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1. Opranmn3anus caMoCTOSATEJIbHOI PadoThI
1.1 Opranu3anoHHO-MeTOAMYECKHE TaHHbIE U CIUIIINHbI

KomnyecTBOo YyacoB o BUIaM CaMOCTOSITEIILHOU

paboThI
MOJr0- UHIU- camo- | MOATrO
TOBKa | MOATO- | BHIY- CTOS- ro-
n/m Hanverosaiie paszeios, Kypco- | TOBKa | ajbHBIE | TEJIbHOE | TOBKA
TeM BOro | pedepa | nomam- | u3yde- | K 3a-
MIPOEK- pa- HUE 3a- | HHE BO- | HSTH-
Ta (pa- | Ta/acce | maHuUs | MPOCOB SIM
0OTHI) a3) (CUB) | (IIx3)
1 2 3 4 5 6 7
Tema 1
1 | Crpykrypa Kypca. AKCHOMBI X 2 2
cratuku. CuioBbie (pakTOpHL.
Tema 2
2 OcHoOBHas Teopema CTaTUKH. X 1 1
YpaBHEHHS paBHOBECHSI.
Tema 3
3 | YacrHble cayyau npuBee- X 2
HUS CHUCTEM CHIL
Tema 4
Hcnonp3oBanue ypaBHEHUM
4 | paBHOBecusa. CraTndeckas X 2 2
ornpenenuMoctb. CouseHEH-
HBIE KOHCTPYKIIUH.
Tema §
5 Hentp tsixectn. CiocoOsbl X 3 4
OTIpEIEIICHUS TIOJI0KEHUS
IIT.
Tema 6
6 | TpeHue ckonbX)eHUS U Kaue- X 2 2 2
HUS
Tema 7
Kunemaruka. Cxopoctu n
7 | yCKOpEeHMs TOYEK MpU pas- X 4 2
JIMYHBIX crioco0ax 3aJaHust
JIBUKCHHSL.
Tema 8
g [Ipocrelinme nBUXEHUS . 5 ) 4
TBEpOro Tena. [lmockoe
JIBUKCHHE
Tema 9
9 CocTaBHOE IBMKEHHE TOY- X 2 2 2

KH.




Tema 10

10 Cocrapnenue nuddepenim- . 1
aJIbHBIX YPaBHEHUH JABIKE-
HUS TOYKU.

Tema 11

11 | CnocoOs pemeHus 2-i 3a- X 2 1

Jlaudl JUHAMHUKH.
Tema 12

12 | CBoOoanble, 3aTyXaromue u X 1 1
BBIHY’)KJICHHBIE KOJICOaHMS
Tema 13

13 | OOmme CBOMCTBA CUCTEMBI. X 1 1

MoOMEHTBI UHEPLIMH.

Tema 14

Teopema 00 U3MEHEHUH KO-
JIM4ecTBa ABMKEHUs. Teope-

14 X 1 1
Ma O MOMEHTE KOJINYeCTBa

nBuxenus Ilpunoun [a-
nambepa. Cuiibl HHEpLUU.
Tema 15

Teopema 0 IBUKEHHUH 1IEH-

15 | Tpa macc cucrtemsl. TeopeMa X 2
0 KHHETUYECKOW dHEPTUHU
CHUCTEMBI
Tema 16
16 | Ilpunuun J{anambepa. Cuiibt X

WHEPLMH.
Tema 17
17 | IlpuHIMD BO3MOKHBIX Iepe- X 2 2
MELIEHUMN.
Tema 18

18 X 2 -
OO1iee ypaBHEHUE TUHAMUKH.

2. Meroauyeckue peKOMEHAALUMHU M0 NMOAT0TOBKE K 3aHATHAM

2.1 CraTruka

IIpu moaroToBKe K BONPOCAM aKIEHTUPOBATH BHUMAHME HE00X0AUMO HA CJIeAYIIIeM:

- IloHATHE PaBHOAEHCTBYIOLIEH CUCTEMBI CHIL

- lloHsiTHE MOMEHTA CUJIBI OTHOCUTEIBHO LIEHTPA U OCH.

- HBapuaHTHOCTH TNIABHOTO BEKTOpPA M CKAISIPHOTO MPOU3BEACHUS IJIaBHOTO BEKTOPA HA TJIaBHBIN

MOMEHT.

- YcnoBus paBHOBECHS CUCTEMBI CHIL.

2.2 KunemaTuka

IIpu moaroToBKe K BONMPOCAM aKHEHTHPOBATH BHUMAHHE HE00X0IMMO Ha CJIeAyI0IeM:

- BekTopHbIil, KOOPAUHATHBIN 1 €CTECTBEHHBIN CIOCOObI 3aaHus ABMKeHUs. OnpeeneHne KuHe-
MaTHUYECKHX XapaKTePUCTUK B KAXKIOM U3 CIIOCOOOB.

- Bugapl nBuxennii TBEpaOro Tena. KuneMarnueckue XapakTEPUCTUKY B KayKJIOM U3 IBUKECHUI.

- CocraBHOC OBIKCHHC.

2.3 Jlunamuka

IIpu moaroToBKe K BONMPOCAM aKHEHTHPOBATH BHUMAHHE HE00X0IMMO Ha CJIeAyI0IeM:



- duddepenunanbaple ypaBHEHHS JBHKEHUS B KOOPAMHATHON M €CTECTBEHHON (hopMax.
- IIpumenenue oKX TeOpEeM TUHAMUKHU IJISl TOUKH, TBEPIOTO Tella U MEXaHUYECKOH CUCTEMBI.
- IlpuMmeHeHNe IPUHIUIIOB JUHAMUKH ISl PEIICHNS TIEPBOM U BTOPOH 33134 JUHAMHUKH.

3. MeToanyeckue peKOMEeH 1AM M0 BbINMOJHEHNI0 HHIAUBHIYAJIbHBIX TOMALIHUX 3aJaHUI
3.1 C-3 Ompexnenenue peakiuii OOp COCTABHOW KOHCTPYKITUH.

Bananue C.3. Onpenenenne peaknuil onop
CcOCTaBHOH KOHCTPYKILHH
(cmcTrema oByx TeJ)

KomrcTpyKnus cocToHT W3 ABYX 4acteil. ¥CTaHOBHTH, MIPH KAKOM CHO-
cobe coenmHeHHsa 4YacTell KOHCTPYKIIHH MOIYJIb PEaKIHH, yYKa3aHHOH B
Tabsa. 5, HapMmenpmu#i, W 0718 3TOr0 BAPHAHTA COCIUHEHHS ONPENeJIHTh
pPeaKIuH Omop, a TakxKe coenuwHeHms C.

Ha puc. 17—19 nokaszan nepseiff cnocob coemHHEeHHA — C MNOMOIIBIO
mapaupa C. Bropo#t cmocob coenmHeHHss — € NOMOWBIO CKOJIb3smeh
3aleJKH, CXeMbl KOoTopol mokasansl B Tabu. 6.

IIpumep BbInOJMHEeHHus 3anaHusa. JlaHo: cXeMa KOHCTPYKIHH
(puc. 20); P, =5kH, P, =7kH; M =22kH - -M; ¢ =2 kH/M; a = 60°.

OnpenenuTs peakuum onop, a Taxxe coenuuenus C nina Toro cmnocoba
coYJIeHeHHA (IIAPHHP HJH CKOJIb3dllas 33JesKa), NPH KOTOPOM MOIYJib
onopbl A HauMeHbIIHH.

Pemenune. 1. Onpedenenue peaxyuil onopvi A npu wapHupHom co-
edurernuu 6 mouxe C.



Tabauya 5

Homep Honmep
sapu- | P1| P2 | M, q, | Hcerme- § b | PA| P2 | M, g, | Mccue-
aHTa oyeMasn anTA oyeMasn
1(-?_11(;) kH KH . u | KH/n PEARHEA 1(,?1.?_‘{1%) kH kH - m| KH /n| PEARIIA
1 50| -| 240 | 0,8 Xa 16 7.0(10,0[ 14,0 [ 3,8 Rgs
2 6,0 [10,0| 22,0 | 1,0 Ra 17 9,0 /12,0 26,0 | 4,0 Ra
3 70| 9,0 20,0 | 1,2 Rp 18 (11,0 (10,0 18,0 | 3,5 Mg
4 80| -| 180 | 14 Ma 19 [13,0] 90| 300 | 3,0 Mg
5 90| -] 160 | 1,6 Ra 20 |15,0) 8,0/ 250 | 2,5 Rp
6 |10,0| 80| 250 | 1,8 Ma 21 (10,0] 70| 200 | 2,0 Ra
7 |1,0| 70| 200 | 2,0 Rg 22 50| 6,0] 150 | 1,5 Ra
8 12,0| 6,0 150 | 2,2 My 23 80| 50| 100 | 1,4 Ra
9 [|130| -| 100 | 2.4 Xa 24 |11,0] 40| 50 | 1,3 My
10 [140] -] 12,0 |26 Ra 25 [14,0] 60| 70 | 1,2 Rg
11 |15,0| 5,0| 14,0 | 2,8 Rp 26 |12,0| 80| 9,0 | 11 Rp
12 [12,0] 40| 16,0 | 3,0 Rg 27 (10,0 7,0) 11,0 | 1,0 Xa
13 90| 6,0| 18,0 | 3,2 Ra 28 | 80| 90| 13,0 | 1,2 Ra
14 6,0 -| 200 | 3,4 M4 29 6,0/10,0} 150 | 1,4 My
15 50| 80| 22,0 | 3.6 Mg 30 |10,0|12,0| 17,0 | 1.6 Mg

PaccMOTpHM CHCTEMY YPABHOBEIIHBAIOIMXCA CHJI, NPHJIOKEHHBIX KO
Bcelt koncTpykummu (puc. 21). CocTtaBHM ypaBHEHHE MOMEHTOB CHJI OTHO-

carensHO TO4YkW B. Ina ynpoueHHA BBIYHCJIEHHA MOMEHTA CHJbI P

pPasJIOKHM €e Ha BEPTHKAJIBHYI0 H TOPH30HTAJbHYK COCTABJIAILIHE:
P{ = P, cos60° = 2,5 kH; P/’ = P;sin60° = 4,33 kH,

S Mip=0;, P{-3+P/'-8-Q-1-Ya-5+Xa-1-M+
+P54/1,02 + 1,52 =0, (1)
rme Q =¢qg-4=2-4=8 gH.
ITocsie monCTAHOBKH IAHHBIX M BhIYHCJIeHHH ypaBHeHue (1) momy4vaer

BH]L

Xa—5Yqa=—2474 xkH. (1)

Bropoe ypaBHeHHe ¢ HeH3BeCTHBIMH X4 B Y4 HOJIYYHM, PacCMOTPEBR
CHCTE€MY YPABHOBEIIHBAIOUIUXCH CUJI, NPUIOXKEHHBIX K YACTH KOHCTPYK-
uuH, pacnoJioxkeHHoll Jiesee wapHupa C (puc. 22):

d Mic=0; P/ 6+Q-2+X4-4-Y4:-3=0,
AJIH [DOcJe BhIYHCTIeHHui
4X 4 — 3Y4 = —41,98 xH. (2)
Pemasa cucremy ypasuenmit (1') u (2), maxommum:
Xaq4=-797xH, Y4 = 3,36 xH.
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Tabauya 6

Homep Bux Homep Brx HomMmep Bux
CKOJIB3AmeH cKoMb3Amett CEKOJIb3AmeH
BapHaHTa BapHaHTa BaApHaHTa .
a0 IKH 3a0e IKH 3aMeJIKH
Las | = 1s Y 23 =
4 [I]l 15 'E 24 m_.
5 ! 16 1 25 =
6, 7, 8 [[]— 17 [I] 26 m
0 — 18 = 21 =)
10 [l]\ 19 _[I] 28 -
11 I 20 [IY 29 =
12 [{]\ 21 N — 30 _m
13 P—n 22 ?

Mogysaes peaknuun onopsl A MpH HIADHHPHOM COeIHHeHHH B Todke C

paBeH

W=/ X3 +Y]=7972 43,362 = /74,81 = 8,65 xH.

2. Pacyemmnaa crema npu coedurentuyu wacmedi KOHCMPYKUUU 6 TOUKe
C' exoavsaweli s3ndearodi nokazana na puc. 23. CucTeMsl CHJI, TOKA3aHHBIX

C M
P,
q ~ g° =
Ay Bx
3 77 3
Puc. 20
Ha puc. 21 u 23,

P AP Y
a', I ¢ M P,
P, e ~
QY 1 R, =
Al X Bl Xp
3 gV 1 o] %
Puc. 21

HUYeM nOpyr OT apyra He otaudalorca. [lostomy

ypasuenne (1) ocraercs B cuue. [f mosmydeHus BTOPOro ypaBHEHUI
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pacCcCMOTPHM CHCTEM)Y) YVFPABHOBEIMNHBANIMIHXCHA CHJI, MPHJOMKEeHHbBIX K "TacCTH
KOHCTPYKIIHH, PACHOJIOKEHHOH meBee cronb3gmel saneaxm C' (pnc 24, a).
CocTaBuM yYpaBHEHHE PABHOBECHA:

S X:i=0; Xa+Q— P =0, (3)
OTHEYILa
X 4 = —5,50 xH,

u u3 ypasHenns (1°) BHaxommm
Y4 = 3,85 xH.

CrrenosaTe/IBHO, MOIYJIE PeaKIHEH OHOPEI A npm ckoas3nmeil zamenke

B ' paBen
= /X2 +Y32 = /5,502 + 3,852 = /45,07 = 6,71 xH.

P, IP" 'E.-!" c ) iy
L ' - Py
2, =3 X =~a Sl

Q T iy "
Y = Y — e J
B9 T T B Xa

3 3 x 31 2 x
Puc., 22 Puc. 23

Hrak, npm coelMHEeHHH B Touke C cxonb3ameldl szanenkolt monoynb
PeaxKmEH OHopsl 1 MeHblne, YemM HpPH IUADHHPpHOM coenupenmu (== ma 229%).
Hailinem cocraB/asilOliHe pPeaknmuH onopbl B m ckoubssmed samenka.

dna maesot or € wacTtre (pmc. 24, a)

a)
STVi=0; —P/'+Ya+Yc =0, (4) pr
OTKYIA _
Yo =P/ — Y4 =048 xH. -~

CocTaB/IgOIIAe pPeaKIH# OIophbI
B u mMomMeHT B CKOJgB3AIeHd 3amern-
Ke Halinem w3 ypaepHeHHil paBHOBE-
CHs#A, COCTABJA€HHBIX A npasoif orT
C uwacTu KoOHCTpyYEOHU (puc. 24, 6):

E M.g'B:U; MC +YC’2*M+P2’1:80=07 (5)
E X; = O; —Prcos 3+ X g =0, (6)
STY:=0; —Yo+Ys— Prsing=o0. (7

W3 npamMoyroJibHOro TpeyronsHuka BCD

sin 3 = BD/BC

_ 2,0/v22 + 32 = 2,0/3,61 = 0,555;
cos 3 = CD/BC

3,0/3,61 = 0,832.

Pemas ypaBaenusa (5)—(7) orsocmrennno Mo, Xg, Y, noayaam:
Mo = 8,44 xH - m; Xp = 5,82 xH; Ve = 4,37 kH.

Jlna npOoBepPKH NPaBHJABHOCTH oOIpelesieHns peaknult ybenmmcs, aro
cobJiiopaeTcsas He HCHOJIb30BAHHOE pAHEee ypaBHEHHME PABHOBECHS NJIS CHJI,
NPHJIOKEHHBIX KO Bcelf KoHCcTpykmmm (cMm. puc. 21), Hanpumep

S Mia=P -4+ P 3-Q-2—M—Psinf-4+ Pycos3-2,5— Xg-1+

+Yg -5=25-4+4,33-3—-8-2—-22—7-0,555-4+ 7-0,832-2,5—
—5,82-1+4,37-5 = 59,40 — 59,36 =~ 0.

PesyapTarsl pacdeToB NpuBemeHbBl B Tabur. 7.

Tabauua 7
Cusr, xH MomenT,
] KH - m
X oa Ya R4 Yo Xp YB M
Jaa cxembl Ha puc. 20 —7,97 3,36 8,65 — - — —
Jaa cxembl Ha pHc. 23 —53,50 3,85 6,71 +0,48 5,82 4,37 +8,44
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2.2 C-7. OmnpeneneHue peakuui onop TBEPAOro Tena.
3ananume C.7. Onpenenenre peakunuili onop TBepmoro Tesa

Haiite peaknum omop koHCcTpyKnuu. CxeMbl KOHCTPpyKnul mokKasaHb HA
puc. 44—46. HeobxonuMble IJisi pacyeTa JaHHBIE DpHBEIeHbI B Tabmn. 14.

Tabauya 14
Homep Cumi, Pasmepni, cM Howmep Cures, Pasmepsl, cM
BapHaHTa kH BapHaHTa H
@ip_nzs) QT G| a b ¢ | R|T (Pﬂcé) QlTl gl a b c | R| T
1 2]—-]20) 20| 30| 1015 5 16 41-1 2] 50| 30 -1 -1 -
2 41— 2] 20| 10| 30}10 10 17 2]1-1 1] 15| 10} 20|20} 5
3 20 | — |18 |400 (400 |450 | — | — 18 6|—] 2| 60| 40| 60| — | —
4 3|-| 2| 30| 20| 40|15 (10 19 -|8| 2| 20| 30| 402015
5 5/—| 3] 30} 40| 20|20 5 20 4|-| -1 60| 4020 | — | —
6 14| 2) 40| 30) 202010 21 2|-1 -1 40} 60130 | — | —
T -13| 1] 30| 10 5]18] 6 22 -|—] 5) 20] 5030 | — | —
B 416| 3| 20( 40| 15|20 |10 23 —|1—| 4| 40] 3050 | — | -
9 5|-] 3| 20| 15| 10|30 40 24 s1-1 2] -1 -1 =-1-1-
10 114} 2| 30} 40.] 20} 20 |10 25 —|—-| 3| 50} 50|60 | — | -
11 —12} 1| 20] 30| 15|15 10 26 -|-| 1| 20} 6040 | - | —
12 4|—-1 1] 25| 20 8|15 |10 27 10|~-| —| 50 30|50 | - | —
13 10— 5| 40} 30| 20 25 |15 28 35— |32 {400 j200 |200]| — | —
14 -2 1] 30| 90 20) 30|10 29 —1/4| 3] 15) 20)15 |15 |10
15 3|—| 2| 60} 20| 40|20 5 30 5|—| -] 40) 40)10 | - | —

Mpumeganna 1. CudTaTrs, 9TOo B BapaandTax 16, 18, 22—26 meTnH He MpenATCTRYIOT
HepeMeieHHIo paMbl BOoas AB. J
2. B BapHaHTax 20 1 21 conpnxacalqinmec.ﬂ NMOBEPXHOCTH CYHTATh
abCoOMITHO IMATKHAMH. /

IIpamep BBINIOJITHEHHUSA 3alaHHA. lano: pama ABCD Becom G =

=1 kH, P=2 kH, P|.| Ay, AD = BC =60 cm, AB = CD = 100 cm,
a = 30°, B8 = 60° (pnc 47). Hatitu peaknwm omop A, B u C (A —
mapoBoii wmapuep, B — perns, C — crepxHeBas onﬁpa)‘

Pemeaue K pame ABCD npunoeHB CHJIA TAXKECTH é CHJIA ﬁ
pPeaxKnns S crepxkuaa CFE u peakumm omop A m B. Pea.:{rma IapoBO-
TO mapHUpa A onpenenserca TpeMs_COCTaBJIAIOMIAMHE: X As ?A, zZ A, &
peaknna nersn B — aByma: X g H YB (puc. 48).

N3 3THX CHJ — IecTh HEeW3BeCTHhIX. [Ii8 WX onpeneneHHs MOMXKHO
COCTABHTBb HIECTh ypaBHeHHII paBHOBecHA. '

YpaBHeHHS MOMEHTOB CHJI OTHOCHTEJIbHO KOOPIHHATHBIX oceif:

S M, =0; —P-ADcos30°—G-AB/2+5cos30°AB+Zg-AB =0, (1)

> M, =0; G(BC/2)sin30° — S - BCsin60° = 0, (2)



AP QLAy; PiAz
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PutllAx
X NIlAz; N=2G
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: Y Q,LAx Q,=Q,~Q
“CD T IEF || Ax

Puc. 46




> M;:=0; P-ADsin30°+ Scos60°AB—Xp-AB=0. (3)

W3 ypasuenus (2) onpemensem S, 3areM u3 ypasHenud (1) m (3)
paxonuM Zp w Xp. YpaBHeHHS NpPOeKUH# CHJI HA OCH KOODIHHAT:

S Xi=0; Xs+Xp—Scos60° =0, (4)
Y Yi=0 Ya+P=0, (5)
> Z;=0; Za~G+Zp+Scos30°=0. ()

W3 srax ypaenenmit maxomum X4, Y4 u Z4.

Puc. 47

PesyneTarsl BeIYHCACHAH npuBemeHb! B Tabur. 15. )

Tabauya 15
Cunel, KH
) Xa Ya Za Xp Zp
0,289 —0,600 —2,00 —0,54 0,744 1,29
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2.3 K-1. Ormpenenenue ckopocTell U1 YCKOPEHUN TOYEK.

Bananue K.1. OnpenesieEne CKOpOCTH M YCKOPEHHA TOYKH
no 3aJaHHEIM YpaBHEHHAM ee IBHXKeHHH

ITo sanaEEBIM ypaBHeHHAM IBHXEHMA TOYKH M yCTaHOBHTE BHI ee
TPAeKTOPHH H AJid MOMEHTa BpemeHnu t = t; (c¢) mailltu nosoxenne TOY-
KH HA TPAEKTOPHH, €€ CKOPOCTb, MOJIHOEe, KACATEJSIbHOE H HODMAJILHOe
YCKOPeHHsI, 8 TAK¥Xe PAIHYC KPHUBH3HLI TPAEKTODHH.

Heobxonumele I8 pemieHHA NaHHBIE NpHBeneHbl B Tabur. 20.

Tabauya 20

Homep YpaBHEeHHS ABHAKEHHS t1,
BapHaHTa x = x(t), cMm y = y(t), cm c
1 —2t% + 3 -5t 1/2
2 4cos?(mt/3) + 2 4sin?(wt/3) 1
3 —cos(wt2/3) + 3 sin(wt2/3) — 1 1
4 at+4 —4/(t+1) 2
5 2sin{wt/3) ~3cos(mt/3) + 4 1
6 3t2 4+ 2 —14¢ 1/2
T 32—t 41 5t2 — 5t/3 — 2 1
8 7sin(wt2/6) + 3 2 — Tcos(wt? /6) 1
9 —3/(t+2) 3t+6 2
10 —4 cos(wt/3) —~2sin(wt/3) — 3 1
11 —4t2 41 8 — 3t 1/2
12 5sin?(wt/6) —5cos?(wt/6) — 3 1
13 5 cos(wt?/3) —5sin(wt? /3) 1
14 —2t —2 —2/(t + 1) 2
15 4 cos(wt/3) —3sin(wt/3) 1
16 3t 42 +1 1/2
17 7sin?(wt/6) — 5 —Tcos?(wt/6) 1
18 1 + 3 cos(wt?/3) 3sin(wt?/3)+ 3 1
19 —5t2 — 4 3t 1
20 2 — 3t — 6t2 3 — 3t/2 — 32 0
21 6sin(wt?/6) — 2 6 cos(mt? /6) + 3 1
22 Tt2 — 3 5t 1/4
23 3—3t2 ¢ 4 — 5t2 + 5t/3 1
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Ipodonorcenue maba. 20

Homep YpaBHeHMs ABHKeHHA t1,
BapHaHTA z = x(t), cm y = y(t), cm c
24 —4 cos(mt/3) — 1 —4 sin(7t/3) 1

25 —6t 22 — 4 1

26 8 cos?(wt/6) + 2 —8sin?(xt/6) — 7 1

27 —3 — 9sin(wt?/6) —9cos(mt?/6) + 5 1

28 —4t% 41 -3t 1
‘29 5t2 + 5t/3 - 3 3t2 +t+3 1
30 2 cos(mt2/3) — 2 —2sin(wt2/3) + 3 1

HPHMEP BBIMMOJIHEHHA 3alaHHA. HCXOII,HBIG JaHHbIE: _
T =4t; y=16t% — 1; (1)
t1=05 (rmy —BCcMm, ¢t uit — BC).

Pemernune. YpaBHeHHsa HBHxKeHHA (1) MOXHO pacCMaTpHBATh KakK ma-
paMeTpHYeCKHe YDABHEHHs TPAEKTOPHM TOYKH. JTOOBI mOJIYyYHTH ypas-
HEHHS TPaeKTOPHH B KoopamuaTHO# dopme, mckiouuM Bpems t U3 ypas-
genuft (1).

" Tonysaem y = 2 — 1, 1. e. TpaekTopueli TOUKH AB/IfeTcA mapaboJia,
fmoKa3aHHadA Ha pHC. 67.

BekTop ckopocTH TOYKH .

T = vzt + vyJ. - (2)

BekTop yckopenus .

d = a1 + ay).
3meck 1, ) — opTH ocelt T uw Y; v, Uy, Gz, Gy — TPOEKIHH CKOPOCTH H
VYCKOpeHHuss TOYKH Ha OCH KOOpPJIHWHAT.
Haiigem ux, nuddepenuupys no Bpemenn ypaBHenus apuxenus (1):

vy =& =4cmfc; ap =i =0; (3)
vy, =9 = 32t; a, =4 = 32 ecm/c?.

Ilo nalimeHHBIM TPOEKUHAM ONPENENAIOTCA MO-

IOY7b CKOPOCTH:
v ——-‘1 Jv2 + v2 (4)

H MOIYJb YCKODEHHS TOYKH:

a=/ai+a2. (5)

Mﬂﬂ}'ﬂb KacaTreJIEHOI'Q YCKOpeHHs TOYKH
a, = |dv/dt], (6) {f 1 Zou
20246 810cx/c
[ TS T - —— 2
505 15 25cujc
[ I T - -

ar =|0-d/v]; (6") |
ar = | (vzaz +vyay)/v|; (6") Puc. 67
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dv/dt BeIpazkaeT NPOEKUHUIO YCKOPEHHMsl TOYKH Ha HalpaB/leHHe ee CKOpO-
ctH. 3HaK «+» npu dv/dt o3HAYaeT, 9TO NBHXKEHHe TOYKH YCKODEHHOe,

HANPABJIEHHA @, U U COBHANAIOT; 3HAK «—», — YTO JBUXKEHHE 3aMelJIeH-
HOe€.
Moanynes HOpMAJBHOIO YCKOPEHHA TOYKH
_r :
a, = v2/p. : (7)

Ecin pagmyc KpuMBH3HBI TPAaeKTOPHH p B PacCMaTpHBaeMol TOYKe HEH3-
BECTEH, TO Gn, MOMKHO OIpenejuTh uo dopmyme

a, = |U x al/fv. (8)
Ilpu nBHKEHHM TOYKH B ILIOCKOCTH dopmynia (8) mpuHAMAaeT BHI
an = |vgay — vyaz | v. (8")

Monynpsp HOPMAJBHOIO YCKOPEHHA MOXKHO ONPEIEeJHTHE H CJIEIYIOUIHM
obpazomM: _

An = Va'z_af-?-' ‘ (9)

Ilocsie Toro, xax HallmeHo HOpMaJibHOe ycKopeHume mo dopmysiam (8)
unu (9), panuyc KPMBH3HBI TPAEKTOPHHM B paccMaTrpuBaeMol Touke onpe-
OeNAeTCA W3 BBIPAXKEHHSA

p=v’/an. (10)

Pesyasrarsl Beiumcinenu# mo dopmynam (3)—(6), (8) u (10) na=
33JaHHON0 MOMeHTa BpemeHH t; = 0,5 ¢ npuBeneEnl B Tabm. 21.

Tabauya 21
Pamuyc
KoopoHHATEL, CM CrkopocTb, cM/C Yckopenue, cm/c? KPHUBHUIHEI,
oM
x Yy Vg Uy o [ ay a ar Ap. 24
2,0 3,0 4,0 16,0 16,5 o | 32,0 32,0 31,0 7.8 35,0

Ha pmc. 67 nokazaHo nosoxenwe Todkum M B 3amaHHBIH MOMeHT Bpe-
MeHn. BekTop ¥ CTPOMM IO COCTABJIAONIEM U, # Uy, IPAYEM 3TOT BEKTOP
OOJIKEH IO HAIPABJIEHHIO COBINAJATE C Kacare/bHOH Kk TpaekTopumn. Bek-
TOp @ CTPOHMM IO COCTABJAIIIHM Gy M d, H 3aTeM PacCKJAIBIBAEM HA
COCTABJAKINHAE dr H d,. CoOBOAISHHE BEIHYHH @, H d,, HalIeHHBIX
M3 4YepTexka, ¢ WX 3HAYEeHHAMH, NOJYYeHHBIMH AHAJIUTHYECKH, CJIYKHT
KOHTpPOJIEM IPABHJABHOCTH PelLIeHHs.

Hdononumenne kK sanaaunio K.1. [Jlannoe 3amanue MoxKeT ObITh HC-
MOJIB30BAHO IJIA OlpelesIeHHs CKOPOCTH M YCKOPEeHHs TOYKH IIPH ee IBH-
KEeHHH IO IpocTpaHcTBeHHOH TpaekTopuu. s 3Toro Kk ABYM ypaBHEHHAM
neuxkenus (cum. Tabma. 20) mobaBinsAerca Tperbe ypaBHeHue (Tabia. 22).

Obmuii nopsANOK BBLINOJHEHHA 33JlaHHsS B TOM cJydae Takol ke, Kak
M B NPHBEIEHHOM BBIIIE TMPpHUMepe.

Tabauuya 22
Homep —— Howmep 2= (1), Howmep . — z(t),“ Homep —— Howmep —
BapH- BApH- BapH- BApH- BapH-
CM CM CM CM CM
aHTa AHTa aHTa aHTa AHTA
1 3t 7 2,5t 13 1,5t 19 6t 25 5t
2 2t 8 5t 14 242 20 2t 26 6t
3 1,5t 9 4t + 8 15 3t 21 4t 27 3,5¢
4 4t + 4 10 t 16 1,5t 22 t 28 4t
5 t 11 2t 17 5t 23 1,5t 29 5t
6 3t 12 3t 18 3,5t 24 2t 30 1,5t
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2.4 K-3 KuneMaTuueckuil aHaaIu3 INIOCKOTO MEXAHU3MA.

3amasune K.3. Kunemaruueckuii aHa/IN3 MJIOCKOro MeXaHH3Ma

HaiiTa nna 3amaHHOro TMOJIOXKEHAA MEXaHW3Ma CKOPOCTH H YCKOPEeHUs
Touexk B u C, a Takxke YIJIOBYI0 CKOPOCTh M YIJIOBOE YCKODEHHE 3BEHA,

KOTOpOMY 3TH TO4YKH NpHHaIJICHKAT.

CxeMBl MEXaHW3MOB HOMeLIEHBl HAa PHC. 73—75, a HeOOXOmHMble IJI1f
pacdeTa MaHHBIE TMpUBeIeHBI B Tabs. 25.

Tabauua 25
Howmep Paamepsi, M WO A, W, EQAs VA, aa,
BapHaHTa
7(3]::‘?;5') 0A r AR AC | pan/c | pan/c ;:ta,;:;f-::2 cM/c CM/CE
1 40 15 - 8 2 - 2 - -
2 30 15 - - 8 3 - 2 - -
3 - 50 - - - - - 50 100
4 35 - - 45 4 —~ 8 _
5 25 - - 20 1 - 1 - -
6 40 15 - 6 1 1 0 - -
7 35 -1 75 | 60 5 - 10 - -
2 1 2 [ 20 |10 Z - - 40 20
9 - - 45 30 - - - 20 10
10 25 - 80 20 - 2 - -
11 - - 30 15 - - - 10 0
12 - - 30 20 - - - 20 20
13 25 - 55 40 2 - 4 - -
14 45 15 - 8 3 12 0 -
15 w0 | 15| - | 8 1 Z 1 _ R
16 55 20 - - 2 - 5 - -
17 - 30 - 10 - - = 80 50
18 10 - 10 5 2 - 6 - =
19 20 | 15 | - |10 1 2,5 0 - -
20 - - 20 6 = - — - 10 15
21 30 - 60 15 3 = 8 - -
22 35 - 60 40 4 - 10 -
23 - - 60 20 - - - 5 10
24 - 25 - 35 15 2 - 3 - -
25 20 - T0 20 1 = 2 - =
26 20 15 - 10 2 1,2 0 - -
27 - 15 - 5 - - - 60 30
28 20 - 50 25 1 = 1 - -
29 12 - 35 15 4 - 6 - -
30 40 - - 20 5 - 10 - -

Tlpumesanue woq U £04 — YIVIOBaA CKOPOCTh H YIVIOBOe YCKOPeHHe KPHBOIIHITA

OA npm 3aIanHOM MOJIOXKEHMH MeXaHHW3Ma; w] — YIVIoBasa ckopocTsh koneca | (mocro-
AHHAA); U4 H a4 — CKOpocThb M yckopeawme To4kH A. Kadenwe kosec npoucxognt Ges
CKOJIbKEHHUSA.
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Puc. 73
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Puc.
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Puc. 75
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Ilpumep BeinoJiHeHHuA 3agaHuA. [[aHo: cxemMa MexaHH3Ma B 3aJaH-
HOM TOJIOKeHHH (pHc. 76); ucxomaele maHHbE (Tabi. 26).

Tabauya 26
Pasmepsr, cM
0A AB AC woa, pan/c €04, pan/c?
10 : 60 20 1,5 2

Pemenune. 1. Onpedenenue cxopocmell mouex u yzaosoli cxopocmu
3eena (puc. 77). BuiumciiseM MOLYJib CKOPOCTH Nafjbla A KpHBOmMMNA
OA npu 33aJaHHOM TNOJIOXKEHHH MEXaHH3MAa:

va = woa - OA.

CkopoCTb TOYKH A NepHneHAuKyJApHA KPHBOLIHIY
OA. Cxopocts nonsyrna B Hanpas/ieHa 0 BePTHKAJIH.
Mruaosenabit neaTp ckopocrelt P4p maryna AB maxo-
JUTCS B TOYKE NEpecevYeHHs NEpPHeHIUKYAApOB, NpOBe-
IeHHbIX H3 To4eKk A B B X HX CKOPOCTSAM.

Yrnosaa ckopocth 38eHa AB

wap =va/APap.
Monynu ckopocreit Touek B u C

v = wap - BPap; vo =wap CPap. Puc. 76

Paccrosauas APsp, BPsp u CPsp onpenendiorcs H3 paccmm‘pennﬂ
TpeyrobHukoB ABPasp u ACPp:

APsp = 52,0 cM; BPsp = 30,0 cm; CPsp = 36,1 cM.

B coorBercrBum ¢ ataMm v4 = 150 cm/c; wap = 0,29 pan/c;
vg = 8,7 cM/c; vo = 10,5 cM/c.

BexkTop ¥c HanpaBJieH NepHEHAMKYJISAPHO OTpPe3-
Ky CP4p B CTOpPOHY, COOTBETCTBYIOULYID HAIDABJIE-
HHIO BpalleHus 3BeHa AB.

s NpoBEepKH ONpeNeuM CKOPOCTh TOYKH B
apyraM cnocoboM. Bocnosis3yemca teopemolt o pa-
BEHCTBE IPOEKOHM CKOpOoCcTe#l TO4YeK HA OCh, IpOBe-
IEHHYI0 Yepe3 3TH TOYKH.

Hanpasum oce z Bmons warydia AB B Hampa-
BieHun or B k A, .

Nmeem v, cos(V4, ) = vpcos(vp, T), AIH, KAk
BUIIHO M3 pHC. 77,

v4 €08 60° = v cos 30°.

Orciona
vp = 8,7 cMm.

IMonesno ybenuthes, 4TO W Hallnennas panee CKOpocTh Touku C yIo-
BJIeTBOpAET 3TOH Teopeme. .
2. Onpedesenue ycxopenull mouex U Y2408020 YCKOPEHUR 36EHA
(puc. 78). Yckopenne TO4YKH A CKJIABIBAETCS H3 BPALIATEJBHOIO H LEH-

TPOCTPEMHTENIBHOTO YCKODPEeHHi:

da=ay+d,; a% =eoa-04; afi=wf),4-OA.
Cornacro TeopeMe 00 yckopeHHAX TO4eK NJIOCKOH urypsi,

HJIHA
dp =a) +ay +dp +dap. (1)



IlenTpocTpeMuTe/IbHOE YCKOpEHHE TOYKH B BO BPAIATEILEOM JBHIE-
BuE maryna AB Boxpyr mosoca A

aAB = wAB * AB.
Ilo mpuBenesHbIM opMyJiaM BBEIYHCIIAEM:
a%=20,0 CM;’CQ; ay=22,5 CM/CE; a,g=5,0 cm/cz‘

Bektop @, uampassen or A k O. Bektop @% mnepneHIuKyJIApeH
BEKTOpDY @, M HANpaBJIeH NPOTHBONOJIOXKHO U4 (BpalleHHe KpPHBOIIMIIA
OA — 3amenJieHHoe).

BekTop @, manpasien ot B x A. Yro kacaercs
YCKOPeHHsI dp TOYKH B M BpamaTeJbHOTO YCKOpe-
HHUSA 3% g, TO H3BECTHHI TOJILKO JIHHAN OelicTBuA 3THX
BEKTOPOB: dp — N0 BEPTHKAJIH BIOJbL HAIDPABJIIAI-
IHAX TOJI3YHA, d% g — NEepueHAuKyJasapao AB.

3anganumca NpPOM3BOJILHO HX HANPABJICHHAMH IO
yKa3aHHbIM JHHHAM (pHC. 78, a). 9TH yCKOpeHHS
onpenesnuM M3 ypaBHeHuil mpoeknuit BekTOpHOrO pa-
BeHcTBa (1) Ha ocm KoopaWHAT. 3HAK B OTBETe IO-
Ka3bIBAeT, COOTBETCTBYET JIH HCTHHHOE HalpaBJICHHE
BEKTOpPa NPHHATOMY TpPH pacyere.

Bruibpas manpasyienue ocelf r ® Y, Kak NOKa3aHO
Ha pHC. (8, 2, DOJIyJYaeMm:

[ ]
ap cos30° = —a cos60° + a3 5 cos30° +alyp; (2)
ap cos60° = a% cos30° + a’, cos60° +a%gz.  (3)
W3 ypasrenus (2) maxomum
agp = 16,7 CM/’C2+

Yckopenne dp HANpaBJIeHO, KaK NOKa3aHO Ha
puc. 78, a.
U3 ypasuenus (3) nosydaem

a% g = —20,2 cm/c?.

Puc. 78 Hanpapnienne % g IpOTHBONOJIOKHO MOKA3AHHOMY
Ha, puC. 78, a.
YckopeHne dp M BCE €ro COCTABJAKIME C YYETOM HMX HCTHHHBIX
HanpasieHuif u macmraba nmokaszaHel HA puc. 78, 6.
Yrmosoe yckopenme maryHa AB ¢ y4eToMm TOro, 4TO 31€ch a%p —
asnrebpanyeckas BeJIM4MHA, onpenesnsercda no dopmyse

£ap = |a%g|/AB.

Bb['—lﬂc.ﬂﬂﬂ, HaxoouMm

EAR = 0,3.4 pa,;l;ff::!.

-
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Hanpasnenue yckopeHHs @%p OTHOCHTEJIBHO mojioca A ompenesser
HalpaBJIEHHE YIJIOBOI'O YCKOPEHHS €4p. 3AECHh MOI HAIPABJIEHHEM YIJIO-
BOrO YCKOpDEHHs NOHHMAEeTCs HAINpaBJIeHHe IyroBoit crpeskm, KoTopoe
OpH YCKOPEHHOM BpallleHHH 3B€Ha COBIAJAET C HAIPABJIEHHEM €ro Bpa-
WEeHHsA, & NPH 3aMeNJIeHHOM — IPOTHBONOJIOXKHO eMy. B namHOM cilyuae
YIJIOBOE€ YCKOPEHHE NPOTHBOMOJIOXKHO HANDABJIEHHIO BPAINEHHA UMIATYHA.

Onpenenuts Gp ¥ G%p MOXKHO M rpadudecKu — NOCTPOCHHEM MHO-
royroJibHUKa yCKOpeHuH.

Ornoxum u3 Todku B cormacuo (1) B BeiOpanHoM Mmacmrabe mocie-
IOBATEJbHO BEKTOPHI d%, d4 H d4g (puc. 78, 6). Yepe3 KOHen BEKTOpa
@'y g MPOBEJEM NPAMYIO, MAPAJIJIETBHYI0 BpallaTe/IbHOMY YCKOPeHUIo d% g,
T. €. NepNeHAuKYJSPHO dp, A0 NepecevYeHus ee C mpsaAMOl, mo koropo#
HANPaBJIEHO YCKOpeHHe dp.

ITocnennee onpenensiercss Kax 3aMBIKAIOMAA CTOPOHA MHOTOYTOJIBHHKA
yCKOpeHHi. -

Monynm ap u a% gz MoryT ObITh HailZeHbl H3MepeHHeM Ha dYepTexe.

Onpenensem yckoperue Toukn C'

dc =03 + a3 +dye +d40-

BpamaresibHOe B LEHTPOCTpPeMHTENbHOE ycKopenusa Touku C BO Bpa-
maTeabHoM aBmkeEnn AB BOkpyr mosoca A

a®c =eap - AC; %, =wig- AC,

wn
aho =68 cm/ct;  a%o = 1,7 em/ct

Bektop @7, NepHeHIMKYJAPeH BEKTOPY @4, M HANpABJEH COOTBET-
CTBEHHO YIJIOBOMY YCKODEHHIO EAR.
Yckopenne Toukm C maxommm cmocobom mnpoeknmit (puc. 78, a):

ace = @y + a'j c0s30° — a% cos60°,

acy = a cos60° + a% cos 30° — a4,

ac = \/(&Cz}z + {ﬂ'C'y)z-

B pesyabrare Beruncienn#t nonygaem: ac; = 11,2 cm/ c?;
acy = 21,8 cMm/c?; ac = 24,5 cm/c? (puc. T8, 2).

IIpuBenem peumienue 3Toll ke 3amaum apyrum, OoJiee ODMIEM METOHOM.

Ha puc. 79 nokazana cxema MexaHH3Ma B HEKOTOPOM INPOH3BOJIBHOM
TMOJIOKEHUH. '

IIpoBenem ocu KoOpauHAT. Y paBHEHHSMH CBS3HM [JI JAHHOTO MeXa-
HH3Ma ABJAITCA YCJIOBHA

g = OA + AB (4)
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(Fp — paauyc-BekTOp To4kH B, mposememnbit u3 mentpa O),
rpg = a = const. _ (5)
[Ipoennpys (4) HA OoCh T, ¢ yueTroM (5) mMeeM
—0A -sina+ AB -sin 3 = a. (6)
Ins oupenesieHus YrioBO# CKOPOCTH WAB = 3 3Bena AB u YIJIOBOTO
YyCKOpeHus £4p = (3 wer Heobxomumoctu Beipaxkars (3 u3 (6). IIpome
HeMOCPENCTBeHHO ABaxabl npoguddepennuposars (6).
Hmes B BHAY, 9T0 & = wp4, NOJIy4aeM B pe3yJjibTaTe NepBOro Ou(-
depennuposanus
—0OA -cosa-woa+ AB -cosf3-wag =0. (7)
Orciona :
wap =wo4OAcosa/(AB - cos j3). (8)
Huddepennupysa (7) u yuuTsiBag, 4T0 Wo4 = €0A, UMEEM
OA-sina-wh, — OA -cosa-eps— AB sinB-whp+ AB-cosB-eap = 0;

eaB = wiptg B+ OA(epacosa —wh 4 sina)/(AB - cos 3). (9)
Boipaxkenus (8) u (9) mO3BOJAT BHIYHCIATE WAR M £4p IJIA JI060TO
NOJIOXKEHHsI MeXaHM3Ma, B 9aCTHOCTH 1A 3amamnoro (o = 0°, f = 30°).
3aMeTHM, 9TO Wo4 M €04 BXOUAT B 3TH BBIPDAXKEHHS CO 3HAKOM «+»
HJIM «—» B COOTBETCTBHM C NPHHATHIM HANPABJIEHHEM OTCYeTa yIJja .
B mamnOoM ciy4ae woa = 1,5 pan/c, epa = —2,0 pan/c?. Cmpica 3HAKOB
WAB H £4p ONpeneJsercs HAIPABJICHHEM OTCYeTa yrjaa 3.
Monyab ckopoctu To9kH B vp = |yp|. Moayas yckopenus ag = | g |.
ITpoeunpysa (4) ma ocek y, modyvaem

yp = 0A-cosa+ AB - cos 3.
Orciona nocie nudpdepeHIHPOBAHAA MOJMYyYaeM
g = —OA-sina-wos — AB -sin - wap;
iip = ~—OA-cosa-w%A—-OA-sina-£oA —AB-cosﬂ-wiB — AB -sin B-e4p.

s onpenesnenns CKOPOCTH W ycKopeHHs Toukd C cjenyeT COCTABHTb
ypaBHeHHsI ee IBHKeHHS B KOOpIHHATHOH ¢opme, mpoeumupys pammyc-

. s —_
BekTOp Tc = OA+ AC Ha ocH T | ¥.
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2.5 I-1. UnTerpupoBanue audQepeHnnanbHbIX ypaBHEHUN TBH)KEHUS MaTepHaIbHON TOUKHM, HAXOAAIIeHCs
IO/ IEHCTBUEM IIOCTOSIHHOM CHIJIBL.

Banmarnue J.1. Harerpupobanue nuddepeHIHATBHBIX
ypaBHeHHH nBH)XeHHs MarepuanbHOH TOYKH,
Haxonamelica mon geficTBMeM MOCTOAHHELIX CHJI

Bapuanter 1—5 (puc. 117, cxema 1). Teno asmxercs H3 TOYKH
A no ywactky AB (mnumo#t l) makjomeO#f miIockoctH, cocraBiasmomeit
yroJ ¢« C TOPU30HTOM, B TedeHHe 7 C. Ero HadaJIbHAs CKOPOCTB V4.
Koaddunuent TpeHHS CKOJbXKEHMS Tejia N0 IUIOCKOCTH paBeH f.

B Touke B Tesl0 NOKHOAET N/AOCKOCTh CO CKOPOCTHI0 Up H [OMAJ3eT
o CcKOpocThbi0 ¢ B To4ky C miockoctu BD, maxnmonenno#ft moxm yrsioMm
8 X ropu3oHTy, HaxOnACk B Bo3myxe T c.

ITpu pemenun 3a1a4u TeJIO NPHHATH 33 MATEPHANBHYI) TOUKY; COIPO-
THBJIEHHE BO3JlyXa HE VYHUTHIBATBH.

Bapuant 1. Jarmo: @ = 30°% vy =0; f=02; 1 =10 m; 8 = 60°.
Oupenennts 7 u h.

BapuranT 2. Jado: a =15° v4 =2 M/c; f=0,2; h=4 m; 3=45°.
Onpenesute | ¥ ypaBHeHHe TPAeKTOpPHM TOYKHM Ha ydacTke BC.

Bapuant 3. Jamo: a =30 v4a =35 Mfc; f#0; =8 m; d=10 m;
3 = 60°. Onpenenants vg W T.

BapuaunT 4. HJano: v4 =0, 7=2 ¢; 1 =98 m; 3 =60° f=0.
Omnpenesmnate o 1 T.

BapmanT 5. Hano: a=30°% v4=0; 1 =98 m; 7=3 ¢c; B = 45°
Onpenesuts f u 2.

Bapuaute 6—10 (puc. 117, cxema 2). JIbDKHUK DOAXOAHT K TOYKE
A ydacTka TpaMninia AB, HaKJIOHeHHOrO mOA YIVIOM K TOPDH3OHTY R
AMEIOIEero JJURY [, co ckopocThio ¥ 4. KoaddunuenT TpeHus CKONbXKEeHHS
asnk Ha ydactke AB pasen f. JIbokHuk or A mo B nsmxerca T C; B
To4yke B co ckopocThio vp OH nokmuaer Tpamnand. Jepes T ¢ JBDKHHK
NPH3EMIIAETCHA CO CKOPOCTBIO ¥ B Touke C ropsi, cocrasiadmoimef yrou
3 ¢ rOpU3OHTOM.
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ITpu pemenmE 33389 DPHHATH JIBDKHHKA 334 MATEPHAJILHYIO TOYKY H
HE YYHTHIBATH COIIPOTHBJIEHHE BO3NYyXa.

Bapuant 6. Jano: a =20° f=0,1; 7=02 c; h =40 m; B = 30°.
Onpenenuts | 1 ve.

BapuanT 7. Jano: @ =15°% f=0,1; vq4 =16 m/c; | =5 m; § = 45°.
Onpenenere vp B T.

Bapuant 8 Hamo: va =21 m/c; f=0; 7 =03 ¢; vg =20 m/c;
B = 60°. Onpenenuts o u d.

Baprant 9. Jaso: a =15° 7 =03 c; f =0,1; h = 30v/2 um; 8 = 45°.
Onpenenuth v H V4.

BapuasnT 10. Jano: a = 15° f=0; ‘UA—12 m/c; d =50 m; 8= 60°.
OupenesaTh T W YpaBHEHHe TPACKTOPHE JIbLDKHHKA Ha yyacTKe BC.

Bapuaatm 11-—15 (puc. 117, cxema 3). Umea B Touke A ckopocTs
¥4, MOTONHKJ MOZHWMaeTcA T ¢ mo ydactky AB nnumol#t I, cocrasna-
IOUEeMy ¢ TOPH30HTOM yros <. Ilpm nocrosuHO# Ha BCcemM ydacTke AB
nsmxymel cune P morommksa B Touke B mpmoOperaeT CKOPOCTh Vg H
mepesieTaeT depe3 pos wupunolt d, saxonsce B Bosayxe T ¢ ® mpH3eMiIA-
#ch B To9ke C CO CKOpOCTBIO v¢o. Macca MOTONHKJ/IA € MOTOLHKJIHCTOM
paBHa m.

IIpu pemernr# 3a4a4¥ CYATATH MOTONEKJI ¢ MOTONHEKJIHCTOM MATEpH-
aabHO# TOYKOH W He YyYHTHIBATH CHJIbI COHPOTHBJICHHA IBHAKEHHIO.

BapwarT 11. HJano: @« =30° P#0; I =40 m; v4 =0; vp =45 M/c;
d =3 M. Onpepennts 7 ® h.

Bapuant 12. Jamo: a = 30°; P =0; | = 40 M; vg = 4,5 M/c;
h=15 m. Onpegenurs v4 u d. '

Bapurant 13. Jano: o =30° m =400 kr, v4 =0; T=20 ¢c; d =3 m;
h=1,5 m. Onpepenare P m l.

‘BapwmanTt 14. Haro: a = 30°; m = 400 xr; P = 2.2 kH; vq = 0;
1=40 m; d =5 m. Onpenennts v H vC.

Bapunant 15. Jamo: a=30% va=0;, P=2kH; [ =50 m; h =2 m;
d =4 m. Onpenenate T ® m.

BapuauTier 16—20 (prc. 117, cxema 4). Kamens CKOJIB3AT B Te9eHRE
T ¢ 10 y4acTtky AB oTkoca, COCTABNAIOIEMY Yrojl (¢ C TOPU30HTOM M
ameowemy aauay [ Ero maganbaas ckopocts va. Kosdduuuent tpenus
CKOJIbJKEHHS KaMmHs no oTkocy paseH f. MMesa B Touke B ckopocTh vg,

Kamenb yepe3 T ¢ ymapsercda B Todke C O BEPTHKAJIBHYI 3AIATHYIO.

creny. Ilpy pelieHHR 3a0a4M NPHHATH KaMeHb 33 MATEPHAJIBHYIO TOYKY;
‘CONPOTHBJICHHE BO3NYXA HE YYHTHIBATH.

BapuanT 16. Jano: a =30°% va =1 wmM/c; =3 m; f=02;d=25 m.
Onpenesars h u T.

Baprant 17. Jano: a =45°, =6 M; vg=2v4; T=1c, h=6 m.
Ounpenennts d n f.

BapuanT 18. Hano: a =30°% I =2 M; v4=0; f=01;d=3 m.
Onpene.nuTh hurt.

rBapuwanT 19. Jano: a = 15°; I— 3mvp=3m/c; f#0;, 7T=15 ¢
d 2 M. Onpenenuts v4 1 h.
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Bapuanr 20. Hano: a =45°% v4=0; f=03; d=2 m h=4 m.
Onpenenuts | u 7.

BapranTsl 21—25 (puc. 117, cxema 5). Teno nsmxercsa w3 Touku A
no yuactky AB (mmmuo#t ) maknomso#f miockoctn, cocraBiisiomel yros
a ¢ ropmsorom. Ero uavansuas ckopocts v4. Koadgduumenr rpenus
ckonbxennss pasen f. Hepes 7 ¢ Tesio B Touke B CO CKOPOCTBIO ¥y NO-
KHJaeT HAK/JIOHHYIO IUIOCKOCTh H NallaeT Ha TOPH30HTAJBHYK IIOCKOCTH
B 109Ky C €O CKOpPOCTBIO ¥U¢; MpPH ITOM OHO HaxogATcs B sosayxe T c.

Ilpm pewlennn 3amad¥ OPAHATL TEJO 33 MATEPHAJILHYIO TOYKY H HE
Y9UTHIBATh CONPOTHBJIEHHE BO3IYXA.

Bapmasr 21. Hano: a = 30° f=0,0; va =1 Mfc; 7T =15 ¢
h =10 M. Onpenenure vg ® d.

Bapuant 22. [lano: v4 =0; a =45°, I =10 ; 7 = 2 ¢. Onpenenurs
f u ypaBmemme TpaekTopum: Ha ydactke BC.

BapmanTt 23. Hapo: f=0va=0; =981 m; 7=2¢; h=20 m.
Oupepenuts « u T

Bapraut 24. Jaro: vq =0; a=30° f=02,1=10 m; d =12 M.
Oppegennats 7 B h.

Baprant 25. Hano: va = 0; a = 30° f=0,2; 1=6 M; h =45 M.
Ounpenenuts T 1 V.

BapuanTer 26—30 (puc. 117, cxema 6). Mmea B Touke A ckopocTh
V4, TEJO ABIKETCH 10 MOPH30HTAJBHOMY y4acTKy AB nanuoli | B Teuenne
7 ¢. KoadbdunuertT TpeHHA CKONbKEHHA Tesa MO IJIOCKOCTH paseH f.
Co ckopocThiO vp TEIO B TOYKe B NOKANAET IUIOCKOCTh M TNONAZAeT B
rouky C €O CKOpOCTBK Vo, Haxomsce B posayxe T c. Ilpm pemennn
3329 OPHHATH TEJO 33 MATEPHANbHYID TOUKY; COIPOTHBJECHHE BO3AYXa
HE YYHTBIBATH. '

- Bapnant 26. Hawo: v4 =7 Mfc; f=02: 1 =8 m; h =20 m.
Onpenenurs d u ve.

Bapwanr 27. Hano: v =4 Mfe; f=01 71=2 ¢; d=2 M
Onpenenuts vg u h.

Bapmant 28. Hawo: vp =3 M/fc; f=03; | =3 m; h =5 m
Onpenenuts 4 1 T.

Bapuaat 29. Hano: v4 =3 Mm/c; vg = 1 M/c, =25 M h=20 m.
Qupenennrs f u d. '

- Bapmrant 30. Jaso: f =025, =4 m; d =3 M; h = 5 m..Onpegenurs
Vg4 H T.

IIpumep BhInOJIHEHMS 3aJaHHAA (puc. 118). B KEJIe3HOTOPOKHBIX

CKaJIBHBIX BHIEMKAX [ 3aMMTH KIOBETOB OT NONAJAHHSA B HEX C OTKOCOB
KaMeHHLIX ocbinelf ycrpamBaercs «monka» DC. YYRThIBad BO3MOXKHOCTH
JBHXKEHUsA KaMHA W3 HamBhicmeff Toukm A OTKOCA H mosiarast NpH 3TOM
€r0 HAYAJBHYI CKOPOCTb vp = (), ONpPEle/iATh HANMEHLHIYIO MMPHHY
NOJIKH b M CKOPOCTH ¥¢, C KOTOpOH KaMeHb majaeT Ha Hee, Ilo yYacTky
AB orKOCa, COCTABIAIIEMY YIOJ & ¢ FOPH3OHTOM H MMEIOIeMy JUTHRY
1, xaMeHb IOBHXKETCA T C.

IMpr pemenns 3anaym CYHTATH KO3 (PHIHEHT TPEHHA CKOJIBIKEHHA f
ga.una Ha ydacTke AB NOCTOSAHHBEIM, a CONPOTHBJIEHHEM BO3AYXa HpeHe-

pedb.
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Hano: vg=0;, a=60°%1l=4m 7=1c¢c; f#0;, h=5m; =75
Onpenennts b 0 ve.

Pemenne. PaccMoTpaM npukenne kaMudA Ha y4actke AB. [Ipuaamas
KaMeHb 33 MaTepHAJIbHYI0 TOYKY, MOKaXeM EPHC. 118) melficrByomue Ha
Hero cuibl: Bec (G, HOPMANBHYIO peakuuio N H CHIY TPEHHs CKOJbXe-
aua F. CocrasmMm nu¢p¢epernnaIbHOe YpaBHEHHE NBHXKEHHA KAaMHA HA
yuacTke AB:

A
*E p miy =ZX,;1; mi, = Gsina — F.
I .

N G Cuna Tpenns

i

rane ,
. - N = Gcosa.
x",é TaxnaM 0bpaszoM,
\CbD E mi; = Gsina— fGcosa
d y IR
Puc. 118 ¥ = gsina — fgcosa.

Wurerpupys muddepennnanbioe ypaBHeHHE NBAXKbl, IOJIYYaeM
#1 = g(sina — fecosa)t +C1;
71 = [g{sina — fcosa)/2] #* + C1t + Ca.
Jnis onpenesieHus NOCTOAHHBIX WHTErPHPOBAHHA BOCIOJIL3yeMCH Ha-
YaIbHBIMH YCJI0BUAMH 33aaa49f: OpH =0 210 =0 1 19 =0".
CocraBuM ypaBHEHHs, NOJyYeHHbIC IPH HHTErpHpOBaHHH, nus ¢ = (:
i1 = Ch; z10 = Cs.
Ha#inem nocrosinHbie:
C1 = 0, Cz =0.
Torpa .
1 = g(sina — fcosa)t;
z1 = [g(sina ~ fcosa)/2] 2.
na MOMEHTAa T, KOrda KaMeHb MOKHAAET YYacTOoK,
&y = vB; T =1,
T. €. : .o
vg = g(sina — fcosa)T;
I =[g(sina — fcosa)/2] 72,

* Tlocrosunkie narerpupoBanus 1 — Cg Bo Bcex 30 BapHaHTaxX 3aaHis MOXKHO Hal-
TH, BBOJSA Hava lhHbIE YCJIOBHS Ha IepBOM H BTOpPOM y4acTKaX JBH:XKeHHA ToukH. TeM ne
MeHee B psAje BapHaHToB Bollee eCTeCTBEHHO BOCIHOIL30BATbCH FPAHHYHBIMH yCJIOBHAMM,
KOr[a 3Ha“eHUs KOOPIWHAT U cKopocTell 3adaHbl He ANA OIHOrO, & IS PA3HBEIX MOMEHTOB
BpeMeHH.
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.OTEYIa
vg = 21/T,
T. €.
_ vg =2-4/1 =8 m/c.
PaccMOTpEM ABHXKEHME KaMHA OT TO4k® B no voukm C.

IToxazas cnny TsxecTE G, meHcTByHOmYy Ha KaMeHb, COCTABHM aH(-
depeEnHANIbHEBIE YVPABHEHUS €0 IBHIKEeHWH:

mi = 0; miy = G
HauanpHBIe yermopuss 3ana4dm: npu ¢ = 0
zo = 0; yo = 0;
Fg = vpg COS & Yo = vy sin a.

Harerpupyem mudrdepeEnzanbHble YPpaABHEeHASA ABAZK B

T = C3; g = gt + Cay;
x = Cst 4+ Cs; y=gt2f2+C4t+Ca.
Hanmmem nony4enssie ypaepaeHusa gaa = O:
&g = C'a; %o = Cla;
xo = Cl; yo = Ce.
Orcrona malinem, uro
C3 = vpg cos «; Cs = vp sin a;

TTonyuyum ciaenyoimHEe YpaBHEHHS HPOeKuHH CKOpPOCTH KaMHA:
& = vpg COS o, = gt +vpsino
B yPABHEHH:A €ro JIBHKCHHA:
r = vpcosa-t, y=gt?/2 +vpgsina-t.

YpaBHeHHEe TPAeKTOPHH KaMH:A Halimem, HCKJIIOYHEB DnapameTp t n3
ypasuennti nemxenun. Onpenenus ¢ U3 NepBOro YPABHEHHSA H MNOICTABHB
€ro 3HaYeHHe BO BTOpPOe, NoJiyYaeM ypaBHeHue napabosb:

y = gz? /(2v% cos? a) +rtgao.

B momenT namenma y = h, r = d.
Onpenensia d U3 ypaBHeHUs TpaeKTopuH, Halnem

diy = 2,11 m, do = —7,75 M.

Tak kKax TpaekTopHel IBHIKEeHHs KaMHA ABASAETCA BeTBb Iapaboisinl ©
NOJIOMKHTEeJBHBIME ADCIHCCAMH €€ TOo4YeK, To d = 2 11 m.
MuHEHAMANBbHAA HIHPHHA TOJIKH

b=d—-FED=d— h/tg75°, ann b= 0,77 m.

Henonp3ya ypaBHeHHEE IBHKEHHA KaMHA T — vp cos -, Halinem Bpems '

T npmXeHAst KaMHA OT TOukH B mo tougrm C:
T =053 c

CkopocTs KaMHA [pH NaJdeHHHA HalneMm depe3 npoeKuHn (‘:KODOCTH HA
OCH KOODIHHAT

& =wvpcosa, Y=gt+vpsina

s momenTa nameausa t =71 = 0,53 ¢

no dopmyse

ve = v/{vp cosa)? + (gT + vp sin «)2,

HJIH

ve = 12,8 m/c.
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2.6 J1-10. [IpumeneHue TeopeMbl 00 N3MEHEHUH KHHETUYECKON SHEPTUH K U3YUYEHUIO JABIKEHHS MEXaHUve-
CKOM CHCTEMBI
3apnanamne J[,10. [IpuMenenne TeopeMsl 06 HaMeHeHHH
KnHeTH4ecKol sHepruu
K M3Y4YEeHHIO IBMKeHus MexanudecKold cucTeMsbl

Mexanndeckas CACTeMa moj AeHCTBAEM CAJ THXKECTH NPHXONAT B JBH-
XKEeHMe H3 COCTOAHHH NOKOH; Hada lbHOe NOJIOKEHHEe CHCTEMbI NMOKA3aHO
na puc. 152—154. Y4mThiBaA TpeHHe CKOJbXKEHAA Tena ! (BapHAHTH
1—3, 5, 6, 8—12, 17—23, 28-—30) ® CONpPOTHBJICHAEe KA49EHHAID TeJIa
3, xarameroca 6e3 cxonbxkenns (papmantm 2, 4, 6—9, 11, 13—15, 20,
21, 24, 27, 29), nperebperas APYTrAMA CHJIAMH CONPOTHBJICHHS H MACCAMH

Puc. 152
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R,*:Rg
r“=r9-0,5R?

Puc. 153
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Puc. 154

36



guTel, npeanosaraeMelX HEPACTSKMMBIMH, ONPEIENHTE CKOPOCThL TeJa 1
B TOT MOMEHT, KOrja npoliieHmsifi HM NyTh CTAHET pPaBHBIM §.

B sanaEud NpHHEATH ciaegyowpe obO3HAYEHHA: My, Mg, M3, M4 —
maccel Ten 1, 2, 3, '4; R, ro, Rs, r3 — paguychl GOJNIbIIMX M MAJIBIX
OKpyxmBOCTell; 2z, 13¢ — PanAyChl HHEPOHA TeJ 2 W 3 OTHOCHUTE/ILHO
FOPM30HTAJILHLIX ocell, MpPOXONAmMX Wepe3 MX HEeHTPHl TAKECTH; a, [ —
YyIJIbl HaKJOHA NJockocTeif x ropmsonty;, t — Koacbtbmmen'r TPeHHA
CKONbKeHnA; § — Ko3dPHIHEHT TpeHus KadeHHs.

Heobxomumble nisa pemieHds gaHHbie npHpeneHbl B Tabs. 47. BiokH B
KaTKH, I8 KOTOPHIX PaguyChl HHEPHOHH B TAOJIAIE HE YKa3aHbI, CINTATh
CIUIOIHBIMYE OZHODONHBIME IMJIHHIDAMM.

. Haxknonusie y4acTke HuTel mapaniesbHb coo*rne'rc'rnyloumu HAKJIOH-
HBEIM TJIOCKOCTHM.

Ilpumep BeIDOJIHeHHA 3amaHusi. [lamo: m; — Macca rpysa I,
mz = 2my, mz = my, mg = 0,5my, ms = 20m;, Ry = B3 = 12 cm,
ro = 0,5Ry, r3 = 0,75R3, Rs =20 cM, AB =1 =4R3, iy = 8 cM,

i3, = 10 em, a = 30°, f = 0,1, 6 = 0,2 cM, s = 0,067 M. Conporusrienne
Kagennio Tena 2 He yuareiBarh. llarye 4 cyMTaTh TOHKEM OIHOPOIHLIM
CTEepXKHEM; KaTOK 5 — ONHOpOuIHHIH cnnomsBolt munmuap. Maccamm 3Bena
BC5 u nonsyna B npemebpedn. Ha puc. 155, a moka3zana MexammdecKas
CHCTEMA B HAYAJIbHOM TIOJIOXKEHWH.

HaliTn v; — ckopocTs rpy3a 1 B KOHEYHOM IOJIOXKEHWH.

Pemenue. [Ipumennam Teopemy 00 H3MEHEHHH KHHeTH4ecKOol 3Hepruu

CHCTEMBI:
T-To=3 AP+ A/, (1)

rme Tp ® T — KHHETWYeCKad dHEPrud CHCTEMbl B HAYAJIbHOM H KOHEY-
HOM mosloxenmsx; ». AF — cymma pafoT BEEmEMX CHJ, DPHIOKEHRHBIX
K CHCTEMEe, HA NepeMelleHAH CHCTEMbl M3 Ha4aJibHOTO MOJOKEHHA B KO-
meunoe; ». A} — cymma paoT BHYTDEHHMX CHJI CHCTEMh HA TOM Xe
nepeMeleHH . '

Iljis paccMATPHBAEMBIX CHCTEM, COCTOSIMX H3 aGCOIIOTHO TBEPIBIX
T€JI, COIMHEeHHBIX HEPACTAXKHUMBIMA HATSMH M CTEPXKHAMH,

> Al =o.

Tax Kak B HA4aJIbHOM [OJIOKEHHH CHCTeMa HAXOOUTCA B INOKOE, TO
T[) = (.
CnenoBaresibHO, ypasHeHne (1) NpHHEMAeT BHI

T=>_ AF. (2)

HAna onpenenenns xunernveckolt snepruu 7' u cymmbl pabOT BHEUIHHX
CHJ1 Haa0 u300pasuTh CHCTeMy B KOHeYHOM moJioxkernun (pmc. 153, 6, 8).

HanumeM KWHEEMATHYECKHE COOTHOIIEHHA MEXIY CKOPOCTAMH M Iepe-
MeIeHHsIMH TOYeK CHCTeMbl, T. €. YPaBHEHHs cBaA3ell, IpDH TOM CKOPOUTH
B TepeMeiieHHs BbIPA3HM COOTBETCTBEHHO 4Yepe3 CKOPOCTH M NepeMelie-
HuA rpysa 1l.
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Puc. 155

Ckopocts nentpa macc C' karka 2 paBHa CKOPOCTH rpysa I:
UVog = Uy (3)

YrioBas CKOpOCTh KaTKa 2, MrHOBEeHHbIi meHTp ckopoctelf Koroporo
HAXOHATCA B Touke P,

wa = v [(CaPe).

YaureBaa (3), nony4yum
wa = /Rg (4)
Cgopocth TOuku D kKatka 2

vp = wy r DPy,

vp = ;—;(Rz + 'I‘Q_).
Ckopocts ToukE E 6iioka 3 paBHa ckopocTH TOYKH D Karka 2

VE = Up. (5)
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Ho

Vg = W3Ts.
CnenosaTesibHO,
o (5),
v
w3rs = ‘.T;(Rz + 72).
Tax kak
R2 = 2?‘2,
TO
Wwyrg = 3;{ 2111,
OTKYIa .
—3u
Wy = 273’ . (6]
3amensas B dopmyne (6)
d d
Wy = %& = '”"%1
Oy 9HM :
des _ 3 ds
t ~ 2rzdt’
HJTH 3
d Y3 = 2—1.3(1 5.
ITocne HHTETPHPOBAHHA (npm HYJIEBBIX Ha9aJIbHbIX
YCJIOBHAX )
— 3 s 7
Y3 =55 (7)
Korga rpys 1 npo#iger nyrs s = 0,06 M, 610k 3 moBepreTCs HA yTOJ
¥3:

_3s _ 3006r _
Y3 = 50, T 2000

Ilpu sTom nosopore Gioka 3 Ha 180° ero Touka Ay nepeliner B
KoHeyHoe nojoxenne A u marys 4 B3 HavagbHOrO mosoxenus AgBg
nepelizer B KOHeuHOe mosioxkenne AB.

Karok 5 nmepemectuTcs BJeBO NIpH MOBOpoTe Gyoka 3 HA yroa 72 u
BIOpPaBO NpH HoBopoTe GJI0OKa emie HA 7/2; 3HAYAT, KOHEYHOE HOJIOKEHHE
KaTKa J COBIAJaeT C ero HavaJibHbIM MOJIOKEHHEM.

Takum 00pa3om, KOHEYHOe MOJIOKeHHe Bcell CHCTeMbl BIOJIHE Ompene-
seno (puc. 155, 6).

ByraucuM KMHETHYECKYI0 JHEPrHi0 CACTEMBbl B KOHEYHOM IOJIOKEHHH
KaK CyMMY KHHeTH4eckuX sHepralt Ten 1, 2, 3, 4, 5:

T=T1+To+T3+Ts+1Ts;. (8)
Kuneruueckast 3Hepras rpys3a I, JBHXKYIIETOCH MNOCTYNATEIBHO,
Tl = m1v¥f2. (9)
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KuReTHueckas Hepruas Karka 2, COBEPIIAINIEro IJIOCKOE IBIKEHHE,

2 J 2 .
T, = 752 4 K2 (10)
rae Jo¢ — MOMEHT HMHEPIMH KAaTKa 2 OTHOCHTEJBHO €r0 MNpOJOJIbHOH
nerTpanbeOl ocm Clog:
Jag =gty (11)
Iopcrannas (3), (4), (11) B dopmyny (10), nomyuaem
2 ;2 ]
__ mav m2tye 2 1 26 Y . 2
T2_71+ 2R v = 32 (1+E) vy . (12)
Kuneruueckas sueprass Tesa 3, Bpainaiomerocsa Bokpyr ocu O,
roe Js; — MoMeHT wHepnuE 6JioKa 3 OTHOCHTeNbHO ocu Ox:
Jyz = myil,. (14)
Ioacrapnas (6), (14) B dopmyny (13), mosmygaem
mai, (3v0,\2 9 i3 o
T3 = Ts (E i) = §m3:—§1)1+ (15]

Kurernueckas 3Heprus 1matryHa 4, COBeplIAOLIero NJIOCKOe NBHIKEeHHe,

2 2
M4VE, Jygwy
+

T3 =—5 TR

rme vg4 — CKOPOCTH HEHTPA MAacCC Cy maTyHa 4; wy — ymnioBas CKOPOCTBH
martyna 4; Js4¢ — MOMEHT HHEPIHH IIATYHA OTHOCHTEJIBHO HEHTPAJbHOM
OCH C4£.

s onpenesieHds vog M wy HABOEM NOJIOKEHHE MIHOBEHHOIO LEHTPA
ckopocrelt maryna 4. Tax kak ckopocru ToueKk A U B B 3TOT MOMEHT
napaJijienibHbl, TO MTHOBEHHBIH LEHTp CKOPOCTEﬁ maryHa 4 HaXOOHTCS
p OECKOHEYHOCTH; C/IeIOBATEIbHO, YIJIOBasi CKOPOCTh IIATYHA B JAaHHBIH
MOMeHT wy = 0, a CKOPOCTH BCEX €ro TOoYeK NapaslliejibHbl H PaBHBI
MEX Y cobolt. Takum 06])330!4, KHHETHYCCKAA SHEPrHid WIATYHA 4

Ty = mavk, /2, (16)
rae .
VC4 = V4. (17)
BﬁamaTenhHaa CKOpOCTh TOYkH A Tema 3
va = w3 R, (18)

um ¢ ygerom (14)
Vg = 3,/2R3’Ulf1‘3*
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[Tockonbky r3 = 3/4R3, noay4nam
vy = 2vq.
IIo (17) -
Vo4 = VA, veog = 20y, (19)
ITocne nopcraroskm (19) B (16) BhHipaxkenHe KHHETHYECKOH SHEPTHH

maTryHa 4 OpHHEHMaeT BHJI
Ty = 1/2my(201)? = 2man?. (20)
Knueruyeckass speprus Karka 5, COBEpIIAOIIEr0 IJIOCKOE NBHXKEHHE,
Ts = msvgs /2 + Jsewi /2,

rae ves — ckopocTh nentpa Macc Cs karka 5; Js¢ — MOMEHT HHEDIHH
KaTka 9 (OfHODOAHOrO CIJIOWHONO NHJIHHADA) OTHOCHTENBHO €ro MeH-
TpanbHOll nponosbaOit ocE Cse, Jse = m5R§ /2; ws — yraoBasi CKOPOCTBb
Karka 3.

Takx xXax Karoxk KaraTca 0e3 CKONbXKEHHA, TO MrHOBEHHBIH menTp
ckopocredt Haxonurca B Toyke Ps. IToaromy

Wy = Yes ,:’ R,l;,,
CuienopaTesibHO,

2 2.2
Mgy m5R5vC5 3 2
Ts = —; 2 2R3~ 4T8UCs:

Tax xax 3Beso BCs; coBepmaer IOCTYNATENBHOE JBHXKEHHE, TO
Uos = UB, HO Up = Uca4 = 2v1. 3HAYHT, vos = 20;.
[ToaroMy BBIpaXKE€HHE KHHETHYECKOH 3HEPrHH KATKa 5 NPHHHMAET BHJ

Ts = 3/4ms(2v;)? = 3mgvi. (21)
Knneruveckas sueprua Bcelt Mexanm4yeckoil CHCTeMBI onpenensercs 1o
dbopmyne (8) ¢ yuerom (9), (12), (15}, (20), (21): -
T = movi /2 + my(1 +£§£;'R§}ﬂf/2 +9/8maviil, [r3 + 2mav? + 3msvi.
IToacrapnsg cioaa 3ajaHEble 3HAYEHHS MACC, MOJYYaeM
T = myvi[l + 2(1 +13./R3) + 9/4i%,/r3 + 2 + 120]/2,

HJIH
T = 129m,v? /2. (22)

Haltinem cymMmy pafoT BceX BHEINHHX CHJI, DPHJIOXKEHHBIX K CHCTEME,
Ha 33JaHAOM ee nepeMeniendH. [lokakeM BHEUIHHE CHJIEI, IPHJIOKEHHBbIS
k cucreme (puc. 155, s).

Pabora cuaer Tskectn (G

Ag, = G1hy = mygssina. (23)
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Pabora cusbl TpeHHs CKoOJibxXeHnst Fop

Af,, = —Fips.
Tax kKak
FTp = le szICOS&,
70 _
Afp,, = —fmygscosa. (24)
Pabora cHJIB TAXKECTH @2
Ag, = Gohcs = maogssina. (25)

Pabora can coemnesus Feuo, Foys KaTkoB 2 M 5 paBHA HYJIIO, TaK KakK
3TH CHJIBI NPHJIOKEHH B MIHOBEHHBIX HEHTPAX CKOpPocTeld 3THX KATKOB.

Pabora cunsl taxecta G4

AG4 = G4h041
rae hcy — BepTHKAJBbHOE mepeMellenne NnenaTpa TsmxecTH C; marynra 4
U3 HAYAJIbHOTO NOJIOXKEHHS B €ro KOHeYHOoe mosoxenuwe (puc. 155, 2):
hcs = Rs,
Ag, =magRs. (26)
Pabora mapsl CHJ1 CODPOTHBJICHHS KaYeHHIO KaTKa &

A'Mc' = _MCQO5: (27)
rme Mg = éNs = 6Gs — MOMEHT Hapel CHJI CONPOTHUBJICHHS KadeHHIO
KaTka 9; s — YroJi HOBOpOTA KarTkKa o.

Tax xKak KaTok J KaTHTCA 0€3 CKOJIbXKEeHHA, TO YrOJl ero moBOpPOTa
s = scs/Rs, (28)

rme scs — nepemelnieHue neHTpa TaxectH Cp KaTka J.

B nanmom npumepe paboTy maphl CHJI CONPOTHBJIEHHS BBITHCJIMM Kak
cymmy pabor aTolf mapel npM KaYeHHMM KaTkKa 5 BJIEBO IIPH TOBOPOTE
Tesa 3 Ha yrosi m/2 M KaueHHH BIPAaBO, KOLJA TEJO 3 NOBEDHETCA elle
Ha yroua w/2.

Ilepememenne neatpa Taxkectn Cs KaTKa 5 PaBHO MEepeMEIEHHIO MOJ-
3ysa B BjeBo u BHpaso:

scs = 2(ByB'). (29)

OnpenenuM nepememenne ByB' npu mnosopore Tena 3 Ha yroa /2.
3a HAYAJIO OTCYETa KOOPAMHATH TOYKH B BhIGepeM HENONBHKHYIO TOUKY
K nnockocru (puc. 155, 2). Ilpm 21OoM mnosopore Tema 3 wartyH n3
nonoxenus AgBy mepefiner B monoxkenne KB'. Torna

ByB' = KBy — KB',
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KBy = KO+ OBy = R3 + \/(AgBy)? - (Ap0)? = Rz + /12 — R,

KB' =1=4R;.
CaenoBaresibHO,

BoB' = R3 +/1? Rz—I—R3+1/(4R3)2 R2 — 4R3 = 0,88R;. (30)

Tloacrasnaa (30) B (29), a sarem B (28), Haxonmm mommbi#t yron
IOBOPOTa KATKa O:

Wy = ],76R3/R5. (31_)
Pafora mapsl CHJI CONPOTHB/IEHHA KadeHuio mo (27) |
Ap. = —6msg - 1,76 R3/ Rs. (32)

Cymma pabor BHEIIHEX CHJI ONPENEIATCS CJIOKEHAeM paboT, BEIYHCIIA-
embix 10 dopmysnam (23)—(26) n (32):

Z A;E = m1gs8sina—fmygs cosa+magssina+megRs —émsg-1,76R3/Rs.

IloncraBnaa 3anaHHEBIE 3HAYEHHSA MacC, moJry4daem

6o20-1,76R3)
T R

E _ . . . R3
ZA,— = 1m;gs (sma fcosa+ 2sina + 5 Rgs

0
ZAE = 1,51m, gs. (33)

CornacHo Teopeme (2), npupasasem snazennsa T m Y. AP ompenens-
embie mo dopmynam (22) a (33):

129 - myv? /2 = 1,51m, gs,

OTKyla
v = 0,21 M/c.
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4. MeToau4ecKue peKOMEHIAIUH M0 CAMOCTOATEILHOMY H3y4YeHUIO BOIPOCOB
4.1. PaccmatprBaeMbi€ BOIIPOCHI

1. IloHsAATHE CHJIBI, MOMEHTA CHJIBI OTHOCUTEIBHO TOYKH U OCH, MAPbI CHJI
1)MoMeHTOM CHJIbl HAa3bIBAETCSI BEKTOPHOE MPOU3BEICHUE PAANYC BEKTOPA HA CUJIBI, 1€ PAUyC BEKTOP
KpaTryaiiliee pacCTOsIHUE OT OCH BpAIICHUS 10 TOUYKH IPUIIOKEHUS CUIIbI
2) MoMeHTOM CHJIbl HAa3bIBAETCS BEKTOPHOE MPOU3BEICHUE 1JIeYa CUJIbI Ha 3HAYCHUE CUIIbI, IEPIECHINKY-
JSIPHOE OCH BpalleHus, rae P-medo cuibl - 3TO KpaTyaiilliee pacCTOsIHUE OT OCH BpalleHUs A0 MPsSMOH,
BJIOJIb KOTOPOM JIEUCTBYET cuja
3) MoMeHTOM cHUJIbl HAa3bIBAETCSI BEKTOPHOE MIPOU3BEACHUE, TI€ PauyC BEKTOP KpaTyaiilliee pacCTOSHUE OT
OCH BpAILIEHUs 10 TOYKH MPUJI0KeHUsI cuiibl, a Ft mpoekuus F Ha HanpaBieHnue, nepneHIuKyIsipHOE pain-
yC-BEKTOPY
Eciin TeJi0 nMeeT HEeMOABUKHYIO OCh, T. €. 3aKPEIICHHYIO B HEITOIBIKHBIX MOIIITUITHAKAX, TO TIPH 000
cUCTEME JCHCTBYIOLIMX CHJI TE€JI0 MOXKET BpalllaThCs JIMIIb OKOJIO 3TOW ocu. Ho He Besikas cuiia MOKET BbI-
3BaTh BpamieHue. Hanpumep, cuna, napamiensHas ocu (Fy) He BBI30BET BpallleHHsI; OHA JIUIITh CTPEMUTCS
CABUHYTbH TEJIO BJOJIb OCH U B KOHEYHOM CUETE YPAaBHOBEIIMBAETCS peakuuen noamunaukoB. Ho Bot cuina,
HaXOJIAIIAsACS B TNIOCKOCTH, IEPICHANKYIISAPHON K OCH, MOXKET IIPH HEKOTOPBIX YCIIOBUSX BBI3BATh Bpallle-
HUE.
JBe anTHNAapasieJbHbIe CUJIBl OJIMHAKOBON BETUYMHBI, IPHIIOKEHHBIE K Pa3HBIM TOYKAM, HO HaIllpaBJIeH-
HbIE HE 10 OJIHOM MPSAMOi1, Ha3bIBaIOT Napoi cuil. [lapa He nMeeT paBHOAEHCTBYIOLIEH U IPE/ICTABIISAET CO-
0011 cCaMOCTOSITEIHHBIN TMHAMUYECKHUI 2JIEMEHT.
MoMeHT cHJIbl OTHOCHUTEJBHO LEHTPA

Momenmom cunwvt F omuocumenvHo HeKoOmopozo Henoosuicnozo yenmpa O Hazvleaemcs 6eKmop, pac-
NOJ10J1CEHH LI NEPREHOUKYTIAPHO K NIIOCKOCHU, RPOX00Auell uepe3 eeKkmop cuivl u yenmp O, nanpae-
JIEHHBLIL 6 HLY CHLOPOHY, YMOObl CMOMPA C €20 KOHUA MOMCHO 0bL110 6udems nogopom cuavl F omnocu-
menvno yenmpa O npomug 4acoeoi cmpenku.
CBoiicTBa MOMEHTA CHJIbI OTHOCHTEJIBLHO IIEHTpA:

1) Moayiib MOMEHTA CHJIBI OTHOCUTEIBHO

IIEHTPA MOKET OBITh BBIPAXKEH yIBOCHHOM

mwIoniaaeko TpeyrojibHuka OAB

Mo = 2S&OAB (1.1)

2) MoOMEeHT CHJIbl OTHOCHTEIILHO IICHTpa
PaBeH HYJII0 B TOM CliyJae, eCJId JINHUS JAeH-
CTBUA CHUJIbBI HpOXO}II/IT qepe:; 3Ty TOLIKy, TO
ects h = 0.

3) Ecnu u3 Touku O B TOUKY MPUITIOKEHUS
CHJIBI A TIPOBECTH PaInyC BEKTOP , TO BEKTOP
MOMEHTA CHJIbl MOKHO BBIPa3UTh BEKTOPHBIM
IIPOU3BENCHNUEM

M, =rxF (1.2)
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4) Tlpum nepeHoce CUIIBI 1O JIMHHUHK €€ JAeH-
CTBUS BEKTOP €€ MOMEHTa OTHOCUTEIILHO
JTAHHOM TOYKU HE U3MEHSIETCA.

5) Ecnu uepe3 nieHTp O NPOBECTH OCH KOOPIH-
HaT Oxyz TO BBIPAKEHUE

(4.2) MO3BOJISIET BBIYUCITUTH MOMEHT M aHaJIH-
TUYECKH OTHOCUTEIBHO KOOPAMHATHBIX OCEH.

- j E
M =FxF=)x y z
X Y Z

M, =yZ-z¥

M, =zX -xZ

M, =x¥-yX

(1.3)

Ecnu x TBEpAOMY TEILy IPUIIOKEHO HECKOJIBKO CHII, JIEKAIIUX B OJHOM INIOCKOCTH, MOXKHO BBIYUCIIUTH aJl-
re0OpanvyecKyro CyMMy MOMEHTOB 3THX CHJI OTHOCUTENIBHO JII000M TOYKHU 3TOH MIOCKOCTH

MowmeHnT My, paBHBIN anredpandeckoi CyMMe MOMEHTOB JJAHHON CUCTEMBI OTHOCUTEIHLHO KaKOM-

Mjo: F5h5

1100 TOYKHU B TOU Ke IJIOCKOCTH, HAa3bIBAIOT I''TaBHBIM MOMCHTOM CHCTCMbI CHJI OTHOCHUTCIIBHO 3TOM TOYKH.

MoMeHT CHJIbI OTHOCHTEIbHO OCH

Uto0Ob! onpeaeTuTs MOMEHT CHJIbI OTHOCUTEIBHO OCH HEOOXOIUMO:

1) mpoBeCTH IIIOCKOCTb, MEPHCHANKYISIPHYIO K OCH Z;

2) onpenenuts TOUKy O INepecedeH s OCH C IUNIOCKOCTHIO;

3) cmpoeuupoBaTh OPTOrOHAIBHO CUITYy F Ha 3Ty IIIOCKOCTB;

4)  HalTH MOMEHT MPOEKIMK CHiIbl F oTHOCHTENBEHO TOUKH O MepeceyeHust OCH C MIIOCKOCTHIO.

IIpaBuJio 3HAKOB:

M, =+Fh

MOMEHT CUJIBI OTHOCHTEIBHO OCH CUMTAETCS IOJOKUTEIbHBIM, €CJIn, CMOTPA HABCTPCUY OCU 7., MOXKHO BH-

7

JIETh MPOEKINIO , CTpeMsIIeNcs BpaaTh MI0CKOCTh | BOKpYT ocu Z B CTOPOHY, TPOTUBOIIOIOKHYIO

BpAIICHUIO YaCOBOU CTPEIIKH.

CBolicTBa MOMEHTA CHJIbI
OTHOCHTEJILHO OCH
1) MOMEHT CHJIbI OTHOCUTEIBHO OCH U300paa-
€TCs1 OTPE3KOM, OTJIIOKEHHBIM I10 OCH Z OT TOY-
k1 O B MOJIO)KUTEIILHOM HaIlpaBJI€HUH, €CIIH

M
Z > () u B OTpHUIIATEILHOM HAMPABJICHUH, €CIIN

M <o

2) 3HayeHrue MOMEHTA CHJIbI OTHOCUTEIBHO OCU
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MOYET OBITh BBIPAKEHO YABOSHHOM IIOIIAIbIO
ACA4E;

M, ZiFlhl (15)

3) MOMEHT CHJIbI OTHOCHUTEIBHO OCH PaBeH HY-
JII0 B ABYX CITydasix:
e eciau F, =0, To ecTh TMHUSA ACHCTBUS
CHWJIBI TTIapajiebHa OCH;
e ecim hy =0, TO ecTh TMHKUA AEHCTBUS
CHWJIBI TIEPECEKAIOT OCh.

Iapa cun. BekTopHblid M ajredpanyecKkuii MOMEHT Mapbl CHJI
o ot
Cucrema IByX paBHBIX 110 MOJYJIIO, TAPAJUIEIBHBIX U IPOTUBOIOJIOKHO HAIIPABICHHBIX CHJI FyuF ,
Ha3bIBACTCS] NAPOM CHJI.

o ot
HJ'IOCKOCTB, B KOTOpOﬁ HaxXoOATCA JUHUU HeﬁCTBHH CHUJI F u F , HA3bIBACTCs IJIOCKOCTHIO I[EﬁCTBHSI

napbl CHJI.
Kparuaiiiee paccrosiHre hMexay TUHHSAMU JSHCTBHS CHJT, COCTABIISIOIIMX APy, HA3bIBACTCS MJIEYOM IIa-
Pbl CHJI.
MoMeHT napbl CUJI OIIPCACIIACTCA NPOU3BECACHUEM MOOYJIA OI{HOfI M3 CUJI ITapbl HA I1JICYO.
M=F-h H-m)
, (H-m) (1.6)
TM

IIpaBuJio 3HAKOB

Bektop MmomenTa M mapsl FoyF HaMpaBJIAIOT NEPIEHANKYISAPHO K INIOCKOCTH JIEMCTBUS Maphl CUII B
TaKyl0 CTOPOHY, YTO ObI CMOTpPSI HABCTPEUY 3TOMY BEKTOPY, BUJETh Mapy CUJI CTpeMsIIeNcs BpaliaTh Iioc-
KOCTh €€ JIefICTBUS B CTOPOHY, OOpaTHYIO BPAIIICHUIO YaCOBOW CTPEIIKH.

1. 4. CaoiicTBa nap cHJ HA VIOCKOCTH

£
CaoiicTBo 1. Bexktop-MmomeHT M mapst ( ’ ) 110 MOZAYJIIO Y HAIIPABJIEHHUIO PaBEH BEKTOPHOMY ITPOU3BE-
JEHUIO paauyca BEKTopa 4B Ha Ty U3 CWJI 3TOM Maphbl, K Hayajly KOTOPOM HalpasJieH paguyc-BeKTop 45, To
ecTh
M=ABxF (L7

xF)=AB- Fsina=F-h=|M|
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Ecmu Imapbl CUJI JICKAT B OHHOﬁ IIJIOCKOCTH

IR L PN
Frg\ N‘%WF

M=+F-h.
CBoiicTBO 2. ' 1TaBHBIF MOMEHT CHJI, COCTABJIAOMIUX IMApy OTHOCHUTECIIBHO HpOHSBOJ’IBHOﬁ TOYKH Ha IIIIOCKO-
CTH ZIGfICTBI/IFI mapbl, HC 3aBUCHUT OT IIOJIOKCHUA 3TO# TOYKH U PaBHACTCA MOMCHTY 3TOM Iapsl CHUJIL.

M =M(F)+M(F )=F.Oa—F-O¢=F(Oa—0e¢)=F-h

2. PaBHOBecHe CHCTEMBI MPOU3BOJIbHBIX CHJI
W3 OCHOBHBIX aKCHOM CTaTHKH CIIEAYIOT JIEMEHTapHbBIE OllepaIliy HaJl CHJIaMHU:
1) crTy MOXHO TIEPEHOCUTH BJIOJb JTUHUM JICHCTBUS;
2) cuIibl, TUHUY IEUCTBUS KOTOPBIX MEPECEKAIOTCS, MOKHO CKIIAJBIBATh IO MPaBUITY Napasuieaorpamma (1o
MIPABIITY CJIOKEHUS BEKTOPOB);
3) K cucTeme cui, JEHCTBYIONMIMX HA TBEPAOE TENIO0, MOKHO BCETa I00ABUThH JIBE CHIIBI, PABHBIC MO BEIIU-
YHHE, JISKANIUe Ha OJTHOM MPSIMOM M HAIIPaBJICHHBIC B TPOTHUBOIIOJIOKHEIC CTOPOHBHI.
DneMeHTapHBIC OTIepaIliU HE U3MEHSIIOT MEXaHUYECKOTO COCTOSHUSI CUCTEMBI.
Ha30BEM 1BE CHCTEMBI CHIT 9K68UBAIEHMHbIMU, €CTH OJTHA U3 IPYTOM MOXKET OBITh MOJTyYeHa C IIOMOIIBIO
DIIEMEHTAPHBIX OMepalnii (Kak B TEOPUHU CKOIB3SIIUX BEKTOPOB).
CucremMa JIBYX MapaJIeIbHBIX CHJI, PABHBIX TI0 BEJIMYMHE U HAMMPABJICHHBIX B TPOTHBOIIOIOKHBIC CTOPOHBI,
Ha3bIBaeTcs napot cun (puc.12).
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Puc.12.
Momenm napol cuun m - BEKTOP, I10 BEIUYHUHEC paBHBIﬁ Iomanay mnapauicjiorpamMmma, HIOCTPOCHHOI'O Ha BEK-
TOpax Iapel, 1 HaHpaBHeHHBIﬁ OPTOTIOHAJIBHO K INIOCKOCTH IIaphbl B TY CTOPOHY, OTKY/lda BpallICHUC, coo6ma-
€MOC BeKTOpaMI/I Hapbl, BHUIHO HpOI/ICXOI[SIH_[I/IM HpOTI/IB Xxoaa T-IElCOBOIt/'I CTpeHKI/I.

m= BAXF , TO €CTh MOMEHT CHJIBI &' OTHOCHTEIIBbHO TOUKH B.

[Tapa cui MOTHOCTBIO XapaKTEPU3yeTCsi CBOUM MOMEHTOM.

[Tapy cuit MOKHO IEPEHOCUTH JIEMEHTAPHBIMU OTNEPAIUSMHE B JTFOOYIO IJIOCKOCTb, TApaJICIIbHYIO TUIOCKO-
CTH TIApPbl; U3MEHATH BEIMYUHBI CHJT TAPbI 00PaTHO MPOMOPIIMOHAIBHO TUIeYaM Mapkbl.

[Tapbl cHIJI MOYKHO CKJIaIBIBATh, IPH 3TOM MOMEHTHI ITap CHJI CKJIAJIBIBAFOTCS O MPABHITY CIIOKEHHS (CBO-
00JIHBIX) BEKTOPOB.

Ilpusedenue cucmemvl cui, Oeticmeyouux Ha meépooe meJio, K NPOU3BOJIbHOU MoyKe (YeHmpy npueedeHus)
- 03HaYaeT 3aMEHY JIEHCTBYIOIIEH CUCTEMBI 0OJIEe MPOCTOM: CUCTEMOM TPEX CUJI, O/IHA U3 KOTOPBIX IPOXO-
JUT Yepe3 Harepé 3aIaHHyI0 TOUKY, a JIBE IPYTHe MPEICTABISIOT Mapy.

JlokasbIiBaeTcst ¢ MOMOIIBIO AJIEMEHTAPHBIX ornepanuii (puc.13).

#* ,_g* }_;*‘_* f;l
Cucrema CXOOAMINXCSI CUJI ~ ¥ U CUCTEMA nap Cuil v,
F=F+F +.+F, F
- pe3yibTUpyomas cuia £ .
m, =m +m,+...+Mn

—

Frl
" - pesyabTHpyRomas napa  ° .UTo i TpeGOBaTOCh MOKA3aTh.

Hee cucmemul cun OynyT sK6UBaNEHMHbL TOTJIA U TOJIBKO TOTAA, KOTAa 00€ CUCTEMBI IPUBOJATCS K OHOM
PE3YIBTUPYIOLIEHN CUIIE M OAHON PE3yIbTUPYIOLIEH Mape, TO €CTh IPH BBIIIOJHEHUH Y CIOBHIA:

F :F\, m, =m
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Obwuti cyuatl pagnogecusi cucmemsl Cull, OeUCM8YIOUUX Ha MEEPOoe meio

Puc.14.

[TpuBeném cuctemy cui k (puc.14):

—_

£ - pesympTHpyromIas cuia uepes Hayaso KOOP/IHHAT;

U pe3ynbTUpYyIoLIas napa, npuyém, & yepes Touky O.
O=F+Q

To ects npuBenn K & u 2. JIBE CUJIBI, OJJHA U3 KOTOPHIX ({i) IPOXOJIUT uepe3 3aAaHHyt0 TouKky O.

PaBHoBecwe, ecnn & U e Ha OJIHOU MPSIMOM, paBHBI, HAITPABJICHBI MPOTHUBOMOJIOXKHO (akcuoma 2).
Torma & IPOXOUT uepes Touky O, TO ecTh "0 — 0,

I[anee: F - U , TaK KaK ocTaéTcs TOJBKO 3Ta CUJIA.

Hmax, obume ycinoBus paBHOBECHs TBEPIOTO Tema:
F=0 m=0
DTH YCJIOBHS CIPABEIIMBBI ISl TPOU3BOJILHON TOUKH MPOCTPAHCTBA.

3. Metoabl npeodpa3oBaHusi CHCTEM CHJI
OcobeHHOCTH MeTo/1a TPeoOpa30BaHusl CUCTEM CHII Kak Crloco0a pacKphITHsI CTaTUYECKON HEONpeaeTuMO-
CTH CTEP)KHEBBIX U paMHbIX cucteM. HekoppekTHble mpeoOpa3oBaHus 3aJaHHON CUCTEMbI B OCHOBHBIE MO-
I'yT OBITh 1O MPUYMHE KHHEMAaTHYECKOM n3MeHseMOoCTH. [IpuMepoM ciyXUT pacder pambl, CyMMapHOM
SMIOPBI U3TUOAIOIINX MOMEHTOB.

4. YcJ10BUSI H YPABHEHHMS PABHOBECHS TBeP/bIX TeJl MO/ AelicTBHEM Pa3JIMYHbIX CHCTEM CHJI.
PABHOBECUE TBEPJIOI'O TEJIA ITOJI IEVCTBUEM ITIJIOCKOW CUCTEMBI CHJI
J11s1 paBHOBECHS IIIOCKOW CHCTEMBI CUJI, IPUJIOKEHHBIX K TBEPAOMY TEIIY U HE NIEPECEKAIOIINUXCS B OJTHON
TOYKE, HEOOXOJJMMO U JJOCTaTOYHO, YTOOBI INIaBHBINA BEKTOP R 3THX CHII M MX IJ1aBHBII MOMEHT OTHOCUTENb-
HO MPOU3BOJIbHOM ToukH O, jexaliel B III0CKOCTH JAEUCTBUS ATUX CUJI, ObUIM PaBHBI HYJIIO, T. €.

2F=0

EI My ('E‘:) =0.
B koopauHaTHON GOpMe 3TH yCIOBUS BBIPAKAIOTCS CICAYIOIUMHU TPEMsI YPaBHEHHSIMH:
E F x= 0,
2 Fiy =0,
2- mo {Fl} == 0+

VYciioBus paBHOBECHS INIOCKOW CUCTEMBI CHJI, PACITOIOKEHHBIX KaK YTOJHO Ha INIOCKOCTH, MOXKHO BBIPA3UTh
€Ill€ B IBYX APYI'UX BUOAX.

- AnreOpanyeckas CcyMMa MOMEHTOB CHJT OTHOCUTENBHO TpeX MPOU3BOJIbHBIX Touek A, B, C, He nexamux
Ha OJHOM NPSIMOM, paBHA HYJIIO, T. €.

2"”‘.-‘ (F.t) = Or
Zmg(F)=0,
Zme (Fy=0.

- Anrebpanyeckasi CcyMMa MOMEHTOB BCEX CHJI OTHOCHUTENIBHO JIBYX NPOU3BOJIBHBIX TOYEK A U B paBHa HyImI0
U CyMMa IIPOEKIUI 3THUX CUJI Ha KaKyr0-JINOO OCh, HE NEPIEHANKYIIAPHYIO K IPAMOM, COeANHSAIOMEH TOUKN
A u B, paBHa Hyi10, T. €.
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X my(F)=0.

X my (F)=0,

dF,.=0.
B wactHOM citydae, eciii Bce CHITBI INTOCKOM CUCTEMBI IMapajuIeNIbHbI, TO YCIOBHS paBHOBecHs (20) Takux
CHJI BBIpAXXarOTCA HEC TPEMs, a ABYMSA YPABHCHUSAMU

M F,.=0, }
E "”G {F'r] : Gr

IpUyYeM Och = mapasuienabHa JaHHBIM CHUJIaM.
VYcIiioBHs paBHOBECHS IIJIOCKOH CHCTEMBbI NMapauIeIbHBIX CHJI MOXKHO BBIPA3UTh U B IPYroi hopme:

Zma(F) =0, }
dmy(F) =0,

npuueM npsMas AB He napasuienbHa 1aHHBIM CHJIaM.

3amaun Ha paBHOBECHE IJIOCKON CHCTEMBI CUJI MOYKHO Pa30UTh HA JIBA OCHOBHBIX THIIA, & UMEHHO:

1) 3aaun Ha paBHOBECHUE IJIOCKOM CHCTEMBI MTapaJUIEIbHbIX CHIIL;

2) 3ajjauM Ha PaBHOBECHE INIOCKON CHCTEMBI CHJI, PACTIONIOKEHHBIX KaK YTOIHO.

3agaun BTOPOTO THIIA MOKHO €IIle KJIaCCH(PUIIMPOBATH 10 XapaKTepy CBsI3ei, HAIO)KEHHBIX HA pacCMaTpH-
BaeMoe TeJo, MOapa3Aesisi UX Ha CIEAYIONINE ABE TPYIIIIBL:

a) 3a71a4M, B KOTOPBIX JTMHUU JACUCTBUS PEaKIIUii BCEX CBS3EH U3BECTHHI,

0) 3a1aun, B KOTOPBIX JIMHUSA JEHCTBUS peaklMu OJHOM U3 CBsI3el HEM3BECTHA.

OO61ue yka3anus, ciejaHHble B § 6. II1. I, 0 HampaBieHUH peakiuil cBsi3el U pelIeHnH 3a/1a4 Ha PaBHOBECHE
HECBOOOHOTO TBEPJIOTO TeJa, OCTAIOTCS TAKMMH K€ U IPU PELICHUH 3a/1a4 3TOT0 naparpada.

Uto0sI 331a9a OblIa CTATUYECKH OIPEIeIMa, YUCIIO HEU3BECTHBIX PEAKIIUi JOJKHO OBITh HE OOJIBIIE TPEX,
TaK KaK Mpy PaBHOBECUHU TBEPOTO Teja MOJ IeHCTBUEM INIOCKON CHCTEMBI CUJI B OOIIEM CIy4ae MOXHO CO-
CTaBUTh TPU ypaBHEHUS paBHOBECHSI.

[Tpu cocTtaBieHun ypaBHEHUI paBHOBECHS 3a IIEHTP MOMEHTOB CIIeJlyeT BHIOMPATh TaKyIO0 TOUKY, Yepe3 KO-
TOPYIO MPOXOASAT JIUHUU JIEHCTBUS ABYX HEU3BECTHBIX CHUJI, TOT/Ia B ypaBHEHUE MOMEHTOB OTHOCUTEIBHO
9TON TOYKH BOIIET TOJIBKO OJJHA HEM3BECTHAs CHJIA U €€ JIETKO Oy/IeT ONpPEeUuTh U3 3TOI0 yPaBHEHHMS.
Ecnu nanHOe Teno HaxoIUTCsl B paBHOBECUU MO/ IEHCTBUEM TUIOCKOM CHCTEMBI NapajlIeNIbHbIX CUJI, TO YHC-
JI0 HEM3BECTHBIX peakIUil He T0JKHO ObITh OOJbIIE IBYX, TAK KaK B TOM Cllyyae Mbl HMEEM TOJIBKO J[Ba
YpaBHEHHUS PaBHOBECHSI.

S.IHeHTp THKECTH TBEPAOIO TeJIAa U €ro KOOPIUHAThI

Ha xaxxayro yactuily Tena, HaXoAAIIErocs: BOJIM3HM MOBEPXHOCTH 3€MIIH, ICHCTBYET HallpaBJI€HHAs BEPTH-

KaJIbHO BHU3 CHUJIA, KOTOpasi Ha3bIBACTCs cunou msaxcecmu. CUIIbI TSHDKECTH KaX10M YaCTHUIIbI TENa, CTPOTO

TOBOpS, HAIIPABJIEHBI 110 PaInycaM K LIEHTPY 3€MJIM U HE SABISAIOTCS napaienbHbiMu. Ho st ten, pa3mepsl

KOTOPBIX MaJIbl IO CPAaBHEHMIO C pa3MepamMu 3€MJIN, HEMapaJIEIbHOCTh HACTOJIBKO HE3HAUYUTENIBHA, YTO B

pacueTax ¢ OOJBIION TOYHOCTHIO CHITBI TSDKECTH MX YaCTUIl MOKHO CUMTATh MapalIeIbHBIMU, COXPaHSIO-

UMW CBOM 3HAYEHUSI, TOUKH MPUIIOKECHHS U MapaUIeIbHOCTD TIPH JIFOOBIX TOBOPOTax Tela. [ToaTomy, 00o-
2P

2B
3HAUUB CUITY TSDKECTH YacTUlbl yepe3 Pk , MOkHO, coryiacHo popmynam =u

1 N 1 N 1 N
X =;Zpkxk 5 y<'=FZPk}’k » Z¢ =F2szk
wa) i &) , HaliTn Touky C, KOTOpasi HEM3MEHHO CBA3aHa C Te-

JIOM U Ha3bIBaeTCs LIEHTPOM CHUCTEMBI MapajieIbHbIX CUII TsDKeCTU. Takum 00pazoM, IEHTPOM TSKECTH
TBEP/IOT0 TEJIa HAa3bIBAETCSI LIEHTP CUCTEMBI NapaJIJIENIbHBIX CHJI TSYKECTH YacTHUL] JaHHOro Tena. Touka C —
9TO NeOMETPUYECKas TOUKA, OHA MOXKET U HE IIPUHAIJIEKATh TEIy, HO OHA BCET1a C HUM CBA3aHa, HAIIpUMED
LEHTP TKECTU 6ACKETOONBHOTO MAYa, KOJIbLa U Jp. Beipasum cuity TshkecTH (Bec) YaCTHILIBI TeJa Yepes ee
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AP _dp

oobem V. Toraa BennunHa OAV AV yaspiBaercs yoenvubiv 6ecom, a BennuuHa P = ¥/8- mnotHo-
CTBIO Tesa B JaHHO# Touke. ("ramma"-H/m3) ("po"-H*c2/m4)

MeTo bl HaX0XACHUS LEHTPA TAKECTH.

1) Meroa cummeTpuu.

[Toxaxkem, 4TO €clii OJTHOPOJAHOE TEJIO UMEET INIOCKOCTh, OCh WIIU IIEHTP MaTepUaIbHON CUMMETPHUH, TO €r0
HEHTP TSKECTH HAXOJUTCS COOTBETCTBEHHO B IJIOCKOCTH, HA OCH HITU

B LIEHTPE CUMMETPUHU.

a. [TycTh T€0 CHMMETPHYHO OTHOCUTEIBHO TIOCKOCTH OXY

= lim
‘Y AV -

® K(xy, Vir 24)

.K'(xka Yir—2)

4
Toraa BcneacTBHE CUMMETPHUH KaxkaoMy 31eMeHTy K Tena oobeMom Vi , “k) Gyzmer cooTBeTCTBO-

BaTh snemMent K' Toro xe o6bema ¢ koopaunatamu (Xk, Y 2 k). TosToMy craTnyeckuii MOMEHT 0GbeMa
N N
>z, AV, =0 2=z AV, [V =0
k=l M KOOp/IHATA k=l . CiieroBarensHo, HEHTP TSHKECTH Tela Oy/IeT JIekKaTh B II0C-

KOCTU CUMMCTPUU OXy

6. [lycTb T€10 CUMMETPUYHO OTHOCUTENBHO ocu Oz.

K'(—xk.-y..zk)z

/

ey ]

bK(/x,,y,,.z,‘)

L

0 / y

V4
Torna Besikomy anementy K tena o6pemom AV"C KOOpAMHATaMHU (xk : Vi , “%) Gyner cOOTBETCTBOBATH Ta-
KOH ke 1o 00beMy aemeHT K', pacnosnokeHHbI CHMMETPUYHO OTHOCUTENBHO ocu Oz 1 UMEIoIUi KOop-

N N N
y Zx*AV,( =0, Zy,AV,, =0, Zz,,AV,‘ #0
JIMHATBI (-x/: -7k z"). [TosTOMy cTaTHuUeCKUEe MOMEHTHI #=! k=l k=l H,
N N N
> x, AV, > v AV, )z, AV,
X — k=l =0’y('___i;_,_=0, z(,:*;'_l/_¢0
CJIEIOBATENbHO, KOOPIUHATHI V . Takum oOpazom,

LOCHTP TAKCCTH 6y,JIeT HaxXOJUTCA HAa OCU CUMMCTPHH.
B. HYCTB TCJIO UMCCT LICHTP CUMMCTPHU, KOTOpLIﬁ IpHUMEM 3a Ha4YaJl0 KOOPpAHUHAT. Tor):(a BCSKOM JacTUuIle

Tesa 00bEMOM AV, , OTIpe/IeTIsIeMOi painyc-BeKTOPOM 1K, OyJI€T COOTBETCTBOBATh YacTUIA TAKOTO K€ 00b-
N
Ty = z;kAVI: =0
eMa C paJinlyc-BEKTOPOM (-TK), CHMMeTpHuHas €il oTHocuTenbHO 1eHTpa O. [loatomy k=l . Cneno-

BaTEJbHO, LICHTP TsDKECTU OyleT HaXOAUThCS B LIEHTpe cuMMeTpun. Hanmpumep, IeHTpHI TSHKECTH OTHOPOI-

53



HBIX Ky0a, cepbl, KOJIbIa, MPSIMOYTOJIbHON
WIN KPYTJION TUTACTHHBI JISKAT B TEOMETPUUECKOM LIEHTPE 3TUX Tell.
2) Merton pa3oueHus.

OTOT METO/I OCHOBAH Ha MPUMEHEHUHN (opMyIT =

1 N ] N 1 N
X =;2Pk"k 5 }’(‘=;Z Py z¢ =F2szk
2l ko) s . Ero ucnons3yror, Korjaa Tejao MOKHO pa3OuTh Ha Psij
4acTel, HEHTPHI TSHKECTH KOTOPBIX U3BECTHBI U3 YCIOBHI CUMMETPHU. MeTox pa30MeHns MOKHO HAIJISIHO

MMPOUJIIIOCTPHUPOBATH C ITIOMOIIBIO PUCYHKA.
y

&

G

o

X
PacnionoxuB Teio B cucteMe KOOpJIMHAT, Pa3JIeIMB €r0 MBICIICHHO Ha OTJIEJIbHbIC YaCTH, Beca KOTOphIX P1,
P2, P3, P4, a ueHTpHI TSHXKECTH U3BECTHBI, BRIYUCIUM BEC Tella U, COrfacHo (hopmyraam

1 N ] N 1 N
;;kak ) )’<'=;§,th » 2¢ =F§szk
o ” , KoopauHats! HeHTpa tspkectu C Beero Tena. Ecin
TEJIO MMEET BBIPE3, IIPUUEM U3BECTHBI LIEHTP TSDKECTH Tena 0e3 BbIPe3a U IIEHTP TSDKECTH BBIPE3aHHOTO Teja,
TO AJId OMMPEACIICHUA KOOPAUHAT LHCHTPA TAXKCCTH UCITOJIB3YIOT METOJ OTPHUIATCIIbHBIX MAaCC (‘-IaCTHBIfI Cl1y-
Jaif MeToa pa3OueHus).

X =

Vi

3
D

Ha pucynke nzobpaxeHna kBajpaTHas IJIaCTUHA, CTOPOHA KOTOPOil a. B macTrHe BBINOIHEHO KPYTJIOe OT-
BepcTHe ¢ paguycoM r=0,2a n koopauHaramu neHTpa x2=-0,3a; y2=0. Koopaunats! nentpa tsoxectu C,
riactuHbl 0e3 otBepetus x1=0, y1=0. PaccmoTpum n1Ba Tena: miacTuHy 0e3 OTBEpCTUS U AUCK, COOTBET-
CTBYIOLIMI BbIpe3aHHOMY 0TBepcTHIO. [Ipu ucnons3oBanuu hopmysn

1 N 1 N 1 N
X =_Zpkxk s y('=—szYk 5 Z¢ =—ZPI:zk

Pia E P

kel k=l Bec AucKa OyaeM CYUTATh OTPUIATENbHBIM. To-
P=p(a’ -nr?);
1 Pl2 2 0,3nar>
x,. =—(Px, - Px,)==|a" - 0-nr-(-03a)|=——;
o= (Px - P =2 (-03a)]= =
roa Yo =0, , TIIe p — BEC €IMHUIIBI TUIOMIAAN TLUIACTHUHBI.
6. Tpenue

Cuiiolt TpeHHs Ha3bIBAIOT CUITY, KOTOPasi BOZHUKAET IPH JIBHXKEHUH OJJHOTO TeJla MO MOBEPXHOCTH IPYIoro.
Omna Bcerjja HarpaBjeHa MPOTUBOIOJIOKHO HAMPaBICHUIO IBHKeHUsI. Cuila TpeHUs MPSMO MPOIIOPLUOHAIb-
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Ha CUJIE HOPMAJIBHOTO JABJICHUS Ha TPYIIHECS MOBEPXHOCTH U 3aBUCHUT OT CBOMCTB 3THX NMOBEPXHOCTEH. 3a-
KOHBI TPEHHUSI CBSI3aHBI C DJIIEKTPOMATrHUTHBIM B3aUMOJIEUCTBHEM, KOTOPOE CYIIECTBYET MEXY TEIAMH.

Pa3znuyatoT TpeHue BHelIHee U BHYTPEHHEE.

Bueminee TpeHne BO3HUKAET MIPU OTHOCUTEIBHOM MEPEMEILIEHUU BYX COMPUKACAIOMINXCS TBEPbIX TEI
(TpeHHe CKOJBKEHUSI UM TPEHHE MTOKOS).

BuyTpenHee TpeHue HaOII0JaeTCsl P OTHOCHTEIHFHOM MEPEMEIIEHUH YaCTeH OJHOTO U TOTO XKe
CIUIONIHOTO Tela (HampuMmep, KUAKOCTh WM ra3).

PaznuuaroT cyxoe u xKuakoe (WM BI3KOE) TPEHHE.

Cyxoe TpeHue BO3HUKAET MEXKy MOBEPXHOCTSIMHU TBEP/IbIX TEJ B OTCYTCTBUE CMA3KHU.

Kunkum (BSI3KUM) Ha3bIBACTCS TPEHUE MEKY TBEPIBIM TEIIOM M XKHUIKOU MJIM ra3000pa3HOM CpeIoit
WM €€ CIIOSIMU.

Cyxoe TpeHue, B CBOIO 0U€pelb, OIPA3/EIIAETCs HA TPEHUE CKOJIBXKEHHS U TPEHUE KaueHUsl.
PaccMoTpum 3akoHBI cyxoro TpeHus (puc. 4.5).

- Flp.lloh‘
Ny
F"P - F F‘IP.CI\'
- > F,'m o1 =5 |
W BT S MY l
mg . >
l."\" -
Puc. 4.5 L E‘m
Puc. 4.6
3

HOﬂeﬁCTByeM Ha TCJI0, JIC)KAIICC Ha HCHOHBH)KHOﬁ IIIIOCKOCTH, BHEIIIHEH CHJION ~ ™ , IOCTCIICHHO YBC-
E
JIM4nBas €€ MOAYyJIb. Bnauane 6py001< 6yz[eT 0CTaBaThCs HENOABUXHBIM, 3HAUWUT, BHEIIHASI cujiia = ™ YpaB-

o . E . . .
HOBCIIMBACTCA HCKOTOPOU CUIIOU ' , HAITPaBJICHHOU IO KACATCJIbHOMU K TPYIICHUCA TOBEPXHOCTH, IIPOTHUBO-

—_ —

. F E
MOJIOKHOM cuiie ~ ™ . B aToMm ciyyae ~ ™ M €CTh CHUJIa TPEHUS TTOKOSI.
VYcTaHOBIEHO, YTO MaKCUMAaJIbHAS CUJIA TPEHUS TOKOSI HE 3aBUCHUT OT IUIOIIAIM COMPUKOCHOBEHUS TEN U
IpUOIU3UTENBHO MPONOPIMOHATbHA MOAYIIO CUTbl HOPMANLHO20 Oasnenus N:

) = Wy &V,

Tp.TIOE
Wo — Koauyuenm mpenus nokos, 3aBUCAIIUNA OT IPUPOABI U COCTOSHUS TPYLIUXCS TIOBEPXHOCTEH.
Korna Momyns BHEIIHEH CHITBI, @ ClIe0BATENFHO, M MOAYJTb CHIIBI TPEHUS TIOKOSI TPEBBICUT 3HAYECHUE
Fo, Teno HaYHET CKOIB3UTH IO OIIOPE — TPEHHE MOKOS Frp nox CMEHUTCS TPEHHEM CKObXKeHUs Fo (pHc.
4.6):
Fip=uN, (4.4.1)
rae U — Ko3(QOUIUEHT TPEHUS CKOJIbKEHHUS.

Tpenue kaueHus: BO3HUKAET MEKIY IIapOOOPa3HBIM TEJIOM U MOBEPXHOCTHIO, IO KOTOPO OHO KAaTHTCA.
Cua TpeHust KaueHUs TOTYMHSIETCS TEM JKe 3aKOHaM, YTO U CHJIa TPEHHS CKOJBKEHUs, HO Kod pdurtneHT
TPEHUs [ ; 371eCh 3HAUUTEIIbHO MEHbIIIE.

[TonpoOHee paccMOTpUM CHITY TPEHHS CKOJIbKEHHS Ha HAKJIOHHOM T1ocKocTH (puc. 4.7).

Ha teno, Haxops1eecst Ha HAKJIOHHOH MJIOCKOCTH C CYXUM TPEHUEM, JIEHCTBYIOT TPH CHIIBL: CHJIa TSKECTU

— -

7 E .
1S  HOpMaJIbHAS CHIIA PEAKIINU OTOPBI Ny cuna cyxoro Tpenust . Cuna I ects paBHOeiicTBYIOmAs

CHII e n N; OHa HallpaBJICHA BHU3, BAOJIb HaKJIOHHOM miockocTu. 13 puc. 4.7 BHUOHO, 4YTO
F =mgsin a, N = mg cos a.
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Puc. 4.7

Eciu e [FTP-)M =WV TEJI0 OCTACTCS HEIIOABMXKHBIM Ha HAKJIOHHOM IJIOCKOCTH. MaKcHMalIbHbBII
yroil HakJoHa o onpezessercs u3 ycnoBust (Frp)max = F wimm pmg coso = mg sina, ciegoBaTeinsHO,
tg Omax = W, TAE U — KOIPPUITUEHT CYXOTO TPEHHUSI.
F.p = uN = mg cosa,
F = mg sina.
[Ipu o > dmax Teno OyAeT CKaThIBaThCS C YCKOPEHUEM
a=g(sina- pcosa),
Fac=ma=F - Fy.

Ecnu nononuutensHas cuna Fyy,, HanpaBiaeHHas BAOJIb HAKJIOHHON MJIOCKOCTH, IPUJIOXKEHA K Tely, TO
KPUTHYECKUH YTOJI Omax Y YCKOPEHHE Tena OyIyT 3aBUCETh OT BEJIMYMHBI U HAIPABJICHUS 3TOM BHEIIHEN
CUJIBL.

7. llpeamer kuHeMaTUKU. Crioco0bI 3a1aHNsl ABHKeHUSA TOUKH. CKOPOCTH M YCKOPEeHHEe TOYKH.
Bpaiuenusi TBepa0ro Tesia BOKpPYr HemoABukHOM ocH. [TocTynare/ibHoe JBU:KeHHE TBEPAOIo TeJa.

1. [TocTynarenbHOE ABMKEHUE TBEPOTO Tela
IlocmynamenbHbim Ha3bIBACTCS TAKOE JBHKEHUE TBEPJIOTO Tela, MPU KOTOPOM Jr00ast mpsiMasi IpoBe-
JIEHHAsl B 9TOM TeJie, IepeMEIIaeTCsl, OCTaBasICh MapajlIeIbHOM caMoi cebe.
[TocTynarenbHOE ABMKEHUE HE 3HAYUT MPSMOIMHEMHOE:

==
-
-~

TEOPEMA: npu nocTtynareibHOM ABMKEHUU BCE TOUKHU TeJIa OMKMCHIBAIOT OJIMHAKOBBIE (ITPH HAJIOKEHUHU
COBIMAJIAIOIIME) TPAEKTOPUHU U UMEIOT B Ka)KJblii MOMEHT BPEMEHH OJMHAKOBBIE TI0 MOAYIIIO M HAIIPABJICHUIO
CKOPOCTH M YCKOPEHHUSI.

=L TAB (g
dr, _dr, d(AB)
d dt dt

Ty
=Y
3
=
=1
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2. Bpamenue TBepAOro Teina BOKpYTr HEMOABUKHOM OCH.

Bpawamenvhvim Ha3bIBa€TCS TaKOE ABMKEHUE TBEPJOTO TEJIA, P KOTOPOM BO BCE BPEMS IBUKCHMUS
KakHe-JIM0O0 JIBe TOYKH TeJIa OCTAIOTCS HEMOIBUKHBIMH (IIPOXOIAIIAs Yepe3 3TU HETOABHKHBIE TOUKU Mpsi-
Masi Ha3bIBa€TCsl OCbIO paujenis), a BCe OCTAIbHbIE TOUKH ONMCHIBAIOT TPAEKTOPUH, IIPEACTABIISAIOIINE CO-
00l OKPY>KHOCTH, IIJIOCKOCTU KOTOPBIX MEPIEHAUKYIISIPHBI K OCH BpallleHUs, a LIEHTPHI JIEKAT Ha 3TOM OCH.

9=/ (3.3)
/ | ﬁw
@, = —
At
o= tim>% - ddi J
s At E oy @9 (3. 4)
_sw
P At
2
£=gnl®_22_3 @
e At dr o odf
E=D=Q 45
IIpumepsi:
PaBHOMepHOE BpalleHue PaBHONIEpeMeHHOE BpallieHHuE
(w = const) (&= const)
d¢: wdt d@w=gdt
p=at _
0= ot W=, +ef
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3. CKOpOCTH ¥ YCKOPEHHS TOUEK BPAIAOIIErocsi TBEPOTO Tema
BpamarensHas CKOpOCTh TOUKH

dt at

(4

v=Rw (3.6)



Mooynb epawamenvHoll cKOpocmu Mo4KU mMeepoo2o meia paeeH nPou38e0eHuUo pacCmosHus Om mouku 00

a,=Rw’=a

OCU 6paueHUsl HA Y2lI08YH0 CKOPpOChlb meia

YckopeHue TOUKu
2

p

T d" n

_.do _R2a)2

g dt’ " R
—Re—-a

£ (3.7) - spawamenvroe yckopenue

@ (3.8) — yenmpocmpemumenvhoe yckopenue

7. 3 2.7 ploa
a= \/at ta, = VR'&’ + R'® (3.9) — noanoe yckopenue

a=R\& + &'

ekl 18
a @ (310)

4, BCKTOPHHC BbIPAKCHUA BpaHlaTeHBHOﬁ CKOPOCTH, BpallaTCIbHOI'O M HCHTPOCTPEMHUTCIBHOI'O YCKOPC-

HUMU.

®opmyibl Didnepa.

U =mXr (3.11)

v=R-w=wr-sino

‘a_)xf‘:a)-r-sinu

LN
Ll

g
2
I

T =OXF = |®, y,
X ¥ oz
=i z-w,y)+j{e, x—o.z)+

+E(a)x-y—a)yx)

v, =@,z @,y

U, =@.X— @3

vV, =@ y-@x (3.12)

- popmynwl Dinepa

BekTopHbIe BEIPAKEHMS BPAILATEIBHOTIO U HEHTPOCTPEMUTEIBHOIO YCKOPEHUS TOUKH
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d=— = —XFr+@x——

dt dt dt
deoe _ dr _ _ _
——E& —-U=-®OXF
dr dr

- NOJIHO€E YCKOpeHUe no4Ku

Exr|=¢-r-sin@=|a.|=|Ex7|
- epawiameslbHoe yCKoperHue mo4Kku

2
a,=wR=wv

@®x0 =@ v SN(w,0)= ov

- yenmpocmpemumeilbHoe YCKOPEeHUue mo4Ku

N / o 8
o

8. Ili1ockoe 1BMKeHHe TBEP0Io TeJa U ABHKeHUe NJIOCKOH GUrypsl B ee MJIOCKOCTH. AGCOTIOTHOE H
OTHOCUTeJIbHOE IBH:KeHue TOUKH. Cl10:KkHOe IBUKeHHe TBEepAO0ro TeJa.

OCHOBHOM 33/1a4€ii KHHEMAaTUKU CI0KHOTO ABUYKEHHS TBEPJIOTO TeJla SIBISETCS YCTAHOBJIEHUE COOTHOIIE-
HUHN MKy XapaKTepUCTHKaMHU abCOIFOTHOTO M OTHOCUTEIHHOTO ABMKEHUN.CIIOKHOE JIBUYKEHUE TBEPOTO
TeJIa MOXKET COCTOSITh M3 TTOCTYIATEIbHBIX JIBIDKCHHM, BpaIIaTEIbHBIX JBUKEHUHN, WIH MOXKET OBIThH MOTY-
YEHO B PE3YJBTATE CIOKEHUS NOCTYNATENBHOIO U BPAIaTENBHOTO JIBHKEHN. B HEKOTOPBIX 3a/1auax KHHe-
MaTHKH 33JJaHHOE CII0KHOE JIBI)KEHHUE TBEPJIOTO TeJla PacKIIaIbIBAIOT HAa COCTABJISIONINE ABMKEHNUS (aHa-
7U3); B APYrUX — TpeOyeTcst OMPeeIUTh CI0XKHOE ABMKEHHE TBEPJIOTO Tella KaK Pe3yabTaT CIoKeHus 00-
Jiee POCTHIX ABIKeHUM (cuHTe3). Kak mpu aHanmse, Tak v Mpy CHHTE3€ JIBIXKCHHH pedb UACT O PasioiKe-
HUU U CJIIO’KE€HUU JBUKEHUN, pacCMaTPUBAEMBIX B JAaHHBIII MOMEHT (MTHOBEHHBIX JIBUKEeHUM ). Cll0KeHNE
MOCTYyNAaTENbHBIX JBUKEHUN TBEPJIOTO TEJIA.

Teopema. B pe3ynbrare CII0)KEHHS MTHOBEHHBIX IMOCTYIATENbHBIX IBUKEHUNM TBEPAOTO TENA MOJIYYaeTCs
Pe3YJIbTUPYIONIEE MTHOBEHHO MOCTYNATEIbHOE ABUKCHUE.

Joxka3zarenbctBo. IIycTh TBEpIOE TENO OJJTHOBPEMEHHO YYACTBYET B IBYX MTHOBEHHBIX ITOCTYIIATEIbHBIX
JBUKEHUSX, U3 KOTOPBIX OJHO SIBISETCS OTHOCUTEIBHBIM CO CKOPOCTBIO V1 @ BTOPOE — MEPEHOCHBIM CO
CKOpPOCTHIO V2.ITo TeopeMe o mapaienorpaMmme CKOpocTeld uMeeM IS JIFo00i TOUKU TBEPOTO TeIav, = vy +
Ve = V11 V2,
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a TaK KaKk U OTHOCUTEILHOE, U TIEPEHOCHOE JIBFKEHUSI TBEPJIOTO TeJla SBJISIFOTCS MTHOBEHHO MOCTYIATENb-
HBIMH, TO OTHOCUTEIIbHEIC, IEPEHOCHBIC U, CIIe0BaTEIbHO, coracHo Gopmyre (I11.98), abcontoTHbIE CKOPO-
CTH BCEX TOUYEK TeJla COOTBETCTBEHHO MEX/y COOOW PaBHBI B KaX/IbIii MOMEHT BPEMEHH, T.€. a0COTIOTHOE
JBUKCHHE TeJa TaK)Ke SBJSETCSI MTHOBEHHO TIOCTyMaTebHBIM. Teopema TokaszaHa.

O'—IGBI/IHHO, 4TO JaHHad TCOpEMa NPUMCHHMA K CIIOKHOMY ABWIKCHUIO TBEPAOIO TCJIa, COCTOANICMY U3 TPEX
X

u 00Jiee MTHOBEHHO IMOCTYIIATCIIbHBIX IBUXKCHHUU, TOT1a B 06H16M cily4dac =

3aMeTI/IM, 4YTO MI'HOBCHHO IMOCTYIATCIBbHOE TBEPAOI'O TCJIa OTIINYACTCA OT MOCTYIIAaTCIBbHOI'O TEM, YTO BO

BTOPOM CJIy4ae B KaXK/bIii MOMEHT BPEMEHHU PABHBI MEXY COOOI CKOPOCTH M YCKOPEHHsI BCEX TOUEK TeJIa,

MEXKAY TEM, KaK B IICPBOM CJIydac B I[aHHBIﬁ MOMCHT BPEMCHH paBHBI MCKIY 0001 TOJIBKO CKOPOCTH BCEX

TOYECK TCJ1a.

IIJNIOCKO-ITAPAJUIEJIBHOE ABMXKEHUE TBEPJIOI'O TEJIA
ITnocko-napanaeabHbIM (MU IJIOCKUM) JIBUKEHHUEM TBEPJIOTO Tesla Ha3bIBaeTCs TAKOE JBMXKEHUE, ITPU KO-
TOPOM BC€ TOYKH TeJla ABMXKYTCS B IUNIOCKOCTSX, MapajlI€IbHBIX HEKOTOPOH HETIOIBMIKHOM IIIOCKO-

// ==

PSS A,
\ < 4

CTH. ~—
13 onpenenenns miocKo-napauiebHOrO JBUKEHUS CIENYET, YTO ABMXKEHUS TOUEK TeJa, PACIIONOKEHHBIX
Ha NEPHEHANKYJIAPE K HEOABUKHOM IUIOCKOCTH, ONMHAKOBBI. [109TOMY, BMECTO IBUKEHHUSI BCETO TENA B
IPOCTPAHCTBE, MOXKHO PACCMOTPETh JBMXKEHUE MIIOCKOH GUrypsl S, sBIsIOIEHCS MPOEKIMEH Teaa Ha Helo-
JBIKHYIO IJI0CKOCTh. HeTpyqHO mokasark, 4To, 3Hasi IBUKEHHNE HEKOTOPOTO OTPE3Ka IIIOCKOH (urypsr S,
MOYKHO OIIpeJIeNIUTh ABMKeHUe Bcer ¢purypsl. I[Tycts orpe3ok AB muiockoit Gurypel 3aHuMaeT noJ0XKeHHUe,
yKka3zaHHoe Ha puc. 68. [lonoxxenue npon3BonbHON TOUKKM M miockoi GpUrypsl onpeaenuM, COSUHUB 3Ty
TOUYKY ¢ Toukamu A u B otpeska. Eciau otpe3ok AB u3MeHHUT cBO€ NOJI0KEHUE U NIEPEIIET B HOBOE T0JI0-
xeHue A1B1, To U1 onpesienieHnss HOBOTO MOJIOKEHUS ITOW TOYKU JJOCTATOYHO MOCTPOUTH TPEYTOIbHUK
A1B1Mj, paBHbIii TpeyronbHUKy ABM. Tak kak CTOPOHBI TPEYTOJIBHUKOB, KaK PACCTOSHUS MEXKY JIBYMS
TOYKaMHU a0COJIFOTHO TBEPJIOTO TeJa, OCTAIOTCs Heu3MeHEeHHbIMU, To A1B; = AB; AM= A1M;; BM =B;M;.
Taxkum 0Opa3oM, KHHEMATHKa IIOCKO-TIapaJIJIeIbHOTO ABM)KEHHS TeJla CBOJUTCS K KHHEMATHKe IBH)KEHUS
OTpe3Ka MPsIMOM Ha TIOCKOCTH.

Kunemarndeckue ypaBHEHMsI ITIOCKO-NIAPAJIJIEIBHOTO IBUKEHUS

. 70

JlomycTum, 4To miockas (purypa ABHKeTcs B HEMOABIKHOM rutockoctu Oxy. BeiOpas, Harpumep, TOUuky A
TJIOCKOM (PUTYPHI 32 MOJTI0C, HEU3MEHHO CBSIKEM C 3TON (PUTYypOI TIOIBIKHYIO CHCTEMY KoopauHat Aén ¢
HayasoM B noitoce A (puc. 70). [lns onpenenenus NOI0KeHUs MOABMKHONW CUCTEMbI KOOpAUHAT AEN OTHO-
CUTEJIHFHO HETIOJIBIPKHON HY>KHO 3HATh KOOPAMHATHI TOUYKHU A (T. €. XA U ya), @ TAK)KE YroJl TOBOPOTa ¢ BO-
KpYT MoJttoca (T. €. yroi, o0pa3oBaHHbIN 0ckio A&n ¢ ockio Ox). CnenoBareabHO, KHHEMAaTHUYECKUE YpaBHE-
HUS IJIOCKO-TTapaUIeIbHOTO IBHKEHUS TBEpAOro Teaa uMetoT BUIXa= Xa(t) . Ya = Ya (2). @ = ¢ (2),tae Xa(t)
YA (1), ¢ (t)— KOHEUHbIe, OJTHO3HAYHBIE, HENPEPbIBHBIE U U depeHIpyeMble (yHKIIMU BpeMe-
Hu.Ilonp3ysce popmynamu npeodpazoBaHusi KOOPAUHAT, MOKHO MOIYYUTh YPABHEHUSI TBUKEHUS JII000i
TOYKU M IIOCKOM (PUTYPBIX = XA + ECOS @ —Msin @,y = ya + &sin ¢ + ncos ¢ -CkopocTu TOUEK Tena
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Teopema. [Ipu mmocko-napaiienb-HOM IBHKEHUU TBEPIOTO Tela CKOPOCTh JIF000H €ro TOYKH paBHA BEKTOP-
HOM CyMM€ CKOpPOCTH TOJIFOCa U CKOPOCTH BO BpAIllaT€IbHOM JABUKEHUU BOKPYT MOJIOCA.

HoxazarenbctBo. [TycTs momoc O IBMXETCSI CO CKOPOCTHIO Vo, a TIIOCKas (PUrypa BpaIiaeTcsi BOKPYT MOTIO-
ca ¢ yriaoBoi CKOpocThio @ (puc. 71). TpebGyercs onpeaenuTs CKOPOCTh MPOU3BOIBLHOM TOUKH M 3TOH (hu-
rypsl. Tak Kak MepeHOCHBIM 3/1€Ch SIBIISIETCS MOCTYIAaTeNbHOE ABMXKEHUE BMecTe ¢ rnontocoM O, To mepeHoc-

OTHOCUTEIHHBIM JABM)KEHUEM SIBIISICTCS BpallaTelIbHOE JIBHKEHUE BOKPYT moitoca. [loaTomy, 0o603Hauas
paamyc-BeKTOop Touku * M oTHOCHTENBHO moitoca O depes oy , coraacHo Ghopmyite Dimepa, it OTHOCH-
TEJIBbHON CKOPOCTU TOYKU M MOIyduM Vm= ® X fom.

OTHOCUTENBHYIO CKOPOCTh TOUKH MPH IUIOCKO-TIAPAJITIEIFHOM JIBH)KCHHUH Tella 0003HAYaIOT IBOWHBIM HUH-
JIEKCOM, T. €. UMmr = VoM. 1lepBbiii nHIIEKC yKa3biBaeT noiroc O, BOKPYT KOTOPOTO IPOUCXOIUT BpaIllEHUE, a
BTOpPOIl — 0003HaUaeT paccMaTpruBaeMyro Touky M. CriefoBareinbHo,

VMr= Vom= ® X I'om

[To TeopemMe 0 ClIOKEHUU CKOPOCTEH MOTYyUUM

V=Vt CriemoBaTenbLHO, VM=VotTVOM.

9. lIpeamer nuHaMKUKH. 3aKoHbl MexaHuku ['anninesa-HbploTona. 3axaun IMHAMHMKH.

JuHaMuKa — pa3/ien TeOpeTUYECKOW MEXaHUKH, KOTOPBIN U3y4aeT IBUKEHUE MaTEpUANIbHBIX TN MOJ AeH-
CTBUEM NPUIIOKEHHBIX K HUM cuil. Kiaccuueckas nuHaMuka 6azupyercst Ha 3 OCHOBHBIX 3aKOHaX, Ha3bIBae-
MbIX 3akoHamMu Herotona. [lpuBeaeM popMyIHMpOBKH 3TUX 3aKOHOB:

3akon 1. Besakoe Teno MpOoaOJIKACT YACPIKUBATHCA B CBOCM COCTOSAHUHN ITOKOS WK PABHOMEPHOT'O IPAMOJIN-
HEHHOTO JABWIKCHUS, ITIOKA OHO HE MMOHYXAACTCS NPUITOKCHHBIMU CHJIaMH U3SMCHUTL 3TO COCTOSHHC.

3akoH 2. MI3MeHeHMe KOJIMYecTBa ABUKEHUS TPOIOPLHUOHAIBHO MPUIIOKEHHON CHIIE U IPOUCXOUT 110
HaIIPaBJICHUIO NIPSMOM, 10 KOTOPOM dTa Cuila IeUCTBYET.

3akoH 3. [IeficTBUIO BCeria €CTh paBHOE U IIPOTUBOIIOJIOXKHOE TPOTUBOIEHCTBUE, MHAYE, B3AaUMOICHCTBHS
JIBYX T€JI APYT ¢ APYTOM PaBHBI U HAIIPABJIEHBI B IPOTUBOIOJIOKHBIE CTOPOHBI.

B cooTBeTcTBHM ¢ NPUHIIUIIOM OTHOCHTEbHOCTH ["asuies , cymecTByeT OECKOHEYHOE MHOKECTBO PaB-
HOTIPABHBIX UHEPLIHUATBHBIX CUCTEM, IBYKEHUE KOTOPHIX OJJHA OTHOCUTENILHO IPYTrOi HE MOXET OBbITh yCTa-
HOBJIEHO HMKaKUM 00pa30oM MyTEéM HaOJII0I€HUS JH0OBIX MPOILIECCOB U SIBJCHHM, TPOUCXOSAIINX TOIBKO B
9TuX cucremax. [Ipsimast TpaekTOpus ABMKEHUSI 00BEKTa B OJTHOM crucTeMe OyeT BHITJISIETh TAaKKe MPSIMOi
B 1000 Ipyroil MHEPIUAIIBLHON CHCTEME.

Ecnu e B HEKOTOpOil cucTeMe 0TCYETa CBOOOHOE TENIO IBUTAETCS 10 KPUBOJIMHEHHOM TPACKTOPUH U/ WU
C IEPEMEHHOM CKOPOCTHIO, TO TaKas CUCTEMA SIBJISICTCSI HEMHEPITHATBHOM.

IIpeodpazoBanus ['anniies — B KJIacCHUECKON MEXaHUKE MTPEOOPa30BaHUs KOOPUHAT U BPEMEHH IIPH TIe-
pexoze OT OJTHOM MHEPLIHAIBHON CUCTEMBI OTCUYETA K IPYTOM.

61



B ANHAMHKE PACCMATPUBAIOTCA ABC OCHOBHBIC 3a1a4U : HAXOXKICHUC CUJI, 1O I[Gf[CTBHGM KOTOPBIX MOKCT
MPOUCXOAUTH JAHHOC ABUIKCHUC TCJIa, U OMPCACIICHUC ABUIKCHUS TCJIa, KOr'Jla U3BCCTHLI I[CflCTByIOH.[HG Ha
HETO0 CHJIIBI.

Ecnu noaBukHas cucteMa oTcyera JIBUXKETCS MapajljiesIbHO HEMOABMKHON CHCTEME OTCUYETa C IIOCTOSHHOM
CKOPOCTBIO, TO JMHAMUYECKOE YPABHEHUE ITPSIMOJUHENHOIO YCKOPEHHOTO IBUYKEHUS TeJla B ATON CUCTEME
0TCY€Ta MHBAPHAHTHO JUHAMUYECKOMY YPaBHEHUIO YCKOPEHHOTO JBM>KEHUS 3TOTO XK€ TeJla OTHOCUTENIBHO
HETOABIKHON CHCTEMBI OTCYETA. DTO JTOKA3bIBACT (PU3UUECKYIO U MATEMAaTHUECKYI0 HHBAPHAHTHOCTh
BTOpOro 3akoHa HeroroHa npeoOpa3oBanusam ["anwies. ['1aBHBIM sABJIsIETCS TO, UTO ONUCAHHBIE SIBICHUS U
UX 3aKOHOMEPHOCTH HE 3aBUCST OT CKOPOCTH JBM)KEHUSI TOABM)KHON CUCTEMBI KOOPIMHAT.

10. IIpsiMosiMHeliHbIE KOJIe0AaHUS MATePHAJIbHOH TOYKH.

[IpsimonuueiiHOe KoebaHue MaTepUAIbHOM TOYKH.

Konebanus SBASIOTCS OHUM U3 PACIPOCTPAHEHHBIX BUJOB JIBUXKEHUSI.

i S Konebanus BO3HUKAIOT MTPH HAJTMYHUU TaK HA3bIBAEMOW BOCCTAHABIIMBAIOIIECH CH-
76l (3TO 00s3aTenbHOe yenoBue). T.e. cuiia, KOTopasi CTpEMHUTCS BEpHYTh TOUKY B
[10JIO’KEHHE paBHOBeCUs. B poiu BoccTaHaBIMBarOIIEH CUJIbI MOTYT BBICTYIIATh
CHWJIBI Pa3NUYHON (PU3UUYECKOM MPUPOIBI, HAIIPUMED CHIIBI YIIPYTOCTH, COCTAB-
JISIFOILEN CUJTBI TSDKECTH, DJIEKTPOMATrHUTHBIE.

B 3aBHCHMOCTH OT ACHCTBYIONIMX CHJI, PA3IMYAIOT CJIEAYIONINE BUIbI KoeOa-
HUS:

CBOOOIHBIE MJIK COOCTBEHHBIE

CBOOOHO 3aTyXaronue KoJeOaHusI

BBIHYX/ICHHbIE KOJICOaHUS.

CBobonnbie koneOanus. ConpoTuBienne matepuanoB Pacuer Banos PaccmoTpum pacuer Baia Ha Ipoy-
HOCTb U KECTKOCTb.

a F M

. X
P ACCMOTpPHUM NPAMOJIMHEHHOC JIBUKCHNUEC TOYKH. —‘—H——d_

Touka O B moJI0XKE€HUHU paBHOBECHS, F — BoccTaHaBIHMBAIOIIAs CHJIA.
PaccmotpuM mpocToii, HO YacTO BCTpEUaroIIUics ciiydaid, koraa cuia F nponopunoHanbHa OTKIOHEHUIO OT

F=c |z
MOJIOKEHUS paBHOBecHs. [1ycTh X — OTKIIOHEHHE OT ITOJIOKCHHSI PABHOBECHSI: | | , TIle C — IIOCTOSIHHAS

MMPpONMOpUUOHAIIBHOCTH. B CJIydac Mpy>KUHLI, 3Ta IIOCTOAHHAA HA3bIBACTCA KOB(I)(l)I/II_[I/IeHTOM YOpyrocrTu.

wmi=—cx
., C
it—zx=10

m
K=

7

F+kiz=0 (D
VYpasuenue (1) — mudpdepeHnmansHoe ypaBHEHHE CBOOOAHBIX KOIECOAHU.
A+ =0

Ay =Eaf-k* =tki,  i=4-1

[Tpy MHUMBIX KOPHSIX, XapaKTepUCTUUYeCKoe perieHue ypapHeHus (1):
IIPOM3BOJILHBIC TIOCTOSIHHBIE.
BBeném HOBBIE IOCTOSTHHBIE:

X =i -coskito, s Af £1.65 _

, TIE
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£, = Asin &0, = Acos

x=Adanlki+a) (2

(De=0,x(0)=x,, () = %,

£ = Akcos{i+a)

H(Dmput =0 xy=4Asm @

Hs Baput =0 x, = dkcosa

A= |z + ;Z—g

A ammmTyna xoneGanmii; (ket+a) (aza koneOanwmii; & - HavanbHas paza KoJIeOaHMIi; ko KpyroBast

yacToTa (ompenesseT YKCiIo KoneOanuii 3a 2 CEKYH[I).
Takum 00pa3oM, MO JEHCTBUEM OHOM TOJILKO BOCCTaHABJIMBAIOIICH CHIIBI, TOUYKA COBEPIIACT TAPMOHUYE-
CKHe KoJieOaHUs IO CHHYCOUJIC.

Konebanust sBISIOTCS IEPUOIUYECKUMH, T.€. x(g) = x+7) . Ile-

pHOIOM T xoneGanmii, Ha3bIBACTCS BpEMs MEXKy IBYMS aMILITUTY-
A 1 JlaMy KoJieOaHu# (IBM)KEHHE TOYKU MOJTHOCTBIO TIOBTOPSIETCS).
Xo kit +T+a— (et +a) = 27
) J 5
T=L_on |®
I e

Kpyrosas yactora ¥ ¥ mepuox koneGaHmii ¢ , OT HAYaIbHBIX YCIOBHIA HE 3aBHCAT, a OIPE/ICIISIOTCS TOIBKO
napaMeTpaMH CUCTEMBI, TOITOMY YacTOTa CBOOOHBIX KOJeOaHUIl Ha3bIBaeTCs COOCTBEHHOM yacToToi. OT
HAYANBHBIX YCIIOBHi 3aBHCUT aMIUIHTYyIa 4.

CBoOoansie konebanus. [Tycts maT. Touka M Maccoit m OTKJIOHSIETCS OT MOJI0KeHHs paBHoBecHsi O Ha pac-
cTosiHME X. B pe3ynbraTte pacTsikeHHs PY>KUHBI HAa He€ Oy/IeT AelicTBOBaTh BOccTaHaBIMBatolas cuna Fb,
CTpeMSIIAsCs BEPHYTh TOUKY B ITOJIOKCHHE paBHOBeCHs. Hanmane BocCTaHABIIMBAIOIIEH CHITBI - HE0OX 0T -
MO€ YCIIOBHE BO3HUKHOBEHUSI CBOOOIHBIX KOeOaHUM

11. Mexanu4yeckasi cucrema. {uddepenunanbabie ypaBHeHHUs IBHKCHHA MEXaHMYECKON CHCTEMBI.

MexaHn4ecKoil CHCTeMOl MaTepHAJIbHBIX TOYEK WU TEJl HA3bIBAETCS TaKas MUX COBOKYIIHOCTb, B KOTO-
poil TIOJIOKEHUE W JIB)KEHUE KaXJIOW TOYKU (WJIM TeJla) 3aBUCUT OT TOJIOKEHHS U JIBXKEHUS OCTaJbHBIX.
MartepuanbHOE TEIO pacCMaTPUBAETCS, KaK CUCTEMa MaTePUABHBIX TOUYEK (YaCTHII), KOTOpbIe 00pa3yroT
9TO TEJO.
BHemHMMM CHWJIaMH  Ha3bIBAIOT TaKWE€ CUJIbL, KOTOPbIE ACHCTBYIOT HA TOUKHM WJIM T€la MEXaHHYECKOM
CHCTEMBI CO CTOPOHBI TOYEK WJIM TeJ, KOTOpble HE TPUHALIEKAT JAHHOM  CHCTEME.
BHyTpeHHUMH CHJIAMM , HAa3bIBAIOT TAKUE CUJIbI, KOTOPHIE IEUCTBYIOT Ha TOUYKU WM Tela MEXaHHUYe-
CKOW CHUCTEMBI CO CTOPOHBI TOUEK WJIM TEJI TOM YK€ CUCTEMBI, T.€. C KOTOPHIMUA TOYKH WJIA Tejla JAaHHOU CH-
CTEMBI B3aUMOJICUCTBYIOT MEXKITY co0o0ii.
Bremare u BHYTpeHHUE CHJIBI CHCTEMBI, B CBOIO OUY€pelbh MOTYT OBITh aKTUBHBIMH M PEAKTHBHBIMHU
Macca cucrembl paBHsETCS anreOpandeckoil cyMMe Macc BCEX TOUEK WIIM TeJl CUCTEMBIB OJHOPOIHOM
MOJIE TSDKECTH, NI KOTOPOTO , BEC JII00O0M YacTHUIIBI TeJjla MPOIOpIHOHalieH ee Macce. [loaTomy pacmpene-
JIEHUE MAacC B TEJ€ MOKHO ONPEAENUTh MO MOJIOKEHHUIO €ro LIEHTPa TSKECTH — reoMeTpuyeckoi Touku C,
KOOPJIMHATHl KOTOPOW HA3BIBAIOT IIEHTPOM MAacC WM IIEHTPOM HHEPIUH MEXaHWYECKOH CHCTEMBI
Teopema 0 IBH:KEHUHM IEHTPA MACC MEXaHMYECKOH CHCTEMbI. IIEHTP MAcC MEXaHUYECKON CHUCTEMBI
JBIDKETCS KaK MaTepuaibHas TOYKa, Macca KOTOPO paBHSIETCS Macce CHCTEMBI, M K KOTOPOW MPHIIOKCHBI
BCE BHEIITHHAE CHIIBI, JIEHCTBYIOLIME Ha CUCTEMY
BriBoapbr:
1. MexaHMUYECKYIO CUCTEMY WM TBEPAOE TEJI0 MOKHO PacCMAaTPUBATh KaK MAaTEpUAIbHYIO TOUKY B 3a-
BHCHMOCTH OT XapaKTepa ee ABMKEHUS, a HE OT €€ Pa3MepoB.
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2. BHyTpeHHHE CHIIBI HE YUUTBIBAIOTCS TEOPEMOM O JBMKEHUH LIEHTPA MacC.
3. Teopema 0 IBM)KEHUU LIEHTPA MacC HE XapaKTepU3yeT BpalaTeIbHOe IBHKEHUE MEXaHUUECKOW CH-
CTEMBI, a TOJIBKO ITOCTYIATEIIBHOE

PaccMoTpuM MeXaHUYECKYIO CUCTEMY, COCTOSIIYIO U3 *F MaTepUalIbHBIX TOYEK. st KaX 01 TOUKU CUCTEMBbI
B MHEPLIMATIHLHON CUCTEME OTCUeTa CIpaBe B BTOPOii 3akoH HploToHa:

v - -
mo— o FPiFL k=12..n

dr ' (3.1)

rIe

PRI - .
* — MaccCa TOUKH C HOMCpPpOM & ,

L]
— €€ paguyCc—BEKTOp;

¢ — pPaBHOJICUCTBYIOIIASI BCEX BHEIIHUX CUJI KaK aKTUBHBIX, TAK M PEAKIUH CBs3EH, NEUCTBYIOMIUX HA TOY-

Ky ¢ HOMCPOM & ;

¢ — paBHOACHMCTBYIOIIAs BCEX BHYTPEHHUX CUJI, IEHCTBYIOIINX HA TOUKY C HOMEPOM =,
Cucremy ypaBaenuii (3.1) Ha3pIBAIOT CUCTEMOU JU(PEpeHIINATBHBIX YPABHCHUN JBUKCHHS TOUCK MEXaHHU-
yeckoi cuctembl. OIHA U3 OCHOBHBIX 33/1a4 MEXaHUKHU COCTOUT B TOM, UTOOBI, 3HAast aKTUBHBIE CHJIbI U CBSI-
3H, HAJIO)KECHHBIC HAa CUCTEMY, ONPEICIIUTD JIBH)KCHHE BCEX TOYEK CUCTEMBI M ONIPEACIIUTD PEAKIIMH CBI3EH.
Pemenne Takoi 3aaun CBA3aHO C HHTETPUPOBAHUEM CUCTEMbI ypaBHeHUH (3.1) nmpu 3aJaHHBIX HAYaIbHBIX
ycioBusix. OJIHaKo, IPsSIMOE HHTErpupoBaHue cucTeMBI (3.1) BecbMa CII0KHO, YTO CBSI3aHO KaK C BO3MOYKHO
OOJIBIIMM YHCIIOM 3TUX YPaBHEHMI, TaK U, B OCHOBHOM, C HEONPEEIIEHHOCThIO HHPOPMAIIUU O BHYTPEHHUX
CHJIax.
Bo MHOTUX npakTU4YecKy MHTEPECHBIX CIy4asiX HET HEOOXOAMMOCTH OIPENEsITh BCE HHTETPAIbl CUCTEMBI
(3.1), 1OCTaTOYHO MOJTYYUTH JHIIH HEKOTOPBIE U3 HUX. DTO MO3BOJISIOT CIeaTh OOIIUE TEOPEMbI TUHAMUKH.
SBAssCH MPSAMBIM clieICTBHEM ypaBHEeHuUH (3.1), oO1rie TeopeMbl TUHAMUKH CBS3bIBAlIOT OCHOBHBIE TMHA-
MUYECKHE BEIMUYMHBI, XapaKTePU3YIOIINE JBUKEHNE CUCTEMBI, C PUJIOKEHHBIMH K HEW BHEITHUMHU CHUJIAMHU.

12. Kosin4ecTBO IBUKEHUSI MATEPUATILHON TOUKU U MeXaHUYeCKOH cucTeMbl. MOMEHT KOJIMYeCTBA
JABHMKEHUS] MAaTEPHAJIbHOH TOYKH OTHOCUTEJIbHO HeHTPa U ocH. KnHeTH4eckasi JHeprusi MaTepuajib-
HOI TOYKHM M MeXaHU4YecKoil cucremMbl. O0mue Teopembl AMHaMUKH. [ToHsiTHE 0 CHJIOBOM MOJIE.

KosinuecTBo ABUKEeHHSI MATEepPHAJIbHOM TOYKH — BEKTOpHAs BEIMUMHA , KOTOpasi paBHsETCS MIPOU3BEE-
HUIO MacChbl TOUKH Ha BEKTOP €€ CKOPOCTH.
Enununeit usMepeHust KoJinuecTBa JBMKEHUS €CTh (KT M/C).
Konn4yecTBo JBMKEHHS] MEXaHUYE€CKOM CHCTeMbl — BEKTOPHAsl BEJIMYMHA , PaBHAIOLIASCS IeoMeTpHuue-
CKOHM cyMMe (TJIaBHOMY BEKTOPY) KOJMYECTBA JBUKEHHS BCEX TOUEK CHCTEMBLUIN KOJUYECTBO JABUKEHUS
CUCTEMBl paBHAETCS IPOM3BEIACHMIO MAacChl BCEH CHUCTEMBI Ha CKOPOCTb €€ IIEHTpa Macc
Korna Teno (unm cucrema) IBHXKETCS Tak, YTO €€ LIEHTP MacC HEMOJBUKEH , TO KOJUYECTBO JBHKEHUS
TeJla paBHAETCS HYJIO (MpUMEp, BpallleHHe Teja BOKPYT HEMOJBM)KHOM OCH, KOTOpas MPOXOIUT 4epes3
HEHTP Mmacc Tena).
Ecnu nBuwkeHue Tena ciaokHOE, TO He OyJIeT XapaKTepu30BaTh BPALIATEIbHYIO YacTb JABWKEHHS IpU
BpallleHUU BOKPYT IIeHTpa mMacc. T.e., KOJMYECTBO JBUKEHUS XapaKTepU3yeT TOJbKO MOCTYNAaTelbHOE JABHU-
JKEHUE CHUCTEMBI (BmecTe c LIEHTPOM Mmacc).
HNMnyabe cHiabl  XapakTepu3yeT JEHCTBHE CHJIBI 32 HEKOTOPBIM IPOMEXYTOK BpPEMEHH.
NMnynec cuibl 32 KOHEYHBIM IPOMEXYTOK BPEMEHHM ONPENENIETCS KaK MHTETpaJIbHas CyMMa COOTBET-

CTBYIOIIIHUX OJIEMCHTApPHBIX HUMITYJIBCOB

Teopema 00 H3MEHEeHUH KOJIH4eCcTBA JABUKEHHS MaTepuaIbHOI TOYKH:
(B mudpdepennuanpHoi hopme): [IponsBoaHas 3a BpeMeHEM OT KOJIMYECTBA JBHKCHHSI MaTepUaIbHOU TOY-
K1 paBHSAETCA F€OMETPUYECKOU CyMMe JNENCTBYIOIIUX Ha TOYKHU cun

(B mHTETpanbHOM Qopme): MI3MeHeHne KOIMYecTBa JBMKEHUS MATepUATbHON TOYKH 3a HEKOTOPBIM Mpome-
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J)KYTOK BPEMEHU PaBHSETCS T'€OMETPUYECKOM CyMME HMITYJIbCOB CHJI, IIPWIOKEHHBIX K TOUYKE 3a TOT XKE
IIPOMEKYTOK BPEMEHU.

Teopema 00 U3MEHeHUH KOJIN4eCTBa ABUKEHUS MeXaHUYeCKOH CHCTEMBI
(B muddepennmanbaoit popme): [IponsBoaHas mo BpeMeHH OT KOJIMYECTBA JABMXKECHHSI CUCTEMbI PaBHIETCS
reOMEeTPUYECKON cyMme BCEX JEUCTBYIOIINX Ha cucTeMy BHELITHUX CHIL.

(B mHTETpasIbHON (hopme): M3MeHeH e KOIMYeCcTBa ABMKCHUS CHCTEMBI 32 HEKOTOPBIN MMPOMEKYTOK BpeMe-
HU PaBHAETCA N€OMETPUUYECKON CyMME HUMITYJbCOB, IEUCTBYIOIIMX HA CHUCTEMY BHEIIHHUX CHJI, 32 TOT K€
MIPOMEKYTOK BpPEMEHU.
Teopema MO3BOJISIET HUCKIIOYUTHh W3 PACCMOTPEHHUS 3aBEIOMO HEU3BECTHbIE BHYTPEHHHUE CHIIBIL.
Teopema 00 U3MEHEHHH KOJIMYECTBA ABMKCHUSI MEXaHUYECKOW CUCTEMBI U TE€OpeMa O JIBI)KEHUU LIEHTpa
Macc SIBIISTFOTCS JIBYMsI pa3HbIMU dhopmamu OJTHOM TEOPEMBI.
3aK0H COXpaHeHHs KOJMYeCTBA IBUKEHUSI CUCTEMbI.
1. Ecnu cymma Bcex BHENTHUX CHII, ACHCTBYIOIIMX Ha CUCTEMY, PaBHSETCS HYJIIO, TO BEKTOP KOJHYe-
CTBA JIBFDKCHUSI CUCTEMBI OYET MOCTOSIHHBIM 10 HAIPABJICHHUIO U 110 MOJYJIIO.
2. Ecim cymMma mpoeKIuii Bcex ACHCTBYIONIUX BHEITHUX CHJI Ha JIFOOYIO MMPOU3BOJIBHYIO OCh PaBHSACTCS
HYJII0, TO TTPOEKITUS KOJMYECTBA JIBIXKCHHS Ha 3TY OCh SIBJISICTCSI BETUYMHOM MMOCTOSTHHOM.
3aKOHBI COXPaHEHUs CBUJIETEIBCTBYIOT, YTO BHYTPEHHHE CHIIBI HE MOT'YT U3MEHUTh CYMMAapHO€E KOJIU4e-
CTBO JABMKCHHS CUCTCMEL.
Kunemuueckoii snepeueti MEXaHUYECKON CUCTEMBI HA3bIBAETCSI CyMMa KMHETHUECKUX SHEPIHil BCEX TOUYEK
3TOM CHCTEMEL:
T= Z mka2 /2 ,
rJie My U Vi - Macca U CKOpocTh K-if MaTepraabHON TOUKH, IPUHAIICKAIICH TaHHON CHCTEME.
Ha ocHoBanuu meopemsr Kénuea kuueTnuueckas SHEprusi MPOU3BOJIbHON MEXaHMYECKOW CUCTEMBI OMpeie-
nsieTcst o hopmysie
T=MVZ2 + Y mvi® 12,
rae M - Macca Bcel CHCTEMBI;
V¢ - CKOPOCTH IIEHTPa Macc CUCTEMBI;
My - Macca K- TOYKH CHCTEMEI;
Vkr - OTHOCHTEJIbHASI CKOPOCTh K-i TOUKH MpH IBHKEHUH €€ BOKPYT IIEHTPa Macc
(T.e. k= Ve @ V).
U3 31011 hopMyIbl MOXKHO MONYYUTh CIEIYIOIINE YACTHBIE CIydau AJisl TBEPIOTO Tema:
- TIPY TIOCTYIATEIFHOM JIBIDKCHUU Tena V= V¢ , Vir= 0,
T=mv/2

- IPH BpallleHU} Tella BOKPYT OCH, IPOXOAIIEH Yepe3 ero LeHTp Macc,
ve=0, V= w &1y,
T= Z mkar2 /2= Ja)2/2 s
rae J - MOMEHT MHEPILHH Tela OTHOCHTENILHO OCH, MPOXOAIIEH B JaHHBI MOMEHT BPEMEHH Uepe3 LEeHTP
Macc;
@ - yrI0Bas CKOPOCTh BPAILIEHUs Tela;

-B cnyqae HpOI/ISBOJIBHOFO JABUXXCHUA TCJIa (HaHpI/IMep HpI/I HJIOCKOHapaJ'IJ'IeJ'ILHOM ,Z[BI/I)KCHI/II/I)

T= mvc?/2 + Jo’l2.
OCHOBHLIC (O6IJ.II/I€) TeOpeMBI JUHAMUKHU CUCTEM CBO60I[HLIX MaTepI/IaJIBHBIX TOYCK ABJIAKOTCA ypaBHeHI/IﬂMI/I
JBUKEHHS CUCTEM CBOOOHBIX MaTePUAIILHBIX TOYEK, T. €. MaTeMaTH4ecku TuddepeHIanibHbIMI YpaBHe-
HUSIMHN I/I3MeHeHI/II71 OCHOBHBIX Mep JOBUXKCHUS.

1. lng Touku ¢ ypaBHEHHE JBUKEHHSI OTHOCUTEIHHO HHEPLUATBHONU CUCTEMBI OTCUETA:
il" ? - -
-] 1
my—= = FO 4 B
At

[Tepenecém Bce BEKTOPBI, HE U3MEHSSI UX HANPABJICHUS, B IEHTP MACC U CII0KUM F€OMETPUUYECKHU:

a"f n . n N
SN m V=N F9
ﬁﬂ_; oo Z cr |

65



IIpon3BoaHasi M0 BpeMeHHU OT KOJIMYeCTBA ABUKEHHS CHCTEMbl CBOOOIHBIX MaTepPHATbHBIX TOYEK
PaBHa reoMeTpUYeCKOii cyMMe BHEIIHUX CHJI. DTO TeopemMa 00 U3MEHEHUH KOJMYECTBa IBUKECHUS CH-
CTEMBI.

n
—

mﬂf}ﬂ =M

Tak kak == TO

&

n
=N ple
2 Fa

ITO0 ypaBHeHMe IBHKEHUS LIEHTPA MACC CUCTEMbl MaTepPHAJbHBIX TOYEK C MACCOi, pAaBHOM Macce
BCeil CHCTEMBbI, K KOTOPO# NMPHJIOKEeHA CyMMAa BCeX BHEIIHUX CHJI (TJIABHbII BEKTOP BHELIIHUX CHJI )
WJIM TeopeMa O JIBMXKEHHUH LIEHTPa Macc.

7
2. YMHOXXUM YpaBHCHHUC IBUKCHUA TOYKH & crieBa BCKTOPHO Ha Y u IrCOMCTPHUUCCKHU CIIOKHUM, IICPCHO-
CsA BCKTOPLBI B HCHTP MACC!:

Y ELRAR N (AT
=1 o

TeopeMa 00 U3MEHEHHH KMHETUYCCKOTO MOMEHTA CHCTEMBI:

HpOI/ISBOHHaﬂ IO BPEMCHH OT KHHETHYIECCKOI'O MOMEHTA CUCTEMBbI CBOﬁOZIHI)IX MAaTCPUHAIBHBIX TOYCK
pPaBHa CYMME MOMEHTOB BCE€X BHCINHUX CHJI (I‘J'[aBHOMy MOMECHTY BCE€X BHCIIHUX CI/I.]'I).

CYI_I_[CCTBCHHOI MOMCHTSBI KOJIMYCCTBA IBHMXXCHUA 1 MOMCHTBI CUJI BBIYHMCIIAIOTCA OTHOCHUTCIIBHO 0611_[61"0 HC-
IMOJABUKHOI'O Ha4daja.

47, =V, dt

3. YMHOXKaA CKaJIpHO ypaBHCHI/Ie ABUXKCHUS TOYKHU cr Ha n CYMMI/IPYHI
2
wm_F "

Ay e = Y (B + YA
==l =l

nin

dz E(F(‘“d? )+ ZZ T nullPos

B org
a=2
Teopema 06 U3MEHEHNH KUHETUYECKON SHEPTUU CUCTEMBI:
Juddepennnan KUNHETUUECKON SHEPIUU CHCTEMbI CBOOOHBIX MAaTEpUAIbHBIX TOUYEK PABEH CYMME 3JI€MEH-
TapHbIX pabOT BCEX BHEUIHUX U BHYTPEHHUX CHIL
HMHuTerpansl ypaBHeHH# ABUKEHUS CHCTEMbI:

—

1) Ecniu paBeH HyJI0 IN1aBHBIN BEKTOP BHEUIHUX CHJI, TO = const, TO €CTh LIEHTP Macc CUCTEMbI CBOOOI-
HBIX MaTCPHAJIBHBIX TOYCK ABHUKCETCA PABHOMEPHO U HpﬂMOHHHeﬁHO.

2) Ecnu raBHBIM MOMEHT BHEIIHUX CHUJI PABEH HYJIIO, TO COXPAHIETCS KWNHETUYECKUI MOMEHT CUCTEMBI
CBO60}1HI)IX MaTCpHaJIbHBIX TOUCK!:

@EZ}[?"; xm_V. ]=const

3) Ecnu BHemHNE U BHYTPEHHUE CUJIbI KOHCEPBAaTUBHBI, TO

2
i MaVa - 70+ 779 + const
2

=l

LLTLL

n o 2 :
z 5:25: A S L :Eu

=l

3neck:
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L&)
me . IOTCHIMAJl BHCIITHETO CHJIOBOI'O ITOJIA,

i) o
. IIOTCHIMAI B3aUMOACHUCTBU TOYCK,
el =

=

—Friel
v . NOTCHIUAJIbHAA SHCPIruss CUCTCMbI TOUYCK BO BHCIITHEM I10JIC;

— Friid o
U i . MoTCHIUaIbHas SHEPIruAa B3aUMOACUCTBYIOIIHUX TOYCK.

13. llpunuun JanamoOepa 1jis1i MaTepUAIbLHON TOYKH M MEXaHUYeCKO# cucTeMbl. MeToa KMHeTOCTA-
TUKU. OnpeneseHne TMHAMUYECKHX PeaKIii MOAIMIIHUKOB NPH BPAllleHUHM TBEPIOTO TeJia BOKPYT
HEeNOABMKHON OCH

Mpunoun Janambéepa
1.Ban 1, ycraHOBIIEHHBII BEPTUKAIBHO, BpallaeTCsa C MOCTOSSHHOM YIJIOBOW CKOPOCTBIO . B Touke O
Bajia C MOMOIIBIO IIMIMHIPUYECKOTO IIAPHUPA, OCh KOTOPOro MEPHEHAUKYJSIpHA OCH Baja 1, mMpHUKperJieH
HEBECOMBIN CTEp)KEHb 2, ¢ KOTOPbIM COCIMHEH IMINHIPHUYECKIM HIApHUPOM TSDKEIBINH OJHOPOAHBINA CTEp-
xeHb 3. Ocu mapHupoB 4 u O mnapamiensHbl. [Ipu IBUKEHHH CUCTEMBI CTEPKHU 2 U 3 PacIoaraloTcs B
BEPTUKAIBHON TIJIOCKOCTH, Mpoxosiiei yepe3 ocb 010, 0 <a < 0,57 . Yka3aTh, KaKoe€ U3 COOTHOIICHUI
(B<a, p=0, p>0) cipaBeUIUBO ISl COCTOSIHUSL OTHOCUTENBHOTO paBHOBECHS cucTeMbl. OTBET apryMeHTHPO-

BaTh.

O1
A

2 Uemy nomkeH ObITh paBeH Bec Ipy3a Gz , 4ToObI rpy3 3 ObUI HEMOJBUKEH B MEXaHHUUECKOW cUCTEME,
y kotopoit G1=G,=G . Maccamu OJIOKOB ¥ HUTEH U TPEHUEM IpeHEOperaeM.

3 WneanbHO riaaakuil TOHKUN CTep>keHb | BpalaeTrcs paBHOMEPHO BOKPYT BEPTUKAJILHON OCH Z € YIIIO-

BOIl CKOpPOCTHIO ®. BIoNb CTEpKHS CKOJNB3UT KOJBIO 2 Maccoil M.B HawyanmpHBIE MOMEHT Xo=a, X =0.

Konp1o npuHsTH 32 MaTepHaIbHYIO TOUKY.
Haiitn cuimy, ¢ KOTOpOM KOJIBIIO TABUT Ha CTEPKEHb, B 3aBUCUMOCTH OT KOOPJIUHATHI X.

2
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4 (ToHkull OIHOPOJHBIN CTEPKEHb MACCHl M U JIMHBI I' CKOJIB3UT, OCTaBasiCh BCE BPEMsI B OJIHOU BEpTHU-
KQJIbHOU IUIOCKOCTH, [0 BHYTPEHHEN IMOBEPXHOCTH IVIAJKOI0 LWIMHApA paguyca . HalTu peakiuu HUIUH-
Jpa B TOUKE A I TPOU3BOJILHOTO YTJia (p, €CJIM B HAYaJIBHBIM MOMEHT 3TOT yroi OwuT paBeH 30° u crep-
JKEHb TTOKOUJICA.

14. CBs3u u ux ypaBHeHusi. [IpuHuun Bo3mMokHbIX nepemeniennii. O60011eHHbIe KOOPIAMHATHI CHCTe-
Mbl. luddepeHunanbHbie YypaBHEHUS IBHKEHUSI MEXaHNYECKOI cHCTeMbl B 0000IIEHHBIX KOOPAMHA-
Tax Win ypapHenue Jlarpan:xa Broporo poaa. fSIBienus ynapa. Teopema 00 nu3MeHeHNH KHHETHYe-
CKOI0 MOMEHTA MeXaHUYeCKOH CHCTeMBI NPH yaape.

N Touex , CJIEIOBATEIbHO, €€ MOJIOKEHNE B MPOCTPAHCTBE B KAXKIBIH MOMEHT

o .
1o, x. o b

[IycTe cucrema cocTout n3

BPEMEHH ONPEICISCTCS —-* KOOPAMHATAME TOYEK CHCTEMBI, HAIPUMEp ACKAPTOBBIMH
[Ipeamnonoxum, 4To Ha CUCTEMY HaJIOKEHBI TOJIOHOMHBIE CBSI3U, YPABHEHHS KOTOPBHIX B OOIIEM CIIydae MO-
TYT COJEP>KaTh ¥ MPOU3BOIHBIE OT KOOPAMHAT TOUYEK, HO MOCIIE UX UHTETPUPOBAHUS OHU CBEJIUCH K T€OMET-
PUYECKUM U UMEIOT hopMy

f:i\xi\-h'!ft:zg-:' E-j: {:I, 5 = i_.i-_...._..ir ) (222)

OcBoOosx1arolue CBsi31, BhIpaXkarolluecs HepaBeHCTBaMHM, HE paccMaTpuBaroTcs. Takum oOpazom, 3¥ ko-

OpJIMHAT CBSI3aHbI i YpaBHEHUSMHU U HE3aBUCUMBIX KOOpAUHAT OyaeT = IN-F
JIroOble ¥ nexapTOBBIX KOOPJIMHAT MOKHO 331aTh HE3aBUCUMO JIPYT OT Apyra. OcTaabHble KOOPIUHATHI
oTpenieNnATcs U3 ypaBHEHU cBs3eil. BMecTo  He3aBHCHMBIX 1€KapTOBBIX KOOPAMHAT MOXHO BBIOPATh JIO-

Oble Ipyrue HE3aBUCUMBIC MTAPAMETPHI EERE PR *, 3aBUCAILME OT BCEX MJIM YAaCTU JACKAapPTOBBIX KOOPAUHAT

TOYEK CHUCTEMBI. DTH He3asUcumMble napamempsl, Onpedeisouue noaodceHue CUCmemsbl 8 NPOCMPAHCMEe,
HA3b18a10MCs 0000WeHHbIMU KOOpOUHamamu cucmemyl. B o0111eM ciydae OHM MOTYT 3aBUCETh OT BCEX Je-
KapTOBBIX KOOPIMHAT TOYEK CUCTEMBIL, T. €.

¢ =a(%3e 2] (003

rae % msmensiercs ot 1 10 ¥ . 3axanne 060GIMEHHBIX KOOPJUHAT IOJIHOCTBIO ONPEAEISAET IMOJI0KEHUE TOUEK
CUCTEMBI OTHOCUTEIILHO BHIOPAHHOM CHCTEMBI OTCUETA, HAIPUMEp JAEKapTOBBIX OCEel KOOPAMHAT.

Y cBOOOAHOM TOUKH TpU 000OIIEHHBIE KOOPAUHATHL. ECiM Touka JOKHA IBUTATHCS 110 33/1aHHON TTOBEPX-
HOCTHU, TO 0000IIIEHHBIX KOOPAUHAT TOJBKO JIBE U T.1. Mcnonb3ys ypaBHeHUs cBsi3zelt (222) v BbIpakeHUs
0000I1IEeHHBIX KOOPJMHAT uepe3 JeKapToBbl (223), MOXKHO BBIPa3UTh JEKapTOBBI KOOPMHATHI Yepe3 0000-
LICHHBIE, T.€. IOJYyYUTh

e =g are g7

q.
I
e

=N
o

v [ :.-. T L ] i
COOTBETCTBEHHO, A1 paAuyCca-BEKTOPA KaXKI0M TOUKH CUCTEMBI *  ~ % =~ ~'% *7, TOJIyYUM
A=l g gt (224)
B ciiyyae cranimoHapHbIX CBsi3€il BpeMs SIBHO HE BXOJIUT B ypaBHEHUs CBA3EH. {151 TOIOHOMHBIX CUCTEM
cF.
BEKTOP BO3MOXHOTO MTEPEMELICHHS TOUKH B COOTBETCTBUU C (224) MOXKHO BBIPa3UTh B popme
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- = A . CF,
F=—d i —d, =2 — &,
U4 iy Uty og; . (225)
Cuctema, nMmeronias  He3aBUCUMBIX 0000IIEHHBIX KOOPAMHAT, XapaKTEPU3YETCs TaKKe ¥ HE3aBUCUMBIMH
By Gy O,

BO3MO>KHBIMU NIEPEMEIICHUSIMU WIH BapUALIUSIMU , €CJIM CBSI3U TOJIOHOMHBL. /[151 20710HOMHbBIX
cucmem YUCIO He3A8UCUMBIX B03MOICHBIX NepeMeujeHUll CO8Nadaem ¢ YUciom He3d8UCUMbIX 0000 eHHbIX
koopounam. CredosamenbHo, Yucio cmenenel c80600bl 2010HOMHOU CUCTEMbL PABHO YUCTLY HE3A8UCUMbIX

06obuennbIx KoOpOUHam smoii cucmemsi, m. e. ¥ = *¥ =1 JI1g HEroTOHOMHBIX CHCTEM B YPAaBHCHHS CBS-

3ei MOT'YT BXOAWUTH MPOU3BOAHEBIC OT ACKAPTOBBIX KOOPAWHAT TOUCK U JaK€ MOT'YT OBITH TaKHE YpaBHCHUA
CBSI3CI>1, B KOTOPLIC BXOJAT TOJIBKO OAHU IMTPOU3BOAHLIC. Takue YpaBHCHUA CBsI3€H HaJI0XKaT OrpaHU4YCHUA Ha

oL . OF .
Bapuanuum -~ i C&? @ 'f’?, ", CJICAOBATC/IbHO, YMCHBIINAT YMCJIO HE3aBUCUMBIX BapHalllK, HC CBA3bIBAs

(GYHKIIMOHAIBLHOM 3aBUCUMOCTBIO cCaMU 0000IIEHHBIE KOOPANHATH %% yyeno cmeneneii c60600b1

He20JIOHOMHOU CUCEMbL, PAGHOE YUCTY He3ABUCUMBIX B03MOJICHLIX NepeMeyeHull, Menbule Yucia 060owen-
HbIX KOOpOuHam cucmemsl. B nanpHeleM paccMaTpUBAIOTCS TOJIbKO TOJIOHOMHBIE CUCTEMBI, T. €. CUCTEMBbI
C F'OJIOHOMHBIMH CBSI3SIMH.
[Iepeiinem k cocraBneHuto ypaBHeHui Jlarpanxa 2 pona.

Z(Fk — W) O = 0
OO11ee ypaBHEHHE AMHAMUKY MaT€PUATIbHON CUCTEMBI: F-1
OO1ee ypaBHEHHE JMHAMUKU CUCTEMbl MaTepUaIbHBIX TOYEK B 00OOIEHHBIX KOOPAXHATAX UMEET BU/I:

g df ar g a7 ar g dT ar
Oq———— ) g ————— )t A+ g (———— () =10
dt aql '-:"':1"1 dt ng ng dif ags afi’s
Tak kak ©91- 244, .. , Sd.p CJIy4ae CUCTEMBI, TOAYMHEHHOW TOJIOHOMHBIM CBA35M, SIBJISIFOTCS HE3aBU-

CHUMBIMH 0000ILIEHHBIMU BO3MOXHBIMH IT€PEMEIIEHUIMH, TO 00IIee ypaBHEHNE IMHAMUKH YIOBJIETBOPSETCS
JIMIIB TIPH YCIIOBHH, YTO KOA(P(GUIIMEHTHI, CTOSIINE PH BO3MOKHBIX TIEPEMEIICHHUSX, paBHBI HYIIO, T. E.

d 47  dr

S - -p=0
25, g "

d 37 a7

L g -0
di dg,  dgg
49T 3T 5 g
df dg, dg,

OTH ypaBHEHUS Ha3bIBAlOTCS ypaBHEHUsIMH Jlarpan»ka BToporo poja.

[Tpy HamU4KUU TOJIOHOMHBIX CBS3EH, HAJIOKEHHBIX Ha CUCTEMY, YHCIIO ypaBHEHUH Jlarpanska paBHO 4ucity
HE3aBUCUMBIX 0000IIEHHBIX KOOPAUHAT, T. €. YACITY cTeneHen cBo0oabl. CucTemMa COCTOUT U3 OOBIKHOBEH-
HBIX U depeHMaTbHBIX YPaBHEHUH BTOPOTO MOPSIIKA.

Ecnu 3amaBaeMble CHIIBI CHCTEMBI IOTEHUMAIIBHBL, TO YpaBHEHUS JIarpaHka MOKHO 3anucarh B BUJIE:
d df B 47 B dff

di dey O dan

g dr B ar alr

di dg,  da, g

d a7  dr dii
di dg,  dg, dg,
SIBienus ynapa.
B3anmopencTeue Ten, Ipu KOTOPOM 3a MaJIBII IPOMEKYTOK BPEMEHU CKOPOCTH TOYEK U3MEHSIOTCS Ha KO-

HCYHYIO BCJIIMYMHY, HA3BIBACTCS YIapPOM. CI/IJ'IBI, BO3HHUKAIOMIUE IIPHU TAKOM BBaHMOI[CfICTBPIPI, Ha3bIBAKOTCA
YAapHBIMU. J% 3 TCOPCMBI 00 M3MEHCHUH KOJIMYECTBA ABWIKCHUS CIICAYCT, YTO UMITYJILC 3THUX CUJI 3a BPCMsL
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yJapa ecTb KOHeuHas BenuurHa. IMnyiabc OOBIYHBIX (HEYAAapHBIX) CHII IMEET TOT XK€ MOPAJOK MAIOCTH,
YTO U BpeMsl yaapa. DTOT XKe MOPsI0K MAJIOCTH UMEET U MEpEMEIIEHUE TOUKH 3a BpeMs yzapa.

B cBs13u ¢ aTHM, B TeOpUH yAapa NPUHUMAIOT CJIEIYIOIUE OCHOBHBIE JOIYILECHHUS:
CkopocTy TOUEK U3MEHSAIOTCS MPAKTUYECKH MTHOBEHHO Ha KOHEYHYIO BEJIMUUHY.
NmnynbpcaMu HeyAapHBIX CHII IPEeHEOperatoT.

Touku cuctemsl 3a BpeMs yZapa He IepEMEIAI0TCS.

f——

vV

[lycts — CKOpPOCTh MaTepUaJIbHOM TOUKHU 10 yJapa, — CKOpPOCTb 3TOH TOYKH I1OCIIE yaapa.

[Tpumensist reopemy 00 U3MEHEHUN KOJTUYECTBA JIBMYKCHUS, HAXOJMM:
OcHOBHOe ypaBHeHHE TeOpPUHM yaapa. MI3MeHeHre KoJInuecTBa JBUKEHNS MATEpUaIbHOM TOUKH 3a BpeMs

it
WY — mv = Z Sy
yJapa paBHO CyMM€ yapHBIX UMIIYJIbCOB, IEHCTBYIOLIIUX HA TOUKY. k=1

TeopeMa 00 U3MEeHEHUH KOJIMYECTBA IBHKEHHS MeXaHMYECKOH cHCTeMBbI NIPH yaape.
Hzmenenue Konuvecmea 08UIHCEHUA MEXAHUYECKOU CUCHEMBL 3A 8PEMA YOapa PaeHO CyMMe 6HEUIHUX
YOapHBIX UMRYTbCO8, OCHCMEYIOUUX HA MOYKU CUCHIEMDL.

]
0 —Qo = ZS;?
k=1

I[OKaS aTCIBbCTBO. PEBI[GHI/IM YAAQpHBIC CUJIBI, ,HCP'ICTBYIOHII/IG Ha KaXAYI0 TOYKY MEXaHHU4YEeCKOMH CHCTCMBI,
Ha BHCIIHHEC U BHYTPCHHUC. 3anumnieM OCHOBHOE YpaBHCHHUC yaapa AJId K&)I(I[Ofl TOYKH CUCTCMbI

mpily, —mve =S; + S0 k=12...n

S? e Si i
rIe k , E_ PaBHOJICHCTBYIOIINE BHEITHUX U BHYTPEHHUX yIAPHBIX UMITYNIbCOB. CyMMHpPYs TIOTy4YeH-
HBIE PABEHCTBA, C yYETOM CBONCTBA BHYTPEHHHUX CHJI HAXOIUM:

23 £33 Hi
kaﬁk—kai’k :Zglg
k=1 k=1 k=1

Caencrue. [Tpu nelicTBUM Ha MEXaHUUYECKYIO CUCTEMY JIMILb BHYTPEHHUX yJapHBIX UMITYJIbCOB KOJIHUYE-
CTBO JIBUKEHHS CHCTEMbI HE U3MEHSETCS.

Teopema 00 H3MEeHEeHNHM KHHETHYECKOI0 MOMEHTA MEXaHNYeCKOM CHCTeMbl NIpH yaape. M3menenue
KUHEMU4ecKo20 MOMEHMA MEXAHUUECKOU CUCIEMbL OMHOCUMENbHO J1I00020 HENOOBGUICHO20 UEHMPA 34
8peMs y0apa pagno cymme MOMEHMmMO8 6cex 6HEeULHUX YOAPHBLIX UMNYIbCO6, RPUTIONHCEHHBIX K MOYKAM
cucmembol, OMHOCUMENILHO IMO20 JHce YeHmpPd.

7]
r- [ . — e
Ko —Kpg = Zmo Sk
k=1
}nﬁ:ﬁk_fnﬁ:i;k :§§+§£

OcHOBHOE ypaBHEHHE yaapa JJIsl KaKI0W TOYKH CUCTEMBI

k=12,

+++» " Tak Kak MoOI0XkKeHNe TOYEK CHCTEMBI 3a BPeMs yIapa He H3MEHSAeTCs, TO yMHOKAs Ha Pajli-

YC-BEKTOP k -0l TOUKHU T (puc. 18.1), MOXHO 3anucaTh
Fk x mkﬁk - Fk X mkg’;‘_ = Fk x S:’gf-? + F’g{ x 5}; kF=1,2,....n

CyMMupys IOJIy4eHHbIE PaBEHCTBA,
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¥
- - - - ' o = = 5o e
SF iy — Y B xmy ¥y = > F < SF Ro Koo = inol57)
] f=i k=1 = k=t

SVAARNARRNANNANN
Y

CJIBIICTBI/IC. BHYTpeHHI/Ie YAApPHBIC UMITYJIbChI HE BJIIMAIOT HA U3MCHCHUEC KUHETUYCCKOI'O MOMEHTA CUCTE-
MBI.

Teopema 00 U3MeHEHUM KMHETUYECKOT0 MOMEHTa B CKAJSAPHOI popme. H3menenue kunemuueckozo
MOMEHMA MEXAHUYECKOIUL CUCHEMbL OMHOCUMENbHO HENO0BUNCHOIL OCU 34 8PeMA Y0apa pagHo Cymme
MOMEHMOE 6Cex 6HEULHUX YOAPHBIX UMNYbCO8, NPUIONHCEHHBIX K MOUKAM CUCHEMbl, OMHOCUMENbHO
moii dce ocu.

Kz _KZO = imz(s;ff)
k=1

3TOT pe3yibTaT MOIy4aeTCs MPOSKTUPOBAHUEM TIPEABIAYIIETO PABEHCTBA HA OCh Oz .

Koy puumeHT BoccTaHOBIEHHS NIPHU yiape
MMIynibCel yIapHBIX CHJI 3aBHCAT HE TOJIBKO OT MAacC U CKOPOCTEH, HO U OT CBOMCTB COYAApSIOUINXCS TEIl.

PaccmoTpuM naseHue mapa Ha HEMOABIXKHYIO TUTY (puc. 18.2). Ilpu sTom S - UMITYJIBC PEeaKINH 32
BpeMms yaapa.

Paznenum ynap Ha nBe dassr:

1. OT cOnmpUKOCHOBEHUS IIapa C MIOCKOCTHIO IO €ro MOJHOM ocTaHOBKH. KuHeTnueckas sHeprus mapa me-

pPEXOoauT IIpU 5STOM B INIOTCHIUAJIBHYIO SHEPTHUIO ynpyroﬁ ,Z[e(i)OpMaI_II/II/I TO el , HACTUYHO TCPASACH HA HC-

o0paTtumMoe U3MEHEHHe ero (POPMBI U pacCeUBAsACH B BUJIE TeILIa.

2. CkopocTh MeHsieT Hanpasienne u Benmunny ot 0 o Y . TIpu 5TOM HaKOMIEHHAs TOTEHIMATBHAS SHEp-
THS IEPEXOIUT B KHHETHYecKyto sHepruto 11 —> T (7<Ty),

Benuunna, paBHast OTHOLLIEHUIO CKOPOCTH TOUKH IOCJIE yiapa K €€ CKOPOCTH J0 yJaapa, Ha3bIBaeTcsl KO3~

u
k=—
(uumenTOM BOCCTAHOBJICHUS NIPH YIapE O HEMOJBHKHYIO IIIIUTY v, 0<k=<1l Ecm k=1, 10

ynap abCoOJOTHO yIpYTrHid (”:V), ecn K =0 10 yzap abCOIOTHO HEYIPYTuid (II - {}) . Kooppunment
BOCCTAHOBJICHUS OIPECIAETCS IKCIIEPUMEHTANBHO U B 3aBUCHMOCTH OT MaTepualia COyAapsIFOIUXCs Te

k=5/9

MO’KET [IPUHIMATh PA3IMYHbIC 3HAYCHHS: LEPEBO O JEPEBO ... & = 1/2 , CTajb O CTaJIb ... , CTEK-

710 0 cTeKio ... kK=15/16

OI[HI/IM 13 coco0oB OIMPECACIICHUSA KOB(I)(I)I/IL[I/ICHTEI BOCCTAHOBJICHUS IIPpU YAApC MOKCT CIIYKUTb OIMPECACIIC-

HHE BBICOTHI OTCKOKA Iapa OT HETIOIBHKHOHN MTOBEPXHOCTH, TAIAIOMIETO Ha HEE C BHICOTHI H 6es navam-
v v=,2gH =/
HOM ckopoctH (puc. 18.3). CkopocTs 11apa B Havajle yaapa &7 B xoHue yaapa u 2gh ,

rae h_ BBICOTA, HA KOTOPYIO IlIap MOJHUMETCS 1ociie yaapa. Toraa
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Yiaap 0 HeHOABUKHYIO NOBEPXHOCTDL. YIAp ABYX TeJ

Fed

PaccmoTpumM nipsMoii yaap Tena Macchl 0 HETIOJIBIKHYIO MTOBEepXHOCTH (puc. 18.4). CkopocTh Tena 10

—

yaapa V', ko3 GHIHEHT BOCCTAHOBICHUS k . Ompenenum cKOpOCTh Tela Moclie yaapa U BeIHUUHY yaap-
HOT'O UMITyJIbca. VI3 OCHOBHOTO ypaBHEHHMsI TEOPUH yJapa B MPOEKIMH Ha

S i
g k= ‘ ??‘
mi, —mv, =38 = = v,
i HOpMaib =~ i . Ilpu aTom U =8 Vu =7V ‘ " ‘ . Torna
nl n w=hv, S=mlk+ 1)]“ VY napHblil UMITYJIbC JOCTUTAET MAKCUMAJIBHOTO

3HAUEHUS B CIIlydae abCcoiomHo ynpy2020 yoapa 1 MUHUMAJIbHOTO B CiIydae
abCcoOMHO HEYNPY2020.

—

1% PaccmoTtpum koco#t yaap Tena Macchel

S

LU mIaaKyio (!) HeMmoABHMKHYIO TO-

Vv

BepXxHOCTH (puc. 18.5). CkopocTs Tena 10 yaapa ' U co-

CTaBJISIET YTOJI o HOD- “\ /| MaJIbIO K IMTOBEPXHOCTH, KO (HUITUEHT
\ —
BOCCTAaHOBJICHU A k . Onpe- » n ACJIMM CKOPOCTH TEJIa IOCJIC yaapa U
BEJIMYMHY YIApPHOTO UM- . nynbca. M3 OCHOBHOTO ypaBHEHUS
TCOPHUHU yAapa B IPOCKIUAX T Ha HOpMAJIb U KaCaTCJIbHYIO
miut, —mv, =8 SERRRIAAR SSS SN S mig —mvy =0 o
, . IIpu saTOM

i
k= |

il

P
u, =ucosf, wu,=wusinP, v,=-vcosa, v,= vsinao.
2 2 2 k=2

Torna " = wWsin? o+ k2 cos o 1 S=mik+1)vcosa Kpowme Toro, ef | e & -

yroJ1 najieHus, P_ YTOJI OTPaXKEHHUSI.

iy, 71y

PaccmoTpum npsMoit ieHTpanbHbIN yaap ABYX Tel (11apoB) Macchl , IBIDKYIIIUXCS 10 yJ1apa MocTy-

k

TCJI IOCJIC Y1apa U BCIIMUUHY YIApHOTO UMITYJIbCA. 172 Tak kak OTCYTCTBYIOT BHCHIHHUC YIapHBIC
HUMITYJBCHI, JId CUCTEMBI IBYX TEJI KOJIUYCCTBO ABUKCHHA HE USMCHACTCA

TaTeNnbHO €O cKopocTsMH L7 2 (puc. 18.6). Kosdurment BoccraHoBIeHns * . OnpeieinM CKOpOCTH

mlvl + 7??21;2 = miffi + mzf-le

s — U
=22 %
Vi = V2

Kpowme Toro, Pemas nonyuyeHHyr0 cucTeMy ypaBHEHUH, HAXOAUM:

(vy—v) uy=v, +(1+k)m71(‘”‘1 -v,)
L +m2

7
u1=v}+(1-§-k) 2
fﬁi + mZ
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Jnist onipeiesieHus yAapHOTro UMITYJIbCa 3aluIleM TeopeMy 00 U3MEHEHUH KOJIMYECTBA ABMKEHHS 32 BPeMsI

mytty —mpvy = =S
yapa JijIs OJTHOTO M3 TeJI B MPOCKITUU Ha HANPABJICHUE JIBUKCHHS )

Otkyna
Th i
S:(l—}-k)i} 2 (1’1 _3’2)
i’)‘?i + 7}?2
HpH 20COJII0THO ynpyrom yaape yuapnblﬁ HMIIYJIBC B iBa pa3a 60.111:111e, YeM Npu 20COJIIOTHO He-
yYupyrom.

Teopema 06 U3MEHEeHHH KMHETUYECKOM sHepruu (Teopema Kapno)
Teopema. Ilpu neynpy2om yoape 8 MEXAHUYECKOU cucmeme nomeps. KUHeMu4ecKoul SHepeul paeHa KUHemu-
yecKoll IHepauL OAHHOLL cucmeMyl, ecliu Obl OHA 08ULANACH C NOMEPAHHBLIMU CKOPOCTAMU.

JokazarenbcTBO. PaccMOTpuM NIpsAMOM LIEHTPAJIBHBIN HEYNPYIUM yAap ABYX IIAPOB Maccel 71 u 72, ¥,

¥2 — CKOPOCTH Tel 70 yaapa, ¥1 = #2 =¥ — cxopocts Ten nocine ynapa. Ilo clie[ICTBHIO U3 TEOpeMBbI 00

(ry + 11y 1z, — (myvy, + v, J=0
U3MEHEHUN KOJINYECTBA ABUKEHUS CUCTEMBI : L.

_ MV TRV,
xr

rae och ¥ copmanaer ¢ HaIpaBJIeHHUEM IBHKEHUA. TO eCTh I
1 5 1 :
Ty =—myvi, + —mzvri,
Kuneruueckas 3HEprusi 10 yaapa paBHa 2 2 ,
1, 1
I=— {Iml + ﬂzz)u;
nocJie yaapa .
PaccMOTpHM JIOMIOJTHUTEIEHOE COOTHOIICHHE:
TG—T=TO—2T+T
1 I | m +m u (my, v, 1 . H . - 1
T —-T=—mv. +—mv. — ( ! 2) ’(( Ll z.h)nL—(m,er}z;zz—m,(v_—z;_) +—m (v_—z;
i1 2 P lx 27 2 2 i 2 X ~ B 1x X ~ 2 Zx
(m, +m,) 2 2

b
F

Iy -1 = %mi (le —ly )2 + %mz ("”zx - “x)

170071
B cnydae ynpyroro yaapa:
'y T—i_k 1m(v u 2+1m (v )
L P AN F R 5 S22y T M2y
1+k|2 2
z A PaccmoTtpuM aeiicTBre yaapHOTO UMITYJIbCa Ha TBEPIOE TEIIO,
BpallaoIeecss BOKPYT HEeMOABIKHOM ocH (puc. 18.7). Bocmos-
§B 3yeMmcs TeopeMoi 00 U3MEHEHUU KHHETHYEeCKOI0 MOMEHTa MeXa-
y
Spx / % HUUECKOH CHCTEMBI B cKamspHoii hopme Az~ Kz0 = WZ(S ), WITH
. (S
_’} O\}: = @:0 +—
S0, =T 070 =M, (S, . Otkynma J: . Ipu neit-
. 5 CTBHUH YJIAPHOTO MMITYJICA HA BPAIAIOIIEECS TENO YIIIOBast CKO-
/ y POCTh U3MEHSIETCS Ha BEIMYMHY, PABHYIO OTHOIIEHHIO MOMEHTA
- 3TOT0 UMITYJIbCa OTHOCUTEIBHO OCH BpAIIEHUSI K MOMEHTY HHEp-
x - 1° [IMH TeJIa OTHOCUTENBHO TOM ke ocu. [l onpeneneHus MITyIIb-
Sazhd S, y COB yJIapHBIX peakUuil B MOJIIMITHUKAX BBEJEM MOJIBUKHYIO CH-
g E Oyz
o CTeMY KOOPIMHAT, HPOBEJIA IIOCKOCTh ~-2 uepe3 EHTp Mace

(puc. 18.8), a och Oy — 4yepe3 TOUKY MPUIIOKEHHUS YIapHOTO
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"
6
Q- z pa
HUMITYJIbCA, U BOCTIOJIb3YeMCS TeopeMamMu 00 N3MEHEHUH KOJUYECTBA IBHKCHUS =1 u 00
fl
- I — _~£’
Ko —Kpg = ZmO{S;‘, )
U3MEHEHUU KMHETHYECKOI0 MOMEHTA k=1 .
HpI/I 3TOM
my Qt_ W, A, Q}*:QZ:G
Ko=Jo KO\: Jx'QZ’ KO} == K‘O' szz
B HpOCKI_[I/I}IX Ha OCH KOOPJIMHAT:
e 7t 7] 5" N e
— — . e - e - o
QX on ;;Sh‘ Q}; - Qy(} - Zsfa 0, -0, = ZSEZ-‘ K. -K,= Z”fx(ngL K}’ 7‘K}' - Zmy(‘sig)=
- — k=1 k=1 k=1 k=1

K. -K, =}?ZZ(§)

nin

_ma((oz - {Dz(}): S +8p: + 5, ,O - SA}" + SB}»‘ B S}’ O=5,.+5
7sz (@z 7(920): S‘{yﬁof SB}’OB%mx (§)1 o J_}’Z (G}Z - G}Z@ ) = _Sﬁx‘{io + SB:COB ,
J. ((Oz — M ): m_,,,_(S").

OTH 1IeCTh ypaBHEHUH MO3BOJISIOT ONPEAEIIUTh UMITYJIbChI YIAPHBIX peaKLUil U YIJIOBYIO CKOPOCTb MOCHE
yaapa.
eHT apa
IenTp ynapa — 310 TOUYKa Bpalarouierocs Teja, Ipyu 1elCTBUM Ha
z KOTOPYIO YAApHOTO UMITYJIbCA, HE BO3HUKAIOT ylapHble peakuuu. Ecin
YTO TaKasi TOYKa CyIIECTBYET.

By =N = =y =N =
ng/ E Sax =S4y =S4z =S = Omy G. U3 niepBBIX Tpex ypaBHe-

HUH AJId ONpEeaACIICHUA UMITYJIbCOB peaKHI/Iﬁ B NIOAIIMWITHHUKAX CJICAYCT,

YTO MPUJIOKEHHBIN K TEly UMITYJIbC HAIIPaBJI€H BAOJIb OCU Ox y paBeH

S, = _ma(&)z

)

Ve
- C
bk K/ y

®.4 )
<. O003HaYUM pacCTOSHUE OT TOUKH MPHUIIO-

-~
Kennst A yIapHOTI'0 UMITYJIbCA JI0 OCU BpallleHus yepes / (puc.

Sida S Ay 18.9). M3 mocnenHero ypaBHEeHUsI HAXOIUM J (Q ~ 00 ) o _Sx h .
N ’
- h=t2
Sy Otkyna ma . JInd cuCTEMbI KOOPAWHAT C HAYaJIOM B TOUKE O Hu

Ov

HaIpaBJI€HUEM OCH — + TaKUM 00pa30M, 4TOOBI OHA MPOXOIUIA Yepe3
TOUYKY IPUIIOKEHUS yIAPHOTO UMITYJIbCa, TO JUIsl 0OpaleHs B HOJIb UMITYJIBCOB PEAKIINIl HE0OX0IMMO

Iz = ‘}.-‘*‘2 =0 , T.€. OCb Oz JIOJDKHA OBITH TIIABHOI OCBIO MHEPpLIUHU 111 TOYKU 0.

21.]'[5[ TOT'O YTOOBI npu ﬂGﬁCTBI/II/I YAapHOIr'0 UMITYJIbCa Ha BpallaroICCCs TCJIO0 B IOAUMIMITHUKAaX HEC BO3SHHUKAIN
YAApHBIC pCaKlIun, HANO, YTOOBI BBIIOJIHSINCH YCIOBUA:

LlenTp ynapa JIEKUT B INIOCKOCTH, IIPOXOIAILEH Yepe3 LICHTP MacC U OCh BPAIllCHMs, HA PACCTOSHUU  md
OT OCH.

Y 1apHblii UMITYJIbC HAIpPABIICH MIEPIEHAUKYIISIPHO 3TOM INIOCKOCTH.

Ocp BpaleHus sSBISETCA INIABHOM JJI TOUKHU €€ MIEPECEUCHHUs ¢ INIOCKOCTBIO IEHCTBUS yIaPHOIO UMITYJIbCA.
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