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Hazapuii MexaHuka TeXHUKaHUHT Oapua coxanapu Oyiimdya MyxaHAHCIAp
Taiiépnamia MyxuM.MyXaHIUCIUK UILIapUIa MyaMMOJIH Ba aMaiuérra TaTOuK
ITUJIAIMTaH MacajallapHH Xajl ITHINIAa Ha3apuil MexaHuka GaHu QyHIaMeHTa
npenMeTiapaaH  Oupu  XHCOONaHMO, Yy KOHKPET MacalallapHH edyuIia
MaTeMaThKa (paHHuTra acoCIaHaIH.

XO03Upru  3aMOH TEXHHUKAaCH Ba KOMIIBIOTED  TEXHOJOTHSCHHHUHT
PUBOXJIAHWINKM MEXaHWKa Macamamapau wmareMmatuk Matehematica, Maple,
Matlab, Mathcad makernap €pmamuma Xajl STHIIHHA KYHAAJTaHr Ba3uda KUIHO
KYyHUMOKJ1a.

Takaum sTHmaétran  yciyOuMid KypcaTMa MeEXaHHKa XucoO-rpaduk
UIITaApUHU Mathcad martematuk nakeT €pramuaa €4ull y4yH KyHUKMaiap
XOCHJT KUJI/IH.

lynunarnex yuga — Mathcad Eppmammnma  craTtuka, KUHEMaThka Ba
JWHAMUKATAH  XHCOO-TpadMK HWIOUIAPHHUA  OaXkapuill y4yH HaMyHajap

KEJITUPWITAH XaM/1a TONHUPUKIAP KYpCaTUIITaH.

1- TommMpuK (cTaTHKA)



l-xanBannma KypcaTWiaraH KOHCTPYKLIMsI OepuiraH Kywilap TabCHpUIa
MyBO3aHaTJa TypaJu. P KyYHHHT KyWniin HyktacH (d macoga), oFuIn Oypyaru o
Ba P Ky4 MUKJIOPHU Y3rapuilld MyMKHH.

Ma3skyp Tonmupukia Kyiuaaruiaap tainad KUInHaIu:

1) d =d; (0,5 <d < 5u) mapameTpHH TIyHAald KUWMATH TOMHJICHHKH,
OyHIa Rp peakuus SHT KMYKMK Moayira 3ra 0yicud. Iy Xon ydyH KOHCTpyKUusAra
KyHuArad OOFJIaHWII peakusiIapyu TOMUICHH.

2) }_Q)B peakuusi KyduHUHT MOAyH |-kanBaijga Kypcatuirad Rg,, JaH omuo
KeTMaciury yayH P kyd Kaugai opanukaa (Py < P < P,) y3rapuiiii aHUKJIaHCHH.
byunaa = ay,d = dy, P = 0 6axapwiaau.

3) Ry < Rp,, Oymumm yuyH a Oypuak Kaumai opamukaa (a; < a < a,)
y3rapumm TonwicuH. byana P = Py = const,a € [0, 7], d = d;.

TonmupukHu Oa)kapuill y4yH 3apyp MUKIOpIap 2->KaJiBajiia KypcaTHiraH.
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Ba};\?gaHT Py,kH | q,kH/m | M,xHwm a.m b, m a,2pad | Rgy,, kH
1 12 4 5 2 1 30 10
2 10 8 50 2 15 30 20
3 40 4 50 2 4 45 20
4 10 10 60 2 2 60 20
5 15 12 20 2,1 1,8 45 25
6 20 4 10 1 2,5 60 10
7 20 4 12 2 15 60 12
8 20 7 25 2 15 60 14
9 10 5 15 3 2 30 6
10 20 10 20 15 0,5 30 15
11 22 6 18 0,2 2 45 10
12 35 8 19 0,2 2 30 12
13 25 10 15 0,6 5 30 18
14 40 12 5 0,9 3 60 11
15 22 8 15 0,9 0,2 30 20
16 21 4 2 1,1 3 60 10
17 51 8 40 1,1 1 60 10
18 21 4 20 2,1 1 30 10
19 20 4 20 2 1,1 30 10
20 60 8 10 0,5 0,6 60 13
21 30 8 13 0,6 0,7 60 15
22 10 8 13 1,6 15 60 15
23 40 6 33 0,7 2,5 30 14
24 10 6 27 1,2 1 60 13
25 20 10 20 0,2 1 60 12
26 55 3 3 7 0,5 60 10
27 40 5 4 2,8 1,7 45 16
28 15 2 60 3 0,5 30 10
29 40 5 40 0,5 15 60 20
30 40 18 40 0,5 15 45 10




TonmupukKHu 6axkapuil HaMyHacu. 1-pacmaa KypcaTuiarad KOHCTPYKIIHS
yuyH Kyiuparunap 6epunran: Py = 20xH,q = 8xH/m,M = 5xHwm, ay = 60°,a =
3m, b = 2m,¢c = 2m, Rg,,, = 10xH.
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1-pacm 2-pacMm

1) d macoda kammaii Oynranma Rp peakius Kydd MHHUMYM OYIIUIIH
AHUKJIAHCUH;

2) P HUHT ¥3rapuIl 4erapacu TOIHJICHH;

3) @ HUHT Y3rapuIl yerapacu aHUKJIAHCHH.

Eunm. Macananu xan stuin yayH |-pacMaaru KOHCTpYKIHS MyBO3aHATHHH

tekmupamus. CaHOK CHUCTEMacHHM 2-pacMlarujek Tannaiimus. KoHcTpykuwusra

KYHWUITaH OOFJIaHUILIAPHU X, Y, Ry peaknus Kydilapu OWJIaH aaMaIlTHpaMH3.
WNuTencuBnuru ( OYiIraH IOKHUHT TE€HT TabCHP ATYyBUHCH Q = q - d O0ynu0, y A
nykragad 0,50 macodaza rokopura Kyiniarad Ba AX yxura napajuien iyHanran (2-
pacMm).

1) Rp peakumsi Ky4YMHHHI MHHMUMYM KHAMATHHH aHUKJIam. ByHuHT
Y4yH KOHCTPYKIUSTA KYHWIraH Ky€wIapHd MyBO3aHAT TEHTJIAMAJIADUHU Ty3aMu3:
Ymy (E,)=0; Pdcosa—Pasina—q(d?/2)+Rz(c+d)+M =0,
1)
YE,=0; —Pcosa+X,— R =0,
2)



X E, =0; Psina+Y, =0.
3)
(1) man:

R - —Pdcosa + Pasina + q(d?/2) — M
B c+d '

CoH KuiiMaTIapHU KyHcakK:
R =(1/d +2)-(4d? — 10d + 46,96)
(4)
Rz HM MUHUMYM KUHMATHHM aHUKJIAII yayH (4) nan d Oyiinya OMpHHYN Ba
WKKUHYY TapTUOJIM XOCHIIA OJIAMU3:

(8d-10)(d+2)—4d*+10d-46,96 _ 4d*+16d—-66,96
(d+2)2  (d+2)?

(RB)' =
()
(8d+16)(d+2)2-2(d+2)(4d?+10d-46,96)
(d+2)* B
= (165,92d + 331,84) - (d + 2)3

(RB)” =

(6)

(5) HE HOJITA TEHIIAINITHPUO KPUTHUK HYKTAJapHU TOIIAMU3:
4d?* + 16d — 66,96 = 0; d, = 2,554m,d, = —6,554m.
Oy epna d HUHT MaH(pUH KUEMATHHE XEcoOra onub OyiMaiau.

d, uu (6) ra xyiicak, (Rg) > 0 kenm6 unkaau. lysunr yays d = 2,554m
oynranna Rp munumyM O0ynamu, ssbhu Ry = 10,443kH. bynau (2) Ba (3)ra kyiuo0,
X, = 0,005«xH,Y, = —17,321xH napHu XOCUJI KUIaMU3.

2) P HUHr y3rapuil 4YerapacMHu TONHUIN, SbHH o = @y, d =d,P =0
oynranna Rp peakuus KyduHUHT Rp,, = 10kH naH omu0 KeTMacCIUTUHU
aHWKJTAIIL.

Ry < Rp,, Oynuim yuyyH KyiHuaard mapt Oaxapuiuim Kepak:

|Rg| = |(—Pd cos a) + Pasina + q(d?/2) — M)/(c + d)| < Rgy,. (7)

(7) TCHIrCU3JIMKHU €4aMu3;

(=Pdcosa) + Pasina + q(d?/2) —M)/(c +d) < Rgp,
—(—=Pdcosa) + Pasina + q(d*/2) — M)/(c + d) < Rg,.

10



Macana maptuaaru OepriraniapHu XucoOra oJicak:
—P-0,5-2554+P-0,866-3+0,5-8-2,554% — 5 < 45,54,
P-05-2554—P-0,866-3—0,5-8-2554% + 5 < 45,54,

Oy epman P < 18,507xH, P = —50,44xH xenub yukanu. JIekuH macaia mapTura
acocan P > 0.

Hemak, 0 < P < 18,507 6ynranna R < Rg,, Oaxapunaay.

3) o HUHT Y3rapui YerapacuHu aHUKJIAIIL.

Macana maprura Kypa:

P=P, d=d,0<5a<m; Rz <Rpn-
(7) nan ¢oitnananu6 a vu anukiaaiimus. Con Kuitmatinapuu (7) ra Kyicax:
—0,561-20cosa + 0,659 - 20sina + 4,631 < 10,
0,561:-20cosa — 0,659 20sina — 4,631 < 10.
Oy epnan

—0,561cosa + 0,659sina < 0,268,
0,561 cosa + 0,659sina < 0,7315
(8)

Kenno YuKaau.

(8) cucTeMaHu e4uIll y9yH KyHuari OeNriiaiiHd KUPUTAMU3:

{A sinf = —0,561
Acosf = 0,659

C)

(9) HM eucak:

A =,/0,6592 +0,5612 = 0,865,
S = arctan(—0,561/0,659) = —40°24,
(9) Hu (8)ra KysMu3:

Asin(a + B) < 0,268,
Acos(a+ ) <-0,7315
EKH
0,865 sin(a — 40°24") < 0,268,
0,865 sin(a — 40°24") < —0,7315

Oy epman a; < 58°35, a, < —17°21' kenu6 unxamy.
11



Jemak , & = 0, skarIuruHu xucobra oncak, 0 < a < 58°35’ oymmo,
Ry < Rp,, = 10kN
oynau.
Ouau macanann Mathcad matemaruk makeT épaaMuaa KaHIal CYMITUIINHU
KYpuO YMKaMu3.
Mathcad maTemaTuk naker épramMuaa eYnJIHIIN.
1-KOHCTPYKITUS YIyH OepuiraHiapHu €31U0 0JlaMu3:

PO.=2t q:=c¢ M=t o0 = a:=: b:=: c:=2 RbMax:= 1

T
3

1 TCHIJIaMadaru Rb (R uu d mapamerp o KaJId UPoJaCHu K P'IHIIaFI/I‘Ia
é3I/IJIaI[I/IZ

P.(a-sin(a) — d-cos(ct)) + -0.5d* — M
c+d

Rb(d o ,P) :=

by ¢dyHkumsHu SkctpemymuHH aHuWKiam ydyH d Oyiinua OupuHYM Ba
WKKUHYM TApTUOIHM XOCHIAJIAPHU XUCOOIaiMuU3:

ddRo(x,o ,P) := j—de(X,a ,P)
X

dRb(x, o .P) == L Rb(x,a ,P)
dx

Rb(d), dRb(d) Ba ddRb(d) nap rpaduru Kyingarnya:

12



Rb(d, «0, PO)
o-0-0

dRb(d, «0, PO)
% X% X
ddRb(d, «0, PO)

N
\Q D

I'paduknan kypuHuO Typubauku d HUHT Oupop Kuiimatuaa RD munmmym
KuiimMaTra spuimaan. d mapaMeTpHUHT aHa Iy KHAMAaTUHU aHUKJIaiMHK3:

d_min := root( dRb( d,«0,P0) ,d,1,4) d_ min = 2.554
d ra Kylngarn aHUKJIAKHA KHPUTAMHM3:

d0 := d_min

(1) cucteMaHnu eyuI y9yH MaTpHiia ycynuaad (oinaaanaMus:

c+d0 0 o0
A=l -1 10 B .—
0 01

P0-sin(c0)a — P0.c0s(c0)-d0 + 0.5q.d0° — M
P0O.cos(a0) — q-d0
—P0-sin(«0)
R = A 1-B
R simplify - (10.433286807987295574  6.9995783297404587882¢-19 ~10-/3 )
10.433

10

R' = 10433 8.18x 10 % _17.321 R =|8.18x10 10

-17.321

By epma RT=[Rb, Xa, Ya] (RT = [Rp, X4, Y4]) TasiHd peakuusuIapHHHHT
MaTpuUacH; 7- TPaHCHOHUPJIAHTaH MaTpula. /Jemak:

Rb = 10.43" Xa=0 Ya = -17.321 P :=0..18.50¢

Oumu  |Rb| < Rbm  (|Rg| < Rg,) KaHOATJIaHTHUpaaurad P HHHT

KuiimMaTHHU aHuKaiimMu3 Ba RD(P) dynkius rpaduruam ynzamms.

13



P:=0..20

1T

10.3
8.9
8.2
Rb(d0,a0,P)| 7.5 /
[ 2 2 J
6.8
6.1 //’
5.4

4.7

0o 2 4 6 8 10 12 14 16 18 20
P

root( Rb( d0,«0 ,P) — RbMax ,P,15,20) = 18.506

R' _ 10433 8.18x10 0 _17.321
. |
R’ simplify —» | 10.433286807987295574 6.9995783297404587882¢-19 —10/3

Rb = 10.433 Xa=0 Ya = -17.321 P = 0..18.506 a:=0.314
al =0 a2 := root(Rb(dO,« ,PO) — RbMax,« ,0.9,1.2) a = 0..1.021
2.1
al =0 o2 =1.021 o2 = «2-180 a2 = 58.484

T

Ilynpaii xkumu6, |Rb| < Rbm Gaxapunranga « € [0,58,484°] opanukna
oynmanu.

N
N
N

=

-
o N o
DN o K

[EY

|Rb( d0,a,PO) | 1
O—0—0

~
™

=
~N © o

D> DN o A

4

0 030609121518 212427 3

o

Mathcad wmarematnk maker &paamuaa OyHIaH XaM MypaKKaOpOK
MacayaJapHy €YrIl MyMKHH.

1- macama. Rb=RbMun, d=2m 6ynranna P=Popt Ba a =a opt;5 <P <
30kHBa 0 < a < 2m naP Owran Rb kanmaii y3rapuiny aHUKJIaHCHH.
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Kyitnnarunap 6epunras:

I
w

b=2 9.=38 M:=5 d:=2 0<P<3 0<ac<n

®

Rb peaknus KyduHHHT MOIYJIM KyHugarnya:

1
Rb( a,P) = d.\lvl_o.s.q.d2+ P.d.cos( o) —P.asin( «)
C+
Euwnmr:
2-m 25
n := 800 m = 700 Aw = —— AP = —
n m
i:=0.n j:=0.m Aq = 7.854% 10~ 3 AP = 0.036
H(ij) =Rb( «i,Pj  Oenrmwiammu xkuputud ( o,P) Madgonumma Rb

rpaduruH sicaitMus:

by epna:
1
Hij= d-[M—O.S-q-d2+( 5+AP .j) -( d.cos( Aa -i) —a-sin( Aa -i) ) ]‘
C+
600 '

400

200

0 200 400 a0 200
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L
ker « F( 0,0) L = 6.27x 10* im = floo{mj

for ic0..n jm := L — 1000 -im
for je0..m im=62 jm =700
Bob « F( i) [Tapamerpmnap ontumMan KuiiMaT OyHaan 6ymaau:
it Bob < ker aopt = Ao -imr Popt .= 5+ AP .jm
Z < 1000:i +j aopt = 0.487
aopt
ker «— Bob =279
deg

Popt =30 F( im,jm) = 0022

by epaa im Ba jm L=1000im+jm dopmyna épnamuaa F(i,)) dyHKUMSIHU
MUHUMYMHHH TabMHHJIOBYH MHKJIOpIaH HOOpAT.

by xonna

F(im, jm)=0,022; Rb=0,022xH

oymasu.

2 - masala. « =m/3,P = Popt,d = dopt Oynranga Ra=RaMun. P kyu
5 < P < 30kH opamukzaa, d mapamerp 1 < d < 3m. P Ba d y3rapummu Ounan Ra
HUHT KaHJIail Y3rapuiny aHUKJIaHCHH.

Euum. (1) myBoszanar tenriamanapaad Xa (X,) Ba Ya (Y,) Hu TommO

OJIaMHU3:

Xa = .
c+d

[M+q9.d.( ¢c+05d) —-P.c.cos( «) —-P.a-sin( «) ]

Ya = —P.sin( «)

by epnan:

2 25
— AP = —
n m
IOxopunarunapan 3pTrd0pra ojauod, peakisiapHu XUcooaainMu3:

X( i) M+qg-( ad -i+1) -Jc+05.( ad :i+1) 1-( 5+4P .j) -( c.cos( a) +a-sin( o) )
ij) =

c+( ad .i+1)

16



YCiD) = (5+aP ) sin( o) S(L) =y XCiD) e i) 2
(d, P) maiinonnna Ra HUHT KOHTYypau rpadUruHU yu3amu3. AOImcca YKu

Oyinua d Hu, opAuHATa YKUAa 3ca P HU KyaMu3.

200

600
400

200

0 200 400 600 200

S

F(i,)) yHKIIMS MUHYMHHM TOIUII YYYH KyHHIard IPOTPaMMaHHU Ty3aMu3:

BCiD) = VXCip ev( i
L= |ker« F( 0,0) L=0
for ie0..n
for je0..m
Bob « F( i,))
if Bob < ker
Z « 1000.i + |

ker « Bob

z
im Ba jm L=1000im+jm dopmyna &Epnamuna F(i,)) QyHKuusaN

MWHUMYMWHH TaAbMHUHJIIOBYU MUKAOPAAH I/I60paT.

L
im := flool —— | jm:= L — 21000 -im Popt =5 im=20 im =0
o '(1000] 2 P .

[TapameTpsiapHUHT ONTUMAII KUMMATH KyWuaarnda:

17



dopt ;= 1+ Ad .im Popt := 5+ aP .jm dopt =1 Popt =5

FOxopunarunapra acocan Ra MuHUMYM KuiiMatu OyHzail Oynaau:
F( im,jm) =492 Ra = F( im,jm) Ra = 4.92
[y 6unan Macana Tyna - TYKUC XaJl OYJIIu.

2- TONMHUPHK (KHHEMATHKA)

Moaauii HyKTa XapakaTi KOOpAUHATA ycyauaa Oepujraiaa Te3jiuk Ba

TE3JJAaHNII aHNKJIAIl

Moaauii HyKTa Xapakartu [t,, t; | opaaukma
x=x(t),y =y(t)

TEHIJIaMaJiap OujiaH OepuiiraH.

HykraHuHr Tpaektopusi TeHrjamacu Ty3wicuH, t=1 cekynn Oynranna

TpaCKTOpUAAAI XOJIaTH, TC3JIUIHU, TS'/J'Ia, pHUHMa Ba HOPMAJI TC3JIAHHUIIIN XaMIad

ATPUJIMK PAJNYCH aHUKJIAHCUH Ba yJiap WYHaAIMIIM TpaeKTOpUsiIa KypcaTuiacul (3-

JKajBan).
3-:kaaBaI

No X=X(),m y=y (), m ty,C ty,,C t;,C
1 2e7t+2 et 0 2 1

2 2sin (mt) +1 sin (2 rt) - 2 0 1,2 1/3

3 3tg (mt) + 2 ctg (zr t) + 3 0,1 1,5 1/3

4 4 sin®t -2 2cost+1 0 2 /6

5 | sin (mt) + cos (mt) sin (mt) - cos (mt) 0 3 1/6

6 3sint 2 Cos (21) 0 2,5 /6

7 el+ el el- e 0 0,5 0,5
8 2 cos (2t) 3sin’t+1 0 2 /6

9 (1/cos t)+cost (1/cos t)-cos t 0,1 1,5 /6
10 2 cos?t 2sin(2t) -1 0 2,5 /6
11 4/ cos? t 2tg*t 0,1 2 /3
12 4 cos? t cos (2t) +2 0 2,4 /6
13 ctg*t 2/ sin?t 0,1 1,5 /6
14 3 cos?(mt) 2 cos?( 2mt) 0 3 1/6
15 3sin (mt/2) 6 sin®(mt/4) 0 1,2 1/3
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16 2 sin? t 3 cos?(2t) 0 2,2 /3
Ne X=x(),m y=y(@{),m to,C t,,C t;,C
17 2 tg2t+3 4tg? t-2 0,1 1,6 /4
18 4 cos?(mt/2) 2 sin (mt) 0 1,8 1/6
19 2 sin? t sin?(2t) 0 1,5 /6
20 Ate1 2el/t 0,1 2 1
21 2 t? t*+2t%2+1 0 2 1
22 sin (7 t2/3)+1 sin? (m t%/3)-1 0 2,5 1
23 4 cos (m t2/3) 2/cos (1 t2/3) 0 3 1
24 t-1 t?-t-1 0 4 2
25 2612 (4/e2) +1 0 15 0,5
26 cos (m t2/6) -1 2cos? (m t2/6)+1 0 2 1
27 2 tg (mct/3) 3-tg?(mt/3) 0,1 2 1
28 In t+1 2In(2t+3) 0,1 15 e
29 JEi1 2 tZ +3 0 2,4 1
30 In(¢2) +1 In(t+2)-2 0,1 2 e

TonmmupukHu 6akapuil HAMYHACH
Macana. Mogauii nykra [0,1; 2] opanukia
x=VtZ+t+1m, y =V2t2 + 2t m; (10)
TEHIJIaMaJlapra Kypa XapakaT KUJIaJiu.

HykranuHr TpaekTopus TeHriamacu Ty3uicuH, t, = 0,1;t; = 0,2; t, = 2
CeKyHJ| Oyiranja TpaeKTOpHUSAaru XOJaTH, TE3JIMIW, Tyja, YPUHMA Ba HOpMaJ
TE3JIaHUIIM XaMmJla OJIPWIMK pPAaJdyCHd AaHUKJIAHCUH Ba ylap WYHaJIUIIH
TpaeKTOpHsiia KYpCaTUIICUH.

Euyum. Tpaektopus tenrnamacuuu tonum yuyH (10) ngaH BakTHUH
nykatamu3. byaunr yuyn (10) HM WKKajga TOMOHMHH KBajpaTra KyTapuO, XOCHII

Oynran udomaHUHT OUPUHUYUCUHM 2 Ta KYMaWTUPUO, CYHrpa HKKUHYUCUHU

alpaMu3:
{sz =2t +2t+2
y? = 2t% + 2t
2x% —y? =2
by epnan:
y =v2x2 - 2. (11)
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(11) mykTa TpaeKTOPHUSACHHU TEHIJIaMacHaaH wuoOopar. YHH rpaduru 3-

pacmaaruek Oymanu.

11.25

3-pacm 4-pacm
Tesnuk Ba TE3MAHWII  BEKTOPJIApPUHUA MOC  paBUIIA  KyWHJIard

dbopmynanapaaH aHUKIAHMU3:

V=1V, +j-V,
(12)
d=1-a,+7]-a, (13)
Oy epma 1,J — X,y YKIapHHUHT OMpIMK HyHanTUpyB4um Bektopmapu; Vy , Vy

TEC3JIMK BCKTOPUHHUHT, A, Cly 9Ca TC3JIaHUII BCKTOPUHUHIT KOOpJAHNHATA yKHapH,I[aFH

MpoeKLIMsIapuiad ubopar.

Hyxkra Tesnurunu anukiam y4yH (10) gan Bakt 6yiinda xocuiia ojlaMu3:

2t+1 2t+1
h=r—, = (14)
2Vt2+t+1 V2t2+2t

Hyxkra Te3nanumunu anukiam yuyH (14) nan BakT OVitndya Xxocuiia 0JaMus3:

4‘/t2+t+1—M 2‘/2t2+2t—M
o = Vez+t+1 _ V2t2 4+ 2t
x_ 1]

4(t2+t+1) Ay = 2t2 + 2t

(15)

Te3nuk Ba Te€3mMaHUILI MOAYIHM Kyiiuaaru popmyinanap/iadH aHUKJIaHAU:

2 2
V= V°+V, ,a=,a*+a,?
(16)
Hykra Te3naHUIIMHUHT TE3MUK HYHAIMIIUAArd NpoeKuuscu (ypuHMa

TE3JIaHUII) KyiujJarnia TOMIa IN:
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EKU

ar=—""""" (17)

N30x. Arap Te3nMKHHA OepHiIraH BaKTIard MOJYJIM HOJIra TeHr OYInb KoJica,

(17) noanuk 6ymamu (0/0), ypuHMa Te3/IaHUIIHU aHUKIA0 OYamaiiau. By xomnaa y
OyHJ1ail TONUIIAIu:

_ x+y(dy/dx)

a \/1 + (dy/dx)?

dV/dt xocunma onammarn wumopa mycOar (+) Oyica, HyKTa XapakaTH

(18)

Te3nanyBuu 0yub, d, Ouian 4 nyHanmumm oup xwi 0ynanu; Mmanduii (-) 6ynranma
Xapakar CeKUHJIaHyBuH 0Yuo0, d, Ounan v HyHaIMImM KapaMma-Kapuia 0yiaau.
Hopwman te3nanuim Kyitnaaru gpopmyina 6umian udoganaHaam:
(19)
UM3WKHUHT STPUITUK paANyCcu Kyhuaard GopMyiaiad TOMUIAIN:
p=V?/a,
(20)
t; = 0,2 cexkynanu (10) - (20) ra xyiicaxk,
x = 1,114, y = 0,693u;
Ve =0,629 m/c,V, =2,021m/c ,V = 2,116 m/c;
a, = 0,543 m/c? ,Qy = —3,007m/c? ,a = 3,056 m/c? ;
a, = —2,71m/c*,a, = 1,412 m/c*; p=3,172m
KenmuO Yukamu. bepwiraH BakT y4yH TE3JMK Ba TE3JAHUII BEKTOPJIAPHHUHT
HyHanumm 4-pacMaa KypcaTuiraH.
OHAM TE3NMMK Ba TE3JIAaHMIIHM KyTO KOoOopAWHATajgapuaa KaHjau
AHUKJIAHUIITUHU KYpuO uYMKaMu3. bepwiraH maiTna HyKTa TE3JIMTHA pajguan Ba

Kymajganr (TpaHcBepcai) Ty3yBYMIAPUHUHT T€OMETPHK HUFUHINCHIAH HOOpAT:

V="V +V,
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Oy epna l_/; (I_/)md) — paauan, l7p (I_/)tr) — KYHJAJaHT Te3JUK OYnuo, ynap

Kylujgaruya:

., V.7 L XV T
=t —p  h=—— i =xt @1)

(21) Hu JlekapT KOOpJMHATA YKJIapUTa MPOCKIUSIIACAK:

Vex +V,y Vex +V,y
o =Xy =y s o= [’ + Y (22)
Vpx=—x-y-Vy2+y2-Vx%y:xZ-Vy—Zx-ny;Vp
r r
= [V’ + V% (23)

V= [V2+1,° (24)
(22) - (24) ra con kuiiMaTIapHU KYyicak,
Vix = 1,360m/c,V,y, = 0,846 m/c,V;. = 1,601m/c; Vy, = —0,731.m/c?,
Voy = 1,175 m/c? v, = 1,384m/c?; V = 2,116 m/c?

kenu6 ynkaau. by Tesnukinap WyHanuiiapu S-pacMiia KypcaTuiranujaek 0ynau.

}y
15

10

15

S-pacm
Hykra Te3maHWImMHM XaM YHHHT paguayl Ba KYHIaJaHT (TpaHCBepcan)

Ty3yBUWJIAPUHUHT T€OMETPUK WUFUHAUCUAAH HOOpaT 1ed KapaiMus:

-

(25)

rz
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(25) au JlekapT KOOpAMHATA YKIApUTa MIPOSKIUSIIACAK:

a,x +a,y a,x +a,y
— y — il Y7 . — 2 2.
Uy =X ——3= Gy =Y T 5 &= At T ant (26)

—xX-y-a,+y*-a, x?

Apx = » Apy

Ay = XY Oy @7

T2 T2

ap =+ap? +ayy%a =,/a? +az. (28)

(26) - (28) ra con kuiMaTIapHU KYyiCakK,

Ay = —0,957M/02,ary = —0,596m/c?,a, = 1,127;m/c?

Apy = 1,5M/cz,apy = —2,411m/c? ,ay = 2,84m/c*;a = 3,058m/c?
keanb  umkamw. FOkopupmard — Te3UIaHMIUIAp — HyHamumuiapu — 6-pacmzia

KypcaTuiraHuaek oynaau.
-}!

15

6-rasm

Texmmpunaérran macamann Mathcad maketn €paamuna  eYWIITaHHHU

YHUHT IpOorpaMma OMHACUJaH Ky4dupaMus.

bepunran:
X(t) = x/tz +t41 y@) = «/2.t2 +2.40 () = \/X(t)z N y(t)2 t1.= 0.2
x(t1) = 1.114 y(t1) = 0.693 r(t1) = 1.311

Hyxkra TpaexkropusiciHi 4n3aMn3
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15

y@ty 10
y(t1)

6 0-0 5

0 2 4 6 8 10 12
X(1),x(t1)

Te3nuk Ba Te3naHUILIIAP Kyluaarnya aHUKJIaHAIM:

v = 0x0 v =3y v = vio? vy

o= S a0 = Svyn  a = Jaxw? s ayey’

dt
Vx(t1) = 0.629 Vy(tl) = 2.021 V(tl) = 2.116
ax(t1) = 0.543 ay(t1) = -3.007 a(tl) = 3.056
Ypunma Ba HOpMal Te3JaHUIUIAPU Xamja OJTPWIMK paauycu OyHaai
TOHI/IJIaI[I/I:
1.76 0.15
1.74 0.1
V(t) a(t)
RO Iy 7 7 0.05

7 0
-10-5 0 5 10 ~10 -5 0 5 10
t t
Vx(t) .ax(t) + Vy(t).ay(t
ar (t) = -2 )\/j;t) S an(t) := \/a(t)z_ar (t)2

2
ar(tl) = 2.71  an(tl) = 1.412 () V(?) b (tl) = 3.172
©oan(t
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0.02 0.15
0.01 0.1
ar (t) 0 an(t)

eee 0,05

-0.01

-0.02 0
-10 -5 0 5 10 -10 -5 0 5 10

t t

Te3nuk Ba Te3IaHUIIHU paanall XamMaa TpPaHCBCPCAI TY3YBUMUIAPHUIAAH

doiinanannd xucodbmanmMus:

Vradx(t) = x(1). (Vx(1) -x(1) + Vy(1)-y(t)) Vrady(t) - y(t).(VX(t)-X(t) + Vy(t).y(1))

r()° 108
2 2
Vir(t) - —X(1) -y (1) -Vy(t) 2+ y (1) V(1) Viry(D) X(£) - Vy(t) — x(t).y(t) - Vx(1)
L r(®°
Vradx(tl) = 1.36 Vrady(tl) = 0.846 Vitrx(tl) = -0.731 WViry(tl) = 1.175
Vrad(t) -— /Vradk()2 + Vrady (1) VIr (D) = Virx()2 + Viry (1)
Vrad(tl) = 1.601 vir(tl) = 1.384
V(1) = \/ Vrad(t)2 + Vtr(t)2 V(tl) = 2.116
0.5
1.72 0.4
vrad(t) - vi(y | 03
17 oo 0.2
0.1
1.68 0
-10 -5 0 ~10 -5 0 5 10
t t
aradx(t) := X(t).(ax(t).x(t) +ay(0)-y(1) arady(t) := Y(t)-(aX(t)‘X(t) +ay(0 y(t)

(1) r()°

2
x(8) y(t)-ay(t) +y(H-ax(t) atry () x(t)-ay (t) — x(t)-y(t)-ax(t)

atrx(t) =
r(H)? r(t)°
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atr (t) .= \/ atrx(t)2 + atry(t)2

aradx(tl) = —0.957 arad(tl) = 1.127
a(t) = \/ arad(t)2 + atr (t)2 arady(t1) = —0.596

arad(t) := \/ aradx(t)2 + arady(t)2

atrx(tl) = 1.9 atry(t1) = —2.411  atr(t1) = 2.84 a(tl) = 3.056

0.15 0.03
0.1 0.02
atr(t) arad(t)
550.05 =SF 0 0.01
0 0 -
-10 -5 0 5 10 -10 -5 0 5 10
t t

Te3nuk Ba Te3MaHWII, LIYHUHIACK pajvall Ba TPAaHCBEPCAJ TE3JIMK Xamja
Te3NIaHUIIIAp MYHATUIIMHU aHUKJIAIl Y4YyH KyHUJard mporpaMMaHu Ty3uo,

pacmaa TaCBUPIANMU3:

x0
X0 = x(th) Y0 = y(th) K= (XO + VX(t1) j
(0 ) (%0 (y0)
Y= 4o 4 vy ) V0= ) W= {y0)
o I o)
AX = Ay = A0 .=
X0 + ax(tl) yO + ay(tl) 0
15
‘y_(‘tz. 10
o
Ay 5
g
VyO0 . KA
25 2 4 6 8 10 12

x(t),Vx,Ax,Vx, Vx0

26



X0
XO = X tl = tl VradX =
X0,:= x(t1) ¥0,:= y(t1) Nradx (X0+Vradx(t1))

Vrady = ( ¥ j VX0 := (ij VyO( ¥ )
y0 + Vrady(tl) X0 yO

I IR P o)
Aradx -= Arady := A0 =
X0 4+ aradx(tl) yO + arady(t1) 0

vt ( 0 j vt ( 0 ]
A w0 4 virk(tl) A= 0 4 Viry(t)

x0
Atrx .= k } Atry .= ( ¥
X0 + atrx(t1) y0 + atry(t1)
15
15
y(t) 10
10 Vrady
X0, =
Arady 5 Vtry‘
[T f 5
Atry
O
op-£
0
0 5 10 15
- 50 x(t), Vradx, Virx, \Vx0

3- TONHUPHUK (TMHAMHUKA)

Moaauii HyKTa XapaKaTHHU XapaKTepJIoBYH

napaMeTpJIapHH TeKIIUPUIIL.

Moaauit HyKTa

7(0) = x(O)T+ y(©)] + r()k (29)

KOHYHTa Kypa XapakaTjaHaJH. YHra akTUB Ky4

F(t) = Fi (DT + F ()] + Fi,(O)k

Ba MOJJIMI HYKTa TE3JIUTUTA MPOTOPIIUOHANT OYIraH KapIIuiInK KyqdH

27



R(t) = —aV(t)
ta’cup Kuiaaan.by epaa a-npornopuuoHaIuK KO3GGUIUCHTH.

t = t) BakTIa KyluJaaru napaMeTpiapHu:

1) Monaauii HyKTaHHHT OepHIraH XapaKaTHHA TabMUHJIOBYN ﬁz KYYHH BaKT
opkaym ndogacw,

2) Baktaunr O Ba t), opajurumara ﬁl(t), 132 (t) Ba R (t) napuuHr OakapraH
I,

3) ﬁl (1), ﬁz (t) Ba ﬁ(t) Jap UMITYJIbCHHHM BaKT OpKalud HQOIach Xamja
ynapauHr (0, t),) uHTepBaIaru radur;

4) Mopaauii HyTa TE3IMIH KaHmail t = t; ma V, Oyauiim, Ma3Kyp BakTaa
Kywlap HMIYJIbCIAPUHUHT KOOPAWHATA YKJIapUAard MPOCKIHUSACH Xamja HYyKTa
XapakaT MUKJIOPUHUHT MOAYJIMHH aHUKJIAII KepakK.

TonmmpuKHUHT Xamma BapuanTaapuga M = 3Kg, Fi, (t) = ay(t), Fi,(t) =
bz(t) ,F,(t) =cx(t), a = 2HIm, b = 0,52H/m, ¢ = 0,82HIm 1e6 xabOyn
KHJTUHCHH.

TonmmpukHE OaKapuIll y4yH 3apyp Hapamerpriap 4-xafBajijiaH OJHMHCHH.

Kaobapu 5-xaaBanga KeITUPUITaH.

4-xkapBan

R A L R L
1 55123 | 5 3 2 2 13 ] 2 3 | 31|07
2 3 23] 5 3 2 12 11| 2 1 3 | 3107
3 3 2 5 3 25 |12 |2 | 3| 2 3 | 3107
4 4 5 3 1 2,5 1 13 ] 2 2 | 3107
3) 4 2 3 1 28 1084 | 1] 5 2 | 2|07
6 2,7 | 2 |13 | 1 28 {082 1] 5 25| 3|07
7 1,71 6 |13 ] 5 3 1512 |-2| 2 4 | 3 |17
8 371 4 | 33| 5 3,4 1 (2703122354 |12
9 371 2 | 73] 5 2,4 1 |2 (15| 2 |-15| 4 |12
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10 27 2 43 -2 | 28 |16 | 3 |15 4 |-15| 4 |16
11 4,7 | -2 3 -2 | 34 (12| 4 |15 4 | -1 [3,7]2.2
12 6 3 5 |18 | 24 |12 | 4 |25 2 |15 17|05
13 3 3 4 128 | 24 |12 |4 (25|33 |-15|4,7|18
14 6 -3 2 6 26 |18 |-2| 4| 3 2 | 5|38
15 1 -3 7 2 26 |14 |4 |-5| 2 |25 27|25
16 6 4 3 2 36 |12 |3 |-3|15]25 35|15
17 6 -4 2 2 3 15|13 |2 13|35 (45|25
18 2 5 5 2 32 |14 25|18 17| 3 | 4 |35
19 -3 |42 6 5 4 06 |35 2 |-22| 2 |48|15
20 -4 | 32| 2 -3 4 12|13 |2 | 2 4 13825
21 5 2 4 3 5 15125 2| 3 2 36|15
22 -2 |32 | -3 |14 3 1 |35 2] 3 -4 14625
23 4 32| 2 | 34 3 1413 2| 1 3 32|15
24 S |42 -2 | 14 4 24 |2 15| 1 -3 13,8(2,6
25 2 |42 -3 | 34| 45 |22 |4 1] 2 -1 135]1,6
26 -6 | -4 2 4 4 12 |-2| 3| 3 -4 13,326
27 4 -2 2 4 35 116 | 3 | 4| 3 2 38|16
28 2 -3 5 4 38 (12 |1 (32| 3 |-24|3,2|2.2
29 -5 | -2 3 1 31 |14 | 2 |36]|35|-21(38|17
30 4 5 | 34| 2 36 | 15| 3 |45 25| 3 (43|23
S-skaaBaJ
Bapuant No “Kapobiap
1 1.11.2,21,2.2,33,34,43

1.3,14,2.4,25,3.1,3.5,4.2

1.5,2.2,23,33,3.5,4.1

1.3,1.4,24,25,3.1,3.2,4.2

1.1,15,21,25,3.2,3.3,43

OO B WDN

1.3,14,2.4,25,33,3.5,41
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7 1.2,15,2.2,26,3.1,3.3,43
8 1.2,13,2.2,24,3.3,3.4,4.2
9 1.3,1.4,25,2.6,3.3,35,4.3
10 1.5,2.2,23,3.1,34,41

11 1.2,14,2.2,25,3.3,3.4,4.2
12 13,14,21,24,3.1,3.2,43
13 1.1,12,25,26,33,34,41
14 1.5,2.2,2.3,3.1,35,4.2

15 1.2,13,24,25,3.3,35,4.3
16 13,14,21,22,3.1,3.2,4.2
17 1.1,13,2.2,26,3.3,3.4,43
18 1.2,15,2.2,26,3.1,35,41
19 1.3,14,2.2,24,3.3,3.4,4.2
20 1.1,1.2,2.4,25,3.3,35,4.3
21 1.5,25,26,3.1,3.2,4.1

22 1.5,25,26,3.1,3.2,4.1

23 1.2,13,2.2,2.3,3.3,34,42
24 1.1,15,22,23,3.1,35,4.3
25 1.1,15,2.2,23,3.1,35,4.3
26 13,14,21,22,3.4,35,43
27 1.1,12,21,25,3.2,34,41
28 1.3,1.4,23,2.6,3.3,34,42
29 1.2,15,23,24,3.2,34,4.3
30 1.3,14,2.4,25,3.2,3.3,4.2

3- TONMUPUKHH 0aKAPUII YYYH HAMYHA!

bepunran:
x(t) =2 cos mt (m); y(t) = 4sin «t (m); z(t) = 0,5t (m);
u = 0,4 Helm; m = 3kr; t;,=1,5¢; V;=10m/c (30)

Eanw.l. F,=F,(t) uu Ba t=1t, MoMeHTHAarH F, Ky4 MOJYyJId Ba
WYHAINIIVUHA aHUKJIAUMHA3.

(29) nan QoiimanannO HyKTa TE3JIUTH Ba TE3JIAHUIIMHU XUCOOJIaHMU3.

Hyxkra Te3nmuk BEKTOpW Ba TE3JaHUII BEKTOPH MOC PaBHINA KyWHaaruda
oynaau:

V(®) = V(DT + V(0] + V,(Ok; @) = a,(OT+ a, ()] + a,(Dk  (31)
30



Oy epaa L7, k - x, Y,z Yxnapunune 6upnux eekmopnapu; Ve (t), V,, (t), V,(t) —
V(t) munr a,(t), a,(t),a,(t) — d(t) wnune npoexyusnapu. BynapHu aHMKIAII
yuyH (30) maH BakT Oy¥irua OMPHUHYM Ba HKKHHYM TapTHOJIN XOCHIaIap OJaMHM3.
V. (t) = x(t) = —2m sin(mt) , 1, (¢) = y(t) = 4w cos(mt),
V,(t) =z(t)=05 (32)
a,(t) = —2m? cos(nt), a,(t) = —4n? sin(mt),a,(t) =0 (33)

Tesnuk Moaynu OyHAal TOMUIAIN.

V() = V(O + V(D)% + V(D) (34)

6u3 OWIAMU3KH Macaia LiapTura kypa momamii Hykrara Fy(t),F,(t) sa E(t)
Ky4iap Tabcup Kwiagud. Momuuii HyKraHuHr audQepeHnnan TeHrIaMalapu
Kyhugaruda 6ynaau.
mi(t) = F () + Fox(6) + Ry,
my(t) = Fy,(t) + F,, (t) + Ry, (35)
mzZ(t) = Fi,(t) + F,,(t) + R,.
(35) nam:
F,,(t) = mi(t) — F,.(t) — R, = —2mm?cosnt — 4asinmt — 2umsinmt,
F,,(t) = my(t) — Fy,(t) — R, = —4mmn?sinnt — b - 0,5t + 4uncosnt, (36)
F,,(t) = mZ(t) — F,,(t) — R, = —2ccosmt + 0,5u.

KeJINO YUKaIH.

F, (t) xyu Mmooy

Fz(t) = \/FZx(t)Z + FZy(t)z + FZz(t)Z
(37)

ﬁz (t) KyuHUHS UYHATMUPYEYU KOCUHYCIAPU

- Fxt N F (t) oA T FZ t
cos (F,»,7) =Fz—((t;, cos (F,,)) = Fzy(t) , cos (F,", k) =FZZ—8

(38)
t =t o6ynranaa (36)-(38) kyitumaruya Oynaau:
F(t,)=10,513H, F,,, (t;,)=118,060 H, F,,(tx)=0,2 H; F,(t;)=118,52 H

cos(F,™,7) = 0,089, cos(F,",]) = 0,996, cos(F,", k)=0,002
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Z.ﬁl(t),ﬁz(t) Ba R(t) kywiapauar (0, t,) uHTepBamgard Oakaprax

UIUIApHU XUCOOAII.

Fy(t), E,(¢t) Ba R(t) 6ascapean ww:

Ap, (6) = fy Fy(6) - V(©)dt = [ (Fia(OVa(6) + Fiy (OO, (6) + Fi, (), (0) ) dt,

Ar,(6) = f; Fy(6) - V(0)dt = [} (Fau(OV(E) + Foy (O, (8) + Fap (V1) ) dt,

Ar(D) =f ﬁ(t)-l?(t)dt:f(Rx(t)vx(t)+Ry(t)vy(t))dt+
0 0
+J; R,(DV,(D)dt
(39)
t = t,6yneanoa.

Ap, (&) = —39,772K, Ag,(ty) = —78,513)K, Ag(tx) = —59,368/K.

3. ﬁl(t), ﬁz (t) Ba R(t) UMITyJIbCTIapUHU BakT opkanu udomacu Ba (0, t;)
WHTEPBAJIIATU YIAPHUHT IpaQUTrHHA aHUKJIAII.

Fy(t), F,(t) Ba R(t) UMITYJIbCIAPUHUHT  KOOpJIWHATA YKJIapHIaru

MPOCKUMSUIApU MOC PaBHIIIa Kyduaaruda Oynaau:

S, (t) = fot F,(t)dt = 4a fotsinndt = (4a/m)(1 — cosmt),
(40)

Sy (t) = [J Fy, ()dt = 0,5b [ tdt = bt?/4
(41)

S,,(t) = fot F,(t)dt = Zcfot cosmtdt = Z%Sinnt;
(42)
S (t) = fOt F,, (t)dt = fot(—ZmTL'ZCOST[t — 4asinmt — 2amsinmt)dt =
=2mursinrt+(4ar+2a)(1-cosnt), (43)

t t
Say(t) = f F,,(t)dt = f (—4mm?sinmt — 0,5bt + 4amcosmt)dt =
0 0

2
= —2mm(1 — cosmt) — b% + 4asinmt, (44)

S5,(8) = [, Fp,()dt = [ (—2ccosmt + 0,5a)dt = —2;0 +0,5at; (45)
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Sry = fot R, (t)dt = 2um fotsin mtdt = 2u(1 — cos mt), (46)
Sry = fot R,(t) = —4un fot cos mt dt = —4um sin mt, (47)

Srz(t) = [ R,(O)dt = —0,2 [, dt = —0,2¢ (48)
Maskyp ummynsciapausr rpaduruaa Matchad €pnammna keliuHpoK Kypuod
YUKaMU3.
4. Monauii HyKTa TE€3JIMK MOIyau V; ra spuIllaiuraH 3HT SIKUH MOMEHT
t = t; HMBA Iy MOMEHTAATH Ky4Jap UMIYJIbCIAPUHUHT MUKIOPHU, HYKTa XapakaT
MUKIOPUHUHT MOJIYJIMHU aHUKJIAII.
t = t, Hu aHuKam yuyH (34) popmynanan organanamus:

VZ = 4n? sin? mt + 1612 cos? wt + 0,52

Oy epnaH

1 VZ - 0,5% — 42
1 = —arccos Tom2

) = 0,247c.
KeJINO YUKaIH.

t = t; Oynranga Te3JIUK IMPOCKIMICH, MOJYJIM Ba HYKTa XapakaT MHKIOPH
KyWuarnya:

Vix = —4,403m/c,Vy, = 8,964 m/c,Vi; = 0,5m/c;

t = t, uu (40 - 48) ra kyiicax,
S1x = 0,73Hc, S1,, = 0,007Hc, S;, = 0,357Hc;
Syx = —14,169Hc, S5, = —9,692Hc, S,, = —0,307Hc;
Srx = 0,229Hc, Sg,, == 1,121Hc, Sg, = —0,049Hc
KeJINO YHUKaIH.
Duan Macanann Matchad wmarematnk makeT €paamuaa KaHaad CYHIIHU
KYpHuO YMKaMu3.

bepunran:
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Il
)

3
the= =2 m;:= ¢ b: = 0.t d :=0.¢ =0

AAA/ : A(;\A

X(t) := 2-cos(m-t) y(t) := 4-sin(m-t) z(t) := 0.5t V1:=1(

Mopauii HyKTa TE3JIMTHHHUHT IPOCKUMSAIAPU Ba TE3JIUK MOIYJIH MOC
paBHIIA KyHugarnya:

._d ._d _d
V(D) =) WO =y VD =20y = v - W+ v
W(t) > —2-m-sin(n-t)  W(t) > 4-m-cos(n-t) Vz(t) - 0. V(tk) = 6.303

MOI[I[I/Iﬁ HYKTa TCIJIAHWIIMHUHI IIPOCKUUAIIAPHU Ba TC3JIAHUII MOIYJIU MOC

paBwuia OyHaan 6ymaau:

ax(t) == Lwt) ay(t) := L w(t) az(t) = L V()
ot ot ot

a(t) = ) + ay()> + az(t)’ a(tk) = 39.478

%
F1(t) HuHTr OpoeKIMsIapH Ba yJApHUHT OakapraH HIIM MOC paBHIIIA

KYﬁHHaFan TOMWJIAAN.

b:=2 c:=0.! d:=0.¢ =0
F1xXt) :=b-y(t) Fly(t) := c-z(t) Flz(t) :=d-Xt)
t
Al(t) ::J (FIX(t)-WX() + FLy(t)-Wy(t) + F1Zt)-Vz(t)) dt Al(tk) =-39.772
0

9
F2(t) HUHT TPOEKIUSJIApU Ba YJIApHUHT Oa)kKapraH WIIM MOC paBHUIIA
KyWuarnya aHuKJIaHaIu:
F2Xt) := max(t) — FIXt) + p-WX(t) F2y(t) := may(t) — F1y(t) + n-W(t)

F2Z(t) := maz(t) — F1Z(t) + p-Vz(t)

t
AR(1) 1=J (RX(t)- (1) + Ry(t)-Wy(t) + Rz(t)-Va(t)) dt
0

t
A2(t) :=J (F2x(t)-WK(t) + F2y(t)-Wy(t) + F2Zt)-Vz(t)) dt A2(tk) =-78.513
0 o0




DHau t] BakTHH XUCOOJIalMU3:

Vi = 1C f(t) = VIZ — \(t)° t1:= root(f(t),t,0,0.3 t1=0.247
Mopanuii HyKTaHUHT XapakaT MUKIOPH OyHai O0yiamam:
m-V(t1) =30

F 1(t) Ba F 2(t) xywiap WMIYJIbCIAPUHUHT MPOSKIHSICH MOC pPaBHIIA
Kylugaruya:

t

t t
SIX(t) :=J FIt) dt  Sly(t) :=J Fly(t) dt  Slz(t) :=J FlA dt gy(p) .= \/Slx(t)z 4 Sy()2 + SLz()
0

0 0
Six(t1) =0.73 Sly(t1) = 7.636x 10 3 S1z(t1) = 0.357 S1(t1) =0.813
t t t
2X(t) = J F2x(t) dt K2y(t) := J F2y(t) di S2z(t) = J F2Z(t) dt
0 0 0

t

t t
SRX(t) 1= J R(t)di  SRy(t) :=J Ry()dt  SRz(t) :=J R(t) d S2(tl) =17.169
0 0 0

SRx(t1) =0.229 SRy (t1) =-1.121 SRz(t1) =-0.049 R() = \/SRX(DZ + SRy(t)Z + SRZ(t)Z
SR(t1) =1.146

KOxopuaru Ky4 UMIyJIbJIapHUHT Tpadukiapyu Kyhdugaruya oynaau:
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HA3APU MEXAHUKAJIAH XUCOB-TPA®UK UIILJIAPUHUA
BAXKAPHUIITA TABCHUSI BA YMYMMM TAJIABJIAP

Tanabanap TonmMpuKHM Oa)kapulll Y4YyH aBBall Haszapusga OepuiraH
MaB3yJIapHU YYKYp TaXWJ KWJIUIIM, Ha3apHsla Ba aMaJIMETAA Xall 3THITaH MUCOJI
Xamja MacajaJlapHM Y3JalITUPUIIMA JI03UM. TONMMPUKHU OakapuIiiia pacMHU
MacmTad TaHnad KajlaMJa YM3UIIM Ba Macaja MAapTUHU €30 OJIMIIM Kepak.
Pacmpa Gapua Oypuakiiap, >KMCMJIap COHM Ba YJApHUHT >KOWJAIMIIM Macaia
HIapTUra MOC KEJIUILH JO3UM.

Uusma aHMK Ky3ra TallUIaHWIIW, YHUHI YJI4aMiIapu aHUK KypCaTHUIUIIN
mapT. Macana eywirasja KMcKa TYLIIYHTUPHIN OepuiMInu, KaHaal (opmynanap

€Kkl TeopeManiap KYJUIaHWIIM, Y €ku Oy HaTwKajlap KaepJaH KeJlud YMKKAHJIUTH
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Mydaccan TYNIYHTUPWIHIIN, XHUCOOJANUIAPHUHT OOPHINU TYJIWK KYpcaTHITaH
OYIUIIM [apT.

Tonmmpuk A4 dopmarnaru ok Koro3nga OaxxapuiinO, Takpu3 YUyH KO
(momst) kommupmiamu. HOkopumarn Ttamabmapra »kaBoO OepmaiiuraH uILIap
TEKIIUPUIMACAAH Ty3aTUIl yuyH KailTapuO Oepunanu. Tanabanapra TONmupuK Ba
TONIIMPUK BapUAHTIAPUHU Y3JTapUHUHT aMaIUET ycTo3napu Oenruinad oepaau.

Bapuant Oyitnua OaxkapuiMaraH MYyCTaKWI Ba XHCOO-TpauK HILIapu
XUMOSI KWJUINTa KyWuIManan. XucoO-rpaduk unuiapu YKyB rpaduru Oyiinda
xuMosira Kyiunaau. Tanaba TONIMUPUKHM XUMOSI KujaéTraHja amMalidid
MalIFyJI0TAa Xajl 3TUJIAJUTraH TUIMK Macaja €YMIIHU XaMmJa TOMIIUPUKKA MOC
KeJraH Ha3apuil caBojulapra >kaBo0 Oepa onumm kepak. Tamabamap Takpus
KWIyBUMra Oup iymna Oup HeuTa XucoO-rpaduk UIUIAPHU OJUO KEJUIIU TaBCHUS
ATWIMANIN, YyHKH TaKpU3 KWIKII Keunkanu. Hatuxana tanaba KaMYWIMTHHU V3

BaKTH/a OMIMO Ba YHH Ty3aTa OJIMaiIu.
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