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NCITOJb30OBAHHUE ITPOI'PAMMHBIX HAKETOB JJIA
MOIEJIUPOBAHUSA YITPABJIAEMOI'O ABUKEHUSA
POBOTOB

Ienv padbomwl. usyuums Memoouxy MOOeIUPOBAHUs pPabOmbl
cucmemsbl  ABMOMAMUYECKO20  YNPAGIeHUs.  POOOMOMEXHUUECKO20
YCmpoucmea ¢ nponopYUOHAIbHO-OUDDEPEHYUATbHBIM Pe2YIAMOPOM,
cpedcmeamu mamemamuyeckozo nakema Mathcad.

Annapammuote cpeocmea: mamemamuueckuti naxkem Mathcad.

Dopmupyemvle KOMnemMeHYUU:

OK-4 - 2omosHocmb uUcnonvb3oéams HA NPAKMUKe NPUOOpeméEHHble
YMEHUsT U HABLIKU 6 OP2AHU3AYUU UCCAe008AMENbCKUX U NPOEKMHBIX
paoom, 8bINOIHAEMbIX MALLIMU SDYRNAMU UCNOIHUMENEl,

IIK-1 - cnocobnocms cocmasiams mamemamuyeckue Mooeu
MEXAMPOHHBIX U POOOMOMEXHUYEeCKUX Ccucmem, Uux noOCUCeM,
BKIIIOUASL UCNOJIHUMENIbHBIE, UHOPMAYUOHHO-CEHCOPHbIE u

ynpasasaouwue Moo0yau, ¢ NpUMeHeHuem Memooos GopMaIbHOU 102UKU,
Memoo0o8  KOHeuHblX  asmomamos, cemeti Ilempu, memooos
UCKYCCMBEHHO20 ~UHMENIEeKMAd, HeYeémKoU JA02UKU, 2eHemU4ecKux
An2OpUMMO8, UCKYCCMBEHHBIX HeUPOHHBIX U HEUPO-HeUemKUX cemetl,
IIK-2 - cnocobHocmb uUCnonb308amv  UMEOWUECS NPOSPAMMHbBLE
naxkemul U, NPU HEOOXOOUMOCMU, PA3PAOAMBIEANb HOB0E NPOSPAMMHOE
obecneuenue, Heobxooumoe 0Jisi 06pabomKu UHGoOpmayuu U YnpaeieHus
8 MeXampOHHbIX U POOOMOMEXHUUECKUX CUCMeMAX, a makdice O Ux
NPOEKMUpoBaAHUs

1. KpaTkue TeopeTu4yeckue cBeIeHUsI

PaccMoTpuM ympaBiseMyr0 MEXaHMYECKYIO CHCTEMY, MMEIOIIYIO
N  CcTemeHer  CcBOOOABI, TMOJIOKEHHE  KOTOPOM  OIMMCHIBACTCS
0000IIIEHHBIMU KOoOpJauMHaTaMu (;. BBegem BekTop 0000UIEHHBIX

KOOpAWHAT ( :
=l o - an". 1)

*
OO003HaYMM KeJlaeMo€e 3HaueHUE OOOOILEHHBIX KOOpPAMHAT (j , U

*

BEKTOP JKEJIaeMbIX 3HA4YCHUN OOOOIIEHHBIX KOOpJAWHAT - Kak ( .
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XKenaemble 3HaueHHsT 00OOIIEHHBIX KOOPAUHAT OYIyT MCIOJIb30BATHCH,
KaK CENEIONNE BO3JICUCTBUS MHOT'OKaHaJIbHOW CUCTEMBI
apTomatuueckoro ympasieHuss (CAY). Ommubka ynpaBieHUs B
paccmatpuBaeMond CAY umeeT BUI:

e=q -q=[e; & .. e (2)

[TponopunoHanbHO-AU(PEPEHITUATBHBINA PETYIATOP 3TO SJIEMEHT
CUCTEMBbl aBTOMATUYECKOTO yIOpaBJIEHUA C OOpaTHOM  CBS3bIO,
TEHEPUPYIOIIMI  YIPaBISIOIEE BO3JCHCTBUE, MPONOPLHUOHAIBHOE
3HAQYEHUIO OIIMOKM yNpaBieHUss M €€ TMepBOM MPOU3BOJHOM.
PaccmoTpum citydail, KOrna BbIXOJIOM PETYIISITOpA SBJISETCS BEKTOP T,
KOMIIOHEHTAMH KOTOpPOr0 SBJSIFOTCSI MOMEHTBI  3JIEKTPOIPUBO/IOB,
YCTAaHOBJICHHBIX B IIIAPHUPAX CUCTEMBI.

T
'r:[rl Ty ... rk] , (4)
rae K - 9ucio 3aeKTponpuBOOB MEXaHH3Ma, Kp u Ky - marpuipl

KO3(pGUIIMEHTOB perynsTopa, pasMepHocTbio Nx K. B ciyuae, xorna
YHCJIO MPUBOJOB PABHO YUCITY 0OOOIICHHBIX KOOpAMHAT MaTpuibl K

u Ky KBagparTHBIE.

2. MeToauKAa BbINIOJHEHUS J1a00PATOPHO padoThI

PaccmoTpuM NIBYX3BEHHBIM MEXaHW3M, 0Opa30BaHHBIN 3BEHBSIMU,
COCIMHEHHBIMU TIOCJIE0OBATEIIBHO, YE€pPE3 WIAPHUPBI, IEPBOE 3BEHO
COCIMHEHO BpalllaTeIbHOW KWHEMATHYECKOM MapoW ISITOro Kjacca ¢
HETIOJIBMKHBIM OCHOBaHHEM (CM. pPUCYHOK 1).



Pucynok 1 CTpykTypHas cxema INIOCKOTO TPEX3BEHHOI0 MeXaHnu3ma, 1-
3 — IIepBOe-TPEThE 3BCHBS MEXaHU3Ma

BBenem HenoaBmwkHyr cuctemy koopauHat OXxyz (mamee —
cucrema (0)), a Takke MOABMXKHBIE cucTeMbl koopauHaT OjXY1Z; u
OyX9Y9Z5. Ilomaraem, 4To Macchl 3BE€HbEB pacCIpeeIeHbl PABHOMEPHO
no ux jymHe. LleHTper Macc 3BeHbeB 0003HaueHbl Toukamu Cq, C,, i -€
3BeHO uMeeT JumHy |;_1, 1 Maccy m;_;.

Martpuna nepexona mexay cucremamu (0) u (1) umeer Buxa:

[cos(py) —sin(ey) O

Tio =| sin(¢) cos(g) O], (5)
0 0 1
1 0 0

Ty =|0 cos(py) —sin(gp,)|. (6)
[0 sin(pp)  cos(ey)

BekTop 0000111€HHBIX KOOPAUHAT UMEET BHU/L;

a=lm o] (7)

3anuileM paanyc-BEKTOPHI, OMUCHIBAIOIINE MOJIOKEHHE Touek Cq,
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0.5, I
=Tl O |, To=Ti|0 (8)
0 0
0.5k
Iio =Toy+ TorTio| O (9)
0

Hwxe npusenén xon Mathcad, peanmsyromuii BBIBOJT ypaBHEHUN
IBWOKCHUS MexaHu3Ma. [lepBas 9acTh Koja 3a7aeT TEOMETPHIO 3BEHBLEB.

JIuctunr 1 Kon, 3aiaromiyii reoMeTpUIO 3BEHHEB

3apaHwe pagWyc-BeKTOpPOE TOYEK

- |'-. ‘-‘ll . |'-. D .\-‘ll
1,0 .1 1, [0
-ll}- 11.; _11_ 1
001 =| o | dOICI =| r10102(1) = | o | 20262(1) = | 1y
o) Lo ) o) Lo )

Pemum [MpAMYIO 3a4a4y KHHCMATHKHW — 3allMIICM HGO6XO,Z[I/IMBI€
MaTpuubl ITIOBOPOTA, HaﬁHeM ITOJIOKCHUA HCHTPOB MACC 3BCHLCB.

JIuctunr 2 Koa, pemaroniui npsMyro 3agaqyy KUHEMaTUKA
Haxo#pgeHwe matpuy nepexosa

(cos(qp| —sinfqy) 07 1 0 0 )
TI0(q) = | sinfqy) cos(qy) 0|  T2u(q =" <=\ ~MY)
Lo 0 1 \0 sinfqy) cos{qy) |

HaxoxpoeHwe marpuubl nepexoga T20

(‘cos{ap) —cos{ay) sinfay)  singp)-sinfay) )
T20(q) = T10(q) T2U(q) simplify — | Sin{dy] cos{qy|-cos{q,| —cos(qy)-siniq, ]

| 0 sin|q1:| cns|q1:| ,J



Haxo#poeHwe sexktopa 1C1

5: l:-:us|.q_ﬁ.:|-11“'l_
2

r0C1(q.1) = T10(q)-rlOIC1(1) simplify — | sin(qy|-1,

Haxo#peHwe sektopa 1C2

i

[ cns|_q1.:|-5in|.qﬁ.:|-1:ﬁ'1_

-:Ds|.q_|}.:|-11 - n
o -:os|q_0:|-|:os|q1:|-1,,
0C2{q.1) = TINq)-r1O102{1) + T20{q)-r202C2(1) simplify — 5ﬁ1|q{:.:"11 + - i
0, 2
sin qlll'].:
i“ 2 _},

Hatizem npou3BOHBIC OT MOJYYCHHBIX BEKTOPOB (CM. JTUCTHHT 3).

JInctuar 3 KOJI, peanmyfomnfxi HaXO0XIACHUC ITPOU3BOAHBIX OT
paauyc-BekTopoB (8)-(9)
Japganue BekTopa 0bobLyEHHEIX CKOPOCTERA B BEKTOPHOA dopme

(v DH".

[ sin{qp)vyt; )
2

vi{g. .1} = Jacob{rlC1{qg,l),q.n)-v{u) simplify — cns|q_|}:|-ucl-11

i& 0 _,-'

!'d Sjil|q_clll'5j11|q1:|'ﬂl'1: cos|q_D:|-cos|q1:|-*u -1: . H‘l
3 - ; - 5m|.q_ﬁl:|-u[:l-11

o cos|q, -5 g, |11y u:u;:ns|u:]1 |-sinf g, |-u -1,
¥2(.v.1) = Jacob(0C2(2.1).9.0) (1) SimpHy — | cos(qu)v 1, - —— j-q“'- L. A

cns|.q1.:|-*u 1-12
L 2 J

OtrmeruM, uto ¢yHkmusa Simplify mpeoOpasyeTr CUMBOJIBHBIC
BBIpaXKCHHS K OoJiee IpocToit opme, 1 € BbI30B NpuHykaaet Mathcad
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IMPOU3BCCTU H€O6XOI[I/IMI)IC BBIYUCJICHUA W 3allUCaTb PE3YyJIbTAT B

IIaMATb.

Haiimem yriioByr0 CKOpPOCTb 3BEHBEB MEXaHU3Ma, MCIIOIb3Ys
METO/I, OIIMCaHHbIN B [2].

JIuctunr 4 Kon, 3aiaromimii reOMETPUIO 3BEHbEB

| {0
dT10_¥g.v) = Jacobl T10{ q)

3
dT10_1({g.v) = Jacobl_l'lﬂ[q_}{l'

| @
dT10_2{g.v) = Jacobl T1H{q)

(sin{q)v)

anlv(v) simpliy - | cos(qp)vg

;‘,. 0 _,-'

g’i—cos|q_|}:|-uDH'l_

..n)v(v) simplify — | ~sinq ) v,

;‘,_ 0 _,-'

[0

_.q,n_:'-v['u} simplify — | 0

;u D'J'-

(—sin(qq)-v
T T T|T -
dT10{g,1) = stackl_dTIEI'_[I'[q_.u} LdT10_1{g, v} ,dT10 2{g,v) :' simplify — '3°5|':J.|}:"'UD

Lo

01(q.v) = dT10(q.v)-T10(g)"

[0 —v, 0)
11{g,v) simplify — Ty 0 0
Lo o o)
(-021(g.v); 5) £ 0
wi{g.v) = “1['31.-"*‘}5__1 simplifyy — 0
lw |
;l—ifltqrv}[,._lj Lo

0 —cnslq_l}.:.-'u 0 I}H'I_

—5i11.|.q{|.:|-*u 0 0
0 0)



- (=sinfqy)-vy)
dT20_0(q,v) = Tacob| 1200 . q.n)v(w) simplify — cos(qp) v,
L__ 0 _.-'
g’i sm.|q_|}:|5n1|q1:|LI - cns|;qﬁ.:|-|:ns|;q1.:|-ucl h‘l
4T20_1(q,v) = Jacob| T20(q)"" , q.n)-v(v) simplify — | —cos(a,)-sin{ag)-v — cos{qg)-sinfq,}-v,

\,

; u:ns[_ql::l-*ul )
g’ichs[q_I}.:rsin.[ql.:ruﬁ + u:ns[.ql.:l-sin[q_l}.:ru 15"1_

4T20_2(a,v) = TacoblT20()"> g, 0)-v(v) simplity — | sin{ag)-sinay)-vg = cos(ap)-cos(qy)-v,

\ —sin{q, |v, )

' T T T\!
dT20(q.v) = stack|dT20 0(q.v)!,dT20_I(q,v)!.dT20 2q.v))

€2(q.v) = dT20(q.v)- T20(q)"
! 0 o 5""1[_':1{:._:"""1 \
(12(q,v) simplify — L 0 —':05[_-:1_0}-*':1

;‘h—si.n.[. q_[:l:l'L i n:os[.qﬁ::l-*u ) ] j

ey (el
‘-*’3('31.-"3} = 1-.2’[':1.-1-!}D._: 5j_1-nl-_-|]jf}.- —a Snllq{:lllul

| —!!E[q_.*u}l}r 1_;’- ;‘ Ty _,J
HaﬁZ[GM KHMHCTHYCCKYIO W INMOTCHHHAJIBHYIO JSHCPIrHIO CUCTCMbI
(cM. THCTHHT D)

Jluctuar 5 Kox, peanusyromuyii HaXOXJEHUE KUHETUYECKOU U
MOTEHIIUAIIBHOWU SHEPTUU CHCTEMBI
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3 3
[1g 0 0] [13 0 0]
iy =101, 0 n2Gy= 9 i, 0
;ll\_l} I} J:Jll- ;!.l\_l} I} Jj_.}l-

1 1, -
Tl{g,v,j.l.m) = ;-(Jl(j}-i.ul[q_.u}}T-i.ul[q_.u} + ;-[.mD-*.'l[q_.u _.1}.:|T-'=.'1[q_.u 1)

1, -
TXg,v,j.l.m) = -(JE(j}-i.ul[q_.u}}T- w{g,u) + ;-[.ml-ﬁ.'l[q_.u _.1}.:|T-'=.'2[q_.u 1)

b | =

ﬂq,u J.1,m) = Tl{g,v.j.1.m) + T2{g,v.j.l.m)

(. cos(ag)eos(ay)1y)
M{g.l,m.g)} = rﬂﬂl[q,l}l-mﬁg + rﬂﬂl[q,l}l-mlg — g-;l 5111|..q_|}.:|-11 + — — |-

g sinfqp}1;m,
m, + e —
2 J1 2

3anuineM Ko, peaau3yrolni COCTABICHUE YPABHEHUHN JIBUKCHMUS.

Jluctuar 5 Kopj, peanusyronidii COCTaBjlI€HHWE YypaBHEHHUH
JBH>KECHUS.

’:ﬂq__u .j.l,m) = Jacobl._Jacnb[T[q_.u .j.l,m) v _.n}T_.'u _.n_:'

Hq__u .j.lm) = Jacobl._Jacob[T[q_.u .j.1l.m)u _.n}T_.q_.n_:'-*.'[u} — Jacob{T{g,v.j _.l,m}_.q_.n}T

G{q.l.m.g) = Jacob(Il{g.l.m.g) _.q_.n}T
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) o1 e
{13) my P v s cos|qy ) {1y) my sinfqy |1y 1y my
- LY V21
{L) my+iy+i5 n )
Alg.v.j.l.m) simplfy — 5
sinfq )1y 1y m, (ofmy o2 2
— 3 r R I ET PR E

sin2-qg){vy) 33 sm{2qpl{vy) gy sinf2qqjvgvy(l))my o cosfg{vy) 1ydym,

2 2 4 2
C{q,v.j.l,m) simplify — . a5
sinf2-q, ) {vgf ) ™y L _
: ~ sinf2-qplvgv gy s 2qplug gy
[ grcos{qg)1;my . gcos(q |-sinfqy|1,-m;
G(q.1.m.2) simplify 2 + geos{dg)lymy - 2
q.l.m.g) simplify — R
goos(qp)-sinfgy ymy
fpﬂuﬂ
Blpv) = .
W1t
(o
NULL = |
W0 {0.01"
0.01
(03 (01
| | g oo
m = _ 03 B= o181 ’L‘.= _ 01 po= -U -2 j= )
L3 035 1
L1

[0.015625-cos(2.0-q,) + 1031875 —0.0125-sin(q, |
Afg.v) = Alg.v.j.l,m) simplify — i o o
a:0) = Ag.v.j.1.m) simpl L ~0.0125 sin q, 103123
~0.0125-cos(q, |-(v 1"|.2 — 0.03125-sin(2.0-q, |v v,

C(q,v) = C(q.v.j.1,m) simplify — 3
0.015625-sin{2-qy |- v |

(0.73575-cos(qy) - 0613125-sin(qy - 1.0-q) - 0.613125-sin{qy + q,

o o T

G(q) = G{q.l,m,g) simplify _>k ~122625-cos|q, |-sin(q, |
_'rz"'*'q}

$v) =5 1} simpli

&) = P(p.v) simplify ‘*-kz.ul

-1 rqll}
ddg(g.v.Q) = -Alq.v) | C{g.,v)+ Glg) + P(v) -
A
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Hwxe NpCaACTaBJICH KO, MOI[CJ'II/Ipy}OHII/Iﬁ ABMKCHHUE MEXAaHHU3Ma
IMIPpHU OTKIIIOYCHHBIX IIPUBOAAX.

Jluctunr 6 Konu, peanusyronuii 4ucieHHOE pEIICHUE YpaBHEHUMN
(22)

-
Func(Time.At) = |Count « ———

At
1 «— NULL
(0.8}
\0.1)
for 1= 0. Count
(0 «— NULL
g « ddg{gq,v.Q)
v v+ g-At

q <

1 2
g g+ uv-ht+ ;-E-.-‘J.t

Duti_. 0

for j =01
O 41
Cht.
1.

— Mf-i

L .
= ]

i+

Chat

Res = Funcl10,1-107°)

Ha pucynke 2 moka3zaHbl BpeMEHHBIE 3aBUCHUMOCTH OOOOIIEHHBIX
KOOPJMHAT, MOJYYEHHBIE C TIOMOIIbIO OMTMCAHHOTO aJIfTOpUTMA.
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Lad

Res{l}

—

Res{l}

_l_'_'_'_._._.—‘_‘_‘_‘_‘_‘—_‘_‘_‘_‘_
0 2 4 & 8 10

Res{':'}
Pucynok 2 BpeMeHHbIE 3aBUCUMOCTH 0000IIEHHBIX KOOPAMHAT

o(t) oo (t)

Ha pucynke 3 moka3aHbl BpEeMEHHBIE 3aBUCHMOCTH O0OOIIICHHBIX
CKOpPOCTEW, MOJIYYEHHBIE C IIOMOILBIO ONMCAHHOTO AJITOPUTMA.

0.8
0.6

RES{;} 04

R35{4}

Res{ﬂ}

Pucynok 3 BpemeHHbIe 3aBUCUMOCTH 0000IIIEHHBIX CKOPOCTEN
a1(t). 2(t)

[IpomonenupyeM JABMXKEHHME MeXaHu3Ma Iipu Haiauuun [1]]
perynsropa. Vicronas30BaHbI CeAyONIHE MATPHUIIBI KOA(PHUITMEHTOB:
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1000 O 100 O
— K —

_ Ky = . 10
P~ o 1000 9| 0 100 (10)

om0 <[ ]
bynem paccmarpuBarh ciydad, Korga ¢ = §7r —r| . Huxke

OPEACTaBIEH KOJ, PEAIU3YIOIUA MOJEIUPOBAHUE YIIPABIIIEMOTO
JIBU)KEHUSI MEXaHU3Ma.

Jluctuar 6 Kop, peanusyronmid MOIEIMPOBAHUE YIIPABISIEMOTO
IBH>KEHUSI MEXaHU3MAa

|- "‘l
[ mi |
_ 180
g_desired =
e T
o | —
180
{00 o 0 10 00
Ep=| | = | 1

| Kd: |
0 1000 L0 100

. Time
Func({Time, At) = |Count « At
1 «— NULL
(08)
1 o)

for 1 e 0.. Count

() «— Kp-{g_desired — q) + Kd- (0 — 1)
g « ddg{g,v.,Q)

v v+ &AL

-

g+ q+ u-At4+ —-2-At

[ S

Chat. . < At
1,0

for j 0.1
O 1 G
Chat.
i,

_—
3

I+ 1

Chat

3)

Res == Funcl10,1-10

Ha pucynke 4 moka3aHpl BpEMEHHBIC 3aBUCHMOCTH OO0OOIIICHHBIX
KOOPJWHAT, IMOJYyYCHHBIC C TIOMOIII0 OITMCAHHOTO aJrOpUTMAa.
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0.3

0.6

Rss{l}

0.4
Ras{"}

st{':'}

Pucynok 4 BpemeHHbI€ 3aBUCUMOCTH 0000IIEHHBIX KOOPAUHAT

o(t) oo (t)

Ha pucynke 5 nmoka3aHbl BpeMEHHBIE 3aBUCHMOCTH O0OOIIICHHBIX
CKOPOCTEH, IMOJIYYEHHBIE C MIOMOIIBIO OIMCAHHOIO aJIrOPUTMA.

4

[

Res{s}

R35{4}

[

st{':'}

Pucynok 5 BpemeHHbie 3aBUCUMOCTH 0000IIIEHHBIX CKOPOCTEN

a1(t). o2 (t)

YMeHbIINM 3HauUeHUS KOA(DPUITMEHTOB perysTopa:
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« _[500 0 « _[10 0 a
Pl o 500" 9 |0 10/

Ha pucynke 6 nmokazaHbl BpEeMEHHBIE 3aBUCUMOCTH OOOOIIEHHBIX
KOOPJWHAT, NMOJy4YeHHbIE 118 cirydas (11).

0.3

0.6

st{l}

04
Res{‘}

I}D 0.5 1 13 2

Res{a}

Pucynok 6 BpemenHble 3aBUCUMOCTH 000OIIEHHBIX KOOPAUHAT

oi(t). o2 (t)

Ha pucynke 7 mokazaHbl BpeMEHHbIE 3aBUCUMOCTUA O0OOOIIEHHBIX
CKOpOCTEH, mosrydeHHbie s cydas (11).

10

(=

Res

R35{4}

0

~1% 03 1 15 2
Rss{a}
Pucynok 7 BpemeHHbIe 3aBUCUMOCTH 0000IIEHHBIX CKOPOCTEN

a1(t). o2 (t)
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OOpaTvM BHUMAaHUE Ha TOSABJICHUE KOJICOAHUN HA TMOJTYYEHHBIX
rpadukax. Ha pucynke 8 mokazanbl (a3oBble HOPTPETHI qp_L(go_L) U

P2(02)

10

Res{s}
0
R35{4}

- 10
02 04 0.6

Res{l} __st{l}

Pucynok 8 ®@a30Bbie NOPTPETHI gD_L((p_L) U @ ((02)

*
Paccmotpum citydait, korna  saBisiercst GyHKIIMEH BPEMEHH:

q (t)=[sin(2t) cos(3t)]". (12)

Ha pucynke 9 nokaszaHbl BpeMEHHbIE 3aBUCUMOCTA 000OIIEHHBIX

KOOpAHWHAT, IMOJIYYCHHBIC JJIA ciiydasd, Korjga HCITIOJIb30BAaHbI

koapuumentsl perynstopa (10).
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st{l}
o 0
Ras{‘}

Rss{a}

Pucynok 9 Bpemennsie 3aBUCHUMOCTH 0000IICHHBIX KOOPIUHAT

o(t) oo (t)

Ha pucynke 10 noka3anbl BpeMEHHBIE 3aBUCUMOCTH 0000IIIEHHBIX

CKOpOCTeﬁ, IMOJIYYCHHBIC JJIA ciiydasd, Koraa HUCIIOJIB30BAaHbI

koddunuents peryistopa (10).

4

(o)

RES{J}

R55{4}

0

[

st{':'}

Pucynok 10 BpemenHbie 3aBUCUMOCTH 0000IIIEHHBIX CKOPOCTEHN

a1(t). o2 (t)

Ha pucynke 11 moka3ansl BpeMEHHBIC 3aBUCHMOCTH 000OIIIECHHBIX
KOOpAWHAT, TMIOJy4eHHbIE ISl CiOydas, KOrjJa HCIOJIb30BaHbI

koadurrents perynstopa (11).
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(o)

{1

Res
o 0
st{‘}

3 10

pal

Pucynok 11 BpemeHHbIE 3aBUCUMOCTH 0000IIIEHHBIX KOOPAUHAT

o(t) oo (t)

Ha pucynke 12 nmoka3aHbl BpeMEHHBIE 3aBUCHMOCTH 0000IIIEHHBIX
CKOpOCTEW, TIOJYYEHHbIE JUIsl  Clly4das, KOrJga HCIOJIb30BAHBI

koapuuuentsl perymnstopa (11).

10

A

Res{s}

1]
R=5{4}

10

— 10
2 4 6 8

Res{':'}

Pucynok 12 BpemeHnHbIe 3aBUCUMOCTH 0000IIIEHHBIX CKOPOCTEHN

a(t) oo (t)

3. 3aaHue HA BBINOJIHEHHE JIA00PATOPHOIi padoThI
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3ajaHue Ha BBINOJHEHHE J1A0OPATOPHOM pabOThI COCTOUT B
MOCTPOCHUN TIpaMKOB BPEMEHHBIX 3aBUCUMOCTEH OOOOIIEHHBIX
KOOpJAMHAT M CKOPOCTEW, a Takxke (Pa3oBbIX TMOPTPETOB IS

*
paccMOTpEeHHOTO MexaHu3ma. B tabnuiie ykazanel 3HadueHus  , K p U

K, A1 KOTOPBIX TPeOYETCs BBIIIOIHUTH TOCTPOCHUE

Tabmmua 1 3aganus Ha BINOJIHEHUE 1a00PATOPHON pabOThI

No 3ananue

1 T
1) q ={%7z %ﬂ:l

2) q (t)=[sin(4t) cos(6t)]"

200 0 2 0
K, = . Ky = .
0 100 0 5

T
2 1) q*=|:§72' %72’:|

2) q (t)=[0.3sin(2t) 0.3cos(2t)]"

100 0 100 0
K, = . Ky = .
0 100 0 10

3 T
= |11 2
1 = —= —
) d [30” 74

2) q (t)=[0.2sin(2t) 0.1cos(3t)[’

1500 0 10 0
K, = Ky = .
0 1500 0 10
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2) q (t)=[0.5sin(2t) 0.5cos(4t)]"

200 0 15 0
K, = . Ky = .
0 500 0 10

50 0 10 O
0 50 0 15
T

* |3 5

2) q (t)=[0.75sin(4t) 0.25cos(3t)]"

50 0 100 0
K, = . Ky = .
0 50 0 100

T
* 4 1
1) q =[g7r ?ﬂ:l

2) q (t)=[0.25sin(5t) 0.55cos(4t)]"

500 0 150 0
K, = . Ky = .
0 500 0 150

T
= |5 5

2) q (t)=[0.45sin(3t) 0.65cos(3t)]"
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400 0 20 0
K, = . Ky = .
0 400 0 20

T
« |6 7
1) q :[Eﬂ gﬂ':l

2) q (t)=[0.85sin(6t) 0.85cos(5t)]"

300 0 25 0
K, = . Ky = .
0 300 0 35

10

T
1) q*ZI:Eﬂ' §7r}

2) q (t)=[0.25sin(4t) 0.5cos(2t)]’

200 0 35 0
K, = . Ky = .
0 200 0 35

5. O¢gopmiieHune oTYEeTA O BBINOJHEHUH JIA00PATOPHOI PadoThI

TpeOoBaHus K OTUETY:

® OTYET COAEPKUT TUTYJIbHBIN JIUCT, ONMKUCAHUE BBIOJIHIEMOTO
3a/laHusi,  OMHUCAaHWE  MPOJEIaHHOM  paboThl,  aHaIuU3
MOJIYYEHHBIX PE3YJbTATOB, BBIBOJIBI, CIIUCOK MCITOJIb30BAaHHOU
JUTEPATYPHI;

® OTYEeT BHINONHSAETCA Ha Juctax ¢dopmata A4, 14 kerib,
OJVHAPHBIN MEKCTPOUYHBIA HHTEPBA;

e cnucok auteparypsl opopmisiercsa cormacHo I'OCT 7.1-2003.
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