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PaccMmotpen Ki1acc cucTeM B3aHMHOTO ITO3UIIMOHMPOBAHUS KOCMHYECKOTO alapaTa U M0JIe3HOH Harpys3kH,
K KOTOPOMY MOTYT OBITh OTHECEHBI KaK CYIIECTBYIOLINE TPAHCIIOPTHBIE CHCTEMBI IIEPEMEIIeHHUS TI0IEe3HOTO Ipy3a
OTHOCHTEIIBHO OpOHMTAILHOrO KOpalis IpH MOMOIIM aHTPONOMOP(HHOr0 MaHMITYJISTOpa (MEXaHU3Ma OC/IeI0Ba-
TENbHOI KHHEMATHKHN), TaK U IEePCIIeKTUBHBIC CHCTEMBI BEICOKOTOYHOTO TTO3UIIMOHUPOBAHHUS TIOJIE3HON HAarpy3Ku
C HCIIOJIb30BaHMEM MAHMITYJIILIMOHHOIO MEXaHHW3Ma IHapaulelibHOi KuHeMaThku. Llenb paboThl cocTosia B pas-
paboTKe JUIS JAHHOTO KJIacca CUCTEM MOJENBHBIX 3a/1ad, B KOTOPHIX IS aHAJIN3a HCCIETyeMbIX IIPOIIECCOB BhIE-
JICHbI HauOoJee CyIIECTBEHHbIE 3JIEMEHThI, U KOTOPbIE MO3BOJIAIOT BBISIBUTH OCOOCHHOCTH JMHAMUKH yHpaBIIsic-
MOTO JIBIDKEHHSI PACCMAaTPUBAEMBIX CHCTEM, IIPOU3BECTU BHIOOP M OTPAaOOTKY AITOPHTMOB YIPABICHUS UX IBH-
KeHHeM. Vcronb3oBaHue NMpe/CTaBICHHBIX B pa00Te MOJIEIBHBIX 33/1a4 JAeT TAaKKe BO3MOKHOCTb MCCIICIOBAHUS
KoJeOaTeNIbHBIX MIPOLECCOB B MEXaHU3Me MapalIebHOM KHHEMATHKH IIPU y4eTe MOJABMKHOCTH €ro OCHOBAaHHUS B
HMHEPLHAILHOM IIPOCTPAHCTBE H B3aUMOBIIMSIHUS IBU)KEHHS CUCTEMBI B IIEJIOM U €€ OTHOCHTEIBHOIO JBHKEHUSL.

PosrsiHyTO KI1ac cUCTeM B3a€MHOTO ITO3HLIOHYBaHHS KOCMI4HOTO arapara i KOpUCHOrO HaBaHTaXEHHs, 110
SIKOTO MOXYTh OYTH BiJHECEHI SIK iCHYIOUi TPAHCIIOPTHI CHCTEMH IIePEMIIIEHHsI KOPHUCHOTO BAaHTaXy BiJHOCHO
opOiTaIbHOro KOpadiist 3a IOMOMOTOI0 AaHTPOIOMOP(HOro MaHimyssTopa (MexaHi3My MOCIiTOBHOI KiIHEMATHKH),
TaK i NMEpPCIeKTHBHI CHCTEMH BHCOKOTOYHOTO IO3UIIOHYBAaHHS KOPHCHOI'O HABAHTAXXEHHS 3 BHKOPUCTAHHIM
MaHIMyJIALIHHOr0 MeXaHi3My MapaneibHol KiHemaTuku. Mera poOoTH momsirana B po3poOLi 1Uisi JAHOTO Kiacy
CHCTEM MOJENBHUX 3a]1a4, B SIKHX I aHAJIi3y JIOCIIPKYBaHHX IIPOLECiB BUAINIEH] HAHOLIbII iCTOTHI €1eMeHTH, 1
SIKi JI03BOJISIIOTH BHSIBUTH OCOOJMBOCTI IMHAMIKH KEPOBAHOTO PYXy PO3TIIIHYTHX CHCTEM, 3po0HTH BHUOIp 1 Biam-
pAIIOBaHHS aJTOPUTMIB KepYBaHHS iXHIM pyxoM. BHKOpHCTaHHS IPEICTaBICHNX B POOOTI MOAENBHIX 3a1ad 1ae
TAKOX MOXITHBICTh JAOCIIIKEHHS KOIMBAIBHUX MPOIIECIB y MEXaHi3Mi MapaebHOl KiHEMATUKH [IPH BpaxyBaHHI
PYXJIMBOCTI HOTO OCHOBH B iHEpLiaJbHOMY IIPOCTOPi 1 B3a€MOBIUIMBY PyXy CHCTEMH B LIoMy i ii BimHOCHOTO
Pyxy.

The class of systems for mutual positioning a spacecraft and payload is considered. It can include the exist-
ing systems for transportation of a payload relative to an orbital spacecraft using an anthropomorphic manipulator
and the advanced systems with a manipulative parallel-kinematics mechanism. The present work deals with the
development of model problems for the above class. To attain this, the most significant elements have been speci-
fied to analyze the processes under consideration. Those model problems are able to reveal the special features of
the dynamics of a controlled motion of the systems under consideration, to select and develop algorithms of the
motion control. Studies of oscillation processes in the parallel-kinematics mechanism, taking into account the
mobility of its base in the inertial space and the mutual effects of the entire system motion and its relative motion,
are carried out based on the presented model problems.

Knrouesvie cnosa. cucmemvl 63auUMH020 NOZUYUOHUPOBAHUSL, KOCMUUECKUL
annapam, none3Has HaspysKda, MexaHu3mM NapaiieibHol KUHeMAmuKu, MOOeIbHble
3a0ayu, uccie0oeanue OUHAMUKU.

Beenenme. [Ipu ucciaenoBaHiM JUHAMHUKY POOOTU3MPOBAHHBIX KOCMHUECKUX
cucteM [1, 2] BeIIENEH KJIAaCC CHCTEM B3aWMHOTO MO3WIIMOHHUPOBAHUS KOCMHYE-
CKOT'0 amrapaTa ¥ TOJIe3HOW Harpy3Kd, KOTOPBIA UMEET XapaKTepHbIe OCOOCHHO-
CTH JMHAMHKHU MX YIPaBIIeMOro JBkeHHS. K 0COOSHHOCTSAM TaKMX CHCTEM Kak
00BEKTOB YIIPABJICHUS] MOTYT OBITH OTHECEHBI: TIOJIBI’KHOCTh OCHOBAaHUS MaHHUITY-
JIATOpa B WHEPITMAIBHOM MPOCTPAHCTBE;, Majas Macca MAaHMITYJIIITHOHHOTO MEXa-
HH3Ma 10 CPaBHEHHUIO C MaccaMi KOCMHUYECKOTO amrapara U MOJe3HON Harpy3Ku;
KOHEYHAas )KeCTKOCTh 3BEHBEB M PEAYKTOPOB; KaK MPaBUIIO, Majias MOIITHOCTh JIBH-
ratenel MpUBOJIOB CTENEHeW nmoaBuxkHOCTU. K paccmarpuBaeMomy Kjaccy MOTYT
OBITH OTHECEHBI KaK CYIIECTBYIOININE TPAHCIIOPTHBIE CHUCTEMBI TIEPEMEIICHUS T10-

JIE3HOTO TPy3a OTHOCHTEIBHO OpPOWTANIBHOrO KOpaldiisi MpH IMOMOIIU aHTPOIO-
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MOpP(HHOTO MaHMITYJSATOpa (MEXaHWU3Ma TOCNe0BATeIbHON KUHEMATHKH), TaK W
MEPCIICKTHBHBIE CUCTEMBI BLICOKOTOYHOTO TIO3UITHOHMPOBAHUS TTOJIE3HOW HArpys-
KU C UCTIOJB30BaHHEM MaHWUMYJISIIIMOHHOTO MEXaHH3Ma MapauieIbHON KHHEMAaTH-
ku. HekoTophle puMeEpHl CHCTEM ITaHHOTO Kiacca npuBeacHsl B [2]. Heobxomu-
MOCTh Ka4eCTBEHHOTO aHAlN3a CHEeM(MUIHBIX JUIT KOCMUYECKUX YCIOBHI MpHMe-
HEHHSI PEKHMOB JIBIDKEHHS HCCIECIyEMBIX CHUCTEM IO Pe3yJibTaTaM MaTeMaTh4e-
CKOT0 MOJICTTUPOBAHUS 0€3 BO3MOXHOCTH X MOJTHOTO MOJTBEPIKICHHUS HATYPHBIM
9KCIEPUMEHTOM 00YCIIaBIMBAET 3HAYUMOCTh TAK HA3bIBAEMBIX MOJICIBHBIX 3a]1a4
[3]. B MozenbHBIX 3a1auax BBIACISIOTCS JIMIL HAHOO0JIee CyIIECTBEHHbBIC IS aHa-
TM3a MCCIEYEMBIX MPOIecCOB 31eMeHTHI. [lenb paboThl — MpeacTaBUTh MOJIEIb-
HBIC 33J1a4¥ JUIS PacCMaTpHUBaeMOro Kilacca CHCTEM, KOTOPBIE MO3BOJST BBISIBUTH
0COOCHHOCTH TUHAMUKHU WX YIPABISIEMOTO JBIKEHUS, TPOU3BECTU BHIOOP M OTpa-
0OTKYy anropuTMOB YIpaBIeHUs NBIKeHHeM cucteM. OnmHa W3 3THUX 3ajad, 1Oo-
CTPOCHHAsI HA OCHOBE CHCTEMBI C MEXaHHU3MOM IIOCIIEIOBATEIHHON KHHEMATHKH,
omucaHa paHee [2] u npuBeaeHA 3/eCh VIS MMOJHOTHI OXBaTa BO3BMOXHBIX BapHaH-
TOB UCIIOJTHEHHSI PACCMATPUBACMBIX CUCTEM B3aHMHOTO MO3WUIIMOHUPOBaHUs. BTo-
past 3a7a4a, MOCTPOCHHAS IS CUCTEMbI ¢ MEXaHH3MOM TMapajiebHOH KHHEMATH-
KUY, TIO3BOJIUT MCCIIEA0BATh KoJeOaTenbHbIC MPOIECCH B CUCTEME MPH y4eTe TOo-
JIBIDKHOCTH OCHOBAHHSI MEXaHU3Ma B WHEPIMATIHHOM MPOCTPAHCTBE W B3aHMOBIIH-
SIHUE JTBMDKCHHSI CUCTEMBI B 11EJIOM M €€ OTHOCHTEIBHOTO JBIKCHHS.

MoaensHasi 3a1a4a 1/ U3YYeHHs] JHHAMHMKH CHCTEM MO3MIMOHHPOBA-
HUSl ¢ MAHHNYJISIHOHHBIM MEXaHM3MOM IOCJIeI0BaTeJbHOH KHHEMATHKH.
PaccMoTpuM MeXaHMYECKyI0 pacueTHYI0 cxeMmy, n3o0paxkeHHyro Ha puc. 1. Cu-
cTeMa U3 JBYyX Tel, COSANHEHHBIX ITOCPEICTBOM 0€3MacCOBOTO ABYX3BEHHOTO Me-
xaan3ma C;GC,, cBoboano nepememiaercs B miockoctd XOY . 3Bennst C;G u

GC, mapHupHO cBs3aHbI B Touke G .
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HpeﬂnonaraeTcsI HEIOJBMIKHOC 3aKPCIIJICHHUE 3BEHBEB K TCJIaM B TOYKaAX Cl nu

C,, xotopble aBIstOTCA LeHTpamMu Macc Ten. Ulapuup G mpencrasisier coboit
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WIeanbHyI0 OJHOCTEIIEHHYIO BpallaTeNlbHYI0 Mapy, OCh BpalleHUs] KOTOPOH mep-
MEHIUKYJSpHA TUIOCKOCTH JBMKEHHsI. YTIoBbIe nonoxenus 3seHseB C;G nu GC,

B MHEpIHAIBbHOH cucteme kKoopanHat OXY XxapakTepusyloTcs yriaMu ¢q H Qo

COOTBETCTBEHHO, OTCUUTHIBAEMBIMH OTHOCHTEIBHO ocu OX .
Ha puc. 1 o603Ha4eHo:
— My, M, —Maccsl IEPBOTO ¥ BTOPOTO TEI COOTBETCTBEHHO;

-J 11 J 2 — MOMCHTBI HHCPUHHU NIEPBOTO U BTOPOr0 TCJI COOTBETCTBCHHO OT-

HOCHUTEJIBHO OCeH, MPOXOISAIINX Yepe3 ICHTPBI MacC TeJ MEPICHIUKYJIISPHO II0C-
KOCTH JIBUXKCHHS,

— M - ynpaBastomnuii MOMEHT B apHUpPE (MOMEHT, CO3/IaBaeMbIii TPUBOIOM
CTCTICHU TIOJIBUKHOCTH);

— I1, 'y — paguyc-BeKTOPHI IIEHTPOB MACC Tel;

— CXy - cucTemMa KOOpAWMHAT, CBSI3aHHAs C IIEHTPOM Macc cucteMsl C, ocH Ko-

TOPOIl B HAYAITLHBIN MOMEHT TIapaJUIelIbHbI COOTBETCTBYIOIIMM OocsiM cucteMbl OXY .
0O003HaYUM TaKKE:
— 14, |5 — nnunet 3BeHbeB C;G u GC, COOTBETCTBEHHO;

— Xi, Y; —koopauHatsl BekTOpoB [; B cucteme OXY
— Xj, Yij — KOOpIHHATHI BEKTOpOB [; B cucreme CXY .

ITonoxxutenbHbIM OyZeM cuMTaTh MOMEHT M , IIPUIIOKEHHBIH B HANPaBICHUH
YBEJIMUEHHS YIJIa Y = Py — (P4, T. €. YBEJIIMUEHUS yII1a @, U YMEHBIICHUS YIiia Q1 .

YpaBHeHHs IBHKCHHUSI PaCCMATPUBAEMON CHCTEMBI OITUCHIBAIOTCS TUddepeH-
LMANbHBIMH YpaBHEHUSAMH [4]:

mX,;,:Qxl, mY,;,:le, 1)

2 ~ . ~ .2 ~ .
+1,M,(Q, sing; —Q,, cosg; ), )
. 2 ~ .. ~ .2 ~ . _
(pz(J2+|2 m)+(p1|1|2mCOS\|I+(p1 lhlomsiny =Q,, +

+I1rﬁ2(QXlsin 0 -Q, cos<p2), ©))

rmue QX1 , QYl , Q(pl, Q(Pz — 0000IIEHHBIE CUITBI, COOTBETCTBYIOIIHE 00OOIICH-

HbIM KoopauHataM X, Yq, @1, @5 ; Xc U Yo — KOOpAUHATHI LIEHTpa Macc Cu-
CTEMBI, OIIpeeIIieMbIE PaBEHCTBAMHU

M UCIIOJIb30BaHbl 0003HAYECHUS
m=mj;+m,, m=mym,/m, m;=m;/m, m,=m,/m. 4)

IIpn paccMOTpeHHMH pEXUMa JBIKCHUSI CUCTEMBI B ClIydae OTCYTCTBUS IPH-
JIOXKCHHBIX K CHCTEME BHEIIHNUX CHJL, TO ecth ipu Qy, =0 u Qy, =0, nopsnox

cucteMbl ypaBaeHuii (1) — (3) Moket ObITh MOHMWKEH. B 3TOM ciydae cucrema Ko-
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opanHaT CXY MOXET pacCMaTpUBaThCS KaK WHEpIHAaIbHAs, YTO HE OTPAaHMYUBAECT

OOIITHOCTH pAacCyKICHHH, W YpPaBHEHHS [BWKCHHS PacCMaTPUBAEMON CHUCTEMBI
MOTYT OBITH 3aITUCAHBI B BUJIE:

. ( 2~) . ~ .2 ~ . _
®101 +11"M J+ Palslomeosy — o711 lmsiny =Q, (6)
.. ( 2~\ . ~ .2 ~
005 + 15 m)+(|)1|1|2mCOS\|I+([)l lhlomsiny =Q,, . (7)

OrpannunM Temepb paccMaTpPUBAeMble PEKUMBI JIBHKEHHS YCIOBUEM OTCYT-
CTBUS TaK)Ke€ M BHEITHUX MOMEHTOB M HAJIMYHEM B IIAPHUPE TOJIBKO yIPaBIISIOIIE-
ro MomeHTa M , co3maBaemMoro mpHUBOAOM CTETIEHU MOABIKHOCTH. Torma, ¢ yde-
TOM TIPUHSITOTO TOJIOXHUTEIHFHOTO HAMIPABIEHUSI MOMEHTA, UMEEM:

Q<P1 =-M, Q‘Pz =M. (8)

3aMeHnM mapy oOOOIIEHHBIX KOOPAWHAT @1 U (P, Mapoil KOOpAWHAT @1 H
v . JUist COOTBETCTBYIOIIMX STHM KOOpAMHATaM o0obuieHHbIX cun Q, , Q, pa-

BeHCTBA (8) SKBUBAJICHTHBI ClIeAyIOmuM [4]:
Q, =0, Q=M.
Torna cucrema ypaBaenwuii (6) — (7) MoxkeT ObITh IpeoOpa3oBana K BUIy [4]:

¢1 =P (y)y +LD (v), 9)

W3y (W) 2, (W + L ) =M (10)

rac L — MOMEHT KoJIMYecTBa JBHXXCHHA CUCTCMBI U

P=-J"1(a+bcosy), D=J7, J=a;+a,+2bcosy,
3y =3 (@@, —b%cos’y), I, =3 bsiny-(a +bcosy)(a, +bcosy),

Jt=3"bsiny, a;=J,+ml,%, ay=J,+ml,% b=mll,.

JlanHas MojenpHas 3a/1a4a MpecTaBlieHa TUIOCKOW MEXaHUYeCKON pacueTHON
CXeMoH, M300pakeHHOW Ha puc. 1, U MOAENSIMH IBWKEHUS. JJIS Clydas ydeTa
BHEIIHUX CHJIOBBIX BO3JICHCTBHIA, B TOM YHCIIE YIPABISIOMINX, CUCTEMON ypaBHE-
auii (1) — (3); ms ciaydast OTCYTCTBHHM BHEIIHHUX CHJIOBBIX BO3JICHCTBHI — CHCTE-
moit ypasaenwii (5), (9), (10). [Ipumenenne 3TOM MOIEIILHOM 3a1a49K IS paccMar-
pYBaEgMOro KJilacca CHCTEM IIO3BOJSET BBIIBUTH OCOOCHHOCTH JWHAMUKUA MX
YIpaBIsSeMOro JIBWXKEHHs. B dacTHocTH, 0OpaTMM BHUMaHHE Ha OCOOEHHOCTh

ypaBHenus (10), cocTosiyro B HATMYUK CJIAraeMOro L2 [l (v), uro oOycnoBH-

Baet mpu L #0 u HeHyNeBbIX HAYabHBIX YCIOBUSIX KOJIEOaHHsS 1O BHYTPCHHEH
CTENEeHU CBOOO/IBI ITPU OTCYTCTBHH YIpaBJIstoiiero MomenTa. B [2] ¢ ucrnonb3oBa-
HHEM JaHHOW pacueTHO# cxemsl U ypaBHeHuit (9) — (10) pemrena 3amada cuHTe3a
YIIPABJICHUS. OTHOCHTEIILHBIM JBHKEHUEM OPHUEHTHPYEMOTO Telia (BTOpPOe TENo) U
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HecyIiero Tena (mepBoe Teo), 00eCIeunBarOIIETo IEPEBOT OPHCHTHPYEMOTO Tella
B TpeOyeMoe TI0JI0KECHHE.

MopenbHas 3aja4ya 1Jis1 HCCJIEAOBAHMA TUHAMUKH CHCTEMbI B3aMMHOIO
NMO3UIHOHUPOBAHUSA, COJep:Kallell MAHUNYJISNMOHHBIA MeXaHU3M mnapaJj-
JIeJIbHOM CTPYKTYpbI. B padote [5] paccmarpuBaroTCss MaHUITYISIIMOHHBIC MeXa-
HU3MBI TIapaJUIeTbHON KWHEMATHKH, MPeAHa3HAUYeHHbBIE IS MEPCIIEKTUBHBIX KOC-
MHYECKHX TEJIECKOIOB, B KOTOPHIX aHTEHHA MEPEMEIAETCs] OTHOCUTEIHFHO KOCMHU-
geckoro amnmapata. [Ipu sToM mpeamnonaraeTcs, 9To OTIMYMTENbHBIE CBOWCTBA Me-
XaHU3MOB MapaUIeIbHON KUHEMATHKH [6] mo3BoiAT 00ecreynTh TpeOyeMyro BbI-
COKYIO TOYHOCTH TTO3UIIMOHUPOBAHMS aHTEHHBI M PEIINTH MPOOJIEMY TallleHHs B3a-
WMHBIX KOoJeOaHul sieMeHTOB cucTeMbl. OTHUM U3 HEJJOCTATKOB MEXaHU3MOB IIa-
paenbHON KHHEMATHUKU SBISIETCS B3aWMOBIIMSHUE TTPHUBOJIOB, KOTOPOE TPOSBIIS-
€TCsl TIPH MCCIIEIOBAaHUA KOJIe0aTeNbHBIX mporeccoB. Komebanus mo omHO#M Koop-
JIUHATE BBI3BIBAIOT M3MEHEHHWe KoJeOaHWi MO0 IPYTuM KOOpIAMHATAM, YTO WMEEeT
MECTO B HEIMHEHHBIX KOIeOaTeIbHBIX cucTeMax. [Ipn 3ToM HeTWHEHHOCTH ompe-
JeNAeTcsl CTPYKTYpOl M reoMeTpueid Mexanm3ma. B [5] mis mccnemoBaHus Koie-
0aTenpHBIX MPOIECCOB PACCMATPUBAETCS MPOCTEHINNH TIOCKUHA MEXaHU3M Tapali-
JIENPHON KMHEMATHKH C IBYMS CTENIeHsIMH CBOOOMBI. Besi Macca MexaHn3Ma mpe-
TIOJIaraeTCs COCPEIOTOYCHHON B IIEHTPE MacC BBIXOIHOTO 3BEHA, KOTOPHIN pacmo-
JIO)KEH Ha OCH BpallaTeIbHOM KMHEMATHYECKOM Mapbl, CONPATAOIIEH IITOKU JIU-
HEWHBIX MPUBOAOB. Takas MOCTAHOBKAa MOJEJBHOM 3aJauyd MO3BOJIMIIA MOJTYYUTh
OTHOCHTEIHFHO IPOCTHIE COOTHOIIEHHS /ISl ONHCAHUS JBIDKEHUS paccMaTpuBae-
MOM MEXaHWYECKOW CXEMBI U COOTBETCTBEHHO ISl UCCIIEOBAHUS KOJIEOATEThHBIX
npoueccoB. HepoctaTok 3Tol MOAENBHON 3aa4d 3aKJIF0YAETCS B TOM, YTO OHA MO
CYIIECTBY HaIlpaBlieHa Ha M3Y4YE€HHE KOJeOaTeNbHBIX MPOIECCOB B CAMOM Harpy-
KEHHOM MEXaHH3Me, a He B CHCTeMe, COJepKallell mapauieNnbHbIii MEXaHU3M Ha
MTOJIBIYKHOM OCHOBaHWH. B CBSI3UM ¢ 3TUM paccMOTpuM Oosiee 0OIIyro 1Mo cpaBHE-
HUIO ¢ [5] mocTaHOBKY 3amaun. [Ipu 3TOM mpenBapUTENhHO MONYYUM ypaBHEHUS
JIBHDKEHUsI, COOTBETCTBYIOIIME cXxeMme [5], ¢ momoripio ypaBHeHui JlarpaHxa BTO-
poro poja.

Pacuetnas cxema uccinegyeMoro B [5] mpocTeiliero MexaHu3ma MpUBEICHA
Ha puc. 2.

|
-

i
Hy

Hy
Puc. 2 Puc. 3

Ha pucynke o6o3naueHo: H3; n H, — HemoaBm HbBIE OCHOBaHUsI KWHEMAaTH-
yeckux nenel; GXYyZ — HeNnoABMKHAsI MpaBasi CUCTEMa KOOPAWHAT, Ha4yauo KOTO-
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poit G HaxoIUTCS B HEBO3MYILIEHHOM PaBHOBECHOM IOJIOKEHUU IieHTpa Macc C,
BBIXOJIHOTO 3BEHA, HampasiaeHue ocu GX COBHAJaeT ¢ HalpaBIEHHEM paBHOBEC-
Horo nonoxenuss H3;G nemn H3C,, ocs GZ nepneHaukynspHa MIOCKOCTH HO-

JBUKHOCTH MEXaHH3Ma.
VpaBHEHUsI, OMUCHIBAIOLINE CBOOOIHBIC KOIEOaHHs POCTEHIIIEro MeXaHu3Ma
[5], umerot BuL:

m,X =—Al; -¢; -cosB; —Al, - C, -cosP,

i} . o (11)
m,y =—Al; - -sinf3; —Al, - C, -Sin B,
Ali =(li =lig) | :\/(X X, )+ =Yn,,)%
cosBy = (X —xy. )/, sinBy=(y-yu, )/, i=12,
rac m2 — Macca BbBIXOJHOTI'O 3BCHA, Ci — JKE€CTKOCTH IIPUBOJOB; Ii — AJIMHBI KH-

HEMaTHYECKUX ILienei; |;g — IIMHBI 1eTieil B paBHOBECHOM COCTOSIHUH JIO Havala
KoyieOaHuil; X,y — KOOPAWHATHI LICHTPA BHIXOHOIO 3BCHA; Xy, ,1YH,,, —KoOp-

JIMHATBl HEMOJBWKHBIX ToueKk H,.,, i=12. B naHHBIX ypaBHEHHSX IMPHCYT-

CTBYIOT BOCCTaHABIIMBAIOLIIE CHUJIbI, IPOMOPLUOHAIBHBIE XOaM IITOKOB COOTBET-
CTBYIOIIMX JIMHEHHBIX IPUBOJIOB.

[omyunm ypaBHEHUs!, ONUCHIBAIOIINE CBOOOIHBIE KOIEOaHHUsI PACCMAaTPHBACMOM
CUCTEMBI, C TTOMOIIBI0 ypaBHeHMI Jlarpamka. Begem 0000IIeHHBIE KOOPAWHATHI
gs =lg, s=1,2. BBeaem cucremy koopauHat HgX3y3 (cM. puc. 3), Hayano KOTo-

POI1 pacrookeHO B HEMOABIKHOM Touke H 3, a ock H 3X3 mpoxoaut uepes Hemo-
IBIKHYIO Touky H, . Kpome paHee BBeACHHBIX, HA PHCYHKE TaKKE HCIIONB3YIOTCS
obo3HaueHust: d — paccrosiHue Mexay Toukamu Hy u H, ; By, B — yribl Havamb-
HOTO ¥ TEKYILETO YIJIOBOTO MOJIoKEeHUI kuHemMarnueckoit nenu H 3G, ; oy — yron
MEXIY KUHEMAaTUYCCKUMHU LICTIAMU B UX PABHOBCCHOM ITOJIOKCHUU.

BeIpasum siexkapToBbl KOOPJMHATEL X3¢, , Y3c, BBIXOJHOIO 3BEHA B CHCTEME

H 3X3Y3 uepes 00001eHHbIE KOOPAUHATHI

Xac, =01 -CosP=(0y° +d? —q,°) /(2d), yac, =yU° —X3c, . (12)

B paccmarpuBaeMoM citydae B BBEIpaXEHHs JEKapTOBHIX KOOPJHMHAT dYepe3
00001IIeHHBIE BpEMS IBHO HE BXOJHUT, TOT/AA BHIPAXKECHHUE JIJISI KHHETHIECKON YHEp-
THU CUCTEMBI UMeeT BUJI [7]

1 . .. . .
K= Emz(An%Z +A12010, + A Gpdy +A50,7)

rae

OX3c, OX3c, . Y3c, Vac,
aqs aqk aQS aqk

ASk:AkS = f S,k:1,2 (13)
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400 0 oy,

B cootBetcTBUU ¢ [7] omepaTopnl Ditnepa E () =—
[7] onepatop pa Eg() ot o0, oa.

Haj QyHKIMEH KuHeTHIecKo# sHeprun K uMeroT BuA

2 2 2 2
. OA 10A,: ). . OA, . .
E.(K)=m, zAksqwzz[—ks———k']qkqi I SLATEN P
k=1 o1\ 0d 2 09 o1 O

C YUYCTOM BBIPAKCHUA IJIA MNOTECHIIMAIbLHOMN OHEPrun CUCTEMbI

. 1. 1.
| =3 1 (01 —110)? +£“2(Q2 —lp0)?

ypaBHeHus Jlarpanxa njs He3aBUCUMBIX KOOPOUHAT (q, J, MOTYT OBITH Ipea-
CTaBJICHBI B BHJIE CHCTEMbI YpaBHEHUH

ms; (Allq.l + A0 +qG" qu)"" ¢1(A1 —110) =Q4,
mz(Azlq'l +Agslip +G" BzQ)*‘ Co(dz —120) =Qo,

rae Q;, Q, — 0000mEeHHbBIe CHUJIBI, COOTBETCTBYIOIIHE OOOOIIEHHBIM KOOPAHHA-

(15)

TaM Q1 ¥ J,; 4 =(4; qz)T — BEKTOP-CTONOEI] 000OMEHHBIX CKOPOCTEH; CHM-

Box "' " — cuMBOI TpaHcroHupoBanus; B;, B, — cuMmeTpudeckue MaTpHIIbI,

onpeacIAEMbIC COOTHOIICHUAMM:

10An 10An OA 10Ay, 10A,

B, |29 i 20 | g | % 200 ;2 00
! . 1OA 10Ay, |7 . 1 10A
oy 2 ody 12 aa,

3nmech u ganee cuMBod *" 0003HavaeT COOTBETCTBYIOIIME CHMMETPHYHBIC
AIIEMEHTHI MaTPHIL.

YucnenHo uHTErpUpys cuctemy (15) mpu orcyTcTBHM 000OMIEHHBIX CHII, TIO-
JYy4UM 3aBUCHMOCTH OOOOIIEHHBIX KOOpPAMHAT (1, (, OT BPEMEHHM Il CiIydas
cBOOOJHBIX KoyieObaHuil cucteMbl. i aHanu3a pe3ysbTaTOB MHTETPUPOBAHUS B
JICKapTOBBIX KOOPAMHATAX X3¢, , Y3c, CICAYET BOCIOIB30BATHCS COOTHOLICHHS-

mu (12), a B 1eKapTOBBIX KOOPAWHATAX X , Y — CIEAYIOIIUMH COOTHOIICHUSMU:

{X} _ AO{(X:«;C2 _Xse)} A :[ cosfp s Bo}

y (Yac, ~Y3s)| ~© |-sinBo cosBo |’

X35 =110-€0Bo , Yas =l10-5NBo . Bo =arccos[( iy +d? —130)/(2d -140)].
Ha puc. 4, 5 npuBeseHs! pe3yabTaThl MHTETPUPOBaHKS cucTeM ypaBHeHuHd (11) u

(15) mpu HyneBbIX OGOOLICHHBIX CWIAaX [Ulsi 3HA4YCHHH mapamerpoB M, =164,

c;=C,=1001 /i, l,=1,,=11 . Havansnoe orknonenne nenrpa macc C, Bbl-

XOJIHOTO 3BEHa OT ero paBHOBeCHOro nosiokenuss G mnpunsto papupiM 0,11 1o ocu

X . IlpuBeneHHsIe 3HAUeHMS TTapaMeTpoB B3ATHI U3 [5]. Ha pucyHkax 3HaueHns Koop-
nuHaT X , Y Touku C,, oTMeueHHble MapkepaMu, otBevaroT Mojenu (11). Puc. 4 co-
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OTBETCTBYET PABHOBECHOM KOH(UIYpaIliK CHCTEMBI ¢ YoM o, = 45° (B, =67,5°),

puc. 5 — konpurypammu ¢ yriom o, =135° (B, =225°).

0.10
0os
=
- D0
»
] 0.05
010
: 015
0 1 2 3 B =] 0 1 2 é 4 5
Bpemz, ¢ Bpeua, ©
Puc. 4 Puc. 5

PesynpTarel mHTErpUpOBaHUs A 00€MX MOJeNeil COBMaiaroT M MOTYCPKU-
BaIOT MpocToTy Moxenu (11).

Paccmotpum Oosee 00Ul ciiydai, mpeaCTaBICHHBIN Ha PHUC. 6, KOTJa OCHO-
Banust H; nm H, xunemarmueckux uener H3C, n H,C, 3akperensl Ha mo-

JIBUKHOM OCHOBaHHH (KOCMHYECKOM arlapare).

Puc. 6

JU1st mpoCTOTHI MOCHENYIOIIUX COOTHOIIEHHH 0O€3 OrpaHUuYeHust OOIIHOCTH
OyzeM cuMTaTh, YTO OChb X3 CHUCTEMBI KOOpAMHAT H 3X3Ys3, Ipoxoadiias depes

Touky H,, mapamiensHa ocu X, cucTeMbl KoopauHaT H,X,Y,, ocH KOTOpPOit

COBMAJAIOT C TIJIaBHBIMU LEHTPAJbHBIMU OCSIMHM HHEPIMM OCHOBAHMS, a HA4yaJlo
H, naxomutcs B 1ieHTpe Macc C; xocMudeckoro ammapata. [Ipeamnonaras oTcyT-

CTBHC BHCIIHUX CHJI, IIOMCCTHM Ha4dallo HHepHHaHBHOﬁ CUCTEMBI KOOpAWHAT
CXOyO B TOYKY C HEHTpa MAacCC CHUCTCMBI. BBG,I[CM TAKXXC CUCTEMY KOOpAWHAT

H X1y, c Hauaiom B C, ocu KOTOpPO# mapauielbHbl OCsiM cHCTeMBl H oX,Y 5 .
VYT10BOE MOJI0KEHHE paccMaTpUBAaeMO MEXaHMUYECKOH CHCTeMBI OyneM XapakTe-
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pHU30BaTh YIJIOM (@ MOBOPOTa CUCTEMbI KoopauHaT HX;Y; OTHOCHTENBHO MHEp-
muaneHoi CXgYo . O003HauMM Maccy OocHOBaHHs (Teno 1) M BBIXOIHOTO 3BEHA
(Teso 2), Kak M paHee, COOTBETCTBEHHO M, U M, . OcTanbHble 0003HAYCHHS Ha
PUCYHKE COOTBETCTBYIOT 0003HAUYCHUsIM puUcyHKa 3. B wactHoctn, GXyZ — Hero-

JIBIKHAST OTHOCUTENILHO OCHOBAaHMS cucTeMa KoopAauHaT. OCTaBUM TaKKe B CHIIC
0003HAYEHHMS IS BEJIMYMH M , M, , M, , BBEJECHHBIE COOTHOMEHUAMH (4).

OTHOCHUTEIIPHOE ABMKCHUE CHCTEMBI OMHCHIBACTCS BBEACHHBIMH paHee 0000-
LICHHBIMU KoOpauHatamu (i, ,. [lomoxeHne cuctembl B HHEPLUAILHOM IIPO-

CTpaHCTBE XapaKTepu3yeTcsi O0OOIIEHHON KoopaumHaTtod (3 =¢. OtcyrcTBHE

BHCIUIHUX CHJI, 4 TAKXC KOH(I)I/Il"ypaHI/IH CHUCTEMBI ITO3BOJIAOT CUHUTATh CIIpaBEIJIN-
BbIMHU CJICAYIOIINE COOTHOUICHU A

reg, =—(My/My) Tegw Teg, =feg +reHy TTHLC, - (16)

rae I — BEKTOpHI, COCOUHAOLINE TOUKH, HAMMEHOBAHUS KOTOPBHIX IPUBEACHBI B
HIKHUX nHAekcax. [IpoHymepyem cucteMsl koopauHat. BBenem B paccmoTpeHue

BEKTOPBI-CTOJIOIBI RO, COOTBETCTBYIOIIE KOOPAMHATAM BEKTOPOB I B | -TOM
cucreme koopauHat H Xy, :

@ |Xsc, | |(af +d®-a3)/(2d)

5% | Yac, Jai —(xac,)® |
R(z) _ X2H3 R(l) _ X1C1 1 _ XlC2
CiHs YoH, ca Yic, G Yic,

Torga B coorBercTBUM ¢ (16) U yuuThIBasi mapaiebHOCT OCEH BBEIECHHBIX
CHCTEM KOOPAWHAT MOKHO 3aICaTh

Xic, ==(My /M) X1, Yic, =—(Mz/My)-Yic, (17)
X1c, =M1 (Xon, +X3c,), Yic, =M1(Yan, +Yac,) (18)
X1c, =My (Xon, +X3¢,) s Y1, =—M2(Yan, +Yac,) - (19)

OTMeTI/IM, YTO BECJIUYUHBI X 2H, )51 yZH 3 SBJISAIOTCS KOHCTaHTaMH. MOMEHT
HUHCpLIUN J paCCManHBaeMOfI CHUCTEMbI OTHOCUTCIIBHO €€ LICHTPAa MaCC UMCCT BU/]
_ 2 2 2 2
J=J1+my-(Xic, +Yic,)+M2 - (Xic, +Yic,)

rae J; — MOMEHT MHEpIMK OCHOBaHUsI (Tena 1) OTHOCHTENBHO €ro IIEHTpa Macc.
Kunernueckas sneprus Ky paccMarpuBaeMoi CUCTEMBI ITPH OTHOCUTEIBHOM
JBUKEHUU COTJIACHO [7] UMeeT BUJ

KZZK0+K1+K2,
rac KO — KHHCTHUYCCKAsA SHCPrusA IMEPCHOCHOI'0 ABHXKCHHA, HC 3aBUCAIIAA OT

00001meHHbIX ckopocTeld (q, 4, ; K4, — nuHelHas OTHOCUTENhbHO 00OOIIEHHBIX
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ckopocteil (1, (o, 4YacThb BBIpaKEHHUS KMHETHUECKOW sHepruu; K, — xuHeTude-

CKasi SHEpPrHs OTHOCUTEIBHOTO IBIDKCHHS, OJHOPOIHAs KBajpaTHuHas (opma
00001IeHHBIX CKOpocTer (1, (5 .

VYpaBHenus Jlarpanxa aJis1 JaHHOW CUCTEMbBI UMEIOT BU/T

d(oKy) oKy ol
— - + =Q,, s=123. 20
dt(aqu 60s  ds @ 20

B paccmaTtprBaeMoMm ciydae B CHITy BRIOOpa WHEPIHAIHHONH CHCTEMBI KOOP-
IUHAT ¥ OTCYTCTBUS BHEIIHUX CHJI KHHETHYECKas YHEPTHS NEePEHOCHOTO IBIKE-
HUS IMEET BUJ

1 )
Ko=5J-<p2, J =J3(ay,95)-

CootHoweHust U1t coctapisiomeil Ky KUHETHUECKON HEPruM MOTYT OBITh
3aIMCaHbl B BUIC KBAAPATHIHOW (POPMBI 000OIIIEHHBIX CKOPOCTEH

1_. . . ~
K, = quT -A,q, A,=diag(0,0,J/m).
Tornma onepaTtops! Diinepa Haxa cocTapmsioniel Ky KMHETHYECKOH 3HEepTUu:
Es(Ko)=m-G'NosG, s=12; Eg(Ko)=m-(d Noad+(I/M)-$),

rae q=(dy G G3)", G =(dy G Gg)" n marpumsr Nog (5=123 ) onpenensior-
CsI COOTHOIICHUSMHU:

0:0:ing

. 1 a , o0

Nos =diag(0.0-os), Mos =52 -1 8=127 Nog = * 10 i noy
) #ix1 0

JluHeliHass OTHOCHUTENILHO 0000IIEHHBIX cKopocTed G, (o, yacth K, BbIpa-
>KEHUS KUHETUYECKOU 3Hepruu umeer Buf [7]:

Ky =Kky-gp+ky-dy,

arCCl 6rcc2
Ks =0 | Mqree X ] +(m2rC X , s=12.
S ( q_ aqs , C‘Q aqs ,

HwxHuit uHIeKC Z B JaHHOM COOTHOIIICHHU 0003HAYAET MPOCKIUIO0 BEKTOPA
BEKTOPHOT'O MPOU3BEJICHUS HA OCh, MEPICHIUKYJIIPHYIO TUIOCKOCTA paccMaTpUBa-
€MOM CHCTEMBI.

CootHorreHus Ut coctaBisiomieii K, KHHETHYeCKOW SHEPrHH C YyU4eTOM CO-
otHomeru# (17) — (19) MoryT ObITh 3aMMCaHbl B CJACIYIOIIETO BUIa KBAJAPATHUHOM
(hopme 0000IIIEHHBIX CKOPOCTEH

L 0.0 (A
Ky=2ma" A, A= 00 (A)g |,
* ok 0
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(A1)s3 = (A1)3s = (chz '(Wscz /aqs) - yZCZ '(8)(302 /aqs))’ s=12.

X2c, =X2H, X3¢, Yoc, =Y2H, tYac, -
Toraa onepatopsl Ditnepa Haa coctasistoneil K, KMHeTHYecKol SHEpTUn:

Es(Kl) =m- (qT Ny d+ (A1)53¢) , $=12,

E,(K)=m- (qTleq + Az -G+ (Aps, - G)

rae matpunsl Nqg (S=1,23):

L _M Mg Eo_

0.0..0 0052 S

A e VS ¥ 2 A
11 . . 2 ' 12 L ! 8q ! ’

[ O(ADs O(Ay)ys _ [ O0(Ayis | O(A)s
nll_( o, o, , Nip=-Nyy, Np= oq, + o )

Kunernueckas SHEpPruAa K 2 OTHOCHUTEJIbHOTO ABMIKECHUSA UMECT BUJ :

1 . . o .
K, = E((Az)ll : Q12 + (A1 - Gy + (Ay) g1 - GoGy + (Ay),, 'ng),

rIe

2 Xy OX
(Az)sk = Z(mi 3G 3G +m; 8y3c' aysci ] , s k=12,
i=1 aqs aqk 6qs 6qk

u ¢ yuetoM (17) — (19) umeeT MecTo COOTHOIIICHHE
Ay =M- Ay, s k=12,

rae Ag, ompezeneHsl cootTHoureHusimu (13).

Torna nnst oneparopa Ditnepa Haj QyHknuerd K, crnpaBeamnBo
Es(Kp)=m-Es(K), s=1,2,

rne Eg(K) 3amanbr cootnHomenusmu (14) u, ¢ yderom toro, uro E3(K,)=0,

MOKHO 3aIlucarhb.
Es(Ky) =M+ (4 NpgG+Agly + Agliz), =12, E5(K,) =g Nysd,
rae Matpuiel Nog (S=1,23):
B. /O
Noo=|--5-d.222| §=12, Ny =0s,3,
2s {Onz 0 } 23 3x3

n O — HyJeBble MaTPHUILBI COOTBETCTBYIOIINX Pa3MEPHOCTEMN.
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VYuuTeIBas, 94To

Es(Ky) =Es(K2) +Es(Kq) +Es(Kp), =123,

M uCmoie3ys obosHaueHust Agy=J/m, A;=A=(A);;=(A); wu
A=A, =(A))=(A,);,, omepatopsl Diiiepa HaJ KHHETHYECKOW >Heprueii

K's MoOryT OBITH IpEICTaBICHBI B BUIC
Es(Kg)=m- (Aslql +Ag0y +Agz@ + qTésCI),

B, =(Ng +N, +N,.), s=123.

Torma B coorBeTcTBUU C ypaBHeHusimu Jlarpamxa (20) MoxHO 3amucathb
ypaBHEHUS IBUKCHUSI pACCMaTPUBAEMOM CUCTEMBI B BUJIE:

m '(Allq.1 + A0 + A3 +qT|-5’1q )+01(Q1 —110) =Qy, A, Iy
m ‘(Azlq'1+A22q'2 +A23¢+qTqu)+Cz(Q2 ~120)=Q,, d4=|d, |=|l;|.(21)
m '(Aslq'l + Az, +A33¢>+qTB3q')=Q3, dz] | @

Juisa ypaBHEHUI CBOOOIHBIX KOJEOAHUH paccMaTpUBAaEMOU CUCTEMBI CIEAYeT
B (21) monoxute Q; =0, s=123. [Ipu M, — 0 u HyJIeBOH HAYaIbHOU CKOPO-
CTHU YTIJIOBOI'O BpallCHHUA CUCTEMBI, YTO COOTBETCTBYCT CJIydar0 HCEIIOJABUIKHOI'O
ocHoBaHMs, M — M, u npu Q; =0 cucrema ypasuenuit (21) pakrTuuecKu BbI-
poxxaaercst B cuctemy (15). Ho HanboJbiMii HHTEPEC BBI3BIBACT CIIydail cCon3me-
PUMBIX 3HaUYCHUU Macc Ten cucteMbl. Ha puc. 7 u puc. 8§ npuBeneHsl pe3yabTaThl
uHTerpupoBanus cuctemsl (21) mpu m, =1000 64 u m, =500 &3 . B oboux ciy-
Yasx paccMaTpUBAETCs KOH(DUTYpalUs CHCTEMBI, OTpesienseMas yriiom o, = 45°

(cm. puc. 3). Ha puc. 7 npeacraBiensl KoneOaHusT CHCTEMBI, BRI3BaHHBIC HAYallb-
HBIM OTKJIOHEHHEM 110 ocu X IeHTpa macc C, Tema 2 OT ero paBHOBECHOTO TIOJIO-

xeHust G mpu HavYaIbHOW HYJIEBOW YIJIOBOW CKOPOCTH BpalleHHs cHCTeMbl. OT-
KiIoHeHue npuHATo paBHbIM 0,051 . 3HauCHMs OCTATBHBIX MTAPAMETPOB COOTBETCTBY-

10T paHee TpuHATEIM. Ha prc. 8 npesicTaBiieHbl KONeOaHHs CHCTEMBI, BHI3BAHHBIC HAITH-
YKeM yIJI0BOi CKOPOCTH BpallleHHs CHCTeMBI BOKDYT €€ LieHTpa Macc, paBHoit 3 °/ i,

015

.')

E o010 o
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Puc. 7 Puc. 8
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[TpuBeneHHas TOCTAHOBKA MOJICIBHOM 33J]aud B OTJIMYHE OT TIOCTAHOBKH 3a-
naud [5] mo3BosseT M3ydeHne KoeOaTeNbHBIX MPOIECCOB B CHCTEMAX B3aHMHOTO
MO3UIIMOHUPOBAHUST KOCMUYECKOTO amiiapara M MOoJe3HOH Harpy3KH, KOTOpPBIE CO-
JiepKaT MEXaHHU3M MMapauIeIbHOW CTPYKTYPBI, IPH YYETE MOJIBUKHOCTH B HHEPIIU-
ILHOM TMPOCTPAHCTBE OCHOBAHUS MEXaHU3Ma, a TAKXKE JIaeT BO3MOXKHOCTh UCCIIe-
JIOBaTh B3aMMOBJIMSHHIE JBYXKCHHSI CHCTEMbI B II€JIOM M €€ OTHOCHUTEIHHOTO JIBHU-
KCHUSI.

BuiBoabl. PaccMoTpeH Kitacc cucTeM B3aUMHOTO MO3WIIMOHUPOBAHUS KOCMU-
YeCcKOro amnmapara W MoJIe3HOW Harpy3KH, K KOTOPOMY MOTYT OBITh OTHECEHBI KaK
CYIIECTBYIOIIHE TPAHCIIOPTHBIC CUCTEMBI MEPEMEIICHUSI TIOJIE3HOTO IPy3a OTHOCH-
TEJIHHO OpPOHUTAIHLHOTO KOPAOIs MPH MOMOIIN aHTPOMOMOP(HOTO MAHHITYIISATOpA
(MexaHH3Ma IOCIIEIOBATEIIPHON KUHEMATHUKH), TaK W TEPCIEKTUBHBIC CUCTEMBI
BBICOKOTOYHOT'O MMO3UIIMOHUPOBAHHS TTOJIC3HOW HATPY3KH C UCIIOJIE30BAaHHEM Ma-
HUMYJIAIUOHHOTO MEXaHHW3Ma TapajUiebHON KHHEMaTHKH. J[JIsl TaHHOTO Kiacca
CHCTEM pa3paboTaHbl MOJEIbHBIC 3a/laud, B KOTOPBIX JUIS aHAH3a UCCIIEAYEeMbIX
MPOIIECCOB BBIIEIEHBI HAanOOJEe CYNICCTBEHHBIC JJIEMEHTHI. JTO MO3BOJICT BbI-
SIBUTh OCOOCHHOCTU JTUHAMUKHU YIPABIIIEMOTO JBHKCHUS pacCMaTPUBACMBIX CH-
CTeM U UCCIIEIOBATh KojeOaTeIbHbIC MPOIECCHl B MEXaHU3ME MapaieIbHOW KH-
HEMATUKU MPH Y4eTe MOJBIXKHOCTH €r0 OCHOBAHUS B WHEPIHMATHLHOM MPOCTPAH-
CTBE M B3aMMOBIUSHHC JBIOKCHHS CHCTEMBI B IIEJIOM U €€ OTHOCHTEIBHOTO JIBU-
xenus. [IpefcTaBieHHbIe MOJICTBHBIC 3aJ1a4d MOTYT OBITh TaKXe HCIIOIb30BAHBI
JUIsS BBIOOpA ¥ OTPAOOTKH aIrOPUTMOB YIPABICHUS JTBUKCHUEM CHCTEM B3aUMHO-
T'0 TIO3UITHOHMPOBAHUS KOCMHUYECKOTO aliapara u MOoJIe3HOH Harpy3KH.
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