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[image: image1.png]a=a, PaBHOMEpHOE KpHBOJIMHEHHOE ABIKEeHHE: V=const, a,=0, a=a,. s=sy+v-t, nip 5¢=0 v=s/t.
PapHOMEpPHOE TIPAMONHHEHHOE IBIKEHME: a=a,~a,=0.

2
a.t
4) PaBHOnepeMeHHOE KPUBOIMHERHOE ABIKEHHE: a,~const, v=vota,t, s =8, + Vot + ‘2 .
do . 7n do d% . .
VIioBas CKOpOCTh: ® = — = {, O =——. YIJIOBOE YCKODEHHe TeNa: E=—=—=0=§.
dt 30 dt dt

PaBHOMepHOE BpalleHue: ®=const, p=0t, ®=@/t, pABHONEPEMEHHOE BpallleHHE: O=WMo+EtL;
2
et .
QO =0,t+ > CKOpOCTH M YCKOPEHHUA TOYEK BpaILialomerocs Teaa: V=mxr.

v=a-1-sin(a) = ©-(CM), (CM) — paccrosiHue oT To4kH M J10 OCH BpalicHHUsI.

i j k
®opmynel Diiepa: V=0XT =|0, 0, O,|= —i'((oyz—oozy)+-j(cozx —mxz)+ﬁ(mxy—myx),
Xy z

Vi=0yZ — 055 Vy=0,X — OxZ; V,;=0,y — OyX. ECITH 0CB BpallleHHs COBMANAET C OCBIO Z, TO Vy= —
®Y; Vy=0X. YcKopeHHe: 4 =EXT+®x V =ExT +®x (& x T). Bpamarenssoe yck. a* =€xT,
a*P=g.r-sinal, LEHTPOCTPEMHUTENBHOE YCK. 3" = B X ¥ = & x (& x F), a"=0*-R. IToiHoe yckope-

HHE: a = \/(a”‘)2 +(a®)? =RVe? +o* . Vron, Mex Iy NONHEIM H HEHTPOCTPEMHTENBHEIM YC-

Bp

€
KopeHHAMH: tgf = = —-. I110ckoe JIBYIKEHHE TBEPJIOTO Tea.
®

I
a
VpaBHeH#us 1I0CKOro ABIKeHUs: Xa= fi(t), ya= (1), ¢ = f3(t), Ckopocth V3 =V, + @ X Typ;
Vg =V, +Vga, VBa= 0-BA, vacoso = vpcosf. MrHOBeHHBIH UEHTD cK-ei —P: Vp =0 x PB.

Vo Vv v . dvg dv, do . . dr
“A =B p=—B Vckopemus: iy =—2 =—2 +—xTp +Ox—22,
PA PB PB dt dt dt dt
2 ay €
2 7 = —_ gl a BP o . Bp . —aBA _ ¥
dp =8, +8p, =8, +8p, +apy.8p, =0 -BA,ag, =€-BA, tga=—"=—,
aps = ABVe® +0* . MropenHbi# nenTp yek-uii — Q; o =arctg—, AQ= - A =,
@ £+

as _ —g—% . Chepuueckoe IBHXEHHE TBEPAOrO Tella. Y paBHEHHS cHepHIECKOrO JBHKCHHA:
ap
¥=f,(t); 0=£(t); ¢=f3(t) ¥ — yron npeneccun, 6 — yron HyTauH, ¢ — yroj COOCTBEHHOro Bpa-

o . do
HIEHHs — YIIIBI Ditepa. YToBoe yCKOpeHue: € = T CxopocT To4eK npu chepud. JBHK.:

V=®@xT, MOAYIb v=0r-sina=e-h, h— paccrosiHHE OT TOYKH JO MIHOBEHHOM OCH BpaIleHMs.

-

1

-

ik
®opmynl Diiepa: V=0T =|0, O, O,|= T(myz -0,y)+ j(o,x-0,2)+k(o,y- ®yX).
Xy z




[image: image2.png]Yckopenus: @ = Ex T + @ x V, BpallaTellbHOe YCKOpeHHe a" =&XxT MOXyNb Bpalar. ycK.
a®=¢-r-sinf=¢-h;, h;— paccT. OT TO4KHM 1O BEKTOpA €, OCECTPEMUTEIBHOE YCKOPEHHE

3% =Hx Vv, a%=w>h. JBmKenre cBoGOIHOrO TB.TeNa. Vp-Hs ABHX.CB.TB.TeNa: X=T\(t);
ya=h(t); za=f3(t); P=Ly(t); 0=1s(t); p=f(t) (yram1 Jiinepa). CKOPOCTH TOUKH CB.TB.TENA:
V=V, +®xT. YCKOpEHHE TOUKH CB.TB. TeNa: A =8, ++a™ +3% =8, ++Ox(OxT)+EXT.
CnoxHoe IBHXeHHe To9kH. Teopema o CHOKEHHH cxopoc*reﬁ'

. . . dp dp, di dj dy ~dz, di . =
=P +T, V=—r=—"4(— +———Z 1 +k—); —=d, x
P=Po a- e @& et )+ & ar ar’ a0
i’/-—-dpo +@, x(1x+1y+kz)+(1——+19-——+k——) 1x+Jy+Ez=¥,

dt dt -~ dt
+dx ».dy -’ - e = — - o - -~ =
1—(—l—t—+_]—a{+ka——=1vm+1vry+kvrz=vr;v=vo+coexr+vr;ve=v0+coexr,

V=V, +V,, v=qvi+ vZ +2v v, cos(V,,V,). Teopema o coxeHny YCKOPEHHH -
J

2 23 2% 27
5= %‘l_d Po (d d dk 2)+
teopema Kopuonuca: t2 dt* dt R
+(fi§+’i%+‘i;)+2(glid§+ﬂgl+9¥_fdﬂ)
dt dt dt dt dt dtdt dt dt
di d di o7 do, i
— = (“‘—)~—‘( =
dt© dt dt” dt
d?ps -
) d20"'a0;
i & dk
X + -————z+8x1+(oxcox1 x+ex+coxcox +
yar ¥t e @ x D] x+[E, xJ+ B, x(@. x])]-y

+[E, xk+ B, x (B, xk)]-Z =&, XxT + B, x (B, xT);
-d%x - d%y »dzz - -

) dt? Jdt dt’ 3%
d1dx djdy dkdz . zdx =dy -dz. . = . ~ L
=@, X(1—+j—+k—)=0 + +kv. )= ,
g T aa T ad S (g gtk T 0 (Va + Vg KV ) =B XV,

d=dp +E XT+0, x(B, xT)+8, +2(B, xV,); dF =€, xT; 85 =0, x (O, xT).
d,=ay+ar +ag.ad=4a,+a,+8,, 8, =20, xV,; &= 2:|0cV{-sin(®. ;).
CrnoxHoe JBkeHHe TBepy. Tena. [Ipasuio napaenorpaMMa yrioBbeix ck-eif: @ = &, + @, .

]

do . . . . - : : T
YIL. CK. COGCTBEHHOTO BpAIll-Hsl (5 = —a—(g B=0B +0, +B;, 0 =P +6%+p? +2¥¢cosO

®, =0cos¥ +¢sinOsin'¥; o, =0sin¥ - psinOcos¥; o, =¥ +@cosd — kunematHue-
CKHe ypaBHeHus Jiiepa.

o ~ d¥
O=0;+0, +...+0,. Vri1. CK-CTbh. NpEenecCu @, = —Et-, yri. CK-CTh HyTalldd ¥, = —




[image: image3.png]Craruka
PasHopeicTByOmas ByX nepecekaiommuxcs ciii— R = F, +F, ; nuaronans napajenorpamma

— n -t
R =F + F? + 2FF, cosa . Pasropeiictayromas cxonsmyxcs cuwt R = Y F, . [Ipoexiwu cu-

i=1

JIBI Ha ocH KoopauHaT (Ui mwiockoi cucremsl cun): Fy=F-cosa; Fy=F-cosf. Momynb cu-
2 L2, K F,
aei: F=,/F +F ; HapaBnsiompe KOCHHYCBI: COSQL = —i:—— ;cosP = ——, pas3jioKEeHHe Ha CO-

crasismomue: F =F, - i+ E, - _] , JI71 IpOCTPaHCTBEHHON CHCTEMBI: F= F, 4 F, 4+ F, -k,

F=Fcosa; Fy=Fcosf; F,=Fcosy; F = ,/F;Z‘ + Fy2 + FZ2 ; cosQL = —%‘-; cosP = —%—; cosy = —%— .
TTpoexiMu paBHOAEHCTBYIOMEH CHCTEMBI CXOISAMIMXCA CHJI HA KOOpAMHATHBIE ocH: R,=2 Fi\;
R,=YFi; R=YF;; R=,/R2+R} +R2 . YcoBus paBHOBECHS CHCT. CXONAIMXCS CHIL: Teo-
METPHYECKOE: ZE =0, anamutuyeckue: 2 Fy=0; >F;;=0; Y F,=0. Ycrnoeue paBHOBecHS 1ap
cun: Y, Mi = (0. MOMEHT CHJIbI OTHOCHTEIILHO TOYKH: 1\7[0 (F)=R xF — BexropHoe npousse-
neHue. Monynie BEKTOPHOI'O IIpon3BeieHus: M, (F) =R-F-sino= F-h. ITnockas cucrema cuir:
M, (F) =2F-h, >0 — npoTus yac.ctp.; <0 — 1o 4ac.ctp.
i j k
MO(F) =RxF={x y z|=(yF,- sz)f+(zFx - sz)]+(xFy —yF, )k, npoekuuy MoMeHTa
F, F, F,
CHJIBI HA OCH KOOpJUHAT: Mo,((—f")=yf~’z —2zF,; Moy(f*' )=zF, — xF; M(),(I—:‘)=xFy -
YcIloBus paBHOBecH IUL. CHCT. cuyt; anamamaa.: Y B, =0; Y F, =0; Y M (F)=0,
wim Y M, (F) =03 Ma(F)=0YMc(F,)=0, AB,C— To4KkH He Ha ONHOI IIPAMOH, HIIK
Y M, (F,) =0, Mg(F)=0;> F, =0, och "x" He neprenauKy1pHa otpesky AB.

Fmax

3axon KynoHa (3akoH AMoHTa — Kynona): =f, -N. Cuna TpeHHs CKONBKCHHS:

F,=f-N. t80c=fo  tg8Prp=f. M= filN — MOMEHT TpeH#us KaueHHs . MOMEHT CHIIbI OTHOCH-
TEeJNBHO OCH: M (f*‘) =M Z(“ )= Mo(f7 ) =1F, h. MoMeHTHI CHJIBI OTHOCHTENBHO OCeH KO-

OpAHMHAT: MX(F)wF —zF; My(F)—zF —xF,; MZ(F )=XF yF Cratu4yeckue HHBapHAHTHI:

1-p1ii — XBaJpaT MOJIYJIA ITIABHOTO BEKTOpA: I,=F.=F, +F 2+F,%; 2-0ii — CKalAPHOE [POH3B.

IJIaBHOTO BEKTOPa Ha 1. MOMeHT: L= F, - M, =F-M; +Fy-My+F,-M,.

Mo . F‘O - __1_2_-
Fo

I'naBub1i BexToOp Fpy = Fi+ ij + sz( M IIaBHEIH MOMEHT M = M, 1 + Moy-j. +Mgk,

MOx —(sz —ZFy) _ MOy '—(ZFx —XFz) _ MOz —_(XFy —ny)

* *
ITpoexis IJl. MOMEHTA Ha HalpaBJIeHHeE IJ1. BeKTopa M = Mpin=M

ypaBHEHHA LICHTPAJIbHOH! OCH:

F F - F
X y z
Yc0BHs PaBHOBECHSA NPOCTP. CHCT.CHl: 2 Fio=0; Y Fi,=0; 2 F\,~0; > M(Fi)=0; >M(F,)=0;

YM,(F,)=0. Yc10BHa paBHOBECHS Ul CHCTEMBI apajuienbbix cui (|z): 2F,=0; XM (F)=0;




[image: image4.png]2Fho %
Ry

Y M,(F)=0. KoopauHaThl LEHTpA ||-BIX CHIL: X = Xk . Koopaunatsl ieHTpa TSOKECTH:

Xe = —Z—I—)—%—.}—'ﬁ; Yo = ;E—kl—)y—llf—; rae P=2py. Lientp TsxecTd mwiockoii Gpurypsr:
Xc = Zﬂ‘.‘s}}ﬁ& ) Xe =% deF LIeHTp TAKECTH: AYT'H OKPYXHOCTH C EHTPAIBHEIM YTTIOM
(F)

. sina. | .. _ 2 sina
2a: X¢ =R-;—, KpYT'OBOI'O CEKTOpa: X —ER .

CrarHyecKuii MOMEHT IIOMaNny 1UIOCKolM Gurypsi — S,=2y;-AF=F-y;; S,=2x;AF=Fx..
O6beM Tena spamienus V=271x.F; miomans MoBepXHOCTH BpameHus F=2nx L.
Ex, -Fx,

F,-F,

LIeHTp TsKeCTH IUIOCKOH (GHIyphI C BRIPE3aHHOM YacThIO: X,

Kunemaruka
s=f(t) ~ecTeCTBEHHRIH crIOco0 3aaHuA ABHXECHHS, NpAMOJIMHE#HHOe ABIKenne: X=f(t).
KoopauuaTthbii ciocob: x=fi(t), y=fx(t), z=f3(t). YpaBrenue tpaexropuu: f(x,y,z)=0.
BeKTopHEI# crocob: paamyc-BeKTop T = 1(t)=x- i+y- 3 +z-k, MOAYNb I = w/x2 +y? +2%,

. X
HaTpaBJIsIoIUe KOCHHYCHI: cOos(X,T) = — u T.A. [lepexon ot koopauHaTHOro criocoba K
r

. .

I . df

ectectBerHoMy: s = [/%* +y” +2”dt. Cxopocts Touku. Bextop ckopocta: ===
0

v—dx-f+ﬂ-—j'+gz— k IIpoexuuu CKOpOCTH: V __d_x__),( \'% —i—y vV, =—=12

d dt © dt Y odt ’ ‘

-~V
Mozynb CKOPOCTH: V = ,/v + v +v?2 | HampaBisIOIIME KOCHHYCEL: €OS(X,V) =% H T.1.
\%

. ds . . ds . . .
EcrecTBeHHEIHA cnioco6: v=—=§, V=—-T, T— OpT KacaTeJbHOMH. [/|BIKeHHE B MOJISPHOH

dt dt
cHCTEMe KOOPAHMHAT: r=r(t) — IONAPHBIN paanyc, ¢=¢(t) — yroi. IIpoekunn ckopocTH Ha pa-
IUANBHOE HANpaBJieHHe v, = i, NOMepeYHOe HANpaBIeHue v, =T -, MOJYJIb CKOPOCTH

d&v d%

v =412 +12p? .; x=rcos, y=rsin@. YckopeH#re TOIKH. & = Pl V =T . IMpoexuun
t
dv, . . 2, .2, 2
yeK.-si: 2, =—% =¥, =% HT.A Mogynb yck.-s:a = /a; +a +a, , HaIpaBIMOL. KOCHHY-

dt
- a . .2
cHI: cos(X,3) = —a"— , 1 T.1. TIpoeKiun ycK. Ha paHanbHOe Halp-Hue a_ =i —r- (2, monepey-
HOE Hamp-HHe a, =T - {+ 2i(, MOIyIb yCK-# a=.a; +a, . A=47, +4&,. Moay/ s HopMasih-
V2
HOTO YCKOPEHHS: a, = ' p — paJHyc KpMBH3HEI TPAEKTOPHH, MOIYJIb KaCaTebHOTO YCKO-

__dvdzs_._L_, [ 3 - L
peHuda a_ = m = L a,la ,>a= \/an +a; . [IpaMonuseiHoe ABHXEHHE: P= 0, a,~0,





[image: image5.png]Cnoxenue Bpage}mﬁ BOKDYT 2-X napajuieIbHbIX ocei.

v
BpalleHns HalpasieHs! B OJIHY CTOPOHY. O=Mr+®), @ = —— = —*- == 22 |

601 0)2 VB \'4 A VB -V A
= —= = —— 2) BpalieHus HaNnpasJ€Hbl B Pa3HbI€ CTOPOHEL. @) = — = ——— == ———*=,
BC AC AB BC AC AB
o, 0,
O = Or—0;, — = = . 3) lapa BpameHuii @, = —0;; VaA=vp, vV=0;-AB — MOMeHT na-
"BC AC AB

PhI YIIIOBRIX ckopocTeif. BUHTOBOE IBIDKEHHE: maroM BHHTa — h. Ecnu v 1 0=const, To

DY —Jv2 2.2
h=2n—=const, vy, =Vvv  +0°r". JuHamuka

)

OcHOBHOI# 3aKOH AMHAMHKH ( 2-0# 3aKOH (ﬂglo'ronan mw = F. Inddeperuuansaeie ypas-

HEHHA IBIKEHHS MAaTepHATLHOM ToUKd: m-X = » F,; m-y = Z w> m-Z=YF,,

2
m-(—;—t—s—= F,; my——=z ; 0=>F,; m(f- r¢?)=F,, ———( 2p) = F,. —E:ZFD(—
p

— nuddepeHiHaTBHOE ypaBHEHHE npmonnneﬁnoro JABH)KEHHS TOUKH, €ro ofliee peleHune:
x=1{(t,C,,C,), HauanpHble ycnoBus: =0, X=Xy, X=V,=V,.

CsoGoauble xonebannus m-X = —cX; c/m=K%, % +k?x =0; x=C,coskt + C,sinkt,

%= —kC;sinkt + kCycoskt, C;=xq, C;=X ,/k, T.€. x= Xocoskt + (X ,/k)sinkt.

C=AsinB, C;=Acosp, x=Asin(kt+B) — rapmoHHuecKue konebanus, A=,/x; + (X, /k*) am-
IWINTYAA, tgf=kxy/X ,, B — HauanbHas ¢a3a cBOOOAHBIX KoneOauuid; k = Je/m - coberBennas
yacToTa Konebaumii; nepuon T=2n/k. CtaTH4yeckoe OTKIOHEHHE d=P/c. T=2nm.
3aryxaroumme Konebanus R,=—bx cuna conporupienus, m-X = —cx —bx, b/m=2n,

% +2nx + k*x = 0, xapaKTepHCTHYECKOe ypPaBHEHHE: 7%+ 2nz + k*= 0, ero kopHu:

21,2=—niw/n2 ~-k? .a)n<k x =e"’t(C1 cosvk? —nzt+C2 sinvk? ——nzt),

2 2

+ —

x=Ae™sin(kt+B). A = 1’ —(Eﬁ-—r—l—x-g—z—— tgP = 3(—0—.—;15——{1——; 4acTOTa 3aTYXalomHX Kojeba-
-n X + nx

uuit: k' =vk? —n? ; nepuon: T' = z; = ———-—T———- A _ —e 2 _ JIEKpeMeHT KoJieba-
k 1-(n/k)? A

Huit; —nT /2 TorapuMuaecKui IEKpeMeHT; "n" — KO3(QHUIHEHT 3aTyXaHHs.

5) Aneproudeckoe asmkenne n=k . Mpun>k: x=e™(C,e Vol-ie C,e Vot

gas C=(B;+B,)/2, C;=(B,-B,)/2, x =e ™(B,chvn? —k?t+B,shvn? -k’t)

x=A-e™sh(vn? —k*t+P).Tlpun=k: x=e™(C,t+C,), x = ™[x, + (X, +1nx,)t],

BoiHyX(IeHHEBIE KosieOanus: BosMymatomas ciira: Q = Hsin(pt+8), p — yacTora Bo3Mymiaro-

mieii cuitsl, 8 — HauanpHas dasa. m- ¥ = —cx + Hsin(pt +8), h=H/m, % + k®x = hsin(pt +§).

x=x+x". x"= C,coskt + Cpsinkt, x = Asin(pt+9).

Q = mV — KOJIMYECTBO ABIKEHHS MaTepHanbHOM Touku, Fdt — aeMeHTapHbIH HMITYJIbC CH-

ne1. d(mV) = Fdt — TeopeMa 06 n3MeHeHNH KONHWYECTBa ABIXK. MaTep. TOUkH B audd. popme

), 0603Ha-




[image: image6.png]t; t _

TerpanpHoO# popme: Q, - Qg = Y [Fidt- 2. [Fidt=73 8¢ — mmmymbcrr pHemmmux ci. B
0 0

npoexumsax: Qy — Qox = 28« 3aKOH COXpaHEHHs KOJMIECTBA JIBHKSHHS: fo =0 = Q=

const, B MPOEKIUAX: Z F]fx =0 = Q= const. [luddepennnansHoe ypaBHEHHE JBIDKEHUA

dV - _.dm
TOYKH NIEpEMEHHOMH MacCHI: m~(—lt— =F" + el ypaBHeHHe MeuepcKoro,

— -

O=u G peaKkTHBHas CHIA, o ~G ey CEKYHAHBIH pacxop TomwmuBa, @ = —U-Gek.
t

m m
®opmyia ITuonkosekoro: vy =vg+u-In(l+—=). z= —9 _ gucno Iuonkosckoro, my—
my my

craproBas Macca pakeTsl. ] JJaBHBI MOMEHT KONWYECTB JIBKIKCHUS MaTep. CHCTEMBI (KHHETH-
yeckuii MomenT) K, =D % xm;V; . Teopema 06 u3MeHEeHHH KMHETHIECKOTO MOMEHTA:
dK B _—E. dK
S 2 = ZME) =ME; 5 X = ME . 3akon coxpanenns kunerHueckoro Momenta: eciu
t t

Mf =0,10 K o = const . Kunernueckuii MoMeHT Bpamatomerocs tena K, = J,o. Ecnu M= 0,

2
m, v
to J,0 = const. Kunerndyeckas sHeprus cucremst T = Z-%—k- .

1 1
T = Y T,. IMoctynarensHoe apuxeHue: T o= -2— mv?>. Bpamarensnoe: T,= —?: J zcoz . ITnockona-

1 1

pajuieNbHOe (IUIOCKOE): Tm,=§mv% +:2—J c®?%, V¢ — ckopocTh nentpa Macc. Teopema Kennra:

1 5, «mvh !

=§mvc + Z~——2———- Pabora MoMeHTa: A = |Mdg. MomnocTe: N=M, 0.
0

Teopema 00 U3MeHEHHH KHHETHIECKOH PHEPIUU CHCTeMBI: B JuddepeHunancHoi Gopme:
dT = Y dA} + ) dAj , B koHeuHO# dopme: T, — T\= > A} +3 Ay . ins Heusmensemoii cuc-
A

noJL.conp

A

N= Nyan/Nys. 3aKOH COXpaHEeHHs NOJHOK Mexanudeckoi sHepruu: T + IT= const.
aJIbHBIE YPaBHEHHS [IOCTYNATEILHOTO ABMKEHUS Tena: mX e = X{ M T.A.

¥ . . c
EQQQ-HBIC YPaBHCHUA BpallcHUS TCJIa BOKPDYT” HETIOABIDKHOH OCH: j 0 =M ; sy J 2€E= MZ'

1) ecmm M§= 0, To ® = const; 2) Mg"—" const, TO € = const.

TeMBI ZA{( =0u T,-T= > A} . KospduuuenT nosesHoro neficTeus: n =

2

dz(p . Pa 2
YpaBHeHne BpalaTeJIbHOro ABHXXCHHUSA (l)IfIBH‘IeCKOFO MasTHHKA: J o "(i—'z" =-Pasin ¢, —= k ,
t 0

madepeHIaNbHOe ypaBHeHHEe KojeOaHuHi MasTHHKa: § +k2sin@ =0, sing ~ o,
Toraa @ +k2(p =0 — muddepeHManb-HO ypaBHEHHE FrapMOHUYECKHX KOJIeOaHMH.



[image: image7.png]TTepBas KocMHYECKas CKOPOCTh Vi=4/gR ~ 7,9 km/c, R = 6,37 10° — pamuyc 3emmu; BTOpas
KOoCcMHYeCKast CKOPOCTh: v11=,/2gR ~ 11,2 kM/c.

2
o cA
TMoTennyansHas SHEprus BOCCTaHABIMBAIOLICH CHITBI npyxXuH: I1 = B A — MoIyJIs npupa-
) AT o
INEHHs JUIMHBI NpYXHHBL. PaboTa BocCTaHaBnUBaloLed CHIIBI IPYXHUHBL: Aj 9 = 2 3

EgHaMPIKa MaTepnaanoﬁ CHCTCEMBI H TBCQgOFO TCIIA

Lentp Macc (LIeHTp HHEPLIMH) — FeOMETPHYECKas TOUKa, paJjHyc-BeKTOp T KOTOpOii onpese-
- my 1) -

NACTCH paBeHCTBOM: l'c= Z——M!-(—I—k— , IS I‘k - palIH)’CBI-BeKTopBI TOYCK, 06pa3y10nmx cnc*remy.

my X
KoopauHaThl IEHTpa Macc: X, = ;-—Ll(— u T.A. [Judd-Hele yp-HHS JBHKEHHA CHCTEMBI Ma-
M

2= . .
Tep.TOYEK: My -—-—121‘— = F{ +F, W B poexumsx Ha ocH koopamHat: my Xy = X} +Xj HT.AL
dt

ISt Kol Touku (Tena) cucrembl. MOMEHT HHEPUMH MaTep.TOUKHU: mh?®. MomeHT HHEpIUu
tena: J,= Ymh’. TIpu HenpephIBHOM pacnpeie/ieHuH Macc: J,= Ky2+zz)dm; Jy= f(z2+x2)dm;
)= kx*+y?)dm. J,=M-p’, p — panuyc unepnuu rena. [onspusiit MoMeHT HHepiHy J = K
x2+y2+zz)dm; Jx 1= 2J,. LIeHTpoGeXHbIH MOMEHT HHEDLHH: ny=fxy dm; J,,= fyz dm;
Jp=lx dm. J=J,

Ix _ny "sz

Tensop uxepumy B JanHo# Touke: J=| —Jyy  Jy  —Jy,
-Ix -y g
2 mE? 2
MoOMEHTEI HHEPLUHH CTEPXHA: [y = %—; Iy, = R CnnomHo# auck: Jo, = mR
R} +RJ
TMonstit nuuHIp: J o, = Ef___l_i___}_)_ , IMITHHJP C MaccoH paclpe/ieNieHHoi 1o oboxy (oOpy4):

Joz = mR?. Teopema @'olirenca-Iliteigepa: Jo, =Jc, + md? . Moment MHEpLUU OTHOCH-

TEJIbHO NPON3BOJIbHOM OcH: J = chosza + choszﬁ + choszy — 2JyycosacosP — 2J,,cosPcosy -

2J xcosycosal, ecii KOOpAMHATHBIE OCH — IJIaBHBIE, TO: J = J,cosa + chos2B + Jcos?y.
Teopema 0 IBH)KEHUH HEHTPA MACC CHCTEMBI:

mi. = Y F . nuddepennuansroe ypasHeHue ABIKEHNS UEHTPa Mace: mXc = 3 F .

3akoH coxpaHeHHs ABIXeHUs ueHTpa Macc. Ecin ) FY, =0 = X =V, = const, ecnu npu
3TOM B HAY&IBHBIH MOMEHT Vcxo= 0, TO = X =0 = xc= const. Konn4ecTBO ABMXKEHUS CHC-

TeMsl Q =) m, ¥, =MV . Teopema 06 H3MEHEHHH KONHYECTBA JIBIKECHHA CUCTEMBI:

dQ - dQy
— = F", npoexumsax:
dt dt

= Fﬁx. TeopeMa 06 U3MEHEHNM KON-Ba IBHKEHUA CUCTEMBI B MH-




[image: image8.png]- t 1
H —(-1—(—3?—’2 =F. mv, - = j'l_idt S= det—- UMITYJIbC CHuIBI 32 [0,t]. B mpoexumsix Ha ocu

KOOpAHHAT: MX —mX, = j’F dt mT.0. K = T X mV - MOMEHT KOJTH4eCTBa BKEHHS MaTep.
0
To4kH oTHOCHTENbHO HeHTpa O. TeopeMa 06 H3MEHEHHH MOMEHTA KOJIMYECTBA IBHYKCHHA Ma-

TEP. TOYKH d—IEQ-ICI LS
' " dt O at

=0, = KO = T X mV =const. f(o = 2mq =const,

rae 4= -;—('r’ X V) — CEKTOpHas CKOpPOCTbh. JneMeHTapHas pabora dA = F.ds, F, - npoexuns cu-

JIBI HA KacaTeNbHYIo K TpaekTopus, Wik dA = Fdscosa.. dA=F - dr — ckansipHOe mpon3Beze-
uue; dA= F,dx+F,dy+F,dz. PaGoTa cuisl Ha moGOM KOHEYHOM NepeMelieHH: MoM;:

M;) M)
A(MoMl) = fF,ds. Ecnu F=const, To A(M0M1)= F-s-cosa. A(MOMI) = jJ(F x+F y+Fzz)ds,
(Mg) (My)
t)
A, = JEX+Fy+F,2)dt.
(to)
Pa6ota crnbl TsDkeCTH: A\ y,) = 1P -h. A>0, ec My Boimme M.

M)
Pabora Cuiibl yIIpYTrOCTH: A(MOMI) = ,r (—ex)dx = %(x(z) - X%) = -;—-[(Af Haq)z - (AL Kon)z] .

(Mp)
PaGota cunbl TpeHHS: A v,y = —FrpSs Fp=IN. Cuna npuTsHKeHEs (TATOTECHHA):
M)
F= kr—— , k=gR®. Pa6oTa CHJIBI TATOTEHHS: A M, = km g dr mgR? (— --—-)
M,
dA s P . . .
Mommnocte N = ek F. e F-v=F,x+Fy+F,z. Eciu N=const, To N=A/t.

Teopema 06 u3MEHEHHUH mnemqecxoifl SHepruu Touku. B muddepenumansHoi popme:

mv mv?
5 J YdA, . T= — KHHETHYECKas JHePrus MaTepranbHON ToOUKH. B koHeuHOM

2 2
mv;, mv, ou ouU ou
BHAE: —= — =A,,. X, ==Y, =—;Z;, =—, U=U(X1,¥1,21,X2,¥2:Z2; - - - XnsYnsZn) —
Hie: ~— 5 v Xi=oo P (X1,Y1521,X2,¥2,Z2, - + -Xn15YnsZn)
cwIoBoi dynkumei. dnementapHas pabora cuwt nons: SA=2.3A;= dU. PaGora cui Ha KOHeY-~

)
HOM NepeMELICHUH A, = IdU U, — U, . llorenunansnaas 3Heprus — I1 paBHa cymme pa-
a)
00T CHJI MOTEHIIHAIHHOTO TIONA Ha NepeMElIeHHH CHCTEMB! W3 JAHHOTO MOJIOXKEHHUS B HyJle-
Boe. A= ITj— I,. IToreHu. 3Heprus nois Cuibl TsokecTH: I1= mgz. IloreHnuansHas sHeprus

m
nons HeHtpansHbix ci. [lenTpansHas cuna —F = k I1 = -k —. I'paBuTaIHOHHAS CHIIA
r

2’

F=f

mym mj;m )
1 5 2 M=-f —12 £=6,67-10 "\P/(kre?) — mocTosHHAS TATOTEHHS.
r r
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Pemenue storo ypasuenus: ¢ = C,coskt + C, sinkt unu ¢ = asin(kt + ). ITepuonx Maneix ko-
neGanmii pusmyeckoro mastauka T= 2n/k = 2n,/J /(Pa) . s MaTEMaTHYECKOTO MasTHH-

.. . J
Ka:{p+ —Ig-:sm ¢ =0, L=—2— npusesierHas JUIHHA QUINIECKOrO MASTHHKA.
ma

. e e . e €. T €

Indd. ypap-HHs mIOCKOro ABMKEHHS Tea: m¥kc =) X7 s myc =2 Yy 5 I =Y mc(F).

Y (¢ +F, +F) = 0 — npunmmn lanam6epa 215 MaTepHanbHOH TOUKH.

Cuna uHepLyu: Fl': = —my W , 3HaK (—) 03Ha4aeT, YTO CHJIa HHEPILUH IIPOTHB YCKOPEHHS.

Ilns cucTeMsl f0GaBseTcs ypasHerne: [, (Fy )+ g (F )+ (F )] =0.

F" =3 F — riaBmbii BeKTop cun MHepumy, i, (F.) =Mg — r1aBHEI# MOMEHT CHIT

unepumn. 3 Fp +R™ =0, Y iy (F)+Mg =0 — ypaBHeHN:S KHHETOCTATHKH.

T'naBHEIA BekTOp CH1 MHepuM F" = =) my Wy = —~MW . [1aBHEI} MOMEHT CHJI HHEPLHHK

TIPH IUIOCKOM JIBIOKEHMH: M§ = —J . , IpH BpalueHHH BOKPYT OCH Z: 1\7[? =-J,€.
Onpenenenue peakiiiii IpH BpalieHHH TBEPAOTO Tejia BOKPYr HENOABH)XHON OCH.

B|
IlenTpobexHas cuia HHEpLUUHU FiILI = mir,coz , BpamarenbHas F, P =mns.

2 +my_e, Fy = my 02 — mx.€.

2 mX; =mX; H Y mjyj =myc, Fy =mx0
MY = 023 m;y;z; +8Y. m;z;x; = —-Jyzco2 +J €,
‘Mg = 02 Y m;zix; +£3. m;y;z; = J 02 +JyzE,
M =-Y mjner =—sZmiri2 =-J,€,

Vyz = 2 miyizi, Jzx =2 m;iz;X;— UeHTPOGeXKHbIE MOMEHTHI HHEpLHH, J, = Zmiriz :

Y paBHEHHs PaBHOBECHS KNHETOCTATHKH:
> X7 +Xp +Xp +mx 0% +mye=0,

Y +YaA+Yp+ my 0’ -mx =0,
ZS+Z 4 =0,
i A
Y ME ~Yph-Jy,0% +J,e=0,
2
XMy +-Xph+J 0" +Jy,e=0,
>MP ~J,e=0.
YClI0BHS OTCYTCTBHSA JHUHAMWYECKHMX COCTABIAIONINX:

mxcco2 +my.e=0, mycco2 -mx.e=0, —Jyzco2 +J =0, szu)2 +Jy,€=0,
otkyaa xc=0,yc=0, J,,=0,J,= 0.
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OCHOBEI AHATUTHYECKOH MEXaHHUKH
TIpuHIMI BO3MOMXHBIX mepeMeIICHHH:
Y B -8f =0; Y (Fix -8xg +Fiey -8yk +Fiz 82k ) =0.

O6mee ypasnenue munamuky > 0A% +) 8A) =0.
04; ) 0q;

6oL, q; — 0606ImEeHHas KOOPIMHATA; {;— 0000IEeHHas CKOPOCTb,
T = T(q1,92,- - -»4s>41 42 - - - 45 ,t) — KHHETHYECKAs SHEPIHs; Q; — 0606mennas cuna.

Ypaprenus Jlarpamka 2-ro poza: dt( or )— — =Qj, (i=1,2...s), s — 4nCNO cTeneHe# cBo-

Q= _%A Qi = —‘@-I—I-, T = T1(q1,92,- - -,9sst) — NOTEHIMATbHANA SHEPrus.
5q; aq;
®ynxuus Jlarpamxka: L =T -1, —(—1-(—@1—1) A =0 — ypaBHeHus JlarpaHxa BTOpOro pozaa
dt\dq; ) Ogi

JJIs KOHCEPBATHBHOM CHCTEMBI.
e . -
TTpu cramuonapHex cBsaax T =— Y Y a;q;q; — KBamparwHas popma 0GOGIIEHHEX CKOPO-
i=1j=1
creit, a;= a; — k030GUIHMEHTH HHEPIHH.




