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Mpepmcnosue

[Ipensmaraemoe nocobue mMpu3BaHO MOMOYbL cTapuie-
KJaccCHUKaM O00OOLIMTb M3YyUeHHbIH MaTepuas LKOJbHOTO Kypca
6UOJOTMU MPHU MOATOTOBKE K EAMHOMY rocylapCcTBEHHOMY 3K3aMeHy
(ET9) u BerynurenbnoMy sk3ameny B By3. OCHOBHOe BHMMAaHHE B
nocobuM yaeaeHo TeMaM LKOJAbHOro 001eobpa3oBaTeNbHOrO Kypcea,
KOTOpble BbI3BAJU HAaWOOJbIIME TPYAHOCTH Y LIKOJbHUKOB Ha BbIMY-
CKHbIX H BCTYMUTE/NbHbIX 9K3aMeHaX Npeabl1yLIuX JeT.

J1s1 myduiero ycBoeHusl M 3aMOMUHaHUsl MaTepua/da yacTb MH-
dopmarnuu, ocobeHHo B pasnene «llapctBo JKuBOTHBIE», MpeacTan-
JIeHa B BHJ€ PHCYHKOB, KOTOPbIX OObIUHO He XBaTaeT B LIKOJbHbIX
yueOGHHMKaX HM3-3a HeJoCTaTKa MecTa.

B pasnene «OcHOBbI 3KoJ0rMM» Gojee WIMPOKO, YeM B LIKOJb-
HOM Kypce, ocBellleHbl cTpoeHue Guocdepbl U GYHKIHHU KHBOIO Be-
lecTBa.

B otnenbHblil pasdaen BblaeaeHbl BONPOCHI, MOCBSILEHHbIE HEP-
reTHYeCKMM W OOMEHHbIM NpoueccaM B OMOJOTMUECKHX CHCTEMax,
NMOHHUMaHHe KOTOPbIX BbI3bIBA€T OMpe/eNeHHble TPYAHOCTH Y LIKOAb-
HUKOB.

JI/151 MOBTOpEHHUsl U3YyUEHHOr0 MaTepHassa B KOHLe N0coOUust MpHU-
BeJleHbl TeCTOBBIE 3aJaHNsl, HA KOTOPbIe TaHbl OTBEThl. 3aJaHHUs OX-
BATbIBAIOT BeCb MaTepuasJ Kypca OMOJOrMM MO AaHHOH Teme (Kak
NpHUBEIEHHBIH B MOCOOUH, TAK W U3yUeHHbIH paHee). 3aaaHus MOBbI-
[IeHHOH CJIOKHOCTH OTMeUeHbBI 3Be30UKOH *.

Haneemcs, uto nannoe mocoOue MOCAYXKHUT XOPOLIUM JIOMOJHE-
HUEM K LIKOJbHbIM yueOHMKAM M [OMOXKET ydallMMCsl YCHeLIHO
CIaTb BbIMYCKHbIE U BCTYMUTEAbHbIC 3K3aMeHbl M0 OHONOTHH.



Paspen

| LlapctBo PacteHrus

PacteHuss — 3syKapuoTHUeCKHe aBTOTpodHbIe opra-
HU3Mbl. OCHOBHOH crmoco0® MONYUeHHsT SHEPruu — Ghomocunmes,
MPOUCXOASIIME B CellHa bHbIX OpTaHeNIax — XA0PONAACTIAX WU
xpomamogopax. KneTKn UMET KeCTKYI KAEMOUHYH CMEHKY, B
COCTaB KOTOPOH BXOJMT yeaar0nr03a. B KauecTBe OCHOBHOro 3ama-
CaloILero BellecTBa UCMOMb3YyeTCs MoJUcaxXapuil Kpaxmar.
[{apcTBo pacTeHuil moapasaensieTcst Ha nojalapcerea Bodopocau u
Boicuuwue pacmenuss (Moxosudnoie, wnan Mxu;, [1raynosudnoie, wau
[Traynot; Xeowesuonoie, unu Xsowu; [lanopomnurosudnsie, unu Ila-
nopomuuru; I'orocemennsie; Tlokpoimocemennole, niu Llsemrosoie).

BOAOPOCIIM

B cocras Bogopocaell BXOAAT OJHOKNETOUHbIE, KOJOHH-
aJIbHble U MHOTOKJIETOUHbIE OPraHU3Mbl, MPUCHOCOOICHHbIE K KU3HH B
BOJIe, TeJO KOTOPbIX HUKo2Oa He Obisaem paciieHeHo Ha 6e2emamus-
Hble Opeawsl: Kopers, cmebess u aucm. Teno Bogopoceil npejacranJe-
HO HeAu(depeHUUPOBAHHBIM MAAAOMOM, UWIH CAOCBULUEM.

3eneHble BOOOpPOCH

Cpenu OIHOKJIETOUHBIX 3eJeHBbIX BOAOPOC/eH
HauboJsiee M3BECTHBI MOJBHKHAS XAaMUIOMO-
Hada (puc. 1) v HeMmoOABHIKHAS XA0peALq.
XmamuaoMonana o6uTaer B JIyxKax U Apy-
TUX MeJKUX Bojpoemax. [lepenBuxKkeHue ocylie-
CTBJISIETCS] C MOMOILbIO 08YX Hceymuros. Xaa-

Puc. 1. XJIHMI/I,JOMOHBLLB — OJIHOKJIeTOYHas 3eJie-
Hast BOLOPOCJ/b:

| — uuronnasma; 2 — KIyTHKH; 3 — d1po; 4 —
NyJbCUPYIOLLAST BAKYOJb, & — MUCMEHTHbIE TJja-
30K; 6 — THJAKOH/bl YallleBUHOTO XpomaTodopa
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6 Paspea I. LlapcrBo Pacrenus

MHJIOMOHAaaa obnanaeT Kak agmompog@dHoim CiocoO0M MUTAHUSA, TaK
u eemepompogdHoim (B BogoeMax, 60raTbiX OpraHukoit). Xpomatodop
MMeeT XapaKTepHYyIo yalleBUaAHyto hopmy. JLas jgydiiero ocyuecTs-
JIeHUs mpoliecca GOoTOCMHTE3a XJaMUA0MOHana obaanaer pomoma-
CUCOM 3@ CUET C8EMOUYBCMBUMENbHO20 eAa3Ka. Pa3MHoXKeHHe oCy-
LLECTBJSIETCS MOJOBbIM U GecrnosibiM nyTeM. becnosnoe pagmHuoxenue
OCYIILECTBJISIETCSI 300CNOPAMU, TTONOBOE — eamemanu (puc. 2 Ha c. d).

B oranuue oT XxmaMUAOMOHAAbI, Xa0opesaa 06UTaeT He TOIbKO B
MpecHbIX BOJOEMaX, HO U B MOPCKHX, a TakxKe B mouBe. CTpoeHue
KJETKH XJIOpeJbl MaJjo ueM OTIHYaeTCs OT XJaMHJA0MOHA/bl, HO Be-
reTaTuBHas Gopma U CHOPbl He uUMerom JHeYymuKos U NacCUBHO Me-
peHocsATCs TOKOM BOjbl. PagmHokenue moaoko becnoavim nymem ¢
MOMOIILbI HeNOOBUNCHBLX ANAAHOCHOP.

K HUTUATbIM 3€JE€HbBIM BOAOPOC/AAM OTHOCATCS, B YaCTHOCTH,
yaompukc u cnupoeupa (puc. 3).

YNOTPUKC MMEeT HUTUYATOE CTPOEHHE, BCE KJETKH OJHHAKOBBHI,
KpoMme 06a3ajbHOH, KOTOPOH pacTeHHe MpHUKpenasercs K cybcTpary

Puc. 3. MHOTOKJ/IETOUHbBIE 3eJIeHbIe BOAOPOCIIH:

A — Hutuatas cnuporupa: / — JeHTOUHBIH xpomatodop; 2 — saApo;
3 — uMronmasma; 4 — BaKyoJib; 5 — KOH'bIOTallUsl CIHPOrUPbl; 6 — 3UT0Ta;
b — yabBa (poi yJOTPUKCOBBIX BOJLOPOCTEH )
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B MOPCKHX HJIM MPECHOBOAHBIX BojoeMax. Xpomamogop nmeet pop-
My noscka. Pa3mHoxeHHe geeemamusHoe, Oecnoioe U noaosoe.
Becnosoe padmHOKeHHE MPOUCXOAUT C MOMOILBIO 4emblpexiceymu-
Kosbix 3oocnop. [lomoBoe e pazMHOXKeHHE OCYLLECTBJISETCSH 08Y-
dHCYMUKOBLIMU 2aMemamu, KOTOpble 00pasyIioT 4emobLpexiceynuKo-
8Yto 3ueomy. 3Urora o6pasyeT eaniouoHble 300CNOPbL, W3 KOTOPBIX
hOpPMUDYIOTCS HOBbl€ HHTH.

Cnuporupa o6pasyeT CKOMJeHHe 3eJeHOH THHbBI B MPECHbIX BOJO-
eMax. XapakTepHbIM MPHU3HAKOM CIUPOTHDP SABJASETCSH CAUPALbHO 3A-
KpYUueHHbLil NeHMOo8UOHbLIL XpoMamogdop v 10po, nodseuerHoe Ha Y-
monaasmamuyeckux Humsx. PasMHOXKeHUe geeemamusHoe U noao-
soe. [1pu MoJ0BOM pa3MHOXKEHHH, TAK HA3bIBAEMOU KOHBIO2AUUL, CO-
JAEPKUMOE BETreTaTUBHbBIX KJIETOK ABYX HUTEH CJIMBaeTcsd, O6p83yﬂ JAII-
JIOUJIHY10 3UTOTY, KOTOpast 3uMyeT. BecHo# 3urora pepiyKUHOHHO Je-
JIUTCS1, HO OCTAETCS TOMBKO OJIHO SIIPO U BbIPACTAET TOJbKO OJ1HA HUTb.

Bypble Bopopocnu

Bypble BOIOPOCTHM HCKJIIOUUTENBHO MHOCOKAEHOU-
Hole mopckue opeanusdmol. OnHa U3 CaMbIX H3BECTHBIX OYPBIX BOJIO-
pocell — aamunapus, UM mMopckad kKanycma. Taarom namMuHa-
puH MoXeT aocturath a0 20 M B AJuHY. [IpuKpeneHne cioeBulia
K cyOCTpaTy MPOUCXOAUT C MOMOlLbIO pusoudos. Knerku conepxkar
XA0ponaacmeot, OKpallleHHble OypbIMH MUTMeHTaMH. XapaKTepHbl U

3anacHble MUTaTeJbHble BelleCTBa — AaMUHAPUH, MAHHUNT W JCU-
pol. Pasmuoxenue secemamusroe — uacmsamu maaaioma, becno-
206 — 2ANAOUOHbBIMU cnopamu. [Toaosoe pPAaA3MHOMCEHUE NPOUCXO-

dum ¢ uepedosaHuem noxkoaenul: Ha crnopodute o6pasyoTes 300-
CrOPbl, U3 KOTOPbIX BbIPACTAIOT MYXKCKHE M JKEHCKHE raMeTO(pHUTHI.
Ha ramerodurax o6pasytorcst nososble kaeTku. [Tocae onmonoTso-
peHHsl 3UroTa pa3BUBAeTCs B AUMJIOMIHOE pacTeHUe — CMOpPOQUT.

KpacHblie Bogopocnu (6arpsHkm)

Kpacubie Bogopocau B 00JbIIHHCTBE CBoeM 06UTa-
10T B MOPSIX. Taasom MOXKeT HUMeTb (POPMY HHUTeH, pa3BeTBJIEHHBIX
KYCTHKOB, MIACTHHOK W TPUKPeNasieTcss ¢ MOMOLLbI0 pu3oudos.
Kpacuble Bopopocau sIBASIIOTCS camobinu 2ay60K0800HbimuU. Kpome
XJ0PO(UIIA COAEPIKAT KPACHBIH MUIMEHT — uKo3IpuUmpuH, KoTo-
pblil mpuaaeT UM xapakTepHylo okpacky. Xpomamogop nmeer ouc-
KOBUOHYIO (popmy. 3anacHbIMU MPOAYKTAMH SIBJISIOTCH MACAQA U
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cnenupUUecKuil yriaeBoa — 0aepAanKkossill Kpaxmaa, OJIU3KHH 1O
CTPOCHMIO K TIJIMKOreHy. PasmHoxkeHue Oecrnosioe W M0J0BOE; MYyoic-
CKUe 2amemol AULLCHbL HYMUKOS.

MOXOBMUAHLIE, UJIU MXH

Moxosudnbie — BeuHo3eseHble, aBTOTPOQHbIE, B OC-
HOBHOM MHOTOJIETHHEe pacTeHus (puc. 4 u 5). HugkoopranuzoBaHHbie
MOXOBHJIHbIE He UMEIOM pPACHACHEHUS Ha cmebenb U AUCH, UX TeJ0
npeacraBsJsieT coboil caoesuuje (maarom). boaee opranusoBanHble
NpeacTaBasoT cob0l aucmocmebesvHole pacmenud. Kopueil nem,

Puc. 4. Tloautpuxym
0ObIKHOBEHHbIH, HWJIH
KYKYIIKHH JIeH:

I — My»KcKoe pacTe-
Hue; 2 — JKeHCKoe
pacTeHue co CrnopaH-
rUsiMM; J — CHOPOro-
HHUU

BCachlBaHWe BOJbl W TMpPHUKpenJeHue K CyO-
CTPATy OCYLIECTBJSIETCS BbIPOCTAMHU — plu-
soudamu. B ornvume oT ApPyrux pacTeHUdl B
JKM3HEHHBIM I[HKJIe MOXOBHAHBIX (puc. 6 Ha
c. 10—11) npeobaradaem eamemogum (noao-
BOe TOKOJIeHHe), cnopogum (6ecmosoe MOKO-
JIeHl/Ie) HUMeeT MOJAYUMHEHHOEe IOoJOXKEeHHUe, TakK
KakK mnoJjayydyaeTr oT rameT()(jonTa BCe MUTATEJb-
Hble BellecTBa. MoOXHO cKadaTb, UTO CMOPO-
(bUT mapasuTHUpyeT Ha ramertodure.

Puc. 5. Ccharnosblii MOX:

a — obumuit BUI, 6 — crnopoduT; 8 — YacThb JHC-
Ta; [/ — BOJOHOCHbIE KJIeTKH; 2 — mnopa; 3 — XJ0-
poduIIOHOCHAs K/IeTKa
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MINAYHOBUAHDBIE, UJIAN NMJTAYHbDI

[Iaaynol — 3TO MHOTOJIETHHE BeyHO3esNeHble TpaBbl,
MUMeIolHe CTeMIOUIHCH BEeTBALLMICS cmehesb, MOKPLITbIH TeMHO-3€e-
JeHbIMU Aucmoeamu. Bepxyweunble noberu 3akaHuuBaloTCst crnopo-
HOCHbIMU KOoAoCcKamu. K cybeTpaTy nmyaayHbl MPUKPENJSIIOTCS ¢ MO-
MOIILbIO npudamouHsix KopHeil. PazaMHoOKeHWe geeemamusroe, 4ac-
mamu cmebas, u nosogoe (puc. 7 nHa c. 12—13).

XBOLLEEBUAHDBIE, UITU XBOLLM

CoBpeMeHHble XB80OUjU — MHOTOJIETHUE KOPHEBUUHbLE
mpasot, crebeb KOTOPbIX pacusieHeH Ha Menc00y3AUsl U Y3AblL C MYMOB-
4amo pacnoaoxcerHoiny aucmoamu (puc. 8). OT KopHeBHILA OTBETBJS-
10TCs npUdamourvle KOpHu. Y HEKOTOPBIX BUIOB UMEIOTCS IBa BHa MO-
0eroB: 3e1eHble (BeCeHHUE ) SIBISIIOTCS Be2eMAmMUBHuLMU Hobeeamu, He-
mote (OCEHHHE) — CnoporOoCHbLMU nobeeanu (puc. 9 Ha ¢. 14—15).

Puc. 8. XBolll noJseBoi:

@, 6 — BereTaTHBHbII U CNOPOHOCHDBIN MOOETH CNOPOPHUTA; 8 — CMOPAHTHO-
op co cropaHrusiMu; e, d — CHOPbl; € — MYKCKOH raMeTo(UT C aHTepH-
JHUSIMU; ¢ — CTepMuil; 3 — 000emnoJblii raMeToQHUT ¢ apXeroHusiMmu (moka-
3aHbl CTPEJKOH)
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NAMOPOTHUKOBUOHDIE,
NI NANMOPOTHUKM

CrnopouT COBpeMEHHBIX HQNOPOMHUKOS BCerjia
pacurenen Ha cmebeawb, aucmos (8ailu) U KOpPHU, OTXOIsIIIHE OT
Kopresuuja. B crebie nposodawue mranu, BKIOUAIOIHE mpaxeu-
OJbl ¥ cumosudHble Kaemiu, cobpanbl B Nyukd. JIuctbs duggepen-
UUpPOBAHLL HA UEPENIOK M MJIACTHHKY. JIMCTbs NosTOE BpeMs coxpa-
warom sepxyuieunotii pocm (puc. 10).

Y manopotHukos (puc. 11 na c. 18—19), xBouteft u naayHoB no-
A080€ PA3MHOXKEHHE MOXKET OCYIIECTBJSITBCS TONbKO npu HAAUYUU
800bL 8 momenm onsodomesoperus. Cnopol 06pasyloTcst B pe3yabTa-
Te meilosa, a eamemo. — mumoaa. Cnepmamoszoudol (cnepmuu) o6-
pasyloTcsi B aumepuousix, aliyekiemku — B ApPXecOHUsLX, KOTOPbIe
HaXoaATCA Ha 3apocmke. B KU3HEHHOM LMKJIe npeobradaem chno-
pogum, eamemogum nNpeacTaBIeH 3aPOCKOM.

FrOJIOCEMEHHbBIE

HaunGosnee MHOrouuc/aeHHOH Tpynnoid coBpeMeHHbIX
rONOCEMEHHBbIX SIBJASIIOTCS  XBOLHble pacmenus. XBOHHbIe pacTe-
HHUS — 3TO BEUHO3EJCHble, perKe JHUCTOMAaHbIe 1epeBbs U KyCTapHHU-
KH. Y BEUHO3EJECHBIX JIHCTbSl XKECTKHE, ueoabuamoil ¢opmol. Y nuc-
TOMaJAHbIX — MJOCKHE, MsTKHE, pPacnoJ/JioKeHbl MyToBuaTo. B Kope,
JpeBeCHHE M 4acTO B JHCTbAX XBOHHBIX PaCMOJIOXKEHbl CMOAAHbLE
xo0bL.

[1posodauas cucmema NpeBECHHbl COCTOMT B OCHOBHOM U3 mpa-

xeud. JKU3HeHHBIH LMK XBOHHBIX MpPeACTaBJeH HAa TMpUMepe COCHBI
(puc. 12 na c. 20—21).

Puc. 10. [TanopoTHUK MYKCKO:

| — oOulnil BUJ pacTeHHs: @ — KOPHEBHILE; 6 — MOJOJIble JUCThs (Baiin);
8 — BepXHsS MOBEPXHOCTb JIMCTA; ¢ — HUKHSAS MOBEPXHOCTb JUCTA (BU/HBI
COpYyChl); 2 — yacThb JUCTA C cCOpycaMH; 8 — COpPyC CcO CrOpaHTusiMH (pas-
pe3); 4 — pacKpbITbIi CMOPAaHTHil; 5 — 3apOCTOK MAanmopPOTHHKA C HUKHEH
CTOPOHBI: @ — aHTEPUANH; O — aPXEroHUH; 8 — PU3OUJbI; 6 — CO3PEBIIUIT
AHTEPUJIMI CO CEPMHUSAMH; 7 — apXeroHui ¢ sileKkaeTKOM; § — 3apojibliiie-
Boe pacTeHHe Ha 3apoctke; 9, /0 — oOpasoBanue rameToduTa
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Meifioz

CnoporexHast
TKaHL (2n)

Heapenwiit
CNOpaHTHil

Bapocauii
cnopoduT (2n)

[IpuaaTtounwle
KOPHH

Jluer monoaoro
cnopotuTa

Crona

) S Be
Puzouan
|8 . - PR
- Kopetb
[Teperunbii Mepprunbii Mononoi
JHCT

3apoabiu  KOpeHb Sapoabiil
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Koo

3peanii
paCKpLIBAKILLIHITCS
CnopaHrHii

co cnopamu (n)

Mononoi

3peastii
rametouT
(nporanayc) (n)

- J Puzouib ~

I '{ ‘ , .\\
Slituexaetka (n) — Cnepma- .0 o

\ J rorennan i mkf‘-\

\\ L/ TKaHb (1) \,gg‘{.)

u =
L -
waetka /[ E3PSILIH Heapeabtii
APASIONHY z‘iﬁvpn,lnﬁ

&  3peabli
aHTePHILHA

Puc. 11. )KusHeHHbI!l LUK/ MAaNOPOTHHKOB
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Meiios
Mugpocnopodiuan
C MHKpOCNOpalTrHAMH

CeMasauaTok
Mononas wenckas e
3 Meiioz
Ao .
i 7

Cemennas MaTtepuHckan
telnys KJIeTKa

€ ceMAzauaTKaMH Meracnopsi (2n)
Betka

€ MYHCKHMH

IITHITKAMH

Heapenas
& IHIIKA

Betka ¢ PaznoBOZpacTHbIMH
HMEHCKHMH INHUIKAMH

[OBenunLHbIE
JTHCTbS

[TpopocTok

Ha Dogee
nosaneii |
CTa/lHH

) CeMennas R
Credenb KOMYpa Mononoii
Cemsons APOPACTOK

an S
Bapocabiii ~

L THAOKOTHAL
cnopoduT (2n)

N
7

~4 ~ s
Cuerema _7 0 Kopuu
IaBHOrO
Kophst
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['onocemeHHbIe
[lporannnanbibie, £, Kaetka CHPPMETUI}:]E!_@
. KJETKH '?' TPYOKH KJETKA .~~~ - ------—-------..\ dapo
) '—]_————> epHIbHAS = ‘\prﬁxu
eHEPATHB- KJAETK (I p
MHKpOCHop Hast KIeTka ™= TS (k # — :‘
() Mbibiesoe .
3epHo Ipopacraionee
—— e o NBKTBIIEBOE 3eDHO.-”
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Yetwipe ponuae

Meracnopbl

(n)

quTery.\wnT“i
- Apxeroinu
- ¢ SEKTeTRAME (1)

DyuKIHO-
HaJbHAA Mera-

cnopa (n) Cemennan €8
ey =
Kpoiwomas 4 i
ey \
[Mbiabiesasn on

TpyOka i 3urora (2n)

J1po
CMEPMHS

SLipo enepmus,
CaHBAOLILEECH
¢ APOM ANIEKTETKH

Yethipext-
APYCHBIE Npe-
3APO/IBITTH

P Merarametodur

_ Cemsanonu

pocTa , Paspupa IO HeCH
e 3apOJIbIIIH

noGera

Pacnpoctpa-

: .
HNOKO- TR
HeHne ceMan FHAE Cenena
o Ha BEPXHEH
Touka JCewennasn nosepxioet
pocta /KOMYPA  ceMenHol / / TMoasecok
KopEA £ Merarame-  deinyu :
Kopuenroii TohuT /
YEXTHK \ ;
OctaTkn o Coma =
nynennyca

Puc. 12. )Ku3HEHHbIH LUK COCHbI
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NMOKPbLITOCEMEHHBIE,
UJI1 LLBETKOBbIE

[Tokpoimocemennole SABAAIOTCA KPYMHEHIIUM OT/e-
JIOM pPacTUTEeNbHOro Mupa. JJloMuHUpylolllasi posb IBETKOBbIX CBSA3a-
Ha C PSAJIOM MPOrpecCUBHBIX MOP(POJOrHUECKUX H3MEHEHUH:

— nosiBJeHHe crneluduUecKoro opraHa pa3MHOXKeHUss — ygem-
Ka;

— Haauyue 8 ysemke 3a843u, TIPEOXPAHSIONIEH CeMANOUKIU OT
HeO/1aronpUsiTHbIX BO3/€HCTBU;

— dopmupoBaHue n100a;

— HaJuune 080UH020 0NA000MBOPeHIs, B PE3yJabTaTe KOTOPOro
obpaayercst QunaoudHnblil 3apodsiil U MPUNAOUOHBLI IHOOCHEePM;

— pasBUTHE TPOBOASINIUX 3JEMEHTOB (cocydos) B KcUaeMe, BO
dbnoame cumosudnole mpybKU UMEIT UJEHHCTOE CTPOEHHE U TOSAB-
JSIIOTCST KACTMKU-CRYMHUKU.

Otnen MOKPbITOCEMEHHBIX COCTOMT M3 JBYX KjaaccoB — /[gy-
doavHole 1 OdHodoabHbLE.

IMpu3aHaku ABYNOJbHBIX U OJHOJOJNbHBIX PACTEHUH

JByno/bHbIE pACTEHUS OaHOMOJIbHBIE PACTEHUS
3apoabiw Mwmeer nBe cemsponu. Penko OOBIYHO € OJHOH CeMST0eH.
3apOJIbILI ¢ TPEMSI-UeThIpbMSsl B GosbuinberBe cayuyaeB noju-
cemsiaonsimu. CemMsI10/Id MPO- | 3eMHOe MpopacTaHue
pacraior, Kak npaBHJO, HaJl-
3eMHO
Jluer [IpocTble u cnoxHble, 06bIUHO | JIaHLLETOBHAHBIE, MPOAOITOBA-
C MEePUCTBHIM (CETUaThiM), pexe | Thle, mpocThie. JKUAKOBaHHE
najbyaThiM YKHJIKOBAHHEM, 00bIUHO TapaJieabHOe UK
PEiKO KUJIKOBaHHE 1YTroBOE nyrosoe. OObIUHO He pacuJe-
WM MapaJiebHoe, YepelioK |HeHbl Ha YepelloK U MJAaCTHH-
0OBIUHO SICHO BBIpaKeH Ky, 4aCTO C BJaraJuIHbIM OC-
HOBaHUEM
[TpoBoas- [TpoBoasias cucrema cre6as | [IpoBoasimas cucrema cocTouT
Me NyYKH |COCTOUT M3 OJHOTO KOJblla 13 MHOTHX OTJEJbHbIX MYy4YKOB,
npoBoAsLLUX NMYUKoB. Bo ¢uo- |obpasyiomux aBa u 6ogee Ko-
9Me MMeeTcsl mapeHxuma qel. Bo ¢posme Her mapen-
XHUMbl
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Okonuarue maba.

JIBynoabHble pacTeHust

OnHOa0/bHbIE pACTEHUS

KopHeBas [TepBuuHBIil (3apObILIEBBI)
cucrema KOpeIIoK 0ObIYHO Pa3BUBaeTCs
B IVIaBHbIH KOpPEeHb, OT KOTOPOro
oTX015T 6oJIee MeJKHe BTOPHU-
Hble (60KOBbIE) KOPHH, B pe-
3yJbTaTe (QOPMUPYETCS CTEPIK-
HeBas KOpHeBasl CHCTeMa

[TepBUUHBIH KOpeLWOK paHo OT-
MHpaerT, 3aMeHsIsICb CHCTeMOH
NPHUAATOYHBIX KOPHEH, 0ObIYHO
00pasyolux MOUYKOBATYIO
KODHEBYIO CHCTEMY

LiBeTok 5- UK pexe 4-useHHble (Uuc-
JIO yacTeil KpaTHo 4—15), 0Ko-
JIOLBETHUK yallle JTBOHHON

OObIYHO 3-uJeHHbIEe (YHCIO
yacrtel KpaTHO 3), OKOJOLIBET-
HUK He UMeeT SIBHOTO JleJeHUsi
Ha yalleuky U BeHUHK

JKusHeHHble | [IpeBecHble, KyCTapHUKH U
hopmbl TPaBSIHUCTbIE PACTEHMUS

OOGbIUHO TPaBSHHUCTbIE, HHOTA
BTOPHUHbIE JIpeBecHbIe (MaabMbl)

CemeiictBa | Kpecrousernbie, ryGoiBeTHbIE,
pogoluBeTHble, 6000BbIE, Mac/e-
HOBbI€, CJI0KHOIBETHbIE

Jluneiinbie, 3/1aKOBbIE

[IpU3HAKN OCHOBHBIX CEMENUCTB MOKPbITOCEMEHHbIX PACTEHHI

JlBynonbHbie

HIeJIUCTHKA, 4 JIernecTKa,
6 THIYMHOK (4 JJIMHHBIE U

KpectouserHble | LIBeTok nmeer yeTblpexusen-
HbIH OKOJIOLIBETHUK — 4 ya-

Kanycra, penuc, pena, 6pio-
KBa, TOPUMILA, MACTYLIbs
CyMKa, XpeH, JeBKOH, HOU-
Hasi KpacaBulla, JUKas

2 kopotkue), 1 mectuk; couse- | peabka
THEe — KHUCTb; MJIOJ — CTPY-

YOK HJIH CTPYUOUEK; TPaBsiHU-
CThble OJIHOJIETHHE, JBYJETHHE,
pexke MHOTOJIETHHE paCTeHUsi

LIeJUCTHKAMHU, BEHUUK U3
D CpOCLIMXCS JIEMeCTKOB,
4 TLIUMHKH, | MeCTHK;
MJ0J — OpelleK

'y6ouBeTHble LBetku ¢ 5 cpocimumucs ua- | Tumbsi, Kpanupa, YnUCTell,

HaBaHﬂa,6a3HﬂHK
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[Ipodorxcerue maba.
JIByno/bHbIE
boooBbie OKOJIOLBETHHK — O ¢poC- Fopox, dacoab, kaeBep, Ja10-

ILIUXCS UalleJTMCTHKOB, D Je-
necTkoB BeHuuka (1 mapyc,
2 Becsia, 2 cpoclUUXCS B J10-
nouky), 10 Teiunnox (9 cpoc-
muxes, 1 ceoboanas), 1 nec-
THK; COLIBETHSI — KHCTb, I'0-
JIOBKA, KOJIOC; M10J — 600,
peKe opelliek; TpaBsiHUCThHIE,
KyCTapHHUKH, 1epeBbsl

nepHa, JIOTHH, apaxuc, Je-
yeBHIA, aKallksl, TYIIUCTbI
ropollieK, cos

C.J'lO)KHOllBeTH bl

LlBeTKH Menkue, cobpaHbl B
COlLBETHE KOP3UHKY, OKPY-
JKeHHY10 06epTKOH, KpaeBble
[IBETKH BbIMOJHSIOT QYHK-
LU0 BEHUHKA; LIBETKU TPYO-
yatele (5 CpoCIINXCs Jerne-
CTKOB, O THIUHHOK, | 3aBsi3b)
U $I3bIUYKOBbBIE; MJI0J — Ce-
MsiHKa; OOJILIIHHCTBO OJHO-
M MHOTOJIETHHE TPaBbl

[Tonconmnyx, nuxma, HKO-
puii, casart, actpa, apHHKa,
TBICSTUETHCTHHK, OJyBaHUHK,
KPECTOBHHUK, MOJbIHb, PO-
MallKa, reOpPruHbl, BACHJEK,
XpH3aHTEMbI

[MacaeHoBbIe

O6oenoJblil 1IBETOK HMeeT

5 cpociiuxcst yamieuCcTh-
KOB, D CPOCIINXCST JIEMECTKOB
BEeHUHKa, b ThIUMHOK, | mec-
THK; MJI0J — KOpoGouKa
WJIH SITOJ1a; TTPEUMYIeCTBEH-
HO TPaBSIHUCTbIE, I peBeCHbIe
dhopumbl TosibKO B HOXKHOI
Awmepuke

Kaprodenb, Tomar, nepet,
OakJsaxaH, NeTyHbsl, nac-
JeH, Oesena, rabak, 6eJssa-
JIOHHA, AYUIHUCThII Tabak

Po3ouseTHble

OKOJIOLBETHHK JBOHHOM

(5 yalesuCTHKOB, O JIeMmecT-
KOB), OJIUH UJIH HECKOJNbKO
MEeCTUKOB, ThIYHHOK MHOTO;
naoj — s106J0K0, KOCTSHKa,
Arojaa, ceMsiHKa; TpaBbl,
KYCTapHUKH, TepeBbs

Manuna, 3eMJIsiHUKA, BHII-
H$l, caUBa, s10JI0Hs, TpyLla,
posa, WHMOBHUK
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Okonuarue maba.

OaHOM0/MbHbBIE

3/1aKoBbl€, HJH
3naku

LIBeToK He MMeeT yalleukH u
BEHUHKA, COCTOMT U3 JBYX
I[BETKOBBIX UeIlIyH, IBYX
IBETKOBbBIX MJIEHOUEK, Tpex
TBIYHHOK, HECKOJIbKHX 3aBsi-
3efl; colBeTHsI — KOJIOC,
KMCTb, MOUATOK; MJIOA — 3€ep-
HOBKa; 0JIHO- HJIN MHOTOJIET-
HHe TPaBbl; cTe6eqb COMOMKA;
JIUCThS1 C BJArajgullaMu

Poxb, muienuiia, sumMmens,
KYKypy3a, puc, oBec, npoco,
6aMOyK, TPOCTHHUK, MSTJHK,
nblpeil, KOBbIIb

Jlnneiinbie

LIBeTKkH 060€moJbie, 0KOIO-
LBETHUK NpocToil (6 senect-
KOB, 6 TBIUMHOK, | TeCTHK);
nJa101 — Kopobouka HIu
siroj1a; B OCHOBHOM MHOTO-
JIeTHHE TPaBbl ¢ KAyOHSIMH,
JIYKOBUIIAMH UJIM KOPHEBHU-
IlaMW; JIUCThSI 1leJbHbIE, y3-
KHe C mapaJJeabHbIM HJIH
JIyTOBBIM KUJIKOBaHHEM

UecHok, nyK, cniapxa, JaH-
JIbIILI, aJ103, TIOJAbIAaH, JUIHS

CTpoel-me LLBETKOBbIX

pacTeHmm

TkaHu

Oob6pasosamenvnas mrano, uau mepucmema. Pac-
TEHHUs] B OTJHUHE OT YKUBOTHBIX 00JaNal0T HE02PAHUUCHHbIM POC-
moM, T. €. PACTyT BCIO »KHM3Hb. HoBble KJeTKH 06pasyloTcsi B pe-
3yJbTaTe MUMOMULECKO2O OCACHUS KIETOK MEPUCTIEM.

Bunabl mepucrem

[Mpoucxoxaenue

MecToHaxoxaeHue

nepsu4nole smopu4nsvle

Bepxyuieunbie (anu-
KaJibHble) — POCT pac-
TeHUsl B JJIUHY

3apojblll, KOHYCHl Ha-
pacrtanust nobera u
KOpHs
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Okonuanue maba.

MecToHaxoxaeHue

[Mpoucxoxnenue

nepsuinoie

smopu4HolLe

Bokosble (matepanb-
Hble) — POCT pacTeHHsi
B TOJILLHUHY

[Tpokamo6uii

Kam6uii, mepucrema ne-
pHUILUKIa, (esnyore
(nmpoGKOBHIH KaMOuUit),
paHeBble MepPUCTEMBI

BcraBouHble (HHTepKa-
JsIpHbIE)

Mepucrema Mex10y3-
Jauil (0coOeHHO 3/1aKH),
yepeliKi JHCTheR

ITokposnole mrkanu pacnonoKeHbl CHAPYKU BCeX OPraHoB pac-
TeHuil. OGecneunBaloT 3allUTy PacTeHUH OT HeOJaronpUSTHBIX BO3-
NeHCTBUI cpellbl: MeXaHHUeCKUX, HU3KHX TeMMepaTyp, Upe3MepHOro
UcrnapeHusi BOJAbl, NPOHUKHOBEHHST MHKPOOPraHU3MOB, a TakxKe 00-
MeH BeleCTB MEeK1y pacTeHUEM W BHelUHeH cpeloil (BcacbiBaHUe).

Buabl NOKPOBHOW TKaHH

Anuaepma (KoxkKMLA)

lMepupepma (npodka)

Kopka

COCTOUT M3 OJHOTO CJI0
KJIETOK, MJIOTHO MpHJIe-
ralouux 1pyr K Apyry.
[ToBepxHOCTb MOKPbITA
KYTHKYJIOH H BOCKOM.
[ToxkpbIBaeT MUCThS H
MoJsoable noberu. Kier-
KH COJep:KaT XJ0porna-
ctbl. OcHoBHBIE QYHK-
LLHH: ra3000MeH U
TpaHcrnupauus (ucnape-
HHE BOJIbI), OCYILECTBJISI-
I0TCS1 C MOMOLLBIO YCTh-
nil (puc. 13). Knetku ko-
JKHIBl MOTYT 06pa30Bbl-
BaTb BOJIOCKH. (DyHKILI/IO-
HUpYeT, KaK MpaBuIo,
OJIMH TOJ1, K OCEHH 06BIU-
HO 3aMeHsieTcsl MpoOKoi
(nepunepmoit)

Bropuunas nokposnas
TKaHb, pa3BUBaeTCcs U3
npo6KOBOro KamoOus,
dennorena (puc. 14).
[ToxpbiBaeT crebau u
KOPHHM MHOTOJIETHUX pac-
tenuil. COCTOUT U3 He-
CKOJMIbKHX CJI0OEB MepT-
BbIX KJETOK, YTOJILLEeH-
Hble CTEHKH KOTOPBIX
NpONUTaHbl Cy6epUHOM
1 BockoM. Jlast razoo0-
MeHa U TpaHCHNUpALMU B
npobKe UMeEIoTCs yeye-
BHUKH (puc. 15). ¥ Gousb-
LIHHCTBA JPEBECHbIX
pacTeHuil 3aMeHsieTcs
KOPKOH

COCTOUT U3 HECKOJbKHX
CJI0EB MPOOKH U 3aKJIIO-
YEHHBIX MKy HUMH
OTMEpILIUX TKaHeH

(puc. 16). Tosctbie ciou
KOPKH HaJeKHO 3allli-
[1AI0T CTBOJIbI J[€PEBLEB
OT Pa3JHYHBIX MOBPEXK-
JIeHU I
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Puc. 13. dnunepma aucra ropoxa (A) u nuenuust (5):

| — ycTbuue 3akpbiTo; /] — ycTbUIle OTKPBITO (@ — B nJuane, 6 — B paspe-
3e); | — 3aMmblKalolHe KIeTKH; 2 — yCTbHUHAS Le/b; 3 — MoOoUHble KJIeT-
KH; 4 — MopyCTbUYHASH MOJOCTh
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Puc. 14. dopmupoBanue nepuaepmbl (MpoOKH):

a — 3anoxeHue Qeqanorena; 6 — obpazoBaHue QesnaemMbl U QesaogiepMbl;
6 — OnpoOKOBeHHe KJeTOK (heseMbl U OTMUPaHUe MX MPOTOMIacToB; /| —
snuaepma; 2 — deqanored; 3 — deanonepma; 4 — denanema; 5 — OCHOBHAs

napeHxuma

%,
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;
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7

2
5

2
7
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4
2
rs!

%,

4
P
7
4%
7
7,

Puc. 16. CtpoeHue KOopKHu (a) U Ko-
pbl (0):

| — nepuaepma; 2 — kamOuii; 3 —
napesHxuma; 4 — CKJIEpeHXHUMa;
5 — ¢dnosma; 6 — cocya KCHJIEeMbl

Puc. 15. CtpoeHue yeueBHUKH:

/ — 3aMblKalOLWUH Ca0U; 2 — BbI-
MoJIHsIONAsT TKaHb;  — (eJioreH

oq—auﬂ i

:_,_
TR

e ia

R
s
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Mexanuueckue (onopuvie) mranu o6GecrneyuBaloT MPOUHOCTh
pacTeHust, cnocOOHOCTb TMPOTUBOCTOATH JEHCTBUIO TSAXKECTH COOCT-
BEHHbIX OPTraHOB, MOPbIBAM BeTpa, J0XK/I0, CHErYy, BbITANTbIBAHUIO
JKUBOTHBIMM. MexaHuueckde TKaHW UIpPalOT poJb ckenaera. JlaHHYIO
DYHKUIHIO MeXaHHYeCKHe TKaHU MOTYT OCYLLeCTBJSATb B pe3yJbTaTe
YTOJIIEHUST KJIETOUHBIX CTEHOK, KOTOpble JaxKe Mocjae OTMHUpaHHus
KJETOK MPOJO0JKAIT BbIMOMHATL OnopHble (yHKUHH. Pasauuaior
cAeyloUlMe BHIbl MeXaHUUECKOH TKaHW: KOAAeHxuma (MOJOJble
cTeOJM U uepellku), ckaeperxuma (ctebau, KOPHH, JHUCTbS), CKAE-
peudol (NMJIOAbI, CEMeHa, JTUCTbsl, CTeOMH).

IIposodsawue mranu obecneyuBaloT TPAHCNOPT BeLLeCTB B pac-
teHusix. OT KopHell B cTe6esb M JHUCTbSI OCYLLECTBJISIETCS MepeHoC
BOJIbI U PACTBOPEHHbIX B Hell MUHEpaJbHbIX BELECTB, BCACHIBAEMbIX
M3 nousbl. JlaHHbIH nepeHoc obecneunBaeTcs Kcuaemol, Wi dpege-
cunoil (puc. 17). OCHOBHBIMU 3JIEeMEHTAMHU KCUJIEMbl SBJASIOTCS mMpa-
xeuodsl U mpaxeu.

JIBU2KEeHHE OpraHHUYeCcKHUX BelLeCTB, MPOAYKTOB (POTOCHHTE3a K
MecTaM MX MCMOJMb30BAHUS WJIH OTJI0XKEHHUS B 3aMac OCyLLeCTBJsIET-

| “ M

- (it

a 6 8 e

Puc. 17. IlpoBoasiiiye 3eMeHTbl KCHIIEMbI:

a — KosbuaTthblil; 6, 8 — crnupaJsdbHble; ¢ — JeCTHUUHbIH; 0 — ceTuaThlil



30 Paspea I. LlapcrBo Pacrenus

¢ ¢paoamoil, uan aybom. ITpoBOAAUIUMH dJAeMEeHTAMHU (PJIOIMbI 5B-
JSI0TCA cUumosudnsle mpyoKku u Kaemxu-cnymuuuot (puc. 18).

OcnosHble MKAHU COCTABIAIOT OOJbIIYI0O YAaCTh TeJa PacTeHUS.
OHHU 3aMOJHSAIOT MPOMEXKYTKH MEXKy MPOBOASUIMMH U MeXaHHue-
CKUMH TKAHSIMM U MPUCYTCTBYIOT BO BCEX BEreTaTUBHbIX M reHepa-
TUBHbBIX opraHax. OHU COCTOAT M3 KUBBIX KJIETOK, TOHKOCTEHHBIX, C
NpPOCTbIMU MOpaMU. B 3aBUCHUMOCTH OT BbINONHAEMONH (DYHKLHH pas-
JUYAIOT OCHOBHYIO NAPEHXUMY, ACCUMUNLAUUOHHYIO NAPEHXUMY, 30-
NACAOULYIO NAPEHXUMY U 8030YXOHOCHYIO NAPEHXUMY.

OcHoBHAA napeHxuma He uMeeT crneln@uuecKux, CTporo onpene-
JIEHHbIX (YHKIIMH, pacrnosaraeTcsi BHyTPHU Tesa pacTeHUs A0CTATOU-
HO KPYMHBIMM MaCCUBaAMH.

Accumunsyuonnas napesxuma (XA0peHxuma) pacrnosoxKeHa B
Haa3eMHbIX opranax. Ocob6eHHO XOpollo pa3BUTa B JHUCTbsAX, o6pa-
3yst Mezopuan. OcHoBHAs GYHKIHA — (POTOCHHTES.

3anacaoujai napeHxuma CIyKUT MeCTOM OTA0KEHUS U30bITOU-

HbIX MUTATEJbHbIX BELILECTB.
BosdyxonocHas napeHxuma BBHITOJHSIET BEHTHUJSILIMOHHbIE, OT-
qyacTH AbIXaTeJIbHbIEC ("pyHKLLI/II/I.

Puc. 18. Ctpoenue cUTOBUJ-
HOW TPYOKHU M KJETKHU-CMYT-
HULLBL:

| — 4YJeHWK CHTOBHJHOH
TpyOKH; 2 — MHUTOXOHAPHH;
8 — TJaJKHH sHjp0MnIasmMa-

THYecKui petukyaym (DI1P);
4 — nepudepuueckuii caon

LUTOMJAA3Mbl; § — KJIETOU-
Hasi cTeHKa; 6 — JIeHKo-
nJaacT ¢ KpaxMmMaJbHbIMU
3epHaMH; 7 — CHTOBHIHAS

njaacTuuka; § — PpJI03IMHbBIH
6es10K; 9 — KJeTKa-CryTHH-
ua; /0 — Bakyoab;, 11 —
sanpo; /2 — 11epoxoBaTbIiil
II1P; 18 — annapar [ogb-
oKW, 14 — pubocombl
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BereTtatuBHble opraHbl

Opranbl, obecreuuBatolie >KU3HEHHble (QYHKIIHH
pacTeHHusi, HA3bIBAIOTCS Beeemamusroimu opearamu. K HUM oTHO-

cATCS: KopeHov, cmebenn, aucm (puc. 19).

AnuKaauHasn
M('pHCTl‘.\IH
noGera

BBICILIUX pacTeHH
Jlnctouku

Kcnaema
Paoama

Yepewok auera

Keunaema Daosma

Yetuuue

Meskaoyanne

Inuaepma
haosma
Kenaema

CeMenHas Komypa

Cemsons CreGean

U Kennema

[ONTETE

Inuaepma

Kopa

Kopenn

AnuKaaLHas MEPHCTEMA KOPHSA

Puc. 19. OcHoBHble Bereta-
THUBHbIE OpPraHbl M TKaHHU
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Kopeno siBnsieTcsi oceBbIM opra-
HoMm pacrtenuit (puc. 20). OcHOBHbIMH
QYHKUHUAMU KOPHS SBJSIOTCS:

— MOrJOLEeHHe BOJAbl U PacTBO-
pPeHHbIX B Hel MHHepaJbHbIX Be-
1LECTB;

— 3aKpernJeHue pacTeHus B Mou-
BE;

— XpaHeHHe 3aMacHbIX BELLeCTB;

— BereTaTHBHOE PAa3MHOXKEHHE;

— CUHTe3 psijla NMPOMeXKYTOUHBIX
NMPOAYKTOB 0OMEeHa BeleCTB.

COBOKYMHOCTb  KOpHEH  OIHOr0
pacTeHUst HA3bIBAIOT KOPHEBOL Cuc-
memoil. Paznuualor nBa BuUIA KOP-
HEBOW CHCTEMbI: CMepHHesas U MOU-
Kosamas (puc. 21).

Bunousmenenust  KopHel  cBsl-
3aHbl C BBIMOJHEHHEM 0COObIX (DYHK-
LUH:

— KOpHenao0sl. — BHJIOM3MeEHe-
HUE I'JIaBHOTO KOPHs, BbIMOJHSAIOT 3a-
nacawiny QyHKIH0 (puc. 22);

— KopHesble KAYOHU — BUIIOU3-
MeHeHHe MPHUAATOUHBIX KOpHEH, Bbl-
MOJHSIOT 3anacarolylo (QYHKLHIO U
CIY»KAaT ISl BEreTaTHBHOTO Pa3MHO-
KeHus (puc. 23);

— KAyOeHbKU TPEACTABASIOT CO-
00l paspacTaHue MapeHXUMbl MPHU-
JIATOYHBIX KOpHe# (uanie Bcero 6060-
BbIX) MOJ BO3/leHCTBHEM MHKpOOpra-
HU3MOB;

Puc. 20. Cxema CTpPOEHHS KOH-

unka KopHs. A — KOpHeBoil
uexsnuk; b — 3oHa pocra; B —
30Ha BcacbiBaHus; [T — HavaJgo
30HbI MPOBECHUS:

!/ — 3auaTok GOKOBOrO KOpHS;
2 — KOpHeBble BOJIOCKH; & —
neppuuHasi kopa; 4 — 3HJ0-
nepma; 5 — snubsema; 6 —
0CEBOH LLMIHHJP

— KOpHU-npUCOCKU CJYyXKAaT IJs NPpUKPENJeHUd U MUTaHus pac-

TeHUH-MapasuTos;

—803(9!/me£€ KOpHU 1Jis JOMNOJHUTEJbHOI'0 MOrJIOLWEHHS BOJbI
NOABJAIOTCA Y HEKOTOPbIX TPOMUYECKHUX paCTeHI/II:I;

— dolxamenvHole KOpHU TIOMOTAaloT OCYUIECTBJsATbH AblXaHHWE Ha

3a00JOUEHHbBIX MOYBaX;

— xo0dyavHole KOpHU, OJaTONapsl KOTOPbIM PAaCTEHUST COXPaHSIOT

YCTOMUMBOCTb HA 3bIOKOM T'PYHTE.
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A 5

Puc. 21. CrepxueBasi (A) u moukoBatasi (5) KOpHEBble CHCTEMBI:

I — raBHBII KOpeHb; 2 — GOKOBble KOPHH; J — TPHAATOUHbIE KOPHH

Puc. 22. KopHensioabl MOPKOBH
(a, 6), pensbl (8, ¢) U cBeKbI (0,
e, ).

Ha nonepeunbix pa3pesax Kcu-
JeMa 0003HaueHa YepHbIM IBe-
TOM, MYHKTHPHOH JIMHHEH M0-

e KazaHa rpanuua crebas U
KOpHS

He

Cmebeab — oceBoO# opran pacTenus. XapakTepuayercst Heorpa-
HUUEHHbIM BepXYLIEUHbIM POCTOM, MOXKET BETBUTbCs, 06pasyeT Ju-
cThbsl U MOUKH. CTebesb BBIMONHSAET MHOTOOOpa3Hble PYHKILMU:

— TPAHCMOPT BELLECTB;

— OMOPHYIO;

— 3anacarouLylo;

— BereTaTHBHOE pa3MHOXKEHHE.

Ctebesb C TUCTbAMHU M MOUKAMM, PA3BUBLIMICS B TeUueHHE OJHO-
ro BereTallHOHHOTO Mepuo/a, Ha3blBAETCs N0OEcOM.

[ToGer MoxeT ObITb Had3emHoin U nodsemuoin (puc. 24). K non-
3eMHbIM noberaM OTHOCATCS: KOpHesuwe, Aykosuya, kayonu. Tlon-
3eMHble MOGErH cayKaT AJs 3arnaca NUTATeJNbHbIX BEULeCTB U s
BEreTaTHBHOIO Pa3MHOXKEHHUS.
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Puc. 23. KopHeBble kayOHu Gatarta (a),

MaHuoka (6), reopruta (8):
1

2 — BcacbiBaioliue OOKOBbIE KOp-
HH; 8 — TOUYKH BO30OHOBJEHHS Ha
crebae

3anacarouiast 4acTb KOPHH;

Hanzemuble noberu moryt
BUJIOU3MEHSITBCS B OpeaHbl Npu-
Kpenaenus (ycuku) uiu B cpeo-
cmea 3auumol (KOAOUKU).

Jlucm npejncrasasier co-
60t O60KOBOH opran mnobera,
obecneuynBalOWUA  PYHKIUHU
(oTOCHHTE3a, TPAHCIIUpALUH,
ragzoobmena (puc. 25) u Bere-
TaTUBHOTO pasMHOXKEeHHS.
Jluer takxke MoXKeT BBINOJ-
HSITb BbIJEJIUTENbHbIE (DYHK-
IIUU: C OMajaHueM JIUCTheB U3

pacTeHUi BBIBOJSITCS Bpe/Hble Belle-

CTBA W MPOAYKTbl MeTabonuaMa. OObIYHO JUCT COCTOUT U3 AUCHO-
sotl naacmunku (puc. 26, 27), uepewra, ochogsanud aucma (MHOTALA
paclIupeHHOro BO BJaraJulle) U ApUAUCMHUKOS (puc. 28).

Bunonsmenenusi JUCTbeB BO3HUKJIW B Tpolecce mpucnocodse-
HUSl PACTEHHUH K Pa3/JHUHbIM CpeJaM CylleCTBOBaHUsS U obecrneunBa-
I0T PsA AOMOJHUTENbHBIX (YHKIHH: 3aMac MUTATENbHbIX BELIECTB H
BOJbI (JIMCTbSl araBbl), 3allUTA OT KHUBOTHbIX U HeOJATOMPHUSTHBIX
yCJ0BUH cpenbl (Koouky 6apbapuca), mpuKpengenne (yCHKH TOPO-
Xa), ylaBiuBaHue U TepeBapUBaHUE HACEKOMBIX.
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Puc. 24. Hexortopble BuaousMenenus nobera:

I — oObluHbIi mober; 2 — MsCHCTBIH MoOer KakTyca; 3 — JyKOBHIA JYKa;
4 — ycbl-npULENKH BUHOIpaaa; & — KOpPHeBHULLe Mblpes; 6 — (puamokaiui
UIJIHIBL, 7 — KOJIOUKa raefaeunn; § — kayOeHb (CTogoH) Kaptodenas; 9 —

KayOeHb Koabpabu; /0 — yc 3eMATHUKH

Puc. 25. Mukpockonuyeckoe CTpoeHHe JHCTa:

| — snunepma; 2 — KcuaeMma; 8 — COCYJIHCTO-BOJIOKHUCTHIH MyuokK; 4 —
dmosma; 5 — ckaepenxuma; 6 — ycrtbuue; 7 — rybuatas napenxuma; § —
cTosbuarasi mapeHxuma
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Puc. 26. Ilpoctbie s1-
CTbSI:

I — nmepucro-; 2 —
nanbpuaTo-; 3 — Tpoiua-
TO-; a4 — JIOTMAacCTHbIE;
6 — pasnesnbHble; 8 —
pacceueHHble

Puc. 27. ChoxHble JH-
CTbS:

!/ — HemapHoONepHCTHIH;
2 — JIBOSIKOMEpPUCTO-
CIOXKHBIH; 8 — mnapHo-
nepucTblil; 4 — naJapua-
Thblfl; 5 — TpoiuaTblil

0009
e

Puc. 28. Cxema ctpoe-
HUS1 JIHCTA:

a — uepemyartelii; 6 —
CUJSIUHl; 8 — C Bjara-
JquieM; / — JUCTOBast
NJaacTHHKA; 2 — OCHO-
BaHue; § — BJaraJjuile;
4 — NPUNUCTHUKH; & —
yepelok; 6 — mnasyii-
Hasi mouka; / — HHTep-
KaJsipHas (BCTaBouHas)
MepucTeMa
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PenpopykTrBHbIE OpraHbl

Ileemox — penpoAyKTHBHbIH OpPraH MOKPbITOCEMEH-
HbIX pacTeHWil, MpeaAcTaBAdlOWHUA coO0i BHIOM3MEHEHHbI nooder
(puc. 29). PenpoayKTHBHO! UacThio LBeTKA SIBJASIOTCS axdpoyell —
COBOKYMHOCTb BCeX ThIUHHOK H eeHuyell — COBOKYMHOCTb BCeX Tec-
THKOB. Tol4uHKQ COCTOUT U3 MOLYUHOUHOL HUMU U NbIAbHUKA, B KO-
TopoM 00pasyeTrcst MblIblla, UJIH MYXKCKOH rametodut. [lecmux co-
CTOUT U3 3A843U, CMOAOUKA U pblAbya. 3aBsI3b 3ALLUILACT CEMANOU-
Ky. B cemsinouke HaXoAWTCSl 3apOJbILIEBbIH MeLIOK, MM KEHCKHH
ramMeTopuT, cojeprKauiuil sfilekgeTky. Pblablie MmecTHKA CIYKHT
JJ151 OMbLAEHUS — Ha Hero nonajaer nbuibla. CTONOHK BbIHOCHUT
pblablLe A5 JAYULIero ONblICHHUS.

L{BeTkH, MMelolHe W ThIUHHKH, W MECTHKH, Ha3dblBatoTes odoe-
noavimu. Ecnin LBeTOK MMeeT TOIbKO MECTHUKH WM TOJAbKO ThIUMH-
KM, TO OH Ha3bIBACTCsl O00HONOAbIM (COOTBETCTBEHHO KEHCKHM,
WM TeCTHYHBIM, H MYKCKHM, HJIM ThIUMHOUHBIM). JKeHcKHe WU
MY?KCKHE LBETKH MOTYT 0OpPa30BbIBATHCS HA OAHOM pacTeHHH: Ta-
Koe pacTeHue HasblBaercs:i 00HOOOMHbiM (000EMOJbIM); WM Ha
PAa3HbIX pACTEHUSIX: TaKHe pacTeHUsl Ha3bIBAIOTCS 08YOIOMHbIMU
(otHOMOIBIM MU ).

M3 uBeTka B pe3y/abTaTe MOJOBOrO pasMHOXKEHHs 00pasyloTcs
CeMeHa, 3allulleHHble M10A0M. [Ias ocyllecTBAeHHUsS MOJOBOrO pas-
MHOXKeHHUs MM 00pa30BaHUsl CeMSIH HYXKHO, UTOObI Mblabla Nonasna
Ha nectuk. [Tpouecc nepeHoca Mblbllbl ¢ THIYMHKH HA NMEeCTHK Ha3bl-
BaeTCs onviaenuem. B 3aBUCHMOCTH OT TOro, ¢ KaKOro 11BeTKa nepe-
HOCHTCH MblbllA, PA3JHUANT CAMOONbIACHUE U NePeKPeCcmHoe Onbl-
aAenue.

Puc. 29. Ctpoenue 11BeTKa:

| — UBETOHOXKKA; 2 — LBETON0XKEe,  — UYalleJUCTHKH; 4 — JIeMeCTKH; § —
TbIUMHKH; 6 — TECTHK
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[Ipu camoomnblIeHUH TbIIbLA TMOMNAfaeT HAa MeCTHK C ThIUHHKH
9TOTrO Ke LBeTKa. B ¢BsI3u ¢ 3TUM He npoucxodum obmeHa eeqemiu-
yeckoll ungopmayuei, a UMEIOT MEeCTO JHIIb KOMOUHAMUBHbIE U3-
MeHeHUus: HacJeJICTBEHHOrO MaTepuaJsa, BO3HHUKIIHE B Mpolecce
metiosa.

[lepexpecTHoe omblienne npeacTaBiaseT coboll mepeHoc pasiauu-
HBIMH CMocoOaMH MbIIbIBI M3 MBIIBHUKOB OJHOTO pACTeHHs Ha
pBIIBLE 1IBETKA APYroro pacreHusi. Pazmnuaior cnocobbl nepekpect-
HOTO OTIBITIEHUS C NOMOULbIO HCUBOMHbLX (TTaBHBIM 00pa30M HacekKo-
MBIX) H C TOMOIULBIO abuomuueckux gaxmopos (sempa U pexe 80-
Obt). st myudliero ocylUlecTBAEHUS MePeKPeCTHOr0 OMNblIeHUs LBET-
K1 06pasytot cousemus (puc. 30).

Cemena u naodol. B pesynbraTte ONN0A0TBOPEHHsT 00Pa3yOTCs
cemena. CeMs sIBJIsieTCST OPraHoM pa3MHOXKEHHs] U paccesyeHus pac-
TeHUH. 3pesoe ceMsi COCTOMT M3 3apo0bluld, CeMEeHHOU KOMCYypol W
3anacaroujux mrkanet, ecad oHu ecTh (puc. 31). 3apoabliil pasBuBa-
eTcsl U3 3UroThl. B copMHUpPOBAHHOM 3apojbllle MOKHO BBIAETUTH
noueyky, Kopeulok, cmebesex u cemsdoau. Y CeMsiH IBYIL0JIbHBIX
pacTeHuil — JBe CeMSNOMM, Y CeMsIH OIHOMOJMbHBIX — onHa. 3ana-
carowas MKaHb, WIW 3Hdocnepm, 0Opasyercs M3 TPUMIOHAHOH
KJIETKH U CJIYXKHT JJIsl MUTaHMs 3apoiabiiia. B mpoiecce paspurtus
3apOJbIL MOXKET TMOMJIOTHTh Bech 3HAOCTepM (Hampumep, 6060BbIe),
TOrJla CeMsIIONM CTAaHOBSITCS 3amacaloileil TKanblo. Ecau sumo-
crepM He TIOTJIONAeTCsl 3apoJblilieM, OH TpeBpallaeTcs B 3amacalo-
1yl TKaHb (Hampumep, 3naku). CemeHHasi Koxypa o6pasyercsi U3
MOKPOBHOH TKAHU 3apojbllieBoro Memika. OHa 3auiuiiaer 3apo-
ABII OT MOBPEXK/JeHHH, BbICBIXaHHUS M MPeXAeBPEeMEeHHOTo nmpopac-
TaHUsI.

Jlnst 3aluThl U pacmpocTpaHeHus ceMsiH 06pasyloTest 14006l
[To xapaxkrepy oxoaonaodnuka (ob6pa3yercsi U3 3aBsI3W MeECTHKA)
MJIOABl Pa3lensiioT Ha coynble (puc. 32) U cyxue. B 3aBUCUMOCTH OT
KOJIMYeCTBA CeMsIH TIJIOAbl ObIBAIOT OOHOCeMAHHOIE W MHOCOCEMSIH-
Hote. Cyxue TIJIOABI TIOAPAa3esIoTCsl Ha JBe TPYIIbl B 3aBUCHMOCTH
OT TOTO, BCKpblBaemcs nao0d UK He gckpoisaemces (puc. 33).

Puc. 30. Hekotopbie TuMbl colBeTHH (C YNPOUIEHHBIMH CXeMaMH ):

I — wmetenka; 2 — K0J0C; 3 — KHMCTb; 4 — ILUTOK; 5 — MPOCTOH 30HTHK;
6 — CJI0XKHBIIl 30HTHK; 7 — KOP3HHKA; § — cepexkKa
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Puc. 31. Cemsi ABYJ0JbHOrO (@) W
OJIHOJIONBHOTO (O) pacTeHHuii:

| — cemeHHas Koxypa; 2 — cemsi-
noas; 3 — sHpocnepm; 4 — Kope-
LIOK; & — crebesek; 6 — moueuyka

RS
PV

HSE2R
U ip
ST
.\‘9‘3'{—*

Puc. 32. Counble MJI0JbI:

| — qroja KpblXKOBHMKA; 2 — Sir0Ja macjeHa 4epHoro; 3 — sAroja TomMara;
4 — KocTsIHKa BMIIHM; 5 — moMmepaHel JUMoHA; 6 cOopHast KOCTsHKA
MaJUHbl;, 7 — COMNJOAME HHXKHUPA; § — COMJOJHe LIeJKOBULDbL, 9 — cormo-
JlMe aHaHaca
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Puc. 33. Cyxue naojbl:

/—9 — HeBcKkpbIBatolnecs (/ — ceMsiHKa MOJACOTHEUHHUKA; 2 — JBYCEMsIH-
Ka ykpomna; 3 — KpbllaTKa siceHsi; 4 — JIBYKpPblIaTKa KJeHa; 5 — 3epHOBKA
B paspese; 6 — ceMsIHKa C MpHUIENKaMH; 7 — caM03apbiBalolLasicst 3epHOB-
Ka C JeTyuKOHl KOBbLIs; § — Opex JellnHbl; 9 — ceMsHKa ¢ JeTyukoll oay-
BaHuuka); /0—17 — BckpbiBatoluecs (/0 — nucTtoBKa XKHUBOKOCTH; /1 —
600 ropoxa; /2 — cTpyuoK Kanyctbl; /3 — cTpydouek sipyTku; /4 — Kopo-
60uKa ¢ AbIPOUKAMH MaKa; /5 — KOopoOouKa ¢ KpbIIKOi OeeHbl; /6 — KO-
pobouka co 1LesIMH XJI0MuaTHUKa; /7 — cbopHast mucToBKa Bojocbopa)
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BeretratMBHOe pa3MHOXeHMe

BereratuBHoe pa3MHOXKeHME — 3TO YyBeJHUeHHe
yucaa ocobell 3a cueT OTAeNeHUs »KH3HEeCNMOoCOOHbIX uacTell Berera-
THBHbBIX OPTAHOB M MX MOCJEAYIOlLlel pereHepalinu (puc. 34).

Ecmecmesennoe BeretaTHBHOE pa3MHOKeHHe OUeHb IIMPOKO pac-
npocrpaHeHo B npupoae. OHO HUrpaeT OrpoOMHYI0O POJb B 3axBaTte
TePPUTOPHUHM HEKOTOPbIMH BHIAaMH, 0COOGHHO B YCJOBHSIX, KOrja ce-
MeHHOe pa3MHOXKeHHe 3aTpyaHeHo. Halle Bcero naHHblil BUJ Bere-
TATUBHOTO PAa3MHOKEHHsI OCYLIEeCTBJASETCS C MOMOULbI0 KOpHesuuy,
AYyKoBUl, KAYOHEL, KOpHell, ycos.

Puc. 34. BereraTuBHOe pa3MHOXKEHHE pACTEHHI:

/| — Haj3eMHBIMH MON3YyUHMH noberamMu (3eMJasiHUKa); 2 — MOJA3€MHbIMH
KAyOHAMH (KapTodesab, TeMHbIM MOKa3aH CTapblii KaAyOeHb, H3 KOTOPOro
BBIPOCJIO pacTeHue); 3 — OTKHUAbIIAMHU (MOJOJANI0); 4 — JYKOBUUKAMH U3
couBeTust (MyK); 5 — JAYKOBHLAMH-TeTKaMH; 6 — KAyOHeJyKOBUIAMHU
(magpan); 7—9 — xopHeBulleM (7 — upHuc-KacaTuk; § — ocoka; 9 — Ky-
neuna); /0 — wactsaimu nobera (371071e5)
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Hckycemesennoe BereTaTUBHOE pa3MHOXKeHHe oOecrneunBaeTr Mo-
JiyueHHe TMOTOMKOB, MOBTOPSAIOUIUX MPU3HAKH POJUTEILCKOrO Opra-
HU3Ma, MO3BOJSIET YCKOPUTb MOJyUeHHE MPOAYKTHBHBIX pacTeHUH.
K OCHOBHBIM MeTOZaM HMCKYCCTBEHHOrO BereTaTHBHOrO pPa3MHOKe-
HUST OTHOCSITCSI:

— yepeHKoBaKue, KOTOPOE MoApasjensieTcss Ha cTebaeBoOe, JHC-
TOBOE W KOpHEBOE UepeHKOBaHHUE;

— pasmuoxcerue omsookamu (pasHOBUIHOCTb UYepPEeHKOBAHUS),
MpH KOTOPOM YyUaCTKH MOOEroB BHauaJe CrneluajbHO MPHKHUMAKT K
3emJsie, a nocjae oOpa3oBaHUs MPUAATOUHBIX KOPHEH OTAEJAIT OT
POJUTENBCKOTO paCTeHUS;

— npusBuBKa, TMPH KOTOPOH UEpPeHKH OJHOr0 pacTeHUs mnepeca-
JKUBAIOTCH Ha JIPYroe pacTeHue ¢ NaJbHEHIINM HX CpacTaHUueM;

— pa3MHOXKEHHEe MPH MOMOULH Pas3JMUHBIX BUAOU3MEHEHUH Mo-
6eroB M KopHe#l: ycoB, KOpHEeBHILL, KaAyOHel, JYKOBHILL;

— MEeTOJl KAOHAAbHOCO MUKPOPAZMHONEHIL, OCHOBAHHDBIH Ha HUC-
MOJb30BAHUH KYAbMypbl MKAHE W KAeMOK, HCMOMb3YeTCsl AJ5 03-
JIOPOBJEHHS MOCAA0YHOrO MaTepuasa U pasMHOKEHHS [IEHHbIX pac-
TeHUH.
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BAKTEPUM

Bakrepun oTHOCATCS K MPOKAPHUOTHUECKHM OpraHus-

MaM, KOTOpble He UMEIOT s1IepHbIX 000J10UeK, MAACTH/, MUTOXOHAPHH U
JIPYrux MeMOpaHHbIX opraHesa. JI/as HUX XapaKTepHO HaJuuMe OJNHOH
kosblieBoil JIHK. Pasmepwl Oakrtepuii sexat B npenenax 0,15—
10 mxwm. [To dopme KI€TOK HX MOXKHO pa3/ieuTh HA TPH OCHOBHbIE TPYII-
Mbl: UAPOBUOHbLE, WIH KOKKU, NAA0YKOBUOHble U u3sumoie (puc. 35).
Bakrepuu, XoTsd U OTHOCATCS K MPOKapHOTaM, HMEIOT JO0BOJNbHO
CJI0KHOe cTpoeHHe (puc. 36). bakrepnanbHas KieTka MOKphITA He-
CKOJTbKMMH BHEIIHUMH cjaosiMu (puc. 37). Kmetounas crenka obsiza-
TeJbHaA JAJ5 BceX OaKTepHUH M SIBJSETCH OCHOBHBIM KOMMOHEHTOM
H6akTepuaabHoll kneTkd. Kak u y pactenuii, kaetouHas creHka 6ak-

Puc. 35. Qopmbl GakTepuit:

| — MHUKDPOKOKKH; 2 — JIMMJOKOKKH H TeTPAaKOKKH; 3 — capluHbl, 4 —
CTPENTOKOKKH; 5 — CTAaQUIOKOKKH; 6, 7 — NaJjouku, uad Oauunansl; § —
BUOPHOHBI; 9 — cnupuaabl; /0 — CHPOXETHI
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Puc. 36. Cxema cTtpoenusi 6aKTepHasbHOM

KJIETKH:
I — kancyna; 2 — KJIeTOUHasi CTEHKa;
J — uMTonJaasMatuueckas MmemOpaHa;
4 — wuykJjeouj; 5 — uurongasma; 6 —
XpomMaTodopbl; 7 — THAAKOUIbI, § — Me-
gocoma; 9 — pubocombl; 10 — XKIyTUKH;
/] — o0asaabHoe TeJblie; [2 — nuay;

13 — kangau xupa

Puc. 37. Cxema cTpoeHuss KJIETOUHOH 000-
JIOUKH OaKTepHuu:

! — uWTomsazmaTHyeckass MemOpana,
2 — KJIeTOUHasi CTeHKa; 8 — MUKpoKan-
cyna; 4 — kamncyna; 5 — CJAM3UCThIH CI0H

Tepuil npuaaer kaerke GopMy M KeCTKOCTb H, KpOMe TOro, BbIMOJI-
HSIeT PsiJl BaXKHbIX (PYHKIMI: 3allHMLIAeT KJAETKY OT pPas3/JHuHbIX MO-
BpeXJeHUH, yuacTByeT B MeTaboau3Me, Y MHOTHX MATOreHHbIX Oak-
TepUi TOKCHUHA, y4acTByeT B TPaHCMOPTEe 3K30TOKCHHOB. OCHOB-
HbIM KOMIOHEHTOM KJIETOUHOH CTeHKH OakKTepuil siBaseTcs MOJH-
caxapua mypeur. B 3aBUCUMOCTH OT CTPOEHHSI KJAETOUHOH CTEHKH
6aKTepuu NeJaATCs Ha JABe TPYMMbl epamnosoxcumesvnole (OKpaliu-
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Puc. 38. KuetouHble CcTeHKH

/ rpaMnooXKUTeNbHOH (@) |
rpamMoTpuiateabHoil (6) 6ak-

a TePHUH:
I — wmembpana; 2 — MyKo-

NenTHabl (MypeuH); 3 — Jauno-
NMpoTeuibl U OeKH

Batotcsa no ['pamy npu

[IPUrOTOBJIEHUU  Mpenapa-

TOB /51 MHKPOCKOMHPOBA-

) HUSI) U epamompuyamens-

Hble  (He OKpallMBaloTCs

! 9TUM cnocobom) OaKTepHuH
(puc. 38).

Y HekoTOpbIx HakTepui

KJeTOYHas CTeHKAa MOKpbITa

J cBepxy KamncyJaoi. Kancyna

He sBJseTcs 003aTebHON

CTPYKTYPOH OaKTepHaJbHOH KJIETKH, U €€ MOTeps He BJeYeT 3a CO-

6ol rubesnp kaeTku. OnHaKo KarcyJ/aa BbIMOMHSET Psi BaxKHbIX OHO-

JIOrHueckUX (pyHKLUMH: 3amuuiaer 6akTepuM OT MeXaHUUeCKHX MOo-

BpEeXKAEeHHH, BbICBIXaHMs, BO3AeHCTBUSI (aAroB, TOKCHUECKHX Be-

1lecTB. ¥ MmaToreHHbIX OaKTepuil Kancysaa npeaoxpaHseT 6aKTepHIo

OT JeHCTBHUSl 3aLIUTHBIX CHJI OPraHu3Ma, B KOTOPOM MapasuTupyer

OakTepusl.

Opranamu ABHMKeHHS OaKTepHUil SIBISIOTCS KIYTHKH, KOTOPBIX
MOXeT ObITh 0T 1 10 50 u Gosee. JIJisi KOKKOB XapaKTepHO OTCYTCT-
BHE KIYTHKOB. bakTepuu MMelT cnocoOHOCTb K HaNpaBJAeHHbLIM
hopmam aBUKeHUST — makcucam. Takcuchl ObIBAIOT MOJOKHTENb-
HBIMH, €C/IM JABH)KE€HHe HAMpaBJeHO K HCTOUHUKY CTUMYJa, H OTPHU-
LaTeNqbHbIMH, KOrJla JBHUXKEHHEe HAaMpaBJeHo OT Hero. MoXKHO Bblje-
JUTb CJeYyIlLIHe BUbl TAKCHCOB. Xemomakcuc — JABUKEHHUE, OCHO-
BaHHOE HA pa3HULle B KOHLEHTPALKUH XMMHUECKHUX BelllecTB B cpeje,
aapomakcuc — Ha pas3Hulle KOHLeHTpauuil kucaopoaa. [Ipu peak-
LHUSIX HAa CBET M MArHUTHOE M0Je BO3HMKAKT COOTBETCTBEHHO ¢homo-
makcuc 1 Ma2HUMomaKcuc.

BakHbIM KOMMOHEHTOM B CTPOEHUM OaKTepUiHl SIBJSIOTCS MPOU3-
BOJHblE MIa3MaTHuecKol MeMmOpaHbl — nuau (BopcuHkH). [Tuan
NPUHUMAIOT yuacTHe B CAUSIHUM OakTepuil B 0oJbliMe KOMIJIEKCHI,
npuUKpenJeHun 6akTepuil K cybcTpaTy, TPaHCIOPTE BeLLeCTB.
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[To Tuny nurtanus OakTepuH JenasiTcss HA agmompoghos u eeme-
pompogos. ABToTpodHbie GaKTEepHH CMOCOOHBI HCMOAb30BAThH B Ka-
yecTBe MCTOUHMKA Yyrjepoja yrJAeKHCAblH ras Bo3jayxa M MnpeBpa-
laTh €ro B OpraHuuecKre BellecTBa 3a CUeT 3Hepruu, oopasytolLeii-
Csl MPH OKHUCJAEHHH XUMHUECKHX HEOPraHMYeCKUX COeJHHEeHHH B
npoiecce JbIXaHHsl, — xemoasmompodhol; 3a CueT IHEPTHH CBeTa
(npu ¢otocunreze) — gomoasmompogoi. 'ereporpodHble GakTe-
pPUHM MOJYUYAIOT YIJEPOJ M3 TOTOBbIX OPraHMUeCcKUX COeAMHEHUH, UC-
NoJb3ysl TJIaBHbIM 00pa3oM YIJeBOAbl, CIUPTbI, Pa3JHUHble OPraHu-
yecKHe KHMCJOTbI, KOTOpble pasjaraioT B mpoliecce 6poxKeHus (6e3
JIOCTyNa KHCJA0pPOJa) WM JblXaHWs; a HEPTHI0 MOJAydyaloT 3a cueT
JbIXaHusi, OpOoKeHUsT WU (POTOCHHTE3a — Xemoeemepompopolr u
¢domoeemepompodhol.

Hano oTmMeTuTh orpomMHoe 3HaueHue OakTepHUH B KPyroBopoTe
aszora. Tonbko OakTepuH W LHAHOOAKTepUM CNOCOOHbLI yCBauBaTb
aTMocdepHbli a30T. B nanbHefilieM OaKTEepPHUH OCYLLECTBJASIOT peak-
LMK aMMOHH(pUKaALUK (passnoxeHue O€JIKOB M3 MEPTBOH OpPraHuKH
A0 aMHUHOKHCJOT, KOTOPpbI€e 3aTeM AE€3aMHUHHUPYIOTCA N0 aMMHUaKa H
JPYrUX TMPOCTbIX a30TCOAEPKAIUUX COCAMHEHHUI), HUTPUPHUKALUH
(aMMHaK OKHCJSIOT B HUTPUTbl, & HUTPUTbl — B HUTPAThl), NEHUT-
pudHuKauuK (HUTPAThl BOCCTAHABAUBAIOTCS B ra30006pasHblil a30T).

[To Tuny nbixaHuss GAKTEPUH MOXKHO Pa3JeNUTb Ha HECKOJAbKO
rpynn:

a) obaueamuosie adpodol: PacTyT NpH CBOOOIHOM 10CTyIMe KUCJO-
pona;

0) parkysvmamusnoie aHadpobbl: pa3BUBAIOTCS KAk MPH JA0CTY-
ne KMCJ0poJaa BO3/1yxa, TAK U B OTCYTCTBHUHU €ro;

B) obaueamnole aHaspoOvl: pa3BUBAIOTCS MPH MOJTHOM OTCYTCT-
BUM KHUCJIOPOJAA B OKpyxKalollleh cpeje.

LLAPCTBO IPHUbBbI

['pubbl fBAsAOTCA 000c00JACHHON IPYNNONH 9yKapHOT,
CYLLECTBEHHO OTJHYAOLIMXCS OT PAacCTeHHH W KMBOTHBLIX, XOTS U
MMEIOT CXOJICTBO U C TeMH M ¢ ApyruMu. C pacTeHUsIMU TPUOBI HMe-
10T CJIeYIOLLHEe CXOAHble MPU3HAKHU: KECTKasl KJAeTOUHasl CTeHKa, Be-
reTaTUBHOE Pa3MHOXKEHHME U PAa3MHOXKEHHe C [OMOLLbIO CIOp, Heor-
paHMUYEHHBIH POCT, MOIJIOLLIEHHe MUTATeJbHbIX BellecTB NMyTeM Bca-
coiBaHus. C  KMBOTHbIMM TpUObl MMEIOT CJAeAYIOLIHe CXOJHble
MPHU3HAKKU: OTCYTCTBHME XJOPOGMUJIIA U reTepoTPOGHOCTb, 3aMaCHbI-
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MU BEILeCTBAMHU SIBJASIIOTCS eAUKO2CH U AUNUObL, B KIETOUHOH CTEeHKe
MUMEeTCs] XUMUuH.

Teno rpuba mnpencTaBIeHO CUCTEMOH TOHKHMX BETBSILLUXCH HU-
Te#l — eugh. COBOKYMHOCTh BCeX TH( MpejacTaBasieT co60i muyerul,
uau epubruyy. Ilo cTpoeHuto BbIIEASIOT 1Ba BUAA FH, UTO SBJIsET-
Csl OJHUM H3 OCHOBAaHHUH jaeseHusi rpuOOB Ha HU3IIHE W BbICLUHE.
Y HU3MWHUX IpUOOB THPBI He UMEIOT KJIETOUHOTO CTPOEHHUs, peaCcTaB-
Jasiss co00 Kak Obl OQHY KJAeTKY ¢ OOJbLIMM KOJHYECTBOM sjep.
Y BblciiuX rpuOOB rudbl pasjesneHbl NeperopojikaMu Ha OJHOSAEp-
Hble UM MHOTOSIepPHble KJAeTKH. [ Mdbl HMEIOT BepXylLIeUHbIH POCT U
0OHJIBHO BETBSITCS.

['pubbl BASIIOTCS TeTepOTPOPHBIMH OpraHu3MaMu. B 3aBucumo-
CTH OT UCTOUYHHKA MUTAHUS TpUObI ObIBAIOT canpogumamu, nocess-
SICb HAa MEPTBBIX OCTATKAaX PAaCTeHUH W JKUBOTHBIX, NAPA3UMAMU
pacTeHUH M KHUBOTHBIX WA CcUMOUOMMAMU, KAK TPaBUJIO, TOJbKO
pacTeHuil, 00pa3dysl ¢ UX KOPHSIMH MUKOpuU3y 1 obecrneyuBasi pacre-
Hust pocopom, COeTUHEHUSIMU a30Ta U BUTAMHHAMH.

['pubbl paszmMHoKaTCA 6ECNOJbIM (B TOM UHMCJe BereTaTUBHbLIM ) U
MOJIOBBIM crioco0aMu. BeretaTuBHoe pa3mMHOKeHHEe OCYIECTBISETCS
YaCTSIMHU MULIEJHS (XapaKTepHO MOYTH AJ151 Bcex rpuOOB), pacrnajaeHu-
eM TH( Ha OTAe/bHble KJAETKH, MOUKOBAHHEM (B OCHOBHOM JPOKIKH).

Becnosoe pasMHOKeHHME OCYULECTBJASIETCS € MOMOLLbIO CMOp.
Cnopbl MOryT 00pa30BbIBATbCS BHYTPHM CMEUHAJbHbIX BbIPOCTOB
rup — cnopareues WM Ha KOHILAX CMeELLMaJU3UPOBAHHBIX THP, KO-
HeuHble KJETKH KOTOPbIX 00pasyloT LEeMouYkKH Crop — KoHuouu
(puc. 39). ¥ MHOTHX HU3IIHUX TPUOOB GECrnojoe pa3MHOKEHHE MPOUC-

Puc. 39. O6pazoBauue crnop:

[ — Ha KoHUAX rud y MeHUIMAIa; 2 — B CMOPaHrusaX y MyKopa

A
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Huswue rpudul

7 960
A Da P@\%@@?

| YW

ACKOMHILETBI

A

GasuamomuueTs

Puc. 40. Tunsl nosoBoro npouecca y rpu6os:

A — xowblorauus niaaHoramer (/ — usoramuas; 2 — rereporamuas; 3 —

ooramHast), b — KOHTaKT rameTaHruen; B — KOHbIOralusi raMeTaHTHEB;
I — cnepmarusauus; /| — comatoramus
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XOAMT MPU MOMOLLHM MOABHUXKHBIX CMOP — 300cnop, CHabMKEHHbIX
KTYTHKAMHU. ¥ BbICLWIMX FPUOOB CMOPbI JHLIEHbl CTOCOOHOCTH K ak-
THUBHOMY JBHXKEHHIO.

[TosoBoe pasmHoxkenue rpuGoB 10BOJMBHO pasHoobpasHo (puc. 40
Ha c¢. 49), HO Bcerja 3aKaHUYMBAETCH MOJOBbIM CIOPOHOIIEHHEM.
[Ipu momoBoM crnopoHouleHUH mocae 0O6pa3oBaHUsI 3UTOThl oHA 00-
pasyeT CNoOpaHruu, rje B npoliecce Meido3a 06pasyoTcs Cnopshl.

[TonoBoe paszmHoxKeHue IpuOOB MOXKET OCYLLECTBJATLCA MyTeM
00pa30BaHUsl 3UTOThl 3a CUET CJAUSIHUS He MOJOBbIX KJIETOK, a (u-
3UOJIOTMUECKH PA3JHUYHbIX MHIIETHEB.

B kpyroBopote BeuiecTs B 6uocdepe rpudbl SIBISIOTCS peayLeH-
TaMH, OCYLLeCTBJ/SIsI MUHEpaIU3aLUI0 (PasioxKeHHe OpraHuuecKoro
BelllecTBa).

B x03s1ficTBeHHOl 1esITeIbHOCTH UeJoBeKa LIMPOKO MCMOMb3YIOT-
cs B xJaeboneKkapHoH, MUBHOH W BHHO/AEAbUECKOH MPOMBIIIIEHHOCTH,
ynotpe0JsitoTes B MUILY.

Ho muorue rpudbl sIBIsIIOTCS Mapa3uTaMM pPAcTeHHH W KUBOT-
HbIX, @ TaK)Ke canpo@UTaMM, BbI3bIBAIOLUMHU MOPUY MUILEBBIX MPO-
JlYKTOB, MPOMBIIIJEHHBIX MATepPHANOB U HU3AeNUil.

JMLLAMHUKH

JIumaiHuKn sBJASIOTCS Pe3yabTaToOM CUMOHOTHUE-
CKOTO COXKHUTEJIbCTBA rpuba U BOLOPOCTH (MK LHaHOOaKTepHu), 00-
pa3ylolluX TeJao JUlllalHuKa, uian caoesuuje (puc. 41). B saBucumo-
CTH OT BHEIIHEro BU/Ja CJ0EBUILA PA3IUUAIOT TPU MOPPOJOTHUECKHUX
THMA JUIAUHUKOB: HaKUnKole, Aucmosamoie W Kycmucmote. Cjoe-
BUILE HAKUIHBIX JHIIAHHUKOB HAMOMHHAET TOHKHE KOPOUKH, MJIOTHO
cpoclupecst ¢ cyOCTpaTtoM. ¥ JIMCTOBATBHIX JMINAHHHKOB CJ0EBHILLE
MMeeT BH/L IMCTOBOH MIACTHHKH, KOTOPAasl MOXKeT ObITb LLeJbHONH MU
pacceyeHHOH Ha HECKOJNbKO MJACTUH. B oTianHuMe OT HAKUMHbLIX JH-
lalHUKOB, KOTOpble MJAOTHO cpacTailoTess ¢ cybcTpaToM, JUCTOBA-
Thle JIMIIAHHUKH TPUKPEMISIOTCA K cyO6CcTpaTy 0COObIMH OpraHamu
npuKpenaenuss — puzoudamu, KoTopble 06pa3yloTcsi Ha HHUKHeH
YaCTH CJOeBMIA. ¥ HEKOTOPBIX JUCTOBATHIX JHIIAHHHKOB PH30MIbI
00pa3yloT TOJCThIE TSI?KH, HAa3bIBA€Mble PUBUHAMU, UMEIOLIHE TPH-
KpernuTeabHble TJAACTHHKM WJIH KameJbKU CJAU3H JAJS Jyullero co-
equHeHuss ¢ cyberpatoM (puc. 42). KycTucrtble JUIIARHUKH HMEIOT
CJ0€BHILE B BU/E MPSIMOCTOSUEr0 WK NMOBUCAlOULEro KycTuka. B or-
JIUYMe OT HAKHUMHbIX W JMCTOBATHIX JHIIAHHUKOB, KycTHCTble 00Ja-
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Puc. 41. CtpoeHue cja0eBHIILa JHUITIAHHUKOB!

| — retepomepHoe cioeBHile (PUKOOHOHT — 3eseHas BOJOPOCIb); 2, 3 —
CJIOEBUIIE CAU3UCTBIX JHIIAHHUKOB ((PUKOOHOHTBI — CHHe3eaeHble BOI0POC-
JI); @ — KOPOBBIe CJI0M; O — CJIOH BOLOpOCTEei; 8 — cepJleBHHA; ¢ — pH-
30H bl

Puc. 42. Opranbl npuKpern-
JIEHUS] CJIOEBHILA JIHCTOBA-
ThIX JHUIIAAHUKOB!

1 — HMXHUE KOpPOBOH cyoH
C pU30MIAAMH; 2 — PUBHHBI C
MPUKPENUTENbHBIMHU TJ1ACTH-
HaMH; 8 — pHU3MHA C Ka-
MeJabKOH CJIN3H
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Jlal0T BePTHKAJ/JbHO HANpaBJ/eHHbIM POCTOM TH( M BepXyLUIeUHbIM
pPOCTOM CJ/I0€BUILLA.

['pu6 B aulIaiiHuKe OCyLleCTBJsIeT NMPUKPeNJeHHe CIA0eBULLA K
cyberpaty, obecrneunBaeT BOJOPOCAb BOJAOH M pPacCTBOPEHHbIMH B
Hell MHHepaJ/bHbIMH BELLEeCTBAMH, a TAKXKe HeKOTOPbIMU (hepMeHTa-
Mu. Bonopocab, ocylectsasisi poTocHHTe3, cHabxaeT cebst U rpud
yraeofaMu. JIMalHUKK, B COCTAB KOTOPBIX BXOASIT LIMAHOOAaKTe-
pUH (CHHe3eJeHble BOJLOPOCH), cnocOOHbl (hUKCHPOBATH aTMocdep-
Hblil a30T. Takoil cuMOM0O3 MO3BOJSAECT JAUIIAHHUKAM 0OUTATh B Mec-
Tax, Ie yCJA0BHSI CYLLECTBOBAHUSI CAMIIKOM CYpPOBbI HJIM COBCEM He
NPUTOJAHbl JJIs1 APYyrux pacreHuil. MoxKHO cKa3aTb, 4YTO B MpPHUPOJE
HeT cyOCTpaTa, Ha KOTOPOM Obl He MOIJIHM KHUTb JUIIaHHUKU. OHH
NoCe/IsIIOTCs AarKe Ha CTeKJe M Kejese, ecd NpeaMeThl U3 HUX Mpo-
JIe)KAJH HEeMOJBHMXKHO J0BOJbHO AJauTesnbHoe Bpems. [lpu Takom
pa3dHooOpasuu CcyOCTPATOB, Ha KOTOPOM JIMILIAWHUKK MOTJH Obl
JKUTb, OOJBbUIMHCTBO BUA0B NOCE/IsSeTCs] HA HEMHOTMX HJIM TOJbKO HA
olHOM onpejeneHHom cyberpate. [lpu 3ToM muInafiHUKH upe3Bbl-
4allHO UyBCTBUTENbHbI K 3arpsi3HEHUI0 aTMOC(hepbl HEKOTOPbIMHU ra-
3000pa3HbIMU BelLLEeCTBAMH, MOTOMY HEKOTOpPble BU/b! JUIIAHHUKOB
SIBJISIIOTCS OMOMHMKATOPAMH.

PasmHoXKeHHe MHIIafiHUKOB OCyllleCcTB/IAeTCs MOJ0BbIM, Oecro-
JbIM U BereTaTHBHbIM CocoOaMHu.

[Tos10BOE pa3MHOXKEHHE OCYLLEeCTBJSETCS B pe3yJbTaTe M0J0BOrO
CMOPOHOILIEHHS], TPH 3TOM 00pa3yloTCsl pa3aMUHOr0 BUAA NA0008bLe
meaa (puc. 43, 44). [lnonoBble Tena pa3BUBAIOTCS OUE€Hb MEJIEHHO
ot 4 no 10 ner. 3penoe Na0A0BOE TEJIO SIBJASETCH MHOTOJETHUM H
MOKeT MPOAYLHPOBATb CHOPbl B TeueHHe HeCKOoJAbKux JgeT. [Ipu on-
peaeeHHbIX MOrOAHbIX YCJAOBHUSIX 3pesble CIOpbl BblGpachbiBaOTCS,
pacnpocTpaHsisichb ¢ NOMOLLbIO BOAbl u/au BeTpa. [Ipu npopacranuu
crnopbl o0pa3dyeTcsl nepBUUHbId Mulleauil. [Insg oOpa3oBanust cjoe-
BULLA MEePBHUYHBIH MULENUI N0/IKEH BCTPETHTb BOLOPOCHDb, COOTBET-
CTBYIOLLYIO JaHHOMY BUAy Juuwaiinuka. Ecau sT0ro He npousoiiner,
MULEJAHH B CKOPOM BpeMeHH MOTHOHET W cjoeBulle He oOpasyercs.
M3 onucanusi nosoBoro cnoco6a pa3MHOKeHHS JUIIAHHUKA BUIHO,
UTO B HEM yuacTBYyeT TOJbKO rpu0. becrnosoe pasmHoxeHnue ¢ nomo-
b0 CHOP TaKKe OCYLIeCTBJsIeT TOAbKO Ipuo.

B cBfI3u ¢ 0UeHb MPOJOJKUTENbHBIM PA3BUTHEM MJI0J0BbIX T/ B
3BOJIIOIUN JIMIIAWHUKOB OecrnoJibli (C MOMOIILbIO CTOpP) U TOJOBOH
cnocoObl padMHOXKeHHUsl mojaseprauch peaykuuu. ITostomy cpenu
6o/iee BbICOKOOPTAHH30BAHHBIX KYCTHCTBIX M JIMCTOBATHIX JHILIAAHHU-
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KOB €CTb BM/Ibl, KOTOPble Pa3MHOXKAIOTCS TOJBKO BereTaTHBHBIM
cnoco6oM. Bo MHOrux ciayuasix BereTaTHBHOe Pa3MHOXKEHHe OocCyllle-
CTBJIsSIeTCSl MyTeM (parMeHTaluu, T.e. YACTAMH CJA0EBUILA, KOTOPbIe
OTJIOMMJIUCh MOJ BO3JefiCTBUEM BeTpa, KMBOTHbIX WJH APYTHX (ak-
TOPOB BHelIHeH cpenabl. Kpome Toro, BereraTuBHOe pa3MHOKeHHE
JULIAHHUKOB OCYLLECTBJ/SIETCS] C MOMOILBIO ClelHadbHbIX 00pa3oBa-

Puc. 43. IlnonoBbie Tesa (anoTeunn) y HaKMITHOTO JHIIAHHHKA:

| — BHewHHU# BUA; 2 — ToNepeuHbldl paspes uepe3 anoreuuil (@ — okpa-
IICHHBIH 3aUUTHBIN CJI0H KIETOK; 6 — CyMKa €O CropaMU; 8 — CJIOCBHIIE)
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HUH copeduli, usuduii v r06ya (puc. 45, 46). Bece stn o6pa3oBanus
BKJIIOUAIOT ONHY HJU HECKOJbKO KJIETOK BOJOPOCH HJIH LHaHOOAaK-
TepPUH, OKPYKEHHBIX TH(amu rpuda.

Copennn o6pasyioTesi B pedysabTaTe pas3pbiBa KOPKOBOTO CJ0f,
M3UJIUU — B pe3yJabTaTe ero BLIMSIUMBAHHUS Ha BepXHel MOBePXHO-
CTH CJI0€BMIILA, a JOOYAbl B BHJE YelllyeK PAacCMoJOXKeHbl M0 Kpasim
CJI0EBHIILA MM HA €ro MOBEPXHOCTH.

B 3TOM BHje BereTaTUBHOTO Pa3MHOXKEHUS YUaCTBYIOT U rpub, u
BOJIOPOC/b, B pe3yJbTaTe uero o0Opa3oBaHHe CJAOEBHINA HACTyMmaeT
cpagy npu monajaHuud B OJaronpusiTHble ycaoBusi cpeabl. Hemado-
Ba)KHOe 3HAaUeHHe UMeeT U TOT (PAKT, UTO Ha BereTaTHBHOE Pa3MHO-
JKeHUe HaJlo CTOJbKO »Ke BpeMeHH, CKOMbKO Ha 0Opas3oBaHue Ma0J0-

BbBIX TeJI.

Puc. 44. [1nojgoBble Tesa
(neputeuuu) y JaulIap-
HHKa:

. 6 NI

I — BHewHui Buy; 2 — b \'{/',D:./\A\:\__,.
o SO S A 4 Za =
nonepeyHbld paspes ye- 9&%*%%;4”?,3‘7\/\‘/\/
S e S

pe3 cjoeBMILe C MOrpy- %@%ﬁ{%%
. £ 7 Sl S
JKEHHbIM B HEro rnepure- g{{—‘%{é/ﬁo\.\ <
22 S, R

uueM (@ — CYMKH CO ey S e
SeoaaleanaRbos SR RoSisy

crnopamu; 6 — TruMoTe- S s aapan0QssR e danaiosy
Imﬁp— Ca0i U3 MA0THO R S

nepenaeTeHHbIX THE)
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Puc. 45. BeretaTuBHOe pa3MHOXKeHHEe C MOMOLLbIO COpeauil:

1 — copenuu (@ — KJETKH Bojopocaedl; 6 — rudbl rpubda), 2 — cxema 006-
pasoBaHusl COpeiuil B caoeBulle; 3—8& — GopMbl copaseil: 3 — NSTHOBUJ-
Hasl; 4 — roJjoBuartasi; 5 — MaHKeTOBUIHAs, 6 — ryb6oBuaHast; 7/ — B BUJE

Ka#iMbl; 8 — mieseBuaHast
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Puc. 46. BeretaTuBHoe pa3MHOXKEHHE C MOMOLLBIO H3UAHM:

! — cJoeBHIIe JUCTOBATOrO JHUIIAHHUKA ¢ U3UAUSAMU (a); 2 — pasauuHble
dbopMbl M3UAMIA; 3 — MoOMepeuHbll pas3pes uepes CAOEBHILE C H3UIAUSAMHU
(6 — rudbl rpuba; 8 — BOLOPOCIH)

CKOpOCTb pocTa JUIIAHHUKOB OUeHb MaJja: OT COThbIX J10JeH MUJI-
auMerpa 10 1—3 cM B roJ. 3aTo NPOAOKUTENbHOCTb KU3HU HEKO-
TOPLIX JIHMIIAHHUKOB, OCOOEHHO HAKHIMHBIX, MOXET J0CTHUTaTh
4000 ner. BozpacT nMUCTOBATBIX U KYCTHUCTBIX JIMIIAUHUKOB B Cpejl-
HeMm nocturaer 50—100 mer.



Paspen

|11 LlapctBo HnBOTHBbIE

COBOKYMHOCTb BCEX KHBOTHBIX, HACEJAIOUIUX Ompe-
JIeJeHHYI0 TEepPPUTOPHUIO HMJM BCIO IMJIaHETy, HOCHT obllee Ha3Ba-
Hue — ¢hayna.

[Ipuctynas K M3yueHHIO 300JI0THH, CJEAYET MpexJe BCero 03-
HAKOMHUTbLCSI C OCHOBHBIMH MOHSTHSIMU CUCHIEMAMUKU — HAYKH,
paspabaTbiBalolleii MPUHIUNBl KJAacCH(PUKALUU OpPraHHuYecKoro
mupa. OcHoBHas cuctematuueckast kareropus — sud. C 1756 r.
s 0003HAUEHUS BWJOB MPUHATA eJuUHAAd MeNOYHAPOOHAL HO-
MeHKAQMYpa, BBeJeHHAsi B HaAyKy OocHoBaTeseM cucteMatuku Kap-
JgoM JluHHeeM W HasBaHHasi UM OuHapHol Homenkaamypol. Oua
OCHOBBIBAeTCsl Ha 0OBbEeNMHEHHH OJU3KHX BHAOB B OoJsiee KpyMHbIe
cUcTeMaTHueckue rpynnbl — podol. CorjaacHo GMHAPHOH HOMEHK-
JaType, Ka)J10e XKUBOTHOe 0003HAUAeTCs 08YMA AAMUHCKUMU CAO-
samu. [lepgoe cro080 — HaszBaHue poda — THILETCsS BIEpPeId C
60sb110H OYKBBI, 38 HUM CJIELYeT COOCMBEHHO 8ud080€ HA3BAHUE,
KOTOpOoe TmnuiueTrcss ¢ MaJjeHbKod OykBbl. Tak, Hampumep, poj
Ascaris (Ackapuna) Bkatouaetr Buabl: Ascaris lumbricoides (acka-
puna uyesnoBeueckast) W Ascaris suum (ackapuma cBuHasi). Pojx
Canis (Cob6aka) BkJawuaet Buuabl: Canis familiaris (cobaka J0-
matunsist), Canis lupus (BOJK).

Duanskue poabl 00beAUHSIIOTCSI B cemeiicmao, OIU3KHe ceMelcT-

Ba — B omps0d, OTPSA/bl — B KAQCC, @ K1ACChl — B Mun.
Beicuine cucremMatnyeckne KaTeropuu B XKHBOTHOM MUpe — miu-
not — audpdepeHUUpyoTes N0 (QYHAAMEHTA bHbIM TMPHU3HAKAM:

CTPOEHHUIO, CUMMETpPHH, YUCAY 3apOJbIIIEBbIX JHUCTKOB, HAJUUUIO U
XapakTepy MOJOCTH Tesaa, CerMeHTallu Teaa u ap.

[lapcTBO KMBOTHBIX JeadT Ha noauapctBa: OJHOKAemouHbLe
(Monocytozoa) u Mwuocoxaemounoie (Metazoa). K onHoksmeTounbim
OTHOCHUTCSl TONbKO OAuH TN — [Ipocmeliwuue (Protozoa). K muoro-
KJIETOUHBIM YKUBOTHBIM — BCE OCTAaJbHbIE THIIbI.

MHorokseTouHble Mojapasnensioress Ha nBe rpynnbl. K mepoit
rpynne Parazoa OTHOCSITCSI MHOTOKJIETOUHbIE, KOTOpble He uUMeiom
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Hacmoswux opeanos u mraret, — mun 'yoxu. Ko BTopoil rpyn-
ne — Eumetazoa, win wacmosujue mHO20KAEMOUHbIE, OTHOCSATCS
BCe OCTaJibHble THIIbI.

[lopuapcTBoO
[NpocTenwme

K npocreiiium otnocstest npumepno 30 000 Buaos.
[Tpocreiiline MMPOKO pacnpocTpaHeHbl HAa Halled maaHeTe U OOM-
TAOT B pa3JHuHbIX cpefnax. MHorue npocrefiine NnpucnocoOUInCh K
06UTaHUIO B TeJe NAPYTHX OPraHu3MOB, BeIyT Napa3uTHUECKUH HJIH
CUMOMOTHUECKH 00pa3 KU3HHU.

OcHOBHOW M camMo# XapaKTepHOH 4epTOH MpOCTeHIINX SIBJAsIeTCS
X odnoxaemourocmo. IlogaBasioniee OOJMBIIHHCTBO MPOCTEHLIMX
MMeeT MHKPOCKOMHUEeCKHe padMepbl 0T 3 10 150 MKM.

CrpoeHue MpocTeHIINX Ype3BbIUaiiHo padHooOpa3Ho, HO BCe OHU
o6sanaT uyepTaMH, XapaKTepPHbIMH JJ5 OpraHu3aiuu ¥ QyHKIIHH
KJeTKH. /[Ba OCHOBHBIX KOMMOHEHTA Tesaa MPOCTeHIIUX — YuUmo-
naazma m s0po.

B uuronmasme J0KamM30BaHBl 0peaHOUObL, WIH OpPeAHEAAbL.
MmetoTest opraHonabl IBYX THMOB: 00ujee0 3HAYEHUS, XapaKTepHble
JJIs JIIOObIX 9YKAaPHOTHUECKUX KJETOK (MUmoxondpuu, pubocomol,
andonaasmamuueckuil pemuxysym, annapam [oarvdxwu w np.),
CNeyuaLbHoeo 3HA4eHus, BbIMOJHAIOINHE XKU3HEHHbIe QYHKIMHU O]1-
HOKJIETOUHbIX KaK CaMOCTOSITeNbHbIX opranuamoB. [Ipoctefitine oT-
HOCATCA K 3YKapuoOmuueckum niusommoim. Y OOJbIIHHCTBA TMPO-
CTeHIINX 00HO A0pOo, HO BCTPeUaloTCcs U MHO20s0epHble BUIBL. Y He-

KOTOPbIX MpOCTeHlnX Habawonaercss sdepHolil dyaiudm — Korpa
fpa OTJHYAIOTCSA MO CTPoeHUlo M no pyHkuusm. Kak npasuiao, B
TaKHX CJaydasiX UMeIOTCsl JBa THUMA SAep: MaKpoHykieyc — OO0Nb-

oe, 60raToe XpOMaTHHOM SIAPO U MUKPOHYKAEYC — MaJIeHbKoe si]1-
po. IlepBoe oTBeuaeT 3a BereTaTHBHbIe (PYHKIIMHU, BTOPOE CBSI3AHO C
MOJIOBbIM MPOLLECCOM.

[TpocTefitinm, KpoMe HEKOTOPBIX Mapa3UTHPYIOLUIUX GOPM, CBOH-
CTBEHHA cnocobHocmo K nepedsusceruto. TToABUKHOCTL MPOCTEM-
IIMX CBfI3aHa C HAJUUYUEM PaszJUUHbIX OopearHoudos dsudxcenusd. Hau-
6oJiee MpocToil OPMON MepeBUKEHUS SIBJsIETCS ameb08udHoe 08uU-
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Jerue, KOTopoe OCYILECTBJSIeTCs ¢ MOMOULbIO ncegdonoduli, 3a cuet
TOKa UUTOMJasMbl. Ipyro#i ¢opmoill nepenBuKeHus siBJAsETCS ABH-
JKeHHe C MOMOILbBIO CHeYUANbHOLY OPAHOUOO8 OBUNCCHUS — HYMUL-
KO8 U pecHuyex.

B 3aBucuMOCTH OT THNA aCCUMHUJSIUN H crocoba MUTaHUS TPO-
cTeilllne NoApa3aeasdoTcs Ha:

1) asmompoghor — nuraiotcs HanoaoOUe 3e€NEHbIX pacTeHUH 3a
cuet ¢pomocurmesq; OpraHaMiu aCCUMUJSALNU CIYKAT XPOMAMOPO-
pol, colepKallle XA0poPuIL;

2) eemepompogo. — nUTAOTCA OAKTEPUSIMH, BOJOPOCASIMH,
JPYrUMH NMPOCTEHIIHMH; OCHOBHONH cnocob nutanus — yumos. [1u-
lla nepeBapHUBaeTcsi B CHELHAJbHbIX OpPraHoMaax — nuwesapu-

meavrolx sakyoasx. K 3Toll e rpynne oTHocsTCsl mpocTefiline ¢
ocmomudeckum numanuem (B OCHOBHOM mapaauthl). [lumia B Buge
pPacTBOPEHHbIX OPraHUYECKHUX BeLLeCTB MOCTyNaeT B MX TeJ0 uepes
000/104KYy; OPraHoubl MUILEBAPEHUsI OTCYTCTBYIOT.

Y NpecHOBOAHBIX H y UAaCTH MOPCKHUX NMPOCTEHIINX HUMeITCs Co-
Kpamumenovuble, WIH Ayasbcupyoujue, 8aKyoil, HUrpalolde pojb
OPraHOMA0B OCMOPEryJISILIUY, BbIJEJEeHUSA U AbIXaHHUsI.

[Tpocteiine obnanatt pazdpaxcumocmoro. Peakuus npocteii-
IIMX Ha TOT MJIM HHOH (akTop, AEHCTBYIOLIMI M3BHE, 4aCTO BbIpa-
’KAeTCsl B U3MEHEeHUU HalpaBJeHUs ABUXKEHUS — MAaKCUC.

PasmHoxeHue ocyulecTB/aIsieTcst AByMst criocobaMu: 6ecnoavim 1
noaosoim. Tlpu GecrnosoM pasMHOXKEHHM MPOUCXOAUT OeseHue Ha-
0dsoe: cHauaJa JeJMUTCS AP0 — MUMO3, 3aTeM LUTOMIa3Ma — yu-
mokure3. OcoOblM BHAOM 0€CNoJOro pasMHOMEHHS MPOCTellnX
ABJNACTCA MHONCCCMBEHHOE OeAeHie, WU UWU3020HUSL.

[TosoBoe pa3MHOXKEHHE MNPOCTEHIIMX OCYLLeCTBJASETCS B BHJE
Konyasyuu Wi Konsroeayuu. Ilpu konynsiuun ase ocobu MOAXOAAT
APYr K APYry, HX LIUTOMJIa3Ma U sjpa CAUBalOTCs, 00pasys sueomy,
KOTOpasi 3aTeM pa3MHoxKaeTcs OecrnoqabiM nyTteMm. s undysopuit
XapakTepHa KOHDbIOTaLUs.

MHorue cBOGOJHOXKHUBYLLME U Tapa3UTHUECKHUe MpocTeiliue, no-
najnast B He0JaronpusiTHble yCJ0BHS cpe/lbl, 00pa3yloT Ha MOBEpX-
HOCTH TeJa MJIOTHYI 000J04Ky — yucmy. Ilpn 3TOM KU3HEHHbIe
npouecchl 3aMeI10TC, H OPraHU3M BMajaeT B COCTOSHUE aHabuo-
3a. Ecan uHuMcTHpOBaHHAst 0coOb BHOBL nonajaaet B OJgaronpusrt-
Hble yCJIOBHSI, OHA MOKHAAeT LUCTY U BO30OHOBJ/SIET aKTHBHYIO XKH3-
HelesaTeNbHOCTb. MHUUCTUpOBAHHEe HrpaeT OrpOMHYI0 posb B pac-
NpPOCTPAHEHUU MATOreHHbIX NPOCTEHIIUX.
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OcHoBHble Tunbl npocteiux: Tun Capxomacmueogdopsi, BKIIO-
vatomuii Kaace )Keymurornocyor v Kaace Caprxodosoie, Tun Cnopo-
suku, Tun Pecnuunoie, uan Hrngysopuu.

UM CAPKOMACTUTODOPDI

Knacc CapkopoBbie

OTpsip, amebnl

KPATKASl XAPAKTEPUCTHUKA

Cpena oouraHus

B npecubix Bojoemax, B HeOOJMbIINWX MPYaaxX U KaHaBax ¢
UJUCTBIM JHOM. B Mope, a Takxke B nmouse. Hebosabinoe
YHCJIO0 — MapasuThl

Popma Tesaa

He umeer nocrosinnoit gopmbl Tena. Pasamep — 0,5 MM

[epenBukeHue C MOMOILbIO MCeBAOMONI

[Muranue ®arountos. [Tunouutos. [Turaerca 6akrepusimu U OHO-
KJEeTOUHBIMU BOJIOPOCASIMH

Boinenenue OcyliiecTBsieTcsi B JIOOOM MeCTe MOBEPXHOCTH Tesa ue-
pe3 COKpaTUTENbHYI0 BAKYOJb

Jbixanue Uepes BCIO NOBEPXHOCTH Tesa

Pasppaxumocts | B Buae taxkcucos. Mmeer nosoxure bHblil TAKCHC HA MHU-
ULy M CBET, OTPULIATE/NbHbIH HA CO/b

S nepHbiid OnHo KpynHoe siapo

anmapar

PasmHoxeHune Jenenne naasoe. [TonoBoe pasaMHOXKeHHE OTCYTCTBYeT

CnocoGHOCTb K
MHUMCTUPOBAHUIO

[1pn nacrynnennu He6IaronpUATHBIX YCIOBHH, HATIPH-
Mep MoJchlxaHue, cnocoOHa HHLUUCTUPOBATHLCS

OBUIASI XAPAKTEPUCTHUKA

Buewnee cmpoenue. Paszmepbl 10BOJbHO PaszHoob-
pasupl — or 10—15 MkM 10 3 MM. Teqo MOKPBHITO TOHKOH yumo-
naasmamudeckol membpanoll, moja KOTOPoH pacnosaraercss TOHKHH
CJIOH MpPO3pauHoOil MAOTHOH 3KMONAQA3MbL, & 3ATEM 3ePHUCTON MOJY-
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Puc. 47. opmbl mceBIONOAUN Y Pa3JTUUHBIX
BUJLOB ame0

JKUJLKOH IHOONAA3MbL,
COCTaBJSIIOLLEH  OCHOB-
Hyl0 Maccy Tena. M3-3a
ob6pasoBaHus ncesdono-
outi ameba He umeem
nocmosHKol hopmol me-
aa (puc. 47).
ITepedsuscenue ocy-
LIeCTBJSIETCST 34 Cuer
neperekaHust ¢ o6paso-
BaHHEeM MCeBJIONOINH.
[Ipu stom cHauana oO-
pasyercst HeOOIbIIOH Bbl-
CTyN 3KTOMJIa3Mbl, KyJla
HAauMHAeT MepeTekaTh H-
J0Taa3Ma, W TPOUCXO-
JIUT OKOHUaTeabHoe Gop-
MHUpOBaHHE MCEBOMOAUS

(puc. 48). 3atem Bca LUTOMJIa3Ma NeperekaeT B MOJOCTb MCEBAOMO-

AUl U MPOUCXOAHUT NepemMelieHne ameObl.

craBaser npumepHo 200 MKM B MUHYTY.

CKOpOCTb JBHKEeHHUsA CO-

HMumanue. T1pn aBuKeHHH ameba HATbIKAETCsl HA OJHOKJETOU-
Hble BOAOpOCHAH, OakTepuu. Ecan 06beKT A0CTaTOUHO MaJj, ameda
006TeKaeT ero ¢ MoMOILbIO MCEBAONOAMN co Bcex cropoH. Takum o6-

Puc. 48. AmeGa (Amoeba proteus), 3axsatbiBatoias nuiy (A), noasymas (5)

(x200):

I — skronnasma; 2 — 3HAOMIa3Ma; § — 3araaTbiBaeMble MUILEeBbIe YaCTH-
bl; 4 — COKpaTHTeJbHAsl BAKYO/b; 5 — sAp0; 6 — MHUlleBapUTeIbHble Ba-

KyOJIH
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pasoM, 00beKT OKa3blBaeTCsl BHYTPH KJIETKM — oOpasyercs nuuje-
sapumenvras 8akyoasb. Crnocod 3arjaTblBaHUs MHUIIM C MOMOLLbIO
NCEeBAOMOAUN Ha3blBaeTcsl paeoyumo3om, a MOTJOLLEHHE KHIKHX
BELLECTB — NUHOYUmMo3om. V3 sH10MMIa3Mbl B MULLEBAPUTENbHYIO
BAKyO/b MOCTYNAlOT MULIeBaApUTeIbHble (PEPMEHTbl — MPOUCXOAUT
sHYymMpuKiemouroe nuuesaperue. IlepeBapeHHble MPOLYKTbl MOCTY-
natwT B UUTONAa3My. Bakyosb ¢ HemepeBapeHHbIMU OCTATKAMHU MHU-
LM NOAXOAUT K MeMOpaHe, cliMBaeTcs C Hell, a HermepeBapeHHble oc-
TATKH MHULLK BbIOPAChIBAIOTCH HAPYXKY.

Ocmopezyasayus OCyLLECTBIsIETCS ¢ MOMOULbIO AyAbcupyowel,
WIH COKpamumenbroi, sakyoau. VI3 nutonnasmbl B Hee nocTynaer
KUJAKOCTb. JIOCTMIHYB onpejeneHHoro o6bemMa, Bakyo/b J0oMnaercs,
OMOPOKHSIS CBOE COMEPXKUMOE B OKPY:Kalollylo cpeny. Uepes Heko-
TOpOe BpeMsi BaKyosab 00pasyercsi CHOBA, M LUK MOBTOPSIETCS.
[TpomeKyToK Mexxay ABYMSl MyJbCcallUsIMH cocTaBaseT oT | 10
O MuH. OCHOBHAsl (YHKIIMS COKPATHUTENbHOH BaKyolu — peeyas-
yus ocmomuueckoeo dasiexus BHYTpH Tesna. Boma u3 oxpyiKaio-
el cpeibl NocTynaer B TeJdo ameObl uepe3 MeMOpaHy ocmomuue-
CKU, TaK KaK KOHILLeHTPAllMsl Pas3JMUHbIX BELLEeCTB BHYTPH ameObl
Bblllle, YUeM B MpecHoil Boae. MI30bITOK BOABI M3 Tesa W BBIBOAMT CO-
KpaTHTeJbHAs BaKyo/Jdb. ¥ MOPCKHMX H TMapasuTHUYeCKHX (GopMm co-
KpaTUTeJNbHAsl BAKYOJb WM OTCYTCTBYeT, MJIH COKPAlLAaeTcsl OueHb
penko.

Boidenenue. Cokpatutenbnas BaKyoJb, BBIBOAS BMECTe C BOAOH
MPOAYKTbl 0OMeHa, BbIMONHSET U 8bt0eAuUmesvHyio pyrKyuto. Boine-
JeHUe TPOAYKTOB OOMEeHa OCYLIeCTBJISIETCS M uepe3 HapyKHYIO
MeMOpany nyteM Auddysuu.

Hoixanue ocyleCTBASRTCS Uepes 8¢ nogepxHocms meaa. Pac-
TBOPEHHbIH B BOJAE KHUCJIOPOJ MOCTyMaeT C TOKOM BOJbl B KJETKY.
Tak Kak cokpaTHTe/bHas BaKyo/b CMOCOOCTBYeT TOKY BOJbl uepe3
Tes0 ameObl, MOKHO CKa3aTh, UTO OHA MrpaeT HEKOTOPYIO POJb U B
JbIXaHUH.

Sdepnolii annapam. B snnonaazMe HAXOJIUTCS 1Y3bLpbKOBUIHOE
sadpo, obnajaiwllee BCeMH KOMMOHEHTAMM KJIETOUHOro sjapa: 06o-
AOUKOL, SIOCPHLIM COKOM, XPOMQAMUHOM, OJHUM HJIU HECKONbKHMHU
adpouukamu. CyLUecTBYIOT HEKOTOpble BHIbl amel, objajnaroliue
HECKOJNbKUMHU S/IpaMH.

[Ipu HeGmaronpUsATHLIX YCA0OBUAX aMeObl CIOCOOHBI UHYUCMUPO-
samoca. [lpu 3ToM ameba BTATHBAeT MCEBAOMOIUU, OKPYTJIseTCs U
o6pasyeTr MpouyHylo ABOHHYIO 0060/0UKy OeJKOBOH MPHUPOIBI BOKPYT
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cebsi. B TakoM HeaKTHBHOM COCTOSIHUH ameba MOKeT HaxXOIAHUTbCS
noaroe spems. [Ipu HacTynseHnn 6aaronpusiTHbIX yCAOBHI ameba
BBIXOJUT U3 LUCThl U MEPEXOJUT K aKTUBHOH »KU3HHU (puc. 49).

Pasmnoscenue. AmeGaM CBOHCTBEHHO mMOAbKO Oecnoaoe pas-
MHONMCeHue, myTeM deaenus wadsoe. B Hauase MPOUCXOAUT MUMO-
muueckoe desenue A0pa, 3aTeM 0eAumcs YUmonaasma nymem ne-
pewnyposovieanus (puc. 50).

Puc. 49. Ilapasutuueckas ame6a uenoBeka (Entamoeba histolytica):

!/ — KpynHasi BereraTuBHasi popma C 3arJ0YeHHbIMH IPUTPOLUTAMHU; 2 —
MeJsiKasi BeretaTuBHas gopma; 8 — uucra; 4—6 — BBIXOA H3 LHUCTHI

1152 1210
1144

1 140

Puc. 50. [locnenoBatenbHble ctaauu jaeneHuss ameObl (/—5H) ¢ ykazaHuem
BpeMeHH HX MPOXOKIAeHHSs
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Hpyrve npepcrasutenm

MHorue BHABI CapKOJAOBbIX OOMTAlOT B MOPSX, MPECHbIX BOJO-
eMax, B nmouse. HekoTopble W3 MOPCKHUX CapKOAOBbIX 06pa3dyioT Ha
MOBEPXHOCTH TeJjla PAKOBUHY — pako8uHHble KopHerodcku (puc. dl),
paduoaapuu (puc. 52), popamunugepol.

A
é%&’#{&%
M

Puc. 51. Hekortopble BHAbI PAKOBHHHBIX KOPHEHOXKEK:

1 — nceBponoauu; 2 — sAApo; 3 — pakOBHUHKA
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3

Puc. 52. Crpoenue HEKOTOPBIX BUAOB PaHOJSIPHUIL:

I — Tpu ckeseTHbIe cepbl, BAOKEHHbIE 01HA B APYTYyI0; 2 — MCEBAONOAHH
W JIoTacTHasi LeHTpaJ/bHash Karncyna; 3 — TMCeBAONOANH, Be LleHTpaabHble
KarmncyJbl CO CKOMJIEHUEM 9KCKPETOPHbIX 3epeH; 4 — BETBSLLHECS CKeJeTHbIe
WIJIbl, LICHTPaJbHas KarcyJ/aa U CKOMJIeHHe IKCKPETOPHbBIX 3epeH
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B ksacce capKomoBbIX MPUCYTCTBYIOT U napasumudeckue 8uobl,
HampuMep:

— duzenmepulinas ameba — mNapasuT ueJoBeKa, BO3OYNUTENb
amebdHoll dusenmepul;

— pomosas ameda — TepBasi napasuTuueckasi amebda, HalleH-
Hasl y yejoBeka. HacTto BeTpeuaeress B Kapuosuolx 3ybax. Ilutaetcs
OaKTepUSIMU U JTEHKOUUTAMHU.

Knacc XXrytmkoHocubl
Mopknacc PacTMTenbHble YXryTMKOHOCLLbI

OrTpsip OBrneHoBble

OBrneHa seneHas

KPATKAS XAPAKTEPUCTHUKA

Cpeua obuTaHus B Menkux crostumnx NpecHbIX BOAOEMAX U MOPsAX

dopma Teaa [Tocrosinnast popma tesna. [lepenHuil KoHell Tesna cyKeH
W 3aKpyrJaen, 3aaHuil — paciupen u 3aoctpen. JKryTuk,
KakK MpaBuJI0, OUH Ha MepeaHeM KOHLe Tesaa

[epenBuxkenue C moMolLbI0 KIyTHKA

[Tutanue Crnoco6na K ¢orocunTesy. Xa0poUIT HAXOAUTCSA B XpO-
matogope. B TeMHOTe 3BryeHa nuTaercsi, Kak KUBOTHbIE

Boigenenue CoKkpaTuTe/bHas BaKyoJb BbIJENsI€T TOAbKO BOY. Bbine-
JIeHHe MPOJYKTOB 0OMeHa OCYIIECTBJseTCs uepe3 BCo
MOBEPXHOCTh Tesa

Jbixanue Yepes BCIO MOBEPXHOCTD Tesa

Pasnpamumocu B Bume xemo-, TEPMOTAKCHUCOB U 11P. Mwmeetcs cnenunasnb-
HbIH OpraHoua CBETOOLLYUICHUST — CTUIMa

slnepHbiid OnHO KpymHOe S11pO, PacMoN0KeHHOe B 3a7HeM KOHIle

annapar Tesa

PasmHoxeHune PasmHoxeHnue 6ecrnosioe, myTeM MPOAOJAbHOIO JeMeHHs
TeJsa

CnocoGHocTb K B HeGmaronpusiTHbIX yCA0OBUSIX NPOUCXOAUT HHILUCTHPO-

WHUUCTUPOBAHUIO BaHHe. I/IHHI/ICTI/IpOBaHHbIe IBTJIEHbl MOT'YT A€JAHUTbCs
OJIMH HWJH HECKOJBbKO pas3, oCTaBasiCb BHYTPH 000J0UKH
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OBIIASI XAPAKTEPUCTHUKA

Cmpoenue meaa. Y O00JbIUMHCTBA BHUIOB KI'YTHKO-
HOCILeB HAapY2KHbIH CJIOH 9KTOM/Ia3Mbl yNJIOTHATCH U 00pasyeT MJ0T-
HYy10 000JI0UKYy, neasukyay. B pe3ynbTate 3TOTO KTYTHKOHOCIIbI
Teps0T CNOCOOHOCTb K M3MeHeHHI0 (opmbl. Pazmepnl U dopmbl y

JKTYTUKOHOCILEB JIOBOMBHO PasH000-
pasubl. Teno MoxkeT 6bITH SIHIIEBUL-
HbIM, LMJAHHAPHUYECKHUM, LIapOBMI-
HbIM, OYTBIIKOBHAHBIM (pHc. 53).
ITepedsuncenue ¢ TOMOIIBIO
JCeYMuUKo8 Ha MepelHeM KOHIe Te-
Jga. VX komuuyecTBO KosebJaeTcs OT
1—2 no HecKoabKUX Thicsu. Ecan
JKTYTHKOB J1Ba, TO OJUH BbIMOJHSET
JIOKOMOTOPHYI0 (PYHKILHIO, BTOPOH
urpaet poJab pyJas. Krytuk ciaara-
eTcst M3 JBYX OTAeq0B. bBosbuias
yacTh KIyTHKA, SIBASOILASCH A0-
KOMOMOPHOIL, cOCTaBJ/asieT cBOOO-
Hbl#l yU4acCTOK, KOTOPbIH OTXOAMUT OT
MOBEPXHOCTH KJeTKH. Bropoil or-
JleJ1 MOTPY2KeH B TOJILY LLMTOMNIa3-
Mbl U 00pasyeT 6aszanbvHoe meio,
WJIH KUHEeMmOocoMy. BHYTPU KIyTH-
Ka HaxoAsTCl B CTPOTO 3aKOHO-
MepHOM TOpsiiKe gubpuaiol.
ITumanue. JIBuKeHue KryTuka
BbI3bIBAET BOJOBOPOT, KOTOPBIH 3a-
XBaTbIBAET MeJKHE B3BellEHHbIe
YACTHUKHK M YBJE€KAeT HX K OCHOBA-
HUIO KTYTHKA. ¥ OCHOBAHUS XKIY-
THKa HaXoAUTCsl HeGOoJblLIoe OTBEp-
CTHE B MEJIHKYJIe — KACMOUHDbLU
pom, unu yumocmon. KiaeTounbli

b

Puc. 53. JIBsa Buga 3Braed —
Euglena oxyuris (A) w E. viri-
dis (b):

I — XryTHK; 2 — COKpPaTHTE/b-

Hast BaKyoJsb; 3 — XpomMatodophl;
4 — sanpo; 5 — ramaszok

pOT BejeT B KaHal — 210mKy, BAawlKics BHYTpb Tesa. [Tuuia no-
najaeTt B poT M IMIOTKY M JaJjee B 3HAO0MIa3Me ob6pasyeTcs nuujesa-
pumenvras 6aKyoAsb. Y KIYTHKOHOCLEB, MUTAIOLLUXCA KHIKOH Op-
FaHUYeCKOH NuUledl, yCBOGHHE €€ MPOUCXOAUT BCell MOBEPXHOCTbIO
Teaqa. PacTuresbHble >KIYTHKOHOCLBl CMOCOOHBI K ¢homocurmesy.
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Xnopodu/a1 y aBTOTPOPHBIX KIYTHKOHOCLEB JIOKAJNH3YeTCs 8 Xpo-
mamogopax, NOXOKHUX MO CTPOEHHUIO HA XJAOPOMAACTbl BbICIIUX pac-
TeHuil. HekoTopble aBTOTpOdHbIE KIYTHKOHOCLI MOT'YT MEPEXOJUTh
K canpogumromy cnoco0y NUTAHUs, Tepss MPH 3TOM 3€JAEHYI0 OK-
packy. Hekotopble KIyTHKOHOCLBI MOI'YT OJHOBPEMEHHO OCYLLeCTB-
JTb U (DOTOCHHTE3, U canpo@UTHOe NUTAHUE.

Ocmopeeynrayus y >KIyTHKOHOCLIEB OCYLLeCTBJISIeTCS COKpaTH-
TE€JAbHbIMHU BaKyOJIsSIMHU, KOTOpbl€ HMECIOTCA Yy CBOéOJlHO)K[dByLUJ/IX
MPECHOBOJAHBIX (OPM H OTCYTCTBYIOT Yy OOJIbIIMHCTBA MOPCKHX H
BCEX MAapa3UTHUYECKUX BHJOB.

Botdeaenue u Ovixanue y XTyTHKOHOCIIEB OCYILIECTBJASETCS MO
THIMY CapKOJOBbIX.

Pasmnoxcenue u unyucmuposanue. 115 60/JbIIMHCTBA KIYTH-
KOHOCLLeB M3BECTHO MOAbKO OeCnoaoe pasmHodicerHue — O0eneHle Ha-
Osoe. JleneHue Bcerja MPOUCXOAUT B APOOJOALHOM HANPABACHULU,
UTO SIBJISIETCS] XapaKTepHOH 4epToH AaHHOrO Kjaacca. Buauase npo-
UCXOJAMT MUTOTHUYECKOE JeJeHMs sijpa, a 3aTeM, HauuHas C repej-
Hero KoHua, MOoCTeneHHo jAeauTcss Bce Teso. [Ipu peseHHH KIyTHK
MHOTJ1a OTXOJUT K OJIHOHW M3 HOBBIX KJIETOK, a y JPYroil oH o6pasyer-
csl BHOBb M3 KHMHeTocoMbl. MHOrna »KryTtuk orbpaceiBaercs u obpa-
3yeTcst 3aHOBO y ob6eux JouepHuUX ocoOell. JleseHue MOKeT coBep-
IAaThCsl U B COCTOSIHUU LUCThL. [Toa 3a1IMTON! LUCTBI MPOUCXOAUT OJ1-
HO HJHW HECKOJIbKO LLeJIeHHﬁ, HO MpH 3TOM 00beM TeJ1a KUBOTHOTO He
yBeJHUHUBaAETCS.

[Toaosoii npoyecc mpoTekaeT B BUIE KOAYAAUUU, TIPU KOTOPOH
MPOUCXOAUT CAUSHHE LIMTOMIA3M JABYX KJIETOK ¢ 00pa3oBaHUEM 3u-
eomol, KOTOpas jajnee pa3MHoO)KaeTcss 6eCnoNbiM NyTeM.

Moaknacc YXMBOTHbIE YKI'YTMKOHOCLbI

[eTepoTpodHble KTYTHKOHOCIBI BeAYT CBOOOTHOKH-
BYIIMH MM MapasuTHueckuil o6pas »kusznu. Cpeau HUX eCTb mapa-
3UThI uejoBeKa (puc. H4).

Tpunarnocoma — BO3OYAUTENb MPURAHOCOMO3A — ahpuran-
ckoli conHotl 6oaesnu. [lpuponHbiM pesepByapoM Bo3OyauTese
C/Jy»KaT aHTUJOMNbl, a NEPEHOCUHKAMH — MyXa Lie-lie.

Jleliwumanuu — BO3OYAUTENN KOXKHOTO Aeiduimanuoda u 3aboJe-
BaHUH BHYTpeHHUX opraHoB. PesepByapoMm sefilumManuii B npupoje
SIBJASIIOTCS TPbI3YHbI H COOAKH, MePEHOCUMKAMHU — MOCKHThI.
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4

r A

Puc. 54. [lapasutuueckue XKryTHKOHOCIBI. A — TpunaHocoma; b — seilin-
MaHUs B KJIETKe SHJ0TeJUs ueqoBeKa; B — JefllIMaHui BHe OpraHu3Ma-xo-
3siMHa (2KryTukoBasi craaus); [ — Tpuxomonana; [ — asmoaus; £ — Tok-
comasma:

! — sinpo; 2 — GasanabHoe AP0 KIYTHKA; 3 — YHAYJAUpYylollas MmeMOpaHna;
4 — cBOOOJHBIA KOHeL KI'YyTHKA; 5 — aKCOCTUJb; 6 — sApPO KJIeTKH, B KO-
TOPOH MapasuTUpPYeT JeHIIMaHUs

Janbauy — BO3OyaUTENH AAMOAUO3Q, TOPAXKAIOLLETr0 TOHKHH
KHILEUHUK W MevyeHb.

Onaaunol — KpymnHble MHOTOSIIEpHbIE Mapa3uTHUECKHE MPOCTeM-
lMe, XKUByULHE B 3aJHEM OT/]eJe KUIIEUHHKA Pas3JauuHbIX aMpuOuil.
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™I CNOPOBUKMU

Tun cnopoBUKOB BKJ/IKOUAET MNPOCTEHLIMX, BeAYLLIHX
UCKAOUUMEeAbHO napadumudeckut obpas scudnu. OOULeld uepToH
JUISE HUX SIBJISIETCS CJOXKHBIH XKH3HEHHbIH IIUKJ C uepejoBaHueM TMo-
JIOBOTO M 6ecrnoJsioro pasmMHOXKeHHsl, KOTOpble MPOUCXOJST 4acTO B
pasublx opranuazmax. s 0ecrnosoro pa3MHOXKEHHUs XapaKTepHa
wu3020Hus (MHOrOKpaTHoe aenenue sapa). K cnopoBukam oTHOCAT-
csl BO3OYAUTEU OnacHbIX O0Je3Hel yesoBeka.

Kpossinoie cnoposuxku — oOuiMpHas rpymnmna WUPOKO pacnpo-
CTPAHEHHbIX Mapa3UTHYECKUX MPOCTEHIIUX, YACTh XKH3HEHHOIO LIHK-
Jla KOTOPbIX MPOTEKAeT B IPUTPOLUTAX MO3BOHOUHBIX KUBOTHBIX —
MJIEKOMUTAIOIMX, NTHL, PeNnTHAHH.

Maasapuiinoili naagdmoduti — BO3OyauTeNb maasipuu. Yemopek
SIBJSETCA MPOMEKYTOUHBIM XO3SIMHOM B LLMKJ€ Pa3BUTHS »KHBOTHO-
ro — B HEM MPOUCXOMUT becnosoe pagmuoxcerue naazmnoous. OKoH-
YaTeJIbHbIH XO3MH — MAaJAPUHHBIH KOMap — B HEM MPOHUCXOAHUT
noaosoe paszmroxcerue naiazmoous. To ecTb BeCb UMUK/ Pa3BUTHUS
MaJspUHHOrO MIa3MoAusl MPOTEKAaeT BHYTPH KaKOro-HUOYJb opra-
HU3Ma. B ¢BsA3M ¢ 3TUM y MaAsipUHHOTO MJIa3MOJUS HA BCeX CTalH-
SX OTCYTCTBYIOT 3alllUTHble OOOJOUKH. ¥ uYesJoBeKa MapasuTHpyeT
HECKOJbKO BHUJOB MJa3MOJUsl, BbI3bIBAIOLIHE pa3JHuHble BUIbl Ma-
JSAPUU: MpexoHesHas Maaipusd C TNPUCTyNaMH, MOBTOPSIOULMMHUCS
uepe3 48 u; uemobipexOHesHas MaAfpus ¢ TPUCTynaMu uepe3 72 u;
mponuyeckas MAAApUs ¢ TPUCTyNaMu depe3 48 U U HepeniKO OueHb
TAKEJIbIM TeueHHeM OOJEe3HH.

TN PECHUYHBIE, UJIU UHDY3OPUH

Knacc PecHuuHble MHdYy30pMM

MHpy30pHs Tydenbka, unmM napamenms

KPATKASl XAPAKTEPHMCTHUKA

Cpena obutanus | Mndysopus Tydesbka — THMHUHBIA MpeJCTaBUTETb
KJaacca, 0OUTaeT B CTOSIUMX MPECHBIX BOJOEeMax

dPopma Teaa HMmeer mocTosinnyio yAJHHEHHYIO MOA0MIBOOOPa3Hy10
dopmy Tena
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ﬂepeuBmKeHue C NOMOULBIO peCHHUUYEK

[Tutanue Ha 6prowmnoii cropone HaxXoAUTCs MPeapPOTOBOE yrayoJe-
HHe — KJETOUHbIl POT, MePeXOAsiHi B KIAETOUHYIO IIOT-
Ky, Ha JiHe KOTOpo# oOpasyeTcs nmulleBapuTebHasi BaKy-
0/1b

Boipenenue CoKpaTUTeIbHOI BAaKyoJblo UM MyTeM NH(PY3nUN uepes
BCIO MOBEPXHOCTDH Tesa

ﬂleaHVle Llepe3 BCIO MOBEPXHOCTb TeJsa

Pazapaxumocts |O6sanatoT XeMOTaKCHCOM

SlnepHbii JIBa pasqMuHBIX MO CTPOEHHIO U PYHKUUAM s1pa: 6OJb-
annapar 110€, UJIM BereTaTHBHOE, SIAPO M MaJjoe, reHepaTHBHOE
Pa3mHoxeHnue BecnosbiM cnocobom nyrtem nonepeunoro jpesnenusi. [lo-

JIOBOC€ PA3MHOXKEHHUE — KOHbIOralus

CnocoGHocTb K Oo6nanaer. Bo BpeMst HHIMCTHPOBAHHUST MOXKET MPOUCXO-
MHLUMCTUPOBAHUIO | 1UTh Gecro/soe pasMHOKeHHe

OBIIASI XAPAKTEPUCTHUKA

Cmpoenue. VIHpy3opun UMEIOT OueHb paszHooOpas-
HYyl0 GopMy, HO yalle OHU NPodoabHO 08aibHble (puc. bD). Lluto-
naasMa BCerjaa pasjeneHa Ha 9KMONAAZMY, WIH KOPHEKC, U IHOO-
naazmy. Hapy:kublii cioii skTOmaasMbl 06pa3yeT MPOUHYIO 34a-
CTMUYHYIO NeAAuKyAy. Y MHOTHX HMHQY30pHH B 3IKTOMJIa3Me
3aseraioT ocobble 3allUTHbIe oOpaszoBanus — mpuxoyucmel. [1pn
pasnpaKeHuu JKUBOTHOTO TPHUXOIHUCTBl BBICTPENUBAIOT HAPYXKY,
nmpeBpallasch B TOHKYI0 HUTb. HUTH BoH3atoTest B Teso 106bIuM. Be-
111eCTBO, KOTOPOE MPH 9TOM Tyja TMomnajaaer, OKa3blBaeT CUJAbHOE Ma-
panuayoliee 1eicTBHe.

Ilepedsurcenue. Xapaxmeproim npusHaxom HUHGY30pHH CIy-
JKUT HaJuuyHe Ha UX TeJe MHO2OUUCACHHbLX pecHuder. Uncao pecHu-
yek MoxeT jgocturath 10—15 Thic.,, Hampumep, y HHPY30pHH TY-
teabku. PecHnuku 6epyT HAuaso B IKTOMAA3Me OT KUHEMOCOM, WU
basarvHolx meaey. CTpoeHHe PECHHUEK TAaKOe Ke, KaK H Yy XKIy-
THKA.

ITumanue. Jlns nngy3opuil xapakTepHo HaJUuHe KAEMOUHO2O
pma, KOTOPbIH OTCYTCTBYeT y 3HAOMApPasuTHUYeCKHX (POpM, MOrIo-
LAOUUX MULLY BCell MOBepXHOCTbIO Teaa. KieTounslii poT MmMoxer
pacrmosaratbCss Ha MepeaHeM KOHIe TeJa HWJAH CMellaTbCs Ha
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Puc. 55. Mudysopusa tydenvka (Paramecium cau-
datum):

| — pecHWYKH; 2 — TIHIIEBApHTEIbHBIE BaKyOJH;
3 — MHKpPOHYKJeyc; 4 — pOTOBOe OTBepCTHE; § —
rJI0TKa; 6 — MOpoIINIa; 7 — COKpaTHUTeJNbHAs Ba-
Kyosb (IeHTpaJbHBIF pe3epByap H MPOBOASIINE
KaHasbl); § — MakpoHykiaeyc; 9 — TPUXOLHUCTbI

OproiHylo ctopony. Ecau KaeTouHblil poT pac-
noJjaraercss Ha OpIOLWIHOH CTOpPOHEe TeJsa, TO
yacto obpasyercs npedpomosoe yerybreuue,
uau nepucmom. Ha nHe nmepucrtoma OTKpbiBa-
eTcs pomogoe omeepcmue, Beaylllee 8 eA0m-
Ky W najnee B snaonnasmy. B obnactu poroso-
ro orBepctusi nupdepeHUupyeTcs: pecHutHbLil
annapam, KOTOPbIH NpHOOpeTaeT HOBYIO
(YHKUHIO — HanpagsAerus nuuiu K pomosomy
omsepcmuro. Ha nHe rjaoTku B 3HjpOMIasMe
obpasyercs nuuiesapumervHai 6aKkyoss. Bo
BpeMsl NMepeBHKEHUsST MUULeBAPUTEIbHOR BaKyoJaH MPOUCXOAUT Me-
peBapuBaHWe MHUIIK MOJ NeHCTBHEM MHUIIEBAPUTENbHBIX (DEPMEHTOB,
MOCTyMaIloUlNX B BaKyoJb M3 HAOMIa3Mbl. HernepeBapeHuble ocTaT-
KW MUK BbIOpPACBIBAIOTCS uepe3 creluaJbHoe OTBepCTHe Ha 3al-
HEM KOHLE TeJa — NOPOUULY.

Ocmopeeyarsayusn u svidenenue. Ha Tpanuie Mexay 3KTOMaas-
MOH W 3HAOMAasMoi y OosablIMHCTBA MH(PY30pHUH pacrogararTcs
coKpamumenvrole 8aKyoau. Bakyoab HAaMOJHACTCA KHIKOCTbIO M3
npUBOOAULUX KAHAA08, PACMONOMKEHHBIX BOKPYr Hee, B KOTOpble
BblJeJsieMas KUAKOCTb MOoCTynaeT M3 LMTOnaa3dmbl. HanonHeHHas
JKUJAKOCTbIO BaKyoJb COKpallaercs, »KHUAKOCTb uepe3 BbIBOASULIUH
KaHaJ BblaMBaeTcss Hapy:xKy. [lajnee UMK/ nosropsietes. Y Mop-
CKUX (OpPM COKpaTHUTeNbHAsl BAKyoJb MOXKeET OTCyTCcTBOBaThb. Co-
KpaTuTeJbHasi BaKyoJb BbIMOJHSET OCHOBHYIO (YHKLHIO — no0-
depocanue NOCMOAHHO20 OCMOMULECKO20 O0aB8AEHUS W BTOPOCTe-
neHHylo — @8bldesedue npodykmos obmena. B ocHoBHOM ke
NPOAYKTbl OOMEHa BeILIEeCTB BbIBOASATCS uepe3 MNeJJIHKYAy MyTeM
aupdy3uu.

Hoixanue. Cpenu ungpysopuii umelotTes: aapobuoie ¢opmol, Ha-
npumep cBoOOAHOXKUBYIIHEe HHPY30puu. [locTynmenue kucaopona
MPOUCXOAUT y HUX myTeM nudoysuu. Anaspobroie ¢opmer mipen-
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CTaBJEeHbl B OCHOBHOM TMapasuTUUECKUMU HHPY30pPUAMH, A HUX
CBOOOIHBIH KHCJOPOJ 51710BHT.

S odepnoui annapam uudy30puil pacnosaraercs B 3HAOMAA3ZME U
COCTOUT U3 ABYX sinep. Kpynublil maxponykaeyc 6orat XxpoMaTUHOM
paganuHo# ¢Gopmbl. ManeHbKUH MUKpPOHYKAEYC OOBIUHO Ounaouo-
Hotli. MaKpOHYKJIeyC U MUKPOHYKJEYC pasjuuyatoTcs He TOJAbKO 0
pa3mepam, HO U QyHKIIHOHAJAbHO. MakpoHyk/aeyc — g0po geecema-
musroe. XpOMOCOMbI MUKPOHYKJIEyca CMOCOOHbBI K penauKaluu, uto
M MPOUCXOMUT Mepea KaxkKabiM jaeneHueM. MUKPOHYKJEYC CAYXKUT
CBOEOOPA3HbIM «0eno» HACAe0CmBerHOl uHpopmayuLL.

Pazmnoncenue nHpy30puii MOKeT MPOUCXOAUTb OECRONbIM CHO-
co60M 32 CUCT NONepeuHo20 0eAerus KIETKH, COMPOBOKAAEMOro Je-
aenuem sijep (puc. 56). MuUKpoHykJeyc aenutest mumoaon. Maxpo-
HYKJIeyC NEeNUTCS MUMO30M UIH IHOO-
mumogom. Bo BpeMms neneHust |y
JIOYEPHHUX KJIETOK MPOUCXOIUT peopra-
HU3alusl OOJNbUIMHCTBA IIUTOMIAa3Ma-
THUECKUX OpraHounoB. OOGbIYHO 3aHOBO
BO3HMKAIOT POTOBbIE anmnapartbl, HOBble 4
pecuuuku. HMwuorna Oecrosomy pas-
MHOXKEHUIO TpellecTBYeT uUHyUcmu-
posanue. B Takom ciayuae jaesneHue
MPOUCXOAUT BHYTPU UHUcThl. [Ipu pas-
MHOXKEHHH B LHUCTaX (WJAH B IUCTaX
Pa3MHOXKEHHS) TPOUCXOAUT JeJeHHe
He Ha 2, a Ha 4 u GoJbliee YHUCJIO 0CO-
6efi. Ilpu >TOM pasmepbl A0YEpPHHX
HH(pY30pHH Topasao MeHblle MaTe-
PUHCKOH, TaK KakK MpU TakKoM JAeJeHUU 2
He npoucxodum pocma ur@pyzopull.
Poct B0300HOBJASIETCS Mocjae BbIX0ja
U3 LLMCThI.

becnosoe pasmHoxenue npu 0O.a-
TOMPHUSTHBIX YCAOBUSX MOXKET MPOMC-
XOMMTb Yy HEKOTOPbIX HHPY30pHH 110
2—3 pas B CyTKH. Puc. 56. Jleasiiasicss uH(pYy30-

[Toaosoe pazmuoncerue y nHPy30- pus Tydeabka:
puii  HOCHT Ha3BaHHe KOWBIOCQUUS | __ COKpATHTEJIbHAS BAKY-
(puc. 57). Ilpu KOHBIOTALUKH MPOUCXO- b 2 — poT; 8 — AL
JUT BPEMEHHO€ COeJMHEHHE NBYX HH- cs1 MakpoHykJjeyc; 4 — neJs-
(ysopuii, HO MOMHOTO CAUSIHUS He TPO-  LIHICS MHKPOHYKJIEYC
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MCXOAUT. MaKpoHyKJeyc NpH KOHbIOralluk pacrnajnaercs U pacTBo-
psietrcsi B uuronsasme. Mukpouykmaeyc jaenutrcss wmetiozom. W3
YyeTbipex 06pasosaBumxcsl sAiep OCTaeTcCsl OLHO. Ono JeJUTCH MHUTO-
30M, B pe3yqbTaTe 00pa3yloTes ABa siipa, KOTOPbIe SIBASIIOTCS NOAO-
golmu a0pamu, i nporykaeycamu. ONUH U3 TPOHYKJICYCOB MYdHc-
CKOIl, WIN Muepupyioujiil, TepexoiuT B Ipyrylo oco6b U CAUBAETCS
C MCeHCKUM, WU cmayuorapHoim, siapom. O6pasoBaBiieecs: JAUIMIIO0-
HJHOe SIIpO HAUMHAET HeJuThesl. HacTh 06pa3oBaBIIUXCS siiep Tpe-
06pasyloTes B MaKPOHYKJIEYC, UacTb 00pasyloT MHKPOHYKJIEYC.

3 H K

Puc. 57. Cxema KOHbIOTALUH UHPY30pHIi:

A — Hauaso KOHDBIOTAIWHU, B JeBOH 0coOM fiepHBINl anmapat 6e3 M3MeHe-
HUH, B MpaBoil MUKPOHYKJ/EYC B31yT; b — mnepsoe MeloTHUeCKOe Jle/leHHe
MHKpPOHYKJeyca, B JeBoi ocobu Mertadasa, B npaBoii — anadasa, Haua/10
pacnana MakpoHykJ/aeyca; B — B JeBoil 0cOOH OKOHUaHME MepPBOro JejeHus
MHKPOHYKJeyca, B MpaBoil — Haua/ao BTOPOro JAeNeHHs MHKPOHYKJeyca,
pacnai MakpoHyKJeycos; /T — BTopoe jaejeHHe MUKpPOHyKaeyca; [ — ofLuH
MHKPOHYKJIeyC B KakK10#d 0coOM NpUCTynaeT K TpeTbeMy JeJeHHIo, M0
TPU — JereHepupyloT; £ — oOMeH MUIpUPYIOLIUMH MPOHYK/IeycaMu; K —
CIMsIHMe MPOHYKJeycoB, o0pa3oBaHue CHHKAapuoHa; 3 — JeJeHue CHHKa-
puoHa; 4 — HauaJo npeBpalleHust OJHOTO U3 MPOAYKTOB JleJeHUs CHHKA-
pvoHa B MakKpoHykJseyc; K — pasBuTHe s11epHOTO annapaTta 3aKOHUEHO
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[lopuapctBO
MHoOrokneto4Hble

MHorokseTouHble OpraHudmbl otauuatTces ot IIpo-
CTEHIINX HE TOJIbKO KOJHUECTBOM KJeTOK B opranudme. OjpHONl H3
IJIaBHbIX 0COOCHHOCTEH MHOrOKJETOUHBIX SABASETCA TO, UTO B HX Op-
raHu3Me KJeTKH MojaBepratoTcs duggeperyuposke, pazoeseruro
yHKyul 68 3a8uUCUMOCTIU ONL MECMONOAONHCEHUA. DTO TMPUBOIUT K
006pas3oBaHUIO CleLUalu3upOBaHHbIX TKaHeH, KOTopble (pOPMHUPYIOT
opranbl. COBOKYMHOCTb OpraHoB ob6pasyeT cucremy opranon. Ho
CTOUT OTMETHUTb OJMH BaKHbIH (akT — BcaejgCTBHe AH(depeHIlH-
POBKH KJETKH MHOTOKJETOUHbIX OPTaHU3MOB MOTEPSIH CaMOCTOSI-
TeJbHOCTh — BHE OpPraHu3Ma (B eCTeCTBEHHbIX YCJIOBMSX) KJICTKU
MHOTOKJIETOYHOI0 OpraHu3Ma CylecTBOBATh He MOIYT.

TMN KMLWWEYHOMOJIOCTHBIE

Mopckue, pexe NpecHOBOJHbIE XKUBOTHBIE, BeAYIIHE
NpUKpenJeHHbll 00pa3 »XKU3HU WJIM MaaBalowide B Bome. [Ipukpen-
JieHHble (JOPMbl HA3bIBAIOTCS noAunaMu, NaaBaiolne — medysamu.

Jsyxcaolinole XKHUBOTHbBIE, UX TEJI0 COCTOUT H3 ABYX KJIETOUHBIX
CJI0EB: HAPYXKHOTO — 3Kmodepmb. 1 BHYTPEHHETO — 3IHIMOOepMbL.
Iuroaepma 00pasyeT KUWeUHY0, UIH eAcCmpPaibHyto, noAocmes. I a-
CTpaJibHasi M0JOCTb co00LLaeTCsl ¢ OKpyzKalolel cpelod OTBepCTH-
eM, KoTopoe (PYHKIIHOHUPYET KaK pomosoe u anasbHoe. Mexiy k-
TONEPMOH U SHTOLEPMON HAXOAUTCS Me30esed. ¥ MOJMUNOB Me30res
o6pasyeTr OMOPHYIO MAACTHUHKY, @ Y MELY3 — TOJCTbIH CTYy1€HUCTbIH
CJI0H.

KneTku 3KTOAepMbl BbIMOJIHSIOT 3aLIUTHYI W JBUIaTeJNbHYIO
dhyHKIMU. B s3KkTONEpMeE HMeloTCsl 0coOble cmpeKkamenvHole KIeTKH,
cayxKalllMe 1Js1 3alUTbl ¥ HanajaeHus. KieTku sHTOLepMbl BLICTH-
JIAIOT TAaCTPaJbHYIO MOJOCTb H BbIMOJHSAIOT B OCHOBHOM TMHILEBAPHU-
TeabHylo yHkuuio. [TulieBapenue 8HYmMpuKiemouHoe U noAocm-
Hoe.

JbIxaHHe MPOUCXOAUT Uepe3d 8CH0 NOBEPXHOCNLL MeAd.

HepBHuas cucrema paccesnnoco, unu ouggysmnoeo, tuna. Mwme-
eTCsl 0cA3aMmeAbHas UYBCTBUTENBHOCTb, a y MeJy3 B CBSI3H C MJa-
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BAIOLUM 00pa3oM »KU3HM CBETOBOCMPUHHUMAIOIIIME «2eAa3a» U opea-
Hbl PABHOBECUSL.

KuieunononocTuble UMEIOT paoiuaibHyro, WIH Ayuesyto, CUM-
Mempuio.

Becnonoe pasmuoxkenue nouxosarnuem. [1oaoBbie opranbl npes-
cTaBJaeHbl eoxadamu. OnmonoTBopeHue BHeuHee. JIasi HEKOTOPBIX
npeacTaBUTe el XapaKTepHO uepepoBanue 6ecrnonoro (Moaun) u no-
JIOBOTO (MeJ1y3a) MOKOJNEeHUH B 2KHU3HEHHOM LIMKJIE.

Tun KUILIEUHOMOJOCTHBIX BKJIUAET CAeAylollue Kaaccehl: [udpo-

sou, Cuyughoudmnoie medysol, Koparrosoie nosunot.

Knacc 'mgpo3om

lNpecHoBopHas rmppa

KPATKAS XAPAKTEPUCTHUKA

Cpena oburanus

[TpecroBoaHbIe ABYXC/OiHBIC )KUBOTHBEIE. BeayT npu-
KpenJ/eHHbld 00pa3 KU3HH

Buewnun Bug

MemkoBunnoe 1o 1,5 cm. JlyueBast cummerpus. Por Ha
nepeiHeM KOHIlE TeJa OKPYy»KeH IynaJsbllaMH, MO0+
Ba — 3aJIHUI KOHell Tesa, JJs MPUKpPenJaeHus

[TokpoB Teaa

JKTOAEepMa — HapyKHBIH CJI0H, SHTOAEpPMA — BHYT-
pPeHHHUH cJI0l, Me3oryaess — cpejiHuil caoi

[MoaocTb Tena

[Tonoctn Tera HeT. ECTb TOMBKO KHIIEUHAsT MOJOCThb

[IuweBapureabHas
cucrema

Cuaeno 3aMKHYyTas KulleyHas noJsocCThb. PotoBoe OTBEp-
CTHE /I NMOCTYMJIEHUS MUK W AJisd Bbl6paCbIBaHMﬂ He-
nepeBapeHHbIX OCTATKOB TMHULLH. HMmeBapeHHe BHYTpH-
MOJIOCTHOEC U BHYTPHUKJICTOUHOC

Bbl}le.ﬂ UTeJbHas
cucrema

Knerkamu skTonepmbl

HepBHasi cucrema

Hepsuere knetku 3peanuatoro tuna. uddysnas neps-
Has cucrema

OpraHbl 4yBCTB

He paszButhbl

OpFaHbl JAbIXaHUS

OrcyTerByioT. JIpixaHHe yepe3 BCIO MOBEPXHOCTb TeJsa

PasmHoxeHHe

Becnosnoe — noukosanueMm. ['epmadpoautsl. Omnono-
TBOpEHHE MepeKpecTHoe.
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OBIIASI XAPAKTEPUCTHUKA

K nanHomMy Kiaccy OTHOCSITCS MesnKHe (GOPMbI KH-
IIeYHOTOJIOCTHBIX. [loaunst W medy3ol, OTHOCSIIHECS K TaHHOMY
KJIaCCy, HA3bIBAIOTCS eUdpOUOHbIMU.

Cmpoenue. Teqo ruapbl npejactaBaser cob0il npodoacosamotii
0B8YXCAOUHBLI MeWOoK, TPUKPENJIeHHbIH OCHOBAHUEM, HJIH NOO00ULBOLL,
K cyberpaty (puc. 58). HapyxHbiil cioii — skmodepma, BHyTpeH-
HUH CJI0H — 9nmodepma. Mexy CJ0SMH HAXOTUTCSl MPOCTPAHCT-
BO — Mme30eaesl.

Ha cBo6onHOM KOHIle Tesa HUMeeTCsl pOMOBOL KOHYC, OKPYXKeH-
HbI BeHUHKOM U3 6—12 wynasey. Ha poToBOM KOoHyce pacnoJara-
eTcsl pom, CAYKAUMHA U QHAAbHbIM omeepcmuem. Besi MOBepXHOCTb
TeJqa MOKPbITA 3KModepmoli, COCTOsIUIEH B OCHOBHOM H3 YUAUHOPU-
Yeckux WIN Kybuueckux snumesuarvholx Kiemox. VX ocHoBanue
BLITSIHYTO 110 HATIPaBJEHUIO KBEPXY U KHH3Y, MO MPOLOJILHON OCH Te-
Ja, B IJUHHBIH 0oTpocToK. LluTonaasma orpoctka nuddepeHuupyer-
csl B BUJE COKPAMUMEAbHbLX B0AOKOHEW, B CBSI3U C 3TUM OTPOCTOK
UrpaeTr Myckysoryro poab. LIWTUHIpUYecKHe YaCTH KJIeTOK 06pa3sy-
10T 00HOCAOLHbLL dnumeauti. Takum 06pa3oM, KJIETKH BBITOJHSIIOT
IBOHHYIO QYHKIHUIO — NOKPOBHYIO U 08UCAMEAbHYIO U Ha3bIBAIOTCS
INUMEAUANbHO-MYCKYAbHOIMY. T1pU OTHOBpEMEHHOM COKpalleHuH
BCEX MYCKYJbHBIX OTPOCTKOB TeJNO THAPbl yKopauuBaercs. Mexnay
MUTENNANbHO-MYCKYAbHBIMH  KJETKAMH pAacrojaratoTcsi MeJKHe
npomexcymouHole KAemkKu, KOTOpble y4acTBYIOT B (OPMHPOBAHHH
CMPeKamenvHolX 1 NOA0BbLX KACMOK, a4 TAKXKe B MPOLeCcce peeeHe-
payuy — BOCCTAHOBJEHUM yTPAueHHBIX yacTed Teaa WU OpPraHoB.
HenocpencTBeHHO MOA 3MUTEIUEM PACMONAraloTCsl HepBHble KAeM-
Ku 3ge3zduamoil ¢popmol. CoeUHsISICH CBOUMU OTPOCTKAMH, HEPBHbIE
KJIeTKH 00pa3yioT HEPBHYIO CUCTEMY paccesiqHoco, Unu ougegysno-
2o, muna. Ocoboe 3HaueHHe B IKTOJLEpMe HMEIOT CTpeKaTesJbHble
KJIeTKH, HJIH KQNCYAbl, CIy¥XKaIHe AJs1 HaTaleHds U 3alUTHI.

Iumodepma BBICTHIAET BCIO 2ACMPAAbHYIO, WIN NUUE8APU-
meavHyio, nosocmos. OCHOBY KJIETOK HTOAEPMBI COCTABJSIOT InU-
MeAUANbHO-MYCKYAbHOLE nuuesapumenvroie Kiemsi. MycKyabHble
OTPOCTKH JIAHHBIX KJETOK, B OTJMUHE OT IKTOAEPMaJbHbIX, PacroJo-
JKEeHbl MOMEPeYHo MO OTHOWIEHUWI0 K MPOA0JbHONH ocu Tema. [Ipu ux
COKpALlEeHHWH TEJO THAPHI Cy:KAaeTcsl U CTAaHOBUTCH ToHblie. K uucay
SHTOJAEPMAJbHBIX KJIETOK OTHOCSITCS Jiceneaducmole KAEMKU, BbIie-
JISIOIME B TacTpPasbHYI0 MOJOCTb MHUIeBAPUTENbHbIe (DepMEeHTbI, U
Kaemku, obaadarouiue gacoyumapHrol akmusrocmoio. Tlocaennue
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U THJPbIL

Puc. 58. CtpoeHue npecHOBOIHO

8 — JIBYXCJOHWHOCTb

i paspes;

; 6 — rmonepeuHsl
2 — SMHUTeIHAJbHO-MbIIIEUHAsT KJAeTKa; 0 — IlynaJblle ¢ BbIGPOIIeH-

HbIMHU CTpEeKaTeJIbHbIMHU HUTAMHU; €,  — CTpeKaTeJbHble KJIETKH; 1 — my-

@ — TIPOJOJIBHBIH paspes

TeJ1a;

)

nanbla; 2 — ceMeHHUK; § — ClepMaTo30u/bl; 4 — ractpaJjbHas NOJ0OCTb;

5 — OTINOYKOBbIBatoUlasicst MoJiojlast ruapa; 6 — onopHast naacTuHKa; 7 —

sHTONEepMa; & — 3KTOAepma; 9

— AHMIO0 Ha pas3HbIX CTAaAHUsAX PA3BUTHA;

10 — crpekaresbHble KIeTKH; // — poToBOe O0TBepcTHE; /2 — moaouiBa
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cnocoOHbl 3aXBaThIBATh YaCTHUILLbI MHUIIU C MOMOULbIO NBUXKEHHUA 1—3
JKTYTHKOB W 00pa3oBaHusl nceBaonoauil. Takum oOpa3oM, y THAPbHI
COUeTalOTCd JBa BUJA MULLEBAPEHUS: BHYMPUKAETMOUHOE U NOAO-
cmHoe.

Mesoeaes npejncraBieHa B BUAe TOHKOH OecCTpYKTypHOH mJa-
CTUHKH — 6a3anbHOU MemObpatoL.

becnonoe pasmnoscenue. [1pubnusnTenbHo Ha ypOBHE Cepet-
Hbl TeJa THAPbl HMEETCSl TaK Ha3blBAEMbIH 10sAC NOYKOBAHUSL, THe
BpeMsl OT BpeMeHU oOpasyeTcsl nouxka, U3 KOTOPOH B JaJjbHelnem
opmupyercss HoBass ocobb. [Tocne o6paszoBanHus pra u lynaJgeil
noyka y OCHOBAHMs OTILHYPOBbIBAETCS, MOMAaaaeT Ha JHO U HAYMHa-
eT caMoCTosITesNbHOe cylllecTBoBaHue. Takol cnocob Hecrnogaoro pas-
MHOKEHHsI HOCHUT Ha3BaHHe NOuKOBAHUE.

Ilonosoe pazmuoncenue. C npubanKeHneM XOJ0A0B THAPBI Ha-
UMHAIOT Pa3MHOXKAaTbCsl MOJOBbIM NyTeM. [IpomMeKyTouHble KJaIeTKH
9KTOJIEPMbl MOTYT MpPeBpallaTbCsl HEMOCPEACTBEHHO B ALya WU Ke
MHOTOKPATHBIM JeJeHueM — B cnepmamodoudol. [1pomMekyTounbie
KJeTKH, KOTopble 00pasyloT sifina, pacnosaearomes OAuice K OCHO-
8aHut0 eudpol, a Te, KOTopble 06pa3yloT CIepMaTO30UAbl, — K pO-
mosomy omeepcmuio. Sliina OnJA0A0TBOPSIIOTCS 8 meae mamepu
OCEHbIO M OKPYKAlOTCS MJOTHOH 000J0YKOH, MOTOM MaTepHHCKas
ocoOb norubaer, a silla OCTAIOTCS B MOKOSIIEMCS COCTOSIHHUH 10
BecHbl. BecHo#i U3 HUX pasBuBaercss HoBast ocoOb. ['HApbI pazdenn-
HONOAbL, HO BCTPEUAIOTCH U eepmadpooummnole BULbI.

Mopckue rmgpoupHbie nonunbl

BonbmwnHCTBO MOPCKUX FHAPOMAHDBIX MOJUNOB o0pa-
3YI0T KOJOHUU. KoJIOHHHK uallle Bcero HMEOT BUJL JlepeBlla WU Kyc-
tapHuka. CTBOJ BETBUTCS, BETBU 00pPa3yloT OT/e/NbHble KOJTOHUU —
eudpanmeot. TacTpajdbHble MOJOCTH BCEX THAPAHTOB coobllaloTCs
Mex a1y co0oii, TakuM o0pa3oM Muila, 3axBaueHHast OJJHUM THAPaH-
TOM, pacnpeessieTcs no Bcekl KOJOHUH. ¥ MOPCKHUX THIPOUAHBIX MO-
JIUTIOB 3KTOJepMaJ/ibHblH 3nuTennii o6pazyer ocobyio 0060J0UKYy —
meKy, KoTopast npuaaeT BCed KOJOHHH OO0JbIIYIO YCTOHUMBOCTD.

Mopckue THAPOUAHBIE MOJMUMBl PA3MHOXKAIOTCS MOAbKO Oechno-
Avblm cnocobom — noukosaruem. [1orosoe pasmHodxcerue 0CyllecTB-
JSI0T 10A08ble 0cOOU — medy3bl, KOTOpble 06PasyloTcsl Ha MoJumne
nyTeM MOYKOBAHHUS M MepexoAsT K cBoOOAHOMIaBalolnemMy odpasy
KU3HU. Mey3bl UMEIOT Ty K€ CXeMY CTPOEHHUSI, UTO H MOJHUIIbI, XOTS
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ectb W otanuus (puc. 59, 60). Teno menys xapakrtepusyercs Cuab-
HbLM pasgumiuem mesoeiel, KOTopasi CONepKUT O0JbII0e KOJTUUECT-
BO BOJbl. 3HAUUTENbHO CJIOXKHEe YCTpOoeHAa W HepBHAs CHCTeMa.
Y Meny3 mo Kparo 30HTHKa 00pasyeTrcst CHAOUHOE HePBHOe KOAbLYO.
MMeroTest opraubl UyBCTB: eAa3Ku U crmamouucnol (0peanst pasHo-
gecusi). Menyswl paszdeavrononot. [loarosbie xeae3ol pacnonaraioT-
Cs HA HHUXKHEH CTOPOHE 30HTHKA MEXKY SKTOACPMOH MU Me30rjaeecH.
On/sonoTBopeHre U pa3BUTHE SIUL IPOTEKAET 80 gHeulHell cpede. 3
suil 06pasyeTcsl JUUUHKA AAPEHXUMYAQ, 3aTeM BTOpasi JUUHHKA —
naAaHyAQ, KoTopasi HEKOTOpoe BpeMsl CBOOOAHO TMJaBaeT, 3aTeM
OmycKaeTcsi Ha JHO M JaeT HauaJo nonauny. M3 monauna B majbHed-

Puc. 59. CrpoeHue THAPOUTHOTO Puc. 60. Cxema CTpOeHUS] THJPO-
nonuna (A) v THAPOUIHON Mey3bl MJHOH MeJy3bl:
(b), mepeBepHYTOH pPOTOBBLIM OT-

. I — pot; 2 — poToBoii cTebesek ¢
BEPCTHEM KBEpPXY:

ronanoi (3); 4 — paanasbHblie Ka-
I — por; 2 — mynasnplia; 3 — ra- HaJbl, 5 — KOJbILEBOH KaHau,
cTpanbHasi MoJocThb; 4 — Me30- 6 — mynaJgabia; 7/ — raa3ku; § —
raes; 5 — pajuasbHbIil KaHas; napyc
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wem obpasyeTcsl HOBasl KOJMIOHUS, W LMK MoBTOpsieTcsl. Takum 00-
pa3om, KH3Hb TUAPOUIAHBIX MOJHUIOB COCTOUT H3 ABYX MOKOJIEHUH.
00HO nokoaenue — noaAunvl, BeAyT CUASAUHN 00pa3 >KU3HH U pas-
MHOKaITCs OecrnmosbIM crocodoM. Bmopoe nokosexue — medy3ol,
Be1yT cBOOOJHOMMABAOWNNA 00pa3 xKHU3HH U Pa3MHOKAIOTCS M0J0-
BbIM croco0oM. To ecTb y TMAPOHIHBIX MOJUINOB MPOUCXOAUT uepe-
dosarue noOKoOAeHUl.

Knacc CundomaHblie meanysbl

K sTtomy kmaccy ortHocATCs medy3sl, OOUTAIOIIME
TOJBbKO B MopsiX. OHU KpyrHee THAPOUIHBIX MeIy3, U CTPOEHHE HX
6osee caoxkHoe (puc. 61). Por okaHuuBaercs raoTKOM, »Keaya0uHas
MOJOCTh pasieneHa Ha Kamepbl. KosblleBofl KanasJ, HAYIIHH TO
Kpat Tesa, 00be/IMHAET KaHaJsbl, OTXOAAIIHE OT »KeJayKa, 00pasys
eacmposackyaiapryo cucteMmy. [TosgBASIOTCS CKOMJIEHHS HEPBHbIX
KJIeTOK B BHjJe eawneaues. [lojoBble KaeTKH 00pasyloTcsl B COHA-
dax — TOJIOBBIX 2KeJe3ax, pacrnoJoKeHHbIX B sHTOoAepMe. PasButue
HJeT ¢ uepefoBaHueM nmokosaeHud (puc. 62).

Puc. 61. Cxema cTpoeHusi CUH(OUTHON Mey3bl:

I — poToBble Jonactu; 2 — poTOBOE OTBEPCTHE; J — LLyNasablia; 4 — KoJb-
1eBOH KaHaJ/; 5 — paauanabHblil KaHasm;, 6 — ronana; 7 — racrpaJbHble HU-
TH; § — XKenynok; 9 — skronepma; /0 — mesoraes; /1 — 3HTOIEpMA
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Puc. 62. Passutue cuudouHOR Me1y3bl:

1 — siiino; 2 — naanyaa; 8 — cuuducroma; 4 — noukytouiasicss CuuUcTo-
Ma; b — cTpobuasiuus; 6 — sdupa; 7 — B3pocaas Menysa

Knacc Kopannosbie nonmnbl

Kopaanosoie noaunst MMeOT TOJbKO OJHY KHU3HEH-
HY10 popMy — noaun. ¥ HUX OTCYTCTBYeT uepeloBaHHE MOKOJCHUH.
Mopckue, o1MHOUHbIe, OOMbLICH YacTbl0 KOJOHHAJMbHbIE KUBOTHbIE.
OT apyrux KaaccoB KOPaJJoOBble TOJHUNbI OTAHYAIOTCS HaJHYHEM
TBEPJIOr0 U3BECTKOBOIO CKeJIeTa, a TaKxKe MbIIIEUHbIX BOJOKOH B K-
TOJepMe WU 3IHTOAEpPME, MO3BOJSIOIUX UM HM3MEHSATb (opMy TeJa.

™ NNOCKMUE YEPBU

JI1s1 KHBOTHBIX, OTHOCSIIIMXCST K THIMY TMJIOCKHX 4ep-
Bei, XapaKTepPHO HaJHUHe Mpex 3ap0o0blileBolX AUCTO8: IKMO-, IH-
do- u mezodepmol. Takum 00pazom, MJAOCKHE UYepPBH OTHOCATCH K
mpexcaolinoimn scusomuoin. TossBasieTest 08YycmoponHsis, W OuLQ-
mepanvras, cummempus meaa. BaxkHo# 0cOGEHHOCTHIO SIBJSETCS
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Ha/MNUue KOMCHO-MYCKYAbHO2O Meulka. BriepBble MosIBASIIOTCS Crie-
IIMAJH3UPOBAHHbBIE OPraHbl M CHUCTEMbl OPraHOB: nuwWesapumess-
Has, soidesumenvras, Hepsrnas u noaosas. [linockue uepsu becno-
A0CMHble (AUEJOMUUECKHE), WU HAPEHXUMAMO3Hble, HCUBOMHbLE.
[TumeBaputenbHast cucTeMa CAENO3AMKHYMAs — OTCYTCTBYET 3a]-
HempoxonHoe oTBepcTHe. [l710CKue UepBU nepsuuHOpOMbLe HCUBOM-
Hote. [1nockue uepBu eepmaghpodume.

Cpenu MJIOCKUX YepBell UMEIOTCSl KaK c80000HOMCUBYWUe, TAK H
napazumuyeckue ¢opmol. Y mapasuTuueckux (GopM MHILEBAPHUTENb-
Hasl cCUCTeMa MOXKeT ObITb MOJHOCTHIO pelylHpOBaHA.

Tun Ilmockue yepBU BKJIOUAET CAEAYIOLIHE KIACCHL: PecHuyrble

Hepesu, COCCL/LbLL{LHCLl, Jlenmounoie Hepsu.

Knacc PecHnuHble yepBu

KPATKASl XAPAKTEPUCTHUKA

Cpena ob6utaHus
W BHEWHUH BUJ

Pasmepbr 10—15 MM, aucToBUaAHON GOpMbI, 0GUTAIOT B
npy/aax u ca1abonpoTOUHBIX BOJOEMaX

[Mokpos Tena
M KOXXHO-MYCKYJlb-
HbI MeloK

Tesno MOKpbLITO OAHOCIONHBIM (PECHUUHBIM) SMUTEIHEM.
[ToBepXHOCTHBIH MbILIEUHbIH CI0H KOJMbIEBOH, BHYTPeH-
HUH — TIPOJOJIbHBIA M AMaronaabuslil. Mmetores cnun-
HO-OpIOLIHbIe MbILILLbI

IMoaocTtb Teaa

[TonocTb Tenma orcyrerByeT. BuyTpu nHaxoautes ry6ua-
Tasi TKaHb — MapeHxuma

nMUleBapHTeJTbHaﬂ
cucrema

CoCTOUT U3 mepeaHero oTaena (rJIOTKH) U CPEIHEero, Ko-
TOPbIA MMeeT BUJL CHJIbHO PA3BETBJEHHbBIX CTBOJIOB, 3a-
KaHUUBAIOLLUXCS CJIEM0

BoigeaureabHas
cucrema

[Tporonedppuann

HepBHasi cucrtema

Mo3sroBoii raHriui u UAylUIMe OT HEero HepBHbI€ CTBOJIbI

OpraHbl 4yBCTB

OcsizaTe/ibHble KJIETKH. O}_U-la UK OoJblle nap rJas.
Y HEKOTOPbIX BUIOB UMEIOTCA OpraHbl paBHOBECHS

OpraHbl aAbIXaHus

Her. KI/ICJIOpOIL NoCTymnmaeT yepe3 BCIO MOBEPXHOCTb TeJsa

PasmHoxeHue

Fepmadpoantsl. OnIog0TBOpEeHHe BHYTpPEHHee, HO Me-
peKpecTHOe — HY’KHBI 1Be 0COOH

TunUUHBIMU TIpeACTABUTENSIMU PECHUUHBIX UepBell SIBJISIOTCS
naanapuu (puc. 63).
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Puc. 63. Mopdosorust Na0cKUX uepBell Ha NMpuUMepe MOJOUHON MJIaHAPHHU.
A — BHewHuil Bua naaHapuu; b, B — BHYTpeHHHe opraHbl (cxembl); [T —
4acTh MOMEPEYHOro paspesa uepes TeA0 MOJOUYHOH naaHapuu; [ — Tepmu-
HaJlbHAsl KJIeTKAa NPOTOHePPUIHANbHON BbIAeIUTEIbHON CUCTEMbL:

1 — poroBoe oTBepcTHe; 2 — TMIOTKA; § — KHIIEUHHK; 4 — MpoTOHedpH-
JIMH; 5 — JeBblil OOKOBOH HEPBHbBIH CTBOJ; 6 — TOJOBHOH HEPBHbIH y3eJ;
7 — 1y1a30kK; 8§ — peCHUUHbIH 3MUTeaUl; 9 — KoJblieBble Mblllibl; /0 — Ko-
cble MbIIbL [/ — MpOaObHbIE MBIIIBG, /2 — J10PCOBEHTPa/bHbIE MbILI-
ubl; /3 — KJIeTKH napenxuMsl; /4 — kiaeTku, obpaaylouiue pabauTsl; /15 —
pabauTel; /6 — oaHOKJeTOuHAasi Kese3a; [7 — TY4OK pecHHUeK (Mepla-
TeJbHOE naams); /1§ — SAApo KIAeTKH
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OBIIASI XAPAKTEPUCTHUKA

Brewnuii 6ud u nokposot. Teno pecHUUHbIX uepBel
BBITSIHYTO® B JUIMHY, Aucmosudroe. Pasmepbl BapbUPYIOT OT He-
CKOJbKHX MHUJJIUMETPOB [0 HECKOJbKHX caHTuMeTpoB. Teso Oec-
uBeTHOe WM Oesoro 1Bera. Halle Bcero pecHHUYHble YepBH OKpa-
LIeHbl B pasjMuHble LIBeTA 3€pHAMM AuUeMeHMa, 3aJerarollero B
KOXKe.

Teno mNOKPBITO OOHOCAOUHBIM — MEPUATIEAbHOIM — INUMEAUCH.
B nokpoBax MMEWTCS KOjcHbLe dHceae3bl, PA3OpOCaHHble MO BCEMY
Teay WM coOpaHHble B KOMMJIeKChl. [IpencTaBasioT HHTepec pas3Ho-
BHHOCTb KOXKHBIX XKeJje3 — pabdummuole KAemKU, B KOTOPbIX HaXo-
ASTCSl TIPEeNOMJISIONIHe CBeT MaJjJouku paboumor. OHU JTeKaT mep-
MeHIUKYJASIPHO K MOBEpPXHOCTH Tesa. [1pn pasapakeHuu KUBOTHOTO
paOAuTbl BbIOpacblBAlOTCSl HAPYKY M CHIbHO pa3dbyxatoT. B pesyib-
TaTe Ha MOBEPXHOCTH uepBsl oO6pasyeTcsl CAU3b, BO3MOKHO MIpalo-
ast 3alUTHYIO POJb.

Koscno-mycxkyaovuoui mewox. Ilon snutenuem Haxoautces Oa-
s3arbHas membpana, crykallas s TPUAAHUS TeJy OnpefeseHHoN
dopMbl ¥ /151 npuKpenaeHust Mblll. COBOKYMHOCTb MbILIL U SMHUTe-
Jqust 00pasyeT eAUHbIH KOMIJIEKC — KOMHO-MYCKYAbHbLL MEULOK.
MbllleuHasi cucTeMa COCTOMT H3 HECKOJbKHUX CJI0eB 2Aa0KuX Mbl-
wedrslx 8020K0H. Haubosee MOBEPXHOCTHO PACNoaaralTCs KOAb-
yesble MbLULLbL, HECKONBKO Ty0Ke — npodosbHble U caMmble ray60-
KHe — duaeoranbHble MbluledHble 80A0KHA. KpoMe nepeuncaeHHbIX
BHU/I0B MbILIEUHbIX BOJOKOH JJIsl PECHUUHbIX uepBell XapaKTepHbl
CRUHHO-Oprouikble, NN 00P308EHMPAAbHbLE, MblULYbl. DTO TIYUKH BO-
JIOKOH, UAYUIHE OT CITHHHOH CTOPOHBI TeJla K OPIOIIHOM.

JIBUKEHHEe OcylecTB/sieTcsl 3a cueT OHEHHUs pecHUUeK (y Med-
KHX (OpM) MM COKpalleHHsl KOXKHO-MYCKYJbHOTO MellKa (y Kpyr-
HbIX MpeAcTaBUTeNeH ).

YeTKo BblpaKeHHOH noaocmu meaa pecHUUHble YepBH He HMe-
10T. Bce npoMeKyTKH MexK/1y OpraHaMiu 3aloJHEeHbl napeHxumol —
pPBIXJI0H CoeMHUTEeNbHON TKaHblo. Hebosblline nmpocTpancTBa MekK-
Ay KJAeTKaMH MapeHXUMbl 3aM0JHeHbl BOASTHUCTON XKHAKOCTbIO, O/1a-
rogapst UeMy MOKeT OCYLLeCTBJSITbCS Mepenauya MPOAYKTOB OT KH-
IIEYHUKA K BHYTPEHHMM OpPraHam M MepeHoC MPOAYKTOB oOMeHa K
BblAENUTENbHON cucTeMe. Kpome 3Toro, mapeHxuMy MOXKHO pac-
CMAaTpUBATh KaK OMOPHYI TKaHb.

ITuwesapumenvnasn cucmema pecHUUHbIX uepBel caenozamx-
Hymas. Pom cayXKUT W U npoeAambl8anus nuuiu, U 1Js solbpa-
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COIBAHUS HENepesapexHsly oCmamsos nuuiu. PoT pacrosmaraercs
00bIUHO Ha OPIOLIHOH CTOPOHE Tesaa M BeAeT B eA0MKY. ¥ HEKOTO-
pPBIX KPYMHBIX PECHHUHBIX UepBel, HAMpUMep y MPeCcHOBOAHON mJa-
HapHH, POTOBOE OTBEPCTHE OTKPBIBAETCS B 2AOMOUHLLI KAPMAH, B
KOTOPOM HaXOJUTCS MYCKYyAUCmas eAO0MmMKQ, CrnocodbHasi BBITATH-
BATbCS M BBICOBBIBAThCA uepe3 POT Hapyxky. Cpedwas Kuwka y
MeJKHX (OpPM PECHUUHBbIX uepBed npeacrasJ/seT coO0H gemssujue-
c 80 BCe CMOPOHbLL KAHAAbLL, & Y KPYMHBIX (GOPM KHIIEUHHUK TIpei-
CTaBJeH mpems gemsamu: ONHOH nepedueli, NAylleH K mnepeaHeMy
KOHILY Teaa, U 08yma 3a0HUMU, WAYUIUMH 1O OOKaM K 3aJHeMY
KOHILYy TeJsa.

[1aBHOH 0COOGEHHOCTBIO HEPBHOU cucmemvl PECHUUHBIX uepBeil
MO0 CPaBHEHHIO C KHIIEUHOMOJOCTHBIMHU SIBIASCTCS KOHUECHMPAyisl
HEPBHLLX INEMEHMO8 Y nepedneeo KOHua meaa ¢ opmuposaruem
0800iH020 Y310 — MO3208020 eAH2AUS, KOTOPbIH CTAHOBUTCS KOOpP-
Jurupyrowum yenmpon gceeo meaa. OT raHraus OTXOAAT 1P0J0Nb-
Hble HepBHble CMBOAbL, CB3aHHble OMEPEUHbIMU KOAbUEBbLMI Nepe-
MbLUKAMU.

Opeanot uyscme y pecHUUHBIX UepBell PasBUThl CPABHUTENBHO
xopouo. Opearnom 0Ccs3aHUs CAYHKUT BCS KOXKA. Y HEKOTOPbIX BHA0B
(YHKUHIO OCSI3aHUsI BBIMOMHAIOT HeOOMblIME MapHble llynanbua mne-
pennero koHua tena. Opeanol 4y8Ccme pasgHoOgecus TPeNCTaABJIEHbI
3aMKHYTBIMH MEILIOUKAMH — CMAMOyuUcmamu, co CIyXOBbBIMH Ka-
MellKaMu BHYTpH. Opeanbl 3pexuss uMeloTcst noutu Bcerjpa. [nas
MOXKeT ObITb OJlHA Mapa HUau OoJblle.

Boideaumeavnan cucmema snepsvie MOsSIBAsIETCS KaK omoeas-
Hasa cucmema. OHA TIpeJcTaBAeHa 08YMA WIN HECKOAbKUMU KAHA-
AaMU, KaXKAblH U3 KOTOPBIX OOHUM KOHUOM OMKPbLBAEMC HAPYHCY,
a dpyeoll cuavHo semsumcd, 06pasys ceTb KaHAJOB Pas3aUuUHOTO
nuamerpa. Camble TOHKHE KaHaJblbl WM KaNWJISpbl Ha CBOMX
KOHILAX 3aMBIKAlOTCsl O0COOBIMH KJeTKaMH — 38e3duamoimu (CM.
puc. 63, /[). OT 3TUX KJIETOK B MPOCBET KaHAJbLeB OTXOAST AYUKU
pecruyex. baaronaps Ux MocTossHHOH paboTe He MPOUCXOIUT 3aCTOs
JKUAKOCTH B TeJle 4epBsl, OHA MOCTyMaeT B KaHaJbllbl U B JaJbHel-
IIeM BBIBOAMTCS HApy:Ky. BuiaenuTenbHasi cucreMa B BHIE BeTBH-
CThIX KaHAJOB, 3aMKHYTbIX Ha KOHILAX 3Be€3/UaTbIMH KJIETKaMH, Ha-
3bIBAETCS NpPOMmoHeppuiusimu.

Ilonosasa cucmema 10 CTPOEHHIO [J0BOJbHO Ppa3HooOpasHa.
MO?KHO OTMETHTb, UTO MO CPABHEHHIO C KMIIEUHOMOJOCTHBIMU Yy pec-
HUUHBIX UePBEH no48AS10MCA CheuuaiLbHble 86l800HbLe NPOMOKU N5
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BbIBEJIEHUS MOJNOBbIX KJETOK Hapy:Ky. PecHUuHble uepBU eepmagpo-
Jumot. ONNOAOTBOPEHUE — BHYMpPEHHEE.

Pazmnoxncenue. B OGONBIINHCTBE CAYyUAeB NOAOBbIM CROCODOM.
Y GosblIMHCTBA YepBell pagsumue npsamoe, HO y HEKOTOPBIX MOP-
CKUX BHJIOB passumue npoucxooum ¢ memamopgozom. Onnako He-
KOTOpble peCHUUYHbIe YePBU MOTYT Pa3MHOKATbCS U 6ECnoAbiM CHO-
cobom nocpedcmsom nonepeunoco deaenus. Ilpu 3ToM B Kaxjao#
MOJIOBHHE TeJIa MPOUCXOIUT peeeHepalils HeJl0CTaIoUX OPratoB.

Knacc CocanbLumku

Knace cocanbliuko 06pa3oBaH MCKAOUNUTENbHO Ma-
Pa3UTHYECKUMH BHMAAMH, MOCEJAAIOIMMUCA BO BHYTPEHHHUX OpraHax
6eCrno3BOHOYHBIX H MO3BOHOUYHBIX KMUBOTHBIX. CTpoeHHe cocCasbllt-
KOB HaMOMHHAET CTPOCHHE PECHUUHBIX YepBell.

KPATKASl XAPAKTEPUCTHUKA

Cpena obouraHus
U BHELLHUN BUJ,

Pasmepsr 10 5 cm. Popma Tesa yale JUCTOBUAHAS.
XapakTepHo Ha/auuue npucocok. [lapasuruueckuii 06-
pas KH3HH

[Tokpos Tena CTeHKy Tesla COCTaBJ/IsIeT HaPYKHBIH MOKPOB M KOXKHO-

M annmapar
JBUXKEHUS

MyCKyJIbeIﬁ MeIIOK, COCTOSIIIME U3 NpOAOJbHbBIX, KOJb-
LEeBbIX U AHAroHaJ/JbHbIX MbIILL

[MoaocTb Tena

becnosocTHbIe XKUBOTHBIE

ﬂumeBapuTe.anaﬂ
cucrema

PotoBoe oTBepcTHe B MPHUCOCKE BeET B MYCKYJIHCTYIO
MJIOTKY. 3a TJIOTKOH cJle[lyeT MHUILEeBOJ U Clern0o3aMKHY-
ThIi KUILIEYHHUK.

BbllleJl UTeJbHas
cucrema

[Iporonedpunun. [lapa cobuparenbublXx KaHaN0B

HepBHas cucrema

[Tapublit Mo3roBoit ranrsauéi. Tpu napbl HepBHBIX CTBO-
JI0B

OpraHbl 4yBCTB

[nasku umerorcst y CcBOOOHOMIABAIOIINX JUUMHOK CO-
CaJibIIMKOB

Op raHbl AbIXaHUS

Het. B cBsi3u ¢ mapasgutnueckum o6pas3omM »KU3HHU Jibl-
XaHUe MPOUCXOJIUT MO aHA3POOHOMY THMY

Pa3smHoxeHue

[Toutn Bce cocanbuinku repmadpoantsl. OnaonoTBope-
HHe TaK e, KaK y PeCHHUHBIX yepBeil
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OBIIASI XAPAKTEPUCTHUKA

Cmpoenue u nokposvl. Teno coCaNbIIUKOB uallle
BCEro UMeeT AUCTOBUORYIO hopmy. XapaKTepHO HAMHUHE APUCOCOK,
OT KOTOPbIX MPOUCXOJAUT W Ha3BaHHe camoro kjaacca. OObIUHO UMe-
I0TCS IBe MPUCOCKU: KA nepeodrem KOHye meaa, B KOTOPOH pacnoJsio-
KeH POT, — pomosas NPUucocKka U Ha 6prouHoll cmoporHe — oprau
npukpenaeHus (OprowHas NPUcOCKa).

[ToKpOBBI COCABIIUKOB MPeJCTABAEHbl MOTPYKEHHBIM SMUTEHU-
eM — meeyMeHmoM, JUIIEHHbIM PECHHUEK, UTO, MO-BUIUMOMY, CBS-
3aHO C MmapasuTHUeCKUM oOpa3oM ku3Hu. Hepeako umerores n1omnod-
HUTEJbHbIE OPTaHbl MPUKPENNeHUs — KYyMmuKysiprole wunuxu. Hu-
JKe pacrnosioKeH Cl0H 6a3aAbHOIL MeMOPAHbL N MbLULEHHbLE BONOKHA.

Kooscno-mycky oo mewok mpenctaBaeH IBYMsI CJIOSIMH Mbl-
II€YHBIX BOJOKOH: HAPYHHbLE CIOH — KOAbLUEBOLIMU MbLULAMU W
BHYMPEHHUL — NPOOONbHOIMU MOLULLAMLUL.

Ilonocmo meaa, Kak Uy pecHUUHBIX UepBel, omcymcmayem.
BuyTpeHHee mMpocTpaHCTBO 3aMONHEHO NAPECHXUMOLL.

ITuwesapumenvnasn cucmema. Pom, naxonsimuiics 8 nepedned
npucocke, BeleT B MYCKYAUCMYIO 2A0MKY, KOTOpast MPOJIOJKAETCs
B y3kuil nuwesod. Cpednss Kuuika dallle BCEr0 COCTOUT M3 08YxX
gemaell, KOTOpble OTXOISIT OT MUILEBOAA U TAHYTCS no 6oKam merq
k3adu. Kuiieunuk 3akanuuBaercs caeno (puc. 64, b).

Hepsnas cucmema cOCTOUT U3 NAPHO2O MO3208020 2QHSAUS W
Hep8os, OTXOASIIIUX OT TAHIIUSl K nepeoHemMy KOHUY meaq U pomo-
80Il npucocke W HaA3an mpems napami npodoLbHbLX cMeoa0s. Bee
NPOJNOJbHBIE CTBOJbI COETUHEHbI KOAbULBLIMU NEPeMblUKAMU.

Opeanot 1ysecms 13-3a mNapasuTHUecKoro oOpasa KHU3HH Y
B3pOCJBIX 0co0ell paszsumot cAab0 U UMEIOTCS JIHIIb B BUAE HeOOJb-
IIHX TJIA3KOB Y AUUUHOK COCAAbULUKOB, KOTOPbIE HEKOTOPOE BpeMs
cBo0OOiHO nyaBaloT B Bojae. KoxKHble pelenTopbl — CeHCUAAbL, BbI-
MOJHSIIOT QYHKIHIO XeMOpeyenmopos.

Boideaumenovnana cucmema npomownedpuduarovqoeo muna. B ot-
JUUHEe OT PeCHUYHBIX YepBeH y CoCa/bIIMKOB IJaBHble KaHAJbl OMi-
Kpbleaomces, e Hapyixcy, a B 0OULMH pe3epByap Ha 3a/lHeM KOHLe Te-
Ja — MO4e80l NYy3vipb, KOTOPBIH OTKPBIBAETCS HAPYXKY 8bl0eAil-
MeAnbHbIM OMBepCmue.

Ilonosas cucmema cocanbUIMKOB A0BOJBHO pasHooOpasHa, OHH
eepmagppodumst (puc. 64, A).

Pazmnoncenue u ncusnennold yuxa. CocanbliluKl pa3MHOKAIOT-
Csl NOA0BBLIM CHOCOBOM, CO CMEHOL NOKOACHUL, KOTOPbIE OTJIHYAIOTCS
cnocobom Nnoao8oeo pazmHodxcerus. Bapocnoe KUBOTHOe sIBJsieTCS
repMa@poOIUTHLIM MOKOJEHHEM, a JUUYHUHKH — MapTeHOreHeTHYe-
ckuM. Pa3BuTHe MOMKeT MPOUCXOIUTH CO CMEHOL X035e8.
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et

Puc. 64. [leuenounast asyyctka (Fasciola hepatica). Ctpoenne nonosoii (A)
W THI1leBapuTeabHol (5) cucrem:

| — poroBas npucocka; 2 — OplollHas NpUcocKa; 3 — KHLIeUHUK; 4 — co-
BOKYMHUTENbHbIA OpraH; 5 — SIMUHUK; 6 — KEJITOUHUKH; 7 — IKeJTOUHbIe
NpoToKH; § — ceMeHHUKH; 9 — cemsanpoBoj; /0 — matka

Cnet;ua/lusat;uﬂ. ,HJIF[ COCANbIUINKOB XapaKTepHa onpede/zeimaﬂ
cneyuaasuzayus W ynpoueHue B CTPOCHUH, Oéy()/lOB/L(BHHO(,) napasu-
mudecKkum 06[?(130/% scusnu. Cnenuvanandanus NpodaBJAsACTCA B HaJdH-
UUH NPUCOCOK, ULUNOB, KproYbes U NPYyTrux 06p330BaHHfI Ha noBepXx-
HOCTHU TeJia, MOUHbIM pa3suniuem rnoasoB8blx opeaHos, MPOXOKIACHHU-
€M CAOHCHBLX HCUBHEHHLLX YUKA08 W UHIMEHCUBHOLIM PASMHOMNCCHUCM.
CloKHbIe KH3HEHHbIe IHKJbl COCAJbIIMKOB CBS3aHbI C MpoxoxKae-
HHUEeM psiia CTaAul C OJHUM HJH HECKOJbKHUMHU NPpOMEKYTOUHBIMHU
xo3sieBamMu. Ha 3Tux cragmsx OCYULECTBJASACTCH MOJOBOE pPa3MHOKE-
HHE KaK C OTMJOAO0OTBOPEHHUEM, TAK H 0e3 Hero, T. e. NapTeHOreHeTH-
yeckM, 4To obecreunuBaer OrpoOMHOE YHUCJIO0 MOTOMKOB, HeoOX0aHuMOe
JJIs1 moaaepKaHusd CyluecCTBOBaHUs BU/LA.
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[MaToreHHble cocanbLUMKHM

Cubupckasn (xowauvs) dsyycmka (puc. 65, b) na-
pasuTHpyeT B TeueHH, pexke — B MOJKeJTYI0UHOH kesese. [luraer-
Csl KPOBbIO M TKaHsIMH. [laTorenHoe neficTBHe 3HAUUTENIbHO, BO3MO-
JKeH CMepTeJbHbIH HCXO].

Jlanyemosuonas dsyycmra (puc. 65, A) mapasuTupyer B neue-
HY OBell, KO3, KPYTTHOr0 pOraToro CKOTa W JPYTUX TPaBOSIAHbBIX YKH-
BOTHBIX. ¥ 4esoBeKa BCTpeuaeTcst peKo.

Kpossanasa dsyycmra (puc. 65, [') mapasuTUpyeT B KPYMHBIX Be-
HO3HBIX cOCynax OPIOMIHON MOJOCTH UesNOoBeKa, a TaKKe B BeHaX I0-

Puc. 65. [latorennble cocanbliMKu. A — JaHlleTOBUIHAS NByyCcTKa; b —
Kollaubsl ABYyCTKa; B — Jerounblfi cocanblluk; /° — KpoBsiHAsl ABYyycTKa
(camel HeceT caMKy B cBOeM OpPIOLIHOM KeJa00e):

| — poroBasi npucocka; 2 — OpllHAsA MpUCOCKA; J — CEMEHHUKH; 4 —
SAUUHUK; 5 — ceMSANpPUEeMHUK; 6 — MaTKa; 7 — KHIIeUHUK; & — BbIIeJH-
TeJbHbIH Kanama, 9 — cemsanpoBon; /0 — KeaATOUHUKH; [/ — HepBHBIH
CTBOJI
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UyeK M MOUEBOTO My3bips. XapakTepHas 0COOEHHOCTb — pPasjiebHO-
noJiblii cocasblUlUK.

[levwenounas O0syycmra, WKW TEUEHOUHBIH COCAJbIIUK, Mapasu-
TUPYET B XKEJUHbIX XO[aX MeueHH OBell, KPYMHOro pOoraTtoro CKoTa u
U3pejKa y uesoBexa.

Jleeounotii cocarvuiux (puc. 65, B) mapasuTHpPyeT B JETKHX ue-

JIOBEKA, MJAOTOSIAHbIX XKUBOTHBLIX U CBUHEH.

Knacc JleHTO4HbIE YepBHU

Bce nentouynbie yepBH obaueammble BHdOflapCZSLtmbl,
B I'IOJ'IOBOSpeJ'IOﬁ CTaAWu NapasuTUpyrOlUlue B KHIIEUHHKE.

KPATKASl XAPAKTEPUCTHUKA

Cpena obouranus
U BHELLHHUI BUJ,

[TapasuTbl yesoBeka M KUBOTHBIX. Te0 CHABHO BBITS-

HYTO B JUIMHY, UMeeT (opMy JeHTbl. Ha nepeaHem KoH-
e HaXOJUTCs TOJI0BKA, jajee — miefika. Teqo cocTouT
M3 u1eHHKOB. Benmuununa B3pocabix uepBefl Komebaercs

ot 1 Mmm 0 10 M

[MokpoB Tena u
annapar JBUKEHUS

CHapy’KH TeJ0 MOKPBITO KYTHKYJOH U KOKHO-MYCKYJIb-
HBIM MEILIKOM C KOJIbIEBbIMH, MPOJOJNBHBIMH U JIHATO-
HAJMbHBIMH CJIOSIMH MBILIILL

[Moaoctb Tena

BecnosocTHble )KUBOTHBIE

nl/lUleBapl/lTeJleaﬂ
cucrema

OTcyTCTBYeT, BCachiBaHUE MUILK MPOUCKXOIUT BCell Mo-
BEPXHOCTBHIO TeJaa

BbigeaurenbHas
cucrema

[Tporonedppuann

HepBHasi cucrema

[lepennuii HepBHBIH y3ea1 — TaHTIHH, PACNONOKEHHbIH
B rOJIOBKE, U JIBA TMIaBHbIX OOKOBBIX CTBOJA

OpraHbl 4yBCTB

OpI‘aHbl UYYBCTB MpeaAcTaBJeHbl UYyBCTBUTCJAbHBIMU KJIET-
KaMHu

Op raHbl AbIXaHUs

Her. B cBs13u ¢ mapa3utuueckum o6pasoM »KM3HU Jibl-
XaHHe TPOUCXOIHT 10 aHa3POOHOMY THIY

Pa3smHoxeHue

Fepmadpoantsl. Onaog10TBOpeHHE MepeKpecTHOe
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OBIIASI XAPAKTEPUCTHUKA

Cmpoenue u noxkposol. Teno JNEHTOUHBIX uepBei
BBITAHYTO B JUIHHY, AeHMOBUOHOe U B OOJBILHHCTBE CaydyaeB Mnoje-
JEHO Ha UJIeHHUKH — npoesommuds.. Ha mnepennem KoHIle Haxo-
JUTCH 20A08KQ, WU CKOAEKC, 32 KOTOPbIM CJENYeT HepacuieHeH-
Has welika, a 3a Hell — nporJoTTuabl. CKOJEKC HeceT Mpucrnocoo-
JIeHUs /151 TNpPUKpeNnJeHuss K CTeHKe KHIIeUHMKa — Mpucocku,
npucacoigeamenvrole weiu n Kpiodsvs. I1porJoTTHAB UMEIOT UYeThl-
pexyrosbHyto (GopMy, MX UHCJIO BapbH-
pyeT oT 3 10 HECKOJbKHX ThicsU. PocT u
yBeJMUEHHE UJEHHUKOB MPOUCXOJUT BCHO
ocu3Heb depBsi. HoBble UJEHHKH OTLIHY-
POBBIBAIOTCA OT IIEHKH M 10 Hampa,Je-
HUI0O K3aJH HX pa3Mepbl YBeJUUHUBAIOT-
csa. Bce Teso JeHTOUHBIX uepBell Hasbl-
Baetcsi cmpobuaoti. Bapocabie uepBH
uMeloT paamepol or | mMm go 10 ™
(puc. 66).

[ToBepXHOCTHBIH ~ CJIOH  JIEHTOUHBIX
uepBell — meeymenm — MopdoJaoruye-
CKM CXOJ€H C TaKOBbIM COCAJbIIHKOB.
TerymeHT JNeHTOUHBIX uepBel BbIAEAET
CMeHANbHBII AHMUAPOMEONUMULCCKU
Gepmenm, NpelOXpaHSIOUIMA UX OT me-
peBapuBaHUs B KHILIEUHHUKE XO35HHA.

Koosxcrno-myckyaonoui mewox. Heno-
CcpeacTBeHHO noj 6asanbHod MeMOpaHo
pacrnoJsaraeTcsa HapyXKHbIH KoAbyesol
CA0L MblUuledHblX 80A0KOH. [Ipodosbrble
MbluleuHble BOJOKHA 00pas3yloT 6HYym-
pennuil caoid. Hacto umeercs ele Tpe-
THii Oosee rayOOKHi caofi Koavyesoix PMC. 66. Crpoenne seHTou-
Mottty VIMETCST crnunHo-0prouiHole Mol- EZEZHS)?PB” (Kap/IHKOBBIIi
uleyHble NYYKU.

Ilonocmo meaa orcyterByer. Kak u )

y BCEX IJIOCKMX 4YepBed, BHyTpeHHee 2 e § — cTpobu-
. Jqa; 4 — wuHeapesmas Tpo-
MPOCTPAHCTBO 3AMOMHEHO NAPEHXUMOL,  rnorruna; 5 — repmadpo-
B KOTOPOH OTK/JaJbIBACTCA 3HAUUTENbHOE  uTHAsi NPOrIOTTHAA; 6 —
KOJIMUECTBO eaukoeena. VI3 raukoreHa B 3pesas NponJaoTTHAA

|/ — roJsioBKa, MJIH CKOJIEKC;
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pe3ynbTaTe aHa’dpobHO2O pacujeniexus JIEHTOUHblE UepBH Mojyua-
I0T SHEPTHIO /51 XKU3HEeesTeNbHOCTH.

Omcymcemesue nuuwgesapumenvHol cucmemov. — 3T0 Haubosee
XapakTepHbll MPH3HAK JEHTOUHbIX uepBeil. JKuBs B KHIIeUHHKe
X03sIMHA, YepPBH OKPYXKEHbl KUJAKHUM TMHUTATEJbHBIM MaTepHaIoM,
KOTOPBIl OHH BCACBIBAIOT OCMOMUYECKU BCell NOBePpXHOCMbIO Me-
aa. B cBA3u ¢ oOUTaHMeM B aHa’pOOHBIX YCJOBHUSX HeEpreTHue-
CKHMe MPOILeCChl y JIEHTOUHBIX UepBed MPOTEKal0T no muny Opoce-
HUS.

Hepsnas cucmema coCTOUT U3 nepedHeco NapHO20 M0O3208020
y34a, PacIoJoKEHHOr0 B CKOJIEeKCe, U 08YX TJIABHLIX OOKOBbLX
CMB0A08, TSIHYIIUXCS BAOJIb BCETO TeJa.

Opeanot uyscme npencranieHbl pa3dpOCaAHHBIMU MO MOBEPXHO-
CTH Tesa 4Yy8CcmeumenbvHolmu (0CA3aMerbHbIMI) KIeTKaMU, Hau-
OoJbliiee KOJUYEeCTBO KOTOPbIX HAXOAUTCSI Ha CKOJIEKCE.

Botdeaumeavnas cucmema npomonedpuduarvroeo muna. Mime-
10TCsl d8a eaasublx 60KOBbLX Karasa. Ha 3aaHeM KoHle JBa KaHa-
Jla, COeIUHSASACh, 00pa3yloT HeOOJMbIIOH COKpAaTUMbIH mouesol ny-
soLpb. Ho, xorpa nocaenHuil uieHUK cTPOOUIbI OTBAJIUBACTCS, HOBbIN
MOYeBOH TY3bIpb He 0b6pasdyemcs W KaxKIbli KaHaJd OTKPbIBaeTCs
HapysKy CBOHM OTBEPCTHEM.

Ilonosas cucmema 8 morodovix npoesommudax omcymcemayemn,
¥ HauMHaeT pa3BUBATBHCH MO Mepe UX pocTa. Brauase MOSIBASIOTCSA
Myoxcckue, a samen gceHckue opeansl. VI Tonbko cpednue eepmagpo-
Jummuole npoesommuds. NOCTUTAIOT HOA080U 3perocmu (puc. 67).
OnsogoTBOpeHNe nepexpecmroe, Ho HHOTIA HaOJMI0aeTCsl CAUsIHUE
MOJIOBBIX KJETOK, 00pasylolluxcss B OJHOM U TOM K€ UJeHUKe WU
pasHbBIX UJeHHKaX OJHOr0 M TOTO ke uepBsi. [locaedHue npoesom-
mudst codepacam MmoabKO MAMKY, HAOUTYIO Adyamu. DTH TPOTJIOT-
THJbl HA3bIBAIOTCS 3peAbiMu. 3pesible MPOTJOTTULl TePHOAUYECKH
OTPbIBAIOTCS LEJAbIMU HENMOYKaAMHU U BBIBOASTCA HAPY2KY C HUCIpaxK-
HEeHUSIMU.

JKu3znennoul yuka NeHTOUHBIX UepBel npeacTasiaser coboi pas-
sumue ¢ memamopgozom. Ho y HEKOTOpBIX, HATIPUMEP Y IXUHOKOK-
Ka, JKU3HEHHBIH LUK BKJIIOYAeT cmaduto 6ecnoao2o pasmuoce-
HUus — Ty3blpuaTasi cTaaust, daowas nymem NOYKOBAHUL MHOXKECT-
BO JIOUEPHUX CKOJEKCOB. Takum o6pasom, MOKHO CKa3aTb, UTO AJS
JIEHTOUHBIX UepBel XxapakmepHo Kak noiogoe, max u 6ecnoioe pas-
MHOKMCEHUE.
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Puc. 67. llenenb BoopyxeHHblil. A — crpobuna; 6 — ckojaeke; B — rep-
MagpoauTHaAs MPOrAoTTUAA; [T — 3penast MporJoTTHAA:

!/ — Kploubsi HA CKoJleKce; 2 — MPHUCOCKH; § — SAUUHUK; 4 — TpeTbs (106a-
BOUHAS1) JI0JIbKA SIMUHHKA; 5 — CEMEHHUKH; 6 — CeMsANpoBoJi; 7/ — BJjara-
auute; § — uMppycHas cymka; 9 — rjaaBHblil ¢cTBOJ MaTKH; /0 — GOKOBbIE
OTBeTBJIeHUs] MaTKH; [/ — Teablie Menuca; /2 — »KeJITOUHUK

MaToreHHbie npeancraBmTenm

[leneno soopymxcennoill (c8uUHOI coaumep) — B3pOC-
JIbIl 4YepBb MapasuTHPYET B TOHKOM KHINeuHuke. B crannn QuuHbBI
JOKAJHU3yeTCcsl B OCHOBHOM B MBbIIIIAX. ¥ UeJ0BeKa oOHApPYKHBAeT-
csl B rjadax M HepBHOH cucteMe. [IpoMeKyTOUHBIH X031MH — CBH-
Hbsl (puc. 68).

[lenenv Hegoopyocennolil (Obiuull) MapasuTHPYyeT B TOHKOM KH-
IIeUHHKE uesoBeKa. [1poMeKyTOuHbII XO35MH — KPYMHbIH pOraTbiil
CKOT.

[lenenv Kapauxkosoili Mapa3uTHPyeT B TOHKOM KHIIEUHHKE.

Ixurokokk (puc. 69) B JHUMHOUHON CTaAMM HAXOAUTCS B pas-
JUUHBIX BHYTPEHHHMX OpraHax: MeueHH, JEerkHX, TOJOBHOM MO3Te,
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B A

Puc. 68. Crannu pa3BUTHUsI CBUHOIO COJUTepa:

A, b — QuHHBI B CBUHOM Msice; B — BbiBepHyTast (uHHA; [ — CKOJEKC
B3pocCJsIoro uepsst; [/ — repMadpoaUTHbIH UTeHHK

Puc. 69. Dx1HOKOKK. A — moJioBo3pesasi 0co0b;, 5 — ¢duHKa:

| — Kyrtukyasipuasi 060/04Ka; 2 — BOCNpOU3BoAsLLas 000a0UKa; J—7 —
CTaJMM Pa3BUTHS BHYTPEHHUX JOUCPHUX My3blpell; §—// — cTanuu pasBu-
THSI HAPYXKHBIX 10UEPHHUX My3bIpeil
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TpyOUATBHIX KOCTAX y KOPOB, OBell, CBHHeH, yesoBeka. OCHOBHOMH XO-
35IMH — COOAaKH, BOJIKH.

Jlewmey, wupokuil mapazuTHUpyeT B TOHKOM KullleuHuke. [lep-
BbIl MPOMEKYTOUHBIH XO35IMH — LMKJOM, BTOPOH — pbiba (11yka,
OKYHb, epll, HaJauM, opeb, J0COCh).

TUM KPYTJIbIE,
Ui NEPBUYHOMOJIOCTHbLIE, YEPBH

Kpyrable uepBu 06UTAIOT B pa3aMUHbIX cpejax: MOp-

CKHX M MPECHBbIX BOAOEMAX, MOYBE, PA3JAraloliMXCsi OPraHUueCKUX
BentectBax. MHOTHE MPUCNIOCOGUINCH K MapasuTHUeCKOMY 00pasy
»Ku3Hu. JIJ1si JAHHOTO THMA XapaKTePHbI CAeAYHLIHe MPU3HAKHU:

— HaJuuue Neps8uUtHOLl NOAOCTU MeAq;

— TeJI0 HeuaeHucmoe (HeceemeHmuposannoe), uMernllee B Mo-
nepeyHoM ceueHuu Gosiee MK MeHee OKPYTray Gopmy;

— pa30eAbHONOAbLE IHCUBOMIHLLE;

— MOSIBJISIETCS mpemutl 3a0HuUll 0Mmoes NUu,esapumerbHoll cuc-
memoL ¢ 3Q0HENPOXOOHbIM (AHAAbHBIM) Omeepcmuem — THilleBa-
puTesbHasg CUCTEMa NMPUHUMACT BU TPY6KI/1.

Knacc Co6¢cTBeHHO Kpyrnbie YepBH

KPATKASI XAPAKTEPMCTHKA

Cpepna obutanus B ocHOBHOM mapasuTbl, HO ecTb CBOOOHOKUBYILLHE.
M BHEIIHUI BU] Tes10 BepeTeHO06PA3HOE, HEUJEHHCTOE, B MOMEPEUHOM
CeyeHHH Kpyrioe

[Tokpos Teaa Tpexcaoiinble. KyTukyJa, noa KoTopoi KoKHO-MYyc-
M annapar ABHXKEHMS | KyJbHbIH MEIIOK TOMbKO C MPOJOJbHBIMH MBIIIIAMH

Mosoctb Teaa [TepBuuHas nosocThb Tesa

[TumeBapureabHas B Bune tpy6ku. [losiBasieTcss ananbHoe 0TBepCTHE
cucrema

BbigenaurenbHas JlBa BbIJeJUTENbHBIX KaHaja

cucrema

HepBHasi cucrema OKOJIOTJIOTOYHOE HEPBHOE KOJbILO.

BprowmHoit U cnUHHON HepBHbIE CTBOJbI
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OpraHbl 4yBCTB OcsizaTesbHble IMKH

Opranbl AbiIXaHus OtcyteTByioT. Jlpixanue y cBOOOHOKHBYIINX Uepe3
KOXKY, Y NapasuTHPYIOLLHUX — MO aHa3pOOHOMY THUIY

PasmHoxenne [Tonmosoe. Pasnenbuononsie. Pasputne 6e3 npomexy-
TOUHBIX XO35€B

OBIIAS XAPAKTEPHUCTHUKA

Cmpoenue u nokposot. Teno Kpyrabix ueppeil nmeer
UUAUHOpUHECKYO UIIH 8epemeHosudnyto ¢opmy. B momepeunom ce-
UeHUH TeJ0 KpyeAaoe, OTCIOfA U Ha3dBaHue Kjaacca. Teqo we ceemer-
muposaro. CHAPYIKU KPYIJble UepPBH MMEIOT CJIO0XKHO YCTPOEHHYIO
MHOOCAOUHYI0 KymuKkyAy (Y 4eJOBEUECKOH acKapubl OHA COCTOUT
u3 10 cioeB). KyTukyJaa BbinosHsieT QYHKIUHIO HAPYHCHORO CKerema
(omopa assi MBIUIL) W 3awumol OT MeXaHHYECKMX H XMMHUECKHX
daxropos. [loa KyTukymaoll HaxomuTcsi eunodepma. B runogepme
AKTMBHO MPOTeKaloT 0OMEHHbIe MPOILECChl H MPOHCXOAUT HHTEHCHB-
HBII cuHTe3 Genka. OHa Ke siBJIsieTCcss 6GapbepoM, 3aepKUBAIOLIIUM
BpeaHble BellecTBa. l'unoaepma obpasyeT udeTblpe 0OpalleHHbIX
BHYTPb BasiMKa (CMMHHOH, OpIOWHON U ABa OOKOBbIX), M€KLY KOTO-
pPBIMHU 3aJieratoT MbllIeYHble BOJOKHA.

Kooscno-myckyaonoti mewok o6pasoBan Kymuxkyaol, eunodep-
moli u myckyaamypoti. Myckyaatypa Kpyrablx yepBeld COCTOUT M3
00H020 NPo00AbHO2O cA05S. MYCKYNbHBIH CJIOH COCTOUT U3 omdenb-
HbLX KAEMOK, C2PYNNUPOBAHHOLX 8 4 MANCa NPOOOAbHOLY MbLULL, KOTO-
pble pacnoJjaratoTres Mexay Baaukamu runojaepmst (puc. 70). bprow-
Hble U CNUMHble MAXNCU NEHCTBYIOT KaK Mbiuiybl-anmaeonucmot. Ilo-
9TOMY TeJO KPYIJbIX uepBell cnocoOHO U3ru0aTbCs TONbKO B CIIUMHHO-
OpOLIHOM HaNpaBJeHUH, MPU ITOM UYePBb, KAK MPaBHJ/I0, MepeiBUra-
ercsl Ha OOKY.

ITonocmo meana. BHYTpPU KOXKHO-MYCKYJbHOIO MellKa HUMeeTcs
3aMoMIHeHHAs KUAKOCTbIO NepBUUHAs. NOAOCTb MeAq, WU ncesdo-
yeao. [lepsuunas nosocmo meaa — npocmparHcmeo mexncoy Cmen-
Koli meaa (3xmodepmotl) u KuwedHukom (andodepmoii), 8 KOMopom
ACAHCAM  BHYMPEHHUE OP2aHbl, XAPAKMepusdyemcs Omcymcemeue
coOCMBeHHOl KAemouHOol ebicmuiky. JlaHHasl MOJOCTb pa3BUBAETCS
M3 MOJOCTH OJaCTysbl. B mepBUUHON MOJOCTH pacrnonaraloTest BHYT-
peHHHe opranbl. B mosoctu mox GonblIMM JaBA€HHEM HAXOAUTCS
JKUAKOCTb, UTO CO3JaeT OMOpy JJsi COMaTHUECKOH MYCKyJaaTypbl
(eudpockeaem). IlomuMo onmopHOH (QYHKUMHM MepBUUHAS TOJOCTb
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Puc. 70. [TonepeuHblii pagpe3 caMKH acKapHbl:
| — CNUHHOH BaJUK TUMOAEpPMbl; 2 — MJaa3MaTHUeCKHe OTPOCTKH Mbllley-
HBIX KJETOK; & — MblllleUHble KJAeTKH; 4 — SMYHHK B MPOJOJLHOM paspese;
5 — cTeHKa KHIUEUHHMKA; 6 — KyTHKyJa; 7 — OOKOBOH BaJMK THIOIEPMBI;
8§ — NPONONBHBIA KaHaJ BbIAENUTENbHON cUcTeMbl; 9 — SAUUHUK, Mepepe3aH-
Hblil monepek; /0 — martka; // — siiiueBoa B MPoa0JbLHOM paspese; [2 —

OPIOUIHON Ba/JMK MIOAepMbl; /3 — SIHIEBO/IbI, Tlepepe3aHHble Tonepek

OCYIILECTBJISIET MPAHCNOPM 8euiecms 0T KMIIeUHHKa K MyCKyJaaType
M T0J0BOH cucTeMe. Uepe3 MepBHYHYIO MOJOCTb OCYIECTBJSETCS
YACTUUHBIH 8bIHOC NPOOYKMOB8 06 MEHA K OPTAaHAM BbIJeJNeHus.
HNuwesapumenvnasn cucmema (puc. 71) HauMHaeTcss Ha nepej-
HeM KOHIle TeJa pomosovim omsepcmuem. POT OKpyXKeH eybamu,
CAyXKalUMKU s apukpensenus. KullleuHUK MpeacTaBJeH B BHJE
npsamoil mpybKu, MPOXOAsiled uepe3 BCe TeJNO, U JIEJTUTCSH Ha TPH
ornena — nepeonuti, cpednui, sadnui. Ilepenuuii coctout u3 po-
moesoil noarocmu W eaomku (HHOrLA Ha3biBAEMOH AUWEe8000M).
B crenkax rioTKH pacrnosoxKeHbl nuujesodHoie gceaesol. Takum 06-
pasoM, TIJ0TKa BBLIMOJHSIET MOTOPHbIE U JKeJe3UCTble (QYHKIIUH.
CpenHsisi KHIIKA UMeeT TOHKHe CTEHKH, COCTOSIIIHE U3 OJHOTO CJIOS
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Puc. 71. Bekproitast ackapuna. A — camka; b — camelt

1 — ry06bl; 2 — HepBHOE KOJbIO; 3 — TJ10TKa; 4 — (darouuTapHble KJIETKH;
5 — «nuueBoa» (nepeaHuil OTaAe] CpeHell KUIIKK), 6 — CpeaHss KHUILIKa;
7 — OokoBasi aunus; 8§ — siuesoa; 9 — marka; /0 — suunuk; I/ — Baa-
ranuiie; /2 — OpIOMIHON BaJuK TUMOAEpMbI;, /3 — cemsanpoBon; /4 — ce-
MEHHUK; /5 — ceMsiu3BepraTe/bHbli KaHall

3MUTENHANbHBIX KJIETOK. 3aJHss KHIIKA KOPOTKAsd U 3aKaHUMBaeTCs
QHAAbHBIM Omeepcmuem Ha OPIOIIHOR CTOPOHE.

Hepsnas cucmema. llenmparvrnas 1wacmb HEPBHOH CHCTEMbI
06pasoBaHa 0KOA02AOMOUHBIM HepPBHIM KOAbyom. OT KOJIblla OTXO-
JUSIT HepBHbLEe CMBOAbL — CHUHHOL, Oprowroll u 2 6okoBbix. CIUHHOU
¥ OPIOIIHO HEPBHbIE CTBOJBI MPOXOISAT B COOMBEMCMBYIOWUX 8-
aukax eunodepmol. O6a raaBHBIX HEPBHBIX CTBOJA CBSI3aHbI MEXKIY
€060 MHOTOUHCIEHHBIMH KOJIbIIEBbIMH HEPBAMH — KOMUCCYPAMU.
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CrnuHHOH CTBOJT MHHEPBHPYET MBIIIIBl 00EUX CMHUHHBIX MbIIIEYHBIX
JIEHT, a OPIOUIHON — COOTBETCTBEHHO OPIOUIHBIX MbIIIEUYHBIX JEHT.

Opeanol 4yscme KPYrablx depBell pa3BUTbI c1a00. DTO CBA3AHO C
potowuM (y cBOGOLHOKHUBYLLHX YepBei) WK C Napa3uTHUeCKUM 00-
pasoMm kusnu. Opeansl 0cA3aKUA B BUJLE 0CSI3aTeNbHbIX OYTOPKOB —
nanuan, WM wemuroK, pacrnojaraloTcss BOKpyr pra, a y camiyos u
Ha 3a0HeMm KOoHye meaa. Ha rosmoBHOM KOHIE eCTb OPraHbl xumuue-
CK020 uyscmea. Y MOPCKHX KPYIJIbIX uepBell B 00aCTH MHULLEBOA
MOTYT HaXOJAUTbCsl MTPUMUTHBHBIE [V1a33 — NUSMEHNIHbLE NAMHA.

Hoixameaovnasn cucmema omcymcemaeyent. Y CBOOOJHOMKHUBYILIHX
KPYIJbIX uepBell AblXxaHWe coBepllaeTcsl wepe3 Kojcy. ¥ napasuTu-
yecKUX (POPM BAXKHYIO POJTb UMEIOT MPOLECChl aHadpobHO20 pacuje-
NACHUSL eAUKO2CHA, KOTOPbIH CIYXKUT OCHOBHBIM HCTOUHHKOM 3Hep-
run. [aukoeen omraadeisaemces 6 eunodepue.

Botdeaumenvnaa cucmema Kpyrabix uepBedl cOCTOUT uU3 |—2
O0O0HOKNACMOUHLLX KONCHOLX JiceAe3, 3aAMEeHUBUWUX NPOMoHedpuiun.
[IpoToHedpuanun y Kpyrabix uepBell HcuesgH B CBSI3H C yTpaToil
pecHUUHbIX 0OpasoBaHuil. OT weliHON Kese3bl (OHA, KAK MpPaBUJIo,
0/1Ha) OTXOASIT BBIPOCThl B BUJAE 08yxX OOKOBbIX KAHAAOS, JEKALIUX
B OOKOBBIX BanMKax runogepmbl. C3ajuM KaHaabl 3aKaHUMBAIOTCH
cAeno, a B MepejHell 4acTH COeJUHSIOTCS B OJMH HemapHbIH KaHads,
OTKpPbIBAWOILIMIACA Hapy:Ky no3aau «ry6». BblaenutenbHas cucrema
BbIBOJIUT KUJKHE NPOJYKTbI BblJeJeHUSA. ¥ KPYIJbIX UepBeld HMetoT-
Csl «NOUKU HAKONAEHUA» — pacoyumapHsie opears.. B HUX 3anep-
JKMBAIOTCST W HaKaMJHBalOTCs HEpPacTBOPHMbIE MPOAYKThl oOMeHa
BELLECTB U MOCTOPOHHHUE TeJa.

ITonosas cucmema. Kpyribvle uepBu pa3oensbHOROAbL U 4ACTO
00J1a1a10T SICHO BbIPAXKEHHDBIM BHEUHUM NOAOBLIM OUMODPUIMOM.
[TosioBbIe OpraHbl HMEIOT TpyOuaToe CTPOEHHE, JexKaT B MOJOCTH Te-
Jla ¥ colep:KaT sifilla Ha pas3HbIX CTAAMsAX pa3BUTHUSA. ¥ caMOK M0J0-
Bble OpTraHbl napuole, y caMmuoB — wHenapHole. OMI0on0TBOpeHHE
BHYMpenHee.

Pasmnoscenue u paseumue (Ha nNpuMepe 4eJ0BeUECKOH acKapH-
nbl). PagmHoxxenue moavko noaogoe. JInsi }KU3HEHHOTO LIMKJAA TH-
MUUHO omcymcmeue cmerol xo3ses. ONNIoA0TBOPEeHHbIe Adya pa3BU-
BaloTCsl 8 Mamke, HO OKOHUaTeJbHOe (DOPMHUPOBAHHE MPOUCXOAMT
TOJMbLKO BO BHELIHEH cpene npu docmyne Kucaopoda 8o3dyxa (y He-
KOTOPBIX KPYIJIbIX uepBeil Habmoaaercs susopoxderue). B kueu-
HHMKe M3 sifilia BbICBOOOXKAaeTCsl IMUMHKA, KOTOpast MUTPUPYeT B Op-
ranuame uyesnoBexka. OHa npoBojaeT CTEHKY KHLIeUHHKa, Monajaaer B
KPOBEHOCHbIe COCY/bl H C TOKOM BEHO3HOH KpPOBH uepe3 rMeueHb,
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npasBoe Mpejacepaue M Keayaouek NpoHHKaeT B jerkue. [as nasb-
Helllllero pasBUTHsl JMUHHKE acKapuabl He0OXOAHM CBOOOAHDLIH KH-
c10poA. B serkux u3 Kanu/a/aspoB JHUMHKA NPOHUKAET B JIeTOUHble
aJbBeoJIbl, a 3aTeM B OpoHXH M Tpaxen. OTcl01a JHUMHKA MOJHUMA-
eTCsl B IVIOTKY U CO CJIOHOH MOKeT ObITh BTOPHUHO mporjouena. [To-
naB BTOPHUHO B KHUILIEUHHUK UeJOBeKa, JHUUMHKA MpeBpalllaercs B Mo-
JI0BO3penyo GopMy H KHUBET 0KOJIO rofa. PocT U npespalleHue Ju-
UHHOK COMPOBOXKAAETCS HEOOHOKPAMHOU AUHbKOL, TPU KOTOPOH
cTapas KyTHKyJa cOpacblBaeTcs U 3aMeHsieTCst HOBOM.

[MaToreHHble npeancrasuTenn

Ocmpuya napa3uTUpPyeT B HUKHEM OT/eJe TOHKHX

KHILOK.

Baacoenras uesoseuweckuil mapasuTHpyeT B CJeNoil KHIIKe, B
BEPXHHUX OTAeaX TOJCTOr0 KMLICUHHKA.

Kpusoeoroska mapasuTupyer B ABeHAAUATHIEPCTHOH KHIIKE.

Tpuxureanra — JTUUHHKY NapasuTHPYIOT B MOMEPEUHONOIOCATON
MyCKyJaType, a MoJoBo3pesble 0cCOOH — B TOHKOM KHIIEUHHKE ue-
JOBeKa M KUBOTHBIX. MIHTeHCHBHOe 3apaxKeHHe MOXKeT MPHUBECTH K
CMEePTEJbLHOMY HCXONY.

Puwma napasuTupyer B MOAKOXKHOH KJeTUaTKe, MPEeUMYILIeCT-
BEHHO HMXKHHUX KOHEUHOCTEH.

TUM KOJIbYATBIE YEPBM

[aBHBIMM XapaKTepHbIMH MPU3HAKAMH KOJbYaAThIX
yepBed ABJIAIOTCH:
— 8MOPUUHAS, UIH YeAOMULECKAS, NOAOCTL TEIA;
— NOSIBJIEHUE KPOBEHOCHOU U OblXAMeAbHOU CUCTeM;
— BblJleJIUTebHAS CUCTEeMA B BUJE memaneppuoues.

KPATKASl XAPAKTEPUCTHUKA

Cpena obutanus Mopckue 1 MpecHOBOAHbIE, HAa3eMHble U MOA3eMHbIe
KHUBOTHbIE
CtpoeHue Tena Teno BeITSIHYTOE, YepBeOOPA3HOE, METAMEPHOTO CTPOE-

Husi. JIBycTopoHHsigs cuMmMeTpus. Tpexcaoiinble. ¥ MHO-
FOLIEeTHHKOBBIX HMEIOTCSl Mapamnoiuu
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[TokpoBbl Tena

Kyrtukyna. B kaxpom unenuke 8 unu 6oJee MIETHHOK
AJ1s1 mepeaBH:Kenusi. B Koxe MHOTO Keme3. B KoxHO-
MYCKY/JIbHOM MeLIKe MPOAOJbHbIE U MOMepeyHble MbILLILLbI

[Mosoctb Tena

Bropuunas mosocTh Tema — 1eA0M, 3aMOJHEHA JKHKO-
CTblO, BBIMOJHSAIOLLEH POJIb THAPOCKeaeTa

[MuweBapurenbHas
cucrema

Pot, rnoTka, nuieBos, 300, Keaya0K, KUIIEUHHK,
aHaJbHOE OTBEPCTHE

OpraHbl aAbIXaHus

JIbixaHue Bcell MOBEPXHOCTBIO Tesma. Y MHOTOLLETHHKO-
BBIX UMEIOTCSI HapyJKHble xKabphl

KpoBeHocHas
cucrema

3amknytas. Onun Kpyr kpoBooOpauienus. Cepaua Het.
KpoBb kpacHasi

Bbl}le.ﬂ UTeJbHas
cucrema

[Tapa TpyOouek B KaxKJ0M MeTamepe — MeTaHedpH-
Uu

HepBHasi cucrema

OKOJIOrI0TOUHO® HepBHOE KOJbI0, OplollHas HepBHas
1eroyKa JIECTHHUHOTO THIA

OpraHbl 4yBCTB

OcsizaTenibHble U CBETOUYBCTBUTEJ/IbHbIE KJAETKH, Y MHO-
FOETHHKOBLIX UMEIOTCH I'j1a3a

[TonoBas cucrema
M pa3BuTHE

Fepmadpoantsl. OnonoTBopenne nepekpectroe. Pas-
BUTHe 6e3 MeTamMopdo3a. OnIo10TBOpeHHEe BHYTPEHHEE.
MHOrOLIeTHHKOBbIE Pa3/IeNbHONObIE, OMI0A0TBOPEHHE
Hapy:KHOe, pa3BUTHE C MeTaMop(ho3oM

[TaBHBIMHM KJaccaMU THUMA SIBJASIOTCS Ma/lOlM@leHlCOBbl@, MHo-
couieniuHKosble, lussku.

Knacc ManouieTMHKOBbIe

OBUIASI XAPAKTEPUCTHUKA

Cmpoenue u nokposovt. Teqo ManolleTHHKOBBIX yep-
Beil (oAueoxem) CUIbHO BBITSHYTOE, IUJIHHIPHUYECKOE, COCTOUT M3
JeKalulux Apyr 3a APYyroMm Koaey, WIH ceemedmos. Bce cerMeHTh
MMEI0T CXOIHOe CTpPOeHHe, T.e. AJs1 OPraHU3alUd OJHUTOXeT (M BcCex
KOJIbUATBIX UepBeil) XxapakTepHa MN08MOPACMOCTIb CMPOCHUS, UAU
memamepusi. Kakapli cermMeHT, KpoMe caMmMoro nepBoro, cHabxKeH
MAACHOKUMU  WEMUHKAMIU, OOBIYHO pPAaCMOJOKEHHBIMH YeTbIpbMs
nyukaMu — napoil 60kosolx U napoil OprouiHsix. TlepeHUi cerMeHT
npeacTaBasieT cOO0H e0A08HYO A0NACTL — NPOCTOMUYM, JTUIIEH-
HbI ra3 U aHteHH. OH HeceT pomosoe omeepcmue. Ilocnennuii
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CerMeHT — QHAAbHAS AONACMb, WU nueuduym, — HECeT nopo-
wuyy.

[TokpOBbI OJUTOXET MNpeACTaBJEHbl dnumesuem, 06pPasyloUIUM
Ha MOBEPXHOCTH TOHKYI 3AQCMUUHYKO Kymukysy (puc. 72). dnuTte-
JUP 60orat mese3ucmoimi KACMKAMU.

Koocrno-myckyaovnoud mewox. 11o sanutenieM pacrnosioKeHbl X0-
pollI0 pasBUTble mbiuieyHosle caou. Hapyocnoul caoil npencrabien
KOAbUCBOIMU MbILUECHHbIMU B0A0KHAMU. 34 CUET COKpallleHusl JaHHO-
ro CJ0sl TeJO 4epBsl YTOHUAETCS M BbITATHBAeTCH. BHYympexHui
caotl, 60Jiee MOULHBIH, MPEACTABIEH 1PO00AbHOIMU MbLULCUHBIMU BO-
AOKHAMU, 32 CUET COKpAalleHHUs] KOTOPbIX TeJNO YepBsl yTOJILAeTCs U
YKOpauuBaeTCsl.

Puc. 72. [lonepeunblit pagpes cpepHell 4acTu Teaa 10XKA€BOr0O UepBsi:

| — KyTHKyJa; 2 — snuaepMuc; 8 — CJI0H KOJIbLEBOH MycKynaTyphl; 4 —
CJI0/l MPOAOJIbHOH MYCKYJaTyPbl; 5 — LEJIOMUUECKUIl SMUTeNuil; 6 — Mera-
Hedpuanil; 7 — 1leTHHKaA; § — MeseHTepuit; 9 — OptowHoil cocyn; 10 —
cyGHeBpaJbHbIil cocyn; /1 — OproliHas HepBHas llenouka; /2 — Xjoparo-
reHHble KJeTKH; /3 — MosocTb KHUUIKH; [4 — cOoCyauCThlil nuiekcyc; /156 —
TU(I0300b; 16 — cocyl TH)N030451; /7 — CHUHHOH cOCyl
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MexK1y KUIIEUHHKOM M KOXKHO-MYCKYJbHBIM MEIIKOM HaXOJIMT-
Csl BMOPUUHAA NOAOCMbO MeAQ, UTH YeAOM — NPOCPAHCTBO, O2-
PAHULCHHOC COOCMBEHHbIMU INUMEAUANLHOIMI CIMEHKAMU Me300ep-
MAALHO2O NPOUCXONCOCHUS U CcoOepicauiee YeAOMULeCKYO HCUO-
kocmo (puc. 73). [lo cTpoeHHIO LEJOM OT/JIHUAETCH OT MEePBHUHOMN
MOJOCTH TeJa HaJUUUeM UeAOMULEeCKOL BbICTMUAKU — COOCTBEHHOH
creHkH. BoicTuaka obpasoBana dsyma aucmxamu. OLUH NpUIeraer
K CTeHKe Tesa, IPyrofl — K CTeHKaM KHIIeyHHKa. Han KuineuHukom
¥ noJx HUM oba JUCTKa cpacraiores, 06pasys Opowrceriky (Me3eHTe-
puil), KOTOpasl JeJUT LeJOM Ha Ae8Yi0 U npasyio cmopoHol. Kpome
TOr0, UMEIOTCS nonepeursie nepecopooxu, KOTopble NeMST MOJ0CTb
Tesqa Ha Kamepol, coomeemcemayroujue epanuyam Kosey. Llemom na-
MOJMHEH KUJAKOCTbIO, B KOTOpPOH MJaaBaloT ¢arouuThl, siila, crep-
muu. LleromMuueckass X)KUIKOCTb, OMbIBAsi BHYTPeHHUE OpTaHbl, cHAO-
JKAeT UX KUCJAOPOJOM M MUTATEJbHbIMHM BelleCTBAMH, a TaKxKe CMOo-
COOCTBYET ylaleHnIo TTPOAYKTOB 0OMeHa BEIleCTB U TepeiBUKEeHUI0
darounToB. Tak ke, KaK H KHUJIKOCTb, 3aMOJHSAIONAS TEPBUUHYIO
MOJIOCTb TeJdd y KPYIVIbIX 4epBeH, LeJOMHYecKas KUAKOCTb MOXKeT
UrpaTh poJib eudpockesema.

ITuwesapumenvnasn cucmema onuroxetr xopouwio dugpeperyu-
posarna (puc. 74). Ona nauunaercsi pomosoim omaepcmuenm. Kuieu-
HUK COCTOMT U3 mpex omoesos — nepedneeo, cpedneco n 3a0Heeo.
Hau6onee nuddpepennposan nepeqnnil oTaesn KHIIeYHUKA, COCTOS-

A B

Puc. 73. PasButue 1enoma y KoabuaThix uepBeil. A—B — monepeunble pas-
pe3bl Tpex Moc/ael0BaTeJNbHbIX CTaAUll PA3BUTUSI CerMEHTa:

| — xuiika; 2 — mnepBUUHAs MOJOCTb Tead; 3 — 1eJ0M; 4 — Hapy»KHas
CTEHKa LEeJOMHYECKOro MellKa; 5 — CNHUHHOH Me3eHTepHi; 6 — BHYTpeH-
Hsisl CTEHKa [eJOMHUECKOT0 Melllka; 7/ — OpHIIHOH Me3eHTepuil; § —

6p}OLLIHbl€ HEPBHbIE CTBOJIbI
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WUl U3 esomru, nuwesooa u
MYCcKkYyAbHO20 Heayoka. Yno-
rna nepej KeayaKoM HMeeT-
cd 306. B cpenneii kuiike
JJIsT  yBeJHUYEeHUs BcachblBa-
TeJbHOH MOBEPXHOCTH oOpa-
3yeTcsl BMsiUMBAaHHE BHYTPb

nmpocBeTa  KHIIEUHHKA  —
mugha03010b.
Kposenocnass  cucmema

3aMKHYmMas W COCTOUT U3
08Yx eAaBHbIX NPOOONbLHLLY
cocydos  —  CNUHHO2O U
6proutHoeo. CHNUHHOH cOCYJl
MPOXOAUT BIOJb BCEro TeJsa
HaJl KHUIIKOH, OpPIOIIHOA —
non Heto. [TomocTb KpoBeHoc-
HbIX COCYJ0B MpeACTaBJasieT
co00f OCTAaTKM TMEepPBUUHOMN
nojsoctu Ttesa. Oba cocyna
coobLatoTcst KOAbYeBbIMU
cocyodamu, pacnoroHeHHbimu
memamepro. JIBUKEHUE KpoO-
BH MO cocyaam obecreunBa-
eTcs nyavcayueli CRUHHOSO
cocyda W HEKOTOPbIX KOJIblle-
BbIX COCYJOB MepejHell uacTu
TeJsa, Ha3blBaeMblX MOITOMY
OOKOBbIMU, UAU KOLbUEBHIMU,
cepdyamu. B cnunHOM cocy-
Jle KpoBb TeueT 8neped, B
6ptomHom — wHazad. Ilo
KOJIbIEBbIM COCYZaM KPOBb
JIBUXKETCSl U3 CHUHHO20 COCY-
da 8 Oprownoil 8 nepedrell
yacmu meaa v 8 06pamMHOM
HANpagieHuu — 6 3a0HUX
ceemenmax. KpoBb MoxKeT
UMETb KPACHOLLIL U4Bem 0T Ke-

)
I

Puc. 74. CrpoeHue J0KA€BOTO UYepBs
(BCKPBITBI 4epBb):

| — rJoTtka; 2 — MNHUILLEeBOJX, 8 — H3-
BECTKOBblE KeJesbl; 4 — 300; 5 — xe-
JNYN0K; 6 — cpeaHssl KUIIKa; 7 — CIHH-
Has CKJajKa KHUIIKH (B paspese);, § —
HaJIIIOTOUHbIH HEepPBHBIH y3es; 9 — y3ea
OpIOIIHON  HepBHOH wuenouku; [0 —
CMUHHOH KpoBeHOCHBIH cocyn;, [/ —
KOJIbIIEBbIE  COCY/lbl, ~OXBAThIBAlOLLHE
rI0TKYy; /2 — OploliHasi HepBHAas le-
nouka; /8 — meraneppuauu; /4 — ce-
MEHHUKH; /5 — ceMsinpoBoabl; /6 — ce-
MeHHble MelKW; [7 — sauuHuku; 18 —
sfineBoapl; /9 —  ceMsANpHEMHHKH,;
20 — neperopojiKHu MOJOCTH Tesa

JiesocoaepKallero BelecTna, 6AU3K020 K 2€MOZ/LO6tu MO3BOHOY-
HbIX, paCTBOPEHHOTO B XKHUJKOCTH KPOBH.
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Boideaumenvnas cucmema mnpenctaBieHa memareppuouimu.
Meraneppuauil HauuHaeTCs B MOJOCTH TeJa BOPOHKOH — Hegpo-
cmomom. OT BOPOHKH MJIET TPOTOK, KOTOPbIH MPOXOIUT uepe3 mepe-
rOpPOJIKY, BXOJUT B COCEJHUI CErMEHT U OTKPbIBACTCS HAPYXKY Bbi0e-
aumenvHoll nopoili B OOKOBOH CTeHKe Tena. B kaoscdom ceemerme
Haxodumces napa memareppuoues — npasolii u sesoiti. BopoHka u
NPOTOK CHAbXKEeHbl PECHHUKAMHM, BbI3bIBAIOUMMU JIBHKEHUE Bblje-
JIs1IeMOH 2KHJKOCTH.

Hepsnas cucmema. [lenmparvras wacmos HEpBHOH CUCTEMBbI CO-
CTOUT U3 HAPHbIX MO3208bLX 2AH2AUCE — HAO2AOMOUYHO20 U NOO02A0-
MoUH020, COCIMHEHHBIX NBYMSl OKOAO2AOMOUHbIMI KOHHEKMUBAMU
(HEpBHBIMH CTBOJIAMM, COEIHHSIOUIUMHA Pa3HOUMEHHbIE TaHIJIUK).
Takum 06pazom 00pa3yerTcst 0K0A02A0MOUHOE KOAbYUO. B 1leHTpaJb-
HYI0O 4aCTb HEPBHOH CHCTEMbl BXOJAUT U NAPHbLI OPIOWHOL HepeHbLil
cmeoa. B KaxK10M cerMeHTe CTBOJIbI UMEIOT YTOIILEHUSI — eaHeAul,
KOTOpble COETUHAITCA MexXK1y coO0H mepeMbluKaMu — KOMUCCYpa-
mu (monepeyHbIMHU HEPBHBIMH CTBOJAMHU, CBA3bIBAIOLUIUMU TAHTJIUH
onHoro cermenta). O6paayercst OpOWHAS HePBHAS LeROYKA, TI0XO-
»Kasi Ha JecTHULY. Karkablil raHrJinii HHHEPBUPYET BCe OpraHbl cer-
MEHTa, B KOTOPOM HaXOJHTCS.

Opeanvt uyscms y ONUroXeT OueHb cAabOO0 pa3sumol 8 C8A3U C
porowum odpasom wHuswu. aa3za TOUTH BCErla OMCYmMCM8EYOm.
OnHaKO HMEIOTCS ¢8eMmouy8CcmeumenvHole Kiemku, B OOJbIIOM
ypcsae pa30bpocaHHble B KOXKe, YTO TO3BOJSIET OJUrOXeTaM HMeTb
UYBCTBUTENbHOCTb K CBETY.

ITonosasa cucmema. Onuroxetsl — eepmagpodumot, HO 0NA000-
meopenue y Hux — nepexpecmuoe suymperree. [TonoBble ronaubl
JIOKAJIM30BaHbl B MOJNOBbIX cermeHTax. Myscckue eonadel — cemen-
HUKU — JIe2KAT B CEMEHHbIX KarcyJaax, KOTopble HaXxoAsTCsl B CEMEH-
HbIX Mellkax. JKenckad noaosasd cucmema TpeaCcTaBaeHa napoll
AUYHUKO8, Napoll 21ie800068 W AlLEBbIMU MEULKAMU.

Pazmnoxncenue u pazsumue. Pazsumue npamoe 6es cmaduu Au-
yunku. Slfila paspuBatoTCs BHYTPHU SIHILEBOr0 KOKOHA, KOTOPbIH dop-
MHpYeTCs B palioHe MOsACKA.

[ToMuMO TOJOBOrO pPa3MHOXKEHHS Yy OJUroxeT HabJa0aaeTcs
becnoaoe pasmuodcerue, Noxoxee Ha Oecrosoe pa3MHOXKeHHe pec-
HUUHBbIX uepBeld. Teso uepBs JNeJUTCS HA JBE MOJOBHHBI Yy Mepe-
Hell pereHepupyer 3ajHssi uyacTb Tejaa, y 3ajHell — ToJOBHaf
yacThb Tesa.
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Knacc MHorou,eTtMHKOBbIe
OBIIIAS] XAPAKTEPUCTHKA

Cmpoenue u nokposot. Popma Teaa MHOTOLIETHH-
KOBbIX uepBell (noauxem) He ornuuaercs oT ojuroxer. Ho ectb cy-
LleCTBEHHblEe pa3jauuusl B CTPOEHHMHU. Teso MOMUXET COCTOUT H3
6ogbluero uucaa cermentos, 10 800. [Tepennuii, unu npedpomosoii,
y4acToOK TeJa — APOCMOMUYM W 3aJHUH, WIH QHAALHASA AO-
nacme, — nueduduym OTJAUYAIOTCS OT CETMEHTOB TYJOBMILA W SIBJS-
I0TCSl He MeTaMepHbIMHM 4acTAMU Tesa. Teso MosuxeT, KaK MpaBu-
JIO, HMeeT pa3JiMuHble MPUIATKH, KOTOPblE CAYXKAT JJs JBUXKEHHUS
UJW sIBJASIIOTCS opraHaMu uyBcTB. Ha mpoctomuyme Haxoautcs na-
pa wynanrey, uru naron. Ha nem ke umeercss napa uiau 6osee op-
raHoB ocsizanusi — wynanrey (aumenn). Ha nepucmomuyme (cer-
MEHT, KOTOPbIil HeceT poTOBOE OTBEPCTHE W CJAEAyeT 3a MPOCTOMHY-
MOM) pa3BuBaloTcsl ycuxku. Jas  TYyJOBHUILHBIX CETMEHTOB
XapakTepHO TMPUCYTCTBHE TMapHbLIX BBIPOCTOB — napanodutl
(puc. 75). Ilapanonuu pac-
nosaratorcss no 60Kkam Te-
Jla MeTaMepHO, Ha KaXKaoM
cermenTte. OHUM sABASIOTCS
MYCKYJUCTBIMH W MOJABH K-
HBIMHM BBIPOCTAMH — 3TO,
no CyTH faesa, nepBble npu-
MUMUBHOLE — KOHEUHOCMU.
[Tapanoauu coctosiT U3
JIBYX BeTBeH, Kakaas H3
KOTOPbIX HeCeT MYUYOK Lie-
THHOK.

[TokpoBbl MoJHXeT Ta-
KHe Ke, KAK U OJIUTOXeT, HO
SMUTEJNHUH Y MOJHUXET MecTa-
MH MOXKeT OblTb pecHHU-
HBIH.

Puc. 75. [lapanoanss MHOrOULeTHHKOBOTO

. uyepBsi:
Koosxcro-myckyaonoui me- p . )
LOK 1L NOAOCHLL MeAd AHA- — CTUHHO¥ yCHK; 2 — JIOMACTH CrHH-
HOH BeTBM mapanojuu; 3 — UETHHKH;
JIOTHUHBL TAKOBBIM 'y OJHIO- 4 onacru OpIOIIHONA BeTBHU Maparno-

xet (puc. 76). ITpoctomuym  nyy; 5 — OpIOLIHO YCHK; 6 — OploliHast
U MUTUAUYM He CcolepxKaT BeTBb Mapamnojiuu; 7 — ONOpHbIE ILEeTHH-
HeJOMHYECKUX MEIIKOB. KHM; § — CMUHHAs BeTBb Mapamnonu
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14

13
Puc. 76. Cxema nomnepeyHoro pa3pe3a MHOTOLLETHHKOBOIO UepBsi:

| — KOXHBIH 3MUTENHH; 2 — KOJbLEBble MbIIIIbI, & — MPOJ0JbHbIE MBbIIL-
ubl; 4 — CNUHHOH YCHK, MpeBpaTHUBLIMiCA B Kabpy; 5 — CrNUHHAS BETBb
napanoanu; 6 — onopHasi IEeTHHKA; 7 — MBbIIIILbI Mapanoann; § — BOPOH-
Ka Hedpuaus; 9 — kanasa Heppuaus; /0 — xocast Mmbiina; // — OpIOWHON
coeyn; 12 — sauunuk; /3 — OprowHoil ycuk napanoauu; /4 — 6promHas
BeTBb Mapanoaunu; /5 — KullleuHuk; /6 — uenom; /7 — CIOUHHON CcOoCyL

ITuwesapumenvnasn cucmema Haunnaetrcs pmon (puc. 77). Ku-
IIeYHUK COCTOMT M3 TPeX OTHeJOB: nepedHeco, cpedrneeo U 3adneeo.
[lepennsisi KHIIKA COCTOUT M3 HECKOJbKHUX OTAenoB. [lepennuii —
pOMOBASL NOAOCTMb. 3aTeM CJeNyeT MYCKYAUCMas eAomKa. ¥ Xulll-
HBIX TTOJIUXET B IVIOTKE UMEIOTCST XUMUHOUOHbLe 3YbOybl, NI 4eAt0C-
Hble NAACMUHMKU, KOTOPblE CAy)KAT IJs 3axBata n00biun. Cpedusas
KuwlKka — B BUJEe TPSIMOH TPYOKH, 3a0HAAL KUUIKA — KOPOTKas U
3aKaHUYMBAETCSl nopownyell Ha AHAAbHOL aonacmu.

Kposenocnasa cucmema nMeeT Takoe ke CTPOEHHE, KAK U Y OJIH-
roxer.

Opeanot doixanus. [ToMuMo nbixaHusi Bceil MOBEPXHOCTBIO Tesa,
y GOJBIIMHCTBA MOJMUXET (YHKIMIO ABIXaHUS Bb6INOAHAIOM NAPANO-
Ouu. CiMHHOH yCHK Tapamnoiuil mpeBpaiiaercs & s#abpy, B KOTO-
pPYIO 3aXOASIT KPOBEHOCHBIE COCYBI.

Boideaumenvnas cucmema noanxer pagnoodpasua. [1pencrasu-
TeJU JAHHOrO KJacca UMEIOT BbIAEJUTEJNbHYIO CUCTEMY B BHIE /1)0-
monedhpudues, memanegppudues v negppudues. I1poroneppuanu no-
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JIUXEeT OTJAHMUYAIOTCS OT MPOTOHeMPHUIHEB YepBel: BMeCTO 3Be3/14aThiX
KJETOK y MOJHUXeT MPUCYTCTBYIOT COACHOUUMIDL.

Hepsnas cucmema no CTpOEHHIO HUUEM He OTJHUYAeTCsl OT HepB-
HOH CHCTEMbl OJIUTOXET.

Opeanol uyecms nayullle BCEro pa3BUTbl Y CBOOOJLHOMIABAOUIUX
nosuxetr. [losuxeTbl HUMEOT JnumesuarvHble UYYBCMBUMEAbHLLE
KAemKu, paccessHHble MO BCeMy Teay B Koxke. Mwmeiotcs opeawot
0CA3AHUSL W XUMUYECKO20 4YBCMABA, TPeJCTaBIeHHble AHMeHHaML,
naAbnaMu, PeCHUYHbIMU AMKAMU, PacrojaraioilMMics Ha MpOCTo-
MHyMe, a TaKXKe 4Y8CMBUNMEAbHbIMU YcuKamMy napanoaui. ¥ Bcex

Puc. 77. Cxema opraHusauuu noauxer. A — HepBHas cucTeMa U HepPUIUU
c OpIOIIHON CTOPOHBI; b — KHUIIEYHUK U LEeJOM CO CMHHHOH CTOPOHBI; B —
HepBHAsl cHUCTeMa, KHIIeUHUK M KPOBEHOCHAsl cHCTeMa, BUJ COOKY:

I — TOMOBHO#H MO3T; 2 — OKOJIOTJIOTOUHbBIH KOHHEKTHB; 8 — TaHIJIHi Oproli-

HOH HepPBHOH JlecTHULbI; 4 — HePBbl cerMeHTa; 5 — Heppuauil; 6 — pPoOT;
7 — uenom; 8§ — kuluka; 9 — nuccenument; /0 — mesenrepuii; /1 — nu-
1eBoJ; /2 — potoBast nosocthb; /3 — raotka; /4 — MyCKyJbl — peTpaKTo-
pbl IVIOTKM; /5 — KoJbleBasi M MPoJoJbHast MycKynartypa; /6 — o0oHs-

TeJbHbIH oprau; /7 — rnas; 18 — suunuk; /9 u 20 — cnuHHON ¥ OpIOUIHON
KPOBEHOCHbIE COCY/Ibl; 2/ — cryieTeHHe COCY/I0B Ha KHILIeUHHKe; 22 — KOJIb-
1LeBO# cocy; 25 — cocy INIOTKH; 24 — mnanbn
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MOJUXET HMEITCS OpraHbl 3peHus — eaasa. ['naza, ot 2 1o 4, pac-
noJaralTcs yanle BCero Ha CUHHONH CTOPOHE MPOCTOMUYMA.

IToaosas cucmema. Tlonuxetrvl pasdeavrnonorst. [losrosoeo Odu-
mopusma wem. ONAOJOTBOPEHUE HAPYHCHOE.

Pazsumue ¢ memamopgoszom. V3 siina BbIXOIUT JUUMHKA —
mpoxogopa.

K MHOTOUETHHKOBBIM OTHOCATCS HEPEH/ibl, MECKOKHUJI.

Knacc MuaBku

OTaUUUTENbHOH 0COOEHHOCTBIO MUSIBOK SIBJISIETCST Ha-
JIMuie MPUCOCOK U OTCYTCTBHE Mapamnojdil v 1meTuHok. [TusiBku siB-
JS0TCA 9KTOMAapasuTaMH, MUTAWIIUMUCA KpoBbio. CpeHss KHIlIKa
HMeeT HeCKONbKO OOKOBBIX KapMaHOB, B KOTOPbIX MOYKET CKarJu-
BaTbcsl OOJbIIOE KOJHYECTBO KPOBH MPH cocaHuu. B orauume ot
OJIUTOXET M MOJHUXET, y MUBOK CHJAbHO peLylHpPOBAH ILEJOM U BCe
MPOCTPAHCTBO MeXJY OpraHaMu 3amnojHeHo napeHxuMmon. [TusBkH,
KakK U OOJbIIMHCTBO KOJbUATHIX YepBel, repMadpoauThl.

™M YJEHUCTOHOIME

ITo Haubosee GOraThiil MpeJCTABUTENSAMU THUTT XKHU-
BOTHbIX. OCHOBHBIMH XapaKTEpPHbIMH MPH3HAKAMH UJEHHCTOHOIMX
SIBJISTIOTCS:

— MOSIBJIEHUE 4ACHUCTMbLY KOHeuHOCmell, TPeICcTaBASIONInX CO-
60i1 MHOTOKOJIEHUATBIH phluar;

— HAPYAHCHOLL XUMUHUBUPOBAHHDBLI CKeAemnt,

— MOSIBJIEHUE NONepeuHonoA0Camoil MyYcKyAamypol,

— noaocme meaa — Mmukcoyenv, ob6pasyioniasicsi B pe3yabTare
CJIUSIHUS MEPBUUHONH U BTOPUUHON MOJOCTEH Tena;

— MOosIBJIeHUe TYJAbCUPYIOLIEro oprana — cepouya, MyCKyJTUCTOr0
MEIIKOBUIHOTO OpraHa ¢ OTBePCTUSIMHU (ocmusimu), pacrnosoKeHHO-
ro Ha CMUHHON CTOPOHE;

— HE3AMKHYMAS KPOBCHOCHAS CUCTEMA;

— HaJIuuue eemMoauMpol — KUJIKOCTH, TOJAydalollelcs Mpu
CJIUSIHUU KPOBU M 11€JI0OMHUYECKOH »KHUJIKOCTH;

— nojipasjiefieHde Teaa Ha 20408y, epydo U OPOULKO B pa3Jand-
HOW cTeneHW pas3obIleHHOCTH.

Tun uneHucToHOTHX JeNUTCS HA Tpu mnoaruna: JKabpoodwviuia-
ujue, Xeauvyeposoie, TpaxelinoLe.
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noaTMn XXAsPOAbILLALLUME

K xaGpoapliaimuM OTHOCSTCS MePBUUHOBOAHBIE
YJEHHUCTOHOTHE. K 9TOMY TMNOATHUNY MNPHUHAIAJJEKHUT TOJbBKO OJHWH
knacc — Pakoob6pasHsie.

Knacc Pakoob6pasHble

PakooOpasHble Haceas10T IJIaBHbIM 00pa3oM MOpsl H
MPEeCHOBOAHbIE BOJLOEMbl PA3JMUHOIO THMA, B TOM YUCJE U MOJA3EMHbIE
BOAbl. HekoTopble paku BeayT cuasiuuil o0pa3 »XKH3HH, U3BECTHbI TaK-
»Ke napasutuueckue gopmbl. KpoMe BbICIIMX pakoB K 3TOMY KJaccy
OTHOCSITCS BETBUCTOYChIE (laHUM) U BECJOHOTHE (IIMKJIOMbI) pauKH.

KPATKAS XAPAKTEPUCTHUKA

CrpoeHue Tena

Teno pakooOpasHbIX pasjensieTcsi Ha rON0BOrPY/ab U
OpIOLIKO

[TokpoBbl Tena

[onoBOrpy/ib MOKPbITa XHTHHOBBIM LIMTOM — Kapamak-
coM. Kyrukyna BeimosnsieT GyHKIIHIO HAPY?KHOTO CKesleTa

KoHeuHocTu

lonoBorpyab: 1 mapa autenny.a, | mapa autens, 3 na-
pbl POTOBBIX KOHEUHOCTEH, |—3 mapbl HOroueJ ICTeH,
XOAUJ/IbHbIE U MJIaBaTenbHble HOrM. Bplomko: niasa-
TeJbHbIe, bIXaTeJqbHble, /s CapUBaHUs U BbIHAIINBA-
HUS STHIL

[MonocTb Tena

CwMelnanHas moJocTh Teqa

nl/lU_leBapl/lTe.)'leaﬂ
cucrema

Kuuieunblii KaHaa COCTOUT U3 mepeaHel U 3ajaHell Ku-
wok. [Teuenb. YKenynok pasnenen Ha aBa oraena: xe-
BaTeNbHbIH U QUABTPYIOULHH

Op rFaHbl AbIXaHUS

JKabpbl pacnosoxKeHbl Ha IPYAHBIX KOHEUHOCTSIX

KpoBeHocHas
cuctema

Hesamknyras

Bbl}le.ﬂ UTeJbHas
cucrema

OpI‘aHaMI/I BblAeJ€HUS CAYy2KAT OAHA WJIU J1B€ Maphbl BU-
JOU3MEHEHHBIX MeTaHe(pr/IILI/Iﬁ — «3eJIeHble XKeJe3bl»

HepBHas cucrema

CoCTOUT U3 napHoOro HaaArJOTOYHOro raHraus, MNOArJaO0-
TOYHOTO TaHI'JIMsA, OKOJIOTJIOTOYHOI'O KOJIblla H 6plOLIJH01>’I
HepBHOIjl HENMOYKH ¢ MapHbIM raHIJIMEeM B KaKJA0M Cer-
MEHTe




112 Paspea Il Llapcrso )KuporHble

OpraHbl 4yBCTB OpraHbl 0Csi3aHUst XOPOILO Pa3BUThl HA MOBEPXHOCTH
AHTEHHYJ M aHTeHH. OpraHbl paBHOBECHS BCTpeuaroTCst
penko. [lapa cloxKHBIX UM (DaceTOUHBIX I1a3, 4acTo
CHJSIIIMX HA CMelHaNbHbIX BbIPOCTAX TOJOBbl — CTe-
OesbKax

[lonoBas cucrema | BosblIMHCTBO pakoB pasaesnbHOMNOMbL. Pasgputue ¢ me-
M pa3BuUTHE TamMopho3om

OBUIASI XAPAKTEPUCTHUKA

Cmpoenue u nokposot. Cpeny BcexX UJeHHCTOHOTHX
pakoo6pasHble XapaKTepHU3yIOTCsl Hauboblel ceemenmayuei. Te-
JIO pasneseHo Ha eoao08Yy, epyde u Opoulko. B corosnom omdeare
MOCTOSTHHOE KOJHUUECTBO CerMEHTOB: aKkpOH (MepPBbII CErMeHT) U ellle
4 cermenTa. AKpPOH U TepBbIHl W3 UYEThIPeX CErMEHTOB — QMMEH-
HAAbHObLL HecyT o mape ycukoB. OcTasbHble TPU cerMeHTa cHabKe-
Hbl KOHEUHOCTSIMH 1JIs1 3aXBaTa M Mmepetupanusi nuiu. OyeHb 4acTo
3aJHUH CerMeHT TOJIOBbl CHJBHO pa3pacrtaercsi, o6pasysi roJoBHOH
IIUT, WIH Kapanakc. Bo MHOTHX ciaydasix Kapamakc, CHJIbHO pas-
pacrasicb Haszaj, MOXKeT 3aKPbIBATh CO CIIUHHOH CTOPOHBI U ¢ HOKOB
CerMeHTBbI TYJOBHINA. Y BBICHIMX pakKooOpasHbIX Kapamakc cpacra-
eTcsl ¢ cCerMeHTaMH I'pyau. B TakoMm ciaydyae ero mHorpa HasbBaloT
2040802py0bio. Y BBICIIUX PAKOB Ha Kapamakce 3aMeTHa epanuua
Mmexucoy eono80il u epydoio. KoauuecTBo cerMeHTOB B COCTaBe I'PyIU
U OpiomKa y pasubix opM HeonuHakoBoe. [locTosiHHOe umcsio cer-
MEHTOB HabJ/I0aeTcsl TOMbKO Y BBICIIMX PAKOB, Y KOTOPbIX B COCTaB
epyou sxodum 8 ceemenmos, a B COCTaB OpowKka 6 ceemeHmos.
Dpioliko 3aKaHUUBAETCS AHAAbHOL A0NACTMbIO, WU MEAbCOHOM, He-
CYILIUM QHAAbHOE Omaeepcmue.

[TokpoBbl pakooOpa3HbIX COCTOSAT W3 KYMUKYAbL, BbIACAIEMON
KJIEeTKAMH THUMOAEPMBl, 2Un00epMaALbHO20 INUMEAUs, UIH eunodep-
Mol, U 6asasvnoli memOpanol. KyTHKysla COCTOUT M3 HECKOJbKHX
coeB. Bo BHeIIHUX CJI0SIX OTKJIaJbIBAeTCS U38ECHIb, TIO3TOMY TMO-
KPOBBI CTAHOBSITCS MECMKUMU W NPOYHbiMU. BHyTpeHnuit cmon co-
CTOUT M3 MACKORO U INACMUYHORO Xumurxa. B oTauune oT Apyrux
YJIEHHCTOHOTHX Y PaKooOpasHbIX KYTHKYJAA APOHUyAema 0As 800bl.
KyTtnkymna BbeIMOHSIET (YHKIMIO 8HewlHeeo ckeaema (IKmocKe-
Aem), 3alluulaeT OT BHELIHMX BO3AeHCTBUH M JaeT TOUKM ONOpPLI
IJIs1 IPUKPETIeHUsT MBIIIILL.
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Myckyaamypa paxoobpasnbix 06pazoBaHa nONEPEUHONOA0CAMOL
MbLUEYHOI MKAHbIO, KOTOPAsl He 00pasyem CRAOULHO2O KOMCHO-MYC-
KYAbHORO MeuwlKa, a pacrnagaeTcs Ha omoenbHble MbLUEUHbIE NYUKLL.

Koneunocmu pakooGpasHbiX pasiessitoTesi Ha TPU TPYMIbl —
KoHeuHocmu e0a08ol, epydu u Oprowra (puc. 78). FonoBa Hecer ellle
psil npudamxos, KOTOpble He MPUUUCIASIOTCS K KoHeuHocTsiM. [lap-
Hble MPUIATKH TOJOBbI MPEeICTaBJIEHbl AHMEHHYAAMU, U AHIMEH-
wanu [. OHM HAXOMSATCS Ha TOJNOBHOH Jomactu — akpoxe. Ha oc-
TaJbHBIX TOJOBHBIX CerMeHTaxX HAaXOMSITCS HACTOsIIHe KOHEYHOCTH.
Ha mepBoM roloBHOM cerMeHTe HAXOISTCS axmerHol [1, NI mMpocTo
aHmenHol. BTopass mapa TOJOBHBIX KOHEUHOCTeH TMpencTaBjaeHa
ocearamu, WU mMarHoubyaramu, UrpaiolluMU TJIaBHYIO poJib B pas-
MeJbueHuH Nuiik. Ha mocsenHux AByX rOJOBHBIX CerMEHTax pacro-
JaraloTcs 08e Napol HUMHUX 4eA0Cmell — MAKCUAbL nepsble U MaK-
cuabL BMopoLe.

[pynHble KOHEUHOCTH OUeHb Pas3HO00-
pa3Hbl U BbIMOJHAIOT pas3auuHble QYHKIHH.
Uaile Bcero OHU CayxkKaT opeaHamu nepe-
Osuscenuss — TJAaBaHUs WJIN TepelBHKe-
HUS IO TBEPIOMY CyGCTpary.

DpioiHble KOHEYHOCTH HMEIOTCS MO0Ab-
KO Y 8blCulUX PAKOB8 W Uallle BCETo BBITIOJ-
HAIOT He JBUraTeJbHYl (GYHKIHIO, a Ha-
npumMep, 0blxamesbHyo UK SIBJISIOTCS Op-
earamu cosokynaenus. llocmennsis mapa
OpIOIIHBIX KOHEUHOCTEH MOXKeT TpeBpa-
11aThCsl B MOLLHbIE NAQACMUHLAMbLIE NAABA-
meavHole Hoxcku. OHU BMECTe C TeJIbCOHOM
UIPalOT BaXkHYIO POJib MPHU TJaBaHUU 3a-
JIOM Harmepes, Kak, HallpuMep, y JAeCsiTHHO-
THX PaKoB.

Puc. 78. KoneuHnocTu peuHoro paka:

I, 2 — KOHEUHOCTH, HeCylllHe OpTaHbl UYBCTB:
AHTEHHYJ bl (/) ¥ aHTeHHbI (2); 3—8 — poTOBbIE
KOHEYHOCTH: MaHaubybl (3), MaKCUJIb (4 U ),
Horoue et (6—38); 9—18 — XOJNUJbHbIE HOTH
(naTh map); 14, 15 — TNOJOBblE HOXKKH caMlla;
16—18 — nnaBatesnbHble Horu Opiowka; /9 —
nocJeqHsst mapa HOr OpIolIKa, BXOAsLAs B CO-
CTaB XBOCTOBOIO MJaBHHKA paka
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IMuwesapumenvnasn cucmema. Kuuweunoli KaHal pakoobpas-
HbIX HMeeT BHJ TPYOKH H COCTOMT M3 Tpex OTAeN0B — nepeodrel,
cpedreli u 3adHell Kuwok. CTeHKH nepepHell KUIUKH BbICTIAHbI KY-
MmuKyAoLi, KOTopast MoxkeT 06pa3oBbIBATH B MUILEBOE YMOAUECHUS
0as nepemupanus nuwju. B KoHeuHOW yacTH mepeaHell KUIIKH 00-
pasyetcsi sceayodoK, COCTOSIIUE U3 JIBYX OTAENOB — KaApOUANbHO-
20, WIH JeB8amesbHO20, U NUAOPU4ECKO20. B KeBaTeJbHOM Ke-
JyNKe KYTHKyJna obpasyer scesamenvHole niacmunku. B mumopu-
yeckod uactu obpasyercss @uavbmp, uUepe3 KOTOPBIH MPOXOTUT
TOJIKO CHJIbHO H3MeJbuyeHHass nuiia. CpeaHsisi KulIKa obpasyer
BBIPOCTHI, KOTOpPbleé MOTYT BBIAEJSTh MHUIIeBapUTeIbHbIE (DepMeHThI
¥ repeBapuBaTh JKHUAKYIO MHUIIe-
BYIO KalIWIy. DTH BBIPOCTHl Ha-
Puc. 79. Cxema nonepeunoro pag- SbIBAIOTCA  7ACUCHOUHbLML — NpPU-
pesa peunoro paka B obmactn OJamikamu. 3aaHAs KHIIKA MMeeT
cepaua: BUJ NPAMOil TpyOKH
| — KaGepHasi KpbllIKa — GOKO- Hoixameavnan cucmema. ¥
BOil Kpail kapanakca; 2 — OCHOBa- MEAKUX PAKOOOPA3HLLX TbIXaHUe
Hue Horu; & — kabpa; 4 — Cepi-  oCylecTBISETCS Yepes BCro No-
e 5 — meuenb; 6 — KHWIKAS 7 —  gopyyocms  meaa. OcTanlbHble
Auexofsat ?pTep”ﬂ;S — HEPB b aKo0oGpasHble HMEIOT Crielali-
Hag 1enoyka, 9 — noaHepBHas

3UpOBaHHbIe OPTaHbl AbIXaHUS —
acabpor (puc. 79). )Kabpbl pako-
00pasHbIX  KOJMCHbLE, ABJAAIOTCA
golpocmanu  epYOoHbIX KOHEYHO-
cmeti. norpa »xabpbl pacnona-
raiotcsi Ha OPIOLIHBIX KOHEUHO-
CTAX.

Kposenocnas cucmema He-
samkuyma. emorumegpa vactuu-
HO JBHXKETCs TI0 cocynaaM, uac-
THYHO B MOJOCTH Tena. Hamo ot-
METHTb, YTO y PakooOpasHbIX, Y
KOTOPBIX JbIXaHHE OCYIECTBJSIET-
csl uepe3 BCIO MOBEPXHOCTb TeJa,
KPOBEHOCHAsT cHCTeMa Hcuesaer
UM OCTaeTCs TOJbKO CepJle.
Cepdye  umeer  memamepHoe
cmpoerue. OHO TIpeCTaBJIsIET CO-
60 TpyOKy, KOTOpasi TSIHETCS
BIOJIb TeJa IO CIHHHOH CTOpOHE

npojlosibHas apTepus
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M B KaxKJ0M cermeHTe cHaOxkeHa napoii ocmuii. KpoBeHocnas cuc-
TeMa 3aBHUCHT OT JbIXaTeJbHOH: ecau KabOpbl pacrojaraiorcs Ha
TPYAHBIX KOHEUHOCTSIX, CepJlle pacrnojgaraercss B TPyaH, a ec/H
»)Kabpbl Ha OPIOLIHBIX KOHEUHOCTSIX — cepjle B Optomke. [emMonuMm-
ha mMoxeT ObITb Oecysemnoil, a MOKeT ObITb OKpallleHa B KpacHbIH
UBET 2em02A00UHOM, PACTBOPEHHBLIM B MaasdMe. ¥ HEKOTOPbIX Kpa-
60B eemorumpa cunesamas U3-3a NPUCYTCTBUS AbIXaTEJAbHOIO MHUT-
MEHTA eeMoUUuanuna, cooepicau,eeo meds.

Botdeaumenvnas cucmema npeicraBaeHa 0gyma napamu e-
Ae3UCMblX 0peaHos U mouesoim nysvipem. OnHa mapa OTKpbIBaeTcs
y OCHOBAHHS aHTEHH — QHMEHHAAbHbLE dcese3bl. JIpyras mapa or-
KpbIBA€TCH Y OCHOBAHMS BTOPbIX MAKCUJI — MAKCUANAPHbLE JHeae-
3o.. B yueOHOM nuTepaType 3TH Kese3bl HHOI1a Ha3bIBAIOT 3€/eHbl-
MU KenezaMu. Kak mpaBumo, BO B3pOCIOM COCTOSIHUH MPHUCYTCTBYET
TOJIBKO OJIHA Tapa jKese3, XOTsl HA JHYMHOUHOH CTAJHH Pa3BUBAIOT-
cs1 o0e napbl.

Hepsnas cucmema paxkooOpasHbix Mo o0uUleMy MJaHy HaNOMHU-
HaeT HEePBHYIO CHCTEMY KOJbYAThIX UepBell H COCTOUT M3 NAPHO2O
20N0BHO20 MO32Q, OKOAOSAOMOUHbIX KOHHEKMUB08 U napol 6proul-
HbLX HePBHbIX CMBOA08 C eQH2AUAMU B KaxX10M cermente. OnHako
y pakooOpa3HbIX MPOU30III0 U H3MEHEHHe HEePBHOH cucteMbl. Bo-
nepBbIX, 3TO OTMeuaeTcs 8 cOaudceruu 08yx OPIOWHbIX CMB0A08 U
UxX CAUAHUU, TIPU 3TOM CJAHBAJUCh U TFAHIJIMM B KaxKJI0OM CErMeHTe.
Bo-BTOpblX, — 8 KOHMyewmpayuu Hep8Holl Uenouku — yMeHbIUH-
JIOCb KOJM4yecTBO ranraueB. Tak, Hanmpumep, y KpaboB HMeloTCs
TOJMbKO JIB€ HEPBHblE MacCbl — TOJOBHOH MO3r M rpyjaHas, obpa-
30BaBlUasicss B pe3yJbTaTe CAMSHHA BCEX HEPBHbIX TaHIVIHEB
OpIolIHON 1ernouku. Pakoob6pa3Hble HMEIOT XOPOIIO Pa3BUTYIO CUM-
namuyecKyro HepeHyro cucmemy, Kotopass MHHEPBHUPYeT KHLIeU-
HUK.

Opeanot wysems. Opeansvl 0cA3aHUSL TIPEACTABIEHBl 80A0CKAMU
U WEeMURKAMU HA NOBEePXHOCMU AHMEHHYA, AQHMEHH U dpyeux Ko-
neurnocmelil (puc. 80). Opeanst pagrogecus, XOTs U PeNKH, HAXOISAT-
csl B aHTEHHAX M MpeAcTaB/eHbl crmamoyucmamu. Opearol 3penus y
pakooOpasHbIX NMpejacTaBJeHbl ABYyMsl Buaamu riaas. Mmeercs ne-
napruolli L00HbLL eAa3 U napa cAoxcHolx pacemounvix era3. Pace-
TOUHBIE T71a3a COCTOSAT U3 MHOXKECTBA MEJNKHX IV1a3KOB — OMMaMmu-
Jues W 4aCTO CUISIT HA MOJABMKHBIX BBIPOCTAX FOJIOBbl — cmebenb-
Kax.

ITonosasa cucmema. BoablIMHCTBO paKooOpa3HbIX pasdensbHono-
abt. OueHb yacto HaboaaeTcst noA080l dumopdhusm. [Torosoie ace-
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Puc. 80. AuTeHHy/ a peuHOro paka:

I v 2 — nBa KryTa ycuKa; 3 — OCHOBHbIe UJeHUKH; 4 — OTBepCTHE SIMKHU
CTATOLHUCTA; 5 — UYBCTBHUTE/JbHbIE BOJOCKH Ha JiHE CTATOLUCTA; 6 — Trec-
UHHKK BHYTpPH cratouucra; 7 — HepB. O0a XKryra ycaKeHbl OCs3aTebHbl-
MU U 0OOHSATEJIbHBIMH BOJOCKAMHU

A€3bL HenapHvie, HO noaosvle npomoku naprsie. T1om0BbIe Keae3bl
pacrnosaratorcst B rpyaHoil obmactu. [losoxenne mosoBBIX OTBEp-
CTHH pasHoe. Y BBICHIMX PAKOB OHH HAXOJASTCS HA 6-M IpyaHOM cer-
MEHTE Yy CaMOK M Ha 8-M rpyaHOM cermMeHTe y camuoB. Koneunoctu
psiioM C MOJOBbIMH OTBEPCTHsIMHU MOTYT MNpeBpallaTbCsl 8 KONyai-
MUBHbLE OP2AHDbL.

Paszsumue npoucxonut ¢ memamopgo3om. IlpaBna, y BbICLIMX
pakoB Bech MeTaMOp(o3 MOXKET MPOUCXOAUTb B SIHIEBHIX 060/0Y-
KaX, Toraa pa3puTvue CTAHOBUTCS MPAMBIM W CBOAUTCA K MOCTEMEH-
HoMYy pocTy. PocT mporekaer ¢ MOMOULbIO AUHbKU, TIOSTOMY €ro Ha-
3bIBAIOT cmynendamoim. [1poliecc TUHBKH HAaXOAUTCS MOA KOHTPO-
JeM TOPMOHAJ/JbHOH cHCTeMbl. BOJMBIIMHCTBO pakoB 0OHAapyKHBaeT
3a00Ty O MOTOMCTBe.

noATMIN XEJIMUEPOBDIE

Knacc Maykoobpa3sHbie

K nanHomy k/aaccy OTHOCATCS UJEHUCTOHOTHE, MPH-
crnocoOJ/eHHble K OOUTAHUIO Ha cylle, AbllIallde MOCPEeACTBOM Jer-
KUX U Tpaxeil. Kmacce ob6benunsier oTpsiibl NayKoB, KJaeulled, CKop-
MUOHOB, CEHOKOCLEB.
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KPATKAS XAPAKTEPHMCTHUKA

Crpoenue tesna

Teno cocrout U3 rosoBorpyau u 6proiika

[TokpoBbl Teaa

Teno MOKpbBITO XHTUHU3UPOBAHHOH KYTHKYJIOH

Koneunoctu

Ha romoorpyan — 6 nmap KoHeuHocTel: 2 mapbl uesto-
cTeil, 4 mapbl XOAUJbHBIX HOT. AHTEHH W aHTEHHYJ HeT

[MoaocTb Tena

CMellaHHast MOJOCTb Tesa, B KOTOPOH U pacrnosaraior-
csl BHYTPEHHHE OpraHbl

[TuweBapurenbHas
cucrema

[lepenuss kuuka. ['norka. Cpennsis KuiuKa. 3aaHsas KUIL-
Ka. [leuenb. ¥ maykoB uacTHUHO BHellHee MULLEBAPeHHe

Op raHbl AbIXaHUs

Jlerkue uau tpaxeu

KposeHocHas
cuctema

Cepaue B Buje TpyOKH ¢ OOKOBBIMH 11l€T€BHHBIMH OT-
pocTkaMu — ocTUsIMH. KpoBeHocHast cucteMa He3aMK-
HyTas. ['eMonuMda colepKUT AbIXaTebHbIH MUIMEHT
reMOlLMaHuH

Bbllle.)'l UTeJbHas
cucrema

ManbnurueBsbl COCY bl

HepBHas cucrema

COCTOUT M3 TOJOBHOIO MO3ra — HaArJIOTOYHOTO Yy3Ja,
OKOJIOI'JIOTOYHOTO KOJblla, 6pIOLUHO§I HepBHOﬁ IernmoyKH

OpraHbl 4yBCTB

YyBCTBUTEIbHBIE BOJOCKH, KOTOPbIE 0COOEHHO MHOTO-
YHc/eHHbl Ha neaunanabnax. Opranbl 3peHus npeacTan-
JIeHbl MPOCTBIMU I1a3amu 0T 2 10 12

[osoBas cucrema
M pa3BuTHE

[TaykooGpasuble pasaenbHonosbl. OMI010TBOpeHHe
BHyTpeHHee. Pe3Ko BbiparkeH MnoJoBoi aAuMopduam

OBIIAST XAPAKTEPUCTHUKA

Cmpoenue u nokposot. Jlnsi maykooOpasHbIX Xxapak-
TePHOH OCOOEHHOCTbIO SABJAETCA TEHAEHIHS K CAUSHHIO UJEHHKOB
Tesna, 00pasdywliux e040802pydsv n Oproutko. CKOPMHOHBI HUMEIOT
CJIUTHYIO TOJIOBOIPYAb M CerMEHTHPOBAaHHOE OPIOIIKO. Y MaykoB H
rOJIOBOTPY/ib, ¥ OPIOIIKO MPEJCTABISIOT CHJAOIIHbIE HepacuJeHeH-
Hble OT/AeJbl TeJa, MexXJy KOTOPbIMH MMeeTcss KOPOTKHH crebesnek,
COEMHAIIMA 3TH ABa oTaena. MakcumaJsbHas CTeNeHb CJAHSHUSA
CerMeHTOB Tesa HaOJI0/aeTcss y KJaellel, KoTopble YTpaTHIHN Jaxe
JeJeHre TejJa Ha ToJoBOrpyab u Opiowmko. Teqo y kiemieil cTaHo-
BUTCS 1eJbHBIM Oe3 TpaHMIl MeX/Jy CerMeHTaMH U 0e3 mepeTsiKek.
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[TokpoBbl MaykKooOpa3HbIX COCTOST U3 KYMUKYAbL, 2UNOOepMbL U
basarvHoil membpanol. BHeIHUEA cl0l KYTHKYJIbl MPEACTABISET CO-
60l aunonpomeuroBoLii cA0l. JIauHbIE CJOH OUEHb XOPOUO npedo-
Xpansem ot nomepu 8Aael NP UCMAPEeHUU. B CBSI3U ¢ 3TUM MayKo-
o6pasHble CMOTJIH CTAThb HACMOsULell HA3eMHOL epynnoll u pacce-
AUMBCA 8 CAMbLX 3ACYWAUBLLX PALOHAX 3eMAU. B cOCTaB KyTHKYJIbI
BXOIAT ellle 6eaKu, 3anyOaeHHble (heHoramu W UHKPYCIMuUpyrouiue
XUMUH, 9TO TIPUTAeT KYTHKYyJe npouHoctms. [1pou3BONHBIMH THIIO-
JePMBbI SIBASIIOTCS NAYymMUHHble U 1008UMbLE HLAL3DL.

Koneunocmu. ['onosHbie Koweuwnocmu, Kpome 08yx nap 4deirio-
cmetl, y maykooOpasHublx omcymcemsyrom. Yearocmu xe, Kak npa-
BUJIO, OMHOCAM K KOHEUHOCMAM 2040802pyou. [ 0I0BOTpyab maykKo-
00pa3HbIX HeceT 6 nap KoHeyrHocmell, 9TO SABALEMCL OMAULUMENb-
HOLl wepmoil JaHHOTO KJjacca. [IBe nepeaHue napbl NpHcnocobeHbl
K 3aXxBaTy U pa3dMeJbyeHHIO MUILH — Xe-
auyepol v nedunaavnsl (puc. 81). Xenu-
Hepbl, UMEIoUIHe BUI KOPOTKHUX KJIeLLIHeI(/)I,
pacrosiaraloTcsl Brepead pra. ¥ Maykos
Xeauuepbl 3daKaHUYHUBAOTCHA KOTOTKOM,
6/113 BepIIUHbl KOTOPOTO0 HAXOAUTCS OT-
Bepctue gdogumoli gcesesdol. Bropas
napa — nedunanbnbl, Ha OCHOBHOM uJe-
HUKE HUMEIOT H#e8aAmeNbHblL 8blpOCH, C
MOMOIILBIO KOTOPOrO pasmejpyaercss U
pasMuHaeTcs MUIla. ¥ HEKOTOPbIX BHAOB
NeAUNanblibl NPeBPaIlaloTCs B MOUHbLE
KAewHy (HanpuMep, y CKOPMHOHOB) HJIH
NOX0dcU HA XOO0UAbHbLe HO2U, A Y HEKOTO-
pbIx DOPM MayKoB Ha KOHLE MeaunaJbil
MOXKeT HaAXOIUTLCSI COBOKYNUMEAbHbLL
opean. OcranbHble 4 mapbl KOHEUHOCTEH
FOJIOBOTPYIU BBIMOMHSIOT (YHKIHIO Me-
pEeNBHKEHUST — 3TO XOOUAbHbLE HOMCKIL.

Puc. 81. PortoBble opranbl

nayka KpecToBHKa:

/ — KOHEUHbIH KOTTeBH/I-
HbIl  UJEHUK  XeJHIlepbl;
2 — OCHOBHOH UJIEHHK Xe-
JIUUEPhl; J — Mejunanbra;
4 — KeBaTeJbHbIIl BHIPOCT
OCHOBHOIO UJIEHMKA M€/ H-
najblbl; 5 — OCHOBHOH
YJeHUK XOJAUJbHOH HOTH

Ha 6promke Bo BpeMsi sMOPUOHANBLHOTO
pa3BUTHA 3aKJ/aaabiBaeTcs O0MblIOe YUC-
JIO KOHEUHOCTEH, HO y B3POCJbIX XeJHLle-
POBbIX OPIOLIKO JHIIEHO THIHYHBIX KO-
HeyHocTel. Ecan 6ploiinble KOHEYHOCTH
COXpPaHAIOTCS BO B3POCJOM COCTOSIHUH,
TO OHM, KaK MpaBuJ/I0, MOAUPULHUPYIOTCS
8 NOAOBbLLE KPbLULEUKU, OCA3AMEAbHbLE
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npudamru (CKOPAUOHBL), Ae20uHble MeuwlKu WUIW naymuHHole 60po-
dasku.

ITuwesapumenvnasn cucmema (puc. 82) umeer 0coOEHHOCTH,
CBsi3aHHble CO CBOeOOpasHbIM crnocoO0M MNUTAaHUs NaykooOpas-
HBIX — BHEKUULCUHbIM, UAU BHEWHUM, nuujesaperuen. [laykoobpas-
Hble He mo2ym npurumame meepoyro nuuiy Kyckamu. [luiensapu-
TeslbHble (hepMeHThl BBOJSITCS B TeJO KEPTBbl U MpeBpallaloT ee co-
JAEp2KHUMOE B COCTOsIHHE )KHLLKOﬁ Kallrlibl, KOTOpas BCacCbiBAe€TCsl.
B cBsi3u ¢ 3TUM eaomKa umeem cuivHble MbLULLLL U CAYHCUN CBOE-
00pABHbLIM HACOCOM, BTATUBAIOIIUM MOJYKUAKYIO THLy. Cpedunas
Kuwka y O0JbIIHHCTBA MayKOOOPa3HbIX UMeeT O0K08ble CAeNn03aMK-
HYymole 8bINA4UBAHUS TSI YBEJTUUEHHS] BCAChIBATEIbHOH MOBEPXHO-
cTH. B Oplomike B KHIIKY OTKPBIBAIOTCS MPOTOKH NAPHOU NeyeHu.
[leuenb BBIMOMHSIET He TOJNBKO MHUILEBAPHUTENbHbIE (PYHKIIMH, BbIIE-
JIsisl TIMIIeBapUTebHble (epMeHThbl, HO H BCACBIBATENbHYIO (DYHK-
uio. B KJaeTkax meyeHW MPOUCXOIUT BHYTPHUKJIETOUHOE THIIEBApe-
HUe. 3a0HAS KUWKAQ 3aKAHIUBACTCS QHYCOM.

Hoixamenonas cucmema naykooOpas3HbIX MpeaCTaBAeHa Ae20U-
HolMu mewkamu v mpaxeamu. IT1pu 3TOM y OQHUX BHAOB HUMEIOTCS
MOAbLKO Aec04Hble MewKd (CKOPMUOHBl, MPHUMHUTHBHBIE TMaYKH).
Y Jpyrux opraHbl JAbIXaHHUsI MPeACTaBJEHbl MOAbKO mpaxeamu

19 18 17

|/
N\ 8

2,
| —

Ny

)

Puc. 82. Cxema opraHusalliu nayka:

I — rnasza; 2 — apoBuTas Kejaesa; 3 — xeauuepa; 4 — Mo3r; 5 — por;
6 — MOArJOTOYHBIH HEPBHbBIH y3es; 7 — »KeJe3UCTbIH BbIPOCT KHMILCUHHKA;
§ — OoCHOBaHHs XOAUJIbHBIX HOT; 9 — serkoe; /0 — JerouHoe oTBepcTHE —
nbixagablie; /1 — siineBon; /2 — sWUHUK; /3 — MayTUHHbIE KeJje3bl; [4 —
nayTuHHble 60ponaBku; /5 — aHyc; /6 — MaJbNUTHeBbl cocyabl; /7 — oc-
tuu; /8 — nporoku mevenu; /9 — cepaue; 20 — raoTka, cBsidaHHas co
CTEeHKOH Tesa MycKyJ/aaTypoi
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(combnyrH, CEHOKOCILbl, YaCTh KJellei). ¥ mayKoB JaBa BuUJa opra-
HOB JlbIXaHHsI BCTpedaloTcsl ofHOBpeMeHHO. EcTbh uemobipexaecou-
Hble nayKu, y KOTOPbIX 2 mapbl JIErOUYHbIX MEIIKOB H OTCYTCTBYIOT
Tpaxeu; 0gyaeeournvie nAykKu — OJHA Mapa JEerouHblX MEIIKOB H
napa TpaxeHHbIX MYYKOB U Oe3neeourvle NAYKU — TOJbKO TPaxeu.
Y HeKOTOpbIX MEJKHX MayKoB M YacTH KJelledl opraHbl JbIXaHHS
OTCYTCTBYIOT M JbIXaHHMe OCYULECTBJSIETCS 4epe3 TOHKHE MOKPOBbHI
Tesa.

Kposenocnasn cucmema, Kax y BceX UJICHHUCTOHOTHX, HE3AMKHY-
mas. lemorumga conepKUT NbXaTeAbHbIH (QEPMEHT eeMOyUAHUH.
CTpoeHue cepjalla 3aBUCUT OT
CTeMeHM CerMeHTaluuu — 4YeM
OoJsbllle CerMeHTOB, TeM 00Jblle
octuii (puc. 83). Y kJjaeuiei, y Ko-
TOPbIX OTCYTCTBYeT CermeHTa-
1lM51, Ceplle MOXKET COBepIIeHHO
MCUE3HYTh.

Boideaumenvnasn cucmema y
B3POCJbIX MayKooOpa3HbIX Mpe-
CTaBJeHa napoil BemeAuUxcs
Manvnueuessvlx cocydos, OTKPbI-
BAIOLMXCSl HA I'paHUlle cpejHel
M 3aJHedl KMILOK B MHUIEBAPH-
TEJNbHYIO CHCTEMY.

Hepsnas cucmema naykoo0-
pasHbIX, KAK U KPOBEHOCHas, 3a-
BUCUT OT CerMeHTalluM TeJsa.
Hauwmenee  ckoHlleHTpHUpOBaHa
HepBHAs LENouKa y CKOPTHOHOB.
A 5 Y  maykooOpasHbIX  TOJOBHOMH

Puc. 83. Crpoeiie cepaua y nayko- MO3Ty B OTJIHUHE OT pakoo6pas-
06pasiibix. A — ckoprnuon; B — ma- HbIX H HACEKOMbIX, COCIOUM U3

AN AN A

A7

yK; B — kaeut; I — ceHOKoCelL: dsyx omadeaos — nepedHezo U
!/ — aopra (cTpeaKaMM MOKa3aHbl 8a0Heeo, CPeHHuil OTAeT TO/I0B-
OCTI/II/I) HOro Mo3dra OTCYTCTBYET, Tak

KaKk y maykooO6pasHbIX HeT ro-
JIOBHBIX KOHEUHOCTEH, aHTeHHYJ
UJIW YCUKOB, KOTOpPbI€ 3TOT OTAEJT NOJ2KEH KOHTPOJUPOBATD. Nmeert-
cs1 OOJIbllIAsSl 2AHEAUOZHAS MACCA 8 2040802pydu U eaneAul Oprow-
noli uenouxku. C yMeHbUIEHUEM CerMeHTallMH Hcue3aeT OplolliHas
uenouka. Tak, y naykoB Bcsi OplollHasl Lernouka CAUBAETCS B 2040-
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80epYOHOLL eaneAull. A y CEHOKOCIEB M KJelled roJ0BHON MO3I U TO-
JIOBOTPYIHON TraHTJIUN 06pasyloT CIJOLIHOE 2aHeAUO03HOe KOAbYO
BOKpYe nuuesoddq.

Opeanol 4yecms B OCHOBHOM TIPeJCTaBJEHbl CHEUUANbHOIMU BO-
A0CKAMU, KOTOPble PachosaraloTcs Ha nedunanbvnax, Hoeax u fo-
B8epXHOCMU MYyAOBUWQ U peacupyrom Ha kosebanus s8030yxa. Ha
nejuna/bliax pacnojaralTcs TaK:Ke OpraHbl UyBCTB, BOCIPHHH-
Mawlle mexanudeckue w ocsazamerviole pasdpascerus. Opeatol
3peHus. TpeJcTaBaeHbl npocmoimu erasamu. KonuuecTBo raas mo-
KeT ObITh 12, 8, 6, pexe 2.

Passumue. BonblIMHCTBO MaykooOpasHbIX omKiadvisaem siiua,
HO HaGJM0laeTCsl U acuBopoxcderue. PasButue npsamoe, Ho y Kaelei
umMeeTcst memamopghos.

Kaewu — napasutsl uenoBeka (puc. 84) u nepeHocunku Bo3oy-
JIUTeNeld TPAHCMUCCUBHBIX OoJie3Hel (puc. 85).

Yecomounnlii 3y0eHsb — BHYTPUKOXKHbBIH Mapasut, 0OUTAIOUIHI B
pOroBOM cJjioe 3muaepMuca. Bbl3biBaeT UecoTKY.

Puc. 84. Kyemin — mapasuThl yesoBeKa:

A — uecoTOuHbI# 3y/leHb; b — KeJe3Hulla yrpepas
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i

|i,m|

A b B

Puc. 85. Kneuin — nepenocunku 3aboseBatui:

A — camka TaexxHoro KJellLa, b — camka HKCOA0BOI'0O KJella, B — camka
aprasoBoro kJjeiia

JKeaesnuya yepesass oOUTAeT y UeJOBEKa B CaJbHBIX »Keje3ax
KOXKHW W BOJOCSHBIX CyYyMKax, BbI3blBasli TOsIBJICHHE FHOUHBIX npbl-
el — yrped.

Taedxcrolli Kaeuy — MEPEHOCUUK TSKeJ0ro BUPYyCHOro 3aboseBa-
HHUSI — TaeKHOTO 3HIedaJanTa.

Cobayuil Kaew, TOANEpPKUBAET B MPHUPOIE OUaru TYJAsipeMUU
Cpelu TPbI3yHOB W MepeaaeT UYeJOBEeKY M JAOMAlUHUM >KHBOTHBIM
BO30yIUTEA 3TOH OOJC3HHU.

[Toceaxosulil Kaew, — TEpPeHOCUUK BO3OyAUTeNeH KJ/eLLeBOro
BO3BpPaTHOro THdA.

NOATUMN TPAXEMHBIE

Knacc Hacekomble

K 9TOMY KJaCCy OTHOCAT BCeX TanGﬁHOﬂbILLIaUlHX
YJEHHCTOHOTI'HX, o0J1a1atoLUX TpeMs mnapaMH HOT. Hwm npucyuia
CcnocoOHOCTb K noJieTy.
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KPATKAS XAPAKTEPHMCTHUKA

Crpoenue Tesaa

Teno pasnesneno Ha roqoBy, rpyab 1 Opiowko. ['onoBa
COCTOMT U3 6 CerMeHTOB, IPpyab BCeraa u3 3, 6pIOLIKO
conepKUT 6—12 cermentoB. ['pyab nenures Ha nepej-
Herpy/b, CpeJHEerpyb U 3aHerpyib

[TokpoBbl Tena

XHUTHHOBDIH NOKpOB, pa3JluuHble BOJOCKH, ‘-leU.IyﬁKH, hie-
THHKH. KOoXKHble »KeJe3bl: naxyuiue, BOCKOBbI€, IMYHHOY-
HbI€

Koneunoctu

Kazkapiit cerMeHT rpyau HeceT mapy HOT, a CpejHe- H
3a/JHerpy/b HeCyT Ha CIUHHON CTOPOHE OJHY MJIHU J1Be
napbl KpblibeB

[MonocTb Tena

CMelnanHast moJoCTh TeJa

ﬂumeBapuTe.anaﬂ
cucrema

PoroBast mosocthb. CloHHbIE Keae3bl. [JIoTKa ¥ nuiie-
BapuTeabHblil KanaJa. [TuuieBon u 306

Op rFaHbl AbIXaHUS

PasBuras cucrema TanteI HJHW JIeTOUHble MelIKH

KposeHocHas
cuctema

He zamknyra. Cepuile TpyGuaToe, pasjieneHo Ha Kame-
pbl, cHaGxKeHHble Kaananamu. KposBb B cepjie nocry-
naer uepe3 octuu. Kposb Gecupernasi

BoigeaurenbHas
cucrema

Maunbnuruessl cocyabl. JKuposoe Teso

HepBHasi cucrema

['o/0BHO# MO3T, MOATJIOTOYHBIH TaHT/INH, OplolIHas
HepBHAas 1lenoyka

OpraHbl 4yBCTB

CnocoOHbl BOCMIPUHUMATh MeXaHUUeCKHe, XHMHUeCKHe,
3BYKOBbI€, 3pUTeJbHbIE pa3/paKeHusl, TeMIepaTypy.
Bonanble HacekoMble MOTYT PernCTPHPOBATh 1aBJeHHE

[osoBas cucrema
M pa3BuTHE

PasnenbHono/ble }KUBOTHBIE C BBIPAXKEHHBIM MOJIOBBIM
AUMOP(GU3MOM U BHYTPEHHHM OMJI0A0TBOpenneM. Pas-
BUTHE ¢ MeTaMopdo3oM H 6e3 Hero

OBLIASI XAPAKTEPUCTHUKA

Cmpoenue u noxposot. Teno pasneneHo Ha 20408y,
epydo u 6prowro. CerMeHTbl TOJOBBI CJAMTBI MeKay cobof, a cer-
MEeHTbl TpyAH W Opiolika Oojee HJAH MeHee XOPOLIO Pa3JHYUMBbI
(puc. 86).

lonosa mokpbiTa o6lLeld XumuHogol kancyaoi, OTAeNeHA OT
IPYAM PE3KUM nepexcumom, Win wetikotd. I'ogoBa coelnHeHa ¢ rpy-
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Puc. 86. CTpoeHune KyKa-oJeHs:

1 — HuxHAS ry6a; 2 — HUXKHSS UeNIOCTh; 3 — MaHauOyna; 4 — BepxHss
ryba; 5 — rosoBa; 6 — CsIKKH; 7/ — TepenHerpyab; § — mepBas mapa
TPY/HBIX KOHeUHOCTel; 9 — nepejHsisi napa KpblibeB — HaAKpblabs; [0 —
cpenHerpyab; /1 — BTopasi mapa rpyaHbiX KOHEUHOCTeH; /2 — 3alHerpyib;
13 — 3anuue Kpblabs; /4 — TpeTbsl mapa TPYAHBIX KOHeuHocTeH; /5 —
OpIOLLIKO

Abto nodsusxcro. TonoBa HeceT 4 napor npudamros. Ilepsasi napa
npeacTaBisieT cob0Oll napy aumenn — caxcku, Wan ycuxu. Ocrasb-
Hble TPH Mapbl MPUIATKOB MPEACTABAEHBl KOHEUHOCMAMU 20A08HOLX
ceemenmos (puc. 87). JlaHHble KOHEUHOCTH PacnosaraloTcs BOKPYT
pPOTOBOTO OTBEPCTHSI U POPMUPYIOT POMOBOL annapam HACeKOMbix.
PortoBoifi anmapat 10BolbHO pasdHoobpaszeH MO CTPOEHHIO, UTO CBS-
3aHO C paszHooOpadueM CcrnocoOOB MUTaHusi Yy HacekKoMbiX. OaHaKoO
BCe BUIbl POTOBOrO ammapata HAaceKOMbIX — 3TO BHJOHU3MeHeHHe
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eMHOH HCXOAHOH (OpMbl: POTOBOrO annapara epul3yujeeo muna.
ITOT anmapat ycTpoeH caeayoiiuMm ob6paszom. Crnepeand poT mpH-
KPbIBAIOT «B8epxHad eybas, oOpa3oBaHHAs CKJAAJKOH TMOKPOBOB ToO-
JIOBbl W MOTOMY He sBJdgI0LLasicsi roMoOJ0romM KOHEUHOCTEH. I[a.nee
CJACAYIOT TPU Maphbl l{eJI}OCTeﬁ, KOTOpbI€ sIBJASIIOTCSA BUIOU3MEHEHHDbI-
MH KOHEUHOCTSIMU. [lepsasd napa — 8epxHue 4earocmu — HEAAbL,
U maroubysel. OHM UIPAIOT BAXKHYIO POJb B pPa3MeJbUeHUH TMH-
wu. Jlanee UAYT 0se napol HuncHux uearocmetl, WIH MAKCUAA.
Bmopas napa maxkcuaa y HAaCEKOMbIX CAMBAeTCsl B €IMHYI0 Hemap-
HYI0 MJIACTHHKY — HudcHo eyOy. B 3aBUCHMMOCTH OT xapakTtepa
MULLK COCTaBHbIE YACTH JAHHOH UCXOAHOH (hOpMbl MOAUGPUUUPYIOT-
cs1 B OoJiee criellMau3MpoBaHHble BHbl POTOBOrO amnmnapata (puc.
88, 89, 90). Tak, sakarouwui pomosoi annapam NepenoHYATOKPbI-
JbIX MpUcnocobJeH K yrnoTpeOJeHHI0 KakK TBepAOH MHUILH, TaK H
KUAKOH. [lepexoa MHOrMX HAaceKOMbIX K MHTAHHIO TOJMbKO KHUAKOH
NUULledl MpHUBeJ K MOSIBJAEGHHIO TaKUX POTOBBIX anmnapaToB, Kak Ko-
Arouje-cocyuiuli (KOMaphl, KJAOMbI), cocyuyuti (UelyeKpblable), AUxXCY-
wuti (Myxm).

I'pyods HaceKOMBIX, COCTOSILLAST U3 MpPex CeeMEeHIMOo8, 1eJTUTCS Ha
nepedue-, cpedue- u 3adneepydo. Ha kax oM cermMeHTe HaXOJIUTCS
napa dsueamenvrolx KoneuHocmeil. B KOHeUHOCTH BcCerja Bblaess-
I0T CJAeNYIOLHEe YacTH: Mma3uk, WIW AAxKy (MepBbIi OT Tesa

Puc. 87. l'onoBa nacekomoro crepenu (A) u c6oky (b):

1 — rosoBHast Karncysa; 2 — MPOCThble I1a3ku; 3 — (daceTounblil rnas; 4 —
aHTeHHa (CcszKKa); & — MaHauOyJaa; 6 — BepxHsisi ry6a; 7 — MecTo MpUKpe-
NJAeHUS CHKKH; 8§ — HUXKHSAA ry6a; 9 — HUXKHSAS UeJTI0CTh
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HIMPOKUE OCHOBHOH UJEHHUK);, sepmaye; Oedpo (camblil TOJCTbIH
UJEHUK KOHEYHOCTH); 204eHb (O0ObIYHO CaMblid JJHHHBIH W3 UJIeHU-
KOB); sanky (KOTopas COCTOMT H3 HECKOJbKHX MEJKHX UJEHHKOB,
MOCAEIHUH U3 KOTOPbIX HECET OJMH WJIH JBa KOrotka). [ pyaHbie Ko-
HEUHOCTH MOAMGUILMPOBAHBI B 3aBUCHMOCTH OT crnocoba mnepeJiBH-
)enusi. Paznnuaror caenytwuive Tunbl Hor (puc. 91). Heeameno-
Hble — HauboJiee pPacnpoOCTPAHEHHbIH THM Yy HACEKOMbBIX; 1Aa8Q-
meavHole (KYK-TIABYHEL); npoleamensvhole (Ky3HEUHKH), poroujue
(mMenBenka).

XapakTepHoil 0COOEHHOCTbIO HACEKOMbIX SIBJASIETCS HX €nocoO-
Hocmb K noaemy. Kpoiavsa npenctaBasioT coOOH MOIIHbIE CKJal-
KM CTEeHKM Tesa, pacroJgaraioiiuecss Ha cpedne- u 3adneepydu (11
u I1I rpynusie cermentsl). [ToaHocTbio chopMUpOBaHHbBIE KPblAbs
UMEIOT BUJ TOHKOH O0B8YXCAOUHOLU yeAbHOU NAACMUHKU, CJIOU KOTO-
pOH pasaeseHbl TOHYAHIIEH IIeabl0, ABIANMIECACA MPOAOJKEHUEM
nojsoctw tenaa. [TosToMy B KpblI0, KaK M BO BCe YUaCTKH TeJsa, 3a-
XONSIT Tpaxen M HepBbl. B Mecrax MX 3ajeraHusi Ha Kpblabsix 00-
pasylTcst yToalleHuss — gcurku. KUJIKH y Kaxa0ro BUaa pacro-

Puc. 88. Cocyuuii poToBoil anmapat 6a60uKH ¢ pacrnpaBJeHHbBIM X0O0TKOM
(A) u npu Gosbliom yBesuuenun (b):

I — ocHOBaHHe yCHKOB; 2 — BepxHssl ry0a; & — HHUKHETyOHOH ULLIYNHK;
4 — HuXKHAA Ty0a; 5 — HUXKHHE UeJICTH — X000TOK; 6 — (paceTouHblil
rnas; 7/ — npaBasi U JeBas HUXKHHE YesalocTH; & — MecTa COeJIMHEHHUs ue-
aocted; 9 — mogoctb xo60TKa; /0 — tpaxeu; I/ — myckyJaatypa xo60TKa
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Puc. 89. Jluxyuinii poToBoil
annapaTr MyXu:

| — HUXKHEUeJIOCTHOH LIyNHK;
2 — BepxHusist ryba; J — rumno-
thapuHkc; 4 — KaHaJgbl QUIBT-

pyloulero annapara; 5 — po-
TOBOE OTBEpCTHE; 6 — JIOMACTH
HUXKHEH TyObl, 7 — HUKHSAS
ryb6a

Puc. 90. Kostomine poToBble Oprambl
KoMapa B pacrnpasjaeHHom Buae (A),
BO BpeMsi cocaHusi KpoBu (b), nome-
peunblil paspes (B):

| — Bepxusis ry6a; 2 — mMaHauobyna;
J — HHUXKHSIST 4esNtocTh; 4 — runoda-
PUHKC; 5 — HMXKHsS Ty0a

Puc. 91. Pasiauunbie THNBI KOHEY-
HOCTEH HaCeKOMbIX:

A — OeratenbHast; 5 — mnpeirarenb-
Hasi; B — konarenbHasi; [T — niaBa-
TeJbHast
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JlaraloTcs CTPOro onpeaesaeHHblM oOpa3oM, oOpadys cBoeoOpasHblil
PUCYHOK — orcuakosarue (puc. 92). Kpblibsi MPUCYTCTBYIOT He Y
BCeX HAaCeKOMBbIX. ¥ OJHHMX OHHM OTCYTCTBYIOT M3HAuaJbHO, Y JPY-
rMX yTPauuBalOTCsl BCJAEACTBHE MapaszuTHUECKOro oOpasda KHU3HH.
Y KpblIaTblX HACEKOMbIX MepeaHHe W 3aJHHEe KPblibs Pa3BUBAIOT-
Csl MO-pa3HOMY, UTO SIBJSIETCS OJHHUM H3 TJIaBHBIX (aKTOPOB KJac-
cuduKalMKM HaceKOMbIX Mo oTpsinam (cM. HuxKe). Bosee unu menee
O/IMHAKOBOE pa3BUTHE JBYX Map KpblabeB Habawonaercs y 6ogee
NMPUMUTHBHBIX HACEKOMbIX, HAMPUMEP y CTPEKO3. ¥ KYKOB nepe-
HUE Kpblibsl MPEeBpPallalOTCs B TBepPAble HAJAKPbIAbSA — 3AUMpbL,
KOTOpble He y4acTBYIOT B MoJieTe, a CaAyxKaT AJs 3aUlUTbl CIHHHOM
CTOPOHBI Tesa. B oTaHuMe OT KYKOB, Y KJOMOB TBEpPAECET TOJbKO
MoJIOBHHA TMepeaHell mapbl KPblabeB. ¥ HEKOTOPbIX KPbIIAThbIX Ha-
CEeKOMDbIX OCTaeTcsl TOJIbKO OJHa, MepejiHss, napa KpbllbeB, a BTO-
pasi cyllecTByeT B BHJAe PYAMMEHTAapHbIX OCTATKOB — JKYXHIHA-
ae,.

Bpiowiko HAaCeKOMBIX AUWEHO MUNUYHBbLX KOHeuHOocmell, HO Ha
OplolIKe MOI'YyT HaXOAMTbCS PYAUMEHTbl KOHEUHOCTEH MM KOHEUHO-
CTH, U3MEHHUBILHE CBOIO MepBOoHAuaJbHyl0 QyHKuulo. Hanpumep, y
TapakaHOB Ha 3ajHeM KOHIle Tesja COXPaHsloTCs PYyAHMEHTbl KO-
HEUHOCTeH B BHJe mapbl 0cOObIX MPUAATKOB — epugervku, Ha Ko-
TOPbIX OPIOIIKO MOXET CKOJMb3UTb N0 cyOcTpaTty. BuaonameHeHHbI-
MH KOHEUHOCTSIMHM OplolliKa, Mo-BUAH-
MOMY, SIBASIIOTCS W sftiyexaadol.

Kak y Bcex U/JeHMCTOHOTIHMX, nO-
KpOBbL HACEKOMbLX COCTOSIT U3 Tpex
OCHOBHBIX 3JEMEHTOB — KYMUKYAOLL,
eunodepmobl. 1 OA3ANbHOL MEeMOPAHDL.
HapyKHblil cI0# KYyTHUKYJbl, KaK U y
naykooOpasHbIX, UMEeT Aunonpomeu-
HOBbLLL caol, npensimcemasyrowuil
ucnapenuto 6odol U3 opranusma. Ho
Haj10 OTMETHUTb, YTO y BOJHBIX M MOU-
BeHHBbIX (OpM, OOMTAIOUIMX B HAaChI-
LUIeHHOW mapamMu BOIbl atmocdepe,
' — KocTanbHas KUIKA; 2 —  yapyKHbIH CI0H BbIpaKeH caato UK
cyOKoctanbias JKuka; § —  greyrerpyer. B runogepme HAH B Ky-
panuanbHas XKHJAKA; 4 — wme-
MAMbHAS KHIKA; 5 — Ky6u- THKYIE Y OOJMbIIMHCTBA HACEKOMBIX
TambHas KuAKa, 6 — ananp- TPHCYTCTBYIOT 0coOble Kpacsiliue Be-
Hble KHWJKH; 7/ — iorajdbHble UWIECTBA — nuUSMeHNblL, KOTOPpbIC OINpe-
HKUTKH NeJs0T oKpacKy HacekoMblx. [Tokpo-

Puc. 92. Cxema KHUJIKOBAHHS
KpblJida HaCEKOMOTO:
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Bbl HACEKOMbIX UMEKT pa3HooOpa3Hble Mo QYHKUHUAM OOHOKAEMOU-
Hble WIH MHOCOKAEMOUHDLE JCeAe3bl.

Moumeunasn cucmema HaceKOMbIX TpeCTaBJCHA nNONEPEUHONO-
A0CAMbIMU MblULLAMU W OTAMUYAETCs OOJbUIOH CA0KHOCTbIO M CTe-
neHbto auddepeHunannd. KonuuecTBo MbILIEUHBIX MYyUYKOB MOXKET
JHOCTUraTh 2 Thic. MBIIIIEl HAaceKOMbIX 00eCTeunBaIOT TOABUK-
HOCTb OpraHu3dMa M OTJeJbHbIX €ro uacTedl OTHOCHUTEJIbHO Jpyr
apyra. MoxKHO BbIIGMUTb TPYIIbl Mblliy KOHeuHOcHel, XOAUIbHbIX
M POTOBBIX, W KpPblAOBbIE MbLULULL, OTBEUAlOUIUE 34 JBHXKEHHE
KPbIJIbEB.

HMuwesapumeaonasn cucmema (puc. 93) HauuHaercsi pomosoil
noaocmoro, CTEHKH KOTOpoH oOpas3oBaHbl gepxreil eyboil u coso-
KYNHOCMbIO POMOBHLLX KOHEYHOocmel. ¥ HaCeKOMbIX, MUTAlOLLIUXCS
KUJAKOH TMHILeH, poToBas MOJOCTb 3aMEHEHA KanaAamu, KOTOpble
obpasylotest 8 xobomxke. Y OCHOBaHUS BTOPbIX MAaKCHJJI B POTOBYIO
MOJIOCTb OTKPBLIBAIOTCH MPOTOKU CAOHHbLY dcesed. CIIOHHbIE XKee-
3bl MOTYT BBIAEJSITb HE TOJIbKO AUULCBAPUMENbHbLE (hepmenmbl, HO
M criellajbHble BEULeCTBA — AMMUKOARYAAHMbL, KOTOPbIE MPensT-
CTBYIOT CBEPTbIBAHUIO KPOBH, KaK, HalpuMep, Y KPOBOCOCYIIUX Ha-
cekoMbIX. C/IOHHbIE KeJe3bl MOTYT U BHIOM3MeHAThbCs. Tak, y ryce-
HUl 6abouek OHWU MpeBpalllaloTcs B npsaounbHbie KHeaedbl, Bblle-
JSOUIHe [eJKOBUAHYI0 HUTb JJs oOpas3oBaHUs KoKoHa. [aomka
HAaCeKOMbIX W CJAENYIOLWUN 3a Hell nuu,e6o0 oueHb 4acmo noKpbinbl
KYymukyaotl, 0COOCHHO y HACEKOMbIX, MUTAIOILIUXCS TBEPAOH MUILEH.
3ajaHssg yacTh MuieBoaa oOpasyeTr pacliipeHde — 300. ¥ XHILIHBIX
HaceKOMbIX 3a 3000M MOXKeT 00pas3oBbIBATHCS HEBAMEAbHbLL KHe-
AYOOK C MHOTOYMCJIEHHBIMH TBEPJAbIMH BbIPOCTAMH JJS JOMOJMHH-
TEJNbHOTO TIepeTHpPaHUs NMUUIH. B cpedneil Kuuike, KOTOpas HMeeT
BUA TPYOKH, MPOUCXOAUT OKOHUAMEAbHOE Nepesapusarue U 8cacol-
sanue nuuyu. JIas yBeJuUeHHs BCAacblBATEIbHOH MOBEPXHOCTH B Ha-
yaje cpeHell KUIIKK B Hee BMANAIOT CACNO3AMKHYMble BblNALUBA-
HUA KuwedHuka, Win nuaropudeckue npudamsu. CpenHsis KHILIKa
NepexoiuT 8 3a0HI00 KUULKY, KOTOpas OTJHYAEeTCs 3HAYUTEAbHOH
JIJIHHOH. 3alHssl KHIIKA 3aKAHYMBAETCS QHAAbHbIM OMBEpCHUCM.
Y MHOrHX pacTUTE/JbHOSJHbBIX HACEKOMbIX B KHUIEUHHKE OOMTAlOT
cumbuomuuecKue MUKpPoOoOpearu3msl, obecrneunBatollMe nepeBapu-
BaHHME KJIETUATKH.

Hoixameaonasn cucmema. OpranaMu JbIXaHUS Y HACEKOMbIX §1B-
JAI0TC mpaxed. Bo3ayx nonanaetr B CUCTEMYy Tpaxell uepe3 crnelu-
aJibHble OTBEPCTHS — OJblXaAbya, WIH CMuemol, — PaCroJOKeHHbIe
¢ OOKy Ha cpeaHe-, 3aJHerpyad W Ha OPIOLWIHBIX CEerMeHTax
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Puc. 93. Opraubl nuileBapeHus, BblAeJeHHs M JbiXxaHusi TapakaHa. A —
BCKPBLITbIH TapakaH; 5 — opraubl JblxaHusi (IJ1aBHble Tpaxed OpIOLIHOfM
CTOPOHBI):
| — pesepByap CHIOHHON »Kene3bl; 2 — caAOHHAs kKeneda; 3 — 300; 4 —
MYCKYJUCTbIH KeIy10K; 5 — CpelHss KULIKA; 6 — MNHI0pHUUECKHe BbIPOC-
Tbl; 7 — MaJbIUTHEBBl cOCyabl; & — 3aaHAd kuuka; 9 — tpaxeu; 10 —
OplolHast HepBHasl Uenouka; // — ceMeHHMKH; /2 — mpULaTOUHble XKeJle-

3bl MOJIOBOH CHCTEMbI

(puc. 93, b). CturMbl yacTo cHabKeHbl CMellnalbHbIMU KpblUleUKa-
MU, KOTOpble TIPemnsiITCTBYIOT MoTepe BOAbI. [paxew 3aKaHUMBAIOTCS
KOHUeB80l KAemkKoil, KOTopasi HMeeT paauajJbHO PacXoAslluecs OT-
POCTKH C KOHEUHbIMH KaHaJbllaMu Tpaxel. Tpaxen UMeIOT cnupaso-
Hble YMoAuLeHus, KOTOpble MPEensTCTBYIOT CrajleHuio X cTeHok. [a-
3000MeH TMPOUCXOAUT nyTeM Juggpysuu. Tpaxeu, 10CTaBsAs KUCIO-
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poa mpsMO K MecTy ero mnotpebaeHus, BbIMOJHAIT (QYHKIHIO
KPOBEHOCHOH CHUCTeMbl, KaK Obl 3aMeHss ee coOOi.

Botdeaumenvnasn cucmema. OCHOBHBIMU OpPraHaMU Bble/eHUs
y HACEeKOMbBIX SIBJASIOTCH MaAbnUeUe8bl COCYObl, KOTOPbIX MOXKET
6biTb 0T 2 10 200. OCHOBHBIM MPOAYKTOM BblJ€NE€HUS SIBASIOTCS
Kpucmaanel coaetl mouesoti kKucaomol. Ob6pasyloliasics npu Kpu-
CTaAM3alMH BOJa UHTEHCUBHO BcacbiBaeTcss 0OpaTHO B OPraHuU3M,
MPOUCXONUT peabcopbuyus 600bi. JIaHHbIH Mpollecc 0YeHb aKTUBEH y
HAaCeKOMBbIX, MUTAOUIUXCSl TBEPIOH MUILEH, H OTCYTCTBYET Y HaceKo-
MbIX, TTUTaOUIUXCA KUAKOH nuuieid. OcHOBHOW mpoilecc peabGcopO-
WK NPOUCXOAUT B 3a/HEH KHIIKE B CMeUHaNbHbIX PeKMAAbHbLY dice-
sezax. KpoMe ManbMUTUEBbIX COCY/J0B Yy HACEKOMbIX BbIJEIHTE/b-
HYI0O (YHKIIMIO MOXET BBIMOJHATb JCUPOBOE MEAO, KOTOPOE
OTHOCHUTCS K «nouKam Hakonaiexuss. Hano oTMETHTb, YTO OCHOBHAs
GYHKIHA KUPOBOrO Teaa He BbIAEJICHHE, a OTJI0XKEHHEe 3amacHbIX
MUTATEJbHbIX BEIECTB.

Kposenocnasa cucmema y nHaceKoMblX pasguma CpPpaBHUTENbHO
caab0. D10 OOBACHSETCS TEM, UTO MUMEETCsl XOPOIUO pa3BeTBJIEH-
Hasi Tpaxefinas cuctema. KposeHocHas
cucremMa  HesamkHymasn. [emorumepa
becysemnas wnu sceamosamad. OCHOB-
Hasd (PYHKUHS TeMOJUM(bl — neperoc
nUMamenvHolX euecms u npooyKmos
obmena Kk opearam svidesenud. Cepdye
pacrnosaraercss B OplollKe Haja KHIley-
HUKOM. Wwmeer Bux mpybxu, 3anHui
KOHeIl KOTOPOH cJjeno 3aMKHYT (pHc.
94). Cepalle nomeneHo Ha Kamepol, Kax-
1asi U3 KOTOPBIX HMeeT mapy O0KOB8bLX
omeepcmuli — ocmuti. B crenkax 3a-
JIEraloT MblllleuHble BOJOKHA, obecreun-
Baloline ee cokpaulenue. Cepame oKpy-
KEHO  nepukapouQAbHolLM  CUHYCOM ——
MOJIOCTHIO, OT/JEJEHHOH OT JApPYyrod mno-
JIOCTM TeJla CrheuuasnbHOi Mmeperopos-
KOH — Jduagpaemoii. Huadparma co-
€MHeHa C KpPbIJIOBUAHBIMHU MbIIIILAMH, Puc. 94. CTpOQHI/IE cepauna
KOTOpble BO BpeMsl MoJeTa ONMycKaloT M JKyKa-MiaByHua:
MOJHUMAIOT JAHadparmy, 4To momoraer ; __ aopra; 2 — cepiie;
CepALY OCYLLeCTBIATh LUMPKYMALHKIO Te- 3 — ocThH, 4 — KPbLIO-
MO.TIHMq)bI. BHUJHbI€ MbILILLbI
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Puc. 95. Cxema cTpoeHHs] HepB-
HOIl CUCTeMbl HACEKOMOTro:

I — nporouepebpym; 2 — Heil-
pOCEKpeTOpHbIe KIETKH; 3 — Ofl-
THueckast objaacTb Mmosra; 4 —
nefitouepebpym; 5 — aHTEH-
HaJMbHbIH HepB; 6 — TpuTOlLEpeD-
pyM™m; 7 — KapaualjbHble Tena;
8§ — npuaexauine Tesna; 9 —
OKOJIOTJIOTOUHbIE KOHHEKTHBBI;
10 — TmnoArJOTOUHBIA TaHIVINH,
11 — HepBbI, HAYIIHE K POTOBBIM
KOHEUHOCTSIM; /2 — TaHIrIuu
IPYJHBIX CErMeHTOB; /J — raHr-
JIUM OPIOLIHBIX CerMeHTOB

Hepsnas cucmema no obuemy
NJaHy CTPOCHUS MaJo OTJAHYAeTCs
OT HEPBHOH CHCTEeMbl JIPYrux uJje-
HUCTOHOTUX (pHuc. 95). [[enmpano-
HAsl HepeHasd Ccucmema BKJIOUAET
CON0BHOL  M0O32, NOOCAOMOUHbLL
eaHeAUll U CeeMeHmapHole eaneaul
Oprowroti Hepsroil uenouxku. To-
JIOBHOH MO3r, KaK M y pakooOpas-
HbIX, COCTOMT W3 TpPeX OT/eJOB: ne-
pedieeco, cpedneeo, 3adneeo. Ocodbo
HaJ0 OTMETUTb «epubosudHble me-
AQ» nepeodHe20 mo3ea, KOTopble siB-
JSIIOTCS BaKHbIMU QCCOUUAMUBHDbL-
MU UEHMpamu e0A08H0C0 MO3ed.
OHM OueHb XOpOLIO Pas3BUTHl y 00-
ILLECTBEHHbIX HACEKOMBIX: MYypaBb-
eB, nues, TepMUTOB. OT TrOJOBHOrO
Mo3ra  OTXOAAT  cumnamudeckue
Hepsbl, KOTOpble perynupytor pabo-
Ty BHYTPEHHMX OPraHoOB M Mblllley-
HOH cucTeMbl. bprownas HepBHas
LeNnouKa COCTOUT U3 1002A0MOUHO-
20 eaMeaus, mpex Kpynuolx 060-
COONEHHbLX 2PYOHbIX 2AHeAUE8 U
Oprownbix eaneaues. Bo Bcex orne-
Jlax 1leHTPaJbHOH HEpPBHOH cHCTe-
Mbl HMEIOTCS Crelnaau3upoBaHHble
HelipocexpemopHole KAemKU, KOTO-
pble CHHTE3UPYIOT Helpocexkpem.
OH TpaHCNOpPTUPYETCS MO aKCOHAM
B ocoOble 00pa3oBaHUsl — npuie-
ocauyue U KapouaabHole meaa, OT-
Kyaa TocTynaetr B reMoaumay.
HefipocekpeTopHble KJICTKH TaKHUM
006pa3oM BBIMOJHSAIOT PYHKIHIO dHce-
Ae3 BHYmMpeHHel cexpeyuu, Urpas
BaXKHYI0 poOJb B TOPMOHAJbHON
cucreMe Hacekombix. Hefipocekpe-
Thl peryJjaupyior padoTy Bcex oc-
TaJIbHbIX SHAOKPHUHHBIX OPraHoB.
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Opeanovt uyscme y HACEKOMBIX JOCTUTAIOT OOJBIION CJI0XKHOCTH
1 MHOroo6pasusi. Y HaceKOMbIX HMEIOTCSl CrellMaau3upoBaHHble Op-
raHbl BOCIPUSITHST MEXAHUUECKUX, CBCMOBLLY, XUMULCCKUX U 38YKO-
8blx pasdpadcenuil ¥, COOTBETCTBEHHO, 0Op2aHbl OCA3QAHUA, 3pPEHU
(puc. 96), obonanus, cayxa. [ToMmumMo 3TOro HacekoMble MOTYT BOC-
NPUHUMATL memnepamypy OKPYXKalOUleH cpeibl H BAAHCHOCTD.
Bonnbie Hacekomble ¢nocoOHbl PEerHCTPUPOBATL U3MeEHeHUue dasae-
nus. Hacekomble 06/anatoT ysemosoim 3peruem, KOTopoe, no cpas-
HEHHUIO C UeJOBEUYECKUM, CABUHYTO B yavmpaguoremosyro obaacno.

Ionosasa cucmema u paszsumue. Hacekomble paszdeabronoast u
Hepeako o6GaanaiT noaosvim Oumopgpusmonm. [lorosvie senesol
napusie. Y caMOK HepenKo pasBUBAlOTCsl ocoOble MPUAATKH — Al-
uekaadel, a y CaMIlOB — COBOKYynumeavHole opears.. CaMKU HeKo-
TOPbIX HACEKOMbBIX UMEIOT 0COObIH MELIOUeK — CeMANnpuUeMHUK, B KO-
TOPOM CeMsl MOXKeT XPaHUTbCA HECKOJNbKO JeT (Hanpumep, y LapH-
bl MTUeJ ceMsl XpaHuTes: 4—>5 Jer).

B pasBUTHH HAceKOMbIX, B OTJHYUE OT JPYrHX UJICHUCTOHOTHX,
BBIAGJSAIOT JABa 3Tana: IMOPUOHANbHBIL W NOCMIMOPUOHANbHBLI.
ImbpuorasvHblll aman — 3TO pa3BUTHE OM 00pA308AHUSL 3USOMbL
do poocdenus uau 8oixo0a u3 sliyesolx obosouex. ITocmambpuo-
HAAbHOE passumue HACEKOMBIX MOXKET MPOUCXOAUTb MO-pPASHOMY.
Y HauboJsiee NPUMHUTHBHBIX (OPM POCT U pPa3BUTHE MOJIOJOrO Opra-
HU3Ma HEe COTMPOBOXKAAETCA OCOOEHHBIMM M3MEHEHHUSMH CTPOEHHS.
Y Takux HACEKOMBIX passumue npoucxooum 6e3 AUYUHOUHOU cma-
Juu u memamopgoza. Takoe pa3BUTHE MOKHO HA3BATb NPAMbLM.
Bropoii Bapuautr — pagsumue ¢ memamopgozom. Ilo xapakrepy
npeBpalleHHi MOXKHO BbIIENUTb JBE I'PYMIMbL ¢ HENOAHbIM Npespa-

Puc. 96. Cxema CTPOEHHSI CJI02KHOI'O I'ia3a HaCeKOMOTO:

I — poroBuua (mposdpauyHasi KyTHKyJa); 2 — XpYCTaJbHbli KOHYC; & —
MUTMEHT MEXJ/Yy OMMAaTHHSMU
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ujeruem U ¢ NoAHbIM npespaujenuen (puc. 97). Hemonublit MmeTamop-
(o3 xapakTepeH TeM, UTO BBIIYMJSIOLAsIC U3 sIHlA AUYUHKQ TIO
BHEIIHEMY BHY BO MHOTOM MOX0xKa Ha B3POC/bIH opraHu3dm. OCHOB-
Hbl€ OTJ/JHUHUS 3aKJ/AYATCA B pa3Mepax, 3a4aTOYHOM COCTOSIHUH
KpblIbeB W HEJLOPa3BUTHHM HEKOTOPbIX OpraHoB. B pesyabrarte He-
CKOJbKHUX JIHHEK JHUHHKA Bce OOJblle CTAHOBUTCH MOX0XKa Ha
B3pPOCIYI0 0cO0b, UK umaeo. I1pu pa3BuTHM ¢ NoJAHBIM MeTaMopdo-
30M JHUMHKA PE3KO OTIHUYAETCs OT B3POCJOro XKUBOTHOr0. Pasnuuus
KacaloTcsl He TOJNbKO BHELIHEro WJAHW BHYTPEHHEro CTPOECHHS, HO W
cpeabl o6UTaHus, NULLK, oOpa3a XKHU3HH. Bo Bpemsl JTHUMHOUHOH cTa-
JIMH MOKeT MPOHUCXOAUTb HECKONbKO JHUMHOUYHBIX JHUHEK. Bo Bpems
I'[OCJTe}lHeﬁ JUYNHOYHOH JIMHbKHM JIMYHWHKA nepexoanT B CTaaulo Ky-
Koaku. Paznuuaior Tpu craauu Kykoaok. Csobodubie KYyKoaku —
3aUaTKU KPbIIbEB M KOHEUHOCTEH B3POCJOr0 HACEKOMOro XOpOlIo
BUJHbI H CBO60£LHO BbIAAOTCs HA/l MOBEPXHOCTbIO TeEJ4. HOKpblmble
KYKOAKU — 3a4aTKU KPbIIbeB H KOHEUHOCTEH TECHO MPHUJI0KEHbI K
TeJy M 3aMeTHbl JIUIIb HescHble KOHTYpbl. KyKoaKu 3THX NBYX TH-
MOB MOT'YT 00/1a1aTh HEKOTOPOH MOABUKHOCTbIO. TpeTuil Tun — co-
BepULeHHO HenoodsudcHole KYKoAKu. Bo Bpemsi cTaauM KyKOJKH
60JblIAas YacTb OPraHoB U TKaHel nepedopMUpyeTcs: cHaya a Mnoji-
Bepraercsi paspylleHu0 — THCTOMHU3Y, a 3aTeM (GOPMHUPYIOTCS HO-
Bble TKAaHW W OpraHbl. PaspyllueHnio, U1K FHCTONM3Y, He MojaBepra-
I0TCS TOJMILKO HepBHAs cucTteMa W Tpaxeu. [locse okoHUaHUs mepe-
CTpOﬁKH MPOUCXOAUT MoCJaeIHAA JIMHbKA: MNOKPOBBI KYKOJKH
JIOMAaloTCsl, U M3 Hee BBIXOAUT B3pocjoe Hacekomoe. Meramopdos
HAaCEKOMBIX IEJTHUKOM HaXOAUTCs MO KOHTPOJEM FOpMOHaJIbHOﬁ CHC-
TEeMBbI.

Pasmnoxncenue HaceKOMbIX POUCXOJUT MOAbKO NOAOBbIM CNOCO-
Oom. Y HaceKOMbIX H3BeCTeH 0COObIH BHUJ MOJOBOTO pa3MHOXKe-
HUSI — napmeroeered (MUesbl, TJIN).

Knaccudmkaumsa Hacekombix

OCHOBHbIMH MNpru3HakKaMu KJ'IaCCH(;bI/IKaLU/IH HaceKo-
MbIX SIBJSIETCSI Xapakmep memamop@osa, ycmpoicmso pomosoco
annapama W cmpoeuue Kpvlaves. Mbl mpuBeaeM Jaullb Haubogee
pacnpocTpaHeHHbIe U BaXKHbIC OTPSJLbI.

C uenoanoim npespaujenuem

Ompad [lpanokpoiavie. Hankpblabsi KOXKHUCTblE, B MOKOE BbI-
MpsiMJeHbl Ha CMUHe. 3aJHHe HOTH TpbiraTesnbHble. [ pei3ymiuil po-
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Hitua

JluunHka
I-ro Bospacta

JIHunHKa
2-ro pospacta

Jlnunnka
3-ro Bospacta

———
JlHuunka

Jlnunnka
4-ro BospacTta
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Kykonka

Jluubka u Meramopdos
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Puc. 97. Metamopdo3 y HaCeKOMBbIX:
A — nenosaublil MeTamop}o3 y KoOblIKKM; b — noJHblil MeTamopdos y Oa-

O0UKH
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TOBOH annapar. [Ipedcmasumenu: Ky3HeunKH, capaHua, CBepuKH,
MeBeKH.

Ompsd Tepmumor. Kpblibsi oTnanaloT, UMEIOTCS TOJbKO Yy MO-
JOBBIX ocobefi. OO6uiecTBeHHble HaceKoMble. MMeeTcsi HeECKOJNbKO
KacT: pabouue, cosaiaTbl, noaoBble ocoOu. ['pbidyuinit poroBoil an-
napar.

Ompsod Tapaxkanol. KoKucTble HAJKPbIIbS H HEXKHble KPbLIbS.
Ha konue 6pioiika BUaoU3MeHeHHble OploliHble KOHEUHOCTH — yep-
ku. I'pbl3ywiuil poToBoil annapar.

Ompsod Cmpekosdol. JIBe mapbl KPblAbeB 0OJMHAKOBOTO CTPOEHHS.
['pbidywuii porosoil annapat. JIMuumHKM BelyT BOJAHBIH o0Opas
JKU3HH.

Ompsad Kaonol, wiau [oayscecmrxokpoinsie. Tlepennue Kpblibs
HanosoBUHY xKecTKue. Kosiole-cocyluii poToBoil annapar.

Ompsad Buwu. KppinbeB Het. PortoBo#i anmapar xosmomu. [la-
pasuTbl MaeKonuTaouiux. ['0M0BHASA BOIb W MJaTsAHAas BOlb — Ma-
pPa3uThbl yeJ0BEKa, MEPEHOCHAT onacHble 3a60JeBaHUsT — CbIMHOH U
BO3BPATHbIA TUDBI.

C noanowm npespaujenuem

Ompsod Yewyexpoiroe, unu babouxku. JIBe mapbl KpblAbeB, MO-
KPBITBIX BUIOU3MEHEHHBIMH BOJOCKAMM — YellyHKaMH, UHOTAA §Ip-
Ko okpameHnHbIMH. Cocylinii poToBoil anmapart, npeo6paszoBaHHbIH
B X000TOK. JIMUMHKM Ha3bIBAIOTCA T'yCEHUIIAMH, HMEIOT O Mmap JOXK-
HBIX OPIOIIHBIX HOXKEK U TPBI3YIIUH poToBo# anmapart. Kykoaku mo-
KPBITOTO THIIA.

Ompsaod )Kecmkokpoinroie, unu JKyku. JIBe napbl Kpbliabes. [le-
penHUe TIpeBpalleHbl B TBepJble HAAKPBIIbS U BBIMOJHSIOT 3aIIUT-
Hyl0 poJb. ['pei3ymuii poroBofl ammapat. Y JHUYHHOK TPU Tapbl
TPYJAHBIX KOHeuHocTel. Kykonkn cBoGoHbIE.

Ompsod baoxu. KpolibeB HeT. Teso cxarto ¢ 60koB. PotoBo#i an-
napat cocymuil. [lapasutsl, mepeHocsit omacHoe 3aboseBanne —
uymy.

Ompsaod llepenonuamokpoiavie. JIBe mapbl mepernoHyaTbx, Ipo-
3pauyHbIX KPbLIbeB. 3aJHHE KPblibsg MeHblIe MepeaHux. [ pbl3yliuil
WK Jakawoluil potoBoil annapar. Kykoaku csodoansie. OcHosHbLe
npedcmasgument: 0Cbl, MypaBbU, TUeJbl, IMeJH, HAe3THUKH.

Ompsaod Jleykpoiavie. CaMblil BbICOKOOPTaHH30BAHHBIH OTPS/IL.
MmeeTcst ofHa mapa nmepenoHYaTbIX MPO3PAUYHBIX WK OKPalleHHbIX
KpBIIbeB. 3ajHHMe KpPblIbs PYAUMEHTAPHBl WM TpeBpalleHbl B
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Kyxokanbua. Komowui wian auxywuil porosoil annapar. JIuunH-
KM HEKOTOPbIX IBYKPbIIbIX OOUTAIOT B BOJE WJIH SIBASIOTCS Mapasu-
tamu. Kykosaku cBo6ojiHble Ui 60UKOBUHbIE (HemoaBHXKHbIe). Oc-
HOBHbLEe npedcmasument; KoMapbl, MOLLKH, MOCKMTbI, CI€MTHH, MYXH,
OBOJLBI.

TMN MATKOTEJIbIE, MJIU MOJIITFOCKHU

Camble xapaKTepHble MPU3HAKH MOJJTIOCKOB!

— UMeeTCsl KoxKHasl CKJAajgKa — MAHMUsL,

— 11eJIOM MPEACTABIEH OKOAOCEPOeHHOl CYMKOL U NOAOCMbIO
2OHAO;

— omcymcemesue ceemeHmayul;

— TeJIO MOJpasjieNsieTcsi Ha 20408y, MYAO8ULLE U HO2Y;

—y GOJILIIHHCTBA B I'JIOTKE HMeeTcsl padyaa (mepka) — anmna-
paT A5l pasMenbueHUs MHUIILH.

Tun Mgrkorenble BKJIWOUAET CJeAYHOIIMe Kaacchl: bproxouoaue,
Jlsycmsopuameote, 'orosonoeue.

Knacc bpioxoHorue
KPATKASI XAPAKTEPUCTHKA

BptoxoHorue, uian ynuTKu, camblii 6oraTblii npeacra-
BUTEJISIMH KJacc MOJIIOCKOB. [TepBHUHO OPOXOHOrHE MOJIIOCKH —
obUTaTe M MOPS, HO MHOTHE BHJbl MPHCIOCOOUNUCH K KU3HU B Mpe-
CHbIX BOJO€MAX W Ha cylle.

CrpoeHue Pasmepbl 0T HECKONBKHX MHJIJIUMETPOB 10 1€CSITKOB
cautumerpos. Teso noapasjesnsercs Ha roJoBy, TyJ0-
Buie u Hory. ['onoBa Hecer 1—2 miynaneia u napy
rias. Hora xopouio passura. Acummerpust tena. Man-
THS

[MvweBapurenapHas | XapakTepHo Ha/JUuHe B IJIOTKe 0co060ro o6pasoBa-
cucrema HUSI — TEPKH, WK paayabl. MeloTcst caonnble xeme-
3bl. [IpOTOKH TMeueHu OTKPbIBAIOTCS B CPEHION KUIIKY.
[Tuieson. JKenynok. Toukas v 3aansst KuuiKa

OpraHbl abIxaHus Koxnble kabpbl. ¥ Ha3eMHbIX CTEHKH MaHTHH BBINOJ-
HSIIOT (DYHKIIMIO JIETKHX
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KpoBeHocHas Hesamkuytasi. Cep/iiie COCTOUT U3 KeNya0uKa U OJHOTO
cucrema npencepaus. Cepjlle HAXOAUTCS B OKOJOCEPI€UHOM
CyMKe — MepHKapanu

Bbl}IeJ]MTeJIbHaﬂ HpeﬂCTaBJIeHa noykaMu, BUAOUSMEHEHHbIMH MeTaHE‘q)-
cucrema puanuamMu

HepBuas cucrema |Iloctpoena no pas6pocanno-ysamoBomy tuny. Mwmetorcs
5 map raHr/aueB, COeHHEHHbIX MepeMblUKaMH

OpraHbl 4yBCTB OnHa napa raas. Oprasbl 0csi3aHUsl, XMMHUECKOT0 UyB-
cTBa

MonoBas cucrema | BerpeuaioTest Kak pa3aenabHONOMbIE, TAK U repmMadpo-
auThl. ONI00TBOPEHHE BHYTPEHHEE, PEIKO BHelllHee

PasButune PasButne MoXKeT MPOUCXOAUTbL ¢ MeTaMopdo3oM H 6e3
Hero. JInunHkn — Tpoxodopa u nmapycHUK

OBIIAS XAPAKTEPHUCTHUKA

Cmpoenue u nokposor. Popma Tena OPIOXOHOTHX
pasnoobpasHa, HO O0JblIeH YaCTblO TEJI0 COCTOUT U3 20208bl, MYAO-
guuia v woeu. ['omoBa xopouio pa3suta. Ha He#l pacnosaraiorcs
pom, I—2 napot wyynaaey v napa erad. Hoea npencraaser co6oii
MYyckyaucmolil 6 prowHoll 8bipocm ¢ TJIOCKOH MOM3aTeNbHOH MOAOLI-
BOH. 3a cyeT COKpalleHHsl HOTM KHBOTHOE MepeaBuraercs no cyo-
crpary. Tyaosuuie y 00JblIHHCTBA OPIOXOHOTHMX BbIAAeTCsl HaJ HO-
roif B Buae 60Jbloro 6osee HAM MeHee CMUPasbHO 3aKPYyUEHHOTO
Melnka. Ha TysoBulle no nanpasaeHnio KHU3y o6pasyeTcsl CKaaaka
NMOKPOBOB — MmaHmulinad ckaadxa. Mexa1y MaHTHel U TeJOoM Haxo-
JIUTCST MAHMUIHAA NOAOCMb, B KOTOPOH pacrnojaraiorcs opramsl,
obpaaylolne manmuiinelii kKomnaiexc opearos (puc. 98). B srtor
KOMIJIEKC BXOASIT: o#abpol, HEKOMOpPbIe OpPeaHbl HY8CME U NOA08bLE
opearst. Clolla e BKAOUAIOT no4KU U cepduye, KOTOpble pacnoJgara-
I0TCs1 B OJM3KOM COCEJCTBE ¢ MAaHTHHHON mosocTblio. MaHuTHsl Bblje-
JeT paKosuHy, KOTopasi B OOJbIIHHCTBE CAyUaeB 3aKpyueHra Cnu-
paavHo. B ¢cBSI3W ¢ TE€M UTO pPaKOBHHA HMEET CMUPaJJbHYIO GopMy, y
OpPIOXOHOTHX MOJIJIIOCKOB Hapyuaemcs OuiamepanrvHas Cummem-
pus meaa, TeN0 y HUX QCUMMEMPUYHO: UMEeTCsl TOJMbKO OfHA MOoY-
Ka, ojlHa kabpa, o/Ha MoJoBasl XKejae3a, pacrnonoKeHHble Ha OJHOH
CTOpoHe Teqa. ¥ NAQ8aowWux U NApaA3UmMu4ecKkux OpXoHo2UX pa-
KOBUHA UcCYe3aem.
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Puc. 98. BekpoiTast BUHOrpaaHasi yauTKa:

! — ryOuble wynanbua; 2 — rjaasioe Lynajble; 3 — raotka; 4 — ueped-
pasbHbId raHrHi; 5 — Jerkoe; 6 — JerouHasi BeHa; 7 — nepepe3anHoe Je-
rouHoe O0TBepcTHe; § — aHaJbHOe 0TBepCTHe; 9 — OTBepCTHE MOUETOUHHKA;
10 — npsimas kuuika; // — mouetouHuk; /2 — npeacepaue; /3 — xeny-
nouek cepaua; /4 — nepukapauil; /5 — nouka; /6 — xenynox; /7 — mne-
yeHb; /8 — repmadpoautHas Kenesza; /9 — repMacdpOAUTHBIA MPOTOK;
20 — OGenkoBas xene3da; 2/ — ceMsAnpUeMHUK; 22 — KaHaJ ceMsNpHeMHHU-
Ka; 23 — sdiiueceMsinpoBoJ; 24 — ceMsnpoBoj; 25 — MeIOK JI0O0BHBIX
cTpes; 26 — naJgblieBU/Hble Kejesbl; 27 — 0uu; 28 — neHuc; 29 — catoH-
Hble 2KeJe3bl

IMuwesapumenovnas cucmema. Pom BeleT B pomosyro no-
A0CMb, KOTOpasi TepPexoauT B Myckyiucmyio eromky (puc. 99).
B rsnoTke mmeeTcsi MYCKYMMCTbIH BajlK — A3blK, MOKPbITbIH TOH-
KON KYTHKYJIOH WM HeCYULIUH TBepJble 3yOlbl, pacloOKeHHbIe More-
peuHbIMU psinamu. Kymukyara v 3ybuv. o0pasyroT padyay, HIH
mepKky. B TJIOTKY OTKpbIBAlOTCS MPOTOKM OJNHOH Mapbl CAHOHHbLX
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ocene3. Y XHUHbIX OPIOXOHOIHX, MUTAIOLLIUXCS APYTMMH MOJIIOCKA-
MU HJIH HTVIOKOXKMUMH, CEKPETbl CJAIOHHBIX KeJse3 copepxKat ¢80600-
HYIO CepHyro Kucaomy AJsi PacTBOPEHHST PAKOBHUH. 3a INIOTKOH Ha-
XOJUTCSl JIOBOJIbHO JJUHHBIN nuujesod ¢ 3o06om. B nauane cpedweil
KuwKku obpasyercst seaydok, B KOTOPbIH BMANaIOT MPOTOKU reue-
Hu. leyeHb MOXKET BBIMOJNHSTL (PYHKIUH MHUIIEBApPEHHUs], BCAChIBA-
HUSI U OTJIOXKEHHUsI KUpa W raukorena. MurepecHo, 4yto y GpioxoHo-
rUX, KOTOpble yNOTPeO6IsIOT B MUILY THAPOUIHBIE MOJHUIBL, B Meye-
HU cOOUPAIOTCSl UX CTpeKaTesJbHble KJETKH, COXpaHsollHne crnocob-
HOCTb (PYHKIIHOHHPOBATH. 3a KeJNyAKOM CJIeNYeT MMOHKASL KUUKQ,
nepexonsiiasi B 3a0WION KUWlKY, KOTOpasi 3aKaHUWBAETCS AHAAbL-
HblM omeepcmuem HaJ TONOBOH MW TAe-HUOYAb HA MPaBoO# CTOPO-
He TeJsa.

Hoixamenovnas cucmema. BoSbIIHHCTBO OPIOXOHOTHX JIBIIIUT
ocabpamu, KOTopble 06pasyloTesi Kak 8bLpOCMblL 8 MAHMULHYIO RO-
A0CMb. Y HAa3eMHBIX U BTOPUUHOBOAHBIX OPIOXOHOTHX YaCTh MaHTHH-
HOH MOJOCTH 060COO6MSIeTCS U OTKPBIBAETCST HAPYKY CAMOCTOSITE/b-

15 14
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Puc. 99. [1pononbubiil paspes yepe3d TJIOTKY BUHOTPAAHONH yJIUTKH:

I — uesocTh; 2 — pOTOBAs MOJOCTh; 8 — MYCKYyJbHasi CTEHKA IVIOTKH; 4 —
KPOBEHOCHBIE TOJIOCTH f3bIKA; 5 — paAyJsipHbIH Xpsll; 6 — BHYTPCHHSA
IJIOTOUHAS! MbIIINA; 7 — CKJaJKa MJIOTOUHOTrO 3MuTenus; § — o6pasylonuil
paayay snutenui; 9 — panynasproe Baaranuile; /0 — coeHHUTeNbHAS
TKaHb PajyJaspHOro BJarajuina; // — MycKyJ, MOAJepKHUBAIOMIMI pajry-
JAsipHOe Braragauule; /2 — mnuieson; /J — OykkaabHas Komuccypa; /4 —
MoJIOCTh IIOTKH; /5 — panyna; 16 — a3blK; /17 — KyTHKYyJa
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HbIM oTBepcTHeM. [Jannas o6ocoOJeHHast MOJOCTb Ha3blBaeTcs .e-
2OHHOU NOAOCTMbIO.

Boideaumenvnasn cucmema npejicTaBieHa napoil nouex, U3 Ko-
TOPbLIX yalle coxpaHsieTcsi oHa jeBasi nouka. OIHUM KOHLOM C T0-
MOIIbIO PECHUYHOH BOPOHKH MOUKH COOOILAIOTCS C TepHKapIueM.
[1poTHBOMOMOKHBIM — OTKPBIBAIOTCS B MAHTUHHYIO MOJOCTD.

Kposenocnas cucmema nezamxnyra. Ctpoenue cepouya 3aBUCHT
OT CHCTeMATHYeCcKOH Tpymnmnel. ¥ Haubosee MPUMUTHBHBIX OGPIOXOHO-
TUX CcepJille COCTOUT U3 dceaydouxa u dgyx npedcepduti. I1pu aTom
JKesqyaoueK MpoHHU3aH 3aaHell KUIIKOH. C pa3BUTHEM aCHMMETPHUH
HU3MeHsIeTCs U TpaBoe Tpeacepane: OT CIeN03aMKHYTOro U yMeHb-
LLIEHHOT0 10 MOJHOro HcuesHoBeHUs. Takum o6pasom, y OONbLUIMHCT-
Ba OPIOXOHOTUX ceplye 08YXKAMEPHOe W COCTOUT U3 dHeAydouKka |
00HOe0, nesoeo, npedcepdus. Kposs ualie Bcero becysgemua.

Hepsnas cucmema nocrpoena no pa3bpocanHo-y31080MYy muny
(puc. 100). Umeercst & kpynuoix ckonaewuil eaneaues. Llepedbpanro-
Hble e@MeAuu PacroJioKeHbl Haj TJOTKOH ¥ MHHEPBUPYIOT Iasa,
CTATOIHUCTBI (OpraHbl paBHOBECHS), TJIOTKY U TOJOBHbIE MIyTaJblia.
B wnore pacnogoxenbl nedaavroie
eaHeAUUd, WHHEPBUPYIOUIME MYCKY-
JaTypy HOru. Psimom ¢ memanbHbI-
MU  TaHIJIUSIMH ~ pacrojaraiorcs
naespasvHole  eaHeAuu, KOTOpbIe
MHHEpPBUPYIOT  MaHTHwO. [lapue-
MANOHOIMU 2AHSAUAMU THHEPBUPY-
I0TCSl KTEHUAUU (2Kabpbl) U OpraHbl
xumuueckoro uysctsa. Ilon 3anHeit
KHUIIKOH  pacrmofjaraiorcs  gucue-
paAbHbIE 2AHAUL, KOTOPBIE OCYIIle-
CTBJISIIOT MHHEpPBAIMI0O BHYTPEHHHX
OpTraHoB.

Opeanot  uyscms. Opranamu
OCSI3aHUS CIYXKAT 20A08HbIE ULY-
naavua v kpai maumuu. [lepeduss
napa 20A08HbLX Wynaisey NCTOJHS-

Puc. 100. Ctpoenune HepBHOH cHcC-
TeMBbl pPas3HbIX BUJ0B 6PIOXOHOTHX
MOJITIOCKOB:

eT poJb 0peawos eKyca W 06ous- | — BUCILCPAJIbHbBIN  TaHIIHH;
Hus. Y Bcex OPIOXOHOTHX MMeeTcss 2 — OYKKa/lbHblil ranrmnii; 5 —

uepebpaabublii raurauf; 4 —
OJHA NaApa 2Aa3, PACTIONOKEHHBIX Y (e i 5 —  e-
OCHOBAHHUSI WJIH HA BEePIIMHE 33/~  janpupiii ranrauiic 6 — mies-
Heii mapel  mynaseu. Crpoenue pa/bHbId raHrauil; 7 — mnapue-

rj1a3 BapbuUpyeTr OT NPOCTbIX IJ1da3-

TaJIbHbIH TaHTJINH
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HBIX SIMOK JI0 TJ1a3HbIX MYy3blpeld C XPYCTAJUKOM W CTEKJIOBUIHbBIM
TeJOM.

ITonosas cucmemor u pazsumue. [lorosas seseza Bcerna 00-
Ha. Y paszdeavrononovix OPIOXOHOTMX OHA MPEACTaBA€HA AUUHUKOM
WU CeMeHHUKOM. ¥ eepmappodumnoix Gopm — eepmappodummuas
gcesesa, B KOTOpoil oO6pasyloTest u cnepmamogdoudol, u Aatya. Onao-
domeoperue BHYymMpenHee, nepekpecmuoe, HO BCTpedaeTcss U Ha-
pyscHoe onaodomasopenue. Pasputue ¢ memamopgosom. Jlnuuu-
Ka — NnapycHux.

Knacc MnactMH4yaToxkabepHble,

unu [iBycTBOpYaThie

OO6pasyT O0JbIIOH KJace MOPCKHX M TPECHOBOJ-
HBIX MOJIIIOCKOB € JBYCTBOPUATOH PAKOBHHOM, ONEBAIOLLEH TeJO C

60koB. XapakTepHast 0COO@HHOCTb — PEAYKLHS TOJ0BbI.

KPATKAST XAPAKTEPUCTHKA

Crpoenue O6aanator 6unatepanbHoil cummerpuei. ['omoBa peny-
uupoBana. Teso COCTOUT M3 TYJOBMILA U HOTH, TTOKPBITO
MaHTHel U paKOBHHOMH

[Muwesapureabnas | Pot, KopoTKuil nuieBos, xeaynok. Janee uaer cpen-
cucrema HsIsl KMIIKA, nepexoasiuias B 3aaHiol0. [Turanue gpuabt-
pauueit

OpFaHbl JAbIXaHus B MaHTHIHON MOJOCTH JIeXKAT MJIaCTHHUAThIE )Ka6pbl

KpoBeHocHas Hesamkuyrasi. Cep/lie neKUT Ha CIUHHON CTOPOHE B

cuctema 0KOJIOCeP/IeUHON CYMKe H COCTOMUT M3 2KeJqya0uKa H ABYX
npeacepaui

BbigeautenbHas COCTOUT U3 Mapbl MOYEK, HMEKIIUX BUJ TPYOUaThIX

cucrema MEIIKOB

HepBHaSl cucrema CocTouT U3 TpeX nap raHrauen, pacnoOKeHHbIX B Ie-
peﬂ,Hef/’I yacTH Tesa, B HOre U B 3aJlHEeH yacTH TeJa

OpFaHbl YyBCTB PasButnl cnta6o. Umerotes OpraHbl OCsA3aHUA U PaBHO-
BeCus

[TonoBas cucrema | B GosbmnHcTBe caydaeB pasaesnbHonodbie. [Tomosbie
»Keje3bl napuble. OMI010TBOPEHHE HAPYKHOE

PasButue PasBuTtue cBsizaHO ¢ BpeMEHHbIM Napa3uTU3MOM — JIH-
UHHKA MapasuTHPYyeT Ha pbibax
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OBIIASI XAPAKTEPUCTHUKA

Cmpoenue. B cBsizu ¢ pedykuyueil 201086l TENO CO-
CTOUT U3 mysosuwia U Hoeu. Teso uaule BCEro cnaouiero ¢ 60kos
U OUAQMePALbHO CUMMEMPUYHO, TIOKPBITO Manmuel. ManTus cBe-
muBaetrcs ¢ 60KOB, 00pa3yst MAHMULHYO NOAOCHMb, B KOTOPOH Ha-
xonsites Hoea W ocabpor. OOBIYHO Kpasi MaAHTHM CpacTaloTcs Ha
3aJHeM Kpar B JABYX ydacTkax. Takum oOpa3om obpasylores mpu
omsepcmus: 0HO 60JblIOE HA MepeaHeM Kpalo W B OplolliHON yac-
TH U ABa MaJIeHbKHUX 3aAHUX. HuscHee 3a0Hee omesepcmue Ha3blBa-
eTCsl BBO0HbLIM CUGOHOM W CHYKUT sl BBEJEHHS B MAHTHHHYIO
MOJOCTb BOJbl C MULIEBbIMU YaCTULAMU M A5 JAblXaHus. BepxHee
omeepcmue HA3bIBACTCS Bbl800HLIM CUGOHOM, U3 KOTOPOTO BBIBO-
JUTCA Bola W 3KcKpeMmeHThl. Hepes Gogabluoe nepednedprouinoe ot-
BepCTHe M3 MAHTHHHOH MOJOCTH BbICOBbIBaeTcsi Hora. foea uatie
BCEr0 CUJbHO CIJIOCHYTa ¢ OOKOB W 3aocTpeHa, oOpasdys nojpobue
kuasi. Takasi Hora CJOYXKHUT JJ51 PbIThbsl MeCKa WJAM WJa, a MHOraa
JUIsl 3aKpernJeHust MoJJiocka B cybcTpate. ¥ HEKOTOPbIX HeMoJ-
BHXKHBIX (OPM MNJIAaCTHHUYATOKAOEPHBIX HOra peayuupyercss HJH
coBceM ucuesaer. [IpeacraBnasier WHTepec HaJWuMe B HOre CrelH-
aNbHON Ouccycosoll menresovl, KOTOpasi BbIAEAAET TATyUuHe HUTH Obl-
CTpPOTBepaelolLero cekpera — oOuccyca. Ilpn momolu naHHbIX HHU-
Tel MOJIIIOCKH OPUKPENJAsAOTCA K MOABOAHbLIM MNpeaAMETaM. Pako-
gurna 00paszoBaHa HAPYHCHOIM INUMEAUEM MAHMULHbIX CKAQOOK W
COCTOUT H3 08Yyx C¢mMBOPOK, TMPUKPbIBAOLWUX Teao ¢ OokoB. Ha
CIMIUHHOH CTOpPOHE CTBOPKM CBSI3aHbl MeX1y COOOH MpU MNOMOLLU
9AACMUUHOU CBA3KU — AUSAMEHMAa W C TOMOLULbIO 3amka, o0paso-
BAHHOTO 3yOOBUIHBIMM OTPOCTKAMH KaK10H CTBOPKH, BXOASIIMMH
B yray0OsaeHuss MNPOTHBOMOJIOKHOH CTBOPKH. Jljas 3axJonbiBaHUs
CTBOPOK PAaKOBMHbBI CJAYXKAaT CHelHaNbHble MblULbl-3aMbIKAMEAU,
uMmerouue BHUA TOJCTbIX MYCKYJAbHBIX MYUYKOB, HAYUIUX OT O,U,H()ﬁ
CTBOPKH K APYTOH.

ITuwesapumenvnasn cucmema. Pom HaXoauTCsl HA MepeaHeM
KoH1le TysaoBuina (puc. 101). Tak kak rosoBa peayuupoBaHa, To aT-
pOoUPYIOTCS U Te YACTH KHUIIEUYHHKA, KOTOPble MOMELLAl0TCs B F0J0-
Be: enomkKa, yearocmu, padyaa u CAlOHHble xeredol. lnia 3armaa-
ThIBAETCSl C TOMOILbIO POMOBHIX AONACMEl, NOKPLIMbLX PEeCHUUKA-
mu. Por cpasdy BeleT B nuujesod, 3a KOTOPbIM CJAe1yeT MEUIKOBH/-
Hbll KenynoK. [To 6Gokam xKemyaKa HAXOMUTCS NapHas neuerv, Ubk
MPOTOKH BMALAIOT B XKEJIYI0K. 3aTeM CJeNyeT CpeoHAs KUUKa, Ko-
TOpasl pacrnoJjaraercsl B HOre U B 3aJHeM KOHIle NMepexoJuT B 3a0-
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Puc. 101. Cxema BHYTpeHHEro CTpPOeHHs MJIACTHHUATOKAOEPHOr0 MOJIIIO-
cKa:
I — poT; 2 — nepeaHuil MycKyJ-3aMblKaTenlb; § — LepeOponaeBpaabHblil

raHrJani; 4 — Keaynok; 5 — mneueHb; 6 — nepennsisi aoprta; 7 — HapyKHOe
OTBepCTHE MOUKH; § — TMOuKa, OTKPbIBalollasics B nepukapauii; 9 — cepa-

ue; /0 — nepuxkapauii; // — 3anuasa aopra; /2 — 3aaHAs Kuluka; /3 —
3aJHUH MYCKyJ-3aMblKaTesab, [4 — aHanbHOe OTBepcTHe; /5 — BHUCIEPO-
napueranbHblil raurauil; 16 — xabpbl; /7 — orBepcTHe roHanel; /18§ —

cpeansist Kuwka; /9 — ronana; 20 — nenanbHblil TaHrIUH

HIOIO KUwlKy. 3aaHsis KMIIKA MPOXOAUT uepes »KeayJlouek cepalla
3aKaHUMUBACTCSl AHAAbHbIM omeepcmuen. B cBsA3W ¢ TeM 4TO mnJa-
CTHHUATOKaOepHble BeJyT MaJONOJABHKHbBIH HAH HEMOABUKHbBIA 00-
pas »KU3HH, OHU NUMAIOMCS NACCUBHO, OMPUALMPOBLIBAS U3 BOLLbI,
NpoXosiledl yepe3 MaHTHIHYIO MOJOCTb, 1€TPUT MM MAAHKTOHHbIE
OpPTraHU3MBbI.

Hoixameaonasn cucmema npejicTaBaeHa sabpamu.

Boideaumenvnas cucmema. B 3anHell mosoBHHE Tesja Jexar
aBe V-obpasubie nouku, HanpapaeHHble BePUIMHOH K 3aAHEMY KOH-
ny. Onna u3 BeTBell OTKpPbIBAeTCSl B MepUKapAUH, Apyrass — B MaH-
THHHYIO MOJIOCTb.

Kposenocnasa cucmema nnactuHuatoxkabGepHbIX HHTepecHa
cTpoeHueM cepduya. B mpouecce pa3BUTHS y NMJAaCTHHUATOXKAOEPHBIX
3aKJaaAbIBAOTCS dsa 3auamka cepdya. ¥ HEKOTOPbIX HU3WIHUX HOPM
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dsa cepdya ocmaromces U 80 B83POCAOM
cocmosinuu. Y G0JbIIMHCTBA Ke 3aUaTKU
CAUBAIOTCH U 00pPasyloT 00HO HenapHoe
cepoue ¢ OOHUM KHCeAYOOUKOM U O8YMS
npedcepousmu. Ilpu cAUSHUU N€BOro W
MpaBoOro 3a4aTKOB KEJYJ0UKH CJAHBAIOT-
csl HAJl U MOJ KHUIIKOH, MO3TOMY KHIIey-
HHK M MPOHU3bIBAET KeJayJ0uekK, 4yTo Xa-
paKTepHO JJIs MJaCTHHYATOXKaOepHBIX.
B ocranbHOM KpoBeHOCHasi cucTeMa Ma-
JIO OTJHYaeTcs OT pPacCMOTPEHHOH y
O6pPIOXOHOTHX.

Hepsnas cucmema. B cBsiau c pe-
JIYKIIUEH TOJNOBbl KOAUUECBO eaHeAUes
ymenvuaemes do mpex nap: uepeopo-
nAeBPAAbHLLI  eQHeAUll TIPeNCTaBJAsIeT
coboli causiHue LepeOpa/JbHOTO W IJeB-
pANbHOTO TaHr/IHeB M HaxoauTess Haj PMC. 102, Cxema HepBHOM
MUILEeBOJOM; B HOre pacrosaraercs CHCTEMbL TIACTHHAATOKE-

OepHbIX:
napa nedasvHulx eaHeAues; TON 3all-
HUM  MYCKyJOM-3aMblkaTeseM JeuT [ — lepeGpasbHbie raur-
napa BucyeponapuemarvubLx caneaues MW 2 — Mejaibible ranr-
JINH; 3 — nJjaeBpaJibHbIU
(puc. 102). .
raHTJIWH; 4 — BUclepona-

Opeanol 4ygcms 1o NpUUHHE MaJO-
MOJABUXKHOTO 00paza KHU3HU pazsumol
crabo. Opeanamu ocsizanusi OObIUHO
CIYXKAT OKOAOPOMOBbLLE AONACMU WU PAZAULHbLE WYNAAbUECEUO-
Hble npudamku, 06pasylolnecss No Kpaw MaHTHH.

Ilonrosasn cucmema u passumue. B OGONbUIMHCTBE CJyuyaeB
naacTuHYaToxKabepHble pasdesvHonoasl. [lorosvie aceresol nap-
Hole. ¥ OLHUX (QOPM TMOJOBbIe XKeJe3bl He UMerom CcOOCMBEeHHbLX
NPOMOKOB U OMKPLIBAIOMCA 8 NOYKU, Y NPYrux — siyesodol u
cemanposodvl OMKpPbLIBAIOMCA HAPYHY Y OCHOBAHUs Horu. Omio-
JIOTBOPEHME ualle BCEro HapymicHoe. ¥ MOPCKUX (HOpPM pasBUTHE
HAaTIOMHUHAeT pa3BUTHe OPIOXOHOTMX: HMeeTCsl MJuaBalollast JUUYHH-
Ka, napycHuk. Y TPecHOBOAHBIX ¢opm, Hampumep y 06e33yOKH,
pa3BUTHE CBSI3AHO C MEMAMOPEGO30M W BPCMEHHbIM NAPASUMUS-
mom. Jlnuunka 6e33yOKH, ea0xudus, HEKOTOPOE BpeMsi pa3BUBAET-
Csl B SMUTEJHH PbIOBI, 3a CUeT KOTOPOH M THTaeTcs. BpemeHHBIN
Napa3uTHU3M BbITOJEH B CMbIC/J€ MUTAHUA M DPaCCEJCHUS MeJu-
TeJbHBIX paKyIlIeK.

pueTanbHbIi raHraui
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Knacc F'onoBoHorue

Knacc Haubosee Cl0KHO OpPraHU30BaHHbLIX, KPyI-
HbIX, @ HHOTJa OYeHb KPYMHBIX CBOGOTHOKHUBYILIUX MOJIIOCKOB.

KPATKAS XAPAKTEPUCTHUKA

CrpoeHue Teno 6unatepadbHO CUMMETPHUHO C PE3KUM pasjese-
HUeM Ha roJoBy M TysoBHlle. Hora mpespaiena B my-
nasablia, uand pyku. PakoBuHa pyaumentapHa. Ty/aoBu-
1le CO BCeX CTOPOH OJIeTO MaHTHel

[MuweBapureasbnasn | Por, myckynucras raotka. S13bik ¢ paaynaoi. [Tuiieson,

cucrema MYCKYJUCTBIN KeaynoK. TOHKasi KHIIKa 3aKaHUMBaeTCst

nopouuitedi. [Teyenn

Op rFaHbl AbIXaHUS

JKabpbl

KpoBeHocHas
cuctema

Cepjle COCTOUT U3 OJHOIO KeJIyJ0uKa M ABYX MJH ue-
Thipex npeacepauil. KpoBeHocHas cucteMa He3aMKHY-

tasi. KpoBb colepKUT reMollManu, MO3TOMY Ha BO3JLY-
Xe CHHeer

BoigeaurenbHas
cucrema

CoCTOUT M3 ABYX MJH UeThIpex mouek. BHyTpennee or-
BepCTHe MoYeK OTKPbIBAETCS B MepUKapauil, HApyXK-
HOe — B MAHTHUHHYIO MOJOCTb

HepBHasi cucrema

OKOJIOrJIOTOUHbBIE TAHTJIMK BEJHKH U 06pasytoT 0011yio
O0KOJIOTJIOTOUHYIO Maccy, OT KOTOPOH OTXOJSAT JABa KpyT-
HbIX MaHTHHHBIX HepBa

OpraHbl 4yBCTB

Opranbl 060HsiHUSI. Pa3BUTHI OpraHbl 3peHHus

[MonoBasa cucrema

[o/oBoHOTHE Pa3aeabHOMNOMbI, HHOTA C PE3KUM TMOJO0-
BbIM auMopduamom. Ona010TBOpeHHe BHYTpeHHee, Mpo-
UCXOJUT B MAHTHHHON TMOJOCTH CaMKU

PasButue

Bce pasButue nportekaer BHYTPU 000JI0UKH sfilla

OBIIAS XAPAKTEPHUCTHUKA

Cmpoenue. Teao COCTOUT U3 20A408bl, HOSU W MYAO-
suuia. l'orosa w myarosuuje, B OTAUUKME OT OPIOXOHOTHX, HE UMEOM
wemroeo pasepanuderus. Ha coUHHOH CTOpOHE TYJOBHILA MAHMUS
00pasyeT noKkposvl camoeo mya08uua, a Ha OPIOIIHOA — OT/eaeHa
OT TYJOBHILA MAHMUIIHOL noiocmoeto. Ha mecte mepexoaa TyJa0BH-
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11a B rOJOBY MaHTHHHAS TMOJOCTh UMEET OprouiHoe omaepcmue AJs
coobl1eHusi ¢ BHellHeld cpeaoil. B MaHTHHHON MmoJocTH nMeeTcs: 80-
pOHKa, KoTopas npupactaer K Tysaosuily (puc. 103). OnHum KOH-
LIOM BOPOHKA OTKPbLIBAETCSI B MAHTHHHYIO MOJOCTb, APYTUM BBIXOTHT
HapyxXKy uepe3 OpiowHoe oTBepcTHe. C MOMOILUBIO MAMMULLHbLX
MblUlYy, MAHTHS TJIOTHO MPUJIEraeT K TYJOBHILY, H BOJAA C CHJOH Bbl-
TaJKUBaeTCsl yepe3 BOPOHKY M3 MAHTHIHOH TOJOCTH HApy:Ky. 3a-
TeM MbIILILbl paccaabasiioTes, U MOJ0CTb CHOBA 3aMOJHSETCs BOJOM.
3a cueT TaKHUX PUTMHUHBIX COKpallleHHH MaHTHHHBIX MBI COBep-
AIOTCSl NAQBAMEAbHbIe OBUNCCHUS W MOJJIIOCKH TepeiBUTraloTcs
3aJHUM KOHIIOM Brepes. Hora y ronoBoHOrux oueHb CHJIBHO BHIOU3-

Puc. 103. KapakaTulia co BCKPbITOH MaHTHHHON MOJOCTbIO (BUA ¢ OPIOLLHOM
CTOPOHBI):

! — pyku ¢ npucockaMmy; 2 — JjoBuasi pyka; J — pot; 4 — oTBepcTHe BO-
pPOHKH; 5 — BOpPOHKA; 6 — XpsilleBble IMKH 3aMOHOK; 7 — aHaJbHbIH COCO-
yeK C aHaJbHbIM OTBepCcTHeM; § — MoueuyHble COCOUKH; 9 — HemapHbIH MNo-
J0BO# cocouek; /0 — xabpbl; [/ — naaBHUK; /2 — JHHUSI OTPe3a MaHTHH,
13 — otornytasi mautusi; /4 — XxpsiieBble 6YropKd 3amoHOK; /5 — MaH-
THHHBIH 3Be3/14aTbli FaHTIHH
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MeHsieTCsl: el coomeemcemayom 8oporka W wynasvya. llynanbua
06pasyloT 0K0A0pOmMosol geney. Y HU3WUX QopM (Kopabauk) —
HeomnpeneneHHoe KOJIUUEeCTBO OJIMHAKOBBIX llynaJell. ¥ OJLHUX BbIC-
IIMX TOJOBOHOTHX (Ocbmuroeu) umeercss 8§ xopoulo paseumolx oou-
HAKOBbLX NO pasmepy Kpynwolx wynaaey. Y Npyrux (kKapaxamuiyol,
KQAbMapbl) KpOMe 3TOT0 ecTh elle 2 eopaddo 6oaee OAUHHLLX N08-
qux wynaivua ¢ pacwupequem Ha Koryax. lllynanbia BelcIIUX ro-
JIOBOHOTUX HECyT MHOTOUHCJIEHHbIE KpynHole OUCKOBUOHbLE NPUCOC-
Ku, CjayKauiue AJasi 3axBata J100blYM MJAM MPUKPENJeHHsT KO JHY.
PakoBHHa MPUCYTCTBYET TOJIbKO y APeBHUX GopM. Y GOJBIIHHCTBA
FOMIOBOHOTHX PAKOBUHA pyoumeHmapra. B coe1nHUTENbHOTKAHHOM
C/I0€ KOXKH MPUCYTCTBYIOT MHOTOUMCJEHHbIE nuUeMeHMHble KAeMKU,
UM Xpomamogopsl, ¢ MOMOLLLIO KOTOPbIX MOJA KOHTPOJEM HEPBHOH
CHUCTEMbl MOJITIOCKH MO2YM MEHAMb OKPACKY meAaa. ¥ TOJOBOHOTHX,
B OTJHUME OT JPYTHX MOJJIIOCKOB, MOXKHO BbIIENUTH 0COObIH 8HYymMm-
PEHHULl CKeaem — XPAUEeBYI0 20A08HYIO KANCYAY, KOTOpas 3allu-
llaeT LeHTPAJNbHYIO HEPBHYIO CHCTEMY U B (DU3HOJOTHUECKOM OTHO-
IIeHHH COOTBETCTBYET Ueperny MO3BOHOUYHbIX.

ITuwesapumenvnas cucmema (puc.
104). Pom nexuT 8 yenmpe 8eHua wiy-
naaey. Jlanee uner eaomka ¢ padyiroil.
B rsotke mosiBasitoTest dge  moacmole
po2ogble deaiocmu, TIOXOXKHe Ha KJIOB
nmonyrasi, KOTopble B OCHOBHOM y4YacTBY-
I0T B 3aXBaTe M pa3MeJbUeHHH THIILH.
B rnoTtky BmamaioT npomoku 0syx nap
CAIOHHBLX gcened (cekpem 0OHOU napol

Puc. 104. [TuieBaputesnbHas cucteMa Kapa-
KaTHUIbI (¢ OPIOLIHONA CTOPOHBI):

I — raortka; 2 — oOWMI CJAIOHHOH MPOTOK;
J — CJIIOHHOH MPOTOK; 4 — 3aaHss CJIOHHAS
Kesesa; b — MUILEBOJ; 6 — TOJOBHAS aop-

Ta; 7/ — mneueHb; § — MOJKeJY0uHas )KeJje-
3a; 9 — xenynok; /0 — ciemnoil MemoK Ke-
aynka; /1 — ToHKas Kuuika; /2 — neueHou-
HbIl NpoToK; /3 — mnpsmas Kuluka; /4 —
NPOTOK UYepHHUJILHOTO MemKa; /5 — anyc;
16 — rosoBHas xpsileBas kancyJsaa (paspe-
3aHa); /7 — MOJOCTb KarmcyJbl CTaTOLMCTA;
18 — HepBHOE KOJbILO (pa3pe3aHo)
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amcenes sdosum). I'JIOTKA MPOJNOMKAETCS B nuuiesod, KOTOPbIH He-
peako obpasyer 300, u najnee B meulkoguodnoli sceaydok. [Tocne xe-
JYJKA WIeT MOHKAS KUULKA, 3aKAHUWBAOllasicsl 3a0Hell KUWKoi
aHarbHblM omeepcemuem. B KenyloK BManatwT npomoxKu neuexu,
yCarXKeHHble MHOTOUHCJAEHHBIMHU JHCeAESUCbIMU NPUOAMKAMU, KOTO-
pble UacCTO HA3bIBAIOT NO0HCEAYOOUHOU Heae30l.

Hoixameavnasn cucmema. OpraHbl JbIXaHUs, KaK y BCEX MOJIIIO-
CKOB, HaAXOASITCH 8 Maumuiinotl nosocmu. )Kabpel pacnosaratTcs
CUMMETPUUHO 1Mo 60oKaM TysaoBuila. O6MeH BOAbl B MAHTHHHOH MO-
JIOCTH OCYIILECTBJISIETCS] 38 CUET JIeSITeNbHOCTH MAHMULHOLY MblULl, W
BOPOHKLU.

Kposenocnasa cucmema. Cepdye ronoBOHOIMX COCTOUT U3 0OHO2O
scenydoura u dsyx uau wemolpex npedcepduil. OT Keayaouka oTXo-
AT 08e KpynHole aopmol. e0A08HAs (HECET KPOBb K T'OJIOBE W IIYy-
nanblam) U 8HYmMpeHHocmHuas (CHab)aeT KPOBbIO KUIIEUHHK H MO-
JoBble opraubl). KpoBb roJJOBOHOTHX CONEPIKUT eeMOUUAHIUH, TTOITO-
My Ha BO3IYyXe CUHeem.

Botdeaumenvnaa cucmema. [louxu npencraBiasior coboi meul-
KU, nepeonue omeepcmus KOMopvlx OMKPbLBAOMCL OKOAO HOpPO-
wuubl, Q@ BHYMPEHHUEe — 8 NepuKkapouaLbHbli Omoes yesoMq.
B cTeHKH moueK BAATCHA clenble BbIMAUMBAHUS TOJBIX BEH — Be-
HO3Hble npudamiu, KOTOpble O00JerualoT H3BJAeUEHHE MPOJYKTOB
o6MeHa BellecTB u3 KpoBu. [louek, kak u Kabp, MOxKeT ObITb 2
unn 4.

Hepsnaa cucmema ronoBOHOTHX JOCTHUraeT HaubOOJbIIEH CI0XK-
HOCTH CTPOEHHS] MO CPABHEHUIO C OCTAJbHBIMH MOJIIOCKAMU. [ aHe-
AUW  JOBOJIBHO Beauku W 00pasyrom eoOuryrd O0KOA0LAOMOUHYHO
nepsryo maccy (puc. 105).

Opeanot uyscma. Opearvl 000HAHUS PACTIONOXKEHDI Y OCHOBAHUS
Kabp aubo noa rnazamu. Opearst 3peHiss MOTYT ObITh MpejacTaBe-
Hbl KPYTTHBIMH AQ3HbIMU AMKAMU, TIOJOCTH KOTOPbIX MaJ€HbKHM OT-
BepcTHEM co00lIaeTcs ¢ BHEIIHEH cpelol, Ul eaasamu, no cTpoe-
HUIO HAMOMUHAIOUIUMU IJ1ada Muekonutatomux. CjaoxHble rjaasda ro-
JIOBOHOTHX 00JananT akkomodayuell 3a cueT npubiuniceHus W
yoarenus xpycmaauxa om cemuamru. Takke UMETCH npucnocoo-
AeHUsL K BUOCHUIO NPU CUALHOM U CAQOOM OCBEU,EHUU.

Y r1y6O0KOBOJHBIX TOJOBOHOIHX MOJJAHOCKOB HMEKTCS Crelnalb-
Hble OpeaHbl CBeHeHUS.

ITonosasa cucmema. T0M0BOHOTHE MOJJIIOCKH pa3denbHONONbL.
Y HekoTopblX BUAOB Habaionaercss noaosoil dumopguszmn. Onaiodo-
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Puc. 105. LlentpanbHas HepBHAsI CHCTEMA TOJIOBOHOTHX:

| — OyKKaJbHbIH raHrauil; 2 — nejanbHblil raHrauil; 3 — ONTHUECKUI HepB;
4 — BucuepaJbHbIil TaHraui; 5 — 1epebpaJjbHblil TaHTINHA; 6 — HepB, HALY-
MHH K KamoUoHy W IlynaabliaM; 7 — HepBbl PyK; § — MeCTO OTXOKJCHHS
ONTHUYECKOr0 HepBa; 9 — MaHTHIHBIN HepB; /0 — HepB, HAYLIMH K BHYTpeH-
HOCTsIM; [/ — HepB BOPOHKH; /2 — uHpyHAUOYAspHbIi raurauii; /3 — Opa-
XHaAbHbI ranranit (/2 u /3 — npou3BoJiHbIe MelaNbHOTO FAHTJIHS)

meopeHue daile BCEro MPOUCXOMAUT B MAHMULIHOL NOAOCHIU CAMKU,
rae obpasytores W siyesoie oborouxu. Bee passumue npomexaem
sHympu obosouek siiya u 6e3 memamnopgposa.

TN XOPAOBbIE

Tun XopaoBble 00beUHSIET 8MOPULHOPOMbBLY O08Y-
CTNOPOHHE CUMMEMPUUHOLY UEAOMULECKUX HCUBOMHBLX C MeMmamepu-
eil, BBIpaXKeHHOH MPenMyIleCTBEHHO Ha PAHHUX CTAHUSIX 3aPOJbIIIe-
BOT'O Pa3BUTHS. XOPAOBble UMEIOT BHYMPEHHUL CKeaem 8 8ude Xop-
OJb. ¢ Jexauled Hajx Hel HepsHoil mpybKoil, a mnoa Hed —
nuwesapumenvrol.

[lepennu#l KoHel nuieBapuTesbHOR TPYOKH — es0mKa — MPo-
HU3aH OTKPbIBAIOIIMMHUCA HapyxKy ocabeproimu weaanu. Cepdue
JeXKUT HA OPIOWHOL CMOopore meaa nod nuuLesapuImensbHoil mpyo-
Koti. Y BBICIINX XOPIOBBIX XOP1a 3aMeILaeTCsi 10380HOUHbIM CTIOA-
6om. Y HaszeMHBIX KJIAaCcCOB pa3BUBAIOTCS HOBbIE OpPraHbl JbIXa-
HUST — AecKue.
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NOATUIN BECHEPEMNHBIE

Becuepennbie — HemMHoOrOouMcaeHHasi rpynna Haubo-
Jlee MPUMHTHUBHbBIX, HCK/JIOUUTENIbHO MOPCKUX XOPJAOBBIX *KMUBOTHbIX.
Bce ocHoBHble MpU3HAKKU THMA XOPHOBBIX COXPAHAOMCS Y HUX NO-
ocusHenno. Opranu3auus GecuepenHbiX MpPeACTaBaAseT KakK Obl yri-
pOILEHHYIO CXeMYy CTPOeHHsi XOpJOBbIX. Hepsrnas mpybrka He Oug-
pepenyuposara Ha CIUHHOW W TOJOBHOH Mo3r. Yepennoii kopobku
nem. Opeansl wyscms npumumusHsl. Kposerocrnas cucmema 3amK-
Hymas, HO cepdya wem. Cxeaem TpeJNCTaBJIeH JHUIb XOPOOL.
Iaomra npobodena omsepcmuamu U CAYHUM OPeaAHOM OblXAHUSL.
[TutatoTcs Gecuepenuble, npoyexncusas 600y CO B3BELIEHHbIMU B Hell
MEJKMMH KUBOTHBIMU U PACTUTEJbHBIMH OpraHu3MamMmu. B nuuieBa-
PUTEJbHOI CHCTeMe UMeeTcsl newerourslll soipocm. [lapHoix KoHeu-
nocmeli Hem. BONbUIMHCTBO COBPEMEHHbIX BHJ0B O0OUTAeT B MpH-
OperKHbIX MEJKOBOJHbIX yuacTkax Mopei. [ToBenenue ux Becbma He-
cnoKHOoe. DBosbliylo uyacThb BpeMeHM OecuepernHble MPOBOAAT
3apbIBIIKMCH B MecyaHbll TpyHT AHa. B sTomM moatume Bcero oauH
KJacc.

Knacc Ff'onoBoxoppaoBbie

Buewnuii sud. Jlanyemnux — nosynpo3pavyHoe »KHu-
BOTHOE JUTMHOH H—8 cM, ¢ TesioM pboloo0bpasnoli hopmol, CKATHIM C
60koB. [lo ciuHHO# cTOpOHE TSIHETCS CKAAAKA — CAUHHOL NAQBHUK.
dTa XKe CcKJIaaKa, MPOJNOMKASCH HA XBOCTOBOH OT/es] Tenaa, o6pasy-
eT AQHUEeMOoBUOHbLI X80cmOoBol naasHuk. OT npedpomosoli 80poH-
Ku 1o O0kaM OplolllKa TSHETCS npaBasi U JeBast Memaniespalvhole
cKAaOKuU, CIUBAIOLINECS] C NO0XBOCMOBLIM NAQBHUKOM B paloHe
ampuasvioeo omsepcmus (ampuonop).

Kooicnole noxposor nanueTHUKA COCTOSIT U3 08YX CA0€8: HAPYHC-
HO20 — O0OHOCAOUHO20 3dnumeaus (3nudepmuca) W BHYMPEHHE20
(kymuca), nodcmuaarouieeo 3MUAEPMHUC TOHKUM CJI0EM CTyIeHH-
CTOH COeIHHHUTENbHOH TKAHU — KOpUYyMOM. BOAbUUHCBO KACTMOK
anudepmuca yuruxopuueckue. Hmeromes 60karosudHvle dxnceresu-
cmole KAemKu, BblleNeHUsT KOTOPbIX 06pasyloT TOHKYI MOBEPXHOCT-
HYI0 MJIEHKY — KYymuKyAy, NPeLoXpaHsAIoNLyi0 HEXKHYIO KOXKY OT TMo-
BpEXK/EHUS UaCTUILAMH TPYHTA.

Crenem. Ot nepeaHero 10 3ajJHero KoHIlA Tesaa TsHeTCs] xopoa,
y JaHLleTHHKA TMpejcTaB/eHHAsl yYHUKaJbHbIM 0OpaszoBaHueM, He
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BCTpeualuMes y Apyrux xopaosbix (puc. 106). Xopna obpasyeres
M3 SHTOJAEPMbl, OTIIHYPOBbLIBAsACH OT CMNMHHON CTOPOHbI MEPBUUHON
KHUILIKK, U NpeacTaBaseT coO0H caoxK-
HYI0 CUCTEMY NONePeUHbLY MbLULeYUHbLX
NAQCTMUHOK, OKPYMKEHHBbIX COeIHUHH-
TeJbHOTKAHHON 0060/J0YKOH.
[lnactuHku Ha OGOJbILIOM MPOTS-
JKeHMH HU30JMPOBAHbl APYr OT Apyra H
TOJIBKO MECTaMHU COeJIHHSIIOTCS TOHKH-
MU TOMepeyHbIMH BbIpocTaMu. Xopaa
JNICHCTBYeT KakK MYCKYJbHbIH OpraH:
COKpalleHUWe MbIlIL YBEJIHYUBACT €ro
YKECTKOCTb — XOopJa BeleT cebs Kak
TMAPOCTATHUYECKHH CKeJeT.
Myckyaramypa nanuetHuka (puc.
107) maaro Ougpgepenyuposarna u
obecreunBaeT JHILIb HECJ0XKHbIe JBH-
JKeHHsI JKMBOTHOTO TpPH MJAaBaHUH H

Puc. 106. [Tonepeunsiii (A) u npopoabHbIN
(5) paspesbl XOp/bl JTaHIETHHKA:

| — HepBHas TpybKa; 2 — ob6osouka; 3 —
MOTOHEHpPOH; 4 — MblllleuHas MIaCTUHHKA

Puc. 107. JlanueTHuk:

A — obuwwmit Bux: I — xopna; 2 — HepBHast TpyOka; J — HemapHbIH r71as;
4 — rnasku [ecce; 5 — OKOJOPOTOBbBIE HLyMaJblibl; 6 — napyc; 7 — TJIOTKH
c kabepHbIMU wWeAAMH; § — KHIIKA; 9 — 3aJHENpPOXOJHOE OTBEPCTHE;
10 — neuyeHOUHbIH BbIpOCT; I/ — oKosMoxKabepHasi MoaocTh; /2 — aTpuo-
nop; /3 — rouanbl; /4 — CNUHHON MJAaBHUK; /5 — XBOCTOBOH MJaBHUK;
16 — OplouHoOil NaBHUK; /7 — MeTanseBpasbHble CKIaaKK; /§ — MHOMe-
pbl; 19 — mMuOCenThI;

b — nonepeunblit paspe3 B 0067acTH KabepHOro oTaena KUlleuHHKa: [ —
CMUHHON TNJMaBHUK; 2 — HepBHasi TpyOKa C HeBpoleJeM, OKPYKeHHbIM
rnazkamu [ecce; 3 — cKeseTOreHHbIH cloi; 4 — MHOMEpbI; & — MHOCENThI;
6 — cyOKOpAaNbHbIl 11e70M; 7 — MeXxKaOepHble neperopojiku; § — roxa-
na (anuHuK); 9 — nonepeunblit MycKyJs1; /0 — supoctuab; // — merannaes-
pasbHble CKIaAKH; /2 — MeueHOUHbll BBIPOCT; /J — yuyacTKH LeJI0Ma;
14 — nanxkabepuas 6oposna; /5 — snunepmuc; /6 — xopna; /7 — atpu-
asibHasi MOJIOCTB;

B — cxema KpoBooOGpaienus: | — cnuHHas aopta; 2 — OploliHas aopra;
J — rneyeHouHasl BeHa; 4 — 3ajHss KapJHHaJbHAs BeHA; 5 — BOPOTHas
BeHa MeueHHu; 6 — MoJKUIleuHasi BeHa; 7 — MepejiHss Kap/AuHaabHas BeHa
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3apbiBanund B necok. K xopae mpusneraer 50—=80 MbllleuHbIX cer-
MEHTOB — MUOMEpPOB8, PaA3]eJEeHHbIX COCAUHUTEAbHBIMU MEPeropo-
KaMu — muocenmamu. MuUocenTbl U30THYThl MOJ OCTPbIMU yraaMH,
BEpIIHHbI KOTOPbIX HANpaBJeHbl K MepejHeMy KOHILY Tenaa. B sToii
CBSI3W MHOMeEpbl UMeIOT (POPMY MOJOBUHBI KOHYCa C BEPIIHHOH, BXO-
Jslledl B BbIeMKY BIepeu Jexkaulero muomepa. Muomepsbl JeBoi U
npaBoil CTOPOH Tesaa pacrnoyoKeHbl TaKUM 06pa3oM, YTO MHOMEpHI
OJIHOM CTOPOHbI CMeEllleHbl Ha MOJOBHHY CerMeHTa MO OTHOLICHHIO
MHOMEPOB JAPYroil cTopoHbl. MuoMepbl COCTOST U3 MOMEPEYHONONO0-
catblx Mbilill. CokpalleHHe MHOMEPOB MOCAeN0BATENbHO H3rubaer
TEJO B FOPU30HTAJbHOH MAOCKOCTH. YTpyrue J0oNacTH XBoCTa TMpH
TaKOM JIBH)KEHHH, H3rubasicb, paboTaloT Kak rpeOHON BHHT, TOJIKAs
TeJO BHepel.

ITuwesapumenvnasn cucmema. [luranne B 3HaUUTeNbHON cTerne-
HU naccusHoe — puavmpayuei. Tlvila nomanaer uepe3 pom B
2A0MKY BMECTe C TOKOM BOJlbl, BOSHUKAIOUUM MPHU IBUKEHUU npeod-
pOMOBOL BOPOHKU 8eHUUKOM wynaaey. B Hell HaxonuTes pomosoe
omsepcmue, OKPYKEHHOE NaApycom — MYCKYJUCTOH Meperopokoil.
[To cpenneil HHUKM OPIOUIHON CTOPOHBI I'VIOTKH TSIHETCS 2eA000K,
BBICTJIAHHBII HEACSUCTIOIMU U MEPUAMEAbHbLMI KIETKAMU, — IH-
docmuanas. yKeneaucrtole KJIETKH BbIJENSIOT CAU3b, KOTOpasi 06BoMA-
KMBAeT 0OCaKaatoliuecss U3 BOJbI MUILEeBble YacTUlUbl. [IBHUKeHHEM
pPeCHUUYEK 3MUTEJUS IHIOCTUIS BO30OYKAAECTCA TOK, KOTOPbIH yBJe-
KaeT CJAW3b W THILEBble KOMOUKHM BTEpe] K POTOBOMY OTBEPCTHIO.
Pes3ko cyxasicb Ha 3aJHeM KOHIle, eA0MKA MEPEXOAUT B OTHOCH-
TEJNbHO KOPOMKYIO KUWKY, 3aKAHUUBAIOULYIOCH QHAAbHbIM OMBep-
cmuem. OT HaUaJbHON YACTH KHUIIKH, CPa3y »Ke 3a TJIOTKOH, OTXOJUT
HanpaBJeHHbIH Brepen newenounnili evipocm. IlepeBapuBanue mnu-
1IeBbIX YACTHIL MPOUCXOJUT KAK MO BCEH AJIMHE KUIIEUHUKA, TAK U B
MOJIOCTH MEUYEHOYHOr0 BbIPOCTA, CTEHKH KOTOPOro BbIAGJASIOT MULLe-
BapuTeabHble epMEeHThI.

Hoixamenvnaa cucmema. CTEHKH TJIOTKM MPOHU3aHBI MHOTOUYHC-
JgenubiMu (oxosno 100 map) KocopacnosoKeHHbIMU dHcabepHolmil uje-
aamu. OHU OTJEJEHbl JPYT OT Apyra TOHKUMH Mencocabeproimu ne-
pecopodkamu, MOKPLITBIMU pECHUTUATBIM 3nuTenneM. Bona uepes
pPOT MOCTynaer B rOJIOBY, MPOXOJIUT uepe3 kabepHble 1IeJH B OKPY-
KAWILYI TJIOTKY 0KOA0MADOEPHYK NOAOCMb, KOTOpas 3allluilaeTr
JbIXaTeJbHbII anmapaT OT 3acOpeHust yacTHukaMu rpyHra. Tok Bo-
JIbl CO3/1aeTCs JIBUKEHUEM BBIPOCTOB MEpPLATENbHOr0 OpraHa M Ko-
JeGaHHeM pecHUUEeK, MOKPbIBAIOLWUX MexKKaOepHble Meperopoaku.
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Kposenocnas cucmema nanuernuka 3amknytas. [Ipencrasaena
08YMA KPYNHOLMU COCYOAMU — CAUHHBIM W OPIOWHbIM — W KANnuA-
aapanu. Cepdya Hem. TeueHHe KPOBH OCYIIECTBJSIETCS 3a CUeT
COoKpalleHuil Oprounoeo cocyda. [emoerobuna Hem, Kposo Oec-
usemua.

Botdeaumenovnas cucmema npeicTaBaeHa MHOTOUHCAEHHBIMU
(no 90 nap) Heppuduamu, pacnosoKeHHBIMH HaJ TrJI0TKOH. [Toutu
BCs HegpuduasvHas mpydKa HAXOAUTCA B MOJOCTH Tela — yeao-
Me, a KOHely OTKPbIBAETCS B OKOAOMADEPHYIO NOAOCTb.

Hepsnas cucmema. [[enmpaarvHas HepseHas cucmema Tpe-
CTaB/JeHa npPo0oAbHOU MpPYOKOU, BHYMPEHHIsE NOAOCTMb KOTOPOH
HasbiBaeTcs Hespouearem. llpu pasBUTUM JAHILETHUKA MOJOCTb
HepBHOH TPpyOKH coobulaeTcss ¢ HAPYKHOH cpeodl mocpeacTBOM OT-
BepCTHUST — Hegponopa. Y B3pocabix ocobel 3TOro coobileHus HeT, a
Ha MecTe HeBpoOmopa ocraercs yrayOJeHue, Hocsilee Ha3BaHue 060-
HAMENbHOL AMKU.

B cTeHKax rosoBHOro OTJesa ecTb CKOMJIEHHsI 0COObIX eaHeauo-
HAPHbIX KAEMOK, a B MepeHeld 4acTH pacrosoXKeHo AueMeHmHoe
namuao (nenaprolll «eAa30K»). ET0 QyHKILMSA He BblsCHEHaA.

[lepugpepuueckas Hepswas cucmema TPpeICTaBIeHA Hepsamu,
OTXOASILLLMMH OT HePBHOH TPYyOKM B KarKJ0OM CerMeHTe dsyma napa-
mu (nresas u npasas) — cnunnolm v OprowiHoin. CIMHHBbIE HEPBBI B
(GYHKUHOHANBHOM OTHOILIEHHH SIBJISIOTCS CMellaHHbIMH — dguea-
MeAbHO-UYBCMBUMENbHbIMU. DplolliHble — UYHCTO dgueamenvHole.
CrnvHHble W OpIOIIHbIE BETBY HEPBOB Y JIAHIIETHUKA HE CBSI3aHbI Me-
KAy coO0H.

Opeanot uyscms JnaHueTHUKA TnpocTbl. Mexawuueckue (mak-
MuAbHble) OLLYLLEHHST BOCIPUHUMAIOTCS HePBHbIMH OKOHUAHHUSMH B
MOBEPXHOCTHOM CJIO€ KOXKM. Tam »Ke pacrnosaraioTcsi HEpBHble KJeT-
KW, BOCIPpUHUMAIOLLUE Xumudeckue pasdpaxcerus. B HepBHO# TpyO-
KEe pacroJioxKeHbl CBETOUYBCTBUTENbHbIE KJCTKM — eaasku [ecce.

noaATMIN NO3BOHOYHDIE,
UJI1 YEPENMHbLIE

[TozBonounble, uan Yepenuele, Handogee BbICOKOOP-
raHU30BaHHAs TPyMna THna xopaoBeix (puc. 108).
ITokposor mena. PaznnuaioT J1Ba Ca0S KOXKH: HApPYXKHbIH —
MHOLOCAOUHDLIL dnudepmiuc, BHYTPEHHUH — KOpuym.
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Puc. 108. Cxema cTpoeHHsi M03BOHOUHOr0. A — MponosbHbII pa3pes; mome-
peuHble pazpesbl ronoBbl (5), TynoBuuia (B) u xsoctoBoro oraena (1)

| — xopna; 2 — CNUHHOH M03T; 8 — TOJIOBHOH MO03T; 4 — »KabOepHble LLIeJH;
5 — cepaue; 6 — qerkoe; 7 — roJioBHas MouKa, WM npoHedpoc; § — TyJo-
BUII[HASI TOUKa, Man Me3oHedpoc, 9 — TaszoBasi nmouka, WIH MeTaHeppoc;
10 — nonoBas xenesa; [/ — x)enynok; /2 — xuiika; 18 — nojzKeayaou-
Has Kesesa; /4 — neuenb; /5 — cenesenka; /6 — MoueBOil ny3bipb; /7 —
K10aka; /8 — mocranasabHas Kuka; /9 — mpojpoaroBatbiii moar; 20 —
MbILLLbL; 2/ — depenHasi KOpobka; 22 — xabepHble JeNecTKH; 23 — poTo-
rinotka; 24 — OplowHasl aopta; 25 — BHyTpeHHee KabepHOe OTBepCTHE;
26 — Hapy»xHoe )KabepHoe oTBepCTHe; 27 — KabepHblil MelioK; 28 — npa-
Bas 3a/lHdAs KapjauHaJdbHas BeHa; 29 — cnuHHas aoprta; 30 — MpOTOK ro-
JIOBHOH MOUKM; 8/ — BTOpPHUHAS MOJOCTb TeJa, WM LeJN0oM; 32 — mnpaBas
60koBasi BeHa; 33 — TMJIABHUKOBLIH Jyu; 4 — BepXHfAs Ayra M0o3BOHKA;
35 — HUXKHAS Ayra MO3BOHKA; J6 — XBOCTOBasl aprepHsi; 37 — XBOCTOBas
BeHa

ONuaepMuC faeT HAuaJJ0 POCOBbIM NPOUZBOOHbIM B BULE POO-
BbLX Heulyll, nepves, B0A0C, Koemell, KOnbim, noavlx poeos. B smu-
JepMHCe PA3BUBAIOTCS pasHoobpasHole seresol. Kopuym, umn cob-
CMBEHHO KO, COCTaBJISIET OCHOBHYIO YacTh KOXKH. B aTom cjtoe ko-
KU Pa3BUBAIOTCS pa3HOOOpasHble OKOCMeHeHus B BUe Heulyil polo,
NOKPOBHbLX KOCMELl, KOCHIHbLX PO20B8 OACHELL.
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Ckenem TNO3BOHOUHBIX 8HYympeHHuil. MoxeT ObITb Xxpsauiesoim
WJIH KOCMIHbLM. BBIIETSI0T caefylolne CKeJeThbl: cKeAem 204086,
WK yepen, ocesoll ckeaem (TO3BOHOYHMK), BUCUePANbHbLI CKeaem,
cKkeaem KOHeYHocmell U ux noscoa.

Myckyaamypa TO3BOHOUHBIX MOJpa3essieTcss Ha comamuue-
CKYI0 — myckyramypy meaa, oOpa3oBAHHYIO NONEPEUHONOAOCA-
MbIMIU MOLULUAMU, U BUCUEPANbHYIO — BHYMPEHHUX Opearos, obpa-
30BAHHYIO eAQOKUMU U NONEPEUHONONOCATIbIMI MOLULLAMU.

ITuwesapumenvnan cucmema. [luwesapumensvrolli mpaxm
BKJIOUAET POMOBYIO NOAOCTb, 2AOMKY, NUWEB00, HeAYOOK, Kuuley-
HUK, TIONPpa3AensiioUlniicss Ha nepeonuil, NI MoHKULl, cpeorull, UIu
moacmolil, 3a0Hull, uiu npamot, oTaeabl. Mopdosoruueckn ycaox-
HeHMe KHUIIeYHOr0 TPAKTa Yy MO3BOHOUYHBIX U/ET 10 MYTH ero yaJauHe-
HUS U AH(depeHUnpoBKHU. [IBe OCHOBHbIC nuuiesapumenbroie jene-
36l — neuerv U nN00KHceAYyOOUHAs dHeere3a.

Hoixamenvnas cucmema. Opeanvl OblXaHUs TTO3BOHOYHbBIX ObiBa-
I0T IBYX THIOB: 2caOpol U AeeKue. ¥ HEKOTOPbIX CYylleCTBEHHOe 3Ha-
yeHHe UMeeT KOXMCHOoe ObixaHue.

Kposenocnasa cucmema 3avmxuyrtas. ¥ pulb 00un Kpye KposoooH-
paujerus, y oCTanbHbIX — 08a Kpyea kposoobpaujenus. IlosBaser-
csl CMelnaabHbIi MyAbCHPYIOWHUH opran — cepdye. OCHOBHBIE OT/le-
Jbl cepaiia — npedcepdue u sceaydovex. OT cepjila KpOBb JBHKET-
Csl N0 apmepusim, K Cepally — no 8eHaM.

Kpome KpoBeHOCHO! CHCTEMbI Y MO3BOHOUHBLIX HMEETCs] He3aMK-
HyTas aumgpamuueckas cucmema.

Botdeaumenovnaa cucmema (puc. 109). Opearnsr svi0erenus
npeacTaBaeHbl TAPHBIMU NOYKAMU, KOTOPble CHAGKeHbl BHIBOJIHBIMU
NPOTOKAMH — MOUEMOoUHUKaMU. BbIIeNI0T nepsuinole nouku, uiu
MyA08ULLHbLe, T 8MOPULHbIE NOYKI, UTH MA308bLE.

Hepsnas cucmema nenutcst Ha yeHMpPaabHyio U nepugepuye-
ckyro. K LeHTpaJabHOH HEPBHOH CHCTeMe OTHOCSITCS 20.408HOI W
chuHHOU mo3e. T'0JOBHOH MO3T COCTOHUT M3 TSITH OTHEJIOB: nepeo-
HULl, npomexcymounslii, cpeoHul, npodoAcO0BAMbLL W MO3NHCEUOK
(puc. 110). Ot ronoBHoro mosra otxoasit /10 uau 12 nap uepenwo-
M03208bLx Hepsos. OT CIUHHOIO MO3ra MeTaMepPHO OTXOMSAT CAUHMO-
MO032080ble Hepabl.

ITonosas cucmema. Bee mosBoHouHble paszdeabHonoast (3a Hc-
KJII0UeHWeM HeCKOJbKHX BHIOB HHU3LIKUX MO3BOHOUHBIX). [loa08b6le
acenesol napuoie. ONIOAOTBOPEHNE BHEUlHee UIH sHympenHee. [1o-
A080Il OUMOPPUIM XOPOULO BbLDANCEH.
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Puc. 109. Cxema MOUenoJ0BOH CHCTEMbBI MO3BOHOUHBIX. A (camen) u b (cam-
Ka) — akyJosble 0 ampubuu; B (camen) u /" (camka) — penTHIMH WU MTH-
ubl; /[ (camelr) U £ (camka) — MJeKOMUTAIOLLIHE:

I — nponedpoc (mpeanouka); 2 — ceMeHHHUK; 3 — CEMSIBBIHOCSLLIMH TPO-
TOK; 4 — Me3oHedpoc (MepBUUHAS MOYKA); 5 — 3aaHss KULIKA; 6 — Moue-
BOH My3blpb; 7 — Kj0aka; § — BOpoHKA; 9 — siMUHUK; /0 — MI0JIEpOB Ka-
HaJa, // — mpuaaTtok ceMeHHHMKa (OCTATOK MepeaHell yacTu Me3oHedpoca);
12 — cemsinpoBon; /3 — wmetanedpoc (BTopuuHas nouka); /4 — BTOpHU-
HbIl MOUYETOUHHK; /5 — pyauMeHT Me3oHedpoca; 16 — sfiueson; 17 — sii-
neksaeTka; /8§ — OeJoK, BblleJsieMblil »Kele3aMH CTeHKH siiiueBona; /9 —
Mmatka; 20 — 3apoablll B MaTtke; 2/ — Baaragauule; 22 — MoJ0BOH CHHYC;
23 — npejacraresbHble Kejesbl; 24 — ceMeHHOH nysbipek; 25 — cemsnpo-
BOJ; 26 — TMpPHUAATOK CeMeHHHKA; 27 — MPOMEXKHOCTh; 28 — pYJIHMEHT
MIoJIepoBa KaHasa; 29 — kanasn mMesoHedpoca (MepBUUHON MOUKH), 30 —
KOTYJISITUBHBIH opraH (newuc);, 3/ — aHajnbHOe OTBepCTHE
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Puc. 110. [0/10BHOH MO3T pasaMUHBIX MO3BOHOUYHBIX. A — KOCTHCTOH pPbIODI;
b — amdubuu; B — pentuauu; I — nruupl; [ — MJaeKonuTatoluero (Kpo-
JIMKa):

1 — obGoHsATe bHbIE 10JH; 2 — KOHeUYHbIH MO3T (6oJbline noaymapus); 3 —
NMPOMEXKYTOUHBIH MO3T; 4 — CpeiHHi MO3T; § — MO3XKeuokK; 6 — MPOJOJATro-
BaTbId MO3r

[Toarun Mo3BOHOYHBIX BKJAYaeT 6 KaaccoB: Kpyearopomoie, Pol-
Obl, 3emHOB0OMbIe — HU3NIMe TI03BOHOUHbIE; [Ipecmoikaroujuecs,
ITmuuot, Maekonumaroujiue — BbICIIHE TMO3BOHOUHbIE,

Knacc Pbi6bi

PbiObI IBASTIOTCS NepBUYHOBOAHBIMH MO3BOHOYHbBIMHU, B
CBSI3U C 3THM BCe 0COOEHHOCTH MX CTpOEHHs CBAA3aHbI C BOJIHOU cpeﬂoﬁ.

KocTHble pbibbi

Jlannas rpynmna BKJIOUaeT HauboJsbliee KOJTHUECTBO
BU0B. KocTHble pbiObl pacnpocTpaHeHbl B caMblX pasHOOOpa3HbIX
BOJIOEMaX.

ITokposor pbld 00pa3oBaHbl MHOCOCAOUHBIM INUOEPMUCOM U
depmoii. B snupepmuce pacrnonaralorcsi OOHOKAEMOUHbIE CAU3LU-
cmote gcenedol. Teqo MOKPBITO KOCMHOL Hewiyeil, TPOU3BOIHON nep-
mbl (puc. 111, A, B).

Ckenem TpeiCTaBJIeH CKeJIeTaMH 20408bl, MYA0BULYA, NAPHLLX
U Henapuolx Koweuwocmeil. Uepen cOnepkKUT MO32080i W Bucle-
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Puc. 111. [1ponoabublii pazpes3 uepe3 KoKy KOCTHCTOH pbiObl (A u b — yBe-
JINUEHO) U XPsilLeBo# puiObl (B):

! — snupepmuc; 2 — KopuyM; § — 0asajbHblil €10 snuaepMuca; 4 — KocT-
Hasl 4ellys; 5 — UYyBCTBYIOIIAsl KOHIEBAasl MOUKa; 6 — CJH3E0TACNUTEeNbHAS
OJIHOKJIeTOUHAf Keje3a; 7/ — KOJOOBHIHAS OJHOKIETOUHAs Keje3a; § — mia-
KOWJIHbIE UellYH Ha Pa3HbIX CTAAUSIX PA3BUTUS (UePHBIM — JEHTHH, OeJbIM —
BHYTPCHHSIS MOJIOCTh UCIIYH, 3aMOJHEHHAsT MSIKOTbIO); 9 — cJofl smasu

pasvhblli omodesnvl. BucuepaJsbHbll OTIEN COCTOUT U3 4EAIOCTHOL 1
no0dvsa36i4HOl Oye, KOTOpble 00pasyioT uearocmHuol annapam polb.
JKabeproie dyeu ABAKIOTCS OMOPOH AJs KabepHOro annapara.
OceBofl ckeseT MpeaCTaBAeH HO3B80HOYHUKOM, UMEIOLUIUM JBa
oTaeNa: MYA08uULHbLE 1 x80cmo8oil. [TouTH MOMHOCTBIO OKOCTEHEBA-
etr. [To3BOHOYHUK COCTOHT H3 n0380HKO8. MexK1y MO3BOHKAMH CO-
XpaHsoTest ocmamiu xopdel. Han TemaMu Mo3BOHKOB BepXHHE TYTH
cpacratoresi, 06pasysi cnurHomoseosol Kanaa. OT HUKHUX AYT OT-
XOJSIT TOTIepeuHble OTPOCTKH, K KOTOPBIM MPUKpENIsioTes pebpa.
CxeseT KajJ0ro M3 MapHbIX MJAABHUKOB — epyodHblx W Oproul-
HblX — COCTOUT U3 nodca u cxkeaema c800600H0L KoHeunocmu. Pas-
JUYAI0T naeyesoll U maaosoiil nodca. Iosc cayKUT onopol s Jy-
yell MJAaBHUKOB M JIEXKHUT B Kopryce Teja. [pyaHble MIaBHUKH CO-
WIEHSIIOTCS C TIJIeUeBbIM TOSCOM, OPIOLIHbIE — C Ta30BbIM.
Mboueunasn cucmema coxpaHnsieT ceemMesmapHoe cmpoeniie, Ho B
OTJIHYME OT JiaHLeTHMKa OoJsee pazHooOpasHa. XOpOWO pPas3BUTHI
MBIl YeNIOCTeH, MIaBHUKOB, KaOepHbIX AYT.
IMuwesapumenvnas cucmema (puc. 112) xapakrepusyercs
boavuioll duggepenyuposkoli Ha omdeavl u yoauHeHUeM BCeeO Nu-
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wesapumenrvroco mpaxkma. IlosiBnenne yearocmeil u 3yb6os obecrme-
YyMBaeT aKTHUBHBIH 3aXBaT U yaep:kaHue N06bIYU. 3yObl UMEIOT OJH-
HAKOBOE CTPOEHHE U CMEHSIOTCA B TeueHue KU3HU. Jlas yayuiieHus
MUIeBapeHUusT UMeIOTCsS nuaopuyeckue npudameu, HaXosIHecs
nocJe seayoka. Xopouo pa3BUTa newexo.

Hoixamenvnan cucmema. Opraubl AbIXaHusi — x#cabpbol — HAXO-
JIATCA HEMOCPENCTBEHHO Ha odcabepHolx Odyeax. JKabeproie ujeru
MPUKPBIThI H#HAOEPHOL KPblulKOL, YTO TO3BONSET OCYULECTBJASATh Jbl-
XaHHWe B HEMOJBUXKHOM COCTOSIHUHU (puc. 113, A). ¥ HEKOTOPBIX KOCT-
HBbIX pbIO, XKUBYILIUX B HAMCTLIX BOJAOEMax, NOTOJHHUTENbHBIM Opra-

\. g - i
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94 38 29 16
Puc. 112. Crpoenue KOCTUCTOH PbIOBL:
1 — xabpwl; 2 — mpencepaue; 3 — Keayaouek; 4 — JYKOBHILA a0PThI;
5 — OprlowHas aoprta; 6 — KOPHHM CNHUHHOH aopThl; 6" — CNUMHHAs a0pTa;
7 — mnepeiHsisi KapauHa/dbHasi BeHa; /' — 3ajHsisl KapJMHaJbHAs BeHa;
8 — KIOBbepPOB MPOTOK; 9 — BeHO3HbIH cUHYC; [0 — Keaynok; /1 — nujo-
puueckue npuaatku; /2 — xuumika; /3 — cenesenka; /4 — neueHb; 15 —

JKEeJUHBIA Ny3blpb; /6 — noJsoBas Keneda (SUUHUK), /7 — n/aaBaTeabHbIH
nysbipb; /8 — pyAUMEHT TOJOBHON MOUKH; /8§ — TynoBHILHAS Mouka; /9 —
MOUeBOH Ny3blpb; 20 — aHasbHOe OTBepcTHE; 2/ — MOJOBOE OTBEPCTHE;
22 — MoueBoe OTBEpCTHE
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HOM JIbIXaHHUS MOXET CJAYKUTb Kodzca. [1oBepXHOCTHbIE PbIObl MOTYT
3aeAamol8amMb AMMOCPHEPHbLL KUCAOPOO.

Kposenocnas cucmema. Brniepsble MOsIBJIsICTCS CMELHANH3HPO-
BaHHbIH opran — cepduye. OHO cOCTOUT U3 npedcepdus W geryoou-
Ka. B cepaue pbib TonbKO 8eHosnas Kposs. KpoBeHocHasi cucrtema
samkHymas. O0un kpye kposoobpauserus (puc. 114, A). Y nBosiko-
JbIIAIIMX U KMCTENepblX pblO B CBSA3U C MOSBACHHEM JIEFOYHOTO Jbl-
xaHust GopMUpyeTcss BTOPOH KpPyr KpoBooOpalleHHs.

Boideaumenvnas cucmema TNpeNCTaBICHA NEPBUUHbIMU, UAU
MYAOBUULHOIMU, NOYKAMU — TAaPHBIM OPraHoM, HMEIOLHM BHJ
JIEHT, KOTOpble JiexKaT BJOJb Tejaa Moj MO3BOHOUHMKOM. KMmeercs
Mouesoll nyaovipbs.

ITonrosaa cucmema. Puibbl SBJAIOTCS pas3oesvHONOAbIMU JHCU-
BOMMHbIMU, Y KOTOPBIX HabJ01aeTcst noaosol dumopgusm. Berpeua-
10TCsl U eepmagpodummote popmbl. [TomoBble xKesme3bl pacrnosarator-
csl PSIAOM € MOYKaMM M MMEKT 0OblUHO napHoe cTpoeHue. CemenHu-
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Puc. 113. [opusoHTaAbHBIH pa3pe3 uepe3 roJgoBY KOCTHCTOH pbiObl (A)
aKyJbl (b) (cxema); cieBa — MOJOXKEHHE KJaanaHoB MpH BJOXe, cipaBa —
MpH BbIJOXeE!

| — THOMAHBINA KaanaH; 2 — KJaanaHbl MeK:KaO0epHbIX Neperopook; 3 —
»KaGepHble JIeNnecTKH; 4 — poToBasl MOJOCTb;, 5 — HapyKHble »KabepHble
noJI0CTH; 6 — KabepHasl KPbIILIKA; CTPEJKAMU MOKa3aH TOK BOJbI
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KU AeHmo8uoHol opmoel, a sud-
HUKU UMEIOT 3epHucmoe cmpoe-
Hue. ONJIOLOTBOPEHUE  HAPYH#C-
HOe — UKpoMemanue.

Hepsnas cucmema. [[ewn-
MpPALbHASL HEPBHAS CUCTEeMA
peI6 COCTOHUT M3 20A08HO2O0 W
CnuHHo20 mozea. boarouwiue noay-
wapus passgumor caabo u CIy-
JKaT B OCHOBHOM BbICIIUM 00OHS-
TeJqbHbIM LeHTpoM. Haubonee
KPYMHBIX pa3MepoB JOCTHraer
cpednuti moze. Xopoulo pasBUT
moszocewok. meroress 10 nap eo-
A08HbLX HEpBsos (puc. 115, A, B).

Opeanot uyecms. Y poib pas-
BUTBHI: 00K0BASA AUHUSA, OpaHbl
3peHus, cayxa, 06OHAHUSL, PABHO-
gecus W 8Kyca.

A b

Puc. 114. CtpoeHue cepjila KOCTH-
ctoit pei6bl (A) 1 akyJbl (b):

| — Benosnas nmasyxa; 2 — Tpen-
cepaue; 3 — xeaypouek; 4 — ap-
TepHadbHbId KOHYC; & — PYAHUMEHT
apTepHasbHOrO KOHyca; 6 — JYKO-

BHILA ¢ Thl
Opear 00OHsAHUS COCTOUT U3 Ha aop

NApPHOLX OOOHAMENbHbLX MEUWKOS,
KOTOpble COO00LLAlTC € OKpYy-
JKawlled cpeloil uepe3 HO3ApPH.

[rasa po6 npucnocoOaeHbl A5 BUAEHUS HA OJU3KOM paccTosi-
HUU. OHU UMEIOT NAOCKYIO POCOBULY, KPYeAbLil XPYCMAAUK.

Opeanol cayxa U pagHosecuss COCTOSIT TOJNbKO U3 8HYMPEHHeeo
yxa, KOTOpoe MpeACTaBJJICHO NepPenoruamosim AAOUPUHIOM, COCTOS-
LM U3 MPex NOAYKPYHCHOLX KAHAN08, 0BAALHOCO U KPYea020 Me-
ULOHKO8.

Opearobl 0ca3anua UMEIOT BUI 4Y8CMBUMEAbHOLY KAEMOK, KOTO-
pble pacrnosioxKeHbl MO BCeMy TeJy, B OCOOGHHOCTH Ha MJaBHUKaX M
ry6ax. Bxycosgoie KaemKku HaXoAsITCS B POTOBOH MOJOCTH.

Oco6oe 3HaueHue umMeeT 60K08aSL AUHUA, KOTOPAS BOCIPUHUMA-
eT nepemeujerue yacmuy 8006l U O4eHb MOHKUE 38YKOBble Koaeba-
Hus. Bnaronapst 3ToMy oprany pbiObl OnpenessiioT HanpaBaeHue Te-
uyeHUH, NpubanuKeHue 1pyrux ooutaresed Bojibl, He CTAJKHBAIOTCS C
MOJABOJHBIMH MPENSTCTBUAMHU.

T'udpocmamuueckuii annapam — naiasamenvrolii ny3ovipb (Bbl-
pPOCT MHIULEBO/AA), PETYJUPYET COAEprKaHUe ra3oB, ¢ €ro MoMollblo
M3MEHsIeTCsl MAOTHOCTb TeJa M TeM caMbiM naaByuecTb. [lnaBatenb-
Hblfi My3bIpb MOXKET BbIMOJHATL OblXQMeAbHYO PYHKYUo. ¥ 1BOS-
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Puc. 115. TosoBHO# Mo3r KocTHCTOl pbIOBl (A — CcBepxy, 5 — CHH3Y) U aKy-
Jabl (B — cBepxy, [ — cHuU3gy):

| — oOoHsiTe/IbHAs JYKOBULA; 2 — MO3KEUOK; J — MepPeKpPecT 3pUTeNbHbIX
HepBOB; 4 — NpPOMeKYTOUHbIH M03r; & — snudus; 6 — runodus; 7 — 3pu-
TeNbHBIC JOIM CpeJHero Mo3ra; § — cpeaHuil Mo3r; 9 — TpoaoaroBaTHIN
mo3r; 10 — cnunnoi mo3r; 11/ nepejHuil M0o3r; /2 — MoJoCTh UeTBEPTOro
Keaynouka; [—X — rosoBHble HEPBbI
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KOAbIIALLWX W KHCTenepblX pbl0 M/aaBaTeNbHbIH My3blpb HMeeT
SlUeUCTOe CTpPOeHHe M MO CYILeCTBY (PYHKUHMOHHpPYET KakK Jerkue.
[InaBaTeabHbll Ny3blpb MOXKET MPUHUMATL yUacTHE 8 YAABAUBAHUU
u uzdasaHul 38YK08.

Xpseebie pbibbl

Haun6osee mpumMuTHBHBIE coBpeMeHHble pbIGbI. Oc-
HOBHBIMM XapaKTePHbIMHM TIPH3HAKAMH XPSAILEBbIX PbIO SBIAIOTCH:
xpauiesoll ckeaent, COXpaHsIOUIUICS BCIO XKU3Hb, scabepHole omaep-
CMuUs pasoeneHsl WUpPOKUMU nepecopookanu, omeymemasue sabep-
HOL KPbLUKLU, NAGKOUOHAS Heulys U OMmcYymcmaeue nAasameabHoeo
nyaoipa. XapakTepHbIMUM MPEACTABUTENSIMU XPSIIEBbIX PbIO SABJS-
I0TCST AKYyAbl U CKQAMbL.

Buewnuii gud. Y 6G0JbIIMHCTBA aKYJ TeJO UMEET YOAUHEHHY!IO,
sepemernoobpasnyo Gopmy. Crnepenu rosoa umeer pocmpym. [lo
60KaM TOJIOBbl BUIHbI 5, Y HeKomopoix 6—7 acabepHoix weirell, He
MPHUKPBITEIX KabepHo#l KpblKo#. [lozanu rmas BUAHBI ABa OTBep-
CTUA — Opol3eansvya, Belyllde B TJIOTKY. XBOCTOBOH MIaBHUK He-
pPaBHOAONACMHOL — BepXHssl JomnacTb 60Jbllle, yeM HYKHASA. [lap-
Hble KOHeYHOCMU MPeACTaABJICHbl epYOHbIMU U OPIOWHbINU NAABHU-
Kamu, pacrnosiOKeHHBIMU 20PU3OHMAAbHO.

Kosicnote nokposol. Kosca cOCTOUT U3 MHO2OCAOLHOCO Inudepmu-
ca ¢ MHOTOUHCJTEHHBIMH MHEACZUCTNOIMU KACMKAMU W KOPUYMA
(cMm. puc. 111, B Ha c. 160). B kopuyme o6pasyercs geujecmso, 64u3-
Koe K denmuny 3y006 MJIEKOMUTAIOULUX, KOTOPOe ABASAETCH OCHOBOH
s yemyu. 3y6ell uemyu, HaXoAsgIMiCsd Ha TMOBEPXHOCTH, MOKPHIT
IMabIO, KOTOPYIO 06pa3dyeT odHoumerHas reaesa anudepmuca. He-
lys NoKpbiBaeT Bce Teqo. [To kpasgm poToBOH MOJOCTH yellys 3axo-
JIUT HA UeJNIOCTH. 3/1eCh OHA KPYIMHEee W BbIMOJHAET QYHKILMKU 35008.

Crenem. OceBoll CKeJeT COCTOUT U3 NO3BOHOUHUKA U MO32080Ll
yacmu yepena. [T03BOHOUHUK 1eJAUTCA HA dsa omdeaq: MyaoGuULY-
Hotll 1 xgocmosotl. [103BOHOUHUK 06pa3oBaH XPSILIEBLIMU TO3BOHKA-
MH. OHH COCTOAT U3 Tesa MO3BOHKA, OT KOTOPOTO OTXOJSAT napa Bepx-
HUX U Mapa HUKHUX OyT. Bepxuue nyru o6pasyioT apky, orpaHuuu-
BalOLLYI0 CIHHHOMO3roBO# KaHaJ/. HuxkHue 1yru o0pas3yloT KaHasa B
XBOCTOBOM OTJleJie, @ B TYJOBHIIHOM K HUM TPHCOEIHHSIOTCS pedpa.
Meax0dy no3sonKamu umeemcs ROAOCMb, 8 KOMOPOU COXpaAHAemcs
xopda. XopJa TakKe coXpaHsieTcs B Tesax Mo3BoHKOB. [Tomumo oce-
BOTO CKeJIeTa MMEeTCsl sucuepanvHolii ckeaem, o0pa3oBaHHbIl xa-
bepHoimu dyeamu, n00vA3bIUHOL Oyeoll U weatocmHol dyeoll.
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Puc. 116. Ctpoenue XpsileBoil pblObl:

1 — Ho31ps; 2 — poTtoBas uiedb; 3 — Kabpbl; 4 — HapyKHblEe OTBEPCTUS
»KabepHbIX llleseil; 5 — BeHo3Hasi masyxa; 6 — Mnpejacepaue; 7 — Keayno-
uek; & — apTepuasbHblil Konyc; 9 — Oplownas aopta; /0 — npuHocsiue
kabepHuble aprepuu; I/ — KapauaJabHas 4acThb Keayaka; [2 — numopude-
CKasi 4acTh Keayaka; /3 — ToHKas KuiluKa; /4 — BCKpbITas TOJCTAs KHII-
Ka CO ClUpasbHbIM KaanaHom; /5 — mpsimas kuuika; /6 — pekranabHas
Kenaesa; I7 — knoaka; /8§ — meuenb; 19 — KequHbl# My3bipb; 20 — xemu-
HbI MPOTOK; 2/ — MoJsKeNyouHast Keqne3a; 22 — cenedeHka; 23 — MOUKa;
24 — cemsAnpoBod; 25 — KOMYJSITUBHBIH OTPOCTOK OPIOLIHONO MJIaBHUKA;
26 — UIUTOBUHAS KeJge3a; 27 — CeMeHHHUK
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Ckeaem napuolx Koweuyrocmell COCTOUT U3 N0AcCa KOHeuHocmell,
JeXKalllero B KOpIHyce Tesla, U HenpuKkpeniesHHoco K NO380HOUHUKY
ckeaema c80600HbLx KOHeuHocmel. CKeJeT HemapHbIX KOHEUHOCTeH
He UMeeT MOosiCOB KOHeUHOCTel.

Iuwesapumenvnasn cucmema (puc. 116). Pomosas noaocme or-
paHHUYeHAa YEeJIOCTSIMH, KOTOpble HECYT IOBOJBbHO Kpynuole 3ydol,
pacroJioKeHHble B HeCK0AbKO pados. PoToBasi mosocTh mepexoauT B
eaomky, npobodennyio sabeproimu weaanu. Koporkuit nuuesod
COeMHSIET TJIOTKY C 0ye000pa3Ho U302HYMbIM HCeAYOKOM, OT KOTO-
pOTO OTXOIMT KOPOMKQS MOHKAS Kuwka. Toacmas Kuuika Xxapax-
Tepuadyercss 3HAYUTENbHBIM IHAMETPOM U HAJUUUEM CAUPAALHOSO
KAQNAHA, KOTOPbIH yBeJUUHUBAET BPeMs HaXOXKJEHHS TMHIILH B KH-
IIEUHHKE, UTO yJiyulllaeT ee rnepeBapuBaHue. Mwmewrcs nodwenry-
douHas Heresa, neweHo U CeAe3eHKA.

Hoixamenvnas cucmema. Mexny scabepHoimil uieasmi UMeIOT-
cst medcocabepHole nepecopoodKu, B KOTOPbIX pacrosaratoTest xpsuje-
gole ocabeprole dyeu. JKabpel pacrnonaraioTes Ha nepeaHed W 3ai-
Hell cTeHKax »KabepHbix wieneit (ecm. puc. 113, b Ha c. 162). B cBsizu
C TaHHBIM CTpOeHHeM KabepHOTO amnmnapaTa XpsileBble PbIObl HA3bI-
BAIOTCS NAQCTMUHYATMONCADCPHOLMLL.

Kposenocnas cucmema. Cepoye XpsillieBbIX pblb dgyxKamepHoe,
HO COCTOMT W3 uemsipex omdesos (cm. puc. 114, 6 Ha c. 163).
K npedcepouro mnpuneraer sgenosuolii
CuWyc, B KOTOPOM cobupaercss BeHO3-
Hast KpoBb. K sweaydouky npumneraer
apmepuasvHoll KOHYyc, OT Hero Geper
Hauamno OprowHas aopma, Hecyllas
KPOBb K kabpam.

Botdeaumenvnasn cucmema. Opra-
HaMHU BbIJEeJEeHUs SIBJSIIOTCS nepaut-
Hble nouku — me3oHegpoc. BeIBoTHBIM
MPOTOKOM SIBJISIETCSI NAPHbLL 8016¢h08
KaHaa, BIanaoUUl B KA0aKY.

ITonosasa cucmema. XpsiuieBble pbl-
661 pasdeavHonoavie. Y OGOJbIIHHCTBA
UMEIOTCST napHole SUYHUKU W AApPHbLE
cemennuku. Onaodomsopenue BHYM-
pernee. XpsilleBble PbIObl H#HUBOPOOA-
wjue, HO €CTb BHJbI, OMKAAOLIBAIOUUE  Pyc. 117. 3apoabill KyHbeil
flﬁl,{a. HpI/I pa3BUTHH 9M6pI/IOHa pasBu- aKyJabl C JKeJITOUHOU «TIjia-
Baercs «naaueqmas (puc. 117). LeHTOM»
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Hepsnasa cucmema (cm. puc. 115, B, I' na c. 164) u opeanot
uyecmse Cl.)yHKLLI/lOHa.HbHO HE OTJUYAIOTCsA OT TAKOBbLIX Yy KOCTUCTbLIX
pbi6. OTCYTCTBYeT NaBaTesbHbIH My3bIph.

KocTtHoxpsiuesble pbibbi

HemHorouucnennast npeBHsisi Tpyrnna NPUMHUTHBHbBIX
pbIO, UMEIIIUX PSAJl OOLIMX YepT KaK C XPSIUIEBbIMH, TaK U C KOCT-
HbIMH pblOaMu. B HacTosiiiee BpeMsi KOCTHOXPSIIleBbIe PbIObl Mpes-
CTaBJEHbl MOALKO 0CEMPOBbIMU.

[To BHelIHEMY By KOCTHOXpsillieBble pbIObI MOXOXKH Ha aKyJo-
BbIX: UMEeM S POCMPYM, XBOCMOBOL NAABHUK HEPABHOAONACHIHbL,
eemepoyepKaLbHbLL, NAPHbIE NAABHUKU PACMONATATC 20pPU3OH-
maavro. Tak ke, KaK U y XpsLLEBbIX pbl0, B KULICUHHKE KOCTHOXPS-
IIEBBIX UMEETCS CruUpasbholil Kianan. CoXxpaHsieTest apmepuarbrblil
KOHYCc W medxcocabeprole nepeeopodxu (XOTS U YaCTHUHO PENYLUPO-
BaHHble). OCHOBY OCEBOI0 CKeJeTa COCTABJSIET NONCUBHEHHO COXPa-
HAaouaics xopoa.

C KOCTHBIMHU pbIGAMH KOCTHOXPSILIEBBIX OObEeNUHSIET HAAUYUEe
HabepPHOLl KPoLUKU U NAABATEALHO20 NY3bLPsl, KOCHIHbLe YACHIU Ye-
pena, HapymcHoe onio00maeopenue.

KocTHoxpsilleBble pbIObl MMET U crneludduueckie MPHU3HAKH.
Mmeetcsi cBoeoGpasHasi uellysi B BUJIe KOCMIHbLX OASLX, TAK Ha3bl-
BaeMbIX JCyuex, pacrnojaralwlluxcs Ha Tesae namoro padamu. Teaa
NO3BOHKOB He pa3Busaomcs, HO HUMEITCs XpslleBble BepxHUE H
HHU2KHHWE OYTH.

Knacc 3emHoBOAHbIE, MM AMPHOUM

3eMHOBOJHbIE SIBJISIIOTCS Haubosee MPUMHUTHBHBIMH
Ha3eMHbIMH MO3BOHOUYHbIMH, 3aHUMAIOILIMMH MPOMEKYTOUHOE MOJO-
JKEHUe MexK1y COOCTBEHHO BOJHBIMM H HACTOSLULMMH Ha3eMHbIMH
»kuBoTHbIMU. [TonaBasitoniee 60JgbMIMHCTBO aMpubuil obuTaer B 3a-
BHUCHMOCTH OT CTaAMH »KM3HEHHOIO LIMKJA TO B BOJAE, TO Ha Cylle.
Pacnpoctpanenbl MeHee 1IMPOKO, YeM JApyrue no3dpoHouHble. Hawu-
foJibllee UMCI0 BUAOB 0OUTAaeT B TponuKax. B ymepeHHbIX WHpoTax
amdubuit mano, a B Apktuke n AHTapKTHIe HeT BOoBce. B mycTbiH-
HbIX 00J1aCTAX H B BbICOKOTOPHBIX cTpaHaXx aM(@UOUM OTCYTCTBYIOT
UJIU OUeHb MaJOUMCTECHHbI.
Knacc amdubuii cocraBasior tpu otpsana: beauwoeue, Xgocma-
mote, becxgsocmoie.
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KPATKAS XAPAKTEPHMCTHUKA

[MokpoBbl Koxa romas. dnuaepmuc oyeHb 60raT MHOTOKJIETOUYHbI-
MU KeJae3aMu
Ckener [T03BOHOUHHK COCTOMT M3 LIEHHOTO, TYJOBUILHOTO, Kpe-

CTIOBOTO U XBOCTOBOr0O 0T/en0B. LleiiHblil 1 KpecTilo-
BbIil OT/e/Ibl MIPeJICTaBIEHbl OJHUM T03BOHKOM. CycTaB-
Hble KOHEYHOCTH

MbleyHas

Mblieunas cucrema xopoiuo auddepenirpoBata u B

cucrema 3HAUUTENbHON CTeNeHH yTpauuBaeT XapakKTepHyIo AJs
MYCKYJaTypbl pblO CerMeHTaLHIO

[MuweBapureabHas | PoToBasi mosocTb, KOPOTKHE MUILEBOM, KENYTO0K, TOH-

cuctema KU KHIICUHHK, TOJCTbIH KHILIEUHHUK, XOpOLI0 060co0eH-

Has npsiMas KullKa, Kjaoaka

JlbixaTesbHas

Jlblar JerkuMu 1 uepe3 Koxy. JIMunnku ampuonit

cucrema JbIIAT C MOMOLLBIO HAPY2KHBIX KAOP
KpoBeHocHas Cepalie TpexKkaMepHOe, COCTOsILLEe U3 ABYX Mpeacepauit
cucrema M OJIHOTO Keayaouka. [TosiBasieTrcst BTOpO#, JerouHblil,

KpyT KpoBooGpatenus. Opransl Tena cHabxKatoTcs
CMeLIaHHOA KPOBbIO

Bbl}le.}l UTeJdbHas
cucrema

[Tapa tynoBuuHeix nouek. OT Moyek MO0 MOUETOUHHKAM
MOua BBIBOAMTCS B K/10aKy. B Kmoaky oTkpeiBaeTcst u
MOYEBO# My3bIpb

HepBHas cucrema

CpeaHHil MO3T M MO3KEUOK CPAaBHUTENbHO HeOOMbIINX
pasmepoB

OpraHbl 4yBCTB

[TosiBasiOTCS MOABHIKHbBIE BEKH, 3allMIAOLIMe IIa3a OT
BBICBIXaHUSI U 3arpsi3HeHuil, uMeeTcst TpeTbe Beko. Op-

ranbl cIyxa — BHyTpeHHee M cpefHee yxo. Opran BKy-
ca npejcTaB/eH BKYCOBbIMH MOYKAaMH Ha s13bike, HEGe H
YeJsIoCTSX

Pa3zmHoxeHue

Ampubnu pasnenbtonodnbie. [Tog0Bble OpraHbl mapHble,
COCTOSIT M3 CeMEHHHKOB y CaMIIOB H SIMYHUKOB y CaMOK

OBbLIAST XAPAKTEPHUCTHUKA

Kooscnote noxposor. Koxwca Bcex ambubuii eoaas,
JIUIIEHHAsl HApPYXKHOIO MOKPOBA M3 KOCTHBIX MJIM POTOBBIX YelIYH.
dnudepmuc oueHb 6orat MHO2OKAemMouHbLMU dHcerezamu (puc. 118).
Cekpem xeje3 mpenoxpaHsieT KOXKY OT BbICBIXaHHS ¥ MPUHUMaeET
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Puc. 118. Crpoenune KOKHU
3eMHOBOHbIX:

I — snunepmuc; 2 — KOpH-

yM; 3 — THUTMEHTHbIE KJeT-
KH; 4 — JKeJe3ucThle KJert-
KH; 5 — MycKyJabHas 000-
JouKa  KOXKHOH  2KeJe3bl,
6 — BBIBOJHOH MPOTOK »Ke-
J1e3bl

yuyacThe B KOMHOM Obixanui. Muorue BUJIbl UMelOT f008umole dce-
ae3ol.

Ckenem. [lo3sonounuxk ambubuii COCTOUT U3 wleiiHoeo, myaro-
BUULHOCO, Kpecmuo8o2o U xgocmosozo omadeaos (puc. 119). B weii-
HOM W Kpecmuyosom omoearax no 00HoMYy no380HKY. C MOSIBIEHUEM
IIeHHOr0 MO3BOHKA Y 36 MHOBOJHBIX MOSIBUIACH BO3MOXKHOCTD MOJHHU-
MaTb M OMyCKaTbh roJoBy. KpecTioBbIl MO3BOHOK MOSIBISETCS BCJE-
CTBHE HA3eMHOro o6pasa KU3HU — MOSIBUIACh HEOOXOAUMOCTh TIPH-
Kpen/JaeHUs 3aJHUX KOHEUHOCTeH K MO3BOHOUHHKY, UTO CMOCOOCTBO-
BaJI0O pacrnpeneseHdio Beca Tesaa. XBOCTOBOH OTaesa HauboJee
THMUUHO BbIPAXKEH y XBOCTATbIX, Y O€3HOI'MX OH OUeHb MaJ, a y Oec-
XBOCTBIX TPeACTABJIEH KOCTOUKOH — ypocmuie.

CkeJieT c80000HbLY CYCTMABHOLY NAMUNAALLX KOHEeUHOCHell THITH-
UeH /115 Ha3eMHbIX MO3BOHOUHBIX.

Mouweunasn cucmema ambubuii xopouo duggpepenyuposara v B
3HAUUTEJBHOH CTeNMeHH ympauusaen XapaKTepHYIO IJIs MyCKyJa-
Typbl pbib ceemenmayuro. Myckynatypa pasjaensieTcss Ha MycKyJa-
Typy TOJIOBbI, TYJOBHUIIA, KOHEUHOCTE.

Huwesapumenvnasn cucmema. [nsi ampubuii xapakrepen npo-
mancerHolil M ougepenyuposantolll NULULEBAPUNEAbHbLI MPAKM
(puc. 120): pomosas norocme, kopomkuil nuwe8od, sneayook, MoH-
Kuil Kutlednur, moacmoll KuwleuHux, Xxopomo obocobaeHHas nps-
Mas Kuwka, Kaoaka. B potoBoil mosoct y 60MbIIKHCTBA BUIOB HA
UENIOCTSIX UMEIOTCS Meakue 3yOol, COCOOCTBYIOIIME 3aXBATY U yep-
JKUBaHUIO 106bIYM. B pOTOBYIO MOJNOCTH OTKPBIBAIOTCS AApHbLE HO30-
pu, TPOTOKU CAIOHHbLX Jceae3. B KUlIeuHHKe NosiBAsieTcs dgeHadya-
munepcmuas kuwka. Kpynnasi meueHb UMeeT oceAuHbll NY3b6lpb, ee
MPOTOK BMajaeT B JBEHAAATHINEPCTHYIO KHUILKY. B »KemuHblil npo-
TOK BMaAaloT MPOTOKU A00%eAyOOUHOI dHeaedvl, TAaKUM 06pasoM,
CAMOCTOSTEbHOTO COOOILEHUS C KHIIEUHUKOM MOJKENYI0uHas »XKe-
Je3a He UMeerT.
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Puc. 119. Ckener canamauapsol (A) u asaryuku (B); 6 — TyJOBHILHBIA 10-
3BOHOK JISITYLIKH:

1 — uieiiHbIl MO3BOHOK; 2 — TYJOBHIILHbIE TO3BOHKH; 3 — pebpa; 4 — Kpe-
CTIOBbBIH MO3BOHOK; & — XBOCTOBbIE MO3BOHKH; 6 — yPOCTHJIb; 7 — MOSIC Te-
peiHuX KoHeuHocTeill; 8§ — muevo; 9 — JoKTeBasi Kocth; /0 — gayueBas
KOCTb; I/ — cpocliuecs JyueBasi U JIOKTeBasi KOCTH; /2 — 3ansctbe; [3 —
nsicTb; /4 — dananru najnbues; /5 — NOAB3A0LIHbIE KOCTH TAa30BOr0 Mosica;

16 — OGenpo; 17 — Ooabliass OepLoBast KocTb; /8§ — maJgas OGepuLobas
KOCTb; /9 — cpocuuecs: Manas u 6osblias 6eproBele KocTH; 20 — mpen-
niocHa; 2/ — naocHa; 22 — Qananrun nagablies; 23 — TeJ0 MO3BOHKA;

24 — BepxHsisl JAyra ¢ OCTUCTbIM OTPOCTKOM; 25 — COUJICHOBHBIH OTPOCTOK;
26 — momnepeuHblil OTPOCTOK; [—V — HyMepauus nafbleB, p — PYJAHMEHT
npeanasnblia
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Puc. 120. BekpeoiTas asiryika (camka):

| — cepaue; 2 — qerkoe; 3, 4 — mneueHb; 5 — XKeMUHbIH NY3bIpb; 6 — Ke-
JYJN0K; 7 — MoJuKenyaouyHasi kejaesa;, § — JBeHaAllaTHIEPCTHAS KHILKA;
9 — rtoukas kuwka; /0 — Toscrast Kuiuka; // — cejiezeHka; /2 — KJiI0aka;
13 — moueBo# ny3bipb; /4 — JjeBast mouka; /5 — MoueTouHuk; /6 — mnpa-
Bbll SAMUHUK (JeBblil ynanen); /7 — siiiueBoj; /8 — BopoHKa siiileBoja;
19 — matka; 20 — cnuHHasa aopta; 2/ — 3aaHss ToJas BeHa

Hoixameaonasn cucmema. Bo B3pocaomM coCTOSTHUH GOMbIIMHCTBO
aMm@ubuit 1blIaT AeeKumu U 4epes Koxy. Bo Bpemst AJUTeNbHOTO Ha-
XO0XKJeHUS B Bole Y aM(PUOUI OCYLLECTBIACTCS MOAbKO KOJYCHOE Obl-
xanue. JIMUMHKH aMDUOUI IbIIAT NPH MOMOLLH BEMBUCTIbLY HAPYKHC-
Holx ocabp. MexaHu3m JIErOUHOTO JbIXaHUs B CBA3H C OMCYymcmauem
epyonoli kaemku BecbMa cBoeoOpaseH. PoTorsoTouHasi n/aocKocTb
paboTaeT Kak HaCOC — HACHEMAMeAbHbLl MUN 1€2014H020 ObLXAHUSL.

Kposenocnasa cucmema. Cepdye mpexxamepHroe, cocTosiliee U3
dsyx npedcepouli u 00Ho20 sHceaydouka (puc. 121). B cBa3u ¢ aerou-
HbIM JbIXaHueM y aMpuOUil MosiBASETCS 8MOpPOil, AecOouHblll, Kpye
Kposoobpaujerus. Y ampubuil Hem noaHoeo pasdeeris BEHO3HOH U
apTepuabHON KPOBH, MOITOMY OpraHbl Tesa B GOJblIEH HIH MEHb-
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el cremeHn cHabkalTCsH
cnewanHott  Kpogvro. Ilpu
9TOM B COHHbIE apTepHH, He-
CyliMe KPOBb K TOJOBHOMY
MO3ry, Mnonajaer yuMcras ap-
TepHuanbHas KPOBb.

Indokpunnas cucmema
obpasoBana eunoguszom, Hao-
NOYeUHUKAMU, U UMOBUOHOL,
nooxcenydouHol U NOAOBbLIMU
ocese3amu.

Hepsnas cucmema. Cpeo-
HUll MO32 U MO3JCEUOK CpaB-
HUTEJNbHO HeOOJNbIIUX pa3Mme-
poB (puc. 122), a y HekoTO-
pPbIX XBOCTATbIX OH MpaKTHue-
CKU He 3aMeTeH. STO CBSI3aHO Puc. 121. Cxema BCKPBITOr0 cepaua Jas-
¢ Kpafine omHOoOOpasHbiMu, [YHKH

HECJIOXKHBIMH ~ JABHXKEHHUSIMH. | — mpaBoe npeicepane; 2 — JeBoe
OT roMIOBHOTO MO3Ta OTXOASIT MNpeiacepiaue; 3 — xeaynouek; 4 — kina-
10 I”Lap 2O0N0BHbBLX HepBOB. MMaHbI, 3aKpblBa}OL[lI/Ie 06Luee OTBepCTI/le,

Beaylllee U3 000uX npejacepauil B xKeay-

Opeanovt wyscms. Opearbl .
p Yy P JI04eK; 5 — apTepuanbHblil KOHYC; 6 —

3penus aMmpubuil UMelT psia

N KO2KHO-JierouHasa apTE‘pI/IH; 7 — Jyra
0CcOOEHHOCTEH, CBSI3aHHBIX C a0pTh; 8 — 00lLas COHHAs ApTepHs;
NOJAyHAa3eMHbIM 00pa3oM »KH3- 9 — counas «xemaesza»: [0 — cnu-

Hu. [TosiBASIIOTCST nO0BUMCHbIe — palibHBIA KJaamaH apTepHaJbHOrO KO-
B8eKu, 3alMulaouiye rjapasa or  Hycd

BbICBIXaHUSl M 3arpsi3HeHUH,
umeeTcst mpemoe gexo. Poeo-
suya cmanosumcs soinykaoll (nNpasjaa, NMPU HAXOXKAEHUH B BOJE
OHa jenaeTtcs MJ0CKOH, Kak y pbl0). Xpycmaiuk cmanosumces AuH-
3000pasHbim, UTO onpeneaseT dasvrozopkoe 3perue. COBEPIICHCT-
BYETCSl AKKOMOOQUUSL 3PEHU.

Opeansvl cayxa. Kpome snympenteeo yxa, NpeicTaBAeHHOrO ne-
penoHuamoim A1aOUPUHIMOM, TIOSABIASCTCH CpedHee yxo — TMOJO0CTb,
OrpaHuueHHast cHapyxu OapabanHoll nepenonkot W cojpepxkallas
00HYy cayxosyro Kocmouky — cmpems. Cpednee yxo coobuiaercs ¢
IJIOTKOH MpU MOMOULY escmaxuesoil mpybol, UTO NO3BOJASIET ypaBHO-
BelIMBATb JaBJeHHE BO3JLyXa B HeM C JaBJeHHEM BHeLIHeHd cpebl.
Y xBoctatbix M Oe3norux OapabanHas nmepernoHka u OGapabanHas
0JIOCTb OTCYTCTBYIOT.
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A b A

Puc. 122. TonoBHOI mMo3r asrymiku. A — cBepxy; b — cHugy; B — c6oky;
" — B npojoJbHOM pa3pese:

| — mogayuiapusi nepeaHero mMoara; 2 — oGoHsTeqbHas 10Js; 3 — 000HS-
TeJIbHbI HepB; 4 — MPOMEXKYTOUHbBIH MO3r; § — 3puTeabHas Xuaama; 6 —
BOpoHKa; 7 — runopus; § — cpeanuit Mmosr; 9 — mo3xkeuok; /0 — npojpoa-
ropatbliii Mo3r; // — 4eTBepThHIH Keaynouek; /2 — cnuHHOH Mmo3r; /3 —
TpeTuil xkeaynouek; /4 — CHAbBHEB BOJOMPOBOJL

Opeanvl 060HAHUSL TIPEJCTABJEHbl NAPHOIMU OOOHIAMEALHLIMU
Kancyaamu, OTKPbIBAIOUIUMHUCS HAPYXKY HO3JPIMHU.

Jluunnkam Bcex am¢ubuii cpofictBenHa 6okosas Aunus. Bo
B3POCJOM COCTOSTHUM OHA COXPaHSETCH TOJbKO Yy BOAHBIX OPM XBO-
CcTaThbiXx aM(PUOUNA U OECXBOCTHIX.

Opean 8Kyca NMPeCTABNECH BKYCOBbIMU NOYKAMU HA s3blKe, HEOE
1 4eJTIOCTSX.

Boideaumenvnasn cucmema. T1poayKkTbl JUCCUMUJSIUNA BblBO-
gsmeces wepe3d Kodxcy v aeekue, Ho H6OJbIlAasi YaCTh BblJIeJsIeTCs napoi
myaosuuiHolx nowex. OT MoUeK Mo MOUemoUHUKAM MOYa BbIBOJUTCS
B KA0aky. B K10aky OTKpbIBaeTCs U MOUCBOLL NY3bLPb.

Paszmnoxcenue. AMpudun pazdearvronoaste. Ilorosoie opearst
napuovie, COCTOST U3 CEMEHHUKOB Y CAMIIOB U AuuHUKOB8 Y caMoK. OT
CEMEHHUKOB OTXOJSAT 8bIHOCAUUE NPOMOKU, KOTOPble COeIMHSAIOTCS C
MOUEBOIMU KAHAALYAMIU W OTKPBIBAIOTCS B MOYEMOUYHUK, BbITOJTHSIIO-
HIMH OJHOBPeMeHHO (YHKIIUIO cemanposoda W OTKPbIBAIOULIUACS 8
Kaoaky. Sliina M3 SIMUHMKOB BbIMaAaloT B MOJOCTb Tesaa, OTKyaa ue-
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pes aliyeso0bl, OTKPBIBAIOLLHECS 8 KA0AKY, BBIBOASITCS Hapyxy. On-
JOJOTBOPEHUE HAPYHCHOE, npoucxodum 8 s8ode, Kyla CaMKH BbIMe-
TBIBAIOT SIHLEKJCTKH — ukpy. ¥ ampuOUil Xopolllo pasBUT 1040801
Jumopguzm. Pazgpute npoucxoaut ¢ memamopgposon (puc. 123).

Puc. 123. PasBuTHe oCTPOMOPIOH JSATYIIKU:

| — VKpPHUHKH; 2 — JIMUUHKH B MOMEHT BblIyNJeHUs; 3 U 4 — yBeauueHue
HapyKHBIX )KaOp U pazpacTaHde MJAAaBHUKOBOH CKIajiKH; 4@ — TOT XKe ro-
JIOBACTHK CHHU3Y (BHUAHA mpucocka); 46 — CTpoeHHe Hapy:KHOH Kabpbl;

5 — passuTHe KabepHOH KPbILIKH, MTPUKPbIBIIEH HapyKHble xKabpbl; ba —
TOT K€ F0JIOBACTUK CHM3Y (BHAEH MpopBaBlIKiics poT); 6 — MosiBIeHUe KO-
HeUYHOCTell; 6a — POTOBOH ammapar roJoBacTHKa; 7 — TOJHOCTBIO CHOPMHU-
pOBaHHble KOHEUHOCTH; & — MPOPLIB HAPYXKy NMepeaHUX KOHEeUHOCTeH, Ha-
yaJjo pesepOUMU XBOCTA; 9 — cTaausl BbIXOJA Ha Cylly

Knacc MNpecmbikaowmecs, mnu Pentunmm

Pentunuu o6uTaloT npeuMylleCTBEHHO Ha cylle, B
TOM YHCJIe B YCJIOBHUSIX MYCTHIHU, — 3TO MEPBbIH KJIACC HACHMOAULUX
HazemHolx scusomrolx. OO6UTAIOUHE B BOAE SIBJIASIOTCS 8MOPULHO-
s00HbiMU. TIpenmMyllecTBY penTHANN B KOHKYpPEHIHU ¢ aMPUOUsIMU
U UX OHOJOTMYECKOMY TPOTpPeccy CrocoOCTBOBAJ Psif MPHU3HAKOB!
oboaouka 8oKkpye 3apodeiuia U npouras 060104Ka BOKpYe Aluya —
cKOpAyna, 3allUINAIOIasl ero OT BbICHIXaHHs M jaollas BO3MOXK-
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HOCTb PA3MHOXKEHHUS Ha CYylle; YCOBEPIIEHCTBOBAHHE CTPOEHHUS KPO-
BEHOCHOH CUCTEMbI; MOSIBJICHUE KOpbL OONbULUX NOAYUAPULL; TTOSIBJIE-
HHe MeXaHu3Ma 00pamHoe0 8CaAcCbIBAHUS 800bL.

CoBpeMeHHble PENTUAMM TPEACTABJIEHbl UYeTbIPbMSI OTPsiTaMu:
Karosoeonosoie, Yewyilivamore, Kpoxoduast, Yepenaxu.

KPATKASl XAPAKTEPUCTHUKA

[MokpoBbl Koska cyxast, muileHa KoXKHbIX »KeJse3, NOKPbITa poro-
BbIMH UelllyiKaMH, IIUTKAMHU MJIU MJAACTHHKAMHU
CkeJger [To3BOHOUHHK COCTOUT U3 CJAEAYIOLLHX OT/eJNO0B: LIei-

HBI{, IPYHON, MOSICHUUHBIH, KpecTIOBbIH. CycTaBHbIE
KOHEYHOCTH

MbiweuHas

Myckynatypa pasBuTa 3HAUUTEIbHO JyUlle, YeM y aM-

cucrema ¢ubuil. bosnbloe 3HaueHUe HMeeT NMOsIBICHUE Mexpe-
OepHbIX MbILIL, C MOMOLLbIO KOTOPbIX OCYLLECTBJsACTCS
JIETOYHOE JbIXaHHe

[MuweBaputenbHas | Mago oTanuaercs OT MUIIEBAPUTENBHON CHCTEMBI aM-

cucrema ¢ubuil. ¥ penTuauil Ha rpaHuLe TOHKOrO U TOJCTOrO

KHIIeUHHUKA MOSIBJASETCS 3a4aTOK CJAENOH KHIIKH

JlbIxaTesbHas

[TosiBastIOTCS BepXHHe JbIXaTe/ibHble MYTHU: TOPTaHb,

cucrema JJMHHAs Tpaxes, pa3BeTBJsioNIascs Ha ABa OpoHXa.
Jlerkne uMeloT stueHcTOE CTpOEHHE

KpoBeHocHas Cepjle TpexKaMepHoe, HO B XKeJyJ10UKe HMeeTcsl He-

cucrema nosiHasi meperopojka. ['0J0BHON MO3r W MmepejHHe KO-

HEUHOCTH CHa0xKaloTcs apTepHaJbHON KPOBbIO, BCe OC-
TaJbHOE TeJI0 — CMeIIaHHOH. Y KPOKOAMIA cepjle ye-
ThIpeXKaMepHOe, HO KPOBb CMelllaHHas

Bbl}le.ﬂ UTeJbHas
cucrema

[IpencraBiaena BTOpUUHBIMU (Ta30BbIMHM) MOUKAMH U
MOYETOUHMKAMHM, BMaJalolUMKU B KJI0AKy

HepBHas cucrema

[0/10BHOW MO3r penTH/IHil OTIHUAeTCs] OT MOo3ra aMdHu-
OUll JyuylIMM pasBUTHEM OOJbLIKX noaywapui. Kpymn-
HbII MO3:keuok. M3 romoBHoro mosra orxoaut 12 nap
YepernHOMO3TrOBbIX HEPBOB

OpraHbl 4yBCTB

Opraubl 3penus. [1a3a cHaGKeHbl MOIBUAKHBIME BEKaMHU.
HMmeetcst TpeTbe BeKO — MHratesnbHas nepenonka. Opra-
HbI c/1yXa, Kak y ampuouit. bokoBasi muuus ucuesaet

Pa3smHoxeHue

Pentunuu pasaenbrononsie xKuBoTHble. [Tom0BbIe Ke/e3bl
napHble. BHyTpenHee onsnonorsopenune. PagmHoxenue npo-
HCXOJMT TOJIBKO Ha Cyllle 3a cueT (JOPMHUPOBAHUS 3aLIUT-
HbIX o0os0ueK y siitia. PasButue npsimoe 6e3 meramopdosa




Tun Xopnosbie. Knace [Ipecmbikatouinecs, unu Pentuianu 177

OBIIASI XAPAKTEPUCTHUKA

ITokposor meaa. Kosxca cyxas, Auulena KOMHbLX dHee-
Ae3, OKPbITA PO2OBLIMU HeULYUKAMU, WUMKAMU UIH NAQCMUHKAMU
(puc. 124).

Cxenem. [10360HO4HUK COCTOUT M3 CJEAYIOULUX OTAENOB: wieli-
HbLll; 8nepsovle gol0easiemcs epyonol omaen, 4To CB3aHO C noseie-
Huem epyoHoil Kaemru, 0Opa3oBaHHON pedpamu v epyourot, a Tak-
Ke NOACHUYHbLL omOen; Kpecmuyosoli omdes COCTOUT U3 JBYX MO-
3BOHKOB. [Ipoucxonut nagbHeilllee pazBuTHe CBOOOJHBIX KOHEUHO-
CTell, KOTopble NpUCnocabAUBAIOTCSH K AKTUBHOMY MepPeBUKEHHUIO MO
cylle, ueMy CrnocoOCTBYeT OTJIMUHOE OT aM(pUOUN MpUKpenaeHHe Ko-
HeUHOCTeH K TYyJOBUILLY. ¥ 3Mel cBOOOAHbBIe KOHEUHOCTH BTOPUUHO HC-
Ue3Jid B CBSI3W C MOJ3AI0IIHUM COCOOOM MepeBUKEHUs, XOTS PyHu-
MEHTbl KOHEUHOCTEH MOXKHO OOHAPYXKHUTbD.

Myckyaramypa passuma snauumesvHo ay4vuie, ueM y aMmpuoOuil.
Boablioe 3HaueHue HMeeT MosiBJACHUE MeHpedepHbLx Mblull, C TTOMO-
LbI0 KOTOPbIX OCYULECTBJASETCS JerouHoe JblXxaHHue.

ITuwesapumenvnas cucmema (puc. 125) Majno oTauyaeTcss OT
TakoBOH y amMdubuil. ¥ pentunauii Ha rpanuile TOHKOTO M TOJCTOTO
KUIIEUHUKA MOSIBASETCA 3a4aTOK CACHOU KULULKLL.

Opezanot doixanus. T1osiBASIIOTCS 8epxHue JvixamenbHole nymu:
eopmars, OaunHas mpaxes (B CBSA3U € yAJHHEHHEM IIEHHOro oTle-
Ja), KoTopasi pa3BeTBJsieTcs Ha dsa Opouxa. Jleekue umeloT suyeu-
cmoe cmpoenue ¢ 60JbIIUM KOJHUECTBOM BHYTPEHHUX MEPEropoiok
(puc. 126). ¥ pentuauii nossasiercs pebeproe dvixarnue, NI BCACHL-

Puc. 124. [1poso/ibHbIi pa3pes KOXKHU slLePUILbI:

1 — snuaepmuc; 2 — coBGCTBEHHO KOXKa (KOPpUYM); 8 — POToBoi cnoil; 4 —
MaJblurueB Cﬂoﬁ; 5 — MUTrMEHTHbIe KJI€TKH; 6 — KOXKHbI€ OKOCTEHEeHHUs
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Puc. 125. BekpboiTas suepuia (camely):

| — nuuieBox; 2 — KeaynoK; 8 — MeueHb; 4 — JKeJUuHbld My3bipb; § —
NnoJKeNya0uHas kejesa; 6 — JABeHAALATHNEPCTHAS KMILIKA; 7 — TOJCTas
kuiika; 8§ — kJaoaka; 9 — cenesdenka; /0 — tpaxes; /1 — nerxue; /2 — Je-
Boe mpejacepaue; /3 — npapoe npencepaue; /4 — xeayaouek; /5 — crnuH-
Hasl aopta; /6 — npaBasi coHHasl apTepusl; /7 — COHHbI nNpoTOK; /8 —
ceMeHHUK; /9 — snuauaumuc (MpuaaTok cemennuka), 20 — mnouka; 2/ —
MOYeBOH My3bIpb
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Puc. 126. Jlerkue npecMblKaoUUXCS:

A — amductennl (paspes); b — anakonabl (BUI cBepxy); B — raTrepuu
(paspe3s); I' — BapaHa (paspes); [ — annuratopa (paspes); £ — xameJseo-
Ha (BUJ CHU3Y; OTPOCTKM — [0J001e BO3YLIHbIX MELIKOB)

sarowuli mun aecouro20 Ovixauus. Kozcnoe Jdoixawue omcymem-
syem.

Kposenocnasa cucmema. Cepdye mpexkameproe, HO B scenyoou-
Ke umeemcs Henoanas nepeeopooka (puc. 127). [TosiBnenue nanHoi
NMeperopoiku Mo3BoNsieT pasdeiums 8 cepoye 8eHOZHYI U apmepu-
arvHyro kKposs. CMellleHHe TIPOUCXONUT B CcnuMHol aopme. B cBA3H
C 3THM TMepejHssi YacTh, e0A08HOL MO3e U nepeornue KOHeuHOoCmu
PENTUINN cHAOMCAOMCS ApMepPUaLbHOL KPOBbIO, @ 3aHSIT — CMe-
HaHHOH. ¥ Kpokoduaa cepoue wemolpexKameproe, Tak Kak nepero-
poaKa MOPQOJOrHUYeCKH MOJHAas.
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Boideaumenvnasn cucmema pern-
TUJIWH TpeACcTaBIeHa BMOPULHbL-
MU, UAU MA308bIMU, NOYKAMU W
MouemouHukamu, BrnaaalolUlMMu B
Ka0aky. B Hee oTKpbIBaeTcs: U Mo-
yegoli nysovipb. B mouxkax pentu-
JUH  CYLLEeCTBYeT Mexamusm oo-
PAMHO20 8CACHIBARUSL BOObL.

IHndokpunnas cucmema. Y per-
TUJIHH UMMEIOTCS  8Ce  Mmunuinole
JUIsl BBICIIUX MO3BOHOUHBIX 3HOOK-
PUHHbBLE JHCeNe3bL.

Hepsnaa cucmema. ['onrosHoli
MO3e PENnTUIMN OTIMYAETCs OT MO3-
ra amguoOuil Ayuwium passumuem
boarvwux noaywapuil (puc. 128).

Puc. 127. Cepale siliepuubl:

[ — OGwMil CTBOM COHHBIX APTe-  Kynynypili  wosieuok MO3BOJSET
PHi; 2 — BHYTPEHHAR CONHAA 8D i\ oorpnary, XopOWIYIO KOOPIH
TepHusi; 3 — HapyxKHast COHHast ym p y pﬂ

aprepust; 4 — nerounas aprepus; HAUHIO ABHKeHus. M3 romosxoro
5 — JeBasi ayra aopTel; 6 — npa- MO3Ta OTXOAUT 12 nap uepento-
Bas Jyra aopThl; 7/ — MOAKIIOUHY-  MO3208bLX HEPBOB.

Haslt apTepus; 8 — Jerounas BeHa,; Opeanb[ uygcmB peHTI/IﬂHf/’I CcO-
9 — nonas sena (HUKHA) H ABE  (rperergyor HaseMHOMY 06pasy
sipeMHble BeHbl (BepxHue);, /0 —

cnuHHas aopra; I/ — xeaynou- ACHSHH.

HO-KHIIeuHasi apTepusi (K BHYT- Opeanor spenus. 'rasa cnad-
pEeHHUM OpraHam) JKeHbl nodsucHolmy sekamu. Vime-

eTcs mpemoe 8eK0 — Mmueamenb-
Has nepenonka. Axxkomodauyus
OCYLIECTBJIAETCA HE TONbKO 3a CUET nepemeulerus Xpycmaiuka, Ho
U 3@ CUCT UBMEHEHUS e20 (PopMbL.

Opeanovr cayxa, Kak y amduobuii. B mepernonyatom mabupunre
HabJaonaetTcss 060cobIeHUe YAUumKu.

bokosas aunus ucuezaem.

Pasmnooxcenue. Pentuianu pazdensvrononsvie »)UBOTHbIE C Bbipa-
KEHHBIM  noaosoim  dumopguamom. [lorosvie dgcenresol naprole.
Buympennee onaodomsopenue. Pentuanun siiyexkaiadyuwue Wiv sii-
yexcusopoosujue. PazMHOXKEHUE TPOUCXONUT MOALKO HQA cyule 3a
cueT (GOPMUPOBAHUSA 3aujummuolx oboaouex y Atya. BTopuuHOBO-
Hbl€ PENTHUJANU JJs1 PASMHOKEHHUS TaKxKe BbIXOAAT Ha CyLlY. PasBu-
THe npamoe, 6bes memamopgphosa.
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Puc. 128. ['ostoBHO# Mo3r sitepuibl. A — cBepxy; b — cHu3y; B — cOoKy:

1 — nepenanuit mo3r; 2 — moJsiocaToe TeJNo; 3 — CpPeHUN MO3T; 4 — MO3xKe-
YOK; & — MPOJOJATOBATHIA MO3T; 6 — BOpPOHKA; 7 — runodus; § — xuasma;
9 — o6ousitenbusle poau; /0 — snudus; [[—XII — uvepennomosrosble
HepBbI

Knacc Mtmubl

[IporpeccuBHble UepThl OPraHU3alUd TTHIL, TPUHIH-
MHaJbHO OTJAHYAIOLIHE WX OT PENTHIHH, 3aKII0UAI0TCH:

— B GoJsiee BBICOKOM YpPOBHE Pa3BUTHsI HEPBHOHW CHUCTEMbI, a B
CBSI3H C 3THUM H B GoJiee pa3HOOOpPa3HOM U COBEPILEHHOM MPHUCIIOCO-
GUTeJNbHOM TMOBEIeHNH;

— B BbICOKOH U NOCMOAHHOL memnepamype meaq,

— B cnocobrocmu K noaemy,

— B 3HAUUTEJbHOM 60Jiee COBEPIIEHHOM Pa3MHOXKEHUH — BBICH-
JKMBAaHUU U BbIKaPMJHBAHUH MTEHIOB.
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Mopdosoruueckn MTHILbI XapaKTEpPU3YIOTCS TeM, 4YTO TeJ10 HX
MOKPBITO nepoamu, nepeonue KOHeUHOCmuU NPespauLeHvl 8 Kpolabs,
KOCTU nHesmamuueckue (8030yuioLe), cepoue wemolpexKkameproe ¢
00Holl npasotl dyeoti aopmot, 3ybol. omcymcemsyom W PyHKIIHO-
HaJbHO 3aMEILAIOTCS POCOBbHIM KAOBOM.

CoBpeMeHHble MTHIbI MPeACTaBAeHbl TPpeMsl HaloTpsiaamu: bec-
kuaesole, [Munesunst, Kunresole.

KPATKASl XAPAKTEPUCTHUKA

[MokpoBbl

Koxa Tonkas. KoxkHbIX »Kese3 HeT, KpoMe KOMUHKOBOH
JKeJse3bl. XapaKTepHO HaJHuYHe Pa3HOOOpasHbIX Poro-
BbIX 06pa30BaHUll — MPOU3BOAHBIX SMUAEPMHUCA: POTO-
Bble UeXJIbl Ha KJIOBE, POroBble Yelllyd Ha 3aJHHUX KO-
HEUHOCTSIX, KOTTH Ha naJbliax, nepbs. [lepuonuueckas
cMeHa MepbeB Ha3blBaeTCs JTHHBbKOH

Ckeaer

Koctu — nHeBmaTHueckue (BO3AyLIHbIe) U OTIHUALOTCS
JerkocTblo. Ha rpyanne nmeercst Kuib 1Js1 TPUKPeTLIe-
HMSI MBILIIL, TPUBOSILNX KPbIIbs B ABHKeHHe. Bee mo-
3BOHKH CPACTAlOTCS M HEMOABHIKHBI, KpOMe LIeHHbIX.
KocTu uepena cpacratorcs 6e3 mBoB. 3yObl OTCYTCTBY-
1oT. [Tosic BepXHHX KOHEUHOCTeH MpeJCTaBaeH MapHbIMH
KOCTSIMH: JJOMaTKaMHU, KJIOUNLAMH, BOPOHbUMH KOCTSI-
mu. KocT nutocHbl ¥ mpeanatocHbl 06pasyioT LHeBKYy
(MOKpBITA POTOBBIMHU UELTYSIMH)

MbluieyHas

MyckyJaTypa Xopolo pa3Buta. XapakTepHo HaJauuHe

cucrema OTPOMHBIX TPYJHBIX MbIIIIL (OTBEUAIOT 3@ OMyCKaHHe
KPbIIbEB) U XOPOLIO PA3BUTHIX MOAKMIOYMUHBIX MbILILL
(oTBeUaloT 3a MOAbEM KpblibeB). XOPOLIO pa3BUTa MyC-
KyJaaTypa Iled U KOHeUHOCTeH

MuweBapureabnasn |3y6oB HeT. )Kenynok COCTOUT U3 JIBYX OT/ENOB: MyC-

cucrema KYJIbHbIH, UK MbILIEUHbIH, U xKeae3ucThlil. MMeercs

300. B ToHKOM KHIIeuHHKe cau3uctas obosnouka obpa-
3yeT BOPCHHKH. 3aAHUH OTAe/] KHIIeUHHKA He nudde-
pPEHUHPOBAH HA TOJNCTYIO H MPSAMYIO KHIIKY H 3HAUYH-
TeJqbHO yKopoueH. HenepeBapeHnuble 0OCTaTKH BbIBOJSITCS
yepes KI0aKy

JlbixaTeabHas

Jlerkue umeror ry6uatoe crpoenue. [IBoilHoe nbixaHue.

cucrema Xopoio pa3BuThl BO3AYHLIHbIE MEIIKH
KpoBeHocHas Cepaie uetbipexkamepHoe. CoxpaHsieTcst oJHa ayra
cucrema aopThl — mnpasast apTepuanbHas. TenmokpoBHbIe
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Bbipeaurenbnas TaszoBble MOUKH ¢ MOUETOUHHKAMH, OTKPBIBAIOLUINMHCS B
cucrema KJI0aKy. MoueBo#i My3blpb OTCYTCTBYET

HepBHasi cuctema | ['0JOBHOI MO3T MMeeT OTHOCHTE/IBbHO GOJbIIME TTOMYIa-
pust ¥ 3puTenbHbIe 101H. [IpomerxyTounbiii Mo3r ciabo
pasBut. Mosxkeuok ouenb Goabwoi. Mmetores 12 nap
UepernHOMO3roBbIX HepBoB. POpMbI MOBECHHUST MTHIL —
rHe30CTpoeHue, 3a60Ta O MOTOMCTBE, MUTPallUH

OpraHbl 4yBCTB Buyrtpennee n cpennee yxo. CayxoBasi KOCTOUKa 0JHa.
3penue pas3BUTO OYeHb XOPOIIO. XOPOIIO PA3BUTA AKKO-
mMoaauus. MimeloTcsl BepxHHe M HUXKHHUE BEeKH, a Takxke
TpeTbe Beko. Opranbl 060HSIHHS Pa3BUTHl ca1ab0

[TonoBas cucrema |Y camMuoB mapHble MNOJOBblE OPraHbl. ¥ CaMOK TOJbKO
JIeBbIfl SMUHUK W JIeBbIH sH11eBO, OTKpPbIBAIOLIHHCS B
knoaky. KonynsiTHBHbIe Opranbl €CThb TOMIbKO y HEKOTO-
pbix BUa0B. ONI010TBOpEHHE BHyTpeHHee

OBIIAS XAPAKTEPHUCTHUKA

ITokposol. Kosxca nTuil monkas co cAab0 pa3sumoin
snudepmucom. KoXKHbBIX kKeje3 HeT, KPOMe KONuuKOoBOl dceresol,
pacroJ/ioyKeHHOH HajJ KOPHEM XBOCTA, CEKPeT KOTOPOH CJIYXKHUT IS
CMauuBaHUs MepbeB U AJsI TPHUAAHUS MePbeBOMY MOKPOBY BOJOHE-
MPOHUIIaeMOCTH. XapakKTepHO HaJHuMe PasHoOOPa3HBIX POS0BbLIX
06pa308aruUll NPOUZBOOHbLX INUOEPMUCA: POLOBbIE YEXAbL HA KIIOBE,
pocosble yeulyu Ha 3aJHUX KOHEUHOCTSIX, Koemu Ha manabuax. [1po-
U3800HbIMU KOXMCU SIBASIIOTCS U nepos. Ilepbs deyx sudos: konmyp-
note (puc. 129) u nyxosoie. KoHTypHbIe TeJaaTCS HA TPU BUAA: MAXO-
gole (Ha KPBIIbSX, CAYKAT AJS T0JIeTa), HOKPO8Hble (Ha TYJNOBHIILE,
cayXKat st o6pazoBaHus oOTekaeMol GopMbl), pyresvie (Ha XBO-
cre). OcHOBHAsI POJib NYXOBbLLX NEepved — yMeHbllIeHHe TemJa00Taa-
un. [lepuonuueckast cMeHa MepbeB HA3bIBAETCS AUHbLKOL.

Ckenem. Bce ocoGeHHOCTH cTpoeHHs ckeqeta nTHIl (puc. 130)
CBSI3aHBbl C TOJIETOM M HampaBJeHbl Ha oOOaeeueHue U YykKpenaieHue
ckeaema. Koetn ckenera HamosHeHbl BO3AYXOM — HAHe8Mamuue-
ckue (8030yuiHble) KOCTH W OTAMUAIOTCS JierkocTblo. Ha rpynune
UMeeTesl KuAb JJis MPUKPENJEeHUs MbIIIIL, MPUBOASAIIMX KPblIbs B
nBuKeHue. [l yKpenaeHus ckesera 8ce n0380HKU CPACMAOMCEA U
HenoosucHol, Kpome ulelinoix. B pesyabraTe cpactaHusi KpecTIOBO-
ro, MOSICHUYHOTO M YaCTHYHO XBOCTOBOIO OTIEJ0B C Ta30BLIMH KOCTSI-
MU 006pasyeTcsl CAONHCHbL Kpecmey, CAyKAaUlUd ONopol AJas 3aHUX
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J
Puc. 129. Koutypnoe nepo:

! — cTBOJ (cTepiKeHb); 2 — OUHH
(Ha pHCyHKe YaCTHUHO BCKPBIT);
J — oTBepcTHe OuMHA; 4 — AyLI-
Ka; 5 — Hapy»Hoe onaxano; 6 —
BHyTpeHHee onaxasno; 7 — TMyxo-
Basi yacTb onaxana; § — pnoba-
BOYHDBIH CTep2KeHb

KoHeuHocTed. Koctu uepena cpa-
cmaromes 6e3 wesos. 3ybol om-
cymemeyrom. Ilosc BepXHHUX KO-
HEUHOCTEH MpeacTaBIeH MapHbIMU
KOCTAMU: AONAMKAMU, KAIOHUUA-
mu, 80opoHbumu rxocmanu. Cpa-
CTasiCb, KJIOYULbB 00pasyloT 8u-
a0uxy. Ilepennue  KoHeuHOCTH
mpexnaaole, 3ajHUe — 4Yemolpex-
naavte. KocTu MIIOCHBI U Mpe-
MJI0CHBl 006Pa3yloT yesxy (MOKpbI-
Ta POrOBbIMHU UEIIYsIMH), MaJjas U
6o/ibliast 6eplLoBble KOCTH cpacTa-
1oTes.

Mouweunasn cucmema Xopouio
pa3Buta. B cBs3u ¢ mpucnocobe-
HUEM K MOJeTy /s MTHIL Xapak-
TEPHO HaJUUUEe O02POMHLIX epyo-
HbLX Mbluly (OTBEYATOIIMX 34 OMyC-
KaHue  KpblIbeB) M XOPOLIO
PA3BUTBIX NOOKAHOUUUHbLX MbLULY,
(oTBeualolMX 3a MOAbEM Kpbllb-
eB). Xopouio pasButa MYyCKyJaTy-
pa ued U KoOHeyHOCTeH.

ITuwesapumenovnasn cucmema.
B cBsA3u ¢ omcymcemsuem 3y6os
(GyHKUHA pa3MesabueHdss W mepe-
THpAHUS TMHIIH Tepelaa K Ke-
JNYJKY, KOTOPbIH COCTOMT H3 JBYX
OTAEJOB: MYCKYAbHORO, UAU Mbl-
uleuHoeo (B HeM HaxOAsATCS Ka-
MeWKH /51 MeXaHUuecKoro mnepe-
THPaAHUSA THLIH), U IHEAe3UCT020
(cayKUT /51 pepMeHTaTUBHON 00-
pa6oTku numiu). TUnuuHbIM 51
MHOTMX TNTHL sBJAsieTcss 300 —
pacwupenue nuwesoda A5 pas-

MeJbUeHHsT W XpaHeHHsl TMHILH. B moxKkoM Kuuwieuwuke causucras
o6osiouKa 00padyeTr 8opcunku. 3adHutl omoens KuueuHuka He ough-
peperyuposan Ha MOACMYIO U NPAMYIO KUWKY W 3HAYUTEJbHO YKO-
poueH. HenepeBapenHbie 0CTaTKH BBIBOASITCS Yepe3 KAOAKY.
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2% 25

Puc. 130. Cxeset rony6s:

| — 1eiiHble TO3BOHKH; 2 — TPy/Hble MO3BOHKHU; 3 — XBOCTOBbIE MO3BOHKH;
4 — nuUrocTUsb; 5 — CHHMHHAs YacTb pedpa ¢ KPIOUKOBUIHBIM OTPOCTKOM;
6 — OplomHas yactb pebpa; 7 — rpyanHa; § — KWJIb IpyauHsl; 9 — Jo-
natka; /0 — xopakoun; /1 — Buouxa; /2 niaevo; /3 — syueBasi KOCTh;
14 — nokreBasi KOCTb, /5 — MsICTHO-3aNsICTHAsl KOCTb (mpsixkka), /6 —
nepBbiil najei; /7 — BTopoit najen; /8 — tpertuit nanen; /9 — noaB3aoL-
Hasi KocTh; 20 — cefaJguillHas KocTh, 2/ — n00KoBasi KOCTh; 22 — 6enpo;
23 — roJenb; 24 — ueBka; 25 — nepBblil nanew; 26 — uyeTBepTbldl naJjel
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Hoixameaovnaa cucmema.
MHuTeHcuBHbIi razooOMeH B
gerkux nrui (puc. 131) noctu-
raeTcss nyTeMm <«080lH020 Obl-
xanus». Jlerkue umeroT eybua-
moe cmpoenue.

Boideaumenvnas  cucme-
Mma. Bmopuunsie (masosoie)
NOYKU € MOUEMOUHUKAMU OT-
KpbIBatoTcss B KAoaky. Moye-
80l NYsvipb OMCYMCMByem.
BropuuHoe BcacbiBaHHe BOJbI
MPOUCXOAUT 8 Kaoake. OCHOB-
HOH KOMIOHEHT MOUH, KaK U y
penTUIHH, — Mmouesass Kucao-
ma.

Kposenocnasn cucmema.
Y nOTUIL MPOUCXOAUT HOAHOE
pazodesenue 8eHO3HOL U apme-
puarvHoll Kposu, UTO MPHUBO-
Puc. 131. OpFaHbI JIbIXaHHUsI TITHULLBI IUT K ycI/IJ'[eHI/II'O O6MeHa Be-
(cxema): IIEeCTB H 0OYCJOBJIHBAET BeCh-
I — Tpaxes;; 2 — OpoHX; J — Jerkoe; Ma BblCOKYIO U NOCMOAHHYIO
4—7 — Bosaywnble MewKH; 8§ — OT-  memnepamypy meia (npu-
POCTOK BO3AYLIHOro Mellka B TMJeye- MepHO 42 °C) Cep]ll_le Yyemeol-

BOM KOCTH pexxameproe.  Coxpausiercs
00na dyea aopmol. — npasas
apmepuasbHas.

Hepsnas cucmema. ['0106HO0 MO3T UMEET OTHOCHTENbHO O0Ab-
wue noaywapus u apumervrole doau (puc. 132). ObowsmenrvHoie
doau Manbl B CBSI3U C HeJOPA3BUTHEM OpPraHoB 0OOHsHUS. [Ipome-
JICYMOUHbLL MO3T TaKkXKe caabo passum. Mosxceuok ouerov 6016ULOIL,
UTO CBSI3aHO CO CJOXKHBIMH JIBHXKEHHUSIMH BO BpeMsi moJjeta. Hme-
tomes 12 nap wepenHomosdeosoix Hepsos. C TPOrpecCUBHBIM pPa3BH-
THEM MO3Ta CBsS3aHbl 3J€MEHTHI 8blculell HepPBHOL OesmerbHOCmU, B
JaCTHOCTH AaMANMb, 00yuaemocmes, paccydounas 0esamerbHocmes, a
TaKXKe CJ0XKHble POPMbl MOBEJEHUS MTHILL — eHe300CcmpoeHue, 3a-
boma o nomomcmse, muepayuu.

Opeanot uyecms. Opean cayxa COCTOUT U3 BHYMPEHHE20 U cpeo-
neeo yxa. Cayxosaa xocmouka odwa. bapabannaa nepenonka ne-
JKUT B HeOOJbIIOM yray6/JeHnH — 3ayaTKe HAPYKHOTO yXa.
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Puc. 132. [osnoBHOI Mo3r rony6si: A — cBepxy ¢ IJasHbIMH s16J0KaMH,
BCKPbITA KPbILIKA NpaBoro noaywapus; b — cuudy; B — cO0Ky:

| — GoJblune nogylapus; 2 — 1oJaocaToe TeJ0 NpaBoro noayiuapus; 3 —
oboHsiTeabHbIE 10H; 4 — 3nudus; 5 — runodus; 6 — XxuasMa H 3pHUTE/b-
Hble HepPBbI; 7 — 3PUTebHbIE J0JH CPe/lHero Mo3ra; § — M03:Keuok; 9 —
NPoAOJATOBaThIN Mo3r; /0 — rynasa

Opeanovt 3penus. 3peHnue y NTHIL pa38umo ouers Xopoulo. AKKo-
MoOauus NOCTHrAeTCsi IBOHHBIM MYyTEeM: U3MeHeHuem Popmol Xpy-
CMAAUKA VN UBMEHEHUeM PACCMOAHUL MeHCOY XPYCMAAUKOM U Cem-
yamkou. IMeloTcsi BepxXHUe W HUXKHHE BeKil, a TaKxkKe mpemove se-
Ko. MHOrHe NTHIbI 00J1a1a10T Y4BEHOBLIM 3PEHUCM.

Knacc Mnekonuralowme, mnu 3sepu

Maekonumarwoujue — Haubdosee BbICOKOOPTAHNU30-

BAHHBIH KJACC MO3BOHOUHBIX KUBOTHBIX. OCHOBHBIE nporpeccruBHbIC
YEepThbl MJIEKOMUTAIOUINUX:

— BBICOKOE pa3BUTHE [IEHTPaJbHOI HEPBHON CHCTEMbI, 0COOEHHO KO-
pol 60AbLULLX NOAYULApULl — TIEHTPa BbICIIed HEPBHOH J1esITeJbHOCTH;

— HCUBOPONCOCHUE U BCKAPMAUBAHUE OemeHblulell MOAOKOM,
MPOAYKTOM MJIEUHBIX XKeJes;

— MEeNAO0KPOBHOCMb U BbICOKASL CNOCOOHOCMb K TenA0pecyALytlu.

Mopdosoruuecku MJIEKOTHTAIOLUHE XapaKTEPHU3YIOTCsl CaAeAYIO-
IUMH TpU3HAKaMHU. Teso MOKpbITO wepcmoio. Koyca 6oeama scene-
samu. Ocobo MOMKHBI ObITb OTMeUEHBI MAeUMHble deaedvl. HuicHss
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YesNI0CTb — €eJIMHCTBEeHHasi nodsudcHas Kocmo uepena. 3ydol Oug-
pepenyuposansl Ha peauysl, KAblKU U KopeHHble. 3yObl CUISIT B AAb-
seosax. Cepdue uemolpexKameproe, coxpansiercss odxa dyea aop-
mot — aesas. Ipumpoyumol 6ezvadepnole. TlosiBasitores duagpae-
Ma W HAPYICHOE YXO.

CoBpeMeHHble MJEKOTMHTAIOUIHE [eJsITCS Ha TPU TOJAKJIAcca:
ITepsossepu (Knoaunnie, nau Onanonpoxonubie), Cymuamoie u Ilra-

yenmapHeole.
KPATKAS XAPAKTEPUCTHUKA
[MokpoBbl Koxa cocTouT n3 MHOroC/JI0HHOTO 3MUAEpMHUCa U KOPUY-
Ma, 6orata KoxKHbIMH Keje3aMu. OCHOBHBIE THIBI »Ke-
Jle3: caJjibHble, MOTOBbIE, Maxyuyue U MJeyHble
Ckeaer B nosBoHouHMKe HMelOTCS: LIefHbIH, IPYyAHON, MOSCHUY-

HbI{, KPECTILOBbIH U XBOCTOBOH OT/Ae/bl. XapaKTepHO Mo-
CTOSIHHOE UHCJIO HIeHHBIX M03BOHKOB — 7. CKeser Ko-
HEUHOCTeH W MX MOsICOB

MbluieyHas

Ouenb auddepeHnpoBaHa U XapakTepuayercst 60Jb-

cucrema IMM YHCJIOM Pa3HOOGPa3HO PACMONOKEHHBIX MYCKYJIOB
[MvweBaputeapHas | PoToBas mosocTh, MUILEBO, XKeTYI0K, TOHKHH U TOJ-
cucrema CTHIHl KHIIEUHUK. B 3aBMCHMOCTH OT MUILK pa3dHooOpas-

HOe CTpOeHHe cJaenoil KUIIKK U Habop 3y6oB. [leuenn,
CTIOHHbIE KeJ1e3bl, MOJKeTy0UHas Keae3a

JlbixaTesbHas

AJ'IbBEO.}'IHprIe JIeTKHe. Tpaxen JIeJIATCA Ha 6p0HXI/I, KO-

cucrema Topble 3aTeM 00pasyloT 6ponxuanbnoe jaepeso. [losiis-
I0TCsl ropTaHHble Xpsiii. JbIXxanue ocyiecTsasercs
NpH yuyacTHH MeKpeOepHbIX MbIILIILL H AUadparmbl

KpoBenocnas KposenocHas cuctema OJM3Ka K KPOBEHOCHOH cucTeMe

cucrema NTHL, HO UMeeTCsl He MpaBasi, Kak y NTHL, a JeBas J1y-

ra aopThl. DPUTPOLUTH! JHLIEHB! sIEP

BoigeaurenbHas
cucrema

MoueBoii my3blpb OTKPbIBAETCS B MOUYEHCIYCKATeNbHBbIH
kanaJs. [Toukn mapHeie 6060BHAHbIE BTOPUUHBIE, TA30-
Bble. JIBa MOoYeTOUHHKA

HepBHas cucrema

B rosioBHOM M03re 0cOGEHHO pPa3BUTHI MOJYILIAPHUST Te-
pennero mMo3dra. Xopollo pa3BuTa Kopa roJ0OBHOrO M03-
ra. CUJIbHO Mporpeccupyer M03KeuoK

OpraHbl 4yBCTB

Opranbl cyxa cOCTOAT M3 BHYTPEHHEro, CpejiHero v Ha-
PYZKHOTO yXa CO CJIYXOBbIM MPoXojaoM. B nmomoctu cpenne-
ro yXxa HaXoasTcsl TPU CJIYXOBble KOCTOUKH: MOJIOTOUEK,
HaKoBaJsbHs 1 cTpeMeuko. Opraubl o6oustHUsl. AKKOMOa-
151 IOCTUTAeTCsl TOJMBbKO MyTeM H3MeHeHHs1 pOpMbl Xpy-
cranuka. Hanuumne ocsizaTesbHbIX BOJIOC, M BUOpHCC
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[MosoBas cucrema | Y camuoB uMeloTcst mapHble ceMeHHnKH. CriepmMaTo3ou-
JIbl BBIBOJSITCS MO CEMSANPOBOAAM Yepe3 KOMYJIsTHBHBIH
oprad. CaMKH MMeIOT MapHble THYHUKH. BoiBoasiiine
KaHaJbl JeJsTCs HA TPH OTJenaa: siilleBOj, MaTKy, BJa-
ranuite. [Ias MIeKONUTAIOUHUX (KpOMe eXHIHbl H YTKO-
HOCa) BO BpeMst 9MOPHOHAILHOTO Pa3BUTHS XapaKTepHO
o6pasoBaHue JIeTCKOr0 MeCTa, MJIH MJIaleHTbl

OBIIAST XAPAKTEPHUCTHUKA

ITokposor meaa. Koxa MieKOMUTAIOUIMX COCTOUT U3
MHO20CAOUHO20 nudepmuca u kopuyma (puc. 133). U3 poeosoix
nPpoU3BO0HbLY KOXNCU UMEIOTCS Caenylolliue 0b6pazosanus anuoepmu-
ca: 80A0CHL, HOCMU, KO2MU, KOnbima, poed (KpoMe OJIeHbUX).

Koxa OGorata kosmHoimu aeresdamu. OCHOBHbIE THIbI ¥KeJes:
canvrole, NOMoBble, naxyuue u maeunole. JupHolii cekpem canabHbIX
JKeJies CJAYKUT JIJIsi CMa3biBaHUST BOJOC H TTOBEPXHOCTHOTO CJIOS 3MH-
nepmuca kKoxku. [ToTtoBbie

JKEJe3bl BBILeJANT RO, 6 p— 4

COCTOSILIIUH U3 B800bL, MO- S /5 /

wesunol u coseil. Pynk- N e

LUsl MOTOBBIX JKeJae3 3a- o gg%‘%ﬁ‘gﬁg”%w FABEEE

KII0UaeTcsl B OXJaKJe- sl Sas

HUH TeJa W BblJeJeHHH A

npoaykros pacnana. Cex- A

peT maxyumx »Kejae3 cmay- 4 \

JKUT JIJISI 3A1LUTHI OT Tpe- i\\

CJeNyIOIUX BparoB, Me- \

HeHUs TEPPUTOPHH, MpH- s /7 s 9

BJIeUeHUS] 0COOEH MNpOTH-

BOIOJIO2KHOI'O 10J1a. Puc. 133. CrpoeHue KOXKH MJEKOMUTAIO-
Crkenem. B cxenere ML€ro:

MJIEKOMUTAIOUIUX OTMeYa- [ — HapyKHbIH CJA0H POroBOro 3MHUAEPMHU-

eTCA 4YemkKoe paculeHe- ca, KICTKH KOTOPOro BpemMs OT BPEMEHH OT-

HUEe NO3BOHOYHUKA HA ulell- HIeJYIIUBAIOTCS; 2 — l“JIy6()Kl/leI CJIOH 3MHu-

HoLll epL/dHOﬁ noscHuy- A€pMHCa C XKHUBBIMH KJI€TKaMHU (Manabnuruen
K < K

HoLll, KPecmyosblii W X60- CJ10#); 8 — COOCTBEHHO KoxKa (KyTHc); 4 —

i omo 134) Bonoc 5 — notoBasi Keje3a; 6 — oOTBep-
cmogoil omaeast (puc. ) crie ee MpoToKa; 7 — caJjibHasi KeJje3a,

XapakTepHO MNOCTOSHHOE  § _ vy Bosioca; 9 — COeIMHHUTENbHOT-
YUCJIO  WleUHbLX 1NO3B0H-  KaHHble BOJOKHA KOXH; /0 — KPOBEHOCHbIH
K08 — 7. Y KOMNBITHBIX U cocya; // — cOCoueK B OCHOBAHHHM BOJOCA
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)

‘a

Puc. 134. CxeseT KpoJuka:

| — uieiiHble MO3BOHKH; 2 — TIpy/HbIE MO3BOHKH; J — TMOSICHUUYHbIE TTO3BOH-
KU; 4 — KpecTell; 5 — XBOCTOBble M03BOHKH; 6 — pebpa; 7 — pYKOsITKa
IpyadHbl; § — Jonatka; 9 — akpoMHaJbHbIH OTPOCTOK Jonatku; /0 — Ko-
PaKOUIHBIH OTPOCTOK JonaTku; // — MOAB3JOWHBIH OTAe] 0e3bIMsSHHOH
KOCTH; /2 — cejaJUILIHbIA OTJeJ TOH »Ke KOCTH; /3 — JIOOKOBOH OT/eJ TOH
)Ke KOCTH; [4 — 3amupartenbHoe OTBepcTHe; /5 — mJjeuo; /6 — JnoKTeBas
KocTb; /7 — JyueBasi KocTbh; /8 — 3zansictbe; /19 — nsictb; 20 — 6enpo;
2] — xosennasi yaiueuka; 22 — OoJbluas GepuoBas KocTb;, 23 — maJnas
GepiioBasi KOCTh, 24 — mMsATOUHAsi KOCTb; 25 — TapaHHas KOCTh; 26 —
MJII0CHA

\  OblCTpoOerarIux MJACKOMH-
TaloUIUX omcymcemayem
Karowuya. B oranuue ot pen-
= THIHH, Y MJEKOMUTAIHX
M3MeHsieTCsl B3aWMHOe pac-
MOJIOYKEeHHe TYJOBHUILA U KO-
= HeuHocTel (puc. 135).
HMuwesapumenavnasn cuc-
mema (puc. 136) xapakrepu-
A 5 3yercst 00ujum YOAUHEHUEM
Puc. 135. [lonmoxkenue TynoBulla M KO- nuuesapumesbroeo - mpaK-

HeuHOCTeHl y MpPHUMUTHBHOTO Hasemuoro MaA U Ooavuweld eeo dugge-
noasonounoro (A) m y muaekonutaiolle- PEHYUPOEKOL. Y  MJEKOMH-

ro (b) TAIOUIUX UMEeTCs HEeCKOAbKO
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Puc. 136. BekpbIThiil KpostHK (caMKka):

| — mumeBos; 2 — XKeaAyIoK; 3 — TedeHb; 4 — MOJKeayI0uHast Keae3a,
5 — TOoHKas KMIIKa; 6 — cJjenasi KUIIKa; 7 — uyepBeoOpasHblil OTPOCTOK;
8 — Toacrasi kuluka; 9 — npsimas kuuika; /0 — 3ajHeNnpoxoaHoe OTBep-
ctue; /1 — cenesdenka; /2 — tpaxes; /3 — nerkoe; /4 — cepaue; 15 —
nuacdparma; /6 — mnouka; /7 — MoueBOH nysbipb; /8§ — siuunuk; 19 —

dannonueBa tpyba; 20 Matka; 2/ — Baaranuuie; 22 — KeJUHbId my-
3bIpb
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nap caounolx scened. CTpoeHHe dceayoka, COCTOSIEro U3 Kapou-
QAAbLHO2O W NUAOPUHECKO2O 0MOeA08, PA3HOOOPa3HO, UTO CBS3aHO C
XapaKkTepoM TMHIIH.

B Kuuieunuke UMEWOTCS caAenas KUuka W uepseobpasuolii om-
pocmok. IluieBapuTesbHblil TPAKT 3aKAHUYUBAECTCS CAMOCTOSITENb-
HbIM 3Q0HENnpOX00HbIM OMBEPCIUCM.

Hoixamenonas cucmema npenctaBieHa aLb8e0AAPHbIMU Ne2KU-
smu. Tpaxeu nensitcst Ha OpPOHXU, KOTOpPble BETBSITCS Ha GoJiee men-
Kue 6poHXU PA3TUUHBIX TOPSAKOB 10 CAMbBIX MEJIKUX 6POHXUOA, 006-
pasys 6pouxuasvHoe depeso. Ilociennue OKaHUUBAIOTCS MYy3bIPb-
KaMH C SIUEHCTBIM CTPOEHHEM — QAbBCOAAMU, UAU NC2OYUHbIMU
nyasipokanu (puc. 137), B KOTOPbIX NPOUCXOAUT razooOmen. [loss-
JSI0TCST eopmanHble xpauwiu. JIpIxaHne OCyllecTBJseTCs MPH yda-
CTUM MmexncpebepHblx moluly w duagppacmol.

Kposenocnasa cucmema (puc. 138) 6m1u3Ka K KpOBEHOCHOH cHcC-
TeMe MTHUIl, HO UMeeTCsl He MpaBasi, KaK y MTHI, a 4e8as dyea aop-
mot. KpacHble KpoBsiHble Teblla — IpUMpPoyumo. — B cPOPMUPO-
BAHHOM COCTOSIHUM AuUULeHbL s0ep.

Hepsnas cucmema. B ronosHom moare (puc. 139) ocobenHno pas-
BUTHI nOAywapus nepedrneeo moseda. Xopoio pasBuTa Kopa e0a08-
HO2O MO3ed, TJONLalb KOTOPOH yBEJHYMBAETCS 3a CUET H3BUJIHH U
60po3a. CUIBHO npoepeccupyem Mmo3ne1ox.

Opeanot uysems. Opeanvl CcAyxa COCTOSIT U3 BHYMPEHHE2O,
cpedHeco U HAPYICHOSO YXa CO CAYXOBBIM MpoxoaoM. B momoctn
CpellHero yxa HaXoIsATCs MpU CAYXOBble KOCMOUKU: MOAOMOHUEK,
HaAKOBAAbLHA U cmpemeyko. Bo BHyTpenHnem yxe obpaiiaeT Ha cebst
BHUMaHHe CUJIbHOE pasgsumue yAumKku U KOpmuesa opeana.

Opeanovl o6onanus. TlporpecciBHOe pa3BUTHE OPraHOB OOOHS-
HUSl BbIparKaeTcsl B yBeNMUEHHUH 00beMa 0O0OHAMENALHOU KAncyabl 1
B €€ YCJOKHEHUHU NyTeM 00pa3oBaHHUsl CUCTEMbl OOOHAMEAbHbIX Pa-
KOBUH.

OpeaHobl 3peHus y MJEKOMUTAIOIIUX HE HMEIOT CYIIeCTBEHHBIX
ocobeHHOCTeH, TaK KaK 3HAUeHHE UX B KM3HU MJEKOMUTAIONINX 3HA-
YHUTEJbHO MeHbIle, UueM y NTUll. Akkomodayus nocTuraeTcsi mMoAbvKO
nymem uU3MeHerus Gopmol xpycmaaruka. Y mon3eMHbIX BUIOB Ij1a3sa
peryLHpYIOTCS.

Opeanot ocazanus. XapakTepHo#i 0cO6€HHOCTBIO THX OPTAHOB Y
MJIEKOMUTAOIIUX SBJASETCH HaJNUUUe OCA3AMEAbHLLX BOAOC, WU
subpucc. IATO OYEHb JUJIMHHbIE »KECTKHE BOJIOCHI, PaCMOJOXKEHbI
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Puc. 137. Cxema crpoe-
HUsl JIEFOUHBIX MY3bIPb-
KOB MJIEKOMHUTaloLLero (Ha
JIEBOM O0CTaJMacb TOJbKO
CeTb KaMUJSIPHBIX COCY-
JIOB, HA MPaBOM — BCKPHI-
Thlfi ny3bipek 06e3 cocy-
JI0B):

I — ©OpoHnx; 2 — apre-
pusi; 3 — BeHa

St
Ly

I/“'
[

2
o/

r A

o

s

Puc. 138. Cxema cTpoeHust KpoBe-
HOCHOH cHCTeMbl MJEKOMHTalo-
LLHX:

[/ — BHelIHsisl COHHAas apTepus;
2 — BHYTpeHHsIsl COHHasl apTe-
pusi; 8 — MOJKJIIOUHUHAsS apTe-
pusi; 4 — ayra aopTel; H — Je-
rounasi aprepusi; 6 — JeBoe
npejacepaue; 7 — TMpaBoe Mpef-
cepaue; § — JeBBIH Keaynouex;
9 — npasblil xkeaynouek; 10 —
crnuHHast aopTa; /1 — BHYyTpeH-
HocTHas aprepusi; /2 — mouveu-
Hasi aptepus; /3 — TMOAB3AOLI-
Hasi aprepus; /4 — sipemHasi Be-
Ha; /5 — mnojak/JaOuyMuHasl BeHa;
16 JleBasi HemapHas BeHa;
17 — nmnpaBas HemapHasi BeHa;
18 — 3anusis mosasi Bena; /9 —
neueHouHasi BeHa; 20 — BOpOT-
Hasi BeHa meueHu; 2/ — mMeueHb;
22 — nouka; 23 — MnoAB30LIHAas
BeHa
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0ObIUHO Ha roJioBe (Tak Ha3blBaeMble «yCbl»), Ha HUXKHEH 4aCTH
lieM, Ha TPYJH U Y HEKOTOPbIX Ha Oploxe.

Botdeaumeavnas cucmema XapakTepUIYETCs OMCYMCMBUEM
Kaoaku. Mouesoil nysvipb OTKPBLIBAETCS B MOUEUCNYCKAMEAbHbLL
kanaa. [louku napHoie 60608uU0HbIE 8MOpUUHbLE, UL MA308bLE,

Puc. 139. Mosr kpoauka. A — cBepxy; b — cHusy; B — c6oky; [ — npo-
JIOJIbHBII pa3pes:

!/ — OGouabiike noaymapusi; 2 — 0OOHSTebHble JOJH; 3 — 3PHUTENbHbIN
HepB; 4 — snuUbHU3; 5 — cpeaHUl MO3T; 6 — MO03XKeuoK; 7 — TMPOJ0JAroBa-
Thlfl M03T; 8§ — runodus; 9 — BapoaueB moct; /0 — M03roBasi BOPOHKA;

11 — MO030JHCTOE TEeJ0
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pacno/sioXKeHbl B MOSICHUYHOH 06J1aCTH MO MO3BOHOUHUKOM. /[8a mo-
yemounuka. OCHOBHOH KOMMOHEHT MOUM — MOUEBHHA.

Ilonosas cucmema. Y caMLoOB UMEIOTCS NAPHbIE CCMECHHUKLU,
pacrnosioKeHHble B MOJOCTH Tela UaH 8 moulonke. Cnepmamosoudot
BBIBOASITCS MO cemanposodam depesd Konysamusrolii opearn. CaMKu
UMEIOT napHole AuyHuKU. BhIBOASIIHE KaHAMbl NeJasTCs HA TPH OT-
neJna: siyesod, Mamky, saaearuuie.

Jnst MJleKOMUTAIoMWUX (KpoMe eXHIHbl M YTKOHOCA) BO BpeMs
SMOpPUOHAJIBHOIO Pa3BUTHSI XapakTepHo ob6pasoBaHue 0emcKkoeo
mecma, uau naauyermol. Hepe3d MaleHTy OCYULECTBJAsIETCS CBsI3b
KPOBEHOCHOTO pycja 3MOpuoHa W poautensi. B pesymnbrate 3TOro
obecreunBaercsl razoo6MeH B TeJe 3apOojblllia, ero NuTaHue U yjaa-
JIeHHe MPOJAYKTOB pacnaja.



Paspen

| V AHaTOMMUS

TKAHb. OPIT'AH. CUCTEMbI OPITAHOB

Txano — smo caoxmuswascs 6 npoyecce 360A104UL
COBOKYNHOCMb KAEMOK U MEWCKAEMOUHO20 Beuecmaa, UMeroujux
obuee npoucxoxcderue, cmpoenue, pyurkyuu. [To Mopdosornueckum
U (PU3HOJOTHUECKUM TpPH3HAKAM B OpraHu3Me UegoBeKa BbIAEAAIOT
yemolpe muna mraxel: INUMeAUANbHYI, COeOUHUMEAbHYIO, Mbl-
weunyto u Hepsryro (puc. 140). [1paBna, B HEKOTOPbIX yueOHBIX MO-
coOUsAX KpPOBb U MUM@Y BbIAEJASAIOT B OTHAENbHbIH THUN TKaHeH, He
BKJIIOUASl HX B COCTAB COEJMHUTENbHON TKAHHU.

Opean — 3mo wacmo meaq, 3aHUMAIOWASL ONPeOeseHHoe Me-
CMO 8 OpeaHu3Me, UMEIOULA CBOLCMBEHHbLe el cmpoeHue u PyHK-
yuro.

Opeanol, umerwujue obuiee npoucxoxcoenue, eOuHbll NAAH
CMPOEHUSL, BbINOAHAOULUE 00U Y0 pyHKyuwo, obpasyrom cucmemy
opeaHos.

nuTenuanbHas TKaHb

Inumeauti obpadyer TMOBEPXHOCTHbIE CJOH KOXKH,
MOKPHIBAET CJAU3HUCTYI0 0GOJOUKY TMOJBIX BHYTPEHHHX OpPraHoOB, MO-
BEPXHOCTH CEPO3HBIX 000J0UEK, a TaKKe 06pasyer »keJsesbl.
Anurenuit obecneunBaeT 0OMeH BElLECTB MeXJly BHeIIHeH cpe-
JIOH ¥ OpPraHu3MOM, CEeKpelHio U BbljeneHue, GYHKIHN BCaCbIBAHUS
M 3alUThl. DMUTENNI CMOCOOEH K BOCCTAHOBJIEHHUIO — peceHepayuu.
OnuTennanbHble KJICTKH MOTYT HMETb CrHellMa/bHble CTPYKTYpPbl B
3aBUCHMOCTH OT MeCTa HaXOXK/CHHS SMHUTEJNHS U BBIMOJHIEMbIX UM
GYHKIUUHA: MUKPOBOPCUHKU, BCACLIBAIOWUE I WETMOYHble KAeMKU,
PECHUUKU.
dnurenunil noapasnensietcss Ha 08a 8u0A: NOKPOBHbLIL W JHceae3u-
cmouil. [lokposHolli snumeauil OTAeNsieT BHYTPEHHIOIO Cpeay oOT
BHEIIHEH, 3allHIaeT OPraHu3M OT BHEIIHUX BO3JEHCTBHH, BbIMOJIHS-
eT (yHKIMHM oOMeHa BELIeCTB MeX/1y OpraHM3MOM M BHelIHel cpe-
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Puc. 140. Tunbl TKaHen:

1 — SMUTENNH; 2 — pbixaasi BOJOKHHCTAsT CO€IUMHUTE/NbHAs TKAaHb; 3 —
yjJacTuyeckKass BOJIOKHUCTAsA COCJIMHUTEeJNbHAA TKAaHb; 4 — XpslleBasi TKaHb;
5 — KocTHasi TKaHb; 6 — rnmajgkKas MbllledHasl KJeTKa, 7 — nonepeyHono-
JIoCaTble MbIlI€UYHbIE BOJOKHA; 8 — HEePBHbIE KJIETKH
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npoi. KieTku B MOKPOBHOM 3nuUTe/MM 006pasyloT CHJOLIHOH MJjacT,
COCTOSIIIMH U3 MJIOTHO PaCMOJOKEHHbBIX KJIETOK.

dnurtenil  MOXKeT ObITb O0HOCAOUHOIM W MHOCOCAOUHbLIM
(puc. 141). MHoroc/olHbIfl 5NUTENHH B CBOIO Ouepeb MOApPa3aess-
eTCsl Ha 0p0208esaowull U Heopoeogesarowull. Y 0poroBeBalolero
SMUTEIUS BePXHUE CJIOM KJIeTOK, OTMHpas, NpeBpallalnTcs 8 poeo-
gole wewyiku. B 3aBUCUMOCTH OT POPMbI KJICTOK 3MUTEJHH NOApas-
aensieress Ha naockull, kybuuweckuti, cmoabuamoti. Ecan KaeTKH

Puc. 141. Cxema cTpoeHUs SMUTENHANbHON TKAHU:

A — npocToil anutennit (Me3orenuii); 5 — NpocToil KyOHUeCKHIl 3MUTeNni;
B — npocToil ctonbuathlil snutenu; /T — MepuartenbHblil anuTeaui; J —
nepexoaHblil snuTenuil; £ — HeoporoBeBaloUiMil MHOTOCHOHHBIA (MJIOCKHI)
SMUTeNHH



Tkanb. Opran. CucteMbl OpraHon 199

NUTeNHst 00Ja4al0T pecCHHUKaMK, TaKOH SMUTeJAUH Ha3blBalOT pec-
HUYHBIM, UAU MEPUAMENbHbIM.

JKenesucmolli anumeauti 06pasyet seaeavl, pasnauunble o popme,
pacnosoKEeHUo H (pyHKUJ/IHM. BbljleJIHQMble KJIeTKaMH 2KeJe3UCTOro
SMUTEIUS CEKPEThl YUACTBYIOT B PA3/JHUUHbIX PYHKIHUSX OpraHu3Ma.

CoepguHuTEenbHaa TKaHb

Buabl coeAMHUTENbHOW TKAHU

KocTHas Koctu ckenera

Xpﬂmesaﬂ KOCTI/I CKeJIeTa Ha paHHUX CTAaAUAX PA3BUTHUA, XPSAULH TOPTaHHU
W Tpaxeu, HOCA U YUIHbIX PAKOBHH, CyCTaBHbIC XPsIlllH, MeXKIMO-
3BOHOYHbIe JTHUCKH

Co6ctBeHHO | [laomuas | YuacTByeT B 00pa3oBaHUK COOCTBEHHO KOXKH, CY-
coeMHHU- XOJKMJIHH, CBA30K, CTEHOK COCY0B

TeabHas Poixaras O06pasyer cTpoMy BHYTPEHHUX OPTaHOB, MPOBOJIS-
1(He MyTH HepBHOH cHcTeMbl (puc. 142)

Puc. 142. Crpoenue pbIX/10i BOJTOKHUCTONH COeMHUTEIbHON TKAHU:

1 — wmakpodar; 2 — amopdHoe MeKKaeTouHoe (OCHOBHOE) BEIeCTBO; & —
NJAa3MOLUT (MragMaTrueckasi KjaeTka);, 4 — JHUMOUUT (XKHUPOBAsl KJIETKA);
5 — KpOBEHOCHBIH cocyl; 6 — MHOUHUT; 7/ — MepUIUT;, § — SHAOTENUOILHT,;
9 — ¢ubpobdaact; /10 — snactHueckoe BOJOKHO; [/ — TKaHeBblil 6a30(u.;
12 — KoJ1areHoBoe BOJIOKHO
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Coedunumenvras mxano 00paszoBaHa KAeMKAMU W MeHKAe-
MoUHbIM Beuecmeom, 60TATBIM COCOUHUMENbHOMKAHHOIMU BOAOK-
Hamu. CoeqUHUTeNbHAs]T TKaHb SIBJASIETCS MOJU(PYHKIIMOHAJbHON
cTpykTypoil. OHa BbINOJHSACT mpodhuueckyro Gyuxyuro, obecrneun-
Basl peryJ/asiiuio nNuTaHus KJACTOK U ydyacCTue B (paroum()%; MmexaHu-
Yeckyio PYHKYUIO; 3QuiUmMHYI0, yUacTBYsl B Mpolecce 3aXKHUBJIEHHUS
paH.

Xpsawesas mKaHo COCTOUT U3 KAEMOK U TejeobOpasHoro medc-
Kaemouno2o seutecmea. KiaeTkamu XpsilleBOH TKaHU SBJSIOTCS
XoHOpoyumeol, BIpabaTbIBAIOLHE BCE KOMMOHEHTbl MEKKJIETOUHOTO
BellleCTBa, U XOHOpobAacmbl, AKTUBHO CUHTE3UPYIOILIHE MeXKKJAeToU-
HOe BeIlecTBO M CrocoOHble K pa3MHOXKEHHI0. 3a cueT XoHApobaa-
CTOB MPOUCXOIUT POCT Xpsilla.

KocmHas mKkaxo TMOCTPOEHA U3 KOCMHMbLLX KAEHOK W MeXCKAe-
MOUHO20 Beulecmaa, COAEePKAILero pPaASAUYHbIE COAU U COCOUHU-
meavHomKannole 6040KkHa. OpraHnyecKde BelllecTBa, BXOAsIINE B
COCTaB KOCTHOH TKaHH, MPHUIAIOT el 3JacTHUHOCTh. Heopranuuye-
CKHe BellecTBa (COJMU KaJgblusi, Gochopa, Maruus) NpUaaOT Mpoy-
HOCTb KOCTHOH TKaHH.

KrneTkamMu KOCTHOH TKaHH SIBASIIOTCS OCMeEOoyumos. — 3peJsible,
He crmocoOHble K JeMeHUIO KIETKH; 0CmeodAactbl — MOJIOJble KJeT-
KW KOCTHOH TKaHH; OCMEOKAACMbL — KPYTMHble MHOTOSITepHbIe KJeT-
KH, YyUaCTBYIOLHEe B pa3pylleHUH KOCTHOH TKaHH.

MbiweyHas TKaHb

Motweunasa mrkarno 0ObeUHSIET CTPYKTYPbl, HMEIO-
llMe COKpaTUTeJbHbIH anmnapaTr W crnocoOHble HU3MeHSITb AJUHY U
opmy oprana npu cokpaieHud. MbllleyHasi TKaub oOpasoBaHa
MbIILIEUHBIMH KJAETKAMH — MUOUUMAaM, CITOCOOHBIMU K COKpallle-
HUIO, H ONOPHBLIM ANAAPANoM, NPEICTABACHHbIM KOAAQREHOBHIMU W
IAACMUYHOIMU BOAOKHAMU, O0ECMEeUUBAIOIIMMHU CBfI3b IPynn KJje-
TOK W CO3/aI0LIUMH YyNPYyruil Kapkac BOKPYr HUX. B 3aBucumoctu
OT CTPOEHHSl, padMepoB, CKOPOCTH BO30YKACHHUS, COKpalleHHs U
YTOMJICHUSI MHOLMTOB paszinyatoT TPH BHMJAA MbllIEUHbIX TKaHeH:
2Aa0KYI0, NONePEeUHONOA0CAMYI0 U NONepPeUHOnoA0CaAmyo cepoey-
HY!10.
OCcHOBHbIE pasNuudsg MexXJy TJIaAKOH M MOMepeuHonosocaTon
MbILLIEUHBIMH TKAHSIMH MPUBEIEHbl B TaOJHLLE.
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F.nazmasl Mblll€e4YHass TKaHb ﬂonepequono.ﬂocaTaﬂ MbllI€YHasi TKaHb

1. O6pasyer MbILIIbI BHYTPEHHUX 1. O6pasyloT cKesJeTHbIe MbIIIIbI
OpraHoB M KOXKH

2. Knetku onHosinepHble, BepeTeHo- | 2. KmeTku MHOrosiiepHble, BBITIHYTHIE,
o6pasHble, KOPOTKHE MUMEIOT MOoMepeuHyo HcuepueHHoCThb

3. Mpimubl MeJeHHO coKpamaoT- | 3. MblIbl 6bICTPO COKpalatoTes 1 Obl-
csl U MEIJIEHHO YTOMJSIIOTCS CTPO YTOMJSIIOTCS

4. Mblibl HHHEPBUPYIOTCS Bereta- |4. Mblilbl HHHEPBUPYIOTCST B OCHOB-
THBHOH HEpPBHOH cHCTeMOH HOM T'OJIOBHBIM MO3roM. Moryt cokpa-
L1aTbCs MO 2KeJaHUI YeoBeKa (Ipous-
BOJIbHO)

HepBHas TkaHb

Hepsras mxano BASIETCS OCHOBHBIM CTPYKTYPHbBIM
KOMMOHEHTOM OpraHoB HepBHOH cucTeMbl. OHA COCTOUT U3 Heps-
HbLX KAeMOK — HelpoHo8 N Kaemok Helipoesuu. OCHOBHOH (yHK-
LMeH HepBHOH TKaHHU SIBJASIETCS OCYLLIeCTBJCHHUE CBSI3U OpraHu3dma c
OKpysKatollell cpeloil U B3aMMOCBSI3b OPraHoOB B OopraHuame. DTH
(DYHKLMK HepBHAss TKaHb MOXKET OCYLLeCTBJIATb Osarogaps crno-
cOOHOCTH HelpOHOB BOCHPUHMMATbL pa3iapazKeHus, MPUXOAUTb B
cocTosiHUe BO30Oy»KJeHHUs, BblpabaThlBaTh M MepejaBaTbh HepBHbIE
MUMIYJbChI.
KaeTky HelporJauu BbIMOJHSIOT padrpaHUUUTENbHYI0, ONOPHYIO,
3alUTHYI0, TPOPHUECKYIO (QYHKILMH, CMOCOOCTBYIOLIHE HOPMaJbHOH
JKU3HENesITeIbHOCTH U (DYHKLLMOHUPOBAHUIO HEHPOHOB.

KpoBb 1 numda

JlaHHble TKaHKM OTJIHYAIOTCS OT BCEX OCTAJbHBIX TeM,
UTO MMEIOT dcudKkoe mesxckaemounoe seujecmso. OHH GOPMUPYIOT
BHYTPEHHIOIO Cpely opraHudma, obecrneuuBass HOpMaJ/bHOe (YHK-
LMOHUPOBAHHE OPraHH3Ma KakK LeJoro.



202 Paspgea IV. Auaromus

OnopHo-ABHraTenbHbIM annapart

B onopHro-dsueamesbHom annapame BbIIENSIOT JIBe
YacTU: naccusnyro w akmusHyio. [laccuBHasi yactb npeacraBJsier
co6oil ckeset, 06pa3oBaHHbIA KOCMAMU U UX cOeOUHeHUAMU. AKTHUB-
Hasl 4yacTb MPeJACTaBJdeHA CKeAemHMblMi Moluiyamu, 0Opa30BaHHBIMHU
MOMNepeuHoOnoJ0caToll MblllIeUHOH TKaHblo, duagpaemoll, cmenkamu
BHYMPEHHUX OPEaAHO8.

CkeneT yenoseka

CkesieT BBIMOJNHSIET JBE OCHOBHble (QYHKIIMU: Mexa-
HUYeCKYo U buoroeuteckyio.

Mexanuueckas ¢pyuxyus BKJIOUAET B cebs:

— ONOPHYIO PYHKYUO — KOCTH BMECTe C HX COCJHHEHHSMHU CO-
CTaBJASIOT OMOPY TeJaa, K KOTOPOH MPUKPENJIsIOTCs MSATKME TKaHU H
OpraHbl;

— pynryuo nepedsudcerus (X0T U KOCBEHHO, TaK KakK CKeJeT
CYXKUT JIJISI MPUKPENJIEeHUs] CKEJETHBIX MbILIIL);

— PEeCCoOpHYyIo hYHKYUIO — 3a CUET CYCTaBHbIX XPsAlleH U Ipyrux
KOHCTPYKIIMH CcKejieTa (CBOJ CTOMbI, U3THObI MO3BOHOUHHKA), CMSAT-
YaloUMX TOMUKH M COTPSICEHUS;

— sawummnyio ynkyuro — GopMHUpOBaHHE KOCTHBIX 0OpasoBa-
HUH AJ51 3aLUTbl BaXKHbIX OPTaHOB: T'OJOBHOTO W CIMHHHOTO MO3ra;
cepjla, Jerkux. B mosoctu Tasza pacrnosaraiotesi mMoJoBble OpraHbl.
B caMux KOCTSX HaXOAUTCA KPACHbIH KOCTHBIH MO3T.

[Ton 6uonoeuneckodi pynkyued noHUMaloT:

— KpPoBemBOpHYO (PYHKYUIO — KPACHBIH KOCTHBIH MO3r, HaXo-
JASUIHACA B KOCTSIX, SIBJASIETCS UCTOUYHUKOM KJIETOK KPOBH;

—3anacarowyo QyHKYu0 — KOCTH CJAYXKAaT Jeno A MHOTHX
HeopraHUuecKux coenuHeHu: Gocdopa, Kaablus, xKeae3a, MarHus
¥ MO3TOMY yUacTBYIOT B MOJAJAEPKAHUHU MOCTOSTHHONO MUHEPaJbHOTO
cocTaBa BHYTPEHHEeH cpelbl OpraHuama.

CkeJsier yesoBeKka o6pas3oBaH pa3HoOro BUjaa KocTsiMu (puc. 143).
[To ¢popme U CTPOEHHIO KOCTH AeATCS Ha:

— mpybuamote Kocmu (AJUHHbIE U KOPOTKHE) — 3TO KOCTH CKe-
Jera cBOOGOIHBIX KoHeuHocTell (puc. 144, 145);
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Puc. 143. Pasnuunbie BUbI KOCTEH:

| — nannnas (Tpybuarasi) KocTh; 2 — MJI0CKasi KOCTb; § — rybuaTble (Ko-
pOTKHE) KOCTH; 4 — cMellaHHasi KOCTb

~

[ NVEE )

(e}

Puc. 144. OGuiee cTpoeHue KOCTH (cxema):

I — ry6uaToe BellecTBO; 2 — LEHTPaJbHbIH KaHa ; § — nepekaaauHa ryo-
yaToro BelLeCTBa; 4 — HWHTEPCTHLHAJbHbIE MIACTUHKH; & — sAuelika rybya-
TOr0 BellecTBa; 6 — KOMMAKTHOE BELLeCTBO; 7 — TMpo0oaaloliie KaHasubl;
8 — HajaKocTHULA; 9 — Hapy:KHble OKpYyKalollne NaacTuuku; /0 — ocreo-
Hbl; // — TMJIACTHHKH OCTEOHA
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Puc. 145. [Ipokcumanbublii KoHell 6GepeHHOH KOCTH:

A — ¢poHTagbHbIH pacnua: /| — KOCTHOMO3roBast MoJioCTb; 2 — ry6uaToe
BEILEeCTBO; 3 — KOMMAKTHOE BEIIeCTBO; 5 — cxemMa pacroJokKeHus mepe-
K/JIa1uH B ry0uaToM BelllecTBe

—eybuamoie Kocmu: AJUHHble — pebpa M TPyAHHA; KOPOT-
KHWe — TIO3BOHKH, KOCTH 3aMsiCTbsl, MPeEAINJJTI0OCHbI;
— NAOCKUEe KOCMmU — KOCTH KpbILIM 4epena, JormaTka, Ta3oBas

KOCTb, MOCTPOEHHbIe M3 TyOuaTOro BeLLEeCTBA, OKPYKEHHOro MJa-
CTHHKOH KOMMAKTHOT'O BelleCTBa;

— cMeuwlaHHble KOCmU — BUCOUHbIE U OCHOBAHHUsI yeperna.

KocTu ckesnera MOTYT COeIUHSTBHCS ABYMsI CIOCOOAMH.

[TepBhiil cnocob 3akatouaeTcss B COeJIMHEHUH KOCTeH, Korjpa me-
XKy HUMHU omcymcmaeyem ujesv. Takne coeqUHEHHUs Ha3bIBAIOTCS
nenpepolsroimu (puc. 146). HenpepblBHbIE CO€THHEHUS MOTYT ObITh
06pa30BaHbl COCOUHUMEAbHOL MKAHbIO (HATIPUMEp, CBA3KH MEXKIY
IyKKaMH TI03BOHKOB), Xpauiesoli mkanoio (coenunenune pebep ¢
IPYNMHOR) U cpacmaHnuem Kocmeid mexncdy coboil (KOCTH ueperna
cpacratorest ¢ o6pa3oBaHueM IIBa, a Ta30Bble KOCTH — 6e3 06paso-
BaHWs 1IBA).

Brtopoii cnoco6 coennHeHus Ha3bIBAETCS 11pepoul8UCHIbIM COeOU-
HeHuem — MeXJY KOCTAMH OCTaeTcs lieb. Takue cCoe/lHHEHHS Ha-
3bIBaloTes cycmasamu (puc. 147). B 3aBucumoctu ot opmbl cyc-
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Zh

Puc. 146. Bunbl coennnenust kocteil (cxema). A — HempepbIBHbIE COETHHE-
Hus; b — cycraBbl:

| — cpacranue KocTeil; 2 — Mpu MOMOLLM Xpsilla; & — MPH NOMOLLH COeLU-
HUTEJIbHON TKaHH; 4 — C BHYTPHUCYCTABHBIMH CBSI3KAMH M MEHHCKAMH; § — C
BHYTPUCYCTAaBHBIM JHCKOM

Puc. 147. Bunbl cycTaBoB:

| — uMAMHApHUYECKUH (JyuesoKTeBOH);, 2 — OJOKOBUIHBINH; 3 — CeIJIOBU/L-
HbI#; 4 — 3JJIUNCOUAHBIN (Nyye3anscTHbI); 5 — IapOBUAHBIH, 6 — MJIO-
CKMil (MEX/ly CYyCTaBHBIMH OTPOCTKAMH MO3BOHKOB)
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TABHbBIX MOBEPXHOCTEH M CTEMeHH TMOJBHKHOCTH cycTaBa (KOJIHYeCT-
BO OCeil, M0 KOTOPbIM MPOUCXOJUT JBUKEHHE B CyCTaBe) pa3anualoT
CJENYIOLLIHEe BUAbl CYCTAaBOB.

OpnHoocHble | [1aockue CycTaBbl MeXK1y CYyCTaBHBIMH OTPOCTKAMH
MO3BOHKOB

Hunundpuueckue | Counenenne Meay JOKTeBOH H JyueBOH

KOCTAMHU
baokosudnole Me:xdananrobble cycTaBbl
JlByocHble Cedarosudnoie 3anscTHOMSCTHBIA CcycTaB
Iaauncoudrote Mexy 3aTbIIOUHON KOCTbIO H MEPBBIM

IIeHHbIM MO3BOHKOM; Jyde3amnsiCTHbIH

Tpexocubie | [[laposudrobie [lneueBoit cycran

Opexosudnole TasobenpeHnHslii cycTan

CoeJlHHEHHE KOCTEH MOXKHO pasieNuThb elle M0 CMeneHu noo-
suscrocmu coedurneruil. Tax, cycTaBbl OYyT OTHOCHTLCS K nO0BUdMC-
HbLM COCOUHeHUSM, @ COeTUHeHNe MyTeM CpacTaHusl KOCTel — K He-
noo8udMCHbIM coeOureHusm (KOCTH ueperna, coelnHeHHe KOCTell Tasa
C KPecTIoM).

CoenvHeHHUsT KOCTeH ¢ TIOMOLIbIO XPSIIeBOH U TJIOTHOH COeNUHU-
TeJbHOH TKAHU OTHOCATCS K NOO0BUNMCHOIM cOeOUHeHUuaM (CoelnHeHne
TeJT IeHHBIX, TPYAHBIX, MOSICHUYHBIX TO3BOHKOB).

CxeseT uejoBeKa COCTOUT H3 CKeAemd e0A08bl, WIH 4epend
(puc. 148), ckeaema myaosuwsa, KOTOpoe MOApas3neaseTcs Ha no-
3B80HOUHUK W epYOHYIO KAemKY, COCTOSILYI0 U3 pebep u epyoutol,
(puc. 149, 150), u ckenema xoneunocmedi (puc. 151, 152). Ckener
KOHEUHOCTEH Tojapasjiensercs Ha cKkeAem c80000HbIX KOHeuHocmell
U cKeaem nosica KOHeYHOCHU.
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13 4 s Puc. 148. Yepen (Bua c6o-
S _T .S 9 .
\\\\\E\;}\x\\\\\\\ Ty / Ky):
SRR A u, | — mobHast KOCTb; 2 —
2 "l:,,{'r:,/// 9 60J/1bl10€  KPbIIO  KJIHHO-
et ,""i;}?’f;.;;‘;,,, ;'%’/,/ BHJHOH KOCTH; 8 — TJas-
\ ~//f/2?% i HHUHas MJacTUHKA peleT-
U5 J% % yatoii KocTH; 4 — cresHas

KOCTb; 5 — HOCOBAas KOCTb;
6 — cKynoBas KOCTb; 7/ —
BepXHsisl uealocTh; & —
HUIKHSS 4eTI0CTh; 9 — Ha-

2

Y

AW

g ‘V/“‘}\‘@"‘ '////[/’
G " 1y
Xl

\ T, py»XKHOe CJIyXOoBOe OTBep-
W Ay ctue; 10, 14 — Bucounas
X KOCTb; /] — 3aTrblIouyHas
11 KOCThb;, /2 — nsiMOI0BHII-
10 HbIH WoB; /3 — TemeHHasi
KOCTb; [5 — BeHeuHbIH

I0B

Puc. 149. Ilo3BoHouHbIi
cron6. Bun cnepenn
(A), czanu (b) u c60Ky
(B):

oraenbl: | — 1edHbii;
[T — rpynnoi; 11 —
nosicuuunbiil; IV —
KpecTuoBbiil; V — Kom-
YUKOBbLIH;, [, 3 — wei-
HbIH W TOSICHUUHBIN
n0pa03bl; 2, 4 — rpya-
HOH M KpeCTLLOBbIH KH-
$o3bl; 5 — MbIC b B
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Puc. 150. I'pynnas kaetka cnepenu (A) u npasoe VII pe6po cuusy (b5):

[—XII — pebpa; / — pykosATKa; 2 — Tea0 U 3 — MeUeBHAHBIH OTPOCTOK
rpyAHHBl;, 4 — MepBblil IPYAHOI MO3BOHOK; 5 — MepBblil MOSCHUUHBIN M0O-
3BOHOK; 6 — CycTaBHble MOBEPXHOCTH, pa3/esneHHble rpeOHeM (7) Ha ro/10B-
Ke pebpa (8); 9 — weiika; /0 — O6yropok pebpa; // — cycTaBHas noBepx-
HOCTb, C KOTOPOH COUJIEHSIeTCSsl MoMnepeyHblil OTPOCTOK MO3BOHKA; /2 — HUXK-
HUH Kpail
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AKTHBHAsT 4aCTb OMOPHO-ABUraTEJLHOrO anmnapara fnpeacTaBJe-
Ha moluiyamu. ¥ MbIIUL Pa3auualoT YeHMmpaabHyto 4acmo, WIH CO-
KpamumeavHyro (Oproulko), MOCTPOECHHYIO U3 TOMEePEUHON0M0CaTOl
MbILIEYUHOH TKaHHU, U KOHUEBble 4ACMU, WIU HEeCOKpamumble, — CY-
xoxcuaus, o6pa3oBaHHble MJAOTHOH BOJOKHUCTOH COEAHHUTEbHOH
TKaHblo. C MOMOIbIO CYXOXKHUJUH MbIIIILLl MPUKPENATIOTCS K KOC-
TSIM CKeJieTa, MO3TOMY MX Ha3bIBAIOT
ckenemuoimy. Popma MbIIIL 3aBHU-
CUT OT pAaCMOJIOKEHHUST MbIIIEeYHbIX
BOJIOKOH OTHOCHTEJIbHO OCH CYXOXKH-
aus (puc. 153).

[To BbinosHAEMON QYHKLMK pas-
JUYAIOT JbIXaTeJbHble, KEeBaTeJb-
Hble, MHMHUYECKHE MbIIIIbLI, a [0
JIeACTBUIO Ha CyCTaBbl: ceubamenu,
pazeubameau, omsodsujue, NPUBO-
dsuwue, spawamenvHole, Cocumanie-
au. Ecaum nBe MBIl B CycTaBe
BLIMOJIHAIOT 00HO Jdelicmaue, Takue
MBIl  Ha3bIBAIOTCH CUHepeucma-
MU, €CJIU MBIl BBITIOJHSIOT 71p0-
MUBONOAONCHbLIEe Oelicmeus — anma-
COHUCTIAMU.

Puc. 151. KocTtu BepxHell KOHEUHOCTH:

| — kaouuia; 2 — TPYJIHHHBIH KOHeI;
J — Jqonatka; 4 — KJI0BOBUJHBIH OTpoC-
TOK JIOTIATKH; 5 — cycTaBHas BHajaMHa
Jonatku; 6 — mnJjeuyeBast KOCTb; /7 — Be-
HeuHasl siMKa MJaeyeBoil KocTH; § — Me-
NMaNbHbIH HaJMBbILIEJOK TMJe4eBOH KOC-
t™™; 9 — 0J10K maeueBoil Koctu; /0 — Be-
HEUHBIH OTPOCTOK JIOKTeBOH KocTH; [/ —
OYrpUCTOCTh JIOKTEBOH KOCTH; /2 — JIOK-

TeBasi KOCTb; /3 — TOJOBKA JIOKTEBOIl
KocTH; /4 — KocTH 3ansicrtbs; 15 — 1—
5-1 msicTHble KocTH; [6 — (anaHru
nanblies; /7 — IHJIOBUAHbBIE OTPOCTOK
JyueBO#H KocTH; /8 — JyueBasi KOCTb;
19 — ronoBka snyueBoil koctu; 20 — rpe-
O6eHb Oogablioro 6yropka; 2/ — Mex0y-

ropkoBast 6oposna; 22 — 060Jb110i 6yro-
poK; 28 — Mauiblii 6yropok; 24 — roJos-
Ka MJaeueBoil KOCTH; 25 — aKpPOMHOH
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Puc. 152. KocTu HuXKHel KOHEUHOCTH:

I — Kpectell; 2 — KpecTUOBO-TMOAB3L0UIHbIN
cycTaB; & — BepxXHss BeTBb JOOKOBOH KOCTH;
4 — cumdusnaabHasg MOBEPXHOCTb J0OKOBOMH
KOCTH; & — HMXKHSIST BeTBb JOOKOBOH KOCTH;
6 — BeTBb CeaNHIUIHON KOCTH; 7 — ceaJHll-
Hblll Oyrop; § — Tes10 ceflaldulHON KOCTH; 9 —
MeIMadbHbll HAAMBbILLEN0OK OepeHHOH KOCTH;
10 — MenuanbHbIi MbILETOK 00JblIebepllo-
BOi KoctH; // — OyrpuctocTb OoJbluedeplo-
BOH KocTH; /2 — Tesio 6oJbliebeplioBOi KOCTH;
13 — menuanbHasi JoabIKKa; /4 — dananru
nanblies; /5 — KOCTH TJIOCHBI;, /6 — KOCTH
NpeanaocHbl; /7 — JjatepanbHas JOJbIKKA;
18 — wmanoGepuoBasi KocTb; /9 — mnepeaHuit
Kpail 6osblebepoBoil Koct; 20 — roJoBKa
MaJs06epoBoil KocTH; 2/ — jatepabHbli Mbl-
1esoK GoabiebepoBoil Koetu; 22 — HaJIKo-
JeHHUK; 23 — JjarepaJjbHblil HaJAMBILLEI0K
GenpenHoil KoctH; 24 — OeapeHHAs] KOCTh;
25 — OGoJabloil Beprea OeJPEHHOH KOCTH;
26 — uleiika 6e1peHHOl KOCTH; 27 — roJI0BKa
GenpeHHoll KocTH; 28 — KpbIIO TOAB3A0IIHON
KOocTH; 29 — MOAB3/0IIHbIH rpeGeHb

Puc. 153. Popma mMbiL:

I — BeperenooGpasHasi; 2 — JIEHTOBHIHAS,
3 — nByOpwoliHas; 4 — aByraaBasi; & — 0J1-
Homepucrasi; 6 — xBynepucras; 7/ — LIHPO-
Kas; § — cxKumartesab (CHUHKTED)
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MuweBapuTenbHas cMcTema

[TuiieBapuTebHasl cucTeMa BbIMOJIHSET psif QYHKIMH:

— MexaHuuecKkas (pyHKyud, UWIK pasMmeabyeHue MULLH, OCYLLeCT-
BJISIETCS C MOMOILbBIO 3y0OB B POTOBOM MOJOCTH U 34 CUET MepeMelln-
BaHMs B JKeJyJKe U TOHKOM KHIlIeuHHKe, a TaK»Ke TPaHCMOPTHUPOBKaA
MHUIEBOTO KOMKA MO MHUIEBAPUTENbHOMY TPAKTy 3a CUeT COKpallle-
HUSI MbIIIEYHOH 0O0JOUKH (MepUCTaNbTHKA );

— cekpemopHas (PyHKyus 3aKa0YaeTcss B CHHTe3e M Bbljese-
HUU TMHLLEBAPUTEJNbHbIX (PEpPMEHTOB MHULUIeBAPUTEIbHBIMH KeJe-
3amu;

— Xumuueckas GyHKyus 3aKai0uaeTcss B XUMUUeCcKol o6paboTke
MUULK (MHLLeBAapPeHHe) € MOMOIbIO MUILEBAPUTENbHbIX (EepMEHTOB.
[TepBuunass xumuueckass o6paboOTKa MUILM HAUMHAETCS B POTOBOH
MOJOCTH U 3aKAHUMBAETCS B TOHKOM KHIIEUHHUKE, TJle OCYLILeCTBJISI-
eTcsl OKoHUaTesnbHasi XuMudyeckasi oopaborka. B Tosmctom kuuieunu-
Ke M Ha rpaHuile TOJCTOrO0 M TOHKOTO KHIIEUHUKA obumaem Kuuled-
Has MUKpOpaopa — CUMOHOTHUECKHE MUKPOOPraHU3Mbl, MOMOrao-
e HAM MepeBapuBaTh PACTUTEbHYIO M MOJOUYHYIO MHUIILY;

— gcacoleamenvras ynkyus obecrneurBaeT BcacblBaHHe MPOLYyK-
TOB NHULLEBapeHUsi B KpoBb M JuMpy. HacTuuHOoe BcacbiBaHUE YIJeBO-
JIOB HauMHAETCs B POTOBOH MOJIOCTH, MPOJOMKAETCS B KeJIYJKe, I1e
HAUMHAIOT BCAChIBATHCS MPOAYKTbI paculensenus O6enkoB. OCHOBHOeE
BCAChIBAHME MPOUCXOJMUT B TOHKOM KHlleuHunke. Hamno oTmeTuTh, uTO
MPOAYKTbI NepeBapUBaHusl JIMIUA0B BCaCbBAIOTCA B TUMQY;

— 9KCKpemopHas ynKyus — BblJeJeHre HernepeBapeHHbIX OcC-
TATKOB MUK U MPOAYKTOB KU3HEesITeTbHOCTH;

— UHKpemopHas — BbljeJeHHe TMULIeBaPUTeJIbHbIX TOPMOHOB.

MNonocTtb pTa, Mnu poTtoBas NonocTb
(puc. 154)

3ybot (puc. 155). 'maBHasi ¢GyHKUHA — 3axBaT H
nepBUUHAsh MexaHHuecKkast 06paboTKa NUILHK (padMesabueHue).

Y uesoBeKa BBIAEJSIOT JBa BUIa 3y60B B 3aBUCHMOCTH OT Bpe-
MEHH TOSIBJIEHHUS:

— moaounsie 3ybol (BpemeHHble). ¥ pebenka 20 MOJOUYHBIX 3Y-
60B, PYHKILMOHUPYIOT 70 3aMeHbl HX MOCTOSHHBIMU 3y6aMu B BO3-
pacte ot 7 1o 13—14 net. Ha ka0 mosoBHHE UeNIOCTH pasjnya-
10T 2 pe3ua, | kablk, 2 60MbIIHX KOPEHHbIX 3y0a;
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— nocmosHHole 3y6ol. Y denoBeka 32 MOCTOSHHBIX 3y0a: B Kax-
J0# TIOJOBUHE 4YeatoCTH 2 pesila, | KJAbIK, 2 MaJblX KOPEHHbIX H
3 00JbLIUX KOPEHHBIX 3y0a.

S13oik. TTonBHKHBIA MbIILIEUHBIH OPTaH, OMETbIH CJAU3UCTOH 060-
JIOUKOH, 60rato cHaOKeHHbII COCyaMU U HEpBaMHU.

Cansucrast 6orata BKYCOBBIMH peleNnTopaMu — CoCouKkamu
(puc. 156). Pasznuuait: Humesudnsie U epubos8udHble COCOUKU —
pa3bpocaHbl Mo Bcell BepXHeH MOBEPXHOCTH $13blIKA; COCOUKH, OKpPY-
JCeHHble 8aiuKkom, — B KoauuecTBe 7—11 pacnomaraiorcs Ha rpa-
HULe TeJa U KOPHS A3blKa; AUCMOBUOHbLE COCOUKU — XOPOLIO BUJ-
Hbl MO KpasM s13blka. Ha HuxKHell cTopoHe s13blKa COCOUKOB HeT.

SI3bIK yuacTByeT B Mpo-
necce CocaHusl, TJIOTaHUS,
APTUKYJISILUU peuu, sBJIsET-
csi opranom BKyca (rpu6o-
BUJIHbIE M JIUCTOBHUJHbIE CO-
COYKM BOCIHPHHUMAIOT KHC-
JbIA, CJAJAKHH W COJIeHBIH
BKyC, a COCOUKH C BaJju-
KOM — TOPbKH).

Puc. 154. PoroBasi mosocThb
U 3€B:

I — BepxHsAs U 2 — HUXK-
HAs ryObl; & — 3eB; 4 —
SA3bIK; & — HEOHO-A3bIUHAas
H 6 — HEOHO-rI0TOYHAS
NyKKW; 7 — HEOHAsT MUH-
nanauna; § — s13bl4oK; 9 —
msrkoe u /0 — TBepuoe
HéGO; 1] — necHbl
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Puc. 155. Cxema crpoeHnus
3yba:

| — smaJnab; 2 — JeHTHH; 3 —
nyJabna syba; 4 — necna; b —
LeMeHT; 6 — MepUOoJOHT; 7 —
KOoCcTb; [ — KopoHKa 3y0a;
Il — weiika 3y6a; I/l — ko-
penb 3y6a; [V — kanan Kop-
HAA 3y0a

11

11 i

v

Puc. 156. S13nik:

| — KopeHb s3blKa; 2 — HHUTEBU]-
Hble, 3 — rpuboBHUAHbIE, 4 — OKPY-
JKeHHble BAJHKOM U § — JIMCTOBHL-

Hble COCOYKH; 6 — cJenasi siMKa;
7 — Hé06HO-s13bluHaAs cKaajaka, § —
HéO6Hast U 9 — s3bluHasl MHUHLAJIH-

Hbl; /0 — HAATOPTaHHUK

moTka

MbleyHbI oprat, COeMHSI IO NI POTOBYIO MOJOCTb
C NUUIEBOAOM MW HOCOBYIO MOJIOCTH C TOPTAHbIO, T. €. B I'VIOTKE rnepe-
cekaromces nuujesapuniesibHole U dvlLxamenbHoLe nymu. ['noTka fe-
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JUTCSI HA TPHU UYACTH: HOCOCAOMKY, POMOSAOMKY W 20PMAHHYIO
yacme. B raotke pacnosaratorest wecmo munoasur. Hocoraorka
uepes xoarbsl cooduULaeTcst ¢ HOCOBOU noaocmoro. Ha OOKOBBIX CTeH-
Kax HaxOASATCsl omeepcmus cAyxosolx (escmaxuesolx) mpyod, KOTO-
pble CBSI3BIBAIOT €€ C MOJIOCTbI0 cpedHeco yxa, cnocobeTBYsl ypaBHU-
BAHUIO NABJEHUs B CpejHeM yXe C BHEIIHHUM jaaBienueM. Munodanu-
Kbl BBIMOMHSIOT BaXHYK 3alMTHYI0O W OTYACTH KPOBETBOPHYIO
¢ynkuuu. Peskoe yBesnueHne MUHIAJIUH — TMePBbIH MPU3HAK AHTH-
HbI, CKapJIaTHHbI, TH(TEPUH.

Miwesop,

[Tpencrasasier coGoil MbllleuHyl0 TPYOKYy AJHHOH
okoso 25 ¢m (puc. 157). Hauunaetcss 6e3 pe3KuX TpaHMUIL OT I'NIOTKH
Ha yposHe VI wefiHoro no3dsonka u Ha yposHe XI rpyaHoro no3Bou-
Ka OTKpbIBaeTcs B xKeaya0K. Mbliieunas 060/104Ka UMeeT 0CO6eHHO-
CTH: 8 8epxHeli mpemu OHA COCTOUT W3 NONEPEUHONOAOCAMbLX
MbLUULY, & 8 HUMCHel mpemu — MOALKO U3 eAaokux moiuiy. OCHOB-
Hasi PYHKUMS MHULLEBOJAA — MpPOBeJeHHe MUILEBOTO KOMKA B KeJay-
N0K. HacTHUUHO MHUILEBOJ BbIMOMHSET 3aUUTHYIO (YHKIMIO MpPH MO-
MOLLH TpeX CY:KeHHH (MMEHHO B
TUX CYXKEHHUSIX OueHb 4acTo 3a-
CTPEBAIOT HeuastHHO MPOrJaoYeH-
Hble HHOPOAHble npeamerbt). He
MMeeT COOCTBEHHbBIX THILEBAPU-
TeJNbHbIX  ’KeJje3, THlleBapeHue
OCYILLeCTBJSIOT PepPMEeHTbI CJAIOHbI.
B HeMm wiesnounas cpena.

Puc. 157. CtpoeHue CTeHKH MHUILEBO/A.
Cauzucras (/), mbiweunas (/1) u ce-
posnas (//1) o6onouku:

| — MHOTOCJIONHBIH MJIOCKHH 3MUTENHH;
2 — CcOOCTBEeHHbIH U & — MbllIEUHbIH
CJIOM CJIM3UCTOH 000JI04KH; 4 — TOj-
CIIM3UCTBIA CJIOH; H — CJU3UCTas »XKe-
Je3ka; 6 — CJI0i KPYroBbIX M MPOJLOJb-
HBIX (7)) MBILIIL
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Henypok

EnuHcTBeHHAst paciiMpeHHasi 4acTh MUILEBaPUTEb-
HOH TpyOkH oObBeMoM 10 5 autpoB (puc. 158). Pasauuaior sxod
(kapduarvras wacmoe), OHo, meao U 8bo1x00 (npuspamuur). [lpu
BXOJA€ M BBIXOAE HMEIOTCS KOAbUEBbIE — MbLULLbL-3AMbIKATEAU
(chunkmepot). Mblineunasi 060J0UKa UMEET mpu 8UOA Mblull: NPO-
doavHble, KOAbYEBbIE U KOCbLE.

JKenynok ocyliecTB/IsieT HECKONbKO (DYHKLMHA: MexaHuueckas
06paboTKa MULLK 3a cueT MepeMellUBaHusl, BpeMeHHOe XpaHeHue H
XUMHYecKast 06paboTKa MUK U YAaCTHYHOEe BcacbiBaHue. XuMHUe-
ckasi 06paboTKa MUILH OCYIILECTB/ISIETCS XKEJYJA0UHBIM COKOM, BbIje-
JsleMbIM cOOCmBeHHbIMl ceredamu. JKeayoourolii cox UMeeT Kuc-
ayio cpedy (pH 2). JKeaesor cocToIT U3 Tpex BUMOB KJIETOK: eAas-
Hble, BBIIeJsIONINe THIeBapuTeabHble (hepMeHThl, 0b6KiadouHbLe,
BBIIENSIONINE COJNSIHYIO KHCJIOTY, M JdobagouHble, BBIAETIONIHE
CJTU3b.

Puc. 158. JKenynok co BCckpbiTO# mepejaHeil cTenkoil (A) u ero MbilieuHas
o6os0uka (b5)

[ — KapauasabHas 4acTb; 2 — KapAuaabHOe OTBepCTHe; 3 — JHO XKeJTYyIKa;
4 — Teno Keaynaka; 5 — Manas u 6 — OoJsblliasg KPUBU3HA XKeayjaKa; 7 —
NpUBpaTHUKOBA (MuUIopHUecKasi) yacTh; § — TMpUBpaTHUK; 9 — oTBepcTHe
npuBpatHuka; /0 — mblieunas 060104Ka; // — TMpoaoNbHBIH (HaPYKHBIH)
c1oil; 12 — KpyroBoil cioit; /3 — chuHKTEp NpuUBpaTHHUKA; /4 — KOoCble BO-
JIOKHA
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TOHKMM KMLLEYHMK

Camas JnJuHHAsh yacTh MHUIEBAPHUTENBHOIO0 TPaKTa
(10 5 M) JeqUTCS Ha TPH YaCTH: 08eHAOUAMUNEPCTHYID KUULKY,
moujyro 1 no08300UHYI0 KULLKY. XapaKTepHOH 0COOEHHOCTHIO SIB-
JseTcs HaJduuue B0pCUHOK, 0OPa30BAHHBIX CJAM3UCTOH 000JOUKOH
(puc. 159, 160). BopCcHHKH UMEOT MUKPOBOPCUHKU, 0Opa30BaHHbIE
anumeauem gopcurox. Ha rpanuie ¢ xKeayaKoM U TOJCTbIM KHIlleu-
HUKOM HMeloTcsl cgunkmeposl. B nBeHaqllaTUNEPCTHYIO KHIIKY OT-
KPbIBAIOTCSA TIPOTOKU 1n00XHCEeAYOOUHOL Heese3bl N HeAUHO2O NYSbLPA.

Puc. 159. Causucras o6og0uKa TOHKHX KHIIOK. A — Tomtedd; b — monu-
B3JIOLLIHOM:

I — wmbleynasi obosmouka; 2 — 6pbixkeiika; 3 — cepo3nas o6osouka; 4 —
OJIMHOUHbIE (DOJJUKYJbl; & — KpPYroBble CKJAAJAKH; 6 — cJaW3ucTas
060/104Ka; 7 — I'pynnoBble QOJNTHKYJIbI
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Puc. 160. Cxema cTpoeHHs BOp-
CHHOK TOHKOH KHILIKH:

| — KHIIeUHBIE STHTETHOLHUTDI;
2 — 60KaJ/J0BHAHbIE KIETKH; 3 —
LeHTPaJbHbIl  JUM(paTHUCCKUH
cunyc; 4 — aprepuonaa; 5 — Be-
HyJ1a; 6 — KPOBEHOCHble KaMuJ-
JSIPBI

ToHKUH KUIIEUHUK — 3ITO
OpraH, B KOTOPOM OKOHH4Q-
meAbHO 3asepuiaemcs pac-
uenaenue 6eakos, Hupos u
yeaesodos W npoucxooum
gcacol8anue npooykmos ux
pacuenienus, a TakkKe co-
aeit u Boabl. [TepeBapuBanue
MPOUCXOAUT MNOJ JeHcTBHEM
KUule4tHoeo CcoKa, BbljaeJsse-
MOTO Jcese3amu KUWeUHUKa, NAHKPeamuiecKkoeo coKka, BblaeaseMo-
rO MOJKEJTYN0UHOH Kene30i, u aeauu. Umeercss norocmuoe u npu-
CMeHoUHoe nuuesapenue.

ToncTbiM KMLWLIEYHUK

WMwmeer nauny no 2 m u guamerp 10 5—7 cm. Cocro-

UT U3 TPeX OTAeNOB: CACNAS KUWKQA C 4epB8eodpPaA3HblM OMPOCKOM

(puc. 161), o60dounas n npamas KuwKka.

31ech HaxoAuTcs OOJAbLIOE KOJHUECTBO
cumbuomuueckux 6axmepuil.

OcHoBHbBIE (DYHKIIMH, KOTOPbIE BBIMOJ-

HsIeT TOJICTBIH KHIIEYHHK, — BCaCbIBAaHUE

s L o ‘ ww/[,/////
Puc. 161. Cuenasi kulka ¢ uyepBeoOpasHbIM )
OTPOCTKOM (amnmeHanKC):

2
!/ — dyepBeoOpa3HbIil OTPOCTOK (ammeHpHKC);
2 — oTBepCcTHe amnmneHauUkca;, J — cJaenas
KHIIKa; 4 — OTBEpPCTHE TOHKOTO KHIIEUHHKA; 1
5 — TOJCTBIH KHIIEYHHK; 6 — o00oj0uHas <

KHIIKa
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BOJIbI U POPMHPOBAHHE KAJOBBIX MacC. 3a CcueT Haauuus Gaktepui
31echb MPOUCXOAUT OpodceHue Kiemuamsku W eHuexue 0eAK08, P
OaKTepuil CUHTe3UDPYIOT BUMAMUHDbL.

nMLLI,eBapMTeJ'IbeIe xxenesbl

Caronnote scenesvr. ClioHHble »KeJie3bl BbIIEJSIOT
CJIIOHY, COCTOSIIYI0 M3 6eAK0B8020 cekpema (CEepO3HOTO) U CAUSU-
€1moeo Komnoxexma. BenKoBBIN CeKpeT BBIIEISIOT 0KOAOYULHbLE Je-
Ae3bl, CTU3UCTBIN — HEOHble U 3a0HUE A3bIUHOLE; NOOHUNCHEUEAIOCTI-
Hble W nodofA3biiHble — CMellaHHbIH cekpeT. OCHOBHBIMH KOMIIO-
HEeHTAMH CJIOHBl SIBASIIOTCS: MYyyun — CIU3UCTOE OENTKOBOe
BEIIeCTBO, AUSOYUM — OAKTEPUILIUIHOE BEILECTBO, (hepMenniol amu-
4030 U MAALMASA.

Pasnuualor masvie u 6oavwiue caonnse seaedol. K Maabim oT-
HocATCS eyOHble, ujeurole, 3yOHbLe, A3bluHble, HEOHbIE. DTU HKeJe3bl
pacro/ioyKeHbl B COOTBETCTBYIOUIUX Yy4acTKaX CAH3UCTOH 000J0UKH
pTa. BoJbUINX CAIOHHBIX KeJe3 TPU Tapbl: 0KOAOYULHbLe, NOOHUIICHE-
yearocmuoble U N00DA3bI4HbIe; OHU JIeKAT BHE CJAHU3UCTOH 000J0UKH
pTa, HO BBIBOJHbIE MPOTOKH OTKPBIBAIOTCS B MOJOCTh PTa.

ITeueno — camas kpynHas xkesesa (Macca jo 1,5 kr). bosbias
YyacTh HAXOJMUTCS B MpaBoM nojapebepbe, MeHbIlIask 3aX0/UT B JIEBYIO
CTOPOHY OptolIHOH nosocTH. OCHOBHOH CeKpeT, KOTOPbIH MeueHb Bbl-
JesisieT B TMUILEBAPUTENbHYIO CHCTEMY, — deaus. Kemub aMynbru-
pYyeT »KHpPbl, aKTUBUPYET XKUPOpacLIensionne GepMeHThbl Moaxe-
JIyJOUHOH Keje3bl, HO caMa (pepMeHTbl He COAepKUT. B meuenu yr-
JIEBOJIbI MpeBpallaloTcsl B IJIMKOTeH. [leueHb TakKe OCYLIECTBJISIET
6apbepHylo (yHKIHIO, 00e3BpeKUBasl sITOBUTbIE BEIIeCTBA, MOSIB-
JsTIollMecss B OpraHu3Me B mpoliecce o6MeHa BelecTB. BHe mporec-
ca TMHUIIeBapeHus Kequb COOUPaeTCsl B KeJUHOM MY3bIpe.

ITooxceaydounasn menreza — nuiieBaputensbHas xkemnesza 20 cm
B JJIMHY U 4 CM B LIHPHUHY, pacrojioxkeHa no3aau xemayaka. [Tonxe-
JyA0UHAsl KeJe3a OTHOCUTCSl K H#eae3am CMeulaHHoeo muna. K-
30KpPUHHAs 4acTh BbIpabaThIBACT NAHKPEAMUUECKUIl COK, COlepIKa-
IWHH MPUNCUHOREH, AMUAA3Y, MAALIMASY, AAKMA3Y, AUNA3Y, HYK-
Aea3y. DHJAOKPUHHAS YacTb BblpabaTbiBACT COPMOHbLL UHCYAUH W
2NIOKA2OH.

ITuwesapumeanvnoie pepmenmot

OCHOBHYI0 (PYHKIIMIO MUILEBAPUTENBHON CHCTEMbl — MHUILLEBAPHU-
TEJNbHYI0O — BBIMONHAIOT ClelHaNU3UpOBaHHble OeIKU — nuuiesa-
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pumenvHole pepmermnot.

B Kaxaom oTaesae MNUUleBapuTeJbHOr0O

TpakTa (YHKILMOHUPYIOT crielliduueckre epMeHThbl, KOTOpble Cro-
cOoOCTBYIOT NepeBapUBAHUIO ONPeLeJeHHbIX BELLeCTB.

[TnweBapurenbHbie epmMeHTbI

JKeaesbl PepmeHTb Yrto pacwenasiercas | KoHeuHblii npoayKT
CaioHHbBIE Amunasa Kpaxmaun. [mukoren | MasnbTosa
Maunbraza MaunbTosa JIBe MOJIeKYJIbl
TJTIOKO3bI
JKesesnl ITencun Beaok [Tentumnl
JKesyKa N
XHUMO3UH MoJs1oyHbI 6e10K Jenarypauus —
CTBOpaKMBaHUe
[Tomxenynounas | Tpuncun Benok. [Tentubl Jlunentuabl. Amu-
HOKHCJIOTI
Amunasa Kpaxman Mausnbrosa
Jlunasa JKupbl JKupHble KHCTOThI.
[nuuepoa
[Teuennb JKemuublie conun | AKTUBALLUA MULLLe-
M KeJTUHbIH M I1eJOUH JKeJs- | BapUTebHbIX (ep-
ny3blpb Ul He cojep- MEHTOB, 9MYyJbra-
JKAT MUIleBa- | 1S XKHUPOB, BCAChI-
puUTeIbHbIE BaHMe KHPHBIX
(hepMeHThI KHMCJIOT
JKenesbl Caxapasa Caxapo3sa dpykrosa. ['mokosa
TOHKOTO M M T
KUIIEUHHKA asnbTasa anbTo3a JII0K03a
Jlakrasa Jlakrosa ['noko3a. ["anakro-
3a
docharasa Oprannyeckue ¢oc- | CBoGoanblii pocdat
daTbl
ButammHbl

Bumamuramu Ha3bIBAIOT rpynmny OMOJOTHUECKH aK-
TUBHbBIX OPTaHHYECKUX COeJJMHEeHU N pa3anH0f/’1 XUMHUYECKOH npupo-
JbI, MOCTYMAIIIUX B OPrainusm ¢ nuien pacTUTEJbHOIO U 2KMUBOTHO-
ro NporuCxXoOKJIACHHUSI. HeKOTOpre BUTAMHWHDBI CHHTE3UPYIOTCsA MLHCPO6-
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HOll ¢paopoll Kuuwlewnuxka. BuUTaMMHbBI NPUCYTCTBYIOT B MHUILE B
HUUYTOXKHO MaJIbIX KOJTMUYECTBAX, H OPTAHU3MY OHHM HYXKHbl TaKxKe B
MaJbIX KOJMHYECTBAX, HO MPH 3TOM HTPaIOT OYeHb BaKHYIO POJb B
npoueccax oOMeHa, 4acTO sBJAAAChH COCTABHOH 4acTblo (pepMEeHTOB.
[Tpu orcyTeTBUM KaKOro-1160 BUTAMUHA MJIH €ro NpeallecCTBeHHHKA
B OpraHu3Me BO3HUKaeT 00/Je3Hb — asgumamurod. Ho, xoTst BuTamu-
Hbl Ba)KHbl JUJIss OpraHu3Ma, nepeao3upoBKa (MHTOKCHKALUS) HX
BCJIE/ICTBHE MpHEMa B MOBLILIEHHbIX 034X TOXKe MPUBOJAUT K 00/e3-
HEHHbIM MPOSIBJICHUSAM H HA3bIBACTCS eUNepBUmOMUHO30M.

Buramuuel pensitcst Ha JBe TPYMIMbl B 3aBUCHMOCTH OT PacTBO-
puTeseil, B KOTOPbIX OHH PacTBOPSIOTCA: Jupopacmeopumsle (BUTa-
munbl A, D, E, K) u sodopacmsopumsie (Buramunnl rpynnel B, PP,
Cu np.).

AbixaTenbHaga cucTema

Jbixanue — amo npouecc easzoobmera mendy op-
eanuamom u sHeulnell cpedoil. M3 srewrnell cpedol 8 opearHusm no-
cmynaem KUucaopoo, a 80 BHEUHIOIO cpedy B8bl0eAsiemcs YeAeKUC-
AbLL 2a3, HacMuUHO 8004, 8 8uUde BOOIHO20 NApa.

['a3oobmer COCTOMT H3 TpexX 3TAMNOB: BHeWHeeo OblXQHUA,
MpaHcnopma 2a3os Kposvio, BHYMpeHHeeo (MKAHeB020 U KAeMmou-
HO020) OblXQHUA.

BHelllHee JbIXaHHe OCYILIECTBJISET OblXxameAbHAs CUCTEeMA.
B pesysbTaTe BHeLIHEro JAbIXaHUs KHCJAOPOJ MOCTyMaeT B KaMUJJIs-
pbl aJbBEOJ, a YIJEKUCbIH ra3 U3 KanuaJsipoB MOCTynaeT B MOJOC-
TH ajJbBeos. Ha BTOpoM 3Tame KUCAOPOJ € MOMOILbIO KPOBEHOCHOH
CHUCTEMbl TPAHCMOPTHPYETCS MO BCEMY Teay, B 0OpaTHOM HamnpasJe-
HUYM KPOBb TPAHCIOPTUPYET YIJIEKUC/bIH ra3 K JerkuM. BHyTpeHHee
JbIXaHUe MpeJCTaB/asgeT cHauasa ra3oobMeH MexK1y Kamnujaaspamu
151 Me)KTKaHeBOﬁ KUAKOCTbIO, 4 3aTeM Fa3006MeH Me)KD,y MeKTKaHe-
BOH KMJKOCTbIO M KJeTKaMu. [a3000MeH OCylIeCTBAsIETCS 3a CUeT
IHhhy3Un no epaduenmy KonueHmpayuii. J1asi ra3oB HCMOIb3YIOT
MOHSITHE napyuaibHoe dasaerue.

CTpoeHnue gbixaTenbHOM CUCTEMbI

Hocosas noaocme. Pasnenena mneperopojkoid Ha
npasyto u aesyro nososurst (puc. 162). Czanu coobiiaercsi ¢ HOCO-
IJIOTKOH uepe3 xoauol. Mex Iy paKOBUHAMH HaXOIATCS HOCOBbLE XO-
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Puc. 162. JlatepanbHas
CTeHKa MOJIOCTH HOCAa:

1 — noGuas masyxa;
2 — cpeausisi HocoBas
paKoBHHA; 3 — Bepx-
HsSl HOCOBasl pPaKOBH-
Ha; 4 — HUXKHSST HOCO-
Basi pakoBUHA; H —
KJIMHOBHUAHAS Masyxa;
6 PJIOTOYHAST MWH-
nanavHa; 7/ — TJI0TOU-
HOe OTBepCTHE CJaYXO0-
BOH TpyObl; § — TBep-
noe HEOO

Ool: 8epxHull, cpednuii u nuxcHut. B cnusauctoit 060J0UKe BEPXHHUX
HOCOBBIX XOJIOB pacnojaraloTcs 00oxamesvrole peuenmopol. — 060-
Hameaonas obaacme. CpejHue U HUXKHUE HOCOBbIE XOJbl HA3bIBAIOT
dolxamenvHoli obaacmoro. B HOCOBYIO MOJOCTb OTKPbIBAIOTCS BO3-
JIYXOHOCHbIE npudamourvie noiocmu (nasyxu) Hoca:. A00HAA U
gepxHeueatocmHole (raliMoOpoBbl Masdyxu). B HocoBoil mosocTu ume-
eTcs B0AOCAHOU nOKpos. B CBA3M ¢ TeM uTO cau3ucras 000J0UKa
6orata KpOBEHOCHBIMU COCY/JaMHU, B HEH MPOUCXOAUT HATPEB HJIH OX-
Jaxkjenue Bo3ayxa. Bosocsinolt mokpoB obecrneunBaeT OYUCTKY BO3-
JyXa OT NblAd. B 000HATEAbHOH 00/1aCTH C MOMOULbIO XeMOpPeLenTo-
POB MPOUCXOJMUT AHAJMKU3 MOCTYMAIOIEr0 BO3AYyXa.

T'opmano. Pacnonaraercss B nepeaHeil uactu ied (puc. 163).
BBepxy coobiiaercst ¢ ri0TKOH, BHU3Y mepexoauT B Tpaxeio. Mmeer
xpsaujesoti ckeasem. Crnepenu U ¢ GOKOB K TOPTAHHW TIpHJIEraeT uiu-
mosudnas snceresa. B cpenHell 4acTH HAXOASATCS 2020C08ble CBA3KU.
BoinosHsieT HeCKOJMbKO (YHKIME: MPH TJIOTAHUU 3aKPbIBaeT BXOJ B
Tpaxelo (HAATOPTAHHHUK), FOJOCOBbIE CBA3KM MPUHUMAIOT yyacTHE B
(hopMHPOBAHUH 3BYKOB PasjHuHON BbICOTHI.

Tpaxesa. ViMeer Bun TpyOKM C XpAULEBbIM CKeAeMOM B BHUILE
XPpSIULEBbLIX TOJTYKOJICIL. 33£LH${$[ CTEHKa, npu/aexxaulasg K nUuiesony,
nepernoHuartasi JJs Jydllero npoxoxKJAeHHus MulieBoro Komka. Cau-
aucmasn 060404Ka MOKPHITA MepUAMEAbHbLM INUMEAUEM, COLEPKUT
MHOTO J€eAe3, BbIAISIONINX CJU3b.

Ocy1uiecTBasieT TpaHCMOPT Bo3ayxa K Gponxam. [Iponosmkaercs
OUHCTKA BO3/yXa OT B3BEIEHHbIX UYACTHIL, KOTOPble MPUIAUMAIOT K
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Puc. 163. Xpsiiu, CBI3KH U CyCTaBbl TOPTaHU:

A — Bux cnepenu: I — TeNO MOABSA3BIUHON KOCTH; 2 — 3€pPHOBH/HbIN
Xpsill;  — BePXHMH por LWIMTOBUAHOIO Xpsilla; 4 — MJAacTHHKA LWUTOBUAHO-
ro xpslla; 5 — HUXKHHUI POr LIMTOBUIHONO Xpsilla; 6 — J1yra nepcTHeBU]-
HOTO Xpsilia; 7 — XPSIIM Tpaxen; 8§ — KOJbIeBble CBA3KH; 9 — mepcTHelH-
TOBHAHBIH cycTaB; /0 — nepcTHEUIMTOBUAHAS CBsI3KA; // — BepXHss LIHTO-
BUJAHASl Bblpe3ka; /2 — WUTOMOAbsI3bluHast MemOpaHa; /3 — cpeiuHHas
LUTOMOAbsI3bIUHASL CBSI3KA; /4 — JlaTepalbHasl LLUTOMNOAbSI3bIUHASL CBSI3KA;

b — Buja c3aan: / — HaAATOPTAHHUK; 2 — GOJBIIOH POT MOABA3BIUHON KOC-
TH;  — 3€PHOBHUAHBIN Xpsill; 4 — BEPXHUI POT LIMTOBUIHOTO Xpslia; 5 —
NJaCTUHKA LIUTOBUIHOIO Xpsilla; 6 — uepnasoBUAHbIA Xpsill; 7 — NpaBblil
nepcTHeuepnasoBUAHbIA cycTaB; § — MNpaBblil NepCTHELIMTOBUAHBIN cyc-
taB; 9 — xpsmu tpaxeu; /0 — mepenoHuyaTtasi cTeHka Tpaxeu; // — mnua-
CTMHKA MEePCTHEBUHOTO Xpslla; /2 — JIeBblil MePCTHEIUTOBUHbBII CyCTaB;
18 — HHUXKHHUI pOr LWIMTOBUIHOIO Xpsilla; /4 — JeBblil MepcTHeUepnansoBu -
HbLIl cycTaB; /5 — MblleUHbIH OTPOCTOK YeprnaJoBUAHOro Xpsiwa; /6 — ro-
JIOCOBOH OTPOCTOK UepnaJsloBUAHOrO Xpslla; /7 — LWMTOHAATOPTAHHAS CBSI3-
Ka; /8 — pOXKOBHIAHBII xpsul, /9 — martepanbHas IIHTONOIbA3bIUHASA
cBsi3Ka; 20 — WUTONOAbsA3bIUHAS MeMOpaHa
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CJIU3W W BBIHOCATCHA MEpLAaTEeJbHbIM 3MNUTEJHEM B HOCOIVIOTKY. I_IpO-
JLOJI2KAETCsl HarpeB BO3JyXa.

bponxu. Ha yposHe V rpyaHoro no3BoHka Tpaxesi pasjensiercs
Ha dsa 6pownxa. l[Ipasoeiii erasHolli 6POHX KOpoue U Bblie AeB0EO,
SIBJsSIETCST Kak Obl Mpoao/xKeHneM Tpaxed. CTEHKH HMEIT Xpsues80ll
ckenem, Kak y Tpaxeu. [1pu BXOXKJeHUH B Jierkue Jlessitest Ha dose-
svle OPOHXU: 8 NPABOM — HQ Mpu, 8 Lesom — Ha 08a. JloneBble
OPOHXH JEJATCS HA ceemenmapHsie OPOHXU MEHbILIEro iuamerpa —
b6porxuoast. Pa3BerBienne GPOHXOB B JIEFKOM Ha3blBaeTCsi OpOHXU-
arvHoln depesom. C yMeHbllIeHHEM quamMeTpa y OPOHXOB ucueaarom
xpsujesole KOAblya. BbITOTHAOT B OCHOBHOM TPaHCMOPTHYIO (DYHK-
M0 — JlI0CTaBKa Bo3ayxa B Jerkue. [IpoucxoauT uacTUUHBbIA Ha-
rpes BO3nyxa.

Jleekue. I1aproiii napernxumnotii opean. [TpaBoe n nepoe nerkoe
pacrosiaralTcs B TPYJAHOH MOJOCTH, CipaBa W cjJeBa OT CepJlla.
B cBsizu ¢ 3TUM 2e80e aeekoe menvuie npasoeo (puc. 164). ITokpsi-
Thl JIETKHE Cepo3Holi 060104K0il — naespoil, odpasylollell BOKPYT
JIETKOI0 3aMKHYTBIH TJeBpajbHbli MELIOK — NAAe8PAAbHYIO NO-
aocme. Kaxaoe jerkoe pasjaeneno Ha doau: npasoe Ha mpu (Bepx-
Hee, cpejiHee, HUKHee), 1egoe Ha dsa (BepxHee W HUKHee). Kaxnas
0Nl JIeJTUTCA Ha OpOHXO-neeouHble ceemenmol. Ceemenmol — HQ
doavku (puc. 165). Jorvku — Ha ayuHycol, B COCTaB KOTOPBIX BXO-
JSIT AAbBEOALL U ANbBCOASPHLLE X00bl. AUUHYC SA8ASEMCS CHPYK-
MYPHO-PYHKYUOHAAbHOL edunuyell aeekoeo. [naBHas (GYHKIHUS
JIETKMX — T'a3000MeH MeXJ1y KPOBbIO H BO3JyXOM, B pe3ysabTaTe ue-
ro B KpOBb MmoCctynaeTr KUCJOPOA, a U3 KPOBHU BbIACAACTCSH YIJEKHC-
JIblil ras.

Jlerounble 00bemMbl. Y uyesoBeKa BbIAEASIOT CAEAYIOLIHE Jerou-
Hble 0O'bEMBbI:

— doixamenvrolii 00vem — KOMMUECTBO BO3JAyXa, Bjblxaemoe H
BbIJIbIXaeMO€ UeJOBEKOM TPH CMOKOHHOM AbixaHuH (00beM 500 mJ1);

— peaep8Holil 06vem 800xa — KOJUUECTBO BO3JyXa, KOTOpOe ue-
JIOBEK BJIbIXaeT MPH NIyOOKOM BJOXe, MOC/Ae CIOKOHHOr0 Bloxa (06b-
em 1500 mu);

— pesepsrblll 00Bem 8bl00XQ — KOJMUECTBO BO3JyXa, KOTOPOE
YyesoBeK BbIJbIXaeT MPH TyO0KOM BBIJOXE, MOCAe CTOKOHHOrO BbIO-
xa (o6beM 1500 ma);

— MUBHEHHAS eMKOCTMb AeeKkuXx — 00'beM BO3JyXa, CK/AablBalo-

LU,l/IleCH U3 AbIXaTeJbHOIo U pe3epBHOTO obbeMa BJ10OXa MW BbIJOXa
(06bem 3500 ma);
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— mepmaeolli 06vem — BO3JYX, KOTOPbIH 0CTAaeTcss B BO3JYXOHOC-
HBIX MYTSIX U HE yYacTByeT B razoobMeHe (00beM He OmpeneneH);

— ocmamourslii 06vem — KOJHUeCTBO BO3AyXa, KOTOPOe BCEraa
ocTaeTcsl B JETKUX Tocje caMoro riay6okoro Beinoxa. [Ipenoxpanser
Jerkue ot cnaganus (o6bvem okoso 1200 ma).

SRR AL R,
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Puc. 164. Jlerkue. Bua cnepenu:
| — BepxylIKa JIerkoro; 2 — BepXHSIs 10Js1 JEeBOTO JIErKOoro; 3 — HHUXKHSS
J10J1s1 JIEBOTO JIerKoro; 4 — OCHOBaHHe JIerkoro; 5 — cepjeuHasl Bblpe3ka;

6 — Me2KJ0JieBble LIeJIH; 7 — HUXKHsIS JLOJIsT TpaBOro JIEerkKoro; 8 — cpeanss

707 IPaBOro JIerkoro; 9 — BepxHAA 0/ NpaBoro Jerkoro; /0 — Tpaxes;
11 — ropraHb
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Boiaensiior euie munymmuotil 06vem ObiXxarius — KOJHYECTBO BO3-
AyXa, KOTOpOe 4YeJOBEK BJAbIXA€T W BbIJbIXa€T B TeUCHHUE | MHUHYTbI
(06bem H—8 ).

Puc. 165. CTpyKkTypa A0/IbKH JIETKOro:

! — n0JbKOBbIH OPOHX; 2 — BETBb JIETOUHOH apTepuu; 8 — JIErOUHbIH JHM-

cdatuueckuil yszem; 4 — saumpartuueckue cocyubl; 5, /2 — TepMHHAAbHbIE
OpOHXHOJb, 6 — JblxaTeabHble OPOHXHOJb, 7 — aJ/bBeOJsIpHble XOIbl;
8, 9 — anabBeosnl Jerkoro; /0 — mnaeBpa; // — TMPUTOK JErOUHOH BEeHbI;

13 — BeTBb 6pOHXHANBHONH apTepuy; /4 — MNPUTOK OPOHXUANBHON BeHbl
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KpoBeHocHasi cuctema

KpoBenocnasi cucrema sIBASIeTCsl 4acThblo COCYAH-
CTOH CHCTeMbl OpraHu3Ma, B KOTOPYIO ellle BXOJAUT JuMdaTHuecKas
cucrema.

KpoBenocHasi cucrtema OCyllecTBJsIET Psii Ba*KHbIX (QYHKUUH B
opranusme:

—eas308asa YHKYUSL — TPAHCIOPT KUCJAOPOAA U YIJIEKHUCJTIOTO
rasa;

— mpoguueckas (MUTaTeNbHast) — TPAHCIOPT MUTATENbHBIX Be-
1eCTB OT OPTAHOB MHILEBAPHUTENbHON CHCTEMBI KO BCEM OpraHam H
TKaHsIM OpraHu3Ma;

— 9KcKkpemopHas (BbIAGIUTENbHASI) — TPAHCIOPT BPELHbIX Be-
LLECTB U MPOAYKTOB MeTaboau3Ma OT OPTAaHOB W TKaHEH K opraHam
BbIJeJeHHUSsT;

— pecyaamopHas — TPAHCNOPT (PU3HOJOTHUECKH AKTHBHBIX Be-
11ecTB (FOPMOHOB), 32 CUET KOTOPBIX OCYIECTBJSETCS TyMOpaabHas
peryJ/siiiust 1esiTeJIbHOCTH OpPTaHU3Ma;

— 3auumHas — HaJNuue B KPOBH 3aIIUTHBIX OeJKOB (HMMYyHO-
r00y/JAMHOB) ¥ TPAHCIOPT AHTUTEN. 3AUIUTHYIO (PYHKIIHIO OCyILecT-
BJSIIOT U KJETKH KPOBH — JIEHKOLUUTBI U TPOMOOIUTHI.

CepOye — TOJIBIN MBIILIEYHBIH OpraH, COCTOSIIIME M3 JeBO# (ap-
TepuaJibHON) U MpaBoil (BeHO3HOH) MOMOBUHKHU. Kaxnasi mosmoBuHKa
COCTOUT M3 OJIHOTO Mpeacepauss W OAHOTO Keayaouka (puc. 166).
Cepale UMeOT TpU 060JOUKH:

9HOOKApO — BHYTPEHHSIS, CAU3UCTAS,;

MUOKApO — cpejHsis, MbllieuHas (puc. 167);

gnukapd — BHElUHss, cepo3Hast 000/0UKa, SBJASETCS BHYTPEH-
HUM JIUCTOM OKOAOCePOCHUHOU CYMKU — nepukapoa, 3AacmuuHas.
BrewHuil aucmok nepukapoa HeIAACMUdHbLl W TIpefloXpaHsieT
cepille OT MepenosHeHUs KPOBbIO.

Pa6ora cepaua MpoUCXOAUT IHUKJAHYeCKH. [1oJHBIH [UKI Hasbl-
BaeTcs cepoeunbim yuxaiom, Kotopbiil aautes 0,8 ¢ n moapasnenser-
cs Ha stanbl (cM. Taba. Ha c. 228).

Kposenocnote cocydol monpasnessiiotess Ha TPU BULA: apmepul,
BeHbL U KANUAAAPOL.

ApTepuM — KpPOBEHOCHbIE COCYJbl, MO KOTOPbIM KPOBb TeueT
om cepoya. CTeHKH apTepuil COCTOSIT U3 mpex 000A04eK: BHYM-
PEHHASL — 3IHOOMeAUAAbHble KACMKU, CPEOHAs — eAadkas Mol-
WedHas MKAHb, HAPYICHAA — pblXAAL COCOUHUMEAbHASL TKAHb.
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Puc. 166. Ctpoenue cepana. Cxema npoaoJbHOro (PpOHTAILHOrO) pa3pesa:

I — aopra; 2 — JneBasi jerouHasl aprepus; 8§ — JeBoe npeacepaue; 4 — Je-
BBl JIETOUHBIC BEHBl; 5 — MpaBoe Mpejcep HOKeTy10UKOBOEe OTBEPCTHE; 6 —
JIeBbIH 2Keqyjouek; 7 — KaanaH aopTel; § — MNpasblil Keayaouek; 9 — Kija-
MaH JIErOUHOTro CTBOJA; /0 — HMXKHSAS Nosas BeHa; // — mpaBoe nmpejacepi-

HOXKeJYJI0UKOBOe OTBepcTHe; [2 —
npaoe npejacepaue; /3 — npasble
JIeTOUHble BeHbl; [4 — mpaBas Jerou-
Hasi apTepusi; /5 — BepxHss mnoJsas
BeHa.

CTpesKH — HampaBJeHHe TOKa Kpo-
BH B Kamepax cepjua

Puc. 167. Mbiiubl cepala ¢ JaeBoi
CTOPOHBI:

| — npaBoe npejacepaune; 2 — Bepx-
Hsig MoJas BeHa; 3 — mpaBble U 4 —
JIeBble JIerouHble BeHbl; & — JeBoe
npejacepame; 6 — JeBoe yIIKo; 7 —
KPYroBoi, § — HapyKHbIl NPOLOJb-
HblH 1 9 — BHYTpPEHHHUH MPOAOJbHbIH
MblllIeUHble ¢oU; /0 — JeBblil XKemy-
jpouek; I/ — mepeaHsiss MPoOA0AbHAs
6oposna; /2 — moayayHHble Kjaama-
HbI JIETOUHOH apTepuu U /3 — aopThl
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Aranpl
CepAeYHOro LuKIa

Mpoponxurenn-
HOCTb LMKJA

JIBMKeHWe KPOBH BO BpeMsi aTana

Jlnacroaa
(paccnabaenue)
npeacepaui

0,7 ¢

AprepuanbHas KpoBb MOCTyMaeT OT
JIETKMX 10 JIETOYHbIM BE€HAaM B JIeBOe
npejacepaue (3akaHuMBaeTcs MaJsblil,
WJIH JIETOUHBIH, KPYr KPOBOOOpaLLIeHUS ).

Benosnasi KpoBb MocTymaer 1o noJybiM
BeHAaM OT BCEeX OPraHOB TeJa B MpaBoe
npejcepaue (3akaHuuBaercst 60JbIIOH
KPyr KpoBooGpalieHus )

Cucroaa
(cokpaluenue)
npeacepaui

0,1 ¢

KpoBb 3a cueT cokpalieHHs MbIIIIL
npeacepanii MOCTynaeT B COOTBETCT-
BYIOLIHE XKeJTYyL0UKH

Juacrona
KeJqyL04YKOB

0,5 ¢

KpoBb mocrynaer us npejcepanii

Cucroaa
KeJyN04YKOB

0,3 ¢

JleBblil xKenynouek. Bo Bpemsi cokpa-
IIeHHS] KPOBb MOCTyNaeT B 0OJbLIOH
Kpyr KpoBooOpatenus (aopty). UToObl
KPOBb He MocTynana o6paTHO B JeBoe
npejcepane, HMeeTcsl ABYCTBOPUATHIH
K/aamnaH.

Mexny aopTofi U Keay104KOM HMEIOT-
Csl MOJYJNYHHbIE KJamaHbl.

[IpaBbiil xxenynouex. Bo Bpems cokpa-
LIEeHHsT KPOBb MOCTyMNaeT B MaJblil (J1e-
FOUHBIN) KPYT KpoBOOOpallleHus (B Je-
FOUYHYI0 apTepHIo).

Mexny Keay10uKoM W JIerouHol apTe-
pueil pacnojaraloTcsl NoJayayHHble
KJanaHbl.

Mexay npaBbIM NpeacepIneM U Keay-
JIOUKOM HMeeTCsl TPEeXCTBOpUAThI Kja-
nan

Oo0was amacroJa

0,4 ¢

B sto Bpems u npejacepaus, u Kemy-
JIOYKHK paccyabaeHHbl
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B 3aBucuMOCTH OT pas3BUTHS TOTO WM MHOTO CJOSI apTepHM MOAPa3-
JeJISI0TCS Ha CleAyIoLHe BUADL:

—aaacmudnse (aopma u AeeoUHbll CMBOA) — B cpeaHel 060-
JIOUKE COJIePKUTCS OTPOMHOE KOJMUECTBO 3JACTHUUHBIX BOJOKOH, KO-
TOPble YMEHbIIAIOT JlaBJACHHUE KPOBU MPH COKPALLEHHUH XKENYyT0UKOB.
Bo Bpemsi paccnabaeHust )Kenyl0uKOB CTEHKH B CUIY GOJbIION 371a-
CTHUYHOCTH CYKMBAIOTCSl 10 HCXOJHbBIX pPasMepoB, AaBST Ha MOCTY-
MUBILIYIO B HUX KPOBb, obecrneunBast HeMpepbIBHOCTb ee TOKa;

— MOLUEHHO-3AACMUYHble — 3JAaCTUUHBIX J€MEHTOB MeHblle,
TakK Kak JaBJeHHe KPOBH MajaeT, U CUJbl COKPALLEHUS KEJTYN10UKOB
He XBaTaeT AJ5 MPOABHKEHUS KPOBHU;

— MbluleyHble — 3JACTUUHbIE 3JeMEeHThl HeuesatoT (puc. 168, A),
JBHKEHHe KPOBH B OCHOBHOM TPOUCXOAHUT 3a CUET COKPAILEHHS Mbl-
euyHON 000M0UKHU COCYLOB.

BeHbl — KpoBeHOCHBbIE COCYJbl, MO KOTOPbIM KPOBb TEUeT K
cepduyy. BeHbl nenstes Ha J1Be TPYMMbL:

— OeamoluienHble — He UMEIOT MbIIIEUHOH 06010UKH. DTO CBs3a-
HO C Te€M, UTO JaHHble COCY/bl HAXOASTCS Ha TOJNOBE U MO HUM KPOBb
TeyeT ecTeCTBeHHbIM 00pa3oMm (cBepxy BHU3). [TpocBeT cocynoB noa-
Jlep2KHBACTCSl 3a CUeT cpacTaHus
COCY/I0B C KOXKeii;

— MoluledHble — TaK Kak
KPOBb MO BeHaM TeyeT K Cepily,
HEOOXOAMMO  3aTPATUTb  MHOTO
SHEPTUM AJST TPOABHIKEHUST Kpo-
BH BBEPX OT HHXKHHMX KOHEUHO-
crefl. CTeHKH BeH HHXKHHUX KOHeu-
HOCTEeH MMeI0T XOPOLIO pasBUTHIN
MbllLIeUHBIH caoil (puc. 168, b).

Puc. 168. Cxema cTpoeHUs] CTEHOK ap-
tepun (A) u BeHbl (5) MBIIIEUHOTO TH-
na cpejHero kaaubpa:

I — »suporenuii; 2 — 06asanabHas
MemMOpaHa; 8 — TOASHA0TEeNHANbHbIH
CJ10H; 4 — BHYTPEHHsISl 374acTHUeCKas
MeMOpaHa; 5 — MHOLHUTHI; 6 — 3Ja-
CTHUECKHE BOJIOKHA; 7 — KOJJIareHo-
Bble BOJIOKHA; § — HapyKHas 3Jja-
cTuyeckass Mmembpana; 9 — BOJOKHHU-
crass  (COeMHHTEbHAs pbixJaas)
TKaHb; /0 — KPOBEHOCHBIE COCYIbl
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Puc. 169. [lonynyuubie
KJlanaHbl BEHbI:

I — npocser BeHbl; 2 —
CTBOPKH KJIamaHOB

1

(5

Jlns mpenotrBpaiuieHust o6paTHOrO ToKa
KPOBH B BeHax HUMeIOTCs TMOJaYyJaAyHHble
knanaubl (puc. 169). bauxe k cepauy
MblllledyHast 000J0UKa yMeHbllaeTcs, a
KJamnaHbl HCYE3al0T.

Kanuaasapel — cocyabl, oOpasytouiue
CBSI3b MEXKJy apTepHasbHOH U BEHO3HOH
cucremamu (puc. 170). CTeHKH 0JHOCIOM-
Hble, COCTOSAIT M3 OJHOTO CJOSl KJIETOK —
gHdomeaus. B Kanuamspax MNPOUCXOILUT
OCHOBHOH 0OMEH MKy KPOBbIO M BHYT-
peHHeld cpenoil opraHuama, TKaHSAMHU U
OpraHamH.

Kposo — xunkasi TKaub, BXoJsliias B
COCTAB BHYmMpeHHel cpedvl OpearHu3ma.
MMeHHO KpoBb  BBIMOMHSET OCHOBHbIE
(DYHKUHH KPOBEHOCHOH cucTeMbl. KpoBb
nojapasjensieTcsi Ha JBe COCTaBJsIOLLIHE:
nAa3mMy W PopmerHble INeMEeHNLbL.

[lnazma npencraBiasier co60i KuaKOE
MEXKJIETOUHOe BelllecTBO KpoBH. COCTOUT
u3 Boabl Ha 90—93%, 10 8% — pasauu-

Puc. 170. MUKpOLMPKYJASITOPHOE PYCJIO:

| — KanuaasipHast ceTb (Kanuaaspbl); 2

MOCTKAMUJLIAP (MOCTKATHILISP-

Hasl BeHyJ/a); 5 — apTepHOJO-BeHYIsIpPHbII aHacToMo3; 4 — BeHyJaa; § —
aprepuosa; 6 — mpeKanuuIsap (MpekanuuIspHas aprepuosna).

CTpesKH OT KanuaAsipoB — TOCTYNJeHHe B TKAHH MUTATEJIbHbIX BEILLECTB,
CTPeJKH K Kamu//asipaM — BbIBeJlleHHe U3 TKaHell MpoayKToB oOMeHa
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Hble OeJKH KPOBU: anbOyMHHbI, ITOOYJIHHbL; 0,1% — rJII0KO3bI, 10
1% — couei.

dopmMeHHble 3J€MEHTbl, WJIH KJIETKH KPOBH, ObIBAIOT TPeX BH-
JLOB: 9pUmMpoyuUmol, AeiKoyunsl, mpomdoyumol.

Ipumpoyumosr — KpacHble KPOBsIHbIe TeJbla, B 3pPeJOM COCTOS-
HUM He UMEIOT siipa U He CrocOoOHBI K JesNeHnIo, UMeloT GopMy BO-
THYTOrO ¢ 06eMX CTOPOH JIHCKa, COAEpKAaT TeMOTJIOOHH, MPOIOJKH-
TeJNbHOCTb »KU3HHU 70 120 cyTOK, pa3pyliarTcs B cene3eHKe, OCHOB-
Hasi QYHKUMUS — MEPEeHOC KUCJA0POaa M YIJIEKUCIOro rasa.

Jletikoyumol — 0OeJsible KJIETKM KPOBH, MMEIT pa3Ho00pasHylo
opmy, obnanaT ameb60BUAHBIM JABHXKeHHEM M (ParolMTo30M, OcC-
HOBHAsl PYHKUUS — 3alUTHAS.

Tpomboyumoer — KpoBsiHble MIACTUHKH, He UMelolHe siapa, yda-
CTBYIOT B MPOIleCCe CBEPThIBAHUS KPOBH, GPYHKIHUOHUPYIOT 10 8 HHEH.

B cnenmnanusnpoBaHHBIX KPOBETBOPHBIX OpraHax (KpacHoll Ko-
CMHbLL MO32, ceae3enHKa, newers) o6pasyloTcs H pa3BuBaloTes: Gop-
MEHHbI€ 3J€MEHTbl KPOBH, NECMOHUPYETCA KPOBb U MPOUCXOAUT pas-
pylLIeHHe KJIeTOK KPOBH.

Kpacnoui kocmuoui mo3ze HaxoniuTcs B Ty0uaTbiX KOCTSIX U B
nuacpusax Tpyoduatbix Kocteil. M3 ¢TBOMOBBIX KJIETOK KPACHOTO KOCT-
HOro Mo3ra o6pasyloTcsi opMeHHbIE 3JeMeHThl KPOBH.

Cene3enka ocyllecTB/IsIET KOHTPOJIb KPOBH. B cesezenke mpouc-
XOJUT BBISIBJIEHHE H YHHUTOXKEHUE OTCIYKUBIIUX KJIETOK KPOBH (3PHT-
POLUTOB U MEHKOUUTOB). HaCTHUHO BHITOTHSIET (PyHKIIMU €TI0 KPOBH.

ITeweno Bo BpeMsi 5MOPHOHAJNBHOIO pPa3BUTHS MPOAYyLHPYeT
IPUTPOUUTHL. ¥ B3pOCIOro yejsoBeKa B Hel CHHTE3UpPYyloTcsl OeskH,
ydacTByloulhue B CBEPTbIBAHUHU KPOBH. Bbl]le.HHGT NPpOAYKTbl pacna-
Ja reMOrJioOMHA M HAKalJUBaeT )Keje30, sBJAsSeTCs 1erno KpoBH (10
60% Bceii KpoBH).

JiuMmdpatnueckaa cucrema

Jlumgpamuyeckas cucmema sBIAsSETCST COCTABHOH ya-

CTbIO cocyaucToll cucteMbl (puc. 171). Ee dynkiun muoroo6pasHusbli:

—o0pa3oBaHue W TPAHCMNOPT JUMPbl MO JUMPATHUECKUM COCY-
Jam;

—obecrneyeHue MOCTOSIHCTBA COCTaBa W 00beMa KHUAKOCTH B
TKaHsIX;

—ryMopaJbHasi CBsI3b MeXJy TKAHEBOH XKUIKOCTbIO, TUMQpOUI-
HBIMU 06pa30BaHUSIMH U KPOBBIO;
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Puc. 171. Cxema pacmnosioyKeHHsl HeHTPaNbHbIX U MepudeprUuecKuX OpraHoB
MMMYHHO/ CHCTEMbI Y YeJIOBeKa:

I — KOCTHBIIl MO03r; 2 — MHHJIAJUHBI JUMGOUIHOTO TJIOTOUHOTO KOJbLA;
3 — tumyc; 4 — auMdaTHueckre y3abl (MOAMBIIIEUHDbIE); 5 — CeNe3eHKa;
6 — aumbonnnas (nefieposa) OJslIKa; 7 — anneHAUKe; § — JUMBOUIHbIE
y3eIKH

— BcacblBaHMe MPOAYKTOB pacllenyaeHusi nuud (B OCHOBHOM
JKUPOB) U3 KHUILEYHUKA W A0CTABKA UX B BEHO3HYIO CHCTEMY;

— BcacblBaHMe KUAKOCTH U3 CEPO3HBIX MOJOCTEH;

— OapbepHast QyHKUUS;

— BbIpa0OTKa JUM(POLUHUTOB H UMMYHOKOMMETEHTHbIX KJIETOK.
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B cocraB snumdaTuueckol cHCTeMbl BXOISAT: Aumpamureckue
KanuAAspsL, Aumpamuueckue cocyovl, CMEOAbL U NPOMOKU, AUMPQ-
muueckue yaaot (puc. 172).

151413 12

Puc. 172. Crpoenue 1uMpaTUHUECKOrO y3J/a:

| — xamncyna; 2 — kancynasipHas Tpabekyna; 3 — NMPHHOCALIMN TuUMpaTH-
ueckuil cocya; 4 — MoJKaNcyasipHblil (KpaeBoil) CUHYC; & — KOPKOBOE Be-
LLeCTBO; 6 — MapakopTHKaJbHAs (TUMYyCc3aBUCHMas) 30Ha (OKOJOKOPKOBOE
BelEeCTBO); 7 — JUMGOUJIHBIHA Y3eJ0K; § — LEeHTP padMHOKeHHus; 9 — BO-
KPYTy3eJdKOBbIH KOPKOBbIH CUHYC; /0 — MSIKOTHbLH TsI2K; // — MO3roBoil cH-
Hyc; /2 — BOpPOTHBIH cuHyc; /3 — BbIHOCSIIUN JUMGMATHUECKUH COCY;
14 — BOpOTHOE yToJqlleHHe; /5 — KPOBEHOCHBIH coCy ]l

BbigenurenbHaa cMctema

QYHKUMU BblJeJeHUsT U3 OpraHu3Ma NpoAYKTOB 00-
MEHa BeLLeCTB BbIMOJHSAIOT HECKOJNbKO CHCTEM OPraHoB, KOTOpble
00beIUHAIOT B €AHHYI0 (PYHKIIMOHAJIbHYIO BbIACIUTEAbHYIO CUCTEMY.
B nee Bxoasit:

— nuwWesapuUMenbHas Cucmema — y4acTByeT B BblJe/eHUU He-
nepeBapeHHbIX OCTATKOB MULILM, MPOAYKTOB MeTabo/1M3Ma, HEKOTO-
pbIX JI€KAPCTB, KEJUHbIX MUTMEHTOB, TSXKEJAbIX MeTaJlJI0B;

— dolxamenvHas cucmema — yuyacTBYeT B BbLAENECHUH YIJIeKH-
CJI0r0 rasa, napoB BOJbl;

— KOJjta — uepe3 caJjbHble U MOTOBblE JKese3bl BbIBOASTCS BOAA,
yIJIeKUCABbIH a3, NPOAYKTbl a30THCTOr0 oOMeHa (MOUeBHHA ),
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— MOUeBbI0CAUMEAbHASL CUCeMa — depe3 Hee yaaJjsieTcst 110
75% BBIBOAMMBIX M3 OPraHu3Ma »KHIKHX MPOAYKTOB oOMeHa Be-
11[eCTB.

B coctaB MOueBbIACIUTEAbHOH CUCTEMbl BXOAAT: napHsie 6000-
BUOHbBLE NOUKU, MOYETMOUHUKU, MOYEBOL NY3bLPb, MOUEUCNYCKAMENb-
HblLLl KAHAA.

OCHOBHOH CTPYKTYpHOH eJMHMIIEH TIOUKH SIBJIseTCS HeppoH
(puc. 173), pyHxuueil KoToporo sABJAseTCcss 0O6pa3oBaHHe MOUH.

ObpaszoBaHne moum

B npouecce o6paszoBaHust MOUH BbIAGJSAOT ABe (a-
3Bl QUALMPAYUOHHYIO U peadcopOUUOHHY!IO.

[lepsas ¢asza — ¢uarompayuonras — 310 o6pa3oBaHue mnep-
BUUHOW MOUU B KaAybouxkax megpora. V3 moueuHbIX KamU/IsIpOB B
MOJIOCTb KamncyJ/bl NPpoQUIbTPOBBIBAETCS M3 KPOBHU BOJA H PacTBO-
peHHble B Hell BelllecTBA. B mepBUUHON Moue comeprKaTcsi BCe KOM-
MOHEHTHI MJIa3Mbl KPOBH, KPOMe BBICOKOMOJIEKYJ/IsIPHBIX GeIKOB, KO-
TOpble He MOTYT NMPOGUIBTPOBLIBATHCS Uepe3 CTeHKH KaTCyJbl H Ka-
nuaasipos. [lepBuunasi Moua TakyKe COAEPKUT aMUHOKHCIOTHI,
TJII0KO3Y, BUTAMUHBI U COJIH, MPOAYKTHl 0OMeHa — MOYEBHHY, MOYe-

(-

b5 B

Puc. 173. CtpoeHne OpPraHoB M CTPYKTYPHbIX 3JEMEHTOB BblAEIHTEIbHOM
cucrembl. A — jeBas mouka B paspese; b — Hedpon; B — kiay6ouek:

! — KOpKOBOE BelULeCTBO; 2 — MO3roBO€ BEIIEeCTBO; § — MOUYCUHble MHPaAMHU-
Nbl; 4 — OCHOBaHWe MHPAMHJbL; 5 — MOUeuHble COCOUKH; 6 — HM3BUTbIE MO-
yeuHble KaHaJbllbl, 7 — neTas [ennae; § — kaybouek; 9 — moueuHoe Tesb-
e; /0 — kancyna kayo6ouka (Boymana)
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BYI0 KHCJOTY. 3a CYTKH y uesnoBeka oOpasyercsi 150—180 a1 nep-
BUUHOH MOUH.

Bo emopoii ¢paze — peabcopbuyuu, KoTOpas MPOUCXOAUT B Ka-
HAAbYax He@poHa, OCYILECTBAsIETCs 00paTHOe BCAaChlBAHHE U3 Mep-
BUUHOH MOUH B KPOBb HYXKHbIX JIJIsl OpraHu3Ma BelleCcTB: aMUHOKHUC-
JIOT, TIIOKO3bl, BUTAMHHOB. B kanaabuax scacbiBaetcss 99% Boabl,
cojeprkatleficss B nepBuuHOd Moue. B CBsI3W C 3TUM BO BTOPHUUHOH
MoOYe pe3KO MOBbIlIAeTCsl KOHLEHTpalusl cynbpartoB, hochaTtoB, Mo-
UeBHHbI, MOYEBOH KHC/JIOTBI U APYTHX BELLECTB, KOTOPble He BCachlBa-
I0TCSl B KPOBb, — MPOUCXOJUT KOHUEHTPUPOBaHUEe MOuu. B KoHeu-
HOM cyeTe B TeueHHe cyToK u3 150—180 s mepBHuHOi Mouu 06pasy-
eTcsl OKOJIO 2 J1 BTOPUUHOH MOYH.

B kanaabuax HedpoHa HabaonaeTcs TakkKe goidesenue (cexkpe-
4us) BellecTB B MOUYy. B OCHOBHOM 3TO BelleCcTBa, KOTOPble HE MO-
I'yT NPOHTH U3 KPOBEHOCHBIX KAMUJASPOB B Kamcyay KayOouKoB, Ha-
NpUMep MHOrMe JeKapCcTBEHHbIe nmpenapaThl.

Yenesbl BHYTpEHHEH cekpeumnm

K ocenezam snympennell cekpeyu OMHOCAMCH dHe-
Ae3bl, HE uMerouiue CneyuaiusupoOBarHbLX 8bl800SULUX NPOMOKOE U
goldeasiouue c8ou cexpemol Henocpedcmsento 8 Kposo. CeKpeTom
JKeJie3 BHYTPEHHEH ceKpellnu SIBAAI0TCA (PU3HOMOTHUECKH aKTHBHbBIE
BelllecTBA — 20pMOHbL. 3@ CUET TOPMOHOB OCYLLECTBJASIETCS 2YyMO-
pPanbHAA pe2yriyus Puauoso2uieckoeo cocmosanui opearnudmna. Ho
CpelH 3HAOKPUHHBIX »KeJe3 €CTb KeJe3bl, KOTOPble BbIMOJHAIOT
0801IHY0 PYHKYUIO — SIBJISIOTCS »KeJe3aMH BHYTPEHHEH CeKpeluu
¥ BHEIlIHeH CeKpelnH, TaK Kak UMEIOT CcrellHaJu3upoBaHHble BbIBOJL-
Hble MPOTOKU. K cumewantoin seresam 0THOCATCS noOdxncesyoouras
ocese3a (CUHTE3UPYET MHUlleBble (DEpPMEHTbl, KOTOpble B COCTaBe
MaHKPeaTHUECKOTO COKa MOCTYMalT B JABEHAIATUIEPCTHYIO KHII-
KY) U N0A08bLE HCene3b.

CocTaB 3HOOKPUHHOM CHMCTEMDI

T'unomaaamyc pacnonaraercst Mo MoJOCTbIO MPO-
MeKYTOUHOro Mo3ra. B coctaB rumorasnamyca BXOAST TPH TPYIIb
sep: nepeonas, cpeonsa u 3a0uss. Hanuune o6UPHBIX HEPBHBIX H
COCYJIHCTBIX CBsI3ell ¢ eunoguaom sipasiercsi 6a30il CylleCTBOBAHMUS
eunomanamo-eunopusaproll cucmensl. B siapax rumnoranamyca
pacrnosaraloTcst n00KOPKOBblE YEHMPbl, KOHTPOJIUPYIOLLHE AesTe/b-
HOCTb BereTaTHBHOH HepBHOH cHcTeMbl. [Hnotanamyc sBasieTcs
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BOLCULUM UEHMPOM peeyrsiyud IHOOKPUHHbLX pynKyuid (puc. 174).
OH 0o6beuHsIeT HEPBHbIE M SHAOKPUHHbIE PEryasTOPHble MeXaHU3-
Mbl B €JIUHYI0 HelpOIHOOKPUHHYI CUCeMy, OKa3biBash HEMOCPeICT-
BEHHOE BJIMsIHWUE Ha SHIAOKPHUHHBIC 2KeJI€3bl MO HEPBHbBIM MYTAM aubo
uepes runodus (puc. 175).

Fopmonbl runopusa

[Mepennss
10419

QonauTponuu
(poaauKym0CTH-
MYypHPYIOLLHiT)

BrisbiBaer co3peBaHue (t)OJ'I.}'[I/IKyJ'lOB B AUYHH-
Kax y caMOK U crepMaToretHes y caMiioB

Jltorponun
(M0TEenHU3U-
pytouLuit)

Y caMOK CTHMYJHMPYET CeKPelHio 3CTPOreHoB
1 nmporectepona, o6pasoBaHue »KeJaToro Tena,
ay caMILOB — CeKpellHio TeCTOCTepoHa

[Tponaktuu

CTUMyJMpPYeT pa3BUTHE MOJIOUHBIX JKese3
JIaKTalMU, CTUMYJIUPYeT POCT BHYTPEHHUX Op-
FaHOB, CEKPELHUIO KeITOro Tesa

Tupeorponun

Koutponupyer pasputue U GyHKLUHIO LLIHTO-
BUJIHOH 2KeJsle3bl U pery/aupyer OUOCHHTE3 U
CeKPEeLMIO B KPOBb THPEOUHBIX TOPMOHOB

['opmon pocra
(coMaToTpPONHUH)

O6/aanaeT LIHPOKUM CIEKTPOM OHOJOTHUECKOro
JlefcTBUs: yeunnBaer 6uocunresd 6enka, JTHK,
PHK, rnukorena, cnoco6eTByeT MOOHIU3ALHN
JKMPOB U3 JIeNO0 U pacrany BhICIIMX XKHPHbBIX
KHCJIOT U IVII0KO3bl B TKaHsiX. Perynupyet npo-
[ecChl pocTa: MpH THNOQYHKIUH — KapJHKO-
BOCTb, MPHU TUNepOYHKIHN — THTaHTH3M

ApeHoKOpTHKO-
TPOMHbBIH

YcunuBaeT CHHTe3 CTePOHIHBIX TOPMOHOB
Ha/MOYEeUHHKOB

3aaHas
noast

Bazonpeccun

CTUMyJIMpYeT COKpallleHHe IIaJKoi MycKyJa-
TYpBI COCY/IOB: PEryJqnpyeT BOAHBIH 0OMeH, OKa-
3bIBAsl MOLLHOE aHTHHYpeTHUeCKoe AeHCT-

BHe, — CTHUMYJIUPYeT 06paTHbIH TOK BOJbI Uepe3
MeMOpaHtbl MoueuHblX KaHasbles. Kourpoaupy-
€T OCMOTHUECKOE JaBJeHHE M1a3Mbl KPOBH

OKCHTOLLMH

OcHoBHO#I GuosOrHUecKuil 3¢ PeKT y MaIeKOonu-
TAIOUINX CBSI3aH CO CTUMYJISILHEH cOKpallleHus
rajKoll MycKyJaTypbl MAaTKH MpH poaax
COKpALLeHHS] MbILIEUHBIX BOJIOKOH, PACMONO0-
JKEHHBIX BOKPYT aJbBe0J MOJOUYHBIX KeJes,
BBI3BIBAIOIIEr0 CEKPEIHIO0 MOTOKA
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Puc. 174. JleiicTBUTeNbHbIe (UepHbIe CTPENKH) U MpejrnosaraeMble (pepbl-
BHUCTbIE CTPEJKH) MyTH PAacCNpOCTPAHEHUs M HanpaBJeHHs BO3JIeHCTBUSA
HeHpOropMoOHOB, BblpabaTblBaeMbIX HEHPOCEKPETOPHLIMH KJAeTKAMH THIOTA-
JlaMyca, a TaKKe TPOMHbIX TOPMOHOB (6esble CTPeNKH):

| — HueiipocekperopHas KJaerka runoranamyca; 2 — III xemynouek; 3 —
OyxTa BOpPOHKH; 4 — cpejuHHOe BO3BbllleHHe; 5 — HHPYyHAUOYAApHAs
yacTh Heliporunodusa; 6 — raaBHasi 3ajHss uacTb Hefiporunodusa; 7 —
TyOy/AsipHasi yacTb mepejaHeil 10Jad rUnopusa; § — MpoMexyTouHas J0Js
runopusa; 9 — nepeansis jpoas runogusa; /0 — BOPOTHbIE COCYJLb
runogusa; // — muToBUAHAS Kese3a; [2 — moJsouHas xkenesa; /3 — moa-
JKesaynouHasi Keqesa; /4 — KpPOBEHOCHbIe COCYAbl; /5 — HaAMOUeUHHK;

16 — nouka; /17 — martka; /8 — auunuk; TTI, CTT, AKTI u I'TT — coot-
BETCTBEHHO THPEO-, COMATO-, aJPEHOKOPTHKO- ¥ FOHAJOTPOMHbIE TOPMOHDI
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Puc. 175. 'unodus (Bua CHU3Y):
| — nepenusisi mogrosasi aprepusi; 2 — 3pUTeJbHbIH HepB; J — 3pUTeJb-

HbIil mepekpect; 4 — cpeHsisi MO3roBas apTepus; 5 — BOPOHKA; 6 — TUIO-
¢u3; 7 — 3aaHsIs MO3roBasi apTepus; 8§ — r/1a30/ABUraTe/bHbll HepB; 9 —
6asgunspuas aprepusi; /0 — moct; /1 — aptepus nabupunra; /2 — Bepx-
HSiS MO3)KeukoBast apTepusi; /3 — HOXKKa Mmo3ra; /4 — 3alHsAsd COeIMHHU-
TeslbHasl apTepus; /5 — runodusapuas aprepus; /6 — cepblit 6yrop; /7 —
BHYTpPeHHsIs1 coHHasi aptepus; /8 — o6oHsATe bHbIH TpakT, /9 — nepenHss
COeJIMHUTENbHAA apTepus

Basonpeccur u oKcumouyux K TOPMOHAM 3aJHell 1011 runogpusa
OTHOCSIT YCJIOBHO, TaK KakK CHHTe3UPYIOTCS OHU 8 eunomanamyce,
3aTeM MOCTYNAalOT B 3aJHIOI0 J0JI0 TUNO(HU3a N0 AKCOHAM W TOJbKO
371eCh MOCTYMAIOT B KpOBb. 3a6oJeBaHust 3aAHell 101 THITOPH3A OT-
paxaloTcst TOJMbLKO Ha TeHCTBUU Ba30MpPecCHHa.

H[umosuodnas xenesa (puc. 176). OcCHOBHON TOPMOH MUPOKCUH.
OcHoBHbBIE (PYHKIUU: CTUMYJISIIIHST OKMCAUTEIbHBIX MPOLIECCOB, Pery-
JISILUST BOJHOTO, 6€/JKOBOT0, XKHPOBOT0, YIJIEBOIHOrO U MUHEPaJbHOTO
06MeHOB, pocTa W Pa3BUTHs OpraHu3Ma, oKasbiBaeT [eHCTBHE Ha
(YHKIIMY HEeHTPAaJbHONH HEPBHOH CHCTEMBl U BBICIIYIO HEPBHYIO Jesl-
tesbHOCTh. [1pu Hedocmamounoll pyrKyuu B 1€TCKOM BO3pacTe, BO3-
HUKaeT KpemuHudm (3anep:KKa pocTa, TMCUXUYECKOT0 U TMOJOBOTO
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Puc. 176. lllutoBunHas xemne3a (BUT
crepean):

|/ — MOoABsA3BIUHAS KOCTD; 2 — IIHUTO-
noabsi3bluHas MemOpaHa; 8 — nupa-
MHJAJAbHBIE  OTPOCTOK IIHTOBUIHOMN
JKese3wl; 4, 7 — JeBasi U mpaBas J10-
Jnu; 5 — Tpaxes; 6 — nepeleek; § —
NepcTHeBUHBIA Xxpsiil, 9 — 1IHTO-
BUJHBIH XpslLL

passutus). [lpu eunogynkuuu y
B3POCJIOr0 pas3BUBaeTCsl MuUKcede-
ma. llpu eunepyrnkyuu Bosnnka-
et 6asedosa 6Ooae3Hb (yBenuue-
HHUe 2KeJie3bl, MOBbIIIEeHHEe BO36y-
JUMOCTH HePBHOH CHCTEMBbI, Myue-
raasue). Ilpu Henocratke iona
Joan 6oget0T 3o06om. Jlas Hop-
MasbHOH paboThl TpebyeTcs #o0.

9

. N
= £

\\\

&

A

i Y f(')‘ N

,;/

Tumyc (puc. 177). OCHOBHO# FOPMOH MUMO3UH, YUACTBYIOLUIHH B
peryJsiuiy HepBHO-MbIIIEUHONH Mepeaauu, yraeBoaHOro oomMeHna, 06-

MeHa KaJiblusl.

Inughus BoipabaTbIBAET TOPMOH MEAAMOHUH, KOTOPBIH TOPMO3UT
JeficTBHe TOHAAOTPONHBIX TOpMOHOB. CeKpelns H3MeHsIeTCs] B 3aBH-
CUMOCTH OT OCBELIEHHOCTH: CBET MOAaBJ/seT CHHTe3 MesnaToHuHa. [To-
cJle yaaJeHust HacTyrnaeT MpekKaeBpeMeHHoe MOJ0Boe Co3peBaHue.

13 4 15

‘ 1i’? “{”l!"‘ {,I/

Puc. 177. BusoukoBas kejesa, WU
TUMYC:

| — J0JbKa BUJIOUYKOBOH »KeJe3bl;
2 — J1eBoe JIerkoe; 8 — BHJI0YKOBas
Keneza (meBast noqasi), 4 — mnepu-
Kapn, & — nuapparma; 6, § — nu-
HUSI OTpe3a CPepO0CTeHHOH TJIeBphI;
7 — BHJOUKOBasl Kenje3a (mpaBas
noasi); 9 — BepxHsAsl noJsasi BeHa;
10 — npaBoe nerkoe; /1 — TMOAKJIIO-
ypuHasi BeHa; /2 — MOAKIIOUHYHAS
aprepusi; /3 — BHYTpPEHHsAS speM-
Hasi Bena; /4 — tpaxes; 15 — je-
Bast o011asi COHHAsT apTepus
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Haonoueunuku (puc. 178) pacnosoxkeHbl BOJH3H BEPXHEro Mo-
aoca Kaxaoi nouku. CocTosdT U3 KOPKOBOTO CJI0S U MO3TOBOIO Be-
1[eCTBa.

12
a‘

Puc. 178. JleBblil HAMOUEUHHK (BUJL Ciepesin):

|/ — HajanoueuHwk; 2 — JeBas HaJAMOUEUHWKOBAS BeHa; J — HUMKHAS Hal-
NMOUeUHUKOBAs apTepus; 4 — roueuHas apTepus; H — mnouka; 6 — MOUYeTou-
HUK; 7 — noueuHas BeHa; & — HHUXKHASA noJaas BeHa; 9 — aopra; 10 —
HUXKHSSE AuadparManbHasi aptepusi; [/ — cpejiHsisi HaJAMOUEUHUKOBAs ap-
Tepus; /12 — BepXHMe HAAMOUEUHUKOBbIE apTEpPHH

rOpMOHbI HaANnoO4e€4YHUKoOB

KopkoBbiit | CTeponnnble: Bausitor Ha oOMeH yrieBoaoB, 6EMKOB, XKHPOB,
caon KOPTH30H, CTUMYJ/IMPYIOT CHHTE3 I'VIMKOTeHa M3 TIJII0KO3bI,
KOPTHKOCTEPOH | 06/1a1aI0T CMOCOGHOCTbIO YTHETATh Pa3BUTHE

BOCMAJMTENbHBIX MPOLECCOB, MOAABISIOT CHH-
Te3 aHTHTe

[Tonosrre OO6yc0BIMBAIOT PA3BUTHE BTOPHUHBIX MOJOBbIX
rOpMOHbI npusnakos. [Ipu runepdyHnxinu ypeanunsaer-
Csl CHHTE3 TOPMOHOB, 0COO@HHO TOJIOBBIX, TPH
9TOM MEHSIOTCSI BTOPUUHbIE M0JI0Bble MPHU3HAKH,
HanpuMep y »KeHILHH NOABAAI0TCA 00pojaa, yCbl
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Okonuanue maba.

MosroBoii | Anpenanun [ToBbilaeTr cuctonnueckuit 06’beM, yeKopsieT
caioi 4aCTOTy CepJleUHbIX COKpalleHHi, paciunpsier
KOPOHAPHbIe COCYbl M Cy»KaeT KOXKHble, YBeJH-
UMBAeT KPOBOTOK B MEUEHH, CKEeNETHbIX MbILLIIAX
1 MO3re, NOBbILLIAET YPOBEHb caxapa B KPOBH,
ycuauBaeT pacnaj :Kupos. Ero neficrsue anaso-
TMYHO JEHCTBHIO CHMMATHYECKOH HEepBHOH cHcTe-
Mbl. BosnelicTByeT Ha runorasnamyc, Bbl3blBast
oOpasoBaHue aJipPEeHOKOPTHKOTPOMHOIO ropMoHa

HopanpenanuH | BbimoaHsieT QyHKUHY MeraTopa Mnpu nepejpaue
BO30Y2K/1eHHsl B CHHAMCAX. 3aMEeJISIeT 4aCTOTy cep-
JICUHBIX COKPALLEHUH, CHUKAET MUHYTHbIH 00beM

ITooxceaydounasn xenesza. BripabaTbiBaeT J1Ba OCHOBHBIX TOp-
MOHa: eA/0KA2OH W uHCcyauH. [JIOKAroH crnocoOGCTBYyeT MpeBpalle-
HUIO IJIMKOTeHAa TMeYeHH B IVIIOKO3y, B pe3yJibTaTe Uero MoBbIIaeTCsi
ypOBeHb caxapa B KpoBu. MHCy/UH noBbIlIaeT NPOHUILAEMOCTb Kile-
TOUHBIX MeMOpaH /sl TJAI0KO3bl, UTO OJArONPHSTCTBYET ee paclien-
JEHUI0 B TKaHsSX, OTJI0XKEHUIO TJIMKOTeHa M yMeHbIIeHHIO caxapa B
kpoBu. [lpu eunogynxyuu paspuBaercs: 3abojeBanne — caxapHolil
duabem. Tlomxkenynounas »kenae3a SIBJASETCH KeJAe30dH CMellaHHOM
CEeKpeIluu. [Tomumo TOPMOHOB AaHHas KeJse3a Bblpa6aTbIBaeT nmaH-
KpeaTHUeCKHi COK, KOTOPbIH yuacTBYeT B MulleBapeHHH. A Tak Kak
MaHKpeaTHUeCKHI COK TMOCTyMaeT B KHIIEUHHUK (IBeHAILlATHIIEPCT-
HY1O K[/ILLIKy) no crneurasbHblM BbIBOAHBIM MNPOTOKAM, TO MOMA2KEJTY-
JIOUHas XKejae3a OTHOCHTCS M K JKese3aM BHELIHEeH CeKpellnu.

Ilonosoie scene3dvl ToXKe SIBISIOTCS HeAe3AMU CMEULAHHOL ceK-
peyuu.

[MonoBbie TOPMOHBI

CemenHukn |Tecroctepon, | CTUMYJIHPYIOT pa3BUTHE MOJOBOrO anmnapara u
AHJPOCTEPOH | BTOPHUYHBIX MOJOBBIX MPH3HAKOB. ¥YBEIHUHBAIOT
o6pasoBaHue Oesnka B Mblwnax. [ToBelnatoT oc-
HOBHOH oOMeH. HeoGxoauMbl Asst co3peBanus
CrepMaTo30M/10B

Slnunukn dcrpannon, | dcTpanauos CHHTE3UpYeTes B GOMIHKYJIaX.
nporectepon | Buusier Ha pocT nosoBbIX opraHoB, GopMupoBa-
HHe BTOPUUHBIX MOJOBBIX MpH3HakoB. [Tporecre-
poH BblpaOaThiBaeTCsl KJAETKAMHU XKeJITOro TeJa.
[opmon 6epementnoctd. CrocoGCTBYET HMMIAH-
Talluk SHIEKIeTKH B MaTKY, 3a/epXKHUBAeT Co-
3peBaHHe U OBYJSILHUIO (QOJIHKYJIOB, CTHMYJIH-
pPYeT pPOCT MOJIOUHBIX XKeJje3
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HepBHasi cuctema

COBOKYTIHOCTb HEPBHOH TKaHHU, HMeIOllelicss B opra-
HU3Me, OO'beJIHHSeTCs B TMOHATHE «HepsHas cucmema». HepmHas
cucteMa obecrneyuBaeT BOCMPHUSITHE Pa3HOOOPA3HbIX YYBCTBUTE/b-
HbIX (addepeHTHbIX) HMMIYAbCOB, BO3HUKAIOWHUX MPH BO31EHCTBUH
Ha pellenTopHble 30Hbl PA3JMUHbBIX pasipaKuTeneil U3 BHElIHeH UK
BHyTpeHHell cpenbl. [TpeoOpa3oBaHHble B HepgHble UMNYAbCHL PaA3-
JIMUHble BUIbBl pasdpascenuti (MeXxaHUueCcKHe, CBETOBble, 3BYKOBbIE,
BKYCOBble, OO0OHsTe/NbHble, GOJeBble M JAp.) AOCTHIAIOT COOTBETCT-
BYIOLLLEH 30HbI HEPBHOH CHCTEMbI, I'le MPOUCXOAUT UX AHAAU3 U CUH-
me3. B pegysabrarte 3T0ro GopMupyeTcsl onpeeseHHblil dsueamenn-
notil (3gppepermmoiii) uMmnysabc K pabouemMy OopraHy HJIM cUCTeEMe
OpraHoB, KOTOpble COOTBETCTBEHHO OTBEUAIOT Ha pasjapakenue. Ta-
KUM 00pa3oM, HepBHas cucTemMa obecrneunBaeT peryJssiuio U Koop-
JMHALKIO BCeHl 1eATeJbHOCTH OpraHuaMa uyejoBeKa Ha OCHOBe o0pa-
O60TKHM MocTynarueid B Hee HHDOPMALLUHU.

CTpPYKTYPHO-(PYHKIIHOHAJNbHOH eJ1MHUIIeH HEePBHOH TKaHW SIBJS-
eTcsd HepBHas KjaeTka — Heilpon (puc. 179).

Kak npaBu/o, HellpoH UMeeT HeCKOJIbKO BeTBUCTHIX JeHdpumos,
CrelMuanu3upyIoUUXCcss Ha BOCIIPUATHH ONMpPeeeHHbIX HEPBHbBIX UM-
NyJabCOB W Mepeaue UX K Teay HellpoHa. B ormuune ot neHIpUTOB
QKCOW BCErJa OJMH M JNOCTaTOYHO AJUHHBIHA. [To akcony undopma-
1Us (MMIYJabC) pacnpocTpaHseTcs OT TeJaa HelpoHa K APYyTUM KJeT-
KaM.

Puc. 179. CtpoeHue HelipoHa:

I — neuaputsl; 2 — Teso HelipoHa; 3 — aKCcoH; 4 — MHUeJMHOBAs 060J10U-
Ka; 5 — nepexBaThl y3naa; 6 — OKOHUAHHS
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KOHTBKT, NocpeaACTBOM KOTOPOIro HEpBHbIE HWMIYJbCbl Mnepeia-
I0TCSL OT OJIHOTO HEHpOHA APYroMy WJIM JAPYrOMY BHIY KJETOK, Ha-
gbiBaetcs cunancom (puc. 180). Bo Bcex BHaax cHHamcoB Mpoucxo-
JIUT OJHOHaMpapJeHHasi nepenaya HHPOPMAUHUH, T. €. HMIYJbChI
MOTYT TlepenaBaThCsl TOJAbKO B 0OHOM Hanpasaexuu. B 3aBucumo-
CTH OT TOrO, KaK Mepeaaercss UMIYJIbC OT OJHOHU KJETKH K JPYrof,
pasauualoT JABa BHJA CHHATICOB: xumuueckue w guauueckue. B xu-
MHUUYECKHX CHHAmcax HH(OpMalHus TepenaeTcss ¢ MOMOIIbIO CIellH-
ANbHBIX XUMUHECKUX seujecme — meduamopos. B ¢pusnyeckux cu-
Harcax nHpopmauus (Bo3OyKIeHHe) MepeaaeTcss 3a CUeT 92eKmpo-
MACHUTMHO20 NOAA.

Bce HellpoHbl MOKHO pa3OUTb HA HECKOJIbKO THMOB B 3aBHCHMO-
CTH OT HUX (PYHKIHOHAJIbHOH MPUHAAJEKHOCTH: 4YBCMBUMECALHbLE
(ceHcopHble, adpdepeHTHbIE), dBueamervHole (MOTOpHbBIE, D PepeHT-
Hble), scmasounsle U Helipocekpemoprote. T1yTb, COCTOSIMNA U3 Le-
MU HEHPOHOB, MO KOTOPOMY HEPBHBLIH HMIYJbC MPOXOAUT OT UYBCT-
BUTEJIbHBIX HEHPOHOB Uepe3 BCTABOUHbLIE MJIH CPa3y Ha JBUTATENb-
Hble U K paboueMy oprany, HasblBaeTcs pegaexkmopHoil 0yeol
(puc. 181).

Pegaexkmoprole Oyeu SIBASIOTCS CTPYKTYPHBIMH U (DYHKIIHO-
HaJbHBIMH eIMHHIAMU MAJs OCy-
IIeCTBJEHUS pedhAeKmOopHOeO NPUH-
yuna pabomos. HePBHOU CHCTEMBbI.
Peduaexen noapasnensiioress  Ha
6e3yca08HbIE U YCAOBHbLE.

Puc. 180. CxemaTuueckoe H300pae-
HMe CHHamca:

| — cuHanTHuecKHe My3blpbKH; 2 —
auzocoma; 3 —  MHUKpOQUOPUILIBI
(netipocubpusmiel); 4 — akcoH;, 5 —
MHUTOXOHADPHH; 6 — mpecuHanTHUecKoe
yToJauleHe MeMOpaHbl; 7 — TMOCTCH-
HaNTHUECKOEe YTOJIIEeHHe MeMOpaHbl;
8 — cuHantuueckasl MieJb (0KOJO
20 M)
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Puc. 181. llepebGpocnunanbuasi pedJsaekTopHasi Ayra — JAByXHeHpOHHas
(ceBa) v TpexHeilipoHHas (crnpaBa):

| — HepBHBIE OKOHUAHHSI B CYXOXKUJIHM; 2 — UYBCTBHUTEIBHOE BOJIOKHO peler-
TOPHOTO HefipoHa; 3 — JABUraTeJbHOE BOJOKHO 3 (heKTOpHOro HellpoHa; 4 —
HepBHOE OKOHUAHME B MOMEPEeYHONoaI0CaTON MbILILE; 5 — BCTABOUHBIH HefipoH

Buabl pedaekcos

besycaoBHble pedekch YcaoBHble pedekchl

. lenetuuecku 3akpenJsennsle, nepe- | l. [eHeTHueckn He 3aKpemnaeHHble, MO
JAKTCs M0 HACAECTBY (BPOXKIAEHHbIE) | HACAEACTBY He MmepeaanTcs

2. XapakTepHbl 1J5 Bcex ocoOefl Buaa | 2. MuauBuayanbHbl, y Kaxao0i ocoou

(Bupocnenn@uuHbl) CBOH HAaGOp YyCJAOBHBIX pedJeKcoB

3. Mmetot nocrosiHHble pedekTopHble | 3. PedekTopHble 1yrH GOpMUPYIOTCS

JyTH B npouecce BblpaOOTKH yCI0BHOTO
pedJaekca

4. MaJio U3MEHSI0TCSI, BOSHUKAIOT B 4. Henocrosinubl, 6€3 COOTBETCTBYIO-
OTBET Ha aJleKBaTHOe pasJpakeHue 1ero MOAKpernaeHusi UIn TPEHUPOBKU

ncyesaor
5. Konrponupytorest na yposue crnut- | 5. OcylecTBISIIOTCS 3a CUCT AesITeNb-
HOrO M03Ta W CTBOJA MO3Tra HOCTH KOPbI FOJIOBHOTO MO3ra

K ocHoBHBIM 6€3yclOBHBIM pediekcaM OTHOCATCS: nuujesole, RUmo-
esovie, nosederueckue, 060 POHUMeAbHbLe, NOA0BbLE, POOUMENbCKUE.

HepBHas cucrema uesoBeka moapasaensieTcss Ha UEHMpPAaibHYIO
u nepugepuveckyro. K n1eHTpanbHOH HEPBHOH cHCTeMe OTHOCAT 2o-
A08HOI W cnunnol moze. K nepudepruueckoil HepBHOH cUCTEMe OTHO-
CHUTCSl BCSl OCMAAbLHASA HEPBHAA MKAHb, 00beIHHEHHAS] B HepBHbLe
CMBONbL, HePBHbLE Y3Abl, HEPBHbLE CNACMEHIS I HePBHbLE OKOHYAHULA.
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CrtpoeHue rosoBHoro mosra (puc. 182)

[Mepen-
HU#

boabiue
nosyiia-
pusi

[IpencraBnensl
NnpaBbIM U JEBbIM
NoJaylapUSIMH, CO-
€JIMHEeHHbIMH MO30-
JIUCTBIM TesoM. be-
JIOe BeLIeCTBO Mpej-
cTaBJssieT co60i
MPOBOJSIILILKE MYTH H
HAXOJUTCSI BHYTPHU
noayiapuii. Kopa
npejacraB/eHa ce-
pPbIM BEILIECTBOM U
pacronaraercs
CBEpXy MnoJyiuapHi.
Kopa umeer mHoro-
yyCJIeHHble CKJIajl-
KH, U3BHJIMHbBI H 0O-
pO3Jibl, YTO 3HAUH-
TeJbHO YBEJHUHBAET
ee muomaab. Kax-
Jl0€ noJayliapue Je-
JIUTCS HA ueThipe
JOJTH: JIOOHYIO, Te-
MEHHYI0, BUCOUHYIO
U 3aTbIIOYHYIO

Pasnuunble o6mactu Kopbl onpee-
JA10T pasuble GyHKuuu. /Iura-
TeJbHas 30HA KOPbl PaCMosNoKeHa
B nepejHel LHEeHTPaIbHOH U3BUIHHE
JOOHON J10J1H; 30HA KOXKHO-MblIlIeY-
HOH UYBCTBUTEJIbHOCTH — B 3ajHell
LEeHTPAJbHON U3BUJIHHE TeMEeHHOH
JIOJIH; 3pUTe/IbHAS 30HA — B 3aThl-
JIOUHOH Jl0/1€; CyXOBasi — B BUCOY-
HO#. LleHTpbl 000HSIHUS U BKyca
pacno/oxKeHbl Ha BHYTpeHHeH no-
BEPXHOCTH BUCOUHOH M JIOOHBIX J10-
Jeil. AccolluaTUBHbBIE 30HbBI CBSI3bI-
BAIOT pasinyHble 06JaCTH KOPBHI.
JlesiTenbHOCTb 9THX 30H JIEXKHUT B
OCHOBE BbICIIMX MCHXHUECKUX (PYHK-
UK yes0BeKa (MamsiTH, JOTHUeCKOo-
rO MbILLJIEHHUS, 00yUYeHHst, BooOpa-
»KeHus1). Bosbline noaywapus ume-
10T PYHKIMOHANBHYIO aCHMMETPHIO.
JleBoe nosymapue orsevaer 3a ab-
CTPAKTHOE MblILIJIEHHE (B HEM HaXo-
JATCSl LeHTPbl MUCbMEHHOH U yCT-
HOH peuu), npaBoe moJyliapue ot-
Beuaer 3a 00pas3Hoe MblllJeHHe

[Tpome-
JKYTOU-
HBIH

Pacnonoxen Bbiie
CpeJHero mMoasra.
CBepxy K HEMY
npuJaeraer snudus,
CHH3Y — TUNodu3.
Bkmiouaer: Tana-
Myc (3pUTebHbIe
Oyrpbl), snuTana-
Myc (HaabyropHyio
obsacTh), rUNoOTa-
aamyc (noabyrop-
HYI0 00J1aCTh) U KO-
JeHJyaTele Teaa

Tanamyc siB/IsIeTCs MOJAKOPKOBBIM
IIEHTPOM BCeX BH/0B UyBCTBHTEIbHO-
CTH, 3@ UCKJIOUEHHEM 0GOHSTENBHOM.
Perynupyer u KOOpAHHUPYET BHELL-
Hee MposiBJIeHHe 3MOLUH (MUMHKY,
JKECTbI, H3MEHEeHHe J1aBIeHH s, MyJIb-
ca W apIxaHus). slapa snuranamyca
NPUHUMALIOT yuacTHe B pabore 000-
HATEJIBHOrO aHanuzatopa. B cocran
3MUTaNTaMyca BXOAUT 3MHpHU3 — Ke-
Jie3a BHYTPEHHell cekpelnu (cekpe-
THPYET FOPMOH MEJTaTOHHH).

[mnoranmamyc KOHTPOJUPYET Jiesi-
TeJbHOCTh THnodu3sa, obecrneunBas
MOCTOSIHCTBO BHYTPEHHEH cpeibl U
peryaupyst oomen Beutects. C ru-
MoTajaMyCoM CBsI3aHbl UyBCTBA
roJlofla, K a /bl U HaChIILEHHUS, pe-
ryJsiliug CHa Hu 60[LpCTBOBaHH9{
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Orownuarnue maba.
Cpen- Uersepo- | Pacnonaraercs Bol- | B cepom BellecTBe 3aJgeraior sijapa
HUH XOJMHe | 1e MocTa I1I u IV nap uepenHbIX HepBOB.
[naBHol dyHKuMeh saBasercs dop-
MHpOBaHHe pedaeKTOPHOH peak-
UM B BHJI€ 3PUTEJNbHBIX H CJIYXO-
BBIX OPHEHTHPOBOUHBIX peIeKCOB,
LEeHTPBbl KOTOPBIX PacroaraioTcst B
Hem. ObGecneunBaer peryJasiiuuio To-
HyCa CKeJEeTHBIX MbIILIL
3aauuii | Moct Haxonurcst nepen | [IpoBoasiuine myTH coeauHSIIOT Mpo-
(Baposu- | Mpof0JMTrOBATHIM JIOJITOBATHIN MO3T M MO3’KEUOK C
€B MOCT) | MO3TOM, 3a7Hss 6oablIUMK TOTyIIapusivu. B 3an-
4acTb MPHUKPHITA Hell yacTu MOCTa 3aJjeralor sjipa
MO32KEUKOM VI, VII, VIII nap uepennbix HepBOB
Mosxke- |Haxonurest nan Boinosnusier pyHKUHH KOOpAHHA-
40K MPOOJNTOBATHIM MK ObICTPHIX 1leJIeHaNpaBIeHHbIX
mo3rom. MiMeer 1Ba | MpOM3BOJNBHBIX ABHKEHUH, pery.s-
6OKOBBIX MOJIyIIa- | IHK MO3bl U MBIIIEUHOTO TOHYCA,
pHs U CPeIHIOI0 He- | MOAMeprKUBAHMS paBHOBECHS TeJa.
napuyto uacte. be- |IIpu noBpexnaennn napymaercs
JI0e BelleCTBO HAX0- | pacmpejeaeHne TOHYCa MBI —
JIUTCS BHYTPH, a crubarteneil u pagrubareneii, no-
cepoe BelecTBO 9TOMY JIBHKEHHUS CTAHOBSITCS HECOo-
(Kopa MO3:Keuka) pa3MepHbIMH, PE3KHUMH, TepsieTcs
TOHKMM CJIO€M MO- | CNOCOOHOCTb HOPMAJbHO XOAUTb U
KpbiBaeT 6ejioe Be- |CTOSITh, HAPYLIAETCS] TOHYC MbILIIL
I1eCTBO
[Tponoa- |$IBnsiercss nponon- | BeimosmHsier aBe riaBHble (yHK-
roBaTblil |KEHHEeM CIMHHHOTO | LUUHU: pedIeKTOPHYIO U MPOBOAHHU-

moara. bemoe Bele-
CTBO HaXOJHUTCH
CHapyxXKH, cepoe —
BHyTpH. Cepoe Be-
111eCTBO NMpeCcTaB-
JIEHO B BHJIE OT-
JIeIbHBIX CKOMJIeHHH
HeHpOHOB — sijiep

koByto. Haxonsites sinpa IX, X, XI,
XII nap uepenubix HepBOB. B ce-
pPOM BellecTBe PacrnoJOKeHbl LLeH-
TPbl AbIXaHHS, CEPACUHON JesiTe/b-
HOCTH, COCYJ0/IBUIaTeNbHblil, Oe-
3YCJOBHBIX MUILEBLIX pedIeKCOB
(cocanusi, rI0TaHUs, OT/EJNCHHUS
MUILeBAaPUTENbHBIX COKOB), 3aLIUT-
HbIX pedJeKcoB (Kallas, YnXaHus,
MUTAHHUS, CJI€300T/eeHHs], PBOTHI).
JlesiTenbHOCTD CBfI3aHa ¢ peduek-
CaMHU TIOJIOJKEHHUS Tesa, U3MEeHeHHs
TOHYCA MBIIIIL HIeH U TYJO0BHILA
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Puc. 182. Menua/nbHas MoBepXHOCTb MPaBOro MoJayliapus OOJAbLIONO MO3ra,
MO3TOBOr0 CTBOJIA M MO3xKeuka. Bogonposoa cpennero mosra, IV xkesyno-
yek:

| — nmoamMososucToe Tes10; 2 — 3ajaHsas oboHsTeabHas 60po3aa; 3 — 000Hs-
TeqbHAs MJollanKa; 4 — mpo3pauHasi neperoponaka; o, // — mnosicuasi 60-
po3na; 6 — BepxHsisi JoOHAsE U3BUJAHHA; 7 — KOJEHO MO30JHUCTOrO TeJsa;
8§ — nosicHas u3BUaAMHA; 9 — Gopo3na MO30aKMCTOro Tena; /0 — cTBOJI MO-
30J1MCTOr0 Tena; /2 — 1eHTpaabHasi 6oposna; /3 — OKOJOLEHTpadbHas
nonbka; /4 — mpenakauHbe; /5 — TeMeHHO-3aTblIouHasi 6Gopo3na; 16 —
nojatreMeHnasi 6o0posna; /7 — BaJHK MO30JUCTOrO Tena; /8§ — kauu; 19 —
mnopHasi 6oposna; 20 — MeauHaabHasl 3aTbIIOUHO-BUCOUHAS] H3BUJINHA;
21 — noabkKa HUXKHETo 4epBs; 22 — 3aaHss rpaHuila Mocrta; 23 — MOCT;
24 — rJja3oABUraTeNbHbI HEepPB; 25 — cocleBUAHOE TeNo; 26 — 3pUTelb-
Hblll mepekpecT; 27 — cBOJA
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ChunHoll mo3e peacTaBasieT co60H HepaBHOMEPHBIH MO TOJIILH-
He UMJIHHAPUUECKHH TSK, HaXOAAUIMHCA B MO3BOHOUYHOM KaHaJe.
CrnMHHON MO3r ueJoBeKa COCTOUT U3 31 ceemenma. Ha ypoBHe Kax-
JIOT0 CerMeHTa OT CHUHHOTO MO3ra OTXOAMT NApa CRUHHOMO3208bLX
nepsos (puc. 183). CnuHHOA MO3T COCTOUT U3 01020 U cepoeo se-
uiecmaa, KOTopoe HaXOMUTCsI BHYTPH 6€J10r0 BelllecTBa U 06pa3oBa-
HO meaamu Hetiporos (puc. 184).

OcHoBHbIe (PYHKIIMHU CIIUHHOTO MO3Ta — NpPOBOOHUKO8ASL U pedh-
AEeKMOPHAA.

HepBHylo cucTemMy yesoBeka B
3aBUCUMOCTH OT QHAMOMUYECKOL
U QYHKYyUoHaAbHOU Kaaccuduka-
yuu MOXKHO pas3ieNuThb Ha coma-
MULECKYIo U 8E2eMAMUBHYIO.

Comamuueckas HepsHas cuc-
mema obecneurBaeT HHHEpBa-
[UIO TJIaBHBIM 00pa3oM Tesa (co-
Mbl), KOXKH M CKeJeTHbIX MBbIIIILL.
BsaumooTHouieHus: ¢ BHelIHeH
Cpenoil ycTaHaB/IMBAIOTCS 33 CYeT
BOCTIPHUSITHSI PA3JHUUHBIX pasapa-
KeHuil. XapakTepHOo#H 0co6eHHO-
CTbIO  COMATHUECKOH  HEPBHOMU
CHUCTEMbI SBJSETCS TO, UTO OHA B
ropasno OoJsblied cTerneHHw, uem
BereTaTUBHAs, MOXET  MPOU3-
BOJIHO ~ KOHTPOJUPOBATHCA U
YIOPaBJIATbCS UETOBEKOM.

Puc. 183. CrinHHOM MO3T € OTXOSILLHU-
MU HepBamu crepenu (A) W c3a-
nu (b):

IC—VIIl — weinple; [Th—XII —
rpynuble; [L—V — mnoscHuuHbIE;
[S—V — KpecTiloBble CMMHHOMO3TO-
Bble HepBbl; /| — llefiHoe yToJlleHue;
2 — CIIMHHOMO3TOBbIE Y3Jbl; J —
TBepaas Mmogropas obosouka; 4 —
MOSICHUYHOE YTOJIIeHHE; 5 — MO3ro-
BOH KOHYC; 6 — KOHCKHH XBOCT; 7 —
KOHIleBasl HUTb
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Beeemamusnaa (a8moHoMHAA) HePBHAS cucmema WHHEPBUPY-
€T KPOBEHOCHble W JUM@paTHUECKHe COCY/bl, BHyTPEeHHHE OpPraHbl;
OCYLLECTBJISIET «pacTUTEbHble» PYHKLUHHU OpraHu3Ma: JAblXaHue, Mu-
nieBapenue, oOMeH BellecTB, BbiJeneHue, pagaMHoxKenue. Kpome to-
ro, OHa BBIMOMHAET aAaNTalUOHHO-TPOPUUECKYIO (DYHKIUIO, PEryJ/Iu-
pysi 0OMeH BelllecTB OpraHu3Ma NMPUMEHUTENbHO K YCAOBUSAM BHeELI-
Hell cpeibl (MO9TOMY €e Ha3blBalOT BereTaTHBHOM ).

Ha ocHOBaHWU CTpOeHHUs, PACNONOKEHUS BEreTaTHBHBIX f/1ep B
CMHHHOM M TOJOBHOM MO3re, a Tak:Ke 0cCOOeHHOCTeH (yHKIIMU Bere-
TaTHBHASl HePBHAs cUCTeMa MOAPa3jie/asieTcsl Ha CUMNAMULECKYIO U
napacumnamuyeckyro dactu. O6e uyacTH BereTaTHUBHOH HEPBHOMH
CUCTEMbI JCHCTBYIOT Ha OJHM W Te Ke BHYTPEHHHE OpraHbl, co3ja-
Bast OoJsiee ONTHMAaJbHbIA pexuM HX paboTbl. B 3aBucHMOCTH OT
JKM3HEHHbBIX 0OCTOSITENbCTB, OT BEJIHUMHbI (PYHKIIMOHAJbHBIX HATPY-
30K BereTaTHBHAsl HepBHAs CUCTEMAa WJH YCHJAHUBAET (QYHKIIMIO TeX
WM HHBIX BHYTPEHHHUX OPraHoB, UaM ocnabaser ux. [Ipu satom B Ka-
JKJbIH MOMEHT B COOTBETCTBHUU C MOTPEeOHOCTAMH opraHuama 60Jb-
IIYI0 aKTUBHOCTb B PeryJsillid BHYTPEHHUX OPTaHOB MPOSIBJASET HIH
cuMMaTvueckasl, HWJAM MapacuMmMmaTHyeckass 4YacTb BereTaTUBHOMH

Puc. 184. [lonepeunblfi pa3pe3 CNUHHOIO MO3ra:

| — 3aaHsis cpeMHHas 6opo3ja; 2 — 3ajJHUIl KaHATHUK; 3 — J0pCaJ/bHbIH
KOpelloK; 4 — 3aAHUil por; 5 — HelpoHbl 3aHero pora (BcTaBouHble); 6 —
JopcanbHoe /1po; 7 — GOKOBOH KaHaTHK; & — LEHTpaJ/bHbIi KaHat, 9 —
3ajHss cepas cnaiika; /0 — nepennsis Oemas cnaiika; [/ — nepeaHss
CIHUHHOMO3roBasi apTepus; /2 — nepeaHssl cpeiuHHas lefb; /3 — BeH-
TpanbHbIH KOpelok; /4 — mnepenHuil KaHAaTUK; /5 — HeHpoHBI MmepeaHero
pora; 16 — 060KOBOil por; /7 — peTHKyJspHOe BelllecTBO; /8 — Msrkas
MO03roBas 060J0UKa
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HepBHOH cucTeMbl. UTO KacaeTcsi OCTaJJbHbIX OPraHOB M TKaHel
(OTOpPHO-BUTATENbHBIH annapar, KoxKa, CTeHKH COCYJI0B), TO Bce
0oOMEHHbIe TIpOLlecChl B HUX PEerylupyeT cCUMMaTHuecKas HepBHas

cucrema (puc. 185).

OCOOEHHOCTH CHMIATHYECKOH
M NapacuMMaTHYeCKON HEPBHBIX CUCTEM

CuMnatvueckasi HepBHasi
cucremMa

Mapacumnaruueckas
HepBHas cucrema

Pacnonoxenue
UEHTPAJbHbIX fiiep

B G0KOBBIX porax ClUHHO-
ro Moara ot 1-ro rpyaHoro
710 3-TO MOSICHHUYHOTO Cer-

MEHTOB

B cpennewm, npogosrosa-
TOM MO3Ty U B GOKOBBIX
porax CIMHHOIO MO3ra M
Ha yposHe II—IV cermen-
TOB

[MpearanravonapHble
BOJIOKHA

Koporkue, 3akaHuuBaior-
Csl B MOCPAHUUHOM CTOJ10€
OKOJI0 MO3BOHOUHHKA

JInvHHBIE, TPOXOAAT B CO-
crase 11, VII, IX, X ye-
perHbIX HEPBOB M KpecT-
LOBbIX CITHHHOMO3IOBbIX
HEPBOB

LHIeHUT;
— CyKeHHe COCY/IOB;
— paclMpeHue 3pauka;

— CHHMXKEHHUE CeKpeluu
JKeJe3 KeadyaKa U Kulley-
HUKA;

— paccaa0bJeHue raaakoi
MYCKYJIaTypbl;

— yCHJIeHHE CJIIOHOOT/Ie-
JICHH ST

[Mocrranravonapuble | lnunnble, 3akanunupaior- | Koporkue
BOJIOKHA csl Ha pabouMxX opraHax
Menpuartopbl Anpenanun, Hopajapena- | AleTHIXOMHH
JIMH
Pesyabrat — yBeJHUeHHe PUTMA U — yMeHbllIeHHe pUTMa H
BO3/1€CTBUSI CHJIBI CepJIeUHbIX COKpa- CHJIbI CepJIeUHbIX COKpa-

LHIeHUH;

— CcyJKeHHe npocsera
OpPOHXOB, YCHJIEHHE JIerou-
HOH BEHTHJSIIIUH;

— YCHUJIEHUE XKeJTyJI0UHO-
KHUIIEUHOH TMepucTa bTH-
KH;

— AKTHUBHU3AllUs CeKpelnu
Keses JKeayjaKa, Kuley-
HUKa, MOJYKEeNY10UHON
JKeJIe3bl;

— CyKeHHe 3pauka
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Puc. 185. Cumnaruueckuii ctBos (cxema). CipaBa — CMUHHOH MO3T C CHUM-
NaTHUECKUM IeHTPOM B OOKOBBIX pOrax; B cepejMHe — CHMMATHYECKH
CTBOJI;, ceBa — mnpeBeprebpaJsbHble HepBHbIE criieTeHus (6, 7) 1 UHHEPBH-
pyeMmble cHMMaTHYecKHM HepBoM opranbl. [IyHkTHpom o0603HaueHbl mnpe-

raHrJIMOHApHble HePBHbIE BOJIOKHA, CMJIOWHON JUHHEeH — MOCTraHrIHOHap-
Hble:
| — BepxHHUIl WeHHBIH y3e1 CHMMAaTHYECKOro CTBOMA; 2 — CpeaHUil Lieil-

HbII y3es; & — 3Be3quatbiil ysena; 4 — 2-il rpyAHO# y3eJ CHMMAaTHYecKoro
CTBOJIA; H — BEPXHUH KPECTHOBbIHA y3eJ CHMMAaTHYECKOr0 CTBOIA; 6 — Ta30-
BO€ HEpBHOE CIJIeTeHHe; 7/ — UpeBHOe HepBHOe crJyeTeHue; § — nouka; 9 —
mMaTKa; /0 — mMoueBOil ny3blpb; [/ — Toulas Kuilka; /2 — nBeHaauaTunep-
CTHas Kuuika; I8 — xenynok; /4 — neuenb; /15 — Jjerkoe; /16 — cep/iile;
17 — tpaxes; /1§ — wuToBUAHAs Kene3a; /9 — ropraub; 20 — BHYTpeH-
HUI COHHBII HepB
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OpraHbl YyBCTB (aHanM3aTopbl)

Opeatol wyscms — 3TO KOMIJIEKC aHATOMHUYECKHX
CTPYKTYpP, KOTOPbleé BOCMPHUHUMAIOT BHeElIHee pasipaxkeHue, mnpe-
BpallaoT €ro B HepBHblﬁ UMIYJbC U NepeaaloT B COOTBETCTBYOLLHUE
LEHTPbl FOJOBHOTO Mo3ra. OpraHbl UyBCTB SIBJASIIOTCS 4acTbio GoJiee
KPYMHBIX CHCTEM, KOTOpPble BOCIPHHUMAIT HHDOPMAIIHIO H3 OKpPY-
JKawlleil ¥ BHyTpeHHEH cpeibl OpraHu3Ma W HasblBAKTCs AHAAU3A-
mopamu. KaxJblii aHaIU3aTOpP COCTOMT U3 TPeX OTJEJNOB:

— nepugepuneckuii omoea (BOCIPUHUMAIOIIMH, UYYBCTBUTE/b-
HbIH) — TpeaCTaB/IeH pelenTopaMu, KOTOpble TPaHCPOPMUPYIOT
BHelllHee pa3jpaKeHHe B HePBHBIH MMMyJbC (HepBHOE BO3OYKe-
HUE) U SIBJASIOTCS OpeaHaMU 4YBCME,;

— npomexcymounolii omoea (NPOBOASIINNA) — TMpeacTaBJ/eH
HEPBHbBIMU NOYTAMH, COCAUHAIOUIUMHU OpraHbl UYBCTB C UEHMPALb-
HblM OMOeAOM, Ky1a MO HUM MepelaeTcs HePBHbIH UMMYJIbC;

— yeumpanvHoili (KOPKOBBIH) OTJAeJ — TpeJcTaBaeH COOTBETCT-
BYIOUIUMU 30HAMU OOAbUUX ROAYULAPUL U KOPbL OOLbULUX NOAYULA-

2 34567 8 91011

Puc. 186. Opran cayxa (A) u cayxoBble KOCTOUKH (B):

| — yuHasi pakoBuHa; 2 — Hapy:KHBIH CIyXOBOH Mpoxoa; J — OapabanHas
nepenonka; 4 — GapabaHHas MOJMOCTb; 5 — MOJOTOUEK; 6 — HaKOBaJbHS; 7 —
cTpeMsi; § — MOJYKpYKHble NpoToku; 9 — mnpennsepue; /0 — ynutka; 11 —
NpeBePHO-YIUTKOBbII HepB; /2 — cayxoBasi Tpyba; /8 — couseHeHHe HAKO-
BaJbHU W MOJOTOUKa; /4 — roJoBKa MOJOTOUKa; /5 — IIeldKa MOJOTOYKA;
16 — pyKosiTKa MOJIOTOUKA; /7 — TOJIOBKA CTpeMeHH; /8§ — HOKKH CTpeMeHH;
19 — ocHoBaHHe cTpemeHH; 20 — cousieHeHHe HAKOBaJbHHU C TOJOBKOH CTpeMeHH;
2] — nyMHHAsT HOXKKA HAKOBAJIbHH; 22 — KOPOTKasl HOXKKA HAKOBAJIbHH
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Puc. 187. Cxema cTpoeHHus rjiasa:

| — pecHuuHasi Mbliina; 2 — paayxKHas
0060/10uKa; 3 — BojsiHUCTas BJaara; 4, 5 —
onTHyeckas ocb; 6 — 3pauok; 7 —
poroBuna; &8 — KOHBIOHKTHBA; 9 —
xpycraauk; [0 — CTEeKJOBHAHOE TeJo;
11 — 6Genounasi obosouka; /2 — cocyau-
crast obosouka; /3 — ceruaTtka;, [4 —

3pUTENbHbIA HEPB

putl, TIe TTPOUCXOAUT aHaJu3 MOCTynalolled OT OpraHoB UyBCTB MH-
dbopmMalK U BO3HUKAET OlLYLIEHHE.

CaMu aHanmM3aTopbl JOCTATOUHO XOPOILIO OMUCAHbI B LIKOJbHOM
yueGHHUKe, TIO3TOMY Mbl MPHBEJEM TOJbKO PUCYHKH OpraHa cjayxa
(puc. 186) u oprana 3penus (puc. 187).

Koxa

Koxa ob6pagyer o0wWKi MNOKPOB Teja uesjoBeKa
(puc. 188). B Hell 3a/m0KeHbl 4yB8CMBUMEAbHOLE HEPBHOLE OKOHUAHUA

Puc. 188. Ctpoenue Ko-
K

I — COCOUYKH JepMbl;
2 — oOoposaka; 3 —
ocsizatesbHble BaJHKH;
4 — BBIBOJHOI MPOTOK
MOTOBOH JKeJae3bl, § —
HepBHOE OKOHUAHHE;
6 — snuaepmuc; 7 —
COCYJIMCThIE U HEpPBHbIE
MOJCOCOUKOBBIE CeTH; &,
9 — nepwma; 10 — ray-
6okasi JepMaJjibHasl Co-
cynucrasi cetb; Il —
MOJKOXKHasI 0CHOBA;
12 — noToBas xenesza
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(KOXKHBbIE pelenTopbl) U npoussodusvie Koxcu (puc. 189): nomosuoie,
canvhoble, MOLOUHbLE HCEAL3bL, BOAOCLL U HOSHILL.

Koxa BbIMOMHsSIET psil BaXKHbIX AJ51 OpraHu3dmMa (QyHKUHI: 3a-
IMTHYIO, TEPMOPEryJ/siHOHHYIO, IbIXaTeJIbHYI0, BblIEJIHTEJbHYIO,
pelenTopHyHo.

Puc. 189. [1pousBosanble koxu. A — morme-
peuHblil pazpe3 KOXKHbIX Keqae3; 5 — mo-
ToBasi Kesjeda; B — BOJOCAHOH (HOJIH-
KyJI:

|/ — noToBbIe XKege3bl; 2 — caJbHas Ke-
Jne3a; & — CeKpeTopHas 4yacTb MOTOBOMH
Kesesbl; 4 — TMOTOBbI TNPOTOK; & —
norosasi mopa; 6 — KopeHb BoJioca; 7/ —
BOJIOCSTHON cocouek; 8§ — BoJOCsHas Jy-
KoBHILA; 9 — MbllIILA, NTOJAHUMAIOLLAS BO-
B qoc; /10 — crepxKeHb BoJOCa
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MonoBaga cucrtema

[lonosas  cucmema  TpeiCTaBIeHA  MYMCKUMU
(puc. 190) u amenckumu (puc. 191) norosoimu opearnamu. OcHoBHOH
YaCThIO UX SIBJASIIOTCS N0A08bLE HeAC3bl: AUYKU Y MYKUUH U SUYHU-
Ku 'y xKeHmuH. OHU OCYIIECTBJSIOT eeHePAMUBHYIO PYHKIUIO — BHI-
pabaTbIBAIOT TOJIOBbIE KJETKH: cnepmamo3oudsl Y MYKUMH, sfilye-

Puc. 190. MysKckue noJoBbie opranbl (A) u BCKpbiTasi mosoBasi xeqesa (b):

| — ceMsBBIHOCSILLHUI NPOTOK; 2 — ceMeHHOH My3bipek; 3 — ammyJsaa ceMs-
BbIHOCSILLLEI0 MPOTOKA; 4 — MOJOCTb MOUEBOro My3blpsl; & — OplowuHa; 6 —

cuMmdus; 7 — MoueHcnycKaTenbHbl#l KaHat; § — rybuaTtoe Tejo MOJOBOTO
useHa; 9 — mMelepucToe Tea0 MOJOBOro ujeHa; /0 — TNPUBECOK SIHUKa;
/11 — TOoJI0OBKA MOJNOBOrO uneHa; /2 — KpaiHsds MJA0Tb MOJOBOTO 4JeHa;
13 — nanbeBUAHAs sIMKA MOUEHCNYCKAaTeNbHOro KaHana; /4 — MOIIOHKA,
15 — suuko; 16 — npuaaToK sinuka; /7 — TPUBECOK NMpPHAATKa SHUKa;
18 — nyxkoBuua nosoBoro ujaena; /9 — OyabboypeTpanbHas xKeme3a H ee
npotok; 20 — mpencratenbHas kemne3da; 2/ — mpeacTaTesbHasi MaTOuKa;

22 — cemsaBbIOpacbiBalOUIMi NpoToK; 25 — Oenounas obonouka; 24 — us-
BUTble KaHaJblbl; 25 — 10JabKa siuuka; 26 — cpepoctenue; 27 — BbIHOCH-
iMe KaHasablibl; 28 — MPOTOK MpPUJAaTKa siHuKa
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Puc. 191. BHyTpeHHMe KeHCKHEe MOJOBbIe OpraHbl (BUJL C3a/1):

! — nHO MaTKu; 2 — MaTouHoe OTBepcTHe TPyObl; 3 — MaTOuHAs 4acThb
TpyObl; 4, 37 — mepelieiiku MaTouHblX TpyO; 5, 32 — coOCTBeHHble CBSI3KU
AUUHUKA; 6 — mesosalpinx; 7 — NpUAaTOK sHUHHKA; §, 35 — ammnyJa Ma-
TOUHOH TPyObl; 9 — BOpoHKA MaTOuHO# TPyObl; /0, 34 — 6axpoMKu TpyObl;
11 — OKOJIOSINUHUK; /2 — my3blpUaTblil IHYHUKOBBIH (oNNUKyJ; /3 — XKes-
Toe Teso; /4 — ceposHasi 060/0uKa; /5 — MblileuHas o6osouka; /6 — ciu-
gucrast 06os0uKa MaTKu; /7 — Kpail paspesa MbllleuHOH 000/10ukH; /8 —

nepeiieek Matku; /9 — meilka matku; 20 — KaHaJg ledKd maTku; 2/ —
3ajiHss ryba oTBepCcTHs MaTKu; 22 — OTBepCTHe MaTKH; 28 — repeHss
ry6a oTBepcTHsl MaTKK; 24 — mepejaHssl cTeHKa Bjarajulla; 25 — BJjara-

JUIHAs 4acThb WeHKH MaTKH; 26 — 3ajHsis 4yacTb CBOJa Baaranauuia; 27 —
HajBJIarajduliHas 4acTb IelKH MaTKu;, 28 — 3aaHss (KulleuHas) MoBepx-

HOCTb MaTkH; 29 — wupokas cBsi3Ka MaTku; 30 — MON0OCTb MaTKH; S/ —
MOYETOUHHUK; 32 — TpaBblil MUHKUK; 33 — CBfI3Ka, MOJBEIIHBAlOLAs SHU-
HUK

KaemKku y »KeHIUH. CJAHsHHE MOJIOBbIX KJETOK — 0n.1000Mmsope-
Hue — oO0yCJOBJMBaAeT HauaJo pas3BUTUs 3apoibiwia. Kpome Toro,
MOJIOBBbIM 2KeJsie3aM [MPHHAJIEKUT OUeHb BayKHash SHIOKPHHHAA
(yHKIIUST — BbIpabOTKa MOJOBbIX TOPMOHOB, YUaCTBYIOUIUX B pery-

JSILUH pocTa OpraHu3Ma U ero GU3UOJOTHYeCKHUX OTIpaBJeHUI.



Paspen

Vv O6bwasa buonorus

NMPU3HAKU U YPOBHM
OPIr AHU3 ALK YKMBOTO

Mpu3HaKM YKMBOro

JKusno — 3amo odna us gopm cyuiecmsosanus ma-
mepuu, 3AKOHOMEPHO BO3HUKULAA NPU ONpeOeNeHHbly IYCA0BUAX.
B Hacrosiliee Bpemsl :KHMBasi MaTepusi NMpeacTaBieHa MHOIOUYMCJICH-
HbIMH (pOpMaMHU, OUe€Hb CHJIbHO OTIHUYAIOLWHUMHUCS APYr OT Apyra, HO
067a1a101UMHK PSIIOM OOIIUX CBOHCTB.

Bce »KUBble OpraHu3Mbl /sl OCYLLECTBJEHHUS CBOEH »KH3Hees-
TEJNbHOCTH JOJMXKHbBI MOJYyUaTh SHEPTUI0 W MUTATeJbHble BelllecTBa.
Bce 310 onu nosyualoT U3 okpyxKaiolleil cpeibl B pe3ynbrarte obme-
Ha eeujecms, BO3BpaAllasi B OKPY’KAIOLULYl0 Cpely BellecTBa B He-
NPUroAHOH A/l noTpebJ/enust gopMe W yacTb 3Hepruu. Takum obpa-
30M OCYULECTBASIETCS KpPYyeosopom seuwjecms, 0053aTeNbHbIH s
NoJJep2KaHUs ONpeleNeHHOT0 KOMHUECTBA BElLeCTB B OKPYyrKalollei
cpele W AJs MOAJEepKAHUSA KU3HHU.

JKuBble opranu3Mbl CylleCTBYIOT B MOCTOSIHHO MEHSIIOULUXCS yC-
JIOBUSIX OKpYyxKatolei cpenbl. JIast 3TOro oHM 10JKHbBI 001a1aTh CO-
OTBETCTBYIOUIMMH MPHU3HAKAMHM, 1Js1 NPUHOOPETeHHsI KOTOPbIX HeoOb-
XOAUMBl  CAMOB0CNPOU3BEOCHUE, UZMEHUUBOCMIL, HACAEOCMBEH-
HOCMb, camMoOpecyAsiyus, 4YTO sIBASETCS OCHOBOH /51 MOJJeprKaHus
NMOCTOSIHCTBA BHYTPEHHEH cpejbl, Uiu eomeocmaaa. J1ast Toro 4To6bl
pearupoBaTh Ha M3MeHEHUs OKpy»Katolled cpeabl W BO3JEHCTBUS
9THX U3MEHEHHUH, KUBble OPTraHU3Mbl JOJKHbl PearHpoBaTh HA 3TH
BO3JIeUCTBHUS, T. €. 06/aanath pazdpaxcumocmosro. Bece sTu cBoiicTBa
MO3BOJISIOT KUBOMY OPTAaHH3MY He MPOCTO BbI)KUTb B PasJHUHBIX
YCJAOBUSIX OKPY2KAIOLILEH Cpeibl, HO U OCTABUTb MOTOMCTBO.

Eule o1HO BaxKHOE OTIMUHE XKUBOTO OT HEXKUBOIO — crneyuguye-
CKUL xumuueckui cocmas KUBbIX OpraHu3mMoB. ToJbKO B KUBbIX Op-
raHM3Max BCTPEUatoTCsl U MOTYT CYLLECTBOBATb TaAKME OPraHHUYeCKHe
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BEILEeCTBA, KaAK OeAku U HyKaieurosvle Kucaomol. JKUBble OpraHus-
Mbl PE3KO OTJIMYAIOTCS OT HEXKHUBbIX 0OBEKTOB ellle U CBOEH UCKAIO-
YUMEAbHOL CAONCHOCMbIO, BLLCOKOU CMPYKMYPHOU U PYHKUUOHANb-
HOLL YNnopsLOOUEHHOCTBIO.

YpOBHHM OpraHM3saumuMu XMBOIro

[IposiByieHus KU3HH Ha 3eMJ/e upe3BblUaiiHO MHOTO-
ob6paaubl. JKusnb Ha 3emse npejactaBaeHa sAepHbBIMH H J051€PHBI-
MH, OJHO- MU MHOTOKJETOUHBIMH OpraHuaMaMu. MHOroKJeTouHble B
CBOIO Ouepe/b MpejacTaBAeHbl TPUOAMHU, PACTCHUAMH H KUBOTHBIMH.
JI1o6oe U3 3TUX napcTB 00beAMHsAeT Pa3Ho0oOpa3Hble THIbI, Kaacchl,
OTpsI/bl, ceMelcTBa, POAbl, BUAbl U HHAMBHAYYMbl. C 1pyroii cTopo-
HBI, Mbl Ha0J/10aeM OrpoMHOe pa3HooOpasne pasJHUHBIX TPYMITHPO-
BOK 2KUBbIX OPraHU3MOB: A€Mbl (JIOKaJIbeIe HeIO0JTOBpEMEHHbIE MO~
MyJsLKAK), TPYMMbl, MOMYJsIMH, 1EeH03bl W Guoreonenodsl. Ho Bce
6eckoHeuHOe MHOroo6pasue >KMBOTO MOXKHO pasieanTb, pa3OUThb
UJIM CrPYMNMNUPOBATb B HECKOJIbKO yPOBHEH OpraHusaliuiy.

MonekynsipHO-reHeTM4YeCcKmM

Jlto6ast )kuBasi cucreMa, Kak Obl CJI0XKHO OHA HHU Obl-
Jla OpraHuW3oBaHa, MpPOSBJAsSeTCs Ha YypoBHe (YHKIHOHUPOBAHUS
OMOJOrMUECKHX MaKpOMOJEKYyJ OHOMOMUMEPOB: HYKACUHOBLIX KU-
caom, beaxos, noaucaxapudos, a TakkKe 1Pyrux BaxKHbIX opraHuue-
ckux BellecTB. C 3TOr0 YpOBHS HAUMHAIOTCS BaKHEHIIHE MPOILECCHI
JKU3HENESITEIbHOCTH OpPraHu3Ma: OoOMeH Beuiecmes W npespaujerue
anepeuu, nepedaua Hacae0CmeeHHoil uxngopmayuu. 'envl Ha 3TOM
YPOBHE OpPraHU3allui >KU3HH TPECTABASIOT 3JeMeHTapHble e/IHHHU-
1bl. OCHOBHBIMH 3JIeMEHTAPHbIMHU SIBJACHUSIMH, CBI3AHHBIMHU C TeHa-
MH, MOXKHO CUMTATb CMOCOOHOCTb UX K KOHBAPUAHMHOL pedyniuKa-
Yuu, L0KAAbHOIM CMPYKIMYPHOIM USMEHEHUAM (MYMAUUsM) U CHo-
cobrocmo  nepedasamo  XPAHAWYIOCA 8  HUX — UHGOPMAUUIO
BHYMPUKAEMOUHLIM YNPABASIOUUM CUCTIEMAM.

KneTtouHbin

Kaemrka — CTpyKTypHas U GyHKIIMOHAJNbHAS €ITHHHU-
1a, a TakyKe eJMHHIa Pa3MHOXKEHHsT H Pa3BUTHs BCeX »KHUBbIX opra-
HU3MOB, oOUTawIIMX Ha 3emye. HekneTouHbix GOpM »KU3HM HeT, a
CYLLECTBOBAHHUE 8UPYCO8 NUIlIb TIOJATBEPKAAET ITO MPABUJIO, TAK KaK
OHM MOTYT MPOSIBJASITH CBOWCTBA KUBbIX CHCTEM TOJbKO B KJETKax.
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TkaHeBbIM

Tkano — COBOKYMHOCTb KJETOK C OJHHAKOBBIM TH-
noM opraHudauuu. TKaHeBblll ypoBeHb BO3HUK BMECTE C MOSIBJCHU-
€M MHOTOKJETOUHBIX OPraHH3MOB, UMEIOILIUX AU PepeHIHpOBAHHbIE
TKaHH. ¥ MHOTOKJETOUHbIX JaHHbIH YPOBEHb pa3BHUBAETCS B MEPHOLL
oHTOreHe3a. Bosblioe CXOACTBO MeXKAY BCEMH MHOIOKJIETOUHbIMH
OpraHM3MaMHu cOXpaHsieTcss Ha TKaHeBOM ypoBHe (Kpome ry6oK H
KHMIIEYHOTONOCTHBIX). Bcero suib 5 0CHOBHBIX TKaHel BXOIST B CO-
CTaB OpPraHOB BCEeX MHOTOKJETOUHBIX »KHBOTHBIX M 6 OCHOBHBIX TKa-
Hell 06pa3yloT opranbl pacTeHuH.

OpraHn3MeHHbIN

Opeanusm mnpeacrabiaser coOOH 1EJOCTHYIO OJHO-
KJIETOUHYIO HJIH MHOTOKJETOUHYIO CHCTeMY, COCOOHYIO K CaMOCTOs1-
TeJbHOMY CYLLeCTBOBaHMIO. MHOrOKJIeTOUHbIH oprann3m o6pasoBan
COBOKYMHOCTbIO TKAaHeH W OpPraHoB, CMellMaJU3UPOBAHHBIX JJIsSl Bbl-
MOJIHEHUS! PA3/IUUHbIX (DYHKLHUH.

OHTOreHeTM4YeCcKmMm

B HekoTopoll sHMTepaType ero BbIAENAIOT BMeCTO
KJIETOUHOTrO, TKAHEBOTO W OPTraHH3MEHHOro ypoBHeil. D10 Oosiee BbI-
COKasl CTyMeHb OPraHMU3alMUK JKM3HH, YeM KJIeTOUHblIl ypOBEHb, Tak
KaK >KM3Hb BCerja MpejacTab/eHa B BUAe JUCKPEMmHblx UHOUBUOYY-
m06. HO M ONHOK/JIETOUHbIE, U MHOTOKJETOUHble 0coOu 00/1a1al0T
CUCTeMHOl opraHusauueil M pery/asliMeidl ¥ BbICTYNAlOT Kak eduroe
yeaoe. Mrnougud (MuaAMBUAYYM, 0Cc0Ob) — 3JeMeHTapHasi HeJesH-
Masi eMHHIlA KU3HU Ha 3eMJie, TOSTOMY Ha JAHHOM ypOBHE €l1MHHU-
el KU3HU CIYKHT 0c0O0b ¢ MOMEHTA €€ BO3HUKHOBEHHUS U 10 CMEPTH.
A oCcHOBHO# mpollecc — oHmoeeHe3 — pas3BepTbiBaHUe, peasnsalius
HacJ/JeACTBeHHONH HMH(pOpPMALMWH, 3aKOAHPOBAHHOH B yNpaBJslOLLUX
CTPYKTypax 3apoJblllIeBOH KIETKH.

MNonynsauyoHHO-BMA,0BOM

O6benunenue ocobefl B Nonyasiliuu, a NOMyJassUUd B
BUJIbl TI0 CTEMEHU TeHEeTHUECKOr0 U 3KOJOTHUYECKOTO eJHHCTBA MpH-
BOJUT K MOSIBJEHHIO HOBBIX CBOHCTB U OCOOEHHOCTEH B »KUBOU MpHU-
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poae, OTJIHWYHBLIX OT CBOHCTB MOJICKYJSIPHO-TEHETHYECKOro U OHTOre-
Hetuueckoro ypoBHell. [losiBasieTcst nadopeawudmennas cucmema.
[Tonyasayus — s1eMeHTapHasi CTPYKTypa Ha JaHHOM ypoBHe. JiJe-
MEHTapHOE SIBJEHHE HA 9TOM YPOBHE — UBMEHEHUEe eeHOMUNU1eCKO-
20 cocmasa nonyadyud. DIeMeHTApHbIH MaTepual — Mymauyull.
Ha nannom ypoBHe ocyliecTBJsieTcsl B uepejie MOKOJEHHUH mpoliecc
9BOJIIOIHH.

BuoreoveHoTHyeckmm

buoeeoyenos — cpena IJsi IBOJIONUH BXOISIIHX B
HEero MomyJsilliil pas3HbIX BUAOB, B3aUMOAEHCTBYIOUIUX APYT C APY-
rOM M C OKpYy:Kaluleld cpeol, OCyLLeCTBASIST KPYrOBOPOT BELLECTB U
noTok 3Hepruu. JKu3Hp OUOreoleHO3a PEeryJHupyeTcsi B OCHOBHOM
CHJIaMH, ﬂeﬁCTByFOLLLHMH BHYTpH caMoH CHUCTEMBI, T. €. MO2KHO TOBO-
pHUTb 0 camopeeyrsyuu Guoeeoyero3a. ABMoOHOMHOCMb U camopeey-
AR4Us 6uoeeoyeHo3a ONpeaesioT ero KaloueBoe NojoKeHne B 61M0-
cepe Hauleld mnuaaHeTbl Kak 3JeMeHTAapHOH eJAMHHIbI Ha JaHHOM
ypOBHe.

BuocdepHbIn

CaMblil BbICOKHH YpOBeHb OpPraHH3alUM KU3HHU HA
Hallell nuaHere. B Hell BbIAESIIOT HuBOE Beu,ecmB0 — COBOKYII-
HOCTb BCEX JKMBbIX OPraHHU3MOB, HEHCUBOE, WIH KOCHOE, BELLeCTBO,
buokocroe u buoeennoe BellectBa. Ha naHHOM ypOBHe MPOUCXOAUT
KpYyeo80p0Om seu,ecms U npespauierie ILepeuu, CBs3aHHble ¢ XKHU3-
HeJesITebHOCTbIO BCEX KMBBIX OPTaHU3MOB, 0OMTAIOIIHX HAa 3eMJe.

LUMTOJIONNMA — HAYKA O KIJIETKE

Kneto4Has Teopus

Knerounasi Teopus cdopmynupoBana B 1839 r.
M. Hlnefinenom u T. lIpannom. OcHOBHBIE MOJOXKEHHST KJAETOUHOH
TEOPHUH MOXKHO CHOPMYJHPOBATH B CAEAYIOIIMX MOCTyaaTaX:
— BCe JKHMBble OPraHHU3Mbl, KpOME BHUPYCOB, UMEIOT KAEMOUHOE
cmpoenue. Kaemka — aremenmapras cmpykmypHas eOuHUYa xHu-
8020;
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— KJIeTKAa — HauMeHbllas »KUBas cuUcTema, o0Janaroliasi BCeMH
NMPHU3HAKAMH 2KUBBIX CHCTEM, — 9ACMEHMAPHAS OUOA02ULCCKAS CUCTe-
M@, crnocobHasi K CaMOODHOBACHUIO, CAMOBOCNPOUZBEOCHUIO U PA3BU-
muro. Knerka — sjemeHTapHas QyHKIIMOHAMbHAS €IMHULLA KUBOTO;

— KJETKH BCeX OPTraHHU3MOB CXOOHbL HO CMPOCHUIO U XUMUYECKO-
MYy cocmasy,

— BCE KJIETKU 20MOA02UYHbL IO 00A3aTeNbHBIM QYHKIUAM (00ec-
MeUUBAIOUIUM KU3HENEATENbHOCTh: 0OMEH BElLeCTB, Pa3MHOXKeHHe
¥ pasBuUTHE) U Jugppepernyuposansl 1o cnelnagbHbIM QYHKIUAM;

— KJIETKH MHOTOKJETOUHBIX OPraHH3MOB MOMUNOMEHMHbL —
o6sanaloT 0JMHAKOBbIM T€HOTUINOM, TaK KaK BCe KJAETKH MHOTOKJe-
TOYHOTO OpraHu3dMa 006pasyloTcs MyTeM MHTO3a U3 ONHOH KJIEeTKH —
3UTOTHI;

— HOBble KJIETKU 00pa3yiomces nymem OeAeHUs MAMEPUHCKUX
KACMOK;

— KJIETOUHOE CTPOEeHHME OpraHu3Ma — CBUJETEJbCTBO TOrO, UTO
8ce HuBoe umeem eouHoe npoucxoxncoenue.

XuMmyeckasi opraHM3aLma KNeTKu

Bce conepikaiuecss B KneTke XHMHUUECKHE 3J€MEHThI
MOXKHO pas3iesuTb Ha TPH TPYMNIbl: MAKPOIAEMEHMbL, MUKPOINE-
MEHMbL U YALMPAMUKPOINEMEHBL.

Maxposaremenmor B cymme cocTaBasior okono 98% Bcex aie-
MEHTOB KJETKH M BXOJASIT B COCTAB KU3HEHHO BaXKHbIX OHOJOTHYE-
CKHUX BeIlleCTB. DTO 8000p0d, Kucaopod, yesepod, asom. B nocnen-
Hee BpeMsi K MaKpO3JeMeHTaM OTHOCAT CJAEAYIOlHe 3JeMEHTbl: Ka-
aull, nampuil, kaarouuil, cepy, gocgop, macHull, xearezo u Xi0p.
Conep:kaHue 3THX JIeMEHTOB B KJIETKe COCTABJSIET JeCsThle U COThIe
JIOJIM TPOLLeHTA, HO OHM HeoOXoaWMbl. Hanpumep, kea1e30 BXOAUT B
cocTaB remorJ1o0MHa, a Maruuii — B coctas xJopoduana. Kanbuui
1 docdop yuacTByloT B (GOPMHUPOBAHHHU KOCTHOH TKaHW. Kasabuui,
KpOMe TOro, BJHSET HA MPOILECChl CBEPThIBAHUS KPOBH, mepenauy
CHUTHAJIOB B CHHAMCAx U COKpalleHHe CKeJeTHbIX Mblil. MoHbl Ha-
TpUsl, Kaausi U XJaopa oOecneuuBalOT MPOHUILAEMOCTb KJIETOUHOH
MeMOpaHbl U MPOBeleHHe HEpBHOTO UMMNyJabca. Cepa siBasieTcsl He0O-
XOJAUMBIM KOMIOHEHTOM aMHHOKHUCJIOT IIUCTEHHA W METHOHUHA.

Mukposaremenmot conepkatTcs B KJAETKE B COTbIX M ThICAUHBIX
JOJIsIX MPoUeHTOB. K HUM OTHOCATCS C/AeAyIOULMe 3JEMEHTbI: YUHK,
mede, tiod, gmop, moarubden, 6op, mapeaney, KOGALbM.
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DJeMeHThl, CoAepKAHUE KOTOPbIX B KJIETKE He MPEBbIIIAET HJIH
MeHblle ThICAUHBIX JN0Jel MPOlLeHTa, HA3bIBAIOTCS YAbMPAMUKPO-
anemenmamu. DTO TaKHe 3JE€MEHTBl, KaK 30A40MO0, HNAQMUHA,
pmymeo, yesuli, ceaeH.

HecmoTpsi Ha HUM3KOe cojlepKaHHWe B XKHUBBIX OPTaHU3Max, MUK-
pO3JeMEeHTbl U yJAbTPAMHUKPOIJEMEHTbl UIPAIOT UPe3BblUaliHO BakK-
HYI0 poJib. Menb siBJsieTCsl COCTaBHOHW 4acThbio (PepMEHTOB, yuacT-
BYIOLIUX B TKAHEBOM JbIXaHUM. MHOTHEe MUKPO3JEMEHThbl BXOIASAT B
COCTaB TOPMOHOB: HOJ — KOMIOHEHT FOPMOHA LIHTOBUIHON KeJje-
3bl — THPOKCHHA, a IIMHK BXOJHUT B COCTAB WHCYJMHA — TFOPMOHA
MOJKETYA0UHOH Kesme3bl. PTop HeoOXOAUM JIJIsT HOPMAJbHOTO pas-
BUTHUS 9Manau 3y06oB. HenoctaTok cemeHa mpUBOAUT K BO3HMKHOBe-
HUIO pakKoBbIX 3a00JeBaHUN, a HeA0CTaTOK 6Gopa OTPHILATENbHO
BJIMSET HA POCT U PAa3BUTHE PACTEHHH.

B kJ1eTKe coeprkaTcsl Heopeanuieckue u opearuyeckue euiecmasa.

W3 weopeanuueckux seujecma TaaBHOe 3HAUeHHE ST KJIETKH
UMeIoT 800a, MUHEparbHble COAU W KUCAOMbL, HEOpPraHuyecKue
AHUOHbL U KAMUOHbL.

Katuonbi: K¥, Na*, Ca®*, Mg™", NH}

Annonni: ClI7, HPOY™, H,PO,, HCO3, NO;

HemanoBaxkubie QyHKIUK BBIMOJHSIOT B }KUBbIX OPraHU3MaXx He-
OpraHuyecKue KUCJOThl U conu. CosisiHasi KHCA0TA BXOJHUT B COCTAB
KEJTYNOUHOTO coka. HaTpueBble u KasmueBble cOMM a30THCTOH U oc-
(OpHON KHUCJIOT, KaJAbllHeBasl COJMb CEPHOU KHUCJIOThI CAYXKAT BaKHBI-
MH KOMIMOHEHTaMH MHHEPaJbHOTO MUTaHus pacTeHuil. CoH Kabllus
1 pocopa BXOAST B COCTAB KOCTHOH TKaHM KUBOTHBIX. Pocdopras
KHCJIOTA BXOJMUT B COCTAB HYKJEUHOBBIX KHCJIOT, MAaKPO3PTUUECKUX
coeJluHeHu i, HGochOTUNUIO0B, a ee COMU UTPAIOT IIAaBHYIO POJb B MO -
nepxkanuu pH uuronaasmel, KpoBH, TUMPbl U TKAHEBOH KUIAKOCTH.

KreTka comaep:KUT MHOXKECTBO Pas3HOOOPAa3HbIX OPraHHUYECKHX
COeJIMHEHHUH, HO KJIIOUeBble POJIM UTPAIOT UeThipe KJacca opraHuue-
CKHX BEILeCTB: yeaes00ul, Aunudol, 6eAKu U HYKACUHOBbLLE KUCAOMbL.

Yrnesopgpbl

YraeBoabl SIBIASIOTCS BaKHeHLIMMHU XUMHUECKHUMH
COCJIMHEHUAMH KMBbIX OPraHM3MOB W BbIMOJHSAIOT BeCbMa Ba’kHble
(YHKLHH.

Mownocaxapa (puc. 192):

a) Mpuo3vl — TJIMLEPUHOBLIH anbjieruj yuacTsyer B oO6pasoBa-
uuu GochopHbIX 3(DUPOB TPUO3, NPOMEKYTOUHBIX COELMHEHUI Mpu
aHa9pOOHBIX NMpeBpalleHUsX;
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CHO
CHO H—C—OH
H—C—OH H—C—OH
CH,OH H—C—OH
D-rnuuepadabaerun
A D-pu6osa CH,OH
(B BUAE KOJbLA) D-pu6oaa
(llHO
H—C—H
H—C—0H
H—C—O0H
OH H CH,OH
D-nesoxkcupubosa D-nesokcupubosa
(B BUJE KOJIbILA)
CH,OH CH,OH CHO
0 CH,OH
C=—=O0H H—C—OH
H OH
. OH HO—C—H HO—C—H
OH H
H—C—OH H—C—O0H
B-D-dppykTosa
H—C—O0H H—C—0H
CH,OH CH,OH
D-¢ppykrosa D-rntokosa
CH,OH CH,OH
H O OH H O H
H H
OH H OH H
OH H OH OH
H OH H OH
B-D-raoko3a a-D-riaokosa

Puc. 192. Monocaxapa: Tpuossl (A); neHtossl (5); rekcoss (B)
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CH20H 6) nenmosv. — pu603a u 1e-
30KcHpuO03a BXOASIT B COCTaB

—O
© HyKJeuHoBbIX kKucaor (PHK wu
JTHK);
© B) eeKxcosubl:

CH2OH — TJII0KO3a  (BMHOTPAJHbIN
[110K03a ["anaxrosa caxap) BXOJMT B COCTAaB MHOTHX
JHCaxapoB M MOJHCAXAPOB.
B cBoGoaHOM COCTOSIHWH HaXo-
CH-OH JIUTCSl B TJ10/1aX, KPOBH, JUM{e.
OCHOBHOW HCTOYHMK 3HEPTHH;

O HOH2C — (dpykroza  (PpyKTOBbII
caxap) B cBOOOJHOM BHJE IIH-
O O” CHyoH POKO pacmpoctpaHeHa B MpHpoO-

Je: B Mele, MJOAAX, 3eJeHbIX
[110K03a dpykrosa 4acTsiX pacTeHuH.

Hucaxapa (puc. 193).

Caxaposza  (TPOCTHUKOBBIH
caxap, CBEKJOBHUHBIH caxap).
CH20H CH20OH Mosekysa COCTOUT W3 MOJIEKYJ
@) —O I110KO3bl U GpyKTO3bl. OCHOB-
Hasi TpaHcrmopTHas popma yrije-
0 BOJIOB B PaCTEHHSsIX.

Jlakmosa (MoOJOUHBIH ca-
Xxap) oOpas3oBaHa H3 MOJEKY.JI
D-ratokosst u D-ramaktossl. O6-
MaunbTo3a pasyeTcsi B MOJIOUHOH »Kese3e U
MPUCYTCTBYET B MOJIOKE.

Manbvmosa (cononoBblil ca-
Xap) COCTOUT M3 JBYX OCTATKOB
IJIIOKO3bl. B ¢BOOOAHOM BHJAe MPUCYTCTBYET B MpopacTaloliuX ceme-
HaX 3J1aKOB.

Ioaucaxapa (puc. 194 na c. 266—267).

[leanrwonosa (kaemuamra). Monomepom siBasiercss D-riokosa.
OCHOBHO# OMOPHBIH KOMMOHEHT KJETOUHOH CTEHKH Y pacTeHUH.

[aukoeer. Pa3BeTBJIeHHBIH MosMcaxapui, MOJEKYJbl KOTOPOro
NOCTPOeHbl U3 0cTaTKOB D-rutoko3bl. Pe3epBHbIfl nosucaxapui Ku-
BOTHbBIX (HaKanauBaeTcss B MeUeHH M MbIIIIAX).

Kpaxmaa. MonomepoM siBaasieTcs r1toko3a. OCHOBHOH pe3epBHbI
YIJIEBOJL pacTeHUi oOpadyeTcsl B XJ0ponaacTax i aMMHOMIacTax.

Xumun — CTPYKTypHbII nosaucaxapuja rpu6os U 6ecro3BOHOY-
HbIX KHBOTHBIX (IJIaBHbIM 00pa3oM 4/JeHUCTOHOTHX). OTHOCHTCS K
aMHHOCaxapam.

JlakTo3sa

Caxaposa

['n1oK03a ['mioko3a

Puc. 193. lucaxapa
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Jiunnppbi

JIunuapl — BecbMa pa3HOpPOJHbIE MO CBOEMY XMMHUe-
CKOMY CTPOEHHIO BelllecTBa, XapaKTepHuaylollhecs pa3jauuHoi pacTBo-
PUMOCTBIO B OPraHMUYECKUX PACTBOPUTENSX, H, KAK MPaBUI0, Hepac-
TBOPUMBI B Boje. OHM UTpaIOT BaxKHYIO POJb B Mpolleccax KU3Hees-
TeJbHOCTH. Byyun oqHUM H3 OCHOBHBIX KOMIOHEHTOB OHOMOTHYECKUX
MeMOpaH, JUMUAbl BJAUSAIOT HA HX MPOHULAEMOCTb, YUaCcTBYIOT B Ie-
peraue HEPBHOIO HMMIYJbCA, CO3aHHH MEKKJIETOUHBIX KOHTAKTOB.
Jlunuabl 06pasyloT sHepreTHYeCKHH pe3eps, CO31al0T 3alUUTHbIE BO-
JOOTTAJNKUBAIOUIME H TEPMOU3OJASLHOHHbIE MOKPOBbI Yy JKUBOTHBIX H
pactenuil. Hekotopble JUMUABI IPUHUMAIOT YUACTHE B PEryJsiiluu Qu-
3UOJIOTMUECKUX MPOLLECCOB B OPraHu3dMe (CTepOUHbIe TOPMOHBI).

HauGosee pacnpocTpaHeHHbBIMH B COCTAaBe »KMBBIX OPraHU3MOB
SBJSIOTCA HEUMpasvroble HUpbl, WIH Mpuayuieiuyepunsl, 80cKa,
Gocgorunudot, cmepoudot.

Haubosee npocTbIMH M LIMPOKO PACMPOCTPAHEHHBIMH B MPHPO-
ne sBasitotes scupol. OHU NpeNCTaBaAAIOT co00# aghupol mpexamon-
HO2O cnupma (eAuyepura) u mpex moAeKya rupHolx kucaom. JKu-
pbl SIBJISIIOTCS OCHOBHOH (OpMOH 3amacaHusi 3Hepruu. Y Mo3BOHOU-
HbIX TMPHUMEPHO TMOJOBMHA 3HEPruu, MnoTpebaseMoll KJaeTKaMHu,
obpasyercsi 3a cueT OKUCJAeHHUs1 KUpoB. [Ipu pacuwenaenuu 1 r xKu-
pa Bbimenasiercs 38 KJI»K 3HepTHHM M CHHTe3HpyeTCcs B JABa pasa
Gosbiee KomnuectBo AT, uem npu paciienaeHun TaKoro Ke KoJu-
yecTBa II0KO3bl. JKHUpbl HCMOMB3YIOTCS TaKKe B Ka4ecTBe UCTOUHMU-
Ka BOJbl. ¥ MHOIMX MJEKOMUTAIOIUX MOJ KOXKel OTKJaJblBaeTcs
TOJICTBIH CJIOH MOAKOXKHOTO KUPa, KOTOPbIH O6Jaronapst HU3KOH Term-
JIOTIPOBOJIHOCTH 3aUUILAeT OPraHU3M OT MepeoxaaKIAeHHUs.

Bocka — 310 caoocHble 3¢pupol, 0Opasyemole HUPHbIMU KUCAO-
mamu u MHO0AMOMHbIMU crnupmamu. Y MO3BOHOUHBIX Bocka oOpa-
3YI0TCSl B KOXKHbBIX 2Keje3ax, MOKPbIBash KOXKY M €€ MPOU3BOJAHbIE,
CMSITYAIOT UX M MPEeNOXPaHsIOT OT JAeHCTBHUS BOAbL. ¥ pacTeHHH BOC-
Ka MOKPbIBAIOT JUCThSl U MA0JbI. HeKkoTopble HacekoMble, HAMpUMep
Muesbl, UCMOJAB3YIOT BOCK /I MOCTPOHKH COTOB.

JKH3HeHHO BaKHOe 3HaueHue JJIs1 BCero »KHUBOro MMeeT ocobast
rpynna JUnuaoB — ghocgpoaunudot, KOTopble FBASAIOTCA OCHOBHbIMH
CTPYKTYPHBIMH KOMMOHEHTAMH OHOJIOrHUeCKHX MeMOpaH (puc. 195).
Tunuunaa mosexkyna Gocoaunuia HMeeT NOAAPHYIO 20A08Y U 084
eudpodobHoLX Yyeresodopodnblx xeocma. JIJIMHA XBOCTOB BapbUPYyeT
ot 14 no 24 atomoB yraeposaa B nenu. ONUH U3 XBOCTOB, KaK MpaBH-
JIO, CONLEPKUT OJIHY MM OoJiee yuc-TBOHHBIX CBA3EH (T. €. 3TO HeHa-
CoLU4EHHbLL YTTEBONOPOL), TOT1A KAK Y APYTOro (Hacvlu,eHHo2o yrie-
BOJIOPOJ1a) TBOHHBIX CBsI3€d HeT.
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Puc. 195. Mounekyna dochonununa dochaTUIUIXOIHHA, NpeACTaBICHHAS
cxematuuecku (A), xumuueckoil GopmyJsoil (5), B BUIe MPOCTPAHCTBEHHOMH
mojenu (B) u cumoaa (I7)

Oco6oe MecTo Cped JUMUA0B 3aHUMAIOT MOJUIHKIHUECKHE CO-
e/IMHEHHUs, TTPOU3BOJIHbIE cUpTa Xxoaecmepura (puc. 196) — cme-
poudor. XoneCTepUH U ero 3Upbl ¢ KUPHBIMU KHCJAOTAMH BXOASAT B
COCTaB OMOJOrMUeCKUX MeMOpaH, NPUAaBasl UM JKECTKOCTb. XoJecTe-
PHH TaKxKe SIBJSIETCSl MPEIIECTBEHHUKOM CMeEepOUOHbIX 20PMOHO8,
00pasyoIUXCsl B HAJMOUEUHHKAX H MOJOBBIX XKeje3ax (aHIpOreH
scTporeH). B meueHu u3 xonectepuHa o6pasyTCs deauHble KUCAO-
mot, HeOOXOAUMbIe J1J1s1 HOPMaJIbHOTO MepeBapUBaHUs XKHPOB.

K snunupam TakKe OTHOCSTCS HEKOTOPbIE HUPOPACTNBOPUMbLE
sumamuns. A, E, D, K.

Benku

Benku npencraBasitoT cobG0il caMblii MHOTOYHCJIEH-
HbId U Haubosee pa3sHOOOpPA3HbIA KJAacC OPraHUUEeCKUX COeMHEeHUH



Llutosorust — HaykKa o KJaeTke 269

HO

Puc. 196. Xomectepun (XosmecTepod)

KJIETKH. DTO OHOJOrMUeCKHe MOJHMepbl, MOHOMEPAMHU KOTOPBIX sIB-
JSII0TCSl AMUHOKUCAOMbL. Beslkin MOKHO yCTOBHO pasfe/nuTb Ha JABe
rpynnbl B 3aBUCUMOCTH OT KOJIMYECTBA AMHHOKHCJIOT, BXOAALLUX B
ux coctas. Ec/iu KoJHUueCTBO aMHHOKMCJAOT He MpeBblllaeT cTa, TO
TaKHe COeJMHeHUs HasblBaloTcs nenmudamu. [TenTuapl cyuecTsyor
B CBOOOJHOM COCTOSIHMM H MMEIOT BbICOKYIO OHOJIOTHYECKYIO aKTHB-
HocTb. K menTupam OTHOCATCS TaKue TOPMOHDI, KaK OKCUMOUUH, A0-
perokopmukomponnoill eopmor. Cpein TMeNTHAOB BCTpeualoTcs
OUeHb TOKCHUHbIE coefiuHeHus. HekoTopble anmubuomurxu, npousBo-
JHMble MHUKpPOOPraHM3MaMH, Toxe sBJsAl0TCA nentuaamu. Heno-
CPeJICTBEHHO Oeakami HA3bIBAIOT BBLICOKOMOJEKYJsSPHblE MOJHMIEN-
TH/DbI, B COCTaB KOTOPbIX BXOAHUT OM cma 00 HECKOAbKUX MblCAY
AMUHOKUCAOM.

CTpyKTypHas opraHu3auus 6eJKoB

CrpykTypa BHewHuni
PYKTYP Xapakrepucrtuka
Oeaka BU]L,
[MepBuuHas [TocnenoBaTesbHOCTL aMHHOKHCAOTHBIX 0cTaTKoB | Puc. 197

B moaunentuanoi uenu. Onpenenser dpopmy,
cBoiicTBa M PyHKILMH OenKa

Bropuunas Mmeer Bua cnupasau U BO3HUKAET B pe3yJ/bTaTte Puc. 198
o6pasoBanust BOAOPOAHbIX cBsaseil Mmexay —CO- u
NH-rpynmamu pasHeix aMHHOKHCIOTHBIX OCTAT-
KoB. beskn B 1aHHON cTpyKType 0ObIUHO Ha3blBa-
10Tes GUOPUMIAPHBIMU. Pasnuualor o-cnupanb u
B-ckamanuaTtocTb
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Okonuanue maba.

Crpyxtypa Xapakrepucruka Breunmit
oeska BUJ,
Tpernunas Mwmeer Bua xay6ka uiau rao0yasl u o6pasyeres B | Puc. 199

pesyJ/bTaTe CJA0XKHOH MPOCTPAHCTBEHHON yKIaAKU
MoJsekyJ1 Gesnka. Jlas Kaxkaoro Bujaa O6enka xa-
paxTepna cneunuduueckas raodynaa. [Ipounocts
obGecrneuyuBaeTcst Pa3/aMUHbIMU CBA3SIMH — J1H-
Cyab(MUAHBIMH, HOHHBIMH, THAPO(GOOHBIMH. Benku
B JIaHHOH CTPYKType Ha3bIBAIOTCS TJI0OYJIsSPHBIMI

YereptuuHas |[IpencraBasier co6oil ca0xKHbIH KoMMIeKe, 00benu- | Puc. 200
HSIIOUMH HECKOJIbKO OEMKOB B TPETHUHOH CTPYKTY-
pe. [TopnepKanue cTpyKTYpbl MPOUCXOJUT 3a CUeT
HOHHBIX, BOJOPOJHBIX H I'UAPO(OOHBIX CBs3ell

H,0
H3C—CH—COOH HoN—CHo» A Hac—TH CO—NH{—CHo

n
NHa COOH NH, COOH
Ananun INVE ANaHuarIHIIH A

0 TQ -7 H O|
HQN /——\ // /k
N A .
|CH—C\{/ /7\1?/ cl/‘ Ho \(|:H o
/
/
R O H 0 n R3
HoO
/QHZO ° b
(0 0
HoN I || \l TQ |
\ \ -7
CH ,7 _NH/ C
N-KoHLeBast |CH ‘\C\\x \/C//)\CH/ on C-KoHeBas
aMHHOKHC/I0TA R NGO ! ” e | aMHMHOKHC/I0TA
1 \\ s | / R

[Tentuanbie cBSI3U

Puc. 197. [lepBuunas cTpykrypa Oesaka:

A — ob6pasoBaHue NenTuaHON cBsA3M; 5L — o6pasoBaHue TPUIENTHIA
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Puc. 199. Monenb TpeTHUHOH CTPYKTYpbl MOJEKYJabl MHorio6una. Jlatuu-
CKMMH OyKBaMH 0003HAYCHbI CTPYKTYpPHbIE JOMEHbI
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Puc. 200. UerBepTuuHasi cTpyKTypa okcuremorsobuna (A) u mpocTpaHcT-
BeHHble (opMbl GEJKOB, COCTOSILLUX U3 WAEHTHUHBIX cyObeauHull (5)



Llutosorust — HayKa 0 KJIeTKe 273

[Ipu uameHeHHH yc/a0BUH Oe/KM MOI'YT MEHSITb WJH yTpauuBaTb
CBOI0 TPHUPOAHYIO CTPYKTYpy. DTOT MPOIeCC Ha3bIBAeTCs deHamy-
payueti (puc. 201). Tlpu sTomM GesoK TepseT CBOU crelluduuecKue
CBOWCTBA M aKTMBHOCTb. /leHaTypalusi MOKeT ObITb n0AHOU (He0b-
paTumoi) u wenoarnoi (o6patumoit). OCHOBHOE pasjvude MKy
STHMHU BHJAMH 3aKJIOUAeTcss B TOM, YTO MPH MOJHOH NeHaTypaluu
paspyluaercsl nepBHUYHAs CTPYKTypa U HEBO3MOKeH 006paTHbIH Mpo-
[IeCC — BOCCTAHOBJIEHHE YTPAUEHHOH CTPYKTYPbl — peHamypayus.

Desky BBIMOJHSIOT MHOMKECTBO CaMbIX PasdHoOOpas3HbIX (PyHK-
Ui

— Kamaaumuueckas, uaid Gepmenmamusras, ONperessonast
CKOPOCTb XMMHUECKHX peakluil B OHOJOTHUECKHX cucTeMax. Bee us-
BeCTHble B HacTosillee BpeMs OHOJOTMUYECKHE KaTasau3aToOpbl —
(hepMeHTBl — SIBJISIOTCS OesKaMHu;

— numameavras (pe3epBHasi) — 3Ty QYHKIHIO OCYLIECTBJISIOT
TakK Ha3blBaeMbl€ pe3€pPBHbLIE 6€JIKI/I, ABJAAIOLIHEeCHd HCTOUHUKAaMU MH-
TaHusl JJIsl pa3BUTHS MJaojAa, Hanpumep Oenaku siiina. OcHOBHOH Oe-
JIOK MOJIOKA (Ka3eWH) TakKe BBIMOJHSET IJIaBHbIM 0Opas3oM MUTa-
TeJbHYI0 (PYHKIIHIO;

Puc. 201. CxemaTuueckoe H300paKeHHe JeHATypaLuy OeNKOBOH MOJMEKYJIbL:

A — ucxoaHoe coctosinue; b — o0OpaTuMoe HapylleHHe MOJIEKYJspHOH
CTPYKTYpbl; B — HeoOpaTHMoe pa3BepThiBaHHEe MOJUMNENTHAHON Llemnu
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— mpancnopmras, HanpuMmep AblxaTesnbHass QYHKLHUS KPOBH, B
YaCTHOCTH MepeHoC reMorJIOOMHOM KHcJaopoaa. B TpancnopTe nunu-
J0B IIPUHUMAIOT yyacTHe ajJbOyMMHbI CbIBOPOTKM KpOBH. Psn npy-
IMX CbIBOPOTOUYHbLIX 0€/JAKOB 00pasyloT KOMIUIEKCbl € 2KHpaMy,
MeJbIO, JKeJe30M, THPOKCHHOM, BUTaMHHOM A W JPyTHMH COelHHe-
HUAMH, obecrneunBas UX JIOCTABKY B COOTBETCTBYIOILME OPraHbl-MHU-
IIeHHU;

— 3QU{umMHAA — OCHOBHYIO (PYHKIIMIO 3aLIUThl B OPraHU3Me Bbl-
MOJIHSET HMMYHHAasl CHCTeMa, KoTopasl o6ecreynBaeT CHHTE3 ClelH-
(buuecKHX 3alLUTHbIX OelKoB — aHTuTea. CBepTbiBaHHe Oenka
naa3mMbl KpoBH (UOpPHHOreHA TMPHUBOJHUT K 0OPa3oBaHHUIO CrycTKa
KPOBH, UTO TPEJOXPaHsIeT OT NOTEPH KPOBH MPH PaHCHUSAX;

— COKpamumeAavbHas — B aKTe€ MbIIIEUHOTO COKpallleHHusl U pac-
cnabJ/ieHHs] yuyacTBYeT MHOXKECTBO OesnKOBbIX BemiecTB. OjaHaKo

r1aBHYIO pPOJib UIPalOT aKTHH W MHO3UH — crelluuueckue Oenku
MbILI€UHOH TKaHU;
— cmpykmypHas — OeJKH, BHITIOJHSIONIHE JTAHHYIO (YHKIHIO,

3aHMMAIOT MO KOJHUYECTBY MePBOE MECTO CPeaH APYyrux OeJKoB Teaa
yesoBeka. Cpeny HUX Ba)KHEHIIYIO PoJb UrpaeT KOJJIareH B COeIH-
HUTEJNbHOH TKaHH, B BOJIOCAX, HOTTAX, KOXKE, 9JaCTHH B COCYIUCTOH
cTeHke. B koMn/ekce ¢ munuaamMu 6eaKH yuacTBYIOT B 00pa3oBaHuu
6uomMeMbpaH KJIeTOK;

— 20pMOHAAbHAas — OOMEH BellecTB B OpraHu3me peryJjaupyercs
pa3nooOpa3HbIMU MexaHH3MaMu. B 3Tol perysasuuu BaxKHOe MeCTO
3aHUMAIOT ropMoHbl. Psa ropmMoHOB npeacraBasiioT co6oi Oenku
WJIM MOJIMMENTH/bl, HAPUMEep FOPMOHBI THIO(PHU3A, MOIKeTY10UHON
JKeJsesbl;

— bOygepras — noaaep:kaHue QU3UMOJOrHUECKOTO 3HaueHus pH
BHYTpeHHell cpe/bl 3@ cUeT TOro, UTO HEKOTOPble AMHHOKHCJIOTHI SIB-
JS10TCSl aM(GOTePHBIMH BelLeCTBAMHU.

HYKJ'IeVIHOBbIe KHUCINOTbI

HyknenHoBble KHCJOTBI OTHOCSITCS K CJOXKHBIM BbI-
COKOMOJIEKYJISIPHBIM COEHHEHUSIM, COCTOST H3 MOHOMEPHBIX eJH-
HUIL, Ha3blBaeMbIX HyKJeoTHaaMu (puc. 202). B xKuUBbIX opraHu3max,
BKJIIOUAsi M BHUPYCbl, MPUCYTCTBYET JBa BHJA HYKJIEHHOBbIX KH-
cnor — [AHK — desokcupubonykareunosas kucaoma v PHK — pu-
bonyxaeunosas kucaoma. JHK n PHK pasanuatorcs crpoenuem
HYKJEOTHI0B, COCTABOM W BbIMOJHsieMbIMU yHKIMsiME (puc. 203, A
u 203, b).
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Puc. 202. Asorucrbie OCHOBaHHUsl, BXOAdUIHE B COCTAB HYKJE€HUHOBBIX KHCJOT,
NPpOU3BOAHbIC TUPUMHUIHMHA U MTypHUHA

JHK (puc. 204) o61anaer yHUKaAAbHbIMM CBOHCTBAMH: COCOO-
HOCTbIO K camoyodsoenuro (peniuxkayusd) W cnocoOHOCTbIO K camo-
soccmanosaenuio (penapayus). Pennukauus (puc. 205) mpoucxo-
JUT Mepej JeJeHUEeM KIETKH HOAYKOHCep8AmuUBHolM CnOCOOOM — B
kaxxaoi HoBol mosekyne JIHK oxna nemouxka ocraercss oT mate-
PUHCKOH MOJIEKYJIbl, @ BTOpasi CHHTe3upyeTcsl 3aHoBO. Tak Kak CHH-
Te3 BTOPOH LEMOUKH MPOUCXOJUT MO MAMPUUHOMY NPUHYUNY, TO B
npoilecce penJukKaluuu obecrneyuBaeTcsi TOUHOE BOCMPOU3BELEHHE B
JIOYEPHUX MOJIeKyJaaX TOH HHpopMaluHu, KoTopas Oblaa 3anMcaHa B
MaTepUHCKOH MoJsekyJse. Ho, kak B 11060M KOHBelepHOM Tpollecce,
MpH periMKaluuu caydaioress omuo6ku. Crnoco6HOCTb MOJIEKYJIbI
JHK ucnpabasiTb olIMOKHK, BO3HHKAIOLLHE B €€ 1lensiX, T. €. BOCCTa-
HaBJAMBATb MPAaBUAbHYIO MOCAEI0BATENbHOCTh HYKJAEOTHA0B, HA3bl-
Baercsl penapauyuet.

OcobeHHocTH XUMHUeCcKOH cTpyKTypbl u cBoiictea JIHK o6y-
CJ0BJMBAIOT BblmosnHseMble et ¢ynkuuu. JHK sanucoiBaer, xpa-
HHT, BOCTIPOU3BOAUT IreHeTHUECKYI0 HH(POPMALHIO, yUaCcTBYeT B Mpo-
lleccax ee peasu3alid MeXKAYy HOBbIMHM MOKOJIEHUSIMH KJIETOK H Op-
raHU3MOB.
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Puc. 204. Crpoenue mosekyabl JIHK (o-cnupanb)
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Xenuka3sa

Genok, cBA3bLIBAIOLL
oaHonutesyio JIH

A=

JHK-noaumepaza I11
Yaanenne pppA
JHK-noaumepasa [
PparMentor  34Na3AbLIBAOWLAA

Ka3aKku nenb

JInanpyouas

HeTL JHEK-aurasa

Puc. 205. Pennukauus JJHK

Buodot u ¢pynxyuu PHK:

— mampuunas, uiu ungopmayuonnas, PHK (MPHK, uPHK)
cuHTe3upyetrcd B sape. [lepeHocHuT reHetuueckyto HHGOpMALHUIO B
LUTOMNJIAa3My, Ile Ha pub0COMax CTAHOBUTCS MaTpHUIled AJ5 cUHTe3a
OeJKOBBIX MOJIEKY.JT;

— pubocomnas PHK (pPHK) cuHTe3npyercsi B OCHOBHBIM B sifi-
poiike, B o6amactu renos pPHK, u npencrasnena paznoo6pasubimMu
Mo MOJIEKYJSAPHOH Macce MOJEeKYJTaMHu, BXOASUIUMHU B COCTaB 00J/b-
HIOH U Maslol cyObeluHUIL pubOCoM;

—mpancnopmuras PHK (TPHK). CymecrByer Gomee 40 Bunos
TPHK. Ilpu peanuzanuu reHeTuueckodl HHPOpPMAIUU KaxKaas
TPHK npucoenunsier onpenesennyo aMMHOKUCJIOTY H TPAHCIOPTH-
pyeT ee K MecTy cb6bopku noaunentuaa (puc. 206).

CTpoeHue KJIeTKH

Cpenu Bcero MHOrooOpasusi HblHE CYIIECTBYIOLIHX
Ha 3emJje OPraHU3MOB MOAbLKO BUPYCHL HE UMM KAEMOUHO20
cmpoenus. Bee ocTanbHble OPraHu3Mbl MPeACTaBACHbl PA3TUUHBIMU
KJIeTOUHbIMM popMaMu KHU3HHU. Bce 310 paznoobpasue MOXKHO pas-
JIeJIATh Ha JIB€ T'PYMIbl KUBbIX OPraHU3MOB, pas3jHuyalOUIUXCH KJe-
TOYHOH OpTaHU3alMel: npoKapuomol N 3YKAPUOMbL.

KueTku mpoKaprHoTHYEeCKOTO THIA YCTPOEHbBI CPaBHUTENBHO TPOCTO
(cM. puc. 36 Ha c. 45). CnenuduuecKoil 0COOEHHOCTbIO MPOKAPHUOTHYE-
CKHUX KJIETOK SIBJISIETCSI OMCYMCmaue MemOPaAHHbLY CIMPYKMYP 8 YUTNO-
naasme, a UX QYHKIIMU BBIMOJTHSIIOT pa3JHUHble 8bLPOCHIbL NAAZMANIU-
yeckoil memopansl. Enuncreennas mogaekyna JIHK umeer koasyesyio
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Puc. 206. Ctpykrypa TPHK:

A — obuiast ctpykrypa pasanuubix TPHK; 5 — npocTpaHcTBeHHAs CTpyK-

typa TPHK
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Puc. 207. Dykapuotuueckas kjaetka: pacterus (A) u xKUBOTHOTO (b):

| — aapo; 2 — SAPHILKO; 8 — TeTepoXpoMaTHH; 4 — 9yXpoMaTHH; 5 —
silepHble MOpbl; 6 — TOHOMJIACT BOKYOJH; 7 — KJIETOUYHbIH COK; § — MUTO-
XoHApHuH; 9 — xsmoponnactel; /0 — nukTHocoMbl annapara [oabmxu; 11 —
rJIaaKUi 9HA0NIa3MaTHUECKHH PEeTHKYJIYM; /2 — 11epOXOBaThIil HA0MIA3-
MaTHUECKHH peTHKyayM; /3 — mnma3mojecmbl; /4 — cpeauHHasi MJaaCTHH-
Ka; /5 — KJIeTouHble CTEHKH COCeIHMX KJIeTOoK; /6 — snepHasi MeMOpaHa;
17 — Bkaiouenus; /8 — uuronnasma; /19 — pubocombl; 20 — LEHTPHOIH;
21 — Bakyosu
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¢opmy ¥ HAXOAMTCH B LIUTOMJIA3Me, TAK XK€ KaK U mMeakue pubocomot,
OCYUIECTBJSAIOIIME CUHTe3 OesKa. B IUTONMIa3Me OTCYyTCTBYIOT MUKPO-
TPpyOOUKH, BCJAEACTBHE YEro LUMTOMAa3Ma HENoJABHXKHA, a OpraHoM/bl
JBH2KEHUS pecHUdKU W jceymuku uMetoT ocodyto cTpykTypy. Kak pac-
THUTe/JbHASl U TpUOHAsl KIAETKH, NPOKAaPUOTHUECKAS KJIETKA UMeeT Ke-
MOUHYO CMEHKY, HO OCHOBHbIM €€ KOMIOHEHTOM SIBJISIETCS MY peUuH.

BosbIIMHCTBO COBpeMEHHBIX KUBBIX OPraHU3MOB OTHOCSITCSl K
sykapuomam (puc. 207), TIaBHBIM TMPU3HAKOM KOTOPBIX SIBJSETCS
Haaudue opopMAeHHO20 0pa U MEMOPAHHBIX 0PeAHOUD08 8 LUMO-
naasme.

OcHoBHble opraHoubl KjaeTku (puc. 208) u ux GpyHkKuuu

[Tnasmatuyeckas | OTaensieT LHTONNA3My OT HAPYKHOH CpeJbl HIH OT KJe-
mMemMOpaHa TOYHOH CTEHKH B PACTHUTEJbHBIX KJAETKAX; UFPaeT BaxK-
HYIO0 pO/b B 0OOMeHe BeLlecTB MexX1y K/IeTKOH M BHelIHeH
Cpenoii, IBHKEHHHU KJIETOK W CLEMJIEHUH UX IPYT C Apy-
rOM; pery/aupyeT MOCTyMNJ/JeHHe BeLLeCTB B KJAeTKY; MoJay-
npoHKllaeMa — CKBO3b Hee MPaKTHYeCKH CBOOOLHO MPoO-
XOJHUT BOAA, CKOPOCTb AUMPY3UH IPYTrUX BEULECTB MPAMO
NpONOpLUHOHANbHA HX PACTBOPUMOCTH B JIMMHAAX H 00-
paTHO MPOMOPLUOHAJbHA UX MOJEKY/IPHOH Macce, A5
BbICOKOMOJIEKYJIAPHbIX BELLECTB MPAKTHUCCKH HEe TPOHHU-
naema; oOpa3yeT pasyHuHble THMbl MEKKJIETOUHbIX KOH-
TAKTOB; HMeET pellenTopHble OeJKH; y4acTByeT B MeM-
OpaHHOM MHULIEBAPEHUH, MTHHO- U (aArouuTO3e, BblBee-
HUM MPOLYKTOB MeTab0/MM3Ma H3 KJACTKH

Llutonaasma B Heil ocyliecTBasIIOTCs BCe MPOLECCHl KAETOYHOTO MeTa-
60/1M3Ma, KpOMe CHHTE3a HYKJEHHOBBIX KHCJIOT; 00beU-
HSIeT BCe KOMIOHEHTh! KJIETKH B €JHHYIO CHCTEMY; MOXKET
MPUHHUMATh yuacTHe B mepeaade HHPOpPMALHH — IHTO-

naagMaTHueckasi HacJeACTBEHHOCTb; yUacTBYeT B mepe-

HOCe BEIeCTB M NepeMelleHHH OpraHOU/0B BHYTPH KJeT-
KM 33 CUeT MOCTOSIHHOTO JBHXKEHHUSI; TPUHUMAET yuacTHe
B MepeBUAKEHUH KICTKH — aMeGOBHAHOE ABHKEHHE

OpHomemOpaHHble | Auponaasma- | [mankuit II1P: cuHTes Tpurauuepumos u

THYECKHH oOpasoBanue OosblIEH YaCTH JUMHL0B
pPeTUKYIYyM KJIETKH; HaKOMJIeHHe KaresaeK JHIH/0B;
(3MP) 0OMeH HeKOTOPbIX MOJUCAXAPHUIOB (TIHKO-

FeH); HaKOMJIEeHHEe W BbIJeJCeHHE U3 KJICTKH
AJOBUTLIX BEUIECTB; CUHTE3 CTEePOUHbIX
FOPMOHOB; B MbIIIE€YHbIX BOJIOKHAX yuacCT-
BY€T B UX COKpAllE€HHUH U paccna6nelmn.

[1podonixcenue maba. na c. 284
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Puc. 208. Opranoubl 9yKapHOTHUECKOl KIeTKH
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[Ipodorxcenue maba.

['panynupoaunsiit DI1P: cunres 6enkon
Ha MPHUKPEINJIEeHHbIX K MeMOpaHe cHapy-

KK prubocoMax (CHHTE3HPYIOTCS B OCHOB-
HOM OeJIKH, KOTOpble BbIBOASTCS M3 K/eT-
KH HapyKy Ju60 TpaHCHOPMHUPYIOTCH B

annapate [onbaxH)

Annapar
Toabaxu

Monudukaius 6eJKOB: ynakoBKa cekpe-
THPYEMbIX MPOAYKTOB B I'PAHYJIbl; CHHTE3
HEKOTOPBIX MoJHucaxapuaoB; GopMUpoBa-
HHUe KJIeTOUHOH MeMOpaHbl; 0Opa3oBaHue
JIN30COM; Yy TPOCTEHIINX yuacTByeT B 00-
pasoBaHUU COKPATUTEIbHOI BaKyOJH;
hopMHUpyeT aKpocoMy ClepMaTo30M/10B

JIuzocombi

Ocy11ecTBISIOT BHYTPUKIETOUHOE TTHILEBA-
peHue U nepeBapuBaHue yacTeil camoi
KJIETKH (aBTOJIM3); MOTYT yuacTBOBATb B
yJaJeHHH LeJbIX KJIETOK U MeXKKJ/JIeTOUHOro
BelllecTBa (MCUe3HOBEHHE XBOCTA y T0JI0Ba-
CTHKA, 00pa3oBaHue KOCTH HAa MecTe Xpsi-
1113 ); BBIBOJSIT HEeMepeBapeHHble MPOAYKThI
1 TIPOAYKTbI MeTab0MH3Ma U3 KICTKH

Bakyouau

Y npocTellInX BbIMOMHSIOT QYHKIHH MH-
11€BAPEHHUs, OCMOPEry/IsIIHH U BblJIeJe-
HUS, B PACTUTENbHOH KJIeTKe — peryJs-
11151 BOJIHO-COJIEBOrO 0OMeHa, MojjieprKa-
HHMEe TypropHOTO JaBJeHHUs, HAKOTJIeHHe
HU3KOMOJIEKYJ/IS PHBIX BOLOPACTBOPUMBIX
MeTab0JNUTOB, 3aMaCHbIX BELLeCTB U BblBe-
JeHue U3 o6MeHa TOKCHUHBIX BEIlecTB

Slapo

XpaHeHue u nepepavya reHeTHUECKOH HH-
dopmaLuu, KOHTPOJIb 3a (PU3UOJIOTHYE-
CKMMM MPOLECCAMH BHYTPH KJICTKH

MMUTOXOH-
puun

O6pasoBanue snepruu (cuures ATP) B
pe3yJ/abTaTe OKHCAUTENbHBIX MPOLECCOB;
OCYILeCTBJICHHE a3POOHOrO JbIXaHHs

Maactuabl

XJI0pOMIacThbl OCYLIECTBISTIOT (POTOCHH-
Te3; JIeHKOMJIACThl OCYIIECTBISIOT CHHTE3
¥ THJIPOJIM3 3aMaCHbIX BEILEeCTB (aMHJIO0-
naacTbl — CHHTe3 W 3amac Kpaxmarga,
sJafonacTel — MacJja, npoTeonJa-
CTbl — 0@JIKOB); XpPOMOMNACTbl — OKpa-
CKa MJI0J0B H JHCTbeB
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Okonuarue maba.

HememGpaHHble Pu6ocombi CuHres Geska
MukpoTpy- OO0pasyioT BepeTeHo Ae/eHUsl; BXOAAT B
60uKH COCTaB peCHUYEK U KTYTHKOB, 0a3a/bHbIX

TeJsell M LEeHTPHOJeH; yuacTBYIOT B PacXo-
KJIAEHHH XPOMOCOM MPH MHTO3€ U Meio3e,
B nojjepKanuu Gpopmbl KaeTku (o6pasy-
I0T IIUTOCKEJET), BO BHYTPHKJICTOUHOM
TpaHCMopTe, NepeMelleHHH OPraHoM/0B,
cekpelnu, GOpMUPOBAHHUN KJIETOUHOH
CTEHKH

Mukpoduaa- | JBasI0OTCS COKpAaTHMbIMU 3JIeMEHTAaMHU
MEHTbI UTOCKEJeTa U HEeMoCpeJCTBEHHO yyacT-
BYIOT B U3MEHEHHH (POPMbl KJIETKH

Aenenue 3y|<apnomqu|<oﬁ KJNeTKH

JleneHue KJETKH MOXKHO paslequTh Ha JBa 3Tana:
desenue 0pa — KApUOKUHe3 W OeleHue yumonaazmovl — Yumoxu-
He3. B 3aBUCUMOCTH OT TOTO, Kak JEJIUTCS SI1PO, BbIAEASIOT 1Ba BHU-
Jla KapuoKHHe3a: mumos u meiios. Takum o6pas3om, MUTO3 H MeH03
npeacTaBJ/as0oT cOO0H pa3HOBUAHOCTH AeJIEHUS spa, a He KJACTKH.

MMT03, MM MUTOTHUHECKOE OeneHune

[TpeacraBasier co00H HempepbIBHbIA Mpoliecc, Kax-
Jlast CTaausl KOTOPOro He3aMeTHO MepexoauT B caedytoutyto. Ho s
yA00CTBa ONUCAHUSI BeCb MUTO3 pas/e/sieTcst Ha yeTbipe dasbl: npo-
¢asy, memagpasy, anagpasy u mesogasy. [lepsbie mpu ¢hasol siBas-
I0TCSl cmadusimi Kapuokuresa, meaogasza npedcmasasem codol
denenue YUmonaAasmol, UAU YUMOKUHES.

[Tpouecc MuTO3a 0bOecrneunBaeT CTPOro paBHOMEpHOe pacrnpee-
JIEHHE XPOMOCOM MeXK/ly AByMs J1OU€PHUMH siipaMH, TaK 4TO B MHOTO-
KJIETOUHOM OPraHH3Me BCe KJIETKH HMEIOT COBEpPLICHHO OJHHAKOBble
(Mo yuesy ¥ Mo Xapakrepy) Ha00Pbl XPOMOCOM. ¥ OJTHOKJIETOUHBIX Ke
OpPraHU3MOB MOTOMCTBO HMeeT TaKoH »Ke Habop XpPOMOCOM, UTO U Ma-
TepUHCKasl KJaeTKa. PeryasipHblil, ynopsiioueHHbIH MHTOTHUECKHH
npoiiecc obecrneyuBaer MoJHyl0 nepeaauy reHeTHueckoil nHgopma-
LUK KaxK10My gouepHemy siapy. OTcioa cieayer, 4To BCe MOTOMCTBO,
06pas3oBaHHOE B pe3yJbTaTe MUTOTHUECKOTO JleeHUst (MK 6ecrnoaoro
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pasMHOXKeHHs), OyeT UMeTb reHeTHUeCKyIo HH(pOPMaIlHIo, HIEHTHY-
HYI0 MaTepUHCKOH KJeTKe. B MHOTOK/JeTOUHBIX OpraHu3Max KaxKjaas
kjaeTka Oyaer obaanaTb Beell reHeTHUeCKOH MHpopMaLuel, Heobxo-
JAUMOH 1J151 pa3BUTHsI BCeX MPU3HAKOB OPraHU3Ma, TaK KakK BCe KJeT-
KM MHOTOKJIETOUHOrO OPraHUu3Ma MOsIBASIIOTCS U3 OJHOM KIeTKH — 3u-
20mol — B pe3yJabTaTe MHOTOKPATHbIX MUTOTHUYeCKHX AeneHuil. Ha
TOM OCHOBBIBAETCS MeTOJ MOJYUeHHs] HOBbIX OPFaHU3MOB NyTeM Bbl-
palMBaHUs OTAEJNbHbIX KJIETOK HAa MUTATEAbHbIX CPe/LaX.

Pa3sot u npoyeccor mumosa (puc. 209)

[Ipogpaza — MpOUCXOAUT KOHAEHCALMSI XpOMaTHHA (KOMIJIEKCa
JHK u 6enkoB) u hopMupoBaHue XpoMOCOMHbBIX HUTEH, B BUAE KO-
TOPbIX XPOMOCOMbI CTAHOBSITCSl BUJHbl B CBETOBOH MHUKPOCKOM, a 3a-

Puc. 209. Muto3 :KUBOTHOH KJIeTKU: a—oix — npodasza; 3 — MeTadasa;
u—rx — aHadasa; 1—H — Teqodasa:

| — sinepHast 060J0UKa HCXOAHOH (MATEePUHCKOMH) KAETKH; 2 — SIAPBIIIKO;
3 — OJIMH U3 JBYX MOJIIOCOB BepeTeHa JeseHust; 4 — MUKPOTPYyOOUKH Bepe-
TeHa JeseHus; 5 — MeracdasHas xpomocoMa; 6 — HapyKHas niaasMaTtuue-
ckast MemOpana; 7 — nepeTrsi:kKka; § — My3blpbKH U3 PParMeHTOB s1AepHOM
060/104KH; 9 — XpoMOCOMHbIe HUTH; [0 — J1Be OJIHHAKOBbIE XpPOMATH/Ibl Me-
taasHoil XpoMoCcoMbl; [/ — pacxojasiliidecs JOUepHHe XPOMOCOMbI; /2 —
000JIOUKH s1j1ep JIOUEePHUX KJIETOK
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TeM KOMMAaKTHBIX (KOPOTKHX H TOJCTBIX) XPOMOCOM; yABOEHHE KJe-
TOUHOIO LeHTpa, o6pa3oBaHue MUKPOTPyOOUeK BepeTeHa AeJeHHsl U
hopMHUpoOBaHUe MOJNIOCOB BepeTeHa JeneHus. jlnepHas 0060a04Ka Hc-
XOJHOH (MaTepUHCKON) KJETKH, COCTosillast U3 ABYX MeMOpaH, pas-
pyliaercsi Ha OTJAe/abHble PpParMeHTbl, KOTOPble B BUJe MENKHUX My-
3bIPbKOB pacrnojaratorcsl B nepupepuueckux yuyacTkax LMTOMIa3Mbl
Jensuleics KJAeTKH. JIApbIIIKO (COCTOUT M3 MHOTOUMCJAEHHBIX MoJe-
kyn pPHK u cy6uacrui pubocom) ymenbliliaeTcsi B pa3Mepe U ucue-
34eT, MOCKOJbKY paHee 00pa3oBaBLIMECsl €ro COCTaBHble YacTH —
cybuacTuilbl puOOCOM — MOCTENEHHO YXOIAT B LUTOMJIA3My, a HO-
Bble He 00pasyloTcs, Tak Kak BO BpeMsl KOHAEHCALMH XpoMaTHHA
npekpataercsa TpaHckpunuusg redHos pPHK u HoBble MosekyJibl
pPHK, a caenoBarenbno, u cybuactuubl pubocom He 0OpaszyioTcs.
MukpoTpy6ouky BepeTeHa AeJeHHUs] TPUKPEMJISIOTCS K LEHTpoMe-
paM XpOMaTHA M MPUHUMAIOT yuacTHe B MepeMelleHHH XpoMacoM B
obsacTbh 3KBATOPaA BepeTeHa JeJeHUsT KAETKH.

Memagasa — 13 UCXOAHOro (MAaTEPHHCKOr0O) KJIETOYHOIrO LeH-
Tpa 00pa3yloTcs Ba HOBbIX KJAETOUHBIX LLEHTPA: LEHTPHOIU OTXOASAT
JAPYT OT Apyra W OKOJIO KaKJA0H M3 HUX U3 MUKpOTpyOouek o6pasy-
eTcsl HOBAasl LeHTPHOJb; A0UYepHHE KJIeTOUHble HeHTpbl OJaaropaps
B3aUMOACHCTBHIO OTXOJSIUIMUX OT HUX MHUKPOTPYOOUEK pPacXoasiTCs B
pasHble CTOPOHbI, B TTPOTHBOMOJNOKHbIE YUACTKH KJAETKH, POPMUPYS
TeM CaMbIM MOJIIOCA BepeTeHa JleNeHus]; 1ouepHue XPOMOCOMBI, KaX-
Jasi U3 KOTOPbIX COCTOUT W3 JABYX XPOMATHI U MOITOMY COJEPIKHUT
YABOECHHbBIH HAaCJAeNCTBEHHbIH MaTepuaJ, BbIcTpauBaloTesl B 06/aacTH
9KBATOpa BepeTeHa JesaeHHus.

AHagasa — jBe XpOMAaTH/bl Kax10H XPOMOCOMbI MPH yuacTHH
MHUKpPOTPpyOOUeK BepeTeHa JAeNeHHs OTAeNSIOTCS APYr OT ApYyra H
pPAacXOAsITCS B PasHble CTOPOHbBI, HAMPABJSISICh K MPOTHBOMOJIOKHBIM
noJcaM BepeTeHa JeJeHHs, — TMPOUCXOAUT TOUHOE pasjeneHHe
paHee yJABOEHHOrO HACJAEJICTBEHHOrO0 MaTepuasga MOpoBHY mo ¢Gop-
MHPYIOLIUMCS TOYEPHHUM KJIETKaM.

Teaogpaza — NPOUCXOJUT AEKOHJEHCALUS XpOMaTHHA, U XpoMa-
COMBI M3 KOMMAKTHBIX, XOPOIIO 3aMEeTHBIX B CBETOBOH MHKPOCKOM
CTPYKTyp TpeBpaulaloTcsl B AJUHHbIE H TOHKHE HUTEBHAHbIE 06pa-
30BaHHUsl, HE BHUAMMbIE B CBETOBOH MHKPOCKOM; (POPMUPYIOTCS SIa-
PBILIKH U siiepHble 000J0UKH A0YEPHUX KJIETOK, JEJUTCS LLUTOMN1a3-
Ma MAaTepUHCKOH KJaeTKH. [IpOTHBOMONOXKHbBIE yUACTKH HapyKHOM
naa3MaTHyeckoil MmeMOpaHbl MOCTENEeHHO COMUKAIOTCS, UTO BbIMIS-
JUT Kak oOpa3oBaHue MepeTsKKW Ha IpaHule Mexay AByMs dop-
MHPYIOLHUMUCS TOYEPHUMH KJIETKAMHU.
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Menos, unu menoTmyeckoe geneHue

[Ipomecc meiio3a c/aaraercs W3 JABYX CJeIYIOLUIHX
IPYT 32 IPYroM KJAETOUHBIX JeJeHHi, Ha3blBaeMbIX COOTBETCTBEHHO
nepsolmM U 8mopouim metiomuyeckumu desenuamu. B Kaxuaom us ne-
JEeHUH pasanualoT Te e dyeTbipe (asbl, 4To U B MUTO3e. Ho oguna-
KOBble (ha3bl MUTO3a U MeH03a pasJnvyaloTcst MPOUCXOASIIUMH B HUX
npoueccamu. Haubosbiuue pasiuuusi uMeloT npoghaza mumosa W
npoghaza nepgoco meilomuueckoeo desenus, a Takxe axagaza mu-
mo3a u aHaghasa nepsoeo Melomuueckoeo 0eaeHus.

B pesyabrate Mefioza 06pasyloTcs eamemnol U cnopol, B KOTOPBIX
KOJIUUECTBO XPOMOCOM 8 08a pasa MeHbule, ueM B MaTepPHUHCKOMH
kaerke. Takum o6pas3om, Bo BpeMs Mei03a MPOUCXOAUT pedyKuyus
XPOMOCOMHO20 HAOOPA, TOITOMY Mel03 HHOTIa Ha3blBAIOT pedyKyil-
OHHbIM OeaeHuem. PenyKiiusi XxpoMOCOMHOTO HAGopa BO BpeMsi Melo-
3a TI03BOJISIET COXPAHMUTh MOCTOSTHCTBO YHCJIA XPOMOCOM TPH TMOJO-
BOM pas3MHOXKeHUH. Koraa mpu onao0TBOPEHUH 1Be raMeThl CaHuBa-
I0TCSI,  BOCCTAHABJHMBAETCs  HOPMAaJbHbIH ~ Habop  XPOMOCOM,
XapaKTepHbIH JJIsT KaXKI0Tr0 BUIa, MPU ITOM OMJIOLOTBOpPEHHOE SIHI0
nmoJyyaeT PpOBHO MOJOBHHY XPOMOCOM OT MaTepU U MOJOBUHY — OT
oTIla. DTO YBEJIHUHBAET eeHemuieckoe pazHoobpasue 3a CueT KoM-
OUHAMUBHOL U3MEHYUBOCTM U, TOBBIILIAET aJaNTHBHOCTb BHJA, UTO
CrMocoOCTBYET €ro BbIXKUBAEMOCTH.

Pa3sot u npoyeccol meiiosza (puc. 210)

[lepsoe meiiomuueckoe Oeaenue: TIOCTe TIPeNBapPHUTENbHOTO Y-
BOEHHUSI HACJEJICTBEHHOrO MaTepuasa KaxkKaas XpOMOCOMa COCTOMT
M3 JIByX XpOMAaTH/, U B pe3yJbTare JeJeHUs MPOUCXOAUT TaKoe Te-
pepacmpesieneHde Hac/JAeJACTBEHHOrO MaTepuasa, 4To B KaxJI0H u3
IBYX 00pasyIoluxcsl J0YepHUX KJIETOK KOJHYeCTBO XPOMOCOM CTa-
HOBUTCSI BIBOE MeHbllle, 4eM ObIJI0 B HCXOAHON (MaTepUHCKOI) KJeT-
Ke, Kaxkjas XpoMOCOMa OCTaeTcsl COCTOSIIeH M3 JBYX XpOMaTHI,
NI pa3jesieHust KOTOPbIX TpeOyeTcs elle 0JHO — BTOpPOe MEHOTH-
yeckoe — JeJieHue.

I[Ipogpasa I — mnpoucxoauT Koubiloraius (cOJIUKeHHe) U KpOoC-
CHHTOBep (MepeKpecT) roMONIOTHUHBIX APYT APYTY XPOMOCOM; CTaHO-
BATCS BHJHBbI TJBIOKM TeTEPOXPOMATHHA — YUACTKH XPOMOCOM C
CHUJIbHO KOHJIEHCUPOBAHHBIM XPOMAaTHHOM. M3 JBYX LEHTpHOJEH U
CBOOOMHBIX MHKPOTPYyO6OUEK KJETOUHOTO LEHTpPa HCXOAHOH (MaTe-
PUHCKOH) KJIeTKH 00pasyloTcs ABa JOUYePHHUX KJIETOUHLIX LEeHTpa,
KayKAbIH M3 KOTOPBIX COCTOMUT M3 NBYX IeHTpHoJeH. [IBa mouepHHX
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KJAETOUYHBIX IIEHTPpA pacXoAdTCsd B pa3Hbie CTOPOHbI KJAETKH, I'/I€ BXO-
JsIT B COCTaB MOJIIOCOB BepeTeHa ACJCHHUS.

Memadghasa I — B 00J1aCTH 3KBAaTOPa BepeTeHa JeJeHHs Bbl-
CTPAUBAIOTCS Mapbl FOMOJOTMUHBIX APYT APYTY XPOMOCOM.
AHagasza | — roMoNOTHUHBIE NPYT APYTy XPOMOCOMBI OTXOASIT

JpYr OT Apyra B pasHble CTOPOHBI, HATPABJASASACH K MPOTHBOMOIOXK-
HBIM MoJsocaM. Heromosoruutubie XpoMOCOMBI 110 OHOH M3 KaxKa0H
napbl XpOMOCOM caydaiiHbiM 00paszoM pacxoasiTcs: OAMH Habop He-
FTOMOJIOTHYHBIX XPOMOCOM — K OJHOMY TOJIIOCY, & APYyrod — K Apy-
roMy MoJIIoCy BepeTeHa jAeJeHHs.
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Puc. 210. Meiio3 B K/aIeTKaX KUBOTHBIX: mepBoe (A) u BTOpoe (5) MeiloTHue-
CKHe JIeJIeHHUsI:

a—0J — npodasa l; e — meradasa |; w — anadasza l; 3 — renodasa 1;
u — npodasa 2; k — meradasa 2; 1—m — anadasa 2; 1 — Tensodasa 2;
Ki n Ko — nouepuue kmetkn: / — KJETOUHBIH LLEHTP MCXOAHON (MaTepHH-
CKOH) KJIeTKH; 2 — JBa J0YEPHUX KJETOUHBIX LleHTpa; 3 — siaepHas 0060-
JI04Ka; 4 — KOHBIOTHPOBAHHbIE TOMOJOTHYHbIE JIPYr APYry XPOMOCOMBbI;
5 — MHKpOTpYyOOUKH BepeTeHa JiesNeHus; 6 — mnapa roMOJOTHYHBIX XPOMO-
coM; 7 1 & — HaGOPbl HETOMOJOTHYHBIX XPOMOCOM; 9 — JlouepHHEe XPOMOCO-
Mbl; /0 — rabi6Ka retepoxpomatuHa; // — XpoMaTHIbl OJHOH XPOMOCOMBbI;
12 — Hapy»KHble MJIa3MaTHueckie MeMOpaHbl JOUEPHUX KJIETOK
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Teaogpasza | — oOpasyloTcst ABe AO0UEPHHE KJIETKH C OJJHHAPHbIM
(rammouaHbIM) HAOOPOM XPOMOCOM B Kax<J0H W3 HUX, MPHUYEM KaiK-
Jast XpOMOCOMa MO-TIPeKHeMy COCTOMT U3 ABYX XpPOMATHUJL.

Bmopoe wmeliomuueckoe OeseHue: TPOUCXOAUT PaCXOXKIEHHE
XPOMAaTH/ OCTABILUHUXCS B KJAETKE HErOMOJMIOTHUYHBIX APYr APYry Xpo-
MOCOM, M KOJHUECTBO HACJ/JAeACTBEHHOI0 MaTepHaJsa B KaxJ10H Xpo-
MOCOME CTAHOBHMTCSl TAKUM K€, Kakoe ObllI0 B HCXOAHOH (MaTepHuH-
CKOH) KJIeTKe 10 MOMEHTa yABOEHHS B Hell HacjleICTBEHHOrO MaTe-
puaJa.

I[Tpoghasa 2.

Memadghasa 2 — B KaxKJ10# U3 JIBYX KJIETOK B 06JaCTH 9KBATOpa
BepeTeHa JeJ/eHHUsl BbICTPAMBAlOTCs OCTaBLIMeCsl B KJETKe HeroMo-
JIOTHUHbIE IPYT APYry XPOMOCOMBI.

AHagasza 2 — XxpoMaThuIbl KaxKA0H XPOMOCOMBI OTXOISIT B pas-
Hble CTOPOHBI, HAMpPaBJ/sAsCb K NPOTHBOMNOJIOXKHbBIM NOJI0CAM BepeTe-
Ha JleJeHUs.

Tearogaza 2 — u3 Kax 10l KJIETKH, BCTYNHUBIIEH BO BTOPOe Mel-
OoTHUECKOe JeJeHHe, 00pa3yloTcsl Be JouepHHe KJACTKH C ranJou-
HbIM HabOpOM XPOMOCOM B KaxK/10# M3 HUX, MTPHUEM KOJMUECTBO Ha-
CJeJCTBEHHOrO MaTepuasa B KaxKJ0#i ee XpoMocome Takoe e, Ka-
Koe OBbII0 B Ka)KJA0H TakKOH XPOMOCOMEe HCXOAHOH (MaTepHuHCKOH)
KJIETKH 10 Hauya/jaa Meiosa.

OCHOBbI TEHETUKM U1 CEJIEKUMM
OpraHM3aums reHeTM4ecKoM MHpopMaLMM

Oneporn — yuacCTOK TeHETHYeCKOro marepuana,
TPAHCKPHUIILUA KOTOPOTO OCYIIECTBJAsETCS Ha 0AHYy Mosekyay nPHK
noj KOHTpoJeM Oenka-penpeccopa. CTpoeHHe omepoHa MpepoKeHo
B 1961 r. . )Kako6om u K. MoHo. OnepoH MOKeT COCTOSITh U3 OJ1-
HOTO WM OoJiee TECHO CLEMJICHHBbIX, CMPYKMYpPHoLX 2eHO8, KOJIH-
pytounx 6enku. Kakablil onepoH coaep:KHUT perynsiTopHble 2JeMeH-
ThI: 1pOMOmMOp (PETyaAsITOP TPAHCKPHUIILIMU) H onepamop (¢ KOTOPbIM
CBSI3BIBAETCS pernpeccop), pacrnosoKeHHnble B HauaJj e onepoHa; mep-
MuHamop (CUrHaJ K MpeKpalleHUlo TPAHCKPHUILHHU), PaCMONOXKeH-
HbI B KoHLe ormepona (puc. 211). I'en sykapuor Bk/IOUaer B cebs
MH(QOpPMAaTHBHbIE YUAaCTKH — 39K30Hbl, MEXKJy KOTOPBIMH pacroJo-
JKeHbl HeMH(OPMATHBHbIE YUAaCTKH — UMMPOHbL. ['€H CONEPIKHUT
60JbIIOE KOJIMUYECTBO PEryJsTOPHBIX 3JEMEHTOB, PacroyoKeHHBIX
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Puc. 211. Cxema cTpoeHus reHa NpOKapHOT:

I — peryasiTOpHbIH y4acToK nepej MpomMoTopoM; 2 — onepatop — peryas-
TOPHBIH YU4aCTOK reHa, ¢ KOTOPbIM MOXKET B3aUMOJAEHCTBOBATh PeryJsiTop-
Hblil OesoK, mpensaTcTBYIOUIMA cBasbiBannio PHK-nomnmepasbsr ¢ momeky-
aoit IHK; 8 — yuacTok rena, xonupytouni 6em1ok; 4 — TepMHHATOp —
yUacTOK reHa, CAyXKallMi CUTHAJOM O MpeKpallleHuH TPAaHCKPHUIMILMH;, & U
6 — peryasitopuble Oenku; 7 — depment PHK-noaumepasa, ocyuiects-
asiiomnit cunted uPHK; 8 — monexyna uPHK; 9 — pu6ocoma, ocyiiects-
Jsolas TpaHCKpUNuuio; /0 — cHHTe3upyeMblil 6es0K

c/eBa, BHYTPU M CpaBa OT TOTO yuacTKa reHa, KOTOPbIH KOAUPYET
NepBUUHYIO CTPYKTYpY Oenka. OOpasytolniasics B Xojle TPaHCKPHI-
uun PHK npeo6pasyercsi nmyrem npucoenivHeHds K Hel NOMOJHU-
TeJNbHBIX HYKJIEOTH0B, YlaJeHusi HEMH(POPMAaTHBHBIX YUaCTKOB, CO-
orBercTBytolwnx uurponam JIHK, u npespauaercs B 3peayto uPHK
(puc. 212).

[eHeTnueckasi uHpopMauus B reHax 3aKOAHpPOBAHA C TMOMO-
b0 eeHemuyecko2o Koda. ['eHeTHUYeCKHH KO — 3TO MPHHUHUI
3anucd UHGOPMALKUKU O MOCAE0BATENbHOCTH aMUHOKUCJIOT B MOJH-
NEenTUAHOH Lernouke B BUJE MOCAEN0BATENbHOCTH HYKJIEOTHAOB B
mosekyaax JIHK u PHK. Tenernuecku#i kon oGaanaer psaom
CBOHCTB:

— reHEeTHUECKHH KOI mpunaiemuolli — KaKaas aMHUHOKHCJIOTA
KOAUpyeTcs TpeMms HykJaeoruaamu. OAMH TPUMNJIET, KOAUPYIOULIMH
OJIHY aMHHOKHCJOTY, Ha3bIBAETCSA KOJLOHOM;

— reHeTHUYeCKHH KOJ 00HO3HAHeH — OJIMH TPUIJIET KOTUPYeT
CTPOro OJIHY aMHHOKHCJIOTY;
— reHeTHUYeCKU# KoM 8bLposcden (u3bvimouer) — 0JHA aMHHO-

KHUCJI0Ta MOXKET KOAWPOBATLCA HECKOJbKHUMH TPUIJETAMH (I/ICKJI}O-
YyeHHue COCTaBJagdeT METHOHHUH H TpI/IHTO(l)aH);
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Puc. 212. Cxema crpoenus rena sykapuor. O6pagosanue nPHK:

! — peryJaToOpHbIH y4yacTOK mepej MpOMOTOPOM, COAEpP KAl HECKOJIbKO
peryasiTopHblx obsacteil; 2 — MPOMOTOP — PEryJasiTOPHbIA Yy4acTOK, K KO-
topomy npukpenasercs PHK-noaumepasa, copepxamuit o6aactu, ¢ KoTo-
PbIMH CBSI3BIBAIOTCSI PEryasiTOpHble OeNKH — (aKTOpbl TPAHCKPUMLUHN; 3 —
9HXAHCEp — PEeryJ/asiTOPHBIH YyUaCTOK, PACMOMOKEHHbIH BHYTPH TeHa, psioM
C HMM MJH HaA OOJBLIOM PACCTOSIHMH OT HEro W BJHSIOLLUI Ha CBA3bIBaHUE
PHK-nonumepassl ¢ npoMotopoM; 4 — TEpMHUHATOP — PeryJasiTOpPHbIN yda-
CTOK I'eHa, CJAYKAalMH CUTCHAJOM OKOHUAHWS TPAHCKPUMUHH, 10U 10 KO-
toporo PHK-nonumepasa npexkpaiaer cuire3 npeamiectBedHiuka uPHK; ,
6,7 n 20 — obnacTu peryasiTOPHbIX y4acCTKOB reHa, ¢ KOTOPbIMH CBsI3bIBa-
joTcst peryasitopubie 6enku; 8, 10 u 19 — peryasitopHble 6eNKH, KOTOpbIe
CBSI3bIBAIOTCS C PeryJasiTOpHbIMU yuacTkamu reHa; 9 — ¢epment PHK-mo-
JuMepasa, OCyLLeCTB/SIOUIHH TPaHCKPHUMILHUIO, B X014e KOTOPOH M3 cBOOOJ-
HbIX HYKJEOTHJIOB CHHTe3upyercss MoJekyna npeawectseninka uPHK;
11 — yuacrok mosekyansl JIHK, comep:kamuit cTpyKTypHBIH T'eH U peryss-
TOpPHBIE YUaCTKH, KOTOPble BMeCTE C PEery/siTOpHbIMH OeIKaMH yNpaBasiioT
paboToil cTpyKTypHOro rena; /2 — tpaHckpubupyemas uacTb reHa — Ta
yacTh reHa, Ha KOTOPOMH, KaK Ha MaTpHILE, CHHTe3UPYETCsl MOJleKyJsa Mmpej-
mecrBeHHuka HPHK; /3 — ka0 («koanmauok») — HECKONbKO BHAOH3MEHEH-
HBIX HYKJEOTH0B, KOTOpble 100aBasiioTcsl K oOpa3oBaBlieficss B pe3yabTaTe
tpaHckpunuuu monexkyne PHK u cnoco6erBylorT npucoeantenuio pubocombl
K HavyajJbHOMY yuacTKy Mogekynabnl UPHK; /4 — Heckonbko necaTKoB-coTeH
HYKJICOTH/I0B, COMEPKAUIUX aJeHHH, KOTOpble 100aB/siloTca K 00pa3oBaB-
weilcs B pedynbrate TpaHckpunuuu moaekyiae PHK u Bausiior Ha nponoa-
JKUTENbHOCTb (yHKUHOHHpOBaHUs Mosekyabl HPHK B kauectBe matpuiibt
NI CMHTe3a MoJieKys 1ndpyeMoro eto 6enka; /5 — MoJeKyJ/aa-npeaiect-
BeHHUK PHK, kotopas cuHTesupyercss u3 cBOOOAHBIX HYKJEOTH/0B BO Bpe-
msl TpaHckpunuun depmentom PHK-nonumepasoil, 3atem npeobpasyercs
nyTeM MPUCOENMHEHHUS K Hel JOMOJHUTENbHbIX HYKJAEOTH0B W TOC/e yjaa-
JNeHus: HeHH(OPMATHUBHBIX Y4YacCTKOB, COOTBeTCcTBylomux uHTpoHam JIHK,
npespataercss B UPHK; /6 — monexyna uPHK, konupytowas nepsuunyio
CTPYKTYypy Oeaka H cayxKailas MaTpUleld st ero CUHTe3a: MOJeKYJbl
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TPHK nocrynatr B pu6ocomy B 3aBUCHMOCTH OT KOMIJIEMEHTAPHOCTH HX
AHTUKOJOHOB TeM KojoHaMm Mosekyqabl MPHK, Kotopbie B KOHKpeTHbIH MoO-
MEHT BPEMEeHH HaxoAATcs B puHOOCOME; COAEpPKMT TPH MHPOPMATHBHBIX
yuacTKa, COOTBETCTBYIOIIMX TpeM 3k3oHaM MoJjekyabl JIHK, kaxabiii us
KOTOPBIX KOJAHPYET OJMH H3 TpeX Y4acTKOB MEpPBUUYHOH CTPYKTypbl Oeska;
17 — pubocoma, mosekynsl pPHK n 6enku KoTopo# ocyliecTBASIIOT TpaHe-
JALHI0 — COeJMHEHHE aMHHOKHMCJAOT B TOH MOCJA€L0BATENbHOCTH, KOTOpas
3akoaupoBaHa B Mosekyne PHK nocmenoBatenbHOCTbIO TPUTIETOB ee HYK-
JIEOTHNI0B; /8 — MoJeKysaa cCUHTe3upyeMoro GenKa, MepBUUHAS CTPYKTypa
KOTOpPOro 3akoaupoBana B Tod Mmosekysae nPHK, koropasi mepemeniaercs
uepe3 HaXoOAsLYIOCs Ha Hell pudocomy; Dy, D2, I3 — IK30HBI — HHPOPMa-
THBHbIE YUaCTKH CTPYKTYPHOTIO I'eHa, KaxKJbli M3 KOTOPbIX KOAMPYET OJMH
M3 yuaCTKOB MepBHUHON cTpykTypbl Oenka; My, Mo — uHTpOHBI — HeuH-
bopMaTHBHbIE YUACTKH CTPYKTYPHOrO reHa, pacrnoioKeHHble MeXK1y IK30-
HaMHU W yjaanasemble U3 MoJekyabl-npenmectsenHnka MPHK Bo Bpems ee
npeo6pasosanust B uPHK

Tabauua KogoHOB
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— FeHEeTUUECKHH KOl yHUBepcarern — aMUHOKUCJIOThl KOJHPYIOT-
Csl OJHUMHU M TE€MHU K€ KOJaMH y BCeX KHUBbIX OPTaHHU3MOB;

— reHeTHUeCKUil Ko1 Henepekpoisaiowjuiics — tpumiaetsl B JJTHK
unn PHK pacnonaratorcs cTporo apyr 3a 1pyrow;

— tpunsetsl ¥YAA, YA u ¥I'A siBASOTCS CTOM-CHrHAJAaMH H He
KOJAUPYIOT HU OJIHY aMUHOKHUCIOTY;

— tpuniet AYI a8asemes yHusepcarvorolm Cmapmosuim K00o-
HOM, C HEr0O HauWHaeTCs TPaHCJASIHUS.

JItoOble HapylIeHHs] FeHEeTHUECKOTO KOoJa H, CJleJ0BAaTeNbHO, Te-
HeTHYeCKOH wuH(OpMAalUK Ha3bIBAOTC Mmymayusmu. Myraunu
MOXKHO KJaCCH(MUUUPOBATL M0 HECKOJbKHM TMapaMerpam: a) Mo
MPOSBAEHUIO: JOMUHAHMHbLE, PeyecCUBHble, AeMmaAbHbLe; O) IO THITY
KJIETOK, B KOTOPBIX BO3HMKAIOT: comamuueckue (MPOSABIASIOTCA B
KJIeTKaX Tejga W He BJHUSIOT Ha MOTOMCTBO, HO Y PACTeHHH MOryT
nmpeanaBaTbCsl MPH BereTaTUBHOM Pa3MHOXKEHUH) U eeHepamusHble
(MpOSIBASIIOTCST B MOJIOBBIX KJIETKAaX, O€3BPENHbI JJIsi POAUTEIbCKOM
0c06H, HO MOTYT ObITh OMACHbBI JJ51 MOTOMCTBA, TaK KaK MepeaarTcs
MO HACJAEACTBY); B) MO MECTY BO3HUKHOBEHHUSI: eeHHbLE, XPOMOCOMHbLE
U eeHOMHMbLE, T) O MEXaHU3My BO3HHKHOBEHUS: deseyul, 8CMAaBKL,
3aMeHbl, OYnAUKQUUUL, UHBEPCUL, MPAHCAOKAUUL.

MyTauuu

IeHHbIe M3menenust MoJIeKyIsIpHOH CTPYKTYpPbl reHa — MOCJ/Ie/10-
BaTesbHOCTH HyKJIeoTH10B B JIHK B pesynbrarte 3amen,
BCTABOK MJIM BblaJeHUsl HYKI€0TH10B. B pedyabrare Ha-
pylaeTcst CYMTbIBaHHe TeHeTHUeCKOH MH(pOPMALUH HIH
MOC/Ie10BaTeNbHOCTb AMHHOKHUCIOT B MONHMENTHLE

XpomocomHbIe CrpykrypHble u3- | HexBatka YTparta XxpomMocomoit
MeHEeHHsT XpOMO- KOHILEBOTO yuacTKa
COM BCJIEJICTBHE
nepemMenieHus Jleneunn YTparta XpoMOCcOMOil Mpo-
WJIH BbITMa/eHHsI MeKyTOUHOTO yuacTKa
OT/IeIbHBIX Uac-
Teil XpOMOCOM Jynauka- YBoeHHe yuacTKa Xpo-

LMK MOCOMBbI

HNupepcun [ToBopor yuactka xpo-
mocombl Ha 180"

Tpancmoka- | O6men Mex1y HeromoJso-
1H THYHBIMH XPOMOCOMaMH
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Tpancnosu- | BerpanBanue B onpene-
1u JIEHHO® MECTO XPOMOCO-
Mbl yyacTKa U3 Jpyroi
XPOMOCOMBbI
eHoMHbIE Hsmenenue uncna | dynaouaunst | Hucao xpomocoM Hame-
xpomocom. [1pu HsleTCs KpaTHO TaTmJou/-
9TOM MOKET Mpo- HOMY 4HCIy
M30ATH JHO0 H3-
MeHeHHe uucsaa Aneynioun- | Miamenenue uncna or-
Habopa XpoMo- Just (reTepo- | 1eJMbHbIX XPOMOCOM.
COM, MO0 yMeHb- | MJIOHHS) [1pu s3TOM B reHotun no-
lIeHHe UJIH yBe- 6aBJISIIOTCS HOBbIE XPO-
JIMUeHHe yuca MOCOMbI HJIH T€HOTHN
OTJIeJbHBIX XPO- yTpauuBaeT Kakue-au60
MOCOM B OOBIUHOM XPOMOCOMBbI
reHome

B 3aBucuMOCTH Oom npudur noseiexus MyTalHH MOTYT ObITb
CNOHMAHHbIMU — TIOSABAAIOTCA 0e3 KaKUX-Au0O ChelHaabHbIX BO3-
JNeUCTBUI M UHOYyupoBaHHbIMU — TOSABJSAIOTCA B pe3yabTaTe BO3-
JeHCTBUSI KaKHUX-JTHOO eCTeCTBEHHbIX mymaeeros (yabTpaduoner,
pajMaLHus) I UCKYCCTBEHHO MHAYLHUPYEMbIMH Y€J0BEKOM (HaMmpH-
Mep, B CeJeKIIMOHHOH pabore).

Peanu3aumnsa reHeTMHECKOM MHpOpMaLMM

Peanusauusa resHeTuueckod MHGOpPMaUUH MPOSBIS-
eTcsl B MOSIBJEHUH TOTO MJIM MHOTO MPHU3HAKa. 3a Kax/Ibli NpU3HAK
OoTBeuaeT KOHKpeTHbIH Oenok. CaenoBaTebHO, MOKHO CKa3aTh, UTO
peasusaliveil reHeTHUeCKOH HH(POPMALMU SIBIsETCS cunmes beaka,
KOTOPBIH OCYLLECTBASIETCS B yumonaaame Kiemku Ha pudocomax
(puc. 213). B 3aBUCUMOCTH OT BHJlIa HAXOASAILEroCs B JaHHBIH MO-
MeHT B pubocome tpungaera HykaeorunoB uPHK B pubocomy mno-
crynaer ctporo onpenenedHas TPHK — rta, aHTukoaon kKoTtopo#
KOMIIJIeMeHTapeH ToMy Tpumniaetry Hykjaeorunos HPHK, kotopbiii B
JLAHHBIH MOMeHT Haxoautcsi B pubocome. dra TPHK npunocur B
pUOOCOMY Ty aMHHOKMCJIOTY, KOTOPas KOAMPYETCS HaXOAAIMMCS B
9TOT MOMEHT B pubocome Tpumnjaerom HykaeoTuaoB MPHK.
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2 3TK

v,

8

Puc. 213. Cxema cunresa Oeska:

A — pacnosoxkeHnue B pubocoMe yuacTBYIOIIMX B TPAHCASILMH COeNHHEHU:
I — wmonexkyna uPHK; 2 — wmanas cy6uacrtuna pubocombl; 3 — Gosblias
cybuacTuiia pubocoMbl; 4 — aMHUHOKHCJIOTB; & — aHtukonoH TPHK; 6 —
mosekyna TPHK; 7 — nykaeornn uPHK; & — tpunser HykneoTuaios — Ko-
a0H — MmoJgekynabl HPHK;

b — 3Tanbl TpaHCASUUU: Q—8 — HMHUIHALUS — HayajJo TpaHC/IsLHK;
e—u — 3JOHTalus — YIJIUHeHHe 00pasylolleicss MoJeKyabl Oenka; K —
TepMHUHALHUS — OKOHuUaHue Tpancasiuuu: /—3 — kononsl MPHK, mudpyio-
M€ aMHHOKHUCJIOTBI: aJaHuH, NIKIUH U BajauH; 4 — GoJbliasi cybuacTuiia
pubocombl; 5 — TPHK, Tpacnoprupymnias ananuH; 6 — nenTuaHas CBSA3b;
7 — nentua; § — madgaas cybuactuia pubocomsl; 9 — uPHK; 710 — tPHK,
TPAHCMOPTUPYIOLLAST METHOHHH; M — METHOHHH; @ — aJlaHWH; I' — T[JIHILHH;
B — BasuH; TK — tepmunupytomuii Konon (YAA, YAT unu YTA); UK —
HHUIUUPYIOUHE KonoH (AYT)
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3aKOHOMEPHOCTH peann3aumm
reHeTM4YeCKoM MHpopPMaLmH

Cxembt 3akonos Menodeas

I 3akon AA 1 aa — poOIMTENH FOMO3UTOTHBI

p AA X aa — TFOMO3HTIOTHOE
MOHOTHOPUAHOE
CKpellluBaHue

Famerer A A a a P

F Aa Aa  Aa Aa  — yuureiBaloTcst BCe
TEOPEeTHUYECKH BO3MOXKHbIE

"

KOMOHHALMH

eauHoo6pasue 1-ro nmokosaeHus

Il 3akon AA v aa — poauTenu )
P AA X aa
Famerst A A a a

[ sakon Mennens

F, Aa Aa Aa Aa =
=
[
=t
o]
[«¥]
P (F)) Aa X Aa — poaurenu Gepyrest u3 K >§
(u3 I 3akona Meunnesns); S
reTepo3uroTHoOe s
[amerst A a A a MOHOTHOPHHOE —
CKpellBaHue
Fy AA Aa Aa aa
—_—
3 1

pacuiensenue no gpenoruny 3 : 1
pacuiensenne no resoruny 1AA : 2Aa : laa
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Il 3akon  AABB u aabb — ponuTesn roMo3HUroTHb
no npuznakam A u B,

OJIMH MO JOMHHAHTHOMY
BTOPOH MO PEILeCUBHOMY

P AABB X aabb — aurubpuaHOoe

TOMO3HTOTHOE
[ameThl AB AB ab ab crpetBanue
F, AaBb AaBb AaBb AaBb — enunoo6pasue

I-ro nmokosenusi, o6a
NMpU3HAKA JTOMHHAHTHbIE

P (F)) AaBb X AaBb — nurubpuaHoe
reTepo3uroTHOE

CKpelHBanue
[amerst AB Ab aB ab AB Ab aB ab

Fy — 3anucoiBaercst B Buje peuretku [lennera

AB Ab aB ab
AB | AABB | AABb | AaBB | AaBb

Ab | AABb | AAbb | AaBb | Aabb
aB | AaBB | AaBb | aaBB | aaBb
ab | AaBb | Aabb | aaBb | aabb

Kaxnabiit npusnak (A u B) Hacimenyercss He3aBUCHMO OT JAPYroro
no 2-my 3axkony Mennens

Bsaumopericteme reHos

Bce npu3Haku OpraHu3Ma MOXKHO Pa3/leJIUTb Ha JBe
IPYMbl, B 3aA8UCUMOCTIU OM MO20, CKOALKO 2eHO8 KOHMPOAUPYOM
unu opmupyrom darnolli npusrax. Eciu 3a nposiBieHue NpuaHaka
OoTBeYaeT OJMH IeH, TO TAKOH NPU3HAK Ha3blBAlOT moro2eHHbim. Ho
00JIbLUMHCTBO NPU3HAKOB (DOPMHUPYETCs B pe3ynbTaTe B3aUMOACHCT-
BUSA HECKOJbKHMX reHoB. [TpusHaku, 3a ¢popMHpOBaHHE KOTOPbIX OT-
BEUAIOT HECKOMbKO MeHOB, HA3blBAOTCH NOAUSCHHbIMLL.
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BsaumoneiicTBue reHOB MOXKeT ObITb JIBYX BHIOB: 83aumoodel-
CMBUE QAANCAbHLIX 2CHO8 W 83AUMOOCUCBUE HEANACAbHLLY 2e-
HOB.

Bausinue B3aumoneicTBus reHoB Ha ¢guHoTun B Fo

Tunbt Pacue- FeHoTunuuecknu
B3aMMO- Xapakrep njaexHue no cocras mn
aeicTeus B3aMMOJENCTBUS ¢denotuny | (eHoTHNHUECKHUX pumep
reHoB B Fy KJ1aCCOB
Bsaumodeiicmaue asreavHolx eeHo8
[Tonnoe JlomunautHeiil an- |3 : 1 3A—:laa Hacneno-
JIOMHHHPO- | 1eJb A mojaBJsieT BaHMe IBe-
BaHHe pellecCHBHBIH aJ- Ta cemsH
Jesb a ropoxa
Henonnoe |Ilpusnak y rerepo- [1:2:1 1AA: 1Aa: laa Hacaeno-
JIOMHUHUPO- | 3UTOTHOH POpMbL BaHHe OK-
BaHue BbIpaxkeH caabee, packu
UeM y rOMO3HTOTHOH LIBETKOB
HOUHOH
KpacaBu-
bl
Kopomu- B rereposurotHom 1:2:1 Ilala : 2lalb: Hacaeno-
HUPOBAaHHE | COCTOSTHUH KaK/bli 11bIb BaHue
U3 aJlJeJNbHbIX FeHOB rpynn
BBI3bIBAET PA3BHUTHE KPOBH Y
KOHTPOJIHPYEMOro uesoBeKa
MM MpHu3HaKa
Baaumodeticmsue HeaNAeLbHbLX 2CHOB
Kowmne- JlomuHautHble Tenbl |9 7 (9A—B—) : Hacaeno-
MeHTap- 13 pasubix nap (A, (3A—bb + BaHHe LBe-
HOCTb B), npucyrctBys B + 3aaB— + Ta 1LBeT-
reHoTHIIe, BMECTe + laabb) KOB JyIIH-
BBI3bIBAIOT (POPMHU- CTOrO
poBanue HOBOTO ropouka
npu3HaKa




300 Paspgea V. Oo6uas 6uosorus
Okonuarnue maba.
Tunbl Pacue- FeHoTHNUuecKni
B3aMMO- Xapakrep nJjeHue no cocTaB Monme
NeHcTBUs B3aUMOJEHCTBUSA eHoTuny (eHoTHNMUECKUX p p
reHoB B F2 KJaaccoB
dnucras [enbl onHOM aJ- 13:3 (91-=C— + 3l—cc + | Hacneno-
JIOMMHAHT- | J1e/JbHOH mapbl no- + liicc) : (3ccl=) |Banue ok-
HbIH NaBJSIOT JleficTBHE packu ore-
reHOB JPYyroi napbl peHust Kyp
dnucras 9:3:4 9A—C— : 3aaC— : | Hacuneno-
pelieccuB- (3A—cc + laacc) |BaHue OK-
Hbl i packu
hiepeTu y
JTOMOBBIX
MblILIeH
[Tonume- OnHoBpeMeHHOe 15:1 (9A|—Ag— + Hacuneno-
pust JeHCTBHE HECKOJIb- + 3A|—asas + BaHMe 1Be-
KHX HeaJJaeJbHbIX + 3ajaiAs—) : Ta KOXKH Y
reHoB lajajasas yeJ0BeKa
MeTtoabl reHeTHKMH
['eneTuka — OuWoJsoruueckas AUCUMMANHA, TpeaMe-

TOM HU3YyU€HHUSI KOTOpOﬁ ABJAOTCH 3aKOHOMEPHOCTH HaC/HAeACTBEHHO-
CTU U UBMEHUYHUBOCTHU 2KUBbBIX OPraHU3MOB. OcHoBHO#H 3ajauel rese-
TUKH SIBJAAETCHd HU3yUeHHE npo6neM XpaHeHud, nepengaydyud, peaJsusa-
LMY U U3MEHUMBOCTH HaCJIeJJCTBEHHON I/IH(pOpMaLII/II/I.

MeTOl],bl F€HETUKHU

'n6pumonoruueckuii
(mMeTon cKpeluBa-
HMIi)

Paspatoran . MeHneneM u siBJsieTCS] OCHOBHBIM B Te-
HeTHUYeCKUX uccaenoBanusix. C MOMOILbI CKpelluBa-
HUsI MOXKHO YCTAHOBMTbH: JOMHUHAHTEH MJH PelleCCHBEH
npu3Hak (reH); FeHOTHIT OPraHu3Ma; B3anuMOJLeHCTBHE
reHOB M XapaKTep 9TOr0 B3aHMOJEHCTBHUS; sIBJACHHE
CLEMJIEHHsI [EHOB; PACCTOSIHHE MEXKJY FeHaMu; CcliernJse-
HHE TeHOB C MOJOM

LluToreHeTnueckuii

3akqiouaeTcst B H3yueHUH KoJuuecTBa, GOpMbl U pas-
MepOB XPOMOCOM *KMBOTHBIX M pactenuil. Mcrnoabayer-
csl /151 U3YUEHHUsl HACJ/IEeICTBEHHbIX H3MEHEHUI, CBsl-
3aHHBIX C HApYILIEHHEM CTPYKTYpPbl XpPOMOCOM, H BbISIB-
JIEHUs] TIPUUUH psifa 3abo/eBaHuil y ueoBeKa
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lleHeanornueckui 3akmouaeTcst B M3yUeHUH HACJTe0BAHUST UCJTOBEKOM
(meTon, poaoCa0B- KaKOro-n00 NpU3HaKa B psijie MOKOJEHUH Y BO3MOXKHO
HbIX) 60JIbILIeTO YHCIa POACTBEHHHKOB. [las1 3TOrO CocTaBs-

€TCsl pOAOCTAOBHAsA. Mertoa nosBossieT YCTAaHOBUTL J10-
MHUHAHTHOCTL WJIM PCIIECCHUBHOCTb MpPpHU3HaKa, CICMJICH-
HOCTb €ro ¢ JpyruMu rnpuaHakaMu WJjau ¢ MoJOM

BﬂMSHeuOBblﬁ 3aKJauaeTcst B BbisIBJIEHUU Hac/ael0BaHusl MPpU3HAKOB
y ONHOSIHIIEBBIX OJIM3HEILOB /5T onpeneseHus CTeneHn
BJIUSHUS BHeIIHeMH cpeabl Ha qﬁ)eHOTI/IH

buoxumuueckuii Metoa nMo3BoJsieT BbIIBUTD HapylleHusi HOpMaJbHOTO
xXona obMeHa BellecTB U npeapacnosiozKeHHOCThb YeJs0-
BeKa K HEKOTOPbIM HacCaeJACTBEHHbIM 3a00/1€BaHUSIM

Meauko-reneruue- [TporHo3upoBaHue BePOSITHOCTH MOSIBAEHUS JeTell
CKOe KOHCYJbTHPO- C TOHW MJIM MHHON HaACJeNCTBEHHOH aHOMAaJHeH

BaHue

[MonyassuMOHHBIA Iupoko mpuMeHsieTCsl B TeHETHKe ueJoBeKa /s U3y-

YeHHsT YaCTOThl T€HOB M FeHOTHNOB B Momyasiusx. Jla-
eT HHPOPMALHUIO O CTeMEHH FeTePO3UTOTHOCTH U TOJH-
MOp(H3Ma 4eJ0BEUeCKHUX MOMYSIHH, BbISIBJASET pas-
JIMUUST 4ACTOT aJjljiesefl MeX/1y pasHbIMHU MOMYJIsIIIHs-
MH H MO3BOJISICT OMPeAeJUTb aJanTHBHYIO LHEHHOCTb
KOHKPEeTHBIX TeHOTHIOB

3afjaym M meToAbl CeneKumm

Cenekuus paspabaTbiBaeT METOJAbl CO37aHHUS HOBBIX
COPTOB PACTEHUH, MOPOJ KUBOTHBIX U LITAMMOB MHKPOOPraHHW3MOB C
HeoOXOAMMbIMH ue/0BeKy npudnakamu. [lopoabl »KMBOTHBIX, cOpTa
pacTeHUil, WITAMMbl MHKPOOPTaHU3MOB MPEACTABASIOT coO0i COBO-
KYMHOCTH 0CO0ei, CO3JaHHbIX UeJ0BEKOM C MOMOLLbIO METO0B CeJseK-
UM, U XapaKTepHU3YyITCs Onpele/JeHHbIMU HACAe CTBeHHbIMU 0COOeH-
HOCTAMH, MOPGOJOrHUeCKUMH H (U3HOJOTHYECKHMMH XO03AHCTBEHHO
LleHHbIMH KauecTBaMU. [Tocko/bKy cBOHCTBA XKHUBbIX OPraHU3MOB 00Yy-
CJIOBJIEHbI HX HOPMO#H peakilMi Ha OCHOBE ONnpejeSeHHON reHeTHUeCKOH
HH(pOpPMaLMK W MOJABEpP KeHbl MOAM(MHUKALMOHHOH W HacJeICTBEHHOH
U3MEHUHUBOCTH, pa3BUTHE CeJeKIL UM OCHOBAHO Ha 3aKOHOMEPHOCTSX re-
HeTHKH. B ceekHOHHOM paboTe UCMOMb3YIOT Cey0lLHe MeTObI.

EctectBeHHbI oT6OP

Cmuxuiineui (6ecco3natenbublit). [TpoBoaumacs ueno-
BEKOM JIJIsl COXpaHeHHs1 0cobell ¢ Haubosee HEeHHbIMH MPU3HAKAMHU,
6e3 cTpeMJIeH s YAYUIIHTb TOPOLY HJIH COPT.
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Memooduueckuii (co3HaTebHbII). XapaKTepu3yeTcs TeM, uTo ue-
JIOBEK OCO3HAHO M CUCTEMATHUYECKH CTPEMHUTCS K BbIBEJIEHHIO COPTA
WM MOPOABI C KesJaeMbIMH KauecTBaMmu. [loapasnensiercss na: mac-
cosolli — nposodumca no genomuny. [lpn saTom orGupaercs rpyn-
na ocobeil, UMeIOLUX BHellIHee cX0AcTBO. [T0CKOMbKY TeHOTUMbI 0TO-
OpaHHbIX 0cOoOed Mo (peHOTUNy HeOJAHOPOAHbI, OTOOpP BpeMsi OT Bpe-
MEHH MOBTOPSIOT; UHOUBUOYANbHBII — OT KaKA0H 0COOM MoJayualoT
OTJle/IbHOE MOTOMCTBO W MPHU MOCJAEAYIOUHUX OJU3KOPOJCTBEHHBIX
CKpeLLHBAHUAX Y KHBOTHBIX M CAMOOMbIIEHUH Y PACTCHUI BBIBOAST
uyucTble JUHUM. Yucmoie aAunuu — TPyNnbl reHeTHYECKH OJHOPOJL-
HbIX (FOMO3MTOTHbBIX) OPTAHU3MOB MPEACTABASAIOT LLeHHbIH MCXOLHbIH
MaTepuaJs AJsl CeJeKInH.

Mbpuamsaums

Brympusudosasi — 0CHOBY COCTaBJIsIeT HaTpaBJeH-
HOe CKpellHBaHue 0cobell ¢ MHTEPEeCyIIUMHU CeeKIIHOHepa CBOUCT-
BaMH U TOCAEYIOIIHNH 0TOOP MOTOMKOB ¢ MaKCHMMaJbHBIM MPOsiBJIe-
HHEM 3THX CBOHCTB.

Bbauszkopodcmsennasn, wiv unOpudune, — TPOBOAUTCT MEKIY
6paTbﬂMl/1 151 CeCTpaMl/l Wik Mexny pOILI/ITeJIﬂMI/I U NOTOMCTBOM.
B pesysnbraTte yBesnuuBaeTCss 0JsI TOMO3HUIOTHBIX OpPraHU3MOB.
B cBsi3u ¢ mepexosioM reHOB B FOMO3HTOTHOE COCTOSIHHE Y TOTOMKOB
MPOSIBASIFOTCS] PElleCCHBHbIE MYTallHH, UTO MPUBOJIUT K OocaabaeHHI0
MOTOMCTBA, MOSIBJEHNUIO HAaCJeCTBEHHBIX 3a00JeBaHtH.

Mexcsudosas (oTnaneHHasi, HepoJaCTBEHHAs) — MPOBOJIUTCH Me-
KAy 0cOOSIMM pa3HbIX BMJOB M pa3HblX poaoB. Ee ncrnonb3yloT Kak
CeJIeKIIMOHHbIH MeTOJ, MO3BOJMSIONIMH 00beIMHUTh B TUOpUJE 1leH-
Hble XO3sI{ICTBEHHbIe MPU3HAKH POAUTEIbCKUX popM. B cuiy reneru-
YyeCcKHX, MOp(HONOTHUECKUX, PU3UONOTHUECKUX U MHBIX Pas3Judyuil op-
raHW3MOB PasHbIX BUAOB OTJHaJjeHHasi TuOpUIH3alHsi, KaK MpaBHIIO,
OCYLIECTBJSIETCS ¢ OOJMBIINM TPYAOM U TpeOyeT MpUMeHeHHUs CrelH-
aJbHBIX METOJ0B MPeojoJeHHsT HecKpellnBaeMocTH. MeKBHIOBbIE
ruGpHUabl UACTO OKA3bIBAIOTCS OECMIOJAHbIMH BCJAEICTBHE Hapylie-
HUSl TIPOILLECCOB TaMeToreHesa, Tak Kak XpOMOCOMBI, MOJyUeHHbIe OT
pasHbIX BUAOB, pA3JuualOTCsd MEXAy cOO0H H He KOHBIOTHPYIOT, MO-
9TOMY MeHO03 He MPOHUCXOHT.

Aymb6pudune (CKpelluBaHue HEPOACTBEHHBIX ocobell) — ckpe-
muBanue ocobeil pasubix aunuil. [Ipun 1aHHOM CKpellUBaHUK yaaeT-
csl MONYYHTh TeTepo3UCHbie THOPHbI, MPEBOCXOASIIHE MO CBOEH
MOIIHOCTH He TOJbKO POAHUTENbCKHE JMHHUM, HO M MCXOJHbIE (HOPMBI,
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13 KOTOPbIX 9TH JUHUHK OblIM NoJyueHbl. [ emepo3uc 3aKaouaeTcs B
MOBLILIEHHON MOLLHOCTH FHOPHUA0B MEPBOro MOKOJEHUSl 10 CpaBHe-
HHIO C poAuTeNbCKUMHU opMamu. OCHOBHOH mpHUMHON 3pdeKTa re-
TepOo3UCa sIBJSIETCS OTCYTCTBHE MPOSIBJICHHUS BPEAHBIX PeLecCHUBHBIX
aqyesell B TeTePO3UTOTHOM COCTOSIHUM.

Monunnoupgusaums

YBenunuenue uncaa HaboOPOB XPOMOCOM MOJ 1€HCTBU-
eM Ha JeJsILYIOCS KJAeTKY $1/10B, paspyllalolluX BepeTeHo aeseHus
(Hanmpumep, KOJXHLHHOM).

MHpyumpoBaHHbI (MCKYCCTBEHHO BbI3BaHHbIM)
MyTareHes

B ecTecTBeHHBIX yCIOBUSIX YaCTOTa MyTHPOBAHUS Te-
HOB CpaBHMUTEJAbHO HeBesauka. MyTareHe3 moBbllIaeT KOJHYECTBO
MyTalMi MOJA BO3ACHCTBHEM Ha OPraHU3M pPa3JHUHbIX MYTAlrCHOB:
yAbTPa(HONETOBBIX JyUuel, HOHU3UPYIOLLEr0 H3JAyUYeHHs, HEKOTOPbIX
XMMHUECKUX BelllecTB. MyTallud B LE€JOM He HOCAT HamnpaBJeHHbIN
Xapakrep, cesJeKIlHoOHep OoTOHpaeT M KyJbTUBHPYET OpPraHU3Mbl C
HHTEpeCyIUMH ero npu3dHakamu. Jaie BCero UCrnonb3ayercs B ce-
JIEKILUK MHKPOOPTaHU3MOB.

B Hacrosiiiee BpeMsi aKTUBHO pa3BHUBAeTCsl OuomexHoro2us —
Hayka o crmocobax MosydyeHusl HeOOXOAMUMBbIX UeNOBEKY BeLLeCTB C
MCMOIb30BAHHEM KHBbBIX OPTaHU3MOB M OMOXMMHYECKHX MPOIECCOB
B MPOM3BOJCTBE.

OcHOBHbIE HanpaBJieHUs OHUOTEXHOJIOTHH

leHHas
UHXKeHepus

MukpoGurooruueckoe

KaetouHas vHxKeHepus
NPOU3BOJACTBO

3aHumaercst uc-
c/IeJJOBaAHUSIMH
Mo nepecrpoiike
reHoruna. B re-
HOM MHKpOOpra-
HH3MOB BOJST

Hcnonb3oBanne MuK-
pPOOPraHHU3MOB J/I51
MPOMU3BOJACTBA psiaa
MPOAYKTOB — OeJl-
KOB, aMHHOKHCJIOT,
AHTHOHOTHKOB, BUTA-

OcHOBaHa Ha KYJbTHBHPOBAHUH
KJETOK W TKaHel BbICIIUX OPraHus-
MoB. KuieTku momenianoTcst Ha Mu-
TaTeJbHYIO Cpeay, I'le OHH HauuHa-
0T AeJuTbesl. JlaHHBIM cmocoboM
U3 KJEeTOK pacTeHUH MOXKHO BbI-

MHUHOB, TOPMOHOB H
MULLEBbIX MPOAYKTOB

pacTuTh 1enoe pacrenue. Pazpabo-
TaH METOJ CJAHSIHUS KJIETOK, KOTO-
pbIfi MO3BOJISIET MOJAYUHTb TMOPH LB
MeXK/1y BHJaMH, He CKpelHBalolH-
MHCST B TPUPOJE

pasauyHble reHbl
JJIsl MPOU3BOJACT-
Ba TOro UJau HHO-
ro seulecrsa
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Ycnexu cesleKLHOHHO paboTbl B ONpee/eHHOH CTeneHu 3aBu-
CAT OT FeHeTHUUeCKOro pa3Hoo6pasusl UCXOAHOH IpyNibl OPraHU3MOB.
MeHorosneTnee HM3yuyeHHe HAC/AeACTBEHHOH M3MEHUHMBOCTH pacTeHHUH
JUKOH W KyJdbTYypHOH ayHbl MSTH KOHTHHEHTOB TO3BOJIHJIO
H. Y. BasusnoBy copmyupoBaTh NpejacTaBIeHUst 0 LeHTpax npo-
UCXOK/I€HHUS] KYJbTYPHbIX pacTeHHI.

PA3MHOXEHUE OPITAHU3MOB

JIns1 coxpaHeHHsT Ka)KI0TO0 BUAA PACTeHUH WU KH-
BOTHBIX HEOOXOAUMO, UTOObBI OTAe/NbHble 0COOH PA3MHOKAJIUCH, MPO-
M3BOJIST HOBBIX 0COOEH JIJIsi 3aMeHbl TeX, KOTOpble MOrMOJIM OT XHIILHH-
KOB, Mapas3uToB MJAH OT cTapocTu. [Ipoiecchl pagmHoKeHUsT y pas-
HbIX JKHUBbIX OPraHU3MOB UpPE3BbIUAWHO pa3zHooOpasHbl, XOTS B
0611eM CYIIECTBYIOT JiBa OCHOBHBIX THMa Pa3MHOXKeHUs: becnoaoe u
noaosoe. B 6ecrnosioM pa3MHOXKEHHH y4acTBYeT TOJbKO 00Ha podu-
meavckas ocobb, KOTOpasi NENUTCS WA TMOUKyeTcsi, o6pasys aBe
uan 6oJblllee YHUCIO0 HOBBIX 0COOeH, UIeHTHUHbIX M0 CBOMM HacJel-
CTBEHHBIM TpHU3HAKAM POAHMTENbCKON ocobu. B mosoBoM pa3mMHOKe-
HUW BCerja yuacTBYIOT dge ocobu (nnu dsa 8uda noa08blx KAEMOK,
€CJIM paccMaTpUBATh TepMadpoaUTOB), KaxJaas U3 KOTOPbIX HaeT
CMEeHAaTU3NPOBAHHYIO KJIETKY — eamemy: siyo WIH Chepmamoso-
10, KOTOopble CAMBAIOTCS JAPYT C Apyrom, obpasyst aueomy, Wiu on-
a00omeopenHoe aliiyo.

becnonoe pasmHOMeHue

Becnosoe pasmMHOKeHHEe LWHPOKO PacnpoCTPaHeHO
BO BCeX Ipynnax pacTeHUH, OakTepul, rpubOB, a y KUBOTHbIX — Y
NPOCTeHLIIUX U KHIIEUHOMOJOCTHbIX.

[Tpocreitiieir hopmoii Hecrnosoro pa3aMHOKeHUs SIBJAsIeTCsl dee-
Hue. IIpu 3TOM crnoco6e pasaMHOXKEHHUS POJUTeAbCKAss 0coOb paclile-
nasercs Ha JBe Oosee MJIH MeHee OJMHAKOBble YACTH, KaxK1asd U3
KOTOPBIX JaeT HOBbIH Lieblii opranuaM. BeTpeuaercs jaeneHue y ca-
MbIX MPOCTbIX OPraHU3MOB — OJHOKJETOUHbIX PACTEHUH H KHUBOT-
HbIX, a Takxke y OakTepuil. ¥ OakTepuil 00blUHO AaHHbIH cnocob
pasMHOXKEeHHSI HA3bIBAIOT npocmoe desexue Haosoe, a OJHOKIETOU-
Hble PACTeHUS U KUBOTHbIE Ae/ATCH MHTO30M.

Bropofi cnoco6 6ecrnosioro pagmHoxKeHUust — noukosanue. Berpeua-
eTcsl Y KMIIeUHOMOJMOCTHBIX U IpUO0B (1poxkakeil). [Ipu noukoBaHuu He-
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60JbllIast UACTh TeIa POJUTENbCKON 0COOH OTaeseTCs (OTMOUKOBbIBAECT-
Cs1) M pa3BHBaeTcsi B HOBY10 0COOb, PH 3TOM HOBasi 0COOb COBCEM TepsieT
CBSI3b C POJAUTENBCKOI 0COObIO U CYLLLECTBYeT caMocTosiTe/1bHo. Ho uacto
HOBbIe 0COOU (MOUYKH) HE TEPSIOT CBA3U C MATEPUHCKONH 0cOObIO, B 3TOM
cayuae 00paszyloTest KOJOHUH, HAMPUMEDP KOPaJa0Bble TOMUITbI.

CaMbIM NPOrpeccuBHbIM cnoco6oM 6eCnosoro pa3MHOKeHUs §B-
JSIeTCsT PA3MHONCEHUe cnopamu, uiv cnopoodpasosanue. Cropbl —
0cobble KJAeTKH, 0ObIYHO UMEIOLIMe 3aALUTHYI0 000J0UKY U CIOCOOHbIE
BbIJIeP2KHBATb HeOJAronpusiTHbIE YCJAOBUS cpejibl. B ¢Bs3M ¢ TeM uTo
Cropbl 10BOJNBHO JIETKH U MOTYT MEPEHOCHTHCS BETPOM U KHAKOCTbIO,
OHM SIBJSIIOTCS XOPOLWIMM €crnocoOOM pacnpocTpaHeHUsl KUBbIX opra-
HU3MOB, Be1YLLLHX MaJIOMOABHKHbIH UM HEMOABHKHBIH 00pa3 XKU3HHU.

J151 HEeKoTOpbIX 0eCMO3BOHOUHBIX KMUBOTHLIX (Hampumep, MJ0-
CKHe UepBH, MTJIOKOXKHE, KOJbUaThle UePBH) XapaKTepeH ellle OJHH
crnoco6 6ecrnosoro pa3MHOKeHHUsI, KOTOPbIH OCHOBAH Ha CMOCOOHOCTH
OPTaHHW3MOB BOCCTAHABJIUBAThL YTPAUEHHbIE YUACTKH TeJja MyTeM pe-
reHepauuu, — gpaemenmayus. Ilpu pparmentanun ocobb pacna-
JlaeTcsl Ha OT/JeJbHble PparMeHThl, KaXKablii U3 KOTOPbIX 3aTeM BOC-
CTAaHABAMBAET BCE HEJOCTAIOLIHE YACTH M MpeBpalllaeTcs B LeJbli
opranudm. Tak, U3 OTAEAbHOTO Jyda MOPCKOH 3Be3]lbl MOXKeT o0pa-
30BaTbCs 1le/blil OPraHu3M, a U3 JBYX MOJOBHHOK J0KAEBOT0 4epBs,
COOTBETCTBEHHO, J1B€ 0COOHU.

Pacrenus obnanaior cnenuduueckum JJsi HUX cnoco6om Gecrno-
JIOTO Pa3MHOXKEHUSI — Be2emamusHolM PA3MHONCEHUeM, WU pas-
MHONCEHUEeM 8eeemaAMUBHLIMU OPeaAHAMLL.

Buosoruueckoe 3HaueHne 6ecrnosoro pazaMHoOKEHUs 3akJatouaer-
cs1 B TOM, UTO OHO:

— 3a KOpPOTKOe BpeMsi o0ecreunBaeT BOCMPOU3BeAeHHEe OOJMbIIOrO
KOJMIMYEeCTBA TIEHeTHUeCKH HACHTHUHBIX OCOO€H, UTO OYeHb BbLITOJHO
JUIs1 OPraHu3MoB, OOHUTAIOLLIMX B OTHOCUTENbHO MOCTOSTHHBIX YCIOBHSX;

— M03BOJISIET NMepeHecTH HeOJaronpUsiTHble YCJAOBHS Ha CTaaUH
Crop, 4TO CMOCOOCTBYET COXpPAaHEHUID BU/A.

MonoBoe Pa3MHOXKeHHne

CyIIHOCTh TIOJIOBOTO Pa3MHOXKEHHs 3aK/JIiouaeTcs B
06beIMHEHUH TeHeTHYeCKOH MHpopMauuu ABYyX ocobell (poauresneii)
OJHOTO BHJla B HACJEICTBEHHOM MaTepHaJse MOTOMKA. DTO TOCTUTAET-
Csl C OMOLLBIO CReYUANbHbLY NOA0BLLY KAETMOK — 2aMen: Cnepmano-
30u008 y cCaMUOB U Aliyekaemox y camok. [Tpoluecc o6bennHeHus re-
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HETHUECKOTO MaTepuaJsa pPOJUTeSeH Ha3blBAETCS 0NA000MB0)EeHUCM.
[TosoBble KeTKH 06pasyloTcsi B pedyJabTaTte mero3a, Cae0BaTeNbHO,
HacJ/JAe/CTBEHHBIH MaTepuas KaxkJao# jouepHed ocobU MpeacTaBsier
CO00H YHUKAAbHYIO KOMOUHQUUIO eeHemuuecKol urpopmayuu 1u3-3a
MpOLECCOB BO BpeMsl Meiio3a, MPUBOJASILLIUX K KOMOUHAMUBHOLU USMEH-
yusocmu (Kpoccuneogep, He3ABUCUMOE pPACXONOCHUE XPOMOCOM).
B ¢BsI3W ¢ 3TUM NOJ0BOE pPa3MHOKEHHE CMOCOOCTBYET HE TOMIbKO caMo-
BOCTIPOU3BEEHUI0 0co0el, HO U 06ecrneueHuio Ouoa02ULecKk0eo pasHo-
obpasus 81008, UX AJANTUBHBIX BO3MOXKHOCTEH U 9BOJTIOLMOHHBIX Mep-
CIIEKTHUB B pe3yJbTaTe rnepeagayd noroMkam pas3jaudHbIX MyTaLLl/lﬁ )51
BO3HUKHOBEHHS pa3aWUYHbIX YHHUKAJbHbBIX KOMGI/IHaU,I/lﬁ (MyTalll/lOHHaH
U KOMOHHATUBHAS U3MEHUHUBOCTD).

[Tpoiuecc o6paszoBanust MOJOBBLIX KJAETOK HA3bIBAETCSl 2amenioce-
neszom. Ilpouecc o6pa3oBaHust cnepmMaTo30u 0B HA3bIBAIOT crnepma-
moeeHe30M, TUIEKIETOK — 002eHe30M, U 0B02CHE30M.

ameroreHnes

dazbl Bua v dasbl [Ipouecchl, npoucxoasiuipe B KjaeTkax
rametroreHesa | JeJeHUs KJETKH

OoreHe3 (oBoreHes) — COBOKYMHOCTb MOCJAEI0BATENbHbBIX MPOLECCOB PA3BUTHS
JKEHCKOH MOJIOBOH KJIETKM OT MePBUUYHOM MOMOBOH K/JACTKH 10 3peJoro siiua

PasmHoxenue | Muros [TepBuunble MoMOBBIE KACTKH SHUHUKA —
OBOFOHHH — JEJSITCS B 006pa3yloT OBOLMThI
(oouutsl) I mopsinka. PasmHoxkenue oBoro-
HUH HauMHaeTcsl MPH SMOPUOHATBHOM pas-
BUTHUHU U 3aBeplIAETCs K 3-My TOAY KH3HH.
Oouurtsl | mopsinka TUMIOUAHBI ¢ OTHOXPO-
MaTHIHBIMH XpoMocoMaMH (2n2c), coxpa-
HsIOTCS 6€3 U3MEHEHHH MHOTHE TOJbI

Poct Uurepdasa. C HacTymJIeHUeM MOJIOBOH 3PeNOCTH TepHO-
JIMUeCKH OT/e/bHbIe OBOLUTHI | mopsiika
BCTYTNaloT B rnepuoj pocta. OHU yBesHUH-
BalOTCsl B pa3Mepax, B HUX HaKamJUBaloT-
csl JKeJITOK, »KUp, murMeHThl. Kaxiblil oBo-
LIUT OKPY?KAeTCsl MENKUMHU (POJITHKYJIsIP-
HBIMH KJIETKaMH, 06ecrneuuBaloiiMK ero
nutanue. Korga oBoLHT J0CTHraeT pasme-
pOB 3peJI0ro sfilla, OH BCTyNnaeT B CTaHUI0
cozpeBaHusl. Pasbl pa3MHOKEHHSI U poOCTa
NpoucxoasitT B osnukyaax. Bo Bpemst oBy-
JSILUK CTeHKa (QOJIHKYIa J0MnaeTcs, 0BO-
LLMT nonajaaeT B OPIOLIHYIO MOJOCTb, a 3a-
TeM B sifilleBOJ (MaTouHble TPYyObl)

Penynaukauus
Xpomocom 2n4c
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[Ipodorxcenue maba.

jaejeHue meiosza
1n2c¢

daszbl Bua v dasbl IMpoueccel, npoucxoasue B KieTkax
ramMeroreHe3sa | JeJeHUs KJIETKH
Co3peBaHue IMepBoe Opouut | mopsiika BcTymaer B nepBoe
(peayKUHMOHHOE) | MelloTHUeCcKOe (pelyKIIHOHHOE) JeseHue.

Ha cranun npocdassl | passutue oBouura
I mopsinka ocTaHaBauBaeTcs. JTO MPOUC-
XOJHT ellle B SMOPHOHAIBHOM MEPHOJIE.
3aBepiiaercst mepBoe MeHoTHUeCKoe Jie-
JICHHE MOCJIe MOMOBOrO CO3PEBAHMS HKEH-
HIHUHDbI. Ka)KLLbIl;'I MeCsLl OAHH OBOLLUT

I mopsinika 3aBepinaer cBoe co3peBaHHue.
[Tpu sTom 3akanuuBaercst nepsoe mMeio-
THUYECKOE JeseHHe U 00pa3yeTcsl OBOLUT
Il nopsinka u MajeHbkoe mepBoe MoJasp-
HOe, MJIM HaNpaBUTeNbHOE, Tesble

Bropoe
MelnoTHYeCcKoe
jaejeHue meiosza
Inlc

Osouurt Il nopsinka BcTynaer Bo BTopoe
MefioTHueckoe aenenue mMefosa. Ha cra-
auun metadassl [ nerenne ocranaBanba-
ercsd. /lanbHeiiiee cogpeBanne BO3MOKHO
TOJILKO NOCJe 0na0A0TBopeHus. Ecau on-
JIOZIOTBOPEHHE MPOU3OLII0, TO OBOLHUT

IT nopsinka 3aBepiuaer BTOpoe MefoTnue-
CKoe jleJieHHe, mpeBpalaeTcs B OBOTHAY,
KoTopast 1 GopMUpYeT fAi1l0 1 BTOpOe Mo-
asipHoe Teqblie. Ecan onmonoTsopenus ne
npoucxoaut, oBouut Il mopsinka noruda-
eT M BbIBOJLMTCSl U3 OpPraHu3mMa

CnepmaToreHes — MNpolecc pagBUTUd MYKCKHX MOJOBLIX KJAETOK, BO BpeMsi
KOTOpPOro AUMJJAOUAHDbIE KJICTKH B U3BUTHIX KaHaJ/JblldaX CeMeHHUKa npeBpaltia-
IOTCA B ranJioniHbie CrnepmMaTo30n/ibl

PasmHoxeHue

Muto3

CeMEeHHHK COCTOUT M3 MHOTOYHMCIEHHBIX
KaHaJbleB, CTeHKH KOTOPOTO HMeEIOT He-
CKOJIBKO CJI0€B, COeprKalluX crnepMaTo-
30UJbl HA PA3HbIX CTAAMAX PA3BUTHSA.
Hapyxkublil c0fi cocTaBasioT cnepMaro-
ronnu. B mepnon sM6pruonaabHOTO pa3BH-
THSI M MOCJIe POXKAEHHUS J0 MOJOBOTO CO-
3peBaHusl OHU JesiTcsl, 6aaroaaps uemy
YBEJIHUHBAETCS YHC/IO STHX KJIETOK M pas-
Mepbl CeMeHHHKa
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Okonuanue maba.

da3zbl Bua u ¢dasbi [Ipouecchl, npoucxoasiuiye B KjaeTkax
rameroreHesa | JaeJeHusl KJeTKH
Poct Uurepdasa. [Tocne nosoBoro co3peBanusi HEKOTOpble
Peaynankauus M3 CrepMaToOroHHeB MepeMelatTes B 30-
xpomocom 2ndc Hy pocTa, PacrnoyoKeHHyio GJ1HKe K Mpo-
CBeTy KaHaJblleB. 371eCb MPOUCXOAUT 3Ha-
UUTENbHOE YBeJIHUEHHE Pa3MepPOB KJIETOK
3a cueT yBeJHUEHHs] KOJHYECTBA LUTO-
nnasMbl. Ha 3Tofl cTajiun oHM Ha3bIBAIOT-
Csl criepMaToluuTaMu I nopsiaka
CospeBaHue [epBoe M3 xaxnoro cnepmatouuta I nopsiaka
(peaykuuoHHoe) |oOpasyiotcst aBa crnepmatouuta Il mo-
JaejneHUe Merdo3a | psaka
1n2c
Bropoe N3 kaxporo cnepmatouuta Il nopsinka
mMeloTuueckoe fe- | oGpasyiorcs aBe cnepmathabl. Cnepma-
JeHne meio3a THJbl MepeMellaloTcsl B 300y, G/IHKail-
Inlc 1Iyl0 K MPOCBETy KaHaJ/blleB, TAe U3 HUX
hopMHUpPYIOTCSl ciepMaTO30U /bl
dopmuposa- CnepmMaTubl NpHOOPETAIOT CBOHCTBEH-
HUe HYIO criepMarto3onjamM Mop@oJsoruio u
MOIBH?KHOCTh

O6paszoBaHue HOBOH 0COOH TPH MOJOBOM Pa3MHOXKEHHH MPOUCKO-
JIT BO BpeMsl OMJIOJ0TBOPEHHS, KOTOPOe 3aBepiiaeTcss o6pasoBaHuem
3Ue0MmbL — MepBOH KJIETKH HOBOTO OPTaHW3Ma. ¥ HEKOTOPbIX 2KHUBOTHbIX
OTIJIOJIOTBOPEHUIO TIPEJIIIECTBYET OCeMeHerue, B pe3yabTaTe KOTOPOro
NpoucXoauT Berpeua ramer. OcemeHeHHe MOXKeT ObIThb 8HewlHUM (BHE
OopraHuaMa), cJae0BaTebHO, U OMJIOAOTBOpeHue OyieT 8HeuHum (Ha-
npumep, y pbib), U BHYMpPeHHUM, KOT1a MOJOBbIe KIETKH, KaK MPaBHJIO0
MY2KCKHE, BBOJSATCS B OPraHu3M CaMKH, IJle MPOUCXOJUT OMJIOL0TBOpe-
HUe. Y ceMeHHbIX pacTeHHMil mpouece, oOecrneynBalollMil BCTpeuy ra-
MeT, Ha3bIBAETCSl ONbLACHUEM W MOMKET OCYILEeCTBJSIThCS C MOMOILbIO
sempa, 800bl, HUBONIHLLX, HEA0BEKA UJIU CAMOONbIACHUS. Y TIBETKOBBIX
pacTeHHil B OMJIOAOTBOPEHUH YYACTBYIOT He TOJbKO TMOJOBbIE KIETKH U
o6pasyercsi He TOJAbKO HOBBIH OPraHu3M (B BH/€ 3UTOTHI), HO U KJIETKH,
06pasyloliiye BMOCJAEICTBUH MUTATEIbHbIE BEIleCTBA /5 pa3BUTHS HO-
BOoro opranuama. Jlanublii cnoco6 HasbiBaeTCst JBOLUHbIM 0NA000MBO-
peruem. MexaHuam JBOHHOTO OTJIONOTBOPEHHS COCTOUT B CJAUSIHUH
JIBYX CITIEPMHUEB C IBYMsI KJIeTKaMH 32 POJIbIIIIEBOr0 MeNIKa: C SHIeKJIeT-
KOH ¢ 06pa3oBaHUeM 3UTOThbl U C LEHTPAaJNbHON AUMIOUIHON KJIETKOH C
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o6pasoBaHueM TPUMJIOUAHON KJIETKH, KOTOpasi 1aeT BMOCAeACTBUY 3a-
nacalouylo TKalb — HA0CMIEPM.

[TosoBoe pazaMHoOKeHHE MOXKET OCYLLeCTB/IATLCS C MOMOLLbIO O/1HOH
MOJIOBOH KJIETKH, Halle BCero ﬂﬁueKﬂeTKH, nIpu 35TOM HE MPOUCXOIHUT
CHSIHUE SIIILEKTETKH CO CNepMaTOo30HI0M (OTCYTCTBYET OMJIO0TBOpE-
Hue). Jlauuslit cnoco6 MosoBOro pa3MHOXKEHHsT Ha3bIBACTCS NapMeHo-
eenezom. IlapreHorene3 NpuCyTCTBYET y HACEKOMBIX (nueabl, mymo-
8oLl ueakonpsd, mAau), BCTpedaeTcsl y 1BY1OMHbIX pacTeHUH.

OHTOrEHE3

Onmoecene3 — mpoliecc MHAUBHAYaJAbHOTO PA3BUTHS
OopraHuaMa, KOTOpPbli HauMHAeTCss ¢ MOMEHTa 00pa3oBaHUs 3UTOTHI
M 3aKaHUYHBACTCS CMEPTbIO. Y BHJIOB, Pa3MHOXKAIOUUXCS OECTOMNBIM
MyTeM, OHTOreHe3 HauuHaeTcsl ¢ 000COOICHUS OJHOH WM HECKOJb-
KHX KJIE€TOK MAaTepPUHCKOro opraHuama. ¥ BHJOB C MOJOBbIM Pa3MHO-
2KEHUEM OH HauuHaeTcCs C OMJIoJO0TBOPEHMUs ﬂﬁueKJIeTKH. % npoKa-
pPHOT M OJIHOKJETOUHBIX 3YKapHOTHUYECKMX OPraHM3MOB OHTOreHe3
npejacTaB/asier coboi, MO CyTH, KAemounblil yuka, oObIUHO 3aBep-
WAIONUICS JAeJeHHeM HJIH THOeNbI0 KJACTKH. ¥ CeMEHHBbIX pacTeHHH
MOJL OHTOTEHE30M TOHUMAIOT MEPHOJ ¢ MOMEHMA NPOPACMAHUL Ce-
MAH 00 00pa308anuUs HOBbLX pacmeruti, NaloIUX ceMeHa, crnocood-
Hble K pa3MHOXeHHMI0 B oHTorenese pacteHuil HalJ/ionaercs uepe-
dosanue nokoaeHuli, 4TO SIBJASETCS XapaKTepHOH 0COOEHHOCTHIO
JaHHOro oHTOreHe3a. [IpoucxoauT uepenoBanne 6ecnoao0eo noKoe-
HUSL — cnopoguma n noaos8oeo noxkosenus — eamemoguma. Cno-
podum obpasyemcsa u3 3ueomoel W 0OpasyeT cnopoi, a eamemo-
pum — uz npopacmaroweti cnopst 1 06pa3yeT nOA08bIE KACMKU.
OHTOreHes nojapasaensieTcss Ha ABa MepUOAA: IMOPUOHANLHbLIL 1
nOCMAIMOPUOHAAbHOL. Y MHOTOKJIETOUHBIX OPraHU3MOB BbIAEISIOT
elle nepuoJl n0A0803PeAOCTIU.

SM6pHOoHanbHOE pa3BHTHE

InbpuonarvHolil nepuod (ambpuornarbroe pazsumue,
ambpuoeene3) HaUMHaAETCsl C MOMEHTa onao0domseopenus — 00 pa3osa-
HUS 3Ue0Mmbl — W TIpeJICTaBJsIeT coO0H mpollecc Mpeobpa3oBaHus 3HU-
TOTHI B MHOTOKJIETOUHBIH 32 POABIII B pe3yIbTaTe MHOTOKPATHOrO JeJe-
HUSI TyTeM MHUTO3a. 3aBepliaeTcs sMOpHOHAIbHOE PAa3BUTHE 8bIX000M
3apodvluia u3 Alyesolx, Wn 3apodoluiesolx, 060104ek THO0 POKICHU-
eM. DMOpHOreHe3 BKJAIOUAET CAeNyIOLLIMe ITanbl: dpodaerue, baacmy-
AAYUIO, 2acmPYAYUio, opearoeeres (puc. 214).
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Puc. 214. DMOGpuOHANbHOE pPa3BUTHE XOPIOBHIX MKHUBOTHBIX (Ha MpHUMepe
nanuetHuka): | — 6macryna; [/[—I[V — racrpyasuus; V—V/I — ob6pasoBa-
HHE Me30JepPMbl, XOPJbl U HEPBHOH CHCTEMBI:

A — nponosbHble padpesbl: /| — aHUMaJbHbli U 2 — BereTaTHBHBIH MOJI0-
ca; § — racTpaJjbHasi NoJoCTh; 4 — TacTPOHOP; & — HEpBHbII KaHas; 6 —
HeHpOKHIIEUHBIH KaHaJ; 7 — HeBponop; § — cKJaajaka Me301epMbl; 9 — 11e-
JoMuueckue meniku; 10 — xopna; /1 — Oyayunit pot; /2 — Oyayuinii 3a-
HUH MPOXOJ;

b — nonepeunble paspesbl: | — 3KToAepMa; 2 — 3HTOAEpPMA; 3 — Me30-
nepma; 4 — MoJIOCTb KHIIeUHHUKa; § — HepBHas MJIacTHHKA; 6 — HepBHas
TpyOKa; 7 — HeBpolleab; § — xopaa; 9 — uenom (BTopuuHasi mojsocThb Te-
na);

B — nomepeuHblil pagpe3 yepe3 JUUMHKY: /| — Xopja; 2 — 11eJ0M; § — ro-
HOTOM; 4 — KHIIKA; 5 — MHOTOM; 6 — KOXHbIH JUCTOK; 7 — CKJIEPOTOM;
8 — HepBHas TpyOKa
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[epuoabl amGpuoreHesa

JlpoGaenue

Hauanbublil 9Tan pazsuTUs OMA0A0TBOpeHHOro siiia. B pe-
3y/abTaTe MHTOTHUYECKHX JleJIeHHH 00pa3dyloTcs 6aacToMepbl.
[1pn xaxnom nocaenyionieM ApoOJEHUH KI€TKH CTaHOBSTCS
MeJsibue, TaK KaK 0J1aCTOMepbl, He JOCTHTHYB MepBOHAYATbHBIX
pasmepoB, BHOBb jensiTcsd. B pesyabrate psina nocnenona-
TeJbHBIX ApobaeHUil GOPMUPYIOTCS TPYMIbI KJIETOK, TeCHO
NpuJIeralouux Apyr K apyry. Takoil 3apojblil Ha3bIBaeTcs
mopyaoiu. K xonny nepuoaa apobaeHusi BeCb 3apObILI JHILb
HeHAaMHOTro KpymHee 3urothl. Jlpo6senne 3akaHunBaercs 06-
pasoBaHuem Oaacmyavt. Hauunas ¢ 6macTyabl, KIeTKH 3apo-
JblA MPUHSTO Ha3bIBaTh sMOpHoHanbubiMu. K konuy 6ma-
CTYJISILINH MOSIBJISIETCS MTEPBHUHAS TOJNOCTb — 6.4aCmoyels.
Baacryna npencrasasier co6oit ogHoCA0NHBIH Ny3bipb. CTa-
U0 6J1aCTYJ/Ibl TPOXOASIT 3aPOAbIIIHN BCeX THMOB KHUBOTHBIX

Facrpyasiuus

IT0 CJOKHBIH Mpolece nepeMelleHns 5MOPHOHANBHOTO MaTe-
puana c o6pa3oBaHHeM JBYX HJIM TpeX CJ0€B Tesaa 3apojbllia,
Ha3bIBAEMbIX 3aPOJBIIIEBbIMU JTUCTKAMHU. [ acTPy/ISLHS MOXKET
MPOUCXOAUTh MyTeM HHBAarMHalUK (BMNSIUUBAHUS), UMMUIpa-
U1K (MPOHUKHOBEHHUSI BHYTPb), AeJTaMUHALHUK (pacCaoeHus),
snuboanu (o6pactanus). B mporecce racTpyasiiuu caenyet
pasnnuath ABa Tana: o6pasoBaHUe IKTO- U SHTOAEPMbI
(RBYXCJIOHHBIH 3apoablll) U 00pa3oBaHue Me30AepMbl (Tpex-
CJIOMHBIN 3apoJblll). DKTOLepMa — BHEIIHHUH CJI0H KJIETOK,
SHTOJlepMa — BHYTPEHHHI CJOH K/IeTOK, Me3ojepMa — Cpej-
HUH CI0H KaeToK. JIBYXCTOHHBIH 3apOabIll MPeACTaB/IseT CO-
6oit Memiok ¢ orBepcteM. [TosocTh HasbiBaeTcst eacmpoyeren,
WIIH nepB8utHol KUWKOL, a BXOJ B KHIIKY — OAACMOROPOM,
W nepsudnsin pnom. Ha ctaanu AByX 3apojbllIeBbIX JUCT-
KOB 3aKaHUHUBAeTCsl pa3BUTHe I'YGOK M KHIIEUHOMOJIOCTHBIX

OpraHoreHes

B pesyabrate nuddepeHunpoBkr GOPMUPYIOTCS TKAHH, OPraHbl
1 cucTeMbl opraHoB. Ha mepBbIX cTaausix U3 3KTOJIEpMbl 3aKJa-
JIbIBaeTCsl HepBHAsi TPyOKa, a U3 SHTOJEPMbl — XOpJa U KHIlleu-
Hast TpyOka. JlaHublfl 3Tan nosyuus HasBaHWe HeldpyArsyuu —
3aKJajKi 0CeBOro KOMMJIeKca. B nambHelieM KaxK bl 3apojibl-
1IeBbIH JTUCTOK JlaeT Hauaso onpejaeneHHbM opranam. M3 skro-
JlepMbl 00pasyloTcsi: HepBHAsl CHCTEMa, OpraHbl YYBCTB, HAPYXK-
Hble OKPOBbI KOXKH — 3MHIEPMUC U €ro MPOU3BOHbIE (HOTTH,
BOJIOCHI, caJibHble W MOTOBbIE »Keqe3bl, 3MaJjb 3y6o). M3 me3o-
JIepMbl — CKeJIeT, MbIIIIIbl, KPOBEHOCHAS!, MOJI0BAst U BbIIENU-
TeJbHasi CUCTeMbl. M3 SHTO/IEPMbl — 0OJbIIIAsT YACTh KUIIEUHHU-
Ka, MHlleBapUTeIbHbIE XKeqe3bl, Jerkue. B Teuenue opranorene-
3a B Pa3BUTHHU 3apojbilia OOJbLIYIO POJIb UIPAET SMOPUOHAb-
Hast MHAYKIHs, KOTOpasi NposiBAsI€TCsA BO BSBAUMHOM BJUSHUH
yacTeil 3apojiblilia HAa Pa3BUTHE MOCHENYIOLUIUX YacTeil
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MocTtamb6puoHanbHOe pasBuTHE

HOCTHSMépLLOHCZ/leO@ pazsumue HauuHaeTCs MocJe
poKACHHUSA HJAW BbIXOJaA 3apoablllia W3 siila ¥ 3aKaHuMBaeTcs cMep-
TbIO OpraHu3Ma. HOCT3M6pI/IOHaJ'II)HOe pasBuTHE MOKET ObITh nps-
MbIM U HeNnpAmsIim, NN C Memamopdyosozn.

BP])I[I)I HOCTQMGpMOHaJ’IbHOFO pa3BuTHUs

[Mpsimoe BHOBb MOsIBUBILKICA OpraHu3M MOX0K Ha POAMTENbCKHUH H OT-
pa3BuTHe JINUAETCS OT HEero TOJIbKO padmepamu. CBOHCTBEHHO MJIEKOMH-
TAIOIIUM, MTHILAM, PENTHIUSAM, MHOTHM HaCEeKOMbIM (TapakaH,
Ky3HeuuK). MiMeeT cienyioine craanu: siio, JUMUHHKA, HMAro
(B3pocaast ocobb)

Henpsmoe JKHBOTHOE MPOXOAUT psijL MpeBpallleHuil, unu Mmeramopdoa

pasBuTHe, (nmpollecc mpeBpanleHust JHUHHKH BO B3POCAYI0 0COOb y KH-
HaH BOTHBIX). MeTamopdo3 cBOHCTBEH MHOTHM HAacCeKOMBIM (mue-
pasBuTHe JaM, Myxam, 6a6oukaM, KyKaM ), KHIIeYHOMOJOCTHBIM, MOJI-
Cc MeTamop- |JI0CKaM, 3eMHOBOAHBIM. 3HAaUeHHe HeMpsIMOro pa3BUTHS CO-
thozom CTOUT B CJAEAYIOLLEM: YMEHbIIAETCsl KOHKYPEeHIUS 3a MULLY U

MecTa OOMTAaHUsl MEXKAY B3POCAbIMU 0COOSIMHM H UX MOTOMCT-
BOM, oOecrneunBaeTcsl pacceseHne OpraHu3MoB, BeyLIUX MpH-
KpenJeHHbIl 00pa3 KU3HU

MUKPOIBONFOLLMSA
Bua. Kputepum Buaa

MUKPO3BOJIOIMOHHBIE TIPOILECCh], KOTOPbIe TpOTeKa-
10T B TOMYJAIHH, MOTYT MPHUBOAUTb K BO3HUKHOBEHHIO HOBBIX BH-
JIOB — LEHTPaJbHOMY M BaKHEHIIEMY 3Tamny 3BOJIOLUMU XKHUBOTO Ha
3emae.

Buod — amo cosokynnocme ocobeil, xapakmepusyrowuxcsi 00-
UM RPOUCXONCOCHUEM, HACAEOCMBEHHbIM CXOOCMBOM MOphoroeU-
yecKkux, uauonrocuteckux u oOuoxumuueckux ocobenHocmelil; cno-
COOHbLX CKpewusamocia U 0asamo nA0008UNMOe NOMOMCMBO; NpPU-
CNOCOONCHHOLX K ONPEOCACHHbIM YCA0BUAM Cpedbl U 3AHUMAIOUUX
onpedenennolil apean.

Pasnuuaior caenyioliue Kpumepuu suoa.
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Mopdghonroeuueckuii kpumepuil

CBHJETENbCTBYET O MOP(OJOTHUECKOH H30JASLUN BHIA, HO HMe-
€T OrpaHUYeHHOCTb MPHUMEHEHHUsI, UYTO 0COOEHHO OTYETJIUBO BUJAHO HA
npuMepe BHA0B-ABOHHUKOB, KOTOpble MOP(OJOTHYECKH CXOLHDIL.

T'eoepagpuueckuii kpumepuil
[eorpaduueckne pas3auuusi MeKJIy BHUJAMH OCHOBAHbI HAa OTHO-
CHUTENbHOIH CaMOCTOSITeJIbHOCTH apeaJsia KaxkJ0ro BUja.

Duszuoroeo-6uoxumuueckull Kpumeput

Bunbl pasnuuHbl, TOTOMY UTO pas3jHuyHbl UX XHMHUECKHE CTPYK-
Typbl — (pU3H010r0-OMOXHMHUECKHEe Pa3Huns MeKAy OJH3KHUMH
BUaMH OOBbIYHO MeHbllle, YeM MexXX/1y BHAaMH (uaoreHeTnyecku 60-
Jee 1aJeKUMHU.

Muorna nanublilt Kputepuil pa3déuBaloT Ha ABa:

— ¢usuonoeuveckutl kKpumepuil yduTblBaeT CXOACTBO MPOLECCOB
JKU3HENesITeNbHOCTH 0co0el 0AHOro BUAA: CMOcOObl MHUTaHHsA, pas-
MHOKeHHsI, 0OMeHa BelleCTB, MOBeJLeHHUs;

— Ouoxumuyeckuil Kpumepuil 6a3upyeTcs Ha CnoCOOHOCTH CHH-
Te3upoBaTh crneurduueckue OeNKH, CXOACTBE XMMHUUECKOr0 cocTaBa
U XUMHYECKHUX MPOLECCOB.

Jkonroeuneckuil kpumeputi

XapaxkTepuayeT B3aUMOOTHOIIEHUs BHJa, €T0 poJb B OHOJOTHYe-
CKOM KPYroBOPOTE BEILECTB: XaPaKTEPUCTUKY 9KOMOTMUECKONH HULIH,
MecTOoOOUTaHNe BUIA, XapaKTePUCTHKY OHOTHUECKHX CBsi3el, 3aBHU-
CHMOCTb OT MPUPOAHBIX (PAKTOPOB. YUacTHe B MpeBpalleHHUsIX OTpe-
JI€JIEHHbBIX 3JIEMEHTOB UJIU BEIIECTB.

T'enemuuecxuii kpumepuil

JlaHublfl KpUTepUHl OCHOBBIBAETCS] HAa BUJIOBOH crnelH(@UUHOCTH
Habopa XpOMOCOM, PasJHUMSIX B HYKJICOTHAHOM COCTaBE MOJEKYJ
JAHK, dopme xpomocom. ['eneTnueckuil kputepuil 6asupyercss Ha
NpeanooKeHHH, YTO BUJ CYLLEeCTBYeT KaK LeJOCTHAas reHeTHUecKas
cucTema.

MU3MEeHYMBOCTb KaK reHeTMYecKasi OCHOBaA
3BOMIOLIMH

Pasnoobpasue opraHu3MoB HECOMHEHHO MpeJCTaB-
JasieT coO0ol HauboJee XapakKTepHYI OCOOEHHOCTb KHMBOrO MHUPA.
Bnaronapsi pasnoo6pasuio pas/auuHble I'pynnbl ocobeil MOTYT HC-
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Mo/Mb30BATb Pa3Hble 3JEMEHTbl CPeJbl, YTO MO3BOJAECT MM pacce-
JIUTbCSl MpaKTHUeCKHU nosceMecTHO. PasHooOpasue Takxke siBasieTcs
OCHOBOIl 9BOJIIOLLIMOHHbIX U3MEHEHHUH MPU3HAKOB U CBOICTB OpPraHu3-
MOB, KOTOpble 0OYCJOBJE€Hbl M3MEeHEHHeM TFeHOTHNOB. YCrexu rese-
THKHM MO3BOJNMJIN KIaCCU(PUUUPOBATH U HU3YUHUTb OCHOBHbIE (HOPMbI
MU3MEHUHUBOCTH M UX 3HAUEHHUE /51 MPOTeKAHUS 3BOJIOLHOHHOIO MPo-
ecca, 4To 1aao BO3MOXKHOCTb COPMYIMPOBATH MpeACTaBICHHE O
FeHeTHUEeCKUX OCHOBAX 3BOJIIOLHHU.
Pasnuualor ciaenytolue munst usmMeH4usocmu.

HacnepcrteeHHas (reHotunuueckas)
M3MEHYMBOCTb

CBsizaHa ¢ MU3MeHeHHeM TeHOB U XxpomocoMm. [lepe-
jpaetcs no HacaencTBy. M3MeHeHMsI HOCAT MHIMBUAYaJbHbI Xxa-
pakTep, HeOOPATHUMBI U COXPaAHSATCSA B TeUCHUE BCEH »KHU3HHU opra-
HU3Ma. DBblaensitoT MyTaUMOHHYI0 M KOMOWHATHUBHYIO H3MEHUM-
BOCTb.

Mymayuonnass — OCHOBbIBaeTCsl Ha BO3HMKHOBEHHH MYTalluil,
T.e. CMOUKO020 USMEHEHUS 2eHemuyeckoeo annapama. DTUM MyTa-
LMY Pe3KO OTIHUAIOTCS OT Modupukayull, He 3ampacusaroujux ee-
Homun ocodu. MyTauuu BO3HUKAIOT BHE3ANHO, CKAYKOOOPA3HO, 6
peayavmame mMymayuli mMocym Nnos8UMbCS HOBble NPUBHAKU, UTO
HHOT/la Pe3KO OTJIHYaeT OPraHu3M OT UCXOAHOH (OpMBbI.

Kombunamusnas — cBsizaHa ¢ noJiyueHHeM HOBBIX COUEMAHUL
eenos 8 eerHomune. CyULeCTBYIOT TPH OCHOBHBIX MCTOUHHKA KOMOH-
HATHBHOW M3MEHUHBOCTH: KOHDHO2AUUSL U KPOCCUHO6E, TPOUCXOS-
IMe MpHU MeHo3e, CO3alollne HOBbIe TPYMMbl CUETICHUS; He3a6UCU-
MOe pacxoicOeHue Xpomocom 8 npouecce mero3a, 4To onpeesaser
60JIbllee YHCJI0 BO3MOXKHbBIX KOMOMHALLMI XpPOMOCOM B raMmeTax; c/ay-
4afHOe COUeTaHHEe FaMeT MPH OMJIOJLOTBOPEHHUH.

MopgundmKaumoHHas (HereHoTunMueckas,
HeHacrnepcTBeHHas, dpeHoTUNMYecKas)
U3MEHYMBOCTb

Besi mabGuaionaemasi  U3MEHUMBOCTb  KAaKOro-Jaubo
NpU3HaKa WJIH CBOHWCTBA B mpeaenax Hopmol peaxyuu. He csaszana
C UBMEHEHUSMU B8 eeHax U XpoMOcomax, He nepedaemcs NO Ha-
caedcmsy W B803HUKAenm Nno0 BAUSHUEM Gakmopos sHeulHeil cpe-
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Ooi. Ecau mepecraer nefictBoBaTh (DAaKTOp, H3MEHEHMS] HCUE3AIOT.
Jlauublil BUA M3MEHUMBOCTH BO3HHKAET B OTBET HA H3MEHEHHS yC-
JIOBUH OKpy:Kalollell cpejbl, MO3TOMY B NMpHpoae He ObiBaeT abco-
JIOTHO OJIMHAKOBBLIX OPTaHU3MOB. PDenomunuueckue U3MEHEHUA,
BO3HMKAIOLHE TOJ BJAHUSHUEM YCJOBHH Cpejibl, Ha3blBAIOTCS MOOU-
Gpurayusamu.

Hopma peaxyuu — smo cmenenv (epanuipbl) 8apbupo8aHus
npusnaka (uau npedesvt modugukayuonnoll usmeruusocmu). Boa-
HUKILEee KOHKpPeTHOe MOAM(UKALMOHHOE H3MEHeHHe MpH3HaKa He
HacJae1yeTcs, HO 1Mana3oH MOAW(PUKALHUOHHOW M3MEHUMBOCTH 00Yy-
CJIOBJIEH HACJEICTBEHHOCTbIO, T. €. MOAHU(UKAIIMOHHOE H3MeHeHHe
BO3HMKAeT B pe3y/JbTaTe B3aUMOJEHCTBUSI TFeHOTHMA C OKpyiKaio-
el cpenoil. Hacaedyemes ne npusHax, a Hopma peaxyuu pas3BU-
Batouleficss ocobu Ha aeficTBue BHellHeH cpeabl. MoaudpuKalLHOH-
Hble MU3MEHEHUS He BJEKYT 3a co00# u3MeHenus rexHoruna. Hopma
peakiuu, Jex)kalass B OCHOBE MOAMUMUKALMOHHOH H3MEHUYMBOCTH,
CKJ1a/bIBAETCsl MCTOPMUECKH B Pe3yJbTaTe ecTeCTBeHHOro orbopa.
OHa CcOOTBETCTBYeT YCJOBHUAM OOUTaHHUS, SIBJSETCS MNPUCNOCOOHU-
TeJNbHOH.

SnemeHTapHble (haKTOPbI 3BOMIOLMM

MoXKHO BbIIENUTb YeTbipe OCHOBHbBIX 3JEMEHTapPHbIX
hakTopa 3BOMIOLUUU: MYMAUUOHHBLIL Npoyecc, NONYASLYUOHHbLE BON-
Hbl, UB0AAYUSL, ecmecmBeHHblil 0mobop.

MyTauMOHHBbIM NpoLecc

[TocTosiHHash MyTaluHOHHAsT H3MEHUYMBOCTb U KOMOH-
HAaUWW TPH CKPelIMBAaHUSAX 1al0T HOBble COUYETAHHS I'€HOB B I'eHO-
oHe, YTO Heu30eKHO MPHUBOJUT K HACAEACTBEHHbIM H3MEHEHUSIM B
nonyasunn. Mymayuu — saemenmapHolil 960AI0UUOHHLIL Mamepu-
a/, a MpoILecC BO3HUKHOBEHUSA MyTalUl, MymayuonHsLl npoyecc, —
NOCMOAHHO O0elicmByowull IAeMeHMAaPHbLll IB0NIOYUOHHbLL  paK-
mop, yBEJMUUBAIOLWIMIA TeHeTHUEeCKYl0 TeTepOreHHOCTb MOMNyJsLUK
BCAEACTBHUE COXpaHEHUsT PEIEeCCHBHbIX MYTaLLHﬁ B TeTepo3nurorax.
Peueccusnole mymayuu 8 2emepo3ueomHom COCMOAHUL COCTABIS-
10T CKpbLmoLll pe3eps U3MeH4u8ocmi, KOTOPbld MOXKeT ObITb HCMOMb-
30BaH €CTECTBEHHBIM OTOOPOM MPH U3MEHEHHWH YCJOBHUH CYLIECTBO-
BaHus. BoablinHcTBO MyTauuii siBasitorcss BpeaHbIMU. OOe3Bpexu-



316 Paspgea V. Oo6uas 6uosorus

BaHWe MyTallMil MPOUCXOAUT MyTeM MepeBoja MX B reTepo3uroTHoe
COCTOsIHUME B pe3yJbTaTe MoJ0BOro npoiecca. Ho mHorue myranuu B
reTepo3UroTHOM COCTOSIHUM TOBBIIIAIOT OTHOCUTEJNbHYIO KHU3HECIO-
coOHOCTb 0coOeil. MexaHU3MOM, MOAJAEPKUBAIOIIUM TeTepPO3UTOT-
HOCTb 0CO0€M, TakKe sABJAseTCS MOJOBOH Mpolecc.

MoxkHO cKazaTh, UTO MYMAYUOHHbLL npouecc — Mo GpaKmop-
nOCMABULUK INEMEHMAPHO20 JBONIOYUOHHO2O MAMEPUANLA.

rlOI'IYJ'I;ILIMOHHbIe BOJHbI

[lTepuoauueckue HJAM anepHoaHuecKHe KoaebGaHHs
UUCTEHHOCTH 0COOEH MOMyJsllMY XapaKTepHbl 1Jis BceX 6e3 HCKJII0-
UeHHUsl KUBBIX OpraHuadMoB. [IpuunHamu Takux KoJgeOGaHUl MOTYT
ObITb pas3auuHble abuOTHUecKHe M OUOTHUecKHe (AKTOPbl CpeJbl.
Heticmsue nonyasayuoHrblX B0AH, UAUL BOAH HCUSHU, Npednoiaeaem
Heuzbupamervroe, cayuQliHoe yHuwmomcenue ocobell, Gaaronaps
ueMy peaKHH mnepen KojgeOGaHHeM UYMCJAEHHOCTH TEHOTHUT (aJJesb)
MOKET CJeJaThCs OObIYHBIM M OBbITb MOJAXBAYEHHBIM €CTECTBEHHBLIM
orbopoM. Ecan B nanbHeiillieM YHCAEHHOCTb MOMYJSIIHH BOCCTaHO-
BUTCSl 32 CUET 3THUX 0ocoOell, TO 3TO MpHUBeJeT K CAydyalHOMY HU3MeHe-
HHIO YacTOT T€HOB B reHO(OHJe NaHHOH monyasiuu. [lonyasyuon-
Hble BOAHbL ABAAOMCA NOCMABULUKOM IBOAIOYUOHHOSO MAMEPUANLQ.

Kaaccugurkayus nonyasayuonnolx 604an

1. Ilepuoduueckue Korebanus 4UCACHHOCTU KOPOMKONUBYUUX
0pearu3mMo8 XapaKkTepHbl JJs OOJbIIHHCTBA HACEKOMbIX, OJHOJET-
HUX pacTeHMi, GOMbIIMHCTBA TPUOOB W MHKpoopraHuamoB. B oc-
HOBHOM 3TH H3MEHEeHHsI BbI3BaHbl CE30HHBIM KoJieOaHHeM YHCJeH-
HOCTH.

2. Henepuoduueckue koarebauusi 4uUCACHHOCTU, 3aBUCSIILHE OT
CJI02KHOTO COUeTaHUsl pasHbiX pakTopoB. B mepBylo ouepenb OHU 3a-
BUCST OT GJAronpusiTHbIX JJs AaHHOTO BUAA (TOMYJASILUU) OTHOLIe-
HUE B MHILEBbIX [EMOYKAX: yMeHbIlleHHe XHIIHUKOB, YBeJHUeHHe
KOPMOBBIX pecypcoB. OObIUHO Takhe KojJeOaHUs 3aTparuBaioT He-
CKOJIBKO BHJIOB W »KHBOTHBIX, U paCTeHHH B OMOreoleH03ax, 4To MO-
JKET TTPUBECTH K KOPEHHbIM MepecTpoikaM Bcero GHOreolleHo3a.

3. Benolwiku wucaenHocmu 8udos 8 HOBbLX palioHax, Tae OTCYT-
CTBYIOT UX €CTECTBEHHbIE Bpar.

4. Peskue Henepuoduueckue KoaeObAHUSL YUCACHHOCTMU, CBSI3aH-
Hble ¢ MPUPOIHBIMU KaTacTpodaMu (B pe3y/abTaTe 3aCyXu HJH MO-
JKapoB).
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Bausinue monynasiiiMOHHBIX BOJH OCOOEHHOE 3aMeTHO B MOMyJisi-
IIUSIX OUeHb MaJOi BeJHUUHbl (0OBIUHO MPH UHUCJAEHHOCTH Pa3MHO-
)Kartouuxcst ocobeit He Gosmee 500). MMeHHO B 9THX YCJIOBHSIX TOMY-
JISIIHOHHbBIE BOJIHBI MOTYT Kak Obl MOJCTABJASATH MOJ J1€HCTBHE ecTe-
CTBEHHOTO 0TOOpa pejKHe MYTAlHUHW MAM YCTPaAHSTh yKe T0BOJbHO
0ObIUHbIE BAPHUAHTHI.

MN3onaums

[Ton usoafyueil MOHUMAETCS BO3HUKHOBEHUE A100bLX
bapovepos, Hapyuwaowux nawmukcuio (c80600H0e cKpeuiusanue).
B 3aBucuMOCTH OT UX MPUPOJbl BbIACAIOT 1BA OCHOBHBIX THMA M30-
JAUUU:  NPOCMPAHCMBEHHYO 1 Ouosoeuueckyro (penpodykmus-
HYIO).

IIpocmpancmeennas u3zoasayus MOXKET CyULeCTBOBAaTb B JBYX
NPOSIBJIEHUSX: U30AAUUSL 34 cuem ceoepaguueckux bapbepos U uU30-
aauus paccmosnuem (6e3 3aMeTHbIX reorpaduueckux 6apbepos,
NPOCTO B CUJAY OOJIBIIONO PACCTOSIHUSI MEXJY MOMYJASIUIMHA HIH OT-
JlebHbIMU 0c00siMK). BodHUKHOBeHME MPOCTPAHCTBEHHOW H30JSIIIUH
CBSI3aHO C PajUyCcoOM pemnpOAYKTUBHOH AaKTUBHOCTH JJisi ocobei
BUj1A.

buoaoeuueckasn uzoasayusa npuBOIUT K HAPYLICHUIO CKpeLLlHBa-
HUS WK MPensiTCTBYeT BOCMPOU3BEIEHUIO HOPMAJBHOTO MOTOMCTBA,
uyTo obecrneunBaeTcs ABYMsl IpynnaMu MeXaHW3MOB: ycmpauaouiue
ckpewjusanue (0OKONYAAUUOHHASL USOAAYUA) U UBOASAYUL NPU CKpe-
wusanuu (nocaekonyasiyuonnad usordayus). Cnapupanuio 6JIM3KHX
(GopM MpensiTCTBYIOT pa3/nuyuss BO BpeMsi MOJOBOH AaKTUBHOCTH U
CO3peBaHUsl MOJOBLIX MPOAYKTOB. B mpupone obwbiuna Ouomunuue-
cKkasd u30AAuus, NTpU KOTOPOH MOTEHIIMAaJJbHble MaPTHEPbI MO ClapH-
BAHUIO HE BCTPEUAIOTCS, TAK KAK OHM 4acTO OOUTAIOT B Pa3HbIX Mec-
Tax. bosbuioe 3HaueHHe B BOBHUKHOBEHUH OUOJOTHUECKON HU30JALUU
y OJU3KHX POPM HMEET 3MOA0UUECKAA USOAAYUL — OCHOMKHEHUS
crapuBaHusi, 00yc/a0BAeHHble 0COOEHHOCTSIMH MOBeeHHsl. BaKubim
M30JUPYIOLIUM MEXaHU3MOM, 3aTPYAHSAIOIIMM CKpelluBaHue OJU3-
KX BHJJ0B, OKa3biBaeTCsl BO3HUKHOBEHHE MOPGPOPU3UOLOSULECKUX
pasauduil B opraHax pasMHOXKEHHUs, TakK HasbiBaemas mopgoaroeu-
yeckas uzoaayus. Boapuias rpynna H3ogMpPYIOIUX MEXaHHU3MOB B
NpHUpOJIe CBSI3aHa C BOSHUKHOBEHHEM HM30JISIIIMK MOCJA€e OTJI0I0TBOpe-
HUSI — COOCMBEHHO 2eHemuueckas U3oaauyus, BKaouatonas rubenb
3UTOT TOCJe OTJIOJOTBOPEHHS], Pa3BUTHE TOJHOCTHIO WJHW YACTHUUHO
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CTEePUJbHbIX TMOPUAOB, a TaKxKe MOHHKEHHYI0 »KH3HeCMOoCOOHOCTb
ruOpUI0B.

3HaueHHe H30JSALMH B Mpollecce 3BOJIOLHH COCTOUT B TOM, 4TO
OHA 3aKpenasieT M yCHUAMBAaeT HauyajbHble CTaAWH IeHOTHNHUYECKOH
AuphepeHLUHpOBKHU.

EctectBeHHbI oTHOpP

Y. lapBuH onpenesns eCTeCTBEHHbIH OTOOP KaK CO-
XxpaHeHnue ocobeil ¢ mMoJe3HbIMH M THOenb C BpPeJHbIMH HHHWBH-
yaJbHbIMH OTKAOHEHUSAMHU. Ocobb A8A8eMCA IAeMEHMAPHOIM 00D
ekmom ombopa. Ho ocobu orbupaiorcs B npejesax MOMYyJsILHHU.
Orclona nonyaayus — 3mo noae delicmsust ombopa KAk INeMeH-
maproeo ¢axkmopa 3sorroyuu. Chepa NeACTBUS €CTECTBEHHOTO OT-
6opa 3aTparuBaerT BCe JKU3HEHHO BaxKHble MPHU3HAKH W CBOKHCTBA
0coOH. Ycrnex B pa3MHOXKEHHH B MEpPBYI0 ouepe/b 3aBUCUT OT oOulel
KU3HECTTOCOOHOCTH 0coOu. Upe3BbluaiiHO CYILIECTBEHHO, UTO 0mOOp
Bcerna udem no genomunam. DT0 03HAUAET, UMO HENOCPeOCmBeH-
HOL MOUKOU npusoxenus ombopa moxcem ObiMmb AUULL KOHKPEMm-
HbLl peayromam peaiudayuu 2eHemudeckol ungopmayuu 8 suoe
onpedenrenHo2o npudHaka uau ceoticmea. B ¢enorune ocobu orpa-
KATCA 0COOEHHOCTH TEHOTHMNA, MOITOMY B uepeae MOKOJEHHH OT-
60p no QeHoTHnaMm CBOAUTCS K OTOOPY ONpeaes]eHHbIX T'eHOTHIOB.
[Ipu sTOM eauHUUEeld oTOOpa Bcerja OKa3blBaeTCs He OT/AesbHblH
NMPU3HAK WJH CBOKCTBO, a BeCb I'eHOTHUI, Bcs 0ocobb B wenom. [lpu-
3HAK OKa3blBaeTcs JHIIb TOUKOH mnpuaoxkenus orbopa. Caenosa-
TeJNbHO, N00 ecmecmeaeHHoln OMOOPOM HYMCHO NOHUMAMb usbupa-
meavHoe (Ougpgepenyuposantoe) 0cnpou3sedenie 2eHoOmuUnos
(usu eeHHbLX KOMNAEKCOB).

Js1 chepbl 1€HCTBUSI €CTECTBEHHOTO OTOOpa CYLLECTBYET OJHO
OrpaHUUYeHUE: ecmecmaeHtoli. OmoOop He MON e USMEHUMb OpeaHu-
3auuio KaKoeo-1ubo suda 6e3 noav3vl 045 Heeo Camoeo U AUUlb HA
noav3y dpyeomy eudy. Haie Bcero oT60p HampaBjeH HA cO3/aHUe
B3aUMOMPHUCITOCOOJEHUH BUAOB APYT K Apyry. OnHako or60p uacrto
BeJIeT K CO3JaHUI0 MPU3HAKOB W CBOHCTB, HEBBITOJAHBIX /S OT/IENb-
HOH 0cOOM W MOJIe3HbIX /sl MOMYJsSUHH U BUAA B Leg0oM. [ eHeTHue-
CKOH OCHOBOIl ecTecTBeHHOro oTbopa siBJasieTcsl HacJaeACTBeHHAsT U3-
MEHUYMBOCTb, & MPUUHHON — BJAUSIHHE YCJAOBUH OKPYKAIOLIEH CPejibl.
MyTaHTbl, ObIBIIHE TpexKae MeHee MPUCMOCOOJEHHBIMHU MO cpaBHe-
HUIO ¢ HOPMaJbHbIM M€HOTHIOM, MPU OJArONPUSATHBIX sl HUX U3Me-
HEHHUSIX YCJAOBUH cpesibl MOAYyUaloT NPEUMYILECTBO U MOCTENEeHHO Bbl-
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TECHSIIOT MPexXKHI0 HOPMY. Pe3yabTaToM AJUTEeNbHOr0 1eHCTBHS OT-
6opa siBasieTcsl npeoOpaszoBaHue MOMyJASLMOHHOTO TreHodoH/a,
3aMeHa OJIHUX KOJMUECTBEHHO MpeobaaaalouX reHOTUITOB 1PYTUMH.

Mopmbl ectecTtBeHHoro otbopa (puc. 215)

Heuwcyuias ¢opma ecrectBeHHoro otbopa. [lpu
JaHHOH opMe oTOOpa MPOUCXOAUT OTCEB MyTaLUH C OLHUM Cpel-
HUM 3HaueHHeM MpPHU3HAKA, KOTOpble 3aMEHSIIOTCS MYTaLHUSMH C
JPYTUM CpeJHMM 3HaueHueM npu3Haka. [[pyruMu ciroBamu, 1aHHas
(bopmMa ecTecTBEHHOro oT6opa O6JaronpUsATCTBYeT H3MEHEHHUI0 Cpejl-
Hero 3HaueHUsl MpU3HAKa B U3MEHEHHbIX ycaoBusX cpeabl. Kiaccu-
UeCKUM MpUMepOM JaHHOH (GOPMbl CAYKHUT TaK HA3blBAeMbli HHIY-
CTPHANbHDBIH MeNTaHU3M.

A b B

Puc. 215. Cxema neiictBusi crabuausupymouieit (A), aBuxkyuei (5) u aus-
pyntusHoil (B) dopM ecTecTBeHHOro oT60pa:

F — nokosnenusi. Ha nonyasillMOHHBIX KPUBbIX 3aLUTPUXOBAHDBI 3JMMHHHPYe-
Mble BapuaHTbl. Besnuunna ayru npu orébope BHYTPH OJHOI0 MOTOMCTBA CO-
OTBETCTBYeT HOpMe peakLHH
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Cmabuauzupyrowuti ombop. Jlannas opmMa eCTeCTBEHHOr0 OT-
6opa HabslonaeTcss B TOM cjyuae, €CclM yCJI0BMSl BHELIHEH cpejbl
JJINTeJNbHOe BpeMsl OCTAlOTCsl NOCTATOYHO MOCTOSIHHBIMM, UTO CIO-
coOCTBYET MOJAJIEPKAHUIO CPEJIHEr0 3HAueHHUsl, BIOpAKOBbIBAs MYy-
TalMOHHble OTKJIOHEHUS OT paHee copMHUPOBaBIIEHCS HOPMBbI.

Paspoisaroujuil (duspynmusnoiii) ombop. Jannas ¢popma ecre-
CTBEHHOTO oTOOpa 6JaronpHUsITCTByeT OoJsee ueM OJAHOMY (DEHOTHNY
W HampaBJeHa MPOTUB CPpelHuX GopM. DTO MPUBOIUT KaK Obl K pas-
pbIBY MOMYJsSILHH MO 1aHHOMY MPH3HAKy Ha HECKOJNbKO (heHOTHIMH-
YeCKHX T'PYMIM, YTO MOXKEeT MPUBECTH K MOJUMOPPHUIMY.

[Tonosoli ombop — ecTecTBeHHBIH 0TOOP, Kacaloluics npusna-
KOB ocobefl opnHoro nojga. OOblUHO MOJOBOH OTOOP BbITEKAET H3
60pbObl MEXKY caMUaMU (B pelKHX CayuasXx — MeXKJy caMKaMu)
34 BO3MOXKHOCTb BCTYMUTb B padmuoxkenue. [TomoBoit ot6op — He
CaMOCTOSITebHbIH (PaKTOP IBOJIOLMH, & BCEro JHIIb YaCTHBIA Cay-
yail BHYTPUBHOBOIO €CTECTBEHHOr0 0T6OpA.

Huousudyarvrelli ombop cBoauTcsl K AUQdepeHIHpOBaAHHOMY
Pa3MHOXKEHHIO OTJeNbHbIX 0co0eH, 00/aaaloUluX NpeuMyllecTBaMu
B 6opbOe 3a cylllecTBOBaHHe B mpejenax nonynasiudd. OCHOBaH Ha
COPEeBHOBAaHUHU 0COOEH BHYTPH MOMYJISILLUU.

I'pynnosoii ombop naetr NpeuMylleCTBEHHOE PAa3MHOKEHHUE 0CO-
6eil kakoi-nu6o rpynnel. [1pu rpynnosom or6ope B 3BOJMIOLUH 3a-
KPenJasiioTcsl NpU3HaKK, OMaronpusiTHbie IJIsl TPYMMbl, HO He Bcerpa
6aronpusiTHble JJs1 ocobeil. B rpynnoBoMm ot6ope rpymnmnbl ocobeii
COPEBHYIOTCS APYT € APYTOM B CO3/laHUU U MOJAJAEPKAHUU LEJOCTHO-
CTH HaJOPraHU3MEHHbIX CUCTEM.

Hcrkyccmsennotli omb6op POBOIUTCS YEJTOBEKOM B IIeJIsIX CO371a-
HUS HOBBIX MOPOJL U1K COPTOB, YAOBJACTBOPSIOLLIMX €0 NOTPEOHOCTSAM.

Y. JlapBUH BblAe/HJ A1BA OCHOBHBIX TUIA HCKYCCTBEHHOro 0T60pa:

— beccosnamenvrolii 0mOOp MPOBOAUJICS MyTeM COXPaHEHHUS U
pa3MHOXKeHHs HauboJsiee LEHHBIX /5 ueJoBeKa MPU3HAKOB pacTe-
HUH M 2KUBOTHbIX, OTOMpaeMbiXx no ¢eHoTuny, 3a cueT orbopa Ha
YPOBHE MAaccOBOH BbIOPpAKOBKM MeHee MPOAYKTHBHBIX ocobeil. [1pwu
JlAHHOM OTOOpe He CTaBsATCA 3ajaud MOJYUeHHsI KaKHX-TO omnpese-
JIEHHBIX MOPOJ U COPTOB;

— cozHamenoroll (memoduueckuii) omob6op COCTOUT B TOM, UTO
UEJIOBEK OCMBIC/JIEHHO CTAaBUT mepen co0ofl 3aaauy MO BbIBEIEHHIO
MMEHHO TeX GOPM pacTeHHH U 2KUBOTHBIX, KOTOPbIE €My HYKHbI, U CaM
KOHCTPYUPYyeT NapaMeTpbl NOPOAbl 2KUBOTHOIO MJIM COPTA PACTEHHUSI.

Y MHUKPOOPraHU3MOB Pe3yJbTAaTOM CeJEKUHH SIBISIOTCS Wmam-
Mbl — KOJIOHUM KJIE€TOK, 0TOOpaHHble MO KAKOMY-TO MPHU3HAKY.
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BupoobpasoBaHme —
pe3ynbTaT MMKPO3BOJIOLMH

Budoobpasosarue — 3T0O pazneseHue BO BpeMeHH U
MPOCTPAHCTBE MpexK/ae eAUHOT0 BUAA Ha ABA MJIH HECKOJBKO.

Crnocobbi BugoobpasoeaHus

l. Ilpamoe npeobpazosarue 00Hoeo suda & dpyeoll.
[Ipu 5TOM KOJIMUECTBO BUIOB B TPHUPOJE He H3MeEHsIeTCsl.

2. Pacxoocdenue npusnakos, uiu ousepeeHyus, BO3HHKaas B
MHOTOUMCAEHHBIX TOMYJAALUAX W MPUBOASILAS K MX PACCENEHHI0 B
HOBble MecTa OOUTaHUS HJIH K OCBOEHUIO HOBBIX 9KOJOTHUECKUX HHILI.
Yucno BUAOB MPU 9TOM MOXKET YBEJIHUUBATLCS, €CJIU MPENKOBbIE BU-
JIbl OCTAIOTCS XKU3HECTOCOOHDBIMH.

3. l'ubpuduzayus 08yx 8u008, UL KOHBepeeHyis, TTPUBOASIIAS
K TIOSIBJIEHHIO HOBOTO, TpeThero, Buaa. Jlauusiil cnocod penko BeTpe-
yaeTrcs B MPHUPOJE, HO MHOTAA MCMONb3yeTcsl B ceqeKinu. Yucao Bu-
JIOB B MPUPOJIE TIPH AaHHOM crocobe yBeJnuruBaeTcs.

OcHoBHble nNyTH BuaoobpasosaHus

1. Aanonampuueckoe sudoobpaszosanue (eeoepagu-
4eckoe) — HOBBIH BHJI MOXKeT BO3HHKHYTb M3 OJHOH WJH HECKOJIb-
KHX CMEXXHbIX MOMYyJSIHH, pacrnooKeHHbIX Ha nmepudepun apeaJsa
HCXOJHOTO BuJA. Bupoo6paszoBaHue MPOUCXOJAMT MPH HapylleHHH
1eJIOCTHOCTH ((hparMeHTalMu) apeaJsia IIHPOKO pacnpoCTPaHEHHOTO
POJMTENBCKOTO BUJA. B oCHOBe ajjomaTpHuecKoro BHJI000pa3oBa-
HHUS JIeKaT T€ WU UHble (OPMbI TPOCTPAHCTBEHHOH H30JSLINH.

2. Cumnampuueckoe sudoobpazosanue. HoBblil BUj BO3HHKAET
BHYTPHU apeajia MCXOIHOrO BHJA, T. €. BUL00OOpa3oBaHHEe MPOUCKO-
JIUT Ha OJHOH TeppUTOPHH. [JTABHBIMH MeXaHU3MaMH SIBJSIOTCS MY-
TallMK, XPOMOCOMHbIE MePeCTPORKH, TMOJHMIOUINS, THOPUIU3ALIUS,
MPHUBOJSIILIME K TeHETHUECKOH H30JSIHH MEeXK1y POJACTBEHHBIMH MO-
NyASUUAME 0 GOPMHUPOBAHHIO HOBBIX BHJOB. BOJIBIIYIO pPOIb MOTYT
chITpaTh W 3KoJoTHUYecKHe (akTopbl. OCOOGEHHOCTb JAHHOTO MYyTH
BUJI000paA30BaHUsl — BO3HUKHOBEHHME HOBBIX BHI0B, MOP(HOdHU3HO0JIO-
ruueckd OJM3KHX K MCXOJTHOMY BHJY.

3. Puaemuuecxkoe sudoobpasosarnue. Ilpu nannom cnocobe BUIL,
MOJHOCTbIO H3MEHsisiICh B uepejie MOKOJEHHH, MpeBpallaercss B HO-
BbIH BHIL.
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4. /lusepeenmnoe sudoobpasosanue (puc. 216) — HOBBIH BUJ
MOKET BO3HUKHYTb NYyTEeM pa3aeseHuss ¢JUHOro npeakoBoro BuAa.
B nanHoMm ciyyae orpoMHyI0 poJib HTpaeT AM3pynTHBHAs (opma ec-
TeCTBeHHOro otéopa.
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Puc. 216. Cxema Bupoo6pasoBanusi. Kaxaasi otaenbHasi BeTouka — MOMy-

JISTLUST:

A — YPOBEHb UCXOAHOTI0 €AUHOI0 BUJA; b5 — momeHT He3aBepUeHHOro pas-
J€JICHUST BULOB; B — JiBa HOBLIX BHUa

MAKPO3BOJTFOLUHA

Maxpoasoaroyueil Ha3blBalOT npouecchl GOpMHUPOBaA-
HUSI TAKCOHOB HAJABUI0BOTO YPOBHS, TaKHUX, KaK POJbl, ceMelcTBa, OT-
psizbl, Kaacchl, oTAe bl U T. 1. [Tpolecc Makpo3BOMIOLMH CBSI3aH HEMo-
CpPeJICTBEHHO C MHUKPO3BOJIOIMEH U sIBJAsieTcsl ee 00001IeHHbIM BbIpa-
JKEHHeM, HO TOJbKO Ha MAaKpO3IBOJIOLIMOHHOM YPOBHE MOXKHO
00HapyKUTb O0OlHE TEeHACHIIMM, 3aKOHOMEPHOCTH M HampaBJeHHs
IBOJIOLIHH XKHUBOTO MUPaA, KOTOPbI€ HE BbISABJAAIOTCSA HAa MUKPO3BOJIOLH-
OHHOM YpOBHE, HampUMep OCHOBHbIE THUIbl 3BOJIOLMOHHOIO MpoLecca.



MakposBoaionus

323

OCHOBHbI€ THMbI 9BOJIIOLMOHHOTIO npouecca

JluBeprenuus

PacxoxaeHust mpu3HakoB B npoiiecce
9BOJIIOILMH, MPUBOJsIlLee K 06pa3oBa-
HHIO HOBBIX (DOPM MJIM TAKCOHOB Opra-
HH3MOB OT ob1ero npeaka. Ha ocho-
Be JUBEPreHlMu OAHW OpraHbl Teqaa
npeoGpasyloTcst B Apyrue B CBSI3H C
BBITTOJIHEHHEM HMH HOBBIX (YHKIHI.
B pesyabrate o6pasyioTcs eomoso-
euyHble opearsb. — UMerollne oblee
MPOUCXOK/ICHHE, HO BBIMOJHSIOLLINE
pasHble QYyHKIHH

Hanpumep, ¢ BbIXO-
JIOM T03BOHOUHBIX
JKHBOTHBIX Ha CyIly
MX MepeiHue KoHey-
HOCTH MpeTeprnenu
3HAUUTENbHbIE H3Me-
HeHHs] B 3aBHCHMO-
CTH OT THMA TepPpH-
TOPUH OCBOEHHS H
o6pasa KU3HHU.

C nmepexonom Ha
BO3/YLIHOE JbIXaHHE
npuobpesy HOBble
hyHKUHH KabepHble
AyTH

KonBeprenuus

HezaBrcuMoe BO3HHKHOBEHHE CXOJI-
HBIX TPU3HAKOB Y OPraHu3MoB, He
POJCTBEHHBIX APYT APYTY, HIH Yy Op-
raHOB, UMEIIIUX B SMOPHOHATBHOM
pPa3BUTHU Pa3JUUHOE TPOUCXOXKIEHHE,
HO BBITTOMHSIOIHUX CXOAHbIE PYHKIIHH.
Haute Bcero BO3HHKAET MpPH 3acese-
HUM Pa3HbIMH BUJAaMU OPTaHU3MOB
CXOJHBIX THMOB MecToobuTaHui. Op-
raHbl, BBIMOJHSAIONIME CXOAHbIC PYHK-
LUK, HO HMelolllHe pa3dHoe MPOUCXOK-
JleHHe, Ha3bIBAIOTCS AHANO02UYHbLMIL
opeanamu

Kpbliabs 6a60uku u
PYKOKPBIJIBIX, POIO-
l[He KOHEeUHOCTH

KpOTa M MeJBeIKH

[Mapaanenusm

KoHBeprenTHoe CX0ACTBO MOSIBJISIETCS
He3aBHCHMO APYT OT Apyra y pasHblX
rpymnmn, ObIBIIUX KOT1a-TO OJU3KHMH.
B HOBBIX yc/a0BUSIX 0OUTAHUS TaKue
OpraHu3Mbl CHOBA MPHOOPETAIOT CXO/-
Hble uepThl. [IpuunHamu Takoro pas-
BUTHS SIBJASIIOTCS: OJIMHAKOBOE Ha-
npaBJjeHue ecTecTBeHHOro orbopa B
CXOJIHBIX MecTax 0OUTaHHsl; onpeje-
JICHHA$1 TeHeTHuecKasi OJJH30CTh MEXK-
Jly TPynnamMmu OpraHu3MoB, HMEIOLLHX
00X MPeKOB

Poi6oo6pasuas 06-
Tekaemas opma y
BTOPHUYHOBOHBIX
MJIEKOMUTAOLLHX,
CXOJICTBO 3aJHUX KO-
HeUHOCTeH yTKH C
KOHEUHOCTSMH JIsi-
TYIIKK U BBIXYXOJH
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Okonuanue maba.

Puaeruueckas [_lpOI/ICXO,[LI/IT nocyaenoBaTesbHoe name- | Kimaccuueckum npu-

9BOJIIOLLUS HeHHe MCXOJHOTO BHJA uepe3 psij MepoMm dujorenesa

(dunorenes) NPOMEKYTOUHBIX BUA0B 6e3 00pa3oBa- | SABJASETCS IBOJMIOLUS
HUsl 60KOBLIX BeTBel. BosHukaer He- COBpeMeHHOH Jola-
NpepbIBHbIA Pl TAKCOHOB, KazK/bli U

U3 KOTOPBIX ABJASETCH MOTOMKOM Ipe-
JABIAYLIero u npeakom mnocaeaylouero

OCHOBHble HanpasJyieHMsa
3BOJIIOLMOHHOrO npouecca

Buonoruueckuit nporpecc

XapakTepusyeTcsi Bo3pacTaHUeM MpHCIOCcOBIeHHO-
cTH ocobell K okpyxatouleil cpene (puc. 217), yecnexom B 6opbbe 3a
CYILIeCTBOBAaHHWE, UTO BeJET K TMOBBIIIEHHUIO YHCJAEHHOCTH ocobei,
pacimMpeHHio apeasa, yBeJIMUEHHIO KOJHUECTBA M pasHooOpasus
JIOUEPHUX TPyNMN (MONYJISUHN U MOJBHI0B BHYTPH BU/a, BULOB B PO-
e u T. I.).

Houoadanmayua — wenxkue npucnocoOeHusi K crneuupuye-
CKUM YCJOBHUAM Cpe/bl, MoJe3Hble B 00pbOe 3a CyllecTBOBaHHE, HO
CYILLeCTBEHHO He MeHsilollue ypoBHsl opranudaunu. ObecrneunBaer
pasBUTHe TPYMNM BHYTPHU ONpeaesNeHHOH cpejbl 0OUTAaHUSI C BO3HHK-
HOBeHHEM OGOJIbIIOro uncaa GJH3KHX (OPM OJHOTO YPOBHS OpraHu-
3auuu. Manoananraiun K y3kuM, OrpaHHueHHbIM, YCJAOBHSAM Cpejibl
MPUBOAAT K creuuanudauuu rpynnsl. Crenuannsanus npu GbiCT-
pOM H3MEHEHHH YCJOBHUH CpeJibl MOYKET MPHUBECTH K BHIMHUPaHHIO.

Puc. 217. CooTHolleHHe MexK1y apoMopdo30M, HaHoasanTaludeil U jereHe-
pauuei
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Y pactenuil: npucnocobJeHnsT K OMbIIEHUIO 11BETKOB BETPOM HU
HACEKOMbIMH, BUJOM3MEHEHUS JIHCTLEB.

Y KHUBOTHBIX: pasjuHuyHas okpacka, popma Teja y BOAHbIX XKHU-
BOTHBIX, PA3/JHUHble KOHEUHOCTH Yy XKHUBOTHBIX U HACEKOMBbIX.

Apomopho3 — ycoKHEHUS CTPOeHUs ¥ PYHKILMH OpraHU3MOB,
KOTOpble BeAyT K 00lleMy MOBbILIEHHIO OPraHU3alUu U >KU3HeCMo-
COOHOCTH I'pPYMMbl B HOBbIX yc/a10BUsAX o6uTaHus. He umes npsmoro
NPUCIOCOOUTENLHOrO XapakTepa, OHH MOBBLIIIAT HHTEHCHUBHOCTb
JKU3HELeATeNbHOCTH 0cobeil, 00yca0BAUBAs X OTHOCHTENbHYI He-
3aBUCHMOCTb OT YC/JI0BHH cpefbl. COXpaHSIOTCS B MOKOJEHHUSIX, TTPH-
BOJAA K BO3HHKHOBEHHMIO HOBBIX KPYMHbIX CHCTEMATHUECKHX TPYyMI.
KpynHbiMu apomMopdo3aMy CUHTAIOTCS: MOsIBJCHUE MHOTOKJIETOUHO-
cTH, oopMiyeHHe siapa, a’poOHOe AblXxaHHe, MOSIBJAECHHE MOJOBOrO
npouecca.

Y pacteHuil: pagBuTHe TKaHeH, MosIBJAeHHe BereTaTHBHBIX Opra-
HOB, MOSIBJEHHE CeMsiH, LBeTKa U MJI0j]a, NnosiaeHue GOTOCHHTe3a.

Y KUBOTHBIX: 1BYCTOPOHHSISI CHMMETPHUs Tesa, Pa3BUTHE MbllILL,
cerMeHTalus Tesa, NOsSBACHUE XOPJAbl, UeNI0CTell, BHyTpeHHee OMJIo-
JI0OTBOpeHHe, TeMJOKPOBHOCTb, BbIKApMJMBAaHHe JeTeHbIlIeHd MOoJo-
KOM.

Hezenepayusi — ynpolleHue opraHusaluu, o6pas3a KM3HH B
pesy/abTaTe NpHUCNocoOaeHuss K 0oJee MPOCTbIM YCAOBUAM CYLLECT-
BOBAaHHUSA, KaK MPaBHJ/IO CBI3aHHBIM C MPUKPENJEHHbIM HJIW Napasu-
THUYEeCKUM 00pa3oM Ku3HH. OOBIYHO COMPOBOKIAETCS UCUE3HOBEHH-
eM psija OpraHoB.

YTpaTa 0opraHoB UyBCTB W NHULIEBAPUTENbHOH CHUCTEMbl y JIEH-
TOUHBbIX uYepBeHd, peAyKLUMs KOopHell M xjsopodu/ia y napasuTuue-
CKHUX pacTeHuM.

Buonoruueckun perpecc

OTo HanpaBJeHMe IBOJIOLMHM  XapaKTepusyercs
yMeHbllIeHHEeM UHCJAEHHOCTH OcOOel Ipymnimbl, COKpallleHueM apeaJa,
yMeHbIlIeHHEeM YUcaa U pa3zHooOpasus JouepHUX rpynn. B urore mo-
JKET MPUBECTH K BBIMUPAHUIO IPYMIbI.



Paspen

V | OcHoBbI 3KONOrMMn

COCTAB BUMOCDEPDI

CoBpemeHHast buocghepa BraUaeT B cebsi BCO eud-
pocgepy, HUKHIOW YacTb ammocgepsv, U MOBEPXHOCTHbIE CJAOH AU-
mocghepol, NPEUMYULECTBEHHO TMOJABEPTIIHECs BO31€HCTBHIO »KHBBIX
OpPraHHU3MOB, — NO48Y.

Kaxnas u3 reosoruyeckux o00M0UeK MaaHeTbl MMEeT CBOU Crie-
uuduuecKde CBOHCTBA, KOTOpble OMpPeAeasiioT He TOJAbKO Habop
(OpM KHUBBIX OPTaHU3MOB, OOUTAIOLLIUX B JaHHOH yacTh OHochepsl,
HO W UX OCHOBHbIe Mopdodusnosoruueckue oco6eHHocTH, GopMUupys
CBOMM BJIMSIHMEM MPUHIMIIHAJIbHBIE TYTH BOJIOIHWH U CTAHOBJIEHHUS
(hyHIaMeHTa bHbIX UePT *KHU3HEHHBbIX (POPM BO3AYILIHbBIX, HA3EMHBbIX,
BOJHBIX M TOUBEHHbIX opraHuamoB. C JAPYro#i CTOPOHbI, caMH 3TH
reoJioruueckue 000JOUKM HAaXOASTCS TMOJ JeHCTBHEM KHBbIX Opra-
HU3MOB, AEATEIbHOCTb KOTOPbIX MOXKET M3MEHATb KakK MX XHMHUe-
CKHMH cOCTaB, TaK U (PU3UUECKOE COCTOSTHHE.

Takum o6pa3om, Bo3aylIHAasl, BOJAHAS W MOUBEHHAst 00OJOUYKH
3eMJIM He MPOCTO NPEeACTaBAAIT cOO0H NPOCTPAHCTBO, 3aM0JHEHHOE
JKU3HbIO, HO BBICTYNAIOT KAK OCHOBHbIE CpPe/bl }KU3HHU, aKTUBHO (op-
MHUPYIOLLHE ee COCTaB U OHOJOTHYECKHe CBOHCTBA.

PyHKLHOHANbHASI B3aHMOCBA3b COCTABHbIX vacTeil Ouocdepbl
BKJIIOUaeT M B3aUMOJAEHCTBHE MPOLLECCOB, MPOUCXOAALLUX B aTMO-
chepe u ruapocdepe. TO npexae BCEro KPyroBopot Bojabl. Bo-BTO-
PbIX, 3TO SHEpPreTHUECKHe CBSA3H, KaK NMpsiMble — uepe3 TeMnaoBoe u3-
JiyueHue, TaK U KOCBeHHble — uepe3 npoliecchl ¢poTocuHTeda. Hako-
Hell, MMEKT MeCTO M XMMHUeCKHe CBfI3M (pacTBOpeHHe B BOje
KUCJ0pPO/a U YIJIEKUCJOTO0 rasa).

B uenoM ¢yHKUHOHAAbHAS B3aUMOCBS3b COCTAaBHbIX 4YacTel
6uochepbl MpeBpallaeT ee B reHepasbHylo caMOpPeryJaupylouLyrocs
9KOCHUCTEeMY, 00eCneunBallyl0 yCTOHUUBBIH TJI00AAbHBIH KPYyroBo-
pPOT BellleCTB.

PaccmoTrpum coctaB Guocdepbl MO THUMY BELIECTB, CAaratouiux

ouocdepy.
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Kak ormeuas B. M. Bepunaackuil, «BelecTBo 6Hocdepbl COCTOUT
M3 ceMU IIyOOKOPA3HOPOJHBIX YaCTEH»:

1) COBOKYMHOCTb KUBBIX OPraHH3MOB, HUBO20 Geujecmsa, pac-
CesIHHOTO B MUpHajnax ocobel;

2) BellleCcTBO, co3naBaemMoe W TepepabaTbiBaeMoe KU3HbIO, —
6uozennoe seujecmgo (Hanpumep, KaMeHHbIl yrojb, GHTYMbl, H3-
BECTHSIKH), KOTOpOE SIBJSIeTCS HCTOUHHKOM Upe3BbIUAHHO MOIIHOH
MOTeHIINaNbHOH SHEPTHHU;

3) KocHoe gewjecmgo (TBepoe, XKUJKOe M razoobpasHoe), obpa-
3yeMoe TpoleccaMy, B KOTOPbIX KHBO€ BeIeCTBO He YUaCTBYET;

4) buoxocnoe seujecmso, KOTOpoe CO31aeTcsi OTHOBPEMEHHO KHU-
BbIMM OpPraHU3MaMM M KOCHBIMH TIpolleccaMH, MpejacTaBisis co6oi
JHMHAMUUECKHE PAa3HOBECHbIEe CHCTEMbl TeX W Npyrux. »Knpoe Belie-
CTBO B TaKHX CHCTEMAaxX HUrpaeT BeAyULYI0 POJb;

D) sewecmso 8 paduoakmusHom pacnade B (popMe HEMHOTHX
OTHOCHUTEJbHO MPOUHBIX PAHAKTHBHbBIX 3JE€MEHTOB;

6) paccesnnovle amomol, BeleCTBO, MO-BUIAUMOMY XapakTepHOe
TOJILKO /7151 OGHocepbl, HeMPepbIBHO CO3/1aI01Ieecss U3 BCIKOrO poaa
3eMHOr0 BeIleCcTBa MOJ BAUSHHEM KOCMHUYECKOTO H3JyUeHHs;

7) seuwjecmso KOCMULECKO20 NPOUCKOHCOEHUSL.

Jlanunasi kmaccupukanuss tunos BeutectB B. M. Bepnanckoro,
no MHeHuio reosgora H. B. BaccoeBuua, He sBJseTCsl JIOTHUECKH
6e3ynpeuHoil, TaK Kak BblleJeHHble KaTerOPHUHU BelleCcTBa YaCTHUHO
nepeKkpbiBalOTCS.

Tunbl Bewects 6uochepnl 3emaun (no Jlanno)

I'papauun Tunbl Bewecrsa
Xapakrep p Tunbl BeuecTBa 3eMHOT0O
M0 UCXOJHOMY BHE3EMHOro
BeleCTBa MPOUCXOXKAEHUSI
BEIIECTBY NPOUCXOXKAEHHUS
)XuBoe bBuorennoe JKuBoe BelllecTBo HeussectHo
Abuorennoe HeunssectHo Hewussectno
HexxuBoe | buorennoe a) HeobuorenHoe Belle- | HeusBectHo
CTBO;
6) naneob6HOreHHOE Be-
L1€CTBO
AoGuoresHoe AGuoresHoe, uamM Koc- A6uorennoe, uUJaH Bellle-
HO€, BeLIeCTBO CTBO KOCMHUECKOTO MpO-
HUCXOKTCHHUST
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Beuiecmesa 3emnoeo npoucxoxncdenus npejcTaBaeHbl B 6uocgepe
KaK »KMBbIM, TAK U HEKHMBbIM BEILECTBOM.

Buozennoe xcusoe seujecmso o6pasyeTcss HCKIAIOUHUTENBHO MY-
TeM pa3MHOXKEeHHs yxKe CYIIeCTBYIOLIero xKUBOro Belecta. yKuBoe
BellecTBO, 06pa3oBaHHOe aOHOTEHHBIM TyTeM (M3 HEeXHMBOH MaTe-
pun), He obHapy»xKeHo. HexuBoe BellecTBo, MpUCyTCTBYIOIEee B GHO-
ctepe, MoKeT ObITb KaK OMOTEHHBIM, TAK U AOUOTE€HHbBIM.

Buozennoe nexcusoe seujecmso Co3naHoO B pe3ysabTaTe KH3He-
NeSITeNbHOCTH KUBBIX OPTaHU3MOB UJIM B pe3yJ/bTaTe UX cMepTH (0cC-
TaTKH OTMEpIINX OPraHU3MOB, MPOAYKTbl MX JUHbKHU M OMajaa, 9KC-
KPEeMEHTbl KUBOTHBIX H TPOAYKTHl BHeIIHEro MeTabosnu3Ma KHUBBIX
OpraHuaMoB). DTH BellecTBA MOXKHO pa3jeuTb Ha JBe TPYIIbL:

a) HeobuoeeHHoe seujecmao, 06pa3oBaHHOE KUBBIM BEILECTBOM,
CYHLECTBYIOLUIUM B JIAHHYIO T€OJOTHUECKYI0 3MOXy. XapaKTepHOH ero
uepToil ABJAsieTCsl KpalHsAs HeyCcTOHUMBOCTL B Ouocdepe, 00yc/a0B-
JIeHHas TJTaBHbIM 00pa3oM TeM, UTO €ro HepTrHuyHoO nepepabaTbiBa-
I0T 2KHBble OPTAHU3Mbl, OCOOEHHO 3TO XapaKTepHO JJs OpraHHue-
CKHX COeJUHEeHHUI;

6) nanreobuocenroe seuiecmao, 06pa3oBaHHOE KUBbIM BelllecT-
BOM TIPOIIEIIINX TeOJOTHUECKHX 3MOX M COXpaHHUBIIEecs B COCTaBe
TOPHBIX TMOPOJIL.

Hexcusoe abuozennoe seujecmso — 310, HapuMep, MPOLYKThI
BYJIKAHU3MA M r'a3bl, BbIAEASIONIHECS U3 HEp 3eMJIH.

Cpenn BellecTB BHE3EMHOTr0 TPOUCXOKIEHUsT MPUCYTCTBUS XKHU-
BOT'O WM GMOTeHHOTO BellecTBa HAy4YHO He ycTaHOBJeHO. UTo Kaca-
eTcsd abHOreHHOrO BelleCTBAa BHE3EMHOTO MPOUCXOXKEHHS, TO 3TO
Belllb BroJHe peanbHasi. CioJla OTHOCATCS METEOPUTbI, KOTOpble SB-
Js10TCst Haubosee U3BECTHOM, HO JaJeKo He caMOH pacrnpocTpaHeH-
HOH opMOl aOHOTeHHOro BellecTBA HE3eMHOT0 MPOUCXOXKAEHHUs], B
cocTaBe KOTOPOTO npeobjgagaeT MeTEOPUTHAs Mblib C JHAMETPOM
YACTUI B J€CATKH MHUKPOHOB U ellle Hojee MeJIKHe UaCTHIIbl C pa3-
MepaMu, NpUOMAUKAIOUMMUCS K MOJEKYJISPHBIM.

Y¥uBoe BewwecTBO M ero PyHKUMM

«Ha semwnotli nosepxnocmu Hem Xumuueckotl cuiol,
bosee nocmosinHo delicmayrowel, a nomomy u 6osee moeyuiecni-
BECHHOL NO CBOUM KOHEUHbIM NOCACOCMBUAM, YeM KHCUBbLLE OP2AHU3-
Mmbl, 83samoie 8 ueaoms, — nucana B. M. Bepuanckuit o xuBom Be-
lecTBe 6uocdephl.
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JKuBoe Beulectso, no cjaosaM BepHaacKoro, BbIMOMHSAET KOCMHU-
yeckKylo (YHKIIMIO, CBsI3bIBAsi 3e€MJI0 C KOCMOCOM H OCYIIeCTBJSISI
npouecc gorocuHTesa. Mcnonb3ysi colHeUHYIO 3HEPTHIO, KUBOE Be-
[eCTBO BbIMOJHSIET THTAHTCKYI0 XHMHUECKYI0 padoTy.

[To Bepnajackomy, KOTOpbIil BrepBble paccMoTpesa QyHKILUH KHU-
BOTO BelllecTBA B CBOEH 3HaMeHUTOH KHure «buocdepa», Takux
(YHKUHUH 1€eBSITb: ra3oBasi, KUCJAOPOAHAS, OKUCAUTENbHAS, KaabllHe-
Basi, BOCCTAHOBUTENbHAS, KOHLUEHTPAUHMOHHAs, (QYHKIUS paspylue-
HUSl OPraHUueCcKUX COeJMHEHUH, PYyHKILMS BOCCTAHOBUTENbLHOIO pas-
JIO2KEHHUs, PYyHKIMS MeTaboanu3Ma U AblXaHHsl OPraHU3MOB.

B Hacrosiliee BpeMsi ¢ yueTOM HOBbIX HCCAEJ0BAHHH pas3/anualoT
caeaylole QyHKIHHU.

DHepreTnyeckas PyHKUms

[TornonieHne coMHEUHOH SHEPTHU MPH (POTOCHHTE3e
H XUMHYECKOH SHEPruu npu pas/aoKeHUHW SHEeProHacbIl€HHbIX Be-
HIeCTB, nepejgavya sHEPruu no nNUUIEeBbIM LEMAM.

B pesysnbrate ocyllecTBasieTcsl CcBsI3b OHOC(epHO-NIaHeTapHbIX
SIBJIEHUH C KOCMHUECKHM H3JIyueHHeM, MPenMYIleCTBEHHO C COJTHeUHOH
panuanueil. 3a cueT HaKOMAEHHO! COJMHEUHOH SHEPTHH MPOTEKAIOT BCe
’KU3HeHHble siBneHust Ha 3emJe. Henapom Bepnanckuil nassan sese-
Hble XJOPO(UIIbHbIC OPTaHU3Mbl IIABHBIM MeXaHU3MOM GHOChepbl.

[TornouleHnass sHeprust pacrnpeiensieTcss BHYTPH 3KOCHCTEMbl
MeXK/y »KHUBBIMH OpraHusMaMu B BuJe nuuiu. YacTUuHO 3Heprus
pacceMBaeTcss B BHJe TeMJa, a YaCTHMUHO HAKAMJIMBAaeTCs B OTMep-
IIeM OPTraHHYeCKOM BelllecTBe M MepexoAUT B HCKOMaemMoe COCTos-
Hue. Tak obpasoBanuch 3a/aexu Topda, KAMEHHOrO yris, HepTH U
JPYTHX TOPIOYHUX MONE3HbIX HCKOMAEMbIX.

HecTpykTHBHas dyHKLMA

dTta QYHKIHUS COCTOUT B Pa3/OKeHWH, MHHEpaJu3a-
IIMM MEPTBOTO OPTaHMUECKOTO BelllecTBa, XHMHUECKOM PassoxkKeHHH
FOPHBIX TMOPOJ, BOBJeUeHUHM 0O6pa30BaBIIMXCS MHHEpasaoB B OHOTH-
YyecKHuil KpyroBopor, T.e. 00YCJOBJIMBAET MpeBpalleHue KUBOTO Be-
nlecTBa B KocHoe. B pesysnbrate o6pasdyloTcsl Tak:ke OUOreHHOE U
61OKOCHOE BelllecTBO GUochepbl.
Ocob0 caeayeT ckazaTb 0 XHMHUECKOM Pas3J0xkKeHUU FOPHbIX MO-
pon. «Mot nHe umeem Ha 3emae 6oaee mocyuweeo Opobumenrs mame-
puu, wem wusoe seujecmsos, — nucaa Bepuaackuii. [TuoHepsl
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JKU3HU Ha cKajaax — OakTepHuH, CHHe3eJeHble BOAOPOCIH, TPUObI U
JUIIARHUKKY — OKa3bIBAIOT HA rOpHble MOPOJbl CHJAbHEHIIee XUMH-
yeckoe BO3JeHCTBHe PacTBOPAMHU LeJOro KOMIJeKca KHCIOT —
yroJbHOM, a30THOH, cCepHOH M pa3HooOpasHbIX opraHuuyeckux. Pas-
Jarasi ¢ MX MOMOILbIO T€ WJIW UHble MUHEpaJbl, OpraHu3Mbl u3bupa-
TeJbHO H3BAEKAIOT M BKJAIOUAIOT B OMOTHUECKHH KPYroBOPOT BaXK-
HellllMe MUTaTeNbHble 3MEeMEeHTbl — KaJblUWi, KaJaul, HaTpuii, doc-
$hop, KpeMHHI, MUKPO3JE€MEHThI.

KoHueHTpauuoHHas dyHKums

Tak HasbiBaetcst u3buparenbHoe HAKOMAEHHE B XOJ1€
KHUBHEeNeATeJIbHOCTH OHpeiLeJIeHHb[X BUAOB BelleCTB AJ4 HOCTpOe-
HUsl TeJga OpraHuaMa WJHW yJansieMblX M3 Hero npu merabosusme.
B pesynbraTte KOHILEHTPAUHOHHON (PYHKUMU KHUBble OPraHU3Mbl H3-
BJIEKAIOT U HAKaTMJUBAIOT OUOreHHble 3JeMEeHTbl OKPYyKalollel cpe-
nbl. B coctaBe kuBOro BelecTBa npeobaanaioT aTOMbl JIETKHX 3Je-
MEHTOB: BOJ0pPOJa, yrjaepoja, a3ora, KMCJI0pOaa, HATPHUS, MarHus,
KpeMHHsI, cepbl, XJa0pa, Kaaus, Kanaplius. KoHlleHTpauus 3Tux sJne-
MEHTOB B TeJie »KHBbIX OPraHU3MOB B COTHH M ThICSIUH pa3 BhIIle,
yeM BO BHeLUHeﬁ cpezle. 9TI/]M O6"bﬂCHHeTCﬂ HeOlIHOpOﬂHOCTb XUMHU-
4ecKoro cocrana 6uocdepbl U ee CyllleCTBEHHOe OTJHUYHEe OT COCTaBa
HEXKMBOTO BelllecTBa MJaHeTbl. Hapsaay ¢ KOHLeHTpaLHOHHON (yHK-
Lll/lef/)l 2KHUBOTO opraHnsma BelleCTBa BblIJleJAAETCH HpOTI/IBOHOJIO)KHaH
efl mo pesyabrataMm — pacceusarwoujas. Ona NposiBIseTcss uepes
TPO(UUECKYI0O U TPAHCIOPTHYIO AeATeIbHOCTL opraHu3dmoB. Hanpu-
Mep, pacceMBaHMe BElLeCTBA MPHU BbIACJEHUH OPraHu3MaMu IKCKpe-
MEeHTOB, ru6esu OpPraHW3MOB TPH PA3HOrO poja MepeMelleHUsX B
NpOCTpaHCTBe, cMeHe MOKPoBoB. JKene3o remorao6uHa KpoBH pac-
ceMBaeTcsl, HaTIpuMep, uepe3 KPOBOCOCYIIMX HACEKOMBIX.

CpepoobpasytoLas pyHKums

[IpeoOpasoBanue (U3HKO-XUMHUECKUX NapaMeTpoB
cpenabl (auTocdepbl, THApocdepbl, aTMocdepbl) B pe3ysabTate Mpo-
1eCCOB JKM3HEAEATeNbHOCTH B YCJIOBUAX, OJAaTONPUATHBIX A5 Cylie-
CTBOBAHMSI OPraHU3MOB. JTa (YHKIUS SIBISETCS COBMECTHBIM pe-
3yJbTaTOM pPAacCMOTPEHHBIX BbIllle (YHKIIMH »KUBOTO BellecTBa:
SHepretuueckas (QyHKIMS oOecreunBaeT sHeprueil Bce 3BeHbsA OHO-
JIOTHUECKOT0 KPYrOBOPOTA; AECTPYKTHBHAST W KOHLEHTPALHOHHAS
CNocoOCTBYIOT HM3BJIEUEHHIO M3 TMPHUPOJIHOH Cpe/bl ¥ HAKOMJIEHHIO
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paccestHHbIX, HO KH3HEHHO BaXKHbIX ISl »KHUBbIX OPraHHU3MOB 3Je-
MeHTOB. OueHb BaKHO OTMETUTb, UTO B pe3yJbTaTe Cpenoobpasylo-
el GyHKUUKM B reorpaduueckoil 06040UKe NPOU3OLIIH CACAYI0LIHe
BakHelue coOblTHsl: Obll NpeoOpa3oBaH ra3oBblil cocTaB nepBHU-
HOH aTMocdepbl, U3MEHUJICH XUMHUYECKHH COCTaB BOJ MEPBUUHOTO
oKeaHa, ob6pasoBasachb ToJlla OCAL0YHBIX MOPOA B JUTOChepe, Ha
MOBEPXHOCTH CYHLIM BO3HHUK TJIOAOPOAHBIN MOUBEHHBIH MOKPOB. «Op-
eanu3m umeem 0eno co cpedoil, K KOMopol He MOA6bKO OH NPUCHO-
cobaen, HO Komopas npucnocobiera K Hemy», — TakK XapakTepHu3o-
Basn Bepnanckuii cpenoo6paayionlyio (GyHKIMIO KHBOTO BellecTBa.

PaccmoTpenHble yeTbipe (YHKLUHH KUBOIO BelleCTBA SIBJSIOTCS
rJIaBHBIMU, OMpeaensioniuMu QyHKIUsAMHU. MOXKHO BbIJEAUTH elle
HEKOTOpble QYHKIHMH KUBOTO BElLeCTBA, HAMPUMEP:

— ea3osas ¢ynkyus oOyCNOBIMBAET MUTPALMIO Ta30B U HUX Tpe-
BpallleHus, obecrneynBaeT rasoBblii coctaB Ouocdepsl. [Ipeobmanaio-
1asi Macca rasos Ha 3emJje uMeeT OHOreHHOe nmpoucxoxaenue. B npo-
necce (YHKUHOHUPOBAHUS XKHBOIO BELLECTBA CO3/a10TCsl OCHOBHbIE Ta-
3bl: 30T, KUCJAOPOJL, YIVICKHCJbI ra3, cepoBOA0POA, MeTaH H p. XOpoLlo
BH/IHO, UTO ra3oBast (PyHKILUS SIBJASIETCS COBOKYTHOCTbIO BYX OCHOBOTMO-
Jararlux QyHKIUHE — NecTPyKTUBHOH U cpenoodpasyolei;

— OKUCAUMEeNAbHO-80CCMAHOBUMENAbHAS PYHKYUS 3AKII0UACTCS
B XHMHYECKOM MpeBpallleHny r1aBHbIM 06pa3oM TexX BellecTB, KOTO-
pble coneprKaT aToMbl ¢ MepeMEHHONH CTeMeHblo OKHUCAEHUs (coeu-
HeHUs »Kese3a, maprasua, a3ora u ap.). [Ipu aToMm Ha noBepxHOCTH
3emau npeobaanaloT OUOreHHble MPOLECChl OKHUCAEHHS W BOCCTA-
HoBJeHUSl. OObIUHO OKHMCAUTENbHAsl (YHKIIMS KHUBOTO BeUleCTBa B
6uochepe nposiB/asieTcsl B NpeBpalleHUH OaKTepUSIMU U HEKOTOPbI-
MH rpuOaMHu OTHOCUTEIbHO O€IHBbIX KHCAOPOAOM COeJMHeHHUH B Mou-
Be, KOpe BbIBeTPUBaHHUs U rujapochepe B Gosee OoraTble KHCJAOPO-
JI0M coenMHeHusl. BoccTaHoBUTeNbHAsh (QYHKLHS OCYLLECTBJAsETCS
npu o0pa3oBaHUK CyJabPaToOB HENOCPEACTBEHHO WJIH yepe3 OUOreH-
Hbli  CEepOBOJOPOJ, MPOU3BOAMMBIA Pa3MHUHBIMU OaKTEpPHUSIMH.
M 3necb Mbl BUANM, UTO AaHHAST QYHKIHS SIBJASETCS OJAHHUM M3 MPO-
SIBJIGHUH cpefooOpasylollell PyHKIUHU KHUBOIO BELLECTBA;

— mpancnopmnas PYHKYyus — TMepeHoc BellecTBa MPOTHB CH-
JIbl TSI?KeCTH M B FOPM30HTAJbHOM HanpasjaeHud. Eule co BpemeH
HbloToHa M3BecTHO, UTO MepemelleHle NOTOKOB BellleCTBa Ha Haluel
nJaaHeTe onpeaensieTcsi CUAOH 3eMHoro TaroteHusi. HexxuBoe Belte-
CTBO caMo Mo ce0e nepemeliaeTcss N0 HAKJAOHHOH MJIOCKOCTH HCKJIIO-
UUTEJIbHO CBepXy BHHU3. TONbKO B 3TOM HAMpaBJeHUH JIBUIKYTCS pe-
KM, JI€JTHUKH, JTaBUHbI, OCBIMH.
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JKunBoe BeulecTBo — eAMHCTBeHHDbIH aKkTOp, 00YCJA0BAUBAIOLLHN
oOpaTHOe MepeMelleHHe BellecTBa — CHHU3Y BBepX, M3 OKeaHa — Ha
KOHTUHEHTHI.

3a cueT aKTMBHOTO MepeiBHIKEHHUS KUBble OPTAHU3MbI MOTYT Me-
peMmellaTb pasiMuHble BELLEeCTBA MM aTOMbl B TOPU30HTAJbHOM Ha-
npaBJeHUM, HAalpUMep 3a cueT pasyMuHbIX BUA0B murpauuil. [lepe-
MelleHHe, MK MUTPALHI0, XHMHUECKHUX BELLeCTB »KHUBbIM BeLLECTBOM
Bepuaackuit Ha3Ba/1 OuoeeHHOl nuepayueil amomos ULl 8eu,ecmsa.

SKOJIONTMYECKHME D AKTOPDI

K skomornueckum ¢akTopaMm OTHOCSATCS KOMIOHEH-
Tbl U §IBJEHHUS OKPY:Kalolleld cpe/ibl, BAUSIOLIHE HA »KHU3HEAesATe ] b-
HOCTb W TIOBeJleHHe OPTaHu3MOB. DKoJOrHueckue GakTopbl Moapas-
JeJs0Tes Ha aOHOoTHUeCKHe U OMOTHUeCKHEe (PaKTOPbI.

Abuomuueckue ¢pakmopo. — 3TO KOMIOHEHTbl U SIBJEHUS HEXKH-
BOH MPUPOIBLI, MPAMO HWJAH KOCBEHHO BO3JCHCTBYIOULHE HA »KUBbIE
opraHuambl. Cpely HUX IJIaBEHCTBYIOULYI0 POJIb UTPAIOT:

— KAaumamuyeckue akmopol — coJHedHas paauHalus, CBETO-
BOH peXXHM, TeMIepaTypa, BJIaXKHOCTb, aTMOC(EpHbIe OCaJKH, Be-
Tep, AaBJAeHUE U P.;

—30aghuueckue (nouserHvie) — BCS COBOKYTTHOCTb (PU3HUYECKHUX
U XUMHUECKHX CBOHCTB noyB, BAWAIOUNIUX Ha pacnpoCcTpaHeHHue moy-
BEHHBIX >KHUBOTHBIX U paCTeHHﬁ;

—eudpoepaguueckue, uiu gaxkmopsl 600H0L cpedol, — HU3N-
yecKHe U XMMHYeCKHe CBOHCTBA BOJbl KaK CpeJbl 0OUTAHUS »KHUBbLIX
opranu3amoB. Ha xapakrtep pacnpeneneHus BOJAHbIX OpPraHU3MOB
OKa3bIBAalOT BJUAHHE MJOTHOCTbL, COJEHOCTD, CBETOBOH pexKum, TeM-
nepartypa, Npo3pauHocTb BOJbI.

Bbuomuueckue ¢axmopor — COBOKYTHOCTb BJIHSHUS JKU3HEIEs-
TEJAbHOCTH OJAHHUX OPraHu3MOB Ha KHU3HEAEATEJAbHOCTb JAPYTHUX, a
Takxe Ha KHUBYIO cpeay obutanus. OHM MOApa3nensloTcsl Ha JBe
rpynnbl B 3aBUCUMOCTH OT BI/ILLOBOQ NpHUHANJNIE2KHOCTH BJAHUAOUIUX
NIPYT Ha Ipyra OpraHu3MoB.

Buympusudosole buomuueckue ¢paxmopol (BHYTPUTOMYJIAILHOH-
Hble B3aMMOOTHOLIEHUS): AeMorpaduueckue, sTonornueckue (axro-
pbl MOBejleHHUsI), KOHKYpPEHTHbIe, MOJOBbIe, HEPapPXHUUECKHe, BO3PACT-
Hble. MexXBUIOBble OHOTHUeCKHEe (AKTOPbl, KaK MPaBHIO, OUeHb
pasHoo6pas3Hbl HAa MOMYJSIIIIOHHOM YPOBHE U MOKAa3bIBAIOT BJUSHHE
MONyJsIUA pasHbIX BUIOB IPyr Ha apyra. HacTto MeKBHA0BbIe GHO-
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THYecKHe (PAaKTOPbl HA3bIBAKOT MEXKBHIOBbIMH OTHOLIEHUSIMH (B3aH-
MOOTHOILIEHUSIMHU ).

Medsudosole 83aUMOOMHOULCHUS MOKHO pasbumo Ha demolpe
muna: HeATpaJ/bHble, AHTATOHUCTHYECKHE, KOHKYPEHTHbIE U CUMOHO-
THYEeCKHe (B3aUMOBbBITOJHBIE).

B3aumMooTHoueHus OpraHusmMoB

Buanbl
Tun B3aumMoaencTeus Xapakrep B3auMoOaeNHCTBUS
1-i BUa | 2-1 BUJ

Heii- Heiitpa- 0 0 OrcyTcTBHE B3aUMHOTO BJHSHUSA
Tpajb- | JH3M opranuamoB. Hu onna nonyssinus
Hble He BJHSIET Ha JIPYryto
Bpenno- — 0 dopma B3aUMOOTHOLIEHHUH, TTPH KO-
HelTpasb- TOPOH MONyJ/silKs OJTHOTO BHA MO-
Hble: aMeH- JlaBJIsieT MOMyJsilikio JPyroro Bujia
cannam 6e3 06PAaTHOrO BO3JEHCTBUS CO CTO-

PpOHBI noaaBJasieMon nonyJasiiuu

[Tosnesno- + 0 BzanmoneficTBue ABYX nonysasinuii
HeHTpasb- pasHbIX BUJOB, MPH KOTOPOM OJHA
Hble: M3 MOMyAsiUi U3BI€KAeT OJHOCTO-
KOMMeHca- POHHIOW MOJb3Y (KOMMeHcaJ ), He
JTH3M NPUUNHSAS Bpela APYyroil momyss-

LU, HO U HE MPHUHOCS MOJb3bI.
[Tonpasnensietcss Ha caeayolne
BU/Ibl: KBAPTUPAHTCTBO, HaXJAeOHHU-
4ecTBO, COTPAME3HHUYECTBO

Antaro- |I[lapasu- + — MerKBHULOBbIC B3aUMOLEHCTBUS,
HUCTHYE- | TH3M npu KOTOPBIX OJIMH U3 BUJOB (mapa-
CKue 3HUT) UCMOJb3YeT JPYroil BUJL (X03si-

MH) B KauecTBe cpejibl OOHTaHHs
WM UCTOUHMKA MUK, B 3aBHCHMO-
CTH OT MecCTa napas3uTH3aMa napa-
3UThl OBIBAIOT KTOMApa3uTaMu —
NnapasuTUPYIOT Ha MOBEPXHOCTH XO-
3slHHA W 3HJ0MapasuTaMu — napa-
3UTHPYIOT BHYTPH XO35MHA

XHILHHYEe- + — dopma B3aUMOJEHCTBUS MeXKy

CTBO pasHbBIMH BHAAMH, TPH KOTOPOI

OJMH BUJ (XMILLHUK) HCMOMb3YeET

JIpYroil BUJ (XKepTBa) B KauecTBe
MHILH
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Okonuanue maba.

Bunbi
Tun B3aumMoaencTeus . XapakTep B3aUMOJEHCTBUS
1-i BuA | 2-1 BUJA,
Konky- | Konkypen- — — dopma B3aUMOJIEHCTBUST MEXKLY
PEeHTHbIE | Ll1s BHYT- OpraHu3MaMu OJHOro BHAA (Mony-
puBHaOBas JISILAN )
Konkypen- — — dopma B3aUMOJEHCTBUS MeXKy
ST MEeXK- MONYJISLHSMH Pa3HbIX BUAOB, KOH-
BHI0BAS KypPHPYIOLLUX 3a OJHU M Te XKe pe-
CypChl BHEIIHeH cpesbl (TeppuTo-
pHIo, MHUILYy, CBeT, yOexKuiie)
Cumomo- | Cum6uo3 + + TecHoe B3anuMoieficTBHE JBYX HJIH
THYEeCKHe 60/1ee OPraHU3MOB Pa3HbIX BUIO0B,
npu KOTOPOM OpraHu3Mbl (cHMOU-
OHTBI) MPHUHOCAT APYT APYTY MOJb-
3y
Myty- + + Popma cumbH03a, NpU KOTOPOH Ka-
ann3m JKJIBIH M3 COJKMTENeH mosayuaer oT-
HOCHTENBbHO PABHYIO MOJMB3Y, TTPH
9TOM OHH (MK XOTS1 Obl OJMH M3
HMX) HE MOTYT CyLeCTBOBATb APYT
0e3 npyra
[TpoToko- + + dopma cum6buo3a, npu KoTopoi ka-
onepanust JKJIBIH M3 COXKHTENEeH rmojyuaer

noJsb3y OT MPUCYTCTBUSA BTOPOro, HO
npu 3TOM Ka»J bl MOXKeT CyllecCT-
BOBaThb 0e3 BTOPOro

JIJ151 KaK 1010 BAUSIONLET0 HA OPraHU3M 9KOJOTHUECKOro pakTopa
CylLecTByeT 0J1aronpUsTHasi MHTEHCUBHOCTb BO3/1€HCTBHUS, Ha3blBae-
mMast 30Hol onmumyma (puc. 218). MakcumaabHoe U MHHHUMaJbHOE
3HaueHue ¢dakTopa, MPH KOTOPOM elle BO3MOXKHA KH3HEAesTesb-
HOCTb, HAa3bIBAIOT npedesamu BblHOCAUBOCMU, UL MOAEPAHNIHO-
cmoro. I'paHullbl, 3a MpeaesaMn KOTOPbIX HACTyaeT rubeb OpraHu3-
MOB, HA3bIBAIOT BCPXHUMU U HUNCHUMU NPEeOeAAMU BbIHOCAUBOCHIL.
PakTop cpe/bl, B KOHKPETHDLIX yC/JI0BUSX HanOoMee yaadeHHbll 0T oM-
THMyMa, CHUKAeT BO3MOXKHOCTb CYLILEeCTBOBAHUS BHAA B JAHHbIX yC-
JIOBHSIX, HECMOTPSl Ha ONTHUMaJbHble COUETaHUS OCTANbHbIX PaKTOPOB.
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Takoit pakTOp, MHTEHCUBHOCTb KOTOPOro NpUOJHKACTCA K peeay
BbIHOCJIHBOCTH HJIM BBIXOAUT 3@ €r0 I'pPaHMllbl, HA3bIBAIOT O2pPAHUYL-

BAIOWUM, UAU AUMUTIUPYIOULUM, PAKTTOPOM.

A

Puc. 218. [leficTBue 3KOJMOTHUECKOTO (DAKTOpPA HA KHUBble OPraHU3MbI:

Crenenb GAaronpHATHOCTH

thakTopa

HMurencuenocTs

peakiiii

[pesenst BoIHOCTHBOCTH

Huzxnmii npenen

OnTHMyM

30Ha HOpMaJIL-
Jongy  HOI JKH3HE1eR-

yrHetehys|  Te/bHOCTH

|
|
|
|
|
|
I
|
|

130ma
L\ VIHETeHHsE

Bepxuuii npenen

[nbean

MHHHMAJbBHAR

—_—

HurencuBhocTs paktopa

ONTHMAJdbHAA

TFHHOKPOBHLW

MAKCHMAJIbHAR

Munumym

Ontumym

Makcumym

A — obuias cxema; 5 — cxema JUIsl TEMJIOKPOBHBIX H XOJIOJHOKPOBHbBIX YKH-

BOTHBIX



Paspen

VIl DHeprus
B OBMONoOrMyecKkmx
cuctemax

BDOTOCHUHTE3

CoxpaHeHHe »KH3HH 3aBUCHT OT CMOCOOHOCTH oOpra-
HU3Ma HUCIOJb30BAaTb pa3/juiHble HCTOUYHUKH SHEPrUH. KaKI/]e xXe
3TO UCTOUHUKHU?

[Ipu Bcem cBoeM pa3HOOOpa3uM OpPraHU3Mbl MCHOJL3YIOT B OC-
HOBHOM J1BA4 UCTOUYHHKA SHEPrHUU: SHEPTHIO XUMHUUYECKUX cBsizel opra-
HUUECKHUX BEILeCTB U YHEPTrUI0 COMHEUHOrO CBeTa.

OpraHuambl, KOTOpble MCMOJNb3YIOT IHEPTUIO OPraHUYECKHX Be-
11eCTB (COBOKYMHOCTb BCEX OPTaHMUeCKHX BelIeCTB, HCMOJb3yeMbIX
OpPraHu3MOM, Ha3blBaeTcsl MHUILeH), HA3bIBAIOTCSA oOpeaHompogpamil.
Bce ocranbHble opranuambl Ha3bIBAOT Aumompogamu. JIMToTpodsl
OTHOCSITCSl K agmompogam, a opranoTpodel — 3T0 eemepompogoL.

ABTOTpOgHBIE OpraHW3Mbl HCMOAb3YIOT /5 MUTAHUS COeJHHe-
HUsl, HE TpeacTaBJsiiolnine 9HepI‘eTI/lLleCKOf/)l ILEHHOCTH, TaKHe, Kak
npeaenabHbie okucabl yraepoaa (COq) unu Bogopona (H:O), mostomy
OHW HY2KAAWOTCA B AOMNOJHUTECJbHOM HCTOUHHUKE IHEPTUH. 3Tl/lM Huc-
TOUHUKOM 3HEPTrUU JJisi OOJbIIMHCTBA aBTOTPOPHBIX OPraHU3MOB
SIBJISIETCSI COJIHEUHBIH CBeT.

ABTOTpOdHBIE OpraHuaMbl Hcnoab3yT CO, B KauecTBe €JIMHCT-
BEHHOTO WJIM IJTABHOTO UCTOUHMKA yraepoaa u o0aaaaloT Kak CHcTe-
Mol hepmeHTOB ansi accuMuasiund COs, TaK U cOCOGHOCTHIO CHH-
Te3UPOBATb BCE KOMMOHEHTbI KJIETKH. ABTOTPOdBI AeAATCT Ha BE
IpyMbl:

— ¢pomoasmompoghor — 3esenble pacTeHusl, BOJOPOCTH, OaKTe-
puu, cnocoOHble K (POTOCHHTE3Y;

— xemoasmompogho. — OaKTEPUH, MUCTOJAb3YIOLUIHE OKUCICHHE
HEOpPraHUYeCcKUX BellecTB (BOJOPOJ, cepa, aMMHaK, HUTPAThl, CEPO-
Bojopoa U ap.). K HUM oTHOcsiTCS, Hanmpumep, BOAOPOAHble GaKTe-
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puu, HUTpUULUPYIOLLHe OaKTepHH, Kenezo0akTepuu, cepobdakTe-
puu, MeTaHoOpasyloline OaKkTepuu.

[TormaieHHbI COMHEUHBIH CBET MCMoJab3yeTcss (GOTOABTOTpPOda-
MU 7151 CUHTe3a OpraHuueckux BelecTs. [103ToMy MOXHO faTh cie-
Aylollee onpejpenenue GOTOCUHTE3a.

Pomocunmes — 3mo npoyecc npeobpazo8aHus NOAQU,EeHHOL
dHepeuu c8ema 8 XUMUHECKY0 IHePeUt0 OpearHuuecKux coOeOuHenL.

dotocHHTE3 — eJUHCTBEHHbBIH Tpoiecc B 6uocdepe, BeAyIUH K
YBEJHMUEHHIO SHepruu Ouocdepbl 3a cueT BHEIIHEro MCTOUHMKA —
CosmHnla — n obecreunBaloIUi CylleCTBOBAHHEe KaK pacTeHHH, Tak
¥ MPaKTHUECKH BCEX IreTepoTPO(HbIX OPraHH3MOB.

MU3UKO-XMMHYECKHE OCHOBBI coTtocHuHTE3a

B o6wux ueprax (U3UKO-XHMHUECKYIO CYyTb (OTO-
CHHTE3a MOXKHO Oomucath cjaeaytouium obpasom. Mosekyaa x.iopo-
¢uanra NoOrJaoLLAeT KB8AHM c8ema W NMePeXoUT B 8030yicdeHHoe co-
cmosinue, XapaKTepU3yloLLeecst 9AeKMPOHHOL CmpPYKmypoil ¢ NOBbI-
LIeHHOH 9Hepruedl W CcnocoOHOCTbIO JIErKO OTAaBaTb 3JEKTPOH.
Takoll 371eKTPOH MOXXHO CPaBHUTb C KaMHEM, MOJAHSATBIM Ha BbICO-
Ty, — OH TakxKe npuoOpeTaer AOMONHUTENbHYIO MOTEHIIMAJbHYIO
SHEPTHI0. DJEKTPOH, KaK MO CTYTEHsIM, MepeMellaeTcs Mo yenouke
CAONMCHOLX OpeaHuuyecKkux CcoeourHeHuil, BCTPOEHHBIX B MeMOpaHbI
xaoponaacma. ITH COEUHEHUS OTAUUAIOTCS APYT OT Apyra CBOUMHU
OKUCAUMEANbHO-BOCCMAHOBUMEAbHbIMU NOMEHYUAAAMU, KOTOPbIE K
KOHILY 1lenu nosbliatores. [Tepementasicb ¢ O4HONH CTyneHH HA ApY-
I'ylo, 3J€KTPOH TepsieT IHEPrHio, KOTOpas UCMONb3YyeTcs Js cunme-
sa ATP.

PactpatuBuiunili cBOI0 3HEPruio 3JeKTPOH BO3BpallaeTcss K XJO-
poduany. HoBas mopuusi cBeToBOH 9HEPTHH BHOBb BO3OYK1aeT MO-
JIEKYJ1y XJA0podpuIa. DIAEKTPOH CHOBA MPOXOJIUT MO TOMY Ke MYyTH,
pacxoaysi CBOIO 3HepPrHI0 Ha oOpasoBaHue HOBbIX MoJekysa ATD, u
BeChb IIUKJ MOBTOPSIETCS.

Uro ke npesacrapiasier co60l raaBHbIH «repoid» (GOTOCHHTE3a —
kBaHT cBeTa? COJHEUHbIH CBET — 3TO JEKTPOMAarHUTHbIE BOJIHBbI,
pacnpocTpaHsiouliecss B BAKyyMe ¢ MaKCHMaJbHO BO3MOXKHOH CKO-
pocTbio (¢). DIEKTPOMATHUTHOE M3JyuyeHUe XapaKTepu3yeTcs MIJu-
HOH BOJIHbBI, aMIJIUTY 0N U yacToTol. CBOACTBA 3JA€KTPOMATrHUTHOTO
U3JyUeHHUsT CUJAbHO 3aBUCAT OT JUIMHBI BOJHBI (puc. 219).
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Bunumblii cBeT 3aHUMAaeT OueHb MaJeHbKYI UacCTb 3JEKTpOMar-
HUTHOTO CHEKTPa, HO MMEHHO ee HCMONb3YIOT pacTeHus A5 POoTo-
CHUHTe3a.

OMEeKTPOMATHUTHbIE BOMHBI M3JAYy4alOTCsl W MOTJIONLAIOTCS He He-
NpepbIBHO, a OTACAbHBIMH MOPUUAMH — KBaHTaMH (potonamu). Ka-
JKJbIH KBAHT CBETa HeceT onpejlesieHHoe KOJIMUeCTBO IHEPTUH, KOTO-
pasi HaXoAUTCsI B 0OpaTHOH 3aBUCHMOCTH OT JAJMHBI BOJTHBI A

E = hc/A,

T. €. ueM OoJsibllle JAJMHA BOJHbI, TeM MeHbllle SHeprust Kkpaura (A —
noctrosinnasi [lmanka).

OT AMHHBI BOJIHBI 3aBHCHUT HE TOJNBKO SHEPTHS KBAHTA, HO M €ro
BeT.

[Tonagas Ha Kakyl-1100 MOBEPXHOCTb, KBAHT CBeTa OTJAaeT el
CBOI0 HEPTHI0, B pe3yJabTaTe uero NoBepxHocTb HarpeBaercs. Ho B
HEKOTOPbIX CAyuasix MpH MOIJIOLLeHUH KBAHTA CBETAa MOJEKYJIO0H ero
SHeprusi He cpasy MnpeBpalllaeTcs B TeMJ0, a MOXeT MPHBECTH K
pasJHUHBIM MU3MEHEHHUSIM BHYTpHU MoJsekyabl. Hanpumep, noa peicr-
BHEM CBeTa MPOUCXOAUT POTONH3 BOJL:

H,O —=*— H" + OH",

T. €. BOJA JUCCOLUMUPYET HA MOH BOAOPOAA W MOH T'MAPOKCHIA. 3a-
TeM HOH TMJIPOKCHJIA TepsieT CBOH JMEKTPOH, U paauKaJbl 'HAPOKCH-
Jla 00pasyoT BOLY H KUCIOPOL:

20H™ = H,O + O".

UTo Ke MPOUCXOJAUT B MOJIEKYyJe MOoJ JeHCTBHEM KBaHTa cBeTa?
UtoObl OTBETUTb HA 3TOT BOMPOC, HA0 BCIIOMHUTb CTPOEHHE aTOMa.
B atome 3/eKTpOHbl HaXOMSITCS HA PasanuyHbIX opOUTaAAsIX U 00Ja-
AT pa3JUUHON 3HEepruei.

DHeprusi MOTJOUIEHHOTO KBaHTA CBeTa B aTOMe MJH MOJeKyJe
nepenaetcst MeKTPoHy. 3a CUeT 3TOH AOMOJHHUTEIbHOH SHEPTHH OH
MOXKEeT MepedTH Ha Apyrod, 6ojee BbICOKMH 2HEPreTHUECKHH ypo-
BEHb, OCTaBasiCh MO-MpeKHeMy B MoJeKyJe. Takoe cOCTOsIHHE aToMa
WJIH MOJIEKYJbl Ha3blBAlOT 8030yxcdenHbim. Momekyna B Bo30yxK-
J€HHOM COCTOSIHMM HecTaOWJbHA — OHA «CTPEMHUTCS» OTAATb JIMLL-
HIOIO HEPrUI0 W mepeliTu B CTaOWJIbHOE COCTOSIHHE C HaWMeHblleH
sHeprueil. OT U3ObITKA IHEPTHHU MOJIEKYJaa MOxKeT U30aBUTbCS pas-
HbIMH MYTSIMM: U3MEHEHHEM CMHHA 3JEKTPOHA, BblJeJCHUEM TenJa,
dayopecuennuneit, hocopecuennuein. Ecan sHeprust KBaHTa CJaHII-
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KOM  BeJHKa, BO3MOXKHO //CH2

«BbIOUBAHHE» 9JI€KTPOHA CH CHj
U3  MOJIeKyJbl, KOTOpas
npespaunlaeTcs B KaTHOH.

Bepuemesa k d¢orocun-
te3y. CJIelyIOUlUM «Trepo-
eMm» (oTocHHTe3a SIBJSIET-
csl MoJeKysa XJaopoduana
(puc. 220), ocHoBHAsT PYyHK-
LUl KOTOPOH COCTOUT B MO-
IVIOLLEHUHU KBaHTa CBeTa.

Xnopoduan — 3enenblii
nurmeHT. OCHOBY MOJEKY-
Jbl coctaBaser Mg-nopdu-
PUHOBDBIH KOMIIJIEKC, COCTOS-
UIMA W3 4eTblpex MHPOJIb-
HbIX  KoJel. [InponbHbie  Puc. 220. CTpoenue MOMEKYJbl XJA0PO-
KOJIblla B MOJIeKyJe XJA0po- duana
¢unna o0paszywT cHCTEMY
conpsixKeHHbIX cBsidell. Takas cTpykTypa o0Jeruaer mnoraoleHue
KBaHTa CBETA W Mepejpauy SHEpPruu cBeta JeKTPOHY Xa0poduJia.

CyllecTByeT HeCKOJIbKO THIOB XJOPOQHUINOB, Pa3JHUAIOLLUXCS
CTPOEHHMEM, a CJeJ0BATeNbHO, U CIEeKTpaMu norJgolenus. Bee pac-
TEHHUs HUMEIOT JBa BUJAA XJOPO(HU/IIA: OCHOBHOH, MPUCYTCTBYET Yy
BCEX paCTeHHUil, 3TO XJOPOPUAN @ U JOMOJHUTENbHbIH, KOTOPbIH Yy
pa3HbIX PACTEHUH pasHbIi: y BbICIIHX PACTEHHUH U 3€JEHbIX BOJLOPOC-
Je# 310 XJa0poduiaa b, y 6ypbiXx U THATOMOBBIX — XJOPODUIT ¢, Y
KpacHbIX Bojopocaedl — xaopoduan d. ¥ dortorpodubix 6akTepui
MPUCYTCTBYET aHAJOr XJA0podumna — OaKTEPHOXJI0POPUIIII.

Kpowme xmopodumana B pacTeHUsIX NPUCYTCTBYIOT U APYrHe MHUT-
MeHTbl. K Ke/NTbIM MUrMeHTam, KapoTHHOWIAM, OTHOCATCS OpaHKe-
Bble WJIH KPacCHble MUIMEHTbl — KapPOTHHbI, KeNTble — KCAHTOPHUJI-
abl. Ha ¢one xsmopoduana KapoTHHOMAbI B JUCTE HE 3aMEeTHbI, HO
0CEHbIO MocJ/e pa3pylleHus XJA0poduaaa NPpUAAIOT JUCTbAM KeATYIO
¥ KpacHyto okpacky. Kak u xaopopuan, KapoTUHOUAbl MPUHAMAIOT
yuacTue B MOIVIOULEHUH CBeTa MpH (OTOCHHTE3e, HO XJ0POPHUJII 5B-
JIIeTCsl OCHOBHBIM MHUIMEHTOM, a KapOTHUHOUAbl — JOMOJHUTENbHbI-
MH. KapoTuHOHbl BbIMOJHAIOT poJb CTaOHAW3aTOPOB (POTOCHHTE3A,
3aluLas XJA0POpHIII OT CAMOOKHCACHHUS U pa3pyLIeHUs.

Bce nmurMenThl, yuactBytouiue B goTOCMHTe3e, HAXOAATCS B Crie-
L HaJbHbIX OPraHOWIAaX PACTHTENbHON KIETKH — XJ0pPOMnJaacTax.

CHyCHj
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CocTae M cTpoeHue (hOTOCHMHTETHMUYECKOro
annapara

XsoponaacTbl IBASIOTCS BHYTPUKJICTOUHBIMH JBYMEM-
OpaHHbIMH OpPraHOWAAaMH, B KOTOPbIX OCYyLLECTBJsIeTCsl (OTOCHHTES.

Y BbICIIMX pacTeHUl XJIOPOMIACTbl HAXOAATCS MPEUMYILECTBEH-
HO B KJETKax MaJ/JHuCajHOA M rybuaTod TKaHed Me30(pHIIa JHCTA.
OHHU TIPHUCYTCTBYIOT TaKKe B 3aMbIKAIOLIUX KJIETKaX YCTbHI[ 3TH-
JlepMHCa JTUCThEB.

XJoponsacThl COCYAMCThIX pacTeHHil UMeloT hOopMy ABOSKOBBI-
NYyKJIO0H, MIOCKOBBINYKJJAOH UM BOTHYTOBBIMYKJOH JTUH3bI C KPYTJIbIM
UJIH 3JJIHTCOUIHBIM KOHTYPOM. BHYTpeHHsIsI CTPYKTypa BCex XJ0po-
nnactos (puc. 221) xapakrepusyeTcsl HaJHUMeM CHCTeMbl MeMOpaH,
Ha3blBaeMbIX TaK)Ke JaMeJaaMu, MOTPYKEHHbIX B THUAPOQPHUIbHbIH
OeJKOBbII MAaTPUKC, UJIU CTPOMY.

OcHoBHO¥ cy6beuHUIled 3TOH MeMOPaHHOU CTPYKTYpbl SBJSIET-

¢ musakoud — my3bipek, 06pa30BaHHbIH OJMHAPHOH MeMOpaHO#H
(puc. 222).

Puc. 221. Crpoenue xaoponsacra:

I — BHemnsis memb6pana; 2 —
BHYTpeHHsis MeMmOpaHna; 3 —
crpoma; 4 — koabuesas JIHK;
5 — rpaHa; 6 — TWJAKOW] Tpa-
Hbl; 7 — THJIAKOWJ CTPOMbI; § —
KpaxmaJnbhble 3epHa; 9 — pubo-
COMBI

[pana

Puc. 222. YacTb THIAKOUJIHOH CUCTEMbI:

| — TUMAKOWJ CTPOMBI; 2 — THUJAKOHI TPaHbl; J — MOJOCTb THAAKOHIA
CTPOMBI
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XJoponaacTbl 3pesblX KJIETOK MMEIT MaKCHMaJbHO Pas3BHUTYIO
THJIAKOUJHYIO cucTeMy. Ee cTpykTypa B XJoponjactax pa3Hbix pac-
TeHUH pasJuuHa W CBsI3aHa IJaBHbIM 00pa3oM C OTHOLIEHHEM JAaH-
HOrO BHJlAa pacTeHHH K CBETY: XJOPOMAACThbl CBETOMIOOUBBLIX pacTe-
HUH CcOMep:KaT MHOIO0 MEJKHX TpaH, XJOPOMIAaCTbl TEHEBbIHOCJHU-
BbIX — MeHbllee KOJHUECTBO I'paH, HO KPYMHbIX.

B kseTke xsmoponaacTbl MOCTOSIHHO MepeMellatoTcs ¢ TOKOM IH-
TOMJa3Mbl MJIM CAMOCTOSTENbHO, OPUEHTHPYSACh MO OTHOILIEHHIO K
ceery. Ecan manaomuii Ha JUCT MOTOK CBETA HMEET BbICOKYIO WH-
TEHCHBHOCTb, TO XJIOPOMJIACTbl pPacrnogaraloTcs BA0JAb CBETOBbIX Jy-
yell M 3aHUMaIOT GOKOBble CTeHKM KJaeTOK. Ecau cBer caabbiil, TO
XJIOPOMAAcTbl OPUEHTUPYIOTCS MEPNEHAUKYJAIPHO CBETOBOMY MOTO-
Ky, TeM CaMbIM YBeJHUHBAsl TJOINLAb MOTJIOUIEHUs cBeTa. DTO Mpo-
siBJIeHHEe (DOTOTAKCHCA Y XJIOPOMJIacTOB.

B nacrosiiiee BpeMsi yCTaHOBJIEHO, UTO (POTOCHHTETHUECKHE TMUT-
MEHTbl B MeMOpaHax XJOPOMJIacTOB HMEIT He OecrnopsilouHoe
pacrnoJsioxKeHue, a OpraHu3oBaHbl B /B MUICMEHTHble CHCTEMbl —
dotocucremy [ (®C 1) u dporocucremy 11 (OC II).

CylecTBoBaHHe ABYX (POTOCHCTEM yaaJ0Ch YyCTAHOBUTH OJaaro-
Japst TOMY, 4To mUrMenTsl, Bxoasiiue B coctaB @C [ u ®C 11, passu-
yaloTcsl Mo CreKTpadbHbIM cBoficTBaM. MHTEHCUBHOCTL (POTOCHMHTE3a
MpPH OCBEIEeHWH CBETOM C JJHHOH BOJHBI 680—700 HM MOXKeT ObITH
3HAUMTENbHO NOBbIIEHA J00aBaeHHeM cBeTa ¢ 6oJee KOPOTKOH JIH-
HOW BosHBI (650—660 HM), 1 HaoO6opoT. OKazaaoch, UYTO UHTEHCHUB-
HOCTb (DOTOCHHTE3a MPH OCBEllleHUH cMelaHHbIM cBeToM (650—700 HMm)
Bblllle CYMMbl MHTEHCHUBHOCTEeH oTocuHTe3a, HabJ/loaaeMoil npu
OCBEIIEHWH CBETOM KaKJ0r0 U3 YKa3aHHbBIX BbIlle IHANa3oHOB JIJIHH
BOJIH B OTJI€NBbHOCTH (9pdeKT MepcoHa). DTO yKa3blBAET HA TO, UTO
B (pOTOCHHTE3€ YUaCTBYIOT 06€ (POTOCHCTEeMbI OJTHOBPEMeHHO.

Kaxnas ¢oTtocuctema cocTOMT M3 CcBeTOoCOOHpalouiux (aHTeH-
HbIX) MOJIEKYJ TTUTMEHTOB (XJopodunana a, xaopodusana b, KapoTu-
HOUI0B, GUKOOUAMHOB) U peakuuonHoro nenrpa (PLL). Peakuuon-
HbIH LEHTP B CBOIO ouepelab BKJAOUaeT (POTOAKTUBHLIH MUIMEHT-J0-
BYILIKY W MepPBUUHbIE JOHOPbl W AKIEMNTOPbl 3JeKTPOHOB. [lurmenr-
gosyumika ®C [ norsomaer cet ¢ aauHod Bosubl 700 HM 1 0603Ha-
yaercst Proo (nan Il70), @ murment-noBymka ®C [ norsomniaer cer
¢ nauno# BosHbl 680 HM U o603Hauaetcss Pego (Han Tlego).

[TurMeHTbl @HTEHHOTO KOMIMJeKca MOrAoulaloT CBeT B TOH 4acTH
CreKkTpa, B KOTOPOH He MOTrJOollaeT MUIMEeHT-JA0BYILIKA, U JOCTaBJs-
10T morJolleHHyto snepruto B PLL, uto mospossier spdekTuBHEE HUC-
noJab30BaTh Hepruto ceera. Kak mpaBuso, OHM MOTJIOLLAIOT CBET C
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JUIMHOH BOJIHBI MeHblIeH, 4eM CBeT, MOTJoulaeMbldl XJI0pOdHIIOM,
Bxoasiiwum B PLL. ITepeHoc sHepruu npoucXoauT TOALKO OT MUIMEH-
TOB, MOIVIOULAIOUIUX CBET C MEHbllUeH AJMHOH BOJHBI, K MUTMEHTaM,
MOTJIONLAKIIUM CBeT ¢ O0JblIeH AJIHHOH BOJHBI.

Jeso B TOM, UTO XOTsl mepejpada HEPrdd OT OAHOH MOJEKYJIbI
MUIrMeHTa K IPYTroi uaet ¢ 60ab1oi 3QpPeKTUBHOCTbIO (0T XJA0poduI-
na b x xaopopuany a — 90%, 0T KapOTHHOUAOB K XJA0PODHATY —
40%), 0AHAKO BCE JKe 3TO CBA3aHO C HEKOTOPOH MoTepeil SHepruu.
[ToTrepst SHepruu MPUBOAUT K MPEBPAlLLEHHI0 KBAHTOB ¢ OoJbliiei
Hepruell (¢ MeHbllel NJIUHONH BOJMHBI) B KBAHTbI ¢ MEHbIlIeH SHEPruu
(c 6oablied nauHoi BomHbl). UMeHHO mo3TOMY OCHOBHBIE (DOP MBI XJ10-
poduaIa, K KOTOPOMY CTEKaeTcs 3Heprus, sBJASIOTCA Haunbosee
JUVIMHHOBOMHOBBIMU». OOpaTHbIH MepeHoC SHePruil HEBO3MOKEH.

Hano oTtMeTUTb, YTO QYHKIIMK O€JAKOBO-UIMEHTHOIO aHTEHHOTO
KOMIJIeKca 3akKJatoualoTesi He TOJAbKO B MOMVIOLEHWH W Tepejaue
9HEPrUH, HO U B 3alUUTE XJAOPOPHIIA OT aKTHUBHBIX (POPM KHCIOPO-
J1a, KOTopble 00pa3yloTcsl MpH MOMJMOUIEHHUH CBEeTa.

YnpoleHHasi cxemMa CTPOEHHsI aHTEHHOTro 0eJKOBO-MHUIMEHTHOro
KOMIJIeKca MpHBeJeHa Ha puc. 223.

Puc. 223. YnpouenHast Moienb GOTOCHCTEMDbI:

| — aunTeHHbIll KOMMJIeKe; /] — peakIMOHHBIH 1eHTpP; /| — KBaHTbHI CBETa,;
2 — MUTMEHTbI, MOTJIOLLAI0IIHe B KOPOTKOBOJHOBOH YaCTH CMeKTpa BHAMMO-
ro cBeTa; 8 — MUIMEHTbI, MOTJIOLA0UIMe B CPETHEBOMHOBON UaCTH CreKTpa
BUJIUMOTO cBeTa; 4 — MOJEKYJbl XJA0podu/aaa a ¢ pa3JUuHbIMKE CEeKTPpaMu
noryaoleHns; 5 — xaopoduan-nosyuika Pego nian P7oo; 6 — nyTh 3Hepruu
MOTJIOLIEHHOrO KBaHTA CBETa K XJA0POPHUINY-TOBYIIKE
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AHTeHHbII KOMTJIEKC BMeCTe C OJIHUM H3 (OTOAKTHBHBIX KOM-
naekcoB (PC I nan OC 11) 06pasyer POTOCUHTETHUUECKYIO €TUHHUILY.
OaHako 10 CUX MOp HEsICHO, KaKasl peasjbHast opranusanus ¢GorTo-
CHHTETHUYECKHUX MeMOpaH COOTBETCTBYeT (POTOCHHTETHUYECKOH eu-
HHULLE.

PeakuHOHHbIE LEHTPbl MOr'YT ObITb BKpaMJaeHbl B CBETOCOOUpaAL0-
IMH KOMIJIEKC TaK, UTO SHepPrusl KBAHTa CBeTa, MOrVIOULeHHOro Jio-
601 U3 MOJIEKYJ/l aHTEHHbI, MOXKET MPOUTH MO LEeNoYKe MOJEKYJ Mur-
MEeHTOB M aocTuub ato6oro PLI. JIpyras BO3MOXHOCTb COCTOMT B
TOM, UTO KaAblii PLI MOKeT mosyuaTh 3HeprUio JHUllb OT CBOEH aH-
TEHHbl. DTH aJIbTEPHATUBBI HA3bIBAIOT MYAbMULCHMPAALHOL U YHU-
UeHmpaaoHol MOAeNsIMH (POTOCHHTETHUECKOH eIHHHIlbl COOTBETCT-
BeHHO (puc. 224).

[TomuMo cBeToCOOMpAIOLLEr0 MUIMEHT-0€JAKOBOrO KOMIJIEKCa U
kommiaekcoB @C I u ®C Il B ¢ortocuHTesupylouiux memoOpaHax
HAXOAMUTCSl TaK Ha3blBaeMblH LMTOXPOMHBIH KOMIJeKe, obecrneuu-
BAalOUIUI MEepeHoc 3JeKTPOHOB MeKAYy (OTOCHCTEMAMH W LHUKJIHYe-
ckUil mepenoc 37ekTpoHoB Bokpyr @C I, a TakxKe NOABUXKHbIE Tepe-
HOCUMKH 3JIEKTPOHA (MJAACTOXUHOH, MJIACTOUHOHUH, (DeppPeloKCHH).

DoToH

Puc. 224. Monenn MyJbTHIEHTpadbHOH (A) U yHHIeHTpaabHO# (B) ¢oTo-
CHUHTETHUECKHX eJIHHMUIL

! — nurmeHT aHTeHHbl; 2 — P70 UK Pegy B peakllMOHHOM 1leHTpe; 8 — MO-
JIeKyJla MmerMeHTa aHTeHHbl, KOTopas nepeuisa B Bo30OYKACHHOE COCTOSIHHE
B pe3ysbTaTe MorjaouleHus GoToHa HJIM B pe3y/abTaTe MepeHoca HepPruu
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a3kl M npouecckl POTOCHHTE3A

Moasexkyna, norJoTuBlias SHEPruto, MePexXoiuT B
B0O30Y2K/I€HHOE COCTOsIHME, KOTOpOoe siBasieTcsl HecTaOuabHbIM. Takas
HecTaOW/AbHAs MOJEKyJa He MOXKeT A0Jro CyllecTBOBaTb — OHa
CTpeMUTCsl U30aBUTbCs OT M30bITKA SHEPrUM pas3JUUHbIMH crocoba-
mu. Xgaopoduan-tosymka B PLIL, monyunB sHepruHio OT aHTEHHOTO
KOMIIJIeKCa, MePeXoUT B BO30YKAeHHOe cocTosiHUue (Xa¥).

Bo030y:kaeHHbII XJA0pO(UIIT MOXKET BEPHYTbCS B OCHOBHOE, T. €.
HeBO30YXKAEHHOE, COCTOSIHHE PAa3JUUHBbIMUM MYyTAMU (puC. 225).

Bo306y:KaeHHbIH XJA0poduII 00MaiaeT UCKIYUTENbHO BBICOKOH
pPEaKIHMOHHOH CMOCOOHOCTBIO U ABJASIETCS JOCTATOYHO CHJAbHBIM BOC-
CTAHOBUTEJEM, JIETKO OTAAI0WUM 3JEKTPOH MEePBUUHOMY aKIENTOPY
B PLL. ITocse moTepu amekTpoHa XJA0POGHUII MEPEXOJUT B OCHOBHOE
COCTOSIHME, U 9THM 3aKaHUMBaeTCsl MepBbli 3Tan GOTOCHHTE3a, HHO-
rjiia Ha3blBaeMblil gpomogpusuueckum.

Takum o6pazom, Ha doTopu3nueckom 3stane GoTOCHHTE3a MPO-
MCXOASAT CJAEAYIOlLHE MPOLeCcChl:

® [OrVIOUleHUWe KBaHTAa CBeTa MUICMEHTAaMM aHTEHHOro KOoMI-
JeKca;

® repeaaua HEPTUH KBAaHTA CBeTA HA XJOPOQPHUII-TOBYIIKY;

® oTnaua XJA0poduaIoM-n10ByWKOl PLI s/1ekTpoHa nepBuuHOMY
AKLEeNTOPY 3/JEKTPOHA.

dorodusnueckuil 3Tan GOTOCUHTE3a MHTEPECEH ellle U TeM, UTO
TOJMbKO Ha JaHHOM 3Tare BCe MPOLECChl 3aBUCAT OT CBETa, MOITOMY
UX HaA3bIBAIOT ellle cgemosovimu cmaduamu pomocunmesa. Nutepec-
HO, 4TO, XOTsl Mbl M Ha3blBaeM MpOLECCbl 9TOr0 3Tana CBETOBbLIMU
CTaausAMU (OTOCHHTE3a, MO CYTH Jeda, HUKAKoro ¢oTocHMHTe3a
HeT — ecTb TOJbKO (poToOOpa3oBaHue 3JeKTPOHA.

3/1ecb yMECTHO BCTIOMHHTb, YTO MPOUCXOIUT C MOJIEKYJIOH, KOria
OHa OTJaeT MJIM MPUHUMAET 3JEKTPOH.

[lepBuunbie akuentopbl ¢orocuctem pazauunsl. B ®C [ sto
xaopopuan, a B ®C Il — deodhuTuH. YcCI0BHO HX Ha3bIBAIOT
OKHCJUTENbHO-BOCCTAHOBUTENbHBIMU cucTeMamMun X (PC 1) u Q
(®C II). [1punumas sm1eKTPOH OT XJOPOPUINA, OHH MPeBpaLLAIOTCs
cootBercTBeHHo B X~ u Q7. IlepBblii stan ¢doTocuHTE3a MOXKHO
npeacTaBUTh caeaylolleil cxemoil (puc. 226 Ha c. 348).

Ornasast 31eKTpoH, xaopoduan npespauaercs B Xa'. Temeps,
u4TOObl XJAOPOMUAN CMOT MPUHATH HOBYIO MOPLHUIO SHEPTUHU, OH J0J-
JKEH BOCCTAHOBUTLCS, T. €. BepHYTh cebe 3jgeKTpoH. UTo xe sABasgeT-
Csl IOHOPOM 3JEKTpOHAa AJs xjaopoduana?
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B PIL ©C I 3aekTpoH mnoctymaer mno 1enouke ILUTOXPOMOB
(snekTpon-TpancnoptHoi nenu) us ®C I1 (06 3TOM peub noiaeT HU-
xke). Takum obGpasom, snektpon aas PC 1 obGpasyercs 3a cuer
okucaenus xaopopuana GC I1.

Uto ke aBasercs 10oHOpoM anektpoHa aias OC 11? [Ipexe uem
OTBETHTb Ha 3TOT BOMPOC, HAMO BCMOMHUTbH, UTO TPH OCBELICHUH
JIUCTA CBETOM MPOUCXOAST MapaJsienbHo ABa npoiecca: (OTOCHHTE3
1 POTONHU3 BOADI.

[Tpu dortonuse Boabl 00pasyioTcs: aToM KHMCJIOPOaA, ABA aTtoma
BOJOPOJAA M JABa 3JeKTpoHa. VMeHHO 37eKkTpoHbl, obpasytoninecs
npu (oToause BoAbl, BoccTanaBanpaiot xaopopuana PC I1. Caeno-
BAaTEIbHO, JOHOPOM 3JeKTpoHOB aast xaopopumaa PC Il seasercs
MOJIeKyJ/1a BOAbI. Termepb Mbl MOXKeM JOMOJHUTb MPeIbIAYLLYIO CXe-
MYy, KOTOpast MpUMeT CaeyIouuil Bua (puc. 227).

Kak BUAHO M3 3TOH cXeMbl, KHCJIOPOJ BbIAEIsIETCS He B Mpoliec-
ce porocuHTe3a, a B pedyabTaTe HOTONU3A BOJbI!

A 4uTO XKe TIPOUCXOAUT C JEKTPOHOM, BHICBOOOIUBILINMCS U3 XJIO-
poduanra @C I? ITepuunbliii akuentop anektpona B ¢C I X (uHor-
na ero 0o603HauatoT Z) He sBJAseTCS €ro KOHeUHbIM MYyHKTOM HasHa-
yenuss. OT mNepBUYHOrO akKUENTopa 3JeKTPOH 1O 3JeKTPOH-
TPAHCIOPTHOH LeMH, OTJAHYHON OT Lenu, coeduHstoulell obe Qoro-
cucteMmsbl, nocrynaet Ha kopepmenT HAJI®D, KoTopblil BoccTaHaBIU-
Baercst 10 HAJIP-H. B atom npouecce ucrnonb3yercst aToMm BOLOPO-
7a, KoTopblit o6pasyercs npu dotonude Boabl. Takum o6pasom, no-
JyuaeTcsl, UTO MOJIeKyJda BOJbl SBJSETCS He TOJbKO JOHOPOM
ssnekTpoHoB aJs xaopoduana ®C II, ucrounukom xKucaopona amas
BCEro »KMBOrO, HO U HCTOUHHKOM aTOMOB BOJAOpOJa JJs CUHTe3a
HAJI®-H, sHeprust KoToporo B jpanbHeiilieM OyjeT HCMOJb30BaHA
MPH CUHTE3Ee MOJIEKYJbl [VII0KO3bI.

Ecan B cxemy ¢orocuHTesa Ha puc. 227 n106aBUTb KOHEUHYIO
TOUKY B nepeHoce ajnekTpona xjaopopunna ®C I, To noayuum cxemy,
KOTopasi moJyunsa HasBanue Z-cxema gotocuntesa (puc. 228).

Z-cxeMa oTparkaeT mpolecchl nepsBoro stamna (GoTOCHHTe3a, Mo-
CJ€JICTBUS 9TUX MPOLECCOB U MPOILECChl, OT KOTOPbIX 3aBUCHUT Tep-
BbI 3Tan QorocuHTesa. Ha Z-cxeme oTpakeH mepeHOC 3JeKTpoHa
ot mosekyJabl Boabl K HAJI®-H. Muorna Z-cxemy elie HasbiBalOT
CXeMOH HELMKAMUECKOro TPaHCMOpTa 3JeKTPOoHaA.

Bblure Mbl y2ke ormeuanu, uto pynkunonupoanune GC I 3aBu-
cuT 0T ¢doToau3a BOAbl — npu Hemoctatke Boabl PC Il moxer
npakTHuecku He paborath. CjaeaoBaTebHO, He Oy/IeT BOCCTAHABJIM-
Batbest @C I, u poTocHHTE3 NOMKEH MPEKPATUTHCS.
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Puc. 226. Cxema nepBoro srana (GpoTocuHTe3a:

| — GoToH (KBaHT cBeTa); 2 — aHTEHHbIH KOMMJIEKC; 3§ — XJ0pO(UIII-T0-
Bywka (PLL); 4 — nepBuUUHBIH aKleNTOp 3JeKTPOHA
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Puc. 227. JlonosHeHHas cxema mepBoro stamna (GoTocuHTesa
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Puc. 228. Z-cxema ¢doTocuHTe3a

Ha camowm ke nene ®C [ mponomxkaer paboTaTh, HO TEPEXOIUT B
JPYTOol pexKuM — OHAa HAuMHAET BOCCTAHABJAUBATH camy cels, MpH
9TOM 3JEKTPOH MEPEHOCHTCS MO 3aMKHYTOMY LHKJIY. DTOT mpoiece
MOJyUUJl Ha3BaHUe [IUKJIMUECKOr0 TpaHCIopTa 3MeKTpoHa (puc. 229).
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Puc. 229. Cxema Heuukanueckoro (/) U LMK/AHUECKOro (2) TpaHCcnopTa 3JeK-
TpoHa
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PaccmoTrpum moapobHee yuacTok Z-cXeMbl OT MEPBHYHOTO aK-
nentopa Q no ®C I. On cooTBeTcTBYeT yNOMSHYTOH paHee 3JeK-
TPOH-TPAHCHNOPTHON LEMNH, N0 KOTOPOH MEePeHOCHUTCsl JeKTPOH, OT-
Aanublit xaopopuaiom PC Il IDra nemouka npeacrasiaser coboi
NoCJAe10BaATENbHOCTb OKUCAUTENbHO-BOCCTAHOBUTENbHBIX peakluil, B
pe3yJbTaTe KOTOPbIX JEKTPOH OT MEpBUUHOrO akuentopa Q TpaHc-
noprupyercss K xsaopopunny ®C [. [Ipu 3ToM 3/eKTpoH Tepsier
CBOIO 9HEPTHIO, KOTOpas BbIAEASETCS B BUJE TeMjaa NpU nepexojie oT
OJIHOH OKMCIMTENbHO-BOCCTAHOBUTEIbHONH mapbl K 1pyroi.

Ho nanHblfi yuacToK Z-cxeMbl BaxKeH He TOJMbKO /sl TpaHCNop-
ta ssaekTpoHa Kk ®C I, XoTs1 17151 HOPMAJIBHOTO TeueHUs (POTOCHHTE3A
9TO MMeeT OFPOMHOE 3HaUeHMe — Ha TOM yuacTKe BbljessieTcs Ta-
KOe KOMMUeCTBO SHEPrHH, KOTOPOro XBaTaeT /s OCYLLeCTBJICHUS pe-
akunu cunreda mosekysabl ATO: AP + & — ATP. Ecau Bcnowm-
HUTb, UTO 3JEKTPOH MOJYUaeT IHEPTHIO OT KBAHTA CBETa, TO MOXKHO
cKaszaTb, uTo B MoJekyse AT® zanacaercst coaHeunasi sHeprus.

N3 Z-cxeMbl caeayeT TakxKe, UTO COMHEUHAs SHEPTHs 3anacaer-
cs1 He Tosbko B Mosekysae AT®, no u B mosekysie HAJI®-H. 3ana-
CaHHe COJIHEUHOH 3HepPruu B Makpoapruueckux mogekynax AT u
HAJI®-H saBasiercss BTOpbIM 3TanoM (GOTOCHMHTE3a, KOTOPbIH MoJy-
UMJ Ha3dBaHUe (POTOXUMHUUECKOTO.

O6pasoBanue AT® npoucxoaut npu peakitnu dochopuanpona-
Husi moJekyabl AJID, T. e. mpu mnpuUcOeIUHEHHM K Hel ocraTka
hochopHOH KUCAOTBI. DTa peaklus MOKET MPOUCXOIUTb TOJbKO Ha
CBETY, TaK KaK 3JeKTPOH MOCTynaeT B 3JeKTPOHTPAHCIOPTHYIO
nenb u3 ®C Il Tosbko nmpu mnoryouieHnn kKBaHta cera. [losTomy
npouecc npeobpazoBanust sHeprun ceera B 3uepruio ATD nosyunna
HazBaHUe (POTOCHHTETHUECKOTo (ochopuaupoBanus, uau orodoc-
opuanpoBanus. PorodpochopunaupoBanue, KOTOPoe OCYILLECTBISET-
csl BO BpeM$sl HELMKJMUECKOr0 TpaHCNOpTa 3JeKTPOHAa, HasblBaloT
Heyuxkauyeckum gomoghocpopuruposanuem, a mnpoiecc porodoc-
HOPUAHPOBAHHUS, KOTOPBIH OCYILIECTBASIETCS BO BpeMs HUKJIHUECKOTO
TpaHCmopTa 3JeKTpoHa, — uyukauveckum gomogochopuruposa-
HUeM.

Heuunknnueckoe dpotodochopunupoBanne oTauu4aeTcst OT LHKIIH-
UECKOr0 He TOJbKO TPAEKTOPHEH W YUaCTHHKAMHU MepeHoca 3JeKTPo-
Ha. EcTb enie 0lHO OuYeHb CYLIECTBEHHOE OTJIHUHE, KOTOPOE HMeeT
3HauUeHue JJI NOoCAeyIoUX 3TanoB ¢poTocuHTeda. OHO 3akatouaer-
csl B TOM, UTO MPH LUHUKJIUUECKOM (POTOGOCHOPUIUPOBAHUU HE TPO-
uexoaut cunres HAJ®-H, neobxonumblil 15 ganbHedIero cUHTe-
34 TJIIOKO3bI.
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Paccmotpennble aBa 3Tana (orocuHTe3a — (uanueckuil u ¢o-
TOXMMHUECKHH — COCTaBJSIIOT TaK Ha3blBAEMYyK CBETOBYI a3y
dhoTocuHTE3a. TUM HA3BAHUEM MOJAUEPKUBAETCH TO, UTO BCE BXOJS-
iK€ B Hee MPOLLecChl 3aBUCAT OT COJTHEUHOI0 CBeTa M, Cjael0BaTelNb-
HO, MOT'YT TPOUCXOAUTb TOJbKO HA CBETY.

Ecau cosHeuHblil ¢cBeT 3aMEeHUTb Ha HCKYCCTBEHHbIH C MOJAXO/5-
IIMM CHEKTPaJbHbIM COCTABOM, TO Mpollecchl (OTOCHHTe3a OyayT
NPOUCXOANUTHb TaK 2Ke€, KakK U MNpH €CTeCTBEHHOM OCBEUIEeHHH, UTO H
MCMOJMb3yeTCs B TEMJAUILAX.

Ha sToM Mbl 3aKaHuUMBaeM pacCMOTpPEHHE MPoLeccoB (GOTOCHH-
Te3a, MPOUCXOASUX HA cBeTy. OKOHUATeabHAsI cXeMa CBeTOBOMH (a-
3bl POTOCHHTE3a MpeacTaBaeHa Ha puc. 230.

Tenepb ke peub moiaer o smopoil ¢aze gomocurnmesa, 4acTo
Ha3bIBaeMOH memHosol a3ol.

TemnoBast ¢paza — He coBceM yaauHoe HazBaHue. Ecau Mbl ro-
BOPHM, UTO cBeToBas (¢a3a Ha3BaHa Tak, YTOObI MOJUEPKHYTb 3aBHU-
CUMOCTb BCeX MPOTEKAaloUlUuX B Hell peakLMH OT cBeTa, TO Ha3BaHHe
«TeMHoBasl pasza» o3HauaeT, YTO BCe peaKLMH, B Hell mpoTekalolLme,
OT CBEeTa He 3aBUCAT U MPOXOAAT B TEMHOTE.

Ho 310 He coBceM TouHO. OueHb MHOTHE peaklMH TeMHOBOH ¢a-
3bl (POTOCHHTE3a 3aBUCAT OT CBETA, TAK KaK (pepMeHThbl, KaTaJlu3u-
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pylolie 3TH peakiiMd, MHAyuupytores csetrom. [lTostomy 31y dasy
coTocuHTe3a Jyullle HA3bIBATH NMyTeM MpeBpalleHus yraepoaa, Hiu
UUKAOM puKcayuu yeaepooa, — MO OCHOBHOMY MpoOLECCY, KOTOPbIH
B Hell MPOUCXOIHT.

OTMeTuM, UTO pasiesneHnue npouecca (poTocuHTe3a Ha 1Be (Hasbl
MPOUCXOAUT HE TOJNbKO MO OTHOLICHUIO K CBETY, HO U MO MeCTy Mpo-
TeKaHHsl peakUui. Peakunn cBeTOBOH (hasbl NpoTeKaloT B THIAKOHU-
J1ax IpaH U CTPOMBI, @ peaKlMu (pUKCAIlMK Yraepoaa — B MaTpHUKce
(cTpome) XJOpOTJIACTOB.

Crout 06paTUThb BHUMAaHUE Ha TO, UTO B JIUTepaType BCTpeuaer-
Csl M pyroe HasBaHHEe THUAAKOULOB — JAMEJJbl I'PaH.

PaccmatpuBas Z-cxeMy, Mbl YCTAHOBMJIM, YTO KOHEUYHble MpoO-
JAYKTbl LHKJIMUECKONO M HELMKJAHYeCKoro d¢ochopunaupoBanus —
AT u HAZI®-H — ucnonb3yores B TEMHOBbBIX peaKIHsix GOTOCHH-
Te3a. Kak ke oHM HCMOJAB3YylOTCS?

Ecnu B cBeroBoil ¢paze ATO u HALD-H saBasiioTcss KOHEUHbIMH
NpoAyKTaMH, TO B Mpollecce ¢QuUKcaluu yraepoaa OHU HC-
MOJb3YIOTCS HA CAMOM MEePBOM 3Tare BCero UMKJ/aAa GUKCALUU yrie-
pona. Becb UMK QUKCAUUK yraepoaa MOXKHO MPEACTaBUTb B BHUJE
CJAeYIOUIUX CTaAUH.

[lepBass cTaausi — HemnocpeacTBeHHast (PUKCALHUS YIJIEKHCI0rOo
raza — kKapOOKCU/IUpOBaHUeE.

Bropas craausi — o6paszoBanue 3-ochoOrauilepuHOBOro aJgbie-
runa (OTA).

Tpetbs craauss — ob6pazoBanue NPOAYKTOB (GOTOCHHTE3A.

quBepTaﬂ CTaaus — BOCCTAHOBJEHHE MepBOHAYaJbHLIX pe-
AreHTOB.
HepeqncneHHble CTaAWu BbIAECJCHbI YCJIOBHO — BMECTE OHHU CO-

CTABJASIOT UMKJ QUKcaAllMK yraepoaa, uau uuka KanabBuHa.

B ornuuune oT CBETOBBIX peakiluil, KOTOpble MPOTEKAJIU B CTPOroM
NOC/Ae10BATENbHOCTH, peaKIlMi (PUKCALLMHY YIJIepOaa MOT'YT MPOTEKaTh
napaJgnenbHo, 32 HCKJIIOUEHHEM MePBbIX ABYX — (PUKCALUH YTIJIEKUCJI0-
rorasa u obpasoBanust PI'A. PaccMoTpuM KaKaylo cTaauio IUKJIa.

Kap6okcunuposaHue

dra cTaaus — KjaloueBas, NOTOMY UTO B Hell yuacTBY-
et COy. Mosiekysia yrJaekucJoro ra3a CoejiMHsIeTCsi C MOJIEKYJIOH Tsi-
THyraepoaHoro caxapa pudynesonudocpara (PIAP) ¢ obpaso-
BaHHEM HECTOHKOTO LIECTHYTIePOIHOr0 COeMHEeHHUsI, KOTOPOe pacrma-
JlaeTcst Ha JIBe MOJIeKyJibl 3-pocdorauiepuHoBoi kKucaorn (PIK):
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CH,O(P)
lo COOH
3C|HOH +3C0; + 3HQO—>6C|HOH (1)
CHOH CH,0(P)
(|ZHQO(P)
P ®rK

Peakuusa kapOOKCUIMPOBaHUSI OUeHb HHTepecHa TeM, UTO B 3a-
BUCHUMOCTH OT yCJOBHMH OHA MOXKET NMpoTeKaThb ¢ 00pazoBaHUeM pas-
JUUHBIX KOHeYHbIX MpoayKToB. Tak, nanpumep, npu Haauuuu CO,
npoayktoM peakuuu oyaet toabko ®TK, a B npucyrereuu Os PJIP
He NMPHUCOeIMHSACT YIJeKUCAblfl ra3 u pacnanaerca Ha ®T'K u doc-
(hOrIMKOMEBYI0 KUCJIOTY, KOTOpas MCMOJb3yeTcs B npoleccax (poTo-
AblxaHus. PoroablxaHHe — 3ITO Mpolece, NPoTeKaloWHid JHIIb Ha
cBeTy M comnpoBoxaatomuiics noraouienneM Oo n Boinenennem COo.
Taxoe uameneHnue xona peakuud 0OBSICHSIETCS TeM, UTO yUacTBYIO-
WKl B Hell hepMeHT o0/aanaeT NBOHHON KaTaJUTHUECKOH aKTHBHO-
CTbI0 — MO OTHOLIEHMIO K YIJIEKHCIOMY rady M KMCJIOPOLY.

ITOT QepMeHT HasbiBaeTrcs puoya030-1,5-6udpocharkapborcu-
nasa-okcurenasa (Pyb®-kap6okcumnasza). ToT epMeHT COCTABJIS-
et 0k0a10 50% BCex pacTBOPUMbBIX OEJKOB B JIMCTHSIX M MOTOMY MO-
JKeT CUMTATbCSl CaMbIM pacnpoCTpaHEHHBIM OeJIKOM B MPHUPOJE.
depMeHT COCTOUT U3 NBYX cyObelHHULL — GOJMbIIONH U Manoh. Mute-
pecHo, utTo Genkd Ooablinx cyobenunul koaupytores JITHK xmopo-
nJaacToB, a 0eJqku Manabix cyobenuuull — saeproit JTHK. Boabuine
cyObeAMHUIbl 00/1a1al0T KaTaJUTHYECKOH aKTHBHOCTbIO W B OTCYT-
CTBME MaJbIX, KOTOpbIE, MO-BUAUMOMY, HTPAIOT PETryJITOPHYIO POJb.
ITOT PaKT MOKET CJAYKHUTb MOJATBEP:KAEHHEM TOro, UTO XJOPOMJa-
CThl MPOU3OLIIH OT NPOKAPHOTHUECKHUX MPEIKOB.

Takum o6pasom, Ha nepBbIX 3Tanax GuKcallu yriaepojaa umeer
MECTO KOHKYpPEHUHs MeX1y ABYMsl mpoueccaMu — Qukcalmeil yr-
Jepona u dotoabixanuem. s capura 6ajnaHca B CTOPOHY (uKca-
LMK YIIepoaa HeoOXoanMbl HOHbI Mg”':

MeJIeHHast ObicTpast
peaxiusi peakius

Depm + COy Pepu—COy Depm—COs—Mg2*t (2)

(HeaKTHBH.) (HeaKTHBH.) (aKTHUBH.)
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O6paszoBaHne PocdornmuepHHOBOro
anbpermpa

O6pasywimasca Ha neppoil craaun OI'K npespa-
uaercsi B @I'A B nBa srana (3 u 4). CHauasna ucnoansyercs ATO,
CHUHTe3HpOBaHHAsl B CBeTOBOH (haze PoTOCHHTE3a. 3aTeM HCMOJb3Y-
ercss HAJL®-H, koTopblii ToXxKe SBJISETCSH MPOAYKTOM CBETOBOK (ha-
3bl (pOTOCHHTE3A:!

COOH COO~(P)
6CHOH + 6ATd — 6CHOH + 6AJ1d (3)
(|;H20(P) (|JHQO(P)
COO~(P) CHO

6CHOH + 6HAI® + H + 6H*— 6CHOH + 6H3;PO, + 6HAJID  (4)

CHO(P) CH,O(P)
®TA

Mosekyna ®I'A aBasieTcss KAIOUEBbIM BELLECTBOM JUIs TPeThei
CTaaMU.

O6pazoBaHne NPOAYKTOB (POTOCHHTE3A

O6bIYHO MPOAYKTOM (POTOCHHTE3a HA3BIBAIOT caxap.
Ha camowm nese, mpoaykrtaMu ¢GpoTOCHHTE3a MOXKHO CUMTATh M APY-
rue BelllecTBa, O UeM Mbl YIOMHHAJIH MPH PACCMOTPEHUU Z-CXEMbl.

Mouekyna @A ucnonbsyercst pactennem B nukjae KanbBuna B
HECKOJIbKUX HaTpaBJIeHUIX.

Bo-nepBbix, @A siBasieTcst OCHOBOM /sl CHHTe3a caxapa.

Bo-Bropbix, ®I'A MoxKeT ObITb MCNOMb30BAHA JJIsI CHHTE3a aMH-
HOKHCJIOT.

Cpenn mpoAyKTOB (OTOCHHTe3a OOHApy»KeHbl TaKHe aMu-
HOKHUCJIOTbI, KakK aJaHuH, CePHUH, TJIIOTAMHUHOBAS KHCJIOTA, TJHIHUH.
CHHTEe3 aMUHOKHCJOT TPOUCXOIUT HHTEHCHUBHO TMpPH HeL0CTaTKe
HAJ1®-H, B pesyabrate uero uz ®I'K o6pasyercst e PI'A, a nuposu-
HOTpaJHas KUCJA0TA, KOTOpas SIBASIETCS MCXOAHBIM COEIMHEHHEM 5
CHHTe3a aMHHOKHCJIOT U OJHUM U3 KJII0UeBbIX BelllecTB II1K/aa Kpebea.
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B-tperbux, ®PI'A naer Hauaso UHKAY MpeBpalleHUl HEKOTOPBIX
NPOMEKYTOUHbIX MPOAYKTOB B PJI®, KOTOPHIH CAYKHUT aKILENTOPOM
YIJIEKUCJIOr0 rasa.

Hapsay ¢ yraeBoraMu M aMHHOKMCJIOTAMM M3 MPOMEXKYTOUHBIX
npoayKToB uukaa KajabBuHa MOryT 00pas3oBbIBATbCS JHUMHIbI U
Jpyrue npojayKThl.

Bo Bcex ypaBHeHHUsIX (OTOCHHTe3a B NPaBOH 4acTH MUILIETCS
opMmysa LwecTUyraepoiHoro caxapa. Kak npasuio, ero HasblBaoT
roKo30i. Ho B J1eHCTBUTENbHOCTH NepBbIM CBOOOAHBIM CaXapom
ABJAETCA JMCaxXxapHjl caxaposa, H3 KOTOpOid 00pasyloTes JABa MOHO-
caxapujaa — IJ10Ko3a 1 QpyKTo3a.

BoccTtaHoBneHnue nepsoHavarnbHbIX peareHToB

Jlass Toro utoObl pacTeHHe MOIVIO aKLeNnTHpPOBaTb
HOBYIO MOJIEKYJy YTJeKHcaoro rasa, Heob6xoaumo umetbs PJID,
OCHOBHOH akuenrtop yraekucaoro raza. P/1® obpasyercss us @A B
pe3ynbTaTe UeNU peakilMii, B mpolecce KOTOPbIH 00pa3yoTes NsTH-
U cemMuyraepoaHble caxapa. Hamno oTmMeTuTb, UTO OCHOBHasi Macca
®I'A uger UMEHHO Ha BOCCTAHOBJEHHE HYKHOTrO KojuuectBa PJ1®:
u3 12 o6pasoBaBuiuxcst Mosekya1 PI'A tonbko nBe uayT Ha obpaso-
BaHUe MPOAYKTOB (POTOCHHTE3A, T. €. CAXapOo3bl.
[TonBoxnst utor paccmorpenuto pas GoTOCHHTE3a, MOXKHO COCTa-
BUTb 000011eHHYI0 cXxeMy doTocuHTe3a (puc. 231).

Ceet

CreToBafA

thaza

AT® 4+, HALA®H HAn®

CO,
[Tsitnyrae-
poAHBII caxap

e —o [leanonosa

_axapa L& Kpaxm:

(3anacennan lipdxr»w'.q
SHeprHs) P )k\d HHOKHCJIOTDI

HPLI

= S e

[TpomeikyTounbe -1

COeHHEeHHS

Cy-UHKT

Puc. 231. OGoO6uiennas cxema (GoToCHHTE3a
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YuuTbiBasi peakilMd CBETOBOH M TeMHOBOH ¢a3 QorocuHresa,
MOXKHO MPHUBECTH CJeAylollee cyMMapHoe ypaBHeHHe (POTOCHHTe3a.

CBeToBble peaklnu:

12HALD + 12A1D + 12, + 12H,O — 12HAL D -Hy + 12ATD +
+ 60y — HenukanUeckoe GpocPopUIUPOBAHUE;

6AND + 6P, - 6ATD — nukauueckoe gochopunupoBatue.

TemHOBBIE peakIUH:

6PI1® + 6COy + 12HALD -Hy + 18ATD — 6PAD + CeH 206 +
+ 6H.O + 12HAD® + 18ALD + 18D,

Buabl cpoTtocuHTE3a

B Hacrosllee BpeMs HM3BECTHbl TPHM pa3HbIX Mexa-
HU3Ma TEeMHOBBIX peakUMi ¢GoTocHHTe3a y BbiclHX pacTenuil. Ho,
Mo-BUIMMOMY, NMpaBUJbHee TOBOPUTb 00 OJHOM OCHOBHOM Mpolecce
M IBYyX BapHaHTaXx.

Cs-Tvn dpoTocuHTE3a

OcHOBHOHI MeXaHH3M — 3TO (UKCallUsl yraepojaa B
uukiae KanbBuna. B mocnennee BpeMst 3TOT LMK/ CTaJH HA3blBATb
Cs-nyteM, wuau Cg-tunom, (OTOCHUHTe3a, a pacTeHus, ocylie-
CTBJISIIOLLIME peaKL UK TOMIbKO 3TOTO LIMKJIA, Ha3blBaloT Cz-pacTeHusi-
mu. Takue pacTteHust 0ObIUHO PACTYT B 00/1aCTSIX YMEPEHHOIO KJH-
MaTa; ONTHMaJbHasl JHeBHAas TemnepaTtypa Ajas (QUKCALUU YIJIeKU-
CJIOT0 rasa y 9THX pacTeHHH cocTtasJjsieT oT +15 mo +25 “C.

[Tepsbiit Bapuant — 3710 Cy4-myTb (Man Cy-Tun QoToCHHTE3),
HasbiBaeMblll Takxke uukiaom Xerua—Caska. Pacrenusi, ocyluie-
CTBJSIIOILIME JaHHbIH THN (OTOCHHTE3a, PACNpOCTPaHEeHbl B TPO-
MUUECKUX U cyOTpONUUecKUX oOaacTsx.

Bropo#i Bapuant — mnpouecc, U3BeCTHbIH MOJ Ha3BaHUEM MeTa-
60/M3Ma OpPraHUUYeCcKUX KHUCJAOT Mo TUmy ToacTaHKoBblx (MOKT-
nnn CAM-dorocunTes). Pacrenus ¢ TakuM THNOM (OTOCHHTE3a
4acTo BCTPEUAIOTCS B 3ACYLUIMBBIX MYCTBIHHBIX 00/1aCToX.

Cs-pacrenus npepaiator COg B Yra€BObl TOJbKO B peaklUsX
uukaa Kanbeuna. Cy-pacrenuss 1 MOKT-pacrenus Tak:ke ocylie-
cTBASAIOT UMKA Kanabsuna, Ho B Hux norgolenne COy u npeppatie-
HUe ero B YIJIeBOJbl BKAlOUaeT B ceOsl U Apyrue peakuuu. Cy-pacte-
Hust 1 MOKT-pacrenusi oTamuaiorest 1pyr OT Apyra nNpupojod 3TUX
JIOMOJMHUTEIbHbIX peaklliil, BpeMeHeM CyTOK, KOrja OHHM MPOHCXO-
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JAT, ¥ TeM, B KaKUX KJETKaX HaXoJsTCs BelllecTBa, yUaCTBYIOIHE B
9THUX peaklusx.

Y Cs-pacTeHuil GOTOCHHTE3 MPOUCXOAUT TOMbKO B KJIETKAX Me30-
¢unta aucra, a y Cy-pacTeHuii — B KJeTKax Me30(uaaa U B KJeT-
Kax 00KJaAKH COCYJUCTBIX MYyUYKOB.

C,TMn dpoTocuHTE3a

[uxka KanbBuHa y JaHHOTO THNA pacTeHHi ocylle-
CTBJIsSIETCS] B KJIETKax OOKJIaAKH COCYAMCTOrO Myuka M TMpoTeKaeT
Tak ke, kKak y Cg-pacTeHuf.

dukcauus yraekucaoro raza y Cs- u Cy-pacTeHuin 3Hauu-
TeJdbHO paanuuaercs. Ecan y Cs-pacTenHuil Mosexky/aa yraeKHc/aI0ro
rasa npHCOeAMHsIACh K MATUYr1epoaHoil mogekynie PP, to y
Cy-pacTeHull akLeNTOPOM YIVIEKHUCJIOro rasza siBJasieTcsl Tpexyrie-
poaHas MoJeKyJsa, uyaule Bcero — 3To (HochoeHONNUPOBHHOIpAL-
Hast kucaora (PEIT). Coenunsisicb ¢ yraekucabim rasom, OEIT
npespaulaercs B liaBeseBoykeycHyto kucaory (LLLYK), xotopas u
NocTynaeT B XJOPOMIACT KJAETOK Mesoduana. B xmopomaacrtax
LYK npu nannunun HAJL®-H npespainaercs B si610UHYI0 KHUCIO-
Ty (dK), Kortopass noctymaeT B KJeTKH OOKJaAKH COCYJIHCTbIX
NyukoB. B k/aeTkax oOK/aaaKH cocyaucTbix nyukoB K ormnaer mo-
JeKyJly Yraekucjaoro rasa B uuk/a KanbBuHa, mpeBpauiasicb B MH-
posunorpaauyto kucaory ([IBK). [IBK B cBoto ouepenb Bo3Bpa-
aercst B XJaopongaactsl Me3opuana, npespauaeres 8 GEIL, u na-
UHHAETCSl HOBbIH LLMKJI.

YBeauueHue uucaa peakiMil 15 QUKCALUKU YIJIeKUCIO0ro rasa y
Cy-pacTeHHil HaA MepPBBIH B3NV MOXKET MOKA3aTbCs HIMMIIHUM H
6eccmblcieHHbIM. Ho 9T0 Toibko Ha mepBblil B3rasa. Pactenusm c
Cy-tunoM OTOCHHTE3a MPUXOAUTCS KOHIEHTPHUPOBATH YTJIEKHCHbIH
ras B KJeTKax oOKJaaAKM, TaK Kak no cpaBHeHHI0 ¢ Cz-pacTeHUsIMHU
B UX KJIeTKaxX yIMJIEKHCJOro ra3a COAep KUTCs 3HAUMTeNbHO MeHblle.
IT1o cBA3aHo ¢ TeM, uTo Cy-pacTeHus oOUTAOT B Gosee KApPKOM U
cyxoM kjaumare, ueM Cs-pacTeHHusi, MOITOMY JJs1 yMEHbIIEHHS MO-
Tepb BOJbl MM TPHUXOAUTCS yMEHbIIATb TPaHCMHpaALHIO. 3a CUeT
9TOT0 CO3al0TCs TPYAHOCTH B MOIVIOULEHUH YIVIEKHCJOro rasa, uto u
MPHUBOJIUT K HeOOXOJHMOCTH ero KOHIleHTpaluu. B nacrosiiiee Bpe-
Msl cuutaercsi, 4To Cy-TUN (POTOCHHTE3a SIBJASIETCS 3BOJIOLHOHHBIM
npucnocodaeHreM K 0o/ee XKapKUM U CYXUM KJIUMAaTHUECKUM YCJIO-
BUSIM.
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MeTabonmMsam opraHMYEeCcKMX KMUCRoT,
no tuny tonctaHkosbix (MOKT)

Pactenus ¢ naHHbIM THMOM (DOTOCHHTE3a SIBJSIOTCS
B OCHOBHOM CYKKyJeHTaMH. [l HUX XapaKTepHbl CAeAyIOUIHe 0CO-
OEHHOCTH.

l. Mx ycTbuila 0OBIUHO OTKPBITHI HOUBLIO (T. €. B TEMHOTE) W 3a-
KPbITbl B T€UEHHE JIHS.

2. ®ukcalus yraekucaoro rasa npoucxoJuT B TEMHOE BpeMsi Cy-
Tok. [Ipu 3TOoM 06pasyercst 3HaUUTENbHOE KOMHUECTBO 10JOYHON KH-
CJIOTHI.

3. Sl6mouHas kucaoTa 3amacaercss B OOJbLIHX BaKyoOJsiX, KOTO-
pble xapaktepubl A5 ka1eTok MOKT-pactenuii.

4. B cBersioe BpeMsi CyTOK siOGJIOUHAs KUCJOTA OTAAeT yrJeKuc-
Jblil ra3 B 1lMKA KanbBUHA, T/le OHA MpeBpallaercs B caxapo3y UJu
3aMacHO# yraeBoJ IJIIOKaH.

5. B TeMHOBO#l mepuoja CyTOK uacTh 3aMaceHHOro rJloKaHa pac-
najpaercss ¢ oOpazoBaHUEM MOJEKYJ-aKIenTopoB /s TeMHOBOH
dhuKcaluu yraekucaoro rasa.

Takum o6paszom, y MOKT-pacrenuil cyiiecTByeT CYTOUHbIN
PUTM: HOUbBIO COJEpKAHUE 3aMacHOro IMl0OKaHa najaeT U cojeprka-
Hue 16J0UHOHA KUCAOThl MOBbIILIAETCS, a JHEM MPOUCXOAAT MPOTHBO-
MOJOXKHbIE U3MEHEHHUSI.

B 3akaiouenue Hano no6aButh, uto potocunred no MOKT-tuny
CUMTAETCSl CAMbIM MO3JAHUM MpHUCHocoOJeHHeM pacTeHHH B mpolec-
ce 3BOJIOILHH,.

XEMOCHHTE3

XeMOCHHTEe3 MOXKHO onpeaenanTb KakK THIT MUTaHUSA
O6akTepuil, ocHOBaHHbIH Ha ycBoeHUH COg 3a cueT OKMCIEHUS Heop-
FraHU4YeCKHuX CO€LLI/IH€HI/II>1. XeMOCHHTE30M TaKxKe MOX>KHO Ha3BaTb
npouecc CHHTe3a OPraHUYecKUX COeJMHeHUH M3 HeopraHuuyeckux 3a
cueT XMMHUUECKOH Hepruu, nojgyuyaemMoid NpH OKHUCJIEHHHM HEOpPraHH-
UeCKHUX BelllecTB (cepbl, CEPOBOAOPOIA, Keae3a, aMMHaKa, HUTPHU-
TOB).
HauGosbuiee 3HaueHue UMEIOT Humpupuuyupyroujue 6axmepuu,
OKHCJSIIOLIHEe aMMHaK /10 a30THCTOH, a 3aTeM /10 a30THOH KHCJOThI:

NH3; — HNO; — HNOsa.
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JKeaesobakmepuu NpeBpallaloT 3aKHCHOE Keae3a B OKHCHOE!
Fe?t — Fe’'.

Cepobakmepuu OKHCJISIIOT CEPOBOJOPOA A0 Cepbl MJIH CEePHOH
KHCJIOTBI:

HsS + Oy — S + H.0;
HQS + 202 — HQSO4

B pesynbTaTe OKUCJEHHUSI BbIJEJSIETCS HEPTHs, KOTOopas 3amna-
caetrcs Oakrtepusimu B Buje AT®D. OcHoBHOe OT/IHUHE XeMOCHHTE3a
0T (GOTOCHHTE3a 3aKJuaeTcss B TOM, UTO He UCIMOJb3yeTcs IHepTHUs
CBETA U He BbIAEISETCS KUCAOPO/IL.

rNMMKOJIn3

ITO CJ0XKHBIA (hepMeHTATUBHBIH Mpollece MocaenoBa-
TeJIbHbIX MPeBpalleHUil [VII0KO3bl, MPOTeKAUIMH B TKAHSIX UeJ0BeKa H
JKMBOTHBIX 0€3 notpelJ/eHHs KUCI0poAa. B aHaspoOHbIX yCI0BUSX B
’KMBOTHOM OpraHH3Me IVIMKOJH3 SIBJISETCS €IHHCTBEHHBIM MPOLLECCOM,
NocTaBaAsioOUM 3Hepruto. Mmenno Oaaromapsi mpoleccy TJIHKOIU3a
OpraHMU3M ue/0BeKa W »KUBOTHBIX ONpPe/e/eHHbIH MepruOoa BpeMeHH Mo-
JKeT OCYLLEeCTBJATb Psia (PU3UOIOTHUECKUH (PYHKUMHA B yC/I0BUSX He-
JocTaTka Kucaopoaa. KoHeuHbIM MPOAYKTOM IVIMKOJIM3a SIBJASICTCS MO-
A04Has Kucaoma (ee cosv HasbiBaloTes Jakratamu). B mpouecce rou-
KOJIM3a, TPOUCXOJSIIEro B LHUTOMNa3Me KjaeTkd, obpasyercs ATO.
CymMMapHoe ypaBHEHHME TIJIMKOIM3a MOXKHO M300pa3uTb CACAYIOULUM
06pas3oMm:

CeH 1206 + 2AD + 2D, —
— 2CH3;CH(OH)COOH + 2AT® + 2H,0.

O6palulaeM BHUMaHUe Ha CAEAYIOIMHA (akT: B CyMMapHOM
ypaBHEHHH TJIKKOHM3a yKazaH oOwuid mosednbiil Boixoq AT — nHa
camom gene obpasywres 4 monekyabl AT®, Ho 2 monekyabl ATO
TPaTSTCS Ha pacllenJeHne HOBOH MOJEKYJIbl IJIOKO3bI.

B Ttex cayuasix, Koraa riMKoaM3 MpoTeKaeT B MPUCYTCTBUM KH-
cJ0poja, roBopsaT 06 aspobHOM raukosause. B aTom ciayuae pacnan
IVII0KO3bl 10 TMPOMEKYTOUHOTO MPOAYKTAa aHa’pOOHOro TIJIHKOJHU-
3a — MUPOBUHOTPAJHOH KHCJAOTbl — MOXKHO paccMaTpUBATh Kak
MEepBYI0 CTANMI0 JIbIXaHUA — OKMCJEHHS TJIIKO3bl 10 KOHEUHBIX
NPOJYKTOB: YIJIEKUCAOrO ra3a M BOJbI.
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BPOXXEHME

ITO0 aHa’poOHBIH (PEepPMEHTATUBHBIH OKUCIUTENbHO-
BOCCTAHOBHUTEbHbBIH MPOIecC MpeBpallleHusi OPraHuuecKoro BelllecT-
Ba, B pe3y/JbTaTe KOTOPOTO OPraHU3M MOJaydaeT SHepruio. bpoxenuio
MOFyT HO[LBepFaTbCﬂ CHI/Iprl, AMHWHOKHCJIOThI, opraaneCKue KHUCJIOThI,
HO yalle BCero yryeBoJibl. B 3aBucumoctu oT BellecTBa, MojBeprato-
nierocst 6pOKEHUI0, U MOJYYEeHHbIX KOHEUHBIX MPOAYKTOB, BbIAEJASIOT
cneﬂymmue THUIIbI 6pO)K€Hl/Iﬂ: CHl/lpTOBOe, MOJIOUHOKHCJI0E, HMpOBI/IHO-
rpajaHoe, macjasinokucsaoe. [To HazBaHusiM OGpoKeHUs] TOJYUMJIU Ha-
3BaHus U 6AKTepHUH, KOTOPbIE BbI3bIBAIOT COOTBETCTBYIOIUIMH Tpollecc.

bpoxenue urpaer BaxkHyl0 posib B KpPyroBOpoTe BelllecTB B NpH-
poJie, OCYIIeCTBJsISI aHa3poOHOe pasjoKeHue OPraHUuecKoro Bellle-
CTBa, 0COOEHHO 11eJ110/103bl. HekoTopble THIbI OpOKeHHUs], BbI3bIBae-
Mble MUKPOOPraHU3MaMHU, UMEIOT O0JIbILIOE MPaKTHUECKOe 3HAUEHHE!
crnupToBoe 6poKeHWe — B BUHOJEJNWU, MHBOBAPEHUH U B MOJYUEHUU
TOTIJIUBA; MOJIOUHOKHMCAOE — JJI8 TOJyueHUs] KHCJAOMOJOUYHBIX TPO-
JYKTOB U MOJIOYHOH KHCJOThI; MPOMUOHOBOKUC/I0E — B ChIPOJIeJHH;
aneTtoHo-6yTUIOBOE — JIJIsl TOJIyueHHsl pacTBOPUTEeH.

ObIXAHMUE

BO/MbIIMHCTBO KUBOTHBIX H PACTHTEIbHBIX KJIETOK B
HOpPMe HaXOAsITCS B a3POOHBIX YCAOBUSX M BCIO SHEPTHIO MOJYUAIOT B
pesysbTaTe MOJHOrO OKHCJAEHHUST OPraHUYeCcKOro «TOMJNHBA» 10 yrie-
KHCJIOTO Ta3a M BOJbl. DTO MPOUCXOJAUT B pPe3yabTaTe OKHCJACHUS TH-
pyBata, o6pa3oBaBILIerocs B Mpolecce NIHUKoaU3a, 10 auetuia-KoA,
KOTOpPbIH oKoHuaTe bHO okueasercst 10 COg u HpO B nukie Kpebea
(unK/ae TpUKapOOHOBBIX KHUCJOT), TPOUCXOSIEM B MaTPUKCE MHTO-
XOoHApHH. B pesyabraTe a3po6HOro (KUCJIOPOAHOr0) OKMCTEHUST OHOH
MOJIEKYJIbI [JIIOKO3bI cuHTe3upyercsi 38 mosekya ATO.
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MO TEME «PACTEHHSA»

1. K KJaacCy OAHOJOJbHBIX OTHOCSTCH:

a) JIMJHUS, KamycTa, JayK; B) KpanuBa, 6aMOyK, nbiped;
0) YeCHOK, caxapHblil TPOCTHHK, r) peauc, KiaeBep, KapTodesb.
KyKypy3a;

2. K kjaaccy ABYMOJbHBIX OTHOCSTCS:
a) poxKb, TIOJbMNAH, Tabak; B) 16JI0HS, MOJCONHYX, NaCJeH;

0) anos, puc, rabak; ) JJAH/bII, BUIIHS, MIIeHUIA.

3. B aT0i1 TKAHN pacTeHHil UMEIOTCS KUBbIE KJIETKH:

a) npooka; 0) Kopa; B) KCHJIEMa; r) KamOuil.

4. Poct cTebas1 31aKOBBIX NPOUCXOOHUT 3a CUET JAeJIEHUSsT KJIETOK!:

a) O0KOBOH MepHCTeMbl; B) BCTABOUHONH MEpHUCTEMBbI;
0) BepXylIeUHOH MepHCTEMBbI; ') BepXyLeUYHOH U BCTaBOYHOH Me-
pucTeMm.

5. Kny6enb siBisieTcsi BUOM3MEHEHUEM:
a) nobera; 0) Jucra; B) KOpHS; r) crebJsi.

6. OCHOBHBIM KOMTMOHEHTOM KJETOUHOH CTEHKH PacTeHHUH SIBJSI-
eTCs:

a) Kpaxmadr, 0) XUTHH; B) 11eJ/1101038; ') TIMKOTEH.

7. [1poBOASIIIMMH TKAHSIMU pacTeHUH SIBJASIOTCS:
a) Kcusaema M MepucTema, B) ps10sMa u KamOui;
6) kcuaema u pJaosmMa; r) MepuctemMa M KamMOHH.
8. OcHOBHYI (QYHKIHIO B mpollecce GOTOCUHTE3a OCYIECTBJISAIOT:

a) NIacTUbl; 0) XpPOMOMJIACThI; B) XJOPOMJIACThI; I') JIeHKOMIACThI.
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9. K BugousmMeHenussMm nodera OTHOCSATCS:
a) KOpHeBHILlEe U JYKOBHILbI; B) JIYKOBHUIbl U KI1yOeHbKH;

0) KAyOeHbKH U KayOHH, ') KNYyOHH U JIYKOBHILBI.

10. K npoBoasiiiuM 3/ieMeHTaM KCHJeMbl OTHOCSITCS:
a) COCY/bl U CUTOBHHbIE TPYOKH; B) CUTOBMJIHbIE TPYOKH W TpaXeuibl;

0) Tpaxeuabl U COCY/bl; ') CUTOBHHbIE TPYOKH W BOJMOKHA.

11. ITpunaTounble KOPHU OTXOASAT OT:

a) rmaBHOrO KopHsi;  0) cTe0Js1; B) OOKOBBIX KOpHeH; TI') KOPHEBOH IlIeHKH.

12. KopHeBble Bosocku 06pasyioTesi B 30He:

a) JneseHus, 0) pocta; B) BCacblBaHUs; ') NpoBeeHHs.

13. Kny6enbkoBble 6GakTepHH pa3BUBAIOTCS HA KOPHSX pacre-
HUH ceMeHcTBa:

a) macjaeHoBbIX; 0) PO3OLBETHBIX; B) CI0XKHOLUBETHBIX; ) 6060BBIX.

14. Dunocnepm obpasyercs U3:

a) 3aBsI3H; B) OMJIOJOTBOPEHHOM sIHLIeKICTKH;
0) cemsi3auaTka; I') OMJIOAOTBOPEHHDBIX LLEHTPaJIbHbIX
suep.

15. B uem 3akiauaercss NpeuMMyIlLeCTBO MOKPbITOCEMEHHbIX pac-
TEHWH 1O OTHOILIEHHIO K TOJI0CeMEHHBIM?

16. HasoBurte ocHOBHBIC apoMopdo3bl, MOSBUBIINECS Yy ToJoce-
MEHHbBIX PACTEHHH.

17. IlepeuncauTe OCHOBHbIE TPOMU3Mbl Y pacTeHHUH.

18. Onuunte 0CHOBHBIE 3TaNbl ABOHHOTO OMJIOAOTBOPEHHS y TO-
KPbITOCEMEHHbIX PacTeHHUH.

19. B uem 3aksiouaercss 3HaueHHe pacTeHUil B GUOTeolleHo3e?

20. IlpuBenute npumepbl CUMOMOTHUECKHX B3aUMOJCHCTBHI
pacTeHUHl ¢ APYrUMH JKUBbIMH OPraHU3MaMH.

MO TEME «MPOCTEMLLUME»

1. TIMosoxkuUTEABHO pearupyer Ha CBET, CTPEMUTCSI K CBETY:

a) ameba; 0) sBryena 3esaeHnasi; B) HHDy30pus TydenabKa; T) JAgMOJHS.
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2. Y nmpocTeHnX HCTa CAYKHUT JJIsI:

a) paccesieHust; B) MmepeHeceHusi HeGJIATOMPUSITHBIX
YCJJA0BHH;
6) MOJIOBOTO pa3MHOKEHHUS,; r) 6ecrnosoro paaMHoOKeHHs.

3. CokparuTtenpHas BaKyoJb CAYKHUT /5 yAaJeHHUs:
a) BOJIbI; B) BOJIbl U BPeJHbIX BELLECTB;
0) Bpe/lHbIX BELLEeCTB; ) HE yyacTBYeT B BblJeJeHHH.
4. M3 npocreiiliux 1Be COKpaTUTEIbHble BAKYOJIH V:
a) HH(pY30pHH Ty(eNbKH; B) 3BIJICHBI 3€JEHOMH;
6) ameObr; r) aaMOIuH.
5. [locrosinnas opma Tesa OTCYyTCTBYeT V:

a) CapKOJ0BbIX; 0) CIOPOBUKOB; B) KI'YTHKOBbIX; ') PECHUUHBIX.

6. Tesno nnysopuu TyenbKn MOKpPBITO:
a) meMOpaHoii; B) MeMOpaHO#H U MeNJTHKYJIO0H;
0) NeIuKyN0i; ) KyTHKYJIOH.

7. ILBa gApa UMEIOTCA y XKHUBOTHDBIX KJiacca:
a) capkKoaoBblX; 0) HH(GY30pHH; B) XKITYTHKOHOCIIEB; T') CIOPOBUKOB.

8. ,HBH)KGHI/IG K pa3apaxKuTeJsto y HpOCTeﬁIﬂHX Ha3bIBAETCH:
a) OTPHILATEbHBIM TaKCHCOM; B) TAKCHCOM;
0) MOJIOKUTENbHLIM TAKCHCOM; ') TPOMU3MOM.

9. Ame6a 3axBaTbiBaeT MUILY C MOMOIIBIO:
a) KTyTHKa; 0) NCeBAONOAUN; B) pecHHYeK; T) UiynaJel.

10. HenepeBapeHHble OCTATKM MHUIIK Y BTJIEHbI 3eJIeHOH BbiOpa-
CbIBAIOTCs yepes:

a) nopouiuily; 0) poToBOe OTBepCTHe; B) M100YI0 UacTh Tena; TI) IVOTKY.

11. 3axBar nuuu y uHy3opuu TyPeabKu MpOUCXOJUT C MOMO-
HIbIO:
a) MCeBONONH; B) MepILAaTeJbHOr0 SMUTEHS;
0) KIyTHKA; r) arouurosa.

12. XoponaacTsl UMEIOTCS Y:

a) ameObl; 0) 3BIJIEHDbI 3eJeHOH; B) MHQY30pUH Ty(deabKH; T) TPUMTAHOCOMBI.



364 TecToBble 3aaHust

13. )KryTuk ornuuaercst oT pecHuUeK:
a) pagmepamu; B) pa3MepaMu U CTPOEHHEM;

0) cTpoeHHeM; r) GYHKIHUSMHU.

14. [TuTanue ¢ NOMOILLbIO NCEBAONOANN HA3bIBAETCSI:
a) aBTOTPOMHBIM; B) GarouuTo3om;

0) reTepoTPOPHBIM; r) GOTOCHHTE30M.
15. Henocrosinnas dopma Tesa y TakKUX NPOCTeHLINX, KaK:

a) KTYTHKOHOCILBI; B) UH(Y30pHH;

0) capKoJ0BbIE; ') pecCHHUHbIE.

16. DBryena 3ejenast uMmeeT JBa crnoco6a MUTAHUS — € TTOMOIIbIO:
a) XKIyTHKa M (ParouuTosa; B) XKTyTHKa M (DOTOCHHTE32;

6) pecHuuek U (oOTOCHHTE3A; ') NCeBAONOAUN U POTOCUHTE3A.

17. Teno ameObl MOKPBITO:
a) NeJJIMKYJ0H; B) NeJJIUKYM0H U MeMOpaHoii;

6) memOpaHoii; r) meM6paHoll U pecHHUKaMHU.
18. HenepeBapennsie ocTaTKH MUILK BbIOPACHIBAIOTCS Uepes Mo-

poMINLLY Y:

a) 3BIUIeHbl 3eseHOH; ©) ameObl; B) MHQY30pUU Ty(deJabKH; TI) pajiHOMSIPHUHU.

19. Ocb nesneHust NpoxXoauT B MPOJAOJbHOU MJIOCKOCTH Tesa Y:
a) HH(pY30pHH Ty(eNbKH; B) ameObl;

0) 9BIJIEHbI 3€/M€HO; r) dopamunudep.

20. [TuTaHue ¢ MOMOIIbBIO MEPILATENLHOTO STMUTETUS TPOUCXOIHUT Y:

a) CapKOJ0BbIX; 0) KI'YTHKOBBIX; B) PECHUUHBIX; I') KOpPHEHOXKEK.

21. MecTopox/ieHust U3BeCTHsIKA 00pa3oBaHbl PAKOBUHAMMU:
a) opamunudep; 0) nudysopui; B) KTYTHKOBBIX; r) ameo.

22. Bpennble BemlecTBa y HHPY30pUH Ty(esabKH BbIAISTIOTCS
uepes:
a) MOPOLINILY; B) POTOBO€ OTBEPCTHE;

0) COKpPaTUTENbHYI0 BaKYOJlb; r) B J11000i yacTu Tena.
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23. Takcucom HasbiBaeTcs:

a) U3MeHeHUe JBUXKeHHUs MpocTeil- B) H3MEHEeHHEe CKOPOCTH JBUKEHUS
LIHX; npocTeinx;
0) U3MeHeHHe HampaBJaeHus JABHXKe- ') mosiHasi OCTAHOBKA »KHBOTHOTO.

HUSl MPOCTEHLLUX;

24. 3axBat TBep/JbIX YACTHUEK MUILHU y amMeObl HAa3bIBAETCH:

a) LUTO30M; 6) parounTozom; B) MUHOLUTO30M; ) TUTaHHEM.

25. JIBHKEeHHe IBIJIEHbI 3eJIEHOH K CBETY Ha3biBaeTcs:
a) TAKCUCOM; B) XeMOTaKCHCOM;

0) (hOTOTAKCHCOM; ) OTpULLATEIbHbIM TaKCHCOM.

26. Ame6a uMeer caenyloniMe pagMepsbl Tesa:
a) 0,05 mm; 6) 0,5 mm; B) 0,1—0,3 Mmm; 1) 1 MMm.

27. TpuxouucTsl UMeIOTCS V:
a) ameObl; B) 3BIJIEHbI 3€/1€HOH;

0) uHdysopun Tydeabku; ') BCeX MPOCTeHLIUX.

28. Maugnoe s11po oTBeuaeT 3a pa3MHOKeHHE Y:

a) CapKOJ0BbIX; 6) uHdy30puii; B) KOpHEHOXKEK; T') KI'YTHKOBBIX.

MO TEME «4YEPBU»

1. MetramepHoe cTpoeHHe Tesa UMEIOT:
a) MJIOCKHE YepBH; B) KOJbUaTble UePBHU;

6) Kpyrible uepBH; ') TEHTOUHbIE UepBH.

2. Y KpyrJabix uepBell KOXKHO-MYCKYJIbHbIH MEIIOK MOKPbIT:
a) TeryMeHTOM; B) KYTHKYJOH M CJH3bIO;

0) KyTUKYJIOH; ') CJAU3BIO.

3. Y KOJIbUaThIX UepBel KOXKHO-MYCKYJ/IbHBIH MeIIOK 00pa3oBaH:

a) npoaAOJIbHBIMH K CHI/IHI—[O-6P}0LU- B) KOJIbII€BbIMH H CHI/IHHO-ﬁp}OLLIHbI-
HbIMHW MbIIILLAMHA; MH MbIHIILaMH;
6) NPpOAOJbHBIMH U KOJILIIEBbIMH F) TOJILKO MPOAOJbHBIMHA MbIIIILAMH.

MbIIIILAMH;
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4. Tunpockeser OTCyTCTBYeT y:
a) KpyrJablX uepBeil; B) MJOCKHX uepBei;

6) MaJoOULETUHKOBBIX UepBei; ) MOJIUXET.
5. }KI/IILKOCTI), 3anoJinsoiiasa noJoCTb TeJia, BbIIMOJHIAET TpaHC-
NOpPTHbIE PYHKUHH Y:

a) coCasbIIHKOB; 0) HEMATOJ; B) aHHEJNUL; I) MHSIBOK.

6. [TonocTb Tesma uMeeT cOGCTBEHHbIE CTEHKH V!
a) KoJbuyaTbiX uepBei; B) COCAJIbIIUKOB;

0) KpyrablX uepBei; ) JEHTOUHbIX UepBei.

7. B HHHleBapHTeJTbHOﬁ CUCTEME HET aHaJbHOI'O OTBEPCTHUS V!
a) KpyrJblX uepBed; B) PECHHUUHBIX YepBei;

0) KOMbUATbIX UepBei; ') IGHTOUHBIX YepBedl.

8. OnMH cnoll MBI B KOXKHO-MYCKYJIbHOM MeIIKe Y:
a) MOJIUXET; B) TypOensipuii;
0) KpyrablX uepBei; ) JEHTOUHbIX uepBe.

9. Ecau Y XKHUBOTHBIX CaMKa M CaMell BHEIIHEe OT/JIHYalTCsa ApYyr
OT Apyra, ToO TaKuX 2KMBOTHbIX Ha3bIBAlIOT:

a) pas/e/bHONOAbIMH KUBOTHBIMHU; B) KMBOTHBIMH C TMOJIOBBIM JHUMOP-
husmom;
0) 1BY/OMHbIMHU; r) repmagpoarTamMu.

10. [TepBuuHas mosocTh Teaa UMeeTcs y:
a) MJI0CKUX uepBeii; B) KPYIJIbIX UuepBeil;

6) OJIUTOXeT; ') MOJNHUXET.

11. KpoBeHocHasi cucTeMa Yy KOJbUAaTbIX UepBell BbIMOJHSET
(PYHKILUIO:

a) TMJpOCKeseTa; B) onpejenaeHus GOpMbl Tena;
6) TpaHCTOPTa MUTATEbHBIX Be- r') TPaHCMOPTA BPEHBIX BEILECTB.
1[eCTB;

12. B nuiueBapuTesbHOil cuCTEMe XKeNYJ10K UMeeTcs Y:
a) MJOCKHX uepBel; B) KOJIbUaTbIX uepBeli;

0) KpyrablX uepBei; ) JEHTOUHbIX uepBel.
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13. O61muM npu3HakoM 1Js1 BCeX yepBel sIBAsIeTCs HaJUune:
a) MOJIOCTH TeJsa; B) KOXKHO-MYCKYJIbHOI'O MeLIKa;

6) 3alLUTHOH 000JOUKH; ') ruapocKeseTa.

MO TEME «4JNIEHUCTOHOIMUE»

1. Teno kpaba umeeT caeaylollle OTAebl:
a) roJoBa, rpy/ab, OPIOLIKO; B) TOJIOBA, TYJOBHIILE;

6) roI0BOrpyab, OPIOLIKO; T') roJoBa, TyJ0BHILe, OPIOLIKO.

2. Hacekomble HMEIOT KOHEUHOCTH:

a) CyCTaBHbIE; 0) UJCHUCTDIE; B) NMapHble; ) HelmapHble.

3. Ha Oprowke y pakooOpasHbIX HaX0AATCH:
a) XBaraTeJibHble KOHEUHOCTH, B) njaaBaTeJJibHble HOT'H;

6) XOaUIbHBIE HOTH, ') HOTOUEJIOCTH.

4. Ba6ouku OTHOCATCS K OTPSILY:
a) [Tpsimokpblble; B) YemyfuaToKkphblable;

0) [lepenonuaTokpblible; r) JByKpblible.

5. Opranbl AbIXaHHUsI NayKoOOPa3HbIX:
a) kabpbl; B) JIEFrOUHbIE MEIIKH;

0) Tpaxeu; ') JerouHble MeUIKH U Tpaxeu.

6. Horouenioctu umerorcs y:
a) naykooOpasHbIX; B) HACEKOMBIX;

0) pakooOpasHbIX; ') BCeX YIEHMCTOHOTHUX.

7. Opranbl ocsi3anusl U OOOHSIHUST Y HACEKOMBIX MPeICTaBAEHbI:

a) aHTeHHaMy; 0) neiunasbnaMy; B) yCUKAMH; TI) aHTEHYyJ/JaMH.

8. CKOJIbKO BUJOB POTOBOrO anmnapata pasjnuyaloT y HaCeKOMbIX:

a) Tpu; 0) ueTnipe; B) MSTh; ) y BCeX OJMHAKOBBIM.

9. CKOJIbKO map rpyaHbIX KOHeUHOCTeH y pakooOpasHbIX:

a) MsiTh; 0) LIeCTh; B) CeMb; T ) BOCEMb.
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10. ['osl0BHBIE KOHEUHOCTH OTCYTCTBYIOT V!
a) HaCeKOMbIX; B) pakooOpasHbIX;

0) naykooOpasHbIX; r) y BCeX UJIEHUCTOHOTHUX.

11. )Kabpbl y pakooOpasHbIX HAX0ASATCS Ha:

a) roJoBe; 0) rpyau; B) OpIOLIKE; I') KOHEUHOCTSIX.
12. Jlerounsle MeUIKH Yy MayKooOpPa3HbIX HAXOASTCS Ha:

a) rpyau; 6) OploLIKe; B) rOJI0BE; I') TOJIOBOTPY/LH.

MO TEME «Pblbbl»

1. )KabepHasi KpblllIKa OTCYTCTBYeT Y:
a) KOCTHBIX pbl0; B) XpsILLEBBIX pbIO;

0) KOCTHOXPSILLEBBIX PbIb; ) ecTh y BCEX.

2. Cepuite y pbiO:

a) TpexKkamepHoe ¢ HemnoJHOH nepe- B) IIByXKaMepHOE;
rOpOJKOH;
0) TpexKaMepHOe; ) dyeTblpexkaMepHoe.

3. ['py/aiHble MIABHUKHK Y KOCTUCTHIX PbIO PaCTOOKEHBI:
a) MepHeHNKyJAspHO Teay; B) MOJ yIJIOM K TeJy;

0) napaJnenbHO Teay; r) B 3aBUCUMOCTH OT BHjia.

4. T'o10BHO# MO3T pblO COCTOUT H3:
a) ueTblpex OT/IeJOB; B) LIECTH OTJEJOB;

6) MATH OT/EJOB; r) He pasjiesieH Ha OT/eJbl.

5. Uepes cepuite pbl6 KpOBb TEUET TOMbKO:
a) aprepuasnbHas, B) BeHO3Has,;

0) cMmelanHas; r) aprepuajbHasi U1 BeHO3Hasl.

6. XpsitieBble pblObl OTHOCSATCS K:
a) OTKPbITOMY3bIPHBIM; B) 6€3My3bIpHbIM;

6) 3aKPBITOMY3bIPHBIM; T) eCTb MpeACTaBUTEJNH BCeX IPyI.
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7. Y pbl0 Jayulle BCero pa3BUTbl C/AeAYIOLUIME OPraHbl UyBCTB:
a) 3peHue 1 060HSIHUE; B) GOKOBast JJUHUS U 3pEHUE;

6) o60HsiHMe 1 GOKOBas JIMHUS; r) oOOHSIHHE U CJIYX.

8. [lnaBaTenbHBIN My3bIpb UMeEETCS V:

a) Oeayru, 0) ckaTa; B) aKyJibl-MOJIOT; r) KaTpaHa.

9. Tonbko y pblO HMelOTCS:
a) napHble KOHCUHOCTH; B) 3 Tumna NMJIaBHUKOB;

6) HemapHbie KOHEUHOCTH; F) CyCTaBHble KOHEUHOCTH.

10. ¥ akys XBOCTOBO# MJaBHUK:
a) CUMMETPHUHBII; B) OKpPYIJIOH (popMbl;
6) aCHMMETPHUHbIH; r) 11060# hopMbl.
11. [TepenHue KOHEUHOCTH MapaJiesbHbl TeAY V:

a) KOCTHBIX pbl0; B) KOCTHOXPSILEBbIX PbIO;

6) XpsIEBbIX PbIO; )y Bcex pblO.
12. B uepene Kakux pbl6 OTCYTCTBYeT pocTpyo:
a) KOCTHBIX; B) KOCTHOXPSIIILEBBIX;
0) XpsILLEBbIX; r) y Bcex.
13. [Tunanopuuecke MpUAATKH UMEIOTCS V!
a) XpsILLEeBbIX pblO; B) KOCTHOXPSILLEBbIX PblO;
6) KOCTHBIX pbIO; ') BCex.

14. TTokpoBHbIE KOCTH OTCYTCTBYIOT y PbIO:

a) KOCTHBIX; 0) XpsILEBbIX; B) KOCTHOXPSIILIEBBIX; T) BCEX.

15. MexxKabepHble MeperopoakH MJa0X0 pa3BUTbl y PblO:

a) XpsULeBbIX; 0) KOCTHOXPSIILEBBIX; B) KOCTHBIX; I') KOCTHCTBIX.

16. ¥ KocTHBIX pbI6 yeliys o6pa3oBaHa:
a) KOpUyMoM; B) KOPUYMOM M 3MHUAEPMHCOM;
0) 3NUAePMUCOM; T) HH TeM U HU APYTHUM.

17. AprepuanbHblil KOHYC XOPOLIO Pa3BUT Y pbIG:

a) KOCTHBIX; 0) XpsILLEBbIX; B) KOCTHOXPSIILEBbIX; T) BCeX.
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18. XBOCTOBOH MJaBHUK He SIBJASETCS OCHOBHBIM OpPraHoM mepe-
JIBUKEHHUS V:

a) HEKOTOPbIX XPsILLEBbIX PblO; B) HEKOTOPbIX OCETPOBLIX Pbll;
0) HEKOTOPbIX KOCTHbIX Pbl0; r) Bcex pbi0.
19. 3y6bl MIEKOMUTAIOUIUX CXOXKH MO CTPOEHHIO C:
a) NJaKOWJHON uelnyeil; B) KTEHOMJHOH uewlyeii;
0) UMKJIOUIHOH yelllyel; I') HU C KaKOW.
20. [TmaBaTenbHOrO My3bipsi HET Y PbIO:
a) OCeTPOBBLIX; 0) XpsLLEBbIX; B) KOCTHCTbIX; ') KOCTHOXPSLLEBbIX.
21. BeHO3HBI# CHHYC XOPOIIO Pa3BUT y PbIO:

a) KOCTHBIX; 0) XpsILLEBbIX; B) KOCTHOXPSILLEBBIX; ') KOCTHCTbIX.

22. O0wUMM NMpHU3HAKAMU XPSAULEBbIX M KOCTHOXPSIULEBbIX PblIO
SIBJISIIOTCS:

a) xkabepHasi KpbIlLIKA U MJaBa- B) XBOCTOBOH MJIABHUK M CMHPaJb-
TeJbHbIH My3bIph; HbI K/a1anaH;

0) niaBaTeabHbIH My3blpb U ACHM- ) NJaaBaTeJbHbld Ny3blpb U CIH-
METPHUHBIH XBOCTOBOH MJaBHHUK; paJbHbIi KaanaH.

23. Jlns Bcex pblO xapaKTepHO HaJHUHeE!
a) kabepHOH KpbILIKH; B) NJAaBaTeNbHOrO My3bIps;

0) uelyu; r') apTeprHabHOro KoHyca.

24. Tlnockyto MOBEPXHOCTb 3yOOB HMEIOT:

a) aKyJsbl; 6) cKaThl; B) OCeTpbhI; r) Tpecka.

MO TEME «3EMHOBO/HbIE»

1. OTlIeJ'I, KOTOprﬁ BrepBbie MOsIBJASETCsA B MO3BOHOYHHUKE 3€M-
HOBOJIHbIX:

a) TYJIOBULLHbIH; 0) Ta30BbII; B) XBOCTOBOM; ) FpYyIHOM.

2. 3eMHOBO/IHbIE JbIIIAT:

a) TOJTbKO aTMOCHepHbIM KHCI0PO- B) H TeM U JPYTHM;
J10M;
0) TOJIbKO KHUCJIOPOLOM, PaCTBOPEH- ') OHM OTHOCSITCS K aHa’podaMm.

HbIM B BOJLE,
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3. Bo Bpemst 3MMOBKM y 3€MHOBOAHBIX:
a) JIErouyHoe JAblXaHue; B) oba O/THOBPEMEHHO;

6) KOXKHOe JIbIXaHHUe,; I') OHU BMajalT B aHabuo3.

4. 3eMHOBO/IHbIE B CPABHEHUH C PbIOAMH He HMEIOT:
a) XBOCTOBbIX MO3BOHKOB; B) pebep;

6) 1€l HbIX TTO3BOHKOB; ') TYJOBHILHBIX MO3BOHKOB.

5. HepeILHHH KOHEUYHOCTb COCTOMT H3:

a) nJjeyva, JyueBod KOCTH, 6eplLoBOii B) MJieueBO# KOCTH, JOKTEBOH KOCTH,
KOCTH, KOCTEH KHCTH; JIyueBOH KOCTH, KOCTeH KHCTH;

0) npeangeubsi, JOKTEBOH KOCTH, r) MJaeyeBold KOCTH, GepeHHON KOCTH,
JIyueBOH KOCTH, KOCTel CTOMbI, JIOKTEBOH KOCTH, KOCTeH KHCTH.

6. AprepuasbHasi KpOBb M3 JIETKUX MOCTYMAET:
a) B JKeJy/J0YeK cepla; B) B MIpaBoe Mpejcepaue;

0) B JIeBOe Mpejcepame; I') B CIMHHYIO apTepHIO.

7. y 3€MHOBOJHbLIX B OTJHYHE OT pr6 HMEIOTCH:
a) napHble KOHEUHOCTH; B) HemapHble KOHEUHOCTH;

0) cycTaBHble KOHEUHOCTH; r) MIaBHUKHU.

8. Ha cyme rasoobmMmeH Yy 3€MHOBOJHBLIX OCYULLECTBJIFECTCS 3a
CYeT:

a) TOJLKO JIEFOUHOTO JIbIXaHHS; B) JIETOUHOTO, KOXKHOTO U POTOBOTO
JIbIXaHUS,
6) JIErOYHOr0 U KOXKHOTO JIbIXaHHS; ') TOJTbKO KOXKHOTO JbIXaHHS.

9. [To3BOHOUHHK 3€MHOBO/IHbBIX COCTOUT U3 CJACAYIOUIUX OTAE/J0B:

a) 1efHHOro, TYJOBHIIHOIO, XBOCTO- B) LIEHHOTO, TYJOBUILHOTO, KPECTIO-
BOTO; BOT'0, XBOCTOBOTO;
0) WelHoro, rpyaAHOro, KpecTiloBOro; r) WWeiHoro, rpyaHoro, KpecTuoBoro,
XBOCTOBOTO.

10. B cBsi3u ¢ JIBOUHBIM JbIXaHUEM KO»Ka 3eMHOBOJHBIX:

a) UMeeT 3allUTHble 00pa3oBaHus; B) MOKPbITA CJIHU3bIO;

0) He WUMeeT 3alUTHbIX 0Opa3oBa- ) MOKPbITA LIEPCTHIO.
HU;
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11. Y 3eMHOBOJAHBIX BEKH CJay»KaT JJs:

a) 3allUThl I1a3 OT MeXaHHUYECKUX B) CMauMBaHUs MOBEPXHOCTH I1a3a;
MOBPeKJACHUH;
0) ynaJeHus 4acTHueK MblJIK € MOo- ) yAy4lleHUs] 3peHUs.

BEPXHOCTH rJaasa;

12. Teso 3eMHOBO/IHBIX cHAGKaETCS KPOBbLIO:

a) aprepuanbHOii; B) CMelIaHHOH;

0) BEHO3HOH; r) apTepuadbHOil U BEHO3HOM.

13. 3aILH$I$I KOHEUYHOCTb COCTOUT U3 CJACAYIOUIHUX KOCTeM:

a) 6eapeHHasl, JoKTeBas, maJsas B) O6ejspenHas, 6oabliuast U MaJsas
O6eploBas, KOCTH CTOMbI; OeploBble, KOCTH CTOMbI;

6) GenpenHasi, 6oJblIast U Maaas r) 6ejpeHHast, ayuenas, OoJblias
GeplloBble, KOCTH KHUCTH; 6epiioBasi, KOCTH CTOIbI.

14. Y 3eMHOBOAHBIX B OTJHYHE OT pblO HMEIOTCH:

a) TYJOBUILHbIE MO3BOHKH; B) pebpa;

6) XBOCTOBbIE MO3BOHKH; r) lefHble MO3BOHKH.

15. Y amdubuii aprepuanbHasi KpOBb M3 JIETKOTO MOCTyNaeT B:
a) npaBoe npejcepaue; B) XKeJNy0UekK;

0) /neBoe npejacepaue; ) JEerouHylo BeHy.

16. [010BHOH MO3T 36 MHOBOJHBIX COCTOUT H3:

a) yeTblpex OT/eJOB; B) LIECTH OT/EJOB;

6) MsITH OT/EJIOB; r) He pasjeseH Ha OT/eJbl.

17. TTosiBnenue TpexkamepHoro cepana y amguoui cBs3aHo c:

a) Ha3eMHbIM 00pa30M KH3HH; B) MOSIBJIEHHEM MaJsoro Kpyra Kpo-
BOOOpalleHus;
6) MOsIBJI€EHUEM JIET'KOTO; ') KOXKHbBIM JIbIXaHUEM.

18. TTo ueHTpanbHoMy cocyly KpoBb M3 cepaua ambubdbuii mno-
CTynaer B!

a) TOJIOBHOH MO3Tr; B) MaJiblil Kpyr KpoBOOOpalleHHS;

0) 60./1bLIOH KPyr KpoBOOOpaLlleHHs; r) Jerkoe.
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19. ¥ 3eMHOBOJIHBIX KPOBb CTAHOBUTCS CMeEIlIaHHOH B:
a) MpaBoOM Mpejcepnu; B) JKeJy0uKe;
0) JIeBOM MpeJcepanH; ') CIUHHOM aopTe.
20. ¥V 3€MHOBOJHBIX IO CpaBHEHHIO C pr6aMI/I B MO3BOHOYHHUKE
MOABJACTCH:
a) OJIMH HOBBIH OT/eJI; B) TPHU HOBBIX OT/JeJ1a;

6) 1Ba HOBBIX OT/eJ]14a; ') HET HOBbLIX OT/EJIOB.

MO TEME «MPECMbIKAFOLLMECS»

1. Y penTU/JIUd Mo CpaBHEHHIO C 3€MHOBOJHBIMHU JyUllle Pa3BUT:
a) nepejHUil MO3r; B) MO3KEUOK;

0) cpefHUuil MO3T; ') NPOAOJATOBATHIH MO3T.

2. VI3 cepaia penTuauil BbIXOAHT:
a) OJIMH KPOBEHOCHbIH COCY/; B) TPU KPOBEHOCHbBIX COCY/1a;

0) 1Ba KPOBEHOCHBIX COCYa; ) 4eTblpe KPOBEHOCHBIX COCYa.

3. TTo3BoHOUHHK pel’ITI/I.HI/Iﬁ COCTOUT U3 CJACAYIOLIUX OTACJOB:

a) WenHoro, TyJOBHIILHOTO, KPeCTIo- B) 1I€HHOr0, TYJOBHILHOTO, MOSICHUY-
BOT0, XBOCTOBOTO; HOT'0, KPECTLLOBOr0, XBOCTOBOTO;

0) WelHHOro, rpyaHOro, KpecTLoBoro, r) WeHHOro, rpyAHOr0, MOSICHUUHOTO,
XBOCTOBOTIO0; KPEeCTLOBOr0, XBOCTOBOTO.

4. 3aaHue KOHEUHOCTH penTUNUi CHAOXKAITCSH KPOBbIO:
a) apTepHanbHoOl; B) CMeIlaHHOM;

0) BEHO3HOI; r) apTepHanbHOH U BeHO3HOM.

5. Teso pentuanil MoKpsITO:
a) poroBoit uernyeii; B) NJIaKOUAHON yellyeit;

0) KOCTHOI uellyef; ') CJAU3BIO.

6. Her 3y6oB y:

a) ameit; 0) uepenax; B) KPOKOJMJIOB; T) sillepHIL.

7. I'pynauna oTCyTCTBYET y:

a) silepuly; 0) KPOKOJIHJIOB,; B) uepernax; r) 3meil.
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8. B Boje penTuaMU AbIIAT:

a) aTMoC(epHbIM KHCI0POJIOM; B) U T€M H JIPYTHUM OJHOBPEMEHHO;
6) KHCJIOPOJOM, PACTBOPEHHBIM B r) B BOJIe PENTHINHH He JbIlIaT.
BOJLE;

9. Y pentuauil KpoBb CMellIHBAeTCs B!
a) JKeJyJI0uKe; B) MPaBOM XKeJYJ0UKE;
0) J1IeBOM MpeJcepanH; ') CHHHOH apTepuH.
10. [To cpaBHEeHUIO ¢ 3¢MHOBOJIHBIMU Y PENTHIHN MOSIBASETCS:
a) WelHbld oTaeds, B) XBOCTOBO# OTJeJI;
6) rpyaHOi OTae, ') KPeCTUOBbIH 0T/,
11. TTonkatoununble apTepumn OTXOAST OT:
a) JIeBOH JIyru aopThl; B) MPaBoil 4YaCcTH XKeJyJ0UKa;

0) JIEBOH UaCTH JKENyA0UKa; r) npaBoil 1yTH aopThl.

12. YV penTuanii NpUCyTCTBYeT:

a) OplolHoe JblXxaHue; B) BCAChIBATE/IbHbIH BUJ JEFOUYHOTO
JIbIXaHUS;
6) HarHeTaTeJ bHbIH BUJ JIEFOYHOTO ') KOXKHOE JIbIXaHHe.
J(bIXAHUS;

MO TEME «MNTHLbI»

1. IleBxa y ntuir o6pasoBana KOCTSIMH:

a) 6enpa; 0) roJeHu; B) CTOIDbI; r) najblieB.

2. Kusb y ntui

a) cpacraercs C IpyaUHON; B) He cpacTaercsl ¢ IpPyJHHOM;
6) sIBJISIeTCSl BBIPOCTOM T'PYAHHBI; T) SIBJISIETCS] CAMOCTOSITENbHBIM OT-
JLeJ10M.

3. CKOJIbKO OT/J€e/I0B B [MO3BOHOUHUKE MTHLL
a) ueThipe; 0) NAATh; B) TpH; r) 1Ba.
4. Y nTun Ha MepeaHUX KOHEYHOCTSIX pPa3BUTO:

a) NsTh NaJjblies; B) TPHU MaJblia;

0) ueTblpe nasnblia; ) HeT NaJblieB.
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5. ¥ nTuu B xeayaouke cepalia:
a) HeT Meperopojiku, B) MOJIHAS MEePeropojka;

0) HeroJiHasl MeperopojKa; ') 1B Meperopojku.

6. [1uma y nTun neperupaercs B:
a) XKEeJe3UCTOM KeNyJiKe; B) U B TOM U B JPYrom;

0) MbILIEUHOM KeNy/Ke; r) 306e.

7. KOCTI/I uepena y nTul CpacTaroTcs:
a) HenmoJBHKHO 0e3 1IBOB; B) HEMOJBHXKHO, HO UMEIOTCSI ILIBbI;

6) MOJBUIKHO; ) NOJMYMNOABHKHO.

8. IlTunbl apasiioTes:
a) KUBOPOASIILLUMH; B) sIfLleKJa Yy LLIHMHU;

0) sfLeKMBOPOISIILLUMH; ) UKPOMEUYLLIHMH.

9. TTo3BOHKH KaKoro oT/iesa MO3BOHOYHHUKA Yy MNTHIL COCIMHEHDbI
MOJYIOJABHU2KHO!

a) meiHoro; B) MOSICHUUHOTO;

) rpyaHoro; ') KPeCcToBOro.

10. Kakue nepbsi y nTHIL NpUaaOT oOTekaeMyo GopMy Tenay:
a) KOHTYypHble MaxoBble; B) KOHTYDHbIE pYyJ/eBbIe;

6) KOHTYpHbIE TTOKPOBHbIE; ') NyxoBble.

11. CkeJsieT seTaloLiux NTHUL 00JIeryeH 3a CUerT:
a) BO3AYULIHbIX MeELIKOB; B) MHEBMATHUECKUX KOCTeﬁ;

0) BO3JLYLIHBIX MOJOCTEN; ') BCeX MepeuncaeHHbIX cnocoboB.

12. Koxa y nTuIr

a) cyxasi; 0) BaaxKHas, B) XKUpHas,; ') CKOJIb3Kasl.

13. Bee teso nTul cHa6KaeTcst apTepualbHON KPOBbIO, TaK KakK
y HUX:

a) ucyesaer JjgeBas aAyra aoprI; B) noJsHasa Heperopom{a B XKeJynou-
Ke;

0) McuesaeT npapasl Jyra aopThbl; ') ueTbipexKkaMepHoe cepjlle.
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14. Y ntuu B nulleBapUTeNbHONH CUCTEME:

a) OJIHH XKeNyJ0K; B) 1BA XKeJyJ1Ka;
0) OJIMH XKeNYI0K C JABYMS OT/esa- ) Ba XKeJayjaKa, KaxK/blil ¢ IByMs
MU, OTJe/aMHu.

15. O61KMH NpU3HAKAMHI MTHIL U PENTHINH SBJISIOTCS:

a) OTCYTCTBHE KOXKHOTO JbIXaHHS U B) MOKPOBbI Tesa U OTKJ/a/blBaHUE
MOKPOBbI TeJ14a; SIULL,

0) OTCYTCTBHE KOXKHBIX KeJe3 U ) OTCYTCTBHE KOXKHOI'O JbIXaHHS U
KOXKHOTO JIbIXaHMUS; MOKPOBbI TeJa.

16. OcHoBHOe BcacblBaHHe MPOUCXOJIHUT B!
a) KeJJayKe; B) TOCTOM KHIICUHHKE;

6) TOHKOM KHIIEUHHUKE; r) 306e.

17. Y nTHIL He OUeHb XOPOIIO Pa3BUTO:

a) 3peHue; 6) 00OHsIHUE; B) CIYX; r) ocsizaHue.

18. O6orauienue KpoBH KHUCIOPOAOM MPOUCXOAUT Y MTHIL

a) B JIETKUX BO BpeMsd BJ10Xa; B) B JIETKUX W BO3JAYILIHbIX MelIKax
BO BpeMs BAOXA;
6) B JIETKHX BO BpeMsl BAOXa W BbI- I‘) B JIETKHX U BO3AYUIHBIX MeIIKax
Jl0xa, BO BpeMsl BJOXa U BblJ10XaA.

19. ¥V ntuu noaBHXKHO He COEJUHSIOTCST MO3BOHKH CJ/A€AYIOHINX
OT€eJO0B:

a) 1LefHOro, TPYAHOTO, TOSCHHUHO- B) MOSICHUUHOTO, KPECTIOBOro, MIeii-
ro; HOTO;

6) rpyaHOro, MOSICHUUHOI0, KPeCTIL0- ') KPeCTUOBOro, LEeHHOro, MOSICHUY-
BOT0; HOTO.

20. Ha nepeaHux KOHEYHOCTsAX TTHIL HaXOAATCH:
a) KOHTYpHble pyJeBble nepbs; B) KOHTYPHbIe MaxOBble Mepbsi;

0) KOHTYpHble MOKPOBHbIE Mepbs; I') MyXOBble Mepbsl.

21. YV Kakux MTHIL XOpOIIO pa3BUTbl MHEBMATHUYECKHUE KOCTHU!

a) JeTaluux; 0) HbIPSIIOLLUX; B) HeJleTalolluX; r) Gerarolmx.

22. B Koxe y NTHIL CTh KeJe3bl:

a) MOTOBbIE; 0) caJbHbIE; B) KOMUHKOBASI; ) CJAIOHHbIE.
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23. Y nTHIL COHHbBlE apTePUH HAUMHAIOTCS OT:
a) JIeBOH JIyru aopThbl; B) JIEBOI'O JKeJTYJ10UKa;

6) npaBoil 1yru aopThl; I') MIpaBoro »enya04uKa.

24. Yepes k10aKy y NTHUIL BbIAESIOTC:

a) HermepeBapeHHble OCTATKU TMHIILH; B) MOYa M HermepeBapeHHble OCTATKH
MUK
0) Bpe/Hble BelllecTBa; r) Moua.

25. OcHOBHOe nmepeBapHUBaHKUe MULLM MPOUCXOAUT B!
a) KEJTYIKe] B) TOJICTOM KHUILIEYHHKE;

6) TOHKOM KHIIEUHUKE; r) 306e.

26. Y nTHIL XOpOIIO PAa3BUTO:

a) o0oHsIHHE; 0) 3peHue; B) CYX; r) ocsizaHue.

27. Tun nerouHoro ablxaHus y NTHIL
a) HaTHeTaTeJbHbIH; B) AMadparMeHHbli;

6) BcachbiBaTeNbHbBIN; r) 6pIOLIHOM.

MO TEME «MJIEKOMUTAKOLLME»

1. B cocTaB BOJIOCSIHOTO NOoKpoBa MJICKOMUTAIOUIUX BXOAHUT:

a) OCTb; 0) MOALIEPCTOK; B) OCTb W MOJAILEPCTOK; r) OCTb H MYyX.

2. T1oT y MJIEKOMUTAIOUIUX CJAYKHUT JIJIS:

a) OXJaxKJleHUs Tena; B) OXJIaXKJI€HHUS TeJsia, BbIBeleHUs
U30bITKA COJIel U MOUYEBHUHBI;
6) BbIBeleHUsT U30OBITKA COMEH U MO- I') BbIBEICHUS BOJBI U U3ObITKA CO-
YEBUHBI; Jed.

3. Kopennble 3y0bl ¢ MI0CKOH MOBEPXHOCTbIO XOPOLLO PA3BUTHI Y:
a) IpbI3yHOB; 0) TpaBOSIAHBIX; B) XHILHUKOB; r) naaablHKOB.

4. OcHoBHOe BcachiBaHHe MUTATEIbHBIX BELIECTB OCYILECTBJISET-
csl B!

a) KeayJKe; B) TOJICTOM KHIIEUHHKE;

6) TOHKOM KHIIEUHUKE; ) KMIIEeYHUKe.
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5. Y MJIEKOMUTAIOUIUX B TOJOBHOM MO3re Jiyyule BCEro pa3BHUT:

a) nepeaHuil Mo3r (6osblIHe MOMY- B) MO3XKEUoK;
mapus);
0) cpeHUi MO3T; ') NIpoOAOJArOBaTbIH MO3T.

6. CKOJIBKO MO3BOHKOB Y MJIEKOTIUTAIOUIUX B LIEHHOM OT/eMe Mo-
3BOHOUHHKA:

a) BOCeMb; 0) ceMb; B) LIECTb; I') pagHoe y Kakjioro Bujia.

7. BcacbiBanue BOJbl ¥ MJIEKOMHUTAIOIINX MTPOUCXOIUT B!
a) KenyJiKe; B) TOJCTOM KHIIEUHHKE;
0) TOHKOM KHILEUHHKE; r) MouKax.

8.V MJIEKOMUTAIOIINX YHHUTO2KEHHE CTapbIX KJETOK KPOBH MPO-
HCXOJHUT B:

a) nevyeHw; 0) cenmeseHke; B) MOJKENYIOUHOH Keyese; r) noukax.

9. B koxe MJIEKOMUTAOUHUX PACOJNM02KEHbI:
a) TOJIbKO MOTOBLIE XKeJIe3bI; B) MOTOBbI€ W CaJIbHbIE XKeJIe3bl;

6) TOJIBKO caJsibHbIe JKese3bl; T) MOTOBbIE U KHPOBbIE KeJe3bl.

10. bBplownoe nbixaHue y MJEKOMHUTAIOUIMX OCYLLIECTBJISETCS C
MOMOUIbIO:
a) aMacparmbi; B) OPIOLIHBIX MbILILL;

6) nnacdparmbl U pebep; r) anadparMbl U OPIOIIHBIX MbILLIIL.

11. Y MieKonuTalouux BblJeNeHHsT CalbHbIX XKeJe3 CayxKat JJs:
a) BbIBEJIEHUST BPE/IHbIX BEIECTB; B) OXJaXK1eHUS Tesa;

6) CMasbiBaHUsA KO2KH H BOJOC; I‘) BbIBeJI€HUsA BOJbI.

12. ¥V MiekonuTalouMx B ABEHAAUATHIIEPCTHYO KHUIIKY OTKPbI-
BalOTCSl MPOTOKH:

a) MOJUKEeTYA0UHOH 2KeJe3bl; B) MeUEeHU W MOJKEJYN0UHOH »)KeJje-
3bl;
6) nmeueHu; I') MeYeHu U CeJe3eHKH.

13. AHHGHLII/IKC Y MJAEKOMUTAKUIIHUX HAXOAUTCHA:

a) MeXKJy »KeJyJAKOM H TOHKOH B) M€KLY TOHKOH H TOJCTOH KHIII-
KULLKOM; KOI;

0) mocJsie TOJCTOH KHILKH; r) B 1pyromMm mecre.
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14. CoHHble apTepUu Y MJEKOTHUTAIOUIUX OTXOJISAT OT:
a) JIeBOH JIyru aopThbl; B) JIEBOI'O JKeJTYJ10UKa;

6) npaBoil 1yru aopThl; I') MIpaBoro »enya04uKa.

MO TEME «<AHATOMMSA»

1. .HOpILOSOM Ha3blBaeTcs U3rHO MO3BOHOUHHUKA:

a) BOepes; 0) BJIEBO; B) Ha3aj; ) BOpago.

2. [TonynoaBUKHO KOCTH COEJIMHEHBI B!
a) uepere; B) MO3BOHOUHHKE;

6) KOHEUHOCTSIX; ) nosicax KOHeuHOCTel.

3. JloxHble pe6pa NpUCOEAUHSIOTCS:
a) K rpyjuHe U MO3BOHKAM; B) K MO3BOHKAM M Jpyrum pebpam;

6) TOJBKO K MO3BOHKAM; r) jexar cBoOOHO.

4. KpacHblil KOCTHBIH MO3r HAXOJUTCS B!
a) nuacuse; B) KOCTHO-MO3TOBO# MOJIOCTH;

6) ry6uaToOM KOCTHOM BelLeCTBE; ) MJIOTHOM KOCTHOM BelllecTBe.

5. Crapble KIeTKH KOCTHOH TKAHH YHUUTOXKAIOTCH:
a) OCTeolUTaMHu; B) ocTeobiactamu,

0) ocTeoKJacTamMu, r') ApyrMMH KJIeTKaMH opraHuama.

6. ['pyaHas KJaeTka uMeeT caeayouine GyHKIHH:

a) onopa M ABHIKEHHE; T') TOMIBKO 0Mopa;
0) 3aUIUTa U JBHXKEHHUE; J1) TOJABKO 3alllUTa;
B) OMopa M 3alluTa; €) TOMbKO JBHKEHHe.

7. CkeJieT yesi0BeKa COCTOUT H3:

a) CKeJjieTa roJioBbl, MO3BOHOUHUKA, B) IPYJIHON KJIETKH, CKeJeTa rojo-
CKeJleTa KOHEUHOCTel; Bbl, CKeJleTa KOHEUHOCTEH U UX
nosiCoB;
0) ckeseTa TYJOBHILLA, CKeaeTa KO- ) CKesJeTa roJioBbl, CKeleTa KOoHey-
HEUHOCTell, CKeJleTa roJioBbl; HOCTell U MX MOSICOB, CKeJeTa Ty-

JIOBHUIILA.
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8. CKO/MbKO MIOCKOCTel BUXKEHHUS HMeeT JOKTEeBOH CyCTaB:

a) 1Be; 0) TpH; B) O/LHY; ') HU OJHOM.

9. Jlss MbIILIEUHOH TKaHM XapakTepHbl CJAeAYIOlIMe 0COOEHHOCTH:
a) BO30YJIUMOCTb U COKPATHUMOCTb; B) BO3OYAHMOCTb U TMPOBOAUMOCTD;

6) COKPAaTUMOCTb U MPOBOJAUMOCTb; I‘) TOJIbKO COKPATUMOCTb.

10. ['mankas MblllleyHast TKaHb 06pasyer:
a) MBIl JIUILA, B) CKeJIeTHbI€ MBbIIIILbI;

0) MbILILbBl BHYTPEHHUX OPraHoOB; I') aKTUBHYIO 4aCTh OMOPHO-ABUIa-
TeJbHOH CHCTEMBI.

11. FJ'IalIKaH MbllIeYHasd TKaHb COKpauiaeTcsda ¢ MOMOIULbIO:
a) MHO3WHOBBIX HUTEH; B) aKTHHOBBIX HUTEI;

0) aKTHH-MHO3HHOBOTO KOMIJIEKCA; I') MPOU3BOJMBHO.

12* Korpa peGeHOK HAauMHAET CaMOCTOSITEIbHO MOJHMUMATh TO-
JIOBY, y Hero popMupyercs:

a) WelHbIH J0p03; B) WIeHHbIH K1(O3;

0) MOSICHUUHBIH JIOP103; ) MOSICHUUHBIH KU)O3.

13. CyCTaBHble NMOBEPXHOCTH JABYOCHBIX CyCTaBOB, KaK MpaBUJIO:
a) mapHUpHbIE; B) IIAPOBU/IHBIE;

6) 3JJUTICOUHDIE; ') MJOCKHE.

14. C Mo3BOHKAMU U TPYAMHON COEAUHSIOTCS:
a) Hacrosiuiue pebpa; B) JIOXKHble pebpa;

6) cBoOOHbBIE pebpa; r) Bce pebpa.

15. )KeaTblil KOCTHBIH MO3T HAaXOJIUTCS B:
a) MJIOCKHUX KOCTHAX; B) KOpOTKI/IX KOCTHX;

0) TpyOUaTbIX KOCTSIX; r) ry6uaTbix KOCTSX.

16. CoenuHeHusi KocTedl ¢ MOMOIIbIO XpHHleBOﬁ TKaHHW OTHOCHAT-
Coq K

a) NPEePbIBUCTBIM COCAUHEHUAM; B) HEMpPEepPbIBHBIM COCAUHECHUSM;

0) cycraBawm; ') HEMOJBUKHbBIM CO€/IHHEHHUSIM.
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17*. B KOCTH OCHOBHYI0 MEXaHHUECKYI0 (DYHKIHIO BbIMOJIHSIET:
a) snupus; B) nuadus;
6) l'lpOKCI/IMa.}'Ibelf/'I KOHell KOCTH, I‘) JIUCTAJIbHbBIH KOHELl KOCTH.

18. [Ipunumaer pasapakenue oT pasapaKuTess:
a) aKCOH; B) JCHAPUT;

0) aKCOH U JIEH/IPUT; r) TeJ10 HelpoHa.

19. CteHKM BHYTpPEeHHHUX OPTaHOB 00Pa30BAHBI:

a) 3MUTeJHeM H MOoMepeyHonoaoca- B) SMUTEJAUEM W IIaJKOH MbIILIEYHOH
TOH MbILIEUHOH TKaHbIO; TKaHbIO;

0) 9MUePMHUCOM H MOMePEUuHOnoJ0- ) SNUAEPMHCOM U IVIaJAKOH Mbllley-
CaTOH MbIIIEUYHOH TKAHbIO; HOU TKaHbIO.

20. BerHHH KOHEYHOCTb COCTOUT U3 CJACAYIOUIHUX KOCTeH:

a) nJjevyeBoi, JOKTeBOH, 6eploBO, B) MJEUeBOH, JOKTEBOH, J1yUueBoii,
(ananr nanbles; (dbananr nanbLes;

6) GeapeHHOM, JOKTeBOH, 6eplloBOH, ) nJaeueBoi, ayueBoi, 6epiloBoi,
danaur naabues; (hanaHr nasables.

21*. Korna pe6GeHOK HaYMHAeT CaMOCTOSITENBHO CAJUThCS, Y He-
ro ¢gopmupyercs:

a) LWeHHbIH J0P103; B) wWeiHbll K1udo3;
6) MOSICHUUHBIH JTOP103; ') NOSICHUUHBIH KUPO3.
22. CycTaBbl ¢ IAPOBUHON CYCTABHON MOBEPXHOCTHK MMEIOT:

a) OIHY MNJOCKOCTb JIBHXKEHHUS; B) JIBC MJIOCKOCTH JIBH2KCHH I,

6) TPHU NMJOCKOCTH JABHKEHHUS] I‘) YETbIpE MJOCKOCTH JIBUKECHHS.

23. 3a oOMeH BellecTB B KOCTH OTBEYAloT:
a) OCTEOIIUTHI; B) OCTEOKJIAaCThI,

0) ocTeo0/1aCThl; r) Apyrue KJIeTKH opraHuama.

24. PocT KOCTH MPOUCXOJUT:

a) B anuduse; B) B 1uacuse;

6) Ha rpauuile snududa u auadusa; ') N0 BCeil MOBEPXHOCTH KOCTH.
25. B KOCTH OCHOBHYI0 KPOBETBOPHYIO (DYHKIIHIO BbIMOJHSET:

a) rybuaToe KOCTHOE BeleCTBO; B) MJIOTHOE KOCTHOE BELLeCTBO;

6) KpacHbIl KOCTHBIH MO3T; ') KeJNTbIH KOCTHBIH MO3T.
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26. CoeMHEHUST KOCTEH C MOMOILLbIO MJIOTHOH COEIMHUTEJNLHOH
TKAHU OTHOCATCH K:

a) HermpepbIBHbIM; B) MPEPbIBUCTBIM;

6) MOJYMOABUKHBIM; ') MOJABUKHBIM.

27. HuXKHss KOHEUHOCTb COCTOMT M3 CJAEYIOIIUX KOCTEH:

a) myeyeBoil, 6epLOBOIi, JyUeBoOi, B) GeapeHHOH, 6epl1loBOi, pamanr
(anaur nagables; naJbles;

6) GepeHHOM, JOKTeBOH, 6eplloBOH, r) niaevyeBoi, 6epuoBoil, hanaur
(dhasaHr nanablies; naJibLeB.

28. lnacus nokpoIT:

a) HaJXpsIHUIEH; B) HaJKOCTHHULEH;

0) CyCTaBHbIM XPSLLIOM; I') CyCTaBHOH CyMKOM.

29. Kakue QyHKIMM CKeJeTa MOMKHO OTHECTH K OHOJOTMUECKHM
GyHKILHAM:

a) 3aluTa ¥ 0nopa; B) KPOBETBOPHAasl 1 OOMEH BELLEeCTB;

0) 3anacaioinast U JBHKEHHE; r) oOMeH BelllecTB M omnopa.

30. Opranel 06pa3yioT CHCTEMY OPraHOB, €CJAH OHH BBIMTOJHSIOT
QYHKLHH:

a) OIMHAKOBBIC; 0) o01uLy10; B) pasHbie; ') OHY-EIHHCTBEHHYIO.
31. Kakyo ¢QyHKIHIO MHUILIEBAPUTENbHON CUCTEMbl OMPeessiioT

FOPMOHbI, CTHMYJIUPYIOLLHE BblJeJeHHEe MULLEeBAPUTENbHbIX (hepMeH-
TOB!

a) CEKPeTOPHYIO; 6) MHKPETOPHYI0; B) 9KCKPETOPHYIO; ') XUMHUYECKYIO.

32. CeposHast 060J0UKa sIBJsIETCS:

a) BHEUWHUM CJI0€M opraHa; B) BHYTPEHHHUM CJI0O€M OpraHa;

0) cpelHUM CJI0eM OpraHa; r) He siBJAsieTcsl 060J0UKOH opraHa.

33. Kakyto QyHKIMIO MUILEBAPUTENBHON CUCTEMbl OMpejensier
BbIJl€JIeHHEe BPEeIHbIX BEIIECTB:

a) MHKPeTOpHYI0; ©) CeKPETOPHYI0; B) 9KCKPETOPHYM; ') MeXaHHUeCKYIO.
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34. OcHoBHas BcachiBaTeabHass QYHKIHS OCYILECTBJASETCH CJU-
3UCTOH 060/10UKO:

a) KeJJYyJIKa; B) TOJICTOI'O KHIIeYHHKA;

6) TOHKOTO KHILIEUHUKA; r) nuieBoa.

35. [mankasi MblllleuHasi TKab 06pasyet:

a) CJAU3UCTBINA CJA0H BHYTPEHHUX Op- B) CEPO3HYI0 000J0YKY BHYTPEHHUX
FaHOB; OpraHoB;

0) cpefHUIl cJI0il BHYTPEHHUX opra- r) He yuacTByeT B 00pa3oBaHUU
HOB; CTEHOK.

36. Kakyto ¢yHKUMIO MUILEBAPUTENbHON CUCTEMbl Onpejenaser
BblJleJIeHHE HerepeBapeHHbIX OCTATKOB MUILU:

a) 5KCKPeTOpHYy10; 0) MOTOPHYIO; B) CEKPETOPHYIO; TI') HHKPETOPHYIO.
37. CekperopHasi (QYHKIMS CBsi3aHa C BbIJCJICHHEM KJIETKaMH
MUILEeBAPUTEILHOrO annapara:

a) NpojayKToB 0OMeHa; B) cneun@uuecKuX MULLeBAPUTENb-
HBIX TOPMOHOB;

0) MUILEBAPHUTEIbHbBIX COKOB; ') MULLEBAPUTEAbHbBIX (GepMEHTOB.
38. Tazoo6MeH MexJy aJbBeoJaMH H KPOBbK TPOHUCXOJHMT BO

BpeMs:

a) BHELUHEro JbIXaHUs; B) KJIETOUHOTO JbIXaHUS;

6) TKaHEeBOroO JbIXaHHS; ') IETOUHOTO JbIXaHHS.

39. B 00beM KU3HEHHOH €MKOCTH JIEFKUX He BXOIMT:
a) IbIXaTeJbHbIl 06beM; B) OCTATOUHbIH 06bEM;

0) pesepBHbI 06beM BbIL0XA; r) pe3epBHbIH 00'beM BOXA.

40. BpOHXO-J’IeI‘O‘-IHbIe CEerMeHTbl COCTOAT H3:

a) noseil; 0) anbBeos; B) ALLMHYCOB; T') a/J1bBEOJSIPHBIX XOA0B; J1) A0JEK.

41%. [1penoxpaHsieT cepjlle OT MepernoJHeHHst KPOBbIO:

a) BHELIHWH CJIOH MHOKapaa npes- r) BHyTPEeHHHUI CJ0H MHOKap/a
cepauil; npejcepauii;
0) BHYTPeHHUI c/0fi nmepukapaa; 1) BHELIHHUH CJI0H MUOKapaa yKemy-
JIOUKOB;
B) BHELIHWH CJIOH mepuKapa; €) BHYTpPEHHHUH Cc0f MUOKapja »xe-

JIYTOUKOB.
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42. ApTepun 1easTCA Ha CJAEAYIOILIHEe THIbI:

a) 3JaCTHUHbIE, MbIILIEYHO-31ACTHU- B) 3/1aCTHUHbIE, MblllleuHble, G€3Mbl-
Hble, 6e3MbllIeUHbIE; LIeYHbIE;

6) 3/JaCTHYHbIE, MbIIIEUHO-31aCTHY- ') MblllI€UHbI€, MbILIEUHO-31aCTHY-
Hble, MblllIEUHbIE; Hble, 0e3MblllIeUHbIe.

43. TTonynyHHble KJaamaHbl HAXOAATCS B:
a) 3JaCTHUHBIX apTepusx; B) BeHax;

6) 6e3MblllIeUHbIX BeHAX; ) MbILIEUHBIX aPTEPHUSIX.

44. TTpu BBone ocnabaeHHbIX MUKPOOPraHU3MOB 00pasyeTcs:

a) TKaHEeBbI UMMYHHUTET; I') HCKYCCTBEHHbBIH MAaCCHUBHBIN UM-
MYHUTET;
0) UCKYCCTBEHHbIH aKTHUBHBIH UMMY- J1) €CTeCTBEHHbIH MACCUBHbII HMMY-
HUTET; HUTET;
B) €CTECTBEHHBIH aKTUBHBIH UMMY- €) KJIeTOUHBIH UMMYHHUTET.
HUTET;

45. HaubGosbliee mapuuanbHoe JaBjaeHue yraeKUCJI0ro ra3a B:

a) KJIeTKe; ) ajJbBeosax;
6) apTepuanbHOH KPOBH; J1) BEHO3HOH KPOBH;
B) TKaHsX; e) Bo3ayxe.

46*. Bo BpemMsi BTOpPOro 3Tana TPeThero 3peHa Mpoiecca jbixa-
HHUS MPOUCXOJIUT:

a) JIerouHoe JibIxaHue; r') BHyTpeHHee JbIXaHUe;
0) BHellIHee JbIXaHue; J1) TKaHeBOe JbIXaHue.

B) KJIETOUYHOEe JIbIXaHHe;

47. J1oNbKH JI€rKOT0 COCTOSIT M3:

a) poJsef; I') aJbBEOJSIPHBIX XO0B;
0) anbBeol; 1) aLUHYCOB.

B) OPOHXO-JIErOUHbIX CEIrMEHTOB;

48. Tlepuxapn:

a) OKpYy’KaeT Cepille; B) OKpY2KaeT Jerkue;

6) BbICTHIAeT OPIOLIHYIO MOJOCTE; T) BLICTH/IAET PYAHYIO MOJOCTb.
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49. JTumda obpasyercs u3:
a) aprepHanbHOl KPOBH, B) BEHO3HOH KpOBH;

6) MeKTKaHEeBOH XKUJIKOCTH; ') BOJIBIL.

50. [losbie Bcero coxpaHsieTcs:

a) MCKYCCTBEHHbIH aKTHBHbBII HMMY- B) HCKYCCTBEHHbBIH MacCUBHbIH HM-
HUTET; MYHUTeT;

0) ecTecTBeHHbIH aKTUBHbIH UMMY- ') eCTeCTBEHHbIH MaCCHBHBIH UMMY-
HUTET; HUTET.

51. Iuactosna »KeayaioukoB JJUTCSH:
a) 0,1 ¢ 6) 0,3 ¢ B) 0,5 ¢; r) 0,8 c.

52. TpexcTBOpuUaTHfl KIamaH HAaXOAUTCS MEXIY:

a) JIeBbIM MpeacepaUeM U JeBbIM B) MpaBbiM NpejaceppueM U MpaBbIM
JKEeJTY0UKOM; JKeJTYI0UKOM;

0) JIeBbIM 2KeJTyJA0UKOM M JIerouHOMH ') NpaBbIM KeJMyL0UKOM M a0pPTOH.
aprepuei;

53. Kpacuble KpoBsiHble TeJblla — 3ITO:

a) JeHKOUUTD; 0) TPOMOOLIUTBI; B) 9DUTPOLIUTHL; r) TUMQPOLHUTHI.

MO TEME «OBLLLASI BUOJIOIUSA»

1. JokaeTouHoll (hOpMO#l KHU3HU SABJISIOTCS:

a) 6akTepuu; 0) MUKPOOPTraHU3Mbl; B) BUPYCBI; r) npoctefilue.

2. K kakum cucremMam OTHOCSITCS »KUBbIE OpraHMu3MbI:
a) 3aKPbITbIM; 0) MOJY3aKPbITbIM; B) OTKPBITBIM; ) 3aMKHYTBIM.

3. CnocoOHOCTb »KUBBIX CHCTEM HpI/ICHOCa6ﬂHBaTbCH K H3MeHe-
HHUAM Opr}KaIOHleﬁ Ccpelbl Ha3bIBAECTCH:
a) pa3MHOXKEHHEM; B) 9BOJIOLIHOHHBIM MPOLECCOM;
0) pasapaKHUTeJbHOCTbIO; r) ajgantauuei.

4. CrocoOHOCTb »KHUBBIX CHCTEM BOCIOPHUHHUMATL W OTBEUATb Ha
HH(pOpMaLIHIO H3 Opr)Ka}OLLleﬁ Cpe/lbl Ha3bIBACTCH:
a) pedaekcom; B) Pa3MHOKeHHEM;

0) pedaeKTOpHOH 1yrof; ') pa3apaKUTeabHOCTbIO.
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5. Ilpouecc, B pedynbTate KOTOPOro »KHMBble CUCTEMbl MOJAYUAIOT
9HEPTHUIO U pPa3jMuHble BeleCTBa, HA3bIBAETCH:

a) pa3aMHOXKEHUEM; B) 0OOMEHOM BeIlleCTB;
6) NUTaHuEM; r) GOTOCHHTE30M.
6. Ha xakoM ypoBHe OpraHu3aliu >KHBOH MPUPOJbI MPOUCXOTHT
nposiBJeHHe reHeTHYeCcKOoH HHpopMaluu:
a) MOJIEKYJIIPHO-TeHEeTHUECKOM; B) OPraHU3MeHHOM;

6) KJIETOUHOM; ') BUJOBOM.

7. Hakon/seHue pas3/auMuHbIX MyTaUWid NPOUCXOAUT HA YPOBHE!
a) MOJIEKYJ/ISIPHO-TE€HETHUECKOM; B) OPraHu3MeHHOM;

6) KJAETOUHOM; ') BUOBOM.
8. ['nmo6aabHbIM yPOBHEM OpPTraHU3AIUU KUBOU MPUPOJbI SIBJSET-
Col:
a) NonyJasiliHOHHO-BUIL0BOH; B) GMOTE€OILeHOTHYECKHT;
6) OHOLLEHOTHUECKHI; r) 6uochepHbIil.
9. Ha kakom YPOBHE NpoBepseTCs YKU3HECrnocoOHOCTb MreHOTHUIa
B OKpY2Kalollleid cpeje:
a) KIeTOUHOM; 6) oprantow; B) OpraHU3MeHHOM; T) MOMyJASIIIHOHHOM.
10. YaBoenue reHeTuueckod MHGOPMALUH B KJIETKe MPOUCXOAUT
B npouecce:
a) TPAHCKPHUILLHH; 0) penauKaluy; B) TPAHCJSILLIY; r) jeHaTypalmu.
11. CuHTE3 JIUMUIO0B MPOUCXOJHUT:
a) Ha rpanyaupoBanHom IIIP; B) Ha raajakom IIIP;

6) Ha pubocomax; r) B annapate [0Jb/KH.

12*, O6s13atesibHble QYHKIHK KJICTKU HalpaBJ/IeHbl Ha:

a) mojaeprkaHue KH3HeCNOCOOHO- B) OCYILIeCTBJIEHHEe XapaKTepHbIX
CTH KJIETKH; (DYHKUHI KIeTKH;

0) nojajeprKaHue KU3HeCOCOOHO- r) ocyulecTBaeHne GyHKUUH opra-
CTH OPraHu3Ma; HU3Ma.

13. [1pu uacTHuHON AeHaTypaluu OejKa He HapyllaeTcs:
a) nepBUUHAsi CTPYKTypa; B) TPeTHUHAsI CTPYKTYPa;

6) BTOpHUHAS CTPYKTYypa; r) UueTBepTHUHAS CTPYKTYypa.
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14. ITo npuHUMNY KOMMJIEMEHTAaPHOCTH 00pa3yioTcsl caeaylonne
napbi:

a) A—T; T—T; 6) [—L; A—Y; B) A—LI; [—T; r) T—A; H—V.

15. JIMKTHOCOMBI SIBASIIOTCS CTPYKTYPHOH eJUHUIIEeH:

a) JIM30COM; 6) II1P; B) annapara [oabaKM; ') KApUOJEMMBI.

16. buononumepsl, onpeaensioiiie OCHOBHbIE CBOHCTBA »KUBOTO,
SABJSIOTCS:

a) 6enkamu; B) HYK/JE€HHOBLIMH KHCJIOTAMHU;

6) nunuaamu, ') yrJaeBoaaMu.

17%. I1pu GosbiioM H3OBITKE BOJbI JUITHAbI 00Pa3yIoT:

a) MJIEHKY Ha MOBEPXHOCTH C «XBO- B) WapooOpasHble KaMau ¢ «XBOCTa-
CTaMU» B BOJE; MH» HAPYKY;

6) wapoobpasHble Kamju ¢ «XBO- ') MJIeHKY Ha MOBEPXHOCTH BOJLbI
CTaMu» BHYTPH; C «XBOCTAMH» HApPYXKY.

18. TOTHIOTEHTHOCTD KJAETOK 03HAuyaeT CXOJACTBO MX:

a) GyHKUHUH; 0) cTpoeHust; B) F€HOTHIOB; ') IPOUCXOXK/CHHUS.

19. K BakyossipHoil cucTeMe OTHOCSITCS:

a) OI1P, annapar [onbrku, aapo; B) SIAPBILIKO, JTU30COMBI, anmapart
ToabaKu;
6) annapat [oabaKu, 1ApO, JH30- ) IU30COMBI, annapat [oabiKH,
COMBI; II1P.

20. DuponsazMaTHUeCKHIl PETHKYJYM BBIMOJNHSET CAeAYIOLIHe
hyHKILHH:

a) CUHTeTHUeCKHe, 3aLLIUTHbIE, B) TPAHCMOPTHbIE, 3anacatoliue,
TPaHCIOPTHBIE; CHHTeTHUECKHE;

6) 3allUTHbIE, TPAHCIIOPTHLIE, 3aMa- r) 3amnacalolime, 3allUTHbIE, CHHTE-
calollne; THUECKHE.

21. JIuzocombl 06pa3yoTcs B OCHOBHOM:

a) Ha MCTaJbHOM KOHIlEe amnmnaparta B) B IleHTPaJbHON YacTH anmnapara
[oabKY; Tonbmxu;
0) Ha NPOKCHMAaJNbHOM KOHLE anmna- r) B n1060i yactu annapata [osb-

parta [onbuxu; JTIKH.
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22. 1o BbIMONHEHHIO (PYHKIMH BBIACISIOT HeCKOJAbKO BuaoB PHK:

a) TpaHCMOPTHbIE, MUTOXOHAPHAb- B) MaTpHUUHble, TPAHCMIOPTHBIE;
HbIE;

6) pubOCOMHBIE, MUTOXOHPHAJb- ') TpaHCMOPTHbIE, pHOOCOMHBIE.
HbIE;

23. TpI/IHJ'IeT HYKJI€OTH 0B, Ha3blBaeMbld AHTHKOJAOHOM, HaXo-
JIUTCA B

a) 1HK; 6) MmPHK; B) pPHK; r) TPHK.

24. 3a nepeHoc reHeTHueckoid HMHPOPMAlHUH K MeCTy CHHTe3a
0esJKa OTBeUaerT:
a) MPHK; 6) TPHK; B) pPHK; r) tPHK.

25. Cunte3 6eKOB B KJIeTKe MPOUCXOIHT:
a) Ha raaakom II1P; B) Ha raajakoM u uepoxosatom II1P;
6) Ha mepoxoBatom IIIP; r) B annaparte [oabaKu.

26. Annapat [0/1b2KH BbINOJHACT CASAYIOUIHE PYHKILMHU:

a) 3amacalouiasi, TpaHCNopTHAS; B) 06pasoBaHue JH30COM, MOJIU(H-
KalHs BellecTB;

6) CHUHTETHYeCKas, 3alluTHad; I‘) SHepreTuyeckKas, BblI€JIUTENAbHAS.

27. B cocras nyknaeornna PHK Bxonut:

a) caxap, a30THCTOe OCHOBaHHe, B) pu6o3a, ajeHuH, ryanuH, HUTO-
dochopHas Kucaora; 3UH, THMHH, docdar;

6) meHTo3a, a30THCTOE OCHOBAHMUE, ) 1e30KcHprb03a, a30THCTOE OCHO-
docdar; BaHue, docdart.

28. Kakyt cTpyKTypy HMeKT IJ00yasipHble OeNKH:
a) MepBUHUHYIO; 6) BTOPUUHYIO; B) TPETHUHYIO; ') 4eTBEPTHUHYIO.
29. K ﬂByMeMGpaHI—IbIM opraHeJsiaM KJe€TKH OTHOCSTCs:

a) njiasmaJnemMma; 0) KapuosemMma; B) JIU30COMBbI; r) OI1P.
30. Monexkyna MPHK cunrtesnpyercs B mpoiecce:
a) penyuKalllu; 0) TPaHCKPHILUY; B) TPAHC/SILLUY; r) 1eHaTypaLuu.

31. Mem6pana npejacranJisieT co6oii:
a) 1ByOeJNKOBbIH CJI0H; B) ABYJUNHUHBIA CI0;

0) 1BYOENKOBO-TUNUHBIA CI0; ) ABYJUNHAHO-0CJTKOBbBIH CIOH.
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32. 1o nacnencrBy nepenaercst HHpOPMaALHS:

a) 0 KOJTMUYEeCTBEHHOM cocTaBe OeJ- B) 0 KaueCcTBEHHOM cocTaBe Oeska;
Ka,

6) 0 KOJIMYECTBEHHOM U KauyecCTBeH- r) 06 aMHHOKHCJIOTHOH MOCJJe10Ba-
HOM cocTaBe 0eska; TeJbHOCTH B OesiKe.

33*. CnennanbHble GYHKUUN KJIETKH HaMpaBJeHbl Ha:

a) mojjeprkanue KH3HecnocobHo- B) OCYIIECTBJIEHHE XapaKTepPHbIX
CTH KJIETKH; (DYHKUHI KIeTKH;
0) noaaepxKaHue KU3HecrnocoOHo- ) ocyllecTBAeHHe (DYHKLUHH KJICTKHU.

CTH OpraHuaMma;

34. BropuuHnast cTpyKkTypa 0€JKOB yJ1ep:KHBAETCS B OCHOBHOM:

a) KOBAJICHTHBIMH CBA35MHU, B) BOAOPOAHBIMH CBsISsAIMMU]

0) MOHHBIMH CBSI3SIMU; ) rUAPOGOOHBIMU CBS3SIMHU.
35. HepBI/I‘—IHbIM HUCTOYHHUKOM SHEPTHUHU B KJAETKe SIBJAAIOTCSA:
a) rekcosbl; 0) aAucaxapa; B) MEHTO3bl; T) TpUcaxapa.
36%. HenosisipHoii yacTbio B JIUMHUAAX SIBJSIETCS:
a) OCTaTOK TIJIMLEPHUHA; B) pajuKar,
6) «rosoBa» JUMUIA; ) JIUTUJAHBIH <XBOCT.
37. [TomyKoHCepBaTUBHBIM CMOCOOOM MpoOTEKaeT npoiecc obpa-
30BaHHsl MOJIEKYJI:
a) 6eaka; 0) PHK; B) IHK; r)yraesonos.
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