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Permtenusa zagau

Sagada 4. MeTaJajbl

Y 6apona TaHTBI cHOBA HEIPUATHOCTH. ¥ HErO eCTh PACTBOPHI IepXJIopaTa MeJId U HUTPATa ce-
pebpa, 1 eMy CPOYHO HeOOXOTUMO BBIJIEJIUTH COOTBETCTBYIONINE MeTa LIbl. s 9Toro o moce-
JIOBATEJILHO MOJIKJIIOYAET JIBE JIEKTPOJUTHIECKNE BaHHBI. IKAKOBO OTHOINIEHNE MAaCC METaJJIOB,

BBIJIEJUBIINXCS HA JIEKTPOAax? DJIEKTPOXUMHUYECKUT SKBUBAIeHT Meau ky = 2,37 2/A -, a
cepebpa ko = 4,02 2/A - u.

Pemenune

Cornacno 3akony ssekrposu3a Papajges
m = kIt

rjie M - Macca OCaxKJAEHHOT'O Ha JIEKTPOJIE BENecTBa, I TOK, NPOTEKAIONUl Yepe3 3JIeKTPOJIu-
TUYIEeCKYIO BaHHAa, t BpeMd ﬂeﬁCTBI/IH IIOCTOAHHOTI'O TOKa. MBI MOZKEM 3allUCaTh OTHOIIEHUE MaACC
BEIECTB, BBIJICJUBIINXCA B JIBYyX BaHHAX.

my kit

mo - kg]gtg.

TaK KaK BaHHBI IOACOCJACHUHDLI ITOCJI€0BATCJIBHO, TO Y€pe3 HUX IPOTEKaeT OJMHAKOBBINI TOK,
3a OJJMHAaKOBOEC BpeMd
Il = _[2 n tl = tQ

OTKYJIa UMeeM OTBeT
my ky

mao ko '



Saga4da 1. Pe3unkn

B 3arouenun B Becénoit Oamae jokTop bezap passiekaer cebs Tem, UTO MacTePHUT pa3HbIe
CHCTEMbBI U3 PE3WHOK. Y HEro ecTh pe3WHKa, KOTOPYIO OH pa3pe3aeT Ha CeMb PaBHBIX dacTeil
JKECTKOCTH k M COeIUHSIET TaK, KaK IIOKA3aHO Ha pHCyHKe. YeMy paBHA KECTKOCTb CHCTEMBI?

et

Pemienue

PaCCMOTpI/IM CHa4aJIO CHCTEMY COCTOAIYIO U3 JIBYX OJHMHAKOBBIX, IMOCJI€I0BATEJIBHO COG,ZLI/IHéH—
HBIX HIPY2KHUH. 13 yciaoBud paBHOBeECHA Y3Jla COCUHEHUA IIPYZKHUH, U T'€OMETPDHUHN 3a/ a9l

F1 = k?AZEl = kZAZEQ = FQ
Ax

AT = Axy = 7

Nz YCJIOBHA PaBHOBECUA TOYKH IIPUJIO2KEHUA CHUJIBL

F1 = kASEl = k/Al’ =F

Nmeem »KeCTKOCTH JBYX IMOCJIE/I0BATE/IHHO COCIMHEHHBIX MTPYKIH.
BanuireM yCca0Bbie paBHOBECHS y3/1a COeIMHEHNsT CUCTEMbBl 3aJaHHONH B YCJIOBUI

k
F1 + Fg = §Al’1 + /{ZAIQ = /{ZAJJ3 = F3

Ax1 + 2A£L’2 = 2A.T3 (1)
W3 reoMeTpuu 331941
Al’1 + AIL‘g = Ax (2)
ATy + Az = AT (3)
13 ycstoBust paBHOBECHS] TOUKH TPHIOKEHUST CHIIBI
k
Sha1+ khxs =K' Az (4)
[Tosmyaum cBsI3b MeKIy ATy U Azz ucnonb3yd ypapaenus (1) u (3)
4
Axry = gACL’g (5)
[Toncrapmnss (5) B (2) mosaydnm
3

I ucnonn3ys (4) (5) u (6) HAXOmMM OTBET 3a/aUN

§kAx3 =k'Ax
3

5)

2k = k"

7



3amada 3. ConpoTruBjieHne OECIIOJE3HO

Bo Bpems orcyrcTBuga Jona jgioboznHarTenbubiit Eaan cobupaer asekrpudeckue nenu. Kakoii
TOK TedéT 4depe3 conporuBienue R, ecim Ry = Ry = 20m, R3 = R = 10m, Ry = 40wm,
E1 = &9 = 6B7?

Pemienue

g perenns 3aja4du, BbIOepeM MPOU3BOJIBHO HANPAB/JACHUS TPOTEKAHUA TOKOB M BOCIIOJIB3Y-
eMcs 3aKkoHaMu Kupxroda.

(L=I+1 (1)
L=I+I (2
Ii=I1+2I, (3)
6 =4l + 21, (4)

I36aBasgemcs oT nepeMenHoii I, mopcrasiss (2)— (5)

Iy =1+1 (1)
Iy=1+21, (3)
6=4I+21y (4)
6=2I+3I3 (6)

3basisgemcs or nmepemenuoii Iy, noacrasnss (1)— (3)(4)

Iy=31+2I, (7)
6=06L+2I (8)
6=2I+3I; (6)

I36aBasemcst or nepemenHoii I3, mogcrapsis (7)— (6)

6=060,+21 (8)
6=06,+111 (9)

N3 gero oueBuauo, uro [ =0



3amada 2. #HbroToH

Anekcero Mopayxosuay B WucTuryT mocrymaer cpodnoe coobmienne. Ha cBoém crparosiére
OH OTIIPABJIAETCSI KOHTPOJHPOBATH HCCAeIOBaHUs B IMycThiHIO N. B Kakoif-ro MOMeEHT, Koria
CTPATOJIET JIETUT TOPU3OHTAJIBHO ¢ yCKOpeHneM ¢, Asekcero MopayxoBudy, HepBHHYAsI, POHSIET
SIOJIOKO ¢ BBICOTHI hy Haja mosjoMm crpartonéra. Korma s61oko gocturaer BuICOTHI h = hg/2,
aBTOIMJIOT PE3KO MEeHseT HallpaBjeHHe YCKOPeHHs CTpaTosiéTa Ha yroa [ K ropm3oHTy. Ha
KaKOM paccrosHun oT Hor Ajekcess Mopayxopuda ymagér ss0JI0KO, €CIH OHO HAYWHAET CBOE
najenne 6e3 HaYAJIbHON cKopocTu?!

Permtenune

Jl1s1 pemtenus 3a1a9d pacCMOTPUM JIBUKeHME s10JI0KA B HEHHEPIUATIBHOW CHCTeMe OTCYETA, B
KOTOPO# CTPATOIET HENmoABUKeH. BBeéM ocr Tak, 9T0 OCh T HANPAB/ICHA HAPAJICTBHO MOJLY
Kopab.Jis, a y - neprenuKkyasipuo Hac naTepecyer n3menenune KoopJAnHaThl & s16,10Ka. Pa3oobém
penienne 3ajJa4M Ha JABE YaCTHU: JO U3MCEHEHUdA HallpaBJIEHUAd YCKOPpeHud M I10CJIe. BaHI/H_HeM
ypaBHEHHUd JIBUKEHUs s0/0Ka B KOOpJAuHATHOM BHje. CHavaJa JJid JIBUKEHUS J0 U3MEHEHUs
yekopenust (ayis t < ty)

YcKopeHus TOJMYYaloTCss OYeBHIHBIM 00pa30M U3 PACCMOPEHHUs CUJI JeHCTBYIOMUX Ha sI0J10KO.
Haiinem 1epes Kakoe BpeMs ty CTPATOJIET MOMEHSIET HalpaBIeHue CBOETO YCKOPEHUS

h gt3
t = — = _—
y(t1) 5 5
2 h
&__:0
2 2
h
tlz —
g

HepeMemeHHe IO KOpAuHaTe T Ha IIePBOM 3Talle ABHXKEHUA PAaBHO

Si=at) =2 =12
Haiinem ckopocT s16/10Ka B MOMEHT BpeMeHH 1
Viltr) = —gtr = —/gh = V.,
Vy(t) = =gt = —\/gh =V,
¥ 3aIUIeM yPAaBHEHUs IBUZKEHUs [[JIsT H3MEHEHHOrO YeKopeHust (st ¢ > tq)

gcos B(t — t1)?
2

g(1 +sin B)(t — t1)?
2

x(t) = x(ty) + Vo, (t —t1) —

y(t) = y(tr) + Vi (t — 1) =



qTo YHpOIHéHHO BBITVIAINUT TaK

geos Bt — t,)?

o(t) = o —/gh(t — 1) - L=
g(1+sinB)(t —t1)?

y(t):——\/g_h(t—tl)— 5

Haiiiém Bpems 3a Koropoe g0/10K0 YIAIET Ha, TOJI

tosm, = t1 + 12
h 1 + asin B)t?
y(tOGH-I) =0= § Y gth - g( 5 6)
1 in 3)t2 h
q( +a2s1nﬂ)2+ /_gth—EZO

_ —Vgh £ /gh+ gh(1 +sin 3)
B g(1+ asin )

t \/ﬁ 142 Fsnp
L
g

1+ sin

to

Torma orBer OyjeT 3aga4du, 3TO

cos [t2
T(togm) = @(t1) + Vi, ty — QTB?
. —14++/2+sin 8
eltun) = 1y TLHVEESmB  heos (TnE )
oo 2 14 sinf 2

3amada 5. O6pyq

5. lona Acrtep mpuriacuiu B Npue3kuil mupK. BoJibiie Bcero eMy MOHPABUJICS HOMED C THM-
HacTKoil u obpyueM. Ilo jopore jgomMoii OH IOCTABHJI MBICJEHHBIH SKCIEPUMEHT: I'MMHACTKA
KHJaeT o6pyd, 3aKpyIeHHbINH B 0OPATHYIO CTOPOHY TaK, 9TO OH MPOCKaJb3biBaeT. Haiinure 1)
YCJIOBUSL, DM KOTOPBIX 0OPY 4 BepHETCsI; 2) BpeMst, 33 KOTOpoe ol BepuéTcst. M3BecTHo, 40 cuia
TPEHUsI BBI3BIBAET YTJIOBOE YCKOpeHue obpyda € = gu/r, rjae r — paauyc obpyda, p — KO-
puImenT TpeHus CKOJIbXKEHUs 00pydYa O TOBEPXHOCThH. HadabHas CKOPOCTb MOCTYHATEILHOTO
JnBuzKeHust obpyda Vj, HadaabHas yIJIOBas CKOPOCTH 00pyda wy. CUuTaTh, 9TO 0OPYY HE MOYKET
3aBaJUTHCA Ha OOK.

Pemienue

Kosneco npokarurcs nasaj, ecjim 06pyd He MOMEHSET HAIPABJIEHUS CBOErO BPAIEHUs JO TOrO
MOMEHTa, KaK OH IMOMEeHIeT HalpaBIeHNe CBOEr0 MOCTYNATebHOTO JIBUKEHHS MO/, JeficTBUEM
CUJIBI TPEHUA. YCKOPEeHNe, BBI3BAHHOE CUJIOH TpeHNs CKOMbXKeHN s, HallpaBJIeHO TPOTUB HallpaB-
JIEHWS JIBUKEHUs TeJla U JIeTKO HaXOUTCS U3 BTOPOro 3aKOHA HBIOTOHA.

F =ma = mgu, cienoBarebHO a = gu



Haiinem Bpems 10 octanoBKH 0bpyUa tq
V(t)=Vo—gut  V(t1)=Vo—gut1 =0

ty = Vo/gu

U BpeMs JI0 U3MEHeTsI HallPpaB/JIeHUs BpalleHus oopyya to, 1101 JeficTBUEM HOCTOSIHHOI'O MOMEHTA
CHJIBI TPeHust (eCHyI 00pyd TPOCKAIb3bIBAET BCEI/IA)

w(t):wo—st:wg—%t
r

gH

W(tg) = Wy — 7752 =0
T
gu

SamuireM OoTBET Ha HepBbIﬁ BOIIPpOC 3aJa49u, UCXOJd U3 TOTI'O, 9YTO JOJI2KHO BBLIIIOJHATLCA HEPa-

BEHCTBO t1 < t9
Vo wor

gK gH
OTBeT Ha BTOPO#t BOIPOC 331a9H 3aBUCUT OT TOT'O, OYIET JIk 0OPYY HPOCKAIb3bIBATH BILIOTH 10

— Vo <wor

BO3BpaleHus: win Her. Haiizem MoMeHT BpeMeHu t3, B KOTOPBI 00pyY IepecTaHeT MpOCKaJIhb-

3bIBATh.
W(tg)T = —V(t3>

(wo — %t:g)?“ = —Vo + guts

woT + ‘/0
2910
Haiiném Bpems, 3a KoTope BepHETCsSI 00pYY ty, MPENOJIOras, 9TO OH IMPOCKAIb3bIBAET HA BCEM

3

nyTu. B 3TOM ciiydae o6pyd Oy/eT HCIBITHIBATH MOCTOAHHOE YCKOPEHWEe a4 = /L.

t2 2V,
I(t4>:%t4—%20 — t4:—0
gy

B cinyuae, ecotu t3>t4, 0Opyd BepHETCA 3a BpeMs ty4.
t3>ty <= wor = 3V

Eciim ke t3<t4, mocjie MoMeHTa BpeMeHH t3 00pyd OYIAET IIPOIOIKATD JIBUZKEHUE € TIOCTOSHHOM
ckopocThio. Torma,
loom = 13 + 15,

2
olts) _ Vots — %5

T V(ts)] —Vo + guts

ls

[ToxcraBisasa noxydaem
1wor+Vot 1 (wor + Vp)?

§w07’—V0 3_4g,u wor — Vo

toﬁm =



