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Questions to discuss in class:
1. Circulatory system and its function in the body. Position and size of the human heart. Methods of determination.
2. Heart and its hemodynamic function. Phases of the cardiac cycle. Changes in pressure in the heart cavities in different phases of the cardiac cycle. Systolic discharge (SD) and cardiac output (CO). Changes in the CO during physical activity.
3. Valvular heart apparatus, its role in blood circulation. Factors that ensure filling of the heart with blood.
4. Heart function. Excitatory (conducting) system of the heart.  Action potential (AP) of myocytes in the conductive system. The nature of myocyte automatism. Stannius ligature. Decrease in automatism gradient in the conductive system.
5. Cardiac contractile cells: cardiomyocytes, features of their AP. The ratio of the processes of excitation, contraction and changes in the excitability of the heart muscle during contraction.
6. Conduction of excitation in the heart muscle and its violation (heart blocks).
7. External manifestations of heart activity: a) mechanical: apex beat, sound: heart tones - their origin, listening, recording (auscultation, phonocardiography; electrocardiography).
7. Recording of electrical manifestations of cardiac activity. Formation of the various components of the ECG. Fundamentals of ECG analysis and its clinical significance.
STUDENT'S LABORATORY WORK
    Practical work No. 1. Determination of the borders of relative cardiac dullness by percussion.
Practical work No. 2. Auscultation of heart tones. 
Steps of the practical work: 1)  Watching an instructional film in English.

2) See pages 58-62 of the textbook "Practical skills of functional physiological research” Savchenkov Yu. I., Kiseleva V. I. (1993). 
Interpretation of the results: Fill in the table "Places of best listening to heart tones and their sound characteristics". Schematically draw projections of the heart valves and their best listening points on the front surface of the chest.
Practical work No. 3. Phonocardiography and ECG recording using the M30 BIOPAC polygraph. The work is carried out in the functional diagnostics training room using the software "Physiology lessons with BIOPAC Student Lab".  see BIOPAC Manual, part 1. pages 45-52 
Steps of the practical work and interpretation of results: - see "Physiology lessons with BIOPAC Student Lab", manual for registration of functions, part 1., Krasnoyarsk, 2007. 
Practical work No. 4. Registration of the ECG in standard leads with the help of the portable electrocardiograph. 
Steps of the practical work: 1) Watching an instructional film in English.

2) See pages 36-37 of the textbook Savchenkov Yu. I., Kiseleva V. I. (1993) "Practical skills of functional physiological research". 
Draw diagrams of the electrode overlay when recording: 1) main leads (I-III), 2) single-pole leads (AVR, AVL, AVF), 3) thoracic leads (V1-V6).
Practical work No. 6. ECG analysis and filling the conclusion. It is conducted on computers in the study room.  see BIOPAC Manual pages 52-53,
Interpretation of results: 1) Watching an instructional film in English.

2) See pages 39-45 of the textbook Savchenkov Yu. I., Kiseleva V. И. "Practical skills of functional physiological research".(1993) 
Synopsis (summary of the topic):
The heart pumps blood into the vascular system due to the periodic synchronous contraction of the atria and ventricles. The heart has a number of properties that ensure its continuous periodic activity. The cardiac cycle covers one contraction (systole), and one relaxation (diastole). The contraction of the heart is accompanied by changes of pressure in the cavities of the heart and blood vessels, work of the valvular apparatus, the occurrence of tones, etc. With simultaneous graphic recording of these phenomena, we can determine the duration of all periods and phases of the cardiac cycle. Modern research methods allow us to register mechanical and sound manifestations of cardiac activity and get an idea of the dynamics of heart contraction.
The heart is a powerful muscular organ that performs the function of a pump for the movement of blood through the vessels. The heart is located in the chest cavity, in the left half of it. On average, the mass of the heart is 250-300 g, the length of the heart is 12-14 cm, the diameter is 9-12 cm. The physiological axis is directed from right to left, from top to bottom, and from back to front. Determination of the borders of the heart is of great importance in the diagnosis of cardiovascular diseases. 
Most often, the percussion method is used for this purpose. Practically, only three points characterize the three corresponding peripheral borders of the heart - the right, upper and left (Fig. 4.2) 
The right border of the heart in adults is 1-1.5 cm outward from the edge of the sternum, in the fifth intercostal space. The upper border is at the level of the third rib along the parasternal line on the left. The left border is 1-1.5 cm inside the left midclavicular line in the fifth intercostal space. 
In addition to percussion, other objective and more accurate methods are used to determine the boundaries of the heart, which include radioscopy, radiography, echocardiography, etc. 
The heart has a valvular apparatus that allows blood to move in only one direction. There are 4 valves in the heart: two cuspid valves and two semilunar valves. Between the right atrium and the right ventricle is a tricuspid valve. Between the left atrium and the left ventricle is a bicuspid valve. When the left ventricle contracts, this valve does not allow blood to return back to the left atrium. Between the left ventricle and the aorta is the aortic semilunar valve. More recently, a complex structural system has been discovered in the left ventricle, allowing the valve to close even before there is a pressure difference between the aorta and the ventricle. This system seems to protect the valve from early wearing-out under the influence of high blood pressure in the aorta. 
As you know, the heart functions cyclically, i.e. periods of contraction are replaced by periods of relaxation and rest. The systole of the heart begins with a contraction of the atria (0.1 sec). Atrial diastole in this case will last 0.7 seconds. 
Atrial systole is followed by ventricular systole, which lasts 0.3 seconds, then comes ventricular diastole (0.5 seconds). In general, the cardiac cycle of the ventricles lasts 0.8 seconds. Diastole is necessary for the heart to rest. In the right atrium, at the point of the maximum contraction, the pressure is 2-6 mm Hg, at the moment of diastole - 0 mm Hg, and at the point of the maximum inspiration, it can be 2-3 mm less than atmospheric. In the right ventricle at the end of systole, it is 18-25 mm Hg, at the moment of diastole – 0 mm Hg.  In the left atrium at the moment of contraction, the highest pressure is 8-12 mm Hg, at the moment of relaxation - 0 mm Hg.  In the left ventricle, the maximum blood pressure ranges from 120-130 mm Hg, at the moment of diastole - 0 mm Hg. Naturally, these figures change with physiological loads and various pathological conditions associated with impaired functions of the heart muscle.
 There are four phases in the ventricular systole. 
The first phase is the asynchronous contraction. It lasts 0.05 seconds. In this phase, the pressure in the ventricular cavities does not change. Asynchronous contraction involves non-simultaneous, alternating contraction of muscle fibers. In this phase, there are contractions of one group of muscle fibers, then another group. Asynchronous contraction is replaced by the next phase: isometric contraction.
Isometric contraction. The duration of this phase is 0.03 seconds. In this phase, the blood pressure in the ventricles begins to increase. At this time there is a contraction of muscle fibers. However, the length of the fibers does not change: the fibers just strain. At the beginning of this phase, the blood pressure in the ventricles becomes greater than in the atria and due to the pressure difference (between the atria and ventricles), the cuspid valves close. Therefore, the pressure difference is the reason for closing the cuspid valves. The blood pressure in the ventricles gradually increases. Since the blood is practically not compressible, semilunar valves open at the moment when the blood pressure in the ventricle exceeds the blood pressure in the aortic vessel. At what ventricular pressure do the semilunar valves open? In the left ventricle, the aortic valve opens at an average pressure of 75-85 mmHg; in the right ventricle it opens at 10-12 mmHg. Then the phase of isometric contraction is replaced by a phase of rapid ejection of blood.
Rapid ejection of blood lasts 0.1 seconds. It is replaced by a phase of slow ejection of blood. 
Slow ejection of blood from the ventricles lasts more than 0.15 seconds. The long duration of this phase is related to the fact that as the vascular system is filled with blood, the release of blood is difficult.
The systole of the ventricles is finished. Diastole of the ventricles starts. It consists of 4 phases. 
1. The first phase is the protodiastolic phase. It lasts 0.04 seconds. The phase begins from the moment the blood pressure drops in the ventricles to the closure of the semilunar valves. The closing moment of the semilunar valves is determined by the following: as soon as the pressure in the ventricles becomes less than the pressure of blood in the aortic vessels, the blood rushes towards the ventricles and closes the semilunar valves. Then comes the next phase.
2. Isometric relaxation phase. It lasts 0.08 seconds. At this point, the semilunar valves are closed, the blood pressure in the ventricles drops and, as soon as it becomes less than the pressure in the atria, the сuspid valves open. Consequently, this phase continues from the closing of the semilunar valves to the opening of the cuspid valves. 
The cuspid valves have opened and the ventricles are beginning to fill. There are two phases of blood inflow to the ventricles.
3. Rapid inflow phase Lasts 0.08-0.09 seconds.
Slow inflow phase. Lasts 0.16-0.17 sec. 
This is the end of the ventricular diastole.
Apart from the phases, there are other parameters necessary for the assessment of myocardial contractility. One of such parameters is systolic discharge. Systolic discharge is the volume of blood in milliliters ejected per systole. Normally, in a healthy person, this amount is 60-70 cm3 at rest. With physical exertion, naturally, the systolic output increases markedly and reaches 200-250 ml.
Observations have shown that only 60-70% of the total blood volume of the blood contained in the ventricles is ejected from the ventricles at rest, that is, from 30 to 40% of the blood remains in the ventricles. This volume is called end-systolic volume (ESV). And even at the maximum systole, there is always a small amount of blood in the ventricles - from 5 to 10% of the blood. This volume of blood, i.e. remaining after the maximum systole, is called residual volume. It is proved that the increase in systolic discharge, to a large extent, is achieved by reducing the ESV.
Is it possible to determine a person's systolic discharge? Yes. It is determined using another important indicator of myocardial contractility, which is called cardiac output (CO). Cardiac output should be understood as the maximum amount of blood that is released by the heart in one minute. CO in an adult at rest is 4-5 liters of blood (on average). Naturally, with physical exertion, the CO increases and sometimes exceeds 20 liters. The increase in the CO is related to two factors: 1) increased systolic output, 2) increased heart rate. In trained people (whose activities are associated with physical activity), an increase in CO is mainly associated with an increase in systolic output. In the untrained people, CO increases due to an increase in the frequency of heart contractions, and as it was mentioned above, this creates unfavorable conditions for the activity of the body. 
External manifestations of the heart
The external manifestations of the heart's activity can be mechanical and sound.
Mechanical manifestations of the cardiac activity. These include an apex beat (ictus cordis). During the contraction of the ventricles, the apex of the heart hits the inner surface of the chest, causing its vibration (vibrations), which appears in the form of a beat.
External manifestations of cardiac activity include sound phenomena. Otherwise, they are called heart tones. Listening to heart tones is possible a simple auscultation methods that are widely applied in medical practice. There are four tones in the heart.
 The first tone. The first tone has the following auditory characteristics: it is low, prolonged, and deaf. The tone occurs at the moment of contraction of the heart, so it is called systolic. Duration: 0.9-0.12 seconds. Multi-component tone.
The second tone. High, clear, short. Occurs at the time of diastole, so it is called diastolic. The tone is one-component. This is valvular tone. The tone is conditioned by the fact that at the beginning of diastole (when the blood goes towards the ventricles due to the pressure difference from the arterial vessels), the semilunar valves are opened. This causes them to oscillate, which is accompanied by sound phenomena. The duration of the second tone is 0.05-0.07 seconds. 
These two basic tones are well-listened to auscultatively even by people who have no practical skill. In addition to these tones, two more tones arise in the heart, called the third and fourth. Auscultation of the third and fourth tones can be heard only by an experienced clinician.
The third tone is a diastolic tone that occurs at the time of filling the ventricles with blood, especially in the phase of rapid inflow, since this causes vibration of the ventricular walls, accompanied by sound manifestations.
The fourth tone is the atrial tone. It is associated with the fact that at the time of atrial contraction, sound phenomena occur (muscle component). 
Heart tones can be examined not only subjectively (by listening), but also objectively, i.e. by recording them with the help of the device. This is used in cases where changes in heart tones are controversial. The objective method of recording the sound phenomena of the heart is called phonocardiography.
The first tone on the phonocardiogram (Fig. 4.6.) looks like 6-8 waves of different amplitudes. The first 2-3 waves are low-amplitude waves. They reflect sound phenomena associated with the muscle component (asynchronous contraction phase). The next 2-3 waves are high-amplitude waves due to the valve component (closing of the cuspid valves). Finally, the last 2-3 waves of the PhCG are low-amplitude waves. They reflect the vascular component: sounds that occur when blood is released due to vibrations of the walls of the aorta and pulmonary artery.
The PhCG of the second tone consists of 4-5 waves of different amplitudes, which are associated with sound phenomena that occur when the semilunar valves are closed
7 Synopsis (summary of the topic): 
The heart is a muscular organ that has excitability, which changes due to different factors. You may remember that there are four phases of excitation in skeletal muscle. Similar phases occur in the excitation of the heart. The first phase is called absolute refractoriness (absolute refractory phase/period). For the heart muscle, absolute refractory period occupies a phase of rapid repolarization and plateau. It lasts 230-240 ms. Absolute refractoriness is followed by relative refractoriness, which lasts 30-40 ms and occupies a part of rapid repolarization phase. Then a period of hyperexcitability develops, which lasts 30-40 ms. The fourth period is the period of hypoexcitability (subnormal excitability) in the heart is not recorded. 
In humans, electrical phenomena are studied in general on the heart muscle. Total action potential (action potential of the entire heart muscle) is recorded: it consists of individual action potentials of numerous muscle fibers that are excited at this moment. Therefore, the action potential of the entire heart muscle is very complex. To register such a total potential, it is necessary first of all to have an electrocardiograph device that registers graphically augmented potentials of the heart. The scheme of applying the electrodes is as follows. The first lead - the electrodes are applied to the upper extremities. The second lead is on the right arm and left leg. The third lead is on the left arm and left leg. As Waller's diagram shows, there must also be different electric field strengths in different leads. The largest potential difference should logically be observed along the physiological axis of the heart, i.e. in the second lead. If the second lead registers the largest potential difference, then such a curve is considered as a normogram. The physiological axis of the heart in this case runs within 20-70 degrees. However, it must be remembered that if the position of the heart in the chest changes, then the graphic recording of the heart potentials in different leads will be different. 
So, in hypersthenics, which are characterized by a short and wide chest, the physiological axis of the heart is slightly shifted to the left (from 0 to 20 degrees). The largest potential difference between them should be recorded in the first lead. In this case, the curve that reflects the electrical phenomena in the heart is called a levocardiogram. 
In asthenics, the chest is narrow and elongated, so their physiological axis of the heart bends to the right (from 70 to 90 degrees), and therefore the largest potential difference is recorded in the third lead. In this case, the curve is called a dextogram. 
At the beginning of the twentieth century, medical practice  showed that standard leads for analyzing the state of electrical processes in the heart were not enough. Therefore, additional leads were proposed. As you know, standard leads are bipolar, since each electrode registers its own electric field. Later, three additional unipolar leads from the extremities were proposed, which were called AVR, AVL, and AVF (Goldenberger). It turned out that standard and augmented leads are also not enough. In this regard, unipolar chest leads have been proposed. In this case, the active electrode is located on the chest in the area of the projection of the heart. Thus, position of the chest electrode forms the chest lead. Six chest leads were proposed. 
The electrocardiogram, as can be seen in the figure (figure 4.13.), begins with a positive wave P, which reflects the electrical phenomena that occur when the atria are excited, so this wave belongs to the atrial complex (Figure 4.14.). The height of the P-wave is 1-2 mm or 0.1-0.2 mv (here and further calibration of the amplitude of the waves: 1 cm = 1 mv). Then the P wave passes to the isoline, which passes into the negative Q wave, from which the ventricular complex begins (it reflects the electrical phenomena of the excited ventricles). 
The PQ interval is equal to 0.12-0.18 seconds and shows the time of excitation through the atria and the conducting system of the ventricles. The depth of the Q wave is 1-3 mm or 0.1-0.3 mv
The Q wave passes into the highest-voltage R wave, whose height is on average 12-20 mm (1.2 -2.0 mv). This wave reflects the electrical phenomena associated with the transition of excitation from the inner surface of the ventricles to the outer surface by the type of rotation. 
The highest amplitude wave R passes into the negative wave S, the depth of which varies from 1 to 5 mm (0.1-0.5 mv). The S wave reflects the electrical processes that take place when the ventricular basis is excited, more in the left part, since the left leg of the bundle of His is slightly shorter than the right one. The QRS interval is 0.06-0.09 sec.
The negative prong S passes into an isoline, which ends with a positive prong T. The height of the T-tooth is 3-5 mm (0.3-0.5 mv). It reflects the electrical processes that take place in the heart when the total potential is restored. Otherwise it is called a repolarization wave. 
The ST interval is on average 0.25-0.35 seconds. Behind the T wave, a small positive U wave (diastolic wave) is sometimes recorded. It indicates that the process of relaxation of the heart is active, since it is accompanied by a change in electrical reactions. 
The heart, as a muscular organ, is characterized by physical properties, which were discussed in the section devoted to physiology of excitable tissues. 
The heart muscle has such properties as birefringence, elasticity, extensibility and plasticity. The physiological properties of the heart muscle include excitability, contractility, conductivity and automatism - a property that skeletal muscles do not possess. 
What is meant by automatism? This property implies the ability of the heart to be rhythmically excited without an external stimulus. We call this a pacemaker property. Therefore, a pacemaker system is a system capable of self-excitation.
. In humans, between the confluence of the hollow veins in the right atrium, there is a cluster of atypical cells in the form of a node called the sinoatrial node (Keith-Flack's node, SA node, SAN). It is also called a first-order node or a leading node. The second node is located on the right atrioventricular septum. This is the atriventricular node (AV-node, AVN) or Aschoff-Tawara node. Functionally, it is a second-order node. Normally, it only conducts the excitation coming from the SAN. In the case SAN is switched off, the generator function is performed by AVN, which provides automatic excitation and contraction of the myocardium. The sinoatrial and atriventricular nodes are connected to each other by three main bundles consisting of atypical muscles (Bachmann bundle, Wenckebach bundle, Thorel bundle). 
AVN passes into the bundle of His, which, in turn, passes through the interventricular septum. Its length is 1-1.5 cm. Then the bundle of His bifurcates into two legs, going respectively to the right and left ventricles, and the left leg is slightly shorter than the right. Therefore, the excitation coming from SAN reaches the left ventricle earlier. The final branches of the bundle of His end with Purkinje fibers. Purkinje fibers belong to atypical muscle cells and they are diffusely scattered throughout the myocardium.
Different parts of the cardiac conductive system have different automatics, i.e. it is heterogeneous. The scientist Gaskell formulated the law of decreasing gradient of heart automatism. It consists in the fact that, the further away from SAN, the ability to automatism gradually decreases. Hence, the greatest automatism is in the SAN, the smallest is in Purkinje fibers. The next property of the heart muscle is conductivity, i.e. the ability to conduct excitation in various parts of the myocardium. T-system provides excitation. Excitation spreads at a speed of about 1 m / s along typical atrial fibers; along the ventricles, it spreads at 0.3-0.5 m/s. Along atypical fibers at the sinoatrial node, it spreads at 0.2 - 0.3 m/s; as for bundle branch block, the excitation spreads at 2-4 m/s; at the atrioventricular node it is 0,02 m/s. One of the properties of cardiac muscle excitability is associated with the ability of cell membranes to alter ion permeability and the value of the membrane potential. As in any excitable tissue in the heart, when it is excited, the excitability changes. Changes in excitability go through the three phases: the first phase is absolute refractoriness (it lasts 270 ms.) At this point, the heart does not respond to additional stimuli, whatever they may be in strength and frequency. Absolute refractoriness on the cardiogram occupies the entire ascending part of the electrocardiogram and captures a little of its descending part, i.e. it captures the entire systole. Such a long refractory period seems to provide the heart with single contractions and excitations. 
The phase of absolute refractoriness is followed by the phase of relative refractoriness, which covers almost the entire descending part of the wave of the cardiogram. It lasts 20-30 ms. If at this moment additional overthreshold stimuli are applied, the heart will respond to them with additional excitement and contraction. Such an extraordinary reduction is called an extrasystole. Relative refractoriness is followed by a phase of increased excitability, which lasts 20-30 ms. If additional contractions are made at this moment, the heart responds even to subthreshold stimuli.
Extrasystole is a pathological phenomenon. However, it is used in physiology to show how excitability changes during the excitation. Depending on the part of the heart where additional irritation is applied (the SAN, atria or ventricles) - extrasystoles can be sinus or atrioventricular.
TOPIC TEST QUESTIONS 
Choose one correct answer:
1. CARDIAC OUTPUT DURING HEAVY PHYSICAL WORK IS:
1) 25 -30 liters  *
2) 3-3.5 liters;
3) 4.5-5 liters;
4) 8 - 10 liters.
2. CARDIAC OUTPUT AT REST IS:
1) 1.5-2 liters; 
2)  3-3.5 liters; 
3)  4.5-5 liters; *
4) 4.0-5.5 liters.
3. CUSPID VALVES DURING COMPLETE CARDIAC DIASTOLE ARE:     
1) Open; *
2) Closed;
3) Left is closed, right is open;
4) Right is closed, left is open.
4. IN THE LEFT VENTRICLE, THE AORTIC VALVE OPENS AT PRESSURE:
1) More than 120 -130 mm Hg.
2) More than 25-30 mm Hg.
3) More than 70-80 mm Hg: *
4) More than 8-10 mm Hg
.
5. PROTODIASTOLIC PERIOD IS:
1) Time of blood ejection from the ventricles;
2) Time from the beginning of ventricular relaxation to the closing of the semilunar valves; *
3) Atrial contraction time;
4) The time from the beginning of ventricular contraction to the closing of the semilunar valves.
6. PRESSURE IN THE ATRIA DURING SYSTOLE is:
1) 5 - 8 mm. *
2) 20-40 mm. 
3) 50-70 mm. 
4) 5 -10 mm.  
7. THE HEART MUSCLE contracts:
1) Isotonically;
2) Isometrically; *
3) Up to 30 – 40 mm isotonically;
4) Above 30-40 mm isometrically,
8. THE DURATION OF ONE CARDIAC CYCLE IS:
1) 0.25 sec. 
2) 0.8 sec. *
3) 0.12-0.18 sec. 
4) 0.36 sec.
9. BLOOD FROM THE RIGHT VENTRICLE is ejected into THE:
1) Superior vena cava;
2) The pulmonary artery;*
3) The aorta;
4) The inferior vena cava;
10.   THE SEMILUNAR VALVES OF THE HEART open:
1) At atrial systole;
2) At the end of the isometric contraction phase;
3) At the phase of slow ejection of blood;
4) At the beginning of the ejection phase.*
11. THE BLOOD PRESSURE IN THE AORTA AT THE BEGINNING OF THE ejection phase at VENTRICULAR SYSTOLE is:
1) 5-9 mm.
2) 5 -10 mm. 
3) 15-20 mm.
4) 70-80 mm.*
12. THE HEART VALVES DURING the COMPLETE CARDIAC DIASTOLE are in the following position:
1) Semilunar and cuspid valves are closed;
2) Semilunar and cuspid valves are open;
3) Semilunar valves are closed, cuspid valves are open; *
4) The semilunar valves are open, the cuspid valves are closed.
13. THE PRESSURE IN THE RIGHT VENTRICLE AT ITS SYSTOLE REACHES:
1) 50-70 mm.
2) 5-9 mm. 
3) 120-130 mm.
4) 25-30 mm.*
14. PRESSURE IN THE LEFT VENTRICLE AT SYSTOLE AT THE PHASE OF EJECTION REACHES :
1) 50-70 mm.
2) 25-30 mm. 
3) 120-130 mm. *
4) 5-9 mm.
15. THE PHASE OF RAPID EJECTION OF BLOOD LASTS:
1) 0.8 sec.
2) 0.33 sec.
3) 0.25 sec.
4) 0.12 sec.*
16. HEART RATE IN THE FETUS IS:
1) 140-160*
2) 60-80
3) 120-140
4) 40-50  
17. HEART RATE IN A NEWBORN IS:  
1) 100-110
2) 160-180
3) 80-90
4) 120-140 *
18. HEART RATE IN A 1-YEAR-OLD CHILD IS:
1) 80-90
2) 60-80
3) 110-120*
4) 140-160
19. SYSTEMIC CIRCULATORY SYSTEM BEGINS.....
1) In the left atrium;
2) In the left ventricle;*
3) In the right atrium;
4) In the right ventricle.
20. SYSTEMIC CIRCULATORY SYSTEM ENDS .....
1) In the left atrium;
2) In the left ventricle; 
3) In the right atrium;*
4) In the right ventricle.
21. PULMONARY CIRCULATION BEGINS .....
1) In the left atrium;
2) In the left ventricle;
3) In the right atrium;
4) In the right ventricle.*
22. WITH A CYCLE DURATION OF 0.8 SECONDS, THE DURATION OF ATRIAL DIASTOLE IS:
1) 0.1 sec.
2) 0.7 sec.*
3) 0, 33 sec.
4) 0, 47 sec.
23. WITH A CYCLE DURATION OF 0.8 SECONDS, THE DURATION OF THE LEFT VENTRICULAR SYSTOLE IS:
1) 0.1 sec.
2) 0.7 sec.
3) 0, 33 sec.*
4) 0, 47 sec.
24. WITH A CYCLE DURATION OF 0.8 SECONDS, THE DURATION OF THE RIGHT VENTRICULAR SYSTOLE IS:
1) 0.1 sec.
2) 0.7 sec.
3) 0, 33 sec.*
4) 0, 47 sec.
25. WITH A CYCLE DURATION OF 0.8 SECONDS, THE DURATION OF LEFT VENTRICULAR DIASTOLE IS:
1) 0.1 sec.
2) 0.7 sec.
3) 0, 33 sec.
4) 0, 47 sec.* 
26. TACHYCARDIA IS .....
1) Heart rate fall;
2) Increased force of heart contractions;
3) Heart rate acceleration;*
4) Increase in the rate of excitation through the myocardium.
27. BRADYCARDIA IS ....
1) Decreased heart rate;*
2)  Increased force of heart contractions;
3) Increased heart acceeration;
4)  Increase in the rate of excitation through the myocardium.
28. SYSTOLIC VOLUME IS ...
1) The amount of blood ejected by the two ventricles during one systole;
2) The amount of blood ejected by the left atrium per systole;
3) The amount of blood ejected by each ventricle per systole;*
4) The amount of blood ejected by the atria per systole.
29. CARDIAC OUTPUT IS ....
1) The amount of blood returned to the heart per minute;
2) The amount of blood filling the ventricles per minute;
3) The amount of blood ejected by each atrium per minute;
4) The amount of blood ejected by each ventricle per minute. *
30. THE FUNCTION OF THE HEART IS ... .
1) Pumping;*
2) Regulation of vascular blood flow;
3) Hematopoietic function.
4) Regulation of blood pressure.
31. THE PUMPING FUNCTION OF THE HEART IS CARRIED OUT ... .
1) Due to the decrease in vascular resistance;
2) Due to the periodic repetition of systole and diastole;*
3)  Due to the flow of blood to the heart.
4) Due to the presence of semilunar valves
32. EACH INDIVIDUAL CYCLE OF CARDIAC ACTIVITY BEGINS WITH   
1) Complete systole;
2) Atrial systole;*
3) Ventricular systole.
4) Complete diastole.
33. AT THE END OF THE ATRIAL SYSTOLE, .... BEGINS.
1) Ventricular systole;*
2) Ventricular diastole;
3) Compensatory pause.
4) Complete diastole.
34. VENTRICULAR SYSTOLE IS FOLLOWED BY ... .
1) Compensatory pause;
2) Complete diastole
3) Ventricular diastole;*
4) Atrial systole
35. UNILATERAL BLOOD FLOW IN THE DIRECTION: ATRIA-VENTRICLES - AORTA IS PROVIDED BY ... .
1) Breathing movements;
2) Anatomical structure of the veins;
3) Valvular heart apparatus.*
4) Valvular vein apparatus.
36. THE MOVEMENT OF BLOOD DURING ATRIAL CONTRACTION IS CHARACTERIZED BY ... .
1) Ejection of blood into the ventricles and veins;
2) Unidirectional blood flow from the atria to the ventricles;*
3) Its reciprocating movement to the ventricles and back.
4) Impossibility to return to veins
37. UNIDIRECTIONAL MOVEMENT OF BLOOD INTO THE ATRIAL SYSTOLE IS CAUSED BY:
1) Valvular vein apparatus;
2) Cuspid valves;
3) The sequence of atrial muscle contractions that provide compression of the entry of the hollow veins in the first place.*
4) Semilunar valves.
38. THE MAIN METHOD FOR DETERMINING THE PRESSURE IN THE CAVITIES OF THE HEART IS:
1) Korotkov's method;
2) Сoronary angiography;*
3) The Riva-Rocci method.
                  4) Phase analysis method.
39.  AT THE SYSTOLE, BLOOD PRESSURE IN THE ATRIA REACHES...
1) 25-30 mm Hg*. 
2) 70-80 mm Hg. 
3) 5-8 mm Hg.
4) 0 mmHg
40. DURING DIASTOLE, BLOOD PRESSURE IN THE ATRIA DECREASES TO ... .
1) 25-30 mm Hg. 
2) 70-80 mm Hg. 
3) 5-8 mm Hg.
4) 0 mmHg*.
41.  AT THE SYSTOLE, BLOOD PRESSURE IN THE LEFT VENTRICLE REACHES at rest:
1) 25-30 mm Hg. 
2) 70-80 mm Hg.. 
2) 120-130 mm Hg*
3) 0 mm Hg
42. EJECTION OF BLOOD FROM THE LEFT VENTRICLE BEGINS AT THE FOLLOWING VALUE OF BLOOD PRESSURE IN THE AORTA:  ... mm. Hg :
1) 5-12;
2) 25-35;
3) 65-75.*
                  4)  45-55
43. AT THE SYSTOLE, BLOOD PRESSURE IN THE RIGHT VENTRICLE REACHES :
1) 70-80 mm Hg. 
2) 120-130 mm Hg. 
3) 25-30 mm Hg.*
4) 65 -75 mmHg
.
44. EJECTION OF BLOOD FROM THE RIGHT VENTRICLE BEGINS WHEN THE BLOOD PRESSURE IN THE PULMONARY ARTERY IS EQUAL TO ... mm. Hg :
1) 5-12;*
2) 25-35;
3) 65-75.
4) 70 -80.
45. PAPILLARY MUSCLES WITH TENDINOUS CORDS PROVIDE THE following effect IN THE ACTIVITY OF SEMILUNAR VALVES:
1) None;*
2) Full blood flow to the ventricle during diastole;
3) Retention of the cuspid valves during ventricular systole and thereby prevention of blood return to the aorta;
4) Retention of the cuspid valves during ventricular systole and thereby prevention of blood return to the atrium; 
46. PAPILLARY MUSCLES WITH TENDINOUS CORDS PROVIDE THE following effect IN THE ACTIVITY OF CUSPID VALVES:
1) None;
2) Full blood flow to the ventricle during diastole;
3) Retention of the leaf valves during ventricular systole and thereby preventing the return of blood to the aorta;
4) Retention of the cuspid valves during ventricular systole and thereby prevention of blood return to the atrium;*
47. THE AORTIC SEMILUNAR VALVE PROVIDES ... .
1) The possibility for the right ventricle to release blood into the aorta;
2) Obstruction of blood flow from the aorta to the left ventricle during ventricular diastole;*
3) The possibility of blood ejection by the right ventricle into the pulmonary trunk.
4) Impossibility for the left ventricle to release blood into the pulmonary trunk.
48. CLOSING OF THE AORTIC SEMILUNAR VALVE OCCURS DUE TO ... .
1) The difference in blood pressure between the ventricle and the aorta;*
2) Activity of special structures of the left ventricle;
3) The volume of blood entering the ventricle during atrial systole.
4) The volume of blood flowing by inertia from the ventricle during diastole.
49. CLOSING OF THE SEMILUNAR VALVE OF THE PULMONARY ARTERY OCCURS DUE TO ... .
1) The differences in blood pressure in the ventricle and in the pulmonary trunk;* 
2) Activity of special structures of the left ventricle;
3) The volume of blood entering the ventricle during atrial systole.
                      4) The volume of blood flowing by inertia from the ventricle during diastole.
50. SEMILUNAR VALVES DURING COMPLETE CARDIAC DIASTOLE: 
1) Left is closed, right is open;
2) Closed;*
3) Open.
4) Right is closed, left is open;
51. SEMILUNAR VALVES DURING VENTRICULAR DIASTOLE: 
1) Left is closed, right is open;
2) Closed;*
3) Open.
4) Right is closed, left is open.
52. INCOMPLETE CLOSING OF THE HEART VALVE IS ... .
1) Stenosis;
2) Failure;*
3) Block.
4) Narrowing.
53. NARROWING OF THE VALVE HOLE IS...
1) Stenosis;*
2) Failure;
3) Block.
                   4) Narrowing.
54. AT REST, ... % OF BLOOD CONTAINED IN VENTRICLES IS EJECTED.
1) 30-40;
2) 60-70;*
3) 90-95.
                    4)   40-50
55. AT MAXIMUM SYSTOLE, ...% OF BLOOD  IS EJECTED FROM THE VENTRICLES 
1) 30-40;
2) 40-50;
3) 60-70;
4) 90-95.*
56. END-SYSTOLIC VOLUME OF VENTRICULAR BLOOD IS ... :
1) The amount of blood that the heart can additionally eject at maximum systole;*
2) Volume of blood remaining in the ventricle after a normal systole;

3) The volume of blood remaining in the ventricle after maximum systole.

4) The amount of blood left in the heart after a normal systole;

57. RESIDUAL VOLUME OF THE VENTRICLE IS... .
1) Volume of blood remaining in the heart after systole;
2) Volume of blood remaining in the ventricle after systole;
3) The volume of blood remaining in the ventricle after maximum systole.*
4) Volume of blood remaining in the ventricles after systole;
58. MUSCLE PUMP ... FACTORS OF FILLING THE HEART WITH BLOOD.
1) is not related to; 
2) is related to active;*
3) is related to passive
4) is related to active factors, during physical activity 
59. SKELETAL MUSCLE PUMP IS:
1) Kinetic energy of the blood released by the ventricles;
2) Skeletal muscle contractions that promote blood flow to the heart due to the presence of valves in the veins;*
3) Skeletal muscle contractions of the lower extremities and automatic contractions of the walls
4)  Skeletal muscle contractions that promote blood flow to the heart due to the presence of valves in the veins and negative pressure when inhaling.
60. SKELETAL MUSCLE PUMP IS FUNCTIONING MAINLY DUE TO:
1) Smooth muscles of the intestines and parenchymal organs;
2) Smooth musculature of the vascular wall;
3) Skeletal musculature of the lower extremities.*
4)  Respiratory system
61. THE RESPIRATORY PUMP ... FACTORS OF FILLING THE HEART WITH BLOOD.
1) is not related to; 
2) is related to active;*
3) is related to passive
4) is related to active factors, during deep breathing
62. FUNCTION OF BREATHING PUMP IS that:
1) During exhalation, the pressure on the mediastinal organs decreases, which facilitates the flow of blood to the heart;
2) During inhalation, the pressure experienced by the mediastinal organs increases, which leads, in particular, to compression of the hollow veins and an increase in blood flow to the heart;
3) Straightening the lung on inhalation promotes the movement of blood along the microcirculatory part of the small circle of blood circulation;
4) During inhalation, the pressure in the hollow veins and atria decreases, which promotes the blood flow to the heart.*
Ballistocardiography. TOPIC TEST QUESTIONS WITH KEYS
1. THE ELECTRODES FOR RECORDING ECG IN THE II STANDARD LEAD ARE ARRANGED: 
Answer 1: Right hand - Left hand; 
Answer 2: Right hand - Left foot; 
Answer 3: Left hand - Left foot; 
Answer 4: Left hand - Right foot; 
2. COMMON FEATURE FOR A TYPICAL CARDIOMYOCYTE AND SKELETAL MUSCLE FIBER IS 
Answer 1: Cell automatism; 
Answer 2: the presence of a large number of intercellular contacts (nexuses); 
Answer 3: the resting potential, determined almost entirely by the concentration gradient of potassium ions; 
Answer 4: the presence of repolarization phases created by the diffusion of potassium ions only; 
Answer 5: The action potential created only by sodium and potassium ions; 
3. ... HAS THE PROPERTY OF AUTOMATION 
Answer 1: working myocardium; 
Answer 2: conducting system of the heart; 
Answer 3: Heart valves; 
Answer 4: endocardium; 
Answer 5:  epicardium; 
4. THE PACEMAKER OF THE HEART IN A HEALTHY PERSON IS 
Answer 1: Sino-atrial node; 
Answer 2: the atrioventricular node; 
Answer 3:  Bundle of His; 
Answer 4: Purkinje fibers; 
Answer 5: The right and left legs of the bundle of His; 
5. SLOW DIASTOLIC DEPOLARIZATION IS CHARACTERISTIC OF 
Answer 1: typical cardiomyocytes; 
Answer 2: Skeletal muscle fibers; 
Answer 3: the atypical cardiomyocytes; 
Answer 4: all above; 
Answer 5: neurons of the intramural ganglia of the heart; 
6. SPONTANEOUS IMPULSES IN THE SINO-ATRIAL NODE OCCUR WITH A FREQUENCY OF 
Answer 1: 20 imp / min; 
Answer 2: 40-50 imp / min; 
Answer 3: 60-80 imp / min; 
Answer 4: 1-2 imp / sec; 
Answer 5: 60-80 imp / sec; 
7. SPONTANEOUS IMPULSES IN THE ATRIOVENTRICULAR NODE OCCUR WITH A FREQUENCY OF 
Answer 1: 20 imp / min; 
Answer 2: 60-80 imp / min; 
Answer 3: 40-50 imp / min; 
Answer 4: 1-2 imp / sec; 
Answer 5: 60-80 imp / sec; 
8. THE FUNCTIONAL SIGNIFICANCE OF ATRIOVENTRICULAR DELAY CONSISTS DIRECTLY IN THE REGULATION OF 
Answer 1: heart rate; 
Answer 2: blood inflow to atria; 
Answer 3: sequences of atrial and ventricular contractions that contribute to the filling of the ventricles with blood; 
Answer 4: blood supply to the myocardium; 
Answer 5: the force of ventricular contractions; 
9. RAPID DEPOLARIZATION OF THE ACTION POTENTIAL OF A TYPICAL CARDIOMYOCYTE IS DETERMINED BY ... ION CURRENTS 
Answer 1: calcium; 
Answer 2: Potassium; 
Answer 3: sodium; 
Answer 4: Sodium and calcium; 
Answer 5: Potassium and calcium; 
10. THE PLATEAU PHASE OF THE ACTION POTENTIAL OF A TYPICAL CARDIOMYOCYTE IS DETERMINED BY ... ION CURRENTS 
Answer 1: Potassium and chlorine; 
Answer 2: Sodium-calcium and chlorine; 
Answer 3: Calcium-sodium and potassium; 
Answer 4: Calcium and chlorine; 
Answer 5: Sodium and chlorine; 
11. TO CAUSE EXCITATION OF A TYPICAL CARDIOMYOCYTE IN THE PHASE OF RELATIVE REFRACTORINESS, THE STIMULUS MUST BE 
Answer 1: Sub-threshold; 
Answer 2: threshold; 
Answer 3: Overthreshold; 
Answer 4: any strength; 
Answer 5: minimal in strength; 
12. AN OVERTHRESHOLD STIMULUS CAN CAUSE EXTRASYSTOLE IN THE PHASE OF 
Answer 1: Absolute refractoriness; 
Answer 2: Relative refractoriness; 
Answer 3: supernormal excitability; 
Answer 4: normal excitability; 
Answer 5: none of the excitability phases; 
13. COMPENSATORY PAUSE OCCURS WITH ... EXTRASYSTOLE 
Answer 1: atrial; 
Answer 2: Sinus; 
Answer 3: ventricular; 
Answer 4: sino-atrial; 
Answer 5: atrio-ventricular; 
14. ACCORDING TO THE ELECTROCARDIOGRAM (IN THE CLASSICAL VERSION OF ITS ANALYSIS) IT IS IMPOSSIBLE TO JUDGE ON... 
Answer 1: force of ventricular and atrial contractions; 
Answer 2: Heart rate; 
Answer 3: localization of the leading pacemaker; 
Answer 4: the speed of conduction in the atrioventricular node; 
Answer 5: the speed of conduction in bundle of His 
15. ACCORDING TO THE ELECTROCARDIOGRAM IN THE CLASSIC VERSION, IT IS POSSIBLE TO JUDGE ON... 
Answer 1: the force of heart contractions; 
Answer 2: Cardiac output; 
Answer 3: occurrence and spread of excitation in the myocardium; Answer 4: heart tones; 
Answer 5: volume of blood circulation 
16. THE P WAVE ON THE ELECTROCARDIOGRAM REFLECTS 
Answer 1: excitation (depolarization vector) of the ventricles; 
Answer 2: ventricular repolarization; 
Answer 3: atrial excitation (depolarization vector) ; 
Answer 4: atrial hyperpolarization; 
Answer 5: ventricular hyperpolarization; 
17.  WITH AN INCREASE IN THE TONE OF THE VAGUS NERVES, THERE WILL BE ... ON THE ELECTROCARDIOGRAM 
Answer 1: reduced amplitude of the waves; 
Answer 2: increased duration of the QRS complex; 
Answer 3: lengthened P–Q interval; 
Answer 4: increased duration of the P-wave; 
Answer 5: increased amplitude of the waves; 
18. THE QRS COMPLEX ON THE ELECTROCARDIOGRAM REFLECTS 
Answer 1: atrial excitation (depolarization vector) ; 
Answer 2: ventricular repolarization; 
Answer 3: ventricular excitation (depolarization vector); 
Answer 4: Ventricular hyperpolarization; 
Answer 5: Atrial hyperpolarization; 
19. THE T WAVE ON THE ELECTROCARDIOGRAM REFLECTS 
Answer 1: atrial excitation (depolarization vector) ; 
Answer 2: ventricular excitation (depolarization vector); 
Answer 3: ventricular repolarization; 
Answer 4: Ventricular hyperpolarization; 
Answer 5: Atrial hyperpolarization; 
20. ... CHARACTERIZES THE TIME OF ATRIAL EXCITATION. 
Answer 1: the duration of the P-wave; 
Answer 2: the duration of the P–Q segment; 
Answer 3: the duration of the P–Q interval; 
Answer 4: the duration of the T–R interval; 
Answer 5: the duration of the R–R interval; 
21. ... CHARACTERIZES THE TIME OF EXCITATION ALONG THE ATRIOVENTRICULAR CONDUCTING SYSTEM 
Answer 1: the duration of the P–Q interval; 
Answer 2: the duration of the P–Q segment; 
Answer 3: the duration of the QRS complex; 
Answer 4: the duration of the T–R interval; 
Answer 5: the duration of the R–R interval; 
CASE PROBLEMS WITH KEYS
1. The time of excitation (=the time of excitation conduction) from the atria to the ventricles has increased by 1.5 times. What changes are detected on the ECG in this case? What is the name of this phenomenon? 
Question 1: What is the normal PQ interval?;
Question 2: How will be reflected on the ECG an increase in the time of excitation from the atria to the ventricles by 1.5 times?;
Question 3: What changes are reflected on the ECG when the PQ interval increases to 0.20-0.36 seconds;
Answer 1: The PQ interval is 0.12-0.2 seconds.; 
Answer 2: To an increase in the PQ interval to 0.20-0.36 seconds.; 
Answer 3: First-degree atrioventricular block 
2. As a result of injury, the patient has an impaired conduction of excitation through the conducting system in the upper part of the bundle of His. 
Question 1: Will the ventricles contract?;
Question 2: In what rhythm will the ventricles contract?;
Question 3: What is the name of such an impairment of conductivity?;
Question 4: In what ratio are the ventricular and atrial contraction rate in this pathology?;
Answer 1: They will contract; 
Answer 2: in the rhythm of the first-order node (the sinus-atrial node (SAN)); 
Answer 3: Full block; Answer 4: 2:1 ratio; 
3. ECG analysis for a group of individuals revealed that ..... 
Question 1: In 70%, the R wave was the highest in the second standard lead. What does this mean?;
Question 2: In 14%, the R wave was the highest in the first standard lead. What does this mean?;
Question 3: In 16%, the R wave was the highest in the third standard lead. What does this mean?;
Question 4: Within what values is the deviation of the electrical axis of the heart considered normal?;
Question 5: Can a healthy person have a levogram?;
Answer 1: This ratio of the R wave indicates the coincidence of the direction of the electrical and anatomical axis of the heart, i.e., the normogram; 
Answer 2: This ratio of the R wave indicates the deviation of the electrical axis of the heart to the left; 
Answer 3: This ratio of the R wave indicates a deviation of the electrical axis of the heart to the right; 
Answer 4:  from 20 to 70 degrees; 
Answer 5: Yes. In a hypersthenic; 
4. In the laboratory, researchers studied the effectiveness of a number of factors affecting the physiological state of the pacemaker cell of the heart. They looked for an answer to the following questions: 
Question 1: How will the automatic rate change if the membrane potential of a given cell increases by 10 mv;
Question 2: How will the decrease in the membrane potential affect the heart rate?;
Question 3: How will the membrane potential and heart rate change if the flow of Na into the cells increases?;
Question 4: How will the membrane potential and heart rate change if the Na channels are closed?;
Question 5: How will the membrane potential and heart rate change if the Na-K dependent ATPase is blocked;
Answer 1: Heart rate will decrease as the time of slow diastolic depolarization (SDD) increases; 
Answer 2: Heart rate will increase as the time of slow diastolic depolarization (SDD) decreases; 
Answer 3: The membrane potential will decrease and the heart rate will increase; 
Answer 4: The membrane potential will increase and the heart rate will decrease; 
Answer 5: The membrane potential will disappear, the cell will die, the heart will stop; 
5. Stannius ligature experiment: 
Question 1: How can one ligature stop the work of both the atria and ventricles?
Question 2: What is the result of applying the second ligature?
Question 3: How many options for applying the second ligature?
Question 4: What does the applying of third ligature demonstrate?;
Question 5: What do the experiments of the Stanius ligature prove?;
Answer 1: This may be the result of applying the first ligature, which isolates SAN from the entire heart; 
Answer 2: presence of AVN is confirmed by a rarer rhythm of its own impulses as compared to impulses of SAN; 
Answer 3: There are three options: asynchronous and synchronous atrial and ventricular contractions; 
Answer 4: It demonstrates the absence of elements of the conducting system; 
Answer 5: They prove the existence of a conducting system and the existence of the Gaskell's law of decreasing gradient; 
6. The patient had extraordinary contractions of the heart, after which a long pause was noted on the ECG (up to 0.7 seconds) 
Question 1: What pathology is this?;
Question 2: What types of this heart rate abnormality exist?;
Question 3: What is the reason for this long pause;
Question 4: In which part of the heart is the pathological focus of excitation?;
Question 5: What ECG signs do characterise ventricular extrasystole?;
Answer 1: This is an extra-systole; 
Answer 2: There are sinus, atrial and ventricular extrasystoles; 
Answer 3: Compensatory pause occurs due to the hit of the next sinus impulse into the refractory phase after extrasystole; 
Answer 4: The focus of extraordinary contraction is in the ventricles; 
Answer 5: This is a large rough extraordinary two-phase wave followed by a compensatory pause; 
7. A routine cardiological functional examination revealed an extended time of atrioventricular delay in a patient 
Question 1: What instrumental research can help to establish this fact?;
Question 2: How (on the basis of what diagnostic signs) was this fact established?;
Question 3: What properties of the myocardium can be evaluated using this method?;
Answer 1: Based on ECG; 
Answer 2: the Lengthening of the PQ interval; 
Answer 3: ECG allows you to assess excitability, conductivity, and myocardial automatism; 
Case problems on the topic:
1. In 10 minutes, a person absorbed 5600 ml of oxygen.  Determination of blood oxygen level showed the following results: arterial blood - 200 ml per liter, venous blood - 120 ml per liter. Determine the stroke volume (systolic discharge) if the heart rate is 75 per minute.
Question 1: What is the stroke volume of the heart?;

Question 2: How is the CO determined by the Fick method?;

Question 3: Determine the CO value in this case.
2. Cardiac output is 7500 ml. The arterio-venous oxygen level difference is 80 ml. How much oxygen does the body absorb in such conditions in 1 hour?
3. The distance between the R waves on the patient's ECG is 0.8 seconds. What is the heart rate?
4. Determine the stroke volume of the heart, if it is known that the cardiac output is 8 liters, and the distance R-R on the ECG is 0.6 seconds.
5. How will the stroke volume of the heart and the duration of the phase of slow blod inflow to the ventricles with change if the heart rate increases by 1.5 times?
6. What phase of cardiac activity corresponds to the pressure in the left ventricle
  50 mm Hg.?
7. Before physical activity, heart rate was 70 beats per minute, the cardiac output was 5 liters. What will the cardiac output be if, during physical activity, the stroke volume of the heart increases by 20%, and the heart rate increases by 100%?
8. During the angiography of the left heart, a pressure in the left ventricle 125 mm was recorded at one of the phases of cardiac cycle. What phase was it?
9. How much blood is ejected during systole by the right ventricle, if the aorta receives  80 ml.
from the left ventricle?
10. What is the physiological meaning of the fact that the walls of the left ventricle are much thicker than the right one?
ANSWERS TO CASE PROBLEMS ON THE TOPIC: "Physiology of the blood system. Physiology of the coagulation and anti-coagulation systems. Blood types."
     1. The stroke volume (SV) of the heart is equal to the cardiac output (CO) divided by the heart rate (HR).   Cardiac output is defined by the Fick method as the ratio of the amount of oxygen absorbed per minute in ml to the arteriovenous oxygen difference in ml. In this case, the CO is 7l, the SV is 93.5 ml.
     2. Based on the Fick formula, 36.0 liters of oxygen is absorbed per hour under these conditions.
     3. 60 / 0.8 = 75 bpm.
     4. SV = CO:HR. Heart rate = 60 / 0.6 = 100.  SV = 80 ml.
     5. The duration of the slow filling phase will decrease by approximately the same value.  The impact volume may remain the same.
6. Isometric contraction phase or isometric relaxation phase.
     7. SV = CO:HR.  Before the activity SV = 71.5 ml.  During the activity, it became 86 ml. Heart rate increased to 140. Under these conditions, CO = 12.1 l.
8. At the end of the slow blood ejection phase.
9. The same amount.
10. In a large circle, the resistance is much greater, so the left ventricle performs more work than the right and its myocardium is more powerful.
1. In patient, at rest, the following parameters were recorded: heart rate (HR) — 70 beats/min, cardiac output (CO) — 5 l/min. When performing physical activity on a bicycle, stroke output increased by 20 %, and the heart rate — by 100 %. 
Question 1: What is the CO during the patient's physical activity?;
Question 2: How can we assess the patient's hemodynamic response to physical activity (is it aadequate or inadequate?), and why?
1) 11, 9 l.
2) The patient's response to physical activity is adequate, but indicates insufficient physical fitness. In physically trained people, CO increases during physical exercise, as a rule, due to approximately the same increase in the SV and heart rate.
4. In 10 minutes, a person absorbed 5600 ml of oxygen. Determination of blood oxygen level showed the following results: arterial blood - 200 ml per liter, venous blood - 120 ml per liter. Determine the stroke volume (systolic discharge) if the heart rate is 75 per minute. 

Question 1: What is the stroke volume of the heart?;

Question 2: How is the CO determined by the Fick method?;

Question 3: Determine the CO value in this case.

;

1) The stroke volume (SV) of the heart is equal to the cardiac output (CO) divided by the heart rate (HR). 

2) Cardiac output is defined by the Fick method as the ratio of the amount of oxygen absorbed per minute in ml to the arteriovenous oxygen difference in ml.

3) In this case, the CO is 7l, the SV is 93.5 ml. 
Study questions
1. Where is the left border of the heart determined?
2. What is the duration of a single cardiac cycle?
3. What is the mode of contraction of the heart muscle during the ejection phase?
4. When does the first heart tone occur?
5. Where there may be a diastolic murmur?
6. Where is the right border of the heart?
7. What is the function of the valves?
8. What is the mode of contraction of the heart muscle during the ventricular filling phase?
9. What heart tones do you know and the reason for their occurrence?
10.  What is the best place to listen to the aortic valve tone?
11.  What is the average heart rate of a person at rest?
12.  What is the position of the heart valves during the complete cardiac diastole?
13.  What value does the pressure in the right ventricle reach during its systole at rest?
14.  What is the difference between the first tone and the second?
15.  What is the importance of listening to heart tones?
16.  What are the sections of the heart?
17.  In what sequence do the heart sections contract?
18.  In what phase of heart contraction do the semilunar valves open?
19.  What is protodiastolic period?
20.  What are the heart tones?
21.  What are the heart valves?
22.  In what phase does the ejection of blood by the ventricles begin?
23.  What are the methods of measuring the pressure in the cavities of the heart?
24.  What is the cause of the second heart tone?
25.  What is a phonocardiogram?
KEYS
1. 1-1.5 cm inside of the left midclavicular line, 5-intercostal space.
2. 0.8 sec. At a heart rate of 75 per minute.
3. Isotonic.
4. At the beginning of ventricular systole.
5. Backward flow of blood through a partially closed valve during diastole causes a diastolic murmur.
6. 1-1.5 cm to the right from the right edge of the sternum in the area of the 4th intercostal space.
7. Valves provide one-way blood flow.
8. Isometric.
9. Systolic, diastolic, tone associated with the phase of rapid filling of the ventricles with blood, tone with additional filling of the ventricles with blood during atrial systole.
10. Second intercostal space, to the right from the sternum.
11. At rest, 60-80 beats per minute.
12. Semilunar valves are closed, the cuspid valves are open.
13. 20-25 mm Hg.
14. The right tone – a low, dull, drawn-out; the second tone is high, loud, short.
15. Diagnostic.
16. Right and left atria, right and left ventricle.
17. Atrial systole, ventricular systole, complete cardiac diastole.
18. At the beginning of rapid ejection of blood from the ventricles.
19. The time from the beginning of relaxation of the ventricles to the closing of the semilunar valves.
20. When the heart contracts, there are sounds (frequency 15-400 Hz) transmitted to the chest, where they can be listened to.
21. Tricuspid, bicuspid, pulmonary trunk valve, aortic.
22. At the beginning of rapid ejection of blood from the ventricular systole.
23. Angiography of the right and left parts of the heart.
24. The second tone occurs as a result of closing the semilunar valves.
25. Graphic recording of heart tones.
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