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The system of organization of the IWS and IWST
studies by the example of «Transport phenomena»

The article is devoted to the development of methods for conducting independent work of students in the
conditions of credit technology of education. The main idea is the need to change the accent position — first
the IWS, then the IWST using the example of a specific section of molecular physics: «Transport». Transport
phenomena are experimental justification and confirmation of the fundamentals of molecular-kinetic theory.
This section is practically not considered in the school course of physics because of its complexity, but with
careful study of the material, it can be given in classes with a physical and mathematical bias. The article se-
lected and analyzed the problems of increased complexity, which students of secondary schools offer no
sense, since they are very complex in physical essence and require a mathematical apparatus at the level of at
least differential equations. The students were offered two laboratory works - one contact; which is classical
and does not need special comments, and one is virtual with the expectation that they can be used both in uni-
versity and in school. Assignments on the topic within the framework of the IWS with different number of
answers were selected and tested, and questions requiring careful study by students using literary sources.
The results of the physical dictation, colloquium, testing in the system of EVEA, control work were carried
out and analyzed. The proposed system of organizing the IWS and IWST for many years was developed in
the educational process for general courses of physics and specialicourses of the appropriate profile, during
the performance of the theses, during pedagogical practices, wasqpresented in reports at conferences.

Keywords: diffusion, thermal conductivity, viscosity, ultra rarefied gas, mass, momentum, energy, credit
technology training, IWS, IWST.

The system of organizing classes in terms of credit technology training involves a sequence: lectures,
hands-on exercises to solve problems, laboratory exercises, IWST, IWS. We believe that such a sequence is
not entirely reasonable. Naturally, without lecture; practical and laboratory, that is, classroom organization of
the IWS is impossible, especially since the conduct of all classes is determined by the schedule.

In the thesis work the system of organization of IWS and IWST is considered on the example of the
section of molecular physics: «Transpoft phenomenay.

Transport phenomena are experimental substantiation and confirmation of the fundamentals of the mo-
lecular-kinetic theory of ideal gases [1].

Depending on the transfer of what physical characteristics the researcher is interested in, three transport
phenomena are distinguished: diffusion, viscosity and thermal conductivity [2].

Diffusion is a process of gradual mutual penetration of two adjoining substances. Thermal conductivity
is the process of heat transfer from more heated parts of the body to less heated ones. Viscosity, or internal fric-
tion, occurs when the layers of a gas or liquid are relatively displaced [3]. Analyze the example transport
phenomena of increased complexity problems.

1. Two identical parallel disks whose axes coincide are located at a distance / from each other. The ra-

dius of each disc is'@, and a >> h . One disc is rotated at a slight angular velocity @ , another disk is station-
ary. Find the moment of frictional forces acting on the fixed disk, if the viscosity of the gas between the
disks is # [4;109] (Fig. 1).

Given: Solution:

h

a
a>>h
)

My =?

Figure 1. Gas between discs
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We divide the volume of gas between the disks into elementary coaxial cylindrical layers and consider
one of them of radius x and depth dx.
Within its limits:

x
dF s = 77727zxdx (on the basis of the law of viscosity).

dM , =dF; -x = 2nn%x3dx.

We integrate, obtain:

Tnoa 4

a
w3
Mg =21 —Jx dx =
T 2
The basic indication is that a >> 4. This means that the motion of molecules involved in the process be-
tween the disks can be considered one-dimensional.
2. Decide the previous problem, considering that between the disks there is an ultra- rarefied gas of mo-
lar mass M, temperature 7 and pressure p [4; 110].

Given: Solution:
h We use the picture of the previous problem. But, since the gas is in an ultra-
a rarefied condition, there can be no question of any viscosity. Gas molecules
a>>h colliding with disks, transfer from one to another the impulse. Within any of
® the coaxial cylindrical layers:
M 1

dK = —mgawxn - 2medx(v
T 6 0 < > >
P where m —mass of a gas molecule; » — its concentration; (v) — the average
M, =? velocity of chaotic motion of gas molecules.

Since dK — momentum, carried by gas molecules per unit time, then according to Newton's law II we

have:
ik =2 e 2o e[S
6N, kT M

M, =dF.,.

We turn to the moment of forces:

Integrating, we obtain:
wa* [ M
Mr =P 3\ 2rr -

3. The space between the large horizontal plates is filled with helium. The distance between the plates is
/=50 mm. Thedower plate is maintained at a temperature 7; = 290 K, the upper plate at 7, = 330 K. The gas
pressure is close to normal. Find the heat flux density [4; 110] (Fig. 2).

Given: Solution:

He Z

M =4-10" kg/mol A S
i=3 / ' 2
[=0,05m 7

T,=290 K - - =
T,=330K l
P~Pnorm -

Oy =7

0

Figure 2. Gas between plates

94 BecTHuk KaparaHgmHckoro yHusepcurteTa



The system of organization of the IWS and IWST...

Since the temperature of the lower plate is less than the upper one, convection is excluded. The gas
pressure between the plates is unknown, but it is close to normal, so heat is transferred due to viscosity. And,
finally, since by the condition of the problem, the plates are large, the process of heat transfer can be consid-
ered one-dimensional.

According to the Fourier law:

dT
=+X—5,
9 dz
where Q=0 S — heat transported per unit time.

Regarding the signs: one «minus» takes into account the fact that the primary heat transfer occurs to-
wards the temperature, that is, from the upper plate to the lower plate, the other — that this happensiin. the di-
rection opposite to the z axis.

N =306 (1)(0);

3R
05 lmn2t 1 [RTar ¢
° 370 M \/Endjﬂn m, dz [

We separate the variables, integrate, previously using the known relations, we obtain:

9

2R 1)
3 2PN,

Calculate: Qp = 40 W/m’, where the effective diameter of the helium atom is replaced by its geometric di-

ameter.

4. Helium at pressure p = 1 Pa is located between two large parallel plates spaced from each other by
/=5 mm. One plate is maintained at a temperature ¢;. = 17 °C, and the other at #, = 37 °C. Find the
mean free path of helium atoms and the density of heat fluxes [4; 110].

Given: Solution:

He Using the drawing of the previous problem. Determine the mean free path of
p=1Pa molecules not by given conditions:

i=3 1073, 10

/=5mm <7»>: k<T2> ;1’38 10 300_2(10 =~ 23mm > /.

T,=290 K 2nd’p 1,4:3,14:4:107 1

T,=310K That is, helium is in an ultra-rarefied condition, which means that there can-
P~Prorm not be any thermal conductivity, and heat transfer from one plate to another is

carried out by transferring the thermal energy between them by the He mole-

< ﬂ,> =9 cules.

QO :
1 i ! i 13 P 8R<T> f R 2
% 6(2 g 2k 1)n<0> 62 (%=1 k<T> T, P 27cM<T>( 2~ 1) =22 Wi,

5. Determine the thickness of the ice formed during a given time ¢ on the calm surface of the lake. Con-
sider-that the ambient temperature 7 is constant all the time and is equal to the temperature of the outer sur-

face of the ice (I'<T,,,;,where T, - is the melting temperature of the ice). Calculate numerically, assuming

that 7 = 10 °C. For ice ¥ = 2,2 W/mK, A =34-10°J/kg, p =10’ kg/m’ [5] (Fig. 3).
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Given: Solution:
TO =263K Ty=const g

Ty =const

T, =273K

N =2,2 WmK
2=34-10° J/kg
p=10"kg/m’
r =day

z="7

Figure 3. Lake

z — the thickness of the ice formed by the time. Heat, which is released when the mext elementary layer

freezes:
80 =—-ApSdz

(The «minusy sign is due to the fact that the heat is given off by freezing water.)
This heat leaves through a layer of ice «z» thickness due to the thermal conductivity to the outside:
T -1
80 = —N—zL 0 Sy,

z
(The «minus» sign takes into account the fact that the transfer of heat is carried out in the direction op-
posite to the z axis.)

PapSdz = +N-Lie Lo .
y4

zdz = ﬁ(Tme, =T,)dt.
rp

N IN(T, -T)t
Ap '
Calculate: z = 11 cm.

An important role in the deeper mastery of the physics course is played by laboratory exercises. On the
theme, students are offered one contact laboratory work: «Determination of the viscosity of the liquid by the
Stokes method», which is quiterclassical and does not need special comments, and one virtual laboratory
work: «Determination of the mean free path of molecules» [6].

Let's consider virtual-laboratory work.

In this laboratory work Brownian particles are investigated. Exercise 1 introduces 25 particles with a diame-
ter of 350 conventional units. The temperature is set to 1000 K. Then the diameter is changed from 350 con-
ventional units to 100 conventional units, with a step of 50 conventional units. Determine the corresponding
() . The results of the measurements are given in Table 1 and Figure 4.

Integrate

Table 1
Results of exercise 1
d, conv. units (4), conv. Units
350 2000
300 2200
250 2400
200 2700
150 3300
100 8500
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In the second exercise, the particle diameter is fixed to d = 250 conventional units. The temperature is
1000 K. The particle concentration varies from 25 to 5 with a step of 5 particles. (1) is determined. The re-

sults are presented in Table 2 and Figure 5 [7].

Table 2
Results of exercise 2
N (2, conv. Units
25 2600
20 2800
15 4200
10 6400
5 17500
9> 9000 <A, 7000 )
COIIV’. 8000 \ conv. 6000 + (j_jrl—r =
units 7000 \ units R A2 }7 !
6000 \ 5000 = X
5000 \ 4000 _—%‘q;j
4000 \ 3000 .
2090 = 2000 15
2000 RS
1000 1000,
0 0 "
0 100 200 300 400 0 10 20 30
d, conv. units
Figure 4. Dependence of the mean free Figure 5. Dependence of the mean free
path of molecules on the diameter path of molecules on the its concentration

The credit system of education requires. the qualitative organization and appropriate independent work
of students (IWS).

The main types of independent work of students without the participation of teachers are the formation
and assimilation of the content of the lecture notes on the basis of the educational literature recommended by
the lecturer, including information educational resources (electronic textbooks, electronic libraries, etc.);
writing essays; preparation for:classes, laboratory works, their design; compilation of an annotated list of
articles from relevant journals by field of knowledge; preparation of reviews for the article, allowance; im-
plementation of micro-surveys; preparation of practical developments; the fulfilment of homework in the
form of solving individual problems, performing standard calculations, calculating computer and individual
work on separate sections of the content of disciplines, etc.; operating self-monitoring and control of aca-
demic progress on the basis of electronic training and evaluation tests. Depending on the features of the dis-
cipline studied, the list of types of work can be expanded and changed [8§].

IWS promotes the assimilation of knowledge, the formation of professional ability and skills, ensures
the formation of professional competencies for the future graduate.

The goal of independent work is to teach the learner to make sense and independently work first with
educational material, then with scientific information, lay the foundations for self-organization and self-
education in order to instill the ability to continuously improve his skills in the future.

Let us consider the organization of IWS (in questions and answers) on the example of transport phe-
nomena [9].
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1. Construct the correct statements about the correspondence of the transferred quantity to this transfer proc-
ess.

1.1. In the process of ... 2. ... 1s transferred ...
a) ... diffusion ... a) ... momentum ...
b) ... viscosity ... b) ... energy ...
c) ... thermal conductivity ... C) ... mass ...
2. Specify the correct formulas relating to diffusion in gases:
2.1. dm = Dl|gradp|dSdr ; 2.8. j =—DgradpdSdr ;
2.2. dm = D|gradpldS ; 2.9. D=—~(2)v);
2.3. dm = —-D\gradp|dSdr ;

dm = ~Dlgradpldsds 2.10. D=1 (2)(v);
24. j=-Dgradpdr; 3

~ 1
2.5. j=Dgradgp; 2.11. DZSW‘));
2.6. j=-Dgradp; 2.12. D=(A)v).

2.7. j =—DgradpdS;
3. Specify the correct formulas relating to the viscosity in gases:

3.0, dk = as 3.8. n=(A)v)e:
py 3.9. dF =n % ds
9. dF =n—dS;
3.2 sz—nﬂ; dx
dx 1
du 3.10. 77:§</1><U>p;

3.3. dK =-n—dSdr ;
dx du

| 300 dk=n ™ dsdr ;
34. 77:—</1>p; dx
’ 3920 = ()
3.5, dF =—p T ds 3 ’
dx du

36. dF =-n—dr;
ndx ‘

1
3.14. 7]=—<U>p.
3.7. dK=—77@dr; 3
dx

4. Specify the correct formulas relating to the thermal conductivity of gases:

4.1. 50 = N|gradT|dSdr ; 1
47. N=—(A ;
4.2. 8 =~(2)v)pey ; Gt
4.3. §=—NgradTds, 4.8. g=—gradT;
! 4.9. 50 = —N|gradT|dSdx ;
44. 8 = {afv)des 4.10. % = ~(A)pey ;
4.5. N=(A)v)p; 4.11. g=—NgradT,

4.6..g =NgradTds,; 412, N=—%</1>,DCV.

When a credit system for teaching technology was introduced, it was assumed that the number of hours
allocated to a particular section of physics by linear technology and by credit technology should be the same,
provided that according to the curriculum the IWST is given the same number of hours as for traditional
classroom classes (lectures, practical and laboratory classes). At first, it was so. Then the hour on the IWST
was reduced to a minimum. In our view, this approach is discredited the very idea of credit education tech-
nology. This, in the first place. And, secondly, for several years it is simply impossible to work out any sys-
tem of education, especially not traditional. Nevertheless, some experience is accumulated.

How, in our view, should be the content of training IWST?

1) The development of theoretical material with the mandatory conduct of a physical dictation and col-
loquium.
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2) Solution of problems with compulsory control work, and if the traditional practical training to solve
problems, the main work is done by the teacher, the students work on IWST (on board, on the ground),

homework, that is, under the guidance of a teacher.

3) Protection of laboratory work, and not so much individual, as by the principle of holding a «round

tabley.

4) In the abstracts there is no need, because their writing turns into an «empty» formality.
5) Control testing is not excluded, according to the old system or in the EVEA (external evaluation of

educational achievements) system.

With such an organization of the educational process, specific content is included in each current
evaluation (and there are 5 of them during the semester with the number of credits not less than 3).

And, finally, it becomes obvious that students are compelled to systematically prepare for such studies,
that is, to work with literature, the Internet, etc. This is the independent work of students (IWS). That's why

the IWS must precede the IWST [10].

We give the content of the physical dictation.
1. Thermal motion is called ...
2. The effective cross-section of the molecule is ...
3. The effective diameter of the molecule is ...
4. The mean free path of molecules is determined by
the formula...
5. The average number of collisions of a molecule
with other molecules per unit time is determined by:
6. The mean free path at T = const depends on the
pressure so:
7. Diffusion is ...
8. The basic law of diffusion:
9. Unit of measurement of the diffusion coefficient
in the SI system:
10. The formula for the diffusion coefficient:
11. Mass flux is ...
12. Thermal conductivity is the process ...
13. Unit of measurement of thermal conductivity in
the SI system:

Colloquium on transport phenomena:

L oy 5 (2) ()5 95 (=30,

. The stationary transport equation in general form.
. Comparison of the transport coefficients.
. Peculiarities of transport phenomena in vacuum.

031N DNk~ W

Control work:

14. Formula for the coefficient of thermal conductiv-
ity:

15. The heat flux is defined as:

16. The impulse fluxis ...

17. Unit of measurement of the viscosity coefficient
in the SI system:

18. Formula for the coefficient of viscosity:

19. Relaxation time ...

20. The dependence of the mean free path on tem-
perature at constant pressure ...

21. The dependence of the average number of colli-
sions on the pressure ...

22. Stationary transfer process is called ...

23. Nonstationary transfer process is called ...

24 In the process of diffusion is transferred ...

25. In the process of heat conduction is transferred

. The viscosity coefficient from the point of view of the molecular-kinetic theory of ideal gases.
. General characteristics of transport phenomena (the laws of Fick, Newton, Fourier).
. The thermal conductivity coefficient from the point of view of the molecular-kinetic theory of ideal gases.

. The diffusion ‘coefficient from the point of view of the molecular-kinetic theory of ideal gases.

1. Nitrogen is under normal conditions. Find: a) the number of collisions experienced on average by each
molecule in one second; b) the number of all collisions between molecules per cubic centimetre of nitrogen
every second.
2. How do the average mean free path and the number of collisions of each molecule per unit time depend on
the ideal gas temperature 7 in the following processes: a) isochoric; b) isobaric?
3. Find the temperature distribution in the space between two coaxial cylinders with radii R; and R, filled
with a homogeneous heat-conducting substance if the cylinder temperatures are equal to T, and T».

Testing in the EVEA system:
$$$ 1

The viscosity equation looks like as (where Ak is the momentum transferred by molecules):
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AU AT Ap
A) Ak =—-np——ASA: . C) Ak =n—ASAt. E) Ak = -n——ASAt.
) e ) e ) Ly
AU AT
B) Ak =n——ASAt. D) Ak =—-n—ASAt .
) - ) -
$$$ 2
Stationary thermal conductivity equation looks like this:
A) A0 = 2L Asas C) A0 = -2 asar E) A0 = 82T As
A oA A
AT AT
B) AQ =X—ASAt. D) AQ = -X—Ar.
) AQ =R—— ) AQ ™
$8$ 3
The diffusion equation looks like this:
A) Am=-DL Asa¢ C) Am=-D2LAs . E) am =L ASh¢ .
Ax Ax Ax
Ap Ap
B) Am = D=L ASAt. D) Am=-D=EAt.
Ax Ax
$$$ 4
The mean free path is determined by the formula:
A) (1) =(v)r. 1 1
D) (1) = . F) (1) =——
B) </1> _T < > «/572710'2 < > «/27{110'2
(v) 1 n
E) (1) = . G) (4) =
<U> < > \/57[0'2 < > 2702
C) (4)= —
$$$ 5

The average number of collisions per unit time is determined by the formula:
A) <z> =\2mao? <U> . O <z> 2 \/E?MO'(U). E) (z) =270
B) <z> S <u> . D) <z> = \/§7Z'O'<U> .
$$$ 6
The diffusion coefficient is numerically equal to:
A) The mass transferred per unitarea per unit time with a density gradient equal to unity.
B) The amount of heat transferred per unit area per unit time with a temperature gradient of unity.
C) The momentum transferred perunit area per unit time with a velocity gradient of unity.
D) The force acting per.unit area with a velocity gradient of unity.
E) The momentum of the force transferred through the given area for a given time interval with a tempera-
ture gradient equal to unity.
$$$ 7
Coefficient of thermal conductivity:
A) ~ T for P=const.
B) =T for V =const.
C) ~ T°? for P=const.
D) ~7** for V =const.
E) ~T°* for P=const.
Checking the level of training of students on the topic was conducted in the FOR-101 group. The results
are shown in Figure 6.

100 BecTHuk KaparaHgmHckoro yHusepcurteTa



The system of organization of the IWS and IWST...

& Physical dictation
B Colloquium
B Testing(EVEA)

Control work

Figure 6. Comparison of the results of the types of control as a percentage

Our proposed system of organization of the IWS and IWST for many years worked out in the educa-
tional process of general physics courses and special courses corresponding profile when performing theses,
during the teaching practice, it appears in the reports at the conferences at various levels, in publications, in
teaching complexes, educational and teaching aids, etc.

On all graduation theses the acts of introduction into the educational process were made both at the
physics and technology faculty of the university, and in the schools of the city and the region.

So, we believe that the system we propose is first the IWS, then the IWST has the right to exist. But it is
also clear that its implementation requires a purposeful, labor-intensive and, unfortunately, not always suffi-
ciently effective work of both the teacher and the student. Of course, its further development and testing is
necessary.
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E.P. XKauOwip6ait, JI.®D. Mnbuna

«TacbiManmay KyObLIbICTAPBD> 00IMiHIH MbICATIBIHAA
COX xone COOK yiibiMaacTbIpy xkyiieci

Makana KpeANTTIK TEeXHOJIOTHSACHIMEH OKBITY JKaFIaibIHIa CTYACHTTEPIiH O3IHIIK )KYMBICHIHBIH SAIiCTEpiH
JaMbITyFa apHajraH. Herisri oifbl — aKIEHTTI ©3repTyaiH KaKEeTTUIrHAe: MOJICKYIaIbIK (GU3NKAHBIH HAKTHI
6enimi «Taceimangay KyObutbIcTapbel» Herizinme amgeiMen COX, coman keitin COOX yiBIMOacTHIpYBI.
TaceiManay KyOBUIBICTapbl MOJICKYJIaIbIK-KHHETHKAJIBIK TEOPHSACHIHBIH AKCICPUMEHTTIK pacTaybl »XOHE
nmonenneyi Oonbim Tabpuramel. Bynm OemiM  MexrenTiH ¢u3MKa KypchIHAA KapacTHIPBUIMAibI, Oipak
MaTtepuaIabpl TepPeHIpeK OKy OapbIChIHIA (H3HKa-MaTeMaTHKAJIBIK OaFblTTa OKHUTBIH CHIHBINTAapra Gepyre
Oonanpl. Makanaza opra MEKTENTIH OKYLIbUIAPbIHA YCBIHYFa KEJIMEWTIH KHUBIHIBIFBI XKOFapbl ecenTep
Tanzanbin, Taganrad. Ce6ebi onap QU3MKANBIK TYpFbLIa KypJeli jKOHE MaTeMaTHKAIIBIK alapaTThl, KeM
nerenzie, auddepeHIMANAbIK TeHaeyaepai Kaxer ereai. CTyaeHTTepre eki 3epTXaHajblK >KYMBICTaphl
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YCHIHBUIABL: OIpiHINICI — KIACCHKANBIK JKYMBIC JXOHE apHaibl TYCIHAIPMEHI KaXKeT ermeiini, ekiHmrci —
BUPTYaJIJIbl, SFHU OHBI XOFapbl OKY OpBIHIApbIHZA Ja, MEKTENTe e KoJgaHyra Oonajabl. Onedu Ke3uepiH
KOJIJIaHy apKbUIbl CTYACHTTEPIIH MYKHAT OKYBIH Ka)KET eTETiH, CaHbl JKarblHaH OPTYpJI jkayamnrapbl Oap
COX OoiipHma Tancepmanap Tapaanasl. Gusukanslk qukTanT, kouoksuyM, OXKCB sxyiieci OolbIHIIA TECT
JKoHe OaKblIay S>KYMBICTaphl JKYPTi3iNill, HOTIOKeNepi KepcerinreH. Makamana yChHBUIBIT oThIpraHn COX
xoHe COOX xyitenepin yHsIMmacTpy (GU3MKaHBIH KB MPOGMIbre ColiKec KypcTapsl MEH apHaibl
KypCTapblHIa, IUIUIOMABIK J>KYMBICTBI OpBIHIAy OapbICBIHIA, IIEJarorHKAIBIK TAXIpHOeNepaeH oTy
GapbIChIHIA KOTITETeH XKbULAap OOWBI OHIEIIN 931pIieH]l )KoHe KOH(pepeHuusuiapia oasHIabL.

Kinm ce30ep: muddy3us, )KbUTyOTKI3MIIITIK, TYTKBIPIBIK, Macca, UMITYJIbC, KPEAUTTIK OKBITY TEXHOJIOTHSCHI,
COX, COOX.

E.P. XKauOwip6aii, JI.®D. Mnbuna

Cucrema opranmzauuu CPC u CPCII na npumepe
pa3nena «SIBjieHus MepeHOCa»

Crathsl OCBsIIIEHa Pa3pabOTKE METOIMKH MPOBEACHUS CaMOCTOSTENBHON PabOThI CTYIAEHTOB B. YCIOBHAX
KpeIUTHON TexHonorun o0ydenus. OCHOBHAsI ujiesl 3aKII09aeTcsl B HE0OXOJMMOCTH U3MEHEHHMS pACCTaHOBKH
akueHroB — cHadana CPC, 3atem CPCII, Ha mpuMepe KOHKPETHOTO pa3zena MOJIeKysipHOH (u3uku «SBie-
HUS TIEpEeHOCay. SIBJIEHMs IepeHoca SBISIOTCS AKCIEPUMEHTAIBHBIM 000CHOBAaHHEM M ITOATBEPXKJICHHEM OC-
HOB MOJICKYJISIPHO-KHHETHYECKOH TEOpHH. DTOT pa3/iell MPaKTHIECKH He PACCMAaTPHUBAETCS B IIKOJIBHOM Kyp-
ce ()M3HUKH B CHITY €T0 CJIOXKHOCTH, HO IIPY TIIATENBHOM MpopadoTKe MaTepHalla €ro MOXHO JIaTh B KJIaccax C
(U3MKO-MaTeMaTHYECKUM YKJIOHOM. B craTbe mogoOpaHbl M IMPOAHAIM3HPOBAHBI 3aJaddl MOBBIICHHOMN
CJIOXHOCTH, KOTOpPBIE YUaI[UMCsI CPEAHHX LIKOJI MpeJularaTh He MMEET CMBICIIA, TaK KaK OHH BECbMa CIIOKHBI
no Qusnyeckol cyTu U TpeOYIOT MaTeMaTHYECKOTo alrapara Ha ypoBHE, Kak MHHHUMYM, auddepeHunans-
HBIX ypaBHeHHH. CTyneHTaM OBLIM MpeIoKeHb! Be Ja00paTopHble paboThl— OJHA KOHTAKTHAsl, KOTOpas
ABJIAETCS KIACCUYIECKON U B 0COOBIX KOMMEHTAPHAX He HyXK1aeTCsl, BTOpasi — BUPTYyalbHas, C TEM PACUETOM,
YTO MX MOXKHO HCIIONIb30BaTh Kak B By3e€, Tak M B IKkoie. JlogoOpansr # anpoOHpoBaHEl 3aJaHus 110 TEME B
pamkax CPC ¢ pa3HBIM KOJIMYECTBOM OTBETOB Ha BOIPOCHI, TPEOYIOMNe TIIATEIFHOH NPOPAOOTKU HX CTY-
JCHTaMH C HCIOJIB30BAaHUEM JIMTEPATypHBIX HCTOYHMKOB. [IpoBeneHBI M NpOaHAIM3MPOBAHBI PE3YIIBTATHI
(U3HYecKOro IUKTaHTa, KOJUIOKBHYMa, TeCTHPOBaHUs B cuctemMe BOVY /I, konTponbsHOH padotsl. IIpennarae-
Mmas cucrema opranmsauuu CPC n CPCII B TeueHHe MHOTHX JIeT oTpadaThlBaiack B y4eOHOM Ipoliecce 1o
o0muM Kypcam GU3UKH M CHELKYPCaM COOTBETCTBYIOLIEro NpoQuiIs, IPH BEINOJIHEHUH JUIUIOMHBIX paboT, B
HEpUOJ IeIarOrMYeCKuX MPaKTHUK, MPEACTaBIsAIach B IOKIAaX Ha KOH(OEPEHIUSX.

Knouesvie cnosa: nuddysus, TeIIonpoBoAHOCTE; BA3KOCTh, ylIbpapa3pexeHHbIH ra3, Macca, HMILYJIbC, SHEp-
rus, kpequrHas TexHonorus ooydenus, CPC, CPCIL.
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