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1. Mecto pucyuninHsbl B cTpyktype OITIOII

Muciynuaa 51.0.10 ®usuka, MeUIMHCKast GU3HUKa OTHOCUTCS K 00s13aTe/IbHOM YacTH 00pa3oBaTe/TbHON
MPOrPaMMBI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

dopmupyemsbie IlnaHupyeMbie pe3yabTaThl 00yUeHHs M0 AUCHUILUIMHe | HanMeHOBaHHe OLeHOYHOTO CPe/ICTBA
KOMIIeTeHI{U (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIeTeHIMU 1o JUCIUILINHE KOHTPOJIs MPOMEe)XyTOUHOMH
(xon, coZlep>KaHue ycrieBaeMoCTH aTTecTanuu
VHAWKATOpa)
OIIK-10: Cnocoben | OITK-10.1: cocmaensiem u OIIK-10.1: Jonyck Kk
NOHUMamb NPUHYUNbL | nagHupyem peweHue cocmaesnsimb U niadupyem nabopamopHoti DK3AMEH:
pabomb: CMaHAapmHbIx peuwieHue CmaHoapmHbIX pabome KOHMDOABHBIE
COBPEeMEHHbIX p
npogeccuoHanbHbIX 3a0au npogeccuoHanbHbIX 3a0au Omuem no
UH(POPMAYUOHHBIX 60npochbl
OIIK-10.2: ucnonb3yem 1a6opamopHbIM
mexHono2ull u 3aoauu
LCNOAB306AME UX s uHpopmayuoHHble, OIK-10.2: pabomam
6ubauoepagpuueckue pecypchi, KonmponbHas
pacp pecyp UCnob308amb P
pelenus 3adau MeOUKOo-6U002UUeCKYI0 paboma
. uH¢opmayuoHHbie,
npogeccuoHanbHoOll | mepmuHonoauio, Tecm
6ubauoepagpuueckue pecypcnl,
OesimenbHOCMU UHpOpMayUoHHO-
MeOuKo-6uon02UUeCKyIo
KOMMYHUKAYUOHHble
mepMuHo02UI0,
mexHoo2uU
UHpOPMAYUOHHO-
OIIK-10.3: 3Haem u
KOMMYHUKAYUOHHble
yuumbi8aem OCHOBHble
mexHo02uU
mpebogaHus
uHpopmayuoHHoll
6esonacHocmu OIIK-10.3:
3Hamb U yuumbl8amb OCHOBHbIE
mpe6oeaHus uHoOpMayuoHHol
6e3onacHocmu
3. CTpyKTypa U cojep)KaHHe AUCIUILIUHbI
3.1 TpyAa0eMKOCTb AUCLUII/IUHBI
ouyHasA
O011as TPy/J0eMKOCTB, 3.e. 4
Yacos o yue0HOMY IJIaHY 144
B TOM YMCJIe
ay/(MTOPHbIe 3aHATUSA (KOHTAKTHasi padora):
- 3aHATHSA JIEKI[HOHHOT'0 THIIA 36
- 3aHATHS CEMHHAPCKOro THINa (MpaKTHYecKue 3aHATHS / 1adopaTopHbIie PaGoThI) 36
- KCP 2




caMocTosTe/IbHasA padoTa 34
IIpome)xyTouHasi aTTecTamus 36
JK3aMeH

3.2. CozepxaHue JUCLUIIIMHbI

(cmpykmypuposaHHoe no memam (pasdenam) C yYKA3aHueM OmMEe0eHHO20 HA HUX Ko/auuecmed

aKkaoeMuuecKux uacos u 8uobl yueOHbIx 3aHsimuli)

HavmeHOBaHMe pa3/iesioB U TeM JUCLUIUIHBI Bcero B TOM UHCJIe
(acen) KonrakTHasi pabora (paboTa Bo
B3alMO/IeICTBUY C IIperojjaBaTenem),
Yachl U3 HUX
3aHATHS CamocrosTenpHas
CEeMHHApPCKOro paGora
3aHATHUS THMA obyuarowerocs,
JIEKLJAOHHOTO | (TIpakTHueckye | Bcero qacel
THUMAa 3aHsATHsA/Tabopa
TOpPHBIE
PaboThI), Uacel

0 0 o) o) o}

i) o) i) ¢ 0

0 0 0 0 0
Tema 1: Begenue B ¢pusuky. Kunematuka/Topic 1: Introduction to physics. 8 9 ) 4 4
Kinematics
Tema 2. MexaHHYecKue KosiebaTe/lbHbIe U BOJTHOBBIE ITPOLIECCHI. 16 4 8 1 4
Axycrtuxa/Topic 2: Mechanical vibrational and wave processes. Acoustics.
Tema 3. MexaHuueckue CBOMCTBa O1o/lornueckux Tkanei/Topic 3. 10 4 ) 6 4
Mechanical properties of biological tissues.
Tema 4. OcHOBHBIe OHATUS TUAPOAUHAMUKY. Dr3nyecKye IPUHLUIIBL
remoguHamuku/Topic 4. Basic concepts of hydrodynamics. Physical 14 8 2 10 4
principles of hemodynamics.
Tema 5. DyieKTprYecKrie U MarHUTHbIE sIBlIeHUsI B opraHu3mMe/Topic 5.

. . . 26 8 10 18 8

Electrical and magnetic phenomena in the body.
Tema 6. Ontuka. ®u3uka atoMoB 1 MoJjieKyJ1/Topic 6. Optics. Physics of

22 8 10 18 4
atoms and molecules.
Tema 7. VloHusupyroliee UsaydyeHne, OCHOBEI fo3umerpun/Topic 7. Ionizing 10 ” ) 4 6
radiation, basics of dosimetry.
Arrecrarus 36
KCP 2 2
HUTtoro 144 36 36 74 34

Contents of sections and topics of the discipline

Tema 1: Beegsenue B ¢pusuky. Kunematuka/Topic 1: Introduction to physics. Kinematics. Kinematics and
dynamics of translational and rotational motion. Basic kinematic equations.

Tema 2. MexaHuueckue KosiebatesbHble U BOJTHOBBIE Mpoijecchl. AKycTuka/Topic 2: Mechanical vibrational and

wave processes. Acoustics. Doppler effect.

Tema 3. MexaHuueckue CBOHCTBa brosioruueckux TkaHeid/Topic 3. Mechanical properties of biological tissues.

Hooke's law. Mechanical stress. Young's modulus.

Tema 4. OCHOBHBIE MMOHATUS TUAPOAMHAMUKY. PU3NUeCcKre MPUHLIUMNBI reMoguHaMUKK/ Topic 4. Basic concepts




of hydrodynamics. Physical principles of hemodynamics. Basic concepts of fluid dynamics. The jet continuity
condition. Bernoulli's equation. Poiseuille formula. Newtonian and non-Newtonian fluids. Laminar and
turbulent flow. Peculiarities of blood flow through large and small blood vessels. Surface tension in fluids.
Capillary phenomena.

Tema 5. DneKTpryeckre U MarHUTHEIe siBieHUst B opranu3me/Topic 5. Electrical and magnetic phenomena in
the body. Basic characteristics of the electric field. Primary mechanisms of action of electrostatic fields. of
electrostatic fields on biological objects. Electrical conductivity of biological tissues and fluids for direct
current. Alternating current. Different types of electrical resistances in an AC circuit. Impedance. Basic
characteristics of a magnetic field. Magnetic properties of biological tissues. Primary mechanisms of impact of
magnetic fields on the organism. Therapeutic use of magnetic fields. Electrostimulation of tissues and organs.
Parameters of impulse signal and their physiological meaning. physiological value. Effects of high frequency
currents and fields on the body.

Tema 6. Ontrka. dusrika atoMoB 1 Mosekya/Topic 6. Optics. Physics of atoms and molecules. Electromagnetic
waves, electromagnetic wave scale. Interference and diffraction Interference and diffraction of light.
Polarization of light. Energy emission and absorption by atoms. Structure of energy levels of atoms and
molecules. Optical spectra of atoms and complex molecules. Medical applications of Luminescent methods of
research, photocolorimetry and spectrophotometry. Light scattering. Nephelometry. Optical quantum generators
(lasers). Characteristics of laser radiation. Physical basis of laser therapy and surgery. Electron paramagnetic
resonance (EPR), nuclear magnetic resonance (NMR) and Magnetic resonance imaging (MRI). Principles and
diagnostic capabilities.

Tema 7. VloHU3upytolliee U3nyueHre, OCHOBBI flo3umetpur/Topic 7. Ionizing radiation, basics of dosimetry. X-
ray radiation, its nature. Interaction of x-ray radiation with matter. Physical principles of X-ray diagnosis and X-
ray therapy. The concept of X-ray computed tomography. Basic characteristics of atomic nuclei. Radioactive
decay. Interaction of ionizing radiation with matter. Physical basis of radionuclide methods of Diagnostics and
radiation therapy. Dosimetry of ionising radiation.

4. YueOHO-MeToAMYeCKOe o0ecneyeHHe CaMOCTOSITe/TbHOW PadoThI 00yJarouXCst

CamocrosiTenibHasi paboTa 00yuaroL[UXcsl BK/IOUaeT B CeDOsi MOATOTOBKY K KOHTPOJIHBIM BOIIPOCAM U
3a[laHUsIM JIJIsl TeKYIlero KOHTPOJIsi U TIPOMEXYTOUHOW aTTeCTallud IO UTOraM OCBOEHMS JUCLIUTIIUHBI
NIpUBeJIeHHBIM B I1. 5.

5151 obecrieueHrst CaMOCTOSITe/IbHOM PaboThl 00yUaroIIUXCst UCTIOMb3YHOTCS:
DneKTpOHHBIE KYPChI, CO3/laHHbIE B CICTeMe 3/1eKTpOHHOTo o0yuenuss HHI'Y:

Physics, medical physics, https://e-learning.unn.ru/course/view.php?id=2298.

VHble yueOHO-MeTOJMUECKIe MaTepHaIbl:

PemuzoB A.H. MeauiuHckast v 6uosioruueckasi husmka : yueoHuk / Pemusor A.H. - Mocksa :

I'S0OTAP-Mepua, 2023. - 656 c. - ISBN 978-5-9704-7498-3.
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=839386&idb=0

5. Assessment tools for ongoing monitoring of learning progress and interim certification in the
discipline (module)

5.1 Model assignments required for assessment of learning outcomes during the ongoing
monitoring of learning progress with the criteria for their assessment:



5.1.1 Model assignments (assessment tool - Admission to laboratory work) to assess the
development of the competency OITK-10:

Admission to the laboratory work "Study of harmonic oscillations using the example of small oscillations of a
mathematical pendulum".

1. What are free undamped harmonic oscillations, what equation is it described by?

2. Explain the difference between forced oscillations, self-oscillations and parametric oscillations? Give
examples.

3. What is natural frequency of oscillations, what does it depend on?
4. What is a non-harmonic oscillation?
5. What is an oscillation spectrum?

6. What is a mathematical pendulum? What does the period of oscillation of a mathematical pendulum depend
on?

Admission to the laboratory work "Basic concepts of geometrical optics. Determination of the refractive index
of optical materials".

1. What is the refractometry method based on?

2. What is the definition of relative and absolute refractive index?

3 What is total internal reflection? Explain the concept of the limiting angle of reflection.
4. How does the refractive index depend on the concentration of the solution?

5. Explain the optical scheme of an Abbe refractometer.

Admission to the laboratory work "Basic concepts of geometrical optics. The eye as an optical system".
1. Describe the structure of the eye in terms of optics.

2. What is accommodation?

3. What visual defects are you know about? How can they be corrected?

4. A person is used to reading a book at a distance of 45 cm from his eyes. What should be the optical power of
glasses that a person has to wear in order to read a book holding it at a distance of best vision d0 = 25 cm?

5. A nearsighted person can read a book at a distance of no more than 15 cm from his eyes. What is the power
of the eyeglasses that a person must wear in order to read a book at a distance of best vision d0 = 25 cm?



Admission to the laboratory work "Physical basis of ultrasound in medicine. The Doppler effect for ultrasonic
waves".

1. List the characteristics of ultrasonic waves.
2) What does the absorption and reflection of ultrasound depend on?
3. In what areas of medicine are ultrasonic waves used? What is the basis of their application?

4. What is the Doppler effect? Give the formula for the Doppler frequency shift.

Admission to the laboratory work "Generators of electromagnetic oscillations in medicine. Study of damped
electromagnetic oscillations in a closed oscillating circuit".

1. Which target is called an oscillating circuit?

2. What energy transformations take place in an oscillating circuit?
3. What causes the damping of oscillations?

4. What does the attenuation coefficient show?

5. What is the logarithmic decrement of damping?

6. Specify the fields of application of electromagnetic oscillation generators in medicine.

Admission to the laboratory work "Therapeutic application of electric current. Therapeutic electrophoresis and
galvanization".

1. Define galvanization

2. State the therapeutic effects of galvanisation.

3. Explain the reasons for the reduction of pain syndrome with galvanisation.
4. What is electrophoresis? Describe the benefits of electrophoresis.

5. Name several therapeutic effects following electrophoresis.

Assessment criteria (assessment tool — Admission to laboratory work)

Grade Assessment criteria

pass  YpoBeHb 3HaHUI B 00beMe, COOTBETCTBYIOLLEM IIPOrpaMMe MOArOTOBKU. J0MyljeHO HeCKOIbKO
HerpyObix onmbok / The level of knowledge is in agreement with the training programme. There are a




Grade Assessment criteria

few minor errors

YpoBeHb 3HaHW HIKe MUHHMMaIBHBIX TpeboBaHui. Vimenu Mecto Tpy0Obie ommbku /The level of

fail . . .
knowledge is below the minimum requirements. There were gross errors

5.1.2 Model assignments (assessment tool - Report on laboratory works) to assess the
development of the competency OITK-10:

1 Determine the acceleration of the gravity from a graph of the period of a mathematical pendulum versus the
length of a string.

2. Using a set of collecting and scattering lenses, construct a model of a healthy eye. Show on the model how
accommodation is performed. Explain how the eye works in terms of geometrical optics.

3 Describe the major visual defects (nearsightedness and farsightedness) in terms of geometrical optics. Show
how vision can be corrected using lenses.

4. Determine the salt content of a solution from the known dependence of the index of refraction of light on the
concentration of the solution.

5. Derive a formula for determining the velocity of an erythrocyte if the ultrasound frequency to be used and the
Doppler shift in frequencies are known, assuming that the device is stationary on the body surface and the cell is
moving towards it.

6. Determine the electrophoretic mobility of manganese oxide ions in a salt solution using a Potok-1 medical
galvanisation apparatus.

7. Determine the logarithmic decrement of damping, quality factor and critical resistance of a closed oscillating
circuit consisting of a capacitor with a capacity of 5.7 pF, a solenoid with an inductance of 39 mH and an active

resistance of 10 Ohm.

Assessment criteria (assessment tool — Report on laboratory works)

Grade Assessment criteria

pass  Otyer odopmsieH B IleuaTHOM BU/e B HopMe eJMHOTO JOKYMEeHTa WJIH MMCbMEHHO B OTZeNbHON
TeTpaZy. B oTueTe npuBe/ieHbl: Ha3BaHKe paboThI, ee 1ie/lb, UCII0/Ib3yeMoe 0060pyoBaHue U
Marepua’bl, U3/10KeH X0/ paboTsl. [1o pe3ynbTaTtaM BBINOTHEHUS KaXK[0T0 3a/jaHus 1abopaTopHOi
paboThI c/ie/1aH KpaTKuii BbiBOJ,. OTUeT BK/IFOUAeT PUCYHKHU C Tpadrkamu, 0opopMIeHHBIMU B
reyaTHOM BH7le UM Ha Oymare-MWIIMMeTPOBKe, Tab/IUL{bI C pe3y/IbTaTaMu u3MepeHui. [logmmcy u
Pa3bsICHEHUSI K WITIOCTPALMSAM U TabiuiiaM nmopobOHbIe U MOHsITHEIe, OTUeThl, BK/TFOUAOLIHe
BBIUMCJ/IEHHUS], CofieprKaT U (hOpMyJIbl, U caM pacueT TpebyeMbIX (GU3UUeCKUX BeJTUUYMH, BBIOTHEHHBIN
C WCII0/Tb30BaHeM COOCTBEHHBIX pe3y/IbTaToOB M3MepeHH. BriBoz 1o Beeit mabopaTopHoit paboTe
pa3BepHYTHIN U COAEP>KUT 0OBsICHeHHe TI0TyYeHHBIX pe3ynbTaTtoB / The report is made out in printed
form (in the form of a single document) or the report is written in a separate notebook. The report
contains the name of the work, its purpose, the equipment and materials used, and also describes the




Grade Assessment criteria

sequence of laboratory work. According to the results of each task of the laboratory work a brief
conclusion is made. The report includes figures with graphs and tables with the results of
measurements. Captions and explanations of illustrations and tables are detailed and clear. Reports
that include calculations contain both formulas and the calculation of the required physical quantities.
The conclusion of the whole laboratory work is detailed and contains an explanation of the results
obtained.

B otuete He TipuBefieHa 1jesib. OTUET He COAEP)KUT BLIBOZOB 10 pe3y/IbTaTaM BbIITOTHEHHS KaKIO0T0
3a/jaHus1. B 0TUeT He BK/TFOUEHBI HEOOXOZMMbIE PUCYHKH C TparKaMy HJTH OHU 0(hOPMIIEHBI C
rpyObIM HapyieHHeM TpeOOBaHMI: HAPUCOBAHBI OT PYKH C HeCoO/I0ileHrneM MaciuTaba; He cofiepKar
nognvceii. OTueThI He COZIEPKUT 00ITIero BEIBO/IA 10 BCel 1abopaTopHoii paboTe WM MPHUBe/IEH
BBIBOJI, KOTOPBIN He COOTBETCTBYET 1ieJi JlabopaTtopHoii paboTsl / The purpose of the laboratory work
is not given in the report. The report does not contain conclusions on the results of each task. The
report does not include the necessary drawings with graphs or they are designed with a gross violation
of the requirements: hand-drawn with failure to observe the scale; graphs do not contain signatures.
The report does not contain a general conclusion on the whole laboratory work or the conclusion is
given, which does not correspond to the purpose of the laboratory work.

fail

5.1.3 Model assignments (assessment tool - Control work) to assess the development of the
competency OIIK-10:

1. What is progressive motion?

2. What is normal and tangential acceleration?

3. What are the relationships between the linear and angular characteristics of curvilinear motion?

4. Differential equation of free, damped and forced oscillations. The condition of resonance.

5. What is the Doppler effect? How to determine the speed of a moving object from the known Doppler shift?
6. How is the intensity level of sound determined? What does the perception of sound depend on?

7. On what does the optical power of lenses depend?

8. How is the relative index of refraction of light determined when moving from one medium to another?
9. What is the optical path length?

10. How to determine the binding energy of the nucleus of an atom?

11. How does the activity of an unstable chemical element depend on time?

12. What are absorbed dose and equivalent dose?

Assessment criteria (assessment tool — Control work)



Grade Assessment criteria

YpoBeHb 3HaHWI B 00beMe, COOTBETCTBYIOIL[EM TIPOrpaMMe MOATOTOBKH. JlomyiiieHo HeCKOIbKO
pass  Herpy6bix oubok / The level of knowledge is in agreement with the training programme. There are a
few minor errors

YpoBeHb 3HaHUWI HIKe MUHUMaJIbHBIX TpeOoBaHui. MiMen Mecto rpyObie ook /The level of

fail . . .
knowledge is below the minimum requirements. There were gross errors

5.1.4 Model assignments (assessment tool - Test) to assess the development of the competency
OIIK-10:

1. Oscillations, during which the oscillating system is exposed to an external periodically changing force, are
called

a) Forced vibrations.

b) Harmonic vibrations.
¢) Natural vibrations.
d) Parametric vibrations.

e) Self-oscillations.

2. The hearing threshold is
a) the maximum intensity of sound distinguishable by the human ear.

b) the sound level below which a person's ear is unable to detect any sound.

c) the lowest frequency of sound at which an auditory sensation is produced.

d) the greatest frequency of sound at which an auditory sensation is produced.

3. If an object of investigation emitting ultrasound moves towards the ultrasound transducer, the measured
frequency will be

a) less than the original frequency of the ultrasound.

b) greater than the original frequency of the ultrasound.

c) equal to the original ultrasound frequency.

d) inversely proportional to the speed of the ultrasound transducer.

4, Snell's law of refraction states that ....

a) the refracted ray does not lie in the same plane as the incident ray.



b) the refracted ray lies in the same plane as the incident ray and the normal to the interface between the two
media, the ratio of the cosines of the angle of incidence and the angle of refraction being constant for a given
pair of media.

¢) the refracted ray lies in the same plane as the incident ray and the normal to the interface between the two
media, and the ratio of the sines of the angle of incidence and the angle of refraction is a constant value for a
given pair of media.

d) the refracted ray lies in the same plane as the incident ray and the normal to the interface between the two
media, and the ratio of the sine of the angle of incidence to the cosine of the angle of refraction is a constant
value for a given pair of media.

5. The relative refractive index of two media indicates
a) how many times the speed of light in the medium is greater than the speed of light in a vacuum;

b) how many times the speed of light changes when light passes from the first medium to the second medium;

c) the refractive index of the substance in relation to the "vacuum";

d) how many times the density of one medium is greater than the density of the other medium.

6. The following tissues of the body are classified as dielectrics:

a) Tissues that do not conduct electrical current, for example: connective tissue, tendon, bone without
periosteum, dry skin.

b) Tissues that conduct electric current, for example: blood, lymph.

¢) Muscles, tendons, nerves, conductive tissues.

d) The upper layer of the heart muscle.

7. What particles make up the nucleus of an atom?
a) Protons and electrons.

b) Protons and neutrons.

¢) Neutrons and electrons.

d) Protons, neutrons and electrons.

8. Arrange the different types of electromagnetic waves in ascending order of their wavelengths:

a) Gamma radiation, X-rays, ultraviolet radiation, visible radiation, infrared radiation.

b) Radio wave radiation, infrared radiation, gamma radiation, x-ray radiation.

¢) X-ray radiation, microwave radiation, infrared radiation, gamma radiation, alpha radiation.



d) Infrared radiation, visible radiation, ultraviolet radiation, X-ray radiation, gamma radiation.

9. The half-life is

a) A period of time during which the average number of nuclei that have not decayed is halved.

b) a period of time during which the volume of an irradiated object is halved.
c) half the time interval during which all nuclei decay.

d) the period of time during which the mass of the irradiated object is halved.

10. Radioactivity is defined as

a) The spontaneous decay of unstable nuclei with the emission of other nuclei or elementary particles.

b) The ability of biological tissue to emit electromagnetic radiation in the radio range.
¢) Spontaneous fusion of unstable nuclei to form other nuclei or elementary particles.

d) Spontaneous disintegration of atoms to emit ultraviolet or X-ray radiation.

Assessment criteria (assessment tool — Test)

Grade Assessment criteria

YpoBeHb 3HaHUi B 00B€Me, COOTBETCTBYIOLEM TIPOrpaMMe MOATrOTOBKU. [IoMyIieHO HEeCKOIbKO
pass  Herpy6bix oubok / The level of knowledge is in agreement with the training programme. There are a
few minor errors

YpoBeHb 3HaHUI HKe MUHUMAILHBIX TpeOoBaHMi. ViMenn Mecto TpyObie ommbku /The level of

fail . . .
knowledge is below the minimum requirements. There were gross errors

5.2. Description of scales for assessing learning outcomes in the discipline during interim

certification
IIIkana onjeHUBaHUsA C(l)OpMPIpOBaHHOCTH KOMHETEHI[Hﬁ
YpoBeHn
b
chopmn TI0XO HEYAOBJIETBOP | YAOBIETBO XO0pOo11I0 OHeHb OT/IUYHO NPeBOCX0/{HO
POBaHH UTe/IbHO PHTe/IBLHO X0poLIo
ocTH
KoMIleT
eHIUI
(uHANK
aropa
AOCTHIK He 3aUTeHO0 3auTeHO
eHHUs
KoMIeT
eHLUH)
3HaHus OtcyTcTBUE YpoBeHb MuHumaneH | YpoBeHb YpoBeHb YpoBeHb YpoBeHb
3HaHUH 3HaHUN HIKe 0 3HaHW B 3HaHWH B 3HaHUH B 3HaHWUM B




o0beMe,
TEOpeTHYeCcKoro o6neme,
COOTBETCTBY
Marepuara. JIONyCTUMBI | COOTBETCTBY | obneme,
HeBO3MO>KHOCTb i ypoBeHb I0IL[EM U—l COOTBETCTB
MHMHHUMa/bHBIX " TporpaMme obneme,
OLIeHUTb TIOJIHOTY " 3HaHWH. nporpamme yIoIem
N TpeboBaHMH. TOATOTOBKH TIpeBBILIAOIIe
3HaHUN [HonyieHo TMO/IrOTOBKH rporpamme
Vmenu mecto . Domy1rieHo M IIpOrpaMMy
BCJIE[ICTBHE MHOT'0 . Jony1ieHo TIO/ArOTOBK
rpy0Oble OMOKH HeCKOJIbKO TO/ITOTOBKH.
OTKasa HerpyobIx HECKOJIbKO u. Ommbok
HecylILiecTBe
00yyaroIerocs ot OIIMO0K HerpyobIx HHEIX HeT.
OTBeTa OIIM60K
o1IO0K
IIpogemoHc
TPHPOBAHBI
IIpogemoHc PYp
IIpogemoHc | Bce
IIpogemMoHC | TpUpOBaHbI
TPUPOBaHbI | OCHOBHBIE
TPUPOBaHbI | BCe
BCE YMeHMUsI. ITpozieMOHCTp
OCHOBHBI® OCHOBHBI®
OrcyTtcTBHE OCHOBHBIE PelteHs! WPOBaHbI BCe
IIpu perieHNM YMeHUsl. yMeHUsl.
MHHHMMaJ/IbHbIX yMeHUsl. BCE OCHOBHBIe
o CTaH/IapTHBIX Periens! Pemens! Bce
YMeHHH. PeliieHbl Bce | OCHOBHBIE YMeHHUs.
3a7jay He THUIIOBbIE OCHOBHbIE
HeBo3moxHOCTB OCHOBHEIE 3a7,a4u C Perens! Bce
TIPOZIEMOHCTPUD | 3aJauu C 3a/iau C
OL|eHUTh Ha/lnume 3ajiaunl. OTZIeNbHBIM | OCHOBHBIE
Ywmenus N OBaHbI HerpyObIMU | HerpyObIMU
yYMeHHH BeImonHeHs! | U 3ajiaunl.
OCHOBHbIE ommbkamu. | omMOKamu.
BCJ/IE[ICTBHE BCe 33JlaHMs1 | HeCyllecTB | BrInosHeHsl
yMenusi. imenu | BbimonHeHsl | BbinosHeHbI
OTKaza B [10JTHOM €HHBIMU BCe 3a/laHus, B
MecTo rpy6Obie BCE BCe 3a/laHust
obyuatoiierocsi ot obbeMe, HO | HejOUeTaM | IIOJTHOM
omMoKH 3afaHuis, HO | B IIOJTHOM
OTBeTa HEeKOTOpble | U, obbeme Ge3
He B o6beme, HO
d BBINIOJIHEH | HEJ0YeToB
TIOJTHOM HEKOTOpble
HeJjoueTaMH | bI BCe
obbeme o
3a/laHyis B
HeJZloueTaMu
TI0JTHOM
obbeme
Nwmeetca
OTtcyTcTBUE IIpomemoHc [Ipomemonc
MHHUMaJbH IIpogemonc
6a30BbIX ITpu pereHnu o TPHPOBaHBI TPHUPOBAHBI
bl Habop TPUPOBAHBI ITposieMOHCTp
HaBBIKOB. CTaH/JapTHBIX 6a3zoBble HaBBIKK
HaBbLIKOB 6a3oBble MpOBaH
HeBO3MO>XHOCTb 3a7iau He HaBbIKH TIpU npu N
ISt HAaBBIKH TIpY TBOPYECKHI
OLIeHUTb Ha/jMure | MpOJEeMOHCTPUD peleHnn peleHnr
Hagbiku pelLeHust peleHnn TIOAXOZ K
HaBBIKOB oBaHb! 6a30BbIe CTaH/IapTHBI HecTaHjapT
CTaHZIapTHbI CTaHJapTHbI pelleHNI0
BCJIE[ICTBHE HaBbIKY. VIMenn X 33724 C HBIX 3aj1au
X 3374 C X 3a71au 6e3 HeCTaH/apTHBI
OTKasa MecTo rpy0Obie HEKOTOPbIM 6e3
HEKOTOPBIM ommboK 1 X 33714y
o0yuaroierocst OT | OmubKu u omboK u
u HeJZloueToB
OTBeTa HeJ0YeTaMHt He/[0YeTOB
HeJloueTaMu
Scale of assessment for interim certification
Grade Assessment criteria
All the competencies (parts of competencies) to be developed within the discipline have
outstanding been developed at a level no lower than "outstanding", the knowledge and skills for the
relevant competencies have been demonstrated at a level higher than the one set out in the
programme.
excellent All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "excellent",
pass very good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "very good",
good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "good",
satisfactory All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "satisfactory", with at least one competency
developed at the "satisfactory" level.




unsatisfactory At least one competency has been developed at the "unsatisfactory" level.

fail

poor At least one competency has been developed at the "poor" level.

5.3 Model control assignments or other materials required to assess learning outcomes during
the interim certification with the criteria for their assessment:

5.3.1 Model assignments (assessment tool - Control questions) to assess the development of the
competency OIIK-10

1. Kinematics and dynamics of translational and rotational motion. Basic kinematic equations.

2. Mechanical vibrational and wave processes. Acoustics. Doppler effect.

3. Mechanical properties of biological tissues. Hooke's law. Mechanical stress. Young's modulus.

4. Basic concepts of fluid dynamics. The jet continuity condition. Bernoulli's equation. Poiseuille formula.
5. Newtonian and non-Newtonian fluids.

6. Laminar and turbulent flow. Peculiarities of blood flow through large and small blood vessels. Surface
tension in fluids. Capillary phenomena.

7. Basic characteristics of the electric field. Primary mechanisms of action of electrostatic fields. of electrostatic
fields on biological objects.

8. Electrical conductivity of biological tissues and fluids for direct current. Alternating current. Different types
of electrical resistances in an AC circuit. Impedance.

9. Basic characteristics of a magnetic field.

10. Magnetic properties of biological tissues. Primary mechanisms of impact of magnetic fields on the
organism. Therapeutic use of magnetic fields.

11. Electrostimulation of tissues and organs. Parameters of impulse signal and their physiological meaning.
physiological value. Effects of high frequency currents and fields on the body.

12. Electromagnetic waves, electromagnetic wave scale. Interference and diffraction Interference and
diffraction of light. Polarization of light.

13. Energy emission and absorption by atoms. Structure of energy levels of atoms and molecules. Optical
spectra of atoms and complex molecules. Medical applications of Luminescent methods of research,
photocolorimetry and spectrophotometry.

14. Light scattering. Nephelometry. Optical quantum generators (lasers). Characteristics of laser radiation.
Physical basis of laser therapy and surgery.

15. Electron paramagnetic resonance (EPR), nuclear magnetic resonance (NMR) and Magnetic resonance
imaging (MRI). Principles and diagnostic capabilities.

16. X-ray radiation, its nature. Interaction of x-ray radiation with matter. Physical principles of X-ray diagnosis
and X-ray therapy. The concept of X-ray computed tomography.

17. Basic characteristics of atomic nuclei. Radioactive decay. Interaction of ionizing radiation with matter.
Physical basis of radionuclide methods of Diagnostics and radiation therapy. Dosimetry of ionising radiation.

Assessment criteria (assessment tool — Control questions)



Grade Assessment criteria

Bce komMmeTeHI MY (YacTH KOMTIETEHIUI ), Ha (HOPMUPOBaHHE KOTOPBIX HAIllpaB/ieHa
IUCLIUIITMHA, COOPMUPOBAHBI Ha YDOBHE He HIDKE «TIPEBOCXOZHO», TIPOAEMOHCTPUPOBAHbI
di 3HaHWS, YMEHUsI, B/IaJIEHUS 110 COOTBETCTBYIOIIUM KOMITETEHIUSIM Ha YPOBHE BBIIIIE
outstanding rpeycMOTpeHHOro rporpammoti / All competences (parts of competences) are formed at the
level of at least ‘perfect’. Demonstrated knowledge, skills and mastery of the relevant

competences at a level higher than that provided by the programme

Bce komneTeHIUY (YacTH KOMTIETEHIUI), Ha (HOPMUpPOBaHUe KOTOPLIX HallpaB/jieHa
excellent IUCIUIIMHA, CHOPMHPOBAHbI Ha YPOBHE He HiKe «oTauuHo» / All competences (parts of
competences) are formed at the level of at least ‘excellent’

Bce kommeTeH1[uM (4acTH KOMIIeTeHI[Ui), Ha (hopMHUpOBaHKe KOTOPLIX HarpaB/ieHa
very good JUCLMIUIMHA, cOPMHPOBAaHLI HAa YPOBHE He HIDKe «oueHb xoporo» / All competences (parts
of competences) are formed at the level of at least ‘very good’

Bce komneTeHIMY (YacTH KOMIeTeHLUH), Ha YOpMUPOBaHMe KOTOPBIX HallpaB/ieHa
good JIUCIUIIMHA, COPMUPOBAHLI Ha YPOBHE He HIKe «xopoio» / All competences (parts of
competences) are formed at the level of at least ‘good’

Bce koMreTeHLMM (UaCTH KOMITETEHLIWH), Ha (OpMUPOBaHUE KOTOPHIX HarpaB/ieHa
MUCLIUITIMHA, CHOPMUPOBAHBI Ha YPOBHE HE HIDKE «YOBI€TBOPUTEILHO», IPU 3TOM XOTS ObI
satisfactory  |omHa KoMIteTeHIMsI ChOPMHUPOBaHa Ha YPOBHE «Y/I0B/IeTBOPUTENLHO» / All competences
(parts of competences) are formed at the level of at least ‘satisfactory’. At least one
competence is formed at the level of ‘satisfactory’

Xorsi 661 0/JHa KOMITeTeHLMS1 ChOpPMHUPOBaHa Ha YPOBHE «HEYIOB/IETBOPUTEBEHO» / At least

unsatisfactor . )
Y one competence is formed at the level of "unsatisfactory".

XoTs 0bl 0/fHa KOMITeTeHIUs C(hOpMUPOBaHa Ha YpOBHe «Iy1oxo» / At least one competence is

poor formed at the level of "poor"

5.3.2 Model assignments (assessment tool - Tasks) to assess the development of the competency
OIIK-10

1. Normal monochromatic light is incident on a diffraction grating. The wavelength of the light is 600 nm. For a
diffraction maximum of the 2nd order, the deviation from the original direction is an angle of 30°. Determine the
period of the diffraction grating.

2. Calculate the binding energy per nucleon of 10.p,

3. Forced oscillations are described by the differential equation 0.2 x” +0.24x'+1.8x = 0.6 sin 5t. At what
frequency of the external force will resonance be observed?



4. An ambulance has traveled a distance 1=20 km. The first part of its journey the car traveled at a speed 3 times
greater than its average speed, and the second part of its journey - at a speed 1.5 times less than the average
speed. Find the length of the first part of the journey.

5. Construct and characterize an image of an object located between the front focus of a collecting lens and the
lens itself. The base of the object is on the optical axis of the optical scheme.

6. A medical syringe is placed horizontally. The syringe piston is pressed with a force of 0.25 N. The diameter

of the piston is 9 mm. The density of the liquid is 1300 kg/m3. At what speed will the liquid flow out of the
syringe?

7. The logarithmic decrement of attenuation of a tuning fork oscillating at a frequency of 120 Hz is 0.007. After
what period of time will the amplitude of the oscillation of the tuning fork decrease by a factor of 60? Consider
that the period of damped oscillations is close to the period of free undamped oscillations.

8. A stone falls from a height of 259 m with an initial velocity of 2 m/s. How far will the stone travel during the
last 2 seconds of its flight?

9. Construct and characterize an image of an object located at a distance equal to twice the focal length of the
collecting lens. The base of the object is on the optical axis of the optical scheme.

10. A driver traveling at a speed of 25 m/s gives a signal with a frequency of 680 Hz. What frequency signal
will be heard by the driver of the other car traveling at 15 m/s before and after the cars meet? The speed of
sound is 340 m/s.

11. The linear attenuation coefficient of concrete is 10 m™'. Determine by how many times the intensity of a
narrow beam of cobalt y-rays (27Co60) will decrease when passing through a concrete plate 25 cm thick.
Determine the thickness of the half attenuation layer for concrete.

12. The drip is located at a height of 37 cm above the patient's bed, a solution of drugs was injected into the
forearm vein. The density of the solution is 1032 kg/m3, viscosity is 1.6 mITa*c, the pressure in the vein was 55
mm of water column. The needle inserted into the vein has a lumen diameter of 0.5 mm. Determine the length
of the needle to be used to deliver 400 ml of solution through the drip into the patient's venous bed in 40
minutes.

13. The motion of a medical helicopter is described by the equation: x = 130 + 30t + 1.5t2. Determine the
moment of time at which the instantaneous velocity will be equal to 60 m/s.

14. The natural absorption index of the substance is 0.3 cm-1. A light flux falls on a 2.35 c¢m thick plate of this
substance. Determine what part of the light flux will pass through this plate. The scattering of light in the plate
is neglected.

15. Determine the half-life of radioactive iron *%p¢Fe , if initially there were 6x 10'8 atoms and after 225 days it
became 1.875x1017.

16. Determine the minimum wavelength in the X-ray spectrum if the velocity of electrons falling on the anti-
cathode of an X-ray tube is 2-108 m/s. The mass of the electron is 9.1 - 1073 kg, h =6.63 - 10'34J/kg.



17. In one of the main human arteries the maximum value of Reynolds number is 4175. The vessel lumen

diameter is 13 mm, blood density is 1050 kg/m3. Determine the coefficient of dynamic viscosity of blood if the
maximum linear velocity of blood flow in the artery is 1.5 m/s.

18. The initial activity of 181145 103 Bg. Calculate the number of radioactive nuclei of this substance after 30
days. The half-life is 8 days.

19. Determine the distance between the electrodes during electrophoresis if the mobility of ions is 2107 m?/v-
s, the voltage between the electrodes is 10 V, and the ions have moved 1.5 cm in 15 minutes?

20. Determine at what angle light rays fall from the air onto a plane-parallel plate with refractive indices n=1.5,
if the angle of refraction of the rays is 30°. The thickness of the plate is 12.0 mm Prove that the angle at which
the light rays leave the plate is equal to the angle of incidence. (Draw a picture).

21. When a body falls freely to the ground from a height h, it has travelled a distance equal to h/3 during the last
second of its flight. Determine the height h from which the body fell.

22. An air ambulance is travelling at a speed of 60 m/s before landing. After 15 s its speed has decreased by 2
times. Determine the acceleration of the aeroplane.

23. The distance of best vision for a farsighted eye is 45 cm. What glasses should I use to bring my vision closer
to normal?

24, The hydrodynamic resistance of the precapillary section (containing arterioles) is 1.5 times greater than the
hydrodynamic resistance of the section of the human bloodstream containing capillaries. Determine how many
times the diameter of an arteriole is greater than the diameter of a capillary. The length of an arteriole is 0.8 mm,

their total number of arterioles is 3.5:108, and the length of a capillary is 0.11 mm. The total number of

capillaries is 2-10°.

25. In the observed erythrocyte sedimentation rate reaction, the erythrocyte moves uniformly at a speed of 3

mm/h. The density of the erythrocyte is 1085 kg/rn3, the density of blood plasma is 1035 kg/m3. Considering
the erythrocyte to be a ball with a diameter of 5.7 pm, determine the viscosity of the blood plasma.

Assessment criteria (assessment tool — Tasks)

Grade Assessment criteria

outstanding | A creative approach to solving non-standard problems was demonstrated.

excellent Skills to solve non-standard problems without errors and mistakes were demonstrated.
very good The ability to solve standardized problems without errors or mistakes was demonstrated.
good The ability to solve standardized problems with some deficiencies was demonstrated.

satisfactory | There is a minimum skill set for standard tasks with some deficiencies.




Grade Assessment criteria

unsatisfactory Basic skills were not demonstrated in solving standard problems. There were gross errors.

poor Lack of understanding of the material. It is impossible to assess the presence of skills.

6. YueOHO-MeTOMUECKOEe H HH(OpMaIMOHHOE o00ecrieyeHHe JUCIMILTHHBI (MO/1y/151)

OcHoBHas uTeparypa:

1. Remizov A.N. Medical and biological physics : yue6nrk / Remizov A.N. - Mocksa : 'SOTAP-Menua,
2022. - 576 c. - ISBN 978-5-9704-7102-9., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=809552&idb=0.

[JomnonHuTtenbHas 1uTeparypa:

1. BacunbeB A. A. MeguniHcKast 1 6uonorndeckas ¢prsvka. JIabopaTopHbIi IPakKTUKYM : yuebHOe
rocobue / A. A. Bacuibes. - 2-e u3g,. ; UcTip. U o1 - Mocksa : FOpaiit, 2023. - 313 c. - (Briciiee
obpaszoBanme). - ISBN 978-5-534-05174-2. - Tekcr : anektponHsii // DBC "FOpaiit"., https://e-
lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=848467&idb=0.

2. MepvimHcKas ¢pusvka. JlaboparopHbiii mpaktikyM. Y. 1. MegunyHcKas ¢usuka. JlabopaTopHsii
npakTukyMm. Yacts 1 / FOpunneB A. B, IllepctHeBa O. H.,ITeckoBa H. H.,I'epacumoga C. A. - HrwkHui
Hosropog : HHI'Y um. H. 1. JTobaueBckoro, 2022. - 54 c. - PeKoMeH/J0BaHO MEeTO/[UUE€CKON KOMHUCCHUEH
WHctuTyTa 6Uosioruu u buomequIvHbI 11t ctyaentoB HHI'Y, oOyuaronuxcs o crelyaabHOCTIM
31.05.01 «JIeuebHoe geno» u 31.05.03 «CtomaTonorus». - Kaura u3 komtekiuu HHI'Y um. H. 1.
JlobaueBckoro - MeauiiyHa., https://e-lib.unn.ru/MegaPro/UserEntry?
Action=FindDocs&ids=830237&idb=0.

3. CriekTpoduiyopuMeTpusi /ISl KOJTMUeCTBEHHOTO OTIpe/ie/ieHNsI MOHHBIX KOHIIEeHTpalyi : yueOHo-
MeTouueckoe riocobue / A. B. KOgunies, H. FO. llunsruxa, B. C. CyxoB [u ap.] ; HHT'Y um. H. 1.
JlobaueBckoro. - Hwkuuii Horopog : 3a-so HHI'Y, 2015. - 33 c. - TeKcT : 2/IeKTPOHHBIH., https://e-
lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=850222&idb=0.

4. Ruchi Shrestha. Ultrasound: A Core Review. - Lippincott Williams & Wilkins, 2018. - 1 online
resource. - ISBN 9781496381620. - ISBN 9781496309815. - TekcT : 3/1eKTpOHHBIH., https://e-
lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=856464&idb=0.

[TporpammHoe obecrieueHrie 1 VIHTepHeT-peCcypChl (B COOTBETCTBUU C COJIePKaHUEM IVCIUTUIAHBI):

9BC «IOpaiiT». Pexxum focryma: http://biblio-online.ru.

9BbC «KoHcynbTaHT cTysieHTa». PexkxuM moctyma: http:/www.studentlibrary.ru.
9BC «JIanb». Pexxum goctymna: http://e.lanbook.com/.

IBbC «Znanium.com». Pexxum focTyna: www.znanium.com.

7. MaTepHa/ibHO-TeXHHYeCKoe ofecreyeHHe JUCLUIIMHBI (MOY /1)

YueOHble ayAWTOPUM [i/isI TIPOBeJIeHHsI yueOHBbIX 3aHSITHM, TpeJyCMOTPeHHBbIX 00pa30oBaTe/bHOM
MIPOrpaMMOM, OCHAI[eHbl MYJbTUMEAUMHBIM 000pyZOBaHUEM (TIPOEKTOP, 3KpaH), TeXHUUYeCKUMHU



cpeAcTBaMu 00ydeHHsi, KOMITbIOTEpaMH, CIlel[MaJM3upOBaHHbIM 000pyjoBaHueM: ['anbBaHU3aTOpP/
Galvaniser "TTotok-1"; Habop mpuOOpOB fjisi M3yueHUs] pacrlpoCTpaHeHUs yibTpa3Byka / A set of
instruments for studying ultrasound propagation; 1abopaTtopHasi ycTaHOBKa "Mo/ie/lb MaTeMaTH4eCKoro
MasiTHUKa" / laboratory setup '"mathematical pendulum model"; naGopatopHasi ycTaHOBKa [jist
M3yUYeHUs 3aTyXalollUXx 3/eKTPOMarHUTHBIX KosiebaHuii / laboratory setup for studying damped
electromagnetic oscillations; pedpakromeTp / refractometer

[TomerieHust 711 CaMOCTOSITe/TbHOM paboThl 0OYYaroIMXCsl OCHAI[eHbl KOMITBIOTEDHOM TEXHUKOU C
BO3MOKHOCTBIO TMOAK/IOUeHUss K cetd "VHTepHeT" u obecrieueHbl [OCTYIIOM B 3/IeKTPOHHYIO
WHGOPMAaLIMOHHO-00pa30BaTeIbHYI0 Cpejly.

[Mporpamma cocraBiieHa B cooTBeTcTBUM ¢ TpeboBanusmu OI'OC BO 1o HarpaBiIeHHUO
nozArotoBKu/crietipanbHocTH 31.05.01 - General Medicine.

Author(s): FOguniieB AHapeit BnaaumupoBu, KaHugaT GU3UKO-MaTeMaTUUeCKUX HaykK.
3aBeayromuii kadeapoii: BogeHeer BragumMup AHaTo/IbeBUY, JOKTOP OMOIOTMUECKUX HaYK.

[TporpamMmMa oiobpeHa Ha 3ace/jJaHUM MeTOANUECKOM Komuccuu ot 4.12.2023, ipoTokost Ne 5.
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