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TOPIC:

''THE CIRCULATORY SYSTEM.

HEMODYNAMIC PARAMETERS''

Questions for discussion in class on the topic:
1. The basic laws of hydrodynamics and their use to explain the blood movement through the vessels. Functional structure of various departments of the vascular system.

2. The volume and linear velocity of blood flow in different parts of the vascular bed and the factors that cause them.

3. Factors that ensure the movement of blood through the veins.

4. Morphofunctional characteristics of the main components of the microcirculatory bed and its role in the exchange of fluid and various substances between blood and tissues.

5. Blood pressure curve. Bloodless methods for determining blood pressure (the Riva-Rocci's method, Korotkov's, arterial oscillography).

7. Summary: The section of physiology devoted to the regularities of blood flow through the vessels is called hemodynamics. The basic laws of hemodynamics are based on the laws of hydrodynamics, i.e. the theory of fluid movement in tubes.

Just like hydrodynamics, hemodynamics considers the relations between the forces that move blood through the vessels, the speed of movement, the pressure of blood in the vessels, the resistance in the vascular system, the lumen of individual vessels, etc. It should be noted that the conditions of natural blood circulation are very complex and depend on a large number of variables, and the blood itself is not like an ideal Newtonian fluid.

Therefore, the laws of hydrodynamics are applicable to the circulatory system only within certain limits and only with approximate accuracy.

Basic hemodynamic parameters.
1. Volumetric flow rate. In hydrodynamics, the volume velocity of the fluid flow, i.e. the amount of fluid flowing through the vessel per unit time, is directly proportional to the pressure difference and inversely proportional to the resistance, mainly in the taps of the system. If we introduce the viscosity index into this dependence, we get the following Poiseuille equation, where n is the viscosity:

Q = (P-P1)/R x n

Since R = 8nL/пr2, we can write this formula as:

Q = (P-P1) пr2/8nL,

where L is the length, п = 3.14 (pi), r is the radius of the vessel.

In hemodynamics, this hydrodynamic indicator corresponds to the volumetric flow rate, i.e. the amount of blood flowing through the circulatory system per unit of time, in other words, the minute volume of blood flow. The minute volume of blood flow obeys the Poiseuille equation.

Since the circulatory system is closed, the same amount of blood passes through any cross-section of it per unit of time

Q1 = Q2 =. . . Qn = const. 
This equation is called the blood continuity equation. The circulatory system consists of a system of branching vessels, so the total lumen increases, although the lumen of each branch gradually decreases. From the continuity equation, it follows that the same volume of blood passes through the aorta, as well as through all the arteries, all the capillaries, all the veins per minute.

This does not mean, however, that it is the same in all the branches of the vessels. Here it can vary depending on the lumen of each individual vessel, but the sum of the lumen remains unchanged. This plays a big role in the redistribution of blood to the organs. An example is the Yenisei with islands and tributaries and a section of a narrow riverbed - in any place, one volume of water passes through the cross-section of the river. At the same time

Q = S x V, where S is the cross-sectional area of the river, and V is the linear velocity of the water.

2. The second hemodynamic indicator is the linear velocity of blood flow.

The speed at which the liquid flows out of the tank through the hole in it in hydrodynamics is determined by the Torricelli's formula:

V = v--2gP,

where V is the linear velocity (the number of centimeters that the liquid passes per unit time), g is the acceleration of free fall.

If we take into account the current resistance of the liquid, it will take the form:

V = v-2g(P-Pr),

where Pr is the part of the pressure that goes to overcome the resistance.

From this formula, it can be seen that the flow rate of the liquid is directly proportional to the pressure and inversely proportional to the resistance.

Knowing the linear speed, it is easy to set the volumetric speed.

Q = SV; Q - Vпr2; V = Q/пr2
In tubes of different diameters, the greater the blood flow rate, the smaller the tube cross-section. In the circulatory system, the narrowest place is the aorta, the widest is the capillaries (recall that we are dealing with the total lumen of the vessels). Accordingly, the blood in the aorta moves much faster-500 mm/sec, than in the capillaries - 0.5 mm/sec.

The resultant of all linear velocities in different parts of the vascular system is expressed by the blood circulation time. In a healthy person at rest is equal to 20 seconds. This means that the same blood particle passes through the heart every minute 3 times. With intense muscle work, the blood circulation  time can be reduced to 9 seconds.

3. The resistance of the vascular system is the third hemodynamic indicator. Flowing through the tube, the liquid overcomes the resistance that occurs due to the internal friction of the liquid particles between themselves and against the wall of the tube. This friction will be the greater the greater the viscosity of the liquid, the narrower its diameter and the greater the flow velocity.

Blood vessels have a significant resistance to the blood flow, and the heart has to spend most of its work to overcome this resistance. The main resistance of the vascular system is concentrated in the part where the arterial trunks are branched into the smallest vessels. However, the smallest arterioles represent the maximum resistance. The reason is that the arterioles, having almost the same diameter as the capillaries, are generally longer and the blood flow rate in them is higher. In this case, the amount of internal friction increases. In addition, arterioles are capable of spasm. The total resistance of the vascular system increases all the time as you move away from the base of the aorta.

 4. Blood pressure in the vessels. This is the fourth and most important hemodynamic indicator, as it is easy to measure.
    If you insert a pressure gauge sensor into a large artery of an animal, the device will detect a pressure fluctuating in the rhythm of heart contractions around an average value of about 100 mm Hg. The pressure existing inside the vessels is created by the work of the heart, pumping blood into the arterial system during systole. However, even during diastole, when the heart is relaxed and does not work, the pressure in the arteries does not fall to zero, but only decreases slightly, replaced by a new rise during the next systole. Thus, the pressure ensures a continuous blood flow, despite the intermittent cardiac work. The reason is the elasticity of the arteries. The aorta and large vessels, rich in elastic tissue, have significant elasticity. The final part of the arterial trunks, breaking up into arterioles, represent a significant resistance to the blood. The correlation between the elasticity of the arteries and the amount of resistance is such that almost all the work of the heart is spent on maintaining the energy reserve in the walls of the arterial vessels, and only a relatively small part of the work is spent on communicating direct acceleration to the blood.
The amount of blood pressure is determined by two factors: the amount of blood pumped by the heart, and the resistance existing in the system:

P = QR .
When connecting various vessels to the pressure gauge, you can make sure that the pressure in them will be less, the further the vessel under study is from the aorta. This corresponds to the hydrodynamic regularity, according to which, during the flow of liquid, there is a continuous pressure drop from the initial part of the tube to its open end. The degree of pressure drop is determined by the amount of resistance to the flow of liquid on a given segment of the vessel. From what has been said, it is clear that the pressure distribution curve in the vascular system should be a mirror image of the resistance curve. Thus, in the dog's subclavian artery, P = 123 mm Hg, in the brachial artery - 118 mm, in the capillaries of the muscles - 10 mm, in the facial vein - 5 mm, in the jugular vein - 0.4 mm, in the superior vena cava - 2.8 mm Hg.

Among these data, the negative value of the pressure in the superior vena cava is noteworthy. It means that in the large venous trunks directly adjacent to the atrium, the pressure is less than atmospheric. It is created by the sucking action of the chest and the heart itself during diastole and promotes the blood movement to the heart. Methods for determining blood pressure. In an acute experiment - with the help of a cannula inserted into a vessel and connected to a pressure gauge. In humans-directly in the vessel - when probing.

If you connect the vessel to the recording device, you can record the curve of arterial blood pressure. Since the level of blood pressure in the arteries never remains constant, three types of fluctuations and waves can be seen on the curve.
The waves of the first order are the most frequent, depending on the contractions of the heart. During systole, the pressure is maximum (systolic), during diastole - minimum (diastolic). The difference between systolic and diastolic pressure is called pulse pressure. Pulse pressure, all other things being equal, is proportional to the amount of blood released by the heart at each systole. As you move away from the heart, the pulse pressure in the vessels becomes less, and in the small arterioles and capillaries during systole and diastole is the same.

The waves of the second order coincide with the respiratory movements and are called respiratory waves. During inhalation, the blood pressure increases, while during exhalation it decreases. The reason is the Bainbridge reflex and reflexes from the atrial and lung receptors. One second-order wave consists of up to 5-6 first-order waves.

The waves of the third order are even slower, include 6-10 second-order waves, and depend on fluctuations in the excitability of the vasomotor center. They increase with hypoxia.
Methods for registering BP. In humans, blood pressure is measured in a bloodless Korotkov's method. It is based on the measurement of the pressure to which the wall of a given vessel must be subjected in order to stop the flow of blood in it. For this purpose, different types of sphygmomanometers are used (mercury, spring, etc.). A break in the blood flow through the vessel is determined either by the disappearance of the pulse below the place of compression (Riva-Rocci) or by the appearance and disappearance of the so-called Korotkov's tones.

If the artery is not compressed or is compressed very little, blood flows through the artery silently. Therefore, if the sphygmomanometer cuff is not inflated, then no sounds are heard. If the pressure in the cuff is higher than diastolic, then at the time of systole the blood passes, and during diastole-not, then there is an intermittency in movement and there are Korotkov's tones, synchronous with the heart rhythm. When the pressure in the cuff is greater than the systolic pressure, the sounds disappear again, since there is no blood flow. If, before listening, the pressure in the cuff is obviously greater than the systolic pressure, then when the air is released, the tones appear when the pressure in the cuff becomes less systolic, but more diastolic. At this point, the sensor shows the systolic pressure. When the tones disappear altogether, the pressure is equal to the diastolic pressure.

In addition to this method, a person can register blood pressure using an arterial oscilloscope device and various sensors, but the cuff for clamping the vessel is used in all methods.

In the brachial artery of healthy people aged 10 to 15 years, the systolic pressure is 103-110 mm Hg, at the age of 16-40 years - 113-126 mm Hg, over 50 years - 135-140 mm Hg. In newborns, the systolic pressure is 40 mm Hg, but after a few days it rises to 70-80 mm. Diastolic pressure in an adult is normally 60-85 mm Hg. The pulse pressure is normally 35-50 mm.

Factors that affect blood pressure. The level of arterial blood pressure is influenced by a number of factors. After eating, there is a slight (6-8 mm) increase in systolic pressure. Emotional arousal (anger, fright) significantly increases blood pressure, mainly systolic. This increase is due to increased cardiac activity, as well as narrowing of the vascular bed. These changes occur partly by reflex, partly under the influence of humoral shifts - the flow of epinephrine into the blood.

During physical work, the pressure increases dramatically, mainly due to increased cardiac activity. Systolic pressure can reach up to 180-200 mm. In most cases, this increases the diastolic pressure (up to 100-110 mm), but to a lesser extent than the systolic, so the pulse pressure increases, which is an indicator of an increase in systolic volume. Practically important is the fact that in people with insufficient functional capacity of the cardiovascular system, there is a slight increase in systolic and large-diastolic, while the pulse pressure decreases. Such people are prohibited from heavy physical exertion. At the end of physical work in healthy people, blood pressure quickly returns to normal.

When moving from a supine position to a standing position, a person's blood pressure (especially diastolic) increases slightly. The drop in pressure in this case, especially accompanied by tachycardia, indicates a functional insufficiency of blood circulation. This method of studying the state of the circulatory system is used in the clinic and is called an orthostatic test.

In some people, there is a persistent change in blood pressure (hypertension-increase, hypotension-decrease). There is hypertension of cardiac and vascular origin. The first is caused by changes in the intensity of the heart, the second by changes in the peripheral resistance of blood vessels, especially arterioles. Hypertension of vascular origin is called hypertension. It is considered that hypertension is present if the maximum blood pressure exceeds the average value of the corresponding age by 15 mm, and the minimum-by 8 mm at rest. The presence of hypotension in an adult is indicated with a decrease in systolic blood pressure to 110 mm.

The blood flow through the veins. The blood flow through the veins is a very important factor of blood circulation in general, because this factor determines the filling of the heart during diastole. The blood flow  through the veins has a number of features. Veins are tubes, the walls of which are much more stretchable than the walls of the arteries due to the small thickness of the muscle layer. Therefore, even with a small pressure inside the veins, their walls stretch significantly. Unlike the arteries, which are called resistive vessels, the veins belong to the so-called capacitive vessels. The overall outcome of blood circulation is largely determined by the interaction of these two groups of vessels.

The pressure inside the veins can be measured in both animals and humans by inserting a hollow needle into the superficial vein and connecting it to a water pressure gauge. In the veins lying outside the chest cavity, the pressure does not exceed 130-150 mm H2O (8-10 mm Hg).

The blood flow rate in the veins is less than in the arteries, since the venous bed is 2-3 times wider than the arterial one.
The role of hydrostatic pressure (blood weight) in blood circulation. The vascular system should be designed in the form of a V-shaped tube, one end of which are the arteries, the other - the veins, the middle - the capillaries. The hydrostatic pressure exerted by the columns of blood due to its gravity in the arteries and veins is precisely balanced by the law of communicating vessels. Therefore, no additional work is expended on the movement of blood up the vein to overcome the gravity of the blood, just as when the blood moves down the artery, there is no acceleration produced by gravity. According to the law of communicating vessels, hydrostatic pressure is in no way an obstacle to the outflow of blood towards the heart.

However, this position would fully apply to blood vessels if they are glass, and not capable of stretching. In fact, the hydrostatic factor plays a role in blood circulation, because the heart throws blood into vessels with stretchable walls. Remember how the vessels of the hand swell, hanging for a few minutes without moving it down. If the body did not have special regulatory mechanisms designed to combat the hydrostatic factor, blood circulation would be possible only with the horizontal position of the body. These factors primarily include the work of the muscles surrounding the veins, the sucking action of the chest and heart, the residual force of the heart contraction, and the valves in the veins that allow blood to move only towards the heart.

If the mechanisms, inhibiting the expression of hydrostatic forces, are shut down, then the blood stagnates in the lower parts of the body and may come of so-called orthostatic collapse (fainting at the time, when standing up after a serious illness, etc.).

The reason for the blood flow through the veins of the systemic circulation is not only the force of contraction of the left ventricle. Due to the presence of valves in the veins that provide a one-way flow of blood to the heart, the blood movement in the veins can be facilitated by any force that squeezes blood out of this section of the vein - the blood will not return back due to the presence of valves. All these factors have already been mentioned above.

The role of the peripheral musculature should be emphasized. Arinchin called it the peripheral heart-the contraction of the muscles of the extremities is able to ensure the blood flow into the vena cava even when the heart is turned off in the experiment. Any rhythmic work greatly accelerates the venous circulation. On the contrary, static work, i.e. prolonged muscle contraction, in which the veins are squeezed for a long time, prevents venous outflow. This is one of the reasons why static work is so tedious.

Blood circulation in the capillaries (microcirculation) and transcapillary exchange. Capillaries are of crucial importance in life processes, because through their walls there is a metabolism between blood and tissues. The walls of the capillaries consist of only one layer of endothelial cells, through which the diffusion of gases and substances dissolved by the blood occurs. It is believed that all the capillaries in the large circle are more than 160 billion, so in the area of capillaries, the bloodstream is very expanded. According to Krog, 1 ml of blood in the capillaries is spread out on a surface of 0.5-0.7 sq. m.
The length of each capillary is 0.3-0.7 mm. The shape and size of capillaries in different tissues and organs are not the same, as is their total number. In tissues with a high intensity of metabolic processes, the number of capillaries per unit area is greater.
There are two types of functioning capillaries. Some of them form the shortest path between arterioles and veins (main capillaries), while others represent lateral branches and form capillary networks.

The blood pressure in the capillaries of different vascular areas is different. So, in humans, in the muscles, it is equal to 35 mm Hg at the arterial end, and 15 mm Hg at the venous end. At the top of the nail bed capillary, the pressure is 24 mm Hg. In the capillaries of the renal glomeruli-65-70 mm Hg, and in the capillaries of the renal tubules-14-18 mm Hg. In the lungs - only 6 mm Hg.

In every organ, the blood does not flow in all capillaries at rest. Some of them (duty capillaries) pass blood or plasma (plasma capillaries), while some of them are completely closed and turned off from the blood circulation (reserve capillaries). During intensive work, the reserve capillaries open.

Transcapillary exchange occurs through the capillary wall in several ways. In different capillaries, the structure of the wall is also different - there are capillaries with "holes", so-called fenestres in the wall, and through them the exchange occurs mainly due to filtration. Where there are no such holes, the concentration gradient diffusion mechanisms, osmotic transport mechanisms, and especially active transport mechanisms are used. But with all these methods, the most important is the pressure gradient between the capillary and the interstitial fluid - the so-called pressure gradient between the capillary and the interstitial fluid. filtration pressure, which is equal to the difference between the hydrostatic pressure in the capillaries and the sum of the oncotic blood pressure and tissue pressure: FP = BP - (OP+TP)

If OP = 15 mm, TP = 10 mm, then we can calculate the magnitude and direction of the pressure gradient at the arterial and venous ends of the capillary.

Arterial end: FP = 35mm-25mm = +10mm Hg

Venous end : FP = 15mm-25mm - -10mm Hg

These calculations show that the pressure gradient provided at the arterial end ensures the blood flow into the tissues, and at the venous end, on the contrary, from the tissues to the blood.

Currently, it is established that the regulation of capillary blood circulation is carried out by the nervous and humoral systems through the adductor arteries and arterioles, which play the role of taps for capillaries. Their narrowing and expansion can lead to changes in the distribution of blood in the branching capillary network, to changes in the blood flowing through the capillaries, the ratio of red blood cells and plasma, etc. With a sharp expansion of the arterioles, for example, in the inflammation, the capillaries also expand, and the linear speed of blood flow in them decreases. At the same time, aggregates of red blood cells appear inside the capillaries, which increases the local resistance to blood flow up to stasis.

Circulatory anastomoses. In some parts of the body, for example, in the skin, lungs, kidneys, there are direct connections of arterioles and veins. These connections - arteriovenous anastomoses - represent the shortest path between the arteries and veins. Under normal conditions, they are closed, and blood flows through the capillary network. If the anastomoses open, then some of the blood can enter the veins, bypassing the capillaries. Anastomoses play the role of shunts that regulate capillary blood circulation. An example of this role is the change in capillary blood circulation in the skin when the ambient temperature rises or falls above 35C or below 15C. Under these conditions, the anastomoses open and protect the skin from overheating or hypothermia.

8. Questions for discussion. 
6. The basic laws of hydrodynamics and their use to explain the blood flow through the vessels. Functional structure of various departments of the vascular system.

7. The volume and linear velocity of blood flow in different parts of the vascular bed and the factors that cause them.

8. Factors that ensure the blood flow through the veins.

9. Morphofunctional characteristics of the main components of the microcirculatory bed and its role in the exchange of fluid and various substances between blood and tissues.

10. Blood pressure curve. Bloodless methods for determining blood pressure (Riva-Rocci's method, Korotkov's method, arterial oscillography).

9. Multiple-choice study questions with keys:
1. THE TIME OF BLOOD CIRCULATION IS.... 

1. The time of blood passing through the systemic and lung circles of blood circulation*

2. The time of passage of blood through the lung circle of blood circulation

3. The time of passage of blood through the systemic circle of blood circulation

4. The time it takes for blood to pass from the lungs to the coronary arteries

2.  BLOOD CIRCULATION TIME IS EQUAL TO:
1.  60-80 systoles
2.  27 systoles
3.  1 systole and 1 diastole
4.  27 seconds*  

3. ARTERIES ARE....... VESSELS
1. Resistive

2. Magistral *

3. Capacitive

4. Metabolic

 4. ARTERIOLES ARE...... VESSELS
1. Resistive*
2. Magistral 
3. Capacitive

4. Metabolic

5.  VEINS ARE ....... VESSELS
1. Resistive

2. Magistral
3. Capacitive*

4. Metabolic
6. CAPILLARIES ARE ....... VESSELS
1. Resistive
2. Magistral
3. Capacitive
4. Metabolic*

7. THE VOLUMETRIC FLOW RATE IS:
1. The blood flow along the vessel

2. The amount of blood flowing through the vessel per unit of time *

3. The amount of blood returning to the heart per unit of time

4. The blood flow in the aorta

 8. THE LINEAR BLOOD FLOW IS.....
1. The blood flow along the vessel*
2. The amount of blood flowing through the vessel per unit of time 
3. The amount of blood returning to the heart per unit of time

4. The blood flow in the aorta
9. MAXIMUM LINEAR BLOOD FLOW IS IN......
1. Veins

2. Arteries

3. Aorta *

4. Capillaries.

10.  SYSTOLIC PRESSURE IS ......

1. Maximum blood pressure in the arteries when the ventricles contract

2. Maximum blood pressure in the arteries when the left ventricle contracts *

3. Minimum blood pressure in the arteries when the left ventricle relaxes

4. Maximum blood pressure in the heart

11. DIASTOLIC PRESSURE IS ......
1. Minimum blood pressure in the arteries when the left ventricle relaxes

2. Minimum blood pressure in the arteries when the left ventricle contracts

3. Blood pressure in the arteries when the left ventricle relaxes*

4. Minimum blood pressure in the heart

12. PULSE PRESSURE IS ....
1. The difference between systolic and diastolic pressure *

2. The average value between systolic and diastolic pressure

3. Blood pressure at the time of stroke volume
4. Blood pressure on the radial artery at the time of stroke volume
13. THE AVERAGE PRESSURE IS .....
1. The difference between systolic and diastolic pressure

2. The sum of systolic and 1/3 diastolic pressure

3. The sum of diastolic and 1/2 pulse pressure*

4. The arithmetic mean between systolic and diastolic pressure

14. ORIGIN OF FIRST-ORDER WAVES ON THE BLOOD PRESSURE CURVE:
1. Pressure change when the heart contracts *

2. Pressure change with each breathing movement

3. Pressure change with multiple breathing movements

4. Pulse pressure waves

15. THE ORIGIN OF SECOND-ORDER WAVES ON THE BLOOD PRESSURE CURVE:
1. Multiple first-order waves

2. Pressure change during diastole

3. Pressure changes with each breathing movement*

4. Pressure change with multiple breathing movements

16.  THE ORIGIN OF THIRD-ORDER WAVES ON THE BLOOD PRESSURE CURVE:
1. Alternation of inhalation and exhalation

2. Pressure change when holding your breath

3. Periodic fluctuations in the tone of the vasomotor center*

4. Pressure change when swallowing

17. THE RATIO OF THE VOLUME OF CORONARY BLOOD FLOW TO THE VOLUME OF CIRCULATING BLOOD AT REST IS:
1.  5 – 6 % *

2.  1 -2 %

3.   25 % 

4.  10-12 %

18. THE RATIO OF THE VOLUME OF CORONARY BLOOD FLOW TO THE VOLUME OF CIRCULATING BLOOD DURING EXERCISE IS:
1.  15-16 % 

2.  10 % *    

3.  5-6 % 

4.  40 %. 

19. IN WHAT PHASE OF THE CARDIAC CYCLE DOES THE BLOOD FLOW TO THE ATRIA?
1. In the atrial systole

2. In the ventricular systole

3. Constantly*

4. In diastole
20. CAN THE HEART MUSCLE RECEIVE OXYGEN DIRECTLY FROM THE HEART CAVITY?
1. Yes *     2.  No
21. WHAT PHASE OF THE CARDIAC CYCLE DOES BLOOD FROM THE CORONARY ARTERY FLOW TO THE RIGHT VENTRICLE?
1. In the atrial systole

2. In ventricular systole

3. Constantly

4. In diastole*

22.  IN WHAT PHASE OF THE CARDIAC CYCLE DOES BLOOD FLOW FROM THE CORONARY ARTERY TO THE LEFT VENTRICLE?
1. In the atrial systole

2. In the ventricular systole

3. Constantly

4. In diastole*

23. THE VOLUME OF CIRCULATING BLOOD IN AN ADULT RELATIVE TO THE TOTAL MASS OF BLOOD IS
1.  40 %

2.  80 %

3.  25 %

4.  60 %*   

24. SYSTOLIC PRESSURE IN MIDDLE-AGED INDIVIDUALS IS
1.  130-150/85-100 mm Hg
2.  110-125 mm Hg*  

3.  120/80 mm Hg
4.  76-80 mm Hg
25.  SYSTOLIC PRESSURE AFTER 60 YEARS IS
1.  135-150 mm Hg * 

2.  110-125 mm Hg
3.120/80mmHg

4.  76-80 mm Hg
10. Case problems with keys
1. The average blood pressure is 100 mm. Calculate the value of the resistance of the vascular wall, if the heart rate is 70 per minute, and the stroke volume is 74 ml.

2. The pressure in the capillary is 20 mm Hg. What part of the pressure given to the aorta by the heart was spent to overcome the vessels' resistance to the capillary if the total resistance of the vascular system is 37 mm Hg/L/sec, and the cardiac output = 5 L?

3. What is the linear blood flow rate in a vessel with a diameter of 0.3 cm, if 500 ml of blood had passed through in 1 second?

4. Determine the linear blood flow rate in the capillaries of artery A, if it is equal to 25 cm/sec. and the lumen of the capillary network is 1000 times larger than the lumen of the artery.

5. A person has been in a sunken submarine for several hours. Life support systems are destroyed. What changes in the cardiac activity and blood pressure should be expected?

KEYS: 
1. It is known from hemodynamics that the resistance in the vessels is equal to the pressure value divided by the volumetric flow rate (R = P/Q). Q (cardiac output) = HR * SV  = 70 * 75 = 5 L/min.  Now it is easy to calculate that the resistance of the vascular system R is equal to 20 mm.Hg/L/min.

2. The pressure in the capillary is equal to the pressure in the aorta minus the pressure spent on overcoming the resistance of the vessels to the capillary. The pressure in the aorta is equal to the cardiac output divided by the resistance, i.e. 5000 ml: 37 mm /L/min = 30 mm Hg. Hence, the pressure to overcome the resistance to the capillaries will be equal to 130-20 = 110 mm Hg.

3. The linear flow rate is 0.35 m/sec.

4. If the lumen of the capillaries is 1000 times greater than the lumen of the artery, then the linear blood flow rate in them is the same number of times less (because the volume velocity is the same). Therefore, in this case, the blood flow rate is 0.25 mm/sec.

5. CO2 accumulation and the reduction of oxygen in the inhaled air causes hypoxia and hypercapnia. The result is irritation of the chemoreceptors of blood vessels and tissues, as a result of which the heart rate increases and blood pressure increases - blood flow increases.

STUDY QUESTIONS AND KEYS:
1. When and who did formulate the concept of circulatory circles?

2. What laws of hydrodynamics are applicable to the vascular system?

3. Write the Poiseuille law down and explain it.

4. What are the functional departments of the vascular system?
5. What is blood pressure? How is it made?

6. What is the linear blood flow rate? How does it change in the course of the vascular bed?

7. Name the values of the linear blood flow rate in different departments of the vascular system.

8. What is the volumetric blood flow rate? How does it change in the course of the vascular bed?

9. What explains the different blood flow rate at the wall and along the axis of the vessel?

10. Name the values of the volumetric blood flow rate in different departments of the vascular system.

11. How can the linear flow rate be calculated, knowing the volumetric flow rate?

12. Draw a curve of the change in the blood flow rate in different departments of the vascular bed.

13. Compare the curves of the change in linear flow rate and pressure in different departments of the vascular system.

14. Draw up a diagram showing the correlation of blood pressure on the total lumen of the vascular bed area.

15. In which part of the vascular bed does the blood pressure drop most sharply? Why?

16. What role do elastic walls of the aorta and arteries play?

17. How does the resistance change in different parts of the vascular bed?

18. What is the length and lumen of one blood capillary?

19. What is the pressure (systolic and diastolic)?

20. How does blood pressure change with the age?

21. What is the average pressure? What formula is used for calculation?

22. List the factors that determine the value of blood pressure.

23. What is the blood pressure in the capillary?

24. What are the buffer vessels and why?

25. What vessels are called " taps” of the vascular system? Why?

26. What is the time of complete blood circulation and what is the method for its measuring?

27. What waves are there in the blood pressure curve?

28. How many times (on average) is the total lumen of the capillaries greater than the lumen of the aorta?

29. What is the pulse pressure?
KEYS:

a. 1628, William Harvey.

b. Laws: volumetric fluid flow rate; linear fluid flow rate; resistance; pressure.

c. Q = (P-P1)пr2/8nL, where L is length, п = 3,14, r is the radius of the vessel.

d. Buffer, resistive, metabolic and capacitive (volumetric).

e. The pressure existing inside the vessels is created by the cardiac work, which pumps blood into the arterial system during systole.

f. The path that a blood particle travels in a unit of time. The smaller the tube cross-section, the greater the blood flow rate. 
g. Blood in the aorta moves much faster-500 mm/sec, than in capillaries-0.5 mm/sec, in veins-250 mm/sec.

h. The amount of blood flowing through the cross-section of the vascular system per unit of time. Since the circulatory system is closed, the same amount of blood passes through any cross-section of it per unit of time.

i. By the forces of friction of blood particles of the walls of blood vessels.

j. Q1 = Q2 =... Qn = const. Q = 4.5-5.0 L
k. V = Q/пr2 , V – linear flow rate, Q – volumetric flow rate, п = 3,14, r is the radius of the vessel.

l. 
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15. In arterioles, since they have the greatest resistance.

16. To overcome the resistance in the vessels and to give a linear rate.

17. It provides continuous blood flow.

18. The maximum resistance is represented by the smallest arterioles.

19. Length 0.3-0.7 mm, diameter 7-8 microns.

20. During the heart contraction, the pressure is systolic, and during relaxation – diastolic.

21. Blood pressure increases with age. At the age of 16-40 years - 113-126 mm Hg, over 50 years - 135-140 mm Hg. Diastolic pressure in an adult is normally 60-85 mm Hg. The pulse is normally 35-50 mm.

22. The pressure with which the blood would flow out of the heart in a continuous stream. The sum of diastolic and 1/2 pulse pressure.

23. The value of blood pressure is determined by two factors: the amount of blood pumped by the heart, and the resistance existing in the system.

24. In the arterial end of the capillary 30 -35 mm Hg, and in the venous 8-15 mm Hg.

25. The aorta and large arteries, as they soften the impact of the blood ejected from the heart.

26. Arterioles, because they are regulators of blood circulation due to the high content of muscle elements in them.

27. The resultant of all linear rates in different departments of the vascular system is expressed by the time of the blood circulation. In a healthy person at rest it is equal to 20 seconds.

28. First-order waves are the most frequent, depend on the heart contractions. Second-order waves are respiratory waves. Third-order waves depend on fluctuations in the excitability of the vasomotor center.

29. The sum of the lumen of all capillaries is approximately 500-600 times greater than the lumen of the aorta.

30. The difference between systolic and diastolic pressure.
11. Practical skills. 
The student should learn how to measure blood pressure by the Korotkov's and Rivarochi's methods and evaluate the obtained data.
12. Topics for students' scientific research
1. Assessment of blood pressure at rest and after physical activity in students with different levels of physical activity.

2. Assessment of blood pressure at rest and after physical activity in smoking and non-smoking students.

3. Assessment of blood pressure at rest and after emotional stress (exam) the students.

4. The effect of hypodynamia on the vascular system.

5. The effect of smoking on the vascular system.

6. The child's birth weight as a risk of developing cardiovascular diseases in the child and mother.

7. Arterial hypertension and chronic heart failure: clinical and instrumental comparisons.

OUT-OF-CLASS WORK
Practical work №1. Registration of blood pressure by the Korotkov's method.

Required: a couch, a sphygmomanometer, a stethoscope, the object of the study is a person.

Aim: to learn how to measure blood pressure.

1. In the elbow bend, find the place of pulsation of the artery and put a stethoscope to it.

2. Inflate to a pressure above the patient's systolic blood pressure. Open the tap, begin to release the air. At the time of the appearance of Korotkov's vascular tones, the maximum, or systolic, pressure is noted. When the tones disappear, the minimum, or diastolic, pressure is noted.

3. The blood pressure is measured to 5 mm (e.g., 135, 130, 125, etc.). The standards for blood pressure are following: systolic blood pressure of 100 to 140 mm Hg, diastolic pressure is 60 – 90 mm Hg, average dynamic pressure of 80 – 100 mm Hg.

See pp. 38-39 of the manual ''Practical skills for the functional physiological studies'' Savchenkov Yu. I., Kiseleva V. I. (1993).

Practical work №2.  Registration of blood pressure in humans using the MR30 polygraph and the study of changes in BP under static muscle load.

See the manual "Student Lab Physiology Lessons»

Practical work №3. Calculations of the volumetric flow rate (Q).

Q = SV*P, where SV - stroke volume, P - heart rate per minute
__________________________________________________________________

 To calculate the stroke volume, use the formula

SV = 100 + 0.5 PP - 0.6 (DP + A)

PP-pulse pressure, DP-diastolic pressure, A-age.

__________________________________________________________________

Practical work №4. Calculation of total peripheral resistance

The calculation of the peripheral resistance (PR) is made according to the Poiseuille formula: PR = ADP * 1333 * 60/CO
___________________________________________________________________    

CO = Q. 

ADP - average dynamic pressure: ADP = 1/2  PP + DP.
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