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1. Introduction

In developing transmissions of any type greatest
importance is given to their energy efficiency. The
value of efficiency in gear is key to solving important
global problems - environmental and energy. Besides
efficiency is crucial also suitability for use of a
particular type of gear that is defined by its parameters
such as torque variation range and kinematic variation
range on gear ratio.

The tested hydrostatic-mechanical transmission
(OXMIT) consists of two adjustable hydrostatic
machines with axial movement of the piston and
symmetrical conical planetary mechanism. The
mechanical branch of the gear unit is characterized by
relatively high efficiency and constant gear ratio. The
hydrostatic drive has a large variation range on the
gear ratio, especially if both hydrostatic machines are
adjustable, as is the case, but efficiency is lower than
that of mechanical gear.

As can be expected qualitative and quantitative
parameters of the combined gear (OXMII) take place
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between these on a two of its constituent branches:
mechanical and hydraulic. Interest is setting than by
calculations and also a real experiment characteristic
of strength, kinematic and energy parameters on
OXMII, order to assess the suitability of this type of
gear for possible applications in transport and traction
equipment.

2. Scheme of test bed for hydrostatic-
mechanical transmission

Schematic structure of the stand shown in the figure.
The controls for machines of different modules are
shown in scheme: L, a control lever of the adjustable
hydrostatic machine - pump of the drive hydrostatic
gear; L, a control lever of the adjustable hydrostatic
machine - pump of the research two-stream module,
connected mechanically with the planetary gear of the
distribution box; L; a control lever of the adjustable
hydrostatic machine - hydraulic motor of the research
two-stream module, simultaneously connected to the
planetary gear and the output shaft; L, a control lever
of the adjustable hydrostatic machine - pump on the
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loading brake. L and F are the positions of the control
lever on the included gear reducer of the distribution
box.

3. Measured and calculated values.

Ps - an electric power consumption of one phase of
the drive motor. It is assumed that the load in the three
windings of the motor is symmetric. Is measured by
AC power meter. The total power consumption of the
electric motor is:

P=3.Ps ,W

Ap — fluid pressure in the working pipework of
hydrostatic transmissions, used in test bench. It is
calculated as the difference between the pressure of
the discharge and the connecting pipeline The
pressures are measured by mechanical pressure gauges
with the exception of penstock on the research two-
stream module that reports of electric transformer type
PSPR with accuracy class 0.5%, supply voltage of 10
to 30V DC. Output voltage is proportional to the
measured pressure and changes in the range of 0 to
10V.

Ap123=Pai23 - Pei2z ,Pa,

where pa is the pressure of the working fluid in the
pressure pipe, pg is the pressure of the working fluid in
the connecting pipe, which is considered by
approximation that is equal to the supply pressure of
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the hydrostatic machines. The indices 1, 2 and 3 are
for identification of belonging to a specific hydrostatic
transmission as follows: adjustable drive module; two-
stream unit and loading unit.

The angular positions of the levers L, and 4. were
measured with an electric converter - potentiometer for
rotation within a range of O to 270 degrees with a
linear characteristic, to determine Kv 1,34 - relative
working volumes on the adjustable hydrostatic
machines used in the test bench:

— mek
KVigzs = v

max

where Vqek is the current value of the working
volume, Vuax IS the maximum volume of the
hydrostatic machine, * 10° , m® . Indices 1,2,3 and 4
set belonging respectively to: the hydraulic pump drive
module; hydraulic machine of two-stream unit,
connected with the planetary gear; hydraulic machine
of two-stream unit, connected to the output shaft and
the hydraulic pump to the loading unit. In determining
assumed that the transfer function Vg = f(0) is linear,
where ¢ is the angle of rotation of the lever of the
distributor, which manages slanted disk amending the
VTEK .

T — torque acting on the stationary planetary wheel
differential of hydromechanical gearbox. Taking into
account the friction in the differential mechanism
M qu , Calculate the torque of the input shaft in two-




stream unit — Mpx_ oxmn

Mgx oxym = T — Mrp, pn , NM

Mrp,m = f(T, Mo, Nex, oxwr), Nm
where My, is conditionally accepted permanent loss of
torque in the differential mechanism on the two-stream
unit, including disk losses, friction in bearings and
seals The experiment was conducted at a constant
rotational speed, torque and temperature of the
working fluid. Measurement of T becomes with strain
gauges included in the bridge circuit and a signal
amplifier.

Q - the flow of oil in the working oil lines of

hydrostatic machines from two-stream unit is read
directly with the flowmeter installed on the pressure
pipe in I/ min.
n; is rotation speed of the output shaft of the drive
hydrostatic transmission. The rotation speed of the
input shaft of the two-stream unit — nyoxum, IS
determined by calculation, because there is provided a
rigid connection of the kinematic diagram of the
hydromechanical transmission, by blocking the torque
converter.

nls2
ig.n.

where i gy is a gear ratio of the selected gear in
hydrodynamic automatic planetary gearbox (XMIIK),
2 is a gear ratio of the differential of hydrodynamic
automatic planetary gearbox at blocked planetary
wheel. The converters for rotating speed are
constructed from optron elements operating with
infrared rays. n, — is rotation speed of the output shaft
of the two-stream unit, which, according to the scheme
of the test bench coincides with that of the loading
hydrostatic brake.

All these electrical signals enter the interface
connected to a PC where the readings are displayed
and recorded in real time. The scheme not shown
temperature transducers, with which is monitored the
thermal state of the working machines. It should not
change in the duration capture the data for a working
point traction-speed characteristics, to ensure the
established mode of the test bench.

To determine the efficiency of the research module
uses the expression: n = ic*ix , where ic is a torque
ratio, ix is a speed ratio.

_ -1
Ny oxmr = , MIN

M ] n2

lc =@ ix =
) 1
Mex n

oxmn Loxmn

Mcr is a torque, consumed by loading hydraulic
pump, whose value is calculated from the input data:
Aps;Kv,, taking into account the power losses in the
pump (hydromechanically efficiency — nmms = f(n,, Aps
, Kvy) ), taken experimentally.

Ap; *Kv,*V,
Mhm3

For calculation of volume efficiency of hydrostatic
machines from two-stream unit are used dependencies:

Q.
Ny, *Kv, *V,
machine associated with planetary mechanism, which
works only in pumping mode under all operating point
of the traction-speed characteristics. The rotational
speed of this hydraulic machine are calculated using
the equation of the kinematics of conical symmetric
differential:

Mcr = ,Nm

Nvpy for hydrostatic

nBXOXMl‘l n
— 1y,
I
where icp is a gear ratio of the selected gear in the
distribution box.

n, * Kv, *V,

Q

connected to the output shaft. The lowest value of
volumetric efficiency of the hydraulic machine
working in pumping mode - nypy can be defined in
characteristic point of the so-called "stop mode" when
Ap, takes its maximum value and n, is still zero. The
value of mypy at this point is an indication of the
technical condition of the hydraulic pump in terms of
the tightness of couples piston-cylinder. To assess the
wear of the hydraulic machines can be set nypy and
Nvmy at acceleration in idling on the output shaft the
two-stream unit - at uninstalled shaft on the loading
unit in which the value of Ap, depends proportion of
the hydro-mechanical losses in the hydraulic stream of
two-stream unit. Building a the two characteristic
curves: a "stop mode" and "idle" - Ap, = f (n,), carries
important information about technical condition of the

Npy = min™

Mvmy = ,— for hydraulic machine

measured values

'g_ Kvy ‘ Kv, ‘ Kvs ‘ Kva p1 ‘ p2 ‘ p3 ‘ pcn‘ p 3axp1 ‘ p 3axpz ’ p3axpcn | ng ‘ n, | Q t1 ’ to ’ tz | Ps | T
2 %o *1075 Pa min’t E deg C W | uSt
| [ T T 1 I | - [
E calculated values
§- Kvaz | Kvs | Kven | Ap1 | Ap2 | Aps | Msx,oxmn | Max | Mz | npyv Nvey | Hhmpy | Nvmv | Hhmmy | ic|l|n
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hydraulic machines, which is especially important for
analytical determination of losses.

The values of 1y py and 1y my as well nypy and Mgy
(hydro mechanical losses in hydro-machines) can be
determined and with calculations, taking on the
characteristics of losses, that are described by
mathematical models and have type:

Nvevs Mvamv; Mvevs vy = F(KV, Kp, Kn), -

n . . .
Kn = —% - relative rotational speed of the hydraulic
nmax
machine.

Besides the calculation method for the value of 1y py
and my vy there is another option of testing, but not at a
constant power supplied to the entrance of the two-
stream unit. This methodology aims to build
relationships: 1y, pv; Mv. mv = T (M, ny) at a constant
value of ny oxvmand Ky, zand changes in the resistance
torque of the loading unit Mc. The increase in this
torque causes the increase of the volumetric losses in
the hydraulic stream of two-stream unit, which is
accounted for as loss of speed. The study is done for
all possible combinations of n,oxun and Ky,s, the
objective is to analyze the correlation between the
actual values of volumetric losses in the hydraulic
stream and those, obtained analytically.

The total hydromechanicall efficiency- nhm on the
hydraulic machinery from studies module can be
specified easiest in the mode, when the angular
velocities of planetary wheels and cassette on the
differential mechanism of two-stream unit are
identical. Then friction losses in the differential
mechanism lacks and value on the efficiency of the
mechanical part of the two-stream unit muex has
maximum. This mode is characterized by n, =

%, min? |, and the value of Mm = F (M, ny) at
cp
blocked differential is taken from another study. To
determine his starting from theorem of separation of
power flows :
P3Ar, OXMIT = P3Ar,H + P3Ar,M , W
where Psar, oxvn are a losses in the two-stream unit;
Psarn are a losses only in the hydraulic stream; P3arum
are a losses only in the mechanical stream. According
to the theorem of separation of power flows, overall
efficiency of the two-stream unit takes a value between
the values of the efficiency of the constituent drives,
provided that there is no circulation of power. In
general it can be argued that
MHv™ Ny <N <Mw
Power losses can be represented as follows:
Pex.oxmn™(11) = Pu*(1- num™ nv) + Pyv™(1- 1),
Where PBX,OXM]'[ = MBX’OﬁMn*n:LOXMn*TE/30, W iS the
input power in the two-stream unit; n is the total
efficiency of the two-stream unit; Py is the power of
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the hydraulic stream Py = Mgx oxmn™ Nioxvn * /2 —
this is the power that is fed to one planetary gearwheel
of the differential mechanism, which is connected
only the hydraulic pump of two-stream unit; Py, is the
mechanical power stream; ny is the efficiency of the
mechanical stream; nuv* nv is the total efficiency of
hydraulic stream. Because the differential mechanism
is symmetrical and it is a point of separation of power
flows of mechanical and hydraulic, the power flow is
divided into two equal parts, if neglected friction
losses. This neglect of friction losses in the differential
is convenient to accept the setpoint of the study when
the two planetary wheels rotate at the same angular
speed, because at this point there is no power loss from
friction in the differential. From both equality of
torques acting on the two planetary cogwheels and
their angular velocities, it follows that both power flow
have the same value Py = Py , which affects the
expression of the theorem of power flows and leads to
simplification:

2% =1

UN,

4. Methodology for the construction of a
traction-speed characteristics of the two-
stream hydrostatic-mechanical transmission
(OXMII) at constant input power.

The method aims to define the parameters of power
flows - angular velocity and torque for the most
important two mechanical power flow (the input and
output shaft) and the pressure and flow in the working
pipework of the two hydraulic machines from the
hydraulic branch of the hydrostatic-mechanical
transmission. The determination of the parameters of
the hydraulic branch may be omitted if the goal is to
determine only the total value of the efficiency of the
gear unit as a whole, but it is necessary to determine
and analyze the losses in the hydraulic equipment and
connecting piping.

At construction of the points of traction-speed
characteristics in the laboratory are simulated the work
of transport machine or traction machine in real modes
of movement with different combinations of total
resistance force and speed with maximum continuous
power supplied from the engine to the transmission.
Thus obtained traction-speed characteristic from the
external characteristics of the engine (the point with a
rated power) is the basis for calculating performance
and fuel economy of the machine which would be
used this two-stream unit as a gearbox.

The methodology of the study includes the
following steps: 1. Before starting the stand be
checked the oil level of the driven hydrostatic
transmission, in the crankcase of hydrodynamic
gearbox complete with differential, as well as in the

Num =



distribution box and in the tank of two hydraulic
machines from two-stream unit and of the hydrostatic
pump from the loading unit. 2. Check the neutral
position of control levers for all hydraulic machinery
to the main engine to launch a no extra load. 3. Switch
on the power supply of instrumentation and checked
ranges testimony of position potentiometers on the
control levers being moved to their final positions.
Make a test of the battery that powers the flow meter
installed in the working oil pipe of the hydraulic
machines from the two-stream unit. 4. Initially run the
motor of the three-section hydraulic pump and is
monitored whether the pressure in all three hydraulic
supply lines reaches the set value from the safety
valves. The lookout for some leakage. 5. Start the the
main engine, ensuring that the value of power
consumption in order not to overload the engine. 6.
Before the acceleration of the input shaft of the study
two-stream unit, is switched in a stationary position
the fast gear hydrodynamic gearbox via the
appropriate combination of switches that controlled
electro-hydraulic valves of automatics. 7. Via lever the
hydrostatic pump from drive unit is achieved gradually
the target speed of rotation of the input shaft of the
two-stream unit. In this situation the output shaft of the
two-stream unit accelerates to a speed determined by
the gear ratio of the gear in distribution box, because
hydrostatic machines from two-stream unit is in
neutral. The aim is to accelerates the shaft of a loading
hydraulic machine in order to heat the oil and in it. For
more intensive increase in liquid temperature can be
set to load via the lever of the hydrostatic brake - it is
necessary to reach normal operating temperatures of
nodes, in which dependencies are valid for
determination of hydro-mechanical losses. 8. Before
starting the actual measurement of the drive shaft of
the two-stream module should be set at rest, by placing
lever hydrostatic drive unit in neutral. The same
applies for lever of hydraulic machine from loading
brake for subsequent start without additional load. And
the controls of the hydraulic machines of two-stream
module to align the position of acceleration from rest
of the output shaft - so simulate departure from place
to transport machine. In this case, the hydraulic
machine mounted on the output shaft needs to be a
position of the tilted disk of maximum displacement, a
hydraulic machine connected with the planetary gear
is in the neutral position of the inclined disc. 9. Set
nominal speed of rotation of the input shaft of two-
stream module through the lever of the hydraulic
pump drive unit. In this state simulate a stationary
vehicle with the engine running, to measure the target
rotational speed of the input shaft of two-stream
module for determining the realized ratios of the test
gear. 10. Bring in action lever of the hydraulic
machine from two-stream module, mounted just to the
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planetary mechanism from the neutral position to a
maximum displacement. In this situation, the two
planetary wheels rotate at the same speed if ignored
volumetric losses of the hydraulic machine as lever of
the hydraulic brake still non-activated. The aim is to
develop the maximum speed of the output shaft and it
begin consideration of the items of traction-speed
characteristic of the two-stream module. 11. With the
lever of the hydraulic machine of two-stream module
mounted on the output shaft is reduced the working
volume until develop the maximum speed of rotation.
12. Moves lever the loading hydraulic machine with a
certain step towards increasing the working volume
until it reaches the target amount of power consumed
by the drive motor. 13. All the measured values are
account to calculate all possible parameters according
to the equipment of the stand. 14. The lever of the
hydraulic machine, mounted on the output shaft of
two-stream module is moved in the direction of
increasing working volume thereby reducing the
rotational speed of the output of the test gearbox. 15.
Point 12 and point 13 is repeated until it runs out the
possibility of increasing the working volume of the
adjustable hydrostatic machine from point 14. 16.
Output shaft revolutions are reduced by reducing with
certain step of the working volume of the hydrostatic
machine, mounted on the planetary mechanism of two-
stream module. 17. Point 12 and 13 are repeated until
it reaches the point of traction-speed characteristics at
minimum speed and maximum torque, is limited by
the value of oil pressure in the working line or the
minimum displacement of hydrostatic machine from
paragraph 16. 18. The experience is held in reverse
order to establish the presence of hysteresis in traction-
speed characteristic towards increasing the speed of
rotation of the output shaft of the two-stream module
and reducing the torque of a loading device. The
special feature of the algorithm is that the before you
reach the next point with a higher value of the speed
should be reduced in advance torque the loading
hydraulic pump. 19. Lever of the hydrostatic brake
moves with a certain step towards reducing its
working volume. 20. The lever of the hydrostatic
machine, associated with the planetary gear, moved in
the direction of increasing working volume - output
speed increased while the power consumption of the
drive motor reaches the target value. 21. Point 13 is
repeated. 22. Items 19 and 20 are repeated until it
reaches the maximum working volume of the
hydrostatic machine, associated with the planetary
gear. The next higher speeds are achieved with
reducing the working volume of the hydrostatic
machine of the two-stream module, mounted on the
output shaft. 24. The last point from traction-speed
characteristic is determined by any of the following
restrictive conditions: the power consumption of the



drive motor, oil pressure in the working pipework of
hydrostatic machines from two-stream module, the
maximum speed of the output shaft or minimum
allowable displacement of hydrostatic machine,
mounted on the outlet on the two-stream module. 25.
Lever of the loading hydraulic machine moved to a
neutral position for unloading the stand. 26. The lever
of the hydrostatic machine of the two-stream module,
which is connected with the planetary gear, is moved
to a neutral position, in order to establish the output
shaft at rest. 27. The lever of the drive hydraulic pump
is moved to the neutral position, in order to establish
and the input shaft of the two-stream module at rest.
28. Finally moved to the neutral position and the lever
of the hydrostatic machine, connected to the output
shaft of the two-stream module, so as not to consume
extra energy in the subsequent start. 29. The power
supply on the electric motor for oil supply system is
turned off. 30. The drive motor is also turned off. 31.
The supply of instrumentation and fans of the oil
cooler is turned off.

Rosen Rusanov, Boyko Gigov
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1. BLBenenue

[Ipun pazpaboTBaHETO HA MPENABATEIHN MEXaHU3MH
OT BCSIKAKBB THI HAl-TOJISIMO 3Ha4YE€HHE CE OTHCIS Ha
TSIXHATa eHepruiiHa edexrtuBHocT. CTOHHOCTTA Ha
KIIJl npu npenaBkuTe € KIFOUOB (PaKTOp 3a pelaBa-
HETO Ha BOKHUTE ITI00ATHN TPOOIEMH - EKOJIOTMYHH-
AT 1 eHepruiHuAT. OcBeH e(heKTUBHOCTTA, PelIaBallo
3HaYCHHE MMa M TMPUIOJHOCTTA 3a M3MOJI3BAaHE HA
KOHKpETEH THII IIpejaBKa, KOATO CE ONpeesst OT Heil-
HHTE MapaMeTpy KaTo CHJIOB M KMHEMaTH4eH Jauaria-
30H Ha U3MEHEHHE Ha NPEAABATETHOTO OTHOILICHHE.

Pasrnexxmanata obeMHa XHIpPOMEXaHWYHA TPENaBKa
(OXMII) ce chcTOM OT JBE pEryjIMpyeMd OOEMHH
XHUJIPOMAIIIUHU ¢ aKCHAIHO JBWKCHHE Ha OyTajiara u
KOHyCCH CI/IMCTpI/I‘-ICH INIAHCTCH MCXAaHHU3bBM. XapaK—
TEPHOTO 33 MEXaHUYHUS KJIOH Ha MpeaBKara € BUCO-
karta ctoitHoct Ha KIIJ] u HemocTarhka 4e mpemaBa-
TEITHOTO OTHOIIEHHE € C MOCTOSIHHA CTOMHOCT. XWJI-
poobeMHara Tpe/iaBka uMa ToJIsIM JTaria3oH Ha U3Me-
HCHHE Ha TPEJIABaTeIIHOTO OTHOIICHUE, OCOOCHO aKo
n OBETEC XHILpOMaHH/IHI/I ca perynnpyeMH, KaKTO € B
pasriexaanarta npefaska, Ho 1o KIIJ[ He e koHKY-
pCHTHa Ha TO3U OT ME€XaHUYHAaTa HpC}Z[aBKa.

Kakro MoXke 1a ce oyakBa KAYECTBECHUTE M KOJIM-
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YeCTBEHU MapaMeTpd Ha KOMOHMHHMpaHATa MpeaaBKa
OXMII 3aemat MACTO MEXTy T€3M Ha ChCTABIISABAIIIH-
Te s JIBa KJIOHA : MEXaHWYEH U XupaBindeH. MHTepec
IIPECTABIIABA ONPEACIAHETO OCBEH 10 M3YUCIUTENICH
BT, TAKA U C PEAIEH EKCIIEPUMEHT HAa XapaKTEpU3U-
paimre CHJIOBH, KHHEMAaTHYHM M €HEepPruiHM Tapa-
metpu Ha OXMII, u oTTaM f1a ce HampaBH OIEHKA 3a
IIPUTOAHOCTTA HAa TO3M BUJL IIPEJABKA 332 Bb3MOYKHUTE
IIPUIOKEHUST B TPAHCIIOPTHATA U TEIJIMTEIHA TEXHU-
Ka.

2. Cxema Ha crenaa 3a msnurBane na OXMII

CxeMaTu4HO YCTPOMCTBOTO Ha CTEHJA € IMOKa3aHO
Ha (urypara. Opranure 3a yrpasicHHE Ha MalIHHUTE
OT pa3IM4HUTE MOMYJIU ca [I0Ka3aHU Ha cxemata: L; e
JIOCT 32 YIPABJIEHHUE HA PEryjupyemara XUIpOMalllu-
Ha - [IOMIIa OT 3a/IBIDKBAIIATa XUIPOOOEMHa MpeiaB-
Ka; L, e jocT 3a ynpasiieHUe Ha peryiaupyemara Xui-
pomMalirHa - nomia OT M3CJICABAHUA JABYIOTOYHHS
MOJYJI, CBbp3aHa MCXAHWYHO C IUIAHCTHUA MEXaHU-
3bM Ha pasnpejenuTenHara Kytus; Ls e joct 3a yn-
paBJIeHHE Ha peryjiaupyeMara XuIpoMalliHa - XHIPOo-
MOTOp OT JBYHOTOYHMS MOJYJ], CBbp3aHa €IHOBpeE-
MCEHHO KbM IUVTaHETHUA MEXAaHU3BM U U3XOJAIHNA Ball;
L, e noct 3a ynpasieHHe Ha peryaupyemara Xuapo-
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MallrHa - IOMIIa Ha HaToBapBallaTa cnmpayka. L u F
ca MOJIOKEHHMSI Ha JIOCTA 32 YIIpaBJeHHEe HA BKIIFOUCHA-
Ta NpeJaBKa B PeIyKTopa Ha paslpee/iuTeNIHaTa Ky-
THSL

3.M3MepBaHy U M34YMCJIEHH BeJIMYHUHU.

P, - xoHCyMHpaHaTa aKkTWBHA MOIIHOCT OT €/HaTa
¢aza Ha 3aJBWKBAIINSL enektpojpuraren. OO0
¢azuTe ca TpH, KaTo ce MpruemMa 4e ToBapa B HAMOTKH-
TE Ha EJIeKTPOJBUraTeNs € cuMeTpudeH. M3mepsa ce ¢
BaTMeThp. OOIIaTa 3a eNeKTPOABUraTeNst KOHCYMHUpa-
Ha MOIITHOCT € :

P=3.P W

Ap — HansTaHusITa Ha paboTHATA TEYHOCT B paboT-
HHUTE MarucTpajii Ha XUAPOOOEMHHTE TpeIaBKH, W3-
TMOJI3BaHM B cTeHa. M3uncisBa ce kaTo pasnukara ot
HaJISITaHeTO Ha HAINOPHUSI U CBBP3BAIUS TPHOOMpPO-
BoJI. MI3MepBar ce ¢ MeXaHWYHU MaHOMETPU C H3KITIO-
YeHHUEe Ha HAMOPHHAT TPHOOMPOBOJ HAa W3CICABAHMUS
JIBYIIOTOUEH MOJYJI, KBJIETO CE€ OTYHTA C EIeKTpUYec-
ku npeoOpasysaren tun PSPR ¢ kmac Ha TOuHOCT
0.5%, 3axpanBaio Hanpesxenue ot 10 g0 30V mocto-
SHeH TOK, W3XOJHOTO HAlpeKeHue € IpaBo-
MPOIIOPLIMOHATTHO HAa M3MEPBAaHOTO HAJSITAaHE U Ce
npomens B rpanutute ot 0 1o 10V.

Ap123=Pai23 - Pei23 »Pa

KbACTO pa € HAJIAraHS Ha pa60THaTa TCYHOCT B Ha-

255

HaTtosapeawa

Moayn cvpavka

Two-stream
hydromechanical
unit

Eneqry
absorb
unit

MOPHUTE TPHOOIIPOBO/IN, P € HAISTaHETO Ha PaboT-
HaTa TEYHOCT B CBBP3BAIIUTE TPHOOIPOBOIN, KOETO C
MpUOTIKEHUE Ce CUUTa Y€ € PaBHO Ha 3aXPaHBaIIOTO
HaJsiraHe Ha xuapomaiuuHure. Munekcure 1, 2 u 3 ca
3a WICHTU(HIIUPAHE Ha MTPUHAJUISKHOCTTa KbM KOHK-
peTHata XUApPOOOEMHA TIpe/laBKa KaKTO CIIe/Ba: 3ajI-
BWDKBAIIl PETYJIMPYEM MOJYIT; JBYIIOTOUEH MOIYT H
HATOBapBAIIIO YCTPOHCTBO.

‘brioBure monmokeHust Ha JloctoBeTe L3, 4. ce U3-
MepBar C eNeKTPHYECKH Mpeodpa3yBarell - MOTEHIH-
OMeTBD 3a 3aBbpTane ¢ ooxsat ot 0 1o 270 rpamyca ¢
JIMHEHHA XapaKTepUCTHKA, 3a Jla C€ OMpPEeIeNsT
Kv),34 — oTHOCHTEITHYS paboTEeH 00eM Ha PeryJmpy-
eMHTE XHIPOMAIINHU B cTeHAa. Kbaero Vi, e Teky-
IaTa CTOMHOCT Ha paboTHHS 00eM * 10 m? s

mek

Kvip34 =

b

Viux € MAKCUMaIHUS paboTeH 00eM Ha ChOTBETHATA
XUJIpOMAIInHa, * 10° m® . Munexcure 1,2,3 u 4 on-
penensT MpUHA/UIeKHOCTTa CHOTBETHO KBbM: XMIPO-
MoMIIaTa Ha 3a/IBMKBAIUS MOJYJ; XHMJIpOMalllHaTa
OT JIBYHIOTOUHMS MOJyJ, CBbp3aHa CaMO C IIaHETHHS
MEXaHW3bM; XHUPOMAIIMHATa OT JBYMOTOYHMS MO-
JlyJ1, CBbp3aHa ¢ W3XOJAIIMUS BaJl M XUPOIIOMIIaTa Ha
HaTOBapBaIloTO ycrpoiictBo. IIpu onpenensHero ce
npuema, 4ye mpeaaBarenHaTa QyHKIHSA Vi = (@) e
JIMHEHHa, KBJIETO (¢ € BIBIBT Ha 3aBbpPTaHe Ha JIocTa



3a yIpaBJICHUE HA Pa3NpeIeIUTENs, YITPABIIBAIIl HaK-
JIOHEHMSI TUCK 3a M3MEHEHHE Ha V o .

T — BbpTSAIIMSI MOMEHT, JICUCTBAIIl Ha HEMOABUKHO-
TO IDIAHETHO KOJIENIO OT audepeHImaia Ha XHUIPO-
MeXaHWJHaTa npenaBarenHa KyTtus. C oTduTaHe Ha
TpUEHETO B AudEepeHIManHus MeXaHu3bM My, , , ce
W3YHCIISIBA BBPTSIMINS MOMEHT Ha BXOISIIMS BaJI B
JIBYTIOTOUHMSI MOJTYJT - My o

MBXOXMH =T- MTp M > Nm
MTp m = f(T’ Mo, Ny oxmn)a Nm

KbJeTO M, € MOMEHT Ha YCJIOBHO ITPHUETH TIOCTOSHHU
3aryom (MeTojia ce MPOBESXKIA MPU TIOCTOSHHA BITIOBA
CKOPOCT, BBPTSIII] MOMEHT U TEMITepaTypa Ha BBIIPOC-
HUTE 3BCHA) Ha BHPTAI] MOMEHT B Ju()epeHITHMATHIS
Mexaam3bM Ha XMIIK, BKiIFOUBaI JUCKOBHUTE 3aryOH,
TPUEHETO B JIATEPUTE M YILTbTHUTENMUTE. M3MepBaneTo
Ha T cTaBa C TEH30OMETPHUEH MOCT M yCHJIBATeNl Ha
CUTHAJIA.

Q — nebuta Ha paboTHATa TEUYHOCT B pabOTHATA Ma-

TUCTpajia Ha XUAPOMAIIUHHUTE OT JBYMOTOYHUS MOIYIT
CC OTYMWTa JMPEKTHO OT AeOMTOMEpa, MOHTHUpPAH Ha
HaropHus TpHOOPoBos B I/ min .
n; € YecToTaTa Ha BHPTEHE Ha M3XOSIIHUS Bl OT 3a/I-
BIDKBaIara xuapoodbemna nmpeaaBka C W34ncieHue ce
OTIpEIIeIIsl CKOPOCTTA HA BHPTEHE Ha BXOSIINS BT Ha
JIBYTIOTOYHMSI MOMYJT - Njgqm, Th KAaTO € OCUTypeHa
TBBpJa Bpb3Ka Ha KMHEMaTHYHATA CXEMa Ha XHUIIPO-
MEXaHWYHATa IpeaBaTeiHa KyTusi, 4pe3 OJIOKUpaHe
Ha XuapoTpaHchopMaropa.

nl*2

, min

Nioxun =

16.1.

KBJIETO 1, ;;, € TIPEIABATEITHOTO YUCIIO HA BKITFOUCHATA
npenaBka B XMIIK, 2 e npenaBaTenHOTO OTHOIIEHHE
Ha mudepenimana or XMIIK npu Gnokupano ma-
HeTHO Koueno. [IpeoOpasyBarenurte 3a CKOpOCT Ha
BBPTEHE Ca M3rPajIeHN OT ONTPOHHH EIEMEHTH, pado-
TelM ¢ MHPpaYEPBEHHN JTbYH. Ny — CKOPOCTTA Ha Bbp-
TCHC Ha U3XOIAIIMA BaJl HA ABYIIOTOYHHA MOIYJI, KOsI-
TO CBIVIACHO CXeMaTa Ha CTeHJa ChBIAJa C Ta3W Ha
HaTOBapBallara XuapoodeMHa CITUpavKa.

Beryku n30poeHH eNeKTpUYecKr CHIHAIM MOCTBII-
Bar B uHTEep(eiic, CBbp3aH C TIepcoHaNeH KOMITIOTED,
KBJIETO TOKa3aHUsITA CE BU3yallM3UpaT W 3allicBaT B
pearHo Bpeme. Ha cxemara He ca MOKa3aHH TEpMO-
METPUYHUTE TIPeoOpa3yBaTeNu ¢ KOUTO CE CIIEH TOI-
JIMHHOTO CBCTOSHUEC Ha pa6OTHI/ITC MalInHu, KOCTO HE
TpsiOBa /2 ce TPOMEHS B TMPOIBDKHTEIHOCTTA HA
CHEMaHe Ha JJaHHWTE OT e/Ha pabOTHA TOYKa Ha Ter-
JIMTETHO-CKOPOCTHATA XapaKTepUCTHKa, 32 Jia ce Ta-
paHTHpa YCTAaHOBEHUSIT PEXKUM Ha padoTa Ha CTCH/A.

3a ompenenane Ha KIIJl Ha u3crnenBaHus MOIys ce
MoJ3Ba m3pasza: N = i *iy , KbETO i, € CUIIOBO MpeiaBa-
TEJIHO OTHOIICHUE, ik € KMHCMATU4YHO MPEAaBaTCIHO
OTHOIIICHHE.
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_n2

ik - [

oxmn nlox.un

M. € BBPTALIMAT MOMEHT, U3pa3XxoJBaH OT HATO-
BapBalliaTa XuIporoMIla, YUSITO CTOMHOCT Ce M3UHC-
nsiBa oT BXoaHuTe ganuu: Ap3;Kv4, karo ce otuerar u
cuiioBUTe 3aryou B rnommata (xunpomexanudeH KI1/]
— Nz = f(np, Ap3 , Kv4) ), CHETH eKcIieprUMEHTAITHO.

Ap, *Kv, *V, Nm
nhm3

3a w3umcrneHne Ha oOemuure KIIJ| Ha Xuapo-
MAIIIMHUTE OT )IBYHOTO‘IHI/IH MO,ZIyJ'[ CC I10JI3BAT 3aBU-
CHMOCTHTE:

Mcn =

Q

n,, *Kv,*V, ’
CBBp3aHa caMo C IUTAaHETHUSI MEXaHM3bM, KOSITO pabo-
TH CaMO B TIOMITEH PEKUM TPU BCUYKH PAOOTHH TOUKH
Ha CHEMAHE Ha TETJIMTEIHO-CKOPOCTHATA XapaKTEPUC-
Tuka. Yecrorara Ha BBPTCHC Ha BBIIPOCHATA XUAPO-
MalllMHa C€ U34YHCJIsiBa OT 3aBUCUMOCTUTE HA BIJIOBU-
TE CKOPOCTH Ha 3BeHATa OT KOHYCEH CHMETPHYEH JIH-
(depeHmat:

Nvpy = — 3a XyJIpoMalluHaTa,

n BX OXMIIT

i,

KBJIETO i, € MPEelaBaTeIHOTO YKCIIO Ha BKJIIOYEHATa
npenaBka B PK.
n, * Kv, *V,
TIVMV = ’

Q

CBbp3aHa ¢ m3xoasauwms Ban. Hali-Huckara cTOMHOCT
Ha obdemuusT KII/ Ha xuapomammnara, padoremia B
TIOMIIEH PEXKHUM - Ty, MOXKeE Ja Objie onpeziesieHa B
XapakTepHaTa TOUKa Ha T. Hap. “‘CTON PEXUM’, KOraTo
Ap, 3aeMa MakCUMaJIHaTa CH CTOMHOCT a N, BCE OLE €
Hys1a. M34ncnennero Ha CTOMHOCTTa Ha Typ, BBB BbII-
pOCHaTa TouKa € IoKa3arell 3a TEXHUYECKOTO ChCTOs-
HHE Ha XMIPOIOMIIATa OTKbM XEPMETHYHOCTTa Ha
nomreHuTe i eneMeHTH. OTHOCHO OIpenessIHETO Ha
MEXaHHUYHOTO CHCTOSIHME Ha XUIPOMAIIMHHUTE MOTaT
Jia OBJAT ONPENENIEHHN Nypy M vy IPH Pa3sBEPTaHE HA
M3XOAAIIMS BaJl Ha JBYNOTOYHMS MOIYJ Ha IpaseH
XOIl, IpH JAEMOHTHpAH Bajl 32 3aJBW)KBaHE HA HATO-
BapBallOTO YCTPOWCTBO, MPH KOETO CTOMHOCTTAa HA
Ap, 3aBHUCH TPaBOIPONOPLMOHATIHO Ha XHUApPOMEXa-
HUYHUTE 3aryOu B XUJPABIMYHUS KJIOH Ha JABYIOTOY-
Husg Moayi. IloctposBaHero Ha naBeTe XapaKTepHU
KpUBM: Ha “‘CTON-PEKUM~ U “pa3BbpTaHe Ha IMPa3eH
xon” -

Ap, =1 (n,) ,HOCH BaykHa MH(MOPMAIHS 32 TEXHUIIECKO-
TO CBCTOSIHME Ha XUAPOMAILMHUTE, KOETO € OT 0co0e-
HO 3HAUCHHUE NPU NpEAlpUEMaHe Ha aHATUTHYHO OI-
peznensHe Ha 3aryouTe, B3eMaHH OT NaCHOPTHUTE JaH-
HH, JaZICHN OT IPOU3BOANTEIIS.

.
Npy = —n,, mn

3a XuApomalivHarta,
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CTOMHOCTUTE HA Mypy M Nymy » KAKTO U Nimpy U Ny
(XHIpOMEXaHUYHHUTE 3aTy0H B XUAPO-MAITMHUTE) MO-
rar ja ObHaT ONpeAeieHH W IO W3YMCIUTENICH ITbT,
KaTo Ce B3eMaT HAroTOBO OT XapaKTEPUCTHKHTE Ha
3aryOuTe, KOWTO Ca W3BECTHH, UMAaT Pa3UdHA MaTe-
MaTHYECKH MOJIEITH 32 TSXHOTO OMMCAHKE C PA3INIHO
npuOIKEeHNe ¥ IMaT BUJIA:

T]va, Vmv; hmpv; hmmv = f(KV’ KP, Kn)a -

s
n

max

Kn = - TIapaMeThp, OTUYMTAI YecToTaTa Ha
BBPTEHE HA BaJla HA KOHKPETHATA XUIPOMAILUHA.

OcCBeH M3UKMCIIMTENHMSA METOJL 32 CTOMHOCTTA HA Mypy
U Myyy CHILIECTBYBA OLIEC €IUH BAPUAHT HA OIMUTHO OI-
penensHe, HO He MPU MOCTOSIHHA MOLIHOCT, [0JJaBaHa
Ha BXOJa Ha JBYMOTOYHHAT Moyl llo-koHkpeTHO
BBIIPOCHATA METOJIMKA LIEIU MOCTPOSIBAHE HA 3aBUCH-
MOCTHTE: Mypy, vmy = { (Ma, 1), KOETO ce mocTura ¢ yc-
TaHOBSIBAaHE Ha TIOCTOSIHHA CTOMHOCT HA Nign U Ko 3
Y 4pe3 MpOMsHA Ha CHIIPOTUBUTEIHUS MOMEHT, TIOTa-
CSIBaH OT HATOBApBaIIOTO YCTPOHCTBO M, ce oTumTa
KMHEeMaTuJHaTa 3ary0a Ha CKOPOCT, KOSITO C€ JBJIKH
Ha 00EeMHUTE 3aryOu B XHIPABIMYHUS KJIOH Ha JIBYTIO-
TOYHHUS MOJIYT T|y. V3cienBaneTo ce mpaBy 3a BCHUKH
BB3MOXKHH KOMOMHAITMHN HA Nioxy; U KV, 3 KaTo 1IeNTa
€ Jla ce aHAIM3Mpa ChOTBETCTBHETO MEXKIy PEaTHUTE
CTOMHOCTH Ha OOEMHHWTE 3aryOW B XUJIPABIUYHUS
KJIOH U aHAJIUTHYHO TIOTyYEeHUTE.

Oo6mmsr xunpomexanmdeH KIIJI- my, Ha xuapo-
MAIIIMHUTE OT M3CIIE/IBAHUS MO MOXKe Jla Ob/ie Orl-
peneneH Hai-TecCHO B pa0OTHAaTa TOYKAa MPU KOSTO
T epeHIMaTHAAT MEXaHU3bM Ha IBYTIOTOYHHAT MO-
JIyJT HE € CPadOTHII — MM Cce B TIPEJIBH/I, KOTATO BIJIO-
BUTE CKOPOCTH HA TUIAHETHUTE KOJIENIa U Kacerara My
ca eqHakBu. Torasa 3aryou OT TprueHe B TU(epeHIHa-
na ymrcBar u crorHocrra Ha KIIJ] Ha MexaHmdHata
YacT OT JBYMOTOYHHUSI MOAYI Tyex € MaKCHMaJIHA.

n 1
OXMIT
. s

1,
min” , a croiirocTTa Ha Nm = T (M, np) pu GroKHpan
mudepeHmman ce B3eMa OT JPYro u3cieBaHe. 3a orl-
PEIeNsIHETO My Cce M3X0XK/Ia OT TeopeMaTa 3a pa3ies-
HE Ha MOIITHOCTHUTE TTOTOITH OT U3paza:

P3ar OXMIT = P3arh + P3arm ’ W

BwnpocHuAT pexuM ce Xxapakrepusupa ¢ np =
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KbAeTO P oxwvr €a 3aryOuTe B JBYIIOTOYHHUS MOJIYT;
P,.r,3a 3ary0uTe caMo B XUAPaBINIHUS KIIOH; Py, 1, ca
3aryoure B MexaHnuHus KjioH. Criope/ Teopemara 3a
pa3iessiHe Ha MOIIHOCTHHUTE TIOTOITM CTOMHOCTTA 00-
st KITJI Ha aBynorouHaTa npenaBka (MoJyJ1) 3ae-
Ma CcToiHOCT Mexay croiiHoctute Ha KII/I Ha cberas-
JIABAIUTE 1 IPEAaBKU, IMPH YCJIOBHUC , UC HAMA HAJIMIIC
IUPKYJas Ha MOITHOCT. B oOmmust ciryyaii Mmoxke j1a
CC TBbPJU Y€
Mo Ny <N <My

N3paza 3a 3aryOnTe Ha MOITHOCT MOXKE Jia Ce TMpec-
TaBU U 110 CJICTHS 3aIIHC:

Pexoxmr™(1-n) = Py*(1- Mow™ M) + Py (1- M),
KBIAETO Prxoxmm = Max oxam Nioser-1/30, W' € BXosiia-
Ta MOIIHOCT B JIBYITOTOYHHS MOAYIT; 1| € oomrust KIT/I
Ha JBYIIOTOYHHUSI MOJYJ; Py, € MOLIHOCTTA, KOSITO MU-
HaBa NpE3 XUAPaBINYHUA KJIIOH Ha Ip€aaBKaTa Ph =
Max o™ Do ¥ Nu/2 — TOBA € MOIITHOCTTA, KOSITO Ce
MO/IaBa Ha €THOTO TUIAHETHO KOJIENIO Ha JU(epeHI-
QTHUST MEXAHU3BM, C KOSTO € CBbP3aHa CaMO XUIPO-
romriara Ha JABYIIOTOYHUSI MOyJ; Py, € cToliHOCTTa Ha
MOUIHOCTHHS IMOTOK, MPEMHHABAI MPE3 MCXaHUYHUS
KJIOH Ha JIBYMOTOYHHUS MOIYIN; M, € KII/| nHa mexa-
HUYHUS KJIOH Ha M3CIEBAaHUS MOIYI; My, My € 00-
st KI1J] va xunpasmmanaus kioH. [loHexe BbIpoc-
HUA I[I/I(i)epeHHI/IaJIeH MEXaHU3bM € CUMETPUYCH U CC
sIBSIBA KaTO TOYKA HA Pa3JIeNisiHe Ha MOIIHOCTHUTE TIO-
TOIM Ha MEXaHWYCH U XUJAPABJINYCH, CUJIOBHA ITOTOK
ce pasziensi Ha JIBe paBHH YacTH, aKo ce IpeHedperHar
3aryouTe oT TpreHe. ToBa npeHeOperBaHe Ha 3aryou-
T€ OT TPHEHE B TUdepeHIralia ¢ yI00HO0 Ja ce IpreMe
3a pabOTHaTa TOYKA OT M3CJICBAHETO, KOTaToO JBETE
IUTAHETHU KOJIeJa CE€ BBPTAT C €IHAKBU BITIOBU CKO-
pOCTH, TIOHEKE B TO3M MOMEHT HsMa CHJIOBU 3aryOu
oT TpueHe B qudepenimaia. OT eTHOBPEMEHHOTO pa-
BEHCTBO Ha BBPTAUIUTE MOMEHTH, JIEMUCTBALIM HA JBE-
T€ TUIAHETHH KOJIENA M BIJIOBUTE i CKOPOCTH, CIIC/IBa
Y€ M JBaTa MOIIHOCTHHM IIOTOKa MMaT €JHaKBa CTOM-
Hoct P, = P, , KoeTo ce oTpassiBa KOJTUYECTBEHO HA
M3pasa 3a TeopeMara Ha MOIITHOCTHHUTE TTOTOIH ¥ BOAX
JI0 HETOBOTO OIIPOCTSIBAHE U Clie]l IpepadoTKa ce Mo-
JyJaBa:

2% -1,
M= >~

Vv




4. Metonuka 3a cHeMaHe HA TeIrJIMTEJIHO-
cKOpocTHaTa xapakrepuctuka Ha OXMII,
NpU TMOCTOSIHHA MOLIHOCT , MPUJIOKEHA Ha
BXO/ISIIMAT BaJ.

Merona menmum Aa ce OmpenensT MapaMeTpuTe Ha
MOIITHOCTHUTE TOTOLM — BIVIOBA CKOPOCT U BBPTSIILL
MOMEHT 3a Hal-CBLIECTBEHUTE, ONMPENeISIII OO
KIIZ Ha mpenmaBkata JiBa MEXAaHWYHHM MOIIHOCTHH
MOTOKA - TE3W Ha BXOJIIMA M U3XOIIMA BaJ, U Ha-
JsIraHeTo U ie0urta B paOOTHUTE MarkuCTpaid Ha JBETE
XUJPOMAILIMHY,  TPEACTABISABAIIM  XUJPABINYHUS
ki10H Ha OXMII. OmnpenensHeTo Ha MapaMeTpUTe Ha
XUAPABIMYHUS KJIOH MOXe Ja ObJie MPOITYyCHATO aKo
HesiTa € J1a ce ONpeAeNy caMo ollara CTOHHOCT Ha
KIIJ] na mpenaBkara Kato LsUIO, HO 3a ONPEAECIsSHE U
aHAIM3UpPAHE Ha MOBEJECHUETO HA KOHKPETHUTE CHJIO-
BU M KHHEMAaTHYHH 3aTyOU B XUAPOMAILIMHUTE U CBBP-
3BaIllTE TY TPHOOIPOBOIM TOBA € HEOOXOIMMO.

[Ipu moctposiBaHe Ha TOYKHTE OT TETJIUTEITHO-
CKOPOCTHATa XapaKTePHUCTUKA B JIA0OPaTOPHH YCIIO-
BUS C€ CHMYIIpa padoTara Ha TpPaHCIIOPTHATA WA
TETNIMTETHA MAIllHA B PEaTHU PEKUMH Ha JIBIDKCHHE
C pa3nMyHd KOMOMHAIMK Ha CyMapHaTa ChIPOTHBHU-
TEeTHA CHJIa ¥ CKOPOCT Ha JIBHKEHHE TPU TOCTOSIHHA
MaKCHMaJlHa MOIITHOCT, T0/IaBaHa OT JBUTATeNs] KbM
TpaHcMHUcHsATA. Taka IMoJydeHaTa TETJIUTENHO- CKO-
pPOCTHa XapaKTEepUCTHKAa OT BHHIIIHATA YECTOTHA Xa-
paKTepuCTHKa Ha JABUTaTens (ToYKarta ¢ HOMHHAIIHA
MOIITHOCT) € OCHOBA 3a W3YMCIISIBAHE Ha TPOU3BOAM-
TETHOCTTa ¥ TOpUBHATAa MKOHOMHYHOCT Ha MallliHATa
B KOSITO TPAHCMHCHsI OW ce M3M0NI3BajIa Ta3u NpejaBka
B KaQYeCTBOTO Ha Npe/iaBaTesiHa KyTHsl.

Meronukara e cneanata:1. Ilpeau myckane Ha
CTEHJIa Ce MPOBEpsiBaT HIUBOTO HAa MAaclIOTO BbB BCHY-
KU KPBroBe Ha XU/IPABIMYHUTE KIIOHOBE HA : 3a]IBHIK-
BaIaTa XuapooOoeMHa NpelaBKa, HIBOTO Ha MaclioTO
B KapTepa Ha XWJIpPOMEXaHM4YHATa Tpe/laBaTellHa Ky-
TUsI ¢ Au(epeHIan, KakTo U B pasnpeeruTesHaTa
KyTHs, PE3epBOAphT Ha JBETE XUAPOMAIIWHH, W3T-
paKmaly JBYMOTOYHATA TpeJaBKa M Ha HATOBapBa-
mata obemHa xunpomarmHa. 2. [IpoBepsiBa ce HeyT-
PaJTHOTO TIONIOXKEHUE HA YITPABISBAIIUTE JIOCTOBE Ha
BCHYKH XUJIPOMAIIIVHH C IIeT OCHOBHUSIT JIBUTATEN J1a
ce TMyCHE B XOJl 0e3 JOMBJIHUTEIIHO HAaTOBapBaHE. 3.
BrumrouBa ce 3axpaHBaHETO Ha M3MepBaTellHATA arla-
parypa u ce TpoBepsBaT OOXBAaTHTE Ha ITOKA3aHHATA
Ha TOTEHIIMOMETPUYHHTE ATYHIN 32 MOJIOKEHNE Ha
VIIPaBJIABAIIMTE JIOCTOBE, KAaTO CE IPEMECTBAT JI0
KpaiiHuTe M nonoxkenus. [Ipasu ce Tect Ha OGaTepus-
Ta, 3aXpaHBalla AeOnTOMEepa, MOHTHUpAH TOCIIEIOBa-
TETHO B paboTHATa MarwcTpajia Ha XUIPOMAIIUHHTE
Ha AByHOTOYHUSI Moayd. 4. IIbpBoHauaHO ce mycka
GIIEKTPOBUTATENSI HA TPUCEKIIMOHHATA XHPaBIIUHA
TIOMTIa ¥ C€ CIIeTN JIaJi TIOKA3aHHUETO Ha 3aXpaHBaIlo-
TO HaJISiTaHe BHB TPUTE MATUCTPAIX JIOCTHTA 33/1a/1e-

258

HaTa CH OT PeIyKIMOHHUTE KJaraHu cTohHocT. Or-
Jex/a ce 3a Hajauuue Ha Tedose. 5. [lycka ce ocHOB-
HUAT ABUratesl, KaTo ce CleJu CTOMHOCTTAa Ha KOHCY-
MHpaHaTa MOIIHOCT C LIeJI 1a HE Ce IIPETOBapy ABUra-
temst. 6. Ilpenu pa3BbpTaHETO Ha BXOJUILIMS Basl HA
W3CIIEABAHUAT JIBYIIOTOYEH MOJYJI CE BKJIIOUYBA B CTa-
IIMOHAPHO TTOJIOKEHUE Hal-ObP30X0/IHATA TIpEe/IaBKa B
XUAPOMEXaHNYHaTa MnpeaaBaTciiHa KyTus, Ype3 CbOT-
BETHATa KOM6I/IH3HI/I$I Ha BKJIIOYCHUTE 3axXpaHBallu
MPEKbBCBA4YM, YIIpaBsABallld COJICHOMAHHWUTC KllallaHW
3a ynpaBiieHUe Ha Kyrtusra. 7. M3Bexna ce jocra 3a
yIIpaBlIeHUE Ha 3aJIBIDKBAIIATA XUIPOOOEMHA TIpe/iaB-
Ka OT HEYTPAIHO MOJI0KEHNE, JOKATO Ce pa3BHe Iieje-
BaTa CKOPOCT Ha BbPTEHE Ha BXOIAIIMA Bajl Ha JBYIIO-
TOYHHAT MOOYJL. HpI/I TOBA IIOJIOKCHHUE H3XOIAIIHSA
BaJl Ha JIBYITOTOYHHSI MOJIYJI C€ Pa3BbpTa ChC CKOPOCT
Ha BBPTEHE, OIpe/elieHa OT TMPEAaBaTeIHOTO OTHO-
IICHHE Ha PEIyKTOpa B paslpeleNiuTe]IHATa KyTHS,
TOHCKE XUJAPOMAaIMHUTE OT ABYIIOTOYHATA ITPCIaBKa
ca B HeyTpaJHO mosokeHue. Llenta e na ce pa3BbpTH
BaJla Ha HaTOBapBalllaTa XWApPOMAIMHA 3a J1a Ce 3ar-
psABa MacCJIOTO U B HEA. 3a MMo-MHTEH3UBHO HapacTBaHC
Ha TeMmrepaTypaTa Ha paboTHaTa TEYHOCT MOJKE J1a ce
3ajla7iec HaTOBapBaHe, Ype3 M3BEeXKAaHEe Ha JocTa 3a
VIIpaBlIeHHE OT HEYTPATHOTO My TIOJIOKECHHE Ha XUJI-
poobeMHaTa crimpayka — ToBa € He0OXOIMMO 32 JIa ce
JOCTUTHAT HOPMAJIHUTE DPAOOTHU TEMIIEpaTypyd Ha
BB3IHTE, TPU KOUTO Ca BATUHU 3aBUCHMOCTHTE 32
ompeJielisiHE Ha XUIPOMEXaHUIHHUTE 3aryOH B TsX. 8.
[penu na 3amoyHe CHIMHCKATA YaCcT HA H3MEPBAHETO
3aJIBWKBAIIIMS BaJl HA JABYIIOTOYHUS MOJYJI TpsiOBa ja
CE YCTaHOBH B TIOKOH, Ype3 IMOCTABSHETO HA JIOCTA HA
3a/IBIDKBAIINS XUIPOOOEMEH MOJYJI B HEYTPAIHO TI0-
JIO)KEHHUE, ChIO TaKa M Ha HATOBapBaIllaTa CIIMPavKa C
1eJ MOCIeIBaIo MyckaHe 0e3 MOIBJIHUTEIHO HaTO-
BapBaHe a JIOCTOBETE 3a YIpaBJieHWe Ha XUAPOMAIIIH-
HUTC OT ABYIIOTOYHMAT MOAYJI Ja C€ NpUBCHAAT B I10-
JIO)KEHHE Ha pa3BbpTaHe OT MOKOH Ha W3XOSAIINS Ball
— Taka Cce CUMYJMpa MOTEIJITHE OT MSICTO Ha TpaHC-
[IOPTHaTa MalluHA. B KOHKpETHUs Cilydail Xuapoma-
[IMHATa MOHTHUPAHA Ha U3XOSLINS BaJl € HEOOXOIUMO
Jia € ¢ TOJIOKEHHE Ha HAKJIOHEHHs AMCK Ha MaKCHMa-
JieH paboTeH obeM, XHUIpoMallldHaTa , CBbp3aHa C
TUIAHETHHSI MEXaHU3bM JIa € B HEYTPAITHO MOJIOYKESHHE
Ha HakJIOHEHMs JUCcK. 9. 3aaBa ce HOMUHAIHATA CKO-
POCT Ha BbPTCHE HA BXOAAIIMA Ball Ha JBYIOTOYHHS
MOJTyJI Ype3 JIOCTa 3a YIpaBlIeHWe Ha XHUAPOIOoMIIaTa
OT 33JBWKBALLMS MOAYJ. B TOBa ChbCTOSIHUE CE CUMY-
JIMpa HETIO/IBMKHA TPAHCIIOPTHA MalldHa ¢ paboTel
JIBUTATEI1, IPH KOETO CE N3MepBa IiejieBaTa CKOPOCT Ha
BBbpTEHE Ha BXOJSIINS B HA JIBYIIOTOYHHS MOJIYI 32
ompesielisiHe Ha pealn3upaHuTe MpelIaBaTeIHN OTHO-
IIeHus1 Ha u3cienBanara npenaska. 10. [Ipusesxna ce
B JICHCTBHE JIOCTA 32 YIPABICHUE HA XUAPOMAIINHATA
OT ABYHNOTOYHHA MOAYJI, MOHTHpPaHa CaMO KbM ILIa-
HETHHSI MEXaHU3bM OT HEYTPATHO JI0 TIOJIOKEHHE Ha



MakcuUMajieH paboTeH obem. [Ipm ToBa mMmoJOXeHHE
JIBETE TTAHETHH KOJIENa Ce BhPTST C €JHAKBH CKOPOC-
TH, aKO C€ IpeHeOperHaT 00eMHHUTE 3aryOu B XHUAPO-
MaIlIMHUTE, THK KaTo JIOCTa Ha XWAPOOoOeMHaTa CIU-
padka Bce ole € He3azaelcTBaH. LlenTa e 1a ce pazBue
MaKCHMaJlHaTa CKOPOCT Ha BBPTEHE Ha HW3XOSIIHA
BaJI ¥ OT Hes Ja 3all0YHe CHEMaHETO Ha TOYKUTE OT
TETJTUTEITHO-CKOPOCTHATA XapPaKTePUCTHKA Ha JIBYIIO-
tounmaT Momayn. 11. C jocta Ha XuapoMammHaTa OT
JABYIIOTOYHMAT MO/YJI, MOHTUPAHA Ha U3XOJAIINA Bajl
Ha ce HamalsiBa pabOTHUSI 00eM, JIOKarto ce pa3BHe
MaKCHUMaJIHaTa CKOpOCT Ha BepTeHe. 12. [IpuBeka ce
JIoCcTa Ha HATOBapBallaTa XUIPOMAIIiHA C OTpesee-
Ha CTBIIKA, B TIOCOKA yBEIIMYaBaHe HA PabOTHHS 00eM,
JIOKaTo ce JIOCTHUTHE IIeJieBaTa CTOWHOCT Ha KOHCYMH-
paHaTta MOIHOCT OT 3aJ[BI)KBAIIHS EICKTPOJIBUTATEN.
13. CHemar ce BCHYKHM W3MEPBAHU BEJIMYMHU C TIET
N3YNCIIABAaHE Ha BCHUYKW BB3MOXXHU CIIOPEH CKHUIIU-
poBKara Ha cTeHaa mapamerpu. 14. Jlocta Ha XUmpo-
MalllMHATa , MOHTUPAHA HA U3XOISIIMS Bl HA IBYIIO-
TOYHHSI MOJTYJI C€ TIPEMECTBa B TIOCOKA Ha YBEJINYaBa-
He Ha paboTHHUS 00eM C KOETO ce HaMalsiBa CKOPOCTTa
Ha BbPTEHE Ha M3XO0/1a Ha M3CIIeBaHaTa rpeiaBka. 15.
IToBtapst ce T. 12 u 13, gOKaTO Ce M3YEPIH BH3MOXK-
HOCTTAa 32 yBellMYaBaHe Ha paboTHHS 00eM Ha peryliu-
pyemata xuapomainHa ot T.14. 16. Ilpoasmxasa ce ¢
HaMaJsiBaHe HAa OOOPOTUTE HA M3XOJSIIIMS Ball upe3
HaMaJsiBaHe Ha paOOTHUS o0eM, TIpe3 OIpejielicHa
CTBIIKA, Ha XHJApoMalllMHaTa, MOHTHpaHa KbM ILIa-
HETHHUSI MEXaHU3bM OT JBYMOTOUHUS MoayiL. 17. [Tos-
TapsaT ce T. 12 u 13, mokaro ce MOCTUTHE TOYKaTa OT
TETJINTETHO-CKOPOCTHATA XaPAKTEPUCTHKA C MHUHU-
MaJiHa CKOPOCT U MaKCHMAJICH BbPTSIIL MOMEHT, KOM-
TO € OrpaHH4eH OT CTOMHOCTTa HA HAJSIFAHETO HA
MacJioTo B pabOTHaTa MarucTpaia Wikl OT MUHUMAJ-
HUS paboTeH o0eM Ha xujapomaiiuHata oT T.16. 18.
Omnura ce MpoBek/Ia U B 00paTHa MOCIIEIOBATEITHOCT C
eI Jla e YCTAaHOBU HAIMYMETO Ha XUCTEpPe3UcC B MOC-
TPOSIBAHETO HA TEIJIUTEIHO-CKOPOCTHATA XapaKTepHC-
THKa B [I0OCOKA YBEJIMYaBaHE HA CKOPOCTTA Ha BbPTEHE
Ha U3XOA1Ius BaJl Ha ABYIIOTOYHUA MOAYJT U HaMaJld-
BaHC Ha BBPTAIINUA MOMCHT , IOracsdBaH OT HAaTOBap-
BaI[OTO YCTPOHCTBO. OCOOCHOTO B alNropuThbma IMpU
TOBA € Ye MPE/IH JIa ce MOCTUTHE CIIe/Balara To4Ka, ¢
MO-BHCOKA CTOMHOCT Ha CKOpPOCTTa, TpsiOBa Ja ce Ha-
Majid MPeABAPUTCIIHO BBPTALIWA MOMCHT, IOracsiBaH
OT HaToBapBaIaTa xuapomammna. 19. Jlocra Ha xun-
poobeMHara crMpavka ce MpeMecTBa Ha ONpEeiieHa
CTBIIKA B MOCOKA HaMaJlsIBaHE Ha pabOTHUS U 0OeM.
20. Jlocta Ha XMpOMAIIIMHATA, CBbP3aHa C MIIAHETHUS
MEXaHH3bM CE€ MPEMECTBA B ITOCOKA yBEIMYaBAHE HA
paboTHUST 00eM — 00OPOTUTE HA U3XO0Ja Ce YBEIMYa-
BaT, JIOKATO KOHCYMHpaHaTa MOIIHOCT OT 3aJBHKBa-
HIUS eIEKTPOJIBUIAaTeN JJOCTUIHE IIeJieBaTa CTOHHOCT.
21. Iosraps ce T.13. 22. IIpoawmxasa ce ¢ T. 19 u 20
JIOKATO C€ JIOCTUTHE JI0 MaKCHMalTHHsl paboTeH 00eM
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Ha XHUIPOMAIIIMHATA, CBhP3aHa C TUIAHETHUSI MEXaHU-
3pM. ClieJiBalnTe I0-BUCOKH CKOPOCTHU CE€ TIOCTHUTAT C
HaMaJIsiBaHe Ha paOoTHUSI 00eM Ha XHApOMAaIlIhHATa
OT JIBYIIOTOYHHUSI MOJYJ, MOHTHpaHa Ha W3XOISIIINS
Bain. 24. llocmemHata TOYKa OT  TETJIMTENHO-
CKOpPOCTHATA XapaKTEPUCTHKA CE OMpPEIEIisi OT HIKOE
OT CIICJIHUTE OTPAaHUYUTEITHN YCIIOBHS: KOHCYMHpaHa-
Ta MOLIHOCT Ha 3aABKKBallHA CJICKTPOABUIATE]l, Ha-
JSIFAHETO HAa MaclioTo B pabOTHUTE MAarucTpalii Ha
XUAPOMAIIWMHUTE OT ABYIIOTOYHHA MOJYJI, MaKCUMaJl-
HaTa CKOpPOCT Ha M3XOJAIIHA BaJl WIM MHUHUMaJIHO
JIONYCTUMHUAT PabOTeH 00eM Ha XuApOMallMHaTa,
MOHTHpaHa Ha W3XO0/a Ha IBYMOTOYHHUAT MOMYT. 25.
[pemecTBa ce J0cTa Ha HATOBapBAIATa XUAPOMAIIIHU-
Ha B HEYTPAJHO IOJIOKEHUE C LIe]l pa3roBapBaHe Ha
crerna. 26. Ilpemectsa ce jocTa Ha XHIPOMAIIMHATA
OT ABYIIOTOYHMA MOJZYJI, CBbp3aHa C IUIaHCTHUA MEXa-
HU3bM B HEYTPAIHO TIOJIOKEHHME, 32 J]a C€ YCTAaHOBU
M3XOSIIIHS BasT B mokoi. 27. IIpemecTsa ce jocTa Ha
33/IBIKBAIIATa XUPOTIOMIIA B HEYTPATHO ITOJIOKE-
HHUE 3a Jla C€ YCTAaHOBU B MOKOM M BXOJSILIUS BaJl Ha
nByrnotouHust Monydt. 28. IIpemecTBa ce B HEyTpaiIHO
TIOJIOYKECHHE TIOCIIEHO HA XHUIPOMAIINHATA, CBhP3aHa
C M3XOJISIIINS BaJI Ha JIBYIIOTOYHUSI MOJTYJ, 32 JIa HE ce
W3pas3xojiBa JIOMBIHATEHA CHEPrust TP TIOCIE/IBa-
moTo mmyckane. 29. M3kmoyBa ce 3aXpaHBaHETO Ha
CNIEKTPOJIBUTATEIIST HA Maclio3axpaHBaiara ypenoa.
30. M3kimrouBa ce 3aBIKBALHA eJIeKTpoaBurare. 31.
M3kimouBar ce 3axpaHBaHETO HA W3MEpBATEIHATA
arnaparypa U BEHTHJIaTOpHUTE Ha MACIOOXJIAIUTEITHTE.

Rosen Rusanov, Boyko Gigov
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