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Abstract. The investigation aims at the development of an efficient ejector applicable to the inflation system of automobile airbags.
The work consists in the design of the ejector together with an appropriate testing facility and a measurement complex. The
experiment is planned in three parts, measurement of pressure fields, high-speed video recording of the airbag inflation using the
designed ejector, and measurement of the entrainment (aspiration) ratio. For that, a few basic elements are built. They are the
pneumatic facility with a specially designed high-speed valve as its key element, the data acquisition, and processing system
controlled remotely to analyze pressure probe rake signals, and the stand to measure entrainment ratio values depending on the
ejector geometry and motive pressure values.

To satisfy the given engineering requirements, supersonic pulse aspirators are developed in various design versions, manufactured,
and tested in the Laboratory for Advanced Aerodynamics. Analysis of a number of experimentally obtained results showed their good
mutual concordance and a possibility to get the “cold-gas™ aspiration ratio, A = 3.16 — 1.57, depending on the motive pressure. The
new device has obvious advantages compared to the conventional pyrotechnic type: (1) provides their safe operation with big
airbags of the autonomous car, (2) eliminates injuries to occupants since aspirated airbags stop inflating on contact with any object
within a vehicle.
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Introduction

A supersonic pulse aspirated ejector (inflator) is developed for a driver’s airbag with the potential to be used in
airbags of any bigger sizes [1, 2]. It should initiate air aspiration from a car compartment into the 50 — 60 L airbag to
inflate it within 30 — 50 ms with the aspiration ratio above 4. The ejector model is designed on the basis of Prandtl-
Mayer flow analysis, in particular, using the generation of simple suction waves at a sharp edge of an expansion area.

Investigations were carried out as the combined numerical and experimental modeling. Numerical
recommendations outlined essential design features of models that were developed into aspirator design drawings,
fabrication, and further testing of models. Experiments were fulfilled in a specified facility driven by compressed air
with a high-speed cutoff which was built in the Laboratory for Advanced Aerodynamics & Interdisciplinary Research.
Multi-stage multivariate analysis of calculated and measured flow fields in a number of models under consideration
aimed at optimization of the aspirator geometry and its operational parameters.

As a result of successive design modifications, the concept feasibility was proven to satisfy the engineering
requirements.

Following formulated recommendations, parallel experiments using a small gas generator to initiate air
entrainment are held in the Shanghai East Joy Long Motor Company.

1. Introduction

The supersonic pulse ejector operation consists in the ambient air entrainment by the high-velocity primary jet
flow. The two flows interact in a mixing chamber of a diffuser type and become completely mixed at the exit from the
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mixing chamber. Correct design of all the constituent elements, a supersonic nozzle, a prechamber, a mixing chamber,
and their couplings contribute to the ejector efficiency together with properly chosen basic flow parameters.
Complicated processes in the ejector-diffuser system including flow unsteadiness, turbulent mixing, and compressibility
effects require special efforts to optimize the system operation that in general is characterized by relatively low
efficiency.

Understanding of these processes is of practical importance in applications, in particular, in the automotive
industry: such an ejector can be a part of the novel airbag inflation system. As such, it will provide greater safety on the
roads in a greater range of its applicability. The latter is especially fair for the explosively growing interest in
autonomous cars equipped with a number of big airbags that requires the development of a new approach to their
operation. Airbags controlled by aspirated inflators require smaller gas generators (of 1/3 size) compared to the
conventional gas generators; they will not harm occupants located randomly inside the compartment and will eliminate
satellite crash sensors and occupant sensors [3]. It is schematically illustrated in Fig. 1.

Thus the goal of this work is to develop a supersonic pulse aspiration system and to optimize it for a driver’s
airbag providing inflation of the 50 — 60 L airbag within ~ 30 ms with the aspiration ratio A > 4 (Fig. 2).

The basic complexity to solve this problem consists in limitations imposed by every one of these requirements
onto the others. Thus the only possible approach to find a satisfactory problem solution is a search of optimal
compromises between separate engineering solutions.

Steering wheel Airbag

Aspirated

Gas inflator

entrainment

Fig. 1. Operation of airbags with an aspirated Fig. 2. Aspirated inflator operation based on the
inflator system in autonomous cars: reduced entrainment of ambient air using the supersonic
cabin pressure, no harm to occupants [2, 3] pulse ejector

2. Investigation strategy

The investigations are planned as interconnected numerical and experimental studies on the basis of the
engineering requirements formulated for the resultant device. They start from the numerical evaluations of operation
modes and corresponding design elements [4]. The sought engineering solutions are to be essentially different from
those typical for stationary flow modes due to different physical nature of processes characterizing pulse supersonic
flow interaction with the entrained secondary flow [5, 6].

Basic elements of an axisymmetric supersonic pulse aspirator that require special design efforts are as follows.

e The geometry of the jet-forming ring-type slit and its coupling with a high-pressure zone. The design should
enable the passage of a pressure shock at the moment of the aspirator launch as well as the formation of a
resultant ejecting flow at given parameters.

e A numerical evaluation of the design is made for two temperature regimes. The hot gas case models gas
generator operation to produce the jet with according parameters. The cold gas case models the situation of
compressed gas experiments in accordance with relevant parameter values.

e Coupling of the slit with a diverging nozzle; determination of nozzle and mixing chamber geometry
producing required flow patterns to form the flow entrainment with a given flow rate and aspiration ratio.

e Matching of an inlet length and the shape of the axisymmetric aspirator at the atmospheric input pressure
with the geometry and gas-dynamic characteristics of its nozzle part.

e Coupling of an axisymmetric aspirator outlet with an airbag to provide a required excessive pressure in the
given airbag.

Being roughly evaluated, the design parameters are formulated as a guide to further engineering design and

experimental testing of the developed ejector model (see e.g. Fig. 3 [4]).
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The experimental testing aims at validation and corrections of given numerical estimates in terms of the designed
model operability in a given range of gas-dynamic parameters. After the aspirator design drawings are developed,
several models are manufactured with the consecutively modified aspirator parts and their couplings such as shapes and
dimensions of its nozzle, pre-chamber, mixing chamber, etc.

304 8.7
54.8 2 ‘53.5
mixing chamber To the airbag
Air entrainment .
gas generator
21.9

Fig. 3. Numerically recommended aspirator design with a set of linear and angular dimensions

The measurement program embraces 3 separate tasks mutually connected through certain model design features
and parameters as well as the range of motive pressure, Pp:

e measurement of pressure fields in the aspirator system,

e measurement of entrainment/aspiration ratio,

¢ high-speed video-recording of the airbag inflation using the developed aspirator.

The basic experimental effort is focused on the determination of optimal values of operational (motive) pressure
for the given aspirator geometry. Patterns of measured pressure fields using distributed pressure probes enable to
determine a dominant jet location within the aspirator housing (mixing chamber) and to recommend optimal sets of
parameters. Stable behavior of the supersonic jet within 30-40 ms implies a stable entrainment/aspiration process which
is not essentially deteriorated with flow separation or relocation of the initiating jet. Conclusions on the aspirator
operability and recommendations on its design are substantiated with measured aspiration ratios and video-recorded
inflation process of an airbag.

3. Experiment arrangement

A dedicated pneumatic experimental facility (Fig. 4)
was designed and fabricated to test developed ejector systems
[7, 8]. It includes high-pressure tanks (250 bar), reduction
valve, receiver (150 bar), pressure gauges, a high-speed valve,
high- and low-pressure compressors, data acquisition and
processing system, high-speed camera.

The specially designed UHSV-1 high-speed valve is
electronically controlled. The time from the valve powering
(control signal) to the start of the opening is 12 ms. Its
characteristics are given in Table 1.

Table 1. High-speed valve technical parameters

Opening time 2—4 ms, max
Closing time 3-5 ms, max
Pressure range 1-65 atm
Temperature range +5°C + +65 °C
Voltage 8016 V

Fig. 4. Experimental facility: Material Steel 14X17H2

1 - aspirated inflator model; Throat diameter 20 mm

2- E_fe;SUfe pdr?/baeivr::-e; Mounting Thread: 7/8”

i— tvlvgo ci)rr)ﬁ;ressed air tanks, 0-100 bar; Dm_mnsmns 79 mm X 125 mm X 141 mm

5 — high- and low pressure compressors Weight 3 kg
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The high-speed valve is the key element of the facility for testing airbag inflation using aspirated inflators. It is
developed to mimic the supersonic jet generation in the automotive inflation system using the pyro-cartridge [9]. Thus
the valve operation must provide adequately short opening and closing path from the high-pressure source 4 in Fig. 4 to
the aspirated inflator 1 to form a jet flow within 20-40 ms initiating the ambient air entrainment. Under these conditions,
the so-called “cold gas” experiments in the pneumatic facility can be considered identical to the “hot gas” testing.
Consequently, it will enable us to analyze and compare results obtained numerically for both cases with the
measurement results. Besides, it can give a clue to the extrapolation of experimental cold-gas data to the practical hot-
gas case taking into account their different gas-dynamic parameters.

4. Measurement complex

Data acquisition, processing and control system (DAS) is designed to launch and control the whole measurement
process. It is integrated into the measurement complex of the Advanced AIR laboratory [7, 9, 10, 11]. Fig. 5 shows a
block diagram of the part related to the discussed tasks. In these tests, a PCI-1710 multifunctional data acquisition board
is used to generate control signals (two digital outputs, DO) and measure up to 15 signals of the pressure probes via 15
analog input (Al) channels. Analog input channel #00 is used to register the control signal simultaneously with the
pressures. Fig. 6 shows the realized DAS layout blocks and details.

Output signals from

DAS 15 pressure probes
Video PCI-1710 —|  Optocoupler ——
16Al; 16DI; block UHSV valve
Observation contro'
16DO; 2Al
subsystem -
APC Smart-UPS 750
FPS1000 High-speed ~220V,35A
. DC Power Source 1 -
video recorder 24B,35A

Power supply of
pressure probes

+12V DC Power Source 2

5V, 30A; 12V, 15A +5 VSB
+12 'V

Test bench illumination

Fig. 5. Block-diagram of Data Acquisition & Processing System (DAS) to test airbag inflation systems

Fig. 6. DAS layout: (a) general DAS layout, back view; (b) control cable 1 and power source connection 2;
(c) analog input cable connection

10



ISSN 2521-1943. Mechanics and Advanced Technologies #2 (89), 2020

The LabView software is used to control the experimental tasks and to measure analog signals. The data post-
processing and presentation of the results is performed using the Matlab software package.

5. Aspirator test models

Several aspirator models were designed, manufactured, and tested what is partly described in Breed, 2015. The
first set is characterized as aspirators with an external slit [7] where the circumferential nozzle defines the overall size of
an aspirator normally to its axis. The second type combines aspirators with an internal ejecting slit/nozzle. The results
discussed here are obtained for the internal-slit models of Fig. 7 type. Key geometry versions of two internal-slit
aspirators are shown in Figs. 7, a, b. The sharp bend edge responsible for Prandtl-Mayer conditions is provided by the
coupling of two surfaces A and B of the metal disks #1 and #2 [3, 4].

53"

Fig. 7. Geometry of the ejector nozzle, (a) and (b); components of the operational zone, (c)

Variable parameters during testing include motive pressure values and minute design modifications. The overall
dimensions of the system remain the same as defined by an engineering requirement to locate the system within a
steering wheel, i.e. the aspirator length is 117 mm, its diameter is 120 mm. The variable design elements are angular
and linear sizes of coupling metal disks #1 and #2:

e an operating angular size of the metal disk #1 (blue in Fig. 7, c) was changed within ~ 20°;

e one angle of metal disk #2 varies accordingly, two other angles were modified;

e width of a nozzle slit could be changed in a course of experiments within 0.3-0.5 mm with a step of 0.05 mm;

e internal geometry housing (mixing chamber): the initial confusor type shape can be conjugated with a
cylinder or with a diffusor.

The fabricated model of the aspirated inflator (without a housing/mixing chamber) is shown in Fig. 8, a while
Fig. 8, b illustrates the principle of its operation.

To the airbag. «+**

Mixing chamber
Ve nin

_Reverge floy valve

*
»

Alr enfiraln

L

Fig. 8. The aspirated inflator for experimental testing (a) and the schematic of its operation (b)

The aspirator model assembly mounted to the pneumatic facility is shown in Fig. 9, b; Fig. 9, a shows location of
pressure probes to measure pressure in the pre-chamber (1), dynamic pressure at the exit of the inflator (2 — 10), and
static pressure along the wall of a mixing chamber (11 — 15).

11
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Fig. 9. The numbering of pressure probes (a) and the assembled inflator system with a pressure probe rake (b)
6. Results and discussion

6.1. Aspirator pressure range

The basic goal of measurements is to determine conditions that provide stable behavior of the supersonic jet and,
consequently, stable initiation of the entrainment/aspiration process. Separation effects or just unstable location of the
jet in the mixing chamber can deteriorate this process. To mitigate the consequences of the improper flow behavior [12,
13, 15], experimental efforts were focused on finding optimal ranges of parameters such as operational (motive)
pressure, Pm, for the given aspirator geometry. Patterns of pressure measurements using 15 mentioned probes enable us
to reconstruct the flow structure, to determine a dominant jet position within the aspirator housing, and to recommend
optimal combinations of parameters. Typical pressure field patterns are shown in Figs. 10, 11.
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Fig. 10. #1 aspirator (Fig. 7, a) results of pressure measurement in 15 probe locations shown in Fig. 9: slit,
0.4 mm; pressure, 48 bar
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Fig. 11. #1 aspirator results of pressure measurement in 15 probe locations: slit, 0.4 mm; pressure, 51 bar

Pressure measurement patterns of a type given in Figs. 10 and 11 (#1 aspirator with the 0.4 mm wide slit) serve as
a frame to analyze the jet behavior in time. The initial pressure pulse from a high-speed valve is shown with a black
line; red lines show averaged (de-noised) values of pressure measured by different probes. Fig. 10 shows the data
registered mainly by #5 — 10 probes located at an axial part of the aspirator. Fig. 11 shows results for the same aspirator
for higher pressure: the signal is detected only by near-wall #2 — 4 probes that indicates that the jet moves to the
aspirator housing wall.

Figures 12 are deduced from these measurements to illustrate the reconstructed flow field structure in these two
cases where the jet is either falling down on the aspirator axis (Fig. 12, a) or on the mixing chamber wall (Fig. 12, b).
Both situations of a dominant jet location show significant decay of the ambient air entrainment in spite of increased
motive pressure in the second case.
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Fig. 12. Possible supersonic jet behavior within the aspirator: (a) jet falls onto the aspirator axis; (b) jet is directed
to the aspirator wall
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The static pressure distribution registered by the # 11 — 15 probes shows that the area of #14, 15 probes is under
the decreasing vacuum pressure from ~ 5kPa in Fig. 10 to ~ 3 kPa in Fig. 11 with growing high pressure that,
accordingly, results in the lower ambient air entrainment. Further increase of high pressure leads to further falling
vacuum pressure in this suction area.

Thus, the best entrainment can be expected for pressure
1 — 2 bars below the pressure resulting in the jet displacement
3 towards the aspirator wall, i.e. the jet located approximately
parallel to the aspirator axis and demonstrating its stable

behavior.
¢ The satisfaction of the given engineering requirements
for the developed aspirator happens to be possible only under
2 conditions of certain compromises concerning the choice of
p ; aspirator geometry and a pressure range of its operation. It is
well seen in Fig. 13 that shows the aspiration ratio falling with
growing motive pressure for a chosen aspirator design. The
optimization of design [12 — 15] can result in better air

Aspiration ratio

1 4 entrainment. In the case of the aspirated inflator operation with

35 40 45 50 55 60 a gas generator (hot gas case), the volume aspiration ratio is
Motive high pressure, bar expected to be roughly doubled.

In this connection, matched with numerical flow

Fig. 13. Aspiration ratio for cold gas simulation, the experimental effort aims at the determination

depending on pressure: black line — aspirator of the optimal ranges of all variable parameters including the

#1, blue lines — optimized design [13 - 15] operational pressure. As a result, recommendations can be

given on optimal sets of parameters. Video-recorded inflation
processes of an airbag can substantiate  these
recommendations.

6.2. The search for an optimal aspirator design

The ejecting slit width is a key parameter of the design; the experiments were held for a slit width of 0.25, 0.35,
0.40, 0.45, 0.50 mm within a pressure range of 18 — 55 bar with 3 — 6 bar step. The airbag inflation was tested using #1
and #2 inflators; the process was recorded using a high-speed camera.

To eliminate irrelevant losses in the flow path, eight orifices with a diameter of 3.5 mm were made in the flow
tract from the gas-generator substitute high-pressure source) to the pre-chamber (Fig. 7). Their total area was made
greater than a narrow area of a circular slit. A lesser area of orifices compared to the circular slit area would cause a
large pressure drop within the device: pressure after a slit would be about three times lower than before a slit.

The best inflation was observed for the #1 aspirator operated with the following parameters: 0.45 mm slit width;
8 orifices of 3.5 mm diameter; high pressure, Pasp = 45 bar; inflation time, t = 40 ms, regulated by a high-speed valve.
Fig. 14 shows a sequence of pictures characterizing the airbag inflation in time. Testing the aspirator with a higher
pressure of 50 and 55 bar also demonstrated good airbag inflation.

Fig. 14. Airbag inflation process for #1 aspirator with an optimal combination of parameters: 0.45 mm slit
width; Pasp = 45 bar; high-pressure open time, t = 40 ms

14
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Similar tests were performed with the #2 aspirator for slit widths of 0.34, 0.4. 0.45 mm in a pressure range
of 18 — 60 bar. For a 0.34 mm slit width, two jet flips were found at pressure 42 and 53 bar, the first one from a wall to
the axis, the second one back to the wall. Fig. 15 shows a sequence of best inflation pictures. 0.35 mm wide slit also
demonstrated good results though not as good as those of Fig. 14.

Fig. 15. Airbag inflation process for #2 aspirator with an optimal combination of parameters: 0.45 mm slit
width; Pasp = 60 bar; high-pressure open, t = 40 ms

Measurements of pressure fields substantiated visual observations. Successive sets of experiments (aspirator #1,
Fig. 7, a) were carried out for enlarged slit widths as mentioned above in a range of high pressure. When the high
pressure was increased to 51 bar, the 0.35 mm slit design showed a maximum velocity in the peripheral part (#2 probe)
and a reverse flow in its axial part (#5 to #10 probes). The 0.4 mm slit model also located the jet near a wall (#2,
3 probes) at pressure 21 — 27 bar and shifted it to the axis (#7 — 10 probes) within 30 — 42 bar. The situation remained
stable up to 50 bar where the jet moved back to the wall (#2 probe mounted at 1 mm from the wall).

The 0.45 mm slit case showed a similar flow situation: the jet located near the wall at 48 bar and the reverse flow
in the axial area that was accompanied by a high vacuum static pressure of about 20 kPa.

It was concluded that a growing slit width had a stabilizing impact on the ejected jet behavior; in addition, a
larger slit area provided higher flow rates even under conditions of available jet instability.

The #2 aspirator (Fig. 7, b) showed a greater jet instability with a double flip of the jet from the wall to the axis
and back with growing pressure

Increasing slit width was found to decrease the pressure of jet flips.

7. Conclusions

e Optimal design and operation parameters were sought for the pulsed supersonic ejector applicable in the
system of the automobile airbag inflation (aspirated inflator) according to the formulated engineering requirements. As
a prototype of the system to be used in practice, the aspirator was developed for testing in the pneumatic compressed
(cold) gas facility.

e The aspirator test models were manufactured following the guidance of the numerically evaluated design. A
number of models were tested in a range of linear and angular dimensions of their basic elements such as a pre-
chamber, a mixing chamber (housing), and a circumferential slit nozzle forming an air jet responsible for the ambient
air entrainment into an airbag.

e As an example, two aspirator designs were compared in terms of their operability evaluated from distributed
pressure measurements and inflation process video recordings for various combinations of slit width, high pressure, and
inflation time. Certain constraints imposed on a flexible choice of parameters require compromise solutions to optimize
the aspirator operation.

o Measurement of pressure fields within the aspirator enabled to reconstruct the flow structure, to analyze the jet
behavior and its interaction with the entrained air, and thus to conclude about possible optimal geometry in combination
with high-pressure values to provide the expected operational efficiency.
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Pa3paboTka KOMIIAKTHOT0 UMITYJIbCHOI0 37KEKTOPA: OLeHKA 3(P(PEeKTUBHOCTH 1O
H3MEPEHHBIM 23POAUHAMHUYECKUM XapPaAKTEePUCTUKAM

H. ®. IOpuenko, I1. M. Bunorpaackuii

Aunnomayus. Lenvio uccnedosanuii agasiemcs paspabomra dhQexmusrno2o 4cekmopa, npUMeHUM020 O CUCIEMbl 3aNOTHEHU
nooyuitex 6e30nacHoCmu agmomoounet.

Paboma cocmoum 6 KOHCMpYUPOSAHUU I)HCEKMOpA BMecme ¢ COOMEEmCmeylowell IKCNepUMEHMANbHOU  YCMAHO8KOU U
UBMEPUMENbHBIM KOMNAEKCOM. DKCREPUMERM NIAHUPYemCs 6 mpex 4acmsx. usmepenue noaell OaeeHus, CKOPOCMHAS 8UOE0CHEMKA
HANONHEHUsi NOOVWKY OE30NACHOCMU ¢ NOMOWbIO CKOHCMPYUPOBAHHOZ0 IHCEKMOPA U USMepeHUue KoIPhuyuenma somcekyuu
(6o6neuenus, acnupayuu). C 5moii yenvio CO30AHO HECKOIbKO OCHOBHLIX JeMeHmos. K HuM OMHOCAMCA NHeBMAMuyecKas
VCMAHOBKA C KIIOYesblM OIOKOM 6 6UOe CHEeYUAIbHO CKOHCMPYUPOBAHHO20 CKOPOCMHO20 KIANAHA, CUCMEMA HAKONJCHUs U
00pabomky OAHHLIX, YNPAGNIsAeMAas YOANeHHO O/l AHAAU3A CUSHANO08 C 2PeOeHKU OAMYUKO8 OAGIeHUs U CMEHO Ol U3MepeHus
KO3 uyuenma so1ceKyuu 8 3a6UCUMOCY OM 2e0MEeMPUU INHCEKMOPA U 8ENULUHBI MOMUBUDYIOUE20 OA6TIEHU.

B coomsemcmeuu ¢ mexnuueckum 3a0anuem, C8epx36yKo6ble UMNYIbCHbIE DAHCEKMOPbL PA3PAOOMAHbI U U32OMOBNIEHbL 8 HECKOIbKUX
KOHCMPYKMUSHbIX gapuanmax u ucnsimanul 8 Jlabopamopuu Cospemennoti Aspoounamuxu u Mescoucyuniunapnuvix Mccredosanuii.
Ananus psaoa nonyueHHvix IKCHEPUMEHMANLHBIX PE3YAbIMAnos NOKA3Al UX Xopouiee 83auMHOe COOMBEMCMEUe U B03MONCHOCHb
noayuenus Koagpuyuenma xcexyuu 01 ycrosuu “xonroonoeo eaza’ A=3.16 — 1.57 ¢ 3asucumocmu om enuyunvl MOMUSUpYOUe2o
oaenenus. Hoeoe ycmpoiicmeo 061adaem SAGHbIMU NPEUMYWECMEAMU NO CPABHEHUI) ¢ OObIYHBIMU NUPOMEXHUYECKUMU
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sorcexkmopamu: (1) obecneuusaem 6Gezonacuyio pabomy ¢ GoabuUMU ROOYUKAMU AGMOHOMHbIX aemomoburet, (2) uckmouaem
MPAGMUPOBAHUSL NACCANCUPOS 3a CHem NPEeKPAUeHUsl HANOIHEeHUs. ROOYWKU NPU ee KOHMAKme ¢ 00beKmom 6HYmpu CaloHd.
Knioueevle cnosa: umnyivbCHbll 201CeKMoOp, HANOAHEHUe NOOYUIKU 6e30NACHOCmU, U3MepeHue, Noisi O0deilenusl, Kodgdduyuenm
goicexyuu (608€YeHUsL, ACRUPAYULL)

Po3po6ka KOMIIAKTHOTO IMITYJILCHOT0 €KEKTOPA: OLIHKA e(peKTUBHOCTI 1O
BUMIpPSAHUX A€POAMHAMIYHUX XaPaKTEePUCTHKAX

H. ®. IOpuenko, I1. M. Bunorpaacbkuii

Anomauia. Memoto Oocniodxcenns € po3pooKa eQexmusHo20 extceKmopa, o Moxice 3acmoco8y8imucs Onsl CUCmeM 3aNn06HEeHH s
nooyuiok 6esnexu asmomooinis.

Poboma nonszaec 6 koncmpylosanmi edcexmopa pasom 3 GiON0GIOHOI0 eKCNepUMEHMANbHOIO YCMAHOBKOIO 1 GUMIDIOGANbHUM
Komnaexcom. Excnepumenm naanyemocs 6 mpboxX 4ACMUHAX: 6UMIPIOBAHHHA NONIG MUCKY, WBUOKICHA Gi0e0310MKA HANOGHEHH S
nooywiku 6e3nexu 3a 00ONOM0o2010 CKOHCMPYIO0BAHO20 edcekmopa i sumiplosannis Koegiyicnma edcexyii (acnipayii). 3 yiero memoio
CMBOPeHO KinbKa OCHOGHUX enemenmig. [o Hux 8iOHOCAMbCA NHEBMAMUYHA YCIMAHOBKA 3 KIIOYOBUM OIOKOM Y GU2NA0l cneyianbHo
CKOHCMPYUN0BAHO20 WIBUOKICHO2O0 KAANAHA, CUCTEMAd HAKONUYEeHHA ma 06pobKu Oanux, Keposana OUCMAHYIUHO, ONsl AHANI3Y
CUSHANI8 3 epebIiHKU 0amyuKie MUcKy i CmeHO 01 GUMIPIOSAHHA Koepiyienma edcekyii 6 3anedcHocmi 6i0 eeomempii excekmopa i
6eNUYUHU MONUBYIOUO20 MUCKY .

Bionosiono 0o mexuiunoeco 3a60ants, HA038YKOBL IMRYIbCHI €HCEKMOPU PO3POONIeHi Ma 6UCOMOBIEHI 8 OEKIIbKOX KOHCIMPYKMUGHUX
sapianmax i eunpobysani ¢ Jlabopamopii Cyuacnoi Aepoounamixu i Misxcoucyunainapnux [ocniosxcenv. Ananis pady ompumanux
eKCHepUMEHMANbHUX Pe3YbIMAamie NOKA3a8 iX eapHe 63AEMHE Y3200HCEHHS Md MOMCIUBICIb OMPUMAHHA Koeiyienmia excekyii 0ns
yMmo8 ““xonoonoeo easy” A = 3.16 — 1.57 y 3anesxcnocmi 6i0 koupicypayui excekmopa ma eiuyuru momugyoioco mucky. Hosui
npucmpiti Mae s16Hi nepegazu 8 NOPIGHAHHI 31 3euuatinumu nipomexuiunumu edxcexkmopamu’ (1) 3abesneuye besneuny pobomy 3
BENUKUMU NOOVUUKAMU AGMOHOMHUX a8momooinie, (2) euknouae mpasmy8anHs NACANCUPIE 3a PAXYHOK NPUNUHEHHS HANOGHEHHs
nooywiku npu it KoHmaxmi 3 06'€KMom 6cepeouni Caiony.

Knrouosi cnosa: imnynsCHuil excekmop, Hano8HeH s NOOYUIKU 6e3neKu, GUMIPIOBAHHL, NOJS MUCKY, Koeiyienm excexyii (acnipayii)
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