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Annotation. The paper considers the last
eleven stages when braking a DC electric
drive with an elastic shaft line when mov-
ing its executive body in accordance with

AHHOTauma. B pabote paccmatpuatoTcs nocrnegHue oauH-
HaguaTb 3TanoB NpU TOPMOXEHUWN 3MNEKTPONpuBoaa MOCTOSAH-
HOro TOKa C YNpPYruMm BaronpoBOAOM MpU [ABWKEHUUM ero uc-

MONMHWUTENBHOrO OpraHa B COOTBETCTBUM C OMTMMAarbHON MO
GbICTpOAENCTBUIO AnarpaMMolt nepemellieHus. Mpn Topmoxke-
HMW OT MakcuUMaribHO AOMYCTUMON YrIOBOWM CKOPOCTM 10 HyNs
MMeIoTCS OrpaHVNYeHusl No NepBoii, BTOPOW W YeTBepToi Npo-
N3BOAHBLIM CKOPOCTM WCTIONHUTENBHOrO opraHa MexaHusma.
OnpeneneHa 3aBUCUMMOCTb ANUTENBHOCTU LMKNA (C y4eToM
pasroHa, YCTAHOBMBLUErOCA [ABWKEHUSS U TOPMOXEHUs!) OT

the optimal speed diagram of movement.
When braking from the maximum permis-
sible angular velocity to zero, there are
restrictions on the first, second and fourth
derivatives of the speed of the executive
body of the mechanism. The dependence
of the cycle duration (taking into account
acceleration, steady motion and braking)

on the maximum value of the fourth
derivative of the angular velocity of
the mechanism is determined.

MaKCMMarnbHOro 3Ha4YeHusa ‘-IeTBepTOIZ I'IpOI/I3BOﬂ,HOIZ yFJ'IOBOIZ
CKOpPOCTUN MeXaHn3ma.

Keywords: analytical dependences of
controlled coordinates, DC electric drive
with elastic shaft line.

KnioueBble cnoBa: aHanuTU4eckne 3aBUCMMOCTU KOHTpOINn-
pyeMbIX KOOpOWUHAT, 3NeKTponpmneog NMOCTOAHHOIO TOKa C yn-

pyrmm BanonpoBogoMm.
O nTUManbHoe no ObICTPOAENCTBUIO MepeMelleHne WCMONHUTENbHOrO opraHa
MexaHu3Ma 3NeKTPonpuBoaa NOCTOSIHHOMO TOKa C YNpyrum BarionpoBOAOM MNpu
OrpaHMYeHNsX Mo CKOPOCTM U €€ NepBOi, BTOPON U YETBEPTOMN MPOU3BOAHbLIX OCYLLECTBIIS-
eTcsl 3a ABaguaTb TpPW 3Tana: oavHHaALAaTb 3TanoB pasroHa; YCTAHOBMBLUEECS OBWXKEHUE;
oOMHHAALATb 3TanoB TOPMOXEHMSI.
B paHHoM paGoTe paccmaTpuBaloTCs OAMHHAALATb 3TaroB MPU TOPMOXEHUM Jrek-
Tponpueoga.
YeTBepTasi Npon3BoaHas yrioBoi CKOPOCTU MexaHn3mMa (9(24) Ha aTanax YeTblpHaaua-

TOM, WecTtHaauaToMm, AeBATHaauaTtomMm U aBaguatb TpeTbeM NPpUHNMMaAET MakKCuMalribHOE 3Ha-
YyeHune 0)(4) ; Ha dTanax TpnHaguaTtoM, ceMHaauaToM, ABaguaTtoM U ABaauaTb BTOPOM Mpu-

Max
HAMaeT MaKkcumalbHOE 3HaYeHune CO 3HAKOM «MUHYC» mgfa)x;

BOCEMHaOUaTOM U OABaAuUaTb NepBOM paBHaA HYIIO. [OnutenbHOCTb TpMHaOUaToro, YeTblpHa-
auartoro, wecrtHaguartoro, cemHaaguartoro, aeesAtHaguartoro, Asaauatoro, AsaguaTtb BTOPOro
M OBaguaTb TPeTbero atanoB paBHa ti; ANMTENbHOCTb NATHAAUAToro U AsaduaTtb NepBoro
aTanoB paBHa t; ANMTENbHOCTb BOCEMHAOUATOro atana pasBHa ts. TpeTbﬂ npon3BoaHadA

YrroBOWN CKOPOCTM MexaHu3ma (,0(23) B MOMEHTE BPeMeHM t=(3t; +t,) U t=(5t, +t, +t;) AOC-

Ha 3Tanax nATHaguaTom,
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TUraeT MmakcumarsibHOro 3Ha4YeHus Ubggx; B MOMeHTbI Bpemenun t =ty n t = (74 + 2t + t3) goc-
TUraeT MakCMMaribHOro 3Ha4YeHns CO 3HaKOM «MUHYC» (Dﬁgx_ BTopas npounsBogHasa yrnosom
CKOPOCTM MeXaHu3ma w(zz) Ha OBajuaTb MepBOM 3Tarne paBHa MakCUMaribHO BO3MOXHOMY

2) .
(oonycTMoMy) 3HaYeHUo (,OEIO)H

b

Ha NATHaAUATOM 3Tane paBHa MakCUMarnbHO BO3MOXHOMY
(oonycTMMOMy) 3Ha4Y€HUIO CO 3HAKOM «MUHYC» COEIZO)H; Ha BOCEMHaALaToOM 3Tane paBHa Hy-

J110. I'IepBaﬂ npon3soaHas yFJ'IOBOI7I CKOpPOCTN MeEXaHun3mMa (;)(21) Ha BOCeMHaauaToM J3Tane

paBHa MakCUManbHO BO3MOXHOMY (4OMYCTUMOMY) 3HAYEHWUIO CO 3HAKOM «MMUHYC» co() Yr-
roBasi CKOPOCTb MEXaHU3Ma @, YMEHbLIAETCA OT MaKCMMarbHO BO3MOXHOIO (4OMYyCTUMOrO)

3Ha4YeHna o;,; A0 Hyn4. Yron noBopoTa MeXaHu3ma ¢, yBeEJNIMYMBaAETCA O KOHEYHOIoO 3Ha-
YeHusA yrina noBopoTa MexaHn3mMma Pxon-

Otan 13. B uHTepBasne BpeMeHU (8t + 2ty +t3 +1t4) <t <(9t) + 2ty +t3 +14):
4 4) .
00(2 () =—l¥)

w(23)(t)=—w§?gx'(t—8t1 ~2t) ~t3—ty);

0)(22)(t)= —%wl(\fgx (t—8ty —2t, —t3 _t4)2;
w(zl)(t)=—é0)1(wa)x (t—8t1 2t2—t3—t4)3;

o, (t)= gm)x (8t1 + 6Lty +tt5 + 2458, +t1t2t3) 214 wgfa)x (t=8t; =2t —t3 —t4)%

1
03 (1) = ¢y + 0L). - Kntl +32t1t, + 108513 + t713 + 12t 15 + 97ty +%tft§t3 +t3t3 +2tft2t§j+

+ (8ti‘ + 665t + 73 + 25t + t12t2t3)~t4]+0)(4) ~

Max

~(8t{‘ + 617ty + t7t3 + 2t + tlztzt3)~(t—8t1 2ty —ty —t4)—5m(4) (t—8t; =2ty —t3 -, );

Max
0

1
M, (t)=Mco _6J2w1(\fa)x (t—8t) =2ty —t3 —t,)’;
1
M(yl)(t): _2J2w£fa)x (t—8t =2ty —ty —ty);
MP(t)=-Tr0) - (-8t -2t —t3—t,);

Max

3
M(y)( )__J (nguzx’
01(t) = @y + 0L, - Hntl +32t7t) +1065t3 + 1763 +12t1t5 + 9t tyt5 + ; t2t3t; + 1313 + ; t12t2t3j

+(8tf +663t, + 3 + 26515 +t12t2t3)-t4 +

+(8tj1 +6t7t, + 113 +2t5t5 +t12t2t3)- (t—8t; -2ty —t3 —t4)—1;0-(t—8t1 —2ty —t5 —t4)5}—

1 2 ( ) 3 IVICO
t—8t; =2ty —t; —t + ;
6 C (VES ( 17442 3 4) Cy
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o (t)= o), -[(&i‘ +6t3t, + 715 + 27ty + t12t2t3)—214 (t—8t; =2ty —t3 — t4)4} =

17 4
_2.C2.mgm)x.

y

(=8t =2t —t3 —t4);

1 J
m§1)(t)=—6m(4) (t—8t; =2ty —t3—t, ) _Cz.mgfgx (t—8t; =2ty —t3 —ty);

Max
y

mgz)(t):—;mw (t—8t; =2ty —t3 —ty)° —(sz-(n(4) ;

Max Max»

y
1 1 JiJ
151('[)=C'{MCO—G'(Jl+J2)'03£f2x'(t—8t1—2t2—t3—t4)3—(132'wgﬂx'(t—gtl—2t2—t3—t4)}
M y
1 I |1 4 2 ) 4
1(5{)(1:):_7' *'(J1+J2)'®§42x'(t—8t1—2t2—t3—t4) +¥'(Dg42x ;
Cy |2 C,

U(t)=C.old. -[(Stf +6t7t, + 713 + 2t5t, +t12t2t3)—2—14-(t —8t; —2t, —t5 —u)} -

lce.‘]i.m@)

Max
2 Cy

(t=8t =2ty —t3—t, ) +

R 1 4 3 JiJ 4
+ 2. Mco—*'(J1+J2)'03£4a)x'(t—gtl—ztz—t3—t4) ~=2 -w&ﬁx-(t—8t1—2tz—t3—t4) -
Cut 6 C,

—Lﬂ'{l'(h £15) -0l (-8t~ 2t —t; —t, ) +Jl‘]2'm£fa)x}‘
Cum |2 Cy
rae U — HanpsikeHve, NPUNoXeHHoe K SIKOPHOW Lienn anekTpornpueoaa, B;
l; — TOK AKOPHOW Lienn anekTponpueoaa, A;
w1 — YrroBasi CKOPOCTb SIKOPS ABUraTens, %;
(4 — Yron noBopoTa sKopsa ABUratens, pag;
My — ynpyrnin MOMeHT (MOMeHT B Banonposoge), H-m;
Mco — MOMEHT conpoTuBneHUs anekTponpueoaa, H-wm;
Ce — KO3(bPULMEHT NPOMNOPLIMOHANBbHOCTU Mexay yrnosou ckopocTbio u SC aswura-
Tens, —<
paj
Cwu — kK03 pMLUMEHT NPONOPLIMOHANbHOCTM MeXAy TOKOM U MOMEHTOM ABUraTens,
B:c;
Ra — conpoTuBneHune sikopHon uenu anektponpusoaa, Owm;
Ls — MHOYKTMBHOCTb AAKOPHOW Lienu anekTponpueoaa, MH;
J1 — MOMEHT MHepuMK sKopsa ABUraTens, Kr-m?;
J2 — MOMEHT MHEepLMM NCNOMHNTENBHOTO OpraHa MexaHuama, Kr-m>;
Cy — XeCTKOCTb BanonpoBoaa, %:;

t4 — oNMTEnNbHOCTL ABEeHaguaToro atana, C.

Otan 14. B uHtepsane BpeMeHU (9t; + 2ty + t3 +t4) <t < (10t + 2ty +t5 +1t4):

0)(24)(t)=03(4) ;

Maxo>

00(23)(t)=—w£?a)lx't1 ot (t-94 ~2t —ty —t,);
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wgz)(t)=_l®(4) 'tlz_wl(v?a)x'tl'(t_gtl_ztz_t3_t4)+;w1(v1a)x (t=9t =2t — t5 — 4 );

m§>(t):-lm(4> -tf—lm(“) -tlz-(t—9t1—2t2—t3—t4)—;0)(4) -ty -

Max Max Max
6 2

-(t—9t1—2t2—t3—t4)2+é @) (=9t — 2ty —t3 —ty )

MaX

0,(t)=ol) (12941‘[ +6t1t2+t1t2+2t1t3+t1t2t3j—ém() ~t13~(t—9t1—2t2—t3—t4)—%w(4) 7

Max Max

(t=9t; =2t —t5 —t, ) —%0)(4) A(t=9t; =2ty —t5 —t, )*;

Max

ty-(t=9t; =2t —t3 —t, )’ +2ioa( )

Max
4

0 (1) = @ypa +m£j‘a)x K 172909 t7 +38tt, + 116513 + 713 +14t] t3 + 1061, 1t +%t12t%t3 +t7t3 +;t12t2t§j+

191 4
+ (8t{‘ +6t7t, + 73 + 23t +t12t2t3)-t4]+03(4) (294t1 +6t7t, +t7t3 + 21t +t12t2t3j-

Max
(t—9t; =2ty —t5 — )_i (4) .3 (t—9t; —2t) —t5 — )2_l (4) 42 (t=9t; =2ty —t5 —t,)* —
At=9t =2t 13— 1y lzmMax'tl =9 —26 13 -1y lzmMax'tl =94 —26 —t3 -1y

SELINC) (t=9t; =2ty —t; —ty)* +$m£j‘a)x (t=9t =2ty —t3 —ty);

4 1 3 1 2 1 2
My(t):MCO+J2m§M)X-[—6t1 St -(t—9t1—2t2—t3—t4)—5t1-(t—9t1—2t2—t3—t4) +

+é-(t—9t1—2t2—t3—t4)3};
M(yl)(t)szml(\j‘a)X [ ;tf—tl (t—9t1—2t2—t3—t4)+;-(t—9t1—2t2—t3—t4)2}

M(yz)(t):b@gﬂx'[—ﬁ +(t=9t =2t =t —t)];

1\/[(3 ( ) J 2(DM8.X’

4 1

(pl(t): QPuay +(D£fa)x |:( 172909 tf +38t1 tz +11t1t2 +t1 tz +14t1 t3 +10t1t2t3 "r%tl t2t3 +t1t3 + 2t1 t2t3j
+ (8t{‘ +6tty + 173 + 265t + tit,ts ) ty+

(12941t1 +6tity +t7t3 + 215ty +t1t2t3j (t—9t, —2t, —t5 —t4)—$tf (t=9t; =2ty —t3 -ty ) —

1 > 3 1 4 1 S
——t7 - (t=9t; —2t, —t, —t ——t; - (t=9t; —2t, —t; —t —(t=9t; —2t, —t; —t
o ( 1 213 4) 24l ( 1 213 4) +120 ( 1 213 4) }r

] 15 1 1
122 o) ~[—6tf _Etlz (t=9t; —2t, —t; —t4)—5t1~(t—9t1 “2ty —ty—ty ) +

Max
C y

+1~(t—9t1 — 2ty —ts —t4)3}+MCO;
6 C,
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o ()=o), - Kl;ltl +6tty + t7t5 + 2655 + t%tmj—étf (=9t =2ty —t5 —ty)—

—itlz-(t—9t1—2t2—t3—t4)2—ét1-(t—9t1—2t2—t3—t4)3+214~(t—9t1—2t2—t3—t4)4}+

+—2-m§fgx -{—;t% —t - (t=9t; =2ty —t5 —t4)+;~(t—9t1 — 2ty —t5 —t4)2};

1 1 1
o)(t)=ol). - [—6t3 _Etl (t—9t; —2t, —t5 —t4)—5t1 (t=9t) =2ty —t3 —t, )} +

+é-(t—9t1—2t2 —t3 —t4)3}+(J:2-0)1(\f2X -ty +(t=9t; —2t5 —t5 —t4)];
y

2 4 1> 1 2] T 4
03% )(t):ml(wa)x'[_ztl —tl'(t—9t1—2t2—t3—t4)+5'(t—9t1—2t2—t3—t4) :|+(:2'0‘)1(\4a)x;
y

1 1 1 1
Ig(t)= C AMco + (I +15)- 1(\fa)x'|:_6ti5 —Etf~(t—9t1—2t2—t3—t4)—5t1~(t—9t1—2t2—t3—t4)2+
M

1 JJ
+6'(t—9t1—2t2—t3—t4)3}+é2 ol [t + (=94 -2, — 15—ty )l
y

I(,?(t)zcl-{(J1 +J2)-a)£f2x -[—;tf —ty-(t=9t; —2t, — t5 —t4)+;(t—9t1 —2ty —t5 —t4)2}+
M

U(t)=C.0l). -{[12941&‘ +6tty +tit3 +2t5t, + t12t2t3j —étf (t=9t; =2ty —ty —ty) -
—1t12-(t—9t1—2t2—t3—t4)2—1t1-(t—9t1—2t2—t3—t4)3+i-(t—9t1—2t2—t3—t4)4 +
4 6 24
+C,-—% gfa)x[ —tf —t, - (—9t1—2t2—t3—t4)+1-(t—9t1—2t2—t3—t4)2}+
Cy 2 2

+(I§—’I-{MCO (1, +3,) 0l -[—étf —%tf (t=9t; —2t) —ty —t4)—%tl A(t=9t; =2ty —t3 —t, ) +
M

1 L
+6'(t—9t1—2t2—t3—t4)3} <. ol [t (t—9t1—2t2—t3—t4)]}+c—ﬂ-
y M

4 1 1
'{(J1+J2)‘®£4a)x‘{—2t12—t1'(t—9t1—2t2—t3—t4)+2'(t—9t1—2t2—t3—t4) }+ éz gfa)x}
y

Otan 15. B uHTepBane BpeMeHU (10t +2t, +ty+ty) <t < (10 +3t, +t5 +1t4):

o()=0;

)()=0
oF(0) =l 17:

w(zl)(t)z—(n(4) B o) 2 (t-104 —2t) —t; —t,);

Max ax
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Max Max

0, (t)= ol -Gztf +6t7ty +tit5 + 26715 + tlztzt3j—0)(4) SR

Max

(t=10t; — 2ty —ty —t4)—;m(4) A (£=10t; =2ty —t3 — 4 )%

02 (1) = Oy + O, Kf{ltf + 44ty +126/13 + (113 + 16t t5 +11t]tot5 +%t12t§t3 + 13 +;t12t2t§) +

89
+(8ti‘ +6t3ty + t3t3 + 267ty + t12t2t3)~t4]+ ol -(utf‘ +6t5ty + 133 + 267ty + t12t2t3)~

1 1
(t=10t; —2t5 — t5 —t4)—50)£fa)x 3 (t=10t; =2ty —t3 —ty)? —gmgﬁx (=10t =2ty —t5 —t4);

M, (t)=Mco Tl . [tf +17 - (t—10t; —2t, —t3 —t4)];
MU (1) =-T,0\8), -

M(yz)(t)z 0;

MP(1)=0;

191 3 1
01(t) = @paq + LY. .K‘Hf +44ttt, +12663 + 133 +16t7t + 1161, t +5t12t%t3 +t3t3 +2t12t2t§j+
89
+(8tf‘ +6t7t, + 713 + 265t +t12t2t3)-t4 +(12tf +6t7t, + 713 + 26515 +t12t2t3)-

(t—10t; —2t, —t5 —t4)—%t13 (t=10t; =2ty —t5 —t,)° —%tf (t=10t; —2t, —t5 —t4)3}—

M
—J—Z-mf\fa)x-[t%+t12-(t—10t1—2t2—t3—t4)]+ co.
Cy Cy

Max

o, (t)= ol -Hfztf + 613t + 1713 + 2655 +tft2t3j—tf (t=10t; =2ty —t3 —t,)—

—;tf (t=10t, —2t, — t5 —t4)2}—‘12-w(4) 12

Max
C y

Max

()=l -

(1) =—ol) [tf +t7-(t =10 —2t, —t; —t4)l

1
Iﬂ(t)zc'{MCO_(Jl +J2)'031(\?2x'[t? +7 (£ =10t -2ty — 3 —t4)ﬂé

0=~ +3)-all)

Max
M
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€ Max

u(t)=C,0l ngtf‘ + 63t + tHt5 + 2155 + t12t2t3j—t13 (t=10t; =2ty —t5 —ty)—

R
e =10 -2t -t —t4)2}—Ce 2@ 2 Ra
2 C, C

L
'{Mco - +J2)'031(\fa)x [t% +t7 - (t—=10t) —2t) — t3 —t4)ﬂ—cf/['(J1 +J2)'031(\fa)x s

Otan 16. B uHtepeane BpeMeHn (10t; + 3ty +t3 +t4) <t < (11t) + 3ty +t3 +ty):

o)1)=l

Max »

o (t)= ) (t=10t, =3ty — t; — t,);

- YMax

o)1)= -0l

Max

(4) (=10t =3ty —t3 —t4 )%

1
'tl +E(DMax
1 4 3. .2 4) 2
m(z)(t)z —mgm)x -(tl +t] tz)— ml(m)x 7 (£ =10ty =3ty —ty —ty)+

+ém§f;x A(t=10t; =3ty —t3 —t, );

Max

1
o, (t)= wl(\j‘a)x -Gitj‘ +5t3t, +5t12t% + 23t + t12t2t3) NG (tf + tftz)-
1
-(t—10t1—3t2—t3—t4)—2m£fa)x-tf-(t—10t1—3t2—t3—t4)2+
1 (4 4
+240)£4a)x (£-10t; =3ty —t3 —t4)";

03(t) = Prig + 01 Klzltf +%tf‘t2 +3?5t13t§ +%t12t§ +16t]t5 +13tt,t5 +§t12t§t3 +543 +;t12t2t§)+

Max

89 1
+ (Sti‘ +6t3t) + 713 +267t5 + t12t2t3)-t4]+ ol (ntf‘ +5t3t, +Et12t§ +265t5 + t12t2t3)-

Max

(t=10t; =3ty —t5 —t4)—%m§fa)x (t13 +t12t2)-(t—10t1 —3ty —t3—tg)? —%mﬁj‘a)x 47

(=106 =3ty —t5 —t4 P + ol (t-10t, —3t, — t5 —t,)%;

120 Max ~

My (t)=Mco + 3,00, '[_(tf th12t2)_t12 -(t=10 —3t; —t3 —t4)+é'(t—10t1 =3ty —t3 —t4)3};

1
M(}’l)(t):JZwl(\?a)X '|:_t12 +5'(t—10t1 =3ty —t3 —t4)2}

Max

M(;) (t) = J2(D(4)

Max»>

Mg]z)(t):JZO)(4) (t—lOtl —3t2 —t3 _t4);
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01() = Ppg + 0 Klzltf +%tf‘t2 +%tft% +%1t12t§ +16t] t3 +13t]tyt3 +%t12t%t3 +t13 +;t12t2t§)+

89 1
+ (Sti‘ +665ty + 73 + 26t +t12t2t3)~ ty +(12tf‘ +5t7t, +Et12t% +263t, +t12t2t3)~(t—10t1 — 3ty —ty —ty)—

1 (3, .2 > 1 5 3 1 5
—— |t +t7t, ) (£ =10t; =3t) —t5 —ts )" —— -t -(t—10t; —3t, —t; —t —(t—10t; =3t, —t; —t
2(1+12)( 1 2713 4) 61( 1 2713 4)+120( 1 213 4)}r
+(J:2~o)§fa)x~[—(t13+t12t2)—t12~(t—10t1—3t2—t3—t4)+é~(t—10t1—3t2—t3—t4)3}+N([:C0;
y

y

o,(t)= o), -ngtf +5t7t, +;t12t% +2t3ty +t12t2t3j—(tf +t12t2)- (t—10t; =3ty —ty —ty)—

—;t%-(t—10t1—3t2—t3 —t4)2+214-(t—10t1—3t2—t3 —t4)4}+

J 1
+Ci-oal(\fa)x-[—tlz+2-(t—10t1—3t2—t3—t4)z}
() () _ .(4) (3 2 ) 2 ) 1 . 3
o) (t)=oyay -| =\t +tity ]-tf - (t— Ot1—3t2—t3—t4)+g-(t— Ot; =3ty —ty—ty ) |+
+J—2-m§f2X-(t—10t1—3t2—t3—t4 :

CY
o(t)=wld) -[—tf +;(t—10t1—3t2—t3—t4)2}+éz-(0(4) :

Max >
y

1 1
I}I(t):C'{MCO+(J1 +J2)-w£fgx-{—(tl3 +t12t2)—t12 (t=10t =3t —t3 —t4)+6-(t—10t1 —3t,—t —t4)3}+
M

@ oy -3t - —u)};
Cy

I(}I)(t)zcl- (J +J2)-m§fgx-[—t12 +;(t—10tl —3ty 13 —t4)2}+JIJ2-m(4)

Max (»
M Cy

U(t)= Cemgfgx -Kf;tf +5t3t, +%t12t% + 26315 +t12t2t3)—(t13 +t12t2)- (t—10t; =3ty —t3 —t,)—

—%tf (t—10t; =3ty —t3 —t4)? +2—14-(t—10t1 ~3t, —t, —t4)4}+J2-m(4) :

Max
y

2, 1 2| Ry
J=tf +=-(t=10t; =3t, —t3 —t, ) [+ —21-
10y =3y |

‘{Mco +(1 +J2)-m£f2X .[—(tf +t12t2)—t12 (t=10t; —3t, —t5 —t4)+%-(t—10t1 —3t, —t5 —t4)3}+

+J(1:$-Q)£fa)x (t—lOtl —3t2 _t3 _t4)}+
y

+L7H‘ (Jl +J2)‘(D£,I4a)x |:—t12 +l(t—10t1 —3t2 —t3 —t4)2:|+J1J2 (Dgfa)x .
Cu 2 C
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Otan 17. B uHtepsane BpeMeHu (11t; +3ty +ty +1t4) <t < (12t +3ty +t3 +14):

0=kl

®(23)(t):®£1)1x't1 ol (=11 -3t —t5 —t,);
oP(t)=-20)

2 Max Max Max

2+ ol -tl-(t—11t1—3t2—t3—t4)—;w() (t=11t, =3ty —t5 —t4)%;
() —® (113 2 L@ 2 LNCY
(,02 (t)——(D . gtl +t1t2 _E(DMaX.tl (t_11t1_3t2_t3_t4)+5(’0MaXtl

(t=11t; =3ty —t3 =t ) —éml(wa)x (t=11t; =3ty —t3 — 4 );

o, (t)= ml(\j‘a)x (I;ftj‘ +4t3t, +;t12t% + 2655 + t12t2t3j _@gfgx -(léltf + tftzj-

1 1
(t=11t; =3ty —t5 —t4)—4m£fa)x 2 (=11t =3ty —t3 —t, ) +6m1(\j‘a)x-

t;-(t=11t; =3ty —t3 —t, —2140)( ) (=11, =3ty — t; —ty )

Max
0 (6) = @y + 01, - {(6152‘:)1“5 %tftz +18t33 +1—61t12t§ +18t7t + 146515 + ; 3ty + 513 +;t12t2t§j+

+ (Stj‘ +6t3t, + 25 + 2651, +t12t2t3)-t4]+03(4)

143 4 Lo2 .3 2
Max-(24t1 +4t t2+2t 15 +2t7ty +tityts |-
1 @) (113 2 1
'(t_11t1_3t2_t3_t4)_5(’0(Ma)x (6tl+t tzj (£ 11t =3t; —t3 —ty) 1° olf) 17

(=11t =3ty —t; —t, ) +iw(M43)"' ty - (t=11t; =3t — t5 —u)“—%&jgx (=11t =3ty —t3 —t4);

My (t)= MC0+J2O)£4a)x {_(6t1 +t1tzj—2t1 (t-11¢ —3t2—t3—t4)+5t1.
'(t_11t1_3t2_t3_t4)2 _é'(t_11t1—3t2—t3—t4)3}

M(yl)(t)szml(\fQX -[—;tf +t - (t =11t =3ty —t5 —t4)—;(t—11tl —3t, —t; —t4)2};

M(yz)(t)ZszDg?a)x [ty = (e =11t =3t —t3 —ty)];
NI(3 ( ):_JZO)Maxa

6541 671 11 5 1
01(t) = Oprae +old), .[[120“5 %tl ty +18t7t3 +— ot 263 418t 15 + 1417515 +Et12t%t3 +17t3 +Etl2t2t§j+

143 1
+(8tf1 +617t, + t2t3 + 26315 +t12t2t3)-t4 +[§tf +4t3t, +5t12t§ + 26315 +t12t2t3j~(t—11t1 —3ty —ty—ty)—

1 (115 5 > 15 3, 1
—— | —t] +tity |- (t—=11ty =3t, —ty —t ——t7 - (t=11ty =3t, —ty —t + ty -
2 [6 1 1 2)( 1 2 3 4) 12 1 ( 1 2 3 4) 24 1

(t=11t; =3ty —t5 —t,)* —L(t—lltl —3t, —t4 —t4)5]+é—2~w(4) ~

120 Max

—_—

M
{—[lgt% +t12t2j—%t12 (t=11t, =3ty —t5 —t4)+%tl (=11t =3ty —t3 = tg P == (t=11t; = 3t, —t5 —t4)3}+ CCO ;

y

|
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o (t)=ol®) - [[124: t} +4tt, + ;tlt% + 265ty +t12t2t3j [161t1 +t1t2j (t—11t, =3ty —t3 —ty)—

—%tf (t=11t; =3ty —t3 —ty)? +ét1 (t=11t; =3ty —t3 —ty)° —i-(t—lltl — 3ty —t —t4)4}+

LN -{—;tf +ty - (E =11t =3ty —t5 —t4)—%-(t—11t1 —3t, —t5 —u)z}

Max
C y

ol)(t)=ol?). - { (161 £ tltzj ;tlz-(t—lltl—3t2—t3—t4)+;t12-(t—11t1—3t2—t3—t4)2—

1 J
—g-(t—lltl —3t, —t3 —t4)3]+cz-m£j‘a)x ty = (t =11t =3ty —t3 —t,)];
y

2 4 ) 1 2 4
wg )(t)=®§4a)x'[—2t1 +tp - (t—11t —3t2—ts—t4)—5'(t—11t1—3tz—ts—t4) jl_z'wgqa)x;

1 1 1
Iﬂ(t):—c '{MCO +(I1+11) 0 gfa)x'|: (6t1+t1t2j 2 '(t—11t1—3t2—t3—t4)+5t1'
M

.(t—lltl—3t2—t3—t4)2_%.(t—11t1—3t2—t3_t4)3] C oWt - (t—11t1—3t2—t3—t4)]};
y

Ig{)(t)zl-{(Jl +J2)-m£fgx -{—ltf - (t =11t =3ty —tg —t4)—1.(t—11t1 ~3t, —t5 —t4)2}—
Cu 2 2

U(t)=C.0l, -Kl;ftl +4t1t2+;t12t%+2t1t3+t1t2t3) (161t1 +t1t2) (t=11t; =3ty —t5 —t4)—
—%tf-(t—lltl—3t2—t3—t4)2+%t1-(t—11t1—3t2—t3—t4)3 —214~(t—11t1—3t2—t3—t4)4i|+

+Ce I(VIa) |: Etl +t1 (t—11t1—3t2—t3—t4)—

C ~(t—11t1—3t2—t3—t4)2i|+Rﬂ~

1
2 Cum

{Mco+ (J,+1,) gfgx-{—(lgtfﬂftz)—;tf ~(t—11t1—3t2—t3—t4)+%t1 -

~(t—11t1—3t2—t3—t4)2—é~(t—11t1—3t2—t3—t4)3]+JéJ2-mgj‘a)x-[tl—(t—11t1—3t2—t3—t4)]}+

y

cLa {(J1+J2) (hj‘a)x-[—1t12+t1-(t—11t1—3t2—t3—t4)—1~(t—11t1—3t2—t3—t4)2}—J1J2-mgfa)x :
Cu 2 2 c,

Otan 18. B uHTepBane BpeMeHu (12t; + 3ty +t3 +ty) < t < (12t) + 3ty +2t5 +14):
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0, (t)= o) ~(4ti‘ +3t3t, +;t12t% +2t5t5 + t%t2t3j—m£fgx -(2t13 + t%t2)~(t —12t; =3ty —t; —ty)

11
0 (6)= @y + 01, Kzgtf +%tft2 +%tft§ +1—61t12t§ +20t1t3 + 15615t +§tft§t3 + 1512 +;t12t2t§j+

Max

1
+(8tj‘ +6t7t, + 73 + 2631, +t12t2t3)-t4]+ o) -(4tf +3t3t, +Et12t% +2t3t; +t12t2t3j~

(12t -3ty —t3 — t4)— - o) (2tf+t12t2)-(t—12t1—3t2—t3—t4)2;

) Opayx
M, (1) =Mco - ol -(2@ +t12t2);
M(l)(t) ~0;
MP(1)=0;
MP)()=o0;

119 713 37 11 5 1
01 ()= @y + ol 20+ L2 ¢ 1 2032 2 283 1206t + 15680t + 2 23t + 0+~ 2t |+
2 12 2 6 2 2
1
+ (8t{‘ +6t3t, + 1715 + 2635 + t12t2t3)~ ty +(4t{‘ +3t5t, +Et12t% +265t; + t12t2t3j A(t=12t =3ty —t; —ty ) -

—% : (2t13 + tft2)~(t —12t; =3t — t —t4)2]—é—2~m(4) (2t13 + tft2)+—MCCO :

Max
y y

(1) = o), -Kmi‘ +3t3t, +;t12t% +2t5ty +t12t2t3j—(2t13 +t12t2)-(t—12t1 —3t,) —t, —t4)}

O)gl) (t) = _(Dgfgx . (21’;’ + tlztz );

oagz) (t) =0;

Iﬂ(t)zcid ' [Mco ~(1+12)- ol '(2tf + tlztz)];

1 .
1§(0)=0:
U(t) = C ol -Kmf‘ +3tt, +;t12t% +2t7t5 + tft2t3)—(2tf +t12t2)- (t—12t; —3t, —t5 —u)} +

+R7ﬂ'[MCO ~(3,+1,) 0l '(2t13 +t12t2)]
Cm

37an 19. B nHTepBane BpeMeHn (12t +3t, +2t; +t4) <t <(13t +3t, +2t; +t4):
o) =0l

Max?

Max

)=o) - (t-124 -3t -2, —t,);

Max

0)(22)('[)=%(,)(4) (t—12t; —3t, —2t; —t4)2;
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oV(t)= -0l -(2tf + t12t2)+ %0)(4)

Max Max

(t—12t; =3ty —2t; -ty );

0, (t)= ol -(4tf +3t3t, +;t12t%j—m(4) -(2tf + tlztz)-(t —12t, =3ty —2t5 —ty )+

Max Max

+214m1(\f2x A(t=12t; =3ty —2t5 — )%

05 (1) = Qra +w§f.d)x Kl?tf +71—123tft2 +3—27t13t§ +1—61t12t§ + 24ttty +18t7tyts + 3Tt ts + 26515 + t%tztgj +

+ (Stf +6tity + tht3 + 26715 +t12t2t3)~t4]+ old), -(4tf +3tt, +;t12t%j~(t—12t1 —3ty) —2t3 —t4)—%w§fa)x :

-(2tf’ + t12t2)~ (t—12t; =3ty — 2t3 — 14 ) +%w§f£x (t=12t; =3ty —2t5 — 1, );

4 3.2 1 3
My(t):MCO +J2m1(v122x'|:_(2t1 +t1t2)+6'(t—12t1 —3t2 —2t3 —t4) i|,

Max

M@(t):%]zm(“) At—12t; =3ty —2t5 —tg )

M) =350 - (t-124 -3t 2t~ t,);

Mmax
3 4) .
Mg/)(t):Jngang
01(t) = @ +m£f2x {(1;9 t? +71—123ti‘t2 +3—27tft§ +1—61t12t§ + 24t +18t5t,t; + 3t 5ty + 2653 + tft2t§)+

1 1
+(8tf‘ + 6ty + t7t3 + 25ty + t12t2t3)-t4 +(4ti‘ +3tt, +2t12t§)-(t—12t1 — 3ty —2t5 — t4)—5-(2t13 + tftz)-

At=12t; =3ty —2t5 —ty ) +L-(t—12t1 —3t, —2t5 —t4)5]+J—2-m£f2X-
120 c,

-{—(th +t12t2)+l-(t—12t1 -3ty —2t3 —t4)3}+ Mco :
6 Cy

1
o, (t)=ol) -Hmf +3tt, +2tft§j —(2t13 + tftz)- (t—12t; =3ty —2t3 —t4 )+

1 4 1 Jz (4) 2
+—-(t—-12t; = 3t, —2t; —t +— 0 At—12ty —3t, — 2ty —t ;
(23t 2 e D2l (3 -2 )

Max
y

ol(t)= ol [— (2tf +t12t2)+é-(t—12t1 —3t, —2t; —t4)3}+éz-w(4) (t=12t; =3ty =2t —t,);

Max Max
y

1 J
@gz)(t)zz'ml(\fgx (t=12 =3t =263~ 1) +C2'031(\fa)x;
y
1 1
Iﬂ(t):C'{MCO +(J1 +J2)0)1(\?a)x |:—(2ti; +t12t2)+6(t—12t1 —3t2 —2t3 —t4)3}+
M
+JéJ2-m1(fa)X (=12t =3ty —2t3 —ty)p;
y
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1|1 1
Ig)(t)c'{z'(JﬁJz) ot (t—12t - 3t2_2t3_t4)2+(1:2'0)£\?23x ;
M y
U(t)=C,old), - Kmf +36, +%t12t%j—(2tf 20, ) (t-126, 3t 2t — 1)+

1 R I R P
+— (=12t =3t —2t; —t, )} [+ = C, -2 -0\ -
24 ( 1 2 3 4)i| 9 e

Max
Cy

(=128 =3ty — 2t — t, P+ 4.
Cm

-{MCO +(J, +J2)-031(\fa)x -[—(2tf +t12t2)+é-(t—12t1 ~3t, —2t3 —t4)3}+

+Jé¢.mgfgx (t-12t; =3ty -2t —t4)}+

y

Ly |1 Wa 4
+ =4, _.(J1+J2)- 1(\/1a)x (t 12t; — 3t2—2t3—t4) +¥'mg\aa)x .
Cm |2 Cy

37an 20. B nHTepBane BpeMeHn (13t; +3t, +2t3 +t4) <t < (14t; + 3ty + 2t3 +t4):
o$(t) =i

)=l -kl 134324 -1
oP(t)= %wﬁfa)x 2ol ot (t-13t, =3t — 2t —ty)-

MaX

_% “) (t—13t; =3ty —2t3 —t4 )%

1 1
(t)—— Max'[6tl+tlt2j 5 1(\/1a)x A7 (t=13t; =3ty —2t5 —t4)+

Max

+;0)() -ty - (t—13t; - 3t2—2t3—t4)2—60)1(v[a)x A(t=13t; =3ty = 2t5 —t4 )

4 (494 ) 4 (113 -
oy(t) =), (ﬂtl +2t1t2+2t1t2) mgdgx(ztﬁtltz (=13t =3ty —2t; —t, )+
Lo 2 (134 =3t =265 — )% Lol -ty (=134 =3t ~2t5 ]
o Ovax 1AL 10G =30 =2l =g o Wy Ty (0 § =3 —23—ty) —

—2—14 offl(t-13 —3t, -2t —t,)"
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M, (t)= Mg +J00), - { (161t13+t12t2j+;t12-(t—13t1—3t2—2t3—t4)+;t1-

(t=13t; =3ty —2t5 =t )* == (t=13t; =3t —2t5 —t4)3};

AN |~

Mg,l)(t):Jz(Dgz‘gx [; t12 +t1 (t—13t1 —3t2 —2t3 —t4)—; (t—13tl —3t2 —2t3 —t4)2j|,

M(yZ)(t):Jngﬁx [ty = (613t =3ty —2t3 —t,)];

1\4(3 ( ) = _JZ(’OMaX’

+ (Stf +6t5t, + 715 + 26515 + t12t2t3)- ty +(‘2‘3 t} +2tt, +;t12t%)- (t—13t; =3ty =2ty —ty)——

(16112:1; +t1 tzj (t—13t1 —3t2 —2t3 —t4)2 +it12 (t—13t1 —3t2 —2t3 —t4)3 +it1 (t—13t1 —3t2 —2t3 —t4)4
—L-(t—wtl—3t2—2t3—t4)5]+Ji-m§fQX- (Mt1+t1t2) L2 (113t -3ty — 25— t,) +
20 Cy 6 2

+lt1 (t—13t1 —3t2 —2t3 —t4)2 —l'(t—13t1 —3t2 —2t3 —t4)3:|+1v[CO;
2 6 c,

4 49 4 3 1 20 11 3
(Dl(t):wl(v{a)x |:(24t1 2t1t2 2t1t2j (61:1 +t1t2j'(t—13t1—3t2—2t3—t4)+

+‘1‘t12 (t=13t; =3ty —2t3 — 1, ) +ét1 A(t=13t; =3ty —2t3 —t,)° -
L (13t -3, - 2t —t4)4}+b-m§fgx :
4 Cy

-[;t12+t1-(t—13t1—3t2—2t3—t4)—;-(t—13t1—3t2—2t3—t4)2};
mgl)(t)zmgﬂx{ (161t1+t1t2j ; -(t—13t1—3t2—2t3—t4)+;t1-(t—13t1—3t2—2t3—t4)2—

—2(‘[—13‘[1 —3ty —2t3 —t4)3]+(J:2-oa§f2X [ty = (t=13t, =3t, —2t; —t4)];
y

wgz)(t)z mgfgx Btf +tp - (£ =13t =3ty =2t —t; ) ——- (t—13t; =3ty —2t5 _t4)2}_g:2.@§fgx;

1
2 y
1 11 1
Iﬂ(t)zi'{MCO +(J1 +J2)'(,01(\f2x |: (61:1 +t1t2}+2t12 (t—13t1 —3t2 —2t3 —t4)+
+;t1 (t=13t; =3ty —2t5 —ty ) —;-(t—13t1 —3t, —2t5 —t4)3]+

+JCJ2 ol Lt - (t—13t1—3t2—2t3—t4)]};
y
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1g>(t)=cl-{(J1 +J2).m§;‘gx Btf +t - (t—13t, —3t, —2t5 —tét)—%.(t—nt1 ~3t, - 2t; —t4)2}—
M

IR };

Max
C y

U(t)=C 0l - Qtf‘+2t13t2 1tft§ 11t1+t1t2 (t—13t1—3t2—2t3—t4)+1t12-
24 2 6 4
2 1 3 1 4
(t=13t; =3ty —2t5 —t,) +gt1~(t—13t1—3t2—2t3—t4) —£~(t—13t1—3t2—2t3—t4) +

(t—13t; =3ty —2t3 —t4)2}+§ﬂ-

FGIRLE RPN C) Btf+t1~(t—13tl—3t2—2t3—t4)—
M

1
2
~{MCO+(J1+J2)-mﬁ‘gx-{—(l6ltl3+t tz) ; -(t—13t1—3t2—2t3—t4)+%t1-

(t=13t =3ty —2t5 —t4)* —

| —

(t—13t; —3t, —2t5 —t4)3]+ﬂ-w£ﬁ}x [ty = (£=13t, = 3t, —2t5 —t4)]}+

[@!
= o

+(];H~{(J1 +1,) 0l Btf +ty - (=13t =3ty =2t —t4 )——-(t—13t; =3ty —2t5 —t4)2}—JC ggx}

M

37an 21. B nHTepBane BpeMeHn (14t +3t, +2t; +t4) <t <(14t) +4t, +2t5 +1,):
03(24)(t):0;
03(23)(t):0;
0P)(0)= 0l -t;

oW (t)= -ol®) (t +t3t ) o) 42 (t-14t, -3ty - 2t5 -, )

Max

2
0, ()=o) . (172 tf +65t, +;t1 tzj ol (tf +t12t2)-(t —14t; =3ty — 2t —ty )+

1
+2m§fgx 7 (t—14t) =3ty —2t5 —t,)%;
02(1) = Pz + 0k .K?tl 71621 t'ts +3—29tft§ +1—61tl £3 + 24t ty + 1817ty ty + 3753 + 263 +t] t2t3)

1 1
+ (Stf‘ +6t7t, + 73 + 215t +t12t2t3)-t4]+m£fgx (172 tf + ity +— > tft%) (t—14t; =3ty —2t5 —t4)—5m£fa)x :

(t1+t1 )( ~14t, - 3t2—2t3—t4)2+ém£fa)x'tlz'(t—14t1—3t2—2t3—t4)3;

My(t)z MCO +J2®1(\fa)x '[— (t% +t12t2)+ t12 (t—14t1 —3t2 —2t3 —t4)];
Mgfl)(t):JZO‘)l(\fa)X 3
MP()=0;

M (t)=0;
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01(t) = O + 0L, Kzis 1 71621 tity +%tft% +1—61t1 £ + 24t t; + 186t t3 +3t{5t; + 2613 + 4 t2t3)

7 1
+ (Stf‘ +6t7ty + P13 + 2t7t5 + t12t2t3)~ ty +(12tf‘ +1tt, +2tft§)-(t —14t; -3ty —2t5 —t4)—

—%~(t13 +t12t2)~(t—14t1 —3ty — 23—t +%t12 (t—14t; =3t —2t5 —t4)3:|+

v 22 ) -[— (t13 + tft2)+t12 (t—14t; - 3t, —2t3 —t4)]+ N([:CO ;

Cy Max )
4 7 122 (3,2
OJl(t):(Dl(v[a?X |:(12t1 +t1t2 + 2t1t2j—(t1 +t1t2)'(t—14t1 —3t2 —2t3 —t4)+
L2 (t-14t, =31, - 214 —t4)2}+J2-m§QX 7
2 c,

mgl)(t):mgfgx-[—(tfﬂztz) t2 - (t—14t, - 3t2—2t3—t4)]
)

Max'tlz;
1
Iﬁ(t)—CNI'{MCO'F(JI'FJz) O‘)l(\?a)x[_(t t1t2)+t1 (t—14t1 3t2—2t3—t4)]}

JUES YRSV

U(t)=C.old). K;ﬁ‘ +t7t, +;t12t%j (t + 7 tz) (t—14t; =3ty —2t; —t4 )+

+1tlz'(t_14t1_3t2_2t3_t4)2}+ce'Jz'mf\fa)x'tlz"'RH'
2 Cy Cum
{ (4)[(3 2)2 14 ) BLiﬂ (4) 2
WMo +(T1+T2) onae [\ 0ty J4 17 - (t =14t =3t —2t3—ty) +C (I +75) oy -t

M

OTan 22. B uHTepBane BPeMeHu (14t +4t, +2t; +t4) <t <(15t +4t, +2t3 + 1, ):

of(0)=-oli):

Max »

of)(t)= -0l (t—14t1—4t2—2t3—t4);

MaX

m§2)(t)=m(4> o) (t-14t) =4ty —2t5 —t, )

Max 2 MaX
0)(21)(‘[): —mﬁfgx 3 +m§j‘a)x 2 (t—14t, — 4ty —2t3 —t4)—ém§4a),{ (t—14t; — 4ty —2t3 -t )*;

oy ()= Lol 4 o)

Max Max
12

(t—14t; —4t, —2t5 —t, ) —2140)( )

Max

Max

£ - (t—14t; —4ty —2t; —t, )+ ;m(“) 7

(t—14t; -4ty —2t; —t, )

367



OTpacneBble Hay4Hble U NpuKnagHble uccnegoBaHus: TOHHMBHO-SHepreTquCKMﬁ KOMMNJ1eKC

255
02 (t)= Py + 0. -{(4 £ + 641ty + 206513 + 26763 + 2417 t3 + 1865 tyt5 + 3t t5t5 + 26713 + tftﬁ%) +

+(8tf‘ +6t5ty + 173 +2t7t5 + t%t2t3)-t4]+%m£j‘gx - (t—14t; —4t, —2t5 —t4)—%m£j‘gx 3

(t—14t; -4ty —2t5 —t,)? +%w(4) 2 (t— 14t — 4ty 265 — 1) ——— o) (1-14t, -4ty — 265 — 1, )';

Max 1 20 Max

M, (t)=Mco 0l -[—tf +7 - (t—14t; — 4ty —2t5 —t4)—é-(t—l4t1 — 4ty — 215 —t4)3};

1
Mg})(t):J2w1(\?2x [ﬁz —5'(t —14t) -4ty —2t3 —t4)z};

Mg)(t):—szgfa)x (t—14t —4t, —2t; —t4);

1\/[(373)(‘[) = _JZ(DS\?QX;

255
01 (t) = Oy +w£f2x-[£4tf +64t't, + 20615 + 26713 + 24t} t; +186t,t;3 +3t7 13ty +263 +t12t2t§)+

7 1
+(8tf +66t, + 713 +26t, +t12t2t3)-t4 +Etf (t—14t, —4t, -2t —t4)—5tf :

(t—14t -4ty —2t; -, +étf (t—14t -4ty —2t; -1, —1;0-(t—14t1 —4t, —2t; —t4)5}+

M
+(sz-w£fgx-[—tf +12 (=14t —4t, —2t3 —t4)—é-(t—l4t1 —4t, —2t3 —t4)3}+cco;
y y

ml(t):mgﬁx-[étf—tf’-(t—14t1—4t2—2t3—t4)+;t12-(t—14t1—4t2—2t3—t4)2—
L (t=14t, - 4ty — 265 — 1, ) |+ 22 0l4), | 2 -1 2
— (=14t =4ty —2t3 —t4)" |+ 2 oy | 1 (614t =4ty =2t - t4)° |;
24 Cy 2

mgl)(t)zmﬁfgx-[—tf’ +t7 - (t—14t, —4t, — 2ty —t4)—é-(t—14t1 —4t, —2ty —t4)3}—

—J—z-ml(\j‘gx (t—14t) —4t) —2t5 —t4);
Yy

o) = 0, -[tf —;-(t—14t1 —4t, 215 —t4)2}—éz-m(4) :

Max >
y

Iﬂ(t)zi'{MCO +(J1 +J2)'0)1(\fa)x [—t% +t12 '(t—14t1 —4t2 —2t3 —t4)—%'(t—14t1 —4t2 —2t3 —t4)3:|—

Cm
—J1J2-wﬁfgx-(t—14t1—4t2—2t3—t4)};
Cy
1 1 4 2 1 2| JJ 4
I(ﬂ)(t)zc'{(J1+J2)'w1(\4a)x'|:tl —5'(t—14t1—4t2—2t3—t4) }—éz'(ﬂl(wa)x};
M y
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U(t)= .0l -Uztf‘ —t3 - (t—14t; — 4ty —2t3 —t4)+;t12 (t—14t; -4ty —2t3—14)* -

—1-(t—14t1—4t2—2t3—t4)4}+Ce- ! old) . [tl 2 1 (t—14t, -4ty —2t5 —t4)° }
24 Cy 2

Rﬂ.

M
'{Mco +(Jy +J2)-w§fgx -[—tf +t7 - (t—14t, —4t, —2t5 —t4)—é-(t—14t1 —4t, = 2t3 —t4)3J—

—JCIJJZ-wI(\QX (=14t —4t, —2t4 —t4)}+(L:’I-

y M

1 | T
(sl [ 82 vy |22 ol |

37an 23. B nHTepBare BpeMeHn (15t +4t, +2t; +t4) <t < (16t +4t +2t; +14):

o) =-ollh:

Max?

Max

®(23)(t)=—®(4) 1y ol (t-154 4t ~2t —,);
(t)— ol) -t — ol -t (t-15t, - 4t2_2t3_t4)+%(’0MaX (t—15t) -4ty —2t3 — t4)’;

wg)(t):—lm@) t +— : 0)(4)

Max Max
6 2

2. (t—15t; —4t, —2t5 —t4)—;w(4) -ty -

Max

MaX

-(t—15t1—4t2—2t3—t4)2+é () (t—15t, =4ty —2t; —t,

I @) 4 1 @
mz(t)=24031(\4a)x ! _60)1(\421))( )

Max

t3 - (t —15t, — 4ty — 2ty —t4)+im(4) SR
(t—15t — 4ty —2t5 —t, ) —émf\fgx - (t—15t — 4ty —2t3 —t, ) +

+214 I(M)X (t—15t, — 4ty —2t; —t4)*%

0y (t)= @y + 0l4). - {(71627090 +64tTty + 20013 + 26263 + 24t 5 + 1860yt + 3263ty + 26063 + t2t3)+
+(8tf +6t5ty + 713 +2t7ty +t12t2t3) t4] Lo 4 (o 15t -4ty -2t t,)- Lol 3

24 Max 1 2 Max

Max Max ‘1”7

~(t—15t1—4t2—2t3—t4)2+$w(4) 2 (t—=15t -4ty —2t5 —t, ) —im(“)

-(t—15t1—4t2—2t3—t4)4+$w£fa)x-(t—15t1—4t2—2t3—t4)5;
(4) 13 1, 1
My(t):MCO +J20‘)MaX. —gtl +5t1 -(t—lStl—4t2—2t3—t4)—5t1-
2 1 3
(t—15t; =4ty —2t5 —t4) +g-(t—15t1—4t2—2t3—t4) };

M(yl)(t)szml(\fa)X Btf —t; - (t=15t; —4t, —2t; —t4)+;-(t—15tl —4t, — 2ty —t4)2};
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Mf)(t)szmf\fa)x -t +(t =15t —4t, —2t; —t,)];
1\/[(3)(t) :JZCDS\QX;

y
B (4) (76795 4 29283 4 242 B2 4 22
(pl(t)_(pHa‘-I—i_(DMaX. 7120 tl +64t1 tz +20€t2 +2 ltz +24t1 t3 +18€t2t3 +3 1t2t3 +2 1t3 +t1 t2t3 +
+(8til +6tty + 115 + 286t +t12t2t3)- ty +214tf (t—154 -4ty -2t —t4)—112tf (t=154 —4ty — 26—ty +

) 3 1 4 1 5]
+—t5 - (t—15t —4t) — 2t —t, ) ——t;-(t—15t =4ty — 2t —t, )" +——(t—15t —4t, — 2t —t, ] |+
X ( f —4t) —2t;—t,) 'l ( -4t —2t; —ty) 120( f —4t) —2t—t,)

J 4 1
+€2 '(‘)fv[azx'|:_t%

+;t12 (t—154 —4t, —2t3 —t4)—;t1 (t=154 -4t — 26—ty )* +
Yy

+é~(t—15t1 —4t, —2t3—t4)3}rMCO;
Yy

o, (t) = o), -[214&‘ —ét% (t—15t, — 4ty —2t, —t4)+it12 (t—15t; — 4ty —2t5 —t, ) —

—étl (t—15t; — 4ty —2t; —t, ) +214-(t—15t1 — 4ty — 215 —t4)4}+

Max
CY

b

—t; - (t—15t; —4t, —2t5 —t4)+;-(t—15t1 — 4ty — 2t4 —t4)2]
ol)(t) =0l -[—étf +;t12 (t—15t; —4t, —2t, —t4)—;t1 (t—15t, —4t, —2t5 —t,)* +

+é-(t—15t1 — 4ty — 2ty —t4)3}+éz-0)1(\fgx =ty + (t=15t, — 4ty —2t5 — 4 )];
y

o(t)= ol Btf —t; - (t—15t; — 4ty —2t5 —t4)+;(t—15t1 — 4ty —2t5 —t4)2}+J2~0)(4) -

Max »
y

1 1 1
Iﬂ(t)zic '{MCO +(J1+J2)'(,01(\fa)x'[—6t%+2t12'(t—15t1—4t2—2t3—t4)—
M
(15t = Aty — 25—t P 4L (6— 15, —dty 205 — t4 P |+
9 1 1 2 3 4 6 1 2 3 4

JJ
+(1;2"°1(\fa)x [ty + (=15t -4t — 215 —t4)]}2
y

I(,})(t)zcl-{(J1 +J2)-o)£fa)x Btf —t - (t =15t —4t, —2t5 —t4)+%-(t—15t1 —4t, —2t, —t4)2}+

M
RILSND };

Max
Cy
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U(t)=C.0. -[Hf —étf (t—15t, —4t, —2t, —t4)+it12 (t=15t; =4ty —2t3 -, )* —

24
4 3 4 4
—*(Dg[a?x l(t—15t1—4t2—2t3—t4) 24 gqa,)x(t_lstl_4t2_2t3_t4) ]+
-|'Ce Ciz gfa?x |:2t1 _tl (t—lstl—4t2—2t3—t4)+;'(t—15t1—4t2—2t3—t4)2i|+
R
+Cﬂ'{Mco+(J1+J2)'U)£fa?X'|:—1t?+lt%'(t—15t1—4t2—2t3—t4)—
" 6 2
_;tl'(t_IStl_4t2_2t3_t4)2+é'(t_15t1_4t2_2t3_t4)3:|+
4 L
g,[a?x [—tl+(t—15t1—4t2—2t3—t4)]}+cﬂ'
y M
(J,+1 (4) 1 2|, s o)
QI +T,) o - 2‘[1 —t;- (t—15t1—4t2—2t3—t4)+5-(t—15t1—4t2—2t3—t4) o O
y

B ctaTbe «/ccnegoBaHnMe 3aBUCUMOCTEN KOHTPOJIMPYEMbIX KOOPAUHAT 3NEKTPOrnpun-
BOAa NOCTOAHHOIO TOKa C ynpyrum sanionpoBooM OT BPEMEHU MNMpu pa3roHe», I'IpI/IBeD,eHHOVI
B AAaHHOM XypHarie, onpenerieHbl napamMeTpbl onTMManbHOM no 6bICTpOD,eI7ICTBI/II'O anarpam-
Mbl nepemMeLlleHna NCNOJNMHUTESNIbHOIoO opraHa MexaHm3ma arneKkTponpumneoga noCtoAHHOIo T1oO-
Ka C ynpyrmm sanonposoaomM C orpaHn4eHnAmMmn no CKOpoCctu 1 eé I'IepBOI7I, BTOpOIZ n vyeTBep-
TOM NPOn3BOAHbLIM MNMPKU pa3roHe.

B KoHue gBaguaTb TPpETbEero atana ArnA yrina noBopoTta MCNONMHUTENIbHOIO opraHa
MexXaHn3mMma cripaeeasinBa 3aBUCNMMOCTb

P03 = (pHalI+0)£v[2)1X [(641:1 +64t1 t2 +2013t2 +2t1 t2 +24t1 t3 +181.3t2t3 +3t1 t2t3 +2t1 t3 +t1 t2t3)
+(8t1 +6t1t2 +t1 tz +2t1t3 +t1 t2t3)t4]
nnun
09223 = Qpag T Oyax (Stl +6t1t2 + tl t2 + 2t t3 + tl t2t3) (8t1 + 2t2 + t3 + t4).
Tak kak %) - (8t1 +6t7t, +t7t3 + 26515 +t12t2t3)=(x)ﬂon, TO

0223 = Prau + O o - (811 +2t5 +t3+14).

Tak KaK ®273 = Pyoy> TO

((PKOH - (PHaq) =Oon (8t1 + 2t2 + t3 + t4)'
OTcroga cnegyert, 4to
t4 — Pxon ~ Puau —8'[1 —2‘[2 _ t3 )
O‘)IIOH

Nnn

(1)
(’OILOH _ (’OILOH _2

IRONREY

aon non (’O,HOH

t, = Pxon ~ Puau _
4=
(O]
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I'IpV| 9TOM AOJIUTESIbHOCTb UMKNa (pa3r0H, yCTaHOoBMBLUEECA OABUXKEHNE U TOpMO)KeHI/Ie)

paBHa
- Q) o'l
T = (pKOH Puau + J0T1 JOI1 +2.
1 ® (1) )
At (Dz[on (Dz[on
Ecrn ty =0, TO ((pKOH - (pHaq)z Prp-
Mpwn aTom
(D)
(O (O
JOIT JOIT
= : + +2-
Prp = Paon ()T )
(DIIOH (DIIOH

B paHHOM p360Te paccMaTpmBaeTCA arnekTponpmBon NMOCTOAHHOINO TOKa C Yyrnpyrmm
BaJsionpoBogom, nMeoLwmnmn crnegyrowme napamMeTpbl:

B-c

C.=125—"; Cy=125B-¢c; Rg=50m; Lgq=0,1TH;
paz
Jy = 0,025 kr-m%; 1 = 0,025 kr-m%; €, =4 MU =250 B;
paz

—160 P?2. D _q100 P22, ,©@

_g A pax _
Lion =8 A @, o @hon o M=400?3, Mco =5H - m.

C Lenbtlo onpeaneneHna 3aBMCMMOCTU OJIMTENIbHOCTU UUKIa npu nepemMewleHmnn nc-
NOJIHUTEJIbHOIO OpraHa MexaHnm3ma B COOTBETCTBUU C onTMManbHOM no 6bICTpOD,eI7ICTBI/II'O
D,I/IarpaMMOIZ OT MakCMmalJibHOro 3Ha4deHus l-IeTBepTOI7I I'IpOI/I3BOD,HOI7I yFJ'IOBOIZ CKOpPOCTHN Me-

xaHnama Ty =f[co£,ﬁl)x] BbINOJIHEH YMCNEHHbIV IKCMEPUMEHT, pe3yrbTaTbl KOTOPOro npuee-
AeHbl B Tabnuue. Mpn 3ToM @y =0 pan un ¢, =360 pan. Ha pucyHke npeacTtaeneHa 3aBu-

(4)

cumocTb Ty = floyay |

Tabnuua 1 — Pe3ynbTaTbl YUCAEHHOIO 3KCMEPUMEHTa

ﬁfa)x,% t;, ¢ ty, C t3, C ty, C Ty c
160000 0,05 0,15 1,25 0,3 4,2
250000 0,04 0,17 1,27 0,32 4,18
640000 0,025 0,2 1,3 0,35 4,15
1000000 0,02 0,21 1,31 0,36 4,14
1391694,347 0,016953449 0,216093102 1,316093102 0,366093102 4,133906898
1562500 0,016 0,218 1,318 0,368 4,132
2517152,529 0,012605939 0,224788122 1,324788102 0,374788122 4,125211878
2560000 0,0125 0,225 1,325 0,375 4,125
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425
4,225
4,2
4,175
415

4125 — -
4,1 |
4,075
4,05 | |
|
|
[

4,025

0 1000000 2000000 3000000

4
PucyHok 1 — 3aBucumocTb TH = f[coﬁda)x]

AHanuna I'IOJ'Iy‘-IeHHOI7I 3aBUCUMOCTU MNOKa3blBae€T, YTO BHa4ane rnpu yBserimvd4eHnn 4et-
BepTOI7I I'IpOI/I3BOD,HOI7I yFJ'IOBOI7I CKOPOCTHN MeXaHn3Ma OO0CTUraeTcd 3Ha4vynTeribHoe yMeHbLle-
HUe OnnTenbHOCTU UMKIa, a 3aTeM MNnpun yBerim4eHnmn l-IeTBepTOI7I I'IpOI/I3BOD,HOI7I yFJ'IOBOI7I CKO-
pOCTN MeXaHu3mMma ANMUTESNIbHOCTb LUUKIa YMEeHbLUaeTCA HE 3HAYUTETIbHO. Ha PUCYHKE OTMEe-
YeHa TO4Ka, npu KOTOpOI7I HanpsaxXexHne AocTturaet MmakCuMmarnbHO JONYyCTUMOIo 3Ha4YeHUA.
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