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IIpenguciaoBue

Buojorusi — HayKa 0 YKHU3HU, a }KUBas IIPHPOJA BCErJa IIPUBJIEKaNa 0coboe
BHHMAaHUe uesioBeKa. IlociienHre HECKONIBKO AeCATUIETUH OTMeUeHEI 6ypHBIM
pasBUTHEM 3TOIl OTPAC/I¥ eCTeCTBO3HAHMUSA, & HOBBI€ OTKDBITHUA, CHAEJAaHHEIE
yu4eHBIMHU DPa3HBIX CTPaH, NPHOOPETAIOT AJA 4YeJOBeUecTBa OTPOMHOE 3Haue-
HHe, HAXOUAT MPAKTHUYeCKOe BOILIONIeHNe B 00JacT MeJUIIUHEI, CeILCKOTro
X034A1CTBa, COBPEMEHHOM HAYKH B IEJIOM.

MaTepuaJjibl JAHHON KHUTH IIOAIOTORJIEHBI ¢ YUYeTOM HOBEeHIINX BO33peHU
B 00J1acTH OMOJIOTMYECKUX HAYK, U3JIOMKEeHb! B KPATKOH, JJaKOHUYHOH dopMme,
4TO II0O3BOJISIET YUTATeNI0 0e3 JUIIHUX 3aTpaT BpeMeHU pasobparbecs B 6azo-
BBIX IIpobsieMax coBpeMeHHO# Guosoruu. B paboTe Hajg TeKCTOM aBTOPHI HC-
TOJIb30BAJIH MHOTOJIETHHUH OIIBIT IPEIOZABAHNSA 9TOT'0 IPeJMeTa B PASJINYHBIX
yueOHBIX 3aBeJEHUAX.

B cripaBOYHUWK BOIILIH BCE pasfenb! OmoJioruu: obias 6M0J0orud, reHeTn-
Ka, 00TaHMKA, 300JI0TUs, aHATOMHUA.

TeoperndecKuit MaTepuas COIPOBOKIAETCSA Pa3HOO0PA3HBIMY IpHUMepaMuy
WM HDOACHEeHUAMH. MHOroumc/lieHHble PUCYHKH, TaOGJMMUIILI, CXEMbl, TIOMOTAIOT
YHUTATEJI0 CUCTEeMAaTU3UPOBATL 3HAHUSA, ZOOUPATHCSA 0 CAMOM CyTH BOIIPOCOB,
«CJIOH 3a caoeM» OOHaj)kadA paccMaTpuBaeMble OMOJIOTMYECKHE CTPYKTYPHI U
3aKOHOMEPHOCTH, (PU3HOJOTHUYECKIE IIPOIIECCHI U ABJIEHUS B XKUBOM IPUPOJeE.
Takoit MeTOI TOAAYM MaTepHuaia, KOrjia mapajjelbHo TeKCTY CJAeAyeT HaTJa -
HBIH MaTepuaj, CIIocoGCTBYET JYUIIIEMY OCBOSHHIO IpeIMeTa.

BricTpo HAliTH HYKHBIE CBEIEHUS W 3AIIOMHUTH O0IbII0N 00'beM HHpOpMa-
WY TIOMOTYT YeTKas CTPYKTYypa U yIOOHBIHN IONCK MaTepHaJa.

B nacrosiiee Bpema GpopMoii IpoBeeHUA BBITYCKHBIX U BCTYHNUTEIBHBIX
9K3aMEHOB IO OMOJIOTHH ABJSETCA TECTUPOBaHUE. B ¢BA3M € 3TUM B KHUIY
BKJIIOUEHBI TECTOBBIE 3aJlaHN A, KOTOPbIe IIOMOTYT YHTATENAM IIPOBEPUTH CBOU
3HaHudA. He ciegyer BBIITOJHATE Bce 3aJaHUWA cpasdy. Jlydmie oTsedarh Ha
BOIIPOCHI BEIOOPOUYHO, A0 TeX IIOP, ITIOKA He INOSABUTCA YBEePEHHOCTh, UTO MaTe-
pHaJ y:Ke JOCTATOYHO YCBOEH.

Baaromapst HOBOI1, MHTEPAaKTUBHOU (opMe IMoJaUYK MaTepuaja 3Ta KHUra
MOxxeT o0eceuuTh CAaMOIIOATOTOBKY K ak3ameHaM (EI'D, BcTynuTtebHbIE B BY-
3BI) IPH CAMBIX BHICOKHUX TPeOOBAHUAX K a0UTYPHEHTY, IIOCKOJBKY OXBaThHIBa-
€T BCe paszesbl OMOJOTHY, BXOAAIIME B IPOrPaMMy 9K3aMeHOB.

CnpaBouHMK HEOGXOAMM yUAIMMCA CTAPLUINX KJACCOB IIKOJ, TMMHA3Ui,
JHIeeB ¢ YIIYGIEeHHLIM U3yUYeHUeM 3TOTO mpeameTa, abuTypueHTaM, CTyAEH-
TAM CpeAHMX ¥ BBHICIIMX VueOHBIX 3aBejleHHii, nmpemogaBarensiM. CTaHeT OH

NPEKpacHBIM HOACIOPbEM U IJIS IMMPOKOTO KPyTra CHelnajJncToB, MHTEPeCyIo-
muxca npobreMaMu GHOJOTUH.



BBEAEHUE

TepMuH «0u0102ua» (OT Tped. bios — KUBHB, logos — HayKa) OblLJI BIEPBbIE
npeauoseH B 1802 r. GppaHIy3CKNM €CTECTBOUCHBITATENIEM M anmom Baructom Jla-
MapKoOM ¥ HeMelKuM HaTypaiuctoMm I'ordpumom Peiiaxoabaom TpeBUpaHyCcOM
(He3aBHCHMO APYT OT APYyTa) AJis 0003HAUEeHNA HAYKHU O XKI3HH.

CoBpeMeHHAs OHOJIOrHs IPEACTABJACT COO0N KOMILIEKC eCTECTBEHHBIX Ha-
YK, UBYJAIONAX KUBYIO IPUPOAY, X TECHO CBA3AHA, CPEAH MPOHUMX NUCIIAI-
JIMH, ¢ XUMHUeil, GU3UKOoH, MaTeMaTHKOl. Ha cTeiKe HayK NOJYYHIN PA3BUTHE
6uoxumus, Guodusnka, pusnosorunsd. buosorns ABnAeTCA TeopeTnuecKoi ba-
308 MeNHIMHCKOI reHeTUKU, MUKPOOHMOJIOTHH, NMMYHOJOTHH, MapasuToyo-
', HEIIOCPEICTBEHHO CBA3AHHBIX C METUIMHOM.

Bce HayKM IOAYMHEHB! O0IIKM 3aKOHAM U 32aKOHOMEDHOCTAM PA3BUTHA il
BOM IPHPOJBI, KOTOPBIE H3ydaeT obmiasa 61oIoTus.

BamauamMy GHOJOTHH ABJIAIOTCA M3ydeHHe OOIIUX 3aKOHOMEPHOCTE!N PA3BUTHA
JKUBOMH IPUPOZABI, PACKPBITHE CYIIHOCTH JKU3HH, CHCTeMATH3AIMA JKABBIX CYITIECTB.

Kaskaas 3 6HOJOrHYECKUX JUCIIAILIAH U3yUYaeT KU3Hb Ha ONpeAeJeHHOM
YDOBHE ee OPraHU3allUH.

Y poBHM OpraHH3anuy XKHBOH MaTePUH

1. Monerynapnuiii. JIxo60i opranuaM COCTOUT U3 6MOIOTHYECKUX MaKpoO-
MOJIEKYJI: HYKJIEUHOBBIX KUCJOT, GEJKOB M APYTHX OPraHUdecKuX Be-
mecTB. Ha 3ToM ypOBHE HAUWHAIOTCA TIPOLECCHI JKU3HeAeATEIBHOCTH Op-
ragmuaMa: o6MeH BeIlecTB U IpeBpallleHHue SHePruy, nepejaia HacJaenCT-
BeHHOU nHGOPMAIIUH U AD.

2. Kaemounwiii. KneTka — 9To piieMeHTapHas CTPYKTypHas u (PyHKIHO-
HANbHAS eIMHNULA PASBUTHSA BCeX KMBHIX OPraHHU3MOB, OOHTAIONIUX HA
Bemise. Ha KJIeTOYHOM YpOBHe IPOMCXOAUWT IIpeBpallleHHe BeIlecTs,
3Hepruu U nepefada vHGopMaIuu.

OcHogHbLE ceolcmea Huevlx OP2AHU3IMOE 11

3. OpzaHu3meHHbLil. DIeMEeHTAPHOHN enanueﬁ 9TOT'0 YPOBHA CAYKUT 0COOL
KOTOpas pacCMATPHUBAETCS B PABBUTUH — OT MOMeHTA 3aPOKIAEHUS 10 npei
KpAallleHus CYIeCTBOBAHUS, — KaK JKuBadA cucTeMa. BosHMKAalOT TKanu,
OpraHbl, CHCTEMBI OPTAHOB, IpPeAHASHAYEHHBIE AJIA BBINOJTHEHUA PA3JIny-
HBIX (QYHKIIHMIL.

4. ITonyasayuonrno-6udosoii. COBOKYIHOCTh OPFraHU3MOB OJHOTO U TOTO Ke
B2, 00beIUHEHHBIX OOIIUM MecTOM 00UTaHNuA (IO A1), — HaLop-
raHU3MEeHHAd CUCTEeMa, B KOTOPOii OCYIIEeCTBIIAIOTCA 2JIeMeHTaAPHbIE 3BO-
JIIOITNOHHEIE TpeoOpa30oBaHMA.

5. BuozeouenHomuueckuil. BuoreoieHo3 — COBOKYIHOCTb OPTaHU3MOB Pas-
HBIX BUJOB M PA3JIUYHOI opraHusanuy ¢ GakTopaMu cpelbl UX OOUTAHHIA.

6. Buocgepusiii. Buochepa — COBOKYIHOCTH BCeX OUOTeOIleHO30B, caMas
KPYIIHAsI SKOCHCTeMAa 3eMJIM, OXBATHIBAIOIIAA BCE ABJIEHUA KHU3HHN HA
Hameidl niamete. Ha 5TOoM ypOBHE IPOMCXOAUT KPYTOBOPOT BElllECTB
¥ IpeBpallieHne SHePruu, CBA3aHHEIE ¢ JKU3HeIeATeILHOCTLIO BCeX KH-
BBIX OPraHM3MOB, OOMTAIONINX Ha 3eMJe.

BceM ypoBHAM Oprasusauy :KMBOH MPUPOALI MPUCYINHM YePTHI, OTINYAIO-

LIHe ee OT HeXXKHMBOUM MaTepuu.

OcHoBHBIE CBOHCTBA KHBBIX OPraHU3MOB

BuIieA0T psii OCHOBHBIX CBOMCTB, IPUCYIIINX *KUBBIM OPraHn3MaM.

1. Eduncmaeo xumuieckozo cocmasa. B cocTaB JKUBBIX OPraHN3MOB BXOIAT
Te JKe XUMHUYECKHE 3JIEMEHTBI, UTO ¥ B 00BEeKTHI HeXKMBOH npupoabl. OqHaKo co-
OTHOIIeHUE 3J€MEHTOB B *KMBOM U HEXHMBOM HEOJHHAKOBO. B JKMBBIX OPraHu3-
Max 0K0J10 98 % XMMHUeCKOro COCTaBa IPUXOANTCA Ha YeThIPE 3JIEMEeHTAa: yIJie-
PoZ, KMCJIOPOI, a30T M BOJOPO.

2. Obmen sewecms u snepeuu. Bee :xuBbie opraHu3Mel Ha 3eMJe — OTKPBI-
ThIE CHCTEMBI, YePe3 KOTOPbIE IPOXOAAT IOTOKH BEIleCTB ¥ aHepruun. Oprasns-
MBI TIOTJIOIIAIOT M3 OKPYIKAIONUIEH CPeIbl 9JI€MEHTHI, He0OX0AMMBIe AJIA IIUTAa-
HHSA, U BRIJEJAIT IPOAYKTH KusHemeATeabHoCcTH. OOMeH BellecTsB obecIeun-
BaeT IOCTOSHCTBO XMMHUYECKOI0 COCTABA Y CTPOEHHUS BCeX yacreil opraHuaMma.

3. Camosocnpouszeedenue (penponykiuus, pasMuo:xkenne). CymecTBoBaHue
1106010 OpraEnuaMa orpaHuYeHo BO BpeMeHH. IIpeeMCTBEHHOCTS KU3HU CBA3a-
Ha ¢ CaMOBOCTIPOU3BeieHeM, OJaroaaps KOTOPOMY BUA He UcuedaeT U IMPOoJI-
JKaeT CYIIecTBOBATEL. B OCHOBe 9TOro mmporecca JexXuT obpa3oBanrie HOBEIX MO-
JEKY1 U CTPYKTYP, KOTopoe 06yCclIoBIeHO MHpopMaIuel, 3aj0/KeHHOH B I0-
clenosaTeanHocTH HyKJIeoTuoB JHE,

4. Hacaedcmeennocmos — CBOMCTBO OPTAaHM3MOB IePeABAThH CBOM NPU3HA-
KH U 0COOEHHOCTH PA3BUTHA W3 NOKOJEeHHA B mokojgenue. OHa o0ycJjoBJIeHA
CTabMIBHOCTELIO, TO €CTh IOCTOSHCTBOM cTpoennaA moaexya THE.

5. Hamenyusocms — CBOMCTBO JKHBBIX OpraHu3MoB mnpuobpeTaTh HOBBIE
HDI:I:;HaRH B IIpoIlecce MHAWBUAYAJIBHOIO PAa3BUTHA, B 3aBUCUMOCTH OT yCJO-
BU# cpesbl. I3MeHUNBOCTS CO3AaeT pasHooGpasHblil MaTepual giaa orbopa Ha-
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ubosiee IPUCIOCOOIEHHBIX ocobeil K KOHKPeTHBIM YCIOBUAM CYILEeCTBOBAHKA,
4TO IPUBOAUT K TOSIBJEHUIO HOBBIX (OpPM KUBHN, HOBBIX BUAOB OPTaHU3MOB.

6. Pocm u paszsumue. PocT ;KUBBIX OPraHN3MOB COIIPOBOMKAAETCA UX Pas-
BUTHEM, KOTOpoe 00yCJOBJIEHO reHeTHYeCKOH IIPOrpaMMoil, 3aJ0KeHHOH
B JHK. Passurne s MBOM (POPMBI MaTePUH MPEACTABICHO MHANBAAYAIDHEIM
¥ MCTOPUUYECKUM Da3BUTHEM. Ha nmpoTsameHn# MHAWBUAYAJILHOI'O Pa3BUTHSA
(oHTOTEHE3a) IPOABIAIOTCA BCE cBoiicTBa Opranuamos. Mcropuyeckoe pasBu-
rue (PUIoreHes) CONPOBOKAAETCA 06pa3oBaHMeM HOBBIX BUJIOB U IPOTPECCUB-
HBIM YCIOYKHEHHEM KU3HY. PesyIbTaToM OHTOTeHe3a U (puiorenesa ABIAETCHA
BCce MHOT0OGpasie OpraHn3MoB Ha 3eMle.

7. Pasdpaxcumocmb — CBOWCTBO JKUBOIO DPearnpoBaTh HA BHEIIHNE niIn
BHyTPEeHHHUE BO3AeHCTBUA — PasAparkKuTesH. DTO CBOICTBO JEKUT B OCHOBE
IpUCIIOCOBIeHNA OPraHU3MOB K M3MEHAIOMMUMCH YCI0BAAM cpeabl.

8. Juckpemnocms (ot nar. discretus — pasjeseHHbIi, IPePHIBUCTHIN) —
BceoOmee cBoiicTBo Marepun. JlioGaa GuonoruyecKas cucreMa (opraunmusm,
BU[, GOTEOIEHO3) COCTOUT U3 OTAEJIbHBIX, HO B3aMMOEHACTBYIONNX YacTeil.

9. Camopezyaayus — CIOCOGHOCTD YKUBBIX OPraHA3MOB IOAEPIKUBATE I10-
CTOSHCTBO CBOEr0 XMMMYECKOT0 COCTABA ¥ MHTEHCUBHOCTH TEUEHI A du3mOoI0-
IHYeCKUX IPOIECcCcoB (roOMeocTasa).

TaxuM 06pasoM, XHUBbie OPTaHN3MbI KAPANHAIBHO OTJIMIAITCA OT HEHH-
BBIX CHCTEM. DTH OTVINYHNA IPUAAIOT *KU3HKA KaueCTBEHHO HOBBIE 0COGEHHOCTH.
MaTepHanucTrdecKoe omnpejeeHye KUSHU Gosee 100 ster Hasax gan P. JH-
resbe: «KHU3HD €CTh cI0co0 CyIeCTBOBAaHNA OENIKOBBIX Tell, U 3TOT crocob cy-
{I[eCTBOBAHUA COCTOUT IIO CBOEMY CYLIECTBY B IIOCTOAHHOM caMO0GHOBJIEHIU
XUMHAYECKHUX COCTABHBIX YacTell 9TUX TeJI».

Bouiee nogpoGHOe onpeaeieHne IOHATUSA «KU3Hb» IPUHAAIEHKUT OTEIeCT-
BeHHOMY yieHoMy M. B. BoJbKeHIUTENHY: «Kuevie meaa, cyueCTByIOIIKE HA
Bemie, npedcmasnsiom coboil OMKpPbLMble camMopezyrupyioujuecs, camosoc:
npou3eodausuecs, CAMOOOHOBLAOUUECS CUCTIeMbL, NOCTPOCHHbLE U3 6uononu-
Mmepog — 6enr06 U HYKAEUHOBbLX KUCLOM» .

OCHOBbI LLUTOJIOMNHN

Iumounoeus (0T rped. cytos — KJIeTKa) — HAYKa, U3YHAIOIIaA CTPYKTYDY
U GYHKIMH KJIeTKH. B HCTOPUH LMTOJOTMY MOXKHO BEIJIETUTD 3 9Tamna:

I sranm — ommcaTeabHbIe HAOJIIONEHSA.

Ucropusa u3ydyeHNs KJIETKH CBA3aHAa ¢ Pa3BUTHEM METOAOB UCCJIELOBAHUSA,
B IIEPBYIO OUepelb C Pa3BUTHEM MHUKDPOCKOMHUECKON TeXHHKH. MMKpocKon
6n11 n3o6pered B 1590 r. rosnanacKuMu MexaHuKaMu 'aEcoM B 3axapuem
Hucenamu. OH cocrosan u3 TyObl, HMeBIIEH ABa YBEJHMUYUTENbHBIX CTEKJIA U
NPUKPEIJICHHO K rojcraBke. Anraumiickuii yuensiii Po6epr I'yk Buepsbie
IpUMeHNI MHKDPOCKOTI JJIA HCCJeAOBAHMUS CTPYKTYPEI PACTUTENBHBIX TKaHeH,
B 1665 r. npu ucciregoBanuu cpesa npodku P. I'yk 3ameTn Mmeskue mojaocTH,
MOXOJKHMe o POopMe Ha AYEeHKH NUYEJUHBIX COT, ¥ HA3BaJ UX sS4elKaMH, WK
KJeTKaMu. ITO GbLIN 060JI0YKK PAaCTUTENBHBIX KJIETOK — MMEHHO TaK Ha3Bal
HX ecTecTBOMCIBITATeNnb. B 1676 1. ronnasacKkmil HATYpajuCT AHTOHU BaH
JleBeHI'yK BIIEPBBIC OIMCAJ KJICTKH JKUBOTHOTO opranuaMa. OH OTKPBLI U ONIN-
CaJl 3PUTPOIMUTHI TO3BOHOUHEIX, CIIEPMATO30M b, CTPOEHHE CePAETHON MbIIII-
IIBI, & TAKJKEe OJHOKJIETOYHEBIE OPraHU3MbI (IIPOCTEHIITNX ).

Il sram — cosgaHMe KAETOYHOI TEOPHH.

OrkpeiTna XVII—XVIII BB. nmoxasanau, UTO PACTUTENbHBIE M JKUBOTHBIE
OPraHM3MBI COCTOST U3 KaeToK. B 1838—1839 rr. HeMenkue yueHble — 60Ta-
HUK Martuac Hlneiinen u ¢pusuosor Teogop lIsann — chpopMyaupoBanu oc-
HOBHBIE TTOJIOKEHUSA KJIeTOUHOH TeOpuH:

Bce opeanusmut cocmosm u3 00uUHAK08bLX CMPYKMYPHHLX e0UHUY — KAEMOK.

Kremxu pacmenuii u musomuulx cXo0Hb. No cmMpPOeHu, o00pas3yrwmcs
U pacmym no oOHUM U meM JHe 3AKOHAM.

Oxrakro ydyensle 0muG0YHO IOJATANH, 9YTO KJIETKHU B OpTaHu3Me BOSHUKAIOT
IyTeM HOBOOOPABOBAHHUA U3 HEePBUYHOrO HEKJIETOYHOTO BellecTBa. ITO NMpes-
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craBjieHMe OBLIO ONPOBEPTHYTO HEMEIKHM Y4YeHBIM Pynonsdom Bupxosom
(1858 r.). Om nucal: «Beakxas KiemKa npoucxodum ua 0pyzoil Kiemyi..y» —
70 ecTh 0GOCHOBAT MPUHIINII IIPEeMCTBEHHOCTH KJIeTOK My TeM ACTeHUA. Idto yT-
BepUKJeHHe CTANI0 TPETHUM I10JI0KEeHNEM KJICTOUHOU TEOPHH.

1II aTanm — cTaHOBJIEHHe COBPEMEHHOM KJIeTOUHOH! TeOPHH.

BozmoskHOCTH cBeToBoro mukpockoma XVII—XVIII BB. OblIM OTpaHu-
genHsl. I103TOMY HaKOILIeHIE MaTepuaa O KJIeTOUHOM CTPOCHUU pacteHu#
1 JKHBOTHLIX, O CTPYKTYPe CaMHWX KJETOK HIJI0 MeJJeHHO. Wszobperenue
g 30-x rr. XX B. 3JeKTPOHHOTO MHKDOCKOIIA ¥ YCOBEPINEHCTBOBAHNE B CBI-
31 C BTHM MeTOA0B HCCJIEZOBAHMI ITO3BOJIMUJIN HAMHOTO ro1y6sKe U3YUIUTH
CTPYKTYDY ¥ PYHKIMOHMPOBaHUE PA3TUYHBIX KOMIOHEHTOB KJICTKH. Ha oc-
HOBAHUY TOJYUEHHBIX Pe3yJbTaToB Obliy cHOPMYIUPOBAHBI OCHOGHbIE 1O
LOHCCHUS COBPEMERHOU KAEMOYLHOL Meopul.

Bee ycusble 0pzanu3mbl COCMOANM U3 KJLEMOK.

Kaemka — 5/eMeHMapHas HUBASL CUCeMNa, eOUHUYA CIMPOEHUA, HU3He-
deamebHOCIU, PASMHONCCHUS U UHOUBUOYQJIbHOZ0 PA3EBUMUS HUBLLX Op2a-

HU3MO6. BHe KiemKu Hem HU3HU.

Kaemicu 6cex opzanu3mo8 cX00HbL NO CMPOEHUIO U XUMULECKOMY COCTAEY,

U 6 HUX CX0OHbLM 06PA30M NPOMEKAIOM NPOUECCh OOMEHA BeULECME, XpaAHe:

HUe U Peanu3ayus HacaedcmeeHHol UHPOpMayUL.

Hoebile KAemKl 803HUKAIOM MObKO nymem 0esleHus paxee Cyuecmeyo-

wux Kaemok.

Knemounoe cmpoerue 6cex HblHe HUBYWUX OPZAHUIMOE — ceudemenbcm-

80 eOUHCMEBA UX NPOUCXOHTEeHUA.

Taxum 06pa3oM, B Hauasre XX B., 61arofaps Co3NaHUI0 KJIETOYHOM TeOPUH,
c)OpMUPOBAIIOCH IIPEJCTARJIEHNE O €JUHCTBE opramuueckoil Ipuposasl.

MeToAbI H3YUEHU KIETKH

1. CBeroBas MHKPOCKOIHMS:

1. ®a3060-KOHMPACMHASL MUKPOCKONUS — 3TOT METO/ IT03BOJIAET PESKO
HOBHICUTH KOHTPACTHOCTb N300pakeHns 06beKTa.

2. ITonapu3ayuoHKHas MUKPOCKONUSA — MeTOJI, TIPH KOTOPOM B II0Jie 3pe-
HUA NOJIAPU3AIMOHHOTO MUKPOCKOIIa B pe3yJibTaTe IBOMHOrO JyHuenpe-
JIoMJIeHU S («AHA30TPOINK » ) 00 BLEKTHI OKA3HIBAIOTCA APKO CBETHAIIUMM-
cs Ha TeMHOM (oHe.

3. HumepgepeHyuoHHas MUKPOCKONUS — MeTOJ, NpH KOTOPOM CBET
pasjensieTca Ha ABa nyuka. OfvH M3 HUX IPOXOAUT Hepes 00LeKT,
Apyroil — MuMoO Hero. BeaeacTsue 9T0r0 CBET, HpoIIeAInii yepes 06b-
eKT, WCIBIThIBAeT (DA30BLIN C/BUT, U M300pakeHie CTPOUTCA TAKHM
o6pasoM, 4TO YyUYACTKH KIeTKH, 001a1ai0mue pasHoii MJIOTHOCTHIO, Oy-
AVT OTJIHMYATHCA APYT OT APYyra IO CTeNeH! KOHTPACTHOCTH.
Mukpockonus 8 memHOM nojie — npueM, Ipu KOTOPOM n300pasKeHne
nonazfaet B O0LEKTUB B Pe3yIbTaTe OTPAXKEHUA cBeTa OT o0bexTa, 614-

~
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roJaps yemMy MeJjbuaiiiine 4acTHIIbl BHITVIAAAT CBETAILIMMMC TOUKAMHU
Ha TeMHOM (oHe. )

5. Yavmpagpuoaemosas MUKpoCKonus — cmnocod, Ipu KOTOPOM KOMIIO-
HeHTH! 06bEKTA 00aZaI0T cCHenuuUecKuM morioleHueM ¥ @-nyyei
¢ oIIpefiesIeHHON ATMHOU BOJIHBI, UTO TO3BOJIAET BEIABUTD X 6€3 OKpa-
IMBAHUA.

6. dayopecyenmnas MUKPOCKONUS — METOJ UCCHETOBAHUA KUBBIX KJe-
TOK B yabTpaduoseroBoMm csere. Ilo3posisger U3yyuTh COOCTBEHHYIO
daroopecuennuio (CBeUeHNE) BEIIECTB, a TAKXKe UX CTPOEHHE IIOCJIe HO-
f6aBjeHHNs B HIX CHeIUaNbHBIX Kpacureeii (dhuayopoxpomMos). JanHbIi
MeTOZ IIO3BOJIAET OINIpPeNeNUTh MECTa PACIOJOKEHUA HYKICHHOBBIX
KHCJIOT, BUTAMUHOB, JKUDOB U AD.

7. Juppepernyuanvnoe yrompauenmpupyzuposanie — MeTOJ usyde-
HUA cOCTaBa KJIEeTOK, OCHOBAHHBIM Ha pa3fesleHHH KJIEeTOUYHBIX Opra-
HeJIT U BKJIOYeHHU 00 MX maIoTHOCTH. IIpy 6BICTPOM BpalleHUN pac-
TBOPA B CHEIMAJbHOM NpUbope — yJIbTPalleHTPU@YIe — OpTraHeJIIbI
KJIeTOK BBIIAAAIOT B OCAN0K, PAacIoJaradch CIOAMH B COOTBETCTBUU
€O cBOEH MJIOTHOCTHIO. ITH CJOU Pa3qeJA0T U U3yUaloT OTAENBHO.

I1. 9JekTpOHHAT MMKPOCKOIIUA:

1. Tpancmuccuonnas 31eKMPOHHASL MUKPOCKONUA — U300pasKeHne Ha
hayopecuupyoiieM 3KpaHe 3JIEKTPOHHOTO MUKPOCKOIIA IIPU PACCEeH-
BAHNH IIYUKA JJEKTPOHOB o0bexToM. YeMm Ooibllle paccenBaroIas
CIOCOGHOCTH TOT'0 MJIM MHOr0 y4acTKa, TeM 60jee TeMHBIM BBLITJIAAUT
OH Ha 9KpaHe.

2. Cranupyiowasn (pacmpoéas) 3AeKMPOHHAL MUKDOCKONUS — METOX
M3y4YEeHUA TPEXMepPHOI MOBEPXHOCTH KJIETKHU JeHCTBHEM IMydKa dJIeK-
TPOHOB IO IIOBEPXHOCTU 00'BEKTA.

II1. PeHTreHOCTPYKTYPHBIN aHANIN3 — H3y4YeHHe KOHMUTYPALUNA MOJERYJT
0eaKa, HYKJIEHMHOBBIX KHUCIOT 10 pacipeseeHuio Ha 06’beKTe DEHTTeHOBCKOI0
U3JIyUeHusd.

IV. BuraasHoe (IpHKH3HeHHOE) M3yUeHHE KJIETOK — HU3yueHHe CBOOOJHO-
JKUBYIIMX NPOCTERIINX OPraHu3MoB, KJIETOK KyJIbTYDHI TKaHH, 4 TaAKMXKe KJe-
TOK KPOBH.

H3yuenue purcuposannvlx Kaemox (C UCHONb30BAHUEM CIenu(UIecKo
06paboTKu U IIPUMEHEeHMNEM Da3JIUYHbIX KpacuTejeil) IpoBOJUTCA CIeAYIOIH-
MH METOHAMU:

1. IJumoxumuueckue memodv. UCCIeJOBAHNA OCHOBAHBI Ha IPHHIUIIE
cHennpuIecKoro CBA3LIBAHNA KpacuTesell ¢ onpeejieHHBIMI KOMIIO-
HEHTaMH WJIH BeUleCTBAMU KJETKH.

2. Asmopaduozpagus OCHOBaHA HA DErmcTPAIlMM BellleCTB, MeUYeHHBIX
PAAVOHYKJINIAMU.

3. Hmmynozucmoxumuieckue memodel OCHOBAHEI HA OlIpefe/IeHUH aH-
THFEHOB B KJIETKAX W HA O0OHADY KeHUHU TKAHEBbIX aHTHUTEJI.

4. Humocnexmpogomomempus 6asupyercs Ha ONpeeTeHUH KOIUIecT-
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Ba BeIIEcTB U UX COCTABHBIX DJIEMEHTOB B KJIETKE B 3aBUCHMOCTH OT
HOIJIOUIEHIA CBETOBBIX Jyueln orpeae/eHHO JJIMHbI BOJHBL.

5. L[umo@u3uonozuieckul Memod onupaeTcsa Ha u3ydeHune HU3NOJIOTHU-
JeCKMX IPOIECCOB HA OT/eNbHBIX N30IMPOBAHHBIX KIETKAX — MBIII-
b, HePBHBIE CTBOJIbI, TAHIJIMH U T. 1.

6. Memod Kyaibmypbl MKakeil TpPeANONAraeT UCCACAOBAHUE HUBLIX
KJIETOK, MOMEMIEHHBIX B COOTBETCTBYIOIIYIO cCpely, B KOTOpOH OHM
criocOBHBI K aBTOHOMHOMY POCTY.

[IpUMeHSIOTCS TAKKEe MUKPOXUPYP2UA — BBINOJHEHNE C ITOMOIIBIO CIIeLU-
aTbHBIX MAHUIIYJIATOPOB PAsiMUHBIX Oepalnuii Ha KJeTKe 1 ee OpraHonax, —
H NpUNCU3HeHHOe OKPQUILEAHUEe XUBBIX KJIETOK KPACHTENAMU B IHUala3oHe
KOHIIEHTPAIHil, He BBI3BIBAIOIMX TOKCUIECKOT0 3pderTa.

O61ee cTpoeHue KIeTKH

Kaemia — 3mo 9J1eMeHmaphas CmpyKmyphas, PYHKYUOHAIbHAA U 2eHe:
muueckas eOUHUUA HUBLLX OPZAHU3MO8, 0ZPAHUYEHHAA noaynpoHuyaemoil
MeMOPAHOiL, COCMOoAWAR U3 A0pa U YUMOnia3mot, cnocobHas K camopezyns:
yuu, CaMOOGHOBAEHUIO U camMo80CNPOU36E0eHUI0.

dopma kieTkn (puc. 1). PasanyaioT KIeTKH ¢ naMeHuUBoI Popmoit (amebb1,
JEHKONUTHL U Ap.) M KIeTKU, (opMa KOTOPBHIX Gojee MIM MeHee IOCTOAR-
Ha u cmenmuuUHA AIA KAKAOro ux tuna (uHdysopuy, CrnepMaTo30UARL,
SPUTPOIMTBL, SIIUTENHANbHbIE X HEPBHBIE KJIETKH,
a TaKsKe GOJBIIKHCTBO PACTUTEIBHBIX KJIETOK).

dopMa KJIETOK 3aBMCHUT OT UX (DYHKIIMOHAID-
HOTO NPUCIIOCOGIeHNA, TIOBEPXHOCTHOTO HATAME-
HUS M BASKOCTH IIPOTOILIA3MBI, MEXaHUIECKOro
BO3/I€HCTBUA NTPIJIETAIOIIUX KJIETOK, PUTHAHOCTH
(sKecTKOCTH) KJIETOYHOH MeMOPaHB..

Paszmepn! kiaeTok. Pasmepbl KJIETOK KoJIe0-
JIOTCSI B HIMPOKHMX Ipejenax. Jlmamerp caMbIX
MEJIKHX KUBOTHHIX KJIeTOK paBeH 4 MEM. OnHa-
KO HEKOTODbIe PACTHTEJIBHBIE U YKMBOTHBIE KJIET-
KII MOYKHO BHIETHh HEBOODY KEHHBIM IJIa30M, TaK
KakK OHM IOCTHralT HECKOJBKUX CAHTHMETDOB
B AmaMerpe (HanpuMep, ARIEKIETKH).

B TkauEAX KUBOTHHIX 00beM KJIETOK oIlpefe-
JIEHHOr0 THIA JOBOJLHO TOCTOAHEH U HE 3aBUCUT
oT 0GINUX pasMepoB Tena. Hampumep, KJIETKH
HOoYeK ¥ IeUeHH y OblKa, JIOIAaAN U MBIIIN UMe-

Puc. 1. dopma kneTok:

a — HepBHas KNeTka; 6 — r — 3M- 1OT IPUMEPHO OJHUH M TOT JKe padMep; pagnuiue
TENUaNbHbIE KIIETKU; 4 — COEAUHU- B BeJIMUMHe OopraHa oOyCJIOBJIMBAETCA UHCIIOM,
TENBbHOTKAHHAN KNETKa; e — aiue- a He 00'beMOM KJIeTOK. ITO IPaBUJIO MHOra Ha-
KNeTKa; X -— MbilLie4Hana knetka 3BIBAIOT 3AKOHOM NOCMOAHH020 obsema.

Xumuwecrcuﬁ cocmas Kiemku 17

XUMHIECKHH COCTAB KJIETKH

B cocTaB jKUBBIX OPraHU3MOB BXOJAT Te Ke XUMUYECKMe JIeMeHThl, KOTo-
pble COCTABIAIOT U OGBEKThI HEKMBOK IPUPOJLL.

Coaep:raHie B KJIeTKe XUHMHYECKUX coeamHeHui (6 7 Ha cbLpyto maccy)

BentecTBa ]
Heopranuueckue OpraHuuecKkue
Boga 70—80 Benxu 10—20
JKuper 1—5
MuuepajibHBIE COJTI 1—1,5 YrieBoabl 0,22
HyxnaeuHosble Kucaotel  1—2

B kueTKe o6HapysxeHo 6onee 80 xuMmuuecKux sjneMenToB Ilepuoguyeckoi cu-
cremul 1. A1, Mengeneesa. Ilpubausutensro 40 2/1eMeHTOB IPUHUMAIOT y4aCcTHE
B IpoIieccax o6MeHa BelllecTB U 00,1aZal0T BHIPAXKeHHON 6HOIOruYecKoil aKTHB-
HOCTBIO. DTH 9JieMeHThI Ha3bIBAIOTCA OHOTeHHBIMH. 110 cofepKaHUIO UX JeNdaT Ha
TPH PPYIIIBI:

1. Maxposnemenmoi (98 %) — O, C, H, N.

2. Muxkpoaaemenmst (1,9 %) — K, P, S, Mg, Cl, Ca, Na, Fe.

3. Yavmpamurposaemenmsi (0,01 %) — I, Cu, Co, Zn, Mo, Br, Mn, B u ap.

Boda B cpenuem cocrasiader 80 % maccel KIeTKH (10 95 % — B KJIeTKax Me-
ayset, 90 % — B KJeTKax 3apomslllla deoBeKa, 79 % — B MBIIILIAX CepALa,
60 % — B cTapbIx KJIeTKax u 10 % — B KIeTKax sMany 3ybos). Boga Haxoaut-
¢A B KJIETKAaX B ABYX (hopMax: cBo6ogHOH — 95 % u cBasannoit — 5 % . Ilore-
pa 20 % Boawl cMepTesibHA 15 oprarnsMa. Taxkoe BBICOKOE cofep:KaHNe BOAbL
B KJIETKe OIpe/lesAeTcss MHOrooOpasueM ee GyHKIHIL:

- cpela AJA NPOTEeKAHUS OMOXMMUIECKHX PeaKIuii;
- VHUBEPCAJbHBII pacTBOPUTEIIb;
- CpeACTBO TPAHCIIOPTHPOBKY BEIECTB B KJIeTKax (Zuddysus) u B opranname

(kpoBoobpallieHuE);

- o6pa3oBaHiie KJIETOUHBIX CTPYKTYD (DoabIoe cojep:KaHne B HUTOILIa3Me);
- onpejiesiser 00beM W YIPYrocTh KJIeTKH (obecmeunmBaeT OCMOTHYECKOE

U TYPrOpHOE IaBJIeHUE);

- ydacTByeT B TepMOperyJsinuu (6garojaps BbICOKOU TEIIJIOEMKOCTH U TEILIO-

TIPOBOAHOCTH);

- y4acTBYeT B PeaKI[UAX IHAPOIN3a U (POTOCHHTE3a (MCTOUHNK HOHOB HY);
- cpezia IJifA OMJIOAOTBOPEHM;
- y pacTeHHi ofecrieunBaeT TPAHCIUPALIUIO U IpopacTaHue CeMsiH.

Buosorndeckas poJib BOBI ONPefeaAeTcs MaJIbIMI pa3MepaMyu MOJIEKYJI,
cnenuduKoOil MX CTPoeHUs (MOJSIPHOCTH, CIOCOGHOCTL 00pPa3OBHIBATH BOAO-
poaHbie cBs3u). Ilo oTHOIIEHHUIO K BOJEe BCE BellecTBa JeldATCA Ha 2udpo-
dunvhble (PacTBOPUMBIE B BOJIe) — MUHEPAJbHBIE COJYU, KACIOTHI, IMeJI0tH,
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BuoJjornyecKkas pojib HEKOTOPHIX XHMUYECKHX 3JIEMEHTOB

DyreMeHTEI DuU3NONOTUYECKASA POID

Yraepox (C) BxoxaT B cocTaB BOAbI, OPraHUYEeCKHX BelllecTs {(6enKu, HyK-

Bopopox (H) JIEMHOBBIE€ KUCJIOTEL, YIJIEBOABI, JIUTTHABI).

Kucaopog (O) Y4acTBYIOT B CHHTE3€ OPraHNUeCKHX BellleCTB U QYHKITUAK,

Azor (N) OCYIIIEeCTBJISIEMBIX STUMU OPTaHUYeCKUMHU BEUIeCTBAMMU.

Harputi (Na) YyacTeyeT B mpoleccax Bo30YKIeHNA KICTKU, B MOAAEPIKA-
HUK OCMOTHYeCKOro aasienus u pH cpexnnl, Bauser na paboTy
nouex

Kanpnuii (Ca) BxoxuT B cocTaB KOCTHOH TKaHH, HEOOXOOHM IIPH CBEPTHIBA-
HUK KPOBU, MBILIEYHOM COKPAIeHUN

Kanui (K) Heo6xoaum Ansa Bo36yKeHUs HEPBHBLIX KJETOK, NPOBEIeHUS
HMIYJIbCOB, COKPAIEHNA MBIUII]

Xgop (Cl) VYyacreyer B noggep:kannn pH XelyIOYHOTO COKa, OCMOTHYE-
CKOT'O HABJEHUS ILJIa3MbI KPOBH

docdop (P) CTpYKTYDPHBIIT KOMIIOHEHT KOCTEeH ¥ 3y0OB, BXOLUT B COCTaB
AT®, HAI®, docdonunugos

Kemnezo (Fe) CTpyKTYpHBI#f KOMIIOHEHT IreMOIVIOOMHA KPOBH, MHOIJIO0HMHA
MBI, GePMEHTORB IEMH ITePeHOCa DJIEKTPOHOB

Hon (I) BxoauT B cocTaB ropMOHOB IIUTOBUIHON >KeJJe3bl

Mezs (Cu) YuacTeyer B Ipolieccax KpOBETBOPEeHUA H CHHTE3e TeMOIIo0H-
Ha

Drop (F) CrpyKTYpPHEIH KOMIIOHEHT 3y6HOI TKAHUI

Maruuii (Mg) Bxoaut B cocrar xJaopopuiana, KodpepMeHTOB, aKTHBUDYeET
aHepreruyecKuii oomeHn u cunres [JHE

Cepa (S) Bxoautr B cocTaB aMHHOKUCAOT, 6€JIKOB (MHCYJINH) U BUTaAMH-
HoB (B,)

Husak (Zn) Komnouent hepMeHTOB, HEOOXOANMBIX /IS HOPMAJIBHOTO pocTa

Kobanst (Co) BxoauT B cocras Buramuna By,

Maprauen (Mn) HeobxoauM Ansd OKHCJIEHHA KHUPHBIX KHCJIOT, YYacTByeT
B IIponieccax AbIXaHusa U poTocmHTE3a

MOHOCaXapuibi, 6eJIKN ¥ Ap. U 2udpodobHuie (BOGOHEPACTBODUMEIE) — JKMU-
DPEI, MOJMCAXAPUABI U JP.

Murnepanvrote coau cocrapaaoT 1—1,5 % maccwl Kaerku. Boakmas
YacTh HEOPraHMUECKUX BEIECTB HAXOAATCA B KJIETKe B BUJe cojieli — cep-
HOH, consinoii, Qocdopuoii. MuHepalbHbIe CONH WUIPAIOT BAKHYI POJb
B Pa3BHUTHUH KUBBIX OPTaHU3MOB. X HELOCTATOK WU U3OBITOK MOMKET NPH-

Opzanuwecrcue éeliecmea knemxu. Benru 19

BecTH K rubenn oprarusma. Coam MOTYT HAXOAUTBCA B KJAETKe Ju60 B BUje
MOHOB, 1100 B TBePAOM COCTOAHMH. MUHEDATbHEIE CONMH B BOJHBIX PacTBo-
pax AUCCOLUMMUDYIOT HAa AaHMOHBI M KaTHOHBI, YUACTBYIOT B MOANEPIKAHUY OC-
MOTHYECKOr0 JaBjieHusd (3a CUeT PAa3HOCTU KOHIEHTpauuil mo obe CTOPOHBI
MeM6PaHLI KJIETKM), MOAZEPXUBANT caabontesounyo pH (7,2—7,4) B TkAa-
HEBOH XUJKOCTH.

Oprammecrcne BenlecrBa KJeTKH

Bauefliumu opranndecKUMHE BellleCTRAMH KJIETKH SBISIOTCS BesIkm, xwu-
PBbl, YIVIEBOABI 1 HYKJIEMHOBBIE KUCJIOTHI,

CTpyKTYpHBIE U APyIrue OCOOEHHOCTH KJIETKM TeCHO CBSBAHEBL C AJTUHHBIMHI
MOJIEKYJIAMH, COCTOAINMMHY U3 HOBTOPAIOIIMXCA DIEMEHTAPHBIX eJUHUII, CO-
eTMHEeHHBIX KOBAJEHTHBIMH CBS3AMUA. JTH eJHHHUIbI HA3LIBAIOTCS MOHOMEpa-
MU, 3 06pasyOIUecs MAKPOMOJIEKYIIBl — NOIUMEPAMU.

Oprarndeckie COeANHEHNUS COCTABIAIOT B cpegHeM 20—30 % Maces KJIETKH
$KMBOIO OpraHusMa. B pasiuuHble THIB KJIETOK BXOAHT HEOAUHAKOBOE KOJIHYe-
CTBO OPTaHUYeCKUX coefuHeHul. Tak, B paCTUTENIBHBIX KJIETKAX npeobaazaioT
CJIOKHBIE YIJIEBOABI — IOJIHCAXAPULLI, B 3KHBOTHBIX — GENKHU M sKHPBL. OHAKO
Kaxjaf rpyIa OpraHuyecKuX BeleCTB B II060M THIIe KJIETOK BEIIOTHAET CXO/I-
HbIe (DYHKIINH,

Beaxu

¥ pactenmil GeIKH CHHTE3UPYIOTCA B puGOCOMAX U3 AMHHOKHCIOT. Y i
BOTHBIX G€JIKH IOCTYNAIOT B OPTAHUSM C MU, DACILEIIISIOTCA 10 AMUHOKIC-
JIOT, KOTOPBIe UAYT HA CHHTE3 COOCTBEHHBIX GEJIKOB B COOTBETCTBHHU C TeHETH-
YeCKUM KOZOM.

Cocmag beakos

Buonoaumepvt. MonoMepaMu SBIAIOTCA AMUHOKMCIOTH — HU3KOMOJIeKY -
JIApHbIE coenuuenus. Pasnuuaior 20 amunokucnor. O6was popmyna:

R

|
NH, — C — COOH,

H
rie NH, — amunorpymna (ocHOBHEIE ceoiictea), COOH — kap6okcusabpHad
rpynna (kucaoTHsle crRoiicra), R — pagukan (20 BapuaHToB). I10 amdoTep-
Hble COeNUHEHNH.
Ddusndeckue CBOHCTBa: GeciBeTHHIE, KpucTaaiaudecKue, pPacTBOPUMBI
B BOJle, HEPACTBOPUMBI B OPraHUYECKUX PACTBOPUTEIIX .
AMUHOKHCIOTHL, COeAUHAACE, 06PA3YIOT MeNTHAHYIO CBA3L (KOBAJIEHTHYO,
npounymo).
—C—N —
(-
O H
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Kaaccupurauus 6erios!
1. TIo KOHYEeCTBY AMHUHOKHCIIOT:
1. Onuronentuasi (ot 2 g0 10 AMHUHOKUCIOT);

9. TTomumentugsl (ot 10 no...):
coGerpenno noanmentuasl (o1 10 1o 100 AMUHOKMC/I0T) — TOPMOHBL;

OeIKU (IIpOTeI/IHbI) — o1 100 aMITHOKHCAOT JO HECKOJbKNX MUJIJIMOHOB.

11. IIo cocrasBy: .

ITpocmute Gearu (npomeutiot ) COCTOAT TOJABKO U3 OCTATKOB AMUHOKHUCJIOT:

npoTaMUHBl U THCTOHBI — BXOZAAT B cocTaB HyKJenpoTenpos. Mrpaior

BAKHYIO POJIb B PETYNANNA MeTaboJINYecKON akTUBHOCTU TeHOMA;

IpPOJAMUHBI M TJITOTETHHB — GeIKM PACTUTEJBHOTO IPOUCX 0K AEHN, CO-

CTABIISIOT OCHOBHYIO Maccy KJIeUKOBHUHDI;

aab6yMUHB! H TJIOOYJIMHBI — GeJIKM JKHBOTHOTO TPOUCXOMKIeHUs (Aud-

HEIH 060K, MBIIIIEI, MOJIOKO). }
Caoxcnbte Genku (npomeudsbt ) pA3aNYaioT ¥ HA3BIBAIOT IO MPOCTETIYECKOUN
(me GenKOBOM) TpyHIIE: ) }

XpoMoTpoTenpl — 0€JKH, B KOTOPBIX I POCTETUYECKOH TPYNIION CIYHUT

MUTMEHT (IeMOTJIOOUH, IIUTOXPOMBI, ABIXATENbHbBIE depMeHTHI);

HYKJIeOTTpoTen bl — GeskH, CBA3AHHBIE C HYKJIeMHOBHIMU KucjaoTamu (oc-

HOBA ALAEPHOrO BEIeCTBa — XPOMATHHA);

JIATIONPOTEU (bl — COeAUHeHNUsI GeIKOB U JUIN/O0B (pepMeHTHI IJIA3MATH-

yecKuX MeMOpaH);

docdornpoTenibl — COeJUHEHNA GenkoB u QocdarTos (B MOJIOKE, JKEJITKE

KypUMHOTO Aiilla, UKpe pril, ITHC);

[JIMKOIIPOTENIB — COeANHERNA OeJIKOB U YIJIeBOJ0B (KOMIOHEHT KIeTo4-

HOiIl MeMOpaHbI);

MeTaJLIONPOTeH bl — COoeJuHeHnsi OeIKOB U METAJLI0B (dbepMeHTHI).

II1. Ilo cTpyKTYyDpE:

Pubpurnaphvie GesKy — TOJUIENTHAHBIE HUTEBULHLIE LEIIH, HJI0XO0 pac-
TBOPUMEI B BOZe (KepaTHH BOJOC U POTOB, MMO3MH MBIIIH, KoJlJlareH KOocTel,
(pubpuHOreH KPOBH).

T'nobynaphoie GesKy — NONTANENTUAHBIE IENHN, CIOKEHHBIE B ¢opme mapa,
BOJOPACTBOPUMBIE (IIPOTEUHBI I1JIa3MBbI KDOBH, (epMeHTEBI).

Crpykrypsi Genka (yPOBHH oprammsanuu) (puc. 2)

ITepsuunas — nuHeiHAA MOCAE0BATEIBHOCTS AMUHOKNCIIOT, COeIUHEHHBIX
ADYT ¢ APYTOM TENTHUAHBIMU CBA3AMH B IOJUIENTHAHYIO LEIb (crienudnyna,
sakopuposana B [IHK, or Hee 3aBHCAT CBOWCTBA U dbyHKIME OETKOB).

Bmopuuras: NONUIENTAAHASA elb, 3aKPYIeHHAA B CIIMPAJID. ‘a-cnupaab —
HpaBO3aKPYUYEHHAs, BOBHUKAKOUAA B pe3y/bTare o6pazoBaHuA BOJAOPOTHBIX
ceazeit mesxay C=0 1 NH, MesxAy HePBBIM U TPETHUM AMUHOKHCIOTHBIMHA 3Be-
HbAMH (TJI001H);

— ckJaguarad, fcnupans, BOSHUKAKINAA B pe3yIbTraTe o6pa3oBaHUS BOLO-
DOLHBIX CBASEH Me Iy IapaIelbHO OPAEHTHPOBAHHBIMU YIACTKAMM 110

Cmpyxmypa Genrxa 21
JANEITUAHON MOJIeKYJIE (Kepa- w, M
THH BOJOC); R,/O\ o
— TpeXuJIEHHAA CIIMPalb — CIupae- L
BHJHAS CTPYKTYpPa, BOSHMKAIOIIAN o A
B pesyJbTare IeperjieTeHus Tpex I8
HOJUIIENITUIHBIX 1Ielel (KoJIareH). :>o<
TpemuyHas — TOJATIETITHAHBIE TeTH A
B pesyJbTare MPOCTPAHCTBEHHOH VKJIAJ- M r
KH 00pasyror 2106yay (kiybok). Ona xa- _?’ SR
NH

paKTepHa AJad OOJBIIMHCTBA OeJKOB
U TOAAEP:KHUBAETCSA MOHHBIMU, BOZODOZ- 1
HBIMH CBA3AME, THCYIb(H/IHEIMY MOCTH- Puc. 2. PaznuyHble CTPYKTYPbI MONEKyn
kaMu (-S-S-), ruapodobHBEIMHE B3AUMO- Genka: 1 — nepsuyHas; 2 — BTOPUYHAS
JedcrBuaAMHU. Bee riiobynsapubie 6eIkn —
¢epMEeHTHI, AHTUTEJIA, TOPMOHEL.

Jemeepmuutnas — XapaKTepHA IJ1d 0eJIKOB CO CJIOMHBIM CTPOEHMEM, CO-
CTOUT U3 HECKOJBLKHUX IOJHIENTHIHBLIX Ieltell, yAep:KUBaeMBIX B MOJEKYyJie
IuCyAb(UAHEIMUA MOCTHKAMHM, BOAOPOAHBIMU CBA3HMHU U TUAPODOOHEIMY B3au-
mozelicreuamMu. Hanpumep, MoleKkyia reMorio0MHa COCTOUT U3 YEThIpeX IIO-
JUIENTUAHBIX Lielel, Ka)Kaas M3 KOTOPBIX CBS3aHA ¢ OJHOH I'DYIIION rema,
YIAePKUBAOIEero KUCIOPO.

HapymieHne cTpyKTypHsl 6elKa HaspiBaeTca denamypayueir. OHa HacTymaeT
nox geficTBHeM (U3MUYECKHUX U XUMHYECKUX (PaKTopoB (TeMIlepaTypa, Bo3jei-
CTBHe KHMCJOT 1 AD.). BriBaeT o0parumoii (peHarypaiiisa) u HeobpaTumoi (ecin
HapyIIaeTcs epBUYHAA CTPYKTYPa MOJIEKYJIBI).

Pynryuu 6erkos:

1. Cmpyxmypras (cTpouTenbHass) — BXOLST B COCTAaB BCeX MeMOpPaHHBIX
CTPYKTYD.

2. Pepmenmamuenas (KaTaJauTudeckas) — (pepMeHTHI OPraHU3MA.

3. Bawumnas (MMMYHOJOTMYECKAsA) — AHTUTEJI4, MMMYHOIJIOOYyIWH,
uHTEepHEPOH.

4. Coxpamumeavras (OBUraTeJbHasA) — ABUMKEHUE DECHHUYEK, KIYTH-
KOB, COKpAIIleHue MBIIIII.

5. I'opmonaavras (peryasiTopHas) — rOPMOHBI (MHCYJINH).

6. Dnepzemuueckas — mpu cxuraguu 1 r Genka seipenserca 17,6 kJx
SHEpruu.

7. Tpancnopmuasa — reMorjobuH.

8. Peyenmopras — POXOICHH rasa (PelenTophl).

9. 3anacanuwas — AMYHLIN ATL0YMIH, Ka3eMH MOJIOKA, 3HA0CIIEpMa CeMAH.

10. Toxcuueckas — an 3Meli, TayKOB, HACEKOMbIX.

3 — TpetnyHas; 4 — deTBepTU4Has (Ha
npymMepe remMornodunHa KpoBu)

®epMenTsI

Depmenmut (oT nar. fermentum — 3agBackKa) — 970 0eJKH, IPUCYTCTBYIO-
IO¥e BO BCeX KUBBIX KJIETKAX U UTPAIOLIEe POJIb 6MOJIOrMIecKUX KaTaaIn3aTopos.
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YriaeBoasbl

B xiieTKax pacTeHH# yraeBOAbI CHHTE3UPYIOTCA B XJOPOIIACTAaX B MPOLec-
ce poTOCHHTESA 13 CO, u H,0 mox nelicTBHEM COJIHEWHOTO CBETA. B opraHusm
sKUBOTHBIX MOCTYIawT C mumefi. Cofepxanue yrieBoloB B KJETKE 1—5 %

(B KpOBH 0,1—0,12 %), B pacTUTEJLHOH KJIETKE 10 90 % (xaybHM Kaprodens,
ceMeHa).

VTJIeBObI — JTO YIJIeBOMOPOAHDIE coequaenns. O0mwasa popmyra: C,(H,0),.

Kaaccugpurayusa y2.1e60008:

1. TIpocTele yIieBoAbl — MOHOCAXADUABL. B 3aBHCKHMOCTH OT HucJja yrie-
BOJHBIX ATOMOB B X MOJIEKYJIe PasIudaioT: mpuo3vl (TIMLEPATBIETHA),
mempo3bl (spuTpo3sa), Nermo3bl (pubosa, nesoxcupubosa, BXoAAMIME
B COCTAB HYKJIEMHOBBIX KHUCJIOT, AT®), zexco3bt (TI10K034, dpyKTO3a).

9. CJI0MHbBIE YIJIeBOAbl — OTO MOJMMephl, COCTOAIINE U3 MOHOCaxapuioB,

coeAMHEHHBIX MINKO3UHOMN CBABBIO. PasanuaroT:

oauzocaxapudbl — YrieBOAbI, HOCTPOEHHEIC U3 uebonpioro uncaa (2—10)
MOHOCAXAPHUIHbIX OCTATKOB, PACTBOPUMBELE, HMEIOT cJIaKUHA BKYC;
ducaxapudvl. — YTIEBOIDL, 06 beIMHAIONKME JBa MOHOCaXxapuaa (nunie-
BOI caxap — caxaposa, COCTOUT U3 ONHO¥ MOJIEKYJIbI TJIIOKO3Bl U oaHoOA
MOJIEKYJIBI FAaJaKTO3Bl; MAIBTO3a = III0K032 + CJII0K034a; JaKT03a = IJII0-
K034 + raJaKTo3a; caxaposa = IJIIoKo3a + (dhpyKrosa);

noaucaxapudv. — CIOMHbIE BHICOKOMOJIEKYIAPHBIE yriaeBonbl, o6paso-
BaHHbIe COTHAMHK M THICAYAMHU MOJIEKYJ MOHOCaXapuAaos, HepacTBODHU-
MbIe, He IMEIOT CJIaKOro BKyca. 9T0 JMHelHbIe 1 pasBeTBJIeHHbIe 110U~
MepBI, MOHOMEPHI KOTOPBIX COEAMHEHBI TJIMKO3UIHOM CBA3BIO;
20MONOAUCAXAPUObL — COCTOAT U3 MHOXKECTBA OAUHAKOBBIX MOHOCAXAa-
PUIHBIX OCTATKOB (KpaxMmaJ, IJIHNKOreH, LeJLII0JI03a);
2emeponoiucaxapudbl — COCTOAT U3 MOHOCAXapHUAOB pasHbIX BUAOB (re-

.

NapuH).
dynryuu yzre60008:
1. CrpykTypHaa (cTpouTesibHAS) — BXOAAT B COCTAB KJIETOYHOH CTEeHKM
pacTeHuH, GaxTepuii, rpuboOB.
2. DHepretuuyeckad — MPY OKUCJICHHH 1 r yriaesojoB BBIJENAETCSH

17,6 kI sHEpTUMU.

3amacaromas — KpaxMaJj y pacTeHuH, IIMKOTeH y JKUBOTHBIX.

. Cocrasnoil kommnorernt JTHK, PHK, AT®, DA, HAL', HAO®".
BamuTHAsS — pPEleNTOPl TKAHEBOW COBMECTHMOCTH, XUTUHOBEIM 10-
KpOB UJI€HHCTOHOTUX.

o 00

HyxaenHOBBIE KHCIOTHI

Hyxneunosvie Kucaomoi (OT Jaat. nukleus— anpo, BUepBble GBLIM OGHADY-
JKeHBI B sifpe) — CJIOKHBIC IPUPOAHBIE BBICOKOMOJIEKYIAiDHbIE COeANHEeHu,
ofecreunBaOIe XPaHeHNE U IIepefaTy HacJe[CTBeHHOE nH(OPMATUH B K-
BbIX opragusmax. CocraBuaioT 1—5 % OT CyXO0i Macchl KJIETKH ¥ IPeJCTaB/Ie-
HBI MOHO- ¥ HOJHHYKJIEOTHIAMHU.

Yeaneeodvi. Hyxneunoévie xucnromsi. JJHE 25

OH
Asortucroe
OCHOBaHWe o
aAfeHuH, nnn
ryaHus, nan OH
LNTOZNH, MAW DAe3zokcnmpunbosa

TAMUH

Ocrarvox
pochopHon
KUCNOTHi

Puc. 3. CtpoeHune HykneotTnaa

Iorunyxaeomudvt — JuHelHBle OUOTOTUMEDPHI ¢ OTPOMHON MOJEKYIAPHON
Maccoit. MonoMepamu HYKACUHOBbLX KUCJLOM ABJIAIOTCH HYKACOMUODbL, COCTOA-
mye M3 a30THUCTOIO OCHOBAHUA, caXapa — IEHTO3EL U 0CTaTKa GochOPHON Kuc-
JgoTel (puc. 3).

A3omucmute 0CHOBAHUSA NIPEACTARICHBI MTPOU3BOAHBLIMY IIYPUHA, ITUPUMU-
nuHa. ITypurOoBBIe ocHOBaHUA: A — agenun; [ — ryauud. IIupuMuanHoBbie
ocgoBaund: Il — nurosun; T — tumun; ¥ — ypanuia. Tumus orimvaercs or
ypauuaa HajuyueMm MeTuiabHoIl rpynnsl (-CH,).

B o6pasoanny HYKJIEOTHJOB IPIHUMAOT yUacTHe JBA MOHOCAXapuaa — NeHmo-
3vt. 3ro pubosa — B PHK u nesoxcupubosa — B [ITHK. TperbuM KOMIIOHEHTOM HYK-
JIEOTUAOB ABJIAETCSI 0CMAMmMOK Poc@opHoil xucaomsl — gocpam. B 3aBucuMocTu ot
ymcsia pocaTHEIX TPYIT Pa3IndalT MOHO-, I~ H TpudocdaTsl HYKJIEOTH OB,

CoenuueHusa a30TUCTOTO OCHOBAHUA M Caxapa HA3BIBAIOTCS HYK.JIeo3udamu,
a ¢ uopucoenauHeHHbIM ¢ochaToMm — Hykaeomudamu. HazpaHnue HYKJIEOTHIOB
00yCJIOB/IEHO BXOAAITUMI B MX COCTAB A30THUCTHIMY OCHOBAHUSIMHU 1 0O03HAUAET-
cs1 3arJIaBHBIMU OYKBaAMMU.

B nmpupoje cyIiecTBYIOT ABA TUIIA HYKJIEHUHOBBIX KHUCJIOT, OTJIHYAIONIUXCH

IO cocTaBy, cTpoeHUo U pyuHKmuam: JHK — me3okcupnboHYKJISHHOBAA KHUC-
gora, PHK — puGoHYKJIeNMHOBAaA KNCJIOTA.

JAHK (me30xcHpUOOHYKJIEHHOBAT KHCJI0TA)

TpexmepHasa Mmogens crpoerusa JHK Owima npeanosxena k. YoTcoHOM
u ®@. Kpurkom B 1953 r. Moaexyna JHEK cocTouT 13 ABYX TMONUHYKJICOTHUI-
HBIX Ieledl, 3aKPy4YeHHbIX B IPABOCTOPOHHIOI cnupasb (puc. 4). Juamerp
cnupanu paseH 2 HM, mar cnupaiu — 3,4 uM. Ogun Burox nmeer 10 map
HykJaeoTuaoB. Hanpasinenne neneir JJHK Bszaumuo nporusonosoxuo. Ha 5
KOHIle BCErja paciojoKeH 0CTaTOK (Poc@OopHOIt KMCIOTH, Ha 3’ KOHIle — CBO-
6opxnas OH-rpynma. Ocros OMHK cocTaBiasiioT MOJEKYJBl 4e30KCHPHO03BI
u dpochaTos. [Tapsl a30THCTHIX OCHOBAHUH HYKJIEOTUAOB PACIOJIOMKEHB! BHYT-
pu crnmpanu. MeXAy OCHOBAHMAMH 00PA3yIOTCA BOAOPOAHBIe CBA3H. OCTOB
ob0pasyeTcs 3a c4eT KOBaJEHTHBIX cBasel (puc. 5). Crpoenne JHK ocrOBaHO
Ha IPUHIIUNAX KOMNJAEMEHMAPHOCMU U AHmunapaiiesviocmu. Janua Mo-
JIEKYJIBI MOKET JOCTUTATh HECKONBKUX CAHTUMETPOB. MoIeKyIapHBIN BEC —
AecATKY W coTHM mujanoHoB d (gansron). Cymmapnasa anuna [JHE szpa
KJETKH 4eJ0BeKa — 0Ko0Jio 2 M. B sykapuornueckux kinerxkax JJHK o6pasyer
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KOMILIEKCHI ¢ DeJKaMu 1 uMeeT crenudrie-
CKVIO IPOCTPAHCTBEHHYIO KOH(OPMATIHAIO.

T ossm Komnaemenmaprnocmbs — o00paszoBanue

Manas BOJOPOJHBIX CBA3EH MeXAy HYKJeoTHaa-

6°P°’“‘: T MU, UMEIONUMH NPOCTPAHCTBEHHOE COOT-
BETCTBHE.

A-T; T=1 |

2 H-casu 3 H-cBssu |

gg’gg;‘;f; - Hy}cne(zTnJ:LHme nocaes0BATENBHOCTH
nByx neneit [HK crporo xominieMeHTapHbI
IpYT ApPYTy: SHAHA IOCJef0BATEIBHOCTH OA-
HOM IleIY, MOMKHO C TOUYHOCTBIO OIpeJeInTh
ApYTYIO.
l C kommuemenTapHocTbio neneit JTHE co-
+ raacyerca npaguao dapeagpda o HyKIeOTU]-
oM cocrase JTHK (1949 r.). Creacreuem aTo-
ro mpaBuJia sBJasieTcs clefyioilee:
1. Yucso mypusos (A + I') pasHo uncry
20 1 nupumuansos (T + I1).

2. Yucno A=T,T'=11.

Jorxanrusayus [JHK 6 kaemke

B sykapHOTHYeCKOH KJIETKE MOJEKYJBI
ITHEK naxopxaTcA B sifipe, Iie BMeCTe ¢ fenka-
MU 06Pa3YIOT JHMHEeHHbIE CTPYKTYPBl — XPOMOCOMbL. X poMOCOMBI XOPOIIO BUJ-
HBL IPY UCCIIIOBAHKUH ¢ IOMOIIBI0 MUKPOCKOTIA B IIEPUOA AeJICHN A/pa; B He-
nendAmeiicsa KaeTKe (B uHTep(ase) OHU PACKPYUeHbBI (zecrmupasiusoBans). JJHE
HMEIOTCH B MUMOXOHOPUAX U NAGCMUOAX, TAE X MOJIEKYJIBL 00pasyoT KOJb-
eBbie CTPYKTYPHI.

B upokapuoruueckoit kiaerke [JHK pacmonaraercs B AgepHO obacTu —
Hykaeoude (0OJHA KOJbLEBad MOJIEKYJIa) U B LUTOIIasMe (MJIasMUuABl — Ma-
JleHbKME KOIbIleBsle Mosiexyasl JHE).

Cesoiicmea THE

Penaukauus (CaMOyIBOeHU€) IPOUCXOAUT B CHHTETHUECKOM IIE€PHO/E N3~
HEeHHOTO NMHUKJA KJeTKu. OHa mO3BOJAET COXPaHNUTh IMOCTOSHCTBO CTPYKTYDRI
IOHK. Penuukarnusd ocymlecTBAseTCA IO/ KOHTPOJIEM pAaa ¢depMEeHTOB H IIPO-
TeKaeT B HECKOJbKO DTAIOB, IOJYKOHCEPBATHBHEIM CIOCO60M (mogpobHee cM.
pasgen «[emeTura»).

Ecou mop BoszeifcTBMeM DasiIMJYHBIX (AKTOPOB B MpOLeCCe PeILIUKALNH
B mostekysne JHK IpOUMCXOAAT NBMEHEHHUA B YHC/Ie UM HOPANKE CIeI0BAHNA
HYKJIEOTH0B, TO BOSHUKAIOT MyTaIlUuN.

Penapayus (caMOBOCIPOM3BeIeHAE) — cnocobuocts Moneryasl JHE «uc-
IpaBIATL» BOBHUKAWIINE B ee LeNAX HM3MeHeHud, TO €CThb BOCCTaHOBJIEHHE
IPaBUILHON NOCJIeA0BATEeIbHOCTH HYKIE€O0THOB.

Puc. 4. Mopens JHK

PHE (pubornyxneunogasn xucaoma) 27

Pynryuu JJIHK: o
1. XpaHeHUe HacJeACTBEHHON wuH@OPMAINU o@f
0 CTPYKTYPpe crienu(yecKux AJs oprasnsma 6eiKkoB. @—ﬂ "
2. Ilepenaua HaciaencTBeHHON MH(MOPMAIIMHU IO- 0 o
YyepHUM KJIETKAM. @
3. YuacTie B peajiu3anuu reHeTU4ecKoi uEQop- m on
MallMH4, TO €CTh B ITPOIIECCE CHHTE3A MOJIUIEIITHIOB. o
N2
PHR (puGonyknenHoBaa Kuciora) o\ P
0, OH
PHEK npeacrasisier coboii OMHOUENOYEUHBIH JIH- @d
0, o

HeHHBI reTepOIoJIuMED, COCTOAITUI N3 pUOOHYKJIEO-

tugos. Hyxaeomud PHK cocrout us azomucmozo oc- "ﬁ

Ho8anUs (AJeHUH, I'YaHWH, [IUTO3KHH, YPAIILI), Caxa- E_‘ h

pa — pubosvL U ocmamia Gocgoproil KucaiomoL. p °
CBA3b MKy HYKJICOTHAAMHE OCYILECTBIIAETCA, KaK oCEf

u B opnoi us neneit [HK, yepes yzaepod u ocmamorx go- @‘ﬂ OH

cgoproil kucaomut. B ormrune or [THK, comepxkanue S’
KOTOPOH B KJETKAX OTHOCHUTEJBHO IIOCTOAHHO, COAEp- (Ef
sxaane PHEK kone6iercs. OHo MOBRIIIaeTCA B KJIeTKaX, m o

B KOTOPBIX IPOUCXOIUT cuHTE3 Oenka. B saBucumocTu

OT BBIIOJIHAEMBIX HDYHKIMH PasaudaroT HeCKOIbKO 8U-

906 PHE: Puc. 5. CoenuHenne Ryk-

NneoTUAOB B MOSIMHYKNEO-
TUOHYIO Lenb

1. Pubocomnas PHE (p-PHEK) — cocraBisger
85 % ot Bceit PHK B KyieTke. 9To cambie KpyII-
Hele Mmostekyasl PHE, B ux cocraB BxoguT 3—5 ThIC. HYKJIEOTUIOB, MOJIE-
KynapHaa macca gocturaet 1,0—1,5 mun. d, p-PHEK cunresupyercs B f-
PBHILIIKAX M B KOMILIeKce ¢ OelkamMu ¢opmMupyer cybbLequHRIBl pubocoM.
Ha pu6ocomax uper cunres 6enka. Pubocomuas PHK, Bxoasiias B cocTaB
LYTONJIa3MaTHICCKUX pUOOCOM dyKapuoT, GOJbIe II0 pa3MepaM, 4eMm
p-PHK pubocom npokapnor, MUTOXOHAPHUI 1 I1IACTHL.

Pynryuu p-PHK:
~— (popMupOBaHNE aKTUBHOTO IEHTPA PUOOCOMBI;
-— obecneyenue BzauMojeiicreus pubocomsl u Tpancnopraoii PHE.

2. Ungopmayuonnas PHE (u-PHK ), unu mampuunas PHE (m-PHK) —
cocraBiaget 5 % or Beeit PHK B KileTKe, KOJIMYECTRBO ee 3aBUCHUT OT CTAJUHU
KJIeTOYHOTO MKIa. Tak, npu HHTEHCUBHOM CHHTe3e OeJIKOB KOJIHIECTBO
u-PHK noseimaercsa. Pasmeps: n-PHE pasiauuHbl 0 3aBUCAT OT 00beMa
konupyemon napopmanuu. Cunresupyiorca u-PHK B aape, B mpoiecce
TPaHCKPHIIIUYU Ha OIpefe/IeHHOM y4acTKe Mojiexkynb JHK — rexe.
Pynrxyus u-PHK:

[IepeHoC reHeTuYecKol nEdopManuu o cTpykrype 6eaka or JHK x me-
CTy cuHTe3a OesiKa HAa pUOOCOMEI.

3. Tpancnopmnas PHE (m-PHEK) — cocrasnser 10 % or Bceit PHE

B KJIeTKe. Cymrecrsyert Gonee 40 suzos T-PHK. Mosexyan: T-PHE camsre
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KOPOTKHUe, COCTOAT W3 80—100 HYKIJIEOTHIOB, MOJEKYJAApHAA Macca
9530 Thic. d, T-PHK copepxarca B HUTOIIAZME KIETKI I npuobpeTa-
for crrenuduUecKyo KOHGOpMANKIo B BULE «KJIeBepHOro jJucTra» (hop-
ma TpuiaucTHuKa). Ha OnHOM KOHIE HAXOOUTCS TPHUILIET HYKIeOTHIOB
(aHTUKOLOH), KOAUPYIOIIUI OIIpe/ieIeHHYI0 aMUHOKACIIOTY. Ha apyrom
KOHIIe HMeeTcsl TPHUILIET HYKJIEOTHIOB, K KOTOpOMY UpUCOeIUHIETCA
aMHHOKMCIIOTA. IIpH KOMIIJIEeMEeHTaPHOCTH TPUILIeTa 7-PHK (aeTHKOAO-
HA) ¥ TpHILIeTa u-PHK (xoZoHA) AMHHOKHKC/IOTA 3aHUMAeT ONpeJe/eH-
HOE MeCcTO B MoJeKyJie 6enka.
®dynryus m-PHE:

TPAHCTIOPT AMUHOKHCJIOT K MECTY CHHTe3a fenka — pudocomaM.

Joxaausayusa PHE 6 kiemke:

PHEK maxoauTcda B SIADHIINIKE, IITUTOILIA3MeE, pubocomMax, MUTOXOHAPHAX
¥ ILIACTHAAX.

B npupofe ecTh eille ONKH BUAJ PHK — supycnas PHE. Y PHK-comepxa-
IUX BUPYCOB oOHApysKeHa JByXIenoyedHas PHEK, cTpyKTypa KoTopoi 6iuska
x crpykrype THEK. ¥V aTux oprannsmMos PHK, Kak aByX-, Tak M OJHOIlenoYed-
HasdA, BHITONHSAET (DYHKIIUIO XPaHEHUS reHeTHYeCKOil HHGOPMALIUH.

AT® (agenosunTpudocdopnas KHCJIOTA)

AT® — 370 YHUBEPCANBHBIA UCTOYHUK H OCHOBHOM AKKYMYJIATOP SHEPIUH
B JKUBBIX KiIeTkax. COMepsKUTCS BO BCeX KJIETKAX pacTeHuil ¥ »KMBOTHBIX. Ko-
nuuectBo ATD B cpegHeM cocTaBAALT 0,04 9% macchl KJIETKH, maunboJsipiiee co-

 IepaHKe — B CKeJeTHBIX MBIIIIAX 0,2—0,5 %).

Adenosunmonogocppoprasn xKucioma (AM® ) BXOAMUT B COCTaB BCEX PHE.
[Ipu npuCOoeIVHEHUY ellle ABYX MOJIEKYJ docdoproit kucaorsr AM® npespa-
maerca B AT® ¥ CTaHOBUTCS HNCTOYHMKOM OSHEPrUH, KOTOpas 3aracaercs
B IBYX IOCNeJHUX OCTaTKaX (ocdaTos.

B cocta AT® BXogAT OCTATOK A30TUCTOI0 OCHOBAHMA (adernun ), caxap-
neHTo3a (pubosa) U mpu ocmamrga gocgoproi Kucaomut (puc. 6). Mojaexry-
512 AT® odyeHb HEYCTOHUMBA U CIOCOOHA OTLIENJATH OLHY HIH IBE MOJIEKY-

Ve AT N\
o) O 0 0
AzoTucroe ,
ocHOBaKHe enTO3a) O Oep OH
ANCHNH pubosa : $H.0 >
OH OH OH 2
o) O (0]
Azortncroe
P | ocHoBauwe eHTo3 O~ OH
BREHUH pn6o3a
+H;3 PO,
N OH OH
AA®D -/

Puc. 6. Ctpoerne ATD 1 ee npespalleHue B ALD

AT® (adenozunmpupocpopran xucioma) 29

NH. -
1 H
N A = N N CH 0 CH
% O T =1
g NHZ
+ e
\N/ oM ?H\N/\N HC\,&/CH HC\N/CH
t"rﬂ-{;-—a—p—o—z:nz | . l
L HAL wHAZH
H H
H H H le
HO OH HO OH
. { on
HaTn HAe A
HO O

Puc. 7. CrpoeHnye monekynbl avtykneotnaos HAL u HALD®

abl ocdara ¢ BriereHNEM 6OMBNION0 KOJTHYECTBA DHEPIHU, PACXO i
Ha ofecIeyeHHUe BCEX KU3HEHHBIX (GYHKIMH KJIETKH. Peafc’unn r'IzI'HyeoMOI/I
3a — OTILNEIJIeHUA MOJIEKY B! hochOopHON KMUCIOTH — COHpOBOJRI[&IOﬁSﬂI(I)Ig-
BoboxAeHneM 40 k% /Monb sreprun. Casu B MogeKkvie AT® Ha3bIBAIOT .
MaAKpoIpzuLecKUMU U 0603HAYAIOTCS 3HAKOM «~». Ba;IaCI:I ATD HOCTOHHEIi
Ezioggf(;)o'r;;o;aKc;:;():pouegcaq;pocqbopuJLupoeaHuﬂ, TO €CTh IIPUCOEKHe-
s docdop bl K AII®. ®PochopuinpoBanue IPOUCXOLUT C pas-
BHOCTBIO IPU ABIXAHUH (B METOXOHJIPUAX), [JIMKOIU3E (B I[HTO-
nnasme), porocuHTese (B XJ0poInacTe). :
o ;2;1;3 ;};Jllvﬁfs;;; zICILOBHBIM CBA3YIOIIUM 3BEHOM Me’KJIy IPOIEeCCAMHT, COIPO-
poenn JleJIeHIEeM U HAKOILICeHUEeM 3HEePrHuu, U NpoIeccaMu, IIpo-
IMMU € 3aTPATAMU SHEPIrUH.
mmizgfi rﬁ)’i‘f}i ;p}gge:;ix NPUCYTCTBYIOT U APYrye MOHOHYKJICOTHAbI, OTINYA-
Toa): YT o oo ucroro ocHoBauusa: I'TP (ryasuarpudochopHan Kuc-
e, pugochopraa kucnora); T® (uurusuarpudochopHasn
ncn?;jlob :;;;zc: ﬁ:};p;?\i)rnquKne COEUHEHUSI, YHEPIUd TUAPOJIN3a KOTOPBIX
Q)ocq)ommmm;; o 'I?qn) eg, npu cuHTese benka (I'TP), moancaxapugos (YTD),
ommanon (LT . JTH HYKJIEOTHALI Heobxonumel ans cuateza PHE.
YT 0 MO HXHJEG(OTI/I,ZIOB, BAYKHYIO POJIb B OOMEHe BeIl[eCTB UIpaloT Ju-
I HUKOTHHAMHUJaJeHUHANHYKJIeoTus), HAIIP" (HuKO-
Keinsoreiinian zra neotuzdocdar), UMewIe B CBOEM COCTaBe JBa a30-
DHGoums 1o OCTaTKaueHnH ¥ aMuy HUKOTUHOBOH KMCJIOTHI), JBAa OCTaTKa
HATL HAne, tdocdoproit kKucaors (puc. 7).
e :—)HeI’)rnH N HX—BOyHI/IBepcaJIbHLIe axuyenmoput (OT JIaT. acceptor — IpueM-
Camee AOH(,)pH aTO(;ETaHOBJIeHHLIe ¢opmer — HAJTH u HAI®H — yHusep-
N GoanHHCTBe o o q?:ﬂ BOJOPOJa (JBYX 3JEeKTPOHOB U OJHOTO IIPOTOHA)
bHO-BOCCTAHOBUTEJIBHBIX PEAKIIHIi.
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Cy6erpar — Hy + HAJ' — cyberpar + HAIH + H

OKucJeHne pasauyHbIX cybcTpaToB B IIpollecce 3HEPreTuUecKoro oOmeHa
APUBOAUT K HAKOIJEHMIO aTOMOB BOAODO/a B BUAE HAOH (pearunu HUKIA
Kpebca, orucieHne sKUPHBIX KUCJIOT 1 T. n.). HATH moxker HcrionbsoBaTBCH
B Pa3NU4YHBIX PeaKiuax GUOCHHTe3a, OKUCIATHLCA B bIXATENIBHOM LEMH MUTO-
XOHApPUIA; OCBOOOXKAEHHAA IIPU 5TOM 9HEprus 3anacaeTcs B BUJe ATO.

HAJI®H obpasyercd Ipu OKMCIUTEIBHOM pacilerieHnn yrjieBoAos, y pacTe-
Huit — 11pu QOTOCHHTESE, & TAKIKE MCIIONB3YeTCH IS TOJTyJeH NS SHePriy B bIXa-
TebHON eIl MUTOXOHIPUH.

KpoMe HUKOTUHOBBIX HYKJICOTHIOB MOryT OBIThH PLABUHOBbLE HYKACOMUIbL
DA]] ((I)JIaBI/IHa,IIeHI/IH,lII/IHYKJIeOTI/ID;), ®MH ((raBUEMOHOHYKJIEOTH]), KOTO-
pble ABJIAIOTCH TPOU3BOAHBIMU puTamMuba B, (pubodiaBuHa). Onu npucoesu-
HSIOT ABa aToMa BOJOopoja — JBa IPOTOHA M ABa ajiekTpoHa. VIX oKucjeHue
B ABIXATEJBHOM Lenu MHUTOXOHADPUH TaKiKe COIPOBOMKJAeTCA BbIAEICHUEM

pHEPIHUH, 3aIacaeMoii B BU/Je ATD.
Ilo xapakTepy OPraHU3alyy AJEPHOTO allapara BCe KJETKHU JeaaTcsd Ha

HpOKapI/IOTI/I‘IECKI/Ie U 9yKapuoTHUIeCKHeE.

[TRI/IBBIG OpI‘aHI/IBMbL\
r HexieTodHbIe J KiaeTouHble J

— BUPYCHI,

— (arn
IIpoKapyoTHi (Z0A1ePHEIE) JyKapHOTHL (AZEPHBIE)
— BaxTepuu, — pacreHus,
— nuaHobaKTepuu — JKUBOTHbBIE,
(cuHe3eJIeHble BOJOPOCJIH) — rpubsl

HEKJIETOYHBIE ®OPMbIl XXU3HU

Bupycsl

Bupycsl 6111 OTKPEITH B 1892 I. pycCKUAM 6orauukom I[. 1. IBanOBCKUM,
KOTOPHIN BIEPBBIE MOJYUHII WHGEKINOHHBIA 9KCTPAKT HU3 pacrenuii Tabaka,
HOpaXKeHHBIX MO3aWYHOU GOJIEBHBIO. DKCTPaKT TMPONycKancs uepes QuibTp,
CIIOCOGHBIH 3a/ePKUBATEL GAKTEPUH, HO OT(HHILTPOBAHHAA KUAKOCTE ele co-
XpaHAIa UHPEKIUOHHbIE CBOMCTEA. B 1898 r. ronnangen MaptuH Beilepusk
IpUAYMAJ CJIOBO «BHUPYC», UTO B HEPEBOAE C JATUHCKOTO ofo3HaAUAET «A0>.
ToNbKO ¢ MOMOIIBLIO IEKTPOHHOTO MHKDOCKONA YAAJIOCH YBU/ETE ST MeJib-

yaimne XXMUBble CyLllecTBa.

Hexnemounvie gpopmuL scusnu. Bupycot 31

Bupycot — 370 HeKJIeTOUHAs (POPMa KUSHM, COCOOHAA IPOHUKATE B XKUBYIO
KJIETKY M PA3MHOXKATECA TONbKO BHYTPYU ee. OHU ABJAIOTCA OBIUTaTHBIMY apa-
3UTaMH, HO, B OTJIHYME OT APYTUX NTApasuTOB, NAPAZUTUDPYIOT HAa TeHETHUECKOM
yposHe. CyIIecTByeT HECKOIBKO TUIIOTE3 IPOUCXOKACHUASA BUPYCOB:
— BHpyCH IPOMBOILIIY OT KJIETOUYHBIX OPTaHH3MOB.
— Bupycsr IPOMSOILIN 13 «bernoti» HyKJIeMHOBOH KHCIOTLI, TO €CTh HYK-
JIEMHOBOM KUCJIOTHI, KOTOpas npuobpesna CIOCOGHOCTB PEILIUIUDO-
BATBLCS HE3aBUCHUMO OT KJIETOK, B KOTOPBIX OHA BO3SHHUKJIA.

— Bupychl BOZHUKIN B pe3yibTaTe AereHepanuu (BLIDOMKIEHNA) KIeTOY-
HBIX OPTaHHU3MOB.

Bupycsl pacIpocTpaHeHBI B IPUPO/ie IIOBCEMECTHO U IOPAYKAIOT BCe TPYIITIEL
opraHu3MoB. B Hacrosamee Bpemsa onucaxo okos10 500 hopM BEpycoB, moparxka-
IOIIHUX TENIOKPOBHBIX MO3BOHOYHEIX XXUBOTHBIX, U 6osee 300 dopm Bupycos,
3aparkaioluX BBICIINE PACTEHHS. Hayka, usyuaroiiias BUPYChI, Ha3bIBaeTCA
supycoaoeuell.

Pasmepsr BupycoB coctaBasioT or 20 1o 3000 HM, TO ecTs B CpefHEM OHU
B 50 pa3 mMenbIme GakTEepUN.

IToBenenne BUPYCOB: OBIUTATHBIE IAPA3UTHI; BHIZLIBAIOT 3a60JI€BAHUA;
B KJIETKaX-X03:AeBax «BuIKA04aoT» [JHK u ucnoassyior ceou JTHK u PHEK, na-
0T KJeTKe KOMAHIy CHHTe3MPOBATh CBOM KJIETKM; MEpPefaloTCa U3 KJIeTKU
B KJIETKY B BHUJle MHEPTHLIX YACTUII.

Crpoenne Bupycos (puc. 8)

Cepdyesuna supyca cocrout ua Gpparmenta regeruueckoro marepuana (JHE,
PHK). Bupyce cogepokaT Bcerja OGMH THIT HyKJIEHHOBON KHCIOTHL, IPUYeM KaK
OJHOIIENIOUEYHOI, TaK U ABYXLEIOYEeUHOH, KaK JUHEHHOM], TaK U KOJIbIEBOH.

Kancud — zamurHaa 6exxoBas 060-
JI0YKa, KOTOpadA 3alluHiaer IIHR, PHEK
oT (epMeHTOB-HYKJIeas u YP-usayue-
Huil, obecneunBaer ocaxcJeHHe BUPYca
HA IIOBEPXHOCTU KIETKHU-X0351HA.

Cynepxancud® — nomosHWTENLHAA
JaunonporensHas 000J04YKa, KoTOpas
BO3HMKAaET U3 MJIa3MaTHYeCKON MeMGpa-
HBI KJIEeTKH-XO3AWHA (XapakTepHa IJsd
BBEICOKOOPraHM30BaHHLIX BHPYCOB —
BUY, rpummna, repueca).

IlomnocTeo cpopmupoBannas un-
bexnuonnas wacTHLA BHe KJIETKH-XO-
SAVHA Ha3bIBaeTCA 6apUOHOM (HYKJIe- :
nporenansiit kommiexc). Ecau Bupyc rMeDmero D o 5
HaXOAUTCA BHYTpM KJIETKH-XO3AMHA gancwepbl e GEHKOB?H e,

’ — BHYTPEHHAA Cpeaa Bnpyca; 3 — reHeTn-

TO OH ¢
Bo yiecrtsyer B (popMe HYKJIECUHO- yeckuit matepuan (JHK uam PHK); 4 — obo-
Ol KUCJIOTHI.

Puc. 8. CxemaTuyeckunir paspes3 Bupyca,

no4ka
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O6o109Ka BEpYCca IIOCTPOEHA U3 OANHAKO-
BBLIX MOBTOPAIOIUXCA CyObe I — Kanco-
Mepos, KOTopbie 00pasytoT CTPYKTYPBI C BBICO-
KO cTeleHbI0 CHMMEeTPUH, cr1ocoOHbIe KPHC-
TaJIA3NPOBaThCA. BOJBIIUHCTBO BUPYCOB
[IOCTPOEHO 110 OFHOMY M3 ABYX TUIIOB cHMMeT-
pun — CRUpaLbHOU AN KYOUHeCcKOU.

Tlo cnupaJbHOMY THUIY CUMMETPHUK IO-
CTpOeHO GONBIIMHCTBO BUDPYCOB, TOpaYKaro-
HI¥X PacTeHusd, U HEKOTOPhIe BUPYCH! OaKTe-
puit (6axrepuodaru). Bupyc TabadHON MO3aU-
ku (BTM) umeeT CIUDAIBHYIO CUMMETPHIO,
COLEeP:KUT BEYTPU CIIUPANBHYIO PHEK. Kancun
cocroutr u3 2130 oAMHAKOBBIX GeJIKOBBIX
Cy0beMHHNIL, COCTABJIAIOMNX pmecte ¢ PHE
Puc. 9. CxeMatmieckoe M3o0pakeHne eIMHYIO0 IEJIOCTHYIO CTPYKTYDY — HYKJI€0
GakTepuodara: 1 — rofoBKa ¢ MKocasn- kancud.
puyeckon cummeTpuen; 2 — BOPOTHW- Boabinasg yacTb BUPYCOB, BbLI3BIBAIOIIUX
4oK; 3 — nonbin LMIHAPUYECKMIA OTPO- napeKnun y yeJioBeKa U KUBOTHBIX, nmeetT
CTOK, 4 — HEXON CO CMUPanbHOA CUMME- KyOuuecKuil THIl CHMMETPUH. Karmcup nmeer

Tpueh U3 CoKpaTUTENbHBIX 6enkos; 5 — dopmy uKocasapa — IpaBUJIbHOTO aBaniia-
GasanbHan nnacTuHa; 6 — XBOCTOBLIE rurpagHuKa ¢ 12 BeprinHaMi 1 30 pebpamu
HUATH (Bupyc HOJIHOMHUETHTA).

Baxmepuogazu — Tpynia BUPYCcOB, 1o-
pakaionux 6aKTepun (mosxupaTesnu 6agTepuit). OTKPHITH B 1915 r. auraAni-
cKkuM MUKpo6uosorom @pejepuroM Tyoprom. UmeroT uKoca’0purecKyio 20-
a06kY (comepsraIyo reHeTHUYECKHUH maTepuai) U X60Cm, 00618 Aa10II NI CITU-
paibHOil cummerpueii (puc. 9). D1y BUPYCHl OOUTAIOT B KNIIETHNKE yeJoBeKa
1 3CMBOTHEIX, OHM IIOJIE3HBL, TAK KaK mopakarT DaKkTepHH. B megumnuHe UX
OPUMEHAIOT JJIS JeueHusd Gpromuoro Tu(a, X0Jaephl.

Knaccuduranus BHPYCOB CTPOHUTCH IO pugy u ¢GopMe UX HYKJEHHO-
BOHl KHCJOTHI, THNY CHMMETDHH, HAJWYHI0 WA OTCYTCTBHUIO BHemHeil
MeMOpaHBI.

OTjmune BUPYCa OT KJIETKU: BUPYCH HUKOT/a He PasMHOMKAITCA Je/leHu-
eM; B CBOEM COCTaBe HMeIT TOJBKO OJMH THUI HYKJIEMHOBOM KHMCJOTSH (IHK
i PHK); EuKorza He pasMHOMKAIOTCA BHE KJIeTKHA-X03ANHA.

Pasmuoxkenue (penpoAyKIKa) BKI0OUAET TPH mporecca: PelIMKanuio Bu-
PYCHO#I HYKJIEHHOBOM KHUCJIOTHI; CHHTE3 BUPYCHBIX OEIKOB; cOOpPKY BUPHOHOB.

V BupyCOB HeT Noja. Pemmuxanusd moumexyasl JJTHK (PHK) suyTpH TopasKeH-
HOIt KJIeTKH — MHOTOTAIIHBI IPOIIece, KOTOPBI# COCTOUT 13 HIeCTH cTaguii:

1. Adcopbyus — upouecc HNpPHKpeNieHus BUPYCHBIX HYaCTHIL K IIOBEPXHOC-
TH KJETKH.

2. Huseryusa (y Gaxtepuodaros) — MPOHUKHOBEHUE BHPYCHO#I 4aCTHIBI
B KJETKY U BBeJleHHe HYKJIEMHOBOH KHUCTOTHL U3 GesIKOBOTO KalCHAa.

Hexnemounbie popmot seusnu. Bupycot
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| JOHK-copepskamue I

O

1 HUTH HYKJIeR-
HOBOH KHUCIOTHI

PHK-conepmamuej

1 BEUTH HYKJIEeMHOBOM 2 HH'TH HYK
KHCJIOTBI JIENHOBOM KUCIOTHI

2 HUTH BYK-
JIEHOBOH KHCJIOTRI

— +6akTepuoda; -
puodar aNeHOBHUPYCHI, — DHTEPOBUPYCHI, — OHKOT€HHbIe
— BH,
I ;)X::aﬂ ocIla, — BHUpyC Ipyanna, BUDYCHI,
~ BUpYyc GelIeHCTRa, - BUY
— BHUpYC TabauHoi
mozauku (BTM)

3. Penauka 1
Do Yus MOJeKYysl 8UPYCHOU HYKJEUHOB0IU KUCAOMbL — IIPOHCXO
4 P CUeT HYKJI€OTHJOB, HAKOIJIEHHBIX B KJIETKAaX X03AUHA
. me '
3 BUPYCHBbLX 0ENK08 U PepMeHmO08 — MPOUCXOAUT Ha pubd
Cunmes pubocomax

5. Céopra
co PKQ UPYCHBLX LACMUY — 32 CYET IHOPAMKEHHBIX BUPYCHBIX HYKJIe
6 OBBIX KHCJIOT 1 BUPYCHBIX GEJIKOB. -
Jusue —
UC — BBIXOJ] BUDYCHBIX YACTHI] U3 IOPa’KeHHOHN KJIeTKU. ¥ 0aKTe-

Ui Cco
ﬁ IIPOBOXKAAETCA paspyllieHueM (JIU3UCOM) KJIETKU. Y DYKapHUOT
POHUCXOAUT TYTEM BLINAYNBAHUA P

000JIOUYKM KJIETKU M <«BHITAJKHBA- 7

HUeM» BUPYCHBIX YacCTHI] B OKPY- L RTINS 6

KAy cpeny. W eessesens 177 ey
HoBsie BUpyCHEIe yacTHIBI 3apaxaioT <

elre HEIOPAXKEeHHbIE KJEeTKU, U IIUKJ pas-

BUTHSA BHpycCa IIoBTOpAETCA. e =€ )
?’Ha‘leuue eupycos s

Baio JKXHUBOTHLIX U YeJIOBEKAa BHUDPYCHI BbI3bI- ; : s
T, CPEAM NPOYKX, TaKue 3abosieBaHuUsA, ‘ ’

Ka ' :
Rp: GemeHcTBo, remaTuT, I'DHIN, KODb, 2 e S
ueq)‘;?Iny, ocy, OP3, mommoMuenur, sH- : 6@ §
B0 I;'I‘, CIIN ], paxoBEIe OITYXOJIH. 3 N 5
3 yaumeﬂb CHH,ZIa (pHC. 10) _ Bm- 3 “!Hlux 11133 ")\‘

Pyc ummynopepunura uenosexa (BUY). !

IIl/I(;\:)eiTl ;(?)Eﬂntliiecxylo dbopmy auamerpom
COCTOMS e I{J.Ie,rapymflaﬂ obosouka BUpyca
xoommm B 6otmon MeMOpaHbI KJIETKH-
Hute srpmiae PaHy BCTPOEHBI PEHEenTop-

AHbIe» obpasoBaHus. Ilox

Puc. 10. Bupyc vMmyHozeduumta
yenoseka: 1 — cepauesuHa; 2 — PHK;
3 — o6paTHasa TpaHckpunTasa; 4 —
npoteasa; 5, 6 — nunuaHas AsycnoviHas
membpaHa; 7 — nHTerpasa
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papysKHONI o6oJIour0il pacioraraeTci cepALEBUHA BIPYyCa € reHeTHYEeCKUM Ma-
TepuaJoM B BU/E IBYX MOJIEKYJI PHEK (xaxnad u3 9 renoB BIY) n ¢epMeHTa
(obpaTHAadA TpchmpunTaaa). IroT (PepMEeHT KaTalusnpyer peaKkLuio obparHOH
TPaHCKPUIIIUU B KJIeTKax JUMQOIATOB. Bupyc nopaaer rjaaBHbIM obpasom T-
xeanepbl AUMPOYUMO8, Ha [MOBEPXHOCTH KOTOPBIX €CTh pelenTopsl, crnocoOHEbIE
CBARBIBATHCH C IOBEPXHOCTHBIM gesixom BY. B TakoM COCTOAHUY OH MOXKET
COXpaHATHCA AONT0, HE nposasasia cebs. VIMMyHHAs CHCTeMa OpraHu3Ma yeJo-
BeKa yTpauuBaeT CBOH samuTHBLIE CBOMCTBA, U OPraHU3M nepecraeT 60pOTHCH
¢ 0001 pH@eKIyel, pAKOBBIMU kaerxkamu u norunbaer. CpenHad MIPOJOJIAKU-
TeJIbHOCTDb KHU3HH HHHTHAPOBAHHOTO UeJOBeKa cocrapaser 7—10 ner. Herod-
HUKOM 3apaskeHus CIYKUAT TOJBKO yeJIOBEK — HOCHTEJb BUPYCa uMMyHOAedH-
mura. CITAJL nepenaeTcs [OJIOBLIM IIyTeM, Yepe3 KpOBb ¥ TKAHU, copeperalue
BUPYC UMMYHOAEHLITA, OT MaTepH K IJIOAY.

V pacTeHuil BUPYCH BEIBBIBAIOT CBOM 3a00/1eBAHN, HALIPIMED pupyc Tabau-
HOH MOBaMKH, JKeJNTYXH CBEKJIbI 1 Ip.

Bupycsl (6aK’repn0¢)arn) HCTIONB3YIOT ANA JedeHud auseHTepuy, Gproi-

goro Tuda, XoJephl.

KJIETOUHBIE GOPMbI XXU3HU

HaauapcTBO IPOKAPHOTHI

K mpoKaproTHYeCKuM (mosilepHBIM) OPraHU3MaM OTHOCAT OaKmepuu u cu-
HezeJeHble 8000pOCAU (unaﬂoﬁawrepnn). 310 caMbie IIPOCTHIE, Mejapuaiinue
u HauboJsiee paclIpocTPaHEHHBIC opraruamsel. OHM GBLIM €AVMHCTBEHHON dopmoit
SKU3HM Ha 3eMJie B TeUeHue 2 murpa et. YIx reHeTHUECKUH annapar npeicTas-
Jnen: HyKJeouzoM (aHajor Axpa); KOJIbIIEBOH MOJEKYIOH OHE, HaxXOAAIeNcA
B IUTOIJIA3ME U HE OTrpaHUYeHHON OT Hee 060JI04KOM; IJIa3MUAAMH — BHE-
XPOMOCOMHBIMH TeHEeTHIEeCKAMH sleMeHTAMH, peJCTaBIAIOIINMH HeDOoJIb-
mue xonsuessie JHEK. IlaasMuael HaxOAATCA BHE reHoMa | PerIMIHPYIOTCA
HesapucuMo oT Hero. KojmuecTBo IIa3Mu MOKET GBITH Pa3JIMYHBIM.

IIpoxapHoTHYeCKHe KICTKH (puc. 11) samuuieHsl KAeMmOYHOIl cnenKoll
(0o60m04KOi1) B BUE pelIeTKH, HapyKHasd 4acTb KOTOpOi1 00pa30BaHa IINKO-
mentumoM — Mmypeunom. Kak uy pacTeHuii, KJITOUHA CTEHKA npujaer
KIeTKe (POPMY U XKECTKOCTb. Jepes NOPHI KJIETOYHOMN CTeHKH CBOOOLHO MPO-
XOAAT BOJA, WOHB ¥ MaJjble opraEudecKue MOJIEKYJbL. BuyTpeHHAA YacTh
KJIeTOYHOI CTeHKM IpeJcTaBleHa m1a3MaTH4YecKol mem6panoit. Muoro-
cKJamuaroe BIAYMBaAHHUE meMOpaHbl B IUTONIA3MY 06pasyIoT Me30CoMbl,
yuacTByIOIHEe B IOCTPOCHUH KJIETOUHBIX IEePeropojox 1 B penpoayKuuy
1 ABJgonirecs MeCTOM MPUKDeNIeHnA IHK. B MUTONJIa3Me OpraHesI Ma-
J1I0, HO IIPUCYTCTBYIOT MHOTrOYMCJIEHHEIE MENIKNe pubocombl (7 0S). Mukpo-
TPYyGOYKH OTCYTCTBYIOT, ABHIKEHUE MUTONa3Mbl He IPOMCXOAUT. Muorue
faKTepuyu HMeEIOT KIYTHKH Gojlee MPOCTOTO CTPOEHMs, HeM y 3yKapHorT.

Knemounbie popmot scusnu. Hadyapecmeo npoxapuomeor
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rVTHKH HE Or =
fg cs(,bepnqecxc; pangeHH MeMOpaHoit, UMeIOT BOIHUCTYIO (DOPMY M COCTO
CSKGHDI 10 C X cybpenunun 6enka praresanHa. ITH cyObeJUHUILI pac o
%mmqec'rso ;IHpann u 0o6pasyoT noasii MUANHAP auamerpom 10—20 Io-
roaof CTeHKepaCHOHO’KeHHe HIYTUKOR MOKeT 6bITh pasiauyubiM. Ha KHM'
ot GeTKOBbIE HEKOTOPBIX GaKTePHil BUAHBI TOHKYE BEIPOCTHI (IIAJTOUKOB o
Seawon BBLICTYIIBI), KOTOPBIE HA3BIBAIOTCA NuUJLU, NIX GuMOpuu OH/:L-
KO TOHL .
JII/IEI,ZIPBI s Ge;;(; ’RFYTHKOBC“ MPEACTABIAIOT COO0H KOPOTKHE TOJEBIe u}:zxn
nunanHa., CaymKar oad 1o -
HKpeILa s
cTpary WM APYT K ADYTY. DPHKpeILleHns GaKkTepuit K cy6-
bLXAHUE i
Ocl; prans y 6aKkTepuil OCYIIeCTBAAETCHA B ME30COMAX, Y CUHE3EIeHEIX BO
p LUTOIIa3MaTUIECKUX MeMOpaHax. XJI0POILIACTOB U APYTH o
TOW;)IBIX OpraHeJul, OKPYKeHHBIX MeMOpaHoil, HeT Yrux foe-
A3MHONCAIO ’
LBYX uoqepnuxmm IPOKAPUOTHI TyTeM 6UHAPHO20 DeseHud ¢ 06pa3oBaHmeM
oA SADA K 06RﬂeT°K- Ilepexon x OeneHHI0 ompeferAeTCA OTHOUICHHEM
o porma ’bel\I?I'c nuronaasMel. [lepen KIeToOUHbIM feleHHEM IPOUCKO
5 onpenenennlf)mﬂ JHEK, Bo BpeMa KOTOPON Me30COMBI yAepsKHBAIOT MeHOM
mosioyKeHun. Me30CoMBI
. MOIr'yT OPUKDPeNnad
OZKaM Me TbCA K IIepero-
pox N KAY J0UYEeDHUMU KJIeTKaMU U YIaCTBOBATH B CUHT pero
TOYHOU CTEHKH. €3¢ BEIIeCTB KJie-
eJqenue n
nnima Cro l())oxapuom (puc. 12). Cravana memuTCA HYKJICOHJ, & 3aT€M LIUTO
a: H. o pOCTh PA3MHOXKEHUA BEICOKa. Tak, 6aKkTepusa KHIeUHOH IaJt
yﬂﬁ e 20 MUHYT yABauBaeT CBOIO YHCIEHHOCTE OHRH
aKTepui HabgOmaeTcs .
. H NOJI08 .
Hoii popme. IIpu aTom HeT 00 0€ pASMHONEHUE, HO B CAMOU IPUMHATHE-
00pasoBaHUs raMeT U CAUAHUSA KJIETOK, a IPOUCXOTUAT
b

(&6 =

Puc
1 11. Ctpoenne BHaKTepunanbHON KNeTKu:
— x . - .
o MeryT6MK, 2 — xancyna; 3 — GOTOCHMHTETUNEC-
MOpana; 4 — nunu (Gumbpun); 5 — mesoco-

Puc. 12. Cxema genexns npokapuot: 1 —
KNneToyHana obonodka; 2 — nnaamarndeckas

Ma; 6 — konbuesas Monekyn HK; vewbpana; 3 — wonewyna AR -

Ma; 8 — sanachpie yna [HIG 7 — wuronnas- umTonnasma. | — cragus pennuxkaumn AHK;

PuGocoMui; 10 UTATO AL BewiecTea; 9 — Il — cTagus cuHTe3a nNasMaTUHeckon 6’

;10— nnas . KON Memb-

1 cnern MaTtuyeckan MembpaHa; panbl; {l — ¢opmuposarme non i

HHAsA CTeHKa 5 epeyHon
MeMOpaHb!
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THUECKEM MaTEePUAIoM. JTOT IPOLece HasbIBAeTCs 2eHemuiec:
criocoGa mepenaun JJHK: Kowboraius,
rpaHchopmaLu, rpancaykuud. Konsozayui — O[HOHATIPABJIEHHBIH MEPeHoC
¢dparmMenTa JHK or KieTKM-0HOPA B KJIeTKY-pellUIueHT, KOHTAaKTHPYIO-
IIUX APYyT ¢ APYyroM. Tpancpopmayusi — o,uHOHanpaBneHHmﬁ nepeHoc Gpar-
menToB JTHK oT KieTKH-A0OHOpA K KJIETKe-peIuInenTy, He KOHTAKTUPYIOIIUX
Ipyr ¢ APYTOM. TpancOyxyus — TEPEHOC $parMeHTa THK oT KJeTKU-[ACHODA
K KJIeTKe-PejuIHeHTy C IOMOINBI0 paxTepuodaros.

TlosioBOEe Pa3MHOMEHUE (nosioBO¥ mpoiecc) — HOBOJBHO PEAKOe cobwrTUE
y 6akrepuii. Ho IOCKOIBKY 4resIo GaKTepuil B KAMKIAON KOJTOHUI Or'pOMHO, IIO-
JIOBOE PA3MHOYKEHHeE HabiaogaeTcda CpaBHUTEIBHO 9acTo. IlosoBOE Pa3sMHOXKe-

Hue 6aKTepuil ©MeeT 0C000e 3HAUEHUE.

JIMIIbL OOMEH I'eHe
roil pexombuHayuel. PazauuaiorT TpH

HaguapcTBO 3yKapHoThI

caMOCTOATEJIbHBIM OJTHOKJIETOY-

JykapuoTHUYECKasd KJIeTKa MOXKET OBITH
qHOTO OpraHmama, obpasys pas-

HBIM OPraHu3MOM WU 4aCcThIO MHOTOKJIETO
JIUYHEIE TKAHHU.

rKOMHOHeHTbI 3YKAPUOTHIECKON KIETKH

1. O60n0uKa KIeTKH (IOBEPXHOCTHBIH amnapar).

IHumonaasmamuieckas membpana (naasmoremma ) (puc. 13) — cocTouT
13 JBOAHOTO CJIOA JUINI0B U BenKOoB ( #HUOKOCTIHO-MO3GULHAA modens). Yaac-
TOK MOJIEKYJIEI, B KOTOPOM HAXOMHUTCS OCTATOK docdopHOI KMCIOTH, HasbIBa-
10T 2u0poPuUabHOLL 201068K0l; YIACTKH, B KOTOPBIX HAXOAATCSH OCTATKH FKUDP-
HBIX KHCJOT, — 2udpogobrbimu xeocmamu. B mem6pane GochoaUnuAbl pac-
IOJIAraIoTCs yIOPAJ04YeHHO. I'appodobHEIe XBOCTEL BOBHYTDD, raapodbrILHbBIE
FONOBKH — HAPYKY, K Bofe. PasnudHbie MoJIeKYJIBl Geska (B cpefHeM 60 %)
pacIIoIararTCA Ha IOBEPXHOCTH JIMIHAHOTO GrC/IO VI IIOrPY KeHBl B HETO Ha
pasHyio rarybuny ¢ HAPY*KHOH U C BHyTpeHHe! CTOPOH. Pasnnyaior nepucpepu-
yeckue Oenrxu (PacIoyioKeHbl HA HAPY'KHOHI IOBEPXHOCTH), NOAYUHMEZPALY:
Hble (TIOTPYKEHBI B JunMAHBIA Gucnod Ha PasHyIo rIyOURY) ¥ UHMezPANRbHbLE
(mpoHn3EIBAIOT MeMOpaHy HacKBO3b). OHU ONpPeeNAIoT crnenudunyeckue QyHK-
uun meM6paHEl. B cocTaB MeMOpaHbl MOTYT BXOZUTH yraeBoas! (40 10 %) —
TIHKONPOTENHB, TJIMKOIAIABL. VraeBoAbl PACIIOJNATAIOTCA HA HapysKHOMH 110~
BEPXHOCTH MeMOpaHbl. B :KUBOTHBIX KJIeTKaX TUKONPOTEeNHbBL 06pasyoT Had-
MeMOpaHHbLL KOMNIEKC — TAUKOKAINAKC. Cy6memOPaHHbLIL KOMNIEKC COCTOMT
13 MUKpPOTPY6OUEeK ¥ MEKPOUIaMEHTOB, 0GpasyoIIuX QUTOCKeeT.

@yarnuE MeMOpaHsl: CBA3D C BHeIIHell cpejoil, penenropHad, oGecnede-
HHUe KJIeTOUHBIX KOHTAKTOB, TPAHCIIOPTHAL, CTPYKTYpHAasd, 3alUTHAA.
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CpasrurenpbHAA XapaKTePUCTHKA MPOKAPHOT H 3YKAPUOT

IIndA reHoMa

BoapmInHCTBO reHoB
TIpeICTaBJIEHBL B
eIUHCTBeHHON KoMUY

TIpusHak IIpoxapuoTht JYKapPUOTEI
Opranmusmbl | BaxkTepnu u nuanoGakTepun TI'pubr1, pacTeHnsa, *KUBOTHEI
(cunesesreHbIE BOJOPOCIIN) ¢
PasmMepsl Huamerp 0,5—5 Mk A
M o 40 MKM, 06'beM
Paswep s KJeTKHU 00Jbiie
dopMa 0
o e}; o ° ﬁfo:ne'roqnme uamn OnHOKIeTOUHLIE, HUTYATHIE WAL
YATHI
e IIPEeNMYIIeCTBeEHO MHOTOKJIETOYHEIE
—— E— ¢ KJIeTouHOU guddepeHINpOBKOH
Har Mopdonorunuecku o6ocobiennoe
AAPO, OTAEJIEHHOE OT IIUTOILIa3MEI
MeM6paHoii (0607104K0i1)
(I::Eeﬁ'mqe- Kouabnesaa JHK (mykieonn) JIuHe#HbIE IBYXIENIOYEYHbIE
HaXOJHUTCS B MUTOILIa3Me, He monekyasl JIHK cBszade: ¢ 6enka-
MaTepHual orpaHudeHa MemOpaHoil mu — rucronamu, PHK u o6pasy
, .
IOT XPOMOCOMBI BHYTDH AApa
OpraHunsa- Hmeercs 10 1,5 ThIiC. reHoB. B saBucumocTH OT BUAa OT b 10

200 TeIc. TeHOB. [loaa renos, npegoc-
TaBJIEHHBIX B HECKOJIBbKUX KOTHUAX,
mocrturaet 45 % , 4YTO NOBBIIIIaET
HAJeKHOCTL paloThI TeHOMAa

ITnasmMupan
yit Hwmerorca HNmerorcst y MUTOXOHAPUT
U ILJIACTHT,
Hanuuue O
TCYTCTBYIOT
PN Hmerorca
Henenne Bunapzoe nonepeunoe Muros, meiioz, aMHUTO3
JleJieHne ’
Knerouna 7
. A Y 6akTepuii conep:KUT MyperH | ¥ pacTeHUH — MeII0J03HadA, y
(g;en’mmzrnmcan), Yy LHAaHO- rpuboB — XUTHHOBAA, ¥ JKHBOTHBIX
KTepU# — NeJLII0N03Y, KJIETOYHOMH CTEHKH HeT
NEeKTHHOBbIE BELIECTRA,
- HEeMHOI'0 MypenHa
am \
. cysa HmMmeercs y HeKOTOPHIX OrcyrcrByer
I GaxTepuii
CHUIUCTHINA
caoi
EKryrn
VYTHKY IIpocTtrie, He comepsxar CioxHule, conepsxaT
MHRpuOprGO‘{eR, COCTOHAT U3 MuKpoTpy6oukn (9 + 2). [luameTp
OHO MJIN HECKOJIBKUX 200 M
- bubpuna. Juamerp 20 um
Huronnas
Ma | OTcyTCTBHE IUTOCKENETa, HMeroTcs uTocKeseT, ABHKEHNe

ABUKEHHUS IUTOILIA3MEL, 9HJ0-
¥ 3K30I[UTO3a

IIATOILIA3MbI, 9HA0- U 9K30I[UTO3
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OxoHYaHUE

IIpnsuak ITporapnoTsl DYKApHUOTHI

IIuronnasma- | Oprase/ Maso. Muroxouapuu, NIacTUALL,

THYECKHE IIpKcyTCTBYIOT: ME30COMEL SHAOMIA3MATUYECKAH CeTh, allapar
OprasesLIbl (YJacTBYIOT B feJIeHUH K Tonbpxu, IN30COMBI, KIETOUHBIH
merabonusMe), MeTKHE nerTp, pubocomtl (80S B
pubocomsl (70S — LIUTOIJIA3Me B CBOOOJHOM COCTOAHUY

pachpejeseHsl TI0 ITUTOILIA3Me | MM cBA3aHHOM ¢ MeMmOparnamu JIIC);
u cocTaBaaioT 10 40 % Macchl | B ILIACTHAAX U MUTOXOHJIPUAX

KJETKN) copepxarca pubocomsl (70S)
AspobHoe V b6akTepuil — B Me30coMax; IIpoucxoauT B MUTOXOHAPHUAX
KJIETOYHOe y nuaHobaKTepuil — Ha
JABIXaHHE LUTONNASMATHYECKUX

MeMOpaHax
Merabonusm | AHaspoOHBIH MK a3pOOHbIH AspolHsIi, peIK0 aHA9POOHBIH

®oTocuHTEd | XJIOPOILIACTOB HET. B xyoponnacrax, CogepiKRaIux

IIpoucxoaur Ha MembpaHax, crnernuaibHbIe MeMOpPaHEI,
HE UMeIuX crenudyeckoil | cobpanHble B rPAHbI
YIAaKOBKH
Durcanua HexkoTopnie 061a5a10T 9TOM Hu onus opragmsam He crioco6eH K
aszora 0CO0EHHOCTRIO uxcay azoTa
(asordunupyromue
6aKTepuu)
Cuopoo6paso-| Cropsl pelHA3HAYEHBI 1A CBOUACTBEHHO pACTEHUAM 1 rpubam;
BaHUe nepeHeceHHusI NIPOCTEHINTNM; CIIOPHI IPeJHA3HA-
HeONaronpuATHBIX YCI0BUHA YeHbI )18 Pa3MHOKEHU
CpeZBl, UMEIOT TOJCTYIO
CTeHKY

Koapdpunnent cegumerntanuu — 708, 80S (S — xoHcTaHTa cefuMeHTallnu B efuHNNIAaxX Cael-
6epra, KOTOpas XapaKTePH3yeT CKOPOCTH OCAKIACHUA YaCTHIH IIPH YIBTPAIIEHTPUGYTUPOBAHUN ).

OcHoBHOE cBOICTBO MeMOpausl — ua3bupaTreibHad HOJTYNPOHUIIAEMOCTE, KO-
Topas obecneurBaeT OOMEH BeIieCTB MEXKAY KJAETKOH U BHeNIHel cpejoit. Ilpo-
Hece MPOXOoXAeHHA BelIecTB Yepe3 KJETOUHYI0 MeMOpPaRy HA3BIBAIOT MPAHC-
nopmoxm eeuiecma. PaznuyaloT nacCUBHLHM U aKTUBHEIN TpaHcnopT. MexaHU3M
TPAaHCIOPTA BEIUIECTB B KJCTKe M M3 Hee 3aBUCHT OT PA3MEPOB TPaHCHOPTUDPYE-
MbIx gactut (puc. 14). Majasie MOJEKYJIbI H HOHBI IPOXOAAT Yepe3 MeMOGpaHy
MyTeM NACCUBHOTO M AKTHBHOrO TPAHCOOPTa. IlepeHoc MaKPOMOJIEKYN U KPYIi-
HBIX YACTHI[ OCYIIECTBAAETCA 3a cueT o0pa3oBaHuA OKPY'KeHHBIX MeMOpaHoit
MY3LIPLKOB U HA3BIBAETCA IHAO0- U IK30UUMOIOM.

ITaccusnuiit mpancnopm TPOUCXOAUT Oe3 3aTpar sHepruum mu3 obiaactTu
C BBICOKOU B 00/1aCTh HU3KO¥ KOHIIEHTPAIIMY BEINeCTB, TO €CTh 110 I'PaJueHTy
KOHIIeHTpaIui. Buasl nacCUBHOTO TPAHCIOPTA!

Enemounvie popmot scusnu. Hadyapemeo ayrapuomot
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Hapyxnasn ctopona knevxn 11 /\
N

BHYTpeHHsIs cTopoHa KneTkm

2
*3
Jre

3

5

Puc. 13. Ctpoenme MemBparibl kneTku: 7 — LNBOVNHOW CNoW nunuaos; 2 — dochonunuaw; 3

dunbHasa nonapHas ronoeka; 4 — rMAPOGOBHbLIN HEeNONAPHLIA XBOCT; 5 — Monekyna xon
6 — vHTerpanbHbI Genok; 7 — nepugepuyeckuniv Genok; 8 —
cnupansHeii 6enok; 10 — TNuKONpoTenH; 11 — yrnesopy,

— rmapo-
ecTepuHa;
bunamenTwl unTockeneta; 9 — anbgpa-

npocmas duggpysus — sro TPAHCIOPT Be
TUNUAAHBIH cok (0,, CO,);

Ouppysua uepes memOpannble Kanaab, — T
pasywmue Genku (Na*, K+);

o0nezuennas oupysus — TPaHCIIOPT BEIECTR ¢ HOMOIIBLIO GeIKOB-IIe-
PE€HOCYHKOB, HAXORAIUXCA B MeMOpaHe (raoKo3a,
HYKJICOTUBI);

oaCMoCc — TPaHCIIoOpT MOJIEKYJI BOAEI.

IIECTB HeIOCPEACTBEHHO Yepes

PaHCIOPT Yepes KaHATI006-

AMHUHOKHCJIOTHI,

Tpaucnoptupyemas MOTEKVIN

Beakobsrii
KaHAR @ Benor-nepenocuux

BHekaeTounoe

ApPOCTPAHCTRO
T [ 000 | 0808 ; i b | &g (111}
= 51 AA AAATS : : i A B BAAARAN
oncron [ \)\>O (/'(J'(vxv it Q| B "IXX)C// y L /(4’(«"\,)\,) \>
060 | GOOORIETE | BEEiN y d 00000

Huronnasma

Ipocran  Mnddyn H $
Vins Auddysna
mi(f)(])y-slm depes Kanan o OMoCpetyeMasn

GeNKoM-NIéPeHOC U KoM

L 1t —
I]accunm,m TpaHcRopT AKTHEHbII TpaHCNOpT
(obaeruennan anddysin)

Puc. 14. Cxema naccusroro u aKTUBHOIO TPAHCMOPTA
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IIpodonxcenue

KJleTogHBIE OPraHeIbl

-

Pu6ocoMbl

—

KieToudslil IEHTD
(ueHTpOCOMA)

O6uyan 6uonozus. Ocroébt yumonozuu

CrpoeHmne

HemeMOpaHHbie OPraHeJIbl

OueHb MaJbl K
MHOTOYKCJIEHHBI, COCTOAT
13 [BYX cy0sedunuy:
sonpuoil (1) 1 manoi (2).
Cy6pequHNLIBL 06pasyroTcs
B AAPBILIKE. XuMudecKuii
cocras: p-PHK, Genru,
noubl Mg

(IOAAEPKUBAIOT
CTPYKTYDY)

CoCTOUT U3 ABYX
yernmpuonei,
PACIIOJIOKEHHBIX
HepIeHAUKYIAPHO APYT K
Apyry, 1 yenmpocgepbt.
IleuTpnonb —— NUJIKHAD,
cTeHKa KOTOpOoTro
o6pasoBaHa AECBATHIO
TpHILIeTAMH U3 TPeX
CAMBIIUXCHA
MHKPOTPYOOUEK

Uunuazap (1), cTeHKa
KoToporo obpasoBaHa

cy6penuun, GeaKa
ry6yauna (3)

Toukue HUTH U3 OesiKa
aKTHUHA, IPOHU3LIBAIOIHE
IUTOIIA3MY-
MoneryaapHas
opragusanm: gBOiTHASA
cnupaitb U3
yIOPANOYEHHBIX B IeNb
106y aKTHHA

npomoguramernmamnu 2)—
13 CIMPAJILHO YIIAKOBAHHBIX

[ Gymowm |

Cunres Oesxa
(TpaHCIAINA)

C6opra MEKPOTPYGOUeK;
yuacTtye B 00pa3oBaHIH
MUTOTHUECKOTO BepeTeHa
IeJIeHUAd;

ofecriedeHne pacxoxje-
HUS XpOMOCOM K I0TI0CaM
KJIeTKH BO BpeMs JieJIeHU;
yuacTie B 00pasoBaHU
6a3aJIbHBIX TeJien,
SKTYTHKOB M PECHIUEK

VuacTue B 06pa3soBaHuN
KJIETOYHOTO IEeHTpAa,
SKTYTHKOB, PECHUYIEK;
¢opMUpOBaHUE
LIATOCKEJIeTa

CTpyKTYpHBIH
OpraHM3aTop LUTONIABMBL;
y4YACTBYIOT B ABYKEHUHN
KJIeTKH ¥ iepeMeleHn
LUTOILIA3MBI;

BXOAAT B COCTAB
COXPATHUTEJILHOTO annapara
MELIIIETHBIX 27IeMeHTOB (B
KOMILJIEKCE C MUO3UHOM ¥
apyrumn GenxaMu MBIILIIL)

Knemounbie popmut scusnu. Hadyapemeo syxapuomot
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Okonuarue

KeToYHble OpraHesIbl I

Crpoenue ‘ DYHKIHK T
OpraHeJ/JTb CIIeUAJIBHOTO Ha3HAYEHU A ]
PecHUYKH MuorouucyiieHHbIe IlepenBuskenue: ]

BBLIPOCTHI HUTOIIJIA3MBbl HA
IIOBEPXHOCTH KJIETKHA

UHQY30PHUY, SHUTEIUH
IbIXaTEeJNbHBIX NyTel

E/II/IHI/I‘{HI:IE BBIPDOCTHI

9BIJIeHa, cIe
’ MaTO30
LIATONIa3MbI p AL

Oo6paszoBaHBI 9 mapamMu
MHUKPOTPYGOUEK 110
nepudepun u 1 napoit B

IeHTpe
Muodubpu
GuOpUIIIBLL CoCToAT 13 aKTUHOBBIX U CoxpallieHIe MBIIIIEUHBIX
MHO3WHOBBIX BOJIOKOH
MUODHUIaMEHTOB

npasu
RJpIeTK;I?’HI’;{%B;:SSH?HE ;;‘I;COP; i‘;:f;ge‘laIOTCﬂ IBYALEPHbIE U MHOTOSIIePHEIE
, ro MO3Ta, [IeUeH!, HOIEepPeUHO- -
Tb"égziﬂc-xqe);pMa Apa OKpyTJas WK oBanbHasg. JuamMerp of 3 ;(;) 212)01{/11:;?.
1. Adepnas o‘;ocjrzn poeniin #0pa
MU, MEXIY KOToprM;q:;egxapuojlemma) — TpGACTARIERA JByMA MemGpans,
B mexoroprix mecrax mem6 TGS VaKAS INEIL, (NEPUNYIACAPHOE IPOCTIPGHOMGD ).
pe3 KoTophbie IPOUCXO pﬁaHH CAMBIOTCS APYT € APYIOM, 00pasy HOPM, e
POCTHI HApY-RHOH 5 eIlHT O0bMeH BeIEeCTB MeXAy ANPOM U HUTOMLIa3MOMN. BhI-
3y5 CHCTEMA pH(éI/I MeMGpaHbI coeguHsAoTca ¢ Kanaiamu IIIC, obpa-
% Soommot ror ?/ COOOIIIAIOIINXCA KAHAJIOB.
o0 saoa. s KOToxgﬁuonﬂa3ma UAU HYKJeonia3ma) — BHyTPeHHee COAep-
CKOTERO), 6e,31 b one (1))6 pacmosaraloTcA XpOMAaTHH, AAPHIIKY (OAHO HIH He-
3. Hopernrn ' C . OAHbIE HYKJIEOTUBI, COJIN, UOHBI U T. .
10), neresome B 1 :II;IOCTOHHHBIe o6pa3oBaHMA sAApa OKpyTioil dopmel (1—
Remerns  Tomobans Olge npodassl ¥ BOCCTAHABIUBAIOIIHECHA [TOCTe OKOHIAHNA
Mocom, secym nH(i)o N[;aaylo'rca SIODBIIIKY Ha OTIPefeIeHHbIX yYacTKax Xpo-
o5 Aporarosbim opear?ugiumo o crpykrype p-PHK. Takue yuacTKH Ha3bIBaIOT-
S MOpoM ¥ COMIEPIKAT MHOTOYHCIEHHBIE KOIKH T'eHOB,
P . U3 p-PHK u 6enxoB (IocTynamommnx U3 LHUTOILIA3MBI)

PMupyiorc
Xy, v 1347 ° A CyOBeqUHUIE pU6OCOM, KOTOPBIE 3aT€M MOCTYAIOT B IHTOILIA3-
aBepInaerca coopka pubocom.

|
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XpomamuHosble cmpyKmypbot:

XpomamuH U Xpomoco
ja: B AApax HeNeNAIUXCd
Mejl030M — XPOMOCOMBI.

bl — ABe (POPMBI CYILIIeCTBOBAHNST OAHOTO MarepHa-
KJIETOK — XpOMATHH, B JEIALIIMXCHA MUTO30M nian

XyuMuuecKu# COCTaB! OIHE (8 dopme ;[e30RCHpn60HyKneonp0Temna); THC-

TOHOBBIE, HErucTOHOBBIE OeJIKH;

depments! (IHK-mosumepasa 1 ap.); u-PHE,

7-PHEK, muHepaJbHbIE KOMIIOHEHTHI.

B 3aBuCHMOCTH OT (PYHKIH

reTepoXpoOMaTHH U 9YXpO
HbIe YUACTKY XpOMaTHHA.

QM TPaHyJi, HHTEHCUBHO OKDAllNB
pamHbIe (CIMPaIN30BaHHbIE) YIACTKY XpOMA

CKY AKTHUBHBIE YYAaCTKY XPOMATHHA, TPH c
¢1a60 OKpAaIIuBaeTCA 1 MPeACTABIACT c060i1 TeKOHAEeHCHPOBAHHDBIE (me-
HHBIE) YIaCTKH XPOMaTHHA.

M,

cnupanu30BaHHbIE, PACKPYHE

OHAJIBHOTO COCTOAHUA XpomaTuHa pasandaioT
MaTHH. Femepoxpomamuu — regeTudecKy HEAKTUB-
Ilox cBETOBBIM MHKPOCKOIIOM OH nmeeT B TIBIO0K

aeTcs U IpeJCTaBJsAeT cob0it KOHAEHCUPO-
THuHA. JYXPOMAmuUH — TeHeTHIe-
BETOBOM MHKPOCKONME Hepa3Jan-

Xpomocombt (0T Tped. chroma — 1iBeT, Kpacka, u soma — TeJ0); TePMUH

npefJioKeH B 1888 r.
peacTaBI

HeMeNKHM Y4eHBIM BHIbreJbMOM BasbaeiiepoM) —
a10T cOBOM KOHAEHCUPOBAHHBII XpOMATHH BO BpeMs MHTO3a WU

meito3a. OCHOBY XpOMOCOMBI COCTABIAET IBYXTeNoYedHad MOJEeKYia IHE, xo-

Topas NOABepraerca YKJIAAKE,
CTPYKTYPY, WA KOHGOPMALHKIO. B

mpuobperas ONIpeseseHHYI0 TPEXMEpPHYIO
BIIEISI0T HECKOIBKO ypoBHeil TPOCTPAHCT-

BeHHOM YKJaJAKH — KoMnaxkmusayuu JTHK (cm. paspaen «TeneTnKa»).
XpoMOCOMEI H3YYAIOTCA B meradase murosa. MeradasHad xpomocoMa CO-

CTOMT W3 ABYX xpomamud (puc.
WY Yenmpomepa, KoTopasa AeTuT XPpOMOCOMY

Puc. 15. XpOMOCOMbI:

1 — meTaueHTprdeckas; 2 — cyo-
meTaueHTpuueckas; 3, 4 — ax-
poueHTpuieckne. Ctpoerue
XPOMOCOMBI: 5 — LEHTPOMEDA;
6 — BTOpUYHAs NEPeTsXKA; 7 —
CNYTHUK; 8 — XxpomaTuapl; 9—
TENOMEPD!

15). Vimeerca nepeuinas nepemsaxcka,
ua naeyu. HeKkoTopbie XpoMOCO-
MEI MMEIOT 6MOPUHHYI0 NepemaNCKYy | cnym-
nuk (y4acTOK KODOTKOTO ILIeqa, OTAeNaeMbI
BTOPUUHON nepersokKoii). KOHIBI XpOMOCOM
HasbLIBAIOTCH mejomepamu.

dynryuu a0pa: XpaHeHue HacjaeiCTBeHHON
ur(OpMAIEHA U NepeAaya ee JOUepHiuM KJIeTKAM
B IIpollecce AeNeHNs, peryJanus 1 KOHTPOJb IIPO-
HEeCCOoB JKM3HENeATeNbHOCTH KJETKH, yuacTue
B cuHTese 6esKa (TPAHCKDPUIINA), MECTO obpaso-
BaHUA CyObeIUHNAT] pUbOCOM.

Pasauusbie THIIBI 3y:capno'rnqec1mx KJEeTOK

JyKapHOTHIECKUE OPTaHU3MBI JEJIAT Ha TpH
napcTBa: pacTeHui, JKUBOTHAIX 1 rpuboB.

PaccMoTpes o0LIuii IIaH CTPOSHAA KJIEeTKH
(puc. 16, 17), MOKHO BBIAEJHUTE OTJAAYHUTEID-
Hbie 0CO0EeHHOCTH pacTUTENBHON # SKMBOTHOHR
xaeTKM (xJaeTku rpuGoB paccMaTpUBaTCH
B paszene «Boranukar).
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CpaBHeHNe CTPOSHMS PACTUTEJIbHOMN H 3KHBOTHOH KJIETOK

TIpusHaku Pacrurenprasa KiIeTKa HusorHasn xne’mﬁ
a
[InacTUIBE XnopomnacTsl, OTCYTCTBYIOT
XPOMOILIACTHI,
JIeHKOILTIACTBI
.
Cnocob AgBToTpodHsbIi Tereporpodusrit
nUTaHUA (dhoToTpodHBbIIt, (canpoTpodHBII,
XeMOTPOGHBIH) napasuTHIECKuii)
Cunres ATD B xnopomnnacrax, B MmuToxorapusx
MUTOXOHAPUAX
i;cql;xenﬂenne B xsoponnacrax u Bcex Bo Bcex yacTax KiaeTku, rie
b
YacTAX KJIETKH, He06XOUMBI 3aTPATHI
rae HeoOXOoaUMbL 3HEPruu
3aTpaThl 9HepPruu
Kanerounslit Yy i
HUSIOHUX pacTeHuN B
0 B
UeHTp CeX KJIeTKaxX
Lenatonosnas Pacnonoxena cHapyku oT OrcyreTByeT
KJIETOYHASA KJIETOYHOH¥ MeMOpaHbI
CTEHKa
Braio
YeHU S 3amacHBIE IUTATEILHBIE 3anacHble MHUTATEIbHbIE
BellleCTBa B BUJE 3epeH BEIIeCTBA B BU/Je 3ePeH U
KpaxmMaJa, 6eJika, Kameinb Kaneab (YKUPHI, YTJIeBOA
MacJja; BaKyoJH ¢ KJIeTOYHBIM TIMKOTeH); KOHeYHbIe
COKOM; KPHCTAJJIBI COeH TIPOAYKTEI O6MeHa,
KPHUCTAJLJIBI COJIei;
Fr— - ; MTATMEHTHI
PYIIHbIE IIOJIOCTH, CoxpaTHTeNBHBIE,
3aNOJTHEHHBIE KIIETOUHBIM MMUIEBaPUTEIbHEIE
>

COKOM — BOZHBIM PacTBOPOM
Pa3JMYHEBIX BEIEeCTB,
ABJAIIINXCA 3allaCHBIMHA
WJIYM KOHEYHBIMM
npoaykramMu. OcMOTHYECKHE
pesepByapsl KJIETKN

BHIJEJINTEIbHEIE BAKYOJIH.
OGBIYHO MeJIKHe

Casasn MeX Ay
KJIeTKaMu

IInasMomecMul

Ilepenoc uepes MemMOpaHsbI,
KJIeTOYHBIEe KOHTAKTHI

Henenue
IHMTONIa3MBI IPU
MHTO3e u Meiioze

Knetounasa neperopoaka
CTPOHUTCS B HEHTPOOEIKHOM
HANpaBJIeHUH

Ilepersa:kka oOpasyeTcs B
LEHTPOCTPEMHUTEIBHOM
HaIpaBJeHun

Tnukoramuxe ga

HapyHoi

OTcyTcTBYeT

Hmeerca
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Puc. 16. CTpoeHune pacTUTENLHON KNeTKu: Puc. 17. CTpoeHne XNBOTHOMN KNETKM: | — 9K30LM-

1 — kneTounas cTexka; 2 — agepHas 0bonou- T03; 2 — CEeKPETOPHLIA NMy3bipek; 3 — nuuiesapuTeb-
xa; 3 — spepHas nopa; 4 — AAPLILIKO; 5 — Han Bakyonb; 4 — annapar fonbaxu; 5 — Mukpodu-
Anpo; 6 — xpoMatuH; 7 — rnankuih aHgonnas- nameHTbl; 6 — MUTOXOHAPMY, 7 — LWepoxosaThlin 9H-
MaTU4eCKuit peTukynym; 8 — nnasmainde- LOMNA3MaTUHECKNI PETUKYNYM, 8 — pubocombl,
ckasi MembpaHa; 9 — untonnasma; 10 — Muk- CcBSI3aHHbIE C JHAOMIA3MATUHECKUM PEeTukyny-
poTpyGouku; 11 — MuKpodUnameHTsl; 12 — MOM; 9 — nnasmMaTnieckas membpana; 10 — unTo-
annapat fonboxu; 13 — nM30COMa; 14 — 10- nnasma; 17 — 3yxpoMaTuH; 12 — rerepoxpoMaTiH;
HOMNACT, 15 — KNETOHHLIW COK; 16 — MUTO- 13 — sapbiwko; 14 — anepHas nopa; 15 — agepHan
xoHapus; 17 — rpauxa; 18 — membpaHa xno- obonouka; 16 — [OBe UEeHTPpnosu, pacronoXeHHbie
ponnacTa; 19 — xioponnacT; 20 — pnBOCOMBb! nog, NPAMbLIM YIIOM ApYr K APYry, 17 — ceobopHble
C SHAONIA3MATUHECKUM DETUKYYMOM; 21 — puBOCOMbI; 18 — IM30COMa; 19 — MUKPOTPYOOHKY;
LIepoXoBaTbiit 3HZOMNNA3MATUMECKUIA PETUKY- 20 — rnaaKwii HRONNA3MaTUYECKUA PETUKYNYM;
nym; 22 — ceoboaHbie pu6ocoMmsbl; 23 — Kne- 21 — NWHOUMTO3HLIA My3bipek; 22 — MUHOUWTO3;
TOYHAs CTEHKA COCEAHMX KNEeToK; 24 — nnas- 23 — MUKPOBOPCUHKA; 24 — NOITIOLLEHNE Ui CeKpe-
MORECMbI LA Yy OCHOBaHsi MUKPOBOPCUHOK; 25 — aapo

OBMEH BELLECTB WU NPEBPALLEHUE SHEPIrvU

Bce >xuBble OPraHU3Mbl, OGUTAOIINEe HA BemJie, ABIAOTCA OTKPBITHIMH CH-
cTeMaMu, AJIS KOTOPHIX XapaKTepPeH HeNPEepPhIBHO [IpOTeKaIIui o0MeH Be-
HIeCTB ¥ 9HEPruu ¢ OKpy2Kaloleli cpefoi.

O6MeH BellleCTB U DHEPruu — OCHOBHOE CBOMCTBO *KHMBOTO. Bce mpomecchl
sKU3HeNeATeIbHOCTH (POCT, Pa3BUTHE, PASMHOMKEHNE ¥ Ap.) HEBO3MOXHHI 6e3
HOJIyYeHnA U3 OKpY3Kamollefi cpe/bl B Iporecce MUTAHNA BelecTs (CTpOUTEb-
HOTO MaTepuaa) U SHePTHH, HeOOXOMUMBIX /I MOCTPOEHUA XHMHUYECKUX CO-
eMHeHUI OPraHn3Ma, a TaKKe [Jis COBePIIeHNA pasnuYHO# paboThI.

COBOKYIIHOCTb peaxuuii 0GMeHa, MPOTEeKAIOIINX B opraHusMe, Ha3bIBaeTCA
Mmemabosu3Imom.
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MeTabon3M BKIOUaeT B cebs ABa mporecca:

1. Anabonrusm (acCUMUNANNA, ILIacTHUYeCKU 00MeH) — COBOKYITHOCTB 3H/0-
TEPMHUUECKUX DeaKIui frocuHTe3a, KOTOphIe IIPUBOJAT K 00Pa3oBaHmI0
CIIOMKHBIX BeInecTB u3 6ojiee MPOCTHIX (cunres3 Genka, TIIMKOreHa; GoTo-
CcUHTE3, XeMOCHUHTES).

2. Kamatoausm (AUCCUMUIANUA, JHepreTHYeCcKUil 00MEeH) — COBOKYII-
HOCTh 9K30TEpMHUYECKHUX PeaKIuil pacnaja ¥ OKMCJIEHHUA BBICOKOMOJIe-
KyJISIPHBIX BeIecTs N0 6oJiee MPOCTHIX.

D1y TPOLECChI B3AUMOCBABAHBI BO BpEMEHH U POCTPAHCTBE, ABJIAIOTCA 3Be-
HpAMHE MeTaGoausMa. Peakniuu 6MOCHHTE3a HEBOSMOXKHDI 6e3 PHEPTUH, KOTOPas
BBIAENIAETCA B PEAKIMAX SHEPTeTUIeCKOro oO6MeHa. PeaK1iyiy AUCCUMUJIAIINY He
uxyt 6e3 HPepMeHTOB, 00pasyOIUIUXCA B PEaKIUAX ILIACTHIECKOrO obMeHa.

ITo THITy MMTAHKSA BCE YKUBbIE OPIaHU3MBI OAPA3AEJIAIOT Ha:

1. Asmompo@Hbvie — CIIOCOOHBIE CHHTE3UPOBATH OPraHUHECKUE BEIeCTBA
U3 HeOpPTaHUYEeCKHX.

dorocurTeTury (HoToaBTOTPO(dEI) — K HUM OTHOCATCS 3€JIeHBIe pacTe-
HIA 1 GOTOCHHTE3UPYIoLie 6aKTepHH, KOTOPbIE HCIONB3YIOT SHEPIHIO
COJIHEUHOT'O ¢BeTa. Bee ocTajibHBIE YKUBEIE CYIIeCTBa HCIOJIB3YIOT 3HEP-
U0, 3aKIIOYEHHYI0 B XMMUYECKHX CBA3AX.

XeMOCHHTETUKHN (XeMOABTOTPO(EI) — K HUM OTHOCATCS HEKOTODHIE
faKTepHH, KOTOPbiE NCHONB3YIOT S9HEPTUIO, BHIAEIAIYIOCA IIPU OKUC-
JleHuY HeOPraHMYEeCKUX CoeMHEeHUH (CepoBO0OPOaa, aMMUAKA, FKEJIe-
3a U Ap.).

2. TemepompogHble — KUBOTHBIE, IPUOBI, He3eJeHble PaCTeHUd, 60Jb-
HIMHCTBO OaKTepHil, He CIOCOGHBIX CAMOCTOATEIbHO CHHTE3NPOBATE OPrati-
YecKue BeIeCTBA ¥ UCIONb3YIONIUX 9HEPTHI0 XUMUIeCKUX cBsI3eM FOTOBBIX OP-
raHMYecKUX COeJUHEeHUN.

CanpoduTsl (canpoTPodHbIe OPTaHU3MBbI) — MUTAIOTCHA OpraHM4YecKUMHU
BellJecTBAME MEDTBHIX Tell (0aKTepud, rpudsl).

IMapasuTs! (Iapa3uTHYeCKHe OPTAHN3MBbI) — IHTAIOTCHA OpraHu4ecKuMH
BeI[eCTBAMH >KHBBIX OPranu3MoB (60e3HEeTBOPHBIE fakTepuu, Mapasu-
THYeCKHe PACTeHUsA, TPUOLL, SKMBOTHBIE).

3. MukxcompogHbie opzanu3mbl (9BIJIeHA 3eJleHasA, HACCKOMOAAHBIC pacre-
HHA) — MOT'YT MMTAThCA KAK aBTOTPO(MPHO, TAK U retTepoTpodHO.

ITo cnocofy MoCTYIIEHHS MUTATENBHBIX BellleCTB OpraHn3Mbl pasaessaiorT
Ha 20/1030ilHble — 3aXBATHIBAIONIME IHIEBbIe YACTHIBI U 20A0(UMHble — BCA-
CBIBAIOIIIME PACTBOPEHHBIE BEIIECTBA.

ITo oTHOMIEHNIO K KMCIOPOAY PA3INYIaloT:

A3pobubie opraHusMbl (TyOepKyIe3Had majgo4YKa) — ABIIIAT KHCJIOPO-
oM, HeoGXOAUMBIM AJIA OKUCJIATEIbHO-BOCCTAHOBUTENBHBIX peaxiuii
IIPH TKAHEBOM JbIXaHUH.

AHQIpoBHbLe OPraHU3MbI — HCIOJIB3YIOT BMECTO KHCJIopoga Apyrue
okucaurenu. OHM JAelATca Ha Hecmpozue (audrepuiHasd majgouKa)
¥ cmpozue (Bo30yauTe N CTOJNOHAKA, FAHI'DEHBL; HoYBEeHHbIE GaxTepuH).
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Taxum 06pa30M, [IOTOK BeIleCTB ¥ 3HEePIr'uu obecrneunBaeT caMoO0HOBJIEHIE
u CaMOBOCHpOI/IBBeJIeHI/Ie OpPraHu3MoB.

doTocuHTE3

domocunme3 — 9TO IPOIECC IpeodpasoBaHKs COJIHeYHOM PHEPTUH B ITIOTEH-
MUATHHYIO 9HEPTHI0 XUMAYECKHUX cBsi3eil OPraHUUYECKHX BelecTB. ITO TAKIKE:

mpoiece 06pasoBaHusl OPraHUYECKAX BEmeCTs IpH y4acTHH SHEPIuH CBe-
ra. OH CBOHCTBEHEH KJIETKAM, COJePKalluM ClienuaibHbe ¢dorocuHTEIU-
pyoIye NUTMEHTbI, IIABHEIM 13 KOTOPBIX ABJAeTcs XJopoduni;
eMHCTBEHHBI IIpoTiecc B 6uocdepe, BeAyIIUil K 3allaCaHNIO SHEPrUH 34
cueT ee BHeIIIHETO HCTOUHUKA;

3BeHO GMOTeOXMMHUYECKUX IMIKJIOB Ha 3eMile U OCHOBA BCEX Henen oura-
Hus. BanaceHHada B MPOAYKTAaX dHEPrua — OCHOBHOII MCTOYHUK dHEPTUH
718 4eJIOBedecTBa.

Esxeroguo B pesyJbTare POTOCHHTE3a HA Bemte obpasyercsa 150 MapA TOHH
OpraHHYECKOro BemlecTsa (IepBUYHAL npoaykuusa) u Bhgengerca 200 mupa
TOHH CBOBOJHOTO KHCIOPOAA. Kpyrosopor KHCJIOPOAA, yriepoaa i IPYTHX
5JeMeHTOB, BOBJIEKAeMBIX B (POTOCUHTE3, MOAREPKUBAET COBpPEMEeHHBIN CO-
cTaB aTMocdepbl, HEOGXOAMMBINA A CYIIeCTBOBAHUA Ha 3emMJe COBpeMEeHHBIX
dopm xu3nan. POTOCHHTE3 NPENATCTBYET yBEIMIEHIIO kounenTpanuu CO,,
IpesoTBpAallas Heperpes 3eMJIn BCIEACTBHE TaK Ha3bIBA€MOT'0 «TaDHUKOBOTO
addexTar.

DOTOCHHTES B PACTEHUAX OCYILECTBAAETCA B XJIOPOILIACTAX. O= BKJOYaET
IBa 9TAIA, MOCJIEA0BATEIbHO CBASAHHBIE MEXKLY coGoii:

1. Dram DorJoleHus U IpeobpasoBaHUA SHEPIUH ( ceemosoil npouecc).

I1. Dran npeBpalleHNs BeIecTs ( memHOoB0I npoyecc ).

IlBa mporecca GOTOCHHTE3A BHIPAKAOTCHA OTAEeNbHBIMHA 0000IIeHHBIMHA
ypaBHEHUAMH.

1. 12H,0 + smeprus cBeTa —> 12H, + 60, T + sneprusa AT® (cBeTOBO} mpoiiecc).
1. 6CO, + 12H, + sneprusa AT® — C;H,, 0, + 60, 1 (TemuoBoO# mIporiecc).
06o61IeHEHOe ypaBHeHne (hOTOCHHTE3a:

9HEepruda cseTa
6CO, + 6H,0 CeH,,0; + 60,1

Csemogoil npoyecc IPOUCXOJUT 6 muaaxoudax Xa0ponaacmos, memHo-
80il — 8 cmpome, TO eCTh dTH IIPOLECCHl MPOCTPAHCTBEHHO pa30b61eHHl.

IInacTuapl XapaKTepPHbl TOJIBKO AJIS pactenuii. OHM He HalJEHBI ¥ rpubos
1y ’KMBOTHBIX, 38 HCKJIIOYeHIEeM (POTOCHHTE3UPYIOMINX mpocTeiimnx. B saBu-
CHMOCTH OT OKPACK¥, CB3AQHHOH C HAJIMYHEM WM OTCYTCTBHEM OUTMEHTOB,
pasIMYaloT TPY OCHOBHBIX THIA NJIACTHA: xqoponaacmbyt (3e1eHOro 1BETA),
xpomonaacmbt (3KeJITOT0, OPAHKEBOTO0, KPaCHOT'0 usera), aeiikonaacmot (Gec-
mBerHble). OJHY MIACTHABI MOTYT IPEBPAIATECA B ADYTHE. CrpoeHne IIACTUA
MOYKHO PacCMOTPEThb Ha IpUMepe XJIOPOIIacToB.

Xaoponaacmul — 3TO ABYMeMOpaHHbIe OPraHOUbI, BHYTPEHHAA meMOpaHa
KOTOPBIX 06pasyer muiaxoudst, GopMupyomue zpansl, MeKIy KOTOPBIMH Ha-

XJI0po¢uIL
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xonurca cmpoma. B meMOpaHaxX THIAKOUAOB HAXOAATCA MUMMEHTDI (x1opo-
uJLT, KAPOTHHOUABL 1 ap.). B crpome comepsxarca hepMeHTs! 1 pubocomsi. Te-
HeTWUeCKHMH annapar OpelcTaBieH IUKINYECKUMU MOJIEKYJIaMu JTHE. 310
[10J/iyaBTOHOMHBIE OPTaHe LIk, crocofHbie CUETe3UPOBaTh COOCTBEHHEBIE GEIKO-
gpie MoJexysbl. OcHOBHAA QYHKIMHA XJIOPONIACTOB — (OTOCUHTES, a TaKKe
cunres AT® u AII® (pochopunupoanue), CHHTE3 U THAPOJINS JIUITN/OB, aCCH-
MILIALIOHHOTO KpaxMaJia 1 6eJIKoB, OTKJIaAbIBAIOIIUXCA B CTPOME.

B ocHOBe CTPOEHUS XJI0POPUIIOB JeKNUT Mg-nopgpupurosbstii ckesem. Ero
COCTABIAIT MOPGHUPUHOBAA «TOJIOBKa» C ATOMaMH Mg B meHTpe (THAPODUNL-
Ha, JeKNT Ha IOBEPXHOCTH MeMOPaHbl) ¥ (PUTOJBHBIH «XBOCT» (TUAPODOOHEII,
yIAepEHUBaeT MOJEKYTY xJjiopoduiiia B MeMbpaHne).

CyIecTByeT HeCKOJIbKO Mofuduranui xJiopoduios (a, b, ¢, d), oTaiuao-
[IUXCH CIIeKTPAMI OTJIoleHu . Bee pacTeHus B KadecTBe OCHOBHOIO IIMTMeH-
Ta COLEPIKAT CUHe-3eJIeHbIN X10pOUILL 4, 8 B KA4eCTBE AOMOTHUTENBHBIX —
3eJIeHO-3KeThI xaopogurn b.

B xJI0pomiacTax XJI0poHLI ¥ APYyTHe IUTMEeHTH!, IOTPYKeHHbIe B THIAKO-
#bl, COGPAHbI B PYHKIIMOHAIBHBIE eTUHHULBI (10 250—400 mosnexkyJ), Ha3bIBA-
eMble gomocucmemamil.

Wmerorcsi aBa Tuna ¢orocucrem: GC-1 u @C-11. Kaxxpaa goTocucrema co-
nep:uT 250—400 MOJIEKY MMIMeHTOB. Bce mArMeHTHL (oTocuCcTEMBI MOTYT
HOTJIONATH YACTHILHI CBETOBOI dHeprur (HOTOHBI, KBAHTEI cBera), HO TOJBKO
Of(HA MOJIEKYJIa XJOpOo(HIIia 9TOH CHCTeMBbI MOXET MCIIO0JIb30BaTh IOTJIOMIeH-
HYIO 9HEPruio B POTOXNMUYECKHX PEaKIUAX. ITa MOJIEKYJIa HAa3bIBACTCA pedr:-
YUOHHbBLM UEeHMPOM, 8 APYTHE MOJEKYJbl IUTMEHTOB HA3BIBAIOTCH ARMERHbL:
MU, TAK KAK yJaBINBAIOT SHEPTHUIO CBETA, IOA00HO aHTEHHAM, 1A TOCIEeAYI0-
el mepefayu peakIMOHHOMY LEHTDY.

B ©C-I peakiuoHHBIH IeHTP 06pa3oBaH MOJIEKY IO XIopodusLia a, 0003Ha-
yaeMoil P700, rge 700 — onTUMyM IOIJIOIIEHHUS B HM. B ®C-1I peakimOHHBIA
IeHTp TaKke o6pa3oBaH MOJEKYJIoH xaIopodusia a, obosHataemoi Pggy, TAC
OIITIMYM IIOTJIOLIEHUS JIeKUT B paiioHe 680 HM. PoToCHCTEMBI I u II paboTraioT
CHHXPOHHO U HellpepbiBHO, HO ®C-1 MokeT PYHKIMOHUPOBATH OTAEILHO.

CpaBHHTeIbHAS XaPAKTEPUCTHEA PaGoThi ABYX (poTOCHCTEM NIPH (poTOCHHTESE

-
I[uxangyecxroe

DorodochopuimpoBanne Henuxnanyeckoe

Yuacreyoniue GOTOCHCTEMBI dorocucremst I, I1 dorocucrema I

IIyTs s1eKTPOHOB Henukandeckui Iugaugeckuit |
Tlepsuiit goHOP 2J1€KTPOHOB Bona dorocucrema 1
Ilocnegunit akmentop HALI®' dorocucrema I

AT®, HAIPH, xucaopoj AT®

Mym‘m peaKiuyu

L. Ceemosas (pasza npoTeKaer Ha CBETY Ha MeMOpaHax THIAKOUAOB OpH y4a-
CTHH XI0PO(HLIA, GEITKOB — IePEHOCUNKOB 3IeKTPOHOB U (hepMeHTa — ATD-
CHHTeTasw! (puc. 18).
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HecrabunbHBI:
IIPOMEKYTOU-
HBI# IIPOAYKT

Cco

Pu6ynozo-1,5-
ougochar (PBP)

docdorannepuHoBasi
kucaora (PIrK) 2C3
perenepanus
2ATOD
DochorInnepoasb- 2AT® + 2P
nerup (PTA) 2C3 2HATIDH;
Cb2HAILd>+
T'nroxosa dpykTosa

Puc. 19. Uukn KanbsuHa

dDaKTOpBI, BAUAIIIAE HA (OTOCUHTES

Csem — CKOpPOCTE (DOTOCHHTE3a MIPAMO NPONOPIHOHAIBHA MHTEHCHBHOCTH
cBeTa; IpY HOBHINIEEMH WHTEHCHBHOCTH CKOPOCTH (POTOCHHTE3a 3aMeIAeTcd,
TaK KaK paspyIlaloTca MOJEKyJbl Xjaopoduina. Bpema: yeMm Goiblie nepuos
OCReINeHHOCTH, TeM JOJIbIlle TIPOAOJIKaeTCs GOTOCUHTES.

Konyenmpayua yzaexucnozo eza3a (B HOpMe B arMocdepe COAEPHKUTCH
0,03-0,04 % ); npu xoruenrpauuu CO, 10 0,1 % mOBBILIAETCA CKOPOCTH TEM-
HOBBIX peaknuil ¢oTocHUHTE3a.

Boda — cyberpaT (pOTOCHHTE3a; IPH YMEHBLINEHNH COREPAaHUA BOALL 3a-
KpBIBalOTCA yeThbuIla, 1 CO, He MoxeT AnhHyHANPOBATE.

Temnepamypa — onTUMAJILHAA TeMIIepaTypa A71sA GOTOCHHTe3a +25 °C (zna
pacTeHHII CpeJHell MOI0Ch]); CHUMKEHNE IPUBOAUT K 3aMe/IJIEHUIO pabots1 dep-
MEHTOB.

IlocraTodHas KOHYEeHMPAYUL XA0POPUAIA.

Heo6xX0IUMO AOCTATOUHOE MUHepaabHoe nuTanue (Mn, Fe, Mg, N u ap.).

Kocmuneckas ponv pacmenuil (onucana K. A. TuMupA3EBEIM) 3aKJII0UaET-
Csi B TOM, YTO PacTeHUHA — eIWHCTBeHHBbIE OPIaHU3MbI, YCBAMBAIOIINE COIHE-
HYI0 SHEPrHI0 ¥ aKKyMYJHDYIOIMe ee B BHJE IOTEHIHATIbHOM XUMHUYECKOH
DHEPIUNU OPTAHUYECKUX coefuHeHui. Beigenaromuiica O, H041epKUBaeT Ku3-
HeleAaTeabHOCT: BCeX a9pOOHBIX OpranusMoB. M3 Kuciaopoaa obpasyercs 030H,
KOTOPBIH 3aljuInaeT Bce KUBOE OT YIbTPa(huoJeTOBBIX ayueii. Pacrenusa uc-
HOJIL30BANK U3 aTMochepbl TpoMasiHoe KosnuecTBO CO,, U3GBITOK KOTOPOTO CO-
37aBajl «IIaPHHUKOBHIH >PdeKT», ¥ TeMIlepaTypa ILIaHeTHl HOHKU3KWIaCh 0 HbI-
HEITHUX 3HAYeHHIl.
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XeMOCUHTE3

Kpome hoTOCHEHTE32, CYIIECTBYET elje oaxa dpopma aBTOTPOMHON accumu-
JAANMYA — XEMOCHHTE3, mabuaonaeMblil y HeKOoTOpHIX OakTepuil. Takue Gaxre-
pyH HA3BIBAIOTCA XeMOCUHMEMUKAMU.

X eMOCUHNE3 — 3TO CIIOCOOHOCTh XeMOCHHTETHUKOB IIPH OKUCJIEHUY Heopra-
HMUEeCKUX BellleCTB HCIOIb30BATh BbLAEIUBIIYIOCA SHEPTUIO IS obpasoBanns
OpraHWYeCKNX BEUIeCTB, HAYIIUX HA MOCTPOeHHE KJIETOK CBOEro TeJa. Xemo-
CHHTETUKY, B OTIHude 0T (hoToaBTOTPOGMOB, HCIOJB3YIOT B IIPOLIECCe CHHTEe3a
He CONHEUHBIH CBET, 2 SHEPTIUI0 9K30TePMUYECKUX PeaKIuii.

Pycckuit muxpobuogor C. Y. Bunorpasckuii B 1889 r. Buepsbie moKaszax
CyLECTBOBAHME B IIPUPO/ie aBTOTPOMHEIX He3eJeHbIX OPraHn3MOB (aurpudnu-
MUPYIOIKUX OaKTepHuil) ¥ ONKCAJ CYLUTHOCTE MPOLeCCa XeMOCHHTE3A.

1. Humpuguuyupyiowue 6axmeput. PacnpocTpaneHs! B II0YBE U B Da3IUIHBIX

BomoeMax. J[oGLIBAIOT SHEPIHIO TYyTeM OKHCIEHIs aMMUAKa i 830THCTOH KIC-
JIOTBI, UI'PAIOT BAXKHYIO POJib B KPYrOBOPOTe a30Ta B IpMpoAe. Beixensior Bo
BHENIHIOI Cpeny ()epPMeHTHI, KOTOpbie KATATU3HPYIOT OKUCIIeHNe Cy6CTpaToB:
— amMMuaxK (cy0cTpaT) OKHMCISEeTCa 0 a30TUCTOM KHUCIOTH U 9HEPTHU:

2NH, + 30, - 2HNO, + 2H,0 + E;
— a30THUCTaAsd KHUCJIOTa OKHCIAEeTCA OO0 a30THOM KHCJIOTH] 1 JHEeprmuum:

2HNO, + 0, <> 2HNO, + E.

2. Becusemmubte cepobaxmepuu. PaciipocTpaHeHbl B BOJ0eMaX, BOAA KOTO-
PBIX CONEPIKUT CEPOBOAOPOX. JJ0OBIBAIOT SHEPTHUIO JJIA CHHTE3a OPranu-
YeCKUX COeZHHEHUN N3 YIIeKNcJIoro rasa, OKUCAAs CEpoBOLOPOL.

2H,S +0, > 2H,0 + 2S+ E

IIpu HemocTaTKe CEPOBOAOPOAA cepofaKTepUH IPON3BOAAT nanabHen-
IIee OKUCIeHUe CBOBOLHON CepHl O CePHOM KUCJIOTHI.

2S + 30, + 2H,0 — 2H,80, + E
3. Menesobarxmepuu. O6pas3yIoT GONOTHYIO KeJIe3HYI0 PYAY.-
4Fe? + 0, + 4H'" — 4Fe3"+ 2H,0 + E

4. Bodopodnvie 6axmepuu. Pacupocrpanens! B mouse. OKUCIIAIOT BOXOPOZ,
obpagyomuiics Ipy aHAPOOHOM PA3JIOXKEHNH OPTaHUIECKUX OCTATKOB
MHKPOOpPraHU3MaMU IIOYBHL.

2H, + 0, > 2H,0 + E

JHepreTHuyecKuii 06MeH

IHepeemuyeckuii 06meH (Kamaboau3Mm, UL OUCCUMULAYUA ) — 9TO COBO-
KYIHOCTL peaknuil pepMEeHTATMBHOTO PACIiele sl OPraHuIecknx BemecTs,

Jr—
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COTIPOBOKIAIOIIIXCS BHLICJIEHNEM SHEPIILL. KoHeuHBIMU NPOAYKTAMHU pacia-
na asasiores COy, H,0, AT®. Jueprus, B ASIAIIIAACA IPH PABPYIISHIH XH-
MHUYECKHIX CBA3ei, 8aIacaeTcsi B MAKDOIPIUUYECKHX CBA3AX mostekyn ATD
U IpYyruX BHICOKOSHEPreTHIEeCKMUX coenunenniti, AT® — yHUBepcaabHbIA HC-
rouHNK sHeproobecneuennd KaeTkn. CuHres AT® opoucXOIUT B KJIETKAX BCEX
OpraHM3MOB B ITPOLECCE POCHOPUNLUPOCAHUA — OpHCOeJUHEeHUST HeOpraHmde-
cxoro dochara k AID.

T[IpeBpamnieHue BeLIECTB U SHEPTUM B IIPOIECCe AMCCAMIIATIIN BKJIIOYAET
B cebsd caeayIoIye dTalbl:

I stanm — mnoaroTosuTeabHbIil. CIOKHBIE OpraHUYecKHe Bel{ecTBa IO/
neficrBueM (ePMEHTOB pacnajaloTcsA Ha NPOCTHIE (MoHOMepHI): Oenkxu 00
AMUHOKUCJOM; Hupbt 00 2AUYEPUHA U HUPHLLY KUCIOM; yeanesodvl (Kpax-
man ) 0o monocaxapudos (2LI0K03bL ); HYKLEUHOBbLE KUCLOMbL 0o HyKkEOMU-
dos u m. 0.

IIpu 5TOM BBIAEJIAETCA SHEPTUA B BUJE TeIlIa.

II atan — ranKoau3 (GeCKUCIOPOIHBINH, aHAPPOOHBINA) — MHOrOCTyIeHYA-
TEIH (PePMEHTATUBHBIN IIPOIECC PACIIEIICHU A TIIFOKO3BIL 10 ABYX MOJIeKYJI 11~
pPOBUHOTPATHON KHCJIOTHI (IIBK, nupyBsar), AByx mouexya AT® u BoccTaHOB-
JieHHOM GOopPMBI IepeHOCUNKa BOAOPOJa HAJIH, c o6pasoBaHueM IPOMEKYTOU-
HBIX HPOAYETOB. IIpollecc ocymlecTBIAETCA B IUTOIIA3ME 6e3 yuacTusa
KHUCI0pofa, ¢ MemMOpaHaMu He CBA3aH.

CeH,,04+ 2ANP + 2 + 2HAII+ — 2C,H,0,+ 2AT® + 2HAN - H,
JII0K038 IIBK
IIpu sTom 40 % sHepruwu 3anacaerca B BUJE AT®, a 60 % sHepruu pacceu-
BaeTCs B BUJE Tellja.
I1L. [1pu omcymemeuu Kucaopooa:
V IPOKIAKEN U PACTeHNH MPOUCXCAUT CIIMPTOBOE OposkeHue, IIPY KOTOPOM CHA-
yasia o6pasyeTcs YKCYCHBIN ableruf, a 3aTeM STUJIOBBIN CIIUPT:

C,H,0, - CH,COH + CO,
T11BK YKCYCHBIH anbAerny

CH,COH + HAJL - H, - C,H,0H + HATT';

STWJIOBBIA CIUDPT

y HeKOTODBIX KMBOTHBIX 1 OaKTepHii IPU HeJOCTaTKe KNUCIOPOAA IPOUCXO-
IUT MOJIOUHOKHCJIOE 6POKeHN€e B MBIIIIEUHBIX KJIETKAX C 0o6pa3oBaHMEM MOJIOY-
HOH KHCJIOTHI:

C,H,0, + HATI - H, - C,;H,0, + HATT*
IIBK MOJIOYHAA KHCJIoTa

B pesyabraTe IIHKOAW3a OJHOHE MOJIEKYJIbI DJIIOKO3BI BBICBOOOMKJAeTCA
200 xJIx, us kKoropeix 120 k]l paccenBaeTcs B BUje TEILIA, & 80 x>k pacxo-
ayercsa Ha cuaTed AT,
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Ipu Haauvuu Kucaopoda rugponns (KUCIOPOAHbIN, a9p0o0HOe AbIXaHKe) —
moiHoe (QepmerTarusHoe paciiennenne IIBE zp0 yriexkwucsoro rasa u Bogsr,
¢ obpasopanuem 36 moneryn AT®: gBe MoJeKybl 06Da3yIOTCs B peaKiusax
nukia Kpe6ca (B marpukce MuToxoHApuil) u 34 MOJEKyJIbl - B Ipomecce
OKMCJIUTEIBLHOTO hochopUINpPOBaHUs (HA BHYTPeHHeH MeMOpaHe MUTOXOHZ-
puil, B KOTOPYIO BCTPOEHBI (PepMEHTHI aeixarenpHoit 1enu). Habnwopaercs
TOJIBKO ¥ a9pOOHBIX OPTaHU3MOB, JTOT HPOIECC BKIKOYAET: YUKIL MPUKAPOOHO-
gblx Kucaom (uuwa Kpebca); 3aKIIOUUTENBHYIO CTAAHUIO OKUCICHUA — JJ€K-
MPOHHO-MPAHCROPTHYIO Uerb.

[TupyBaT HOCTYNACT B MUTOXOHAPHIO M B3ANMOAEHCTRYET ¢ (lepMEHTaMU Ma-
TpuKca. 31ech IPOUCKOAMUT AerHApUpoBaHue (OTLIEILIEHHE BOZOPOAA), AeKap-
gorcuinposanre (orinemenue CO,) u npucoegusesne Kodpepmenrta A (HS —
KoA) ¢ obpasosanuem aueruixodepmenta A (CH;CO ~ S-KoA), obnanaromiero
BBICOKOIHEPTeTHUECKOH CBA3KI0. JTO CoeauHeHe BOBIEKaeTcA B ukI Kpebca —
Helb ToCIeI0BaTeNbHbIX peakuuii. Anetun-KoA coeguHsiercs ¢ MOJIEKYJION ia-
pesteBoyKcycHo# kucaorel (IIIYK), npu atom obpasyerca Tpukap6oHOBaA JH-
MOHHAS KHMCJIOTa. B xo/le mocaenyomux GepMeHTaTUBHBIX PeaKIni JIMMOHHAA
KHMCJI0Ta OKUCJIAETCH, IIPH 3TOM BOCCTaHaBJAWBaOTCA 3 Momexkyanl HA*Y
no HAJI - H, ogna moaexyia @Al B DAL - H, u o6pasyeTcst MOJIEKYyJIa TyaHO3NH-
tpudocdara (I'TP) ¢ BrICOKOIHEPreTHUECKOH docdaTHOM cBs3blo. JHeprus I'TP
ucronsayerca aa tochopummposanus AID u obpasosanua AT®. Jlumonnas
KHCJIOTA TepAET JBa YIJIEPOJHBIX aTOMA, 3a CUeT KOTOPHIX 00pasyioTes IBe MOJIEKY-
ap1 CO,. B cyMMe, B pesy/IbTaTe CeMHU I10CII0BATENbHBIX (PePMEHTATUBHBIX PeaK-
nmil, auMoHHag KucioTa mpespargaercsa B LIIVE. O6paszoBaBiiasca MOJEKYJIa
I VK coepumaeTes ¢ HOBOA MOJEKyJIoil aneTni-KoA, ¥ IMKJI MOBTOPAETCH.

B cocraBe TUMOHHOII KMCIOTHI CTOPAET IPUCOEANMHUBIIUICA OCTATOK alleTHJI-
KoA.. IIpu sTom 06pasyioTcsa YIIIEKUCILTE Ta3, aTOMBI BOJOPOAA; 3J€KTPOHEI 1epe-
HocATca Ha axnentopel HAIY m @AJ[*; aHeprus XMMHYECKHX CBA3EH YIVIEBO-
JIOB, sKUpOB, GeJIKOB Hakammusaerca B Monexynax HAJL - Hy, @Al - Hyu ATD.

Hanbueiiimee okuciaenne HAJL - H u @AJIH, npoUCXOAHT B AbIXaTeILHOM 1Ie-
¥ MUTOXOHAPUI, Ha BHYTpeHHeil memOpaHe. OHH ITepefaloT aTOMbI BOZOPOAA 110
IOenu BCTPOEHHBLIX B MeMOpaHy OenxoB. IIpu 3TOM OPOTOHBI OKA3LIBAIOTCS HA
BHeIIIHeii CTOpOHe BHYTPeHHel MeMOPaHbl 1 HAKAILIMBAIOTCA B MesKkMeMOpPaHHOM
IpocTpaHCTBe (CHADPY KU MeMGPaHEI BO3PACTAET MOJIOXKUTENbHbIHA 3apsiA), a dJIe-
KTDPOHBI OCTAIOTCA ¢ BHYTPEHHEH CTOPOHBI MeMOpaHsl, rae coexunsores ¢ O,.

Me:xay BHerHe ! ¥ BHYTPEHHEH cTropoHamMu MeMOpaHbl BO3HUKaeT Pa3HOCTD
HOTEHIINAIOB — MpaHcMemOpannblil nomenyuan. B MeMGpaHy BCTPOeH dep-
MeHT ATD-cunmemasa. B ero MoJieKyJjle OTKPHIBAeTCs KaHaJ, depes KOTOPBIH
MOTyT IPOXOAMTH IPOTOHKI IPH pasHocTH noreHnuanos 200 MB. [TporoHs! Ha-
YHHAIOT IPOXOAMTH KAHAJM, ABMKHAMBIE CHJIOH 3AeKTPUYECKOro MO (TAaKHM
06pa3oM, BHYTpH BO30GHOBIAETCA COeP/KaHue IPOTOHOB, U3PACXONOBAHHDIX
Ha BoccTaHoB/ieHue O2), U COEANHAIOTCA C TPOTOHAMU.

0, + 4e- + 4H* - H,0
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3a cueT sHEPTHHU ABIKYIIMXCA IPOTOHOB B MOJIEKYJIE AT®-cuHTETA3DI IPO-

MCXOANT CUHTES AT® uzs AII® u P.
Ofuiee KOJIHYECTBO SHEPIUN, BBIJleJIAIOIIeiicA Ha 9TOM 9TaNe, — 2600 x]Jx.

55 % pHepruu 3anacaercd B popme AT®.
O6mas gopMyia aHa3pPOGHOTO U a9poOHOTO JTATIOB!

C,H,,0, + 60, + 3BAII® + 38® — 6CO, + 38AT® + 44H,0

Pasmuuusa Mexay GoTOCHHTE30M 1 a3POOHBIM ABIXaHHEM

PorocuHTE3 AspobHoe JbIXaHNe

IIpomecc JUCCUMUIANMY, B
pesyIbTaTe KOTOPOTO MOJIEKYJIBI

AmnaboaudecKuii mpouecc, B
pesyabTare KOTOPOTO U3 IPOCTHIX
HeOPTaHUIECKHUX COeAMHEHHUN VIJIEBOZOB PACIIENIAIOTCH 10
CHUHTe3UPYIOTCA MOJEKYJIbI TIPOCTHIX HEOPTaHUYEeCKUX
yIJIeBOAOB coeMHEHHH

Dueprusa AT® HaKaminBaeTcs ¥ Yueprud sanacaercd B suie ATD

zagacaeTrcd B yrJjeBojax

Kuciopos BelAens1eTca Kuciopox pacxoayercsa

VYryexucaslil ra3 u Boja VreKkucaslil ra3 U BOJa
moTpebIAITCA BBLAEAAIOTCA

IIpoucxoAuT yMeHbIlIeHne
opraHuYecKoi Macchl

IIpoucxogUT yBeIuYeHKe
OpraEuuecKoi Macchl

vy 9YKapunoT Iipouecc OpoTeKaeT B 4 3YKapuoT nponecc IPOTEKAaeT B
XJOPpOILjJacTax MUTOXOHAPUAX

HpOI/ICXOJJI/IT TOJIBKO B KJIETKaX, HpOI/ICXO,III/IT BO BCE€X KJIETKaX B
cozepxanmmnx XJIOpO(I)I/IJIJI, Ha CBeTY TeyeHMe MKU3HNA HeIPEPBIBHO

DEJIEHUE KJIETKU

Kemourvlil YUK — 3TO IePUOJ XKUIHEAEATeIbHOCTH KIETKH OT MOMEH-
Ta ee TOSIBJICHUS N0 MOCJAEAYIOIIEro AeJIeHNs MJId CMePTH. Iluka nmeer pas-
HYIO NIPOJOJKUTEILHOCTE B 3aBUCUMOCTH OT TKAHEBOH NPUHAAJIEHHOCTHU
M BHeImHMX (AKTODOB: TeMIEPaTyphbl, MHTATENBHBIX BEIIECTB, KUCJI0pOaa
(y spurponuTos 120 CyTOK; y SIIUTENIUA KOXKHI 20 cyToK; V KJIETOK KOCTHOI'O
mosra 8—12 gacos). KoMnnoHeHTOM KJIETOYHOT'O UKJIA ABJAgETCA MUMomu-
yecKkuil YUK, KOTOPHIA BKJIOYAET HePHOJ| MOATOTOBKM KISTKH K JleJIeHHIO
(unmepgasy) u coGCTBEHHO AejeHHne — MUMO3 (cpenHAA MPOAOJIKUTENb-
HOCTL 6—12 yacoB).
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Hnrepdasa
Hnmeppasza — TePHOJ KUBHEJEATEIbHOCTH KJIETKN MEXIY AeJeHUAMU.
Zanumaer 90 % Bcero BpeMeHH KJIETOYHOTO ITUKJIA.
TIepuoznl HHTEP(HAZHL:
1. ITpecunmemuuecruil (ROCMMUMOMUYECKULL), UIH G, -nepuod, B KoTro-
poM IIPOMCXOAHUT IIOATOTOBKA K PEIIMKAINU (camoyasoenuto) JTHE.
OH BKJIIOUAET: CHHTE3 OeJIKO0B, ()ePMEHTOB, HEOOXOAUMBIX IJsi 06paso-
panus PHK, u semecTs, Bxogamux B coctraB JHK; cuntes PHK; o6pa-
soaHue pubocom; cuates ATP; obpaszoBanue oprageslyl — MUTOXOH[-
puit, xnopomnactos (y pacreruii), 9IIC, nuzocom, annapara I'onegxm,
BaKyoJeil, My3bIPbKOB; POCT KJETKH A0 «KPHTUYECKON MAacChl IUTO-
[JIa3Mbl»; 0OpPA30BaHUe BELIECTB, HOJABIAINMX HJIW CTUMYJIUDPYIO-
IMUX HAYaJIo ciaepyromeil hassl.
XpoMOCOMA TPECHHTETHIECKOTO IIeproja — 00HOXPOMAMUIHASL, C TeHeTH-
yeckuM HaGopoM 2n2c, TAe n — YUCIO0 XpoMocoM, ¢ — KoandecTso [THK.
2. Cunmemuueckuit, uau S-nepuod, B KOTOPOM IPOUCXOAUT PEIIMKAIKS
JTHK nmosnykoHCepBaTHBHBIM CIIOCOGOM (CM. pasaes «IeHeTuKa»).
B HauaJse mepuosa XpoMocoMel — odHoxpomamudusie (06pasoBanbl Ofi-
HO# xpomatugoit, 2n2¢). ocne pennukanun JTHK — dsyxpomamud-
Hbie (COCTOAT U3 ABYX OJMHAKOBEIX XpoMaTuj, 2ndc).
Cunres 6eJ1K0B (THCTOHOB), YUYaCTBYIOIMUX B POPMUPOBAHUU CTPYKTY-
PbI XpOMOCOM.
3. ITocmcunmemuuyeckuil (npedmumomuyeckuil ), umu G, -nepuod, B KOTO-
POM IPOMCXOZWUT IOAFOTOBKA KIETKH K JEJIEHHIO,
Bxiiouaer B cebs: cuHTe3 OeKa; o0pa3oBaHue MATOTHYECKOTO anmapa-
Ta; cunted AT®; cunres PHK; cunTes 6eJKOB, ONPeAeNAOINUX Aee-
HHE KJIETKM; VBeJIMdYeHHe MAacChl IIHTOINJIAa3Mbl; Pe3Koe BO3pacTaHue
obmema aapa.
XpoMocoma — ABYXpOMAaTHAHASA, C FeHeTHUeCcKUM Habopom 2ndc.

Muros

Mumo3s — sr0 HempAMOe [ieIeHHe KJIeTKH, IIPU KOTOPOM ITPOUCXOSUT PABHOMED-
HOE pachnpefiesicHHe HACJEACTBEHHOTO MATepHasia MeAy AOUYEepHHMH KJIeTKaMHu
(puc. 209,

Ocolennocmu mumo3sa: OCHOBHOI crOcob eIeHus dyKapHOTHYECKOM KJIeT-
KH; BepeTeHO JeJeHnd o0pasyeTcs; YABOEHHE U PaBHOMEPHOe pacupesiesleHne
PeHeTHYECKOro MaTepualia; paBHOMEpPHOe JieJIeHre MU TOmIa3Mbl.

Buonozuuecioe snavenue mumosa — obGecnedenne TOUHOH Iepefadun Ha-
CJIeICTBEHHO WH(OPMAINN KaxAOMYy M3 JOYEPHHX ffep. 1uciIo XpoMOCOoM
B 00euX JOUYepHUX KJIETKAX PABHO YHCIY XPOMOCOM MAaTEePUHCKOH KIeTKH.

MuTos BKmMIOUaeT yersipe Gasbl: npogasa, memadasa, aHaPasa, menoga-
3a. ITo Bpemenu sanumaer B cpegaeM 10 % oT BpeMeHH MUTOTHYECKOTO IIUKJIA.

1. Ipogasa (2n4c ) — camad npoJo/LKUTeIbHAA (hasa MUTO3a, B KOTOPO¥ IIPO-
UCXOANUT KOH/EHCALMS XPOMOCOM M (POPMUPOBAHUE MUTOTHYECKOTO almnapaTa.

k
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Meradasa Anadyaza

18-

JKuBornas KAeTKa Pacrurenssas KieTKa

Tenodasa

A B
Puc. 20. A — o6L1as cxema MuTo3a: | — MaTepUHCKME XPOMOCOMBI 2n2c; |l — XpOMOCOMBI, COCTOSILLINE
13 OByx xpomatug, nocne G2-neproaa 2ndc; il — noHepHNE XPOMOCOMBI 2n2C.

B — cxema muTO3a B XMBOTHOU 1 DaCTMTeﬂbHOIﬁ KneTkax: 1 — nepeTaxka; 2 — KNeTo4Has neperopoaka

Bo BpeMs Tpoda3bl IPOHCXOAUT: CIIUPAIM3AIIAA XPOMOCOM; PAaspyIIeHHe AnepHON
0BOJIOYKH ¥ AAPHIIIEK; (JOPMUPOBAHIE MUTOTHYECKOrO AINAapaTa: Pacx0ox/1eHNne

IIEHTDPHOJIEH! K TIPOTHBOIOJIOMHEIM CTOPOHAM (I10/110CaM KJIETKH), MEXKIY KOTOPHI-

Mu 00pa3yeTcs BepeTeHo JeIeHus.

2. Memagasa (2n4c) — BpICTPaNBaHUE JBYXPOMATH/HBIX XPOMOCOM B JKBAa-
TOpPHANBHOHN IUIOCKOCTH (MeTadasHas miaacTHHKA). Bo BpeMsa MeTadasbl IIPOUCXO-
IUT: ABIDKEHHe XPOMOCOM K BePeTeHy, IPUKDeILIeHre UX KIHeTOX0POB (uenTpu-
oJleit) K HUTAM MUTOTHYECKOTO alllapara; BLICTPANBAHNE XPOMOCOM I10 SKBATOPY
BepeTeHa AejleHUA KJIeTKH.

3. Anagasa (4n4c) — cragusa PACXOXKAEHUA XPOMATU] K IIOJI0CAM KJeT-
ku. IIpu 9TOM IPOUCXOANT: AejleHne NeHTpoMeD; obpasoBaHue OJHOXPOMATH]-
HBIX ZOYEPHUX XPOMOCOM, KOTOPbI€ ABHIKYTCH K IIPOTUBOIMOIOKHBIM NOII0CAM
MHETOTHUECKOTO alnapara; B KJIeTKe HaXOJUTCA ABa AUIIONAHBIX Habopa.

4. Tenogpasa (4ndc — 2n2c 6 kaxndoi Kaemice). B Hell IPOUCXOAUT: Pa3py-
IeHHe MUTOTHUECKOTo allapaTa; pasieseHHe KJIeTKH (IUTOKMHES); LOodep-
HIe XPOMOCOMEI [IeCIMpannsyoTcs; obpasopaHue ANePHLIX MeMOpaH; BOCCTa-
HOBJIEHUE AJPBIIEK.

IeneHue UTONIA3MBI (YUMOKUHES )

B #u80MHbIX KJlemkax IPOUCKOTUT 3a cYeT BIAYMBAHUS MeMOpaHBI (ot
nepudepnn K IMeHTpy) 1 06pasoBanns 60po3/b! AeeHU.

B pacmumenbrblX K1eMKAX — 33 c4eT KJIeTOYHOH ITeperopoxu (oT HeHTpa
K mepu(depyun) B 9KBATOPHAIBbHON IIOCKOCTH.

B pesyibTaTe U3 KJAeTKH ¢ HaGopom 4n4c o6pasyrorca ABe fOUePHUE KISTKH
¢ HaGopOM TeHeTHUUeCKOT0 MaTepuana 2n2c xaxnpas.

B3mauenne MuTO3a. MUTO3 obecmeunBaeT:

1. TlocToSHCTBO XPOMOCOMHOTO Habopa B PAAY IOKOJIEHUN KJIeTOK.
2. Tounyio mepefadyy HacAeNCTBEHHOH HH(POPMAIUH.
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3. VsenuueHue YMCia KJIETOK, T. €, MEXaHU3M POCTa U PA3BUTHSA OPraHmu3Ma.
4. Cnocob pereHepalivni KJIETOK. .
5. fIBasieTcsi OCHOBOMH 0eCIIoJIoro PasMHOXKeHNU.

TlaTosorus MuTo3a. HapyiteHne HOPMAJBLHOIO TeYeHHA U HENPAaBUJIbLHOE
pacrpejieleHe XPOMOCOM MY JOYePHUMHU KJIETKAMHU PUBOJAUT K BOSHUK-
HOBEHHIO KJIETOK ¢ HecOATaHCHPOBAHHBIMY KAPHOTHIIAMY (MYTaliuaM).

@opMEL IATOJIOTUH:

1. IloBpexjeHre XPOMOCOM 0] JeiicTBHeM AA0B (METAHOM, KOJXUIINH).
IIpu 3TOoM BOZHHKAET HapYyIIEHUE IIeJOCTHOCTU XPOMOCOM, HIPHUBOAM-
mlee K HEIPABUJILHOMY PACXOKIEHHUIO HX K IIOJ0CcaM.

2. IlospesxageHne MUTOTHYECKOIO alnapara TPUBOJUT K HepPaBHOMEDHO-
MY pacIpejieIeHA0 XPOMOCOM MeXAY NOYEePHUMY KJIeTKaMU.

3. Hapyienue UMTOKMHE3a — BOSHUKHOBEHME NPEKASBPEMEHHOTO UIH
mo3gHero obpasoBanus 60po3] fesleHns.

AMumos — 3TO IpsAMoOe jesieHue KJIeTKU HaJBOoe, IYTeM NePeTAKKH.

QOcoBeHHOCTH aMUTO34: AAPO HAXOAUTCA B MHTEeP(MA3HOM COCTOAHUM; XPO-
MOCOMEI He BBIABJISIOTCS; BEPETEHO JesieHUs He oOpa3yeTcd; paBHOMEPHOTO
pacIpe/ieieHUsI TeHeTHUeCKOr0 MaTepHaia He MPOUCXOAUT (U3 OSHOM KIeTKH
00pasyloTcs ABe He UIEeHTHUYHBIEe IpYT APYTrY); BOSHUKAKOT ABY- U MHOTOsAep-
HbIe KJIeTKH; 00pa30BaBIluNecs KJIeTKH AelUTbCAd MUTOTHYECKH He MOTYT.

B HOpMe y YeIOBEKA aMUTO3 BCTPEUAETCH B KJIETKAX CIelHalu3uPOBAHHBIX
TKaHell (3apozslireBble 000I0UKHU, QOIUKY-

JIAPHbIE KJISTKHN ANYHUKA), IPH HEOOXOZUMOC- 1
TN GBICTPOrO BOCCTAHOBJIEHUS TKaHeN (mocie Un
omepanuii, TPABM ¥ T. X.), B OTXKHUBIIUX CTape-

OIUX KJIETKaxX U IAp. @ 2
Ilpu namosozuu y 4YesoBeKa BCTPeUaeTCH

B «ITATOJIOTHYECKH W3MEHEHHBIX» W oOpeueH-

HBIX Ha rubesib KIeTKaxX, He CIIOCOOHBIX B JaJlb- % 3

HeHllleM JaTh KJAeTKU IOJIHOLEHHbIe (Bocnae-
HMA, 3JI0KAYECTBEHHBIH POCT IIPH OOYXOJAX). %X 4

Meiio3 / N
Meiios — 3To pepyKI[MOHHOE IeJIeHUE, 0
B pe3yJbTaTe KOTOPOro HPOUCXOAUT PEeAYKIINSA
qUClIa XpOMOCOM ¢ AUILIOAAHOTO (2n) Ko ram- “ @ ! o 6
v/

JIOMHOTO (n).

N

Meiios — cnoco6 feseHNs, BOSHUKHOBEHUE Puc. 21. Cxema meiioaa: 1 — marte-
KOTOpOro ¢BA3aHO ¢ ITOABJIEHNEM II0JI0BOTO pas- PUHCKME XPOMOCOMb; 2 — XPOMOCO-
MHOXMEHUs (Cco3peBaHME raMeT), HOITOMY ero Mbl, COCTOSILUME M3 ABYX XPOMATUA Mo-
HaawIBaKOT AeJIEeHeM CO3peBaHnuA. On IIPOUCXO- cne G,-nepvwoaa; 3 — KOHbBIOrauus;
aur opn 06paaoBaHnn ramMeTrT y MHBOTHBIX 4 — xpoccuHrosep; 5 — nepeoe Meno-
M CIIOp y pacTennii, rpr60B U BKJIKIOYUAET ABA TI0- TUMECKOE aeneHne; 6 — BTOPOe Meio-
CllefoBaTeIbHEIX NedeHMA A4pa. B KasKIoM TdecKoe aenexve

y e
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JeJeHUN BbIAENAIT YeThbIpe CTAAUM: mpogasa, meradaza, aHadasa, Texodasa
¢ uanexcamu I wnn II (puc. 21).

IlepBoe neneunue Meio3a (peayKIuOHHOE)

Hnumeppasa I (2n2c — 2n4c) — IPOHCXONUT yBeIMUEHNE YHCIa OPTraHeJLt,
CHHTe3 BeleCTB U HAKOILICHNE 9HEePIUH, HeOOXOAUMBIX JJIs AeJIeHU, YBeJIn-
YeHHIe padMepoB KJEeTKH, YIBOeHUe nenrpuoteii, pemmkanua JHK. Kaxgas
XPOMOCOMA TIPEACTABIEHA apoil XpOMAaTHs, CoeAnHeHHBIX HeHTPOMepOoil.

Ipogasa I (2n4c) — camasi IPOJOJKUTENbHAA (asza, BKIOYAOIAA IATHh
CcTagui:

1. JJenmomena — HAUYKHAETCA CIIUPATIU3ANUA XPOMOCOM. XPOMOCOMBI CTa-
HOBSTCHA BUAMMEIMHE B MUKDPOCKOTI, KaK JJIHHHEbIe TOHKHe HUTH. Kasxaaa xpomo-
cOMAa COCTOUT U3 JBYX XpoMaTuj. B fAxpe BUAeH AUIIOUIHBIN HAOOD XPOMOCOM.

2. 3ueomena — TOPOJOJLKAETCA CHHUPAIU3ANNSA
XPOMOCOM 1 TPOUCXOAUT KOH 31024115 TOMOJIOTMYHBIX
xpomocoM. I'0MOn0zuYHbLMY HA3BIBAIOTCS XPOMOCO-
MBI, HMEIOI[Me ONMHAKOBY0 (OpPMY U pasMep: OJHa U3
HUX HOJIyYeHA OT MaTepu, Apyras — ot orna. I'omoo-
FUUHBIE XPOMOCOMBI IPUTATUBAIOTCA U NPHUKJIANLIBA-
I0TCA IPYT K APyTY 1o Beedt auuHe. IlerTpomepa oqHON
73 DAPHBIX XPOMOCOM TOYHO IPUJIETAET K LEHTpOMepe BusaneHT
IPYTO#, ¥ KaskAasa XpoMoMepa IpuieraeT K IOMOJIO- AIPOMCXOAUT KOHBIOTALWS!
rUYHOM xpomomepe apyroit. [Tapa KOHBIOIIPOBaBIINX
OMOJIOTUUHBIX XPOMOCOM HA3BIBAETCS OUEALEHTNOM.
Kasxapiii OMBANIeHT COCTOUT U3 YETBEPKHM XpoMaTuj — Terpajbl. ducao 6usaien-
TOB PABHO rallJIONAHOMY HaBOpy XPOMOCOM.

3. IHaxumena — MPOUCXOAUT JaNbHeNIasa ciupanusannus. TecHbIA KOHTAKT
MeX Ay XPOMaTHUIAMH JaeT BOSMOKHOCTh OOMEHMBATHLCA UASHTUYHBIMH yIACTKA-
MU TOMOJIOTMUHBIX XPOMOCOM. JTO SIBJICHUE HAa3bIBAETCA KPOCCUHZ206EPOM.

4. Junaomena — XapaKTepU3yeTCA BO3SHHMKHOBEHMEM CHJI OTTAJIKWBAHUA.
X pOMOCOMBI, COCTABJIAOIIYE OMBAIEHT, HAYMHAIOT OTXOIHUTE APYT OT APYra B 00-
nacTa nenTpoMep. IIpy pacxodaeHuy IJed XpOMOCOM B HEKOTOPBIX MecTax 00-
HAPY’KHBAETCSA SBJICHYE IEPEKPECTa U clieNieHns — XHa3Mbl, KOTOPBIE CIyIKaT
CTPYKTYPHBIM BHIpAKEHUEM KPOCCHHTOBEPa.

napa roMonornuHbIX
XPOMOCOM

L{eHTPOMEpb)

3uroteHa

napa cecTpuHCKUX
xpomaTtug

Xua3Mbl

XHama

, f1apa CeCTPUHCKUX

XpomaTtva
MponcxoanT KPOCCUHroBep
Maxutena AunnoreHa AuvaknHes
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5. [Juaxkunes — xapakTepusyeTca MaKCUMAIBHON CIIMpanusanuei, VKOpO-
wqeHHEM H YTOJIeHreM XpoMocoM. OTTalKUBaHUe XPOMOCOM MPOJOJIKAeTC
HO OHY OCTAIOTCH COEAMHEHHBIMH B OMBAJIGHTH CBOUMH KOHIIAMMU. ﬂllpbm_m(;
u AxepHad 060J04YKa pacTBOpATCA. [IeHTpHOIN pacXoRATes K IOJII0CaM, 06-
pasyioTCsA HUTH BepPeTeHa JeNleHus.

Memagpasa I (2n4c). BuBajseHTH XpOMOCOM PACIIOJIATAIOTCA TIO 9KBaToOpy
gaeTKH. K HEM IPUKPEIIA0OTCA HUTH BepeTeHa JeIeHu.

Anagasal (2ndc). Huru BepeTeHa fieJieHUsA COKPAIAIOTCS, U K HOJIOCAM KJIETK
PaCXOIATCA FOMOJIOTUIHBIE XPOMOCOMbL, & HE XPOMATHLbL, KAK IPH MUTO3e. B nouep-
Hue KJeTKH IONA/AI0T TOJbKO 10 OAHOM M3 Haphl FOMOJIOTHYHBIX XPOMOCOM.

Tenogpasa I (2n2c — n2c 6 kaxcdoii knemxe ). Tuca0 XPOMOCOM B KAKI0M KIreT-
Ke CTAHOBUTCA TalLIOMJHBIM, HO KaK/as XPOMOCOMa COCTOMT M3 ABYX XPOMATHI.
Ha xopoTkoe Bpems o6pasyeTca aepHast 000JI0YKa, IPOUCXOTUT AeIeHUe [IUTOILIA3-
MBI ¥ MHOI'MIX PACTeHHH KiIeTKa u3 aHadass! I cpasy ke mepexonur B MeTadasy I1.

<

N
\%

Metadasa | (2n4c)

Arnadaszal (2n4c) Tenodazal
(2n2c — n2c B KaxAO KNEeTKe)

Bropoe nenenne meitoza (sKBaLMOHHOE)

Humepgpasa I1, unu unmeprunes (n2c) — xapakTepHa LJIs KUBOTHBIX KJle-
ToK. IIpencraBiser co6oit KOPOTKHit IepepbiB MeXKIy HePBBIM U BTOPBIM MeHo-
THIECKUMU JeJIEeHNAMH, BO BPEMsA KOTOPOTO He mpoucxonut perntukanusa JTHE.

IIpogpasa II (n2c ). XpomocoMs! yToamaoTesa u yKopauuBaiorca. SapeIIIKO
U sinepHas obosouka paspymaiorcs. O6pasyeTcsa BepeTeHO JeIeHHA.

Memagasa II (n2c). [ByxpoMaTuiHble XPOMOCOMEI BBICTPAUBAIOTCH B 9K-
BaTOPUAIbHON IJIOCKOCTH KJIETKH (MeTadasHad IJIaCTHHKA), K HUM IpHKpen-
JIAIOTCSA HUTH BepeTeHa JeJeHud.

Anagasza II (2n2¢ ). JIByxpoMaTugHbIle XPOMOCOMBI AeJIATCA HA JO4YepHHe
Xpomocoms! (GBIBILIME XPOMATHIBI), KOTOPHIE PACXOAATCH K IPOTHBOIOJIONK-
HBIM NOJIOCaM KJIeTKH.

Tenrogasa II (2n2¢ — nc 6 Kamdoil Kaemwe ). XpoMOCOMBI JleCIMpPaIn3y-
10TCH, CTAHOBATCA HEBHAMMEBIMH. O6pasyerca sipepHas obosoura. Kaxpoe sz-
PO coxepsxur rammouguoe ynco xpomocoM. ITpoucxogur geseane HUTONIA3-
Mb1. U3 ucxonnoit kiaeTku 00pasyioTca uembipe 2anioudHble KIACTKH.
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MNpoda3sa li (n2c) Mertadasa It (n2c)
N /N

(b A 28
A

Anadasza i (2n2c) Tenodaaa Il (2n2¢ — NC B KAXA0M knevke)

3HaueHUe MeH03a
1. IIpegorspamaeT yABOGHAE YNCIIA XPOMOCOM B KAKAOM HOBOM IIOKOJIEHHH.

9. OfecreunpaeT TeHETHUECKOe PasHoobpasne ramer, CBA3AHHOE C KPOC-
CHHIOBEPOM U PacXoXKAeHHueM B aHadase 1 pasabIX HAGOPOB HETOMOJO-

TUYHBIX XPOMOCOM.
3. fIBisiercA OCHOBOH KOMOMHATHBHOU N3MEHYUBOCTH.

PA3MHOXEHWUE OPTAHN3MOB

PasmHoMceHue — CBOMCTBO KUBBIX OPraHU3MOB NPOU3BOIAUTE cebe mono0-
mpIX. CyllecTBYyeT ABa OCHOBHBIX croco6a pasMHOMKeHNA — (ecrosioe ¥ MOJOBOE.

Becnonoe pa3sMHOKeHHE

Becnoaoe pasmuoxerue OCyLeCTBIAETCA IPY y4aCcTAN OZHOI POAUTENECKONR
ocobu u nporcxoauT 0e3 06pasOBaAHMS TaMeT. Ocobu 00pasyIoTes U3 OXHON MIu
HECKONBKHUX COMATHUYECKHUX KJETOK POIMTENS MyTeM MHTOTHYECKOro ACTeHNs.
IIOTOMCTBO SBJIAETCHA TeHETMUECKAMH KOTUAMY POAUTENTHECKOrO OPraHu3Ma. Ha-
uboJiee MIMPOKO PACIPOCTPAHEHO CPely TPOKAPHOT, rpubos u pacTermii. Buoso-
rUYecKoe 3HaYeHHe 6ecIIoNoro Pa3MHOMKEHNA: YCUIUBAET POIb cTabuInsupyro-
1IET0 eCTEeCTBEHHOTO 0T6Opa, CIOCOOCTBYET COXPaHEeHHIO MPHUCTIOCO0IAEMOCTH
K [IOCTOSIHHBIM YCIOBUAM CDe/ibi O0UTaHuA.

Croco6bl 6ec110I10r0 Pa3sMHOMKeHUA:
1. Tenenue — cmocob 6ecooro pa3MHOMKEHU, XapakTePHBIN 414 OXHO-

KJIETOYHBIX OPTaHU3MOB, IIPY KOTOPOM MaTepUHCKAdA 0co0b KeUTCA HA
nBe uian 60JIbIIee KOTUIECTBO JOUEPHUX KIETOK.

BoigeasioT: IpocToe GUHADHOE Je/leHne (IPOKAapHOTHI); MUTOTHYIECKOE
6uHapHOe feleHue (IpocTeiinne, OJHOKJIETOUHBIE BOJOPOCJK); MHO-

Pa3MHO?I£€Hu€ opzaru3mos. Becnonoe PaA3mMHoONcERUE 65

Paamuorkenue

IloxoBoe

6e3 yuactus rameTq

Becnoaoe

— penenue (OUHAPHOE, MATOTHYE-
CcKoe, IIN30IroOHuA),
— IOYKOBAHUE,

€ ydaCcTueM ramer

— (bparMeHTa

ggjmamﬁ HHH’L C onnoporBopeHneM: -~ KOH'BIOTAIlUA
— s

pUOHUA, — H3oTraMu-, — KONYJIAIIUA

— crniopoobpasoBanue, — reTeporaMus
— BereTaTMBHOE, — ooraMus ’
— KJIOHU .

KJI poBaHue Bes onnogorsopenus:

IapTeHOTeHe3

JKeCTBEHHOE JeJieHNe, WIHM UIM30TOHHA (MalApHMUHBIA niasmopmii).
Anppo genurca ¢ 06pa3oBaHUEM JBYX MU OOJIBIIIETO YHUCIA ANEP, KOTO-
DEIE OKDYIKAIOTCH CIIOEM LUTOILIA3MEL, 1 B Pe3ysbTaTe dopmupyerca
CaMOCTOATENLHEIN OPraHu3M.

IToukosaHue — crocod 6ecIooT0 PA3MHOYKEHUA, TIPH KOTOPOM HOBBIE
ocobm 00pasyioTcsi B BUAE BHIPOCTOB HA TeJIe POSUTENLCKOM ocobu. Ilo-
yepHHe 0co0M, OTAEeNAACH, IIEPEeXOAAT K CaMOCTOATEJBHOMY 00pasy
sKUsHA (TUApPaA, APOKIKHM) UJIM MOI'YT OCTABATHCH npm{penneHHmMpf
06pasysd KOJOHUH (KOPAJIJIOBbIE ITOJUIILI). ’

3. DPpazmenmayusa — crocobd 6ecrosoro pa3sMHOKEHNA, TP KOTOPOM HOBBIE

ocodu 00pasyroTesa u3 PParMenToOB, Ha KOTOPLIe PAaCIaflaeTCs MAaTEPUHCKAA
0co0b (peCHUYHBIE, KOJIbUATHIE YEPBU, MOPCKHE 3BE3/IbI, CIIMPOTUPa).

4. IToauamobpuonus — cunocob 6ecnoyIoro pa3aMHOKEHUA, IPA KOTOPOM HO-

BBIE 0cOOM O6pa3yIoTCa M3 4acTell, Ha KOTOphle pacnafaercs sMOpHOH
(6bpoHEHOCIIBE], MOHO3UTOTHBIE OJTU3HEITH YeJI0BEKA).

. Bezemamuanoe pasmHoxcenue — cnocol OeCloNoro pasMHOMXKEHHS,

IpU KOTOPOM HOBBIE 0cO00H 00pa3yroTcs U3 YacTell BereTaTHBHOIO Tejia
HJIH U3 0COOBIX CTPYKTYP (KopHeBHIe, Kay0eHb, TYKOBUIILI, OTBOAKH,
YCHI, JUCThA M AP.). MokeT OBITh €CTECTBEHHBIM M HUCKYCCTBEHHBIM.
XapakTepHO [JJIA PACTEHUN M MCHOJb3YeTCA B CeMeKIUH (MCKYCCTBEH-
HOe BereTaTuBHOE Pa3MHOKeHMe).

6. Cnopoobpasosanue — pasmHOkeHUe 3a cueT oGpasosBaHus crop. Xa-

PaKTepHo M)A pacTeHuil (BOJOPOCIN, MXH, TANOPOTHUKHK), IPUOOB (ne-
HUIUJIYM, IIIAMIOYHbIe FPUOLL), IPOCTEHIINX (CIOPOBUKH).

7. o o
I{JLonupoeaHue — HCKYCCTBE€HHBIM METOJ PasMHOXXEHWdd, KOTODPBIHU IIO-

ABuicsa B Hauasue 60-x rr. XX B. OcHOBaH HA ITOJIyYeHUH HOBOTO OPTraHu3-
Ma u3 OgHOMH KJIETKM UCXOAHOTo. B ocHOBe 00pa30BaHuA KJIOHA JIEHKHAT MH-
T03. J{/19 KIOHMPOBAHHUA PACTEHUH KJETKH 06pa3oBaTeJbHOM TKAHH Bbl-
PAIIMBAIOT HA CHIELUANLHEBIX TUTATEIBHLIX cpefax (MeTo HCIONb3yeTCA
AJIA TIOJTy4e A HOBLIX COPTOB pacTeHuii). B 1997 r. KioHUpPOBaHHUEM
6bL1a mosryuena opeuxa J{oJIH, KOTOpasA He OTJIAYAIACH OT JOHOPA AAPA,
Hf) CHJIBHO OTJIMYAIACE OT penuiiuesTa. JJomopoM 611 KJIETKH MOJIOYHOMH
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JKeJIe3bl OJHOMH ITOPO/EI, 4 PEININEHTOM ~— AHIIEKJIeTKY ¢ IPeIBAPUTE I b-
HO pPaspyuIeHHBbIMY AAPAMU OBIIBI APYToi mopogbsl. B Hacrosliee BpeMsa
BeAYTCA paboThI IO KIIOHUPOBAHUIO UeJIOBEKa, UTO BHISBIBAET OYPHEIE CIIO-
PBI He TOJIbKO Cpey YUeHBIX, HO ¥ Y PA3JIMYHLIX IPYII HACEJICHUS.

JlonoBoe pasMHOKEeHUE

IToaos0e pasmHodiceHUe OCYIIIECTBAAETCSA IPY YUYACTHAH ABYX POAUTEIBECKUX
ocobeil, COmpPOBOKAAETCA IIOJIOBBIM IPOIECCOM, IPU KOTOPOM IPOUCXOLUT CJIM-
AHUE ABYX ITOJIOBBIX KJETOK (raMeT). ¥ HOBBIX ocofeil COYETAIOTCS MPUIHAKHT
nByx poxuteneii. IloaBuBHIneca NOTOMKY OTJIMYAIOTCA TeHETHYECKU APYT OT
Apyra. OTo IPUBOLUT K IIOABJEHUIO HOBHIX KOMOMHATINIH TeHETUYECKOTO MaTe-
puaina. ITos0Boe pasMHOMXKEHHe JejiaeT OpranusM 6oJjiee aJalTHPOBAHHLIM K H3-
MEHAIOIMUMCH YCIOBUSAM OKPYIKaIlel cpelbl. B mpoiecce 3B0M0IIMH IOJI0BOE
pasMHOKeHUe Ooiee nporpeccusHo. HegocTaTKu MOJOBOTO Pa3MHOMKEHUA: He-
00X0QMMO yHacTHe IBYX ocobell (KpoMe IapTeHoreHesa) u Tpebyercs GoNbIIHIT-
OPOMEKYTOK BPEMEHH, UeM IIPU BEreTATHBHOM Pa3MHOMKEHNUM, HeOOXOAUMBIH
IS TOJHOrO (GOPMHDOBAHMS OpraHmsMa. B 3aBHCHMOCTH OT OCOGEHHOCTH
CTPOEHHUHA raMeT BHIJEJNAIOT caeAyouire GopMEl OJOBOr0 PASMHOMEHNA:

1. Hsozamus (or rped. isos — paBHBLL i gamMos — GPaK) — IPUMHUTHBHAA
¢opmMa IOJIOBOTO IpoIecca, IPH KOTOPOM CJAMBAIOTCA [Be OJUHAKOBbIE
IO BeJIWYWHE MaJjble IOABUKHLIE raMeThl (PABHOMKI'YTHKOBEIE, BOAO-
pociu, XUTPUANEBLIEe IPUOKI).

2. I'emepozamus (ot rped. heteros — WHOH, Ipyroii, u gamos — 6paK) —
IPpUMUTHUBHAA GOpPMa HOJOBOI'0 IPOIEecca, IPU KOTOPOM CIUBAIOTCA ABe
NOJBUKHBIE CO KI'YTUKAMU KJIETKHA Pa3HOTO pasMepa (BOJOPOCIH, XUT-
puAueBbie IPUOEI).

3. Oozamus (0T rped. oon — siiLE) — HauGoOIEE pacmpocTpaHeHHaA dopma
TIOJIOBOT'O IIPOIIECCA, IIPKU KOTOPOM KEHCKHE raMeThl — SHIEeKJIeTK — He
NOABMKHBI U GoJlee KPYIIHBIE IO CPDABHEHMIO ¢ MYXKCKMMH TaMeTaMi —
cIlepMaTo30ujaM¥ (MHOTOKJIETOYHbIE JKUBOTHbBIE, IPUOLI, BOJOPOCIH, BCE
BLICIIIME PACTEHUA).

4. KRownswezayusa (ot aaT. conjugatie — coeIuHeHUe) — IIPOILECC COeTUHE-
HUA JBYX 0c00ell, IpY KOTOPOM IPOHUCXOAUT OOMEH HaCJeACTBEeHHBLIM
MaTepHaJioOM, B Pe3yJbTaTe Uero MOABJAIOTCA 0CO0H, reHeTHYeCKH OT-
JINYHBIE OT POJUTENHCKHUX OPranua3MoB (MHDy30pua-TyheNIbKa, KuIed-
HadA naJjovka). B peay/ibrare KOH'BIOral[MU He MPOUCXOIUT YBEJINUEHNA
qucsa ocobel.

5. Konyaayusa (ot nat. copulatio — causinme) — MOJOBOH IIPOIECE ¥ OFHO-
KJIETOYHBIX OPTAHU3MOB, IPU KOTOPOM MOJTHOCTHIO CAUBAOTCS KOy JIH-
pyoomue ocobu, BBITONHAIOINE QYHKIMK TOJOBBIX KJETOK (ramer).
IIpu aTom npoucxoaut pekoMGuHaI N (0OMeH) HaCJeICTBEHHOTO MaTe-
puasa (MaJADUNRHBIN NJIa3MOANIL).

ITapmenozenes (ot rped. parthenos — JeBCTBEHHULA U genesis — PO~
JleHne) — croco6 YIIPOIEHHOTO I0JI0BOT0 PA3MHOMKEHN)H, IPH KOTOPOM

e
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3aPOABIII PA3ZBUBAECTCA U3 HEOMJIOAOTBOPEHHOMK AUNEKJIeTK N, Herouny.
KOM HACJIEJICTBEHHOI0 MaTepUasia AJIA PA3BUTUSA ABIACTCSH HHK sitne.
KJIEeTKHU (2uHOzenes). Ilaprenorenes npeacTapisger coboit Moxudukany
TIOJIOBOTG Da3MHOMKEHUA B IIPOLIECCe DBOJIONUN OIIPeeTeHHBIX BIAIII;IOH;
xuBoTHBIX. lllupoko pacnpocrpanen y 6eCII03BOHOUHEBIX (1o, ocei, mye
JIbl, NaHUK) ¥ ¥ TO3BOHOYHBIX KHMBOTHBIX (mpecMEIKatOMIIITeCS nmzmm)-
Pasnuuaror uckycemeernuuiil u ecmecmeenHuil (T4, OCHy, qu,m)l) Hap:
TeHoreHes. IlapTeHorenes BKIIIOYEH B sKUBHEHHLIE OUKJIBI MHOTHX Hapa-
suTOB. PagmMuoxenue, npu KoTopom bas3BuTHe AINA IPOUCXOLUT 38 cyer
PEHETUECKOr0 MaTepHasa CIepPMaTo30uaa (Tak Kak ANPO AHNEKTeTKH
norubaer), HasbIBaeTCs andpozenes. B [IPUPOJE BCTPeYaeTcs Kpaiime
PesKo (Y "KUBOTHBIX — HAE3HHKH, ¥ PacTeHHil — KyKypyaa).
Tepmagpodume. — Bupsl, y KoTOphIX OLHA U T2 e 0co0b cII0co6Ha mpous-
BOZUTE M JREHCKHeE, ¥ MY?KCKME TaMeTBhl. TepmadpoauTusm cunraercs caMoii
IPUMHUTHBHON hOPMOTE II0JI0BOTO PABMHOMKEHUS U CBOWCTBEHEH IPUMUTHBHEIM
oprausmMau (Ipocreiinive, IIOCKHE, JeHTOUHELE 9epBY, YIUTKY U 1p.). IIpes-
craBiaser coboil mpucnocobenue k CUAAYEMY, MATIONOABUAHOMY, HaDA3HUTH-
YeCKOMY 00pasy >KH3HU.

T'ameroreunes

T'amemozenes — sro mpouecc (bOPMUPOBAHUA raMeT, OCHOBHBIM 3TAIIOM KO-
TOPOTO ABJIAETCA Meii03. PasBuTye raMeT y MHOTOKJIETOUHBIX JKUBOTHBIX NIPO-
MCXOUT B IIOJIOBLIX iKeJle3ax (roHafax). MysKCKUe MoIoBble KIeTKH (cnepma-
mo3zoudet ) 06pasyrores B CEMEHHHMKAX, YKeHCKHe MOJIOBbIe KJIETKH ( Ailyek.iem-
Ku) — B AnyauKax. l'amemvr — 310 BBICOKOAU((PepeHIMPOBAHHEIC KJISTKH
HMeLHe rallJIONAHBIH HaGop XPOMOCOM. IIponece o6pasoBanus MYMCKUX noz
JIOBBIX KJIETOK HA3BIBAETCH CNEPMAMOZEHES, & HEHCKIX — 0602enes.

Cnepmamozenes mogpasnensercs na 4qeTsIpe Gasnl:

1. B gase pasmuoxenus us xietox CIIepMATOreHHOH TKaHH (FOHOIMTOB)

B pesynbTaTe MHTO3a 06pasyioTCA AUIIOHAHBIE CnepmMamozoHuu

(2n2c).

®Pasza pocma CooreeTcTBYeT UHTEpdase I meiiosa (TOArOTOBKA KJIETOK

K JeJIeHNI0), B KOTOPOH MPOHCXOUT permnuranua JHK. Cnepmaroro-

HUU yBeJINYUBAIOTCA B Pa3Mepax, U U3 KayKA0H KIeTKH pasBuBaerca

cnepmamoyum I nopadra (2ndc).

3. Bo Bpems asvL cospesanus KneTku genarca meiiozom. B pe3yJabrare
I nenenus meitoza 06pasyioTcs fBe KiaeTKu cnepmamoyumot 11 nopad-
kKa (n2c), a mocie BTOpPOro fnemeHms Pa3BUBAIOTCA YETHIPE OJUHAKO-
BBl 110 BeJIMYMHE KJIETKU — crnepmamudvl ¢ ramjaougHEIM HaGopoMm
Xpomocom (nc).

4. B gase POPMUPOBAHUA TIDOUCXOAWUT KJIETOYHAS auddepeHuPOBKA

4 o6pasyioTcs cnepmamosouds ¢ TaIIOUAHBIM HAGOPOM XPOMOCOM (1ic ).

MOH, obecrienBaroIuii ciepMaToreHes, — mecmocmepon. Kaxanie 2—3 me-

TiepMaTo3on s obHOBNIAIOTCA, U CIlepMaToreHes IIPpouCXOAUT HellpepbIBHO.

o

Top
Cana ¢

l*






70 Ob6uwasn 6uonozun. Ocro6bt yumMoOnoZUL

Melio3a. B pmanpHeHIlIeM Meio3 MOMKET
HUATH 0 KOHIIA IPK YCJIOBHH ONLJIOLOTBO-
peHNs, eCJIU OIJIOLOTBOPEHNE He IIPOHC-
xoauT, osonur II mopsimxka morubaer
Y BLIBOJUTCS M3 OPTaHU3Ma.
Cmpoenue aityexaemxu (puc. 24).
dopma OKpyriasi, pa3Mepsl OT He-
CKOJIBKMX MHUKPOMETPOB JI0 HECKOJIBKHX
caHTuMeTpoB. KieTKka HemogBU)KHAA, CO-
JEP>KUT BCe KIeTOYHbIE OPraBeJsiibl, MOp-
¢omornyecku oQOpMIIEHHOE AAPO, AAEP-
HO-IIUTOIJIA3MATUYECKOE COOTHOIIIEHNE
CABUHYTO B CTOPOHY ITUTOILIA3MEI 34 CUET
3armaca OHTATEJBHBIX BEIIECTB — JKeJT-
Ka. JKenATOK COZepPIKUT KUPHI, YTJIEBOSHI,
PHK, MusepajbHble BelleCTBa, OelIKHU
(nunonporeuasl, raAUKonporenas!). Ko-
JIMYECTBO IUTATENbHBIX BEILIECTB 3aBUCHUT OT YCJIOBHUIl, B KOTOPBIX IIPOUCXOTUT
pasBuTHe 3apofbimia. IIpu pasBuTun AHNEKJIeTKY BHe OPraHM3Ma MaTepH (IITH-
bI, PEIITHIMN) 3KeJNTOK cocraBisneT Goree 95 % or ee o6beMa, a BEyTPH OPraHus-
Ma (MJIeKonuTaIue) — MeHee 5 % , TaK KaK IMTaTeIbHbIE BEIIECTEA, Heo0Xoau-
Mble AJ4 Pa3BUTHA, 3SMOpHOHBI NOJIYYAIOT OT MaTepH.
Hapx niasMaTuyecKoit MeMOpaHoH MMeEIOTCA JOMOJHUTENILHBIE 000JI0YKY,
pasauvaoniecs 1o IPOUCXOXICHUIO!
nepsuinle (HeamoyHvle) — o6pasyloTCa B3 IOBEPXHOCTHOTO CJIOA He-
3pesioil TOJIOBOII KjeTKM (0BOIMTA); MPOHM3aHBI MUKPOBOPCUHKAMU
H OTPOCTKAMH QOJIMKYIIAPHBIX KIETOK, 110 KOTOPBIM IIOCTYIIAI0T IUTA-
TeJbHBIE BEIIECTBA. BBHIMONHAIT 3alATHYI0 QyHKIHNIO, ofecnednBsad
BUIOBYIO CHeIUPUUYHOCTh IPOHUKHOBEHHUS CIEpMAaTO30ouga. ¥ MJIEKO-
IUTAOMUX 5Ta 060J0YKa Ha3sIBaeTcd BiecTame;
8mopuyible ( XOPUOH ) — COCTOAT U3 QONNUKYIAPHBIX KJIETOK WU BbI-
JenseMBIX UMH CeKpeToB. BropuuHasa ofojouka ANI, HACEKOMBIX CO-
JEepPsKUT KaHAJ — MUKDOIIIJIEe, Yeped KOTOPLIH CliepMaTo30u IPOHUKa-
eT B AUIIEKJIEeTKY;
mpemuyitbie — POPMUPYIOTCA BO BPeMA HPOXOKJEHUA ANIEKICTKH I10
AHIIeBOIaM U3 BellleCTB, CEKPETUPYEMBIX JKeJIe3aMHU CTEHOK ANIEeBOJOB.
XopoIlio PasBUTHL Y PEIITAINI ¥ IITUII, HATIpUMeD, TPeTUIHBIMU 000J10U-
KaM{ NTHI ABJIAIOTCA 6e/IKoBasd, IOACKOPIyNoBasi U CKopiaynosas obo-
noury. AHIeKIeTKE MJIeKOMUTAIUUX TPEeTHIHOH 000JI0UYKY He IMEIOT.
Ocemenenue — 370 IIpoOIleCcC, 00YCIABINBANOIIUN BCTPEUY KeHCKUX U MYK-
CKHUX raMeT y XHMBOTHHIX. Pa3nuualoT eCTECTBEHHOE U HCKYCCTBEHHOE OceMeHe-
Hue (IIUPOKO UCTIOIL3yeTCA B PHIOOBOJICTEE U XKUBOTHOBOACTBE). Hapyxcnoe oce-
MeHeHUue BCTPeyaeTcs y MHOIUMX JKUBOTHBIX, 0GUTAIONIHNX B BoZe. B aToM cayuae
Af1A U ClIepMAaTO30UAbI BEIENAIOTCA B OKPYJKAIOIIYIO Cpely, Iie IPOUCXOAUT

Puc. 24. Ahlueknetka maekonuraloLllero:
1 — ynTonnasma; 2 — [apo; 3 — 060104Ka;
4 — GONAVKYNAPHBLIE KNETKN
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ux cauAuue. Bhympennee ocemenenue xapaxrepHno s oburareseit CyIH, re
OTcyTCTBUYIOT YCJIOBUS AJA COXPAHEHMS M BCTPeYM TaMeT BO BHEIIHeil cpege.
IIpu 2T pOpME OCeMEeHeHHs CIePMAaTO30U bl BBOAATCS B IOJIOBBIE [Ty TH caMKw,
OcemMeHeHME MPEJIIECTBYET CIeYIOLleMy MPOIeccy — OILIOAOTBODEHUIO.
Onaodomsopernue — 3T0 NPOLECC CIAUAHUA MYKCKOH U JREHCKOMH TIIOJIOBBIX
KAETOK (raMer), B pesyJpTaTe KOTOPOTO 06Pa3yeTes OIJIOJOTBOPEHHOE Ao,
WK 3U20Ma, Narmmas Havaao HOBOMY OPTraHu3My.
IIponecc O1JIOOTBOPEHNA MOMHO Pa3fe/IuTh Ha HECKOABKO daa (puc. 25):
1. @asa cbaunenun. Berpede raMer CoCOGCTBYIOT I'AMOHBL — XUMKYe-
CKHUe BEel1eCTBa, BhIAeNAeMble IOJOBEIME KIeTKamMu. CrHepMaTosonab:
BBIJJIAIOT aHAPOTAMOHEL, 8 ANNEKJIeTKN — MMHOTAMOHBL. DTH Beliect-
Ba aKTI/IBI/IBI/IE)yIOT ABIXKEHNEe ¥ PeryaupyloT IPOHMKHOBEHUE CIepMa-
TO30UJOR B SANIEKJIETKY.
2. Pasa axmusayuu. [IpOUCXOMUT KOHTAKT CIIEPMATO30UA U SHIIEKeTKY.
B o6onouke sitrexaeTky paia sKUBOTHBIX CYI[ECTBYET OTBEPCTHE — MUK -
ponuiie, 4epes KOTOpoe NIPOHUKAET CIIEPMATo301]. ¥ GONbIIKHCTBA BU/IOB
MHKPONHJIe OTCYTCTBYET H NPOHUKHOBEHHE CIIEPMATO30UAA OCYIIECTRIIA-
€TCsA 32 CUeT axpocomnoil peakyuu. llon neiicreueM depMenTa (ruaxypo-
HUJA3BI) U APYTUX GHOJIOIMYECKH AKTHRHEIX BEIeCTB, OCBODOIKIAIOIITNX -
CA U3 aKPOCOMEI CIIEPMATO30KA, PABPYIIAIOTCS O00JOUKH SHNEeKIeTKA.
AKpPOCOMHas HUTh IPOHHKAET Uepe3 PacTBOPEHHYIO 30HY AHIEeBBIX

Cpsi3piBanne
CrIepMaro3oiiaa
C TEPBUYHON
000J101KO#
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0060JI0UeK ¥ cauBaeTcs ¢ MeMOpanoii sitnexseTku. B 3ToM MecTe u3 1uTo-
mIasMbl AHIEKJIETKH 06pa3yeTcsa BOCTIPHHUMAIOIIHE 6Yropok.

3. Pasa nporukHoeerus. IlpoucxoauT NIPOHUKHOBEHUE TOJIOBKH U KJIeTOU-
HOTO IeHTpa B ANIEKIEeTKY. B 3aBHCUMOCTU OT KOJIMYECTBA HPOHUKAIO-
HUX B ANANEKJIETKY CIIEPMAaTO30MIOB Pa3jHYaloT: MOHOcnepmuio (IIpo-
HUKaeT OFUH CIIePMATO30M] — YeJIOBEK); nojucnepmuio (B UTOILIA3MY
ARNEKJIeTKH IPOHUKAET HeCKOJIbKO CIIEPMATO30M 0B — PHIOBI, IITHILI).
®asza IPOHUKHOBEHUA COCTOUT U3 IBYX CTAANM:

cmadus 08yx npouykaeycos. IloBelmaeTca IPOHULIAEMOCTE KJIETOY-
HOM MeMOpaHbI AHIEKJISTKYU, MEeHAKTCA KOJJIOUIHbBIE CBOHCTBA IPO-
TOIJIa3MBbl, PO IpPeBpaIlaeTca B JKeHCKUI NpoHYKJIeyc. fapo ciep-
MaTosouaa HabyxaeTr, XpOMAaTHH Da3pbIXJAeTcs, slepHas 060JI0UKa
pacTBopsAeTcd, 1 00pasyerca MyKCKOH NMPOHYKJIIEYC;
cmadua cunkapuona. IIpoucxoauT nepemMenieHye MPOHYKJIEYCOB K IIeH-
TPY AUNEKJIETKH, UX CIUAHUe U o0pa3oBaHUe AUILIOHUAHON 3UIOTHI,
B pesyJIbTaTe 4ero BOCCTAHABINBACTCA MUILJIONIHLIH Habop XpOMOCOM.
ITocne oOpasoBaHuA CUHKAPHUOHA B AlIle HAUMHAETCS IIPOIlece Apodienus.
OmogoTBopeHre — HEOOpATHMBIH IIPOLEce, T. €. OIJIOXOTBOPEHHOe AHIIO
HEe MOXKeT OBITh OILJIOJOTBOPEHO BHOBbD.

WHONBUAYAJIbHOE PABBUTUE OPTAHU3MA

OnmozeHnes — 3TO HHAUBUAYAJIBHOE PAa3BUTHE OPraHN3Ma, B OCHOBE KOTOPO-
IO JIQXKWT peajmn3alusa HackeACTBEHHOH WH(poOpManuu Ha BCEeX CTAaJUSIX ero
dopMupoBaHuA — OT 3UTOTHI A0 cMepTi. OHTOreHe3 HAUMHAETCS C MOMEHTA
CIUAHUA CIEPMATO30UAA C ANIEKJIETKON, 00pa3soBaHMeM 3HTOTHI, M 3aKaHYHU-
BaeTCd CMEPTHIO.

Ilepuozas! pasBuTHA OHTOTEHE3a: 3IMOPUOHANLBHBLIL U NOCMAIMOPUOHANLbHBLIL,

Jo aM6PUOHAIBLHOTO TEPUOAA IPOUCXOAUT raMeToreHe3 — 00pa30BaHUe TI0-
JIOBBIX KJIETOK (CHEPMaTO30HUA0B 1 AUIEKJIETOK).

JmbpuoHasbHbLil nepuod BKJIIOUAET CAEAYION{HEe dTANbl PA3BUTHS:
JIpobarenue — obpa3oBaHME OHOCIONHOrO 3aPOABIIIA — 0AACMYJbL;
T'acmpyasayuio — obpazoBaHKe JBYXCIOHHOIO 3aPOABIIIA — 2ACMPYJLbL;
Heiipyaayuio (zucmo- u opzanozernes ) — ob6paszoBaHUe 3apOAKILIA C OCe-
BBEIMV OpraHamu — Heilpy.Jibl.

IMOpHOHAIBHEIN IePHO HAUHHACTCA ¢ 00pa30BaHMUs 3UTOTHI U 3aKaHUYNBa-

eTCA BRIXOAOM M3 ANNEeBHX U 3apOIbIIIEeBhIX 06010UeK,

B pesyabsTare onI0goTBOPEeHUS 00pas3yeTcsa 3UroTa, KOTOPas HAYUHAET APO-
f6uThbes. dpobraeHne CONPOBOMKAAETCH MUTOTHUECKUM JieJIeHHEM.

OcobeHHOCTH APOGJIEHUA: YUCIO KJIETOK YBeJIHUMBAaeTCaA 6e3 M3MeHeHHUS
o0beMa 3apo/blllia; COKpalleHne nHTepdassl; TocTMuTOTHYeCK Ui nepuox (G,)
OTCYTCTBYET; CHHTETHYEeCKUH nepuof (S) IPOUCXOAUT B KOHITe TeJ0dhaskl MUTO-
3a; O6eICTpOE AejIeHNe; KJIeTKH, o0pasyiolnuecs B mpolecce APOOJIeHN A, Ha3biBa-
0TCA 61acmomepamu, a 3aPOABIIL — 6aacmyanoil.
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ITepHOAM3AIMA OHTOreHE3a KUBOTHBIX OPLraHH3MOB
Pooxiene WIu BHIXOX
O1JIO0TBOPEHUE - L 3| Cwmepts
u3 aiiessrx 0601049eK

IMOpPHUOHANBHOE PA3BUTHE ]

Crajgus 3UroTsl Jpobaenue TacTpynauusa I'mero- v opranorenes

TlocTaMOpHOHATIBHEOE pA3BUTHE

- v,

JlopenpoOAyKTHBHBIH PenponykTuBHbIi TlocrpenpogyK THBHBIHR
TIepUOJ nepuox Hepuos

Tunbl ApobJeHKA 3aBUCAT OT KOJIMUECTBA U PACIIpeieIeHU JKEeJITKA B IIUTO-
miasMe ANHEKJIeTKH.
Knaccuburanua aieKIeTOK IPOBOLUTCA:
1. Ilo xonnyecTBY KeJITKA B UTOILJIa3MeE:
anleyemaJbHble — HeT MKeJITKa MJIX MaJo (ILJIoCKHe YeDBHU);
0NUZ0JEYUMANbHblE — MAJIO JKEJITKAa, HO OOJbINie, YeM B ajleluTalb-
HBIX (TaHUEeTHUK, MJICKOIHTAIOINE);
Me30eyumanbible — CpefHee KOJMYEeCTBO xeaTKa (amdubuu, oceTpo-
BbIe PBIOLI);
NOAULEUUMALbHbLE — MHOI'O KeJTKa (IPEeCMBIKAIOIINEeCs, IITHIIBL).
2. Ilo pacopezesleHHIO AeJTKA B IHTOILIA3Me:

U301eUumanrbible — CO CPeIHIM KOJHUYECTBOM sKeJITKA, KOTOPBIH pas-
HOMEDHO pacipejiesiieTcd 10 MUToIIasMe (MIEKOTIUTAIONHE);
meaoreyumanvHole — HePAaBHOMEPHOE pacnpefejieHye X eJITKa 110 IIH-
Tonnasme (TUllbl, ambpubun);
uyenmpoaeyumaJnabhvie — JeJITOK paclipefelieH B eHTPe, a UATOILIa3-
Ma ofpasyeT TOHKHI, MOBEPXHOCTHLIM CJIOMH (4JIeHUCTOHOTHE).

B zaBucumoctu or Bzaumuoro pacmoyioxenus 61acTOMEpOB B ApOOALLEMCA

fiine pagnugaror;

Paduanvroe dpobieHue, KOTAa IJIOCKOCTH IOCHEAOBATEIbHBIX apobae-
HU IPOXOAAT Yepes ANIO TePHeHAUKYJAPHO APYT IPYTY, 1 oiacTome-
PBl PacnoJIararoTCsi CHMMETPHYHO (JIAHIIETHHK );
cnupaavroe OpobaeHue XapakTepuayeTcd HapylleHHMEM CHMMETDUH
Apobammeroca fAiina B pe3yJabTaTe CHHPAJLHOrO CMeIleHUA 6iacTome-
POB OTHOCHTEJIBHO APYT APYTra (MOJLIIOCKH, U€PBH);
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Tunel Apobiennsa

HemnoaHoe gpo6ienue
(qacTuuHOE)

“ Ta

IToanoe apobiieHue
(apobuTcA BeA AlleKIeTKa)

TS

PaBHOMepHOE [ourn Muckonjgantnuoe TlosepxHOCTHOE
PaBHOMepHOe
1 HepaBHOMepHOe
(ameruTasibHbIE X (TesoNenUTATBHBIE (merTpONETH-
H30JeNTaIbHbIC (restoTermTams ANIEKIeTKH) TAJIbHEBIE
ARLEKITETKY) ARIEKIeTKH)

Hble AUIEKJIeTKH)

6unamepasvHoe OpobaeHue. BiacToMeph! pacioIOKeHbI TAK, YTO Yepes

3aPOJBIIT MOKHO IPOBECTH TOJBKO OJHY IJIOCKOCTb CUMMeTpuy (aciu-

JUH).
ITonnoe pagHomeproe dpobaerue (nauuetTaur). Boposna npobieHus npoxo-
IUT II0 MEPUAUAHY, 00pa3yloTcs qBa biacTromepa. 3aTeM CHOBA AEJIUTCA S/]1-
PO, ¥ Ha MOBEPXHOCTU 3aPOALINIA IOABJAETCA BTOpasa 60posga npobieHus,
uAymuas mo MepuauaHy, HepUeHAUKYIApHO nepsBoit. O6pasyercda ueTsipe
6aacTomMepa. Tperba 60posaa TPOXOJUT IO SKBATOPY U IEJIUT €ro Ha BOCEMb
yacTeil. 3aTeM OPOMCXOAUT YepeJOBaHUE MEPUAMAILHOTO U SKBATOPHANE-
HOro ApobaeHuA. Yncno 61aCTOMEPOB YBEJINUNBAETCA. 3APOABIII HA CTaTUN
32 facToMepOB HadLIBAETCA MOPY10il. [Ipobienue mpomoakaercs 1o obpa-
30BaHUS 3aPOABIIIA, IOX0XKETO Ha My3bIPEK, CTEHKH KOTOPOTO chOpMUDOBA-
HbI OOHHUM CJIOEM KJIETOK, Ha3hIBAeMBIX 0.1acmodepmoii. Biacromeps! pac-
XOOATCS OT LEHTPa 3apoAbillia, 06pasys M0JI0CTh, KOTOPasa Ha3hbIBAETCA IIeP-
BUUHON, MAKN O.acmouenvb. BiractoMepsl HMET OJMHAKOBLIA pasMep.
B pesyabpTare Takoro apobisienusa obpasyerca yeaobracmyaa.
ITonnoe nepasnomepuoe dpobaenue (aarymra). llepsas 1 Bropaa 60po3abl
IpoGJIeHuA IPOXOAAT IO MEePUANaHaM ¥ MOJHOCTHIO ZEJIAT AUI0 HA YeThIpe
yactu. TpeTba 60po3ja cMelieHa B CTOPOHY aHHUMAJIBHOTO MOJ0Ca, e HeT
JKeJITKa. BiacToMepsl NMEIOT HEOAWHAKOBYIO BEJIHNUYMHY: Ha aHUMAJIBHOM
IMOJIOCe OHU MEHbIIe (MUKDPOMEpyL ), HA BereTATHBHOM O0JIbIIE (MaKpoOMe-
pot ). KenTok sarpyausaer ApoblieHne, U 103TOMY APobJIeHNEe MaKPOMEpPOB
uzeT MeaJieHHee, 4eM MUKpPOMepoB. CTeHKa 6J1aCTyJIbI COCTOUT B3 HECKOJIB-
KUX PAJOB KJIEeTOK. [lepBUUHASA ITOJOCTh MaJjla M CMeIlleHa K aHNMAaJbHOMY
noatocy. Obpasyercsa amgubaracmyaa.
Henoanoe ducroudanvroe Opobaerue (pentuinn, OTunbl). Jipodienne nger
Ha aHuMajasHOM noiaiwce. Ileprasa m BTOpas 60po3anl APOOIEHHUA MPOXOAAT
IO MepuAuAaHy NepHeHAuKYJISPHO APYr apyry. Tperbs 6oposma cMelieHa
K aHMMAJbHOMY mojiocy. B pesyinraTe sToro obpasyercss 3apoAbIIieBhIi
nuck. Biacromens pacmosiaraerca 1noj cjaoeM 0JIacTOAEPMBI B BUIE III€JIN.
Buaacryna naseiBaercs ducrkobaacmynoil.
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OcoGenHocTH ApOGIEeHHA
- IlonuoE YactuuHoe
HUuA
Apobe PaBsomepHOe Hepasromepnoe | [IuckoupaibHoe llosepxHnocTHOE
Cojepsxanne Kenrka maso Cpensee JKeatrxka MHOTO Henrrka muoro B
aina (M30eHUTANIBHEIE) | KOJIUYECTBO Y OZHOTO U3 IeHTpe Alila
B JKeJTKE JKEJITKA TIOJIFOCOB Afila (IeHTpoSenUTAND-
(TeNoIeUTAND- (TemosenuTaib- HBIE)
HEIE) HbIE)
IIpeacrasuTenn JlaHIIeTHHK Ambubun IITuns: Hacexkomsle
HpoGnenune
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OxonuaHue
ﬁ ITonHOE Yacruugoe
Tun
ApoSnenus PapHOMEDHOE Hepasuomeproe | Jluckoupaibsoe IToepxHOCTHOE
Copepsxanue Hearra mauao CpegHee Hearxka MEHOTO Kearxa MHOrO B
aina (u3onenyTaIbHbIE) | KOJIHYECTBO ¥ O[{HOTO M3 eHTpe Afna
B JKeJITKe JKeJITKa JIOTIOCOB AXIA (1€ HTPONEeUTAND-
(TenonenuTanb- (TenonenuTab- HbIE)
HBIE) Hbie)
-
TIpepcraBuTesnu JlarueTHNK Ampudun ITrane: Hacexomzre
Baacryia

neaobaactyna | amepubnacryna | auckobiacTtysa| nepubracTyna

Ocofernoctu | JIpobamiuecsa Hpobammeca Hpobaerue Bosnugkarwomue
ApobseHus KJIeTKH KJIETKY Ha IIPDOUCXOAUT BHYTPH fillta
OAMHAKOBOTO HUIKHEM TOJNBKO ¥ aAxpa
pasMepa (BereTaTUBHOM)| BepXHero nepeMeanTea K
TIoJIoce (aHMMAaNBHOTO) | TOBEPXHOCTH 1
6oublitero noJoca BMECTE C YACThI0
pasmepa; TaM IUTOIIA3MbI
60JIbITIE JKEITKA 0o0pasyoT
KJIETKH, KOTOPBIe
«00pacTamoT»
JEeJITOK

Henoanoe nosepxmnocmuoe 0pobaernue (dneHuctronorue). Slapa mesrpose-
IUTANBHBIX SUI MHOTOKPATHO AEJISITCA ¥ NePeMeInaloTcs K nepudepnu, rae
B IATOILIa3Me HeT KeTKa. LluTonnasma obpasyer Gnacromepsl. Bracryna
HUMeeT OAMH cjoif 6i1acToMepoB. BiacTonentb 3amojiHeHa JKeJTKoM. Takas
6nactyna HageiBaeTcd nepubaacmy.noil.
110 oxkonuanum nepuoAa APOGIEHNUA ¥ MHOTOKAETOYHBIX JKHUBOTHBIX HACTY-
naeT nepuoj o6pasoBaHus 3aPOABILIEBRIX JUCTKOB — racTpyadanusd.
Tacmpynsayus — 310 TIpouece pacuieHeHUs 3apPOJLINIa HA 3apPOABIIIEBbIE
JUCTKY, KOTOPBIN XapaKTepu3yeTcs epeMernieHueM YacTU KJIeTOUHOI'o MaTe-
pHana ¢ OBEPXHOCTH OJacTy bl BHYTPS, B MecTa OyAYIIIUX OprasHos. B peayiab-
TaTe o6pasyerca zacmpy.sia — 3apOABIII, COCTOAIMI U3 IBYX CJIOEB (UJIX 3apO-
ABILIEBBLIX JUCTKOB). [Ipoliecchl mepeABHKEHNHA OTAENLHBIX KJETOK M OOIIHp-
HBIX Y4YacTKOB CTEHKM OJacTyJabl NPHBOAUT K CJIeAYIOIIeMy: CHadaJja
00pagyloTcsa ABa 3apOAbIIIEBbIX JUCTKA (9KModepma — IOBEPXHOCTHBIN JIUCTOK
H Irmodepma — BHYTPEHHUN 3aPOABINIEBBIM JHUCTOK), 3aTeM (QOPMHDPYETCS
Tpetuil (CpeJHUIT) 3apOABIIEBHIH JINCTOR — Me300epma.
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Puc. 26. Tunel racTpyn:

a — nHBarvuHaunoHHas ractpyna; 6, 8 — Age CTaaun pasBUTUA MMMUTPALMOHHOWN racTpynb;

r, 4 — OBE CTaAnV pasBuTUS AENAMUHALMOHHON racTpyJsibl; €, X — ABE CTaauv pasenTus snnGo-
NIMYECKO racTpynel. T — akTodepma; 2 — 3HToaepmMa; 3 — Bnactouens

Tune: racTpyaanuu (puc. 26)
un6azuHayuA (BUAINBAHUE) — JIAHIIETHUK;
ummuzpayus (BeicejeHne KJIeTOK) — KHIIEYHOMOJOCTHRIE;
anuboaus (obpacraHme) — JATYIIKA;
Jenamunayus (paciyelljienne, PaccjoeHne) — KUIIIeUHOIIOJOCTHDIE;
CMeUulanHblii — coueTaHWe MMMHIDALMHN ¢ JeJaMuHanued (ITHIHL,
MJIEKOIUTAONIIIe).

Ilpyn ummuzpayuu yacTp KJIETOK GJIACTOAEPMEI C MOBEPXHOCTY 3apoAbIia
yxoaut B 6sacrornens. O6pasyerca HAPYKHBIN CJIOH — 3KTOAepMa U BHYTPEH-
HUH — 3rTOfEepMAa. Bracrouens 3anosHeHa KieTKaMu (THADA).

Onuboaus XapaKTepHa AJA JXUBOTHEIX, KOTOPbIe PABBUBAIOTCH M3 TeJI0oJIeny-
TaILHBIX suil. O6pasoBaHue TaCTPYJIbl HAET 33 CUeT GEICTPOrO Pa3MHOXKEHNA 1 06-
PaCranua MHKpOMEpaMU BEreTaTUBHOrO NoJioca. MaxpoMepbl OKa3bIBAIOTCH
BHYTPH 3apogbima. O6pasopanue 61acTONOpa He TPOUCKXOIUT, FaCTPOLEJIA HET.

Ilpu unsazunayuu onpenenennbll yUaCcTOK 61aCTOAEPMBI (BereTaTHBHBIN
Hojioc) nporuGaerca BHYTPh U JOCTHIAET aHMMaJbHOro noJioca. O6paayercsd
ABYCIOWHBIM 3apOABII — racTpyna. HapyKEEIi ci0i KJIEeTOK — 3KTOAepMa
¥ BHYTPeHHUIT — SHTOAEpMA BBHICTHUJAIOT HOJOCTh IEPBHYHOM KHIIKY (2acm-
Poyenv). OreepcTre, IpU TOMOLIY KOTOPOrO HOJOCTH COOOIIAETCA C BHEIITHEH
CPenoii, nasnipaeTcs IEePBHYHBIM PTOM — 6.1aCMONOpom. Y IePBUIHOPOTHIX
KHBOTHBIX (YepBU, MOJIJIIOCKH, WIEHHCTOHOIHE) OH IpeBpaiaeTcsa B pOTOBOE
OTBepcTue. Y BTOPUYHOPOTHIX — B AHAJIBHOE OTBEPCTHE, a POT 00pasyeTcd Ha
IPOTHBONOMOM HOM KOHIIe (XOPAOBBie — JaHIETHUK).

-
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AJLIeTbHBIE TeHBI PACTIONIOMKEHBl B OAHHAKOBEIX JIOKYCAX MOMOJIOTHYHBIX
XpOMOCOM (OTBEYAIOT 33 PASHOBHAHOCTD O{HOTO IPU3HAKA, 0003HaYaIOTCH Ofi-
HOM OYKBOIL).

ToMmon02ULHbLE XPOMOCOMbL — TIAPHBIE XPOMOCOMBI, OANHAKOBbIE 110 pasMe-
pam, GopMe, COAEPIKAHNIO TEHOB (puc. 32).

MHOKCECMBEHHBLI ANNeAUIM — CYIIECTBOBaHKE I'eHa B BUJE HECKOJIBKHX
ajiesiell y BUAA ¥ IONMYJANUH. B mpomecce 5B0TIOIIY BOSHUKAET B Pe3yJIbTaTe
H3MeHeHHs IOCJIeJ0BATeIbHOCTH HYKIeoTn 0B B reHe. IlosBaaeTca B monyJis-
(MM OPTaHU3MOB, TOTAA KaK y OJHOrO JUILIOMAHOTO OPTaHM3MA CYIECTBYeT
TOJBKO ABAa ajljiesd OgHOTO reHa.

IIpuMepHl MHOKECTBEHHOTO aJljieiu3Ma

1. Tpu annens Tpynn Kposu B cucreme A B 0 —

14; IB; 10 — v nonyasinuu, 19 1A 1 agp. — y Buga.

V 0AHOro OpraHmsMa 3a IPU3HAK OTBEYAIOT ABa aJulesid (MAaTeDU U OTIA).

Hanpumep, rpynnsl KpOBHA TeHOTHIIBI

1(0) O MeMOpaHbl 3PUTPOIUTOB «TOJIBIE» 1010

A
I A) O<X Ha MeMOpaHe aHTHreH A JATA TATO
II1 (B)YO<B  uamem6pane antures B IBIB IBJIO
A
IV (AB) O<: Ha MeMmOpaHe anTureHsl A u B IAB
B

2. AJjeny OKPACKH IIEPCTH Y KPOJHUKOB.

Tomo3uzomuocmv — B TOMOJIOTHUYHBIX XPOMOCO-
MaxX IPHCYTCTBYIOT ABa OJUHAKOBBIX ajjeld OAHOTO
resa: AA uau aa.

Temeposuzommuocms — B FOMOJIOTHYHEIX XPOMOCO-
MaX IMPUCYTCTBYIOT ABA PASHBIX AJJIeNsA ONHOro reHa:
Aa.

Tamemb, — TOAOBLIE KJETKH OPraHM3Ma, HMeo-
IHe ramJIougHbIH Ha0op XPOMOCOM.

«Yucrele IUBUN» — JUHUUA PacTeHUH N KMUBOT-
HBIX, NOJyUeHHbIE B pe3yJbTaTe HAJUTEIBHOIO CaMo-
OIBLIEHMS MIN GJIN3KOPOACTBEHHOTO CKPEINBaHMUA.

Tubpudonozuueckuii memod — MeTOJ CKpPEITUBA-
HUA.

3Has TeHOTHI OPraHM3MOB W TaMeThl, KOTOpPLIE
VY4aCTBYIOT B OILIOJOTBODEHHH, MOJKHO IIPEACKA3aTh
U IPOaHAM3UPOBATE, YTO MOJYIUTCH B IOTOMCTBE.

Tubpud — 0cobb, mONTy4eHHAS B PE3yabTare CKpe-
IUBAaHUA,

Tenomun — cucTeMa B3aMMOAEHUCTBYIOIUX MeHOB
opranusMa (KJIeTKH).

Puc. 32. fTomMonoruyHbIe xpo-
MOCOMBI C annenbHbIMA TeHa-
MK: 7 — napa roMosIOFNYHbIX
XPOMOCOM; 2 — nokyC; 3 —
annenu; 4 — romo3unroTHoe
COCTOAHME; 5 — reTeposu-
roTHOE COCTOsIHNE

kouvt I'. Mend
3a ensn 83

IIpasu.aio 8vinuceieanus zamem: YUCIO TUIIOB TAMET, 06PA3YEMBIX Opranus-
MOM, OTIPERETSAETCA MO GOPMyJIe 27 , T[e It — YHCJI0 TeTePOBUTOT.
1) AA n=0; 2°= 1 run ramer @

rameTsl: (A

n=1; 2t = 2 Tuna ramer @ @

n = 2; 22 = 4 runa ramMer

(oureTepoauroTa)

4)  AaBbCc n=3; 23 =8 runos ramer
(rpurereposurora)

3akonsl I'. Mennensa

3aKOHBI OBIIM OTKPHITHI B 1865 I'. aBCTPATHICKUM eCTeCTBOMCIBITATEIEM
I'peropom MenpneneM. « BHOBb OTKDBITEI» U MOATRepKAeHb! B 1901 T. TOJIIaH/ -
uenil T'yro ne ®pusom, zarem HeMenkum ydensim Kapsom Koppencom u aBer-
puiiliem Ipuxom ¢oH YepmarkoM. 3aKoHbI OBIIU BHIBEJEHBL:

C HCIIOJIb30BAHUEM rUOPHUIOIOrHUECKOro MeToa (CKpeIIuBaiud);

B peayapTarTe HCIIONb30BAHHA «UHCTBIX JHUHHIH» pacTeHHii ropoxa, He Aa0-

IMrX pacIieIieHus B IOTOMCTBE IIPU CAMOOILIIEHAY U UMEIOIIIX JBa POMO-

JIOTHYHBIX MeHa;

C MCHOJIBE30BAHUEM CTPOTOTO MAaTEMAaTHUYECKOI'0 IOLCUETa 1 aHAIHN3A.

I u IT 3axonbL ocnosans na MOHOZUOPUOHOM CKPelusaHuU (AaHATNS HACTe-
AOBAHUA I10 OJHOMY IPU3HAKY).

IIT saxon ocnosan na duzubpudnon u noauzubpudnom crxpewusaruu (0co-
0m ortmuanucs mo ABYM MY HECKOJBKHUM IIapaM IIPHU3EAKOB).

I 3akom — 3akon eqnHo00pasua ru6puaon I moxoaenusa

Ten| Ipusnax P: PAA X aa d
A |senreiii (OMUHAHTHLIH) G: @ @

3eJIeHbIl (pernecCUBHBIN) F: Aa — 100%

e} .
oo OP-”f.leupoerca 3GKOHQ: TIPH CKPEMIMBAaHNH JBYX ocobeil, pasjinyalolmnXxcs
AHOH Iape anbTepHATHBHBIX IIPU3HAKOB, B IEPBOM ITOKOJIEHUHN y THOPH/OB

"
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HabnaaeTca eIlHHODﬁpaSI/Ie IIpU3HAKOB U NpoABIAAETCHA ,IIOMHH&HTH]:II‘/JI Ipu-

3HaK.

11 3aK0H — 3aKOH paculenaeHus
P: PAa x dJAa

« ®E 66

F2:AAAaAa aa
3x. : 1s.

dopMyAUPOBKA 3AKOHA: TIPY CKPEIBaHUK rUOPHUAOB TEPBOTO IOKOJIEHUSA
MesK [y COBOH BO BTOPOM IIOKOJIEHUH IOABIAIOTCA 0co0¥ Kax ¢ JOMUHAHTHEIMH,
TaK ¥ C PeIleCCUBHBIMH IPU3HAKAMM; IPOUCXOUT PACILETICHNE II0 (eHoTHUY
g cooromenuun 3 : 1ml:2:1 — mo reHoruimy.

CjieicTBHEM BTOPOTO 3aKOHA ABJISAETCHA 3AKOH «HUCMOMbL 2AMEM - 3esieHbIE
FOPOIIMHEL B pe3yJIbTaTe CKPELMBaHUA MOTJIH MOABATHCSH, TOJILKO €CJIX BCTpe-
THANCH ABE TAMETHI C PeleCCHBHBIMHU AJIEJISIMH. (Ilpu obGpasoBaHUM TameT
B KQ)KAYIO TIOTIAJAeT TOJABKO OJIMH aJLTeJib U3 Naphl AJIIe/IbHBIX FEHOB. TameTs!
«YMCTBI» B OTHOIIEHUH BTOpOro annend.) Liuromornieckoe 060CHOBAHME 3TOT'0
3aK0Ha — Melo3.

AHaau3upylowee CKpewl6anue — 9TO CKpelnBaHue ¢ rOMO3HUIOTHOH pe-
meccuBHOH 0co0bi0. Ero mpoBOAAT AJifA YCTAHOBJEHHA TeHOTHIA n3y4yaemoil
0cobH (yCTaHOBJIEHYE POMO- HJIM FeTePO3UrOTHOCTH 110 AOMIUHAHTHOMY reHy).

P: $Aa x aad

¢ @@
F,: Aa aa
50 % : 50 %

III 3aK0oH — 3aKOH HEe3aBMCHMOI'O HacJeJOBaHHI HJIH ¢B0GOHOr0 KOMOH-
aupoBaHusn (puc. 33)

Il
Ten | llpusnak P: ? AABBxaabbd’

Heeambtil

g

=
]
A |3e z
3 | A | sexenbiil F,: AaBb - egunoobpasue
§' B | znadrui
§ B | mopwunucmoilt

P,; 9AaBb x AaBbd
$OpMyAUPOBKA 3aKOHA: P CKPEIMBAHUN FOMOBUTOTHBIX Ocobei, OT/IH-
YAIOUMXCA 0 ABYM IapaM aJbTepHATHBHBIX MPU3HAKOB, BO BTOPOM IIOKOJE-

3arxonvi I'. Mendens
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- @ - ‘@
)Kembu} 3eneHbi
rnagkaii MOPLIMHINCTHIA
AABB aabb

F‘ 0%

Xentwiid rnankui AaBb

L0

9£ Kenvoih Kentwiiz Kenrmi XKerruit
by “

rnankwi

T
B8 Bb . BB Bb

Kesoi Kentoit Kentoi XKentui
rnagkvii MOopum- rnapknh MopLM-
HUCTbIR

HUCTHIA
AA AA Aa Aa
B8b bb Bb bb

2
?(emu@ Kentoid 3enetbin 3eneHui
.a any [y T | [# "

3enewuit
MopLum-

aa
8b

© =

Kentuin
rnanxnis
HUCTBIA

&« & -

Puc. 33. HacnepoBaHue okpacku v popMbl CemsiH Y Fopoxa

G: AB Ab aB ab  9x.r.:3x.M.:33.1.:13. M.
AB| AABB [AABb | AaBB | AaBb o .

0 KaK7oil mape IPU3HAKOB
Ab| AABDb | AAbb | AaBb| Aabb HabaogaeTcs He3aBUCHMOe

a :
aB| AaBB | AaBb | aaBB | aaBb 12 cheJITiI;erI;J{I}ZI;II:IiBIe'

ab| AaBb | Aabb | aaBb | aabb 12 rmagkux : 4 MOPIIHUHUACTLIE.

xgp;;’;ﬂgxgnwr He3aBUCHMOe KOMGHHMpOBaHHMe NMPU3HAKOB U MOABJIAIOTCA
TeabeKux Ocongn%RaMn’ HeXapaKTePHBIMH JJIsl POLUTENLCKUX K MPAPONH-
KOJenue ennnocflé peayél pTaTe ZUTMOPHAHOTO CKPELIMBAHUSA BCEe IIEPBOE HO-
TeHOTHIY O : 8 1 3k T OO POTEXOMIE paciernJienne no
M . . - .
. Mei’:i‘;’;ul"ry'zwue npusnaKu — NOPU3HAKH, HACJeJyeMEble 10 3aKOHAM
» T. €. MOHOTE€HHO U 10 THIY IIOJIHOr0 JOMHHHPOBAHUA.
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Y yejoBeKa TAKHUX NPU3HAKOB — 2300. K HEM OTHOCAT IIBET KOXH, UBET

a3, BeT BOJOC, pesdyc-parTop U Ap.
MOHOT'€HHBIM

HacsiegoBaHME NPU3HAKOB MOJKET 6BITL
MOJUT€HHBIM

Mengeab OTKPBLIL MOHO2EHHOE nHacaedosarue Npu3HAK08 — OIUH IIPU3HAK

KOHTPOJMPYeTCs OZHOM 1Mapoii anjesneil y opranusma.
[Toauzennoe Hacaedosanue NPU3HAK06 — 3a OLUH IpU3HAK y OpraHusMa

0TBEYAIOT HECKOJIBKO I1ap HealJIeJIbHBIX I'eHOB.

A,a  [Tpumep. Jitobbie CIONKHBIE MoposornuecKue Mpu-
1 mpu3HaK B,b  zmaxu; m060# depMeHT, COCTOAIIMN U3 PA3IHIHBIX
C,c 6eIKOBBIX CYOBeIMHULL, U AP.

Kaxk B cayuae MOHOTeHHOr0o HacjxeaoBaHud, TaK 1 IIpU IIOJUTeHHOM HacJle-
NOBaHUY HabjgaeTcs BBaHMOILeﬁCTBPIe ajienell OJHOTO MJIHA Pa3HbIX TeHOB

Mesxay coboil.

Bzaumopeicteye reHoB

Teus: B OpraHusMe IIPeACTABIAIOT coBoil cHCTeMY B3aMMOJeMCTBYIOIINX
epunann,. HaGaofaeMble 3aKOHOMEPHOCTH HaCJIe[JOBAHUS HaCTO OTJIMIAIOTCH OT
KJIaCCUUYECKUX MEHJEJEBCKHAX pacienieHui.

1. BzaumozeiicTBHe AJJICIBHBIX I'€¢HOB.

BuifiensioT caesyome BUABL B3auMoOelicTBHA a/lJIebHBIX FeHOB:

1. Jomunuposanue — QEHOTHNHUIECKOE mposABJieHUEe OJHOTO reHa u3 aj-

JIeJILHOM Iaphi.

ITpumep.
HomuaaHTHBIH PeneccHBHbIH
TeMHbIE BOJIOCHI CcBeTJIble BOJOCHI
BhIOIINECH npAMEbie
MopdomornuecKue
TEMHAA KOXa CBETJIas KOMXa
NpU3HAKHU
Kapue rjasa roayGble riasa
61M30PYKOCTh HOpMAa
Rh* Rh™
HOpMAaJbHOE reMmoUAHA
®dusnosorndecKme cBepPTHIBaHUE KPOBH
npUsHaKy o
HOpMAa caxapHBbIil guaber
HOpMAa heBUIKETOHYPHUSA

Bzaumoodeticmeus 2enoé
87

Pesyc-paxkmop (Rh-@paxmop) — aHTHUTeH, COREPKAIUUHACA B 5PUTPO
yeJIOBEKa ¥ MaKaKu-pesyca. A
Pesyc-dakTop HacIe yeTCA 10 JOMUHAHTHOMY THUILY. Pesyc-nonosxurenbunrii
opraEuaM MoxeT umets reHoTunn DD unu Dd, a pesyc-orpunarensnsii — dd
Peayc-KOE(DINUKT: .
Rh* —D P: Ydd x IDD

Rh-—d G: @ @

F,: Dd — Rh*

2. Henoawnoe domuruposarue — GHeHOTHIINYECKOE IPOSBICHNE 000X aJLIeIbHBIX
reﬂ?}a B rereposurore. HabogaeTcsa NpoMesxyToUHOe HACIeI0BAHKE IPU3HAKOB
pumep. liseTkn HOUHON KpacaBuubl: AA — KpacHEIe IIBEeTKH, aa — 6e
JibIe IBETKU, Aa — PO30BLIE LIBETKHU. | -
¥ 4enoBeKa — naToJorud Ias: AA — HOpMAaNbHEIE 17134, 48 — aHOMTAIbMUS
(oTCyTCTBHE TJIa3HOTO s10710Ka), Aa — MUKPOPTAIBLMUS

3. Ceepxdomunuposarue — JOMUHAHTHBIN MeH B MPUCYTCTBUH PELECCHEB-
HOTO aJLJIeJIA NPOABAAET O0JBbITYI0O AaKTUBHOCTD, W HPU3HAK B M€TEPO3ZUTOTHOM
COCTOAHUH OOJIbIIIE BHIPAYKEH.

II pngep .ul‘e'reposnro'ra Aa, HecyImasa neTajlbHBIN M'eH, ABJILETCA 00Jiee JKua-
Hecnoco0HOMU, yeM romozurora AA. CeprnioBugaokaerounas anemus HbAHbA —
Hop}Maﬂmee spurpouuntsl; HbSHbS — morutaer.

o JOI %
ot TEepPO3UIroTa HbAHbS (cepOBUAHOKJIETOUHAA aHeMUA) DoJee KU3HeCIo-

b a,f;xe(;w romosurora HbAHDbA, B ycioBusiX MalspuilHOTO peruoHa.

. KoOomunuposanue — GeHOTHUIIMYECKOE IIPOABJICHUE 000UX ajlieiel
B IeTE€POSUTOTHOM COCTOSIHKH.

IIpunmep. IV rpynna kposu (AB — IAIB) — Ha mOBepXHOCTH SPUTPOLITOB 00-

Hapy»KeHbl anHTUrensr A n B.
A

B

eTci'aﬁ;ﬁ;‘sz: g;‘;c;lrl‘zuaeuue — B Das/IMIHBIX KJIETKAX OPraHuaMa Habaoga-
punep. Tar JUINs, & BTOPOA &JLIENE «BBIKJIOUH» .
Mocowme, I/Is.BecTHO(f 13{33HM§(119HCTBH6 XOPOLIO BUAKO Ha PagoTe rexos  X-xpo-
Mep, ren, x » UTO B X-XPOMOCOME HAXOAUTCA 6oaee 1000 resos. Hanpu-
» KOHTPOJIUDYIOIUI 00pasoBaHue MOTOBLIX XKejle3 B KO e UeJOBeKa:

A—
N HOpPMaNbHEIE IOTOBHIE XKEJIe3El —
— OTCYTCTBHE IIOTOBBIX KeIe3 1, HaxoZsAlnuecsa B X-XpoMocoMe
XAaXa

B
pa3JII/I‘IHBIX KJIeTKaX KOMXHU \\
XA%e XAXe

M
JI;%KGT OBITH MEAKTHBHpPOBaHA
Moco OIHa, mubo Apyras Xpo-
OMa =>
Az & HabJogaeTcda Mo3a- uHakmueayus (crnupaiusanuus Xpomoco-
BEIX o PacHogoxeHuy MOTOo- MbI B Buje Teiblia Bappa) => OTCYTCTBHE
JIe3 Ha KooKe. IIOTOBBIX KeJie3

HOpMAaJbHBIE I10-
TOBEIE YKeJIe3bl
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JIpyruM IPUMepOM aJLIebHOro UCKJIIOYeHUs SBiseTcsa nabuparenbHas HHAK-
TUBALMA [€HOB, KOSUPYIOIINX CUHTE3 OlPe/IeIeHHBIX aHTHUTEJ B OpraHU3Me.

6. MexainelbHas KOMNIEMEHMAYUL — Ba MyTAaHTHBIX aJIJieJ1s COBMECT-
HO MOTyT obecrieduThb HopManbHBIN (penorun. Takoe B3aMMOJeHCTBHEe IIPOSB-
JiseTcd Yallie Bcero Ha ypoBHe 00'beANHeHU A GeJIKOBBIX MOJIEKYJI, 00pa3yIoIux

eAWHbIH QEPMEHT.

/ ) ,,’/ 31/ \
N / \\ / a2/
oS VA
HOPMAJIBHBIN (PepMEHT HOPMAJIbLHBIN (hepMEHT
AA a,a,

11. BzaumoaeiicTBHEe HEAJINEJbHBIX TeHOB
HeaJuteIbHBIE TEHBI PACIIOJIOMKEHEI B PA3IMYHBIX JIOKYCaX PasJudHbIX XPO-
MOCOM.

HeaslebHbIe TeHBl MOTYT B3aMMOAEHCTBOBATDH
A A B B

Me Iy coboi, BANAIOT Ha pasBUTHe IIePBOTO IPU3HAaKa,
[IPHBOJA K [IOABJIEHNIO HOBOI'O COCTOAHNUA [IPU3HAKA.

1. Komnjemenmaprocms — B3aUMOJEHCTBIE Hea/JIeIbHBIX FeHOB, IPH KO-
TOPOM B IIPHCYTCTBUH JABYX AOMHHAHTHBIX HeaJJIeNbHBIX 'eHOB NpOSBIASETCA
HOBOE COCTOAHME IPU3HAKA.

DroT TUO B3aHMOAEHCTBUA OblI OOHApYKeH OAHWM M3 IIEPBBIX B Hadaje
XX B. Ipu U3yYEHUH HACTeAOBAHUA QPOPMEL rpe6ua y xkyp (puc. 34).

S &

Opexoeuanuit 10p nuwn | Op aHbti [Op AHbIA
Q AABB AABD AaBB AaBb

PN | P A

o) awlF annit |Op OHGIA | Podosnanbii

PoaosuaHsiit FopoxoanaHbiil AABD AAbb AaBb abb
AAbD aaBB %
p ~ 4

F ~ F OpexoBuaHmn |OpexosnaHbid |TC i {r i
1 2 AaBB AaBb 2288 2aBb

OB\ B\ | B\ | A

Opexosuanbiit AaBb

lOpexoenanuii | Pososnanwi  [Fopoxosnanstii NINCTOBUAHBIA

AaBb Aabb : aaBb aabb ;\,i
%h \ 'S foed

Puc. 34. HacnepoaHue hopmbi rpebhs y Kyp npy B3aMMOAEUCTBAN ABYX Nap reHoB

Baau.uoaelicmeue HeaANNeNlbHbLX 2eH08 89

ITpumep.  AAbb — pososuausiii; aaBB — ropoxosuanstit; AaBb — ope-
XOBUIHBLIN. B JOMUHAHTHOM COCTOSSHUU KaKJAbIH TeH MMeeT (DeHOTHUIIHYECKOoe
mnpossiaenne. Ilpu «nonaganuu» B reHOTHII JBYX JOMUHAHTHBIX I'€HOB.

P: PAAbb x aaBBCT

G:

F,: AaBb — opexoBunusIil

P: YAaBb x AaBbJ

G: AB Ab aB ab

A-B- — 9 opexoBUgHBIX
AaB- — 3 ropoxoBuAHBIX
A-bb — 3 posoBrAHBIX
Aabb — 1 aucroBuaHBIH

AB| AABB |AABb | AaBB| AaBb
Ab| AABD | AAbb | AaBb| Aabb

aB | AaBB | AaBb | aaBB | aaBb
ab | AaBb | Aabb | aaBb | aabb

AdurudprnHoe CKpelllMBaHNE MOATBEPIKAAETCH PE3yJabTaTAMU pacllellie-
HUs IPDH TTOCTPOeHUH pelneTKM Ilennera.

ITpumep. ¥ yenoBeKa 3a MUI'MEHTAILHUIO BOJIOC OTBEUYAIOT TPH &JJICJIbHEIX I'e-
Ha: OJUH — 34 CUHTEe3 MeJIaHWHA U ABa aJUIEJbHBIX PeHAa — 33 CHHTE3 KPaCHO-
ro nurmenTta. IIpm xoMIIeMeHTADHOM B3aMMOAEHCTBUU ATUX I'€HOB Y YeJIOBe-
ka HaOmojaoTes pasandable GeHOTUIINYECKUE IIPOABJICHNA:

T'ew IIpusuar

M+ — Majioe KOJIMYEeCTBO MEJIAHHHA B BOJIOCE

M* — cpexnHee cozepsKaEue MeJaHUHA

M+ — macellleHHOE cOflepKaHue MeJIaHuHA

K, — orcyrcTBHe KpacHOro NUIMeHTa

K,* — HanuuMe KpacHOro MUIrMeHTAa

Coueranua anneneil Ha3BaHHBIX MeHOB JAIOT BeCh CIEKTP OKPACKHU BOJIOC,
HabIogaeMbIxX v YeJIoBeKa:

M*M* K,-K,” — 6aouzus,

M*M* K,* K,* — ApKO-pBIRHIL,

M#++ M+++ K,* K,* — 6piomer.

2. 9nucmas — B3aUMOZEHCTBUE HEAJIEAbHBIX I'€HOB, IPX KOTOPOM TeHBI
ONHOM asyensHOMN Mapsl NOAABISIOT IPOABIEHIE BTOPOTO HealJeJbHOre reHa.

Ilpusuax Bo3MOMKHBIE TEHOTKUITEI

4YepPHEIH TUTMeHT ¥ (heHOTUIIEI

HEeT MUI'MeHTAa C-I- — Genble KypHI (TOaBIEHKE)
SMUCTATHUUYECKUIH I'eH ccl- (ceii) — Gemble (HET MUIMEHTA)
(nopasnser) C-ii — uepHbIE

HE3NMUCTATUYECKUH I'eH ccii — OGesble

i
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a) OOMUHQHMHBLIL IMUCTA3 — OIH-
CTATHYECKUII TeH — JOMUHAHTHBIH.
IIpumep. OxpackKa omepeHNd y Kyp

(puc. 35).
6) peueccugHbiil IMUCTA3 — DIUCTA-
poret THYECKHUIl TeH — PEIeCCUBHBINA, I'eH

NIpOABJAET AENCTBHE B T'OMO3UT'OTHOM
pellecCCUBHOM COCTOSHHWK U TIOAABJAET
SKCIIPECCHUI0 HeaJlsIeJIbHOIO TeHa.

AmepukaHCcKui reHetur B. Max-
Kbrocuk onmcan ciaydait B Bombee, Kor-
Ia y sKeHIIWHBL ¢ IePBOH IPYIIOH Kpo-
BU pOAMIICS PefeHOK C 4eTBEPTOM rpyI-
w. OKDBSJ:HNNE HOﬁ °

IIpumep. DBombeiickuii GheHOMEH

Anausa, 1959r.)

(IoIo)
P: 9 IBIBhh x IATIAHH &
G: IBh IAH

F,: IAIBHh — IV (AB)

Puc. 35. HacnepoBaHne OKpackuy Kyp
NPV B3aNMOAGACTBIM LBYX Nap reHoB (mo perotumy I°I° (IBIBhh), a mo renoTn-
y nposasisaercs kak 1BIB).

3. IToaumepus — B3auMJeHCTBHE HeaJIeJbHBIX T€HOB, PH KOTOPOM 32
OfH NPUSHAK B OPraHMW3Me OTBEYAIOT HECKOJBKO Map HeaJIeNBHBIX IeHOB;
pw 9TOM (PeHOTUIMHUUIECKOe NPOSIBIEHNE IPHU3HAKA 3aBUCUT OT KOJIUUIECTBA 10-
MUHAHTHBIX UJIH PEIleCCUBHHX aJlIesie.

ITpumep. 1IgeT koxu y 4er0BeKa (3a I(BET KOXKU OTBEUAIOT 2—5H reHoB, Kax-
IyI0 mapy 0003HA4YaI0T HHAEKCOM — P,P,P,P,).

P — ectb nurmest  P,P,P,P, — YepHOKOX MU

D — HeT IUTMeHTa  DP,PP,P; — Oeablit
P.p;Popy — MyJiar

9 P,p,P,p, x P,p,P,p, I => BOBMOXKHBI BADHAHTHL OT P,P,P,P, 10 p,;pPsP2

(BepoAaTHOCTS !/ ().

Ilo TUmy [MOJMMepHH HACIEAYIOTCA MHOIME KOJIMYeCTBEHHbIC NPHUSHAKH:
poCT, Bec, CriocOGHOCTE K CeKpeIluyl TPYAHOTO MOJIOKA Y ? u zmp.

4. ITenempanmHocmb — 9ACTOTA WM BEPOSATHOCTh (PEHOTUINIECKOTO IIPOSABIIe-
HUS JAHHOTO IPUSHAKA CPEH BeX 0CO0eii IeHeTHUeCKUX HOCHTe el 9TOTO IPU3HAKA.

5. Oxenpeccusnocmb — CTEIIEHb IPOABICHUA IPU3HAKA OT MaKCHMaJIbHON
BBIPAXKEHHOCTH [0 MUHUMAILHOM,

Ipumep. TIpu moTMAAKMINY IIECTOM Majer MOXeT OKa3aTbCsa HOPpMaJb-
HBLIM, a MOKeT IPHHATH BUJ pajaHTH.
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[leHETPaHTHOCTE M 3KCIIPECCUBHOCTE ABJSIOTCH PE3YABTATOM BIUSAHUA BCe-
ro FeHOTHIIA U CPe/bl Ha ONIPe/le/IeHHbIIi TeH.

CueInieHHOe Hacjief0OBaHue.
T'emeTHYECKOE omnpenesenue moaa. lluroreneruka

BrlgendoT TP OCHOBHBIX YDOBHSA U3YYEHUSA T€HETUKH:

1. OpzanusmernHnwiii — OCHOBEI 3aJ0'keHbI I'. Menznenem B 1865 r.

2. Kaemounbtil, NIu yumozenemuyeckuil, — OCHOBBI 3aJI0KEHbI B J1abopa-

topuu T. Moprana 8 1910 .
3. Moaexyaapusiili — Hayall Pa3BUBATLCA C OTKPBITUEM CTPYKTYPEI MOJIe-
kyasl [JHEK (1953 r.).

K gauany XX B. ¢ pasBUTHEM MUKPOCKONUYECKON TeXHUKU HAKOIIUIOCH MHO-
JKECTBO JAHHBIX O TToBeAeHHHU xpoMocoM. B 1902 r. V. CeTToH cOmOCTaBUII IIOBe-
JeHAe XPOMOCOM K IPU3HAKOB IIPH MHTO3e U Meiio3e 1 00HAPYKHII, YTO XPOMOCO-
MBI U IPU3HAKHU «BeJiu cebsi» aHAJOTUYHO. BrrocaeAcTBUYN YYeHBIH IPeIIoI0KIII,
yTO reHbl HaxogaTes B Xxpomocomax. K 1910 r. B mabopaTopuu aMepUKaRCKOTO re-
metura T. Moprana B pes3yJbTaTe ONLITOB Ha ILJIOAOBOM MYILKe Ap030odhuie 6blia
chOpPMYJIHPOBAHA XPOMOCOMHAL MEOPUL HACALACMEEHHOCMU.

OcHOBHEIC TOOKEHUA XpOMOCOMHOﬁ TCOPHH HACHEACTBCHHOCTH

1. HacnencTeeHHbIe e[UHAIBI, UK TeHB], TOKAIU3YIOTCA B XPOMOCOMAX.

2. Kaxaplil TeH B XpOMOCOME 3aHMMAET OIpeesIeHHOe TOJ0KeH e — JOKYC.
T'eHBI B XpOMOCOME PACIIOIOMKEHBI JIUHEIHO.

3. T'ens1, HaXoxAMMeECS B OJHOM XPOMOCOME, HACIEAYIOTCA CUEIJIeHHO U 06-
pasyIoT rpyuny cuerieHus. dYucio
TFPYNI CUENJEHUS PABHO TAILIOMJ-
HOMY Halopy XpoOMOCOM. 1 B I

4, Meay roMOJIOTHYHEIMU XPOMOCO-

MaMH BO3MOKeH OOMeH ydacTKa- i
MU — KpoccuHzosep (puc. 36). 2

5. Paccroanme Mexay reHaMM H3Me- EH%I
psieTcsi B MOPraHUAAaX WM MPOIEH- / \
Tax KpoccuHrosepa: 1 M=1%.

6. Paccrosrme Me)xxy reHaMHu IIpo- s HHQ ;M:
NOPIHMOHANBLHO IPOIEHTAM KpOC- anmt
CHHIOBepa, a CuJa CIenJeHus
MeX Ay reHamMu 06pPaTHO IIPOTIOPLIU- B EH
OHAJNbHA PACCTOSHUIO MEXIY HU-

Mu,
R s e T TDOTE P 36 oscawone: |~ sborover

Omtrrey Moprasa 1Y . MMYHBIE XPOMOCOMbE; 2 — UX NEPEKPECT BO

» AOKa3blBAKOIINE BpeMmSs KOHBIOraUnM; 3 — ABe HOBbIE KOMGH-

c
enrennoe nacnenopanue (puc. 37): HaLWM



92 O6wasn 6uonozus. l'enemura

N e [T
Hexpoccosepw 83 % Hpoccoreps 17 %

a 0

Puc. 37. CuennexHoe HacneaosaHue reHoB OKPackut Tena U COCTORHNA Kpbiib€8 Y NNOROBOA MyXv
(Drosophila melanogaster). @ — NONHOE CUeNnnexne reHos BCREZCTBME OTCYTCTBUA NEPEKPECTa XpoMOo-
COM y Camu0B Apo3odunl: PP — camka cepas C AnnHHbIMU Kpbinbsimu (BBVV) ckpetueHa ¢ 4epHsiM KOpoT-
KOKpBUIbIM CaMuoM (bbw); Fi1 — cepbiti caMmeLs C A/IMHHBIMU KPBiIbAMU (BbVV) CKpeLLEeH C 4€PHON KOPOTKO-
Kpbinoit camkoi (bbwv); F2 — nockonbky y camua HE NPOVCXOANT KPOCCUHFOBEPA, NOABATCA ABa BUAA no-
TOMKOB: 50 % — HepHBbIX KOPOTKOKPbIBIX ¥ 50 % — Cepbix C HOPManbHLIMIA KpbinbaMu; 6 — Henonxoe
(4aCTUYHOE) CLENNEHVE NPU3HAKOB BCNECTBME NepekpecTa XPOMOCOM Y CamoK Apo3odunbl: PP — camka
C [IMHHBIMM Kpbibsimy (BBVV) CKpeLiieHa C YepHbIM KOPOTKOKDbINLIM camuom (bbwv); F1 — cepas camka €
LSIMHHBIMM KPbibsiMy (BbVV) CKpewieHa C 4epHLIM KOPOTKOKPBINEIM camuoM (bbwv); F2 — nockonbky y cam-
KM NPOUCXOAUT KPOCCUHIOBED FOMOSIOM4HBIX XPOMOCOM, 06pasyloTCs YeThipe TUNa rameT W NoABATCA He-
ThIPE BWAA NOTOMKOB: HEKPOCCOBEPHI — CEPLIE C AMHHBLIMU KPbITLAMU (BbVv) 1 4epHbie KOPOTKOKPLLbIE
(bbwv), KPOCCOBEPbI — HEPHBIE C AAVHHLIMU KDbIILAMU {bbVv), cepble KOPOTKOKPbIbIE (Bbwv)

Ten TIpusHak I aran
B cepoe TeJo B
b (black) depHOe TeJ0 p: & II
A% HOpMAaJILHBIE o
KPBUIbA
v (vestigial) | sawaTouHbI€e
(xopoTkue) G-

B u V HaxogaTcA B OXHOI XpoMOCOMe

B [9)
% F;: cepoe Telo,
v M) HOpMAJIbHBIE
KPBLIbS

- TS
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Il sran

PenunpoxHoe ckpemusanue — CerIlII/IBaHHe caMIoB (a) u camok (6)
¢ PeIeCCUBHOM I'OMO3SHTOTHON 0Cc06510.

a) BJﬁ b b:I:I 6) /\B,_l_ 'b b b
V‘) # i ;V“’l_ - XV:]:IV

v

HeKpoccoBepHble — 83 Y%

D

KpoccoBepHble — 17 %

@
@

AT

cepoe Teno, YepHoe TeJo,
HOpPMAaJIbBHbBIE KOPDOTKHe
KPbLIbA KDBLIbA B -+ b b b
50 % 50 % F,.
“ ot
Il Vv v v
I v
¥ " nposodmiinl mosHOE cuern- cepoe Tello, HepHOe TeJ10,

JeHIe (HeT RpOCCHHPOBepa) = &)pmanbmﬂe KpPBLIbA KOPOTKHE KPbUIbA
TeHEl HACJIeAYIOTCA CLENIeHHO. —
B pesyawrare aroro monyum-
JIACH TOJBKO POAUTENLCKHE
COUeTAHNS I'eHOB.

HeKpoccoBepsl — 83 %

RREENES

cepoe Teo, YyepHOoe TeJIO,
KOPOTKHE KPBLJIbA HOPMAaJibHbI€ KPbLIbiA
e .

KpoccoBepsl — 17 %

Ve Apo30(MIIBI CHeIlJIeHHe HellOJIHOoe.
HpOD;eHT KpOCCHHIOBEpa 3aBUCHUT oT
pacCcTosaHuA MEXAY FreHaMHu.
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T'eneTn4ecKoe onpene.ue}me moJia
ITon — CJIOKHBIN ITPU3HAK, Hac/JleIOBaHUE KOTOpPOro olpeaesisgercsa pa3Bu-

THeM 20Ha0.
BoIeIA0T HECKOJBKO TUIIOB ONPeJIeIeHUs 110714 B 3aBHCUMOCTH OT YUCTa

1 cocTaBa II0JOBBIX XPOMOCOM (puc. 38): - ¢
1. Yes0BeK, MJIEKOHNUTAIOIIE K JD. <X Xy

2. Bogaunoit giaomn Protenor <X <0

3. HexoTopsle 6a004UKH, 70 W
OTHUIBL, PHIOBI, 3¢ MHOBOHbIE W 77

4. ITepennoHUaTOKPHLIbIE 2 n

(32 xp.) (16 xp.)
myeapl TPYTHU

ToMOTaMeTHBIH MOJ — OJUHAKOBBIE XPOMOCOMBI.

TereporaMeTHBIN IOJ — PasHble XPOMOCOMBL.

V yesioBeKa ONIPeeAIOIM B DASBUTHY I10J14 ABJIACTCS HAJIUUNe Y-xpomo-
coMbl. B Hell, [0-BUAUMOMY, HAXOAUTCA KJIIOUEBOI reH, UI'PAOIil pOIb pery-
agTopa. ¥ MyTaHTOB IIPH J1000M KOJIMYeCTBe X-xpoMocoM jpobaBieHue ¥-Xpo-
MOCOMBI IIPUBOAUT K (POPMUPOBAHUIO MYKCKOTO (heHOTHNA.

XXV — cunapom Knaiiadeanbrepa.

X0 — cunzapom ITlepmesckoro—Teprepa ( ).

XXXy w

Xyy [ ©

Cnen.nem{oe ¢ NNOJIOM HAaCJIeJOoBaHUe

Ipusnak cyennen ¢ nosom — rex, oIpeaeNANIHi pa3BUTHE 9TOTO IPHU3HA-
Ka, HaXOAUTCA B [10JI0BOM XxpoMocoMe. X — ClielJIeHHble IPU3HAKH. Y — cnen-
JIeHHBbIe IpU3HaKHU (roJlaHapuyec-
Koe HacJeIoBaHHe OT OTIla K CbI-
Hy). BOJBIIMHCTBO TPH3HAKOB
f6osnesneil — penecCUBHBIE.

X X

- <

IInTroreneTura

S_.

Kapuomun — »aro Habop Xpo-
MOCOM B COMATHYECKOH KJeTKe
OpraHM3Ma JAHHOTO BHJA. Xapak-
Tepu3yeTcs UpaBUIAMU XDPOMO-

FameTet @
v X
1

>
<@

X
coM:
Puc. 38. XpOMOCOMHBI MexaHuam obpa- IpaBUI0 MOCTOAHCTBA YHCIA
XPOMOCOM;

30BaHUA nona:
P: Q44 ayTocombl + XX x 44 ayTocoMmsl + XY ' MPaBUJIO IAPHOCTHU TOMOJIOI Y-
G: 22 ayrocomsbt + X 22 ayTocoMbl + X HBIX XPOMOCOM (y AUOIOUAHBIX

2 ayTocome! +Y BUJIOB; OZHA XpOMOCOMa IOJIyJeHa

F,: 44 ayTocombl + XX 44 ayTocombl + XY OT OTIa, APYrag — OT MaTepu);
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NpaBU/IO MHAMBHUAYAILHOCTH — OIPEAEEHHOe CTPOEHHE XPOMOCOM (pas-
mep, PopMa, coflepKaHue TeHOB); )

[IPaBUJIO HelIPePEIBHOCTH — Tepey AesnerueM KiaeTku JHK yasansaeres no
[IPUHINIY KOMIIIEMeHTapHOCTH.

Bce xpoMOCOMBI ITOAPA3AEIAIOT HA ayTOCOMBI U II0JIOBbIE XPOMOCOMBI.

ITonosbie — 9T0 XPOMOCOMEI, OIpefensioniue HOPMUPOBAHUE MYKCKOTO
¥ JKEHCKOTO HOJIOB.

AymocombL — BCE XPOMOCOMBI B KJIETKAX, 38 HCKJIOUEHNEM M0JI0BbIX.

ITpumep:

1) kapuoTune! yejsoBeka — 46 xpomocom, 23 mapsl XPOMOCOM

22 mapw1 ayrocom + XX i XV; 22 A + XX; 22 A+ XV,

2) kapuoTun Apo3odhunsr — 8 XxpoMocom;

3) KapuOTHII aCKaPUABI — 2 XPOMOCOMBI;

4) KapUOTHII cO0aKu — 78 XpoMOCOM.

B 3aBHCHMOCTH OT PACIIOJIOXKEHUS LEHTPOMEPHI XPOMOCOMEI OBIBAIOT:

1. Memayenmpuueckue — paBHOILIEYHE.

2. Cybmemayenmpuueckue — HepaBHOIJICYHE,

3. Axpoyenmpuueckue — NAJTOYKOBUAHEIE.

4. TenoyenmpuiecKkue — IEHTPOMEPA PACIIOIOMKEHa Ha KOHILe
XPOMOCOMEI.

PaszBuTHe MeTO0B OKPACKM K MHKDPOCKO-
NUPOBAHUA NPUBEJIO K IOABJICHHIO METOAA
Jugpepenyuanvrozo okpawusanus., Kaxnas
XpOMOCOMAa UMeeT CBOM MHAUBUAYAILHLIN pu-
CYHOK PaCHOJIOKEHUA 3YXPOMATHHOBBIX U I'e-
TEePOXPOMATHHOBBIX YUYACTKOB.

B 1968 r. meeackuit uuromor T. Kacnepccon
¢ kojLreramu, a B 1971 r. ITapmwxckas KoHbepeH-
oua KiraccuGUIIMPOBAIM METOABLI CTAHAAPTH3A- n
Ium XxpoMocoM (pasbOMBKa IO IPyNIIaM). BCEro
CeMb zpynn — 1o BeJIMUMHE U [IOJIOXKEHNIO HEeHT- !

1w

pomepsr (puc. 39). 5
IIpumep. U
1. Tpynma A — Ne 1, 2, 3 — KpynHbIE Me-
TaAleHTPpUUECKHUe.
2. X-xpomocoma — rpymnmna C, cpeguss
CY6éweTaueHTpnqecxaa. '
po - ¥-xpomocoma — rpynna G, MexKas ak- Puc. 39. GopMbl XPOMOGOM:
LHeHTPpUYeCcKasd. | — TenoueHTpudeckas; Il — akpo-
v o .
POBRM KoMnakTH3AIMY (YKIAXKH) XPOMOCOM uerTpueckas; il — cyomeTauoHT
B puueckas; IV — MetaueHTpu4eckas.
basa PasHrle (as3bl KIETOYHOTO HUKIIA (MHTED- 1 — ueHTpOMepa; 2 — CNyTHUK; 3 —
UMt MuTO3 (Meif03) XPOMOCOMEI MMEIOT ~ KOPOTKOE Mnedo; 4 — A/MHHOE nne-

Pasn
0€ cTpoeHue. 40; 5 — xpomaTuab!
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B npouecce maTepdassl B KJIeTKe 60bIas 4acTb HacaeJCTBEHHOTO MaTepu-
aJa AKTHUBHA, II03TOMY AECIHPATU30BAHA U HA3BIBAETCH IYXPOMAMUHONM;
yacth HearkTnsHoro JHK xommakTHO cobpaHa u ofpasyeT zemepoxpomamun
(mampuMep, Teabne bappa — KOMINAaKTU30BaHHAA X-xpomocoMma y ?).

IIpu fejleHMH 13 XPOMATHHOBLIX HUTEH 00PasyIoTCA XPOMOCOMEL.

V yenoBeKa AJIVHA XpoMocoM B 10 Tric. pa3 MeHbIIIe HCXOAHOH AJIUHBI MOJIe-
ryasl JHE.

BoifensioT HeCKOJIbKO ypoBHei komnakTusanuu JJTHEK:

1. THK (d = 2 am).

LDAOQRNRC T 2w

2. HykneocoMHbIN — «Bycel o HUTKe» (d ~ 10 HM).

e §0, L s

3. Conenoug — «coupaib» (d ~ 20 — 30 HM).

30 um

L 300 M — meTau u3 GUOPUIIBLI

300 uM — cOauKeHHe neTelb

~ 500 — 600 nM) — BHAHA B CBETOBOU MUKPOCKOIL.

700 aM — oxHA XpoMaTUja

1400 aM — xpoMocoma U3 ABYX XPOMATH]

KoMoakTusanmsa XpoMOCOM MOJKET HCIOJb30BATHCA KaK PeryaaTop ak-
THBHOCTH TeHOB: CIMPAJN30BaHA — He aKTHBHA, JeCIMpalu3oBaHa — akK-
THBHA.

Ipumep. OnHa us ABYyx X-XpOMOCOM Y KeHIUH B HOPMe He AKTUBHA = CIIK-
panmaoBaHa, 00pasyeT reTepoxpoMaTuHOBOe Teable Bappa (mososoit X-rere-
poXpoMaTHH).

VY »enniunsl ¢ Kapuotunom 46, XX — 1 reawne Bappa.

Y myxuuss ¢ Kapuorunom 46, XY — 0 rexen Bappa.

¥V mysxuuss ¢ cuagpomom Knatingenstepa 47, XXV — 1 rexnsie Bappa.

IHonumennasa xpomocoma — Xpomocoma, o0pasylomiasca B pe3ysbTaTe
MHOrokKpaTHoi penaukanuy anta JHK Ges ee pacxoxienns. B pesyabraTe 0f-

Y"
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ga XpOMOCOMa MOXXET COCTOATH M3 Gosiee 1 THIC. ABYXIEIOYEUHBIX MOJEKYJI
JTHE. Takue XPOMOCOMBI BCTPEYAOTCA B KJIETKAX CJIIOHHBIX Keje3 HaCeKo-
MBIX, B KJETKAX MX MaJbIUTHEBBIX COCY/O0B.

[lonuTEeHHbIE XPOMOCOMBI XOPOILIO BHJHBI B CBETOBOW MHUKPOCKOI, KOTna
KJeTKa HAXOJUTCA B uHTepQase. ['eHETUKY UCIONB3YIOT B3TH XPOMOCOMBI A5
COCTABJIEHWS NeHeTHYECKUX KapT W, CJI€AOBATEIbHO, IJIA OHpPejeseHNs mojo-
;KeHndA MeHOB B XpOMOCOMaX.

MOJIEKYNAPHAA FTEHETUKA

MaTepHa bHBIM CYOCTPATOM HACTEICTBEHHOCTH M U3MEHUNBOCTH SABJIAIOTCA
HYKJIeHOBbIE KHUCJIOTHI. Pasauuaior ABa BHAa HYKJeWHOBBIX Kucuaor: THK
(ze3oxcHpUOOHYKIEMHOBAS kucaora) u PHEK (pubOHYKJIEHHOBAA KUCJIOTA).
Xumuuecky Hanbonee ycroitunBa JTHK. Mosnekyna JHK asaaerca cyberpa-
TOM HACJEJCTBEHHOCTH YW M3MEHUMBOCTH B OOJIBIIMHCTBE KHUBBIX CHCTEM.
PHK — oCHOBa HACIeACTBEHHOCTH Yy MHOI'MX BHPYCOB (BUpycC TabauHOIT Mo3a-
HMKH, PETPOBUPYCHI TIO3BOHOUYHBIX).

JTHK u PHK — oT0 mosuMephi, MOHOMEDaM¥ KOTOPBIX ABJIAIOTCA HYKJIEO-
Tuasl (puc. 40).

CoeauHeHNe HYKJIEOTHAGE B I[N IPOUCXOIUT 3a cueT obpaszoBanusa docdo-
aupnoii ceasu mexay OH-rpynnoit (*) u docdarnoi rpymnmnoil cjieayiouero
mykaeotusa. Cxemy crpoenust JHK cM. B pasznene «Ilurosorusa».

Ha npuHIAIE KOMILJIEMEHTAPHOCTH OCHOBAHbBI MEXAHUIMbL MAMPULHOZO
cunmesa:

1) Penaurayus THK (yaBoerue).

2) Tpanckpunyus — cunres PHRK #a marpune JTHK.

3) Tpauncrayusa — cuntes Geska Ha pudocome.

— a30THCTBbIC OCHOBAHUA
(Anenun, TumuH, I'yanus,
uro3nH)

C's C’;

TLieHTO3a — ne3okcupubo3a (1w pudosa)

Puc. 40. Cxema CTpoeHns HykneoTuaa
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Pennuxkanusa JTHK

Hna Bcex dYyKapHOTUUYECKUX Op-
raiusmoB pemankanuss JHK mpouc-
XOZUT MHOJYKOHCEDPBATUBHBLIM Me-
TOAOM.

IHonykoncepsamuseubviiic.  memod
PenAUKAyUU 3aKIIOYAECTCHA B TOM, YTO
NoJlyueHHble JOYEePHHE MOJIEKYJIbI
JOHEK conep:xaT ogHy HeIOUKY OT Ma-
TepuHCKOH Monekyasl JHK (koncep-
BATUBHVIO), a BTOPYIO — BHOBbL CUH-
TE3UPOBAHHYIO.

Penaurayus JHK — ciaoxHBIHI
nporecc, NPOUCXONAINUI B dAApe
¢ yuacTueM (hepMeHTOB.

OcHoBHBIe (DEPMEHTHI, YUACTBYIO-
mue B pernkanuu JHK, u ux poas
(puc. 41):

AJHEK-rennkasa — pacnjeraer Cuupasb;
JHK-tonouzomepasa — pacKpy4YuBaeT cIUpab;
JHK-nonnmepasa — ocyiiecTBaseT CUHTE3 JoUepHeH Lemnu;
JHEK-murasa — «curmsaet» pparmenTsl OKasaku.

Houepusasa nens JHK cunTesupyerca TONLKO B HanpaBJeHnu 5 —» 3.

Judupyrwuwas yeny — marepuHckas uens JHEK, na Koropo#t uger mempe-
PBHIBHBIH cUHTE3 ¢ 3’ — 5.

3anasdeisarwas yens (oTcTarminas) — Marepunckan nens JHEK, Ha koro-
POl uAeT NPepBIBUCTHIN cuHTe3 ¢ 00paszoBanueM pparmMedToB OKa3aky U KaxX-
IbIN hparMeHT UMeeT HarnpasjaeHue ¢ 3' — 5'.

Puc. 41. Pennukaums OHK: 1 — AHK-renun-
kaza; 2 — OHK-tonounsomepasza; 3 — PHK-
npanMasa; 4 — pecrabunusnpyowie Genku;
5 — OHK-nonumepasa obpasyer JHK, yonu-
HseT ¢pparMenTbl OKkasaku, yaanset puboHyK-
neotwgnl; 6 — AHK-nurasa cwwuBaet dpar-
MeHTbl Okasaku

ori

— “ e (RS —
0-&8-8-3a

ori

ori
Puc. 42, Pennuvkaums y 9ykapuoT. PennukaLms UHALMMPYETCS B CReLM(UIECKOM yyactke OHK,
Ha3blBaeMOM TOYKON «Havana» pennvkauum {ori). PacTywme uenu oBpasyioT PeraMKaTUBHLIE BUIKM.

CunTtes Hoswix uenein AHK NPOUCXOANT B PENNIUKATUBHbLIX BUNKAX, NEPeMeLLaiowmxcs B aByx
HanpasneHusx

V
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PemIuKalua y 9yKapuoTOR IPOUCXOANUT B HECKOJBKHUX MECTaX Ha KarkIol
XPOMOCOME — BTO NLOLUPENLIUKOHNbLE MEXEHUSM.

V mpoKapuor, UMelux Konelesyio moxexyay IIHK, pacupocrpanen mo-
HOPeNIUKOHHbLIL MEXAHUIM, T. €. CHHTe3 HAUMHAELTCA B OHOM TOUKe (puc. 42).

Peanuszalnusa reHeTnuecKoii vHgpopManuu B KIeTKe.
Buocunres gejkxa

Bce MHOTOOGpasue 6EIKOBBIX MOJIEKYJI B }KUBBIX OPTraHU3MaxX 3aK0JUPOBa-
go B moseryaax JHRE (PHEK).

Tenemuyeckuil K00 — 3TO MOCIEJOBATEIBFHOCT TPUIIETOB HYKJICOTH/IOB B HYKJIe-
HHOBBIX KHCJIOTaX, 33Aai0IIas COOTBETCTBYIONINH IOPANOK aMUHOKMCIIOT B fesTkax.

IIpeAIOJOKEeHNEe O CYIeCTBOBAHIY TeHEeTHYECKOTO Ko/a OBLIO BHICKA3aHO
B 1954 r. amepuranckum pusurom I'. T'amosbiM. B 1959 r. remeTnueckuii Koz
61 paciuudpoBaH aMepuraHckumu Omoxmmuramu M. HuperGeprom,
C. Ogoa u X. Kopanoii.

113 ueThIPeX HYKJIEOTHAOB, KOMOMHUDPYSA HUX IO TPU, MOXXHO COCTABHUTH
43 = 64 Tpumiera. M3 64 TpUIJIETOB TPU ABAAIOTCA 6€CCMBICTEHHEBIMU, UJIN
«HOHCEHC-TPHUILJIeTaMM» — OHM He IMUMPYIOT aAMIHOKHUCJIOTY; IIPU CUNTHIBA-
muy ua@opmanun Ha ypoBHe M-PHE BrImonHAIOT QYHKINIO CTOII-KOAOHOB —
rpunnerer ATT, AIIT, ATIL (8 m-PHK uwm co-
oTBeTCTBYIOT KomoHu YAA, VI'A, YAT). Oc-
Tanbuble TpumgeThl (61) KOoAUPYIOT oIpene-
JIEHHBIe aMHUHOKUCJJIOTHI.

Tlnasmatryeckan Mem6pana

flnepran obonouxa

CgojicTBa reHeTHUECKOTr0 KOIa

Anpo

1. VuuBepcasLHOCTL — KOJ €AWH JJIA BCEX OD- — 111
]
raHu3MOB (3a HEKOTOPBLIMU MCKTIOUeHHA- | Toarcxpmunn
Mu — "Hanpumep, JHK Mutoxonapui). ——Y . IHK
2. BHIDOXAEHHOCTh — KayKIasi aMUHOKHKC- ° PHK
o
JI0Ta, KpoMe MeTUOHHHA, KOJupyeTcda He- o4/ Mpoueccunr PHK

oo

crkonbkumu rpumeramu JJHEK (PHE).

3. HenepexkprisaeMocTbh — KOZOHEBI B M-PHE
CUUTBIBAIOTCH KAaK OTHEJLHBIE CAMOCTOA-
TeJbHbIe eUHUIEL.

4. CoenuduYHOCTb — Kamblil TPUILIET KO-
AUDPYeT TOMLKO OJHY AMUHOKHUCJIOTY.

5. Hanwume craprosoro komona AYT u tep-
MUHUDPYIOIGHUX KOJOHOB (CTOI-KOJOHBI),
PETYIUDYIOIIMX TPAHCIAIUIO.

B cnoskroM npouecce peanusarnyu reHerude-
CKO# MH(OpMALMK BBIZEIAAIOT UYETHIPE OCHOB-
HHX 3Tana (puc. 43): mpanckpunyuio, npoyec-
CUHZ, mpancrayulw, NOCMMPAHCLAYUOHHbLE Puc. 43. Cxema nNpoLecca aKenpec-
Umenenus Geara. G FeHETUMECKOM MHbOPMaLMM

Tpancnopt PHK
y
—/—/

TpaHcAAUUA
u-PHK

v
(v, Besiox
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Tabéauia reHeTHIECKOr0 KOXa
AMWHOKHCIJIOTA Kopousr u-PHEK
DenunanaHud YVV, ¥V
Jlefinun YYA, VYT, OVY, UV, OYA, II¥T
Wsoseituny AVY, AVII, AVA
MeTuoHHHE AVT
Banun VY, 'V, VA, IYT
Cepnu Yoy, YiuI, YIIA, YIIT, ATY, AT1]
TIposun Oy, o, DA, oor
Tpeonun AITY, AITI, ATIA, AIIT
Anannn roy, rou, A, Tur
Tuposun VAV, VAI]
Tuctugun ITAY, IHAI]
T'nyramuu ITAA, AT
Acnaparua AAY, AAIL
JInauu AAA, AAT
AcnaparmHoBas KHACJIOTa TAY, TAI]L
I'nyramuuoBas KucJjiora TAA,TAT
ucrenn YTy, VI
Tpunrodpan YIT
Aprunun ary, iurif, IrA, 1rr, ATA, AIT
Tanuun ITY, ITI, I'TA, T'TT
TpaHcKkpummus

Tpanckpunuyus — sro cunres PHK na matpuue THK.

B mpomecce TpaHCKPUIIIIMK YUACTBYIOT MHOTI'ME (PEPMEHTHI, KOTOPLIE OCYIIIECTB-
JsaroT pennuxanuio (JHK-renukaza, JHK-rormonsomepasa, PHE-mmonnmepasa).

B cioskHBIX GMOCHHTETHUECKUX MPOLECCAX TPAHCKPHUIIIINK U TPAHCIALUN
BBIIEJIAIOT MHUIMAIIUIO, 9JIOHTAIHIO U TepMUHANNIO (puc. 44).

Hruyuayusa — ceaswiBanue PHE-moaumepase! (pepMenTa, 0CyImeCTBIIAIO-
mero cuaTe3 PHEK) c npoMoTopom 1 o6pasoBaHue epBoii CBSA3H MEXKAY ABYMA
HyKaeotugamu. Ilpomomop — yuactoxk JJTHK, comepskamiuii BLICOKOKOHCEPBA-
TUBHYIO IIOCJIEJOBATEJNLHOCTD HYKIeoTHA0B TATA, KOTOPHIH CAYIKUT AJA Y3-
HasaHud u cBaseiBanuda ¢ PHE-nonumepasoii.

V
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Iso#nan crmpans JHK

Tpasckpubupyeman
uerns

Hanpasnenue
TPAHC KPHITIHK

PHK -

on lma I
HMe]
[~}
\

Onuuouras e
m-PHK, Tpascxpwm
6upyeman ¢
MONeKynnl

IHK

U

—B-o0-0
Cpobonmubie
nywieosuarpudocdarn

Tpauckpubupyeman u
HeTpsHCKpHGUpyeman
uermt [THK BHoOBSL
COeIMHAIOTCA

Puc. 44. TpaHckpunuus

daoHzayus — yaanHeHne noavaykiaeoTnanoi nenu PHK, Qnonranus PHEK
IPOMCXOJMT IO TePMUHUPYIOLIEH TPAHCKPUIIINIO OCAEA0BATEeNIbHOCTH.
Tepmunayus — oxonuanue cuatesa PHE.
B pesyabTaTe TpaECKpHUILUHU 06pasywTca HecKoabko Bugos PHK:
1. p-PHEK (pubocommuasn):
a) cunTesupyetca ¢ nmomombio PHK-mosnmepassr I;
6) o6paayercs Ha yuacTkax [{HK B 30He AAPBINIKOBOTO OPraHN3aTOPA UK
B 061aCTH BTOPHUYHON mepeTssKKH (xpomocomsr: 13, 14, 15, 21, 22);
B) fABJIAETCA CTPYKTYPHBIM KOMIIOHEHTOM PHOOCOM;
T) obecmeunBaeT CBA3BIBAHUE PUOGOCOM ¢ HYKJICOTUIHOHN MOCIef0BaTEb-
HocThio M-PHEK (mmocsienoBaTeibHOCTh HYKJIEOTHAOB Ilaiina—dansrap-
Ha B IUAEPHOM YYACTKe Y IPOKAPHOT U aHAJIOTUYHAA ¥ dyKapHoT).
2. m-PHK (mpancnopmnas):
a) cuHTeaupyerca ¢ nomoisio PHK-nmonumepassr 111;
6) TpaHCmOpTHpYeT COOTBETCTBYIOIIME AMWHOKHCJIOTHI K MeCTy CHHTEe3a
Geska, T. e. K pubocomMam;
B) B IuTOILIasMe KJIETKH OOHAPY KMBAIOTCA pasjuyHble -PHK nada
Tpancnopra 20 aMTHOKHUCIOT;




102 Ob6wasn 6uonozun. l'enemuxa

r) xaxgoii T-PHK cooTseTcTByeT CBOM crenuduieckuil pepMeHT KoLasa
(amunoanui-r-PHK-cunTerasa). Kogasa ysmaer anturonon 1-PHK
U MpHCOeAUHAET K Hell HYXHYI0 aMUHOKHUCJIOTY.

Crpoenue T-PHK: pasmep 75—100 HyKJeoTHA0B; HMeeT KOMILIEMeHTap-
Hble YYACTKH, 32 CYeT KOTOPHIX 00pasyerca CTPYKTypa «KJIEBEPHOTO JIHCTa»,
WM «TPUJIMCTHUKA»; K 3'—OH KOHIY IpHCOeJUHACTCA AMUHOKHUCIOTA.

3. u-PHK (ungopmayuonnas):

a) curTesupyerca ¢ nomoisio PHR-nommmepasern I1;
6) ofpasyerca HA MaTpHie KOJOTeHHOH nenu. Kodozennas yenv — ORHa U3
aByx neneit B mostexkyste JTHEK, kogupyomnias onpeAeaeHHbIA IIOJUIIETITHL.

Crpoenue u-PHK:

V 3yKapHOT: KOAUPYIOKe YIACTKH (3K30HBI), HCKOAUPYIOIINE yIacT-
KU (LHMPOHDL ), PETYNATOPHBIE yUacTKH (Audepras U mpeilieprad no-
c1edo8amenbHOCMb).
¥ npoxapuor B GoabIIuHCTBe caydaeB H-PHK cocTouT npakTudecku e-
JHKOM U3 KOAUPYIIOILeH mocienoBaTeIbHOCTH. ['eHbI IPOKapHOT He HMe-
IOT MHTPOHHO CTPYKTYPHI, HO COAEPIKAT CBOU PETyJIATOPHLIEC YUYACTKHA.
4. ma-PHEK (manas adeprnas PHE ):

a) cozepaxur ~ 50—200 HyKI€0THAO0B;

6) Bxoaur B coctas Msa-PHK, ocyliecTBagomux cunaiCcuHr;

B) COJEPUT KOHIEBbIE YYACTKM, KOMILJIEMEHTAPHbIE CAUTY CILIAaMCHHIA
(BBIpE3aHUA) UHTPOHOB.

Bce cosoxynroctu monexkys PHE B aape o6pasyroT myJ — reTepOTeHHYIO
sagepuymo cucremy PHK (ra-PHE). B cocras atoro nyna ra-PHEK Bxoaar raxxe
mosexyasl PHEK, nogsepramooiiuecs «CO3PeBAHUIO», WU HPOLECCUHTY Tiepe]
BLIXOJIOM M3 AApa B IUTOILJIA3MY.

IIponeccunr sykapuornueckux u-PHR

ITpoyeccunz — 3To0 «cospeBaHue» nmeppuuHoro rpanckpunra u-PHE u npe-
ppamieune u-PHK B M-PHEK, kKoTopoe BKIIOHAET CIEAYIOLINE STAIBI:

1. Cnaaiicune — BhIpe3aHUe WHTPOHOB M clumBauue 53K30HOB (HTO — me-
TpaHCAUpyeMbIe 061aCTH, JufepHAA U TpeitnepHad).

5 Cnanaticuur

Ko —— 1T —TT_—mmeAAAAAAA
HTO 37 33 3334HTO

AnLTepHATUBHBIN CILIAHCUHT — CYILECTBOBAHNE PasiIMUHBIX CIIOCOOOB BhIpE3a-
HUsA HHTPOHOB U3 OHO# u Toii ske u-PHK. B pesynsrare onaa u-PHEK moxxer o6paso-
BaTh HECKOJLKO pasHbix M-PHE. Mcnonbsyerces ayis yBemdeHNA pa3sHOOOpasua CHH-
Te3UPYyeMbIX GeJIKOB, HApUMep s o0pasoBanud M-PHHK pasiuuHbIX aHTHTeN.

2. Ksnuposanue — 3amura 5’ kouna M-PHK (3a cuer npucoesuaeHUA K He-
My ryaHosuaTpudocdaTa B IPOTUBONOJIOMHOM HAIPABICHNH),

3. IHonruadenunuposanue — samura 3' kouna M-PHK nmyrem npucoenune-
Hua nenouku us 100—200 ayxaeoTusoB A.

3

V

Tpancrayus 103

Kannposam{e, nosHaACHUJKpOBAHHKE .

5! 3
KO st T 1 — T S AAAAAAAA
HTO 31 M1 % Mz 33 M3 POM3 3 HTO
5 AVT Tpancanpyevasn obaacrts Cron 3
K 3T s =z [Toau(A)
HTO HTO

B spenoit u-PHK srinenaror KOII, Tpanciupyemyio o61acTh (CIIUTEIE B Of-
HO TieJ0e 9K30HBI), HeTpaHcaupyemble obaactu (HTO) m nonnapenmnmossriit
«XBOCT».

4. Memunuposanue — u3MeHeHNe IePBBIX HYKJICOTHIOB TPAHCKPHUIITA,

TIpoLeCCHHT 3aBepIIAETCA CoeJUHEeHNeM M-PHEK co cnenupnueckumu 6ej-
KaMH ¥ BBIXOJOM B LIUTONIA3MY KJIETKU Uepe3 AJepHbIe IOPHI.

TpaHCIALNA

Tpancaayus — 9T0 Ipoliecc 6MOCHHTE3a MOJUIIENTUAHON IIeNIH HA MaTpUIle
m-PHK, npoucxomamiuii B pubocoMax (IepeBoj, «A3BIKA» HYKJIEOTHJOB Ha
«A3BIK» AMHHOKHUCJIOT).
IIpoliecc TPAHCAAINY MOXKHO PasesJUTh Ha TpH sTamna (puc. 45):
1. Huuyuayus — cbopra pubocomsl (Tpebyer npucyrerBusa Mg* u daxro-
POB TPAHCIAINN):
IpHCcoeuHeHe Maloi cyobeguHnn bl pubocomsl k¥ M-PHE;
B3amMozelicTBre nepsoro (craprosoro) kogona M-PHK AVT ¢ r-PHE,
Hecyllle aMMHOKMCJIOTY MEeTHOHHWH;
IpucoesuHeHne GONMbINON cyObeJUHUIIEL.
2. SnoHzayUsA — YIOJINHEHNE IOTUNeNTUAHON Henu:
HauMHaeTcda ¢ 00pa3oBaHUs IIepPBOHM HNEeNTHUIHON CBA3U MEXIY aMHUHO-
KHUCJIOTaMM;
3aKaHUYMBaeTCHd IPH «IIPOYTeHMHU» mocjegoBaTenbrHoctu M-PHE mo
crom-konoxa Ha PHK;
OCHOBHOH (pepMeHT B prifocoMe, YUACTBYIOIHI B 06pa30BaHUM IIENITUL-
HOY CBsizW, — NMeNTHINJITPaHchepasa.

3. Tepmunayus — 3aBepIieHNe CAHTE3A:
MPOUCXOAUT y3HaBaHme cTou-KogoHa (YAA, VAT, YI'A);
K IocaefHell aMUHOKHCJIOTEe B TIOJUIENTHAE NPHUCOeJUHAETCA BOIAA,
¥ oHa oTmienasercs or T-PHK;
MEeNTHUAHAA LIENb OTAENAETCA OT PUOOCOMBI;
pubocoma pacuagaercd Ha ABe CyObLeIUHUIIEL.

Ilocrrpancasumonnsie H3MeHeHNs GEJIKOB

Hexoroprie cunTesupoBantble GeKky He aKTHBHEI 6€3 [OCTIEAYIOLIEro «Co-
3peBanmusa» — mommbmranuu. Hanpumep, HHCYJINH UCXOJHO CUHTE3UDYETCA
B KJ1eTkax NOAKENYKOUHOM »ejie3bl B BUE AJNHHOIO HOJIUNENTHAA npe-1npo-
MHCYIUHA, nocse ormennenus N-KOHIIEBOIi, 3aTeM cpefHel JacTH IeNTHAA OH
UpeBpamaercs B uncyIuH.
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Bonswan cybrenunnua

Konos pubocoMmul

fdo Ao

MPHK

3'-xoney

Manan cy6senunuusa pubocomnl

{ Mersommn H2-1 amuHoKmMCnOTa |
N—1..Mexny nByMa aMHHO KMCITOTAMH
Quyma nenTuaHAad csnas-":-}'J—

T-PHK ? O R
Bropaa monexyna 1-PHK ¢
AMHHOKHCIOTON NpUcoenHHReTCS

T-PHK!

¥ M-PHK
[ Merwousm H2-n amuHOKHCIOTH)
R RN Tpemﬁ xommtexe T-PHK/amunoxucnors
s L npubmoxaercn
x m-PHK

TPHK orpenunacs

OT pHGOCOMBI, TTO6R
TNIPUCOEJIHHUTS HOBYIO
Monekyny MEeTHOHHHS

Kommexc nponsunyncs ua omms rpanner
BIIEpeJ; OTHOCHTENILHO pGOCOMBL

Puc. 45. Cxema 6rocuHTesa 6enka na puocome

Perynsuus pa6oTe! reHoB (reanasn IKCIIpeccH)

Ilporxapuompi. ITo «BKJIOYAET» WM «BBIKIIOYAETS MEHEL? ITouemy mauyn-
HaeTcd TPAHCKPUILKS, a 3aTeM U TPAHCAANMA? 3HAHNE OTBETOB HA BTU BOLPO-
Cbl TIO3BOJINJIO OBl PENINTh MHOTHE TPOOJIeMbl, CBA3AHHBIE C pasButueMm u 60-
Je3HaMu opranusMa. OHOMH U3 IePBLIX MONBITOK PEIIEHNS 9TOTO 0YeHb CII0K-
HOT'O BOIIPOCA CTAJIO CO3AaHUEe MOOeLlU LAKMO3HOZ0 ONEPOHA.

B 1961 r. dpannyse @, Kaxo6 u III. Moxo uaydanu OuocuuTes pepmen-
TOB, PaCIUETIAIINX JHCAXAPU JAKTO3Y.

Baxrepus E. coli (kumeunas namouka) B OTCYTCTBHE JIAKTO3EI He CUHTE3H-
PyeT depMeHTEI A1 ee moTpebienus. [Ipu KoGaBAeHUN JAKTO3HI HAYXHACTCS
TPaHCKPUTIIUA 1 TPAHCAALMA HYIKHBIX (bepMeHTOB (puc. 46):

Pezynayus pabomol zenog 105

- JIAKTOB2 CBASBIBAETCs C BEIKOM-Penpeccopom;

- perrpeccop yXoAuT co cBoero mecra Ha MoJsiexysie JHK (omeparope):

- OTKPBIBaeTCs «myTh» Aaa paborsl PHK-nosimmepassr;

- curesupytores M-PHE u cooTseTcTByIOMITHE hepMeHTH! A pacierne-
HUSA JaKTO3HI;

- TAKTO3a PACIIEILIAETCS;

- C pacIlleIIeHUeM [OCTIeJHeH MOJIEKYJIbl JAKTO3bl GeoK-penpeccop
BHOBb CTaHOBUTCA CBOOOAHEIM, «cagurcsa» Ha IITHK-oneparop, 6roxu-
pyeT TPaHCKDPUNIIHUIO.

IIpu mobGaB/IeHUH JIAKTO3bI XOJA COOBITHI CHOBAa HOBTOPAETC. Benok-pe-
gpeccop KOAMPYET OTAeNBbHBIIl I'eH — peryaaTop. 9ra cxeMa paboThI rema
y GaxKTepHUU MOJIydnia HazBaHue SKCIPEeCCHH.

Onepor — 370 rpynIa CTPYKTYPHBIX FeHOB (I[UCTPOHOB), HAXOAAINXCS IO
KOHTDPOJIEM OOIIUX DeryJasATOPHBIX 2JIeMeHTOB (mocjeioBaTenabHoctedr JTHK
1 6eJIKOB-PEryJIATOPOB).

Cunresupyemas M-PHK y npoxapror moamuucTpoHHA, T. €. MMeeT He-
CKOJIBKO CTPYKTYPHBIX I'eHOB.

dyrapuomst. Cunresupyemole M-PHK sBisloTca maTpunamu ang orzeis-
HEIX IENTHUIOB, T. €. OHH MOHOIMCTpPOHHBLIe. KaKabili reH B OllepoHe MMeeT
CBOIO CHCTEMY peryadanuu. K peryaupyomiuM 3JIeMeHTaM [IPOIecca 3KCIIpec-
cun otHocAT JJTHK-nocnenoBaTenbHoCTH U GeIKH-peryIaTODEL.

JHK-nocienoBaTeIbHOCTH:

npoMOMOpPsb. — YCUJIUBAIOT TPAHCKPUITIIUIO B JeCATKH ¥ COTHH Pas;
IHXAHCEPb. — HAXOAATCHA Ha OOJNBINIOM PACCTOSHUY OT IreHa;
cailnencepot («IVIYIHIATENH» ) — HAXOOATCA HA 3HAUUTEILHOM PaccTOd-
HUM, CHIKAIOT TPAHCKPUIILHIO.

Benxu-perynaropsr — 370 6enK0oBBIe (DAKTOPHI TPAHCKPUIILUK, KOTOPHIE
MOT'YT OBLITH OOIMMHE JJIS PA3HBLIX TPYIII F€HOB.

AKTUBHOCTb T€HOB MOET TaKyKe PeryTHPOBATHCH IIyTeM H3MEHEeHUsl CTelle-
HHM KOMOaKTH3aIMKU XpoMaTuHa (CINpaaIn3anun).

Npomotop CTpyKTypHbIe remHsl
Penpeccop onepatop

oot §

m-PHK lac- m-PHK
lac-penpeccopa

| /\\

I3 Yx %zm %é‘é

/ac- penpecco - ranaxT B- ranaxToInn 8- ranaxtoana-
Renpescop i’ TPaKCaueTHna3a

Puc. 46. NNakTo3Hbli 0nepoH
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MEOWUUHCKAS TEHETUKA

Oco0eHHOCTY TEHEeTHKU YeJIOBeKa COCTOAT B CIeAVIONIEeM:
TI03AHEe [TOJI0BOE CO3PEBAHHE U AMUTeNbHAA CMeHa TIoKosteHui (~ 30 jer);
MaJioe KOJINUYeCTBO IIOTOMKOB;
CJOKHBIN KapuOTHUII (MHOTO XPOMOCOM U I'PYIIN CIEIIJIeHM);
Ha JI0JAX 3alpellleHbl 9KcIIepUMeHTAJIbHbIE Opaku;
conuaJIbHOE HePaBEHCTBO.
CymecTBeHHBIM (haKTOPOM, 06/1er4aronymM 3ajauy U3yJYeHUd 'eHeTUKY de-
JIOBEKAa, CJIYMAT MHOTOUNCJIEHHBLIE M MHOTOJIETHUE AaHHBIE II0 AHAJIN3Y Pas-
JAYHBLIX IPU3HAKOB.

OcHOBHBIE METOIbI HU3YUYEHU A r'eHeTHKH YeJOBeKa

feHeanormyeckuit MmeTop,

Meroza BBefeH B KoHIle XIX B. aHTIMHACKUM yueHBIM P. TansToroM. OcHO-
BaH Ha COCTABJCHMY ¥ AHAJIN3e POJOCJOBHBIX. ¥ CJIOBHEIE 0003HAUeHUs BBELE-
gel B 1931 1. I'. FOcToM (McTioNb3yIOTCA B HacTosAee Bpems) (puc. 47).

O ~ XBHIWMHA O— - -[] — BHeOpayHan

3noposuie CBA3b
[:] - MyX4HHA ﬁb— cH6ewl
Oﬂ;] - npobana &) ~ MOHOINMOTHLIO

GrinsHeLb

O — NON HBNUIBBCTBH
- AWINUFOTHLIO

BnnaHeyb
— BLIKUAbILW ~ GecnnogHbIn

e Gpak
L ~ MEQMLMHCKHA aBopT DO — sHeGpauroe

! NOTOMCTBO

L ) { OHHLIR m
- MepTecpaxa . ' — GonbHuie

D‘O - Gpak l] 0 ~ reTepOINFOTHLIE
E] ~ HOCUTeNH peyec-
@ CHBHOIO renHa

- opaw‘opo, ACTBOHHLIA D | O l_ oo OBCNEAO-
8aHHbIe

O.D.O-nogyopnuﬁ Gpax z @ ~- ymepuine

Puc. 47. Ycnoenbie 0603Ha4eHVA fipu COCTaBNeHUN POAOCNOoBHBIX no . 10cTy
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CyIIHOCTL MeTOAA:

COCTABJIEHUE POJOCHOBHOHU (IIyTeM OIIpoca) C MCMOJL3OBAHHEM CHMEO-
JIOB. IIpo6and — ueJIOBEK, POJOCIOBHYIO KOTOPOTO U3YYaIOT;
reHeajiornueckuil ananui. [lo3BosisgeT BBIACHUTH THUII HACJENOBAHUSA
MHOTHX TPU3HAKOB.

OCHOBHBIE TUITH HACJIEZOBAHUA IPU3HAKOB!:

1. Aymocomno-0omunanmmusiii mun Hacniedosaniis (TeH HaXOJUTCA B AyTO-

coMe, SBJIAETCA JOMWHAHTHBIM).

XapaKTepHble IPU3HAKY ayTOCOMHO-JOMUHAHTHOTO TUIIA HACJIELOBAHMT:
MIPU3HAK IPOABJIAETCH B KAXIOM IIOKOJIEHNUH (110 BEPTHKAJIN);
nepenada npusHaka (3afoseBaHU) OT poguTesieil 1eTam;
oba 1oJ1a IopaKalTCs ¢ OZUHAKOROI YacTOTOM!.

ITpumepvt HacIeZOBAHUA IO AYTOCOMHO-IOMHUHAHTHOMY THIIY:
cuaapoM MapdaHa («mayubu» Majbllbl, AHEBPU3MA A0PTHI, HOJBBHIBUX
XPYyCTaJINKA);

MOJHUEAKTUINA (IIIeCTh MAaILIIEB);
OpaxufaKTUINA (KOPOTKHE NTaJbIbI).

Huorga npy aHaJu3e POJOCTIOBHOI O0Hapy:KUBaeTcsa ocobad curyauus —
JOMHHAHTHBIN r'ed He IPOABIsAeTCH, T. €. He neHerpupyeTt. IIpu arom Bug pojo-
CJIOBHOM MEHSIeTCs.

IHenempanmuocmes — 5T0 4aCTOTA NMPOSABJICHUA I'eHA Cpedu HOCHUTENeHR
JAHHOTO I'eHa, €CJIY I'eH NPOSABIAAETCS, TO OH NTeHeTpaHTeH. [leneTpauTHOCTH
npeacrasjisieTr co0oil OTHoIleHUHe ocobell, MMeWUIUX JaHHLIA NPU3HAK,
K oco0aM, MeNIMM JaHHBIM reH. Boipaskaercsa B nponenrax. Hanpuwmep,
TeHEeTPAHTHOCTEh cuHapoma Mapdana — 30 % ; peruHoBIacTOMBI (OIYXO0Jb
cergatku) — 80 %.

JKCnpeccusHoOCmMb — 3TO CTEIEHD BhIPAKeHHOCTH reHa. CreneHb BRIpaKeH-
HOCTH IPU3HAKA TaK)Ke YUUTHIBAIOT IPU COCTABJIEHUH POJOCIOBHOH.

2. Aymocomno-peyeccugrbiii mun Hacaedosanus (reH HaX0JUTCA B ayTOCO-
Me, ABJIAETCA PEIeCCUBHBIM).

XapakTepHble IPU3HAKH AYTOCOMHO-PELIECCUBHOTO THIIA HACIELOBAHUA!
TNIPU3HAK IPOSABAAETCA He B KAXKJAOM ITOKoJieHNH (4dalle npu 6JIM3KOPOJ-
CTBEHHBIX OpaKax);

GoNbHbBIE IeTH POKAAIOTCA OT PEHOTUIHYECKH 30POBLIX poxureeii (Ho-
cHuTese reHa);
06a mmoJjia HaCJAeAYIOT MIPU3HAK ¢ OJJMHAKOBON 4aCTOTOM.

IIpumepo: HaceOBaHUA IO ayTOCOMHO-PELECCHBHOMY TUITY:
anbOuHusM (HapylleHre o0MeHa aMUHOKKCJIOT ¥ CHHTe3a NUI'MEHTa Me-
JIaHKHA);
benunkeronypua (HapyiieH o6MeH (peHuMIaaHMHA => IPOUCKOAUT Ha-
KOIlJIeHNe B MOYe IPOJAYKTOB €ro OKMCIeHHus, AeHCTBYOIINX Ha IEeHT-
DPanbHyI0 HEPBHYIO CUCTEMY).

3. X-cyennennviii domunanmuoiii mun nacredosanus (reH HAXOAUTCH

B X‘XDOMocome, SABJISIETCA JOMUHAHTHBIM).
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B X-xpomocome Haxoautca Oosiee 200 reHos. ¥ sKeHIIUH aHOMAJIBHBIN ren
MOJKeT HAXOAUTHCA B OTHOH (reTepo3urora) ninu B 06enx (roMmo3urora) X-Xxpomo-
coMax; y My»K4HH TOJBKO B 0fHOH X-xpoMocoMe. ¥ MYKUNH BCerja IpucyTcTsy-
eT TOJbKO OAUH ajljieslb TeHa (FeMU3UTOTHOCTD), CIEeIJIEHHOTO ¢ X-XPOMOCOMOH.
Temu3uzomnocnib — 9T0 IPUCYTCTBHE B OPraHus3Me TOJBKO ONHOTO aJjIeIsa
KaKoro-iudo rexa.
[Tpumep:
reHnl B X-XpomMocome v My:KUYuH — XV;
ressl B ¥Y-XpOMOCOME V MYMKYUH — XY
reHbl B X-xpoMmocoMme y KeHmuH — X0 (cunapom [llepemescroro-—Tep-
Hepa).

XapaxTepHble IPU3HAKY X -CIIEIIJIEHHOTO JOMUHAHTHOIO TUIA HACJIeI0BAHUSA
3a0oJieBaHue IIPOCJEKUBACTCA B KAKAOM [IOKOJeHUM;
eciiu 6oJeH oTer, To Bce Ao4epu OYAYT GOJBHBIMHU, & CBIHOBbS — 3I0POBBIMU;
ecsit GOJIBHA MaTh, TO BEPOATHOCTD POMACHUA GOJIHLHOTO pebeHKa paBHA
50 % HezaBMCHMO OT II0JIA;
601€10T KaK MYKUYMHBI, TAK U JKeHINKUHBL (0OJbHBIX XKEHIIIUH B CEMEBE B |Ba
pasa GoJibIie, YeM 0OJBHBIX MY)KUNH),

Ilpumepot X-CclenIeHHOTO JOMUHAHTHOTO HACAEAOBAHMA:

KODHUYHEeBas OKpPacKa sMaJiu 3yHos;
BUTAMUH D-pesucTedTHRIA paxur.
4. X-cyenaennbviil peyeccudrblil mun Hac1edo8arnus (TeH HaXOAUTCA B X-Xpo-
MOCOME, ABIAETCA PELleCCUBHBIM).
XapakrTepHble IPU3HAKY X -CLEILICHHOI'O PEIIECCUBHOTO THIIA HACTEHOBAHUS:
60/1eI0T IIPENMYIIIeCTBEHHO MY K UNHLI;
fosBbHBIE JeTH DOXKAAITCA OT (PeHOTUNHYECKH 3JO0POBBIX POAUTENeill,
HO MaTh 0OJILHOIO SABJSETCH MeTEePO3UTOTHON HOCUTENBHUILEH COOTBETCT-
BYIOI[Er'O TEHAa;
6onbHbIE MY>KUHHBI He MepeqaioT 3a6ojeBaHue CHIHOBLAM, HO BCE J0Ue-
PH — HOCHUTEJbHUIBI COOTBETCTBYIOIET0 IMeHa.

Ilpumepsi X-cueNIEHHOTO PEIECCUBHOTO HACAENOBAHNA:
remodunnsg A (HecBepTHIBAEMOCTEL KPOBH) (puc. 48);
muomnatus [iomenna (aTpodusa MBIIIEYHBIX BOJIOKOH);
JaJIbTOHU3M.

5. Y-cyennennoe Hacaedosarue (reH HaXOAUTCA B Y-XPOMOCOMeE; BCerja
B e MHU3UTOTHOM COCTOSIHUY, IIO3TOMY BCErAa IPOABJIAETCH).

XapakTepHbIe MIPU3HAKHU ¥ -CLEIJICHHOTO HACIEJOBAHUA: I'eHbl, JOKAIU3O-
BaHHBIE B Y-XDPOMOCOME, [E€PEAAIOTCA TOJLKO CHIHOBBAM (TOJAHADUYECKOE
HacJiegoBaHme); JoYepy Beerga 3A0POBHI, T. K. HUKOT/A He TIOJIy4YaloT Y -Xpo-
MOCOMY.

Ilpumep ¥V-cuenyieHHOro Hac/lefOBAHHSA: THIIEPTPUX03 MOYKH yXa («MOXHa-
ThI€ YIIK» ).

6. I'onandpuuecroe nacaedosanue — 9To HACTIeZOBAHNE IPU3HAKA TOJBKO
IO MYKCKOM JuHUH (Iepefada OT OTIA K CHIHY).
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Puc. 48. PogocnosHas ceMbm ¢ remodunmen A

LinToreHeTnyecknia metopn,

MerToz BKJIIOUAET SKCIIPEce-ANAarHOCTUKY moja (onpejeieHue X- u ¥-xpo-
MATHHA) U KAPUOMUNUPO8aHUe — OIpelieieHUe KOJMYeCTBa U KayecTBa Xpo-
MOCOM C I1eJbI0 AUATHOCTUKM XPOMOCOMHBIX GoJjie3He# (FeHOMHBIX MyTamui,
XPOMOCOMHBIX abeppanuii).

MaTepuajoM AJA IHUATOMeHETHYECKOTO HCCIeAOBAHUA MOTYT OBITH KJIeTKHU
nepudepuueckoil KpoBH (JIUMQPOIMTHI); KJIETKH, IOTy4eHHble IPH aMHUOLeH-
Tese UM OHOIICUY XOPUOHA.

Arcnpecc-0uazHocmuKa — 3TO UCCHEOBaHHE II0J0BOT0 X-TeTepoXpPoMaTu-
Ha (Teasna Bappa) B Afpax KJeTOK CIN3HUCTOM 060JI0UKHI POTOBOM MOJIOCTH LU
B IPYTHX KJIETKaX.

B HopMe y JKeHIIUH, UMEIOIIX IBe X-XPOMOCOMBI, O/ilHa HHAKTUBUDYETCA,
06pas3ys reTepoXpOMATHHOBYIO IJILIOKY B AApe — Tejblle Bappa. ¥ MyXuuH
(XY) ee mer.

Mysxckoit ¥V-mosioBoit xpomatud (F-renbiie) onpefeisioT IyTeM Cienuajb-
HOI'0 OKpAIIMBAHMUS U IPOCMOTPA B JIOMUHECIIEHTHOM MIKPOCKOIIe. ¥Y-XpoMa-
THH BBIAEISETCA KAaK CUJBHO CBETAIMIAsACH TOYKa. Jucio ¥Y-Tesel coOoOTBeTCTBY-
€T YHCIy ¥Y-XPOMOCOM B KapHUOTHIIE.

Kapuomunuposanue — 910 a"anus ¢porokapuorpamMmel. A anasnusa Ka-
PHOTHIIA XPOMOCOMEI PACIIOJIATAIOT IO IPYIIIAM B BUe HAHorpaMMsl (puc. 49).

Houozpamma — 3TO cCUCTEMATH3NPOBAHHLIN KAPUOTHII.

Cornacro JenBepckoit knaccubukanuu (densep, CIHIA, 1960 r.} xpomoco-
MBI PacIoIararoT HOMapHO MO Mepe yOBIBAHUSA WX BEJIUYHNHBI, ¢ yUeTOM paclo-
JIOXEHHA [eHTPOMepb], HAINYNA BTOPUUHBIX IepeTdiKeK u cyTHUKoB. [1ojo-
BBI€ XpOMOCOMABI BBIAEJISAIOTCS OTACIBHO.

Mapuxckas kaaccuduranua (1971 r.) ocEoBaHa Ha MeTofe AudPepeHin-
AJILHOH OKPAaCKH XpOMOCOM. B Kakioil mape XxpoMOCOM NPOSABJIAETCA Xapak-
TEPHBIN TONLKO AJIA Hee YHUKAJILHBIN HOPAIOK dYepeOBAaHIA TeMHBIX U CBET-
JIBIX IIOJIOC TETEPO- U SyXPOMaTHHA.
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Puc. 49. KapuoTtun yenoseka

XpoMOCOMBI 4eJIOBEKA Pa3ZeasaIOT Ha CeMb I'DYIIIL:

1. A — xpymussble meraneHTpudeckue (1, 2, 3).

2. B — Kpynsble cybmerauenTpudeckue (4, 5).

3. C — cpenuue cyOmeraleurpudeckue (6—12).

4. D — cpenuue akpOLEHTPUUECKHE C BTOPUYHOM IepeTAM KON

(13, 14, 15).

5. E — 6oisee meakue cydmeranenTpuyeckue (16, 17, 18).

6. F — menkue mertatienrpuueckue (19, 20).

7. G — MeJKUe aKpPOIEHTPUYECKHe ¢ BTOPUYHON NepeTsakKoi (21, 22).
IMonosasa X-xpomocoma oTHocuTcA K rpynme C, cpeiusada MeraleHTpuYe-

CKas; ¥-XpoOMOCOMAa — MeJKUil aKpPOUEHTPUK.

feHeTuKa comMaTUYECKNX KNETOK

9Ta AUCLUNAWHA U3y4YaeT HACJEeACTBEHHOCTH M M3MEHUYMBOCTL COMATHYE-
CKUX KJETOK, UCIOJb3yA KYJIbTYPY KJIETOK PA3INYHBLIX TKAHEH 1 OPraHoOB.

Cy1iecTBYIOT CIeVIOHe MeTOAbI FTeHeTHKY COMATHYECKUX KJIETOK UEJIOBeKa:

1. ITpocmoe Kyavmusuposanue.

2. T'ubpudusayusa — cAuAHUE KJIETOK PASHBIX THIIOB (HaanMep, KJIETKH
«YEJIOBEK-MBIIIb» HOCTENEHHO TePAI0T XPOMOCOMBI; MOYKHO YCTAHABIMBATH
IrPYIbL COeNIeHus 0 O{HOBPEMEHHO HCUe3aoI UM IPU3HAKaM).

3. KaoHnuposanue — mojydeHue MOTOMKOB OZHON KJIeTKH, HalpuMep IHo-
punom. I'ubpudoma — 3T0 KJIETOUHBIN rUOPHUL, MOAYUYEHHBI TyTeM CIHAHUA
HOPMAJILHOTO JTUMQOIMTA M ONYXOJEBOH KJIeTKHY; HIPOUSBOSUT MOHOKJIOHAID-
Hble aHTHUTENa OJHOTO THIIA.

4. Cenexuus — ordop KJIETOK C 3apaHee 3aaHHBIMHU CBOHCTBAMIU.
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MeTog gepmatornnduku

IOTOT METOA IPeACTaBIsAeT CO00H N3yUeHNe MAIUJIAPHBIX Y30POB NabIeR,
safoHeH, CTOoI.

NepMarorauduyeckue y30pbl MHAUBUAYAILHE M He MEHAIOTCA B TedeHHe Beeii
sxnsHn. JepMarorsudiraecKnii aHaIU3 MO3BOIAET OIpeJeUTh SUTOTHOCTE BJIu3He-
0B (MOHO- HJIM [{H1-), HEKOTOPBIX TeHOMHBIX M XPOMOCOMHBIX MyTaluii (Gomeaun Jlay-
Ha, Ilatay u Ap.), IPOBECTH NASHTU(DUKAIMIO JUYHOCTH B KDUMUHAJIUCTIKE,

Bnn3HeuoBblit MeTOA,

MeToz 1103BOJIAET OLIEHUTE POJIb HACJIEICTBEHHOCTH U CPelbl B PA3BUTHH IPU3HAKA.

BansHens! OLIBAIOT MOHO3UTOTHBIMU ¥ AU3UTOTHBIMHU.

Mouno3zurorsble 61n3Hellbl PASBUBAIOTCS U3 OJHOH ONJIOAOTBOPEHHO siille-
KJETKH (3UTOThI) B pe3yJIbTaTe ee pasjeseHUd HaaBoe (Ha CTAIUU APOGIeHMA)
¢ o6pa3oBanHneM JBYX 3MOpHOHOB. MOHO3UTOTHBIE GJIN3HEIBI HMEIOT OAUHAKO-
Bble T€HOTHUIIBI, BCETZA OJHOTO II0Ja; MMEIOT BBICOKYIO CTEIIEHD CXOACTEA (KOH-
KOPAAHTHOCTH) 110 MHOI'MM IIpH3HaKaM. Pasinupe HMX NPU3HAKOB 3aBHCHUT
TOJBKO OT (DAKTOPOB BHELIHEH CpeJbl.

JusurorHbie 6/iM3HEIIHI POKIAIOTCA B3 ABYX Uiu 0ojiee OXHOBPEMEHHO OBY-
JUPOBABIINX M OILIOAOTBOPEHHBIX Pa3HEIMM CIEPMAaTO30MJaMHU SAHIIEKJIeTOK.
OHHE EMEIOT pasHbie MPeHOTHITLI, MOTYT ObIThH OJHOTO WJIH pasHoro nmoja. OHu
CXOAHBI MeXKAy coboii He 60JbIIe, yeM OpaThbA U CECTPHI, POKAEHHBIE ITOPO3Hb.
XapakTepusyoTca TUCKOPIAHTHOCTBIO — HECXOJCTBOM II0 MHOTMM HOpU3HA-
kaMm. Biarogapa ogfHOBPeMEHHOMY POXKIEHHMIO U BOCIHUTAHHIO MMEIOT 001Ile
cpenoBhle (aKTOPHI. Pa3nmuune NPHU3HAKOB B OCHOBHOM CBSI3aHO C T€HOTUIIAMU.

Insa nokasaTeabCTBA POJH HACIEACTBEHHOCTH CPABHUBAIOT A0I0 (% ) KOH-
KOPZAHTHBIX Tap (0AUHAKOBLIX [10 KOHKPETHOMY MPU3HAKY) cpeJlyl MOHO- 1 AU~
3UTOTHBIX GJIN3HEIOB.

JlaHHEBIE 0 KOHKOPAAHTHOCTH GM3HEIOB 10 HEKOTOPHIM MPU3HAKAM IpUBe-
ZIeHEBI B Ta0IUIIE.

MpusEaxy KorxopranTHOCTE (CXOACTBO), %
Mono3urorssie duauroTsbIe

T'pynna xposu 100 46

Lser rnas 99,5 28

IIger BosoC 97 23 B
Koconamocts 32

onuiencus 67

Musotpenus 70

Ty6epryaes 37 15

Kops 98 94 N
Caxaprurit guaGer 65 18




112 Ob6wasn 6uonozun. Nenemuka

Bnarozaps GJM3HEOBOMY MeTORy Orliia BhisiCHeHA HACHeACTBEHHAA IIpes-
PaCHOI0KEeHHOCTh YejloBeKa K pALy 3aboseBanuit: Mu30MPEeHUN, INUJIENCUH,
caxapHoMy Auabery H Ip.

BuoxumMmunieckue MetToab!

D11 MeTOALI OCHOBAHLI HA U3yUYeHHHN o6MeHa BelllecTB (hepMEHTOB, AMUHO-
KHCJOT 4 T. X.) Mmerogamu 6uoxumun. OHK DOSBOJIAIT OGHAPYKUATH HAPYIIe-
HUA B O6MeHe BelllecTB, BLI3BAHHbBIE N3MEHEHNAMU I'eHOB, U, KaK CJIeICTBue,
aKTHUBHOCTU Pa3jnmuHbLIX pepMeHTOB. KpoMe TOro, mO3BOJIAIOT YCTAHOBUTD Te-
TEpO3UTOTHOE HOCHTEIbCTBO HEKOTOPBIX 3a001€BaHNI.

HacuencrBeHHble 60Ie3HH 00MeHAa BEIIeCTB [I0APa3leai0Tesa Ha 601e3nn
yriaesogHoro ooMeHa (caxapHeiil auaber), oOMeHa aMHUHOKMCIOT, JUIMUI0B
uT. I

ITpumep. Pennnkeronypus -— 6oJIe3Hb AMUHOKHCIOTHOTO oOMeHa. Bioku-
pyeTca IipeBpalleHye He3aMeHHMMON aMHHOKMCJIOTHL (eHHIATAHNHA B THPO-
3WH, IpH 3TOM (PeHUJIAIAHUHE OKHCIAETCH B QeHUINMUPOBUHOTPAAHYIO KUCIIO-
Ty, KOTOpasd BBIBOAUTCA ¢ MOUOii. 3aboseBaHie IPUBOAUT K PA3BUTHUIO €1abo-
yMmud y gereit. PanHee BbIABIeHNe I HCKJIIOUeHUe (peHUIATaHNHA U3 TUTAHUS
MO3BOJIAIOT IIPHOCTAHOBHTE PAa3BUTHE 3a001€eBaHUA.

XHMHYecKHEe NPOIECCH B OPTaHH3Me NPH (PeHHIKETOHYPHH

depMmenT peBUIATaHNH-
rugpokcuiasa (gedeK THBIN)

deHUIIaNaHUH TUPO3UH

O=?—C?—CH;

MeJIaHMH

OH NH, —OH

A 4

deruIyKCyCcHAA KUCJIOTA [ HelpoMeuaTophI J
deHnIMOIOUHAA K-TA
eHnInNPOBUHOrPaJHadA K-Ta

nOl'IyI'ISIL\VIOHHO-CTaTVICTVI'-IECKVIﬁ mMmetTon

9To MeTo N3yUeHNs PACIPOCTPAHEHUS HACIEACTBEHHBIX IPN3HAKOB (Ha-
cnefcTBeHHBIX 3aboseBanuil) B monyuasumax. CyuieCTBEeHHBIM MOMEHTOM
[PY HMCIOJbL30OBAHUHM 3TOT0 METOAA SABIseTcA CTaTHCTHYeckasd oOpaboTxa
JAHHBIX.
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HonynaumuoHHO-CTATUCTHYECK U MeTO/| 03BOJIAET PACCUNTATEL B IIONYJIA-
MUK YaCTOTY HOPMAJBHBIX U MATOJOIMMYeCKUX PeHOB W TeHOTUIIOB! IeTepo3u-
rOT, TOMO3UTOT JOMHUHAHTHBIX U PeIleCCUBHBIX.

YacToTa reHOTHIIOB U (DEHOTHIIOB PACCUYUTHIBAETCA MO popmyne Xapiu—
Baiinbepea:

pP+2pg+a@®=(p+aqp=1,

re p — 4YacToTa JOMUHAHTHOIO eHa A,

(q — YacTOoTa PelecCUBHOrO reHa a,

g2 — 4YacToTa rOMO3UI'OT IO PelleCCUBHOMY T'€HY aa.

BaskHO, 4TO 110 3TOH (JOPMYJIIe MOKHO PACCUNUTATD YACTOTY IeTePO3UroT II0 Ha-
TOJIOTUYECKUM PELeCCUBHELIM TeHaM, KOTOpbIe HAXO4ATCA B CKPBITOM COCTOAHUH,

IIpumep.Yacrora dennnreronypuu (aa) B nomyaanuu 1:10000,

auauut, q°,, = 0,0001; q = 0,01

p+ta=1,

rorzap=1—qg=1—0,01=0,99

2pq,, = 2x 0,99 x 0,01 = 0,0198 ~ 0,02 unu 2 %.

BHAUUT, YACTOTA FETEPOIUTOT 10 FreHY (PeHUIKeTOHYPHUU B U3y4aeMoil nomy-
nAnuu cocrasaser 2 %.

MeToabi NpeHaTanbHON
(80 BpeMmst 6epeMeHHoCTH)
ANarHoCTUKN

AmHuouenmes — ot6op (Ipoba) aMHUOTUUECKOH HUJKOCTH € LEeJbIO IUTO-
FeHeTHYEeCKOTO WUIN OMOXMMHYECKOr'0 HCCIAeAOBAHUA AJA JUArHOCTUKM Ha-
cJIeCTBeHHBIX 3a00IeBaHMIL.

Ilo3BosisieT BEIACHUTH TeHHBIe 60Je3HM 00MeHa BeIecTB ¥ XPOMOCOMHBIE 60-
JIe3HU.

OT60p aMHMOTHUECKOH KUAKOCTH IIPOBOJAT I10J] KOHTPOJEM yJIbTPa3ByKO-
BOro ucciaefoBaHus gBa 14—16-i1 Hegene 6epeMeHHOCTH.

Onpedenenue 6eara anrvpagpemonpomeuna (APII ) B CHIBOPOTEE KpOBH Ge-
PeMeHHOM MM B aMHHOTHUYeCKO# uaxoctu. APII — rauxonporeun, KOTO-
PHIIl IpoAyLMpyeTCA MeUYeHbIo II0a.

Hccnenosanue nposogar Ha 14—16-i1 wegese 0epeMeHHOCTH.

Yposens 6exxa APII noswimaeTca Npu pAje aHOMAXUN pasBUTHUA ILJIOAA,
TAKMX Kak apsHIedantus (0OTCYTCTBIE MO3ra), BHYTPpUYTPoOHas rubeIb II04a.
Crmxenue A®II npoucxoquT Ipu XPOMOCOMHOI naTosoruu (cuaapom [layHa,
AaBapyca u ap.).

AbMpPassyKosoe ucciedosanue naoda — HauboJee pacnpoc'rpaHeHHbIﬁ
MeTox. O ocHOBAH HA CHOCOOHOCTH YJABTPA3BYKOBOH BOJHBEI OTPAKATHCHA OT
HOBepxHocTr pasgesa ABYX Cpell, OTJAMYAIOIMIMXCA JUYHON IJIOTHOCTBIO, UTO
ho3BosnsieT monyunTs M3o6paskeHHe Ha sKpaHe. VcciegoBaHue NPOBOJAT HA
PasiungnIx cpokax GepeMeHHOCTH.

Merog nosponser guarsocTupoBaTh rpyGEIe TOPOKH MO3Ia, IOPOKM KOHEH-
Bocreit, movex u ap.
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W3MEHYUBOCTb. TUlMbl UBMEHYNBOCTHW. PENAPALINA AHK

H3menyugocmsb — 37O CBOHCTBO OPraHU3MOB AaBATH OTKJIOHEHHUA B IPU3HA-
Kax MoJ AeficTBHEM BHEIIHUX ¥ BHYTPEHHUX QPAKTOPOB Cpesbl.

HameHnunBocTh

\

Henacnrencreennas

(MODMBMKALIMOHHAS Hacneacreennasa
A H (reHoTUNKU4ECKan)
unu peHoTunNu4eckan)
Kombunamuenasn ’ Mymayuonnas
Tennasn Xpomocommbie Tenommnan
nepecmpoiuxu
1) deneyus; 1) zanaoudus;
2) Oynaurayus; 2 ) noaunaoudus
3) unsepcus;
4) mpaHncaroxayus

HsMeHUNBOCTS OPraHU3MOB MOJKHO PAsOe/UTh Ha ABA BHUAA: HeHACHIeICT-
BeHHaA (MOAMMUKAIIMOEHAA NN (PEeHOTUNINYeCKasA) U HacJIeICTBeHHAaA (TeHo-
TUTUYECKA).

ModupurayuoHHas Uu3MeHYLUBOCMb — TO U3MeHeHHUs 0Co0M, BOZHUKIIINE
110 BO3JEHCTBHUEM CPEAbI, He IPUBOAMAIINE K M3MEHeHUAM B FeHOTHUIIE U He IIe-
pezaroiiecs Mo HacJaeJCTBY.

XapakTepUCTUKYU MOZUMUKAIITMOHHON N3MEHUYNBOCTH

1) HemacsexyeMoCTb M3BMEHEHHOTO IPU3HAKA;

2) MaccoBoCTb (IPOSIBASETCSA Y MHOTHX 0co6eil B MOmyJIanun);

3) ameKBaTHOCTSH (BCErAa COOTBETCTBYET U3MEHEeHU M BHeITHeH cpebl: yeM
0oabIlie Bo3meiicTBHE, TeéM 6OJIbIlIe OTBETHAS PeaKuns);

4) amanTUBHOCTH (LOBBIIIAET IPHUCIIOCODIEHHOCTL OPTaHU3Ma);

5) nmanasoH u3MeHEHUA AJA OcobeH JAaHHOrO BUAA 0OYCIOBJeH reHeTHde-
CKH U XapaKTepU3yeTcs HOPMOM peaKIiuu.

Hopma peaxyuu — 970 reHeTUuYecKn oOYCIOBIEHHBLIN Npefes PasBHTHSA
IIpU3HaKa.

Hopma peakimu mosker GbITh twupokoil (KOJUYecTBeHHbIe IPU3HAKY — BeEC,
POCT, MHTeNNeKT) UK Yy3xoll (KaueCcTBeHHEBIe IIPU3HAKHA — I[BET BOJOC, IJias;
rpynma KpoBu).

g
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IIpumepor MoguMUKAIMOHHONA U3MEHUNBOCTH
H3MeHeHUe TUI'MeHTAIlUN KOMKH TI0CTIe 3arapa;
NOBBIIEHNEe YPOBHA reMorjiofiia B KPOBH B J1Ba Pasa NPY ITUTeNbHOM
Haxo»KJeHUHU B ropax Ha BreicoTe 4000 M.

Mogudunrannonsas u3MeHYNBOCTS MHOTHX [TPU3HAKOB Y PA3HBIX Oprasuma-
MOB HOTUMHseTCA OOIIUM 3aKOHOMEDHOCTAM. JIaHHbBIH BUA HAMEHUMBOCTY uay-
4aeTcA B 60JbIINX IPyNIax opranudMoB. CTenensb IPOSABIEHIA IPU3HAKA pas-
JVYHA V YIeHOB 9TOU IPYNIBl. BOJILIIMHCTBO HMeeT cpefHee 3HAUCHIe (pocr,
Bec U T. /I.). MuHUMAaNbHOE I MAKCHUMAJIbHOE TPOSIBJIEHUS MPHSHAKA Habamoma-
10TCS TOJBKO ¥ OTAEIAbHBIX 0CO0el.

3HaueHNe 3aKOHOMEPHOCTeH MOAUDUKALMOHHON HM3MEHUYMBOCTH IIO3BOJLET
[PeACKAa3bIBATL CTeIIeHb BBIPAXKEHHOCTH IPHU3HAKA B 3aBUCHMOCTH OT VCJIOBHIX
cpefs! U MeeT 60JIbLIOe 3HAUCHHE B CENEKINH (COIe-, 3aCyX0-, MOPO30YCTO k-
BOCTB).

Hacnedcmeennas usmenyugocms mompasmensercs Ha KOMOURAMUBHYKO
¥ MYMAUYUOHHYIO.

IIprunHaMu KOMOMHATHRHON N3MEHYNBOCTH SBJISIOTCA: KPOCCUHTOBED; He-
3aBHCHMOE PACXOKJeHIe XPOMOCOM B Melo3e; He3aBUCHIMOe COUeTaHMe TaMeT
IIpH OILJIONOTBOPEHUMA.

IIpumepom KoMGHATUBHOM HBMEHYNBOCTH ABJIAETCA TPETHIL 3aK0H MeH1e-
a5 (X€TH OHUX PORUTeNEH OTIMYAOTCA APYT OT APYra U OT ponureei).

Mymayuonnas usmenuusocmes BOSHUKAET B Pe3YJILTATE PA3INIHBIX U3Me-
HeHUH HaCJleICTBeHHOT0 MaTepuaia. Mymayuonnas meopus 6siia chopmyn-
posara B 1901 r. ronnangckum 6oranukom I'yro ge ®puzomMm.

Mymayuu — 970 peskme ckauKkoo6pasHble U3MEHEHH S PeHOTHIIA. MyTanuu
HM3MEHSAIOT HaC/AeACTBEeHHBIN MaTepual i MOT'YT IIPUBOAUTD K PA3IHUHBIM IIPO-
ABJIEHWAM Ha YPOBHE (peHOTHIA.

CroiicTBa myTamii:

— BO3HMKAIOT BHE3AIIHO;

~— He HallpaBJIEHbI — MOXKET MYTHDPOBATH JII00as Y4CTh TeHOTHHA;

~ GOIBIIMHCTBO MyTalUil — DEIeCCHBHBIE, PEIKO — JOMHHAHTHLIE,

~ 4Jis opranuaMa 6oJIbIIHHCTBO MyTalui BpeJHbIE, PeIKO — HeHTpaibHbIe

HUJIY NOJIe3HBIE;

— MyTanuu HacJaeTyIOTCH;

~ BBISBIBAIOT CTOUKHME U3MEHEHUA HACIEeJCTEEHHOTO MAaTepHAaia;

~ BBISBIBAIOT KAUeCTBEHHbIE UBMEeHEHNA IPU3HAKA, He 00pasyiolirue Helpe-

PBEIBHOTO psifla BOKPYT CpelHel BeINYNHBI;

~ MOr'yT BOBHMKATH B '€ HOTHIIE IOBTOPHO.

Myramuu MOTYT BOBHUKATE IIOZ IeliCTBHEM BHEIIIHUX M BHYTPEHHUX (PAKTOPOB.

Mymazenv — 310 (hbaKTOPBI BHEIITHEH Cpebl, BLI3EIBAIOIIHE MYTAIUH.

Myrarens: NOAPa3heiATCA B 3aBUCUMOCTH OT IIPUPOALI BO3AHUCTBUA Ha!
XUMuueckne (azoTrcTam KHCJIOTa, HIPUAT, HATPO3OMETHIMOUEBAHA U AD. ), QU-
3uYeckye (paguamnus, BBICOKAA TeMIepatrypa), 6uosornueckne (aZleHOBUPYCHI,
PeTposupycrr).
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CoBpeMeHHOe ONpefesieHne MYymayuil: 370 U3MeHeHU TeHeTUUeCKON HH-

(popMam/m LaHHOTO OpraHu3Ma, KOTODbIEC IIPDU PenJHKaluWM 3aKPeIdAloTCs
U nepegarnTcd 10 HacJaeaACTBY .

Kaaccugurauus mymauuil

IIo unayuupyemoctu

CNIOHTAHHBIE UHAYIITUPOBAHHBIE
(B mpupoze; yacrora 10°°— 10 (zeficTBUe MyTareHoOM; 4aine
HA OAVH TeH B MOKOJCHNH) B 10—100 pa3s u 6omee)

TTo BAIUSHUIO HA }KU3HECIIOCOOHOCTE

_— | T

YCJIOBHO-JIE- noayJjaerajabHbie JeTaJIbHbIE

TajabHble (IIpu (BBI3BIBAIOIIIME TUOETD)
oTpe/ieIeHHEIX

YCJIOBUAX)

N

HeHTpaJbHbIE

IIo mecTy BO3HMKHOBEHHUSA B OPraHH3Me
reHepaTUBHBIE coOMaTHIECKHe
(B IIOJIOBBIX KJETKAaX) (B KJIeTKax TeJjia ocobu)

ITo XapaxkTepy USMEHEHHU A 'eHETHUYEeCKOro Marepuaja

TeHHble XPOMOCOMHEIE T€HOMHEBIE

I'ennvie mymayuu, nau moveurvie (TOUKOBBIE) IPEJCTABIAIOT COOOH M3Me-
HEHUH B OTJEJIbHBIX MeHaX.

Tunel reHHBIX MyTauui
Bes cdsuza pamku ciumosi6aHus (KOJIUUECTBO HYKJIEOTHIOB HE MEHAETCH):

TpaHsuuud (IIypuH — TypHUH
ONUPUMHUIUH —> TUPUMUINH)
1. :
B, AT — v
¢ yran T, Il — nupUMUAHAHBL
TpaHCBEDCUS (IYPUH —> MUPUMUIUH
MUPUMHUAAH —>)

2. HlHBepcus — u3MeHeHNe MOPALKA HYKJIEOTHIOB.

v
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Co cO0suzom pamku cuumolé6anusi (KOIUIECTBO HYKJIEOTH/IOB B FeHe MeHser-

¢s): Aejenus — BHINaJeHNe; AYIIUKALUA — YIBOEHHE; HHCEPIIUS — BCTaBKa
ITpumepnt:

1. 3aMeHa IO TUNTY TPAHCBEPCHHU
CeprioBUAHOKJIETOYHAT aHEMUS

6-4 AMHHOKHMCJIOTA

HbA — rayramuuoBas kuciora — IITT
HbS — Baguy — ITAT

B-mens JTHK

2. 3aMeHbI JA1060r0 THUIIA MOTYT HPHBOAUTH K MOABJICHUIO CTON-KOJOHOR.
B pesysbTare TpaHCAAnuA benxa o6peiBaeTca. O6pasyeTca U3MeHeHHBIH (YKo-
poueHHBIH) nogunentuA. B-ranaccemua — HbA umeer HOPMANBHYIO o-CyGb-
eINHHLY, HO YKOPOUeHHYIO B-cy6beauHENLY.

XpomocomHbie Mymayul — 3TO UBMEeHEeHHUs CTPYKTYDBI XPOMOCOM.

1. Jlesenuu — BBITAJAET YACTH XPOMOCOMBIL.

ITpumep. CUHIPOM «KOIIAUBLErO KPUKA» — JeJielUud KOPOTKOro IJjieya
OATON XPOMOCOMBEI.

2. JIYHJII/IKaIII/IH — yABOe€HHE yYaCcTKa XPpOMOCOMBI.

ITpumep. ynnurkaunusa reHa Bar B reHotune Myxu Apo3oHIIBI IPUBO-
OUT K YMEHbIIIeHHUIO YKcJa (haceTok rJas.

napaneHTpuyecKue
(He 3aTparuBalOT EHTPOMEPHBIH palion)

3. NuBepcun
nmapamnesHTpuuecKe (3aTparuBarT PaiioH IeHTPOMEDHI)
el

4. TpaHCIOKALMH — HEPEIUNIPOKHEBIE

PeIMIPOKHEIE (B3aMMHBIE)

(c 0HOI XPOMOCOMBI Ha APYTYIO) J—

poBepTCOHOBCKME < —
(MM IeHTpHUUYeCcKoe CANAHNE) <@ ""’ -

ITpumep. Ilpennonaraercs, 4ro BTOpas XpoOMOCOMA Y 4ejI0BeKa — 9TO De-
3yJabTaTr 00befUHEeHNUd, IEHTPUYecKoro causaana 12-i u 13-i y npenka.

5. Tpaucnosummy — nepeMeIeHnA MOOUIBHBIX FTeHeTUIECKUX 9JIeMEeHTOB.
Ilpumep. Tpancmosonsr 6axkTepun, As u Ds aneMeHTHI Yy KYKYPY3Bl,
MAT (Mo6uabHbBIe AUCIEPCHPOBAHHEBIE TeHbI) APO3ODUIHI.

Tenomnpie Mymayuu — 3To U3MEHEeHHe YHCJIa XpoMocoM (B ranjionJHOM Ha-
P€ — renome).
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Tenom — mosioBuHHLIH Hatop JHK u mosoBHHHEBIA HAGOD TeHETHUECKOro

marepuaia.
1. Dymjionausa — yBeJuvyeHue HabOpOB XPOMOCOM, KPaTHOE Il.

~
|

ITpumep. 3n — TPUILIOU]BI JL BCTPEUAIOTCA Y PACTEHUHN

4n — TeTpanJaouibl U Ip.

2. AHayniouana — He KPaTHOe N yBeJudYeHNe WM yMeHbIIeHNe YHCIa
XPOMOCOM.

—-2n + 1 — Tpucomus.

ITpumep. Tpucomus 1o 21-it xpomocome — cuHAPOM JlayHa (47; + 21-7).

XXV — tpucomus y Myx4uH 1o X-xpomocome — cunapom Kiuaitndensrepa.

—-2n — 1 — monHOCOMUA.

ITpumep. Curnpowm Illepemesckoro—Teprepa: 45, X0. iKeHImuHa C TTOJIOBbI-
mu xpomocomamu X0,

IIpuunHa aHIYIJIOUANHE — HEPACXOXIeHHe MOJIOBBIX XPOMOCOM BO BPEMA
Meitosa.

1. HepacxosIeHte MOJOBBIX XPOMOCOM BO BpeMsA Meiiosa y MaTepu:

P: 46, XX x 46, XV

G: 24, 24,00) 23,X) 23,(Y)

F: 47, XXX 47, XXV 45, X0 23,Y0
Tpucomusi io  CurApOM Cunapom T'uGenn 3UTOTHI

X-xpomocome Kuraitnpensrepa Ilepemescroro—Teprepa
2. HepacxosIeHue IOJOBBIX XPOMOCOM BO BpeMsA Meiio3a y oTua:

P: 946, XX x 46, Xy o
G: 23, 24,XY 22,(0)
F: 47, XXV 45, X0

CungpoM CugapoM

Knaiiudensrepa IllepemieBckoro—TepHepa

3aKOH rOMOJIOTHYECKHX PAAOB HACJIEICTBEHHOH
namenuusocty H. . BaBuiosa

Tenemuuecku 6auskue 8udvl u podsl XapaKmepuayomes «cxXo0HbLmu pada-
MU HacaedcmEen ol UBMEHLUBOC MUY . SHAA USMEHUUBOCMb 00H020 6U0A, MON-
HO npedcrasame NoA6IeHUE NAPALICILHbLX (opm Y Opy2020 poda uau suda.

H. Y. BaBunoB mpocaein M3MeHUWBOCThL MHOKECTBA IIPDH3HAKOB y 3Ja-
KOB: P»KH, IMIIIeHUUHI, OBCA, SUMEHS, KYKYDY3HhI.

Bakon H. 1. BaBujiopa umeeT 60bl10e 3HAUeHHE A5 cejeriuu. OH M03B0-
JIsSeT 3apaHee IpeJBUAETb, KAKUE MPU3HAKY M3MEHATCS Y TOTO MU WHOTO BH-
[a B pe3yJIbTaTe BO3AeHCTBUA HA HETO MyTAreHHBIX (PaKTOPOB.

B nacrosinee BpeMs 3aKOH FOMOJIOTHUECKHUX PALOB IOATBEPIKAEH He TOJBKO
Ha 371aKaxX, HO TaK/Kke Ha IpuMepe rpumboB, MHKPOODPTraHU3MOB, XXHUBOTHBIX.
IIpuuYpHEL cxOACTBA MYTANMI 3aKJII0UAIOTCA B CXOACTBE KAPHOTHUIIOB y 6113~
KHX BUJOB U B CXOJCTBE PACIIOJIO}KEHNA aJJIeJbHBIX TeHOB B XpPOMOCOMAaX.

Penapauun nonexyaot JHE 119

Penapaunsa mogaeryast JHEK

B KJeTKe CyIlecTByeT CHUCTeMAa 3alllMThl HACHeACTBeHHOTO MaTepuana JJTHK
OT BOSHUKHOBEHUS MYTAIIUH U HOBPEKAEHNI — CHUCTEMa perapalinm,

Penapayus —— 3T0 BOCCTAHOBIeHNe OBpeKJeHHON cTPpYKTYPHL JTHK (ciox-
mblil PepMeHTATUBHBII IIpoIlecc).

BuieIA0T HeCKOJIBKO PAa3HOBHUIHOCTEH penapanumn:

I. Poropenapaiiusa.

II. TemHOBaA penapalius, WJIKM 3KCIIM3MOHHAA (BbIpe3alollias) perapanius,
BKJIIOUAIOLIASA: JOPEIUIMKATUBHYIO pellapallio; IOCTPEIINKATUBHYIO
penapanuioo; penJuKaTABHYIO Penapariuio.

III. SOS-penapanus.

I. ®oropenapanusna (puc. 50).

ITox meficTBueM yavmpaguoremoswvix ay4eil céema B nenu JHK mexay
aByms ocHoBaHuAMU T-T obpasyloTca xuMuuecKue cBA3u (Bo3Hukaer T-T
guMep), Hapyllaoliuil cuUUTBIBaHMe HHGpopMmanum u pennukanuo [JHK.
Tlox aeiicreuem sudumozo ceema akTusupyerca depmeHT (poroamasa), Ko-
TOPBIH PACIIENIAeT 3T AONOJHUTEJNbHbIE CBA3U. JTOT MPOIlecC HA3hIBALTC
gpomopenapayus.

I1. TemHOBadA, UM SKCHU3NOHHAA (BRIPE3AIONIAA), penapanus.

9Ta penapanusa XapaKTepHU3yeTcs OCHOBHBIMU IIPOIIECCAMMU:

depMeHT (SHAOHYKJEa3a) «y3HAeT» MOBPEXKIAEHHBIA YYaCTOK HUTHU
ITHE;

epmenT (9K30HYKJIEa3a) «BHIPE3AET» TIOBPEKAEHHBIN YUACTOK;
depment (JHK-nmonumepasa) cuntesupyer JHK mo mpuHINOy KOM-
IIeMEHTAPHOCTH;

hepmenT (aurasa) «ClIMBaeT» KOHIbI BHOBL CUHTE3UPOBAHHOIO yUACT-
Ka ¢ ocHoBHOI1 HuTHIO [THK.

ITo BpemMenu oCyIIeCTBICHUA TEMHOBAA PEIAPAIIAA MOMKET [IPOUCXOTUTD [0
wu nocie pensnkanuu JHK u Bo Bpemsa peniukanuu.

1. Jopenaurwamuenas penapayus — 3TO BOCCTAHOBJICHUE IIOBPE:KIEHHON

vuTH [JHK no ee yasoeHus B G, nepuoje KJIeTOYHOI'O ITUKJIA.

2. I[Tocmpenaurxamuenas penapayus — Boccrarosgerne JHK mocie pern-
aukaunu B G, nepuofe.

Buanmbin ceet

/I\l"l R * * * * P T
i mAAl'#IT, (Dmopeaxmaauvm: ?&??H:
TUTT TA Depment TYUTTTA
Y | O T I A

Puc. 50. dotopenapaums. TUMUHOBLIE AUMEPBI PaCLLEnAsioTCs, ¥ BOCCTa-
HaBNMBAIOTCA BoAOpOAHbIe CBA3N A—T
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IIpoucxoaut «y3HaBaHMe» HapylleHHd, «BbipesaHue» nedexra B OHEK
1 crnuBaaue xouios JTHEK. Muorga Oe3 foCTpanBaHUs HEJOCTAIOIEro yIacTKa
CTPYKTYpa TeHa MOKeT U3MeHAThCH.

3. Penauxkamu8Has penapayus — BOCCTAHOBJIEHUE JTHEK B x0fie pelTuKalH,

TIpoHCXOAUT yAajleHue H3MEHEHHBIX HYKJIEOTHAOB B XOA€ pocra Iemnu,
HO B HEKOTOPBIX CIYUYasdX PelmJUKalKA MOXKET HATH 110 13MEHeHHO MaTpuIe.
CTpyKTypa reHa MOXET MEHAThCH.

CymecTByIOT MyTanuu (y 4eoBexa — reHHbIe 60J1e3HI), BEI3bIBAIOI[YIE HA-
pyleHye IIaBHBIX (PePMEHTOB penapanuu. Boccrauosaernue JITHK B Takux
cIyd4aAxX CTAHOBHTCHA HEBO3MOXKHBIM.

ITpumepwvt

1. TIurmenTHas Kcepomepma. [Ipu MUTMeHTHOI KcepojepMe B KJIEeTKaX OT-
cyTCTBYeT (epMeHT (ze3oKCcHTIMPUMUAVHDOTONINA3]), HeoOXONUMBIH JJIA pe-
napanuu JJHK, noBpexieHHO# yIbTPaQUOTeTOBBIMU Ty TaAMH. Ilox meiicTBHEM
COTHEYHOTO CBETa IOSABJIAITCA PACIIMpEHNEe KaNMLISIDOB, OPOroBeHHe Slin-
IZepMIuca, IOpaKeHue ria3, pasBUTHe PAKOBBIX omyxoJieil KOKH, KOTODble IIpH-
BOLAT K IIPeXK1eBpeMeHHOI CMepTH.

2. TIpoTUBOMOJIOXKHEBIM [IPIMEPOM Ype3BHIYAIHO BBICOKOH CHOCOGHOCTH
KJIETOK K pelapailny ABjsercs opranusM Micrococcus radiodurans. 3t 6akK-
TepUK MOI'YT BEDKHUBATH B YCIOBUAX yasTpabduroseToBOR paguaniu, B 1000 pas
IpeBHIIAOIIeH CMePTEIbHYIO 03y I8 APYTUX MUKPOOPraHu3MOB.

III. SOS-penapanusa — 9710 ObICTpasi penapanus IpH 3HAYUTEILHOM I10-
spe:xaenun cTpykTypsl THK. [li1a Hee XapaKTepHO HETOUHOE cobuioieHue
KOMILJIEMEHTADHOCTH.

rEHETUYECKUE OCHOBbI CENEKUVN XXUBOTHbBIX,
PACTEHUA, MUKPOOPTAHU3MOB.
BUOTEXHONOIng

Cenekyus — HAYKa O CO3JaHUM HOBBIX M YJIYYIIEHHH CYIIEeCTBYIOMINX 1no-
DOJ KMBOTHEIX, COPTOB PACTEHHH, IITAMMOB MUKPOOPTraHN3MOB.
TeopeTnuecKOi OCHOBOH CEIEKIIMY ABAAETCA MreHeTHKA.
3adauu cesexyuu — CO3JAHME HOBBIX M yJydlleHHe CyIecTBYIOIHIX I10-
POZ, COPTOB, ILITAMMOB Pa3/IMYHbIX OPTaHK3MOB.
Ias pemenus 3agad CeJIeKIMHA JIOObIX OPTaHN3MOB HeoOXOaUMO:
3HaHME 3aKOHOMepHOCTelH Hac/IeJOBaHUA IPU3HAKOB;
HM3yYeHHe HACIeACTBEHHOW H3MEHYMBOCTH;
M3yYeHMe BIAUAHUA CPeJbl HA Pa3BUTHeE IPU3HAKOB (mognduranmonHad
M3MeHUYHBOCTh);
u3y4yeHne COPTOBOTO, BHAOBOTO, POKOBOTO pazuoobpasusa KyAbTyD;
pa3paboTka cTpaTeruil ¥ MeTOLOB HCKYCCTBEHHOTO otbopa.
ITopodst, copma, wmammbl — BTO UCKYCCTBEHHO CO3/IaHHBIE 1ETOBEKOM mno-
NyJAnMA OprasnaMoB, s HUX XapaKTepeH Ha00p HWHTePecyoIux yeI0BeKa
IPU3HAKOB, 3aKPENJeHHBIX HACIEeICTBEHHO.

Tenemuueckue 0OCHO8bL ceslekyuu

CeJeKuns pacTeHuR

s perreHus 3afad ceIeKIIUY PACTEHUH OUeHb BaKHO COPTOBOE M BULOBOE

pasHOOGpasue.

“H. . BaBunoBpIM ObLIa cOBpaHa KOJMIEKIHA COPTOB KYJLTYPHBIX pacTe-
HUH ¥ UX AMKHAX OPeJKOB CO BCETO 3€MHOIO I1apa; ObLIH OTKPBITEHI CEeMb IIeHT-
pOB JpPeBHEro semJefesus, WJIH LEHTPOB MHOroofpasvusd U NPOMCXONKAEHUA
KYJbTYPHBIX PacTeHHH (MMEHHO B 3TUX I[eHTPaX Heo0XO0AMMO UCKAThL TeHOTH-

1Bl AJIS CeNeK UM HYXKHBIX IPU3HAKOB).

IleHTpPHRI MPOUCXOKACHNNA KYJIBTYPHBIX PACTEHHH

IlenTps! Mecrononoxxenre KynvrypHble pacrenus
TPOUCXOMKAEHMUH
1. IOxxwo0- Tponuueckas Ungnsa, Puc, caxapubIit
Asunarcrui WUupgokurai, o-sa Oro- | TpocTaHEK,
TPOIMYECKUH Bocrounoit Asuu OUTPYCOBBIE,

6aryaKaHbl ¥ IP.
(oxono 33 %
KYJbTYPHBIX DACTEHUIT)

2. Bocrouno-
Azuarckuit

UenTpanbuplit 1
Bocrounniit Kurait,
HAnonus, Kopes,
Tafraus

Cos, ipoco, Tpeunxa,
TIJIOZOBEIE U OBOIIIHBIE
KYJbTYDHI — CJMBA,
BUIUHA U Ap.

(20 % KRyJIBTYPHBIX
pacTeHuit)

3. IOro-3anazxuo-
Aszmarckuit

Manaa Asus, Cpegusas
Asnsa, Upamn,
Adranucron, Oro-
BanaaHas . {HAUA

ITmrenuna, poxsn,
6060BBIe KYJIBTYPHI,
JIeH, KOHOIUJIA, perna,
YeCHOK, BUHOI'DaZ U
ap. (4 % KyJAbTYpHBIX
pacreHuit)

4. CpeguszeMHO-
MOpPCKHI

Crpanbt 110 6eperam
CpexnzeMHOro MOpA

Kanycra, caxapuas
CBEKJIA, MACJIHHbI,
ryesep (11 %
KYJABTYPHbBIX
pacTeHuit)

5. Adbuoncrumit

A6ucCHHCKOe HAaropbe
Adpurn

Teepaad NIeHHIA,
SYMeHb, DaHaHbI,
RodeiiHOe fepeBo,
copro

6. llenTpanapao-
aMepUKaHCKHUN

HOxuast Mekcuka

Kykypysa, kaxao, ThIK-
Ba, TabaK, XJOMIATHUK

7. Auguitckuii

3anal{Hoe mobeperkbe
HOxuoll AMepuKHu

Kaprodens, ananac,
XHHHOE AeDPEBO

g HacToAlleMy BpeMEHH BBIZENAIOT 12 nepBUYHBIX IEHTPOB IIPOMCXOMK/e-
KYJbTYpPHBIX pACTeHMUIA.
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KraccuuecKue METOABI CeNIeKIIH
T'nbpuanzanusa Or6op Myrarenes
NeGpAAMHT OrpaneHHadA MaccoBbI# N uBULY-

(6MBKOPOACT- rubpuansanus (paa aJbHBIA

BEHHOE TepeKpecTHO-
CKpeLUBaHue) OTIBLIAEMBIX )

Ayr6puanHr

Tu6puausanua

Hu6pudune (61u3KOPOJCTBEHHOE CKpeIlUBaHue) UCTIONB3YIOT JJIS ToIyde-
Mg TAKUX JUHWH, KOTOpBIE IIPU HOCJEYIOIeM CKPeImuBanl jgaiotr adpderT
rereposuca.

TI'emeposuc («TubpugHaA cuija») — fABJIeHHE, TPU KOTOPOM rubpuIkbl 110 PsA-
Iy IPU3HAKOB U CBOACTB IIPEBOCKOAAT popurenbckue popmbl. Haunnas co BTO-
pOTO MOKOJIEHNSA PeTEPO3HUC 3aTyXaeT.

Aymo6puduHz — CKpPEIiMBaHNe HePOACTBHHBIX dopm oxHOro Buja (HET 00-
MUX IPeJKOB B IIpe/iesiax deThIpex — MIeCTH TIOKOJIeHU ).

Omdanennas eubpuduiayus — CKpermuBaHmne ocobeii (pacTeHUit), OTHOCH-
IAXCA K PAsHBIM BAJAM.

OrnajieHHble THOPUABI OOGBIYHO CTEPHJIBHEL, TaK KAK y HMX HapylmaeTcd
Meit03 (4Ba ramnongHbIX Habopa XpoMOCOM PasHbIX BUZOB HE MOTYT KOHBIOTH-
poBaTh), 1 raMeThl He oOpasymwoTres.

B 1924 r. I'. 1. KapneyeHKO CO3AaJ]L KaIlyCTHO-PeJeyHblll THOPUA, MOABH-
nach IepBasd MeTOAMKA [Ipeo/oJIeHns] GecILtonus y OTAAIEHHBIX THOPHIOB.

VueHbIii cCKPecTUN peabKy (2n = 18; ramMeTsl — N = 9) 1 KaIyCTy (2n = 18;
rameTs — n = 9). Ho B nporecce meito3a XpoMOCOMBI HE KOH'BIOTMPOBATH = T~
OpUALI CTEPUJIBHBL.

3aTeM ¢ TOMOLIBI0 KOMXUUuHa (6IOKHPYeT 06pasoBaHe MUKPOTPYOOUeK Be-
peTeHa [ejleHus) YABOMII XPOMOCOMHELIN HabOP rubpuga (4n = 36), mpu aToM ya-
BOMITHCH KaK «pefednsie» (9 + 9), TaK U «KalyCTHBIe> (9 + 9) xpomocombl. Korbio-
raIusA BOBMOYKHA = raMeThl 00pasyTes, 1 = [LTIOJOBATOCTH BOCCTAHOBJICHA.

Cenexuus JKMBOTHBIX
B ceJIeKIIN HKABOTHBIX HNCHOJb3YIOTCSA Te e OCHOBHBIE METOABI — I"I/I6p1/1‘

nusanus u oToop.
OcofenHocmu CeeKyull HUBOMHbLX: B OCHOBHOM IIOJIOBOE pPa3sMHOKEeHME;

HeMHOTOYHCJIeHHOe TOTOMCTBO; pefKad CMeHa MOKOJICHHUH.

Cenexyui MUKPOOPZAHU3IMOE. Buomexnonozusn 12
; 3

Coepemenibie (donornumensvnbie) memodvt ceNeKyUl: NICKYCCTBEHHOE OC
e-
MeHeHHe, TOPMOHAJbHAS CYNePOBYIANUSA U TPAHCIJIAHTALUS dMODUOHOB
paneEHas rubpunnsanus. » o
JlOCTHHEHUA CeJeKITUN:
rubpuy HOpKIUpcKoi 6estoit ¢cBUHBY (&) u GeCHOPOIHON YEDAWHCKOMH
CBUHBHU ( 9) — feJyas cTemHAA CBUHbSA, i
" ruGpu KOGBLIUIILI C OCTIOM — MYJI: BEIHOCJIUB, JOJITO JKUBET, HO GecILIoaen
HOTJa FaMeToTeHe3 IPOTEeKaeT HOPMAJIbLH '
0 U IIOJTYYAOTCH ILIOJOBUT
o b ble I'-
Ipumep. ApxapoMepuHOCH (apxap U MepuHOC), becrep (6eyra co crepas-
IBI0), XOHOPUK (XOpeK 1 HOPKa).

CeJeK1iMa MUKPOOPTaHM3MOB (B OCHOBHOM 0aKTepHil 1 rpubos)

OCHOBHquMI/I MEeTOZAMHU CEeJeKIIMH MUKPOOPTAHU3MOB ABJIAIOTCH SKCIEDH
MeHTAJbHBIA MyTareHes U 0TO0D BHICOKONPOAYKTHBHBIX IIITAMMOB .
Oco6eHHOCTH CeJIeKIIUU MUKDPOOPTaHMU3MOB: '
resoM OakTepuil ranyouAHbIHA (0gHA KosbleBad MoseKkyaa IHE), moar
MYy JIIO0BIe MyTaI[UH IPOSABIAIOTCA YoKe B IEPBOM MOKOJIEHNUH; , O-
OYeHb BHICOKAs HHTEHCHBHOCTE PA3MHOMKeHU 0bJIeryaeT noncx’ MYTAHTOB
ITpumep. B pe3ysibTaTe HCKYCCTBEHHOI'O MyTareHesa u ot6opa 65611 nonyqu.

mraMM rpuba NeHUInLIa 110 aHTH6
HOTHKY NeHUITWJIIuHYy. Ilpoaykr
6pwna yBetnuena B 1000 pas. Vo PORRTHBROCTY

Buorexnonornsa. l'eHHada uHKeHepUA

B
cxnxuomexnonozuﬂ — HCHOJb30BaHUE KUBHIX OPraHU3MOB M UX OuoJoruue-
Oﬁnpoueccor; B IPOM3BO/ICTBE HEOOXOAMMBIX UEJIOBEKY BEIIECTB U IIPOJYKTOB
) .
. )KHBO(;I:{TH 6H0Te}5HonorHH — OakTepuu, rpubbl, KJIETKH PACTUTEJIbHBIX
. BIX TKaHed. VIX BHIpAIMBAIOT HA IIUTATENLHBIX CPEJaX B CrHellallb-
BIX YCJIOBUAX B OMOpeaKkTopax.
OcHOBHEIE MeTOABI OMOTEXHOJIOTHH:
KJIeTouHasa MHKEeHepud (coMaTuuecKasa rubpuanusannus — CAHUSHHE CO-
MaTHYECKUX KJIETOK, CeJIEKIINA KJIETOK);
XPOMOCOMHASA UHIKEHEPU;
r TeHHAdA WHIKeHePU.
eHHas
. H3uumeuepuﬂ — COBOKYITHOCTb METOIUK, TIO3BOJIAIONINX BLIAEIUTE HY K-
Tpanceerenoma OAHOTO OPraHN3Ma ¥ BBECTH €r0 B 'eHOM Jpyroro OpraHu3Ma.
HHbLE Op2 —
Hom. P2AHU3MbL ~— KUBOTHBLIE U PACTEHUS CO «BCTPOCHHBIM» I'e-

Tpan
cpopmuposannuie opza
HU3Mb. — OaKTEePUM U T -
EDPOMHEIM TerOM. p pubLI C BBELEHHBIM 1Y
IIpun
ep. .
Hocye Tpall:c Kumeunasa nanouka E. coli, :xuBymmas B KMIIeYHHKE YeN0BEKa,
80GH00TS o Gbopmarnuu renaMu HHCYJINHa WIH FOPMOHA pocTa mpuobpeJia CIo-
HTE3UPOBATH FOPMOHBI HHCYJINH MU cOMaTOTpOnuH. Mcnoapayer-

ke |
Kak npoaynenr ropmonos.
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LWUTOMSA3MATUYECKOE HACN EANOBAHMUE

HekoTopas 4acTh HACJEACTBEHHOrO Marepuala KJIeTKH HAXOQUTCA B [IUTO-
mwiasme. Jro: Koabuesas JHK MHUTOXOHIPW; KOJbIEBasd OHEK nnactun; BHe-
AjepHble NTeHEeTHUECKUe DJIeMEeHThI (1Lna3mMuel).

Hacjief0BaHUE IATONIa3MATHYECKAX TeHOB He IIOUNHACTCHA MEHEJICBCKIM
saxoHOMepHOcTaM. HaciezoBaHue HUTONIA3MATHYECKIX FEHOB IPOMCXONNT 110
MATEPHHCKOI JUHUM, OHM TIEPefaloTcd OT MaTepud KO BCEM ee MOTOMKAaM.
IIpu onIOAOTBOPEHUH reHeTHUECKUIH COCTAB IIUTOIIa3Mbl B 3UTOTE ONpeesIAeT-
¢Sl ITMTOILIA3MOM ARIEKIETKH, ITATOILIa3Ma CIepMaToO301/a B OIPE/IeJIeHUN T'e-
HETHYeCKOT0 COCTaBa MPaKTHUeCKH He y4acTBYeT.

ITpumep. HacienoBaHue NeCTPOIMCTHOCTH Yy MHOTHX pacTeHuil CBA3AHO

¢ myrannamu B JHK xioponacros 1 HapylnleHueM CUHTe3a xaopoduina.

V den0BeKa MUTOXOHJIPHAJIbHLIN MeHOM IIPEJICTaBJleH xoasiesoit [ITHKE, co-
crosamed u3 16569 HyKI€OTUIOB. YacroTa MyTaluil B MUTOXOHAPHAILHON
ITHK B mecaTh pa3d BEIIIE, YeM B agepHoii. Myrauuu B MHTOXOH[PHAJbHOI
IHK sipasiiorcst mpudauHOil Gosee 100 6o0xesneii. Juaber, sanuiencus, OTCPoO-
yeHHas KapAuoMuonaTus, GonesHs IlapkuHCOHA IepejaloTcs OT MaTepu KO
BCEM €ee JeTAM.

CpaBHMBas MUTOXOHJPUAIBHYIO ITHK mpexoB U IOTOMKOB, MOXKHO J0Ka-
3aTh POACTBO KAK MEXKAY OTAENbHBIMH 0COOAMH, TAK U MEXAY TOHMYIALMAMHA.
TakuM 06pasoM IO HCKONAeMbIM OCTaHKaM 6blia uaeATUDHUIINPOBAHA CEMbS

pycckoro napst Hukomnasa IL.

.
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3BOJIOLINA

Bo3HHKHOBeHHE KHU3HHU HA 3eM.ie.
Pa3BHuTHE OPraHHYECKOr0 MHUpPa

Bce rumioTess! 0 BO3HMKHOBEHUY XHH3HH HA 3eMJIe MOKHO Das3JeIuTh Ha Tpu
rpynubl:

1. Teopus 6uoresesa — >XUBOE NMPOUCXOAHUT TOJIBKO OT KUBOrO.

2. Teopus abuoreHeza — KHBOE HOABIAETCA OT HEKUBOTO,

3. Teopua namcnepMuu — IKU3HL Ha SEMJIIO 3aHECeHA U3 KOCMOCA.

B HACTOAIee BpeMs HauboJiee IPUBHAHHOMN ABJIALTCA PHIIOTE3a, BHICKA3AH-
gasa pocCUHCKUM 6uoxuMukoM A. . OnapunwiM B 1924-1928 rr. u aurmmii-
cxumM 6uonorom k. Xoagelinom. CyTh Ir'UIIOTe3BI B TOM, YTO HOSBICHUIO yKI3-
au Ha 3eMile 00:3aTeIbHO NPEIIIecTBOBAI0 abloreHHOe 06pa3oBaHNe OpraHu-
4YeCKHMX COCIMHCHHIH U3 HeOpraHWYecKUX., VICTOUHMKOM 3HEPIUM JJIsI 9TOTr0
CIYKMIO yisTpaguoseToBoe uaaydenue CoJiHIIa. AMHUHOKHCIOTHI, caxapa
¥ Jpyrue COeJUHEeHUA HaKalIMBAJKCE IO TeX II0pP, IOKa He NPUOBpeIn KOHCH-
CTeHIIUIO «IePBUYHOTO OyJIb0HA». IMEeHHO B HeM BO3HUKJIA KU3HB. DTa I'MIo-
Te3a ABUJIACH OCHOBAHUEM AJIA CO3AAHUS TEOPUH OHOII0334.

Teopus Ouonossa chopmynupoBana B 1947 r. aHrIMHCKUM yYeHBIM
k. Bepuanom. OH BHIAEIWI TPU cTafuu GHONO033a:

1. AbuoremHoe BOBHUKHOBEHME GHOJOTMYECKIX MOHOMEDOB.

2. O6pasoBaHue GHOJOTUUECKHX IOJTUMEPOB.

3. ®opmupoBaHue MeMOPAHHBIX CTPYKTYD M TePBUUYHBIX OPraHU3MOB (I PO-

610HTOB).

Ilepsrie gBa sTama OTHOCAT K IEPHOAY XUMHUIECKOH aBOIOLUH. C TPETHETO
JTala HaUYMHAaeTCA OMOJOTHYECKAasd 9BOJIOUA.

II_I. Abuozennoe 603HUKHOBEHUE OUONOZULECKUX MOHOMEDOS.
ns ra(; g;ﬂ;iéﬁ;;c;a:;;;f;é (4C5(())0 ggn){ nr?: stall atmocdepa 3eMIn cocTOANA
(NH3) u a1p. CBoGoHBIH Kncnopc;a (O2 )’ OTCpOTCTZ(Z)l;H, Ml?ITaHa (“CH4), o RopoT.
KOBOJTHOBOI'0 YJIBTPA(HOJIETOBOIO ; . ARG
TDonoxam HM3JIy4eHUS U IPO30OBBLIX PA3PsSA0B MOIJIH
107, oaxamon MHUYECKHUE PeaKI UM, NPUBOAAIINE K 00Pa30BaHII0 AMUHOKHC-

APYTUX OHOJIOrMYeCKUX MOHOMEPORB.
Banlzl 1(:5315;; ;a Ji\:a;flfxaﬁcxne uccaegosatenn Muniep u KOpu cKOHCTPYUPO-
Mo 1A anmnapar, NPOBeJIH SKCIEePUMEHT W J0Ka3aju 3Ty BO3-
CTh.

2. O6pafoeanue U 360JL10YUS OUONOJUMEDOS.

Hag:ﬁ;iiﬁnmb?: XMMUYECKAs SBOMION NS NPOUCXOIIA TIPY PEIKOM coueTaHUH

YCJ0BHII CHHTe3a GHOI0INMEpPOB.
noxm:;lil{:élc;nﬁ yuensnlit C. Pokc B 195:7 I'. OTIBITHLIM ITyTEeM JOKa3aJl BO3-
- MeHTaJI},H()pﬁBOBaHHH TMelITHAHBIX CBA3ell B pacTBOpe AMUHOKHCJIOT. JKCIIe-
LJIO TIOKAa3aHO, YTO B BOJHOM PacTBOPE aJJaHWHA B IIPHCYTCTBUM

-9€06oro gy
; 0 (4]
Buaa ramurozema u AT® 06pasyioTca IenouKy MoaIHaATaHIHA.
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QOcoboe 3HaveHue A4 f1OTIOINMePOB UMeeT o0pa3oBaHUe PHK u JHK —
MOJIEKYJI, CIIOCOGHBIX K CaMOBOCIIPOUSBOJCTBY. AMepUKAaHCKHI OMOXUMUE
T. Uex B 1982 r. OTKPBLI puOO3UMBI — MOJIEKYJIbI PHE, obsazaolnye KaTalu-
ruuecKoil akTuBHOCTBIO. OH onucan sBJIeHUe caMocILIajicuura -— mpoliecca
yzajieHisa UHTPOHOB U3 MOJIEKYJIbI PHEK 6e3 yuactusa 6e1KOB-(hepMeHTOB. B 1o
sxe BpeMs MOJIeKyJa ITHK okasajach JydIIe npucnocobyieHa s LOJITOBpe-
MEHHOI'0 XpaHeH!s UHPOPMALNH, TAK KaK ABIAETCH BoJiee yCTOMUYUBOIL.

3. dopmuposarue MeMOPAHHbLX CMPYKMYp U 960110UUA NPOOUOHTNOE.

CJie{yOIINM ILIATOM CTaN0 06berHeHne IOTHMEPOB B ITUCKpPEeTHLIE IPYIIIIb
¢ o6pasoBaHueM UacTull Gojiee KPYIHOro pasMepa — KOQUEepBamHubLx Kaneb
u popMupoBaHue MeMOpaH. B pesysbTaTe 00beIHHEHNA KOAIIEPBATOB C HyKJie-
MHOBBLIMH KUCJIOTaMu 00pa3oBAINCH cHoCOGHBIE K CAMOBOCIIPOM3BEIEHMIIO MHU-
BBIE OPTAHUBMBI — NPOMOOUOHMbL (mau npoBbuoHmbt).

Muavle 0pzaHU3MbL — 9TO OTKPEITHIE CUCTEMEL, criocoOHBIE K CaMOBOCIIPO-
n3BefeHnio, oOMeHHnBaloIuecs co cpenoit BeIm[eCTBOM M IIOJIyYarollne U3 Hee
sHepruwo. IlepBble OPraHU3MbI 6pLaM, DO-BUAUMOMY, TeTepoTpodaMiu, mOJTy-
4ABIIMMY SHEPIHIO 32 CYeT aHAdPOOHOr0 OKKCICHUA OpraHMYecKUX COoeguHe-
auit. IToaBieHNe aHOKCUTEHHOTO (POTOCHHTE3A (nypnypHble 0axkTepuu, 3ee-
Hble W CepHBbIe GaKTepuyu) MPUBEJIO K BOSHUKHOBEHUIO aBTOoTpodHOCTH. BO3-
HUKHOBeHUWe OKcHreHHOro (DOTOCHMHTE3a TPUBEIO K (hopMUPOBAHUIO
coBpeMeHHOl aTmMocdepsl, conepoxareit kucmopon (O,).

C MOMEHTA BO3HMKHOBEHW: JKHU3HHU MOfBHJIACH CBA3L MEXIY fuosormye-
CKUMMU, TeOXIMHUYECKUMU U Te0JIOTHYeCKUMU 1Iponeccami.

Pa3BurHe JKH3HM HaA 3emie

B pasBuUTHH KU3HYU BBIAENAIOT TPH dTANA:

1. DpoawUuA TPOKAPHUOT.

2. DBOMIONUAA OLHOKJIETOYHBIX 3YKApPHOT.

3. Tlepexo/ K MHOTOKJIETOUHOCTH 1 9BOJIIONUS MHOTOKISTOTHBIX OPraHu3MOB.

1. Jsoawuyusa npokapuom.

Bo3HUKHOBEHIE XU3HY IIPOU3OLILIIO OKOJIO 4 MJPJ JIeT Hasa/, U ¢ ITOTO Bpe-
MeHHU AeHCTBYIOT BaXKHeHIIe (GPAKTOPEI 9BOTIOIMH: HacJeJCTBeHHAA U3MEHYH-
BOCTB U ecTecTBeHHBI or6op. Ilocie MoABIeHNA JKUSHH cOopMHPOBATUCH TPH
moxuapcersa: apxeGaKTepnu, 9yGaKTepun (BKJIIOUAS MAHOOAKTEPHUIL), ByKapH-
oTsl (rpubsl, pacTeHus, IpocTeine, JKUBOTHBEIE).

Apxebaxmepuu — 9T0 IPOKAPHOTHL, KOTOPbIE UMEIOT ocofble cBolicTBA:

a) SK30H-MHTPOHHYIO CTPYKTYDPY T€HOB;

6) UX KJeTOuHble MeMOPaHBI COCTOAT U3 M30IPEHOMAOB (3upsl yraeBoao-

DOZOB), He BCTPEUYAIOMIUXCS Y APYTUX OPraHU3MOB;
B) OOHTAIOT OHU B SKCTPEMAIBHBIX YCJIOBUAX — B KOHIIeHTPUPOBAHHLIX PaC-
TBOpax, TOPAYMX BYJTKAHUYIECKUX NCTOYHUKAX, GeCKHCA0POIHBIX CJIOAX.

IMo-BUaUMOMY, 5Ta Tpyiia Haubojee 6nnsKa K IIPOOUOHTAM.

dybaxmepuu — 3TO IPOKAPUOTEL, IIUPOKO npeAcTaBIeHHLIE B coBpeMeHHOH
6uochepe. ¥ HUX:

i gl
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a) TeHOMbI He UMEIOT OK30H-UHTPOHHON CTPYKTYPHI;

§) OHH YPE3BBLIYAWHO Pa3HOOGPASHEI 110 MeTaboIn3MYy.

BaskHBI apoMopdh03 — BOSHUKHOBeHUE (DOTOCUHTE3A.

3a cueT AeATeJbHOCTH (OTOCHHTE3UDYIOIIUX IPOKAPHUOT, BBLIEAAIONIN
KHCIOPOS, OKOTIO 2 Mmappn et Hazan chopmupoBanack armocdepa, nogobuag coX
BpeMeHHOH.

OOHOKIEMOYHbLE JYIKAPUOMb. — NPUHIINIAAIBLHO HOBLIH 9TAIl B SBOJIONUAK
JKUSHU.

CorJIaCHoU meopuu cumbuozene3qa, 3yKapruOTHl BOSHUKIN G1arogaps cumou-
03y KPYIHOU aHaspoOHOM KJIeTKH (apxe0aKTepuu ¢ pepMEHTAMH TJINKOIN3a)
¢ appoGHBIME DaKTepuaAMU. AHaIpoOHbIe 6aKTePUH, CIIOCOGHbIE K OKUCIUTEE
goMy (POPMUPOBAHUIO, NATK HAYAJ0 MUTOXOHApUAM. CuM61o3 ¢ III/IaHOGaKTe:
pUAMH MPUBEJ K IOABJIEHUIO XJopomnactoB. CumMOnos ¢ GakTepusiMu Tuma
¢nEpoXeT — K 00pa3oBaHMIO XKI'YTUKOB. B monsay runoress cumbuoresesa ro-
BOPHUT CTPOEHIE OpraHseJLI (4ByMeMOpaHHOCTE), crpoerue ux IHK u 6eokcun-
Te3UPYIOILIETO alllapara, a TaKsKe CIoc0oD Pa3MHOMKEHUS U YYBCTBUTEJIBHOCTE
K TeM ke aHTUOMOTHKAM, 4TO U OaKTepHHu.

II. S8oawyus syrxapuom.

9TOT OpoIlece CBA3AH C PAJOM BasKHEHIINX apoMOp(O30B: MOABIEHUEM MHU-
TO34, IOJOBOTO IIpollecca, BOSHNKHOBEHHEM MHOTOKJIETOYHOCTH (puc. 51).

B ocHoBe npeacraBneHnii 0 GOPMUPOBAHNK MHOTOKJIETOYHOCTH JIESKUT TH-
noresa pyccxkoro yueHoro M. . MeuyHHKOBaA 0 IPOMEKYTOUHOM IIpefKe (dharo-
nuTesIe — Mapoo0pasHoil KOJIOHUH KTI'YTUKOBBIX, CIIOCOOHBIX K (haroluTosy.

B xosonuu Kjaero
K BO3HHUKA&JO pa3jesenvie GyHKIMHA (nu
eBapeHue U mepe-
ABUKeHue) (puc. 52). enap e

Aunazpobumiit reveporpod Repsas wueovwas wnevka

As3pobuas
6anrep% 6

2

Mpo6mony MuToxongpus fnpo

0,
BakTepuanshmii // 4
orocHHTeTHK /r
— T

3 7

fMlepean pactirenshan xnevka

\_ 5

-
»

Xnoponnact
Aunaspobuan Gaxrepws

Puc. 51,

Tunor:
€TUHECKan CxeMa CUMBNOTUYECKOro 06Pa30BaHNs SyKaproTUHECKO KNeTKM (Lmd-

- Pam
M ykasan xog 3BOAIOLIMN)
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B 70-x rr. XX B. 300J0ru 00paTHIM BHRMaHUE HA MeJIKUIT MODCKOi opra-
HUBM — Tpuxomiaxc, B 1973 r. pycckuii soosior A. B. sanos yc'UI‘aHOBI/IJI, uTO
TPUXOILIAKC TI0 CBOEMY CTPOEHMIO COOTBETCTBYET TUNOTETUYECKOH (aronuTe -
e W SBIAETCS IPOMEKYTOUHBIM 3BEHOM MY MHOTOKJITOIHLIMU 1 ONHO-

KJIETOUYHBIMHA.

,Mﬂ%

“Cnnaenuxcu l'lpo<:'|'el‘|.|.nm6%¥

s

3

5

Cnupoxersl

Typaypusie
“¢doTobarrepun
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OcHOBHBIE ITAIBI IBOJIOIHHA OPraHuvYeCKoro mupa

Wcropusi 3eMan NOAPA3/eaAeTcH Ha KPYHIHBIE IPOMEXYTKHU BPEeMEHI —
reoxXpoHoJornueckyo meainy. Haubosee kpynasle KaTeropuu — DOHBL, UX Bee-
ro ABa: Kpunmosoi (0T Tped. «CKDPBITad KU3Hb») U Parepo3oil (OT rped. «gp-
Has )KM3HB» ). JOHBI IeJATCA Ha 3D,

Kpunmosoil: apxeil (ApeBHeHIIad }KU3Hb); IPOTEPO30H (DAaHHAA KU3Hb).

daneposoii: naneo3oil (ApeBHAS KU3Hb); Me30301 (CPelHAS KU3HD); Kali-
HO30H (H0Bad JKU3HB).

Opwt JenATcd Ha nepuoibl. HasBaHMA IepHOIOB COOTBETCTBYIOT HA3Ba-
HUIO MECT, I'le OHU ObLiu OonmucaHb! (IePMCKUM, KeMODUHCKH), 11u60 Bax-
HeHIIMM HPOABJEHHUAM JKUBHU B 3TOT Hepuold (KaMeHHOYTOJbHEII, Me-
JIOBOIT).

Hcropua 3eMyn U3ydaeTcs IO OCTATKAM APEBHHX OPraHM3MOB B pPasJimy-
HBIX re0JIOTHYECKUX ciosix. Co3aeTcs NaleOHTONOTHIECKA JETONNCh OCHOB-
HBIX 3BOJIONHMOHHBIX COOBITHHA. OTPOMHBIN BKJIAA B PA3BUTHE NMAJCOHTOJIOTUHT
caenan anrauickui yuyensrii U. Jlairens (1797—1875). Ou chopmynuposasr
NPUHYUN AKMYAaLu3Ma, COTIACHO KOTOPOMY Ha 3eMJje IOCTOAHHO JeiCTBYIOT
cxoausle hakTopsl cpebl. OCHOBHEIE COOBITHS MAJEOHTOJOIMYECKOH JIeTOMHUCH
npeAcTaByieHbl B Taba. Ha c. 130.

Kpynnaeitmine apoMop¢ o361 B 3BOIIOIMH OPraHMYECKOro MMpa

Apxetucrkas apa (3500—2500 muH get Hazaxn)

1) Hosasnenne sxusnu. JKusee npejcrasiena npokapuoramMu. Crocod mu-
TaHUA reTepoTPoGHEIN, aHa3poOHbIH. OOMeH BellecTB — rauKoan3 (Ha-
ubosee gpeudAs popma).

2) TToasnenue aBTOTPOGMHOTO cI0co6a MUTAHNUA — (DOTOCHHTE3a ¥ XeMOCHH-
Tesa, purcanuy arMochepHoro asora (OK0JI0 3 MJIPA JeT Has3al).

3) IosiBneHye OKCUTEHHOTO (POTOCHHTE3a H B Pe3yJIbTATE HAKOILICHNE KHC-
Jopoza B arMmocdepe.

4) Bo3HHKHOBeHUe JIBLIXAHUA — OKHUCIUTEILHOTO (GoChOPUINPOBaHHA.

5) CdopmupoBanuch IBa mapcrsa GaKTepHii: apxebaKTepuu u sybaKTepUHU
(ucrtuHHEBIC 6aKTEpHH).

IIpomeposoiickas apa (2500—570 mau et Hazax)

1) Ioseaenune sykapuoT B pesyabraTe CIOKHOTO cCHMOM03a PAa3HBIX TPy
NPOKapHoOT.

2) Hosnenne MuTo3a, Meiio3a, IOJIOBOTO mmpoIecca.

3) BosHMKHOBeHHE MHOTOKJIETOYHOCTH (1,8—1,4 mapx ner uasan). Pop-
MHDPOBaHHWE OCHOBHBIX IIAPCTB: HPOTUCTOB, JKHUBOTHLIX, pacTeHUi (BOAO-
pocreii), rpubos.

4) Brixox rputos u BOJIOpOCJIEH HA Cyuly B BHJAe JUIMAafHuUKOB. PasBurne
IDIMHUTUBHBIX cOOGIMIECTB Ha cyle (faKTepuy U MuagobaKTepHn).

) ¥V skuBormbix mossiasercs BHYTDEHHAA HOJIOCTb M CKeJeT (Hapy KHBbI,
BHYTpEHHMH, IUAPOCTATHYECKHIT).
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B QuIOreHese CBOe 3HAYeHNe X (PYHKINIO H OCTAIOIHECs ¥ OPraHU3MOB B BY-
fe HeJJOPasBUTHIX 00pa3OBaHUIL.
Hpumepyvt. 1. PynuMeRTapHbIE KOCTOUKH Y KUTOOOPasHBIX Ha MECTe Ta30BOro
[ofica YKa3bIBAIOT HA IPOUCXOMKICHAE KUTOB U Aeb(HHOB OT THIINYHEIX YeTBe-
poHorux. 2. PyIumenTapHbie 3a/{HIe KOHEYHOCTH MUTOHA CBUAETEIbCTBYIOT O ero
IPOMCXOMAEHNY OT OPTaHU3MOB C PA3BUTHIMU KOHEUHOCTAMH. 3. Pyaumenrap-
HEBlE OPTAHBI ¥ YeJIOBEKA: YIIHBIE MBILIILBI, MBIIIIBL «BOJOCSHOTO IOKPOBA» .
PyauMeHTapHble OPraHbl MOTYT JOCTHTATh Y OTAEbHBIX 0CO0el BUA TAKUX Pas-
MepOB, UTO HALIOMUHAIOT O TPeJKOBLIX (POPMax, — TOT/a TOBODPAT 00 aTaBH3MAX.
Amasusmvl. ATaBECTHUECKUH OpraH — 3TO OPraH (Mjy CTPYKTYpa), MoKa-
3BIBAIOMINII «BOBBPAT K IpeIKaM», B HOpMe He BCTPEUAlOLUHCA Y COBPEMeH-
HBIX QODPM.
ITpumep. Y uenoBeKra aTaBU3Mbl — 9TO XBOCTOBOH HPUIATOK, ureiinasa guc-
ryaa (Hesapociias Bropas xabepHas eJb).
OTanuus pyAUMEHTOB OT ATABU3MOB!:
PYAMMEHTEI BCTPEUAIOTCs Yy BceX 0co0el monyasanuy, aTaBU3Mbl — y OT-
IeNBHBIX HHEUBUAOB;
PYAKMEHT BCerjja KMeeT OlIpe/ieJIeHHYI0 GYHKIUIO (ANIeHANKC Y Yes0-
BeKa — oprad JUMGOTBOPEHU:), aTABA3M He HMeEEeT CIeNMaTbHBIX
GyHKINHN BaXKHBIX AJA BUA.

PyauMeHTH U aTaBU3MBI — BaXKHbIE JIOKA3aTENbCTBA DBOJIIONUN.

IMOpHoJIOTHYECKHE JOKAa3aTeNbCTBA

«3aron 3apodviutesozo cxodcmea». B XIX B. BbIAAIOLUICA HATYPATUCT
K. Bap ccopMynupoBas 3TOT 3aKOH: UeM 0ojiee paHHHE CTAXHH UHAUBH/YaJIb-
HOTO PasBUTHUSA HCCIEAYIOTCH, TeM OOJBINE CXOACTBA OOHAPYKUBACTCA MEXAY
PasIMYHBIMU OPraHU3MaMH.

ITpumep. Ha panHnX cTafuaxX PasBUTHA SMOPHOHBI TO3BOHOYHBIX HE OTJIH-
YAKOTCA APYT OT APYra, 0COGEHHOCTH IITHIL, PENTHINNI U MIEKONHUTAIOLIUX IIPO-
ABJAIOTCSA HA CPEJHUX CTAAUAX.

Ipunyun pexanumyasyuu. B nporecce oHToreHe3a MOBTOPAIOTCH (PeKanu-

TYJIMPYIOT) MHOTHE YePTHl CTPOEHNA IPEeJKOBBIX (GOPM: Ha PAHHUX CTAIUAX —

GoJiee OTHAEHHBIX IPELKOB, Ha MO3AHUX CTAANAX — OIUSKUX NPEJKOB.

O606ImeHEbIe AaHHBIE NO3BOJAWAM HeMenkuM yueHeiM @. Mroazepy
u 9. Texkento chOpMyIUPOBATE GU0ZeHEMULECKUIL 3AKOH: OHTOTeHe3 (uEgUBY-
AyanbHOe PA3BHTHE) eCTh KPATKOE M CIKATOe IIOBTOPeHue uioreHesa (MCTOpH-
YeCKOro pasBHTHA BHJA). 3aKOH ObLI PA3BUT M YTOUHEH POCCUNCKUM yYeHbIM
A. H. CeBepioBEIM, TOKA3aBIINM, UTO B OHTOT€He3e MOBTOPAIOTCA CTaAny HE
B3POCJIBIX IPEJKOB, a WX SMOPHOHAIBHEIX CTanWil; (pusoreHes — 3TO HCTOPH-
4ecKHUil pA/ BEIOPDAHHBIX B XOJ€ €CTECTBEHHOT0 0T60pa OHTOreHe30B.

Ipumepvi. 1. Bce MHOTOKJIETOYHBIE OPTAHU3MBI IIPOXOJAT CTAAMIO OXHO-
CJIOIHOTO 3aPOABINIA THIIA BOZOPOCIH BOJIBBOKC. 2. Y BCeX MO3BOHOYHBIX Ha OII-
peieIeHHOM cTaii PA3BUTHA CYLIECTBYET X0p/a. 3. ¥ MHOTMX HACEKOMBIX JIH-
YUMHOYHAS CTAaAus (TYCeHMIIa — JMYNHKA) HATOMUHAET YePBei.
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TeneTHYECKHE JOKA3aTeJbCTBA

9rH JOKA3aTEJbCTBA II03BOJANT YTOUHHTEH (DPMIIOTEHETHYECKYO GIH30CTH
pasHKIX TPYIII JKUBOTHBIX 1 pacreHuii. Mcnoib3yoTesa MUTOTeHEeTUYeCKHe Me-
TOZBI, METOZBI JIHK, rudbpuausaiuu.

ITpunep. I3yuenue MOBTOPHLIX NHBEPCUN B XPOMOCOMAX PA3HBIX ITOIYJIs-
uit y OfHOTO MIIK OJIM3KYX BI/IOB II03BOJIAET YCTAHOBUTE BOSHUKHOBEHME BTHX
AHBEPCH U BOCCTAHOBUTH (PUJIOTeHe3 TAKUX TPYIII.

BuoxMMHYeCKHe  MOJEKYJISIPHO-0MOJOTHIECKHE IOKA3aTeJhCTEA

Hsyuenue cmpoenus HyKLeunosslx Kuciom u 6enrxos. Ilponece aponionun
Ha MOJEKYJIAPHOM YPOBHe CBA3aH C H3MEHEeHHEeM COCTaBa HyKJIeoTHa0B B JJHK
z PHEK, a Take aMUHOKHUCIHOT B OesIKax. « Mosexyiaprble 1acvl 360A10UULY —
[OOHATHE, BBEJEHHOE aMepMKAaHCKUMH HcciaenoBatensmu 9. llykep-Kaunmem
u JI. onnuurom. M3yuass 3aKOHOMEPHOCTH 9BOIIONUN OEJIKOB, HCCAENOBATEIN
OpHLIAH K BEIBOAY, UTO [JIA KAXIO0T0 KOHKPETHOTO THIIA GeJIKOB CKOPOCTE 3BO-
JIIOIMU CBOS, ¥ 0HA nocTogHHa. (['oBopsA 00 sBoTIOIINY OeJIKa, MBI MOAPA3yMeBa-
@M COOTBETCTBYIOUIMI I'eH.

IIpumepot. 1. MeajneHHO NU3MEHAIOTCH, TO €CTh ABJIAIOTCA KOHCEPBATHUBHBI-
MU YHUKAaJbHBIE T'eHbl, KOLUDPYIOI{Ue }KU3HEeHHO BayKHbie OeJKU (riao6uH, mu-
TOXPOM — AbIXaTeJbHBIH depMeHT U AP.). 2. HekoToprie beiku BUpyca IpUil-
Ia BOJIIOIMOHMUPYIOT B COTHH pas ObIcTpee, YeM reMOTJIOONH UM IUTOXPOM.
Brarogapsa sToMy K BUpPYyCY rpunmna He GopMupyeTcd IPOYHBI UMMYHHUTET.
3. CpaBHeHNe aMHUHOKMCJIOTHOM IIOCJENOBATEILHOCTH B GeIKax puGoCoM, mo-
clIedoBaTeJbHOCTH HYKJeoTuAOB pubocomubix PHK y pasHbIX opraHu3MoB
HOATBEPXKAeT Kaaccu(HUKaIMI0 OCHOBHBIX I'DVIIII OPraHU3MOB.

Hcnonrsys (akT MOCTOAHCTBA CKOPOCTM 3aMeHbl B OIpeleleHHOM OeJKe,
MOKHO BEIYMCJIUTDH BPEMSI CYIIIeCTBOBAHUSA TOT'O WK MHOI'O BUAA, YCTAHOBUTH MO-
MEHT JMBEPreHIIUH BUOB, POIOB H NPYTUX TAKCOHOB; BO3MOMXHO IIOCTPOUTE 3BO-
JIOINUOHHOE IPEBO Ha OCHOBE CXOACTBA CTPYKTYP O€JIKOB 1 HYKJIEMHOBBIX KHCJIOT.

Iapasumonozunecruii memod

B mekorophix caydaax shdeKTUBHBIM OKa3bIBAETCH HCIIOIH30BAHNE TIAPASH-
TONOrMYeCKOro MeTO|a N3YYCHUA YBOJIONMUHE. MHOTOYHCICHHLIMY UCCIeI0BaHN-
&MU N0Ka3aHO, YTO HBOJIONHUA IAPAZUTOB U X035eB [IPOUCXOAUT COIPSAMKEHHO.
B HEKOTOPBIX IPyNIlax MTapasuThl OKa3bIBAIOTCA CHeNu(PUUECKUMU AJA BUAOB,
PORoB uiu cemeticts. [I0sTOMY [0 IPUCYTCTBHUIO OLPENEIEHHIX IIAPAZUTOB MOJK-
FD € GONBIIOH TOYHOCTHIO CYANTD O (IIONEHETHYECKUX CBABAX BHIOB-X035A€B.

. Ipoucxompnenne uenoseka

-+ CRomum TIPOUCXOMKACHHEM YEJIOBEK MHTEPECOBAJICSA elile Ha caMbIX paHHUX CTa-
m”x KyJabTypHOTrO passutusi. Kak M3BeCTHO U3 JiereHj, HOIIAIINX A0 HAIIMX
Aneii, HEKOTODBIE HAPOABI CYUTAJIH, YTO YEJOBEK 00pa3oBaicss N3 IPHPOAHBIX BE-
‘eﬂ::e;;)onm’ 3eMNH, TIUHBI MU KaMmuAa. ConacHo p6JII/II‘I/103HULIM BoalspeHI«IﬂM,
. SHUK Gurarofaps TBOPUECKOMY aKTy, CO3JAH «BBICIIEN CHUJION».
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B XVIII 8. K. JIu"Heil noMecTHJ 4eJ0BeKa B OTPAJ IPUMAaTOB BMeECTE C Je-
mypoM u obesbsaHoi. K. B. Jlamapk cuuras, 4To 4e0BeK NPOU3OLIENT OT 00€3h-
AHOTOXOOHBIX IIPEIKOB, MEPEIIeAINX OT JIA3aHbs M0 JAeDPeBbAM K XOMICHWUI
o semJie. SHAYMTENBHBIN BKJaJ B IOHMMAaHMe HCTOPHH YeJIOBEKA KaK BUAg
crenan Y. JapBuH. B pabote «IIponcxosxienue yenopexa u 1oJoBoil or6op»
(1871 r.) oH BIepBEIe IOCTARUI HA HAYYHYIO OCHOBY BOIIpOC 06 ob1meM mpenke
YeJIOBEKA M UYeJIOBEK0OOpasHbIX 00€3bsAH, PACCMOTPeN Guojioruueckue Paxro-
PBI aHTPOIIOTEHEe3A.

B HacrosIee BpeMsa H3yYeHHEM [IPOUCXOMKICHIA U 9BOJIIOIIUH YEJI0BEKA 3a-
HUMAETCHA aHmponoaozus (OT rped. anthropos — 4enoBek, logos — ydeHue),
ITO HayKa O YeJIOBEeKe, PAs/lesIOM KOTOPOI ABAAETCA AaHTPOIIOTeHe3 — IIpoIiece
NIPOMCXOKACHUS YEJIOBEKA.

Uccenopanue aHTPOMOTEHE3a BKJIIOUAET B ce0A M3yUeHUe IPAMBIX U KOC-
BEHHBIX JOKAa3aTeJbCTB POICTBEHHBIX CBA3eil ueioBeKa 1 XNBOTHBIX, POJACTRA
YeJIOBEKA M BBHICIIUX (4esI0BeK0006pas3Hbix) obesbsaH. [Ipambie dokazamenbem-
680 — KOCTHBIE OCTAHKH MCKOIIAEMOTO YeJIOBEKa 1 €T0 NIPeAIIIeCTBeHHUKOB. Ko-
ceeHnble doxasamenscmea — CPABHUTENBHO-aHATOMHUYECKUe, (buanoIoruye-
CKHe, OMOXMMHYECKHe, MeHeTHYEeCKYe JaHHbIe, a TaKsKe UCCIeJOBaHHe PYIu-
MEHTAPHBIX OPTaHOB M aTaBU3MOB. Ha OCHOBaHHNM 9THX HAaHHBIX 8ud Yenoger
pa3ymustit (Homo sapiens) 3aHAMaeT ONpefeieHHOE MeCTO B CHCTeMe JKHUBOT-
HOT'O MUDa:

Tun Xopdossie

IToodmun I10360H0YHbLE

Kanacc Maexkonumarnouwue

ITodknace ITrayenmapuste

Ompad IIpumamot

Cemeilicmeo JIwodu

Pog Yenosex

Bud Yenosex pasymusiit (Homo sapiens)

YenoBeKy NIPUCYIIN BCE YEPTHI CTPOCHUA U (PUBMOJOTHH, XapaKTepHbIe A1
JaHHBLIX TAKCOHOMHUYECKHUX TPYIIII.

Tun Xopdosste: oABIeHNE B SMOPHOHAJBLHOM Pa3BUTHM XODAbI, HEPBHOH
TPYyOKM, KaGepHbIX INejgel B IOJOCTH IVIOTKH, JBYCTOPOHHEH CHUMMETPHU
B CTPOEHHH TEJA.

ITo0mun I10360H04HbLe: HO3BOHOYHBINA CTOJIO, IISATH OTAEJ0B FOJIOBHOI'O MO3-
ra, cepiie Ha OPIOIIHOH CTOPOHE Teja, ABe Mapbl KOHEUHOCTEeH, 3aMKHYyTad
KPOBeHOCHAA CHUCTEMAa, KOXKa MHOTOCJOMHAA U AP.

Knacc Maexonumawujue: TeNJIOKPOBHOCTh, PA3BUTHE MJEUHEIX JKeJe3,
HaJilm9ue BOJIOCAHOTO MOKPOBA, YeThiPpeXKaMepHoe cepAale, jJeBasd Ayra aop-
THI, Auadparma, >Kejes3bl B KOXKe, BHYTPpUYTpPOOHOE PA3BUTHE 3apOAbIIIA,
pasBuTas Kopa 6OABIINX DOJYIADPHII TOJOBHOIO M0O3Ta, TPHU CIYXOBhBIe KOC-
TOYKY CPEeIHET0 yXa, CeMb ITEeHHBLIX TO3BOHKOB, HAJUUYNE HADYKHOTO yX&,
KUBODPOJKICHHUE U AP.

g
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[Todxaacc Ilrayenmaphoie: pasBuTHe AETEHBIIIA BHYTPU Teja MaTepu
puTaHHe IJI0/ia Yepes MIaleHTy.

Ompsad Ilpumame.: NIPOrpeCCUBHOE DA3BUTHE 3PUTEIBHOIO U OCA3ATENb-
goOr0 AHAJU3ATOPOB MPH ocsnabieHHOM 000HAHUMN; OMHOKYJISADHOE 3peHmue.
CaoxHbIe QOPMBI IOBeJeHNH, 3a00Ta 0 HOTOMCTBE; PeAYKIUS XBOCTOBOI'O
orAesa MO3BOHOUHMKA; DasBUThIE KJIOUUIbI; KOHEYHOCTH XBATATEJNBHOIO
cuna (IePBbI MaJler IPOTUBONOCTaBIeH ocTanbHbiM). [llupokas n niaockas
rpyAHAS KJETKa, HOI'TH Ha Malblax; 3aMeHa MOJIOYHBIX 3y00B Ha MOCTOAH-
gpie. POXJIEHHE ONHOTO NETEHBIINIA; YeThipe IPYNIBl KPOBH; CXOACTBO Ka-
pHOTHIIOB (y uemopeka 2 n = 46, y 4eyioBeK0OOPa3HEIX 00e3bAH 2 n = 48,
o eCTh PasauYue o0YCJOBICHO eJMHCTBEHHON TpaHCIOKauuehn). Bauskasn
gubdepeHINANTbHAT OKPAacKa XpomocoM, 90 % reHOB ABIAIOTCA OOMIUMU
¢ mUMIIaH3e, MHOrue OeJIKM B3aUMO3aMeHHMBI (TOPMOH pocTa). O6mue Go-
Ae3HH Y [apasuThl, KOTOPHIEe He BCTPEYAIOTCA Y APYTHX XUBOTHBIX (cudu-
juc, OpouIHo# THd, xonepa, Tybepkynes u np.). Cpoxu 6epeMeHHOCTH, II0-
AOBOE CO3PEBaHMe, MPOJAOJIPKHUTENbHOCTD }KU3HH B [1€JIOM COBIANAIOT C aHa-
JOTMYHBEIMY IIOKA3aTeJIsIMHU y YeJOBeKa.

AHATOMHMYECKHMHU [OKa3aTeJbCTBAMHK POACTBA UeJOBEKa M JKUBOTHBIX MO-
I'yT CJIYKUTHh DYAUMEHTHI U aTaBU3MEI. Y yejloBeKa H3BeCTHO okoxo 90 pynu-
MeHTOB (BOJIOCKHM Ha KOJKe, KOIYUKOBAaA KOCTh, 3yOBl MyJPOCTH, alIleHJUKC,
pyAMMeHTapHOE TpeThbe BEKO, IIJaBaTeJbHBbIE IIEPEIIOHKH MEKJYy IalbliaMu,
ZapBUHOB 6YTOPOK HA YIIHOM PAKOBUHE — «OCTPOKOHEYHOE yxo» u ap.). K ara-
BH3MaM OTHOCSATCH XBOCT, FYCTOM BOJIOCAHOH HOKPOB (JbBBHHBIH MalbyUK),
MHOTOCOCKOBOCTbD M JID.

OnHako 4esi0BeK MMeeT CBOU cieruduyecKue 4epThl, CBA3aHHBIE C IPAMO-
X0 IeHNeM U TPYAOBOH JesATeJbHOCThIO. JTO!

adanmayus K 08yHOzoMYy neped8uNCeHUI0: BEePTUKAIBHOCTL TYJIOBHUIA

| IIIeW IIPY ITOJIHOM PA30rHYTOCTHY HHXKHNUX KOHEUHOCTEH B KOJIEHHOM CYCTa-

Be; pacImpeHHas (POpMAa Tasa, UBOTHYTHINA IO3BOHOYHUK S-00pa3HO# (Pop-

MBI; Yepell XOPOIIIo YpaBHOBelleH HA MMO3BOHOYHUKE; YILJIONIEHHOCTh IPYyA-

HOH KJIETKH; CBOAYATOCTE CTOIB, PE3KOEe H3MEHEeHHe IPONopIuil Tea;

Komnaexe «mpydosoil pyku»: yBeJIUUeHNe MOJBUKHOCTH U IPOYHOCTH KHUC-

TH; CWJILHOE Pa3BHUTHE OTAEJIOB MO3ra, 00eCcIeunBaIONIUX TOHKHE JBAKEeHUA
¢ KHCTH;

«. Tpogpecc 8 cmpoeHul 20/106H020 MO324: YBeJIUYEHNEe PAa3MepOB I'OJIOBHOTO
~ Mosra (okoso 1250 cMm?); pasBuTHE HOBOI KOPBI; 3HAUMTEJLHOE DasBUTHE
i&. $HATeIIEKTYaNbHBIX» 30H — TEMEHHON M JIOGHOM J0JIeii; pa3BUTHe pede-
¥4 BHIX I@HTPOB;

B pevesan pynkyus: passUTHE XPAIIEH U CBA30K TOPTAHY;

f‘“ ¢Mmpoenue uepena u 3y606: yMeHbIIEHNE JIMIEBOTO OT/EJa Yepemna 1 pasme-
#3'POB HIXKHe Ye IOCTH; BHIIPAMIEHNE IPOMIIIA JNIA; yMeHbIIEHNe pasMe-
i POB KILIKOB; pasBuTHE MOAGOPOZOUHOrO BHICTYIIA;

Pedyiyus 60J10CAH020 NOKPOBA MeJia: PYHKIUA BOJOCAHOrO MOKPOBa KaK
1< CPEACTBA TePMOpEry IALME yTPauMBAETCA.

Hu
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TlameonToJIOTHYECKHE JOKA3ATEJILCTBA
MPOMCXOKTCHUS YeJIOBeKa.
IBoIOLMA MIPUMATOB

Hcxonnoiil rpynnoil B pa3sBUTUH OTPALOB MJIEKOMUTAOIINX ObLIH APEBHMe
NIPpUMUTHBHBEIE HACEKOMOSAAHLIE (KOHeIl Me3030icKoil apb1). HauGonee xapak-
TEPHBIM 5KOJOTHUEeCKHUM IIPU3HAKOM IIDHMATOB ABUJIACH APEBECHOCTH. Heko-
TOpBIE CIENHATHUCTEI YTBEPKAAIOT, YTO TOABJIECHNE UeIOBEUECKHUX CYILIECTE Ha
Hallel 1uaHeTe 06A3aHO HAJUYMIO J1ecOB. IMEHHO Ha JepeBbAX MePBhIe NpH-
MaTh! HAILIN yOesKuine oT BParos, M B YCIOBHUAX JPEBECHOCTH c(hOPMHPOBa-
JINCH B 3BOJIIOIMY XapaKTepPHbIe AJIA IPUMATOB ocobeHHOCTH. IlepBLie momyobe-
3bAHBI (TEMYDBI ¥ JOJTOUATHI), KOTOPbIe ObLINU MPEUMYIeCTBEHHO HABEMHDI-
MH, IOIBUJINCE OKoJI0 60 MJIH JleT Hasan.

Pa3suTue BbICLUMX NPUMATOB

Oxos10 40 MuTH JIeT Ha3aZ OT I'PYINLI T0Jy00e3bAH OTACIUINCE APeBHEH I e
IpeacTaBUTeNH nogorpAga Yenorekonono0HEIX, 00beAUHAIOIINX YeJOBEK006-
pasHbIx 00e3baH U Jogei. IIpumepHo B 910 e BpemaA B Crapom CeTe »Xuin
HPUMUTHBHEIE Y3KOHOCHIE 00e3bAHBI (IIAPATIUTEKH U IPOILIAOTUTEKH ), ABJIIO-
Huecs IpeJKaMu coBpeMeHHEBIX ¢opmM. B 310 Bpemsa HamMeTunacs AuBepreHIns
IPEeJKOB COBPEMEHHBIX HU3IINX Y3KOHOCHIX 00e3bAH (IapamuTeKu) U YeoBe-
KO00Opas3HbIX (eTUITONUTEKH).

Ezunmonumerx — upefnok 4enoBexoobpasubix o6eabsH u jogei (30 min

JIeT Hazaf) OTJMYAJICA MaJOH UIH cPefHel BeJNYNHON Tena, Geras Ha yeTse-

PeHBKaX M Ja3aJ, XBaTasch 3a JepeBbA KOHEUHOCTAMU. B uepene snuiesoii oT-
nex 6Ll ANMHHBIA 1 HuU3KMi. [yasHunel opuenTUpOBaHEl Bruepes. Haxbpos-
HbIE JyT'W PasBUTHI ci1abo. Mo3r OTHOCHTEILHO GOJBIION, HO UMeJI TPHMHTHB-
HOE CTpoeHme, 0OCOOEHHO ero JJOOHBIA oTAea.

IBOJIIONMOHHEYI0 dcTadery erunmronurTexu mepematu dpuonumeram (22—
27 mnu ner Hasax). [lossuBincs B Adprke, OHH [I03THee MUTPHPOBAIN B EBpomry
u Azmro. [Ipuonureram GBI MPUCYIL TOJIYHA3EMHLIH-TI0JIyApeBeCHBIH 06pas Hu3-
HH, [lepeJBIKeHNe Ha YeThIPpeX KOHEUHOCTAX U INTAaHWe PACTUTEIbHOIH THIeH.

IIpepmrecreennuk nofeit — pamanumer. OH oTAMYANCA YKOPOUEHHOH II€-
pefHel JacThio Yepella, UMEBILIET0, KaK MpeAIoNaraeTcd, IpM3HaKd CX0ACTBa
C YeJIOBEYeCKHM, BO3MOKHO, NEPEeIBUTAJICA HA ABYX HMMKHHX KOHEUHOCTSX,
HCIIOJIHL30BAJ OPYAMS TPYIA.

O BpeMeHM Pa3feIeHUA IBOIOLMHOHHBIX MOTOKOB COBPEMEHHEIX aHTPOIOH-
JIOB ¥ TOMMHHJ cefuac IPUHATO CYAUTD IO JaHHBIM aHAJIN3a MATOXOHIPHAJIb-
noit JTHK. CoBpeMeHHbIe NAJIEOHTOJIOIH OTHOCAT IPUMATOB K KPYTY IPeAKOB
4BCTPAJIONIUTEKOB (CaMbIX PAHHUX TOMUAHHUL).

OcHoBHble cTaguu asonouUnu Yyenoseka

Brigensror 4yeThipe cTaiuM aHTPONOTEHE3a, XAPAKTEPUIYIOIIMECS OlpexeieH-
HBIM THUIIOM MCKOIIA€MOr0 YeJOBEKa, YPOBHEM Pa3BUTHUS MATEPHUANLHON KYILTYPHI:

i
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Agcmpanonumeru (IpeAIeCTBeHHUKN 4eJIOBEKA);

[TumeKxarnmponu. (ApeBHeHIINE JII0LH, apXaHTPOIHI);

Heanlepmablbl (ZpeBHUeE JI0OAY, TAJIE0AHTPOIBI);

Ye108€K COBPEMEHHO20 MUNA, UCKONAeMbLiL U CO8PeMeRHbLL (HEOAHTPOTIE).

Ascmpanonumeru («10KHaA 06e3bAHA» ) TPEACTABIAIOT 000N OXHY U3 mep-
BHIX CTAZUH DBOJIONNY YeJOBEKA. HpeJIH_I?CTBeE{HI/IRI/I BCEX MCKOIMAeMBbIX U co-
ppeMEHHBIX sgiogeit. Been repmun anrauiickuit anatom P. Hapt, Hamemmuii
g 1924 r. Ha 10TE AdpurKascKoro MaTepuKa oCTaTKH 1eTCKOro Yepena. B Hacro-
amee BpeMs U3BECTHO HECKOJBKO COTEH adPUKAHCKUX ABCTPANOIUTEKOB. ITO
IPOMEXKYTOYHBIN THII MY 4eJIOBeK00OpasHbIMM 06e3bIHAMY 1 YEJI0BEKOM.
OcoGEeHHOCTH ABCTPAJIONHUTEKOB: OOUTAIN HA OTKPBITHIX TEPPUTOPHUAX, XOpO-
mo 6erajy, BLICBOOOAUB IlepelHAe KOHEUHOCTH, BeJIH CTaAHbIN 00pas XUsHH.
M3-3a sKM3HHM B CaBaHHe M3MEHMJACh TepPMOPeryJaAlusd: PeAyLHUpOBanach
MepCThb, YBEINYMUIOCH IIOTOOTAeNeH e, a TIOTePsA ¢ IOTOM HOHOB HATPHUA KOM-
OEeECHUPOBAJIACH HEPEeX0J0M K XMIHWYECTBY WJIM IOTpebleHHeM IOBapeHHOMH
conu. HeGosbIIme KJILIKM 1 Pe3Ibl He BHICTYIAJN Haj oOI[IM ypOBHEM 3y60B.
Ye0CTH aBCTPAJIONMUTEKOB OBLIN MacCHBHEE, UEM y COBPEeMEHHOI'0 YeJOBEKA.
Han6poBba BEICTYIIANY BIIepe], 06'beM MO3TOBOH HOI0CTH HeGOIbIIO! — He 6o-
nee 600 cm3; 3aTHLIOUHEIH OT/EN 3aKPYTJIEH.

B cBA3H ¢ IPAMOXOXKICHUEM aBCTPAJIOMMTEKN IPHOOPEIH «YeJIOBeYeCKHE» 3a-
GoneBaHUA, & 3aTPYAHEHNE POJIOB IPUBEJIO K TOMY, ITO IIPEUMYILECTBO MTOTYYaau
CAMKH, POJKABIINE HEJOHOIIEHHBIX AeTell. 370 IPUBEJIO K YAJINHEHUIO IIepuoja
JIETCTBA ¥ CIIOCOGCTBOBAJIO YBEIMUEHIIO CPOKA 00yUeHI MOJIOAOTO IIOKOJIEHNU.

Bpems cTaHOBJICHUA ABCTPAJOIMUTEKOB OTHOCAT K mepuoay ot 9 no 5 MiH.
JxeT Hazag. Ilo TpOJOIKHUTEILHOCTH 9TOT IIEPUO] 3HAUNTENBHO JINHHEe, YeM
BCS NOCJIEAYIOUIAA UBUIN3AHA.

Celfuac xoponIo M3yYyeHEl OCTATKY OJHOTO M3 PAHHUX aBCTPAJIONHTEKOB —
adapckoro, HalifleHHOTO B OQuonun. 3T0 OTHOCUTENILHO HeGoIbIas o0esbaHa:
mimaa Tena 110—120 cMm, Bec 30 kr, o0pem mosra 410 em3, npamoxogsmiad,
8y0pl moxoxm Ha YesoBeUecKue, oburana 3,5—4 MiH JeT Hasazx. Brocaenct-
BHH aBCTPANONUTEKY PAsAeININCH Ha IBE JTMHHUU:

ascmpaaonumex MOULHbLI KOPEHACTOTO TEJOCJOMKEeHHs, AJuHA Tejla
150-155 cm, Bec 50—70 KT, Yepen MacCHBHEI, 06beM Moara 510 cm3; 3yGsI

. KPynukle, Beretapuasen;

. ascmpanonumerx a@pPUKAHCKUI WMeJl MeHBbIIWe pasMephl, AJHHA Teja
;?0‘130 cM, Bec 10 40 xr, o60beM Moara 450 cm?3; BCcesaIHBII; ITOJOKEHHE Teaa
Bpu xoxn6e 611710 Gotee BHINPAMJIEHHBIM.

CTPAJIONUTEKH 3aHUMAJIUCh COBMPATEIbCTBOM M OXOTOMH, HCIIOJIB30BANIN
VUHEIE OPYAMS: HAJAKH, NyOHHbI, KaMHU U KocTu. CTponanu NpuMUTHBHBIE
YBDEITHA — masamy u HaBeckl. Oras He 3HATH. Bee OHYM IIMPOKO PacpocTpa-
PIRCH 10 AQPHKAHCKOMY MATEPUKY (BO3MOIKHO, IPOHUKIN B ASHIO, HO BBI-
I 1 MuiH neT Hasazn).

2-3 M et Ha3aJ KN CYIECTBa, elle 6oJiee GanNsKHe K denoBeKy. Homo

’
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OcnosHble CTaaUH 3BOJKHHH YeJOoBeKa
AHTPONCHAN! TOMUHWAB — NPAMOXOARWINE NPUMATH
Dryopithecus Australopithecus Homo erectus Homo sapiens
ObeabsHonoaobHoe | Yenosexkoobpaskas | “YenoBex NpaMO- | Yenosek pasymuuii; | Yenosex pasymHbilt; Henosex
KMBOTHOE; BO3pACT | 06e3bAHa; BO3PACT | XOpswWMiA; BO3pacY BO3pacT 803pact PasyMMbIiA;
18—9 man net 0x0no 5 Min ner | 2 Man—500 ToiC. neT | 500—30 Thic. net 40 TsiC. NET 10 Trc. ner
BpesHedusuii 4eno- Hoewle noay
BeK (NUTeKaHTPon, il o
pPeBHUI YenoBex
JpvonwTex AscTpanonutex CHHaWTpON, -
refigensGeprekwi | MHEAHAEPTANEU Kpomarbonew Coigi«gae::uu
4YEenosex 1 Ap.)

BreuwHnit sun

Pasmepu nebonslume;

Nazaowme v XORAWme

8 NOMYBHIMPAMACHHOM
nonoXeHnn

Poct 120-150 cm,
macca 20-50 xr;
PRAMOXOXAEHHUE,
pyKa — XBaTaTefib-
Hbl Opran

HeesbiCoxkuit pocT,
MaCCUBHbIA
KOCTRK

Hesuicoxkwnia pocTt
{155~165 cm),
MACCUBHBIN KOCTSK,
XOpEHacTbIN,
NOXOAKE COrHyTan

Poct o 180 om,
Puavueckui Tun
COBPEMEHHOO
Jencaexka

&
@
a
Q
T
YenoaexkoobpasHue 3yBul no popme | Hepen Hruaxwi, KOCTH | Yepen Bonee abicos | Yepen Buicokui, nod
HEPTOI B CTPOBHMH | CXOAHBI C YenoBeye-| OUBHL TONCTLIG, Bbi- |  xuit, n0G HUaxniA, | npsamon, Ges crnow-
4emocTn CKMMMK paxeHHble HaROP0B- | ckoweHHBIA, CuALho [ HOro HaaBposHoro
Hele Ayrv, Maccvs- | pasenTeie Hanbpos- | BanKKa, PA3BMT noa-
HbI€ YeNICTH. HLIE AYFK. 6OPOAOHHDBIN BHCTYN,
O6vem Mo3ra Obbem modra O6vem Moara O6bem mosra Obbem mcara_
430-550 cm® 700-1250 cm® okono 1400 cm® 10001600 cM3 10001800 cm®
2, @
(N Q% 3
Y £
o Opyams Tpyna Il S ;
g oTcyTeTeyior ) Y
3 ® @ \
2
&
&
Z Cucremarniecxky | UaroToBARIOT Npumi-| MaroTosasoT obpa- | UarorosnsoT cnox- Warotoensiot
S MCAONB3YIOT ECTECT- | TUBHBIE KAMEHHBIE |GOTAHHIE KAMEHHbIE | HbIE COCTABHBIE OPY- {CNOXHEILME JPYANS,
BEHHDBIE NPEAMETbI opyams Tpyaa OpyavR TPYOa | Anst TPYAR 13 KOCTH 1| TPYAA ¥ MEXAHN3Mb!
Kak opynue Tpyaa | (xonwe, ckonotuit | (ocTpuA, crpebkn, KamHA
(xoCTh, MANKA M T.A.}[ XameHb, CkpeboK, HOXM W 0p.}
pyouno)
3 Cragwbiiiofpas | Craguwii 06paa xu3-| ObwecTsenHnin 06- | OGinecTsenmbii 06- | Poposas obumma. | Hamswicwue ,10CTv-
] XKUIHU HU, COBMECTHAA | Pa3 XM3Hu; N0AeP- | Pad Xu3HK, MCNONL- | CTPOWTENLCTBO NO- | XeHus B Hayke, Tex-
* oxota KAHWE OrHa 30BaHve orHa. CTPo-| cenennin. Nosenenve| Huke, ckyccroe
© WTBNLCTBO D4Aros v | 06PAAOB. BOHWKHO-
3 *unbsi. Nepebie BEHWE UCKYCCTBa,
] 3aXOPOHEHMA FOHYAPHOTO AgNa,
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habilis — 4es0OBeK yMeJblii HMeJ AJTUHY Tena go 120 em, sec 40—50 KT, 06bhem
moara 660 cm3, Bceagublil. ITH CylecTRBA IPHOGPEIH ClIOCOBHOCTE M3roTaBn-
BATB OHO OPY/(H€ C IOMOIIBIO IPYTOTO, 4 HE ¢ MOMOIIBLIO PYK 1 3Y60B, Kak aro
nenaioT 00e3bAHBI. OTO GBIIM CaMble IPOCTeHINe OPYIHA — O0K0I0Tas ramp-
ka. HasBauue opyauitHOM KyNAbTYPH — OJAYBANCKASA WIH rajeyHas (tax xak
B PEYHBIX TOMHAX CHIPHEM /ISl UBTOTOBIEHUS OPYAMH CIYKINA ratbKa). Opy-
JiHs YeJIOBeKa yMeJIOr0 OKOHYATeIbHO BEIBEJIM €10 M3 MUPA JKHUBOTHDIX.

MurekaHTponsl (apeBHeiilline NoAN, apXaHTPONbI)

Homo erectus — uenioBex npaMOXoiAmIuii. BrepBble KOCTHBIE dparmenTs
NMTEKAHTPONa OGHAPYIKUI TOJMNAHACKAHN Bpad 9. [06ya Ha o. fIsa B 1891 T.
HM3BeCTHO HECKOIBKO (DOPM JpeBHEHIINX 4el0BeKOOGDPASHBIX: numerkanmpon
(0. 51Ba), cunanmpon (Kurait), zeiideavbepecruii veaoeer (Tepmanua), amaan-
mpon (Amxup), meaanmpon (F0xuas Adpuka), oan0yeailckuil numexkanmpon
(Leuntpanbuaa Adpuxa). Bpems cymectBopanus 1,5—0,5 Mun et Ha3al.
Y paHHHUX apDXaHTDPONOB COXPAHAIHCH IPHMHUTHBHEIC 06€3bAHLU IPU3HAKH,
a 'y DO3JHUX IIOABJISJIOCEH GOMIbllle YeI0BEUeCKUX HepT.

OcoGennocru crpoernus: pocr 150—175 ¢, Bec 70—80 xr; YBeIUYUIUCH
OTZeJIBl TOTIOBHOTO MO3ra, 00bseM Mo3ra gocturaia 750—1400 cm3, resoe HoJy-
mapue Gosbllle MPaBoro; y3KMi MOKATHIH 106, MOLIHO PasBUTHIN HAaAOPOBHEIE
BAJIMK, MaCCUBHBIE YeI0CTH 6e3 noaGopogounoro BeicTyna. Iloasuiacs npaso-
PYKOCTB, PyKu Goslee pasBUTHI; 00DPa30BAICA HeGOABIIOH CBOX CTOMDL, MOZBO-
HOYHUK NpHOOPes HeGOMBINOM U3rub; Pedsb HAa HAYAIBHOH CTALUN dopmuposa-
HUA B BAJE JleTieTa (II0ABNAIOTCS OTAEIbHBIE CI0BA: «Iail», «Ha» U T. 1.); HKHU-
JI¥ cTafgaMy; 3a00TUANCE O OIMIKHIX.

IurexanTpons! He GbLIM TONMBLKO cobupaTenamu. Ha oXOTHHULHX CTOHGH-
mMax HafjeHbl KOCTH KPYIHAIX JKUBOTHLIX. OX0Ta TPeGOBAIA TECHOTO CIIIOUe-
HusA nneMeHH. Tu 0xoTer — 061aBbl 1 3acanbl. CTOAHKY PAa3HBIX THIIOB CBUE-
TEIBCTBYIOT O CYIeCTBOBAHKY PasfieleHud TpyAa. Opynusa — KaMeHHbIe pyGu-
718, KOJyHBI, KONbA (3a0CTpPeHHBle manku). JIIOAM 3aHUMAJUCH PASHBIMHA
BuAaMu TpyAa. OTKEPBITEIE THIIBI CTOSHOK: OXOTHIYBH jareps, MacTepckue 1o
RoObIYe KaMHSA, ZOJTOBPEMEHHbIE CTOAHKH. Hunuma crponau Ha OTKPBITHEIX

Mecrax u B nmeurepax. OcTaTku 04aros roBopAT 00 UCHOJb30BAHUY NUTEKAHT-
Pontamu orgs.

Heanpepranewuwl (apesuue niogu, naneocaHTporibi)

Csoe BuoBOE HasBanme onu moayyuan Giaronapsa maxogke B 1856 r. B fo-
Tune Heangeprans (Mepmanusa). Oburanu 200—35 Toic. jeT nasax B Esporne,
Azuy i Adpuxe. Bpema CYIIeCTBOBAHUA MO3AHUX HeaHAePTAAbIeB COBIIAaeT
€ mocneguum onenenenneM. Heanzepranvtsl 66100 HEOXHODOXHON rpyImo#H.

06eHHOCTY CcTpOeHUA H5THX APEBHUX Jitofeii: 00bem Mosra 1200—1700 cm?,
epen Gosee BrICOKMIT U OKDYIJIBIN, 106G HUSKWIi, CKOUIeHHBIH, CUILHO Pa3BH-
TH HaxGpoBHEIe AyTu, Hanu4ue nozboponkra; aanHa tena 155—165 cm; mac-
CUBHOE Ten0CTOMEHE.
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Texuojorua ob6paboTKU KaMHSA HeaHJePTAJIbCKUM YeJIOBEKOM OTJIMYalach
OTHOCHTEJIbHO BHICOKHM ypoBHeM. OHU co3an KYyAbTYPY CKpebes n HaKoOHed-
HUKOB. TexHMKa NOJYyYeHUs 3aroTOBOK Opyauii TpeboBasia ombITa, TeXHHUUE-
CKUX 3HAHWI, TOUHON KOOPAMHALINYA JBMXKEHUI, GOJIBIIOro BHUMaHus, OmbIT
[IO3BOJIAI APEBHEMY YeJIOBEKY COKpPAIaTh KOJINUYeCTBO BpeMeHH, Heob0X0quMo-
ro AJis Ma3roroBjeHua opyauit. VI3 nepeBa HM3TOTOBRJAIHNCH COCYABI AJIA BOABI
U BJIeMEeHTHI MUINII.

HeangepTaabipl ObLIN UCKYCHBIMHU 0XOTHHKaMu. Ha ux crogHkax o6Hapy-
sKeHBbI CKOIJIEHUS KOCTeH KPYMHBLIX JKHUBOTHBIX. ClI0KHEIE OXOTHUYLH JefCT-
BHUA OBLJIU IO CUJIY COTJIACOBAHHOM IrpyIiiie HeaH1epTaibier. Vicmosibp3oBaanuchk
npueMbl 00JIaB WJIN TOHA KMBOTHBIX, TYHIM YOUTHIX KHBOTHBIX paspesanu
U IIpOXKapusaiy Ha orHe. [lesanu MexoByI0 npocTyio ofexay. O6HapyKeHHbIE
3ePHOTEPKH M3 KAMHS I03BOJISIIOT IPEJIoJiaraTh, 4TO CyIllecTBOBaja IPUMHU-
TuBHAsS 006paboTrKa 3epHa.

Nsmenuscsa xapaxkTep mocejleHuii. 3aceasiiuch HaBechbl, I'POTHI, IIeIephl.
JIyiA 3aIUTHl KOCTPOB OT BETPA YCTPAaWBAaJINCh BETPOBHIE 3acoHBI. [loaBuance
norpebeHus — IepBLIe JOCTOBEPHEIE CJIe/Ibl 3aXOPOHEHUA YMeDIINX.

Hauumnas ¢ py6esxa 40 Toic. JeT HeaHepTaNbIbl COCYINECTBOBAIHN C BIIOJIHE
CJOMKUBIINMMCS JIIOABMH COBPEMEHHOTO THIIA.

YenoBeK COBPEMEHHOIO TUMNa, UCKONaeMbIin
U COBPEMEHHbIW (HeOaHTPOMbI)

Homo sapiens — 4desioBeK pa3yMHbIH. MaKcnMasbHBIA Ire0JOTHUYeCKUN BO3-
PACT MOJHOCTBIO CHOPMUPOBABIINXCSH B 3BOJIOIUH HCKOIAEeMBIX HEOAHTPOIIOB
paHee oueHuBaicd B 40 TwIC. JIeT.

HasBauune «KkpomManboHybl» (Tak 0003HAUAIOT B JUTEPAType UCKOIIaeMBIX
HEOaHTPONOB) 00513aH0 N3BECTHOMY (QpaHIy3CKOMY NaMATHUKY BePXHETo a-
Jgeoaura — rpory Kpo-MaHbOH. Apeasi pacnpocTpaHeHUs KPOMAaHBOHCKOTO
YejoBeKa orpomeH. C ero mossBIeHUEM BU0BAs SBOJIONNA YeJOBeKa 3aBep-
maeTcs.

TIprsHaKU OTIVYKSA YEPENOB KPOMAHLOHIIEB OT HEAHIEPTANLIER: MEHEE BhI-
CTYHAIIIMY BIIepe] JUIIEBOH OTAEJ, BEHICOKOE BBHIIIYKJIOE TeMs, BEHICOKHH IIPs-
MO J1I00, OKPYIJILIH 3aTHIJIOK, MEHBIITHE 10 PA3MepaM YeThIPeXyroJbHbIe IJIa3-
HUIILI, MEHBIIIe 001IHe pasMepsl yepena. ChopMuUpoBaH MOAGOPOAOUHBIN BBI-
CTYyI uepena: HaAOPOBHBIM BaJMK OTCYTCTBYET, YeJIOCTH DasBUTHI ciabee,
3y0Bl UMEIOT ManyIo HoaocTh. O6bem mosra 1000—1600 cm?; poct xo 180 cm.
CrpoeHue ckeseTa TYJOBHINA HCKONAEMEIX HEOAHTPOIOB HE OTJUYAETCA OT CO-
BPEMEHHOI0 THIIA, XOTd KOCTH ero 60Jiee MaCCHBHEL.

Hunu kpomauwsouisl B cpegaem 30—50 ner. Takas ke IpPOAOJKUTENb-
HOCTB KH3HHU COXPAHAJIACH ¥ YeJIOBEeKa COBpEMeHHOro Tia A0 CpeJHIX BEKOB.

Kpomannorns: uarorasauain 0oJiee CAOKHBIN HA0OOD OpyAuil: HOMKHK, Ha-
KOHEUYHUKH KOIUMA, UIJIbI, TaPIYHLL 1 T. &. KocTsiHbIe OpyAMA OBLIN IPOYHBIMU
u 6oJiee JOJITOBEeYHLIMA, YeM KaMeHHbie. ['apnyHel mo3BoaAau 3¢G(EeKTUBHO J0-
6bIBaTh PHI6Y. [IpreMBI OXOTHI C HCIIOIH30BAHMEM 3SHAHUA MECTHOCTH ITO3BOJIA-
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1 y6UBATH 3Bepeil ThICAYAMHU. Yesi0oBeK MOJYYMJ BO3MOKHOCTD IIPOXKUBAHISA
B TPYAHOMOCTYIIHBIX DAHOHAX. : )

sKwin B melepax, KOTOpPble UCIOIb30BAINUCH KPYTJIBIA TOA NIIH [JIA Ce30H-
goro TposkuBaHus. TaKke CTPOMIIN KUTUINA B DEYHBIX JOJHUHAX, [TI€ CKIIa/(bI-
paJsid M3 KAMHA CTeHBI, 8 KPBIITY M3TOTOB/IAIN U3 ITKYD. Kouywoimue oXoTHUK K
CTPOWIH JIETKE IIaallu. CypoBble KJIUMaTHUIeCKUe YCI0BUA KPOMAHBOHIAM
[HOMOTAJIA IePEeHOCHTD TellIasd OfiekKa.

BoO3HMKJIO UCKYCCTBO — CKYJIBIITYDHI, HACTeHHAA *KMBOIHKCE B Nellepax. I'pa-
BIOPHI YKUBOTHBIX U JTiojlefi GbLIN C/ieIaHbl HA KAMHAX, KOCTAX, OIEHbUX Porax.

TloaBHINCH OOPAEI, Bepa B 3arpoOHYIO KHU3HDb, PUTyaJlbHbIe TorpebeHns.

CoBpeMeHHbI YeNIOBEK U ero 3BoJIiouus (HeoaHTponbI)

CymecTBYIOT JBe OCHOBHBbIE TOUKH 3DEHUs IPOMCXOMIAEHUSA YeJOBEKA CO-
BpeMeHHOTI'0 THIA:

[UIOTe3a NOJULEHMPU3MA: JeJIOBeK DasyMHBIN BOSHHMK B HECKOJBKHX MeCcTax

[LIAHETH U3 PA3HLIX MPeIKOBLIX (GopM, MpHHAANIEKAIINX K TaTe0aHTPOIaM;

TUIOTe3a MOHOUCHMPU3MA: CYIIECTBOBAJIO eIMHOEe MeCTO BOSHUKHOBEHUA

yeJIOBEUECTBa OT KAKOI'0-TO 0611Iero mpeaKa, [ocie 4ero Hauyajaoch aKTUBHOE

paccejieHIe IO ILIaHeTe.

Bee coBpeMeHHOe Ue/I0BeYeCTBO IPUHAJIEKNT K ofHOMY Buay. O6muii ypo-
BeHb (PM3MUYECKOTO ¥ YMCTBEHHOTO PA3BUTHA OJUHAKOB Y BCeX Jaofei. BuyTpu
suga Homo sapiens BBIeIAOT TPHU GOJIBIINE DPACHI: HeZPOUOHYIO, €6poneoud-
HY10, Monzonroudnyw. Kaspaasa U3 HUX HeJIUTCA Ha Majble packl. Pasnmuusa
MeXIy pacaMul CBOASATCA K 0COOEHHOCTSAM IIBeTA KOXKHU, BOJOC, a3, POpMEI
HOCa, Ty0 U T. A. BOSHUKIN 5TH pasavuuusd B Ipoilecce MPHUCIIOCODICHN YesI0-
BEUECKHX HOIYJISANUI K MeCcTHBIM IPHUDPOJHBIM yciaoBusaM. IIpoucxoskpenue
Pac OCHOBBIBAJIOCHL HA NMPOABIEHHUY IJIaBHBIX MEeXaHU3MOB M3MEHEHUA I'eHO-
doHzga ¥ monynAmuUil — ecTeCTBEHHOr0 0TOOpA U Apeiida reHoB.

OBOMIOIIMOHHAA 34BEPIIEHHOCTh YeJIOBeKa OTHOCHTEeNbHA M He O3HaudaeT
HOJIHOTO TIpeKpalljeHus N3MeHeHnH ero GMOJIOTHYeCKUX CBOMCTB. AHTDOIIOJIO-
TH HAa OCHOBAHMM AHATOMMUYECKHMX HAONIOJeHWH HPOTHO3HPYIOT HOfABJIEHHE
Homo futurus — uesnosera 6yaymero. Buosornyeckasi opraHusanusi coBpe-
MEHHOr0 4ej0BeKa AaeT BO3MOKHOCTEL 6e3rpaHuyHOi CONNaJIbHOM 9BOIIONUH.

PaKTOpE aHTPONOreHe3a

Bosnukxnosenue npamoxoxdeniis IO3BOJUIO OCBOGOSUTE epefAHNe KOHed-

HOCTH.

Tpydosas deamenvrocmy crocobCTBOBANA PAZBUTHIO MO3T4a.

Cmadnuiii o6pas HusHu — COBMECTHAsI JeATebHOCTH O3BOJIALA COBEPIIATD

CIIOXKHYIO TAXKENYIO PAaboTy, KOTOPYIO HEBO3MOXKHO GBIJIO BHITIOJHUTE ONHOMY.

Bosnurnosenue pevu u paszgumue A3vlKka criocobcTBoBany nepefaie undop-
Manuu u KoopAMHALMY AeATeTHHOCTH,

" Omxpuimue u ucnoav3o8anue 0zHs TPUBEIHA K AKTUBHOMY ynoTpebIeHuIo
MAcHO MUY, KoTopasa foraTa He3aMeHWMBIMM aMHHOKHCJIOTaMH, crroco6eT-
BYlomumu paseuTuio Mosra. "




144 Obwasn 6uonozun. Igonoyusn

Paszeumue évicuiell HepeHOU 0eameabHOCMU CIIOCOOCTBOBAIO 00YUeHHIO.

Pazsumue Qibmpyucmuieckux HaKioHHocmell — OecKopeicTHAA 3a00Ta
o 6;1are IPYIUX U TOTOBHOCTH KEPTBOBATH JJIA IPYTHX CBOUMHU JINYHBIMYU HHTE-
pecaMu.

JlopapBHHOBCKHI1 IepHOJ Pa3BUTUA GHOJIOTUH

Ve B APEBHOCTH aHTHYHBIE QUIOCO(PHL! 000CHOBLIBAJIHN UJIEU O BO3ZMOXKHOC-
TH pasBuTuA npupoasl. B rpynax Apucrorens (IV B. go H. 5.) u l'epaknura (V1 B.
0 H. 8.) TOBOPUTCA O €JUHOM ILJIaHe CTPOeHHsA BCEero KUBoro. B counnenusx l'e-
paKJIHNTA BEIABUIAETCA MBICIE O IIPOMCXOMKAEHHY BCEro *KUBOTO U3 HEXKUBOTO.

Ilns cpefHEBEKOBOTO NePHOA XapaKTepHO Memagusauueckoe npedcmasg.ie-
Hue 0 npupode: NPUPOAA HEN3MEHHA, IIOCTOSHHA, H3HAYAIbHO co3faHa Borom.

VayueHue NIPUPOALI, HAKOIJIEHUE (PaKTHUECKUX JAHHBIX, OMMCAHNE HOBBIX
OOBEKTOB KHUBOTHOIO ¥ PACTUTEJIBHOTO MUPa IPUBEJIH K IOABICHUIO CHCTEMA-
THKH.

Kapx JIuanei (1707—1778) — BeauKUH MBeJCKUNE HATYPAJIUCT, Bpad, CO-
3gaTenb cucreMaTuku. B pabore «Cucrema nupupossl» (1735 r.) om obobiiaer
CBOWM B3TJISABI M CO3AeT NEPBYI0 HAYUHYIO KIacCHPHUKAINIO JKXUBBIX OPTaHu3-
moB. JImHHeH co3man cucmemamuKy — HayKy O IPUHIHUIAX KJIacCHPUKAIINN
JKUBBIX OPTAHHU3MOB, U HOMEHKAAMYPY — NPABUJa HANMEHOBAHUS.

Kaps JIunHeit cunTan, 4T0 «BUIOB CTOJIbKO, CKOJBKO HX c03/a10 Beckoneu-
HO€ CYIIIeCTBO».

Buepesle npeanokennad B 1623 r. Kacuapom Bayrunom a71a o0osHaueHUs
pacTeHUi OMHAPHAA HOMEHKJIATYDA ObliIa y3akoHeHa JIuHHeeM Kak 06A3aTeb-
HOe YCJIOBHE AJIA OIMCAaHUs BUAa. JIMHHeH yCTaHOBUJ IPUHIIKII HePAPXUYHOC-
TH CHCTeMaTHYeCKHX KaTeropuil (IoABUABI — BHABI —> POALI —> OTPAABI —>
KJaccel). JImHHel BBeJ B MOHATHE Buja MopdosorudyecKuii U pusunosornye-
CKUI KpuTepuy (BO3MOKHOCTD IOJIYUYEHUSA JI0ZOBUTOTO MOTOMCTBA).

Tpanchopmusm

Hnen TpasEc(OPMHCTOB OHMPAINCH HA HAEANUCTHYECKHE B3IJIALBI O BO3-
HUKHOBEHWHM MaTepUM: MaTepus codgana TBOPIIOM, OH e NpUAaj ed JBHKe-
Hye; OPUPOJia CIoCOOHA M3MEHATHCHA, TPAHCGHOPMUPOBATECA. SIpKUM 1IpeAcTa-
BHTEJIeM TPAaHC(HOPMU3Ma OLLT GPaHIy3CKUi OMOJIOT-9HIUKIoOnegucT HLOpHK
Jiyu Brodpon (1707—1788), BelcTynaBmuii HPOTHB JUCKPETHOCTH BUOB
B MI0JIb3y HEIPEPHIBHBIX PASOB USMEHAIIUXCH POPM.

IlepBad nenocraag KoHuenuusa spoionun. /K. B. Jlamapk
Kan Barucr Jlamapk (1744—1829) chopmyaupoBa nepByo 9BOJIIOIHOH-

Hymo koHnennuio. Cornacao npeacrasiedusam JK. B. Jlamapka, Teoper cosgal
MAaTEepHUIO 1 IPHUPOAY; BCE OCHOBHBIE JKUBbIE M HeIKHBBIe O0LEKTh BOZHUKIN U3
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MaTePHH HOJ BO34eiCTBHEM IPHPOAbI. ¥ CI0XKHeHne OPraHU3aluu KUBBIX Cy-
[1eCTB — Pe3YJIbTAT 3BOJIOLUMY. .

CTylLieHH 5BOJIONIHN, ee «TPajalliil», TeXKAT He Ha IPAMOI JINHUH, 8 UMeoT
MHOKECTBO BeTBel u OTKJIOHeHWi. BceM KHMBBIM OPraHU3MaM HPUCYINE H3-
MEHUYUBOCTL — 3TO HeOOGXOAUMBIN PaKTOP 9BOIIOIHUH. OpgHaro ABMIKYILAS CU-
j1a SBOJIIOLME — ee riaBHBIA dakTop Ho K. B. Jlamapky — 2T0, BO-NepBHIX,
BHYTDEHHEE CTpeMJIeHHe K DasBUTHIO (T. €. JKeJaHue OpPraHM3Ma), BO-BTOPLIX,
yIpasKHeHHe U HeylIPaXKHeHle OPraHos. IIo Jlamapky, ANVHHAA IIed Y MHO-
riX GOJIOTHBIX HTHUU €CTh PE3YJIbTAT ABYX HPOIECCOB:

1. TpeHUPOBKM Ha yIpa’KHeHUSA IIeH y MTHUL, HE JKeJaBIIUX HBIDATS 47

TOro, 4TOOKI JOCTABATE KOPM CO JHA.
2. Henanve yIIHHUTH 1110, BEI3BIBAIOIIEE IPUIUB KPOBU U «APYTUX (Ii0-
KL0B» U YCUJIEHHBIN POCT IIIEH.

OcHOBHAA TaKcOHOMHYecKad Kareropusa — sud. B knaccupuxauun Jlun-
Hes GBIJIO AT THUIIOB TAKCOHOB: PASHOBHAHOCTD, B, POX, OTPAJL, KJacc.

Bunaprasa Homenkiamypa — IBOMHOe HasBaHUe C yKasaHueM POjia ¥ BH/a,
manpuMep Ackapuia denoBedeckas (Ascaris lumbricoides), — TaKxe ObL1a
BBefieHa JIuHHEEM.

B cucremaruke JInaHes yesoseK 051 MPaBHJIBHO OTHECEH K OTPAAY IPUMATOB.

QzxHAaKo 5Ta cEcTeMa Oblj1a HICKYCCTBEHHO, OCHOBBIBAJIACH Ha CXOACTBE TOIb-
KO BHEIIHNX IPU3HAKOB U He OTPAXKaja peallbHbIX CBA3EH B OPraHMyecKoM MU-
pe. ITo cBOMM MAEOIOrHYECKUM BO33PeHUAM JIMHHEH NIPUAEPKUBAJICA Kpeayuo-
HU3Ma — uen GOXeCTBEHHOT0 COTBOPEHNA JKU3HU U ee HeM3MEHHOCTH.

C HAKOIJIeHHEM JAHHBIX ¥ PA3BUTHEM HAYKH [ApaiIeibHO KPealluoHuaMy odop-
MIJIOCh MHPOBO33DEHUECKOe HAIIPABICHHE MPAHCHOPMUIM — HKUSHb UGHAYATIBHO CO-
3nana BoroM, HO B Heil 3a/I03KeHO CTpeMJIeHKEe K DA3BUTHIO U COBEPIIIEHCTBOBAHUIO.

SIpkuii npeacrasurens Tparchopmusma JK. B. Jlamapk B pabore «Puioco-
¢ua 3oomoruu» (1809 r.) U3I0XKUT OCHOBLL NEPBOZO UELOCMHO20 I60IOUUOHHO-
20 yuenus. Ha sHaunTe1HOM MaTepuaie JlaMapK HOKa3ay, 4To 6u0bl U3MEHA-
tomea. [IpyunHa N3MEHYUBOCTH — CTPeMJIeHHME K PA3BUTHIO, 3AJI0KEHHOe Bo-
roMm. MexaHM3M H3MeHYUBOCTH — YIPaKHEHNE NN HeynpaKHeHle Opratos.

CorxnacHo JlaMapKy, »K13Hb BOSHIKJIA B (DJOPMe IPOCTHIX 3JIEMEHTOB, 3aTeM
HAYaJCaA AMUTEILHEIH IPOLECC IOCTEIeHHOro YCJIOKHEeHUA ¥ PA3BUTUA OT HU3-
mux GopM K BHICIINM. DTOT npolece GbLI HasBaH «zpadayueir». (JlamapK Tax-
e BBeJI TEDMHMHBI «6Hoorus» u «6uochepar.) Onuaxo Jlamapk cuuTal BUALL
M Ipyrue TAKCOHOMHYECKNEe KaTeropuu YCAOBHBIMHU.

IBomonuonHoe yuenue Yapasa lapsuna

Yapns [fapsun (1809—1882) — Beankuil aHIIMHCKHM y4eHBIH, SHIHKJIO-
begucT, co3gasl OCHOBBI COBPEeMEeHHOH Teopuu spoonun. B ceoeM TpyAe «IIpo-

‘MCXOXxJeHMe BUAOB IIyTEM ECTECTBEHHOTrO oT6Oopar (1859 r.) on mucasu, 4To
TNABHOMK ABMK Y1l CHIIOI SBOJIIOIUH ABIAETCS €CTECTBEHHbIH oT6op Ha OCHO-

Be HacsleCcTBEeHHON U3MEHYUBOCTH.
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Teopns 3BOJIOIUM OCHOBAHA Ha ABYX IOJOKEHUAX:

1. CBOIHCTBOM >KHBBEIX OPTAHU3MOB SBJIAETCS U3SMEHYUBOCTE. ['JIaBHYIO poJib
WIpaeT Hacledcmeen as usmenyusocms. Ilpu nsmMeneHnn ycI0BUH cpelbl Ha-
ce[CTBEHHbIE M3MEHEHHA MOTYT OIIPeJeNuTh CYyAL0y OTAeNbHBIX 0cobeii u mo-
nyasanuii. HacregcTBeHHaA MBMEHYNBOCTD — MaTePHA [J1f 9BOJIIONUH,.

2. EcmecmaerHbLll 0om60p — 3TO Pe3yibTaT «0OPLOBI 3a CYIECTBOBAHUE »
¥ BLURHBaHME HanboJiee TPUCNOCOOIeHHEIX 0cobell, ux pasMuoixenue. C apy-
rofi CTOpPOHBI, 3T0 rMbesib HaMMeHee IPUCIOCOOeHHBIX, UX HMCKJIIOYEHUEe U3
SBOJIIOIHOHHOTO IIpollecca. [JapBuH BBIAEISAI mpu opmut 60pulbl 30 cylwecm-
606aHUe: BHYTPUBUIOBYIO, MEKBHUAOBYIO, 60ps0y ¢ HEOJATONPHUATHBIMY YCJIO-
BHSAMU CPEAbI.

3uauenne yuenuda 9. [lappuna:

MIPEeAJIOXKEHO Nepeoe ecmecmaeeHHOHAYLHOe 00BACHeHIe 80J0ULL;
VCTAHOBJIEHBI OBUMYULUE CUAbL: HACACOCTNBEHHAL USMEHLUBOCTb U €C-
mecmeernHblil 0omoop;

IpeJJIoKeHo O0'bACHEHHEe BUA000PA30BAHUSA U MHOT0o00pasusd BULOB
B 1pupole;

00'bACHEH MPOIeCcC CO3JaHUA YEJIOBEKOM HOBBIX COPTOB PacTeHHil u Io-
POJ "KUBOTHBIX.

Muxpossoaonna

Muxposgonioyus — 3To 3BOJIOIUOHHEIE H3MEHEHHU s, KOTOPhIE IPOMCXOAAT BHY-
TPH BUZA, IPUBOLAT K €ro AuMdHepeHINPOBKe U 3aBePINalOTCA BHAOOOPa3OBaHNEM.

TepMuH « MUKPOSBOJIIOLUA» Obin BBegeH B 1927 r. J0. A, duiunuenko gisa
OTJeJIeHusi IPOILeCCOB MaKpomacinraba u BuzooGpazoBauusa. B coBpeMeH-
HOM CMbICjie 2TOT TepMmuH Obl1 npeanosken @, I'. [lo6pxamckum (1937 r.)
u H. B. Tumodeensim-PecoBckum (1938 r.).

IMonyaauusa — 3jieMeHTapHAS €IMHUIA PBOJIIOLNH

IHonyaayus — 310 dyIeMeHTapHAdA, Aajiee HepaseauMas efJUHUIA, Ha KOTO-
POH MOMKHO MCCJHeNOBATH IIPOLECC SBOJIOLMHN.

ITonynayus — MUEEMANBHAS CAMOBOCIPOUSBOAAIIAACS Ipynna ocobeii ox-
HOTO BHJa, Ha IPOTAKEHUHN BBOJIOIHMOHHO AJUTEJbHOI'0O BPEMEHH HACEJAIO-
masA onpejeseHHOe IPOCTPAHCTBO, 00pa3yloIlas CaMOCTOATEIbHYIO I'eHEeTHYe-
CKYIO CHCTEeMY M POpPMUPYIOIIAaa COGCTBEHHYIO 9KOJOINYECKYIO HHUIITY.

OcHOBHEIE DK0JIOro-reHeTHUEeCKHe XapaKkTepHCTHKHU NMOINYyJIAIHHA

3Hafg XapaKTepUCTHKHY IONYJANMM B ANHAMHUKY UX H3MEHeHUH, MOMHO
OLIEHUTH YBOJIONNOHHbIE IPOIECCHl B HOMYJIALNH.,

OcHOBHBIE 9KOJOTHUYECKME XaPAKTEPUCTUKE MONMYISIMHU: NONYLAUUOHHbLIL
apeanr (cM. paszes «IKOJOTUA» ), YUCACHHOCTb 0co0eil 8 nonyriyuu; ounamu-
Ka nonynayuil (xonebaHus pasMepPOB U UMCJIEHHOCTH HNONYJIALWHN); 603pachl-
HOU U Noa08oIL cocmas.
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K ocHOBHEBIM zenemuyecKum xXapaKmepucmuKkam MOXHO OTHECTH (heHOTH-
nrYecKne XapakTepucTuKH (MopdodusnosorniuecKyie):

1. Yacmoma ecmpeuaemocmu mozo uau uHozo geromuna (OTpaxkaer gae-
TOTY TOT'O MJIM MHOTO &JIJIeJIA MONYAALUN).

Ipumep. Ilpn ncnionb3oBanuu AJ1s 60pbOLI ¢ KPHICAMY AHTUKOATYMEHTA Bap-

tapuna B Aarunuu (60-e rr. XX B.) Iponsomnnio usMeHeHUE COCTaBA MOMYJIsA-

nuu. ITocme 3HAYNTENBLHOTO CHUXKEHUST YUCJIEHHOCTH CTANM BO3HHKATH TI0-

MyJISIUK ¢ YCTOHYHMBOCTHIO K 3TOMY AAY. [Ipousonresn 6eCCO3HATEILHBIH OT-

60p Ha ycToiunBocTs. Baphapur craa HeadhbeKTHBEH.

2. I'enemuueckas zemepozenHOCMb NONYAAYUL, KOTOPAA BOBHUKAET B pe-
3yJBTATe MYTAIMOHHO U3MEeHUYNBOCTH WO KOMOMHATOPNKYN MeHOB B X0Je II0-
JIOBOT'O Pa3MHOYKEHUS,

3uaueHne MyTalMOHHOH msMeHumBocTH momuepxkuBan C. C. Yersepukos
(1926 r.) — onuH U3 OCHOBaTeJel NONyNAUHOHHOM reHeTuxku. Ionynsamua sa-
CHIIIIEHA MYTAIUAMHA, KAK «T'yOKa» (TUIBI MyTaliii, UX KJIaCCUPUKALIAIO CM. B
pasnene «lemetura»). COBOKYNHOCTh FeHOTHIIOB BCeX 0COBEH MOmyaAIuy Ha-
3pIBalOT zeHogondoxm. Tlomsrme «reHodOHI» BBEJ DOCCHICKHIl TeHETHK
A. C. Cepebposckuii. OT ypOBHA I'eHeTHUYECKOrO PA3HOOOpasus 3aBUCHUT MH-
TEeHCUBHOCTE IPOIECCOB, IPOTEKANIKUX B IIONYIANUAX.

3. 'enemuueckoe edurncmeo nonyrayuu u JuHaMUYECKOe PAGHO8ecUue Om-
deavruix cenomunoeg (anieneit). JIrobasg DonyaAnusA — CJIOKHAA reHeTHYecKaa
cHcTeMa, HaXOAAIIAACS B DPABHOBeCHH. MO/IeIBIO /I U3YUeHUA TeHETHUECKUX
IPOIECCOB ABJAETCA WAealbHas nonynaanus. WaeansHad monyasanuda — 3TO
NONYyJANUA, B KOTODOM:

BCe 0c00M CBOGOMHO CKPEIIUBAIOTCA MEXKAY COBOIf;
He IPOUCXOIUT MYTAIIMOHHOTO IIPOIIECCa;
OTCYTCTBYET JaBJIeHHE BHEMIHUX (haKTOPOB (HeT oTOopa).

B upeansuoit nonynsanuu BEINOIHAETCS NPABUJLO: YaCTOTa ajjesei 0JHOro
T'eHa He N3MEHSEeTCA B NOKOJeHNAX. COOTHOLIIEHHEe YaCTOTHI ajljiesIed OIHiChIBa-
ercs no gpopmyne Xapdu—Baiinbepea: p*+ 2 pq + > = 1, rae p — 4acTora BCTpe-
YaeMOCTH OJHOrO ajUieNid;  — YacTOTA BCTPEYAEMOCTH BTODOTO aJIensd
(p+q=1,p=1—q).

B peanvuoii nonynanuu He cobarogaroTca XapaKTepHCTHKH IIONYJIANUM.
Kpome toro, na gacTory eHoTHIA B HONYIANMN OKASHIBAIOT BIUSHHAE HE TOb-
KO yacTOoTa JAaHHOTO aJjljielid, HO U TaKue CBOHMCTRA, KaK IIeHeTPAHTHOCTE U 9KC-
OPECCUBHOCTE.

Taxum o6pasom:

aonynanusa — 3JieMeHTapHAas SBOJIOLMOHHAA eJUHULA;

0co0b B nOmyaAlnyu — 00BeKT AeHCTBHUS MNIABHOTO 3BOJIOIMOHHOTO QaKTOo-

ba — ecTecTBeHHOTO OTOOPA;

MyTanuu — sJIeMEeHTAPHLINA 9BOJIOIMOHHLIA MaTepHa;

BHJ — KayeCTBEHHBIH 3Tall 3BOJIOLMOHHOrO Mpoliiececa.

OcHoBay0 posth B BUAOOGPA3OBAHME OTBOAAT M3YUEHUIO (PAKMOPOS I60-
R0yuy.,
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DarTOPHI IBOTIOIHHA

DBOIOLUOHHBIM (PAKTOPOM MOKeT ObITH JI060H (PaKkTOp, BO3EHCTBYIONIMI]
Ha NOIYJALXM, HO CPeJH BCeX BEHIJENSAIOT IVIaBHbIe dJIeMeHTapHbie (PaxkToph
3BOJIIOIAN:

I. HacneacTBeHHAas U3MEHUYUBOCTD.

II. TlomynsinumoHHBIE BOJHBI ( «BOJIHBI *KU3HU» ).

111. Usonanma.

IV. EcrecTBeHHBI OTOOD ~— OBMIKYIIUN (PAKTOD 3BOJIIOIIUHU.

H3menyusocmos KaK 31eMeHMAPHbLIL GAKMOp 360A0UUL

IIpoTekaHue JIOGOT0 3BOJIIOIIMOHHOTO IIPOLIECCA HEBO3MOXKHO 0€3 M3MEHEHH A re-
HO(MOHAA MONYJANUY (TeHOTHUIIMYECKOTO cOoCTaBa). I'eHeTUeCKAasa reTeporeHHOCTL
TIOITYJIAIIUY CBfA3aHA ¢ KAUECTBEHHBLIMU IepecTpoiikaMu reHodonaa. C reHerunye-
CKOM TOYKHU 3peHUA SBOJIOIUS — 3TO U3MEHEHHE COCTaBa T'eHORB (aJuIeieit) B JaHHON
nonyasuuu. Hacrora Kakoro-imbo reqa (ajiesisa) 3aBUCUT OT PAaa haKTOpPOB.

1. PaxTophl, 00ECIIEUUBAIONTUE 2eHEMULECKYIO 2eMePO2ZeHHOCb NONYJAULUL:

— MYTaIHOHHAA U3MEHUMNBOCTH (T€HHAA, XPOMOCOMHAA, TeHOMHas);

— peKoMOMHAaLIK I'eHOB B IIPOIlecce KPOCCHHI0OBEPa ¥ CBOOOAHOrO coUeTa-
HUA FaMeT IIPH N0J0BOM DA3MHOMKEHHH.

2. ®DaKTOpHl, 00eCTIeYNBAIOIINE U3MEHEHUS 2eHH020 PAGHOBECUs. 8 NONY -
YuUu 3a CYET TIOCTYHJIEHHMS HOBBLIX aJliejell UM 3IMMUHALNY (MCUe3SHOBEHMS)
00JIbIIIed YACTH OCHOBHBIX ajlyiesei. To:

— MHUTPAIHNH 0cobel U3 OMHON HONYIALUN B APYTYIO;

— «Jpeitp reHoB» (reHeTHKO-aBTOMATHYECKHUE IPOIECChl) — ObLINM OT-
KpbITHl poccuiickumu reHetuxkamu H. II. [lyomnunsiMm u [I. . Poma-
IIIOBBIM, aMepPUKaHCKUM wucchaegoBateeMm C. PalitoM m aHramiicKum
6uonorom P. @umiepom. «/peilgh zernos» — 310 3SHAUUTEILHOE U3MEHE-
HUe YacTOTHI BCTPEYAEMOCTH KaKoro-ianbo pesxoro asend (pereccus-
HOI'0) BeJjeacTBue rubesn yacTu ocobeil MM UX MUTPAIIUH U3 MONYJifd-
nuu. B pesysbrare mpoucXoauT «rOMO3HIOTH3aUMA» 0CcO0el U 3aTyxa-
HIe N3MEeHYHMBOCTH.

B masoit monmyaamuu HabGMIODAIOTCA pe3KHe KoJeODaHMA YacToT ajiesed,
BIJIOTH [I0 HOJIHOHM yTpaThl KaKOTr0-Ju00 ajjiens B pe3yabTaTe CiAy4alHBIX AB-
JIeHUH.

«IPgexm ocnoeameasn». AMepukanckuii 6nosor 3. Maiip ommcan mpo-
Imecc PasBUTHUA MONYJIANMU OT ONHOI MJIH HEeCKOJBLKHX 0cobei, 00MTAIOIINX
B TPYAHOAOCTYIHEIX MecTaX. «I(hGEKT ocHOBaTe/NsI» onpeaenser reHodOHM
obpasyrouieiicsa NONyJIsSINM, KOTOPHIH 6yaer sHAYUTEJILHO OTJINYATHCS OT HC-
XOAHOH.

ITpumep. Yacrora BcTpeuaemoctu ajjerneit I° cocraBisieT y GoabIIMHCTBA
MONYyNANUHA ceBepoaMepUKaHCKuX nugeiines okosxo 90 %, annenn I, I® npak-
THYECKH OTCYTCTBYIOT. CYUMTAIOT, UTO 3TO CBABAHO C HepeceIeHUEM OYeHb Ma-
JIOUHCJIEHHBIX IPYIIN MOHTOJOUIHBIX JIeMeH Ha ANACKY 0o BepuHroBy MOCTY
okoso 10 Teic. jJer Hazas. YacroTsl amueneii I, IP ucxoaHo cocTaBiaanm ot 5 10
30 %, u, mo-BUAMMOMY, 5TH ajlJieJu OBLTH YTpaueHEHl.
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3padeHne U3MEHUMBOCTH B 9BOJIIOIINN: MYTallMOHHEIN IIPOIECC M PeKoMOu-
HAUMOHHBIE nepectpoiiku reHooria MONYIALNN ABIAITCA (QAKTOPOM-II0-
cTABIIUKOM 2JIEMEHTAPHOTO 9BOTIONMOHHOT0 MaTepuala.

ITonynsayuorntble 0/HbL, WU «BOJHbL HUSHU»

ITonyiayuonHble 601HbL — BTO PE3KUE NEPUOIUYECKHe UIN HellepHuoanye-
ckye KojebaHnsa YMCACHHOCTH OPraHN3MOB B IDUPOAHBIX NONYNANNAX. [ToHs-
rue «Bonubl xxusumn» Been C. C. Hersepukos (1905 r.).

ITpumep. MakcumabHble KOMe0aHIA YNCIEHHOCTH TONYIALNY — B 12 Mun
pas — OTMeYeHBI IS cHOHPCKOTO HIEJKOIPAAA B 3aNaAHOCUOUPCKUX JIeCHBIX
HHOIeHO3aX.

Ecay 4UCIeHHOCTh MONYJIANNE PE3KO CHHMKAETCA, TO MOTYT OCTAThCs He-
muorue ocobu. Ilpu cuenyromiell BCUBINIKE YUCIEHHOCTH UMEHHO 9Ta Ipymna
[TOJIOKHUT HAYAJIO HOBOM TeHEeTHYECKOU CTPYKTYpe NONyIAUNH.

H3oaayus kakx s1eMeHMaprbLil parxmop 380104 UL

H3zorayusa — 5TO BOZHUKHOBeHHE JIOOBIX 6apbepOB, NPENATCTBYIOUIUX
¢cBOBGOIHOMY CKPellMBAHUIO BHYTPH TAHHOTO BUa. BEIAEASIOT 1B& BUAA U30-
JNAAA:

1. IIpocmpancmaennas, Win zeozpaguieckas, U30LAuUAL. ITa NIONATMA
MOJKET CYIIECTBOBATE B PA3HBIX (DOPMax: Co3faHue BOAHBIX IIPErpaj JJis cy-
XOIIYTHBIX OPTaHW3MOB, 6apbephl CYIH H30JUDYIOT BHUABLI-THAPOOHOHTEHI
UT. .

2. Buoaozuueckas u30nAyus TPEAOTBpAIaeT BCTPedYy MOTeHIHAJIbHO-

6pavHBIX I1aPTHEPOB B PE3yJIbTaTe PA3JIUUHBIX IPUUHH,. ITO MOMKET OBbITh:

— amoaozuieckasn udorayus (HecooTBeTcTBHE OPaYHLIX PUTYAJIOB B MOBE-
JeHWNH);

— MexaHuuecKkas u3onayus (OTCYTCTBHE OCEMEHEHN TP KONy IAINH);

— zeHemuweckas u3oaAyua (HeCOBMEeCTUMOCTE ramMeT, rubesib 3UroT Heno-
CpPedCTBEHHO NOCJIe OIJIOOTBOPEHU ).

Hpumep. Tlpu MeXKBUIOBOM CHAPWBAHNN MOTYT 00pas3OBEIBATHCS KH3HE-
CII0cOGHbBIE THOGPHUABI, HO Y HUX He 06pasyioTcs HOpMaldbHbBIE I10JI0BbIE KJIETKH.
Mya — rubpuz romaznu u ocna — Gecrioses.

3HaueHKe U30JAMUY B JBOJIOINMA; 3aKpelljieHre ¥ yCUIeHne HadaIbHBIX
CTaguii renoTUTINYecKoil AuddepeHIInPOBKU.

3nauenue mpex aneMeHMAPHBLY PAKMOPOs

MyTanuorHBI IPoMece ¥ «BOJIHBI YKU3HH» — (PAKTODBI-IIOCTABITHKN dJI€-
MEHTaAPHOr0 3BOJOIHOHHOr0 MaTepraia. zonauusa — GaxTop-yCHINTEIDb I'e-
HeTHYeCKMX pasiuuuii MexAy monyaanuamu. O0num a8 HUX ABJIACTCA HE-
HanpaBjIeHHOCTD, HEOUPEAEIeHHOCTh AeICTBIA.

Pemaromum daxtopoMm, NpUAAKINNM HAIDABJICHHE HBOJIONUHA, ABIAETCA

- AeHcTBHe ecTecTBeHHOrO 0T6OpA.

Ecmecmeennuiii om6op — dsuscyuwuii u Hanpasasiowuil paxmop 360L10UUL.

Bce ocroHbIE TOJI0KEHUA O €CTECTBEHHOM OTOOpe BBLIKA PA3BATHI q. {];ap-
BHHOM. B Hacrosimee BpeMsa OHH JONOJHEHBl U PACIIMPEHBI B COBPEeMEHHOM Té-
OPuu spomIOIIMH.
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1. IIpednocviaku ecmecmeennoz0 Om6éopa: HACHENCTBEHHAA IeTepOreH-
HOCTB 0co0eii; N30BITOUHAA YHCIEHHOCTh [IOTOMCTBA; «60pnba 3a cyIe-
CTBOBAHHUE», KOTOPAsS BKJIIOYAET:

a) KOHKYDEHTHEIC B3aMMOOTHOIIEHHA B «B6opnbe» 3a pecypcbl — aTo
MO’KeT OBITH BHYTPUBUI0BAA H MEKBULOBas 60pnba;

6) «boppba» ¢ OKPYKAIOUIMMU HeOIArONPHATHBIMU a6HOTHUYECKUMH
daxTopamu.

Ecmeemeennviit omoop (mo Y. [JapBuHY) — 9TO mpoliecc U36HpaTeIbHOTO
pasMHOXKeHHA OJHHUX, HauboJlee MPUCIOCOBIEHHBIX, U r'H0eIh APYTHX 0coBeli.
C coBpeMeHHOM MOBWIMH YUUTHIBAETCA MSMEHeHWe TeHO(OHAA IOIyIAIMH.
Ecrecrsennslit oT00p — 3T0 H36HpaTeIbHOE BOCHPOU3BeIeHUe NeHOTUIIOB UK
FeHHBIX KOMILJIEeKCOB.

Honyaayus — 2o noje peiictsus ot6opa. IMEHHO MOMyJIAINASA ABISETCA €1-
HHLeH sBosmonyH., Ocobs — 3TO 3neMeHTApHEIH 06BeKT oT6opa. Edunuya ombo-
pa — 3TO He OTJebHBIN NPU3HAK MJIN CBOICTEO, 4 BeCh T€HOTHII, BCS 0COOE B IIeJIOM.

IIpumepot. 1. IloasieHre HHAYCTPMATLHOTO MeJlaHU3Ma Y 6aboduek 6epesoBoi

nagennnel. TeMHOOKpameHHble JOPMEL CTaIM MIPeolIajaTs B IPOMBIIILICH-

HbBIX paiioHax ManuecTepa, rje cTBOMLI Gepes ObIIH «3aKOMIeHHBIMH » . [ITH-

pl oefany 6enbx 6abouek Ha TeMHOM (POHE K He 3aMeydasiy MeJIaHHUCTOB.

2. CepniOBUAHOKIETOYHAA aHEMHUS — 6OJI€3Hb KPOBH, BO3HHKAOIAA B pe-

3yJbTaTe TeHHOH MyTanmum (U3MeHEHUA B S-uenu remoriobuna). Ilpuso-

AAT K CHUKEHHUI0 CIOCOOHOCTM 3PHUTPOLUTOB HEPEHOCUTH KHCJIOPOJ,.

IIpy roMO3SHIOTHOM COCTOAHHMY 3TOTO I'eHa 0coOM HOrMOal0T HA DPAHHUX

CTaIuAX pa3BUTHA (40 ABYX JeT). OQHAKO BEICOKAS YACTOTA 3TOTO AJLIENs

B IOnyaAnuAx HerpoB Adpuxu (o 20 %) u apyrux pailoHOB cBS3aHa

¢ Gonpmied yCTOHYHBOCTBIO I'eTE€PO3UTOTHBIX ocolelf K MajXdgpuu, ueMm

Y HOpMaJIBHBIX J0fel. EcTecTBeHHEBIN 0TGOD GBI HANIPABJIEH HA BHIKMBA-

Hue 6oJiee yCTOHYNBHIX FeTEPO3UTOT U COXPaHeHHe JeTaIbHOTO IeHa.

2. Ocnosnuie popmbr ecmecmaennozo omobopa

BrigenaroT Tpu oCHOBHBIE POPMEI €CTECTBEHHOTO 0T60pa (puc. 55):

1) Cmabunrusupyowuii oméop — dopma ecTecTBemHOro oT6GOpa, HA-
npasjieHHaA Ha NOJAePyKaHue CPeIHET0 3HAUCHHU A IIPU3HAKA NJIU CBOUCTRA.
Ipumep. BuoxuMuuecKoe eJUHCTBO KU3HH — DPe3yJILTAT AEHCTBHUA CTa-
6unuaupyoluero oréopa:

— B COCTaB IIPaKTH9eCKHU Bcex OeaKoB BXoauT Habop us 20 aMIHOKUCIIOT;
— MeXaHHM3MBbI PEIINKALINY M Pellapariuy OYeHb CXOAHHI [IJIA MHOTHX Op-
TaHU3MOB;

— reHHl «Ku3Heobecneyenus»: p-PHK, rucTonsl, HUTOXPOMEBI — KOHCED-
BaTHBHEI, 61arofapsa AeHCTBUIO cTabHIn3HpYIoIIero oTéopa.
Cra6uimsupyiomas Gopma oT60pa 6bLIa OTKDHITA POCCUMCKHUM yYeHBIM
M. 1. llImansraysesom.

2) Meuxcywuii om6op — 310 0T60OP, CIOCOGCTBYIOMIMI CABUTY CPELHETO
3HAYeHus npusHaka. Cnoco6CTByeT 3aKPEIICHHIO HOBOM HODMEIL.
Peaynbrarom aBmkymero or6opa siBiseTcs yTpaTa IpH3HaKa (yrpara
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Puc. 55. Tpu Tna ot6opa, AelcTayIoWero B nonynaumsax. O — nepsoHatanbHoOe NooxkeHWe TOHKU CooT-
BETCTBUS OMTUMASTBHOrO HEHOTUNA ONTUMANBHBIM YCIOBUSM cpeibl; N — HOBOE MONOXEHUE TOUKK COOTBET-
creus. Ocobu, NPU3HaKM KOTOPbIX NOMAAAIOT B 3aKPaLLEeHHbIE YHaCTKU, OKa3biBaIOTCH B HEBLIFOAHOM MOMoXe-
HAM 1 3AMMUHUPYIOTCA 0TOopOoM. Lindpamu 1-3 ykasaHa nocneaosaTeNlbHOCTL NOKONEHWUIA

KPBLIbEB Y HEKOTODPBIX ITHIl, BTOPUYHOOECKPHIIBIX HACEKOMBIX; IJIa3
Y HeIlePHBIX JKUBOTHBIX U AD.).
3) JuspynmusHnutii omb6op — oT60p, 6IaronpuATCTBYOMUN 601ee 4eM of-
HOMY deHOTHNY ¥ AelCTBYIOIIUN IPOTUB cPeIHUX MOPM.
Ilpumep. BosHMKHOBEHHE [JBYX DacTEeHHIl IIOTPeMKa paHHeIBETYIIero
M IDO3JHEIBETYINEro CTAJI0 Pe3yJbTaTOM MMOCTOSIHHBIX IOKOCOB, OCYIIe-
CTBJIABILINXCS B CePeAMHE JeTa.
3. Pesynomam Oeilcmsus ecmecmeeHH0z0 0m60pa — BOSHUKHOBEHHUE a1al-
TaIM.
Adanmayuu — 3TO 3aKPEIIAIONINECA B XO/e HBOJIOLUH IPUCITOCOGIeHNA
(xouKpeTHBIE MOPGHODU3NOIOTHIECKHE CBOHCTBA) K YCIOBUAM CPEABI.
IIpumepot. CpencTBa IaCCHBHOM 3aIUTH — XUTHUHOBBIN NOKPOB YIEHHCTO-
HOTMX, PAKOBUHEI MOJLTIOCKOB, HAaHIMPh uepemax u Ap. IIOKpOBUTEIBCT-
BeHHAs OKpacKa — M3MeHeHHe OKPACKM IIOKPOBOB IyIIHEIX 3Beped 1o ce-
30HaM; XpoMaTO(QOPHbIE KJIETKH B KOKe KaMbaasl, XxamMeleoHa u Ap. Mac-
KHPOBKA — MMHTAIIAA HEKUBHIX IPEMETOB OKDYsKatomeid 06CTaHOBKH —
ryceHuMIlbl. MUMUKDPHUA — CXOACTBO B (hopMe Tejla ¥ OKpacKe He3alllMIeH-
HBIX JKMBOTHBIX C 3alnumieHHoiMu. [Ipegynperxpaiomas (yrposkaoas)
OKpacka — 60KbS KOPOBKA, oca ¥ Ap. Ilpuenocobiienus K sKCTpeMalbHbIM
YCHAOBHAM KU3HY (KAKTYCHI, TYCTHIHHEIE }XMBOTHBIE, IMHIBHHBI).
Onrako npucnoco6IeHHOCTh OPraHN3MOB BCEr/[a OTHOCHTEILHA U COOTBET-
CTBYeT ompeeeHHBIM YCIOBHAM Cpebl; Ha APYFOM YPOBHe OpraHu3aniny op-
TaHM3M OKas3BIBAETCA HEIPUCIIOCOOIEHHAIM.
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OCHOBHOM 3TAll 3BOJIOLHOHHOTO MPOLiecca — BUI

Bud — 5T0 KaueCTBEHHLIA 3TAIl IIPOLECCa SBOJIIOINHN.

Bud — 370 COBOKYIHOCTBH 0coDeil, OOUTAIOMUX B OIPEJEICHHOM apeale,
umelonux obiue mopdoduanosoryuecKkue IPU3HaKy, CBOOOJHO CKPELIUBAI0-
mUXCcA MeXRAY coB0i 1 TPeCTABAAIIUX YCTONYNBbIE TeHETUYECKNE CHCTEMEI.

Bud — 3T0 COBOKYITHOCTDb IIONYJIALIMHN.

B npezpenax OJHOTO BUAa MEXKIY MONYJIAIUAME BO3MOMKHO HeGOJIbIIOE OT-
JIMYHe 110 TPYIIle MPU3HAKOB. HacTo 3TO MOXKET OBITH CBA34HO ¢ reorpadude-
CKHMM paclipefieJieHUeM ITON YA NN,

Kaunanvnas uameHyu60cms — 3TO TeorpaduuecKas M3MEHUHBOCTb MPU-
3HAKOB B IpefesyiaxX BUAA. BUbl MMEIOT YETKO OIPAHNUYHMBAIONIHI Habop IIpuU-
3HaKOB. [lake OJusKOpoACTBeHHEBIE BUABI OTJINYAIOTC APYT OT APYyra.

Xuamyc — aT0 «pas3pbIB» B HEIIPEPHIBHOM DAY IPU3HAKOB, YKA3LIBAIOILIMIA
Ha pasjnyue MeXIy BUAAMU.

Kpumepuu sguda. [Ins pasgeneHua (BbIAeJEeHUA) BUAOB CYIIECTBYET Ha-
60p KpuTepreB: MopdonoruuecKui; hpusHOIOro-6MOXUMUIECKUI; DKOJIOr0-
reorpaduyeckuil 1 reHeTUUYECKUH — TJIAaBHBIH KPUTEpPHUH BUAA.

Mopgonozuueckuil kpumepuil onpegendaeT CXOACTBO BHEIIHEro M BHYT-
peHHero cTpoeHus ocobeil mamHoro BUaa. llojnroe BpeMs OBII TJIaBHBIM
¥ eIWHCTBEHHBIM, HO OKAa3aJiCA HEeJOCTATOUHHIM, TAK KAaK CYIIECTBYIOT BH-
ObI-ABOMHUKH.

ITpumep. CymiecTByeT KOMILJIEKC BUAOB-JBOHHMKOB, paHee O0BeIUHS-
BIIMXCA IIOJ Ha3BaHUEM «MaJsapUHHBLIA KoMmap» (Anopheles maculipennis).
B oxHux peruoHax oH KOPMUTCA HA YEJIOBEKE, B IPYTUX — HA ZOMAIIHUX JKHU-
BOTHBIX; PAa3MHOKaeTCs B COJIOHOBATOM BOJie, B HEKOTOPLIX PErHOHAX PA3MHO-
JKAETCH UCKJIIOUNTENLHO B IpecHoil Boge. MsyueHue moKasaio, 4TO CyIeCTBY-
€T II1eCTh BUJOB-ABOMHNKOB, IPAKTUYECKN HEPARAUYMMBIX HA CTAAHUH HMAaro,
HO OTJIMYAIOMIUXCH O CTPOSHMIO AULl, JUINHOK.

Pusuonozo-buoxumuveckuii kpumepuii. Pu3noNOro-G6HOXUMHUUYECKOE CXOJ-
CcTBO HabJrrofaeTcs 6obiie y 6AN3KHX BUROB, YEM Y JAJIEKHX.

ITpumep. PazBuTne MOJIeKYAAPHOH OHMOJIOMMH MIO3BOJHUJIO YCTAHOBUTD CTPO-
€HNe IUT'MEeHTOB KPOBH V PA/Ja sKUBOTHEIX. CTpoeHUe reMorio6uHa 0Kasaaoch
OYeHb CXONHBEIM Y CUCTEMATUYECKH OIU3KUX BUIOB.

ITpumep eHympusudoaoil 6uoxumuLeckoil usmenyusocmu. ¥ cobak KoHeu-
HBIM IPOAYKTOM a30TUCTOr0 00OMeHa ABJIAETCA AJJIAHTOMH, KOTOPHIH BBIgENs-
erca B mouy. Ho v ogHO# 13 mopoj B MOUe HAKANJIMBAETCA MoUYeBas KHICJIOTA,
YTO XapaKTepPHO AJIA YeJIOBEeKa U BHICHINX IIPUMATOB.

Ironozo-zeozpaguieckuil kpumepuii. Kaxapiil Buj xapaKTepu3yeTcs CBO-
UM reorpamuuecKuM apeasioM ¥ coOOCTBEHHO cpeAoil o0uTaHUA — SKOJIOrHUe-
ckoil Huteli. OJHAKO CYILIECTBYIOT BUABI C COBIAJAIOIINMY apeajaMy U BUIEI-
KOCMONOJUTHI (JOMOBas MyXa, BOPOOBLH).

I'enemuueckuii kpumepuil — OCHOBHOHN Kpurepuil Buga. Kaxasiit sug xa-
PaKTepusyeTrca oOmnpejeieHHEIM HabOpOM XPOMOCOM: YHCJIOM, HAPHOCTBHIO,
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¢cTPOEHUEM XPOMOCOM, BLIABICHHBIM C HOMOILBIO AuddepeHnuaIbHOR OKpac-
KU, — KapHOTHUIIOM, :

ITpumep. AHaIN3 XPOMOCOMHOTO Hab0OPa MO3BOJIHII PA3AeNUTh eAUHbIH Buj
goneBKY OOBIKHOBeHHOH (Microtus arvalis) Ha nBa TOABHAA, COLEDIKAalIde
46 (Microtus arvalis) n 54 (Microtus Sub-arvalis ) XxpoMocoMsl.

Buj — reHeTHYEeCKH YyCTOHUMBAS CHCTEMa, COXPAHSAIOIIAA CROIO IIEJ0CT-

HOCTb.
O6pa3oBaHne BUJIOB — Pe3yAbTAT MHKPOIBOJIIOIUH

Budoobpasosanue — 310 pasnenenne (BO BpeMeHH U IPOCTPAHCTBE) Ipex e
eHOTO BH/a Ha [1BA UJIM HECKOJIBbKO. Buoo6pazopanye IPOUCXOIUT B PE3YJIh-
TaTe MOCTOSHHO COBEPINAOIIUXCSI BHYTPYU BUIOB IIPOIIECCOB MUKPO3BOJIIOIUH.
Br1e/IA0T TPU OCHOBHBIX ITYTH M IBa CII0C00a BHA000PA30BAHMS.

Bosbmoi BKJaj B U3yuYeHne BUA000pas3oBanusa BHec 3. Maiip. On Beigeun
TPHU OCHOBHBIX IIyTH, BeAyIIHe K IIOABJICHUIO HOBBIX BUAOB (puc. 56):

1. Punremuuneckoe sudoobpaszosarnue. Buj A npespamiaercsa B X0lIe 3BOJIO-

nuu B B B. Yncao BUI0B He H3MEHACTCA.

2. I'ubpudozernoe sudoobpasosarue. ITOT OIYyTh CBA3AH CO CAUAHUEM JBYX
cyuiecTByOIINX BUA0B A u B u ob6pasosanuem suga C.

ITpumep. KynbrypHas ciuBa — eCTeCTBEeHHBIH TeTPAIJION ], BOSHAKIITNH
U3 TEePHA U AJBbIUM B Pe3yJbTaTe MOCJEAVIONIel NOMUIAONIUSAINN DU
CJINSITHAM raMeT CJIMBBI U TEPHA.

3. [usepzenmmnoe sudoobpaszosanue (pacxoxcdenue). I3 onuoro Bupa B pe-
3yJabTaTE 00Pas3yoTCa ABA. ITOT IIYTh, IO-BUIUMOMY, HaubOIee PacIpo-
CTPaHEHHBIH.

ITOT TMyTH NepBEIM yKazaa Y. JlapBUH, BBIABMHYB NPUHUUN Ousepzer-
yuu: BUABI CTPEMATCA K MaKCHMAaJbHOMY B3alOJHEHUI0 MeCT OOMTaHUA
u crocoboB cyuiecrBoBaHuA. IlocTosHHOEe 00pa3zoBaHUe OTJAUYHUNA U IPHUCIIO-
cobieHuil K pasHBIM MecTaM o0HuTa- A C B
HHUJA COCTABJSAET OCHOBY IpoIlecca au-
Beprennum (puc. 57).

Ocnosrble cnocofvt BUA000paszoBa-
HUA 6asuMpyIOTCA HA BO3HUKHOBEHUH
PasNMuYHO U30JALNY BHYTPH BUAA.

1. Cumnampuueckoe 6udoobpaso-

8anue (OoT JaT. Ssym — OXHHAKO-

BRI, patria — poauHa). Bugoobpa- A B

30BaHUE MPOUCXOAUT B Ipejenax

OmHOI0O apeaJja. HN3onanmua — sxo- Puc. 56. Tpu ocHOBHbIX NyTY, BEAYLLUE K

JIoruuecKasa, dalle reHeTHuyecKad NosBNEHWNIO HOBLIX BURoB. CrieBa HaNpaso —

(BOBHMKHOBeHUE XPOMOCOMHBIX IIe- dunetnyeckoe Bupoobpazosatue, Mb-

pecTpoex). pUaHOE NPONCXOXAEHWE BMAA, MPOUC-
ITpumep. Ilpn BOBHUKHOBEHUHU XOXOeHWe Buaa nytem OuBepreHuuu

TeTpanJoOUAHOTO pacTeHuaA (4n) (pacxoxpeHns)
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Puc. 57. JusepreHums nepeaHnx KOHEYHOCTEN NMO3BOHOHHbIX XNBOTHbIX! 1 — ¢wHBana; 2 — ru-
raHTCKOro HPOHEHOCLA; 3 — PbiXen Be4epHULIbY; 4 — ropwnnbl;, 5 — KpoTa; 6 — cuBy4a; 7 — nowaan
MpxeBanbckoro

ruOpuasl ¢ AumaouAHBIM (2n) GyAyT CTEPHJIBHBEL. B poxe Tabaka
(Nicotiana ) u xaprodens ( Solanum ) ncxoJHOE TUCIO XPOMOCOM PABHO 12,
HO ecTh BUALI ¢ 24, 48, 72 xpoMoCOMaMH.

2. Aanonampuueckoe udoobpasosarue (ot jar. allos — pasHblil, patria -
poxuHa). DTOT crmoco6 BHI00GPA30BAHMA OCHOBAH HA MPOCTPAHCTBEHHOU
usosisanuy. HoBEle BUABLI MOTYT BOSHUKHYTH B pe3yibTaTe Pacnajenus -
POKOTO HCXOHOTO apeaja Ha HECKOJbKO APYTUX, MEHBIIHUX.

Maxkpo3Boaouusa

Maxpo36oaioyus — 3TO SBOIONMOHHBIE [IPOLECCH! HA HA/IBU/0BOM YPOBHE,
npuBOAAIKE K 0GpasoBaHKIO TAKCOHOB Ha/BIAOBOI'0 PAHTA.

TIpomecc MHKpPOSBOMIONUY IPOAOIKAETCA 6e3 KaKoro-1ubo nepepbisa u HA
MaKpO3BOJIONUOHHOM ypoBHe, VI3aMensieTcs TOJIBKO BO3MOKHOCTE CKPEITUBa-
Huit Mexxay Bugamu. HoBble BUAB MOTYT BCTYIIATH B MEeXKBHUAOBbIE OTHOIIEHUA,
4TO BAMsET Ha (PAKTOPHI IBONIOLUHK U, B CBOIO OUepesb, AeHCTBYeT Ha MUKPO-
®BOJIOIMOHHEIE Tpolecchl. COOBITHA MAaKPOIBOJIIOUNY OXBATHIBAIOT MUJIJIMO-
HBL JIeT, ¥ NX U3yYeHre OCHOBAHO Ha APYTHX MeTo/laX (ITajeoHTOI0rHH, MOPdO-
dusnonoruu, crpoernu JJHK u 6eJIK0B pasiaiyHBIX TPYII).
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dunozene3 — dTO UCTOPUYECKOE PA3BUTHE OPTaHMBMOB, KaK B [eJIOM TaK-
coHe, TAK U B OTJIEJNBbHLIX TaKCOHAX., BRIendaroT yeThIipe OCHOBHBIE (DOPMBI (u-
JjoreHesa:

1. Quaemuveckas 360410YUSL — DTO U3MEHEHN s, IIPOUCXOAAIIYE B OTHOM (DHJIO-
reHeTUYeCKOM cTBoJIe (663 yueTa BOBMOKHBIX JUBEPIeHTHBIX OTBETBJICHUIT).
Iipumep. Pazsurne npeiKoB JoIIafel 10 IPAMOU JIMHUH: 30TUNIYC —

MHOTHUIINIYC — Haparuniyc — COBPeMeHHAA JIONIAAb.

2. Jlusepeenuyus — pacxokAeHUe BeTBEH JpeBa XU3HU OT €IUHOI0 CTBOJIA
IIPEeIKOB.

ITpumep. BosHUKHOBeHNE PA3HOOGPA3HEIX 110 MOPGhOJIOTHYECKIM OCOBEHHO-
CTAM BBIOPKOB, Hanmpumep Ha alamaroccKux ocTpoBax, OT JUHOTO IPeXKa.
3. Koueepzenyus — 310 mpoiecc GoOpMUPOBAHUA CXOAHOTO (PeHOTUIINUE-

CKOT0 00JIMKa 0co0eil IBYX WM HECKOJBKHUX I'PYIHIL.

ITpumepsvi. PopMUPOBAHNE CXOTHBIX (JOPM TeJia y aKYJIOBBIX, HXTHO3aB-
poB u KuTo0oGpasHbIx. [IpescTaBUTENN Pa3HBIX (DUIOTEHETHUECKHUX DY
KMeIOT 00JIBIIIOE CXOACTBO B CTPOEHUH B CBA3Y C MIPHUCIOCOOJIEHIEM K JKU3-
HU B BOTHOH cpejnie.

CxX01CTBO CTPOEHMS IJIa3 MIEKOTIUTAIOIINX 1 TOJJOBOHOTUX MOJLIIOCKOB.
4. Iapannenusm — HopMHUPOBaHHE CXOJHOTO OOJIMKA U3HAYANLHO JUBED-

FeHTHBIMH, HO PreHeTHYecKH 6auskumu rpynnamu. Ilapannenunsm — 3to

KOHBEPreHIU HA OCHOBE 'OMOJIOTHYHEIX OPraHOB.

ITpumep. Passurue cabse3ybocTi B CTBOJIE KOIIAYbHX BO3HUKAJA HEOX-
HOKpAaTHO.

OcHoBHBIE HaIpasJeHUudA IBOJIOIINN

Kpynueitiitne poceuitickue ssosoruonuctel A. H. Cesepuos u M. U, IMImans-
rayseH BBIIEIWJIM TPH IVIABHLIX HAUPaBJIEHUS 3BOJIOIUH (puc. 58):

1. Aporenes (apomopdo3).

2. Annorenes (MauoaxanTamu).

3. Kararenes (0011as gereHepanms).

Apozene3 — KpYIHEIE 9BOJIIOIMUOHHBIE U3MEeHEHU A, BeyIiie K ob1eMy yc-
JIOXKHEHHUIO CTPOCHUA M (DYHKI[MI OPTAHU3MOB, B pe3yAbTaTe Uero 3aTpyAHsIeT-
€A OCBOEHME HOBBIX IPHUPOJHBIX 30H, HOABJIEHUEe KPYIIHBIX MPHCIOCOOIeHHH.
Apomopho3b. — KpyUHBIE afaNTaIiuM, MPUBOAAIIME Ha IyTh aporeHesa (Ha
CXeMe BBIXO/] U3 OHOM IIJIOCKOCTH B [PYTYI0).

ITpumeput. TlosiBeHMe JJETKUX Y HA3€MHbBIX IT03BOHOUYHBIX II03BOJIHJIO OCBO-

HUTh HOBYIO CpeAy OOUTAHUSA, CYIITy. B 9BOMIOLMH MJIEKOMATAIOOINX K apOMOD-
$0o3amM MOMKHO OTHECTH NOABJEHHE IIEPCTHOTO MOKPOBA, KUBODOXJEHUE,
' BCKapMJIMBaHUE JeTeHbIIIeil MOJIOKOM.
i  AxjozeHes — pasBUTHE TPYINLI BHYTPY OTHOHN alalTUBHOMN 30HBI, afanTa-
i, Tuit ogHOrO Maciurada. Houoadanmayuu — afganTauy OgHOTO macmrada Ipu
bopmupoBaHKMY pPa3HBIX TPYIN B IIpefieaX OGHOM afanTHBHOMN 0HBI (PACKOAA-
i Wiecs BeTBY HA OJHOM IJIOCKOCTH).
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Puc. 58. Cxema passuTiis rpynnbl No NyTsM afioreHesa BHYTPW aaanTUBHOR 30HbI (Ha NNOCKo-
CTW) 1 aporeHesa — C BbIXOAOM B HOBYIO 31aNTUBRYIO 30HY (B HOBYIO NJIOCKOCTb)

IIpumepor. TloaBneHue KppLia — apoMopdos. MsmMenenue GopMbl KpHLIA
B CBABH ¢ 0CODEHHOCTAMM HoJIeTa ITHUI — uguoagantanud. IloasiaeHue nser-
Ka — KPYNHEIH apoMopdo3s. Usmenenue B hopMe IBeTKA B CBA3H CO CIIOCOOOM
ONBIJIEHUS — WAUOAAANTAIlNA.

Kamazenes3 — 3BOJIOMUOHHBINM TPOIECC, IPUBOAAINUI K YIIPOIIEHUIO Opra-
HU3AIUH.

O6was dezenepayis — NCYIe3HOBEHUE CHCTEM OPTAHOB U CTPYKTYP, TO €CTh
MopdodusnogoruuecKad gerpaganmus.

ITpumepot. Tlapasutuyeckue GopME cOCTaBAAIT 4—5 % oT obimero ducua
COBPeMeHHBIX BHIOB >KHBOTHHIX. Ha kpabax mapasutupyeT pakooGpasHoe —
CaKKyJuHa. Bo B3pOCJIOM COCTOSHUM, HAXOAACH HA TeJle Kpaba, OHA MMeeT BU/L
MeIlIKa, HabUTOro IOJIOBEIMM IPOAYKTAMY, C OTXOAAIMMY OT HEro OTPOCTKA-
mu. A ToIbKO M3yueHUe JUUYUHOYHBIX CTaZWi IO3BOJNIO BRIACHUTD IPUHAA-
JIEKHOCTE 9TOTO BHJA K PaKO0OpasHBIM. YTpaTa HUIIEBAPUTEIbHOI CHCTEeMBI
y knacca JIeHTOYHEBIE YePBH IPOUSOIILIA B Pe3yaAbTaTe Iapa3suTUPOBAaHUA B TOH-
KOM KHIUEeYHUKe X03sI1HA.

Brogorvueckmii nmporpecc ¥ perpecc B 3BOJIOINH

Buonozuueckuil npozpecc — 3TO TAKOH XOj| SBOJIOIHOHHOTO Mpomecca,
IPHU KOTOPOM: TIOCTOSIHHO HAPACTAeT YMCIEHHOCTH 0cobeil B MOy Aanuax; pac-
HIUPAETCA apeali; yBeJIUUNBAETCSA PasHOOOpasue ajanTannil.

Buonornueckuii mporpece — 3TO ycmex U poiseTanue KaKkoi-1mnbo rpynnsbt
OpPTaHU3MOB.
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Hawnb6osee dacTo 6uosorudyecKuil Iporpecc o0ecneunBaeTcs 3a CUeT MogBIe-
aua apoMopdo3oB. OJHAKO CYLIECTBYIOT I'DYIIIbI, IpeTepneBIlne AereHepa-
(MO CHCTEM ¥ OPTaHOB, HO 3a CUeT 3TOr'0 NPUCITOCOOUBIIHECHA K HOBBIM YCJIOBHU-
sIM M IIXPOKO PACIIPOCTPAHUBIINECH.

Buonozuueckuil pezpecc — 3TO IpoliecC IPOTHBOIOJIOXKHOTO HalPaBJe-
gudA. [I71d Hero xapakTepHO yMeHbIICHHe YHCIeHHOCTH ocobell B nonyrsanu-
ax, COKpallleHHe apeaJia, COKpalleHNe 4uc/a BUAOB (BIJIOTH A0 3JIMMHUHA-
nun).

Buosnorudeckuii perpecc 4acto CBA3aH ¢ AeTeHepalneil U Bcerga NpuBOLUT
K ynagky. B sToM sakmrodaeTrcd oTaHuMe GHOJIOIMYECKOTO Perpecca oT obmel
neresepanun. Buosoruyeckuii perpecc Moxxer OBITH He CBA3AH C AeTeHepalln-
eit. Hanmpumep, BHIMHpaHUE AWHO3aBPOB CBABAHO € HENPUCIOCOOJIEHHOCTBLIO
K U3MEHUBIIEHCA cpele, 6e3 AereHepanu KaKnX-aubo CUcTeM.

OcHOBHBIE MOJIOKEHUA CHHTETHIECKOM TEOPHH IBOJIOIINU

1. MarepHuaJ 3