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Abstract: There is a strong belief that hydrogen absorbed by magnesium alloys during corrosion can cause their stress
corrosion cracking. One of the characteristic markers indicating the involvement of diffusible hydrogen into the fracture
mechanism of metals is the negative strain rate dependence of the embrittlement degree. Recent studies show that the loss
of ductility of the ZK60 alloy specimens subjected to a short-term (1.5 h) pre-exposure in a corrosive medium actually
decreases with the increasing strain rate. However, after the removal of corrosion products from the surface of the speci-
mens, the strain rate dependence of the ductility loss becomes positive, which indicates the absence of hydrogen in
the bulk of the metal. At short-term exposure in a corrosive environment, the deep penetration of hydrogen into a metal
could be limited due to the insufficient time for hydrogen diffusion. The paper studies the mechanical behavior of
the ZK60 alloy subjected to a longer (12 h) pre-exposure in a corrosive medium followed by tensile testing in air at various
strain rates. The authors consider the effect of strain rate, long-term pre-exposure in a corrosive medium, and subsequent
removal of corrosion products on the strength, ductility, stages of work hardening, and localized deformation, as well as on
the state of the side and fracture surfaces of specimens. It is established that the ductility loss of the specimens pre-exposed
in a corrosive medium for 12 h decreases with the increasing strain rate, regardless of whether the corrosion products have
been removed from their surface or not. It is shown that in this case, the negative strain rate dependence of the ductility
loss is associated not with hydrogen dissolved in the bulk of a metal but with the presence of severe corrosion damage of
the specimens’ surface. An explanation for the effect of corrosion damage on the mechanical properties and their strain
rate sensitivity is proposed.
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the behavior of magnesium under the effect of a corrosive

INTRODUCTION

Magnesium-based alloys with the unique complex
of mechanical properties are the promising structural mate-
rial for many manufacturing sectors, including automotive,
air-space, and other industries. Moreover, magnesium al-
loys find their application as a material for bioresorbable
implants, which can dissolve in a human body after per-
forming their function. However, their low resistance to
corrosion and stress corrosion cracking (SCC) is a great
obstacle to a wider application of magnesium alloys in
the specified areas.

Fracture of magnesium alloys in aggressive media can
occur under the stresses significantly lower than the yield
stress [1-3]. Despite the fact that, lately, the scientific
community aims the significant efforts at the solution of
the SCC problem, many issues related to the nature of

medium remain open. Particularly, there is not a uniform
point of view about the SCC mechanism. This phenomenon
develops as a result of the simultaneous exposure of a me-
chanical stress and corrosive environment and can lead to
the embrittlement of the majority of magnesium alloys [4—
6]. The most common hypothesis is that the main cause of
such embrittlement is hydrogen, which is formed and pene-
trates into the metal in the process of the corrosion reaction
[7-9]. As an argument for this hypothesis, the fact is often
mentioned that magnesium alloys are subjected to the so-
called pre-exposure stress corrosion cracking (PESCC),
which develops as a result of preliminary exposure of
the metal to a corrosion environment and manifests itself in
the form of a decrease in its mechanical properties and
the appearance of a brittle component on a fracture surface
during the subsequent mechanical tests in air.
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Since the specimen does not come into contact with
an aggressive environment directly during the mechanical
tests, the observed embrittlement is associated with
hydrogen absorbed by the metal in the process of preli-
minary exposure to a corrosive solution [13—15]. This phe-
nomenon was observed in many magnesium alloys,
which were held in corrosive media of various composi-
tions [16—18]. Moreover, it was found that the reduction
in the mechanical properties decreases with the increas-
ing strain rate [19; 20]. Such a result is considered as an
additional evidence of hydrogen participation in
the PESCC mechanism [20], since the negative rate de-
pendence of the loss of ductility is a characteristic feature
of many metals and alloys embrittled by hydrogen [21;
22]. This dependence is explained by the fact that with an
increase in the strain rate, a smaller amount of hydrogen
is able to diffuse to the crack tip; therefore, the crack
propagates at a higher external stress rather than in
the presence of hydrogen. Recent studies of the ZK60 and
AZ31 alloys have shown that the PESCC-associated
embrittlement can be completely eliminated by the corro-
sion products removal from the specimen surface before
testing in air, providing that the specimen surface is not
severely damaged by anodic dissolution, during the pre-
exposure to a corrosive environment [19; 23; 24]. At
the same time, gas analysis of specimens with the re-
moved corrosion products showed that the concentration
of diffusible hydrogen in their volume is low [23; 24].
Later, it was identified that the negative strain rate de-
pendence of the loss of ductility of specimens kept in
a corrosive environment for 1.5h becomes positive
(the same as for specimens not exposed to a corrosive
environment) after the corrosion products removal from
the surface [19]. Based on the results, the authors con-
cluded that the main reason for the PESCC-associated
embrittlement is not hydrogen dissolved in the bulk of
the metal but the embrittling agents, such as hydrogen or
residual corrosive environment in the layer of corrosion
products [19; 23; 24]. However, the study of the effect of
the strain rate was carried out in the work [19] on
the specimens kept in a corrosive environment for a rela-
tively short period of time — for 1.5 h. It can be suggested
that during this time, hydrogen did not have enough time
to penetrate deeply into the bulk of the metal, therefore, it
quickly escaped from the surface layer to the atmosphere
after the removal of corrosion products.

In this regard, it is reasonable to carry out the research
of the strain rate effect on the PESCC of the ZK60 alloy
subjected to a longer exposure. It is important to empha-
size that the previous works showed that the increase in
the time of exposure of the ZK60 alloy specimens to
a corrosive environment from 1.5h to 12h leads to
the severe corrosive damages [23], which also can influ-

ence the mechanical properties and their sensitivity to
a strain rate change.

The work is aimed to clarify the role of hydrogen and
irreversible corrosive damage to a surface in the PESCC
mechanism of ZK60 alloy.

METHODS

The ZK60 commercial alloy produced by the hot extru-
sion was used as a research material. The alloy chemical
composition identified using the ARL 4460 optical-
emission spectrometer (Thermo Fisher Scientific) is shown
in Table 1. The alloy has a microstructure with an average
a-phase grain size of 3 um. The microstructure images and
its detailed description are given in one of the previous
works [25].

The threaded cylindrical specimens for tensile tests
with a gauge part of 6x30 mm in size were machined from
a rod with a diameter of 25 mm along the extrusion direc-
tion. The obtained specimens were soaked at open-circuit
potential in an aqueous corrosion solution of 4 % NaCl +
+ 4 % K,Cr,0; (the same solution was used in the work
[19]) for 12 h at room temperature (24 °C) without apply-
ing the external mechanical stress. During soaking, only
the specimen gauge part was in contact with the corrosive
solution. After the exposure, the specimens were removed
out of the corrosive environment and cleaned in an etha-
nol jet, and then dried with compressed air. Corrosion
products were removed from some specimens immediate-
ly after the exposure by dipping specimens in a standard
aqueous solution C.5.4 (20 % CrOs; + 1 % AgNOs) as per
GOST R Standard 9.907 for 1 min, followed by rinsing
with ethanol and drying with compressed air. Within
5 min after the end of exposure or corrosion products re-
moval, a tensile test of a specimen was started, which was
carried out in air at room temperature at constant initial
strain rates in the range from 5-10°° to 5-10*s™" (from
0.01 up to 1 mm/min) using the AG-X plus testing ma-
chine (Shimadzu).

For the reference, similar tests were conducted on spe-
cimens in the initial (reference) state, which were not sub-
jected to exposure to a corrosive environment. After tests,
the fracture and side surfaces of fractured specimens were
analyzed using the SIGMA scanning electron microscope
(Carl Zeiss).

RESULTS

Mechanical properties

Mechanical tests have shown (Fig. 1) that at the same
strain rate, both the strength and ductility of specimens de-
crease remarkably as a result of exposure to a corrosive

Table 1. Chemical composition of the ZK60 alloy, % wt.
Tabnuua 1. Xumuueckuii cocmas cnnasa ZK60, éec. %

Mg Al

Mn Ce Nd Si

Base 0.002 5.417 0.0004 0.471

0.001

0.002 0.005 0.002 0.003 0.003
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environment (Fig. 1 a, 1b). In this case, the mechanical
properties of the specimens are partially restored after
the corrosion products removal. It has been identified that
with an increase in the strain rate, the elongation of
the specimens in the reference state decreases significantly,
while their strength increases. At the same time, the ductility
of specimens, which were exposed to a corrosive medium
before testing, slightly changes with an increase in the strain
rate regardless of whether the corrosion products were re-
moved from them or not. The strength of specimens kept
in a corrosive environment increases with an increase
in the strain rate, but is much weaker than that of specimens
in the reference state.

Since the mechanical properties of specimens in the refe-
rence state vary greatly depending on the strain rate, to as-
sess the rate sensitivity of the alloy embrittlement degree, it
is reasonable to use the value of the ductility and strength

loss with respect to the specimens in the reference state at
a given strain rate. The research identified that the value of
the ductility loss of specimens exposed to a corrosive envi-
ronment decreases with the increase in the strain rate, while
the strength loss, on the contrary, increases (Fig. 1 c, 1 d).
This statement is true both for specimens with the removed
corrosion products and for those from which the corrosion
products were not removed.

The appearance of the strain-stress diagrams obtained
during the testing of the specimens (Fig. 2) indicates that
the decrease in the elongation of the specimens in the refe-
rence state as a result of an increase in the strain rate occurs
mainly due to the reduction of the localized deformation
part of the strain-stress diagram, while the change in
the length of the strain hardening region is much less pro-
nounced. This pattern is clearly demonstrated in Fig. 3,
which shows the graphs of the change in the length of
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Fig. 1. The effect of strain rate on:
a — the elongation to failure; b — the ultimate tensile strength;
¢ — the ductility loss; d — the strength loss of the ZK60 alloy in different states
Puc. 1. Brusnue ckopocmu deghopmuposanus Ha:
a — omnocumenvHoe yonunenue, b — npeden npounocmu; ¢ — nomepio n1acMuU4HOCMU,
d — nomepro npounocmu 0bpasyog cnaasa ZK60 6 pasHvix cocmosHusx
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the strain hardening — &gy and localized deformation —
9, parts depending on the strain rate for specimens tested in
different states. According to the dependencies in Fig. 3,
d; decreases much more than dgy as a result of soaking in
a corrosive environment. Moreover, after the corrosion
products removal, &gy increases to a level corresponding to
the specimens in the reference state, while 9, just scarcely
recovers. The &gy and 9§, values for specimens kept in a cor-
rosive environment weakly depend on the strain rate, re-
gardless of whether the corrosion products were removed
from the specimens’ surface or not. It should be noted that
for these specimens, with the increase of the strain rate,
dsy slightly increases, while §; slightly decreases.

The analysis of fracture and side surfaces

Fig. 4 a—f indicates that the side surface of the speci-
mens kept in a corrosive environment before testing has
a typical hummocky relief formed as a result of uneven
dissolution of the specimen during the soaking in a corro-
sive environment. To compare, Fig. 4 g—i shows the images
of the side surfaces of the specimens in the reference state,
which have a completely different relief without any signs
of corrosion damage.

It is important to note that on the side surface of
the specimens, from which the corrosion products were not
removed after the exposure to a corrosive medium, there
are numerous cracks oriented perpendicularly to the tensile
axis (Fig. 4 a—). At the same time, the specimens, from
which the corrosion products were removed, do not exhibit
such cracks (Fig. 4 d—f).

The fractographic analysis showed that in the peripheral
part of the fracture surface of the specimens tested after
soaking in the medium without the corrosion products re-
moval, there is a typical annular zone with the brittle frac-

ture morphology, the area of which decreases with an in-
crease in the strain rate (Fig. 5 a—c). At the same time, in
the specimens, from which the corrosion products were
removed before the start of the test (Fig. 5 d—f), as well as
in the specimens in the reference state (Fig. 5 g—i), the frac-
ture surfaces are completely ductile without any signs of
brittle fracture regardless of the strain rate.

DISCUSSION

According to the results obtained, the loss of ductility,
the value of which characterizes the degree of the alloy
embrittlement as a result of PESCC, decreases with an
increase in the strain rate for all specimens kept in a corro-
sive environment for 12 h, including those, from which
the corrosion products were removed after the soaking. At
the same time, one of our recent works shows that the loss
of ductility of the same alloy after keeping in a corrosive
environment for 1.5 h and the subsequent corrosion pro-
ducts removal, on the contrary, increases with an increase
in the strain rate [19]. Moreover, if the corrosion products
were not removed from the specimens’ surface after 1.5 h
of soaking, the loss of ductility decreased with an increase
in the strain rate in the same way as after 12 h of soaking in
the present work.

Holding a generally accepted point of view, according
to which the negative strain rate dependence of the ductility
loss of magnesium alloys during the SCC and PESCC pro-
cesses is associated with diffusible hydrogen dissolved in
them [13; 15; 20], the behavior of the ZK60 alloy mechani-
cal properties depending on the strain rate found in the pre-
sent and previous [19] works can be wrongly interpreted as
follows. As a result of a relatively short exposure to a cor-
rosive environment for 1.5h, hydrogen does not have
enough time to deeply penetrate into the bulk of the metal

= In the reference state

—— After the exposure to a corrosive environment

------- After the exposure to a corrosive environment
and the removal of corrosion products

400
300 +
]
o
=
o 200
7))
[1)]
| -
i
w
100
1-510%s"
2-510%5¢s"
3-510%s"
0 " 1 L
0 10

20 30 40

Strain, %

Fig. 2. The effect of strain rate on the stress-strain diagrams
of the ZK60 alloy specimens in different states
Puc. 2. Buuanue ckopocmu 0eghopmuposanus Ha OUazpammsl pacmadiceHus
obpasyoe cnnasa ZK60 6 pasuvix cocmosuusx
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matrix and is located in the surface layer under the crust
of corrosion products preventing its exit from the speci-
men. Therefore, when retaining a layer of corrosion pro-
ducts on the specimens’ surface during the tensile tests,
hydrogen participates in the mechanism of nucleation and
growth of brittle cracks, which ultimately leads to a pre-
mature fracture of the alloy, a decrease in its ductility, and
the formation of a brittle zone on the fracture surface.
With an increase in the strain rate, the amount of hydro-
gen that has enough time to diffuse to the crack tip de-
creases, therefore, the loss of ductility decreases. If
the corrosion products are removed from the specimens’
surface, then hydrogen is rapidly desorbed from the sur-
face layer into the atmosphere, which leads to the reco-
very of the alloy ductility and a qualitative change in
the dependence of the loss of its ductility on the strain rate.
With a longer soaking in a corrosive environment for 12 h,
hydrogen has enough time to penetrate much deeper into
the bulk of the metal and, therefore, is not completely re-
moved from the specimens after the corrosion products
removal. For this reason, both the specimens with the re-
moved corrosion products and those from which the cor-
rosion products were not removed demonstrate a decrease
in the loss of ductility with an increase in the strain rate.
An important argument against such an interpretation of
the results obtained is the fact that the specimens, from
the surface of which the corrosion products were removed
after 12 h of exposure, demonstrate the total absence of
a brittle zone on the fracture surface and brittle secondary
cracks on the side surface, regardless of the strain rate at

which the test was carried out. Thus, the change in the loss
of ductility of these specimens with an increase in the strain
rate cannot be associated with the suppression of the brittle
fracture mechanism, which is an intrinsic feature of
the hydrogen embrittlement. Indeed, previous works show
that the hydrogen concentration in the specimens kept in
a corrosive environment, including for 12 h, and from
which the corrosion products were then removed, is insig-
nificant [23; 24]. The authors made an assumption that
the main reason for the embrittlement of the specimens pre-
exposed to a corrosive environment is the embrittling
agents, such as hydrogen or residual corrosive environment
located in the corrosion products layer [19; 23; 24].
The details of this mechanism will be researched in future
studies. In the present work, it is reasonable to consider
the features of the rate dependence of the properties of
specimens with the removed corrosion products, in which
these embrittling agents are totally absent.

If the fracture of specimens with the removed corrosion
products occurs according to the common ductile mecha-
nism, the same as for specimens in the reference state,
the same character of the dependence of ductility on
the strain rate for these two types of specimens should also
be expected. In particular, this is exactly what was observed
when the exposure time was 1.5h [19]: the ductility of
the specimens, both in the initial state and after the corro-
sion products removal, decreased with an increase in
the strain rate, and, moreover, for the specimens with
the removed corrosion products, a decrease in ductility with
an increase in the strain rate was even stronger than that
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g h i

Fig. 4. The effect of strain rate (a, d, g — 510 °s ' b, e, h—5107 s ¢, fi—510"s")
on the state of the side surface of the specimens tensile-tested in air:
a—c — after pre-exposure to the corrosive medium;
d—f— after pre-exposure to the corrosive medium and removal of corrosion products;
g—i— in the reference state. SEM
Puc. 4. Buusnue ckopocmu deghopmuposanusi (a, d, g — 5107° cil; b, e h— 51070 cil; ¢ fi— 51077 cil)
Ha cocmosinue 60K08OI NOBEPXHOCMU 00PA3YO8, UCHLIMAHHBIX HA PACMAICEHUE HA 8030YXe:
a—c — nocie 8blOePICKU 8 KOPPOZUOHHOU cpede;
d—f— nocne gvi0eparcku 8 KOpPO3UOHHOU cpede U YOaieHust RPOOYKMO8 KOPPO3UU;
g—i — 6 ucxoonom cocmosinuu. COM
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Fig. 5. The effect of strain rate (a, d, g — 510°¢ s_],' beh-5107° s_],' ¢ fi— 5107 s_])
on the state of the fracture surface of the specimens tensile-tested in air:
a—c — after pre-exposure to the corrosive medium,
d—f— after pre-exposure to the corrosive medium and removal of corrosion products;
g—i— in the reference state. SEM
Puc. 5. Brusnue ckopocmu degpopmuposanust (a, d, g — 510%¢ b, e h—5107c ;¢ fi- 57077 cil)
Ha COCMOSIHUE U3I0MA 00PA3Y08, UCNLIMAHHBIX HA PACMANMCEHUE HA 8030YXe.
a—c — nocie 8bl0epPIHCKU 8 KOPPOSUOHHOI cpede;
d—f'— nocne 6v10eparcKu 6 KOPPOUOHHOUL cpede U YOaneHUss BPOOYKMO8 KOPPO3UU,
g—i— 6 ucxoonom cocmosnuu. COM

of the specimens in the initial state, due to which an in-
crease in the loss of ductility occurred. However, as
the results of this work show, in the case of soaking for
12 h with an increase in the strain rate, the ductility of
the specimens with the removed corrosion products remains
practically unchanged.

It might be supposed that the difference in the rate sen-
sitivity of the ductility of the reference and pre-exposed
specimens with the removed corrosion products can be as-
sociated with irreversible corrosion damage, the degree of
which in the case of soaking for 12 h is significantly higher
than after soaking for 1.5 h. Thus, the work [23] shows that

the surface roughness and the decrease in the cross section
of the ZK60 alloy specimens resulting from corrosion after
12 h soaking in a 4 % NaCl + 4 % K,Cr,0; solution were
4 times higher than after 1.5 h.

A decrease in the cross section of the specimens result-
ing from keeping in the medium leads to a decrease in
the load of yielding and the maximum load to fracture,
which results in an apparent decrease in the yield and ulti-
mate tensile strength. A surface roughness increase associ-
ated with the occurrence of numerous deep corrosion pits,
probably, greatly facilitates the initiation of cracks, which
mainly affects the ductility of the specimens. The results
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of the analysis of tensile diagrams showed that the drop
of ductility resulting from 12 h exposure to a corrosive en-
vironment occurs primarily due to a great reduction
in the length of the localized deformation part 6, which,
unlike dgy, is not recovered after the corrosion products
removal. It is well known that the formation of ductile
cracks in metallic materials occurs due to the coalescence
of voids appearing during tension of smooth specimens
after the significant plastic deformation at the stage of lo-
calized flow in the neck area [26]. Apparently, in specimens
subjected to the exposure to a corrosive medium, ductile
cracks are formed due to the merging of corrosion pits;
therefore, plastic deformation is not needed for the for-
mation of voids, and fracture occurs soon after the defor-
mation is localized in the neck.

According to the results of this work, a decrease in
the elongation of the reference specimens with an increase
in the strain rate occurs as well mainly due to a decrease in
d,. Consequently, an increase in the strain rate does not af-
fect the elongation of the specimens with the removed cor-
rosion products, since their §, has already been reduced
almost to a minimum due to severe corrosion damage.
It should be mentioned that after the removal of corrosion
products from the specimens, which were kept in a corro-
sive environment for 1.5 h and, thus, had much weaker cor-
rosive damage, both §, and dgy were completely restored;
therefore, an increase in the strain rate in this case led to
a decrease in elongation as it was with the specimens in
the reference state.

The results obtained indicate that the presence of a ne-
gative strain rate dependence of the ductility loss during
PESCC of magnesium alloys is not always an unambiguous
indicator of the diffusible hydrogen participation in
the fracture mechanism.

According to the results of this study, in addition to
a decrease in ductility with an increase in the strain rate,
there is an increase in the strength of the specimens both in
the initial state and after soaking and corrosion products
removal. However, the strength of specimens kept in a cor-
rosive medium grows much weaker with an increase in
the strain rate than that of the specimens in the reference
state. For this reason, the strength loss of specimens kept
in a corrosive medium increases with an increase in
the strain rate.

Differences in the rate sensitivity of strength of
the specimens in the reference state and specimens kept in
a corrosive environment can presumably be associated with
corrosion damage as well. Probably, with an increase in
the strain rate, the alloy becomes more sensitive to stress
risers which are corrosion pits. At a low strain rate, they
have enough time to become plastically blunt, which is ac-
companied by the stress relaxation near the stress risers,
while at a high strain rate, the same pits remain relatively
sharp, and therefore, the local fracture stress near them is
achieved at a lower external stress.

Thus, on the one hand, an increase in the strain rate
leads to an increase in the ultimate strength due to the diffi-
culty of plastic deformation in the entire volume of
the specimen. On the other hand, the local hindrance of
plastic deformation near the stress risers prevents their
blunting and, as a result, leads to a decrease in the ultimate
tensile strength. Since the specimens in the reference state
do not have large stress risers, their effect on the ultimate

tensile strength is insignificant, and it greatly increases with
an increase in the strain rate. In addition, with the increas-
ing strain rate of the specimens kept in a corrosive medium,
a decrease in the ultimate tensile strength associated with an
increase in the sharpness of stress risers compensates for
the increase in the ultimate tensile strength from the hin-
drance of plastic deformation over the bulk of the specimen
as a whole.

MAIN RESULTS AND CONCLUSIONS

1. An increase in the degree of corrosion damage on
the surface of the ZK60 alloy specimens resulting from
an increase in the duration of their preliminary exposure to
a corrosive environment can lead to a fundamental change
in the strain rate sensitivity of the mechanical properties of
these specimens during subsequent tests in air.

2. A decrease in the ZK60 alloy elongation with an in-
crease in the strain rate occurs mainly due to a reduction of
the localized deformation stage.

3. The formation of deep pits and other corrosion da-
mages leads to a reduction of the length of the localized
deformation part of the stress-strain diagram and does not
affect the length of the strain hardening region.

4. With an increase in the strain rate, the elongation of
specimens with a high degree of corrosion damage practi-
cally does not change, and the loss of their ductility with
respect to the specimens not subjected to corrosion increas-
es, since the localized deformation stage in the specimens
damaged by corrosion is virtually absent.

5. The negative strain rate dependence of the ductility
loss of the specimens, from the surface of which the corro-
sion products were removed after a long exposure to a cor-
rosive medium, is associated with a high degree of corro-
sion damage to their surface and not with the presence of
hydrogen in their bulk.
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Annomayuna: CyniecTByeT yCTOWYMBOE MHEHHE, YTO BOJOPOJ, NMOTJIOIIAEMBIi MarHUEBBIMU CIIaBAaMM B IpoIiecce
KOPPO3HUH, MOXET BBI3BIBATh UX KOPPO3HOHHOE PACTPECKUBAHME O] HanpspkeHneM. OIHUM U3 XapaKTepHBIX IPU3HAKOB
yaactus U} dy3HOHHO-OABIKHOTO BOJOPOJa B MEXaHN3ME pa3pyIICHHS METAJUIOB SBISIETCSI OTPUIATENIbHAS CKOPOCT-
Hasl 3aBUCHMOCTH CTEIICHH OXpYNUYUBaHUS. B HemaBHHMX MCCIEIOBaHMAX OBUIO MOKA3aHO, YTO MOTEPs IUIACTHYHOCTH 00-
pasmoB cmmaBa ZK60, mogBeprHYTHIX KpaTKOBpeMeHHOMY (1,5 4) BO3IEHCTBHIO KOPPO3UOHHOW Cpenbl, NEHCTBHTEIBHO
YMEHBIIIAETCS ¢ POCTOM CKOpOCTH Aedopmaruu. OIHAKO 1ociIe yaaleHUs IPOAYKTOB KOPPO3HH C MTOBEPXHOCTH 00pa3IoB
CKOPOCTHAs 3aBUCHMOCTb MOTEPH UIACTUYHOCTH CTAHOBHUTCS MOJIOKHUTEIHHOH, YTO CBUAETEIHCTBYET 00 OTCYTCTBHH BO-
nopona B o6beMe Metama. [Ipu kpaTkoBpeMEeHHOH BBIJIEpKKE B KOPPO3UOHHON cpefie TTyOoKoe MPOHUKHOBEHHE BOAOPO-
Jla B METaJJI MOIJIO OBITh OTPaHMYECHO HEJOCTaTOYHBIM Uil 1uddy3un Bogopoaa BpeMeHeM. B pabote mccnenoBano me-
XaHU4Yeckoe moBeneHue criaBa ZK60, moasepraytoro 6onee mmureiabHon (12 9) mpenBapuTenbHOM BBIAEPIKKE B KOPPO-
3MOHHOM CpeZie C MOCIEAYIOIUM UCIIBITAHUEM Ha pacTsDKEHHE B aTMoc(epe Bo3JyXa IMPH pasiIH4YHbIX CKOPOCTSX Aedop-
Mauuu. PaccMoTpeHO BIHMSHUE CKOPOCTH NeOpMHUPOBAHMS, JUIMTEIBHONW BBLACPKKH B KOPPO3HOHHOW Cpele W Iocie-
JIYIOIIETO YAAIEHHS MPOIYKTOB KOPPO3UH Ha MPOYHOCTD, INIACTUYHOCTD, CTaANH Je(OpManOHHOTO YIPOYHEHHS U JIOKa-
JM30BaHHON feOopMaIiH, a TaKKe Ha COCTOSTHUE OOKOBOH IMMOBEPXHOCTH M M3JIOMOB 00pa3IoB. Y CTaHOBJICHO, YTO MOTEPS
IUTACTUYHOCTH 0OPA3IOB, BBIACPKAHHBIX B T€YeHHE 12 4 B KOPPO3HOHHOM Cpesie, YMEHBIIAETCS C POCTOM CKOPOCTH Ie-
(hOopMHpPOBaHUS HE3aBHCHMO OT TOTO, OBUIM yJajeHbl MPOAYKTHI KOPPO3UH C MX MOBEPXHOCTH Win HeT. [lokazaHo, 4TO
B JJAHHOM CJIyyae OTpHIATEIbHASI CKOPOCTHAs 3aBHCUMOCTD MTOTEPH TUIACTUYHOCTH CBS3aHa HE C BOJOPOJIOM, PaCTBOPEH-
HBIM B 00BEME MeTajia, a ¢ HaJMIHeM TIIyOOKMX KOPPO3MOHHBIX IOBPEXAECHUH MOBEPXHOCTH 00pa3ioB. [Ipemioxeno
00BsICHEHHE BIHSHHMSA KOPPO3HMOHHBIX MOBPEKICHHWH HAa MEXaHWYECKHE CBOICTBA M YyBCTBHTEIBHOCTH 3THX CBOWCTB
K U3MEHEHHIO CKOPOCTH JieopMaIuu.
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CKOpOCTb AeopMalii; MEXaHHYECKHE CBOICTRA.
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