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Craruka
PasHogeiicTByrOMIasA ABYX nepecekaromuxcs cuii— R =F, +F, ; nuaronans napannenorpaMma

e n -
R = /F? + F} + 2FF, cosa . PapHOZe/CTByIOmAs CXOAAMEXCS CHI R = > F, . IIpoekuun cu-

i=1

7Bl Ha OCH KOODIWHAT (s IUIocKoi cuctemsl cui): Fy=F-cosa; F,=F-cosp. Moayns cu-
2 g2 ‘ F, F
ns: F=,/F +F; HanpaB/Aromye KOCHHYCHI: COS QL = ?; cosP= F; pa3noxeHHe Ha CO-

craBsrompue: F = F, g+ F, -}, Jlns npocTpaHCTBEHHOH CHCTEMBI: F= F, g+ F, --j+ F, -k,

F,=Fcosa; F,=Fcosf; F,=Fcosy; F= ,/ F,f + Fy2 + FZ2 ; cosoL= EF"—; cosP= -l;i; cosy = F—Pf
Ipoexiun paBHOREHCTBYIOMEH CHCTEMBI CXOAAIINXCA CHI Ha KOOpAKUHATHEIE OCH: R,=Y Fiy;
Ry=ZFiy; R=~3Fy; R= Ri + R§ + RZ . ¥YcioBHs paBHOBECHS CHCT. CXOJSIIAXCA CHII: Te0-
METPHYECKOE: ZE =0, aHanutHyeckue: 2 Fy,=0; 2 F;=0; >F;,~0. Ycnosue paBHOBecHs nap
CHI: ZMi = 0. MomenT cunet otHocHTeneHO Toukd: M, (F) = R xF — BexropHOe npomsse-
nenue. Moayns Bextoproro npoussenerns: M, (F) =R-F-sina= F-h. IInockas cucteMa cu:
M, (F) =+F-h, >0 — npoTsB uac.cTp.; <0 — [0 Yac.cTp.
i j ok
1\710 (F)=RxF=|x y z|=(yF,- sz)f+(zF x— xFZ)j+(xFy ~yF )k, npoexuun MomenTa
F, F, F,
CHJIBI Ha ocH koopauHat: My,(F)=yF, — zF v Moy(F)=zF «— XF;; Mg (F)=xF y—YFx
YcI0BHA PABHOBECHS IUL. CHCT. CHII: aHATHTHY.: ¥ F, = 0; 2E, =0, > M, Fo=0,
um Y M, (F) =0, Y My (F) =03 M (E ) =0, AB,C—Touxu He Ha OHOI IPIMOH, HIH
Y M, (F) =03 My(E,)=0;3F, =0, och "x" He nepreHauxyspHa otpesky AB.
3axon Kysnona (3akon AMonTa — Kynona): F™ =f, - N. CHia TpeHHA CKOJIBXeHuS:
F, =f-N. tgpc=fo; tgPxp=f. My= fiN — MOMEHT Tpenus KaueHHs. MOMEHT CHIIBI OTHOCH-
Tensno ocm: M (F) =M, (ny) =M, (ny) =1F,,h. MoMeHTEI cHITEI OTHOCHTENBHO OCeii Ko-
opauHat: M( F =yF, —zFy; My( F Y=zF, — xF,; My( F )=xF, — yF,. CTaTudeckue HHBapHaHTHI:
1-b1it — KBazpaT MOZYJISA ITITABHOTO BEKTOpa: I= F02= Fx2+Fy2+Fzz; 2-off — cKaNApHOE MPOM3B.
TJIaBHOTO BEKTOpa Ha L. MOMeHT: [,= F, - My =F,-M,+F-M,+F,-M,.
TIpoexwys I71. MOMEHTa Ha HanpaBiIeHHe I Bektopa M’ = Mo Fo = I—z Mpii=M’
F, I,
[ naBHEIi BekTOp Fpy = Fxf + Fy_j + FZE ¥ IVIaBHEL MOMeHT M, = MOXT + Moyj + MOZE ,
Mo, ~(%F, ~2F,) _ Mo, = (zF, ~xF,) _ Mo, - (xF, = yF,)
F F F

X y z

ypaBHEHHS IEHTPATBHOH OCH:

VcnoBus paBHoBecHs Ipoctp. cHET.cHIl: 2 Fi=0; Y Fiy=0; YF\,=0; >M(F)=0; >M,(F)=0;
> M,(F)=0. Yciosus paBHOBECHA I CHCTeMBI napajuienbubix cul (||z): XFy,~0; XM, (F)=0;
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PRI
2 i

2M(Fi)=0. KoopauHaThl HEHTpa |[-bIX CHIL: X = Xk . Koopaunarte! neHTpa TsOKecTH:

Xc = @; Yc = ;r—)-k;‘i; rae P=2py. LleHTp TOKeCTH INIOCKOH GUrypsI:
2% AR 1
Xe = = » X =— deF. IenTp TAXKECTH: LYTH OKPYKHOCTH C LIEHTPAIBHBIM YIIIOM
(F)
20: xo =R Sma ; KDYTOBOT'O CEKTOpa: X = %R sma
o

v}
CraTnyeckuii MOMEHT [UIOIIAAX [LIOCKOH GUTYpEl — S, =2y;-AF= F-y,; S,=2x;¢AF=Fx..

O63eM tena BpameHus V=271x.F; Iomans 0BEpXHOCTH BPALIEHUS F—21txcL.
. o Ex, -Fx,
LieHTp TsDKECTH IUIOCKOM (QHTYpEI ¢ BBIpE3aHHOH YacThiO: X, = R
171
KuneMarnka
s=1(t) —ecTecTBEHHBIH cHOCO6 3afaHKs JBWKEHNA, IPIMOIUHENHOe NBIXEHME: X=1(t).
Koopaunatneii cioco6: x=fi(t), y=fi(t), z=f3(t). YpaBrenne tpaexropuu: f(x,y,z)=0.
BeKTOpHEI crIoco6: pannyc-BeKTop T = F(t)=x-1+y- ] +z-k, Momynb 1= /x2 +y* +27,

o X
HaIpaBJIAIONME KOCHHYCHI: cos(X,T) =— H T.R. [lepexon or koopaunaTHoro cmocoba K ecte-
r

! d
. . . - r .
CTBEHHOMY: § = I %% +y* +z*dt . Cxopocts TouKH. BexTop ckopocTa: V = - T
t
0

V= dx; Q}+EE Ilpoexuuu ckopocTH: v —g—k v Yy A 4
a  Ta e P B A

Vv
Moxyis cKOpOCTH: V = .[V2 + vf, +V2, HANPABIAIOIIHE KOCHHYCHL: COS(X, V) = T" HT.A.

. ds . _ ds
EcTecTBeHHRIH cmoco6: v=—=§, V =—-7T, T— opT KacaTensHOM. [IBIKeHHE B OAPHON

dt dt
CHCTEME KOOPIHMHAT: r=1(t) — NONAPHEIH pamuyc, p=¢(t) — yroi. ITpoeKum CKOpOCTH Ha pa-
AMANbHOE HANpaBleHHe V, = I, I0NepeYHOe HaNpaBNeH:e vV, =r -, MOIYNb CKOPOCTH

. . . B T
v =4t? +1r29? .; x=rcos@, y=rsing. Yckopenne Toukn. a = @ = o =V =T. [Ipoexunu
t
yek.-: a, =—* =V, =X uT.0. Moxmyns yck.-s:a = ,/ai +a§ + ai , HaImpaBIIOINI. KOCHHY-

dt

~._a . .
CBl: c0S(X,3) =—*, u T.A. [IpoeKuun ycK. Ha pafuaIbHOE Halp-HAUE a, = f —r- (O, momeped-
a

HOe Hamp-Hue a, =r-{+ 2i}p, MOIyNb yeKk-1 a = 1/af + ai . a=4_ +4,. Moayns HopMans-
v2

HOTO YCKOPEHHS: a, =—, (P — PaJAHyC KPUBU3HKI TPACKTOPUH, MO/YJIb KACATENBHOTO YCKO-
p

dv dZS - - 2 2 - _ _
peHus a, = — = a,1a,,= a=,a, +al . [Ipamomunefinoe ABIKEHHE: P= 0, 8,=0,

Tt di?’
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a=a, PaBHOMepHOe KpHBOJIHHEHHOE JBIKEHHE: v=const, a,=0, a=a,. s=sy+V-t, IpH sp=0 v=s/t.
PaBHOMepHOe NpAMONIHHEHHOE ABH)KEHHE: a=a,~a,=0.

2
t
4) PaBHONIepeMEHHOE KPHBOJIMHERHOE NBIDKEHHE: a,~const, vV=vpta.t, s=s5,
do . nn do d¥ . .
YrnoBag ckopocTe: ©® = — = ¢, O =—. YIJIOBOE YCKOPEHHE TeNa: € = — = — =0=0.
dt 30 dt dt

PaBHOMepHOe BpalieHHe: o=const, ¢=t, ®=(/t, paBHOIIEpeMEHHOE BpallleHHe: O=0,+Et;

€t -
Q= G)Ot + 7 . CKOpOCTPI H YCKOPE€HHS TOYECK BPAIAXOINEIroCsa TENA: V= XTI .

v=o-r-sin(a) = ©(CM), (CM) — paccrosaue ot To9kd M 10 ocH BpamieHus.

i k
@opmynsl Dfinepa: V=0xT =0, 0, O, =T(myz—mzy)+](mzx—mxz)+E(mxy—myx),
Xy 2z

VEOyZ — O05Y; Vy=0X — OxZ; V, =0y — OyX. ECITH 0Ch BpallleHus COBIIANAET C OCHIO Z, TO Vy= —
o0y; vy=0X. Yckopenue: 8 =ExXT+OxV=ExF+ & x (& x 7). Bpamarensroe yck. a8 =§x T,
a”=g-r-sina, HEHTPOCTPEMHTENBHOE YCK. 3" = ®x ¥ = & x (& x T), a"=n>R. ITonxoe yckope-

Hue: a =+/(a")? +(a®)? =RvVe? +o* . Yron, Mexay monHeM 1 LIEHTPOCTPEMUTENBHBIM yC-

Bp

a €
KopeHHsMH: tgf} = — = —7 - 1110cKkoe JBIKeHre TBEpIOro Tena.
a ®
YpasueHus miockoro gBHxeHus: Xa= fi(t), ya= f(t), ¢ = f3(t), Cxopocts VB =V, +OXT,p;

Vg =V, +vBA, vBa= 0-BA, vscoso = vpcosP. MrHOBeHHEIH HeHTp ck-eii — P: ¥, =& x PB.
Vo _ V d&vy dv, do dr,
A =B o=—B Vckopenns: i =—2 =—2 + —xT,5 +Hx—AB
PA PB PB dt dt dt dt
apy €
dp =3, +3,, =3, +35, +3N, . aj, =0’ -BA,al, =¢-BA, tga =4 = —,
g, O

" o € a
ap, = ABVe? +0* . MrHOBeHHBI HeHTp yex-uit — Q; o = arctg—, AQ=—~2A—4,
® Vet +o

ag QB ; .
— = Q_A Coepuueckoe JBHXEHYE TBEPIOTO TeNd. Y paBHEHUA cHepHIeCcKOTO ABHKEHHS:
A

w=fj(t); 6=f(t); o=f3(t) ¥ — yron npeneccun, 6 — yron Hyrauuu, ¢ — yroi cOGCTBEHHOTO Bpa-

. ~ d®
meHus — yrisl Jiitepa. YIIoBoe YCKOpeHHe: € = e CKOpOCTH TOYEK IpH Cepud. JBHXK.:

=®xT, MOAYNb V=0r-5in=®-h, h— paccTosHUe OT TOYKU 1O MIHOBEHHOM OCH BpailleHH.
i j k
@opmynet Jifnepa: V=0XT =0, 0, 0,|=i(0,z-0,y)+ j(0,x -0,2) +k(0,y -0,X).

X y 2z
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Vckopenus: 4 = EX T+ § x V, BpalaTebHOE YCKOpeHHe a' =§x T MOZYNb Bpalar. yck.
""—e -r-sinf=¢-h, hl— PaccT. OT TOYKH JO BEKTOPA €, OCECTPEMHTENFHOE YCKOPEHHE
=®xV, a° °*=@2h. ABmxenue cBo60AHOro TB.TeNa. Yp-HA ABHXK.CB.TB.TeNa: Xa=f](t);
yA=f2(t); z,=f3(t); ¥=fy(t); 0=fs(t); o=14(t) (yrnsI Diinepa). CkOPOCTH TOUKM CB.TB.TENA:
V=7, +®xF. YCKOpeHHe TOUKH CB.TB. Teya: & =8, ++3% +3% =4, ++Ox(BxF)+ExT.
CroxHoe JiBrkeH#e TO9kH. TeopeMa 0 CIIoKeHAH CKOPOCTeii:

. . . dp dp, ,di_ dj dk . ~dx =<dy -dz, di . =
=po+T, V=—"=—>+(—x+—y+—D)+(i—+j=+k—); —=0&,
P=PotT V== "& a2 e e e !
V=dﬁ° +®, x(1x+Jy+kz)+(1 +-jd—y k=), ix+jy+kz=T;

dt dt d
R A L +Jvry+l_€vrz=\7r;V=V0+6’)exi"+\7r;§'/c=i'/0+6)ex'r',

dt “dt gt x

V=, +7,, v=4vi+vZ +2v,v, cos(V,,7,). TeopeMa o CIONKEHHH YCKODEHHMH -
dv _d* po d2 d2 d*k

a= — +—2)+
o dt o at? ( dtzy dt? 2)
teopema Kopuonnca: _
-d*x d2 -d%z d1 dx d_]dy dk dz
+(‘_z +kS 542 =+
dt dt dt dt dt dt dt dt dt
dz_i. d dl d . v 0, T I - U7 g
— —)=—(®D.%x1)= -— =g + .
e dt(dt) dt( ¢ X 1) dt e X g =B Xl o0, x(0,x1) 1T.0
d’py .
D dtzo =20;
d* d2] S et
— +—Z+[E Xxi+ 0, x (B, x )] X +[E, x j+ B, x (D, x J)] ¥+
ya Tt e CH (@ x 1)]-x+[Ec x ] (@ x 1)y

+[E, xk+® x(coexk)]-z=§e><r @, x(0, xT);
—-d X, d2 - d%z

3 Y kS 2-T.a_ +ja, +ka, =3

) ETMRTE T Ay

dldx djdy dkdz . ~dx =dy -dz, . - = - L
4) —+——+——=@ x(i—+ j=+k—) =0, x(iv, + +kv,)=08 ,
)dt dt dtdt dtde ¢ ( a dt) X (Vo + Ve kv, ) = B x ¥,

A=8,+E, xT+B, X (B, xF)+3d, + 2D, xV,); 8T =€, xT; dg° =B, x (D, XT).
= = =B Zoc 3 __ = = = = ~ . a = . ~
d, =8, +4F +a’.d=8,+4, +8,, 8, =20, xV,; a= 2:|0.vsin(®, v,).
CnoxHoe JBIKeHNe TBep/l. Teaa. [IpaBuio napannenorpaMMa yrioBEIX CK-eil: & = &, + O, .

L _ d¥
H=® +®, +...+ &,. YII. CK-CTh. IPELECCHH O = T YTIL CK-CTh HyTallHH (), = —

b

_do — w282, 02 P
YTIL. CK. COOCTBEHHOTO Bpalll-UA ©; = i D=0, +®, +B;, =¥ +0° +0° +2¥PcosO
®, =0cos¥ + @sinOsin ¥; o, =@sin'¥ — psinOcos ¥; ©, =¥+ @cosd — kunemaruge-
CKMe ypaBHeHHus OHnepa.
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CrnoxeHue BpameHHi BOKPYT 2-X MapajiieNbHbIX Oce.

B paBIICHEI B OZIHY CTOPOHY. 0=0y+0, @ = B = A — Ya* Vs * Vg
pallieHns1 Hall 0, —
BC AC AB ’
o o vg Vv Vg -V
—L = —2 = . 2) BpaweHus HanpaBJeHH B Pa3HEIE CTOPOHBL, (= —B- = —A —= "B "A
BC AC AB BC AC AB
0 _ 0,
0= 0r—0;, — BC = E = ——. 3) Ilapa ppaienuit co2 =—®;; VA=Vp, V=0,-AB — MOMeHT ma-
PHI YIIOBBIX CKOpocTeil. BUHTOBOE ABIDKEHHE: maroM BUHTA — h. Ecii v 1 o=const, T0
v
h=2n—=const, vy; =Vv> +0’r?. Iunamuka
o

OCHOBHOI! 3aKOH JHHAMHKH ( 2-0#f 3aKOH (ngo'rona)) mw =F. JluddepeHumansusie ypas-

HEHIS [IBIDKCHAS MaTepPIaJILHOﬁ Toukm: m-X =Y F; m-y=YF ;m-2=3F,,
md

dZS . - .2 2. X
mdt_2 =YF.; m— > F,; 0=YF; m{i-rp°)=F, Ta(r ¢)=F,. mdt_2= > Fy -
- nmbq)epeﬂunanbnoe ypaBHEHHe IIPAMOJIMHEHHOTO JBHXXEHHS TOYKH, ero oblee peleHne:
x=f(t,C,,C,), HauanbHbIe YCIOBHA: t=0, X=X, X=V,=V,.
CpoGospeie konebapms m- X = —cx; o/m=k% ¥+k’x=0; x= C,coskt + C,sinkt,
%= —kCsinkt + kCscoskt, C;=xq, C;=% y/k, T.e. x=Xocoskt + (X ,/k)sinkt.
Ci=Asinf, C;=Acosp, x=Asin(kt+) — rapmonmueckue Konebanmus, A=1/x(2) + (X4 /k?) am-
IHTYAA, tgPf=kxo/ X ,, p — HauanbHas da3za cBoGOAHEIX Konebanuit; k = +/c/m — cobeTBeHHas

dacrota konebauuit; nepron T=2n/k. Crarudeckoe oTiuloHeHHe 8 =P/c. T=21./8 . /g .
3aryxaromue xonedanus R,=—bx cuia conpotusnenus, m- X = —cx —bx, b/m=2n,
%+2nx+k*x =0, XapakTEPUCTUYECKOE YPAaBHEHHE: 2>+ 2nz + k*= 0, ero KOPHH:
zi;=-ntvn? -k? . a)n<k x=e™(C, cosvk® —n’t+C,sinvk? —n’t),
(x0+nx0) xovk? —=n?

x=Ae™sin(kt+f). A = > —» 8B = ——————; uyacrora 3aTyxalomux xoneba-
k“-n X +nx,
» » 2n T A, T
mmit: K'=vk*—n? ;mepuom: T" === ——— Zitl _ 0T /2 _ JIleKpEMEHT KoJieba-

k 1-(n/k)*> A

nuit; —nT"/2 norapudmudeckuit nexkpeMent; "n" — KO3 QHIHEHT 3aTyXaHus.

212 ' 2_42
5) Aneprouyeckoe apmkenne n2k . Ipun>k: x=e™(C,eV™ "' +C,e'" *!
was C;=(B1+B,)/2, C;=(B1-B2)/2, x =e ™ (B,chvn? —k’t+B,shvn? —kt)
x=A-e"sh(vn? —-k’t+B).Ipun=k: x=e™(C;t+C,), x =e ™[x, + (X, + nx)t],
BrinyxJieHHBIe KoneGanus: BosMymaromast cuna: Q = Hsin(pt+3), p — 4actoTa Bo3aMywmaro-
mieii cubl, § — HavanbHas asa. m- X = —cx + Hsin(pt + 8), h=H/m, % +k’x = hsin(pt +5).
x=x+x". x =Cjcoskt + C,sinkt, x'= Asin(pt+9).
Q = MV — KONHYECTBO ABHKEHHSA MaTEPHATBHOM TOUKH, Fdt — 3/IeMeHTapHbIA HMITYIEC CH-

a1 d(mV) = Fdt — Teopema 06 H3MEHEHHH KOIMYECTRA IBHXK. MaTep. TOYKH B Jud. popme

), 06o3Ha-
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t t
——2=F. m¥, —-mv, = I Fdt S= Ith— HMITyJIBC CHIEI 3a [0,t]. B mpoeknuax Ha ocu
0 0

t
KOOpAHHAT: mX —mX, = IFX dt nT.n. K, =T x mV- MOMEHT KOJIHYeCTBa ABHXEHUSA MaTep.

TOYKH OTHOCHUTEIIBPHO IICHTpa O. TeopeMa 06 HA3MCHCHHN MOMEHTA KOJIMYeCcTBa NBHIKCHUA Ma-
K dK

dt

rae 4= %(? X V)— CEeKTOpHas CKOPOCTh. JneMeHTapHas pabora dA = F.ds, F, — mpoexuus cu-

Tep. TO‘IKH.% =M, X =M, . Eciu M= 0, = K, = ¥ xmv=const. K, = 2m{=const,

JTBI Ha KacaTeNbHYIo K TpaekTopuH, i dA = Fdscoso. dA=F - dr — ckalspHOe npomsBee-
Hue; dA= F,dx+F,dy+F,dz. PaboTa cunsl Ha 15060M KOHEYHOM NepeMerteHH: MgM;:

(My) (My)
Amomy) = J'F,ds. Ecmu F=const, To A v,)=F-scosa. Ay m,) = j'(Fxx +F,y +F,z)ds,
(Mo) (M)

(t)
Ay = I(Fxf( +F,y+F,2)dt.
(to)
Pa6oTa CHTBI TSDKECTH: A ;) = 2P +h. A>0, eciu My Beime M.
(Mp)
Pa6ota CHIIBI ynpyrocT: A yom,) = j (—ex)dx = (x0 x2) = [( ALY — (AL Y.
(M,

PaGora crbl TpeHns: A v,y = —FrpS, FTp—fN . Cuna nputsxeHus (TATOTeHuUs ):
Mdr 1 1
F=k> , k=gR%. Pa6oTa CHIIBI TATOTEHHS: Apmpn,) = km _[ mgR*(—-—).
r? M) T n I
dA - df
Mommsocrs N = @ =F. m = =F.x+F,y+F,z. Eciu N=const, To N=A/t.

Teopema 06 M3MeHeHNH KMHEeTHYeCKoH sHeprun Touku. B muddepennnansnoit gopme:

mv? mv? .
d — = YdA, . T= - KMHETHYeCKas SHeprus MaTepuanbHoi TOUKH. B KoHedroM

2
mv2 mv; ou ou ou
BUIIE: —1_-A .. X = ;Y = 2, = , U=U(X1,Y1,21,X2,Y 2,22, - - - XY 10Z) —
n > > 1,2 T By oz, (X1,Y1,21,X2,Y2,Z25 - XnsYnsZn)

cunoBoii hyHKumed. JneMenTapHas pabota cun nois: A= 8A= dU. Pa6ora cun Ha KoHeu-
2)

(
HOM MEPEMEIIEHAH A, = JdU =U, — U, . llorennmansHas sueprus — I1 paBHa cymme pa-
)
60T CHJI TOTEHIHANBHOTO T0JIA Ha TIepeMeleHHH CHCTEMBI M3 JTAaHHOTO IOJIOXKEHHS B Hylle-
Boe. A = IT)—IL. IloTeHn. 3Heprus noius cuibl TsokecTH: IT= mgz. [ToTeHIManbHas SHeprus

m
noJs neHTpanbHbix cuil. LlenTpansnas cuna —F = k> = —k —. I'paBHTaLIOHHAs CHA
r

2 3

mym g
mma JI=—f —1-2 ,£=6,67-10 “M3/(KI‘CZ) — MOCTOSAHHAS TATOTEHHS.

F=f
2 r
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INepBas KoCcMMYECKadA CKOPOCTh Vi=+/gR ~ 7,9 kmM/c, R = 6,37-10°m — panuyc 3eMiH; BTopas
KOCMHYecKas CKOPOCTh: Vi;=+/2gR =~ 11,2 km/c.

2
. cA
IMoTenunansHas SHEPrua BOCCTAHARIMBAOLIEH CHIIbI pyxuH: 1= - A — Moxmynb pupa-
o c}»% c)»zz
UICHHS JUTMHEL IIPYXXKMHBL. PaGoTa BOCCTaHABIMBAIOMIEH CHIIBI IPYXHHEL Ao = - T

HEH&MHK& MaTCQHaJIBHOfI CHCTEMBI Y TBEPIOT'O TeIa

Ientp Macc (LileHTp HHEPIMH) — FeOMeTpHYIecKas TO4Ka, pagiyc-BeKTop T KOTOpOii ompee-
- my T -
JICTCA paBEHCTBOM: l'c= Tklk , Tae Ik - pa,unycm-BeKTopH TOYECK, oGpaayxonmx CHCTEMY.

Koopzmnam OEHTpa Macc: X, = Z k k HT.A. EEQQ-HHC YP-HHUA ABHKCHHSA CUCTEMBI Ma-

2-

d
Tep.TOYeK: my ——2& = Fk + Fk WITH B NIPOEKIMAX Ha OCH KOOPIHHAT: m) X} = Xe + Xk HT.J.
dt

A KaXKIOH TOYKH (Tena) cucTeMbl. MOMEHT HHepuMyu MaTep.Touky: mh’. MoMeHT uHepuau
tena: J,= Ymeh 2 Tlpu Hel'IpepLIBHOM pacnipenenennn macc: J,= Ky?+z2)dm; J= kZ+x*)dm;
J= f(x2+y )dm. J=M. p p — panuyc uHepMH Tena. [TonspHeiii MoMeHT uHepuuu J,= I(

xX*+y?+2%)dm; I+ y+Iz7= 2Jo. LIeHTPOOEXHBIH MOMEHT HHEpPIHH: J,,= fky dm; Jy= fyz dm;
To=lzx dm. Jo=J,,

Ix -J xy ~ Ixz
Tensop unepuun B fanHol Touke: J=| -Jy  Jy  —Jy,

I -y I,

2

MoMmeHTE! HHEPLUUHE CTEPXHA: Ty = n;L_Zz; Iy, = = Cnnomsoit muck: J, =
m(R} +R3)

2
Jez = mR 2. Teopema I'roiireHca-IlItefinepa: Jo, =J ¢, + md? . MomenT HHEPLMHA OTHOCH-
TEJILHO NNPOU3BONBHOM OCH: J = J,cos’a + choszﬁ + choszy —2J,ycosacosP — 2Jy.cosPcosy —
2] xcosycosa., eclIi KOOpAMHATHBIE OCH — IMIaBHEIE, To: J = J,cos“oL + choszﬁ + Jcosy.

Teopema o IBHKEHHM [IEHTPa MAcC CHCTEMBI:

mic =Y Ff . nubdepenuuansaoe ypaBHeHH e IBIXEHNS IEHTPa Macc: mic = 3 Fy, .

3aK0H coXpaHeHus JpykeHns nentpa Mace. Eciu Y F =0 = X = V¢, = const, ecru npu
3TOM B Ha4YalIbHBIH MOMEHT Vcxo™ 0, TO = X = 0 = Xc= const. KolM9IecTBO IBHKEHHS CHC-
teMsl Q =Y m ¥, = MV . Teopema 06 N3MEHEHUH KOIMYECTBA ABYIKEHHS CHCTEMEBL:

dQ =, d
d? F®, npoexumsx: thx = F]‘:x. Teopema 06 H3MeHEeHHH KOJ-Ba ABHKCHHA CHCTEMEI B HH-

mR?

Honetit mamanap:J o, = , MWIHHAP ¢ Maccoi pacipenelieHHo# o o6oxy (o06pyy):
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t - -
TerpanbHo# popme: Q) - Qg = Y [Fldt. 2 [Fgdt=38 — mmuymecer sremEnX cr. B
0 0

npoexuusax: Qp, — Qox = LS k. 32KOH COXpaHEeHHs KOJHYECTBA ABHIKCHHUS: ZFI': =0= Q =
const, B MPOEKIMAX: ZFﬁx =0 = Q.= const. ludpdepenunansHoe ypaBHEHHE IBIKEHHS

. dV - _.dm
TOYKM NEPEMEHHOM MacChL: mE =F"+ u—gt— — ypaBHeHHe Memepckoro,
- _dm " = -
o= u—d——— — peaKTHBHAasi CHIIa, P —G cex CEKYHOHEIH pacxof TomnuBa, O = -G ey .
t
®opmyna [Tnonkosckoro: vq = vy +u-In(l + ) — —gucno I{uonkosckoro, my—

mk
cTaproBas Macca pakeTsl. [ JIaBHEIH MOMEHT KONMYECTB ABHKEHHUS MaTep. CHCTEMBbI (KHHETH-
geckuii MoMenT) K, =Y § xm;¥; . Teopema 06 M3MeHEHHH KHHETHIECKOTO MOMEHTa:

dK -E _—E.dK
d_to = ZME) = M(];: ; dtx = ME . 3aKOH COXPAHEHUA KHHETHYECKOrO MOMEHTA: eCITH

MoE =0, to K, = const. Kuneruueckuii MOMEHT Bpamafomeroc;l tena K, =J,0. Ecmu M,= 0,

vi
To J,® = const. Kumeruueckas sneprus cuctemsr T =Y —X-k k k.

1 1
T = YT, ITocTynaTensHoOe ABHXKEHHE: T,,m=5 mv?, BpamaTtensHoe: T,,p=5 J Zco2 . Ilmockona-

1 1
pajurensHoe (IIOCKOe): Tm.=5 mvé +— J Cco2 , V¢ — CKOPOCTh ieHTpa Macc. TeopeMa Kenura:

v2

T—Em c +Z ZiVir | pagora momenTa: A = jMd(p Momgocts: N=M,@.
0
Teopema 06 H3MeHEHNH KMHETAYECKOR SHEPTHH CHCTEME!: B nuddepeniuansHoi dpopMe:
dT = Y dAj + Y dA} , B xoueuHoii popme: T,— Ti= 3. Af + Y Ay . Jlns HensMensemoli cuc-
Ai =0 T,—T,= SA¢ . K " o _ “mon.comp
Teml Y A, =0 T,—T;= Y A} . Koapduuuent nonessoro nectaus:n = TV
3aTp

1= Nyaw/N - 32KOH coXpaHeHHs noiHoH Mexanuvdeckoil sueprum: T + IT= const.
IuddepeHnpuanbibie ypaBHeHHS HOCTYIATENBHOO IBIKEHHUS TeNla: MX ¢ = . X; H T.A.

-HBIC YPABHCHHS B; CHHA TCJIA BO T HEMOJBYOKHON OCH: J,6 =M ; s ng = Mg

1) ecnu M§= 0, To ® = const; 2) M§= const, To € = const.

d%o

. Pa 2
YpaBHeHHe BpalIaTeIFHOTO ABHXKEHNA pHu3HIecKoro MasTHuka: J, —-=—Pasing, — =k*°,
® dt? ]

IuddepeHIRaNbHOE ypaBHeHHE KoleGaHuii MasTHHKA: (O +k?singp =0, sing ~ o,
Toraa +k2(p =0 — nuddepeHIHANBHO YpaBHEHHE FAPMOHHYECKUX KoneGaHuid.
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Pemenne storo ypasaenus: @ = C,coskt + C, sinkt wimn ¢ = asin(kt + B). [Tlepron Mansix ko-
neGanmit pusmueckoro mastauka T=2n/k =27 /] /(Pa). Ins MaTeMaTHYecKOro MasTHH-

.. . J
Ka:§+ %sm(p =0, L="2— npuseneHHas 11uHa GUINUECKOTO MASTHHKA.
ma

) . se _ [+ . .. - € . o e
Oucd. ypap-HHA IWIOCKOT0 ABWDKERHS Tena: m¥c =) X[ ; myc =D Yy ; Jed =2 m (F).
2 +E, +E) =0 — npusnun JlanamGepa 111 MaTepHanbHOMH TOUKH.
Cuta wnepimn: Fy! = —my Wy, 3HaK (—) 03Ha4aeT, 4YTO CHJIa MHEPLMH IPOTHB YCKOPEHHS.
Jns creTeMsl HoGaBnseTcs ypaprenne: Y [ () + i, (Fli( )+, (F)]=0.
F* = Y'F — rasbiit Bexrop cut unepun, Y, Mo (FY )= Mg — rasmeii MoMenT cit
uHepimm. ) Ff + R%=0, >, F)+ MY =0 — ypaBHEHMS KMHETOCTATHKH.
T'nasHbi BexTop cut uiepuun F7 = -3 my Wi = —MW . [1aBHEI MOMEHT CHJl MHEpLHH

TpH ILIOCKOM JABIXeHHH: M¢ = —J (&, pH BpameHuu BOKpyT ock z: M& =-J €.
OnpenencHre peakiyii IpU BPAIeHHN TBEPIIOTO TeIa BOKPYT HEMOABIKHOH OCH.

entpobexuas cua nHepunn  F' = m;5;02, BpalaTenbHas EP =mire.
Y mjxj =mx, ¥ Y. m;y; =my,, Ff =mx.0° +mye, Fj = my o - mxg.
My = —mZZmiyizi +8) m;ziX; = —Jyzco2 +J €,
M;,I = (,02 Zmizixi + eZmiyizi = JZX(DZ + Jyzﬁ ,
M7 =-Y m;ner =—sZmiri2 =-J1,¢,
Jyz = 2.miyizi,, Jzx =D M;z{X; — HEHTPOGEXKHEIE MOMEHTHI HHEPIHH, J;, = Zmiri2 .

YpaBHEHHS DABHOBECHS KMHETOCTATHKH:
2X{+X5 +Xp +mx 0 +mye=0,

ZYie +Yp +Yp +mYC(D2 -mxce=0,

YZ5+Zp =0,

TMS - Yph-Jy,0% +J,e=0,

M, +-Xph+J0” +1y,8=0,

ZM?Z -J,e=0.

Ycnosus OTCYTCTBHA NUHAMWYIECKHX COCTABAAONIHX:

mxca)2 +my.e=0, mycoo2 -mx.e=0, —Jyzco2 +J =0, szm2 +Jye=0,
orkyma x¢=0,yc=0,J,=0,J,=0.
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OCHOBEI aHATUTHYECKO#H MeXaHUKH
TIpuHIYN BO3MOXXHBIX IEpEMEILCHHH:
Y F 8% =0; Y (Fix - Sxi +Fiy -8yk +Fy, -8z ) = 0.

O6miee ypapHenne aunamuky ) 8A} + 8A) =0.

Ypasuenus Jlarpamxka 2-ro poja: i £ _ET_ =Q;, (i=1,2...5), s — uKci0 cTenexeil cBo-
dt{aqi ) 4q;

Goxs1; q; — o6obIeHHas: KOOpAUHATA; (; — 0600IIEHHAs CKOPOCTB,

T =T(q1,92-.-s9s,91 47 - - - 45 ,t) — KHHETHYECKas 3HEprHs; Q; — 0600IeHHad cuna.

Q= gﬁ i = —;ﬂ, IT1=T1(q1,92- . -,qs,>t) — HOTEHUHANLHAs SHEPTHA.
q1 qi

O®ynxims Jlarpamxa: L =T —TII, 4 6_L & =0 — ypaBHeHHus JlarpaHxka BToporo pozga
dt\8qi ) 0q;
IUISl KOHCEPBATUBHOR CHCTEMBIL.
S S
Ipu craumoHapHsIX cBassax T==Y Zaijqiq j — xBagpatuiHas popma 0G0GIIEHHBIX CKOPO-
i=1j=1

crei, 4= ;i — KOSQQHQECHTLI UHEPIUN.




