OPIAHbI HYBCTB

Peu,enTopbl Nno npmpoae KreTok, BOCNpUHMMakLWwnx CUrHarn.

[MepBUYHOYYBCTBYOLLNE (HEUPOCEHCOPHbLIE)
— B OopraHax 3peHusi, 0OOHSAHUSA

BTopuuHouyBCTBYlOLLME (CEHCOPHO-3aNUTENMArbHbIE )
— B OpraHax criyxa, paBHOBeCMUA 1 BKyca
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0 Medial rectus
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muscle

3yb4yaTas nnuHus

Lateral rectus —
muscle

Lens capsule

Retina

Sclera

cKnepa

Vortex vein

Pigment epithelium

Retinal arterioles
and veins

xXenrtoe nNATHO

Long posterior ciliary artery

Lamina cribrosa sclerae
and long ciliary nerve
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poroBuua |

Ora serrata Posterior

Vitreous body

ceT4yaTKa
/

Sclera/

Pigment epithelium

T
chamber LJIMAPHOE TEIO

Choroid

Anterior chamber

Ciliary muscle

L —Sclera

Optic nerve

Schlemm’s canal

Figure 24-2. Diagram of the
right eye, seen from above,
showing the structure of the eye,
retina, fovea, and ciliary body.
An enlarged diagram of the
fovea is shown at lower right: (1)
axons of ganglion cells; (2) bipo-
lar cells; (3) rods; (4) cones. En-
larged diagrams of the ciliary
body (upper right) and retina
(lower left) are also shown.
(Modified and reproduced, with
permission, from Ham AW: Histol-
ogy, 6th ed. Lippincott, 1969.)
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Kancyna

XpycTanuk Z .

XpycCcTaJlinkoBbl€ BOJIOKHA

ANUTenuin

aapa XpycTanumkoBbIX |

POCTKOBas 30Ha XpycTanuka

XpycTanuk+CTeknoBnaHoe Terio noYTn NoMHOCTLIO nornowatoTt YO,
[Mpecbuonunsa — Npu BO3pacTHOM CKepoTn3aunmn xpycranuka



[lepenHsas cTeHka xpycTanuka

i , ey Subcapsular
| Capsule (6azanbHas vMeM6paHa) - épithelium -

Figure 24-9. Section of the an-
terior portion of the lens. The
subcapsular epithelium secretes
the lens capsule, which appears
stained in red. The lens capsule
is a thick basement membrane
containing collagen type IV and
laminin. Below the subcapsular
epithelium, note the lens fibers,
which are cells that have lost
their nuclei and organelles,
becoming thin, elongated, trans-
parent structures. Picrosirius-
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I'IonepeHu7| Cpe3 Yepes BOMoKHa XpycTanuka

€CTUYroribHble NMpnu3mbl
C KpUCTaJifinHOM

6asanbHaa membpaHa

ANUTENUNn

| — xamcyja xpycrajamka; 2 — 3MH-
TeJMiA XpycTajiuka; 3 — SApo Xpyc-
taguka;, 4 — sapa XpYyCTaJMKOBBIX
BOJIOKOH, 5 — XpYCTAJIMKOBBIE BO-
JIOKHA: @ — LEHTpaJibHbIe; O — Tepe-
XO[HbI€; B — TJIaBHBIC.
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Incident light

} : } } }

Internal plexiform layer

Amacrine cells

. Bipolar
Muller cells polar cell

_ External plexiform layer
Horizontal cell

Inner segment
of rod and cone

\ External limiting

membrane

Outer segments of
rods and cones

Pigment
epithelium

Figure 24-11. The three layers of retinal neurons. The arrows indicate the direction of the light path.
The stimulation generated by the incident light on rods and cones proceeds in the opposite direction.
(Redrawn and reproduced, with permission, from Boycott and Dowling: Proc R Soc Lond [Biol] 1966;166:80.)
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YnbeTpacTpyKTypa
KOJ10OoYEeK 1 nanoyek

OTO BO3OyXxgaroume riyramaT-apruieckme
HENPOHbI

HapyXXHbIt CErMeHT — 13 BbIpOCTa PECHUYKN

OOHoOBMNEHWe BCen CTOMNKMN ANCKOB
2-3 He[ (Kpbica).

OnnHa n gnameTp (y yen.):
nasnouyka 2 n 60 MKm
konodoyka — 6 n 30 Mkm

Mopdbonormnyeckun 3 Tmna Konbo4vek
HE pasnuynmel



AMaKpl/I HHbl€ KINETKN CEeTHaTKN

* O4yeHb KOHCEpPBATUBHBI

* YHUNONSAPHOCTb

* 40 TMNOB

» Pa3HooOpa3sne megmnatopos (MovTtu Bce TUMbl U3
N3BECTHbIX), NPNUYEM B OQHON aMaKpPUHHOMN KNneTKe
COYEeTaeTCsa CUHTE3 HECKOJIbKMX
HEWPOTPAHCMUTTEPOB

bu NOJIAPHBbIE KITETKU CETHATKU

0o 20 knaccos
« InekTpodomanornornyeckn 2 Tuna: off-, on-krneTkm



CeTyaTtka B ambpuoreHese

* [lepBbIMM MNOSABNSAOTCSA rAHMIMMOHAPHbIE KIETKMW,
3aTeM — aMaKpPUHHbIE, FOPU3OHTamNbHbIE;
nosgHee — potopeLenTopHble, BUNONAPHbLIE

12 Hepenb aMOp. pa3BUTUA YeroBeKa — NepBble
dOTOPELIENTOPHBbIE KIETKU;

20 Hepenb aMOp. pa3BUTUA YErNOBEKA — YETKO
BbIAENAKTCA CIIOMN CETYATKU



Pacn peanersiecHne CBeTo4yBCTBUTEJIbHbIX
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[TUrMeHTHbIN 3NNTENN ceTyaTKu

darountupyet otpaboTaHHbIE MEMDpPAaHHbIE
OVCKMN.

Copepxut bonbLUY0 YacTb BUTaMUHA A
CeTYaTKn, NOCTaBNAeT ero poTopeLenTopPHbIM
KneTkam.

OcyLUecTBNSAET NMTaHMe HapY>KHbIX CNOEB
ceTyaTKW.

[TornowaeTt n3dbITOYHLIN CBET.
3allmLiaeT ceTyaTKy OT OKUCIIEHUS.



Digestion, by lysosomal
enzymes, of photo-
receptor fragments
phagocytized by
pigment epithelial cells.

Vitamin A transport and
esterification in SER.

nepeBapuBaHue
dooTopeLenTOPHbIX
doparmMeHTOB

DyHKUMN
MUTMEHTHbIX KIETOK

Synthesis of melanin by
RER, Golgi apparatus
and melanosomes.
Melanin absorbs light
after it has sensitized
the receptor.

lon transport by mito-
chondria and membrant
invaginations.

FIYUIE S EUs 1 GIICUUES U S SR e S S s o _hat the apical portion has abundant
cell processes that fill the spaces between the outer segments of the photosensitive cells, and the membrane
of the basal region has invaginations into the cytoplasm. This is a cell type with several functions, including
the synthesis of melanin granules (by a process described in Chapter 18) that absorb stray light in the eye
chamber. This is depicted on the right side of the figure, which shows the organelles that participate in
melanin synthesis. On the left side of the figure, lysosomes containing enzymes synthesized in the rough
endoplasmic reticulum (RER) coalesce with the phagocytized apical parts of the photoreceptor, digesting
them. In addition to these activities, pigment cells are probably active in ion transport, since they maintain
an electrical potential between the two surfaces of the epithelium membrane. The relatively well-developed
smooth endoplasmic reticulum (SER) participates in the processes of vitamin A esterification.



Knetka Pl1O nepenena Bo3pacTtom 8 Hedernb




p )
Figure 24-15. Electron micrograph of the interface between the photosensitive and pigmented layers
in the retina. In the lower portion are parts of 2 pigment epithelium cells, revealing specialized junctions
(J) between their lateral plasmalemmas. Above the pigment cells are the tips of several outer segments of
rod cells that interdigitate with apical processes of the pigment epithelium (P). The large vacuoles con-
taining flattened membranes (arrows) have been shed from the tips of the rods. L Ivesosomal veciclac




Y BCeX NO3BOHOYHbIX IM1a3a UMET OOLLMIA TUM CTPOEHNS.
Y 3eMHOBOAHbIX POroBuLa OTnMyaeTcs 60MbLLIOW BbINYKIOCTbHO.

Y nTuy, obnaaarolimx 0ocCobeHHO OCTpbIM 3peHneM (rpudbl, oprbl), rMasHoe
SA0rOKO MUMEET YANMHEHHYIO «TENECKONMUYECKY» dopMY,

B ceTyaTke - 40 3 XENTbIX NATEH.

a3 3emHoBoOAHOro (NPOAONbHLIN pa3pes rnasa NAarywkm): 1 — HUXKHAS Kocasa Mblwua rnasa; 2 —
HWKHAS NpAMas Mbllla rnasa; 3 — HWKHee BeKo; 4 — MblwLa, NpuUTsarMBatowast Xxpycranuk; 5 —

3pUTENbHbINN HEPB; 6 — MUraTenbHast NepenoHKa; 7 — 3paqKoBble MbILLb!, & —
CKIliepalibHble XPALLN; 9 — BepxHas kocas Mblliua; 10 — BepxHsA npamas Mbiwua; 11 —
BEpXxHee BeKO; 12 — LMHHOBbI BOMNOKHA.

B panyxke n pecHuT4aToOM Tene nmeetcsa crnabopassuTas MyckynaTypa; akkomogauus rnasa -
nepemeLleHemM XpycTanmka npu nomoLm ocobor MbllLbl, TPUTSrMBaOLLEN XPYCTanuK BNepéa k
porosuLe, a TaKkke bnarogaps AaBNEeHUI0 PECHUTYATON MbILLLbI



[laTonormm opraHa 3peHus

-KaTapakTa
‘[ naykoma (coBpeM. orepaL,. KoppeKLus)
[lapaHeonnacTuyeckas peTmHonaTus

*(Bo3pacTHaga) Makynoguctpodpusa. Nwemnsa cetyaTku.
Cemyamka SiINoHCKOo_20 rieperiesia — MooesibHbIU 06beKM
*[1pecbunonusa
[lanbTOHN3M

«Kakoun nnoxoun ontuk Nocnogb bor! A 6bl caenan rnas
ropasgo nydwe!»
[. l[enbmMronby



mature retina

CxeMa JIOKa/JIN3aluu UJINAPHOMU
MapruHajsbHou 30HbI (CMZ) riia3s pbio,

aMm@uOuM U ITHUII.

f[epMUHaATUBHbLIA HEUPOINUTENUN KPAaEeBOU O0IaCcTU ceTyYaTKu

npeacTasBrieH CTBOMOBbIMU KIeTKamMn 1 MmanogudpdepeHUnpoBaHHbIMU
npeaLwecTBEHHMKaMN HEMPOHOB, NPOAYLMPYOLWMMUY KNETKX ANg 3penoun obnactum
ceTyaTku B npouecce pocTa rmasa. RPE— nurmeHTHbIN anuTenuin cetyaTkn; ONL—

Hapy>XHbIn saepHbIn cron; INL—BHYTpeHHU aaepHbin cnon; GCL— raHrnmnosHbIN Crown.
(Hitchcock et al., 2004)
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OPI'AH CJTY XA
M
PABHOBECWA



HapyXxHoe yxo
(ynaenueaHue 38ykoebix KosiebaHul):
YwWwHanA pakoBuHa,
Hapy>XXHbIN CTyXOBOU NpoxoA,
OapabaHHaAa nepenoHKa

CpepnHee yxo
(npeobpa3zoeaHue 38yKOBbLIX 8OJIH
8 KosiebaHusi xxudkocmu):
BapabaHHaA nonocTb,
CNyXOBble KOCTOUYKU, cnyxoBas Tpyba

BHyTpeHee yxo
(mpaHcopmayusi konebaHuu
nepunum@bl 8 HEPE8HbIEe UMMYJIbChbI):
KOCTHbIN NaOuPUHT, B HEM — NepenoH4YaTbIU NaOUPUHT



CAOMHQ$ 3BYKOBQSI BOAHQ,
BbI3BAHHAS BOCMPOW3BEAEHNEM
OAHOW HOTHI

3BYIKOBbIE
BOAHbI

bapabaHHas
nepenoHKA

Ctpemeyko



OPI‘aHbI CJ1IyXa 1 paBHOBE€CHUA

Puc. 121. BHyTpeHHee yxo. OpraHbl cJiyxa 1 paBHoBecus (cxema)

1 — nonykpy»Hbie KaHanbl: 1.1 — amnysibl NOAYKPY>KHbIX KaHanoB, 1.1.1 — amnynApHble rpebeluku; 2 — MaTouka (GNaunTuyeckuii ny-
3blpeK): 2.1 — NATHO MaToUKK; 3 — Meluouek (chepuyeckuit ny3bipek): 3.1 — NATHO MELLOYKa; 4 — KaHa ynuTku: 4.1 — KopTuUeB opraH

PeyenmopHsie 30Hbl 0p2aH08 CJ1yXa U pasHOBeCuUs 8bl0esIeHbl U8emom



YNuTKa BHYTPEHHEro yxa.
ONEeKTPOHHaAA MUKPOCKOMUS




L

Subdural space

f Endolymphatic sac

i

Subarachnoid space

Endolymphatic duct
Perilymphatic duct

Scala vestibuli
Scala media

Scala tympani

Figure 24-20. The vestibulo-
cochlear organ and the path of
sound waves in the external,

Mastoid CIlyXoBOM
cavities npoxoA

middle, and internal ear. Com-
ponents of the internal ear are
shown in color. A cross section of

. the cochlea, as in the rectangu-
Bapa6aHHaﬂ AUdltory tU be lar outline, is illustrated intFiggre
ne pe NMOHKAa 24-24. (Redrawn and reproduced,

with permission, from Best CH,
Taylor NB: The Physiological Basis of
Medlical Practice, 8th ed. Williams &
Wilkins, 1966.)
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OBanbHOE OKHO Scala vestibuli  Scala media MembpaHa
PelicHepa

S sl et
...... S,

Kpyrnoe okHo basunapHas

Scala tympani membpaHa

lenukoTpema

c. 8.14. (A) AHaromus yxa miekonuTarouero. (B) IIpuHUKMNUaNbHAs cXeMa YIUTKH,
a3BEpHYTOM B NpsiMy10. [leTanbHble 00bsicHeHHUS B TeKcTe. M3 Smith, 1970, ¢ pa3pelie-



Puc. 122. BHyTpeHHee yxo. Ynutka
OKpacka: 2eMamokcunuH — 303UH

1— cTepxeHb: 1.1 — yNUTKOBbIN HEPB; 2 — cNupasnbHas KOCTHAA MNACTUHKA; 3 — CNupanbHas (BA3Ka; 4 — 6a3unspHas NnacTUHKa;

5 — numb (cnupanbHbin rpebensb); 6 — BecTnbynApHaa membpaHa (PelicHepa); 7 — BecTUOynApHas nectHuua; 8 — 6apabaHHas necT-

HNUa; 9 — cocyamncTas nosocka: 9.1 — ceTb KanunnApos; 10 — KaHan ynuTkn (cpeaHaAs nectHnua); 11 — cnupanbHblii (KOpTUeB) opraH;
12 — cnupanbHbIi FaHrNi; 13 — Hapy»KHaA CTeHKA KOCTHOW YNUTKN: 13.1 — KpacHbIN KOCTHbIN MO3T



Kneto4yHbin coctaB cnupanbHoro (Koptuesa) opraHa

e BonockoBble KNeTKWU (ceHcopHO-3numernuanbHbIe)
BHYTpeHHMe BONOCKOBbLIE (FpyLUEBUAOHbIE)
Hapy>xHble BONOCKOBbIE (Mpu3maTnyeckue)

e OnopHbIe KNeTKun

BHympeHHUe u HapyXHble
KneTku-ctondbl — orpaHn4nBaloT BHYTPEHHUN TYHHENb
danaHrosble KIeTku ([Jentepca) — BOKpPYr BOSTOCKOBbLIX KIETOK
[TorpaHnyHble KneTku (FeH3eHa)

HapyxHble nogaepxmsatowme knetkm (Knaygnyca)
KneTtkn bettxepa
? BcacbiBaHue, cekpeuus



Scala vestibuli

Stria
vascularis

Tectorial membrane

Scala media
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KE  H®K HKC BT BKC B®K BT HB
B

Puc. 10-6. Oprax cnyxa. YK - ynuTtkoBbiit kaHan, BJ1 - BeCTOynsapHaa necrHuua,
bJ1 - 6apabanHaa nectHuua, Cl - cocyaucTtas nonocka: KK - Kpaesbie knetku, MK - npo-
MeXyTOu4Hble Knetkn, BK - 6asansHble knetkn, KAT - kanunnap, BM - BectubynapHas
mMembpaHa, Bl - 6a3unapHas nnactuHka, MM - NoKpoBHas MembpaHa, BBK 1 HBK - BHyT-
PeHHNE U HapyXHble BONIOCKOBbIE KJleTkn, HB - HepBHble BonokHa, BOK u HOK - BHYTpEH-
HVe 1 HapyxHble ¢danaHrossle knetku (Jentepca), BKC n HKC - BHYTPEHHUE 1 HapyXHble
KNeTkn-ctonbel, BT - BHYTpeHHUN ToHHenb, BMNK un HNK - BHYTPEHHNEe U HapyXHble norpa-
HU4Hble knetku, (FeHseHa), HMOK - HapyxHble nogaepxusalolme Knetku (Knayauyca),
KBB v KHB - knetku BHYTpPEeHHel 1 HapyxHo bopoapok, Kb - knetku Betrtxepa, CC -
cnupaneHaa ceaska, CJ1 - cnupansHbii numb, KBl - knetku BecTnbynsapHon ry6ul (cnu-
panbHoro numoba).



KaHan YIMUTKUN CO CI'Il/IpaJ'IbeIM Opl'aHOM

KOCTHas CTeHKa
BeCcTnbynspHas membpaHa

cocyancrtasd NnosiocKa

crinparibHada CBA3Ka

nokpoeHasi MeMbpaHa
crnparsribHaa KOCTHasA niactmHKa

6apabaHHasi cmeHka
npomoka ynumeku
¢ 6asunsipHoU nnacmuHKoU



PasHOBUOHOCTU MUKPOBOPCUHOK:
1. MMKPOBOPCUHKM LLETOYHOU KaeMKK (boree KpynHble, pa3HON
ONNHbBI);
2. MVKPOBOPCUHKN NcHepYeHHOW KaeMku (boree mernkue,
OOVHAKOBOW OJNHbI);
3. ocobasi pa3HOBUAHOCTb - cTepeounnnn (0O4eHb KpynHble,
pa3BeTBlIeHHble, HenoABMXHbIe MUKPOBOPCUHKM,
BbINOSIHANOLWME peLenTopHY PYyHKUMIO, BCTpevaloTesd - (1) B
CEHCOPHOM 3NNTeNUN BHYTPEHHErO yXa, (2) B KaHane npuaartka
MY>XCKOM NOMOBOW CUCTEMBI).

PYHKLUMN MUKPOBOPCUHOK:

1. yBennunBaroT anukanbHY NOBEPXHOCTb KITETOK (Hanpumep - ongd
ONTMMAasibHOro BCacCbIiBaHNA B KULLEYHMKE, MOYEYHbIX KaHarbuax 1 ap.;
yBenuyeHns "peuentopHoro nons").

2. CO3al0T onTUMaribHble YCNoBuA NS NMpoTekaHna npumMemMoOpaHHbIX
npoLeccoB (Hanpumep - MemOpaHHOro NuLLIEBapeHUs, peuenumnm
{Hanpumep, peLenTopHbIe KITETKM BKYCOBbIX NOYeEK}).

Omnu4usi om pecHu4ekK u x2ymukoe:. MUKpoBOPCUHKM
1. BCerga MmeroT MeHbLUMe pasmMepsl;
2. nx "ckenet" coCTaBnsalT HE MUKPOTPYBOUKN, a MUKpodunameHTol (bonee TOHKME, nX
COKpaTUMbIX 6erkoB);
3. HeT 6a3anbHOoro TenbLa B OCHOBaHWY;
4. nHorga MoryT BETBUTLCS (CTepeounnnn);
5. BbINOSTHAIOT COBEPLLUEHHO Apyrne oyHKUMN.



Bocnpuatne 3ByKOBbIX pa3apaXKeHWUM ynpolugHHo BKMoYaeT
cnegyowme cobbiTus. -

KonebaHunsa nepunumdbl B 6apabaHHON necTtHuue
Pe3oHaHCHbIe KonebaHns onpeaenénHbIX y4acTKoB 0a3nnapHON NNacTUHKK
3MeHeHMe KOHTaKTa CTePEOoLUITMA CEHCOPHBLIX KNETOK C MOKPOBHOM MeMbpaHomn
Bo36yXxaeHne CeHCOPHbIX KNETOK

[Mepenaya BO30YKAEHNSA HA AEHOPUTbI YYBCTBUTEMNbHbLIX HEMPOHOB.



Hapy>kHasi NOBEPXHOCTb KI1ETOK
cnuparnbHoro (Koptnesa) opraHa

Hapy>XHble (80J10CKO8LIE)
CeHcoanuTenuarbHbIE KIETKA

nogaepXxusatoLime
SNUTENNOLUTHI



OPI‘aHbI CJ1IyXa 1 paBHOBE€CHUA

Puc. 121. BHyTpeHHee yxo. OpraHbl cJiyxa 1 paBHoBecus (cxema)

1 — nonykpy»Hbie KaHanbl: 1.1 — amnysibl NOAYKPY>KHbIX KaHanoB, 1.1.1 — amnynApHble rpebeluku; 2 — MaTouka (GNaunTuyeckuii ny-
3blpeK): 2.1 — NATHO MaToUKK; 3 — Meluouek (chepuyeckuit ny3bipek): 3.1 — NATHO MELLOYKa; 4 — KaHa ynuTku: 4.1 — KopTuUeB opraH

PeyenmopHsie 30Hbl 0p2aH08 CJ1yXa U pasHOBeCuUs 8bl0esIeHbl U8emom



OpraH paBHOBeCUA

CneLnanm3anpoBaHHbIE PeLIENTOPLI
PACMNOSIOXKEHDbI B
* MeLlo4Ke — NATHO (MaKyna)
* MaTtoyke — MATHO (Makyna)
* aMnynax nonykpy»HbIX KaHaNoB —
aMnynspHble rpedeLlKn




OpraH paBHOBeCUS

\ X AMI'IyJ'Ia NONYKPYXHOIo KaHarla
X

t
i 7 w2 A }\A
BOJ1OCKOBbIE U

ONoOpHbIE€ KNETKU
b %]

c/1iyxoeou epebewiok

—a
P

T F SN ‘MaTouka npenasepus
y

BOJ10CKOBbIE U

L3
Q}\
-

noaaep>KMBatoLLmMe KNeTku N
el pdadl A9MHO MamoYKu
3 g Y ’% ;//(yd "‘.m*".“.»“ “ i a ‘

W % Vi = CTYAEeHNCTOEe BELLECTBO

7y
i,V /‘///«" =S 4 C oTonuTamu




OpraH paBHoBecusi ~ Otoliths —
Gelatinous o

I-IHTHO layer

-§

et P
;;;;;;;

____
T

e

Supporting cells  Receptor cells Nerves



AMNYNAPHbLIN
rpebeLlok

Semicircular  Ampulla

canal\\\\\\

Rest Acceleration

Receptor
cells

Supporting

Figure 24-23. Crista ampullaris. Top: Structure of the crista

“r~ ampullaris. Bottom: Movements of the cupula in a crista am-

1 pullaris during rotational acceleration. Arrows indicate the di-

* rection of fluid movement. (Redrawn and reproduced, with per-

“" mission, from Wersall J: Studies of the structure and innervation of

Nerves the sensory epithelium of the cristae ampullares in the guinea pig.
Acta Otolaryngol [Stockh] Suppl 1956;126:1.)
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Figure 24-22. Scanning electron micrograph of the surface
of a pigeon’s macula showing the otoliths. (Courtesy of DJ Lim.)



