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HCO6XOI[I/IMO ITPON3BECTU KHHEMATUYECKUM U CUJIOBOM aHAIW3 PBIYaKHOTO

MeXaHU3Ma ISITU3BEHHOTO Mpecca, cXeMa KOTOPOro n3o0pakeHa Ha pUcyHke 1.

Y
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Pucynok 1

Hcxoanble JaHHBbIE

MCXaHI/IBM, PacdeT U aHAJIU3 KOTOPOIro HCO6XO,Z[I/IMO IMIPOU3BECTH, a4 TAKIKEC UC-

XOOHBIC JaHHBIC IPEACTABIICHBI HUKC HA PUCYHKC 2.

== CxemMa:MexaHu3ma |- {McxonHbie AaHHbIe | ——
Mexarusm npecca .
OA =01 M
X = -03 M
Y, = 015 &
AB = 04 M,
BO, = 03 M;
BC = 03 M;
Y. = -01 wm;
@ =15 ¢
Pucynox 2
10.110 -
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CTpyKTYypHBIil aHAIN3

BbINonMHUM CTPYKTYpHBIM aHaIM3 MEXaHU3Ma, OH M300paKeH HUXKE Ha pH-
cyHke 1. Jlyist 3TOro paccunTaeM 4uciao MOJBUXHBIX 3B€HbEB N, YUCI0 HU3IINX KH-

HEMATHYCCKUX I1ap Py YUCJIO BBICHIMX KHHEMATHYCCKUX Hap Ps.

Pucynok 3
N=5
Pu =7
P =0

Ha ocHOBe 3THX JAaHHBIX PacCUMTAEM YHCJIO CTENEeHEW MOJABUKHOCTH JaH-
HOTO TUIOCKOTO MexaHu3Ma 1o ¢opmyie Yeowmmena [1]:
Wyy=5-3—-7-24+1-0=1
[Toctpoum rpad mexanuzma (pUCyHOK 2).

o) 2

BBB

BBII B

Pucynok 4
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Ha rpade 3eneHbpIM LIBETOM BBIJIETIEHA OAHO3BEHHASI OJHOIOABHKHAS CTPYK-
TypHas rpynna, KpacHbIM [IBETOM — CTPYKTypHas rpynna BBB, a chaumM — cTpyk-
TypHa rpynmna BBII.

Ha ocHoBe ananmu3a, MOCTpOEHHOro HaMM rpada MexaHu3Ma, IOCTPOUM

CTPYKTYpHBIi rpad MexaHn3Ma (pUCyHOK 3).

] v BBB
BBII

Pucynoxk 5

I'eomerpuyeckuil anaaus

Jl7iss IpoBeieHrs TEOMETPUUECKOro aHain3a HaM HEOOXOJMMO MOCTPOUTH
wiad 12-Ty MOJOKeHW MeXaHu3Ma B MaciTabe, Tak k€ Ha OCHOBE MOJTYyYE€HHOTO
niaHa noctpoum rpaduk pyskimu noioxenus (OII). JlanHble MOCTpoeHUs MpUBe-

JIEHbI HU)KE Ha PUCYHKax 6 u 7.
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Pucynox 7

JI71s1 3anmcy rpynnoBbIX YPABHEHUU U PELIEHUS UX, IPOHYMEPYEM CTPYKTYp-

HbIE IPYIIIBI TaK KaK 3TO MOKAa3aHO HA PUCYHKE §.

i
!
i

Pucynok 8

Teneps 3anuiiem rpynmnoBble ypaBHEHHs U1 KaxXa0u u3 tpex rpymi. Cocra-

BUM YpaBHEHUS JJIsl TPYIIIHI |:
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X4 = lycosq
{yA = [;sinqg (1)

Ha ocHoBe ypaBHEHUI, 3alIMCAaHHBIX HAMU JIJIsI IEPBOM TPYIIIBI, Mbl MOXKEM
HaWTH KOOPJIUHATHI X4, V,. [Ipon3Benem pasmbikanue rpynnsl |l B mapuupe B. 3a-
MUIIEM YCIIOBUS 3AMBIKaHUS: Xp, = Xp3, Yp2 = Yp3. 3AIUIIEM IPYIINOBbIE ypaBHE-
HuUs s rpynnsl 1

{xA + lycos9, = x, + l3c05¢;3 )

Ya t+ Lsing, = yo, + l3sing;
BBeaem BcriomoratenbHBIN yrool ¢,3 (pucyHok 8), Torma uz AABO; moy-
yaeM ypaBHEHHE CBS3H IS YTJIOB:
P2 = P23 T @3
Torna cucrema rpynmnoBbIX ypaBHeHUM Jyis rpymisl || mpumet Bu:
Xg + 12c05(P23 + @3) = X0, + l3c05¢3
Ya + Lrsin(@a3 + @3) = Yo, + l35ing;
ITocne ucnonb3oBanus GOpMYII 1JI1 KOCHHYCA U CHHYCA CYMMBI CUCTEMA MPH-

obpereT BUI:

Xq + 1;€059,3c08Q3 — I;sin@,3sings = xo, + l3c05¢;3
Ya t 15in@,3c05@3 + 1,c05@,35in@; = yo, + I3sing;

JlaHHasi cucTEMA ABJISICTCS JIMHEUHOW OTHOCUTEIBHO SINg@; U COSP3. 3aMe-
THUM, 4TO U3 TeopeMbl KocuHycoB 11t AABO; cnenyert:

AB? 4+ BOZ — A02
2AB - BO,

COS(ng =
Taxk >xe n3 cxembl BUAHO, YTO.

A0 = (xA - x02)2 + (YA — 3’02)2

3Has COSP,3 TOIYYUM SINQP,3:

Sing,3 = MyJ1— cos2¢,3 = /1 — c052¢,3

B nannom ciyuae u3 cxemsl BUuauM, 4to M = 1.
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PemnM nuHeHy0 cucteMy rpynmnoBbIX YpaBHeHU Juist rpytisl || MeTogom

Kpamepa:
. lycosy3 — 13 —1l,sing,3 . 5 ' ,
4= lsing,;  Lycospys — 3| (lyc05023 — 13)° + (I35ing,3)
A _|xo, =xa  —lsingys
cospz — yoz — Y, l2C05(P23 B l3 =

= (xoz - xA)(12505<P23 —13)+ (leisza)(J’oz - J’A)
l2COS(p23 - l3 x02 - xA

l;sing,; Yo, — YVa

Asin(p3 =

= (lycos5¢,3 — 13)(3’02 - YA) - (xo2 - xA)(lzsingom)

Torna nonyyaem:

COSDa = (xoz - xA)(12505<P23 —1l3) + (leisza)(J’oz - J’A)
s (lzc08@,3 — 13)? + (I35ing,3)?

(lycos¢y3 — 13)(3’02 - YA) - (xoz - xA)(lzsing023)
(lzc08@,3 — 13)? + (I35ing,3)?

3Has KOCUHYC U CUHYC YyIJla (3, HAllJIeM KOCUHYC U CHHYC YIJIa (05’

singp; =

COSP, = COSP23C0SP3 — SINP,3SiNQP;
Sing, = SiNQY,3C0SP3 + COSP,3SinQP;

Torna nys koopauHaT Touku B nmeem:

Xp = Xg, + l3c05¢;
L ®3)
YB = Yo, T l35InQ3
3anuiieM rpynnosble ypaBHeHHs i rpynmsl |11, koTopeie omnpenensroT
¢ynkiuto nonoxxenus (OI1):
Xc = xg + lycosqp,
Yc = YB T l4SINQ,

Tak kak y. = const, To U3 BToporo ypaBHeH#us (4) mOay4duM Sing,, a momiy-
YUB SiNQ, HAUJAEM U COSPy'
Yc — VB

Ly

sing, =
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cos@p, = M\/1 —sin?¢@, = —/1 — sin?q,

3necb M — cnocoO cOOpkH, IIsl TaHHOW CTPYKTYpHOU rpymnnel M = —1.

Torna xoopanHara X; (QyHKUMU MOJIOKEHUS IJIs JAHHOTO MEXaHU3Ma MpU-
MET BUI:

Xc = xg + lycosqp,

[lomy4ynM YUCIIEHHOE PelleHne I OJHOTO M3 Hojoxkenuil. Ilycts q = 0,

TOTJa JIJIsl TPYIIIIOBBIX YpaBHEHUH rpyIisl | umeem:
X4 = lcosq =0,1m
ya = lising =0m
Ha ocHOBe nosTy4eHHBIX KOOpIMHAT TOUKH A, IOJIy4YUM pEUIEHUE TPYNIOBbIX

ypaBHEeHUH 1151 Tpynisl |
A02 = (x4 —x0,)" + (ya = v0,)" = (0,1 + 0,3) + (0,15)% = 0,1825

__AB*+B0; —A0; 0,4*+0,3*-0,1825 _ 028125
€053 =" uB-BO,  2-04-03

Sing,; = /1 — cos2¢,3 =+/1—0,281252 = 0,95963

COSD. = (xoz - XA)(12C05(P23 —13)+ (125in¢23)(}’02 - J’A)
s (lzcos@,3 — 13)? + (Iysing,3)?

(lycos5¢9,3 — 13)(3’02 - YA) - (xoz - xA)(lzsin(ng)
(lzc0s@,3 — 13)? + (Iysing,3)?

COSQ, = COSP,3C0SP3 — Sin@,3sing; = —0,928403

= 0,0954626

sings = = 0,995433

Sing, = Sin@,3c05@; + cos@,3sing; = 0,371575
Otkyzna nns Touku B umeem:
Xg = Xg, + lzcosp; = —0,3+0,3-0,095=-0,271m
Vg = Yo, + l3sing; = —0,15+0,3-0,995 = 0,149 m
[epeiineM K pemIeHuIo TPYNIOBBIX ypaBHeHUH i1 rpynmsl |1

sing, =258 — _0 829

Ly
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cos@p, = —/1 —sin?¢p, = —0,56
Teneps nonyunm 3HaueHne OII qs BXoaHoM koopauHatel g = O:
Xc = xg + lycosp, = —0,271+ 0,3+ (—0,56) = —0,43924 m
MBI MOKEM MPOBEPUTH MOJYYEHHOE 3HAYEHHUE, CPABHHUB €TI0 CO 3HAYEHUEM,
KOTOPOE€ MOKHO MOJTY4YUTh U3 Tpaduka 12 moaoxkeHuid, MOCTPOSHHOTO HAMH, C TI0-
MoIIbI0 JInHEHKH. [lociie cpaBHEHUs BUAUM, YTO 3HAYEHHUS COBNAJIAIOT, UTO MO3BO-

JCT CYAUTH O IPABUJIBbHOCTH IMOJTYYCHHOI'O HAMM PCIICHUS.

KuHemMaTn4ecKHd aHAJIN3

[IpoBeneM KMHEMATHYECKUU aHAIW3 MeXaHu3Ma. JlJisi 3TOro aHaAIMTUYECKU
OTpENIETIUM aHaJIOTh CKOpOCTel 1 yckopeHui. [1o onpeneneHuio aHaior CKOpocTu
(unM mepBasi reoMeTpuYecKas nepeaaTounast GyHKIMs ) — 3TO TepBasi IPOU3BOAHAS
GYHKIIUMA TIOJIOKEHUSI TOYKH MO 00O0OIIEHHON KOOpAMHATE, a aHAJIOT YCKOPEHUS
(v BTOpas reoMeTpuyueckas nepeaatouytas GyHKINs ) — 3TO BTOpasi IPOU3BOAHAS
(GYHKIIUH TOJO0XKEHHS TOYKU 0 0000IIEHHONW KOOpMHATE.

[Tpoaud depenupyem cucremy (1) mo 06001IEeHHON KOOpAUHATE (:

0xy4
aq
I
k dq

Brenem cnenyromiye 0003HauCHUS:

= —I[;singq

= l,cosq

0x,
dq
Y, —
dq 4
Torna X, Ya — aHAJIOTH CKOPOCTH TOYKH MO COOTBETCTBYIOIIAM OCsM. I10-
A VA

JIydCHHasdA CUCTCMa IMPUMCT BUJL:

(1

!

{le = —l;sing
ya = lycosq
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C nomomipto cucteMbl (1") MBI MOIyYHIIH aHATIOTH CKOPOCTH TOYKH A, TIpo-

maddepenppyem teneps cuctemy (1" mo 0600MEHHON KOOPAUHATE (-

(0%x,

! 32 = —l,cosq
0%ya :
laqz = —[;sinq

BBCI[CM 34€Ch aHAJIOTHYHBIC 0603Ha‘ICHI/IH, u 6y,Z[CM HCIIOJIB30BAaTh UX aHaJIO-

T'NMYHbIM O6p330M " I JPYTUX TOYCK:

0%x, .
dq* — 4
a2}’A T
aqz = Ya

31ech X, ¥y, — aHaAJIOTH YCKOPEHHM TOYKH A IO COOTBETCTBYIOIIUM OCSIM.
Torna nonydyenHas B pesynbrare 1uQPpepeHIMpoOBaHUs CUCTEMA IIPUMET BHI:

1"

{xg’ = —l,cosq
ya = —lising

C nomorpto cucrems (1) MbI mostydaem ananoru yckopenuii rouku A. Pac-
cMOTpuUM Ternepb cucremy (2). Taxke npoauddepeHupyeM ee o 0000ImeHHOH
KOOpJMHATE

X, — lysing, - @3 = —l3sing; - @3
{ A~ L2SIng; * @, 3SINQP3 * P3 2"

I} r ool

Ya + lzc059; - @3 = l3c05¢3 - @3

HerpynHo BuaeTh, 4TO JaHHAsE CUCTEMA SIBJISIETCS JIMHEHMHOW OTHOCUTEIBHO
AHAJIOTOB YTJIOBOW CKOPOCTH BTOPOTO U TPETHETO 3BEHA: (5, 3 OTCI0Ia HECTIOKHO
HalTH €€ PEIICHHUE:

x, —lzsings
Ya  lzcosqs
l,sinp, —l3sing;

—l,cosp, l3cos@s

—l l3singcos@s + ll5c0sqsing,

$2= = Llssing,cosgs — LyL3singscos@,

_ lysin(q — @3)
lsin(@, — @3)

/icm
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lsinp, x,
—lycos9,  ya

l,sinp, —l3sing;
—l,cosp, l3cosq@;

_ Llysingycosq — Lilcos@,sing
" Llssing,cos@s — L,l3singscosg,

!

Y3 =

_ lysin(p, — q)
l3sin(@, — @3)

U3 pentenust cucteMbl (2") MbI HAlIM QHAJIOTH YTJIOBOM CKOPOCTH (05 U (05

JUTSI 3BeHBEB 2 B 3 cOOTBETCBeHHO. [IponuddepeHupyeM 3Ty cHCTeMYy elie pa3 1o
0000111eHHON KOOpAUHATE (-
{x;‘/ — lcos9; - (92)% — Lsing, - @3 = —lzcos@3 - (93)° — I35ing; - @3 2"
Vi — Lsing, - (93)% + Lco50, - 93 = —l3sing; - (93)* + l3c059;3 - @3

I[aHHa}I CHCTEMA TaKXKC SABJIACTCA JII/IHGI\/’IHOI\/II, B JaHHOM CJIy4a€ OTHOCHUTCIIBHO

aHAJIOTOB YIJIOBBIX YCKOPEHHHU (0, U (03 3BCHBEB 2 U 3 COOTBETCTBEHHO. Permm

CUCTCMY JI1 HAXOXKIACHUSA UX 3HAUCHUM:

xy — lycosg, - (402)2 + l3cos @53 - (goé)z —l3sing;
"o_ yi — Lsing, - ((Pé)z + —Il3sing; - (‘Pé)z l3cosp;
2 l,sing, —l3sing;

—l,cosp, l3cosq@s

(x4 — Lycosp, - (93)* + I3c05@3 - (@5)*)coses +
l,sin(@; — @3)
N (V4 — Lzsing, - (93)* + —l3sings - (@3)*)sing;
l,sin(@, — @3)
l,sing, x, — lcosg, - (402)2 + l3cos @53 (‘Pé)z
v _ 1=lcosgy,  yi — lsing, - (¢3)* + —lssings - (93)*1 _
L& l,sing, —l3sings
—l,cosp, l3cosq@s

n__

(4 — Lsing, - (93)* + —l3sings - (p3)*)sing, n
l3sin(p, — @3)
N (x4 — lycos9, - (93)* + l3c0503 - (93)*)cosp,
l3sin(p, — @3)
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OnucaHHblE BBILIE COOTHOLIEHMS MO3BOJISIIOT MOJYYMTh aHAJIOIM YIJIOBBIX
YCKOPEHMI1 17151 3BEHBEB 2 U 3.
OnpenenumM Tenepb aHAJIOTW CKOPOCTEH M yckopeHuil ans touku B. Jlns

storo npoauddepeniupyem cucremy (3) 1mo 0000IIEHHON KOOpIMHATE q-:
{xé = —lzsing; - @3
Yg = l3¢0593 - @3

[Tomyuennas B pesynbrare AU PEepeHInpOBaHNS CUCTEMA TTO3BOJIAET MOY-

39

YHUTh AHAJIOTH CKOPOCTH Xg, Y5 TOYKH B 1m0 coorBeTcTBYMOmIM OCsiM. JIIst HaX0xK-
9 ! 19
JICHHSI aHAJIOroB yckopenuii npoauddepenuupyem (3') erre pas mo 00600MICHHO
KOOpJIMHATE
no__ . AV : Lol
xg = —lzcos¢3 - (93)° — lzsings - @3 3
"o __ _l . . I\2 + l . 14 ( )
yg = —l3sings - (¢3)° + [3c0593 - @3
Cucrema (3") mo3BoNIsIET TMONYYHTH 3HAYEHHS aHAIOTOB YCKOPEHHMH Xg,
yg TOYKH B 110 COOTBETCTBYIONIMM OCSIM.
OrmpezenrM Terepb aHalor CKOPOCTH X, aHAJIOT yCKOpeHus X Touku C, a
TaK K€ aHaJOI'd YIJIOBOM CKOPOCTH M YCKOPEHHS (4, ¢, 3BeHA 4. JIIst 3TOTO Ipo-
muddepenmupyem cuctemy (4) mo 0600IICHHOW KOOpAWHATE (.
I __ ! _ l . . !
{xc = Xp — 4SNPy " Py (4"
— Lol
0=1yp +14c050, " @4
C moMOIIbI0 TOTYYEHHOW CUCTEMBI MOYKHO JIETKO OMPEEIUTh HHTEPECYIO-
M€ HAC aHAJIOT yTII0BOM CKOPOCTH 3B€HA 4 M aHAJIOT CKOPOCTH TOUKH C:

VB

$a =7 lycosq@,

!

) VB
X-=Xp+ 15iNQ, ———=xp + V5t
C B 4SNPy 1,COSQ, B T YR lgP,s

[Mpoxuddepenuupyem (4") mo 0000IIEHHON KOOPAUHATE G-

(4"

{xé’ = xé’ — lycosqy - (‘PZL)Z — lysing, - <p4,LI
0 = yg — lusing, - (@3)? + lycosp, - @y
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N3 nmosydeHHON CUCTEMBI UMEEM:

"o_ l4SiTl(p4 ) ((pzl-)z - ytl?,
4 lycosq@,

x¢ = xg = 14c05Q, - (91)° — lysing, - @y

Taxum 0Opa3oM Mbl aHATMTUYECKU HAILIUIH aHAJIOTH CKOPOCTEN U yCKOPEHUH
JUISI TOYEK MEXAHU3Ma, a TAK)KE aHAJIOTH YIJIOBBIX CKOPOCTEU M YCKOPEHUH IS 3BE-
HBEB.

MBI Tak ke MOKEM pacCyuTaTb CKOPOCTU U YIJIOBBIE CKOPOCTH JJIEMEHTOB
MEXaHU3Ma IPH 33JaHHOM BXOJHOW KOOPAMHATE, JJIA 3TOIO CIEAYET BOCIOJIB30-
BaThCS CIEAYIOMUMHU (HOPMYIIaMU:

x=x""g=x""w

5c'=x”-ij=x”-a)2
p=¢ q=¢" w
¢p=0¢" G=9¢" 0

IIpousBeneM Tenepb YUCIEHHBIN pacyeT JaHHbIX BEJIMYUH IS OJHOTO U3 I10-
JOKEeHUM MexaHn3Ma. [Ipumem 3a Takoe IONOKEHME, IMOJI0KEHUE UIsI KOTOPOIo
BXOJHas1 KoopanHarta ¢ = 0°, Tak KaK JUIs 3TOTO ITOJI0KEHUS Mbl YK€ YUCIIEHHO pac-
CYUTAJIA €0 F€OMETPUUYECKHE ITAPAMETPBI.

JUJIsl aHAJIOTOB CKOPOCTEN M YCKOPEHUI TOUKH A UMEEM:

x, = —lysing =0
yy = licosq = 0,1
x, = —l;cosq = —0,1

vy, = —lising =0
PaccMOTpUM aHAJIOTH YTJIIOBBIX CKOPOCTEH U YCKOPECHUIA 3BEHBEB 2 U 3:

l; sin(q — ¢3)

b= — - = 0,2593261
2 l; sin(p, — @3)

l;sin —

Py = — (@279 _ 41290681
l3sin(@, — @3)

Aucm
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ol = (x) — l,cos@, - ((pé')2 + l3c05@5 * (93)?)cos@s N
lsin(¢z — ¢3)
N (V4 — Lsing, - (<p£?2 + —l3sings - (93)*)sing; _ _0,0315597
Lsin(g; — ¢3)
" (vi — Lysing, * (p5)? + —l3sing; - (p3)?)sing, N
; l3sin(@2 — ¢3)
| (ra = 12c05¢, - (p2)? + lsc0505 - (p3)?)cos@,
l3sin(p, — @3)

[Toy4ynm Temneph aHAJIOTH CKOPOCTU U YCKOPEHHIA 1718 TOUKH B!

xp = —lzsing; - 5 = —0,0385436
yp = lzcos@s - @5 = 0,00369636

= 0,2339289

xg = —lzcosp; (‘Pé)z — lzsing; - @3 = —0,0703352
yg = —lzsings - (93)? + l3cos@s - @5 = 0,00172469

Ham octanoch HailTh aHajIoOrdM CKOPOCTH M ycKopeHHs Touku C U aHayioru
YIJIOBBIX CKOPOCTH U YCKOpEeHUs 3BeHa 4. B pe3ynbrare pacueTa uMeeM:

VB
lycosq@,

Q) = — = 0,022018

Xc =Xxp+ Vg -tge, = —0,0330693

y o lsings ()" Y5 _ (3109914
lycos@,
x; = xg — lcosy - (9))% — Lsing, - ;) = —0,0675211
Takum 00pa3oM Mbl HalIM AHAJTUTUYECKH W PACCUUTAIM YHUCICHHO s
BXOAHOUM KoopauHatel q = (0° aHAJIOTW CKOPOCTEW U YCKOPEHHH JJIsl TAHHOTO Me-
xaHu3Ma. Ha ocHOBe 3TUX JJaHHBIX Mbl MOKEM PAaCCUUTATh CKOPOCTh U YCKOPEHHE

TOYKH C, M YI'JIOBBIC CKOPOCTh U YCKOPCHHUE BBIXOAHOI'O 3BCHA AJIA 3aJJaHHOM HaM

BXOJIHOM KOOPAMHATHI:

M
Xc = x; 0w = —0,0496 =z
. _ 17 2 _ M
Xc =x¢c "w” =-—0,1519 =
Aucm
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1
Gy = @4+ w = 0,033027 ~

Py = @y - w? = 0,02473 =

[IpousBenem Temneps rpadoaHaIUTUUECKUN aHAINU3 AJIS ABYX MOJIOKEHUH, 32

OJHO U3 HUX BO3bMEM KpaﬁHCC IMOJIOXKCHUC. HpoaHaJImI/IpyeM CHaydaJia ITOJIOKCHHUA

st ¢ = 0°. PaccMOTpUM cxeMy MEXaHU3Ma B 3TOM MOJI0KeHuU (pUcyHOK 9). Be-

_ = = — —

nem BekTopa lq, 1y, 13,14, s, Ly, L Tak Kak 3TO MOKa3aHO HA CXEME.

B

PucyHnok 9

N3 cxeMbl MOKHO MOJTYYUTh CIIEIYIOIIUE IBa COOTHOIICHUS:
Ltlb=l+1
lo+l+l=ls+1
[Iponuddepennmpyem 06a 3TUX BBIPAKEHUS IO BPEMEHH:
Wy XL+ @y x 1 = w3 %15
— dl

(1)—3)XZ+(1)_4)X14=E

3aMeTUM, YTO ATH K€ COOTHOIIICHHUS MOXKHO 3aluCcaTh B BUJE:
VA + VBA == VB
10,A L1AB 1BO0;
Vp+ Vg = V¢

LBC 10X

TMM 10.110

Ham
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PemuMm nosyueHHble ypaBHEHUS TpadUuecKku MOCTPOUB IJIAH CKOPOCTEN ISt

MEXaHU3Ma B JIaHHOM T0JIOkKeHUU (pucyHok 10).

1 AB

(1)1'11

V= T—

Vs
ox
/
c N
VC pV 1 BOZ

Pucynox 10

U3 IMOJTY4YCHHOI'O Fpa(l)I/I‘ICCKOTO peUICHUA MOKHO ITOJIYYUTD CICAYIOIINUC BC-

JIMYUHBI:

—_ M
Vs =pyb - Ky = 0,05678 —

M
VBA == ab ' KV == 0,15364 ?

v
w; = — =0,1893 ¢?
3
%
w, = =2 =0,3841 ¢!
2

M
Ve = Prc- Ky =0,04843 —

/icm
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M
Ve = be - Ky = 0,01169 —

V,
W, = % = —0,03497 ¢!
4

[IpousBenem nuddepeHnupoBaHre IO BPEMEHH €111e OJIUH Pa3, MOJTYIHM:

@r x (@7 xI) +@; x (@3 x5) + & x [ = @3 x (@3 x ) + 5 x T

— — 7 — 7 — — 7 — 7 dzi
w3X(w3Xl3)+83Xl3+w4X(w4Xl4)+£4Xl4=dtz

3aMeTI/IM, 49TO 3TH K€ COOTHOILICHUA MOKHO 3aIIMCaThb B BUJIC:
A7 1C a7 LC 7BD __ 1a7lC 117BD
A-0, B->A LAB B0, L1BO;

Wo© + WP 4+ W+ WP = W,

PemuMm nosyueHHble ypaBHEHUS TpadUuecKu MOCTPOUB IJIAH CKOPOCTEN ISt

MeXaHU3Ma B JAHHOM TOJI0XEHUH (pUCYHOK 11).

Pucynox 11

W3 nonydeHHOro rpauyeckoro pereHnss MOKHO MOJyYUTh CIEIYIOIINUe Be-

JJMYHNHBI:

Bp M
Wei = 0,02839 —

M
Bp _
Wg" = 0,16032 )
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Bp M
Weg = 0,007315 —

M
We =0,14863 —

Win 1
g, =24 =-0,071 =
[, C
w,"
£3 = ——=0,5344 —
l5 C

Bp
W 1
&, = ——=—0,02438—
ly C
W3 moytyueHHBIX pe3yJbTaTOB Mbl MOXKEM CYJIUTh O MPABUILHOCTH MIPOU3BE-
ACHHOI'O HaMH aHAJIMTHUYCCKUM ITYyTCM I'COMCTPHUICCKOT'O aHAJIN34.
PaccMoTpuM Tenepb 0JIHO U3 KPallHUX MOJOXKEHHUIA MEXaHU3Ma, €ro MOYKHO

IMOJIYUHUTD M3 IJIaHA 12-Tn HOJ'IO)KCHI’Iﬁ, B ITOJIOKCHHUH KOTOPOC BBI6CpCM MBI, 3BCHbA

O1A u AB BBITSHYTBCS B OJJHY JTUHUIO. PaccMOTpUM cxeMy MeXaHu3Ma B 3TOM IO~

—_ - > — — — —
noxxennu (pucyHok 12). Benem Bekropa Uy, l,, I3, 1y, Is, 1, [ Tak kak 3TO TOKa3aHO

Ha CXCMC.

Pucynox 12

I/I3 CXEMbI MOKHO HOquHTB CHeI[y}OH_H/Ie JABa COOTHOILICHUA:
— — — —
ll + l2 = lO + l3

lo+l+1 =15+

/icm
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[Tpoauddpepeniupyem 06a 3TUX BbIpAXKEHUSI IO BPEMEHHU:
w7 Xl + @y x 1, =5 x 1
I T
w3><l3+w4><l4=ﬁ
3aMeTHM, 4TO 3TH K€ COOTHOIIICHHUSI MOKHO 3aIMCaTh B BHJIE:
Vi + Vsa = Vg
10,A L1AB 1BO,
Vs + Ve = V¢
— L1BC 10X

Pemm nony4enHbie ypaBHeHUs rpaguecKku MOCTPOUB ILJIaH CKOPOCTEN AJis

MeXaHU3Ma B JAHHOM TIOJI0KEHUU (PUCYHOK 13).

1 0,4, AB

LBC Vaa

1 BO; ~_ W06
pv,b, ¢, Vg, Vep, Ve
Pucynok 13

W3 nomydeHHOro rpauueckoro pemeHusi MO>KHO MOJyUYUTh CIEAYIOIINE Be-

JIMYHNHBI.

— M
VB=pVb'KV:0?

M
VBA = ab'KV = 0,15 z

%
w3 = _B =0 C_l
I3
V
w, = 22 =0,375c"?
[
2
Aucm
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Ve=pyc-Ky =0

VCszC.KVzo

alg ol

VCB
(1)4 == OC_l

Ly

[Ipoussenem nuddepeHurpoBaHue 0 BPEMEHH €11e OJIUH Pa3, MOJTYYUM:

o x (@ x L)+ @ x (@ x L)+ x L = a3 x (@3 x5) + 5 x L

~ 4

dt?

W3 X (W3 X 13) +8 X3+ @y X (wg X1,) +& X1, =
3aMeTuM, YTO 3TH K€ COOTHOLIEHUS MOYKHO 3aIIMCaTh B BUJE:
117 ic 17 uc m7BP . ppuC 127 BP
W, + Wy + Wy, = W™ + Wy
A-0, B-A L1AB B-o0, L1BO,

W, + WP+ Wop 4+ WY = W,
B-0, 1BO, C-B L1BC 10X

PeinM nosrydeHHble ypaBHEHUS TpadUuecKy MOCTPOUB ITJIaH YCKOPEHUM 1St

MeXaHU3Ma B JAHHOM TIOJI0KEHUU (PUCYHOK 14).

Pucynox 14

Pw, Wpg

—IIC

TMM 10.110

Ham
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N3 nony4deHHOro rpauueckoro pemeHusi MOKHO MOJyYUTh CIEIYIOIINe Be-

JJUYHNHBI:

Bp M
Wei = 0,06975 —

Bp M
Wg" =0,18135 —

M
Bp _
Wes = 0,0434 —

M
We =0,14725 =

Bp
BA

L

82=

1
=0,174375 —
C

Bp

B 1
&3 = T = 0,6045 C_2

Bp

w, 1
£, = —2 =0,1447 =
Ly c?

[To HalimeHHBIM U3 TpaUUECKUX PEIICHUN BEIMUYUHAM, MBI MOKEM CYJTUTh O

IMPpaBUJIbHOCTH HAXOXKICHUA HAMA KpaI?IHero ITOJIOKCHMUSL.

I'paduxkn pyHKIUM MOJI0KEHUS U €€ MPOU3BOAHBIX M0 0000 eHHOI

KOOpAUHATE

ITockosbKy BBIXOJHOW KOOPAMHATOM SIBISETCS X, IOCTPOUM Ipaduk ee u3-
MEHEHHS B 3aBUCHMOCTH OT O0OOOIIEHHON KOOpAMHATHI q. Takxke mocTpouM rpa-
¢uku ee npon3BoAHbIX (pucyHku 15,16,17).

Ha pucynke 15 noctpoens! aBa rpaduka, OAMH HA OCHOBE 3aBUCUMOCTH T10-
Jy4YeHHOUW U3 1iaHa 12-Tu moJioxkeHui (M300pa’keH TOYKaMu), BTOPO Ha OCHOBE
3aBUCUMOCTH MOJyY€HHON aHaIUTU4YeCKU. CTOUT OTMETUTH, UTO NOJIy4EHHBIE Ipa-

(bI/IKI/I COoBIIagarOT, 4TO IMOATBCPIKAACT IIPABHUIBbHOCTD BBIIIOJHCHHOI'O HAMHA aHAJIN3a

MEXaHHu3Ma.
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Pucynox 15 — 3aBucumoctu X, 0T 0000IIEHHOW KOOPAUHATHI  TTOJyYEHHbIEC aHa-

JIATUYECKHU U U3 IUIaHa 12-TH MOJIOKEHUIH

Pucynok 16 — 3aBucumoctsb V 0T 0000111€HHOM KOOPIMHATHI g

/icm
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0,6

0,4

0,2

0

-0,2

04

-0,6

150 180

Pucynok 17 — 3aBucumocts W, 0T 0000111€HHOM KOOPIUHATHI

CpaBHeHne PE3YJIbTATOB PACIE€TOB, IIOJYYCHHBIX PA3HBIMHA METO-

aaMu
AHaIUTUYECKUN ['padoananuTnyeckuit
PacueTrnas BennunHa

METOL METO
Ve —0,0496 0,04843
We —0,1519 0,14863
Wy 0,033027 —0,03497
€4 0,02473 —0,02438

BriBOaBI

B xoze BbINOTHEHUST JaHHON YacTH KypCcOBOM pabOThl ObLT MPOU3BEACH I€0-

METPUUYECKUN M KMHEMATUUYECKUN aHAJIW3 MEXaHU3Ma IMSATU3BEHHOTO mpecca. Pe-

3YJIbTATHI, TIOJYYCHHBIC PAa3HBIMU MCTOAAMU, COBIIAAAIOT B IIPCALCIaxX IIOIrPpCIIHOCTH,

YTO IMMO3BOJIACT CyAUTDH O IMPABUJIBbHOCTH IIPONU3BCACHHOI'O aHAIN3a.

WM

Aucm N’ dokym [lodn. | Adama
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Il vacThp

BBenenue

HCO6XOI[I/IMO BBIIIOJIHUTh CUJIOBOM pacdeT MEXaHu3Ma Ipecca, nejabro KOTO-

pOTro SIBIISIETCS ONpEICTICHUE PEAKIINI BO BCeX KNHEMAaTHUECKHUX Mapax u 0000mIeH-

HOW JBIOKYIIEH CUJIBI.

—~....;..,———{70ng a:MexaH numMa :‘ -

Pucynok 18

HUcxoanbie 1aHHBIE

MexaHuam npecca

Y

Ol“‘{t__u

X
,.

cxogHbie AaHHbIe |

OA =01 M
Xn =03 M
Yo, = -0,15 M
AB =04 M,
BO, = 0.3 M,
BC =03 M;
Y. =-01 M
w =15 ¢

KT o
Tax e 3aganbl moronHast macca p = 50 —> MOIyJb paboueil Harpy3ku Ha

paboueM xony |Pnax| = 10° H u Ha xonoctom xoay |Pp,i| = 10* H.

WM

/icm
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Ol'[pe)]e.ﬂeHI/Ie 3aJaBacMbIX CHJI 1 CUJI HHEPIINH

JUis nanbHEMIIEero MCCileNoBaHMWs JAHHOTO HaM MeEXaHM3Ma Ipecca, Io-
CTPOUM Ha OCHOBE rpaduKa aHaJIOra CKOPOCTH MexaHu3Mma (pUCyHOK 16) rpadux

paboueit Harpy3ku (pucyHOK 18).

10

P(q)
i 0 30 o0 90 120 150 48624

s =]
[ 5]
s =]
[ 5]
1]
€@

B0 360

-10

Pucynox 18
Ha ocHoBe pe3ynbTaToB, MOJYYEHHBIX [TPH KHHEMAaTHYECKOM aHaJIM3e MeXa-

HHU3Ma, U IMOTOHHOM Macce paccunuTacM CUJIbI TAKCCTU 3BCHLCB, d TAKKE CUJIbI MHECP-

uu (g = 9,81).
Macchbl 3BeHbEB CuJiibl TAKeCTH
my; = 2pl; = 10 kr G, =myg =98,1H
m, = pl, = 20 kr G, =m,g =196,2H
my = pl; = 15kr G; =myg = 147,15 H
m, = pl, = 15kr G, =m,g =147,15H
ms = 0,5m; = 5kr Gs =mgsg = 49,05 H
Cuiibl HHEpUHMH MoMeHTBI HHEePUHH
m, 12
(DZX = —MyAgyy = 3,8325 (Dzy = _mzaszy = _010388 M_S('(Z:D) = _%82 = 0,0189
S - Pg, = — = 0,0291 | @ - Ml _
cD3x = m3a53x = 1,1869 3y m3a53y ) M53 = — 12 83 = _0,0592
(D4x = _m4a54x = 2,3263 CI)4_y = —m4a54y = _0,0291 2
@ _ _Mals
S =~y & =—0,0028
D5y = —Msagsy = 0,7596 | Psy = —Msassy =0
/ucm
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CocraBJ/ieHHe ypaBHEHUII KHHETOCTATUKH

[Ipou3BOANTH CUIIOBOM aHAU3 MeXaHW3Ma OyJleM Ha OCHOBE TOJIOKEHUS C
0000111eHHOM BX0AHOM KoopauHaToi q = 0°. M300pa3um cxemy MeXaHu3Ma B 3TOM

ITOJIOKCHHUH.

Pucynoxk 19
AHanu3 HaYMHAEM C TPYNN MOCIEIHUX CJIOEB, B HAIIEM CJIy4ae C CPYIIbI
BBII. N3006pa3um ee, a Takke HAHECEM BCE CHIIBI 1 MOMEHTHI (pucyHOK 20).
R34y

R34x

Pucynox 20

I[J'I}I COCTaBJICHUA ypaBHCHI/Iﬁ KHMHCTOCTATHKH TAKKC PACCMOTPUM OTACIIBHO

NOJI3YH (PUCYHOK 21).

/icm
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Pucynoxk 21
Ha ocHoBe nosry4eHHOU cXeMbl AJIs NMoA3yHa (pUCYHOK 21) MOXKeEM 3anucarhb

CICAYIOIINC YPAaBHCHUA:

R45x + CDS + P=0 (51)
R45y + ROS - GS =0 (52)
M%) =0 (5.3)

Ha ocHoBe cootHomenuti (5.1) — (5.3) MbI MOKEeM OTIpeIeTUTh HEU3BECTHBIC

peakiuu Rysy, Rys,, 1 MOMEHT MSI;) (R4s5, MOIydaeM BHIPAKEHHOMH depe3 Rys, Ko-
TOpOE HalaeM najnee u3 Beipakenus (5.6)).
Orcroza TakKe MOJTy4aeM Peakiut Rsyy, Rs4y, KOTOPBIE PABHBI HAWICHHBIM
10 MOJYJIXO HO MPOTUBOIIOJIOKHBI 10 HAIIPABIICHUIO:
Rsax = —Rysy (5.4)
R54y = _R45y (5.5)
Teneps Bo3Bpammasch k paccMarpuBaeMoit rpynne BBII (pucynok 20) MmoxeM

R
3anucath (YYMTHIBAE€M, UTO M(ES) = 0):

(@5 + P)(s —yc) — (Ros — Gs)(xp—x¢) + Puy (Yp—Ys4) —

b
— 4, (xp—xss) + M) = 0 (5.6)
R34x + CD5 + P + q)4x == 0 (57)
R34y + R05 - GS - G4 + CD4_y =0 (58)

N3 ypapuenwii (5.6) — (5.8) MoskeM HalTH BCe OCTAaBIIUECS HEM3BECTHBIC Pe-

aKIMHU, 8 UMEHHO: Ros, R34y, R34,. OTKy/a TaK Xe MOTyYUM pEaKLUH:

Ryzx = =Rz  (5.9); R43y = —R34y, (5.10)

/icm
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Tenepr mepexomum k rpynne BBB. M300pa3sum aHanoruyHeiM o0pa3zoM

CXEMY, Ha KOTOPOM YKaKeM BCE PEaKI[MU U MOMEHTBI (PUCYHOK 22).

Pucynox 22

Toraa MoXXHO 3anucaTh CleAyIOLIMe YpaBHEHUS paccMaTpuBas 3BeHbs 2 U 3

OTHEJILHO:

Roszx (Y8 = Y03) + P3x(¥p — ¥s3) + (G3 — q’sy)(xs — Xs3) —

~Ry3y (x5 — Xo3) + ME =0 (5.11)
Rozx + @3x + Ryzx + Ra3x = 0 (5.12)
Rosy + @3, + Razy — G + Ry = 0 (5.13)
Rizx + @5, + R35, =0 (5.14)
Rizy + ®py + Ryzy — Gy = 0 (5.15)
Ripy (x4 — xp) + Ri2x(Yp — ya) + (P2y — G2)(Xs2 — x5) +
+@5 (V5 — Ys2) + Ms(‘(zb) =0 (5.16)
R23x = —R3ax (5.17)
Ry3y = —R33y (5.18)

B utore, Ha ocHOBe ypaBHeHu# (5.11) — (5.18) onpeesnsieM HEU3BECTHBIE pe-

aKUMK: Ryzy, Ry3y, R3zxs Ra2yy Rosx Rozy, Rizxs Rizy-

/icm
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[leperinem Teneps K paCCMOTPEHUIO TTOCIECIHEN OJHO3BEHHOW OJHOITIOIBUK-

HOM Tpynmbl. 371eCh HEU3BECTHBIMU SIBJISIFOTCS peakluy B KnHeMaTHueckoi nape Oq

u 00001eHHas aBrxkyias cuia Q. Takxke, Kak U B IBYX IMPEABIAYIINX CIIydasx Co-

CTaBUM CXEMY, COJICPKAIIYIO BCE CHJIbI | MOMEHTBI, ICUCTBYIOIINE HA TPYIIY (pHU-

CYHOK 23).
Ry1y R1,
O]} Q A
Ry
Ry
Gy
Pucynok 23
Mo3HO 3anucaTh CIeAYIIME YPABHEHHUS:
Ry1x = =Ry (5.19)
Ry1y = —R12y (5.20)
Ryix + Ro1x =0 (5.21)
Ry1y + Ry1y =G5 =0
Q + Ra1yXs — R21xYa = 0 (5.23)

(5.22)

M3 3anucanHbIX ypaBHCHI/Iﬁ, JICTKO HaXOoAATCA OCTAaBHIMCCS MHTCPCCYIOIIHC

HaC HEM3BECTHBIE, B TOM YMCIIE 0000MIEHHas ABHKYIIAs cuna: Rpqx, Ra15,Ro1x,

ROly!Q'

Takum 06pa30M B IAHHOM ITYHKTC MbI 3allMCaJIn YPABHCHUA KHMHCTOCTATUKN

JJI1 AaHHOI'O M€XaHHu3Ma, B 06HIGM BUAC, HA OCHOBC OJHOI'O U3 MOJI0KECHUM MeXa-

Hu3Ma (q = 0°). Temeps MOKHO MPUCTYNATh K aHATUTHYECKOMY PEIICHUIO TIONTY-

YEHHBIX YPAaBHEHUH.

Ham

Aucm| N dokym, lToan. | dama
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AHAJIMTHYECKOE pelieHHe YPABHEHUN KHHETOCTATUKH

HpOI/ISBCI[CM AHAJIMTHYCCKOC PCIICHUC ITOJTYUYCHHBIX ypaBHCHI/Iﬁ KHMHCTOCTAa-

Tuku. U3 ypaBHeHus (5.6) Haxoaum Rs:

_ (Ps+ P)(yp —yc) + Pax(Yp—Ysa) B
(xg—xc)

05

@
_ D,y (xp—xXs4) + Ms(4)
(xg—x¢)
N3 ypaBHenuii (5.1) — (5.5) nonyqaem:
Rysy = —(Ps5 + P)
R45y = Gs — Rys

+ Gg

R) _
M05 =0
Rssx = —Rysy
R54y = _R45y

Hanee u3 ypaBuenwuii (5.7) — (5.10) Haxomum ocTaBIIMECS PEaKIUU B TPYIIIE

BBII:
R3gx = —=(P5 + P+ @yy)
R34y = G5 + Gy — Ros — Dy,
Ryzx = —R3yx
R43y = _R34y
Teneps nepexoaum k rpynie BBB, u3 ypaBHenuii Oyaem mocieaoBaTebHO
BBIPAXKATh MEPEMEHHBIC Yepe3 R(3,,, TOKA HE MOIYyYHM JUHCUHOEC YPABHEHHE OTHO-
CUTEJIbHO JAHHOM PEaKLMU:
O3, (¥p — ¥s3) _ (G3 — cb3y)(xB — Xg3) +
(V8 — Y02) (V8 — Yo2)
Rozy (X — X02) _ Méf)

(Vs — Yo2) (Vs — Yo2)

R03x -
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R23x -

O3, (¥p — ¥s3) n (G — Cb3y)(xB — Xg3) _
Vg — Yo2) (Y — Yo2)
_ Ry3y (xp — x02) Mg)) _
(Vs — Yo2) (Y8 — Yo2)
Ry3y = —Ry3y — 3y — Ryzy + G3

cD3x - R43x

Rizx = = @3y — R3zx = Rz — Py =
O3, (yp —¥s3)  (Gs — CI>3y)(xB — Xs3)
= -|- —
¥z — Y02) (Y8 — Yo2)
_ Rysy (xg — x02) Mg((gb)

Vs — Yo2) (Vg — Yo2) -

cD3x - R43x - cDZx

—Ri12x(Yg — Ya) _ ((DZy — G,)(xs2 — Xp)

Ry, = —
12y (X4 — xp) (x4 — xp)
@
_ D, (V5 — Ys2) _ Ms(z) _
(x4 — xp) (x4 — xp)
@
_ (Pyy — G2)(x52 — x5)+ Doy (¥ — ¥s52) + Méz) B
(x4 — xp)
_ (Vg — Ya) (CDSx(yB — Vs2)+(G3 — cDBy)(xB — Xs7) _
(x4 — xp) (Y8 — Yo02)
@
_Rosy(xB_xoz)_Ms(g)_cD — Rysy — D)
(yB _ yoz) 3x 43x 2x
IoncraBisisa Ryzy, Ry3y B (5.15), yuntsiBas, 4to R3y,, = —R,3,, HOIyYaeM

YPaBHEHHE JJIs HAXOXKIEHUS PEAKIUU Ry3y
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®
B (@) — G3)(xs2 — xp)+ Doy (V5 — ¥s2) + Méz)

(x4 — xp)
B Vg — ¥a) (q)3x(yB — ¥53)+(G3 — P3,) (xp — Xs3) B
(X4 — xp) (Y — Yo2)
_ Rosy(xg — X02) Mg))

—®,,. —R -0 +
Yz — Yo2) Yz — Yo2) 3 3 2x)

+q)2y - GZ + R03y + CI)3_’V + R43y - G3 =0
OTKy,Z[a Inojryd4acm:

(x4 — x5) (V8 — Yo2)

R = .
03y (xa —x5) (VB — Yo2) — (V5 — ¥a) (X — X02)
_ ((CDZy — Gy)(xs2 — xp)+ Do (¥p — ¥s52) + MS)) 4
(x4 — xp)
Vg — Ya) (CDSx(yB — ¥s3)+(G3 — cDBy)(xB — Xs3) 4
(x4 — xp) ¥z — Yo2)
MP
+—3 Py — Ryzy — Pyy) — D,y — D3y — Ry3y +
(Y — Yo2)
+G, + G3)

HOJ’Iy‘{I/IB R03y, IMOCJICAOBATCIIBHO ITOACTABJIAA €€ B ITOJIYYCHHBIC 3aBHCHUMO-

CTH HaMJIEM BCE OCTaJIbHBIC pPCaKIuu.

[Tepennem k mocieaHeEd OJTHO3BEHHOM OJHOINOABUXKHOM rpymnre. 13 ypaBHe-
Huii (5.19) — (5.23) nonyyaem:

Ry1x = —Rqpy
R21y = _R12y
Roix = —Rj1x

ROly = Gg — R21y
Q = —Rz1yX4 + R21xYa
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Ha ocHoBe mojydueHHOro aHaIUTHYECKUM IYyTeM PEIICHUS, paCCUUTaeM pe-
aKIMU B KHHEMAaTUYECKHUX Tapax v 000OIIEHHYIO JBIXKYIYIO cuiy @, mis 0600-

meHHo BxoaHoM koopauHatel g = 0°. [lomydyeHHble pe3yabTaThl CBEIEM B Ta0-

JVILY.
BBII
M 0 Ros 148153,05
Rys, -100000,76 R,y -100003,09
Rysy -148104 R34,y -147956,82
Rs,y 100000,76 Rysy 100003,09
R4y 148104 Rys3, 147956,82
BBB
Rosx -17346,33 Ry, -82661,77
Rys3y -180800,55 Ry4y 33187,15
Rys, -82657,94 Rs,, 82657,94
Ry3,y 32990,91 Rs3;, -32990,91
KpuBomun
Ryix 82661,77 Ro1x -82661,77
Ry1y -33187,15 Ry1y 33261,98
OO600IIEHHBIN IBIKYIIHI MOMEHT Q 3317,82 Hm

J1Jist IpoBepKH MPaBUIIBHOCTH MOJTYYEHHBIX PE3YJIbTATOB, HalieM 00001eH-

HBIM IBIDKYIIIMIT MOMEHT C TIOMOIIIBIO OOIIETO YpaBHEHUS TUHAMUKH:

drs2 drs3 drs4 drgs
G=-G -G -G

o= —p, T drs; . drss , drss . drs
dq dq dq dq

d@s; d@s; Ad@s,

M=-Mg, d; — Mg dqs s4d_qs
Q=-— = 3317,85 Hm

dq

BI/II[I/IM, 4TO IMOJYYCHHBIC 3HAUCHU A 0606IH€HHBIX MOMCHTOB COBIIaAArOT, YTO
A0Ka3bIBACT NPABHUIIBHOCTb COCTABJICHHA M daHAJIUTHUYCCKOTO PCHICHHA ypaBHeHI/Iﬁ

KHMHCTOCTAaTUKHU JJI JAHHOT'O ITOJIOXKCHU .
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YtoObI IIPOBCPUTH MMPABUJIBHOCTL IMIPOBCACHHOI'O HAMU AHAJIUTHYCCKHU CHUJIO-

BOTO pacyera, moCTpouM rpaduku 0000IIEHHOT0 MOMEHTA Ha OCHOBE MOTYYEHHBIX

AHAJIMTHYCCKU pCIIIGHI/Iﬁ ypaBHeHI/Iﬁ KHMHCTOCTATHKH M HAa OCHOBC O6HICFO YpaBHC-

HUS TuHaMUKHU (pUCYHOK 24). Ha pucyHKe CHHUM LIBETOM M300pakeH rpaduk 3aBU-

CUMOCTH 0000IIIEHHOTO MOMEHTA OT BXOJHON KOOPAMHATHI MOJYYEHHON Ha OCHOBE

pelieHusl ypaBHEHU KMHETOCTATUKH, KPACHBIM — Ha OCHOBE OOLIEr0 YpaBHEHMS

JTUHAMHKH.

1.5¢10"

1x10"

5%101

~5x10°

Pucynox 24

IIo COBIIaACHHIO Fpa(I)I/IKOB MOXHO CYIUTHb O IIPABUJIBHOCTH COCTABJICHHBIX

ypaBHeHI/Iﬁ KHHCTOCTATUKHU, d TAKKC O IMPABUJIBHOCTH UX AHAJIUTUYCCKOI'O PCIIC-

Hus. [IpousBenemM Teneppb rpadoaHalUTUYECKOE PEIICHHE YPaBHEHU KHMHETOCTa-

THUKH.
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I'padoananurnyeckoe pemieHue YpaBHEHU KUHETOCTATUKH

ITocTpouM IuIaHbl cui Ul KaKA0W rpynnsl. Haunem ¢ rpynm mnociemHero
cios. A umenHo rpynnsl BBII. 3anuiiem ypaBHEHUE paBHOBECHS CHII, U TIOCTPOUM
Ha €ro OCHOBE IIJIaH CUJI (PUCYHOK 25). YpaBHEHUE UMEET BUL:

P+¢5+65+R05+G4+¢4+R34:0

R34y &
4 G,
Rs,
R34y Rys
Rys
P P; Gy
Pucynox 25

W3 muraHa cui BUIHO, YTO PEaKUMHA B KMHEMAaTHYECKUX Iapax Uil JaHHOU
rpynnsl ObUIN onpeneneHsl npaBuwibHO. [lepexoau k rpynne BBB. YpaBuenue aiis
JAHHOW T'PYIIBI 3aIIMCHIBAETCS B BUAE:

Roy3+P3+G3+Ry3+ G, +P,+ R =0

[1nan cun n3o00paeH HUKE Ha pUCYHKE 26.
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Ry3y

Ry3y

G; @ Ry3y

Pucynoxk 26
Takoke, Kak U JUIsl IPEBIIYIIEH MOXKEM BUIETh, UTO PEAKIIMU B KHHEMAaTHYe-
cKkux napax i rpynmnsl BBB nonydensr BepHo. Ilepeiaem Ttenepp K mOCIEIHEN
OJIHO3BEHHOW OJHOMOJBUKHOM Ipynne (pucyHOK 27). YpaBHEHUE PaBHOBECUS CHJI
uMmeeT Gopmy:

R21+R01+Gl=0

R31x
1
R
R()ly 21y
\4

G4

Ro1x

Pucynoxk 27

U3 IMOCTPOCHHBIX HAMU JJIA BCCX T'PYIII INIAHOB CHUJI, Mbl MOKCM CYIUTH O

PaBUILHOCTH MOJTYYEHHBIX B PE3y/IbTaTe AHAIUTUYECKOTO PEIICHUS Pe3yJIbTaTOB.
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BoiBOALI

Bo BTOpo#i yactu KypcoBoi paboThl ObLI MPOBECH CHJIOBOM pacueT Mexa-
HU3Ma. bbpUTK omnpeeneHbl 3alaBaeMble CHIIBI U CHJIbI MHEPIIMM, a TAKXXE COCTaB-
JIEHBl U QHAJIMTUYECKU PELICHbl YPABHEHUS KMHETOCTATUKH, HA OCHOBE KOTOPBIX
OBLI MOJy4eH 0000IIEHHBIN IBIXKYIIUA MOMEHT, KOTOPBIN TaKkke ObUT OCUUTAH C
MTOMOIIBIO OOIIETro ypaBHEHUS TUHAMUKU. KpomMe aHaTMTHYeCKOTO pemeHus ObIIo
poU3BeJeHO U TpadoaHaIuTHUEeCKoe pelieHue ypaBHeHui. Ilpu cpaBHeHuu pe-
3yJbTAaTOB, MOJYYEHHBIX Pa3HBIMU METOJIAMH, PE3YJIbTaThl OKA3aJIUCh OJUHAKO-
BBIMH, YTO TOBOPUT O NPABUILHOCTHU MOJIYUYEHHOTO PEIICHMUS.

B xoJie BbINOJIHEHUSI KYPCOBOT'O MPOEKTa B IEJIOM ObLIM MPOU3BEICHBI T€0-
METPUYECKUM, KHHEMATUYECKUM U CHJIOBOM pacyeT JaHHOIO MeXaHusma. B pesyiib-
TaTe KOTOPBIX OBLIU MOJTYYEHbI 3aBUCUMOCTH IT'€OMETPUUECKIX U KUHEMATHYECKUX
napaMeTpoB MeXaHu3Ma OT 00O0OIIEHHON BXOJHOW KOOPJWHATHI, a TAK)KE 3aBUCH-
MOCTH BEJMYHMH PEAKIUH B KHHEMATUYECKHUX IMapax U 000OIIEHHOTO JIBIKYIIIETO
MOMEHTA TaKk)Ke OT 0000IIEHHON BXOIHON KOOpAUHATHI. Pe3ynbTathl, MOTy4YeHHbIC
pa3HBIMU METOJaMH, MMO3BOJISIOT CYJIUTh O MPABUJIHLHOCTU BBITIOJTHEHUS paOOTHI B

LIEJIOM.
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