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Problems. Under the influence of dynamic loading from trains and natural conditions, the railway track deteriorates, which is
characterized by defects (warps, subsidence, shocks and other residual deformations of the railway track), which lead to intense
wear and collapse of all elements of the rail track panel. Listed defects precipitation, failures and destructions of elements of the rail
track panel is related with additional local stresses that occur in the railway track rails. On a low-quality rail track panel with high
parameters deviations, during the train movement, there is an unaccounted interaction of the track and rolling stock with local
overload of the interaction elements along the path. Usually, the unaccounted interaction of track and rolling stock is accompanied
by the wheel and rail impact with followed contact area overloading. During the wheel and rail impact, stresses that exceed the
ultimate strength are occurring in the rail head. In this case, defects of contact-fatigue origin in the form of horizontal, vertical and
transverse cracks are born and start to develop.

The aim of the study. Conducting practical studies of the contact-fatigue cracks origin and development by studying rails wear in
the laboratory.

Methods of implementation. For research of rails for contact damage experimental setup has been designed and manufactured. The
setup is mounted on a mechanical single-cylinder press of the K 2322 model with a nominal force of 16 tons at a nominal stroke
frequency of 120 per minute. The main part of the experimental setup contains the friction unit "rail-wheel". The hydraulic system
provides needed clamping force of the rail to the wheel. A test program, which provides for two-hour tests, followed by defects
(micro cracks) detecting on the rail body has been developed. Research on the defects presence is carried out by fluorescent
magnetic particle inspection method.

Research results. Studies have shown that contact-fatigue cracks in the rail head occurred after approximately 200 thousand load
cycles. This generally coincides with the results presented in other works, which show the occurrence of similar damage after 190-
290 thousand cycles, depending on the properties of rail steel (hardness, surface roughness, etc.).

Conclusions. The main reason for the origin and development of contact-fatigue defects in the rail head is the insufficient contact-
fatigue strength of rail steel. For carrying out practical research in the laboratory, the experimental setup has been designed and
manufactured. The test program has been developed. Experimental studies have shown that the occurrence of defects on the surface
of the rail observed after 200-210 thousand load cycles. With further increase in the number of load cycles, there is a rapid
development of existing contact-fatigue cracks and the formation of new cracks in the contact zone.

Keywords: rails and wheels of railway transport, rails wear of railway track, contact damage, defects of rails, contact-fatigue
cracks, fluorescent magnetic particle inspection method.

Introduction. In most of the countries railway is the foundation of the transport system, which deals with 50 per-
cent or more of passenger and freight flow.

To ensure the cargo and passengers transportation with necessary reliability and safety, the railway track must
always be in good working condition, it also must have the necessary stability, reliability and low operating costs.

Under the influence of dynamic loading from trains and natural conditions, the railway track deteriorates. Rail
wear intensity depends on many factors. Rail wear rate is affected by: acting load (wheel contact pressure on rail),
temperature (contact), locomotive's type and mode of motion, impact from the environment, physicochemical
modification of surfaces during friction and wear, lubricating properties materials and lubrication methods [1].

Often there are defects of contact-fatigue origin in the form of horizontal, vertical and transverse cracks are born
and start to develop. Part of such defects with contact-fatigue origin reaches 70 % of total number of rails defects [1].

The development of surface cracks with subsequent peeling of particles of the material is one of the main
mechanisms of wear of the rail head during contact interaction with the wheels of the rolling stock [2].
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It is known [3] that a rail in rolling contact is subjected to repeated applications of high friction loads (due to
traction, braking, curving, etc.), the surface material will deform plastically. Cracks will form when the fracture strain is
exceeded. This fracture strain is far above that of tensile tests, the reason being the beneficial influence of the
compressive stresses [4]. In the case of alternating directions of frictional loading (for instance due to alternating
traction/braking), the material will not ratchet in the same manner since plastic deformations will occur in both
directions causing the accumulated plastic strain to be close to zero. Failure will be caused by low-cycle fatigue.

On straight sections of the track, such cracks most often form in the central part of the head of each rail, on
curved ones - on the lateral working face of the head of the external rail [2].

Papers [5-6], devoted to this problem, notes that the main cause of contact-fatigue defects appearing and
development in the rail head occur due to insufficient contact-fatigue strength of the rail steel. After multiple repeated
alternating plastic deformation of the surface layers of the rail head, the plastic properties of the material are exhausted
and cracks appear [2]. Thus, studies conducted in this paper are relevant and can be used to investigate the process of
rail contact-fatigue defects to increase the rails and railway track life.

The aim of the work is to carry out practical studies of the contact-fatigue cracks origin and development by
studying rails wear in the laboratory.

Tasks performed in the work:

— Analysis of relevance and current state of research of the problem wear and durability of rail railway tracks.

— Development of method and creation of an experimental setup for practical studies of contact damage to rails
railway track.

— Conducting studies of the resistance of the rail to cracking from the influence of the wheel load.

— Development of general recommendations for studies of surface initiated rolling contact fatigue cracks of
railway rails.

Core material and results. For research of rails for contact damage, the experimental setup has been designed
and manufactured. Experimental setup 3D model is shown in Fig. 1. The experimental setup contains the following
main parts: the running head, which is shown in fig. 2; hydraulic system, the scheme of which is shown in Fig. 3; table
with different guides and fixing plates (Fig. 1). The setup is mounted on a mechanical single-cylinder press of the K
2322 model with a nominal force of 16 tons at a nominal stroke frequency of 120 per minute. The running head is fixed
to the slide of the press KD 2322. Fig. 4 presents a general view of the experimental setup that mounted on press of the
K 2322 model. Fig. 5 shows a “rail-wheel” friction unit. Fig. 6 presents a general view of the hydraulic system that
provides clamping force of the rail to the wheel.

- 7 29 B4 &

Fig. 1. Experimental setup 3D model: / — running head; 2 — rail; 3 — movable plate; 4 — hydraulic system; 5 — fixed plate;
6 — guide roll; 7 — set of base plates for the rail; 8§ — guide for the movable plate 3;
9 — guide axis for the movable plate 3; 10 — stud-bolt for greater rigidity setup

It is known that the local contact stresses at the contact place is calculated using the following dependence [7]:
F, WE ezqv (1 )
Scont = m%’z— >
Rmax
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where Rmax is the greater of the two radiuses (R, is the wheel radius or R; is the radius of the rail head) of the two
surfaces in contact; m is the coefficient depending on the ratio R, / Ri; Eeqy is the equivalent modulus of elasticity of the
contact surfaces wheel and rail; F), is the load on the wheel.

Since in the setup must have the same conditions of the shaft-wheel and rail contact as the actual contact of the
train wheel with the rail, then the force to be generated by the hydraulic system can be determined from the following
expression:

train * w eqv max

2 - \2
3 setup train
Mgetup '(Eeqv ) : (Rmax )

3 train train 2 setup 2
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where R™" is the greater of two radiuses (wheel or rail head) of two contact surfaces in real contact a rail with a train

wheel; RSP is the greater of two radiuses (shaft-wheel or rail head) of two contact surfaces in the setup; Muain is

coefficient that depends on the ratio of radiuses of the contact surfaces (wheel and rail head) in the real contact the train
wheel and the rail; msewp 1s coefficient that depends on the ratio of radiuses of contact surfaces (shaft-wheel and rail

head) in the setup; Eégi,i“ is equivalent module of elasticity of contact surfaces (wheel and rail) in the real contact the

train wheel and the rail; E:fltvup is equivalent modulus of elasticity of contact surfaces (shaft-wheel and rail) in the setup;

thvm " is the load transmitted from the train wheel to the rail.

Rl

Fig. 2. Running head: 7 — channel; 2 — roll; 3 - shaft-wheel; 4, 5 — bushings; 6, 7, 8 — housings;
9 —stud; 10 — holder, /1 — shank
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Fig. 3. The hydraulic system of the experimental setup
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Knowing the required force that must be generated by the piston, you can calculate the required pressure in the
hydraulic system:

sziet“p/Sp-n, 3)

where S, is piston area; n is the number of hydraulic cylinders (the setup contains two hydraulic cylinders, n = 2).
It is known that the weight of a loaded train car can be 70 tons [8]. The train car has four wheelsets. Then the load

on one train wheel is be F™" =70-10°-9.8/4-2=85750 N .

Fig. 4. General view of the experimental setup mounted on Fig. 5. General view of the friction unit “rail-wheel”
mechanical single-cylinder press of the K 2322 model with
a nominal force of 16 tons

The radius of the train wheel in the center of the riding circle is R,, = 475 mm. The radius of the shaft-wheel in
the center of the riding circle of the setup is Rsewp = 40 mm. The radius of the rail head is R, = 500 mm. Then
coefficients are be: Miwain = 0.395, Mmgewp = 1.12 [7]. Since mechanical properties of the wheel and rails are the same as

parts (shaft-wheel and rail) in the setup then £ = gsctup

eqv eqv
Using the formula (2), the force was calculated to be generated by the hydraulic system: F*"" =3761.6 N.

The pistons of the hydraulic cylinders have a diameter D, = 35 mMm. Then to create needed force F> " the
pressure in the hydraulic system must be: p =1.95 ~ 2 MIla .

The test program, which provides for two-hour tests, followed by defects (micro cracks) detecting on the rail
body has been developed. Thus, studies are carried out for every 31920 load cycles. Research on the defects presence is
carried out by fluorescent magnetic particle inspection method.

The fluorescent magnetic particle inspection method is based on the phenomenon of come together particles of
magnetic powder under the influence of magnetic scattering fluxes arising over defects in magnetized objects that are
tested [9]. The presence and length of indicator patterns caused by defect scattering fields are recorded visually or
automatically by image processing devices.

The following technological operations were applied during the fluorescent magnetic particle inspection of the
rail surface:

— surface preparation for inspection (degreasing with organic solvents);

— magnetization of the controlled object in two perpendicular directions by the applied field method

(magnetization occurred simultaneously with the application of a luminescent suspension);

— inspection of the controlled surface when irradiated with ultraviolet rays with a wavelength of 360 nm and

registration of indicator patterns of defects;

— assessment of inspection results.
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Before testing the rail in the setup (fig. 7), its surface was examined for cracks using the fluorescent magnetic
particle inspection. In fig. 7 shows the image of the original rail during testing for the presence of cracks. As can be
seen from fig. 7, there are no cracks on the working surface of the rail. The image can be distinguished areas of the
surface that deviate from the norm, but are not surface defects that affect the performance of the rail and do not reflect
in UV light.

In Fig. 8, a shows an image of the rail wear zone in UV light after 31920 load cycles. In Fig. 8, b presents a
photograph of the wear zone of the rail. There are no visible cracks on the surface of the rail.

. V4
Fig. 6. General view of hydraulic system of the setup

Fig. 7. Photo of the rail before testing Fig. 8. Photos of the rail wear zone after 31920 load cycles:
a — image of the rail wear zone in UV light during flaw
detection; b — photograph of the rail wear zone
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A similar picture without cracks, as in Fig. 8 is shown in fig. 9 after 95760 load cycles.

a

Fig. 9. Photos of the rail wear zone after 95760 load cycles: a — image of the rail in UV light during flaw detection,
b — photograph of the rail wear zone

The crack initiation began after approximately 200-210 thousand load cycles. The first crack was fixed at 218120
load cycles (fig.10, @). Its length was 20 mm. In fig. 10, b shows the photograph of the wear surface of the rail after
255360 load cycles. Several cracks are clearly distinguished and tend to develop along the contact zone of the rail and
shaft-wheel with indicated numbers of the load cycles (255360). This is broadly in line with the results presented in
[10], which shows the occurrence of similar damage after 190-290 thousand load cycles, depending on the properties of
rail steel (hardness, surface roughness, etc.).

The rough grinding (Rz=280 pm) can reduce the crack resistance of the rails by 70-80 %, which can be
considered as a result of the influence of residual tensile stresses induced in the surface by strong local heating and
increased roughness [10]. Under certain grinding conditions, the hardening formed during the grinding process to a
certain extent neutralizes the effect of stress concentrators from the resulting microroughnesses, thereby increasing the
crack resistance parameters. A decrease in roughness by 20 um allows one to increase the wear resistance by 20-25 %
due to an increase in compressive residual stresses and an increase in the microhardness of the surface layer [10].

In papers [11-12] also confirms the influence of grinding modes on the wear resistance of rails and their surfaces
hardness.

20mm crack 30 mm crack

b

Fig. 10. Photos of rail wear zones with cracks: a — after 218120 load cycles with 20 mm crack,
b — after 255360 load cycles with 30 mm crack

During the investigation of contact damage rail on the setup, in addition to detecting fatigue cracks and other
surface defects, the shape and size of the wear zone were also determined. As can be seen from fig. 8, b and fig. 9, b,
the shape of the worn zone of the rail is close to a rectangular trapezoid. This can be explained by the peculiarities of
the experimental setup, when the force of pressing the rail to the wheel increased while the slider moves down. During
the upward stroke, the pressing force decreased and its value was in the range of 3—5 kN. In the process of moving the
slider, the pressure also varied in the hydraulic system from 1.5 to 3 MPa. The maximum pressure was in the lowest
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position of the slider. The relationship between the number of the load cycle with the worn area of the rail is presented
as the graphical dependence in fig. 11.

Table 1 presents the results of studies, in particular, the geometric dimensions (length and width) of the wear
zone, as well as the characteristics of defects that occur on the surface.

Table 1
Research results
Test time, Number of | Maximum dimensions of
hours load cycles |the wear zone (length and The presence and size of cracks, mm
width), mm

0 0 -

2 31920 45x8

4 63840 48x9

6 95760 50x10 no cracks

8 127680 50x12

10 159600 52x13

12 191520 55x15

13 h 40 min 218120 57x15 20 mm material discontinuity line
16 255360 58x16 two longitudinal cracks longer than 30 mm
the development of two longitudinal cracks almost
18 287280 60x17 throughout the wear zone, the occurrence of two cracks
up to 10 mm long
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Fig. 11. The dependence of the number of load cycles on the worn area of the rail

As can be seen from table 1, the average crack growth rate is 0.0005 mm / load cycle after its occurrence. In
addition, the number of cracks doubles approximately every 30 thousand load cycles since the first crack

General recommendations for the implementation of research of the railway rail for analysis of surface
initiated rolling contact fatigue cracks

1. Fatigue research can be performed on a mechanical crank press with the use of specially designed setup. Each
turn of the crank provides two cycles of loading on a rail. The calculation of the load on the rail to be created by the
hydraulic system of the setup is calculated according to the dependence (2).

2. According to the results of the experiment, in order to more accurately record the moment of occurrence of the
first crack on the rail surface, it is advisable to divide it into stages, each of which corresponds to 25 thousand load
cycles.

3. After each load stage, it is recommended to use the fluorescent magnetic particle inspection method to detect
cracks, which is highly sensitive and can detect surface microcracks with a width of 0.001 mm and a depth of 0.01 mm.

Conclusions
1. To carry out experimental studies of the initiation and development of contact-fatigue defects on the surface of

the rail in laboratory conditions, the test program was developed, the experimental setup was designed and
manufactured. For the detection of defects of the surface of the rail was used the fluorescent magnetic particle
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inspection method. General recommendations are given for the study of the initiation and development of contact-
fatigue defects on the surface of the rail.

2. Experimental studies have shown that the occurrence of cracks on the rail surface is observed after 200-210
thousand load cycles, which generally coincides with previously known data.

3. With a further increase in the number of load cycles, the existing contact-fatigue cracks rapidly develop and
new cracks form in the contact zone. After occurrence, the crack propagates at an average speed of 0.0005 mm / load
cycle. In addition, the number of cracks doubles approximately every 30 thousand load cycles since the first crack.

4. The worn area appears and increases on the surface of the rail during the wheel and rail come in contact. The
worn area on the rail was already formed after the first test stage (31920 load cycles for 2 hours testing) with an area of
about 241 mm?. The shape of the worn area of the rail is close to a rectangular trapezoid. This can be explained by the
peculiarities of the experimental setup, when the force of pressing the rail to the wheel increased while the slider moves
down. During the upward stroke, the pressing force decreased and its value was in the range of 3—5 kN. As the number
of load cycles increased from 31920 to 287280, the worn area of the rail increased from 241 to 800 mm?.
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Ilpobnemamuxa. 1100 énuanuem OuHaMU4ecKol HAZPy3KU OM N0E3008 U NPUPOOHBIX YCIOBUL, HCeNe3HAS 00po2d NOBPeHCOAemcs,
uUmo Xapaxkmepuzyemcs noseieHuemM 0eexmos u OCmMamouHvIX Oepopmayull Heie3HOOOPOICHO2O Nymu, KOmopble 6eoym K
VCKOPEHHOMY U3BHOCY U B8bIXOOY U3 CMPO OPYeUX SIEMEHNO8 pelbCownanvHou peutemku. Ilosenenue yKa3aHHvX Oedeknos,
OMKA308 U PAPYULEHUT ITIEMEHMO8 PelbCOWNATIbHOU PEUemKU CEA3aHO ¢ Oelicmauem OONOIHUMENbHbIX JTOKAbHBIX HANPANCEHU,
BO3HUKAIOWUX 6 DeNbCax HCeNe3HOOOPOJICHO20 nymu. Ha HexauecmeeHHOU penbCownanbHol peuwiemke ¢ OMKIOHEHUAMU
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napamempos penbcosoll Kouieu, npu OBUNCEHUU NOe30d, 603HUKAEN HEPACHemHOoe 83aumMoOeicmeaue nymu u no08UNICHO20 COCMAsd ¢
JIOKANIbHOU nepespy3Koll d1eMeHmos g3aumooelicmeuss no oaune nymu. Kax npasuno, nepacuémmoe e3aumooelicmsue nymu u
NOOBUNCHO20 COCMABA CONPOBONCOAEMCSL YOAPHBIM 8030€CMEUEM KONIECd U PeNbCd ¢ nepecpy3Koul namua konmaxma. Ilpu yoaprom
63aUMOOELICMBUSL KOIeCA U PeNbCd 6 20JI06Ke PellbCd 603HUKAIOM HANPAXCEHUS, npesblularuue npedei ebiHocausocmu. Ilpu smom 6
20106Ke  penbca  3apodiCOqiOMCs. U HAYUHAIM  PA36USAMbCSL 0eeKnbl  KOHMAKMHO-YCMATOCHHO20 NPOUCXONCOCHU. 6 BUde
20PUBOHMATILHBIX GEPMUKATLHBIX U NONEPEUHBIX MPEUJUH.

Lens uccnedoganus. Ocywecmenenue npaKmuieckux UCCIe008aHuUll 3apONCOeHUs. U paA38UMUs Mpeujur KOHMaKmHo-yCmanoCnHo20
NPOUCXOXHCOEHUs NyMeM USHOCA PENbCO8 6 1AOOPAMOPHBIX YCL08USX.

Memoouka peanusayuu. /s ucciedo8anus peibcos Ha KOHMAKMHYIO NO8PeHcOaemMocmy Oblia CHPOeKMUPOSaHa U u320mosiend
9KCNEePUMEHMANIbHAS  YCINAHOBKA. Y CMAHO8KA YCMAHOGNEHA HA MeXaHuyecKuli 0OHOKpusowunnulii npecc moodeau K 2322
HOMUHATLHBIM ycunuem 16 mc. npu HOMUHATBHOU uYacmome Xx0008 - 120 6 munymy. OcHO8HAA Hacmb IKCHEPUMEHMANbHOU
yCmanoexu cooepacum ysen mpenus "xoneco-penvc”. Cumy npusicuma penvca K Konecy obecneuugaem cUOPABIUYecKas cucmemd.
Jlia nposedenus uccredosanuii 6Oviia paspabomana nNpocpAMMA UCHBIMAHUL, KOMOpAs NpedycCMampuedem O08yxuacogvle
UCNBIMAHUSA, NOCTe KOMOPBIX NPOBOOSAMCs UCCIe008aHUsL HA Hanuyue Oedhekmog (Mukpompewut) Ha penvce. Hccredosanus Ha
Hanuuue 0edexmos nPo8OOAMC MEMOOOM MACHUIMONOPOULKOBO20 HEPA3PYULAIOWe20 KOHMPOT.

Pesynvmamul uccnedosanus. Ilocne nposedennvix UCCIe008aAHUL YCMAHOBIEHO, YMO 603HUKHOBEHUE KOHMAKMHO-YCMALOCMHbIX
mpewjun 6 20J108Ke pebca cocmosinocy npumepro nocie 200 000 yuxnos nacpysok. dmo 6 yerom cognaoaenm ¢ pesyibmamami,
npeocmasieHHbiMu 8 Opyaux pabomax, 6 KOmMopbiX OMMeuaemcs 803HUKHOBEHUe NOO0OHbIX nospedcoenuu nocie 190-290 muicau
YUKIL08, 8 3A8UCUMOCHIU OM CEOUCME PENbCOBOU CMANU (M8EPOOCU, UUEPOXO8AMOCHIU NOBEPXHOCTU U M.1.).

Bo160061I 10610 NPUYUHOL  3APOHCOHUS U  PA3GUMUA  KOHMAKMHO-YCMAIOCTHBIX 0e(eKmog 6 20j06Ke peibcd A6IAemcs
HeOOCMAamoyHas, KOHMAKMHO-YCMALOCMHAS NPOYHOCHb PeNbCo8OU cmanu. s npogedenust NpakmuyecKux UCCie008aHuil 6
1abopamopHeIx yCioguax Ovlia paspabomana Memooukd, CKOHCMPYUPOBAHA U U320MOGIEHd IKCNEPUMEHMANbHAS YCMAHOBKA.
DKcnepumenmanbHbIMU UCCIe008AHUAMU YCMAHOBNIEHO, 4O B03HUKHOBEHUE O0eh)eKmos Ha NOBEPXHOCMU penbca HAbnooaemcs
nocne 200-210 moicsiu yuknos nazpysok. Ilpu danvreiiuiem ygeruueHuu 4ucia Yukios HAepy30K Npoucxooum Ovicmpoe pazeumue
Cyuecmeyowux KOHmakmuo-yCmanoCmublX mpewut u 06pasosanue Hogblx MpewjuH 8 30He KOHMAaxKma.

Knrouegvie cnoea: penvcvl u Koneca Heeie3Ho00pOHCHO20 MPAHCROPMA, USHOC PENbCO8 HCENE3HOOOPOICHO20 NYMu, KOHMAKMHAS
noepeicoaemocmy, O0epexmvl peibcos, KOHMAKMHO-YCMALOCMHble MPEWUtbl, MACHUMONOPOUKOBYI Memo0 Hepaspyuaouezo
KOHMPOJIA.

JocaizkeHHs peiloK 3aJi3HMYHOI KOJil HA KOHTAKTHY NOMIKOAKYBaHICTh

IO. II. Boponiii, I1. O. [Ipouenko, A. I. Ilerpunun, E. Yabsman, 51. Tanay, II. Jlunoska, B. M. I'opoux, B. 10. I'1tyxoBcbkuii

Ilpoonemamuxa. 11i0 enausom OuHamiuno20 HABAHMAIICEHHS 8i0 NOI3018 MA NPUPOOHUX YMOB, 3ANIZHUYHA KOSl HOWKOOIICYEMBCS,
Wo Xapakmepuzyemocs nosigoio oegekmis ma 3anuuKosux Oe@opmayili 3ani3HUYHO20 WINAXY, AKI 6e0ymb 00 NPUCKOPEHO20
SBHOWLYBAHHS | 6UX00Y 3 1a0Y THWUX eeMenmie pelikownaibHoi pewimku. [losea exazanux degexmis, 6i0M08 i pYUHY8AHb eleMeHmis
PEUKOWNAanbHOl pewimku nog'si3ana 3 0i€io 000amKOGUX JIOKAbHUX HANPYICEHb, W0 SUHUKAIOMb 8 pelkax 3anizHuunoi xonii. Ha
HEAKICHII PEeuKOWNAIbHIU pewimyi 3 GIOXUICHHAMU Napamempie peukogoi Kolil, npu pyci noi3od, GUHUKAE HEPO3PAX06aAHa
63a€MO0ifl KON Ma pyXomo2o ckaaody 3 NOKANbHUM NepesaHmaddiCeHHsIM eleMeHmie 63acmooii no 0oeocuni winaxy. Ax npasuno,
Hepo3paxoeana 63aemo0is KONl ma pyxomozo ckiaoy cynpooodiCyEMuCs YOApHUM GNIAUBOM Kollecd i peliku 3 NepeeanmalceHHam
30nu konmaxmy. Ilpu yoapmiti 63aemo0ii Koneca i peiiku 6 20108yi peliku SUHUKAIOMb HANPYIICEHHS, WO Nepesuuyioms Medicy
eumpusanocmi. Ilpu yvomy 6 20108yi peiliku 3apooACYIOMbCsA | NOYUHAIOMb PO3GUEAMUCS OedeKmU KOHMAKMHO-BIMOMHO20
NOX00JICeH s Y 8UNADL 2OPUBOHMATLHUX BEPMUKATLHUX MA NONEPEYHUX MPIUUH.

Mema Oocnioxncennsn. 30ilichenns NPAKMUYHUX OOCTIONCEHb 3APOOJICEHHS MA PO3GUMKY MPIWuH KOHMAKMHO-8MOMHO20
NOXO0O0CEHHS WTAXOM 3HOULYBAHHS PEliOK 6 TADOPAMOPHUX YMOBAX.

Memoouka peanizayii. J{1s 00cniodcenHs peiiok HA KOHMAKMHY NOUWKOONCYBAHICMb OYIAd CHPOEKMOBAHA MA 6USOMOGIEHA
EeKCnepuUMeHmanbHa YCMaHo8Kd. YCmanoeKka 6CMAaHO8IeHA HA MEXAHIYHULL 00HOKpusowuntui npec mooeni K 2322 nominanvhum
sycunnam 16 me. npu HominanvHiu yacmomi x00ig — 120 3a xeununy. OCHO8HA 4ACUHA eKCHEPUMEHMANbHOI YCMAHO8KU MiCMUms
8yson mepmsa '"xoneco-peiixa". Cuny npumuckyeawms peliku 00 Kojaeca 3abesneuye ciopagniuna cucmema. [na npogedenus
docniddcenv Oyna po3pobrena npozpama GunpoOy8aHv, AKA Nnepedbaiac 080200UHHI SUNPOOYE8AHHA, NICAA AKUX NPOBOOSMbCA
0ocniodcenHs Ha HasAgHicmb Oeghekmie (MiKkpompiwun) Ha petiyi. JJocniodceHHs HA HAABHICMb OeheKmie npo8oosmvbCs Memooom
MA2ZHIMONOPOWKOBO20 HEPYIHIBHO20 KOHMPOTIIO.

Pesynomamu oocnioyncenns. Ilicnia nposedenux 00Cniodcenb 6CMAHOGAEHO, WO SUHUKHEHHA KOHMAKMHO-GMOMHUX MPIWUH 8
eonosyi peiiku 6i06ynocy npubnusno nicia 200 mucau yuxiie nasanmadicenvb. Lle 6 yinomy 3sbicacmbcs 3 pesyibmamami,
NpeoCmasieHumMu 8 [THUUX poOOmax, 6 SKUX GIOMIYAEMbCS GUHUKHEHH NOOIOHUX nouwikoodxcenv nicis 190-290 mucsu yuxiis,
3a1ex4CHO 80 8racmusocmell pelikogoi cmani (meepoocmi, WoPCmKOCMi NOBEPXHI MOWO).

Bucnoeku. 01061010 NpUYUHOIO 3aPOONCEHHA | PO3GUMKY KOHMAKMHO-GMOMHUX Oe)eKmie 6 20106yi peliku € HeOOCmamHs
KOHMAKMHO-6MOMHA MiyHIicmb  petikosoi cmani. [ npogedeHHs NPAKMUYHUX OO0CAIONCeHb 6 J1aOOpamopHux ymoseax Oyia
PO3pobIeHa Memoouka, CKOHCmMpYNo8ana ma 6U20MoBIeHa eKCnepuUMeHmanbia ycmanoeka. Excnepumenmanvuumu 0ocnioxrceHHamu
6CMAHOBIEHO, WO GUHUKHEHHS Oeghekmie Ha nogepxwi peliku cnocmepieacmuvcs nicas 200-210 mucsay yuxnie naeaumaicens. Ilpu
nooanbuwomy 30iIbuieHHi Yucia Yukiie HagaHmadiceHb 8i00y8acmovCs WEUOKULL PO3GUIMOK ICHYIOYUX KOHMAKMHO-GMOMHUX MPIUH
ma ymeopeHHs HOBUX MPIUUH 6 30HI KOHMAKMY.

Knrouoei cnosa: peiiku ma Koaeca 3ani3HUYHOSO MPAHCHNOPMY, 3HOULYBAHHS DelOK 3ANI3HUYHOI KON, KOHMAKMHA
HOWKOOXHCY8AHICMb, Oedpekmi petioK, KOHMAKMHO-8MOMHI MPilyuHU, MAZHIMONOPOWKOBUL MEMOO HEPYUHIBHO20 KOHIMPOIIO.
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