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TOPIC: 
EXTERNAL RESPIRATION AND METHODS OF ITS RESEARCH. GAS TRANSFER IN THE BLOOD. 
Questions to discuss in class:
· Importance of respiration for the body. Main stages of respiration. 
· Mechanism of external respiration. Biomechanics of inhalation and exhalation. The role of intrapleural pressure in respiration. Pressure changes in different phases of the respiratory cycle. Pnemothorax. 
· Lung volume and capacity. Research methods for the functions of external respiration: spirometry, spirography, peak flowmetry
· Gas composition of the inhaled, exhaled and alveolar air.
· 5. The mechanism of gas exchange. Partial pressure and gas tension in the blood.  Gas transfer in the blood. 
· 6. Oxygen transfer in the blood. The dissociation curve of oxyhemoglobin and the influence of various factors on it.
· 7. Carbon dioxide transfer by blood. Mechanisms of its binding.
Student must learn how to determine the respiratory volume using a spirometer, calculate the respiratory capacity, determine their proper values, and determine the peak velocity of the air flow using a peak flow meter. 
INDIVIDUAL STUDY
Practical work No.1 Measuring the circumference of the chest on the inhale and exhale using a centimeter tape. 
Interpretation of the results: make a conclusion about the change in the circumference of the chest on the inhale and exhale.
Table1. Research protocol.
	Patient, Full name
	Number of
measurements
	Chest Circumference on inhale, cm
	Chest Circumference on ​exhale, cm
	Difference (CCinhale - CCexhale)

	1.
	1.
	
	
	

	
	2.
	
	
	

	
	3.
	
	
	

	
	average
	
	
	


Practical work No. 2. Spirometry. 
Steps of the practical work and interpretation of results: see pages 118-129 of the textbook: Savchenkov Yu. I., (2009) "Research methods for physiological functions". 
Table 2. Research protocol.
	Patient, Full name
	Number of
measurements
	Breathing capacity (BC), ml
	Inspiratory reserve volume (Irv), ml
	Expiratory reserve volume (Erv), ml
	Vital capacity (VC), ml

	1.
	1.
	
	
	
	

	
	2.
	
	
	
	

	
	3.
	
	
	
	

	
	average
	
	
	
	


Practical work No. 3. Spirography. Breathing capacity at rest and in various conditions of the body. 
 The spirogram is recorded in the functional diagnostics training room. Steps of the practical work and interpretation of results: see "Lessons of physiology with the BIOPAC Student Lab". Part 1. (Lesson 12).
	Patient, Full name
	Variants of
breathing
	Breathing capacity (BC), ml
	Inspiratory reserve volume (Irv), ml
	Expiratory reserve volume (Erv), ml
	Vital capacity (VC), ml

	1.
	calm
	
	
	
	

	
	deep
	
	
	
	

	
	breath holding
	
	
	
	

	
	hyperventilation
	
	
	
	

	
	swallowing
	
	
	
	

	
	laughter
	
	
	
	

	
	cough
	
	
	
	

	
	+ ammonia
	
	
	
	


Practical work No. 4. Determination of the peak velocity of the air flow on exhale using a PEAK FLOW METER.  
Progress of work. The subject takes a calm, normal breath and exhales sharply. You should conduct the test 3 times, record the results and calculate the average value. Normal values of the peak air flow velocity are determined according to the tables, taking into account gender, age and body length.
Table 3. Research protocol.
	Patient, Full name
	Number of 
measurements
	PEAK FLOW, ml / min
	Normal PEAK FLOW, ml / min
	Deviations from the normal value

	1.
	1.
	
	
	

	
	2.
	
	
	

	
	3.
	
	
	

	
	average
	
	
	


Synopsis (summary of the topic): 
Respiration is a physiological process that provides gas exchange (O2 and CO2) between the environment and the body in accordance with its metabolic needs. The process of respiration can be divided into 4 stages: 1 - external or pulmonary breathing (including pulmonary ventilation and gas exchange between alveolar air and pulmonary capillary blood); 2 - gas transfer in the blood; 3 - the exchange of O2 and CO2 between the blood and the body cells and 4 - tissue respiration. The breathing cycle consists of inhale and exhale. 
External breathing.   External respiration, i.e. the exchange of air between the alveoli of the lungs and the external environment, is carried out as a result of rhythmic respiratory movements.  The inhale (inspiration) is an active process, performed due to an increase in the volume of the chest (and, consequently, the chest cavity) in three directions - vertical, sagittal and frontal. This happens due to the lifting of the ribs and lowering of the diaphragm. During the inhale, the inspiratory muscles of a person overcome a number of forces: the heaviness of the raised ribs, the elastic resistance of the rib cartilage, the resistance of the abdominal walls and abdominal viscera that push the diaphragm up. Under the influence of these forces, the ribs are lowered, and the dome of the diaphragm is raised when the inhale is finished. As a result, chest circumference decreases, therefore, expiration usually occurs passively, without the participation of the muscles. In a forced exhalation, these forces are joined by a contraction of the internal intercostal muscles, abdominal muscles, and posterior serratus muscle. 
Negative pressure in the pleural cavity is created by the elastic recoil in the lungs. The lungs in the chest are always in a stretched state, and this stretch increases during inhale. The elastic recoil in the lungs is caused by two factors: the presence of a large number of elastic fibers in the alveolar wall, and the surface tension of the liquid film covering the alveolar walls. The inner surface of the alveolar wall is covered with a thin (10-100 mmc) film of surface active agent, insoluble in water, which stabilizes the surface tension forces. 
Lung volumes. At different positions of the chest, the lungs contain different amounts of air. The volume of air that is in the lungs after the maximum inhalation is the total lung capacity (TLC). VC (lung capacity, or vital capacity) includes three lung volumes: 1 - breathing capacity (BC) - the volume of air exchanged during each respiratory cycle;  2 - inspiratory reserve volume (Irv) - the volume of air that can be inhaled at the maximum inhale after a calm inhale; expiratory reserve volume (Erv) - the volume that can be exhaled at the maximum exhale after a calm exhale. 
Since the lung volumes depend on age, height, sex, and weight, it is necessary to compare them with the so-called normal values in order to judge whether the lung volumes of a given person correspond to norm. There are many different methods for calculating the normal vital capacity (NVC), different formulas, tables, and nomograms. 
The importance of airways. Only the air that fills the alveoli is directly involved in the gas exchange. The volume of the airways, which is 120-150 ml, is called dead space volume (DSV). Changes in the lumen of the bronchi can significantly change the value of DSV. 
The product of the volume of a separate inhale (BC) by the respiratory rate (RR) is the respiratory minute volume, or minute ventilation (MV). It depends on the job, body position, age, gender. 
Composition of inhaled, exhaled, and alveolar air. Atmospheric air that a person inhales contains 20.94% oxygen, 0.03% carbon dioxide and 79.03% nitrogen. Exhaled air contains less oxygen - 16.3%, 4% carbon dioxide and 79.7% nitrogen. In the alveolar air, there is even less oxygen - 14.2-14.6%, carbon dioxide 5.5-5.7%, nitrogen about 80%. 
The diffusion of gases in the lungs and gas transfer in the blood.         The blood carries oxygen from the alveolar air to the body tissues and carbon dioxide from the body tissues to the pulmonary alveoli. 
 The maximum amount of oxygen that can be absorbed by 100 ml of blood is called oxygen capacity. It depends on the Hb content in the blood. Arterial blood of a healthy person contains 18-20% oxygen, 50-52% carbon dioxide and about 1% nitrogen. Venous blood contains 12% oxygen, 55-56% carbon dioxide, and 1% nitrogen. 
Oxygen tension in arterial blood is 100 mm Hg, carbon dioxide tension is 40 mm Hg; in venous blood these figures are 40 mm for O2 and 46 mm for CO2, respectively. 
Oxygen transfer in the blood. The dissociation curve of oxyhemoglobin. Under conditions of equilibrium between Hb and oxygen, for each oxygen concentration in the medium surrounding the Hb molecule, there is a certain ratio of Hb and HbO2. The curve expressing this dependence is called the oxyhemoglobin dissociation curve, it is S-shaped. In the zone of partial pressure of oxygen from 60 to 100 mm Hg (such pressure exists in the alveolar air), Hb is maximally bound to oxygen. At the same time, the oxygen partial tension at which 50% of the oxyhemoglobin is restored, is 40 mm Hg. Such tension provides a sufficient oxygen tension gradient between the blood and the tissues. 
An increase in temperature and in the concentration of hydrogen ions in the blood (acidosis) contributes to the release of more oxygen to the working muscles. 
Carbon dioxide transfer by blood. The blood carries 13,000 meq of carbon dioxide produced by the body per day, and only 40-60 meq (0.5%) is released through the kidneys, the rest (99.5%) is released through the lungs. About 80% of this amount is transferred as compounds with alkali metal ions (sodium and potassium bicarbonates), the rest of the gas is bound by Hb. The formation of carbonic acid from carbon dioxide occurs in red blood cells under the influence of the enzyme carbonic anhydrase . The addition of oxygen to Hb reduces its ability to bind carbon dioxide. 
Gas exchange in tissues.  In the tissues, the blood gives off oxygen and absorbs carbon dioxide. As in the lungs, the driving force of gas exchange is the difference in the partial pressures of gases in the blood and tissues. 
The carbon dioxide tension in the cells can reach 60 mm Hg. In the tissue fluid, it is very variable and averages 46 mm Hg; in the flowing arterial blood it is 40 mm. The tension of carbon dioxide in the venous blood becomes equal to the tension of the gas in the tissue fluid. 
Blood, passing through the capillaries of a large circle, does not give all its oxygen. Arterial blood contains 20%, venous - 12% oxygen. The amount of oxygen (as a percentage of the total content in arterial blood) that the tissues receive is called the oxygen utilization coefficient. It varies depending on a number of physiological conditions
Test questions on the topic:
EXTERNAL BREATHING
1. Inhale at rest is carried out by contraction of:
1) diaphragm*
2) scalene muscles
3) internal intercostal muscles
4) sternocleidomastoid muscles
5) abdominal muscles
2. Calm exhale is carried out mainly as a result of:
1) contractions of the inspiratory muscles
2) contractions of the expiratory muscles
3) elastic properties of the lungs*
4) contractions of the internal intercostal muscles
5) contractions of abdominal muscles
3. Forced exhale is carried out by:
1) external intercostal muscles and diaphragm
2) the internal intercostal muscles and straight abdominal muscles*
3) scalene muscles
4) back muscles
5) neck muscles 
4. If the lumen of the bronchi has narrowed (for example, with bronchospasm), .... will decrease to a greater extent:
1) Irv
2) Erv*
3) BC at rest
4) TLC
5) residual lung volume
5. Expiratory reserve volume (Erv) is carried out:
1) only due to the elastic recoil
2) with the obligatory participation of expiratory muscles*
3) due to the elastic traction of the chest
4) due to the pressure of the abdominal organs
5) due to the elastic traction of the rib cartilages twisted during inspiration
6. An increase in the residual volume of the lungs occurs due to:
1) narrowing of the bronchi*
2) bronchoectasia
3) weakness of inspiratory muscles
4) air retention in the dead space 
5) breath holding
7. The residual volume of the lungs is the volume of air:
1) remaining in the lungs after a calm exhale
2) remaining in the lungs after a calm inhale
3) remaining in the lungs after maximum exhale*
4) remaining in the dead space after inhale
5) filling nonperfused alveoli
8. The residual volume of the lungs will be increased if:
1) there is a bronchospasm*
2) there is a bronchoectasia
3) expiratory muscle strength is increased 
4) weakness of the inspiratory muscles developes
5) dead space volume increases 
9. The anatomical dead space is:
1) air in the airways from the nasal cavity (or mouth) to the respiratory bronchioles*
2) the last portion of exhaled air
3) the air involved in the diffusive gas exchange
4) the volume of air contained in the ventilated, but not perfused alveoli
5) the volume of air remaining in the lungs after the maximum exhale
10. With pneumothorax in an adult, the volume of the chest:
1) will increase, the lungs will subside *
2) will decrease, the lungs will subside
3) will not change, the lungs will subside
4) will not change, the lungs will not subside
5) will increase, the volume of the lungs will increase
11. Alveolar ventilation:
1) is the amount of air participating in the pulmonary gas exchange inhaled in 1 min*
2) includes ventilation of the alveoli and anatomical dead space
3) enables ventilation of the anatomical dead space
4) volume of air exhaled during the first second
5) volume of air passing through airways per unit of time
12. Inelastic resistance to respiration depends mainly on:
1) the content of surfactant in the alveoli
2) the ratio of elastic and collagen fibers in the lungs
3) air flow velocity in the respiratory tract and the degree of its turbulence*
4) blood flow in the lungs
5) the development of rough collagen fibers in the interstitium 
13. During exhale, the main resistance is provided by:
1) nasal cavity
2) larynx
3) trachea and bronchi*
4) alveoli
5) diaphragm
14. During inhale, the main resistance is provided by:
1) nasal cavity*
2) larynx
3) trachea and bronchi
4) alveoli
5) diaphragm
15. The elastic resistance of respiration mainly depends on:
1) the content of surfactant in the alveoli and the ratio of elastic and collagen fibers*
2) air flow velocity and turbulence in the respiratory tract
3) bronchial tone
4) blood flow in the lungs
5) the development of rough collagen fibers in the interstitium
16. If the pressure is measured simultaneously during the respiratory cycle:
1) in the pleural fissure, it is more negative than in the lungs*
2) in the lungs, it is more negative than in the pleural fissure
3) the same in the lungs and pleural fissure
4) permanent in the pleural fissure
5) none is correct
17. The main effect of the surfactant is:
1) reducing the surface tension of the water film of the alveoli, which leads to an increase in the extensibility of the lungs on inhale and prevents the alveoli from falling off on exhale*
2) increased oxygen tension in the alveolar air
3) increase in the elastic resistance of the lungs to breathing
4) reduced inelastic resistance to breathing
5) the protection of the alveoli from drying out
18. The correct statement is:
1) the sympathetic effects through β2 (adrenergic receptors) cause bronchoectasia *
2) parasympathetic cholinergic effects cause bronchoectasia 
3) histamine via H1-receptors causes bronchoectasia 
4) a slow-reacting substance (leukotriene D) causes bronchoectasia 
5) none is correct
19. Respiratory rate at rest is equal to:
1) 6–10
2) 10–12
3) 12–18*
4) 19–24
5) 25–30
20. The parasympathetic nervous system narrows the lumen of the bronchi, acting through:
1) (1-adrenergic receptors
2) M-cholinergic receptors*
3) N-cholinergic receptors
4) VIP-receptors
5) beta-adrenergic receptors
21. Adrenaline expands the lumen of the bronchi, acting through:
1) (- adrenoreceptors *
2) M-cholinergic receptors
3) N-cholinergic receptors
4) (1-adrenergic receptors 
5) none is correct
22. The normal minute ventilation (MV) at rest is:
1) 3-4 l
2) 5-12 l*
3) 13-25 l
4) 25-30 l 
5) 0.5-0.7 l
23. The value of the vital capacity of the lungs is equal to:
1) 6-12 l
2) 3-5. 5 l*
3) 1-1. 6 l
4) 12-15 l
5) 15-20 l
24. In a healthy person with arbitrary hypoventilation in the alveolar air, oxygen tension:
1) increases, and carbon dioxide tension decreases
2) decreases, and carbon dioxide tension increases*
3) decreases and carbon dioxide tension decreases
4) increases and carbon dioxide tension increases
5) will not change
25. In the case of pulmonary embolism (blockage by a blood clot formed in the veins of the systemic circulation), the functional (physiological) dead space is:
1) bigger than anatomical*
2) smaller than anatomical
3) equal to anatomical
4) does not change
5) increases along with the anatomical
26. The main form of oxygen transfer in the blood to the tissues is:
1) oxygen physically dissolved in the blood plasma
2) oxygen connected with hemoglobin*
3) oxygen physically dissolved in the cytoplasm of red blood cells
4) oxygen adsorbed on the membrane of red blood cells
5) none is correct
27. The greatest oxygen tension is:
1) in the alveolar air
2) in the exhaled air*
3) in arterial blood
4) in the venous blood
5) in the air of the alveolar dead space
28. Oxygen capacity of the blood (OC) is:
1) the maximum amount of oxygen that can be in the blood when it is fully saturated with oxygen*
2) the amount of oxygen in the venous blood
3) the amount of oxygen in the arterial blood 
4) the amount of oxygen permeated through the aerohematic barrier in 1 minute per 1 mm Hg of the pressure gradient 
5) the dependence of the conversion of hemoglobin to oxyhemoglobin on the tension of oxygen dissolved in the blood
29. In the state of functional rest of the body with arbitrary hyperventilation in the alveolar air, the oxygen tension:
1) increases, and carbon dioxide tension decreases*
2) decreases, and carbon dioxide tension increases
3) and carbon dioxide tension do not change
4) decreases and carbon dioxide tension decreases
5) increases and carbon dioxide tension increases
30. Carbon dioxide is transported by the blood from the tissues to the lungs:
1) in physically dissolved form
2) in the composition of bicarbonate*
3) in association with plasma proteins
4) in the form of carbenoxolone
5) adsorbed on the membrane of red blood cells
31. The main amount of oxygen in the cell is consumed in:
1) cytosol
2) mitochondria*
3) smooth endoplasmic reticulum
4) the Golgi apparatus
5) the core
1) The main factor contributing to the maintenance of "negative" pressure in the pleural cavity is:
1. elastic recoil;*
2. surfactant;
3. hysteresis;
4. elasticity of the alveolar wall tissue. 
2) Elastic recoil of the lungs is conditioned by:
1. continuous synthesis of surfactant by pneumocytes;
2. surface tension and elasticity of the alveolar tissue and surfactant film,*
3. surface tension of the surfactant film in the alveoli, 
4. surfactant film and hysteresis loop;
5. uneven growth of the lung tissue and chest.  
3) Penetration of air into the internal pleural space is called:
1. hydrothorax;  
2. pneumothorax;*
3. hemothorax;
4. miothorax; 
5. pyothorax.
4) The presence of blood inside of the pleural space is called:
1. hydrothorax;  
2. pneumothorax;
3. hemothorax;*
4. miothorax; 
5. pyothorax.
5) Vital capacity of the lungs is:
1. inspiratory reserve volume and expiratory reserve volume ;
2. respiratory and inspiratory reserve volume; 
3. dead space volume and the minute voentilation;
4. inspiratory reserve volume, expiratory reserve volume and residual volume
5. breating capacity, inspiratory reserve volume, and expiratory reserve volume*
6) Functional residual lung capacity consists of:
1. residual volume and breathing capacity; 
2. residual volume and expiratory reserve volume;*
3. inspiratory and expiratory reserve volumes;
4. breathing capacty, inspiratory and expiratory reserve volumes;
5. breathing capacity, residual volume and expiratory reserve volume
7) INSPIRATORY CAPACITY IS THE SUM OF:
1. inspiratory and expiratory reserve volumes;
2. breathing capacity and inspiratory reserve volume;*
3. residual volume and expiratory reserve volume;
4. breathing capacity,inspiratory reserve volume and dead space volume;
5. breathing capacity,inspiratory reserve volume and residual volume.
8) THE AVERAGE PERCENTAGE OF BC DEVIATIONS WHICH IS CONSIDERED NORMAL 
1. 10%;*
2. 15 %;
3. 20 % ;
4. 25 %;
5. 30%.
9) THE TIFFENEAU INDEX IS THE RATIO OF: 
1. the volume of forced exhalation for 1 sec to the VC;
2. the volume of forced exhalation for 1 sec to the forced VC;*
3. VC to the minute ventilation;
4. minute ventilation to respiratory rate
5.  dead space volume to the VC
10) IN A HEALTHY PERSON, THE TIFFENEAU INDEX IS EQUAL TO:
1. <40%;
2. < 50 %; 
3. < 60 %;   
4. < 70 % ;
5. > 70 %.*
11) THE EFFECTIVENESS OF VENTILATION DEPENDS ON: 
1. gas content in the atmosphere;
2.  breathing depth and respiratory rate; 
3. osmotic pressure;
4. respiratory muscle strength;*
5. the state of the body.
12) GAS EXCHANGE IN THE LUNGS IS CARRIED OUT AS A RESULT OF:
1. diffusion of oxygen from the alveolar air into the venous blood;
2. diffusion of gases between the atmospheric and alveolar air;*
3. diffusion of carbon dioxide from the venous blood into the alveolar air;
4. gas diffusion between alveolar air and blood;
5. diffusion of oxygen from arterial blood into the tissues.
13) THE DRIVING FORCE OF GAS EXCHANGE IS:
1. the difference between the gas concentration; 
2. atmospheric and intrapleural pressure gradient;*
3. atmospheric and intra-pulmonary pressure gradient;
4. partial pressure gradient of gases;
5. the difference in osmotic pressure.
14) CARBON DIOXIDE IN THE BLOOD IS PRESENT:
1. in dissolved form; 
2. in a chemically bound form;
3. in chemically bound and dissolved form;*
4. in the gaseous state;
5. in gaseous and dissolved form.
15) DEPENDENCE OF [THE PERCENTAGE OF OXYHEMOGLOBIN] ON [THE PARTIAL PRESSURE OF OXYGEN] IS: 
1. straight; 
2. exponential;
3. reverse;
4. hyperbolic; 
5.  S-shaped.*
16) DEPENDENCE OF [THE PERCENTAGE OF OXYHEMOGLOBIN IN THE BLOOD] ON [THE CONTENT OF CARBON DIOXIDE] IS: 
1. straight; 
2. exponential;
3. reverse;*
4. hyperbolic; 
5.  S-shaped.
17)  OXYGEN IS TRANSPORTED FROM THE LUNGS TO THE TISSUES IN THE FORM OF:
1. dissolved gas;
2. oxyhemoglobin;
3. solution and oxyhemoglobin;
4. mainly in bound form and less than 1 % in solution;*
5. mainly in the form of a solution and 1 % in a bound form.
18) CARBON DIOXIDE IN THE BLOOD IS TRANSPORTED IN THE FORM OF:
1. carbohemoglobin and carboxyhemoglobin;
2. carbohemoglobin, carboxyhemoglobin, carbon dioxide;
3. carbonic acid and bicarbonates;* 
4. carbohemoglobin, carbonic acid, bicarbonates.
19) WHEN THE REACTION OF THE MEDIUM SHIFTS TO THE ACIDIC SIDE, ...:
1. the association of oxyhemoglobin increases;
2. the association of carboxyhemoglobin increases;
3. the dissociation of oxyhemoglobin increases;*
4. nothing happens.
20) WHEN THE REACTION OF THE MEDIUM SHIFTS TO THE ALKALINE SIDE:
1. the association of oxyhemoglobin increases;*
2. the association of carboxyhemoglobin increases;
3. the dissociation of oxyhemoglobin increases;
4. nothing happens.
21) TYPES OF BREATHING: 
1. external and internal;*
2. thoracic, diaphragmatic and mixed; 
3. calm, forced;
4. deep and shallow;
5.  normal and pathological.
Case problem No. 1: According to spirography, in the first patient BC is 500 ml, in the second BC is 1000 ml. The functional residual capacity (FRC) in both patients is 2500 ml.
Questions.
1. What are the standards of these indicators for an adult?
2. What is the efficiency of lung ventilation? 
3. What is the formula for calculating it?
4. Calculate the efficiency of lung ventilation in both patients. Which patient has more efficient breathing? 
Case problem No. 2: The results of spirometry in the patient are as follows: Irv= 1700 ml, Erv= 1500 ml, BC=500 ml, RR =18 per min.
Questions:
1. Calculate the VC.
2. How much air enters the alveoli in 1 minute?
3. What state of the body do these indicators correspond to?
4. What dynamics will be observed if a person performs physical activity?
Case problem No. 3: Spirometry showed that the subject's VC is equal to 3800 ml. Of these, the Irv is 1700 ml, the Erv is 1500 ml, and the RR is 18. 
Questions.
1. Calculate the BC.
2. How much air gets into the alveoli in 1 minute?
3. What is the indicator of lung ventilation?
4. Evaluate the functional state of the external respiratory system.
5. What dynamics will be observed if a person performs physical activity?
Case problem No. 4: Here are the results of a survey of two 30-year-old men. The first RR=16 per minute, BC = 600 ml; the second RR=22 per minute, BC =460 ml.
Questions.
1. Calculate the MV indicators.
2. Which patient has a higher ventilation efficiency?
3. Why can the efficiency of lung ventilation be different with the same MV value?
4. Which breathing mode is more economical and why?
5. What is BC and how is it determined?
Case problem No. 5: The patient's spirometry data are as follows: VC = 3000 ml, BC = 400 ml, Erv=1300 ml.  The ratio of respiratory volumes corresponds to the standards.
Questions.
1. What is Irv?
2. What is the functional residual capacity of the lungs in this case?
3. What is the volume of alveolar air in this case?
4. Calculate the coefficient of lung ventilation.
Keys to case problems.
Case problem No. 1: Key
1. BC= 400-500 ml; functional residual capacity (FRC) = 2000-3000 ml
2. The efficiency of lung ventilation is determined by the ratio of the volume of air that has entered the alveoli to the volume that is there. 
3.  The efficiency of LV is (BC-Dead space volume)/FRC 
4. For the first patient: 350ml*18= 6300 ml; 14% ; 
     For the second patient: 850ml*12 =10200 ml; 34%. The second patient has more efficient breathing 
Case problem No. 2 Key
1. MV alone = BC * RR = 600 ml *20 = 12000 ml.  
    uring physical activity MV = (600+300)* (20*2)= 35000 ml.  
2. Indicators at rest correspond to the standards of a healthy adult man.
3. This is an athlete, because when performing physical work, both the BC and the RR have increased.
4. If it was a person who does not engage in systematic physical activity, then after training, there would be an increase in MV only due to RR.
Case problem No. 3: Key
1. VC= BC+ Irv + Erv =3700 ml
2. MV= BC * RR= 9000 ml
3. These are indicators at rest.
4. With physical activity, the intensity of metabolic processes increases, so the indicators of external respiration will increase, and their dynamics will depend on the gender, age, and degree of fitness of the subject.
Case problem No. 4: Key
1. BC is the volume of air that a person inhales or exhales when breathing calmly. Normally, in a healthy person, it is 400-500 ml. 
2. BC 1= (120 000/60)/40= 500ml; BC 2=(120 000/60)/80= 250 ml; BC 3=(60000/60)/40= 250 ml.
3. MV1=(BC-Dead space volume)*RR= (500-150)* 40=14000 ml; MV2= 8000 ml; MV3=4000 ml.
4.  In a trained person, the greatest minute ventilation is achieved at the lowest respiratory rate due to the deepening of breathing. The first person is better trained, the third person is not trained. In the first runner, the external respiration system works most effectively: with a relatively low RR, the highest BC and the maximum minute ventilation of the lungs is observed.
Case problem No. 5: Key
1. BC= VC-Erv-Irv= 3800- (1700+1500)= 600 ml. 
2. MV= BC * RR= 10800 ml
3. LV= (600-150)*18= 8100 ml 
4. This is a person with well-trained respiratory muscles. BC exceeds the standard (normally it is 400-500 ml), as well as RR (normally it is 12-16).
5. When performing physical activity, the intensity of metabolic processes and the need of tissues for oxygen increases. At the same time, the athlete's BC increases to a greater extent; in the untrained person's RR will increase.
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