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PABPABOTKA MOJIEJIN IIPENNEJAEHTOB

MPEJNPAATUN MUIIEBOM MPOMBIIIJIEHHOCTH 110 TEXHOJIOTUX OMG RUP

)KHBIM AJICMCHTOM IIAHUPOBAHUS Pa3padOTKU

KOMIMBIOTEPH3NPOBAHHBIX CHCTEM YIPABICHUS

SBIISICTCS CHUCTEMHOE WCCIEOBAHUE TIPEIMET-
Hoii oOmactu. KoHcopumyMm Bemymux pa3paboTUYHKOB
ABTOMATH3UPOBAHHBIX cUcTeM yrpasieHuss OMG Bexer
aKTUBHYIO PaboOTy, MOCBALICHHYIO pa3pabOTKe JIydIINX
TeXHUK 3(P(PEKTUBHOrO CO3MAHMS KOMITBIOTEPHBIX CHC-
teM [1]. Cpenu MHOXecTBa TeXHUK BbiaensiTcss RUP —
pa3paborka IBM Rational Software. Dto TexHOOTHS,
ucnones3ytomass UML-mMonenupoBanue Kak LEHTpasb-
HBIII MHCTPYMEHT CO3AaHUS KOMIBIOTEPHBIX CHCTEM [2].
[TomoOHOE MOAETIpOBaHNE IPU3BAHO PEUIUTE POOIEMY
«Kpr3mca TpH pa3pabdoTKe IMPOrpaMMHOTO obecrede-
HUS», T. €. OICHUTh MACIITad CUCTEMBI M HEOOXOIUMBIE
cpenctBa g ee peanmmzanuu [3]. IlepBoe, uTo HEOOXO0-
JIUMO peayin30BaTh IpU JAHHOM IMOAXOE, — 3TO MOJEIb
MIPELEACHTOB MPEIMETHON 00IACTH.

PaccMoTpuM OCHOBHBIE YEpPTHI THUIIOBOTO IPEAIpPHU-
ATUSI Majoro OM3Heca CEeKTOpa IMHIIEBOW MPOMBIIUICH-
HOCTH, OCYIIECTBIISIFOIIIETO TPOU3BOJICTBO XJIeO0Oy104-
HbIX wu3Aenuid. OCHOBHOM aCCOPTHUMEHT TpPEeJCTaBJICH
m =35 BUAAMU NPOAYKLUUU Y = {yi}, i=1,m, toe y, —
«x1eb MIIeHnYHbI»; y, — «x1eb «/lapHunkuity; y; —
«0aToOH HApe3HON»; Y, — «IUIETEHKa ¢ MaKOM»; Vs —
«poMaliKa C KyHXYTOM». Bec eIUHHIBI MPOIYKIIUU

3a/aH BEKTOPOM w={w},i=1m, rie

w=1{0,5,0,5;0,3;0,3;0,3} kr. Cpexnuii 06bemM mpoms-
BOJCTBA B JICHb 3aJaH BEKTOPOM X ={x,},i =1,m, e
X ={3000;1600;150;50;50} enuunu. Takum oGpasom,

HEJIeTbHOE MPOU3BOACTBO MPOMAYKIIMH MOKHO PacCUH-
TaTh 10 GopmyJie

0=wxT, (1)

rne 7 — KOJMYeCTBO pabovMX JTHEH B HElele.
Homoxwum, T =7, Torma QO =16625 kr.

[Tpeanpusitne HAXOOUTCS B OJHO3T)KHOM KHPITHY-
HOM 3/IaHWH, UMEIOIIEM B CBOEM COCTaBE aJMHHHUCTpa-
THUBHBIC ITOMEIIEHHS, MPON3BOJCTBEHHbIC ITOMEIICHHUS,
CKJIaJ ISl ChIPbsl U TOTOBOM HMPOJYKIMHM, CKIIa Ul 3a-
MacHBIX 4YacTell U obopyaoBaHus. Ha mpeanpusaTun uc-
HOJIB3YETCs CHeLHanbHOe 000pyIOBaHUE: TECTOMECHIIb-
Hasl MallllHa, MYKOIPOCEHBAaTEIb, PACCTOCUHBIN IKad,
2 xyieborneKapHble Ie4d, Bechl phlyakHble. Ha mpowms-
BOJICTBE pabOTaIOT: TUPEKTOP, 3aMECTUTENb JUPEKTOpa,
TEXHOJIOT, 9 TeKapei, 3 BomuTeNsl, YOOPIINK IPOU3BO/I-
CTBEHHBIX M O(HUCHBIX TIOMELICHHUH, cliecapb 0 PEMOHTY
000py/IOBaHUs, IEKTPOMOHTEP, MacTep IO HACTPOMHKE
KOHTPOJIbHO-M3MEPUTEIBHBIX PHOOPOB M armaparypsl.
Taxxe mOMEIIEeHNs OOCITyKMBAIOTCS MPEINPUITHSIMHY,
TIPEIOCTABISIIOIUMHI 3JIEKTPOIHEPTUIO, TEIUIOBYIO SHEp-
THIO U BOJIOCHa0XkeHHe. B cocTaB TpaHCTIOPTHBIX CPECTB
HPEINPUATHS BXOAAT 3 aBTOMOOMIISA, KOTOPbIE HMPOHM3BO-
JAT JDOCTAaBKY HPOLYKIMH IO MOKyHartess. ABTOMOOWIHN
00CITy’)KHBAIOT CTOPOHHHUE IMPEANPHUSTHS, 3aHUMAIOIIHECS]
ClleCapHBIM PEMOHTOM; B3aHMOCHCTBHE C 3THMH IpeJi-
HPUATHAMH OCYIIECTBIISIETCS 10 JIOTOBOPY MOAPSIIA.

buznec-poriecchl MpEANpUSATHS MOXHO pa3/ienTh
Ha TPU TPYIIBI: OCHOBHBIC IPOIECCHI, BCIIOMOTATENb-
HbIe OM3HEC-TIPOIECCH] M MPOLECCH YIpaBIeHHs. Tarke
MIPEICTaBJICHBI OCHOBHBIE aKTEPhI, YIaCTBYIOIINE B IPO-
neccax. BHyTpu kaxmoro Onoka ONMCHIBAIOTCS TIPOMC-
XOZAIINE MPOLECCH U B3aUMOCBS3H.

Oco0Oplii  WHTEpeC A aBTOMATH3AIMH JaHHOTO
NPEeINpHUATHS NIPEACTABIAIOT COO0H OCHOBHBIE M BCIO-
MOraTtesibHbIe TPOLECChl, COCTaB KOTOPBIX JOBOJBHO
3HaunteneH (puc. 1). HeoOxonumo ykasaTh, 4To mpo-
LecChl JaHHOM TIpyIIbl aBTOMAaTH3MPOBAHBI JIMIIb Yac-
TnyHO cucreMoil 1C — Byxraatepus, 4TO MO3BOJIAET
Cc/IeNnaTh BBIBOJ O OOJIBIIOM IOTEHIHMAJIC aBTOMATH3ALUH
JTAHHOT'O HaIPaBJICHUS IPOLIECCOB.

B crpykType BCHOMOTraTenbHBIX MPOLECCOB BbIjE-
nstotest «[loctaBka ChIpBS Ui MPOM3BOACTBAY (pHC. 2)
n «JlocTaBka TOTOBOH MPOAYKIHMH K IOTPEOUTEIIM»
(puc. 3). Ha mporecc «IToctaBka ChIpbs» HaKIabIBAIOT-
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C OrpaHMueHHs Ha O0bEM [OCTAaBOK V ={v;},i=1n
(06yCIIOBIIEHO €MKOCTBIO CKIIA0B M MECT XPaHCHH:)
W CpoKH XpaHeHust [ = {f;},i=1,n (00ycIOBICHO ecTe-

CTBCHHBIMH IpPUYMHAMH W TpeOOBAaHUSAMHU 3aKOHOMA-
TENbCTBA), TAC 77 — KOJIWYECTBO BUAOB CHIPhs. YTIpaBiie-
HHE 3aracaMy Ha CKJIaJjax OPraHU30BaHO MO TeXHOJIOTUH
cTpaxoBoro 3anaca. Hagano 6msnec-nponecca «Ilocras-
Ka CBIpbSl U TPOU3BOJICTBA» HAUYMHAETCS C aHaIn3a
OCTaTKOB Ha ckjaze TexHoiorom. Ilocne gero texuosnor
coo01mraer 00 ocTaTkax AUPEKTOPY, KOTOPBI, MpHU COB-

NaJeHUH OCTATKOB IO BUJIAM PECYPCOB C YPOBHEM CTpa-
XoBoro samaca 7 ={r},i=1,n (oupexensercs OIbIT-
HBIM ITyTEM), COBEpIIAET 3BOHOK MocTaBIMKaM. [locie
9TOTO TOCTABIIUK MPUBO3UT MYKY W HEOOXOAWMBIE TO-
Bapbl. [locie mocTyruieHus: Ha CKJIaJ ChIPbS JUIS TPOH3-
BOZICTBA MPOIYKIMU TEXHOJIOT IIPOU3BOIUT HEOOXOTUMBIC
MPOBEPKU TIOCTYIMUBIIETO ChIpbs. [10 TeXHOIOrHYecKum
0COOCHHOCTSIM ~ (OTpaHWYEHHBIH
(mposxoxH, Macio), HeGOIbIIOi 00BEM CKIIaza V' ) MPOIIECC
MIOCTAaBKHU COBepILaeTcs ¢ nepuoaom 7 ot 1 1o 2 Henemb.
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Puc. 1. CTpyKkTypa OCHOBHBIX U BCIOMOTATEJIBHEIX IIPOLIECCOB
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Puc. 3. JlocTaBKka TOTOBOI MPOAYKIHH

Baxno YUYUTBIBATD, qTo CpOKHU XpaHCHUA

s ={s;},i=1m roroBoil npogyKuuu KpaiiHe Mabl (OT
12 mo 36 gacoB), MO3TOMY HaJICKHBIH MPOIIECC TOCTAaBKU
JI0 TOYEK peann3anuu sBiseTcs Kputudecknm. IIpomyk-
st JIOCTaBIISIETCSI 10 KOHEYHBIX TOYEK
B={B;}, j=Ln, rae n — KOIMYECTBO TOYCK pealn3a-

m (7 >50) Tpems aBromoOwisimu «I'azenb», TIe

g =3 — o0pem aBTOmapKa. Pasmep u coctaB BekTopa B

HeTIpepbIBHO MeHsIoTCs. Ha o0beM mepeBo3nMoi mpo-
OYKUUM HaKJIAAbIBAIOTCA CIEAYIOUINE OTrPaHUYCHHMS.
JocTaBka ocymecTBiseTCsa KacceTaMu 1o ¢, =16 sde-

ek. Bcero neooxomumo passectu 306 kaccer. IlepBblit
peiic ocymecTBiaseTcss 2 MamuHamu «l asenby», 3arpy-

XKCHHBIMA TIO ¢, =128 kaccer, BTOpoit — 1 MaiuHoO

¢ 3arpyskoil ¢, =50 kaccer. YunrsiBas (1), Heo6xonu-

Mo crenath 21 Oe3zaBapwiiHBIA peiic B Henemo (Ooiee
1000 peiicoB B T01), TOCTaBUB TPY3 IO HECKOIBKUX JE-
CATKOB 71 KOHEUHBIX TOUYeK peanmsanmu B (Gomee 350
pa3rpy30k ManMHel B Henenmto u 6onee 18000 pasrpy3ox
B ron). Ilpouecc «J/locraBka rotoBoi MpOIYKLIUM» Ha-
YMHAETCS C TIOJyYCHUs 3asBKU JUpeKTopoM. Mcxons u3
MOJYYEHHBIX JIaHHBIX M IPEIIIOYTEHUI IOKymarenei
JIMPEKTOpP CTPOUT MApUIPYyT MOCTABKH MPOIYKINH, pac-
CUNTBHIBAsi ONTUMAJIBHBIA MapIIpyT JOCTABKH, TOAXOMIS-
WA TIOJ] CUTYAIMIO CETOAHSIIHETO JIHS (MEHSFOIUNCS
BEKTOp B MOCTOSHHO M3MEHSET MapIIpyTHl JOCTABOK).
ITocie 3TOrO TUPEKTOp HAET yKa3aHWE BOAWUTEIIO HAYH-
HaTh 3arpy3Ky aBTOMOOWIIS, BOAWUTEIb B COOTBETCTBUH
C 3a9BKOM HayMHAET 3arpy3Ky aBToMoOWIsi. Bonutens
HauWHaeT [JBIDKCHUE [0 MapUIpyTy, COCTaBJICHHOMY
JIMPEKTOPOM, KOPPEKTUPYSI €r0 CaMOCTOSITEIILHO, HCXOIS
U3 3arpy>KeHHOCTH JIOPOKHOI CeTH.

OpHOW M3 HECTaHAAPTHBIX CHUTYAIlMH B MpEIEICHTE
«/locTaBka TOTOBON MPOIYKIMH» MOXHO PaccMOTpPETh
MIOJIOMKY TPaHCHOPTHOTO CpEJACTBa BO BpeMs peiica.

B cirygae ecii aBTOMOOMIIb HaxouiIcs OJFKE K KOHITY
BBINTOJTHEHUSI peiica, Ha MECTO NMPHOBIBACT aBTOMOOMIIB,
HaxoJsILIMICs Ha BTOPOM pelice. Bonurenu neperpyxa-
0T MPOAYKIHUIO U3 OJHO aBTOMOOWJIS B JIPyroH, mocie
Yero BTOPOW aBTOMOOWIb 3aKaHYMBAET PEUC, KOTOPHIH
HayaJl NepBbll. B ciayyae eciau mosioMka IMPOM30LUIA
B Hayase peiica ¥ B 3TOT MOMEHT 00a paboTaroImux aB-
TOMOOWJISL 3arpy’KeHbl, Ha MECTO BBIE3KACT 3aracHON
aBTOMOOWIb. Bonmutenn takke meperpyxaror xied u3
OJTHOTO aBTOMOOWJISI B JIPYTOH, TIOCIiE Yero 3aracHoi
aBTOMOOWIJIb €/IeT B peiic, a CIOMaBUIMICS — 3BaKyHpPY-
eTcs Ha CTAHIMIO TEXHWYECKOTO OOCIY)XMBAHHS IS
peMoHTa.

B pesynbrare mccienoBaHus BBISIBICHO, YTO B COCTa-
BE€ TPOM3BOJCTBEHHON CHCTEMBI €CTh 15 aKTHBHBIX dJIe-
MEHTOB, KOTOpBIE B3aUMOJCHCTBYIOT MEXIy COOOH
B COCTaBe 3 IMOJICHCTEM OCHOBHOM CHUCTEMBI (BBISIBICHO
10 OCHOBHBIX MaKETOB MPELEACHTOB IMPEIMETHON 00-
nacty). IIponsBoicTBeHHas! cucTeMa INpeJCTaBIseT CO-
6011 acCCOPTUMEHT NMPOAYKLUHU, 00bEM BBINTyCKa (3aBHCUT
0T MOTpeOHOCTEH MoTpeduTeNel), TOUKH peaTn3anuu

S ={7.0.B| 2)

B CUCTEME OrpaHHMYEHUMH Ha E€MKOCTH MECT XpaHEeHWs,
CPOKHM TOCTaBOK, CPOKM XpaHEHHUs MaTephajioB, BO3-
MO’KHOCTH CPEJICTB TOCTABKU TOTOBOW TIPOTYKITHH:

(7.7.7.5.c,.c.8}. 3)

[pennpustie pakruyecku padotaer mo cucreme JIT
[4], mosToMy TpM aBTOMATH3AIMH HYKHO YYUTHIBATh,
YTO OCHOBHOW TIPOLIECC CHIIBHO CBSI3aH C pe3yJibTaTaMu
BCIIOMOTATEIBLHBIX TPOIECCOB (HEOOXOMUMO HAJICHKHO
U CBOCBPEMCHHO TIOCTABIIATH CHIPhE U MAaTEPUAIIBI U OTIC-
PaTHBHO OCYIICCTBIATH JOCTABKY TOTOBOW MPOIYKIIUU
JI0 TOYEK pealn3aliim), a cama cucrema (2) mpeacTaBiis-
€T CII0)KHYI0, MHOTOYPOBHEBYIO CHUCTEMY C aKTHBHBIMHU
JJIEMCHTAMH.
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STUDYING THE DISTURBANCES OF ROBOTIC ARM MOVEMENT IN SPACE
USING THE COMPOUND-PENDULUM METHOD

Introduction
n this research, we suppose the representation of
I the arm movement with a related payload as
a compound-pendulum with the adoption of
a mathematical procedure [1-4]. This gives a complete
and clear picture of the disturbances that are affecting the
inertia moment and center of gravity (CoG) in the coor-
dinate frame of the aircraft during its movement in the
air. This method, which was not mentioned in literature
before gives a complete handling of noise determination
and formulates random disturbances’ functions [5] that
can be emulated and inserted into the dynamics model of
the aircraft. Inertial moments amounts were studied ac-
cording to the overall aircraft model [6, 8—10], in addi-
tion to applying the theory of parallel axis of Huygens-
Steiner [7], which is concerned with studying the new
inertia moment of the studied part relative to new axis of
study parallel to the axis of the part to be studied.
Since the used aircraft model is a multirot or UAV
model, which is considered a solid body with a symmet-
ric form, the parameters of the change in the distur-

bances functions of the motion equations can be defined
according to the general form based on the pendulum
model shown in equation (1).The shape of the aircraft
was supposed approximately as a rectangle as shown in
figure (1). The pendulum motion takes place according
to the angles of motion (0, 6,, 0;) as illustrated in the

figure and these angles ranges are: (0<0, <360,
-5<0, <-175,-155 <065 <155), assuming the weight

of the payload is fixed. This will lead to the following
parameters change: the center of gravity of the aircraft
dynamics model and the overall inertia moment of the
aircraft in addition to changes in the thrust resulting from
the aerial motors because of the distance change between
the center of gravity of the aircraft dynamics model and
each engine. The general form of disturbances can be
expressed as follow [5]:

Fdist :fF (91,92,93), Mdist :fM (91,92,93), (1)

where f, and f, are nonlinear stochastic functions.

Body &

1" Center of gravity of each part

‘Q* Center of gravity of the model

Fig. 1. General model of the pendulum movement disturbances
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