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Laboratory research number 1
Subject and methods of research in physiology

Questions:

1. Subject of physiology and classification of physiological disciplines.
2. Relation of physiology with other sciences.

3. Value of a normal physiology course for medicine.

4. Notion of excitability.
5. Excitability indicators.
6. Law of the power relations.
7. Law “everything or nothing”.
1. Subject of physiology and classification of physiological disciplines.
Physiology (from Greek physis – the nature, logos – the doctrine) is a science about functions and processes in an organism, about mechanisms of their regulation. Physiology studies activity of an organism in norm. A function is a specific activity of a system or body. For example, function of breath is an exchange of gases. The mechanism regulation is a way of optimization of physiological functions. In physiology we allocate regulation mechanisms – seater, humoral, nervous and central. The norm is limits of normal functioning of live system.
2. Relation of physiology with other sciences.

Physiology is subdivided into some independent disciplines. General physiology investigates general processes for organisms of different types. Specific physiology studies similarity and distinction of functions at different representatives of fauna.
Evolutionary physiology investigates the general biological regularities of physiological functions in onto- and phylogeny.

In human physiology we allocate:

· Age physiology

· Clinical physiology

· Space physiology and others

3. Value of a normal physiology course for medicine.

Human physiology is a theoretical basis of all medical disciplines. The doctor has to know norm at treatment of the patient to restore or compensate the normal course of physiological processes.

4. Notion of excitability.
Excitable tissues in response to action of irritants are capable of passing from a condition of rest into a condition of excitement. Thus cells generate an electric impulse which is called action potential. Excitability is an ability of excitable tissues (nervous, muscular, ferruterous) in response to an action of incentive to form excitement (action potential (AP)) on a membrane. Stimulus is the environment factors causing transition from a condition of rest to a condition of activity.
5. Excitability indicators:

· Threshold of stimulation. It is the minimum power of intensive at which action on a membrane action potential is formed (these is an excitement). Stimuli happen to be threshold, subthreshold and superthreshold

· Rheobase – it is a threshold for electric current.

· Chronaxia – this is time during which the incentive of two rheobases will cause excitement

· Accommodation is accustoming of tissue to slowly increasing stimulus. Thus the irritation threshold grows.

· Lability is functional mobility.
6. Law of the power relations.
Law of the power relations: “The more stimulus is, the more is response”.
7. Law “everything or nothing”.
On subthreshold stimuli there is no answer. On threshold and superthreshold stimuli the answer is identical.

Laboratory work.
Work 1. Preparing a neuromuscular preparation.
Objective: to prepare the preparation of the gastrocnemius muscle and sciatic nerve.
Object of the study: Frog
Equipment: Dissecting set, 0.65% sodium chloride solution (Ringer's solution), cotton wool, operating table.
Stages:
1. Take scissors and immobilize the frog to destroy the brain. Cut off the top of the head behind the eyes.
2. Enter the probe in the spinal canal and destroy the spinal cord.
3. Cut the spine 1 cm above the fold and place cut the contents of the chest and abdominal cavities

4. To remove the skin from the hind legs and parts of the spine. We get rheoscopic frog`s legs.
5. Separate the legs from each strictly on cerebrospinal trunk and prepare neuromuscular preparation of each leg.
Results: Neuromuscular preparation – spine, sciatic nerve, femur, gastrocnemius muscle, Achilles tendon.
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Conclusion: learned to prepare a neuromuscular preparation
Work 2. The definition of excitability of nervous and muscle tissue
Objective: to compare the threshold of excitability of the nervous and muscle tissue.
Object of the study: Neuromuscular preparation
Equipment: electrostimulator, electrodes.
Stages:
1. Let`s find the excitation threshold for the nerve. Place the electrodes on the nerve. Measure the amplitude of the current at which the muscle contract the first time. This is an indirect method of muscle irritation.
2. Move the electrodes to the muscle and evaluate the threshold of muscle stimulation. This is a direct method of muscle irritation.

Results:
	Threshold of irritation
	Amplitude 

	Muscle
	

	Nerve
	


Conclusion: The lower the excitation threshold, the higher the excitability
Work 3. An estimate of the relationship between the strength of the stimulus and the amplitude of the tissue reaction (the law of power relations)
Objective: determine the relationship between the strength of stimulation and the amplitude of muscle contraction.
Object of the study: Neuromuscular preparation
Equipment: Neuromuscular preparation.
Stages:
Register muscle contraction at the threshold, submaximal, maximal and supramaximal stimuli.

Conclusion: as the strength of the stimulus amplitude increases, muscle contraction increases
Laboratory research number 2

General properties of tissue
Questions:

1. Membrane potential, its origin and properties
2. Action potential, its origin and properties

3. Local respond and its characteristic

4. Curve of excitability and origin of its phases
5. Effect of a direct current on tissue
1. Membrane potential, its origin and properties
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	Intracellular and extracellular environments contain ions. Ions conduct electric current well. Lipids of cellular membranes can`t conduct current. All cells at rest have a difference of charges on a membrane. The cellular membrane is polarized. The difference of charges between internal and external membrane surfaces is the membrane potential (rest potential). In excitable cells concentration of ions of potassium in a cell is more than out of a cell. Potassium ions pass freely through a cellular membrane. 


Negatively loaded anions are in cells. The cellular membrane is impassable for these anions. These anions create a negative charge in a cell. The leaving ions of potassium create a positive charge on an external surface of a membrane.
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Concentration of ions of sodium is higher on an external surface of a membrane. However, the cellular membrane is impassable for sodium ions at rest. Potassium, sodium of an adenozintrifosfataza (ATF-aza) bring ions of potassium into a cell and take ions of sodium out of a cell against a concentration gradient. ATF-aza is an electrogenny pump. Potential of rest of a membrane of neuron makes minus sixty millivolts; membranes of nervous fiber-minus ninety millivolts. 
2. Action potential, its origin and properties.
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Fig. 1.Action potential
Sodium channels are open as a result of an action of incentive on an excitable membrane. Sodium arrives into a cell and causes action potential. Potential of action consists of phases of depolarization, repolarization and trace potentials (fig.1). Slow sodium channels are open immediately after causing incentive on a membrane. Thus depolarization process begins. Fast sodium channels are open when the critical level of depolarization is reached. Fast depolarization is on. Sodium channels are inactivated on a point of an overshoot. The repolarization phase begins. Ions of potassium leave a cell. Membrane potential comes back to rest potential level. Repolarization comes to an end with negative and positive trace potentials.
3. Local respond and its characteristic.
Sub threshold incentive doesn`t cause critical level of depolarization on a membrane. There is a local respond (local potential) (tabl.1). It is under the law of the power relations, doesn`t extend on long distances and is capable of being summarized.
Tabl.1

Comparison of actions and local potential capacities
	
	Potential action
	Local potential

	Spread
	Distributed without attenuation over long distances along the entire length of the nerve fiber
	Distributed by 1-2 mm from the point of irritation with damping

	The dependence of the strength of the stimulus
	Not dependent (subject to the law of "all or nothing")
	Increases with the strength of stimulus

	The phenomenon of summation
	It does not stack
	Stacks

	Excitable tissue in the event of potential

	Decreases until the complete nonexcitability (refractory)
	Increasing


4. Curve of excitability and origin of its phases
Excitable cells aren`t capable of reacting to repeated incentive formation of action potential in the period of inactivation of sodium channels (fig.2). Therefore the membrane is in a condition of an absolute refractory in a depolarization phase. The number of the closed sodium channels increases in a phase of repolarization. 
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Fig.2. (1 – hypererethism, 2 - absolute refractory, 3 - relative refractory, 4-Super N.Phase – exaltation, 5 - sub.N.Phase )
Therefore in a repolarization phase the membrane is in a condition of a relative refractory. During this period excitable cells can generate action potential only in response to suprathreshold incentives. Negative trace potential coincides with the hypererethism period. Positive trace potential coincides with the period of the lowered excitability.

5. Effect of a direct current on tissue.
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Fig.3. The law of polarity of irritation
Action of direct current on tissue is under Pfluger`s law (the law of polarity of irritation) (fig.3). Excitement arises at short circuit of a chain under the cathode, and at disconnection of a chain – under the anode. Also there is anelectrotonus. This is passive decrease in excitability under the anode. Cathelectrotonus is a passive increase of excitability under the cathode.
Laboratory work.
Work 1. Experience of Matteucci (secondary tetanus). 
Objective: to show the possible effect of currents that exert an exciting effect on the muscles of one neuromuscular preparation  through the nerve of another.
Object of the study: two preparation "sciatic nerve - gastrocnemius muscle "
Equipment: electrostimulator, electrodes, dissecting set, frog, Ringer's solution, operating table.

Stages:
1. Place preparations on a dry glass plate in accordance with the scheme: 
2. Irritate a nerve of the first preparation with induction current of average power for 2-3 seconds.
3. Observe the reaction of the muscles of both preparations.
Results: 
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Conclusion: conducted an experiment Matteucci (secondary tetanus). Biocurrents of the first neuromuscular preparation can be transmitted to a second neuromuscular preparation and cause muscle contraction
Work 2. The first experiment of Galvani. 
Purpose: to experimentally reproduce the classic works of Galvani. 

Object of the study: Neuromuscular preparation of the frog
Equipment: dissecting set, Ringer's solution, galvanic (metallic) tweezers.
Stages:
Prepare the preparation of the hind legs of a frog (with mandatory preservation sciatic nerve plexus in spinal region). The copper jaws of the Galvani tweezers bring under the sciatic nerve in the spinal cord, and the other concern muscle. See the contraction of the muscle. 

Results: 
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Conclusion: an electromotive force between two oppositely charged metal, which causes a reduction in the legs
Laboratory research number 3

Physiology of muscles. Types of muscular contraction. Mechanism of muscular contraction.
Questions:

1. Concept about a motor and neuromotor unit.
2. Physiological properties of muscles.
3. Irritation of muscles and ways of registration.
4. Single muscular contraction.
5. Change muscle fiber excitability at its reduction. Optimum and pessimum of muscular contraction.
6. Summation and tetanus. 

7. Modern theory of muscular contraction and relaxation.
1. Concept about a motor and neuromotor unit.
There are three types to muscular tissue: skeletal muscle, smooth muscles and cardiac muscle (fig.4). Skeletal muscles provide the musculoskeletal system. These muscles are under voluntary control of the person. Smooth muscles are a part of walls of internals (a stomach, intestines, a bladder, a uterus, blood vessels). Smooth muscles are involuntary. The cardiac muscle provides the blood movement. The skeletal muscle consists of fibers. Each fiber has the contractility system. This system includes thin threads of actin and thick threads of myosin. Myosin threads end with myosin heads. 
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Fig.4. Types of muscle

A motor unit is a set of muscle fiber which are innervated by shoots of an axon of one motor – neuron. A neuromotor unit is a motor unit plus an axon which innervates these muscle fibers (fig.5).
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Fig.5. A neuromotor unit

2. Physiological properties of muscles.
Muscles have excitability. It is an ability to form action potential at action of incentive. Muscles have contractility. It is an ability to change length at invariable tone (isotonic contraction) or to change tone with an invariable length (isometric contraction). The muscle changes length and tone when moving a body in space. It is a mixed reduction type. The muscle have conductivity. It is an ability to carry out an impulse along a membrane of muscle fiber.
3. Irritation of muscles and ways of registration.
There is a direct way of muscle irritation. It means the incentive affects work directly on a muscle. The incentive affects a nerve which innervates this muscle at an indirect way. It is possible to register a change of muscle length. It is myography. It is possible to register biopotentials of the working muscle. It is electromyography. 
4. Single muscular contraction.
The respond of muscle to one irritation is named a single contraction. The single contraction has a latent period, period of shortening (contraction phase) and relaxation period (fig.6). 

[image: image16]

 INCLUDEPICTURE "https://classconnection.s3.amazonaws.com/799/flashcards/2960799/jpg/1012_muscle_twitch_myogram-14184C45ADE5214EBCB.jpg" \* MERGEFORMATINET [image: image17][image: image18.jpg]Latent :Comraclion !Relaxation
period phase
|

}———10-100 msec —|




Fig.6. Single muscular contraction

5. Change muscle fiber excitability at its reduction. Optimum and pessimum of muscular contraction
The latent period of a single muscular contraction coincides with the period of an absolute refractoriness. The muscle is absolutely unexcitable at this time. The muscle relaxes if irritation comes during the latent period. It is pessimum muscular contraction. The muscle is contracted with the maximum height if stimulus irritates it in the period of hyper-excitability. It is optimum of muscular contraction.
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Fig.7. Change muscle fiber excitability at its reduction

6. Summation and tetanus.
Contraction of a muscle at which the summation of single muscular contractions comes from irritation of muscle frequent incentives is called tetanization (fig.8). We distinguish staircase and smooth tetanization. Staircase tetanization arises if each subsequent incentive comes to a relaxation phase. Smooth tetanization arises if each subsequent incentive comes to a shortening phase. Tetanization of a muscle is stronger and longer, than a single contraction.
[image: image20.jpg]Tension

A

stimuli A A A A1

@ Twitch ® Wave summation @ Unfused (incomplete) (@ Fused (complete)
tetanus tetanus





Fig.8. Summation and tetanus

7. Modern theory of muscular contraction and relaxation.
The impulse extends along a membrane of muscle fiber and deep into on structures of a sarcoplasmic reticulum (fig.9). Calcium channels open, ions of calcium leave in a sarcoplasm and diffuse to the contraction system. Here ions of calcium promote removal of a troponin from threads of actin. Thus on the actin there are released places for linking with myosin heads. Calcium ions also initiate formation of an action-myosin complex (fig.10). This complex splits ATP with energy allocation. Energy is used for separation of myosin heads from threads of actin. The muscle is shortened as a result of sliding of threads of myosin along threads of actin. Contraction of a muscle proceeds until concentration of calcium ions in sarcoplasm is at the level of 10-5 M.
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Fig.9. Muscular contraction
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Fig.10. Actin-myosin complex
Laboratory work.
Work 1. Single muscle contraction
Objective: register a single muscle contraction
Object of the study: Neuromuscular preparation of frog
Equipment: tripod, electrostimulator, myography, ice crystals, Ringer's solution 
Stages: 
1. Increase the intensity of the stimuli by using the right buttons and apply only one stimulus at a time.
2. Measure the duration of the three phases of the twitch by moving the cursor of time measuring using the right arrows
3. Place a few ice crystals on the muscle. Evaluate the amplitude of the contraction again and the increase in duration of the three phases (latent period, contraction period, relaxation period). Remove the ice crystals from the muscle with physiological solution.
Results: analyze the resulting myogram
Conclusion: A single muscle contraction was registered, which consists of three phases: a latency period, a shortening phase and a relaxation period.
Work 2. Unfused and fused tetanus

Objective: register unfused and fused tetanus
Object of the study: Neuromuscular preparation of frog
Equipment: electrostimulator, myography, Ringer's solution 

Stages: 
Set the frequency of the stimuli at 5; 6,5; then 10 stimuli/second, applying each time a complex of stimuli for 5-6 seconds. 
Results: analyze the resulting myogram
Conclusion: Unfused tetanus is ……
                     Fused tetanus is ……
Laboratory research number 4

Force and muscle work. Exhaustion
Questions:

1. Strength and muscle work.
2. Exhaustion of the isolated muscle and exhaustion in the whole organism.
3. Adaptation and trophic influence of sympathetic nervous system on skeletal muscles.
4. Heat generation at excitement and contraction of muscles.
5. Physiological features of smooth muscles.
6. Differences of the smooth muscle from the skeletal muscle.
1. Strength and muscle work.
The muscle strength is the maximum weight that a muscle can raise or the amount of tension that a muscle fiber can develop. The force of muscles, other things being equal, depends on its cross section. The greater the sum of the cross sections of all muscle fibers, the greater the weight that it can lift. 

The muscle work (A) is equal to multiplication of force (P) to a size of contraction of a muscle (l). 
A=P x l

It is under the law of average loadings. “The muscle performs the maximum work at average loadings”.
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2. Exhaustion of the isolated muscle and exhaustion in the whole organism

The exhaustion is a decrease in operability of a muscle as a result of the previous physical activity. The exhaustion in the isolated muscle develops` due to two reasons
1) Exhaustion of nutrients;

2) Accumulation of metabolites.

The exhaustion in a whole organism can be central. It occurs at various levels of nervous regulation of the movement. The peripheral exhaustion is connected with decrease in excitability of a membrane of muscle fiber.

3. Adaptation and trophic influence of sympathetic nervous system on skeletal muscles

Skeletal muscles are quicker restored after exhaustion at irritation of sympathetic nerves. It is Orbeli-Genetsinsky`s effect. Sympathetic nerves innervate blood vessels in a skeletal muscle. They work as vasodepressor. Blood vessels extend and the blood-groove in a muscle improves at increase of a tone of sympathetic nerves. As a result there is subject of nutrients and removal of products of a metabolism.

4. Heat generation at excitement and contraction of muscles.
Heat is allocated at contraction of muscles. We distinguish heat of activation and heat of recovery period. Heat of activation is formed as a result of distribution of contraction action potential along muscle fiber. Sodium – the potassium pump works at the expense of ATP energy. Energy of ATP is spent on a separation of heads of a myosin from threads of an actin during the shortening and relaxation of a muscle. Energy of ATP is spent on operation of the calcic pump downloads calcium ions in tanks of a sarcoplasmic reticulum against a concentration gradient.
5. Physiological features of smooth muscles.
The increase in bulk of a muscle is called as a muscular hypertrophy, and contraction is called as an atrophy. The muscular hypertrophy is result of increase the actin and the myosin threads in each muscle fiber. Muscle fiber is integrated thus. Thus protein synthesis of the contraction system is accelerated and the fermentative power forming system amplifies. Rate of protein decay of contraction becomes higher than the restoration rate if the muscle doesn`t work. As a result muscular dystrophy develops. The number of muscle fibers increases when the muscle develops the excessive force of contraction. It is called as hyperplasia. 
6. Differences of the smooth muscle from the skeletal muscle.
Smooth muscles have no cross linked stripes and have vegetative innervation. Smooth muscles can be unitary and multiunitary. Unitary (visceral) smooth muscles form walls of hollow bodies (a stomach, intestines, a urinary bladder and thin blood vessels). Cells of such muscle form syncytium. Between cells there are slot-hole contacts - nexus. Drivers of rhythm (pacemaker) are in a unitary muscle. They receive an impulse from nervous fiber and give it to other cells. Smooth muscles of a cell aren`t connected among themselves in a multiunitary. Each cell is innervated by nervous fiber. Such muscles are in large blood vessels. Smooth muscles are less excitable, than skeletal. They have higher threshold of irritation. The skeletal muscle is contracted only at receipt of a nervous impulse. The membrane of a smooth muscle cell contains many receptor proteins. Therefore nervous, hormonal incentives and a muscle strain can cause contraction of a smooth muscle. Skeletal muscles are contracted and relax quickly. Contractions of smooth muscles are long, tonic. They can proceed within several hours and even days. Smooth muscles have automatism. It is an ability to be contracted without outside influence.
Laboratory work.
Work 1. The role of the motor end plate in initializing tiredness.
Objective: demonstration of the fact that the neuromuscular synapse 
Object of the study: Neuromuscular preparation
Equipment: Kymograph, universal tripod mount, a lever, an induction coil
Stages:
Apply a complex of electrical stimuli on the motor neuron of a skeletal muscle, mean while recording the resulting myogram, until the muscle does not contract anymore (it gets tired). After this apply the electrical stimuli on the muscle.
Results: Scheme of the experience, myogram
Conclusion: the neuromuscular synapse gets tired due to the chemical mediator depletion from the presynaptic membrane.
Work 2. Dynamometry.
Objective: Determine the strength of muscle contraction
Object of the study: human

Equipment: dynamometer
Stages:
Set the dynamometer to the zero position. Hold the dynamometer at arm's length in front of him. Squeeze the maximum power of the right and left hand.

Results: Record power indicators
Conclusion: measured the power of muscles with a dynamometer
Work 3. Electromyography.
Objective: Register electrical muscle activity

Object of the study: human

Equipment: Biopac Student Lab System, electrodes, gel, alcohol, cotton wool, adhesive tape, headphones
Stages:
Register electromyography electrodes, impose the scheme on the forearm of the test. Screw terminals connect to the electrodes. Listen electromyography. 

Results: 

mean: average value on a dedicated site;

p-p: finds the maximum value and subtracts the minimum value on a dedicated site;

Delta T: represents the time length of the selected segment.

Conclusion:
EMG - the curve is displayed graphically recording the changes in the time difference of electric field potentials

Laboratory research number 5

Properties of peripheral nerves and neuromuscular synapses

Questions:

1. Classification of nervous fibers. 

2. Distribution of excitement on myelin and non-myelin nervous fibers.
3. Laws of excitement conduction on nervous fibers.
4. Synapse. Structure, classification. Excitement transfer mechanism.
1. Classification of nervous fibers 
Nervous fibers are divided into three groups according to diameter, existence of a myelin cover and speed of excitement conduction. Unmyelinated nervous fibers consist of the axial cylinder covered with the axolemma. Inside there are axomplasm and neurofibrilla. Myelinated fibers have a myelin cover. This cover is not homogenious. Places on a membrane without myelin cover are called Ranvier`s nodes. Myelin fibers of big diameter belong to group “A”. Speed of excitement conduction makes to 130 meter in a second. Myelin fibers of smaller diameter belong to group “B”. Speed of excitement conduction makes to 17 m/s. Unmyelinated nervous fiber of small diameter belong to group “C”. Speed of excitement conduction makes to 0,5 m/s.
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2. Distribution of excitement on myelin and non-myelin nervous fibers.

Conduction of action potential on unmyelinated nervous fiber. Sodium channels open when stimulus effects on a membrane. Sighs of potentials in this place change on the opposite. Between Ranvier`s nodes between neighboring sites of a membrane with opposite charges there are directed streams of ions. It is local currents. They depolarize the next area of a membrane to critical level. Action potential arises in this area. Conduction of action potential on a myelinated nervous fiber. The myelin cover contains lipid sphingomyelin. This lipid gives to a myelin cover electroinsulating properties. Therefore the potential of action arises only in Ranvier`s` interceptions. Action potential extends on myelinated fiber the same as on unmyelinated fiber (fig.11a). But local currents depolarize a membrane only in Ranvier`s` nodes. Therefore action potentials are transferred from one node of Ranvier to another. It is “Saltotory” conduction (b).
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Fig.11. Conduction of action potential on nervous fiber
3. Laws of excitement conduction on nervous fibers.
Impulse conduction on nervous fiber is possible on condition of its anatomic and physiological integrity. It is the law of a physiological continuity. Action potential doesn`t jump from one fiber to another when excitement is conducted on a nervous trunk. It is the law of the isolated excitement conduction. Nervous fiber conducts action potential to both directions from a place of excitement signal. It is the law of bilateral excitement conduction.
4. Synapse. Structure, classification. Excitement transfer mechanism.
The synapse consists of a presynaptic membrane, a synaptic crack and a postsynaptic membrane (fig.12). 
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Fig. 12. Structure of synapse

The impulse opens calcic channels on a presynaptic membrane. Ions of calcium arrive into terminal and promote a mediator exit in a synaptic crack. Molecules of a mediator contact receptors on a postsynaptic membrane. Thus ionic channels open, there are ionic current and on a postsynaptic membrane is formed postsynaptic potential. This potential follows the law of the power relations, doesn`t extend on long distances and is capable of summarizing. Chemical synapses work this way. They happen to be exciting and inhibition. Exciting postsynaptic potential is formed in an exciting synapse (EPP). While there is a depolarization of a postsynaptic membrane. A inhibition postsynaptic potential is formed in a inhibition synapse on a postsynaptic membrane (BPP). While there is a hyperpolarization of a postsynaptic membrane.
Properties of a chemical synapse.

1) Excitement is transferred one direction way (from pre-, to a postsynaptic membrane)

2) Excitement is conducted with delay (a synaptic delay)
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Fig. 13. Types of synapses
Transfer of excitement from one excitable cell to another can be conducted in the electric way (fig.14). Electric synapses are called as slot-hole contacts (nexus). They have a narrow synoptic crack with proteinaceous hydrophilic channels. Excitement is transmitted similar to conduction on nervous fiber through local currents.
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Fig. 14. Electrical synapse
Laboratory work.
Work 1. The proof of the law of the nerve functional integrity. 
Objective: to show the role of physiological nerve integrity in carrying out the excitation on it.
Object of the study: Neuromuscular preparation
Equipment: electrostimulator, Ringer`s solution, cotton wool, alcohol.
Stages:
1. We are ready to rheoscopic legs. We share the frog legs strictly in the middle of the spinal canal. 

2. Let`s try to impose after agent. In this case it will be with alcohol cotton. Impose electrodes. The muscle is not reduced. Consequently disturbed physiological integrity.

3. If we cut the nerves that confirm the integrity of the anatomic.

Conclusion:
Work 2. The proof of the law of bilateral conduction along the nerve.
Objective: to show the directions in which the excitation conducts along the nerve.

Object of the study: Neuromuscular preparation

Equipment: electrostimulator, Ringer`s solution
Stages:
1. We are ready to rheoscopic legs.
We share the frog legs strictly in the middle of the spinal canal. 

2. Distinguish nerve of the thigh muscle. Cut under the nerve of the thigh in half.

3. Select suprathreshold stimulus.

Results: There is a reduction of the femoral muscles on the both sides.
Conclusion: Experimentally proved the law of bilateral conduction of excitation along the nerve.
Work 3. Determination of Conduction Velocity and the way it depends on Axon diameter and on the Presence or Absence of Myeline
Objective: measurement of conduction velocity using the following types of nerves
Object of the study: thin myelinated frog nerve, unmyelinated rat nerve, thick myelinated rat nerve
Equipment: electrostimulator, signal amplifier, a support to fix to nerve, Ringer`s solution

Stages:
Electrical stimuli are applied on different types of nerves and conduction velocity is measured by using two electrodes placed at a known distance from each other. Knowing the distance and measuring the time we can determine the conduction velocity.
Results: 
	
	Time (msec)
	Distance (mm)
	Conduction velocity (m/sec)

	Thin unmyelinate rat nerve
	
	
	

	Thick myelinated rat nerve
	
	
	

	Myelinate frog nerve
	
	
	


Conclusion: the speed of the drive is greater than the thickness of the fiber.

Work 4. The effect of anesthetic substances and low temperature on the excitability of the nerve

Objective: evaluation of the influence of temperature and some anesthetic substances on the excitability of the nerve and the conduction velocity

Object of the study: frog`s sciatic nerve 

Equipment: electrostimulator, signal amplifier, a support to fix to nerve, Ringer`s solution

Stages:
Application of an electrical stimulus of a certain point of the frog`s sciatic nerve under one of the following conditions:

-after the nerve is moistened with lidocain 

-after the nerve is moistened with efer

After placing a few ice crystals on the nerve

Results: 

	
	Time (msec)
	Distance (mm)
	Conduction velocity (m/sec)

	Norma
	
	
	

	lidocain
	
	
	

	ice crystals
	
	
	

	efer
	
	
	


Conclusion: 

Laboratory research number 6

Questions to the Colloquium
1. Subject of physiology and classification of physiological disciplines.
2. Relation of physiology with other sciences.

3. Value of a normal physiology course for medicine.

4. Notion of excitability.

5. Excitability indicators.
6. Law of the power relations.
7. Law “everything or nothing”.
8. Membrane potential, its origin and properties.
9. Action potential, its origin and properties.
10. Local response and its characteristic.
11. Curve of excitability and origin of its phases.
12. Effect of a direct current on tissue.
13. Concept about a motor and neuromotor unit.
14. Physiological properties of muscles.
15. Irritation of muscles and ways of registration.
16. Single muscular contraction.
17. Change of muscle fiber excitability at its contraction. Optimum and pessimum of muscular contraction.
18. Summation and tetanus. 

19. Modern theory of muscular contraction and relaxation.
20. Force and muscle work.
21. Exhaustion of the isolated muscle and exhaustion in the whole organism.
22. Adaptation and trophic influence of sympathetic nervous system on skeletal muscles.
23. Heat generation at excitement and contraction of muscles.
24. Physiological features of smooth muscles.
25. Differences of the smooth muscle from the skeletal muscle.
26. Classification of nervous fibers. 

27. Distribution of excitement on myelin and non-myelin nervous fibers.
28. Laws of excitement conduction on nervous fibers.
29. Synapse. Structure, classification. Excitement transfer mechanism.

Laboratory research number 7

General physiology of the central nervous system

Questions:

1. Concept about the central nervous system. Definition of a reflex.
2. Structure of a reflex arch.
3. The neuron is a structurally functional unit of CNS`.
4. Features of excitement emergence in neuron.
5. Mechanisms of excitement emergence in receptors.
1. Concept about the central nervous system. Definition of a reflex.
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Fig. 14. Neuroglia cells


	The central nervous system is a set of nervous structures in a spinal cord and a brain. CNS` receives information on changes of the external and internal environment and adapts physiological systems for them. 

In CNS` we distinguish two types of cells – neurons and neuroglias. The main function of neurons is to generate action potential. Neuroglia cells are at 10-50 times more than neurons (fig.14). 

They have basic and trophic functions. The reflex is the basic principle of CNS`. The reflex is a response of an organism to changes of the external and internal environment with the participation of CNS`.




2. Structure of a reflex arch.
The reflex arch is structural basis of a reflex (fig.15). It includes the following links.

1) Receptors (sensors) perceiving incentives of the external or internal environment;

2) Afferent or sensitive nervous conductors (channels of signals of an entrance);

3) Nervous centers. They include nervous cells which receive, process and issue information (afferent, inserted and efferent neurons);

4) Efferent or motive nervous conductors (channels of an exit);

5) Working bodies (effectors).
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Fig.15. Reflex arch
3. The neuron is a structurally functional unit of CNS`.
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Fig. 16. Structure of neuron
Four areas of neuron (body, dendrites, axon and presynaptic terminals) are various in the functional relation. The body of neuron provides cell metabolism, synthesizes a mediator and accepts excitement. The axon hillock serves as an integrative zone. Excitement is formed here. It is the most excitable area of a membrane.

4. Features of excitement emergence in neuron.
Impulses come to a body and dendrites of a neuron on axons of other neurons. Synapses are between these axons and a body and dendrites of a neuron. Postsynaptic potentials are formed on a body and dendrites of a neuron as a result of passing of impulses through synapses. Postsynaptic potentials are summarized on axon of a neuron hillock. The membrane of an axon hillock is depolarized to critical level as a result of this summation. This is an excitement. Thus, achievement of critical level of depolarization on a membrane of an axon hillock is a condition of excitement emergence in neuron.
5. Mechanisms of excitement emergence in receptors.
Receptors happen to be primary feeling and secondary feeling. Primary feeling receptors. The incentive works on soma or a neuron dendrite. Sodium channels open, there Na+ current emerges. Receptor potential is formed on a membrane. It submits to the law of the power relations, doesn`t extend on long distances and is capable of being summarized. Receptor potential extends to an axon hillock and is summarized there.
[image: image33.jpg]Stimulus

Receptor

protein Dendrite
of afferent

=~/ heuron

receptor /
potential 7/

Trigger
zone

| | Action
potential

To integrating center
(a) Sensory neuron

Stimulus

Receptor
protein

Epithelial
sensory
cell

Vesicle with
neurotransmitter

Neurotransmitter
receptor

Dendrite
of afferent
neuron

Trigger :
zone

| | Action
potential

To integrating center
(b) Epithelial sensory receptor cell




Fig. 17. Receptor potential
The critical level of depolarization is reached on an axon hillock and action potential is formed. Secondary feeling receptors. The stimulus (incentive) affects a receptor cell. It isn`t a nervous cell. Receptor potential is on a receptor cell. It is given to a neuron and on the neuron there is a generating potential. This potential is summarized on an axon hillock and an action potential emerges there.

Laboratory work.
Work 1. Analysis of the reflex arc of somatic reflex.
Objective: to demonstrate the importance of anatomical and functional integrity of each link of the reflex arc for the implementation of reflex.
Object of the study: spinal preparation of frog
Equipment: a tripod with a hook, dissecting set, a glass of acid, a glass for water, 1% solution of sulfuric acid, wool, the ligature.
Stages: 

1. Cut off the upper jaw of the frog by the eyes and wait for the exit from the frog's spinal shock.
2. Immerse the leg in the acid and observe the presence of the reflex. Clean the leg with water.
3. Cut the skin around the shin and remove the skin from the distal end of the legs, dip it into the acid. Describe the results, wash the leg with water.
4. Cut the skin on the thigh and separate the sciatic nerve on the other leg, hold the ligature under it and tighten it. Lower the leg into the acid, describe the results. Wash the leg with water.
5. Destroy the spinal cord and check the reflexes.

Results:
	Condition of reflexes study
	

	1. Spinal reflex arc
2. Removing skin receptors
3. Removing the sciatic nerve
4. Destroying spinal cord
	


Conclusion: The destruction of at least one component of the reflex arc makes it impossible to implement the reflex
Work 2. Study of reflex time by Türk.
Objective: to evaluate the time of excitation of the reflex arc.

Object of the study: spinal preparation of frog
Equipment: a tripod with a hook, dissecting set, a glass of acid, a glass for water, 0,1%, 03,%, 0,5%, 1% solution of sulfuric acid,  wool.
Stages:
1. Lower the leg of the frog in a concentration acid solution 3 times. 

2. Compare reflex time by Türk at different acid concentrations

Results: Digital data

	
	0.1%
	0.3%
	0.5%
	1%

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	mean
	
	
	
	


Conclusion: The higher the concentration, the shorter the reflex time
Laboratory research number 8

Properties of the nervous centers. The principles of coordination in CNS`

Questions:

1. Nervous centers. Properties of the nervous centers (unilateral excitement conduction, the slowed-down excitement conduction, transformation of a rhythm, after-effect, summation, tone of the nervous centers).

2. The general principles of coordination in CNS`.
1. Nervous centers.

The nervous center is a set of neurons at the CNS` various levels which regulate one function or group of similar reflexes (fig.18). The nervous centers have the following properties:

· The impulse extends only from a receptor to a working body.

· The slowed-down excitement conduction. The impulse extends quickly on a nerve, and is delayed in the nervous center. It is the central delay.
· Transformation of a rhythm. The impulse affects a receptor with one frequency, but the impulse leaves the nervous center to a working body with other frequency. 
· After-effect. The incentive has already ceased to affect a receptor, but impulses continue to leave to a working body.

· Summation in the nervous centers. The reflex response doesn`t arise on single incentive but arises on several incentives. Thus postsynaptic potentials are summarized on an axon of a hillock of the central neuron.
· Tone of the nervous center is a condition of hyperexcitability. This state is supported by impulses from overlying departments of CNS` and impulses from peripheral receptors
[image: image34.jpg]



Fig.18. Nervous center
2. The general principles of coordination in CNS`
Coordination of reflex is interaction of excitement and inhibition process in CNS` which provides the organism adaptation to environment conditions. Principles of coordination:

· The principle of a reciprocal or the interfaced inhibition. The same impulse excites motor-neuron of a muscle bending and though Renshaw`s` cell inhibition muscle unbending motor-neuron (fig.19). 
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Fig.19. The principle of a reciprocal
· Divergence of signals. The impulse comes to CNS` from the periphery and disperses on branches of an axon or through inserted neurons. Many central neurons are excited in result (fig.20).
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Fig. 20. Principles of coordination

· Convergence of signals. Numerous terminals of nervous fibers come to an end (converge) on one central neuron. Impulses from multiple sources arrive on these neurons (fig.20). 

· Central facilitation. Two afferent axons – axon 1 and axon 2 arrive in CNS`. Branches of both axons come to an end on central neurons. Neurons of a threshold zone (liminal zone) and neurons of a subthreshold zone (subliminal zone) are distinguished among these central neurons. Impulses coming only on their axon are sufficient for excitement of neurons of a threshold zone and they are insufficient for excitement of neurons of a subthreshold zone. Total reciprocal reflex reaction at separate irritation of axons 1 and 2 is less than reciprocal reflex reaction at simultaneous irritation of axons 1 and 2. It occurs because neurons of a subthreshold zone on which branchings from both axons agree, participate in response together with neurons of a threshold zone at simultaneous irritation of axons1 and 2.
· Central block (occlusion). It is only about neurons of a threshold zone. Total reciprocal reflex reaction at separate irritation of axon 1 and 2 is more than reciprocal reflex reaction at simultaneous irritation of axons 1 and 2. It occurs because the neurons receiving impulses from both axons participate twice in response at separate irritation of axons 1 and 2.
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· Principle of dominance. It is opened by A.A. Ukhtomsky. The dominance is a group of the nervous centers possessing hyperexcitability. The dominant possesses properties of hyperirritability, ability to a summation (summarizes the impulses going from other receptive fields) is inertial (once having arisen doesn`t disappear completely).
Laboratory work.
Work 1. The study of the phenomenon of summation of excitation in the nerve centers.
Objective: to show the possibility of obtaining a reflex response to multiple subthreshold stimulation.
Object of the study: Spinal preparation of frogs
Equipment: a tripod with a hook. An induction coil, a glass, a saline solution.
Stages:
1. Suspend the preparation for the jaw and wait for exit frog of spinal shock. Put under it a glass with saline solution so that one of the legs was immersed in the solution.
2.Place the electrodes in the solution and passing a current through it, find the force threshold at which flexion reflex occurs.
3. Reduce the amperage and make sure that single subthreshold pulse does not cause the reflex.
4.Impact on the foot by a series of subthreshold stimuli to obtain reflex.
Results:
	Character of stimulation
	Strength stimuli (cm or V)
	Presence of reflex

	Single threshold stimul
	
	

	Single subthreshold stimul
	
	

	Series of subthreshold stimuli
	
	


Conclusion:
Laboratory research number 9

Process of inhibition in CNS`

Questions:

1. Definition and types of inhibition in CNS`.
2. Postsynaptic inhibition.
3. Presynaptic inhibition.
4. Central Sechenovsky inhibition.
5. Simple inhibition chains.
1. Definition and types of inhibition in CNS`.
Inhibition in CNS` is an active process resulting from one excitement and directed on easing up to complete fading of other excitement. There are two types of inhibition in CNS`: postsynaptic and presynaptic. 

2. Postsynaptic inhibition.
Postsynaptic inhibition arises on a postsynaptic membrane of an inhibitory synapse (fig.21). The impulse arrives on the terminal. Ca2+ channels open. The mediator leaves through a presynaptic membrane, diffuses through a synaptic crak and contacts receptors on a postsynaptic membrane.
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Fig.21. Postsynaptic inhibition

The leaving K+ current amplifies or the chloride minus current entering results here. Inhibitory postsynaptic potential (IPSP) is formed on a postsynaptic membrane. This potential submits to the law of the power relations, doesn`t extend on long distances and is summarized. 

3. Presynaptic inhibition.
Presynaptic inhibition arises in an axo-axonal synapse (fig.22). This synapse is formed by an axon of neuron I and axon of Renshaw cell. The impulse extends on an axon of neuron I and causes formation of exciting postsynaptic potential (EPSP) of neuron II. 
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Fig. 22. Presynaptic inhibition

This impulse is faded and doesn`t reach neuron II if the impulse on an axon of Renshaw cell comes to an axo-axonal synapse at the same time. Thus, exciting postsynaptic potential doesn`t arise on neuron II. The entering chronic current shunts the entering sodium current in the field of an axo-axonal synapse and action potential doesn`t extend further. 

4. Central Sechenovsky inhibition.
Ivan Mikhaylovich Sechenov carried out an experiment in 1863. He bared an area of visual hillocks at a frog and determined reflex time by Turk. This time lasts from the moment of frog`s paw lowering into acid until the moment of frog`s paw raising. It was T1 time. Then Sechenov imposed salt crystals on visual hillocks and measured reflex time according to Turk again (fig.23).
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Fig.23. Central Sechenovsky inhibition

It was T2 time. The time of T2 was more than the time of T1. Sechenov made 2 conclusions.

· There is an inhibitory process in CNS`;

· The brain has inhibitory impact on a spinal cord.

Mechanism of Sechenov inhibition. Bodies of neurons of a reticular formation lie in the field of visual hillocks. Axon of these neurons go down in a spinal cord and come to an end on inhibitory Renshaw cells. Axon of Renshaw cells form inhibitory synapses on motor-neurons. Impulse on axons of neurons of a reticular formation goes down in a spinal cord and excites Renshaw cells, when imposing salt on visual hillocks. The impulse arrives on an axon of Renshaw cell on motor-neuron and causes formation of IPSP. IPSP extends to an axon hillock of motor-neuron and reduces its excitability. As a result it is required more time for achievement (At) critical level on an axon of a motor-neuron hillock.

5. Simple inhibition chains.
	a) Reentrant inhibition (fig.24).

The impulse going on an axon of neuron I inhibits this neuron through Renshaw cell.
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Fig. 24. Reentrant inhibition (1- motor neuron, 2- inhibitory presynaptic terminals of the axon of a neuron, 3- Renshaw cell, 4- collateral neuron, 5- axon neuron) 
	b) Lateral inhibition (fig.25).

The impulse extends on branches of an axon of Renshaw cell and inhibits not only neuron I, but also neurons located nearby.
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 Fig. 25. Lateral inhibition (1-Motor neuron I, 2-Renshaw cell, 3-Motor neuron II)



Laboratory work.
Work 1. The proof of the existence of inhibitory processes in the central nervous system (experience of Sechenov)
Objective: to investigate the effect of irritation of the optic tubercles during spinal reflex. To demonstrate the inhibition in the CNS and its reversibility.
Object of the study: the thalamic preparation of the frog
Equipment: a tripod with a hook, dissecting kit, saline solution, 0.5% solution of sulfuric acid, a glass of acid, a glass for water, the salt crystals.
Stages:
1.In intact frog cutting open the skull to expose the brain.
2.Perform a section along the rear edge of the cerebral hemispheres, without damaging the diencephalon. Make the bleeding stop with cotton swab.
3.Hang thalamic drug for the lower part of the jaw and wait for the exit of the shock (5-6 min).
4.Measure the time of the flexion reflex, plunging back foot in acid. Wash the foot. Perform a few samples, establish the average value of the reflex time.
5.In visual bumps put salt, dried the incision. Several times determine the time of reflex. Wash the foot.
6. Remove the crystal, wash the cut with saline, determine the time of reflex.
Results:
	Original reflex time
	Reflex time when applying crystals
	Reflex time after removing crystals

	1.
2.
3.
	
	

	meaning
	
	


Conclusion: T2 is greater than T1, because more time is needed for the formation of EPSP on motor neuron and their summation on the axon hillock
Work 2. The study of the nature of the interaction of reflex acts (experiment of Goltz).
Objective: to study the effect of one reflex to another.
Object of the study: Spinal preparation of frog
Equipment: a tripod with a hook, a tweezers, 0.5% solution of sulfuric acid, a water glass.
Stages:
1. Suspend the preparation for the jaw and wait for exit of spinal shock.
2.Immerse hind legs of the preparation in the acid and determine the time of the flexion reflex. Wash the leg with water.
3.Repeat the experience, previously holding the other back foot with tweezers.
Results: Digital data
Conclusion: The time of the reflex of the withdrawal of the leg from the acid increases when the other leg is clamped with tweezers due to mutual inhibition
Laboratory research number 10

Spinal cord and its functions

Questions:

1. Spinal cord. Conduction and reflex functions.
2. Functions of ventral and dorsal roots of a spinal cord.
3. Segmental and intersegmental principle of a spinal cord.
4. Spinal shock.
1-2. Spinal cord. Conduction and reflex functions. Functions of ventral and dorsal roots of a spinal cord.
The spinal cord has a segmental structure and includes 31-33 segments. Two dorsal roots branch from each segment as well. They consist of efferent fibers of motoneurons and the preganglionic of vegetative neurons. Therefore, dorsal roots are sensitive, and ventral roots are motive. The law of Bell-Magendie: afferent (sensitive) fibers enter the spinal cord in the posterior roots, and the efferent (motor) fibers exit the spinal cord as part of the anterior roots. α and β motoneurons (they innervate skeletal muscles), vegetative neurons (sympathetic preganglionic neurons are with top cervical to the second and third lumbar segment and parasympathetic preganglionic neurons are from the second lumbar to the third sacrum segment) are a part of a spinal cord. Inserted interneurons are also a part of a spinal cord. 
The spinal cord has conductive and reflexive  functions.

Conductive function of a spinal cord. We distinguish ascending (sensitive) and descending (motive) and proper (propriospinal) conductive ways (fig.27).

The ascending ways:

· are formed by axons of spinal ganglion, come to an end in oblongata, transfer information from muscular, tendinous receptors and tactile receptors of skin;

· the spinal-thalamic tract transfers information from pain and temperature receptors;

· the spinal-reticular tract transfers information from painful and temperature receptors to a reticular formation; 

· dorsal and ventral spinal-thalamic tracts transfer information from mechanoreceptors of skin, muscles and joints.
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Fig. 26. Function of a spinal cord

The descending ways:
Main corticospinal tract. It originates from neurons of motor areas of cortex and comes to an end on motoneurons of a spinal cord. Branches direct from this tract to a red nucleus, a reticular formation, vestibular nuclei, a tegmentum. 
Extrapyramidal ways begin with these structures: turbo-spinal, tectospinal, reticulospinal, vestibulospinal.
Reflexive function of a spinal cord:

· tendinous reflexes. These reflexes arise at easy blow on a tendon and are shown by reflexive inhibition of the muscles attached to this tendon. 

· Bending reflexes are shown by bending of a hand or foot in response to a prick, a burn. They are protective reflexes.

· Rhythmic reflexes (scratching).
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Fig.27. Corticospinal pathway
In a spinal cord there are centers of sweating, a tone of blood vessels, breath (C3-C4), urination, defecation, erection and ejaculation. 
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Fig.28. Spinal reflexes.

3. Segmental and intersegmental principle of a spinal cord.
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Fig. 29. Segmental and intersegmental principle of a spinal cord
Reflex arches of dermato-visceral reflexes have the segmental structure. These reflexes begin with receptors of skin and come to an end with change of work of internals. The essence of this structure is in that, each segment of a spinal cord innervates corresponding body metameasure (fig.29). Therapeutic effect of acupressure, akopunktura, local warming and cooling is based on the segmental principle of dermato-visceral reflexes. The intersegmental principle of spinal reflexes is that each metameasure of a body receives an innervation not only from the segment, but also from overlying and underlying segments.

4. Spinal shock
Spinal shock is a state after disruption of communication between a brain and spinal cord. The lethal outcome happens if the gap occurs at the level above C3-C4 (fig.30). Motoneuron of respiratory muscles are here. Impulses from the respiratory center in a medulla cease to arrive to these motoneurons. The death occurs because of respiratory standstill. All reflexes which centers lie below a disruption disappear, at a gap is lower C3-C4. It results from decrease in a tone of these centers. The tone of the centers decreases as a result of disappearance at a disruption of the descending activating influences of a brainstem reticular formation. The tone is restored under the influence of impulses from peripheral receptors. However these is a state of a hyperreflexia. Thus there are all reflexes controlled by the nervous centers below the disruption place arise at irritation of one receptive area. This state results from disappearance at a disruption of the descending inhibition influence of a brainstem reticular formation.
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Fig.30. Spinal cord injury
Laboratory work.
Work 1. Spinal shock.
Objective: to demonstrate spinal shock

Object of the study: frog, 
Equipment: a tripod with a hook, a tweezers, scissors
Stages: 
Suspend the preparation for the jaw and wait for exit frog of spinal shock.
Results: Condition of reflexes study
Conclusion: experimentally observed spinal shock
Work 2. The study of receptive fields of spinal reflexes.
Objective: to show whether each reflex act has its receptive field.
Object of the study: Spinal preparation of frog
Equipment: a tripod with a hook, a glass of acid, water glass, 1% sulfuric acid solution, pieces of filter paper, tweezers.
Stages: 
1. Suspend the preparation for the jaw and wait for exit frog of spinal shock.
2.The pieces of paper wet in acid and successively place on the area of the Achilles tendon, calf, thigh of the front foot, abdomen, chest and side surfaces of the body. Observe the reactions.
3.After each sample rinse off the acid with water.
4.The intervals between samples 2-3 min.
Results: Describe is occuring reactions.
Conclusion: experimentally confirmed the segmental principle of the spinal cord
Work 3. The study of reflexes in humans.
Objective: to observe and evaluate some of the reflexes in humans with diagnostic value in neurological practice.
Object of the study: human
Equipment: Neurological hammer, shield.
Stages and Results:
	Reflexes 
	Technique research
	Reflex arc 

	Periosteal reflexes

	Stylo-radial
	A neurological hammer the doctor strikes the styloid process. The reflex can be caused in several ways: a) both hands of the patient are bent under a straight or obtuse angle in the elbow joints; the doctor keeps them on weight for a brush in the middle position between pronation and supination; b) both hands of the patient are located freely, so that elbows rest on the table; The patient's hands are slightly supported by the doctor in the middle position between pronation and supination. In response, normal flexion is observed in the elbow joint and pronation of the forearm.
	CV-CVI-CVII-CVIII
[image: image52.jpg]




	Shovel-brachial reflex
	Apply slight neurological hammer blow on the inner edge of the blade. In response normally observed reduction (rotation) arm outwards.
	CV-CVI
[image: image53.jpg]




	Reflections caused by a lower limb

	Knee-jerk 
	The subject sits on a high chair so that his legs hanging freely or were laid one upon another. Neurological hammer cause slight blow on the tendon below the kneecap. In response, there is a decrease in the rate of extensor muscles.
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	Achille reflex
	The subject kneels on a chair so that his feet dangled. Very hit a hammer on the Achilles tendon and watch the extension of the foot caused by a reduction in the gastrocnemius muscle.
	[image: image55.jpg]




	Reflexes caused to the upper extremities

	The reflex reaction of the biceps
	Ask the subject to sit in front of the experimenter, and put his hand on the table, relax it. The experimenter substitutes the palm of your hand under the elbow of the subject and holds his forearm, his thumb on the biceps tendon. The experimenter hits the hammer on his finger and says the tendon tension and flexion of the forearm at the elbow resulting from the reduction of the biceps. The experimenter left hand supports the test arm in a horizontal position so that his forearm was hanging freely down. Flipping hammer on the tendon three-headed muscle of the elbow just above the olecranon and watch extension arm at the elbow.
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	The reflex reaction of three-headed arm muscle
	The experimenter left hand supporting the shoulder of the test the first in a horizontal position so that his forearm was hanging freely down. Flipping hammer on the tendon three-headed muscle of the elbow just above the olecranon and watch extension arm at the elbow.
	[image: image57.jpg]C |V-CV






	Reflex reactions to skin irritation

	Plantar reflex
	Apply on the skin of the foot closer to the inside of the bar irritation special wand or a blunt pencil. In response, there is flexion of the fingers to the foot. If the thumb is raised up, and the rest of the fingers apart, such a reaction is called extensor type of plantar reflex or Babinski reflex.
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	Abdominal reflex
	The subject is on the skin right or left side of the abdomen is applied fairly strong bar-irritation. There is a reflex contraction of the abdominal muscles, resulting in a shift towards the umbilicus, which is applied to irritation.
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	Cremasteric  reflex
	The patient is lying back on the couch, the stroke is applied to the skin irritation inner thigh. In response, there is a reflex contraction of cremaster muscle.
	L1-2


Conclusion: experimentally verified spinal reflexes
Laboratory research number 11

Myelencephalon and its functions
Questions:

1. Medulla. Bulbar animal.
2. Conduction function of a medulla oblongata.

3. Reflex function of a medulla oblongata.

4. Tonic reflexes of a brainstem.
5. Reticular formation of a brainstem.
1. Medulla. Bulbar animal

The medulla oblongata (myelencephalon) and pons varolii include 8 couples of the nerves from the 5th to twelve and neurons of a reticulary formation. 
	V
	Trigeminus nerve
	Afferent and efferent
	Chewing and sensitivity of the person

	VI
	Adduccnt nerve
	Efferent
	Movement of eyes

	VII
	Facial nerve
	Efferent
	The movement of mimic face muscles, salivation and tears. Flavoring sensitivity of tongue

	VIII
	Vestibulocochlear nerve
	Afferent 
	Hearing, sense of equilibrium 

	IX
	Glossopharyngeal nerve
	Afferent and efferent
	Flavoring sensitivity of tongue, sky. Salivation, swallowing

	X
	Vagus 
	Afferent and efferent
	Signals from internals, regulation of inhibitions of smooth muscle, secretion the exocrine of glands 

	XI
	Accessories nerve
	Efferent
	Movement of the head, neck, shoulders. Information transfer from neck muscles

	XII
	Hypoglossal nerve
	Efferent
	Movement of tongue. Information from tongue muscles


2. Conduction function of a medulla oblongata.

Switching nuclei of sensory and motor carrying out ways are located in medulla nuclei of sensory and motor ways. Switching and crossing of sensory ways of tactile and proprioreceptive sensitivity (a lemniskovy way) happen here. The ascending ways of temperature and painful sensitivity pass without crossing to a thalamus. The descending ways from brain to a spinal cord also pass through a medulla oblongata.
3. Reflex function of a medulla oblongata
There are respiratory and vasculomotor centers. They are in reticular formation structures of a bottom and walls of the fourth ventricle. Vagus nuclei (the tenth pair of craniocereberal nerves) form the centers of regulation of heart and digestive tract. The salivatory reflex arises at irritation of taste sensor and mechanoreceptors of an oral cavity. Salivation reflex results from activation of a facial and glossopharyngeal nerve. 
The reflex of swallowing arises at irritation of mechanoreceptors of a tongue root, a throat and a epiglottis by  food or saliva. The impulse from receptors arrives to nuclei of trigeminal and solitary paths and the center of swallowing of a reticular formation. The reflex of chewing is carried out according to the central program of chewing. It is started from mechanoreceptors of the palate, teeth, gums. Impulses arrive to motoring nuclei of a trigeminal nerve. 
The reflex of vomiting arises at irritation mechano- and chemoreceptors of tongue, a throat, gastric mucosa, intestines, a peritoneum, vestibular receptors (at a motion sickness), olfactory and taste sensors. Impulses on fibers of the vagus and glossopharyngeal nerves come to a reticular formation of a medulla oblongata.
The sneezing reflex arises at irritation of the sensitive terminations of a trigeminal nerve by alien substances. Excitement is transferred to the respiratory center, to glossopharyngeal, vagus and hypoglossal nerves.
The coughing reflex arises at irritation of the sensitive terminations trigeminus, glossopharyngeal, the top guttural and vagus nerve by firm particles, gases and products of inflammation in a nasopharynx, a throat and a trachea.

The lacrimal reflex protects a cornea of an eye and a conjunctiva from drying and alien substance. Impulses from a cornea are transferred on fibers of a trigeminus nerve to nuclei of a trigeminus nerve and reticular formation.
The reflex of a blinking arises at irritation of a cornea. The sensitive terminations of a trigeminus nerve are irritation of a cornea. The sensitive terminations of a trigeminus nerve are irritated thus.

4. Tonic reflexes of a brainstem
Tonic reflexes of a brainstem are reflexes on maintenance of skeletal muscle tonus. These reflexes are divided on static and stat-kinetic according to Magnus classification. These reflexes provide tonic tension of the muscles, which fix joints at pose maintenance and balance preservation. Static reflexes are subdivided into pose or position reflexes and righting reflexes. Righting reflexes are shown at pose changing. Stat-kinetic reflexes are shown at a body moving with rectilinear or angular acceleration.

5. Reticular formation of a brainstem.
The reticular formation of a trunk of the brain carries out reflex function and supports a tone of neurons of various departments of the central nervous system. The reticular formation forms the respiratory and a vasculomotor centers. We distinguish the descending and ascending influences of the reticular formation. The descending influences are influences on neurons of a spinal cord. They can be activating and inhibitory. The ascending influences are influences on cerebral cortex. These influences are mainly activating.
Laboratory work.
Work 1. Unipolar stimulation of the medulla oblongata in the frog.
Objective: It demonstrates that in the medulla oblongata are blinking and swallowing centers.

Object of the study: the frog, rheonome
Equipment: Dissecting set, cotton wool.

Stages:

In the frog lays bare the structure of the brain. We introduce one electrode in the region of the medulla oblongata, the second electrode (indefferenty) strengthening of the leg of the frog. We pick up a little more subthreshold current.
Results: With unipolar stimulation of the medulla oblongata, we observe acts of swallowing and blinking 
Conclusion: In the medulla oblongata are the centers of swallowing and blinking
Laboratory research number 12

Midbrain, cerebellum and their functions
Questions:

1. Midbrain. Conduction function of midbrain.
2. Reflex activity of midbrain.
3. Cerebellum and its function.
1. Midbrain. Conduction function of midbrain.
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Fig.31. Midbrain

Midbrain as well as medulla oblongata and bridge relate to stem structures (fig.31). Primary visual area and primary auditory area a quadrigeminal, a red nucleus, substantia nigra, nuclei of nerves reticular formation are parts of the midbrain. Ascending tracts to a thalamus and a cerebellum pass through the midbrain. Descending tracts from cerebral cortex, striatum, hypothalamus go to neurons of the midbrain, to nucleus medulla oblongata and spinal cord.

2. Reflex activity of midbrain.
Primary visual area regulates orientative visual reflexes (fig.32). The animal without cerebral cortex turns its head and changes pupillary width to light. Primary auditory area regulates orientative auditory reflexes. Primary visual area plus primary auditory area plus nucleas, trochlear nerve, oculomotor nerve and nerves regulate protect reflex. It arises at sudden action of non-identified incentive and includes somatic components (change of a tone of skeletal muscles) and vegetative components pulse (change of respiration frequency, emission of stress hormones. A red nucleus activates motor-neurones of flexor. 
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Fig. 32. Reflex activity of midbrain

Experiment with a decerebellate rigidity proves it. The condition of a decerebellate rigidity arises at a section of a rubrospinal tract. The tone of muscles extensors raises sharply thus. Extremites of an animal are strongly extended, the head is thrown back, the tail is raised.  Substantia nigra is a congestion of the nervous cells containing melanin pigment. Substantia nigra regulates acts of a mastication and swallowing, the precise movements of hand fingers. Neurons of substantia nigra synthesize a mediator dopamine. This mediator on axons arrives to basal ganglia.
3. Cerebellum and its functions.
The cerebellum is the highest subcortex centre coordinating motive, vegetative and behavioral reactions. The functional structure of the cerebellum (fig.33). The ancient cerebellum consists of a flocculos, nodule and the bottom of a vermis. It has an entrance from vestibular nuclei. The old cerebellum consists of para floccular section and superior of vermis. It has afferent entrances from a spinal cord. The neocerebellum consists of hemispheres. It receives afferent entrances from cerebral cortex and from muscle receptor through the inferior olive.
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Fig. 33. The functional structure of the cerebellum.
Corpus medullare contains three pairs of nuclei (a fastigii, dentate and intermediate). It is the main efferent exit of the cerebellum to the motor centers of the brain.

Functions of the cerebellum:

· Muscle tone and equilibrium regulation;
· Pose and targeted movement coordination; 

· Targeted movement programming.
The cerebellum has activating and inactivating impacts on the vegetative centers (breath, digestive) and activity of internals. It was proved by works of academic L.A. Orbeli.

Laboratory work.
Work 1. Influence of destruction of semicircular canals on frog locomotion
Objective: to observe the behavior of the frog in the conditions of destruction of the semicircular canals
Object of the study: the frog
Equipment: Dissecting kit, a basin of water.
Stages:
Pull out the lower jaw with tweezers. Preparatory curved needle is introduced into the white tubercle at the bottom of the oral cavity. Rotating movements destroy the labyrinth. Drop the frog into the water and observe the nuances of swimming movements.

Results: The frog will swim in the direction of the destroyed semicircular canals 

Conclusion: The labyrinth controls the tone of the muscles of the crotch of the opposite side. The tone of the muscles of the trunk of the same name is weakened.
Work 2. Research of installation-tonic reflexes.
Objective: to observe the tonic reflexes and to establish their role in maintaining the equilibrium of the body in space.
Object of the study: guinea pig
Equipment: Rotating table, a plate 70x70 cm
Stages:
1.Static reflexes of posture: place the guinea pig on the table and mark the original position of his head, body and limbs. Tilt the head of the guinea pig back, observe the change of position of the limbs.
2.Static rectifier reflexes:
(a) put the guinea pig on table and note the sequence of the return of the head and torso to the starting position.
b) Repeat the test, holding the guinea pig's head.
C) Put the guinea pig on his side, holding his head. Place the plate on the top. Observe the nature of the responses.
3.Stato-kinetic lift reflexes: put the guinea pig on the plate, quickly raise it up, note the nature of the reactions. Repeat the observation with the lowering plates.
4.Stato-kinetic reflexes on rotation: rotate the guinea pig on the table, pay attention to the movement of the head and eyes.
Results:
	Conditions of study
	Reflex reactions

	1.
2. a)
b)
c)
3.
4.
	


Conclusion:
Work 3. Nystagmus eyes

Objective: to observe nystagmus eye in the guinea pig when the angular acceleration

Object of the study: guinea pig
Equipment: swivel chair
Stages: guinea pig sit on a chair and rotate. To observe eye movement in the direction opposite to the rotation, with a rapid return to the original position
Results: Observed sweeping movements of the head and involuntary vibrational movements of the eyes. The reaction after rotational vertigo is explained by the divergence of information from visual analyzers and semicircular canals.
Laboratory research number 13

Diencephalon (betweenbrain) and its functions. Physiology of vegetative nervous system

Questions:

1. Hypothalamus. Hypothalamus participation in the regulation of autonomic functions.
2. Thalamus. Functional characteristics of major nuclear groups.
3. Comparative characteristics of the sympathetic and parasympathetic divisions of the autonomic nervous system. The synergy and antagonism of their relative influence.
1. Hypothalamus. Hypothalamus participation in the regulation of autonomic functions.
Hypothalamus is a department of the intermediate brain. It is at the bottom and on each side of the thud brain ventricle. It includes anatomical structures: a tuber cinereum, infundibulum which comes to end and a hypophysis and corpus mamillare. 
Nuclei of a hypothalamus have badly outlined borders and it is difficult to consider them as the centers of certain functions. It is more convenient to  divide hypothalamus into areas and zones with certain functions.
· Nuclei of pre-optical and forward groups form trophy to a hypophysis area. Neurons of this area produce releasing hormones. These factors regulate activity of an anterior to be of hypophyses.
· The median group of nuclei forms medial hypothalamus. There are neurons sensors. These neurons react to changes of the internal environment of an organism (temperature, blood position).
· Later hypothalamus has no nuclei. There are conduction elements forming ways to the brainstem. Hypothalamus is the highest subcortical center of vegetative functions. There are centers of protein metabolism, fat metabolism, carbohydrate and water-salt metabolism, the centers of hunger and saturations, the center of thirst, the center of thermal control. Hypothalamus participates in alternation of a dream and wakefulness. The centers of sexual behavior, fear, rage are located in a hypothalamus.
Neurons in front part of a hypothalamus develop hormones: antidiuretic hormone and oxytocin (fig.34). These hormones by axon transporting are transferred to neurohypophysis and here they come to blood. Neurons of a tropic area to a hypophysis develop realizing hormones. These hormones come to blood and by current of blood are transferred in adenohypophysis. Here they influence on the development the hypophysiotropic hormones.
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Fig.34. Hypothalamic-hypophysis communication
2. Thalamus. Functional characteristics of major nuclear groups.
Thalamus (diencephalon) is a gate to cerebral cortex. Information from all receptors except the olfactory comes to cerebral cortex through thalamus. All nuclei of a thalamus are divided into specific, nonspecific and associative according to Lorento de No classification. Specific nuclei are ventrae anterior nuclei, medial nuclei, ventral lateral nuclei, post lateral nuclei, post medial nuclei, lateral and medial geniculate nuclei. Information on physical and chemical characteristics of incentive arrives on these nuclei from receptors by specific sensor ways. From specific nuclei information comes to sensorial areas of the cerebral cortex.
Nonspecific nuclei are the medial center, the paracentral nuclei, central medial and lateral, submedial, parafaccicular complex, a reticular nucleus, the thalamus opticus. Impulses from a reticular formation of a brain stem, a hypothalamus, limbic system arrive to these nuclei. Axons of these nuclei form branches in all layers of cerebral cortex.
Associative nuclei receive information from receptors on the biological significance of the stimulus on the associative sensory pathways. They also receive information from the thalamus within the various specific nuclei. The impulses along the axons of associative nuclei come in association areas of the cerebral cortex.

3. Comparative characteristics of the sympathetic and parasympathetic divisions of the autonomic nervous system. The synergy and antagonism of their relative influence.
The neurovegetative system (autonomic nervous system (ANS`) innervates internals and includes sympathetic and parasympathetic departments (fig.35, 36). In the central nervous system there lies the body of the first or preganglionic autonomic neuron. Its axon leaves CNS` and comes to an end on a body of the second or postganglionic neuron. 
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Fig.35. Reflex arch of a vegetative reflex
Bodies of these neurons form vegetative ganglia. Ganglions of sympathetic department are vertebral (are located on both sides of a backbone in the form of two chains) and prevertebral (solar plexus, ganglion mesentericum cranialis and inferiour) (fig.35,36). Ganglions of parasympathetic department are located in bodies or near them. 
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Fig. 36. Autonomic nervous system
Vegetative ganglions have properties of the nervous centers. If the body is innervated by sympathetic and parasympathetic nerves these nerves are antagonists. It means that under the influence of one nerves the organ strengthens the work but under the influence of other nerves the organ slows down the work. These two departments of vegetative nervous system can also act as synergists. It means that if the processes connected with power consumption, parasympathetic activates the processes connected with energy accumulation.

Laboratory work.
Work 1. Galvanic skin response & the polygraph.
Objective: to become familiar with procedures for recording the galvanic skin response
Object of the study: Human
Equipment: Biopac Student Lab – 3 electrodes per subject, electrode lead set, respiration transducer, electrode gel, GSR transducer, 9 sheets of different colored paper, computer system
Stages:
The subject must not be able to see the record as it is being recorded. The environment must be quiet. Sensory input to the subject must be kept at a minimum since almost any change in the environment may evoke a response. The subject should remain as still as possible during recording, relaxed with arms resting on the armrests. Subject should answer a question in a quest tone with minimal movement of the mouth. Subject should be at his/her resting heart rate in a relaxed mental and physical state, and should not have performed any recent physical or mental exertion
Results:
Tabl.1 Segment 1 Data
	Procedure
	Heart Rate (CH 41 Value)
	Respiratory Rate (CH 40 BMP)
	GSR (CH 3 Value)

	Resting (baseline)
	
	
	

	Quietly say name
	
	
	

	Count from 10
	
	
	

	Face touched
	
	
	


Tabl.2 Segment 2 Data

	Square color
	Heart Rate (CG41 Value)
	Respiratory Rate (CH 40 BMP)
	GSR (CH 3 Value)

	White
	
	
	

	Black
	
	
	

	Red
	
	
	

	Blue
	
	
	

	Green
	
	
	

	Yellow
	
	
	

	Orange
	
	
	

	Brown
	
	
	

	Purple
	
	
	


Tabl.3 Segment 3 data

	Question
	Answer
	Truth
	Heart Rate (CG41 Value)
	Respiratory Rate (CH 40 BMP)
	GSR (CH 3 Value)

	Student?
	Yes
	Now
	Yes
	Now
	
	
	

	Blue eyes?
	Yes
	Now
	Yes
	Now
	
	
	

	Brothers?
	Yes
	Now
	Yes
	Now
	
	
	

	Earn “A”?
	Yes
	Now
	Yes
	Now
	
	
	

	Motorcycle?
	Yes
	Now
	Yes
	Now
	
	
	

	Less than 25?
	Yes
	Now
	Yes
	Now
	
	
	

	Another planet?
	Yes
	Now
	Yes
	Now
	
	
	

	Aliens visit?
	Yes
	Now
	Yes
	Now
	
	
	

	“Fear Factor”?
	Yes
	Now
	Yes
	Now
	
	
	

	Truthful?
	Yes
	Now
	Yes
	Now
	
	
	


Conclusion: Skin-galvanic reaction is the reaction of the skin in response to a change in the emotional state of the subject.
Laboratory research number 14
Questions to the Colloquium
1. Concept of the central nervous system. Definition of a reflex.

2. Structure of a reflex arch.
3. The neuron is a structurally functional unit of CNS`.
4. Features of excitement emergence in neuron.
5. Mechanisms of excitement emergence in receptors.
6. Definition and types of inhibition in CNS`.
7. Postsynaptic inhibition.
8. Presynaptic inhibition.
9. Sechenov Central inhibition.
10. Simple inhibition chains.
11. Spinal cord. Conduction and reflex functions.
12. Functions of ventral and dorsal roots of a spinal cord.
13. Segmental and intersegmental principle of a spinal cord.
14. Spinal shock.
15. Medulla. Bulbar animal.
16. Conduction function of a medulla oblongata.

17. Reflex function of a medulla oblongata.

18. Tonic reflexes of the brainstem.
19. Reticular formation of the brainstem.
20. Midbrain. Conduction function of midbrain.
21. Reflex activity of midbrain.
22. Cerebellum and its function.
23. Hypothalamus. Hypothalamus participation in the regulation of autonomic functions.
24. Thalamus. Functional characteristics of major nuclear groups.
25. Comparative characteristics of the sympathetic and parasympathetic divisions of the autonomic nervous system. The synergy and antagonism of their relative influence.
Laboratory research number 15

Physiology of analyzers

Questions:

1. Definition of the analyzer according to I.P.Pavlov. Functions of the analyzer.

2. Visual analyzer:
a) Receptor apparatus. Photochemical processes in a retina.
b) Conduction part of the visual analyzer.
c) Cortical representation of the visual analyzer.
d) Accommodation. Visual field. Visual acuity.
1. Definition of the analyzer according to I.P.Pavlov. Functions of the analyzer.

The analyzer is a part of nervous system including the peripheral receptors, conductive ways and sensory centers. The analyzer has three parts: receptor, conduction and cortical.

Functions of the analyzer:
1) Detection.
2) Distinction. The law of Weber and Fekhner works. “Intensity of feeling is directly proportional to a logarithm of incentive power”.
3) Coding.
4) Transfer and transformation. Thus there is a restriction of surplus information and allocation of essential signs of a signal.

5) Pattern of recognition. It is a final and the most difficult operation of the analyzer. Thus there is a classification of an image, its reference to a class of objects which the organism met earlier.

2. Visual analyzer.
a) Receptor apparatus.
The retina is the receptor apparatus of the visual analyzer (fig.37). The retina has a multilayered structure. This is a secondary feeling receptor. Sticks and flasks are receptor cells of a retina. The layer of bipolar neurons is located behind a layer of receptor and further is located the layer the ganglionic of nervous cells. Axon of the ganglionic cells form an optic nerve. 
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Fig. 37. Receptor apparatus

Photochemical processes in a retina. Sticks include a pigment rhodopsin. Flasks include a pigment iodopsin. Pigments chlorolab and erithrolab absorbing beams of green and red parts of the light spectrum are also available in flasks. Rhodopsin is a compound of retinal and a protein of opsin. At action of quantum of light retinal passes cis – trans isomerization and is chipped off from protein of opsin. Chemical transformations occur, energy spent for closing of sodium channels is emitted. Hyper polarizing receptor potential arises. This potential is transferred through bipolar to ganglion cells and on them there arises generating potential, if the critical level of a depolarization is reached at a summation. The structure of iodopsin is close to the structure of rhodopsin. But opsin in flasks differs from opsin in sticks (fig.38).

b) Conduction part of the visual analyzer.
Axon of ganglion cells form an optic nerve (fig.39). Optic nerves of both eyes partially cross in the field of the skull basis. Further there is a visual tract. 
The fibers of the visual tract go to the lateral geniculate bodies, the upper tubercles of the quadruple, the thalamus, the suprachiasmatic nucleus of the hypothalamus and the nucleus of the oculomotor nerve. From the upper tubercles quadruple fibers of the optic tract fall into the pulvinar. Information comes from the thalamus are sent to the occipital lobe of the brain.
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Fig. 38. Photochemical processes in a retina
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Fig. 39. Conduction part of the visual analyzer


	c) Cortical representation of the visual analyzer. Axons of a lateral geniculate body go to the 17th field of cerebral cortex. It is a primary visual cortex. From a pillow of thalamus information is transferred to 18th and 19th field of cortex. It is a secondary visual cortex.

d) Accommodation is the adaptation of eyes to accurate vision of variously remote subjects (fig.40). The main thing is a change of curvature of crystalline lens. A field of vision is the space distinctive when an eye fixes a look at one point. The field of vision is measured in perimeter. Fields of vision of various colours aren`t identical. Visual acuity is the maximum ability to distinguish separate objects. It is determined by the shortest distance between two points which an eye sees separately. 
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Fig. 40. Accommodation
Laboratory work.
Work 1. Study of visual acuity.
Objective: to master the method of the study of visual acuity in humans and to define it.
Object of the study: human
Equipment: Sivtsev's table, panel, pointer.
Stages:
1. Hang the table on a well-lit wall.
2. Offer the test subject to depart at 5 meters from the table and look with his one eye, closing the other with the flap.
3. Start the study with an average line. Depending on how the subject sees the letters of this line, proceed to the lines located above or below.
4. Repeat the test for the other eye.
Results: (the calculation of visual acuity for each eye)
Conclusion:
Work 2. Pupillary reflexes.
Objective: observe the reaction of the pupil to the action of light
Object of the study: human
Stages:
1. The direct reaction of the pupil to light: cover eyes with a shield for a while, then quickly remove it. Note the reaction of the pupils.
2. Friendly reaction of the pupil: cover one eye with a shield for a while to observe the width of the pupil of the other eye. Describe the reaction.
3. The reaction of the pupil in accommodation and convergence: put before the subject at some distance the hammer and slowly bring it to his nose. Monitor eye movements and changes in the width of the pupil. Describe the reaction.
Conclusion: experimentally investigated the reaction of the pupil to light
Work 3. The study of visual fields
Objective: to master the technique of the study of visual fields in humans and to determine their boundaries in the test.
The object of the study: human
Equipment: perimeter, white and colored stamps, the flap.
Stages:
1. The test subject puts his back to the light, chin sets on the stand perimeter so that the lower edge of the orbit was at the level of the upper part of the reticle plate. The other eye is closed with flap. Look to fix the white dot in the center of the perimeter.
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2. Set the arc of the perimeter horizontally, take the white mark and slowly move it along the inner surface of the arc to the periphery, until it will be out of sight of the examinee. Measure the field of vision inwards and outwards in degrees.
3. Repeat the test at a vertical position of the arc.
4. Similarly, determine the boundaries of the field of vision of the other eye.
5. Using colorful stamps, define the border of color fields for both eyes.
Results: (graphic images of fields of view for both eyes)
	Left
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	Right
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Conclusion: We estimated the fields of black-and-white and color vision for the right and left eyes.
Work 4. Electrooculogram.
Objective: to compare eye movements while fixed on a stationary object and tracking objects; measure duration of saccades and fixation during reading
The object of the study: human
Equipment: Biopac Student Lab, electrode gel, electrode lead set, vinyl electrodes
Stages:
1. The subject should be positioned to see the computer screen easily without moving his/her head.
2. Subject should focus on one point of the object, and maintain that focus while following it around
3. Horizontal tracking. The test records the view of the object. The head holds an object in the center and moves horizontally, and returns to the center in about 3 seconds.
Vertical tracking. The object is moved from the center up and down.
Reading. Subject text reading for 20 seconds.

4. Data analysis. 

Results: Measure the amplitude and time intervals of data on horizontal and vertical tracking. In the segment of "reading" get saccades.

Conclusion:
Laboratory research number 16

Physiology of analyzers

Questions:

1. Acoustic analyzer. Structure. Functions.
2. Vestibular analyzer. Structure. Functions.
3. Somatosensory analyzer.
4. Taste analyzer.
5. Olfactory analyzer.
1. Acoustic analyzer. Structure. Functions.
Acoustic analyzer is a sensory system perceiving fluctuations of the external and internal environment (frequency is from 16 hertz to 16 kilohertz) and forming sound feelings. The sound detecting and sound conducting apparatus includes an auricle, external acoustic duct, a middle ear and an internal ear. In an internal ear the bone channel of a snail shares two membranes on three channels high, lower and average. The endolymph fills the average channel. Korti`s organ is in the average channel. 
This organ includes cochlear hair receptor cells and a tectorial membrane. The electric phenomena in a snail:

· endolymph potential. Doesn`t depend on incentive.

· Receptor potential. It is connected with bending of stereocillia at action of a sound. 

· Cochlear microphone potential arises at action of a sound and is generated by external hair cells.

Emergence of excitement in a receptor of the acoustic analyzer. Stereocilias are bent at action of a sound. A receptor potential emerges on hairpin cages. It is given to ganglionic cells where it is resulted in a generating potential. This potential is summarized on an axon of a hillock and action potential arises at achievement E critical. 
Conductive department of the acoustic analyzer. Axons of ganglionic cells form an acoustical nerve. The conductive department contains up to 6 levels of switching (cochlear nuclei, upper olive, trapezoid body, lower colliculus, medial geniculate body, pulvinar thalami). 

Cortical department of the acoustic analyzer. Primary acoustical cortex is the 41 st field of Heschl gyrus and the 42 nd field of the top temporal cortex. It provides feeling of tones, noises, sounds. Secondary acoustical cortex is the 22 nd field of top temporal cortex. It provides comprehension of tone sequence.
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Fig. 41. Acoustic analyzer.
2. Vestibular analyzer. Structure. Functions.
This is a sensory system estimating position/location and movement of the head in space. Receptor department of a vestibular analyzer (fig.42). It is in a pyramid of a temporal bone and includes three mutually perpendicular semicircular channels ending with ampullas. In ampullas there are hairpin cells are deep into endolymph. 
Density of the membrane is equal to endolymph density. Receptor cells are also in sacculus and utriculus. Hairpin cells are deep into lithic membrane here. Density of this membrane is higher than density of an endolymph at the expense of calcium salt crystals. 
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Fig.42. Vestibular  analyzer

[image: image78.jpg]Vestibulocochlear (VII)
nerve:

Vestibular branch
Cochlear branch

Utricular nerve

Saccular nerves
Vestibular ganglia

LATERAL MEDIAL

Scala tympani
Scala vestibuli

Ampullary e € 5 Spiral organ of
nerves ; Corti

Spiral ganglion

‘Oval window
Spiral ganglion ? N Helicotrema
Cochlear duct




Fig.43. Vestibular analyzer.

Emergence of incentive in a receptor of a vestibular analyzer. At action of incentive hairpin cells are deformed and there receptor potential emerges. Hairs of receptor cells in a sacculus and utriculus are deformed at gravity, the linear acceleration, a centrifugal force and vibration. Receptor cells in ampulla are deformed at rotary acceleration. Receptor potential is transferred to bipolar cells and there generating potential appears. It is summarized on an axon of a hillock and there action potential emerges. Conductive department of a vestibular analyzer.

Axons of neurons of a vestibular nerve follow to vestibular nucleas (Bekhterev`s`, Roller`s`, Deyters and Shvalbe in a medulla) (fig.43). From a medulla information comes to a cerebellum and a thalamus (allegedly ventromedial and ventral back nuclei of a thalamus and medial geniculate body). Cortical department of a vestibular analyzer. The vestibular apparatus has wide cortical representation: temporal cortex, insular cortex, anterior cingulate gyrus, bottom of postcentral gyrus.
3. Somatosensory analyzer
Somatosensory system processes information from receptors of skin muscles, joints, internals and blood vessels (fig.44). 

[image: image79.jpg]Tongue
Swallowing

Primary
motor
cortex
(precentral

gyrus)

Posterior

Primary
somato-
sensory
cortex
(postcentral

gyrus)





Fig. 44. Somatosensory analyzer.
Tactile sensitivity.

The tactile sense arises at irritation of mechanoreceptors of skin. It is primary feeling receptors (corpuscoli Pacini`s, Meissner`s, Ruffini`s`, disks of Mepkel, bulbs of Krause). Information is transferred on beam fasciculus cuneatus. It switches in a medulla and in a thalamus. Primary somatosensory area of cortex is in a back central gyrus. Secondary somatosensory area is in a groove of Sylrius. 
Proprioceptive sensitivity. allows to perceive changes of position of separate parts of a body. Proprioreceptos are presented by mechanoreceptors of joint  capsules, tendinous receptors of Golgi, intrafusal fibers of muscles. Information from receptors switches in a medulla. From a medulla on a lemniscal way information comes to a thalamus. From a thalamus information comes to somatosensory cortex. 
Temperature sensitivity. Temperature receptors are presented by the free endings in skin. These are primary feeling receptors. Bodies of these neurons are in back ganglions. Their axon switches to the second neurons in back columns of the spinal cord. Then there information goes on spinothalamic and spinoreticular tracts. Information comes to a hypothalamus on a spinoreticular tract. There are centers of heat irradiation and heat production. Information comes from a thalamus to cortical department (a postcentral gyrus) 

Visceral sensitivity. (the interoceptive analyzer) perceives changes of the internal environment of a body. Peripheral department. Receptors are the free nervous endings. Bodies of these neurons lie in spinal or the intramural of ganglions. Or they are receptors of caroticus and aortic corpuscles. Axons of ganglia neurons switch in back columns of a spinal cord. From there information on spinothalamic tracts goes to a medulla. Third neurons are located in nuclei of a thalamus and a hypothalamus. 
The cortical department forms feeling of internal comfort or discomfort. Sensory cortex: the area S1 is in postcentral gyrus. The S2 area is on the top wall of a silvius sulcus.
4. Taste analyzer
A taste analyzer provides perception and the analisis of chemical irritants at their action on receptors of tongue and formation of taste feelings. The receptor apparatus of gustatory cells (fig.45). Their axons form a solitary tract. The second neurons are located in a nuclei of a solitary tract. Their axons come to a hypothalamus, amygdala. The third neurons are in a thalamus. The cortical department is located in the bottom of a postcentral gyrus,
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Fig. 45. Taste analyzer
5. Olfactory analyzer

Olfactory feelings result from effect of odorous chemicals (fig.46). 
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Fig. 46. Olfactory analyzer
These substances exite bipolar chemoreceptors cells of an olfactory neuroepithelium (primary feeling receptor) of a nasal cavity. Axons of bipolar cells enter a cranial cavity through openings of an ethmoid as bone and form olfactory bulb where coming to an end on dendrites of mitral cells. Their axons form an olfactory tract which goes to an olfactory brain. 

Cortical department. The olfactory tract is projected in a parahippocampal gyrus and a hook, the anterior perforated substance, subcallosus area. 

Laboratory work

Work 1. The binaural hearing
Objective: To verify the nature of the binaural hearing
The object of study: the man
Equipment: fork, stethoscope with tubes of different lengths, cotton, alcohol.
Stages:
The subject was put on a chair with his back to the experimenter. Tips rubber stethoscope tubing is inserted into the ears of the test and bring to fonendosсopу sounding tuning fork. Ask the subject to indicate which side he hears the sound. Then, one of the tubes is replaced stethoscope longer and experience repeated. The test reports again, in what direction is the sound source. 
Results: sound source test points from the short tube stethoscope.
Conclusion:
Work 2. The tactile sensitivity. Termoesteziometry.
Objective: To determine the location of the frequency of tactile dots and tactile spatial threshold sensitivity for different areas of the body.
The object of study: the human

Equipment: 2 tubes with hot (46-50 °) and cold (6-10 °) water, a compass Weber, line, cotton, alcohol.
Stages:
1. Determine cold point: this core instrument or, apex conical tubes touch to different parts of the skin, which impose pre-stencil with a square hole. Each time you touch the subject should report that he feels - touch or cold. Calculation of thermal dots produced in the same way by filling termoesteziometr water heated to 50C.
2. Ask the subject sitting on a chair, close your eyes. Esthesiometry with the highest note of the legs touch the different skin areas. At the same time see to it that both legs esthesiometry touched and the skin at the same time and with the same pressure. Continue touching the various test skin areas in a pre-selected sequence, gradually pushing esthesiometry legs, each time adding 1 mm. Celebrating at what distance between the legs on any part of the skin human first distinguishes a double touch.
Results: 

1. Note any areas of thermal receptors in the skin more, which is less than: dorsum of the hand; Palm surface brush
2. Found the value of spatial sensitivity: dorsum of the hand; Palm surface brush
Conclusion:
Work 3. Determination of differential thresholds of sensations (Weber-Fechner law)
Objective: To determine the patterns of differentiated perception of irritation threshold.
The object of study: the man
Equipment: board, pillow, a set of weights (5, 10, 20, 30, 50, 100, 500, 1000 g).
Stages:
1. The test has to close his eyes. put his hand on the set slide and set the initial weight of 1 (eg, 100 g).
2.Carefully add to the initial weight anothers, from the smallest to the feeling of the subject to gain weight.
3. Perform the same operations starting with a large weight loads (e.g., 500 and 1000 g).
Results:
Secure the weight at which will not be felt to add to the load.
Conclusion:
Work 4. The determination of the threshold of taste sensitivity
Objective: to determine and compare the lowest concentration of substances of different taste sensations.
Object of the study: human
Equipment: Eye dropper, 0,001; 0,01; 0,1; 1% solutions of sugar, salt and citric acid.
Stages:
1. Put a drop of 0.001% solution of sugar on the tip of the tongue of the test subject, and offer him to make gulp. Receive a report about the taste sensations. In their absence, increase the concentration of the solution prior to the appearance of taste sensations. Rinse mouth.
2.Perform similar tests with other substances.
Results:
	Substance
	Taste sensation
	Threshold of sensitivity

	Sugar
Salt
Citric acid
	
	


Conclusion:
Work 5. The Weber Test
Objective: to demonstrate the ability to conduct sound through bone.
Object of the study: human
Equipment: Fork, wooden hammer, wool.
Stages:
1.The basis of a sounding tuning fork set on the head of the test subject in the midline. The subject must compare the subjective feeling of the sound in both ears.
2.Close one of the auditory passages of the test subject with a cotton swab. Repeat the test and compare the sensation of sound in the ears.
Results and Conclusion:
Work 6. Checking the Weber-Fechner law by mechanical irritation of the skin
Objective: check experimentally the law
Object of the study: human
Equipment: glass plate, weights
Stages:
The glass plate is applied to the wrist. The subject should close your eyes and know nothing about the experimenter's action. On the plate is applied iron weight weighing 100 g and add weights weighing 0.1 g Based on the responses of the test mark the moment of increase pressure and increase the time of termination of the cargo.
Results and Conclusion:
Laboratory research number 17

Higher nervous activity
Questions
1. Concept of reflex. Classification of reflexes.
2. Rules of development of conditioned reflexes.

3. The scheme and mechanisms of short circuit of temporary communications at development of conditioned reflexes

4. Types of higher nervous activity. The doctrine about the first and the second alarm systems.

5. Inhibition in HNA.

6. Concept of dominant (A.A. Ukhtomsky).

7. Memory. Types and mechanisms of memory.

8. Emotions. Emotional tension.

9. Sleep. Sleep phases.

10. Dynamic stereotype. 

1. Concept of reflex. Classification of reflexes.

The reflex is a response of an organism to incentive with the assistance of the central nervous system. Reflexes happen to be innate (unconditioned) and acquired (conditioned). Innate reflexes (for example a sucking reflex) are inherent in a species in general, are descended and don`t demand special development. They are food, sexual, defensive and adaptation ones. Conditioned reflexes are developed during life. They are individual and aren`t descended. Conditioned reflexes can be food, sexual, defensive, adaptive ones. 
They also are:

· Positive (conditioned reflex arises) and negative (conditioned reflex stops);
· Natural (are developed on the basis of a natural reinforcement) and artificial (are developed on the basis of an artificial reinforcement)

· Reflexes of the Ist, IInd and higher orders. The reflex of the first order is developed on the basis of an unconditional reinforcement. The reflex of the second order is developed on the basis of a reflex of the first order. And so on. Reflexes of higher orders are developed more difficultly.

2. Rules of development of conditioned reflexes.

Development of a conditioned reflex requires two irritants: a conditional or indifferent irritant for example, meat at development of conditional salivation on light).
· The conditional irritant has to be biologically less significant, than an unconditional irritant

· The conditional irritant shouldn`t be very strong

· The animal has to be healthy, be in the awake state and not have other dominants (to be hungry, to have a sexual dominant and so on).

3. The scheme and mechanisms of short circuit of temporary communications at development of conditioned reflexes

SCHEME.

There is an unconditioned reflex of salivation at hitting something on tongue. Also there is an unconditioned reflex of narrowing of narrowing of a pupil at hit of light in an eye. After repeated presentation “light-meat” arises a new conditioned reflex of salivation on light. At the same time conditioned – reflex communications become isolated between cortical both the subcrustal centers of a conditional irritant and cortical and subcrustal the centers of an unconditional irritant. There are several points of view on mechanism of short circuit of temporary communications between neurons of the highest departments of CNS` in the course of conditioned reflexes formation. In this respect there are several theories.
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· theory of bahnung of I.P.Pavlov. At emergence of two centers of excitement in CNS` impulses will extend from less excited to more excited.
· Increase of conductivity of synapses on the way of impulses

· Myelination “naked” presynaptic of axon endings 

· Specific neuropeptids which modulate synaptic transmission are described
· Growth of a synaptic surface of neurons, numbers and areas axospiny of synapses.

4. Types of higher nervous activity. The doctrine about the first and second alarm systems.

The general classification of higher nervous activity types for the individuals and animals is based on the characteristics  of excitement and inhibition. They are estimated on force (the strong and weak), on steadiness (the stable and unstable) and on mobility (dynamic and inert). Ratio of tempers types on Hippocrates`s classification.
· melancholiac. Weak nervous processes. Weak type according to I.P.Pavlov

· choleric person. Nervous processes are strong, mobile, unbalanced. Impetuous type according to I.P.Pavlov
· flegmatic. Nervous processes are strong, balanced, but a little mobile. Labile type according to I.P.Pavlov.

· sanguine person. Nervous processes are strong, mobile, balanced. Strong type according to I.P.Pavlov.

In the first alarm system signals are all incentives perceived by sense organs (light, sound and so on). In the second alarm system a signal is the word. Only a human has it. Classification of the HND specific types is based on a ratio of the first and second alarm systems (it is applicable only for the human).
· Art type. Activity of the first alarm-system prevales. People of this type more often have the strong HNA. They perceive the phenomena and objects entirely in the form of sensual images.

· Cogitative type. The second alarm system is more often. High level of uneasiness is registered.

· Average type. It has approximately equal activity of both alarm systems.
5. Inhibition in HNA.

Inhibition in HNA is process as a result of conditioned reflexes are weakened up to a total disappearance. We distinguish external (unconditioned) and internal (conditioned) inhibition. 
Unconditioned inhibition always accompanies excitement process, doesn`t demand special elaboration and special conditions for realization. There are three types of unconditioned inhibition.

· The dying – away inhibition. It arises at action of a new irritant which causes an oriented reflex. This reflex inhibition is a conditioned reflex on the mechanism of negative induction

· The constant inhibition arises on the disturbing influences (pain, for example).

· Ultraboundary or guarding inhibition. It arises at action of superstrong conditioned irritants and protects cortical cells from an overstrain. 

Conditioned (internal) inhibition.

· Extinctive inhibition. It a rises at quitting of an unconditioned reinforcement.

· Differentiative inhibition. It provides distinction of similar signals, one of which ceases to be supported.

· Conditioned inhibition. It arises at action of the additional irritant preceding a conditioned irritant.

· The late inhibition (a reflex for delay). It allows to include reflex reaction with a delay after action of conditioned irritant.

6. Concept of dominant (A.A. Ukhtomsky).

The concept of dominant was formulated by the physiologist A.A. Ukhtomsky in the 20th  years of the 20th century. The dominant is temporary merging of the nervous centers for achievement of the purpose set for an organism. The dominant processes hypererethism. At the same time the irritation of the most various receptive fields causes the reflex respoud typical of this prepotant area.
Dominant roles:

-provides stability of attention

-provides filtration of signals on the way to the highest departments of the brain

7. Memory. Types and mechanisms of memory.

Neurological memory is an ability of neural networks to fix, store and reproduce information. On the temporary organization we distinguish touch (fractions of a second), short-term (seconds-hours), intermediate (hours-days) and long-term (days-years) memory.
Memory mechanisms.

Basis of touch memory is trace potentials of a nervous impulse. Synoptic basis of short-term memory is, perhaps, reverberation of excitement in neural chains. Mechanisms of intermediate memory (consolidation) are connected with activation of a transcription of genes and synthesis of protein (“proteins of memory”).
Long-term memory is connected with mechanisms of permanent activation of the genome that codes the proteins improving synoptic transfer.

8. Emotions. Emotional tension.

Emotions are subjective reactions to the external and internal irritants which are shown in the form of pleasure, fear, anger, pleasure or displeasure.

There is an opinion that emotions arise only if the organism is faced with a task (purpose), but means for the decision (satisfaction) are not enough.

Functions of emotions:

· The supporting function. This influence of emotions on education and fading of conditioned reflexes (at a reinforcement the reflex of salivation is developed by meat through a mouth quicker, than when giving meat through a probe in a stomach).
· Compensatory function. Emotions mobilize organism reserves at a lack of information.

· The switching function. At the competition of motives emotional coloring provides domination of motivation.
Stages of emotional pressure.

The Ist stage arises when the problem risen before an organism is not usual. At the same time the attention concentrates, resources are mobilized. This state is useful. It trains the organism. 
The IInd stage arises if mobilization of forces at the first stage is insufficient. Tension increases, sthenic negative emotion appears. It is a condition of anger, rage. Activity of the organs and systems providing interaction of the organism with external environment increases extremely.
The IIIrd stage is an astenic negative emotion. It arises if the task demands resources which the organism doesn`t have. It is a condition of fear, horror, melancholy.

The IVth stage is neurosis. It is already a disease, “breakage” of regulatory systems.

9. Sleep. Sleep phases.

The sleep is a periodic physiological process which is characterized by oppression of consciousness and weakening of communication with external environment. 

Physiological role of sleep:

· Recovery function;

· Anti-stress function;

Types of a sleep:

· Physiological sleep (daily, seasonal);

· Not-a physiological sleep (drug).

The sleep begins with a phase of a slow sleep. This phase takes up to 80 percent of time of sleep. At the same time there is a decrease in frequency of breath, heart rate muscular tone, secretion of somatotropic and antidiuretic hormones, anabolism. The phase of a REM sleep takes 20 percent of time of sleep. It is characterized by increase in frequency of breath, brain blood-groove, blood filling organs of a small pelvis and genitals. Secretion of hormones of cortex of suprarenal glands amplifies. But in this phase the tone of skeletal muscles falls as much as possible. Body temperature descreases, there is no secretory and motor activity of a digestive tract. 
Sleep mechanisms.

· The humoral theory assumes that during wakefulness the substances inhibiting activity of cortex of big hemispheres collect (for example, glucopeptide S`).

· Nervous mechanisms. The sleep as a passive process is connected with decrease in receipt of touch incentives in cortex (the theory of a deafferentation of F.Bremer and I.Pavlov). The sleep as an active process is connected with inhibition of the centers of wakefulness and activation of the centers of sleep (the theory V.Hess, G.Moruzzi and H.Megun).
10. Dynamic stereotype. 

Dynamic stereotype is a complex of conditioned and unconditioned reflexes recorded in memory. It is formed at frequent repetition in certain sequence of irritants. At the same time the end of one reflex starts the following reflex. The dynamic stereotype plays an important role in training.
Laboratory work

Work 1. The study of mobility of nervous processes (Tapping test).
Objective: to become familiar with one method of studying the mobility of nervous processes.
Object of the study: human
Stage: the test subject in the most rapid pace causes dots with the pencil in squares 1, 2, 3, 4. The transition from the square to the square takes place every 10 seconds.
Results: the stability or increasing of the number of points – good indicators of the functional state of the nervous system, its decreasing shows a weakness of the mobility processes.
Conclusion:
Work 2. Develop defensive blink reflex.
Objective: to develop defensive blink reflex of the test subject.
Object of the study: human
Stage: After the beep, direct a jet of air in the eyes of the test subject, causing blink movement. After a few repetitions leave only the sound.
Results: blink movement emerges at the sound – reflex has developed.
Conclusion:
Work 3. The evaluation of the capacity of short-term memory.
Objective: to evaluate the capacity of short-term memory of test subject.
Object of the study: human
Stage: In the process of reading the test count words neuter. After 2-3 minutes, the subject must calculate and record the words that were read. VILLAGE, LAMP, HARE, glass, machines, notebooks, lockers, MILK, HEAD, SABRE, STICK, letters, NOISE, SMOKE, LION. With the number of recalled cards calculate the capacity of short-term memory.
Results: compare the obtained value with the norm.
V=n / (15-k)X100

n - the number of correctly reproduced words

15 - total number of words

k - words neuter
The standard range: 

0-30% low, 

31-70% - the average level

71% or more - high level
Conclusion:
Work 4. Reaction time
Objective: Observe the effects of learning and physiological processes on reaction times. Compare reaction times with two presentation schedules: fixed intervals and pseudo-random intervals.
Object of the study: human
Equipment: Biopac Student Lab, headphones
Stage: 
1. Subject should be seated in a relaxed state, with headphones on, eyes closed. The subject should hold the hand switch with his/her dominant hand, such the thumb is ready to press the button.
2. Subject should press and release the push-button switch on the SS10L at the sound of each stimulus: Pseudo Random and Fixed Interval
Results: 
Summary of Subject`s Results

	STIMULUS NUMBER
	REACTION TIMES (ms)

	
	Pseudo Random
	Fixed Interval

	
	Segment 1

(1st trial)
	Segment 2

(2nd trial)
	Segment 3

(1st trial)
	Segment 4

(2nd trial)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	Mean
	
	
	
	


Conclusion: The reaction time-the time from exposure to the stimulus before the objectively recorded reply actions
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Questions to the Colloquium
1. Definition of the analyzer according to I.P.Pavlov. Functions of the analyzer.

2. Visual analyzer

e) Receptor apparatus. Photochemical processes in a retina

f) Conduction part of the visual analyzer

g) Cortical representation of the visual analyzer

h) Accommodation. Visual field. Visual acuity

3. Acoustic analyzer. Structure. Functions.
4. Vestibular analyzer. Structure. Functions.
5. Somatosensory analyzer
6. Taste analyzer
7. Olfactory analyzer
8. Concept of reflex. Classification of reflexes.

9. Rules of development of conditioned reflexes.

10. The scheme and mechanisms of short circuit of temporary communications at development of conditioned reflexes

11. Types of higher nervous activity. The doctrine about the first and second alarm systems.

12. Inhibition in HNA.

13. Concept of dominant (A.A. Ukhtomsky).

14. Memory. Types and mechanisms of memory.

15. Emotions. Emotional tension.

16. Sleep. Sleep phases.

17. Dynamic stereotype. 
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