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BOTAHUKA
PacTutenbHas KneTKa, ee cTpoeHne

TANUYHaR  pacTUTeNbHaR  K/eTKa COAEPMMT X/I0PONAacTbl M Bakyonw
1 OKPY)XeHa Lie/I/II0I03HOM KNETOUHOM CTEHKOW.

lnasmatnyeckan paHa (n. ), oKpy. pacTuTenbHyio
KNETKY, COCTOWT W3 /IBYX C/I0EB INNMA0B W BCTPOEHHbIX B HUX MO/IEKYN GeNKoB.
MoneKy/ibl IMNUA0B UMEKOT NONAPHBIE TMAPOGUIbHBIE KTONIOBKNY» U HENONAPHbIE
rMApogo6Hble «XBOCTbI». Takoe CcTpoeHue obecneunBaer u3bUpaTenbHOE
NPOHUKHOBEHNE BELLECTB B KAETKY U U3 Hee.

KnetoyHan CTeHKa COCTOMT W3 LE/I0N03bI, €8 MONEKY/Ibl COBPaHbl B My4KM
MUKPODUBPUAN, KOTOPbIE CKPyYeHbl B MaKpO-GMBpuAnbl. MpouHas KneTo4Hasn
CTeHKa NO3BONAET NOA/JEPKNBATL BHYTPEHHEE AaBAeHWe — Typrop.

LiuTonnasma COCTOUT W3 BOAbI C PACTBOPEHHbIMM B HEM BeLlecTBaMu
1 OpraHoM08.

Xnoponnactel — 3T0 OpraHesibl, B KOTOPbIX MPOUCXOAMT (OTOCUHTES;
pas’nMyaloT 3e/ieHble X10PONNACTLI, COAEPXKalMe XN0POdUAA, XPOMONAACTbI,
cofiepKaliMe HKenTble W OpaHKeBble MUIMEHTbI, @ TaKke JeiKonnacTbl —
6ecuBeTHble NnacTUabl. 118 PaCTUTE/IbHbIX KNETOK XapaKTepHO Hanume BaKyonm
C K/IETOYHBIM COKOM, B KOTOPOM PAacTBOPEHbl CO/M, Caxapa, OpraHuyeckine
KUCNOTbI. BaKyosib peryaMpyeT Typrop KNeTku.

Annapat [0N1bA1 — 3TO KOMMAEKC NAOCKNX MONbIX LCTEPH U My3bIPbKOB, FAe
CMHTE3MPYIOTCA NOAUCAXapHAbl, BXOAALLME B COCTAB KNETOYHOM CTEHKM.

MUTOXOHAPUM — ABYXMEMOGpaHHble Teblia, Ha CKAaAKax MX BHYTPeHHei

MembpaHbl — KpUCTax — MPOUCXOAUT OKUC/IEHWE OPraHUYECKUX BELLECTB,
a 0cB060AMBLIAACA SHEPTUA UCNO/b3YETCA ANA CUHTE3a ATO.

[NafKWit 3HAONNA3MATUYECKUI PETUKYYyM — MecTo CUHTe3a AWMMUA0B.
LLlepoxoBaTbiii  3HAOMNA3MATUYECKUI  PETUKYNYM CBA3aH C  pubBocomamu,
OCYyLEeCcTBAAET CUHTE3 6enkos. JIuzocombl — P Tenbua, co,
epmeHTbI BHYTPUKNETOUHOTO NULLEBAPEHUS.

MepesapuBaloT  BelwecTBa,  M36bITouHble  OpraHennbl  (ayrodarua)

WA Lenble KNETKM (ayTonns). AP0 — OKPYXKEHO AAEPHOI 060N0UKOI 1 COAEPKUT
HacNeACTBEHHbIN MaTepuan — [IHK co cBA3aHHbBIMM C Heil 6e/Kammu — rUCTOHamMM
(XxpomaTuH). AP0 KOHTPONMPYET JKU3HEAEATENbHOCTb KAETKW. FAPbIWKO —
mecTo cuHTe3a monekyn T-PHK, p-PHK u pubocomHbix cybbeanHuL. XpomaTtnH
COZIEPXKMT KOAMPOBaHHYIO MHGOPMALIMIO A1A CMHTe3a Beslka B KneTke. Bo Bpema
[AeNeHna HacneaCTBeHHbI MaTepuan NpescTasNeH XPOMOCOMaMM.

Mnasmogecmbl (Mopbl) — MebyaiiuMe UMTONAa3MaTUyeckue KaHaibl,
NPOHK3bIBAIOLLLME KNETOUHDIE CTEHKI 1 0BbEANHAILINE COCEAHME KNETKN.

MWUKPOTPYOOUKM COCTOAT M3 Genka TyGyauHa W PacronokeHbl OKOMO
nnamatMyeckoit MembpaHbl. OHM y4acTBYIOT B MEpeMeLieHUU OopraHens
8 UMTON/NA3Me, BO BPEMA AeNIeHUA KNETKN GOPMMPYIOT BEPETEHO AeNeHMs.

YKu3HeaeATeNbHOCTb KNETKN

1. lBUKeHMEe UMTONNA3MbI OCYLLECTBAACTCA HENpepbIBHO M cnocoberayet
nepemelLeHuIo N1TaTe/IbHbIX BELLECTB U BO3/lyXa BHYTPU KNETKM.

2. O6MeH BeLLECTB 1 IHEPTAN BK/IOYAET C/lelyloliye NPOLLECChI: NOCTynieHne
BEWIECTB B KNETKY; CWHTE3 C/NOMHbIX OPraHUYecKnX coeauHeHuii u3 6Gonee
NPOCTbIX MOMEKY/, WAYWMIA C 3aTpaTaMu 3Hepruu (NnacTuyeckuint obme);
pacienneHue, C0KHbIX OPraHNYecKUX COeAMHEHNN 0 Boee NPOCTbIX MOAIEKYA,
vayuiee C BblJeNeHUeM SHepruM, UCMOb3yemoil A/iA CUHTE3a Monekynbl ATd
(aHepreTuyeckunit 06MeH); BbiieneHe BpeAHbIX NPOAYKTOB pacnaja U3 KNeTku.

3. Pa3smMHOKeHMe KNeTOK AeNeHnem.
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4. PocT 1 passuTMe KNETOK. PocT — yBenuyeHue KNeTOK A0 pasmepos
MaTepUHCKOM KNeTKW. PasBuTME — BO3PACTHble M3MEHEHUA CTPYKTYpbI
1 GU3MONOTUN KNETKM.

KopeHb
KopeHb — noa3emHas YacTb BereTaTUBHOIO TeNa pacTeHus, 3aKpenaowas
ero B noyse. MoABIUACA BNEPBbIE Y COCYAUCTBIX PACTEHUIA.

DYHKUUU KOPHA

1. Mornowatouias — Bo/a C PaCTBOPEHHbIMM B HElA BELLLECTBaMM NepeHOCUTCA
yepes KCunemy K HaZl3eMHbIM OpraHam, rie BK/lo4aeTca B Npouecchl GoTocuHTesa.

2. Mposoaswas — Yepes Keunemy U $pn03My KOPHA NMPOMCXOANT ABUKEHUE
BO/ib! ¥ MMTATENbHbIX BELLECTB.

3. 3anacalowan — CUHTE3NUPOBaHHbIE OpraHMYeckue Beliectsa no Gpnosme
BO3BPALLAIOTCA M3 HA3EMHbIX OPTaHOB B KOPEHb U 3anacatoTca.

4. CMHTETMYECKas — B KOPHE CMHTE3MPYIOTCA MHOTME aMMHOKMCAOTSI,
FOPMOHBbI, a/IKaNonabl U Ap.

5. fIKOpHas — 3aKPenAAT pacTeHue B rpyHTe.

B KOpPHE pasnnuyaloT MasHbIi KOPeHb W GOKOBble KOPHU. [lepBUYHbIN
KOPEeHb 3aK/Na/ibIBAETCA ellje B 3apOAblLiie, OH OPUEHTUPOBAH BHU3 U CTAHOBUTCA
Y FO10CEMEHHBIX 1 LIBETKOBbIX PACTeHUIA IaBHbIM. BOKOBbIE KOPHM hopMUpyloTCA
Ha N1aBHOM.

KopeHb — oceBoit opraH, obnajalowmini  pagvanbHoOW  cUMMeTpuei
M HEONpeaeneHHO [OANr0 HapacTaloWwuin B A/MHy, 61aroaapa AesTenbHOCTH
anuKanbHOM (BepxylweyHoi) mepuctembl. OT cTebns OH OTAM4aeTca Tem,
4TO Ha HEM HUKOTJA He HapacTaloT INCTbA, @ anuKabHaA MepucTema NpUKpbITa
YEX/IMKOM.

Tunbl KOPHEBBIX CUCTEM
CTep)xHeBan KOPHeBaA CUCTEMa — BK/IOYAET MMaBHbIM U GOKOBbIE KOPHM,
XapaKTepHa ANA [1BY/0/bHbIX LIBETKOBbIX 1 FO0CEMEHHBIX PACTEHMIA.
MovukoBaTtas — GOPMMPYETCA M3 NPUAATOUHBIX KOPHEIA, KOTOPbIE BbIpACcTaloT
13 HUXKHelt YacTu nobera.

MouBa, ee 3HaYEHNE N1 KNU3HU PACTeHUI

MoyBa COCTOMT U3 TBEPABIX YACTHLL, 0OPA3YIOLYMXCA U3 MAaTEPUHCKO MOPOADI,
TMN KOTOPOIt onpesienAeT MMHepaNbHbIi cocTaB nousbl. CopepskaHme B nouse
BOAbI — NaBHbIM GpakTop ANA pas3BuTMA pacTeHuit. Haubonee GaaronpuUATHLIMU
ANA YAEPHaHUA BOAbI CYMTAIOTCA MOYBbI, COCTOALME W3 YaCTULL Pa3HOTO pasmepa.
KMBble KOMMOHEHTbI MOYBbI  (MUKPOOPraHWU3Mbl, rpUbbl, BECrO3BOHOUHbIE
M MesIKMe MO3BOHOYHbIE JKMBOTHbIE) CMOCOBCTBYIOT YAYULWEHMIO M0A0POANS
nous. Tak, asoTuKCMpylOLMe BaKkTepuM U  CUHe-3e/1eHble  BOAOPOCM
o6oraujaioT no4sBy CBA3aHHbIM  a30TOM, _MUKOpW3006pasyloue  rpubbl
CTUMYNMPYIOT MMHEPAbHOE NMUTAaHNe PacTeHuit. OYeHb BaXHO Hanu4Me B Nouse
OpraHMYecKMX OCTaTKOB, KOTOpble MOCTOAHHO MOABEPraloTCA MUHEepausaLum
MWKPOOPraHM3Mami W ABAAKOTCA HEMPEPbIBHBIM UCTOYHUKOM MOYBEHHOTO
nuTaHusA. Yem 60/blue OPraHUYECcKIMX OCTaTKOB B MOYBE, TEM OHa NI040POAHEE.

BHYTpeHHee CTpoeHue KOpHA
MposogAwas cuctema KopHa (CuToBMAHBIE TPYBKM W cocyabl) paananbHo
pacnonokeHa B LEHTPE KOPHA, 0Bpasya KAETKamMi OCHOBHOM TKaHWU OCeBOM
unamHap. o cocyAaam MPOUCXOAMT TPAHCMOPT BOAbI C PACTBOPEHHbIMM
8 Heil BEWecTBami K HaseMHbIM OpPraHam PacTeHUA OT KOPHEBbIX BOMOCKOB.
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Mexay TAXKaMMU COCYA0B HaXoAATCA CUTOBMAHbIE TPyGKM. OHW  cayxat
ANA TPAHCMOPTMPOBKM OPraHMYecKUX PacTBOPOB OT HAa3eMHOM YacTh pacTeHus
K KNeTKam KopHA. Mexay $p109MOM 1 KCUAemMoit pacnonoxeHa obpasosarenbHas
TKaHb — KaM6uii, KNETKU KOTOPOTO HemnpepbIBHO Aenatcs, obecneunsas poct
KOPHA B TONIWMHY. BcacbiBaHue BOAbI C PacTBOPEHHbIMM B HEWl BellecTBamu
OCYLLECTB/IACTCA B 30HE KOPHEBbIX BOIOCKOB. KOPHEBOW BONOCOK — 3TO BbIPOCT
KNETKM, OH MBET OKO/O 20 AHEN U 3aMEHAETCA HOBbIM.

30HbI KOPHA Ha NPOAC/NLHOM paspese

1. KopHeBo#t Yexnmk

2. 30Ha AeneHua — aenauecs KNeTkn 06pa3oBaTeNbHOM TKaHK.

3. 30Ha pocTa — OCYLLECTBAAET POCT KOPHA B A/IMHY.

4.30Ha BCACbIBaHWA — PaCMO/IOXKEHa BbIWIE 30HbI POCTa. Ee NoBEpXHOCTb
NOKPbITA BLIPOCTAMM HAPYMKHbIX KNETOK — KOPHEBbIMM BOMOCKAMM, KOTOPble
BCaCbIBAlOT M3 MOYBbI BOAY C PAcTBOPEHHbIMM B Hell BelecTBamu. KopHesble
BOJIOCKM MOKPbITbI C/IN3bI0, KOTOPAA PacTBOPAET MMHEPA/bHbIE YaCTULLbl NOYBbI,
M KOPHM NPOYHO cuennaloTca C cybeTpaTom. B 370K 30He 3aknagpisalotcs
6oKoBbIE KOPHU.

5.30Ha NPOBEAEHUA — B LEHTPE KOPHA HAXOAMTCA MPOBOAALLAA TKaHb,
obpa3oBaHHas ApeBecuHON (Kcunemoi) u ay6om (bnoamon). [na 30HbI
XapaKTepeH MoCTOAHHbIN POCT. Ha ee 400 NpuxoanTCA BoNblan YacTb ANHBI
KOPHA. 3AeCk KopeHb yTonulaeTcs, 6aaroaapa AeneHMIo KNeTok kambua. B 3oHe
NpoBeAeHNA KOPEeHb BETBUTCA.

BuaousmeHeHns KopHeit

KopHennozbl BCNeACTBME CUABHOTO Pa3pacTaHWA MapeHXMMbl WK 3a cyet
[eATeNbHOCTU [0MONHUTE/IbHBIX CI0EB KaMBWA MPOUCXOAUT YTO/LLEHNE KOPHA,
€ro BU/ION3MEHEHWE B KOPHEN/IOA. Y Pefbku, CBEKNbI W penbl Go/bluas YacTb
KOpHennofa o6pa3osaHa Pa3pOCWIMMCA OCHOBaHWEM CTebns; y MOpKOBM,
Ha0b0POT, INABHYIO YacTb KOPHENI0Aa GOPMMUPYET FaBHbINA KOPeHb. KopHenoab!
NPUCNOCOB/EHbI 4/1A 3aNacaHNA NUTaTeNbHbIX BELLECTB. [pyrie BUAOU3MEHEHNA:
KOPHEeKNY6HM (reopruH), BO3AyLHbIE KOPHU (KyKypy3a).

Mo6er. Jiucr. Cre6enb

MNo6er — 3to HaA3eMHan 4YacCTb pacTeHuA. BereTaTusHbI ﬂOﬁeI’SaKI’IaAbIBaeTCﬂ
B Mnpouecce pasBUTUs 3apofbilia, B KOTOPOM OH [IpeAcTaBneH Mo4YeuKom.
Moyeyka — 370 cTebenek u AucToBble 3a4aTKKU, MOXKET CcYMTaTbCA nepBoﬁ
noyKoi pacTteHuA. AnvkanbHaa MepucTema noYeyku npu passuTMM 3apojbiia
dopmupyeT HoBble NCTbA, @ cTebenb yannHaeTca U auddepeHumMpyeTca Ha y3nbl
N MEXA0Y3NUA.

Mouka — 3TO 3a4aTOUHbIN I'IO6EI', W3 Hee BeCHOM BbIPACTalOT HOBbIE no6eru.
PasnuualoT BepxylleyHble, NasyluHble, (pPacnonoXeHbl B MasyxaX AWUCTbEB)
N NpUAATOYHbIE NOYKKU. anAETOHHbIe NOYKKN OGpaSleTCﬂ 3a cYeT AeATeNbHOCTN
Kambua un Apyrux OspaBOEaTEanbIX TKaHel B Pa3HbIX MecTax — Ha KOpHAX,
CTEﬁIWX, JINCTbAX. YHaCTOK creﬁ/m, OT KOTOPOTrO OTXOAAT IMCT U NOYKA Ha3biBaeTca
Y310M. YHacTOK cTebNA Mex/ay COCeAHUMM Y3NaMn — MEXA0Y3NMe.

OceBas 4acTb NOYKU — KOpDTKMﬁ 3a4aToOuHbIN c're6em>, Ha HeM — 3a4aTo4Hble
JINCTOYKKU. B nasyxax 3a4aToOYHbIX JINCTbEB MOXHO OGHapy)KMTb Menkue
3a4aTo4HbIe MOYKK. M3 BEretaTMBHOM MOYKM passuBaeTca BereTaTuBHbIN r|06er,
aus I'eHEpaTMBHDFI - I'eHEpaTMBHbII‘;i nober ¢ 3auatkammn LBeTKa Naun couseTua.
PasnunyatoT NoYKM ronbie n KOXWUCTbIMU y Jiver

JlucT- nnockuit 6okosoit opraH nobera.
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BHelwHee cTpoeHue nucta

Y [1BYA0NbHBIX PACTEHMI IMCT COCTOUT U3 M/IOCKOM PaCLUIMPEHHOMN MAACTUHKIN
M CTEDHNEBUAHOMO YepewKa C MPUAUCTHUKAMW. [INA UCTbEB OAHOAOMbHbIX,
pacTeHuit XapaKTepHO OTCYTCTBME YEpEeLIKOB, OCHOBAaHWE /NMCTa, Y HUX
pacwmpero, BO Biaranuiie, OxsaTbiBaloliee cTebenb. Y 31aK0B Baaraauuiem
NOKPLITO BCE MeXAOy3aMe: JINCTbA ABYAONbHBIX PAcTeHWi BblBaloT NpocTble
M cnosHble. [pocTble NNCTbA MMEIT OAHY /IMCTOBYIO MAACTMHKY, WHOTAA
CMNBHO PACYNEHEHHYI0 Ha Nonacti. CAOXHbIE ANUCTbA WMEIOT HECKO/bKO
JUCTOBBIX MNACTUHOK C BbIPAXKEHHBIMU YepeHKamu. MepucToCNOKHbIE NUCTbA
MMEIOT OCeBOW YepeloK, Mo 06e CTOPOHbI KOTOPOTO PAcrONOMeHbI AUCTOUKM.
MaNbyaToC/NOKHbIE IUCTLA NMEIOT IMCTONKM, OTXOAALIME BEEPOM OT BEPXYLLIKM
OCHOBHOTO YepeluKa.

BHyTpeHHee CTPoeHue ncra

CHapyM AMCTa HaXOAMTCA KOXKMUA M3 BecLBETHbIX KNETOK, MOKPbITas
BOCKONOAOGHbLIM BELECTBOM — KyTUKY/NOi. Tlog, KOXMLUER pacnonomeHs
KNeTKN CToN64aToil NapeHxMmbl, copepxalyme xnopodunn. Mybwe HaxopaTca
KNeTkn FVG”IGTDIZ NAapeHXnuMbl C MEXKNETHUKaMU, 3anO/IHEHHbIMU BO34YXOM.
B napeHXMme pacnofioXeHbl COCyAbl MPOBOAAWErO MyyKa. Ha HUkHel
NOBEPXHOCTM /INCTbEB  KOXMWLA MMEET YCTbUUYHBIE KAETKM, y4acTBylouine
B WCNapeHWn BoAbl. McnapeHne BOAbl MPOUCXOAUT ANA NPeAOTBPALieHUsA
neperpesa MCTa Yepes yCTbuLa 3nnaepMbl (KOXMLbI). ITOT NpoLecc HasbiBaeTca
TpaHcnupauyeit 1 obecneynsaeT NOCTOAHHbIA TOK BOAbI OT KOPHEN K IUCTbAM.
CKOpOCTb TPAHCMMPALMMA 3aBUCUT OT BNAXKHOCTM BO3AyXa, TeMNepaTypsbl, CBeTa
v T.A. Moj Bo3gencTeMemM 3TUX (AKTOPOB MEHAETCA TYProp 3amblKaloLmMX
KNETOK YCTbULL, OHM 3aMbIKAlOTCA WM CMbIKAIOTCA, 3a/lePXKNUBaA UM YCUAUBARA
“cnapeHue Bofbl M ra3oobmeH. B npouecce rasoobmeHa B KneTku noctynaet
KUC/I0POAL, ANA fbIXaHNA MK BbIBOAMTCA B aTMOChepy B npouecce ¢oToCHHTE3a.

B1AOM3MEHEHNsA NCTbEB
YCUKN — CaysKaT Ans 3akpensieHus cTe6a B BEPTUKANbHOM MONOKEHUN; UTbl
(y KaKTyca) MrpatoT 3aLMTHYIO PO/ib; YellyiKK — MEeKUE IMCTOYKM, NoTepABLLME
CBOIO (POTOCUHTE3NPYIOLLYIO GYHKLMIO; NI0BYMIA annapaT — /IMCTbA CHaBKeHb
CTONBYATLIMM  Kesle3ami, BbIAENAIOWMMA  CIM3b,  KOTOpas  MCMonib3yeTca
ANA 3aXBaTa ME/IKUX HACEKOMbIX, NONaBLIKNX Ha INCT.

Crebenb

Crebenb — 3T0 oceBas yacTb nobera, Hecyuwlan AUCTbA, LBETHI, COLBETUA
¥ nnoapl.

B aTOM 3aKntoHaeTca onopHasa GyHKUmMA cTebns.

K apyrum dyHKUMAM CTeBAA OTHOCATCA: TPAaHCMOPTHAas — npoBsejeHue
BOZbl C PAaCTBOPEHHBLIMM B HEil BELIECTBAMU OT KOPHA K Ha3eMHbIM OpraHam;
boTocuHTe3MpyloLLLan; 3anacalollan — OTNOKEHWUE B €r0 TKaHAX 6e/IKOB, XKMPOB,
YrneBozaos.

TkaHu crebna
1. MpoBoAAWan: BHYTPEHHIO 4YaCTb KOPbl MNPEACTABAAIOT CUTOBUAHbIE
TPY6KM U KNeTKU-cnyTHUUpl ny6a (bnoama), 6amke K LEHTPY pacnonoseHbl
KNETKM ApeBecuHbl (KCuaeme), Mo KOTOPbIM OCYLLECTBAAETCA TPaHCNOPT BeLecTs.
2. MOKPOBHaA — KOXWMUA y MOIOAbIX W NPOBKa y CTapbiX OAPeBECHEeBLINX
crebnent.
3. 3anacatowan — CNeuranusmpoBaHHbie KNeTku Ny6a u ApeBecuHbI.
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4. ObpasosatenbHas (KambBuit) — NOCTOAHHO AeNAWMECH KNETKM, Aalolme
Hanano BCem TKaHAM CTe6nA. 3a cYeT AeATeNbHOCTU Kambua creGenb pacteT
8 TO/ILMHY, M 06PA3YIOTCA FOANYHbIE KONbLLA.

BupaounsmeHeHus crebneit
KnybeHb — 3anacaowmii nogsemHblii nober; BcA macca KnybHa coctout
M3 3anacaloljeii napeHXxMMbl BMeCTe C NPOBOAALLEH TKaHblo (KapTodenb);
nyKosmua —  YKOPOYEHHbIN KOHUYECKMIT CTebesb C  MHOrOYMCAEHHBIMM
MCTbAMN — 1 YKOpO:! crebnem — fjoHuUEM
(nyK, /1VIJ|MR), KNyBHEeNyKoBuULbI (rna,qmonvc, KPOKYC M Zp.); KOYaH — CUIbHO
YKOPOUEHHbIi cTeGenb C TONCTbIMM, NePeKPbIBAIOWMMM APYT APyra IUCTLAMM.

LiBeTok — BUAOM3MEHEHHBII nober

LIBETOK — 3T0 YKOPOUEHHbIN 1 OTPaHNUYEHHbIN B pOCTe Nober, BbINOAHAKLNIA
reHepaTUBHYIO GYHKLUMIO.

COCTOMT M3: LIBETOHOXKM, LBETONOXA C YaleNNCTUKaMWU W sienecTKamu
(OKOHOU'BGTHIAK), a TaKXe TbIYMHOK N NNOAO0NUCTUKOB. Yawenuctmku npousownu
OT BEPXHUX BETETAaTUBHbBIX JINCTLEB W CAYKaT A/ 3alUMThl LBETKA B OYTOHe, X
COBOKYMHOCTb Ha3blBAETCA YalUEUKOM. JIenecTku CAYXKAT ANA NpUBNEYEHMA
onbinuTeneit. COBOKYNHOCTb NenectkoB obpasyeT BeHYMK. OH  GbiBaeT
pas/ieNnbHONeNecTHOM U CPOCTHONENECTHOM.

ThI4MHKM usetka npeacTasnAlOT coboit MMKpOCNopoGUAnbl
W COCTOAT U3 TbIYMHOYHOWM HUTU U MbIbHUKA C ABYMA NbINbLUEBbIMU MELUKaMM,
MM MUAKPOCTIOPAHTUAMN. KONIMYECTBO ThIYMHOK MOXKET BbITb OT OAHOM (ceMeiicTBO
opxuaeitHble) A0 coTeH. COBOKYMHOCTb ThIYMHOK B LiBETKe 0BpasyeT aHapoLei.
Tol4MHKM  MOTYT 6bITb CcpocumMmmuca 1 cBOBOAHbIMM. Kax/aas nonoBuHKa
NbibHMKA WMeeT fBa (pexe OfHO) rHe3ga — MMKpoonopaHrua. Hessa
NbINbHMKA 3aN0NHEHbI MaTEPUHCKUMM KJETKaMM MMKPOCMOP, MMUKPOCmopamm
W 3penoil MNbiNbLUOA. B NbINbHMKAX —OCYWECTBAAIOTCA  MUKPOCNOPOreHes
M MUKporameToreHes. MMbibLieBOE 3ePHO ABNAETCA HE3PEbIM ramMeTopUTOM.
B nbiibLIEBOM 3epHE B pe3y/ibTaTe Mei03a MaTepUHCKOM KneTku GopmupyoTcs
/iBe ranfouAHble KNETKW: KneTka TPyGKM M reHepaTMBHaA KneTka, KoTopas
no3aiHee AennTCA Ha ABa crepmua. fpopocliee MbiiblieBoe 3epHO C AAPOM
TPY6KM 1 ABYMA CNEPMUAMM NPeaCTaBNAET COBOI 3peNiblii MYXCKOW rameToduT.

BepxHAA YacTb LBETKa 3aHATA M/1040UCTUKOM, BK/IOHAIOWMM CEMA3AYATOK,
1AM meracnopopun. BepxHue KoHUbI [10,0INCTUKOB BbITATMBAIOTCA B CTONGUK,
3aKaHYMBAIOWMICA PbINbLEM, KOTOPbIA OBbLIYHO COCTOUT W3 ABYX NONacTei.
COBOKYMHOCTb M0A0/NMCTUKOB B LIBETKE Ha3biBaeTCA rMHeueil. B 3aBucumocty
OT MO/IOKEHUA PA3/MYAIOT BEPXHIOI, MONYHWKHIOK U HWXKHIOK 3aBA3M.
CemnA3ayaTKM pacnonaraloTcA Ha NAaueHTax 3aBAsv, B KOTOPbIX MPOMCXOAAT
MakpocnoporeHes — (GOpPMMPOBaHWE MaKpOCMOP W MaKporameToreHes —
$OPMUPOBaAHIME KEHCKOTO raMeTODMTa, a TaKXKe NPOLLECC ONI0A0TBOPEHMA.

CeMA3a4aToK MoCAe ON/OAOTBOPEHUA 3aK/IOYEHHOM B HEM ANLEKNETKM

TcA 8 cema. C TOK COCTOMT M3 LieHTPanbHOM YacT — Hyuennyca,
0AHOTO MM ABYX NOKPOBOB — MHTEFVMEHTOE, KOTOpbIE Ha BepXyLIKe Hyu.ennyca
obpasyloT KaHan — ponune. B TKe

p
(BepxyLeyHyto) yacTb — kaponvmﬂpuyno 1 NPOTMBOMONOXKHYIO eif xanaaaanyno
4acTb. OT XaNasbl OTXOAAT MHTETYMEHTbI.

YKeHCKUI rameTopUT pasBMBAETCA W3 MATEPUHCKOW KNETKM Meracrnopbl,
HaXOAAUIEICA BHYTPU CEMAMOYKU. B pesynbrate mMeii03a MaTepUHCKON KeTKM
06pasyloTcA YeTbipe rannoMAHbIX MEracropbl, TPU M3 KOTOPbIX OTMUPAIOT.
YeTBepTan KNeTKa Pa3BUBAETCA B JKEHCKMI1 raMeToduT, KOTOpbIii B 3pesom
COCTOAHUM NpeacTaBnseT coboil BOCbMUAAEPHbINA 3apOAbilleBblii MeLWOoK. IToT
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MELWOK BK/IOYAET: AMLEKNETKY, [Be BCMOMOraTeNbHble KAETKU-CUHEPruapbl,
PAcnoNOKEHHbIE Y MUKPONUAE, LEHTPA/bHYIO ABYAAEPHYIO KNETKY, M TPU KNETKMU-
AHTUMO/bI, HAXOAALYMECA HA NPOTUBOMONONKHOM KOHLIE OT MUKpONMAE.

Y NOKPLITOCEMEHHbIX PACTEHNIA B LIBETKAX €CTb OCOBbIE eNe3KMU-HEKTAPHNUKK,
KOTOpbIE BbIPABGATHLIBAIOT CaxapUCTYIO KMAKOCTb — HEKTap, UMEloLni B CBOeM
cocTaBe rOPMOHbI M GaKTepuunaHble BellecTsa. HeKTapHMKM npuenexaloT
HaCEKOMbIX-OMbINUTENEN U BAUAIOT Ha NPOLECC OMNOAOTBOPEHUA WU Pa3BUTURA
cemeHu v nnoga.

LiBeTkn MmoOryT GbiTo OaHOMONbIMM M 060enonbiMu. OBoenonbie LBeTbl
COZLEPIKAT M THIYMHKM U NECTUKM, @ OfHOMONbIE COAEPIKAT MBO aHapoLei, 1Mo
TMHeLeit N MOTYT Pa3BMUBATLCA HA OZHOM PacTeHUM (OHOZOMHbIE) M Ha Pa3HbIX
pacTeHunx (AByAOMHbIe).

LIBETKM MOTYT BbITb CUMMETPUYHBIMU 1 ACUMMETPUYHBIMU. CUMMETPUUHbIE
UBETKM JENATCA Ha aKTMHOMOPGHbIE (CUMMETPUUHbIE MO BCEM HanpasaeHUAM)
M 3uromopdHble (MMeiolMe OAHY OCb CMMMETPUM), Hanpumep rOpOX.
ACMMMETPUYHBIN LBETOK HEBO3MOXHO Pa3/ie/INTb Ha /1BE PaBHble YacTy.

LIBETKM MOTYT BbITb OZIMHOUHbBIMMU WM COBPaHbI B COLBETUA.

[pocTble coUBETUA: KUCTb, 30HTUK, FONI0BKA, KONOC.

CNOXKHbIE COLBETUA: KOP3UHKA, CIONKHbINA 30HTMK, LWMTOK, COMKHbINA KOOC.

BUMONIOrMYeckoe 3HadeHue COLIBETUI: COLBETUA YBENWNYNBAIOT BEPOATHOCTb
OMbINEHNA LBETKOB NP 3KOHOMMM MaTepuana. M3 opraHMyeckux BelecTs,
KOTOPbIE MAYT Ha CTPOUTENLCTBO OZHOTO KPYMHOFO LiBETKa, pacTeHue cosgaer
MHOMeCTBO Me/IKUX LIBETKOB, MPW 3TOM PE3KO BO3PacTaeT KOMYECTBO N/I0/0S,
CO3PEeBAOLMX Ha PACcTEHUU. Y BETPOOMbIIAEMbIX PACTEHMIM coLBeTUA oberdatot
nepeKpecTHoe onbiNeHKe.

Pa3mHOXeHMNe pacTeHunit
PasmHOXeHMe — 3T0 BOCTpoM3BedeHMe ocobamn cebe MNOAOGHBIX.
OHO no3BONAET MOAAEPKMBATL NPEEMCTBEHHOCTb  MEX/Ay MOKONEHUAMM
1 NOAAEPHKMBATL YUCNEHHOCTb NONYNALMIA Ha ONPEAENIEHHOM YPOBHE.

Cnocobbl pa3mMHOXKEHUA pacTeHnit

BereTatMBHOE pPasMHOXEHUE He CBA3aHO C GOPMUPOBAHMEM CMeLManbHbIX
OpraHoB Pa3sMHOMEHMA W KneToK. OHO  OCyllecTBnAeTca C  MOMOLYbI0
BEreTaTMBHbIX OPraHOB pacTeHus: cTebns (YepeHkamu U OTBOAKAMM),
JUCTbEB, MOYEK, KOPHEBML, MOA3y4MX MOGEros, /yKOBUL, KOPHEBbIX
OTMPbICKOB (TaK Pa3MHOMAIOTCA PacTeHus, crnocobHble 06pa3oBbiBaTb MOYKM
Ha KOPHAX), IMCTOBbIX YEPEHKOB U Ky/IbTYPOIi TKaHM (BbipalumBaHue B Npobupke).
BeretaTBHOE Pa3MHOXEHWE B eCTECTBEHHbIX YCI0BUAX GUOMOTMYECKN Toraa
BbIFOAHO, Korda B Gopbbe 3a CyllecTBoBaHMWE HEO6XOAMMO GbICTPO OCBOMTH
HOBble MecTa 06MTaHMA, 3axBaTUTb GO/bluMe MAOWAAN ANA  pacceneHus
v nuTaHuA. Tak y NaHAbIWA U MAiHUKa 3TO €MHCTBEHHbIN CNOCOG Pa3MHOKEHUs
13-3a OTCYTCTBUA BAArONPUATHBIX YCN0BMI AR CEMEHHOTO Pa3MHOMKEHMA.

Becrnosioe pasMHOXXEHWe OCYLIECTBAAETCA C Nomolpio crop. Cnopa — 370
Ccneunann3MpoBaHHan KieTka, npopacraiowan 6e3 CMAHUA C Apyroil KNeTKoi,
Cnopbl  MOryT 6biTb  AunaoMAHbIMM (0BpasyloTcA B pesyibTaTe MWTO3a)
1 rannonaHbiMu (06pasyloTca B pesysibTaTe Meil03a); OHU MOTYT UMETb KIYTUKN
ANA NepesBuKeHns (y BOAOPOC/EN) UM PAcMPOCTPAHATLCA C MOMOLLBIO BETPa
1 BOAb! (ManopOTHUK, MXH).

MonoBOE Pa3sMHOMeHMe — CBA3AHO CO CAMUAHWEM CMEeLManM3MPOBaHHBIX
no/oBbIX KNETOK — rameT ¢ obpasoBaHMem 3uroTel. FameTbl MoryT 6biTb
O/IMHAKOBbIMW W Pa3HLIMM B MOPGHONOTMYECKOM OTHOLWEHUM. V3oramma —
CAMAHNE OAMHAKOBbIX rAMET; FeTePOramMua — CIMAHIME Pa3HbIX MO PasmMepy ramer;
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00ramus — CAUAHME MOABUKHOMO CMEPMaTO30MAa C KPYMHOM HenoaBUKHOM
AWLEKNETKON.

JINA HEKOTOPbIX rPYNM PAcTeHM XapakTepHO YepeaoBaHUe MOKOAEHMI,
npy1 KOTOPOM MO/I0BOE MOKO/IEHME MPOAYLMPYET MONOBbIE KAETKM (rameToduT),
a HenosoBoe NOKO/IEHME NPOM3BOAMT CMOPbI (CNopodGHT).

OnbineHue. ONnoaoTBOPEHUE

Onbinierne — 3To npoliecc nepeHoca I'IbII|bLLbI C MblAIbHWKA Ha Pbi/bLE NeCTMKa
Y LBETKOBbIX PACTEHNI 1 Ha TKa ronoc . Onbinexne
NPeAWECTBYET ON/IOA0TBOPEHMIO. Paanmqam camoonbleHre 1 nepekpecTHoe
onbinenve. CamoonbieHue OCyLecTBAALTCA B PaCcnyCTUBLUNXCA UBeTKax, Horaa
B HePACcnyCTUBLMXCA. [epeKpecTHoe OMnbineHne CBOWNCTBEHHO BObLIMHCTBY
UBETKOBbIX pacTeHuil. OHO obecneunBas OBMeH reHamu, MOAAEpPXKUBaET
BbICOKMI YPOBEHb FETEPO3UFOTHOCTU MONYNALMMA, ONpeenfer LenocTHoCTb
M eAMHCTBO BMAQ. MepeKpecTHoe OMbiNeHNe 3aKNI04YaeTCA B NEPEHOCE MbibLibl
COAHOrO LiBETKA Ha 1PYrO¥i Ha OAHOM 1 TOM e PacTeHUM MW Ha Pbi/ibLie NecTMKa
ApYroro pacteHus. OHO OCyLIECTBAAETCA HACEKOMbIMM (MaK), NP1 NomoLM BeTpa
(poxb, bepesa), a TakKe C MOMOLLLIO BOAbI, NTULL U APYIWX XKMUBOTHbIX. LiBETKM
HaCEKOMOOMbINAEMbIX PACTEHUI OblBAIOT NPEMMYLLECTBEHHO APKUMM, UMEIOT
3anax, MMKYIO MbiNibly C BbIPOCTAMM, BbIAEAAIOT HEKTap. Y BETPOOMbIIAEMbIX
pacTeHuit LUBETKU Me/iKMe, He MMEIOT APKOI OKpacku M apomara n 06bl4HO
cobpaHbl B couseTus. [blIbHUKM, B KOTOPbIX 0BpasyeTcA MHOTO MesKoNA,
CYXO/ M NErkoi nNbiiblibl, PACMONIOKEHbl Ha AMHHBIX ThIMUHOUHBIX HUTAX.
PbifbLa MECTUKOB TaKUX PacTeHWN LWWPOKWE, AAUHHbIE WAM NepucTble —
NPUCNOCOBEHHbIE K Y1aBAMBAHMIO Mbl/bLibl.

OnnoaoTsopeHue

OnNo0TBOPEHNE NPOUCXOAUT MOC/AE OMNbINEHWA. Y HEKOTOPbIX PacTeHwit
0N/10/10TBOPEHME NPOUCXOAMNT HEPE3 HECKONIBKO AHEN MM HeleNb, Y COCHbI — Aae
yepes rog. [11s OCYLIECTBNEHNA OMNNOAOTBOPEHNUA HEOBXOAUMO, YTOBbI MbibLia
6blna 3pesion W KU3HecrnocobHoW, a B C TKe JOMKeH cd ThCA
3apo/pilleBblii MelWoK. Tak, y MOKPLITOCEMEHHBIX MblbLIEBOE 3€PHO, Monas
Ha pbiiblie MeCTMKa, Mpopactaet. B TKaHW pbiabla necTuka BHeapAeTcA
nbinbuesas Tpy6ka. Mo Mepe pocTa MbibLEBOK TPYBKM B Hee NepeTekaloT AAPO
BEreTaTMBHOM KNeTkM U oba cnepmuH. MPOHUKHYB B 3apOAbllEBbIA MELIOK,
nbinbUeBas TpybKa paspbiBaeTcA NoA AENCTBMEM Pa3HMULbI OCMOTUYECKOro
fAasneHus. OAMH W3 CMEPMUEB CAMBAETCA C ANLEKNETKOM W obpasyetca
AMNNOMAHAA 3UroTa, Aalolian Havano 3apoabiwy. BTopoit cnepmuii cansaetca
C UEHTPaNbHOM ABYAZLEPHON KNETKOW, Mpu 3TOM ObpasyeTcA TpuUnionaHoe
AfPO, MAalollee HayaNo 3HAOCMEPMY (MWUTaTeNbHOWM TKaHW ANA 3apogbiwa)
Becb 3TOT npouecc NoNy4Mn HasBaHue [ABOMHOTO onnofoTsopeHus. Mpoune
KNETKW 33POABILIEBOTO MeLIKa PaspylualoTca. 3apoAbll (3a4aTouHblit nober)
BMeCTe C 3H/0CNEPMOM 0BPasyIoT CeMs, MOKPbLITOe KOXKYPOWA. M3 CTeHOK 3aBA3u
MM LBETONOXA GOPMUPYETCA NOA,.

C cemaH. M|

[MagHas 4acTb cemeHu — 3apodpiw. Ow cocmm u3 KopellKa, cTebenbKa,
NOYeYKM 1 ABYX UM OAHON CEMAZ0NEN. ITOT NPU3HAK NIEKIUT B OCHOBE PasaeneHus
BCEX L|BETKOBbIX PacTeHMM Ha [JBa Knacca — [lByzonbHble U OAHOAONbHbIE.
Y cemaH C 3HAOCNePMOM CeMAZO/M 0BbIYHO HeBoblLIMe, y ceMaH Ge3 aaocnepma
3anacbl NMTaTe/IbHbIX BELIECTB HAKaN/MBAOTCA B 60/IbLIMX CEMALONAX 33pOAbILLIA.
3HAOCNEePM, KaK NPaBuio, OKPYXaeT 3apoAbll, NMWWb Y 3N1aKOB OH, npuberaet
K @AUHCTBEHHOM CEMAA0/E 3apO/bILLA — WNTKY.
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MpopactaHue cemeHn

Mepes npopactaHuem cemeHa B GO/BLIMHCTBE CAY4aEB MPOXOAAT NEPUOA,
nokoA. BenuuuHa ero y Bcex pacTeHuit pasHas. [INA NpopacTaHua cemeHu
HeobXoAMMbl BoZa, TeNo 1 BO3AyX. MPK AOCTAaTOMHOM KONMYECTBE BOAb! CeMs
HabyxaeT W NOTHaA KOWypa pa3spbiBaetca. Mpu GnaronpuATHoO Temnepatype
bepmeHTbl  CemMeHM NepexofaT W3 HEAaKTUBHOTO COCTOAHMA B aKTMBHOE.
Moa wx [eiicTBMEM HEpacTBOPUMbIE 3anacHble BELWeCTBa MpespalialoTCs
8 PAacTBOPUMbIE: KPaxmas — B Caxap, KUpbl — B IIMLEPUH 1 XKUPHbIE KNCNOTbI,
€KW — B aAMMHOKUCAOTbI. [PUTOK MMTATeIbHLIX BELECTB K 3apoAbly
BLIBOAWT €0 W3 COCTOAHMA MOKOA, M HaumMHaetca pocT. Mpopactaouine
cemeHa HenpepbIBHO MOMIOW@IOT KWUCAOPOA, M BbIAENAIOT YINEKUC/bIA ras,
NPy 3TOM BbIENAETCA TeN0. XpaHAT CemMeHa B CyXWX, XOPOLIO NPOBETPUBAEMbIX
nomeleHnAX. [locTyn Bo3yxa K CemeHam Jo/KeH BbiTb MOCTOAHHBIM, XOTA CyXue
CemeHa /bILAT MEHee MHTEHCUBHO.

Buabl nnogos

© Opex, OpelleK: Cyxue, HEPacKPbIBAIOWMECA C OAHUM CemeHem,
OKO/IONNOAHUK AepeBAHUCTbIN (ay6, newwmHa);

© CEMAHKA: OKOMOMNOAHWK ~KOXWCTBIM, He CpacTaetca C  CeMeHem
(nosconHeuHuK);

® 3epHOBKA: OKO/IOM/NOAHMK KOXMCTbIM, CPOCWIMACA C cemeHeM (poxb,
nuweHuLa, KyKypy3a);

© /INCTOBKa: CyXMe PaCKPbIBAIOWIMECA OHOTHE3AHbIE MNOAbI CO MHOTMMM
cemeHamw (nuoH);

06: cemeHa NpUKpeneHbl K cTBopkam (606bl, ropox);

© CTPYyYOK — CemeHa PacnofioeHbl Ha neperopojke (MacTylbs CYMKa,
cypenka);

* KopobouKa: KybbiwKoOBpa3HOW GOPMBI, C KPbILIKOW (MaK, Manbea);

® AroAa: COYHbIA MHOTOCEMAHHON M/IOA, MOKPbITHIA KOMXUUENH (BUHOrpag,
TOMaTbl);

© KOCTAHKA: COUHbIi, O{HOCEMAHHOM MO/, C TPEXCNOMHbIM OKONOMAOAHUKOM
(cnuea, BuLwHSA);

® C/IOKHAA KOCTAHKA — C/IOMHbIA MHOFOKOCTOUKOBBIN M0/, C TPEXCAOMHbBIM
OKO/IOM/IOAHMKOM (MaNnHa, 3eMIAHNKA).

Cnoco6bl pacnpocTpaHeHUs CEMSAH U N0A0B
* 6e3 y4yacTus NOCTOPOHHMX areHToB (CemeHa U NAoAbl KPYMHbIX pa3mepos);
® C MOMOLLBIO KUBOTHBIX (COYHbBIE NAOAbI, ATOAY);
® CNOMOLUbIO BETPA (I'IIIOIJ,bI C KpbINIbAMU U XO)(O/!KBMM);
® CNOMOLLbIO BOAbI (CyXue naoApl U cemeHa);
® C NOMOLLbIO YenoBeKa (BCe BUAbI NN0A0B U CEMAH).

Pa3BsuTHe pacTUTENbHOrO MMpa

MHoroobpasue —CywecTsylownx HbiHE W JKMBLIMX paHee Ha 3emne
pacTeHuii ABNAGTCA Pe3ynbTaTom 3BOMIOLMOHHOTO npouecca. CospemeHHas
KnaccupuKauma pacTeHuin [aeT npeacTasfeHWe O MyTM CTaHOBAEHWA Tex
MW MHbBIX CUCTEMATUYECKMX rpynn. Bce pacTeHns no CTPOEHMIO BEreTaTMBHOrO
Tena MOXHO Pa3feuTb Ha Huswue (CNOEBMLIHBIE) W BbICWME PACTEHMA.
K HU3WMM PacTEeHMAM YCNOBHO OTHOCAT LMAHOBAKTePUM M aKTMHOMMLETbI,
a Takwe BOAOPOCAW W /MWAMHWKW. K BBICLIMM PACTEHWUAM OTHOCATCA AABHO
BbIMEpLUME NCUIOGUTBI U HbIHE XKMBYLLME MXM, NANOPOTHUKM, XBOLLM, NayHbl,
rONOCeMEHHbIE M MOKPbITOCEMEHHbIE pacTeHuA. [JoKa3aTeNbCTBamMM 3B80MIOLMM
pacTeHuit ABNAIOTCA Ma/EOHTONOTMYECKME HAXOAKU MX WCKOMAEMbIX OCTaHKOB.
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Cpeay HUX MOMHO Ha3BaTb CTPOMATONMTbI — MHOFOC/ONHble 06pasoBaHWA
13 OCTaTKOB APEBHUX MPUMUTUBHbIX BOAOPOCAEN, OBUTABLUNX B MOPAX 1 OKEaHaX;
OTMEeYaTKN [UFaHTCKMX MNanopOTHMKOB, XBOULEW, MAAyHOB, OBHapysKeHHble
8 0ro yma 1 Topod: , MHOTOYMC/IEHHBIE CMIOPbI U Mbi/bLA
B NOYBEHHbIX OT/IOXEHNAX PA3HOTO F€0/IOMMYECKOro BO3pacTa.

K nepsomy aTany 380/110L1N OPraHN3MOB MOXHO OTHECTU NOABAEHME NePBbIX
O/JHOK/IETOYHBIX OPraHU3MOB — CUHe-3eM1eHbIX Bogopocaei (umuaHobaktepun)
8 apxeicKylo 3py 3,5 MApA NeT Ha3a. IT0 EbiM OAHOKNETOUHbIE NPOKAPUOTLI,
cnocobHble K aBTOTPOGHOMY MUTaHMIO (Xemo- U aBToTpodHOMY). Baaropaps ux
KM3HEAEATEILHOCTU B NEPBUYHOI aTMOChEPE NOABUACA KUC/NOPOA.

MosBneHe NepBbix aBTOTPOPHbIX 3yKAPHUOTOB OKONO 1,5 MApA NeT Hasas, —
370 C/IeAyIOLWMi 3Tan B 3BO/IOLNM pacTeHuid. OHu 6binn NpeaKamn COBPEMEHHbIX
O[JHOK/IETOYHBIX BOAOPOCNEN, OT KOTOPbIX MPOU3OWAN  MHOTOKNETOUHbIE
BOZOPOC/U. BO3HMKHOBEHME GOTOCMHTE3A B APXEHCKYIO 3pY MONOKMAO Havano
pa3/ieNeHnio BCEX XMBbIX OPraHU3MOB Ha PacTeHUA M KMBOTHble. HakonneHne
OpraHMYeckux BELeCTB Ha 3em/ie Hayanocb C NOAB/EHUEM MepPBbIX 3e/eHbX
pacTeHunii — BogopoCneil.

B fanbHeiilemM  NPOAO/MKANOCh  YCNOXHEHWe — BeretaTMBHOTO  Tena
BOAOPOCNEN. YBENMYWNach MAOWAAb WX MOBEPXHOCTM, YTO  YBEAUYMAO
NPOAYKTUBHOCTb GOTOCMHTESA. ITU NPOLLECChI OTHOCAT K MPOTEPO30CKOIA 3pe.

Chesylowym 3Tanom CTan BbiXog PacTeHMit Ha cywy B naneosoe. Mepsbimu
HACTOALYMMM PACTEHUAMM CYLIM NPUHATO CYUTATL NCUNOGUTBI, HbIHE BbIMEPLLYIO
rpynny. OHW MMenu: MOKPOBHble TKAaHW C YCTbUUAMM, 3aujMuiaBluMe WX
OT BHELWHUX yCﬂDBMVI cpeapl; MexXaHU4YecKne TKaHW, BbINO/NHAKOWME ONOPHYH
GYHKLMIO; NPUMUTUBHbIE NPOBOAALLME TKaHW. MCUNOGUTLI NpeacTaBAAT cOBOM
nepexoaHyio GOPMy OT HU3LIMX PACTEHUIA K BbICLIMM.

K cnesylouiemy atany OTHOCUTCA MOAB/AEHWE W FOCMOACTBO ManopPOTHUKOB
8 KAMEHHOYTONIbHOM nepuoae. OHM UMENU PasBUTYIO KOPHEBYIO 1 MPOBOAALLYIO
CUCTEMBI, JIUCT, Kak 3ddEKTUBHbIA OpraH GOTOCMHTe3a, YTo Aasano Gonblume
NPeMMyILECTBA ANA KM3HM Ha Cylwe. M XOTA MX pasmMHOMeHue 6bi10 TecHo
CBA3AHO C BOAOW; T.K. B JKMSHEHHOM LMKAE NPUCYTCTBOBANA: KryTMKOBas
craguA, OHM  chOpMMpPoBanM O6WMPHble feca, CO34anu  MAOAOPOAHBIN
NOYBEHHbIN NOKPOB, 06OraTUAM aTMOCHEPY KMC Mosanee TCA
CemeHHble ManopPOTHUKM, HbiHE BbIMEpLas rpynna pacteHuit. 310 6Gbiau
NPeSKM COBPEMEHHBIX TONIOCEMEHHBIX PacTeHWi. Hanuume y HUX cemeHu
/ienano nososoi NPoUecc He3aBUCMMbIM OT BOAbI, 33POAbIL CEMEHM 3aluLLeH
OT HeBAronNpUATHLIX GaKTOPOB Cpesbl U 0BecneyeH NUTaTeIbHbIMM BELLECTBAMM
npu npopac‘raHMm (B oTMume OT cropbi).

ronoct pacTenuii 8 nepuoge nponsowno
8 peayanaTe CMeHbI BNaKHOTO K/IMMaTa CyXWM, YTO NPUBENO K TNBen rraHTCKuX
NanopoTHWKOB; XBOLLEH, NNayHOB. f0/0CEMEeHHbIE Mepewu K NPUHLMNNANLHO
HOBOMY TWMy ON/IOAOTBOPEHMA: NOMOBblE KAETKM CTaiM  pPa3suBaTbCA
Y HUX BO BHYTPEHHWX TKaHAX. My)KCKaa M0N0BaA KAETKa, He COMpUKAcasacChb
C OKpyxaloWei cpefoW, nonagana K ANLEKNETKe, MPOXOAA  BHYTPM
NbiNbUEBON TPy6KM. 3TO CMOCOBCTBOBANO Aa/bHEMeMy 3aBOEBAHMIO CyLW,
a npucnocobaeHnA CemaH K PacnpoCTPaHeHNIo BETPOM 1 BOZIOM MOMOII0 BbICTPO
3acenuTb cywy.

3aK/IOYMTENbHBIM  3TANOM CTaf0  BO3HMKHOBEHWE LBETKOBbIX PacTeHuit
B Pe3y/bTaTe YCNOXKHEHUA PENpPOAYKTUBHBIX OPraHOB M. MOABNEHWA LBETKA.
3aBA3b NOKPLITOCEMEHHbIX 3aLLMLAET CEMAMOYKY, CEMEHa Pa3BUBAIOTCA BHYTPU
NN1041a, KOTOPbIA CAYKUT MM 3alUMTOM M MCTOYHWMKOM MUTaHMA. LiBeTKoBble
pacTenua 6bICTPO 3aBOEBaAM Cylly W OCBOMAM BOAHYIO CPpesy OBUTaHMA.
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Y UBETKOBbIX BO3HWKAM PasHble MPUCMOCOBNEHNA, NPUBIEKAIOWNE KUBOTHBIX
onbianTenei, 4to fenaet 6onee 3GpHeKTUBHbIM ONNOAOTBOPEHME.

Bogopocaun
3T0 HM3WMe coAepalMe XN0POGUAN  PACTeHWsA, He pacufieHeHHble
Ha cTebenb, KopeHb M INCTbA. OB6UTaOT NPEUMYLIECTBEHHO B MPECHBIX BOAOEMAX
1 MOPAX.

Omen 3eNeHble Bogopocnun
3eneHble BOAOPOCNU AENATCA HAa OAHOKNETOYHbIE U MHOTOKNETO4YHbIe ¢0thI,
copepaT Xxnopodunn. Y HMX BCTPEYaloTcA BCe BMAbI BECMIONOTO U MOM0BOTO
Pa3sMHOXeHUA. 3eneHble BOAOPOCAM BCTPEYAKTCA B CONIEHbIX M MNPECHbIX
BOAOEMaX, B NOYBE, HA KOpe AepeBbeB, HA KAMHAX U CKanax.
toT OTAEeN HacYUTbIBaeT 40 20 ThIC. BWAOB U BKNKOYAET NATb KNACCOB:

e Knacc BonockoBble — Haubonee NPUMMTUBHbBIE —OJHOKNETOYHbIE
BOAOPOC/M CO KIYTUKaMU. HEKOTOpble UX BUAbI NPeACTaBAAIOT COBON KONOHMIO.
* Knacc nNpPOTOKOKKOBbIE ~—  OAHOKNETOYHbIE M MHOFOKNETOYHble

Be3xmryTrkosble popmbl
¢ Knacc ynoTpuKCOBble — MMEIOT HUTYAaTOE WK MAACTUHYATOe CTPOEHWe

cnoesuuia.
 Knacc ’apoBble — CTPOEHMEM HaNOMMUHAIOT BbICLIME PACTEHNA — XBOLLM.
* Knacc cudoHOBble — BHEWHE MOXOXW Ha [pyrMe BOAOPOCAM

MW Ha BbICLIME PACTEHMUA, COCTOAT U3 OAHOM MHOrOAAEPHOW KNETKM, A0CTUran
pasmepos 40 1 m.

O[IHOKNETOUHaA 3eNeHas MPEeCHOBOAHAA BOAOPOCAb — XNaMWUAOMOHAAA.
Mmeet 0Ba/bHYlo AW Kpyryilo $OpMy Tena, Ha BLITAHYTOM NepeAHem KoHUe
£Ba KryTvka. XpomaTodop YalesuaHblii, C MMPEHONAOM, CoAepMHalLM 3epHa
Kpaxmasa. B nepeaHei 4acTi KNETKU KPaCHbIiA 1a30K — 3TO CBETOHYBCTBUTE/bHDI
opraH. flApo OAHO, C MaNeHbKMM AAPbIWKOM. [lBe nynbcupyolue BaKyonu
CMelLeHbl K NepesHemy KOHLY KAeTkU. X1aMuaoMOHaAa NUTaeTcs asToTPOGHO,
HO MPU OTCYTCTBUM CBETA MOKET NEPEtTH Ha reTepoTPOGHOE NUTAHNE, €CAIN B BOAE
NPUCYTCTBYIOT OPraHUYecKne BewjecTsa. PasMHOXAeTCA GecrnosibiM 1 NoAoBbIM
nytem. Mpyn 6ecrnosom pasmMHOKEHUN COAEPXKUMOE KNeTKM (cnopoduT) aennTca
Ha 4 4acTn n obpasyloTca 4 ranNoMAHbIX 300CMopbl. C HACTyNAEHMEeM X0N0/108 2
300CNOPbI CMBAKOTCA, 06Pasys AMNAOMAHYIO 3UroTocnopy. BecHoit oHa aeauTca
MWTO30M, BHOBb 06Pasys ranjionzHble BOAOPOCM.

Cnnpor1pa — NpecHoBoAHaA 3eNeHasn MHOrOKNETOYHaA HUTYaTas BOAOPOCb.
HWTM cocTaBneHbl OAHMM PAZOM OAHOAAEPHBIX LMANHAPUYECKMX KAETOK
CO CMMpaneBuAHbLIMK X10PONNACTaMM M NUPeHoUAaMU. POCT HUTU B AAWHY
npoucxoaMT 6ecnono 3a CyeT NONepeyHoro AeNeHusa KNeTok. PasmHoxaetcs
YaCTAMM HUTW UAK NONOBbLIM NyTem. 101080V NPOLLECC HA3bIBAETCA KOHbIOraLMeil.

Ortaen 6ypbie Bogopocan

MHorokneTouHble Mopckue Bogopocan. HacuutbiBaetca ok. 1500 BMAoB.
MIMeloT enTosaTo-6ypylo OKpacKy, OBYCNOBAEHHYIO BGO/bWMM KONMYECTBOM
WeNTbix U BypbiXx NUrmeHTOB. Pasmep U dopma WX pasnuuHbl. BcTpevatotca
HUTEBUAHBIE, KOPKOBMAHbIE, LWAPOBUAHbIE, MAACTUHYATBIE U KyCTOOGpa3Hble
pactenua. Cnoesuwa (Tena) MHOTMX BMOB COAEPAT ra3oBble My3bIPbKM,
YAEpXKNBaloLLMe BOAOPOCAN B BEPTUKA/NLbHOM MONOMEHUN. BereTatHoe Teno
pacuneHeHo Ha NoAOWBY MUAN PU30UAbI, CYKALME OPraHamu NPUKPenNeHns,
M Ha NPOCTYI0O WM PaCcCeYeHHYIo NNAacTUHY, COEAMHAIOWYIOCA C MOAOLWBOM
YepewKom. MUrmeHTbl, npugatowme um Bypblil LBET, cOCPeAOTOHEHbl TONbKO
8 NOBEPXHOCTHbIX CNOAX KNETOK, BHYTPEHHWE KNETKM Tanoma 6ecusetHbl. 310
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CBUAETENbCTBYET O AnddepeHLnaLmMmn KNeTok no d)yHKuwﬂM ¢0TOCMMTETVN€CKOM
1 3aracatolen. Y 6ypbix BOAOPOCNE HET HacToAllEeN NPOBOAALLEH CUCTEMb,
O/iHaKo, B LIEHTPE CNOEBULIA WMEIOTCA TKaHW, MO KOTOPbIM MEPeABUraloTca
NPOAYKTI aCCUMUAALMM. BcacbiBaHMe MUHEPa/IbHbIX BELLECTB OCYLLeCTBAACTCA
BCEW NOBEPXHOCTBIO C/I0EBMLLA.

Y 6ypbix BOAOPOC/E BCTpeualoTca Bce GOPMbl Pa3MHOMEHUA: BereTaTnsHoe
(NpY cyyaiiHbIX OTAENEHMAX YacTeil CNOeBMLa), CNOpoBOe, MonoBoe (Tpu
$OpMbI: N30ramHas, reTeporamHas 1 MOHOraMHas).

OTAaen KpacHble Bogopocu (6arpaHku)

BcTpeyatoTca 06bI4HO Ha 60nblMX Ty6MHaX Tensibix Mopei. HacunTbisatoT
oK. 4000 BMAOB. MMEIOT pacuieHeHHOe CNOEeBULLE, PU3OMAOM MW NOAOLIBOI
KpenaTca K cybcTpaty. MomMMMO OBbIMHBIX XA0POGUANOB U KapOTUHOMAOB,
8 nnactuaax barpaHOK copepikatca GpUKo6UauHbI. [pyras nx 0cobeHHOCTb —
CNIOXHBIN MOM0BOM Npouecc. [ameTbl M CMOPbI KPaCHbIX BOAOPOCAEN NNLIEHbI
XKIYTUKOB W HemofBMKHbl. OM/NOAOTBOPEHNE MPOMCXOAMT MpU NaCcCUBHOM
nepeHoCce MYMCKNX NO/I0BbIX KNETOK K JKEHCKOMY N0/I0BOMY OpraHy.

3HaueHue Bogopocnen

Bogopocan — nepBuUYHble MPOAYLEHTbI C _BbICOKOW MPOAYKTUBHOCTBIO.
C HUX HauYMHaIOTCA 6O/LIIMHCTBO MULLEBBIX Lienei MOpeli, OKeaHOB U MPecHbIX
80710eM0OB  OAHOK/IETOUHbIE BOZOPOCAM ABAAIOTCA [IaBHLIM KOMMOHEHTOM
¢I4TOI'II|3HKTDH3, KOTOprFI CNYXXUT KOPMOM MHOMMM BUAGM BOAHbIX *KUBOTHbIX.
Bogopoc/u oboraiatot atmochepy KMCI0poAoM.

W3 Bogopocneit MNoAy4aloT MHOTO  LEHHbIX MPOAyKToB. Hanpumep,
M3 KpacHbIX BOAOPOCNEN MOMy4YaloT MoAMcaxapuipl arap-arap M Kappare
(ncnonbaylotca AnA nosyueHus ene, B KOCMETUKe W Kak nuwiesble Ao6asky);
13 6ypbIX BOAOPOC/IEN NONYHAIOT aNbrMHOBbIE KUCNOTbI (NPUMEHAIOT B KadecTse
oTsepauTenei, xeneobpasylowmMx BEWeCTB B NMUWEBON, KOCMeTUYecKoi
NPOMbILINIEHHOCTH, /1A U3rOTOBNIEHNA KPACOK U NaKOB).

Bakrepuu

370 MmenbyaiiluMe OpraHM3mbl, 06N3AaloWME KAETOUHBIM CTPOEHMEM,
He MMelolme HacToAwero ohopMAEHHOTo AApa. bakTepuu ocsouin camble
pasHoobpasHble cpeabl OBUTAaHWA: MOUBY, BOAY, BO3AYX, BHYTPEHHIOK Cpeay
OpraHusmoB. Mx 0BHapYKMBAIOT Aae B FOPAYUX UCTOUHMKAX, TAE OHU XKUBYT
npw Temnepatype 60° C. CHapysKu 6aKTepumn NOKPbITbI KaNcy/s oM UAW KNETOYHOM
CTEHKOW M3 MypenHa.

Mnasmatnyeckas membpaHa 6GakTepuit no  CTPyKType W GyHKUUAM
He OT/IMYAEeTCA OT MemMbpaH 3yKapuOTUHECKUX KNeTOK. Y HEKOTOpbIX BakTepuit
nnasmartuyeckan MembpaHa BrAYNBAETCA BHYTPb KNETKM M 06Pa3yeT Me30CoMbl.
Ha noBepxHOCTU Me30COoMbI HAXOAATCA GpepMEHTBI, yuacTsylolme B npouecce
AbixaHnA. Bo Bpems jenenna 6aktepuanbHOM KNETKW, ME30COMbI CBA3bIBAIOTCA
¢ [iHK, 4To obneryaet pasgeneHue AByx pouepHnx monekyn JHK. leHeTU4ecKuni
matepwan 6akTepuii COARPMUTCA B OAHOM KonbLeBoil monekyne [HK.

opma GaKTepVIIA ABNAETCA OAHUM U3 BAYKHEWLIMX CUCTEMATUYECKUX
npusHakos.  LllaposuaHble  BGaKkTepuM  Has3bIBAlOTCA  —  KOKKamM,
nanoyKoBMAHble — 6aLMNNAMK, U3OTHYTbIE — BUBPUOHaMK, CNMpaneBuaHble —
CNMPOXETaMi 1 CIUPUANAMM.

PasmHoxaloTcA  Gaktepuu  aeneHvem nomonam. fepes  AeneHvem
npoucxoauT yasoerne AHK. Y 6aktepuii HabntoaaeTca 1 nonosoe pasmHOXeHHe,
B BMAE reHeTU4ecKoi pekombBuHaumun. Mpu coamkennn Gaktepuin vacte AHK
KNETKN-A0HOPa MEPEHOCUTCA B KNETKY-DELIMMIMEHT M 3amellaeT ¢pparmeHT ee
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[HK. ObmeH HacneacTBeHHOW WHGOpPMaLMEn MOXET NPOUCXOAUTb nyTem
KOHBIOraLy (MPAMOTO KOHTaKTa KNeToK), TpaHcayKumum (nepeqoca IHK supycom-
6akteprodarom) u TpaHchopmauuu (norowenus odparmeHtoB AHK u3sHe).
BakTepun CnocobHbl B HEBAAronpuATHbIX YCIOBUAX 06pasoBbiBaTh Cropbl,
CcoxpaHstoLne CNOCcOGHOCTb K MPOpacTaHuio.

Cnocobbl NUTaHus pasHbix 6akTepuin

CanpoduTbl U3BAEKAIOT NUTATE/IbHbIE B-BAa U3 MEPTBOM OPraHWKM, pasnaras
MX [0 HeOopraHM4Yeckux BellecTB. CUMBMOHTbI — KnyBeHbKoBble baKTepum
cnocobHbl GUKCMPOBATL M UCMONB30BATh aTMOCHEPHbIN a30T ANA BuocuHTesa.
MapasuTbl WBYT BHYTPU APYrUX OPraHM3MOB, KOTOpble obecneynBaloT ux
nuTaHWem u ybexuiLem (K HUM OTHOCATCA natoreHHble 6akTepuu). ABToTpodbI
unm - pototpodbl  —  GOTOCUHTESUpYIOLUME  CUHE-3e/IeHble  BOAOPOCAM
(uMaHobaKTepUM)  UCMOAB3YIOT  ANA  BMOCMHTE3a  SHEPIMIO  CONHEYHOTo
cBeta. Xemotpodbl (kenesobaktepuun, cepobakTepum) M3BNAEKAOT 3IHEPTUIO
ANA BUOCKHTE3a U3 PeaKLil OKMCACHMA.

NnwaitHukn

3710 cMmMBUOTUYECKas accoumauma rpuba u Bogopocau. Npub B 3Tom cayyae
mbo cymuatelii, nMbo 6asuauanbHbiM, a Bogopocnb AMbO 3eneHas, Aubo
c1He-3eN1ieHan. MocenaloTCA NNIARHUKN 0BbIYHO Ha ro/bIX CKasax UM CTBONax
Aepesbes. Bonopoc/b cHabxaeT rpub opraHuyecknmm Mpodykramu GoTocuHTesa,
a rpub obecneunsaeT BOAOW M MUHEpPaNbHbIMKU CONAMM. JIWARHMKK pacTyT
04eHb Me//IEHHO 1 YyBCTBUTENBHO K 3arPA3HEHMIO OKPYXKaIoLLel CPesbl, NO3TOMY
OHU ABNAIOTCA WAEANbHBIM MHAUKATOPOM 3arpA3HeHWUA aTMOChepbl, 0COBEHHO
CepHUCTbIM ra3om. CNoeBuLLe UWANHUKOB MMeET pasHble $pOpPMbl, pasmepsb
1 OKPAcKy.

JnwaiiHnkm 6biBatoT Genble, cepble, JKeNTble, OPaHKeBble, 3eeHble, YepHbIe;
3TO OnpefenseTcA Xxapakrepom nurmeHta B8 o6onouke rmd. MurmeHTaums
CMocOBCTBYeT 3alMTe OT YPe3MEPHOro OCBeleHNs WA, Hao6opoT, nomoraet

normowate 6Gonblie cseta_ (4ep AUrMeHT 08 AHTapKTUABI).
I'Io GopMme c/10eBMILa MNLAIHWKN BbIBaIOT HAKMNHbIE, UCTOBbIE U KYCTUCTbIE.
HaKMMHbIX IHAKOB MMeeT BMfA KOPOYKM, MOTHO cpoclueiica

c cy6cTpatom (MHOTAa B BMAE MOPOUWKa). JIUCTOBbIE AMWARHUKA MMEIOT BUA,
NNACTUHKM, TOPU3OHTANbHO PACMNONOXMKEHHOW Ha cybcTpaTte, MPUKPEnNAsch
K HEMy BbIPOCTaMM rd. OHU MOTYT BbITb LIe/IbHBIMM U paccedeHHbIMI. CloesuLe
KYCTOBbIX /IMIWARHMKOB MMEET BWA, KYCTUKA MAU CTOAYMX HEPa3BETBACHHbIX
cTon6uKOB.

Mo aHaTOMMYECKOMY CTPOEHWIO AUWANHUKM AENATCA Ha romeomepHble
(Bosopocnb  pasbpocaHa Mo BCceMy Teny NMWAKHWKA) UM reTepomepHble
(Bogopocaun o6pasytoT B cnoesuie 060c061EHHbIN CNOM).

CBepxy CnOEBULLE MOKPLITO CNOEM KNETOK, 3alUMLAIoWMX CAoesuLe
1 yKpennaiowmx ero. OpraHamu NpUKPenIeHNA UWaRHUKOB ABAAIOTCA PU3OUAbI
1 PU3MHbI (COBAMHEHHBIE B TAXMN PU30UADI).

PasmMHOXeHMEe /IMWANHUKOB MPOUCXOANUT CMIOpamMM WM BETeTaTUBHO:
dbparmeHTamn cnoesuia (M3uanAaMn 1 copeamamu). MonoBoe pasMHOXeHMe
06ecneunsaloT creuuanbHble y4acTku cloesuLa, Gopmupyiolume crnopbl. Cnopa
npopacraet B rudy, U npu BCTPeUe ¢ NOAXOAALLEN BOAOPOC/bIO GOpMUPYeTCs
HOBBIN MWARHUK.

Mxu
3710 Haubonee NPUMUTUBHBIE W3 TPYNN HA3eMHbIX pacTeHuit. OHM mano
NPUCNOCOB/EHDI K KM3HN Ha Cyllie, NO3TOMY Mp K , 3T
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MecTam. Y MXOB HeT HACTOALLER COCYAMCTON TKaHU (Kcunembl U $Gaoambl), Het
HaCTOALMX KOPHEN (BMECTO HUX HUTYATbIE BbIPOCTbI CTe6AA — pusouapl). Boga
M MMHepanbHble COAM MOMOWAIOTCA BCEW MOBEPXHOCTbIO Tena, B TOM uucie
1 pr3onaamu.

YKU3HEHHbIA UMKN MXOB BK/IIOYAET ran/ionaHbIi rametodut U AuNAOUAHbINA
CnopoduT. [IOMUHMPYIOWMM NOKONIEHMEM ABIAETCA rannoMAHbIA rametodu,
KOTOpbIA MpUHUMaeT Ha ceba  ¢yHKUMM POTOCMHTE3a, BOAOCHABKEHUA
1 MUHEPaNbHOTo NUTaHuA. [ins obecneyeHns non0BOTO Npouecca Heobxoanma
KanenbHoXMAKan cpesa. Monosoe 1 6ecnonoe NOKONEHWE MXOB He paszeneHb,
a npe/CTaB/AET OAHO pacTeHue. famMeTopUT pa3BMBaAETCA U3 ranIoUAHOM CNopbI.
Y pasHbIX BWAOB MXOB ramMeTOPUT MOMET BbiTb OAHOMOMLIM (BYAOMHbBIM)
1 pasHonosnbiM (0AHOAOMHbIM). Oprakbl NON0BOTO Pa3MHOMEHMA (rameTaHrun)
06pasyloT  NOABMKHbIE —CMEPMATO30MAbI W HEMOABUXKHBIE  ANLEKNETKM.
OnN0AOTBOPEHNE  AMLEKNETKN MPOMCXOAUT  BHYTPM KEHCKOTO  MOJI0BOrO
opraHa. M3 3urotbl MeANeHHO PasBMBAETCA AMUMNNOUAHbINA CNOPOGUT, KOTOPBIN
npeacTasiser coboit KOpoBouKy (CropaHrui), HaxoAAwylcs Ha rameTopute
M nonyyalollylo OT Hero nuTaHue. B KopoBouke nyTem meiiosa obpasylotca
rannouaHble Cropbi.

Haubonee W3BECTHBIMW MPEACTABUTENAMW MXOB ABAAIOTCA  KyKYLIKWH
neH u charHym. CTebam charHyma MMeIOT CBET/NO-3e/1eHbI LBET U HecyT
Ha cebe MyTOBKM BETBEN, IMCTbA KOTOPbIX HE UMEIOT XW/IKOBAHUA. Y B3POC/bIX
pacTenuit charHyma HeT pu3omMzgoB, M Ha 6onoTax OHM 06pasyloT NNOTHblE
NOAYLWKMN U3 MPAMOCTOAYMX BeTBEW. JInCTbA (Gpunnonabl) Hapagy ¢ xnopodunno-
coaepXaWmnmm KneTtkamn UMeroT MepTBble KNeTKU C YTONLWEHHbIMU CTEHKaMu,
snuTbIBalowMe Boy. CharHosble Mxu — Topdoobpasosatenn. Topd obpasyetcs
8 PE3y/IbTaTe HAKOMNEHWA W YNNIOTHEHWUA OTMEPLUMX HUXKHUX YacTelt rametopuTa.
VX pasnoseHue He MPOMCXOAUT M3-3a HWU3KOM KUCNOTHOCTU W HEeAoCTaTKa
Kucnopoaa. Topd WMPOKO WCMOb3yeTCA Kak TOMAMBO, YAOBpeHue U Cbipbe
8 NPOMbILLNEeHHOCTU. CharHym obnazaeT GakTepuUMAHBIMA CBOICTBaMM, U ero
MCNONb3YIOT B MeANLMHE.

NanopoTHukKu

3T0 cocyaucTble pacTeHua: crnopoduT npeobnasaer Had _rametodUTOM.
BcTpeyaloTea ualle BO BAaXHbIX TEHWCTbIX MecTax. JlucTesa (Baiin) cnopoduta
JOCTUraloT BbICOTbI A0 1 M M PacTyT OT TO/CTOrO rOPU3OHTaNbHOrO cTebna
MW KOpHEBULA. Ha KOPHEBMUILE HAXOAATCA NPUAATOYHbIE KOPHU. OT OCHOBHOIO
cTe6nA MOFYT OT/NaMblBaTbCA OTAEMbHbIE BETBM M [aBaTb Ha4ano HOBbIM
pactenuam. 3T0 oaHa u3 (OPM BEreTaTMBHOrO PasMHOXeHWA. Monogple
JCTbA M/IOTHO 3aKpyuyeHbl B 3aBUTKM. MNAaCTMHKA AMCTa NPOHW3aHa CUCTEMO

ny4Kos, JIUCTbA NanopOTHUKOB MMeioT
vCTbIA‘-IHbIM annapart. PocT nuctbes BEp)(yUJeHHbIIA

Pa3amMHOXaloTCsA NanopOTHUKM C YepeaoBaHUem NoKoneHuit. becnonas cragus
PasMHOXEHUA HAYMHAETCA C POPMMPOBAHNA CTIOPAHTUEB HA HUKHEN CTOPOHE
nucta. Cnopbl 06pasyloTcA B KOHUE feTa. CKoneHua criopaHrues obpasyior
COpyCbl. BHYTPM Ka/0ro CrnopaHr1s MPOMCXOAMT MeioTUYecKoe AeneHune
AVNNONAHBIX MATEPUHCKWX KNETOK Criop M 06pasyloTcA ransionpHbie Cropbl.
Bce cropbl B CNOpPaHrvM COBEPLIEHHO OAMHAKOBbI. Mocne co3pesaHUA UHAY3Mit
0TMajaeT v CNopbl BbICHINAKOTCA, HAPYKY.

Cnopbl MPOPAcTaloT W AaloT Hayano HOBOMY ramMetoduTy — 3apocTky
CepALEBUAHON NNACTUHKE AMAMETPOM OKO/O 1 CM, COCOBHOM K GOTOCMHTESY.
3apOCTOK NPUKPENAAETCA K MOYBE OAHOKNETOUHBIMU pU3oMAamMM. Y 3apocTka HeT
KYTWKY/IbI, OH MOXET }MWTb TONIbKO BO BNIaXXHOM MecTe. Ha ero HukHelt cTopoHe
06pasyloTcA NpOCTble apXeroHUM W aHTEPUAUK. ITO PEenpoAyKTUBHBIE OpraHbl,
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obpasylolne rameTbl MyTem MMTO3a M3 MaTepUHCKUX KAETOK. B aHTepuauax
06pa3syloTcA  MHOMKECTBO ~CMEpMaTo30MgoB, a B apXEroHWAX MO  OAHOM
Anleknetke. Mpu HaAMuMM BOAbl CO3PEBIUME CMEPMATO30MAbl MOAM/bLIBAIT
K apXeroHuAm, pearupys Ha ABGAOYHYIO KWCIOTY, BbIAENAEMYIO _LIENKOM
apxeroHuA. ONNoAOTBOPeHMe 06bIYHO MepeKpecTHoe. M3 AWMNOUAHOM 3UroTbl
Ha 3apOCTKe pa3BMBaETCA CNOPOGUT. Y MOIOAOTO 3apobilia 06pasyeTca HOXKa,
yepes KOTOPYIO OH MOMIOWAET MUTATe/bHble BELLECTBA rameToduTa, Noka Ty
GYHKLMIO He BO3bMYT Ha Cebf COBCTBEHHbIE KOPHM M IMCTbA CNOPOdUTA.

XBOWM 1 naayHbl

XBoWM BCTPEYaloTCA Ha BCeM 3eMHOM Lape, Kpome ABCTpanuu u Hosoit
3enaHamMn, M HacuuTbiBaloT okono 30 BuAoB. OBWUTAOT MNPerMyLLeCTBEHHO
BO BA@XHbIX MecTax. Crnopo¢uTbl WMEIOT rOpU3OHTa/NbHbIE MOA3eMHble
crebaun (Kop! ), OT Y3108 Haj; No6eroB OTXOAAT MYTOBKM METKUX
330CTPEHHbIX INCTBEB, MOXOMMX Ha Yewyilkn. Pasauyalot nobern ABYX BMAOB:
BereTaTMBHbIE M CMOPOHOCHbIE, HECyLIMe CNOPOBbIe WHLWKK (CTPO6MUALI). XBOLLM
8 NMPMpOAE BCTPEYAlOTCA B BUAE KNOHOB — rPYNn PacTeHuid, BO3HMKAIOWMX
nyTem BEreTaTMBHOTO Pa3MHOXEHMA OT OAHON 0COBM U 3aHUMAIOLLMX YYACTOK
NI0WAAbI0 HECKO/IbKO AECATKOB /M COTEH KBAAPATHbIX METPOB.

Mpu  npopactaHuu  cnopbl  XxBouwa  o6BpasyetcA  OAHOC/NOMHAA
nnacTMHKa — rameTopuT. ameToduTbl MOTYT BbiTb MYMCKUE, IKEHCKUe
1 o6oenonbie. Ha HUX Pa3BMBaIOTCA aHTEPUAMM U APXETOHUM. AHTEPUAUM UMEIOT
B/, NO/IOCTEN, B KOTOPbIX HOPMMPYIOTCA; CNIEPMATO30MAbI, MEIOLLME MHOXECTBO
KIYTMKOB. B apXeroHuax HaxoduTca siiuexkneTka. Onnopotsopenue npoxo,qm
8 BOAHONM Cpeae, Mpu STOM apXeroHUM BbIAENAKT CAU3b,
CnepmaTo30MaoB. MpU CAMAHMM NONOBbIX KNETOK OBPasyetcA. ,CI,MI'InOMAHaﬂ
31roTa, NpopacTaloLan 8 cniopoduT.

MnayHbl — MO NPUCNOCOBAEHHOCTM K MWU3HM Ha Cywe NnayHbl 3aHMMaloT
NPOMEXYTOUHOE  MONOMEHME  MEXJy NanopPOTHUKAaMU U CeMEeHHbIMM
pacteHuAmMM. 1 HUX XapakTepeH CTeNoWuics crebenb, OT cTebna OTXOAAT
KOPOTKME NPAMOCTOAYME BETBU. JIUCTbA PACNONOKEHbI CIUPANBHO.

MoasemHble YacTu nobera UMEIOT BUZ, KOPHEBMULL C NPUAATOUHBIMM KOPHAMM.
PocT cTebnA BepxyLeyHbIi: NPOBOAALLAA cUCTeMa NpUMUTUBHA. CTeban Hapaay
C MCTLAMM HecyT Ha cebe cnopodunbl Co crnopaHruamn. Cnopsl npopactaT
B rameToput yepes 3-8 net B mybokom cnoe rymyca. Ero poct u passutne
BO3MOXHbI MPY YCNIOBUN BHEAPEHNA B HEro rndos rpuba, obecneunsatoinx emy
reTepoTpopHOe NuTaHue. faMeTopUTbl 0BLINHO OAHOMO/BIE U HECYT aHTEPUAUM
1 apxeroHuu. Cnepmaro3on/pl NpocTbie U O4eHb MEKME C ABYMA KIyTUKaMN:
31roTa cpasy NpopacTaer B 3apoAblll — COPOdUT, KOTOPBLIN B Hayane PassuTUA
nuTaeTca retepoTpPodHo.

B KaMeHHOYro/ibHbIA Nepuoa NanopoTHUKKM, XBOLWM U NAAyHbI NPUHUMANU
yyacte B8 06pasoBaHUN KaMEHHOrO yrif. HeKoTopble M3 HWUX B Halle Bpems
MCMONb3YIOTCA B MEAULIMHE.

Otpen lonocemeHHble

CemeHHble pacTeHus 061aAal0T TPEMA O4YeHb BaXKHbIMM MPENMYyLLECTBAMM:
Pa3sHOCNOPOBOCTbIO, CMOCOGHOCTbIO K 06Pa3soBaHMI0 CeMsAH, CMOCOBHOCTbIO
NPOAYLMPOBATH HEMOABUKHBIE MYYKCKIME FaMETbI, BETETATUBHOE TE/IO CEMEHHbIX
pacTenuit o6pasyeT Cropbl ABYX TMMOB: MUKPOCMOPLI (MYCKME) U meracniopa
(keHckue). MepBble AAIOT HaYaNa MYKCKOMY rameTopuTy, a BTOPbIE — MeEHCKOMY.
HeHckne meracnopbl GOpMMPYIOTCA B MeracnopaHriu. M3 meracnop Bbipactaiot
KEHCKME rameToduTbl — apXeroHun, npoAyumpylowme ANLEKNeTKM. IToT
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npoLecc NPOXOAMNT BHYTPU CEMA3AYaTKa, TaK JKe Kak Oni040TBOPeHWe U pa3snTmne
3apogbllua c 06pa3oBaHMEM CEMEHU.

Np

© KEHCKMii rameToduT 3aluMlieH CemA3aqaTKOM M MeHee UyBCTBUTEeNeH
K 06€3BOXMBaHUIO, YeM CBOBOAHO XMBYLLMIA rameTodunT;

© CEeMA COAEPKMT 3aNac NUTATE/IbHbBIX BELLECTB, UCMONb3YEMbI CAIEAYIOLIMM
CMOPOGUTHBIM NOKONEHMEM NOC/IE NPOPACTAHMA CEMEHM;

* cemeHa CrocobHbl NPOTUBOCTOATL HEBNArONPUATHLIM YCAOBMAM W MOTYT
0CTaBaTbCA B COCTOAHMM MOKOA U NPOPACTaTh B 61arONPUATHBIX YCIOBUAX;

Yy CemAH Pa3BMBalOTCA Pa3/INiHbIE NPUCNOCOBAEHMA 1A PACNPOCTPAHEHNS.

fonocemeHHble — MpouseTaloWan rpynna pacTeHuit, pacnpocTpaHeHHas
no BCEMY 3eMHOMY Wapy. MuU3HeHHble ¢$OPMbl MPEeACTaBAeHbl AEPEeBbAMM
M KYCTapHUKaMM, KaK Mpasu/o, BEYHO3ENEHBIMU C UFONKaAMU BMECTO INCTbEB.
TonocemeHHble BK/IOYAKOT B cebA 5 knaccos
. CaroBHMKOBbIE,

TUHKTOBblE,

. XBOWHbIE,

. BEHHETTUTOBbIE,

. THETOBbIE Y CEMEHHbIE NanopPOTHUKM (BbIMEPAM).

JICTbA — UTO/IKM Y XBOMHbIX MOKPBITLI TONCTOM KYTUKY/IOM, @ yCTbuLa rYy60KO
norpy)KeHbl B TKaHb /MCTa. 3TW npucriocobneHna cbeperaioT BoAy BHYTPU
PacTeHmA BO BPEMA rOI0/IHbIX CE30HOB.

My)CKMe  WUWKK,  MAW  MUKPOCTPOBUAbLI,  OAMHOYHBIE,  COCTOAT
M3 MHOTOYUC/IEHHBIX ~MWUKPOCMOPOGUANOB,  PACMONOKEHHBIX — CAUPANLHO
Ha obulem cTepkHe Ha KawaOM MuUKpocriopoduane passuBalotca Aga
MMKpOCNOpaHrusa, ameuj.anou.mx nbibly. MbibLeBble  3epHa  CHaBKeHb!
8034y AN1A PACNPOCTPaHeHMA NO BO3AyXY. HeHckue
WNWKN — Mel’aCTpOGuabl COT CTOAIT 3 UeHTPaNbHO OCH, Ha KOTOPOI CUPANLHO
PacronoKeHbl KpOIWMe Yelym, a B MX Masyxax /IeaT CEMEHHble Yelyu.
Y OCHOBaHMI CEMEHHbIX Yelyn CUAAT NapHble CEMAMOYKN. HKUSHEHHbINA LMK
npoxoauT ¢ npeobnajaHnem cnopoputa — AuNNOUAHONM cTagmun. CospesaHne
CemAH NPOMUCXOAMT Ha BTOPOI o Nocae onbineHnA. Creaylouier 3MMON LWULIKK
PacKpbIBAIOTCA, M CeMeHa PasHOCATCA BETPOM Ha BoNbLIME PACCTOAHMA.

[GENTINTS

Otaen Mokp wan

OTANYNUTENBHOM OCOBEHHOCTbIO 3TOTO or,u,ena ABMAGTCA HaWumMe NoAa,
pa3sBMBAIOWIETOCA W3  3aBA3N  UBETKA. [OKPLITOCEMEHHbIE MpeacTaBeHbl:
[lepeBbAMM, TPaBamn M MPOMEXYTOUHbIMM GOPMamMM —  KyCTapHUKamn
1 KyCTapHUUKamM.

BblAensatoT ABa KNacca LBETKOBbIX PACTEHUIA: OAHOA0/bHBIE U ABYAO/bHBIE.

LWupokoe ~pacnpoctpaHeHue W pasHOOBpasue CTPOEHUA  LIBETKOBbIX
pactenuit obycnosneHo npuobpeTeHneM MMM B MpoLecce 3BONOUMN PAAA
NPOTPeCcCUBHBIX YEPT: HaiMuMe UBETKa — OpraHa, COBMELLAWero GyHKLUM
n0n0BOTO W 6ecnosoro pasmHoMxeHus; obpasosanme B cocTase LBeTKa 3aBA3u,
3aKlovalouleii B cebe cemAsavaTKM W_MpesoxpaHsaiouleid UX OT AeiicTeuA
HeBNaronpuUATHbLIX YCIOBMIA CPeabl; ABOWHOE OM/JOAOTBOPEHUE, B pesynbraTte
KOTOPOro 06pasyercs TPUMNOMAHBIN (a He ranaouAHbIe, KaK Y ron0CeMeHHbIX)
SHAOCMEPM; PeAYKUNA rameTopuTa: MyKCKOM rameToPUT — Mbi/bLEBOE 3ePHO
COCTOWT M3 /1BYX K/ETOK: BEreTaTMBHOW W reHepaTUBHOM (reHepaTuBHan AennTcs,
06pasys ABa cnepmma). eHCKUit rameTopuUT COCTOMT U3 8 K/IETOK 3apo/ibiieBoro
MellKa.
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n P

1. 3apogpl  MMeeT 2 CceMAAo0NM, npopacTalolme HajgsemHo, ¢ 3
NPOBOAALMMM NYYKaMM.

2. JIACT Ha YepelwKe C CeTYaTbIM MW BETBALMMCA XKNIKOBAHMEM.

3. MpoBOAALLAA CACTEMA COCTOUT W3 OAHOTO KO/bLA NPOBOAALLMX /TY4KOB,
C Kambuem; BO ¢n03Me NPUCYTCTBYeT NapeHxMma; Kopa W CepauesuHa
AnddepeHuUnpoBaHbl.

4. KopHeBas cuCTema CTepyKHeBas, 3apo, i Kopewok A
8 CN1aBHbI KOPEHb.

5. lun3HeHHble popMmbl APEBECHbIE U TPABAHUCTbIE.

6. LIBETOK MMEET YMCN0 3NeMEeHTOB, KpaTHoe 5 unu 4.

n o

1. 3apogbill C OAHOI CEMAAONEN, NPopacTalolieil NOA3EMHO, UMeeT /jga
[NaBHbIX NPOBOAALLMX NIy4Ka.

JucT 6e3 uepellka, C MapannenbHbiM WU [IyTOBbIM KU/KOBaHMEM,
C BNara/uUiHbLIM OCHOBaHMEM.

3. MpoBoAALWA@A cuCTEMA COCTOMT M3 MHOTUX OTAE/bHbIX MYy4YKOB; Kambuit
OTCYTCTBYET; NapeHXMMa Bo ¢p109Me OTCYTCTBYET; KOpa U. CEPALEBUHA HE MMEKT
YeTKoW AnddepeHumaumm.

4. KopHesas cucTema MOUKOBaTas, 3apO/bilLeBbIii KOPeLOK PaHo oTMUpaeT,
3aMeHAACH CUCTEMOI NPUAATOUHBIX KOPHEIA.

5. Hu3HeHHble GOPMbI  TPAaBAHWUCTbIE, HEKOTOpble /peBecHble ¢$opMbl
BTOPUYHBI.

6. LIBETKM MMEIOT YMCNO INEMEHTOB, KpaTHOE 3, pexke 4, HO HUKoraa 5.

LiseTKoBble pacteHusn. Knacc oaHoa0bHbIE
CemeiicTeo JluneiiHbie

HacuuTbiBaer okono 4 TbiC. BUAOB. MKU3HeHHble GOPMbl: MHOroneTHue
Tpasbl C KOPHEBULAMM, NIYKOBULLAMM, KNYBHENYKOBULLAMNU, PEXE APEBOBUAHBIE
pactenua (anos, I0KKa, ApaueHbl). JIUCTbA ouepeAHble, C NapannenbHbim
VAN [yTOBbIM KUAKOBaHMEM. LIBEeTKM npaBubHble, 06oenonbie, ¢ MPOCTbIM
OKO/IOLBETHWUKOM, KOTOPbIN COCTOUT M3 6 CPOCLUNXCA UM CBOBOAHBIX IMCTOYKOB
(3 HapYXHbIX 1 3 BHYTPEHHMX), TbIMUHOK — 6, 3aBA3b — BEPXHAS.

Mnog — Kopobouka (y TonbnaHa) uav sroga (naHabiw). Ligetbl 6bisatoT
L(‘JAMHO‘{)HbIe (ttonbnaH) uan cobpaHbl B WAPOBUAHbLIE COLBETUS (NYK) U KUCTb
(nunns).

CemeiicTso 3nakn

HacuutbigatoT okono 10 Tbic. BUAOB. MKM3HEHHble GOpmbl — Tpasbl.
Crebenb npocToi MHoraa BETBUCTbIN, NPEACTaBAEH CONOMUHOM, NONON BHYTPH,
HECKONbKO B3AYTOW B ysnax. Ha crebne HaXOASlTCil ouepesHble, ABYXPAAHO
pacnono: NUCTbA, C A naranmiiy M NNeHYaTbiMu
BLIPOCTaMM — A3bluKaMM. MKUAKOBaHME nmcrbea napannensHoe. Y 3n1akos
CUIbHO PasBMTO MOA3EMHOE BeTB/eHMe. Pas/M4aloT: KOPHEBULIHbIE 3N1aKN —
B y3nax KylleHuA nobern passuBalOTCA FOPU3OHTANbHO NOZ 3emneil, obpasya
KOPHEBULA; (MbIpeit MoA3yuuii, KocTep 6e30CTbIiA); PbIXNIOKYCTOBbIE — GOKOBbIE
nobern OTXOAAT MOA OCTPbIM YIIOM K [aBHOMY BepTUKanbHomy nobery
(TUModeeBKa, NMCOXBOCT); NNOTHOKYCTOBbIE 31aKM — GOKoBble MoGern mouTu
napasnnensHo MaTepuHcKomMy nobery, o6pasya NaoTHbIN KycT (wy4ka, 6enoyc).

LiBeTkn 3nakoB COBpaHbl B MPOCTbIE COLBETUA — KOMOCKM, KOTOpble
06pasyloT CNOMHble COLBETUA — CAOKHbIM KOMOC (MweHuua), cyataH
(Tumodeeska), meTenky (npoco), mouyatok (KyKkypysa). Y OCHOBaHUs Kaxaoro
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KONOCKA BOMBLWNHCTBA PACTEHUI MPUKPENNEHbl 2 KONOCKOBUAHBIE YellyW,
NPUKPbIBAIOLIUE KONOCOK. B KONOCKE 2-5 LiBETKOB. OKONOLBETHUK U3 2 LIBETOUHbIX
Yewyi, 2 NAEeHOK. B 1ByN0NOM LIBETKE COAEPIKATCA 3 ThIYMHKM U NECTUK C ABYMA
NepUCTLIMK PbINbLAMM. 104 Y 31aK0B — 3epHOBKa.

MHOrU1e 3N1aKoBble MMEIOT MCK/IOYUTE/IbHO BaXKHOE 3HaYeHne A/iA YenoBeKa:
NWeHMUA, POXb, PUC, AYMEHb, KYKypysa M [Ap. — Ce/NbCKOXO3ANCTBEHHbIE
pacteHus. B TEXHWYECKMX LENAx ucronb3yetcs 6ambyk. Cpean HWUX MHOro
COPHAKOB: MbIPEN NOA3YYNUNI, MATAUK U Ap.

Cemeiictso KpecTtougetHble

3TO MHOrONeTHUE W OAHONETHWE pacTeHuA: Kanycra, peapka, Peawuc,
cypenKka, nacTylwbA CyMKa W Ap. JIUCTbA KPecTOLUBETHbIX PaCMOOMKeHb!
NoOYepeaHo,  HUKHME  o6pasyloT  MpUKopHeByl  po3eTky.  CougeTus
BepxylweyHble, KUCTEBUAHbIE UNU LLUTKOBUAHbBIE. LLBeTKM MenKkue, Hes3payHble,
Yawennuctmkos — 4, nenectkos — 4 (OHVI PacnonoXeHbl KpecT-HakpecT, OT cloaa
Ha3BaHMe CEMENCTBA), ThIYMHOK — 6, U3 HUX 2 — BOKOBbIE KOPOTKME. Mnoabl —
CTPYHKM MAU CTPYHOUKM.

Cemeiicto Po3ouBeTHble

K 3TOMy cemeiicTBY OTHOCATCA MHOTONIETHUE TPaBbl, KYCTAPHUKM U /lepeBba:
cnupew, posbl, cauBa, AGNOHA. LiBeTbl COBpaHbl B LIMTKOBbIE, KMUCTEBblE,
MeTefbyaTble M [O/0BYATbIE COLBETUA. BCTPEYaloTCA OAMHOUHBIE LBETKM.
Yawenuctukos 5, nenectkos 06bIYHO 5, TbluMHOK OT 1-4 A0 MHOXecTea.
MNoAoNNCTUKOB OT 1 40 MHOXKeCTBa, CemA3ayaTKoB 1-2. [1104bl Cyxme unm couHble
M O4eHb pasHoO6pasHbl: Aroaa, AGNOKO, KOCTAHKA, OpELIEK, MHOTOOpellekK,
CNIOXHaA KOCTAHKA 1 Ap. Pa3HOO6Pa3Hbl M NPUCNIOCOBEHMUA K PACNPOCTPaHEHMIO
nnogos. JUcTbA 6bIBalOT MPOCTbIE W C/OXHbIE, PacNonaraloTca NooYepeaHo
" MMebO)T NPUAKCTHUKK. Camoe KpynHoe NoacemMencTBO — po30Bble (LWMMNOBHUK
1 posbl).

Cemeii Bo6 (mor )

CemeiCcTBO HacyuTbIBaeT OKOMO 12 ThiC. BMAOB. MKU3HeHHble ¢opmbl:
TpaBbl, /MaHbl, KYCTApHWKM W KyCTapHWUYKK, nepeBbsA. JIMCTbA ouepeaHble
C MPUAMCTHUKaMM, NEPUCTO- WM NanbyaToCNONKHbIE, pexe npocTbie. LiBeTku
060enonble OAMHOYHBIE LBETKM UM COBPaHbl B COLBETUA — FO/NOBKM, KMCTU.
Yawenuctukiu 3ybuatble, BEHUMK MATUAENECTHOM «MOTbINBKOBbIN»: BEPXHNUI
Nenectok — napyc, 60KoBble — Becna, ABa HUMKHWUX CPOCAUCH B N0A0YKY; 10
TBIYUHOK, M3 KOTOPbIX 9 CPOC/UCH ThHIYMHOYHBIMM HUTAMM, @ BEPXHAA — OCTaeTca
cBoboaHom. Mectuk oauH. Mnoa — 606. Ha kKopHAX MHOrMx 6060BbIX NocenatoTcs
KnybeHbKoBble BGaKTepUM, KOTOPbIE Y4acTBYKOT B MMHEPaNbHOM MUTaHUM,
obecneunsas pacTeHus CBA3aHHbBIM a30TOM.

Bo6oBble MMeEIOT 60/IblLoe XO3ANCTBEHHOE 3HaYeHNe A/iA yenoseka. CemeHa
MX coaepxaT MHOro 6enka, MpoTeuHa, Kpaxmana, WPOB M MCMONb3yloTCA
B NULIEBLIX 1 KOPMOBbIX LieNAX (Knesep, MtouepHa, cos).

CemeiicTeo MacneHosble
HacuutbiBaetr okono 1700 BMAOB. ITO MpeuMyLLECTBEHHO AMKOpacTylime
Tpasbl, BCTPEYAIOTCA KyCTAapHUKM, pexe HeGoMbluMe AepeBbA C OYepeaHbIMM
M NpOCTbIMM NUCTbAMM. LiBeTKM COBpaHbl B 6GOKOBblE KUCTEBbIE COLBETHS,
BCTPEYAlOTCA OAMHOYHbIE LBEeTKM. B uBeTke 5 cpoclmxca nenectkos, 5
CPOCLUMXCA YaLIENNCTUKOB, 5 CPOCWIMXCA C NIENECTKAMM ThIYMHOK. MecTUK umeet
MHOTO CemMAnoYek B 3aBA3NM W 06pas’oBaH ABYMA MAOAOAMUCTUKAMAU. Maoabl
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MHOrocemeHHble: fAroga (Tomar, KapTodenb, nacneH), Kopobouka (6enewa,
AypMmaH, netyHus). Cpean MacneHoBbIX MHOTO  KybTYPHbIX pacTeHuin —
KapTodesnb, nepeLy, ToMathbl 1 4., KOTOPbIE UCMONL3YIOTCA YEOBEKOM B MHALLLY.

CemeiictBo CNOXKHOLBETHbIE

HacuutbiBaeT Ao 20 Thic. BUAOB. MKNU3HEHHbIE GOPMbI -TPaBbl, KYCTapHUKK,
[Aepesbs. LiBeTki coBpaHbl B COLBETUA — KOP3UHKM, OCHOBY KOTOPbIX COCTaBAAET
paclMpeHHoe /0Ke COLBETUA, C MHOTOYUCAEHHBIMM TECHO MPUMKATBIMU ApPYT
K Apyry useTkamu. CHapyXu KOP3WHKAa 4acTO MOKPbITAa BM/OWU3MEHEHHbIMM
NPULBETHUKAMM — LETUHKAMM UAM NIEHKaMN. LIBETKN Mesikue, Yallieyka nmeet
BU/I XOXO/IKa. BEHYMK CPOCTHONENECTHOM, TPYBUaThIN AN A3BIYKOBbINA. ThIMUHOK
5, cTON6UK NecTuka 3akaHYMBaeTCA ABYXNONACTHLIM pPbiabLem. MAoabl: CEMAHKN
(NOACONHEUYHWK, aCTPbl), CEMAHKM C IETY4MM XOXONKOM (0flyBaHUMK, OCOT).

Cemeiicteo ManbBoBble
usHeHHble  GOPMbI:  KYCTapHUKM U fepeBbA. JIUCTbA OuvepesHble,
nanbyatble, pexe Ue/bHble. LIBETKM NATUUYEHHbIE, PACMONAraloTcA NOOAMHOUKE
MW Ky4KamMW B Masyxax /MCTbeB, MHOrAa obpasyloT cousetus. Yawedku us 5
JUCTbEB, NATUNENECTHOM BEHUMK CPACTAETCA Y OCHOBAHMA TbIYMHOUHOM TPYBKN
C ThlunHKamu. Mnog — Kopo6ouka. CemeHa MOryYT PacnpoCTPaHATLCA BETPOM
MW KUBOTHBIMK. HauBonbliee 3HaueHuMe A1A 4enoBeKa MMeEET X/ONYaTHMK,

13 KOTOPOTO NO/YHaloT X/I0NKOBOE MAC/0, BONOKHO.

Lapcrso Mpubbi
LlapctBo OpraHM3moB, CoueTaloulee MPU3HAKM PaCcTEHUI U HKUBOTHBIX.
C KMBOTHBIMM MX CBNMKAET reTepoTPOdHLIN CNOCOB NUTaHMA, HanU4YMe XMTUHA
B COCTaBe K/IETOYHO! CTeHKW, 0Bpa3oBaHMEe MOYEBMHbI B npouecce obmeHa
BELIECTB, IIMKOTEHa B KauecTBe 3anacHOro MuTaTenbHoro Beuwiectsa. O6uine
CBOWCTBA C PacTEHUAMM 3aKNKOYAIOTCA B aBCOPBTMBHOM (MyTem BCacbiBaHMA)
NUTaHUM N HEOrPaHUYEHHOM POCTE.

Crpoenue rpubos

Teno rpuboB COCTONT U3 TOHKWX BETBALLMXCA TPy6uaTbix HUTed — rud. Bea
COBOKYMHOCTb MM HasblBaeTe» muuenmem. Kawaas rida OKpYKeHa TOHKON
JKECTKOI CTEHKOM, €O, XWUTUH (a30TCO), nc Aa)

B HEKOTOPbIX CAy4anX KAETOYHAA CTEHKA COAEPMMUT ULenNonosy. Mdbl
HE MMEIOT KNETOYHOTO CTPOEHMA, U X NPOTONAa3ma b CoBcem He pasaeneHa,
6o p TCA  nonep neper , KOTOpble HasblBaloTCA
cenTamu.

Mutanune rpubos

puBbl reTepoTPOdHBI, T.K. AIA MUTAHUA UM HyXKHbI TOTOBbIE OPraHUyeckue
seuiectBa. Kpome 310r0, rpubam Heo6XOAMM MCTOHYHWMK —OpraHUYecKoro
a30Ta, MMUHepasibHble oM U GaKTopbl pocTa (BUTamMMHBI). MpUBbI NorowlaoT
nuTaTeNbHbIE BELLECTBA, BCACbiBaA WX BCEl MOBEPXHOCTbIO MyTem AuGdY3MM.
NuuiesapeHne y rpuboB  BHEWHee, OCYWECTBAAGMOE  BHEKJETOUHBIMM
depmeHTamu.

Mo TNy NuTaHuA rpu6bl GbBatoT CanpoduTami, napasutamu ¥ CUMBUOHTaMM.
Tpubbl BCTynaloT B CMMEMO3 C pacTeHWUAMM, KoTOpble obecneunBaioT ux
opraHMyeckMmMM Beliectsamn. CMbUOTMYECKaA accounauma rpuba ¢ KOPHAMM
pacTeHuit HasblBaeTcA MMKOPU30M. MPME 06pasyeT Yexon BOKPYr LEHTPasbHOWM
YacTU KOPHA WK NPOHUKAET B TKaHU PACTEHMA, NONYYas OT PACTEHUA YINeBOAbI
1 BUTaMUHBI 1 06ecneunsan Aepeso 60/bLION NOBEPXHOCTbIO BCAChIBAHMA BObI.
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Kpome 3toro, rpub pacuwiennset 6enKu NOYBEHHOrO rymyca /10 aMUHOKUCAOT
1 4aCTb X OTAAET PAaCTEHMIO.

CanpoduTHble rpubbl BbipabaTbiBaloT camble pasHoO6pasHbie (GepmeHTb
M NO3TOMY MOTYT CyLecTBOBaTh Ha pasHbix cybcrpatax. Hanpumep, Peniciltium
obpasyeT 3eneHyl0 WA ronybylo nneceHb Ha MouBe, CbIPO Koxe, xnebe,
FHUIOWMX NPOAYKTaX. MPUbbI-canpoduTbl 06bI4HO 06pa3yioT 60NbLIOE KOANYECTBO
NerKUX YCTORYMBBIX CTIOP, KOTOPbIE MO3BO/AIOT UM BbICTPO PACMPOCTPAHATLCS.

pubbI-NapasuTbl MOryT BbiTb GaKyAbTaTUBHBIMW AW OBAMraTHbIMM. Yale
NapasuTUPYIOT Ha PacTeHWAX, YeM Ha KMBOTHbIX. OBAMraTHble napasuTbl,
KaK NPaBu/Io, He BbI3bIBAIOT MBI CBOMX X03AEB, a GaKy/IbTaTMBHbIE NapasuTbl —
Ha0B0opOT, CaNPOGUTHO XKMBYT M Ha MePTBLIX OCTaTKax. K 06/1MraTHbIM NapasuTam
OTHOCATCA ~ MYYHWCTPOCAHbIE,  PXaBYMHHbIE M TO/OBHEBble  rPUGbI.
DaKy/bTaTUBHbIE Napa3uTbl 0BbINHO BbI3bIBAIOT MHIb.

Pa3mHoxeHue rpu6os

BeretaTMBHOE  pa3MHOXEHWe  OCYW|ECTBAAETCA  YacTAMM  MWLEWA.
Y ApOMKEBbIX FPUBOB BereTaTMBHOE Pa3MHOXEHWE NPOMUCXOAUT NOUYKOBAHMEM.

Becnonoe pasmHOMXeHWe OCyWecTBAAeTCA CNOpPamMu, OHW NpopacTalT
8 TPY6OUKY, M3 KOTOPOW Pa3BUBAETCA MULIENNIA.

[M0/10BOM NPOLLECC COCTOMT B CAMAHMUM MYMKCKMX U XKEHCKNX rameT. Y HU3LWNX
rpuBOB rameTbl NOABMNKHbI M MOTYT BbITb OUHAKOBBLIMM N0 pa3mepy (M30ramus)
M pasHbIMM (reTeporamus). FameTbl, KoTopble GOPMMPYIOTCA B apXEroHusx
1 aHTePUAMAX, Pa3/NINiHbI HE TONILKO MO pa3mepy, HO M Mo CTpoeHMio. HenoasmxHas
AlLeKNeTKa 0NnnoaoTeopaeTcA AMBO MOABUMHBLIM  CepmaTo3onaom, anbo
BLIDOCTOM aHTepuAMA. Y HEKOTOpbIX rpUbOB MO/MOBOM MPOLIECC 3aKAlovaeTcs
8 KOHBIOTaLMM OZIMHAKOBbIX KNETOK Ha KOHLLaX MULNUA.

LinAnoyHble rpubbl OTHOCATCA K rpynne 6asuananbHelx rpu6os. BereTatusHoe
Te/0 y HWX NPE/CTAaBNEHO PAa3BETBIEHHBIM KNETOYHBIM MULIENNEM, U3 KOTOPOTO
bopmupyeTcA NNoAoBOe Teno, COCToAWEe M3 WAAMKM M HOXKKW. HWKHAA
MOBEPXHOCTb LI/AMKMA MOMKET BbITb MIAaCTUHYATON (Cbipoeka) unn TpybuaToit
(6enbit  rpub). 3pecb GoOpMUPYIOTCA CMOPbI MOCAE OKOHYaHUs MOJ0BOrO
npouecca. OAHO N/I00BOE TeNO pacceMBaeT MUAANApAbI cnop. LUnanouHble
rpuBbl 4acTo BCTYNAlOT B CUMBMOTUYECKME OTHOLIEHMA C [lepeBbAMMU, 0COBEHHO
Ha Ge/IHbIX MUH. CaNAMM MOYBaX.

K cbenobHbIM rpubam OTHOCATCA NOAGEPE30BUKM, PbIKUKM, CbIPOEKKM,
JMCHYKM U MHOTME [pyrue. HekoTopble rpubbl Ky/lbTUBUPYIOTCA YEI0BEKOM —
BELIEHKa U LIaMMMHbOH. He BCe WAANOYHbIE rpUbbl CbeA0bHbI. B N1040BbIX TeNax
HEKOTOPbIX U3 HUX COAEPIKUTCA AL, KOTOPbINM B Pa3HOM CTENEHM MOXET Bbi3BaTh
OTpaB/ieHMe KMBOTHbIX W YenoBeKka. CambiM AAOBUTHIM TPUBOM  CuMTalOT
6n1ez1Hy10 NoraHKy.

MnecHesble rpubbl He GOPMUPYIOT NA0AOBbIE TeNa. K HMM OTHOCUTCA MyKOP,
NEHULUANBI, acneprinanibl. MyKOp OTHOCUTCA K HU3LIMM rpubam 1 UMeeT M LU
6e3 KNETOUHbIX NeperopofoK. OH PasBMBAETCA Ha MPOAYKTaX PACTUTE/IbHOMO
NPOMCXOKAEHUA U UMEET Mdbl C BEPTUKA/bHLIM POCTOM, 06pasya 6enblit
NYWKCTLIA HaneT. Ha KOHUax BepTUKabHbIX MMdoB GOPMMPYIOTCA CropaHru
YepHoro ugeTa. MeHULMA 1 acnepran OTHOCATCA K BbICLIMM rpubam. Muuennit
Y HUX MHOTOKNETOUHbIW.

V3 neHnumMnna 1 acnepriana noayyaioT aHTMGUOTUKM.

3o00n0rua
O6wme cBeAEHNA O XUBOTHbIX. OAHOKNETOUHbIE
Bonee 2 M/H BWIOB JKMBOTHbIX, OBWTAIOWIMX MOBCEMECTHO, OT/MYaloTCA
OT pacTeHui reTepoTPOGHOCTLIO MUTAHNA, MOABUKHOCTLIO, PAa3BUTON OMOPHO-
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/BUraTe/lbHON CUCTEMO, CNOKHOCTBIO MOBEAEHYECKMX peakumit. CornacHo
NPUHATONM TOUKe 3peHus, BamKe Bcero K obLiemy NpeaKy KUBOTHBIX U PacTeHui
HaXOAATCA KIYTUKOBbIE OIHOKNETOUHbIE — 3BI/IEHbI, KOTOPbIE MOTYT MUTaTbCA
KaK aBTOTPODHO, Tak M reTepoTpodHO, M aKTUBHO NepeasuraTbea, OTBevasn
Ha pasgpaxeHnsa.

B CUCTEMATMKy MMBOTHBIX BK/IIOYEHbI C/eAyloluine TaKCOHbI: LApCTBo,
TMN, NOATUN, KNAcC, OTPAA, CEMENCTBO, PoA, BUA.OAHOKNETOUHbIE KMBOTHbIE
(npocreitmne)

Tun MpocTeiiwme — npougeTaollas U pasHooBpasHan rpynna opraHU3mos.
W3BectHo okono 50 000 BMAOB NPOCTEMLIMX, KOTOPbIX B MPUPOAE MONKHO
06HapyXuTb noBciodly, rae ecTb Boaa. Kaw/goe npocTeiiuee npeactasnaet
COBOM CaMOCTOATE/bHbINA OPraHM3M, CNOCOGHbIN BbIMONHATL BCE HEOGXOAMMbIE
BN KU3HU GYHKUMK.

MNogaensiowee 6GOMLWMHCTBO NpoOCTeMWMX 067aAaeT aspobHbIM TUMOM
obmeHa. [InA [bIXaHWUA OHWM WCNONbB3YIOT KUCAOPOA, PacTBOPEHHBbIM B BOAE.
OKMC/IEHE NPONUCXOAUT B MUTOXOHAPUAX. BUALI, NapasnTUPYIOLLME B KULLIEYHUKE
CBOMX )KMBOTHBIX-X03A€B — amebbl, MIYTUKOHOCLbI — aHa3pobHbI, MoaTomy
YTPaTUAK CBOM MUTOXOHAPUU.

Ameba — npeacTasuTens knacca Capkogosble. OBUTaeT B HEGONBLINX MENKMUX
npyAax Uan NpoTOYHbIX Kanaaax € uancTbIM AHom. Teno ame6bl gocTuraer 0,1
MM W orp: o Tol (nnasmatuyeckoi MeM6paHom)
NpoTtonnasma noapasaensetca Ha 3KTO- M IHAONNA3MY.

AlApo B KAETKe peryiupyet npouecchl Metabonusma M AeneHua
KNETOK, He 3aHMMaeT ONpeAeNeHHOro MoNoXeHuA. LluTonnasma coaepxuT
nUiLEBapUTENbHbIE BaKyonl, GOPMMPYIOWIMECA B PasHbIX y4acTKax KAETKM
BOKPYT MULLEBLIX KOMOYKOB, MYTEM BbIAENEHUA MULIEBAPUTENLHOMO COKA
M3 uuTOnNasmbl. [Wueld ANA Hee CaysaT OfHOKNETOUHblE BOAOPOC/M,
KTYTUKOBbIE, MHDY30pUM. COKPaTUTE/IbHAA BaKYO/Ib, NEPUOANYECKM COKPALLAACH,
BbIJE/NIACT HAPYy M3BbITOK BOAbI C PACTBOPEHHBIMM HEHYXHBIMW BellecTBamm
8 oGO TouKe Tena amebbl. KMcnopoa noctynaer yepes BCKO NOBEPXHOCTb
Tena amebbl. Popma Tena amebbl NOCTOAHHO MEHSETCA W3-33 0BpPasyloLMXCA
LMTONNa3MaTUYECKUX BbIPOCTOB — NCEBAOMOANNA (NOXKHOHOXEK), CAyXKalumx
AN 3axBaTa nuLy (parountosa) u nepessuskeHus.

Knacc MHy30pum HacumTbiaeT 6onee 10 000 B1AoB. Teno nHdysopuii umeet
NOCTOAHHYI0 GOPMY, BCA €ro NOBEPXHOCTb HECET MHOTOUYMC/EHHBIE PECHUYUKM,
KOTOpbIE; N0 CTPOEHUIO ABAAKOTCA YKOPOUEHHbBIMU XIYTUKaMU. A4epHbIi annapat
nHbYy30pKUit ycTpoeH 6onee CNOXKHO, YeM Y APYrUX KAAcCOB NPOCTEMLLMX.
Y uHoy30puit ABa agpa: Gonbwoe 6060BMAHOE AAPO — MAKPOHyKAeyc —
KOHTPONMPYET NpoLecchl MeTab0113ma 1 AnddepeHLUMpPOBKU KNETKN; MeNKoe —
MMKPOHYK/IEYC — PeryanpyeT pasmHOMKeHMe.

VHdysopua-Tyhenbka obuTaeT B CToAUNX BoAOEMAX C 6O/IbIIMM KONNYECTBOM
pasnararoleinca opraHuku. Ha ee BEHTPaNbHOW MNOBEPXHOCTU HAXOAWUTCA
NOCTOAHHOE YIyBAEHMEe — OKONOPOTOBAA BOPOHKA. CykasACb, OHa NEPEXoanT
8 [/10TKY, KOTOPas 3aKaHYMUBAETCA KNETOUHBIM PTOM UM LUTOCTOMOM. PECHUYKM
OKO/IOPOTOBOM BOPOHKM 3arOHAIOT BaKTepuM M YaCTUYKW MWLM B FAOTKY.
Ha KoHLe roTk1 GOPMMPYIOTCA NULLEBAPUTENbHBIE BAKYONIN, KOTOPbIE ABUXYTCA
B UMTOMAa3mMe MO MOCTOAHHOM TpaeKTopuu. HenepesapeHHble YacTULibI
BbIBOAATCA Yepes NopoLnLy Hapyxy. [Be COKpaTUTebHble BaKYONN 3aHMMAIOT
NOCTOAHHOE MECTO. BOKPYr KamAOM W3 HUX HAaxoAATCA PajuaNbHble KaHajbl,
8 KOTOPbIe NOCTYNaeT BOAa 13 LUTOMNNA3Mbl.

Ana nHOY30pMit XapakTepHO B OCHOBHOM 6ecrionioe pasmHOXeHWe nyTem
nonepeyHoro AeneHus Tena Haasoe. Mpu HefoCTaTKe MULLM OHW MepexoasT
K N0/I0BOMY MPOLLECCY NyTeM KOHbBIOraLik, KOTOPbIA BO3MOMEH TO/IbKO Meay
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COBMECTUMbIMM 0COBAMM OAHOrO BMAa. ITOT npouecc obecneynsaer obmeH
reHeTu4Yeckoi nHGopmaumen Npu y4acTum MUKPOHYKIEYCOB.

)KI’YTMKDHOCLLbI — CaMaA MHOroYMCNeHHaa rpynna I'lpOCTEl:iI.LIMX, B COCTas
KOTOPbIX BXOAAT aBTOTPOdHbIE M reTepoTPOdHbIE OPraHU3Mbl. XapaKTepHoW WX
0COBEHHOCTbIO ABNAETCA Hanuune )KI'YTMKOB, KONN4eCTBO KOTOPbIX BapbupyeT.
MryTukoHocubl  obnagaiot r‘IOCTOﬂHHDM dopmoit Tena W pasmHONKalOTCA
np y TBEHHO [ Mo, MNOCTOAHHOM ¢opmbl Tena
Y KFYTUKOBbIX U MHd)ySOpMM BD3MO)KHO 3a c4eT TOro, YTo camblit I'IOBerHOCTHbIM
CNOM UX KNETOYHOTO Tena CUAbHO YNAOTHAETCA WU CTAaHOBWUTCA YNPYyrum. KDOME
TOro, 34eCb KOHUEHTPUPYIOTCA MHOFOYUCNEHHble HUTEeBUAHbIE 6enkosble
CTPYKTYpbI, o6pasylowpe uuTockenet. ABTOTPOGHbIE KryTUKOBble o6nagaioT
Xxpomatodopamu, coaepalmmn xnopodunn, bnarogapa Yemy OHW CnocobHbI
K ¢oTocuHTe3y. eTepoTpodHOE NUTAHWE Y KIYTUKOHOCLIEB OCYLLECTBAAETCA
Yyepes K/NETOYHbIA POT WAM MOBEPXHOCTb Tena nuHouuTozom. Cpeaun
MryTukoHocues 1 UHdY30puii LIMPOKO pacnpocTpaHeHa KoNOHUANbHOCTb.

MHor Tun

B oTanumne ot knetok MpocTeimnx, CNOCOBHbIX CAMOCTOATENILHO BbINONHATD
BCE JKM3HEHHO BaMHble GYHKLUWW, KNETKM MHOTOKNETOUYHbIX OPraHU3MOB
BbINO/HAIOT O/IHY ONPeAEeHHYI0 GYHKLMIO. MPY STOM CTPYKTYpa UX 3HAYMTENbHO
ynpoujaetca, HO cneunduueckan QYHKUMA BbINONHACTCA KAETKOW ropasao
apdekTuBHE.

MHOTOK/NETOUHbIX MBOTHBIX PA3AENAIOT Ha ABE rPynMbl: 6eCNO3BOHOYHBIX
1 NO3BOHOYHBIX. OT/IMYAIOT MUX MO HAMUYMIO BHYTPEHHErO OCEBOTO CKeleTa —
XOPAbI MW NO3BOHOYHMKA.

Tun KuweyHononoctxble

TOT TMN OTHOCUTCA K YMC/TY CAMbIX APEBHUX U NPUMUTUBHbIX MHOTOKNETOUHbIX
YKMBOTHbIX. HacumuTtbiBaeTca ok. 9 000 BUAOB KULLEYHOMNONOCTHbIX.

TUN fennTca Ha TpW Knacca:

e knacc MMAPOUAHbIE, y KOTOPbIX JOMMHUPYET NOANM (NPECHOBOAHaA T1ApPa,
aKTMHWUW W KONIOHWa/IbHbIE NOAUMbI);

e knacc CumdomaHble, y KOTOPbIX AOMWUHMPYET CTaAuA meaysbl (mesdysa-
KOPHEpoT 1 Ap.);

e knacc Kopannosble Noaumbl, BeAyLMe KONOHUaNbHBIA 06pa3 U3HU (HeT
cTaguM mesysbl).

Teno KULWEYHOMONOCTHBIX NOCTPOEHO M3 /BYX C/I0EB KNETOK: HAPYXHOMO —
3KTOAEPMbI U BHYTPEHHETO — SHTOAEPMbI. [LN1A GONbLIMHCTBA BUA0B XapaKTepHa
paauanbHas CUMMETpUA.

MWTaIOTCA  KMWEYHONONOCTHbIE  MEAKMMM  BOAHBIMU  HKWUBOTHBIMM.
NuuiesapuTenbHan cMCTeMa MMEET OfHO OTBePCTMe — POTOBOE, Yepes KoTopoe
nula MONajaeT B KUWEYHMK W BbIGPACIBAIOTCA HAPYXKY HenepeBapeHHble
oCTaTkM MUK, KPOBEHOCHAsA, [bIXaTeNbHaA W BbIAENUTENbHbIE CUCTEMbI
OTCYTCTBYIOT. [lbIXaHME W Bblfe/eHNe OCYLIECTBAAIOTCA Yepes BCIO NOBEPXHOCTb
Tena. BONBIIMHCTBO KMILIEYHOMONOCTHBIX O6MTaeT B MOpAX M OKeaHax. K Hum
OTHOCATCA MOAMMbI U Mefly3bl. HekoTopble MBOTHble poaa MMapa obuTaioT
8 NPECHbIX BOJOEMaX.

Hapy»Hbil cnioit Tena ruapbl (3KToaepma) 06pasoBaH KAETKaAMMU HECKObKUX
TMNoB. Camble MHOFOYMCAEHHbIE — 3TO 3MMTEAMAaNbHO-MYCKY/bHbIE (KOXKHO-
MYCKY/IbHbIE)  KNETKM, COCTOAWME W3 Tena M MyCKYAMCTOTO  OTPOCTKA.
CTpeKaTesnbHble KNETKN CrOCOGHbI pearnpoBaTb Ha PasfpakeHns M3 BHeLIHel
CpeAbl, OHM WMEIOT CeLManbHbIi YyBCTBUTENbHBIA BOIOCOK M CTPEKaTe/bHYI0
Karcysy, BHyTpU KOTOPOIt HAXOANTCA BBEPHYTAA ANMHHAA CTPEKATE/IbHAA HUTb.
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CTpeKaTe/ibHble KNETKN NOCTOAHHO MOMONHATCA 33 CYET MPOMENKYTOUHBIX
KNETOK, AAIOWUX HaYano HOBbIM KAETKaM. M3 aKToAepMbl 06Pa3yIoTCs HepBHble
KNETKMN (HeMPOHbI) C ANMHHBIMI OTPOCTKAMM, KOTOPBIMU OHU COEAUHAIOTCA APYT
C Apyrom, 0bpasys HepBHyto cuctemy AvddysHoro (cetyatoro) Tmna.

Moa cnoem KAETOK IKTOZepMbl PacnonaraloTcA 6GasanbHble MAACTUHKM
M3 MEXKNETOYHOTO BewecTsa (mesornen). Mog HUM PacnoNoXeH BTOPOW CNoi
KNETOK -9HTOAEPMA, BbICTUNAIOLIAA KULIEYHYIO MON0CTb NoaKna. OCHOBHAs macca
BHYTPEHHErO CI0A — 3TO SMUTE/INANLHO-MYCKY/IbHbIE KNETKM, OTPOCTKM KOTOPbIX
pacnonokeHbl a NOMEepeyHoM HanpasaeHuu. PaboTa MyCKy/bHbIX OTPOCTKOB
3KTOAEPMA/IbHBIX W IHTOAEPMA/IbHBIX K/NETOK COTMacyeTcA HepBHOM CMCTEMOIA,
1 BMECTe OHM MOTYT BbITATWBATL MM COKPALIATL TeO MOAUNA, HAKNOHATL ero
B pasHble CTOPOHbI. INUTENUANbHO-MYCKY/IbHbIE KNETKM 3HTOAEPMbI HecyT
HECKOMIbKO  [/IMHHBIX KIYTUKOB W CMOCOBHbI 06pasoBbiBaTh  MCEBAONOAUM
/ANA 3aXBaTa NULLEBbIX YaCTULL. Meskay STUMM KNETKaMI PasbpocaHbl XKeNesncTbie
KNETKM, CNOCOoBHbIe BbIpabaThbiBaTh MULIEBAPUTE/IbHbIE CEKPETbI.

NuiesapeHne MaeT B 4ga sTana:

MonocTHoe NuUieBapeHme NPoTeKaeT Ha K1LeYHoM nosocTy. Mog aeiictenem
NULLEBAPUTENbHBIX CEKPETOB XENe3UCTbIX KNETOK 06pasyloTca Meskue nuuiesble
yacTuupl.

BHYTPUK/NETOYHOE  MULLEBAPEHME  MPOXOAUT  BHYTPU  IMUTENMANBHO-
MYCKy/IbHBIX KNETOK. He nepeBapeHHan Nuiia BbibpackiBaeTca Yepes por.

Pa3amMHOXalOTCA  KMILEYHOMONOCTHbIE GecnonbiM _MyTem  (Mo4ykoBaHMeMm),
M nonoBbiM, C GOPMMPOBAHWUEM MONOBbIX KAETOK. TaK, B M3rMBax HUXHMX
BETOYEK  KONIOHWW  MONWMOB  HaxoAATca  GNactocTUAMM, OT  KOTOPbIX
OTMOYKOBLIBAIOTCA HEBO/bIIME MOABUXKHbIE Medy3bl — CBOGOAHOMXMBYLIEE
nnasaioulee nokoneHue. Megy3bl 06ecneynBaloT pacceneHue KMBOTHbIX
1 cNocobHbl Pa3MHOMKATLCA NONOBLIM MyTem. TakumM 06Pasom, y pasHbIX BUAOB
KMLIEYHONONOCTHbIX MPOMCXOANT YepeaoBaHUe MOKOAEHMIA: nonnnbl — Gecnonoe
NOKO/IEHNE, Pa3MHOMAIOWIEeCA BereTaTMBHO, Medy3bl — M0/0BOe MOKONEeHHe,
BbipabaTbiBaloulee  nonosble  KneTku.  ONNOAOTBOPeHWe — NepeKpecTHoe.
M3 OnNoAOTBOPEHHbIX — AMLEKNETOK TCA Ma
C PECHMYKAMM, KOTOPbIE OCEAAIOT Ha AHO W NPEBPALLAIOTCA B NOANMOB.

Tun Kpyrnbie yepsu

K TUNy OTHOCATCA HECKO/IbKO K/1aCCOB, B TOM YUC/IE CaMblii MHOTOUMC/EHHbIN
Kknacc Hematogpl, uan cobetBeHHo Kpyrble Yepsu. OHWM OBUTAIOT B MOPSAX,
npecHbIX BOAOEMAX, MOYBE, B OPraHW3Max KUBOTHbIX, B TKAaHAX PacTEHMIA.
WN3BectHO okono 12 000 BnAoB.

Teno ux BepeteHOObpasHoe, OKPYIioe B  MOMEPEYHOM  CEeYeHWM;
C [BYXCTOPOHHeli cummeTpueit. Ha nepesHem 3a0CTPEHHOM KoHUe Tena
PacnoNoXeH PoT, OKPYXKEHHBIM ryGamu ¢ COCOYKaMK, a Ha 3afiHeM — aHa/bHoe
oreepcte. CTeHKa Tena Hematos 06pasoBaHa KOMHO-MYCKY/bHbIM MELIKOM,
COCTOALLEM U3 KYTUKY/IbI, rmno,u,epmbl 1 O/IHOTO CNOA MblLLL. KyTUKyna — NAOTHas,
060/104Ka; T anu KNETKM, NPEeACTaBEHHbIE
4 BanuKamu. MhILLIe"IHbIE BOJIOKHA NPOAO/IbHbIE. BHYTPU KOXHO-MYCKY/bHOTO
Mellika — NepBUYHAA NOOCTb Tena 6e3 COBCTBEHHOI ANUTENMAbHOM BbICTUAKM,
3anonHeHHaA KWUAKOCTbIO, BbIMOMHAIOWEN GYHKLMM TPaHCNOPTa NUTaTe/bHbIX
BELECTB M NPOAYKTOB MeTabonusma. [luuieBapuTeNbHas CUCTEMA KPYI/bIX
yepBeli — CKBO3HaA Tpy6Ka; MOABNEHWE aHANbHOTO OTBEPCTUA ABAAETCA
apomopo3om B 3IBONIOLMM, MO3BOAMBLINM CAeNaTb 6osee WUHTEHCUBHBIM
npouecc nuuiesapeHna. UHTEHCMBHOE AbiXaHWe Y CBOGOAHOMMBYLINX Yepseit
OCYLIECTBIAGTCA Yepe3 KyTMKy/ly, MapasuTMyeckue Yepsu, Kak Mpasuio,
aHaspobHble opraHM3mbl. HepsHaa cuctema obpasoBaHa raHmMem U ABymA
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NPOAO/NBHBIMA  CTBONAMM, COEAUHEHHBIMM MEpPemblukamu  (Kak y  MAOCKMX
yepseit). Hematoabl — pasfenbHOMNONbIE XKUBOTHbIE C TPYGUaTLIMK MONOBLIMM
»enesamu. ON/0/I0TBOPEHNE BHYTpeHHee. PasBuTHe C NPeBpaLeHnem BKaKoYaeT
CTafMIo IMYMHKKU. U3 AL BBIXOANUT MMKPOCKOMUYECKNI YEPBAYOK, Y KOTOPOro
HeT NO0/I0BOI CUCTEMbI W HEA0Pa3BUTLI IPYre CUCTEMbI. Y CBOBOAHO XMBYILMX
HEMaTOZ, IMYMHKM U B3POC/Ible 0COBM 0BUTAIOT B OZIHNX 1 TEX e YC/I0BUAX.

MpejcTasuTenb NapasuToB — YesnOBeYECKan ackapnaa — MKUBET B TOHKOM
KUWeYHWKe yenoseka. Ee pOT OKpyKeH Tpema ry6amu, KOTOpbIMW ackapuaa
3axBaTbiBaeT Nuly. Ye/n0BEK MONKET 3apasuTbCA ackapuaoi yepes HembiTble
oBoOWY 1 GPYKTbI, 3arpA3HEHHbIE ANMLL@MMA NapasnUToB. 13 ANL, BLIXOAUT IMYMHKA,
OHa BHEAPACTCA B CTEHKW KMIWEYHMKA W MOMajaeT B KPOBb, @ 3aTeM B Nerkue.
C MOKPOTOW /IN4MHKA OTXapKMBAeTCA B [MOTKY, a 3aTeM ONATb 3arNaTbiBaeTcA.
TCA BO B3POC/IOrO YepBs.

MapasuTuyeckne Yepsu OCTPULbI KUBYT B TONCTOM KULIEYHMKE YeN0BEKa.
CaMKW OCTPUL, OTKNAAbIBAIOT ANLIA HOUBIO HA KOXY BOKPYM 3a/IHEMPOXOAHOrO
OTBEPCTUA, YTO Bbi3bIBAET 3yA.

Tun Konbuatblie yepsu
Hacuutbigaet ok. 7 000 B1a0B. 310 o6UTaTeNIM BOAOEMOB U MOYBbI.
BkntoyaeT 3 Knacca:
¢ MasouieTnHKosble,
* MHOTOLLETUHKOBbIE,
¢ MNussku.

Knacc M ( )

MpeAcTaBuTenem knacca ABAAETCA AOKAEBOW uepsb. Teno uepss
CermeHTMPOBAHO, YAC/IO KONel| JOXOAUT A0 HECKObKMX [lecATKoB. B nepeaHeit
4acT1 Tena HaxoAMTCA YTO/LLEHNE W NOACOK, Ha BPIOWHONM 1 BOKOBbLIX CTOPOHaX
Tena — ynpyrue U KOPOTKME LWETMHKKU, C MX NOMOLLbIO YepBb NpoaBuraeTca
8 MOYBE U MO NOBEPXHOCTU 3eM/N. MOKPOBbI NPEACTaB/IEHBI KOXHO-MYCKY/IbHbIM
MeLKoM, COCTOALIMM M3 TPeX CNoeB. HapyxKHbli — CAM3UCTas KyTMKyna,
NoA Hel — KNETKM 3NUTENNA KOXW. BHYTPU KOXKHO-MYCKY/IbHOTO MeLuKa
HaxXoAMTCA BTOPUYHAA MONOCTb Tena (UeNom), pasaeneHHas Ha OTAeNibHble
Kamepbl COMMAcHO YMCAY CermeHTOoB. MUTAOTCA AOM/EBblE YEPBN THUIOWLMMM
ocTaTkamm pacTeHuit. Mula BMecTe ¢ 3arN104eHHO 3eMneit NoNaAaeT B NULLEBOA,
3aTem B 306 M MYCKYAUCTbIN enyaok, B Hem oHa nepeTupaetcs u moctynaet
B CPE/HIOI0 KUWKY A€ NepesapuBaeTcA Nod AEUCTBUEM MULIEBAPUTE/bHbIX
COKOB. MUTaTebHble BELIECTBA BCACLIBAIOTCA B KPOBb M PasHOCATCA el
no scemy Teny. HenepeBapeHHble OCTaTKM C 3eMnét BbIGPACKIBAIOTCA HapYKy
yepes aHanbHOe oTBepcTMe. [bIWNT YepBb Yepes BNAaXHYIO KOXy, B KOTOPOM
HaXoAMTCA rycTas ceTb KPOBEHOCHbIX Kanunapos. KposeHocHas cuctema
Y AOX/EBOT0 YepBs 3aMKHYTas 1 COCTOUT U3 BPIOLIHOTO U CIMHHOTO KPOBEHOCHBIX
COCY/0B, COEAMHEHHbIX MeX/y COBOW KONbLEBLIMM COCYAamu. Heckonbko 6onee
KPYMHBIX KO/IbLIEBbIX COCY/I0B, PACMONOMEHHbIX BOKPYM MULLEBOAA, NOCTOAHHO
NYAbCUPYIOT, UCTIONHAA PO/Ib CepAaLa. OT IMaBHbIX U KONbLEBbLIX COCYZ0B OTXOAAT
60KoBble BeTBM, 06pasyioLume ryCTyio CeTb KanuANAPOB. B HWX KPOBb TeYeT OueHb
Me/IeHHO, 6/1aroAapA Yemy yCneBaeT NPoM30MT 0bMeH BELLeCTs 1 rasoobmeH.
[oxzaesble 4Yepsu — repmappoanTbl. [INA AOKAEBLIX YepBel xapakTepHa
CMOCOBHOCTb K PereHepaLiuu, T.e. K BOCCTaHOB/IEHMIO YTPAYEHHOM YacTu Tena.

Knacc MHorowert (i )

K atomy Knaccy OTHOCATCA pa3HoobpasHble yepsu, obuTalolWwme B MOPSAX.
Hanpumep, Hepenaa, KOTOpas MMEET YAIMHEHHOE, MOKPLITOE LWETUHKAMM
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TeNo M BefeT [OHHbI 06pa3 M3HM. MOPCKUE MHOTOWETUHKOBbIE YepBu
pasgencHononbl.  [NA  HUX  XapakTepHO  Hapy)KHOe  OM/ofOTBOPEHKe.
13 AliLa BbIXOAWT NMUNHKA, NNaBaAIOLAA B TONLLE BO/AbI C MOMOLLbIO PECHUYEK —
Tpoxodopa.

Knacc Nusasku
310 CBOGOAHOMMBYLINE XULLHUKMA W SKTOMApasuThl, MUTAIOWMECH KPOBbIO.
MIMeIoT MeaULMHCKOE 3HauYeHMe.

Tun Monntockun

TUN MOAMIOCKM BK/IOYAET TPU KAAcca: MEA/IEHHO MON3AOWNE  YAUTKN
(6PIOXOHOTME),  OTHOCUTENIHO — OCeAsible  ABYCTBOpYATbieE M MOABMNKHbIE
ronoBoHorue. TWn HacuuTbiBaeT okono 130 000 euaoB. Hanuuue 3awuTHOM
PaKOBMHbI, MEXaHW3MOB HapYKHOTO U BHYTPEHHETO ON/IOAOTBOPEHMUA, NETKUX
1 abp NO3BONMNO MO/INIOCKAM 3aBOEBaTH KaK Cyllly, TaK U BOAY. Y MOABUKHbIX
MO/I/IOCKOB PaKOBMHA, MeLLIatoLas Npu ABUKEHWN, PeayumpyeTca.

Teno MONNOCKOB MAKOE HepacuNeHeHHoe, y 60/IbLINHCTBA NoApasaenseTca
Ha rofoBy, TYNOBULE W HOTY. [104 PaKOBMHOM HAXOAWTCA KOXKHAA CKnajKka —
MaHTUA. KpoBEHOCHaA CUCTeMa He3aMKHyTas, KpOBb BbIIMBAETCA B NONOCTY Tena
(naryHbi). KanunnapHaa ceTb yTpayeHa.

OpraHbl AbIXaHUA Yy GO/bIWNHCTBA BOAHBIX MO/IIOCKOB NPe/ACTaBaeHb!
wabpamu. HasemHble GOpMbI AblAT C MOMOULbIO NIeTKOrO. BbiaenntenbHas
CMCTEMa MMEET CTPOEHME, CXOAHOE C KO/bYaTbiMK YepBAMU. HepBHas cuctema
Y3710BOrO TUNa, HEPBHbIE Y3/1bl, PACMONOMEHbI B Pa3HbIX OTAENAX Tea: roose,
HOTe, TY/IOBULE W COBAMHEHHbBIX MEeX/y COBOi HepBHBIMM CTBONaMK. OpraHbl
UYBCTB Y MOJIIIOCKOB Pa3HOOBPa3HbIE M HaCTO CIOKHO YCTPOEHbI.

BOMbWWHCTBO MO/I/IIOCKOB Pa3feNbHOMoNbl, HO ecTb M repmadpoanTsl.
OnnopoTBOpPEHME Y MHOTMX BHyTpeHHee. PasBuTMe Haubonee [ApeBHUX
MO/IIOCKOB  OCYLIECTBAAETCA C NPEBPALYEHNEM — Y HUX COXPaHAETCA
NNAHKTOHHAA PacCeNUTeNbHAA /IMYMHKA, NNABAIOWAA C MOMOLLbIO PECHUYEK.
Y 6onee NpoABUHYTbIX pOPM pa3BuTHE NPAMOE (roN0BOHOTME).

Knacc bptoxoHorue
MpeacTasuTenyt Knacca — yAUTKW, CAM3HU — OBMTAKOT Ha Cylle, B MOPAX
M MPECHbIX BOAOEMAX. Y pasHbiX BPIOXOHOTUX eCTb 0COBEHHOCTU B CTPOEHUM.
TaKk, Manblii NPYAOBMK MMEET Creflylollee CTPOEHWe: TeNo BKAKOYAET ronosy,
TYNOBULLE W HOTY, NOKPLITO MaHTMEN M 3aK/IIOHEHO B CMIMPA/bHO 3aKPyYeHHYI0
paKkoBMHY. Ha HWXKHeN CTOPOHE ro/oBbl MOMELEeH POT C [OTKOW, B KOTOPOit

PacnonoXeH MYCKyNUCTbIN A3bIK C 3y6uMkamu — Tepka (pagyna). Asbikom
Y/UTKa COCKaBNMBAET MATKMEe TKaHW pacTeHuid. Ha 6OKOBbIX CTOPOHAX ro/noBbI
pacnonoxeHbl ABa YYBCTBUTE/bHbIX Wiynanbla — OpraHbl ocA3aHWA. Y ux

OCHOBAHWA HaXOAATCA Mas3a.
Yepes mOTKY U NWILEBOA, NUWA nonap.am B eNY/IOK, CloAa OTKpbIBaeTcA
NPOTOK NeveHu, TCA T puBaHu: . HenepesapeHHas
NMWA BbIAENAETCA Yepes aHanbHoe omepcme OpraH BblgeneHna — Mouka,
NPOTEKAIOWAA Yepes Hee KPOBb OUMWAETCA OT AAOBUTbIX NPO/YKTOB O6MEHa.
BbIBOAHOM MPOTOK OTKPLIBAETCA OKO/MO MaHTUIHOro oTeepctua. Cepaue
COCTOWT M3 [1ByX Kamep — MPeACepauns W enyaodka. OT Kenysouka oTXoaaT
cocyapl. AbIWNT Manbiit NPYAOBMK Yepes ferkoe — 0CoBblil KapMaH B MaHTUM,
NPOHM3aHHbIM KPOBEHOCHBIMM COCYAAMM. 3eCb NPOMCXOANT ra3006meH.
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Mpyaosuku — repmadpoauTbl, HO OMNOAOTBOPEHME Y HUX MEpPeKpecTHoe.
Alila Noc/e ON0A0TBOPEHMA NOMELLAKOTCA B CIM3UCTbIN KOKOH, MPUKPEnsemblit
K NOABOAHbIM NpeAMeTam. PassuTne NpamMoe, Kak y 6oNbLIMHCTBA BPIOXOHOTMX.

Knacc syctBopuatbie

Bce npesctaBuTeNy 3TOrO Knacca MMEIOT [BYXCTBOPYATYIO PaKoBMHY. Teno
COCTOWT M3 TYNIOBULIA M HOTU M MOKPBITO MaHTMel. Ha 3aAHem KoHue Tena
CKNAAKN MaHTUW NPWKUMAIOTCA APYr K ApYry, obpasys Aga cudoHa: HIKHMIA
W BEPXHWit. Yepes HIKHMI BBOAHONM CMGOH BOAA MOCTYNaeT B MaHTMiHYIO
nosiocTb M OMbiBaeT abpbl. C BOAOW NPUHOCATCA OCTAaTKM OPraHuKM,
KOTOpble OTGMNLTPOBLIBAIOTCA B POT W NOMAAAIOT B KENYAOK U KMULIEYHMK.
OTdunbTpoBaHHan BoAa BbIGPacbIBAeTCA Hapyxy Yepes BblBOAHOW CUGOH.
Y [ABYCTBOPYaTbIX MOJI/IIOCKOB XOPOLIO PasBuUTa neveHb, GepMeHTbI KOTOPOil
NonajaloT B XKeNY/IOK W Y4acTBYIOT B NULIEBAPEHMM.

[lpycTBOpUaTble  —  Pa3AeNbHOMOMbIE  KMUBOTHble.  OMNOAOTBOPEHNE
NPOMCXOAMT B MaHTWIHONM MONOCTM  CaMKM, Kyaa BMecTe C  BOAOW
yepes HUXKHUI CMOH NONaAaoT CNepmaTo3onapl. VI3 Anlia pa3smBaeTCca IMUMHKa
C AByCTBOpYaTOiM 3y6YaTOW PAKOBMHOW. Pas3BUTME NIUYMHKM NPOUCXOAUT
Ha Kabpax WM Kowe pbib. JIMUMHKA NapasuTUpyeT Ha pbibax, MocTeneHHo
npeBpalianck B MONOAOTO MOA/IOCKA. Takum 0bpasom, pbibbl CnocobeTayioT
pacceneH1Io ManonoABUKHbIX [18YCTBOPYATBIX MO/IOCKOB.

oNn0BOHOrMeE — KafibMapbl, OCbMUHOTM — HanBosee BbICOKOOPraHW30BaHble
MONIIOCKM.

Tun YnenucroHorue

YneHucToHore — camas Gonblas rpynna KMBOTHBIX, HacenAlowas
Hawy nnaHety. Ero npeactaBMTeNM OCBOMAM BCE CPeAbl MW3HM: Cylly, MOPA
npecHble BOAOEMbI, BO3AYWHOE NPOCTPAHCTBO. MX MOXHO BCTPETUTb BO BCexX
reorpapuyecknx Wupotax. Mo pasHbIM AaHHbIM, TUN HacuMTbiBaeT ot 1,5 ao 4
M/IH BUA0B.

Teno YNEHUCTOHOTMX MOKPLITO MNOTHBIM XUTUHOBBIM MOKPOBOM, KOTOPbIi
ABNAGTCA MX HAPYMKHbIM CKeNeTOM. KOHEUHOCTM 4/IEHUCTblE, MOABUMKHO
coeAMHeHbl C TynOBUWEM. Tak Kak XUTMHOBbIA MOKPOB He PacTAXWM, pocT
UNEHUCTOHOTUX  CONPOBOXAAETCA  MHbKOW  (nepuoanueckum  cbpocom
XUTUHOBOFO MOKPOBA). MbilLbl NPEACTaBAEHbI MY4KaMM MOMNEPeYHO-N0N0CaTbIX
BO/IOKOH. KpOBEHOCHaA CUCTEMA HE3aMKHYTasA. Ha3eMHbIe Y4IEHUCTOHOTME AplluaT
NeTKUMK UAM TPaxeamu, a nogaensioliee 6NbIIMHCTBO BOAHBIX — Kabpamu.

Knacc Pakoo6pasHble

B OCHOBHOM 0BMTaTeNM CONEHbIX U MPECHbIX BOAOeMOB. Hebonbluoe uncio
npejCcTaBUTeNeN 3TOFO Knacca OBWTaeT Ha Cylle, B YBAAMHEHHbIX MeCcTax
(mokpuubl). OTpag [lecatnHorne paku. NpeacTtaButenb — PeyHom pak, obutaet
8 NPeCHbIX BOAOEMaX, Tpe6oBaTeNeH K YMCTOTE BOAbI. TeNIo paka COCTOMT U3 Tpex
OTAEN0B: rON0BbI, rPyAn U 6piowwka. Bce cermeHTbl Tenia HecyT KOHeUHOCTM.
KonnuecTso KoHe4YHOCTel peyHoro paka Aocturaet 19 nap. Bce OHM roMO/IOTMYHbI
APYr ApYry ¥ NapanoAnaM KONbYelLoB, HECMOTPA Ha Pasnuma B BbINONHAEMbIX
yHKUMAX.

TONIOBHOW OTAEN paKa HeceT KOPOTKME YCUKM — aHTEHHYAbl — OpraHbl
0BOHAHMA, IMHHbIE aHTEHHbI — OPraHbl 0CA3aHMA W ewwé 3 Napbl KOHEYHOCTEN,
bopmupyloLLLMX POTOBOI annapart. 3To Napa BEPXHUX YEOCTEN U 2 Mapbl HAKHMX.

B rpyaHom otaene 3 napbl HOroyentocTeil (yAepusaloT M NOAHOCAT
nuLly KO pTy) U 5 nap xoAuibHbIX HOr. MepBas napa XOAWbHbIX HOT passuTa
3HaUUTENIbHO CU/IbHEE U CHABXeHa BOMbWIMMM KNEWHAMW (3axBaTbiBalT
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nULLy U U3MENbYAIoT ee). Paku BceaaHbl. MULa NoNaaaeT B NepPeAHIo KULKY,
COCTOALLYIO U3 NULLEBOAA U XKeNYAKa. [eyeHb paka COBMELLAeT pepMeHTaTUBHYIO
1 sKenyeBblpabaTbiBalolilyio GpyHKUMM. 3a/HAA KMILIKA 3aKaHYMBAETCA aHa/bHbIM
oTBepcTMEM.

OpraHbl AbiXaHNA paka — abpbl pacnonomeHbl no 6okam ronosorpyau,
OHM NPOHM3aHbl KPOBEHOCHBIMM COCYAaMW. 3AeCb MPOMCXOAMUT ra3soobMeH.
KposeHocHas cucTema paka HesamkHyTas. HepsHas cuctema o6pasosaHa
OKO/IOT/IOTO4HbIM KO/IbLIOM 1 BPIOLLIHON HEPBHOIA LLeMOUKOIA.

Paku pa3aensHononbl. ONAoAOTBOPeHWe BHYTPeHHee. [InA  BBeAEHMA
N0/I0BbIX MPO/AYKTOB CaMLibl UCONB3YIOT CMeLMabHbIe HOXKKM, PACroNoKeHHbIe
Ha Gpiolwke. CaMKn OTKNaAblBaloT ON/IOAOTBOPEHHbBIE AfLid 3UMOM, @ B Hauane
N1€Ta M3 AULL BLIXOAAT PaYKM.

Knacc Naykoo6pasHbie

K naykoo6pasHbIM OTHOCAT Ha3eMHbIX 4/IEHUCTOHOIMX, AbILIALLMX TPaxeamm
W NEeroYHbIMnU MewWwKamm.

Teno WX COCTOUT W3 [ONOBOTPYAM W HECETMEHTUPOBAHHOrO GplollKa,
O/IHAaKO y CKOPMMOHOB TeNo Gonee pacuneHeHo, a y Knelei Teno CAuTHoe.
Ha ronoBorpyan pacnosioxeHsbl YeTbipe napbl MPOCTbIX [/1a3, POTOBbIE OpraHbl
(XBMMLEPb! M HOTOULyNanbLa) M KOHEYHOCTU. YCMKM OTCYTCTBYIOT. POTOBblE
OpraHbl CHaBeHbl OCTPbIMM, 3arHYTbIMM BHM3 KOTOTKaMM, Y KOHL@ KOTOPbIX
OTKPbIBAIOTCA MPOTOKM AAOBUTBIX XKenes. YeNocT CAyxaT Ana ymepuisneHns
KepTBbl W 3alWTbl, BTOPaAs Napa POTOBbIX OPraHOB -HOTOLYMaANbLA — CAYMKUT
/ANA OLLLYNbIBAHWA 1 NOBOPAYMBAHMA KEPTBbI BO BPEMA e/bl.

YeTbipe napbl YNEHUCTBIX XOAW/bHBIX HOT MOKPbITbl 4yBCTBUTENbHBIMM
Bosnockamu. Mayku, Hapagy cC anaHramu, CEHOKOCUAMM, CKOPMUOHamMM
M KNewwamm, OTHOCATCA K KnacCy MayKoobpasHble U COCTaBAAIOT OAMH U3 Haubonee
06WUPHBIX ero oTpaaos. M3BecTHO npumepHo 20 000 BMAOB NayKoB.

JeTany CTpoeHUs nayKa-KpecToBuKa

BpiowwKo MaykoB KpynHee WX ronoBbl W rpyan. Ha 3agHem KoHue 6piotika
PacnonoxeHbl NayTHHble 6OPOAABKN, B KOTOPbIX OTKPbIBAIOTCA MayTMHHbIE
»enesbl. Bblaenaemoe MM BelecTso TeepaeeT Ha Bo3ayxe 1 06pasyeT NpoyHble
M 3/1aCTUYHBIE MAYTUHHBIE HUTW, KOTOPbIE WCMONbL3YIOTCA ANA W3rOTOBNEHUA
NOBYMX CETe N KOKOHOB ANA OTKNAAKM AW, MWlLeBapeHue y NayKoB YacTUYHO
HapyHoe. OHW BMPbICKUBAIOT MULIEBAPUTENbHbIE DEPMEHTBI B KEepTBY
M _Yepe3 HEKOTOPOE BPEeMs BbICACbIBAIOT COAEPKMMOE, OCTaBAAA TeNecHyIo
0607104Ky. MUTAIOTCA HACEKOMBIMM. KULIEYHNK NayKOB NPUCNOCOB/EH K NUTaHMIO
YKWUAKOM NULLEIA, NeYEHOUHbI BBIPOCT OTKPBIBAETCA B CPEAHION KMLLKY.

B AibIXaTeNIbHOM CMCTEME Pa3BMThI U TPAXEW, 1 IErO4HbIE MELKH. KpoBeHocHas
cMCTeMa Cxoa C TakoBOW paka. B HEpBHON cuCTeme MpoCiekMBaeTca
KOHLGHTPALMA HEPBHOTO annapara: CAMBLIMECA [aHMM [O/I0BbI W rPYAM
06pasyloT MO3r; CAMBLIMECA TaHIIMK BPIOWHON HEPBHOM LLENoYKU — GpIoWHOMN
raHmuii.

Mayku — pasaenbHonosble XNBOTHbIE. CaMKK KpynHee CamLoB.

OnnofoTBOpeHe — BHyTPeHHee. fiilja pa3sMBAIOTCA B KOKOHe. Pa3suTie
6e3 metamopdosa. MeTamopdo3 XxapakTepeH, Hanpumep, Ana otpasa Knew.

Knacc Hacekombie
K 3Tomy Knaccy OTHOCATCA — Hambonee  BLICOKOOPraHW30BaHHble
UNEHUCTOHOTME. VI3BECTHO MO PasHbIM AaHHBIM 2-4 MAH BUAO0B. BOMBWIMHCTBO
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HaceKOMbIX 06MUTaeT Ha Cylue, HEKOTOpble — B NMPECHbIX BOogoemax. Bo/bWKUHCTBO
NeTaet, MMen OfIHY UM /BE Napbl KPbIbeB. BCE HAaCeKOMbIE AbILAT TPAXeAMMU.

Teno HaceKoMbIX COCTOMT W3 OAOBbI, rPyAM W 6piowka. Ha ronose
pacnonokeHa napa YNEHUCTbIX Pa3NyHbIX MO .GOPME YCUKOB (CAXEK), MpocTble
VAN CNOMHblE [1a3a W MOABMXKHbIE POTOBble NPUAATKU. B 3aBMCMMOCTM
OT pOTOBOTO annaparta HAaceKOMbIX [AeNAT Ha JBe rpynnbl: rpbisyuine
(maHaubynsapHbie) u cocywme (xoboTkosble)!

TpyAHOI OTAeN BKAKOYAET TPU CermeHTa: NepeaHerpyab, CPeaHerpyb
3aAHerpysb. [lBe napbl KpbiibeB HaCEKOMbIX PACMONOKeHbI COOTBETCTBEHHO
Ha CpejHe- 1, 3aaHerpyan. Yncao BpioLiHbIX CErMeHTOB BapbupyeT ot 3 Ao 11.
Ha ceermeHTax pacnofioxeHbl, Abixaiblia — OTBEPCTUA, Yepes KOTOpble BO3/yX
nonaaaet B Tpaxeu. [plXanblia MOTYT OTKPbIBATbCA M 3aKPbIBATLCA, Perynmpys
nocTynieHne BO3ayxa B Tpaxeu.

MWIeBapUTENbHBIA  TPAKT — BKAIOYAeT poT, [MOTKY, NWiLeBoa, 306,
KeBaTe/lbHbIN KeNyAoK U KUWKY. KpoBb (remonumda) cBo6oAHO UMpKyaupyeT
8 NO/IOCTU TeNa, OMbIBAA TKaHM W OpraHbl. Cepaue npeacTasnseT poboi TpyoKy
CO CNIeMo 3aMKHYTLIM 33ZJHUIM KOHLOM M OTKPbITbIM NepeaHum. Ha GoKosbix
noBepxHOCTAX cepaua umetotca [lapHble oTBepcTuA- 6C-TuK. BblaeneHne
NPOAYKTOB MeTab0/13Ma (B OCHOBHOM, MOYEBOW KUCIOTbI) OCYL|EeCTBAAETCA
Yepes Ma/ib/I3neBbI COCYAbI. ITO CAIEMble BbIPOCTbI HA FPAHMLIE CPEAHEN 1 3aaHeN
KUWKN. B 3ajHei KuLIKe — MOYeBan KUCN0Ta CMELIMBAETCA C HenepeBapeHHo
nuei 1 BbIGpacbiBaeTCA Yepes aHasbHoe 0TBepCTHe.

Hacexomble pasaenbHonosnbl. OpraHbl Pa3sMHOMKEHUA CaMKM MPeACTaB/eHbl
y A no 6oKam AliLLeBOAAMM, KOTOPbIE CAMBAIOTCA
8 op,wH NPOTOK. Y CaMOK €CTb CeMANPUEMHUKU. Y CaMLOB MMEIOTCA MapHble
CeMEHHUKM 1 CEMANPOBOAbLI. ONI0A0TBOPEHME Y HACEKOMbIX BHYTPEHHEE.

JNA  MHOTMX HAaceKOMbIX XapaKTepHO —pasBuTME C  MeTamopdo3om.
Bctpevatotca ABe  Gopmbl 3TOro  mpouecca. Y MPUMMTUBHBIX HACEKOMbIX
(TapakaHoB, Ky3HEUMKOB 1 Ap.) NUMeeT MeCTO HenosHoe npespalieHue. U3 aiua
BbINYN/IACTCA IMUNHKA, BO MHOTOM MOXOXaA Ha B3POC/bIA OPraHusm. JIMUUHKN
(HUMbI) 0BUTAIOT Tam XKe, rAe M B3POC/ble HaceKOMbIe (MMaro), U NUTalTCA To
e nuiei. OT B3POC/bIX HACEKOMbIX OHM OT/AMYAIOTCA OTCYTCTBUEM KPbINbEB
1 N0/I0BOM CUCTEMBI.

Pa3BuTHe C MONHBIM NPEBPALLEHNEM NPUCYLLE IBO/IIOLMOHHO MPOZABUHYTLIM
Hacekombim (6a604Kam, XyKam, NepenoHYaTOKPbIILIM M Ap.). B 3ToM ciydae
13 AlLA BLIXOAWT IMUNHKA, HENOXOXKAA Ha B3POC/bIA OpraHnu3m. B GonbluMHCTBE
CNy4aeB /MYMHKM WUMeIoT depBeobpasHylo $GOpMy Tena U WHOe CTpoeHue
poTosoro annapara. OHW KMBYT B WMHOM Cpede OBWUTaHWsA, 4Yem B3poC/ible
OpraHu3Mbl, U UCMONb3YIOT APyrie nuuieBble pecypcbl. Kak Npasuo, ANYMHKM
BE/lyT CKPbITHbI 06pa3s IU3HM B NOYBE, NOACTUIIKE, NOA KOPOiA 1 T.4. Pasgenexne
cpeq, 06MTaHNA CHUXKAET KOHKYPEHLMIO IMYNHOK W B3POC/IbIX HACEKOMbIX 3a NHLLY
W NPOCTPAHCTBO. JIMUMHKM HEKOTOPbIX HAaCeKOMbIX XMBYT 2-3 roga. B ato Bpems
OHU YCUNEHHO MMTAIOTCA U HECKO/IbKO Pas NMHAIOT, YBENMUYMBAACh B pasmepax.
B KOHLe nociefHeil MHBbKN MO KyTUKYNOM $opMUpyeTca KyKoaKa. 3Ty CTaaunio
pasBUTMA Ha3blBalOT CTaavel NOKoA. o4 MOKPOBOM KYKOJKM NpOTeKaioT
aKTMBHbIE NPOLECChI NePECTPOikK OpraHn3ma. Mpyn o4epeaHoi IMHBKe KYTUKyAa
KYKO/IKM CBPacbiBaeTcs, U U3 Hee BbIXOAUT B3POCIOE HAacCeKOMOe CO BCemu
NPUCYLLIMMM eMy NPU3HaKaMK.

OCHOBHbIE OTPAAbI HACEKOMBIX
OtpAag YewyeKpbinbie
HaceKkomble 3T0r0 0TPAZA MMEIOT ABE Napbl YelyHuaTbIX KPblIbes U POTOBOM
annapar B BUAe COCyLLEero X060TKa, CBEPHYTOTO B CNMpasb. Helyiiku Ha Kpbiabax
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M Tene HaceKomMoro — 3TO BUAOM3MEHEHHble XUTUHOBbIE BO/OCKM, 4acTo
pasM4YHO OKpalleHHble. B 06pasoBaHmui XOBOTKA NPUHUMAIOT yuacTie HUKHNE
YesIloCTU U HUXKHAA ryba 6abouku, BepxHUX YentocTeit y Hee HeT. Passutue
NPOTEKAET C MOMHLIM NpespatieHnem. JIMunHKM 6aBoUKM — ryceHuLbl UmeioT
BbITAHYTOE YNIEHMCTOE TENO, MPbI3yLLLMIA POTOBOI anNNapar, WeNKOOTAeNNTB/bHbIE
enesbl BO PTy, BblAENAIOUINE CEKPET, 3aCTbiBalOWNI Ha BO3/AYXE B WE/KOBble
HUTU. TepefBuUraeTca ryceHMLUA C MOMOLLbIO /IOKHOHOMKEK, BOOPYMKEHHbIX
Kptououkamu. Mopasnsiolyee GONLLIMHCTBO YCEHWL, MUTAIOTCA PacTUTENbHOM
nuwen.

Otpsag OsyKpbinble

K oTpagy OTHOCATCA KOMapbl, KOMHaTHble MyXW, CNenHW, O0BOAbI,
MOLKK, MOCKUTbl. OHU MMEIOT MO OAHOW Mape MepenoHYaTbix KPbiIbes,
KOMIOIE-COCYIIME  MAM  WKYWLME  POTOBblE  OpraHbl,  Hebosbline
npuAATKM — KyxoKanbua. HacuutbiBatoT okono 150 000 BMAOB ABYKPbIbIX.
KoMHaTHas Myxa — npeacTaBuTeNb OTPAAA [IBYKpbI/ble, MUTAETCA TemMu e
NPOAYKTaMM, YTO U YenoBeK, 1 0T6pocamu. POTOBOIT annapat y Myxu Mxyliero
TUMA, COCTOMT M3 MATKOro X060TKa (BMAOU3MEHEHHOM HukHel ry6bl). Myxa
CPbITMBAET Ha MULLLY NULLEBAPUTENbHBIM COK, @ 3aTeM CAKU3bIBAET ero. PassuTie
MyXM MPOXOAMT C MOMHBIM MpespauieHnem. JIMYMHKM Myx yepseobpasHbie,
6en0ro LBeTa, Pa3BMBAIOTCA B THUIOWIMX OPraHUYECKWUX OCTaTKax, BMUTbIBAA
pacTBopeHHble MUTaTeNlbHble BellecTBa Bcem Tesnom. Kaxaas M3 Hux 6bicTpo
pacTeT 1 NpeBspalLAeTCA B KYKO/IKY, 13 KOTOPOH BblNieTaeT Myxa.

Otpag MepenoH4aToKpbiNbie

K oTpAdy OTHOCATCA WMeNW, N4esbl, OCbl, MypaBby, HaesAHMKM. OHKM UmetoT
£iBe Napbl NPO3PayHbiX MepenoHYaTbiX KPbIbes, TPbI3YWMA WAM AMKYLLWiE
POTOBOW annapat. Y camok Ha KoHue 6piolika ecTb ANLEKNaZ, KOTOPbLIA y nuen
W wmenei BWAOU3MEHEH B YKano, U NPOTOK € AA0BUTbIMU XKene3amu.

MepoHoCHas nyena. YenoBek OAOMAWHMA €e C HEe3anaMATHbIX BPEMEH.
13 Bcex nyen y MeJoHOCHOI Hanbonee CoKHOe NoBeseHue.

061ecTBO MEAOHOCHbIX N4Ye/ BK/IOYAET TPU rpynibl ocobet:

® CamMOK (MaToK WMAM UapWL), BLINOMHAIOWMX QYHKUMIO Pa3MHOMEHUA
1 paccenenma:

® CamLoB (TPyTHEIA), y4acTBYIOLMX TONBKO B PA3MHOKEHUM;

* pabounx ocobeil, KOTOPbIE BbINOMHAIOT BCE PAabOTbI, MO YXOAY 33 FHE3AOM,
LapuLeil ¥ NOTOMCTBOM, CBOPY HeKTapa W MbiNbLbl U T.4.

Muyena umeeT 60/blyiO, MOKPbLITYIO BONOCKAMM TONIOBY CO CAOMHBIMMU
rna3amu No Gokam 1 TpemsA NPOCTLIMM N1a3KaMn Mexay HUMKU. Criepeay OTXOAAT
J/MHHbIE U3OTHYTbIE YCUKM — OpraHbl OCA3aHMA. [Na3a NYen pasnnyaloT enTolit
W CUHWI UBeTa, a Takwke ynbTpaduonetosble Nyun. KpacHblid UBET ANA HUX
HEBUAUM. [Pbi3ylMe BEPXHWE YENKCTU UCTIONB3YIOTCA NYENON A Pa3MUHAHUA
M 06paboTKM BOCKA MpW MOCTPOMKE COT. HUNKHUMM YENOCTAMU WU AAUHHOM
HUKHeW ry6oi nuyena CAM3bIBAET M COCET HEKTap, KOTOpbli, nonas B 306
n4enbl, CMeLNBAeTCA C BblAeNEHUAMM 306HbIX esnes. O6paboTaHHbIii HekTap
n4yenbl NOMELWAIOT B AYeiikM, rAe OH MPeBpalaeTca B Mea: KOHeYHOCTH nyenbl
npucnocobneHbl Ans c6opa NbiNbLbl U NOCTPONKM AYEEeK U3 BOCKA.

B npupoAe 4acTo  BCTPEYAlOTCA  HAcekomble W3 oTpaga  Myku,
MM KeCTKOKPbIbIE, KOTOPbIE UMEIOT Napy NepeAHNX KECTKUX W napy 3aAHuX
MATKMX NEePernoHyaThiX Kpbiibes. M0 XapaKTepy NUTaHMA CPeAM HUX pasnuyaioT
XULWHUKOB (BOKbM KOPOBKM), noTpebuTeneit , pasnaratoyyuxci OPraHUYecKux
0CTaTKOB (MepTBOeAbl, MOTUALUIMKM), W PACTUTENbHOAAHBIX MYKOB (XpylM,
KOMOPAACKUM KYK U Ap.).
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KysHeumku, capaHya, MeABeAKW, OTHOCAWMecs K oTpaay [MpAMOKpbinble,
NUTaKOTCA PACTEHMAMM MPU MOMOLLY FPbI3YLLEro POTOBOrO annapara.

LIMpOKO M3BECTHbI Hacekomble M3 oTpaaa Kaombl (MonyKecTKOKpbibie),
MHOTME M3 KOTOPbIX ABNAIOTCA BPEAUTENAMM C/X PACTEHWN, T.K. MUTAIOTCA WX
cokamu. Knon nocresnbHbIi NUTaeTca KPoBbIO YeoBeKa.

Tun Xoppaosble

JINA MBOTHBIX TWMa XOpA0BbIe XapaKTepHbI CeAylouiue NPU3HaK:

*y BCeX B IMOPMOHANbHOM MEpUOAE 3aKNAAbIBAETCA  BHYTPEHHMI
COEAMHNUTENbHOTKAHHBIM OCEBOI CKeNeT — Xopaa;

* HepBHaAa cucTema WMmeeT Gopmy TPYBKM M pacmonoxeHa Haz Xopaoii,
Y HU3WMUX (N3aHUETHWUK) OHa COXPAHAETCA, Y BbICLIMX XOPAOBbIX 3ameHsercs,
NO3BOHOYHUKOM;

* N0/ XOPAOIt PacnonokeHa AnddepeHT LMPOBaHHAA KULLKA, HAUYNHAKOLAACA
PTOM M 3aKaHYMBaIOWAACA aHA/IbHBIM OTBEPCTUEM; NEPeHNI OTOUHBIM oTaen,
NULLEBAPUTENBHOM CUCTEMbI UMeET (UIOTEHUYECKYIO CBA3b C AbIXaTesbHOM
cucTemoi.

HanmeHee opraHM30BaHHbIi MNpPeACTaBUTENb XOPAOBLIX — NAHUETHUK,
OTHOCUTCA K O4eHb ApeBHeil rpynne 6ecyepenHbie. OH UMEET NPU3HaKK, CXOAHbIE
€ 6€CNO3BOHOYHBIMM 1 MO3BOHOUYHBIMM, BEAET NACCUBHbIM BOAHDINM 06pa3s KU3HM.

Teno naHUETHMKa BbITAHYTOE, yniouleHHoe ¢ 6okos. Ha nepeaHem KoHue
PacroNoXKeH pPOT, OKPYMeHHbIM liynanbuamn. 3afHuii KoHel Tena umeer
OKalMAIAIOULYIO KOMHYIO CKNaflKy — XBOCTOBOW MNAaBHMK. Teno MOKpbITO
OfHOCNOMHBIM 3NUTENMEM, MbiLLIbI cNabo AnddepeHLMPOoBaHbI, NPeaCTaBaeHb!
MWUOMEPaMU — CErMEHTaMM, OTAENEHHbIMM YT OT APyra TOHKUMM NPOCAOMKaMM
COeAMHUTENbHOM TKaHW. OCeBOW CKeNeT — XOpAa -3aX0AMT B O0BHOM KOHeLL,.
MonocTb Tena -BTOPUYHAA, BbICTIAHA LIEIOMMYECKUM SNUTENNEM.

MuiesapuTenbHas cucTema NaHUETHWKA yCTpoeHa npocto. Potosoe

oTBepcTMe BeAeT B 06beMHYIO [IOTKY, KOTOpaA 3aHUMaeT npumepHo 1/3 p,anbl
KMBOTHOrO. BOKOBbIE CTEHKM [IOTKM Npo coeauH:
C 0BWMpHOI abepHOM MOAOCTbiO, 06pa3oBaHHONM ABYMA cpocmmMmcn
noz, BPIOLLIHOM MOBEPXHOCTLIO CKNAAKaMM KOXM. KULWIEYHWMK MMeeT BiMj NpocToit
TPYGKM, OT Hee OTXOAMT CAenoi BbIPOCT — neveHb. AHa/bHOE OTBepcTMe
PaCroNoKeHO y OCHOBAaHMUA XBOCTOBOTO MaBHMKa.

KpoBseHocHas cucTema 3aMKHYTaA U HaNOMMHAET TaKOBYIO KO/IbYaTbIX YepBeii.
Ceppue OTCYTCTBYeT, ABMXEHWE KPOBM OBECneunBaeT COKpalleHWe CTEeHOK
6pIOLLIHOM a0PThl 1 KabepHbIX COCYA0B. JlaHLETHUKM pasgenbHononbl. Monosbie
Ke/le3bl MHOTOYUC/IEHHBI M PACMO/IOXKEHbl B NONIOCTU BAOAL FOTKW. MonoBbie
KNETKN Yepes BTOPUYHYIO MO/IOCTb MOMajaloT B abepHylo MonocTb, a 3atem
Hapy)y. ONN00TBOPEHNE HapykHOe. U3 Alilia BbIXOAAT MaNeHbKUe IMYMHKM,
nnasalolLme B TONLLE BOAbI. 10 Mepe pasBuTUA OHW NEPEXOAAT K A0HHOMY 06pasy
HKUZHU.

Hapgknacc Pobi6bi
PbiBbl OTHOCATCA K MO3BOHOYHbBIM }MBOTHBIM. [11A NO3BOHOUHBIX XapaKTepHO
HaNMuMe Yepena, MO3BOHOYHMKA W NapHbIX KOHEYHOCTe (MM NNaBHMKOB).
MepeaHnit KoHew, HePBHOW TPYBKM Y HUX GOPMUPYET FONIOBHOI MO3T, OH 3alLMLLIEH
yepenom.

Knacc KocTHble pbibbl
Teno pbib AENNTCA Ha roN0BY, TYNOBULLE W XBOCT, NMOKPLITO KOXEii C KOCTHO
Yeluyei, 3alWMLIAIOLLEN TeN0 OT NoBpeAeHUN. Koka MMeeT enesbl, KoTopble
BbIAE/AIOT CIM3b, YMEHbLIAIOLLYIO TPEHNE B BoAe. MapHble rpyaHbie U BpioLHble
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NNaBHUKN 0BecneunBaloT COXpaHeHUe PaBHOBECUA MPWU ABUMKEHWUM B BOAE.
K HenapHbIM NN1aBHUKaM OTHOCATCA CMIMHHOA, XBOCTOBOM M aHa/bHbIN NAABHUKK.

CKeneT pbib COCTOMT M3 BO/bLIOTO YUCAA KOCTEN U UMEET YeTbipe oTAena:
yepen, NO3BOHOYHMK, MOAC KOHEYHOCTEI W CKeneT NAaBHUKoB. OCHOBY CKeseTa
COCTaBAAET MO3BOHOYHMK, TAHYWMACA OT rO/NOBbI /10 XBOCTOBOTO M/aBHMKA
1 UMeloLLMIA BCEro ABa OTAENa — Ty/JIOBULLHbINA U XBOCTOBOW.

MO3BOHOYHUK COCTOMT M3 NO3BOHKOB, UMEIOLLMX TE/O, BEPXHIOK U HUXKHIOK
fAyri. BepxHMe Ayru MO3BOHKOB 06pasyloT KaHan, B KOTOPOM HaxoauTca
CMMHHOM MO3T. HUKHME OTPOCTKM NO3BOHKOB B FPYAHOM OTAENe NO3BOHOYHMKA
passuBaiotcA B pebpa, 3awuuwalolme BHYTPEHHME OpraHbl. O3BOHOYHMK
HEMOABMKHO COEAMHEH C Yepenom.

KposeHocHas cucTemMa 3amMKHyTas — C BYXKaMePHbIM CepALem, COCTOALMM
M3 NpeAcepanA M KenyAoduka. KpoBb OT Cepaua ABMKETCA No apTepuam
K OpraHam, a OT OPraHoB Mo BeHamM — K CepAuy, LIMPKYANPYsA, Takum o6pasom,
no ofiHOMy Kpyry KpoBoobpaleHus. fa3006MeH NpoxoauT B abpax. Habpbl
KOCTHbIX PbIG MPUKPbITHI KaGEPHBIMU KPbILIKaMA.

MuiesapuTenbHas cucTema pbib HauMHAETCA PTOM C OCTPLIMMU OfIMHAKOBbIMM
3y6amu, CUAALMMM Ha YeNtoCTAX. Yepes PoT M MOTKY NuLa NonaAaeT B NULLEBOA,
W KENYAOK, TAe NepPEeBapPUBAETCA XKENYAOUHBIM COKOM.

Y KOCTHbIX pbl6 eCTb nnaBaTeNbHbIA My3biPb, PACMONOKEHHDINA B MOAOCTU
B8/10/1b NO3BOHOYHMKA M ABNAIOLMIACA BbIDOCTOM KMLIEYHUKA, YTPATUBLIMM C HUM
cBA3b. Y Cenbiieil, N0coceid, yrpei 1 Ap. CBA3b KMLWEYHMKA C NnasaTesbHbIM
ny3bIPem COXpaHAETCA y B3pOC/bIX GOPM. Y OCTasbHbIX Pbi6 3Ta CBA3L COXPaHALTCA
Ha CTagMn NIMYMHKK. B CTeHKax nysblpa HaxoaAaTtca Kanuanapbl. MpoTekaowas
N0 HUM KpOBb /IMBO NOMOWAET W3 My3bIps ras, 6O BbIAENAET B HErO rasbl.
M3meHeHWe obbema ra3oB B N1aBaTe/IbHOM My3bipe U3MEHAET MNOTHOCTb Tena
pbib, B pesynbTate pbibbl BCM/BIBAIOT UM OMYCKAIOTCA HA [IHO.

BbiilennTenbHan cuctema npeacTasieHa NapHbIMM IEHTOBUAHBIMU NOYKaMM,
PaCMoNOKEHHbIMM Me /1y NO3BOHOUHMKOM W N1aBaTe/IbHbIM My3bipem.

HepBHaa cucTeMa COCTOUT U3 TOIOBHOTO M CMIMHHOTO MO3ra W OTXOAALNX
OT HUX HEepPBOB. [0I0BHOI MO3T PACNONIOKEH B MO3rOBOI KOPOBKE M UMeeT NATL
OTAEN0B: NEPeHNI MO3T, CPeAHNI MO3T, IPOMEKYTOUHbIN MO3T, IPO/AOATOBATHIN
MO3T H MO3Ke4oK. B noseseHnn pbi6 NPOABAAIOTCA YCNOBHbIE U Ge3ycnoBHbIE
pednekcsl.

OpraHbl 4yBCTB Pbl6 06ECMEUMBAIOT MM OPMEHTALMIO B NPOCTPaHCTBE.
B napHbIx opraHax 3peHua He3NaCTUYHbIN LAPOBUAHbIN XPYCTANUK HE NO3BONAET
pbibam BUAETb Ha BONLIIOM PACCTOAHUM. BaKHYIO PO/b B KM3HU PbI6 MrpaioT
3anaxu, pacnpocTpaHAloLLmMecs B Boze. OpraHbl 060HAHNA NPeACTaBNEHb! ABYMA
HOCOBBIMM AMKAaMW Ha NepefHeM KOHUE ronoBbl, OpraHamu BKyca ABAAIOTCA
BKYCOBbIE MOYKM B POTOBO MONOCTU M Ha MOBEPXHOCTW Tena. Pbibbl XOpoLwo
BOCMPUHWMAIOT, 3BYKOBbIE BOJIHbI, PACMPOCTPAHAIOUMECA B BOAE, Y HUX eCTb
OpraHbl CNyXa, UE/IMKOM NOTPY)XEeHHbIe B KOCTU Yepena, M NpeAcTaBieHHble
TO/IbKO BHYTPEHHUM: YXOM (MOAYKPYMKHbIM KaHanoM NabupuHTa).

KocTHble  pbiBbl  pasgenbHomonbl. Y camMoK — MapHble  AUYHUMKM,
y CaMLUOB — MapHble ceMeHHUKU. ONNOA0TBOPEHNE, KaK NPaBMO, HapyXHOe.
Tpouecc MeTaHNA MKPbI U CEMEHHOM UAKOCTU B BO/Y Ha3blBaeTcA HEPECTOM.
Bbiwezme U3 onn0A0TBOPEHHOM MKPUHKM IMYMHKM, CHaYana NUTaloTcA 3a cyet
JKE/ITOUYHOTO MeLIKa, a 3aTeM — OAHOKNETOUHbBIMM BOAOPOCNAMM U NPOCTEALIMMY.
Mpetepries paz, | , ny TCA B Ma/ibKa, TeNO KOTOPOro
NOKPBITO Yellyei.

K knaccy KocTHble pbibbl oTHOCATCA:
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1. OceTposble. 1A HUX XapaKTepeH XPALLEBOM CKeNeT, TeN0 NOKPbLITO NATHIO
PAAAMM KPYMHbIX KOCTHBIX MNACTUH. MpeAcTaBUTeNu: OCETpbI, Benyri, cTepasam
nAp;
2. lBoAkogpiwaue pbibbl  MOMYT AblWaTb PacTBOPEHHbIM B  BoAe
KMC/IOPOAIOM M aTMOCHEPHBIM BO3AYXOM, A/ YETO Y HUX UMEIOTCA Nerke —
rOMO/IOrV_NNaBaTeIbHOro Ny3bips, XOp/a COXPAHAETCA B TEYEHME BCeit XU3HM.
ABCTPaNNICKMiA porosy6 1 abpuUKaHCKUI YelyyaTHUK.

3. Kucrenepble pbibbl. 13 cOBPEMEHHbIX KMCTENEPbIX M3BECTHA NaTUMEPUS.
CKeneT COCTOUT B OCHOBHOM M3 XpAlLa, COXpaHWnach v xopaa. MnasatenbHbiit
ny3blpb Pa3suT cnabo.

4. KocTucTble pbibbl 061a41at0T Pa3BUTLIM KOCTHBIM CKeNleToM. HacumTbiBaloTca
oKono 40 oTpAaos: cenbaeobpasHble, 0COCeBbIe, KAPNOOBpPasHbie, TPECKOoBbIE
(HaBara, nuKkwa) u ap.

Knacc Xpawesbie pbibbl
K knaccy Xpauesble pbiGbl OTHOCATCA NPEACTaBUTENN OTPAAOB aKy/l U CKaToB.
OHM MMEIOT XPALLLEBOI CKeNeT. }KabepHbiIX KpbILEK HeT, a C Kax /10 CTOPOHbI Tena
OTKPbIBAOTCA HAPYKY 5-7 abepHbix wenen.

Knacc 3emHoBogHble (AMpubun)

3T0 BOAHO-Ha3eMHble HKMBOTHbIe. OHM MMEIOT /iBe Mapbl KOHEYHOCTeW,
COCTOALNX U3 TPEX OTAEN0B.

OTAenbl NepesHUX KOHEUHOCTe:

* nnevo,

¢ npeanneybe,

® KUCTb.

OTenbl 3a/{HNX KOHEYHOCTe!:

* 6eapo,

® roneHb,

¢ crona.

Kuctb M CTOna 3aKaHYMBAOTCA MNajbUamu. Pa3sMHOMeEHME W passuUTUe
3eMHOBO/HbIX CBA33HO C BOAHOW CPEeoi. 3eMHOBOAHBIE — XO/O/IHOKPOBHbIE
KMBOTHbIE, MHTEHCMBHOCTb OBMEHa BELLECTB y HWX 3aBUCUT OT TemnepaTypbl
OKpy»Kalolei cpeapl.

Otpapa BecxBocTbie 3eMHOBOAHbIE

K oTpAzy OTHOCAT NArywek 1 ab. VX Teno KOPOTKOE 1 LWMPOKOE, Y B3POC/bIX
bopMm HeT XBOCTa. 3a/iHMe KOHEYHOCTH AIMHHEe NepeaHNX 1 6onee PasBuTl, T.K.
cnyar 4na oTTa npn nn . Mexay n 3aAHMX
KOHEYHOCTel ecTb nnasaTe/ibHble NepenoHKU. Teno NoapasAenseTca Ha ronosy
1 TynosuiLe. LLles He BbipakeHa. Ha yTONLEHHOM r0N0BE PAcMoNOKeHbI HO3APH,
Co0BLIAIOILMECA C POTOBOM MOMOCTLIO. Yepes HUX NPy AblXxaHUM BO3AyX nonajaet
B POT, @ 3aTem B ferkue. [Nasa CHaBXeHbl NOABUMXHbIMM Bekamu. Mosaau
17133 PaCroNioeHbl OPraHbl CNyxa, COCTOAWME W3 CPeAHero yxa, 3aKpbITOro
6apabaHHOl NePenoHKOM, 1 BHYTPEHHErO yxa — CNYXOBOIA Y/UTKM, B KOTOPO#
pacnonoxeHbl Cnyxosble peuentopbl. B cpeaHem yxe pacnonoxeHa oaHa
CNyX0Bas KOCTOUKA, MHOFOKPATHO YCU/IMBAIOLLAA 3BYK.

Ckenet umeeTt 6 OTAENOB:
yepen,
NO3BOHOYHMK,
NoAC NepeaHUX KOHEUHOCTel,
NOAC 3aIHUX KOHEYHOCTEN,
nepeAHue KOHEYHOCTH,

npwNE
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6. 331HME KOHEUYHOCTH.

MoABMXKHBIE KOCTM CKeNeTa COYMEHEHbl CycTaBamu. Mosroas 4acTb
yepena MaseHbKas, 4YTO TOBOPUT O CNABOM pPasBUTUM MO3ra. MMO3BOHOUHMK
KOPOTKMIA M COCTOUT M3 IWENHOrO, TYJIOBUILHOMO, KPECTLOBOTO M XBOCTOBOTO
oTaenos. LUeiiHbi U KPecToBbI OTAE/bl MMEIOT BCEro MO OAHOMY MO3BOHKY,
4TO NO3BO/AET KMBOTHBIM HEMHOO OMycKaTb roosy. MoAca KoHeuHocTew
CNyKaT Ans NPUKPENIEHNUA KOHEYHOCTEN K MO3BOHOUHMKY M OBecneveHns ux
NOABUKHOCTK. B COCTaB Nosca NepeaHMX KOHEUHOCTEN BXOAAT K/IOYNLA, BOPOHb
KOCTb 1 MapHble 10NaTKM, Ta30BbIV MOAC NPeACTaBNeH TPEMA Napami 3NEMEHTOB:
NoAB3A0LWHOIA, NOBKOBOW 1 CEAANMNLLHOM KOCTU. [PYAHOM KNETKU Y 3MHOBOAHBIX
HeT, T. K. pe6pa He10pa3BuTLI.

Mbliwe4Has cucTema CI0XKHee, Yem y pbib, 1 COCTOMT W3 PasHbIX FPyMN MblluL,
¥ 6ECXBOCTbIX 3eMHOBO/HbIX HaMBO/IEE PA3BUTbI MbILLILb! 33/3HMX KOHEUYHOCTEA.

[lbIXaHne OCYILLECTBAAETCA YEPe3 BAAXKHYIO KOXY 1 Nerkue. [InA yBnasHeHus
KOMM KOMHBIMU KeNe3amu BblAENACTCA CAM3b C GaKTEPULMAHBIM CEKPETOM.
Baox M _BbIAOX MPOMCXOAMT B pesynbTate COKpalleHUA W paccnabnequs
6ploLWHOM MyCKynaTypbl. Pa3suTie HACTOALLMX NETKUX MPUBENO K YCAOKHEHMIO
KPOBEHOCHOW CMCTEeMbl M MOABAGHMIO BTOPOTO Kpyra KpOBOOGpalyeHus.
B CBA3W C 3TUM YC/IOMHWIOCH M CTPOEHME CEPALA, OHU CTAN0 TPEXKaMepHbIM
(nBa npeacepama v xenyaouek). Kposb B enyaouke cmeleHHas. Mo manomy
KPYry KpOBOOGpAlleHWNA BEHO3HAA MOPUMA KPOBU ABUXKETCA W3 HKeNyAouKa
cepaua K, NIeTKMM, BO3BpAlLAeTCA B /ieBoe npeacepane, oboralieHHas
KMC/I0POAOM. [lanee NOCTynaeT CHOBA B e/yA04eK, CMELNBALTCA C BEHO3HOM
KPOBbIO W BbIOpaChIBaeTCA Yepes apTepun K opraHam no Gosnbwomy Kpyry
KpoBOO6Y I'Yucroit aptep! 0i1 KPOBbIO Ci A1, TO/IbKO MO3T.

NArywkun

K opraHam Bbiie/ileH1A OTHOCATCA MapHbIe MOYKM U MOYETOUHNKM, MOYEBOIA,
ny3bipb. MOYKM MO NPOUCXOKAEHMIO NEPBUYHBIE, MO PACMONOKEHNIO —
TYNOBULHbIE. V13 MOYEBOTO My3bIPA MOYA YAANAETCA YEPes KAOaKy.

NuuesaputenbHas cuctema amduBUMiA BO MHOTOM CXOZHA C TaKoBOW PbI6.
KuieuHnK 3akaHumMBaeTCA KNOAKOM, Kyaa BMajaloT NPoTokk Mouyesoro nysbips
M NonoBbix *enés. [1o6biy GecxBocTble 3eMHOBOAHbIE NOBAT C NOMOLLbIO
JIMMKOTO A3bIKA W 3a1N1aTbIBAIOT Lie/IMKOM. MULLedi CAYAT B OCHOBHOM HaceKomble,
MONIIOCKM.

HepBHasa  cuctema  amdpubuit  cocToUT M3 Tex Ke  OTAENOB,,
4TO U, y pbib, A0 MEPeHUI MO3r PasBUT CU/bHEE, B HEM MOXHO Pa3ininUTb
6onblume nonywapus. MO3XKeEUOK, OTBEYAIOWMA 33 KOOPAUHALMIO ABUKEHUIA,
passuT cnabee, T.K. ABUKEHNA 3EMHOBOAHbBIX HE OTAMYAIOTCA pasHOOGpasvem.
AMbUBUN ABNAIOTCA PAasHOMO/BIMM, XKUBOTHBIMM, OM/IOIOTBOPEHNE Hapy¥KHOE.
Camka Me4yeT B BOAYy MKPY, Camel, OfHOBPEMEHHO BbIMYCKAaeT CeMeHHYIo
NAKOCTb. 060/104Ka ONNOAOTBOPEHHON MKPbI HabyxaeT u ynaoTHAeTCs. CPoKM
PasBUTMA IMYMHOK M3 WKPbI 3aBUCAT OT TemnepaTypbl OKPYMKaloWen cpefpl.
[ns amdubuit xapakrepHo passuTne ¢ meTamopdo3om. JIMYMHKA NATYLIKM —
rON0BACTUK MMEET HapyHble abpbl, OANH KPyr KPoBOOBpalileHUsA, BOKOBYIO
JMHWIO 1 XBOCTOBOM NaBHUK, 4TO YKa3biBAeT Ha MPOMCXOKAEHME 3eMHOBOAHbIX
oT pbi6.
K oTpagy XBocTaTble 3eMHOBOAHbIE OTHOCAT TPUTOHA, CanamaHApy U Ap.
OHM MMEIOT Pa3BUTHIN XBOCTOBOM OTAEN B MO3BOHOYHMKE. Y MHOTUX BHYTPEHHEe
0N0/0TBOPEHHE. B OCTaNbHOM OHM CXOXKM C ADYTUMMU 3€MHOBOAHBIMM.

Knacc Mpecmbikatowmecs (Pentunum unm lagoi)
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BONbLWNHCTBO PeNnTUANA — Ha3eMHble XMUBOTHbIE, HO HEKOTOpble BUAbI
obuTaloT B Boge (MOpcKkue uepenaxu, 3men). Teno KMBOTHBIX, KaK Mpasuso,
pasjeneHo Ha ronosy, TYOBUWE W XBOCT W MOKPBITO POrOBbLIMM YellyiKam
VAW WNTKaMM, X o1 KOTO BO3/1ECTBUA U BbICHIXaHNA.
Takoi NOKPOB MelwaeT pocTy Tena. Mo3Tomy HeKOTOpble MpecmbiKatowmecs
nepuoAnYeckn IMHAIT. Koa penTuauii He UMeeT xenes U abconioTHO cyxas,
OHa He Y4acTByeT B AblXaHWW. Ha ronoBe pacronokeHs! rMasa ¢ ABYMA BeKaMu
M MUraTeNbHOW MepenoHKoi (TpeTbe BEKO). Y 3Mel BEKU CPOCAMUCh U CTanu
npo3payHbiMu. M03aau a3 HaXOAATCA OPraHbl CAyXa, COCTOALLME U3 BHYTPEHHErO
1 CPefHero yxa.

CKeneT MMeeT Te e OTAE/b, YTO Uy 3eMHOBOAHDIX. [T03BOHOYHMK BK/lO4aeT
PasBUTLIN WeMHbINA, rPYAHON, MOACHNYHBIA, KPECTLOBbIN M XBOCTOBOW OTAENbI.
TpyAHOI 0TAEN MO3BOHOUYHMKA 06Pa30BaH NO3BOHKAMM C PasBUTLIMM pebpamu
1 TPYAVHON. [PYAHAA KNETKA 3aWMLLAET BHYTPEHHUE OpraHbl OT MOBPEXAEHNA.
Y 3meit, B CBA3N C WX CNOCOBOM MepemelleHus, HEeT TPYAHON KAETKn
1 KOHeyHoCTeli. Y yepenax pe6pa cpacTaioTca ¢ naHuupem. B naeuesom nosce
NPECMbIKAIOLMXCA COXPAHACTCA BOPOHBA KOCTb. Mneuesble 1 6eapeHHble KoCTh
pacnonaraioTca napanieNbHo NOBEPXHOCTM 3eMAM, MO3TOMY Teno nporubaetca
1 BONIOYMUTCA MO 3emAe (Kpome yepenax 1 3mei).

NuieBapuTeNbHas W BbIAENUTENbHAA CUCTEMbI  CXOAHbI C TaKoBbIMM
Y 3eMHOBOAHbIX. BO PTy Y MPECMBbIKAIOWMXCA eCTb A3blK (OpraH ocA3aHMA
1 BKYCa) W C/IIOHHbIE 3Kefie3bl. MIHTEHCUBHOCTL 0BMEHHbIX NPOLLECCOB PenTUAMit
3aBMACMT OT TeMnepaTypbl OKpyaloweil cpeapl. Jlerkue npecmbikatoumxca
XOPOLWO Pa3BUTbI, OHU UMEIOT AYEMCTOE CTPOEHME, yBeNnuMBaloLLee NaoWab
rasoobmeHa.

[pixaHne  npoucxoaut  6narojaps  M3MeHeHuio  obbema  rpyAHoit
KNeTKW, B pesynbTaTe COKPAWEHWA AbIXaTe/bHbIX Mbllil, Bosayx nonagaet
Yepes HO3/1py B POTOBYIO MONOCTb M OTTY/a B TPaxeto U BPOHXM, a 3aTeMm B N1erKue.
Bo34yXOHOCHbIE MyTu (6pOHXM 1 TPaxen) NOABNAIOTCA B CBA3N C YA/IMHEHMEM Weu.

OnnoAoTBOpeHMe y  penTAMii  BHyTPeHHee. B opraHusme camkw
pasBMBaIOTCA ANLA, KOTOPbIE OTKNaAbIBAKOTCA Ha Cyle. 3apoAblw pasBuUBaeTCs
3a CYEeT MUTATe/IbHbIX BELECTB AMLA W BLIXOAUT Hapysy MPUCOCOBAEHHBIM
K CAMOCTOATE/IbHOMY CYLLLECTBOBAHMIO.

Knacc MpecmbiKaloLecs BKIOYAET TPU OCHOBHBbIX OTPAZA:

* YewyiyaTble (ALEPULBI, 3MeW, BapaHbl, arambl),

e Yepenaxu,

* Kpokogunbl.

Knacc Mruypbi (MepHatbie)

MTMUbl — BbICOKOOPraHW30BaHHbIE MO3BOHOYHblE. WX Teno MoKpbITO
nepbAMM, NepeHne KOHEYHOCTU BUAON3MEHEHbI B KPbINbA. IMEIOT NOCTOAHHYIO
Temnepatypy Tena, Kotopan 06ecrneynBaeTcsi MHTEHCUBHBIM OBMEHOM BELLECTB.
MUl 0613 43K0T CAIOMKHBIM MHCTUHKTUBHBIM NoBeAeHueM. U3BecTHo okono 9000
BU/0B NTUL,.

MtMubl OTAMYHO npucnocobneHbl K nonety: Teno obTekaemoin ¢Gopmbl,
obneryeHHbIit CKeeT, BO3AylHbIe MewwKM B NeTkux 1 Ap. Ha ronose nruu, ectb
napa rnas, nosag| KOTOPbIX PacnoNOMeHbl OpraHbl CAyxa. [Masa 3awuiieHbl
[ONONHUTENbHBIM TPETbUM BEKOM. MTULbI 06/13AaI0T OYEHb OCTPbIM 3PEHMEM.
VX0 COCTOMT U3 Tpex OTAENOB: HapY¥KHOTO, CPEAHEro W BHyTpeHHero. Yentoctn
BbITAHYTbI B K/IIOB M OJ€Tbl POTOBbIM MOKPOBOM. POpMa M pasmepbl K/ioBa
3aBUCAT OT XapakTepa ynotpe6aaemoit nuuiy. B k1l0Be pasnnyaloT Haak/ioBbe
(BEpXHAA 4aCTb) U NOAK/IOBbE (HUKHAA YaCTb).
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MepbeBoit NOKPOB NTUL, COCTAB/IAIOT KOHTYPHBIE U NYXOBbIe Nepba. KOHTypHbIe
nepbA UMEIOT MPOUHbINA CTEPIKEHb, HUKHAA YaCTb KOTOPOTO (OYWH) MOrpyxeHa
8 KOXY. LLIMpoKan YacTb nepa — Onaxano cocTout U3 6opo/oK 1-ro v 2-ro NopAaKa,
cuenneHHbIX Mexay coboii Kproyoukamu. Cpeaun KOHTYPHBIX Nepbes pasnuyaot
pynesble, yyacTsylolMe B YNpaBieHWM NONETOM, M MaxoBble, obpasyiouine
NOBEPXHOCTb Kpblibes. M0g KOHTYPHLIMM MepbAMM PAcnoNOKeHbl MyXOBble,
MMEIOLLME TOHKWI CTep)KeHb 1 GOPOAKN nepBoro nopsaka. OHU CNocobCTByioT
COXPaHEHMIO MOCTOAHHOM TeMnepaTypbl Tena.

Koxa nTWL Ccyxas, AWlWeHa JKenes. Y OCHOBAaHWA pPyNeBbIX Mepbes
pacnonokeHa oiHa KOMUMKOBAA Ke/esa, BbIAENAIOLAA MACAAHUCTYIO HKIUAKOCTb.
NT1Ua cMasbiBaeT elo nepbs, NPeAOXPaHAA MX OT HAMOKaHMA.

KocTi ckeneTa TOHKMe M NpouHble. MonocTn TpyBuaTbix KOCTeH 3anosHeHb!
BO3/lyXOM, 4TO 06s1eryaet noneT nTu,. LLeiiHbIl 0T4en N03BOHOUHMKa 06pasoBaH
6OMbIWMM  YMCIOM  MOABMMKHBIX MO3BOHKOB. [lOACHUYHbIE U KPeCTLOBblE
NO3BOHKM NPOYHO CPOCAMCH U CAIYXKAT OMOPON TynoBuLly. K rpyAHbIM NO3BOHKAM
npukpenAloTcA  pebpa, 06pasya C rPyAMHOW TPYAHYIO Knetky. [pyauHa
MMEET BbIPOCT — KWJ/ib, K KOTOPOMY KPEMATCA rpyAHble Mbllilibl, NPUBOAALLNE
B [IBV)XXEHWE KPblibA. Yepen MMeeT AO0CTaTOMHO KPYMHYIO MO3rOBYIO KOPOBKY
C BO/IbWIMMM [Na3HULAMMN U BbITAHYTHIMW KOCTAMM YEIKOCTEN, IMLEHHbIMM 3y608.

NuueBapuTenbHas cucTema MWL, HauuMHaetca prom. [lanee nuuwia
nonagaet B rMOTKY, MULIEBOA W B €0 PacuMPeHHYIo YacTb — 306 (ocobeHHOo
passuT y 3epHoAAHbIX). B 306e NWia pasmAryaeTca W MOCTYNaeT B XKeNy/oK,
COCTOAUMIA M3 ABYX OTAENOB: ENe3UCTOT0 M MYCKYJbHOTO. B jxenesncrom
KeNyAKe  NuWa  NoABepraeTcA  AENCTBMIO  MUUIEBAPUTENbHBIX  COKOB,
a B MYCKYIbHOM — MepeTUpaeTcss C MOMOLLbIO MPOTIOYEHHbIX HEBO/bLINX
KaMeLLKOB. Y NTULL, COXPaHAETCA KN0aKa, KyAa NOCTynaeT HerepeBapeHHas nuua,
MOYa 1 N0/I0BbIE MPOAYKTI.

Jlerkne NTUL, OTIMHAIOTCA CIOXKHBIM ry64aThim CTpOeHWeM. Bxoaalume B nerkue
6POHXM MHOTOKPATHO BETBATCA 1 3aKaHUYMBAIOTCA B NOIOCTAX, a8 HEKOTOPbIE, BbIAAA
13 Nerkunx, paclumpaioTca, 06pasys Bo3zywwHble MewKu. baarogapa Bo3ayLHbIM
MeLKaM Y MTUL, OCYILECTBAAETCA ABONHOE AbIXaHWe, W BHYTPEHHME OpraHbl
OXNa/[AIOTCA BO BPeMA noseTa. [lbiXaHWe OCYWECTBAAETCA pacluMpeHuem
M CyKEHUEM FPYAHON KNETKW NPW MOMOLIM MbILIL, NPUBAMNKAIOWMX TPYAUHY
K MO3BOHOYHMKY. B moneTe fpixaHue ocyuiectBasetca 6Gnarogaps B3maxam
KPbI/IbeB, NPY 3TOM BO3/lLLIHbIE MELKI PACTATMBAIOTCA, U B HUX NOCTYNaeT BO3/yX
U3 Nerkux. I'Ipm OMNYCKaHWU KPbl/IbeB MELWKN CUMAKOTCA, U BO3AYX U3 HUX CHOBA
yepes NIerkne BbIXOANT HapyKy. Takum 06pa3om, KUCIOPOA ABAKAbl NOMIOLLAETCA
8 /IETKUX — MPU BAOXE U MPU BbIAOXE.

Y nTiy  4YeTbipexkamepHoe Cepaue, COCTOUT M3  ABYX NPeacepauit
M [IBYX JKeNy[OuKOB. JleBas MONOBMHA CEPAUA COAEPXKUT apTepuanbHylo
KpOBb, a NpaBas — BEHO3HYI0. [IBUXKEHUE KPOBM MPOMCXOANT MO ABYM Kpyram
KpoBOOGpalleHna — Manomy W Gonbomy, HUrAe He cMmewmsaacb. OpraHbl
BbIAENIEHUA — MapHble NOYKM. OT HUX OTXOAAT MOYETOUHWKM, MO KOTOPbIM
MoYa nocTynaer B Ka0aky. Mo4YeBOil My3bipb OTCYTCTBYET, YTO OBAeryaer Bec
nTUL B nonete. fONOBHOM MO3M MMEET CUBHO Pa3BUTbIE MO3XKEUOK 1 Gonblune
nonywapua (ocobeHHo 3puTenbHbie Byrpbl), YTo 06ycnoBAEHO 6onee CNOKHBIM
nosezieHMem NTuL.

MTMUbI Pa3aenbHONONLI. Y CaMUOB NapHble CeMEHHMKM, a Y CaMOK — OAWH
ANYHUK. OT NONIOBbIX KE/E3 B KN0aKY TAHYTCA CEMANPOBOAbI UM ARLEBOA. Alua
CO3peBaloT M NpuobpeTaloT 060/104KM, NOCTENEHHO NPOABMIanCL Mo ANLEBOAY
camKu. fNILO COAEPXKMT KENTOK C GONbLIMM 3aNacoM MUTATe/IbHbIX BELLECTs,
OKPYKEHHbIN KMAKUM BeNKomM M WM3BECTKOBOW CKOp/ynoit. Ckopayna umeet
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nopbl, Yepes KoTopble cBOGOAHO NPOXOAMUT BO3AyX. CHapyXKM CKOp/yna NoKpbita
TOHEHbBKOW MNIEHOUKOM, 3aLMLIAIoLLeH OT NPOHUKHOBEHMA B ANLIO MUKPOBOB.

Ha paHH1X CTaauAX pa3BUTUA 3apO/bIll NPOABAAET CXOACTBO C PENTUAUAMM
M APYrMMM HU3LWMMM NO3BOHOUHBIMM, Y4TO roBOPUT 06 WX poacTse. Ha Gonee
NO3/IHMX CTaAMAX PA3BUTUA 3aPOABILL NPUOBPETAET NTUYbLK YepThl. B 3aBUCUMOCTH
OT YPOBHA Pa3BUTUA Pa3NNYAIOT BbIBOAKOBbIX M FHE3/0BbIX NTEHLOB. Mepsble
BbUIYN/AIOTCA OMyLIEHHbBIMM, 3PAYUMM, CNOCOBHBIMM CAMOCTOATENLHO NUTATLCA
M CneAoBath 3a MaTepblo. BTOpble MOABAAIOTCA Ha CBET CAEMbIMM, TOMbIMK,
HECNOCOBHBIMM MUTATbCA CAMOCTOATENLHO.

B omMuMe OT penTunuii, NTUUbI ANA BbiBEAEHMA NTEHLOB HaCUMMBaAIOT
Alua. fAiua HacuxMBaeT oaMH W3 poauTeneil uau oba nonepemeHHo. Bce
NTULbI 3a60TATCA O NOTOMCTBE: HAaXOAAT A/IA HEro KOPM, COTPeBaloT, 3aluuMLaioT
OT XMLLHWKOB 1 0BYYaIOT /1eTaTh MTEHL0B.

MHorue BuAbl MTUL, BeAYT Kouylowmi 06pas sM3HM B MOMCKaX KOpMma,
a HeKoTOpble BUAbI COBMPAIOTCA B CTau M y/eTaloT OCeHblo B Gonee Ternible
Kpan Ha 3UMOBKY, Ka/yio BECHY BO3BPALIAACh B CBOW rHe3A0BbA. Takux NTuL,
Ha3bIBAIOTCA NePeNeTHbIMM.

OCHOBHbIE OTPAAbI NTULL

KypuHble WUMEIOT CUAbHblE HOTW, KOPOTKME LWMPOKME KPblibA, KOPOTKWUM
CUNIbHBIA K/I0B, BbIBOAKOBbIN TUM NMTEHLIOB; NOAET TAMENbIA; 06UTaloT B Necax,
cTensx v NycTbiHAX (TeTepes, pAGUMK, MHAENKA).

Bogonnasaioue NTALUBI MMEIOT HOTM C NjaBaTelbHbIMW NepPenoHKamu,
HECKOJ/IbKO OTCTaB/IEHHbIE Ha3a/, YNNOWLEHHBIN K/IOB, C MOMEPeyYHbIMIA POTOBbIMIA
3y6umnKkamu, 06pasyloWUMI LieAK/IbHbIA annapat, NoTHOe OnepeHue; passuTa
KOMUNKOBAsA }KeNe3a; NTEHLLbI BbIBOAKOBbIE (YTKM, rycH). [JHEBHbIE XMULHBIE NTULLbI
MMEIOT HOTU C BONBLIMMM OCTPBIMM KOTAMM, U3OTHYTbIN KPIOYKOBUAHBIN K/1I0B;
NTeHUbl rHe3A0Bble (ACTpebbl, COKOAbI).

HOUHbIE XMLHWKN MMEIOT HOTM C OCTPbIMM 3arHyTbIMW KOTTAMM, 3arHyTblit
KMIOB, MAKOE pbIXOE OnepeHue, o6palieHHble Bhepes [nasa; NTeHUp!
rHe3/oBble (COBbI, GUANHBI). CTEMHbIE MTULLI MMEIOT XOPOLIO PasBuTbIe HOTW,
AMHHYIO LIeI0; MTEHLib! BbIBOAKOBbIE (CTpaychbl, Apodbl).

MTULBI OTKPBITHIX BO3/YLIHBIX MPOCTPAHCTB OTAUYAOTCA GbICTPLIM U NIerkUM
NO/IETOM, UMEIOT Y3KME KPbI/IbA U Pa3ABOEHHbIM XBOCT (CTPMXKM, N1ACTOUKM).

1. NTuubl 6010T U Nobepexuii UMeT [/IMHHbIE TOHKUE HOMU U LWelo,
B60oNbLO KAOB; Nyx crnocobeH n TbCA B HEC i NOPOLUOK,
KOTOPbI BMECTe C KMUPOMOAOGHBIM BELIECTBOM KOMYUKOBOI Kenesbl Aenaet
HENPOMOKaeMbIM NEPLEBOV MOKPOB (Lianu, aucTel, Bbink).

2. BopobbuHble — Ha HOrax nepebliii naneu, obpalieH Hasag; CTpoeHue
KpbiNbeB M K/Nl0Ba PasHOOGpasHble; MTeHLbl rHeszoBble (BOpobbM, Apo3abl,
YKaBOPOHOK).

3. [iaTnosble — ABa NanbUa Ha Horax oBbpalueHbl Hasag, ABa — Bepes; XBocT
NOAOTHYT U CAYSKUT ONOPOIA NPY BEPTUKA/IbHOM MOCAZKe Ha CTBON epesa; K/IoB
[0710TO06Pa3HbIN.

Knacc Maekonutatowme (3sepu)

MneKOnMTaIOU.LMe — TeNNOKPOBHblE NO3BOHOYHbIE XMBOTHbIE C Pa3BUTbIM
BOJIOCAHbIM MOKPOBOM W BCKapmauBalwwme CBOUX AeTeHbII.LIeFi MOJIOKOM.
Cepalue Yy HMX 4eTblpexkamepHOe, XOpPOLWO PasBMTa LEHTpanbHaa HepsHas
cucrema. ,CLHR 3TOr0 KNacca XapakTepHO XMBOPOXAEeHUE U 3aboTa o notomcree.
EOﬂbLIJMHCTEOMneKOI'IMTaPOLLLMX—‘-IeTBepOHOI'ME)KMBOTHhIE,yKOTOphIXTyIIOBMLLle
BbICOKO NMOAHATO Hapj SEMﬂeﬁ, 2 KOHEYHOCTM pacnonaraktoTca nog TynoBuLLEem.
Takoe cTpoeHue Tena crnocobersyeT 6onee c HHOMY N 0

40




MX Mo cywe. Y MNEKOMUTAIOWMX XOPOLWO BbIPAXEHa LeA, YTO Mo3sosiAeT
roN10Be UMeTb BONbIIYIO CTENEHb MOABUMHOCTU. BONOCAHON MOKPOB Ha Tene
HEOAHOPOAEH. MOALIEPCTOK — MATKIUW TOHKNI BOOC, HE MMEIOLLMIA BONOCAHDIX
JIYKOBULL B KOME, CAYMAWWA AnA coxpaHeuus Tenna. OcTb — rpy6biit Bosoc,
3alUMLAIOWMIA TENO OT HaMOKaHMA M MOBPEXAEHNI U UMEIOLMI BONOCAHbIE
JIYKOBMUbI B KOXE. BONIOCI COCTOAT M3 POroBOrO BewWlecTsa, Kak nepbA MUy,
M YEWYMKM Y NPEeCMbIKAIOWMXCA. POroBbIMI 0BPa30BaHUAMMU ABAAIOTCA KOITH,
HOITM, KOMbiTa M pora. Koxa 3Bepeit 31acTUyHa U UMeET ca/ibHble W MOTOBble
enesbl. MoToBbIE Kenesbl BbIAENAKT MOT, CXOAHBIM MO XMMUYECKOMY COCTaBY
c MoYoi. MoT, cnapAnAck, NPeoXpaHAET Teo OT neperpesa. MeuyHble xenesbl
€CTb TO/ILKO Y CAMOK 1 ABAAIOTCA MPOMU3BOAHBIMM NOTOBbIX esle3.

B cBA3M C NPUCNOCOBACHMEM K NEPeABIKEHNIO B Pa3HbIX CPesiax KOHEYHOCTH
Y MIEKONUTAIOWMX UMEIOT pasHylo Gopmy. Hanpumep, y KUTOB U AenbGUHOB
KOHEYHOCTU M3MEHEHbI B 1aCTl, @ Y IETYUYMX MbiLLE — B KPbl/bA. PaCnoNoKeHHble
BO PTY MNEKONMUTAIOWLMX 3yBbl AUdEPEHLNPOBaHDI Ha PE3Lbl, K/bIKI 1 KOPEHHbIe
3y6bl. CBEPXy OHM MOKPbITbl 3MaNblo. [Nasa WMEIOT BEKW C PecHULamu.
MuraTenbHan nepenoHKa (TpeTbe BeKo) HesopassuTa. 3peHine passnTo crabee,
yem y N, OpraHbl CAlyxa COCTOAT W3 HaPYXXHOTO yXa, YNaBiNBaAoOLLErO 3BYKM
C NOMOLLYBIO YLWHOM PaKOBUHbI, CPEAHErO yXa 1 BHYTpeHHero. Cayx u 06oHsAHMe
XOPOLLO Pa3BUTLI MOYTK y BCEX MAEKOMUTAIOWMX. OpraHbl OCA3aHWA HaXOAATCA
Ha KOXe. DTy pO/ib BbINONHAIT BMBPUCCHI — /JIMHHbIE HKECTKME BONOCHI,
pacnonoxeHHble Ha 6poBsX, Liekax, NoAGopoaKe U rybax.

CKeneT MIeKONMUTAIOWMX UMEET HECKO/MbKO OTAenos. B weitHom otaene
npenmMyLLIecTBEHHO 7 MO3BOHKOB, B rpyAaHOM oTaene -12-15 nO3BOHKOB
¢ pe6pamu, 06pasyioLMmMu rpyAHYIO KNETKY. MaccuBHbIE MO3BOHKM NOACHUYHOMO
oTAena MOABMMKHO COYNeHeHbl mexay coboi (2-9 nossoHKos). Kpectuosbiit .
OT/Ie/ CPACTAETCA C KOCTAMM Ta3a (3-5 MO3BOHKOB), @ YAC/O MO3BOHKOB XBOCTOBOTO
OT/AleNa 3HauNTeNbHO BapbMpyeT. N0AC NepeiHNX KOHEYHOCTEl COCTOMT U3 Nonan»
M K04MLL. Y MNEKONMTAIOWMX XOPOLO Pa3BUTLI MbllLLbI CTIMHbI, HOT W NOACOB
KOHeuYHoCTeil.

TMocne NpornaTbiBaHWA MULLA ABUKETCA MO NULLEBOAY B KENYAOK, [Ae HaunHaeT
nepesapuBatbeA. Y BGOMbLIMHCTBA MIEKOMUTAIOWMX KENYAOK OfHOKAMEPHbI
(KpOMe BauHbIX). B €ro CTeHKax HaXxOAATCA e/esbl, BblACNAIOWME KeNY/A0UHbIN
COK. KMIWEYHUK MO/pa3aenseTca Ha TOHKUI W TONCTbIN OTAenbl. B HauanbHOM
oTAene TOHKOW KWILKM (4BEHAAUATUNEPCTHON KUWKe) nuua nozsepraetca
00paboTKe COKaMMU MOAXKENYAOYHOW Kenesbl M neyeHu (Kenub). B TOHKOM
KULWEYHUKE MPOUCXOAUT BCAaCbiBAHME MUTATE/IbHBIX BEWECTB M3 KMLWEYHUKA
8 KPOBb W IMMy. OCTaTKN HenepeBapeHHOM MUY YAANAKOTCA Yepes aHanbHoe
OTBEPCTME, KOTOPbHIM 3aKaHYMBAETCA MPAMARA KUWKa. [lpixaHWe /ero4Hoe,
BAOX W BbIAOX CC cAa 3a Cyer pebepHbix Mol U Anadparmbl —
MYCKY/IUCTO NeperopoaKn Mexay rpyaHON 1 6PIoWHOMN NONOCTbIO.

Cepaue MNeKoNUTalWMX YeTblpexkamepHoe, Kak Yy NTUl, W BeHO3Has
KPOBb HE CMELWBAETCA C apTepuabHOil. KpoBb ABMXKETCA MO ABYM Kpyram
KpOBOOGPaLLEHNA.

OpraHbl  BbIAENEHMA  MEKOMUTAIOWMX ~ —  BTOPUYHbIE  MOYKM,
MOYETOYHWKN M MOYEBOM My3bipb. A30TcoAEpXKaluMe NpodykTbl MeTabonmama
OTOUNLTPOBLIBAIOTCA W3 KPOBW B MapHbIX Moykax, 60608uaHON dopmbl. Moua
COOMPaeTcA N0 MOYETOYHMKAM B MOYEBOI My3bipb. KNOaKM y MAeKonuTaowmx
HET, XOTA Y NepBO3BEPEN OHa ellle COXPaHMAACk.

CoBepLIEHHOE CTPOEHWE KPOBEHOCHOW, _/bIXaTeNbHOM, BbIAEAUTENbHOM
M ApyrMX  cucTem obecneunBaeT BbICOKMN ypOBEHb OBMeHa BeliecTs,
4TO CNOCOBCTBYET NOAAEPIKAHMIO TEMNEPATYPbl TeNia Ha ONpeaeeHHOM YPOoBHe
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(37-38° C). HepsHas cucTema UMeeT CNOKHOEe CTpoeHue. OCOBEHHO CUNbHO
passuTa Kopa ro/I0BHOTO MO3ra.

ONo0TBOPEHUE Y MIEKOMUTAIOWMX BHYTPEHHEE M MPOUCXOAMUT B MapHbIX
ANLEBOAAX, KyAad W3 AWYHWKOB MOCTYNAlOT ANLEKNETKU. Y NAaLeHTapHbIX
MAEKOMUTAIOLMX 0nN0/0TBOPEHHaA ANLEeKneTka npukpennaetca
K CTEHKam 0COBOro MbILWEYHOTO OpraHa — MaTKW, rAe W NPOUCXOAUT pa3suThe
3apogplua. B MecTe MpUKpenneHus 3apofblla K CTeHKe maTku popmupyercs
nnaleHTa — /eTcKoe MeCTo, FAe KPOBEHOCHbIE COCYAbl MaTepy CONpUKacalTCs
C KPOBEHOCHBIMM COCYAaMMW 3apojpiia. Yepes KpoBb OT MaTepy 3apogpill
no/y4aeT nuTaTe/IbHbIe BELLECTBa, KUC/IOPOA U YAANAET NPOAYKTbI MeTabo/n3ma.
Takum 06pasom, Byayuinit eTeHbill HaeHO 3aLumlieH MaTepblo 1 obecneyeH
nuUTaHMeMm, HeOBXOAMMBIM AR €ro PasBUTHA.

CoBpemeHHble MIEKONUTAIOLME NOAPA3AENATCA Ha 19 OTPAA0B.

oTpAAb

* HaceKomoAaHbIE MMEIOT CpeAHME UM ME/IKME Pa3Mepbl TeNa, OAHOTUMHbIE
1 ocTpobyropyatbie 3y6bl, BbITAHYTbIA B XOGOTOK NepeHUit KOHeL, ronoBbl (KpoT,
eX, 3emnepoiika).

© PYKOKpbI/ble UMEIOT BUAOM3MEHEHHbIE B KPbL/IbA NEPeaHNEe KOHEYHOCTH,
TOHKME W JEerkMe KOCTW, KWib Ha rpyauHe, cnaboe 3peHue; B nonete
OHU OPUEHTUPYIOTCA C NOMOLLBIO YIbTPA3BYKa; Ha 3UMY BMAZAIoT B CIAYKY (yiuaH,
KOXaH, pbhKas Be4epHULa).

o TPbi3yHbl WMEIOT TeNo MeNKMX WM CPeaHUX PasmMepos, CUAbHO
passuTble, NOCTOAHHO PacTyliMe pesiibl; 061a4alT 6ONbLWON NNOA0BUTOCTLIO;
ANA MHOTWX XapaKTepeH [A/IMHHBIA KUWEYHUK C CUAbHO PasBUTOM CAemnoi
KULLKOM; MPeMmMyLLecTBEHHO TpaBoaaHble (6enka, 606p, CycauK, Mbilm, KpbiCbl).

* 3aiilleobpasHble MMeloT ABe Napbl Peslos, pasmepbl Tesna HeGonbline
(3aAu, KpoAMK, NuLLyxa).

* XWLHbIE MMEIOT XOPOWO PasBuTble KAbIKM W XWlHble 3y6bl, XOpowWo
pasBUTbLI NEepeaHUi MO3r; MUTAKOTCA MPEUMYLLECTBEHHO MUBOTHOM mnuLied
(BONKM, MeaBeay, KyHULbI, TMI’pr).

e JlacToHOTMe BONblIYIO YaCTb KWU3HM MPOBOAAT B BOAE, PAa3MHONKAIOTCA
M NMHAIOT Ha Cyllle; KOHEYHOCTU BUAOM3MEHEHbI B N1aCTbl (MOPX, TIONEHb,
MOPCKOW KOTHK).

* KutoobpasHble }MBYT B BOAE, MMEIOT Te/I0 KPYMHbIX Pa3MepoB; nepeaHne
KOHEYHOCTW BUAOMU3MEHEHbI B N1aCTbl, @ 3aiHUE — OTCYTCTBYIOT; NEPeABUraloTCs
C NOMOLLYBIO MOLLHOTO XBOCTa; PasanyaloT 3y6aTbix KMTOB (KAalanoT, AenbduHbl)
M yCaTbIX KUTOB (CUHMIA KUT).

* TNapHOKOMbITHBIE UMEIOT TE/IO CPEAHMUX UM KPYTHbIX Pa3MEPOB, A/IMHHbIE,
OKaH4MBaloL|MNeCA YETbIPbMA NaNbLAMI HOTU; BTOPOIA M TPETUII Na/bLibl Pa3BuTbI
CUNbHEN M UMEIOT Ha KOHUax KonbiTa. PasnunyaloT BayHbIX MNapHOKOMbITHbIX,
KOTOPbIE BTOPUYHO MEPENKEBLIBAIOT MULLY U UMEIOT MHOTOKaMEpHBIM enyaoK
(KOPOBa, N10Ch), U HEKBAYHBIX UM CBUHOMOAOGHbIX, UMEIOLMX MACCUBHOE TeNo
C KOPOTKMMM Horamu (kabak, Geremor).

* HenapHOKOMbITHbIE MMEIOT KpyMHble pasmepbl Tena, HeueTHoe 4ucio
NanbLEeB C KOMbITaMy; y HEKOTOPbIX CW/bHEe Pa3BUT TpeTwit nanel (nowaap,
ocen, 3ebpa).

e Mp1maTbl MMEIOT Pas/uHble Pasmepbl Tena, CUAbHO Pa3sBUTYIO Kopy
60MbWKMX NONYWAPUIA, a3a, HanpasieHHble Brepes, Ha MNanbLax HOMM,
60nbIWION  Nanel, KUCTW NPOTMBOMOCTABAEH OCTalbHbIM Najnblam; Ccamoe
MHOTO4MUC/IEHHOE CEMECTBO — MapTbilKOO6pasHble, KOTOPOE BK/KOYAET MaKaK,
NaBMaHoB, MapTbIlLEK; K OTPAZY OTHOCATCA W YeN0BEKOOBPasHble 06e3bAHbI.
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3BONIOLYUA KMBOTHOTO MUpPa

Moa 3Bo/IOUMENt NOHMMAIOT —HEOBPAaTMMOE MCTOPUYECKOE —pasBUTUeE
OpraHM4eckoro MiUpa C MOCTENEHHLIM €ro YCAOMHeHNeM. POopMbl XKNUBOTHBIX
TaK e MEHANNCb Ha 3emne, Kak $OPMbl PacTeHUit M APYrUX OPraHu3moB.
[l0Ka3aTeNbCTBOM  3TOMY C/IY)KaT HaXOAKW MNaneoHTonoros. Mpu  packomnkax
B PA3/INYHBIX N/1aCTaX 3eMHOM KOPbI HaXOAMNN OKaMEHE/bIX )KUBOTHBIX, UX KOCTM
1 Lie/ble CKe/ETbI, KOTOPbIE YKa3blBa/N Ha TO, YTO XKUBOTHBIE TEX NEPUOA0B CUALHO
OTAINYANUCH OT COBPEMEHHBIX KMBOTHBIX. PU CPABHEHWUM CTPOEHWA PA3ANYHBIX
KMBOTHBIX BbIABUINCE MPU3HAKM CXOACTBA MEXAY HUMM, CBMAETENbCTBYIOUIME
06 MX poacTBe. BbIABNEHO, YTO MO3BOHOYHBIE KMBOTHbIE MMEIOT O6LMA NnaH
CTPOEHMA, O/IMHAKOBbIE CUCTEMbI OPraHOB, PasHOM CTENeHN CNOXHOCTU. Takum
06pa3’om, cpaBHUTE/IbHAA aHATOMMA TaKKe CBUAETEbCTBYET 06 MCTOPUYECKOM
PasBUTMM KMBOTHOTO MMPA.

Bonbuioe B npescT: 7 YUEHbIX O XKWUBOM NpUpoae
MMEET Hayka O 3apO/ibILIEBOM Pa3BUTUM )KUBOTHBIX — 3MBPUONOTUA. Ha poacTBo
M NPOMCXOMAEHME OT OBWIMX MPEKOB YKa3biBaeT MOpasuUTe/IbHOE CXOACTBO
PaHHWX CTaauit PassBUTMA 3apOAbILIEH XOPAOBbIX XMBOTHBIX, [awe 3apoAblwa
yenoseka.

3Tanbl 3BO/IOLUM XKUBOTHBIX

1. K nepsomy 3Tany OTHOCAT NOAB/NEHME NEPBbIX O/JHOKETOUHBIX }KUBOTHBIX,
OT KOTOPbIX NPOM30LLAN coBPpemeHHble CapkoaoBble, HKryTukosbie, UHdysopum,
CnopoBuKM.

2. OT APEeBHMUX KONOHMA/IbHBIX XKIYTUKOBbIX C FeTepOTPOGHBIM TUMIOM UTaHUA
NPOM3OLWNN APEBHUE MHOTOKNETOUHbIE [BYC/IOMHBIE OPraHWU3Mbl, C HAPY¥KHbIM
KTYTMKOBbBIM 1 BHYTPEHHUM — MULIEBAPUTE/IbHBIMU CIOAMN.

3.[lanee B8 Xofe 3BONMOLUWM  BOBHUKAU  TPEXCNOWHBIE  KUBOTHbIE,
npousolweawne OT  APEBHUX NPUMWTUBHBIX  ABYXC/OMHBIX  KMBOTHbIX.
OHM NpUOBPeNU MbIlEYHYI0 CUCTeMY M MapeHxXumy, KoTopble obecneunnm
CNOCOBHOCTL K MEpeaBuMKeHMio 1 GOPMUPOBAHMIO BHYTPEHHEN Cpeabl
opraHusma, ¢ 6onee coepLIEHHbIM 0GMEHOM BELLECTB. K NepBbiM TPEXCIONHBIM
YKMBOTHBIM OTHOCAT TUMbI MIOCKMX U KPY/IbIX YepBel. OT TPeXCAOMHbIX KUBOTHBIX
NPOM3OLINN KONbYATLIE YEPBM, OT APEBHUX KOMbYATbIX YepBei — MON/IOCKM
1 4nieHUCToHOTMe. OT NPUMMUTUBHBIX TPEXCNIOMHBIX HUBOTHbIX BEAYT CBOE Hayano
1 XOpZ10Bble KMBOTHbIE.

4. XopaoBble B MPOLECCE PasBUTUA NPUOBPENU PAag MPOrPeccUBHbIX YepT:
BHYTPEHHMUI CKENeT, HepBHYI TPYyBKy, COBEepLIEHHYIO Myckynatypy, 6onee
COBEPLUEHHYIO KDOBEHOCHYIO U BbIAGIUTE/IbHYIO CUCTEMBI.

AHATOMMUA U ®U3NOJTIOTUA YEJTOBEKA
061wmit 0630p opraHM3Ma YenoBeKa

AHaTOMWA, GM3NONOTMA U [UMMEHA 4YeNOBEKa COCTAaBAAIOT — OCHOBY
COBPEMEHHOW MEeAMLMHbI, MEAArorvKM, MCUXONOrMM. PassuTMe 3TUX Hayk
nomoraet paspabatbiBaTb GEKTUBHbIE METOAbI NPODUNAKTUKNA W NeyeHUs
3a6oneBaHMil YenoBeKa. 3HaHMA O CTPOEHMN W QYHKUMAX 4YeNoBEeYecKoro
OpraHM3Ma Mo3BONAET YenoBeKy cob/ioAaTb NPaBuna MHHOM rUrMeHbl, BbiTb
3[0POBbIM 1 GU3MUYECKU KPEMKMM.

OpraHusm — »WBaA CUCTEMA, XapaKTEPHBIMU YEPTaMK KOTOPOIt ABAAKOTCA
notpebaeHm1e sHepruM, 06MeH BElLLECTB C OKPYKaIOLLEeN CPe/oi, PocT, passuTie
M pasmHOmeHue. OpraHmusm npescTaBnAeT coBoi  CamoperyaupyloLlyocs
cMCTeMy, B3aMMOCBA3L BCEX OPraHOB M CUCTEM OpraHu3ma obecneyusaetca
ryMOpanbHOW U HEPBHOM perynaumei.
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lymopanbHaa perynauua ocylecTBAETCA C NOMOLLBIO FOPMOHOB U APYruX
BewecTs, KOTOpPble PAa3HOCATCA NO OPraHU3my C TOKOM KpOBU.

HepeHas perynsauua 6Gonee onepaTtuBHa, MO3TOMYy B3aumogeicTeue
OpraHoe € NOMOLWbIO HepBHOﬁ CUCTEMbI OCYLLEeCTB/IAETCA B COTHU pa3 6b|chee
N0 CPaBHEHWIO C TYMOPANbHOW perynauveit. HepBHbIE MMMYNbCbI HampaBaeHb!
K onpejeneHHbIM OpraHam U TKaHAM, 6blCTp0 peryampya ux COCTOAHWE
N 0eATeNbHOCTb.

HepeHas 1 rymopanbHas perynauum GyHKLMIA OpraHM3ma B3aumOoCBA3aHb.
Ha ¢yHKLLMOHMpOBaHMe HepBHOﬁ CUCTEMbl OKasblBalOT B/IMAHUA AKTUBHbIE
XMMUYECKUe BeLLecTsa, LLMPKYAMPVIOLLLME B NpMBM OﬁpaaosaHMe 3TUX BewecTs
perynvpyeTcs B CBOKo 04epesb HEPBHOW cucTemoit. Takum o6pasom, cyuwiecteyeT
efjMHanA HepBHO-TyMOpanbHaa perynauna GyHKUMIA opraHnsma. B coctas TkaHei
BXOAAT KNETKU, CXOAHbBIE MO CTPOEHUIO, MPOUCXOKAECHUIO U GYHKLMAM, @ Takke
MeXKNeToyHoe BeLLecTso. B OpraHM3me 4YenoBeKa pas/INYatoT YeTbipe OCHOBHbIX
TMNa TKaHem: 3NUTENINANbHYIO, COEAWHUTE/NIbHYIO, MbIWEYHYI0 U HEepBHYIo,
Ka)k[anA 13 KOTOPbIX BbIMO/NIHAET onpeaeneHHyo d)yHKLLVIIO4

TkaHn oﬁpaav»oT OpraHbl, KOTOpble 33aHMMAKOT MNOCTOAHHOE MNONOXKEeHWe
N WMelT onpeseneHHoe cTpoeHue. bnarogapa rymopanbHoi U HepBHO
perynauumM opraHbl GyHKLMOHANbHO B3aMMOCBA3aHbI M 06pasyloT cucTemy
opraHoB. Hanpumep, KpOBEHOCHbIE COCYApl U cepALe 06ecrneynBatoT TpaHcnopT
KuUCnopoaa, yrnekmMcaoro rasa, nuTate/ibHbiX BewecTs, NpoAyKTOB meTabonunsma
N T.N. K COOTBETCTBYIOLWMNM OpraHam.

OnopHO-ABUraTeNbHaA CUCTEMA YeIoBEKa
OnopHo-ABuraTenbHas cuctema obpasoBaHa CKeNeToM W MbllULAMM.
CKeneT 4enoBeKa COCTaB/AeT OCHOBY Tena, OMpeaenseT ero pasmeps
1 GOpMY 1 COBMECTHO C MbiluLamm 06pasyeT NoM0CTH, B KOTOPbIX pacnonararTcs
BHYTPeHHWe opraHbl. CKenet cocTouT npumepHo u3 200 kocTei. KoCTu BbINONHAT
GYHKLMIO PbI4aros, MPUBOAMMBIX @ ABMKEHWE MbIWLAMM, W 3aLMLLAIT OpraHbl
o Tpaem. KocTu yuacTsytoT 8 06meHe $pocdopa v Kanbums.

Ckenet wecTb oTAg
uepen,
MO3BOHOUYHUK (OCEBOM cKener),
NOAC BEPXHUX KOHEYHOCTEVA,
NOAC HUKHUX KOHEUHOCTEN,
BePXHME KOHEYHOCTH,
HUXHNE KOHEUHOCTH.

onhwNE

Cocra, CTPOEHME U POCT KocTei

B cOCTaB KOCTHOM TKaHW BXOAAT HEOPraHWYeCKMe U OpraHuyeckue BeLLecTsa.
INACTUHHOCTL KOCTU MPUAAET OPraHNYECKOe BEILLECTBO KO/IareH, a TBePAOCTb —
MUHepasbHbie conn. CHapy»ki KOCTW MOKPbLITbI HAAKOCTHULEH, obecneunsarowleli
nUTaHWe M POCT KOCTel B TONWMHY. KOMNaKTHOe BelecTBo KocT o6pa3osaHo
MMKPOCKOMMYECKMMM AYEMKaMM 1 KaHa/IbLaMK, MO KOTOPbIM M3 HaZKOCTHWLbI
8 KOCTb IPOHMKAIOT MHOFOUYMC/IEHHbBIE KPOBEHOCHBIE COCY/bl M HEPBbI.

Paznuyalot Tpy6uaThie, ry6uatble, NA0OCKME U CMellaHHbIe KOCTU.

Tpy6uatble KocTw (nnevesas, GeapeHHan) UMeLOT BUA TPYBKKM C NONOCTbIO,
3aM0/IHEHHON ENTLIM KOCTHBIM MO3roM. KOHLbl 3TUX KOCTeii yTO/lLEHbI
W 3anoNHeHbI rybyaToi TKaHbHO, COAEPIKaLLeit KPacHbIM KOCTHbIM MOo3r. TpybuaTblie
KOCTM CMOCOGHbI BbIAEPXKMBATL BOMbLIME HArpysku. 10CKMe KOCTU (nonaTku,
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pebpa, TasoBble, YeperHble) COCTOAT M3 ABYX MAACTUHOK M/IOTHOTO BeliecTsa
1 TOHKOM NPOCAOIKM ryBYaToro BELWEecTsa MEX Ay HUMN.

CoeanHeHuns Kocrei

MoasnxHOe coeauHeHWe KoCTeli obecrieuMBaeTca CycTaBamu, KoTopble
06pa3oBaHbl BMNAfMHOW Ha KOHLE OAHOM W3 COUNEHAOWMXCA KOoCTeln
1 FONI0BKOM Ha KOHLie APYroit. CycTaBbl yKpenieHbl BHYTPUCYCTaBHbIMM CBA3KaMM,
a cycTaBHble NOBEPXHOCTM MOKPbIThI XPALLOM M 3aK/N04YEHBI B CYCTaBHYIO CyMKY.
CMHOBMaNbHAA KMAKOCTb, HAaXOAALIAACA BHYTPW CYCTaBa, MrpaeT posib CMasku,
yMeHblualoLLeit TpeHue.

MonynoasmkHoe co obec TCa npocnoiikamu
Mexay KOoCTAMUW. Hanpumep, mex/ay No3BOHKaMW HaXoAATCA XPALLEBblE ANCKK.
Pebpa c rpyavHON COEAMHAIOTCA TOXE NOCPEACTBOM XPALLA. ITU COEAMHEHUs
06eCcneynBaloT OTHOCUTENbHYIO MOABMKHOCTD.

HenoasuxHble coeauHeHua obpasyiotca 6narogapa cpacTaHuio Kocteit
1 06pa3oBaHMIO KOCTHBIX WBOB (KOCTU Yepena).

TKaHu, UX CTPOCHUE U GYHKUUN

nuTennanbHas TKaHb BXOAMT B COCTaB NOKPOBOB TeAa, MOMOCTEN U Kenes,
060/104eK BHYTPEHHMX OPraHoB. KAeTk1 anuTenus pacnonomeHbl Ha 6asanbHol
MembpaHe 1 6/13K0 NpuaeratoT Apyr K Apyry, 6raroaapa Manomy Konmdectsy
MEXKNETOYHOTO BewlecTsa. SNuTeNnanbHan TkaHb MOXeET 6biTb OHOCNOMHOM
(NNOCKWIA,  KYBUUYECKUW, LUMAMHAPUYECKUI, MHOTOPAAHbLIA  MepLaTenbHbIn
3MUTeNNI) M MHOTOCA0IHO (3NMAEPMIC KoM, POroBuLia rasa). MepuaTenbHblit
SMUTEANIA BLICTUNAET BO3/YXOHOCHbBIE ny'm HapysHblif CAOM MepUaTenbHoro
3nuTenus 06pasoBaH MHOMOUMC A pec

BokanosuaHble KJETKM Bblaensior cnmamcmm CeKPET Ha MOBEPXHOCTH
anuTenus. MHOTOC/OMHBIA 3MNUTENNI A COCTOMT M3 HECKONbKMX C0EB KNETOK,
M3 KOTOPbIX CaMblii HUMHWIA, nexawmit Ha 6asanbHoil membpaHe, cnocobeH
pereHepupoBaTh U 3amellaTb BbllENEKalMe CAOU KAETOK. OTMUparoLLmit
BEPXHUIA INUTENNI COCTOMT W3 MIOCKUX OPOrOBEBAIOWINX KAETOK. [70CKMit
HEPOroBEIOLLMIl SMUTENNI MOKPbLIBAET POrOBULLY 11a3a, NOOCTb PTa, NULEBOAA.

CoeAuHNTENbHAA  TKaHb  COAEPXKMT  3HAUMTENIbHOE  KOAUYECTBO
MEXKNETOYHOTO BellecTBa, onpegenAlowlero ee cBoiictea. OHa BbiNONHAET
OMOPHO-MEXaHWUYECKYI, 3alUTHYIO W TPaHCMOPTHYL QyHKUMIO, ABNAeTCA
COCTaBHOM 4acTblo BCEX OPraHos, GOPMUPYET BHYTPEHHIOIO CpeAy OpraHu3ma
(KpoBb, nMmay), yyacTeyeT a o0bmMeHe BeLLecTs.

BuAbI COEANHUTENBHO TKaHN

© PbixaA  BONOKHWCTAaA COeAMHUTENbHAA TKaHb COAEPXMT 6onblioe
KO/IMYECTBO 3NACTUUHBIX U KONNAreHOBbIX BOIOKOH; OHa COMPOBOXKAAET COCY/Abl,
HEPBHbIE MYYKM.

¢ MN0THaA BOMOKHUCTAA COEAMHUTENbHAA TKaHb OBpa3syeT ceTyaTblit COM
KOMM, CYXOMMAMUA, CBA3KM, Kamncy/ibl BHYTPEHHUX OPraHoB 1 Ap. BosokHa B Heit
PacnonokeHbl KOMMAKTHO N OPUEHTUPOBAHbI B OZIHOM HanpaBieHUn.

* KOCTHas TKaHb COCTOMT W3 KNETOK OCHOBHOTO BellecTsa, o6pasosaHHoro
Ha 30% OpraHU4YecKUMKU COeAMHEHUAMM (KonnareHoBble BONOKHA) U Ha 70% —
HEOPraHUYECKUMM, BKAIO! 8 ceb coeq| Kanbuus, pocopa u Ap.

* XpAlLeBaA TKaHb COCTOUT M3 KNETOK W YNPYroro OCHOBHOMO Beliectsa —
XOH/IP1HA, COAEPIKALLLETO MHOTOUNC/IEHHBIE KO/I/IareHOBbIE BOIOKHA:

* }MpoBas TKaHb He MMeeT COBCTBEHHOTO OCHOBHOTO BELLECTBA W COAEPXKUT
60/1bLUOE KONMYECTBO XKNUPOBbIX KNETOK, COBPAHHbIX B AONBKM.
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¢ KpoBb U smda — KMAKAA COeAMHUTENbHAA TKaHb, 06pasylollas
BHYTPEHHIOK CPey opraHusma.

MbilweyHas TKaHb COCTOUT M3 KAeTOK, 06/1afalowmx  Crnoco6HOCTbIO
COKPaTUMOCTM M BO3BYAMMOCTH, M obecneunsaeT ABUraTe/ibHble MPOLECChI
B OpraHusme.

BunAabl MbILLEYHON TKaHN

e NajgKas MblleYHan TKaHb BXOAWT B COCTAB CTEHOK BHYTPEHHMX
OpraHoB W_KPOBEHOCHBIX COCYZ0B. KAETKM TKaHM OAHOAAEPHbIE W MMET
BepeTeHo06pasHyto dopmy.

 TonepeyHo-NosocaTas CKeNeTHasA MbIlIeYHas TKaHb BXOAWT B COCTaB
CKeNeTHbIX Mbiwly “n OﬁpaaoﬁaHa MHOroAAEPHbIMK, BbLITAHYTbBIMU KNETKamu
(BONOKHaMM) C NOMEPEYHOI UCUEPYEHHOCTbIO. flApa B KAETKAaX pacnosaralotcs
Yy nep1depnm MbiLLIEYHOTO BONOKHA.

* TonepeyHo-nonocatas cepgeyHan MbllleyHas TKaHb_ obpasyeT cepaue
1 COCTOMT U3 MHOTOAAEPHbIX BLITAHYTHIX KNETOK C NOMepPeyHOi NCHEPYEHHOCTBIO,
CBA3aHHbIX Mexay coboii, 4To obecneunBaeT Ux OAHOBPEMEHHOE COKpalleHue.
AApa pacnoNoXeHbl B LEHTPE KNeTKN.

HepBHas TKaHb. COCTOMT M3 MENKUX [MMaNbHbIX KAETOK U HEMpOHOB,
COCTOALNX M3 Tena u o-rpocn(oa KOpoTKie OTPOCTKM HelipoHa — AeHApUTbI
BoCnp! oT MW BHYTPEHHEN Cpeabl C NOMOLLbI0
HEPBHbIX OKOHYAHUIA — peu.enwpos 1 Nepe/aloT UX B BUAE HEPBHbIX UMNY/bCOB
K Teny HeiipoHa. [/IMHHbIA OTPOCTOK — aKCOH — 3aKaH4YMBAETCA HEepPBHbIMM
OKOHYaHMAMM — CUHANCamu. Yepes HUX HepBHaA KNETKa NepeaaeT Bo3byxaeHue
Ha AIPYTYI0 HEPBHYIO KAETKY UM KNETKW Paboyero opraHa (MbilLbl UK Kenesbl).

HelipoHbl, nepegalouje MMNYabCbl B LEHTPA/IbHYIO HEPBHYIO CUCTEMY
(ronoBHOM M CIMHHOM MO3T), Ha3bIBAOTCA aPPEPEHTHBIMU UAM HYBCTBUTENbHBIMMU.

HelipoHbl, nepegaiolie MMMy/bCbl OT LEHTPANbHONM HEPBHOI CUCTEMbI
K paGouemy OpraHy W KNETKaM, Ha3blBaIOTCA 3GGEPEHTHBIMK MW MOTOPHBIMK.

OpraHusm, MONYYMB pasjpaxkeHne W3 OKpyxalowel cpedbl, OTBevaer
Ha Hero COOTBETCTBYIOWMMM peakumamu. /llo6oe pasapaxeHne BOCNPUHUMAETCA
peuentopom 1 npeobpasyetcA B HEPBHbIA WMMMYNbC, KOTOPbIA Nepesaetcs
N0 LUEHTPOCTPEMUTENbHOMY  (HYBCTBUTENILHOMY — HEWPOHY) C _ MOMOLLbIO
BCTAaBOYHbIX HE/POHOB B BLICLIME OTAE/bI LEHTPaNbHON HEPBHOI_ CcUCTeMbl,
rae npoucxoant obpaboTka MHPopmaumK. U3 LEeHTPanbHON HEPBHOW cMCTEMbI
N0 BO/MOKHaM LEHTPOBEKHBIX (4BUraTeNbHbIX) HEMPOHOB OTBETHbIA MMNY/bC
HanNPaBAAETCA K UCMOAHUTENBHOMY OPraHy, Peasu3yloLeMy OTBETHYIO PeaKLnio
opraHMsma Ha pasgpaeHue. Tak oCyulecTBAAeTCA pednekTopHas peakuma
opraHusma.

M Wx 1 GyHKL

CKeNETHbIX MblLUL, Y B3POC/OTO YenoBeKa HacuuTbiBaeTca okono 400. Bce
OHU COCTOAT W3 NONEPEYHO-MO/I0CATOMN MbILIEYHOMN TKAHN.

Mbilbl NPUKPENAEHbI K KOCTAM NPWU MOMOLM CYXOXWANIA U yyacTsyloT
B /IBUMEHUM TYNOBMILA M KOHEYHOCTEM, MOA/AEPMBAIOT paBHOBECHE Tena,
GUMKCHPYIOT  CYCTaBbl, y4acTBYlOT B [10TaHUM M GOPMMPOBAHWM  peuu.
Mo  ¢yHKUMOHANLHOMY MPU3HAKy OHW AENATCA Ha  MbIWLbI-CUHEPTUCTbI
(COKpALLAIOWMECA  CMHXPOHHO) M MbILLbI-AHTArOHUCTbI,  BbINOHAKLNE
NPOTUBOMO/OXKHbIE  AEMCTBUA.  BOMBLWNHCTBO  ABUMKEHWN  OCYLLECTBAACTCA
6naroaapA OAHOBPEMEHHOMY COKPALLEHUIO OAHMX Mblll, M paccnabneHunio
APYrvX. B COOTBETCTBMM C  MECTOM PAacroNOMeHWs PasnnyaloT  MblliLibl
rONI0BbI, CMMHBI, WeN U T.N. MUMMYECKME MbIWLbI U MbILWLb! 133 K KOCTAM
HE NPUKPeneHbl.
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CKeneTHble Mblllbl  CNOCOBHbI  BbICTPO  COKPALATLCA M HAXOAUTHLCA
B COKPAUEHHOM COCTOAHMM, €CAM MO3M MOCHINAET K HUM CEPUM HEPBHbIX
MMNY/IbCOB, CREAYIOWMX C BONbIOINA YacToTol. Kawaoe MbileYHOe BONOKHO
M30/IMPOBAHO APYr OT /IpYra U MOMET COKPALLATbCA HE3ABUCMMO OT OCTa/IbHbIX.
Mo3ToMy CiNa COKPALLEHWA 3aBUCUT He OT TOTO, XOPOLIO /I COKPATUAUCH ee
BOJIOKHa, @ OT 06LLEr0 YMCa COKPATUBLUNXCA BONOKOH.

MpocTble pednekTopHble, ABUKEHNA OCYLIECTBAAIOTCA Ha YPOBHE CMUHHOTO
Mo3ra (OTAGPrUBaHMe PyKM OT OrHA W T.n.). OcyllecTBneHWe NPOM3BO/IbHBIX
[ABMEHMI 3aBUCUT O PaboTbl FO/NOBHOMO MO3ra. Bbicwue /BuratesbHbie
LEHTPbI HaxXoAATCA B Kope 6Go/bWiMX noaywapuit. KoopauHauma ABUKEHMi
ocyu.l.easnnerca MO3KEUKOM.

Mpyn dusmndeckoii Harpyske 8 80! yTO . Bonblyio
pO/b B 3TOM UrPaeT COCTOAHMUE HEPBHbIX ABUrATE/NbHbIX LLEHTPOB, @ He YCTanocTh
camux MmbilwL,. CKOPOCTb Pa3BUTUA YTOMAEHUA 3aBUCMT OT  (U3NYECKOM
HarpysKku, NPUXOAALIENACA Ha MblUly, W 4YacTOTbl MbIWEYHBIX COKPALLEHMIA.
Mp1  AMHAMMYECKMX HarpysKax yTOM/IEHWE HacTynaeT Mef/ieHHee, uYem
NPM CTaTUYECKMX Ha TPY3KaX.

Pery/mprle ¢VI3V|‘-I€CKIAE Harpysku 14 3aHATUA CNOPTOM  NPUBOAAT
K TPEHWPOBAHHOM MbIWEYHON CUCTEME, MPOABAAIOWENACA B  YAYYWEHUM
KOOPAMHALMM W aBTOMATU3aUMM  ABUXKEHWN, yTonu.\eHmo MblLUEYHbIX
BOJIOKOB W BCEil Mblwlipl. Bnaroaapa TpeH
cina M paBoTOCNOCOBHOCTb,  COBEPLIEHCTBYETCA cnocoﬁHocm MbiLuL,
K BOCCTAHOB/IEHNIO MOC/E YTOMEHMA.

CHUKeHWE OU3MYECKOM Harpysku — rUNoAMHAMMUA, NMPUBOAUT K cnaboctu
CePAEUHOI MbILLLLI, HAKOM/IEHMIO KIPA B OPraHU3ME PasBUTMIO aTePOCKNepo3a
M.

BHYTPeHHAA cpeAa opraHusma

VY BbICWIMX KMBOTHbIX 1 Ye/I0BEKA BHYTPEHHSAA CPeAa opraH3ma obpasosaHa
KPOBbIO, TKAHEBOM KUAKOCTbIO U IMMBON. OHa XapaKTEPU3YETCA OTHOCUTE/bHbBIM
NOCTOAHCTBOM COCTaBa, GpU3NYECKMX N XUMMUYECKUX CBOICTB, T.e. TOMEOCTasoM.
MozaepaHe romeocTasa — pesy/bTaT HePBHO-TYMOPanbHOM perynaumm.

TkaHeBaA IKMAKOCTb OMbIBAeT K/IETKW, KOTOPble MOMIOWAIT U3 Hee
nuTaTesbHbIE BELLECTBa W KMCAOPOZA U BbIAENAIOT YINEKUCbIN a3 U NPOAyKTbI
metabonusma. Mexay TKAHEBOW MKMAKOCTbIO M MKMAKOW 4acTblo KpoBU —
NN1a3Moit Yepes CTEHKM KanuNAPOB NOCTOAHHO OCYLLECTBAACTCA OBMEH BELLECTB
nytem Anddysnn. Kposb 0TAAET B TKAHEBYIO XKNAKOCTb BELLECTBA, HEOBXOANUMbIE
KNETKaMm, 1 MOMOWAeT BblAeNAEMbIE KNETKaMM NPO/AYKTbI 0BMeHa.

Jumda obpasyeTca 13 TKaHeBOW KUAKOCTH, NocTynatoleit B iMmdaTtuyeckmne
Kanuanapbl, KoTopble GepyT Hauyano Mex/ay KieTKamu TKaHeid u nepexogat
8 MmdaTiieckue cocyabl. Jimdariueckue cocyabl cobupaioTca B Aga cocyaa,
BNaJaloLnX 8 KPYNHbIE BEHbI TPYAM.

KpoBb, HEMpepbIBHO LMPKYAMPYA MO KPOBEHOCHBIM COCYAaM, BbIMOAHAET
8 OpraHu3me BaHelLmne GYHKLMM: TPAHCMIOPTHYIO, AbIXaTeNbHYI0, PErYNATOPHYIO
M 3awmTHylo. KpoBb — 3TO W/AKAA COEAUHUTENbHAA TKaHb, COCTOAWAA
13 XM/KOTO M@XKNETOUHOTO BelecTsa — N1a3Mbl 1 B3BELIEHHBIX B HEl KNeTOK —
(OPMEHHBIX 31€MEHTOB: IPUTPOLIUTOB (KPACHBIX KPOBSAHbIX KNETOK), NEMKOLMTOB
(6en1bix KPOBAHBIX KNETOK) U TPOMBOLMTOB (KPOBSAHbLIX NAACTUHOK). B opraHusme
Yenoseka coaepuTca 4,5-6 NMTPoB KPoBU.

Mnasma coctanser 55% obbema KpoBu. KpacHbli LBET KpoBW mpupaert
reMOrNIo6MH  AbIXaTeNbHbIA  MUTMEHT  9PUTPOLMTOB  TPAaHCMOPTMPYIOLLMIA
Kkuciopoa. B nnasm kposu cogepxutca 90% Boapl, 7% 6enkos, 0,7% *upos,
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0,1% rtoKo3bl, 0,9% MUHEPanbHbIX CONENM U ApP. NPOAYKTOB. DPUTPOLMT) UMEIOT
AMameTp 7-8 MKM, UMeIoT GOpM BOAKOBOTHYThIX AUCKOB, B 1 MM® KPOBM WX CO
[EPHKUTCA OKONO 5 MIH.

NlefiKounTbl He UMEIOT MOCTOAHHOM GOp Mbl Tena, copepkaTt Aapa U MoryT
CaMOCTOATENIbHO NepeaBuraTbCA W MPOHWKATb CKBO3b CTEHKU Kanuinapos
B MEXK/IETOYHOE NPOCTPaHCTBO. OHM 0BpPasyioTcA B KPacCHOM KOCTHOM MO3re
1 3KMBYT OT HECKO/IbKUX YaCOB f, HECKONIbKMX /eT. B 1 Mm® Kposu cogepute: 4-9
ThIC. NeMKOUMTOB. MpK NOBPEXKAEHA KOXKM B PaHy MonazaloT 6akTepuu, KoTopble
CnocobHbl HAXOAMUTb U NepeBapuBaTth neiKouuTsl (baroumuTos).

TpomBouuTbl — Me/nKue MAAcTUHKKU (PparmeHTbl KNETOK), ydacTsywliue
B CBEPTLIBAHUM KPOBM NPU HAPYLIEHUM LIeIOCTHOCTU KPOBEHOCHbIX COCY/0B.

UmmyHuter

Pycckuit yueHbii U. WN. MeEYHWKOB YCTAHOBW/, YTO NeMKOLUMUTbI UrpatoT
pewaioulylo poab a 3alWuTe OpraHM3mMa OT WHGEKUMOHHbIX BonesHeil,
YHWYTOXaAA BO3GyauTenelt nyTem WX MOMMOWEHMA W NepeBapuBaHMA.
T OTKPLITUA NErIM B OCHOBY COBPEMEHHOTO yueHus 06 MmMmyHuTeTe.
NMMYHWUTET — 3TO HEBOCMPUUMYUBOCTb OPraHU3Ma K AeCTBUI0 MHPEKLIMOHHBIX
M [APYrUX UyepoAHbIX BeNKOBbIX areHToB — aHTUreHos. B pesynbrate
B8bIPABOTKM MMMYHUTETA MOMKET BO3HUKHYTb HEBOCIPUUMUNBOCTL K NOBTOPHOMY
B803/1e/1CTBMIO 3TOFO e Bo3GyauTens.

LleHTpa nbHbIM 3BEHOM UMMYHWUTETa ABAAIOTCA fBe IPynMbl AMMGOLMTOB: B-
1 T-kneTkun. Mepsble BbipabaTbiBaloT aHTMTeNa — ocobble BellecTsa, KOTOpbIe,
COEAVHAACL C aHTUreHamu, [enaloT ux 6e33alWuTHbIMKU NPoTMB darouunTosa.
T-KNeTKM CaMW HaXOAAT MMUKPOBOB WAW KNETKW, MOPaXEHHble BMPYyCamu,
1 BblAensioT ocobble BelecTsa, yGusaowme ux.

tDpaHu.yscxMu ydeHbiii Jlyn Mactep paspabotan npeaynpeautenbHble

3a60 . OH 3aMeTUA, YTO KMBOTHbIE, 3apaeHHbIe
OCﬂaﬁﬂeHHblM BoaGy,qmeneM Gonesnn, nocne  BbI3AOPOBNEHMA  MOBTOPHO
He 3abonesanu 3Toi 6GonesHbro. KynbTypy ocnabneHHbix MMKpoﬁoa MNacrep
Ha3Ban BaKUMHOM. OH CO3/4an BaKLMHbI, MPEAOXpaHAOWME NoAel NpoTus
6elweHcTBa M CUBMPCKOM A3BbI. B HAWM [HW BaKLMHA CMacaeT MHOTUX /iloael
OT KoKW, AUDTEPUN, KOPU, NONMOMMENNTE.

Pa3nnyaloT  BPOXAEHHbIN  (BMAOBOW) M NPUOBPETEHHBIA  MMMYHWTET.
BPOX/AEHHbI MMMYHUTET ABNACTCA HACNEACTBEHHBIM NPU3HAKOM AaHHOTO BUAA
KMBOTHBIX. Hanpumep, KPONMKK 1 cOBaKn He BOCMPUMMUMBLI K MOTMOMUENNTY
U T. A. NPUOBPETEHHDBI MMMYHUTET A@UTCA Ha €CTECTBEHHBIN U UCKYCCTBEHHDIN,
Ka)/bli1 U3 HUX — Ha NacCUBHbINA U aKTUBHBIN.

ECTecTBEHHbI  aKTMBHbIA  MMMyHWTET  BbipabaTbiBaeTcA Y  4enoBeka
8 npotiecce MHHEKLMOHHOTO 3a60/1eBaHNA. ECTECTBEHHbIN NACCUBHDI UMMYHUTET
06ycn0B/IeH NEPEXoA0M 3aLNTHBIX aHTUTEN W3 KPOBM MaTepu B KPOBb Nnnoaa.
lMepeHoc aHTUTeN OCYLIECTBAAETCA U Yepes MOIOKO Matepu. WCKYCCTBEHHbIM
AKTMBHbIM MMMYHUTET BO3HMKAET NOC/E BaKUMHALMKW. BakLyHa — cmech YEUTbIX
1nn ocnabneHHbIX MUKPO6os.

VICKyCCTBEHHbIN  NACCUMBHBIA  MMMYHWTET — CO3A@eTcA MyTem  BBeAeHMA
4e/I0BEKy CbIBOPOTKM KPOBM, COZlepHallieli aHTUTeNa W aHTUTOKCUHBI (BeliecTsa,
o6e3BpexuBsatolyne BpeaHble NPOAYKTbI XM3HeAATENbHOCTU MUKPOGOB).

Kp ne — 3to KpOBM MO COCYAaM 3a CYET COKPaLLEHNit
cepaua. CUCTeMa OpraHoB KpOBOOBPAUEHNA COCTOMT M3 CEPAUA M KPOBEHOCHBIX
cocynos (apTepuii, BeH, KanMANAPOB), NPOHM3bIBAIOWMX BCE OPraHbl U TKaHM
Tena. Mo apTepuaAm KpoBb Te4yeT OT cepAaua K TKaHAM, OHM pPa3BeTBAAIOTCA
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Ha — apTepuonbl, KOTOPble PacMafaloTcA Ha CUCTEMy TOHYAMLWIMX COCYA0B —
Kanunnsapos. CTeHKa KanuaNApoB COCTOMT U3 OAHOTO CNOA MAOCKMX KNETOK, OHa
npoHMUL@EMa ANA Pa3NYHbIX BELLECTB.

Mo BeHam KpoBb BO3BpaLLAETCA K cepaLy. Mesikue v cpejHue BeHbl CHabKeHb
KnanaHamu, NPenATCTBYIOUMMI OBPATHOMY TOKY KPOBM B 3TUX cOCyAax. CTeHKM
BEH W apTepuil COCTOAT M3 Tpex C/0EB: HapyMHblii CNIOW — COeAMHUTENbHasA
TKaHb, CPeAHWUI CNOW — rNafikne MbllLpl, BHYTPEHHUIA COW — OAHOCNOMHbI
3NUTENUIA.

KpoBb [BMeTCA N0 ABYM Kpyram KpoBoobpalueHus: 60/bWwomy 1 mManomy.
Bo/bLIO KPYyr KPOBOOGPALEHNA HAaYMHAeTCA B /IEBOM KeNyaouKe cepaua
M OKaHuMBaeTCcA B MPaBoM npeacepany. Kposb, HacblleHHas KMC/I0POAOM,
BbITA/NIKNBAETCA M3 /IEBOTO )KeNyjlouka B aopTy. OTTyaa no apTepuam OHa
pasHocuTCA Mo BCemy Teny. [lpoTeKas MO  Kanuanapam, KpoBb OTAaeT
KMC/IOPOA, U NUTaTe/IbHbIE BEWLECTBA M MOMIOWAET YINEKUC/bINA Fa3 U NPOAYKTbI
metabosunsma. Takum 06pasom, 13 KanuNAPOB B BEHbI NOCTYNaeT KPOBb, GeaHan
KMC/IOPOAIOM. BeHO3HaA KpoBb OT GPIOWIHOI MONIOCTH, HUKHMX KOHEYHOCTel
¥ TyI0BULLA NONA/IAET B HUMHIOIO NO/IYIO BEHY, @ OT FO/10BbI, LW, PyK B BEPXHIOKD
NoNyto BEHY W M3 HWX B NPaBoe NpeAcepave.

Manbiit Kpyr KpOBOOBPALLLEHUA HAYNUHAETCA OT NPaBOro enyaoUka cepaua
1 3aKaHYMBAETCA B IEBOM Npe/cepauu. V13 NpaBoro enyAouka KpoBb nonagaet
8 /IEFOYHYI0 apTEPUIO, KOTOPAA B IETKMX PAcnafaeTca Ha KanuNAPbI, onieTalolne
NeroyHbIe aNbBeO/bl. 3eCh KPOBb HACLILAETCA KUCOPOAOM U 0CcBOGOXAaeTCA
OT YINIEKMCAIOTO ra3a, a 3aTem M0 /Iero4HbIM BeHaM BO3BPALLAETCA B CEpALLe.

Bce TKaHW 4enoseka MNPOHM3aHbl AUMATUYECKMMK cocydamn. B Hux
HaXoAMTCA MMda — NPO3payHan KMAKOCTb, KOTOPan OT/AMYAETCA OT KPOBU TeM,
4TO B HEil HET 3PUTPOLIUTOB U TPOMBOLMTOB, COAEPKUTCA MHOTO MMGOLMTOB
1 He60/IbLLIOE KONMYECTBO 6e/ika. SIMMda ABUKETCA TONBKO B OZIHOM HanpasAeH!M
OT TKaHel K cepauy. KnanmaHbl NMMdaTMYECKUX COCYA0B He NO3BOAAIOT et
Teub B 06paTHOM HanpasneHun. Mo xogy AMMbaTUHECKUX COCYAO0B HAaXoAATCA
nvumdaTUyeckue ysnbl.

CrpoeHue cepaua

Cepaue uenoBeka npeactaBnfer coboi MOMbIA  MbIWEYHbIA  OpraH,
pasfeneHHbii Ha uYeTbipe Kamepbl: fBa MPeAcepaMA M /iBa KeyAouKa.
OHO HaxoaWTCA B NEBOW MONOBUHE FPYAHON NONOCTW, Ha ypoBHe 2-5 pebep
1 NIEKMUT B OKONOCEPAEUHOM CyMKe, 06Pa30BaHHON COEAUHUTENbHON TKaHbIO. Ee
BHYTPEHHAR NOBEPXHOCTb BbIAENAET XMAKOCTb, YMEHBLIAIOWLYIO TPEHUE NPK ero
COKpaleHnax. OCHOBHYIO YaCTb CTEHKM CEPALA NPEACTaBAAET MblLLEYHbIN CNOM,
MOKPbITBIA ~ BHEWHEN W BHyTPeHHeW  06onouKamu,  06pasoBaHHLIMU
COOTBETCTBEHHO COE/IMHUTENbHOM UM 3NWUTENNANbHON TKaHAMM. Yem 6Gonblie
CUna coKkpalieHuit, Tem 6oblue pasBUT MbllLeyHbIi cnoii cepaua. Hanbonblan
TONWMHA CTEHKN B JIGBOM JKENYAOYKE, HaUMeHbluan — B MpPeAcepauax.
CepieyHas MbllLa CNOCOGHA aBTOMATUYECKW PUTMUYHO  COKPALLATLCH,
6narogapA  MMMyNbcam, BO3HMKAIOWMM B CamMOM  CepAue, He3aBMCUMO
OT BHELHUX BO3AEICTBUM (aBTOMATUA cepaua).

CepaieuHble MONYNYHHbIE KNanaHbl Ha BbIXOAE W3 Xe/y/104KoB obecneynsator
OfIHOCTOPOHHMI TOK KPOBM M3 Cepaua B aopTy W JerodHylo apTepuio.
OHM COCTOAT U3 3-X CTBOPOK, BUA, 8, O 8 npocset
cocyaa. Mpeacepans U KeNYA0UKM COeAMHEHbI APYr C APYTOM OTBEPCTMAMM,
OCHALLIEHHBIMU CTBOPYATLIMM KnanaHamu. B neBoi 4acTW cepaua HaxoauTca
/BYCTBOpYATHIA KNanaH, a B Mpasoii — TPexcTBOpuaTbi Knana. KnanaHbl
NPUKPEN/eHbl K CTEHKaM CYXOMMW/bHBIMM HUATAMM C COCOYKOBBIMM MbllL@MM
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1 _obecneynBaloT TOK KPOBM W3 MPeAcepavit B KeNyAoukW, npenatcTsya
06paTHOMY TOKY KPOBM NP COKPALLEHNM KENYA0UKOB.

Pa6ora cepaua

Cepaue B COCTOAHWM MOKOA COKPALLAeTCa ¢ 4acTotoii okono 70-80 ypapos
B MUHYTY. CepAeUHbIi LMK COCTOUT M3 COKPALLEHUA NPeACepAnii, CoKpaLLeHus
JKE/Y[IOYKOB W MOCAeAYIOLWEro PacciabieHus Npeacepauin U KenyaouKos.
Cokpalyenue npegcepauii aamtea 0,1 cek, cokpaleHue xenygoukos — 0,3
cek. KpoBb 3ax/10MbIBAeT Noj aBieHnem CTBOPYATbIE KanaHbl U YCTpeMAAeTCa
B a0PTY M /IETOYHYIO apTepuio, OTKPbIBAA MONY/YHHbIE KnanaHbl. Paccnabnenne
cepaua anmtca 0,4 cek. Kposb CBOGOAHO NpuTeKaeT M3 BEH B Mpejcepaus
1 OTTyAa B enyaouku. MonynyHHble KnanaHbl B 3TO BPeMA 3aKpbiThl. YnpasaseT
paboToi cepaua BereTaTMBHan HepBHaA cucTema. HepBsbl cumnatiyeckoro otaena
YCMANBAIOT HACTOTY 1 CUAY COKPALLLEHI CEPAEYHOM MblLLL|bI, NapacuMnaTUyeckine
Hepebl (6nyxaatouie) 3ameansioT paboTy cepaua. [leatenbHocTb cepaua
HaXOAMTCA TaKKe Nof, BAMAHMEM [YMOPA/bHOW Perynauumu. Tak, rOPMOHbI
afipeHanMH W TUPOKCWMH YCWAMBAIOT COKpAlEHUA CcepAua, a MosblleHne
KOHLEHTPALWK B KPOBM aLLETUAXONNHA TOPMO3UT paboTy cepaua.

JaBnenune KpoBM B cocyaax

JlBuKeHMe KPOBM MO COCYZ1aM 3aBUCUT OT CO3/IaBAEMOTO CEPALEM /1aBNeHNs
M COMPOTUBAEHMA CTEHOK COCYZ0B TOKY KPOBM. [laBnieHne B aopTe B MOMEHT
COKpalLeHNA XenyaoUKos cepaua A MaKc apTep
faBneHnem, a BO BPEMA PACCNABNEHUA KENYAOYKOB — MUHMMANbHbIM
apTepuanbHbIM  JasneHnem. Ha BEAWUMHY KPOBAHOTO AABAEHUA BAUAIT
NPOCBET KPOBEHOCHBIX COCY/IOB, BA3KOCTb KPOBM, KONMYECTBO LMPKYAMpYIOLieit
8 cocyzax Kpoeu. Mo mMepe yaaneHna OT cepaua AasneHne KpoBK yMeHblUaeTca
M CTaHOBMTCA HaUMEHbLWMM B BeHaX. PasHOCTb MeX/y BbICOKAM AaBieHnem
KpOBW B aOpTe U HU3KUM AaBNEeHUEM B NO/bIX BEHaX anCneHMBaETHel'lpepblBHbll:i
TOK KPOBM M0 COCYAaM.

Y 340p0oBbIX /0fE B COCTOAHMM MOKOA MaKCMManbHOE KPOBAHOE
flaBneHre B NJe4eBON apTepuM COCTaBAAET B HOPMe OKono 120 mMm. pT.
CT., @ MUHUManbHoe — 70-80 mm.pT.cT. CTOWKOE MOBbIWEHWE KPOBAHOIO
[aBNeHus B COCTOAHWW NOKOA OpraHM3Ma HasblBaeTCcA [MNepTOHMWel, a ero
MOHWXEeHNe — rUNoToHMei. Mpu GU3NYECKUX HarpysKax WU CUbHBIX IMOLMAX
[fasneHne noBblWaeTcA. Hopmanusauma AaBieHUs OCYL|eCTBAAETCA 3a CcyeT
camoperynAuuu. OpraH13m C NOMOLLBIO HEPBHBIX U FYMOPa/ibHbIX MEXaHU3MOB
MOKET MEHATb YaCTOTY COKPALLEHNA CEPACYHOM MblLLLbI, CYsKaTb UM PACIMPATL
cocyapl, BMAA TeM CaMblM Ha /1aBJieHUe KPoBY B COCYAaX.

Mynbc — 370 pUTMMYECKOe KonebaHne apTepuabHON CTEHKM, BO3HMKaloLee
nNpu KaxAoM CcOKpalleHun cepaua. Mo nyabCy MOMHO Y3HaTb KOAWYECTBO
COKpaLeHni cepala B MUHYTY. CKOPOCTb TOKa KPOBM B apTepUAX 1 Kanuanapax
pasHas. B KanuanApax KpoBb TEYET 3HAYMTENbHO MejsieHHee, 6narogapa yemy
OCYLIECTB/IAIOTCA 0OMEHHbIE MPOLLECCH ME /Y KPOBbIO M TKaHAMN.

Abixanve

[lpixaHne — 3TO COBOKYMHOCTb NPOLECCOB, 06ECMeUNBAIOWMX NOCTYNNEHNE
B8 OPraHWU3M KUCNI0POAA U yAlaNeHWe U3 HEro YIIeKMCaOro rasa, obpasosasluerocs
8 npomecce 6MO/I0rNYecKoro OkMcAeHUA. OpraHbl [bIXaHUA — HOCOBaA NONOCTb,
HOCOT/IOTKa, rOpTaHb, Tpaxes, BPOHXM M /erkne o6ecneyqnBaloT LMPKYAALMIO
BO3/1yXa W ra3006MeH.

Hocosasn nonoctb Aenvtea KOCTHO-XPALLEBOI neperopoaKon
Ha [ABe MOMOBUHbI. BHYTPEHHAA MOBEPXHOCTb €€ W3BUAWCTAA, YBAAKHEHA
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CM3bI0 U 06UNbHO KpoaocnaSmaeTca Cnusb  copepKuT  bakTepuumuaHbie
BelecTsa, 3a nbifb U pPOBbI. PeCHUYHBIN
3NUTeNUit 3aepKuBaeT 1 BbIBO,CIMT nbib Hapyxy. Mpoxogsawas no cocyaam
KpOBb COrpeBaeT BAblXaeMblil BO3/yX. B CTeHKax HOCOBOII MOMOCTU HaXoAATCA
4yBCTBM KNeTKH, oue , MPU KOTOPOM WHOPOAHbIE
4aCTULbI YAANAIOTCA U3 HOCOBOW NONOCTY HaPYXY.

fopTaHb  CAYMWT A/ MPOBEAEHMs BO3Ayxa B Tpaxew, a TaKwke
ANA 3ByKOO6Pa30BaHUA. Mexay NnepefHAM W 3a4HUM XPALIAMM FOPTaHMU HATAHYTbI
rONI0COBbIE CBA3KM, 0BPa3yioLiMe FON0COBYIO LiieNb. 3BYK BO3HMKAET B pesy/ibTate
KonebaHMA roNoCoBbIX CBA3OK MpU Bblgoxe. TeMBp ronoca 3aBUCUT OT A/UHbI
CBA3OK UM CUCTEMbI PE3OHATOPOB NONIOCTM PTa, HOCOIIOTKM M HOCA U MOJIOXeHNA
A3blKa, rY6 W HWKHEN 4YeniocT. Beepxy roptaHb COeAMHEHa C HOCOMNOTKOM.
Mpu npornatbiBaHWM MUK BXOA B Tpaxel pPedNeKTOPHO 3aKpbiBaeTcs
Ha/irOPTaHHUKOM. BHYTPEHHWE CTEHKM ropTaHu NOKPbITbI CIUZMCTON 0BONOUKOIM
1 COAEPXKAT YyBCTBUTE/IbHbIE KAETKM, Bbi3bIBAOW|ME KalleNb, — PE3KUI BbIAOX
npu NonagaH11 MHOPOAHbIX TeN.

Tpaxea npepactasnsaer coboit TpybKy, CTEHKM KOTOpoil 06pasoBaHbl
XPAWEBbIMU NONYKONbUAMMU. 33[J'HR$| CTEHKa Npuneraert K Nuwesoay U coaepxut
MbllWEYHbIE BOMOKHA. CTEHKW €€ TaKKe BbICT/aHbl PECHUYHbIM CAN3UCTbIM
snuTennem.

Tpaxen BeTBUTCA Ha Aga 6pOHXa. B nerkux 6poHxXM Takke BeTBATCA, 06pasys
«BPOHXMaANbHOE [1epeBOo», Ha KOHUYMKAX BETOK KOTOPOTO HaXOAATCA Me/lbuaiiiume
NIeroYHbIE Ny3bIPbKM — a/1bBEOSIbl. ANIbBEO/IbI 3aMO/HAIOTCA BO3/AYXOM NPU BAOXE.
CTeHKM UX BbICTNAHbI OAHOCHOHHI}IM NNOCKMM 3nUTeNnem, NoKpbITbIM TOHKOM
NNIEHKOM BELIECTBA, MPENATCTBYIOWEro WX CNajaHuio. ANbBEO/bI OMAETeHbI
ryCTOM CeTbio KanuNApoB. Yepes uX CTEHKMU COBEPLIAeTCA razoobmeH. Jlerkue
MOKPbITbI 060N104KON — NIErOYHOMN NAEBPOA.

Fa3006MeH B NerkuX M TKaHAX

Fa3006MeH B NIETKIUX NPOMUCXOAUT NyTem Anddy3nn. KUCnopos yepes ToHkme
CTEHKM a/bBEO/ W KanWANAPOB MOCTYNaeT U3 BO3AyXa B KPOBb, @ YIEKUC/bIN
ra3 U3 KpoBM B BO3AyX. [lUddy3uA rasoB NPOMCXOAUT B pesynbraTte PasHOCTM
MX KOHLIEHTPaUMil B KPOBM M B BO3AyXe. KMC/NOPOA NPOHMKAET B 3PUTPOLUTSI
M COEAMHAETCA C  remOrOB6MHOM, KpOBb  CTaHOBWTCA — apTepuanbHOi
M HanpaBAeTCA B TKaHW. B TKaHAX NMPOMCXOAWT OBpaTHbIN Npouecc: K1caopos
3a cyeT anddysnn nepexoauT U3 KPOBM B TKAHM, @ YINEKUCAbINA ras, HaobopoT,
nepexoauT M3 TKaHeW B KPOBb. JTO MPOMCXOAUT A0 TeX Mop, MoKa. WX<
KOHLIGHTPALN HE CPABHAIOTCA.

YKusHeHHan emwkocTb nerkux (KEJ1) BKAOYaeT ApixaTenbHblit o6bem,
pesepBHbIii 06bem BOXa U pe3epBHbIi 06beM BblZOXa. [lbIxaTeNbHbIM 06beMOM
Ha3bIBAIOT KONMYECTBO BO3AYXE, MOCTYMAIOLLENO B JIETKME MPU OAHOM BAOXE.
B nokoe OH paseH npumepHo 500 cm® 1 COOTBETCTBYET OGbEMY BbiAbIXaeMOro
BO3/yxa Mpu BblAoXe. ECAM nocne CMOKOMHOrO BAOXa CAENaTh YCUAEHHbIN
[OMNONHUTENbHbIA BAOX, TO B JIETKWE MOMET MOCTYNUTb AOMONHUTENbHO
1500 cm® Bo3gyxa — 3TO peseps obbema BAoxa. [ocne cnokoiHoro Eblp,oxa
MOXHO MPY  MaKCUMaNbHOM _HanpAXeHUM BblAOXHYTb euwe 1500 cm?
BO3/lyxa — 370 pe3epsHblii 06bem. TakMm 06pPas’om, KM3HEHHas emMKOCTb
NerkUX — 3T0 Haubo/bliee KONMYECTBO BO3AyXa, KOTOPOE YesoBEK MOMeT
BbIJOXHYTb nocne camoro ry6okoro saoxa. OHa npumepHo paeHa 3500 cm?. MKE/T
60/blie Y CMOPTCMEHOB, YeM Y HETPEHUPOBAHHbIX II0AEN, U 3aBUCUT OT CTeMNeHM
pasBUTMA FPYAHOM KNeTKM, OT nosa u Bo3pacta. Mog BauAHMEM KypeHua XKE/
cHMKaeTcA. [lae nocne caMoro MakCMManbHOTO BblAOXa B /IeTKMX BCeraa
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OCTaeTCA HEMHOTO BO3/lyXa, KOTOPbIN Ha3blBAETCA OCTATOYHbIM O6GbeMoM (OK.
1000cm?).

[OpiXaTeNibHble ABUKEHUA
MonepemeHHoe yBe/NM4YEHUE M yMeHblieHne oBbema rPYAHON KAeTKM
06YCNOBNEHO PUTMUYECKUMMW COKPALLEHUAMM AbIXaTeNbHbIX Mbilll. Mpu 3TOM
NPOMCXOANT BEHTUAAUMA Nerkux. HeobXoAumbiM yCNOBUEM OCYLLECTBAEHUSA
[AbIXaTe/IbHbIX  [IBUMEHUI ABNAETCA FEPMETUYHOCTb M/1eBPanbHOM MOAOCTU
(nneBpanbHOM Wenu), KOTOpas HAXOAUTCA MEXAy JIero4HoW naespoi
1 NPUCTEHOYHOW NIEBPOV U 3aM0/IHEHA KUAKOCTbIO.

Perynauma apixaHus
[lbixaTe/bHbIN LEHTP HAaXoAMUTCA B MPOAONTrOBaTOM Mo3re. Yepes Kaxaple
4 CceK B [bIXaTe/IbHOM LEHTPE aBTOMATMYECKW BO3HMKAIOT BO3GYMAEHUA,
obecneunsalolje yepeaoBaHMe BAOXa W BblAOXA. [lbIXaTe/ibHbIA  LEHTP
aBTOMATUYECKM PEryIMPYET TaKKe YacToTy U yGUHY AbIXaTeNbHbIX ABUKEHMIA.

Muwesapexue
MuueBapeHne — 370 MNPOLECC MeXaHWYeckoi 06paboTku  nuuwm
B MULEBAPUTENILHOM KaHane, ee (pepmeHTaTUBHOe pacuienneHne Ha 6Gonee
NpOCTbIE NUTaTe/IbHbIE Bel|ecTsa, CNOCOBHbIE BCachblBaTbCA B KPOBb. OCHOBHBIMM
BEW|eCTBAMM, BXOAAWMMM B COCTaB MPOAYKTOB, ABNAIOTCA GENKM, KMPbI,
YrNeBoAbl, BATAMUHbI, MUHEPa/bHbIE CONN U BOAA.

DYHKUMM NULLEBAPUTENLHOM CUCTEMBI

* fABuratenbHas p 3 ,  npo,
10 NULLEeBAPUTENILHOMY TPAKTY NULLK);

© CeKpeTopHas (CUHTE3 W BbIAE/NIEHNE NULLEBAPUTE/NbHBIX COKOB);

¢ BcacblBaTelbHas (obecneyeHne nepexoda nUTaT. BELWECTB U3 KULWEYHUKA
B KPOBb U IMMY).

MuieBapuTenbHas cuCTEMAa  COCTOUT W3 MULIEBAPUTENLHOTO  KaHana
M NULLEBAPUTENbHBIX Kene3. MulieBapuTeNbHbI KaHan BKalouaeT 8 ceba
POTOBYIO MOMIOCTb, FMOTKY, MULLEBOA, KENYA0K, TOHKUIA U TONCTBIA KULIEYHUK.
K nulieBapuTeNbHbIM Kesle3amM OTHOCATCA C/IIOHHbIE Ke/esbl, MOAKeNyAouHas
Keesa U neyeHb.

B pOTOBOW MONMOCTM HAaxoAATCA 3yBbl, A3blK, CAIOHHbIE Kenesbl. 3y6bl
pacnonoxeHbl B NIYHKaX YelocTeid. Y B3pOC/Oro Yenoseka ux 32; Ha Kaxaoi
YesIIOCTU HaxoaAaTcA 4 pesua, 2 KAblKa, 4 ManbiXx KOPEHHbIX M 6 Bonblumx
KOpeHHbIX 3y60B. 3y6 COCTOMT U3 KOPOHKM, WENKM U KOPHA. BHYTpK 3y6a nmeetca
nonocTb — Mynbna, KyAa BXOAAT HEepBbl W KPOBEHOCHble cocyapl. Teepaoe
BeLLECTBO 3y6a — AEHTUH NPe/ACTaBAACT COBOM BUAOM3MEHEHHYIO KOCTHYIO TKaHb.
CBepxy 3y6 NOKPLIT 3Ma/blo. B POTOBOW NONOCTH OCYLIECTBAAETCA Hauya/bHOE
pacuienneHue yrnesofos GpepmeHTamu CAIOHbI, aKTUBHBIMW B CNIABOLLEN0UHOM
cpene. CnioHa BbIAGNAETCA TPEMA Mapamu C/IOHHBIX ese3: OKOMOYLIHbIMM,
NOABA3LIYHLIMKM U NOAYENOCTHBIMU. [MUWA  AeiCTBYET KaK pasgpaxutens
Ha HepBHbIE OKOHYAHWA CAWU3MCTON OBOMIOYKM PTa, OT KOTOPbIX BO3DYKAEHWE
nepe/aeTca B NULLEBOM LEHTP FONIOBHOTO MO3ra, M aKTUBU3MPYET PaboTy opraHos
nULLEBapeHns.

MnLLEeBO KOMOK, NPONUTAHHBIA CIIOHO, NONAAAeT B XKeNY/IOK B pesy/bTaTte
pedNeKTOPHOro aKkTa [OTaHWA, MPWU  KOTOPOM HAArOPTaHHWK OnycKaetca
M 3aKpblBaeT BXOA B [OPTaHb, MATKOe HEBO NOAHMMAeTCA W 3aKpblsaeT
HOCOT/IOTKY, NULA NPOTA/NKUBAETCA B MNULLEBOA, CTEHKW KOTOPOTO BOIHOOBPa3HO
COKPALAIOTCA W NPOABMIAIOT MULLLY B XKeYAOK.
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JKenyaok — MewKoobpasHoe pacluMpeHne MUILEBAPUTENBHOTO TpaKTa.
OH BMelaeT 0KOAO 2-3 N MUWM. B ero CTeHKax pPacmo/oXeHbl Kenesbl,
O/IHW M3 KOTOPbIX BbIAGAAIOT HKENYAOUHbIA COK. OH COAEPKUT depmeHT
nencvH, —pacwennalowmin - 6enkn A0 noaunenTuaos. [lpyrve  keneswl
BbIPa6aTbIBAIOT KMC/IOTY, CO3/IAIOLIYIO KUCYIO CPey B KENyAKe W YrHeTalowlyio
MMWKpOOPraHM3Mbl, MOMaBlWMe B HKeNyAOK. HeKoTopble KAeTKU CAM3UCTOM
06O/I0YKM KENYAKA CEKPETUPYIOT CAMU3b, KOTOPas 3aLMLLAET CTEHKW Kenyaka
OT AENCTBUA GEPMEHTOB W CONAHON KMCAOTbI. [lanee nuwia B BUAE NOMYKUAKOMN
KallWLbl NOPUMAMM NPOTANKMBACTCA B ABEHA/ALATUNEPCTHYIO KMLLIKY.

[BeHauaTMNEpCTHAA KULWKa umeeT aaunHy 25-30 cm. B Hee oTKpbiBatoTca
NPOTOKM  NOMKENYOUHOM HKenesbl W NedeHu. [lofwenyaouHas ienesa
BbIpabGaTbIBAET FOPMOH MHCYNWH, NOCTYNalowWwmii HEemocpeacTBeHHO B KPOBb,
¥ nuLLeBapuTenbHble GEPMEHTBI, y4acTByloluMe B AabHEMLEM PaclieneHun.
Mop BAMAHMEM depmeHTa TPUMNCUHA MPOMCXOAUT pacuiennenue 6enkos
/10 aMMHOKMCAOT. [lpyre GpepmMeHTbl Y4acTBYIOT B PACLLENNEHAN HYKNEUHOBbIX
KMC/IOT, YINIEBO/08 U XKMPOB.

MeyeHb ABNAGTCA CaMOW KPYMHOI )Kenesoii Hawero Tena. OHa ABnAeTca
«TNAaBHOM XMMUYeCKon nabopaTtopuei» opraHusma. B neverun obesspexumsatorcs
ALOBUTbIE HU3KOMONIEKYNAPHbBIE BELLECTBA, MOCTYNalolne C KPoBbio. MeveHb
BbIpabaThiBaET KKeN4Yb, KOTOPas HaKaMMBAaeTCA B YKEYHOM My3bipe W 3aTem
NoCTynaet B BEHaALATANEPCTHYIO KULLKY.

TOHKaA KMWKa UMeeT AMHY 5-6 M 1 06pasyeT B GPIOLIHOI NOAOCTU NETAM.
B cAn3MCTOl 060N104KE TOHKOM KULWKM MMEETCA MHOTO )Kees, BblaAenfiolmx
KULWEYHbIA CoK. Cansuctan 06on04uka 06pasyer BbIPOCTbl — BOPCUHKU. BHYTpU
MX HaxoAATCA KPOBEHOCHbIE U MM ATUYECKUE KanUAispbl U HepBbl. MUpHble
KUCNOTbl M TAMLEPUH M3 MONOCTM KULIEYHWUKA MEPEXOAAT B SnUTennanbHble
KNETKN BOPCMHOK, e M3 HUX 06pasyioTcA XapaKTepHble ANA Yes0BEeYecKoro
OpraHu3Ma MOEKy/bl XXNPOB, KOTOPbIE 3aTeM BCacblBaloTCA B IMMdY W, Npoiaa
6apbep 13 IMMbaTUYECKMX Y3108, NONAAAIOT B KPOBb. AMUHOKMCAOTbI, IIOKO3a
M Apyrve nuTaTesbHble BEWLECTBA BCACbIBAlOTCA B KPOBb, KOTOpaa cobupaetca
8 BOPOTHYIO BEHY W NPOXOAWT Yepes neyeHsb, e 06e33apamBaloTca AA0BUTbIE
BeLecTBa.

B TO/ICTOM KMUWIKe BCACbIBAETCA BOAA U GOPMUPYIOTCA KanioBble Macchl. 3aech
NPOMCXOANT NepeBapuBaHmMe KAETHaTKM C NOMOLLbIO GaKTepuit, paspyLuaoLumx
060/I04KM PaCTUTEIbHBIX K/IETOK, @ TaKKe OCyW|eCcTBNAETCA CUHTe3 BUTaMUHOB
rpynnbl K u B. Mocne BcacbiBaHWA MUK B KPOBb HAaYMHAETCA rymopanbHas
perynauna nuwesapenus. Cpeau MUTAaTeNbHbIX BELLECTB eCTb B6MONOrUYECcKM
aKTMBHbIE BELLECTBA, KOTOPblE, BCACHIBAACh B KPOBb, aKTUBU3MPYIOT paboTy
KENY0UHbIX Kenes. OHU HAaYMHAIOT YCMNEHHO BbIAGNATL KENYAOUHbIA COK,
4TO ObecneynBaeT AUTeIbHOE COKOOTAENEHME.

PasmHoXxeHHe yenoseka

LleﬂOBeK, KaK 1 BCe »XWBble OpraHMU3mbl, cnocobeH K BOCNpousseaeHuto, T.
€. K COXpPaHeHUK0 U NpoAO/IKEeHUIO CBOEero suaa. PasmHoxeHne npoucxoaut
nonoBbIM CHOCOGOM, npu KOTOPOM NO/NOBbIE KAETKU CAUBAKOTCA U oﬁpaayro'r
34roTy, AaloLyl Havano HOBOMY OpraHusmy. CT[JOGHME NONOBbLIX KNETOK
Yyenoseka nogpobHo onucaHo B pasgene «O6was 6uonorma». [onosble
KNeTkn BblpaﬁaTblBalOTCil B CEMEHHWKax MYMCKOro opraHusma Wu AUYHWUKaxX
YKEHCKOro opraHusma. CeMEeHHUKMN PacnonoXeHbl B HAPYXHOM KOXXHOM
MeLoYKe — MOLUOHKe. OT HUX U OTXO4AT CEMABbIBOAALLME NPOTOKK, BNagarowmne
B MO"IeMCﬂyCKaTeanhlﬁ KaHan. B cemeHHMKax OSPEBYKJTCﬂ MYXCKue nonosble
KNeTKn — Cnepmato3ouibl U MyXCKWe NONO0BblE FTOPMOHbLI. YeHckne nonosble
Kenesbl — AWYHUKW PACTONOXKEHbl B BPIOWHOI Nonoctu. B HMX obpasytotca
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ANLEKNETKU W KEHCKME NO/0BblE FOPMOHBI. K AUYHWUKAM NOAXOAAT MATOUHble
Tpy6Gbl, MO KOTOPLIM ARLIEKNETKA NEPEABUIAETCA NPU NMOMOLLN PECHUYHBIX KIETOK
8 MaTky.

Craguu passuTuA YenoseKka
Ha ueTBepToit Hepene y 3apofpiwa AAMHOW 3 MM MOABAAIOTCA 3a4aTKu
KOHEYHOCTEl, MO3ke — 3auaTKi a3, HOCA, 3aTeM HauuHaeT nynbcupoBaTh
cep,u,ue 1 YCKOPAETCA Pa3BUTME KOHEYHOCTeN. [inHa 3apodblwa Aocturaet 15

Ha 7-8 Henene GOpMMPYIOTCA OTAE/bHbIE CTPYKTYpbI Tena: rpyaHas Knetka,
ronoBa, HOC, Nasa, yww, Nanbubl PyK 1 Hor. [ianHa pgocturaet 2,5 cm. C storo
MOMEHTa OH Ha3blBAETCA NOAOM. K TpeM MeCALaM BHyTPUYTPOBHOrO passnTA
HOPMMPYIOTCA MOYTYH BCE OpraHbl, K 4,5 MecALam NPoCayLINBAIOTCA COKPaLLEHMA
cepAla Nnoja, YacToTa KOTOpbIX B 2 pasa Bbille, Yem y matepn. HopmasbHas
6epemeHHOCTb npogomkaetca 270-280 cyTok (9 mecAueB) M 3akaHuuBaetca
poxaeHnem pebeHka. Hauano poaos CBA3aHO C BblaeNeHUEM ropMoHa runodusa
OKCUTOUMHA, LEro CUNbHOE COKF Me MbIlL, MaTK1 U BpIoLWHOTo
npecca. Y pebeHka nnaueHTapHoe KpoBOOGPaALLeHWE 3aMEHAETCA NIerOYHbIM,
0 Yem CBMAETENbCTBYIOT MepBble KPUKU. Yepes 20 MUH MAaLeHTa oTAenaetca
OT MaTKu 1 BMecTe ¢ 060/104KaMM M1/10/4a BbIXOAUT HaPY3Ky.

MepBble 4 Hefenu pasBUTMA MOC/AE PONAEHMA Ha3biBalOT MepPUOAOM
HOBOPOMAEHHOCTY. C/leflyloLine MecALbl 10 rOAa Ha3blBaKOT rPY/HLIM NEPUOAOM,
c 1 roaa ao 3 net — AceNbHbIM NEPUOAOM, C 3 NeT A0 6 NeT — [AOWKONbHbIM
nepuoaom, ¢ 7 net ao 18 net — WKoNbHbIM Nepuoaom.

Bbigenenue

O6pasosaBluiMecs B mnpolecce OBMeHa BELLECTB KOHEYHble MPOAYKTbI
pacnasa, ABAAIOWMECA AAOBUTLIMM [A/A OPraHM3Ma, YAANAloTCcA W3 Hero
4yepes NOYKK, KOXY, NOTOBbIE KeNesbl, NerkMe U KUWevyHuK.

MOYKM WrpaloT rMaBHYI0 PO/b B 3TOM MPOLIECCE, BbIBOAA W3 OpraHW3ma
MOYEBUMHY, MOYEBYIO KMCNOTY, N36bITOK BOADI, CONel U T.4. B pesynstate paboTbl
noyeKk KpPOBb OYMILAETCA W COXPaHAET CBOM COCTaB M (U3NKO-XUMUYECKNe
cBoIiCTBa. OT BOTHYTOM CTOPOHbI MOYKN OTXOAAT MOYETOYHWKM, MO KOTOPbIM
MouYa CTeKaeT B MOYeBOi Ny3bIPb — EMKOCTb 1N HAKON/NEHUA MOUM, NMEIOLLLYI0
TONCTbIE MblLEYHbIE CTEHKW. B BOPOTa KaXA0ii NOYKM BXOANT NOYeYHan apTepus,
a BbIXOAAT MapHble NOYeUHble BEHbI U MOYETOUHMUK. BEHbI HECYT OUMLIEHHYIO
OT XMAKNX NPOAYKTOB Pacna/ia KpoBb B HUKHIOK NO/YIO BEHY.

B noyke pasnMuyaloT Hapy»KHbI KOPKOBbBINA CNOM M BHYTPEHHWII MO3roBoi
CNOiA. B KOPKOBOM C/10€ Pacro/ioXeHbl NOYeuHble eAuHULbl — HedpoHbl. Ux
HaCYMTLIBAETCA B KaX/A0/ NOUKe OKONO 1 MIH. OHW 06pa3oBaHbl KaNUANAPHBIMM
Kl'lyﬁo‘-lKaMM W PacnoNoXKeHHbIMW  BOKPYr HUX Kancynamu C  U3BUTbIMU
KaHa/buamu. CTEeHKM Kancya COCTOAT U3 ABYX PAAOB 3MMTEAMANbHBIX KETOK CO
LWeNeBMAHbIM NPOCTPAHCTBOM MEX/Y HUMM, OT KOTOPOrO HauMHAETCA WU3BMTOM
KaHaseL,. KpoBb B KanuANAPHBIN K1yGOYeK NoCTynaeT no NPUHOCALLEH, a noKkuaaeT
no BbIHOCAWEH apTepuone. BbiHOCAWAA apTepuona BHOBb pacnajgaerca
Ha KanuANAPbI, ON/eTalolLIMe U3BUTON KaHaneLl. Takum 06pa3om, KPOBb NPOXOANT
CHaua/ia Yepes KanuNAPHbIil KNy6ouek, a 3aTem Yepes KanuaNAPHYIO CEeTb BUTOTO
KaHasbLa.

B KanuanApHbiX KAyBouYKax KPoBb TeYeT nog GOnbWMM aBneHnem, yem
B /IPYrUX Kanuanapax, Tak Kak BXOAAUWMIA COCYA WMpe BbIXoAAulero. CTeHKM
KanuiApoB NPOMYCKaloT B Kancy/ly U3 naasmbl KPOBM BOAY C PacTBOPEHHbIMM
B Hell CONAMM, 33/lePXKNBaA KNETKM KPOBM M KpyMHble MO/eKy/bl 6enkos. 3ToT
GUALTPAT ABNAETCA MEPBUYHON MOYOW, OHAa COAEPXKUT MUHEPA/bHbIE COMM,
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FOPMOHbI, BUTaMUHbI, aMUHOKMUCAOTbI U JpyrMe COeAUHEHUA, Heobxoaumbie
opraHusmy.

W3 Kancynbl nepBuyHas mova MOCTynaeT B U3BUTON KaHanel, Ero cTeHku
peabcopbupyIoT BOAy M HEKOTOpble ApyrMe BewlecTsa: MIOKO3Y, BUTaMMHbI
v Ap. B pesynbrate obpasyeTcA BTOpWUYHas Moua, npeacTasialuias coboit
KOHUEHTPMPOBaHHbI PacTsBop coneid, a Takke MoueBuHbl. OHa CTekaeT
8 NOYEUHYIO IOXaHKY — HEBO/IbLIYIO MOMOCTb B MOYKAX, OTKY/AA MO MOYETOUHUKAM
nonagaet 8 MOYEBOM My3bipb. Yepes MOYEUCNyCKaTeNbHbIN KaHa U3 MOYEBOTO
ny3bIPA MOYa YAANAETCA HapyXKY.

Koxa

Koxa — Hapy»Hblii MOKPOB TeNa, KOTOPbI obecneynBaeT TemnepaTypHyio,
60neByio, OCA3ATE/IbHYIO UYBCTBUTENILHOCTb, MPENATCTBYET MPOHMKHOBEHMIO
MUKPOBOB 1 ALOBUTHLIX BELLECTB B OPraHM3M, NPEAOXPaHAET ero OT MEXaHUYeCKNX
NOBPEX/AEHNN, BbLINONHACT QYHKLMIO TEPMOPEryAALMM, BbIAENAET BpejHble
AnA OpraHM3ma NpozyKTbl MeTabonnsma.

Koxa COCTOMT W3 AByX CNloeB. HapyxHbli C/0I HasbiBaeTCA anuAepMUCOM,
a bonee ry6oKMit — Aepmoii, COBCTBEHHO KOXKel. KNeTkun BepxHero cnos NAoTHO
npuneraioT Apyr K ApYry U 0porosesalot. Mx coit Haubonee TONCT Ha NOAOWBaxX
HOT M Ha NajioHAX. POrOBOV CMOM BbIMONHAET 3aWUTHYIO GyHKLMIO. Bonocs
1 HOTTM — NPOU3BOAHbIE POTOBOFO CAOA 3NMAEpMHUca. Braroaapa ero KneTkam,-
CMOCOBHBIM ANUTLCA, OHU PACTyT HenpepbIBHO. B 6a3a/bHOM C/ioe anuaepmuca
HaXOAATCA MUIMEHTHbIE KNETKM, OT KOTOPbIX 3aBMCUT LBeT Koxu, T. K. B HUX
BbIpabaThiBaeTCA MUIMEHT MeNaHWH Nof BO3AENCTBUEM YNLTPAGUONETOBbIX
nyyeit.

Jlepma COCTOUT U3 KNETOK N MHOTOUYMCAIEHHbIX NEPeneTeHuit KONNareHoBbIX
BOJIOKOH, [€N1alolnX KOXY 371aCTUYHON. B Aepme HaxoaaTcA BONOCAHblE
JIYKOBULIbI, NOTOBbIE }e/e3bl, Ca/lbHbIE Xe/e3bl, KPOBEHOCHbIE 1 IMMbaTUYecKkre
cocyAabl M peuenTopbl.

Yepes noToBble Kenesbl YAANAIOTCA KUAKME MPOAYKTbI Metabonusma.
Mo cocTasy NOT 61M30K K cOCTaBy Mouu. [0TOBbIE Kenesbl UMeIoT BUZ, KNy6oUKoB
C BbIBOAHBIMM NMPOTOKAMM, BLIXOAALMMM Ha MOBEPXHOCTb KOXKM. K BONOCAHBIM
CyMKaM MpPUKPENAAIOTCA MbIlLbl, MO, sonioc. Ci ne aTux
MblLUL| BEAET K NOAB/EHMIO Ha MOBEPXHOCTN KOXKM BYTOPOUKOB («TyCuHas Koxay).

CanbHble e/e3bl OTKPbIBAOTCA NPOTOKaMM B BONOCAHbIE KOBULIbI, BblAENAR
KOMHOE Cafo, KOTOPOe CMasbiBAeT KOXY 1 BOMOChI, A€/1afA UX HEMPOMOKAEMbIMM
1 31aCTUYHBIMM.

Moa  Aepmoit  HaxoaMTCA  KMpoBasa  KneTyatka,  0BpasoBaHHas
COEAMHUTENbHBIMU BOJIOKHAMM, B MET/IAX KOTOPbIX /IEKAT XKMPOBbIe KAETKM. OHa
BbINO/IHAET aMOPTU3MPYIOLLYIO 1 TENIOM30MPYIOLLYIO BYHKLMIO.

YKenesbl BHyTpeHHeii cekpeuumn

TymopanbHas perynauna GyHKUMN OpraHU3ma OCyLLECTBAACTCA C NMOMOLYbIO
XMMMYECKUX BELLECTB, BbIPabaTbiBaeMbiX B Pas3/M4YHbIX OPraHax W TKaHAX,
1 KPOBbIO Pa3HOCMMBbIX 1O BCeMy OpraHu3my. CyLIecTByeT pAf, Jenes BHyTpeHHe
CeKpelym, KoTopble BbipabaTbiBaloT BellecTsa, CneunanbHo NpeaHasHadYeHHble
ANA Perynaummu — ropMoHbl. FOPMOHbBI — 3TO BbICOKOMONIEKYNIAPHBIE aKTUBHbIE
BeWeCTBa. HUYTOXKHOE WX KONMYECTBO OKa3blBAET MOLLHOE BO3AENCTBUE
Ha [IEATENbHOCTb ONPe/ENEHHbIX, OPraHoB.

MomKenynouHan enesa BbINONHACT ABOAKYIO GyHKUMIO. OfHN ee KNeTKu
BbIPa6aTbIBAIOT MULIEBAPUTENbHDINA COK, KOTOPbIi NO BbIBOAHBLIM MPOTOKAM
NoCTynaeT B KWWEYHMK, [PyrMe KNeTKW BblpabaTbiBaloT rOPMOH — WHCYAMH,
NocTynatowyui Npsamo 8 KpoBb. MHCYIMH NpeBpaLiaeT 3BbITOK [IIOKO3bI B KPOBM
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B [/IMKOTEH W MOHMXKAET ypoBeHb caxapa B KPoBW. [OPMOH [/IIOKaroH eicrayet
NPOTUBOMONIOXKHO ~ MUHCYAMHY. HeJOCTaTOK MHCYAMHA  BbI3biBAeT —passuTUe
caxapHoro aua6era.

LIuToBMAHAA Kenesa NeWT NoBepx ropraHn. Ee ropmoHsl, B Tom uucie
TUPOKCUH, peryanpyioT obmeH BeluecTs. OT MX KOAMYECTBA 3aBUCUT YPOBEHb
noTpebaeHMA KNCIOPOAa BCeMM TKaHAMM Tena. HelocTaTouHan GYHKUMA wenesbl
B [ETCKOM BO3pacTe NPUBOAWT K PasBUTUIO KPETUHM3MA (3azepsuBaetcs
POCT W YMCTBEHHOE pPa3BMTUE), BO B3POCNIOM BO3pacte — K 3ab0nEBaHUIO
MUKceaeMOol. M3BbITOK FOPMOHOB Y B3POC/bIX NPUBOAWT K passuTuio 306a
(6asenoBoit 6onesHu).

HaanoueuH kM BbIpabaTbiBaloT ropMOHbI, KOTOPble perynvpyloT 6enxosbii
06MeH, NOBBILIAIOT YCTOIMUMBOCTb OPraHN3Ma K HebnaronpUATHbIM BO3ALHCTBMAM
cpeabl, PeryampyioT conesoii 0bMeH U p. B MO3roBOM C/0e HaAMOYEYHUKOB
B8bIpabaThIBAETCA FOPMOH — aAPEHa/INH, YCUANBAIOLLMI CEPAEYHbIE COKPaLLeHUs
W PeryavpyoLmin yrieBogHbli 06MeH.

TMNoGU3 — HUKHMIT MO3rOBOM NPUAATOK, BbIAENAET B KPOBb HEMPOrOPMOHI,
peryavpylouite  pocT  opraHusma, GyHKUMM  HaanoueuHukos.  M36biTok
COMaTOTPOMHOrO rOPMOHa NPUBOAMUT K TMIaHTU3MY, HElOCTaTOK — 3ameIeHUI0
pocra.

fMnotanamyc BblpabaTbiBaeT ~HeMpPOrOpMOHbI, peryanpyioue  paboty
rMnodusa. Monosble xenesbl (CEMEHHUKM 1 AUYHMKM) BbIPabaTbIBAIOT NO/OBbIE
FOMOHbI 1 06Pa3syloT NONOBbIE KNETKU. MyXCKMe MOMOBbIE TOPMOHbI OTBEYAIOT
3a pa3ssBuTME BTOPWYHBIX MO/OBbIX MPWU3HAKOB: YCOB, GOPOABI, XapaKTepHOro
ANA MYMKUYUH TENIOCNOKEHUA U HU3KOTO r0N10Ca. HeHCKMEe MO/oBble FOPMOHbI
PEryaupyioT pasB1TUE KEHCKMX BTOPUUHbBIX MPU3HAKOB, YNPaBAAIOT MONOBbIMM
LMKNaMK, NpoTeKaHem 6epemMeHHOCTU 1 PO/OB.

HepBHan cucrema yenoseka

HepBHas cucTema obecneynsaeT NOCTOAHCTBO BHYTPEHHEN Cpe/bl OpraHM3ma.
Kpome 3T0ro HepeHaa cucrema cornacyet paboTy BCex OPraHoB, peryanpyer
MX [AeATeNbHOCTb, O6EecneynBaeT COKpalleHWe Mblwl. HepsHas cuctema
obecneynsaet CBA3b OPraHM3mMa co BHelWHel cpeaoil. HepsHas cucTema aaAeTca
MaTepuabHOM OCHOBOM NCUXMYECKOM 1eATeNbHOCTH YenoBeKa. HepsHan cucrema
COCTPUT M3 LEHTPaNbHOM 1 nepudepuyeckoil 4actu. K LeHTpanbHOW HepBHOMN
cUCTEME OTHOCATCA FOIOBHOM M CMUHHOM MO3T, K Nepudepuyeckoii — oTxoaaLne
OT HUX HEPBbI 1 HEPBHBIE Y3/lbl, HEPBHbBIE CMIETEHWUA U HEPBHbIE OKOHYaHMs,
PacnoNoKeHHbIe 3a NpeAenamn Yepena 1 No3BOHOYHMKA.

CNWUHHOM MO3r PacrofioXeH B NO3BOHOYHOM KaHane u Mmeet Bug, TPY6Ku
AJIMHOM OKO/I0 45 cM 1 AnameTpam 1cm. BHYTpU Hero — nonocTb, 3ano/iHeHHas
CMMHHOMO3rOBOA MAKOCTbIO. Ha NONepeyHoOM cpese BUAHO, YTO CIMHHOM MO3T
COCTPUT M3 HapyXHOro 6Genoro BewlecTsa M BHYTPEHHEro Ceporo BellecTsa.
Cepoe BEWECTBO COCTOMT W3 TeN HEMPOHOB M MMEET Ha MOMepevyHom cpese
¢bopmy 6aboukn. benoe BewwecTBo 06pasoBaHO, OTPOCTKAMM HEPBHbIX KNETOK,
NOKPBLITBIMU MUENIMHOBO 060/104KOI, 06BbEAMHEHHBIMU B POBOAALLME NYTH.

TONIOBHOM MO3r COCTOWT W3 3ajHEro, CPeAHero U MepejHero Mosra.
OT Hero oTxogaT 12 nap YepenHO-MO3rOBbIX HEPBOB, M3  KOTOPbIX
3pUTENbHbIE, CNYXOBbIE W OBOHATENbHbIE HEPBbI ABNAIOTCA YYBCTBUTENbHBIMM,
a 0CTa/bHble — CMeLaHHbIMK. K 3aHEMy MO3ry OTHOCATCA NPOAOATOBATHINA MO3T,
MOCT 1 MO3XKeYOK.

MpoAoAroBaTLIA  MO3M  BbINOAHAET PedNEKTOPHYIO W MPOBOAHMKOBYIO
GYHKLMN 1 ABNACTCA, NPOAOMKEHMEM CTIMHHOTO MO3ra. B HeM HaxoAATCA LEHTPbI
[bIXaHNA, CEPAEYHO-COCYANCTON [IeATeNbHOCTM, 3aLNTHBIX pedneKcos (Kawenb,
4YuxaHWe, PBOTA), NULLEBAPEHUA.
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MocT aBnAeTCA NPOAO/MHKEHMEM NPOAO/TOBATOrO MO3ra. Yepes Hero npoxoaaT
HEPBHbIE MYTM, CBA3bIBAIOWME MEPeAHMiA, 3a4HUA MO3r C MPOACArOBaTbIM
M CMIMHHbBIM MO3rOM. OT MOCTa OTXOAAT C/IYXOBbIE U INLIEBbIE HEPBbI.

MO3)KeUoK PacnonokeH no3az| NPoLONroBaToro Mo3ra 1 MocTa. Moskeuok
Y4aCTBYeT B KOOPAMHALMM BAKEHNN, NOAEePKaHNM NO3bI U PaBHOBECKA Tena.

CpeiHnini MO3T COEAMHACT NepeaHUi MO3r C 3aAHMM. 34eCb HaxomaTca
BaXKHbIE [|BUrATE/IbHbIE W YYBCTBUTE/IbHbIE HEPBbI, MPOMEXYTOUHbIE LEHTPbI
06paboTKM HGOPMALLMK, MOCTYNUBLIEN OT 3PUTENBHBIX U C/IYXOBbIX PELLeNTOPOB.
Mepe/iHNi MO3T COCTOMT M3 NPOMENKYTOYHOTO MO3ra U GOAbLINX NOAYLIAPUIA.

MpPOMEXYTOUHBI MO3r 4YacTU4HO obpabatbiBaeT WMHPOPMALMIO, UAYLLYIO
yepes Hero B Gosblune MOMyWapuA. B HeM HaXOAATCA LEHTPbI awabl,
HaCbIWEHNA, roNoAa, YNpas/AlowMe TemnepaTypoll Tena W BHYTPEHHUMM
opraHamu.

BonbliMe nonywapus nepegHero Mosra MOKPbITbl CEPbIM BELLECTBOM —
KOpOM BOo/bLWKX MONYLIAPUIA, KOTOpas obBpasyeT MHOXECTBO CKA3AoK, 6opo3sa
M M3BMAMH, YBENMYMBAIOWMX M/1OWAAL KOpbl. CKOMJEHUA Ceporo BeliecTsa
HaxoAATCA B Iy6MHe nosyiwapuit. 3To NOAKOPKOBbIE AApa.

Kopa 6onbwux nonywapuii — BbICWMIA OTAEN LEHTPaJbHOM HepBHOM
cuctembl. OHa OTBEYaeT 3a BOCNPUATME BCeW nocTynarowein uHpopmaumu,
3a ynpaBieHNeM BCEMI COKHBIMM MbILIEYHBIMM ABUKEHNAMN. C Hell CBA3aHbI
namaTb, peyesan: U MbICAUTENbHaA AeATenbHoCTb. Kopa Kasporo nonywapus
COCTOUT 13 10BHOIA, TEMEHHOIA, 3aTbIIO4YHOM U1, BUCOYHOM 0N,

3aTblIOYHAA 30Ha KOPbI OTBEYAET 3a 3peHMe, BMCOYHas — 3a BOCNPUATME
3BYKOB, TEMEHHaA aHa/M3NpPyeT MHGOPMALMIO, NOCTYNAOLLYIO OT KOXM, CYCTaBos,
KocTel. JlobHas Kopa OTBETCTBEHHA 33 COCTaB/leHWe MNporpamm AencTsui,
C ee pasBUTMEM CBA3aH BbICOKMII ypOBEHb MCWMXMKM Yenoseka. Kopa nesoro
nonywapua 06ecneynBaet yCTHyIO U MMCbMEHHYIO PeUb, IOTUYECKOE MblluNeHHe,
npaBoro — OTBeYaeT 3a 06Pa3HOE MbilAEHME.

BereTaT1BHbIN OTAEN HEPBHOM CUCTEMbI PETYAMPYET COCTOAHME BHYTPEHHMX
OpraHoB B _MEHAIOWMXCA YC/IOBMAX OKPYatower cpeapl. [eaTenbHOCTb
BEreTaTMBHON HEPBHOM CUCTEMbI HE 3aBICUT OT BOAIM Ye/I0BEKa.

B cOCTaB BeretaTMBHOMW HEPBHOW CUCTEMbI BXOAAT CUMMNATUYECKUN
M napacumnatuyeckuit  OtAenbl. CUMNATUYECKWI OTAEN  aKTMBM3MpyeTCA
B CTPECCOBbIX CATyaumax. Ero LEHTPbl HaXoAATCA B BEpPXHEN W CpeaHeit yacTn
CMUHHOTO Mo3ra. OT HUX WAYT HepBbl K HEPBHbLIM Y3/1aM, Pacro/IOXeHHbIM
BAO0/b NO3BOHOYHMKA. ITO NapHble y3/bl HEpBHOrO CTBONA. Kpome Toro, ecTb
[ONONHUTENbHbIE y3/Ibl B 0DAACTU KMBOTA (COMHEYHOE CnaeTeHue) U Ap.
Moz BAMAHWEM 3TOTO OTAENA CepALE YCUAUBAET CBOKO PaboTy, KOMKHbIE COCYAb!
CY)KaloTCA, NOBBIWAETCA KPOBAHOE AaBNeHue. OpraHbl , Hao6opoT,
3aTOPMaXKMBAIOT CBOIO [1eATENIbHOCTb.

TNapacumnaTyeckuii oTaen HOpManusyeT AeATeNbHOCTb Cepaua, AaBneHue,
pacwmpseT cocyabl Koxu. LIeHTpbl 3TOro OTAeNa HaxoAATCA B CTBO/IE MONIOBHOTO
MO3ra 1 KPECTLIOBOM OTAE/NE CIUHHOTO Mo3ra. Camblil KPYMHbINA M3 HUAX LEHTp —
LEeHTP 6/1YXK/4aI0LLEr0 HEPBa HAXOAMTCA B NPOAOATOBATOM Mo3re. CoMaTMUEeCKMit
OTAEN HEpBHOM CUCTEMbI. ITOT OTAEN CMEUMannN3MPYeTCA Ha BOCMPUATUM
MHbOPMALWK 1 YNIPaBAALT ABUKEHUAMM Te/1a. BbICIIMM LLEHTPOM COMATUYECKOro
oTaena ABNAETCA Kopa 60/bLunX nonywapuii. ComaTuieckuii oTaen nogumnHaeTca
BO/le YeNoBeKa.

OpraHbl 4yBcTB (AHanu3aTopbl)

OpraHbl 4yBCTB 06ECNEYMBAOT BOCMPUATME Pa3/IMUHBIX Pa3apaxeHuit,
[elCTBYIOWMX HA OPraHW3M, U CAYXaT AR NPUCNOCOBeHUA K MeHAoWMmMcA
YCNOBMAM  OKpyalowei  cpeabl. [lo  xapaKkTepy,  BOCMPUHMMAEMbIX
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pasapaxuTeneii aHanM3aTopbl PasAensioTca Ha AUCTaHTHbIE, T.e. AeicTByoWwMe
Ha PaccToAHMM (3peHue, CyX), U KOHTaKTHbIe (0cA3aHwe, BKyC). Mo Buay sHeprum
pasjpaxuTens aHaNM3aTopbl MOAPa3AENAIOTCA Ha XMMUIECKME (BKYC, OBOHAHME),
MexaHu4eckue (cnyx, ocasaHue), CBETOBbIE (3peHue).

OpraH 3peHus

[nasHoe ABGNOKO MOKPLITO CHAPYXKW MNOTHOM 6enouHoin 0BONoYKON —
CKNEpoW, KOTOpas COeAUHAETCA CO CU3UCTON 060NOYKON BHYTPEHHER CTOPOHbI
Beka. Bniepeau Cknepa nepexojuT B NPO3PaqHyio POroBuLY, 4epes KOTOpYIo B a3
NpoHMKaeT cBeT. M0z CKNepPOl HaXOANTCA COCYANCTas 060/I0UKa, NPOHU3aHHasA
KPOBEHOCHBIMM cOCyAamn. Ee BHYTPEHHMIl CNOit COAEPXMT CNOW KpacAwiero
BellecTBa — YEPHOro NUrMeHTa, NOrNOLAOLLEro YepHble Ny4u. Mo3aamn porosuLibl
cocyauctan 060/104Ka MEPEXOANUT B PaZyKHYK 0BO0N0UKY U PecHUYHoe Teso,
f/le PacnofioXeHa PecHUYHas MbllLA, PEryaMpYIoLias KPUBM3HY XpYCTanuka.
Kpyrioe oTBepcTie BHYTPU Pajy»KHOW 0BONOYKM — 3payoK, CNOCOBeH MeHATb
CBOM pa3mepbl B 3aBUCUMOCTM OT MHTEHCUBHOCTY CBETa. BHYTPEHHAA CTeHKa rasa
BbICT/IaHa TOHKOW 0BONOYKO — CeTYaTKOMW, B KOTOPOI HaXOAATCA 3puUTeNbHble
peuenTopbl: KONBOUYKM 1 MaNoUKK.

BHyTpeHHee AApO MasHoro A6nOKa o6pasyeT BMecTe C  POrosuuen
ONTMYECKYIO CUCTEMY [1a3a WM COCTOMT M3 XPYCTa/nuKa, CTEKAOBWUAHOTO Tena
1 BOAAHUCTOM BNaru nepesHen 1 3agHei kamep rasa. Mpo3payHblii v 31aCTUYHBINA
XPYCTa/MK, PacrooXeHHbIM no3aau 3padka, MmeeT GOpMy ABOAKOBbIMYK/ION
NMH3bl. OH BMECTe C BHYTPUINE3HLIMM HUAKOCTAMM NPENOMAAET /ly4n CBeTa,
sxoaAume BHypr rnasa, 1 GOKyCUpyeT UX Ha ceTyaTke. Ha ceTyatke obpasyerca

oe 1306p: npeameta. Mol BMAUM npsAmoe
MaoGpameHme npegme'ros 61aroaapA KOPPEKLMM CO CTOPOHBI MO3TOBbIX LIEHTPOB.

OpraHbl cnyxa

B opraHe cnyxa pas/iMyaioT Hapy»HOE, CPefjHee 1 BHYTPEHHEe yXo.

Hapy»HOe yXO COCTOMT W3 YWHOM PaKOBUHBI W HaPYKHOrO CAYXOBOTO
npoxoga. OHo obec y 1 nposes 3BYKOBOM BO/IHbI
K 6apabaHHOW NepenoHke.

CpeaHee yXo PacrosioXeHO BHYTPU BMCOYHOM KOCTW M COCTOMT M3 MOOCTH,
Tfle HaxoAATCA C/YXOBble KOCTOYKM — MOJIOTOHEK, HaKOBa/IbHA M CTPEMEYKO,
M cnyxosoi Tpybbl (eBcTaxnesoi Tpybbl), COEAMHAIOWEN CpeAHee yXo
C  HOCOrNOTKON. MonoToYeK  CoeAuHeH ¢ HapabaHHON  NEPEenoHKoN,
CTPEMEYKO — C MEPENOHKON OBA/bHOTO OKOLIKA CAYXOBOW YANUTKM. CayxoBbie
KOCTOYKM, B3aUMOAEMCTBYA Kak pbiyary, nepeaaroT konebaHus ot 6apabaHHoOM
NepenoHKM K XXMAKOCTH, 3aNONHALLE BHYTPEHHEe YXO.

BHYTpEeHHee yX0 COCTOMT M3 YIUTKM, CUCTEMbI TPeX, NONYKPYMHbIX KaHanos,
06pasyiowmx, KOCTHOW NabUPUHT, B KOTOPOM PacnosioXeH nepenoHyaTbii
NabUPUHT, 3aN0AHEHHBIN KUAKOCTBIO. B CNIMPanbHO 3aBUTOM yUTKE NOMeLLAoTCA
CNyXOBble PELEenTopbl — BO/IOCKOBbIE KAETKM. 3BYKOBbIE BO/HbI MPOXOAAT
4Yepes HapyxHblil C/yxoBOW NPOXOA W BbI3bIBalOT KonebaHua GapabaHHON
NepenoHKM, KOTOpble Yepes CNyXOBble KOCTOYKM NepedaloTca Ha OBasbHoe
OKOLLIKO BHYTPEHHETO yXa 1 BbI3bIBaIOT KoNeBaHNA 3aNoNHAOLLEl ero MAKOCTU.
3T KonebaHMA NpeobpasytoTCA CIyXOBLIMU PeLLenTopamMi B HEPBHbIE MMNY/bLCbI,
KOTOpbIE MEepeaaloTcA Mo CAYXOBOMY HEPBY B C/IYXOBYIO 30HY, KOpbl GO/bLIMX
nonywapui.

OpraHbl paBHoBecua
Cuctema TPEX MONYKPYXKHbIX KaHanoB, OBa/ibHbIA W KPYIIblA MELIOYKK
06pasytoT BeCTUBYAAPHbIN annapat. Bo3by/AeHnA BO3HUKAKOT B PeLienTopax 3Toro
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opraHa 1 NocTynatoT B HEPBHbIE LIEHTPbI, OCYLIECTBAAOWME NepepacnpeaeneHne
TOHyCa M COKpalleHWe Mbilwl,. B pesynbtaTe noAAepsKUBAETCA paBHOBECUE
W NONOXKEeHWE TeNa B NPOCTPaHCTBe. nO/’IVpr)KHbIe KaHanbl pacno/ioXeHbl B Tpex
B3aMMHO nepneHAUKYNAPHbIX NJIOCKOCTAX. 3anonHeHbl CTYAEHMCTOFI HKUOKOCTbIO.
BHYTPM KaHanoB HaxoAATCA BO/IOCKOBbIE peuenTopbl. an no6om cmeweHnn
roNnoBbl XWAKOCTb B KaHasNax ABWXKETCA, BOBAEKaAa B [ABWXeHWE BOJOCKHK,
4YTO NPUBOAUT K BO3BYKAEHMIO peuenTopos. MbllWweyHoe 4YyBCTBO BO3HWMKaeT
fpU PacTAXKEHUU WAWM COKPaLeHWs Mbllwl, 6Gaarogaps Y4emy Mbl CMOCOGHbI
coBepLwaTb NPOU3BO/IbHbIE ABUMKEHUA.

KoxHble YyBCTBa CNAraetcA M3 HECKO/IbKUX aHann3aTopos. OcasaHne —
CNOXHOE YYBCTBO, CBA3aHHOE C NPUKOCHOBEHWEM, K NpeameTam. B Hem y4acreyet
TaKTUAbHOE 4yBCTBO. O6OHAHME OCYWECTBAACTCA C MOMOLbIO PeLenTopos,
KOTOpble HaXxo4ATca B CAU3UCTOM  060NM0YKe HOCOBOM MonocTu. Knetku
3TUX peuenTopoB WMEKT MOCTOAHHO KO/'IEG/'HOLLLMECR PEeCHUYKHN. KB)KAail
060oHATeNbHAA KNeTKa cnocobHa OGHapymMTb BeLwecTso onpeaeneHHOro cocrasa.
an BiaMMO,Cle;ICTBMM C HAM OHa NOCbINAET HEPBHbIE MMNY/IbCbl B MO3T.

BK‘/COBI:IE peuenTopbl PaCNONOXeHbl B CAM3NCTON 060/104Ke A3bIKA. BKYCOBHE
COCOYKN MMetoT rpuboBnAHYIo, wenobosatyio u auctosyio Gopmy. Kampaplit
cocoyek cooﬁuJ,aeTcn c pOTOBOM nonocTbio HebonblWwUm oTsepcTnem — nopom

Bbicwas HepBHasA AeATe/NbHOCTb

B OCHOBE YyYeHMA O BbICWIEH HEPBHOW [AEATENLHOCTW fiewaT uaeu
0 pedneKTOpHbIX MexaHW3Max MCUXMYECKUX MPOLECCOB, KOTOPble Brepsble
chopmynvposan N.M. CeueHos.

W.N. NaBnos 3KCNEPUMEHTaNbHO NOATBEPAWUA 3TV WAEN W CO34an HOBbIN
pasgen B Hayke — (M3MONOTMIO BbICIIEN HEPBHOM [eATeNbHOCTU. Bbicwas
HepBHaA /leATe/IbHOCTb  ObecneynsaeT  MHAMBUAYa/bHOE MOBEAEHYECKoe
npucnocobiieHre 4YenoBeka K M3MEHAIOUWMMCA YCAOBMAM  OKPY»atoulei
M BHYTPEHHel cpeabl, HOCUT pedneKTOpHbIA XapaKkTep, OCyllecTBaAeTCA
C NOMOLLBIO YCIOBHBIX M 6e3yCN0BHbIX PedNeKCoB.

Be3ycnoBHble  pednieKcbl  NOCTOAHHO — BO3HWKAKOT — MpW  AeMCTBUM
COOTBETCTBYIOWNX Teneit Ha onpes peuenTopHble NoAA.
OHM ABNAIOTCA BPOKAEHHBIMM, HACNEACTBEHHBIMM, BUAOBLIMM, BCETAa BO3HUKAIOT
NPy ONpeaeneHHbIX YCI0BMAX M COXPAHAIOTCA B TEUEHMe BCEM XKM3HN OpraHu3ma.
K HUM OTHOCATCA OPUEHTUPOBOYHDIN, 0GOPOHUTENBHBINA U AP. pedneKcsl.

VIHCTUHKT — Lienb Noc/1e0BaTeNbHO OCYLLECTBAAEMbIX PEDIEKTOPHBIX aKTOB.

YcnoBHble pedeKchl NO3BONAIOT MPUCOCOBUTLCA K eLle He HAcTynuBLIemy
cobbiTio.  [lnA Mx  06pas’oBaHNA  HEOBXOAMMbI  CAedylowme  YCioBM:
HEO/JHOKPAaTHOE COBMajieHMe BO BPEMEHM AeMCTBUA [BYX pasapaxuTeneit —
6€3pas/IMYHOTO CUrHa/IbHOTO, MM YCOBHOTO (CBET, 3BYK 1 AP.), U BesycnosHoro,
T. €. Bbi3blBatowWero 6esycnoBHblii pednekc (Hanuuue notpeGHOCTM B nuLe,
Boge, 6e30MacHOCTU M T.4.). YCNOBHbIA pasapakuTenb AOMKEH HECKONbKO
npe/ecTBoBaTh 6e3ycI0BHOMY PasApakuUTeNio, T. €. CUTHAU3UPOBATh O HEM.
Mpu 06pa30BaHMM YCAOBHOMO pednieKca BO3HWKAET BPEMEHHAA CBA3b Memay
LEHTPaMK aHann3aTopa YC/I0BHOTO Pa3ApaxuTens U LEHTpom 6esycnosHoro
pednekca. YcnoBHbiii pednekc MaBnoB Ha3Ban BPEMEHHON CBA3bIO, NOTOMY
UTO 3TOT pedrieKc NOABNACTCA TONLKO B TO BPEMs, MOKa AECTBYIOT yc0BUs,
npU KOTOPbIX OH CHOPMMUPOBANCH. YCIOBHbIE PedaeKcbl ABAAKTCA OCHOBOM
HaBbIKOB, MPUBbIYEK, OBYYEHWA, BOCMMUTAHMA, PA3BUTUA PEYU W MblLLNEHURA
y peGEHKa, TPYAOBOW, OBLLECTBEHHOM 1 TBOPYECKOW AEATENBHOCTH.

Hapsgy ¢ BO36yAEHMEM B KOpe BOSHUKAET M TOPMOXEHME, T.e. 3a/iepKa
OAHWX PeaKuuit ANA OCYLIeCTBIeHNA ApyruX. B mpouecce ajanTaunm yenoseka
M KMBOTHBIX K cpese TCA MX MO , CNefloBaTeNbHO,
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06pasyloTcA  HOBbIE M 3aTOPMaXKMBAKOTCA  MPEXHWE YCIOBHbIE pedrieKchl.
Bnarofapss BHYTPEHHEMY TOPMOMKEHMIO BGUONOTUYECKU HeLenecoobpasHbIx
peakuui1 opraH13ma, BO3MOMKHA BbIPaBOTKa HOBbIX YCIOBHBIX Pe(IEKCOB.

Y UeNnoBeKa U y KMBOTHBIX MeXaHU3Mbl 06Pa30BaHNA YCIOBHbIX pedeKcos
OfiMHaKoBbl. OAHAKO YeNOBEK PEe3Ko OT/IMYaeTcA Mo CBOEMy MOBeAeHMIo
OT JKMBOTHbIX 6narojaps OCObbIM MexaHW3MaM HepBHOW [eATeNbHOCTH,
K KOTOPbIM OTHOCATCS PeYb, MaMATb, CO3HAHNE, OTBNIEYEHHOE MbILUNIEHME.

Peyb ABnAeTCA cpeAcTBOM OGU.LEHMﬂ MexAy NoAbMK B npouecce TpyAa,
COLManbHOM, AyXOBHOMN, MUHOM M3HM: BOSHUKHOBEHME W pasBUTMe peyesoit
[eATeNIbHOCTM, C/10Ba, A3blKa NPUBENO K AanbHeiiluemy PasBUTMIO Bbiclueit
MepeHOW AeATENbHOCTH, K 0BOraleHmio ee ONbIToM NPeAblAyLLMX MOKONEHHIA.

Cneundunyeckoit 0COBEHHOCTbIO BbiCLEl HEPBHOM AEATENbHOCTU YenoBeka
ABNAETCA Ha/M4Me Yy HEro ABYX CUCTEM CUTHa/bHbIX PasApawuTenei: oaHa
CMCTEeMa Pa3ApauTeneil, Kak U y JKMBOTHbIX, COCTOMT U3 HEMOCPEACTBEHHbIX
BO3AENCTBUI HAKTOPOB BHELWHeW W BHYTPeHHel cpeabl opraHuama. [pyras
COCTOWT M3 CN0B, 0BO3HAYalOWMX BO3AENCTBUA 3TUX dakTopos. W.M. Masnos
COOTBETCTBEHHO Ha3Ba/l UX NEPBOWi 1 BTOPOM CUrHaNbHLIMKM cucTemamu. CNoBO
CTafno ANA YenoBeKa CUrHaNOM NePBUUHbIX, AEHCTBYIOLLMX Yepes OpraHbl YyBCTs
pasgpaxuTeneii — CUrHanOM CUrHasoB. B C10Bax 060BLIAIOTCA KOHKPETHblE
ANA JaHHOTO npeameTa 1 obLuve CBOMNCTBA NPEAMETOB; MPOUCXOAUT OTBEYEHIE
OT KOHKPETHbIX MPEAMETOB M, C/Ne/0BATe/IbHO, CO3AAIOTCA BO3MOMHOCTH
ANA OTBNIEYEHHOTO abCTPaKTHOTO MbIWNEHNA. 3TO 3HAUMTENbHO pacluMpAeT
BO3MOXHOCTM MPUCMOCOBAEHNAM OKpy3KatoLLeil cpeae.

Cox
W.N. MNaBnoB nonaran, YTo COH_— 3TO TOPMOXKEHWE OCHOBHbIX OTAENO0B
Kopbl —  6onblwMX  monywapuit, 6narojaps  KOTOPOMY  MpoMCXoauT

BOCCTaHOB/IEHWE PaBOTOCNOCOBHOCTU HePOHOB. ViccneaoBaHua nocneaHux et
NOKa3a/u, YTO COH — 3TO HE TO/IbKO OTAbIX MO3Ta, HO W aKTMBHaA NepecTpoiika
ero pabotbl, HeobxoaMmas ANA YNOPAAOUMBAHMA MONYYEHHON B NEpUos
604pCTBOBAHNA MHGOPMALMK.

PWTM cHa 1 604PCTBOBAHMA CBA3AH CO CMEHOI AHA 1 HOUN. OH ABNACTCA TaKUM
e eCTeCTBEHHbIM COCTOAHMEM Ye/0BEKa, KaK NepuoAMHecKM HacTynatouini
rON0A, Xax/aa U Apyrne noTpebHOCTU. HEeBO3MOXHO BbICNATbCA BMPOK, Tak e
KaK HeBO3MOMHO HaNMUTLCA W HAECTbCA Ha A/INTENIbHOE BPEMS.

CoH paer Haubonee MOAMHbIA OTAbIX LEHTPAsbHOM HEPBHOM cuUcTeme.
MpyaHble aetn cnat 20-22 4, WKOAbHUKKM — 9-11 4, B3pocable niogn — 7-8 u.
Mpu HeaoCkINaHMM YenoBek TepaeT PaboTocnocobHocTb. CoH cocTouT U3 4-5
LMKNI0B, CMEHAKOWNX APYT APYra, Ga3bl Me/IEHHOTO CHa 1 dasbl BbICTPOrO CHa.

06wwme 61MoNOrMYecKre 3aKOHOMEPHOCTH
OpFBHMHeCKMﬁ MUP U3MEHYMB U HENPEPbIBHO Pa3BMBAETCA CO BPEMEHU ero
BO3HMKHOBEHMA B CU/1Y ECTECTBEHHbIX MaTepUaNbHbIX MPUYUH.

VpOBHM OpraH13aLum XKUBOIM matepum Ha 3emne

* MONeKyNAPHO-TeHETUYECKUIA — C 3TOrO YPOBHA HA4YMHAIOTCA BaXkHeMLWwne
npouecchl KU3HeAEATENbHOCTU OpraHW3Ma: ObMeH BeWecTs W npespalieHne
SHEepruM, Nepeiaya HacAeACTBEHHOM MHPOPMaLMM 1 Ap.

* KneTouHblil. Knetka ABAAETCA CTPYKTYPHOM U GYHKLUMOHANbHON eAnHULIEN,
a TaKKe eaMHNLIeN Pa3MHOXKEHNA 1 PA3BUTUA BCEX KUBBIX OPraHM3MOB.

¢ TkaHeBblil. TKaHb — 3TO COBOKYMHOCTb K/IETOK, CXOAHbIX MO CTPOEHMIO
N NPOUCXOXKAEHMNIO U 06beANHEHHDIX BbINONHEHUEM 06Leit GyHKUUK.
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¢ OpraHHbIi. OpraH — 370 CTPYKTYpHOE 06beAUHEHME HECKOMIbKUX TKaHew
/ANA COBMECTHOTO BbINONHEHNA GYHKLMNA.

¢ OpraHn3meHHbIit. OpraHM3m — 3TO LieI0CTHaA, MHOTOK/ETOYHas, K1Bas
cucTema, CnocobHas K CaMOCTOATE/NbHOMY CyL|ecTBOBaHMIO, 06pa3oBaHHas
COBOKYMHOCTbIO OPraHoOB M TKaHei, CneunanusnpoBaHHbIX B BbINOJHEHNM
Pa3NnYHbIX GYHKUMIA. OHa NOAYMHEHA r'YMOPA/IbHOM U HEPBHOW PErynaLMAM.

 TonynAUMOHHO-B1A0BOM. COBOKYMHOCTb OPraHW3MOB OAHOTO  BWA,
o6beAnHeHHas 0BLIMM MECTOM 0BUTaHWA, CO3AAIOWAA NOMYAALMIO, Kak CUCTEMY
Ha/IOPraHU3MEHHOTO MOPA/ZKA, B KOTOPON OCYIIECTBAAIOTCA 3EMEHTapHble
3BO/IOLMOHHbIE NPe0bpa3oBaHms.

* BUOreoLEeHOTUYECKNIA. BUOreoLIeHo3 — COBOKYMHOCTb B3aMMOCBA3aHHbIX
NONyNALMIA PasHbIX BUAOB CO Bcemn GaKTopamm KOHKPETHO cpebl Ux 0buTaHuA.
Mo yensm N1TaHUA GUOreoLLeHO30B OCYLLECTBAAETCA NEPEHOC BELLECTB 1 SHEPruu

¢ BuocdepHbiit. Brochepa — camblit BbICOKUI YPOBEHD OPraHN3aLMM XKIU3HM
Ha 3emne. Ha 3ToM ypoBHE MPOMCXOAUT KPYroBOPOT BEWECTB U NpeBpaLieHne
SHEPruM, CBA3AHHbIE C IKU3HEAEATENIbHOCTBIO BCEX JKMBbIX OPraHWU3MOB,
obuTalowmx Ha emne.

Kaxaplil opraHuMsm cBA3aH C OKPYXKAlOWeN ero cpesoi, U mexay HUMU
HENpPepbIBHO MAET 0BMEH BEWeCTBaMN U SHEpruel. Bee XuBble OpraHuambl —
CamoperyanpyioLLecs CUCTeMbI.

OCHOBHbIE MO/I0KEHMA KNETOUHOM TEOPMK, ee 3HaueHne

Bce MBble OpraHM3Mbl COCTOAT U3 KNETOK.

KneTtka — anemeHTapHas eiMHNLA CTPOEHUA, GYHKLIMOHMPOBAHUA 1 Pa3BUTUA
KMBbIX OpraHM3moB. CyL|ecTBYIOT HeKNeTOUHble (OPMbl KWU3HU — BUPYCbI,
O/IHaKO OHM MPOABAAIOT CBOM CBOMCTBA TONILKO B KNETKAX KMBbIX OPraHU3MOB.
KneTouHble GOpMbI AeNATCA Ha NPOKAPMOT W SYKapHOT.

OTKPbITME KNeTKW MPUHAANEKUT aHIMIHCKOMY yueHoMy P. Tyky, KoTOpbIl,
npocmMaTpuBas noA, MMKPOCKOMOM TOHKMIA Cpe3 NpobKM, YBWAEN CTPYKTYpbl,
NOXOXWe Ha NUeNMHbIE COTbI, M Ha3Ban MX KNeTKamu. Mo3e OAHOKNETOYHbIE
OpraHM3MbI HCCIE0BAN FONNAHACKNIA YUEHbIA AHTOHM BaH JleBEHrYK. KneTouHyio
Teoputo chopmynnMpoBany HemeLkue yueHbie M. LWneiiaeH u T. LeaHH 8 1839 .
CoBpemeHHan KNeToYHan TeopUA CyLIECTBEHHO 0N0NHeHa P. BUpKeBbIM 1 Ap.

OCHOBHble i i Teopumn

e KNeTKa — OCHOBHAaA  eAMHULA  CTPOEHMA,  GYHKLMOHWUPOBaHUsA
1 Pa3BUTUA BCEX KMBbIX OPraHU3MOB, HAMMEHbLLAA €AUHULA KMBOTO, CNOCOBHasA
K CaMOBOCTMPON3BE/AEHNIO, CAMOPETYAALMM 1 CAMOOBHOB/EHMIO;

® KNETKN BCEX OfIHOKNETOYHBIX M MHOTOK/IETOYHbIX OPraHU3MOB CXOAHbI
(romonorMyHbI) MO CBOEMy CTPOEHMIO, XMMMYECKOMY COCTaBy, OCHOBHbIM
NPOABNEHUAM KU3HEAEATENLHOCTU N 0BMEHY BeLLEeCTs;

© Pa3MHOMEHME KIETOK MPOMCXOAMUT MyTEM WX AENEHMA, Kaxaas Hosas
KneTka 06pasyeTcs B pesynbrate AeNeHUs UCXOAHOM (MaTepUHCKOMN) KNeTku;

® B CNOXHbIX MHOTOKNETOUHbIX OPraHW3Max KNeTKu Creuuan1snposaHbl
no BLINONHAEMbIM MMM GYHKUMAM W 06pasyioT TKaHW; M3 TKaHeil COCTOAT
OpraHbl, KOTOPble TECHO B3aNMOCBA3aHbI M NOAYMHEHBI HEPBHOM W [YMOpPa/IbHOM
perynaunam.

3T NONOXEHWA [OKa3bIBAKOT €AUHCTBO MPOMCXOKAEHUA BCEX HKMBbIX
OpraHU3MOoB, €[MHCTBO BCErO OPraHWYeckoro mupa. bnarogaps KAeTo4HOM
TEOPUM CTaNO NOHATHO, YTO KAETKA — 3TO BaKHeNLIaA COCTAaBAAIOLLAA YaCTb BCeX
KMBbIX OPraHU3MoB.

KneTka — camas MenKaa eaMHWUA OpraHM3ma, rpaHuuUa ero AenumocTH,
HafleNeHHasA JKMU3HLIO W BCEMM OCHOBHBIMW MPU3HAKaAMM  OpPraHusma.
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Kak anemeHTapHas )u1Bas CUCTeMa, OHa IeKUT B OCHOBE CTPOEHWA U Pa3BUTUA
BCEX KMBbIX OPraHW3moB. Ha ypoBHe KNeTKW NpOABAAIOTCA TaKMe CBOWCTBA
KM3HM, KaK CNoCOGHOCTb K OBMEeHy BeWecTB W 3HepruW, aBTOperynauus,
pPa3MHOXeHue, POCT N pa3BUTUE, Pa3APaKMMOCTb.

Xumuueckmii coctas KneTok

KneTka COCTOMT U3 TeX 3Ke XMMUUYECKMX 3NEMEHTOB, YTO U HEXWBAA NpUpoaa:
8 Hell npucyTcTBYeT 6GOMbWMHCTBO 3N1EMEHTOB MEPUOAMNYECKON  CUCTEMbI
MeHzieneeBa. B KieTkax MBbIX OpraHM3MOB OCOBEHHO BENMKO COfepaHne
yeTbipex anemeHToB — kucaopoga (0), ymepoga (C), Bogopoga (H), asora (N),
Ha3blBae@MbIX MaKpO3/eMeHTaMM1. B cymme OHM COCTaBAAIOT OKono 98% Bscero
COAEPXKMMOTrO KNeTkn. Bmecte ¢ cepoit n pochopom 3TM 3n1emeHTbl BXOAAT
8 COCTaB 61OMNONMMEPOB — GENKOB, KMPOB, YINIEBOLOB W HYKNEUHOBbIX KUCOT.

MukpoanemeHTbl: cepa (S), dochop (P), kanui (K), Hatpuit (Ma), kanbuwit
(Ca), marHuit (Mg), »eneso (Fe), xnop (Cl), B cymme coctanstoT okono 1,9%
COZEPXKMMOTO KIETKW. YNbTPaMUKpO3INeMeHTbI: LUMHK (Zn), meap (Cu), nog (J),
dTop (F) n ap., coctanaoT meHee 0,1% cOAEPKMMOrO KNeTKU. Bce anemeHTbl
UrpaloT B K/NETKE BAXHYI PONb W HeobXOAMMbI B CTPOTO ONpe/eNeHHOM
KO/IMYECTBE, MX HEA0CTAaTOK MW U3BLITOK NMPUBOAUT K Pas/UUHBIM HapYLIEHUAM
obmeHa B opraHusme.

OpraHuueckue BeLecTsa KneTku

Benkn — 310 makpomonekysbl, uan Guononumepbl. MoHomepamu 6enkos
KMBbIX _KNETOK ABAAIOTCA 20 pasHbIX aMMHOKUCAOT. Mexay KapBOKCUbHOM
rpynnoit COOH (kucnas) u amuuHon rpynnoit H — N — H (ocHoBHas) agyx
COCe/IHNX aMMHOKUCNOT ~GOPMMPYETCA nenTuaHas  (KoBaneHTHas) CBA3b.
PasnyHble KOMBUHAUMM aMWUHOKMCAOT B GesIKOBbIX MOMEKynax npuaaioT
6enkam cneunduyHocTb. MocneaosaTenbHoe COeAMHEHWE aMUHOKNCOT B benke
obpasyeT ero NepBUYHY0 CTPYKTYpy — noaunentui. B 6onblumHcTBE cayvaes
NOANMEeNTNA 3aKPy4MBAETCA B CNUPa/b — BTOPUUHYIO CTPYKTYPY 6enka.

®DyHKuuK 6enkos
1. CTpouTenbHan: 6enKku BXOAAT B COCTaB KNETOUHBIX CTPYKTYP.
2. TpaHCNOpTHaA: cNOCOGHOCTb GeNKOoB CBA3bIBATL M NEPEHOCUTL C TOKOM
KPOBU MHOTVE XUMUYECKUE COEAMHEHNA (HaNPUMep, TPAHCMOPT reMOorI0BUHOM

Kucnopoaa).
3. PeuenTopHan ¢yHKUMA: 0BecneynBaeT B3aMMOAEMCTBUE KNETOK MEXAY
coboi, a TaKkke p MaKpoMOo. 6enkos K obpatmomy

M3MEHEHMIO CTPYKTYpbl B OTBET Ha [AENCTBME QUIMYECKUX M XMMMUYECKMX
($aKTOPOB NIEMNT B OCHOBE Pa3APaXKUMOCTH.

4. CokpaTuTenbHas yHKUMA 0BecrednsaeTca ocobbIMU COKPATUTE/bHBIMM
6enkamu, 61arofaps KOTOPbIM MPOMCXOAMUT ABMKEHME HKIYTUKOB, PECHUYEK,
COKpaLLeHne MbillLL 1 T.N.

5. dHepreTuyeckan ¢pyHKLMA: GeIKM — 3TO 3aNacHOM UCTOYHWK IHEPTUM.

6. Katanutueckan  GyHKumA:  Genku-GepmeHTbl  yCKOPAT  XMMUYecKine
peakuum.

7. 3awmtHas DYHKUMA: 6enku-aHtutena (MmmyHOrI06YAMHBI)
06€3BPEXMBAIOT aHTUIEHbI (MHOPOAHbBIE BELLECTBa), Bbi3blBalolume 3aboneBaHuA
opraHusma.

8. PerynaTtopHas dyHKUMA obecneumBaetca GenKaMU-TOPMOHAMM, KOTOpbIe
perynmpyioT obmeH BelecTs.
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Yrnesoabl AENATCA Ha NPOCTble — MoHOcaxapuabl (pubosa, Aesokcupnbosa,
r0Ko3a, GPYKTO3a U Ap.) U CAOXHbIe — Aucaxapuipl (caxaposa, /1aKTo3a,
ManbTo3a) U Nonncaxapuapl (Kpaxman, MMKOTeH, LIeNI0N03a, XUTUH U Ap.).

DYHKUMUU YINeBoA0s

BXOAAT B COCTaB HYKNEUHOBbIX KUCAOT M AT®, ABNAIOTCA YHUBEPCANbHbIM
MCTOYHWUKOM SHEPTUM B OPraHWU3Me, y4acTBYIOT B 06€3BPEXMBaHUN U BbIBEACHUM
M3 OpraHu3ma AOBUTHIX BELIECTB, MOAMCAXapUAbl WrPaloT Po/ib 3amacHbix
NPOYKTOB.

Junnapl — 370 HeWTpanbHbIe XUPbl, BOCKA, GOCHOAMNUALI M CTeponaHbIe
rOPMOHbI. OHM HEPACTBOPMMbI B BOE, HO XOPOLIO PACTBOPUMbI B OPraHU4EeCKMX
pacteoputenax (6eHsuHe, adpupe, GeHsone u Ap.). B ux cocras, Kak npasuo,
BXOAAT MULEPUH U XKUPHbIE KUCAOTbI.

DyHKUMM TMNNA0B

VICronb3ytoTea Kak 3anacHoi MCTOYHWK SHEPriu; BXOAAT B COCTAB KAETOUHBIX
memBpaH; BbINONHAIOT 3alUTHbIE GYHKLUM (TENAOU30NALMA).

HyKnenHoBble KucnoTbl — 310 monekynbl [IHK (4e30KCUpUBOHYKNEMHOBOM
Kucnotbl) u PHK (pMBOHYKNEMHOBOM KUCAOTbI).

JAHK — 6u1ononumep, ee MOHOMEPbI — HYKAEOTU/bI COCTOAT M3 a30TUCTOrO
OCHOBaHUA (aAEHWH, TYaHWUH, LUTO3MH, TAMUH), MOHOCaxapuaa (ae3okcupubosa)
n ocTatka dpochopHoi Kucnotbl. Cama monekyna [IHK — 310 2 3aKpy4eHHble
B CMUpanb MNOAMHYKNEOTUAHbIE Uenu, ObbeAuHEHHble Mexay Ccoboit
BOZLOPOAHBIMM CBA3AMM.

DyHkuma AHK
3anuck, XxpaHeH1e 1 BOCNPOU3BEEHUE HaCNe/CTBEHHO MHGOPMaLMK.
PuboHyknenHosas  kucnota  (PHK)  ogHouenodeuHbiit  Guononvmep,
COCTOALNM U3 HYKNEOTU/OB, B KOTOPbIX a30TUCTOE OCHOBAHWE TUMMH 3aMEHEHO
Ypauumnom, a yreBoa Ae30Kcupnuboza — prubo3oit.

3 Bupga PHK
1. UHpopmaumoHHyio (u-PHK),
2. TpaHcnopTHyio (T-PHK) u
3. PubocomanbHyto (p-PHK).

DyHKunm PHK
YyacTe B BOCMPOM3BEAEHWM HACNeACTBEHHOW WHpopmauun (8 cuHTese
6enka).

ApeHosuHTpudpochopHas kucnota (AT®) — MOHOHYKNIEOTUZ, COCTOAWMIA
13 p1b0o3bl, aA€HWNHA 1 TPeX OCTaTKoB GOCHOPHOM KUCAOTbI.
DyHKuua ATO

YHWBEPCaNbHbI UCTOUHWK SHEPTUN B KNeTKe.

O6MeH BewecTs U NPeBpaLLeHNe SHEPTUM B KNIETKe

O6MmeH BellecTs 1 3HeprumM (MeTabonunsm) ocyLeCTBAACTCA Ha BCEX YPOBHAX
OpraHM3ma: K1eTO4HOM, TKaHeBOM M oOpraHuameHHoM. OH obecneumsaet
NOCTOAHCTBO BHYTPEHHEl Cpeabl OpraHM3mMa — rOMeocTas — B HenpepbiBHO
MEHFIOLMXCA YCNOBUAX CYLLECTBOBAHNA. B KNETKe MPOTEKAloT OAHOBPEMEHHO
fABa mpouecca — 3T0 NAacTMyeckuii obmeH (aHabonmam uanv accumunaums)
1 3HepreTuyecknin obmeH (patabonunsm uam AUCCUMUNALUA).

MnacTnyecknit o6bMeH — 3TO COBOKYMHOCTb peakuuit 6uocuHTesa,
WAN  CO3/1aHNe COXKHBIX MONEKyN M3 MpoCTblX. B KieTke NOCTOAHHO
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CUHTE3MPYIOTCA BE/IKM U3 aMUHOKUC/OT, KUPbI U3 TINLEPUHA W XKNUPHBIX KUCAOT,
YrNeBOAbI U3 MOHOCAXapnAOB, HYKNEOTHAbI U3 a30TUCTbIX OCHOBAHMIA 1 Caxapos.
ITU peaKLumn AYT C 3aTpaTaMu Hepriu. icnonbayemas sHepria ocBoboxaaeTca
8 XO/i€ IHepreTU4ecKoro obmeHa.

DHepreTMyeckuii 06MeH — 3TO COBOKYMHOCTb peakuuii paclienneHns
CNIOXHBIX OPraHUYeCcKMX CoeiIMHEHN 10 6oee NPOCTbIX MONEKy. HacTb sHeprum,
BbICBOBOX/AAEMON NPYU TOM, UAET Ha CUHTE3 6OraTbiX IHEPreTUHECKUMU CBAAMM
monekyn AT® (afeHo3nHTPUPOCHOPHOI KUCAOTbI). PaclienneHne opraHuyeckux
BELIECTB OCYIIECTBNACTCA B LMTONAA3ME W  MMUTOXOHAPUAX C yd4acTuem
KMCN0POAA. Peakumm acCUMUNALNAN N ANCCUMMAALMM TECHO CBA3aHBI MeMay
co60 1 BHeLHel cpeaoit. U3 BHELWHEl cpesbl OpraHvM3m nony4yaeT nuTatenbHble
BewecTsa. Bo BHELWHIOIO cpesly BbiAENAIOTCA OTPaboTaHHbIe BellecTsa.

®depmeHTbl  (3H3UMBI) — 3TO cneuuduyeckue 6enku, Buonoruyeckue
KaTann3aTopbl, yCKOPAOLINE peakLmmn 0bMeHa B KneTke. Bce npoLecch! B KMBOM
opraHusme MPAMO MM KOCBEHHO OCYLWIECTBAAIOTCA C yyacThem GepmMeHToB.
DepmMeHT KaTa/IM3MPyeT TONbKO OAHY PeakLMio WK [eiCTBYET TONbKO Ha OAWH
TMN CBA3W. ITUM 0BecneynBaeTCA TOHKAA PEryNAUMA BCEX XN3HEHHO BAaMHbIX
npoueccos (apixaHue, nuuesapeHne, GOTOCUHTES M T.A.), NPOTEKAKOWMX
B KJETKE MAW OpraHuame. B monekyse Kamaoro GpepmeHTa UMEETCA YYacToK,
OCYLIECTBAAIOWMIA KOHTAKT MeXIy MONeKynamin GpepmeHTa 1 crneuuduyeckoro
BewectBa  (cybctpata).  AKTMBHBIM  LEHTPOM  GepmeHTa  BbiCTymaet
byHKUMOHaNbHaA rpynna (Hanpumep, OH — rpynna cepuHa) Uau oTAe/bHAA
aMWUHOKMCAOTa.

CKOpOCTb  HEPMEHTATUBHBLIX PeaKkuMii 3aBUCUT OT MHOTMX (aKTOPOB:
Temnepatypbl, JaBNEHNA, KUCNIOTHOCTU CPEAbI, HAUYMUA MHTMBUTOPOB U T.4.

3Tans! 3HepreTMyeckoro obmena

1. MoAroToBMUTE/NbHbIN — NPOMUCXOAMT B LiUTONNA3Me KieTok. Mo aeiicTerem
(bepmeHTOB  nonmcaxapuapl PacliennAloTcA Ha  MoHOCaxapuabl ([110Ko3a,
GpyKTO3a 1 [Ip.), *KMPbI PACLLENAOTCA 40 IULEPUHA U XKUPHbIX KUCAOT, GENKN —
/10 aMUHOKMCAOT, HYKNEMHOBbIE KUCAOThI A0 HYKNEOTMAOB. MpK 3TOM BblAenseTca
HeBO/bLLIOe KONMYECTBO SHEPTUM, KOTOPOE PacceMBaeTCA B BUAE Tenna.

2. beckucnopogHbli  (aHaspobHoe  AbixaHWe  MAWM  [AWMKOAM3)  —
MHOroCTyneHyaroe pacu.lenneHme N10K03bl 6€3 yuacTua kucnopoaa. Ero Hasbisaio
6po; B Te aHaspobHOro AbIXaHWA Monekyna
FIOKO3bI PAcNafaeTca Ha p,ae MO/IEKy/Ibl NMPOBMHOTPAAHON KACAOTHI (C,H,0,),
KOTOpble 3aTem BOCCTaHaBIMBAIOTCA B MOMIOYHYIO kucaoTy (CH.O,). B peakiiuix
paciienneHus mIoKo3bl y4acTeyioT pocdopHan Kucnota u ALG.

stana
CH,,0, +ZH PO, + 2A[I0 > 2C,H,0, + 2AT® + 2H,0

Hpowowesbix rpubKos monekylia ookl 63 yuacTUsi KMCIopoAa
NpeBpaLiaeTca B STUIOBbINA CNUPT U AUOKCUA Yriepoaa (cnupToBoe 6poxeHue).
Y APYrMX MWKPOOPraHWU3MOB [MKO/NM3 MONET 3aBepluaTbcA 0BpasoBaHMem
aLeTOHa, YKCYCHOW KMUCAOTbl M Ap. Mpu pacnafe OAHOM MONEKY/bl [IOKO3bI
obpasyeTca gBe monekynbl AT®, B cBA3AX KOTOPOK coxpaHaeTca 40% aHeprum,
OCTanbHaA 3HepruA pacceMBaeTcs B BUAE Tenna.

KucnopopHoe fpixaHne — 3Tan aspobHOro AbIXaHWA WM KUCAOPOAHOTO,
pacuienneHus, KoTOpblii MPOXOAMT Ha CKAaAKax BHYTPEHHel MembpaHbl
MUTOXOAPUIt — KpucTax. Ha 3Tom 3Tane BeuwlecTsa npejpblayliero 3tana
PacWenAIoTCA 10 KOHEYHbIX MPO/AYKTOB pacnaaa — BOAbI M YINEKUCIOrO rasa.
B pesynbtaTe pacuienneHus ABYX MONEKY MOJOYHOM KMCAOTbI 0Bpasylotca
36 monekyn AT®. OCHOBHOE YCNOBME HOPMANbHOTO TEYEHWA KWUCIOPOAHOrO
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pacuienneHns — UENOCTHOCTb MUTOXOHAPUanbHbIX MembpaH. KucnopoaHoe
AbIXaHWe — OCHOBHOW 3Tan B obecneyeHnn KNeTKN Kncnopoaom. OH 8 20 pas
addekTuBHEE GecKUCIopPOAHOro 3Tana.

o
2C,H.0, + 60, + 36H,PO, + 36AL® - 6CO, + 38H, 0+ 36AT®

Mo’ cNGCOBY TIONYUEHMA SHEPTUM BCe OpFaHM3MbI AENATCA Ha ABE rpynny —
aBTOTPOGHbIE U reTepoTpodHbIe.

JHepreTUyecknii o6MeH B a3poBHbIX KNETKax PacTeHuid, rpPUBOB 1 MUBOTHBIX
npoTeKaeT OAMHaKoBO. 3TO cBMAeTenbcTeyeT 06 ux poactee. KonmuecTso
MMTOXOHAPUIA B KNETKaX TKaHel PasfMiyHO, OHO 3aBUCMT OT GyHKLMOHA/bHOM
AKTUBHOCTM KNETOK. Hanpumep, MHOTO MUTOXOHAPWIA B KNETKaX MbILUL,.

®otocuHTes

Mnactuyecknit  obmeH B KneTkax  pacTeHuit  ocyuiecTsaaeTca
8 xogle $poTOCHHTE3a. POTOCMHTE3 — 3TO MPOLLECC 0BPa30BaHMA OPraHUYECKMX
COEAMHEHMI W3  HEOPraHMYEeCKMX BEWeCT8 C MCMO/Mb30BaHWUEM 3Hepruu
conHeuHoro cseta. Ero 61onorMyeckoe 3HaueHue 3akniouaetcs 8 obecneveHnm
KMBbIX OPraHM3MOB 3eMAM  OpraHMYECKUMM BellecTBamu, oBoralieHnm
atTmochepbl 3eMAK KUCA0POAOM.

Mpouiecc GoToCHHTE3a NPOTEKAET B X/IOPON/ACTAX, OHU UMEIOT 1Be MeMBpaHbI.
BHYTpeHHAA MemBpaHa x/ioponnacta obpasyeT BbINAYMBAHMA — TWUNAKOUZAbI,
KOTOPbIE CKNaAbIBAOTCA B CTONKM-TPaHbl. B MemBpaHy rpaH BCTPOEHbI MONEKY/bI
XN10podUINa N GEPMEHTOB, KOHTPOIMPYIOLNX PEAKLUM GOTOCUHTESE.

DOTOCMHTE3 — 3TO CAIOMKHBIA MHOTOCTYNEHYaTbIN Npoliecc. B Hem pasanyaior
CBETOBYIO M TEMHOBYIO (asbl.

CsetoBas $asa poTocuHTesa

CsetoBan a3a (OTOCMHTE3a HAYMHAETCA C OCBEWEHWA X/n0ponnacra
BUAMMbIM CBETOM. DOTOH, MOMas B MOMEKyNy X10poduana, NPUBOANUT ee
8 BO36Y3K/IEHHOE COCTOAHME: €€ 3NEKTPOHbI NEPEeckaknBaloT Ha BbiCLIME OPBUTLI.
OAMH M3 TaKMX NIEKTPOHOB NEPEXOANT Ha MO/EKY/Y-NEPEHOCUMKA, OHa YHOCUT
ero Ha Apyrylo CTOpoHy Mem6paHbl Tunakouaa. Monekynbl xnopodunna
BOCCTaHaB/MBAIOT MOTEPIO 3/1€KTPOHa, OTBMpas ero OT MONeKyNbl BOAbI.
B pesynbTate notepu 3/1€KTPOHOB MoneKynm BOAb! PA3NAralOTCA Ha MPOTOHbI
¥ MOHbI ruapokeuna (potonms). H,0 > H

MpoToHbl, HecnocobHble K ,u,wd)q)yam yepes membpaHy, HakanauBaroTca
8 rpaHe. MoHbl rmapokcuna OH OTAAIOT CBOM 3/NEKTPOHbI APYTMM MOJIEKYNam
¥ npespauiaiotcA B cBo6oAHbIe paauKanbi OHO, B3aumogewncTsyioue Apyr
c apyrom ¢ obpasc BOAbI U MONEKYNAPHOTO KUC/N0POAA, KOTOPbINA,
AnddyHANpPYs Yepes membBpaHy, Bbiaensetcs 8 atmocoepy. 40H -> 02| + 2H20

TaKuM 06pa3om, Mo OfHY CTOPOHY MeMBPaHbI HAKaNAMBaKOTCA MONOKMUTENBHO
3apAXKEHHbIE MPOTOHbI, MO JPYrYI0 — YaCTWLbl C OTPULATE/IbHBIM 3apPAAOM,
4TO MPUBOAMT K HApacTaHWIO Pa3HOCTM MOTEHUManoB. [lpu AOCTUXEHWM
KPUTMYECKOTO  YPOBHA ~PAasHOCTW MOTEHUMana MNPOTOHbI  NPOTa/KMBAIOTCA
Ha ApYyrylo CTOpPOHY Mmem6paHbl 4Yepe3 KaHan BHyTpU ATD-cuHTE3bI.
0OcBOBOXKAAOWAACA NPU ITOM 3SHEPruUA TPATUTCA Ha CuHTe3 AT®, KoTopas
nepenpaBNAeTCA B MECTO CUHTE3a YI/IeBOAOB.

MPOTOHbI, NPUCOEAMHMB INEKTPOH, MPEBPALLAIOTCA B aTOMbl BOAOPOA],
OHM TaK)Ke NepenpaBAATCA B MECTO CUHTe3a yresoaos (H + e - HO).

O6wee 1 pasbl po
40H >0, + 2H ,0
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B cseToBYI0 hasy GOTOCHHTE3a NPOTEKAKOT CAeAyiolLMe NPOLECChI:

¢ 06pa3oBaHme MOEKYNIAPHOTO KMCI0POAa, BbIAENAKLErocs B aTMOChepy;
* cuHTe3 ATO;

¢ 06pa3oBaHue aTOMapHOTo BOAOPOAA.

TemHoBas ¢asa poTocuHTesa
TemHoBas ¢asa OTOCMHTE3a COCTOMT W3 pafda NOC/AeA0BaTeNbHbIX
depmMeHTaTUBHbIX peakuuii, B pesynbtate KOTOpbIX 0b6pasyetcs MioKo3a,
CNy»Xawaa UCXoAHbIM maTepuanom AnAa 6uocuHTe3a APYyrux yrnesoaos. toT
npouecc naet ¢ ICNoNb30BaHNUEM 3Heprum AT® n npu y4acTum aTomoB BOAOpPOAA,
obpa3osaslueroca B CBETOBYIO dasy.

1 dpazbl po

O6uwee
6CO, +24H,0 > CH,,0, + 6H,0

O6uiee ypasHeHWe $pOTOCHHTESA
6C0, +6H,0 > CH 0, + 60,

KDOME yl’/'leBOAOB B nnacmAax CUHTE3NPYIOTCA aMWHOKUCANOTbI, 6E/’IKM,
AmMnuabl, xnopodunn.

CuHTes 6enka

CuHTe3 6enka 1 pOTOCMHTE3 OTHOCATCA K PeaKLMAM NAacTUYeckoro obmeHa.
CuHTe3 6enKoB Hanbonee aKTUBHO MPOTEKAET B MO/OAbIX PACTYLMX KAETKaX.
OcHOBHas ponib B onpeaeneHnun CTpyKTypbl 6enkos npuHagnexut HK. Otpesok
OHK, copepkalumit MHGOPMaLWIO O CTPYKTYpe OAHOTO GeNka, Ha3biBaloT reHOM.
B monekyne [HK 3akoauposaHa Moc/ie0BaTeNbHOCTb aMUHOKUCIOT O Genke
8 BUAE ONpe/ieNleHHO COYeTaloMXCA HyKeoTnaos. CywHocTb koaa [IHK coctont
B TOM, 4YTO KaX/0i aMMHOKMCNOTE COOTBETCTBYET Y4aCTOK reHa U3 TPex paaom
CTOAWMX HYKNEOTMA0B — TPUMAET. PasHbIX aMUHOKMUCAOT 20, YMCIO BOMOMKHBIX
coyetaHuit M3 4 HykneotMaoB no 3 pasHo 64. CneposaTenbHo, TPUMETOB
C M36bITKOM XBaTaeT A4/1A KOAUPOBAHNA BCEX aMUHOKUCAOT.

Iranbl 6uocuHTesa 6enka

1. TpaHCKpUNUMA — MpOLECC CUHTe3a Ha OAHOW U3 ueneit monekynbl JHK
monekynbl M-PHK N0 npuHLMNY KOMMAEMEHTapHOCTU. PoLecc npoMcxoant
He Ha Bceit monekyne HK ofHOBpemMeHHO, a Ha HeBoNbUWIOM ee yuacTke,
COOTBETCTBYIOWIEM OZIHOMY TeHy.

2. TpaHcnauua  —  nepesos  MHpopmauuum  C monekynbl  u-PHK
B MOCNe0BATENIbHOCTb AMUHOKUCAOT NOAMNENTUAHON Lenu, NpomcxoauT
8 UMTONNA3ME.

Monekyna u- PHK,C\OCTaBnReTCﬂ CMOMOLLbIO 0coBOro 6e/ka-pepmerTa U3 Aapa
K pubBocomam. TcA no y n-PHK pepbIBUCTO,
TpunneT 3a Tpmnnemm Mo Mepe nepemeteHna pubocombl K NOAMNENTUAHOM
LienoyKe oaHa 3a APYroit NPUCOeANHAIOTCA aMMHOKNCOTbI. TOYHOE COOTBETCTBUE
aMWUHOKMCAOTbI TpUnaeTy obecneunsaet T-PHK (TpaHcnopTHas PHK). Ans kaxaon
AMUHOKMCAOTBI CylLecTByeT cBos T-PHK, 0AUH 13 TPUNAETOB KOTOPOW (aHTUKOAOH)
KOMnnemeHTapeH onpegeneHHomy Ttpunnety wu-PHK. Kowdurypaums T1-PHK
HaNOMMHAET INCT KneBepa. K «4epeLuky» I1cTa NPUCOeAMHAETCA ONpeAeneHHan
aMMHOKMCNIOTA, @ Ha «BEPXylIKe ANCTa» PacroNOXeH KOAOBbIA Tpunaet
HYKNEOTN/0B, COOTBETCTBYIOWMIA AaHHOM amMUHOKMCAoTe. Ha ogHoW HUTK -PHK
MOJET 0AHOBPEMEHHO Pacno/araTbea HECKONbKO pu6ocom, 06pasya Nonmcomy.

BuocuHTe3 6e/1ka — CAI0XKHBIA MHOTOCTYMEHYaTbIN NPOLect, NPeACTaBAALNN
Lenb PeakLyyit, NPOTEKaoLWMX N0 NPUHLMNY MAaTPUYHOTO CUHTe3a. CyTb peakLuit
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MaTPUYHOrO CUHTE3a COCTOMT B TOM, YTO HOBbIE MO/IEKY/IbI 6€/1Ka CUHTE3MPYIOTCA
8 TOYHOM COOTBETCTBUM C NIAHOM, 3a/I0)KEHHBIM B CTPYKTYpe monekyn AHK

Bupycbl, ux

Bupycbl — 37O  HeK/JeTouHble d)opmhl MWU3HYM, PasMUMMbIE  TONBKO

noa 3N1IEKTPOHHbIM MUKPOCKONOM. 310 BHYTPUKNETOYHbIE napasuTbl.

3a npegenamu KNETKM OHM He MPOABAAIOT CBOWX CBOWCTB M MMEKT
KpUCTanaM4eckyto Gopmy.

CrpoeHue sBupycos

Haunbonee npocTo oOpraHW30BaHHbIE BUPYCbl  MpeacTasasioT  coboi
HYKN€onpoTena, COCTOALMM U3 HYKeUHOBOW KucaoTbl (AIHK uan PHK) u 6enkosoit
0607104KM (KancKaa). CroxKHbIE BUPYCbI MOTYT UMETb JOMONHUTENbHYIO 060/104KY
u3 aunonpotenHa. Hekotopele Bupychl (6akTepuodaru) umelot annapat
TPaHCMOPTMPOBKM CBOETO reHoMa B GaKTepuu, Nocae NPOHUKHOBEHUA B KNETKY
Kancupa, ocTaeTca 3a npegenamn Knetku. Teno GakTepuodara MMeeT COMHOe
CTPOEHME, OHO COAEPMMT TONOBKY, XBOCTMK (TPYGKY, yepes KOTopyio reHom
NPOTA/IKMBAETCA B KNETKY) 1 XBOCTOBbIE OTPOCTKM.

B KAETKy BMPYCbl MOFYT MONAacTb BMECTE C MUHOLMTO3HBIMM My3bIpbKaMM
MAW NyTeM MOTPYMKEHUA 4YacT OBONOYKM KNETKM C MPUKNEUBLIMMCA K Heit
BMPYCOM B LMTOM/A3My, a TaKXKe MyTem PacTBopeHus 060M04KM KNETKN.

BUpyCbl BHOCAT B K/NETKY CBOKO reHETUYecKylo WHGOpMauuio, M KneTtka
HaYMHaET NPON3BOAUTL NOAOOHbIE BUPYChI.

BHyTpM KneTkM HaumHaeT cuHTesmposatbca [HK wuam PHK  Bupyca
1 06pasyeTcA MHOXeCTBO BMPYCOB. B pesynbraTte KneTka rUGHET, U BUPYCbI
BbIXOAAT HAPYHKy, 3apaman HOBbIE KAETKU. BCTPOEHHBIN B FEHOM KAETKM TeHOM
BMPYCa MOXET CyL|ecTBOBaTb B TAKOM BUZE Z10/T0e BPema.

Bupycbl Bbi3biBalOT TabauHylo MO3auKy y pacTeHuit, ocny, rpunn,
nonvomuennt, renatut, CMWUA y uyenoseka. Hambonbliyio onacHoOCTb
8 Halle Bpema npeacTasnset supyc CMWJa. OH NoNajaeT B OpraHM3m YesoBeKa
npu NepennBaHUM KPOBM, MPU MONOBBIX KOHTaKTax. ITOT BUPYC NOPaXKaeT KNeTKM
OpraHu3ma, OTBEYalolMe 3a UMMYHMUTET. B pesy/bTate 4enoBeKk OKasblBaeTcA

THBIM nepea uHo HHbIMK 60. 1 BbICTPO Nornbaer.

Bupycbl, 6narofapa MyTMPOBaHMIO M CMOCOBHOCTM BbICTPO Pa3MHOXKaTbLCA
BHYTPW KNETOK, CTaHOBATCA YCTOWUMBLIMK K [EACTBUIO NeKapcTs, U 3TO
0BCTOATENILCTBO 3aTPY/AHACT IeYEHME TaKMUX BUPYCHbIX 3a60/1€BaHNIA, KaK rpunn,
renaTtuT 1 ap.

[Lenexue KNeToK — ocHOBa 1 pocra op

[fleneHne KNeTOK — MPOLECC, fiealuit B OCHOBE  Pa3MHOMeEHWs
M MHAMBMOYaNbHOTO PasBUTMA BCEX XKMBbIX OpPraHWsmos. OCHOBHYKO ponb
B [leleHNN KNETOK urpaeT AApo. Ha OKpaleHHbIX npenapatax KAeTku
COZiePXKMMOe AZlPa B COCTOAHMUM MOKOA NPEACTaBAEHO XPOMAaTUHOM, KOTOPbIi
Pa3IMYMM B BUAE TOHKUX TAXei (dnubpunn), menkux rpanyn u mel6ok. OcHosy
XPOMATMHA COCTABAAIOT HYKNEONPOTENHBI — [/IMHHBIE HUTEBUAHbIE MONEKYbI
JHK (xpomatuapl), co: co cr 0] Kumn 6 NCTOHaMK.
B npouecce feneHns Aapa HYKAEONPOTEMHbI CNIMPanNU3YIOTCs, YKOPaYMBaIOTCA
1 CTaHOBATCA BM/IHbI @ CBETOBOW MMKPOCKOM B BUAE KOMMAKTHbIX Na/04KOBUAHDIX
XPOMOCOM. Y Kax/j0i XPOMOCOMbI €CTb MepBMYHAA MEePeTAXKa (YTOHUEHHBbIN
HECMNPanN30BaHHbIM YYacTOK) — LEHTPOMEpa, KOTopas AeNnT XPOMOCOMY
Ha /1Ba nyieva.
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MuTO3 — 3TO Henpamoe AeneHue KIETOK, WWPOKO PacrpocTpaHeHHoe
8 npupoge. baarogapsa MUTO3y obecrieunBaeTcs PaBHOMEPHOE pacnpejeneHne
reHeTMYECKOTo MaTepuana Mexay ABYMA 04EePHUMM KNeTKaMK.

Yertbipe dasbl mutosa

Mepnoa, MU3HWM  KNeTKW  Mexay [ABYMA MWUFOTUYECKUMM  AeNeHnaAMu
Ha3blBaeTCA MHTEpdasoit. OHa B AECATKM pa3 NPOAOMKUTENbHEE MUTO3a. B 3Ty
$asy NponcxoanT cuHTe3 monekyn AT® n 6enkos, yasoenue [HK, yasaueatotca
HEKOTOPbIE OPraHOM/b! KNETKM.

1. B npodase HaumHaetca cnupanusaumna JHK. YToNLWEHHbIE N YKOPOUYEHHbIe
HWUTK [HK cocToat u3 asyx xpomatug, K KoHuy npodassl aaepHas membpaHa
1 AAPBILWKN UCYe3atoT. LIeHTPHONM KNETOUHOTO LeHTPa PacxoaAaTca K Nostocam,
bopmu1pyeTca BEpeTEHO AeneHUs.

B meTadase MpoOMCXOAUT OKOHYATENbHAA CMMPANM3ALMA XPOMOCOM, MX
LEHTPOMEpbI PacnoniaraloTcA No 3KBAaToOpPy, MPUKPENAAACL K HUTAM BepeTeHa
Aenexnsa.

3.B  aHadase  UEHTPOMEpbl ~ AENATCA,  CECTPUHCKUE — XpOMaTuabl
OTAENAIOTCA [APYr OT Apyra W 3a CYeT COKPalleHMA HUTell BepeTeHa OTXOoAAT
K MPOTUBOMO/IOKHBIM NO/IOCAM KNETKM.

4.B Tenopase XpOMOCOMbI PackpyuumBaloTcA, BOKPYr HMX obpasyiorca
AflepHble MemMBpaHbl. B LiEHTpe MaTepUHCKON KAETKM 0BpasyeTca MepeTaxKa,
NPOMCXOANT AleNieHne UMTONNa3Mbl. Tak M3 OAHOM MaTepUHCKON KNeTku
obpasyloTca Ase fouepHue.

3HaueHue MUTO3a
O6ecneynBaeT TOUHYIO Nepeaayy HacieACTBEHHOM WHGOPMALMM Kamaok
13 [l04EPHUX K/IETOK.

Meiio3
Mel103 — 0cobblit BUA AeNeHnsA KNETOK, B pesy/ibTaTe KOTOPOro o6pasytotca
rameTbl — MO/OBble KAETKM C raniouaHbim Habopom xpomocom. Meiio3

npescTaBnsAeT coboit ABa Nocne0BaTeNbHbIX leNIeHNUA B NPoLLecce rameToreHesa.

Yetbipe dasbl meito3a
* npodasy,
* metadasy,
* aHadasy,
* Tenodasy.
Mepes, NepsbIM AeneHnem KNeTkn B uHTepdase npouncxoauT yasoenue JHK.

MepBoe meiioTU4ecKoe AeneHne

1.B npodase HAuMHAeTCA CMMpann3aLMA XPOMOCOM. 3aTem XPOMOCOMbI
K0 rOMONOTMYHONM Napbl COeAMHAIOTCA APYr C APYrOM No BCeil AnnHe
1 nepeneTaloTca. 3TOT NPOLECC Ha3blBAETCA KOHbIOraLMen.

B0 Bpems KOHBIOTaLMMU NPOUCXOANUT OBMEH YHaCTKaMMU FreHOB FOMO/IOMMYHBIX
XpOMOCOM  (KpocCUHroBep). oc/e KOHBIOraLMiM TOMONOTUYHBIE XPOMOCOMbI
OTTaNKMBAIOTCA /IPYT OT APyra, HO COXPAHAIOT CBA3N B MECTaX KPOCCUHIOBEpa.

2.B metadase nepBOro AeNEeHMA XPOMOCOMbI FOMONIOTUYHBIX  Nap
pacrnonaraioTca B NAOCKOCTM 3KBATOPA.

3. B aHadase K No/tocam KNeTKM PacXoAAaTCA Le/ble XPOMOCOMbI, Kaxas
13 KOTOPbIX COAEPMKUT ABE XPOMaTUAbI. B JOYEpHUE KNETKM Nonajaer TonbKo
0/1Ha M3 KA /101 Napbl TOMOIOrMYHbIX XPOMOCOM.BTopoe meloTuyeckoe aenetHne

Emy He npeawectsyeT cuHTes [HK, T. K. HTEpdasbl NPaKTUYECKM HET.
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Mocne KopoTKoit npodasbl B MeTadase BTOPOro AeNeHUA K XPOMOCOMAM,
COCTOAWNM M3 [BYX XPOMaTWA, MPUKPENAKTCA HATM BEpeTeHa AeneHus.
B aHadase K MONOCaM KAETKM PaCcXOAATCA XPOMaTUAbl U B KaXAOi AouepHeit
KNeTKe OKa3blBaeTCcA MO OAHOM [Ao4epHel Xpomocome. Takum o6pasom,
B N0/I0BbIX K/1I€TKaX KO/IMYECTBO XPOMOCOM YMEHbLLAETCA BABOE.

Buonornyeckoe 3HadyeHue Meiio3a 3aK/NIOHAETCA B yMEHbLIEHMW uYMCia
XPOMOCOM BABOE M 06PAa30BaHWM ranioMAHbIX ramer. CAUAHME ranJouaHbIX
KNETOK NPW ONJOAOTBOPEHUIM BOCCTAHABAMBAET B 3UroTe AMMIOWAHbIA Habop
XpOMOCOM. MepekoMBUHaUMA TeHOB, OCYLIECTBAAEMan B Mel03e, NpPUBOANT
K BHYTPUBUOBOI N3MEHUUBOCTH.

n " opr

PasmMHOXeHWe — 3TO CBOWCTBO XMBbIX OPraHM3MOB BOCMPOWU3BOANUTL cebe
NoAo6HbIX, B OCHOBE KOTOPOTO MIXKMUT Nepeaada HacAeACTBEHHOM MHGOpMaLMM
OT poauTeneil NOTOMCTBY. Pa3MHOMeHMe obecneunBaeT MPeemcTBEHHOCTb
Mely MOKONEHNAMM, YBEJMYEHME YWUCAEHHOCTM ocobeil B  nonynAuum
M WX pacceNeHMe Ha HOBble TEeppUTOpMM, CYlIECTBOBaHWE BUAA B LEJOM.
MonoBoe pasMHOXEHME OCYWECTBAAETCA NPU NOMOWM CNELUANN3MPOBAHHBIX
NO/IOBbIX PELIETOK. B OTIMYME OT COMATMUYECKUX KNETOK TeNa, MO/OoBbIE KAETKM
(rameTbl), UMetoT ranaouaHbIi (oAuHapHbIM) HaBop xpomocom. Mpu cansHUU
ABYX MOJIOBbIX KIETOK BOCCTaHaBAWBAETCA AMNAOWAHbIA (ABOIHON) Habop
XpoMocom. [M0/10BOE PasMHOXEHWe MMeeT O4eHb Goniblioe 3BO/IOLMOHHOE
NPeNMYyLLIECTBO Nepez GecrosbiM, T. K. OCHOBAHO Ha HOBbIX KOMGMHALNAX FeHOB,
obecneunsaloLx NpUcnocobieHmne BUAa K MEHAIOWNMCA YCAOBUAM Cpe/pbl.

On0A0TBOPEHUE — 3TO NPOLLECC CAUAHMA MOMOBLIX KNETOK C 06pasoBaH1em
3UrOTbl — AMNOWMAHONM KNETKW, C KOTOPOW HauMHaeTCA MHAWBUAYaNbHOE
passuTMe opraHusma. Y ocobeii pasHbIX BU/OB CYLIECTBYIOT CBON OCOBEHHOCTM
onnogoTBopeHUA. Mxam 1 ManopoTHUKaM A/iA ON/OAOTBOPEHNA Heobxoauma
BOAHaA cpesa.

Y JKMBOTHbIX OMJIOAOTBOPEHME MONET ObiTb BHEWHUM W BHYTPEHHUM.
Tpu BHELIHEM ONNIOAOTBOPEH UM raMETbI BbIAENAIOTCA B BOAHYIO Cpey B 60/1blOM
KO/M4ecTBe, T. K. Bonbllaa WX 4YacTb MBHET. BHyTpeHHee OMNOAOTBOPEHWe
obecneynsaet 60/bLuYI0 BEPOATHOCTb BCTPEUM POAUTENLCKMX FaMeT.

YKeHckue rameTbl — ANLEKNETKM, 0BPa3yloTCA B MOMOBbIX OPraHax eHCKNX
ocobeit. Y LBETKOBbIX PacTeHUin AliLlekNeTka 0bpasyeTca B CeMANOYKax 3aBA3M,
Y FO/I0CEMEHHbIX — B CEMEHHbIX 3a4aTKaX )KEHCKMX WMWK, ALEeKNeTKN KpynHee
CNepmaTo3onaoB, T. K. COAEPIKAT 3anac MUTaTeNbHbIX BELLECTB, HEOBXOAUMbIX
ANA 3apofpiwa. OHM HENOABWXKHBI. B npouecce co3peBaHWA AMLEKNETKN
NOKpbIBalOTCA 060/M104KaMN. VX dyHKUMA — 3aluuTa ANLEKNETKU W 3apoablwa
OT BHeWHWX HebNaronpuATHbIX BO3AENHCTBUNA.

My CKMe rameTbl — CNepmMaTo3ouabl, 06pasyloTca B CeMeHHMKaX- MYMCKUX
No/oBbIX enesax. Mx GyHKUMM COCTOAT B AOCTaBKe AMLEKNETKE reHETUYECKOM
MHOOPMALK 1 CTUMYAALMM €e pa3BUTUA. [OCae 3aBepLIEHNA Meii03a My»KCKas
No/IoBaA KNeTKa MOABEPraeTcA M3MEHEHWAM: annapat fonbAku Ha nepegHem
KOHLE ro/M0BKM MnpeobpasyeTcA B aKpOCOMy, BblAenaAioulyio  depmeHTs!
ANA  PacTBOPeHWA MembpaHbl AL, MWUTOXOHAPUM TPYNNUPYIOTCA  BOKPYT
MKryTUKa, 06pasys Weiiky.IMBpUoHaNbHOE PasBUTHE KUBOTHBIX

He3aBucMmo OT cnocoba PasMHONKEHWSA, Hayano HOBOMY OpraHusmy Aaet
O/iHa K/eTKa, CoAepwkalian HacneACTBeHHble 3a4aTku M obnajaiolan BCeMM
XapaKTepHbIMM NPU3HaKaM 1 CBOIMCTBAMM LENOTO OPraHu3ma.

VHanBMayanbHOe pasBuTME 3aK/IOYaeTcA B MOCTENEHHOW peanusauum
HaCNeACTBEHHOM MHGOPMALLMK, NONYHEHHOM OT poauTenei.
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Hauano 3BO/MIOUMOHHON 3MBPUONOTUM MONOKUAN pyccKkUe yueHble A.O.
Kosanesckuit u U. . MeyHuKoB. OHU Bnepsble 06HapYKUAK TPU 3apOAbILLEBbIX
JCTKA W YCTaHOBMAM NPUHLMMbI Pa3BUTMA 6ECMO3BOHOYHBIX M MO3BOHOYHbIX
YKMBOTHBIX.

OHTOTEHe30M, UM MHAMBUAYaNbHbBIM Pa3BUTUEM, Ha3bIBAETCA BECb NEPUOA,
MM3HN 0cO6M C MOMeHTa 06pa3oBaHMA 3uroTbl A0 rMbenu opraHusma.

[ga nepuosa oHToreHesa
© 3MBPUOHANbHLIM nepuog: OT 06pasoBaHMA 3UrOTbl /10 POMAEHWA
W/IN BbIXOA@ M3 ANLIEBbIX 06O/I0YEK;
® NOCTaSMOGPUOHaNbHLIA  Nepuoa: OT Bbixoda M3  Aliuesbix obonoyek
VAN POXAEHNA A0 CMePTM OpraHusma.

Craaun 3m6pUOHaNbHOTO Pa3BUTUA (Ha NPUMEpPe NaHUETHUKA)

1. lpobneHne — MHOTOKpAaTHOE /e/leHNe 3UTOTbl  MyTeM  MMTO3a.
06pasoBaHne B1acTy/ibl — MHOTOK/ETOYHOTO 3aPOAbILA.

2. TacnTpynauma — obpasoBaHWe ABYXCNOMHOMO 3apoApllia — racTpysbl
C HAaPYXKHbIM C/I0EM KNETOK (IKTOAEPMON) U BHYTPEHHWM, BbICTUAIOLMM NONOCTb
(9KTOZEPMOIA). Y MHOTOKIETOUHBIX KMBOTHBIX YacTo BCAEA 3a 06pasoBaHuMem
/ABYXCNIO/HOTO 3apOAbILLa, BO3HUKAET TPETUI 3apO/ibILLeBbIN CIOM — Me3oaepma,
KOTOPbI  HaXOAMTCA MEeW/Iy 3KTO-M 3HTOAEPMOM. 3apoAbill  CTaHOBUTCA
TpexcnoiiHbIM. CYLIHOCTL NPOLecca racTpyaALMM 3aKNI0HaeTCA a nepemelieHnn
KNeTo4HbIX macc. Knetku 3apoAplla NPaKTUYEeCKU He [eNnAatca U He pacTyT.
MoABAAKTCA NEpPBbIN NPU3HAKN AUGDEPEHLMPOBKI KNETOK.

3. OpraHoreHes — 06pa3soBaHie KOMM/EKCA OCEBbIX OPraHOB: HEPBHOM
TPYGKM, XOPAbI, KMILIEYHOM TPYBKM, Me304epMabHbIX COMEUTOB. [anbHeiian
AnddepeHUMpoBKa KNETOK MPUBOAUT K BOBHMKHOBEHMIO MHOTOYMCIEHHBIX
NPOM3BOAHLIX 3apO/AbIEBbIX NCTKOB — OPraHOB M TKaHeid. M3 akTomepmbl
HOPMMPYIOTCA: HEPBHAA CUCTEMA, KOXKA, OPraHbl 3pEHUA U CyXa. M3 SHToAepMbI
GOPMUPYIOTCA:  KMWEYHUK, NIeTKME, NeYeHb, MOAKENYAOUHAA  Kenesa.
13 me304epMbl — XOPAA, CKENET, MbllLLibl, TOYKM, KDOBEHOCHAA M IMMdaTH4ecKasn
CUCTEMbI.

B Xofie OpraHoreHesa OAHM 3a4aTku BAMAIOT Ha PasBMTUE APYruX 3a4aTKoB
(ambpuoHanbHaa mHAyKUMA). B3aumogeiicTBue wYacTeil 3apogbiwa AsnseTca
OCHOBOW €ro UeNOCTHOCTM. B nepuos 3MBPUOHANLHOTO PasBUTUA 3apOAbIW
O4eHb YyBCTBUTENEH K BAMAHMIO GAKTOPOB cpespl. Takue BpeaHble BO3AENCTBIS,
KaK afkoro/ib, Tabak, HapKOTUKM, MOTYT HApYLIUTb XO4 PasBUTUA W NPUBECTM
K Pas/IMiHbIM YPOACTBaM.

MocTamBpuoHanbHoe  MAM  MoCiesapoabllieBoe  pasBUTMUE  HauMHaeTca
C MOMEHTa POMAEHMA MM BbIXOAA U3 AliLieBbIX 060N04EK W ANNTCA 10 CMEPTH
opraHusma. OHo 6biBaeT AByX TMNOB: NPAMOE U HenpAmoe.

Mpy NPAMOM Pa3BUTUN POAMBLIMECA MOTOMKM BO BCEM CXOAHbI C B3POC/bIMM
0co6siMK, OBUTAIOT B TOI 3Ke Cpese W MUTAKOTCA TOW Ke MuLLei, YTo obocTpaeT
BHYTPMBM/IOBYIO KOHKYPEHUMIO (MTWLbI, MPecMblKalouiecs, MaeKonuTawume,
HEKOTOpble HaceKoMble 1 Ap.).

Mpwn Henpamom passuTum HOBBbIN opraHusm nossnseTca
Ha CBET B BWAE /WMYMHKM, NpeTeprneBalolWeii B CBOEM pPasBUTUM pAf
npespaLieHunit — metamopdo3os (amdubumn, mHorne Hacekomble). Metamopho3s
CBA3AH C Pa3pylUEHMEM /IMYMHOUYHBIX OPraHOB M BO3HMKHOBEHWEM OpPraHoB,
NpUCYLMX B3POC/LIM KMBOTHBIM. Hanpumep, y ronosacTuka 8 npouecce
MeTamopd0o3a, NPOMCXOAALLErO MOA BANAHUEM FOPMOHA WMTOBUAHOM Kenesbl,
vcuesaeT 6OKOBAA /IMHWA, PAccacbiBaeTcA XBOCT, MOABAAIOTCA KOHEYHOCTH,
pasBuMBaIOTCA IETKME U BTOPO KPYr KPOBOOGPALLEHNS.
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3HaveHne metamopdosa

1. JINYMHKM MOTYT CAMOCTOATENIbHO NUTATLCA, PACTU U HAKaNIMBaTb BElLECTBa
ANA GOPMMPOBAHNA_ MOCTOAHHBIX OPraHoB, 0bUTas B Cpeae, HexapaKTepHoil
ANA B3pOC/bIX 0CO6eit.

2. IMYMHKM  MOTYT MrpaTb BaXHYI0 POJb B PacCceNeHnU OPraHWU3MOB.
Hanpumep, IM4MHKM ABYXCTBOPYATBIX MONIIOCKOB.

3. Pa3Han cpesia 06UTaHUA CHUXKAET MHTEHCUBHOCTb BHYTPUBUA0BOM 60pbbbl
3a CyLeCTBOBAHME.

Henpamoe passute ocobeil ABAAETCA BaxkHbIM npucnocobneHunem,
BO3HMKLLMM B XOZie 9BONOLINN

OBLWASA BUONOrua
OcHoBb! 3aKoHbI Hacne,
feHeTMKa — HayKa, M3yualowas 3aKOHOMEPHOCTW HACAeACTBEHHOCTH
M M3MeH4YMBOCTU. MeHzenb, NPOBOAA OMbITbl MO CKPEUMBAHMIO PasUYHbBIX
COPTOB rOPOXa, YCTaHOBW/ PAZ 3aKOHOB HACNEAO0BaHMA, MONOKMBILMX Ha4ano
reHeTuke. OH pa3paboTan rM6PUAHO-NOTMUECKMI METOA, aHaM3a HaCNeA0BaHNA
NPU3HaKOB OpraHMUsmamu. ITOT MeToA NpeaycMaTpuBaeT CKpelusaHue
0cobeil C aNbTepHaTUBHBIMU MPU3HAKAMM; aHANN3 UCCNEA0BAHHDBIX MPU3HAKOB
y rubpnaos 6e3 yueta ocTasnbHbIX; KOAMYECTBEHHDIN y4eT rnbpuaos.
MpoBosA MOHOTMGPUAHOE CKpelBaHWe (CKpeliBaH1e No OAHOW nape
aNbTePHATUBHBIX MPU3HAKOB), MeHaenb YCTaHOBWA 3aKOH eAMHOOo6pasua
NepBoro NOKoONeHNA.

MepBbliit 3akoH M —3aKoH

TAaCHT: NPY CKPELMBAHMM /ABYX FOMO3UFOTHbIX OPFaHU3MOB, OTIMHAIOUMXCA

no OAHOM Mape anbTEpPHATUBHLIX MPU3HAKOB, MepBOe MOKoNeHWe TMBPUAOB

eAHO06pPa3HO Kak No GeHOTUMY, TaK 1 NO reHoTUMY. ITOT 3aKOH TaK e HasbiBaloT

3aKOHOM [IOMMHMPOBAHUA, T. K. OAUH U3 NPU3HAKOB NPOABIAETCA, a APYron —
noAasneH.

Ecn NOTOMKOB NEpPBOro MOKONEHMA CKPECTUTb MeXAy co60il, TO BO BTOPOM
NOKONEHNN UCYE3HYBLIMI B NEPBOM MOKONEHUM MPU3HAK NPOABAAETCA BHOBb.
3T0 AB/EHWE MNONYYMIO Ha3BaHWe BTOPOrO 3akoHa MeHAena WM 3aKoHa
pacuennenus.

Bropoii 3akoH M —3aKoH

fnacut: Npu  CKPewwmBaHWM rM6pUAOB MEepBOTO  MNOKONEHUA  MeXAy
coBoi, BO BTOPOM MOKONEHMM HabnloaaeTca pacuienneHne AOMUHAHTHBIX
1 PeLLecCcHBHbIX NPU3HAKOB B COOTHOWEHNM 3:1.

leHoTunbl BTOPOro nokoneHus — AA, Aa, Aa, aa, TO ecTb Habnwogaerca
cooTHoweHue 1:2:1.

PacuienneHue npusHakos B NOTOMCTBE NPU CKPELYNBAHWU FETEPO3UTOTHBIX
ocobeil 06BACHAETCA TeM, YTO raMeTbl FEHETUYECKM YMCTbI, HECYT TONLKO OANH
reH 13 annenbHoli napbl. Mpu 06pasoBaHNyi NONOBbIX KJETOK B KaXKAYIO rameTy
nonaaaet TONIbKO O/IMH reH W3 a/ieNbHOI Napbl (3aKOH YMCTOTbI rameT).

LiMTonornyeckoit 0CHOBOM pacluenneHna NpU3Hakos Npu MOHOrMBPUAHOM
CKpeLUMBaHMM ABAACTCA PAaCXOX/AEHWE TOMO/IOMMYHBIX XPOMOCOM K PasHbiM
no/IloCcam KAETKM 1 06pa3oBaHme ranaonaHbIX NoNoBbIX KAETOK B Melio3e.

6I’evHomn — COBOKYMHOCTb TEHOB OPraHM3Ma, B3aUMOAEHCTBYIOUIMX MeXAY
coboii.

®deHoTUN — C y Tb
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B onbiTax MeHaenb WCMoNb3oBan  pasHble CNOCOBbI  CKpelwmBaHua:
MOHOrMbpuaHoe, AUrubpuaHoe 1 nonurnbpuaHoe

Mpu nocneaHem cKkpeuwBaHnu 0cobu oTaMualoTcA Bonee yem Mo ABYM
napam npusHakos. Bo Bcex cnyyanx cob/ioaeTcA 3aKOH eAMHO06GPa3MA NepBoro
NOKO/IEHNA, 3aKOH PaclienieHns NPU3HaKoB BO BTOPOM MOKO/MEHWUM W 3aKOH
HE3aBUCMMOTO HaCNe/l0BaHNA.

3aKOH HEe3aBUCUMOTO HaC/Ne0BAHNA: KaXAan napa NPU3HAKoB HacieayeTca
HE3aBUCMMO APYr OT Apyra. B noTomcTBe MAET paciuenneHue no deHotuny 3 :1
No Ka/ol Nape npu3Hakos. 3aKOH HE3aBMCUMOTO HACAe0BaHMA CNPaBeAINe
MWL B TOM C/yyae, eC/M reHbl PaccMaTpuBaeMbiX NMap MPU3HAKOB siewar
B Pa3/NYHbLIX NMapax rOMOJIOTMYHBIX XPOMOCOM. [OMO/IOTUYHbIE XPOMOCOMbI
cxodHbl Mo ¢Gopme, pasmepam M rpynnam CuenieHua reHos. [losedenne
N0BbIX Map HErOMOIOTMUYHbBIX XPOMOCOM B Meii03e He 3aBUCUT ApYr OT Apyra.
PacxoAeHMe: UX K MOIOCaM KNETKM HOCUT CAyYaliHblil XapakTep.

He3asucumoe Hacne0BaH1e UMeET, 60NbLIOE 3HAYEHNE ANA IBOMIOLMM; TaK
KaK ABNAETCA MCTOYHUKOM KOMBUHATUBHOM HAaCNeACTBEHHOCTH.

CuenneHHoe HacneaoBaHue

OpraHusm 1106070 BuAa UMeeT 60/bLIoe pa3sHOO6pasme NPU3HAKOB, KOTOpOe
obecneynBaeTca ThiCAYaMM TEHOB. B TO e BPeMs YMCI0 XPOMOCOM HEBENKO,
TaK y yenoBeka ux Bcero 23 napbl. CneoBaTeNbHO, B Kax/oi Xxpomocome
pacnonaraioTcA COTHM W ThICAYM TeHOB. HacneaoBaHMe MPU3HAKOB, reHbl
KOTOPbIX HaXOAATCA B OfIHOM XPOMOCOME, UCCNe/0BaN aMePUKAHCKMIA TeHeTUK
T. MopraH. leHbl, PacronoxeHHble B OAHOM XPOMOCOME, Ha3blBalT rpynmnoit
cuenneHns. Konnyectso rpynn CLENNEHNA B KETKE PaBHO ranaougHomy Habopy
XPOMOCOM. 3aKOH CLENNEHHOTO HacNe/0BaHMA, OTKPbITbIN MopraHom, macur:
reHbl, Pacnono: 8 OAHOW XpO o6pasyloT rpynny cuenneHua
1 HacneayloTca BMecTe.

[AanbHeiiwme nccneaosanHna MopraHa nokasanm, 4To cuennexue He Bceraa
6biBaeT abCOMOTHBIM. [PUYMHA TOMY — KPOCCUHTOBEp (0BMeH yuacTKamu Mexay
FOMO/IOrMYHBIMM  XPOMOCOMaMK), KOTOpbIN MPOMUCXOAUT B Mpodase nepsoro
fenenna meitosa. KpoccuHrosep Hapywwiaet rpynfibl CUEMAEHWUA FeHOB U BegeT
K 10: 0 ocobeli ¢ nep Halmel NpU3HaKos. YacToTa KpoccuHrosepa
33BMACUT OT PACCTOAHMA MEX/Ay reHamu: Yem BauMme pacnonaraloTcA reHbl
B XPOMOCOME, TeM MeHblle BEPOATHOCTb KPOCCMHIOBEpa MeXy HUMM
1 HaobOpOT. ITa 3aBUCMMOCTb WUCMOMB3YETCA, AN1A COCTABNEHUA EHETUYECKMX
KapT XPOMOCOM, 1€ N0 BEPOATHOCTU KPOCCUHIOBEPA PACCHUTLIBAETCA NONOXKEHNE
reHOB, B XpOMOCOME.

PaccTonHne Mexay reHamu onpeaensetca no popmyne:

X'= (A +C)/N x100,

e X — pacctosHue mexay reHamm, A n C — KONMYeCTBO KPOCCOBEPTHBIX

ocobeit, N — obuiee uncno ocobeil.

n 1 U ay’ 1. Te

AYTOCOMbI — NapHble XPOMOCOMbI, OZIMHAKOBbIE [1A MYKCKUX U HEHCKMX
OpraHWM3mos. B kneTkax Tena yenoseka 44 aytocomsl (22 napsi).

Monosble XPOMOCOMbI — XPOMOCOMBI, CC reHbl, onpe,
no/0Bble NPU3HAKM OpraHM3ma.

B kapuoTune (Ka4ecTBEHHOM 1 KOJMYECTBEHHOM HABOPE XPOMOCOM) SKEHLLWH
N0/I0BbIE XPOMOCOMbI OfjIHaKOBbIE.

B Kap1oTMNe MyxunHbl — 1 0aHa KPyNHan paBHoMN/Ie4as NosoBas XPOMOCOMa,
Apyras — MafeHbKas NafouKoBWAHaA XPOMOCOMa. [lonoBble XPOMOCOMbI
JKeHWMH 0603HavatoT XX, a My)KcKue nonosble Xpomocombl — XY. MeHckui
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opraHusm ¢opmMMpYyeT rameTbl C OAMHAKOBLIMM MOMOBLIMM XPOMOCOMaMM
(rOMOrameTHbI  OpraHM3m), a MYy¥KCKOW OpraHusm (OPMUpPYeT rameTbl
HEO/MHaKOBbIE MO NO0BbIM XpOMocomam (X 1 Y).

Y ntuy, 6aboyek M HEKOTOPbIX BMAOB Pblb FOMOrameTeH MYMKCKOW Mo,
Y netyxa Kapuotun o6o3sHadaetca XX, a y Kypuupl — XY.

feHOTUN — 3TO cuCTemMa B3aMMOAENCTBYIOWMX reHoB. Bsanmogeiictyior
Mexy CcOBOM Kak annenbHble, TaK M HeannenbHble reHbl. [pumepom
B3aUMO/ENCTBMA aNNE/IbHBIX TEHOB ABAACTCA HENONHOE AOMMHWMPOBaHME, T.
€. MPOMEKYTOUHbIN XapaKTep MpOABNEHWUA MpWU3HaKa. Tak, CKpelumBaHue AByX
pacTeHuit HOYHOM KpacaBWLbl — OAHOTO C KPAcHbIMM, @ APYroro ¢ 6enbimu
BETaMM — /1aeT B NOTOMCTBE PACTEHMNA C PO30BbIMM LiBETAMM.

Pa3BuTMe NpWU3HaKa OPraHW3Ma HaxoauTCA OBbIYHO MO KOHTPONEM MHOTUX
reHOB, HANpMMep OKPAcKa WePCTU KMBOTHBIX. MPU CKPELMBAHUU YepHOro
(AABB) 1 6enoro (aaBB) KPOAMKOB NOABAAIOTCA cepble Kponuku (AaBs). MpuunHa
HOBOOGPA30BaHMA: 33 OKPACKY WEPCTU OTBEYAIOT reHbl Aa (A — YepHas WepcTb,
a — oTCyTCTBME OKPacku), 3a pacnpezeneHne NUrmMeHTa NojIMHe BOOC — reHbl
BB (B — MWUIMeHT CKanimMBaeTca y KOpHeii BOMOC, B — MUIMEHT paBHOMEPHO
pacnpe,qenﬂeTcn no AnuHe Bonoca). 3TO npumep Ha  B3aumoaeiicTsMe

0€ KOMM/IEMEHTaPHOCTbIO.

Yacto reH onpe,qenﬂeT PasBUTMe HECKONbKUX MPU3HAKOB OpraHusma. 310
AB/IEHNE Ha3bIBAeTCA nyieitoTponueit. Hanpumep, y YenoBeka ecTb reH, KOTopbIi
oTBEYaeT OAHOBPEMEHHO 3a pa3BuTMe AedeKTa HOTTel U KONEHHOM Yalieyku.
Y pacTeHuit NUrMeHT, OTBeYaloLLMii 33 06Pa30BaHMe KPAaCHOTO LBETKA, Bbi3biBaeT
TaKxe ya, crebna, vy maccbl cemaH. Bsaumogeiictene
1 MHOXECTBEHHOE AENCTBUE FeHOB — OCHOBA LENIOCTHOCTU reHOTUNa.

Al y

[leiicTBUe 3aKOHOB HAC/NeACTBEHHOCTM PacMpPOCTPAHAITCA U Ha 4YenoBeKa.
Y yenoseka 8 kKapuotune 46 xpomocom (23 napbi), 470 06eCneynBaeT orpomHbIe
KOMGMHATUBHbIE BOSMOXKHOCTM, MOXHO CKa3aTb, UTO Ka/abli Yenosex Ha 3emsne
YHUKa/IEH 1 HE MOXOX Ha APYIuX, 3@ UCKAIOYEHUEM OAHOANMLOBbIX 6M3HEL0B.

Y yenoBeka cyliecTsyeT MHOro 60ne3Hel, 06yCN0BNEHHbIX HACNEACTBEHHBIMI
dakTopamu. WX [AMarHoOCTMKa WMeeT BAaXKHOE 3HayeHWe [AJA  NieyeHua
1 NPOGUNAKTUKM.

JINA M3y4eHnA HaCNeICTBEHHOCTY CYILECTBYIOT CAedyIolLmMe MeTozpbl:

e [eHeasNorMUYecknii MeTog, — COCTaBNEHWE U M3yYeHMe POAOC/IOBHbIX
Y HECKO/IbKMX MOKO/MEHUIA. Hanpumep, yCTaHOBNEHO, YTO Pa3BUTME HEKOTOPbIX
CNocoBHOCTeN y 4enoBeka (My3blKanbHOCTb, MaTeMaTM4YecKoe MblleHune)
onpesieNAeTcA HacAeACTBEHHbIMU  aKTOpaMu. [eHeanorMyeckum Metoaom
BbIAB/IEHA HACNeACTBEHHAA MNPUPoAa Takux 3abonesaHnii, Kak HapylieHne
yrneBoaHoro o6meHa (caxapHblit Avaber), BPOXKAEHHAs MyXoTa, WusoppeHus,
remopuauns, 4aNbTOHU3M.

¢ B/AM3HELOBbIN METOA, — W3yYeHWe PasBUTMA MPU3HAKOB Y OAHOANLEBbIX
61113HELI0B, B OCOBEHHOCTM €CAIM OHM KMBYT B PasHbIX YCIOBUAX. OfHOANLEBbIE
6113HeLbl BCceraa Of|HOTO M0/a, MMEIOT OfJMHAKOBbIM reHOTUM. 3TUM MeToaoM
M3y4aeTcA Posib reHOTUNa 1 Cpesibl B GOPMMPOBAHMM MPU3HAKOB OpraHM3ma.

* LiuTOreHeTUYECKMit MeToA — M3y4aeT KapuoTUN YenoBeKa ANA BbIABNEHUA
XPOMOCOMHBIX 1 TEHOMHbIX MyTaLUit. STUM METOAOM BblABAAETCA BonesHb [ayHa.
Ee npuunHa — HannuMe B KapUOTUME YesoBEKa OAHON NNLIHER XPOMOCOMBI (Mo
21 nape), 4To NPUBOANT K NaTonormm: y 6OMbHLIX Y3KME M1a3a, NAOCKOe ULO
1 Pe3Ko BbIPAaKEHHaA YMCTBEHHaA OTCTaNoCTb. POXAEHME JeTeil C CUHAPOMOM
[layHa — pe3synbTaT OTK/IOHEHWI B X0Zie Meiio3a.
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WU3meHUMBOCTb, ee pOPMBbI M 3HaUEHUe

M3MeHUYMBOCTb — 3TO CNOCOBHOCTL OPraHM3ma NpUobpeTaTh HOBbIE MPU3HAKM
B NpOLeECce OHTOTeHe3a. Pa3sinualoT HACNeACTBEHHYIO 1 HeHacneAc-meHHy»o
M3MEH4YMBOCTb. HeHacneAcTBeHHan UM MO, HH
He 3aTparMBaeT HaC/NeACTBEHHOrO MaTepuana OpraHu3ma, HOCMT rpynnosom
XapaKTep, MPOMCXOANT B Npe/ieNiax HOPMbI PEaKLLMM.

Hopma peakuum — CBOWCTBO reHoTMna obecneynsatb B OMpeseneHHbIX
npegenax pasBUTUE [AAHHOTO OHTOTEHe3a B 3aBUCMMOCTU OT MEHAKLUXCA
yCnoBui cpespl. Hanpumep, Kanycra B )apKkux CTpaHax He 3aBA3bIBaeT KOYaHa,
NPOAYKTUBHOCTb KMBOTHBIX NaJaeT Mpu MAOXOM yxogde. OaHW  NpU3HAKM
(Hanpumep, MONOYHOCTb, Bec) MoryT obnajaTtb LIMPOKOW HOPMOW peaKuuu,
Apyrve (oKpacka wepcTu)— y3koit. Takum o6pasom, opraHM3MOM HacnesyeTca
HE Npu3Hak, a CNocobHOCTb OpraHW3ma (ero reHotMna) B pesynbrate
B3aUMOAENCTBMA C YC/IOBMAMM Cpefbl [jaBaTb ONpeAeneHHbii  deHoTun
MW, WHaye rOBOPA, HACNeAYeTCA HOPMa Peakuun OpraHusma Ha BHelHWe
ycnosuA. ECAM HEKOTOPOe KO/NMYECTBO OPraHW3MOB PacroioXuTb B MOPAAKE
BO3pacTaHMA WM yBbIBaHWA NpW3HaKa (HanpuUMep, A/IMHBI), TO MOAYYUTCA
pAA, M3MEHUYMBOCTM AAHHOTO NPU3HAKA, CNAraloWNIACA U3 OTAENbHBIX BapUAHT,
Ha3bIBae@MbIil BaPUALIMOHHBIM PALOM.

BapuaHta — 370 EAMHWYHOE BbIPAXXEHWE PasBUTUA MpW3HaKa. Pasmax
BapuaLMit 1 4acTOTy BCTPEYAEMOCTU OTAE/bHBIX BapUaHT U3y4aloT C MOMOLLbIO
BapMaLMOHHOI KPUBOK — rpaduUieckoro BbIPaXeH!A M3MEHYMBOCTM NPU3HaKa.
Mcnonb3ya  AaHHble KPUBOW, OMPeAeNAloT CPeAHIO0  BENUYUHY  J[JaHHOro
npusHaka. MoaudUKaUMOHHAA WM3MEHUMBOCTb [@eT BO3MOMXKHOCTb 0COBAM
NpUCNocabnBaTbesl K NOCTOAHHO MEHSAIOLMMCH YCIOBUAM CPeabl.

Buapbl BEHHOM

* HacneacTseHHOCTb — 37O CBOWMCTBO KMBbIX OPraHM3MOB COXPaHATH
M nepeaasaTb NPW3HaKW B PAAy MOKONEHMA. Bnaroaapa HacneAcTBeHHOCTM
13 MOKO/IEHMSA B NOKO/IEHWUE COXPAHAIOTCA MPU3HAKM BUAA, NOPOAbI.

¢ HacneacTseHHas W3MEHUMBOCTb  (MYTAaUMOHHAA MAU TEHOTMNMYECKas)
CBA3aHa C M3MEHEHMEM FEHOTUNA OCOBH, NOITOMY BO3HMKAIOLME MU3MEHEHMA
HacnesytoTcA. OHa ABAAGTCA MaTepUanom A/1A ecTecTBeHHoro ot6opa. [lapsuH
Ha3Baj 3Ty HAC/NeACTBEHHOCTb HeonpeseneHHo. OCHOBOW HacneACTBEHHOM
M3MEHYMBOCTM  ABMAIOTCA ~ MyTauMu —  BHe3anHble  CKaukoobpasHble
M HEHanpaB/ieHHble U3MEHEHWUA MCXOAHONM Gopmbl. OHU BeayT K MOABNEHUIO
Y KMBbIX OPraHU3MOB KAYECTBEHHO HOBbIX HAC/IEACTBEHHBIX NPU3HAKOB U CBOWACTB,
KOTOPbIX paHee B MPUPOAE HE CyUeCTBOBANO. WICTOMHWK HAaCNeACTBEHHOM
M3MEHYMBOCTM — MYTaLIMOHHBIM NPoLLecc. PasanyaloT HECKONbKO TUMOB MyTaLMiA:
reHOMHbIE, XPOMOCOMHbIE U TeHHbIE.

e [eHOMHble ~MyTauuu (noaunaouausa W aHeynaouausa) — 310
M3MEHEHMS 4MC/1a XPOMOCOM. MoanMmnonamns — 3T0 KpaTHOe yBenuuveHne
rannonaHoro Habopa xpomocom (3n, 4n, u T.4.). Yawe Bcero noaunnouans
06pa3yeTcA NpW HapyLIEHWU PacXOKAEHUA XPOMOCOM K MOMIOCaM  KAETKM
8 Meil03e WM MUTO3e Nog AeMCTBUEM MyTareHHbIX ¢pakTopoB. OHa LWMPOKO
pacnpocTpaHeHa y pacTeHuii 1 KpaitHe PeaKo BCTPEUAETCA Y UBOTHBIX.

* Aneynnouama — y wam y 4ncna  Xpomocom
o OTAeNbHbIM Napam. OHa BO3HWKAET MpPK HEPACXOKAEHUN XPOMOCOM B Melio3e
MW XpOMaTUA, B MUTO3e. AHEYNNoMAbl BCTPEYAIOTCA Y PaCcTeHUM U KMBOTHbIX
1 XapaKTepPuU3yIoTCA HU3KON XKN3HECTIOCOBHOCTBIO.

¢ XPOMOCOMHbIE MyTaLUK — 3TO M3MEHEHUA CTPYKTYPbI XPOMOCOM.

BuAbI XPOMOCOMHBIX MyTauuii
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1. fedpuieHcna — noTepa KOHLEBbIX Y4aCTKOB XPOMOCOM.

2. [leneunn — BbiNajeHne y4acTka nieya Xpomocom.

3. [lynnvkauus — noBTOpeHMe Habopa reHoB B OMpPeAeNeHHOM y4yacTke
XPOMOCOMbI.

4. ViHBepcWA — NOBOPOT y4acTka Xxpomocom Ha 180°.

5. TpaHCAOKauMA — NepeHoC yyacTka K APYromy KOHLY TOM e XPOMOCOMbI
nnbo K ApYroi, HErOMONOTMYHON XPOMOCOME.

TeHHbIE MyTauuM — W3MEHEHUA HYKNEOTUAHOM MOCAe0BaTENbHOCTH
monekynbl [HK (reHa). Wx pesynstaTr — W3MeHeHMe MOCieA0BaTeNbHOCTU
aMUHOKMCAOT B MOAMNENTMAHOM UMM, M nossieHne Gesnka C  HOBbIMM
CBOICTBaMM. BO/bLIAA HaCTb FeHHBIX MyTaLMii GEHOTUNMYECKM He NPOABAAETCS,
NOCKO/IbKY OHM PELECCUBHDI.

LiuTonnasmaruyeckne MyTauum — CBA3aHbI C U3MEHEHMAMM OPraHoWAOB
uuTonnasmbl, cogepauwmx AHK (MUTOXOHAPUM W mnacTMapl). M myTaLuu
HaCNeAYIOTCA N0 MATEePUHCKOW NMHMM, T.K. 3UroTa Mpu ONNOAOTBOPEHUN BCIO
uMTONNa3My MONY4aeT OT AMUEKNeTKW. Mpumep: NEeCTPONMCTHOCTb PacTeHuit
CBA3aHa C MyTaLMAMM B X10pON/IACcTax.

MyTaumumn, 3aTparvBaloWwmMe MONOBble KAETKU (reHepaTUBHble MyTauuu),
NPOABAAIOTCA B CAEAYIOWEM MOKONEHUW. MyTaLuu COMATUUYECKMX KAETOK
NPOABAAIOTCA B TeX OpraHaxX, KOTOPbIE BK/IOYAIOT M3MEHEHHbIE K/ETKU.
Y KMBOTHBIX COMATUYECKNE MYTALIMN HE NePeaaloTCA Mo HAaCAeACTBY, NOCKObKY
M3 COMaTUYeCKMX KNETOK HOBbIA OPraHW3M He BO3HWKAeT. Y pacTeHuit,
Pa3MHOXaIOLMXCA BEreTaTMBHO, COMaTUYeCKMe MyTaLn MOTYT COXPaHATLCA.

n K cpeae

MpucnocobneHHocts — cooTBeTCTBUE NpU3HaKoB opraHMaMa (BHyTpeHHeI’O
W BHEWHero CTpoeHus, ¢M3MOI’IOI’MH€CKMX npoueccos, nose,qenvm) cpene
DGMTEHVIﬂ, nossonAwWEee BbPKUTL M AaTb NOTOMCTBO. HaanMep, BOJJ,HbIE
XMBOTHblE UMeELOT 06TEK8€MYDO ¢OPMY Tena; NArywky aenaer He3ameTHOMN
Ha d)OHe paCTEHVM 3eN1eHan OKpacKa CNUHbI; APYCHOE PacnonoxKeHue paCTEHVIM
B 6MOI'EOLLGHOSE AaeT BO3MOXHOCTb 3¢¢EKTMBHD UCNONb30BaTb CO/IHEYHYIO
3Hepruo ,U,IU’I ¢OTDCMHTE!36 ﬂpMCﬂOCOGﬂeHHOCTb NOMOraeT BbIXXUTb OpraHnsmam
B TeX yC/I0BMUAX, B KOTOPbIX OHa 0] iN1acb nog
cwn BBDHDOLLMM Ho un B 3tmx YCNOBMAX OHa OTHOCUTENbHaA. Benasa Kyponama
a CO/MHeYHbl feHb BblgaeT ceba TeHblo. 3aau-6enak, HesameTHbIi Ha CHery,
XOPOLLO BUAEH Ha GOHE TEMHbIX CTBO/IOB.

BuaoobpasoBaHMe, UX MWUKPOIBOMOLMA — HaYaNbHbIM 3Tan 3BO/OLUU
OpraHu4yeckoro mupa, EaK.ﬂlO“Ia!OLIJ,MI‘;ICﬂ B NOABNEHUU HOBbIX BUAOB Ha OCHOBE
CylLecTBOBaBLLIMX paHee. feorpaduueckoe (annonartpuyeckoe) BugoobpasosaHue
NPOUCXOANT B pe3y/ibTaTe pacluMpeHna apeana uCXxoaHoro BuAa Unu pacyneHeHusa
ero apeana Ha W30/MPOBaHHbIE YacTW eCTECTBEHHbIMW nperpagamu (ropa,
pekn U T.4.). B 3TOM cayyae nonynsuMM BCTPEYAKTCA C HOBbIMM yCnoBUAMM
cpeabl u C006LLLECTBBMM opraHusmos. Ha nonynauuio 8- npupoae ,qechsyeT
MVTaLIMOHHbIM npouecc, NpOMUCXoaAaT KonebaHua YNCNEHHOCTH OCOGEM AEMCTBYET
eCTecTBeHHbIN OTGOP Co BpemeHem reHHbI cocTas nonynaunun U3IMeHAeTca,
OHa npuobpeTaeT OTIMYMA OT APYrUX MOMYAAUMIA 3TOTO e Buaa. Hanpumep,
cnbupckan NUCTBEHHMLA paccennnach of Ypana Ao bBaiikana v okasanach
B Pa3HbIX YCNOBUAX, YTO NPUBENO K BOSHUKHOBEHUIO AaprKOH NINCTBEHHULbI.

Jkonoruyeckoe BMAOOﬁpaSOBaHME npoucxoauT B Tex CAy4asax, Korga
nonynaununM O4HOro BMAA OCTAKOTCA B MNpeaenax CBOero apeana, HO ycnosuA
06UTaHUA Yy HUX O oTCA P . Mog s
CUN  3BONKOUMU  U3MEHAETCA WUX FEHHBIN  COCTaB. ‘-Iepea paa HOKOHEHMM
B pesy/nbrate pasauuuii reHoGoHAOB BO3HWUKAET BUONOrMYEcKas W30NALMA.
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Hanpumep, oauH BUA TpagecKaHUMKU cHOPMUPOBANCA HA CKAaNUCTbIX BEPLIMHAX,
,qpyrolz — B TEHUCTbIX N1eCax; Ce30HHbIe pacbl NOrpemka 6onbLioro B[AKOT cemeHa
A0 CKawusBaHuA, nunbo nocne Hero u, obuTan Ha OAHolji TeppuUTopuUn, He UMerT
BO3MOXHOCTU CKpewmBaTbCA; nonynaymm ¢opem4 B O3epe CeBaH pasnunyatorca
no CpOKam HepecTa.

OCo6eHHOCTbIO 3KONOTUHECKOTo EMIJ,OOGPE3OESHIA$| ABNAGTCA TO, YTO OHO
NPUBOAMT K 06pa30BaHMIO HOBbIX BUA0B, MOPHONOrUYECKU BAN3KMUX K UCXOAHOMY
Buay.
CxoAcTBO BMA006PA30BaHUiA: MPOUCXOAAT MO, AENCTBUEM ABUNKYLUMX CUA
3BOMIOLUM.

Pasnunyuna BMA006p33OBaHMﬁC NPUYUHbBI pacxoxaeHuna NpU3HaKos
y NonynAaunii  pasnauyHbl:  reorpaduueckoe  BuAoobpasoBaHME  CBA3AHO
C paclupeHuem apeana U BO3HMKHOBEHWEM W30/IMPOBAHHbBIX MONYAALMIA,
a 3KoNorMyeckoe C 3aceneHnem ocobamm OAHOro BUAA PasHbIX 3KOIOMMYECKnX
HULW B NpeAenax o4Horo apeana.

Saomouvm Kak MCTOPMNECKMFI npouecc umeet ABa HanpasaeHUA; nporpecc
1 perpecc.

Buonornyeckunii nporpecc — aTo pesynbtaTycnexa 8 6opb6be 3a cyluecTsoBaHue,
nokasartenb npuMcnocobieHHoCTU BMAQR, poaa, Knacca. Ero npusHaku: Bbicokas
YNUCNEHHOCTDb, LIJMpOKMﬁ apean u yBeNU4YeHUe 4Yucna cuctemaTtuyeckux rpynn.
Hanpumep, 13 mieKkonuTaloWwmx NPOrpecc UCMbITbIBaOT 3asAL-pycak (okono 20
noABWAOB), NapasuTuyeckue Yyepeu U3 Tuna Kpyrle. Buonoruyeckuii nporpecc
AsnAeTcA Hambonee OﬁLLlMM nyrem 6uonoruyeckoin 3BONOLUUM N UMeeT chea.

pasHOBMAHOCTU: aporeHes — npuobpeTeHne OpraHUMamn apomopdosos;
annorexHes — npuobpeTeHne 0coBAMM UANOaAANTALMN.
BUONOrMYeckUii  perpecc  —  OTCYTCTBME  HEOBXOAMMOTO  YPOBHA

NPUCNOCOBNEHHOCTH, MPUBOAALLIEE K YMEHBLIEHUIO YUCAEHHOCTH, CYXEHMIO
apeana, CHMKEHMIO YUCNA  COMOAYMHEHHBIX — CUCTEMATMYECKMX  rpynn.
BUMONOrMYecKNin  perpecc MOMeT NpuBecTn K  BbiMMpaHuio. Hanpumep,
Ha rpaHuN BbIMMPAHWA HaXOAATCA YCCYPUIACKUI TUrP, cobonb. MpuynHa perpecc:
oTCTaBaHMe B TeMnax 3BOMIOLWW TPYMMbl OT CKOPOCTM W3MEHEHWA BHEWHel
cpeabl. [leATeNbHOCTb YeN0BeKa YacTo NPUBOAMUT K COKPALLEHNIO YNCAEHHOCTH
nonyALMIA MHOTUX BU/OB.

Apomopo3 — 3TO M3MeHeHWA B OpraHu3me, MNoBbiWwalowme obuMil
YPOBEHb OpraHM3aUMM W HKU3HeAeATeNbHOCTM ocobeld, cnocobeTsylolme
nepexoay B HOBYIO Cpesly 06UTaHMUA. ApOMOPYO3 — 3TO OCHOBHOE HanpasieHne
3BO/IOLMM, KOTOPOE NPUBOAWT K 06PA30BAHNIO HOBbIX CUCTEMATUYECKMX Fpynn —
KNaccos, TUMOB, OTPAAOB. MpuobpeTeHHble apomopo3bl BCeraa COXpaHAITCA
Y OPraHnU3MOB B X0/ 3BONIOLMM U BEAYT K NOCTENEHHOMY YC/IOHEHMIO CTPOEHMA
OpraHu3moB.

VanoaganTtauna — HanpasfeHMe 3BO/IOLMW, B OCHOBE KOTOPOTO Nexat
M3MEHeHWA B OpraHusme, cnocobCTByiOLME NPUCNOCOBNEHMIO K KOHKPETHbIM
YCN0BUAM OKPY3KaloLLeit CPedbl 1 He NOBbiLLaloLLMe O6ILero ypoBHA OpraHM3aLyi
ocobeil. Mpumepom MAMOAZANTaUMIA MOTYT CAYXKMTb MOKPOBMTEbCTBEHHASR,
Mackupylollan WAM NpeAynpex/aalollan OKpacka, MoBejeHMe BO Bpema
Pa3sMHOXeHMA, MeyeH1e TepPUTOPUM, COBMECTHAA 3aliluTa OT BParos.

leHeTUKa n Teopwusa asonrouun
MyTauum COCTaBAAIOT OCHOBY HAaCNeACTBEHHOM UW3meHunBocTU. Ocobu
C PasNMuyHBIMU MyTaUMAMM, CKPELMBascb Mexay coboil, obperaloT HoBble
COYeTaHuA reHos. MYTaLlMOHHaﬂ U3MEeHYMBOCTb AaeT I'IepBM‘-thlﬁ matepuan
ANA ecTecTBEHHOTo 0T60pa, BeAyLiero k 06pasoBaHnio HOBbIX BMA0B. OCHOBHO
$opmoit cylecTBoBaHUA BUAOB ABAAETCA NOMYAALMA.
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B reHeTuke nonynaumit  HabnloAalOTCA  3aKOHOMEPHOCTH,  KOTOpble
BLIPAXAIOTCA B 3aKoHe Xapau-BaitHGepra: B MOMNyNALUMAX W3 MOKONEHUs
8 MOKONeHMe npu  CBOBOJHOM CKDELNBAHUM OTHOCUTE/IbHBIE  YacTOTbI
reHOB W [EHOTMMOB HE MEHAIOTCA. 3aKOH CnpaseAnus npu CcoBioAeHUM
CNeAyloumMx yCAOBMIA: MONYAAUMA AOMKHA GbiTb AOCTAaTOYHO BEAMKA, YTOGLI
obecneyntb CAyyallHOe CO4ETaHMe [FeHOB; [IO/KEH OTCYTCTBOBaTb OT6OP,
BnaronpuATCTBYOWMIA M HeBNArONPUATCTBYIOWMIA  ONPEAENeHHbIM  reHam;
HE [O/KHO BO3HWMKATb HOBbIX MYTaLMil, HE [AOMKHO MPOMCXOAUTb MUrpaLuit
0cob6eil C MHbIMU TEHOTMMAaMM U3 COCEAHMUX NOMYAALMI AaHHOTO BMAa. B npupose
3TV YCNOBUA He COBNIOAAIOTCA, YTO NPUBOAMT K HAPYLIEHMIO PAaBHOBECUA TEHOB
8 NONy/NALMM.

MpupoaHble  MONYNAUMKM  NPU WX OTHOCUTENbHOWM  heHOTUNMYEeCKo
O/JHOPOAHOCTM  (HACBILLEHbI Pa3HOOBPA3HLIMM PELIECCHBHBIMM - MyTaLMAMM,
KOTOpbIE HEe MPOABAAIOTCA A0 TeX MOp, MOKA OCTAlOTCA [ETEPO3UTOTHBIMM.
Mo AOCTUXKEHUM [OCTaTOMHO BBICOKOM KOHLEHTPALMW MyTaumii peLeccuBHble
MyTaUMM MOTYT MepeiT B TOMO3UFOTHOE COCTOAHME. OHM  NPOABATCA
beHoTMNMYeCKM M NoMadyT Mo BAWAHME ecTecTBeHHOro ot6opa. Kawaoit
nonyNAUMM XapaKTepeH CBOI reHopOHA (COBOKYMHOCTb reHOB Mnonynauum),
KOTOPbI [aeT BO3MOXHOCTb A1 BbICTPOrO M3MEHEHUs B COOTBETCTBUM
C Hanpae/ieHnem OT6Opa. PasnnyaloT HecKonbKo ¢popm oT6opa. [lBMsKyLyni
otbop — Takas ¢opma, Npu KOTOpoW [eiicTBue oTBOpa HanpasaeHo
B OMpese/ieHHyI0  CTOPOHY, 4TO MPWUBOAUT K CABUTY HOPMbI  Peakuuu
B OfHy cTOpoHy. CTabunusumpyiowmii ot6op — dopma, Beaylwaa K MeHbluei
M3MEHYMBOCTM B MOCTOAHHLIX YCAOBMAX Cpeapl. B 3TOM Ciydae oTcekaroTcs
MyTauuu, pacwmpsiowme Hopmy peakuun. Obe stu popmbl oT6Opa TecHo
CBA3aHbI APYr C APYrom. [IBUXYILMIA 0TGOp NpeobpasyeT BUAbI B MEHAIOLLMXCA
YCNOBUAX CpeAbl, CTabunn3MpyloLnii 0T60p 3aKpennAeT NPUsHaku, nonesHble
B OTHOCHTE/IbHO MOCTOAHHbIX YC/IOBUAX CPeAb.

JLoAapBMHOBCKMiIA Nepuog, B passnutum 6uonorum

C  YCTaHOBNEHWEM XPWUCTUAHCKOTO MMpOBO33peHus B Espone 6Gbina
pacnpoctpaHeHa o¢uuManbHaA TOYKA 3pEHWA O BOBHMKHOBEHUM HKMBOI
NPUPOAbI: BCE XKMBOE CO3AaHO BOTOM M OCTaeTcA HEM3MEHHbIM (KpeaLMoH!3m).
B 3TOT Mepuos CpesHeBEKOBbA 6blI0 MHOIO MOMBITOK CMCTEMaTM3MpOBaTh
HaKoOMNeHHbI  Buonoruyecknii  matepuan.  Haubonee  coseplIEHHYIO
CMCTEMATMKY TOrO BPEMEHM YAaN0Ch CO3AaTb WBEACKOMY ECTECTBOMUCMbITATENIO
K. JIMHHelo. B OCHOBY CUCTEMATUKM OH MOMONMA MPUHLMUMN MEPapXUUHOCTM
TaKCOHOB — CMCTEMATMUYECKUX EeAMHWL. JIMHUEeN 3aKpenun Mcnosib3osaHue
61HapHOI HOMEHKNATYpPbI ANA 0603HaYEHUA BUAOB W BBE/ NATUHCKME Ha3BaHMA
81/108. [PUHLMMBI 3TON KNAacCUdUKaLMM COXPAHAIOTCA U B Hallle BPeMs.

C XVII B. pacnpocTpaHAeTcA HOBaA CUCTeMa NPEACTaBNeHUA O KUBOIA
npupoae — TPaHCHOPMM3M, AONYCKAIOLUIA BOIMOKHOCTb M3MEHUYMBOCTU BUAOB
noj, BO3AENCTBMEM BHeLHMX ycnoBuii. Ee mocnegosatensmu 6bian P. Tyk, [.
Anapo v ap. OTKPbITUE MMKPOCKOMA, PasBUTUE IMOPUONOTUM U NANEOHTONOTUN
NpMBENO K CO3A@HWIO MEPBOM  3BO/NOLMOHHON Teopuu XK.b. Jlamapka.
B Tpyse «®unocodpua 3oonoruu» (1809 r.) OH NPUBOAUT MHOTOYUCIEHHbIE
[IOKa3aTeNbCcTBa M3MEHAEMOCTM BWAOB M MbITAeTCA  PaCKPbITb  MPUYMHbI
3BO/IIOLMOHHBIX MPOLECCOB. JlTamapK Briepsble BK/IOYAET B TEOpUio daktop
BPEMEHU 1 YCI0BUA BHELLHENM CPe/bl. [BUKYILMMIU CUNAMM FBOIIOLMM OH CHUTaN
CTPeM/IeH!e OPraHU3MOB K COBEPLUEHCTBY M MPAMOE BAUAHME BHEWHEN cpeabl
Ha Hacne/10BaHNe NPU3HAKOB, NPUOBPETEHHbIX B TEUEHNE KU3HU.

XK. KioBbe, ncceslya CTpOeHNE OPraHOB MO3BOHOUHDIX UBOTHBIX, YCTaHOBNJ,
4YTO BCE OPraHbl XXMBOTHOTO MNPEACTABAAOT COBOM 4YacTU OAHOM LEeNoCTHOM
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CUCTEMbI 1 HU OfJHA YACTb TeNla He MOXET U3MEHUTLCA 6e3 U3MEeHeHMA Apyrux
yacteil. JTO fABNEHWE OH Ha3Ba/! MPUHLMNOM KOPpensuun. Kiosbe-Takwke
BbIABUHY/ TEOPUIO KAaTacTpod, COMACHO KOTOPOM MPUYMHOM  BbIMUPAHUA
6bI1M NEPUOANYECKN MPOUCXOAMBLUNE KPYMHbIE reoornyeckine Katactpodsl,
YHWUTOX@BLINE Ha BONBLIMX TEPPUTOPHUAX XKUBOTHBIX U PACTEHUA.

MHOXECTBO _ KPYMHbIX  OTKPbITUI B €CTECTBO3HAaHWW,  HaKOM/IeHHbIN
SKCMEAMLMOHHBIN  MaTepuan _ MOCAYKUAW  MPEANOCbIIKAMM  CO3AaHMA
3BO/IOLMOHHOMO YYEHUA aHTMACKAM ydeHbIM Y. [JapBuHbIM. OH M3N0MMUA
CBOM B3MAALI Ha 3Ty Npobaemy 8 cBoem Tpyae «[POMCXOKAEHME BUAOB NyTeM
ecTecTBeHHOro ot6opa» (1859 r.).

yueHue

Y. [lapBuH [OKa3a/, YTO OFPOMHOE MHOrOOGPasWe BUAOB, HACENALUX
3emnio, 06pasoBanoch 6narogaps MNOCTOAHHO BO3HMKAIOWMM B NpUpoAe
pa3sHOHaNPaBNEHHbIM HACNEACTBEHHBIM U3MEHEHMAM W €CTECTBEHHOMY OTGOPY.
CnocoBHOCTb OPraHM3MOB K MHTEHCUBHOMY Pa3MHOXEHMIO, U OAHOBPEMEHHOe
BbXKMBaHWE HEMHOrNX 0cobeii npusenu [lapBuHa K MbICIM O HaNNuMK Mexay
HUMKM BOpbBbI 3a CylIeCTBOBAHME, CNEACTBMEM KOTOPOM ABNAETCA BbIKUBAHMUE
opraHusmos, Hanbonee MPUCMOCOBNEHHBIX K KOHKPETHBIM YCNOBUAM Cpeabl
1 BbIMMPAHWIO HEMPUCMOCOBNEHHBIX.

[LBUKYLLME CUAbI 3BONOLUMN
* bopbba 3a cyLiecTBOBaHME — COBOKYMHOCTb MHOTOOBPA3HbIX MU CAOMKHBIX
B3aUMOOTHOWEHUI,  CYL|ECTBYIOWMX MEXAY OPraHu3mMamu W yCAOBUAMM
cpeabl. Pasnnuator 60pbby BHYTPMBMAOBYIO (MexAy 0cobbiMM OAHOTO BWUAA),
MEXBWAOBYIO (MeKay 0cOBAMM pasHbIX BUA0B) U Bopbby ¢ HebaaronpuATHLIMMK
ycnosuamu. BHyTpusuaoean 6opbba asnaetca Hanbonee ocTpoi, Tak Kak ocobu
O/IHOTO BM/Ia MMEIOT CXO/IHblE NOTPEBHOCTU ANA BbIKMBAHMA.

e ECTecTBeHHbIi OTBOp — npouecc W3GMpPaTeNbHOrO BOCMPOW3BEAEHUA
OpraHU3mMoB, NPOUCXOAALMIA B NPUPOAE, B Pesy/bTate KOTOPOrO B MOMYAALUM
BO3pacTaer 4onA ocobel ¢ no, Anv Buaa np ¥ cBoiicTBaMM

B KOHKPETHbIX YCNIOBUAX Cpe/bl. TBOPUECKan poNib 0TGOpPa 3aK/IOYaeTCA B TOM,
4TO B NPOLECCe 3BO/IOLMM OH COXPAHAET U HaKaN/MBaeT U3 PasHOHaNPaBAEHHbIX
MyTaumit Hanbonee COOTBETCTBYIOLLME YCNOBMAM CPEAbI U NONE3HbIE ANA BUAA.

¢ HacnepcteeHHas W3MEHUYMBOCTb, (MYTAUMOHHAA WAM TEHOTUNWUYEcKas)
CBA3aHa C M3MEHEHMEM FEHOTUNA OCOBM, MOSTOMY BO3HMKAIOLME MU3MEHEHMA
HacneaylotcA. OHa ABAAGTCA MaTepUanom A/IA eCTecTBEHHOro oT6opa. [lapsuH
Ha3Baj 3Ty HAaCAeACTBEHHOCTb HEOMNpeseNeHHOM. MCTOYHMKOM HaCaeACTBEHHOM
M3MEHYMBOCTM ABNAIOTCA MYTaLLUM.

O6pasosaHne HOBbIX BUA0B A B nony , Hac
MOCTOAHHO BO3HMKAOWMMU MyTaLMAMM, KOTOPbIE NPY CBOBOAHOM CKpeLLMBaHUK
NPUBOAAT K M3MEHEHUAM TEHOTUMOB W (eHOTUNOB. M3MeHeHWe ycnoBuit
CYUIECTBOBAHNA BEAET K PacXOXK/AEHWIO MPWU3HAKOB cpean ocobeit AaHHOM
nonynALMM, K AuBEpreHumn. McxoaHasa nonynauna obpasyet rpynny dopm,
MIMEIOWMX Pa3/INUHYIO CTeNeHb OTKAOHEHMIH NpH3HaKoB. OTaAeNbHbIE OPraHNU3mbl
C M3MEHEeHHbIMM NPU3HaKaMM CMOCOBHbI OCBaWBaTb HOBblE MeCTa OBUTaHMA,
yBeMYMBaTb CBOKW YMCAEHHOCTb. [Mpu  asuxyuwiem oTbope HauGonbiume
BO3MOXHOCTM BbDKUTb M OCTaBUTb M/IOAOBUTOE MOTOMCTBO MMEIOT 0co6u
C KpaliHMMM, KOHTPACTHBIMU OTKAOHEHWUAMN. TpOMeKyTOUHbIE $pOPMbI GonbLIe
KOHTaKTUPYIOT 1 BbicTpee BbIMMPAIOT. TaK B UCXOAHOW MOMYAALMM BO3HMKAIOT
HOBblE TPYNMbl 0COBeii, U3 KOTOPbIX BHayase OBPasyloTCcA HOBblE MOMYAALMUM,
a 3aTem, Npu nocneayloLeil ANBEPreHLn, HoBbIE NOABNABI U BUALI. MPUHLMN
[AMBEPTEHLMN OBBACHAET NPOUCXOKAEHUE MHOTOOBPA3NA KUSHEHHBIX GOPM.
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CornacHo OBWENPUHATON KnaccuduUKaLumum, CUCTEMATUYECKOR eauHuLei
KMBbIX OPraHU3MOB ABNACTCA BUA,.

Bug — 970 rpynna 0coBei, CXOAHbIX MO CTPOEHWIO, MPOUCXOKAEHUIO
M XapakTepy ¢M3MONOTMYECKNX MPOLECCOB; CBOBOAHO —CKPELLMBAIOLUXCA
Mexzy coboii 1 A3IoWMX NA0L0BUTOE NOTOMCTBO. OCOBM OAHOTO BUAA UMeET
0/IMHaKOBble NPUCMOCOBEHNA K HIU3HM B ONPEeAENeHHbIX YCI0BUAX.

Joboit  BUA, COCTOALWMIA M3  OAHOW WMAM  HECKONbKUX  NOMyNAuMN,
npeacTaBAAeT cobol eAnHoe Lenoe. LiefoCTHOCTb OCTUraeTCA CBA3AMM MeXaY
ocobamn BuAa: 3a60ToM O NOTOMCTBE, OBLEHNeM Yepes PasanyHble CUrHasbl,
COBMECTHOM 3aluuTOl OT BParos, CKpelmBaHuem. LienoctHocTb Aocturaetca
1 Buonoruyeckoit usonauneit — 060co6N1EHHOCTLIO OT APYTMX BKUA0B (0CO6M
pasHbIX BMAOB, Kak NPasuio, He CKpewnsaioTca). Bce 31O XapakTepusyet sug
KaK HaZ,0praHn3MeHHyo CUCTeMy.

Kputepuum Bupa

* Mopdoornyecknit — CXOACTBO BHELWHETO W BHYTPEHHEro CTPOeHWs
ocobeit.

¢ DOU3NONOTMYECKMI T — CXOACTBO MPOLECCOB KUHEAEATENbHOCTU, CPOKOB
pa3sMHOKEHMS.

o leorpadpuyeckuii — 3aHMMaemblii ocobsmu Buaa apean (tepputopus)
XapakTepeH 17 Bcex 0cobeil Bua. OH MOXeT 6biTb GONBLIMM UK MaNEHBKUM,
NPEPbIBUACTLIM W/IM CM/IOWHBIM

© 3KONOrMYecKMit — HWlWa, 3aHMMaemas OCOBAMM OAHOTO BMAA BHYTPU
apeana, O06YCNOBNEHHAA _ONPEeAENEHHbIMU  SKONOTUYECKUMM  YCIOBUAMM
(BnaxHOCTbIO, TEMMEPATYPOW U T.4.)

 [eHeTUYeCKkMi — MaBHbI KPUTEPUIA. ITO XapaKTepPHBbI ANA KaXAO0ro BUAA
Habop XPOMOCOM, UX onpesenéHHoe YUCN0, pasmepbl 1 dopma. Ocobu pasHbIx
BUAOB MMEIOT pasHble HaboPbl XPOMOCOM M MOITOMY He MOTYT CKPeLnBaThea, T.
K. HEBO3MOXHA KOHBIOTALMA Npu meiiose.

Mpu YCTaHOBNEHMM BUAOBOM NPUHAANENKHOCTU MPABUABHO XapaKTepusyet
BM, BCA COBOKYMHOCTb KPUTEPHEB.

AnTpOnoreHes

Ha Hay4HyIo 0CHOBY BOMPOC O MPOMCXOX/EHNM Yel0BEKa BNepBble NoCTasu
[JapsuH. B Tpyae «MpoucxokaeHne yenoseka W nonosoit ot6op» (1871 r.)
OH r0Ka3as, 4TO YeN0BEK UMEET XKUBOTHOE NPOUCXONAEHME 1 XapaKTepuayeTcsa
6ONbLWKMM CXOACTBOM C COBP yeno 06
370 NOATBEPKAIOT OBUIHOCTH CTPOEHMA OCEBOTO CKENETa, KOHEYHOCTEN, BCeX
OCHOBHbIX CUCTEM OpPraHOB, BHYTPUYTPOGHOE passuTWe 3apogpiia. OTanumMe
MAeYHbIX Kenes, Anadparmbl, PyAUMEHTOB (OCTaTKM TPeTbero Beka B Yy rmas,
KOMYMKOBbIM OTAEN NO3BOHOYHMKA, anMNeHAMKC) U aTaBU3MOB (CUNBHO PA3BUTLIN
BOJIOCAHOMN MOKPOB, MHOTOCOCKOBOCTb U AP.).

B 3MBPUOHANLHOM Pa3BUTMM YENOBEKA €CTb YepTbl, XapaKTepHble AA BCEX
npescTaBuTeneit TMNa XopaoBble: XOpAa, HepBHas TpybKa, wabepHble ayru.
OceBOW CKe/eT, NpPe/CTaBNeHHbIN NO3BOHOYHUKOM, ABe Napbl KOHEYHOCTel
onpesienAloT  NPUHAANIEKHOCTL — 4Yenoseka K noaTuny  03BOHOuHblE.
YeTbipexkamepHoe cep/Lie, TeNOKPOBHOCTb, M/IEUHbIE Kenesbl, 3y6bl Tpex 81408
V1 [ip. CBUAETENLCTBYIOT O NPUHAZANEKHOCTU YesoBeKa K knaccy MaekonuTawoume.
C oTpagom MMpumaTbl YenoBeKa 0BBLEAUHAIOT MHOTME MPU3HAKU: KOHEYHOCTH
XBaTaTeNbHOro Tuna (60AbWON Nanew, KUCTU NPOTMBOMOCTaBAEH OCTa/bHbIM),
HOMTM Ha NafbL@X, OAHAa Napa COCKOB MJIEYHBIX ¥Ke/es, XOPOoWo pa3suTble
K/I04MLLbI, 3aMEHa MOIOYHbIX 3y60B Ha NOCTOAHHbIE B NPOLIECCE OHTOTeHesa.
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Hapsaay co cxoACTBOM YeN0BEK UMEET psAj, 0COBeHHOCTEN, OTANYAIOLLMUX ero
0T 06€3bAH. K HUM OTHOCATCA: MPAMOXOKAEHIME, HANNUNE CBOAA CTOMbI U YeTbIpeX
13rnBOB MNO3BOHOYHMKA, HanMuMe NOAGOPOAOYHONO BbiCTyna, npeobnagaHue
MO3r0BOrO OT/AeNa 4epena Haf, /1LEeBbIM, 60/1blIOK 06bemM FON0BHOMO Mo3ra
C Pa3BUTOI KOPOW GO/BLIMX MONYLIAPWIA.

Yenoseka OT/IM4AlOT YNeHOpasfeNbHas peub, abCTPaKTHOe MbllneHue,
CNOCOBHOCTbL U3TOTOBAATL 1 MO/NB30BATLCA OPYAUAMM TPYAA.

BO/IOLMA YeNOBEKA (AHTPOMOTEHES) — UCTOPUYECKMIA IPOLIECC CTAHOBACHMUA
4enoBeKa, NPOMCXOANT MOy, BAUAHMEM ABYX TPYNNn GaKTOPOB — GUONOrMYECKNX
1 COLManbHbIX.

Buonornyeckne GakTopbl Ha PaHHWX 3Tanax Pa3BUTUA 4YenoseKa MMenu
pelwaloulee 3HaueHne. brarogapa nm Yenosek npetepnen paa MopdONOTMIECKMX
M3MEHEHMI CKe/IeTa, CNOCOBCTBYIOLLMX MPAMOXOKAEHUIO.

K HMM OTHOCATCA: W3rMBbl MO3BOHOYHMKA, BBICOKMI CBOA  CTOMbI,
paclMpeHHbIi Tas, NPOYHbINA KpecTeLl,

K coumanbHbim $pakTopam 3BONIOLMM OTHOCATCA TPYA, M 06LLeCTBEHHBbIN 06pa3
W3HU. PasBuTMe TPYA0BOM AEATENILHOCTV YMEHBLIM/IO 3aBUCUMOCTb YeNoBeKa
OT OKpY»XatoLLleit NPUPO/AbI, PACLUIMPUAO €ro KPYrosop U Npuseno k ocnabnexno
[EMCTBUA BUONOTMYECKNX 3aKOHOMEPHOCTEN. [NaBHbIM MPU3HAKOM TPYAOBOI
[IeATENbHOCTU YeNI0BEKa ABNAIOTCA CMOCOBHOCTb M3rOTaBaMBaTh OPYAWA Tpyaa
1 UCNONB30BaTb UX A/ OCTUKEHUA CBOUX LieNieil. PyKa YenoBeka — He TO/bKO
OpraH TpyAa, HO 1 el0 NPOAYKT.

Pa3BuTMe peyn NP1BE/O K BOHUKHOBEHNIO aBCTPAKTHOTO MbILLINIEHUA, Peu
Mmopdonornyeckne u dusmMonornyeckme, ocobeHHOCTU Yenoseka nepeaatoTca
N0 HAaCNeACTBY, TO CNOCOBHOCTU K KONJIEKTUBHOMY TPYAY, MBILIEHUIO U peun
M Mp. HaCNeACTBY He MEepeAaloTca. ITW cneurduyeckne KayecTBa 4YesoBeka
MCTOPUYECKN BOSHMKAW W COBEPLIEHCTBOBANMCE NMOA AENCTBMEM COLMA/bHbIX
baKTOpOB 1 Pa3BMBAIOTCA Y KaX/AOTO Yenoseka ToNbko B obuiecTse, 6naroaapa
BOCMUTAHNIO 1 06y4eHMIO.

3Tanbl 380I0UMM YenoBeKa

1. ipuonuTekmn u apesecHble 06e3bAHbl, BbIMEPLIAs BETBb NPUMATOB, Aann
Hauano COBPEMEHHbIM WMMMaH3e, ropuase 1 Yenoseky. JlasaHue no Aepesbam
€nocobcTBOBaN0 MPOTMBONOCTaBAEHMIO 60/bWOrO Manbua PyKW, PassBUTMIO
N/IeYeBOr0 MOACa, PasBUTMIO [JBUraTe/lbHbIX OTAE/N0B  ONI0BHOTO  MO3ra,
BUHOKYNIAPHOTO 3peHUs.

2. ABcTpanonutekn — 06e3bAHONOAOBHbIE KMBOTHblE. Muau cTagamu
npumepHo 10 MAH NeT Hasad, XOAMNM Ha ABYX HOrax, Mmenu maccy mosra 550 r
npw Bece 20-50 Kr. Ux ocTaHKku 0bHapyeHbl B FOxHOM AdpuKe.

3. Yenosek ymenblii — 6onee 61M3KM K YeNOBeKy, Yem aBCTPanoONUTeKM,
umenu maccy mosra okono 650 1, ymenu o6pabatbiBaTb ranbky C Uenbio
W3roTOBNEHWA OPYAUIA. AW OKONO 2-3 MJIH NIET Ha3aa.

4. ipeBHeMWMe NIOAN BO3HUKAU OKOMO 1 MAH NeT Hasag., W3ssectHo
HECKO/IbKO ~ $GOpM: MWUTEKAHTPON, CUHaHTpon, reiiaenbbyprckuii  Yenosek
M Ap. Y HUX 6biAM_ MOLLHbIE HAATNa3HWYHbIE BaNMKM, HU3KWMIA MOKaTblii N106
1 OTCyTCTBOBAN NOABGOPOAOHHBINA BbICTyN. Macca mosra gocturana 800—1000 r.
OHM MOT/IM, NONB30BATLCA OTHEM.

5. [lpesHue Ntoan — HeaHAepTanblibl. K HUM OTHOCATCA KoM, NoABMBLUMECA
okosno 200 Tbic. neT Hasad. Macca mosra gocturana 1500 r. HeaHaepTanbubl
ymenu Qno6biBaTb OFOHb M MCNONb30BaTb €r0 ANA NPUFOTOBAEHUA MWLM,
NoNb30BaNMCh KaMEHHbIMM M KOCTAHbIMM  Opyauamu Tpyaa, obnagann
3a4aTOYHOIA, UNeHopaszenbHoM peybto. OCTaHKK UX HaligeHbl B EBpone, Adpuke
n Asun.
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6. CoBpemMeHHble Nioan — KpoMaHboHUpbI. Moasmauck okono 40 Teic. net
Ha3zaa. Obbem, WX yepenHoW Kopobku — 1600 r. CN/OWHOM HAAMA3HUYHBINA
Ba/IMK OTCYTCTBOBAN. Pa3BUTbIN NOABOPOAOUHbIN BbICTYN YKa3biBaeT Ha passuTHe
UNeHOPa3aeNbHOI peyn.

OcHOBbI cenekuumn

O/IHAM U3 OCHOBOMO/OKHUKOB CenekLum aensetca Y. [lapsuH, packpbiBLINi
pO/b HaCNeACTBEHHON M3MEHYMBOCTU M MCKYCCTBEHHOrO OTGOpa B CO3AaHMM
HOBbIX MOPOA, U COPTOB. CeNekuMA — Hayka O CO3/IaHUM HOBbIX U YNYYLIEHUM
CyULECTBYIOWMX MOPOA /IOMALIHUX MKMBOTHbIX, COPTOB KY/IbTYPHbIX PacTeHwit
1 WTaMMOB MUKPOOpPraH13moB. Mopoaa (CopT) — 3TO UCKYCCTBEHHO CO3AaHHan
4eNoBEKOM MOMYNAUMA, KOTOpas XapaKTepusyercss MONesHbiMM ANA “enoseka
HaCNeACTBEHHBIMM OCOBEHHOCTAMM, BbLICOKOW MPOAYKTUBHOCTBIO M CBOMMM
MOPGONOTUUECKMMM 1 GMMONOTUYECKMMU NpU3HaKamu. MoABNEHME NOPOA
[IOMALLHUX HKMBOTHBIX W COPTOB KY/bTYPHbIX PAcCTEHM CTano pesynsTaTom
MCKYCCTBEHHOTO OT6O0Pa, MPOBOAMMOTO YeNOBEKOM. YKUBOTHble M pacTeHus,
BblBEZleHHble Ye/I0BEKOM, MMEIOT OBLLMe YepTbl, PE3KO OT/MYAIOLME WX OT AUKMX
BMA0B, Y KYNTYPHbIX $OPM CUBHO Pa3BUTbI OTAE/bHbIE NPU3HaKK, GecrnonesHble
WAW BpeAHble [N CYLIECTBOBAHUA B ECTECTBEHHbLIX YC/IOBMAX, HO MO/e3Hble
AN yenoseka. Hanpumep, cnocobHocts Kyp Aasate 300 u Gonee sy, B rog
JwieHa 6MONOTMYECKOrO CMBICAA, T. K. TaKO@ KO/IMYECTBO ALY KypULLa HE MOXeT
HaCMKMBaTb.

Bce coBpemeHHble /IOMallHME JKMBOTHblE M  Ky/bTypHble —pacTeHus
NpoMSOWAN OT AMKMX NPeAKoB. YCMex CeneKUuoHHOW paboTbl 3aBucuT
OT reHeTUUECKOro PasHoO6Pashs UCXOAHOM rPYMNbl PACTEHMI MM HMBOTHBIX.
Mpu BbIBEAEHMM HOBbIX COPTOB PAaCTEHUI AW MOPO/ KMBOTHBIX OYEHb BaXKHbI
NOUCKM U BbIABNIEHME NO/IE3HbIX TPU3HAKOB Y AMKMX MPEAKOB.

B pa3suTMe CcenekunM Kak Hayku GONbLION BKNAZ, BHEC PYCCKUIA y4eHblit H.
W. BaBunos. OH OpraHM30BaN MHOTOYUC/IEHHbIE 3KCNeAUUMM NO BCeMy MUPY
C LENbI0 HAaKOMNEHMSA CEMEHHOTO MaTepuana, KOTOPbIA 6bln MCMONb30BaH
B CeNeKUMOHHOW paboTe. BaBWAOB BbIAEAWA 7 LEHTPOB NPOMUCXOKAEHUSA
KYNBTYPHBIX PAcTeHUil Ha 3emae, KOTOpbIMM ABAAIOTCA B OCHOBHOM FOpHble
paiioHbl, ApeBHME ouaru 3emsezenua, xapaktepusyloujecs MHoroo6pasvem
BM/I0B.

LieHTpb! KyNbTYPHBIX

1. KOXHOA3MaTCKMIA: PUC, CAaXapHbINA TPOCTHUK, LIMTPYCOBbIE;

2. BOCTOYHOA3MaTCKUIA: MPOCO, Tpeunxa, KOPHennoAbl, rpywm, A6AOHM,
cnmBbl;

3. lOro-3anagHoasuatckmii: nwennua, 60608bie, BUHOTPAZ, ThIKBEHHbIE;

4. Cpean3eMHOMOPCKMIA: KanycTa, ONIMBKM, COA;

5. dduonckuii: 3epHoBble, Kode;

6. LleHTpanbHOamMepUKaHCKNit: KyKypy3a, Kakao, Tabak, apaxuc;

7. KO)HOaMepUKaHCKNiA: KapTodenb, aHaHac.

Mertopapl cenekuum

M6pnamsaums — 310 CKpeLmMBaHUe OPraHU3MoB pasHbIX NOpoA. Pasauvaiot
rmbpuausaumio AByx BuAoB. b. BEHHOE C (MHBpuamnHr)
no3BONAET NEPEeBECTM PELECCMBHbIE TEHbI B [OMOTaMETHOE COCTOAHWE
M _BbIBECTW uUCTble AMHWMW. HepoaCTBEHHOE CKpeluMBaHWe, Mo3BosiAlolLee
06beANHUTL B OAIHOM OpraHM3Me Npu3HakM pasHbix ¢opm. TMocneaHee
CKpelBaHe MOKeT 6biTb BHYTPUBWMAOBLIM (CKpelmsaHue ocobenl OAHOro
BM/a) U OTAANEHBI U CKPeLyMBaHNUE 0CODel pasHbIX BUAOB U Poaos. Mpn Takmx
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HEPO/CTBEHHBIX CKPELMBAHNAX B NEPBOM MOKOIEHUM MMBPUA0B NOBbLILIAETCA UX
JKWU3HECNoCoBHOCTb M HabNloAaeTcs MOLLHOE pa3BuTHe (reTeposuc).

OT60p — BblJENEHNe [A PasMHOXEHWA LEeHHbIX Gopm. B cenekuuu
pacTeHuit NpoBOAAT ABa BUAA 0T6OpPa. MaccoBbiit OT6OP — BblaeneHMe rpynnbl
ocobeil, cxofHbIX MO GEeHOTUMY, HO [AAloWMX pacliensieHne B MOTOMCTBE.
VHAMBNAYanbHbI OT6OP — BblAeNeHNe eAnHWYHbIX GOpM W pasaenbHoe
BblpalyMBaHie MOTOMCTBA KawAOW 0COBM, KOTOPbIA MPUBOAUT K CO3AAHMIO
YUCTBIX NMHWIA (MOTOMCTBO OAHOM CamoombiAsemoit ocobu). B cenekuuu
YKMBOTHbIX NPUMEHACMCA TO/bKO UHAMBM/YaNbHbINA OTEOP, MOTOMCTBO XKNBOTHBIX
yalle BCEro ManouucsienHa. Mpu OT6OPe MBOTHBIX HEOBXOAMMO yuuTbIBaTL
pasBuTMe 3KCTEPbEPHbIX MPWU3HAKOB (TeNOC/NOMEHMe, COOTHOLIEHWE YacTeit
Tena), ux CeA3b C NPU3HaKamMM NPOAYKTUBHOCTU NOPOAb! (MONOYHOCTL Y KOPOB,
ANLEHOCKOCTb Kyp).

VICKyCCTBEHHbIN MyTareHes — AeMCTBUE Ha OPraHM3M MyTareHamu, B KayecTse
KOTOPbIX MCMONB3YIOTCA HEKOTOPbIE XMMUYECKME BELLECTBa, yNbTpaduoneToBble
1 PEHTIEHOBCKME /Iy4u 1 Ap. ITW BO3AENCTBUA HapyLWaloT CTpoeH1e monekyn AHK
U CAYXKaT NPUYMHOM MyTaLWiA, BeAlyUIMX K HACNECTBEHHOW M3MEHYMBOCTM.

OcHoBbI 3KONOrMK. BroreoueHos

BuoreoLeHo3 (aKocucTema) — COBOKYMHOCTb, B3aUMOCBA3AHHBIX MEXAY
co6oi NonynAumMin pasHbiX BWUAOB, ANNTENBHO OBUTAIOLWMX HA OnpeaeneHHon
TEPPUTOPUM C OTHOCUTE/ILHO OIMHAKOBBIMM YCIOBUAMN.

Mpumepbl 3KoCMCTEM — Nyr, BOAOEM, Aybpasa. KuBble OpraHN3Mbl HaxoaATCA
B MNOCTOAHHOM B3aMMOAEICTBUM JpPYyr C APYrom W C (aKTopamu HEeXusoi
npupoabl. BUA0BOM COCTaB AaHHOWM MECTHOCTU OMPeaenAeTcss UCTOPUYECKUMM
1 KNIMMATUYECKMMM YCIOBUAMM, @ B3aUMOOTHOLIEHUA OPraHU3MOB APyr C 4PYrom
1 OKpY)KaloLeit CPe/ioit, XapakTepom UX NUTaHNA.

OCHOBHbIE B3aMMOOTHOLIEHNA Me /1y OPraHM3Mamm — nuuiesble.

/[iBe rpynnbl TUNOB NUTaHNA OPraHN3MOB

¢ aBTOTPOGHbIE, WUCMONb3YIOWME COMHEYHYIO SHEPTUIO W HeopraHUYeckne
BeLECTBA, /1A CUHTE3a OPraHUyeckmx. K HUM OTHOCATCA pacTeHusA, CUHe-3eN1eHble
BOZLOPOC/IU, HEKOTOPbIE HaKTepuu.

* reTepoTPOdHbIE — HYMAAIOWIMECA B rOTOBOM OpraHWYeckoi nuuie. 31o
rpubbl, }KUBOTHbIE M MHOTME BaKTepun.

BU1OreoL,eHo3 — OTKPbITas, AUHAMMUYHAA, YCTONYNBASA 1 CAMOPEryMPYIOLLanCa
cuctema.

OHa BK/loyaeT B ce6a cneaytouine 06a3aTeNibHble KOMMOHEHTbI:

* HeopraHWyecKue 1 opraH14eckue B-8a;

© aBTOTPOGHbIE OPraHM3Mbl — NPOAYLIEHTbI OPraHUYECKMX BELLLECTB:

® retepoTpodHbIE OPraHU3Mbl — KOHCYMEHTbI ABAAIOTCA NoTpebutenamu
OTOBbIX ~ OPraHWMYecKUX BelecTs. KOHCYMEHTbI nepBoro nopsgka —
TPaBoAAHbIE — NUTAIOTCA PACTEHUAMM, KOHCYMEHTbI BTOPOrO NOpAAKA NUTaloTCA
KMBOTHBIMM;

* pe/lyLieHTbl — OPraHW3Mbl, pasnaratolie OCTaTKM MepPTBbIX OPraHM3MOB,
npeBpalian WX M3 OPraHWYecKMX COeAMHEHWIA B MPOCTble HeopraHW4Yeckne
BeulecTsa.

MPOAYLEHTbI, KOHCYMEHTbI, PeAyLeHTbl 06bEANHEHBI NEPEHOCOM BELLeCTB
1 3HEPrUM 1 NPe/CTaBAAIOT TPOdUUECKUE YPOBHYM BroreoLieHo3a. MpeacTaButenn
pasHbIX TPODUUYECKMX YPOBHEN CBA3aHbI Mexzay COBOM  OAHOCTOPOHHE
Hanpas/ieHHOV Nepeaayeit Guomaccel. PAA B3aMMOCBA3aHHBIX BUZ0B, N3 KOTOPbIX
Kayablii Npeapiaywwuii CAYKUT NULiel NoCAeayIoweMy, HOCUT HasBaHue Lenu
nuTaHus. Lienn NUTaHUs COCTOAT M3 HECKONBKIX 3BEHBEB, T. K. B HUX BKIOYEHDI
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pacTeHus, TPaBOAAHbIE, XMLHUKM, NapasuTbl U MUKPOOPraHusmbl. Mo npasuny
9KONIOTUYECKO MMpaMuapl Kawaoe nocneaylollee 38eHO TepaeT okono 90%
3HEeprum, TakMm 06pasom, B GMOreoLieHo3e YNCAEHHOCTb XKepTB ropasao 6oblie
UMCNIEHHOCTM UX NoTpebuTenei.

B 61oreoLieH03e CylilecTByeT 3amMKHyTbI KPYroBopoT BelecTs. MpoayLeHTbI
(pacTenuna) BOB/NEKAIOT HEOPraHWYECKNEe BELLECTBA B KPYrOBOPOT, KOHCYMEHTbI
nepemelLalT BellecTBa, a peAyLeHTbl BO3BPALAIOT BELIECTBA B HEXMBYIO
npupoay.

VICTOYHMKOM HEPrum 3TOro KPYroBopoTa CAYXKMUT CBETOBAA SHEPrUA CONHLA,
KoTopas B 6MOreoLeHose NpeobpasyeTcA B XMMUYECKYIO, MEXaHMYEeCKYIo
V1 TEMN/I0BYIO 3HEPTMIO.

AnA  XapaKTepuCTMKNW  GMOreoueHosa  (3KOCWCTEeMbI)  MCMONb3yKoTCA
nokasarenu:

* BMOBOE PasHOOBpPasmMe — YUC/IO BUAOB, HACENAIOLLMX FKOCUCTEMY;

© NAOTHOCTb MOMYAAUMIA — YMCAO OCOBelt OAHOrO BMAA Ha eAuHMLY
nnaow@aan nan obbema;
e OuMomacca — Obllee KONMYECTBO OPraHMYeckoro BellecTsa Bceit

COBOKYMHOCTW 0CO6ei C 3aKNOYEHHOIN B HEM IHEprueid.

mexay B

1. B3aMMOOTHOWEHMA «XMLHUK — JKepTBa», Korga ocobu oaHWX BMAOB
nUTaloTCA 0COBAMM [PYruX BUAO0B, MPU STOM XULHMK UMEeT npucrnocobneHns
K A06blye KepTsbl.

2. B3aMMOOTHOWWEHMA «XO3AMH — MapasuT», KOrga OCoBM OAHWX BMAOB
(napasuTbl) CyLWeCTBYIOT 3a cyeT APYruX (XO3AWHA), UCMOMb3yA WX Kak cpeay
06UTaHUA M UCTOUHUK MULLK.

3. CUMBUOTUYECKME OTHOWEHWUA — B3aUMOBBITOAHBIE OTHOLWIEHUA MEXAY
0co6AMM pasHbIX BUAOB (MUKOPU3a — cMBKO3 rpuba 1 pacTeHus, UWANRHNK —
cmbuo3 rpuba 1 BoAOPOCH).

4. MeBUAOBAsA KOHKYPEHLMA, T. €. KOHKYPEHUMA Mexay ocobamu
PasMYHbIX BUA0B 3a AOCTYMHbIE PECYPCbI (MULLLY, NPOCTPAHCTBO, yHekuLe).

5. BHYTPMBM/IOBAA KOHKYPEHLMA, T. €. KOHKYPEHLMA Mexay 6au3Kumu
8 CBOMX MOTPEBHOCTAX 0COBAMM OHOTO BUAA.

Bce nepeyMciIeHHble B3aUMOOTHOLEHMA OGecneynsBaloT —COBMeCTHOe
CyllecTsoBaHWe BMAOB 6uoreoueHo3a, npespalas MX B  CTabu/bHble
camoperyaupyiouecs cooﬁuj.ecn;a Camoperynauma B 3KoCUCTEME — 3TO

noa it OM YPOBHE COOTHOLEHUA BrOMacCh!
NPO/YLLEHTOB, KOHCYMEHTOB M pe,qyueHToa COBMECTHOE CyLLIeCTBOBaHME 0cobeit
BefleT He K MOJHOMY YHUUTOXEHWIO MX APYr [PYrom, a /ulib OrpaHnunsaet
uncneHHocTb. KonebaHne uncieHHocTn ocobeit B MOMyAAUMM OKONO OAHOTO
YPOBHA ABNAETCA BAXHbIM YC/IOBMEM COXPaHEHWA 3KocucTeMbl. MpenaTcTayeT
UpE3MEPHOMY BO3PACTaHMIO YWUCAEHHOCTW MONYAAUMIA YHUUTOXKEHWe ocobelt
[APYIMMM YNeHamMM SKOCUCTEMBI AU UX FMBENb OT HeBAaronNpUATHBIX GaKTOPOB.
Hanpumep, peskoe Bo3pacTaHMe YNCNEHHOCTU HACEKOMbIX B CUAY WX BbICOKOM
N10/10BUTOCTY NPY 61AroNPUATHbIX NOTOAHBIX YCAIOBUAX NPUBOANT K BO3PACTaHNIO
YNCNEHHOCTV OPraHM3MOB, MUTAIOLLMXCA HACEKOMbIMA. Tak 3KOCUCTEMA NPUXOANT
8 paBHoBecHe.

ArpoueHo3
ArpOLEHO3 — WCKYCCTBEHHbIN OMOreOLeHO3, NOABMBLLMIACA B pesyibrate
Ce/bCKOXO3ANCTBEHHOI /leATeNIbHOCTU YenoBeka. Mpumepsl: caa, nacTéuule,
none. CxoACTBO arpoLieHo3a 1 B1oreoLieH03a BbIpaXaeTca B TOM, 4T0 06a UmetoT
npoussoguTeneii, notpebuteneit u paspywuTeneil OpraHMYecKoro BELLECTBa,
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KoTopble OBecneynBaloT KPyroBOPOT BELLECTB WM MOTOK 3Hepruu. O6utatenn
arpoLeHo3a TaKKe CBA3aHbI LENAMM MUTaHMA, HayabHbIM 3BEHOM KOTOPbIX
ABNAIOTCA pacTeHnA. OAHAKO MEXAY NPUPOAHBIM COOBLIECTBOM M arpoLemo3om
CyULECTBYIOT Pas/inumA. ATpOLEHO3 CnaraeTcA M3 HeBGONbLIOTO YMCia BUAOS,
KaK npaBuno, B Hem npeobiajfaloT opraHM3Mbl OAHOTO BUAA (Hanpumep,
nuweH1Ua B Mose, OBl Ha Nactouue). Llenn NUTaHMA arpoueHosa KopoTKue.
KpyroBopoT BeWecTs HeMoNHbIM, 3Ha4UTeNbHasA YacTb BUOMACChI B BUAE YpOXas
BLIHOCUTCA 3a MpeAenbl arpoueHosa. Cnabo BbIpameHHas CaMOperynauus
8 arpoLLeHO3e /1eN1aeT ero HeyCTOMYMBbIM.

B MCKYCCTBEHHbIX GMOLIEHO3aX KOMMOHEHTbI  NOAGMPAIOTCA MCXOAA
13 X03ANCTBEHHOM LIHHOCTU. 3/1eCb Be/lyLlyIO PO/b UrPaEeT UCKYCCTBEHHBIM 0T6OP,
nyTem KOTOPOro YeNoBeK CTPEMMTCA NONYUMTb MaKCMMa/bHYIO MPOAYKTUBHOCTL
(ypoxait). MICTOYHMKOM 3HEprum B arpoLieHose, Tak e Kak B buoreoleHse,
CNYSKUT CONHEYHAn SHEPTUs, OAHAKO BbICOKAA MPOAYKTUBHOCTb obecneynsaeTtca
8 3HAYMTE/ILHOM CTENEHW 33 CHET BHECEHUA YA0BPEHNN.

BbiCOKas MPOAYKTUBHOCTb  Ky/ILTYPHBIX PacTeHWid [lOCTUraeTcA  TaKwke
6narogaps y4ety ux 6uonornuecknx notpebHocTelt (B NuTaTeNbHbIX BeliecTsax,
Tenne, BAare, 3aluMTe OT BpeAnTeNeit). BaxHbIM yCN0BUEM NONYHEHUA BLICOKMX
YPOXaeB ABMAETCA CBOEBPEMEHHOE MPOBEAEHUE  CE/bCKOXO3AMCTBEHHBIX
paboT. B U4eN0M arpoLeHO3bl AalOT BbICOKYIO BMONOMMUYECKYIO NPOAYKTUBHOCTD
6narogapa HenpepbIBHOMY BMELATENbCTBY W MOAAEPKKE 4enoseka, 6e3 ero
Y4aCTUA OHU CYILLECTBOBATL HE MOTYT.

Yuenue o 6uochepe

TepmuH «6uocdepa» npeanoxeH 8 1875r. aBCTPUACKUM reosiorom 3. 3t0ccom.
B Hauane XX B. B.W. BepHaackuit pasp Tan yyeHue o €

CornacHo BepHaackoMy, Buochepa — O0BOMOMKA 3emaw, HaceneHHas
XKMBbIMW OpraHM3Mamy, aKTMBHO MMM npeobpasyeman. KU3HeAeATENbHOCTb
OpraHM3mMoB — 3TO  MOLWHeWWwnin  pakTop NAaHeTapHoro  maclwTaba,
obecneynBatoWmii  NOCTOAHHBIA BUOreHHbI NOTOK aTOMOB W3 OPraHU3MoB
8 Cpedy M 0BPaTHO, KOTOPbIN He MPEKPALLAETCA HU Ha CeKyHAy. ITa MUrpauus
6bina bbl HEBO3MOKHA, €C/IM Bbl 31@MEHTaPHbIM XMMUYECKMIT COCTaB OPraHN3MoB
He 6bl1 6/IM30K XMMUYECKOMY COCTaBY 3eMHOI KOpbI.

uBble opraHu3mbl pacnpeaeneHbl B npeaenax Guocdepbl HepaBHOMEPHO.
MKn3Hb cocpesoToueHa MaBHbIM 06pasoM Ha rpaHWLe COMPUKOCHOBEHMA
nuTochepbl, rMAPOCHEPbl U aTMOCHEPDI, T. €. Ha MOBEPXHOCTU CYLUM U OKeaHa.
Buomacca okeaHa coctasnsieT npumepHo 0,13% 6uomacchl cywu. ITo cBA3AHO
C MeHbluel 3GPEKTMBHOCTbIO GOTOCMHTE3a B pacTeHnax MMUpoBOro okeaHa.
Mcnonb3oBaHue nyunuctoit sHeprm ConHua Ha naowaan MupoBOro okeaHa
pasHo 0,04%, Ha cywe — 0,1%.

BepHaackuit Bbiaenun B 6uochepe HECKONbKO TUMOB BELLECTB: KMBOE
BELECTBO — 6KMOMAcca BCEX KMBbIX OPraHM3MOB, BUOTEHHOE BELeCTBO —
BELLECTBO, CO3/JaHHOE KUBbIMI OPraHM3mMamu (HedTb, ras), KOCHOE BEWLECTBO —
BeLecTBO, 06pa3oBaHHOe 6e3 y4acTMA KUBbIX OPraHU3MOB (Boja, NECOK U T.4.),
1 BuoKocTHoe seu.l,ec‘rao — BeLECTBO, CO3/aHHOE OAHOBPEMEHHO KMBLIMM
opr: npup i (noysa).

nasHyo pom: B 6moc¢epe WrPaeT »WBOE BELeCTBO UM Buomacca KusbIx
CcyliecTs. MBOE BELIECTBO MAAHETbI COCTABAAET HUYTOXKHYIO YacTb MAAHETbI,
HO OHO AB/IAETCA MOLLHbIM FEOXMMUYECKMM U SIHEPreTUYECKUM BaKTOPOM.

DYHKUWM }KMBOTO BeleCcTBa
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* rasosas — MoAAepHaHMe MOCTOAHHOTO ra3oBOrO coCTasa aTmMoChepb
(KMCNOPOA, NOMONHAETCA 3a CYET GOTOCMHTESA B PACTEHUAX, YINEKUC/bIN a3 —
3a CYeT AbIXaHUA OPraHU3MOoB);

* KOHLEHTPALMOHHaA — CNOCOBHOCTb KMBOTO BELIECTBA aKTUBHO NOMOLLATh
M3 BHelWHel Cpeabl M HaKanineaTb ONpeaeseHHble 3/1eMeHTbI, MPUBOAALAA
K 06pa30BaHMIO NO/IE3HbIX UCKOMAeMbIX (Yro/lb — KOHLEHTPUPOBaHHbI yriepoa,
Mes — Kanbuuii u ap.);

© OKWUCAUTENIbHO-BOCCTAHOBUTEIbHAA CMOCOBHOCT, 61arofaps  KOTOPOIt
OCYLLECTBAAETCA KPYroBOPOT BelecTs B 6uocdepe (6akrepum-xemocuankarl).
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B 6uTBE COMHEHUI He A0MKHO BbITb.
[onxHa 6biTb TONbKO Bepa. Bepa B Cuny.
Monoxucb Ha Hee.




