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MalllMHbl HA TUHAMUWYECKUE U DHEPTreTUUECKUe MoKa-
3aTeid ee paboThl MPOBEIEeHA MyTeM BBITTOJHEHUS Ce-
pUU MAILIMHHBIX €KCITIEPUMEHTOB.

Pe3yabraTbl. YCTaHOBJIEHO, UTO MPU PEOCTATHOM
IMyCKE€ AaCMHXPOHHOIO IPMBOJA IIAXTHOMU IOIBEMHOM
MalllMHbl B MOMEHTBI NIEPEKIIIOYEHUS] CONTPOTUBIEHUI
poTopa B €€ 3JIEMEHTAaX BO3HUKAIOT NMUKOBbIE HArpy3-
KM, UTO COTIPOBOXIAETCS 3HAYMUTEIbHBIMU BEIMYMHA-
MU NOTPe0IsIeMOii MOLIIHOCTU. PacKpbIThl 3aKOHOMEP-
HOCTU BJIMSTHUSI MPOJOKUTEBHOCTU ONTUMAIbLHOTO
pasroHa MallMHbI U Ko3(duumreHTa, KOTOPbIA orpe-
JIeJISIET BaXKHOCTb COOTBETCTBYIOIIMX COCTABJISIIOLINX B
CTPYKTYpe ONTUMU3ALUOHHOTO KPUTEPUSI, HA SHEpre-
TUYECKHME W IMHAMMYECKHE OLIEHOYHbIE IoKa3aTeju
pexXuMa pa3roHa MalluHbI.

Hayynaa HoBu3Ha. [IpennoxeH onTUMaabHbIA pe-
JKMM Pa3roHa MaxXTHOW MOJbEMHOM MAIUIUHBI TT0 KOM-
TUIEKCHOMY MHTETPAJIbHOMY KPUTEPUIO C MCIIOJIb30BA-
HUEM IPSIMOTo BapualiMoHHOro Metona. [losydyeHHbIi
B paboTe ONTHUMAaJbHBINA PEXUM ABUXEHUS OMUCHIBA-
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Purpose. The purpose of the present research is to find ways to manage the coiler-mill drive system, which pro-
vides an increase in the tension stability of long products when winding on Garrett-type coiling machines at the
output mill-coiler section at a level that does not lead to the extension of the profile in the outlet stand caliber.

Methodology. For the purpose of obtaining static and dynamic models of rolling tension at the output mill-coiler
section, experimental studies of the winding of long products were carried out. The experimental activities included
measuring electrical parameters such as the current of the exhaust cage engine, the current of the pinch roll motor,
the speed of the wire feeding machine motor, the current of the coiler motor, the speed of the coiler motor, the posi-
tion of the coil-laying pipe. The investigations were carried out during the rolling of profiles with a diameter of 16 and
18 mm using a digital recorder “Vizir”.

Findings. Taking into account the quantitative and qualitative analysis of the results of the study, a general struc-
tural scheme was obtained for the rolling-up model in the mode of stabilizing only the amperage of the winder. De-
pendencies describing the complex of interrelationships between the mechanisms of the output mill-coiler section
and the tension and length of the rolling in this site were obtained. A dynamic model for the interaction of the
mechanisms of the mill-coiler section during rolling of long products was developed.

Originality. For the first time, a dynamic model of the interaction of the mechanisms of the mill-coiler section has
been created for rolling coils with a coiler of the Garrett type, which takes into account both the direct and indirect
influence of the mechanisms on the coiling process, which makes it possible to search for rational methods for stabi-
lizing the tension of rolled products.
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Practical value. The above model is a prerequisite for solving the problem of stabilizing the tension of the rolled
section of the outlet mill-coiler, which ensures the stabilization of the transverse dimensions of long products when it

is coiled by a coiler of the Garrett type.

Keywords: stabilization of rolling tension, Garrett-type coiler, dynamic model, mill-coiler section

Introduction. The flat-and-edge rolled steel (rolled
section steel) is in great demand in machine building
and hardware industry. Further processing of the rolled
steel requires its sizing in draw benches.

Energy efficiency and quality of this process depend
mainly on the precision and stability of maintaining the
geometry of metal cross section. The bundles of small-
section wires (with diameter up to 14 mm) are formed by
Stelmor technology which does not change the cross
section of the wire. On the other hand, the bigger wire is
winded in Garret reels. In these devises the metal is
pulled, providing the interaction between the coiling
machine and the milling stand. This tension is necessary
to bend the metal and align the wire tightly along the
coil. At the same time, this tension is applied to the out-
put roll mill. Excessive tension at the mill changes the
cross section of the rolled metal at the output of the mill.

Such changes in the tension of metal in Garret reels
occur most frequently during the transition to the new
layer because of the speed change when the metal first
touches the coil surface. The transient process occurs in

the system “roll mill stand — rolled metal — coiling ma-
chine”. Another factor in this system is variation of wire
length because of movement of the folding device.

Thus, the first problem with coiling the section wires in
Garret reels is the need to stabilize its tension between the
roll mill stand and the coiling machine so as not to change
the metal cross section in the output mill. This problem is
mentioned in [1], but no solution is offered. The problem
is complicated by the difficulties of experiments in indus-
trial environment; besides, there are no devices for the
measurement of the tension in such conditions. The only
solution is to simulate the interaction between the mecha-
nisms involved in metal processing. However, there are
still no suitable dynamic models describing the interaction
between the output roll mill stand, the metal and the Gar-
ret reel. Developing such model would help solving the
problem of metal tension stabilization.

Presentation of the main research. The design scheme
for the Garret reel model is shown in Fig. 1.

The following assumptions have been made in the
model:
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Fig. 1. The design scheme for the Garret reel model:
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Ly, » — the distance between the output mill and the coiling machine; Ly, ,, — the distance between the output mill and the forced
cooling line; L, — the length of the forced cooling line; L,, — the length of the coiling section; D, ,, — current coil diameter; 1, ,—
the length of bending section; h,. — the height of the bending outlet; I, — the length of the folder wrapper; ¢, — the tilt angle of the
Jolder wrapper; D, — the reel drum diameter; H, — the coil height; h, — the folder head height; ®,,, ®, ,, — the angular speeds of
the reel and reel motor, i, ,, — the gear ratio of the reel; fgik, 127,,, — the temperature of the rolled metal at the stand output and
before the coiling machine correspondingly; G, 4, ©, ,, — the specific tension of the rolled metal behind the stand and before the

coiling machine; Ac,, — the change of metal tension at its bending point; ¢, — the angle of metal bending; . — the friction factor
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- the folder wrapper moves from the flat lower posi-
tion to the horizontal one, the rolled metal is bent only
twice;

- the distance from the input point of the coiling ma-
chine to the contact point of the metal and the coiler is
constant and does not depend on the coiling layer;

- the additional tension from the master coil wrapper
is neglected;

- the metal temperature in the forced cooling section
is reduced linearly;

- the calculated elasticity modulus between the stand
and the coiling machine E, 4, ,, equals its mean average
value on the section

L
E — kl<>m , 1
uteomn Lkl(—)luo 2. Lluo Lm ( )
Euikl Euikl + Euim Euim

where Ly o > Lives o Linos L Stand for the length of the
wire between the roll stand and the coiling machine and
its section between the stand and forced cooling line,
the forced cooling line and the coiling machine, corre-
spondingly; E, ,;, E, ,, are the elasticity factors of the
metal on the stand output and before the coiling ma-
chine correspondingly.

The coiling machine is at L, ., ,, distance from the
final mill stand. At L, , 4, distance there is a forced
cooling line (FCL) whose length is L,,, the distance
from the coiling machine to FCL is L,,.

The coiler drum with diameter D,,, is driven by elec-
tric motor via the gear with ratio i, ,,.

As the coiler rotates and the wrapper (tube) moves
vertically up to 4, height, the wire is stacked layer by
layer and makes a coil of H,, and diameter D, ,,.

The angular displacement of the wrapper @, is pro-
vided by reversal hydraulic drive at given speed.

During the winding, the electric drive operates in
current and EMF control modes, i.e. regulates power.
The product of specific tension o, ,, and coiling radius
under constant speed has also to be constant and corre-
spond to the armature current of the coiling electric
drive.

The tension before the stacker reduces because of the
double bending of wire by ¢, in the input and output of
the wrapper (the tube). Moreover, because of the fric-
tion of wire along its way from the mill stand to the coil-
er, the tension gradually drops to the value, which de-
fines the specific tension after the final stand o, ;. The
additional tension by the wrapper is neglected. The pat-
tern tension diagram is given in Fig. 1.

Between the output mill and FCL there is a sloped
groove of /,  length, the wire bends by 4, outlet in it.

The temperature of the metal at the entrance to the
mill is about 1100 °C, after FCL it is approximately
800 °C. The diagram of temperature (assumed that it
linearly drops in FCL) is shown in Fig. 1.

The rolling speed V, for processing wires D, diameter
is given in calibration tables.

The static model of tension on the section between
the stand and the coiler describes the wire tension at the
key coiling points.
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Let the specific tension of the wire before the coiler
be G, .

Then, specific tension of the wire before the stacker
c, , reduces according to Euler’s equation with double
wrapping angle ¢,

BRI
G, , =0, ne ",
where p,, is the friction factor, p,. = 0.3.
The specific tension of the wire after the stand re-
duces by the value of friction in the forced cooling line

and passing grooves — G,

Cp=Hy Ps- 8- (Lluo + Lkl(—> luo — lprfO):

where p;, is specific weight of the steel, p, = 7850 kg/m?;
g is free fall acceleration g = 9.8 m/s?.
Thus, the tension after the stand o, ;, will be defined as

Sy =%y m Al — Gy (2)
The wrapping angle ¢, depends on the stacker posi-

tion and the height of its head 4, by

¢, = arcsin%,

u

where H,, is total vertical displacement of the stacker
head; /, is the length of the tube.
For small angles we can assume

Hm _hu
(pu - l *

u

Thus, the correlation between specific tensions be-
fore the coiler and after the stand is described by expo-
nential dependence from the stacker position.

It should be noted that the wire feeding machine be-
tween the final stand and the forced cooling line pro-
duces additional transportation tension 7)., and then
equation (2) can be rewritten as -

Sp k1 =%p_m Caal —G, + Actr_t’ (3)
where Ac,, , is additional tension before the stand, pro-
duced by the effort of the wire feeding machine.

The last two components in (3) are constant values.
Since we have discarded the wire feeding machine from
the model, the correlation of specific tensions before the

coiler and after the stand is described as

Gpikl = Gpim .e‘z‘Hrr‘(Pu -G, (4)

where o, is constant value (o, = const), satisfying the
condition ,. < 6,<0.

The initial conditions for simulation are easy to ob-
tain by giving the initial value of wire tension before the
coiler and the initial position of the stacker.

It would be natural to take the reference tension c,, ,,,
as initial value of the specific tension before the wire,
under the power regulation it equates

U
Op m= n;/np .Se:s '(Imfz _]mfhh)’
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where n,, is the coiler efficiency, n,, = 0.95; U, is the

coiler motor EMF; V, is rolling speed (calibrated); S, is

the area of the cross-section with diameter D,
n-Dz . )

S, :T; I, 4 1s the no load current of the winder

drive; 7, . is the given current.

The initial (given) tension of the wire behind the
output mill stand can be calculated by the equation (4)
using an arbitrary constant value of o, from the allowed
range and initial position of the stacker. The latter
should be taken as its lowest position (the position in

m

H
whichitfirst capturesthe wire), i.e. for4,=0 ((p” = I_J

u
Then, the specific tension in the wire at the initial

time instant G, 4, can be calculated as

c =0 -a “ =0

p_ki(0) ~ P p_m s

It is proper to take the initial tension of G, ,,, of, €. g.
5 N/mm?, and then calculate G, « o and given value of
current 7, . during coiling. This will provide correct
matching of the control plant model and the model of
electric drive at initial time instant.

We shall assume that the initial tension o, in the
model equals zero, considering that the transporting ef-
fort of the wire feeding machine is equal to the friction
force in the forced cooling section.

Let us examine the dynamic model of the wire ten-
sion in the section between the final stand and the coiler.

We shall define the tension effort during the coiling
according to the Hooke’s law

Al

kl>m

Al

kl<>m

c =F

p_m u_klem” L
i _klem T

B

where E, ;; ., ,, is the weighted mean value (Young’s
module) in the section between the final stand and the
coiler (calculated according to (1)); Aly, ., ,, is total elas-
tic strain of the wire before the coil; L, 4, , is the length
of the wire between the output stand and the coiler given
the current value of specific tension of the wire.
The length of the wire between the output stand and
the coiler consists of three next components
L

P_

kl(—)m:Lk1<—>m+Alu+Alpr7 (5)

where A/, is increment of the wire length when the wrap-
per bends from horizontal position; A/, is increment of
the wire length because of its bending.

The stretch of the wire when the wrapper bends from
its horizontal position is

Al =1, ~\2=(H,~h,), 6)

and, according to V. Alshits, in order to elongate the wire

by bending

1'[2 _h2

Alpr =
41,
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where [,  is the length of the bending section; 4, is wire
bending outlet height.

The height of the outlet bending in turn is related to
the tension of the rolled metal with the following func-

tional relationship
_ hprfO
" 1420k

Oir

where G, 4, stands for specific tensions of the rolled met-

al after output mill stand; 4,  is the height of the outlet

bending with zero tension; o, is critical specific tension.
For the last two parameters, the expressions are

4
5 Ps'g’lpr_o_
r 03 T 2
384 Euik,-r;.ip
2 2
_ T 'Eu_kl ";‘_p
Sir _12—’
pr_0

where r; , is the radius of inertia of the rolling metal
cross section in the vertical plane. For the circular sec-
tion, r; ,=0.25- D, (see in [2]).

On the other hand, the length of non-stressed rolling
metal between the coiler and mill stand L,, 4., »» in the
current instant of time t is a function of rolling metal
linear velocity after output mill stand and linear velocity
of the coil surface difference

Lpn_kl(—)m(r) = I(Vp_kl - Vp_m) -dt+ Lp_kl(—)m(O)’
0

where V), ,, is the linear velocity of the rolling metal after
output mill stand; V, ,, is the linear velocity of the roll-
ing metal at the point of contact with the surface of coil,
L, 11 moy 18 length L, 4, ., ,, at the initial instance time
(t=0).

Then the elastic elongation of the rolling metal at the
section of output mill stand-coiler A/, ,,, is defined as

Ayyosm=Ly krsm=Lon ries-

The linear velocity of the rolling metal after mill
stand can be calculated with the expression
(1 *Sop ) Dy -0y 4

fokl = 2. >
b w

where s,, is leading ratio; Dy, is the diameter of mill stand
rolls; wy, 4, is the angular velocity of the mill stand mo-
tor; i, , is the gear ratio of the mill stand.

The leading ratio in turn depends on the tension of the
rolling metal before and after the mill stand, as it is known
from the studies of V. N. Vydrin, A. P. Chekmarev. In our
case the rolling before the mill stand is carried out with
automatic stabilization of rolling metal bending, i.e. the
rolling metal has a small stable tension before the output
mill stand. Then the following expression can be written

Sop =Sop 0 + ks_cr *Gp kis
where k; . is the influence ratio of the rolling metal pre-

liminary tension on the leading ratio in the mill stand
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caliber. For the final mill stands it can be assumed that
ky g=4-104(N/mm?)™; s,, , is leading ratio in the final
mill stand without preliminary tension of the rolling
metal.

The quantity s,, o can be evaluated with the calibration
data: the rated value of the rolls diameter by calibration
Dy, 1, the angular rotation speed of the motor by calibra-
tion ®4 4 > and calculated linear velocity of the rolling
metal after the output mill stage by calibration — V, ,, «

Sap70 =

Dklfk Ogy 1k

The initial conditions of dynamic tension model pa-
rameters can be calculated at the same initial instant. It
can be assumed that at the initial instant the angular ro-
tation of mill stand motor ®,, 4, corresponds to the
calibrated angular rotation speed — mg, 4/ &

Ogy ki(0) = Ddy ki k-

Then the expression becomes

(1 +S8 0tk 575, 1) ) Dy -4, 410

240, y

B

Vo ko) =

assuming that V,, o, =V, ) and considering that wind-
ing of rolling metal starts from the first layer (n, = 1), for
the angular speed of coiler motor at the initial instance of

time o, ,, o the following expression is valid

T Ty 1

_ 2 : Vp_kl(O) .ir_m
L 1)) F e —

D, +D,

bl

where D,,, is the diameter of the coiler drum; i, ,, is gear
ration of the coiler. -

The length of the rolling metal between the coiler
and mill stand at the initial instance of time L, ;. » 0,
can be calculated by equation (5) with known values of
Al, and Al for initial instance of time Al ), and Al,,.

Because at the initial instance of time the stacker is
in the down position, then from equation (6) it follows

Al =1, —JI?-H2,

and for Al
2.2
My

Al g =—"
r(0) ’
r 4-1,

where £,,, is the value of bending at the initial instance
of time
h _ hprfO
pr(0) — o :
1+ p_ki(0)
cykr

In this way the dynamic model of mechanisms inter-
action at the section of the mill stand-coiler for Garret
type coiler can be represented with structural diagram,
shown in Fig. 2.

Ogy 11— 'I_‘hc roll | ay, Dy Vp i
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232
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s Tp | Algeym Lpn_kk—)m T
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Fig. 2. General structural diagram of model which represents winding of rolling metal with stabilization of coiler current only
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Conclusions.

1. The solution for tension stabilization at the section
of mill stand-coiler requires developing a dynamic mod-
el of mechanisms interaction for Garret type coiler.

2. The dependences which describe a set of relation-
ships, both external and internal, between mechanisms
at the section of output mill stand-coiler and tension or
length of rolling metal on this section are obtained.

3. The integrated dynamic model of mechanisms in-
teraction at the section of the mill stand-coiler for Garret
type coiler have both linear and non-linear blocks, which
does not allow obtaining rational parameters and method
for tension stabilization at the mill stand-coiler section.

4. For searching of tension stabilization rational
methods, Heuristic method for control structures and
their combinations definition as well as analysis of influ-
ence on basic mechanisms at the output mill stand-coil-
er section is used, i. e. by controlling the angular velocity
of output mill stage or coiler current.
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Merta. Ilo1yk cnoco0iB yrpaBiliHHS KOMIUIEKCOM
eJIEKTPOIIPUBO/IIB ,,MOTaJKa — KJIiTh", 1110 3a0e3mneyuy-
IOTb MiABUIIIEHHS CTabUILHOCTI HATSITY COPTOBOTO MPO-
KaTy Ipy 3MOTYBaHHI Ha MoTajKax TuIry [appeTta Ha
IUISIHLI ,,BUITYCKHA KJIITh — MOTaJIKa“ Ha PiBHi, 1110 He
TMPU3BOJINUTD IO BUTATYBaHHS TpodiJio B KaliOpi BU-
MYCKHOI KJIITi.

Metoauka. 3a171s1 OTpMMAaHHS CTATUYHOI i1 JMHAMIv-
HOI MojeJiell HaTIry TpoKaTy Ha OiIsTHLI ,,BUITyCKHA
KJIiTh — MOTaJIKa“ OyJIM TIPOBEAEHi eKCIepUMeHTalIbHi
JOCJTIIKEHHSI IIPOLIeCY HaMOTYBaHHSI COPTOBOTO MpOKa-
Ty. B ekxcnepuMeHTaIbHUX 3aX0JaX MPOBOAUIOCH BUMi-
PIOBaHHS TaKUX EJEKTPUUHUX TapaMeTpiB, SIK CTpyM
JIBUTYHA BUITYCKHOI KJTiTi, CTPYM JABUTYHA TpaiibamapaTa,
4yacToTa 00epTaHHS NBUTYHA Tpaiibamnapara, CTpyM JABU-
TyHa MOTAJIKM, 9acTOTa OOEpTaHHS OBUTYHA MOTAJIKU,
TIOJIOKEHHSI TPYOU YKJIagaJlbHUKa BUTKIB. JloCmimKeHHS
MPOBOIMJIM TIPM TIpOKaTLi TpodiriB aiamerpom 16 i
18 MM 3a gorromororo udpoBOro peectparopa ,, Bizup®.

Pe3ymbTaTi. 3 ypaxyBaHHSIM KiJbKiCHOTO Ta SIKiC-
HOTO aHaJli3y pe3yJbTaTiB HOCiIKEHHS Oyla oTpuMa-
Ha 3arajbHa CTPYKTYpHa cXeMa Mojesi 3MOTYBaHHS
MpoKaTy B pexXMMi cTabifizauii TiIbKU CTpYMy MOTaJI-
k1. OTpuMaHi 3aJeKHOCTi, 10 OMUCYIOTh KOMILIEKC
B3a€MO3B’SI3KiB MixK MeXaHi3MaMU TiISTHKU «BUITYCKHA
KJIITh — MOTaJIKa» Ta HATSITOM i JOBXXWHOIO IIPOKATy Ha
il OiAsHLI, a TaKoX po3podJieHa JUHAMiYHA MOJEJb
B3a€EMO/Iii ME€XaHi3MiB TiISTHKM «KJIiThb—MOTaJIKa» MpUu
3MOTYBaHHI COPTOBOTO IIPOKATY.

HaykoBa HOBH3HA. YTiepile CTBOpeHa OWHaMiuyHA
MoZeb B3aEMOJIil MeXaHi3MiB HiJISIHKU ,,KJIiTh — MO-
Tauka“ mpy 3MOTYBaHHi COPTOBOTO IPOKAaTy MOTAaJl-
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Koo tuity ['apperta, 1110 BpaxoBYe SIK IPSIMUIA, Tak i He-
MpsSIMUIA BIUIMB MEXaHi3MiB Ha IpOLEC 3MOTYBaHHSI,
SIKMIA TO3BOJISIE 3AIMCHUTH MOIIYK palliOHAIBHUX Me-
TOMIB cTadii3allil HATATY MPOKaTy.

IIpakTuana 3naunmicTs. HaBeneHa Monens € nepemy-
MOBOIO BUPILLIEHHS Mpo0OJIeMU cTabitizallil HaTsITy mpo-
KaTy Ha JOUISIHIG ,,BUITYCKHA KJIiTh — MOTajKa®, 110 3a-
Oe3reuye cTadiizallio MonepeyHrx po3MipiB COPTOBOTO
IIPOKATy TIPH I10T0 3MOTYBaHHI MOTaJTKOIO THITy ['appeTa.

KimouoBi ciioBa: cmabinizayia namsey npoxamy, mo-
manka muny lappema, Odunmamiuna modensv, OinsHKa
»KAimb — momanxka“

ens. ITorick cmocoboB yrpaBiaeHUsST KOMITJIEKCOM
3JIEKTPONPUBOIIOB ,,MOTaJIKa — KJIETh, 00ecIeunBalo-
IIUX MOBBIIIEHUE CTAOMIBHOCTU HATSKEHMST COPTOBO-
TO MpoKaTa MpM CMaTbIBAHWM Ha MOTaJikax Tura [ap-
peTa Ha yvacTKe ,,BBIITYCKHasl KJIeTb — MOTajKa“ Ha
YpOBHE, KOTOPBIi He TIPUBOIUT K BEITITUBAHUIO TIPO-
(uns B kanubpe BBIMYCKHOW KJIETH.

Metomuka. 1Sl TTOIy9eHUs] CTAaTUIECKOM M IMHA-
MMYECKON MoeNIeil HAaTSDKEHMS IIpoKaTa Ha YJIacTKe
,,BBITTYCKHAasI KJIETh — MOTaJIKa*“ OBLIM IIPOBEICHBI SKC-
TIepUMEHTaIbHBIE MCCIIEIOBAaHMUS ITIpOllecca HaMOTKU
COPTOBOTO IpoKarta. B akcneprMeHTaIbHBIX MEPOIIPH-
SITUSIX TIPOBOJMIIOCH UBMEPEHME TaKUX DJICKTPUUECKUX
MapaMeTpoB, KaK TOK ABUTraTesisl BBITYCKHON KJIETH,
TOK JBUTaTesisl Tpalibamapara, yacToTa BpallleHUsI IBU -
rareJisi Tpaitbarapara, TOK IBUTATE s MOTAJIKH, YaCTO-
Ta BpallleHWs] TBUTATENSI MOTAJIKU, TTOJOXEHUE TPYObI
yKJIaqunKa BUTKOB. MccenoBaHusl TPOBOIWINCH TIPU
npokatke mpoduiieit auametpom 16 u 18 MM ¢ momo-
IO LHU(PPOBOTrO perucrparopa ,,Busup®.

Pesympratel. C ydeToM KOJIMUYCCTBEHHOTO M Kade-
CTBEHHOTO aHAJIM3a PE3yJIBTAaTOB UCCIICIOBAHNS ObLIA ITO-
JIy9eHa 0o0IIast CTpyKTypHasl CXxeMa MOIEIN CMaThIBaHUS
MpoKaTa B pexKUMe CTAOMIM3AIIUY TOJBKO TOKA MOTAJIKH.
[ToyyeHbl 3aBUCMMOCTH, OITUCHIBAIOIIIE KOMILJIEKC B3a-
HMMOCBSI3e MEXIy MeXaHUM3MaMU ydyacTKa ,,BbIITyCKHasI
KJIETh — MOTaJIKa“ M HATSDKEHUEM M JUTMHOM TTpoKaTa Ha
9TOM y4acTKe, a TAKXe pa3paboTaHa TuHaMUJecKas Mo-
JieJTb B3aUMOJIEHCTBUSI MEXaHU3MOB yJacTKa ,,KJIeTh —
MOTaJIKa" TIpY CMaThIBAHUM COPTOBOTO MTPOKATa.

Hayunas HoBu3HA. BriepBbIe co3maHa mMHaAMIIeCcKast
MOJIEJTb B3aUMOACIICTBIS MEXaHN3MOB yJ9acTKa ,,KJIIeTh —
MOTaJIKa“ TIPX CMaTBIBAHUH COPTOBOT'O IPOKAaTa MOTaJ-
koii Tuma ['appera, KoTopasi yIUThIBaeT KaK IpsIMOe, TaK
1 KOCBEHHOE BIMSIHUE MEXaHU3MOB Ha ITPOIIECC CMAThI-
BaHUSsI, YTO ITO3BOJISIET OCYIIIECTBUTH ITOMCK PAllMOHAb-
HBIX METOIOB CTaOMIN3alIMY HATSKEHUsI TTpoKara.

IIpakTnyeckas 3naunmoctb. [IpuBeneHHass Moaeb
SIBJISIETCS MMPEATIOCHUTKOM pelieHus1 mMpooieMbl CTabu-
JIM3allM HATSDKEHMS TIPOKaTa Ha Y9acTKe ,, BBITTYCKHAsT
KJIETh — MOTaJIKa“, 4YTo oOecreyruBaeT CTabMIn3aLunIo
TIOTIEPEYHBIX Pa3MepOB COPTOBOTO TIpoKaTa TMpPU ero
CMaTBIBaHUHM MOTaJIKOM TuIa ['appera.

KimoueBble ciioBa: crmabuiuzayus HAmsyiceHust npo-
Kama, momanska muna Tappema, ounamuueckas mooenv,
Yy4acmok ,,kaemos — momanka“

Pexomendoseano 0o nybaixauyii dokm. mexH. HAyK
B. B. Tkauosum. Jlama naoxooxucenns pyxonucy 22.006. 16.
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