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Summary. This paper presents the results of experimental studies on the response of the coercive force
to the mechanical loads of laboratory samples from ferromagnetic steels of 05kp, 17G1C and steel 20. It is shown
that the differences in the response of the coercive force to the mechanical loads of ferromagnetic and austenitic
steels are in the physical nature of these phenomena. For ferromagnetic steels, changes in the values of coercive
force in static and cyclic deformation are associated with the ordering of the domain structure of the metal (from
chaotic to directed). For paramagnetic (non-magnetic in the initial state), changes in the values of coercive force
in static and cyclic deformation are associated with structural transformations of the original austenite into a
deformation martensitic with a finite ferrito-perlite decay, which causes a change in the magnetic properties of
the metal from the paramagnetic into the ferromagnetic state. The device proposed by the author with the modified
design of the sensor allowed to obtain new data on the response of the coercive force to mechanical loads and to
establish the basic laws of deformation and destruction of the metal in the most loaded and damaged local zones,
including areas of stress concentration, elements of structures made of ferromagnetic steels. It has been
experimentally established that when measured in mechanical load, the measured values of the coercive force
depend on the orientation of the poles of the sensor magnets relative to the direction of loading. At static or cyclic
loading to stresses that exceed the boundary of fluidity, after unloading, the value of coercive force in 1,5-2 times
exceeds the same values in the loaded state. At the same time, in the case of static or cyclic loading with excess of
the existing stresses of the boundary of flux during unloading, there is a reversible turn in 900 directions of the
maximum values of the coercive force that causes the corresponding «jumpy of these values. The detection of a
sharp change in the values of the coercive force, in excess of the stresses of the boundary of fluidity, during the
monitoring of the VAT of structural elements allows to establish the boundaries of plastic and elastically deformed
metal and may be the background for the use of other non-destructive research methods, for example, measuring
the thickness of the metal and finding defects. The use of a coercimetry control allows separating the damage that
is obtained in the metal under conditions of elastic deformation and damage caused by elastic-plastic and plastic
deformation, as well as destruction. The dependence of the values of the coercive force on the orientation of the
direction of measurement relatively the direction of loading allows us to determine the direction of the main
stresses. The present results can be useful in diagnosing the quality of modern technologies, for example, the local

Corresponding author: Oleksii Gopkalo; e-mail: apgl947@UKI.NEt ...t 7


https://doi.org/10.33108/visnyk_tntu
https://doi.org/10.33108/visnyk_tntu2019.0

On estimation of the structural elements damage according to coercive force. Message 3. Results of experimental
studies of the possibility of using a coercive-metric control to estimate the degree of damage of ferromagnetic
steels under mechanical loading

heat treatment of constructive elements of the type «thermoshocks» and in developing a method for evaluating the
residual stresses from welding. The experimental results obtained give an optimistic prediction of the possibility
of using a coercimetric control to monitor the accumulation of damage in ferromagnetic metals by changing the
values of the coercive force.
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Response of the coercive force to the small-cycle «soft» loading of samples without
stress concentratrators. Experimental investigations of the coercive force response to the
static and cyclic tension were carried out on the laboratory samples made of steel 05km the sizes
of the working part being 150x14x3 mm, using the structurescope with multidimension sensor
D65 (measuring base is 65 mm). In Figure 1 a the diagram of the samples tension and the
dependence of the coercive force Hc on deformation (&) under gradual short-term step-by-step
load (P) with the further unloading to the P=0, is presented. In the Figure 1 b the diagram of
the deformation kinetics and the coercive force values He according to the number of cycles of
the applied forces with the unloading at the cyclic tension is presented, the cyclic tension being
of frequency 2 cycles/min. It should be noted, that at the initial state the value of the coercive
force for steel 05k was about 2 A/cm.
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Figure 1. The striation pattern of the samples and the dependence of the coercitive force He (sensor D65) on
the deformations ( &) under a short-term gradual step-by-step loading (P) with an unloading to the values
P =0 (a) and the kinetics of the deformations and the values of the coercive force Hc according to the
number of cycles of the applied effort with the unloading at the cyclic tension of frequency 2 cycles/min. (b)

The obtained data show, that the number the static and cyclic tension and, being unloaded
at every stage, the values of the coercive force in the unloaded state and measured in the same
direction, are in about 1,5-2 times higher than those in the loaded state at the same stage of
loading. It should be noted, that critical values of Hc before fracture in the loaded and unloaded
states coincide and equal 7,8 A/cm. The values of the coercive force before fracture almost in
4 time exceed the similar values at the initial state of the metal.

The application of the smalldimension sensor D12 made possible to determine the
dependence of the coercive force values on the orientation of the sensor poles relatively the
loading direction under static and cyclic tension of the laboratory samples with the sizes of the
working part 135x26x2,0 mm, made of the pipe & 630x8 of steel 17T'1C after long-term
operation of the heating plants. The experimental results of the cyclic-tension testing of the
laboratory samples, being under real hydraulic loading conditions and corrosion wearing, are
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presented below. During testings the cyclic tension stresses, simulating the hydraulic loading,
were 1,15 ... 1,25 of the stresses of the standard mode of the heating plants operation. Corrosion
wearing was simulated while raising the acting stresses by 7%. The conventional yield
boundary of the pipe metal was o, = 413,2MPa. It should be noted, that the minimum initial

values of the coercive force were 5,2 A/cm and the tips of the magnet poles were located across
the sample direction (along the rolling) and 7,5 A/cm, when the tips of the magnet poles were
along the sample direction (across the rolling), which is associated with the anisotropy of the
metal mechanical properties, which is the characteristics of the pipe steels [1, 2, 3].

In Figure 2 a, b the kinetics of the coercive force of the fracture area being in the loaded
state under the cyclic tension stresses and orientation of the magnet pole tips across (a) and

along (b) the working part of the sample are presented. Here o, — are stresses simulated by

the hydraulic testings, o, — are stresses under the standard mode of loading. It should be
noted, that, when the magnet pole tips are oriented across the working part of the sample
(Fig. 2 a) irrespective of the stress value, the monotonic growth of the coercive force values
takes place, their values being sufficiently greater under fracture.
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Figure 2. Kinetics of the coercive force in the zone of destruction in the loaded state under the action of
cyclic tensile stresses and orientation of the tips of the poles of the magnets across (a) and along (b) the
working part of the sample

Being in the loaded state, when the magnet pole tips are oriented along the working part
of the sample under elastic deformation (o <o, ,), the increase of the coercive force values

takes place up till their maximum values, when the conventional yield boundary of stresses is
reached, and further, when stresses are increased (o> o, ), their rapid decrease takes place

(jump) about 20% of the coercive force value. During the further cyclic tension, when stresses
grow, the gradual increase of the coercive force values takes place, which under fracture are
about equal to that of the conventional yield boundary.

In the Figure 3 a, b the kinetics of the coercive force in the fracture area of the sample
being in the unloaded state after cyclic loading, when the magnet pole tips are oriented
across (a) and along (b) the working part of the sample, is presented. In the unloaded state
(Fig. 3 @), when the magnet pole tips are oriented across the working part of the sample after
stresses exceeding the values of the conventional metal yield boundary o> o, ,, rapid, almost

in two times higher growth of the coercive force values takes place, which, in fact, does not
change its values up till fracture. And only during fracture the growth of values Hc takes place
by 14%.

In the unloaded state, when the magnet pole tips are oriented along the working part of
the sample (Fig. 3 b), after stresses exceeding the conventional yield boundary of the metal,
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rapid decrease of the coercive force values by 27%, which gradually increase, takes place.
During the fracture the rapid increase of the coercive force values takes place up to the value,
which is about the values of the coercive force after the elastic stresses, which do not exceed
the conventional yield boundary (o< o, ,).
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Figure 3. Kinetics of the coercive force in the area of the sample fracture in the unloaded state after cyclic
loading when the tips of the poles of the magnets are oriented across (a) and along (b) the working part of
the sample

It should be noted, that in the loaded state (Fig. 4 a), when the magnet pole tips are
oriented along the sample (the direction of the magnetization force lines of magnetic field is
oriented across the longitudinal axis of the sample), the direction of the maximum values of the
coercive force coincides with the loading direction. In the unloaded state after loading
(Fig. 4 b) the direction of the maximum values of the coercive force is oriented parallel to the
loading direction and corresponds the orientation of the magnet pole tips across the sample (the
direction of the magnetization force lines of magnetic field). Here, after the plastic deformation
of the metal (o> o, ,) under unloading up to o =0 the turn in 90° of the maximum values of
the coercive force takes place. Similar mechanisms of behavior of the ferromagnetic steels

magnetic properties under loading with the further unloading are described in the papers
[4,5, 6].
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Figure 4. Graphs of the distribution of the values of the coercive force on the surface of the laboratory sample
in the loaded state (a) and after loading (unloaded state) (b)
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Response of the coercive force to the small-cycle «soft» loading of samples with the
stress concentrators. Experimental investigations of the coercive force response to the cyclic
tension were carried out on the laboratory samples made of steel 17I'1C with the stress
concentrators in the form of 5 through holes: & 0,5 mm; & 1,0 mm; & 1,5 mm; & 2,0 mm and
& 2,5 mm (Fig. 5).

Figure 5. Photos of sample with stress concentrators in the form of through holes: & 0.5 mm: & 1.0 mm;
@ 1.5mm; & 2.0 mmand & 2.5 mm after testing

In the Figure 6 the graphs of distribution of the coercive force values along the surface
of the laboratory sample with the stress concentrators in the form of through holes:
a)— <2 0,5 mm; b) - I 2,0 mm; c) — D 2,5 mm under elastic (left column) and plastic (right
column) deformation. In the figure the graphs of the coercive force distribution along the
surface of the laboratory sample with the stress concentrators under the loaded state are marked
by the red colours and in the unloaded state (after some loading) — in blue-green colours.

After the elastic deformation till the stress gross values 0,9 o, , of the metal in the area

of the stress concentrators from the holes & 0,5 mm, & 1,0 mm and & 1,5 mm in the unloaded
state the maximum values of the coercive force are of 71,4% of the loaded state (Fig. 6 a — is
elastic deformation) and their direction coincides with the loading direction. Here, presented in
Figure 6 a the appearance of graphs for the coercive force distribution on the sample surface
under the elastic deformation in the area of the hole & 0,5 mm is similar to that of the Hc graph
for the samples with the holes & 1,0 mm and & 1,5 mm. After elastic deformation up to the
stress gross values 0,9 o,, of the metal in the unloaded state (o =0) in the area of stress

concentrators from the holes & 2 mm and & 2,5 mm (the nominal stresses were equal to 402,98
MPa and 411,19 MPa respectively and lower than the conventional yield boundary o,, =

413,2 MPa), there happened the increase of the coercive force values relatively the similar areas
with the concentrators holes & 0,5 mm, & 1,0 mm and & 1,5 mm. Here, after the elastic
deformation in the concetrator from the holes & 2,0 mm and & 2,5 mm under unloading, the
device registers the maximum values He being turned in the direction of 90° (Fig. 6 b, ¢ — elastic
deformation)

The increase of the hole diameter from & 2,0 mm to & 2,5 mm under elastic deformation
till the stress gross values 0,9 o, , causes the increase of the volume of the elastically deformed

metal in the local area of the hole, and, correspondingly, increase of the coercive force values
in the unloaded state (relatively the loaded state) from 82% (for the hole & 2,0 mm) till 200%
(for the hole & 2,5 mm, where the value Hc in the loaded and unloaded states almost coincides,
Figure 6 c — elastic deformation). Registered by the device growth of the coercive force values
in the unloaded state after loading till the gross stresses 0,9 o,, in the area of the stress

concentrators from the holes & 2 mm and & 2,5 mm is associated with the sensor sensitivity to
the volume of the elastically deformed metal in the area of measuring, where the acting stresses
exceeded that conventional yield boundary, which specify the change of direction (turning in
90° and the absolute values Hc (Fig. 6 b, ¢ — elastic deformation).
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Figure 6. Diagrams of the distribution of the values of the coercive force on the surface of the laboratory
sample with the stress concentrators in the form of openings: (a) — & 0.5 mm; (b) — & 2.0 mm;

(c) — 2.5 mm for elastic (left column) and plastic (right column) deformation

It should be stressed, that if the coercive force does not response to the elastic
deformation of the gross stresses of 0,9 o, of the samples with the stress concentrators from

the holes of @ 0,5 mm, & 1,0 mm and & 1,5 mm, it is caused by the unsufficient sensitivity of
the sensor to the small volume of the plastically deformed metal in the area of measuring, where
the acting stresses exceed the conventional yield boundary. The value of the volume of the
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plastically deformed metal, where the sufficient change of orientation of the metal domain
structure in the area of measuring takes place, depends on the distribution of normal stresses o,

in the depth and surface of the hole, (Fig. 7 a, b) [4, 5, 6].
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Figure 7. Distribution of normal stresses in the depth of the hole (a) and its surface (b)

Thus, the sensitivity of device with the sensor D12 for measuring the values of coercive
force to the stresses concentration is specified by the correlation of elastically and plastically
deformed metal values in the area of measuring. It can be the base for the development of the
non-fractured methods for estimation of stresses in the area of stresses concentration.

Under the plastic deformation (Fig. 6 a, b, ¢ — plastic deformation) in the area of the
stress concentrators from the holes & 0,5 mm, & 2,0 mm and & 2,5 mm in the unloaded state
the maximum values of the coercive force equal (113,4-129,4)% of the similar values in the
loaded state.

If the kinetics of the coercive force under step-by-step loading with unloading is
analyzed, it should be stressed that under elastic deformation (o <o, ,) irrespective of the

available stress concentrators and depending on the value of the applied stresses, the values Hc
in the unloaded state can be equal 70-90% of the similar values in the loaded state (Fig. 8) and
their direction coincides with the loading direction. Under the plastic deformation
(o> a,,), depending on the value of stresses being applied, the value of the coercive force in

the unloaded state can be equal to 114,2-140,8% of the similar values in the loaded state. Here,
in the unloaded state after the step-by-step loading with unloading during the transition from
elastic to plastic deformation, the turning in 90° takes place towards the maximum values of the
coercive force (in Fig. 8 it is not shown). Thus, under elastic deformation in the loaded state the
values of the coercive force are higher than those similar ones in the unloaded state and their
direction coincides with the loading direction. Although, under plastic deformation, on the
contrary, the values of the coercive force in the loaded state are lower, than those similar values
in the unloaded state, and during the transition from elastic to plastic deformation the turning
in 90° takes place towards the maximum values of the coercive force.
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Response of the coercive force to the multicycle loading of samples without the
stress concentrators. In order to determine the response of the coercive force to the multicycle
loading the testings of the laboratory samples made of steel 20 without the stress concentrators
with the sizes of the working part 12x20x5,8 mm have been carried out under the axis sign-
variable tension-compression of the frequency 84 Hz at the yield boundary stresses (
o, =169,5MT1a ) and the stress cycle asymmetry R_=-1.

In the Figure 9 the kinetics of the coercive force values according to the number of
loading cycles in the area of sample fracture under the orientation of the sensor magnet pole
tips across (a) and along (b) the working part of the sample is presented. As during the scanning
of the coercive force values on the sample working part surface and the adjacent to it areas the
measuring was performed with the step of 6 mm (half of the device meter base), the value Hc
was found twice, in the fracture area in particular. It should be stressed, that the fracture of
laboratory samples occurred along the fillet (transition area from the working part along the
radius till the area of clamp in the active capture) of the sample, the stresses amplitude being

o) =087c! of the nominal stresses ( o) with the minimal cross-section area along the

middle of the working part of the sample. Initiation of the sample fracture was accompanied by
the rapid decrease of the loading frequency resulted from the crack growth. Here, because of
the fact, that the sensor measuring base is large enough, and the fatigue crack square being 0,25
of the nominal square of the cross-section in the fracture area, the changes of the coercive force
values were not registered. And, only under the further growth of the fatigue crack till the
fatigue crack square up to 0,5 of the nominal square of the cross section in the area of fracture,
the sufficient changes of the coercive force values have been registered in the fracture area.
Thus, under the multicycle fatigue the device overall dimension sensor is able to register only
large enough cracks, when the metal fracture starts affecting the values of the magnetic
characteristics in the area of measuring the coercive force. That is, under the multicyclic fatigue,
when the basic volume of the metal in the area of measuring undergoes the elastic deformation
without sufficient changes of the magnetic characteristics values, the sensitivity of the device
to the coercive force response to the cracks initiation is specified by their sizes.
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Figure 9. Kinetics of the coercive force values in terms of the number of loading cycles in the area of
fracture of the sample when the tips of the magnet poles of the sensor are oriented across (a) and along (b)
the working part of the sample

Generalization of the investigation experimental results. The presented device with
the improved design of the sensor makes possible to obtain new data on the response of the
coercive force to the mechanical loadings and to determine the main regularities of metal
deformation and fracture at the most loaded and fractured local areas, in the areas of the stresses
concentration in particular, of the structure elements made of the ferromagnetic steels.

The analysis of the obtained results is promising for the possibilities to apply the
coercive-metric control for monitoring the fracture accumulation according to the change of the
coercive force values. Here, it should be stressed that under elastic-plastic static and cyclic
deformation the application of the coercive-metric control makes possible to separate fractures
obtained in the metal under elastic deformations and those obtained under elastic-plastic and
plastic deformations up till the fracture. Rapid increase of the coercive force values up to the
critical values before the fracture itself, irrespective of the sensor magnet tips orientation
direction relatively the investigated surface and the loaded state, testifies the sufficient plastic
deformations to be available. Dependence of the coercive force values on the orientation
direction measuring relatively the loading direction makes possible to determine the direction
of the main stresses.

The rapid change of the coercive force values, when the conventional yield boundary
stresses are exceeded, can be used for finding the boundaries of the elastically and plastically
deformed metal while monitoring the structure elements stressed state. The obtained
regularities of the coercive force response to the elastic and plastic deformation can be the basic
interpreting for application of other, non-fracture methods of investigation, e.g. ,measuring of
the metal thickness, estimation of stresses and deformations, search for defects, etc.

In the areas of the stresses concentration the sensitivity of the device for measuring the
values of the coercive force is determined by the elastic and plastic relation of the strained metal
volumes in the area of measuring. This condition can be the base for the development of non-
fracture methods for estimation the stresses (the residual stresses in particular) in the area of the
stresses concentration.

For the ferromagnetic steels multicycle fatigue range the device can not determine the
metal strength limit, as it was found for the paramagnetic steels. The sensitivity of the device
in the response of the coercive force to the cracks initiation is specified by its dimensions. At
the stage of the fatigue cracks development the dimensions of the device sensor make possible
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to register only large enough cracks, when a great part of the metal integrity loss starts affecting
the values of the magnetic characteristics in the area of the coercive force measuring.

The obtained results can be worth being used for the estimation of the obtained damages
in the areas of the local deformation of the product part, during the diagnostics of modern
technologies quality, local heat treatment of the structural elements of the «thermal shock» type
and while developing the methods for estimation of the residual stresses in the areas of the
stresses concentration and during welding.

The results of experimental investigations make possible to increase the possibility of
application of the coercive-metric control for estimation of the accumulated damages in metals
under static and cyclic loading and can be the base for the development of new approaches to
the express-estimation of the residual service life of the structures metal taking advantage of
the simple non-fracture method.

Conclusion. The experimental interpreting of the possibility to estimate the level of
metal fracture of structures made of ferromagnetic steels according to the results of measuring
the coercive force, was carried out. Substantial differences of response of metal coercive force
of the structures made of ferromagnetic and paramagnetic steels to the mechanical loadings and
unloadings after mechanical loadings have been determined. The change of the magnetic
properties under deformation of the austenite steel (paramagnetic in the finishing state) is
associated with the ability of this steel to undergo the structural transformations (paramagnetic)
of austenite y —>a and appearance of the ferromagnetic phase (a-Fe) being formed in the

austenite steel (y — Fe) containing martensite — and ferrite-deformations, which result in the
transition of the metal from paramagnetic into ferromagnetic state. For the ferromagnetic steels
the change of metal magnetic properties under deformation is associated with the domains
orientation regulation (from the chaotic state to the oriented one). It was determined
experimentally, that for ferromagnetic steels after the first overloading of metal (the acting
stresses exceeded the conventional yield boundary), being unloaded till zero values of acting
stresses, the «jump» and the change of direction in 90° of maximum coercive forces, take place,
here their maximum values in the unloaded state being unchanged. This characteristics can be
used in practice for the control of loading value of main structural elements under operation.
The possibility of application of the improved structurescope for finding the boundaries of the
most fractured areas, the main stresses direction being determined too, was shown. Application
of the coercive-metric control under structures operation makes possible to adapt the measuring
results of the coercive force values changes in the most loaded areas to the obtained fractures.
The limits in the possibility to estimate the level of metal fracture according to the coercive
force values in the areas of the stresses concentration under cyclic loading were determined,
which are caused by the device sensitivity (at the given sensor dimensions for measuring Hc)
to the elastic and plastic relation of the deformed metal volume in the area of fracture
(measuring). The obtained results can be the base for the development of new approaches for
the express-estimation of the residual service life of structures metal using the simple non-
fracture method.

PoboTy BHKOHaHO B paMKax HAyKOBO-JOCHTITHOI poOOTH BiAgimy BTOMH 1 TEpMOBTOMH MaTepialiB
Incturyty npo6nem minnocrti iMeni I'. C. [Tucapenka HAH Vkpainu 3a temoro 1.3.4.1910 «Po3pobka meronis
OIIIHKA BTOMHOTO TIOIIKO/PKEHHS METAIITYHUX MaTepialiB Ha CTAAiAX 3apOHKEHHS 1 pOCTY TPIIIHHY.

References
1. Gorkunov E. S., Mitropolskaya S. Yu., Vichuzhanin D. I., Tueva E. A. Primenenie magnitnyh metodov
dlya ocenki nagruzhennosti i povrezhdennosti stali X70. Fizicheskaya mezomehanika. 2010. Ne 13. P. 73—
82. [In Russian].

16 ... ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (95), 2019 https://doi.org/10.33108/visnyk_tntu2019.03


https://doi.org/10.33108/visnyk_tntu2019.0

w

Oleksii Gopkalo, Volodymyr Nekhotiashchiy, Gennadii Bezlyudko, Yurij Kurash

Matrosov Yu. I., Litvinenko D. A., Golovanenko S. A. Stal dlya magistralnyh. M.: Metallurgiya, 1989.
288 p. [In Russian].

Vonsovskij S. V., Shur Ya. S. Ferromagnetizm. M.: OGTZ, 1948. 816 p. [In Russian].

Malahov O. V., Kochergin A. V., Devyatkin D. S. Persperktivy primeneniya metoda magnitnoj pamyati
metallov k diagnostike sostoyaniya metallov. Vostochno-Evropejskij zhurnal peredovyh tehnologij.
ISSN 1729-3774. 4/5 (64). 2013. P. 20-24. [In Russian].

Kuleev V. G., Carkova T.l., Nipichuruk A. P. Issledovanie prichin sushestvennyh razlichij velichin
koercitivnoj sily, ostatochnoj namagnichennosti i nachalnoj magnitnoj pronicaemosti ferromagnitnyh stalej
v nagruzhennom sostoyanii pri ih plasticheskom rastyazhenii. FMM. 2007. T.103. Ne2.
P. 136-146. [In Russian].

Carkova T. P., Kuleev V. G. Osobennosti magnitouprugogo effekta v plasticheski deformirovannyh
ferromagnitnyh stalyah v slabyh magnitnyh polyah. FMM. 2009. T. 108. Ne 3. P. 227-236. [In Russian].

CnHCcOK BUKOPHCTAHOI JTiTepaTypu

1.

w

T'opkxynos D. C., Murpononsckas C. H0., Buuyxanun [I. ., Tyesa E. A. TlpuMeHeHne MarHUTHBIX
METOJIOB JJIs1 OLIEHKH HAarpy>KEHHOCTH U MOBPEKIEHHOCTH cTanu X70. duznueckas mezomexanuka. 2010.
Ne 13. C. 73-82.

Marpocos 1O. 1., JIutunenko /. A., I'onoBanenko C. A. Ctasp A MarucTpajabHBIX Ta30IPOBOJOB. M.:
Merannyprus, 1989. 288 c.

Boncorckuii C. B., Illyp A. C. deppomarnerusm. M.: OI'T3, 1948. 816 c.

Manaxos O. B., Koueprun A. B., [leBatkun /. C. IlepcnepkTHBBI NpUMEHCHHS METOJa MAarHUTHOU
MaMATH METAIJIOB K JHArHOCTHKE COCTOSHHS MeTayuloB. Boctouno-EBpomeiickuil xypHan mepemnoBbIX
texuonoruit. ISSN 1729-3774. 4/5 (64). 2013. C. 20-24.

Kynees B. I'., IlapskoBa T. W., Hunnaypyk A. II. HccinenoBanue HpUYMH CYIIECTBEHHBIX pPa3Id4ui
BEJINYMH KO3PIUTHBHON CHIIBI, OCTATOYHON HAMarHWYEHHOCTH M Ha4aJIbHOH MarHUTHOW NMPOHUIIAEMOCTH
(heppOMarHUTHHIX cTalell B HATPYKEHHOM COCTOSIHHUH IPU UX IUIACTHYEeCKOM pacTspkeHun. DMM. 2007.
T.103. Ne 2. C. 136-146.

HapekoBa T. I1., KymeeB B.I'. OcobeHHOCTH  MarHUTOympyroro A>QdQexra B  IUIACTHICCKH
e(OPMHUPOBAHHBIX (PEPPOMATHUTHBIX CTANSX B CIAOBIX MarHUTHHIX moisix. @MM. 2009. T. 108. Ne 3.
C. 227-236.

YK 5394

OIITHKA IOIIKO)KEHOCTI EJJEMEHTIB KOHCTPYKIIIH 3A

BUMIPAMU KOEPIIUTUBHOI CUIH.

HOBIAOMJIEHHA 3. DEPOMAT'HITHI CTAJII 3A MEXAHIYHOI'O

HABAHTAKEHHSA

Ouekciii Fonkanol; Boaogumup Hexorsmmii’; Tennaniii Besmoanbko®;

IOpiii Kypam?!

Ynemumym npobrem miynocmi imeni I'. C. Iucapenxa HAH Yipainu,
Kuis, Ykpaina
2[ucmumym enexkmposeapiosanns imeni €. O. Ilamona HAH Yxpainu,
Kuis, Ykpaina
3000 «Cneyuanvuvie nayunvie paspabomruy, Xapkie, Ykpaina

Pestome. Haseoeno pe3ynomamu excnepumenmanbHux 00CaioHceHb pedsy8aHHs KoepyumueHoi cuiu Ha

MEXAHIYHI HABAHMANCEHHs N1abOPaAMOPHUX 3paskie i3 gepomaenimuux cmaneu 05kn, 1711C ma cmani 20.

Tokazarno, wo 8iOMIiHHOCMI Y peazy8aHHi KOEPYUMUBHOI CUIU HA MEXAHIYHI HABAHMAICEHHS (hepOMASHIMHUX ma
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aycmeHimHux cmarneil noisearoms y Qisuunii npupoodi yux aeuw. /na gepomazHimuux cmaneti 3MiHu 3HaA4eHb
KOEPYUMUBHOI CUU NPU CIMAMUYHOMY MA YUKATYHOMY 0ehopmyeanii nog i3ani 3 YynopsaoKy8aHHam opicumayii
OomeHHOI cmpykmypu memany (6i0 xaomuynoi 0o Hanpaenewoi). [[ns napamacHimHux (He MAacHIMHUX y
noYamKo8OMy CMaHi) cmanei 3MiHU 3HAYEHb KOEPYUMUBHOI CUNU NPU CMAMUYHOMY MA YUKIIYHOMY
Odehopmy8aHui N08’A3aHI 3i CMPYKMYPHUMU NEPEeMEOPEHHAMU BUXIOHO20 aycmeHimy 6 OeopmayitiHul
Mapmencum 3 Kinyesum epumo-nepaimuum po3naoom, wo SUKIUKAE 3MIHY MASHIMHUX 61ACIMUEOCIEL MEMATY
3 napamaznimmo20 y @epomazHimuull cmau. 3anponoHosanull agmopamu npunad 3i 3MiHeHo KOHCMPYKYIE
oamuuka 0036071U8 OMPUMAMU HOGI OAHI peazy8aHHs KOEPYUMUBHOI CUNU HA MeXAHIUHI HABAHMAICEHHS i
6CTNANOBUMU OCHOGHI 3AKOHOMIPHOCMI 0eOPMYBAHHA MA PYUHYBAHH MEeMANy Y HAUDINbUW HABAHMAICEHUX MA
NOWKOOIICEHUX JIOKANbHUX 30HAX, Y MOMY YUCI 30HAX KOHYEHMpAayii Hanpydicenb, eleMeHmié KOHCMPYKYil i3
Gepomaznimnux cmaneii. Excnepumenmanbno 8CMAHOGIEHO, WO NPU MEXAHIYHOMY HABAHMAICEHHI BUMIPAHI
3HAYEHHA KOepyumueHoi cuiu 3anexcams 6i0 opienmayii noarocie MacHimie O0amuuka 6iOHOCHO HANPAMK)
Hasanmagicenns. [lpu cmamuunomy abo YyuknivsHOMy HABAHMAICEHHI OO HANPYIICEeHb, AKI Nepesuuysan YyMosHy
Medicy RAUHHOCI, NICIIA PO36AHMAICEHHS 3HAYEHHS KoepyumueHoi cunu 'y 1,5—2 paza nepesuwyomos aHanoiuni
3Hauenns y Haeammagicenomy cmami. Ilpu yvomy 3a cmamuunozo abo YUKIIYHO20 HABAHMAICEHHS 3
nepeguujeHHAM OiI0UUX HANPYHCEHb YMOBHOT MedCi NIUHHOCII NPU PO3BAHMANCEHHT 8i00YBACbCA PegepCUSHUL
nosopom na 90° HanpAMKY MAKCUMATLHUX 3HAYEHb KOCPYUMUSHOT CUU, AKULE BUKTUKAE 6IONOGIOHUL (CMPUOOKY
yux 3naveHsv. Buaenenns pizkoi 3Minu 3HAYEHb KOSPYUMUBHOI CUNU, NPU NEPEBUULEHHT HANPYICEHb YMOBHOT MeICT
naunnocmi, npu mounimopunzy HJC enemenmie KOHCMpPYKYil 0036019€ 6CMAHOBMIOBAMU MECT NAACMUYHO MA
APYHCHO-0eOPMOBAH020 MeMALy Ui Modce CAamu OOTPYHMYSAHHAM Ol GUKOPUCHAHHA THUWUX HepYUHIGHUX
Memooie 00CHIONHCeHHs, HANPUKIAO, BUMIDIOBAHHS MOBWUHU Memary ma Nnowyky oegexmis. 3acmocy8aHHs
KOEPYUMUMEMPULHO20 KOHMPOIO O00360A€ CENnapy8amu NOWKOOJICEHH s, AKi Ompumani @ memani 8 yMoeax
nPYAHCHO20 Oehopmyants U NOWKOONCEHHA, OMPUMAHI NPU NPYICHO-NAACTIUYHOMY MA NAACUYHOMY
Oepopmysanni, adxc 00 pyuHysauus. 3anexcnicmv 3HAYeHb KOEPYUMUSHOI CUIU GI0 opienmayii HanpamKy
BUMIPIOBANHS GIOHOCHO HANPAMKY HABAHMANCEHHA O00360A€ BUSHAYAMU HANPAMOK 20J06HUX HANPYICEHD.
Haseoeni pesyromamu  moxcymv Oymu KOPUCHUMU NPpU  OiAeHOCMYBAHHI AKOCMI CYYACHUX MEXHONO02Il,
HANPUKLAO, NIOKANLHOI MepMOOOPOOKYU KOHCMPYKMUBHUX eleMeHmi8 MUny «mepmMouioxy ma npu po3poonenHi
MEMOOUKU OYIHIOBAHHA 3ATUUKOBUX HANPYICEHb 6i0 36apiosanis. Ompumani eKCnepumeHmanbHi pesyivmamu
0aoms  ONMUMICIIUYHUL  NPOSHO3  MOJICIUBOCI  3ACNOCYBAHHA  KOEPYUMUMEMPUUHO20 KOHMPONIO 04
MOHIMOPUHZY HAKONUYEHHA NOWKOONCEHb Y PepOMAHIMHUX MemAanax nicis 3MiHU 3HAUEeHb KOePYUMUHOT CUU.

Kniouosi cnosa: cmpykmypockon, KoepyumueHa Cuid, Ha6aHmadCeHHs, NOUKOONCEHH S, HANPYIHCEHH S,
deghopmayis, pyiHy8anHs.
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