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HcTopus rpynrsl

Jacob Klein, 1734 — Been Ha3Banue Echinodermata (st Mopckux exein).

Carl Linnaeus, Systema naturae (10™), 1758 — class Vermes (orders Intestina,
Mollusca (Asterias, Echinus, Holothuria), Testacea, Lithophyta, Zoophyta).

J.G. Bruguiére, 1791: class Vermes (orders Intestina, Mollusca, Echinodermata,
Testacea, Lithophyta, Zoophyta).

Jean-Baptiste Lamarck, 1801 — 7 classes Mollusca, Crustacea, Arachnida,
Insecta, Vermes, Radiata (Mollasses + Echinodermata), Polypi.

H. Frey & R. Leuckart, 1847 — phylum Echinodermata.

R. Leuckart, 1854 — phylum Echinodermata.

T.H. Huxley, 1875 - Enterocoela (Echinodermata, Chaetognatha, Hemichordata,
Chordata=Deuterostomia), Schizocoela (Mollusca, Polychaeta, Arthropoda),
Epicoela (Tunicata, Coephalochordata).

|. Metschnikoff (Wnes Wasuu MeunukoB), 1881 — Ambulacraria =
Echinodermata + Hemichordata.
K.C. Schneider, 1903 - Enterocoela = Echinodermata, Hemichordata,

Chaetognatha, Chordata.
K. Grobben, 1908 - Deuterostomia
Chaetognatha, Chordata.
F.A. Bather, 1900 — Echinodermata = Pelmatozoa + Eleutherozoa.

Echinodermata, Hemichordata,


https://ru.wikipedia.org/wiki/Systema_naturae
https://ru.wikipedia.org/wiki/Systema_naturae
https://ru.wikipedia.org/wiki/Systema_naturae

Echinodermata

I[T/T Homalozoa (Camb.-Dev.)
— Ctenocystoidea

— Homostelea

— Stylophora

— Homoiostelea

I/t Blastozoa
— Eocrinoidea (Camb.-Sil.)
— Blastoidea (Camb.-Perm.)
— Parablastoidea (Ord.)

— Cystoidea (Ord.-Dev.)
— Rombifera
— Diploporita

[T/ Echinozoa

— Camptostromatoidea (Camb.)
— Helicoplacoidea (Camb.)

— Edrioasteroidea (Camb.-Carb.)
— Edrioblastoidea (Ord.)

— Cyclocystoidea (Ord.-Dev.)

— Ophiocystoidea (Ord.-Carb.)
— Echinoidea (Ord.-pr.)

— Holothuroidea (Ord.-pr.)

[T/t Crinozoa (sensu stricto Pelmatozoa)
— Paracrinoidea (Ord.-Sil.)
— Crinoidea (Camb.-pr.)

I/t Asterozoa (Stelleroidea)

— Somasteroidea (Ord.)
— Asteroidea (Ord.-pr.)
— Ophiuroidea (Ord.-pr.)
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I11aH CTpOEHUSA UTTTOKOXKHUX
KJIaCChbl COBPEMEHHBIX MPEACTABUTEIICH




Concentricycloidea: a new class or a group of
uncommon see stars?

Xyloplax turnerae - male

Xyloplax medusiformis

Xvloplax janetae

PHOTO BY DANIEL JANIES

Sea daisies



https://en.wikipedia.org/wiki/Xyloplax_janetae
https://en.wikipedia.org/wiki/Xyloplax_janetae

Echinoderm Body Wall
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Echinoderm
Body Wall

A diagrammatic representation of the composition of the
epidermis and part of the dermis of the body wall
showing the cuticle (CU), epidermis (E), dermis (D), and
basal lamina (BL). Epidermis: CY, celomocytes; SC, a
supporting cell; SS, a sensory cell; MG, a multicellular
gland; NP, nerve plexus; NN, a neuron; CA, a type A
secretory cell; CB, a type B secretory cell; CE, a type E
secretory cell. Dermis: CT, connective tissue; O, ossicle;
ED, endoskeleton showing fenestrae (FE); F, fibroblast-
like cell; SH, sclerocytes; CY, coelomocytes; NN, a
neuron; NE, a neurosecretory cell (Chia, Koss, 1994).




Echinoderm
Body Wall

Diagrammatic representation of the interior part of the body wall that
faces the coelom (CO). The coelomic lining (P) is composed of
supporting cells (SC) with microvilli (MI) and a cilium (CI),
coelomocytes (CY), neurons (NN), secretory cells (SE),
myoepithelial cells (MF), and nerve plexus (NP). Note that some of
the coelomocytes (CY) are free in the coelomic fluid. The coelomic
lining is separated from the dermis (D) by a basal lamina. Muscle
bands, which are housed within the dermis, are enclosed by a basal
lamina (BL) and contain a complement of neurites (NE) and
myoepithelial cells (MF). Also shown are connective tissue (CN),
neurons (NN), and the endoskeleton (EN). The fenestrae show
sclerocytes (SH), coelomocytes (CY), neurosecretory cells (NS), and
neurons (NN) (Chia, Koss, 1994).




Mutable Collagenous Tissue (MCT)

collagen fibril / stiparin * stiparin inhibitor

proteoglycan _ tensili I fibrosurfin
*+.microfibril

Model of MCT molecular organisation, which is based on current evidence and assumes
that the few mutable structures from which that evidence has been derived are
representative. Most MCT consists of parallel aggregates of discontinuous, spindle-shaped
collagen fibrils to which are attached PGs (proteoglycans) and other GAG-containing
(glycosaminoglycans) molecules whose functions include serving as binding sites for
molecules responsible for interfibrillar cohesion. Amongst the latter are the proteins stiparin
and tensilin, the fibril-aggregating activities of which are modified by a variety of specific
inhibitors. The mechanisms by which stiparin and tensilin cause fibril aggregation are
incompletely understood. For simplicity, the model assumes that they form dimers that act
as interfibrillar crossbridges. Fibril bundles are delimited by loose networks of elastic
fibrillin-containing microfibrils that return the tissue to its resting dimensions after it has
undergone deformation when in a compliant condition. The functions of fibrosurfin are as
yet unknown (Wilkie, 2005)

Stichopus horrens Selenka, 1867 before and
after dermal liquefaction (photos: Katherine
Brunson) (from Clous et al., 2015)
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a - cxeMa IIPOoAOJIBHOIO Cpe3a Yepe3 NEPBUYHYIO
UIITY ¥ TyOEpKYJIEM MOPCKHUX €XKEH.

b-e - urer MOpcKUX 3BE3I:

b - npocras uria 6e3 Tydepkyiema.

C - BUJI COOKY M CBEpPXY Ha KIIABYITY, BHIHBI
PECHUYHBIC JICHTHI.

d - rpynmna u3 4 nakcusut ¢ abopasibHOM
nosepxHoctu (Phanerozona). /IBe makcuuibl cicBa
OTPBIKPHITHI, JIBE CIIPaBa - 3aKPHITHL.

€ - BeepOoBUIHbIE UTIIBI Pteraster.

f-h - urIBI MOPCKUX EXKEi:

f - sammmrHeIe urier Colobocentrotus, yrtomeHHbIe
Ha BEPXYIIIKE.

g - JIOMACTEBH/IHAS UIJIA CIIATAHTOUIOB.

h - GynaBoBHMIHAS WA KCKOTIAEMBIX [HIAPHII,
BEPOSITHO, SITIOBHTASL.

I-] - MBI 3MEEXBOCTOK:

| - mpocTas JlaTepajibHas Urja.

] - mMnosaras uria,

k - sonTrkoBHIHas urita Ophiotholia.
| - kproukoBaras uriia Ophiothrix.

(Nichols, 1969)
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Diagram of a cidaroid primary spine
(From Cavey and Markel, 1994)



S
=
o,
R
=
=
O
A
S
=~
QO

=

sensory
endings

SRR

nerve to
adductors

non-striated
muscle .«j_f

&
g
(

(

=26
oS
o

I{
j
Myt
J ‘:"H—‘
=

ctriated
muscle

/ abductor
muscle

Sensory
hillock

2| adductor muscle
P (closes jaws)

abductor muscle
(opens jaws)

— adductor muscles
(pull jaws down
and closes them)

a - cpe3 uepe3 TPEXCTBOPUATYIO NEANLEIUIAPULIO
MOPCKHX €KEM.

b-f - neauIeIIpUN MOPCKUX €XKEI:

b - spoBuTas, oTKpHITA;

C - 3aKphbITasi, Ha Cpe3e MOKa3aHa SA0BUTas
Keesa.

d - opuonedanpHas.

€ - TpeXCTBOpYaras, OTKPHITAsL.

f - TpexcTBOpUaras, 3aKphITasi.

g-l - memuueNIIpUN MOPCKUX 3BE31:
g- mpsiMasi, moKa3aHa MyCKyJarypa.
h - xpecTooOpazHasi.

| - cunsyast.

] - rpebeHuarsre.

K - rpanynoBuIHEIE.

| - BanbBarHas.

(Nichols, 1969)




venom tooth
sensory pad

%‘;— epidermis

valve ossicle
sensory hillock
neuropil

:mggg ]— adductor muscle

cog teeth
abductor muscle
flexor muscle

connective tissue sheath

mucous cylinder

composite tendon

muscle ring

nerve ring

connective tissue capsule
composite tendon
neuropil

Diagram of a pedicellaria
(From Cavey and Markel, 1994).




Ckener.
[IaTMyroibHAsE KOHCTPYKIIHMS caMasi KpenkKas’?

Pentaradiate symmetry
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CTpOCHHE UTTTOKOXKHX: KIIACCHI
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BoaHo-cocyaucras cucrema

Water vascular system Movement of tube feet
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AM6yJ'IaKpaJ'H)HI)I€ HOXKH UTTIOKOXKHUX:

a - cXema HPOJIOJILHOTO CPe3a uepes
MpucackiBaTeIbHYI0 HOKKY Echinus.
b - noBuast Hoxka kpunoumos (Antedon). OxHa
U3 MAMUUT YBEJIHYEHA.
C - KOmareJibHask HOKKa MOPCKHX 3BE3.T
(Phanerozona).
d - TOKOMOTOpHAsT HOKKA MOPCKHUX 3BE3]1
(Spinulosa).
X i e - Hoxxka o¢uyp. [Toxazano ammynooGpaszHoe
i water canal I [ pacumpenne aMOyTaKpaJbHOTO KaHasa. )
N f-i - amOysakpanbHbIe HOXKKH MOPCKHX €XKeH.
il Bua co cTopoHs! mogomiBeI HOKKY. [TokazaHa
valve s 3BOIIIOLMS CKEJIETHBIX DJIEMEHTOB HOXKEK

5 cmatanrouos: f - Echinus, g - Brissopsis, h -
Schizaster, | - Echinocardium.
j - IpIXaTenbHAs HOXKA CITATAHTOMJIOB.
K - poromiast HoXKa criataHrou10B. [Tokasan
h il CKPeOOK ¥ CITU3ENPOAYUPYIOIIHE MAUILIbL.
V4 a A 18 | - muTaromas HoXKKa CraTaHTOMIIOB.

' mucous glands \\___/, M - JIOKOMOTOPHAs HOKKA FOJIOTYPHH.

AMOyIakpalbHEIC

W muscles in

canal ampulla § ampulla wall
/]

N
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(Nichols, 1969)
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Protracted tube foot of the sea urchin Diadema (longitudinal section). The terminal region of the podial shaft and the
adhesive disc are shown. ct, connective tissue cylinder; fr, frame (base of a skeletal ossicle); gc, glandular cells; Im,
elevator myocytes; pm, podial myocytes (in the myoepithelial lining of the hydrocoel); ros, rosette (ossicle elements).

(From Cavey and Markel, 1994).



Echinoderms don’t suck:
evidence against the
Involvement of suction in tube
foot attachment

Morphology of unattached (A, B) and attached tube
feet (C—F) of the sea star Asterias rubens (B, E, F) and
of the sea urchin Paracentrotus lividus (A, C, D). A
and B: Unattached tube feet from both species consist
of a proximal cylinder, the stem (S), connected to an
apical disc (D), which presents a central depression
(arrow). In B, the levator muscle (LM) can be
observed at the junction between the stem and the disc.
C and E: SEM images of tube feet cryofixed while
attached to a smooth glass surface. In C, some
adhesive material (AM) is visible on the surface of the
disc. D and F: LM views of longitudinal sections
through tube feet attached to a smooth epoxy resin
substratum (RS). The soft adhesive pad (AP),
supported by the connective tissue terminal plate (TP),
lies flat against the substratum.

200 uym
— (Hennebert et al., 2012)




Photographs of a complete footprint of Paracentrotus lividus (A) and of a footprint
of Asterias rubens (B) presenting radial channels devoid of adhesive material
(arrows). Both footprints were stained with a 0.05 % aqueous solution of the cationic
dye crystal violet.

Variation of tube foot attachment strength with angle of
pull. A: Photo showing a glass substratum (S) presented to
the tube feet (TF) of an individual of Paracentrotus
lividus. B: Diagram illustrating the experimental
procedure used to vary the angle of pull in function of the
place where the tube foot (in black) attaches to a glass
surface (in grey, see text for details). C and D:
Relationships between tube foot detachment force or
tenacity and angle of pull for the sea star Asterias rubens
(crosses) and the sea urchin P. lividus (circles).

Echinoderms don’t suck:
evidence against the
iInvolvement of suction in tube
foot attachment

(Hennebert et al., 2012)
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Effect of leaks on the attachment strength of tube feet. A: Illlustration of the grouping of adhesion measurements on the perforated
polystyrene film according to whether the footprint covers a hole, totally (group I) or partially (group Il), or not (group I11). B and

C: Mean values (+SD) of detachment force and tenacity measured on this perforated substratum for the tube feet of the sea urchin
Paracentrotus lividus. Scales bars in A=0.5 mm.

Echinoderms don’t suck:
evidence against the
Involvement of suction in tube
foot attachment

(Hennebert et al., 2012)
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Ha nnpuMepe MOpCKUX 3BE3/1

OCeBOM KOMILIEKC OPraHOB

1 — magpenopur; 2 — MmapenopuTOBas
amnyna; 3 — JeBbIi 0CeBOW CUHYC (JIEBBIH
aKCOLIENb); 4 — OpPAJIBHBIN OTZIE] 0CEBOTO
opraHa (aKCuajabHOMU kemne3bl); 5 —
KaMEHHUCTBIA KaHa (JIEBbI akco1enb); 6 —
OpaJIbHOE KOJIBI0 aMOyIaKpaabHON
cUCTEMBI (JIEBBIM THAPOLEND); 7 —
Hapy>KHOE MEepUreMajIbHOE
(TUMoHeBpaIbHOE) KOMBIO (JIEBBIA
COMATOLIENb), JAET JBOMHBIE OTPOCTKH B
panuychl; 8 — opajgbHOE KOJIBLO
TMIIOHEBPAJIBHOTO OT/IE1a HEPBHOM CUCTEMBI
(JIeBBIM cOMaTOLIENb); B paguycax JaeT
napHble HepBbl JIanre y 3Be371; 9 — opasibHOE
KOJIBLIO SKTOHEBPAJIBLHOTO OT/EJIa HEPBHOM
cuctemsl; 10 — opajibHOE KOJbIIO TeMaIbHOU
cuctemsl; 11 — Me3eHTepuil MexXIy
Hapy>KHbIM 1 BHYTPEHHUM
HepUreMajibHbIMH Kosbliamu; 12 —
BHYTpPEHHEE KOJIbII0 IEPUTreMalIbHOMN
(TUroHeBpaIbHOM) CUCTEMBI (JICBBIN
akcouenb); 13 — crenka xenynka; 14 —
IIpaBbIi OCEBON CUHYC MJIM a0OpasIbHbBIN
OTJIETI OCEBOr0 OopraHa (IpaBbIil aKCOIIEIb);
15 — npugaTouHsklii CUHYC B JOP3aJIbHOM
My3bIpbKe (MJIM MEIIKE, «Cepale») (MmpaBbli
aKcoIienb); 16 — abopanbHbBIN KPOBEHOCHBIH
cocyn; 17 — nonoBoit (reHuTaabHBIN) TAK
(;1eBBIN comarorienb); 18 — monoBou
(reHUTANBHBIN) CUHYC (A0OpaNIbHBIN KOHEI
neBoro comarouens); 19 — crenka rena (1o
A.A.CTpenkoBy ¢ U3BMEHEHUSIMH).
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OceBOM KOMILJIEKC OPTaHOB: HAWAW OIINOKU

(Tepacumona u Co, ©)
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KpOBeHOCHaH 1 110J10BAA CUCTCMbI MOPCKHX 3BC3 /1

Fig.159. Section (1 mkm thick) of an ovary
showing the inner (IS) and outer (OS) sacs
separated by the genital branch of the aboral
coelomic sinus (GC). The genital hemal
sinus (HS), germinal epithelium (GE), and
part of an ovum (OO) are also shown. Scale
bar =5 mkm.

Fig. 160. Section through part of the ovarian
outer sac showing the coelomic lining (P)
resting on a basal lamina (BL) and a
connective tissue layer (CT). Scale bar =1
mkm.

Fig.161. Section through part of the ovarian
inner sac showing it to be composed of one
face of the GC (arrow), a basal lamina (BL),
the genital hemal sinus (HS), a second basal
lamina (BL), and germinal epithelium (GE).
Note that the cells lining the GC comprise
myoepithelial cells (MF) and supporting
cells (SC). Scale bar = 1 mkm.

Fig.162. Section through the ovarian inner
sac showing a myoepithelial cell (MF) of
the GC, a follicular cell (FC) of the
germinal epithelium, and the jelly coat (JE)
surrounding the primary oocyte (OO). Scale
bar =1 mkm.

Fig. 163. Section through the germinal
epithelium of an ovary showing somatic
cells (SO) and an oogonium (OO). Note the
nucleus (N), mitochondria (M), and small
granules (G) in the oogonium. Scale bar =1
mkm.

(Chia, Koss, 1994, in Microscopic Anatomy of Invertebrates)



AmOynakpanbHas cucteMa oTkpeIToro (Asteroidea,
Crinoidea) mmm 3akpsiToro (Cryptosyringida) Tumos
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Puc. 125. Cxemunl cTpOeHMS OpPraHoB 9YBCTB MIJO-
KOMMUX:

A — ciepunuii MOopcKOro exa (B paspese): 1 — pecHMY-
HbIlfi anIMTenmil; 2 — M3BecTKoBoe Teno cdepunun, 3 —
CHCTEMAa KaHaJIOB, 4 — YYBCTBUTEJIbHbIE KJIETKH, 5§ —
crebenek coepuaudA, COWIEHOBAHHHIM ¢ GYropKoM nasH-
nupHA. B — OTOOMCTHN TroJIOTYpMH (B MNoNepedYHoM pas-
pe3e): 6 — paguHadbHbIA HepB, 7 — HEepB OTOOMCTA;, 8 —
OTOLMCT; 9 — OTOJMTH, 10 — pagmMalibHBI# KaHaJl BO-
AOHOCHOM cucTeMpl. B — rJ1as0oK MOpPCKOM 3Be3nbt (Ipo-
OO nbHBIN paspes): 11 — NMH3a, 12 — rJIasHaAd HAMKA;
13 — YYBCTBHTEJbHbIE HKIeTKH; 14 — HEpPBHBIE BOJIOKHA,
15 — ONOpHBIE KIETKH.

Spheridium (sph) of the sea
urchin Asthenosoma . tf, tube

feet; ps, podial septum (Cavey,

Eye sizes and shapes of the ommatidia. The eyes from the 12 species are
arranged according to their 90% depth distribution from shallow to deep,
left to right. All pictures are to scale. Note the increase in ommatidial size
with depth, and that some species have regular round ommatidia, whereas
others have elongated and irregular-shaped ommatidia (after Birk et al.,
2018).
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Ha nnpuMepe MOpCKUX 3BE3/1

OCeBOM KOMILIEKC OPraHOB

1 — magpenopur; 2 — MmapenopuTOBas
amnyna; 3 — JeBbIi 0CeBOW CUHYC (JIEBBIH
aKCOLIENb); 4 — OpPAJIBHBIN OTZIE] 0CEBOTO
opraHa (aKCuajabHOMU kemne3bl); 5 —
KaMEHHUCTBIA KaHa (JIEBbI akco1enb); 6 —
OpaJIbHOE KOJIBI0 aMOyIaKpaabHON
cUCTEMBI (JIEBBIM THAPOLEND); 7 —
Hapy>KHOE MEepUreMajIbHOE
(TUMoHeBpaIbHOE) KOMBIO (JIEBBIA
COMATOLIENb), JAET JBOMHBIE OTPOCTKH B
panuychl; 8 — opajgbHOE KOJIBLO
TMIIOHEBPAJIBHOTO OT/IE1a HEPBHOM CUCTEMBI
(JIeBBIM cOMaTOLIENb); B paguycax JaeT
napHble HepBbl JIanre y 3Be371; 9 — opasibHOE
KOJIBLIO SKTOHEBPAJIBLHOTO OT/EJIa HEPBHOM
cuctemsl; 10 — opajibHOE KOJbIIO TeMaIbHOU
cuctemsl; 11 — Me3eHTepuil MexXIy
Hapy>KHbIM 1 BHYTPEHHUM
HepUreMajibHbIMH Kosbliamu; 12 —
BHYTpPEHHEE KOJIbII0 IEPUTreMalIbHOMN
(TUroHeBpaIbHOM) CUCTEMBI (JICBBIN
akcouenb); 13 — crenka xenynka; 14 —
IIpaBbIi OCEBON CUHYC MJIM a0OpasIbHbBIN
OTJIETI OCEBOr0 OopraHa (IpaBbIil aKCOIIEIb);
15 — npugaTouHsklii CUHYC B JOP3aJIbHOM
My3bIpbKe (MJIM MEIIKE, «Cepale») (MmpaBbli
aKcoIienb); 16 — abopanbHbBIN KPOBEHOCHBIH
cocyn; 17 — nonoBoit (reHuTaabHBIN) TAK
(;1eBBIN comarorienb); 18 — monoBou
(reHUTANBHBIN) CUHYC (A0OpaNIbHBIN KOHEI
neBoro comarouens); 19 — crenka rena (1o
A.A.CTpenkoBy ¢ U3BMEHEHUSIMH).
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1. Mopckue nunuu. 2.
Mopckue exu
(npaBunbHBIE). 3.
Mopckue orypusl. 4.
Mopckue 3Be31bl, BUJ C
abopanbHOi
IIOBEPXHOCTH. 5.
Mopckue 3Be311bl, BUJ CO
CTOpOHBI. 6. Mopckue
3MEEXBOCTKH, BUJ C
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| arval
cloning In
echinoderms

Representative asteroid larvae with
clones collected from plankton
samples taken off the eastern

coast of Florida. Obvious
morphological characters such as
color and arm length appear to be
labile and are

unreliable as taxonomic characters.
Definitive morphotypic characters
distinguishing species have not yet
been identified. (A-D) Brachiolariae
included in larval group 1. (E)
Bipinnaria of larval group 2, which
includes at least one Luidia species.
(F) Bipinnaria from larval group 3/4.
Asterisks indicate larval clones. Scale
bars 150 mkm (Knott et al., 2003).
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Phylogenetic tree resulting from neighbor-joining analysis of uncorrected
(p) distances between

mitochondrial tRNA sequences of known asteroid species and field-
collected cloning larvae. Field-collected

cloning larvae fall into four distinct groups and one single cloning larva
(boxed), which are phylogenetically

widespread. Numbers of larvae in each larval group are indicated.
Numbers at nodes within the tree are bootstrap

percentages from 1000 replicates. Larval tRNA sequences are
accessioned in GenBank under numbers

AY249946-AY249978. GenBank accession numbers for known asteroid
taxa include some published previously

] (Himeno et al., 1987; Hart et al., 1997; Knott and Wray, 2000) and
Echinnidea AY?245490-AY 245506 (Knott et al., 2003).
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(Genoscope - Centre National de Séquengage)
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JleBbIi AKCOIICJIb: OpaJibHaA 4aCTbh OCCBOI'0 OpraHa C JICBBIM OCCBbIM CHUHYCOM, KaMEHUCTBIN KaHaJl, BHYTPCHHECC KOJIbIIO

MepUreMaibHOM (TUIIOHEBPAIILHON) CUCTEMBL.
[IpaBbIit akcorenb: abopalibHast 4acTh OCEBOTO OpraHa ¢ MPaBbIM OCEBBIM CUHYCOM, JI0P3ajbHbBIN MEIIOYEK.

JleBslii TUAPOIIEIB: OKOJIOTIIOTOYHOE KOJIBLO U PaJAHAJIbHBIE KaHAJIBI C HOXKKAMU aMOylIaKpaJbHON CHCTEMBI.
IIpaBb1ii rUAPOLEID: PEAYKIIMS.

JleBbIit comarorienb: abopaibHas 4YacTh — SIMUTEINHN MOJIOBOTO 3a4aTKa, MEPBUYHBIC MOJOBBIC KIETKHU, MOJIOBOU TSIK,
TE€HUTAJBHBIN CUHYC; TUIIOTAaCTPUUYECKUIN OT/IEI BUCIIEPATLHOTO 1IeJIOMa; OpalibHAs YaCTh — HAPYXHOE KOJIBIIO

nepureManbHON (TMIOHEBPAIbHON) CUCTEMBI.
[TpaBblil coMaToLENb: GMUTaCTPUUECKAN OTIEN BUCLEPATIBHOIO 1I€JI0Ma, a00paIbHOE LIETOMUYECKOE KOJIBLIO.

Comaronenu (CIIaHXHOLIENN): MTPOU3BOAHBIE LIEJTOMUYECKON ME30AE€pPMBI: MYCKyJaTypa, COCUHUTEIbHAS TKaHb,
BTOPUYHASI ME3€HXHMA (CKEJIET), ME3EHXMMa KPOBEHOCHON CHCTEMBbI, ME3€HTEPUN KUILKH U JIP.OPraHOB.
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