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FORMATION OF BASIC PARAMETERS AREAS OF TRANSPORT AIRCRAFT
MODIFICATIONS UNDER CONDITIONS OF ITS BASING

Along with the unique flight performance indicators and economic indicators that characterize heavy transport aircraft,
the priority is also to ensure the basing for their heavier modifications at the airfields declared for the base aircraft.
This problem arises at the very early stage of the modification creation, when its main parameters such as the gross

mass at takeoff (m{)“) and thrust-to-weight ratio (t{)” ) are formed. This is due to the very essence of creating a modifi-

cation - increasing its carrying capacity (which leads to increase in the gross mass at takeoff mg' and flight range

(Lm ) ) with an increased payload (mg;) by increasing the mass of fuel on board. Ensuring growth of flight (mg} Lm)

and hour (m(r)“vcr) , performance underlies the creation of all modifications of transport category aircraft. For heavier

modifications than their base aircraft, it is further complicated by the fact that the base models are based on the
runways of the second and first class airfields, which creates an insurmountable limitation on the available runway

length. The second limitation is the value of the decision-making speed (Vl) during takeoff, in case of failure of the

critical engine during the takeoff run, which predetermines the required length of the runway. Since the takeoff
masses of aircraft modifications of this type continue to increase, the problem of their basing on the runways of

existing airfields arises by forming the takeoff weight relationship (m{)“) — decision-making speed in case of a
critical engine failure (Vlm) - thrust-to-weight ratio(té”), providing the basing of a heavier modification at
the airfield declared for the base aircraft (LrF'QWY = L%WY ) . To implement this condition, a model for determin-

ing the speed (Vlm), in which a safe termination of the takeoff run is possible in the event of a critical engine

failure. The resulting model allows to take into account a number of restrictions due to the properties of heavy
aircraft, such as the minimum and maximum thrust of the cruise engines, which makes it possible to make rea-
sonable recommendations in the operating rules for aircraft of this type. Taking into account the expressions

obtained to determine (Vlm), a model has been formed to determine and assess the required thrust-to-weight

ratio of a heavier modification (t{)“, (m(’)“, V" )) by condition(LrF'}WY =By ) for modifications with a takeoff

weight of more than 300 tons. It has been established that the required relative thrust-to-weight ratio should be
within (0<% <1.26). Defining parameters such as mg', ;" and t;™ is the basis for the implementation of
other modification changes in the heavy transport aircraft.

Keywords: heavy transport aircraft; modifications; decision-making speed; thrust-to-weight ratio; basing con-
ditions; landing performance.

base aircraft, to ensure acceptable takeoff and landing
characteristics is a priority.

Introduction

The basing condition of a heavy transport aircraft
is understood as the required length of the runway, on
which modifications of this type of aircraft can be regu-
larly operated in terms of takeoff run length, landing run
length and under conditions of aborted takeoff in the
event of a critical engine failure [1, 2].

When creating a modification heavier than the

In paper [3], the influence of the takeoff distances
L during takeoff on selection of the main parame-
tor

ters of the modification during their

(mgt to" =f(Lt0r)) has been studied.

design

But in addition to the takeoff and landing run
lengths, the LTC (landing and takeoff characteristics)
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concept also includes the rejected takeoff distance, i.e. the
required runway length required to ensure the safe termi-
nation of takeoff in the event of a critical engine failure
(Fig. 1) [4, 5].

Boeing-747

5.4%
B-747-200-5.4% 31.9% , o
8.9
B-747-400-8.9% 28 57

B-747-600-31.9%

B-747-200 - aircraft mass has been increased by 5.4 % relative to base model
B-747-400 - aircraft mass has been increased by 8.9 % relative to base model
B-747-600 — aircraft mass has been increased by 31.9 % relative to base model

a

A340

38.2%
A340-300-0%
A340-500-32.7%
A340-600-38.2%

32.7%

A340-300 — aircraft mass has not been changed relative to base model
A340-500 — aircraft mass has been increased by 32.7 % relative to base model
A340-600 — aircraft mass has been increased by 38.2 % relative to base model

b

Fig. 1. Modification mass increase relative
to base model: a — Boeing-747; b — A340

Since heavy transport aircraft are already based on
class B airfields, for heavier modifications ensuring
their basing on existing airfields becomes even more
urgent and pushes for a decision.

Research problem statement

Since the required length of the runway for transport
category aircraft is predetermined by the conditions of re-
jected takeoff, the task of this study is to develop models
for the formation of areas of required values of the gross

mass at takeoff (mg) and thrust-to-weight ratio (ty) of
modifications of a heavy transport aircraft according to
available runway lengths (Lgyy ) of home airfield.

Evaluation of Decision-Making Speed
Variation in Rejected Takeoff Conditions

An important parameter of the rejected takeoff is
the value (V;), i. e, the speed of decision to reject the
takeoff run (Fig. 2).

The decision-making speed is set in the Flight
Manual (FM) [6, 7] and must be greater than or equal to

the minimum involutive takeoff speed (Vminoto), at

which, in the event of critical engine failure, aircraft is
controlled with the help of aerodynamic controls to
maintain rectilinear motion, and is also less than or
equal to the rotating speed of the nose landing gear,

which is also due to the requirements of the Airplane
Flight Manual (Vl > Vmg) .

\Y%
1 Leont F
L Normal
s Takeoff
\% —
VI [ *~.:‘ \ Continued
L M Takeoff
. —~—_Rejected
Lrw* Lsw s . Takeoff

Fig. 2. Decision-Making Speed (V, ) in Case of Failure
of Critical Engine during Takeoff

Lrrop = Loy Ly v +Lvi—0: 1)
Lretop =Losvs +hvi v thvisy: (D)

where Lg_,y, — the length of the takeoff run with all

engines running from start to the moment of critical
engine failure at speed Vs ;

Lv; v, — the length of the acceleration portion

with one inoperative engine and, during normal opera-
tion of the rest ones, to the decision-making speed,;
Lv,—0 — the length of the braking portion with

one engine inoperative (from speed to complete stop);
Ly, v, — the length of the acceleration portion

with one inoperative engine and during normal operation
of the rest ones from speed V; up to liftoff speed V, .

To determine V; the available rejected takeoff dis-
tance (Lartop) (1) reduced by the length of runway-

end safety area (Lgsa) should be equated to the re-

quired distance of the completed takeoff run
(Lrrop) (2.
As a result of this operation, we get
Lvi»v; =Ly >0 —Lrsa: ©)

Using the integral equation to determine the take-
off run

Vi 2
L tor :2_19 3 \(/j;/ . (4)
Po
0 to—fr _ﬁ(cxtor _frcytor)
2
where Vg = Mo ;
POCytorSW

we transform condition (3) to the following form:
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2 2
Vio =M1 _

1 poCxtorSw [ V& =V
Zg Kl 1-— tO _fr _ xtor=w 0

Ne 6m0 VlO —V]_ (5)

2
= KoM —Lgrsa
1 PoCxrSw | 2 ,
29 |:K1 (1_ nej Mrevto —fred — WVl

where n, —number of engines;

Cytor — drag coefficient during takeoff run;

K, — coefficient taking into account the time for the
pilot to make a decision and the time of engaging the
aircraft braking devices;

ey — Coefficient of engine reverse thrust-to-forward
thrust ratio;

f, —reduced coefficient of friction of wheels during
mileage (mean value),

where ¥ =0.75...0...0.95 - coefficient depending on the
quality (in particular on the inertia) of the anti-skid au-
tomatic braking machine for the main wheels of landing
gear; with brake nose wheels f.oq =7 ff .

1 nig* fr +1 mig* fr
1+ h|g (ff —fr)

(6)

fs — coefficient of friction of main landing gear
braked wheels;

I’]Ig = Inlg/llg ) _lmlg = Imlg/llg ) ng :hlg/llg )
the linear dimensions of nose |,y and main I,y land-
ing gear struts offset from the aircraft center of mass
relative to the wheelbase (I,g ) ,

hig - the linear dimension from the aircraft center of

mass to the runway surface.
To study the modifications, we introduce into con-
sideration the relative values:

2
- b 2 2 b
b =to/1§, Vi =V10/<V10) ,
- b b
Mo =mo/mg, Vi=Vi/W,
in which index "b" indicates the parameters of the base
aircraft.
Using these dimensionless parameters, we simplify

expression (5). Expression (7) makes it possible to es-
tablish the dependence of the growth of the relative

mass Mg and relative thrust-to-weight ratio ;" on the

value of relative decision-making speed Vg" when de-
veloping aircraft modifications (Fig. 3).

2 2
b \* = b\ 72
(Vlo) mO_(Vl) Vi
_ CorrS 2 _ 2_.\
Kl ].—i tgto —fr —7p0 XtO_I' w (Vlt())) mo +Vle1%V1 mo +(Vb) V12
Ne 6mgyMmg
(7
b)2 2
Ko (V) Vi
= —29LRsa
1 bt PoCx.torSw (y,b ) 2
Ky | 1= eyt + frea — PS4 (VP
l( ne] revio ©o +Tred 6mgm, 1 1
Vl | | [ — | | Basic airplanc_ 754 m
Limitations V} = V| o or my = 0.819V, e ”d/,/ [ 5
1.2 i i t ]{\\ - 4 <
Takeoff run my = 1.171, tp=1.171 > 4
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1.0 gf: ¥ 5"
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mg = 0.985t; - 0.192

Fig. 3. Influence of relative variation in the takeoff weight of modification on relative value of speed V1
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Determination of Required A rejected takeoff is considered as normal until the
Thrust-to-Weight Ratio of Heavy Aircraft critical engine or aircraft systems that affect takeoff
Modifications performance fail. After the pilot has made a decision

(i.e. V;) the rejection of takeoff with braking to a com-
Considering the limitation on the minimum (1), (2)  plete stop begins.
and maximum (4), (5) takeoff weight; by takeoff pa- It is known [5] that for the parameters of base air-
rameters (1) - (5), as well as by the required thrust of the b . b . .
craft mg =300 t; t5 =0.3; Cyor =0.08; Cyj, =17 a
power plant (3), (4), we obtain the range of acceptable g OI 0 » IXtor o yi;) _
“m - -m . . sufficiently accurate analytical expression for determin-
values Mg, T' and Vg', in which the existence of ing the rejected takeoff distance has the form:

aircraft modifications is possible.

v 1 Kz
S

= + :
2 poC 1 P0Cx torS
91 Kytg —f, -POxtow GTn“’(; W\, Kl(l—n Frevto +Freg e /2

®)

ro
e 6mg

One of the determining factors in the selection of main  required distances of rejected takeoff of base aircraft (b)
parameters of modifications is the condition of equality and its modifications.
" Taking this condition, as well as using the relative
LI‘IO m

— ==L =10 (9)  values mg', " and Vg", we transform (8) to the form:
Lrto
. . _
PoCxtorSu (\p P2
v Ktb—_f_OxtorWV V.
(Vlb) V2 1tofo —T; By ( 1) 1
Lo :T . K, . (10)
1 b= PoCx torSw b\2 o2
Kl[l_nejrrevtotO"'fred +W(V ) Vl

Replacing the second term in (10) from (7), we obtain the relationship of three relative values
~ 5 ) N

[ b\* 72
(Vlo) Mo —(Vl ) Vi

+
1 )b+ PoCxtorSw (y/b \2 =~ bbby [ b)2 2
Kl(l—thoto—fr—O“‘“W(vlo) m0+V1V10V11/m0+(V1) v

6mgym
b oMo
LI'tO = € 2 (11)
()%
1 1 2L
+ +20Lrsa
b~ PoCx torSw b\2 =2
Kitgtg +f, +—————— (V" | V;
] 1tofo +1r. 6mgiy ( 1 ) 1 |
5 I;rom rel_atlor; (12), l_t is Zasy to c;btaln th::] de5|fred N 1 Cytor { N V1b A j 13
ependence t; =f(My, V; introducing the refer- 2=+ - ="
p ) ( 0 1) y g 3 Cylo Vllg) {mo
ences- ) They can be substituted in (11) with the subse-
1 Cxtor (Vlb) o guent transformation of this expression with respect to
a =+ —— L 12
r b 2 mO
Cy10 (Vlo)

(14)

2Q(I—?'t0 _LRSA):
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Zq(Lrto_LRSA)(al_nl"'azj_( ) +(V10) Mo
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Zq(Lbrto - LRSA)alaZ +(V1b )2 (ay—ay )V +(V1%)

2

+

a;Mg 0

ZQ(L?’IO —Lrsa ) K{ [1—:](t8 )2

It is obvious that formula (15) includes the param-

eters of both the base aircraft (index "b") and modified
aircraft. If we substitute the basic parameters

\7 72
M 0123
ﬂémo mO

V; V2 Vs
+0.006 —== +0.016 —- +0.004 —1

NGY Mo Mo+/Mo

% —(0.277 +0.077

—0.208V2 +1.015mojf0 +0.016+0.006

+0.004

e

of base aircraft into it L? =1716 m, Lrga =300 m,
Vlb =65 m/s and Vt%r =71.828 m/s, then it is:
v V2

+0.016 -1 +
mo mO

V, — V,
—L+0.107Vf +0.048—L-+0.083m; = 0.
mgy Mo

(16)

Parametric variation of V; and M allows to obtain a numerical interpretation of expression (16) presented

in Table 1.

Table 1

Numerical values of dependence t; =f (mo, \71) when modifying the base aircraft with the parameters

shown in Fig. 3, at L, =1.0

Mg Vi

0 05 0.8 0.9 10 11 12 13
04 0601 | 0582
05 0703 | 0.689
0.6 0.804 | 0.789 0.64
0.7 0906 | 0891 | 0779 | 0.684
0.8 1007 | 0993 | 0893 | 0828 | 0722
0.9 1.109 1092 | 1005 | 0050 | 0875 | 0.56
10 1210 | 1103 | 1110 | 1062 | 1000 | 0014 | 0.759
11 1312 1294 | 1214 | 1171 | 1117 | 1045 | 0043 | 0.774
12 1413 | 1395 | 1317 | 1275 | 1206 | 1163 1.080 | 0.960
13 1515 | 1495 | 1421 | 1382 | 1335 | 1276 1201 | 1107
14 1616 | 1595 | 1521 | 1483 | 1439 | 1384 | 1316 | 1.236

The same data is shown in Fig. 4. In addition, zone
(1-2-3-4-5-1) of the dependence T =f(Mp, V) at

L1o =1.0 formed by the following constraints (bounda-

ry conditions) is as follows:

Line 1-2 - limitations on the conditions of possible
aircraft operation (for example, decrease in the takeoff
weight of base aircraft when it is not fully loaded with
fuel or payload). In this case, the restriction
Momin =0.78, that is 234 tons instead of mgy =300 t

has been taken.

1. Line 2-3 - limitation V4 =0. Under this condi-
tion, Eq. (16) turns into the dependence
Mg =0.985t) —0.192, which can be considered as a

completed takeoff run with one critical engine failure at
the time of aircraft takeoff.

This example requires the distance of the complet-
ed takeoff run.

Lictod = Lo —Lrsa =1716—-300=1416 m

both for the base aircraft and for all its modifications.
2. Line 3-4 - limitations on the available opportu-
nities to increase the required thrust of the power plant,
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Fig. 4. Dependency 13" =f(rT18"; \71”‘) when Designing Modifications by Condition L, =1.0

and, consequently, the power-to-weight ratio of the air-
craft tyma =1.28.

Increase in the required thrust of the aircraft power
plant  within the considered relative limits

1.0< ty <1.28 can be provided both by automatic acti-

vation of forced operation mode, and by the possibility
of installation of powerful engines on modifications.

3. Line 4-5 - limitations on aircraft mass based on
strength conditions are determined by the most severe
cases of loading of various aircraft components (wing,
empennage, landing gear, etc.) by operating modes. In
this case, it is accepted Mg =1.26.

4. Line 5-1 - limitation V; =V, . This limitation
gives the dependence:

bo /b b .
VI'V1 = VoV =VoMp;

(M)
(Vlté )2 Vlz

or Mg :0.819\712, which should be considered as a

completed takeoff run with one critical engine inopera-
tive at the moment of aircraft liftoff.
Shown in Fig. 3 data combined with dependencies

Vs =f (Mg, Ty) shown in Fig. 2, give the designer a

3l

0=

complete idea of the available takeoff weight mg varia-
tion of modified aircraft, its thrust-to-weight ratio and
speed V; while maintaining one of the main parameters

— the rejected takeoff distance, which has a decisive
influence on the determination of the modification base
aerodromes.

Conclusions

1. Along with the flight performance and eco-
nomic indicators of heavy transport aircraft, the priority
is given to the conditions of basing at class A and B
airfields, which have the longest available runways.

2. Since the takeoff masses of this type of aircraft
modification continue to increase, the problem arises to
ensure their basing on the runways of existing airfields
by forming at the design stage the relationship takeoff

mass mg' — decision-making speed, ;" , - thrust-to-
weight ratio tg, providing the basing of a heavier modi-
fication at the declared airfield for the base aircraft
LRwy = LRwy -

3. To implement this condition, a model has been
developed for determining the speed V|" at which it is

possible to safely terminate the takeoff run in the event
of a critical engine failure. The resulting model allows
to take into account a number of limitations due to the
properties of a heavy aircraft, such as minimum and
maximum takeoff masses, in terms of takeoff parame-
ters and thrust of cruise engines, which makes it possi-
ble to make reasonable recommendations in the rules of
flight operation of this type aircraft.

4. Taking into account the expressions obtained

for the evaluation of Vj™ a model for determining and
quantifying the required thrust-to-weight ratio has been
formed (To(mgn, Vi )) by condition LTy = L2y
for modification with takeoff weight of more than
300 tons. It was found that the value of the mass should
be within the limits 1.0 < §) <1.26 as mg', V", tg' is
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the basis for the formation of other most important pa-
rameters of heavy aircraft modifications at the stage of
their design.

References (GOST 7.1:2006)

1. Electronic Code of Federal Regulations. Part
25 — Airworthiness. Standards Transport Category Air-
planes [Electronic resource]. — Access mode:
https://www.ecfr.gov/cgi-bin/text-idx?SID=
014274dd0db07b340da3edal3ac8fécd&mc=
true&node=pt14.1.25&rgn=div5 — 27.04.2015.

2. Electronic Code of Federal Regulations. Part
33 — Enforcement of nondiscrimination on the basis of
handicap in programs or activities conducted by the
department of labor [Electronic resource]. — Access
mode: https://ecfr.federalregister.gov/current/title-
29/subtitle-A/part-33. — 27.04.2015.

3. Kanumanosa,
63J1ENHbBIX Macc Modudmmmmi camnonemos  mpaHc-
nopmﬂoﬁ Kamezopuu no ycioeusim esiema u nocaoxku
[Texcm] / JI. B. Kanumanoea // Bicnux 0euzyno0yoy-
eéanns — 2015, —Ne 2. — C. 15-19.

4. 1ATA. Airline Industry Financial Forecast.
[Electronic resource]. - Access mode:
https://www.iata.org/en/iata-repository/publications/
economic-reports/airline-industry-economic-
performance---april-2021---report/. — 11.05.2021.

5. Ogiyitnuii nopman ICAO. ICAO DATA+ Pric-
ing Grid [Drexmponnslii pecypc]. — Pexcum docmyna:
https://data.icao.int/newDataPlus/Home/Pricing. -
11.03.2019.

6. Eeep, C.M. [lpoexmuposanue camonemos
[Texcm] / C. M. Ezcep, B. @. Muwun, H. K. Jlucetiyes. —
M. : Mawunocmpoenue. —1983. — 616 c.

7. Anopuenxo, FO. I. Memoo ¢popmuposanus co-
BOKYNHOCMU MEXHUKO-OKOHOMUYECKUX XapaKkmepucmuk
6 npoyedype 8bl00pa NPOEKMHLIX peuleHutl npu paspa-
bomxe  mpancnopmuvlx  camoremog  [Texcm] /
10. I Anopuenxo // Omkpvimoie ungopmayuonnvie u
xomnwviomephvle mexnonozuu. — 2002. — Bwin. 12.
—C. 125-138.

JI. B. Memoo onpedenenus

References (BSI)

1. Electronic Code of Federal Regulations. Part
25 — Airworthiness. Standards Transport Category Air-
planes. Available at: https://www.ecfr.gov/cgi-bin/text-
idx?SID=014274dd0db070b340da3edal3ac8f6cd&mc=tr
ue&node=pt14.1.25&rgn=div. (accessed 27.04.2015).

2. Electronic Code of Federal Regulations. Part
33 — Enforcement of nondiscrimination on the basis of
handicap in programs or activities conducted by the
department of labor. Available at:
https://ecfr.federalregister.gov/current/title-29/subtitle-
AJpart-33. (accessed 27.04.2015).

3. Kapitanova, L. V. Metod opredeleniya
vzletnykh mass modifikatsii samoletov transportnoi
kategorii po usloviyam vzleta i posadki [Method for
determination of takeoff masses of transport category
aircraft modifications according to take-off and landing
conditions]. Visny'k dvy'gunobuduvannya — Herald of
Aeroenginebuilding, 2015, no. 2, pp. 15-19.

4. IATA. Airline Industry Financial Forecast.
Available at: https://www.iata.org/en/iata-repository/
publications/economic-reports/airline-industry-
economic-performance---april-2021---report/. (accessed
11.05.2021).

5. Web-portal ICAO. ICAO DATA+ Pricing Grid.
Available at: https://data.icao.int/newDataPlus/
Home/Pricing. (accessed 11.03.2019).

6. Eger, S. M., Mishin, V. F., Liseitsev, N. K.
Proektirovanie samoletov [Airplane designing]. Mos-
cow, Mashinostroenie Publ., 1983. 616 p.

7. Andrienko, Yu. G. Metod formirovaniya so-
vokupnosti tekhniko-ekonomicheskikh kharakteristik v
protsedure vybora proektnykh reshenii pri razrabotke
transportnykh samoletov [The method of forming a set
of technical and economic characteristics in the proce-
dure for choosing design solutions in the development
of transport aircraft]. Otkrytye informatsionnye i
komp'yuternye tekhnologii — Open Information and
Computer Integrated Technologies, Khar'kov, 2002,
vol. 12, pp. 125-138.

Iocmynuna 6 peoaxyuio 01.06.2021, paccmompena na peoxoanezuu 09.08.2021

®OPMYBAHHS OBJIACTEl OCHOBHHUX ITAPAMETPIB MOJIUPIKALIIA
TPAHCITIOPTHOI'O JIITAKA 3A YMOBAMM UOI'O BA3YBAHHSA

A. 3. leeiipin, B. 1. Paokos, JI. B. Kanimanosa, M. B. Kupunenko

Iopsix 3 yHIKaJIBHUMH JBOTHO-TEXHIYHIMH T4 EKOHOMIYHUMH MOKAa3HUKAMHU, II0 XapaKTepU3yIOTh BaXKi Tpa-
HCTIOPTHI JIiTaKH, MPIOPUTETHUM € TaKOX 3a0e3reueHHs 0a3yBaHHs IS X OUTBIN BaKKUX MoauQikalliif Ha aepo/I-
poMax, 110 3asBJeHi st 6a30Boro JiTaka. L mpobieMa BHHUKAE HA CAMOMY PAHHBOMY €Talli CTBOPEHHS MOIHI]i-

Kallii, Ko (hOPMYIOTECSL OCHOBHI ii IIapameTpH, Taki sk craproBa mMaca (Mg ) i TaroocHauteHicts ( ty ). ITo's3ano

IIe 3 CAMOIO CYTTIO CTBOpEHHS Moxaudikamii - miABUIIEHHS ii BaHTa)KOMiAHOMHOCTI (10 IPU3BOANTE JI0 3POCTAHHS
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CTapToBOi MacH my i ganbHOCTI 10aboTy ( LY ) 31 3G1IbIICHIM KOPHCHUM HAaBAaHTaXEHHIM (my ,, ) LUISIXOM 301/1b-

TIEHHS MacH ManuBa Ha Gopty. 3abesnedenns 3poctanis peticooi (my, L") i wacoBoi (mg Vi ) TIPOIYKTHBHO-

CTi JISKUTH B OCHOBI CTBOPEHHS BCiX MOupiKamiil NiTakiB TpaHCIIOPTHOI Kateropii. Jlist Oinbin Baxkkux Moaudika-
IiH, HiXK X 0a30BUIl JiTaK, YCKIAIHIOETHCS e W THM, IO caMi 0a30Bi MojielTi 6a3yIOThCS Ha 3TITHO-TIOCAIKOBI CMY-
TH aepoJPOMIB JPYroro i Mepuioro Kiacy, 1o CTBOPIOE HerepeOopHe 0OMEKEHHS 32 iCHYIOUOI0 JOBKHUHOIO 3JIITHO-
0CazIKOBOi CMYTHU. JIpyruM oOMEKEHHSIM BUCTYIAE BEANYMHA IBUAKOCTI IPUHHATTS pimeHss (V) ) npu po3oiry,

TIPY BiZIMOBI KPUTHYHOTO ABHI'YHA Ha PO30iry MpH 3IbOTI, SKa i BU3HaYa€ MOTPIOHY JOBKUHY 3JITHO-IIOCAIKOBOI
cmyru. OCKIJIBKH 3JTiTHI Macl MOIUQiKamiil JiTakiB Or0 THITY MPOIOBXKYIOTh 3pOCTaTH, TO BUHUKAE MpobiaeMa ix
0a3yBaHHs Ha 3JIITHO-TIOCAJKOBHUX CMYrax iCHYIOUMX aepoApOMIB HUITXOM (OpPMYBaHHS Ha €Talli MPOEKTYBaHHS

B32€MO3B'A3KY «3JIiTHa Maca» (mg ) - WBHIAKICTb NPUIHATTS PillleHHs IPH BiAMOBI KputHyHoro xsurysa (V') -
TATOOCHAILEHICTD ( ty ), WO 3abe3nedye GasyBaHHA Baxuill Mogudikawii Ha aepoapoMi, 3asBIeHOMY st 5a30BOrO

nitaka (Lg = L%HH ). st peanizanii Takoi yMOBH PO3pOGIIEHa MOJIENb BU3HAUEHHS BKAKOCTI ( V"), TIpH sIKiit

MOXIIUBO Oe3TeYHe MPUIMHEHHSI PO30iry IpH BiIMOBI KpUTHYHOTO IBUTYHA. OTpUMaHa MOJIENb J103BOJISIE BpaxyBa-
TH psii 0OOMEXEHb, 3yMOBJICHUX BJIACTHBOCTSMH BA)KKOTO JIiTaKa, TAKUM SIK MiHIMaJibHa i MaKCUMajbHa BETUYMHA
TSATU MapUIOBHX JABHUIYHIB, IIO JI03BOJISIE BHECTH OOTPYHTOBaHI PEKOMEHAIIIT 0 MPaBHiI €KCILTyaTallil JiTakiB 1[bO-

ro TuMy. 3 ypaxyBaHHSM BUPa3iB, OTpUMaHuX juis BusHauenns ( Vi"), chopMoBana Mojie/lb BU3HAYEHHS Ta OLiHKH
noTpiGHOT TAroocHamenocTi Baxuoi momudiaii (¥, (mY, Vi) sa ymosoro ( Ly = Ly ) wis momudixaniii i
35miTHOIO Macoro monan 300 T. BecTanoBieHo, 1110 moTpiOHa BiIHOCHA BEIMYUHA TATOOCHAIICHOCTI MOBHMHHA 3HAXO-
mutrcs B Mexax (0 <ty <1,26). BusHaueHHs Takux napamerpis, ik mg, V|1 ty € OCHOBOIO [uist peanizauii iH-

mUX MOAUGIKAIIHHUX 3MiH B BAXXKOMY TPaHCIIOPTHOMY JIITaKYy.
KuiouoBi cjioBa: Baxxkuii TpaHCIOPTHUH JiTak; MoAM(IKalii; MBUAKICTh MPUHHATTS PILIEHHS; TATOOCHAIIE-
HICTh; YMOBH 0a3yBaHHS; M0CA/IKOB1 XapaKTEPUCTHUKH.

®OPMHUPOBAHME OBJIACTE OCHOBHBIX TIAPAMETPOB MOJIU®UKALIUI
TPAHCIIOPTHOI'O CAMOJIETA 110 YCJIOBUSAM EI'O BABUPOBAHUS

A. 3. leeiipun, B. H. Paokos, JI. B. Kanumanoea, M. B. Kupunenxo

Hapsiny ¢ yHuKalnpHBIMM JIETHO-TEXHHUECKUMH M SKOHOMUYECKHMHU IOKA3aTEIsIMU, XapaKTepU3YIOLIUMU Tsi-
XKeJble TPAHCIIOPTHBIE CaMOJIETHI, IIPUOPUTETHBIM SBIISIETCS Takoke obecrieyeHne 6a3upoBaHus AId UX Oolee TsoKe-
JBIX MOAU(UKALMI HA a3pOApOMax, 3asiBICHHBIX I 0a30BOr0 camolieTa. JTa mpobieMa BO3HUKAET Ha CaMOM paH-
HEM 3Talne COo3JaHus Moau(UKanuu, Koraa (GpopMHUpPYIOTCS OCHOBHBIE € MapaMerp. Takhe Kak CTapToBas macca

(my) 1 TAroBoOpyKeHHOCTD ( ty ). CBS3aHO TO € CaMOil CYTBIO CO3HaHMA MOAM(DHUKALMK — MOBBILIECHAS €& TPY30-

IObEMHOCTH (YTO IPHBOAMT K POCTY CTAPTOBOH Macchl My M nanbHocTh nonera (L) ¢ yBennueHHOI m0ne3HO#

Harpy3koi ( My, ) IMyTeM yBeJIM4eHUs Macchl TomkBa Ha 6opry. Obecreuenue pocta peiicoBoii ( My, LY ) u vaco-

BOH (ml(‘fVerfdC ), TIPOM3BOIUTENBHOCTH JIG)KHT B OCHOBE CO3/aHHSA BCEX MOIM(HUKAIMI CaMOIETOB TPAaHCIOPTHON

kateropuu. s Ooree TsHKENBIX MOOUGUKAIM, YeM UX 0a30BBIA caMOJIET, OCTIOXKHACTCS elle U TeM, YTO caMu Oa-
30BbIe MOZIENTN 0a3UPYIOTCSA Ha B3JICTHO-IIOCAIOYHBIE ITOIOCH a3POIPOMOB BTOPOTO M IIEPBOTO KJIacca, YTO CO3/1aeT
HENPeo0IMMOe OTPaHUYECHHE 110 PACIIONaraeMol JUIMHE B3JICTHO-TIOCAIOYHOW ITOJIOCHL. BTOpBIM OrpaHmdeHHeM
BBICTYIIAET BEJIMYMHA CKOPOCTU NpHHATHUs pemieHus (V) ) mpu pas0ere, IpH OTKa3e KPUTUYECKOIO IABUTATENsd Ha

pasbere mpu B3jeTe, KOTOpas M MPeNoNpenenseT MOTpeOHYIO AIMHY B3JIETHO-TOCAJOYHON Monockl. Ilockombky
B3JIETHBIE MacChl MOAM(HKAIMI CaMOJIETOB TOrO THIIA MIPOAODKAIOT BO3pACTaTh, TO BO3HHUKAET MpobiieMa ux 0Oa-
3MPOBAHNUS Ha B3JIETHO-TIOCAZOYHBIX MTOI0CAX CYIIECTBYIOLINX a3pOIPOMOB ITyTeM ()OPMHUPOBAHMS Ha 3Tare IMpOeK-

TUPOBaHMUs B3AUMOCBSI3H «B3JIETHAS Macca» (MY ) — CKOPOCTh IPHHSTHS PELICHHS TIPU OTKA3€ KPUTUIECKOTO JBH-
M M ) o

rarens (V] ) — TaroBoopyxxeHHocTs ( t) ), obecrneunBaromel 6asuposanue Gosee TKeI0H MOAU(BHUKALMI HA ad9po-

IpoMe, 3asBIeHHOM s GazoBoro camoneta ( L = LGBHH ). [l peanu3anuu Takoro ycjioBusl pazpaboraHa Mo-

nenb onpenenenus ckopoctu (V4'), Ipu KOTOPOil BO3MOKHO G€301aCHOE TPEKpAIeHne pa3bera MpH OTKA3e Kpu-
THYeCKOro asurateis. [lomydeHHas MOJENb MO3BOJISET YYECThb PsA OrpaHUYCHHI, OOYCIIOBJICHHBIX CBOMCTBaMH
TSDKEJIOTO CaMoJjIeTa, TAKAM U KaK MUHHMAJIbHAs 1 MaKCHMaJlbHasl BEIMYMHA TSATH MapIIeBbIX JBHTATeNeH, 4To M03-
BOJISICT BHECTH OOOCHOBAaHHBIC PEKOMEHIALNN B MPAaBHJIA AKCILTyaTallld CaMOJIETOB 3Toro tuma. C ydyeroM BhIpa-
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JKEHUH, IOTy4eHHbIX Uit onpenenerus (V4'), chopMupoBaHa MOJEIb ONPEAEICHHS i OLEHKH MOTPeGHOI TSIroBo-

opyKeHHOCTH Goree Tspxenoit Mmoxudukauuu (ty, (MY, Vi) 1o yenosuro (L = L%HH) Uit MouduKanuii co
B3NIeTHOM Maccoil Ooxee 300 T. YcTaHOBIIEHO, YTO NMOTpPEeOHAsh OTHOCHTENBHAs BEIWYMHA TSATOBOOPYKEHHOCTH

fomKHa HaxomuThes B mpenenax (0< t, <1,26). Onpenenenue Takux napamerpos, kak my, Vi¥u )" ssusercs

OCHOBOM JJIA peajiu3aliu Jpyrux MOI[I/I(i)I/IKaHI/IOHHLIX W3MEHEHUH B TSHKEIIOM TPAHCIIOPTHOM CaMOJICTEC.
KuaroueBble cj10Ba: TsHKEIIBIN TpaHCHOpTHLIﬁ CaMOJICT, MOI[I/I(l)I/IKaHI/II/I; CKOPOCTb IPUHATUA PCHICHUA,; TATOBO-
OpPYKCHHOCTD,; YCJIOBUA 6a3I/IpOBaHI/IH; MOCaJ0YHBIC XapaKTCPHUCTUKU.
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