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SCALED MODELS ON FLIGHT-TEST RESULTS

In this paper, the effect of incomplete similarity of inertial properties of dynamically scaled models of the air-
plane is investigated. The approach of flying quality analysis is presented to examine the possibility of using
the approximate similar model to obtain reliable data from the flight test. Relationships are proposed for the
longitudinal and lateral-directional flying qualities between the full-scale airplane and its model. Sensitivity
analysis of flight characteristics for changes in the moment of inertia is performed. Results of analyses on Boe-
ing-747 showed that the 7% changing the moment of inertia in the lateral mode and 13% in longitudinal mode
can change the level of flying quality based on MIL-8785C standard. The proposed method improved the pre-
vious methods and can give the definite range for allowable deviations of moments of inertia errors for accep-
tance of the model as a research tool.
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Introduction

Several methods in aircraft design and develop-
ment process are used for aircraft behavior prediction
such as theoretical methods and simulation, computa-
tional fluid dynamics (CFD) and wind tunnel testing.
However, all of these methods have errors in compari-
son with real flight conditions. One of the most effective
techniques for aeronautical researches is free-flying
dynamically similar/scaled model (FDSM) [1].

FDSMs have been widely used during the creation
of new flying vehicles, for testing aerodynamic con-
cepts, radical configurations, control systems develop-
ment and exploring high-risk flight envelopes [2-4].
Moreover, FDSM can be used for fast evaluation of
concepts in early design stages [5]. FDSM is not only
geometrically but also dynamically scaled replicas. Dy-
namical scaling includes dimensional and scaling for
weight, inertia, actuator dynamics and control system
response. The similitude requirements and scaling rela-
tionship applied to FDSM testing were presented by
Wolowicz et al [6].

Determination of mass-inertial parameters of
FDSM and tuning is one of the main tasks in quality
control of FDSM [7, 8]. In the FDSM design and devel-
opment process, it is attempted to ensure the similarity
criterion of mass-inertial parameters. However, errors
are usually created during design and construction of
FDSM. Thus, it is necessary to investigate non similari-

ties and tune them [9, 10]. However, in some cases, tun-
ing of all parameters, especially moments of inertia is
not feasible. If the similarity of mass-inertial character-
istics is not ensured, the constructed model can be use-
less and will lead to considerable financial losses. One
of the sources of non-similarities can be due to mass-
inertial parameter’s errors. The possibility of using this
model and determination metrics for obtaining reliable
data from flight research is the goal of the study.

In this regard, Betin presented the method of com-
paring the simulation results of the actual and ideal
model to evaluate a level of similarity of FDSM with
full-scale airplane [11, 12]. Comparison was conducted
by an integral performance index of the automatic flight
control system (AFCS). Betin proposed the allowable
difference of 5% between the ideal and actual model
responses by the integral performance index.

Furthermore, Sarlak tried to solve the problem of
approximate similarity by designing a control system
for compensating the non-similarities [13]. Moreover,
Whorton discussed the metrics for similarity of two
closed-loop dynamics systems [14]. The closed-loop
systems could provide the desired output with proper
control law. However, in some flight regimes such as
post-stall and spin the control surfaces are not active
completely. Thus, the examination of similarity in the
open-loop system is essential. Although, in applications
such as new-generation fighters where the open-loop
plant is unstable, the similarity of the closed-loop sys-
tem dynamics is relevant. Nevertheless, previous meth-
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ods did not present the sensible criteria for acceptance
of the model with deviations in mass-inertial character-
istics.

Therefore, the goal of this paper is the presentation
of new approach for assessment of incomplete similarity
of FDSM. This approach is proposed based on flying
quality analysis of the airplane. In this method, the de-
viation of mass-inertial parameters of the airplane is
accepted to the extent that the level of flying quality
does not change.

1. Problem statement

According to the similarity requirements of the
rigid airplane, the actual values of main parameters of
FDSM, i.e. mass, center of mass, axial and product of

inertia have to be tuned tO the required values.

(mQQXéGQYCAGQZéGQIQQIQQIQQI§Y51¢ZQI%X) - (1)
= (myy. XC. Yo Z86 1% I 12 TRy 12 12x),
where m — mass of the model,;
X,Y,Z — coordinates of CG;
I — axial and product moments of inertia;
CG — subscript refers to center of gravity;
M — subscript refers to model;
A — superscript refers to actual model;
R — superscript refers to real model.
In addition to the linear scale factor, the mass-inertial
parameters of FDSM depend on the flight altitude of
model and full-scale airplane. Knowing the value of
density ratio required mass-inertial values of FDSM are
calculated using the scale factors of the model in the
table 1 [9].

Table 1
The scale factors of FDSM

Parameters Scale factors”
Linear dimension kp =Lac/Lu
Density kp =pac/pm
Mass ki :mAC/mM :kpki
Inertia ky = IAC/IM = kkaL
Time kg :tAc/tM :\/q

ky :VAC/VM :\/q

Linear velocity

Time ky :tAC/tM :\/q
Control deflections 1
Angle of attack 1

* Subscript AC and M refers to full-scale aircraft and
model, respectively.

In the design and development of FDSM, in some
cases the complete similarity of mass-inertial properties
is not satisfied. Then the question is to what degree and
in what ways FDSM and the full-scale airplane have to

be similar in order to obtain reliable results from FDSM
flight test. To address these questions, Betin proposed
the method for evaluation of ideal and actual FDSM by
comparing the integral of squared errors of transient
responses of motion parameters to step input. In this
regard, I - integral performance index is defined as

follows [9].
o= [ x-xofd, )
0

where x(t) is the simulated parameter and X, is the
steady-state response. If Ijfor real model and ideal

responses have a difference of less than 5%, two models
are considered similar. However, this method does not
guarantee the similarity and accepts the wide range of
moment of inertia changes. For example, the effect of
changes of Iy on response of angle of attack to step

input is simulated in Fig. 1 for a business jet airplane.
Here the Iy is changed up to 20%, and the differences

in responses are shown. The difference between I, for

airplane with basic MI and MI increased by 20% is 2%.
The 20% of deviation of MI seems to be too much for
dynamic similarity problems, but this method accepts it.
The idea of comparison of responses of the ideal and
real object is rational; however, there is a need to define
the metric of acceptance or rejection of approximate
similarities. The main goal of FDSM design is the pre-
diction of real airplane behavior. The mistakes in pre-
dictions can lead to considerable financial loss in air-
plane design and development program. Thus, the cor-
rect prediction of airplane specific behaviors can be
considered as a metric for acceptance of a model. The
behavior of airplane is defined by stability and control-
lability characteristics. The requirement on dynamic
stability is typically expressed in terms of damping and
frequency of a natural mode. This study uses this con-
cept to assess the degree in which two dynamically
scaled models can be said to be similar.

Effect of lyy change on respone of angle of attack to elevator step input
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= 0.02 N\\\
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0.005}
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time[s]

Fig. 1. Effect of moment of inertia change on response
of angle of attack
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2. Method

2.1. Flying qualities analysis

The airplane stability has a great importance for
the flying qualities related to the passenger comfort, or
for the fighting capabilities for a military aircraft. The
flying quality levels are defined in Military Specifica-
tion. The requirement on dynamic stability is typically
expressed in terms of damping and frequency of a natu-
ral mode. Thus the United States (US) Air Force re-
quires damping and frequency of the oscillation for
various flight phases A, B and C at specific range val-
ues, according to the defined quality “Level 17, “Level
2” and “Level 3” [13]. In addition, in MIL-F-8785C
piloted flying qualities are broken down by aircraft
class. The manned aircraft classifications have been
traditionally categorized into four different classes [15]:

— Class I: small, light-weight, medium maneu-
verability airplanes.

— Class II: medium-weight, low to medium ma-
neuverability airplanes.

— Class III: large, heavy-weight, low maneuver-
ability airplanes.

— Class IV: high-maneuverabilty airplanes.

The Flight Phase Categories are defined as fol-
lows:

— Category A: Nonterminal flight phases that re-
quire rapid maneuvering, precise tracking or precise
flight path control.

— Category B: Nonterminal flight phases that are
accomplished with gradual maneuvers (climb, cruise,
descent)

— Category C: Terminal flight phases such as ta-
keoff or landing.

In the next sections, the methodology of Flying
Quality evaluation in the longitudinal and lateral-
directional modes will be presented.

In the present analysis, the dimensional small dis-
turbance equations system is used for the longitudinal
and lateral directional motion, given through the lineari-
zation of the general equations. It was assumed that the
motion of the airplane consists of small deviations from
a reference steady flight condition. The longitudinal
equations of motion are [16, 17]:

0 =-ghcos0; + X u+ Xy u+Xe0+ Xz 3;

Uld- Ule = -gesinel +Zuu+Zaa+de+

+Z40+Z;5 3 3)
0=Myu+Mr,u+Mo+Mr a+Mga+

+Mqé +M566e,

where U — Component of velocity along X ;
u — Perturbed value of U ;

g — Acceleration of gravity;

0 — Perturbed value of pitch attitude angle;

0; — Steady state pitch attitude angle;

X, — Forward acceleration per unit change of speed;

X, ~ Forward acceleration per unit change of
speed (due to thrust);

X, — Forward acceleration per unit angle of attack;

X5, ~ Forward acceleration per unit elevator angle;

U, — steady state of velocity;

o — angle of attack;

Z,, — Vertical acceleration per unit change of speed;

Z, — vertical acceleration per unit angle of attack;

Z — vertical acceleration per unit rate of change of
angle of attack;

Z 4 — vertical acceleration per unit pitch rate;

Zs, — vertical acceleration per unit elevator angle;

M, — pitch angular acceleration per unit change in
speed;

Mt - pitch angular acceleration per unit change in
speed (due to thrust);

M, — pitch angular acceleration per unit angle of at-
tack;

Mt - pitch angular acceleration per unit angle of
attack (due to thrust);

M, — pitch angular acceleration per unit rate of
change of angle of attack;

M, — pitch angular acceleration per unit pitch rate;

M;, - pitch angular acceleration per unit elevator
angle.

The lateral-directional equations of motion are [16]:

U1B + Uy = gocosd; + YpB+ Y 0+ Yy +

+Y5,0, +Y5,0;5

S i .
-G =Lgp+Lop+ Loy +Ls 3, +L5 8 (4

) IXX

W%(P =NgB+ Ny B+ Npd+ Ney+
+ NSBSa + N5r8r,

where B — angle of sideslip;
y — Airplane heading angle;
¢ — Airplane bank angle;

Yp— Lateral acceleration per unit sideslip angle;
Y, — Lateral acceleration per unit roll rate;

Y, — Lateral acceleration per unit yaw rate;

Y5, — Lateral acceleration per unit aileron angle;
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Y5, — Lateral acceleration per unit rudder angle;

I, — Product of inertia about XZ plane;

I, — Moment of inertia about X-axis;

Lg— Roll angular acceleration per unit sideslip an-
gle;

L, — Roll angular acceleration per unit roll rate;

L, — Roll angular acceleration per unit yaw rate;

L5, — Roll angular acceleration per unit aileron an-
gle;

L5 — Roll angular acceleration per unit rudder an-
gle;

I,, — moment of inertia about Z-axis;

Np — Yaw angular acceleration per unit sideslip an-
gle;

NT[3
angle (due to thrust);

— Yaw angular acceleration per unit sideslip

N, — Yaw angular acceleration per unit yaw rate;

Ng, - Yaw angular acceleration per unit aileron an-

gle;

N;, — Yaw angular acceleration per unit rudder an-
gle.

These equations can be written in state-space form
or analyzed by Laplace-transform technique. Using both
methods the same characteristics equations for longitu-
dinal and lateral-directional modes will be obtained.
Longitudinal characteristics equation is in form of
fourth order polynomial as equation 5.

As* +Bs® +Cs?> +Ds+E =0, %)
where the coefficients A, B, C, D and E are a function
of dimensional derivatives of the airplane. The roots of
this characteristics equation determine the dynamic sta-
bility of the airplane. These roots are affected by flight
conditions, by airplane mass, mass distribution, geome-
try and aerodynamics characteristics. This equation fac-
torises into two pairs of complex roots each pair of
which describes a longitudinal stability mode. The sta-
bility of each mode is determined by the damping ratio
and the undamped natural frequency by o [17]. The
lower frequency mode is called phugoid (Ph) and higher
frequency mode is called a short-period (SP) pitching
oscillation. The values of ® and { for longitudinal
modes are obtained as follows [16]

Ogp =~ U, > (6)

M, + 2% My
q U] o

& , (7
- gZ

®ph *]}—Ulu ; (®)
-Xu

=~ . 9

Eph 2opn )

Lateral-directional characteristic equation is in
form a polynomial:

1A]S5 +B1S4 +C]S3 +D1S2 +E]S =0 , (10)
where the coefficients Ay, By, C;, D; and E; are a

function of dimensional derivatives of the airplane. The
lateral-directional characteristic polynomial factorises
into three real roots and a complex pair of roots. The
roots, or poles, of the lateral-directional characteristic
polynomial provide a complete description of the lat-
eral—directional stability characteristics of the airplane.
The zero root indicates neutral stability in yaw; the first
non-zero real root describes the spiral (S) mode; the
second real root describes the roll (R) subsidence mode,
and the complex pair of roots describe the oscillatory
Dutch-roll (DR) mode. The values of ® and C for lateral-
directional modes are obtained as follows [16]

1
®OpR x\/ NB +U_1(YBNr 'NBYr) , (11)

Yp
-(Nr+U—
U
EDR 2opg (12)
Lg +NgA)
I _ LptNpAY) (13
(LgN, -NpL,)
T, ~.— 14
R, (14)

2.2. Relationship between model and full-scale
airplane flying qualities characteristics

Assuming Froude similarity criterion and self-
similarity of Reynolds and Mach number, results the
aerodynamic equivalence. Some literatures used the
concept of dynamic similarity for flying quality’s
evaluation of unmanned vehicles and scaled models [14,
18-19]. Therefore, the dependence of natural frequency
and damping ratio of scaled model and full-scale air-
plane are as follows:

u)iF=co}vI/ kr

g =M,

i=SP, Ph, DR, S &R.

(15)
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These relations can be obtained using the Eq. (6)-
(9) and (11), (12) by substituting the relevant scale fac-
tors from table 1. For example, for phugoid mode it can

be written:
-3
up

F
(DFh ~ 'gZu _
P UF

-qi 8'(CL, +2C1))
X

mFU1F

e cGa@hads™er 220y g
Jk U] (ki m™)(yfkp UM)
R A
Jee Y u o ke
. xF kg -@st(Cp, +2Cp)
= = X =
Fh ngh (og{‘ mFU1F
S -l kEsMycy vac) a7
© Ph (kim™)(yk UM
M
]
ng{‘ e

where q; — Dynamic pressure;
S — Wing area;
Cy, — Lift coefficient;

Cr,— Variation of airplane lift coefficient with di-

mensionless speed;
Cp, — Drag coefficient;

Cp — Variation of airplane drag coefficient with
u

dimensionless speed;

Superscript F refers to full-scale aircraft, and M re-
fers to scaled model. In a similar way, the Eq. (15) can
be proven for other modes of motion.

3. Results and discussion

For implementation of methodology an example is
investigated. The B-747 transport aircraft of class III is
selected for flying quality analysis. The main data of
this aircraft are presented in table 2. The flying qualities
requirements of the aircraft for flight phase of category
A are presented in table 3 for longitudinal and lateral-
directional modes of motion. Assuming a 1/20 scaled
model for it, the main parameters of FDSM are deter-
mined and presented in table 4 using scale factors of
table 2. Using the equations 6-10, natural frequency and
the damping ratio of longitudinal and lateral-directional
modes are calculated for full-scale aircraft. Then, using
the equation 15, natural frequency and damping ratio of
various modes are calculated for scaled model and pre-
sented in table 4. Results show that the B-747 has the
flying qualities of level 1 in longitudinal and Dutch-roll

modes, and level 2 of quality of flight in spiral and roll

modes.
Table 2
Full-scale airplane and its FDSM data
Parameters | Full-scale Scaled
model
Mass (kg) 288770 133.7
L (kgm?) | 24675890 28.6
Iy, (kgm?®) | 44877570 51.9
I, (kgm?) | 67384150 78
I, (kgm?) | 1315140 1.5
Altitude (m) 12190 1000
Speed (km/h) 956 213.9
Table 3
Flying quality requirements of airplane, class III,
category A
Flying Qualities
MODE Requirements
Level 1 | Level 2 | Level 3
Short ®sp
Period g >0.35, | >0.25, | >0.15
Sp <13 | <2.00
. ©ph
Phugiod = 1004 | >0 | Unstable
OpR >0.5 >0.5 > 0.4
Dutch- >0.19 | >002 | >0
Roll SDR : :
oprEpr | > 035 | >0.05
Roll Tx <14 | <30
Spiral Tg >173 | >11.5 >7.2
Table 4

Flying quality (FQ) Characteristics of model
and full-scale airplane

MODE Scaled Fu.ll-scale Level
model | airplane | of FQ
Short ©gp 5.96 1.333
. Level 1
Period Esp 0.353 0.384
_ Opp, 0.206 0.046
Phugiod Level 1
Eph 0.239 0.239
®pR 3.95 0.885
Dutch-
Roll EpRr 0.122 0.122 Level 2
(DDR'&DR 0.483 0.108
Roll Tr 0.44 1.979 Level 2
Spiral Tg 2.76 12.358 Level 2
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The sensitivity analysis is performed on changes of
moments of inertia in longitudinal and lateral-
directional modes. Moment of inertia about y-axis has
the effect on short-period mode characteristics. Fig. 2
shows that the 13% increase inly, reduces damping

ratio of the short period to the value of level 2. More-
over, the responses of angle of attack to unit step input
of the elevator are presented in Fig. 3 for basic and in-
creased I,y . The integral performance index (I, ) dif-

ference is about 1%, what indicates that this metric for
comparison is not effective enough. Analysis of phugoid
modes showed that the Lyy has no effect on this mode.

Flying quality of Dutch-roll is level 2 and chang-
ing to level 3 needs more than 200% of I,, increase.

Therefore, the low variation of MI has the negligible
effect on characteristics of this mode. The greatest ef-
fect of change in MI is observed on Spiral mode. As it

has shown in Fig. 4, the 7% decrease of I, , reduces the

77>
flying quality level to 3. Finally, the 30% decrease of
thel,, , improved the flying quality level of Roll mode

to level 1 as it has shown in Fig. 5.

It should be noted that this approach for various
airplanes gives different allowable ranges of MI. More-
over, some additional flying qualities’ requirements can
be investigated based on MIL-F-8785C. After determi-
nation the allowable range of MI for airplane, regarding
the relationship between flying quality of airplane and
scaled model, the allowable error of MI for FDSM can
be obtained as follows. The scale factor of MI from ta-
ble 1 can be used to calculate the MI of the scaled
model. Besides, it can be used to determine the range of
allowable variation of MI.

ky = Inc/In = kki = Alye/Aly = kpki, =

Al ¢ (18)
= AIM = 5 -
kpki,
Effect of lyy on Short period damping ratio
0.375 T : . :
0.37r
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0.365} \
¥ 0.36 \\
0.355} \
Level 1 Damping Ratio ™.
0.35
0.345 25 3 3.5 4 4.5
lyy x 10

Fig. 2. Effect of moment of inertia change on short
period damping ratio

Effect of lyy change on respone of angle of attack to elevator step input
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time[s]

Fig. 3. Effect of moment of inertia change on response
of angle of attack

Effect of 1zz on Spiral Time Constant
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141 : 1
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|_=f> 12 of Level 2 ]
1r 1
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Fig. 4. Effect of moment of inertia change on Spiral
time constant

Effect of Ixx on Roll Time Constant
2.5 T T
Decreased Ixx Basic Ixx
2,
—
1.5
Maximum Roll Time Constant
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1 . . . .
1 1.2 1.4 1.6 1.8 2
Ixx x 10"

Fig. 5. Effect of moment of inertia change on response
of angle of attack

Conclusion

Confidence about obtaining reliable data from
flight test is one of the challenges of FDSM design and
development. Usually the complete similarity of mass-
inertial characteristics cannot be ensured, and the con-
structed model must be evaluated as a research tool. In
the present paper, the existing methods for evaluation of
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FDSM competence were studied. The relationship be-
tween flying quality characteristics of the full-scale and
scaled model is developed. Furthermore, the approach
of flying quality requirements analysis for comparison
of ideal and actual FDSM is proposed. An example is
solved on B-747 transport airplane. Analyses included
the determination level of flying qualities in longitudi-
nal and lateral-directional modes and sensitivity analysis
for changes in MI. Results showed that the decrease of
Ixx by 7%, improved the flying quality level from 2 to 1
in Roll mode. Similarly, the changes of Izz and Ixx,
altered the flying quality level of Spiral and Short-
period modes respectively. The proposed approach
gives a better understanding of effect of MI deviations
in FDSM compared with previous methods. Addition-
ally, it gives the specific range for allowable variation of
MI. Moreover, the results of study indicated the possi-
bility of FDSM flight testing to predict the flying quali-
ties characteristics of the full-scale airplane. However,
there is still a need for further studies in this area. Espe-
cially it is recommended to carry out the study on spin
characteristics that are more sensitive to mass distribu-
tion of the airplane.

This approach has some advantages in comparison
to previous works. Unlike the preceding papers, this
method can guarantee that the two models are similar or
not. Moreover, in the present work, the dynamic system
can be evaluated in both cases of the closed-loop and
open-loop controller.
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OIIEHKA BJIMSIHASA HEIIOJTHOT'O IMOJOBUSI CBOBOJHOJIETAIOIIENA MOJIEJIN
HA PE3YJbTATBI JIETHBIX UCCJIEJOBAHUN

A. B. Bemun, A. Illakypu, /I. A. Bemun, M. Mopmaszaeu

PaccMoTpeH HOBBIN MOIXOA B YUCICHHOM MOJIEIHPOBAaHUH (DYHKIIMOHAIBHBIX BO3MOXKHOCTEH CBOOOIHOIIE-
TAIOIIUX JAUHAMUYECKH MOJOOHBIX Mojelneil camoneToB. OLEHKY CTENeHH MOM00Hs Ha CTaJuH MOJATOTOBKH K MO-
JIETTbHBIM JIETHBIM HCCIICIOBAHUSAM MPEIIOKEHO IMPOBOJKUTEH C UCIIOIb30BAHUEM IMHJIOTAXKHBIX XapaKTEPUCTHK, IS
KOTOPBIX BBINOJIHEH aHaJIU3 YyBCTBUTEIHHOCTH K M3MEHEHUIO MOMEHTOB MHEPLUH. AHAJIU3 pe3y/ibTaToB Ha bonHr-
747 nokasai, 4TO U3BMEHEHHE MOMEHTOB MHEPIIMU OTHOCHUTEIHLHO MPOJOJBLHON U momnepedHoi oceit Ha 7% u 13%
COOTBETCTBEHHO MOXET M3MEHHTh YPOBEHb IMJIOTXKHBIX XapaKTEPUCTUK Oaszupyromuxcs Ha crangapre MIL-
8785C. Taxoil moaxo MO3BOJIMII IaTh 3aKJIIOYEHHE O AUANa30He BO3MOXKHBIX OTKJIOHEHHH MacCOBO-MHEPLIMOHHBIX
rapameTpoB IpH MPUHATHH KOHKPETHOW CBOOOTHOJIETAIONIEH MOJIETH B Ka4eCTBE MHCTPYMEHTA JIETHBIX UCCIIENO0-
BaHMA.

KnaroueBsbie cioBa: HernoiHOe 1oxo0Oue, CBOOOAHOJETAIOMAS TUHAMUYECKH IT0J00HasT MOJIEb, YHCICHHOE
MOJICTTMPOBAHHE, ITUIOTAXKHBIE XapaKTEPUCTUKH, MOMEHTHI HHEPIUH, JIETHBIE HCCIIEIOBAHHSL.

OIIIHKA BILJIMBY HEHOBHOI MOAIBHOCTI BLILHOJIITAIOUYOI MOJIEJII
HA PE3VJIBTATHU JBOTHUX JOCJIIKEHb

O. B. bemin, A. HIxypi, /1. O. bemin, M. Mopmas3agi

Po3risiHyTO HOBHI MIZXiJl Y YUCENBHOMY MOJICNIOBaHHI (DYHKIIIOHATBHUX MOXIIUBOCTEH BiIBHONITAIOUUX M-
HaMIiYHO MOMIOHMX Mojened JiTakiB. OIIHKY CTyIeHs MOMiOHOCTI Ha cTajii MiATOTOBKHU 10 MOJEIBHHUX JIbOTHHX
JIOCITI/PKEHb 3alPOITOHOBAHO MPOBOIUTH 3 BUKOPUCTAHHSM ITIIOTAXKHUX XapaKTEPHUCTHUK, JUIS SIKUX BUKOHAHO aHAJI3
YYTIMBOCTI O 3MIHEHHS MOMEHTIB iHepuii. AHami3 pe3yabraTiB Ha boiHr-747 mokasas, 110 3MiHEHHS MOMEHTIB
iHepIii BiTHOCHO TOB3I0BKHKOI Ta TonepedHol oceil Ha 7% Ta 13% BiAMOBIIHO MOYKE 3MIHUTH PiBEHB MIJTOTAKHUX
XapaKTePUCTHUK, sKi 0a3yroThes Ha cTaHmapti MIL-8785C. Takuii miaxix M03BOJMB JaTH BHCHOBOK IPO Jialla30H
MOXIIUBHX BIIXHMJIEHh MACOBO-1HEPIITHUX MapaMeTpiB IPH NPUHHATTI KOHKPETHOI BUILHOIITAIOUOI MOJIEINI B SIKOCTI
IHCTPYMEHTY JIbOTHUX JOCII/IKEHb.

KiiouoBi cjioBa: HermoBHa MOAIOHICTh, BIIbHOIITAIOYA AMHAMIYHO MMOAI0HA MOENb, YUCEIbHE MOIETIOBAHHS,
MJIOTaXKHI XapaKTEPUCTUKU, MOMEHTH 1HEPIIii, JTbOTHI JOCIIiPKEHHS.
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