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OPERATION CHARACTERISTICS OF ELECTRIC TRAINS ER1, ER2
BEYOND DESIGNED SERVICE LIFE

Purpose. The aim is to develop the scientific substantiation technical regulation of measures and conditions in elec-
tric trains, series ER1, ER2 beyond the extended period of operation life (over 50 years). Methodology. To achieve this
goal the scientific publications analysis on the survivability of the basic elements of supporting constructions that are
loaded with dynamic alternating loads was carried out. The results analysis of vibration bench tests of bogie frames of
electric trains ER1, ER2, which were obtained by using the developed technique for such tests with authors, was car-
ried out too. Technical solutions with appropriate measures under which it is possible to extend the operation life of
bearing structures of electric trains ER1 and ER2 were developed over 50 years. Findings. Results were obtained on
the complex basis of conducted experimental and theoretical research. They have promoted to the working out the
methodology for assessing the period of crack development in the tensest points of main bearing structures of bogie
frames and bodies of electric trains ER1, ER2 with achieving their dangerous sizes. This allowed developing a techni-
cal regulation measures to ensure the safe operation of the main bearing structures of bogie frames and bodies of elec-
tric trains ER1, ER2 beyond 50 years. Originality. To ensure the safe trains operation, series ER1, ER2 the method
estimation of crack development term in the tensest points of bearing structures of bogie frames and bodies with
achieving their dangerous sizes was worked out. Practical value. The technical regulation of measures ensuring the
safe operation of the main bearing structures of bogie frames and bodies of electric trains ER1, ER2 beyond 50 years
was developed.

Keywords: bogies; body; computational models; experimental studies; theoretical calculations; electric trains
ER1; ER2; stability factor

Introduction stock, which are operated on the railways of
Ukraine exceeding the required service time [2, 5,
7-8] was conducted. The main causes of damage
are as follows:

1. The presence of extraneous impurities in to
the base metal of a structure or weld joint, im-
proper performance of weld joints;

2. Unsuccessful design of the bearing structures
of the rolling stock;

As of the current day the specified operation
life of the electric trains, series ER1 and ER2 is
extended up to 50 year [5, 7-8]. In order to identify
safe operation opportunities of the bearing struc-
tures (BS) of individual elements of bogie frames
and electric trains bodies, series ER1 and ER2 with
operation term more than 50 years the analysis of
damage causes of bearing structures of rolling
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3. Destruction initiation on the point of effort or
BS strength renovation;

4. Incorrect technological intervention in the
design of rolling stock;

5. Effect of aggressive environment and sea-
sonal changes in temperature on the bearing struc-
tures of rolling stock.

Purpose

The aim is the scientific substantiation devel-
opment of the technical regulation relatively to
conditions and measures during the operation of
electric trains, series ER1, ER2 beyond the con-
tinuous operation life.

Methodology

To achieve this goal — the scientific substantia-
tion of technical regulations development concern-
ing measures during the operation of electric trains,
series ER1, ER2 beyond the continuous operation
life (over 50 years) the following actions have been
conducted: the scientific publications analysis on
the survivability matter of the main elements of
bearing structures, which are loaded with dynamic
alternating loads [6, 9-14]; The results analysis of
the bench vibration tests of bogies frame of electric
trains ER1, ER2 was carried out [8]; they had been
obtained on the basis of the developed procedure of
such tests involving authors’ studies and their ap-
propriate scientific support; technical solutions with
appropriate measures when it is possible to extend
the operation life of the bearing structures of electric
trains EF1 and ER2 over 50 years were developed.

Thus, in order to ensure the safe operation of
electric trains, series ER2 and ER1 over 50 years it
is necessary to develop a calculation method for
such operation term, during which in the tensest
points of bearing structures of bogies frames and
bodies frames the cracks initiation is possible and
development with achieving their dangerous sizes.
In accordance with date based calculations this
technique let the opportunity establish the inspec-
tion frequency of bearing structures state of bogies
frames and bodies of pointed units of rolling stock
and take early actions which will encourage their
safe operation.

Findings

The general patterns of crack growth in the bo-
gies frames destruction of electric trains ERI and
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ER2. From the safety movement viewpoint of motor
car units of rolling stock (MCRS) the issues related
to parameters determination of elements survivabil-
ity of bearing structures their bogie frames and cars
that have long-term operation are of current impor-
tance [1-4]. At present, a great number of publica-
tions on the issues related to survivability analysis
of different designs elements [11-14].

In this paper the results of the fulfilled compre-
hensive research are presented. In it the stress-
strain state in the most loaded elements of bearing
structures of MCRS bogie frames during the crack
initiation phase, their development in the actual
designs is analyzed. They were observed during
the vibration bench tests perfomance [5, 7-8].

Discussing bearing structures behavior under
variable load impact one cannot raise the problems
concerning macroscopic cracks behavior since
their appearance when structure has lost its bearing
capacity.

The origin of cracks in metals has a physical ba-
sis, which is related to its behavior on submicro-
scopic level of material structure, where all metals
have monocrystalline structure, but with some im-
perfection in the form of vacancies and dislocations.

In the mechanical stress area dislocations can
interact and move around. The most probable
movement is shift or slip of crystalline layers rela-
tive to each other, the greatest sensitivity to load is
at angle of 45° to the direction of the load action.
During this process, the dislocation lines are bound
to move to the crystal surface, where they can be
seen as microscopic strips, namely slip strips, on
which grooves act as microcracks nucleation cen-
ters that propagate along the intergranular bounda-
ries. These cracks are most sensitive to the stress
components directed at an angle of 90° to the
cracks surface. They will grow spasmodicly under
the cyclic load effect.

Let us consider a small flat crack that goes
from the surface. Local stress distribution can be
described in a local coordinate system where x-and
z- axis are perpendicular to the crack front line, as
shown in the Fig. 1.

Expressing the linear equation of strains and
stresses link in polar coordinates (7, 0) and assum-
ing that these variables are independent, local
stress components can be written as

O :R(’”)@z‘/(e) @)
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On the surfaces, the position of which is deter-
mined 6 = tr relatively to the crack growth direc-
tion both the normal stresses and tangential one are
Zero.

The parameter describing stress which explains
this requirement should have a radial view function

n

R(r) = r?1 , 2)

where n — is zero value or the whole number. Real
value will be n = 1, which gives a singularity in the
crack front with order -1/2.

H==ri2
BepluiuHa mpiyuHL

Fig. 1. The coordinates describing the dependence
between the local deformations and stresses
in the crack tip front

For this value the stress components can be
written as

K

Oy = N 0, (6) 3)

here \/2_ — is normalizing factor, introduced for
convenience. Coefficient K, common to all stress
components, means intensity of stress. It depends
on crack shape and tensor orientation of nominal
stress and proportional to the prevailing component
and nominal stress, that is determined as .

In some special cases, the stress intensity K can
be derived analytically using integration of com-
plex function. For a long flat crack in metal sheet,
length 2x, perpendicular to longitudinal tension,
components of local stress are

G, = \/%cw(ai, (9); K= ﬂcw . 4)

Then, even if nominal stress 6, are small, local
stress components G;; in crack front at » = 0 can be
extremely high. Theoretically, they can be much
higher than tensile material strength.

doi 10.15802/stp2014/33760

This heterogeneity in the field of stress can lead
to material destruction in a very small region near
the crack tip and thus increase this crack. However,
if stress is small, this heterogeneity will be nulli-
fied when the crack front increases to a distance
comparable to the size of a grain.

The basic assumption of destruction mechanics
is that crack growth is associated with changes in
stress intensity K. Stress cycle determines the
maximum K,,,, and minimum stress intensity K,,;,,
with the stress intensity range

AK = Kmax - Kmin

One cycle increases crack depth x on small
quantity Ax:

C(AK)" T AK > AK,
Ax= . )
0 T AK <AK,

This expression is known as the law of cracks
development Paris-Erdogan. Here C, m and K, —
are empirical constants, obtained from laboratory
tests. If one will build view of graphical depend-
ency according to correlation (5), we will receive
diagram type corresponding to Wohler’s diagram,
in a famous Palmhrena-Meiner method. Curve or
diagram da/dN can be called the curve, which
shows an increase of crack length per cycle as a.
The crack length a serves to describe semi-
elliptical cracks, where a and b mean long and
short semiaxis. a — describes the depth of cracks, a
2b — is crack opening.

Since the curve of crack growth is connected
only with the characteristics of the material, and
not with specific geometric features, the sample
may be small, but load frequency is high, often in
the audio frequency range. While conducting
measurements on one sample, one can obtain some
points of curve da/dN in a short time. Wohler
diagram, on the contrary, is connected both with
the material and the detail form, so in order to get
just one point on this curve, it is necessary to test
one sample before destruction. Consequently, the
analysis of crack growth for solving the problem is
more acceptable than the classic fatigue tests.

Calculated ratio for crack resistance evalua-
tion of bogie frames electric trains ER1, ER2. Dur-
ing test bench vibration of bogie frames of electric
trains ER1 and ER2, they were brought to the loss
of bearing capacity [7-8]. Thus, the test results
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provide information both on their designs endur-
ance and resistance to their destruction.

Depending on the location of the strain gage, in
the process of crack growth, stress may increase
(Fig. 2), when the gage is on the way of crack
growth, it decreases (Fig. 2, b); when the crack
passes it by and unloads a part of construction, or it
can remain insensitive to crack growth (Fig. 2, ¢).
In any case, the value change in stress at the same
excitation force may indicate about presence of
cracks that is growing.

At the same excitation force crack growth time
may be evaluated as follows

n 7 (6)
Ty — N | ——
3min N c

.
where 1, — crack growth time; N, —is load cycles

quantity when level change of i gage of strain oc-
curs; N, — is total quantity of load cycles before

bearing capacity losses by the bogie frame no. 7',
— is calculated time of operation at N, load cycles
of structure.

a b c

Fig. 2. Possible stress behavior in the elements
of structure in the tests process at different
location of strain gage relatively to the crack

For the bogie frames, in accordance with the
above mentioned, time evaluation of the structure
destruction was carried out. It was foreseen that in
each case of the test they had stopped under abrupt
change of structure reaction on stress. It means
losing the bearing capacity by it. Calculations re-
sults (in normal climatic environment) are pre-
sented in the Table 1.

Besides one should consider two factors that ef-
fect on crack growth rate:

— Asymmetry of stress cycle;

— Environment temperature.
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Table 1

Evaluation of the resistance period to the destruction
of the bogie frames of electric trains ER12, ER2

No
el boie | N, | N | e ]S
1 2 3 4 5 6
1 385 51034 524 309 15 1.46
2 427 198 450 | 1393951 15 2.14
3 40 — 1004 400 15 —
4 170 180 000 580 000 15 4,66
5 397 251200 | 1455440 15 2.59

During test performance stress has been sup-
ported similar to operating regime of the structure
under standard load.

Concerning the environment temperature, re-
sults of previous research have showed, that in the
cold period of a year crack growth rate decreases
approximately on 60%. At the same time, critical
crack length in the winter period decreases practi-
cally in four times. That is why in the winter pe-
riod (at -30°C) the crack may develop up to critical
level approximately in 4-5 months.

Thus, the conducted estimation to destruction re-
sistance of bogie frames of electric trains, series ER1
and ER2 allows making the following conclusions:

1. Hypothetically, in the winter period crack
can develop up to a critical level approximately in
4-4.5 months.

2. Inspection of bearing structures state of bo-
gie frames is reasonable to perform two times per
year: the first is auxiliary — during the month from
the second part of October; the other, primary, —
during the month, from the second part of March.

3. To keep inspection schedule both for bodies
of electric trains and bogie frames.

Originality and practical value

To ensure the safe operation of electric trains,
series ER1, ER2 the method to assess the term of
the cracks development in the most intence points
in bearing structures of bogie frames and bodies
with achieving their dangerous sizes and technical
regulation measures to ensure the safe operation
exceeding 50 years was developed.

Technical regulation and technical decisions
development upon operation time continuous of
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main bearing structures of electric trains, series
ERI, ER2. For ensuring safety operation of pointed
items of rolling stock by railway men in motor car
depot the proper measures had to be taken during
repair. Content of these measures, on the base of
above mentioned results and conclusions, was
summarized in the form of developed technical
regulation concerning bearing structures operation
of electric trains, series ER1, ER2.

This regulation is based on the following posi-
tions:

1. Electric trains ER1, ER2 operation during
the period after expiration of their operation terms
(that are scientifically grounded and specified) is
continued individually for every car of the electric
train on their factual state.

2. Works regulation concerning support of effi-
cient state of electric trains bearing structures (bogie
frames, body frames) is created on the base of step-
by-step prolongation methods of their service term.

3. Frequency, seasonal prevalence and inspec-
tion volumes are determined on the base of bench
vibration tests results of bogie frames of electric
trains ER1, ER2.

Frequency determination, seasonal prevalence
and inspection volumes of load-bearing structures
of electric trains ERI, ER2. For features compari-
son of crack development support we will take
conditionally, that crack in the winter period de-
velops quicker in four times, in spring and autumn
period and when the temperature -30° is kept dur-
ing three winter months.

Also, at monthly mean temperatures decrease be-
low -30°, works regulation on individual extension of
cars service term of electric trains has to be correct.

Information to calculate the proper inspection
frequency of bearing structures of electric trains
ER1, ER2 is presented in the Table 2.

So, conditional quantity of months before de-
struction during tests in normal climatic environ-
ment two times less.

At the same time, the average period from de-
struction to bearing capacity loss by the structure
may be 8.8 months. This is coordinated badly be-
tween routine repair maintenance.

Taking into account above mentioned material,
one should suppose rational realization of annual
inspection in accordance with the schedule 1%,
namely [8], before the winter period one should
realize diagnostics of bearing structures accord-
ingly to the schedule of step-by-step extension of

doi 10.15802/stp2014/33760

the service term upon the regulation PR3, and in
spring — inspection upon the regulation PR2.

Table 2

Information to calculate the inspection frequency
of bearing structures of electric trains ER1, ER2

N Conditional Ne c(r:e? cridgrigai; Note
month rate
1 2 3 4

1 4 Winter
2 4 Winter
3 4 Winter
4 1
5 1
6 1
7 1
8 1
9 1
10 1
11 1
12 1
13 4 Winter
14 4 Winter
15 4 Winter
16 1
17 1
18 1

Average rate 2

Reparability issue of bearing structures of bogie
frames and electric train’s bodies, renovation of
their toughness is a separate scientific issue. It is
not highlighted in this paper.

Inspection frequency of bogie frames of electric
trains ER1, ER2 was analyzed. It let make the fol-
lowing conclusions:

1. The average period from the crack occur-
rence to bearing capacity loss by the structure may
form 8.8 months.

2. Above pointed index of bearing structures
survivability of electric trains coordinate badly
with routine repair maintenance.
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3. One should suppose rational realization of an
annual inspection accordingly to the schedule Y5,
namely, before the winter period one should realize
diagnostics accordingly to the schedule of step-by-
step extension of the service term upon the regula-
tion PR3, and in spring — inspection upon the regu-
lations PR2.

4. Reparability issue of bearing structures of
bogie frames and electric train’s bodies, renovation
of their toughness is a separate scientific issue. It is
not highlighted in this paper.

Conclusions

1. Destruction causes analysis of rolling-stock
bearing structures let make the conclusions. The
main destruction causes are as follows:

— The presence of extraneous impurities in to
the base metal of a structure or weld joint, im-
proper performance of weld joints;

— Unsuccessful design of the bearing structures
of the rolling stock;

— Destruction initiation on the point of effort or
BS strength renovation;

— Incorrect technological intervention in the de-
sign of rolling stock;

— Effect of aggressive environment and sea-
sonal changes in temperature on the bearing struc-
tures of the rolling stock.

2. Analysis of the vibration bench tests of bogie
frames of electric trains ER1 and ER2 are as fol-
lows:

— The stress level on the destruction stage of
the bogie may vary.

— These changes are fixed in most parts of the
studied frames.

— As a standard piece for resistance evaluation
to destruction it can be taken the bogie frame of a
motor car of electric trains ER1, no. 397.

— Taking into account that tests were conducted
under normal climatic environment, changes in the
characteristics of crack resistance should be con-
sidered separately.

3. Conducted resistance evaluation to destruc-
tion of bogie frames for electric trains ER1 and
ER2 let make the following conclusions:

— Hypothetically, in the winter period crack
can develop up to a critical level approximately in
4-4.5 months.

— Inspection of bearing structures state of bogie
frames is reasonable to perform two times per year:
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the first is auxiliary — during the month from the
second part of October; the other, primary, — dur-
ing the month, from the second part of March.

—To keep inspection schedule both for bodies
of electric trains and bogie frames.

4. The conducted frequency evaluation of bogie
frames of electric trains ER1-ER2 allows making
the following conclusions:

— Average period from destruction to the loss
bearing capacity by the structure may be 8.8 months.

— Above pointed survivability index of bearing
structures for electric trains coordinate badly be-
tween routine repair maintenance.

— One should suppose rational realization of the
annual inspection accordingly to the schedule %,
namely, before the winter period one should realize
diagnostics accordingly to the schedule of step-by-
step extension of the service term upon the regula-
tion PR3, and in spring — inspection upon the regu-
lations PR2.

— Reparability issue of bearing structures of
bogie frames and electric train’s bodies, renovation
of their toughness is a separate scientific issue. It is
not highlighted in this paper.
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OCOBJUBOCTI EKCILTYATAII EJEKTPOIOI3IB EP1, EP2
3A MEKAMMU ITPU3HAYEHOTI'O CTPOKY CJIYXXBH

Merta. Y po0OTi HEOOXiIHO POBECTH HAYKOBE OOIPYHTYBAaHHs PO3POOKH TEXHIYHOT'O PEryIaMEHTY 3aXOiB Ta
YMOB eKcrutyararii enekrpomnoizniB cepiii EP1, EP2 3a mexxaMu mOJOBKEHOTO TEepMiHYy eKcIuryararii (moHax 50
pokiB). Meroauka. /[yt AOCSTHEHHs MMOCTaBlieHOT MeTH OyJI0 NMPOBEJCHO aHaJli3 HayKOBUX IyOJIiKallii 3 MUTaHb
JKUBYYOCTI OCHOBHHX €JIEMEHTIB HECYUHX KOHCTPYKIIH, IKi HABAHTAXYIOThCS NTWHAMIYHIMH 3HAKO3MiHHUMH HaBa-
HTaXEeHHAMHU. TakoxK MPOBE/ICHO aHali3 pe3yJsbTaTiB CTEHA0BUX BiOpaliifHUX BUIPOOYBaHb paM Bi3KiB €JIEKTPOIIOi-
3niB EP1, EP2, sxi Oynu oTpuMaHi Ha MiACTaBi po3po0IeHOT METONUKY MPOBEACHHS TAKUX BUIIPOOYBAaHB 33 yUACTIO
aBTOPIB POOOTH Ta BUKOHAHO BI/INOBIJIHE HAYKOBE CYNPOBOUKEHHs. P0o3po0iieHi TeXHIUHI pillleHHs 3 BiJIOBIIHUMHU
3aX0JaMH, IPH BUKOHAHHI KX CTa€ MOMIIMBUM IIPOJOBXHUTH CTPOK €KCILTyaTawil HeCy4nX KOHCTPYKLIH eleKTpo-
noizaiB EP1 1 EP2 nonazg 50 pokis. Pe3yabTaTn. Ha mifgcraBi KOMIUIEKCY MPOBEICHUX €KCIIEPUMEHTAIBHUX Ta YH-
CEeJIFHUX TEOPETHYHHX JOCIIIKEHh OTPUMAHO Pe3yIbTaTH, SIKi CHPUSUTH PO3POOII METOAUKH HIOZO OIIHKH TEPMiHYy
PO3BUTKY TPILIMH B HAHOUIBII HAIIPYKEHUX TOYKAX OCHOBHMX HECYYMX KOHCTPYKIIH paM Bi3KiB Ta Ky30BiB €JIEKT-
pomoiznis EP1, EP2 3 nocsraeHHs M iX HeOe3neyHHX po3mipiB. Lle Hamano MOKIHMBICTE PO3POOUTH TEXHIYHHUNA per-
JIAMEHT 3aX0JIiB, L0 3a0e3MeuyIoTh Oe3NeuHy eKCIUTyaTallil0 OCHOBHUX HECYUYMX KOHCTPYKLIH paM BI3KiB Ta Ky30BIiB
enekrporoiznie  EP1, EP2 3a mexamu 50 pokis. HaykoBa HoBu3Ha. [[ns 3a0e3medyeHHsT Oe3MMeYHOT eKCIuTyaTarii
enextpornoizniB cepiit EP1, EP2 po3pobieHo0 MeToAMKy IIOJNO OIHKH TEpMiHY PO3BUTKY TPIIIUH B HaWOLIbII
HaTpY>KeHUX TOYKAX HECYYMX KOHCTPYKIIH paM BI3KiB Ta KYy30BiB 3 JOCSATHEHHAM iX HeOEe3MeYHHUX PO3MIpiB.
IpakTHyna 3HaYnMicTh. Po3po0iieHO TEXHIYHUI perjaMeHT 3axX0MiB, 110 3a0e3MeuyoTh 0e3NeuHy eKCILTyaTalio
OCHOBHHX HECYyYHX KOHCTPYKIIili paM Bi3KiB Ta Ky30BiB enekrponoizaiB EP1, EP2 3a mexamu 50 pokis.
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OCOBEHHOCTHU 3KCIINIYATAIIUA SJEKTPOIIOE310B EP1, EP2
3A IPEAEJTAMU HAZBHAYEHHOI'O CPOKA CJIY/KBbI

Heas. B pabore HeoOX0AMMO NPOBECTH HaydyHOE 0OOCHOBaHHE Pa3pabOTKH TEXHHMYECKOTO perjiaMeHTa Mepo-
HOpUATUI U yCIOBUH SKCIUTyaTalluy JIeKTponoe3aos cepuil OP1, OP2 3a npeaenamu NpoUIEHHOIO CPOKa KCILTya-
taumu (6onee 50 ner). Meroamka. sl JOCTHXKEHHMS TTOCTaBICHHON LIeJIM OBUI ITPOBEJICH aHAIM3 HAY4HBIX IyOJIH-
KaIii 110 BOIPOCaM >KMBYYECTH OCHOBHBIX 3JIEMEHTOB HECYIIMX KOHCTPYKIMH, KOTOPbIE HATPY>KaloTCs JUHAMHYC-
CKMMH 3HAKOIIEPEMEHHBIMHU Harpy3kamu. Takke IpOBEAEH aHaIW3 Pe3yJbTaTOB CTCHAOBBIX BUOPAIIMOHHBIX HCIIBI-
TaHUH paM Telexek siekTpornoe3foB OP1, DP2, kxoropsie ObUIM TOMYYEHBH HAa OCHOBAHWHU pa3pabOTaHHON
METOJUKH MPOBEAEHHS TaKUX UCIBITAHUN C y4aCTUEM aBTOPOB PaOOTHI U 0OECIIEUCHO COOTBETCTBYIOIIEE UX HAay4-
HOE COIIPOBOXKICHU. Pa3paboTaHbl TEXHUIECKUE PEIIEHHUS C COOTBETCTBYIOIIMMU MEPaMH, IIPU BBINOIHEHUH KOTO-
PBIX CTAaHOBUTCSI BO3MO>KHBIM TPOJUIMTH CPOK 3KCIUTyaTalldl HECYIIMX KOHCTPYKIHMH anekTponoe3nos OP1 u OP2
6onee 50 ner. Pesyabrarel. Ha ocHOBaHMM KOMIUIEKCA MPOBEICHHBIX SKCHEPHUMEHTAIBHBIX M MHOTOYHCIIEHHBIX
TEOPETHYECKUX HCCIIECIOBAaHUI MOJYyYEHBl Pe3yJIbTaThl, KOTOPbIE CIIOCOOCTBOBAIN pa3pabOTKe METOAMKU OLEHKH
CpOKa pa3BUTHS TPEIIMH B HanOoJee HANPSDKEHHBIX TOUYKAaX OCHOBHBIX HECYIIMX KOHCTPYKLHMH paM TeJeXeK U Ky-
30BOB 3JiekTponoe3noB OP1, OP2 ¢ pmocTiwkeHHeM MX OIacHBIX pa3MepoB. DTO MO3BOJIMIO pa3paboTaTh TEXHHYE-
CKHI perjaMeHT MEepONpHTH, 00eceuynBaIOMINX OE30IIaCHYI0 SKCIUTYaTaIlMI0 OCHOBHBIX HECYIIMX KOHCTPYKIMH
paM TelexeK U Ky30BOB 3jekrporoe3noB DP1, OP2 3a mpenenamu 50 ner. Hayunasi HoBu3Ha. [l oOecrieueHUs
0e30IacHOM dKCIUTyaTally IeKTporioe3noB cepuit OP1, DP2 pa3zpaboraHa MeTOIMKA OIIEHKHA CPOKA Pa3BUTHS Tpe-
IIMH B HanOOJIee HANpPSDKEHHBIX TOYKAX HECYIIMX KOHCTPYKIMH paM TENEeKEeK M Ky30BOB C JIOCTHKEHHEM HX OIlac-
HbIX pa3mepoB. [IpakTuyeckasi 3HAYUMOCTb. Pa3zpaboTaH TEXHUYECKUH periiaMeHT MEepPONPHUATHH, 00ecIIedrnBaio-
muX 0E30MacHYI0 3KCILTyaTalli OCHOBHBIX HECYIIMX KOHCTPYKIMH paM TeJekKeK U Ky30BOB leKTporoe3oB JP1,
OP2 3a npenenamu 50 neT.

Kniouegvie cnosa: Tenexxku; Ky30B; pacdeTHBIE MOEIH; SKCIEPHMEHTAIbHBIC MCCIEJOBAaHUS; TEOPETHUECKHE
pacuetsl; anekTpornoesna DP1, DP2; mokaszarenu mpoyHOCTH
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