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TRANSPORT CATEGORY AIRPLANE FLIGHT RANGE CALCULATION
ACCOUNTING CENTER-OF-GRAVITY POSITION SHIFT
AND ENGINE THROTTLING CHARACTERISTICS

A problem facing world commercial aviation is a provision of the flight range and an increase in the fuel
efficiency of transport category airplanes using fuel trim transfer application, which allows for decreasing
airplane trim drag at cruise flight. In the existing mathematical models, center-of-gravity position is usually
assumed fixed, but with fuel usage, center-of-gravity shifts within the definite range of center-of-gravity
positions. Until the fuel trim transfer was not used in airplanes, the center-of-gravity shift range was rather
short, that allowed to use the specified assumption without any considerable mistakes. In case of fuel trim
transfer use, center-of-gravity shifts can reach 15...20% of mean aerodynamic chord, that requires
considering the center-of-gravity actual position during the flight range calculation. Early made estimated
calculations showed the necessity of following mathematical model improvement using accounting the real
engine throttling characteristics. The goal of this publication is to develop a method of flight range calculation
taking transport category airplane into account actual center-of-gravity position with fuel using and variation
in engine-specific fuel consumption according to their throttling characteristics. On the basis of real data from
engine maintenance manuals, formulas are obtained for approximation throttling characteristics of turbofan
engines in the form of dimensionless specific fuel consumption (related to the specific fuel consumption at full
thrust) dependence on the engine throttling coefficient. A mathematical model (algorithm and its program
implementation using C language in Power Unit 11.7 R03 system) has been developed to calculate the
airplane flight range accounting its actual center-of-gravity position shift with fuel usage and variation in
specific fuel consumption according to engine throttling characteristics. Using comparison with known
payload-range diagram, adequacy of developed mathematical model is shown. Recommendations to improve
the mathematical model are also given.

Keywords: center-of-gravity; flight range; fuel system; aerodynamic performance; required thrust; specific
fuel consumption.

Early made estimated calculations showed the
necessity of the following mathematical model

Introduction

The main problem facing world commercial
aviation and practically determining the competitiveness
of transport category airplanes is operating costs
decreasing, the main part of which is fuel expenses.

One of the ways to increase transport category
airplanes' fuel efficiency is fuel trim transfer
application, which allows decreasing airplane trim drag
at cruise flight [1, 2].

In the past during calculation of the airplane flight
range, center-of-gravity (CG) position was usually
assumed fixed, but with fuel usage, CG shifts within the
definite range of CG positions. Until the fuel trim
transfer was not used in airplanes, the CG shift range
was rather short, which allowed using the specified
assumption without any considerable mistakes.

In case of fuel trim transfer utilization, CG shift
can reach 15...20% of mean aerodynamic chord
(MAC), that requires to take into account the CG actual
position during flight range calculation.

improvement using accounting the real engine throttling
characteristics.

The goal of this publication is to develop the
method of flight range calculation of transport category
airplanes taking into account actual CG position with
fuel use and variation in engine specific fuel
consumption according to their throttling characteristics.

1. Approximation of Turbofan Throttling
Characteristics

Turbofan throttling characteristics are given in
engine maintenance manuals in various forms:

a)In the form of specific fuel consumption
dependence on high-pressure  compressor rpm
(O-30 [3, p. 34], I1C-90 [4, p. 113));

b) In the form of hourly fuel
dependence on engine throttle
(11-436 [5, p. 66]);

consumption
settings
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c) In the form of dimensionless hourly fuel
consumption (ratio to hourly fuel consumption at full
thrust) dependence on high-pressure compressor rpm
(O-18T [6, p. 221]).

Approximation is performed as follows. Initially,
coefficients A; and B; of the second order polynomes,

which  approximate dependencies from engine
maintenance manuals, have been obtained:
2 .
P(p)=Ap” +Asp+Az =Py &y 1)
Cp (p) = Blp2 +Bop+B3 = CpO ‘Ep (gth)' (2

where p is the parameter, engine characteristics are
shown in engine maintenance manuals as its function;
P(p) is the engine thrust as a function of the parameter

p; Cp (p) is the specific fuel consumption as a function
of the parameter p; P, is the engine full thrust at
M=0, H=0; &, is the engine throttling coefficient;
Cpo is the specific fuel consumption at full thrust and
M=0, H=0; C,(&,) is the dimensionless specific
fuel consumption (ratio to C) as a function of the

engine throttling coefficient &, .
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Fig. 1. Engine throttling characteristics
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Next, by solving the quadratic equation (1), the
parameter p was expressed as a function of &, :

1 2

pr2(Em)= K{—Az i\/Az —4A(A3 —Poith)} 3)
1

As when throttling coefficient &, increases, the

and therefore the thrust P should

increase, the first root p,(&,,), which corresponds to

parameter p,

sign «plus», has been selected.

Finally, the obtained expression (3) for the
parameter was substituted in the formula for specific
fuel consumption (2). It allows to plot engine throttling
characteristics in the form of dimensionless specific fuel
consumption (related to the specific fuel consumption at
full thrust) dependence on the engine throttling

coefficient (Fig. 1):
Cp [pl (‘ith)]

Ep(éth)=c—0=
p

_B [p1(En)F +Balpi (£ )]+ Bs _ (4)
Cpo

The most reasonable dependence takes place in the
IIC-90A engine, thus its parameters have been accepted
for the following calculations.

2. Estimation of Engine Throttling
Characteristics Influence
on Airplane Flight Range

Fig. 2 shows dependence of the engine throttling
coefficient, required for an airplane steady level flight,

calculated as the required thrust (P, ) of all engines

(that is an airplane aerodynamic drag— X, ) ratio to
their available thrust (P, ) at the same mode:

e - Preq (M, X oG o m g )= Xo (M, x g M gigh ) 5)
. P, (M, H) Py (M)H)

Fig. 2 also shows the dimensionless specific fuel
consumption Ep , Which corresponds to obtained engine

throttling coefficient, and a mean (within a flight)

dimensionless specific fuel consumption C,, ycan-

It can be seen in Fig. 2, that as engines have
excessive thrust, values of their throttling coefficient are
intolerably low, which leads to an increase of the
dimensionless specific fuel consumption at their thrust
decrease. One of the possible reasons for the effect is,
that the engine's full thrust and its specific fuel
consumption at the designing flight mode (M, H) were
determined by old statistical formulas [8]. In case the
real engine thrust drops strongly with Mach number
increase, then the required throttling coefficient
increases, but the dimensionless specific fuel
consumption decreases.

Considering the variation of the specific fuel
consumption (depending on the engine throttling
concerning the specific fuel consumption at the same
flight mode but with full thrust) results in flight range
increase (in the example below) approximately by 6 %.
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Fig. 2. Engine throttling coefficient and dimensionless specific fuel consumption vs. current flight mass
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3. Calculation of Airplane
Center-of-Gravity, Lift-to-Drag Ratio,
and Flight Range in PU System

To make the calculations, Power Unit (PU) system
was improved. The improvements include:

1) possibility of each tank incomplete refueling;

2) accounting of the specific fuel consumption
variation depending on the engine throttling coefficient.

As it is known [7], an airplane flight range in
steady level flight is expressed by the formula

nj-l Vdm
m, Preq CP (Z}th)

where V is the speed, m/s, Py, is the total required

L=36 (6)

thrust of all engines installed in an airplane, N; Cp(&,;,)

is the engine specific fuel consumption depending on
the engine throttling coefficient, kg/N-hr, m; and

m, are the masses of airplane at the beginning and at

the end of the cruise flight.

In the first approximation, flight speed and altitude
of airplane at cruise flight can be assumed constant and
known. So except for specific fuel consumption, only
the required thrust, which is equal to the airplane drag at
the steady level flight, is unknown in formula (3).

The expression for the required engine thrust
taking into account actual CG position was found in the
publication [8]:

(mg )’

2
Preq = 07pHM SCXO + 07 Mzs
-'PH

X

AL+ XpHT —XcG

2
+
AL+XpHT _XpWHT

x AWHT(

2
S XpWHT ~ XCG

+AgT £ )

Syt | AL+XpHT —XpWHT

where py is the atmospheric pressure at the flight

altitude; M is the flight Mach number; S and Sy are

the areas of wing and horizontal tail (HT),
correspondingly; C, is the airplane drag coefficient at

zero lift; m is the airplane current mass; Ayt and
Ay are the drag-due-to-lift factors of airplane without
HT and separate HT; xcg is the airplane CG position
relatively wing MAC leading edge; x,wpr is the
center of pressure (CP) position of the airplane without
HT relatively wing MAC leading edge; x,yr is the CP

position of separate HT relatively HT MAC leading
edge; AL is the distance between MAC leading edges
of wing and HT.

CG coordinate is a known function of the current
mass and pitch angle v [9] (which is equal to the
airplane angle-of-attack o at cruise flight)

XcG zf(m, o). (8)

Airplane flight performance C,,, Awyr and
Ayt are determined by the airplane shape and its flight

mode (altitude and Mach number), and therefore they
do not depend on airplane CG variation.

CP position of the airplane without HT and
separate HT are determined by the airplane shape, flight
mode and the angle-of-attack:

mzowHT

- ,(9)
CyawHT (a—GOWHT )]

XpWHT = ba|:iFaWHT +

myoHT
, (10
C(yxaHT(OL—OCOHT)] o

where b, , b,yr are the MAC of wing and HT

XpHT = baHT|:iFaHT +

correspondingly, Xp,wnr. Xpaur are the coordinates

of aerodynamic centers of the airplane without HT and
separate HT correspondingly, m,owyr, M onT are

the coefficients of pitching moment at zero lift of the
airplane without HT and separate HT correspondingly,

CYawnr » Cyapr are the derivatives of lift coefficient

HT and separate HT
ogyr are the zero lift

of the airplane without

correspondingly, o.owHT

angles-of-attack of the airplane without HT and separate
HT correspondingly.

Thus, to calculate the flight range, it is necessary
to find the airplane angle-of-attack under the current
flight mass and CG position. Formulas for the required
lift coefficient of the airplane without HT and separate
HT correspondingly were found in publication [8]

C Wi = mg AL"FXpHT —XcG (11)
v 0.7 pgM2S | AL +X i1 —Xpwhr

mg XpWHT ~—XCG
= ; 12)
0.7 pgM“Syr | AL+XpHr =X WHT

At the same time, the lift coefficient is related with
the angle-of-attack by known formula

CyaHl"

Cyawnr = Cyawnr (0‘ —OLOWHT) :
whence the cruise flight angle-of-attack can be determined
O =0gwHT +
AL +x -X
+ = pHT 7CG | (13)
0.7pyM“SC, wir | AL+ XpHT ~XpWHT

To check the calculation correctness, the flight
range can also be computed by known integral formula
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VK
Laimp :3.6ﬂm(ﬂ], (14)
CPmeang my
where K .., iS the airplane mean lift-to-drag ratio,

Cpmean 1S the mean specific fuel consumption, g is the

gravity acceleration.

The algorithm of airplane flight range calculation
accounting actual CG position and variation in specific
fuel consumption according to engine throttling
characteristics can be presented in the following form

(Fig. 3).
4. Calculation Results

The considered algorithm is implemented by
Ruslan U. Tsukanov in the calculation module of the

Power Unit 11.7 RO3 software. Flight range calculations
of the An-188 airplane were made as an example.

To calculate the airplane flight performance, the
methodology of Prof. V. I. Holiavko [10] was used as a
basic one, which was updated to calculate wing with
kinks at leading and trailing edges, and also with airfoil
thickness ratio and its setting angle linearly varying
spanwise.

So, the following aerodynamic performance was
assumed to calculate the flight range of the considered
airplane (Table 1). Information about the flight range
and payload of the considered airplane is shown in
Table 2.

Point 1 corresponds to a flight with maximum fuel
load and without any payload. Point 2 matches to flight
with maximum fuel load and maximum takeoff mass.

Start

0. Specify airplane aerodynamic performance C,,

CyaWHT? CyaHT’ Oy wirrs Qorrs Awerrs Anrs Xrawsrrs Xears Mo wrrs

IILOHT' SpeC]‘fylng Pav:%a Kmean:O'

\ 4

Loop by total fuel mass j=1,n

No

A 4

¥ Yes

-
>

Loop by pitch angle calculation tolerance
10.-0./<¢

No o

\

¥ Yes

|1. Calculation of CG position  X,=f(m, 0).

v

formulas (9) and (10).

2. Calculation of center of pressure position of airplane without HT and separate HT by

v

<_|3. Calculation of cruise angle-of-attack (equal to pitch angle) by formula (13). |

¥

and (12).

4. Calculation of lift coefficients of airplane without HT and separate HT by formulas (11)

v

S~ Pred/Pus (5).

5. Calculation of required thrust force by formula (7) and engine throttling coefficient

v

coefficient C,(€,) (3, 4).

5a. Calculation of engine specific fuel consumption depending on engine throttling

|6. Calculation of airplane flight range by formula (6) L += V dn/(P,,,.C,). |

v
<—|7. Calculation of current lift-to-drag ratio K=mg/P,,,. |

A ]
|8. Calculation of mean lift-to-drag ratio K__ =>K/n and flight range by formula (14). |

v

Output of calculated data table

End

Fig. 3. Flight range calculation algorithm
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Table 1
Calculated aerodynamic performance of the considered airplane
Parameter Value Parameter Value
Cla WHT » 1/rad 4.2828 CYanT - 1/rad 3.9077
QOWHT rad -0.0824 OLOHT » rad -0.0098
AwHT 0.0386 Ayt 0.0790
Cyo 0.0432 Xpa 0.9875
XFa WHT 0.0677 XFaHT 0.2825
myoWHT -0.1826 myoHT -0.0589
Table 2
Results of lift-to-drag ratio and flight range calculation
Parameter Point 1 Point 2 Point 3
my;, kg 20000 35000 47000
mg, kg 42530 36600 24600
my, kg 135930 145000 145000
ZFW, kg 93400 108400 120400
K(ZFCG =0.20) 17.77 17.94 17.97
K(ZFCG =0.35) 17.90 18.12 18.18
AK =K(0.35)-K(0.20) 0.124 0.175 0.211
AK =100AK/K(0.20), % 0.697 0.975 1.174
Lgg, km 6300 5000 3000
L(ZFCG =0.20), km 6716 5307 3411
L(ZFCG =0.35), km 6758 5355 3448
Limp (ZFCG =0.20), km 6553 5174 3329
ALgimp =100(L(0.2)~ Lgjpmp )/L(0.2), % 296 231 293
AL, gg =1(0.20)-L; g5, km 416.5 307.2 411.4
AL, =100(1(0.2)-L;gs)/L; g5, % 6.61 6.14 13.71
AL=1(035)-1/(0.2), km 41.3 47.4 37.0
AL =100AL/1(0.20), % 0.82 1.11 1.26

Point 3 corresponds to a flight with maximum payload
and maximum takeoff mass. Results of calculation by
the Power Unit 11.7 RO3 software are shown in the
bottom part of the table.

Center-of-gravity diagrams calculated in the Power
Unit 11.7 RO3 system for three various Zero Fuel
Weight (ZFW) of the airplane for the extreme aft
airplane Zero Fuel Center-of-Gravity (ZFCG =0.35)
are shown in Figs 4-6.

Table 2 allows to make the following conclusions.

1. Calculation increase of lift-to-drag ratio, caused
by CG shift backwards from xcg =020 till

xcg =0.35, makes 0.12 to 0.21 units or 0.69 to
1.17% .
2. Range values L obtained by formula (6) differ

from the values Ly, obtained by simplified formula

(14) less than by 2.5%, that indicates adequacy of
formulas used in the algorithm.

3. Calculation flight range L exceeds the real
range L;gg by 307 to 416 kmor 6.14 to 13.71% in
accordance with the fact, that all the fuel is used in the
calculation for the cruise flight (that is, fuel storage for
take-off and landing is not accounted).

4. Calculation increase of the flight range, caused
by CG shift backwards from xcG=0.20 till

Xcg =0.35, makes 37.0 to 474 km or 0.82 to
1.26% . Thus, taking into account the variation of

specific fuel consumption, according to throttling
characteristics, resulted in rise of relative flight range
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Real and calculating payload-range diagrams for

increase in comparison with the relative lift-to-drag
(C)Ruslan U. Tsukanov CuIOBas yCTaHOBKa

ratio increase (as it takes place in reality).
User name: Tsukanov R. U.
Academical group: 103

the considered airplane are shown in Fig. 7.
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Fig. 4. Airplane CG diagram for ZFW =93400 kg: 1 — at minimal pitch angle without anti-surge ribs;
2 — at minimal pitch angle with anti-surge ribs; 3 — at cruise pitch angle, determined by formula (13);

4 — at mean cruise pitch angle (2°); 5 —at maximum pitch angle
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Fig. 5. Airplane CG diagram at ZFW =108400 kg
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Conclusion

1. Mathematical model (algorithm and its program
implementation using C language in Power Unit 11.7
RO3 system) has been developed to calculate airplane
flight range accounting its actual center-of-gravity
position shift with fuel usage and variation of specific
fuel consumption following throttling characteristics of
engines installed in the airplane.

2. Adequacy of the developed mathematical model
is shown using a comparison with the known payload-
range diagram of the Au-188 airplane.

3. For more effective utilization of fuel trim
transfer process as for Au-188, during the development
of its modifications, it is necessary to change
geometrical wrapping in plane view taking into account
ellipticity factor, adjust its polar diagram, and change
the fuel usage schedule in the new layout of wing fuel
tanks. This solution implements to the full the fuel trim
transfer process influence on the flight range increase,
especially with  full commercial payload. A
mathematical model (algorithm and its program
implementation using C language in Power Unit 11.7
system) has been developed for CG position numerical
simulation of an airplane with a swept-back wing,
which keeps fuel both in wings, and in fuselage tanks, in
the process of fuel utilization at specified pitch angles,
taking into account specified number and arrangement
of ribs with baffle check valves, and also specified fuel
burn schedule.
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PO3PAXYHOK JIAJJBHOCTI IOJILOTY JITAKA TPAHCIIOPTHOI KATET OPIi
I3 YPAXYBAHHAM 3MIHH ITOJIOKEHHSA IEHTPY MAC
I APOCEJIBHUX XAPAKTEPUCTHUK IBUT'YHA

P. 1O. I[ykanog, B. I. Paokog

OpmHoto 3 mpobieM, MO CTOITH MepeA CBITOBOIO LWBUTHHOIO aBialli€lo, € 3a0e3ledeHHs HalbHOCTI Ta
I/IBUIIEHHS TAJIMBHOI e€(pEeKTUBHOCTI JIITAKiB TPAHCIIOPTHOI KaTeropii HUITXOM BUKOPHCTaHHS OajlaHCYBalbHOTO
nepeKayyBaHHsI NaJlMBa, SIKE JIa€ 3MOTY 3HM3UTH OaJlaHCYBaJIbHUI OIip JIiTaka Ha KpelcepehKii AULHII onboTy. B
ICHYIOUMX MOJIENAX TIOJIOKCHHS LEHTPY Mac 3a3BHYail NMPUHAMAETHCA (PIKCOBAHMM, OIHAK Y Mipy BHPOOJICHHS
najguBa IIEHTP Mac 3MILIYEThCS B JIESKOMY Jiana3oHi IMOJBOTHUX LEHTPYBaHb. JIOTH, JOKM Ha JiTakax He
BUKOPHCTOBYBaJIOCS OajlaHCyBaJlbHE NepeKadyyBaHHs NaJliBa, Jiaa3oH 3MIleHHs [IEHTPY Mac OyB IOCUTb BY3bKHM,
IO JaBaJIO 3MOTy BHKOPHCTOBYBaTH BKa3aHI MNPUIYIICHHA Oe3 ICTOTHHX MOXHOOK. Y pasi BHKOPHCTaHHS
OalaHCYBalIbHOTO TIEPEKAuyyBaHHS TajdWBa 3MIIIEHHI NEHTpy Mac Moxke csratu 15...20 % cepenaboi
aepoJMHAMIYHOI XOpJIH, IO TOTpedye BpaxyBaHHSA MIMCHOTO MOJOXEHHA IEHTPY Mac IiJf 4Yac pPO3pPaxyHKy
JATBHOCTI MONBOTY. PaHINI mMpoBeeHi OMiHIOBaIbHI PO3PAaXyHKU ITOKA3aIH, HEOOXIMHICTh MOJANBIIOT0 YTOYHEHHS
MaTeMaTHYHOI MOJIEeJI IUITXOM BpaxyBaHHS PealbHOI JPOCENIFHOT XapaKTepUCTUKH IBUrYHIB. Lliyutio 1iei pobotn €
po3poOKa MeToma PO3PaXxyHKY MalIbHOCTI MOJBOTY JIiTaKa TPAHCIOPTHOI KaTeropii 3 ypaxyBaHHSM JiHCHOTO
TMIOJIOKEHHS [IGHTPY Mac y Mipy BHUPOOJICHHS MajuBa Ta 3MIHEHHsS IMMTOMOI BUTPATH MAJWBa JBUTYHAMH 3TiHO iX
JPOCEThHOT XapaKTepUCTHKH. Ha OCHOBI pealbHUX ITaHWX 3 TOCIOHWKIB 3 TEXHIYHOI eKcIuTyartalii JBUTYHIB
oTpuMaHo (GOPMYyIH IS anpoKCHMAIii JpocelabHOI XapaKTepHCTHKH [BOKOHTYPHHMX JIBUTYHIB Yy BHIVIAL
3aIeKHOCTeH 6e3p03MipHOI TUTOMOI BUTpaTH MajnBa (BiIHECEHOI 0 MUTOMOI BHTPATH MAIHBA IPH MOBHIN Ts3i)
Bil KoedilieHTa IpOCENOBaHHS ABHTYHA. Po3po0iieHO MaTeMaTH4Hy MOZAENb (aJrOpuTM Ta HOro IMporpamHa
peamizarnis Ha MoBi C y cuctemi Power Unti 11.7 R03) mis po3paxyHKy JadbHOCTI MOJBOTY JIiTaKa i3 ypaxyBaHHIM
JIMCHOTO TOJIOXKEHHsI HOro LEeHTPy Mac y Mipy BHUPOOJICHHS MajuBa i 3MIHEHHS IIMUTOMOI BUTPATH MajvBa 3TiJHO
JPOCENIbHOT XapaKTepUCTUKU ABHUTYHIB. IIIIAXOM TOpIBHAHHS i3 BIJOMOIO JiarpamMol0 «BaHTaXK-IAaJbHICTHY»
TIOKa3aHO aJIeKBATHICTh PO3p0o0JIeH0] MaTreMaTHdHOoi Mozeni. TakoX HaJaHO PEKOMEHZALil MIOA0 IMOJabIIOro
YTOUHEHHS] MaTEeMaTHYHOT MOJIEII.

Kiro4oBi ciaoBa: 1eHTp Mac, NaNbHICTh TOJIBOTY, TMANWBHA CHCTEMa, AepOAWHAMIYHI XapaKTEePHCTHKH,
NoTpiOHA TATa; MMTOMA BUTpATa IanBa.

PACYET JAJIBHOCTHU NOJIETA CAMOJIETA TPAHCHOPTHOM KATETOPUU
C YYETOM UBMEHEHUS TOJIOKEHUS HEHTPA MACC
N JPOCCEJIBHBIX XAPAKTEPUCTHUK IBUI'ATEJIS

P. 10. Ilykanog, B. H. Paokoe

OnHolt u3 mpo0OsieM, CTOSIIEH Tepe] MEPOBON Tpa)XTaHCKOW aBUAIUEH, SABIsIETCS obecredeHne JATbHOCTH U
MOBBIIICHUE  TOIUTMBHOW  3()()EKTUBHOCTH CAMOJIETOB  TPAHCHOPTHOW  KATETOPHH IyTEM  NPUMCHCHUS
0aTaHCHPOBOYHOHN MEPEeKauyKH TOIUIMBA, KOTOPAs IO3BOJIIET CHU3UTH OAJIAaHCMPOBOYHOE CONPOTHBIICHHE CaMOJIETa
Ha KpeHCepCKOM ydacTKe mojéra. B CyIecTByIomuX MOJENX MOJIOKEHHE IEHTpa MacC OOBIYHO MPHHUMAETCS
(DUKCUPOBAHHBIM, OJTHAKO MO MEPE BEIPAOOTKH TOILIMBA IIEHTP MAcC CMEIIAETCS B HEKOTOPOM JTHAITa30HE MOIETHBIX
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LEeHTpoBOK. J[o Tex mop, nmoka Ha caMoJIETaXx He NPUMEHsUIAch OalaHCHPOBOYHAs IepeKayka TOIUIMBA, JHANa3oH
CMEIICHUsI EHTpPa Macc ObUI IOCTATOYHO Y30K, YTO IO3BOJIIO IIOJIB30BATHCS YKAa3aHHBIM JONMYIICHHUEM 0e3
CYIIECTBEHHBIX IOTPEIIHOCTEH. B ciydae nmpumeHeHHs 6anaHCHPOBOYHOM NMEpEKayKH TOIIMBA CMEIIEHHE IICHTpa
Macc MoxeT gocturath 15...20 % cpenHell a’spoavHAMHYECKOW XOpabl, 4TO TpeOyeT yuéra NeHCTBUTEIHEHOTO
MOJIOKEHH LEHTPAa Macc MPH pacdére NaIbHOCTH MoyEéTa. PaHee MpoBeAeHHBIE OLCHOYHBIE PACYETHI MOKA3aIH,
HEOOXOIWMOCTh HaNbHEUIIET0 YTOYHEHHS MaTeMaTHUecKoil Mojemu nyTéM y4éra peanbHOW pOCCETbHOI
XapaKTepUCTUKU ABurareneil. Llenpro naHHOI paOoOTHI ABIsIeTCS pa3padoTKa MeTona pacdéra NaJbHOCTH IMOJETa
CaMOoJIETOB TPAHCHOPTHOM KaTEropuH C y4ETOM JEeHCTBUTEIHHOrO IOJIOXKEHHs LIEHTpa Macc 1Mo Mepe BBIpabOTKH
TOIIMBA U U3MEHEHHs yJIENBHOTO PACX0Aa TOILUIMBA JIBUTATEISIMU COTIACHO UX JAPOCCENBHON XapakTepuctuke. Ha
OCHOBE PEalbHBIX JaHHBIX M3 PYKOBOACTB MO TEXHUYECKOH IKCIUTyaTallMHM ABUTATEICH MOTydeHBI GOPMYIBI IS
aNIMpoKCHMAIIMHU JIPOCCENbHON XapaKTePUCTHKH JABYXKOHTYPHBIX JABUTATelel B BUE 3aBUCUMOCTH Oe3pa3MepHOro
YAETHHOTO pacxojia TOIUIMBA (OTHECEHHOTO K yAEIFHOMY pacxoXy TOIUIMBA IPH IOJHOW TATe) OoT Koddduimenrta
JpoccennpoBaHusl ABuratens. Pa3paborana maremarndeckas MOJENb (UITOPUTM U €T0 MPOTrpaMMHAs pearn3aius
Ha si3pike C B cucteme Power Unit 11.7 R03) mist pacuéra ganbHOCTH MONETa caMONETa ¢ yuéTOM IeHCTBUTENLHOTO
HOJIOXKEHHS ero IIEHTPa Macc M0 Mepe BhIPAOOTKH TOILUIMBA U M3MEHEHUS YASIBHOTO Pacxoja TOIUIUBA COITACHO
JpOCCENbHON XapakTepucTuke nsuratencil. IlyTéM cpaBHEHHS ¢ HM3BECTHOM IUArpaMMON «Tpy3-JalbHOCTBY»
MOKa3zaHa aJIeKBaTHOCTh pa3pabOTaHHOW MaTeMaTH4ecKoi Mozaenu. Takke NaHbl PEKOMEHJAIMHU 110 JajbHeHIeMy
YTOYHEHHUIO MATEMAaTUYECKOU MOZEIIN.

KiroueBble ciioBa: IEHTp MacC, JAaldbHOCTh MOJETA, TOIUIMBHAS CHCTEMA, adpPOAMHAMHYECKHE
XapaKTePUCTUKH, TOTpeOHas Tsra; yAeIbHBIH PacXo/l TOIJIHNBA.
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