
 5

(Senses)

ucdavis.edu

 (sensory cells) 
 (receptor proteins) 

 (ion channel)

(protozoa) 
 (stretch-sensitive channels)  (mechanical gated

channels)  (osmotic stress sensors) 

(Escherichia coli) 
 2  1) 

 2) 

 (metazoan) 
 (Cnidaria) 
 (tetrodotoxin) 
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 (free-swimming sensory cells) 

 (ion-selective membrane) 

 5.1 
:  Herbert, 2008)

 (chemoreceptor) 
 (forward-moving poles)

 (chemoreception)  (intracellular
communication)  (slime mold) 

(chemoattractant)  (chemotaxis) 

 (membrane-bound cAMP receptor) 
 (G protein-linked biochemical cascade) 
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 5.2  ( :  Herbert, 2008)

 1)  2)
 3) 

 5  (5- sense)
 1.  (exteroreceptors) 

 2.  (interoreceptors) 

 3.  (proprioceptors) 

 5.3 :  Herbert, 2008)

 (visceral afferent) 

 1.  (somesthetic sensation)  (
) 
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 2.  (special senses) 

 5.4  ( :  Medicalook, 2007)

 5.5  ( :  OpenStax CNX, 2016)
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 (
) 

 (effector)  ( ) 

 5.6  5 ( :  drnorth.wordpress.com)

 (perception) 

(precortical processing) 
 (horseshoe crab) 

 (modalities) 

 (action potential
propagation) 

 (electrical energy)  (transduction)
 (sense organs)

 (adequate
stimulus) 
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 (Johannes Muller)  150 
(the doctrine of specific nerve energies) 

(photoreceptors) 
 (mechanical stimulus) 

 (see stars) 

 5.7 :  Austin Community College District, 2008)

 (receptor physiology)

 -  (photoreceptors) 

 -  (mechanoreceptors) 
 (skeletal muscle proprioceptors) 

 (fine hair cells) 
 (lateral line system) 

 (baroreceptors) 
 -  (chemoreceptors) 
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 -  (thermoreceptors) 
 -  (nociceptors  pain receptors) 

 (pinching)  (burning) 

 -  (electroreceptors) 
(electric field)
 -  (magnetoreceptors)  (magnetic field)

 (compound sensations) 
 (primary

sensory inputs) 

 5.1  (Sensory modality)

 ( )

 ( )
   ( )

s

 (glucostats)
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 1. 

 2.  (reticular activating
system: RAS)  (cortical arousal) 

 (consciousness)
 3. 
 4. 

 4 
 1) 

 2) 

 (electrochemical driving
force) 

 (
)

 1)  (receptor potential) 
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 2)  (generator potential) 
 (neuron peripheral process) 

 (grade potential)  (amplitude) 

 (summation) 

 (magnitude) 

 5.8 
:  Austin Community College District, 2008) )

 -  (separate receptor)  (retina)

 - 

 2 

 2 
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 ( ) 

 5.9  3 
:  Austin Community College District, 2008)

 (frequency code) 
 (population code)

 (adaptation) 
 (adapts) 

 2 
 1.  (tonic receptors) 
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 5.10 
:  Austin Community College District, 2008)

 2.  (phasic receptors) 
 (off response) 

 (off response) 

 5.11 
 ( :  Austin Community College District, 2008)
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 (tactile receptors) 

 (mechanism of adaptation in the pacinian corpuscle)
 (pacinian corpuscle)  (deep pressure, touch)

 (vibration)  (rapidly adapting)
 (Herbst corpuscle) 

 (mechanical
component) 

 5.12 :  Stark , 1998)

 5.13 (Billfish) (  www.fishtrack.com)

http://www.fishtrack.com)/
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) 

 (accommodation) 

 5.14 
:  Austin Community College District, 2008)

 (olfactory/smell receptors) 
 2-3 

 7  6 

 (accommodation  adaptation) 
(habituation) 
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 2
 1) 
 2)  (

)  (conscious somatic
sensation)  (somatosensory pathway) 

 (sensory information) 
(peripheral receptor) 

 (first-order sensory neuron) 
 (second-order sensory neuron) 

 2 
 (third-order sensory neuron) 

 (specific afferent) 
 (ascending pathway) 

 (somatosensory cortex) 

 (receptive field)

(acuity or discriminative ability) 
(tactile or touch) 

 (tactile mechanoreceptors) 
 17,000 

 (homunculus)
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 5.2 

(stimulus modality)

(location of stimulus)

(stimulus strength)  ( ) 

 5.15 :  Austin Community College District, 2008)

 (lateral
inhibition) 

 (blur) 
 (facilitate location) 

 (sharpen contrast) 
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 5.16 
:  Austin Community College District, 2008)

 5.17 
:  Austin Community College District, 2008)
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:  (photoreception: eyes and vision)

 (chromatophores) 
 (pigment-containing skin cells) 

 (photo-pigment molecules) 

 400-700 

 (  400 ) 

 10 

 5.18 
:  Ayala, 2007)
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 5.19 
:  Gehring  keo, 1999)

 -  (eyespots) 
 (photoreceptor cells)  (  100 ) 

(cup)  (pit) 
 (flatworms)  (cnidarians)  (echinoderms) 

 -  (photoreceptors) 

(integrating nerves) 

  
 (true eyes)  (pinhole eye) 

 (lens) 
 (camera eye) 

 (cubozoa box jellies) 

 (cephalopods) 
 (compound eyes) 

 (ommatidia) 
 (pigment-shielded photoreceptors) 
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(fossil)  (trilobites) 
 (Cambrian period) 

 2 

 5.20  ( ) Chiropsella bronzie
 (rhopalia) 4  ( )  6 ; 2  (pit

eyes) (pe), 2  (slit eyes) (se), 1  (ule)  1  (lle) ( ) 
 3  (cl)  (pl) 

 (ciliary rootlet) (cr)  (m) 
 (Scale bars, (a) 1 . (b) 100  (c) 1

)
:  O'Connor, Garm, Marshall, Hart, Ekström, Skogh  Nilsson, 2010)

 5.21  ( )  ( ) ( :  Mike, 2010)
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 5.22 
:  Mike, 2010)

 (The vertebral eye)

 3 
 (illumination) 

 (optical picture) 

 (consciously
perceived) 

 5.23  ( :  Humaneyeproject, n.d.)

50 .  2 
 3 

      1)  (sclera)  (cornea)
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      2)  (uvea)  (choroid)  (ciliary body)
 (iris) 

      3)  (retina)

 5.24 :  Humaneyeproject, n.d.)

 2 

 (aqueous humor)

 (vitreous humor) 

 2 

 5.25  ( :  Human anatomy educations, 2015)
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 (pecten) 
 (conus papillaris) 

 5.26  3 
:  7Sadmin3, 2013)

 5.27 :  vetmed.ucdavis.edu, 2015)
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 5.28  ( )  ( )
:  vetmed.ucdavis.edu, 2015)

 (iris)

 (pigmented smooth muscle) 

 (pupil) 

 2  (circular muscle) 
 (radial muscle)  (pupillary margin)

(constrictor muscle) 
 (pupillary contraction reflex) 

(dilator muscle) 

 5.29 :  KAISERSCIENCE, n.d.)
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 (electromagnetic radiation) 
 (photon)  2 

 (wavelength)

 5.30  ( ) ) ( :  Mike, 2014)

 360-700 

 (visible light) 
 (electromagnetic spectrum) 

 (hue) 

 (intensity) 
 (amplitude)

 5.31  ( :  Chegg Study, 2003)
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 (diverge) 
 (light ray) 

 (light sensitive-retina) 
 (refraction) 

 1) 
 2  (bending) 
 2) 

(convex)  (converge)  (focal point) 
 (

)

 5.32  ( :  KAISERSCIENCE,
n.d.)

 5.33  ( )  ( )
:  KAISERSCIENCE, n.d.)
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 5.34 :  Shukla, 2016)

 (cornea and lens)
 (cornea)

 (lens) 
 (terrestrial animals) 

 (high refractive index) 

 ( ) 
 (negative spherical

aberration) 
 (central ray) 

 (positive spherical aberration) 

 400  ( ) 
 310 

 (  310 ) 

 (cone cells) 
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 5.35 
:  Mann, 2011)

 5.36 
:  KAISERSCIENCE, n.d.)

 6 

 (accommodation)

(ciliary muscle) 
 ( )

 (photoreceptor layer) 

 (ciliary body) 
 2 

 (ciliary network) 
 (suspensory ligament)
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 5.37  ( :  Davydov, 2010)

 5.38 
 ( :  Mann, 2011)

(inherent elasticity) 

 (cataract)
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 5.39  ( :  Mann, 2011)

 (retina)

 (rods)  (cones) 

(excitable cell)  3  1) 
 2)  (bipolar cells)  3)

 (ganglion cells) 

 (rod bipolar
and cone bipolar pathways)

 5.40  ( :  Kimbrel  Lanza, 2015.)
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 5.41  ( :  KIN450-Neurophysiology, 2013)

 (optic nerve) 

 (optic disc)  (blind spot) 

 5.42  ( :  Unbelievable Facts, 2016)

 (ganglion)  (bipolar layers) 
 (fovea) 
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 5.43  ( :  Mann, 2011)

 (visual streak) 

(nasal and temporal portion) 

 (12,000-14,000/ .2)  (6,400-14,000/ .
2) 

 5.44  (  FindRetrievers.com Admin, 2011)
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 5.45 
:  FindRetrievers.com Admin, 2011)

 (reflecting material) 
 (tapetum lucidum) 

 9-20 
 2 

 300 

 2 (riboflavin) 
 (blue, 450 ) 

 520 
(rhodopsin) 

 (phototransduction by retinal cells)
 3  1)  (outer segment)

 2) 
 (inner segment) 

 3) 

 (visual pathway)

 5.46  ( :  WINE4SOUL, 2012)
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 (rod-shaped) 
 2  (lamellae)  (disc)

 (photopigment molecules)
 150  1,000

 5.47 :  Rogers, 2015)

 (opsin)  (retinene) 
 5  1  4 

 5  5 

 (visible
spectrum) 

 (rhabdomeric receptors)  3- 
(porphyropsin (3- dehydroretinal)) 

 (newt)
 4 

 (polarized) 

 (retinal cells) 
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 5.48  ( :  Ramon  Rios, n.d.)

 (excitation) 

 (grade response) 

 (photoreceptor’s outer segment) 
 (chemical messenger-gated Na+ channels) 

 2  (cyclic guanosine monophosphate: cGMP) 

 ( )  (
) 
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 5.49  ( :  Purves , 2001)

(transducin) 
 (phosphodiesterase) 

 2 

 ( ) 
 ( ) 

 (synaptic ribbons)  (docking site)
 100 

 50-60 
5,000-6,000 
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 5.50  ( ) 
 (  7 )  11-

 ( ) ( )  2 
 1.  (receptor disks)  ( ) 

2.  (PDE) 3. 

:  Purves , 2001)

 5.51  ( :  Ramon  Rios, n.d.)
 (retinal processing of light input)
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 (visual pathway) 

(enzyme-mediated mechanism) 
 (unexcited state) 

 (pure rod retina) 
 30  (  100  3 

)  (macula) 

 10% 
 (American flying squirrel) 

 496 
 506-510 

 1 

 (wiring patterns) 

 (sharpness) 
 2 

(resolution) 
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 ( )  (gap junction)
 ( ) 

 (wired) 

 (subthreshold potential) 

 1 

 (
 4  1 ) 

 ( ) 

 (input) 

 (dark adaptation) 
 0.6%

 3,000 

 (bleached) 

 (light adaptation)
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 1 

 (night blindness) 

 2  (dichromatic)  3 
 63%  33%  4% 

 2 
 (marsupials)  4  ( )

 4 

 (

)

 (spatial) 

 90o

 ( ) 
 3,000 

 (kestrel, Falco tinnunculus)
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(flower bat, Glossophagus soricina) 

 420 
 (short cones) 

 (middle cone)  530 
 560 

 (long cones) 
 4  (ultraviolet

cones)  380  (
 (UV-sensitive cones)  360 ) 

 5.52  3 
:  Dowling, 1987)

 5.53  ( :  Bok, 2010)
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 (
 0:0:100 ) 

 83:83:0  83 
 31:67:36 

 (primary visual cortex) 

 (visual field)
 (occipital lobe) 

 1. 

 5.54  ( :  WINE4SOUL, 2012)

 2. 

 (dark-bright
contrast) 

 2 -
 (on- center and off- center ganglion cells)  (receptive

field)  (cone ganglion cells)  (field of light
detection) 

 (periphery) 
 (firing) 
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 (periphery of receptive filed) 

 5.55 
:  Heeger, 2006)

 3. 

 5.56  ( )  ( )

 4. 

 2 

 2  (
) 

 (
) 

 1.2 
167,000  116,000-165,000 

 (optic chiasm) 
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(hypothalamus) 

 (optic tracts) 

 5.57 
:  Dobbs, 2015)

(lateral geniculate nucleus)  (optic
tectum) 

 (optic radiations) 
 (visual stimulus) 

 1 

 100 
 30% 

 8%  3% 
 (topographic map) 

 3-4
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 5.58 
:  NEUROLOGY, 2016)

 (depth perception)

 2  2 
 (area of overlap) 

 2  (binocular field of vision) 

 (depth perception) 

 20o

 (monocular vision) 135-150o  60-70o

 (overlapping binocular field) 
 2-3 

 1  2
 (Notonecta)

 250o
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(functional column) 

 (higher-order visual areas) 

 (visual cells)  (simple,
complex and hypercomplex cells)  2 
(cortical columns) 

 (higher visual processing areas) 

 (dotlike pattern) 

 1. 
 2. 

 3. 
 4. 
 5.  (startle response) 

 (external eye muscle) 

 (cephalopod camera eyes)

(convergent evolution) 

(nonsensory cell layers) 
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 (neural layer)  (pigment layer) 

 (octopus)  (squid)  (cuttlefish) 
 (nautiloid) 

 (compound eyes)

 (arthtopod faceted)  (compound eyes) 
(ommatidium)

 5.59  ( :  Herbert, 2008)

 (annelids) 

 1  (Ponera punctatissima)  10,000 
 (facets) 

 6 

 0.02o

 2-3o
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 (cuticular lens) 

(retinular)  8 

 (modified retinular cell) 
(eccentric cell) 
(rhabdomere) 

 (photosensitive microvilli) 
 (rhabdom)  8 

  5.60  ( :  Herbert, 2008)

 3-5 

 2 
 2 
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 5.61  (  Herbert, 2008)

 (apposition eyes) 

 (superposition eyes) 

 5.62 
:  Encyclopædia Britannica, Inc., 2015)

 (phospholipase C) 3 (inositol
triphosphate, IP3)  (diacylglycerol) 3

 2 
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 (optic
lobe)

 (blowfly) 

 1 
 1,000 

 (signal-to-noise ratio) 

 2  (subtypes) 

 10%  2 

 -65 
 2-3  1-2 

 (K+ conductance) 
 (light-gated conductance) 

 10 

100 

 (transient depolarization)
 (photoreceptor K+

conductance) 
 (fast photoreceptors) 

 (crane-flies)  (slow photoreceptors) 
 (locust) 


