OTpaC.HEBbIe Hay4Hble U NpuKnagHble uccnegoBaHus: TOHHMBHO-SHEDFETM‘-IECKVII;I KOMMNJ1eKC

YOK 62

WCCNEQOBAHUE 3ABUCUMOCTEWN KOHTPONIUPYEMbIX KOOPOUHAT
ANEKTPONMPUBOOA NMOCTOAHHOIO TOKA
C YNPYIT'M BANOMNPOBOAOM OT BPEMEHU NPU PA3IOHE
122224
INVESTIGATION OF THE DEPENDENCES OF THE CONTROLLED
COORDINATES OF A DC ELECTRIC DRIVE
WITH AN ELASTIC SHAFT LINE ON TIME DURING ACCELERATION

Dobrobaba Yury Petrovich
Candidate of technical sciences,
Associate Professor,

Associate Professor of department

of power supply industrial enterprises,
Kuban state technological university

Ho6pobaba KOpui MeTpoBuny
KaHOMOaT TEXHUYECKUX HayK, OOLEHT,
OOLEHT Kadoeapbl 3rekTpocHabXeHnst
NPOMBILLITEHHbIX NPEANPUSTUNR,
KyGaHckuin rocygapCTBEHHbBIN
TEXHOJTOTMYECKUIN YHUBEPCUTET

Zarudny Vadimir Yurievich
Student,
Kuban state technological university

3apyaHun Bnagnmup lOpbeBuy
CTYAEHT,

KyGaHckuin rocygapCTBEHHbIN
TEXHOJTOTMYECKUIN YHUBEPCUTET

AHHoTaumA. B paboTte onpeneneHbl aHanuMTU4eckne 3aBuUCK- | Annotation. The paper defines the analyti-

MOCTU KOHTPONMPYEMbIX KOOpAMHAT arekTponpueoda MocTo-
SIHHOTO TOKa C YMpYrMm BanonpoBOoAOM OT BpEMEHW Npu oTpa-
GoTKe ONnTUMarnbHOW Mo ObICTPOAENCTBUIO AMarpammbl nepe-
MELLEHNA €ro WUCMONHUTENbHOIO OpraHa C orpaHu4eHUsIMu
CKOPOCTU U €€ MnepBoi, BTOPOW U YeTBEpPTbIX MPOU3BOAHbIX,
cocTosiLlen U3 aABaauaTi Tpex aTtanos. B gaHHon paGoTe pac-
cMaTpuBaloTCA NepBble oAMHHAALUaTb 3TanoB AvarpaMmMbl Npu

cal dependences of the controlled coordi-
nates of a dc electric drive with an elastic
shaft line on time when working out
the optimal speed diagram of the move-
ment of its executive body with speed
limits and its first, second and fourth deriv-
atives, consisting of twenty-three stages.
in this paper, we consider the first eleven
stages of the diagram when overclocking

the executive body of the mechanism.
The dependences of maximum current
and maximum voltage from the maximum
value of the fourth derivative of the angular
velocity of the mechanism during
the movement of the actuator with maxi-
mum speed.

pa3roHe UCMNOJTHUTESIbHOIro opraHa MexaHu3ma. YcTaHoBMNEHDI
3aBMCUMOCTU 3HAYEHNIN MAKCUMarbHOro TOKa U MakcMMarbHO-
ro HanpaXXeHna oT MakCMmalribHOro 3Ha4eHud quBepTon npo-
n3BogHOMN yFJ'IOBOIZ CKOpPOCTN MexaHunimMma npun ABMXXeHUn anek-
Tponpueoaa C MakCMMalibHbIM 6bICTpOﬂ,eIZCTBI/IeM.

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

KnioueBble cnosa: AneKkTponpmueod NOCTOAHHOIO TOKa, ynpy-
rmn BanonpoBo, aHannMTn4eckme 3aBUCMMOCTU KOHTPOJTINpPYye-
MbIX KOOpAWUHAT.

pn paspaboTke onTMManbHbIX MO ObICTPOAENCTBUIO AuarpamMm nepemeLLeHns

UCMONHUTENBLHOrO OpraHa 3anekTpornpmBoda BO3HUKaeT ofHa chneumdunyeckas

3ajlava — Kak onpegennTb 3Ha4YeHne cTapluein nNpouM3BOLHOM YrioBOW CKOPOCTH
MexaHuama? [nsa peleHnsa 3Ton 3agayn Heobxoammo:

— onpegenuTb aHanUTU4eckue 3aBUCUMOCTU TOKa U HanpsXeHUst OT BPEMEHWN Mpu
oTpaboTke onTMManbHOM No BbICTPOAENCTBUIO AnarpaMMbl NEPEMELLEHNSA NCTIONHUTENBHOIO
opraHa MexaHu3ma;

— YCTaHOBUTb 3aBUCMMOCTU 3HAYEHUA MaKCUMarbHOIMO TOKa WU MakKCMMarnbHOro Ha-
NPS>KEHNS OT MaKCUMarbHOMO 3Ha4YeHWsa CTapllel NPOU3BOAHOW YrNOBOM CKOPOCTU Mexa-
HM3Ma Npu pas3roHe ANEeKTPONpMBOLa C MakcuMarnbHbIM BbICTPO4ENCTBUEM.

PasroH anekTponpmusoga COCTOUT U3 oauvHHaALATK 3TanoB. YeTBepTasd NnponsBoaHas

CKOpPOCTN MEXaHU3Ma Q)(24) Ha 3Tanax nepsom, nNATomM, BOCbMOM U OeCATOM NPUHUMAET MakK-

cumarnbHoe 3Hauermre o)

MAX Ha 3Tanax BTOpPOM, 4eTBepToMm, ceabMOM N OAUWHHAALATOM

NPpUHMMaeT MakCumaribHoe 3Ha4YeHune CO 3HaKOM «MUHYC» wf\fa)x; Ha 3Tanax TpeTbeMm, Liec-

TOM U AEeBATOM paBHa Hyno. [nuTenbHOCTb NEPBOro, BTOPOro, YeTBEPTOro, NATOro, ceabMo-
ro, BOCbMOrO, IECATOrO U OAVMHHAALATOro 3TanoB paBHa i, ; ANMUTENbHOCTL TPeTbero u ae-

BATOro 3TanoB paBHa t2 , ANMUTENBbHOCTD WWECTOro 3tana paBHa t3 .
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TpeTbﬂ npon3soaHas yFJ'IOBOI7I CKOPOCTUN MEeXaHn3mMa (,0(23)

n t:(7‘[1+2‘[2 +‘[3) OoCTuraet MakCunMmalsibHOro 3Ha4YeHuAd 0‘)1(\/:[2)(; B MOMEHTblI BpEeMEHU

B MOMEHTE BpEMEHM t = t,

(3'[1 + t2) n (5'[1 +1p +T3) OOCTUraetT MakCMMaribHOro 3HavYeéHuAa CcoO 3HakOM «MWUHYC» (va?gx'

BTOpaﬂ npon3BoaHad yFJ'IOBOI/I CKOpPOCTN MEXaHun3mMa 0)( ) Ha TpeTbeM 3Talre paBHa MaKCu-

MarnbHO BO3MOXHOMY (4OMYCTUMOMY) 3HAYEHWUIO o2 .

oI Ha OeBATOM 3Tane paBHa MaKCu-

MarnbHO BO3MOXHOMY (4OMYCTUMOMY) 3HA4YEHUIO CO 3HAKOM «MUHYC» wﬁfo)w Ha LIecToMm aTane
paBHa Hyno. MNepBasi NpoM3BoAHAs YrioOBOM CKOPOCTM MexaHu3Ma 0}(21) Ha LecToMm 3Tane

paBHa MaKCMMalribHO BO3MOXHOMY (D,OI'IYCTVIMOMY) 3HAa4YEeHU0 (’OEII())H' Yrnoeas CKOpPOCTb Me-

XaHn3mMma o, yBeJriM4nBaeTCA OT Hynd OO MakCMMalilbHO BO3MOXHOIO (D,OI'IYCTI/IMOFO) 3Ha4ye-
HUA © oy . Yron NnoBOpOTa MexaHu3mMa ¢, yBenmdmBaeTCda OT HynAa OO0 MaKCUMMaribHOro 3Ha-
YeHua yrina noBopoTa MexaHn3mMa Mnpu pas3roHe (ppa3r'

Otan 1. B untepsane Bpemenn 0 <t <t;:

o$P(t)= ol
0P (1) =0l -t;

1
(2)(t)_2 Max 2"

1
(1)(t)_g Max t3;

1
0, (t)= 24(01(\/?51)74 -t

1 4) s
(p2(t) (pHaq+120w1(v1a)x't;

Max

M, (t)= MCO+2J2(0() 13

Max

Mg)(t):;m(‘*) 12

3 4
MO (1)=T0{:
4 1 5 117 3 M, .
(Pl(t):(PHaq+w1(\4a)x E)t +g i] t |+ C;Oa
1 4 1] )
-0l [24 L2
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0@ ()=o) - Lo, B

Max ’
2 Cy

1 1 4 JJ 4
I}I(t):F' Mco+6'(J1+J2)'031(\42x't3+(ljz'wl(ng't ;
M y

I(l)(t)zi_ ERURAR 0@ . 2+JéJ2_(D(4)

b max max |°
Cum y
U(t)=C, o it“+l-J—2 t2 +R— MCO+7 (Jy+7,)- wgm)x t3+ﬂ-w§fgx-t +
24 2'C, C,, C,
L JJ
oL [ PASRRRCICIEILS <>}
Cn C,
roe U — HanpsixeHWe, NPUMOXEHHOE K SIKOPHOIA Lieny anekTponpueoaa, B;

l; — TOK AKOPHOW Lienn anekTponpueoaa, A;

— yrnoBasi CKOPOCTb SIKOpsi ABUraTens, %;
c

— yron noBopoTa sikopsi ABUraTens, pag;
My — ynpyruit MOMeHT (MOMEHT B Barnonposoge), H - m;
Mo — MOMEHT CONpOTUBNEHUs anekTponpueoaa, H - m;
C, — KO3(PULMEHT MPOMOPLMOHAINbLHOCTM MexXdy YrioBon ckopocteio u 3C

asuraTtens, B-c,
pan’
Cu — K03(hMLUMEHT NPONOPLIMOHANBLHOCTU MEXAyY TOKOM U MOMEHTOM Asuratens, B - c;
R, — conpoTmnBneHne sskopHom Lenu anektponpueoaa, Owm;
L, — MHOYKTUBHOCTb AKOPHOW LIenu anekTponpueoaa, MH;
J1 — MOMEHT MHepUMn sIKopsa ABUraTens, Kr - V&
J2 — MOMEHT MHEpPLUMN UCMIONTHUTENBHOMO OpraHa MexaHuama, Kr - M2

C, — ecTkocTb Banonposoaa, H'M
pan

OT1an 2. B uHTepeane BpemeHn t; < t <2t:

0@ (t)= o),

Omax >
3
w(2 )( ) Eﬁa)lx ) ga)lx (t tl)

max max

Cl)(22)(t) 5 O 1T + Oy 1y - (t = )_Ewgz)lx't_tl)z;

1 @« 4 3
®max max '(t_t1)+§(’3£n:)1x'tl'(t t) _gwgnz)ix' t_tl) ;

) @) “4)
® t t + 0]
2 () 6 ! 2

1 @ .4 4 4 4 4 4
U)Z(t):ﬁmgn;x tl +6mfna)1x t1 (t t)+4m£n21x tl (t t) +6mfna)1x t1 (t t) _ﬁmgn;x (t_tl) 5
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4 5 4 4 3 2 4
(pZ(t)z(pHaq lzomfnglx‘tl +24 gllé)lx t1 (t t)+am§né)1x t1 ‘(t_tl) +12 gllé)lx t1 (t ) +
4 4 4
+a®§n;x‘t1‘(t—t1) 120 ol (t—1)’;

1 1 1 1
M, (t) =M, +1,0 Ol [66 +5t12 '(t—t1)+5t1 (t-1)° —6'(t—t1)3};

M(yl)(t)=J2 WA |:;t12+t1'(t_tl)_;'(t_tl)z}

MP(t)=Ty045 [t -t —t)];

MO (1)= 1080

max>

4 1 5 1 4 1 3 2 1 2 3 1 4
ot)=0 + ® |ty +—t; (=t +—t7 - (t -t +—t7 - (t—t +—t;-(t—t —
1( ) Ha4 max {120 1 24 1 ( 1) 12 1 ( 1) 12 1 ( 1) 24 1 ( 1)

ol 13 15 1 2 1 3} Mco
——(t—t ty +—ty-(t—ty))+—t;-(t—t ——-(t—t +—=
( ) i| Cy ®max {6 1 1 ( 1) ) 1 ( 1) 6 ( 1) C

120 2 y
4 1 4 1 | ) 1 1
(Dl(t):mmax'[%tl +gtf '(t—t1)+zt1 '(t—t1)2+6t1'(t—t1)3—24'(t—tl)4}+
L 4 1, 1 )
+C2'mmax'|:2'tl+tl'(t_tl)_2'(t_tl) }

y

o)

1 1 1 1 J
ok . [6t13+2t12-(t—t1)+2t1-(t—t1)2—6-(t—t1)3}+cz NN [P (Y

2 ) 1 20 I 4
()() Cl)max [2t1 +t1'(t_t1)_§'(t_tl) j|_cz'wmax;
y

1 1 1 1
I4(t)= { ot 1) 0l - [6t%+2t12'(t—t1)+2t1'(t—t1)2—6'(t—t1)3}+

B

Cwm
1,

+ Ol - [n—a—m]};

y

1 1 2 1 JJ 4
I(;I)(t) CM {(J +Jp)- (Dmax [2% +t1'(t—t1)—5'(t—t1) } éz (Dgn;x},

y

1 1 1 1
U(r)=c, old . [r ot (t=t)+ =17 (1=t )} =t - (1—1,)} ——(1—1,)* |+
(r)= ol 61( 1) 41( 1) 61( 1) 24( 1)

+Ce'éz' O [2% +h(t- 11)—;(1—[1)2}+
y

e B {MCO+(J1+J2) ol . [6” ;t12~(t—t1)+;t1~(t—t1)2—é~(t—t1)3}+

RN (I IR | T AN Py A A R 7 [ (=)= (1) | =22 o)
C C,, 2 c,
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Otan 3. B uHtepBane BpemeHnu 2t; <t <(2ty + ty):
u)(24)(t) =0;
u)(23)(t) =0;

w(2)( ) o@ 2.

®max t1 >

oS (t)= 0l ] + ol ] - (t=2t));

max max

4) 4 4) .3 1 @ 2 2
0y (t)= 1 (Dgnz)lx A+ ol -t '(t_2t1)+§w£n:)1x (=2t

4 T 4 .4 l @ 4 2 3
() () (PHaq+4w5nz)1x t +Bw£nz)1x'tl '(t_ztl)"'iwgnz)ix t1 (t 2t) +6w5nz)1x t1 -(t—2t1);

M, (t)=Mcg +J 04 [tf +tf '(t—2t1)J;
M) (1) = Tr0lh - 17
M{P(t)=0;

MO (t)=0;

01(1) =g + 08l | 1+ 2t 1= 20) 15620 P g (=20 o
4 12 2 6
Iy M
+C Ol [tl - (t_ztl] CCO,
y y

7 1 Iy
on(0) =0l | i+t -20)e T -2 |+ ol i

max

o (1)=alh

max

of ()= ofd 11+ (21

1
I}I(t)=CM'{Mco +(1+1,) ol - [tf +1 '(t_ztl)]};

D)= (3, +1,) 0@, 13
Cum

U(t)=Ce-co§§§X-[;tf‘ﬂf-(t—2t1)+;t12-(t—2t1)}LC é o) i 4
y

R L

#25 Moo + 0+ 3 )0l [+ (20 220141 0

M

M

Otan 4. B untepBane BpemeHm (2t) +tp) <t < (3ty + tp):
w(4)(t) (4)

max ’

05 (t)=—ofix (126~ 15);

max

335



OTpaC.HEBbIe Hay4Hble U NpuKnagHble uccnegoBaHus: TOHHMBHO-SHEDFETM‘-IECKVIVI KOMMNJ1eKC

2 4 .2 4
“)(2)() Oyt~ 5 Oy - (£ 2t — )%

max

max

1
03 (1)= ol (F +ft2) + ol (=20~ o)~ o (-2 - 1)

4 7.4 3 12>
0,(t) = 0l (utl +tt) +2tlt2j+wmax (6 +t7ty) - (t=2t; —ty) +

4 4 4
+2w£ngx - (t—2t —ty) —Zw() (=2t —ty)*;

max

o (15 7 139 193
(Pz(t)=(PHaq+03£ngx (4% +Et1t2+2t1t2+6t1t2

7 1
+o @ . (lzti‘ + 3t +2t12t§]-(t—2t1 —ty)+

1 1
+ 2O (6 4 61) - (1=2 — 1) 40l 1] (=2 = 1) -

4
=g Cmax - (£=2 ~12)’;

M, (t)= Mco + 100y [(t1+t1tz)+t1 (t— 2t1—t2)—* (t— 2t1—tz)}
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M(yl)(t)= 105 |:t12 —3 (t—2t - tz)ﬂ;
M§2)(t)= ~Jh0l0, - (t=2t —t,);

MO (1) =T 0l
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_ @ |(1s, 7 4 132 123) [74 3 122)
t)= F O Sttty = 615+t |+t ity +—t7t5 | (t—=2t — 1)+
01 (t) = Prian + Oran {[41 TR AR AP e U R L A L) (t—2t,—ty)

+l-(tf +t2ty)- (t—2t; —ty)? +1t12 (t=2t —t,)° —L-(t—zt1 —t,)° |+
2 6 120
Jy

T fﬁix [(t1+t1tz)+t1 (t— 2t1—t2)—— (t—2t, —t, )} M;
Cy Cy

4 7 1 1
oy (t) =iy Klztfﬂftz +2t12t%j+(t%+t12tz)'(t—2t1—t2)+2't12'(t—2t1—t2)2—

1
- (t 2t - ty) } c. O {t%—z'(t—ztl—tz)z};

y

wil)(t): f:;x |:(t +t1t2)+t (t—2tl—tz)—;-(t—2tl—t2)3:|—é f:;x (t 2t )

2 4 > 1 2 ] 4
o2 0)=0lfh | -3+ 0-20 =122 |- 2 offh
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1
Lg(t)=—— 4 Mco +J; +J2) - 0%y -| (6 +tits) + 7 - (t— 2t1—t2)—* (t-2t —t5)°
Cum

max
C

SEIEERNC I 2t1—t2)}
y

1 1 1 J.J
I(H)(t): {(J +J2) (Dmax |:tl2 _*'(t_ztl —tz)z}— o gzlx}a
Cyt 2 C

y

U(t)=C, -0 Kétfﬂ%tz+;t12t§j+(t%+t12t2)-(t—2tl—t2)+;t12-(t—2t1—t2)2—

1 J
—24-(t—2t1—t2)4}rC c ol . [tl ——(t=2t, - tz)z:l-i-

y
Rg 1
+C7 {MCO"‘(JI"‘JZ) wﬁﬁ&x-[(tfﬂftz)ﬂf-(t—2t1—tz)—6-(t—2t1—t2)3}—
M
JiJ Lg 1 JiJ
— 2 o (=2t —ty) p+ =L (T + 1) w&‘i;x-[t%—-a—ztl—tz)z —2 ot
C, C 2 C,
Otan 5. B untepBane Bpemenm (3t + tp) <t < (4t + tp):
4 4
0P (t) = 0l
3 4 4 )
‘”(z)(t) ol -t +oi - (E=3t —t));
2 4 2 4 1 @« 2.
0P = 0l -0l (-3t — 1) + S0l -3t - 1)

1 o (113 2 1 @ 2 1 @ 2
035)() ol - (6t1 t1t2j+2®§n;x tl'(t_3tl_t2)_5m£nzlx'tl'(t_3tl_t2) +

1
+— 6 ol (=3t —ty)%;

0)2(t):m(m4;x'(49t1 +2t1t2+1t1t2 ol Hﬁ ity | (t=3t —ty) +
24 2 6
+40)§33x tf (=3t —ty) —gﬂ)g;x tp - (t—3t; —ty) +£®$3x t—3t; —ty)"

4 179 5 25 4 1 4 49 4 1.2
02 (1) = Prqq + 050 - [120t +Et1t2+t1t2+gt1t2 +oly - ﬂt +2t1t2+5t1t2 (=3t —ty)+

1w (11
ryo (M6 -0 Sl (-0 -

3 I @« 5
ﬂwgngx ty-(t=3t; —t5) +ﬁw( ) (t=3t;—t5)°;

My (t)=Mco + 1,005 ngt? +t12t2j+;t12 (t-3t —tz)—%tl (t=3t — ty)? +é'(t—3t1 —tz)ﬂ;
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M(yl)(t)ZJz i Btf—tl-(t—3t1—t2)+;(t—3t1—t2)2}

2 4
Mg/)() o[-t + =3t - t)];
3 4
MY (£)=T,050;
@y (t)= (PHanF@Eﬁz)ax‘Kmtl+f§t1t2+t1t2+ét12t§j [;itl+2t1t2+;t12t%)‘(t—3t1—tz)+
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1 (113 2 1 5 3
b Bt [(t=3t —ty) T +—1t7 (=3t —t
2[61 12}( 1—t2) 121( 1—t2)

1 4, 1 5
ety (t=3t; —ty) +—— (t=3t; = t,)° |+
2l (t—3t; —ty) 150 (t—3t —ty) }

1
2 o . [1tf+t12t2j+1t%-(t—3t1—t2)—1t1~(t—3t1—t2)2+1-(t—3t1—t2)3 Meo,
c, 6 2 2 6 C,

49 4 1 11 3
o(t)= 0l -Kmtl +263t, + 2t12t%] (6 t3 +t1t2j-(t—3tl—t2)+
L (t3t—t)21t(t3t—t)+(t3t—t)}
4 1 1 2 6 1 2 24 1 2

1 1
+C ol - [2t%—t1-(t—stl—t2)+2-<t—3t1—tz)z}
y

11 3 1 1 1
‘D{l)() g&x'K6t1 tft2J+2t12-(t—3t1—tz)—2t1-(t—3t1—t2)2+6-(t—3t1—t2)3}+

A
+=2 ol [t (-3t — )]s
Cy

1 1 J
U)iZ)(t):(J)M) |:2t12 _tl '(t—3t1 _t2)+5‘(t—3t1 _t2)2:|+cz‘0)$;x;
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y

M

Iﬂ(t)zi- Mo+, +1,) o) t +tt, [+ 1 -(t—3t1—tz)—ltl-(t—3t1—t2)2+
C 2 2
+é-(t—3t1—t2)3} JCJ2 o[-t + (t - 3t1—t2)]};

1 1 1 JJ
I&%)(t)=c-{<Jl+J2)-w£i3X {2t12—t1-(t—3t1—tz)+2-(t—3t1—tz)2}+ 2 E?}
M Cy
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U(t)=C, -0 . —49tf+2tft2+lt%t§ n Etf’+t12t2 -(t—3t1—t2)+lt12~(t—3t1—t2)2—
24 2 6 4
L A(t=3t —t )3+i~(t—3t —to)* [+
6 1 1 2 24 1 2

+Ce-(J:2'O)ggx'Bﬁz—t1'(t—3t1—t2)+;‘(t_3t1_t2)2}+
y

R
+ =L Mo+ +1,) 08 - (“tf +t12t2)+1t12 (=3t = ty) =ty - (=3t~ 1) +
Cu 6 2 2

+l'(t—3t1 —t2)3}+J1J2'®§41;x [t + (=34 - ty)] o+
6 Cy

L 1 1 JiJ
+ =4 o¢+1g-w§;-[ﬁ—wlxr—ml—u)+~a—3u—wzf}+12~wﬁg :
Cym 2 2 C,
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(n(23)(t) =0;
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o) =0f2
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(24 +t7);
4 4 2.3 l 22 4 2
o, ()=o) -(4t1 3t + t2]+mfngx (28 +17ty) - (t— 4t —t);

07 (t)= Qpaq + 0 (ztf +§ti‘t2 +%t13t§ +étft§j+m(4) ~(4t{‘ +3t5 -ty +;t12t%j~(t—4t1 —t,)+

1 2 max

l @
+7(Dgne)lx

(217 + ) (-4t —t )

M, (t)=Mco +T,0%0y (26 +tft));
M(yl)(t)zo;
MP(1)=0;

M® (t)=0;

1
01(t) = Qrgy + O thf +f§tft2 +;tft§ +6tft§j+(4tf +3t3t, +;t12t%j-(t—4t1 —t))+

w22+ -4y —tz)z} b2 0t @6 + ey + o,
2 c, c,

1
o ()=t -Kmf +3t5t, +2t12t%j +26 +tity) - (t—4t, - tz)}
1 4 2
of(t) = o - 21 +t715);
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oY=

I4(t)= o L Meo + @43 0, - + 6, )}

1
19(t)=0;
U(t)=C, -0 KM?+3tft2+;tft%j+(2tf+t12t2)-(t—4t1—tz)}+

R
Rit Mo + 41 0, @6 +121,)]
M

Otan 7. B untepBane BpemeHm (4t + t, + t3) <t < (5t + t, + t3):
0)(4)(t) (4)

max ’

0 (1) =~y - (t= 4t —t) — t3);

max

2 4 2
Cl)(2)(t) 5 Enz)lx (t—4t; —ty —t3)7;
| 4 3,2 1 @« 3
03(2)() ol -2t +t1t2)_gw£na)1x'(t_4tl_t2_t3) ;
0, (t) =0 . (4t{‘ +3t3t, +;t12t% +26t + t12t2t3J +o® 2 +t7ty) - (t—4t —ty —t3)—

ol - (t—4t; —ty —t3)*

maX
9 5 55 3 1 1 1
0y ()= @y + 0P -[2 3 +tht2 +3 £33 +— - 1263 + 4ttty + 3t tyty +— St 226, + 6313 +2t12t2t§j +

1
+ol . [4tf +3t3t, +Et12t% + 263t + t12t2t3j-(t —4t —ty —t3) +

1
+= wgﬁz)ix 26 +tity) - (t— 4t —ty —t3)* ——— ol - (t =4t —t, —t3);
2 120
M, (t)=Mco + 050 [(2t1 +t1tz)—* (t—4t -ty —t3) }

| 1 4 2
M(y)(t)=—5-sz( (=4t —t) —13)%;

max

M) (1) = Tr0l)

max

MO (1) =100,

(t—4t -ty —t3);
max=

Ig)(rrzcl [— (J1+71,)- (DWé (=47 -1,-1 )2 Iy o :l;

M Cy nog
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@1(t) = Qpaq + O - Ki £ +%t1 ty + ; £33 + é 263 +4ttts + 3t tyt, +%t12t%t3 + 3t +;t12t2t§)+

+(4tf +3t3t, +%t12t§ +2t7t5 + t12t2t3)-(t — 4t —ty —t3) +
+1-(2t13+2t12t2)-(t—4t1—tz—t3)2—i-(t—4t1—t2—t3)5 +
2 120

+%'wg;x ‘{(2%3 +t12t2)—é'(t—4t1 ) —t3)3}+MCCO ;
y y

1
o;(t)= o . Hmf +3t3t, +Et12t% + 265t + tft2t3j + (2t + 7ty - (t—4t; —ty —t3) —

max
2

—214-(t—4t1—t2—t3)4}—1-‘]2 oM L (t—4t] -ty —t3)%;
y

1
"351)() Oy - [(2@+t12t2)—6'(t—4t1—t2—t3)3} c ol (=4t —ty —t3);

o P(t)=- > o (t—4t; -ty —t3)? - (J: ol .

®max ®max>
y

1 1
Iﬂ(t)zc’{MCO"'(JI+J2)‘m$;x‘[(2t%+t12t2)_6‘(t_4t1 tr) —t3) } N ol - (t—4t — tz‘%)};
M y

U(t)=C, -0®_ ~K4ti1 +3t5t, +;t12t% +263t5 + t12t2t3j+ Q63t; + t7ty) - (t—4t; —ty —t3) —
1 4| 1 I, 0@
_7'(‘[_4‘[1_‘[2_‘[3) :|_Ce Omax (t_4t1_t2_t3) +
24 2 Cy
R,
+C7 {Mco +(J) +35) -0l - {(% +7ty) —— (t—4t1—t2—t3) }

M

JiJ L, I
2 ) (-4t —ty —ty) *U+b)%m0—%—b4) 22 0@ |
Cy Cy Cy

Otan 8. B uHtepBane BpemeHu (5ty + t, + t3) <t < (6t + t, + t3):
0o® ()= 0

max °

0P (t)= -0l -t + ol - (=5t —t, —t3);

max max

2
()(t) g:)ix tf — ol (t—5t1—t2—t3)+2®(4)x'(t—5t1—t2—t3)2;

11
“)(21)() ggx'(6t%+t12t2) 3 ol -t (t—5t1—t2—t3)—5®5n;x (=5t —ty —t3) 7 +

1
+g®§2x (t=5t —ty —t3)7;
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14 1 11
o, (t) = (2;‘[? +4t3t, +5t12t% + 265t + t12t2t3j+ o -[6tf ¥ tlztz)(t—Stl —ty—t3)—

1 @ .2 2 1 @ 3.1 @ 4
_Z(‘)Enz)ix'tl'(t_Stl_tZ_tS) _g(‘)gnz)ix'tl'(t_Stl_tZ_tS‘) +— ol (=5t —t, —t3)*;

ﬂ O max

02 (1) = Qg +00 -[11123;)9“5 +?—tht2 +2t33 +gt12t§ + 617ty + 4ttt +%t12t%t3 +t5t3 +1t12t2t§j+
o® (1434 4 Lo o0 5
Ol 1| 5, 1+ 4+ + 201+t (=5t —ty —t3) +
L@ (s 20 s p 2o L@ 2 sty —ta)]
P ity |- (t=5t -ty —t3) _lzwmax'l'(_ | —ty—t3)”" -
1 @ 4 1 @
_ﬁmgnzlx'tl'(t_Stl_tZ_tS) +Ew£ngx'(t_5tl_t2_t3)5;

My (t) = Mco +32000 ngtf +t12t2)_;t12 (t=5t -t —t3)—;t1 (=5t —ty —t3)% +

1
+6-(t—5t1—t2—t3)3};

Mg’l)(t):JZ(’ogz)iX '[_;tlz —t-(t=5t -t —t3)+;(t—5t1 ) —t3)2}

Mg/z)(t)Z Lol -t +(t =5t —ty —t3)];

MO (1) = Lol

max»>

01(t) = Py + D .[(11123096 +% tit, + 26315 +ét12t§ + 611ty + 4ttty + % t2t3t5 + it L tftztgj n

143 4 1

3 2.2
+| —t] +4t7t, +—
(241 12

2tltz+2tft3th12t2t3j~(t—5t1—tz—t3)+
1 (113 > 2 1 3
| =ttty [ (=5t =ty —t3)F = t] - (t =5t —ty —t3)° —
2(61 12)( 11—ty —t3) 121( |ty —t3)

1 4 1 5
ety (t =5t =ty —ta) - (t=5t; = t, —t2)° |+
2l ( 11—ty —t3) 0 ( 11—ty —t3) }

RLIPRC)

11 1 1
Omax * (t% +t12t2j_t12 '(t_Stl ) _tS)_ftl'(t_Stl ) _t3)2
C, 6 2 2

+l'(t—5t1 —tz _t3)3}+1\/ICO;

6 y
o(t)= 0 -Kl;'jtf +4t3t, +;t12t% + 265t + t12t2t3J+(161tf ¥ tlztz)(t —5t —ty —t3) -
|

2 1 31 4
——t] (=5t =ty —t3)" ==ty - (t=5t; =ty —t3)” +—-(t=5t; —t, —t3)" |+
41 ( 1 2 3) 6 1 ( 1 2 3) 24( 1 2 3)j|

@ .[_le
2

max
C

—tl-(t—5t1—tz—t3)+;-(t—5t1—t2—t3)2}
y
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wgl)(t)=wggx'ﬂl61t1 +tf 'tzj—;ﬁz (t=5t; -ty —t3)—;t1 (t=5t —ty —t3)” +

1 J
+'(t—5t1—t2—t3)3} ol [t + (=5t —t, —t3)];
6 Cc,

wgz)(t) = ol '[_;tlz —tp-(t=5t; -t —t3)+;(t—5t1 -t —t3)2}+(J:2-m£ﬁgX;
y

1 11 1
I}I(t):C'{MCO +(J;+3,) -0l {(6@ +t12t2)_2t12 ((t=5t -t 43)}—
M

—;tl -(t—5t1—t2—t3)2+é-(t—5t1 —tz—t3)3}+

JJ
200200 sy —tz—t3)]};
y

1 1 1 1 J.J
Igl)(t) = '{(Jl +35) Oy [—2t12 —t-(t=5t —t, —t3)+5 (t=5t —t, —t3)2}+é2 : (Dg;x};
M y

U(t)=C, - 0% - Kl;f’t“+4tlt2+;t1t2+2t1t3+t1t2t3j (161‘[13+t12t2j-(t—5t1—t2—t3)_

1 1 1
—th (=5t —ty —t3)? —t (=St =t —t3)? (=5t -t —t3)4}+

+C,- (J;z TV [_2t —ty - (t= 5t1—tz—t3)+* (t=54 ~t; ~t3) }

y
+§’I-{MCO+(JI+J2) ol . Klgtfﬂltzj ;tf (t—5t1—t2—%)}—;tl-(t—5t1—t2—t3)2+

M

1 J Iy
+-(t—5t1—t2—t3)3} o) -ty + (=5t —ty —ty)] b+
6 C,

L 1 1 J Iy
+ (0 ) ol [—tlz—tl'(t—5t1—t2—t3)+'(t—5t1—t2—t3)2} oy -
Cu 2 2 C,

Otan 9. B untepBane BpemeHnu (6t + t, + t3) <t < (6t + 2t; + t3):
4 .
0)(2 )(t) =0;

o(1)=0;
oD (1) = -0l -3

03(21)( )=l - (1 +t7ty) ol Tt -6t —ty —t3)5:

max
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1
0, ()= -Gitf‘ +565t, +5t12t% +2tt + tft2t3j+m§3x (6 +tFty) - (t—6t; —ty —t3)—

1
_7mgnz)1x

A2 (t—6t —ty —t3)%;

151 1 1 1
(pz(t)=(pHaq+m§§;X-[Z5 t] +152ti‘t2 +§tft§ +6t12t§ +8t}t3 +56 1yt +§t12t%t3 +t313 +2t%t2t§j+

89 1
mgﬁgx.(lz t} +5tt, +5t12t% +26t, +t12t2t3j-(t—6t1 —ty—t3)+

ot (6 402): (-6 -1 -1 el (64 -t -t
My (t)=Mco + 1000 [(t% +t7t)) —tf (=6t —t) —t3) 53
M)~ Jyofd,
MP(t)=0;;
MP(t)=0;;
o(t)= @Haq+m§§gx-K645 t +11521 t't +§ tt5 +étft§ +8t/t; +56t3 +; 13t + 13 +; tftzth +

89 1
+(12 tf +5tt, + 13 +26t5 +t12t2t3J (t—6t —ty —t3) +

+;(tf +t1,)-(t—6t —t, —t3)2—é-t12 (t—6t —t, —t3)3}+

+(J:2 Oy [(t% +ity) —t] - (t—6t —t, _t3)]+1\/éco;
y y

1
o ()= -ng t} +56t, +5t12t% +263t5 + t12t2t3] +(8 + 1)) (t—6t —ty —t3)—

1 J
— 7 (t=6t — 1y _t3)2}+2'wggx't12;
2 Cy
oD (t)= 0@ 16 +tty) —t - (t =6t —ty — t3)];

of(t) = -0y - t7;

1
()= o Mo + 0 -+12) 0t |6 + - -(-6t -1y
M

1
PO =— 0+ 1) o, 1f:
M
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Ut)=C, 0@ . Hfg tf +5tt, + ; 213 + 26515 + t12t2t3j+(t13 +12ty) - (t =6t —ty —t3)—

1 J
Sttt -t |-G e ollh i +
2 C,
R L
#58 Meo 01 +1) 0l L6 + )= -6t~y — ) |- 20+ 30)- 0l .
M M

Otan 10. B nHtepBane BpemeHnu (6t + 2t, + t3) <t < (7t + 2t + t3):
4 4
(1) =0l

max ’

0353)(0 = ol - (t—6t, —2t, —t3);

(1)(22)( ) (4) tl +— 5 (,0(4) '(t—6t1 —2t2 —t3)2;

max max

oD(0)= 0, -6 —od)

®max max

2 1
ti - (t=6t =2t —t3)+g®g3x (t=6t) =2t —t3)*;

max

0, (t) =0l -thl +6t1t2+t12t%+2tft3+t12t2t3]+co£nax £ - (t—6t; -2ty —t5) —

4 2
@ . (t—6t —2t, —t3) +ﬂmfﬁgx (t—6t — 2ty —t3);

A mmax
2

65 5 3 1
Py (1) = gy + O -(4 £ + 20ty + 86513 + t7t3 + 8ty + Tttty + 3 t263t; + 313 + 2‘[12‘[2‘[%) n

(4)
+ ('Omax

thi‘ +6t3t, + t715 +2t7t5 + t12t2t3)-(t — 6t =2ty —t3) +
4 3 4 2 3
+2mgngx £ - (t—6t; —2t, —t3)? -gmgngx t2 - (t—6t; 2ty —t3)° +

1
+ﬁ¢°§3x (t=6t; =2t —t3)*;

4 |3 2 1 3
M,(t)=Mco +J20)£na)1x'|:tl —t '(t—6t1—th—t3)+g'(t—6t1—2t2—t3) };

M(yl)(t)= T, [ t +;(t—6t1 -2t —t3)2};

Mg/z) (t)=T05h, - (t—6t; —2t) —t3);
MO (t)=T,00 ;

max ?

o (t)= ol ~[t13—t12~(t—6t1—2t2—t3)+é~(t—6t1—2t2—t3)3} é o L (t—6t; -2t —t3);

®max
y
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5 3 1
Q)=+ D - {(4 £} +206't, +861 + 1713 + 81 t3 + 76,15 + 5t; + 713 +— tlztzt%) +

89
+(12 tf +68t, +715 +26t; +t12t2t3) (t=6t =2ty —t3)+

13 2 1 2 3, 1 5}
Pt (=6t —ty —t3) =t - (t—6t —2t) —t2 ) +—— - (t—6t; —2t, —t;)° |+
21( 123)61( 12t —t3) 120( 12t —t3)
J 1
Cz-mﬁﬁgx-{tf—t12-(t—6t1—2t2—t3)+6-(t—6t1—2t2—t3)3}+1\éco;
y

y

o ()=o) -ngt? +663t, + 713 + 26515 + t12t2t3) +13 - (t— 6t —2t, —t3) -

1> 2, 1 4
— 2 (t=6t =2ty —t2)" +— - (t— 6t —2t, —t2)" |+
St ( | — 2ty —t3) 4 ( |2ty —t3) }
Jy (@ 2 1 2|
+C7'O)max' _tl +5'(t—6t1—2t2—t3) ;

y

2 1 ]
of )(t)=wﬁﬁﬁx-[—t%+2-(t—6t1—2t2_t3)2}+cz.m(4) .

max >
y

1 1
Iﬂ(t):C'{MCO +(J1+1)- 0 [t% —t7 - (-6t — 2t —t3)+g'(t—6t1 =2t —t3)3}+
M

+@-w§;‘3x “(t=6t; —2t; —t3)};
y
1 1 1 JJ
I§1><t>=c-{<h +1) 0 -[—tf +o (=6t =2t —a)ﬂﬁ}@&};
M y

Ut)=C, -0 . ng t] +6t3t, + 73 + 265 + t12t2t3] +1) - (t—6t] — 2ty —t3)—

1> 2 1 4
P (1 =6t =2ty —t2)7 +— - (t =6t — 2ty —t2)* |+
St ( | —2t) —t3) 24 ( | —2t) —t3) }

+Ce '(sz'mge)lx'[_tlz+;'(t_6tl_2t2_t3)2}+
y
Ry

+C'{MCO +(J1 +J2)0)g4121x|:t:1; —tlz (t—6t1 —2t2 —t3)+é'(t—6tl —2t2 —t3)3j|+
M

+J1J2-m§§gx-(t—6tl—2t2—t3)}+
y

L 1 7.J
it B (J1+J2)-mggx-[—tf+-(t—6t1—2t2—t3)2}+1 2.0 L
CM 2 Cy
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Otan 11. B nHtepBane BpemeHu (7t + 2t, + t3) <t < (8t + 2, + t3):

0@ (1) = -0, .

max 4

max max

(D(zz)(t): 2 (4) t12 +(D(4) tl (t—7t1 —2t2 —t3)—§(,0(4) (t—7t1 —2t2 —t3)2;

max max max

max max max

(1)(t)_— @ . —5 o® 3 (t- 7t1—2t2—t3)+20)(4) ty - (t=Tt =2ty —t3)% —

—80)(4) (t—7t1 —2t2 —t3)3;

max

] - (t=Tt; =2ty —t3) —

191 4
4 2 4 3
_Z(Dgnzlx ty - (t =7t =2ty —t3) +6(D£na)1x tp-(t=7t —2t) —t3)" —
4 4
ﬂmgna)lx (t=7t =2ty —t3)";
0y () = Qg + O - ( 182%16 +261ty +9613 + 20 +10t t3 + 86 tyt3 + ; t2t3t; + 6513 + ; 7 t2t3J
4 (1914
+@® max 24 tl +6tlt2+t1t2 +2t1t3 +t1t2t3 (t—7t1 —2t2—t3)+
+12m§;‘gx £ (t=Tt; -2ty —t3) _szgggx - (t=7t; =2ty —t3)° +

4 4 5
+ﬁ®§n21x ty - (t=7t =2ty —t3) _E)mgnz)ix (t=7t -2t - t3)";

1 1
My () =M +J 0850 .[6@ —Etlz (t=Tt =2t —t3)+;t1 (t=Tt =2t —t3)° -

—1-(t—7t1—2t2—t3)3};
6
MP (1) =T,04), - [ ;tlz+t1-(t—7t1—2t2—t3)—;-(t—7t1—2t2—t3)2};

MP (1) =Tro0 [t = (t=7t; = 2t, — t3)];

max

3
MP () =-T,05;

max »

1 1 1 1]
I§%><t)=c-{(Jl+J2)-co§1‘;x-[—2t%+t1-(t—7t1—2t2—t3)—2-(t—7t1—2t2—t3)2}—”-mﬁﬁzx};
M Cy
2 4 ) 1 | T 4
‘05 )(t):wgnz)ix'[_2tl +t1'(t—7t1—2t2—t3)—5'(t—7t1—2t2—t3) }_Cz ol

y
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Q0=+ Kzlgzé)ltls +2611t, + 96t + 1713 + 10t t; +8tt,ts +% 213t + 513 +% tlztzt%) n

191
+(24 t] +686t, + 713 + 2655 + t12t2t3)~(t—7t1 —2t) —t3)+

1 3 2 1 3
bt (t=Tt =2ty —t3)> —— ] - (t=Tt; — 2ty —t3)° +
A (t=7t =2ty —t3) ot (t=7t 2ty —t3)

1 a_ 1 s|,d2 @
bt (t=Tt =2ty —ta) = —— (1 =Tt = 2t, —t3)° [+ 20D .
ol (t=T7t =2ty —t3) 20 (t=T7t =2ty —t3) } C

max
y

.[ltf —ltl2 (t=Tt, =2ty —t3)+1t1 (t=Tt =2ty —t3)? —l-(t—7t1 —2t, —t3)3}+MCO;
6' 2 2 6 C,

o ()=o) . {(12941# +66ty + 1715 + 263 + t12t2t3j +étf (=Tt =2ty —t3) —

—it% (=Tt — 2ty —t3)? +ét1 (t=Tt; =2ty —t3)° —

1 4
—— (=Tt =2ty —t +
24 (t=T7t =2t; —t3) }
o @ |_1.2 1 2.
+C *Omax —Etl +t1'(t—7t1—2t2—t3)—5'(t—7t1—2t2—t3) ;
y

1 1 1
m{l)(t)zmﬁﬁgx-[6tf _Etlz (=74 =2 = ty) + (=74 =20 —t3)% -

1 J 4
—g'(t—7t1 =2t _t3)3i|+cz'm£ne)1x'[tl —(t=7t; =2t — t3)};
y

1 1 1 1
Iﬂ(t)=c'{Mco +(J+72) 0 '[6‘[% —Etlz (t=Tt =2, —t3)+5t1'(t—7t1 ~2ty —t3)% —
M

1 5J
y

max

U(t)=C, -0l Kl;ltf +6t3t, + 13 + 26715 + t12t2t3J+;t% (=Tt =2ty —t3)—

1 1
—th-(t—7t1—2t2—t3)2+gt1.(t—7t1—2t2—t3)3—
—i.(t—7t1—2t2—t3)4 +Ce‘J—2-mfﬁgx‘

24 Cy

1) 1 2
=3 +t1-(t—7t1—2t2—t3)—5-(t—7t1—2t2—t3) ¥

1

+2"-{MCO+(J1 +J2).m§§gx.{6t? —%tf.(t—%l ~2t, —t3)+%t1 (t=Tt; =2ty —t3)* —

M

_é.(t—7t1 ~2t, —t3)3}+‘1é‘12.mggx.[tl —(t="Tt; —2t, —t3)]}+lc“ﬂ.

y M

1 1 JiJ
'{(J1 +15) 0 '{—2t12 +t-(t =7t -2t —t3)—5‘(t—7t1 -2ty —t3)2}—é2‘@%‘3x}-
y
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TpeTbFI npon3soaHas yFJ'IOBOI7I CKOpPOCTU WUCNOJIHUTEJIbHOIoO OpraHa MexaHu3ma B

KOHLLe NepBoro aTana paBHa 0)(231) = @f\il)x.tl.

BTOpaﬂ npon3BoaHadA yFJ'IOBOI7I CKOPOCTU WCMNOJIHUTEJIbHOIO OpraHa MexaHu3mMa B

KOHLIe BTOPOro dTana paBHa 0)(222) = ol .12

MepBas NpPoOM3BOAHAs YrIOBO CKOPOCTM MCMOSHUTENLHOTO OpraHa MexaHusMa B
) _ (4 3.2
KOHL|e MATOrO 3Tana paeHa 0)(25? = oW .28 + 2ty).
YrnoBas CKOPOCTb WCTMOMHUTENBHOMO OpraHa MexaHu3Ma B KOHUE OAMHHaALAToro
aTana pasHa o, =oll, - (8t + 6171, + 1713 + 261 + F1,15).
Yron noBopoTa NCMOMHUTENBHOMO OpraHa MexaHuaMa B KOHLEe OAMHHaALAaToro aTana
paBeH:

3 1
P21 = Pryan + OD -(32@ +32t7ty + 10613 + 763 + 12t 3 +9t5tyty +§t12t%t3 + 53 +2t12t2t§j.

Tok F-lKOpHOI7I Lenun anekTponpmeoda B KOHLE NATOro atana paBeH

1 4 3,.,2
Igs o ’[MCO +(I+1y) 0l 2 +t1ty) |
M

(NP E)) 3 _ @
Tak kak W51 = Omax> TO Wiax = Opax

2 _.@
Tak kak 55 = O

‘1 -

2 4 2
T0 ('OEIO)H = O)En;x 1y

Tak kak oY = oll, 10 ol =0l - 26 +tfty) =0, -2t +1,)-

TaK KaK @) = 0 105, TO 007y (8 +66t +1713 +261 +1pt3) =af 0 (44 +1 +13).

J1011 °

TaK Kak ((P211 _(PHaq) = (Ppa3r’ TO

3 1
Ppaar = wggx-(ntf +32tt, +10663 + 176 +12t}t; + 9ttt +5t12t%t3 +1313 +2t12t2t§) =

1
:(’OIIOH' 4t1 +t2 +5t3 .

_ _ ) 3.2
Tak  kak  Igs=I,.» To  Cy-Ion=M++T5) Ot +tity),  wm
- (D)
CM 'IIIOH _MCO +(J1 +J2).(’0I[01‘['
Takum obpasom, A5t oNTUManbHOM No BbICTPOAENCTBUIO Anarpammbl nepeMeLLeHmns
MCNOSMHUTENBHOrO OpraHa MexaHu3ma cripasesinBbl 3aBUCUMOCTU:

2 1 2 1
= R v PN
4 2 4 1 2
Ofmx ©on Ol Ol Ol
1 2
t _ Opon n (’OELO)H 4. (’OELO)H 1
pasr — 3 2 4 e .
03;(110)11 (’OELZO)H wgzlx . (Dgnzlx = O‘)E‘[O)H : (Dgnzlx . P pasr 2 @ ron tpa3r _

B paHHOM pa60Te paccMaTpmBaeTCA arnekrtponpmeon NMOCTOAHHOINO TOKa C YrNpyrmm
BasionpoBoaom nMeroLmnin cnegywuie napamMmeTpbl:

C, _1258°C. Cy=1,25B-¢c; Rg =50m; Lg=0,1Tw; J; =0,025kr-m%; J, =0,025kr - m;

pan

H-Mm _ . —Q A- _160P34. (1 an. (2 pan.
Cy=4 o Uson =250 B3 Tyon =8 A5 0305 =160 olb: =1oopc—2, o3, =400
MCO =5H M.
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4 aj
ECIM  Quag =0pan  n Ol = 160000pc T t;=0,05¢; t, =0,15¢; t5 = 0,25¢;

max

¢ =1,95¢; 0@), =8000 P22 0 =156 pan.

B KoHue necmoro dTana yrnoBasa CKOPOCTb AKOpPA ABUratensd, TOK U HanpsdxeHue
MMEKT crnenyrune sHa4eHnA:

4 191 4 3 2 1 J, 4 2
0110 :(,l)gm)lX (24 +6t1t2+t1t2+2t1t3 +t1t2t3j—2'c (Dgné)lx tl;
y
1 4 3,0l @4
IHIO—Ci Mco +* 1 +1y) ol -t +- 12 C ol i ];
M y

UIO:CG' Eﬁz)lx (12%411: +6t1t2 +t tz +2t1t3 +t1t2t3j—;c J (,0(4) tl +

max
CY

+Ra Ut L, I
l:M +—-(J +1y)- ol -t 1+C2.w§§gx.tl}c l:—(J1+J2) o) 24 éz o@

max
y y

M M

B pa6oTe BbIMONHEH YNCTEHHDIV SKCMEPUMEHT C LieSbio onpeaeneHnst 3aB1CUMOCTe
Lo =fifo S\/Ia)x] WU =flo ol I

Max
Cne/J,yeT nveTb B BUAY, YTO 3HAa4YeHUA TOKOB B KOHLE NepBOro atana n B KOHUE OeCH-
TOro 3T1ana paBHbI.

I'Iplee/J,eM pe3ynbTaTbl YYCNEHHOro 3KCnepnMeHTa.
Ecrm 0% =160000 paﬂ, To t;=0,05c; t,=015¢c; t3=125¢c; tpas =1.95¢;

17 pan 2 121
156 pan; w;y =158— ; Igr =1 =5—-A; Ujg=225——-B.
QPpasr = 150D 110 2 A1 =1410 =275 10 430

Echm wg‘{gx_zsoooopaﬂ, to t1=0,04c; ty=0,17c; t3=127c; tpasr =1,93¢;

217 pan_ 107 41
; Igr =1 =5——; U;g=227—- B
300 ¢ @ 1 0T T30 H10 80

Ecrm 04 =6400002°0 1o 1 =0,025c; tp=02c; ty=13c; tpayr =1.95¢;
C

71pa11 1 613
Ppasr =152pan; wyqg=158—"—-; Igqy=1g19=6—"A; Uy =235——-B.
pasr 110 926 A1 A10 15 10 640

Ppasr = 154,4pan; o)1 =158=—

Ecrm wﬁngx_loooooopa’l, To t=002c; tp=02lc; ty=131lc; ‘tpasr =189¢;

223 pan 83 43
Ppasr =1512pan; wyyg=158=—="; Igq; =1gq;90=6—"-A; Ujy=242-—-B.
pasr 110 300 A1 10 150 10 48

Ecrm o) =1391694,347P24 paﬂ 1o 1t =0016953449;  ty =0,216093102¢;
C

t3 =1,316093102¢;  ty,, =1,883906898¢; @y =151,7125518pan; @)y =158,7452097 222,
C

L =lq10 = 6994461589 - A; Ujo =250-B.
Echu wglgx_1562500p5 , To t;=0,016c; t,=0218¢c; t3=1318¢c; tpasr =1,882¢;

5593"”‘ g =T = TS L A; Uy = 253——-B.

Qpasr =150,56pan; w1y =158—"——
pasr 10 7500 ¢ 3000 4000
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Eorm b, =251715252088 5 =0,01260593%; 1, =0,224788122c;

C
t3 =1,324788122¢;  tp, =1,875211878¢; @y =150,0169502pan; o), =158,7473515 222,
C
Iq; =1g10~8-A; Ujp =269,098596-B.
4 an
Ecrn w§n3X=2560000pC—5, To  t;=0,0125c; ty=0225¢;  t3=1325¢;
287 pan 1 6151
- : - 0110 =158 Iy =Ig10=8—-A; Ujp=269———B.
tpasr =1.875€; @y =150pan; ®110 384 A= 1A10 =050 10 7680

_ (4)
Ha pucyHke 1 noctpoera sasucumocts 1, - =f [o,, ], @ H& PUCYHKe 2 NocTpoeHa

3aBMCMMOCTb U, = f,[ol4). ].

10

i ‘ (4) paa

W, L mat
Max’ .5

0 1000000 2000000 3000000

PﬂcyHOK 1 — 3aBMCMMOCTb 3HAYEHUIN TOKOB B KOHLIE nepBoOro 1 AecAToro atanos
OT MakCumMalribHOro 3Ha4eHusA quBepTon I'IpOVI3BOJJ,HOl7I yFJ'IOBOVI CKopocCTu npu OTpaGOTKe
onTMMarnbHOM rno 6bICTpOJJ,el7ICTBVIP0 anarpamMmbl

NepeMeLLeHNsi UCTIONHUTENBHOTO OpraHa MeXaH1aMma Ly, = filolt) ]

300
(" "y.10,B
290
280
270
260
250
240
230

220

210

w_Mmax*((4)), pax/c”5
0 1000000 2000000 3000000

200

PucyHok 2 — 3aBUCMMOCTb 3HAYEHUsT HanpshKEHUs B KOHLLE JECATOro aTana
OT MaKCHMaribHOTO 3HaYeHUsl YETBEPTON NPOU3BOAHOI YINOBOW CKOPOCTH
npu oTpaGoTke ONTUManbHO Mo BGbICTPOAENCTBMIO AMarpaMmbl

nepemeLleHnsa NCNONHUTENbHOro opraHa MexaHunama U = fz[mﬁfa)x]

MonyyeHHble 3aBUCMMOCTM NO3BOSISIOT BblIOMpPaTb 3HaYEHNE YETBEPTON NPOU3BOAHOM
YrroBOW CKOPOCTW MeXaHuM3ma C NMOHUMaHMEM CYTU MpOTeKarLMX MpPOLECCOB B 3NEKTPO-
npueoae.
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