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IMPROVING THE METHODS OF MILLING GAUGE ON HIGHWAYS

Abstract. Machines for milling asphalt concrete surfaces appeared on the highways of the Republic of
Kazakhstan about ten years ago. Before that, the replacement of the old asphalt pavement took place under
the deafening crack of jackhammers. Road cutters made it possible to replace this outdated technology with
profiling of asphalt concrete surface.

This type of work consists in removing the asphalt coating layer by cold milling. Typical characteristics
of the road milling cutter: working speed of 5-7 m /min, sufficient power, traction and stability to ensure
accurate maintenance of the working depth from 3.5 mm to 5 cm; automatic leveling system using a leveling
beam or string; automatic control of the milling depth using guide slides; the ability to maintain a given
transverse slope; auxiliary equipment for the selection of crushed material (asphalt granulate) at a given
processing speed; the width of the working area of the milling strip is 2-4 m.

Profiling of old asphalt pavement is an automatically controlled process of cold milling it to restore a given
transverse and longitudinal profile, remove bumps, potholes, wear zones, as well as other coating defects, and
as a result, obtain a surface that allows for the immediate start of movement or the laying of a fresh coating.
Modern road cutters allow you to plan the old coating, texture its surface, giving it the lost coupling and noise
protection properties, remove the old coating layer by layer (with an accuracy of up to mm) or immediately
to the full depth, carefully open the places of laying underground pipelines and communication lines, release
the old coating manholes and even level concrete floors in industrial premises.

In this paper, this problem is supposed to be solved by presenting the road cutter as an automated road
transport and technological manipulator operating in generalized technological coordinates for the repair
of road surfaces with variable track age and due to the transition from elastic (power) to rigid (coordinate)

closure of the technological scheme for milling track gauges.
Key words: Road milling cutter, Road machinery, Gauge, Cutting element, Cutting ring.

Introduction. Rutting on highways is one of
the main reasons leading to an increase in the risk
of road accidents, reduces the comfort and economic
efficiency of using motor roads. For example, the
variation of the track reaches up to 17 cm in height
and up to 35 cm in width. Track formation is classified
mainly into wear, deformation, and combined. After
rain, the track is filled with water, which creates
a dangerous effect of aquaplaning the wheels of
vehicles. All this causes the need for milling the road
surface during repairs and reconstruction /1,2,7,8/.

Over the past more than twenty years, the road
technology has been modified. Accordingly, the
requirements for the technology of road surface
profiling, including milling, should be revised,
justified and supplemented. The creation of automated
road milling cutters (ARC) made it possible to
implement track milling operations much easier and

more efficiently as part of road repair and road safety
measures.

Therefore, the topic of improving the methods of
track milling is relevant, and therefore the problem
of improving the efficiency of repair of road surfaces
based on the use of ARC is relevant /3,4,5/.

Methods. Industry-specific road guidelines for
identifying and eliminating ruts of non-rigid road
clothing are considered. The document is devoted to
the calculation and forecasting of track formation on
non-rigid road clothing. The method of calculation
and prediction of coleoptere involves collecting and
processing data; by-layer calculation of the residual
(plastic) deformation; component of the calculation
of depth gauge with the accumulation of permanent
deformation; the calculation of the component of
depth to-Lea due to the accumulation of residual
deformation and structural damage; calculation of
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the relative depth of the track due to the accumulation
of residual deformations in the bitumen-containing
layers.

This technique makes it possible to assess the
uniformity of the coating.

In the world practice, various equipment for
measuring the evenness of the road surface has been
developed, depending on the principle of operation
and design. In Kazakhstan, the most widespread are
labor-intensive manual measurement methods using
portable slats of various lengths.

Two approaches to measuring gauge parameters,
developed by scientists of the Moscow Automobile
and Road State Technical University using a three-
meter rack and a status assessment scale, road to horn
in terms of gauge parameters, were considered.

The paper deals with the formation of criteria
for generalized forces, coordinates and work for
the working bodies of automated road cutters. This
creates a multi-connectivity and multi-contour
interaction of the control vector with the vector of
the driving influences and perturbations.

Two control modes are offered for the ARC
control system: operator and non-operator. For
implementation without operator mode, two software
methods can be used: positional and power. The main
types of ARC control (taking into account the similar
practice of using technological robots) are divided
into - cycle, positional and contour.

On the basis of the idea underlying the device for
measuring the longitudinal micro-profile of roads,
the concept of improving the quality of milling was
put forward by eliminating from the resulting micro
profile irregularities in the wavelength of which affect
the vibration load of a person, this effect in milling is
obtained due to a long-base chassis. The promise of
this idea is confirmed by numerical experiments of
modeling the use of the device.

The efficiency of laser technologies application
in installation of laser scanners on road cutters was
analyzed.

Figure 1 - RSS scanning system installed on
asphalt laying

The traditional software and hardware of road
cutters and the principle of their operation with
these positioning and basing systems are considered.
The modern RSS system (Road Scanning System),
based on ultrasonic sensors and first introduced on
asphalt liners, is described in detail. The concept of
positioning road cutters using stationary laser posts
is considered. Features of laser scanning systems
arrangement on mobile units are presented. Laser

scanning rangefinders operate on the principle of
measuring the range to the spot on the surface based
on either measuring the time interval between the sent
and reflected signal, or measuring the phase shift.

Figure 2 - The result of milling the protrusions
during the power circuit control

The necessity of switching from a power closure
to a coordinate closure is justified, based on the
general picture of the forces acting on the milling
drum. An example of the result of milling a bulge
by the method of elastic (power) closure of the
technological scheme for milling a track and its
bulges is shown in Figure 2. In the automatic system,
a power-circuit control with feedback was used for
manually set correction variable increments of the
level of adjustment of the milling drum bearings.

It is established that as a result of power milling
with vertical force stabilization, the processed
(milled) surface turns out to be buried, in the form of
a chute, and also uneven. The unevenness is primarily
due to the fact that force deformations are produced
during milling, caused by the variable height of the
rollers of the track bulges, which is depicted by the
displacements of the characteristic in Figure 2.

An analogy was made between similar processes
in metalworking (milling) and asphalt concrete
milling. A diagram of the forces acting on the milling
drum is shown in Figure 3.

e

v
K“;

Kum

=
a - the scheme of forces in milling; b - the scheme of
forces with elastic elements

Figure 3 - Diagram of the forces acting on the
milling drum

PB - pressure force on the tool (drum); PT -
longitudinal thrust force; PR - is the reaction force
from the shear layer; S - s the thickness of the layer
to be cut; a-angle between reaction force of cut layer
and horizon. You can see that:
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Lifting force:
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The reaction force PR depends on the thickness
of the shear layer, the speed of the longitudinal
movement and the modulus of elasticity of the
pavement material. The analysis of forces will not be
complete, if we do not take into account the elastic
characteristics of the system. The gravity of system
P and two elastic elements of KC - hardness of ARC
system and KM - gesture-bone of pavement are added.
Analysis of the elastic interaction system of the cutter
- tool - of the treated coating shows that provided that
the stiffness of the material KM is greater than the
stiffness of the mechanical system of the road cutter
Kc, the elastic system of the road cutter will deform
to a greater extent, and accordingly the milling drum
will rise from the given zero treatment line. If the
KM is larger than some critical value, determined by
the weight of the road cutter in terms of the pressure
exerted on the drum axis, not only the tool, but the
entire ARC will rise above the zero treatment line. In
this case, the tool (drum) will enter the "glide" mode.
On the other hand, when the stiffness of the material
is reduced and the pressure on the side of the road
cutter is maintained, the milling drum will be buried
more than a predetermined value.

The dashed line shows the level of pavement
prior to milling. The idea of the MTC system is
offered (a mill - the tool - a covering), mathematical
modeling of process of milling is carried out and
the mathematical dependence allowing to determine
the optimum depth of milling taking into account
elasticity of the MTC system is developed.

The differential removal equation by milling
the variable allowance of the re-mounted pavement,
depending on the influencing factors, can be
recorded, taking into account the results of the work
of Professor A.N.Vasin /6/, as:

d _ . d
dr dr 4)
where dr is the elementary time period; S - speed
of movement of working tool of road cutter; dy -
elementary elastic deformation of the process system
(pre-cutting cutter - tool - road surface); z - allowance
removal value

Nominal actual speed of pavement allowance

removal:

S, =8-S,

where Sy - is the rate of elastic deformation.

5)

5)

where JTC - is the rigidity of the technological
system "road cutter - tool - road surface"; JP
estimation of rigidity of the gauge recesses; Py -
normal cutting force; y - is the driving force of the
milling cutter working element movement during
elastic deformation.

The results of mathematical modeling of the
removal of the allowance depending on the time,
the speed of movement of the ARC cutting tool, the
assessment of the rigidity of the road surface bulges
and the rigidity of the technological system are shown
in Figure 4. The results show, for example, that the
feed rate of 100 mm/min (1.66 mm/s) corresponds
to the milling allowance (discharge height) for the
steady state in the diap zone up to 50 mm (3000/60
=50)/7,8,9/.

As a result of the conducted research, it was
found that the problems of controlling the milling of
the track and its protrusions on existing road cutters
arise from the lack of feedback, so it is possible to
build an adaptive road surface milling system if
the milling system is supplemented with feedback
sensors and appropriate software. The principle of
operation of the software complex of computational
modeling is proposed, which allows determining the
recommended height of the removed allowance of
the track bulge for the initial conditions of the steady-
state mode. The software package of computational
modeling allows us to determine the recommended
increase in the height of the removed gauge allowance

for the initial conditions of the steady-state mode:
J dr=S§|7- J =S§ L
0 0 ']
6)

[
where AZ - is the increment of the height of the
track clearance allowance to be removed, and b - is
the adjustment coefficient (from 0 to 1,0).

AZ:bjSde =S

0

J)
e,

711(.!
J,
l-e

e " dr

e,

T- l-e

Z,mm

Figure 4 - Results of numerical simulation of the
milling process

In this way, the goal of improving the accuracy
of milling the track and its edges on the road using a
road cutter can be realized by improving the milling
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technology and ensuring the required properties of
the road cutter in real conditions of changes in the
dimensional and mechanical parameters of the road
surface and the operating modes of the cutter.

a - cutting ring; b - milling drum; ¢ - ring with
elastic-deformable element;
1-cylindrical body; 2-cutting rings; 3-mounting

holes; 4-cutting element; 5S-rectangular spline
surfaces;
6-adjustable drive device;7-rods; 8-elastic-

deformable elements; 9-landing holes; 10-depth
sensor;

11-micro-processor control device; 12-current
collector;

Figure 5 - Milling drum design

A schematic diagram of the control of an
automatic milling machine is proposed, which
consists in expanding the functionality of a road
milling machine operating in the construction and
road construction machines (Figure 5).

Milling drum containing a cylindrical body
with cutting rings in the form of discs with the base
mounting holes located on the peripheral parts of
the disc cutting elements in the form of rotating
cutters, characterized in that the mounting holes of
the cutting rings from further prepared rectangular
spline surfaces on the outer surface of the case is
made additionally rectangular spline slots with
minimal clearance at the width groove interacting
with rectangular spline surfaces of the holes of the
cutting rings, the composition of the milling drum
included Central symmetrically along the axis of
the drum is adjustable drive unit with extendable
along the axis of the drum in both directions stocks
that interacts with end surfaces closer to the stocks
located to cutting rings with locking reached lengths
of extension rods, elastic deformed eclements in the
form of, for example, one- or two-wavelength thin-
walled corrugated elements with a Central base to
bore, gauge the depth of milling and microprocessor-
based control device, with cutting ring combined in
different configurations correspond to the maximum
depth of cut layer sets variously diametrically
opposed cutting rings, elastic deformed elements are
placed between the cutting rings with the opportunity
to interact with their end surfaces, and the sensor
output of milling depth is associated with the input of

the microprocessor, the output of which is connected
to the input of the adjustable drive device.

As a result of the work of the road machine with
the proposed milling drum, due to the feedback from
the milling depth sensor and the regulating correlating
effect from the sliding rods, the required milling depth
of the defective layer of the road surface is removed
with a high quality of surface treatment of the road
section under repair. By changing the configuration
of the sets of cutting rings, it is possible to remove
any amount of allowance (depth of milling), provided
that the force load on the cutting elements of the rings
is uniform and their wear is minimal.

Results. Experimental studies of automated
road milling cutter control methods and practical
results are presented. After processing the results
of the experiment, mathematical dependences were
obtained (the feed force on the milling depth and feed
speed, the average value of the milling resistance was
determined, the drive power was determined taking
into account the tool diameter and the angular speed
of rotation.

The experimental stand is implemented on the
basis of a horizontal milling machine by changing
it and equipping it with a removable table for fixing
asphalt concrete samples (Figure 6). The model
of the road milling cutter is a typical set milling
cutter. A procedure for measuring deformations and
measuring vibrations of a sample of asphalt pavement
using a universal magnetic measuring head has been
developed.

Two series of experiments were carried out with
elastic (Figure 6, a) and rigid (Figure 6, b) closure. In
the first case, a 20 mm thick rubber sheet was placed
between the clamping device and the milling machine
table. In the second case, the clamping device was
rigidly attached to the table of the milling machine.
A disc cutter, a sample of asphalt concrete with an
uneven surface, was selected. Milling was carried out
towards the direction of movement of the surface to
be processed

)

Figure 6 - Experiment on simulation milling of
asphalt concrete samples

Two modes were investigated:

- with an elastic element (rubber). The fastening
was carried out by a clamp with a submerged elastic
element. In this case, there was an increased spread of
deviations in the milling dimensions and an increase
in the average height of the milled surface.

- inthe case when the sample with asphalt concrete
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was fixed rigidly, lower average values and a variation
in the deviation of the milling size by 1.9-2.3 times
were observed. This confirms the effectiveness of the
transition from force closure to coordinate closure
or displacement control. Simulation (computational
modeling) was carried out) in which different
control methods were compared with pulsating sub-
adjustments.

On the vertical axis, the number of measurement
points is plotted in increments of 0.1 mm, and on
the horizontal axis, the number of the measurement
point is plotted. The KP-514 mobile road diagnostic
laboratory (before and after the use of the Wirtgen
road milling cutter) was used for driving along a
1200-meter section of the highway. Based on the
results of the passes, the values of evenness for
each 50 m of the measured section were obtained.
The variance of the samples of the average evenness
values for the measured section with a length of

Conclusion.

The milling machines mass-produced by leading
companies and the modern technologies of road
surface milling developed on their basis are best
suited for performing a whole range of specific
practical tasks for the repair of road surfaces with
variable trackage.

Proposals have been developed to select optimal
methods for milling road surfaces with variable
dimensional and mechanical characteristics and
new arrangements of road cutters based on non-
mechanical kinematic connections.

An improved technology for using a road cutter
as an automatized road technological manipulator is
proposed, which realizes correlation of the level of
dimensional adjustment with vertical changes in the
position of the working tool and formalized adaptive
pulsating climbs of the dimensional adjustment of
the tool based on feedback on deviations of the level

1200 m and the standard deviations for the initial and
milled road surface confirm the effectiveness of the
method.

of milled over the required values.
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ABTOMOBWIb KOJJAPBIHJIAFbI )KOJITABAH/IbI ®PE3EPJIEY 9AICTEPIH XKETLJIAIPY

AnHoTauusi. AcdansTOeTOH KaMBUIFBUIapBIH  (pesepieyre apHairan Keniktep Kasakcran
PecnyOnuKachIHBIH aBTOKOJIK JKOJJApbIHAA IIaMaMeH OH JKbUl OypblH maiaa Oonasl. byran neifin
ecki ac(anbT KaMBUIFBICBIH aybICTBIPY Ypy OajFanapblHbIH KYJIaK Tecep LIYyBIHBIH apKachlHIa >Ky3ere
aceIpblIaThH. JKon (pesanapbl Oyi1 ecKipreH TeXHOIOTHSHbI ac(haibTOETOH KaMbUIFBICHIH MPO(UIIbICYMEH
aJIMacTBhIpyFa MYMKIHIIK Oep/Ii.

JKyMBICTBIH OV TYpi CYBIK (pe3epriey diciMeH ac]anbT KaMbUIFBICH KaOAThIH NI TacTayFa Kewil
Tipenez[i Ko (ppe3aCLIHHH TUTITIK CUIAaTTaMallapbl: )KYMBIC KbULIAMIIBIFEI 5-7M/ MUH, 3,5 MM-JIeH 5 cM-
re JeiiH eHJey TEPEeHMIIriH A9 caKTay[Jbl KaMTaMachl3 €Tyre KaXeTTl JKEeTKUIIKTI KyaT, TapTy KYIIi JKoHe
OPHBIKTBLIBIK; HUBEITHPIICY apKATBIFBIHBIH HEMECE CBIPHIKTHIH KOMETiIMEH aBTOMATThl TeHecnpy Kyheci;
OarbITTAyIIbl apHAJapAblH KeMeriMeH ¢pesepiey TepeHAIriH OakpLIay[IblH aBTOMATThl XKyHeci; OepiireH
KOJIJICHEH EHICTI yCTal TYpy MYMKIH/IT1; OepiireH eHJIey KbUIIaM/IbIFbl KE€31H/Ie YCaKTaJ FaH MaTepHaJIbl
(acdanbT TyMHipHIirin) TaHAayFa apHaIFaH KOCAIKbI KaObIK; (pe3epiey jKOIaFbIHBIH JKYMbBIC aiiMaFbIHBIH
eHi 2-4 m.

Ecki acdanbTOeTOH XKaMBUIFBICBIH TPOGMIBILY - OyJ1 OepiireH KeJJeHEH jKoHe OOMIBIK mpoduibmi
KaJIIbIHA KEJITIpy, TOMICIIIKTEPi, IIYHKbIPJIAP/bI, TO3y aiMaKTapblH, COHIaM-aK >KaMbUIFBIHBIH 0acka z1a
aKay/1apbIH allblll TACTAY HKOHE HOTHXXECIHJIC KO3FaJIBICTHI KbUIAAMJIATHIN OacTayfa HEMece JKaHa >KaMbUIFbI
Toceyre MYMKIHZIK OepeTiH OeTTi ajdy YIIIH OHBI CYBIK cbpesepneyz[u{ aBTOMATTHI TYpIe OacKapbLIaThiH
npoueci. Ka31pr1 3aMaHFbI KoJI (ppe3asapbl ecKi KaMBbUIFBIHBI TEricTEyTe, OHBIH OCTiH TeKCTypajiayFa, OFaH
KOFAITKAH 1JIiHICY JKOHE HIyBUIJAH KOPFay KacHeTTepiH Oepe OTBIPHIN, €CKi XKaMBUIFbIHBI KabaTTamn (MM-Te
NEHIHTI TONJIIKITIeH) HeMece Oip/ieH OYKIT TepeHITIKKE aryFa, JKepacThl KYObIpIIapbl MeH OaliIaHbIC JKeTiIepiH
Tecey OpPBIHJAPBIH MYKHAT allyFa, KYJIBIKTap JIFOKTEPiH €CKi )KaMBbUIFBIIaH 0ocaTyFa jKoHE TINTi OHIPiCTIK
FUMaparTap/iarbl OSTOH eleHIep/Ii TericTeyre MYMKiHI{iK Oeperi.

3epTTeil OTBIPFaH )KYMbICTa OyJ1 MOCEIIEH1 KO (ppe3aCLIH AyBICTIAIIBIKOI KAMBLIFBLIAPBIH JKOHTIEY YI_LIIH
JKaJbUTAHFAH TEXHOIOTHSUIBIK KOOPHHATATIAP/A KYMBIC ICTEWTIH aBTOMATTAaHABIPBIIFaH KOJIBIK KOJIIKTIK-
TEXHOJIOTHSUIBIK MAHUITYJISITOP PETIHAE YChIHY apKbLIbl JKOHE JKOJITA0aH LIBIFAPFRIITAPIABI (Bpe3epieynin
TEXHOJIOTUSIIBIK CYJI0AChIHBIH CepIiMIi (KYIITIK) TYHBIKTATybIHaH KaTaH (KOOPIUHATAJBIK) TYHBIKTATyFa
©Ty apKbUIBI HICHIy 0OJKaMbl KApacThIPBIIFaH.

Tyiiin ce3nep. YKo ¢pesackl, k071 TEXHUKACHI, )KONTa0aH, KECKIII 3JIEMEHT, KECKILI CaKuHaap.
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COBEPUHIEHCTBOBAHUSI METOA0B ®PE3EPOBAHMUS KOJIEN HA
ABTOMOBWJIBHBIX TOPOT'AX

AnnoTtauus. Mammssl Uit ¢ppesepoBanus achalbTOOCTOHHBIX MOKPHITHIA MOSBUIMCH HA aBTOMOOMIIBHBIX
noporax Pecnyonuku Kazaxcran okono fecsitu jieT Hazag. J1o 3Toro 3aMeHa craporo ac(haibToBOIO IOKPBITHS
MPOMCXOIMIIA MO/ ONTYIIAIOIIKEI TPECK OTOOMHBIX MOJOTKOB. J{OpOKHBIE (pe3bl O3BOIUIN 3aMEHHUTH ATy
YCTapEBIIIYIO TEXHOJIOTHIO MPodriiupoBaHreM ac(haibToOeTOHHOTO IIOKPBITHSI.

Janneiii BuJ paboT 3aKiiovyacTcss B yJaJlleHHMH closi ac(aibTOBOIO IMOKPBHITUS METOIOM XOJIOJHOTO
(dpe3epoBanusi. TUIIOBBIC XapaKTEPUCTHKHU JIOPOXKHOU (pe3bl: paboyasi CKOPOCTh 5-7 M/MUH, JOCTaTOYHAS
MOIHOCTb, TSITa U YCTOHYMBOCTB JJIsi 00ECTIEUEeHUs] TOYHOTO BBIACPKUBAHUS TIIyOMHBI 00paboTKH OT 3,5
MM JI0 5 CM; aBTOMaru4eckKasi CUCTeMa BhIPABHUBAHHS NP TIOMOIIXA HUBEJIUPOBOYHON OAJIKU MM CTPYHBI;
aBTOMAaTW4ecKas CHCTEMa KOHTpOJS TIyOWHBI ()pe3epoBaHUsl MPH MOMOLIM HAMpaBISIOMINX Cala30K;
BO3MOJKHOCTh TOJJICPYKAHUSl 3a[JaHHOTO MONEPEYHOr0 YKJIOHA; BCIIOMOTATelIbHOE OOOpYAOBaHHE IS
nogbopa M3MeIBIEHHOro Marepuana (acaiabToBOro rpaHylsTa) MpPH 3aJaHHOH CKOpOCTH 00paldoTKu;
mprHa paboueii 30HbI MOJIOCHI (hpe3epoBaHus 2-4 M.

[IpodpunupoBanue craporo achaibTOOCTOHHOIO TOKPBITHS - 3TO aBTOMATHYECKU YMPaBIsieMbIH
MpoIecC €ro XOJIOJHOTO (pe3epoBaHMs JAJsl BOCCTAHOBJICHHUS 3aJaHHOTO IOIEPEYHOTO W MPOIOJIBHOTO
npoduisi, yaaineHusi OyrpoB, BBIOOMH, 30H M3HOCA, a TaKXkKe APYIUX JC(QEKTOB MOKPBITUS, U B HTOTE
MOJTY4YeHUs TOBEPXHOCTH, JIOMyCKAIOUIel HeMeJIEHHOE Hayallo IBHKCHUS WK YKIIAAKY CBEXKEro MOKPBITHS.
CoBpeMeHHBIE [TOPOKHBIE (pe3bl MO3BOJSIOT IJIAHUPOBATH CTapO€ MOKPBITHE, TEKCTYPUPOBATh €ro
MOBEPXHOCTh, PUAaBasi €l yTEPsIHHbIC CLEMHBIC U UTYMO3alIUTHBIC CBOWCTBA, CHUMATh CTapO€ MOKPBITHE
MOCJIOWHO (C TOYHOCTBIO 0 MM) WJIM Cpa3dy Ha BCIO NIyOMHY, aKKypaTHO BCKPBIBaTh MECTa MPOKIAJKH
MOA3EMHBIX TPYOOTIPOBOJIOB M JIMHUK CBSI3H, OCBOOOXIATh OT CTAPOTO MOKPBITHS JIOKH KOJOILEB U Jaxe
BBIpaBHUBATh OETOHHBIE MOJIBI B PON3BOJCTBEHHBIX TOMEILCHHUSX.

B pabore manHyio mpobiemy MpeAnoyiaracTcs PelIdTh 3a CYET NPENCTaBICHUs TOPOKHOU (pe3bl,
KaK aBTOMAaTU3WPOBAHHOTO JIOPOKHOTO TPAHCIIOPTHO-TEXHOJIOTHYECKOIO MAaHHITYJISITOpa, PaboTaromero
B OOOOIIEHHBIX TEXHOJIOTHUYECKUX KOOpAMHATAX JJIi PEMOHTa JOPOXKHBIX TMOKPHITUH C TEepeMEHHON
KOJIEHHOCTBIO M 3a CYET Mepexofa OT YNpYroro (CHIOBOTO) K >KECTKOMY (KOOpPAWHATHOMY) 3aMBIKAHUIO
TEXHOJIOTMYECKOM CXeMbl (Ppe3epOBaHusl BEITOPOB KOJICH.

KioueBbie ciioBa: gopoxnas ¢ppesa, 10poKHas TEXHUKA, KOJIes, PEXKYILUHA AIEMEHT, PeKYIIHE KOJIbIa.
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