Auditory analyzer 

Reception of sound stimulation 

Organ of hearing. The majority of invertebrates are no special tonoretseptorov sensitive only to sound vibrations. However, insects have described specific auditory organs, they may be located in different parts of the body and consist of a thin stretched membrane which separates the outside air from the ear cavity. On the inside of the membrane are auditory receptor cells. With these bodies, some insects can perceive sounds very high frequencies - up to 40 and even up to 90 thousand cycles per second. 

In lower vertebrates, the peripheral auditory organ, together with the vestibular apparatus is differentiated from the anterior end of the lateral line organ, the receptors that perceive vibrations of the water environment. Blinded by the pike, while retaining the lateral line organ captures floating past the fish and move without bumping into the counter items that reflect fluctuations in the water produced by movements of the pike. Fluctuations greater frequency of perceived only developed from the anterior end of the lateral line organ bag and his blind protuberance, now known lageny (lagena). Amphibians (especially reptiles) closer to the base lageny there is a special section of the auditory-stretched membrane, consisting of parallel arranged connective volokonets. In mammals, due to escalation of the blind area outgrowth drastically lengthened. Bending, it takes the form of snail shells of different animals with different numbers of turns. Hence the name of this body - a snail. 

Ear as a peripheral organ of the auditory analyzer consists not only of the receptor apparatus, hidden deep in the temporal bone and forming together with the vestibular apparatus of the so-called inner ear. Of considerable importance are those parts of the ear that are associated with the capture of sounds and their conduct to the receptor apparatus. 

Sound conducting apparatus of all land animals - a middle ear, or tympanum, which was formed through the first gill slit. Already reptiles in this cavity is ear bone, "facilitating the transfer of sound vibrations. In mammals, there are three articulated bones together, contributing to an increase in strength of sound vibrations. Sound-device, or outer ear consists of the external auditory canal and pinna, which first appeared in mammals. Many of them she is mobile, which allows you to direct it towards the emergence of sounds and thus better their catch. 

Function conductive apparatus of the ear. 

Tympanic cavity (Fig. 1a) communicates with the outside air through a special channel - auditory or eustachian, tube, outside the hole is located in the wall of nasopharynx. Usually, it closed, but at the time of swallowing revealed. When a sudden change in atmospheric pressure, such as the descent into a deep pit, when climbing or landing of aircraft, it may be a significant difference between the pressure of outside air and air pressure in the tympanic cavity, which causes discomfort and sometimes damage the eardrum. Disclosure of the holes of the auditory tube helps equalize pressure, but because when 

the pressure of outside air is recommended to make frequent swallowing movements. 
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Fig. 1. Polushematicheskoe image of the middle ear: 

/ - Alveary ', 2 - tympanum, 3 - auditory tube, 4 - eardrum; 5 - hammer, 6 - anvil; 7 - stirrup; 8 - window arches (Oval) I - window of the cochlea (round); 10 - bone tissue. 

Inside the tympanic cavity contains three auditory bones - hammer, anvil and stirrup, interconnected by joints. The middle ear is separated from the outer eardrum, but from the internal - the bone wall with two holes. One of them is called the oval window or the window arches. By its edges with an elastic annular ligament attached footplate, another hole - a round window, or window snails, - covered with a thin connective tissue membrane. 

Air sound waves entering the ear canal, causing vibrations of the eardrum, which through the auditory ossicles, as well as through the air trapped in the middle ear, inner ear perilymph are transmitted. Articulated each ear bone can be seen as a lever of the first kind, the long arm of which is connected to the eardrum, and strengthened in the short oval window. When you send traffic with a long on the short arm is / decrease in magnitude (amplitude) by increasing the force developed here. A significant increase in the force of sound vibrations is another reason that the surface of footplate is many times smaller than the surface of the eardrum. In general, the power of sound vibrations increases by at least 30-40 times. 

With powerful sound due to reduced muscle tension increases the tympanic cavity tympanic membrane and footplate mobility decreases, which leads to a decrease in force transmitted vibration. 

Complete removal of the tympanic membrane only reduces the hearing, but did not lead to its loss. This is explained by the fact that a significant role in the transfer of sound vibrations is the round window membrane, which perceives the vibrations of air in the cavity of the middle ear. 
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Fig. 3. Schematic representation of the cochlea: 

A - bone canal snails; 

B - cross section diagram of the cochlea - the bone shaft, 2 - spiral bone plate, 3 - cochlear nerve fibers; 

4 - Cluster of the first body neurons in the auditory pathway, 5 - vestibular canal; S-stairs drum; 7 - cochlear part of the membranous labyrinth; 

5 - Organ of Corti; S - the main plate. 

Inner ear. 

The inner ear is a complex system of channels that are in the pyramid of the temporal bone and became known as the bone of the labyrinth. Situated therein and the vestibular apparatus of the snail form a membranous labyrinth (Fig. 2). The space between the walls of the bone and the membranous labyrinth filled with fluid - perilymph. By the auditory analyzer is only the front part of the membranous labyrinth, which is located inside the bone canal snails and with it forms a two and a half turns around the bone shaft (Fig. 3). From the rod inside the bone canal leaves sprout in a helical spiral plate, broad at the base of the cochlea and gradually tapering to its apex. This plate [image: image3.png]


does not reach the opposite, outer wall of the channel. Between the plate - 

Fig. 2. The general scheme of the bone and containing the membranous labyrinth: 

/ - Bone, 2 - middle ear cavity, 3-stirrup; 

4 - the window arches, 5 - window of the cochlea; 6 - Snail, 7 and 8 - otolithic apparatus (7 - sakkulus or round bag, 8 - utrikulus or oval-shaped bag), 9, 10 and 11 - the semicircular canals of 12 - the space between the bone and the membranous labyrinth, filled with perilymph. 

Khoi and the outer wall is part of the cochlear membranous labyrinth, resulting in the entire channel is divided into two floors, or passage. One of them is connected to the threshold of the bone of the labyrinth and is called vestibular canal, the other starts from the window of a snail, bordering the tympanic cavity and is called the staircase of the drum. Both are reported only in the upper, narrow end of the cochlea. 

On cross-section of the cochlear membranous labyrinth is in the form of an elongated triangle. His bottom side, adjacent to the stairs of a drum, formed the main plate, which consists of immersed in a homogeneous mass thinnest elastic connective tissue fibers, stretched between the free edge of the spiral osseous lamina and the outer wall of the channel snails. The upper side of the triangle bordered by the stairs leading up departing at an acute angle from the upper surface 
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Fig. 4. Scheme of the structure of Corti's organ: 

/ - The main plate; 2 - bone spiral plate, 3 - spiral channel; 

4 - nerve fibers; S - columnar cells, forming a tunnel (6), 7 - hearing aids, or hair cells, 8 - supporting cells, 9 - the covering plate. 

spiral osseous lamina and heading, as the main plate, the outer wall of the channel snails. Third, the shortest side of triangle is composed of connective tissue, tightly spliced with the outer wall of the bone canal. Corti's organ function. Receptor apparatus of the auditory analyzer, or spiral Corti's organ, located inside the cochlear part of the membranous labyrinth on the upper surface of the main plate (Fig. 4). Along the inner side of the main plate, at some distance from each other, are two rows of pole cells, which, touching its upper end, demarcates a triangular free space, or tunnel. On both sides of it are sensitive to sound vibrations cm / tional, or hair cells, each of which at its upper free surface has 15-20 small delicate hairs. Ends vsloskov immersed in the coating plate is attached to the bone-helical plate and covers the free end of Corti's organ. Hair cells located medially of the tunnel in a row, and outward-three series. From the main plates are separated by supporting cells. 

For reasons of hair cells are suitable finite branching filaments of bipolar nerve cells whose bodies are located in the central canal of the bone rod cochlea, where they form the so-called spiral node, node homologous intervertebral spinal nerves. Each of the three and a half thousand internal hair cells associated with one and sometimes two separate nerve cells. The outer hair cells, whose number reaches 15-20 thousand, may be connected with several nerve cells, but that each nerve fiber gives the branch only to the hair vym cells of the same series. 

Perilymph surrounding the membranous apparatus snails, under pressure, and that changes according to frequency, strength and form of sound vibrations. Changes in pressure cause fluctuations in conjunction with the main plate located on its cells, which have hairs with the change of pressure from the integumentary plates. This, apparently, and leads to the excitation of hair cells, which is transmitted to the terminal branching of nerve fibers. 

Resonance theory of hearing. 

Among the various theories explaining the mechanism of peripheral sound analysis, the most reasonable must be considered a resonance theory proposed by Helmholtz in 1863. If you open the piano to play some musical instrument or voice sound a certain height, it begins to resonate, ie, in response to sound, string, tuned to the same tone. By studying the structural features of the main plate snails, Helmholtz concluded that the sound waves coming from the environment, cause fluctuations of the transverse fibers of the plate on the principle of resonance. 

In all there are in the main plate of about 24 000 cross elastic fibers. They vary in length and degree of tension: the shortest and taut located at the base of the cochlea, the closer to its peak, so they are longer and less strained. According to the resonance theory, the different parts of the main plate oscillation of its fibers react to the sounds of different heights. This view was confirmed by experiments LA Andreeva. After the development of conditioned reflexes in dogs in the pure tones of varying heights cochlea of one ear, he completely removed, and another snail exposed partial damage. Depending on which part of Corti's organ of the second ear was damaged, we observed the disappearance of earlier established positive and negative conditioned reflexes to sound a certain frequency. 'With the destruction of Corti's organ is closer to the base of the cochlea disappeared conditioned reflexes to the high tones. The closer to the top of localized damage, the lower were the tones that have lost value conditioned stimuli. 

Pathways of the auditory analyzer. 

The first neuron pathways of the auditory analyzer - the above bipolar cells. Their axons form the cochlear nerve, the fibers of which are in the medulla and terminate in the nuclei, where the cells of the second neuron pathways. Axons of cells of the second neuron reach the medial geniculate body, 

Fig. 5. Scheme of pathways of the auditory analyzer: 
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1 - receptors in Corti's organ, 2 - body of bipolar neurons, 3 - cochlear nerve; 4 - the nucleus of the medulla oblongata, where 'are the body of the second neuron pathways; 5 - medial geniculate body, which begins the third basic neuron pathways, 6 • - upper surface of the temporal lobe of the cerebral cortex (the lower wall of the lateral fissure), which ends with the third neuron; 7 - nerve fibers that connect both the internal geniculate body, 8 - Rear colliculus; 9 - the beginning of the efferent paths that lead from quadrigemina. 

mainly the opposite side. Here begins the third neuron, which impulses reach the auditory region of the cerebral cortex (Fig. 5). 

In addition to the basic, conductive path that connects the peripheral regions of the auditory analyzer, with its central, cortical department, there are other ways through which may be reflex responses to stimulation of the organ of hearing in animals and after removal of the cerebral hemispheres. Of particular importance are indicative of reaction to sound. They are implemented with the participation quadrigemina, to the rear and the front part knolls which are collaterals of fibers destined for the medial geniculate body. 

Cork Department of the auditory analyzer. 

In humans, the core of the cortical division of the auditory analyzer located ^ in the temporal, cortex large, the cerebral hemispheres. In the part of the temporal surface 'area, which is the bottom wall of the transverse, or Sylvian, cracks, located box 41. To him, and possibly to the neighboring regiment 42, sent the bulk of fibers from the medial geniculate body. Observations showed that the bilateral destruction of these fields comes complete deafness. However, in cases where the damage is limited to one hemisphere, there may be small and often only a temporary decrease in hearing. This is because the pathways of the auditory analyzer partially overlapped. Moreover, both medial geniculate body are interconnected intermediate neurons through which impulses can pass from right to left and back. As a result, each hemisphere cortical cells receive signals from both Corti's organs. 

From the Department of cortical auditory analyzer are efferent path to the downstream sections of the brain, and especially the medial geniculate body and posterior colliculus. Through them carried cortical motor reflexes to auditory stimuli. By stimulation of the auditory cortex can cause the animal orienting reaction nastorazhivaniya (movement of the ear, head rotation, etc.). Analysis and synthesis of sound stimulation. Analysis of sound stimuli begins in the peripheral segment of the auditory analyzer that provided structural features of the cochlea, especially the main plate, each section of which varies in response to sounds only a certain height. 

Principal analysis and synthesis of sound stimulation, based on the formation of positive and negative conditioned connections occurs in the cortical section of the analyzer. Each sound is perceived by Corti's organ, leads to a state of excitation of certain cell groups of the field 41 and the neighboring fields. Hence the excitement spread to other points of the cerebral cortex, especially in the fields 22 and 37. Between different cell groups, which re-prihodil.i in the state of excitation pad oprgdelennego influence of sound stimulation, or a consistent set of sound stimulation, established more and more strong contingent connection. They are also established between the centers of excitation in the auditory analyzer and those centers that also arise under the influence of stimuli, deystvuyudih on other analyzers. Thus the image of all new and novye conditioned connections obogaschzyud ie analysis and synthesis of sound stimulation. 

The basis of the analysis and synthesis of speech sound stimulation is a clearly-defined links between the centers of excitation. which arise under the influence of immediate stimuli, deystvuyudih on different analyzers, and those centers, which are caused by the sound of speech signals, obeznachayudimi these stimuli. The so-called auditory speech center, ie, the area of the auditory analyzer function is linked to speech analysis and synthesis of sound stimulation, in other words, with the understanding of audible speech, is located mainly in the left hemisphere and occupies the rear end of the field and the adjacent portion of the field.

