬁHoe COYCTAHUEC I'CHOB IIPU
OIINIOAOTBOPCHUMU. Bce Ha3BaHHBIE HCTOYHMKH KOMOMHATHUBHON N3MEHYHUBOCTH HeﬁCTBYIOT HC3aBUCHUMO U
OHOBPCMCHHO, CO3/J1aBasi OTPOMHOC MHOFOO6paSI/Ie T'CHOTHUIIOB.

MyTalnuoHHasA H3MEHUNBOCTh BO3HUKAET B CiTydae nossiaenns MYTAIIMN - CTOMKNX MU3MEHEHUIA
I'EHOTHUIIA (T.E. MOJIEKVYIJI IHK), koTOpBIE MOTYT 3aTparuBarh LEIbIE XPOMOCOMBI, UX YaCTH WIIH
OTJIEJIbHBIE TEHBI.
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Myranuu MOryT ObITh IIOJIE3HBIMH, BPEJHBIMU WJIM HEUTpaabHbIMU. COrJIacCHO COBPEMEHHOM
KJaccu(UKAIMM MYTAallUU IPUHSATO JIEIUTh Ha CIEAYIOIINE TPYIIIBL.

1. TEHOMHBIE MYTAIINMU - cBsi3aHHBIC ¢ ©3MEHEHHEM ducia XxpomocoM. OcoObIit HHTEpEC
npeacrasisier [IOJIMTIJIONAN S - kpaTHOE yBEIMUEHUE YUCIA XPOMOCOM, T.€. BMECTO 2n
XpOMOCOMHOT0 Habopa Bo3HUKaeT Habop 3n,4n,5n u Oosiee. BO3HUKHOBEHNE MOHUITJIOUTUU CBSI3aHHO C
HapyImICHUEM MCXaHn3Ma ACJICHUA KIICTOK. B YaCTHOCTHU, HCPACXOKACHUC 'OMOJIOTUYHBIX XPOMOCOM BO
BpeMsI IIEPBOTO JICIICHHUS Mei03a MPUBOIUT K MOSIBICHHIO TaMeT ¢ 2n HabopoM XpOMOCOM.

[Tonunuonaus WKUPOKO paclpocTpaHeHa y paCTEHUM U 3HAYUTENIBHO PEXKe y KUBOTHBIX (aCKapus,
LIEJIKOTIPSAA, HEKOTOPBIX 3¢ MHOBOHBIX). [losnmionjHbIe OpraHn3Mbl, Kak IPaBUiIo, XapaKTePU3YOTCS
0oJiee KpYITHBIMU pa3MepaMu, YCUICHHBIM CHHTE30M OPTaHUYECKUX BEIIECTB, UYTO JeTAeT UX 0COOCHHO
LIEHHBIMHU ISl CEJIEKIIUOHHBIX PaloT.

N3menenue yucna XxpoMocoMm, CBA3aHHOE ¢ 0OOABJIEHUEM WM TTOTEPEH OTACIBHBIX XPOMOCOM,
Ha3bIBACTCS AHEYHHOH}IHEPI. MyTarnuio aHeyIUIONIMK MOYKHO 3amucarh Kak 2n-1, 2n+1, 2n-2 u T.1.
AHeyrioniust CBOMCTBEHHA BCEM KUBOTHBIM M PACTEHHUSAM. Y YeJIOBEKa psijl 3a00JIeBaHUM CBSI3aH
MMEHHO ¢ aHeyrouaueii. Hanpumep, 6ose3ns JlayHa cBsizaHa ¢ HAJIMYKMEM JIUIITHEH XpOMOCOMBI B 21 -i
nape.

2. XPOMOCOMHBIE MYTAIINU - 3T0 mepecTpoiiku XpoMOCOM, U3MEHEHHE MX cTpoeHus. OTaenbHbIC
YY4AaCTKH XPOMOCOM MOTYT TE€PATHCA, YABAUBATHCS, MEHSITH CBOE MOJIOKECHHUE.

CXxeMaTH4HO 3TO MOYKHO TIOKa3aTh CIEAYIOMINM 00pa3oM:
ABCDE HOpManbHBIN MOPSIOK TEHOB

ABBCDE ynBoenne ygacTka XpOMOCOMBI

ABDE noTepst 01HOTO y4acTKa

ABEDC noBopor yuactka Ha 180 rpagycos

ABCFG oOMeH ydacTKaMu ¢ HETOMOJIOTHYHOW XPOMOCOMO#

Kak n reHOMHBIC MyTalliu, XPOMOCOMHBIC MYTallUl UI'PArOT OI'POMHYIO POJIb B 3BOJTIOITMOHHBIX
Inponeccax.

3. TEHHBIE MYTAIIVMU cBsi3aHbl ¢ ©3MEHEHUEM COCTaBa MIIM MOCIIEI0BATCILHOCTH
nykieotuioB JIHK B mpenenax rena. ['ennpie Myranuu Hanbosee BaKHbBI CPEIU BCEX KaTeropui
MYTaLH.

Cunre3 OejIka OCHOBaH Ha COOTBETCTBUHU PacCIIOJIOKCHUS HYKIICOTHUIOB B I'CHE U ITIOPAAKOM aMUHOKHUCIIOT
B MOJICKYJIC Ocika. Bo3HMKHOBEHUE TeHHBIX My’l“a].[PII’I (I/I3MeHeHI/Ie coCTaBa U 1OoCJaCI0BAaTCIbHO CTH
HYKJ'IGOTI/II[OB) HU3MCHSACT COCTAaB COOTBECTCTBYIOIIUX 6eJ'IKOB'(1)epMeHTOB U B UTOI'C K (l)eHOTI/IHI/I‘-ICCKI/IM
HU3MCHCHUSM. MYTaI_II/II/I MOTYT 3aTparuBaThb BCC 0COOEHHOCTH MOp(i)OJ'IOFI/II/I, (1)I/ISI/IOJ'IOI"I/II/I 1 OMOXUMHH
OpraHu3MoOB. MHorue HaclIeICTBEHHBIE 00JIe3HU YEIOBEKa TaKKe O6YCJ'IOBJ'ICHBI MyTallusIMH I'CHOB.

MyTtanuu B €CTECTBEHHBIX YCTIOBUSAX CIYJaArOTCs PEIKO - OJJHA MyTallus onpeenenHoro reua Ha 1000-
100000 knerok. Ho MyTanmoHHbII npolecc UAET MOCTOSHHO, UJIET MTOCTOSIHHOE HAKOIUIEHUE MYTallui B
TeHOTHUIaX. A €Clii y4eCTh, YTO YHCIIO T€HOB B OPraHM3Me BEJIMKO, TO MOXHO CKa3aTh, YTO B TEHOTHITAX
BCEX JKUBBIX OPTaHU3MOB UMEETCS 3HAUUTEIBHOE YUCIIO TeHHBIX MYTaIlHil.
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MYTALMU - 3TO KPYITHENIINI BUOJOT MYECKUI ®AKTOP, OBYCJIABJIUBAIOILIIA
OI'POMHVYIO HACJIEJCTBEHHY IO UBMEHUMBOCTH OPTAHU3MOB, UTO JAET MATEPUAJI
JIJ151 DBOJIIOLIMN.

[TpuunHaMu MyTanuid MOTYT OBITH €CTECTBEHHBIC HAPYIICHUS B META00IM3ME KIIETOK (CIIOHTaHHBIE
MYTaIlH), TaK U JCUCTBUE Pa3IMYHbIX (PaKTOPOB BHEIIHEH cpe/ibl (MHIyHUPOBAHHBIC MYTALIUN).
@DaKTopbl, BEI3BIBAIOIIIE MYTAIIMH HA3bIBAIOT MyTareHaMu. MyTrareHaMu MOTYT ObITh (pu3nuecKue
(baxTopsI - paauaIys, TemMrneparypa .... K 6uojgorndeckuM MyrareHa OTHOCST BHPYCHI, CIIOCOOHBIE
OCYILECTBJIATH IIEPEHOC I'€HOB MEXY OpraHU3MaMM HE TOJBKO OJM3KHUX, HO JAJIEKUX CHUCTEMATHUYECKUX

TPYIIIL.
X03sUCTBEHHAS IATEILHOCTD YEIOBEKA MPUHECTA B OHOC(hepy OTPOMHOE KOJIMYECTBO MyTareHOB.

BonbmmHcTBO MyTanuii HEOIArONPUATHBI IS )KU3HU 0COOM, HO MHOT]a BO3HUKAIOT TaKHe MyTalluH,
KOTOpbIE€ MOTYT MPEJICTABIATh HHTEPEC JJISl YUEHBIX-CEJIEKIIMOHEPOB. B HacTos11ee BpeMsi CO3/1aHbl
METO/Ibl HAIIPABJIEHHOTO MyTareHesa.

B 1920 rony renerux-cenexunonep H.M. BaBuioB ycraHoBUII, 4TO OJIM3KOPOICTBEHHBIE BUJIBI U POJIbI
Oyarogapsi 0OJIBIIOMY CXOJICTBY WX T€HOTHUIIOB 00JIaat0T OOJIBITAM CXOJICTBOM HACEACTBEHHOM
mmenunBoct 3AKOH TOMOJIOTMHECKNUX PAIOB otpaxaeT 001ednoaoruieckoe sBJIeHHe,
XapaKTEePHOE LTS BCEX JKHUBBIX OpraHu3MoB. KOpoTKO CyTh 3TOT0 3aKOHa B TOM, YTO €CJIM Y OJTHOTO U3
POACTBEHHBIX OPraHU3MOB €CTh Kakoii-1mmoo IIPU3HAK, TO MBI MOKEM OKNIATh CXOJIHBIﬁ MIpU3HAK U 'y

OPYTUX.

NunuBuayanpHOE pa3BUTHE OCOOM IIPOUCXOIUT B TECHOM CBS3HU C YCIOBUSMH BHEIIHEH cpeapl. Tak,
HampuMep, pyu KOMHATHON TeMIiepaType LIBETKU MPUMYJIbl UMEIOT KpacHyIo okpacky. Ho ecnu pactenue
MIOMECTUTh B OPAaHKEPEIO U coAepKaTh NpH Temieparype 30-35 rpamycoB, TO JEHCTBE reHa OKPaCKHU
MO/AABIIETCS M LIBETKH Y TAKOTO pacTeHus OyayT 6enbiMu. Bo3BpallieHHOEe B KOMHATHBIE YCIOBHS
pacTeHue nmpeoOpeTaeT KpacHyI0 OKPacKy IIBETOB.

CJ'IGI[OBaTeJ'IBHO, HACJICAYyETCs HE IIPpHU3HAaK, a I'CH, 06.]'[3,[[310]].[1412 CIIOCOOHOCTBIO pc€ajin3oBaTb I[aHHBIfI
IpU3HAK B 3aBUCHUMOCTHU OT YCJ'IOBI/Iﬁ CpE€abl.

M3MEHEHU ST ®EHOTHUIIA 10| JEUCTBUEM BHEIIHUX ®AKTOPOB HA3BIBAIOT
MOJUOUKALIUAMU. Moaudukanuu He nepeaaroTcs mo HacneacTsy (7). Moaudukaruy -
MPOSIBJICHUE T'eHA B Pa3HBIX YCIOBUAX. Moau(UKAIIMK HOCAT MPUCIIOCOOUTEIBHBINA XapakTep, K
W3MEHSIOIIMMCS YCIIOBUSIM BHEIITHEH CPE/Ibl.

[Ipenensl MoAM(PUKAITIOHHON U3MEHUYUBOCTH 00YCIOBIEHBI TEHOTUIOM U Ha3piBatoT HOPMOU
PEAKIHWU. Oauu npusHaky 061a4ar0T MIKUPOKOM HOPMOU peakiuu (poct, Bec...), IpyTrue - y3Koi (1Bet
IJ1a3, OKpacka MepcTH...). YeM mupe HopMa peakiluu, TeM OOJIbIIe BO3MOXHOCTH y OpraHu3Ma

HpI/ICHOCO6I/ITbC${ K Pa3HbIM YCJIOBHAM CPCIAbL 0oOUTaHUA.

3HaHue HOPMEI pCaKIIMN JA€T BOSMOKHOCTD ITPAKTHKAM IIOJIY4aTh HOBBIC ITPU3HAKHU ITYTEM U3MCHCHUA
CpCabl OOMTaHHS WU YIIPABJIATH MPOABJICHUCM I'CHOB, YIIPABJIATE JOMUHUPOBAHUCM.

ITonsaTus MyTalluu U MOI[I/Iq)I/IKaI_II/II/I MO’KHO CPAaBHUTH B Ta6J'II/II_[eI

MYTALIIN MOJINITNKALTIN
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1.HeomnpeneneHHOCTh U3MEHEHUH (OIUH U
TOT K€ q)aKTOP MOJKECT BbI3bIBATh U3MCHCHUA
Pa3HBIX T€HOB, WM pa3Hble (GaKTOPbI
BBI3BIBAKOT OJJUHAKOBBIC I/ISMGHGHI/ISI).

2. ypOBeHb N3MCHCHHA HEC 3aBUCHUT OT CHJIbI U

JUIMTEIbHOCTH BO3JICHCTBUS BHEITHETO
(hakTopa, BBI3BIBAIOIICTO H3MCHCHHS ).

3. Kak npaBuiio He HOCAT
MIPHUCIIOCOOUTEIBHOTO XapaKTepa.

4. ITocTOSITHHBIN, HE UCYE3aI0T B TEYECHUU
JKM3HU 0COOH.

5. Hacnenyrorcs

HpaKTquCKaﬂ 4acTb

1. OnpeneneHHOCTh (KaXK bl BHEITHUH
(axTOp BBI3BIBAET OIPEICIICHHBIC M3MEHEHUS
B OIPE/JIEIICHHBIX YCIOBUSIX).

2. CreneHb U3MEHEHUS TPU3HAKA
MPSIMOTIPOTIOPIIMOHANIbHA CUJIE WITH
JUTATEIHHOCTH AeHcTBHS (DakTopa,
BBI3BIBAIOIIETO U3MEHEHHS.

3. Kak npaBuio, UMeeT IpUCIoCOOUTENIbHOE
3Ha4YCHHUE.

4. Ilocne npexpamieHus AeicTBUs pakTopa B
OOJIBIIIMHCTBE CITy4aeB HCYA3AI0T

5. He nacnenyrorces.

1. Cunnpowm JlayHa siBisieTcs pe3yabTaTOM MYyTalluH

1) reHOMHO#1

3) XpoMOCOMHOM 4) peuieccuBHOM

2. Y ropHOCTaeBOro KpoJIMKa Ha BBIOPUTOM ydacTKe Tesla IOJ JEHCTBHEM COTpEBAOLIEro KoMIpecca

BBIpacTaeT Oenas mepcTh — 3TO U3MEHYUBOCTD
1) reHoMHas
3) koMOUHAaTHBHAS

2) UMTOTIa3MAaTUYECKON

2) MyTalmoHHas
4) Mo uuKaImoHHAs

3. Poxxnenue pebenka ¢ cuaapomom JlayHa — 3T0 mpuMep MpOSIBICHUS U3MEHUUBOCTH

1) MouduKaITnOHHOM
3) nuTomIa3MaTUIeCKOn

4. ITIpyuurHa XpOMOCOMHBIX MYyTallUi

1) yiBoeHue HyKJICOTHIOB B XPOMOCOME
2) U3MEHEHHE CTPYKTYPhl XpPOMOCOM

3) BbINaieHue OTJCIbHBIX HYKICOTHI0B

4) BKIItOUEHHE HOBBIX HyKi1eoTH10B B JIHK

2) KOMOMHATHUBHOM
4) reHOMHOM

5. [IpuunHOM KOMOMHATUBHON U3MEHYHBOCTH MOXKET OBIThH

1) usmMenenue renoB npu pertukanuu JJTHK
2) XpOMOCOMHasi MyTaIus
3) marpuunsiii cuate3 JJTHK

4) cnydaifHas BCTpeda ramMeT MpH OIUI0J0TBOPEHUN

6. Pazmuumns mmo (beHOTI/IHy y ocobeii ¢ OJJMHAKOBbBIM I'CHOTHUIIOM CBUJCTCILCTBYIOT

0 BO3HUKHOBEHUH Y HUX U3MEHYHBOCTH —
1) MouduKaMOHHOR
3) KOMOMHATUBHOM

2) MyTallMOHHOM
4) COOTHOCHUTEIBLHOM

7. IloBopoT yuacTka XxpomMocoMsl Ha 180° 0OTHOCHUTCS K MyTalUsIM

1) reHOMHBIM
3) XpOMOCOMHBIM

2) NOJUTUIOUTHBIM
4) TOYKOBBIM
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8. Kakast ©3MEHYMBOCTh MPOSBUTCS Y YEPEHKOB CMOPOAMHBI, B3ATHIX C OJJHOTO KYCTa W BBIPAIICHHBIX B
pa3HbIX yCIOBUAX?

1) MmomuduKanoHHas 2) xoMOuHaTUBHAS

3) renetuyeckas 4) MyTanmoHHast

8. 3naueHue MoAM(UKATMOHHONW N3MEHYUBOCTH COCTOUT B TOM, YTO OHA
1) BO3HUKAET y OTAEIbHBIX 0CO0E

2) nepenaércs o HaCJIEICTBY

3) HOCUT ciTydaliHbII XapakTep

4) HOCHUT NPUCIIOCOOUTENBbHBIN XapaKTep

9. HoBble coueTaHMsi I€HOB, KOTOPbIE BO3HUKAIOT B IIPOILlECCE MeEH03a M OIUIOJOTBOPEHUS, CIIyXkat
MIPUYHMHON U3MEHUYHUBOCTHU

1) xpomocomMHOM 2) Moau(pUKaIIMOHHOM

3) KOMOMHATUBHOM 4) MyTalluOHHOU

10. 'eHOMHBIE MyTaIlK BO3HUKAIOT y PACTEHUH B pe3yiIbTaTe BO3/AEHCTBUS BEIIECTB, KOTOPHIE
1) ymeHbIIaIOT BpeMsi HHTEp(a3bl

2) YCKOPSIFOT 00pa30BaHUE TraMeT

3) HapymaroT 00pa30BaHUE HUTEH BepeTeHa JACIICHHS

4) NpUBOJIAT K XpPOMOCOMHBIM IIEpecTpOrKam

11. B qurmutoninoM Habope MArkoil niieHuibl 42 xpomocoMsl. [lomydeHHbIN Ha €ro OCHOBE HOBBIM COpT
nMmeeT 84 XpoOMOCOMBI BCIIEICTBUE

1) u3MeHeHust HOPMBI PEaKIN 2) IMTOTUTa3MaTUYECKONU MYTaIH

3) XpOMOCOMHBIX TIEPECTPOCK 4) reHOMHOU MyTaIuu

12. «Buapl 1 pojpl, TeHETUYECKU OJU3KHE, XapaKTePU3YIOTCS CXOJHBIMH PsIaMH B HACIEICTBEHHOMN
H3MEHYHMBOCTHY — DTO 3aKOH

1) OnoreHeTHYECKUt 2) CLETJIEHHOTO HACJIeI0BaHUS

3) rOMOJIOTUYECKUX PSIIOB 4) He3aBUCHUMOT'O HACJIEA0BaHUS

13. Bapuanuu B nipeziesiax HOPMbI PEaKIMH XapaKTePHbI 1T K3MECHUYHMBOCTH
1) rennoi 2) TEHOMHOM 3) XpOMOCOMHOM 4) mouduKanmoOHHO M

14. HacnenctBeHHas K3MEHYMBOCTh HE MOYKET OBITh BBI3BaHA
1) u3mMeHeHneM reHOB (MYTaIUsSIMH )

2) cOYETaHUEM I'CHOB B IIOTOMCTBE

3) ycuieHueM paaualnroHHoro goHa

4) Ce30HHBIMHU KOJICOAHUSIMHU TEMIIEPaTyPhI

15. Ce30HHOE U3MEHEHUE OKPACKU MEePheB OeI0i KypomaTKu — 3TO MPUMEP U3MEHYUBOCTU
1) KoOMOMHATUBHOM 2) HATOIIA3MAaTHYECKON
3) COOTHOCHUTETBHOU 4) Mo pUKAITHOHHOM

16. B ocHOBE T€HOMHBIX MYTallMil B KIETKE JIGKUT U3MEHEHUE
1) CTpyKTYpBI LUTOIIA3MbI 2) 4ncina XpoMOCoM
3) uncna nykiaeotunoB B JJHK 4) CTpYKTYpBI XpOMOCOM

17. CreneHb pa3BUTUS MYCKYJAaTypbl y UEIOBEKa B 3aBHUCHUMOCTH OT YacTOThl U WHTEHCHUBHOCTHU
TPEHUPOBOK — IPUMEP U3MEHUYUBOCTH
1) cooTHOCHTETBHOU 2) xomOuHaTUBHON 3) MoaudukamoHHoit  4) HeonpenenEHHON
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18. Yto Takoe reHHbIe MyTaIu?

1) u3mMeHeHue NnocIeI0BaTeIbHOCTH HYKIICOTUI0B B MoJiekyne JJHK
2) yrpaTa HeOOJIBIIOTO Y4aCTKa XPOMOCOMBI

3) yMEHBILIEHUE YUCIIa XPOMOCOM

4) noBopot yuactka Mosiekynsl JJHK na 180°

19. TIlpuunHa MoaM(UKAITMOHHONW W3MEHYNBOCTH TIPU3HAKOB — N3MEHEHHE
1) cTpyKTyphl F€eHOB 2) ycnoBuii cpeibl
3) xonuuecTBa HykineotunoB B JJHK 4) MexaHu3Ma KOHBIOTAI[u1

20. 3MeHYMBOCTb MTPU3HAKOB OPraHKU3Ma, HE CBSA3aHHYIO C U3MEHEHUSIMU T'€HOTHIIA, HA3bIBAIOT
1) Mo dUKaITMOHHOM 2) MyTallMOHHOM 3) kxomOuHaTUBHOM  4) coMaTHYecKou

21. I3 cemMsiH OTHOTO pacTeHUs MACTYIIbeH CYMKH BBIPACTUIIM MOTOMCTBO. [I0TOMKHM OTiaMYaniuch Apyr OT
Jpyra U OT MAaTEPUHCKOrO0 pacTEHUs pa3MepaMH, YMCJIOM LBETKOB M JHMCThEB Ha noOere. OObsCHUTE
BO3MO’KHBIE IPUYHHBI ITOTO SIBJICHUS.

22. Ilpu ceprnoBUAHO-KIETOYHON aHEMHUH Yy 4YEJIOBEKa B JPUTPOLUTAX CHUHTE3UpYETCs AePEeKTHBIN

FGMOFHO6I/IH, B MOJICKYJIaX KOTOPOIro OJHa riiyraMMHOBasg KUCJIOTA B OMPCACIICHHOM MCCTC 3aMCHCHA Ha
BaiauH. C KaKuM BUJIOM MyTallUH 3TO MOXET OBITE CBSA3aHO?
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INPAKTUYECKOE 3AHATHUE
HcTopust 3BOTIONMOHHOI0 y4eHHs. MUKPOIBOTIOLHA

enp npakTH4eCKOro 3aHATHS

OTtpaboTaTh MpPU3HAKU MOHATUS «MHKPOIBOIONMS». PacMpuTh 3HAHUS yJamuxcsi O Mporeccax
BHJI000pa30BaHus Ha MPUMEPAX AJVIONATPUYECKOTO i CUMIIATPHYECKOTO BUI000Pa30BaHUS

MeTtoanyeckuii MaTepuaJl

[onmymsiuust — camast MeJkas U3 rpymni oco0el, criocoOHasi K 3BOJIIOLIMOHHOMY Pa3BUTHIO, IOATOMY
€€ Ha3bIBAIOT 3JIEMEHTAPHOM eJUHM el IBOJIIOLUM.

OT1enbHO B3ATHI OpraHU3M He MOJKET SBJIATHCS €AMHUIIEH SBOJIIOLIMY — SBOJIIOLMS IPOUCXOIUT
TOJIBKO B IpyIie ocoOeil.

EctectBennslit 0TOOp HzeT N0 (peHoTHnaMm (Ipu3HaKam), Mo-3TOMY JJIsl IBOJIIOLIUU HYKHO
pazHooOpaszue ocodelt B momyssiiuu. Oréupast Haubosee "BeiroiHbIe" (PEHOTHUIIBI, ECTECTBEHHBIN 0TOOD
OCTaBJIIET "BBITOJHBIE" T€HOTUIIBI (KOMOMHALIMY T€HOB). B pe3ynbraTe BBIKUBAIOT U OCTABIISIOT
IIOTOMCTBO 0c00U ¢ Han0oJiee BBITOIHBIMU B JAHHBIX YCIOBUSAX T€HOTUIIAMHU.

CoBOKYITHOCTh T€HOTHUIIOB BCEX 0CO0EH MOMYIsSUU — reHo(pOH — OCHOBA
MHUKPO3BOJIIOLMOHHBIX [TPOLIECCOB B MPUPOJIE.

Bun xak 1enocTHas cucteMa He MOKET ObITh IPUHSAT 32 €AMHUILY IBOJIIOLMH, T.K. OOBIYHO BH/IBI
pacnagaroTcs Ha COCTaBHBIE UX YAaCTH — MOMYJSAIMHU. BOT moyemy poJib 3J1€eMEHTapHON 3BOTIOLUOHHON
€IMHUIIBI TIPUHAIICIKUT TTOTTYIISIIUH.

O611as cxeMa MUKPO3BOJIIOIUU

MuKpO3BOJIIOIHA — DBOJIIOIMOHHBIC TTPOIIECCHI, TPOUCXOIAIINE HA YPOBHE MOMYJISAINHA (T. €.
BHYTPH BUJa), BEAYIINE K HAKOTJIEHUIO HACJIEJICTBEHHBIX 0COOEHHOCTEN U NMPUBOASIINE K 00pa30BaHUIO
HOBOTO BH/JIA.

[Tonmynsiuust SBISIETCS SJIEMEHTaApPHOW €IMHUIIEH SBOJIIOIUH.

I'enodona momynauuu — 3TO COBOKYIMHOCTh F'€HOB OPTaHU3MOB JTaHHOW MOIYJISALIUU.

DneMeHTapHBIE BOJIOIMOHHBIE (PaKTOPBI — (HaKTOPBI, CITOCOOCTBYIONTNE U3MEHEHUIO TeHO(OH I
MOMYJISIIUI: MyTALlMM, MUTPALINH, IOTOK F'€HOB, MOMYJIIIIHOHHbIE BOJIHBI, Apeii() reHoB, N30/IsILHS .

murpanuu u [lorok renos

IIoTOK reHOB — NEPEHOC T€HOB MEX Y NOMYIISIIIUAMH.

Bosbyto posib B OCYIIECTBIECHUU IOTOKA T€HOB UT'PAOT MUTPALUU, KOYEBKH, IIEPEIETHI, IEPEHOC
MBUIIBI U CEMSH BETPOM, HACEKOMBIMU. B 3aBUCHMOCTH OT BU/1a OPraHU3MOB B KaKJIOM MOKOJIEHUH, TIO
MHeHuto D. Maiipa, umeercs ot 30 o 50 % npumensues . Imenno 61aroaapst HOTOKY FeHOB Ha
OOLIMPHBIX TEPPUTOPHUAX HAOMIOaeTCsl PEHOTUITNYECKast OJHOPOIHOCTb OCOOEH.

3aKOH Malpa

bnarongaps cB060THOMY CKpEUIUBAHUIO ITPH MUTPALIUU TPOUCXOAUT OOMEH T€HaMU MEX1y
0COOSIMU MOMYJISIIIUN OJTHOTO BHJIA (TIOTOK reHoB). [Ipu 3TOM reHbl MUTPUPYIOIIMX 0CO0EH BKIIOYAIOTCS
P CKPEUIMBaHUH B TeHOPOH oy siuil. B pesynbrare reHooHa nmomynsaiuii 0OHOBISETCS.

Hanpumep, kion-dyepenaiika paziaeTaercs Mo HarpaBieHuto BeTpa. Kiomnsl He 00s3aTenbHO
BO3BpAIIAIOTCS B MECTa POKJEHUA. JlalbHOCTD M0JIeTa HA 3MMOBKY 3aBUCHUT OT YIIUTaHHOCTH. B
pe3ynbTaTe Ha 3MMOBKAaX OKa3bIBAIOTCA KIIOTIBI U3 Pa3HBIX MeCT. YacTh KJIOMOB BOOOIIE HE yIeTaeT
JIaNieko, a OCTaeTCsl 3MMOBATh B OMIIKAMIIINMX JIECOMOCaAKaX.

I'pynnel kpoBu uenoBeka cucreMbl ABO: yactora rena A mensiercs ¢ Boctoka Ha 3amag — ot
HU3KOM K BBICOKOM, 4acToTa reHa B, Ha060poT, OT BHICOKOM K HU3KOW. Takoi rpaleHT KOHIIEHTpaIuit
3THX T€HOB OOBSACHSIOT KPYITHBIMU MUTPALMSIMU JIFOACH ¢ azuarckoro Boctoka B EBpomny B mepuoa ¢ 500
o 1500 rr. H. 2.

npeiid reHo

Jpeii¢ renoB — ciydaiiHoe U3MEHEHHE KOHIIEHTPAIIUU ajliesiel B HeOOIBIIOH, MOTHOCTHIO
M30JIMPOBAHHOM NOMYJISALINU.
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Hpetid reroB Henpenckazyem. HeOobIIyro MOMyIsSIuio OH MOXKET MMPUBECTH K THOCITH, & MOXKET
crenarts ee erie 0oJee NprucnocoOIeHHON K JAHHOW CPeie U YCHIIUTh €€ AUBEPTEHINIO OT POIUTEIHCKON
MOMYJISALIUHN.

OH IPOUCXOUT BCIICICTBUE YBETUYCHUS KOJUIECTBA TOMO3UTOT IIPH OJIM3KOPOICTBEHHOM
CKpEIIUBAHUH.

B 1419 r. Ha kopabne ciy4aifHO oka3zanach OepeMeHHAast KpOJIbunXa, KOTOpasi pojuiia BO BpeMs
nyremecTBusi. Bee nerensim Obutn BeimyiieHb! Ha ocTpoB [lopTty-Canty. [omyssiius KpoaukoB Ha
OCTPOBE CUJILHO yBeJIn4MiIach. Kpoquky CuIbHO yMEHBIIMINCH B pazmepax. [1o okpacke Kposuk ¢
[Mopty-CaHTy 3HAUUTEITHHO OTJIMYACTCS OT OOBIKHOBEHHOTO. OHM HEOOBIYaliHO TUKU U TIPOBOPHEL 1o
CBOUM IIPUBBIYKAM OHU 00Jiee HOUHBIC )KUBOTHBIE. C APYrUMH TIOPOJAMH HE CKPEIIUBAIOTCS
(oOpa3oBaHKHe HOBOTO BHJIA).

MYyTaluu

MyTtanus — ciydaiiHoe CKauKooOpa3HOe U3MEHEHHE FeHOTHUIIA.

['enHbIe MyTaIMy, 3aTparuBaroe JOMUHAHTHBIC TE€HBI, & TAKKE XPOMOCOMHBIE U TECHOMHBIE
MYTAaIMH Yallle CHIKAIOT MPUCTIOCOOIEHHOCTh OCOOH M HE TaK BAXKHBI JIJISI IBOJIIOIIUU. XOTS U3BECTHO,
YTO B MPUPO/IC MOTUILIOUTHBIE POPMBI pACTEHUN UMEIOT MTPEUMYIIIECTBO TIEPe/1 TUTIIIOUTHBIMHU.

Bo3MOkHBI cieayronme nexoapl NPOSIBJICHUS] MYTAIU:

e JICTAJIbHBIC (HE COBMECTUMBIE C JKU3HBIO) MYTAIIMH UCUYE3HYT U3 TIOMYJISIIITN BMECTE C UX
HOCHTEJISIMU,

° MYTaHI/II/I, BBI3BIBAKOIIINEC CTepI/IJ'II)HOCTI) 0CO6€I>1, HC MOFYT HUMETHh 3HAUCHMUA, TaK KaK UX
HOCUTEJIH OECIIJIOHEL,

e MyTaIlNH, HE OKA3bIBAOIINE OTPUIATEIILHOTO BO3JICHCTBHUS Ha 0COOb, BKIIOYAOTCS B
reHO(OH T TTOTYJISIIAN.

CrnenoBartenbHO, (PEHOTUTTUICCKH OTHOPOAHAS IPUPOIHAS TIOIYJISIIHS SBISIETCS T€TEPOTCHHOM, YTO
00yCIIOBIMBAET €€ BO3MOKHOCTh IBOJFOIIHOHHPOBATH.

[Momynsius, Kak ry0Ka, HAKaIUTMBAET MYTAIIUH, TIPH 3TOM €€ MPUCIIOCOOICHHOCTh HE HAPYIIIAeTCs.
CrnenoBaTenbHO, PEIIECCUBHBIEC MYTAIMH MPEJCTABIISIOT COOOM «CKPBITHIM pPe3epB HACIEACTBEHHOMN
W3MEHYHMBOCTHY», YTO BaXKHO JJISl SBOJFOIIMOHHOTO MPOIECCa.

[Momynsiuy Ha TPOTSHKEHUH MHOTHX TIOKOJICHHH CTAOWMIIBHBI M OTHOCHUTEIILHO OJTHOPOJTHBI. DTO
0OBSCHICTCS ACUCTBHEM CTAOMIIM3UPYIONIET0 0TOOpa. A TTOCKOJIBKY 0TOOp UAET 1O (PEeHOTHITY, TO
BO3MO’KHOCTh COXPAHEHUSI MyTaHTa OyIeT ONPEeIsAThCs CTEIICHBIO HAPYIICHHSI IPUCIIOCOOICHHOCTH
3TO# 0coOu. CHIIBHO YKIOHUBIIHECS (POPMBI YCTPAHSIOTCSI 0TOOpOM. Takum 00pa3om Mo IIepKUBACTCS
BHEIIHSS CTA0MIIBHOCTD TIOMYJISIINY.

Marepwuan Juist SBOJIFOIIMOHHOTO MPoIecca JaeT 1 KOMOMHATHBHASI N3MeHYHBOCTh. Co3naBast
HOBBIC COYCTaHMsI TCHOB B TCHOTHIIC, OHA YBEIMYUBACT Pa3HOOOpaszue 0coOei B MOMYISAINH U
MPEOCTABIISIET ECTECTBEHHOMY OTOOPY IM0JIE JACSITEIIbHOCTH.

HOIMYJISAUOHHBIE BOJIHBI (BOJIHBI )KU3HH)

IMonynasiuuoHHBIE BOJHBI — KOJe0aHMs YUCICHHOCTH ocoOeill B nmomynsanuu. X npuuuHamu
MOTYT OBITh pa3IMYHbIC U3MEHEHHSI OKPYKAIOIIEeH Cpe/ibl: 3aCyXa, HAaBOIHEHMsI, CHEXHBIE 3UMBI,
00J1€3HH, HAJIMYUE M1apa3suToOB, BParoB, HEXBaTKa KOPMOBBIX pECYpCcoB U Jp. B yposkaiiHbie roibl
YHUCIEHHOCTh 0CO0eH B KaKOH-1100 MOMYSISAIMHY MOKET MOBBICUTHCS, BCIIE 32 YEM ITPOU30MIET ee criaj.

Hanpumep, yBeanueHne KOJIMUYECTBA 3aM1EB UEPE3 HEKOTOPOE BPEMSI IPUBOJIUT K BO3PACTAHUIO
qHcia BOJIKOB U phIcel M3-3a IOCTATOYHOTO KOJIMYECTBA MUILH (3alLIEB).

BouHbI )H3HU PUBOAAT K N3MEHEHHIO KOHIIEHTpalUil ayuteneld B reHodone nonymnauuit. [1pu
CHIPKEHMH 0c00€el B MOMYINIALMHU U3 €€ TeHO(OHa MOTYT BBINIACTh PEIKUE aJlIel, U HA000pOT, pU
BO3pAaCTaHUM KOJIMYECTBA 0COOEH Takue ajljies I MOTYT pacpocTpaHsaThes. [lomynsnnoHHbIe BOIHBI,
TaKUM 00pa3oM, CIIy4ailHbI M CIy>KaT MOCTABIIMKOM 3BOJIIOLIMOHHOTO MaTepHaa.

B manouncnennsix nomynsnusax (menee 500 ocobeit), mpoCylecTBOBABIINX Ha MPOTHKEHUN
MHOTHUX TOKOJICHUH B U30JIALUHU OT IPYTUX NOIMYJSAILUI CBOEro BU/Ia, BIUSHUE CITydyaiiHBIX (DaKTOPOB
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MO>KET BBIITH Ha NIEPBbIH IJIaH 110 OTHOLIEHMIO K JIeicTBUIO 0TOOpa. Ciiy4aiiHOe U3MEHEHUE
KOHIICHTPAIMI aJUIeNield B OMYIISAIUYA HAa3bIBAETCS APEH(POM IeHOB .

N3onsauus

W3oms1mst — BO3HUKHOBEHHUE JIFOOBIX 0aphepoB, OTPAaHUYMBAIOIINX CBOOOIHOE CKpEIINBAHHE.
Pa3nnyaroT npocTpaHCTBEHHYIO U OMOJOTMYECKYIO U30JISLHIO.

[IpocTpaHCcTBeHHAs H30JISAIUA MOXKET IPUBECTH K IITyOOKUM BHYTPEHHUM PA3IUUHAM, K
IFE€HETUYECKOM HECOBMECTUMOCTH U, CJIEOBATEIBHO, K BOSHUKHOBEHHMIO HOBBIX BHJIOB.

buonoruueckas U30A1UsT MOXKET MPOU3ONTH HA OJTHON TEPPUTOPHUH MEXKTY TPYIIIIaMH 0COOEH C
M3MEHEHHBIMH NOBEJCHUEM, MOP(}OIOrMUECKUMHU, PYHKIIMOHAIBHBIMU U IPYTUMH NIPU3HAKAMH,
MIPENSATCTBYIOIUMH CKPEIIUBAHUIO.

W3ons11s Kak 9BOJIIOLIMOHHBIN (DaKTOP HE CO3/4Aa€T HOBBIX €HOTUIIOB WJIM BHYTPUBUAOBBIX (hOPM.
3HaueHue €€ B IBOJIIOI[MM COCTOUT B TOM, YTO OHA 3aKPEIUIET U YCHIINBAET HaYaJIbHbIE CTAUU
FeHOTUIINYECKON MU depeHInpoBKU. JleficTBUE U30JIAIIMH, KaK U APYruX (aKTOPOB, HEHAIIPABIEHHO.

Takum oOpa3om, MyTaluu, MUTPALMH, OMYJISIIMOHHBIE BOJIHBI, IPE( reHOB, N30SI
— HeHalpaBJIeHHbIe (paKTOPHI IBOIONMHU. B nipupose OHM JEHCTBYIOT COBMECTHO, OJTHAKO POJIb
Ka)KJIOTO MOYKET YCUJIMBAThCSl B KOHKPETHOM 00cTaHoBKe. Bee 3T akTophl 0O6ecrieunBaroT
TE€HETUYECKYI0 HEOJHOPOIHOCTD MOMYJIIALUN.

IIpakTHYecKkasi 4acTh

YcTaHoBUTE COOTBETCTBUE MCXKAY IMpoueccaMm U YPOBHAMU OpTraHHU3aluU JKU3HU: K Ka)KlIOI\/’I IIO3UIINH,
JTAaHHOM B TIEPBOM CTOJIOIIE, MOJ0EPUTE COOTBETCTBYIONIYIO MO3UIHIO0 U3 BTOPOTO CTOJIOIA.

I[MPOIECCBHI YPOBHU
A) popMupyroTCs HOBBIE BUIbI 1) MUKpPO3BOIIOIIMOHHBII
b) dopmupyroTcs HagBUAOBBIE TAKCOHBI 2) MaKpO3BOIIOIMOHHBII

B) uzmensier renooH1 nomynsauuu

I') mporecc gocturaercs myreM UauoaganTaIui
J1) mportecc JoCTUTACTCS TTyTEeM

apoMop(}030B WK JeTeHepalu

E) npouecc nocturaercs myrem AereHepanuu

3anumuTe B TaOIUIly BEIOpaHHBIE ITUGPHI IO COOTBETCTBYIOIITUMHU OyKBAMH.

YcTaHOBUTE COOTBETCTBHE MCXKAY IIpUMEPAMU U ITIYTAMHU 3BOJIIOIUU: K KaX(HOﬁ IIO3UIIUH, HaHHOﬁ B
IICpBOM CTOJ'I6I_[C, HOI[6€pI/ITC COOTBETCTBYIOLIYIO ITIO3HUIIHUIO U3 BTOPOT'O CTOJ'I6Ha.

I[TPUMEPHI IIYTHU 5BOJIIOLIN
A) dbopmupoBaHHe MPUCTIOCOOICHUN K 1) apomopdo3
OTIBUICHHUIO BETPOM Y 3JTAKOBBIX 2) uaroananTamus

b) penyxmus rina3 y kpota 3) oOmras rereHeparus

B) orcyrcrBue xnopodumia y

pacrenwuii [TerpoB kpect

I') nosiBneHKe IIBETKOB y
MOKPBITOCEMEHHBIX PACTCHHI

J1) peayKius TOJOBBI Y MOJUTFOCKOB

E) dopmupoBanue KkoHeUHOCTEN HA3EMHOTO
THUIIA Y 36MHOBO/IHBIX

3anummure B TaOIUIly BEIOpaHHBIE IU(PHI O] COOTBETCTBYIOIIMMU OYKBaMHU.
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INPAKTUYECKOE 3AHATHUE
Maxkpo3Bosonusi. Bo3HHKHOBeHUe U pa3BUTHE )KU3HU Ha 3emuie

eap NPpaKTHYECKOT0 3aHATHUS

KOHKpGTHSHpOBaTb u 0606H_[I/ITB SHAHUA Y4dYalluxcCsa O TJIaBHBIX HaIpaBJICHUAX W MYTAX
HBOJIFOIMOHHOTO MpPOIecCa IO OCHOBHBIM MOHSATHAM TEMBI: OHOJIOTHYECKHN MPOTpecc, OMOIOTHIeCKUit
perpecc, MaKpo3BOJIIOLHUs, apoMOPp(}03, U0 TATI TAIIHS

MeTtoauyeckuii MaTepuaJl

Maxkpo3Boaonus — mpoiecc (GoOpMUPOBAHUS HAIBUIOBBIX TAKCOHOB (CEMEHCTB, OTIEIOB, THIIOB,
KJIaCCOB).

K MakposBoJIOLIMY MOKHO OTHECTH M BO3HUKHOBEHHE M PAa3BUTHE KU3HU Ha 3eMIIE.

[Ipouecc aBoIOLIMK HE 00513aTENIBHO CBS3aH € YCIOKHEHUEM opranu3auuu. MiMenHo nostomy B
COBPEMEHHOM KMBO MPUPOJE OAHOBPEMEHHO C BHICOKOOPTAaHU30BAHHBIMU (POPMaMHU CYLIECTBYIOT U
HuskoopranuzoBanHbie. XK. b. Jlamapk 0ObsICHsIT CylllecTBOBaHHE MPUMHUTUBHBIX (OPM MOCTOSTHHBIM
CaMO3apOKICHUEM MPOCTHIX OPraHU3MOB U3 HEOpraHndeckoi marepu. Y. J[apBuH *xe cuuTa, 4ro
CYIIECTBOBaHME BBICIIMX M HU3IIKX (POPM HE MPEACTABISAET 3aTPyAHEHUN 1JIs1 OOBSICHEHUS, «TaK KaK
€CTECTBEHHbIN 0TOOp, UM BhKUBaHUE Han0oJiee MPUCIIOCOOJIEHHBIX, HE MperoaraeT 00s3aTeabHOro
MIPOrPECCUBHOTO PA3BUTHS — OH TOJBKO JIa€T MPEUMYILIECTBO TEM NU3MEHEHUSIM, KOTOPbIE OJaronpHsITHbI
U1 00J1aar0IIEer0 MU CYIIECTBA B CJIOKHBIX YCIOBUSAX KHU3HU... A €CIIM OT 3TOT0 HET HUKAKOH MOJIb3bI,
TO €CTECTBEHHBIM 0TOOP MM HE OYJEeT BOBCE COBEPILIEHCTBOBATH 3TU (DOPMBI, UM YCOBEPIIEHCTBYET MX
B OYEHb €J1a00i1 cTeneHu, TaK YTO OHU COXpaHATCS Ha OECKOHEUHbIE BpeMeHa Ha UX COBPEMEHHON
HU3KOW CTYMEHU OpraHu3aIim.

OCHOBHBIE HAITPABJIEHHW A 5BOJITOLIN

K aroit mpobneme B Havase 20-x romoB oOpatuics A. H. CeBepiioB. YueHue o mporpecce B 3BOJIIOITUN
ObLIIO B AasbHEHeM pa3BuTo ero yuennkom U. U. [lImansrayzenoMm. K ocHOBHBIM HampaBiIeHHUSIM
9BOJIIOLIUHA OTHOCSTCS:

1. Buonoruveckuii mporpecc
2. buonorunueckuii perpecc
OMOJIOTMYECKUH TIporpecc
Buosiornyeckuii mporpecc — Bo3pacTaHie IPUCIOCOOICHHOCTH OPTaHIU3MOB K OKPYIKaloIIel cpee

(mo A. H. CeBepuioBy).
Kpurtepuu 61ooruyeckoro mporpecca:

e  YBCIUYCHUE YUCICHHOCTH;
e TIOBBIIICHHWE BUJIOBOTO pa3HOOOpasus (mporpeccuBHas nuddepeHuanus);

e pacuHipeHue apeana.
MexaHnu3m OMOJIOTUYECKOTO Mporpecca

e BO3HUKHOBEHHE HOBBIX IPUCHOCOOIEHUH CHUXKAET rnbenb ocoleit

e CpEIHMI ypOBEHb YMCIEHHOCTHU BHU/A BO3PACTAET

e YBEIUYMBAETCS MJIOTHOCTh HACEIEHUS

e 00o0cCTpsieTcs BHYTPUBHJIOBasi KOHKYPEHIIMS + BO3pacTaeT NpUCHOCOOIEHHOCTh
e pacmmpsieTcs apeasn

e BHJ 3aCCJISICT HOBBIC TCPPUTOPHUUN U BBIHYKIACH HpI/ICHOCEl6J'II/IBaTBCH K HOBBIM YCJIOBUSIM
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e  OTJEJIbHBIE MOMYJISALUHN NPUOOPETAIOT pa3HbIE IPU3HAKU (JUBEPreHIIS IPU3HAKOB)

e 00pa3oBaHUE TOUYEPHUX TAKCOHOB

IIYTU BUOJIOTNMYECKOI'O [TPOT'PECCA

IIpouecc PesyabTatr IIpumep

Aporese3 — nyrb
pa3BUTHSA IPYIIIIBL

Bo3HukHOBeHUE 1
pacuBeT Kjiacca ITHIIL.

OpPraHU3MOB,
. apomopdo3 Apomopho3br:

XapaKTePHU3YIOIIHICS .

— MOPPOPHU3NOTOTUICCKHIA KPBLIO,
MOBBIIIICHUEM YPOBHS

. nporpecc YEeThIPEXKaMEPHOE
MOphohU3HOTOTUIECKON copye
OpraHu3aluy, OCBOCHUEM L2
TETIOKPOBHOCTb.

HOBOM cpe/ibl OOMTaHHUS.

AJL10reHe3 — IyTh

A3BUTUA T IIbI
P by Paznas opma potoBoro

OpraHu3MOB, CBSI3aHHBIN C ajssiomop¢ o3, uau
armapara HaCeKOMBIX;
pa3BUTHEM YaCTHBIX UAMoAIANTAL U —
o MOKPOBHUTEIHCTBEHHAS H
MIPHUCTIOCOONICHUHN K NPUCTIOCOOTICHHS K
o o 3alIUTHAsI OKPaCKa,
OKpYIKaroleH cpene, a OKpY’Karolle cpese

MUMUKPHSI.
YPOBEHB OpraHU3AINH P

OCTAeTCsI MPEKHUM.

PEIyKIHsI OPraHOB
3peHust y oburarenein
TIOYBHI U TICTIEP;

Kararenes —
MyTh Pa3BUTHUS TPYIIIBI

. o01Ias nereHepanus — € IYKIIUS
OpraHWU3MOB, CBSI3aHHBIN C p PeRyKIl .
o011ee yrpoIeHue CTpoeHUs MUIIEBAPUTEILHON U
PE3KUM YIIPOIICHUEM N
BBIJICIUTEIILHON
CTPOCHHMS M 00pa3a )KU3HHU.
CHUCTEMBI y JICHTOYHBIX
4yepBei.

buonornueckuit perpecc

Buosnornyeckuii perpecc — OTCTaBaHUE TEMIIOB 3BOJIIOLIUU TPYIIIIBI OT CKOPOCTH U3MEHEHUS BHEIITHEH
CpeIbl.

buonorudeckuii perpecc MOXXeT MPUBECTH K BBIMUPAHUIO TPYIIIIHL.

Kputepuu 6uonorudyeckoro perpecca:

e CHIDKEHHUE YHCIEHHOCTH 0co0ei
e YMEHBIIICHHE BHIOBOTO Pa3HOOOpa3us

e CYKXCHHUC apcajia oOuTaHUSs

B cocrostHuu 610JIOTHYECKOTO perpecca B HaCTOsAIIEE BpeMsl HaXOIATCs KpPYIHbIE MIIEKOITUTAIOLIHE,
TaKue, Kak YCCypUHCKUi TUTp, renap/, Oenblii Me/iBe/lb, U 1IeJIble TPYIIIbI )KUBOTHBIX — KUTOOOpa3HbIE,
amuoum, yenoBekooOpa3Hble 00e3bsIHbI (KpOME JIFOJIEH ).

3akon CeBepuoBa

B 3BoJIIOLIMM BCeX TPyl OPraHU3MoOB 32 EPUOAOM aporeHe3a Bceerjaa cijeayeT Nnepuos
BO3HUKHOBEHMS YACTHBIX PHCIOCOOIeHUIT — ajlioreHes.
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DTOT 3aKOH MOKET OBITh BBIBEJICH U3 TEOPHH €CTECTBEHHOTO 0TOOpa. Eciiu cpaBHUTH 4acToTy
BO3HUKHOBEHUS apOTEHE30B U aJUIOT€HE30B, TO MOYKHO 3aMETHTh, YTO MEPBbIC XapaKTEPHBI IS
BO3HUKHOBEHUS KPYITHBIX TPYI OPTaHU3MOB B SBOJIIOIUN — TUIIOB, OTAEJIOB, OTACIBHBIX OTPSIOB,
MHOT/Ia CeMEUCTB. J[pyrumMu cioBaMu, aporeHesbl MOSBIIAIOTCS 3HAYUTEIBHO PEXke, YeM aJlIOT€HEe3bl
(ompenensonye NOSBICHUE OTACIBHBIX BHJIOB, POJIOB).

Taxum 06pa3om, creroredansl MyTeM aporeHesa Jaji peNTUIINiA, a yTeM aJUIOr€He30B — COBPEMEHHBIX
am¢ubuii. ['pynna 6e3norux amduouii npuodpena 006auK YepBeoOpa3HbIX (HOPM, JIUILIEHHBIX
KOHEYHOCTEH 1 XBOCTa (UepBsira). XBOCTAThIE YACTHYHO COXPAHSIOT IMOKU3HEHHBIE Ka0pBI,
MaJIONIOIBM>KHBIE KOHEYHOCTH U XOPOIILO MPHUCIIOCOOICHHBIN K TUIaBaTEIbHBIM (DYHKIIUSAM XBOCT
(TpuToHnsbl). becxBocTbie aMmpuOUN TpUOOpENH CUIbHBIE MO/IBUXKHBIE (B 0COOEHHOCTH 3a/IHUE)
KOHEYHOCTH (JISATYIIKHM). DTa MOCIETHS TPYIIa MOMLIA 110 IyTH 3aBOEBAHMS CYIIH, KOHEYHO, B IIPEIEIax
BO3MOXHOIO, T. €. HE CIUIIKOM JaJIeKO OT BOJOEMOB U BO BJIaXKHBIX Jiecax. Bece 3T popmel
9KOJIOTMYECKH Pa30llINCh, KOHKYPEHLUs cTasa ciabee, a OMOJOrH4eCKUi MOTEHIIM A OBBICHIICS.
AnnoreHessl MOTYT CMEHSTBCS TaKKe KaTareHe30M, U TOorAa OMOJIOTHYECKHUI TPOorpecc JOCTUraeTcs
omaroaapst MmopdodusnosoruieckoMy perpeccy. Hampumep, cymecTByer mapasut KpaboB — CaKKyJIUHA
— KOTOPBIH U caM SBIISIETCS PaKOoOOpa3HBIM, OJTHAKO UMEET BHJ] MEIIKa, HAOUTOTO MOJIOBBIMH
MPOIYKTaMH, KOTOPBII BETBUTCS M IPOHHU3BIBACT TEJIO XO35IMHA. TPYAHO MPEACTABUTH, YTO HX MPEIOK
OTHOCHTCS K YCOHOTUM pakaM, HO B Pe3yJIbTaTe Mapa3suTUYECKOTO CYIIECTBOBAHUS YTPATHII IOYTH BCE
OpraHsl.

IIpakTHYecKkasi 4acTh
1.YcTaHOBHTE COOTBETCTBHE

1.IIpu3HaK KUBOTHOTO IyTh 3BOJIOLUH
A.penyKuusi OpraHoB 3peHHs y KpOTa 1.aporenes
b.Hanuuue NpucocoK y cocanbIuKa 2.a1oreHes
B.BO3HUKHOBEHHE TEINIOKPOBHOCTH 3.xaTorexes

I".BO3HUKHOBEHHE YETHIPEXKAMEPHOT'0 CepIIia

J.yrpara nuuieBapuTeNbHON CUCTEMBI LIETTHEM

E.ymiomenHoe Teno kamMmOaibl

321132

2.YcTaHOBHMTE COOTBETCTBHE MeKIYy MPUMEpPaMHU U MyTSAMH 3BOJTIOIUOHHOIO NMpolecca:

| e IIpumepsi | e Ilyru 3BOJIIOLMHU

e |) suencTHIE JIETKHUE Y PENITHIINI e A) Apomopdos

e 2)romblit XBocT y 000pa e b) Uanoamamrarust

e B) Obmas nerenepanus

e 5) OTCyTCTBHE KPOBEHOCHOH CHCTEMEI Y LIETTHEH

® ) OTCYTCTBHE IOTOBBIX JKEJe3 y CO0AK

| e  3) orcyrcTBHE KOpHEH Y IIOBUIHKU

e 4) MOJOYHBIE JKeJIe3bl Y MIICKOITUTAOIIIX | °

ABBABb

2. [Ipoananuzupyiite Tadauny «[ naBHbIe TyTH 3BOIOIUUY. J{JIs KaXKI0# siueiiku, 0003HaYeHHOI OyKBaMH, BBIOEpUTE
COOTBETCTBYIOIIHMIA TEPMHH M3 IPEIIOKEHHOr0 CITUCKA. 3aIMIINTE BEIOpaHHbBIe TU(PHI, B HOPSIIKE, COOTBETCTBYIOIIEM
OyKBaM.

1) aBToTpOodHOE NIMTAHKE

2) apomopdo3

3) GuoNOTHYECKHii Iporpecc

4) Guororuueckuit perpecc

5) mapa3uTHYECKHUE YEePBH

6) TIOIOBOE Pa3MHOXKEHHE

7) moBBIIIIAETCS

8) He u3MeHsercs

40



FNasHbIe NYTH 3BONIOLMM

MyT™v ssonOUMK YposeHb OpraHH3auum1 Mpumep
(A) YcnoxHenue A3pobHoe apixaHue
Wamnoapgantauma (B) TepmodmnbHbie baktepun
O6wan gereHepauma Ynpouwexue (B)
A-1B-8 B-5
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INPAKTUYECKOE 3AHATHUE
IIpoucxoxkaeHue 4ea0BeKa — aHTPOIIOreHe3

Leap npakTHYeCKOr0 3aHATHS

CdhopmupoBaTh 3HaHHS OCHOBHBIX CTaJHMid Pa3BUTHUS UYEIOBEKA, MPUMEHSITH YUCHHE O IBUKYIIHX
CWIax JUIsl OOBSICHCHHSI aHTPOIIOTEHEe3a

MeTtoau4yeckuii MaTepuaJl

UYenmoBek sBIISETCS YaCThIO MUPA KUBOTHBIX. [10 cTpoeHnI0 U QU3HOIIOTHYECKUM 0COOCHHOCTIM
HanOoJee OJIM3KUMU COBPEMEHHBIMH POJICTBEHHUKAMU YEJIOBEKA SBJISIOTCS Y€TIOBEKOOOpa3HbBIE
00e3bsIHBI: MIMMITaH3€, TOPUILIA, OPAHTYTaH.
DBOJIIOLHSA YeJIOBEeKAa, HIIH aHTpomoreHes (ot ap.-rped. anthropos [anTpomnoc] — «4enoBex»
1 genesis [FeHe3rnc]| — «IPOHMCXOMKIACHUE) ), — 3TO YaCTh OMOJIOTUIECKOI IBOITFOLIUH, ITPOIIECC
CTaHOBJIEHUS] OMOJIOTMYECKOro BUAa YenoBeK pa3yMHbIil.
Y4éHbIE CUMUTAIOT, YTO OOIUMHU IPEIKAMU COBPEMEHHBIX YEIIOBEKOOOPA3HBIX 00€3bsH U YeJIOBEKa OBLITH
CTaJIHbIC 00E3bsHBI, XKUBIIHE HA JICPEBBAX B TPOIIMUECKUX JIeCaX OKOJIO 25 MITH JIeT Ha3a]l.
Jpuonutéku (ot ap.-rped. dryos [apuoc] — «aepeBo» u pithekos [murakoc] — «obe3bsiHa») — poj
BBIMEPIINX YEIOBEKOOOpa3HBIX 00e3bsiH. M3BecTeH 1o octankam u3 Adpuxu u EBpazuun. [puonurexu
XKUIU npuMepHo 12-9 muH net Hazaz.

Puc. 2. J[puonumex (pexoncmpykyus) u e2o uepen
ABcrpanonuTéku (ot yart. australis [aycTpanuc] — «roxHbIH» 1 ap.-rped. pithekos [muTakoc] —
«00e3bsiHaY») — BBIMEpIIIasl IPyIa TOMHUHH, YbH YaCTH CKEJIETOB ObUTH HaiiieHbl B FOxHOM Adpuke.
OTH IByHOTHE CYILIECTBA Pa3MEPOM C IIMMIIAH3€ UMEIA MHOTO YepPT, COTKAIOIINX UX C YEIIOBEKOM
(dopma 3y00B, cTpoeHHE YepenHoii KopoOku, hopma Taza). OgHako pazmMepom Mo3ra (10 550 ky0. cm)
OHH HE MPEBOCXO/INIH COBPEMEHHBIX YEIIOBEKOOOPA3HBIX 00C3bsH.
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Puc. 3. Ascmpanonumex (pexkoncmpyxkyus) u e2o uepen

ABCTpaJIONUTEKH >KUIIM IpUMepHO 4—2 MITH JieT Ha3ad. CaMble O3/IHHE U3 aBCTPAJIONUTEKOB, CKOpEe
BCETro0, OBIIIM HEMOCPEICTBEHHBIMH TIPEKaMH Jitojiel. HeKoTopsie recieoBaTeny nojaraT, YTO ITHX
CYILIECTB CTOUT OTHOCHUTH yXk€ K posty UenoBek — Buy UesioBek yMeJiblii.

Puc. 4. Yenosex ymenviii (pekoHcmpykyus) u e2o yepen

ITo BHenHEMY BUAY U CTPOEHHIO YeI0BEK yMeEINblil MaJo OTIIMYAJICS OT YeJI0BEKOOOpa3HbIX 00€3bsIH, HO
OH yMeJI U3TrOTOBJIATh IPUMHUTHUBHBIE PEXYIINE U pyOsiiiue opyaus u3 rajabku. EctecTBeHHbIH 0TOOD,
OUYEBUHO, CIOCOOCTBOBAJ BEKMBAHUIO TOMMHU, O0IaJal0MX HABbIKAMU TPYJOBOM 1€ATEIbHOCTH.
CaMbIMU IpEBHUMU U3 U3BECTHBIX HA CETOHAIIHNAN JEHb OPYAUN TpyZa SIBIISIFOTCS HAXOJKH
3a0CTPEHHBIX TajeK (YOMIEPOB) U MIIOCKUX CKOJIOB KPEMHS M KBapla (OTLIENOB), C/AETaHHBIC B
Boctounoit Appuxe (Odpuonus, Tanzanus, Kenns). [lo MHeHHIO apXe0JI0roB, BO3PACT 3TUX OpYAUN
TpyZa cocTaBisieT 2,5—2,7 MiH seT. Marepualiom Juisi U3TOTOBJICHUS 3TUX MHCTPYMEHTOB 4acTO CILY>KHII
KpeMeHb (pa3HOBHIHOCTh KBaplia), 001agaronuii CBOMCTBOM MPHU pacKaJlbIBAHUH J1aBaTh IMJIOCKHE
3a0CTPEHHBIE OCKOJIKH.
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Puc. 5. Cospemennuiii packonomsiii 0opazey kpemus (a) u apxeonocuyeckue Haxo0Ku NPUMUMUBHBIX
opyouui uz Hezo (0)

IMurexkantpon (ot ap.-rped. pithekos [muTakoc] — «obe3bsiHa» u anthropos [aHTpomnoc] — «4yenoBex»),
HIIN 0603BHHO‘ICHOBCK, — emé OJIMH NPCACTAaBUTECIIb BBIMCPIIUX TOMUHHAI. OcTaHkKu ero ObUIH BIICPBBIC
oOHapykeHbI Ha ocTpoBe fBa B 1891 r. HUAEpIaHACKUM aHTporojgoroM xeHom Jobya. [TutekanTporsi
XOJIMIIA Ha JABYX HOTaX, 00bEM MO3ra 10 CpaBHEHHUIO ¢ YeT0BEeKOM yMeJbIM Y HUX YBEIUUUIICS, OHU
M0JIb30BAJIMCH MPUMUTUBHBIMH OPYAUSMHU TPYZAa B BUJE JyOUH U cierka 00TECaHHBIX KaMHEH. YuéHble
OTHECIIM MUTEKAHTPOIA K BUAY Yesi0oBeK MPAMOXOISA L.

[To3znHee uccnenoBaTen 0OHAPYKWIN Ha APYTrUX UHIOHE3UICKUX OCcTpoBax U B Kutae MHOroYnciieHHbIE
OCTaHKH JAPYrux ApeBHeimux aroaeii. Cunantpon (ot gat. Sina [cuna] — «Kurait» u ap.-

rped. anthropos [anTpomnoc] — «4emoBeK»), KOCTH KOTOporo HaiaeHsl B 1927—1937 rr. B nemepe 6au3
[TexnHa, BO MHOTOM CXOJIEH C TUTEKAHTPOTIOM, 3TO reorpaduueckuii BapuanT YemoBeka
npsiMoxosuiero. CHHaHTPOIIBI YK€ YMeNU MOAJEPKUBAaTh OTOHb, TaK Kak B Mellepax, IJie 00Hapy>KEeHbI
KOCTU CMHAHTPOIIOB, HAWJIEHBI CJIe/Ibl KOCTPHILL.

Puc. 6. HYenogex npsamoxoosawuil (pekoHCmpyKyus) u e2o yepen

OCHOBHBIM (haKTOPOM 3BOJIIOIMH APEBHEHIINX JIt0JeH ObLT ecTeCTBEHHBIN 0TO0D. JpeBHuE 1011
XapaKTepU3YIOT CIEIYIOLINI 3Tal aHTPOIOTreHe3a, KOr/la B ABOJIIOIMK HAYMHAIOT MpeodiaiaTh
colanbHble (PaKTOPBI: COBMECTHAS TPYI0Bast IEATEIbHOCTh, COBMECTHAs 00ph0a 3a )KM3Hb U Pa3BUTHE
uHTe/uekTa. K IpeBHUM JI0JIIM OTHOCAT HeaHAepTaableB (Bu/ YesloBeKk HeaHAePTAIbCKMIA), UbH
ocTaHKH ObUTH 0O0HapyxeHbl B EBpone, A3un, Appuke. CBOE Ha3BaHKUE OHU MOJIYYHIIU TI0 MECTY MEPBOH
Haxo/ku B fonuHe peku Heannep (I'epmanmus).
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Puc. 7. Heanoepmaney (pekoHcmpykyus) u e2o uyepen

Heanpepraibiibl ki B JieqHUKOBYIO 310Xy 130-30 ThIc. siet Ha3axd. ['pymmber Hearnepranbies (50-100
YeJI0BEK) HOUEBAJIM B IEIIepax, I/Ie MMOCTOSHHO IOIICPKUBATN OTOHb. JIHEM MY)KIHHBI KOJUIGKTHBHO
OXOTHITUCH, )KCHIITMHBI U JIETH COOMPAaTH Che00HbIC KOPHU U TUTOBI, CTAPUKU U3rOTABIIM BAJTU
HHCTPpYMeHTBI. Opyaus TpyJa HeaHIepTalIbIeB OBLIH TOpa3/i0 COBEPIICHHEE MPUMHUTHBHBIX OPYIHIA
YenoBeka yMeIoro ¥ IMENH HEKOTOPYIO CHEeIHaTH3aIHIO: HOXKH,

VY4éHbIe MoJIararT, 9YT0 B JIOUCTOPHYECKHAE BPEMEHA pa3HbIe BHJIBI poJia UeloBeK He CMEHSUTH JPYT Apyra
MOCJIEI0BATEIILHO, a )KWJIM OJTHOBPEMEHHO, Be/Is1 O0pHOY 3a CYIIECTBOBAHUE M YHUUTOXKAsl OoJiee CIa0bIX.
Tak, nocnenHue HeaHIEPTAIBIBI KU CPEIU EPBHIX JIOACH COBPEMEHHOTO THIIA, a 3aTeM ObLIU UMHU
OKOHYATEJIbHO BBITECHEHBI.

Bo3nukHOBEeHME JTI0/IeH coBpeMeHHOTO Thma (Bu YesioBeK pa3yMHbIi ) Mpou301uIo 0koJio 45—-30 ThIC.
neT Hazaa. OCTaHKU MCKOMAEMBbIX JI0IeH, Majo 4eM OTJIMYAloIIHecs OT COBPEMEHHBIX JIIO/IeH, BIIEpPBbIE
ObLTH OOHapykeHbl B rpoTe Kpomanbon (Opanius). DTUX TPEIKOB YeTOBEKA

Ha3BaJIl KPOMAHbOHIIAMH.

Puc. 9. Kpomanvoney (pexoncmpykyus) u e2o yepen

ITo3aHee moxoXkue ocTaHKHM ObLIM HaiiieHsl B ApYrux Mectax EBpomnsl, a Takke B A3um, Appuke u
Asctpanmuu. KpoMaHbOHIIB! 001a1aT1 YWiIeHOpa3ieIbHON PeUblo, HA 3TO YKa3bIBA€T PAa3BUTHIN
10100pOJ0YHBIH BbICTYI. OHM CTPOMIIN JKUIIMIIA U TIPUPYYATIU )KUBOTHBIX, U3TOTABIUBAIN OJICKIY,
YKpaIlleHus], CJIOXKHBIE KOCTSHBIE U KAMEHHBIE OpYAUs TPYy/la; Y HUX BOSHHUKIIU EPBbIE 3a4aTKU
HCKYCCTBA (HaCKaJlbHbIE PUCYHKH). B )KM3HM KpOMaHbOHIIEB OOJIBIIYIO POJIb UTPAJI0 BOCIIUTAHUE U
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nepeaya onbiTa U3 MOKOJCHHS B IOKOJIEHUE. TakuM 00pazom, B 3BOJTIONHMH YernoBeKa pa3yMHOTO
COLIMAJIbHBIE OTHOIIECHHS CTAJIM BEAYLIUM (PAKTOPOM.

a o 8

Puc. 10. JKuznv kpomanvonyes: a — cemvs 8 newjepe y Kocmpa (peKoHcmpykyus), 6 — opyousi mpyoa u
VKpauieHus (PeKOHCMPYKYUs); 8 — HACKANIbHAS HCUBONUCH 8 neujepe Jlacko, Ppanyus

[Ipennocelnky ¥ pakTOpbl AHTPOIIOTEHE3A

[lepexon mpekoB yenoBEeKOOOpa3HbIX 00E3bsH U UeIOBeKa K Ha3eMHOMY 00pa3y *KU3HU ObLUT BHI3BAH
MIOXO0JIOJJAHUEM KJIMMaTa U BHITECHEHHEM JiecoB cTensiMu. CMeHa o0pa3a )KM3HU NpUBeia UX K
MPSIMOXOKIEHUI0. BepTukanbHOE 1MosI0)keHNe Tenna U NepeMEIIeHHe Ha 33 JHUX KOHEYHOCTAX BbI3BAJIN
M3MEHEHHUs B CTPOEHUU ckelera. JlyrooOpa3Hblii TO3BOHOYHBIN CTOJI0, CBOMCTBEHHBIIN BCEM
YEeTBEPOHOTUM >KHBOTHBIM, U3MEHUJICS U cTai S-00pa3HbiM. OOpa3oBasiack CBOYATAsl MPYKUHSIIA
CTOTIa, paCUIUpPUJICS Ta3, IPyAHas KJIeTKa cTajla MIHpe U Kopoue, MepeHIe KOHEYHOCTH 0CBOOOUIIUCH OT
HEO0OXOMMOCTH MOIJICPKUBATH TEJIO, MX ABMKEHUS CTaIH O0Jiee pa3sHOOOpa3HbIMU, a PYHKITHH
YCIIOKHHUINCH (TIEpEeHOC MPEeIMETOB, NETEHBIICH, H3roToBIeHHE opyauit). Ilepexos oT ucnoab30BaHUs
MIPeIMETOB K U3TOTOBJICHUIO OPYAUN aHTPOIIOJIOTH CUUTAIOT IPaHUIEH MeX Ty 00€3bIHOTIOI00HBIMU
MIPEIKAMH U YEJIIOBEKOM.

g4

Mepsbie Opuonutek  Asctpanonutek  Yenosek  Heanpepraneu KpomaHboHeu, CoBpeMeHHbI
npuMarbl NpAMOXOAALMNIA uenosek

Puc. 11. Deonroyus enewine2o 001uKa npedkog uenogexka

Cranublii 00pa3 ku3HU ObLI ellé 0HOM MpeanochUIKoi anTponorenesa. [lo mepe pa3BUTHS COBMECTHOM
TPYAOBOH IEeATEIBHOCTH BO3HUKIIA HEOOXOIMMOCTh 0OMEHUBATHCS HH(pOpMalred. Ita moTpeOHOCTh
o0ycioBUIIa pa3BUTHE YJICHOPa3iesibHOM peur. [locTeneHHO KOHKpEeTHbIE peCTaBIeHNs 00
OKpYXKaIOIIUX MpeIMeTax U ABJICHUIX 00001annch B a0CTPaKTHBIX MOHATUSX — TaK Pa3BUBAIIICH
MBICIUTEIbHbIE CIOCOOHOCTH, (POPMUPOBANIACH BBICIIAsl HEPBHAS J1E€ATEIBLHOCTb.
Taxum 06pa3oM, nepexo.1 K NPAMOXO0XKACHUIO, CTAIHBIA 00pa3 *KU3HH, UCIIOIb30BaHUE OPYIUIl Tpyaa U
BBICOKHM YPOBEHb PA3BUTHUS MO3ra CTaJIA NPEANIOCHIIIKAMHA BO3HUKHOBEHHM YenoBeka. Ha ux ocHose
BIIOCJIEZCTBUU CTaJIU Pa3BUBATHCS U COBEPLICHCTBOBATHCSA U3TOTOBIECHUE OPYIUN TPYy1a, COBMECTHAs
TPYyOBasl IEATEIBHOCTD, PE€UYb U MBIILICHHUE.

IIpakTHYecKast 4acTh
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1. Jloka3arejbCTBA NPOUCXOKICHHUSA YeJI0BEKA PA3yMHOI0 OT *KUBOTHBIX.

3anoyiHuTe TA0MMIY:

Cucrematnyeckas rpyIrma XapaKTEepUCTUKA

Tun Xopaossie

IHoaTun Ilo3BOHOUYHEIE
(YepenHebie)

Knacc Mnekonuraromiue

ITonknacc Ilmanenrapueie

Otpsn IIpumatsl

[Tomorpsin
UenoBexkooOpas3Hbie

CemeiictBo JIroan
(I"'oMuHMTBI)

Pox Yenosex (Homo)

Bup Yenosek pa3yMHBIH
(Homo sapiens)

2. I[OKaf{aTeJ'IbCTBa IMPOUCXOKACHUSA YCIOBCKA OT )KUBOTHDBIX.

3anmoysHuTe TA0MUIY:

HayKI/I (DaKTBI, CBUACTCIILCTBYIOIIHUC O IPOUCXOKICHUN
YCJIOBCKa OT ) KMBOTHBIX

CpaBHurenbHas
aHATOMMSI

DOMOpuronorus

ITaneonTomorus

dusmnosorus

MounekymnsapHas
OumoJIorus

3. JIBm:KyuIue CUJIbl aHTPONOreHe3a.
3anoyqHuTe TAOAUIY:

buonornueckue Nx poisb B
dakTopsl AHTPOIIOTEHE3E

CornuanbHble
dakTopsl

Nx posb B
AHTPONIOTEHE3E

4. Craguu aHTpoONOreHesa.
3anoqHuTe TAOAUIY:

HasBaunue

MecTo HaX0XIEHUS
OCTaHKOB

Onucanue

Hpuonurexn

ABCTPUTIOTTUTEKHU

UenoBek ymenbin

Uenosek paboTtarommit
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[TuTexkanTpon (4eraoBeK
MPSIMOX OIS )

Yenosek [ elinenpOeprekuit

Heannepranbckuil yenoBek

KpomanboHnel (4en0BeK pa3yMHbIN)
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HNPAKTUYECKOE 3AHATHUE
JKoJiornyeckue GakTropbl M cpelbl KU3ZHU

esb NpakTHY€CKOr0 3aHATHUSA

N3yunth CTPYKTYpYy SKOJIOTMM U COACPKAHUE ITOM COBPEMEHHOW HAYKH, POJIb 3KOJOTHYECKOM
[EAUaTPUH B COXPAaHEHUHU 3/I0pOBbS AeTel

MeTtoau4yeckuii MaTepuaJl
B Hacrosiee Bpems Ha Hallel raHeTe 00UTaeT HECKOJIbKO MUJUITMOHOB BU/I0B KUBBIX CcylliecTB. OHU
B3aMMOJICHCTBYIOT JIPYT C IPYTOM U C OKPYKAIOUIEH UX HEKUBOM MPUPOJION U COCTABIISIIOT YCTOMYUBYIO
U CJI0KHOOPraHU30BaHHYIO CUCTEMY, CIIOKHBIIYIOCS B IIPOLIECCE JUTUTEIBLHOTO PA3BUTHS — 3BOJIOLUU
JKUBOU ITPUPOJIBL.

Cpena oOuTaHus, WM cpeia JKU3HM, — 3TO YaCThb MPUPOIbI, KOTOPAsi OKPYXKaeT )KUBOM OPTaHu3M U C
KOTOpOil OH B3aUMOJEHUCTBYET.

OTtnenbHBIE CBOMCTBA M KOMIIOHEHTHI CPEIbl, BO3ACHCTBYIOIINE HAa OPTaHU3MBl,

Ha3bIBAIOT IKOJIOrHYecKuMHU (pakTopamu (ot nart. factor [pakrop] — «aenarouiuii, IPOU3BOAAIIHIL).
®daxTopsl cpeibl MHOTOOOpa3Hbl, OHM UMEIOT Pa3HyIo MPUPOIY U OCOOEHHOCTH JEHCTBUS Ha OPraHU3MBI.
DxoJiornueckre (GakTOPhl IEAT HA TPU TPYIIBI: a0MOTHYECKUE, OMOTUUECKUE U aHTPOIIOTCHHBIE.
Aouornyeckue (OT Ip.-Tped. a [a] — oTpuIiareabHas dactuia, biotikos [6nOTHKOC] — «KU3HEHHBIH,
KHUBOI») (PAKTOPBI — KOMIIOHEHTHI HEXXUBOW MPHUPOIbI, IEHCTBYIONINE Ha OpraHu3Mbl. K HUM oTHOCST
TEMIIEpaTypy, CBET (OCBEIIEHHOCTD), TNIOTHOCTh, IaBJICHHE, BIIaXXHOCTh BO3/yXa, COJIEBOM COCTaB BOJIbI,
penbed MECTHOCTH, TEUEHHUE, BETEP.

Buoruueckue (ot ap.-rped. biotikos [OHOTHKOC] — «KU3HEHHBIH, KHBOI») PaKTOPHI —
KOMIIOHEHTHI )KMBOU MPUPOIbI, GOPMBI BO3JICHCTBHUS KUBBIX OPTraHU3MOB JIPYT Ha npyra. JIroooi
OpPraHU3M MOCTOSIHHO MCIBITBIBAET MPSAMOE WM KOCBEHHOE BIMSIHUE MPEICTABUTENEH CBOETO BU/IAa WU
JOPYTUX BUAOB. DTO, HAIPUMEDP, KOHKYPEHIIMS 32 MECTO WJIN MUY, BIMSHUE XUIITHUKOB,
CUMOMOTHYECKHE U Mapa3sUTHUECKHUE OTHOILICHHUS.

Coueranue pa3nUYHbIX A0MOTUYECKUX U OMOTUYECKUX (PaKTOPOB OMPEIEIIAET paCIpPOCTPaHEHUE
BHJIOB OPraHMU3MOB IO Pa3HbIM 00JIaCTsIM 3eMHOTO mapa. OnpenenéHHbIN ONOJIOTUYECKUI BU
BCTpEUaeTCsl He IOBCEMECTHO, a TOJIBKO B T€X MECTaX, I'/ie UMEIOTCS He0OX0AUMBbIE JJISl €TO0
CYyILLECTBOBAHUS yCIOBUA.

AHTponoreHnsie (0T Ap.-rped. anthropos [anTpdnoc] — «uenoBek» U genes [FEHAC] — «POIKTAFOIIHIA,
POXIEHHBINY) PaKTOPbI — (QOPMBI ASSITETLHOCTH YEIOBEKA, MIPUBOASIINE K U3BMEHEHHUIO TPUPOJIbI KaK
cpenbl 00UTaHus APYrux BUAOB. [IpuMepsl: CTPOUTENBCTBO IOPOT U TOPOOB, BEIPYOKa JIECOB, pacralika
3eMellb, 3arPA3HEHUE OKPYXKAIOLIEH Cpeibl OTXO0IaMHU ITPOMBIIIIEHHOTO IPOU3BOJICTBA U TPAHCIIOPTA.
XOTs uenoBeK — OMOJIOTUYECKUI BUJ U €ro ACATEIbHOCTh OTHOCUTCS K OMOTUYECKOMY BIHSHHUIO,
aHTPONOTEHHOE BO3/ICICTBIE HAa IPUPOTY BBIACISAIOT B 0cO0YI0 rpynny dakropos. Hu onun apyroit Bua
Ha IIJIJAHETE HE OKa3bIBAET TAKOI'O0 MOLIHOTO BO3JIEHCTBUS HAa BCE )KMBOE, IIPU ITOM CTEIIEHb BO3ACHCTBUS
YeJI0BEeKa Ha IPUPOAY 3€MIIU NMPOJAOKAET CTPEMUTEIBLHO BO3PACTaTh.

Dkonoruveckue (pakTopsl MOTYT OKa3bIBaTh KaK MOJIOKHUTENBHOE, TAK U OTPHUILIATEILHOE BIUSHUE HA
YKUBBIE CYLIECTBA.
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I

s dHU3Mb
DAKTOPDI CPEADI BUOTUYECKWE 7

\

-~ | p lapa
ABNOTUYECKUE // :

Penbed | AtmocdepHoe MexaHunyeckum BnaxHocTb
LaBneHue COCTaB MouyBbl
Temnepatypa OcBeweHHOCTb

Puc. 4. Hexomopsie 3xon0euneckue paxkmopsi, oeliicmayowjue Ha opeaHu3m (0coowb) 8 QUKo npupooe

Ecnu 3Hauenmne kakoro-i1ubo (pakropa CTaHOBUTCS CYILIECTBEHHO HUKE WIIU BBIIIE €r0 OOBIYHBIX
3HaYeHUH B JaHHOM cpesie 0OUTaHus, B KOHKPETHOM MECTOOOUTaHUH, TO 3TOT (hakTOp OyJIeT HETATUBHO

BJIMATH HAa OPraHU3MBbI, HpI/I‘IéM BJIMSIHUEC (baKTopa MOXKET OKa3aThCA MPSAMBIM UJIW KOCBCHHBIM.

Hamnpumep, B yMepeHHOM 30HE JeTH:S 3acyXa ((hakTop — BIAKHOCTb, 3HaUCHUE (DAKTOpa — HIDKE
00BIYHOTO0) OYZET OTPHUIIATEITHHO BO3/ICHCTBOBATh HA JIYTOBBIE PACTCHUS, UX PAa3BUTHE 3aMEITUTCS.
BosneiicTBre 3acyxu Ha pacTeHUS] — 3TO MPSIMOE BIMSIHHE HEIOCTATKA BIIArd. PacTUTELHOSTHBIE
HACEKOMBbIe (KYKH-TTUCTOE/Ibl M UX JIMYMHKH, TYCEHHUIIBI 0a00UeK, TIM) MOTYT Ha4aTh UCTIBITHIBATh
HEIOCTaTOK KOPMOBBIX PACTCHUH, YTO IPUBEAET K 3aMEJICHUIO UX POCTA, CHIDKEHHIO TJI0JJOBUTOCTH,
YBEJIMYCHUIO CMEPTHOCTH. Y MEHBIICHUE YUCICHHOCTH HACCKOMBIX, UTAFOIIUXCS JTYTOBBIMU
pacTeHUsIMH, TIOBIICYET 32 cOOOM HEXBATKY KOpMa Tl HACEKOMOSITHBIX ITHUIL. Bo3neiicTBue 3acyxu Ha

HaCCKOMBIX H

ITHUL — 3TO KOCBECHHOC BJIMSIHUE HECAOCTATKAa BJIary.

IIpakTHYeckas 4yacTh
1. 3anonuuth TabnuIy 1, AaTh onpeAeneHus U KpaTKo OXapaKTeprU30BaTh KaKIyI0 TPYIIITY SKOJIOTHYECKUX

(hakTopoB.

Knaccudukamus sxonorudeckux pakropoB

Tabmuna 1.

Abuotnueckue (HhakTopbl buotnueckue Gaxropsl AHTpOTIOTeHHbIE (PAKTOPHI

2.HOCTpOI>iTC Fpa(bI/IKI/I, OTpaXKaromue BBDKUBACMOCTb OPIraHU3MOB JIBYX Pa3HbIX BUJOB B 3aBUCUMOCTH OT

TeMIeparypsl

IO JaHHBIM Ta6J'II/II_IBI 2. OHpe,[LeJ'II/ITe U 0003HAYBTE 30HY OIITUMYMa W YIHCTCHUA JIA

KaXXJ10T0 BHUAA. Kaxkoii u3 ABYX BUAOB MOXXCT OTHOCUTLCA K CTEeHOOHOHTaM?

Tabnuma 2

Temneparypa, °C | -5 | 0 +5 | +10 | +15 | +20 | +25 | 430 | +35 | +40

+45
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BrepkuBaemocTth,%:
1 Bug

25

50

80

90

100

90

80

50

25

2 BUI

45

75

100

75

45

51




NPAKTUYECKOE 3AHATHUE
Honyasinus, cooduecTBa, IKOCUCTEMbI

Llesqb MpakTHYECKOT0 3aHATHUS

O3HakomiieHHE OOYYaIOUIMXCS CO CIEAYIOIIUMHU MOHATUSAMH: SKOCHCTEMa, (PUTOLIEHO3, 3001CHO3,
ouoreHo3, OmoreoreHo3, Ouocdepa, Hoochepa. Bocmuranne umHTEpeca K M3YYCHHUIO SKOJOTHYCCKHX
3aKOHOMEPHOCTEH U MPHUPOJIBI 3EMJIIH B IIEJIOM.

MeTtoauyeckuii MaTepuaJl
Buoron — y4acTok TeppuTOpHH, OJHOPOIHBIH M0 YCIOBHIM KU3HH ISl ONIPEICIICHHBIX BUIOB
pacTeHuil TN KUBOTHBIX.
Buoneno3 — uCTOpUYECKN CIIOKUBIIASICS COBOKYITHOCTD MOIYJISIMIA Pa3IMYHBIX OPraHU3MOB,
HACEJISIONINX OJHY TEPPUTOPHIO.
JKocHUcTeMA, UM OMOreoLeH03, — COBOKYITHOCTb JKUBBIX OPraHU3MOB (COOOIIECTB) U CPEbl UX
oOuTaHus, 00pa3yONINX YCTOMYUBYIO CUCTEMY KU3HHU.
Dkocucrema = OMOTOI + OUOIIEHO3
ABTOp TEPMHHA «3KOCHUCTEMA» — aHTVIMHCKU Kosor A. TeHcnu.
ABTOp TepMHHa «OnoreoneHo3» — akagemMuk B. H. Cykaues.
B 6uoreornienose B. H. CykaueB Bbiessi iBa 010Ka: 3IKOTON (COBOKYITHOCTD YCIIOBHI aOMOTHYECKOM
Cpelbl) u
0Mo1eH03 (COBOKYTHOCTh BCEX JKUBBIX OPTraHU3MOB).
B cooTBeTcTBUY C OTIpeIeICHUSIME, MEXKTy TOHATHSIMH «IKOCHCTEMA) 1 «OHOTreoleH03» HeT HUKAKOU
pa3HUIIBI, OMOTEOIIEHO3 MOXKHO CUUTATH TIOJTHBIM CHHOHUMOM TEPMHUHA «IKOCUCTEMAaY.
DKocucTeMa — OCHOBHAas (PYHKITMOHATbHAS €MHHUIIA B OKOJIOTHH.
DKocucTema SBISIETCS OTKPBITOW CUCTEMON U XapaKTepU3yeTcsl BXOJHBIMU U BBIXOIHBIMH MMOTOKAMHU
BelecTBa ¥ sHepruu. OCHOBA CYyIIECTBOBAHUS MPAKTUUYECKH JTFOOO0H 3KOCHCTEMBI — MOTOK SHEPTUU
COJIHEUHOTO CBETa B MPsMOM ((hOTOCHHTE3) HJIM KOCBEHHOM (Pa3jio’KeHUE OPTaHUYECKOTO BEIIECTBA)
BuJie. VMckimouenne — riy00KOBOIHBIE SKOCUCTEMBI: «UEPHBIE» U «Oelbley KYPHUIbIIUKN, HCTOYHUKOM
SHEPrUH B KOTOPBIX SBJIAETCS BHYTPEHHEE TEIUIO 3€MJIM U SHEPTUSI XUMUYECKUX PEAKIIHIA.
OCHOBHBIE CBOMCTBA 9KOCUCTEMBI:

e CaMOBOCIIPOU3BECACHUC,
e CaMOPCTyJIAInA;

e  YCTOWYHUBOCTb.

HckycecTBeHHBIE IKOCHCTEMBbI — 3TO SKOCUCTEMBI, CO3/IaHHbBIE YEJIOBEKOM, HAIIPUMED arpoIi€HO3bI.
BuoM — COBOKYITHOCTb 3KOCHUCTEM CO CXOJHBIM TUIIOM PACTUTENIBHOCTHU, PACIOJIO0KEHHBIX B OJTHOI
MIPUPOTHO-KIMMATUYECKOM 30HE (TYHAPOBBII OMOM, CTEMHON OMOM U T. 11.).

Buocgepa — sxocuctema BbICHIETO MOPsAKA, 0OBEAUHSIONIAS BCE OCTABHBIE SKOCUCTEMBI U
obecrnieunBaroIas CylecTBOBAaHUE KU3HU Ha 3eMIIe.

Tepmun «6uocdepa» 6b11 BBeieH KanoMm-batucrom Jlamapkom B Hauasne XIX B., a B re0JIoruu
MPEAJIOAKEH aBCTPUHUCKUM reosioroM DayapaoM 3toccoM B 1875 r. OqHako co3gaHue HEeNOCTHOTO YUEHUs
0 Ouocdepe mpUHAIIICKHUT pyccCKoMy yueHoMy Brnagumupy MBanosuuy BepHaackomy.

KOMIIOHCHTBI 9KOCUCTEMbI
PaBHOBecHOE (YCTOI\/’I‘II/IBOC) COCTOSTHHE YKOCHUCTEMBI 00CCIIEUNBACTCS HAa OCHOBE KpYroBOpoTOB BCIICCTB.
Z[J'ISI NMOAACPIKAHUS KPYTOBOPOTAa BCIICCTB B SKOCUCTEME HeO6XOI[I/IMO HaJINYHC 3a11aca HCOPraHNICCKUX

BCIIICCTB B yCBOﬂCMOﬁ (I)OpMC " TpEX (bYHKLII/IOHaJ'ILHO PAa3JIMIHBIX 9KOJIOTHUICCKUX T'PYIIIL
OpPraHru3MoOB: MPOAYHEHTOB, KOHCYMEHTOB 1 PEIYLHEHTOB.
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e IIpoayuneHTbl — aBTOTPO(HBIC OPraHU3MBbI, CIIOCOOHBIE CTPOUTH CBOM TEJIA 32 CUET
HEOPraHUYECKUX COEIUHEHM.

e KoHcyMeHTBI — reTepoTpoQHbIE OPraHU3MBbl, MOTPEOIAIONINE OPraHMYECKOE BEIIECTBO
MPOYLIEHTOB HJIM IPYTUX KOHCYMEHTOB M TPaHC(HOPMHUPYIOIIUE €0 B HOBbIE (DOPMBI.

e PeayueHTsl — rerepoTpodHbIe OpraHu3MBbl, TOTPEOISIONINE MEPTBOE OPraHUYECKOE BEIIECTBO,
IIEPEBO/IS €r0 BHOBb B HEOPTraHUUECKHUE COEIUMHEHUS.

Knaccugukanus 3Ta oTHOCUTEIbHASL, TAK KAK M KOHCYMEHTBI, U CAMU IPOAYLIEHTHI BBICTYNaIOT YACTUYHO
B POJIM PEAYLEHTOB B TEUEHUE KU3HHU, BBIJIEISIS B OKPYXKAIOLIYIO Cpey MUHEpPaJIbHbIE POJAYKThl 0OMEHa
BEIIECTB.

KpyroBopoT aToMOB MOKET MOAJEPKUBATHCS B CUCTEME U 0€3 MPOMEKYTOYHOTO 3B€HAa — KOHCYMEHTOB
— 3a CYeT JIeATeIbHOCTH IBYX APYrux rpymni. OHaKo Takue S3KOCHUCTEMbI BCTPEUAIOTCs CKOpee Kak
UCKJIIOYEHMsI, HallpUMEpP Ha TeX y4acTKax, I7ie QyHKIIHOHUPYIOT cO00IIecTBa, c(popMHUpPOBaAHHBIE TOIBKO
13 MUKPOOPTIaHU3MOB.

IIpakTnueckas yacTb
3Hasi MPaBUJIO TMEPEXO/A SHEPTrUu C OJHOTO TPOPHUECKOTO YPOBHSI HAa JPYrol MOCTPONTE MUpPaMUAY

OMOMACCHI CIIETYIOIICH MTUIIICBOM 1IETIH:
(DPUTOTUTAHKTOH --- 300TJIAHKTOH --- Kapach --- MIyKa --- YeJIOBEK.
Mpearnosiaras, 4Yro J>KMBOTHBIE KaXJOTOo TPO(PUUECKOTO YpPOBHS TMHUTAIOTCS TOJBKO OpPraHU3MaMu

npeapIayIero yposus. buomacca ¢puromnnankrona B ucciemyemMom Bojoeme cocrarisieT 4200 TOHH.

PaccumraiiTe 4mcieHHOCTh 0cOoOEl Ka)J0ro 3BEHA STOM MHUINEBOW IEMH, ¢ y4eTOM Macchl 1 ocoow:
¢urornankToH — 0,1r; 300mnankrona — 0,5r; kapacst — 250r; myku — 2 kr; uenoBeka — 70 xr. Paccunranusie

3HA4YCHUS BIIUIIHUTE B Ta6J'II/IHyZ

[IpencraButenu Tpoduueckoro |Paccuntannas 6uomacca PaccunTanHast YuCIEHHOCTh
YPOBHS (xr) (ocobm)

DUTOILIAHKTOH 4 200 000

300MIaHKTOH

Kapacs

Llyxu

YenoBeka

HCHOJ’ILS}’H PE3YIbTaThl NICPCIIMCU HACCIICHUSA, U3YUUTC ITOJIOBO3PACTHYIO CTPYKTYPY HaHHOﬁ MomyJsiuu,

Ha OCHOBC HOCTpO@HHOfI B03paCTHOI>'I NMUpaMUu bl OIIPEACIIUTEC TUII BO3PACTHOT'O COCTAB HACCIICHUA.

Bospacr, ner KonnuecTBo MyxunH KonmyecTBo KeHIIUH
0-4 21835 19870
5-9 16242 15614
10 - 14 16 010 15950
15-19 22443 21870
20-24 27631 28231
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25-29 29934 30142
30-34 28135 30263
35-39 26847 29314
40 - 44 23015 26741
45 - 49 27812 30098
50 - 54 23962 28430
55-59 23117 28120
60 - 64 14007 21630
65 - 69 13820 22108
70 - 74 13572 22364
75-179 7804 12628
80 - 84 4214 11332
85-90 2015 5520
90 u Gonee 231 732

OO0111E€ KOJIMYECTBO
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NPAKTUYECKOE 3AHATHUE
Buocdepa - rnodanbHasi IK0JIOrHYECKas CUCTEMA

Llesqb MpakTHYECKOT0 3aHATHUS

Co3nare ycrmoBusi uis (OpMUPOBaHHS MpeACTaBIeHUNH o Ouocdepe, kak oOosouke 3emuy,
HaceJICHHON >KUBBIMH OoprannusmMamMmu

MeTtoau4yeckuii MaTepuaJl
Buocdepa (ot ap.-rpeu. «6noc» — xu3Hb u «chaiipa» — chepa, map) — 0007I09Ka 3eMITH, 3aceICHHAS
JKUBBIMH OpraHu3MaMy, HaXoAAmasAcCsa 1moa ux BOSI[GﬁCTBI/IGM " 3aHsiATasA MPOAYKTAMHU UX
KU3HECATSIILHOCTH; MOJKHO CKa3aTh, 4T0 OMocdepa — 3To riodanbHast IKOCUCTEMA 3EMITH.
Bbuocdepa — oTkphITas cucremMa, B Hee MOCTYMAeT U3 KOCMOCA SHEPTHUS COJIHEYHOTO CBETA, 33 CUET
KOTOPOI1 CyIIECTBYET OOJIBIIMHCTBO S3KOCUCTEM 3EMIIU.

Hcropus repmuna «onochepar

XK. b. Jlamapk B 1802 roay Ha3Ban Ouocgepoil COBOKYIHOCTb BCEX )KUBBIX OPraHU3MOB 3eMIIN.

3. 31occ B 1875 roay BBEN TepMuH «Onochepa» — TOHKas IJIEHKA 3€MHOM TTOBEPXHOCTH, HACEJICHHAS
KU3HBIO.

B. U. Bepnanckwuii B 1919 coznan yuenue o 6uocdepe, B HeM:

«buocdepa — «00saCcTh KU3HU», BKIKYAKOIIASA )KUBbIe OPraHU3MbI U Cpely MX 00UTaHUsA; 0c00ast
000J109Ka 3eMJId, B Ipeiesiax KOTOPOil MPOSIBJISAETCH reoJIoOrn4ecKas 1esiTeJIbHOCTh JKMBOT0
HaceJleHHs IJIaAHeThI».

Hoocdepa (o Bepraackomy) — cepa genoBeueckoro pazyma.

I'pannnbl 6mochepnl

o Bepxuss rpanuia B atmocdepe: 15-20 xm.
Omna ormpenensieTcst 030HOBBIM CJI0EM, 33I€PKUBAIOIIMM KOPOTKOBOJIHOBOE YIIbTPaHOoJIETOBOE
U3Ny4yeHue, ryOuTelIbHOE AJIsl )KUBBIX OPTaHU3MOB.

e HwxHsas rpanuna B tutocdepe: 2—3 KM Ha cyllle U Ha 1-2 KM HUXKe JIHa OKeaHa.
Omna omnpenensieTcst TeMIIepaTypoil epexo/ia BoJIbl B Map U TEMIIEpaTypoi AeHaTypauu O0eiIKoB,
OJIHAaKO B OCHOBHOM PacHpOCTPaHEHHE KUBBIX OPraHU3MOB OIPAHUYUBAETCS BIIYOb
HECKOJIbKUMU METPaMHU.

o Hwxusas rpanuna B ruapocdepe: 10-11 km (MapuaHckas BnajauHa).
Omnpenensiercst JTHOM MUPOBOTO OKeaHa, BKIIFOYAs JOHHBIE OTIIOKEHHS.

Ty gactb Ouochepbl, B KOTOPOI B HACTOSIIIEE BPEMsi IOCTOSIHHO BCTPEYAKOTCS )KUBBIC OPTraHU3MBI,
Ha3bIBAIOT Dy0nocdepoii, eec rpaHuIbl HECKOJIBKO yXKe.
Taxum oO6pazom, 6uochepa BKiIrOYaeT B cedst 4acTh aTMOChepsl, TUAPOCHEPBI K TUTOCHEPHI.

55



‘:;
I
I
| Crpatocdepa
o I
O |
= |
3 |
E e ' _'—frv
,/’%L--fh-“~~-__ :
O30HOBBIM CIOW | ——
— . ,/"/
-L_‘~~§§ I ///
} ~‘§§‘-/,
| Tponocdepa
) | FLEICE 16-20 KM
S I
(]
©
O
o
=
o 10-11kM™m
3,5 Kkm
BUOMACCA BUOC®DEPHI

O6mras cyxas bmomacca 6uocdepsl orieHuBaeTCs B 2,5 X TOHH. bosbIiast 4acTh 3TOM OHMOMACCHI
MIPUXOAUTCS HA HA3EMHBIE HIKOCUCTEMbI, OMOMacca OkeaHa cocTasiisieT Juib okoJio 0,003 X ToHH.
OCHOBHYIO YacTb OMOMACCHI CYIIIH COCTABJISIOT HA3eMHbIE pacTeHus, UX Ouomacca npumepHo B 500—
1000 pa3 6onbIie, yeM OHOMacca )KUBOTHBIX. 3 BCeX BHJIOB IMKUX KUBOTHBIX, 110 -BUIUMOMY,
HanboJIbIIel OromMaccoit obmagaeT Mmopckoit padok Euphausia suberba (150 miH. ToHH), HO 0OIIast
O6roMacca 0JJOMallIHEHHOTO YeJIOBEKOM KpYyImHOTro poratoro ckota (Bos taurus) emie 6osbmie — 520 MiH.
TOHH, KaK 1 caMuXx Jtojeit — 350 muH ToHH. bonbioit Onomaccoit o6nanaroT Mmypasbu (3 MIIpJ TOHH) U
Mopckue priObl (800 — 2000 MITH. TOHH), HO 3TO TPYIIIBI )KUBOTHBIX, BKIIOYAIOIINE MHOKECTBO BUJIOB.
OO6mas 6uoMacca Ha3eMHBIX pacTeHU — 560 MIIpJI. TOHH, MOPCKOTO (PUTOIJIAHKTOHA U PACTCHUI — 5
— 10 Mapa. TOHH, Ha3eMHBIX KUBOTHBIX — 5 MIIP/I. TOHH.

Haubonp1ras koHIIeHTpanus 6MOMacChl Ha TpaHUIaX Cpe:

e rpanula quTochepsl U atmochepsl;
e rpanula rugpocdepsl u arMocheps! (INTAHKTOHHBIE OPraHU3MBbl);

e rpanula aurocdeps! U ruapochepsbl (0EHTOCHBIE OPTaHU3MBI).

[lepuunas 6momacca oOpaszyercs aBToTpo(amu (0OBIYHO pacTEHUSMH) B Iporecce (poTocuHTE3a C
MCIOJIb30BAHUEM COJIHEUHOM sHepruu. [loaToMmy MUHMMasbHAs OnomMacca HaOI01aeTcsl B MYCTHIHAX U BO
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JibAax, 4TO CBA3aHO B ICPBYIO OYCPCAb C MUHHUMAJIbHBIM KOJIMYCCTBOM paCTeHI/Iﬁ B Ka4C€CTBC HCTOYHHKA
pupocTa OMOMACCHI.

Crpykrypa 6uocdepsr

1.

6.

7KuBoe BelecTBO — BCsl COBOKYITHOCTB T€JI )KUBBIX OPraHU3MOB, Hace sromux 3emiro. Macca
YKUBOTO BEIIIECTBA CPABHUTEIHLHO Maja U OIICHUBACTCS BEeMUIHHOU 2,4 — 3,6 X TOHH (B CyXoM
BECE) M COCTABJISICT MEHEe OJTHOWM MUJUTMOHHOUM Y9acTH Bceil Onocdepnl (0K0JI0 3 X TOHH),
KOTOpasi, B CBOIO OYEpE/lb, PEACTABIISET COO0N MEHee OHON ThICAYHONU Macchl 3emiin. OiHaKko
HMMEHHO 3Ta 4acTh OHOCQEpHI ABISAETCS HanboJiee BaXKHOM, T. K. aKTUBHO YYacTBYET B
OMOTeOXMMHUYECKUX IIUKJIaX U MpeoOpazyeT HEXKUBOE BEIIECTBO 3EMIIH.

BuorenHoe BemecTBo — 0CaI04YHbIE TOPO/IbL, COCTOSIINE U3 POLYKTOB KU3HEACATEIBHOCTH
YKUBBIX OPraHU3MOB WJIH MPEACTABIISAIONIUE COOON UX Pa3I0KUBIIMECS OCTATKH (M3BECTHSKH,
paxylIeyHble TOPO/Ibl, TOPIOYUE CIIAHIIbI, UCKOTIaeMbIE YTJIU, HEPTH U Ip.).

KocHoe BemecTBo — BemecTBo, oOpasyromnieecst 0e3 y4acThs )KUBBIX OPTaHU3MOB.

buoxkocHoe BEIECTBO — BCIICCTBO, KOTOPOEC CO3AACTCA OJHOBPEMEHHO JKUBBIMU OpraHu3MaMu
1 KOCHBIMH IIPOLECCaAMMU. TakxoBBI Io4Ba, 1UJji, KOpa BEIBETPUBAHUA U T. A.

PannoakTuBHBIE BemecTBa M MPOAYKTHI UX pacIaja, a TakkKe aTOMbI, HEIIPEPBIBHO
oOpa3yroluecs U3 3eMHOT0 BEIIECTBA M0/ BIUSHUEM KOCMUYECKUX U3ITy4eHUH.

BerecTBO KOCMHYECKOTO MPOUCXOKICHUS (METEOPUTHI).

OcHoBHbIE 4epThl OHOChEpHI:

JKHUBBIC OpraHU3MBbI;

OMOTHUYECKUI KPYTOBOPOT BEIIECTB.

buoTtnueckuii kpyroBopoT obecrieunBaeTcsi B3aUMOACHCTBUEM TPEX OCHOBHBIX TPYII OPraHU3MOB:

NMPOAYLUEHTOB (3€JICHbIX PACTEHUH, OCYIIECTBILIIOMUX (POTOCUHTE3, U OAKTEpUiA, CITIOCOOHBIX K
XEMOCHHTE3Y) — OHH CO3/Ial0T MEPBUYHOE OPraHMYECKOE BEIIECTBO;

KOHCYMEHTOB (PacTUTEIbHOSIIHbIE U XUIIHBIEC dKUBOTHBIE) — OHH MOTPEOIIAIOT OpraHundecKoe
BEIIECTBO;

peayueHToB (OakTepuu, rpuObl U MPOCTEHIINE )KUBOTHBIE) — OHH pa3jaraioT MEpTBOe
OpraHUYECKOE BEIIECTBO 10 MUHEPAIBHOTO.
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MepTBble oCcTaHKun
pacTeHWU N XUBOTHbIX

N

PacteHnun XXnBOTHbIE

S—

MwuHepanbHble MeperHon BakTepun
BelecTBa

MEXaHU3MBbl YCTOMYMBOCTU OHOCGHEPDI

buocdepa npeacrasnsier coboit OTKPHITYIO OMOCHCTEMY, KOTOpasi 0OMEHUBAETCS BEIIECTBOM M SHEPTHUEH
C OKpYXKarollen Cpesiou.

JKuBnie opranuzmel Onocheps! IesaTcs Ha aBTOTPO(OB U TeTepoTpodoB:

e aBTOTPOdbI — MPOU3BOJAUTEIN OPraHUUYECKOTO BEIIECTBA;

e reTepoTpodbl — MOTPEOUTENH U PA3PYIIUTEIN OPTAHUYECKOTO BEIIECTBA.

Mesx 1y porieccaMu CO3JaHHsI OPraHU4YEeCKOro BEUIECTBA U €ro MPeoOpa3oBaHreM U pa3pyLICHUEM
YCTaHABIIMBAETCSI OTHOCUTEIILHOE PAaBHOBECHE.

DTO paBHOBECHUE SIBJIACTCS OCHOBOH ISl YCTOMUYMBOCTH OMOC(hephI.

YeToiiuuBOCTHL — 3TO CBOWCTBO KOCHCTEMBI, KOTOPOE MPOSBIIAETCS B OIAEPKAHUH CBOETO COCTaBa,
CTPYKTYpPHI U (DYHKIUH, a TaK)Ke B CHOCOOHOCTH BOCCTAHABJIMBATHCS, B CIIy4ae €CJIM OHU OyIyT
HapYIICHBI.

@DaxTopsl, ONPEACIAIONe YCTOMYNBOCTh OUOChephI:

e OHMopazHOOOpa3ue — BHUIOBOE pazHOOOpa3ue;
e B3aMMO3aMEHIEMOCTh KOMIIOHEHTOB OMOC(hepbl B KpyroBOPOTaxX BEIIECTB M SHEPTHU;
e IyONMpOBaHUE 3BEHHEB B KPYTOBOPOTE BEIIECTB M YHEPTUHU (B OMOTCOXMMUYECKUX IIUKIIAX);

e JKM3HCHHAA aKTUBHOCTB >KMBOI'O BCIICCTBA (CKOpOCTL PAa3MHOKCHUS U paCHPOCTpaHeHI/IH).

OT nmoJr0coB K 3KBaTOpy OHOMacca U BUJI0OBOE Pa3HOOOpa3yue yBEIUUUBAIOTCA, T. €. YBEJIINUMBAETCS
YCTOMUYUBOCTb DKOCHUCTEM.

IIpakTnyeckas 4yacTb
Al. SIBieHUs KpyroBOpOoTa BEIIECTB M JHEPTUH, MPOUCXOJIINE IMPU YYaCTUU SKUBBIX OPTaHH3MOB,
U3Yy4aloT Ha ypOBHE
1) 6uochepHom 3) nonysIsIIMOHHO-BUIOBOM
2) 6MOTEOIICHOTUYECKOM 4) opraHu3MeHHOM
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A2. K aHTpOIOTeHHBIM (paKTOpaM OTHOCATCS

1) ocymienue 6070T, BEIpYOKa JIECOB, CTPOUTENHCTBO JOPOT
2) pacreHust, 6akTepuu, TPUOBL, )KUBOTHBIEC, BUPYCHI

3) MuHepabl, paCTEHUs, COJIEHOCTh BOJIbI, pacrallka MoJjen
4) Temmeparypa BO3/yXa U BOJIbI, aTMOC(EpPHOE JaBICHHUE

A3. OmHOH W3 IJIaBHBIX MPUYUH COKPAIICHHS BHIOBOTO Pa3HOOOpa3Wsl )KHBOTHBIX B HACTOSIIEE BpEMs
SIBJISICTCS

1) mexBuaoBas 6oprda

2) pa3pylieHHe MeCT OOUTaHUsI )KUBOTHBIX

3) upe3aMepHOE Pa3MHOKEHHE XUIITHUKOB

4) BO3HUKHOBEHHE TTI00ATBHBIX SMUAEMUN — TAaHIEMUN

A4. HeoOxo1uMoe yCIIOBHE COXPaHEHHS paBHOBECHS B Orocdepe

1) sBoOJIIOLIMSI OPTAaHUYECKOTO MUpPA

2) 3aMKHYTBIM KpYTOBOPOT BEIIECTB U SHEPTHU

3) ycusieHue NpOMBIIIEHHOW U CHU)KEHHE CeIbCKOXO03HCTBEHHOM eI TEIbHOCTH YeJIOBEKa
4) yCcuJeHHEe CeIbCKOXO3SIMCTBEHHON U CHUKEHHUE TIPOMBIIIICHHOMN JACSITEIIbHOCTH YeI0BEKa

AS. B 6uocdepe

1) Ouomacca pacTeHuit paBHa OroMacce KUBOTHBIX

2) Guomacca KMBOTHBIX BO MHOTO pa3 MpeBbIIIaeT OnomMaccy pacTeHUI

3) Guomacca pacTeHHI BO MHOTO pa3 MPEBHIIIAaeT OMOMAaCCy KUBOTHBIX
4) cooTHOIIEHUsI OOMACC PACTEHUI U KUBOTHBIX TOCTOSIHHO U3MEHSIETCS

A6. bruocdepa sBIIETCS OTKPHITOM CUCTEMOM, TaK KaK OHA
1) cocoOHa K caMOpeTyJISIUA 3) COCTOHT U3 SKOCUCTEM
2) ciocoOHa U3MEHSITHCSI BO BPEMEHHU 4) cBsizaHa ¢ KOCMOCOM OOMEHOM BEIIIECTB

A7. Ilo B.W. BepHaackoMy KUCIIOPOJ SIBJISETCS BELIECTBOM
1) >xuBBIM 2) GMOKOCHBIM 3) GuoreHHBIM 4) KOCHBIM

A8. BepxHsis rpanuiia 6uocdepsl HaXoauTCs Ha BBICOTE 20 KM OT MOBEPXHOCTH 3€MJTH, TaK KaK Tam
1) oTCyTCTBYET KHUCIOPO.T 3) oueHb HHU3Kas TEMIEpaTypa
2) OTCYTCTBYET CBET 4) pa3meraeTcs 030HOBBIN CIION

A9. O6osouka 3eMiH, HaCEJIeHHAs )KUBBIMU OpraHU3MaMu U peoOpa30oBaHHAs UMU, HA3bIBACTCA
1) ruapocdepa 2) mutocdepa 3) Hoocdepa 4) duocdepa

A10. TTo onpenenenuto B.U. BepHajckoro Bemymiasi poiib B CO3JaHUN HOOCHEPBI IPHHAUICHKHUT
1) 6akTepusim 2) pacTeHHIM 3) xocmocy 4) yenoBeky

A11. Han6Gonpas KOHIEHTpalus ’KMBOTO BEL[eCTBA HAaOI01aeTCs
1) Ha cThIKEe aTMOC(EpbI, THAPOCHEPHI U JTNTOCHEPHI

2) B HIDKHUX CJIOSIX TUAPOChEpHI

3) B BEpXHHUX CIOSIX aTMOC(EpHI

4) B nutocepe Ha riryoune 200 m

A12. TlonnepxaHuto paBHOBecHs B Orocepe, ee IeTOCTHOCTH CoCcOOCTBYET
1) coxpaneHnue 6uopazHooOpazus
2) BceJleHUE HOBBIX BUJIOB B 9KOCHCTEMBbI
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3) co3aHue arpodKOCUCTEM
4) paciiupeHue MIouaan 3eMelb, 3aHATIX KYJIbTYPHBIMUA PACTEHUSMU

A13. Pa3BuTue MNPOMBILIJICHHOCTH, TPAHCIOPTA, CEIHCKOTO XO34MCTBA C YYETOM H3KOJIOTMYECKHX
3aKOHOMEPHOCTEH — He00X0IMMOE yCIOBHE

1) ycroitunBocTH OGHOChEpHI

2) SBOJIFOIMH OPTaHMYECKOTO MUPA IO IyTH apoMopdo3a

3) cMeHBI OMOTEOIIEHO30B

4) camOperyisiiuu YUCICHHOCTU B MOMYJISLIUSIX

A14. TTapaukoBsiii 3¢ dexT B Onochepe BbI3bIBAECT HAKOIUICHUS B aTMOchepe
1) bt 2) SIOBUTHIX BEUIECTB  3) YIJIGKHCIIOTO rasza 4) a3ota

A1S. YcroitunBocTh 6Mocheps! Kak riao00albHON 3KOCUCTEMBI OTIPEEIIAETCS
1) pa3HooOpa3uem ee BUIAOBOIO COCTaBa

2) KOHKYpEHLUENH MeX a1y OpraHu3MaMHu

3) monyasAIMOHHBIMUA BOJTHAMU

4) 3aKOHOMEPHOCTSIMHU HACJIEICTBEHHOCTH U M3MEHYMBOCTH OPraHM3MOB

A16. Beinenenue B atMoc(hepy OKCHIOB CEPBI, a30Ta BHI3HIBACT
1) ymeHbIIeHne 030HOBOTO CJIOS 3) BBITIQZICHUE KUCTIOTHBIX JTOXKICH
2) 3acojieHHe MUPOBOI'0 OKeaHa 4) yBesnnyeHNe KOHIIEHTPAIMK YIIIEKUCIIOTo ra3a

A17. HeoOxoaumoe ycioBHe YCTOWYUBOTO pa3BUTHS OHochepsl —

1) co3naHKe HCKYCCTBEHHBIX arpol€HO30B

2) cokpallleHHue YUCICHHOCTH XUIIHBIX dKUBOTHBIX

3) pa3BuTHE MPOMBIIIEHHOCTH C YI4E€TOM IKOJIOTHMYECKUX 3aKOHOMEPHOCTEN
4) YHUYTOKEHHE HACEKOMBIX-BPEAUTENICH CEITbCKOX03IHCTBEHHBIX KYJIbTY]D

A18. B peoOpazoBanun 6uocdepsl TIIaBHYIO POJIb UTPAIOT
1) ’KMBBIE OpTaHU3MBI 3) KpyroBOpOT MHHEPAJIHHBIX BEIIECTB
2) OHOPHUTMBI 4) Mpo1eCChl CaMOPETYIISIITUU

Cl1. HJ’ISI COXpaHCHHA W YBCIMYCHUSA pBI6HBIX 3a11aCcOB YCTAHOBJICHBI OIIPCACIICHHBIC IIpaBUJIa
pBI6OJ'IOBCTBa. O6’[>$ICHI/ITC, IIo4YeMYy IIpH JIOBJIC pBI6BI HEJIB35 UCIIOJIb30BaTh MCIKOAYCUCTBIC CETH U TaKHEC
IIPHUEMEI JIOBA, KaK TPABJICHUEC WJIM TJIIYHICHUC pBI6BI B3pbIBYAaThIMH BCIICCTBAMMU. HpI/IBeI[I/ITe HC MCHCC

JBYX MPUYHUH.

C2. Kakue IOCJIICACTBHA MOXXCT UMCTh ri06aabHOE OTEILIEHNE? HpI/IBeI[I/ITC HC MCHCC TPCX IIPUYIHH.
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