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Annomayusa. B HacTtoAmed ~ paboTe  COCTaBICHO M MPOUHTETPHUPOBAHO
muddepeHnaIbHOe yYpaBHEHHUE MJIi BEPTUKAIBHOTO CHIDKCHHSI B ClIy4ae JABUKCHHS
CHUCTEMBI OOBEKT-yIpaBIsAeMblil IIaHupylomui mapamior (00bekT-YIIII) B pexume
pa3Boporta. [lorydeHbl 3aBUCUMOCTH BEPTUKAIBHOM COCTABJISIONIEA CKOPOCTH CHUXKCHUSA
OT BPEMEHHU M PA3IUYHBIX M[MAPaMETPOB. IDTO MO3BOJISIET MPOBOAHWTH HUCCIEAOBAHUS
XapakTepa W3MEHEHHUS BEPTUKAJIBHOW COCTABIIOLIEH CKOPOCTH CHUXEHHS U IOTEpHU
BBICOTBI BO BPEMEHH ITPU BapUALMAX PA3JIAYHBIX [MAPAMETPOB M XAPAKTEPUCTUK KAXKION
KOHKPETHOW KOHCTPYKIMU cucTteMbl 00beKT-YIIII Ha pa3nuuHbIX pexumax U YCIOBHUSX
MPUMEHEHHUS] CHUCTEM [0 Ha3HaueHuto. Pe3ynbTaThl AaHHON pabOTBl MOTYT OBITh

HCIIOJIB30BaHbBlI B 3aJadYaxXx HaBUTallUM MW HABCIACHHA CHCTCM 06T>CKT-YHpaBH$ICMa$I
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IUTAHUPYIOMIAsl TapalfoTHas CUCTeMa Ha IIeNib, KOTOPhIE SBISIOTCS OJHAMHU U3
BOKHEHIIIMX B TCOPUU M TMPAKTUKE YIPABISIEMBIX MApalIlOTHBIX cucTeM. [IpoOmemHON
YacThIO STUX 3a/ad SBISIETCA ONpEICICHWE BEPTUKAIBHON COCTABIAIOMIEH CKOPOCTH
CHUCTEM B KPYTOH CIUpaNM NMPU HABUTAIMM W HABEJICHUU B aBTOMATHYCCKOM pEXUME B
YCTIOBHSIX CIIOXHOTO peibeda MECTHOCTH U CIOKHOW BETPOBOM OOCTaHOBKH B 30HE
HaBEJICHUSI.

Knrouegwle cnoea: HaBuTalyisi ¥ HaBeJCHUE, CHCTEMa OOBEKT-YIpaBIsieMas IIaHUPYIOIIast
napanroTHas CHCTeMa
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Abstract. In this paper, a differential equation has been compiled and integrated for
vertical descent in the case of movement of the object-controlled gliding parachute
(object-SCP) system in the U-turn mode. The dependences of the vertical component of
the rate of decrease on time and various parameters are obtained. This allows us to study
the nature of changes in the vertical component of the rate of descent and loss of height
over time with variations in various parameters and characteristics of each specific design
of the object-SCP system in various modes and conditions of use of the systems for their
intended purpose. The results of this work can be used in the tasks of navigation and
guidance of object-guided gliding parachute systems on target, which are among the most
important in the theory and practice of guided parachute systems. The problematic part of
these tasks is to determine the vertical component of the speed of systems in a steep spiral
during navigation and guidance in automatic mode in conditions of difficult terrain and
difficult wind conditions in the guidance zone. The practice of flight testing and operation
of guided gliding parachute systems has shown that one of the problems of controlled
movement in difficult terrain conditions is maneuvering and its inherent steep spiral
movement with an increased vertical component of speed and a large loss of altitude. This
leads in some cases to a short flight to the target and, as a result, to non-fulfillment of the
flight task. Thus, there is an urgent need, in preliminary calculations of flights along the
route of the object-SCP systems in conditions of difficult terrain, to take into account the
transients of increasing speed and loss of altitude in steep U-turns and in spiral movement
at the landing stage in the presence of an excess of altitude in the target area. The paper
presents the construction of a mathematical model of the movement of the system in the

reversal mode. The obtained dependence of the mathematical model is studied in detail,



graphs of this function are constructed, varying the parameters included in it, using the
MathCad 2000 Professional computer mathematics program. Specific examples for human
SCP with different sets of initial data are considered and the analysis of the results
obtained is performed. The analysis of the calculation results based on the obtained
dependence of the vertical component of the velocity in the reversal mode for various
values of the parameters included in it is performed.

It follows from the above calculation results that:

— the greater the mass of the object and the smaller the area of the parachute dome (wing),
I.e. the greater the specific mass load on the wing, the greater the vertical component of
the speed and the greater the loss of height in the turn, which is extremely dangerous when
performing maneuvers at low altitudes;

— the lower the coefficient the greater the total aerodynamic force, the greater the height
loss on the turn;

— the greater the roll angle of the system, the greater the height loss on the turn;

— the higher the flight altitude of the system, the greater the loss of altitude on the turn;

— the lower the aerodynamic quality of the system, the greater the height loss on the turn.
In combinations of these parameters, the predominant effect of some of these parameters
over others should be taken into account when estimating height loss in steep turns.

Based on the results of the work performed, the following conclusions were drawn.

1. A differential equation has been compiled and integrated for vertical descent in the case
of movement of the object-SCP system in the reversal mode. The dependence of the
vertical component of the rate of decrease on time is obtained. This also makes it possible

to study the nature of changes in the vertical component of the rate of descent and loss of



height over time with variations in various parameters and characteristics of each specific
design of the object-SCP system in various modes and conditions of use of the systems for
their intended purpose.

2. When flying in highly rugged terrain with difficult terrain and in difficult wind
conditions, it is necessary to take into account the significant loss of altitude during steep
turns due to an increase in the angle of roll in order to fly around obstacles, due to a
significant increase in the vertical component of speed. An increase in the roll angle leads
to a decrease in the turning radius and, as a result, to a significant increase in the vertical
component of the speed and a significant loss of height. The longer the planned flight
route to the target point in highly rugged terrain, the greater the altitude margin, taking
into account possible steep turns and overturns, should be selected when flying with a
headwind at the time of dropping the object-UPP system from an aircraft or helicopter
carrier.
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BBenenue
[IpakTka JETHBIX MCIBITAHUM W HKCIUTyaTallMd YIPaBISEMBIX IIAHUPYIOMIUX
MapalroTHBIX CHUCTEM IIOKa3aja, YTO OJHOW M3 MpoOJieM yIpaBiIsIeMOro IBWKCHHUS B
YCIOBUSIX CJIOKHOTO peibeda MECTHOCTU SBISETCS MaHEBPUPOBAHHUE U MPHCYIICE €My

KPYTO€ CHUPAIbHOE IBUKEHUE C YBEINYEHHON BEPTUKAIBHOM COCTABIISIONIEN CKOPOCTH U
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0OJBIION MOTEpel BHICOTHI. DTO MPHUBOJIUT B PAAE CIAy4yaeB K HENOJIETY O LEIH U, Kak
CIIEACTBUE, K HEBBIIOJHEHUIO IIOJETHOrO 3ajaHus. Takum oOpa3oM, CyIIECTBYET
HACTOSITeNIbHAsI HEOOXOJUMOCTbh, B MpPEABAPUTEIbHBIX pacyeTax MOJETOB MO MapUIPyTy
cucteM 00beKT-YIIII B ycI0BUSAX CIOKHOTO penbeda MECTHOCTH, YUYUTHIBATh EPEXOAHBIC
IIPOLIECCHI BO3pPACTaHUsA CKOPOCTH U IOTEPHU BBICOTHI B PEKMMAX KPYThIX pPa3BOPOTOB U B

CIIUPAJIBHOM ABUKCHUUW HA JTAIIC IMTOCAJIKU IPU HAJITNIUHU M30BITKA BLICOTHI B paﬁOHe OCJIu.

HOCTpOEHl/Ie MaTeMaTH4YeCKOM MO/J€e/IH IBHKEHNS CUCTEMbI B PeKUME

pa3BopoTa

3anumem  auddepeHImaTbHOe  ypaBHEHHME  JIBDKCHHS  CUCTEMBl  OOBEKT-
yrnpasiiseMbi mianupytomuii napauntot (YIIIT) B mpoekiiuu Ha BEPTUKAIb TIPU JBUKECHUN

B PCXKHUME pa3BOpOTa C IOCTOAHHBIM YTJIOM KpE€HaA ) .

dv, -
M——-—=mg — RKCOSy.
=M y

3necs: M — Macca cucteMbl 00bekT-YIIII; Vy — BEPTUKAJIbHAsA COCTABIISIOIIAS
CKOPOCTH CHCTEMBbI BO BpalllaTeIbHOM JBHKEHUH, (— YCKOPEHHE CBOOOJHOTO TaJICHHS;

2
V .
R=crF; 'OT — monHas a’ponuHamuyeckas cwia YIIII; Cg - xoadduumeHt monaHoiM

aBPOZ[HHaMquCKOﬁ CHIJIBI, FH_ miomanab KyIoja IapaiiroTra, O - INIOTHOCTh BO34YyXa,

V :JVXZ +Vy2 - BO3AYLIHAs CKOPOCThb, PE3YJbTUPYIOLIAsl TOPU3OHTAIBHON u

BEPTUKAIBHON CKOPOCTEH MOJIETA.



dv 2V
Torxa: md—ty =mg-cgF;, Mcos%

Jlanee, cokpamast Ha M, MOJIYYHUM:

dv ceF
y RFIP ns2 2
— = —-—— +V. ) cosy.
g 97 oy Vx Vy)cosy
CrFpp .
Koncranta A= “om oamuctuueckuit koddunmenr. Jlanee:
avy VE: VY

C‘{I/ITaCM, 4dTO IIOCKOJIbKY B TOPHU3OHTAJIBHOM HAIIPABJICHUU HCT YCKOPCHHI;'I, Hu

BpalllICHUC IMPOUCXOAUT IMPHUMCPHO C IOCTOAHHBIM YIJIOM KpCHA, TO TOPU3OHTAJIbHAA

coctaisonias ckopocta V, =const . O6o3HaynM KOHCTaHTY: B = — AVX2 Ccos y. Torna:

dv,

T =B - AV);2 coSy. Paznuensiem nepeMeHHbie B TH(GepeHIIMATIBHOM YPaBHCHUU:

dv, dv,
5 =dt u Oepem mHTErpaigbl OT 00CHX YacTeil: j 5 =t+C, ruoe
B - AV, cosy B—-AVy cosy

C—HpOI/ISBOHBHaﬂ IIOCTOsIHHAA.

Brinonuss npeoOpa3oBaHus MOJ 3HAKOM HMHTErpaia, IPUBEIEM €ro K TaOJIMYHOMY

BUJTY:
dv 1 dv
| ;’ =t+C; A [ Y > =t+C
B- AV cosy cosy B V2
Acosy y
A 3T0 TaOJMWYHBIN UHTETpal BUAA: f % = i In arx + C. Torna:
—x° 2a |a-—-X




1 I dv, 1 1 [ VAcosy y
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Acosy B 2 Acosy 5 B B -V,
Acosy y Acosy Acosy

Nnn:

=t+C.

L A B +Vy
cosy
-In =t+C.
2,/AB cosy B v
Acosy 7

B

1
—  E= :
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Haiinem npoussonbryio noctosuuyto C. Ilpu t=0, V, =V,,. Torna:

[Mycts D =

E+V
C=D:In
E

E+V”:t+c

y0
. Tanee: In
a E-V,| D

y0

Mt HaxoxneHnst pyHKuuu V, () MOTEHIUPYeM HOCIE/IHEe BEIPaXKCHHUE:

E+v, UC¢ tc tc tc
Y=e D Wmxe E+V,=(E-V,)e P =EeD -V,eD.

E-V,

HC  mC tC tC

V, +V,e D =Ee D —E; V,(1+e P )=E(e O —1). Oxonuarensio:

ﬂ
D _
v, =E¢ = ()
(e D +1

JleTalbHO MCCIeMyeM MOCIETHIOI 3aBUCUMOCTb, JIJIS Y€ro MOCTPOUM Tpad UKy dTOM

(GyHKIMY, BapbUPYS BXOJSIINE B HEE MAPAMETPbI, UCHOJIB3YsI MPOTPaMMy KOMITbIOTEPHON

marematuku MathCad 2000 Professional.



PaccMmoTpum KoHKpeTHbIE TpuMepbl s mojackoi YIIII ¢ pasnuuneiMu  Habopamu

HNCXOJHBIX JaHHBIX U BBIIIOJIHHUM aHAJIN3 ITOJYYCHHBIX PC3YJIbTATOB.

AHaIu3 pe3y/IbTaTOB PACUeTOB MO MOJIYYeHHOi 3aBucumocTH V(1) 1ist

PA3JINIHBIX 3HAYEHUH BXOAfIIIUX B HEC IMapaMETpoOB

Ha puc.l npencrasnensl Tpu KpuBble 3aBucuMocTH V(1) 11 pasiudHbIX

3HaueHui Macc oObekra (mwiora): m =60, 80, 100xr npu creayomUX APYrUX

3aKpeIUIeHHbIX napameTpax: ¢ =9,81 m/c?, Vyo =5 m/c, V, =10 m/c, y=m/6, cg =025,

F,=17 M%, p=1,2 kr/m>.

& Vy, m/c m=100ka ]

t c
0 2 4 6 8 10 12 14 15

Puc.1 3akoHbBI H3MEHEHHS BepTHKaHLHOﬁ COCTaBJIIOIIEH CKOPOCTH CHHUIKXCHUS OT BPCMCHU B

3aBUCHUMOCTH OT PA3JIMYHBIX 3HAYCHUI Macc 00beKTa



Kak BugHO U3 pucyHka, 4yem Oouibllie Macca OObEKTa, TEM BbIIIE YCTAHOBUBIIASCS
CKOPOCTb CHUXEHUS cucTeMbl 00bekT-Y I1I1.
BpeMss BbIxoma Ha TOJIKY CKOPOCTHM pEXHUMa YCTAHOBUBILIETOCS CHWKECHUS

COOTBETCTBYET MPUMEPHO t ., ~0c.
Ha puc.2 mnpencrasneHsl Tpu KpuBble 3aBucumoctd V(1) s pasiudHbIX

3HaueHu Kod(uimenTa noiHon aspogunamuueckon cuisl YIII: cg =0,25, 0,35, 0.45 u

Macchl 00bekTa M =80 Kr MpH BCEX APYrUX 3aKPEIUICHHbIX MMapaMeTpax.
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cp=0,25

15 e |
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Puc.2 3akoHBI H3MEHEHUS BepTHKaHLHOﬁ COCTEIBJISIIOH.[GI‘/‘I CKOPOCTH CHHXKCHHA OT BPCMCHH B
3aBUCHUMOCTH OT PA3JIMYHBIX 3HaYCHUI KOB(I)(I)I/IHI/IGHTa ITOJTHOH aapOHHHaMquCKOﬁ CHJIBI OJIs1 MaCChI

o0ObekTa SOKr

Kak BugHO M3 pucyHka, 4em Ooibine K03(hOUIMEHT MOJHOW a’dpoJWHAMHUYECKON
cwibl YIIII, TeM MeHbIlE YCTAaHOBHUBINASCS CKOPOCTh CHUXKEHHUSI cucTeMbl 00bekT-YIIIL
Bpemsi BbIXOJa Ha TMOJKYy CKOPOCTHM PEXKHMMAa YCTAHOBHUBUIIEIOCS CHIXKEHUS TAKKE

COOTBETCTBYET NpUMEpHO t ., ~6C.



Ha pwuc.3 mnpencrasneHbl Tpu KpuBble 3aBHCHMOCTH V(1) IS pasmuYHBIX
3HAYCHWH YTJIOB KpeHa cucteMbl o0bekT-YIII: y=n/6,7n/3,0.9-7t/2 , 3HaueHus
koa¢purrenTa noaHoi aspoguHamuyecko cuibl YIIII: ¢y =0,35, u maccel oObekTa M

=80 Kr IIpu BCEX APYIUX 3aKPEIUICHHBIX [TApaMeTpax.

40 , ,
LA y=09-12
L
30 ,/
20 Y= /3 —

/ '\{ = n/()
10 //
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Puc.3 3akoHbl ©13MEHEHUSI BEPTUKAIBLHON COCTABIIAIONIEH CKOPOCTH CHUKEHUS OT BPEMEHU B

3aBUCHUMOCTH OT Pa3JIMYHBIX 3HAUECHUH YTIIOB KpeHa Mpu KodPPUIIHEHTE MOJHON a3poJMHAMHYECKOM

cunbel Cp =0,35 g maccel 00bekTa 80KT

Kak BugHO W3 pucyHka, yem Oosbllie yroil KpeHa cucteMbl oOwnekT-YIIII, tem
OOJbIlIE YCTAHOBMBIIASICS CKOPOCTh CHIDKEHHS CHUCTEMBI. Bpems BbIXona Ha TMOJNKY
CKOPOCTH PEXMUMA YCTAHOBUBIIETOCS CHHXKEHHSI BO3PACTAET C YBEJIMUEHUEM YIJIa KPEHA U

COOTBETCTBYET 3HaueHusM: t,., ~4¢, t,,, ~6c, t,, ~10c. T.e. cymecrBeHHO Bo3pacraet

MEePEXOTHOM MPOIIECC pEeKUMA.



Ha puc.4 mnpencrasneHsl Tpu KpuBble 3aBucuMoctd V(t) 11 pasiudHbIX
3HAYEHMH TUIOWAEi KymonoB mnapamrwTos: F;=10 M%, F,=14 m?, F;=17 M? (T.e. nus

pa3IUYHbIX 3HAYEHUM yNenbHON MaccoBoil Harpy3ku Ha kpbuio YIIII) ang yria kpena

cucteMbl 00bekT-YIIII: vy =7/ 3, 3HaueHuss KO3PPHUIMEHTA TIOTHON adPOIUHAMHYECKON
cunbl YIIIT cg =0,35 u maccsl o6bekTa M =80 Kr mpu BceX APYrUX 3aKpEeIUIeHHBIX

mapamMmceTpax.

30 Vy, m/c ' T,
Fr=10m

25 i j
/ Fo=14m
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Puc.4 3akoHbl ©13MEHEHUSI BEPTUKAIBLHON COCTABIIAIONIEH CKOPOCTH CHUKEHUS OT BPEMEHU B

3aBUCHUMOCTH OT PA3JIMYHBIX 3HaYCHUI nnomaz[eﬁ MapalroToB, AJI1 yrija KpeHa Y = TU / 3, IIpu

K02 QUIEHTE TOJIHOM aspoanHamudeckoi cunel Cp =0,35 u Macce oobexTa 80K

Kax BugHO M3 prcyHKa, 4eM OOJIbIIe TUIOMIaAh KyIoJa napamtoTa (T.e. 9eM MEHbIIIe
yAelbHash MaccoBas Harpy3ka Ha KpbUIO), TEM MEHBIIE YCTAaHOBHUBILIAACS CKOPOCTb
CHIDKCHUSI CHCTEMBI. Bpems BbIXOJa Ha MOJIKY CKOPOCTHM PEXHMa YCTAaHOBHUBILIETOCH

CHMKCHHA BO3pAaCTACT ¢ YMCHBIICHUCM ILIOINAAX KYIIOJIa (T.e. C YBCIMYCHUCM YHCHLHOﬁ



MaccOBO# Harpy3Ku Ha KPbUIO) U COOTBETCTBYeT 3HaweHwsm: t,., ~6c, t, ., ~8¢c, t, ., ~

10c. T.e. Bo3pacTaeT nepexoaHON MPOLECC PEKUMA.

Ha puc.5 mnpencrasnensl Tpu KpuBble 3aBucumoctd V(1) s pasiudHbIX
3HAYEHUH TUIOTHOCTH BO3/yXa, T.€. 3HAYEHUH BBICOTHI moneta: p=1,2 kr/m®, p=1,0 kr/m>
, p=0,8 kr/m® (aTo cootBeTcTBYET BEIcOTaM ToJIeTa H ~200 M, H ~2000 M, H ~4200 m),
WwIomaan Kymonma mnapamora: Fp =17 M2 (T.e. JUIi pasiv4HbIX 3HAYEHHH yIENbHOM
MaccoBoii Harpy3ku Ha kpbuto YIIIT), mis yria kpena cucrtemsl o0bekt-YIIIT: y=m/ 3,
3HaueHus KoddduimenTta nonHoi a’poaunamuueckor cunbl YIIIT ¢y =0,35 u maccel

o0bekTa M =80 Kr mpH BceX APYruX 3aKPEIUICHHBIX TapaMeTpax.

25 Vy, Ml H=I4200fv|r—

H = 2000 m

%:__ H=200m

20
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Puc.5 3akoHbI H3MEeHEHHS BepTHKaHLHOﬁ COCTaBJIAIOIIEH CKOPOCTH CHUIKXCHUS OT BPCMCHU B

3aBUCUMOCTH OT PA3JIMIHBIX 3HAYEHUH BBICOTHI IOJIETA U IJIOMIAN napamniroTa FH =17 M2, .yriia Kp€Ha

vy =mn/ 3, npu ko>dpduuuente nonnoii aspoaunamuueckoii cunbl Cg =0,35 u Macce 06bekTa 8OKT



Kak BumHO u3 pucyHka, yem OoJjblie BbIcOTa mojeta cucteMbl o0bekT-YIIII mpu

wIomanyd Kymoja mapamrora Fp; =17 m?, TeM Ooiblle YCTaHOBHBIIASCS CKOPOCTH

CHMXKCHHUS CHUCTCMBI. BpeMSI BbIXO4a Ha IIOJKY CKOPOCTH PECKHMa YCTAHOBHBLICTOCS
CHMI)KCHHA BO3PACTAaCT C YBCIMUCHHUCEM BBICOTHI ITIOJICTA (T.e. C YMCHBIHICHHUEM IIJIOTHOCTH

BO3yXa) M COOTBCTCTBYeT 3HadeHmsM: t,., ~6¢c, t, ., ~8c, t

~ 10c. T.e. Bo3pacraer

ycm
MIEPEXOTHOM MPOLIECC BHIX0/1Aa HA YCTAHOBUBIIUNCS PEXKUM.
Baxuenien XapakTepUCTUKOM peXUMa II0JIETa B PA3BOPOTE SABIAECTCA IOTEPS

BeicOTEl AH (1) B passopore:
t
AH (1) =Vt +£Vy(t)dt. (2)

Ha puc. 6 mpeacraBieHbl TpH KPHUBBIC 3aBUCHMOCTH IOTEPH BBICOTBI AH () st
pa3IUUYHbIX 3HaueHUi BBICOTHI mosieta: H =200 M, H 2000 m, H =4200 M, mmomanu
Kymona mapammora: F; =17 m? , msa yria kpeHa cuctembl o0bekT-YIIIT: y=m/3,
3HaueHus KoddduimenTa nmonHoi a’spomunamuyeckor cunbl YIIIT ¢y =0,35 u macce

o6bekTa M =80 Kr mpu BCeX IPYTUX 3aKPEIICHHBIX MTapaMeTpax.
Kax BugHO M3 pucyHKa, 4eM OOJbIIe BHICOTA IMOJETa (T.€. YeM MEHBIIE TUIOTHOCTh

BO3/1yXa), TEM OOJIbIIE U MOTEPS BHICOTHI HA pa3BOPOTE.



300
AH, M

250
H=4200m -
o~ H=2000m 2/£
. /é N\
//H =200m A

100

50

Puc.6 3akoHbl H3MEHEHHUs IOTEPH BHICOTHI HA Pa3BOPOTE OT BPEMEHU B 3aBUCUMOCTH OT

PasIMYHBIX 3HAYCHUIT BBICOTHI MOJIETa W IUIOMa K mapamrora F;=17 m?, yrna kpena Y =1/ 3, npu

K02 QUIIMEHTE TOJIHOM a’poanHamudecko cunbl Cp =0,35 n Macce oObekTa 80KT

AHanorn4yHo, ypaBHeHHE (2), TO3BOJSET HCCIEAOBaTh MPAKTHUYECKH BaKHBIC
3aBUCUMOCTH MOTEPH BBICOTHI HAa PAa3BOPOTE VISl PA3IMUHBIX KOMOMHAIIMN MTapaMeTpOB U

XapaKTEePUCTUK KOHKPETHBIX KOHCTpyKIui YIIII.

OO0cyxaeHue pe3yJIbTATOB UCCJIAETOBAHUM

W3 nony4deHHbIX BbILIE PE3YyJIHTATOB PACUETOB CIEAYET, YTO:

— yeM Ooibliie Macca 00BEKTa M MEHBIIE TIJIOMIAb KYyIoia napamoTa (Kpbijia), T.e.
geMm Oouibllie yJenbHAas MaccoBas Harpy3ka Ha KpbUIO, TeM OOJbIlle BEepTUKAIbHAs
COCTABIIAONIAs] CKOPOCTH U T€M OOJIBIIIE TMTOTEPS BBICOTHI B PA3BOPOTE, YTO KPAWHE OMMACHO
IIPY BBINOJIHEHUHA MAaHEBPOB Ha MaJIbIX BBICOTAX;

— YyeM MeHblIe KO3((PUUMEHT MOJHOW a’3pOJMHAMUYECKON CHIIbI Cg, TEM OoJble

MOTEPS BHICOTHI HA Pa3BOPOTE;



— 4eM OO0JIbIlIE YToJl KPEHA CUCTEMBI Y, TEM 0O0JIbIIE IOTEPS BBICOTHI HA Pa3BOPOTE;

— yeMm Ooubllie BBICOTA MoJieTa cUcTeMbl H , TeM Oosiblie MOTeps BHICOTHI Ha
pa3BopOTE;

— 4YeM MCHBIIC a’pPOAMHAMHYCCKOe KauecTBO cucrtemel K =V, /V,, Tem Ooibire
MOTEps BHICOTHI HA Pa3BOPOTE.

B koMOuHanusax H3THX TapaMeTpoB CJEAYEeT YYHUTHIBATh IpEeBaJUpPYIOIIee

BOSHCﬁCTBHC OIHUX M3 HUX IMApaMCTPOB HAJ APYIMMHU IIPU OLCHKAX IMOTCPU BBICOTHI B

KPYTBIX pa3BOpPOTaXx.

BoIBOABI

1. CocrtaBieHO ¥ TNPOUHTETPUPOBAHO JUDPEepeHInanTbHOe YpaBHEHUE IS
BEPTUKAJIBLHOTO CHWIKEHUSI B Cily4yae JBIKEHHS cucTeMbl 00BekT-YIIII B pexume
pa3Bopora. IlonyyeHa 3aBUCUMOCTbh BEPTHKAIBHOW COCTABJISAIOLIEH CKOPOCTH CHIKEHHS
OT BPEMEHHU. JTO MO3BOJISIET TAaKXKE MPOBOAUTH MCCIEAOBAHUS XapaKTepa W3MEHEHHUS
BEPTUKAJIIBHOM COCTABIIAIOLIECH CKOPOCTUM CHHIKEHUS U IOTEPU BBICOTHI BO BPEMEHHU IIPU
BapHalMAX PA3JIMYHBIX [MAPAMETPOB U XapPAKTEPUCTUK KAKIOW KOHKPETHOM KOHCTPYKLUH
cucteMbl 00bekT-YIIII Ha pa3nUUHBIX peXUMax U YCIOBUAX MPUMEHEHHUS CHUCTEM IIO
Ha3HAa4YCHMUIO.

2. Ilpu monerax B CHJIBHO MEPECEUCHHONW MECTHOCTH CO CIIOKHBIM pelbeoM U B
CJIOKHOW BETPOBOM OOCTAaHOBKE, 00s3aTEIBHO CIEAYeT YYHUTHIBATH CYIIECTBEHHYIO
MOTEPI0 BBICOTHI MPU KPYTHIX Pa3BOPOTAX 3a CUET YBEIWYCHHUS yIJla KpEHa C LENbIO

o0OjieTa MPENnATCTBUN, [0 NPUYUHE CYIIECTBEHHOIO YBEJIHUYCHUSI BEPTUKAIBHOU



COCTaBJIAIOIIEN CKOPOCTH. YBEIMYEHME YyIila KpeHa IIPUBOAUT K YMEHBUICHUIO pajuyca
pa3sBopoTa U, Kak CIEACTBHE, K CYLIECTBEHHOMY BO3pPaCTaHUIO BEPTUKAIBHOU
COCTaBIIAIONIEH CKOPOCTH M 3HAYUTEIBHOUM MOTepe BBICOTHI. Uem Oosiee MpOTSKEHHBIN
IJIJAHUPYETCsT MapLIPyT IOJIETA K TOYKE LEJIU B CWIBHO IEPECEYEHHONM MECTHOCTH, TEM
OOJIBIIMIA 3arac BBICOTHI C Y4E€TOM BO3MOKHBIX KPYTBHIX Pa3BOPOTOB U JJOBOPOTOB JOJIKEH
ObITh BHIOpAaH NpH MOJIETE CO BCTPEYHBIM BETPOM HA MOMEHT COpPACHIBAHUS CHUCTEMBI
00bexT-YIIII ¢ camoneTa uiam BepTosieTa-HOCUTESL.

3. Pesynbrathl JaHHOW pabOThl MOTYT OBITH MCIOJIB30BAaHBI JJIsi KOPPEKTUPOBKU
nporpaMMm aBroMatuueckoro HaseneHuss tuna UPRPOL [1,2], ¢ uenbio yTouyHeHHS
BEPTUKAJIbHBIX CEUYEeHMI TpaekTopuid moisiera cucteM o0bekT-YIIII mo mapuipyram B
CWJIBHO TI€PECEUYEHHOM MECTHOCTH U HAJWYMMU CJIOXHOW BETPOBOM OOCTaHOBKH, IPH

aBTOMATHYCCKOM HABEJICHUH U JIOCTABKE JIOJICH U TPY30B B 3aJaHHy0 TOuKYy 1ienu [3-20].
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