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Abstract. The paper studies fine structure of industrial steels with BCC lattice (pearlite, ferrite-pearlite and martensite) using transmission diffrac-
tion electron microscopy. The internal structure of the grains was analyzed; the scalar density of dislocations in various parts of the material,
the sources of internal stresses and their amplitude were determined. The use of a method based on the analysis of bending extinction contours
allowed us to study internal stresses. We analyzed the internal stresses and their sources using the example of 0.76C—Cr—V-Fe rail steel with
a lamellar pearlite structure after ultra long-term operation with the tonnage of 1770 million gross tons. The metal of the rails was examined
along the central axis of symmetry (rolling surface) and the rounding radius (working fillet) of the railhead at distances of 0, 2 and 10 mm
from the surface. As one approaches the head surface, regardless of the research direction (along the fillet rounding radius or along the axis
of symmetry), the lamellar pearlite is gradually replaced by destroyed pearlite with formation of a ferrite-carbide mixture and formation of a frag-
mented structure. These processes occur more intensively in the working fillet. Along the entire central axis of symmetry of the rail head (rolling
surface), there is a plastic bending-torsion of the crystal lattice, along the rounding radius of the rail head (working fillet) at a distance of 10 mm
from the surface — also plastic, and at a distance from 0 to 2 mm — elastic-plastic. The main source of internal torque (long-acting) stresses in rail
steel is the excessive density of dislocations. Using the example of 34CrNi3MoVN steel of the martensitic class, the type of bending extinction
contour was determined using mathematical equations. At low degrees of plastic deformation, extinction contours are contours of bending or
torsion, at high degrees they are of a mixed type.
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AnHomayus. MetoqoM npocBevrBaromel AU(GPaKIHOHHON 3IEKTPOHHOW MHKPOCKOIIMH BBINIOJHEHBI MCCIICIOBAHHUSI TOHKOW CTPYKTYpBI CTajel
MPOMBIIIIICHHOTO Ha3Ha4YeHusi, kotopeie obmamaror OL[K-kpucrammnueckoit pemietkoil (mepauTHbie, (peppUTO-TIEPIUTHBIC U MApTEHCHTHBIC).
IIpoananu3upoBaHa BHYTPEHHSSI CTPYKTYpa 3€pEH, ONPECICHbI CKaIsIpHas IUIOTHOCTh AUCIOKALMH B PA3JIMYHBIX ydacTKax Marepualia, UCTO4-
HUKHM BHYTPEHHHX HAIPSDKCHUH M MX aMIUIMTyAa. Mcroib30BaHHEe METOAa, OCHOBAHHOTO HAa aHAIM3€ M3THOHBIX SKCTHHKIMOHHBIX KOHTYPOB,
MI03BOJISIET U3y4aTh BHYTPCHHHE HANpPsDKeHUS. V3yueHne BHYTPEHHUX HANpPSDKCHUH M MX UCTOYHHMKOB IPOBEJCHO Ha IPUMEPE PEIIbCOBOM CTaIH
D76X®D co CTPyKTypOil IIACTUHYATOTO MEPIIUTA MTOCIIE CBEPXUINTEIBHON KCILTyaTaun (POMyIIeHHbIi ToHHax — 1770 muH T OpyTT0). MecTa
IIPOBEICHUSI CCIIEJOBAHMS METAJIIa PEJIbCOB: BIOJIb LICHTPAILHOM OCH CUMMETPHH (TTOBEPXHOCTH KaTaHUs ) U BIOJIb Paanyca CKpyrieHus (padoyas
BBIKPY’KKa) TOJIOBKH penibca Ha paccrosiHusx 0, 2 u 10 mm ot moBepxHocTH. [1o Mepe mpuONMKeHns K MOBEPXHOCTH TOJOBKH, HE3aBUCHMO OT
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HAITpaBJICHUs] UCCIIENOBAHUH (BOJb pajuyca CKPYIIICHUS BBIKPY)KKH HJIM BIOJIb OCH CUMMETPHH) IUIACTHHYATBIN MEPIUT MOCTEIIEHHO 3aMeHsI-
eTcsl Ha pa3pyIICHHBIH ¢ 00pa3oBaHHeM (QeppHTO-KapOUAHON cMecH U HOpMUpPOBaHUEM (HParMEHTHPOBAHHON CTPYKTYPBI, IPHIEM 3TH IIPOLECCH
0oJiee MHTEHCUBHO MPOTEKAIOT B paboueil BBIKpyxkKe. B1osb Beeil eHTpalbHONH 0CH CUMMETPHH TOJIOBKH pelbea (IIOBEPXHOCTh KaTaHHs) HUMEeT
MECTO IUTACTHICCKUH H3rU0-KpydeHHe KPUCTANIMISCKOH PEIIeTKI, BAOIb paJiyca CKPYIICHH TOJIOBKHU pelibca (pabodas BEIKPY)KKa) Ha paccTo-
ssHUU 10 MM OT OBEPXHOCTH — TAKKE IIIACTHYECKUH, a Ha paccTostHUM OT 0 10 2 MM — ynpyroriacTuyeckuit. OCHOBHBIM HCTOUHHKOM BHYTPEHHUX
MOMEHTHBIX (J1aJIbHOAEHCTBYIOIINX ) HAMIPSKEHUH B PETbCOBOMN CTANN ABIISAETCS M30BITOUHAS IIOTHOCTH AUCIOKauit. Ha mpuMepe craiu MapTeH-
cutHoro kiacca 34XH3M®A ¢ ucnosb30BaHHEM MAaTPUUYHBIX YPABHEHHH ONpPEAENIeH TUI M3rHOHOI0 SKCTHHKIMOHHOTO KOHTypa. IIpn maibix
CTETICHSX IIACTHYECKON Ae(hopMaIii SKCTHHKIHOHHbIC KOHTYPBI SBJIAIOTCSA KOHTYPAMH H3THOA MM KPYUCHHS, IPU OOJBIINX CTEHCHIX — KOHTY-

paMu CMCIIaHHOTO THIIA.

Katouesvle cao8a: snexrponHas mukpockonusi, OL[K-kpucramminyeckast peierka, H3riOHOM IKCTUHKIIMOHHBINA KOHTYD, KPUBH3HA-KPYYEHHE, CKAJISIp-
Hasl TNIOTHOCTb AUCIIOKAINH, N30BITOYHAS IUIOTHOCTH JUCIIOKANNH, BHYTPEHHHUE HATPSDKEHHS!, HCTOUHUKH

baazodapHocmu: Pabora BBIIOIHEHA B paMKaxX IOCYIapCTBEHHOTO 3a/jaHnst MIHHCTEpCTBa HAyKH U BbICIIEero obpasoBanus Poccuiickoit denepannn

(tema Ne FEMN-2023-0003).

/Jlns yumupoeanus: Tlonosa H.A., Hukonenko E.JL., [TopdupseB M.A., Kprokos P.E. BHyTpenHue HanpsokeHUst 1 UX UCTOYHUKHU B ctansx ¢ OLIK-
KPUCTAJUTMYECKO# peteTkoi. Mzeecmust 6y306. Yepras memannypeus. 2024;67(2):167-175. https://doi.org/10.17073/0368-0797-2024-2-167-175

- INTRODUCTION

The investigation of internal stresses in metals
and alloys has long captivated researchers [1 — 3] due
to their critical role in several mechanical properties and
behaviors. Internal stresses significantly influence yield
strength [4 — 6], deformation strengthening [7 — 9], and
crucially, the fracture of crystalline materials through
the initiation [10—15] and propagation of micro-
cracks [16 — 18]. They are also vital in the evolution
of defect structures during various thermal treatments
of metals, alloys, and steels [15; 19; 20], and in phase and
structural transformations [5; 6; 15;20 —22]. Additio-
nally, internal stresses are indispensable in the production
of bulk nanostructured materials created via intensive
plastic deformation [4; 24 — 26].

Internal stresses are categorized based on their locali-
zation: macro-, meso-, and microstresses. Macrostresses
span the entire sample or a substantial part thereof. Meso-
scopic internal stresses are localized within volumes
ranging from tens to hundreds of micrometers, often con-
fined to one or several grain volumes or part of a grain
volume. Microscopic stress fields are confined to areas
a few micrometers in size or smaller.

Methods for assessing internal stresses fall into two
primary categories: destructive and non-destructive.
Destructive methods include chemical, thermal, metal-
lographic, and mechanical approaches [27], which may
lead to the partial or complete destruction of the sample.
These methods typically assess first-order stresses, which
are crucial for determining the operational properties
of materials.

Non-destructive techniques encompass magnetic,
optical, and polarization-optical methods [28]. These
allow for the measurement of elastic deformations within
a component without altering its geometry.

Both non-destructive and destructive methods provide
an integral assessment of stresses, with stress (first-order
stress) averaging over centimeters.
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Internal stresses can also be determined using X-ray
structural analysis, which measures both first and second-
order stresses [29 — 31] and is considered a non-destruc-
tive method [32 — 34]. This technique reduces the range
of stress averaging to millimeters, although it is still
relatively broad. X-ray structural analysis is particularly
effective for evaluating the amplitude of mesoscopic
internal stresses [35 — 38].

Presently, the most informative method for examining
meso- and microscopic internal stress fields is transmis-
sion electron diffraction microscopy, which offers precise
control over the locality of stress measurements, ranging
from hundreds of nanometers to hundreds of microme-
ters [39]. In this study, internal stresses and their sources
in FCC steels were investigated using transmission
electron diffraction microscopy with a focus on bending
extinction contours.

Measurements of meso- and microscopic inter-
nal stresses were derived from the material’s structure,
including the radius of curvature of dislocations in the slip
plane [23], the spacing between dislocations, the parame-
ters of dislocation clusters [40], and the characteristics
of bending extinction contours [19; 39].

The aim of this study is to investigate internal stresses
and their sources in FCC steels using a method based on
the analysis of bending extinction contours.

] MATERIALS AND METHODS

A study was conducted on samples of industrial-pur-
pose steels with a BCC crystal lattice (pearlite, ferrite-
pearlite, and martensite), which underwent heat treatment
and various plastic deformation processes (stretching,
compression, rolling). The research was carried out using
transmission diffraction electron microscopy (TEM) on
thin foils with EM-125K electron microscopes equipped
with a goniometric attachment and EM-125, which offers
higher resolution capabilities. Foils were prepared using
the electropolishing method with special modes to obtain
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larger areas for viewing in the electron microscope.
The working magnification in the microscope column was
set at 25,000 times. As a result of the conducted research,
the internal grain structure was analyzed, and the scalar
density of dislocations in different areas of the material
was determined. Sources of internal stresses were identi-
fied, and their amplitude was measured. The scalar den-
sity of dislocations was determined using the intercept
method [39].

- ASSESSING INTERNAL STRESSES WITH TEM

The uncharged dislocation ensemble (i.e., an ensemble
without excess dislocations) produces internal shear
stress (stress fields created by the dislocation structure),
determined by the equation [2; 6; 13 — 15; 20]

6 =maGb./p, (1)

where m is the orientation multiplier or Schmid fac-
tor [20]; o is the parameter dependent on the type of dis-
location ensemble (for the uncharged dislocation ensemble,
o =0.05+1.00 [2; 6; 19]); G is the shear modulus; b is
the Burgers vector; p is the scalar dislocation density.

In the case of a charged dislocation ensemble, when
there is an excess dislocation density p, =p, —p_#0,
internal moment (or long-range) stresses are gene-
rated. The presence of excess dislocation density and,
consequently, internal moment stresses are identi-
fied by the presence of bending extinction contours in
the material. These contours result from diffraction cont-
rast observed in electron microscopic images of a highly
deformed crystal.

The bending of the crystal lattice can be [6; 12 — 15;
20; 23]: purely elastic, created by stress fields accumu-
lated due to deformation incompatibility (for example,
between grains in a polycrystal, matrix material, and non-
deformable particles); plastic, if the bending is created by
dislocation charges (i.e. by an excess density of disloca-
tions localized within a certain volume of the material);
elastoplastic, when both sources of fields are present in
the material.

By observing bending extinction contours using
the TEM method, it is possible to measure internal
(moment or long-range) stresses. These stresses lead
to the bending of the foil, corresponding to the curvature-
torsion of the crystal lattice, if the foil retains its plate
shape. The procedure for measuring the value of inter-
nal moment (long-range) stresses involves determining
the curvature gradient of the foil (crystal lattice):

oo
:—’ 2
=7 (2)

where ¢ = A¢ is the change in orientation of the reflect-
ing foil surface; 0/ = Al is the displacement of the bend-
ing extinction contour.

The y value is determined by shifting the extinc-
tion contour by A/ at a controlled angle of inclination
of the foil A in the microscope column using a gonio-
meter. Special experiments have shown that for BCC
steels, the width of the contour in terms of disorienta-
tion is approximately 1° [6; 20]. This indicates that when
the goniometer is turned by Ae =~ 1°, the bending extinc-
tion contour shifts a distance equal to its width, that is
Al = 1.

To differentiate between cases of plastic, elastic, and
elastoplastic bending, it is necessary to compare the sca-
lar dislocation density (p) measured in a local area near
the bending extinction contour with the excess disloca-
tion density (p,) measured locally based on the disorien-
tation gradient [20; 23]:

%_x ()

1

P = b
If in the investigated area of the foil, p>p,, then

the bending of the crystal lattice can be considered plas-

tic. The amplitude of the curvature-twist of the crystal

lattice determined by Eq. (2) is y = Xl and the amplitude

of internal stresses created by plastic bending is given by

6" =maGhyp, =maG by » 4

where o =0.05+0.60 is the parameter depending on
the type of dislocation ensemble [23].

It should be noted that the value of o in Eq. (4) is prac-
tically independent of the material under study (metal,
alloy, or steel) and is determined only by the type of sub-
structure formed [23].

If in the investigated area of the foil near the bending
extinction contour, p = 0, then the bending of the crystal
lattice is purely elastic. The amplitude of the curvature-
torsion of the crystal lattice, determined by Eq. (2), is
X = X.,> and the amplitude of internal moment stresses
created by elastic bending should be determined as fol-
lows [20; 23]

o) = motCGta—(P =mot, Gty » Q)
ol
where a = 1.0 = 1.5 is the Strunin coefficient [20], cal-

culated for a dislocation ensemble composed of disloca-
tions of the same sign; ¢ is the foil thickness.

If in the vicinity of the bending extinction contour
p <p,, then the bending of the crystal lattice is elasto-
plastic, and in this case, the value of p, is conditional.
In this case, the bending of the crystal lattice is divided
into a plastic component, for which p = p’,, and an elas-
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tic component, for which p}=p.—p.. The amplitude
of the curvature-torsion of the crystal lattice is

X =%y * Yo ©)
where y is calculated by Eq. (2), Yot = bp'. = bp and, thus

Kot = %= K- (7

As a result, the amplitude of internal moment (long-
range) stresses is determined as

o, =6" +c, (8)
where Gg] is determined by Eq. (4), and Gdel by Eq. (5):
c =maGy[by,, +ma,Gty, . )

[ RESULTS AND DISCUSSION

Sources of internal stresses in BCC steels

A single dislocation is inherently a source of internal
stresses. The fields generated by individual dislocations
extend only over small distances, much smaller than
the distances between the nearest dislocations [39]. Howe-
ver, groups of dislocations are more effective sources
of internal stresses as they cover the entire microlevel
and create fields of significantly greater amplitude [40].
Such groups primarily consist of distributed dislocation
charges (excess dislocations of one sign) [41]. Although
large groups of dislocations of one sign are rare, materi-
als more commonly contain unevenly distributed disloca-
tions of different signs with an excess density. Despite
internal screening, these formations generate internal
stress fields [41].

Another significant type of dislocation formation that
induces substantial internal stresses is various dislocation
boundaries. Typically, these contain an unequal num-
ber of dislocations of different signs and can introduce
misorientation. A key characteristic is that the disloca-
tions in the boundaries are from different slip planes, in
contrast to dislocation charges where dislocations reside
on the same or closely related slip planes.

Other sources of internal stresses include grain boun-
daries, grain junctions, and steps on intergranular bounda-
ries [41; 42]. The root cause of these stresses is primarily
the incompatibility of deformation between neighboring
grains. This incompatibility is always present, despite
the action of accommodating slip systems. Moreover,
lattice dislocations that enter the grain boundaries and
sources of dislocations at these boundaries contribute
further to internal stresses. Junction dislocations at grain
junctions and steps on interphase boundaries are also sig-
nificant sources of internal stresses [43].
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These mentioned sources are primarily responsible for
internal stresses of plastic origin.

On the other hand, sources of elastic origin internal
stresses, which mainly arise from heterogeneous deforma-
tion of the material, include microcracks [6; 12 — 15; 41]
and bainitic deformation [20], which occurs due
to the distortion of the crystalline lattice during the y — a
phase transformation in steels. These stresses can also
arise in materials reinforced with non-deformable dis-
persed particles [23]. In cases where these fields partially
relax through the multiplication and slip of dislocations,
they acquire an elastoplastic character [12 —15;41].
Depending on the degree of interaction with surrounding
dislocation structures, the resultant internal stresses can
exhibit all three types. In real materials, especially after
significant deformations, fields from different sources
combine to form a complex three-dimensional field
of internal stresses.

Sources and characteristics of internal stresses

in rail steel

The study of internal stresses and their sources
after long-term operation (with a passing tonnage
of 1770 million tons gross) was conducted on rails made
of 0.76C—Cr—V-Fe steel, which has a lamellar pearlite
structure. The investigation focused on the rail metal
along the central axis of symmetry (rolling surface) and
the radius of curvature (working fillet) of the rail head at
distances of 0, 2, and 10 mm from the surface.

The research revealed that rail operation led to sig-
nificant structural transformations and complications,
especially along the radius of the rail head. For example,
at a distance of 10 mm from the rolling surface along
the axis of symmetry, the volumetric fraction of lamel-
lar pearlite was 95 %, and the ferrite-carbide mixture
(degraded pearlite) was 5 %. However, in the surface
layer, the fraction of lamellar pearlite dropped to 45 %,
the ferrite-carbide mixture increased to 50 %, and a frag-
mented structure emerged (5 %). Similarly, at a distance
of 10 mm from the surface along the radius of curvature,
the volumetric fraction of lamellar pearlite remained
at 95 %. But in the surface layer, it decreased to 25 %,
with the fragmented structure also accounting for 25 %.
Thus, as one approaches the head surface, regardless
of the research direction (along the radius of the rail
head or the axis of symmetry), lamellar pearlite gradu-
ally transforms into a degraded form, forming a ferrite-
carbide mixture and fragmented structure, with these pro-
cesses being more pronounced in the working fillet.

Fig. 1 illustrates the changes in the average quan-
titative parameters of the fine structure as we approach
the head surface.

All characteristics increase as we approach the sur-
face of the rail head, with the scalar (p) and especially
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excess (p.) dislocation densities intensifying. However,
their behavior varies within different structural compo-
nents. The scalar dislocation density in the entire mate-
rial, regardless of the direction of investigation (along
the radius of the fillet or along the axis of symmetry),
increases almost uniformly as it approaches the surface.
The excess dislocation density, determined by the width
of the bending extinction contours, remains smaller
than the scalar density along the central axis of sym-
metry (rolling surface), indicating plastic bending-
torsion of the crystalline lattice: y =7y, and o,= GS]
(Fig. 1, a — ¢). Along the radius of the fillet, the condition
p > p., is also met in the lamellar pearlite, but in the fer-
rite-carbide mixture and fragmented structure, p = p..
This indicates that the dislocation structure is fully polari-
zed in these regions of the material, and elastic-plastic
bendin% of the crystalline lattice occurs: y = %ot T e and
4= Gg + Ggl. Despite the minor magnitude of the elas-
tic component (Fig. 1, e, f), these areas are critical in
the material structure as they are likely initiation points

for failure. Thus, excess dislocation density is a primary
source of internal momentary (long-range) stresses in rail
steel. However, other sources of internal stresses include
the ferrite and cementite phase boundaries, as well as
boundaries of fragments and cementite particles located
at the boundaries and within the fragments (Fig. 2).

Impact of plastic deformation on the

curvature—torsion of the crystalline lattice in BCC steel

It is known [6; 23] that with the progression of defor-
mation, the curvature-torsion gradient along the mate-
rial intensifies. This phenomenon is evidenced both
by the variation in the width of extinction contours
along their length and by their overall bending. The type
of contours also transforms. Generally, the curvature-
torsion value of the crystal lattice, y, is recognized as
a second-rank tensor [6; 44; 45]. This tensor encapsulates
components of both curvature and torsion of the crystal
lattice. Utilizing matrix equations [6], it becomes fea-

£
= 200 - 5
-
100 +
1 1 1 1
0 2 4 6 8
X, MM

10 0 2 4 6 8 10

X, Mm

Fig. 1. Changes in the average quantitative parameters of fine structure of the 0.76C—Cr—V—Fe rail steel
after ultra-long operation as it moves away from the surface:
a — ¢ —rolling surface; d — f— working fillet; / and 2 — scalar and excessive dislocation density;
3 and 4 — amplitude of plastic Yo and elastic y,, curvature-torsion of crystal lattice;
5 and 6 — amplitude of internal momentous o, plastic and elastic o, stresses

Puc. 1. I3MeHeHHUe CpeIHIX KOJMYECTBEHHBIX APaMETPOB TOHKOW CTPYKTYPBbI PelibCOBOM cTanu D76 XD
HOCJIE CBEPXUTUTENILHON IKCILTYaTalluK 110 MEPEe YAAICHHUS OT MOBEPXHOCTH:
@ — ¢ — OBEPXHOCTh KaraHus; d — f— paboyas BeIKpYXKKa; / 1 2 — CKaNsApHas p U U30BITOUHAS P, MIIOTHOCTh JAUCIOKAIHIL;
3 1 4 — aMILIUTY A IUIACTHYECKOI ) | M YIPYIOH )| KPUBH3HbI-KPYUEHHS KPHCTAIUIMYECKOH PELICTKH;
5 1 6 — aMIUIMTY/a BHYTPCHHUX MOMEHTHBIX IIACTHYCCKHX O M YIPYTHX O HANPSKCHHHA
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sible to categorize the type of contour. This method was
applied to the 34C-1Cr-3Ni—-1Mo—-1V—Fe martensitic
steel, where prior to deformation, extinction contours
were identified either as curvature (bending/tilting)
contours (Fig. 3, curve /) or torsion contours (Fig. 3,
curve 2). The prevalence of curvature contours was sig-
nificant, accounting for up to 85 % of observations. As
the degree of plastic deformation increased, the con-
tour configuration became more complex, with mixed-
type contours emerging. When the deformation reached
€>0.2, all bending contours transitioned to mixed-type
contours (Fig. 3, curve 3).

- CONCLUSIONS

An analysis of the sources of internal stresses in rail
steels has been conducted. It has been determined that

these sources can be categorized into three types: plastic,
elastic, and elastoplastic origin.

TEM analysis of 0.76C-Cr—V-Fe steel rails, which
have endured a cumulative gross tonnage of 1770 mil-
lion tons, revealed significant microstructural transfor-
mations as the surface of the rail head is approached.
The lamellar pearlite gradually transforms into a struc-
ture featuring a ferrite-carbide mixture and fragmented
structure. This process is notably more pronounced in
the working fillet. Along the entire central axis of symme-
try of the rail head, plastic bending-torsion of the crystal
lattice is observed, while along the radius of curvature at
distances up to 2 mm, the bending-torsion exhibits elas-
toplastic characteristics. The primary source of internal
moment stresses is identified as the excess density of dis-
locations.

Fig. 2. TEM images of bending extinction contours (indicated by arrows) in different parts of the material from different sources:
a —boundaries between ferrite and cementite; b — boundaries between fragments;
¢ — globular particles at fragment boundaries; d — globular particles in the volume of fragments

Puc. 2. [I9M-n300paskeHnst H3THOHBIX SKCTHHKIOHHBIX KOHTYPOB (YKa3aHBI CTPEIIKAMH)
B PA3/IMYHBIX YYaCTKaX MaTrepuaja oT Pa3IMYHbIX HCTOYHHKOB:
a — rpaHHIIEI pas3zena Gpeppurta U HEMEHTHTA; b — IpaHHIbI pa3ena (pparMeHToB;
¢ — YacTullpl Mo0yIsIpHO# GopMbl Ha rpaHUIax (pparMeHTOB; d — YaCTHIIBI IIOOYIISIPHON (GOpMBI B 00beMe (hparMeHTOB
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Fig. 3. Change in the volume fraction of bending extinction contours
of curvature (/), torsion (2), and mixed type (3) on degree of plastic
deformation in rolled tempered steel 34CrNi3MoVN

Puc. 3. VI3menenne 00beMHOM TN H3THOHBIX SKCTHHKIIMOHHBIX
KOHTYpPOB KpuBHU3HbI (1), KpyueHus (2) U cMemanHoro tumna (3)
OT CTEIEHH TIACTHYECKON ehopMaliiy B KaTaHOH
ornymeHHoi cranu 34XH3IMOA

In studies of 34C—1Cr-3Ni—1Mo—1V-Fe martensitic
steel, it has been observed that at low degrees of defor-
mation, extinction contours are either bending or torsion
contours. However, at higher degrees of deformation, all
contours evolve into a mixed type.
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