BBEJIEHHE

JlanHas kypcoBasi paboTa Aa€T BO3MOXHOCTh 00Jiee JeTadbHO U3YYUTh TEOPETU-
YECKHE BOIIPOCHI MEXAHUKH CIUIOMWHBIX cpell. [IInpoko ucronap3yeMble 3JIEMEHTHI BEK-
TOPHOT'O aHaJIM3a U TE3UCHOT'O UCUMCIICHUS MO3BOJISIOT YCBOUTHh HAanOoJiee BaXKHbIE CO-
oTHolleHUs. MHAEKCHbIE 0003HAYEHUS 3HAYUTEIBHO COKPATWIM U YIPOCTHIIHA 3alUCh
dbopmyt.

IlepBast yacTh KypcoBOW paOOThI MOCBSIIEHA TEOPUU HAMNPSHKCHUM, HANPSKEH-
HOMY COCTOSIHUIO B TOYKE.

Bropas yacTh mocBsiieHa BorpocaMm Ae(pOpMUPOBAHHOTO COCTOSIHUSI B TOYKE, a
TaK)Xe Croco0aMu MPeJCTaBICHUS JBUKCHUS CIUIOIIHOW Cpebl U ONpeesieHus nepe-
MEIIeHUH, U T. JI.

[TocnenoBaTenbHOCTh pEMIEHUS MaTepUana OCHOBBIBAETCS HA MPUHLIMIIE IOCTE-
IIEHHOTO BBEJCHHS HOBBIX MOHATHUM, OMUPAOIINXCS HA YK€ U3BECTHBIE, pAHEE BBEIEH-

HBIC.






3ananue 1Ji KypcoBOM padoThI
Tabmuna 1 — Yacte 1. BapuanTs! 3a1aauii 17151 KOHTPOIBHBIX paboT

Ne TeH30p HanpsLKEHUI Martpuna HanpasJIsIOIUX KOCUHYCOB Hamnpasusromue
BapraHTa Oy | On O33 O | Oy | Oy oy, ap a; y, Uy 225 223 Uy Us3 n n;
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1,26,51,76 | 10 15 8 4 7 9 -1 0 0 0 J3 1 0 1 J3 0,3 -0,6
B3 2 2 _7
2,27,52,77 | 12 16 10 5 9 11 -1 0 0 0 ﬁ l 0 l ﬁ 0,6 -0,3
B3 2 2 _7
3,28,53,78 3 8 7 10 15 19 -1 0 0 0 ﬁ l 0 l ﬁ 0.4 -0,8
B3 2 2 _7
4,29,54,79 9 6 3 12 5 7 -1 0 0 0 ﬁ l 0 l ﬁ 0,8 04
B3 2 2 _7
5,30,55,80 | 18 12 10 7 8 4 -1 0 0 0 ﬁ l 0 l ﬁ 0,33 -0,75
B3 2 2 _7
6,31,56,81 | 21 7 3 9 6 3 1 0 L 0 -1 0 L 0 _L 0,75 -0,33
N N g %
7,32,57,82 | 24 14 18 11 12 6 1 0 1 0 -1 0 1 0 _L 0,5 -0,25
G G 7 5
8,33,58,83 | 13 10 5 2 1 3 L 0 L 0 -1 0 L 0 _L 0,25 -0,5
g N g %
9,34,59,84 | 11 16 17 3 7 12 L 0 L 0 -1 0 L 0 _L 0,8 -0,2
N 7 7 5
10,35,60,85 | 14 9 3 8 5 2 1 0 L 0 -1 0 1 0 _L 0,2 -0,8
N N g %
11,36,61,86 | 6 3 2 9 8 7 J3 1 0 0 0 -1 1 J3 0 0,7 -0,45
2 | 2 2 | 2

[Tponomxenue Tadausl 1




1 2 3 4 5 6 7 8 9 10 11 12 | 13| 14 | 15 16 17 18
12,37,62,87 | 12 | 16 8 14 9 6 J3 1 0 0 0 -1 113 0 0,45 -0,7
2 2 2 1 2
13,38,63,88 | 15 | 12 10 18 4 5 J3 1 0 0 0 -1 IR ENE) 0 0,8 -0,6
2 2 2 1 2
14,39,64,89 | 17 8 14 9 5 2 V3 1 0 0 0 -1 L3 0 0,6 -0,8
2 2 2 | 2
15,40,65,90 | 2 10 15 21 11 ] 18 3 1 0 0 0 -1 L3 0 0,55 -04
2 2 2 | 2
16,41,66,91 | 19 7 6 13 | 21 4 B 0 L 0 B 0 -1 0 0.4 -0,55
V2 2| V2 V2
17,42,67,92 | 10 8 2 5 14|25 | 1 0 L 0 B 0 -1 0 0,65 -0,5
V2 V2| V2 V2
18,43,68,93 | 9 5 2 11 7 14 | 1 0 L 0 1 0 -1 0 0,5 -0,65
V2 2| V2 V2
19,44,69,94 | 16 7 10 3 9 1 B 0 L 0 B 0 -1 0 0,44 -0,63
V2 2| V2 V2
20,45,70,95 | 1 3 8 4 9 11 J3 0 1 1 0 J3 0 -1 0 0,63 -0,44
2 2 2 2
21,46,71,96 | 3 12 5 18 | 13 4 3 0 1 1 0 3 0 -1 0 0,75 -0,15
2 2 2 2
22,47,72,97 | 10 5 15 10 | 11 7 3 0 1 1 0 3 0 -1 0 0,15 -0,75
2 2 2 2
23,48,73,98 | 3 14 25 5 7 8 3 0 1 1 0 3 0 -1 0 0,8 -0,35
2 2 2 2
24,49.74,99 | 7 6 1 4 10 6 J3 0 1 1 0 J3 0 -1 0 0,35 -0,8
2 2 2 2
2550,75, |4 | 1 | 6 | 7 210 B o0 | 1t o[yl o|-1] o0 02 | -03
100 2 2 2 2




Yactp 2

Tabnuna 2 — BapuaHThl 3ajaHU# 111 KOHTPOJIBHBIX padoT

No BapuanTa X X, X3
1,26,51,76 | nt* +21° 2nat’ nat*
2,27,52,77 | 2y, +5¢° Mot N3t +3t
3,28,53,78 | 3t Smat+3t nst’
4,29,54,79 | 4nt’ +1° 3Nt +5t st
5,30,55,80 | 5;,° — 21 4nat? oM+t
6,31,56,81 | 6n,* 3Nttt 2nst’
7,32,57,82 | Int’ -2t Mat’-3t 4ns+t
8,33,58,83 | 8 +1' 4ot 35t
9,34,59,84 | omit'+t’ Mot Smst+4t
10,35,60,85 | mit*+t 2ttt 3nst’
11,36,61,86 | mit'+’ 2ot 43t 4nst
12,37,62,87 | mt' Smat-t? st-t°
13,38,63,88 | 3mit*+t Mot 3¢ 6Mst
14,39,64,89 | 4nt+3t° 3t Onst?-t2
15,40,65,90 | 5n+t 6Mat>-t° Nat+H2t
16,41,66,91 | T t-t* 4nt-3t 2n;t-t
17,42,67,92 | 8n,t>-3t ot Mat’-2t
18,43,68,93 | 3n,t*+3t’ Mat>-2t st
19,44,69,94 | nit’-2t* Na-4t° nst*-8t

20,45,70,95 | nit™+5t Mot’-3t nst-6t>

21,46,71,96 | 3nt>-5 4n,t>-4t nat>+5t
22,47,72,97 | dnit+et’ Mot nst’
23,48,73,98 | nit’-t’ Mot-t* Nat-2t
24.49.74,99 | 6nt+3¢ motH2t? Nat+36°
25,50,75,100 | 7mit-t Mat>-2t nat>+t*




3AJTAHUE Nel
1.1 KoMImoHEHTHI TeH30pa HAIPSHKEHU [alf].] B HOBOI1 JIEKapTOBOM CUCTEME KOOPIUHAT

3aJaHHBIX T&6J’IHL[€I>1 HaIpaBJIAIOMIKWX KOCMHYCOB lal]J MOKHO BBIYHCJIIUTDb ABYMS CII0CO-

Oamu:

a) Gy = ;0 (1)
rac Oy, Ay - KOMITOHCHTBI MaTPHUIl HAIIPABJIAOIIUX KOCUHYCOB,

0, - KOMIIOHEHTBI HICXOJTHOTO TEH30pa HAMPSHKEHUH.

0) [0',;.]2 [%‘J [O'ij] [azf]T’ 2)

rac o - MaTpuia HallpaBJIIIOIIUX KOCHUHYCOB,

0, - HCXOJIHBIM TCH30p HAIPSIKCHUH.

[Tpumep pacuéra.

10 1 0 -1 0 0
a) o,=| 1 20 41|; a,=|0 ? % )
0 4 30 . 1 V3
2 2
o) =00,04,0 T 0,0,0, + 010303  0)0,0y, + 00,05, +

i=1
j=1
k=13

+ 0,030, + 40,05 + Q30,03 + 030,05, = (D) * (=D *10+ (=D *0* 1+

3.

+(—1)*0*0+7 D*1+0*0*20+0*0*4+0*(-1)*0+

+0*0*4+0*0*30 =
T
-1 0 0 10 1 0 -1 0 0
6) o,=|0 ﬁ l * 1 20 4 |* 0 ﬁ —l =
/ 2 2 2 2
o L B\ A B
2 2 2 2




-1 0 0 100 1 0 -1 0 0
=/ 0 ACR U 1 20 4% 0 RN
2 2 2 2
1B 0 4 30 L1 B
2 2 2 2
-10 -1 0 -1 0 0
—10866 19321 1846 |*| 0 B
05 6536 -23981 f f/g
° 3 o
~10 0866 —0,5
—| 0866 26 —633 | Ml
~05 -633 24
1.2 HanpsbkeHue Ha IUIoIa ke, HOpMaib KOTOPO#H 3a/jaHa HapPaBJISIOIIUMU KOCHHYCa-

MMU.

ITonHBIM BEKTOp HANPSKEHUN PACCUUTBIBAETCS 110 HCXOAHOMY TEH30PY HANPSHKECHUN
0, ¥ HAalpPaBISAIOIIUMHA KOCHHYCAMH 7,,7,.

[TonHBIN BEKTOp HAIPSYKEHUM BBIYUCIISIETCS

o, = \/051 + O-jz + 0-33
ri€e o,,,0,,,0,, - IPOEKIMH IIOJHOTO BEKTOPA HANPSHKEHUH HE COOTBETCTBYIOIINE OCH

KOOpAMHAT:

O o.n.

/e

HopmanbHblil BEKTOP HANPSsKEHUN BBIYUCIISETCS IO ClIeayolei popmyre:
o, =0.,.n + o, ,n, + O, ;3N;.

nn

ni

[Ipoekuuto BeKTOpa o,, Ha COOTBETCTBYIOILIYIO OCh KOOPAMHAT HaXOJAUM U3 BBIPAKECHHS
O

nn;

= O-nnni
KacarenbHy0 KOMIOHEHTY o, JJIsl TOM %€ IUIOMIAJIKH C HOPMAJIBIO /i ONPEACIIsieM U3

PaBCHCTBA

2
O

2 2
nt + O-VIT = O_Vl
[Tpoekuuu BekTOpa o,. Ha COOTBETCTBYIOIINE OCH ONPEIEstOTCs 0 hopmylie:
Gnn' = Gni -0,

nni *

[Ipumep pemieHus.

735 08
n =9,9,
o,=|3 4 4|Mma, '
s 4 4 n, =-0,25.

n, =1-0,8> —0,25> = 0,55.

Iposepka:0,8> +(-0,25%)+0,55%=1;

o, =0, +0,n,+0o,n,=7*%0,8+3%(-0,25)+5%0,55=5,6-0,75+2,75 = 7,6 MlIla.
Gy = Oylty + Oty + Oy = 3%0,8+4%(=0,25)+4%0,55 = 2,4—1+2,2 = 3,6 MIIa.



O, =00 +0,n,+0,0, =5%0,8+4%(-0,25)+4*0,55=4-1+2,2=5,2 Mlla.
o, =7,6°+3,6>+52> =989 MIla.

o =7,6%08+3,6%(~0,25)+52%0,55 = 8,04MITa

o =c *n =804%08=64Mla

o,,=0, *n, =8,04%(-0,25) = -2,01MIla

o =0 *n =804%0,55=4,42MIla

nm3 — “n

1.3 uBapuaHThl TEH30pa HANPSKEHUH HAXOATCS 1O (popMyiam:
]l(o-) =0, 70y +03;

1
I, (0') = E(Jﬁaﬂ. - O'U.Gi].)
I, (0') = det[ai].]
Ha ocHoBe HHBapHaHTOB COCTABISAETCS XapaAKTEPUCTUUECKOE YPABHEHUE
o, — ]1(0')02 + ]2(0')0' —]3(0) =0;
['nmaBHBIE HANIPSKEHUS HAXOAATCS U3 XapAKTEPUCTUYECKOTO YPABHEHUS U YIIOPSAI0-

YUBAIOTCS CIEIYIOIIUM 00pa3oM:
0,)0,)0;.

TeH30p HANPSHKEHU MOXKHO Pa3JIOAKUTh HA JIEBUATOP U IIAPOBOM TeH30p 110 Gop-
MyJI€:
o, =A(c)+0’ =5,+6,0,,
rae  /J(c).G, - AeBHATOD HANPSDKCHHUIL;
9, - cuMBOJI KpoHekepa;
0, - CpEIHEE UM TUAPOCTATHYECKOE HAIPSKEHHUE.
KacarenbHble HanpspKeHUs 7,,, © HOPMaJIbHbIE o, Ha OKTa3pUYECKOMN IJIOIAKE Ha-
xoasTcs o hopmylie:
_0,+0,+0;
- ; :

1
Tozcm = E\/(Gl - 0-2 )2 + (0-2 - 0-3 )2 + (0-3 - Gl )2 .

Cpm = O

OKm

NHTEHCHUBHOCTD KacaTEIbHBIX HAPSKEHUM 7, U SKBUBAJICHTHOE HAIIPSDKEHUE o, BbI-
YUCIIAETCS U3 BBIPAXKCHUN

— 1 2 2 2
T _E\/(O-l ~0,) +(oy-0,) +(0,-0) ;
0,.=N3*T,.
YroJ1 BuJa HanpsKEHHOTO COCTOAHUS w, B TOUYKE CIUIOLIHOM Cpelibl HAXOAAT 10
dbopmyie:
3 0, — 0,

1 — ES
siny_ = —
T2 o

9K6

[Tapamerp Hamau — JIozne BBIYMCIUM O CIIEAYIOLIUM BBIPAXKECHUAM
W = 20,-0,-0, ’
0,~0;
u, = 3igly, -30°)
[Ipumep BBINIOSTHEHUSA:

10



7 3 5

o, =13 4 4 - UICXOHBIN TeH30p, MIIa.
5 4 4

I(o)=7+4+4=15,

I O_:O-n O |0 Oyl |Op 0-31:7 3+4 4+7 5:
’ Oy Oyl |0y Oy |0 oy |3 4 |4 4 |5 4 ’
7 35
4 4 3 4 |3 4
detlo,]=|3 4 4/=7 M MR
5 4 4

o’ —15¢% +220+16 = 0.
[TepBblii KOpEHb U3BJIECUEHHOTO YpaBHEHUS paBeH 2,2812.
Brinonnum nenenue:

o’ —150> +220 +16 |c —2,2812
o’ —2,2812 o’ —12,7190 - 7,015
~12,7196* + 220
_—12,71902 +29,015
~7,0150 +16
~70150+16
0.
o’ —12,7190 - 7,015 = 0;
D =12,719* —4*(=7,015) = 189,833;

12,719+,/189,833

ma.min 5 ;
o, =13.249c, =-0,53.

o, =13,249MIla;o, = 2,28MIla;o, = —-0,53MIla.

[IpoBepuM MpaBUIBHOCTh HAXOXKJICHHUS TJIAaBHBIX HAMPSIAKCHUN
I(0)=0, +0, +0, =13249+2,28-0,53 ~ 15;

I(0)= 0,0, + 0,0, + 0,0, =13,24%2,28 + 2,28 * (—0,53) + 13,249 * (—0,53) ~ 22;
L(c)=0,%0,*0, =13,249%2,28*%(~0,53) ~ —16/

0'0:%(01+0'2+63):§—5
o, — 0O, o), O3 o, 0 O 2 3 5 500
o, = o 0,, — 0, O, +0 o, 0|={3 -1 4 |+/0 5 0}
(o o 033, — 0, 0 0 o, 5 4 -1 0 0 5
oem = 0o =3
T = %J(w,zs ~2,28) +(2,28+0,53) +(~0,53-13,25) = 17’228 = 5,07MIla

7, = %J(w,zs ~2,28) +(2,28+0,53) +(~0,53-13,25) = 17\’/%28 = 6,95MI1a

11



o, =~3%9,95=12,041MI1a

V3 2284053
siny, =—*2" " —y =12°
Ve s T 2041 Vo
| 2%228-1325+0,53
Ho 13.25-0.53

1.4 TTocTtpoenue nuarpammbl Mopa ¢ COOTBETCTBYIOIIEH TOUKON HA HAKIIOHHOU
momaay n. 1.2. /Ing moctpoeHus Touky Ha quarpamMmMe Mopa HyKHO BBIYHMCIIUTD
COOTBETCTBYIOIIME Pa3MEpPhI, YKa3aHHbIE HA PUCYHKE 1.

R = \/(0’5(0'2 _0'3))2 +(U1 _02)(0'1 _0'3)*”’12;
R, = \/(095(0'3 _O'l))2 + (O'z _0'3)(0'2 _0'1)*”223

Ry = \/(095(01 -0, ))2 + (03 -0 )(0_3 - 0_2)>X< n
rie

n’ = opt (o-nn — 0, Xo-nn — 03 )

(0-1 — 0, )(‘71 - 0-3)
oo -oo.-a)
(0-2 — 0 )(0-2 - 0-3)
n? = pe (0, =)0, - O-z);

’ (63 -0 )(0-3 - 0-2)

, 5,75 +(8,04-2,28)(8,04 +0,53)

3

b

= 0,546;
BT 1325-228)13,25-0,53)
o575+ (8,04-13,25)8,04+0,53) _ 0374
? (2,28 -13,25)2,28+0,53) 7
) _ 5,75 +(8,04-13,25)8,04-2,28) _ 0.08

n

* (-0,53-13,25)-0,53-2,28)
Ilposepxa
n+n+n=1=
0,546+ 0,374+ 0,08 ~ |
R, = /(0,5(2,28+0,53))* + (13,25 — 2,28)*(13,25 + 0,53)* * 0,546 = 9,2MI1a;
R, = 1/(0,5(=0,53 —2,28))" + (2,28 + 0,53)*(2,28 —13,25)* * 0,374 = 59MI]a;
R, = J(o,5(13,25 —2,28))% +(=0,53 —13,25)*(=0,53 — 2,28)*> *0,08 = 5,75MITa.

3AJZTIAHUE Ne2
2.1 JlokazaTenbCTBO Mepexoja oT nepeMeHHbIX Jlarpanxa K nepeMeHHbIM Diijiepa
IPOU3BOASATCS BhIUMCIeHUS SIkoOuana

Ox,

1]
on ’
[Ipumep BBITIOJIHEHHUS.

3agaHo JBM>KEHUE CIUIOIIHOM Cpe/ibl B IEpeMEHHbIX Jlarpanxka:

I = #0;

12



X, =5nt+t;

x, = 4n,t’;

x, =3t +1.

Brrunciaum
ox, Ox, Ox
om,  Om, On,

(L= NPWE  : § UP

n; on,  0n,  On

ox, Ox, Ox,
on, On, On,

0

—(4n,t* )= 4¢%;

a772( " )

%(3773# +£1) =3

7

ai(snlt +£%)=5t.

Th
S50 0 2
det| 0 4 0 |=5" =512 —0)= 60" %0,
o o 3) 10

[Iepexo BO3MOKEH.

2.2 HaxoxaeHne KOMIIOHEHT TIEPEeMEIIeHUS OIS CKopocTeid B JlarpanxkeBoit ¢hop-
Me.

Komnonents! nepemerenus B JlarpamxkeBoit popme HaxoaaTcs mo Gpopmyre:

U, =n—x.

[Tone ckopocteit aedopmanuu B JlarpanxkeBoit popme MOKHO HAUTH CIEAYIOIIUM

o0Opazom:
_du,
oAt
[Tprmep BBITOTHEHUS.
JIB>KeHHe 3aJ1aHo B TepeMeHHbIX Jlarpamxka

x, =t =2t
x, =3n,t —4t;
x, = Snt’.

HaXOI[I/IM KOMIIOHCHTBI HepeMeI_HeHI/ISI
U =n _771t3 _2t2;
U, =n,—3n,t -4t
4
Uy =, =5mt".
KOMHOHCHTBI CKOpOCTeﬁ CICcAyromme

13



G = i(m - 771t3 _th) = _37712‘2 —4t;
dt
d

g, = 5(772 =3t —4t) =-3n, -4

d
&= 5(773 —5n,t") = 20m,8°.

Omnpenenenre MaTepruaibHOTO IpagueHTa qedopMaliil 1 nepeMenieHuil, OHU Orpe-
JENSAI0TCA 10 (popMyiaM:

xV = %;
n 877]
ov =| &% |
on,

[Ipumep BBITIOTHEHUS.

ox, Ox, Ox

on, 0n, On, £ 0 0
ox, Ox, Ox,

an 3 3 3 =10 3t 0 |
U 7, 5 4
Ox, Ox; Ox, 00 >
on, 0n, On,
ou, ou, oU,

on, On, On, 1-7 0 0
- ou, ouU, oU,

Uv, = 5 3 5 = 0 1-3¢ 0
n m, YR 4
oU, oU, aU, 0 0 I=3
on, 0m, Ony

2.4 Onpenenenne 6€CKOHEYHO MaNbIX U KOHEYHBIX JAedopmaruii mo Jlarpanxy Bbl-
MIOJIHSIET 110 CJIEAYIOLIUM BhIPaXKEHUEM:

1(oU, oU,
[, =—| —+ ;
" 2\on, ony,

B 1(8U,. LU, _au, aUkj

2

" 2lon, " on o, on,
[IpuMep BBITIOTHEHNS.

ov, 0 3 2 3
= D (g -l -2 =11
on o (m —m, )

l[aUz ,0U, U, oU, _au,,oU, au,, aU3] _
2\on, om, om, On, On, oOm, On, OJn,

11

Lzz =

:%(l—3t+1—3t—0—(1—3t)*(1—3t)—0):%(2*(1—3t)—(1—3t)2)=

=%(2—6t—1+6t—9z2)=%(1—9#)

2.5 OnpeneneHue TeH30pa JMHEUHOTO TOBOPOTA

14



1 an _ an .

) % on,
Wi,:l %—% :1(1—5t4—1—5t4)=0.
72\ on, on 2

Omnpenenenrne MHTEHCUBHOCTH JeOpMaIIMii CIBUTA BBITIOJIHATH 110 (hOpMyJIe:

li - %\/(Zn _122)2 + (122 _133)2 + (133 _111)2 + 6*(1122 +1223 +l321);

I[NOJATOTOBKA K CAAYE OK3AMEHA

HeobxoaumbIM yCIOBHEM JI0MTYyCKa K K3aMEHY SIBJISIIOTCS BBIMOJIHEHUE U 3al[UTa
KypCOBOM pabOTHI.
3ammrTa KypcoBoi paboThl mo Kypcy «MexaHnuka aeOpMUPOBAHUSI TBEPIOIO TeEiay
IIPOBOJUTCS B MUCbMEHHOM (opMe. 3a/1aua BHITIOJIHAETCS] MTUCbMEHHO, @ TEOPETUUYECKUI
BOITPOC OIPAILINBAETCS YCTHO.

Pemenue 3a1ay 1 0OTBET Ha TeOpETUUECKUH Borpoc oneHnBaercs no 100 6anbHOM
cucteme. MakcumalibHOE YuCII0 0auIoB 3a pPEIIeHHE 3a7a4 - 25, 32 OTBETHI HA TEOPETHU-
YeCKHe BOIPOCH - 75 OayuioB. B 3aBucuMocT OT HAOPaHHOTO CYMMAapHOTO KOJMYECTBA
OaJIJIOB BBICTABIISIETCS OLIEHKA TI0 CIEAYIONICH IIKase:

90...100 0aJUI0OB — OTJIMYHO;

75...89 6amioB — xopo1io;

55...74 6anyioB — y10BJIETBOPUTEIIHHO;
MeHee 55 6aioB — HEYAOBJIETBOPUTEIHHO.
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