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BBEJIEHUE

Cuctema cpegHero npoeccCMoOHaJIbHOrO 0Opa3oBaHMs CTaBUT mepesn coOoi 3anady MOATOTOBKU
o0yJaromuxcs K JKU3HU B OOILECTBE, KOTOpasi BKJIIOYAEeT B ceOs (OPMHUPOBAHHME Y HUX MPAKTUUECKUX
YMEHUH U HAaBBIKOB.

[esbro n3yueHust OMOJOTHH HA YPOBHE CPEIHET0 001ero o0pa3oBaHus ABISIETCA:

* nosiyuyeHHe (yHJAMEHTaJIbHbIX 3HaHUM o Ouonornyeckux cucremax (Kierka, Opranusm,
[omymnsmus, Bun, DxocucreMa); UCTOPUM Pa3BUTHSL COBPEMEHHBIX IPEACTABIECHUN O >KUBOM MPUPOJE,
BBIJIAIOIINXCSL OTKPBITUSX B OMOJIOTMYECKOH HayKe; poju OWOJIOTMYEeCKOH Hayku B (OPMHUPOBAHUHU
COBPEMEHHOM €CTECTBEHHO-HAyYHOU KapTUHBI MUPA; METOAAX HAYYHOT'O ITO3HAHUS;

* OBJIaJICHUE YMEHUSIMHU JIOTHUECKU MBICIUTh, 0OOCHOBBIBATH MECTO U POJIb OMOJIOIMUECKUX 3HAHUH
B MPAKTUYECKOM MAEATEIbHOCTU JIIOJCH, pa3BUTHM COBPEMEHHBIX TEXHOJIOIMH; OIpPEAENsATh KUBBIE
O0O0BEKTHI B MPUPOJE; MPOBOJUTH HAOIIOACHUS 32 SKOCHCTEMAMHU C ENbI0 UX OMUCAHUS M BBISBICHUS
€CTECTBEHHbIX M AHTPOINOIEHHBIX W3MEHEHMH; HAaXOAWTh W aHAIW3UPOBATh HMHQPOPMALUIO O KMBBIX
00BEKTaX;

* pa3BUTHE II03HABATEJIbHBIX HWHTEPECOB, WHTEIUIEKTyaJbHBIX U TBOPYECKUX CIOCOOHOCTEN
o0ydJaromuxcs B MpOIecce M3yYeHUsT OMOJOTHYECKUX SIBJICHUHN; BBLIAIOLINXCS TOCTH)KEHUI OHOIIOTHH,
BOILIE/IINX B 00I1I€YET0BEYECKYIO KYIbTYPY; CIIOKHBIX U IPOTUBOPEUMBBIX ITyTE€H pa3BUTHS COBPEMEHHBIX
Hay4YHBIX B3MVIAJOB, HJEH, Teopui, KOHUENUMH, TUmore3 (0 CYHUIHOCTH M IPOUCXOXKICHUU >KU3HHU,
4esioBeKa) B X0/i€ paboThl € pa3InYHBIMU UCTOYHUKAMHU UH(POPMAIUH;

* BOCIHTAaHHE YOEKIEHHOCTH B HEOOXOJMMOCTH IO3HAHUS JKUBOM HPUPOJIBI, HEOOXOAMMOCTH
palMoHaIBHOTO IPUPOJIOIOIB30BaHN, OEPEKHOTO OTHOLIEHHUS K MIPUPOJIHBIM PecypcaM M OKpYyXKarolein
cpezne, COOCTBEHHOMY 30pPOBbIO; YBa)KE€HHsI K MHEHHUIO OIMOHEHTa MpH OOCYXKICHUM OHOJIOIMYECKHX
npoOem;

* HCIOJIb30BaHNE MPUOOPETEHHBIX OMOJOTMYECKUX 3HAHUI U YMEHUHN B NMOBCEAHEBHON >KU3HU IS
OLIEHKU TIOCIIEACTBUN CBOEH JEATENbHOCTH (M MAEATENBHOCTU JPYTHX JHOAEH) IO OTHOILIEHHIO K
OKpYarollel cpelie, 310pOBbI0 APYTUX JIIOJIEH U COOCTBEHHOMY 3/I0POBbIO; 0OOCHOBaHUE U COOIIOACHUE
Mep NpoQMIAKTHKU 3a00JeBaHUI, OKa3aHHE MEpBOM IMOMOIIM MpPHU TpaBMax, COOIIOACHHE MpPaBUII
MOBE/ICHUS B IPUPOJIE.

ConeprkaHue MpakTHYECKUX pabOT OPUEHTHUPOBAHO HA IMOJTOTOBKY CTYAEHTOB K OCBOSHHUIO Y4EOHOM
JICLUITIMHBI «BHONOTHs» OCHOBHOM NMPOQeCCHOHAIBEHOM 00pa30BaTebHOM MPOrpaMMBbl 10 CHEHUATBHOCTH U
(dbopMHpPOBaHUIO OOIIMX KOMIETEHIUI:

OK 01. BoiOupats crnocoObl perieHus 3a1ad Npo(ecCHOHATbHON JESTENbHOCTH NMPUMEHUTETBHO K

Pas3sIMYHbIM KOHTCKCTaM.



OK 02. Hcronb30BaTh COBpPEMEHHBIE CPEICTBA MOWCKA, aHAIM3a M WHTEPHpeTaly MHPOpMALUH, U
MH(OPMALIMOHHbIE TEXHOIOTUH /ISl BBIIOIHEHUS 33/1a4 MPO(ECCHOHATBHON eI TeTbHOCTH.

OK 04. DddexTrnBHO B3auMOCHCTBOBATh M Pa0OTaTh B KOJUIEKTUBE U KOMaHIe.

OK 07. ConeiicTBOBaTh COXPaHEHUIO OKPYXKAFOIICH CPEIIbl, PECypCOCOePEKEHHIO, IPUMEHSTh 3HAHUS 00
M3MEHEHMU KIIMMara, MPUHIMUIBI OEPEXIMBOTO MPOM3BOJICTBA, d(PPEKTUBHO NEHCTBOBATh B UPE3BBIYANHBIX
CHUTYAIIUSX MUPHOTO U BOGHHOT'O BPEMEHHU.

A TaKxe OBJIaJICHUIO MPOGECCHOHATBHBIMA KOMIETCHIIMSIMU:

[1K 1.2 Beibuparb METO/ MOJy4YEHHUsI 3aTOTOBOK C YU€TOM YCJIIOBHM MPOU3BOJICTBA



MNPAKTHYECKOE 3AHATHUE
CTpPYKTYPHO-(PYHKIIHOHAJILHAS OPTraHU3ALUA KJIETOK

eJsb NPAKTHYECKOTO 3aHATHS
[IpogomkuTh M3ydyeHUE KIETOYHOrO YPOBHA OpraHuszauuu >Ku3Hu. CopMUpoBaTh 3HAHUA O
CTPOCHUH U (YHKIMAX KICTKU
MeToanyecknii MaTepuall
CrpoeHne KJIeTKH.
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Knerka cocTouT 13 BHEIIHENW LUTOMIa3MaTUUECKON MeMOpaHBbI - MJ1a3M0JIEMMBI (OTAENSI0IIEN
COJIEPKMMOE KIIETKH OT OKPYXKAIOLIEH CPellbl U COCEHUX KIETOK), A/ipa U HUToIIa3Msl. LluTonnazma
B CBOIO OY€pe/ib JACIUTCS Ha THaiomia3My (OCHOBHYIO IIJIa3My, B KOTOPOW HaXOATCs BKJIIOUEHHS) U

OpraHCJlIbI.

IlaazmoaemMMa (BHENIHAS HUTOMJIA3MATHYECKAs MeMOpana).




Puc. 5. CTpoerue KIeTOYHO
MeMOpanbi (cxeMa).

| — numugsi; 2 — ruapocobas
30Ha OHCI0S JHTHAHBIX MOJIEKYJ;
3 — yHTerpabHble GenKkn mMemOpa-
HbI} 4— fnoJMcaxapuyibl [JINKOKa-
JIHKCa.

A9

XUMHYECKHI COCTAaB IJIa3MOJIEMMbI — JINIONPOTEUHOBBIA KOMIUIEKC TOJIIMHA M1a3MOJIEMMBI
10 uM (10 MUTUMUKPOH; 3TO camasi TOJICTasl U3 BCEX KIETOYHbIX MeMOpaH). CHapyXu OT
IJIa3MOJIEMMBI PacIojaraeTcsi IIIMKOKAINKC, TOMIKUHA ero 3-4 HM. [ TuKoKaJIMKC ecTh 0043aTeIbHO
BO BCEX KJIETKAX, HO BBIPAXKEHHOCTH €ro pa3janudHa. [ IMKOKaIuKC MPeaICcTaBisieT co0oi
aCCOLIMMPOBAHHBIN C MJIA3MOJIEMMOM MNIMKONPOTEMHOBBIA KOMILIEKC, B COCTaB KOTOPOTO BXOJAT
pa3JIMYHbBIC YTIICBOABI. YTJICBOABI O0OPa3yIOT JUIMHHBIC, BETBSIIHUECS IEIMTOYKH IMOJTUCAXITPUIOB,
CBSI3aHHBIC ¢ O€NTKaMU U JUIUJAMHU, BXOJSAIIMMHU B COCTAB IJ1a3MOJIeMMbl. MyKOMoIucaxapuiasl
00pa3yroT Kak ObI 4eXO0JI TOBEPX IIa3MaTHUYECKON MeMOpaHbl. B MIMKOKaJIMKCEe MOTYT pacroiaraTbCst
Oenku (Kak MpaBwiio, (pepMEeHTHI), HE CBSI3aHHbBIE HETIOCPECTBEHHO C OUIIUMHUIHBIM CIIOEM.

OyHKIMSA 07a3MOJIeMMbl. 1) pasrpaHUu€HHME IUTOIUIa3Mbl KJIETKH C BHEIIHEH cpelodl u
OJIHOBPEMEHHO MEXaHHYECKOE yIepKUBAHUE PAJOM JIeKAIIUX JAPYr C JPYroM KIETOK. 2) (QpyHKIUsA
peuenuuu (pyHKIMOHAIBHOE «y3HAaBaHUE)» KJIETOK U BEIIECTB). 3) TpaHCIOPTHAs (PYHKIUS [TaCCUBHAs
U aKTUBHAd 3a CYET SHAOLNTO3a ((parouuTo3a U MUHOIMTO3a) U 3K301MTO3a. [I11a3mMoneMMa pa3inyHbIX
KJIETOK JKMBOTHBIX MO’KET OOpa30BBIBATh BBIPOCTBI PA3IUYHON CTPYKTYpHl. Y psla KIETOK TaKue
BBIPOCTHI BKJIIOYAIOT B CBOM COCTaB CHELUATbHbIE KOMIIOHEHTHI LMTOIUIa3Mbl (MUKPOTPYOOUKH,
¢buOpuIIBl), YTO MNPUBOJMUT K PA3BUTHUIO CIEHHUAIBHBIX CTPYKTYp — PECHUYEK, KTYTHKOB U Jp.
Haunbonee yacto BcTpevaroTcss Ha MOBEPXHOCTH KJIETOK MUKPOBOPCHUHKH (Yalle Y SMHUTETUOIUTOB).
OTO BBIPOCTHI IUTOIUIA3Mbl, OrpaHUYEHHBIE IJIA3MOJEMMOM, HMEIT (GOopMy LHIUHIPOB,
3aKpyrjeHHbIX Ha BepmuHe. Juamerp ux no 0,1 MmukpoHa. 3a cueT MHMKpPOBOPCHUHOK pE3KO
yBEIMUMBAETCA ILIOMAAb BCACHIBAHHA (B KMIIEYHOM »muTenud Ha | Mm? mpuxomurtcs 1x108
MUKPOBOPCHHOK).

MexKkieTouHble coeuHeHUs (KOHTakThl). [lma3moiieMma MHOTOKJIETOYHBIX OPTaHU3MOB
o0pa3yeT MEXKJIETOYHbIE COEIMHEHHUs, 00eCleyuBaIOINe MEXKJICTOYHblE KOHTaKThl. Paznuyaror
HECKOJIbKO TUITOB TAKUX KOHTAKTOB:




1) [IpocToe MexKIeTOUHOE COeTMHEHNE — CONMKEHNE MIIa3MOJIEMMBI COCETHUX KJIETOK Ha
paccrostaue 15-20 um. [Ipu 3TOM TPOUCXOIHMT B3aMMOJCHCTBHUE CIIOEB TJIMKOKAIUKCA COCEIHUX
KJICTOK.

2) [InoTHOE coenMHEHME (3amuparolias 30Ha) — 30HA, I CIOM JBYX ILIa3MOJIeM
MaKCHUMAJIbHO COJMKEHBI, 3/1eCh MPOUCXOJUT KaK OBl CIUSHHE YY4ACTKOB IJIa3MOJIEM JIBYX COCEIHUX
KJIETOK. POJIb TAaKOTO COeIMHEHUSI B MEXaHUYECKOM COEUHEHUH JIBYX COCEHUX KJIETOK. JTa 001acTh
HEMPOHMIIAeMa JIJISI MAaKPOMOJIEKYJ M HOHOB.

3) JlecMocoMbl (OCOOGHHO YacTO B SMHUTENHH). JTa CTPYKTypa MpeICcTaBisieT coOoi
IJIONIA/IKy, WHOTJa HMEIomas CIOUCTBIA BuI, amamerpoMm 0,5 MKM, TIe Mexay MeMOpaHamu
pacmoJiaraeTcsi 30Ha ¢ BBICOKOH 3JICKTPOHHOH IJIOTHOCTHIO. B 00nacTu jecMocoM K miia3MoieMMe COo
CTOPOHBI IHUTOIIA3MbI MPHJIETAET yYAaCTOK JJIECKTPOHHO-IUIOTHOTO BEIISCTBA, TaK YTO BHYTPCHHUUH
Cloii MeMOpaHbl BBITIAAUT YTOJNIMIEHHBIM. [log 3TUM yToONIIEHHEM HaxOAUTCS 00JacTh TOHKHX
(GbuOpUILT, KOTOPBIE MOTYT OBITH IMOTPYKEHBI B OTHOCUTEIHHO TJIOTHBIM MaTpUKC. DYHKIMOHABLHAS
POJIb IECMOCOM B MEXaHUUECKOU CBSI3U MEXKY KIETKAMU.

4) [TanpuieBugHOE coenuHEHUE. Y COCEAHUX KIIETOK TabIEBUJHBIC BBITIIUUBAHUS
IJIa3MOJIEMMBI, 3aX0AIINE MEXK/1Y TAKUMHUKE BBIMSTUYNBAHUSIMU COCEAHEN KIIETKHU.
5) [lleneBunnansie coemunenus. Ilpeacrtasmstor coboit yuactku B 0,5-3 MKM, 1€

MJa3MOJIEMMBbl  pa3fiefieHbl MpOMeXyTKaMu B 2-3 HM. [IpuMeMOpaHHBIX IUTOIIa3MaTHYECKUX
CTPYKTYp B JaHHOW oOJacTH HET, HO B IUIA3MOJIEMME COCEAHMX KJIETOK ApYr HpOTHB Jpyra
pacnonaratotcss  O€JIKOBbIE CTPYKTYpPBI, KOTOpble 00pa3yloT kKak Obl kaHaibl. [lo »TMM kaHaizam
MEPEHOCATCS MOHBI U MEJIKME MOJIEKYJIbl U3 OJHOM KJIETKH B IPYTyIO (cep/eyHas MbIIIIA).

6) Cunantuueckue coeanHeHus. KoHTakT MeXay OTpOCTKaMH HEPBHBIX KJIETOK.

OpraHe/Jibl HUTONJIA3MBbL. Oprasnemisl — MUKPOCTPYKTYPBI LIUTOIUIA3Mbl, IMOCTOSSHHO
NPHUCYTCTBYIONIME U 00sA3aTeNbHBIE IS BCEX KJIETOK, BBHIMOJHAIOIINE KU3HEHHO BaXKHbIE (YHKIHU.
Paznunuator MemOpaHHBIE OpraHeibl — OTCEKHM LUTOIJIA3Mbl, OTICpaHUYEHHbIE MeMOpaHOM
(MUTOXOHIIpUHU,  DBHJAOIJIA3MaTHyecKas  CeTb,  ammapar  ['OJAbKH,  JU30COMBI,  IJaaKas
SHJOIUIa3MaTHYeCKasi CeTh) M HeMeMOpaHHble OpraHesibl (CBOOOIHBIE PHUOOCOMBI M TOJHUCOMBI,
MUKpPOTPYOOUYKH, HEHTPHONH, (QuiaMeHTs). MeMOpaHbl B OpraHeiuiax = KOHBEep, MaTpHlla, Ha
KOTOPOM MIyT mocieAoBaTeIbHbIE PEAKIMU pa3JIokKEeHUsI U cuHTe3a. A popMupyembie MeMOpaHamMu
OpraHesul MPOCTPAaHCTBA = pe3epByapsl AJIsl XPaHEHUs OKMCIEHHBIX WJIM CUHTE3UPOBAHHBIX BELIECTB,
nepegavya BEIIECTB C OJHOM opraHeuisl Ha Apyryio. Ilpupoma mpemycmarpuBaeT cOOM, MOITOMY
CO3JaeT XpaHUJIUIIA.




OHJIOIIa3MaTUYECKUN PETUKYIYM (TpaHyJSpHbII W TIaAKui) NpeACTaBlIeH 3aMKHYTBIMU
MeMOpaHamu ¢ OPMHPOBAHMEM MEIIKOB, HUCTEPH, TpyOouek. [llupuna ux ot 20 HM 10 HECKOIBKUX
MUKpOH (penko). Ilox cBeTOBBIM MHMKPOCKOIIOM B BHAE MeEIKUX oOpa3zoBaHuil. @yHKIusA
paszHooOpa3Hasi: HAKOTUICHUE U MTePEHOC OEIKOB, YIJICBOIOB, JIMITHIOB.

Kowmnueke ["onbjiku (BHYTpeHHUH ceTyatslil annapat). [Ipeacrasien ckomenuem MeMOpaH (5-
10) B oxHoOM 30HE (quKTHOCOMa). MeMOpaHbl CKpy4eHBl B IIUCTEpPHBI, HEpaBHOMEpPHOU (25-50HM)
LIIMPUHBI (aMIynbl). B nukTHOCOME LMCTEpPHBI JIeXkKaT ApYyr OT Apyra Ha paccrosHuu 20-25 um. Ecan
TUKTAOCOM MHOTO (5 MmT), TO OHU MPEJCTABICHBI B BHJIE TPEXMEPHOW PBIXJIIOH CETH, XOpPOIIO
pazIuYMMOil B CBETOBOM MHMKpoOckorne. @DYHKIUSA: CHHTE3 JIMIMJIOB M IOJMCAXapuaoB, UX
KOMITJIEKCHpOBaHUE ¢ OenkamMu; GOpMHPOBAHUE KIETOYHBIX JIU30COM.

JInzocomMbl — pa3HOOOpa3HbIE IMIAPOBHUJHBIE CTPYKTYpbl, OTTpaHUYEHHbIE OJUHOYHOMN
MemOpanoi. CozepkaT B CBOEM COCTaBE pa3IMYHBIC THIPOJIA3bl, B TOM YHUCIE U KUCIYIO docdaTasy.
Paznuuator nepsuunbsie nuzocomsl (0,2-0,4 MKM), BTOPUYHBIE JIN30COMBI (CIHUTHIE C (harocoMaMu U
MO3TOMY KpPYIIHBIE, OYEHb XOPOIIO pPa3IMYMMbIE) M OCTAaTOYHbIE Tenblna (Menkue). [loBuammomy
pasHbIe JIN30COMBI - 3TO OTpakeHUE (YHKLUMOHAIBHOTO COCTOSIHMS PA3JIMYHBIX JIM30COM B KIIETKE.
OyHKHUS IU30COM: paclleIieHue, IepeBapruBaHue BEIIECTB (BHYTPUKIETOYHbIE YUCTUIBIIUKHN).

[TepokcucoMbl — HeOOJbLIME OBajJbHbIE Telblla, OTTPAaHUYCHHbIE MEMOpPaHOHM, coaepkar
kaTanaszy. @yHKIMS — 3alUTHAS. QYHKIUSA OT HAKOIJIEHUS IEPEKUCH BOAOPOa.
Muroxonapuu — opra”emisl  cuHTe3a AT®, opraHemnbl KJIETOYHOTO  JBIXaHUS,

MUTOXOHAPUAIIBHOTO aBTOHOMHOTO OenkoBoro cuHresa. CTpoeHue B BUJE ABYX MeMOpaH: IJlaJKoiu
HAPYXKHOW U BHYTPEHHEH C MHOXECTBOM KPHUCT U CKJIAaJOK. DyHKIUSA = OKUCIECHUE OPraHUYECKUX
COeIMHEHUH U UCTOJIb30BaHUE 0cBoOOquBIIEHCS SHEpTUH 1M1 TocTpoeHus ATO.

HememOpanHbie OpraHesuibl.

PuGocombl — 3T0 cioxHbIe puboHyKIeonpoTen sl (25x20x20 HM), B COCTaB KOTOPBIX B PaBHBIX
cooTHomeHusx BxoasaT 6enku u PHK. Moryt pacnonaratecst cBOOOTHO B rHaIOIIa3Me TTOOHHOYKE
UM KOMIUIEKCaMH (IIOJIMCOMBI), HO MOTYT IMPHUCOEAMHATHCS K MeMOpaHaM 3HJIOIUIa3MaTHYECKOTO
perukynomMa. @OyHKIUS: pubOCOMBI  3TO AJE€MEHTapHble amnmaparbl CHHTe3a Oelka WIn
MOJMIENTUIHBIX MOJIEKYJI.

OnopHO-ABUTATEABHEIC CTPYKTYPHI KIeTKHU. I[UTOCKENeT.




Mukpotpy6ouku (MukpodurameHnTsl). OuOpUILISIpHBIE CKETETHBIE CTPYKTYPBI, TOCTPOCHHbBIE
W3 coenmanbHoro Oenka TyOyiaWHa, KOTOPBIM IIyTeM CIOHTAHHOW camMocOOpKH oOpasyer
MUKPOTpYOOUKH co ciouctbiMu (~13) crenkamu. Camu TyOynHHBI B KJIETKE MOTYT OBITH B JIBYX
¢dopmax: cBoOOmgHOH M B BHAE MHKpoTpyOouek. DyHKIUA MHKPOPHIAMEHTOB = CO3JaHuE
3JIACTHYHOTO, HO BMECTE C TEM YCTOMYMBOI'0 BHYTPEHHETO Kapkaca (IIuTOCKeeTa), He0OOX0AUMOTro s
nojajaepxkanus GopmMbl kieTok. Ilox BoznelicTBHEM HEKOTOPBIX BELIECTB (HAapUMeEp, KOJIXUIMHA)
MPOUCXOAU] JETONMMepU3alusl TyOyJduHa M TOTJa KIETKAa pe3KO0 HU3MEHSeT CBOW (opmy.
JlenonuMmepu3anus BO3MOXKHA U B CBA3U C JAPYrUMU npuyuHamu (iau3uHbl, pH cpensl, quctpodus).
W3MeHeHHs kacaloTcs U NMPOCTPAHCTBEHHON OpHUEHTAIMM OpraHelsl (HalpuMep, MUTOXOHJPHUM), YTO
BeJIeT K HapyuleHUut0 oOMeHa. MUKpOTpyOOUYKH COCTABIISIIOT KapKac BCEX BPEMEHHBIX (LIMTOCKENET
uHTEpaA3HBIX KJIETOK, BEPETEHO [EJCeHHs) MM IOCTOSHHBIX CTPYKTYp (LEHTPUONH, PECHUYKH,
KI'YTUKH). MUKPOTpYOOUKH HE COKPAIAIOTCs, OHU IACTUUYHO-YIPYIH, YTO M103BOJIAET UM COXPAaHATh
cBOIO (opMy. B OonbmMX KOIUYECTBAX MUKPO(PUIAMEHTHI HAXOIATCSA B OTPOCTKAX HEPBHBIX KIIETOK,
B (puOpobaacTax, COCTABIAIOT OCHOBY PECHUYEK, KI'YTUKOB U T. 1.

Hentpuonu. (crp. 61) OueHp MenKue Tenbla, pasMep KOTOPBIX HAXOJUTCS Ha IpaHULE
paspeniaronieil cnocoOHOCTH CBETOBOro MUKpockona. HaxonsTcs B LIEeHTpe KIETKH, OKPYKEHbI 30HOM
cBeTNIoN nurToria3mMel (meHTpocdepa). COBOKYIMHOCTh IEHTPUONCH W HeHTpochepbl HA3bIBAIOT
KJIeToYHbIM LeHTpoM. @Dynkuus: Ilonarairor, 4To OHM ydacTBYIOT B (OpMUPOBaHMM TyOyJIHHA
(MUKpOHUITAMEHTOB).

Bxatouenus. HeoOsi3aTenbHble KOMIIOHEHTHI KJIETKHM, BO3HHUKAIOIIME M MCYE3aOlUe B
3aBUCHUMOCTH OT META0O0JNYECKOT0 COCTOSIHUS KIETKH.

CekpeTopHble

HUTMEHTHERIE

. Sapo cOCTOUT W3 XpOMAaTHHA, SAPBIMIKA, KapuoIuia3Mbl (HYKJIEOIJIa3Mbl) M SAEPHON
000JI0YKH.

. XPOMATHUH — yyactkuy (30HBI) IJIOTHOT'O BENIE-CTBA BHYTPHU S/Ipa, KOTOPHIE XOPOIIO

BOCIIPUHH-MAIOT pa3Hble KPACUTENN, 0COOEHHO OCHOBHBIE (TeMaTOKCHIIMH, a3yp). 3a 3TV cHOCOOHOCTh
XO0-pOIIIO0 OKPAIIWBATHLCS 3TOT KOMIIOHEHT S/Ipa W Ha3BaJM XpoMaTuH (XpoMOC = IIBET, Kpacka). B
cocrtaB xpomaruua sxoaut JIHK B koMIiuiekce ¢ 0ekoM (XpOMOCOMBI).

7 <<

Appeiuko (Hykieona). Mecto oOpa3oBanus xpomocoMHbix PHK. ToHkoBOJIOKHHCTO B
CBETOBOM MHKpOCKONE (TpaHyJsipHBbIA U GUOPHIUISIPHBIA KOMIIOHEHTHI). J[eficTBe MHOTUX BEIIECTB
U3MEHAIOT CTPYKTYPY AJPBIIIEK.
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. Snpeiiko. B sigpe numeercs 0JHO WIIM HEC-KOJIBKO OKPYIJIBIX TEJEIl BEIUYUHON 1-5 MKM,
CHUJIBHO TPEIOMIISIIONINX CBET, 3TO HYKJEOJda - SAPBIMKO. SAPBIIIKY MIOTHBIE, TOHKOBOJIOKHHUC-THIE,
0a3oduibHbIE, WHTEHCHBHO OKpAIIMBA-IOTCS TEMAaTOKCUIMHOM H  a3ypoM. B saperimkax
BoIpabareiBaeTcss PHK mns muromnasmel. Uucno siapwimiexk B KIETKE, X pa3Mepsl, Gopma U BbI-
PaXXEHHOCTb BOJIOKHHUCTOCTH 3aBUCUT OT (DYHK-IIHOHAJIBHOTO COCTOSHUS KIIETKHU.

SAnepnas o6omouxka. CocTouT U3 JBYX MeMOpaH: BHYTpeHHEW U BHelHeil. MemOpanbl
paszeneHsl MEpPUHYKICApHBIM HPOCTPAaHCTBOM. SlnepHas 000JI0YKa COAEPKUT MOphl. Yucio mop
3aBUCHUT OT METa0O0JINYECKON aKTUBHOCTHU KJIETOK. YeM CHiIbHEe CHHTE3 KJIIETOK, TeM OOJIbIIE TOopP.

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 4acTh
3ananue Nel.

PaccraBpTe I_[I/I(bpbl, COOTBCTCTBYIOIIINEC OpraHoOnaaM KJIICTKH.

1 [uTommazma

2 Knerounas memOpana
3. SAnepHas o6omouka

4 Snpo

11



Anpsiko
MuroxoHapuu
JIn3ocoMbl

[erpocomsbl

© © N o O

Anmnapat ['osbaxu

10. DHIOIUIa3MaTHYECKas CETh
11. IIMHOLMTO3HBIN Ty3BIPEK
12. Pubocomnr

3ananmne Ne2 OTBeTbTE HA BONPOCHI TECTA.

1. Yro Takoe MuTo3?

1) nenenue Bcex KIETOK

2) neneHue KICTKH OJHOKIIETOYHOTO OpraHu3mMa
3) neneHue MPOKAPUOTUIECKOMN KIETKU

4),I[eJ'IeHI/Ie BYKapI/IOTH‘IeCKOﬁ KIJICTKHU, IIPHU KOTOPOM O6pa3YIOTC${ ABC JOYCPHUC KIICTKH C UICHTUYH
bIM pO,I[I/ITCJ'ILCKOMYHa60pOM XpOMOCOM

2. Kakue KJIeTKH B OpraHM3Me 4elloBeKa He CIIOCOOHBI K JICTICHUI0?

1) HelipOHBI

2) POCTKOBOTO CJI051 ANHUIEpMHUCa

3. 13 gero coctout xpomocoma?

1) u3 nenTpomMep

2) U3 XpoMaTua

3) U3 MUKpPOTpYOOUEK

4) 3 BepeTeH JeNIeHus

4.B kakoi ¢a3ze neneHus KIETKA XPOMAaTH/IbI PACXOIATCS K MTPOTHBOITOIOKHBIM TTOJTFOCAM KIETKH?

1) B anadase 2) B renodaze 3)B npodaze 4)B MmeTadasze

5.B siape xietku nmucta Tomara 24 XxpoMocoMbl. CKOJIBKO XPOMOCOM OYIIET B sIIPE KIETKH KOPHS
TOMAarTa IocJie ee JeNeHus?

1) 122) 483) 364) 24

6.BepHbl 1 cnenyromue cyxaeHus o Meiose?

A.Meiio3 - cioco0 eneHus KIeToK, MPUBOAIIUN K YMEHBIICHHUIO BJIBOE YHCIIAa XPOMOCOM.

b. Melio3 cOCTOUT U3 ABYX IIOCIIEIOBATEIbHBIX EICHUMN,
KOTOPBIM IIpeuiecTByeT ogHokpaTHoe yaBoenue JIHK Bunrepdase.

1) BepHO TONBKO A
12



2) BepHO TOJIbKO b
3) BepHBI 00a CYKJICHUS

4) 06a CyKIeHHS HEBEPHBI

3aganue Ne3
®parment uenu JAHK umeer ciaegyrouryto nocnenoBarebHOCTh: I TATLHHITAAALIAT.

Onpenenure Mocae0BaTeIbHOCTh HYKJICOTHI0B Ha BTOpou unenu JJHK.
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INPAKTHYECKOE 3AHATHE
OOMeH BelecTB U NPeBpallleHue JHEPIUU B KJIeTKe

eJsb NPAKTHYECKOTO 3aHATHS
[IpoBepka ocBoeHUsi OOy4aroIIMMHCA 3HAHUUW U CHOPMUPOBAHHOCTH yMEHHH 1Mo Teme “OOMeH

BEILIECTB U SHEPTHUH B KJIETKE”
MeToan4yecknii MaTepuaJl

OO0s3aTenbHBIM YCIOBHEM CYIIECTBOBAHHUS JTFOOOT0 OpraHU3Ma SBJSIETCS TIOCTOSIHHBINA PUTOK
MUTATCIIbHBIX BECUICCTB U IMOCTOAHHOC BBIACIICHUC KOHCYHBIX ITPOAYKTOB XUMHUYCCKUX peaKuHﬁ,
MPOUCXOAAIINX B KJIICTKAX. KneTka mocTossHHO HaxXOoAUTCAd B ABUKCHUHN — NUTOIIJIa3Ma IICPEMCIIACTCA,
yBIIEKas 32 COOOW OPraHOU/IBI M BKJIIOUEHHSI, aKTUBHO PadOTAIOT puOOCOMBI 1 MUTOXOHIPUH,
COBEPIIAETCS MHOKECTBO XMMUYECKUX MPEBpalleHN. Bee )KuBble OpraHu3Mbl, CYIECTBYIOIIKME HA
3emuie, MPEACTaBIAIOT COO0M OTKPBITHIE CHCTEMBbI, XapAKTEPU3YIOLIHECS CIOCOOHOCTHIO AKTHBHO
O0OMEHMBATKCS C OKPY’KAIOIIEH Cpeioi BelecTBaMH U dHeprueil. M3 okpykaromeil cpesibl B KIETKY
MIOCTYNAIOT pa3JInYHbIE BEIIECTBA, @ U3 KJIETKU B OKPYKAIOLLYIO CPEy YAAISIOTCS HEHYKHbIE TPOIYKThI

o0MeHa — MPOUCXOAUT OOMEH BeIecTB, mim Metadonusm (Puc. 1).

<y
»
»
»
»
»
»
»
»
-
»
>
»

Puc. 1. OOMeH BelecTB KIETKH ¢ OKPYXKArOIIel cpenoit

IInTaTtennpHBIC BCIICCTBA UCITIOJB3YIHOTCA OpraHn3MaMi B KAYE€CTBE UCTOYHUKA aTOMOB XUMHUYCCKUX
3JIEMEHTOB (TIPEX/Ie BCEro aTOMOB YIJIEPO/Ia), U3 KOTOPBIX CTPOATCS MO0 OOHOBIISAIOTCSA BCE CTPYKTYPHI.
B OpraHu3M, KPpOME IMUTATCIIbHBIX BEIICCTB, IMOCTYIIAIOT TAKXKEC BOAA, KUCIIOPOA, MUHEPAJIbHBIC COJIN.

HOCTYHI/IBI_HI/IC B KJICTKH OPTraHUYCCKUC BCIICCTBA (I/IHI/I CHUHTC3UPOBAHHLIC B XOC (I)OTOCI/IHTCZ’»B.)
PaCIICIUIAOTCA Ha CTPOUTCIIBHBIC 0JIOKHU — MOHOMCPBI U HAITPABJISIFOTCA BO BCC KJICTKU OpraHU3Ma (PI/IC
2) Yacte MOJICKYJI OTUX BCHICCTB PACXOAYCTCSA HAa CUHTEC3 CHCI_II/I(I)I/I‘-ICCKI/IX OpTraHN4YCCKUX BCIICCTB,
MNpUuCymux JaHHOMY OpraHU3MYy. B kietkax CUHTC3UPYIOTCA 6CJ'IKI/I, JIMIIUABI, YTJIICBO/bI, HYKJICUHOBBIC
KHCJOTBI U APYTHUEC BCHICCTBA, KOTOPBIC BLIITOJIHAKOT PA3JIMYHBIC (I)yHKI_II/II/I (CTpOI/ITCJ'ILHYIO,

KaTaJIUTUYECKYIO, PEryIATOPHYIO, 3alIUTHYIO U TaK JaJee).

14



Jlpyras 4acTb HU3KOMOJIEKYJISIPHBIX OPraHUYECKUX COCTUHEHH, MOCTYNUBIINX B KJIETKH, UJIET Ha
obpazoBanne AT®, B MoseKymax KOTOPOU 3aKII0YeHa YSHEPT s, TPeIHA3HAYCHHAs HEMTOCPEICTBEHHO TSI
BBITIOJTHEHUS paOOTHI.

benku, nunuael, yrnesoabl,
HYKNENHOBbI€ KUCNOTbI

OpraHuyeckue

MoHoMepb!
BeulecTasa

AT® (AgeHosuHTpudocdar)

Puc. 2. PaCHpeI[eJ'ICHI/IC OpPraHNYCCKUX BCIICCTB

SHGPFI/ISI H€O6XOI[I/IMa IJIA CUHTE3a BCECX CHGIII/I(bI/ILIeCKI/IX BCIICCTB opraHnsMa, nonnepxcaHI/m ero
BBICOKOYHOP?IZ[O‘I@HHOﬁ OpFaHI/ISaIII/II/I, AKTUBHOTO TpchnopTa BCIICCTB BHyTpI/I KJIETOK, U3 OJHUX KIJICTOK
B JIpyrue, U3 OJHOW YaCTH OpraHU3Ma B IPYTYIO, IS IIepeJadl HEPBHBIX UMITYJIbCOB, IT€PEIBUKEHUS
OpPraHU3MOB, MO/JIEPKaHUs IOCTOSTHHON TeMIepaTypsl Tena (y NTULl U MIEKONUTAIOIMX) U ISl IPYTHX
LeaeH.

O0meH BemecTB (MeTa00JIM3M) — COBOKYITHOCTh OMOXMMHUYECKHUX PEaKIUii, IPOTeKaroIuX B
KJIETKE U 00€CTIeYMBAIOIIUX MTPOLECCHI €€ )KU3HE eI TeIbHOCTH.

B xonie npeBpaiiieHus BEIECTB B KIeTKaxX 00pa3yroTcsi KOHEUHbIE MPOIYyKThl 0OMeHa, KOTOpbIe
MOTYT OBITh TOKCUYHBIMU JIJISl OPTaHU3Ma U BBIBOJIATCS U3 HETo (Hampumep, aMmmuak). Takum odpazom,
BCE )KMBBIE OPraHU3MBI TIOCTOSTHHO MOTPEOIISIOT U3 OKPYXKAIOLIEH cpe/ibl ONpeieTIeHHbIE BELIeCTBa,
peo0pa3yroT UX U BBLACISIOT B Cpe/ly KOHEUHbIE TPOIYKTHI.

B 3aBucumoctu ot O6IJ_ICI71 HAIpaBJICHHOCTU NPOHCCCOB BBIACIAIOT KaTa0OJIM3M M aHAOOJIM3M.

AHa00/1U3M (ACCUMMJISILMS) — COBOKYITHOCTh XMMUYECKHX MPOLIECCOB, HAITPABJICHHBIX Ha
oOpa3oBaH¥e U OOHOBJICHHE CTPYKTYPHBIX YacTeH KIIETOK, 3TOT MPOIECC MMEET BTOPOE Ha3BaHUE —
IUIACTUYECKUHA OOMEH.

15



®otocuntes: 6H20 + 6CO2 — CsH1206 + 602 1

Cro/1a MOKHO OTHECTH, HaIIpUMep, PUKCAINIO a30Ta U OMOCHHTE3 Oellka, CHHTE3 YIIIEBOJOB U3
YIIICKUCIIOTO Ta3a U BOABI B X0JI¢ OTOCHHTE3a, CHHTE3 MOJIMCaXapUI0B, JTUITHIOB, HYKIeoTua0B, JTHK,
PHK u npyrux BemiectB. AHaOOIU3M SBJISETCS CO3UAATEIBHBIM 3TarloM 0OMeHa BEIECTB, OH BCEra
OCYIIIECTBISIETCS C MOTPEOJICHUEM YHEPTUH U C ydacTHeM (DepMEHTOB.

Kara6oau3m (nmccuMMuIsiniusi) — COBOKYIMTHOCTh PEAKIUi, B KOTOPBIX IPOUCXOIUT paciaji
KPYIHBIX OPraHUYEeCKUX MOJIEKYJI 0 IPOCTHIX COSAMHEHH ¢ OJTHOBPEMEHHBIM BBICBOOOXKICHUEM

SHEPTHUH.

Karabonu3m obecrieunBaeT sHEpTrueii Bce MPOIECcChl, MPOTEKAIOIINE B KIIETKE, U UMEET BTOPOE

Ha3BaHUE — YPHEPTETUUCCKUNA OOMEH.
Heixanue: CeH1206+ 602 — 6H20 + 6CO2 + ATD

[Ipu pa3peiBe XUMUYECKHUX CBSI3€i MOJIEKYJI OPraHUYECKUE COSTMHEHHSI SHEPTUU BHICBOOOXKIAIOTCS
1 3aI1acaroTcsl TJIaBHBIM 00pa3oM B BUE MOJICKYI ajieHo3uHTprudochopHoit Kuciotel — ATO,
YHUBEPCAJIbHOTO UCTOUYHUKA SHEPTUU Y BCEX KUBbIX opranu3mMos (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. Crpoenue monexkynst ATO

ITo cBoeit xumuueckoit nmpupoae AT sBiIsIeTCSI MOHOHYKICOTHIOM U COCTOUT U3 a30TUCTOTO
OCHOBaHUS a/ICHHUHA, YTIIeBOAa PUOO3BI M TPEX OCTaTKOB (POChHOPHOI KUCIOTHI, COSAMHEHHBIX MEXKIY
c000i1 MaKpOIPTHUECKUMHU CBS3SIMU. BhifeneHrne SHEpTuy B KJIETKE MPOUCXOIUT MPHU OTJIECIICHUN OJTHOTO
u3 pochopHBIX 0cTaTKOB OT MOJIEKYJIbl AT®, pa3pbiB 3TOM CBSA3HM BBICBOOOXKAAET 7,3 KUIOKAIOPHUH,
TOTJIa KaK MPH pa3pbiBe XMMHUUECKUX CBSI3€U APYTUX COSAMHEHUN YHEPTHH BBICISETCS B TPU-YETHIPE
paza mensIe. [Ipu sTom obpazyercs monekyna aneno3unaudocdara — AJID, ¢ aBymst pochopHbIMU
ocratkamu. OHa JIErKO MOKET BOCCTAaHOBUTKCS 10 AT®, mprcoeMHUB OJWH 0CTaTOK (hocHOpHOI
KHCIIOTHI HJIK OTJATh e1lle 0 uH GocOpHBI OCTATOK U MPEBPATUTHCA B afieHO3MHMOHO(ochatr — AMD
(Puc. 4).
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Otmerienne ot AT® u AJI® dhocdopHOro ocTaTka NPUBOAUT K BBIJCICHUIO SHEPTHH, a IPHCOSINHEHHE

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

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

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

Puc. 4. BeipaboTka sHEPruu B KJIETKE

[Tepexon AT® B AJI® 1 06paTHO — 3TO OCHOBHOW MEXaHU3M BBIPAOOTKH YHEPTHH B KIIETKE.

K AM® u AJI® dpocdopHoro ocrarka mpuBOAUT K HAKOIIJICHUIO SHEPTUU.

IIpakTnyeckas 4yacTb
Bapuant 1

1. B mpomecce numieBapeHust OeKN PACHICTUISIOTCS 10

1) [ITFOKO3BI

2) HYKJICOTUIOB

3) AMHHOKHUCIIOT

4) TJIMIEPUHA U )KUPHBIX KHCIIOT

2. McxonHbIM MaTepraiioM AJisi JOTOCHHTE3A CIYXKAaT BOJIA U

1) MUHEpaJIbHBIE COJIH
2) KHCIIOPOT

3) YTJIEKUCITBIN Ta3

4) Kpaxma

3. U3yunre rpaguk 3aBUCUMOCTH (POTOCHHTE3a OT KOHLIEHTPALMH YIIIEKHCIIOro rasa (mo ocu X

OTJIOKCHA KOHICHTpAalrd YIJICKHUCJIOTO ra3a, 1o ocu VYV - oTHOCUTEIbHASA CKOPOCThb q)OTOCI/IHTCSa).

HauGonbmas ckopocTts hoTOCHHTE3a OYIET NP KOHIIEHTPAIMH YTJIEKUCIIOTO ra3a

OTHoCuTeNbHas CKOpPOCTb d)omcmm‘esa

100
75
50
|

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
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4. Mex 1ty MO3UIUSMH ITEPBOTO U BTOPOTO CTOJIOIOB MPUBEAEHHON HUYKE TAOJIUIIBI UMEETCS

onpenenéHHas cBsa3b. Kakoe moHsTHE ClieyeT BIUCATh HAa MECTO MPOITYCKa B ATOU Tabmuie?

1)
2)
3)
4)

Yactb Lenoe
cnHTes n-PHK
TpaHcnAuuA CUHTE3 nonunenTuaa
TJIMKOJIN3
MeTa00I13M
JUCCUMUJIIALIAA
TPAHCKPUIILUS

5. Cpenu mpecTaBICHHBIX OPraHU3MOB aBTOTPO(OM SBISIETCS

1)
2)
3)
4)

i Blvolilop B =

6. BeiGepute Tpu BepHbIX 0TBeTa U3 mecTu. Cpean NepedrcIeHHbIX CBONCTB, 11 (POTOCUHTE3a

XapaKTepHO

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

MOTJIONICHHE KHCIOPOa
MOTJIONIEHHE YTIIEKUCIIOTo ra3a
00pa3oBaHNE OPraHUYECKUX BEIIECTB
BBIJACIICHHUEC DHECPIrun

MIPOUCXOIUT TOJIBKO Ha CBETY
BBIJICIIEHUE YTIIEKUCIIOTO Ta3a

7. BctaBbTe B TeKCT “MeTabonu3m’ MponyIieHHbIe TEPMUHBI U3 MPEITI0KEHHOTO MEPEUHs,
UCHOJB3Ys AJIS 3TOro U poBble 0003HAYCHHE. 3aUILINTE MOTYYUBIIYIOCS MTOCIEA0BATENIbHOCTh UMD B
COOTBETCTBHE C OyKBaMHU.

METABOJIN3M

[Iporuieccel KJIETOYHOTO METa0OIU3Ma MOAPA3ALNAIOTCS Ha  (A) - CHHTE3 OpraHMYeCKHX BEIIECTB
3a cuet sHepruu pacnaga ATD, Hanpumep (b) - pacnian, okuCIIEHHE OPTAHNYECKUX BEIIECTB C IEJIbIO
IOJIy4YEHHUS DHEPTUHU U HAKOIUIEHUSI €€ B BUJIE (B), Hanmpumep, OposkeHue, KIIETOUHOE JIbIXaHUE.
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1) TJIMKOJTU3

2) OounocuHTe3 OeKa
3) ACCHMUJISIIHS

4) AT®

5) II0K03a

6) JIACCUMHUIISLINS

8. YcTaHOBUTE COOTBETCTBUE MEXKAY IMPOLIECCAMU, TIPOUCXOIAIINMU B KIIETKE M dTarlaMu
HHEPreTUIEeCKOro oOMeHa. 3anuinTe BhIOpaHHbIe U(PBI 0] COOTBETCTBYIOIIUMHU OYKBaMH.

[Iponecchl B KIeTKE: DTarbl SHEPreTUYECKOro OOMeHa:
A) HaUMHAETCS C pacuIeIICHUs 1) OCCKUCIIOPOHBIN TaIl
TJTFOKO3BI 2) KHCJIOPOIHBIN ATaIl

b) cuntesupyercs 2 monekynst ATD
B) npoucxoaut Ha MemOpaHax KpUcT
I') cuntesupyercs 36 monekyn ATD

J1) HaunHaercs ¢ pacuierienus [IBK
E) mpoucxonut B LuTOILIa3Me

9. Haiiaute omunOKy B TEKCTE, YKAXKUTE HOMEPA MPEII0KEHUH, B KOTOPBIX OHH CJIEIaHBbI.
Chopmynupyiite npaBUIIbHBIE MPEIJIOKEHNUS B3aMEH OIIMOOYHBIX.

(1) Pactenus sBnstoTcs GOTOCUHTE3UPYIOMIMMU OpraHu3Mami. (2) ABTOTpoQHbIE OpPraHU3Mbl HE
CIOCOOHBI CHHTE3HPOBATh OPraHNYECKUE BEIIECTBA U3 Heopranuyeckux. (3) @oTocUHTE3 NPOUCXOIUT B
xJjioporuiactax pacrenuit. (4) B cBetoBoii paze hoTocuHTE3a 00pa3yIOTCS MOJIEKYJIIBI TITIOKO3BL. (5)
Kucnopon B armocdepy Beiensiercs B TeMHOBOH (haze. (6) B mporiecce porocunTesa sHeprus ceera
MIEPEXOANT B DHEPTUIO0 XUMUYECKUX CBSA3EH HEOPraHMUECKUX COCAMHEHUIA.
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HNPAKTUYECKOE 3AHATUE
OHTOreHe3 pacTeHi, ;)KUBOTHBIX M YeJI0BeKa

eJsb NPAKTHYECKOTO 3aHATHS
MeToan4yecknii MmaTepuasl

1. Oumocenes — npoiecc UHAUBUAYATBLHOTO PA3BUTHS OpraHu3Ma (0T 3a4aTHsi 10 CMEPTH), B pe3yabTaTe
KOTOPOTO pealn3yeTcs ero HacleACTBeHHas HH(opManus.

OnTOreHe3 CoOCTOUT U3 JABYX IICPHUOJI0B:

1) Imopuonanvublii — HAYNHACTCS C MOMEHTA OILIOAOTBOPEHUSI U IIPOJIOIDKACTCS 10 POIKICHUS
OpraHu3sMa.

2) ITocmamopuonabhblil — HAYMHACTCS Cpasy MOCIEe POXKICHHUS, KOTIa OPraHU3M CIIOCOOCH
CYLIECTBOBATh CAMOCTOSITEIbHO, U IMPOJIOJIKAETCS 10 CMEPTH.

2. OMOpHOHAJILHBIH NePHOJ PA3BUTHS.

1) IIpu cusHUM OJIOBBIX KJIETOK 00pa3yercs 3uzoma.

2) 3uroTta HaYMHAET JPOOUTHCS HA H1acmomepsl 10 TEX TIOp, OKa He o0paszyeTcs dracmyna (nonas
IAPOBHJIHASI CTPYKTYpPA C OJHUM CJIOEM KJIETOK — OJTHOCTIOMHBIN 3apOJIbIII).

3) I'acmpynayus — npoucxoaut GOPMHUPOBAHKE YAIICOOPA3HOTO JBYX-CIIOMHOTO 3apO/IbIIIa yTeM
BIISTYMBAHUS (MUTPAIIUH KIECTOK, PACCIIOCHHUS WIIM OOPACTaHUs1) OHOM U3 CTCHOK OJIACTYIIBI.
JIBYXCITOMHBIN 3apO/IbIIII, COCTOSAIINN U3 IBYX 3aPOJIBIIIEBBIX JUCTKOB (9Kmodepmbl (HApY>KHOTO) U
9HmMoOepmubl (BHYTPEHHET0)), HA3bIBACTCS 2acmpyiou. Mex iy ABYMsl 3apOIbIIICBBIMH JTUCTKAMUA MOYKET
WATH 3aKJIaJIKa TPETHETO 3apPOJIBIIIIEBOTO JIUCTKA — Me300epMbl.

4) B xaJI0M U3 3apOJIbIIIEBbIX JUCTKOB MPOUCXOAUT 3aKJIa/IKa OCEBBIX CTPYKTYp 3apobliia (Xop/a,
HepBHas TpyOKa, nuIIeBapuTenbHas TpyOka). DTa cTaaus 3apo/iblilia Ha3bIBAECTCS HEUpyaoil.

5) I'ucmozenes u opeanozenes — MnieT nanbHenmas TudpepeHIpoBKa TkaHeH, HOpMHUPOBaHHE U
pa3BUTHE OPraHOB, CUCTEM OPTaHOB.

3ananue. Mcnonb3ys Teket yueOHuKa (§ 3.4), 3anonHure Tabmuiy.

3apO}II)IIHeBI)IC JIMCTKH, UX IMTPONU3BOJHEIC

HasBanne [Tpoun3BogHBIE KAKIOTO JIMCTKA
JIMCTKA

DKTonepMa [ToxpoBbI Tena (Hapy HBIM SMUTENNN, KOKHBIE JKEJIE3bl, POrOBbIE YEIIYH,
MOBEPXHOCTHBIN cJI0i 3yOOB), HEpBHAsl CUCTEMA,
NepeHUI U 3aJHUI OTJIEIbl KUIIEUHHUKA

DHTOAEpMaA DOnuTeNnuid CpeaHe KUIIKU U MUILIEBAPUTENBHBIE JKEJIE3bl, SMUTEIUN JbIXaTeIbHON
CHCTEMBI

Mesonepma | Bce mblmeunblie, cOeTMHUTENBHBIC TKAHU, KaHAJIBI BBIJICTUTEIILHBIX OPTaHOB,

KpOBCHOCHAs CUCTCMA, 4aCTb TKaHEH TTOJIOBBIX OpraHoB
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3anomnume!

VY npeobiagaromero 00JbIIMHCTBA OPTraHU3MOB MPOLIECC SMOPHUOHAIBHOTO Pa3BUTHSI IPOUCXOAUT
CXOAHBIM 00pa3oM. bolbiioe BIMsSHUE Ha pa3BUTHE 3aPOJIbIIIA UMEIOT (PaKTOPBI CPEIbI: paIHalys,
TOKCUYECKHE BEIIECTBA (HUKOTHH, aJIKOT0JIb, HAPKOTHKH ), HEJOCTATOK KUCIIOPOAA, BUPYCHI, TAPA3UTHI,
HEYJIOBJICTBOPUTEILHOE ITUTAHUE M TOMY T0J100HOE. VX OCTOSIHHOE BO3JACHCTBHE MOYKET IPUBECTH K
rudely 3apoblilia Wik K HapYIICHUI0 HOPMAIBHOTO Pa3BUTHA.

3. IllocmamopuonansHoe pazeumue opeaHu3mMa COCTOUT U3 TPEX IMEPUOJIOB:

1) Jlopenpodykmuenulii — pOCT OpraHu3Ma, Pa3BUTHE U [TOJOBOE CO3PEBAHUE.

2) Penpooykmuenulii — akTUBHOE (DYHKIIMOHHPOBAHUE B3POCIIOr0 OpraHu3Ma, pa3MHOKEHHE.,

3) IlocmpenpodykmueHulii — CTapeHHE, TIOCTEIIEHHOE yracaHHue MPOLIECCOB KU3HEAEATEILHOCTH.

Hocmamﬁpuonaﬂbnoe paseumue ) XKNBOTHBIX ObIBacT ABYX THUIIOB — IIPAMOC 1 HCIIPAMOC.

[TocTaMOprOHAIbHOE Pa3BUTHE KUBOTHBIX

| 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/ITe CXCMY ((3apOI[BIH_ICBOC CXOACTBO Yy NO3BOHOYHBIX JKUBOTHBIX».

Eciu CpaBHUTb 3M6pI/IOHBI Pa3JINYHbIX TO3BOHOYHBIX ) XUBOTHLIX, MOKHO OTMCTUTDL, YTO HA pAHHHUX
CTaguAgX pa3dBUTHUA UX 3apOABIIIN OUCHBb ITOXO0XKH, HO C H&HBH@ﬁIHPIM Pa3sBUTHEM pasnntmﬁ CTaHOBUTCA
6OJ'IBH_IC, TaK KakK HpI/IO6peTaIOTC$I IIPpU3HAKHU KJIacca, poad, BUJd, MHAUBUAYAJIbHOTI'O OpraHu3Ma. OTOT
MMPpUMEP JOKA3BIBACT B3aUMOCBA3b MEKAY HHAWBUAYAJIbHBIM PA3BUTUCM KaXXKA0T'0 OpraHru3Ma u
3BOHIOLIPICI>'I BHUJld, K KOTOPOMY 3TOT OpraHU3M OTHOCUTCA.

DTa B3aUMOCBS3b OTpaXKE€HA B OMOTEHETUUECKOM 3aKoHe, chopmynupoBanHoMm D. Mrommepom u D.
I'exkenem: Hnousuodyanvroe pazgumue ocoou (onmozenes) 00 onpedeneHHou cmenenu nosmopsem
ucmopuyeckoe pazeumue 8uoa (punozenes), K KOMOPOMY OMHOCUMCSL OAHHASL 0CODb.

To ecTb OMOTEHETHUECKHIT 3aKOH TOBOPUT O TOM, UTO OHTOTEHE3 €CTh KPaTKOE MOBTOpPEHNE (hUIOTeHEe3a B
3aKOHOMEPHO U3MEHEHHOM U coKpaiieHHOM Buje. A. H. CeBepiioB yCTaHOBUII, UTO B OHTOTEHE3E
MOBTOPSIIOTCS MIPU3HAKU HE B3POCIBIX 0cO0EH MPEIKOB, a UX 3aPObILICH.
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IIpakTHYeckas 4acTh

3ananue. 3anoaHuTe TaOIHILY, UCTIONb3Ys IPUBEACHHbIEC HI)KE BApHAHThl OTBETOB.

CpaBHeHI/Ie IOJIOBOT'O U 0ECII0IOTO PAaSMHOXKCHUA

DIeMeHT CpPpaBHCHUA

becnomnoe Pa3MHOXKXCHHC

ITonoBoe Pa3MHOXKCHUEC

1. KomnuecTBO poauTENbCKUX 0COOCH

2. Hamuuue mojioBEBIX KIETOK

3. Hannuune meliosa

4. CXoAcTBO IOTOMKOB C POJUTEISIMU

5. Y Kakux OpraHu3MOB BCTPEYACTCS

6. CKOpOCTb YBEIMYCHHUSI YHCTIa
MIOTOMKOB

Bapuanmot omeemos:
a) oJHa

0) OpICTpO

B) MEH03 OTCYTCTBYET

') IOTOMKH OTJIMYAOTCS OT POAMUTENICH HA TEHHOM YPOBHE

1) HET MOJIOBBIX KIIETOK
€) eCTh Meil03
) IOTOMKH UJCHTUYHBI POJUTEIISIM

3) JKCHCKHEC U MYIKCKHEC ITOJIOBBIC KJICTKU

I/I) PacTCHUA U ) KUBOTHLIC

K) pacTeHusi, MUKPOOPTaHU3MbI, HU3ILINE >KUBOTHBIE

1) 1BE

M) MeJIJIEHHO

OrTBerT:
Pa3smuoxenue 1 2 3 4 5
becnonoe A Ji| B K b
ITonoBoe JI 3 E T J4| M
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INPAKTHYECKOE 3AHATHE
3akoHomepHOCTH HacaeqoBaHus. CUelieHHOe Hac/le0BaHUEe IPH3HAKOB

eJsb NPAKTHYECKOTO 3aHATHS

[Toka3aTh OCOOCHHOCTH OpraHU3AlMK HACJAEACTBEHHOTO MaTepualia, PacCKphITh MEXaHU3MBbI
XpaHEHUs U TIepelaur HACJIeICTBEHHOW NHPOPMAITUS Ha Pa3HBIX YPOBHAX. AKTYaJIM3UPOBATh, PACIIUPHUTH
U yrIyOuTh 3HAHUS O 0A30BBIX KIETOYHBIX MEXaHMU3MaX, JIGKAIIUMX B OCHOBE IMOJIOBOTO M OECIONIOTro
Pa3MHOXEHHUS.

MeToanyeckuii MaTepuasl

CuerieHre TeHOB - 3TO COBMECTHOE HACJIEI0BAaHUE I'€HOB, PACIIOJIOKEHHBIX B OJJHOW U TOMU XKe
xpomocome. KonuuecTBo rpyI CHEIUIeHNs: COOTBETCTBYET IallJIONIHOMY YHCITy XPOMOCOM, TO €CTh Y
npozoduisl 4. [Ipupony cuernaeHHoro HacieoBanus 00bscHUI. MopraH ¢ coTpyiHukaMu. B kauectse
00BEKTa UCCIIEIOBAHMSI OHH N30paly IUIOI0BYI0 MyXY Ap030(uily, KOTopasi OKa3ajach OUYeHb YI0OHOI
MOJIETIBIO JJI U3YYEHHUS JaHHOTO (DeHOMEHa, TaK B KJIETKaX €€ Teja, HaXOAUTCS TOJIBKO 4 maphbl
XpPOMOCOM M UMEET MECTO BBICOKAsl CKOPOCTh IUIOZOBUTOCTH (B TEUEHHE T'OZla MOKHO MCCIIEZI0BATh OoJiee
20-tu nokonenuit). tak, ClerIeHHBIMH PU3HAKAMU HA3BIBAIOTCS MIPU3HAKU, KOTOPHIE
KOHTPOJIMPYIOTCSI TEHAMU, PAaCOJI0KEHHBIMU B OJIHOM XpoMocoMe. ECTeCTBEHHO, UTO OHU NEPEAAI0TCS
BMECTE B CIIy4asx MOJHOTO cueruienus (3akoH Moprana).

[TonHoe cuerieHne BeTpeyaeTcs peko, 00bIYHO — HENOJIHOE, U3-3a BIMSHUSA KPOCCHHIOBEpa
(mepexpemBanus 1 0OMeHa yJacTKaMHi TOMOJIOTMYHBIX XPOMOCOM B Ipoliecce Meio3a). To ecTh, TeHbl
OJTHOH XPOMOCOMBI IIEPEXOJIAT B IPYTYI0, FOMOJIOTHYHYIO €H.

YacroTa KPOCCHHTOBECpPA 3aBUCHUT OT PACCTOSAHUA MCIKAY T'CHaAMMU. Uem Omrxe APYyr K Apyry
PACIIOJIOKCHEI TCHBI B XpOMOCOME, TCM CUJIBHEC MCKAY HUMHU CHCIINICHUC U TEM PCIKE ITPOUCXOAUT UX
PACXOKIACHUC TTPU KPOCCHUHT'OBEPE, U, HaO60pOT, YCM JaJIbIIC APYT OT ApYyra OTCTOAT I'CHbI, TEM ciabee
CHCINICHUE MCXKY HUMHU U TEM Hallle BO3MOKXHO €T0 HAPYIICHHUE.

Ha pucynke 1:

Cnesa: paccmosinue mexcoy eenamu A u B manenvkoe, 6eposamnHocms pazpuléa Xpomamuovl UMEHHO
medncdy A u B nesenuxa, nosmomy cyeniienue noiHoe, XpOMoCOMblL 8 2amMemax UQeHmu4Hbl
POOUmMenbeKum (08a muna), Opyeux 6apuaHmos He noseasAemcs.

Cnpasa: paccmosanue Mex1ly TeHaMH A 1 B GosbIioe, MOBHINIAETCS BEPOSTHOCT Pa3phiBa
XPOMAaTHUABI U MOCIETYIOIIEr0 BOCCOEAMHEHUS KPECT-HaKpeCT UMEHHO Mexay A u B, mostomy
CIICTUICHHE He
MIOJTHOE, XPOMOCOMBI B ramMeTax 00pa3yroTCsl YeTHIPEX TUIIOB - 2 UAECHTHYHBIE POIUTETHCKUM
(HeKpoccoBepHBIE) + 2 KPOCCOBEPHBIX BapHAHTA.
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Puc. 1

KonuyecTBo pa3HbIX TUIIOB TaMeT OyIET 3aBHCETh OT YaCTOThI KPOCCHHIOBEPA UM PACCTOSHUS MEXTY
aHAJM3UPYEMbIMU F'eHaMu. PaccTosiHue MeX 1y FeHaMU UCUUCIIETCS] B MOPTaHUAAX: €IMHHILIE
paccTosiHUS MEXly T€HaMU, HaXOIAIUMUCS B OJJHOH XpOMOCOME, COOTBETCTBYET 1% KpoccuHrosepa.
Takast 3aBUCUMOCTh MEXKAY PACCTOSTHUSIMU U YaCTOTON KPOCCHHIOBEpaA MPOCIICKHUBAETCS TOJIBKO 10 50
MopraHu. Yactora KpOCCHHIOBEpPa MEK/Y ONPEEIIEHHOMN Mapoil F€HOB — I0BOJIBHO MOCTOSIHHAS
BEJIMYMHA (XOTs pajuanus, XMMHYECKHe BEeIeCTBa, TOPMOHBI, JIEKApCTBa BIUAIOT HAa HEE; HAlIpUMeED,
BBICOKasI TEMIIEpaTypa CTUMYJIUPYET KPOCCUHTOBEP).

IIpumep, ocHOBaHHBINH Ha onbITax Moprana

Pucynok 2
DeHOTUIIBI
A-cepoe Tes0, HopMaJlbHbIE KPbUIbs (MIOBTOPSET MaTepUHCKYIO popMy) b-TéMHOe Teno, KopoTKHe
KpbLIbsi (TOBTOPSIET OTLOBCKYIO (hopmy) B-cepoe Teno, KOpoTKue Kpbulbs (OTINYAETCS OT POJUTENEH)
I'-réMHOe Teno, HopMalIbHbIE KPbUIbsl (OTIMYAETCS OT POJIUTENEH)

B u I" nosmydeHs! B pe3ynbTaTe KpOCCHHIOBEpPa B MENO3E.

«reHl)I, PAaCIoJI0KEHHBIC B O HOM XpoMoOcCoME, HACJIEAYHOTCHA COBMECTHOY.

Ecnu ckpecTuth Mymiky qpo3o¢uiny, HIMEIOIIYI0 Cepoe TeJI0 U HOpMaJibHbIEe KPbLIbs (Ha PUCYHKE CaMKa),
C MYILKOH, oOnaaromniel TEMHOM OKpacKoi U 3a4aTOUYHBIMU (KOPOTKUMH) KPBUIbSIMH (Ha PUCYHKE
camelr), TO B IEPBOM MTOKOJIEHUU THOPUIOB BCE MyXH OyJIyT CEPhIMU C HOPMAJIbHBIMH KPbUIbSIMH (A).
OTO0 reTepo3uroThl M0 ABYM IapaM aJlJIeIbHbIX T€HOB, IPUUEM T'€H, ONPEACIAIOIUN CEPYIO OKPACKy
OproIIKa, JOMUHUPYET HaJl TEMHON OKPAcCKOM, a TeH, 00YCIIOBIMBAIOIIUN Pa3BUTHE HOPMATBHBIX
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KPBUILECB, - JOMUHUPYCT HAJl TCHOM HCAOPA3BUTHIX KPLLJILCB.

[Tpu ananusupyromeM ckpenmBanuu rudpuaa F1 ¢ romo3urotHoit pereccuBHoi apo3oduioii (b)
noiaBsiroliee OONBIIMHCTBO MOTOMKOB F2 Oyzer cXoqHO ¢ poauTensCcKkuMu (hopMaMu.

9T0 MMPOUCXOAUT MMOTOMY, UTO I'€HbI, OTBCYAIOIIUEC 3a CEPOC TCJIO U HOPMAJIBbHBIC KPbLIbA - CI_ICHJICHHI)IC
T'CHBI, TAKXKC KaK U I'CHbI, OTBCYAIOIIHMC 3a TEMHOE TEJIO U KOPOTKHUC KPbUIbA, T.C. OHU HAXOIATCS B OJHOM
XpOMOCOME. HACIICAOBAHUEC CUCIVICHHBIX 'CHOB HA3bIBAIOT - CLUCIIJIICHHOC HACJICAOBaHUC.

CuerieHre MOXKET HapyIIaTbes. JTO JT0Ka3biBaloT ocobu B u I' Ha pucyHke, T. €. eciiu Obl CLIeTIICHUE HEe
HapYIIaJIOCh, TO TUX 0COOEH ObI HE CYIIECTBOBAJIO, OJHAKO OHU €CTh. JTO MPOUCXOUT B PE3YJIbTaTe

KPOCCHHT'OBEpa, KOTOPBIN U HApYyIIAEeT CLEMJICHHOCTh ATUX T'€HOB.

Ha pucynke 3 onbiT Moprana otoOpaskeH moJipoGHO.
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Puc. 3

HecuensienHoe HacjieloBaHNe: J1Ba I'eHA HAXOJSTCS B Pa3HBIX XPOMOCOMAX, TeTEPO3HUIOTa C PaBHOM
BEPOSITHOCTBIO JTAET YEThIPE TUIIA TAMET:

CuenieHHOe HACJIeIOBAHUE: JIBA TCHA HAXOJATCS B OJHOW XPOMOCOME.

a) [Ipu MoTHOM CLIETIIEHWH TETEPO3UTOTa JA€T TOJIHKO JBa THIIA TAMET
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0) [Ipu HEMmOJIHOM CIETUICHUH TeTPO3UTOTA JJACT YEThIPE TUIIA TaMET, HO HE C PaBHOM
BEPOSITHOCTHIO.

Ha BrpilieckazaHHOM CTPOUTCS

XpoMOoCoOMHas TEOPpUsi HACJIECACTBCHHOCTH MopraHa:

1. 'enbl HaXOAATCA B XpOMOCOMAaxX M PaCIIOJIOKEHbI B JINHEHHOM 11OCIIEI0BATEILHOCTH Ha
OIIPEAEIEHHBIX PACCTOSHUAX APYT OT ApPYTa.

2. I'enbl, pacnoyioKE€HHBIE B OJHOM XpPOMOCOME, COCTABIIAIOT IPYIILY CLeIUIeHus. Yuco rpymm
CLICTUIEHUS = TaIlJIONTHOMY 4UCIy XpoMocoM. [Ipu3HaKu, reHbl KOTOPBIX HAXOAATCS B OJIHOMN
XPOMOCOME, HaCJIEAYIOTCS CLEIUIEHHO (T.€. B TE€X e COYETAHUAX, B KOTOPHIX OHU OBUIM B XPOMOCOMAX
MCXO/IHBIX POIUTEIBCKUX (HOpM)

3. HoBble coueTaHusi F€HOB, paCOI0KEHHBIX B OJJHOU [Tape XpOMOCOM, MOT'YT BO3HUKATh B PE3YyJIbTATE
KPOCCHHI'OBEpa B IIpoliecce Meno3a. YacToTa KpOCCUHIOBEpa 3aBUCUT OT PACCTOSHUSI MEXKAY T€HaMHU.
Kpoccunrosep ObiBaeT 0TMHAPHBIM (CaMBIi YaCTHIN ), ABOWHBIM, MHO’KECTBEHHBIM.

4. YuuTtbiBas TMHEHHOE pacoJI0KEHUE T€HOB B XPOMOCOME U YaCTOTY KPOCCHHIOBEpA KaK MOKa3aTess
paccTOSHUS MEXy T€HaMH, MOXHO ITOCTPOUTH KaPThl XpPOMOCOM. 3a €IMHUILY PACCTOSHUS MEXIY
reHaMH MpHUHSTA yacToTa KpoccuHrosepa = 1% (Mopranuaa, cantumopras, cM).

CHeHHeHHBIMI/I C ITOJIOM Ha3bIBAKOTCA MPHU3HAKH, 'CHbBI KOTOPBLIX PACIIOJIOXKCHBI HC B ayTOCOME
(HemoI0BOM XpPOMOCOME), a B TeTepocoMe (TI0JI0BOH XPOMOCOME).

Cxema pernieHus 3aa4 Ha HacleJOBaHUE IPU3HAKOB, CLIETUICHHBIX C [TOJIOM, HHas, YEM Ha
ayTOCOMHOE MOHOTHOPHTHOE CKpelnBaHue. B cirydae, eciu reH cuerieH ¢ X-XpoMOCOMOM, OH MOXKET
nepeaaBaThCs OT OTLA TOJIBKO 0YEPSIM, a OT MaTePH B paBHOW CTENIEHU U JOUEPsIM, U CBIHOBbsIM. Ecin
T'eH CLeIUIeH ¢ X-XPOMOCOMOMH U SIBJISIETCS PELIECCUBHBIM, TO Y CAMKHU OH IPOSIBIISETCS TOJIBKO B
TOMO3UTOTHOM COCTOSIHMU. Y CaMIIOB BTOPOU X-XpPOMOCOMBI HET, TO3TOMY TaKOM T'€H MPOSBIIAETCS
BCer/a.

[Tpu perieHnu 3a1a4 3TOrO THITA UCIIOIB3YIOTCS HE CHMBOJIBI TeHOB (A, a, B, b), kak mpu
ayTOCOMHOM HACTIEIOBAaHUH, & CHMBOJIBI TIOJIOBBIX XpoMOcoM X, Y ¢ yKa3aHHEM JOKAIM30BaHHBIX B HUX
renos (X4, X2).

AHOMaJ'II/II/I, CHCIIJICHHBIC C ITOJIOM, Yall€ KOHTPOJIHNPYIOTCA pCUCCCHUBHBIMU I'€HAMU, JIOKAJIM30BAHbI
B X-XpOMOCOMe W OPOABJIAIFOTCS IPU T'CHOTUIIC XY (T.e. Yy caMIIOB MJICKOIIUTAOIIUX U CAMOK HTI/II_I).
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Beimre Ob1T paccMOTpPEHBI IPUMEDHI, TJI€ TeH, CHETUICHHBIN ¢ 0JIOM, pacrosaraics Ha X-
XpOMOCOME, HO €CTh I'€HBI, JIOKAJIU30BaHHBIC HA Y -XpOMOCOME. Y BHJIOB, Y KOTOPBIX MYKCKOU ITOJI
TeTepOraMeTeH, 3TOT I'€H MOXKET IIPEAAaBaThCs TOJBKO caMmIiaM. Y 4eJI0BEKa I'€H OJHOTO U3 BUJOB
CHHJIaKTWJINH, BBIpAXKatolleiics B 00pa30BaHUM NEPENOHKH MEXy 2 U 3 naJibLlaMH Ha HOTe,
JIOKaJIM30BaH HA Y -XpOMOCOME, [I03TOMY BO3HUKAET TOJIBKO Yy MY>K4MH. V3BecTHa elie 0JjHa aHOMaJIHS -
TUIIEPTPUXO03 Kpask YIIHON paKOBHHBI (PsiAbI BOJIOC HA yX€), IepeatoIIuecs 0 TAKOMY ke MeXaHu3My. B
M3y4aeMOU CEMbE C 3TOW AHOMAJIMEN OHA MEPEJABAIACH B IIATH NOKOJEHHUSX 110 MYKCKOU JIMHUU.
JpyruM npuMepoM HaclaeI0BaHus, CLEITICHHOTO ¢ Y -XpPOMOCOMOH, SIBJIAE€TCS HACJIEJOBAHHUE MTEPETIOHKH
MEX1y NajbliaMy HOT

HaciencTBeHHOCTb — CBOMCTBO OPraHM3MOB MEpPEIaBaTh CBOU MPU3HAKHU B PSAY CIECAYIOIIUX
OKOJICHUH.

HN3MeHYnBOCTDb — CBOIMCTBO OpraHu3MOB U3MCHATHCA B ITPCACIaxX BU/JA.
.JIOKyc — MCCTOITIOJIOKCHUC I'CHA B XPOMOCOMC.

AJL1eJIbHBIE T€HbI — I'€HBI B TOMOJIOTHYSCKHUX XPOMOCOMaAxX OTBCHANOIIHEC 3a (1)OpMI/Ip0BaHI/Ie
OAHOI'O IMpU3HAaKa.

I'eHoTHII — COBOKYITHOCTH I'€HOB OJJHOTO OpraHU3Ma.

@eHOTHI — COBOKYITHOCTh BCEX IPU3HAKOB OpraHu3Ma.

XpomocoMHBIH HaGOp — HAOOP XPOMOCOM JAHHOTO BHIA.

CuenJieHHOe HaCJIeI0BAHNE — HACJIEJJOBAHUE IIPU3HAKOB, T€HbI KOTOPBIX JIOKAIU30BaHbl B OJJHOU
XpoOMOCOME. Cuna cyenjlieHus Meofcdy CeHAMU 3asucun om pacCmosinus Meofcdy HUMU: YeM Oalblle 2eHbl
pacnonazaromcs Opy2 om opyad, mem vluie 4acmoma Kpoccun2o8epa u Haobopom.

ITosiHoe cuenienne — pasHOBUIHOCTH CLICTUIEHHOTO HACIEI0BaHUs, IPU KOTOPOU T'€HbI
aHAJM3UPYEMbIX IPU3HAKOB PACIoaratoTcs Tak OJU3KO0 IpYT K APYTY, 4YTO KPOCCUHTOBEP MEKIY HUMH
CTaHOBUTCSI HEBO3MOXXHBIM.

Henosnnoe cuenieHne — pasHOBUIHOCTH CLEIUIEHHOTO HACIEA0BAaHUs, IIPU KOTOPOU I'EHBI
aHAJIM3UPYEMBIX IIPU3HAKOB PACIIOIAral0TCs HA HEKOTOPOM PACCTOSHUM IPYT OT APYra, 4TO AEJIaeT
BO3MOXHBIM KPOCCHUHI'OBEP MCIKIY HUMMU.

Kpoccunrosep — nepekpect XpoMOCcoM B TIpodasze IepBoro MEHOTHYECKOTO JICTICHUSL.

HekpoccoBepHble rameTbl — raMeThl, B ITpoliecce 00pa3oBaHMsI KOTOPHIX KPOCCUHTOBEP HE
IIPOU3OILEIL.

KpoccoBepHbie raMeTbl — TraMeThl, B IIporiecce 00pa3oBaHUs KOTOPBIX MPOU30ILEN
KkpoccuHrosep. Kak npaBuiio, KpoccoBepHbIE raMeThl COCTABIISIOT HEOOIBIIYIO YaCTh OT BCETO
KOJIMYECTBA TaMeT.

AyTOCOMbI (OT rpeu. Autos- caM, coma- TCHO)- HCTIOJIOBBIC XPOMOCOMBI, O/IMHAKOBLIC Yy CaMliad U
CaMKH.
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I'eTrepocombl (OT rped. «XeTepocy - IPyrou, HHOM, «coMay - TeJ0) - MOJIOBbIE XPOMOCOMBI, 110
KOTOPBIM CaMell OTJIMYAETCs OT CAMKH, UM MY’KCKOM OPraHU3M OT JKEHCKOT0.

I'omorameTHbIii 10JI — (OT Ipey. «XOMOC) - OIMHAKOBBIN, «TaMETEC» - CYNPYT) — I0J, KOTOPbII
IpoAyLUpYyeT OAUH copT ramer — XX.

I'eTeporameTtHslii 0JI — (OT IpeY. «IT€TEPOCH» - APYTOM, MHOH, «TaMETEC» - CYNpPYT) - MOJI,
KOTOpPBIN MPOAYLIUPYET JBA pa3HbIX copTa ramer — XVY.

HacnenoBanmue, cuenJieHHoe ¢ I0JIOM,- HAacJIeZIOBaHUE ITPU3HAKOB, 00YCIIaBIMBMBIX F€HAMH,
PacrnoI0KEHHBIMHU B ITOJIOBBIX (X MM Y) XpoMocoMax (JIOKaIU3alus TEHOB B IOJIOBBIX XPOMOCOMAX -
CLIETIJICHUE C [TOJIOM).

I'eneTH4eckast KapTa XpOMOCOMBI — CXEMaTHUECKOE N300pa’kKeHUE OTHOCUTEIBHOT'O I0JIOKEHUS
T€HOB, BXOJSIIUX B OJIHY IPYIITY CUEIICHUS

HpaKanecKaﬂ 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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INPAKTHYECKOE 3AHATHE
3aKOHOMEPHOCTH H3MEHYHBOCTH

esb NPaKTHYECKOT0 3AHATHS

IIOJIY4YHUTh 3HAHUSA O (bopMax HN3MCHYUBOCTHU, ITIOHATH CYIIHOCTH MO,I[H(bHKﬁI.IHOHHOfI n MYTaHHOHHOﬁ
U3MCHYHNBOCTH, 3HaTh (baKTOpr, CHOCOGCTByIOH_[I/Ie BO3HHKHOBCHUIO HaCJICACTBCHHBIX u
HCHACJICACTBCHHBIX W3MEHEHUM OopraHusma.

MeToan4yecknii MmaTepuas

I'enoTunmnueckast UI3MEHUYNBOCTH - KOMOMHATUBHASI U MyTallMOHHAs. Y POBEHb U MECTO BOZHUKHOBEHUS
Pa3TMYHBIX KOMOMHAIIHMI TEHOB U UX POJIb B CO3JIaHUU TEHETUIECKOT0 Pa3HO00pasusi ocoOel B mpeenax
Buja. Kimaccudukanus Mmytanuii no ypoBHIO U MECTy BOSHUKHOBEHHUS. YacToTa U MPUYUHBI MyTaLIUH.
3HavYeHHe MYTalUM JIJIst IPAKTUKH CEIIbCKOT0 X03siiicTBa. [Ipon3BOACTBEHHBIE YCIOBUS KaK BO3MOXKHAs
MIPUYMHA MOBBILIEHHON YaCTOThl MyTallUl Yy Y€JIOBEKA. 3aKOH TOMOJIOTHYECKUX PSII0B HACIEICTBEHHOMN
m3menunBocT (H.M.BaBunog). LluTomnasmarudeckass HaciaeICTBEHHOCTD.

DEHOTUNNYECKAS] U3MEHYMBOCTD. POJIb YCII0BUIA BHEIHEW CPEJIbl B PA3BUTUH U IIPOSIBJICHUH IMPU3HAKOB.
CrarucTruueckue 3aKOHOMEPHOCTH MOAU(DUKAITMOHHOW U3MEHYMBOCTH. BapuaimoHHbIN s U
BapHalMoHHas KpuBas. Hopma peakiuu. YipaBiieHUE JOMUHUPOBAHUEM.

I/I3y‘~I€HI/I€ TEMBI IO3BOJIACT BCKPBITh MATCPUAJIBHBIC OCHOBBI U3MCHYMBOCTH, ITIOMOTACT JIy4lIC
pa306paTLc;1 B OCHOBHBIX ITOJOXXCHHUAX COBpCMeHHOI‘/‘I TCOPHUHU SBOJIIOLUH.

Crnenuduueckue pynxun JJHK obecrieunBaroT siBjeHne HacaeICTBEHHOCTH. Hapsiy ¢ 3TUM BceM
KHMBBIM OpraHM3MaM CBOMCTBEHHA U3MEHYMBOCTb, KOTOPAsl ONpeAessieT O0IblIoe pasHooOpazue
opraHuuyeckux Gopm Ha Hauiel niuaHere. HaciencTBeHHOCTh M M3MEHYMBOCTh HEPA3PHIBHO CBSI3aHbI
MEXy COOOH.

B pe3ynbrate ckpenuBaHus OpraHM3MOB M B3aUMOJIEHCTBUS (PaKTOPOB BHEIIHEW CPEIbI IPOUCKXOISAT
pa3IMYHbIC U3MEHEHHSI B CaMOU HACJICICTBEHHOCTH (TCHOTUITUYECKasi H3MEHUYUBOCTH ) HITH B €€
posBIeHUsX ((heHOTHITHYECKass U3BMEHYHBOCTD).

I'enotunuueckas M3MEHYHBOCTh CKJIA/IbIBACTCSA U3 MYTAL[HOHHOPI n
KOMBUHATHNBHOUW n3mMeHYnBOCTH.

B ocHOBe HacieICTBEHHOM N3MEHUNBOCTH JIEKUT TTOJIOBOE PAa3MHOKEHUE JKUBBIX OPTaHU3MOB, KOTOPOE
o0ecreunBaeT OrpoOMHOE pa3HOOOpa3ue reHOTHUIIOB.

UYem 00ycnoBieHa KOMOMHATUBHAS U3MEHYMBOCTH? Bo-iepBhIX, TEM, YTO FeHOTHUI J1t000i1 ocoOu
MpeJCTaBIseT OO0 CoYeTaHne reHOB MAaTEPHUHCKOTO M OTIIOBCKOTO OpraHu3MOB. Bo-BTOpHIX,
HE3aBHCHMOE PaCX0XJACHHE TOMOJIOTMYHBIX XPOMOCOM B [IEPBOM MEHOTHUECKOM JieJIeHUH. B-TpeThux,
peKoMOMHAIIMs TeHOB (U3MEHEHHE COCTaBa IPYIII CLETIJICHNS ), CBA3aHHAs C KPOCCUHTOBEPOM
(mepexpectom). U emte ogun hakTop KOMOMHATUBHON W3MEHUYMBOCTH - CIIy4YalHOE COYETAaHWE TEHOB MPHU
OIJIOZIOTBOpEHNH. Bce Ha3BaHHBIE UCTOYHUKHA KOMOMHATUBHOM M3MEHYMBOCTH JACUCTBYIOT HE3aBUCHMO U
OJIHOBPEMEHHO, CO3/1aBasi OrPOMHOE MHOT000pa3ue TeHOTHUIIOB.

MyTauroHHasi U3MEHUYUBOCTh BOSHUKAET B CIIy4ae MOSIBJICHUS MYTAHHPI - CTOMKNX U3MEHEHUI

I'EHOTHUIIA (T.E. MOJIEKVYJI IHK), koTOpBIE MOTYT 3aTparuBarh LEIbIE XPOMOCOMBI, MX YaCTH WIIH
OTJIEJIbHbBIE TE€HBI.
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MyTanuu MOryT OBbITh MOJIE3HBIMHU, BPEAHBIMH WIN HEHTpabHBIMU. COTTIACHO COBPEMEHHOU
KJIacCU()MKALMU MYTaLlUU IPUHATO JEIUTh HA CIEAYIOLINE TPYIIIBL.

1. TEHOMHBIE MYTAILINU - cBs3aHHBIE ¢ ©3MEHEHHUEM yuciaa XpomocoM. OcoObIii nHTEpec
npeacrasisier [IOJIMTIJIONAN S - kpaTHOE yBeIMUYEHHE YUCIIa XPOMOCOM, T.€. BMECTO 2n
XpPOMOCOMHOT0 Habopa Bo3HUKaeT Habop 3n,4n,5n u Gosiee. BO3HMKHOBEHNE MOMUIIONIUU CBSA3aHHO C
HapylIeHUEeM MEeXaHU3Ma JIeJICHUs KJIeTOK. B yacTHOCTH, HEpacX 0k I€HHE TOMOJIOTUYHBIX XPOMOCOM BO
BpEMs IIEPBOTO JICJICHUS Meii03a MPUBOAUT K MOSIBICHUIO raMeT ¢ 2n HabopoM XpOMOCOM.

[Tonumnuouaus MUPOKO PACIIPOCTPAHEHA Y PACTEHHM U 3HAYUTEIILHO peXke Y )KUBOTHBIX (acKapus,
HISJIKOTPSI/Ia, HEKOTOPBIX 3eMHOBOHBIX). [lonuroninbie opraHu3Mbl, Kak MpaBUIO, XapaKTePU3yIOTCA
0oJsiee KpYMHBIMU pa3MepaMu, YCUICHHBIM CHHTE30M OPTraHMYeCKHUX BEIIECTB, YTO JIEJAeT UX OCOOCHHO
LIEHHBIMU JIsI CEJIEKIIMOHHBIX padoT.

W3meHneHue yncia XpoMOCOM, CBSI3aHHOE C TOOABIEHUEM UITU MOTEPEi OTIEIbHBIX XPOMOCOM,
Ha3bIBaeTCs AHEYHHOHJIHEPT. MyTanuoo aHeyIUIONINA MOKHO 3anmucarh Kak 2n-1, 2n+1, 2n-2 u t.1.
AHeymnnonns CBOICTBEHHA BCEM KHUBOTHBIM M PACTEHUSIM. Y YeJloBeKa psJ 3a00IeBaHuil cBsI3aH
MMEHHO ¢ aHeyruionaueii. Hampumep, 6oe3ns JlayHa cBsi3aHa ¢ HaJTMYHUEM JIMITHEH XPOMOCOMEI B 21 -t
nape.

2. XPOMOCOMHBIE MYTAIMMU - 310 niepecTpoiiku XpoMOCOM, U3MEHEHHE UX cTpoeHus. OTnenbpHbIe
YYaCTKH XPOMOCOM MOTYT TE€PATHCS, YABAUBATHCS, MEHITH CBOE MOJIOKECHHE.

CxeMaTU4HO 3TO MOYKHO TIOKa3aTh CIEAYIOMIMM 00pa3oM:
ABCDE HOpManbHBIN MOPSAIOK TEHOB

ABBCDE ynBoenue yyacTka XpoOMOCOMBI

ABDE noteps oJHOr0 y4acTka

ABEDC noBopor yuactka Ha 180 rpamycoB

ABCFG 00MeH y4acTkaM¥ ¢ HETOMOJIOTHYHON XPOMOCOMOM

Kak 1 reHomMHEBIC MyTalli, XPOMOCOMHBIC MyTallUH UT'PAIOT OT'POMHYIO POJIb B 3BOJIFOMOHHBIX
nmponeccax.

3. TEHHBIE MVYTAIINU cBsi3aHbI ¢ K3BMEHEHHEM COCTaBa MJIN MTOCJIEI0BATEILHOCTH
nykineotunoB JIHK B npenenax rena. ['enHbie MyTanuu Hanboiee BayKHbI CPEeId BCEX KaTeropuit
MyTanu.

CuHre3 6enka OCHOBaH Ha COOTBETCTBUH PACIONIOKEHHUSI HYKJIEOTH/IOB B T€HE U TOPSAAKOM aMHUHOKHUCIIOT
B MoJieKyJje Oenka. Bo3HMKHOBEHUE MeHHBIX MyTaluii (M3MEHEHUE COCTaBa M MOCIJIEA0BATEIbHOCTH
HYKJIEOTH/I0B) U3MEHSET COCTaB COOTBETCTBYIOIIUX OEIKOB-(PEPMEHTOB U B UTOTE K (DEHOTUITHYECKUM
M3MEHEHHUsSIM. MyTaluu MOTYT 3aTparuBaTh Bce 0cOOeHHOCTH Mopdosioruu, pu3nonoruu u 6MOXUMUHU
opraHu3MoB. MHoOrue Hacie/ICTBEHHbIE 0OJIE3HU UeJIOBEKA TaKKe 00YCIIOBIEHBI MyTallUsIMU T€HOB.

MyTaiuu B €CTECTBEHHBIX YCIOBUSX CIIYYarOTCSl PEAKO - OJHA MyTalus ornpeaeneHHoro resa Ha 1000-
100000 knerok. Ho MyTalimoOHHBIN MPOLIECC UAET MOCTOSHHO, UET MOCTOSHHOE HAKOIIJIEHHE MYyTaIllui B
reHoThnax. A eciy y4ecTh, UYTO YHCIIO T€HOB B OPraHU3M€ BEJIMKO, TO MOKHO CKa3aTh, UTO B TEHOTHUIIAX
BCEX KUBBIX OPTAaHU3MOB UMEETCS 3HAUUTEILHOE YHCIIO TeHHBIX MYyTallui.
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MYTALIUU - OTO KPYITHENILNI BUOJIOT MYECKUN ®AKTOP, OBYCJIABJIUBAIOLIIN
OI'POMHVYIO HACJIEJCTBEHHYIO UBMEHUYMBOCTH OPTAHMU3MOB, UTO JTAET MATEPHAJI
J1J1S1 DBOJIFOLINM.

[TpuunHaMu MyTanuii MOTYT OBITh €CTECTBEHHBIE HApPYIIEHUS B METabO0IM3Me KIETOK (CIIOHTaHHBIE
MYyTalllu), TaK U JeHCTBUE pa3INYHbIX (DAKTOPOB BHEUIHEH cpeibl (MHIYLIUPOBAHHBIC MYTAIUH).
@DaKTopbI, BBI3BIBAIOLINE MYTAI[MH HA3bIBAIOT MyTareHaMu. MyTareHaMu MOTYT OBITh (pH3UYECKUe
(bakTopsl - paauanus, Temmneparypa .... K Ononornueckum myrareHa OTHOCAT BUPYCHI, CIIOCOOHBIE
OCYIIECTBISTH MIEPEHOC TCHOB MEXKAY OPraHM3MaMH HE TOJIBKO OJM3KUX, HO JAJEKHX CHCTEMATHUYECKHX

TpyIIL.
Xo03sicTBEHHAs AESITEILHOCTD YellOBeKa MpruHecia B 0uocdepy orpoMHOE KOJIMYECTBO MYTareHoOB.

boapmuHCTBO MyTaI_[I/IfI H€6J121FOHpI/I$ITHBI JJIs1 dKU3HHU OCO6I/I, HO MHOrJa BO3ZHUKAIOT TAKUC MYTAallUH,
KOTOPBIE MOT'YT IMPEACTABIATE HHTCPEC IJIs1 YUCHBIX-CCIICKIIMOHCPOB. B HACTOAIICEC BPEM CO3aHbI
MCTOABI HAITPABJICHHOTO MYyTarcHe3a.

B 1920 roay renerux-cenexkunonep H.M. BaBuioB ycraHoBui, 4To OJIM3KOPOICTBEHHBIE BUJIBI U POJIbI
Onarogapst 60JIBIIOMY CXOJCTBY UX T€HOTHUIIOB 00JIaJaf0T OOJIBIINM CXOACTBOM HACIIEACTBEHHOM
m3meHunBocT 3AKOH TOMOJIOTMTYHECKNUX PAOB otpaxkaeT 00111e01oa0ruyeckoe siBjieHue,
XapaKTEePHOE JJIsl BCEX KUBBIX OpraHu3MoB. KOpOTKO CyTh 3TOro 3aK0Ha B TOM, YTO €CJIH y OJJHOTO U3
POJCTBEHHBIX OPTaHU3MOB €CTh KaKOH-JTMOO0 MPU3HAK, TO MBI MOKEM OXKHJIATh CXOJHBII NMPU3HAK U Y

IpYTHUX.

NuauBuayanbHOE pa3BUTHE OCOOU IMPOUCXOAUT B TECHOM CBSI3H C YCIOBHSIMU BHEIIHEH cpefbl. Taxk,
HanpuMep, Ipyu KOMHATHOM TeMIepaType LIBETKU MPUMYJIbl UMEIOT KpacHyto okpacky. Ho eciu pactenue
IIOMECTUTH B OPaHKEPEI0 U coAepkath rpu Temneparype 30-35 rpaaycoB, TO AEHCTBE T'eHa OKPACKU
MTO/IaBIISI€TCS U LIBETKHU Y TAKOTO pacTeHus OyyT OenbiMu. Bo3BpallileHHOE B KOMHATHBIE YCIIOBHS
pacTeHue MpeodpeTaeT KpacHyI0 OKpacKy LIBETOB.

CrnenoBaTenbHO, HACIEAYETCS HE TIPU3HAK, a TeH, 00JIaJaroNuii CTIOCOOHOCTHIO PEATM30BaTh JAHHBIM
MPHU3HAK B 3aBUCUMOCTH OT YCIOBUI CPEJIbI.

M3MEHEHIUS ®EHOTUIIA IO JEMCTBUEM BHEITHUX ®AKTOPOB HA3BIBAIOT
MOANDPUKALIUAMU. Moaudukauuu He nepeaaroTcs no HaciueAacTBy (7). Monuduxanuu -
MIPOSIBJICHUE T'e€Ha B Pa3HbIX yCIOBUAX. MoauduKkanuyu HOCAT NPUCIIOCOOUTENBHBIN XapakTep, K
M3MEHSIOMIMMCS YCIIOBUSIM BHEUTHEW CPEeIbl.

[Ipenenst MoauUKAIIMOHHON U3MEHUNBOCTH 00YCIOBIEHBI TEHOTUIIOM U Ha3biBatoT HOPMOU
PEAKIMHW. Ogan npusHaku 06J1aJat0T IMKUPOKONH HOPMOM peakiuu (pocT, Bec...), ApYTrHe - y3Koi (1BeT
rJ1a3, OKpacka IepcTH...). Yem mmpe HopMa peakluu, TeM 00JIbIlIe BO3SMOXKHOCTH Y OpraHu3Ma

MPUCTIOCOOUTHCS K Pa3HbIM YCIIOBHUSIM Cpebl OOUTaHUSI.

3HaHne HOPMBI pCaKIIMH AAa€T BO3SMOKHOCTD IMPAKTHUKAM I1OJTYyYaThb HOBBIC ITPU3HAKH ITYTEM U3MCHCHU A
CpCabl o0uTaHus UIn YIIpaBJIATH NPOABJICHUCM I'CHOB, YIIPABJIAAT JOMUHUPOBAHUCM.

ITonsaTus MyTalluu U MO)II/I(I)I/IKEU_[I/II/I MOKHO CPAaBHUTLH B Ta6J'II/II_[CI

MYTALIUN MOJINITUKALTIN
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1.HeomnpeaeneHnHocts u3MeHeHUM (OJIMH U 1. OnpeneneHHOCTh (KaK bl BHEITHUIN

TOT k€ ()aKTOp MOKET BBI3BIBATH U3MEHEHUS  (DAKTOP BBI3BIBAET OIpEAETICHHbIC H3MEHEHUS
pa3HbIX TEHOB, WK pPa3HbIe (aKTOPHI B ONPEIETICHHBIX YCIOBUSIX).

BBI3bIBAIOT OJJUHAKOBBIC N3MEHEHHUS).

2. YpoBeHb U3MEHEHUS HE 3aBUCUT OT CUJibl U 2. CTeneHb U3MEHEHUs TPU3HAKa

JUIMTETIbHOCTU BO3JCHCTBHS BHEITHETO IIPSIMOIIPOIIOPLIMOHANIBHA CUIIE WIIH

(axTopa, BBI3BIBAIOLIETO U3MEHEHHS). JUIMTEIILHOCTH ICHCTBHS (DakTopa,
BBI3BIBAIOIIETO U3MCHEHHUS.

3. Kak mpaBuiio He HOCAT 3. Kak mpaBuiio, umMeeT npucnocoOuTebHoe

IPUCIIOCOOUTENILHOTO XapaKTepa. 3HAYCHHUE.

4. IloCTOAHHBIH, HE UCUE3al0T B TEUEHUH 4. ITocne mpekparienus AeicTBHs (pakTopa B

KHU3HU OCOOH. OOJIBLIMHCTBE CIIy4aeB UCYA3aI0T

5. Hacnenyrorcs 5. He Hacnenyrorcs.

IIpakTHyeckas 4acTb
1. Cunnpom JlayHa siBisieTcs pe3yJIbTaTOM MyTallUU
1) reHOMHOM 2) IMTOIJIa3MaTHYECKOM
3) XpOMOCOMHOM 4) perieccCuBHOU

2. YV TOpHOCTa€BOTO KpOJIMKAa Ha BBHIOPUTOM y4YacTKe Tella MOA JCHCTBHEM COTPEBAIOLIETO KOMIIpecca
BbIpacTaeT 0enast epcTh — 3TO U3MEHYUBOCTh

1) renomHas 2) MyTalMOHHas

3) koMOMHAaTHBHAS 4) moudUKaITMOHHAS

3. Poxnenue pebenka c cunapoMoM JlayHa — 3T0 mpuMep NpOsSBICHUS U3MEHUYNBOCTH
1) MonuduKaoHHOM 2) KOMOMHATUBHOM
3) muToIIa3MaTHIeCKON 4) TeHOMHOM

4. [TpruurHa XpOMOCOMHBIX MYTaIHii

1) yBoeHue HYKJIE€OTHIOB B XPOMOCOME

2) u3MEHEeHUe CTPYKTYPbl XpOMOCOM

3) BbITIaJICHUE OT/IETBHBIX HYKJICOTHIOB

4) BkIroueHUE HOBBIX HykineoTu 108 B JIHK

5. IlpuunHOI KOMOMHATUBHON U3MEHYHBOCTH MOKET OBIThH
1) u3menenue renoB npu perukanuu JTHK

2) XpOMOCOMHasi MyTaIus

3) marpuyunsiii cunte3 JJHK

4) cnydJaifHast BCTpeda raMeT MpH OIJI0JJOTBOPEHUN

6. Paznmuums no genotumy y ocodeid ¢ 0OAMHAKOBBIM T€HOTUIIOM CBUAETEIbCTBYIOT
0 BO3HUKHOBEHUH Y HUX U3MEHYHBOCTH —

1) MmonudukamoHHOM| 2) MyTallMOHHOM

3) KOMOMHATHUBHOMN 4) coOTHOCUTEIBHOU

7. IToBopoT y4yacTka XpoMocoMbI Ha 180° OTHOCUTCSI K MyTaIusM

1) reHOMHBIM 2) NOAUIUIOUTHBIM
3) XpOMOCOMHBIM 4) TOYKOBBIM
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8. Kakast ©3MEHUMBOCTH MPOSIBUTCSI Y YEPEHKOB CMOPOIMHBI, B3ATHIX C OJJHOTO KYCTa W BBIPANICHHBIX B
pPa3HBIX YCIOBUSIX?

1) MmonuduxarmonHas 2) KOMOMHATHBHAS

3) reHeTHYeCKas 4) MyTalioHHas

8. 3HaueHne MoM(UKAMOHHONW N3MEHUYUBOCTH COCTOUT B TOM, YTO OHA
1) BO3HUKAET y OTHEIbHBIX 0cO0Ei

2) nepenaércs 1o HACJIEACTBY

3) HOCUT CiTy4alHbII XapakTep

4) HOCUT NPUCIIOCOOUTENBHBIN XapaKTep

9. HoBele coueraHuss reHOB, KOTOpblE BO3HHMKAIOT B Ipoliecce Meio3a U OIUIOJOTBOPEHUS, CIy>KaT
MPUYUHON U3MEHYUBOCTH

1) xpoMoOcoMHO# 2) Moau(UKAITMOHHOM

3) KOMOMHATUBHOM 4) MyTallMOHHOMN

10. 'eHOMHBIE MyTallMK BOSHUKAIOT y PACTECHHI B PE3YJIbTAaTEe BO3ACHCTBUS BEIIECTB, KOTOPHIE
1) yMeHbIIAIOT BpeMs UHTEP(a3bl

2) YyCKOPSIIOT 00pa3oBaHUE raMeT

3) HapymaroT 00pa3oBaHuE HUTEH BepeTeHa JeICHUS

4) npUBOJAT K XpPOMOCOMHBIM IIEPECTPOHKAM

11. B nummonaHoM Habope MrKoi mineHuIsl 42 xpomocoMsbl. [lomyueHHbI Ha €ro OCHOBE HOBBIN COPT
uMeeT 84 XpOMOCOMBI BCIIEACTBUE

1) u3MeHeHus HOpMBbI peakLuu 2) nuToIIa3MaTU4YECKON MyTalluu

3) XpOMOCOMHBIX TIEPECTPOEK 4) TeHOMHOM MyTaluu

12. «Buapl U pojapl, TEHETHUYECKHU OJM3KHE, XapaKTePU3YIOTCS CXOJHBIMU PSAaMH B HACIEICTBEHHOU
W3MEHUYHMBOCTH» — 9TO 3aKOH

1) GuoreHeTHUECKUt 2) CIIETVICHHOT'O HACIEA0OBaHUS

3) TOMOJIOTUYECKUX PSIOB 4) HE3aBUCUMOT'O HACIIEOBAHUS

13. Bapuanuu B mipeiesiax HOpMbI PEaKIIuy XapaKTePHBI I H3MEHYHBOCTH
1) renHoi 2) TEHOMHOM 3) XpoMOCOMHOI 4) MoauUKaIMOHHON

14. HacneacTBeHHass U3MEHYMBOCTh HE MOXKET OBITh BbI3BaHA
1) u3MeHeHneM T'eHOB (MyTalHsIMH )

2) coyeTaHUEM I'€HOB B IOTOMCTBE

3) ycuiieHneM paauanuoHHoro ¢poHa

4) ce30HHBIMHU KOJICOAHUSMU TeMIIepaTyphl

15. Ce30HHOE M3MEHEHHE OKPACKH MEPheB 010 KyponmaTK! — 3TO MPUMEP U3MEHYUBOCTH
1) koMOMHATUBHOM 2) nuToIIa3MaTH4YeCKON
3) COOTHOCHUTENBHOM 4) Mo pUKaIIMOHHON

16. B ocHOBE T€HOMHBIX MYTalMil B KJIIETKE JIE)KUT U3MEHEHUE
1) CTpYKTypbl IUTOILIA3MBI 2) yuciia XpoMOCOM
3) uucna HykiaeotuaoB B JJHK 4) CTpYKTYpbI XpOMOCOM

17. CreneHb pa3BUTHSI MYCKYJNAaTypbl y YE€JIOBEKa B 3aBUCUMOCTH OT YaCTOThl U WHTEHCUBHOCTH
TPEHUPOBOK — MPUMEP U3MEHUNBOCTH
1) cooTHOCUTENBHOM 2) komOuHatuBHON 3) MoauduKaMOHHON  4) HeonpenaenEHHON
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18. Uto Takoe reHHble MyTalluu?

1) u3MeHeHure Mocie1I0BaTeIbHOCTH HYKJIEOTUI0B B MoJiekyie JITHK
2) yrpara HeOOIBIIOTO YYacTKa XPOMOCOMBI

3) yMEHBbIIEHUE YHCIIa XPOMOCOM

4) moBoport y4actka mosiekysbl JIHK na 180°

19. IIpuurHa MoupUKAITMOHHON N3MEHUYNBOCTH IPU3HAKOB — U3MEHEHHUE
1) cTpyKTyphI reHOB 2) ycioBuil cpessl
3) konuyecTBa HyKiIeoTu10B B JIHK 4) MexaHu3Ma KOHBIOTAIlUN

20. I3MeHYMBOCTh IPU3HAKOB OPraHW3Ma, HE CBA3aHHYIO C U3MEHEHHUSIMU TeHOTHIIA, HA3bIBAIOT
1) MmoauduKaMoOHHOK 2) MyTallMOHHOU 3) KoMOMHATUBHOW  4) COMaTHUYECKOM

21. 13 cemsiH 0JHOTO pacTeHUs NACTYUIbEN CYMKH BbIPACTUIIM TOTOMCTBO. [I0TOMKYM OTiMYanuch Ipyr oT
Apyra U OT MaTepUHCKOIO PACTEHHs pa3MepaMH, YMCIOM I[BETKOB U JIUCTheB Ha nobere. OObsICHUTE
BO3MOJKHBIE IIPUYHHBI ITOTO SBJICHMUS.

22. Tlpu CepHOBUAHO-KJIETOYHOW AHEMHUH Yy 4YelIOBeKa B JPHUTPOLUTAX CHHTE3UPYETCS IePEeKTHBIN

reMOrJIoOnH, B MOJIEKyJaX KOTOPOro OJHA TJyTaMHUHOBAs KUCIIOTa B ONPEAEICHHOM MECTEe 3aMEHEHa Ha
BasivH. C KaKUM BUIOM MYTaIldU 3TO MOXET OBITh CBS3aHO?
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INPAKTUYECKOE 3AHATHUE
HcTopust 3BOIIOHMOHHOIO yyeHHus. MHUKpo3IBoIIOLMSA

eab NpakTH4€CKOro 3aHATUSA

OTtpaboTaTh NMpPU3HAKU MOHATUS «MHUKPOIBOJIIOLUSA». PacMpuTh 3HAHUS ydaluxcs O Mporeccax
BH1000pa30BaHMs Ha MPUMEpax aJIONATPUUECKOT0 U CUMIIATPUIECKOT0 BUI000pa30BaHUs

MeToan4yecknii MmaTepuas

[onmynsnus — camast MeJKasi U3 rpymi ocodei, crnocoOHas K HBOJOLHMOHHOMY Pa3BUTHIO, IOITOMY
€€ Ha3bIBAIOT 3JI€eMEHTAPHOM eIMHUIIEeH IBOTIOLHH.

OTnenbHO B3SATHI OPraHU3M He MOKeT SIBJISTHCS €IMHULICH YBOIIOLMHY — 3BOJIOLMS IPOUCXOIUT
TOJILKO B IPYIIIE 0COOEH.

EcrecTBeHHbIi 0TOOp MeT 0 peHoTunam (pu3HaKam), Mo-3ToMY JUIsl IBOJIIOLUU HYKHO
pasHooOpasue ocobeii B momyssiiuu. OtOupas Hanbosee "BoIroAHbIe" (EHOTHIIBI, €CTECTBEHHBINA 0TOOD
ocTaBJIeT "BbIFOJIHbIE" F€HOTHIBI (KOMOMHAIIMY I'eHOB). B pe3ynbTaTe BEIKUBAIOT U OCTABIISIOT
IIOTOMCTBO 0CO0HM ¢ HanboJiee BBITOJAHBIMU B JJAHHBIX YCJIIOBUAX 'CHOTHUIIAMU.

COBOKYIHOCTb F€HOTHIIOB BCEX 0CO0€H Momynsiuuu — reHo(poHa — OCHOBa
MUKPODBOIIOLMOHHBIX IIPOLIECCOB B IPUPOJIE.

Buj kak niesoctHast cucteMa He MOKeT ObITh IPUHST 3a €AMHUILY SBOJIOLMH, T.K. OOBIYHO BUbI
pacnagaroTcs Ha COCTABHBIE UX YAaCTH — IMONYJAIMHU. BOT moyemy poiib 37€MEHTapHOU 3BOJIIOLIMOHHON
€IMHULIBI IPUHAJUIEKUT MOMYIIALUH.

O61mas cxemMa MUKPOIBOIIOIUU

Mukpo3BoIIOnHs — 3BOJIIOLHUOHHBIE IIPOLIECCHI, IPOUCXOIAIINE HA YPOBHE MOMYJALUU (T. €.
BHYTpH BHUJA), BEAYIIUE K HAKOTUIEHUIO HACJIEICTBEHHBIX OCOOCHHOCTEH U MPUBOAIINE K 00pa30BaHUIO
HOBOT'O BH/JIA.

[Tonmynsius sBsieTcs SIEeMEHTAPHON €AMHUIICH YBOJOLIUU.

I'enoona mOMymsIIMKM — 3TO COBOKYIHOCTh F'€HOB OPraHU3MOB JJAHHOM MOMYJISLUH.

DeMeHTapHbIe 3BOMIOIMOHHBIE (PAKTOPBI — (hAaKTOPBI, CIIOCOOCTBYIOIINE U3MEHEHUIO TeHO(OH 1A
MOMYJISILUI: MyTallMM, MUTPALIMHU, IOTOK F'€HOB, MOMYJIAIIHOHHBIE BOJIHBI, peii() reHOB, N30SI .

murpanuu 1 [Totox reHoB

IToToK reHoB — MepeHoC TeHOB MEXKY MOMYIISUIMU.

bonbiyro posb B OCYIIECTBIEHUN TOTOKA TEHOB UTPAIOT MUTPALIMH, KOUEBKH, IIEPEJIETHI, IEPEHOC
MBUIBLIBI U CEMSTH BETPOM, HACEKOMBIMH. B 3aBUCMMOCTH OT BHJIa OPTraHU3MOB B Ka)KJIOM ITOKOJIEHUH, 110
MHeHMI0 D. Maiipa, umeercs ot 30 1o 50 % npuiensues . IMeHHO 61aroiapst MOTOKY IeHOB Ha
OOLIMPHBIX TEPPUTOPHSIX HAOII01aeTCsl PEHOTUITMYECKast OHOPOJHOCTh OCOOEi.

3aKO0H Maiipa

bnarogapsi cBOOOAHOMY CKPELIMBAHUIO IPU MUTPALIUU POUCXOAUT OOMEH T€HaMU MEX]Y
0c00sSIMU MONYJISIIIMKA OJTHOTO BU/IA (TIOTOK I'eHOB). IIpu 3TOM reHbl MUTPUPYIOIINX 0CO0eH BKITI0YAI0TCs
MIPY CKpeUIMBaHUM B reHo(OoH I nonyisuuii. B pesynbrare reHo(oHA MOMyIsIil 0OHOBIsSETCS.

Hanpuwmep, kion-yepenanika paieTaercs 1o HarpasieHHuIo BeTpa. Kionsl He 00s3aTenbHo
BO3BPAILAIOTCS B MECTa POKIAEHUs. JlaIbHOCTD MOJIETa HA 3MMOBKY 3aBUCHUT OT YIIUTaHHOCTH. B
pe3yibTaTe Ha 3MMOBKAaX OKa3bIBalOTCS KJIOMBI U3 pa3HbIX MecT. YacTh KIOMOB BOOOIIE HE yIeTaeT
JlaJIeKo, a OCTaeTCs 3MMOBATh B OJIMIKANIINX JIECOTIOCAAKAX.

I'pynnsl kpoBu yenoseka cuctemsl ABO: wactora reHa A mensiercs ¢ Boctoka Ha 3anag — ot
HU3KOM K BBICOKOM, 4acToTa reHa B, Ha000poT, OT BbICOKOM K HU3KOW. Takoil rpagleHT KOHIEHTpaui
3THX T'€HOB OOBSCHSIOT KPYITHBIMU MUTPALIUSIMHU JIF0/iel ¢ a3uarckoro Boctoka B EBpony B epuon ¢ 500
1o 1500 rr. H. 5.

npeti reHoB

Jpeii¢ reHoB — crnydaitHOe U3MEHEHHE KOHIIEHTPAIIMHU aJljiesiel B HeOOIbIOH, MTOJHOCTHIO
M30IMPOBAaHHON MOITYJIALIMH.
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Hpetid reroB HenpeackazyeM. HeGobIyro MOMmy IS0 OH MOXKET MMPUBECTH K THOEINH, a MOXKET
cenaTh ee enie 0oJiee MPUCIOCOOIEHHOM K TaHHOM cpelie U YCUIIUTD €€ AUBEPreHIINIO OT POAUTEIBCKOM
TIOTYJISIITAH.

OH NpoUCXOAUT BCIEICTBUE YBETUYCHUS KOJTUYECTBA TOMO3UTOT IIPU OJIM3KOPOICTBEHHOM
CKpEIIUBAaHUH.

B 1419 r. Ha kopabiie ciydailHO OKasajiach OepeMeHHas KpoJIbunxa, KOTopas poJiuiia BO BpeMs
myTemecTBus. Bee nmerensimm Obutn BeIMyIeHb! Ha ocTpoB [lopry-Canry. [lomynsiys KpoJlIuKoB Ha
OCTPOBE CHUJILHO yBeIn4YmiIach. Kponuku cuiabHO yMEHBUIIIINUCH B pazMepax. [1o okpacke Kpoiuk ¢
[Topry-CaHTy 3HaYUTENHHO OTIIMYACTCS OT OOBIKHOBEHHOTO. OHM HEOOBIYAHHO TUKU U TIPOBOPHEL. 1o
CBOMM IPUBBIUKAM OHH OoJiee HOUHbIE KUBOTHBIE. C IPYrUMH MOPOJAMH HE CKPEIIUBAIOTCS
(oOpa3oBaHUE HOBOTO BH/A).

MyTaluu

MyTanus — ciiydaifHoe cKaukooOpa3Hoe U3MEHEHHE FeHOTHUIIA.

['ennbie MyTanuu, 3aTparuBaroIiie JOMUHAHTHBIC T€HBI, & TAK)KE XPOMOCOMHBIE U T€HOMHBIE
MYTalll{ Yallle CHIKAIOT MPUCIIOCOOIEHHOCTh 0COOU U HE TaK Ba)KHBI JIJIS1 9BOJIIOLUHU. XOTS U3BECTHO,
YTO B MPUPO/IE MOTUIUIONTHBIE POPMBI pACTEHUM UMEIOT TPEUMYIIECTBO TIEPE/1 TUTLIIONTHBIMHU.

Bo3MoxHBI clieyroire UCX0 bl TPOSBICHUS MyTaIlHil:

e JIeTaJIbHBIC (HE COBMECTUMBIE C KU3HBIO) MyTaIlMH UCYE3HYT U3 MOMYJISIUU BMECTE C UX
HOCHUTECJISIMU;

e MyTAIlMH, BBI3BIBAIOIINE CTEPHILHOCTh 0CO0EH, HE MOTYT UMETh 3HAYCHHUS, TAK KaK UX
HOCHUTEIIH OCCIIJIOTHEL;

e MyTallMM, HE OKa3bIBAIOLIME OTPULIATEIBHOTO BO3ICHCTBUS HAa 0COOb, BKIIOYAIOTCS B
reHO(OH/1 MOMYJISILIHA.

CrnenoBarenbHO, (PEHOTUIIUYECKU OJHOPOAHAS IPUPOAHAS NOMYJISALMS ABISETCS TE€TePOreHHON, UTO
00yCIIOBJIMBAET €€ BO3MOKHOCTH 3BOJIIOI[MOHUPOBATH.

[Tonynsnus, kak ryoka, HakarIMBaeT MyTallUd, IIPU 3TOM €€ MPUCIIOCOOIEHHOCTh HE HapyIIaeTCsl.
CrnenoBatenbHO, peLeCCUBHBIE MYTALIUU MTPEICTABISIOT COOOM «CKPBITBHIN Pe3epB HACIEICTBEHHOM
MU3MEHUYMBOCTH», YTO BayKHO VISl 9BOIIOLMOHHOTO MpoIiecca.

[Tonmynsiuy Ha NPOTAKEHUH MHOTUX TOKOJIEHUH CTaOMIIbHBI U OTHOCUTENIBHO OJJTHOPOJIHBIL. DTO
00BsICHAETCS IeHCTBUEM CTAaOMIU3UPYIOIIEro 0TOOpa. A MOCKOIBKY 0TOOp MJET 1o (peHoTUmy, To
BO3MO>KHOCTh COXPAaHEHHUSI MyTaHTa Oy/eT ONpeeNsaThCs CTENEHbI0 HApyILIEHUs IPUCIIOCOOIEHHOCTH
3TO# ocobu. CUIIBHO YKJIOHUBILIMECS (POPMBI YCTPaHAIOTCS 0TOOpOoM. Takum 00pa3oM Mo IepKUBACTCS
BHEUIHSS CTA0MIBHOCTD MOMYJISALIUH.

Matepuan 115 3BOJIIOLMOHHOIO IIPOLECCA JAET U KOMOMHATHBHAS M3MeHYMBOCTh. Co3/1aBast
HOBBIE COUETaHMs T€HOB B T€HOTHIIE, OHA YBEJIIMYUBAET pa3HOoOpa3ue 0codel B MOMYIISIIIUY U
MIPEOCTABIIAET €CTECTBEHHOMY OTOOPY IO0JIE AEATEIbHOCTH.

MIOMYJISIIUOHHBIE BOJIHBI (BOJIHBI KU3HH)

IMomyJsisiiuOHHBIE BOJTHBI — KOJIEOaHUS YUCIEHHOCTH 0co0ell B momysiuuu. VX npuuanHamu
MOTYT OBITh pa3JInYHbIE U3MEHEHHSI OKPYKAIOLIeH Cpe/ibl: 3acyXa, HAaBOJHEHHUs, CHEXKHbIE 3MBI,
00J1e3HHU, HAJTMYKE NTapa3UTOB, BpParoB, HEXBAaTKa KOPMOBBIX PECYPCOB U Ap. B yposkaiiHbie ro/sl
YHUCICHHOCTh 0cO0€ei B KaKOW-TMO0 MOMYIISAIIMI MOKET MTOBBICUTHCS, BCIIE] 3@ YEM MTPOU30IIET ee cra.

Hamnpumep, yBennuenne Koan4ecTBa 3aiilleB 4epe3 HEKOTOPOE BPEMsI PUBOJUT K BO3PACTAHUIO
YHcia BOJIKOB U phICei M3-3a JOCTATOYHOTO KOJIMYECTBA MUILH (3aii1ieB).

BoHbI )KM3HU PUBOAST K U3MEHEHUIO KOHILIEHTpALU aiienei B reHodonae nonyssiuii. [Ipu
CHIDKEHHH 0c00€ei B MOMYJISIIMY U3 €€ TeHO(POHIa MOTYT BBINIACTh PEIKUE aJlIeNd, U HAa000pOT, IpU
BO3pACTaHUM KOJMYECTBA 0COOEH Takue ajlie Il MOTYT paclpocTpaHaTbes. [lomynsiiroHHbIe BOTHBI,
TaKuM 00pa3oM, CiIydaiiHbl M CITy’KaT MOCTaBIMKOM 3BOJIFOLIMOHHOTO MaTepuaia.

B Manouucnennsix nomymsinusx (meree 500 ocoOeit), MpocyliecTBOBABIINX HA MPOTSKEHUH
MHOTHX TIOKOJICHUH B M30JIALUHU OT IPYTUX MOMYJISALUNA CBOETO BU/IA, BIUSHUE CIIy4aifHBIX (PAKTOPOB
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MOJKET BBIMTH Ha TIEPBBIH TUIaH IO OTHOIICHHIO K JIeHCTBUIO0 0TOOpa. CinydaitHoe u3MEeHeHue
KOHIICHTpAIlUK ajuiesiell B MOMYJISAIMKA Ha3bIBACTCS APE(OoM reHOB .

Mzonanusa

N3onsus — BO3SHUKHOBEHHE JTIOOBIX 0aphepOB, OTPaHUYMBAIOIINX CBOOOHOE CKPEIMBAHNUE.
Pa3znnyaroT npocTpaHCTBEHHYIO U OMOJIOTHYECKYIO U30JISIIHIO.

[IpocTpaHCcTBEHHAS W30S MOXKET MMPUBECTH K TITYOOKUM BHYTPCHHHUM Pa3IHdUsIM, K
F€HETUYECKON HECOBMECTUMOCTH U, CJIEJOBATEIBHO, K BOSHUKHOBEHHIO HOBBIX BUJIOB.

buonorudeckast U300 MOXKET IPOU30UTH HA OJTHOU TEPPUTOPUHU MEKIY TPYIIIaMH 0COOEH ¢
M3MEHEHHBIMH MOBEJCHHEM, MOP(HOIOTMYECKUMU, PYHKIIMOHATBHBIMU U IPYTUMH NPU3HAKAMH,
MPEIMSTCTBYIOIMMU CKPELTUBAHUIO.

W3oms1us kak 3BOIIOLMOHHBIN (DaKTOp HE CO3/1a€T HOBBIX T€HOTUIIOB WJIM BHYTPUBUAOBBIX (hOpM.
3HavYeHHE €€ B IBOJIOLIMHU COCTOUT B TOM, YTO OHA 3aKPEIUISIET U YCUJIMBACT HaYaJIbHbIE CTaANN
reHOTUINYECKON Au(depeHunpoBKu. [[eficTBre U30IUH, KaK U IPYruX (PaKTOpPOB, HEHAPABIECHHO.

Takum oOpa3om, MyTalluy, MUTPAITUH, TTOMYJISIIIHOHHBIC BOJIHBI, IPE( reHOB, N30SI
— HeHamnpaBJieHHbIe (paKkTOpBbI IBOIIOIMHU. B nnpuposie oHU AEMCTBYIOT COBMECTHO, OAHAKO POJIb
Ka)KJI0T0 MOKET YCHUJIMBAThCS B KOHKPETHOM oOcTaHoBKe. Bee ot pakTopsl oOecreunBaoT
T€HETUYECKYI0 HEOJHOPOIHOCTD MOMYJISALUMN.

IIpakTuyeckas 4acTb

YcTaHoOBUTE COOTBETCTBHC MCXKAY nMpouecCaMu 1 YPpOBHAMU OpraHU3alUN ) KU3HU: K Ka)KI[OfI IIO3UIINH,
,HaHHOﬁ B IICPBOM CTOJ'I6LI6, HO,Z[6epI/ITC COOTBETCTBYIOIIYIO ITO3HUIIUTIO U3 BTOPOT'O CTOJ'I6LI8..

[MPOLIECCHI YPOBHU
A) popMupyIOTCS HOBBIE BUBI 1) MUKpPO3BOIIOLIMOHHBII
b) popmupyrorcs HaABUIOBBIE TAKCOHBI 2) MaKpO3BOIIOIIMOHHBII

B) u3mensier reHooH MOMyIS K

') mpotiecc mocTUraeTcst MyTeM UanoaanTanui
J1) nporiecc gocTUTAETCS MyTeM

apoMopd030B WU JeTeHEpaIuu

E) mpotiecc mocturaercs myrem jaereHepauu

3anuuuTe B Ta0IMILy BEIOpaHHbBIE U(PHI 10 COOTBETCTBYIOLIMMH OyKBaMHU.

YcTaHoBUTE COOTBETCTBHE MCXKAY NpUMEpPaMU U IMYTAMHU SBOJIIOLUHN: K Ka)KI[OfI IIO3UIINH, JTAaHHOM B
IIepBOM CTOJ'I6I_IC, HOI[6epI/ITC COOTBCTCTBYIOIIYTO ITO3UIIUIO U3 BTOPOT'O CTOJ'I6I_Ia.

[MPUMEPBI I[TYTU 5BOJIIOLINN
A) popmMupoBaHue MPHUCIIOCOOICHUN K 1) apomopdo3
ONBUICHUIO BETPOM Y 3JIAKOBBIX 2) unuoaganTaus

b) penyxmus rna3 y kpora 3) oOmast mereneparnus

B) otcyrctBue xnopoduiina y

pactenui IletpoB kpect

') nosiBneHne IBETKOB y
MOKPBITOCEMEHHBIX PACTEHUN

J1) penyKuus rojgoBbl y MOJITIOCKOB

E) dbopmupoBanre KOHEUHOCTEH Ha3eMHOTO
THUIIA Y 3eMHOBOJIHBIX

3anumuTe B Ta0IMILy BRIOpaHHbBIE [U(PHI 1O COOTBETCTBYIOLUIUMH OYKBaMHU.
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HNPAKTUYECKOE 3AHATUE
MakposBoaouusi. Bo3HUKHOBeHHE ¥ Pa3BUTHE KU3HU HA 3emJie

eJsb NPAKTHYECKOTO 3aHATHS

Konkpetu3upoBaTh ¥ 00OOIIMTH 3HAHUS YyYalIUXCS O TJIABHBIX  HAMPABICHHUSIX W MYTIX
ABOJIIOIIMOHHOTO MPOIIECCa O OCHOBHBIM MOHSTHUSM TEMBI: OMOJOTHYECKHMA MPOrpece, OMOIOTHIeCKHiA
perpecc, Makpo3BOJIOIHs, apoMOopG03, HIN0ATATITAIUS

MeToanyecknii MaTepuasl

Maxkpo3Bosonus — npoiecc GOpMHUPOBAHUS HAIBUIOBBIX TAKCOHOB (CEMEHCTB, OTJEIIOB, TUIIOB,
KJIaCCOB).

K MakposBOIIOIIH MOKHO OTHECTH U BOSHUKHOBEHHE U Pa3BUTHE KU3HU HA 3eMIIe.

[Iporuecc 3BoIOLIMN HE 00513aTENBHO CBSA3aH C YCIOKHEHUEM opranusanuu. MiMeHHo noaromy B
COBPEMEHHOM KHUBOH MPUPOJIE OJHOBPEMEHHO C BBICOKOOPTaHW30BAaHHBIMH (DOpMaMH CYIIECTBYIOT
HuskoopranuzoBanusie. XK. b. Jlamapk 00bACHA CyllecTBOBaHUE TPUMHUTUBHBIX (POPM MOCTOSTHHBIM
CaMO03apOKJICHUEM ITPOCTHIX OPraHU3MOB U3 HEOpPraHudeckon Mmarepuu. U. JlapBuH e CUUTAI, YTO
CYLIECTBOBAHME BBICIIUX M HU3IIUX (OPM HE MPEACTABISACT 3aTPyAHEHUN A OOBSCHEHUS, «TaK Kak
€CTEeCTBEHHBII 0TOOp, MM BEDKMBAaHUE HanOoJIee MPUCTIOCOOIEHHBIX, HE TPEAIOoaraeT 00s13aTeIbHOro
MIPOTPECCUBHOTO Pa3BUTHSI — OH TOJBKO JTA€T MPEUMYIIECTBO TEM U3MEHEHUSM, KOTOPbIE OJIarOnpUsTHBI
IUIs1 00JIAIAFOIIET0 MU CYIIECTBA B CJIOXKHBIX YCIOBHSX JKU3HU. .. A €CIIH OT 3TOTO HET HUKAKOH TOJB3HI,
TO €CTECTBEHHBIA 0TOOp MM HE OYAET BOBCE COBEPUICHCTBOBATH ATH (JOPMBI, MIIM YCOBEPILICHCTBYET UX
B OUYCHb CJ1a00M CTETIEHH, TAaK YTO OHM COXPAHATCS Ha OECKOHEUHBIE BpeMEeHa Ha MX COBPEMEHHOU
HU3KOW CTYIEHU OpraHU3aI|I.

OCHOBHBIE HAITPABJIEHU A 5BOJIFOLIUN

K aroit mpobneme B Havasie 20-x rogoB odpatuiics A. H. CeBepiioB. YueHnue o mporpecce B 3BOJIOIUU
ObUT0 B AanpHeleM pa3Buto ero yuenukom U. U. [lImansrayzenom. K ocHOBHBIM HampaBlieHUSM
9BOJIIOLIMM OTHOCSATCS:

1. Buonorudeckuii mporpecc

2. Buomormdeckuii perpecc

OMOJIOTMYECKUH TIporpece

Buosnornyeckuii nporpecc — Bo3pacTaHUE MPUCTIOCOOIEHHOCTH OPTraHU3MOB K OKpYKaloIei cpere
(mo A. H. CesepiioBy).

Kputepuu 6monoruveckoro mporpecca:

e  YBCIMYCHHUC YHUCIICHHOCTU;

e TIOBBIIIEHHE BUIOBOI0 pa3HOOOpasus (ImporpeccuBHas AuddepeHunanus);

e paclIMpeHue apeana.
Mexanu3m OHOJIOTHYECKOTO TTporpecca

e BO3HUKHOBEHHE HOBBIX IPUCIIOCOOICHUN CHUXKAET rubdess ocodeit

e CpEIHMI ypOBEHb YMCICHHOCTH BHUJIa BO3PACTAET

e YBEIMYMBACTCS IJIOTHOCTH HACEIICHUS

e o0ocTpsieTcs BHYTPUBHJIOBast KOHKYPEHIIMS + BO3pacTaeT NpUCHOCO0IEHHOCTh
e pacmmpsieTcs apeain

e BHJ 3acejsieT HOBBIC TEPPUTOPHHU U BBIHYX/ICH MPUCTIOCAOIMBATHCA K HOBBIM YCIOBHSIM
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e OTJEJbHBIC MOMYJSIUH IPUOOPETAIOT PA3HBIC MPU3HAKK (AUBEPTEHIIHS TPU3HAKOB)

e 00pa3oBaHUE IOYEPHUX TAKCOHOB

I1YTU BUOJIOTUYECKOI'O ITPOI'PECCA

IIpouecc

AporeHe3 — nyTb
pa3BUTHS TPYIIIBI
OpPTraHU3MOB,
XapaKTePU3YIOIIUICS
MOBBIIICHUEM YPOBHS
MOPHOPHU3HOTOTUIECKON
OpraHu3aIlH, OCBOCHUEM
HOBOU CpeJibl OOUTaHMSI.

AJu10TeHe3 — MyTh
pa3BUTHS IPYIIIIEI
OpPraHU3MOB, CBSI3aHHBIN C
Pa3BUTHUEM YaCTHBIX
MPUCTIOCOOTICHHM K
OKpY>Karolleu cpene, a
YpOBEHb OpraHU3aINH
OCTaEeTCs MPEKHUM.

Kararene3s —

MyTh Pa3BUTHUSA FPYIIIbI
OpPraHu3MOB, CBSI3aHHBIN C
PE3KHUM YIPOIIEHUEM
CTPOEHHMS U 00pa3a KU3HU.

buonornueckuit perpecc

Pe3yabTar

apomop¢o3
— mopdoduznonornyecKkuit
nporpecc

asuiomop o3, wiiu
UANoANANTANMSA —
PUCIIOCOOIEHUS K
OKpY’Karollen cpeze

o0mas 1ereHepauus —
oO11ee ynpoIieHne CTpOeHus

IIpumep

Bos3auknoBenue n
paciBeT Kjacca NTHII.
Apomopdo3br:
KpbLIO,
YEThIPEXKaMEpPHOE
cepaue,
TEIJIOKPOBHOCTb.

Pa3nas ¢popma potoBoro
amnmnapara HaCeKOMBIX;
MOKPOBUTEIbCTBEHHAS U
3alllMTHAs OKPACKa,
MUMUKPHSL.

pPENyKIIHsl OPTaHOB
3peHus y oourarenen
MIOYBHI U TEIEp;
pemyKIus
MUIIEBAPUTENHHON U
BBIJICITUTEIIbHOM
CUCTEMBI y JIEHTOYHBIX
4yepBeil.

buoaornyeckmnii perpecc — OTCTaBaHMWE€ TEMIIOB 9BOJIFOIIMHA T'PYIIIBI OT CKOPOCTHU U3MEHEHU A BHEIITHEH

CpEeJbL.

buonornyeckuii perpecc MOXKET NPUBECTU K BBIMUPAHUIO I'PYIIIIbI.

Kpurepun 6uonoruueckoro perpecca:

e CHIKEHIE YUCIEHHOCTHA 0COo0ei

e YMEHBIIICHHE BUIOBOTO pa3HOOOpa3us

e CYXXCHHUC apcalia oOuTaHus

B cocTosiHuM OHMOIOTHYECKOro perpecca B HaCTOsIIEe BpeMsl HaXOAATCS KPYIHbIe MIEKOITUTAOIIHE,
TakHe, KaK YCCypUICKUi TUTp, renap/, Oeiblii Me/IBe b, U 11eJIble TPYMIbl )KMBOTHBIX — KUTOOOpa3HbIE,
am(uouu, yenoBekooOpa3Hble 00€3bsIHBI (KPOME JIIOJIEH ).

3akon CeBepuona

B 3BoJIIOIIMM BCeX IPyII OPraHM3MoOB 32 MEPUOIOM aporeHe3a Bcerjaa ciaeayer nepuos
BO3HMKHOBEHUSA YACTHBIX MPHUCIOCO0JEHU — aJlJIoOreHe3.
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DTOT 3aKOH MOKET OBITh BBIBEJICH U3 TEOPUU €CTECTBEHHOTO 0TOOpa. Ecian cpaBHUTH 4acToTy
BO3HUKHOBEHHS apOTEHE30B U aJUIOTEHE30B, TO MOYKHO 3aMETHTD, YTO MIEPBHIC XapaKTEPHBI IS
BO3HUKHOBEHUS KPYITHBIX TPYIII OPraHU3MOB B HBOJIIOI[UH — THUIIOB, OT/AEIOB, OTAEIBHBIX OTPSIOB,
WHOT/Ia CeMEUCTB. [IpyrumMu coBaMu, aporeHe3bl MOSBISIOTCS 3HAYUTEIIHO PEKE, YEM aJNTIOTECHE3bI
(onpenenstonre NOSABICHUE OTJCIBHBIX BUOB, POJIOB).

Takum 00pa3oM, creroredainsl MyTeM aporeHesa Jajld PENTHIIH, a ITyTeM aJlJIOTeHE30B — COBPEMEHHBIX
am@uouii. ['pynmna 6e3norux ampuduii npuodpena 001aMK yepBeoOpasHbIX HOpM, TUIIEHHBIX
KOHEYHOCTEH M XBOCTa (depBsira). XBOCTAThIE YACTHYHO COXPAHSIOT MO)KU3HEHHBIE JKa0pBI,
MaJIOTIOABMKHBIE KOHEYHOCTH U XOPOILO MPUCIIOCOOICHHBIN K IIaBATEIbHBIM (DYHKIIUAM XBOCT
(Tputonsl). becxBocThie ambuOuy MpruoOpeH CHIIbHBIE TTOIBH)XHBIC (B 0COOEHHOCTH 33 THHE)
KOHEYHOCTH (JISATYLIKHM). DTa MOCIEIHssI TPYIINa MOLUIa 10 MyTH 3aBOEBaHMs CYIIH, KOHEUHO, B TIpeIeax
BO3MOJKHOT'O, T. €. HE CJIMIIIKOM JJAJIEKO OT BOJOEMOB U BO BIAXKHBIX Jiecax. Bee atu popmbl
HKOJIOTUYECKHU Pa3OILINCh, KOHKYPEHIUS cTana ciadee, a OMOIOrMYeCcKHi MOTEHINAI TTOBBICHIICS.
AJIIIOTeHE3bl MOTYT CMEHSITHCS TAKXKE KaTareHe30M, U TOT1a OMOJIOTHYECKUI MPOTPEcC TOCTUTACTCSI
6maronapst Moppodusnonoruyeckomy perpeccy. Hampumep, cymecTByeT napa3sut KpaboB — CaKKyJIHHA
— KOTOPBIH U caM sIBISETCS PaKOOOPa3HBIM, OJTHAKO UMEET BUJ| MEIIKa, HAOUTOTO MOJIOBBIMH
MPOAYKTaMH, KOTOPBII BETBUTCS U IPOHHU3BIBACT TEJIO XO35MHA. TPYIHO MPEACTABUTD, YTO UX MPEIOK
OTHOCHUTCS] K YCOHOTHM pakaMm, HO B PEe3yJIbTaTe Mapa3suTHYSCKOTO CYIIIECTBOBAHUS yTPATHII ITOYTH BCE
OpTaHBI.

IIpakTH4yeckas 4acTb
1.YcTaHOBHTE COOTBETCTBHE

1.ITpu3HaK >KUBOTHOTO IIyTh SBOJIIOLUH
A.pemyKius OpraHoB 3peHHs y KpoTa 1.aporenes
b.Hanu4ue nprcocok y cocalblluKa 2.an0reHes3
B.BO3HUKHOBEHHE TEINIOKPOBHOCTH 3.KaToreHes

I".BO3HMKHOBEHHE YETHIPEXKaMEPHOTO CepLa
J.yTpaTa numeBapuTeIFHON CHCTEMBI IISITHEM
E.ymromenHoe Teno kaMOarsl

321132

2.YcTaHOBHTE COOTBETCTBHE MEXKAY MPUMePaMHU U MyTSIMH 3BOJIOHHOHHOTO Npo1ecca;

| e IIpumeps! | e Ilyru 3BoJsronnu

e 1) sueHcCTHIC JIETKHE y PETITHINH e A) Apomopdo3

e  2)romslil XBocT y 600pa e b) Uanoananrarus

e  3) OTCYTCTBHE KOPHEH y MOBUIMKH e B) O6mas nerenepauns

e 5) oTCyTCTBHE KPOBEHOCHOH CHCTEMEI Y IICITHEH

| e 4) MOJIOUHBIE JKeJIe3bl Y MIIEKOITUTAIONIIX | .

e ) OTCYTCTBHE ITIOTOBBIX JKeJle3 y co0ak

ABBABB

2. IIpoananau3upyiite Tadauny «I JTaBHbIC IyTH 3BOIIOIUIY. [l KaX 10 A4eliku, 0003HAUeHHON OyKBaMH, BRIOEpUTE
COOTBETCTBYIONINI TEPMUH U3 MPEIOKEHHOTO CIIACKA. 3aIHIINTE BRIOpaHHBIE U PHI, B TOPSAAKE, COOTBETCTBYIOIIEM
OyKBaM.

1) aBTOTpOdHOE TUTaHNE

2) apomopdo3

3) OuomorHYeCcKul mporpecc

4) Guornornueckuil perpecc

5) mapasuTH4YecKue YepBH

6) 1MoJI0BOE pa3MHOXKEHHE

7) IOBBIIIIACTCS

8) He m3MensieTcs
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FNasHbIe NYTH 3BONIOLMM

MyT™v ssonOUMK YposeHb OpraHH3auum1 Mpumep
(A) YcnoxHenue A3pobHoe apixaHue
Wamnoapgantauma (B) TepmodmnbHbie baktepun
O6wan gereHepauma Ynpouwexue (B)
A-1Bb-8B-5
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INPAKTHYECKOE 3AHATHE
IIponcxoxaenue 4yeja0BeKa — aHTPONOreHe3

eJsb NPAKTHYECKOTO 3aHATHS

CdopmupoBaTh 3HaHHUS OCHOBHBIX CTQJMA PA3BUTHUs YEIOBEKA, MPUMEHATh YYCHHE O JBIDKYIIHX
CWJIax JJisi OOBSICHEHHS aHTPOIIOTeHE3a

MeToanyecknii MaTepuall

UYenoBek SBISETCS YAaCThIO MUPA KUBOTHBIX. [10 cTpoeHUI0 U (PU3HOTOTHUECKUM OCOOCHHOCTSIM
HanOoJee OMM3KUMU COBPEMEHHBIMH POJICTBEHHUKAMU YEJIOBEKA SIBJISIFOTCS 4€JI0BEKOOOpa3HbBIE
00€e3bsHBI: MMMIIAH3€, TOPUIIIA, OPAHTYTaH.

DBOJIIOIMS YeJI0BeKa, I aHTPonoreHes (ot ap.-rped. anthropos [aHTpornoc] — «4enoBeK»

1 genesis [reHe3nc] — «IPOUCX0XKICHHEY), — ITO YaCcTh OMOJIIOTHIECKOI IBOJIIOIIUH, ITPOIIECC
CTaHOBJICHUS OMOJIOrMYECKOTo BUAa YeIoBeK pa3yMHBI.

VY4éHbIe CUNTAIOT, YTO OOLIMMH MTPEIKAMH COBPEMEHHBIX YeJIOBEKOOOPA3HBIX 00€3bsH U YeTIOBEKA ObLIH
CTaJiHble 00€3bsHBI, KHUBIINE HA IEPEBBAX B TPOMMUYECKUX JIeCcaX OKOJIO 25 MITH JIeT Ha3aj.
Jpuonutéxu (ot ap.-rpeu. dryos [apuoc] — «aepeBo» u pithekos [murakoc] — «obe3bsiHay) — poj
BBIMEPIINX YeJIOBEKOOOpa3HbIX 00e3bsiH. 3BecTen o octankam u3 Adpuku u EBpasuu. puonurexu
KWK IpUMepHO 12-9 MiH nieT Ha3aa.

Puc. 2. Jlpuonumex (pexoncmpyrkyus) u e2o yepen
ABcrpagonutéku (ot iat. australis [ayctpamic] — «woxHbII» 1 aAp.-rped. pithekos [muTaxoc] —
«00e3bsiHAY») — BBIMEpIIIas TpyIa TOMUHHI, YbH YaCTH CKEJIETOB ObUTH HaleHbl B FOxHOM Adpuke.
OTH ABYHOTHE CYIIECTBA pa3MEPOM C HMIMMITaH3€ UMEITU MHOTO YepT, COMMKAIONINX UX C YETOBEKOM
(dbopma 3y00B, cTpoeHHE YepenHoi KopoOku, popma Taza). Oaunako pazmepom mo3sra (1o 550 ky0. cm)
OHHU HE TIPEBOCXOIMIIA COBPEMEHHBIX YeTIOBEKOOOPa3HBIX 00E3bsH.
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Puc. 3. Asecmpanonumex (pexoncmpyxkyus) u e2o uepen

ABCTpPaJIONUTEKH KUJIM IPUMEPHO 4—2 MiIH JieT Ha3ald. CaMble MO3HNE U3 aBCTPAJIONUTEKOB, CKOpee
BCET0, OBUIM HEMOCPECTBEHHBIMU NIPEAKaMHu Jfoael. HekoToprle nccineqoBaTeny nojaaratoT, YTO 3TUX
CYLIECTB CTOUT OTHOCHTH YK€ K pofly YenoBek — Buny Yesi0BeK yMeJIbIi.

Puc. 4. Yenosex ymensiii (pekoHcmpyKyus) u e2o uepen

[To BHemIHEMY BHJIY U CTPOEHHUIO YeTIOBEeK YMENbIi Mallo OTIHYAICS OT YeJI0BEKOOOpa3HBIX 00€3bsH, HO
OH yMeJ U3TOTOBIISATH IPUMHTHBHBIC PEXYIIHE U pyOsIIre Opyaust U3 raibku. EcTecTBeHHBIN 0TOOD,
OUYEBUIHO, CIOCOOCTBOBAJ BBDKUBAHUIO TOMUHU]I, 00JIAI0IINX HABBIKAMH TPYJOBON AESITENTLHOCTH.
CampIMU TPEeBHUMHU U3 U3BECTHBIX HAa CETOMHSIIHUN IEHb OPYIUH Tpy/a sSBISIOTCS HAXOIKU
320CTPEHHBIX TalleK (YOMMEPOB) U MIOCKUX CKOJIOB KPEMHS M KBapiia (OTIIENOB), CICTaHHbBIE B
Bocrounoii Adpuxe (Dduomnus, Tanzanus, Kenust). [Io MHEHUIO apXe0I0TOB, BO3PACT ITHUX OPYIUI
Tpyaa cocTaBisieT 2,5—2,7 MITH JieT. MarepHraioM JijIsl H3TOTOBJICHUS dTHX HHCTPYMEHTOB YaCTO CIY>KUI
KpeMeHb (pa3HOBUIHOCTh KBapla), 00J1a1al0mnii CBOMCTBOM IPU pacKalbIBaHUU J1aBaTh MIIOCKHE
3a0CTPEHHBIE OCKOJIKH.
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a 9]

Puc. 5. Cospemennsiii packonomsiii obpazey kpemus (a) u apxeonocuyeckue HaxooKu NPUMUTNUBHBIX
opyoutl uz Hezo (0)

IMurekantpon (ot ap.-rpeu. pithekos [muTakoc] — «obe3bsiHa» u anthropos [aHTporoc] — «4enoBeKy),
WK 00e3bSIHOYeJI0BeK, — €I1€ OJIUH MPEICTABUTEIb BEIMEPIINX TOMUHUA. OCTaHKU €ro ObLIM BIIEPBbIE
oOHapyxkeHbl Ha ocTpoBe SBa B 1891 r. HUAEpIaHACKUM aHTpoIooroM DxeHoM Jro0ya. [TurekaHTporms
XOJIMJIU Ha JIBYX HOTrax, 00b&M MO3ra 110 CpaBHEHUIO ¢ UeI0BEKOM YMEIbIM Yy HUX YBEJIMUMIICS, OHU
I10JIb30BAJIMCh IPUMUTUBHBIMU OPYAUSIMHU TPYZa B BUAE JyOUH U cierka 00TECaHHbIX KaMHEN. YUéHble
OTHECJIM MIUTEKAHTPOIIA K BULy Hesl0BeK MPSAMOXO/Is LIHIA.

[To3nnee uccnenoBareny 0OHAPYKWIIA HA IPYTUX UHIOHE3UICKUX OCTpoBax M B Kutae MHOrO4HCIIEHHBIC
OCTaHKH JPYTuX ApeBHeuux mojaeii. CunanTpon (ot sat. Sina [cuna] — «Kwuraii» u ap.-

rped. anthropos [aHTponoc] — «4enoBeK»), KOCTH KOTOPOro HaiiaeHsl B 1927—1937 rr. B neuiepe 61u3
IlexuHa, BO MHOTOM CXO/IEH C MUTEKAHTPOIIOM, 3TO reorpadudeckuii Bapuant YeaoBeka
npsMoxodiero. CHHaHTPOIbI YK€ YMENH MOJAIeP)KUBAaTh OTOHb, TaK KaK B Ieliepax, I7ie 00HapyKeHbI
KOCTH CHHAHTPOIIOB, HAWJEHBI CJIEbl KOCTPHILL.

Puc. 6. Yenosex npsamoxooswuii (peKOHCMPYKYuUs) u e2o uepen

OcHOBHBIM (haKTOPOM DBOJTIOIIMH IPEBHEUIIINX JIFOACH ObUT €CTeCTBEHHBIN 0TOOp. J[peBHME mtou
XapaKTepU3YIOT CIEAYIONIUHI 3Tall aHTPOIOTeHe3a, KOTa B SBOIOIIMN HAYMHAIOT MpeodIaaaTh
colMalIbHbIC (haKTOPBI: COBMECTHASI TPYIOBAs JESITETLHOCTh, COBMECTHAst 00ph0a 3a )KU3HB M Pa3BUTHE
uHTeIekTa. K ApeBHUM JIIOISIM OTHOCAT HeaHAepTaJbueB (B Ue10BeKk HeaH1epPTAIbCKHUI ), YbU
ocTtaHku ObUTH 00HapYkeHbI B EBpone, A3un, Adpuke. CBOE Ha3BaHUE OHU MOTYUYHIIH 10 MECTY TMIEPBOM
Haxoaku B gonuHe peku Heannep (I'epmanus).
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Puc. 7. Heanoepmaney (pexoncmpykyus) u e2o uepen

Heanpepranbup! sxunu B iegHUKOBYI0 310Xy 130-30 toic. net Hazaa. ['pynmnsl Heanaepranbies (50-100
YEJIOBEK) HOUEBAJM B TEIIEPAX, T/I€ MOCTOSIHHO MOJICPKUBAIN OTOHB. JIHEM MY>KUYMHBI KOJIJIEKTUBHO
OXOTHJINCh, )KCHIIMHBI M JIETH COOMPAU Che00OHBIC KOPHU U TIJI0JIbI, CTAPUKH M3TOTABIMBATIH
UHCTpYMEHTHI. Opyaus Tpyia HeaHIepTaIbIeB OBLIN TOPa3/10 COBEpPIICHHEE TPUMUTUBHBIX 0Py
YenoBeka yMeNIOro U UMEIH HEKOTOPYIO CIICUATN3aUI0: HOXKH,

VYyéHble onararmT, 4TO B IOUCTOPUUECKUE BPEMEHA pa3HbIe BUABI pojia YenoBek He CMEHSUIU ApYT Apyra
MOCTIeIOBATENBHO, a )KUJIM OJTHOBPEMEHHO, BeJlsi 00ph0Yy 3a CYIIECTBOBAHNE M YHUUTOXKAs O0Jiee ClIadbIX.
Tak, mocnenHue HeaHIEPTABIBI XKUJIU CPEJIU TIEPBBIX JIOJEH COBPEMEHHOT'O TUIIA, a 3aTeM ObUIH UMU
OKOHYATEJIbHO BHITECHEHBI.

BoznukHOBeHue rofei coBpeMeHHOoro Tumna (Bu YenoBek pasyMHblii) mpou3onuio okono 45-30 Teic.
netT Hazal. OCTaHKHM UCKOTAEMBIX JIFOJIEH, MaJIO YeM OTIUYAIOIIUECS OT COBPEMEHHBIX JIIO/IeH, BIIEPBHIC
ObUTH 00HapYyKeHBI B TpoTe KpoManboH (PpaHiius). DTHX IPEIKOB YETOBEKa

Ha3BaJIl KPOMAHbOHIIAMH.

Puc. 9. Kpomanvoney (pexoncmpykyusi) u e2o uepen

[To3nHee moxoxue ocTaHKU ObUIM HailieHbl B Ipyrux Mectax EBporsbl, a Takxke B A3uu, Adpuke u
ABcrpanuu. KpomaHbOHIIB! 0011l YIeHOpa3ieabHON peublo, Ha 3TO YKa3bIBaeT pa3BUTHIN
10100pOI0UHBIN BRICTYI. OHU CTPOMIIN KIJIUIIA U IPUPYUYAIH KUBOTHBIX, U3TOTABINBAIIN OJEXKY,
YKpAILIEHUs, CJIOKHBIE KOCTSHbIE U KAMEHHBIE OPYAUS TPY/1a; Y HUX BO3HUKIIM IIEPBBIE 3a4aTKU
HCKYCCTBA (HaCKaJbHbIE PUCYHKH). B )KM3HU KpOMaHBOHIIEB OOJIBILIYIO POJIb UTPAJIO BOCIIUTAHUE U
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nepenavya onbiTa U3 MOKOJIEHUS B TIOKOJeHue. TakuM oOpa3om, B dBoIOIMK YeToBeKa pa3yMHOTO
COIMAJIPHBIC OTHOIIICHHUS CTAJTH BEAYIIUM (DAKTOPOM.

a o 8

Puc. 10. ’Kuznub kpomanboHyes: a — ceMusi 8 neujepe y KOCmpa (peKoHCmpykyus), 6 — opyoust mpyoa u
VKpauieHus (PeKOHCMPYKYUs); 8 — HACKALbHASL HCUBONUCH 6 newjepe Jlacko, Ppanyus

[Ipennoceliku 1 pakTopsl aHTPOIOreHe3a

[lepexox MpenkoB YeI0BEKOOOPa3HBIX 00E3bsH U YeIOBEKa K HA3eMHOMY 00pa3y jKM3HU ObLI BBI3BaH
MIOXOJIOJJaHUEM KJIMMaTa U BbITECHEHHEM JiecoB cTensaMu. CMeHa o0pa3a xKHU3HH ITpUBETIa UX K
NPSIMOXOXKJICHHUIO. BepTHKaibHOE MOI0KEHNE TeJa U IepeMEIIeHNE Ha 3aJHIX KOHEYHOCTSIX BBI3BAIIU
W3MEHEHHMSI B CTPOCHUU cKelieTa. Jlyrooopa3Helii IO3BOHOUYHBIN CTOJIO, CBOMCTBEHHBIN BCEM
YEeTBEPOHOTHM XUBOTHBIM, H3MEHUJICS U cTal S-00pa3HbiM. O0pa3zoBasiach CBOAYATAS MPY KUHSAIIAS
CTOIa, PaCUIMPHUIICS Ta3, IPyIHAas KJIETKa CTajla MIUpe U Kopoue, epeJHIe KOHEUHOCTH OCBOOOIMIIUCH OT
HEOO0XOAMMOCTH TOJIEPKUBATH TEJIO, UX JBMXKEHUS CTAIH 00Jiee pa3HOOOpa3HBIMH, a (DYHKIHH
YCIOXHUIIUCH (IEpEeHOC MPEAMETOB, AETEHBIIIECH, U3roTOBIeHNE opyaAuii). [lepexo OT HcIoIb30BaHUS
MPEIMETOB K H3TOTOBJICHUIO OPYIH aHTPOIIOJIIOTH CUUTAIOT TPAaHHUIIEH MEXTy 00€3bSIHOMOI00HBIMU
IIpEeJKaMU U YEJIOBEKOM.

g4

Mepsbie Opuonutek  Asctpanonutek  Yenosek  Heanpepraneu KpomaHboHeu, CoBpeMeHHbI
npuMarbl NpAMOXOAALMNIA uenosek

Puc. 11. Dsonoyus snewne2o obauka npeoxkos ueiosexka

Cransbrit 00pa3 )Ku3HH ObLT e1é 0JTHON MPEANMOChUIKON aHTponorenesa. [1o Mepe pa3BUTHsI COBMECTHOM
TPYIOBOU AESITENFHOCTH BO3HUKIIA HEOOXOAMMOCTh OOMEHUBATHCS HHPOpMaIeil. ITa moTpeOHOCTh
00ycCIIoBHIIa pa3BUTHE YiIeHOPa3AeIbHON peun. [TocTeneHHO KOHKPETHBIE MPECTaBICHUS 00
OKPYKAIOIIUX MPEeMETaX U SBICHUSIX 0000IaINCh B aOCTPAKTHBIX MOHATUAX — TaK Pa3BUBAIKCH
MBICJIIUTCJIIBHBIC CHOCO6HOCTI/I, (bOpMI/IpOBaJ'IaCI) BbICHIAsA HEpBHAA ACATCIIBHOCTD.
Takum oOpazom, mepexo/1 K MPsIMOXOXKACHHIO, CTAIHBINA 00pa3 )KU3HH, UCTIOIB30BaHUE OPYIUM Tpyaa U
BBICOKUH YPOBCHB pa3BHUTHA MO3ra CTaJIW NPEANOCBIIIKAMHA BO3SHUKHOBCHUSA YCJIOBCKA. Ha nx ocHOBe
BIIOCJIEACTBUU CTaJIM PA3BUBATHCS U COBEPIICHCTBOBATHCSA U3TOTOBJIECHUE OPYIUM TPyla, COBMECTHAS
TpyaoBasA ACATCIbHOCTE, p€Ub U MBIIIJICHUC.

IIpakTHYeckas 4acTh
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1. Jloka3aTe/ibCTBa MPOMCXOKIEHHS YeJI0BeKA Pa3yMHOI0 OT KUBOTHBIX.

3anoJHuTE TA0IHILY:

Cucremarnueckas rpynmna XapakTepuCTUKa

Tun Xopaossie

I[HoxTnn I1o3BoHOUYHEIE
(YepenHbie)

Knacc Mnexkonuraromume

[Tonxiacc [imanentapHble

OTtpsin [Ipumatel

[Tomotpsin
UYenoBekooOpa3HbIe

CemeiictBo JIroan
(I"'oMuHMIBI)

Pog Yenosek (Homo)

Bun Yenosek pazymHbIi
(Homo sapiens)

2. I[OKaI‘laTeJILCTBa MPOUCXOKACHUA Y€JI0BEKA OT ’KUBOTHDIX.

3anosiHUTE TA0JIMILY:

Hay'KI/I CDaKTBI, CBUACTCIILCTBYIOIIUEC O ITPOUCXOKACHUU
YCJIOBCKA OT KUBOTHBIX

CpaBHuTENBHAS
aHATOMUSI

DMOPHOJIOTHS

ITaneonTonorusa

dusunonorus

MonekynspHas
ounosnorus

3. JABMaKylIHE CHJILI AHTPOIOTeHe3Aa.
3anosHuTe TA0AHILY:

buonornueckue HX ponsb B
bakTopsl AHTPONOTECHE3E

CormaapHbIe
(bakTophI

Ux pons B
AHTPOIIOTECHE3E

4. Ctaauu aHTpomnoreHesa.
3anosiHuTE TA0IMILY:

Ha3sanue

MecTo HaXOXKIECHUS
OCTaHKOB

Onucanue

Hpuonurexn

ABCTPAJIONIUTEKN

YenoBek ymenbin

UYenopek paboTaromui
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[TurekanTpon (4enoBek
PSIMOXOSIIIIHI )

Yenoaek [ 'elinenp0eprekuii

Heannepranbckuil yenoBek

Kpomanwonerr (4e10BeK pa3yMHBbIHN)
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HNPAKTUYECKOE 3AHATUE
JkoJiornyeckne GaKkToOpbl M Cpelbl JKU3HU

eJsb NPAKTHYECKOTO 3aHATHS

W3y4uuth CTPYKTYypy SKOJOTHMH U COJEp>KaHUE STOM COBPEMEHHOW HAyKH, POJb AIKOJIOTHMYECKOM
MeUaTPUH B COXPAHEHUHU 3/I0POBbS IETEH

MeToanyecknii MaTepuall
B Hacrosimiee BpeMst Ha HaIIel rIaHeTe 00UTaeT HECKOJIbKO MIJITMOHOB BUJIOB XKHUBBIX CyliecTB. OHU
B3aMMOJICICTBYIOT JPYT C APYTOM U C OKPYKAIOIIEeH X HEKUBOM MPUPOION U COCTABIISIIOT YCTOMYUBYIO
U CJIOKHOOPTaHU30BaHHYIO CUCTEMY, CJIOKMBILIYIOCS B IIPOLIECCE JUIUTEIBHOTO PAa3BUTHS — SBOJIIOLIUU
YKUBOU MPUPO/IBI.

Cpena oduranus, Wi cpeaa »KU3HM, — 3TO YaCTh IPUPObI, KOTOPAsi OKPY>KAET KUBOU OPTraHu3M U C
KOTOpPOM OH B3aUMO/ICUCTBYET.

OTtnenbHBIE CBOMCTBA U KOMIIOHEHTBI CPEJIbl, BO3ACHCTBYIOIINE HA OPraHU3MBbI,

HA3bIBAIOT IKOJIOrHYecKkuMHU (pakTopamu (ot yart. factor [dakTop] — «aenaromuii, MPOU3BOISIIHIA).
®DakTOpsI Cpelibl MHOTOOOpa3HbI, OHU HMEIOT Pa3HYIO MPUPOY U OCOOCHHOCTH JICHCTBHUS HAa OPTaHU3MEI.
Dkosnorudeckue (pakTopsl AENAT HA TPU TPYIIILI: a0MOTHYECKHEe, OMOTHYECKHE U aHTPOIIOTEHHBIE.
AbGuornyeckue (0T Ip.-Tped. a [a] — oTpuriarenbHas yactuia, biotikos [OnoTrkoc] — «KM3HCHHBIH,
KHUBOI») (PAKTOPBI — KOMIIOHEHTHI HEXKUBOM MPUPO/IBI, IEHCTBYIONINE HAa OpraHnn3Mbl. K HUM oTHOCAT
TEMIIEPATYPY, CBET (OCBEIEHHOCTD), INIOTHOCTh, IaBJICHHUE, BIAXKHOCTh BO3/YyXa, COJIEBOI COCTaB BOJIbI,
penbed MecTHOCTH, TeUEHHUE, BETep.

Buornueckue (ot ap.-rpey. biotikos [6HOTHKOC] — «KHU3HEHHBIH, )KHUBOI») (PaKTOPBI —
KOMITOHEHTHI )KHBOU MPUPOIbI, POPMBI BO3JICHCTBUSI JKUBBIX OPraHU3MOB JIpyT Ha apyra. JIto0oit
OpraHU3M MOCTOSHHO UCIBITHIBAET MPSAMOE WJIM KOCBEHHOE BJIMSIHUE TIPEJICTABUTEIICH CBOETO BHIA UITH
JIPYTUX BUAOB. JTO, HAIPUMEP, KOHKYPEHIIHS 32 MECTO HJIM MUIILY, BIUSHUAE XUIHUKOB,
CUMOMOTHYECKHE U TApa3UTUYECKHUE OTHOIICHUSI.

Coueranue pa3nuYHBIX A0MOTHUECKUX U OMOTUYECKUX (PAKTOPOB OMpEEsieT pacIpOoCTpaHEHUE
BUJIOB OPTaHU3MOB IO Pa3HbIM 00JIACTSAM 3eMHOT0 mapa. OnpenenéHHbIi OMOIOrHUecKUid B
BCTpPEYAETCsl HE TIOBCEMECTHO, a TOJIBKO B TEX MECTAaX, TJI€ UMEIOTCS HEOOXOIUMBIE JJIS €TO
CYLIECTBOBAHMUSI YCIIOBUSI.

AHTpoOnoreHunle (0T aAp.-rped. anthropos [autpomnoc] — «uenoBek» U genes [FEHAC] — «POXKITAIOIIHIA,
POXIEHHBINY) (pakTOPBI — (DOPMBI ACITETHHOCTH YEeNIOBEKA, MPUBOISIINE K U3BMEHEHHUIO IPUPOJIBI KaK
cpenbl OOUTaHusl IPYruxX BUAOB. [I[pUuMephl: CTPOUTEILCTBO OPOT U TOPOJIOB, BEIPYOKa JIECOB, paciaiika
3€Mellb, 3arPSA3HEHUE OKPYXKAIOLIEH Cpeabl OTXOJaMU MTPOMBIIUIEHHOTO MPOU3BOJICTBA U TPAHCIIOPTA.
XOTs 4eJIOBEK — OMOJIOTUYECKHM BU U €T0 I€ATEIbHOCTh OTHOCUTCSI K OMOTUYECKOMY BIIHSTHUIO,
aHTPOTNIOTEHHOE BO3/ICICTBHE HAa IPUPOY BBIACISAIOT B 0cO0YI0 rpymnmy (aktopos. Hu onun apyroii Bua
Ha TJIaHETE HE OKAa3bIBAeT TAKOT'0 MOITHOTO BO3/IEHCTBUS HA BCE )KUBOE, TIPH 3TOM CTEIMEHb BO3JICUCTBUS
YeJoBeKa Ha NpUPOAY 3eMIIH MPOAOIIKAET CTPEMUTENBHO BO3PACTATh.

Dxonorundeckue GakToOpbl MOTYT OKa3bIBaTh KaK IMOJOKUTEILHOE, TAK U OTPUIIATEIILHOE BIMSHUE HA
YKUBBIE CYILIECTBA.
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DAKTOPDI CPEADI BUOTUYECKWE
‘ |
ABNOTUYECKUE
Penbed | AtmocdepHoe MexaHunyeckum BnaxHocTb
LaBneHue COCTaB MouyBbl
Temnepatypa OcBeweHHOCTb ‘

Puc. 4. Hexomopvle sxonozuyeckue ghakmopwi, oeticmsyrowjue Ha opeanuzm (0codwv) 8 Oukoli npupooe

Ecnu 3Hauenune kakoro-nmmdo (haktopa CTaHOBUTCS CYIIECTBEHHO HUYKE HIIU BBIIIE €T0 OOBIYHBIX
3HAYCHUH B TaHHOH cpejie OOMTaHusl, B KOHKPETHOM MECTOOOMTAHUH, TO STOT (pakTop OyJaeT HEraTUBHO
BIIUSITH HA OPTaHU3MBI, IPUYEM BIUSHUE (PAKTOpPa MOKET OKa3aThCsl MPSMBIM UM KOCBEHHBIM.
Hanpuwmep, B ymepeHHO# 30He JieTH:S 3acyxa (pakTop — BIaKHOCTh, 3HAYCHHE (haKTOpa — HUKE
00BIYHOr0) OyJIeT OTPHUIIATENBHO BO3/ICHICTBOBATh HA JIYTOBBIE PACTEHUS, UX PA3BUTHE 3aMEJIUTCS.
Bo3saeiicTBue 3acyxu Ha pacTeHUs — 3TO IPSIMOE BIMSIHUE HEAOCTAaTKa BiIaru. PacTuTenpHOsqHbIC
HAceKOMbIe (3KYKH-TTCTOE/Ibl U X JINYMHKH, TYCEHUIbl 6a00UeK, TIM) MOTYT Ha4aTh UCIIBITHIBATh
HEJIOCTATOK KOPMOBBIX PACTEHHUH, YTO MPUBEIET K 3aMEIJICHUIO UX POCTA, CHUKEHHIO TUIOJJOBUTOCTH,
YBEIUYECHUIO CMEPTHOCTH. Y MEHBIIEHUE YUCICHHOCTH HACEKOMBIX, ITUTAOLIUXCS JIYTOBBIMU
pacTeHUsIMH, TTOBJICUYET 3a COOON HEXBATKy KOpMa JUIsl HACEKOMOSIAHBIX NITUL. Bo3zaelicTBue 3acyxu Ha
HAaCEKOMBIX U ITUL] — 3TO KOCBEHHOE BIIUSIHHUE HEIOCTATKA BIIary.

HpaKTI/I‘leCKaﬂ HacTb

1. 3anonHUTh TabMIy 1, AaTh ONpeAeneHus U KpaTKo OXapaKTepU30BaTh KaK Iyl IPYIIY 3KOJOTHYECKUX
(bakTopoB.
Tabmuna 1.

Krnaccudukanus sxonoruuecknx (Hhakropos

Abuotnueckue GpakTopbl buotnueckue pakTopsl AHTpOIOTeHHbIE (PaKTOPbI

2.IlocTpoiiTe rpaguKu, OTpa)karolie BbDKHBAEMOCTh OPraHU3MOB JIByX Pa3HbIX BUJOB B 3aBUCHMOCTH OT
TeMIepaTypsl 1O JaHHBIM Tabmuipl 2. Omnpenenure U 0003HAUBTE 30HY ONTHMYyMa M YIHETEHUS Ui
Kaxxaoro Buga. Kakoil u3 1Byx BUIOB MOKET OTHOCUTHCSI K CTEHOOMOHTaM?

Tabnua 2

Temneparypa, °C 500 +5 +10 | +15 +20 | +25 | +30 | +35 | +40 | +45
50




BrepkuBaemocTtsb,%:
1 Bug

25

50

80

90

100

90

80

50

25

2 BUI

45

75

100

75

45

o1




INPAKTUYECKOE 3AHSATHE
MMonmyasimus, coo0ecTBa, IKOCUCTEMbI

eJsb NPAKTHYECKOTO 3aHATHS

O3HakoMJICHHE OOYYaIOUIUXCsl CO CIEAYIOIIMMHU MOHATUSAMH: YKOCUCTEMa, (DUTOLIEHO3, 300IICHO3,
omoreHo3, OuoreorneHo3, Ouocdepa, Hoochepa. Bocrnuranme wHTEpeca K H3YyYEHUIO SKOJIOTHYCCKHX
3aKOHOMEPHOCTEH U IPUPOJIBI 3EMIIH B LIETIOM.

MeToanyecknii MaTepuasl

Buoron — y4acTok TeppUTOpPHUH, OAHOPOAHBIN MO YCIOBHUSM KU3HH JIJISl OTIPEICTICHHBIX BUIOB
pacTeHUH WJIU KUBOTHBIX.

Buoneno3 — uctopruecku CIOKUBIIASCA COBOKYITHOCTh MOIMYJISIIIUN Pa3IMYHbIX OPraHU3MOB,
HACEJISIIOLIUX OJHY TEPPUTOPHIO.

IKOCHCTEMA, WK OMOre0leH03, — COBOKYITHOCTb KUBBIX OPTaHU3MOB (COOOIIECTB) M CPEIBI UX
oOuTaHus, 00Pa3yIIIMX YCTOMUUBYIO CUCTEMY KU3HHU.

DxocucremMa = OMOTOI + OHOLIEHO3

ABTOp TEpMHHA «IKOCHUCTEMa» — AHTJUUCKUM 3KkoJior A. TeHcnu.

ABTOp TepMmuHa «OnoreoneHo3» — akajgemuk B. H. Cykaues.

B 6uoreonenose B. H. CykaueB Bbiiensin 1Ba 6J10Ka: 3KOTOM (COBOKYITHOCTD YCIOBUI a0MOTHUYECKOI
Cpelsl) U

0Mo1eHO03 (COBOKYTHOCTD BCEX JKUBBIX OPTraHU3MOB).

B cooTBeTcTBUM € OnpeieNeHUAME, MKy TIOHATHSIMU «IKOCUCTEMA)» U «OHOTe0eH03) HET HUKAKOU
Pa3HMIIBI, OMOTEOIEHO3 MOYKHO CYMTATh MOJHBIM CHHOHMMOM TEPMHUHA «IKOCUCTEMA.

DKocucTemMa — OCHOBHAs QYHKIIMOHAIbHAS €MHUIA B YKOJIOTHH.

DKocucTeMa SIBISETCS OTKPBITOM CUCTEMOM U XapaKTepU3yeTcs BXOAHBIMU U BBIXOJAHBIMU [TOTOKaMU
BelecTBa u sHeprur. OCHOBA CYIIECTBOBAHUS MPAKTUUECKH JIFOOOH SKOCUCTEMBI — MOTOK YHEPTUHU
COJIHEYHOTO CBeTa B MPSAMOM ((OTOCHHTE3) HJIM KOCBEHHOM (Pa3jI0’KeHHE OPTaHUYECKOTO BEIIECTBA)
Bujie. VckintoueHne — riryO0OKOBOIHBIE SKOCUCTEMBI: «YEPHBIE» U «OeIIble» KYPUIbIIUKH, UICTOYHUKOM
SHEPTHUH B KOTOPBIX SBJISIETCS BHYTPEHHEE TEIJIO 3€MJIM U SHEPIUsl XMMUYECKUX PEaKIIHil.

OCHOBHBIE CBOMCTBA YKOCHUCTEMBI:

e CAaMOBOCIIPOU3BCIACHHC,
e CAMOPCTYJIALUs,

e  YCTOMYUBOCTb.

HckyccTBeHHBIE IKOCHCTEMBbI — 3TO 3KOCUCTEMBI, CO3/IaHHbBIE YETTOBEKOM, HAllpUMEpP arpolieHO3bI.
B1om — COBOKYIHOCTh AKOCHCTEM CO CXOJHBIM THUIIOM PAaCTUTEIbHOCTH, PACIOJIOKEHHBIX B OJTHOI
MPUPOAHO-KIMMATUYECKOM 30HE (TYHAPOBBIA OMOM, CTEITHONH OMOM U T. 11.).

Buocdepa — sxocucTema BhICIIETO MOPSIKA, 00bETUHSIONIAS BCE OCTAIbHBIE IKOCUCTEMBI U
o0ecreynBaroIas CylecTBOBAHNE )KU3HU Ha 3emJIe.

Tepmun «O6uocdepay 6vu1 BBeeH XKanom-batucrom Jlamapkom B Hauane XIX B., a B reosioruu
MPEAJIOKEH aBCTPUICKUM reosioroM DayapaoM 3toccoM B 1875 r. OgHako co3aHue HEI0CTHOIO YUEHUS
0 Ouocdepe npruHaIIEKUT pycckoMy yueHoMy Branumupy MBanosuuy Bepnanckomy.

KOMIIOHEHTBI IKOCHCTEMBI
PaBHOBecHOE (YCTOHYMBOE) COCTOSTHIE YKOCUCTEMBI 00eCIIeYHBaeTCsl HA OCHOBE KPYTOBOPOTOB BEILIECTB.
JIns moepkaHusl KpyroBopoTa BEIECTB B AKOCUCTEME HEOOXOJMMO HAIMYHUE 3araca HeOpraHUIeCKUX

BELIECTB B YCBOsieMO (hopMe U Tpex GYHKIIMOHAIBHO PA3INYHBIX KOJOTHUYECKUX TPYIII
OpPraHU3MOB: HPOAYUEHTOB, KOHCYMEHTOB U PeIyLIeHTOB.
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o IIpoayueHTbl — aBTOTPOGHBIE OPraHU3MBI, CIIOCOOHBIE CTPOUTH CBOM TEJIa 3a CYET
HEOPraHMYECKUX COCAUHEHUN.

e KoHcyMeHTBI — reTepoTpodHbIE OPraHU3MBbI, MOTPEOISIOMINE OPraHMUECKOE BEIIECTBO
MIPOJYLIEHTOB WJIU APYTUX KOHCYMEHTOB U TPaHC(HOPMHUPYIOLIUE €r0 B HOBBIE (POPMBI.

e PenyueHTsl — rereporpodHbie OpraHU3Mbl, TOTPEOISIONINE MEPTBOE OPraHUYECKOE BEIIECTBO,
NIEPEBOJIsl €r0 BHOBb B HEOPIraHUYECKHE COCMHEHUS.

Knaccugukanus 3ta OTHOCUTENbHAs, TaK KaK 1 KOHCYMEHTBI, U CaMU IIPOAYLIEHThI BHICTYNAIOT YACTUYHO
B POJIM PEIYIIEHTOB B TEUCHHE )KU3HHU, BBIJICIISS B OKPYKAIOIIYIO Cpely MUHEpaIbHbIE MPOIYKThI 0OMeHa
BEILLECTB.

KpyroBopot aTOMOB MOKET MOAIEPKUBATHCSA B CUCTEME U O€3 MPOMEKYTOYHOTO 3B€Ha — KOHCYMEHTOB
— 3a CYET JEeATENBHOCTH ABYX ApYrux rpyni. OQHako Takue SKOCUCTEMBI BCTPEYAOTCs CKOpee Kak
MCKJIIOUEHUS], HAllpUMeEp Ha TeX y4acTKax, rjae (yHKIIMOHUPYIOT co001IecTBa, CPOPMUPOBAHHBIE TOIBKO
13 MUKPOOPTIaHU3MOB.

IIpakTnyeckas 4yacTb
3Has mpaBUIIO TEpeXoAa PHEPTUU C OIHOTO TPOPHUECKOTO YPOBHS Ha APYrod IOCTPOWTE MHpPAMHILY

Oromacchl ClIeAYIOIIEeH MUILEBOM LIeTn:
(UTOIIAHKTOH --- 300IIJIAHKTOH --- Kapach --- IIyKa --- YeJIOBEK.
Mpernosaras, 4YTo J>KABOTHBIE Ka)XJIOTO TPO(MUUYECKOrO YpPOBHS IHUTAIOTCS TOJBKO OpPraHW3MaMH

npeasIayIero yposHs. bruomacca ¢puromniaHkToHa B ncciieayeMoM Booeme cocranisieT 4200 ToHH.

PaccuuraiiTe yuCIEHHOCTh OcO0OEl Ka)kJoro 3BeHa 3TOM MUIIEBOW IeMH, ¢ y4eToM Macchl 1 ocobu:
¢urorutankToH — 0,11; 300mmankrona — 0,5t; kapacst — 250r; mryku — 2 Kr; uenoBeka — 70 kr. Paccuntanusie

3HA4YCHUA BIIUIIUTEC B Ta6J'II/IIIy1

[IpencraButenu Tpoduueckoro | Paccunrannas 6Guomacca PaccuntanHast 4uCI€HHOCTh
YpPOBHS (xr) (ocobu)

DUTOIITIAaHKTOH 4200 000

300MJIaHKTOH

Kapacp

Hlykn

Yenoseka

HCHOJ’IBSYH PE3YIbTAaThl NCPCIIMCU HACCIICHUS, U3YUUTC IMOJIOBO3PACTHYIO CTPYKTYPY JaHHOM MOIyJIsIIH,

Ha OCHOBC HOCTpOGHHOﬁ BOSp&CTHOfI MUpaMHuIbl OIIPEACTIUTE TUIT BO3PACTHOI'O COCTaB HACCIICHU.

Bospacr, ner KonmuecTBo My»4nH KonnuecTBo keHITUH
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
75-79 7804 12628
80 - 84 4214 11332
85-90 2015 5520
90 u 6onee 231 732

OO0111e€ KOITUYECTBO
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HNPAKTUYECKOE 3AHATUE
buocdepa - rinodanbHasi 3K0JI0rHYeCKas CHCTEMA

eJsb NPAKTHYECKOTO 3aHATHS

Coznmarp ycnoBus miisa (GopMUpoBaHUS TMpPEACTaBICHUH O Ouocdepe, Kak o000J04ke 3emiid,
HACEJICHHOU KUBBIMHU OpPraHU3MaMu

MeToanyecknii MaTepuall
Buocdepa (ot ap.-rped. «Onocy — xu3Hb U «chaiipa» — cdepa, map) — 0007a09ka 3eMiTu, 3acelIeHHas
KUBBIMU OpraHU3MaMu, HAXOAAIIASACS O] UX BO3JACHCTBUEM U 3aHATas MPOAYKTAMU UX
KHU3HEEATSIBHOCTH; MOJKHO CKa3aTh, 4TO OHocdepa — 3TO riodasibHas SKOCUCTEMA 3eMIIH.
buocdepa — oTkpbITas cucreMa, B Hee IMOCTYMAeT U3 KOCMOCA YHEPIHsl COJTHEYHOTO CBETA, 3a CUET
KOTOPO#1 CyIIECTBYET OOJIBIIMHCTBO SKOCUCTEM 3EMIIU.

HUcTtopust TepMuHa «onocgepa»

XK. b. Jlamapk B 1802 roay HazBan 6uocdepoil COBOKYMHOCTh BCEX KUBBIX OPraHU3MOB 3EMIIH.

3. 3rocc B 1875 roay BBen TepMUH «Onocdepa» — TOHKAS MJICHKA 3¢MHOM MTOBEPXHOCTH, HacCEIICHHAs
KHU3HBIO.

B. U. Bepuanckuii B 1919 coznan yuenue o duocdepe, B HEM:

«buocdepa — «06acTh JKU3HN», BKIYAKIIAA )KMBbIe OPraHU3MBbI U CpeAy UX 00UTaHUSI; 0c00as
000J104Kka 3eMiIH, B Npe/iesiaX KOTOPOii MPOsIBJISIeTCS Ie0J10rH4ecKasi 1esiTeJIbHOCTh sKUBOT'0
HaceJleHHs MJIaHeThD».

Hoocdepa (o Bepuanckomy) — cepa yenoBeueckoro pazyma.

I'pannubl 6nochepnl

o Bepxwuss rpanuna B atmocdepe: 15-20 kM.
Ona omnpenensieTcsi 030HOBBIM CJI0€M, 3a/IePKUBAIOIINM KOPOTKOBOJIHOBOE YIIbTpaduoieToBoe
U3Iy4YeHUE, TYOUTEIhHOE JUTSl )KUBBIX OPTaHU3MOB.

o Hwxuasa rpanuna B iutocgepe: 2—3 KM Ha cylle ¥ Ha 1—2 KM HIJKe JIHA OKeaHa.
Omna ompenensieTcsi TEeMIIEpaTypoi Iepexo/1a BOJIbI B TIap ¥ TEMIIEPaTypOi IeHATypaluu OeKoB,
OJTHAKO B OCHOBHOM paclpOCTPaHEHHE KHUBBIX OPIraHU3MOB OIPaHUYUBAETCS BIIyOb
HECKOJIbKUMH METPaMHU.

e Hwxnsasa rpanuna B ruapocdepe: 10-11 km (Mapuanckas BrajnHa).
Omnpenensiercs ;THOM MUPOBOTO OKeaHa, BKITFOUYAs JIOHHBIE OTIIOKEHHS.

Ty wacte 6uochepsl, B KOTOPOIi B HACTOSIIEE BPEMsI IOCTOSIHHO BCTPEYAIOTCS JKUBBIE OPTaHU3MBI,
Ha3bIBalOT 3yOHocdepoii, e rpaHUIIbI HECKOJIBKO YKeE.
Taxum o6pazom, 6rochepa BKIrOUYAET B ceOs 4aCTh aTMOChepbl, TUAPOCHEPHI U TUTOCPEPHI.

55



p—— ;
I
I
| Crpatocdepa
o I
) |
= |
)
o [}
E "’*_--———_____
= - s T,
< B T
‘L-_,._‘ ——
o///,‘ '-_~--\;--~\P-— - —
O30HOBbIN CAOM e
|
| Tponocdepa
| O 16-20 KM
© I
Q I
(]
©
O
o
=
o 10-11kM
3,5 Kkm
BUOMACCA BUOC®OEPHI

O6mas cyxas Ouomacca Ouocheps! orieHuBaeTcs B 2,5 X ToHH. bosbiiast yacte 3T0i GuoMacchl
MIPUXOANUTCS HA Ha3€MHbIE IKOCUCTEMBI, OMoMacca okeaHa cocTaBiiseT uib okoiio 0,003 X ToHH.
OCHOBHYIO 4acTh OMOMACCHI CYIIH COCTABJISIIOT Ha3eMHbIE PaCTeHHUs, X Onomacca npuMepHo B 500—
1000 pa3 Gosnbire, yem 6roMacca )KUBOTHBIX. M3 BceX BUIOB TUKUX KUBOTHBIX, I10-BUJIUMOMY,
HanboJIbIIIel OnoMaccoii obazaeT Mopckoit padok Euphausia suberba (150 mMitH. TOHH), HO OOmTast
Oromacca 0JJOMAIIHEHHOTO YeJIOBEKOM KpymHOro poratoro ckota (Bos taurus) emie 6onbine — 520 mitH.
TOHH, KaK ¥ caMuX Jtojieil — 350 mutH ToHH. Bosboi 6uomaccoii 061anatoT Mypasbu (3 MIpI TOHH) U
Mopckue pbiob! (800 — 2000 MITH. TOHH), HO 3TO IPYMIIBI )KMBOTHBIX, BKIIOYAIOIINE MHOKECTBO BUOB.
OOm1ast 6moMacca Ha3eMHBIX pacTeHuil — 560 MIIpI. TOHH, MOPCKOTO (PUTOTUIAHKTOHA U PaCTeHUH — 5
— 10 Mu1pa. TOHH, HA3€MHBIX )KUBOTHBIX — 5 MJIPJI. TOHH.

HauOonbiias KOHIIEHTpalusi OMoOMacchl Ha TPaHUIAX CPe:

e rpaHuIa auTochepsl U aTMmochepsl;
e rpanuua rujapocdepsl u arMocheps! (IIaHKTOHHBIE OPTraHU3MBI);

e rpanuia aurocdeps! u ruapocheps! (0EHTOCHBIE OPraHNU3MBI).

[lepBuunas 6momacca o6pasyercst aBToTpopamu (0OBIYHO pacTEHUSIMH) B Ipoliecce (OTOCUHTE3A C
HMCIOJIb30BAHUEM COJTHEUHOMN OHCPTHHU. HOBTOMY MHHHMAaJIbHas Onomacca Ha6J'IIOI[aeTC$I B ITYCTBIHAX U BO

56



JibAax, 4ToO CBA3aHO B ICPBYIO OUCPC/Ab C MUHHUMAJIbHBIM KOJIMYCCTBOM paCTCHI/If/’I B KaU€CTBC UCTOUYHHUKA
MpUpOCTa OUOMACCHI.

CrpykTypa 6uocheps

1.

6.

7KuBoe BelecTBO — BCSI COBOKYITHOCTD TEJI dKUBBIX OPraHU3MOB, HaCENIAIOIMUX 3eMito. Macca
YKUBOTO BEIIECTBA CPABHUTEIIHLHO Majla U OIICHUBAETCS BeIM4nHOM 2,4 — 3,6 X TOHH (B CyXoM
BECE) U COCTABIISIET MEHEE OJTHOM MUJUTMOHHOM YacTH Beeit Ouocdepsl (0k010 3 X TOHH),
KOTOpasi, B CBOIO OYEPEb, IPEACTABIAET OO0 MEHEe OJTHON THICSYHOM Macchl 3emun. OTHAKO
MMEHHO 3Ta YacTh Ouocdepsl sBisieTcs Haubosee BaXKHOM, T. K. aKTUBHO Y4acTBYET B
OMOTCOXMMHUYECKHX IMKIAX U MpeoOpa3yeT HeXKMUBOE BEIIECTBO 3EMIIH.

buorenHoe BemecTBo — 0CaI04YHbIE MTOPO/IbI, COCTOSIINE U3 MTPOTYKTOB KUZHEAEATEIIbHOCTH
YKUBBIX OPTaHU3MOB WJIM MPEJICTABISAIONINE COO0M UX Pa3JI0KUBIIUECS OCTATKHU (M3BECTHSKH,
paxyIleyHble TOPO/Ibl, FOPIOYHE CIaHIIbl, HICKOIIaeMble YIIu, HePTh U Ip.).

KocHoe BemecTBo — BeniecTBo, oOpasyromieecs: 0e3 y4acTHs )KUBBIX OPIaHH3MOB.

buokocHoe BE€IIECTBO — BCIICCTBO, KOTOPOEC CO3AAaCTCA OJHOBPEMCHHO KMBBIMH OpPraHu3MaMu
1 KOCHBIMH ITPOLECCaAMMU. TakoBEI Imo4Ba, UJi, KOpa BBIBETPHUBAHUSA U T. 1.

PannoaktuBHbIE BellecTBa U MIPOAYKTHI UX pacIiaia, a TAKKE aTOMBbI, HEITPEPBIBHO
o0Opa3yroImuecs U3 3eMHOTO BEIIECTBA MO/ BIUSHUEM KOCMHUYECKUX H3ITYICHUN.

BelecTBO KOCMUYECKOTO MPOUCXOKIACHUS (METEOPUTHI).

OcHoBHBIE YepThl OHOChEpHI:

JKUBBIC OpPTaHHU3MBbI;

OMOTHUYECKHI KPYTOBOPOT BEILIECTB.

buotnueckuii KpyYroBopoT obecreunBaeTCs B3aHMOJICHCTBUEM TPEX OCHOBHBLIX I'PYyIIT OPraHU3MOB:

NPOAYLUEHTOB (3€JIEHBIX PACTCHUH, OCYIIECTBIISIIONTUX (POTOCUHTE3, U OaKTepUi, CHOCOOHBIX K
XEMOCHHTE3Y) — OHH CO3JaI0T MEPBUYHOE OPTraHNUECKOe BEIIECTBO;

KOHCYMEHTOB (PacTUTEIbHOSIHBIE U XUIIHBIE )KUBOTHBIE) — OHM MOTPEOIISIOT OPraHuYecKoe
BEIIECTBO;

peayueHToB (OakTepuu, rpuObl U TPOCTEUIITNE KUBOTHBIE) — OHU pa3jiaraloT MEpTBOE
OpraHMYeCcKOe BEUIECTBO 10 MUHEPAIbHOTO.
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MepTBble oCcTaHKun
pacTeHWU N XUBOTHbIX

N

PacteHnun XXnBOTHbIE

S—

MwuHepanbHble MeperHon BakTepun
BelecTBa

MEXaHU3MBbl YCTOMYMBOCTH OHUOCHEpbI

buocdepa npencrasiseT co60i OTKPHITYIO OMOCHCTEMY, KOTOpasi OOMEHUBACTCS BEIIECTBOM M YHEPTUCH
C OKpYXarollen cpeou.

JKuBbie opranu3Mbl OMOCQEphI IEISITCS Ha aBTOTPOPOB U TeTepoTPOdOB:

e aBTOTPOdbI — MPOU3BOIUTEIN OPraHUUYECKOIO BEIIECTBA;

e reTepoTpopbl — NOTPEOUTENH U Pa3PYILIMTETN OPTAaHUYECKOTO BEIIECTBA.

Mesxny nporeccamMy CO34aHUsI OPraHUYECKOro BEHIECTBA U €ro Npeo0pa3oBaHUEM U pa3pyLICHUEM
YCTaHABIUBAETCS OTHOCUTEIILHOE PABHOBECHE.

DT0 paBHOBECHE SBJIIETCS OCHOBOMH /1711 yCTOMYHUBOCTH OHOchepbI.

YCToi4nuBOCTL — DTO CBOMCTBO DKOCUCTEMBI, KOTOPOE IIPOSIBIIAETCS B NOAIEPKAHUU CBOETO COCTABA,
CTPYKTYpHI U (QYHKIUH, a TAaK)K€ B CHOCOOHOCTH BOCCTaHABJIMBATHCSI, B CIIy4ae €CiIl OHU OyAyT
HapyIIEHBI.

DakTOpPHI, OMPEIETAIONINE YCTOUUNBOCTh OnOChephI:

e OmopazHoOOpa3ue — BUIOBOE pa3HOOOpa3ue;
e B3aMMO3aMEHSEMOCTh KOMIIOHEHTOB OMOc(hephl B KPYrOBOPOTAX BEIIECTB U DHEPTHH,
e yO0nMpoOBaHKE 3BEHBEB B KPYTOBOPOTE BEIIECTB U SHEPTHH (B OMOTC€OXUMUYECKUX ITUKIIAX);

e JKM3HCHHAsA aKTUBHOCTH >KMBOI'O BCIICCTBA (CKOpOCTB Pa3MHOKCHUS U paCHpOCTpaHeHI/IH).

OT osI0COB K 9KBAaTOpPy OHoMacca M BUJI0BOE pa3HOOOpa3ne YBEIUYUBAIOTCA, T. €. YBEINUMBAETCS
YCTOMYHUBOCTb 3KOCHCTEM.

IIpakTHYeckas 4acTb
Al. SIBneHHs] KpyroBOpOTa BEILIECTB M SHEPTHH, MPOUCXOJAIINE MPU YYACTUU SKUBBIX OPraHU3MOB,
M3y4aroT Ha ypOBHE
1) 6uochepHom 3) monyIsAIMOHHO-BUI0BOM
2) OMOTEOIIEHOTHYECKOM 4) OpraHu3MEeHHOM
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A2. K aHTpOINOreHHBIM (paKTOpaM OTHOCSITCS

1) ocymenue 6010T, BEIpyOKa JIECOB, CTPOUTENBCTBO JJOPOT
2) pacTeHus1, OaKTepuu, TPUOBI, )KUBOTHBIC, BUPYCHI

3) MuHepabl, pacTEHUs, COJIEHOCTh BOJIbI, paclallKka MoJiei
4) Temrieparypa BO3lyXa U BOJIbI, aTMOC(EPHOE JIaBIICHHE

A3. OnHOH U3 IIaBHBIX MPUYUH COKpALICHHs] BUIAOBOTO pazHOOOpa3usl )KUBOTHBIX B HACTOSIIEE BpPEMs
SIBIISICTCS

1) mexxBHI0Bast 60prOa

2) pa3pylieHHEe MECT OOUTaHUsI )KUBOTHBIX

3) upe3MepHOe Pa3MHOKEHUE XUITHIUKOB

4) BOBHUKHOBEHHUE TJI00ATBHBIX SMUIECMUN — TaHIeMUH

A4. HeoOxomMoe yclioBHE COXpaHEHUs paBHOBecHs B Onochepe

1) 9BOJIIOLIMSI OPTaHUYECKOTO MUPA

2) 3aMKHYTBIM KpYrOBOPOT BEIIECTB U SHEPTUU

3) ycuiieHue MPOMBIIUICHHON ¥ CHU)KEHUE CEIbCKOXO03SMCTBEHHOH IS TEILHOCTH YelIOBEKa
4) ycuieHue ceabCKOX03sICTBEHHON M CHM)KEHUE ITPOMBIIUICHHOHN IEATEIIbHOCTH YEIOBEKa

AS. B 6uocdepe

1) Guomacca pacTeHui paBHa OMoMacce >KMBOTHBIX

2) 6buomacca )KMBOTHBIX BO MHOTO Pa3 MPEBBIIIAET OMOMACCy PaCTCHUI

3) 6uomacca pacTeHH BO MHOTO pa3 MPEeBbBIIIAeT OMOMACCY KUBOTHBIX
4) cooTHOIIEHHS] OMOMACC PAaCTEHUH 1 )KUBOTHBIX IOCTOSTHHO N3MEHSIETCS

A6. buocdepa aBiseTcss OTKPHITOW CUCTEMOM, TaK KaKk OHa
1) cmocoGHa Kk caMOperyJIsuu 3) COCTOUT U3 IKOCUCTEM
2) criocobHa U3MEHATHCSI BO BPEMEHH 4) cBsizaHa ¢ KOCMOCOM OOMEHOM BEIIECTB

A7. 1o B.M. BepHaickoMy KHCIIOPOJ SIBJSETCS BEIIECTBOM
1) KUBBIM 2) GMOKOCHBIM 3) OGMOTeHHBIM 4) KOCHBIM

AS8. BepxHnss rpanuna 6uocgepbl HaxoauTces: Ha BbicoTe 20 KM OT OBEPXHOCTH 3€MIIH, TaK KaK TaM
1) oTcyTCTBYET KHUCIOPOLT 3) oueHb HU3Kas TEMIIEpaTypa
2) OTCYTCTBYET CBET 4) pazmMeriaercsi 030HOBBIH CI10H

A9. O6onouka 3emin, HaceleHHas )KUBBIMU OpTraHU3MaMH U PeoOpa3oBaHHAs UMHU, HA3bIBACTCA
1) rugpocdepa 2) nutocdepa 3) Hoocdepa 4) dbuocdepa

A10. ITo onpenenenuto B.M. Bepraackoro Beayimas poyib B CO31aHHH HOOCHEPHI TPUHAICIKUAT
1) GakTepusm 2) pacTeHUsIM 3) xocmocy 4) yenoBeKy

A11. Haubonpiast KOHIEHTpALKs )KUBOTO BEIECTBAa HAOII0AaeTCs
1) Ha cTbIKe aTMOchepsl, THapochepsl U TUTOCHEPDI

2) B HIDKHUX CJIOSIX TUapochepbl

3) B BEpXHHUX cIOSIX aTMoc(hepsl

4) B tutocepe Ha riryoune 200 m

A12. TlonaepxaHuio paBHOBecHUs B Orocdepe, ee IeTOCTHOCTH CIIOCOOCTBYET
1) coxpanenue 6nopazHo00pa3ust
2) BCEJICHHE HOBBIX BUOB B 9KOCUCTEMBI
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3) co3aHue arpo’KOCUCTEM
4) pacmMpeHne TIOMAAN 3eMelTb, 3aHATHIX KYJIbTYPHBIMH PAaCTCHUSIMH

Al13. Pa3BuTHE TPOMBINUICHHOCTH, TPaHCIOPTa, CEIbCKOTO XO3SIMCTBA C YYETOM SKOJIOTHYCCKHX
3aKOHOMEPHOCTEH — HEOOXOAMMOE YCIIOBHE

1) ycroitunBoctu 6nochepsl

2) 3BOJIIOIMH OPTaHUYECKOT0 MUPA IO ITyTH apoMopdo3a

3) cMeHBI OMOTEOIICHO30B

4) caMOperyssiuyd YUCICHHOCTH B MOMYJISIIUSIX

A14. T[TapaukoBslii 3¢ dexT B 6rocepe BhI3BIBACT HAKOIUICHHS B aTMOchepe
1) bt 2) AOBUTHIX BEHIECTB  3) YIVIEKUCIIOTO raza 4) a3ota

A1S5. YcroitunBocTh 6rochepbl Kak rio00aabHON SKOCUCTEMBI OIIPEACIIICTCS
1) pazHOOOpasueM ee BUAOBOTO COCTaBa

2) KOHKYpEHLIUeH MeX 1y OpraHu3MaMu

3) nonyJasAlMOHHBIMU BOJTHAMU

4) 3aKOHOMEPHOCTSIMHU HACJIEJICTBEHHOCTH U U3MEHYUBOCTH OPTraHU3MOB

A16. Beienenue B atMoc(epy OKCHIOB CEpBI, a30Ta BHI3bIBACT
1) ymMeHbllIEHHE 030HOBOTO CJIOS 3) BbINaieHNUE KUCIOTHBIX A0XKAEH
2) 3acoyieHre MUPOBOTO OKeaHa 4) yBenuueHue KOHIIEHTPAIMH YTIEKUCIOro ra3a

A17. Heo6xoammoe ycnoBre YCTOWYUBOTO pa3BUTUs 6nochepsl —

1) co3gaHye NCKYCCTBEHHBIX arpol€HO30B

2) COKpallleHUE YUCICHHOCTH XUIIHBIX )KUBOTHBIX

3) pa3BUTHE MPOMBIILIIEHHOCTH C YYETOM SKOJOTMUECKUX 3aKOHOMEPHOCTEH
4) yHUYTOKEHUE HACEKOMBIX-BPEIUTENCH CeNbCKOX03IUCTBEHHBIX KYJIbTYP

A18. B nmpeobpazoBannu 6nocdepsl riIaBHyIO poJib UTPAIOT
1) &KuUBBIE OpraHU3MBI 3) KpyroBOpOT MUHEPAJIHHBIX BEIIECTB
2) GUOPUTMBI 4) mpolieccsl CaMOperysIuu

Cl. Jlns coxpaHeHMs M YBEJIMYEHHUS PBHIOHBIX 3allacOB YCTAHOBJIEHBI OINpPE/EICHHbIE IpaBUiIa
pr10osi0BcTBa. OOBSACHUTE, TOUEMY IIPH JIOBJIE PHIOBI HEIB3sI UCII0JIb30BATH MEIKOSIUEUCThIE CETH U TaKHe
IIpUEMBI JIOBA, KaK TpaBJIEHUE WJIM TJyIIeHUE pbIObl B3pbIBUATHIMU BellecTBaMu. [IpuBeanrte He MeHee

JBYX IPUYUH.

C2. Kakue nocneacTBusi MOKeT UMETh riiodanbHoe notemienue? [lpuenure He MeHee TpeX MPUYHH.
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