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NPEANCIHOBHE

Teoperndeckas MeXaHUKA Kak OfHA M3 BaxHelinx ¢u3uxo-MareMaTHIECKUX
JUCUUIUIHH UrpaeT CYLIECTBEHHYIO POJIb B IOATOTOBKE HHKEHEPOB JiroObIX
Crelya1bHOCTeH.

Ha OCHOBHBIX 3aKOHAaX ¥ RPHHIMIAX TEOPETHYECKOil MeXaHUKU Oa3upyroTCs
MHOTHE OOl HHKEHEPHbIE JHCIIMILTHHDI, TAKHE, KaK CONPOTUBIICHHEC MaTSpHAJIOB,
CTPOUTEILHASA MEXAHHKA, FHAPABIRKA, TCOPUS MEXaHMIMOB UM MAIIMH, LETAIHM
MAaUIuH B Jp.

B pasnuuHbiX Kypcax [0 MAUIMHOCTPOHTENBHBIM, MEXaHHYECKMM, CTPOH-
TEJIbHBIM, TPUOOPOCTPOUTEIBHEIM ¥ MHOTHM APYFMM CHEUMANBHOCTSAM Takke
LWIMPOKO HCHONBL3YIOTCA HOTOXEHUs Teopernieckoii Mexanuku. Ha ocHoBe
TEOPEM M NPHHUMIOB TEOPETHYECKOH MEXaHMKH pElIaroTC MHOTHE HMHXCHEp-
HBIE 33JaYH M OCYLIECTBJIACTCA NMPOCKTUPOBAHHE HOBBIX MALIMH, KOHCTPYKLMH
A COOPYXEHHIL.

Xopoinee ycBoeHitle Kypca TeopeTUYeCKOW MexaHHKH TpebyeT He TONBKO
riybOKOro M3y4eHWst TEOpUH, HO W MPHOOpETEeHHsS TBEPIBbIX HABBIKOB B peilie-
HUHM 3a7a4. [l 3TOro HeoOXOOMMO CaMOCTOATENBHO PEIlUTh Oosblioe KosH-
4eCTBO 3ala4y MO BCEM pa3jeliaM.

YerBepToe M3MaHHe HacTodAllero cOopHuKa codepXuT 45 3agaHuil, Kaxmoe
B 30 BapuaHTax, MO BCEM OCHOBHBIM TeMaM TIpOrpamM, YTBEPXICHHBIX
Mussysom CCCP: 9 — no craruke, 9 — xunemartuke, 13 — guHamuxe, 9 -
AHAJUTHYECKOH MEXaHUKe M 5 — KosieGaHUAM MEXaHUYECKOH CHCTEMBIL

B HexkoTOpBIe 3aaHus, BXOAUBIUHE B TPEThe U3JAHUE, BHECEHBI U3MEHEHHUA
U [ONOJIHCHUS, HEKOTOPHIE M3 HHX CYLIECTBEHHO INepepaboTanbi, OTIC/IbHBIE
3alaHus, CXOOHBIE O TeMaTHke, oObequHEHbI, [OOABIEHE! HOBbIE 3aJaHHA.

B cOopruke noMeiuieHbl TPH 3adaHMg (M0 CTaTHKe, KMHEMATHKE W OUHA-
MHKe), IPH BBIMOJHEHHM KOTOPHIX Heliecoobpa3Ho wucnosib3oBanue IDBM.
Mo kaxmoMmy H3 3THX 3aJaHWi [JaH [pHMEpP C AJITOPUTMOM peIleHHA H
pe3ynpTaTamMu pacueta Ha OBM.

ITpumeps! BLINOAHEHUA 3aaHNH He COOEpPXAT NPOrpaMM M PeXOMeHAanmui
MO0 HX COCTABJIEHHMIO, TaK KaK B BYy3aX CTpPaHbl MOLYT NPHUMEHSTHCA pa3-
JIM4HBlE A3BIKH NMPOrPaMMHPOBAHUA M ONCPALMCHHBIE CHCTEMBI M HCHOJL30-
BaTbCA pa3Hbie IBM.

s BBINOJIHERHSA 3aJaHU MO CTAaTHKE M KHHEMaTUKe HeoGXOJUMO pPemiaTh
CUCTEMBI JIMHEHHBIX anreOpanyecKux ypaBHEHUM, a MpPU BbIMOJHCHUH 3a[laHUA
IO AMHAMHKE — YUCJICHHO HHTErpupoBaTh AuddepeHuuansuoe ypasHenue. B 6ub-
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JIMOTEKE CTAHIApPTHEIX nporpamm moboit OBM Takme nporpaMMBl HMe-
10TCS.

Bonbioe yucno 3ajaHuii MO KaXXOOMY M3 Da3fieioB Kypca o6ecreuuBacT
BO3MOXHOCTb YCTAHABJIUBATh TEMATHUKY U KOJNHYECTBO KYpCOBBIX paGoT B 3a-
BHCHMOCTU OT NpOGHIA HOATOTOBKH CIICHUAIUCTOB, T. €. OT o6veMa u comep-
XKaHHA H3YyYaEMOro Kypca TEOpeTUYECKOH MEXaHHKH.

HaGop BapuMaHTOB HHAMBHIyAIbHBIX 3aJaHuif, BXOAAIIMX B KypCOBYIO
paboTy, CTYOEHT MOXET ONpelNeNuTh MO CBOeMy IHGpy, NOJB3YSCh CHelu-
ampHOM TabnMuelt, npuseneHHo# B kouue kuuru, Mubp xaxmomy crymesty
YCTaHABJINBAET INPENONABATENbD.

B c6opHuKe MpUBENEHBI NPUMEPHI BHINOJHEHNS 3agaHuif. OCHOBBIBAACH HA
9TUX NpHMEPaAX, CTYHeHTHI (0cOOEHHO 3aO0YHBIX M BeUepHHX (aKyJIbLTETOB)
CMOTYT CaMOCTOATENbHO BBIIOJNHATL 3aJaHWA M3 3TOro COOpHHKA.

Psap 3amanuii npu BBINOJHEHMH TpeGyeT NpoBeneHUS HEKOTOPBIX MCCIENO-
BaHuil. OHM MOIYT CNYXUTb OCHOBOH IUIs OpraHM3auyu yueGHO-HCCIIEXOBa-
TEIbCKOM paboThl CTYAEHTOB IO TEOPETHYECKOM MEXaHHUKE.

CO6OpHHUK MOTYT KCHOJNIb30BaTh TAKXe MHXEHEPHI M TEXHHKU I yriayoie-
HUS 3HAHHWHA 110 TEOPETHYECKOW MeXaHHKE.

B noarotoBke Hacrosuwero mu3gauusd cOOpHMKA Hapsay C aBTOpPaMu
npensiaynvx u3gaHuit npuHsid ysactue [, I, Axumos-Ilepern, B. C. does,
®. A. Joponun n K. IO. Kpacrocenncknit.

ABTOpBI BBHIpaXalOT HCKPeHHIOK OyaromapHocTh npodeccopy M. M. I'ep-
HeTy 3a obcroATenbHbIH pa3bop pykomucw cOGOpHHKA M Psif LHEHHBIX IpeJIo-
KEeHWH, a Takke KOJ/UIeKTMBAM Kadelp W OTHEABHBIM IpeHoJaBaTeNsM 3a
TOJIE3HbIE COBETHI, YYTCHHBIC NPH NOATOTOBKE HACTOALIECIO W3JaHMSL.

OT3bIBH ¥ TNPEIUIOKEHHs, HaNpaBJIEHHLIE HA YJIYYIICHHE 3TOr0 H3JaHuf,
NPOCHM IIOCBUIATh B aZpec M3AaTesbCTBA «BhICIIas MIKOIA».

Asmoput



PA3JQEJ NEPBBIH
CTATUKA TBEPAOT'O TEJIA

I. IVIOCKAS CUCTEMA CHJ1
CUCTEMA NPOU3BOJIBHO PACIIOJIOXKEHHBIX CUJI

3agaunune Cl. Onpencienne peakumii onop TBepROro Teaa

Ha cxemax (puc. 1-—4) noxasausl Tpu cnocoba 3axpemnenus Opyca, och
KOTOpOro — jioMaHas JuHus. 3agaBaeMas Harpyska (cM. Ta6Gn. 1) u pasmepsl
(M) BO Bcex Tpex ciyyasX OLHUHAKOBBL

Onpenenurs peakuun onop Ajas Toro cnocoba 3akpemwienus Opyca, HpH
KOTOpOM peakiys, yka3aHHas B Tabi. 1, uMeeT HaMMEHbIIWH MOIYJb.

Tabanua l
Homep Hccaenye-| Homep Heeaeaye-
sapuanta | P, kH{M,kH M ¢, kH/™m Mas sapuanta | P,xH |M,kH-M ¢, xH/™m Mas
(puc. 1 —-4) peakuus |(puc. 1 —4) peaxkuus
1 10 6 2 Y, 16 12 6 2 My
2 20 5 4 My 17 20 4 3 Y,
3 15 8 1 Yp 18 14 4 2 X4
4 5 2 1 Yg 19 16 6 1 Ry
5 10 4 - Xp 20 10 - 4 Y,
6 6 2 1 My 21 20 10 2 My
7 2 4 2 X, 22 6 6 1 Yy
8 20 10 4 Rp 23 10 4 2 M,
9 10 6 - Y, 24 4 3 1 Yy
10 2 4 2 X4 25 10 10 2 X4
11 4 10 1 Rp 26 20 5 2 M,y
12 10 5 2 Y, 27 10 6 1 X
13 20 12 2 Y, 28 20 10 2 Y,
14 15 4 3 Y, 29 25 - 1 My
15 10 5 2 X4 30 20 10 2 Ry

Ilpamep Bbmonwenus 3amamms. JlaHO: CXeMbl 3akpelUleHHs Opyca
(puc. 5,a,6,6); P=5 xH; M =8 kH-M; g=12 xH/m.

Onpenenurb peakuuu onop Ajis TOro crnocoba 3akpersieHus, NpU KOTOPOM
MOMEHT M, B 3aAenKe HMEET HaMMeEHbIUEE YMCIOBOE 3HAYCHHME.

Pemenue PaccMOTpUM CHCTEMY ypaBHOBELIMBAKOIMXCA CHJI, MPHIONKEH-
HBIX K KOHCTpyKuuH. [e¥cTBuE CBssell Ha KOHCTPYKLHMIO 3aMeHseM HX peak-
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Puc. 5

musmu (puc. 6): B cxeme a— X4, Y4 My B cxeme 6 —Y),, My n Rp,
B cxeme 6 — M, Xp u Yz PaBHOMEPHO pacNnpeneieHHYIO Harpy3ky HHTEH-
CUBHOCTBIO ¢ 3aMEHSeM paBHOACHCTBYIOMLIEH

Q=qg-2=24 xH.
YT00b! BBISCHHTH, B KAKOM CJIyia¢ MOMEHT B 3aJeJIKe ABJIAETCA HaUMEHb-
MM, HalizeM ero IO BCeX TpPeX CXeM, He ONpeleiss INOoKa OCTaJbHBIX

peaxuuil.
Jlas cxeMbl a

YM;y=0; My —P-2sind45° + M — Q-5 =0.
BoryuciieHns fasooT
M,=1107 xH-m.
s cxenmsl 6
YMic=0; M4+M—-Q-5=0u My =4,00 xH -m.
s cxemsl 8
YMp=0, Mi+P-BD+M+Q-1=0u M= -31,61 xH-Mm.
3nech
BD=BE+ED=}2+2)/2=424 um.

TaxuM 00pa3oM, HAaMMEHBIIKI MOMEHT B 3aJeliKe IOoJIy4yaeTcs NpH 3aKpell-
nennn Gpyca no cxeMe 6. OnpeJenuM OCTaJIbHbIE ONOPHBIE peakUuy Ui 3TOH
CXeMBI:

Y X;=0; Pcos45° —Rz=0, orkyna Rp = 3,54 xH;
Y, =0, Y,—P-sind45°—Q=0, orxyma Y, =594 xH.
10



PesynasTatsl pacuera mpuBencHsI B Tab1. 2.

TadGanua 2

- 6 MonieHT Cuawl, kH

Cxema no puc. M4 (M. M), xH- w1 ¥y Rz
a 11,07 - -
6 4,00 5,94 3,54
6 -31,61 — —

3anaune C.2. Onpenenienue peaxiniii Onop H CHA
B CTEPXKHAX MIOCKOH depMbl

Omnpenennts peakuuu onop ¢epMel OT 3aJaHHON HArpy3KH, a TakXKe CHJIBI
BO BCeX €€ CTEPXHAX crnocodom BhIpe3anus y3iioB. Cxemsl ¢epM IoKa3aHbI
Ha puc. 7—9. HeoGxoaumble AJa pacyeTa AaHHble NpuBefeHH B Tabs. 3.

TaGnuua 3
Howme P P h
aapuanga | : | » a_| %, rpaa Howmepa
(puc. 7-9 kH ] cTepxHel

1 4 9 2 2,0 - 30 3,8 9
2 10 3 4 2,5 - 60 2,5 17
3 2 12 6 3,0 - 60 4, 5, 10
4 10 10 5 4,0 - 60 5, 6, 11
5 2 4 2 - 2,0 60 4,5, 10
6 3 7 5 4,0 3,0 - '8, 9, 11
7 4 6 3 4,0 - 60 4, 6, 12
8 5 7 7 32 - 45 3,45
9 190 8 2 5,0 - 60 6, 7, 12
10 3 4 5 4,4 33 - 3,5, 7
11 2 6 8 2,5 3,0 - 2,7, 8
12 5 7 2 4,0 - 60 4,5, 10
13 4 6 2 4.8 3.6 - 4,5, 10
14 3 5 5 3,0 - 60 5,6, 8
15 2 2 10 4,0 6,0 - 2,6,9
16 5 6 2 5,0 - 60 3,56
17 4 4 10 4,0 6,0 - 4,17 8
18 5 2 8 - 5,0 60 1,4, 8
19 8 4 10 5,0 10,0 60 4,5, 7
20 2 3 5 4,0 6,0 — S5, 6,8
21 3 2 7 6,0 - 45 5 89
22 4 2 9 4,0 - 45 2,6, 8
23 5 8 8 4,0 9,0 30 4,7,9
24 6 10 2 3,6 - 45 4,5 10
25 7 10 5 4,4 3,3 - 8, 10, 11
26 8 12 2 4,0 — 30 4,5, 9
27 9 4 4 4,0 3,0 - |59 1
28 10 5 3 5,0 - 30 3,56
29 12 8 2 6,0 - a5 |56 11
30 5 10 4 4,0 2,0 - le712
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JonoNHUTENbHO ONPEAETUTh B TpPEeX CTePXHAX (epMbl CHIBI OT TOH Xe
Harpysku cnoco6om Putrepa (Homepa crepxHeil ykasauel B Tabm. 3).

Mpumep suLmoanenus 3agamus. Jawo: cxema ¢epmsi (puc. 10); Py =2 kH,
P,=4xH, P3;=6 xH, a=40M; h=30 M.

Pewmenue. 1. Onpedesenue peaxyuit onop. IlokaxeM BHEWIHHE CHIBI, NpU-
JloxkeHHble K (epMe: akTUBHBIEe (3adaBaemsle) cunst Py, P,, P; u peaxnuu
onop A u B (puc. 11).

Tax xax nuHUS OeHCTBHA peakIMM ONMOpH A HEU3BECTHA, ONpENEINM ee
COCTaBIISIIOLIHE 110 KOOPAHHATHBIM OCAM X, # Y,

Onopa B — cTepXHeBad; JIMHUsA AEHCTBUS €¢ peakudd H3BECTHA — OHA
HanpasJjieHa BIOJIb ONOPHOTO CTEPXKHS.

CocTaBiM YpaBHEHWs paBHOBecHs CWI, NPMWJIOXKEHHBIX K (epme:

ZMfA=0; P1‘3h+P2-2h+RBa=0;
zxi=0; X4—P,—P,=0; (1)
ZY,' =0; YA+RB—P3=0.
W3 3tux ypaBHeHHi
Rp= —105 xH; Y, =60 xH; X,4=165 xH.

2. Onpedesenue cua & cmepucHax (fepmvl cnocoborm 6vipe3anus y3406.
Crepxnu, cxopsauyecs B ysne ¢epMbl, SBISIOTCA AJIS Y3JIOBOIO COEGOMHCHHS
cBa3sMu. OTOpOCHM MBICICHHO CBS3M M 3aMEHHM HX [AcHCTBHE Ha y3Jibl
peaxmmamu. Ha puc. 12 moxasadsl y3nsl (gepMbl C NPHJIOKEHHBIMH K HHM
AKTMBHBIMH H PEaKTHBHBIMHU CHJIaMHU.

Cuny B crepxuHe ¢ HOMepoM i ob6o3HayuMm S;. Peaxnuio crepxHs, nmpuno-
KeHHyI0 K y3ny M, —Siy. Jus crepxHsd, coemuHsromero y3asl M u N,

Simy= — Sin, HO Siyy=Siy = S,

Hanpasnenus peakuuii Bcex CTepXHeil IOKa3aHbl OT y3JIOB BHYTPb CTEPXK-

Hell B NpeANoIOXKEHVH, YTO CTEPXKHH pacTaHyTsl. Eciau B pesynbTaTe peleHus

peakmysa CTEPXKHS MNOJY4YHUTCSH o‘rpnua‘renbﬂoﬁ, 3TO 6yI[CT O3Ha4aTe, H4TO
COOTBCTCTBleH.IKfI CTEPXECHb CXaT.

15



I[JUI KaXxaoro ysja coCTaBUM [BA YpPaBHCHMS PaBHOBECHA:
ZX,:=0HZY;=O. (2)

Herpynao y6emurhcs, 4TO M3 3THX YpaBHEHMH MOXHO OIpPENEIHTb HE
TOJIKO BCE CIJIBL, HO ¥ PeaklIuu OMOop, TaX YTO NpenBapUTeNbHOE ompernese-
HHE ptakuuii omop He saBiseTcs HeoOxogumbiM. [lelficTBuTenbHO, Y370B 7
(A, B, C, D, E, F, H), ypaBHCHHii, cllenoBaTesibHO, 14, a HEeM3BECTHHIX TOXE
14, 1. e. 11 ycumit B cTepkHAX ¥ 3 COCTAaBJSIOLIAX OMOPHBIX peaknuit. Panee
HalJeHHbIE PeaklEM ONOP MOrYT CIYXHTb IUIS NPOBEPKH pPEILCHHS.

Ecnu ypaBHeHus npennonaraercs pemath 6e3 npuMenerus 9BM, pexomen-
IyeTcs paccMaTpuBaTh Y3JIbI B TaKOH IOCIENOBATEIBHOCTH, 4TOOBI KaxIbIit
pa3 B ypaBHeHua (2) Bxomwno He 6ojiee OBYX HEHM3BECTHBIX.

Havrem ¢ y3na H:

Y X;=0; —P, ~ Sigcosa = 0;
ZYi:O; —Smsinoc—SZH=0,
OTKy[ia ompeneiisieM
Sip=8;1=-2,5 xH (crepxens cxar) u S,y =S, =15 xH.
JAna yana E
Y X;=0; Sigcosa + S;p=0;
ZY;=0; S]ESinCX,—Pg—S4E=0,
OTKyZa HaxomuM
S:e=83=20 xH, S =S4= —7,5 xH (cTepxess cxar).
3aTeM COCTaBJIfeM YpPaBHEHUS PaBHOBECHS CHUI, MPHIOKEHHBIX K y3idam F,
C, D, B, A
Jlna mpoBepKHM pacyeTa MOJIE3HO IUIA KaXAOro ysja INOCTPOMTh MHOIO-
yrojsHHUK cua (puc. 13).
Insa yana H otknansiBaeM B Macmtabe cuny P; W DpoBomuM uepe3 KOHEN

¥ HA4aJo ITOTO BEKTOpA HANpABJIEHUA peaknuii S;gy ¥ S,y N0 HX B3aMMHOro
nepecedeHns. CTPENKH BEKTOPOB S;y M J,y CTAaBHM TaK, 4TOOBI CHIIOBOH

S:
S’ASZ 35 . A
sPi H sﬁ 85 D 35
5:’ 310
I‘?t 34 6‘2 pz C SB
Sk o
Ss
3
2 0 2 4xH
el
R || 5
Puc. 13

16



ly P,
l —
i
R <
Fi Y z
A% B
I ‘y I
S ss Y%
__a
b
Puc. 15

Cxampid cmepxeHb

. TpeyrossHUK ObUT 3aMkHYT. [lis 3TOro
e PACITIAHY MBI CIEPIK EHD

Ha purc. 13 crpenky Sig  mpumUTOCH

=== Cmepxens, cuna b HanmpaBUTh B CTOPOHY, NPOTHBOMOJIOX-
KomapoM pabua Hynw Hyl0 TOKaszaHHod# Ha puc. 12,—3T0
Puc. 14 COOTBETCTBYET 3HAKY MHMHYC B aHAIM-

THYeCKOM pemieHun. IIpum  mocTpoeHuu
MHOrOYTOIbHAKA CHI 1A y3aa E oTknanwBaem cuiel P m Sip (manpapisercs
TIPOTHBOIONOXHO S15) W NPOBOAMM IO B3aUMHOIO MEPECEYCHHs HANpaBICHASA
peakmuit S;z u Sz ¥ T. 4. Wi3MepeHHble B MaciuTabe NOCTPOEHUS pEaknun
CTEpXHell HOIXHBI MaJO OTJIMYATHCA OT HAlJICHHBIX aHAJUTHYECKH.

IMpuBomum Tabnumy cuwi B cTepxkHAX (Tabn. 4) U cxeMy QepMmbl ¢ dakrH-
yeckoil kapTuHo# cwi (puc. 14).

TaGnuua 4
Homep crepxua| 1 | 2 | 3 | 4 5 6 7 8 9 10 11
3Hak cuibl -+ +| -} - + + - - +
Cuna, xH 25011,5120}75| 75| 60| 60 }12,0| 75 1105 O

3. Onpedesenue cun 6 cmepixrcuax cnocobom ceuenuit (cnocobom Pum-
mepa). TpebyeTcs onpefeauTh CHWIbI B CTepxkHAX 4, 5 u 8.

Ilo crocoGy Purrepa kaxias CHia DO/DKHa ObITh OmpeneiieHa M3 OTAEIb-
HOTO ypaBHEHHMs M HE JOJDKHA BBIPAXAThCA 4Yepe3 CHIBL B APYTHUX CTEPXKHSX.

Jina onpeneneHus cwl S, U Ss MBICTIEHHO pa3spexeM depMy ceuenueM I —I
(puc. 15).

PaccMaTpuBaeM PaBHOBECHE CHJI, IPWIOKEHHBIX K BepxHeil yacT# depMsl *.
Heiictere oTOpOILEHHOM HWXHeH 4acTH HAa BEPXHIOIO MNPEACTABJICHO CHJIAMH
S4, Ss " Sg.

ITo-npexHeMy YCIOBHO IpenmnojiaraeM BCE CTEPXKHH PaCTAHYTHIMH. 3HaK
MHHYC B OTBETE€ YKaXeT Ha TO, YTO CTEepXeHb CXarT.

HOna onpenenenvs S, COCTAaBMM YPaBHEHHE MOMEHTOB CHJI OTHOCHTEIBLHO
Toukn F, roe mepecekaroTcs JMHUHM ‘meiicTBus cwil Ss M S (Touku Purrepa

* Boibop uactu depMsl oGBIMHO ompenenseTcs o6beMOM BBIMUCIUTENbHON paboThl.
B nannoM ciydae cieLyeT OTMETHTH, YTO BLIOOD BEpXHe#l YacTU MO3BOJSET MONYYHTH

HCKOMBIE CHJBI, BHIDAXECHHBIE TOJBKO 4epe3 3aJaHHble CHJIbI, HE3aBHCHMO OT paHee
HaWOEeHHBIX ONMOPHBIX PEaKIUil.
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D _ nns crepxHA 4):
\5 s A Y M =0; Sia+ Psa+ P,h=0.

Orcioga nonyyum
S4 = - 7,5 KH.

JAna onpenenenus Ss, 4YTOOBI HCKIIIO-
Ya Ry YUTh M3 ypaBHEHUsa ycuius S, M Sg, npo-
enUpyeM CHJIBI Ha OChb X:
Puc 16

ZX‘=0', —-Pl—Pz—S.r,COSq:O-

Orcrona nomyunm Ss = —7,5 xH.

JAna ompenenenua cwisl Sy nposomum ceuenue I1—II (Moxno Gwuto 6nI
NpOBECTH €ro H 4epe3 cTepxkuu 8, 7 m 6). PaccMOoTpyM paBHOBeCHE CHJ, NpH-
JIOXEHHBIX K HIWXKHeH 4yactu ¢epmrur (puc. 16).

Touxoii Purtepa ans crepxHs 8 sBasercas y3en D, rae nepecexarorcs
JIMHMA fAefcTBUA CMIT So U S, HUCKJIIOYAEMEBIX U3 YpaBHEHHSA:

ZMI'D:O; —Ssa—YAa+XAh=0.
Orclona nosyyum
Sg = —12,0 xH.

3ananne C.3. Onpenenenne peaxuuii ONOp COCTABHOH KOHCTPYKUHH
(cucrema aAByX Teu)

KoHcTpyKums COCTOMT M3 ABYX vYacTeil. YCTaHOBUTb, IIPH KaKOM crocoGe
COEIUHEHMA YacTell KOHCTPYKIMHU MOJy1Eb peakuuy, yka3zaHHOH B Tabm. 5,
Ha¥MEHbIIUHA, U IUIA 3TOTO BapUaHTA COCAMHEHHs OMPENEJUTh PeaklUdH ONop,
a Taxxe coenusenusa C.

Ta6nuua s

Homep P, L Pl g Hccae- Howmep P, r P oy . Hcene-
BapHaHTa » » | myemas § Bapuanta X " | nyemas
(puc. 17—-19)  xH  |FH MHM poapg kpae. 17-19)  xH xHom [kH/M peainma

1 50f — | 240 {038 X4 16 7,0110,0] 14,0 | 3,8 Rp

2 6,0110,01 22,0 1 1,0 R, 17 9,0112,0] 26,0 | 4,0 Ry

3 7,01 9,0] 20,0 | 1,2 Rp 18 11,0/10,0f 18,0 | 3,5 Mg

4 80 — | 18,0 |14 My 19 13,0] 9,01 30,0 | 3,0 Mg

5 90f — 1160 | 1,6 R, 20 15,0 8,0] 25,0 | 2,5 R

6 10,0} 8,0{ 25,0 | 1.8 M, 21 10,0] 7,0] 20,0 | 2,0 R,

7 11,0f 7,0} 20,0 | 2,0 Rp 22 50| 6,0} 150115 Ry

8 12,0] 6,0{ 150 | 2,2 M, 23 8,0 5,0f 10014 Ry

9 130 — |1 10,0 | 24 X, 24 11,0} 4,01 5013 M,

10 140f — | 12,0 {2,6 R, 25 14,0] 6,0 7,0 1,2 Ry

11 15,01 5,01 14,0 |28 Rp 26 12,01 8,0} 9,0 1,1 Rp

12 12,01 4,0{ 16,0 |3,0 Ry 27 10,0} 7,0 11,0 | 1,0 X,

13 9,0] 6,0] 18,0 |3,2 R, 28 8,01 9,0] 13,0 | 1,2 Ry

14 6,01 — | 20,0 |34 M, 29 6,0110,0| 15,0 | 1,4 M,

15 5,01 8,0 22,0 |3,6 Mp 30 10,0{12,0{ 17,0 | 1,6 Mg

18



Ha puc. 17—19 noxazan nepsulif cnoco6 coenHHEHHS — C NMOMOLIbIO IIap-
upa C. Bropoii crnocod coeduHeriis — ¢ MOMOLIBIO CKOIBb3SILEH 3aleiIKH,
CXembl KOTOPOi# nokasanst B Tabi. 6.

i 7 g
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Tadanua 6

Honep Bux Hoxiep Bux Hoviep Bua
BapiaxTa CK?;;;.?&“' BaplanTa Ckgg‘:;:ﬁe” BAPHAHTA cx?g;fﬁe"
1,2,3 = 14 [iy 23 =
4 [‘Y 24 i

i5 -@
’ i 16 _m 25 =
6,7 8 m_ 7 m 26 'ﬂ
9 b ) 27
18 =
10
ﬂk 19 _m 28 =
! 20 m: » =
12 10
li}\ 21 = -[!l
13 /E- 22 -?

IIpumep Boinosmennst 3ajaams. [laHo: cxema KoHcTpyxumu (puc. 20);
P,=5xH, P,=7 xH; M =22 xH-M; ¢ =2 xH/Mm; o = 60°.

Onpenenuts peakuuu onop, a Takke coeauHenus C ang Toro cnocoba
COWwIeHeHHs (LIapHUp WIH CKOJB3Sias 3ajelka), NOpd KOTOPOM MOIyib
peaxnud Oonopsl A HaMMeEHbUIHIL,

Pewenue 1. Onpederenue peakyuii onopvt A npu wapuupHom coeduie-
Huu 8 mouxe C.

PaccMOTpUM CHCTEMY YPaBHOBEIUMBAXOMIMXCS CHJI, NPWIOKEHHBIX KO BCEH
koHCTpyknuu (puc. 21). CocTaBHM YpaBHEHHE MOMEHTOB CHUJl OTHOCHTENBHO
ToukH B. [l1s ynpoiueHus BHIYACICHAS MOMEHTa CUIBl Py pasnoXuM ee Ha Bep-
THKQJIBHYIO ¥ TOPH3OHTAJIBLHYK cocTaBusiomue: P) = P,cos60° =25 xH;
P{ = P,sin 60° = 4,33 xH,

, /T07 . 152
ZM,'B-T-O; P11‘3+P1/'8—Q'1— YA'5+XA-1—1\-1+P21/1,02+1,52=O,
(1)
rae 0 =q-4=2-4=28 xH.
TToc:ie moacTanoBKM NAHHBIX M BBIMMCIEHHH ypaBHenue (1) moiy4aer Bun
X4—5Y, = —24,74 xH. 1)

Bropoe ypasHeHHE C HEH3BECTHBIMH X4 M Y, DONyYHMM, DPacCMOTpEB
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Puc. 20 Puc. 21

CHCTEMY YPZBHOBCHIWBAIONIMXC CHJI, NPIIGMKEHHBIX K YaCTH KOHCTPYKIMH,
pacronoxennoif nesee wapuupa C (puc. 22):

Y Mc=0; P{-6+Q-2+X,-4—Y,-3=0,

WIH TIOCJE BBIMHCICHUH

4X,—3Y,= —4198 xH. (2
Pewas cucremy ypasuenuit (1) u (2), Haxonum:
X,4= —-797 xH, Y, = 3,36 xH.

Moaynb peakuudl OIOpPH A HpM I[IADHAPHOM coequHeHMH B Touke C
paBsen

Ry=V/X%+ Y;= /797 + 3367 = /7481 = 8,65 xH.

2. Pacuemnasa cxema mpu coeduHewuu uacmeil koncmpykyuu e mouxe C
ckoav3zaujell 3adeaxkoit nokaszana Ha puc. 23. CHUCTeMB! CWi, NOKa3aHHbBIE Ha
puc. 21 u 23, HuYeM ApYT OT Ipyra He omimuarorca. IToearomy ypaBrenue (1)
ocraercss B cwie. [[¥a ROSYUCHUS BTOPOTO YPaBHEHHA PACCMOTPHUM CUCTEMY
YPAaBHOBELIUBAIOIIUXCS CWI, NMPWIOKEHHBIX K YacTH KOHCTPYKIHMH, pPacnoyo-
KEHHOMN JeBee ckonb3sfwei sanenkn C (puc. 24, a)

1y — i
L l/5’, Y, R" 13 |y
|
A¥ ¢ ! &
B Xe 2 ' NS X
o\ N o -o%
a_ i Q 2 \A
o \
-~ X
A% ~ 1A A 3
Xa ¥ X
A i 5 A SCI . -z
3 3 -3 I -l
Puc. 22 Pye. 23
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& pt__p y d) CocTaBUM ypaBHeHHE DaBHO-
TA ¥ y M BecHs:
(] A\C [
L X;:=0; X — P, = 3
- 0‘3(5,4 F LXi=0 Xu+Q-Pi=0 ()
1A OTKyZa
- a, TN AN
1y PgO, ' X,4= —550 xH,
L -
N X 2I="s Xs ¥ u3 ypaBueHus (1) nHaxomum
3 Al s 2 z Y, =385 xH.
Puc. 24 CnenosatenbHo, MoOmymb pe-

aKuud Omopsl A TpH  CKOJb-
3smeil 3amenke B C paBed

Ry =V/X%+ Y% =]/550% + 385% = /4507 = 6,71 xH.

Wraxk, npu coenunennn B Touke C CKONb3AWIeH 3ane/iKOoi MOIYJb peakuuu
onopsl A MeHbIlle, YeM IpH IIApHEPHOM coenunenuu (~ Ha 22 %). Haiimem
COCTaBJISIFOIIMEe PEaKUUN OIOPHI B W CKONB3SAIIEH 3adelKu.

Hns neso#t or C wacru (puc. 24, a)
Y Y, =0; —Pi+ Y4+ Y:=0, 4
OTKyIa
Ye=P; - Y,=048 xH.
CocraBnsronive peaknui ONopsl B ¥ MOMEHT B CKOJb3slIedl 3anelnke

HalileM W3 ypaBHEHMH paBHOBeCH#, COCTABJIEHHBIX IUIg mpaBoii or C dacTH
KOHCTpyKum# (puc. 24, 6):

ZMm:O; Mc+ Ye-2—-M+P,-180=0, 5)
YX:i=0; —PycosB+Xg=0, (6)
ZYt=0’ —Yc+YB—P25inB=O. (7)

W3 npaMoyrojsHOro Tpeyrojbauka BCD
sin = BD/BC = 2,0/1/271? = 2,0/3,61 = 0,555;
cos p = CD/BC = 3,0/3,61 = 0,832.

Pewras ypasaenus (5)—(7) otHocuteasHo Mc, Xp, Yp, nomydnm:
Mc=844 xH-M; X5=582 xH; Yz =4,37 xH.

Jis npoBepKu NPaBHUIILHOCTH ONpeAeNeHus peakuuit ybemumcs, 4o cobiro-

JaeTcs HE HCIOJb30BAaHHOE paHEe ypaBHEHHE PABHOBECUS [UIA CHJI, MPHIOXEH-
HBIX KO Bceif KoHCTpykumu (cM. puc. 21), manpumep

YMiy=P;-4+P{-3—-Q-2—M—P,sinB-4+PycosB-25—Xp-1+
+Y3:5=25-4+433-3-8.2-22-7-0,555-4+47-0,832-2,5 -
—-582-14437-5=59,40 — 59,36 ~ 0.
Pesynbratnl pacyera npnnenekm B Tabm. 7.
24



TaGnuua 7

Cunnl, xH MowmenT,
kH- M
XA YA RA YC XE YE MC
Jns cxeMbl —-7.97 | 3,36 | 8,65 — - _ _
Ha puc. 20
Jlus cxenest ~550 | 385|671 | £048 | 582 437| +844
Ha puHc. 23

3aganune Cd4. OnpenejeHne peakuuii ONOpP COCTABHON KOHCTPYKLMH
(cactema Tpex Teu)

Hailitu peakuuu omop COCTaBHOH KOHCTPYKLIMH, COCTOSIILEH M3 TpeX Tel,
coequHEHHBIX B TOYke D. CxeMbl KOHCTpPYKIWMii IpeacTaBieHs! Ha puc. 25-—27
(pa3Mepsl — B M), Harpyska ykasaHa B TabGn. 8. B Bapumantax 1-15, 21-30
COCTABHbIE HaCTH COEIAHMHEHBI C MOMONIBbIO IIAPHUPOB, a B BapHaHTax 16—-20 —
C HOMOIIBIO TJIAJKOW BTYJKH MasIOH AJIMHBL

Ilpumep BbInoHenust 3amanus. JlaHo: cxema KOHCTpykuuu (puc. 28);
parpy3ka: P, =10 kH, P, =20 kH, M =40 xH-M, g =2 xH/M.

Onpenenurs peaknuu onop B Toukax A, B, C u E.

Pemenue Ha puc. 29 u3sobpaxensl OTAEILHO BCE TPU Tena, oOpasyroliiue
cucremy. K kaxIaoMy M3 Ten IPUIOXKEHBI 3aJaBaeMble (aKTUBHBIE) CHJIBI
U peakuuu cBssefi.

Tax kak HanpaB/IEeHHS COCTABJISIOLIMX DPEaKUHid M PEaKTHBHBIX MOMEHTOB
B coenuHeHuu D 3apaHee He M3BECTHBI, TOKAXEM MX HANpPaBJICHHBIMU OJUHA-
KOBO Ui KaXOOW YacTH KOHCTPYKuuu. VCTWHHBIE HaIpaBJIeHUs peakuuid o
MOMEHTOB ONPEHCHAIOTCS MO 3HAKy OTBEeTa: 3HAK IUIIOC YKaXeT Ha TO, 4YTO
HCTUHHBIC MX HANpaBJICHUS COOTBETCTBYIOT IOKa3aHHBIM Ha pucyHke. OOiuee

Tat6nuna 8
Howmep Ba-| p, 7 P, M, J M, Howmep P, I P M, I M,
pHaHTa g, |l BapuanTa q,
(puc. kH kH .M kH/m || (puc. kH kH-M kH/\
31-33) 31-33)
1 6,0 - 25,0 - 0,8 16 13,0 - 26,0 - 0,9
2 11,0 8,0 34,0 - 1,0 17 7,0 7,01 23,0 | 34,0 -
3 9,0 12,0 | 20,0 - 1,0 18 9,0 9,01 29,0 - 1,3
4 10,0 | 14,0 | 30,0 | 20,0 - 19 12,0 701 33,0 - 1,2
5 8,0 150 22,0 - 1,1 20 11,0 - 38,0 - 1,5
6 10,01 17,0 § 28,0 - 1,0 21 6,0 - 25,0 - 0,8
7 16,0 | 10,0 - 30,0 - 22 11,0 80| 34,0 - -
8 13,01 12,0} 250 | 34,0 - 23 9,01 12,01 20,0 - 1,0
9 11,0 - 29,0 | 37,0 - 24 10,0 | 14,0 | 30,0 - —
10 12,0 - 3401350 1.4 25 8,01 15,0 22,0 - 1,1
11 8,0 — 28,0 - 1,0 26 10,0 | 17,0 28,0 — -
12 12,0 | 14,0 | 36,0 | 28,0 - 27 16,0 - 36,0 3,0 -
13 15,0 - 30,0 | 21,0 - 28 13,0 - 2501 340 -
14 10,0 | 16,0 ] 350 - - 29 11,0 - 29,0 | 37,0 -
15 12,0 8,0} 32,0 - 1,2 30 12,0 - 34,0 - 1,4
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KOJIMYeCTBO HEM3BECTHHIX peakuuii B 3amaue — 11 (X4, Y4, Mp, Yp, Yp, Yp,
MD,, MDZ, MD;,a RCs RE)

HOnsa xaxnoro u3 TpeX Tell MOXET OBITh COCTaBICHO TPH HE3aBUCHMBIX
ypaBHEHHS DaBHOBECHS, YTO JACT B COBOKYNHOCTH OEBAThH YpaBHeHmit. [lis
TOro 4TOOBI MOJYYNTh KENOCTAIOIIME [ABAa YPaBHEHUsS, PACCMOTPUM CHIHI U
MOMEHTHI, npuwioxenHsle B Dy, D, u D;. U3 3akoHa 0 paBeHCTBE AeHCTBUA
M NPOTHBOJCHCTBUA BHITEKAET, YTO I€OMETPHYECKas CyMMa 3THX CWI H CyMMa
PEaKTHBHBIX MOMEHTOB [OJXKHBI ObITH paBHbl Hymwo. ClegoBaTelbHO, CyMMa
npoexiyit Ha JOOYI0O OChb BCEX CHJI, MPHIOXKEHHBIX B TOukax Dy, D, u Da,
nomkHa ObITh paBHa HYyio. Anrebpamyeckas CymMma MOMEHTOB BCeX Iap
B D,, D,, D; Takke DaBHa HyJ 0. OTH YypPaBHEHHsS NONOJHAIOT YPaBHEHHUSA
paBHOBecHMs IO cuCTeMb! 11 ypaBHeHwHif.

B paccmMaTpuBaeMOM INpUMEPE CHAYajla PAcCCMOTPHUM CHCTEMY YpaBHOBe-
[INBAIOIIMXCA CHJI, NPHIOXKEHHBIX K Teay ABD,; (puc. 29):

in=0§ X+ P, =0 (1)
Y Y, =0; Yo+ Yp, =0; (2)
YMyu=0;  —Py-1+Mp+M+Mp + Yy -2=0. )

VpaBHeHHss paBHOBecHs CHJI, NPWIOXEHHBIX K Teny CD,:

Y. X;=0; P;cos60° — Rc =0; @
Y. Y;=0; —P;cos30°+ Y, =0; (5)
Y. M =0; Mp, + Pycos30°-2 — P;cos60°- 1 =0. (6)
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VpaBHeHUst paBHOBECHS CWJI, MPUJIOXEHHBIX Kk Teny EDj:

Y Xi=0; Re—Q=0; v
Z Y, =0; YD,=0; ®)
Y My =0; Mp, +Q-1=0. 9)

VpaBHeHUSA, BBITEKAIOIME M3 AKCHOMBI O pPaBEHCTBE ACHCTBHA ¥ NpPOTHBO-
BeicTBHA:

LY =0,  Yp +Yp + Y =0 (10)
Y. Mp =0; Mp, + Mp, + Mp, =0. (11)
Pewas nocnegosaTensHo ypasHeHus (1), (4), (5)—(10), (2), (11) u (3), nony-

UM YHUCIOBbi€ 3HAYCHHMS HCKOMBIX Belu4MH. Pe3ynbraTsl BhluucieHuii Npue-
AeHpl B Tabu. 9.

Tadauua 9
Cunut, kH Mowmeutol, kH' M
X4 Yo | Rc | Rg Yp, | Ypy, | Ypy | Mp Mp Mp, | Mp,
-20 8,66 5 4 —8,66 | 8,66 0 —-191 16,32 —-12,32| -4

Jins npoBEpKH MNpPaBWILHOCTH PACuUETOB ClienyeT YOEeAWTBCA B TOM, YTO
cobJIr0JaI0TCS YPABHEHUA PABHOBECHS CIUJI, IPHIOKEHHBIX KO BCEH KOHCTPYKIHH
(puc. 30).

Hanpumep:

Y X=X +P,+P;sin30°—Rc—Q+Rpg=—-20+20+10-05-5-4+4=0;
Y Yi= Y, — P, cos30° = 8,66 — 10-0,866 = 0;
ZMM: —Pz'l+MB+M+P1$in3OQ'3—'Rc'4+RE'4—Q'3=
=-20+(-19)+40+10-05-3-5-44+4.-4-4.3=—-T71+71=0.

Mpumeuanne Ecnu Tena coenuHeHbl B Touke D WIapHUPOM H K HeMy mpu-
JIOKEHA COCPENOTOHCHHAs CWJIa, TO €6 MOXHO OTHECTH K JIFo0O#f COCTaBHOW wYacTi.
Ha puc. 31 B xayecTBe mpuMepa MokKasad ciay-

:y yaii, xorga cwia P oTHeceHa K uactu [
B KOHCTPYKUHH.
s
A
/Y S e
A X:‘
A M P
HEEY \r‘ P\ 1%, %,
! LI a -D ﬂ.l [I a II
| S ¥ l ) ) D, X, D, Xon )
P, -
' —]<l r %,
R°<....__J__.._ ______ E__ 1 %,
2 2 I
Puc. 30 Puc. 31



3anaune C.5 PaBHoBecHe CHJI C y4eTOM CHeIUIEHHS
(Tpenns nckos)

Onpenenuts MUHUMaNbHOE (B BapuanTax 1-—20, 25, 26, 29, 30) unu maxcu-
ManbHOe (B BapuaHTax 21—24, 27, 28) 3naveHue cmwibl P ¥ peakuuu Omnop
CHCTeMbl, Haxonsuleiics B nokoe. CxeMbl BapHaHTOB NpEICTaBICHH Ha
puc. 32—34, a HeobxonuMele A pacyeTa JaHHbie — B Tabm. 10.

B BapmanTax 1—20 cuennenue (TpeHHE NOKOS) YU€CTh TOJBKO MEXAY TOp-
MO3HOI kojogkoil M OapabGanoMm. B Bapmantax 21-—30 y4ecTh cuervieHHE
B IIByX OINOpPHBIX TOYKax T¢na BecoM G.

Ta6Gnuna 10
Howmep G i 0 a ] b L ¢ Koadduumnent Touxkn, B
5, | e e | corepa one
(puc. 32-34) xH M P HHA TOKOS) peakuuu
1 1,0 10 {0,220 0,10 | 0,04 | 30 0,10 0, 4
2 1,1 - 10,101 0,15 - 30 0,15 0, A, B
3 1,3 14 10451040 | 0,05 45 0,20 0, A
4 1,8 15 1 0,10 0,40 | 0,06 ] - 0,25 0, 4
5 1,5 16 | 0,201 0,30 | 0,04 | 45 0,30 0, 4
6 1,6 18 { 0,15} 0,10 - 45 0,35 0, A, B
7 2,0 20 | 0,20 0,50 | 0,05 | 30 0,40 0, 4
8 2,2 18 | 0,20 0,10 - 30 0,35 0, A, B
9 2,1 20 | 0,10} 0,20 - 30 0,30 0, A, B
10 1,8 22 10,30] 0,30 | 0,04 45 0,25 0, 4
i1 1,9 24 {0401 0,50 | 0,06 | -— 0,20 0, 4
12 2,0 25 | 0,10] 0,25 - 30 0,15 0, A, B
13 1,6 20 10,10 010] - 45 0,10 0, A4, B
14 1,7 24 1010} 0,25] 0,04} 60 0,15 0, A
15 1,8 20 | 0,10] 0,15 — 45 0,20 0, A, B
16 1,2 15 1 0,20 0,45 | 0,04 | 45 0,25 0, 4
17 1,3 12 | 0,15} 0,15 - 45 0,30 0, A, B, C
18 1,4 14 | 0204 0,30 005 60 0,35 0, A
19 1,7 16 | 0,50} 0,20 | 0,06 | 30 0,40 A, C, D
20 1,6 i8 10,10 0,15] - - 0,45 0, A, B
21 1,0 - 12 050} - 45 0,45 A, B, C, D
22 1,5 - 13 080 | - 30 0,35 A, B, C, D
23 2 - 5 1,4 - - 0,40 A, B, C
24 3 - | 4 0,8 - - 0,30 A, B,C, D
25 1,0 - 108 | 04 - 30 0,25 A, B, C, D
26 2,0 - 104 - - - 0,25 A, B, C
27 4 - |4 1,0 - 45 0,35 A, B, C, D
28 5 - 15 0,8 - 30 0,40 A, B, C, D
29 2,0 - 12 0,3 - 30 0,20 A, B, C
30 1 - 12 8,0 - 30 0,20 A, B, C, D

Ilpumvep Bbinosnenus 3ajaums (Bapuantsl 1-20). Jawo: G=2 xH; Q=
=20 xH; xoapduunent cuemwienus (TpeHus nokos) fo, =0,1; a=20°, a=
=10 cM; b =20 cm (puc. 35).

Onpenenurs MHHHMAaNIbHOE 3HAaueHHMe CWIbnl P U peaknuu omop O, 4 u B
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Pewenne PaccMOTpEM cHavajga CHUCTEMY YPaBHOBEINMBAOIIMXCA CHII,
nprioxeHHBIX K Teny Q (puc. 36). Ha Teno neHcTBYIOT cuia THKECTH Q,
peakumus HuTH 1 W HOpMambHas peakuus N .

PaccmatpuBas Teno @ kak MaTepHAJBLHYIO TOYKY, COCTaBMM YpaBHEHHA
paBHOBECHS YKa3aHHBIX CHII:

Y X;=0; Qcosd45°—T=0; ) Y;=0; N;—Qsind5° =0.

OrTciona
T = Q cos 45°; N, =Qsin45°
3areM paccMOTpPUM paBHOBECHE CHWI, NPWIOXKEHHBIX ©Gapabany (pme. 37):

Y Mip=0; —TR+Fy-15R=0, )

rne F,, — cwia cuerwieHus (Cwia TPEeHUs IOKOS);
Y Xi=0; T + Fycosa — Nysino + X = 0; 2)
Y Y. =0; Nycosa + Fsina+ Yo — G =0, 3

B cocrosnuu OpenciIbHOr0 paBHOBECHUS CHJIA P MunpManbHa, a cuia cren-

JIeHVst (TPEeHMA MOKOS) MeXIy TOPMO3HOM Kojoakoit m GapabGanoM ompenens-
€TCs PaBeHCTBOM

Fey = feulN o @
U3 ypasuenmii (1)—(4) nomy4um:
Fou=T/15; Ny=Fg/fa; Xo=—-T — Fycosa+ N,sina;
Yo= —Njcosa — Fysino + G.
Ina onpeneneHus MUHMMAJIBLHOTO 3Ha4eHWs CWIH P W peakumit omop A
4 B (374 peakumu NepHeHAMKYIAPHBI HaNpaBAoWEM A H B, Tak kak TpeHUEM

34eCh NpeHEOpEraeM) pacCMOTPUM DABHOBECHE CIUI, NPIIOXKEHHBIX K ILITOKY
TOPMO3HOro ycrpoiicrsa (puc. 38):

YL Miu=0;  Fua+Rpb=0; ®
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Puc. 38 z

in=0; Ny = Py = 0; (6)
Y Y, =0; Ry+Rp—Fy =0. ]
Peias stu ypasuenus, nonaydaeM: Rg = —Fya/b; Py = N33 Ry = —Rp + F,
VuuThiBasg 3aJaHHBIE B YCIOBHH YYUCJIOBBIE 3HAUYCHHS, MOJYYUM:
N; =141 xH; F,, =94 xH;
=94 xH; Xo =92 xH;
Yo = —89,6 kH; Ry = —4,7 xH;
R, =141 xH; Poin =94 xH.

JAna onpeneneHus peakiuii onopet C IOCTaTOYHO COCTABUTh YPABHEHHA
PaBHOBECHS CIJI, NMPUWIOXEHHBIX k OJIOKY.

Tipumep Bbmosmennst 3amanns (Bapuanthl 21-30)., dawo: G=1 xH;
Jau=04; a=6 m; b=2 M (puc. 39).

Omnpenenutb MakCUMalbHOE 3HAaYeHHE CWIHI P W peakuuum B TOYKax A,
B, D n E.

Pemenne. PaccMOTpUM cHavyajda CHCTEMY YpPaBHOBCIIMBAOLMXCHA CHUI,
I PIJIO)I(eHHle k Texmy BecoM G (puc. 40). K Teny mpumoxeHnsl cwia TAXeCTH
g cuna P, HOpMmanbHEIe cocTapisromue peakuun Np m Np, a Takke Kaca-
TENBHBIE COCTABINAOIINE CHJIbI cletvienus Foyp) 4 Foyg) (CHiIsl Tperus mnokxos).

%
c PRY [
-4 B
N Ve F gl A2 % /////
¥, W,

X i ALY s
AUx ) =4 = z
A% ) : o

72
7 yA 2 5
I

Puc. 39 Puc. 40
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CocTaBUM TpH YpaBHEHHS DAaBHOBECHS YKAa3aHHBIX CHJI:

ZXi =0, —Fcu(D) - Fcu(E) + P = 0’ (1)
YYi=0; Np+ Ng—G=0; ()
Y. Mp=0; ~Gb/2 4+ Ngb — Pb/4 = 0. 3)

B cnyuae npenenbHoro pasHosecusi P = P... B sToM ciydae cuisl cuer-
JIeHHs (CHJIBI TPEHWA NOKOS) NIPUHAMAKOT 3KCTPEMaJIbHBIC 3HAUYCHMSA, a CHCTEMa
ypaBuenuii (1)—(3) momonHsercs paBeHCTBaMH

cu D) = f cuN D» (4)
Foygy = feuNE- )
Pemas cucremy ypasHenuit (1)—(5), monyuaem:
Puax = foG; Np=(6/2)(1 + 0,5f); Np=(G/2) (1 - 0,5fc).
O1croga
Ppax =04 xH; g= 0,6 xH;
Np =04 kH; Fenpy = 0,16 xH;
F gy = 0,24 xH.

Cosoxynuocta cut Np m Fc‘uw), Ng n Fcu(E) 06pa3yr0T COOTBETCTBEHHO
onopHble peakiun B Toukax D m E. .

PaccMoTpuM Tenepp paBHOBECHE CHCTEMBI CHII Ry X5, V5, Gu P= Poo
NMPWIOXKEHHBIX KO Bcell cucreMe (CM. puc. (39)

YXXi=0; Xp+ Puu=0; ©
YY=0; Ry~G+Yz=0; M
Y Mip=0; —Puy-b4+G-a/2—Ry-a=0. ®)

Pelias oTH ypaBHeHHSd, IOJNy4aeM:
Xp= —Puux; Ra=(G:-0a/2 = Ppy-b/4)/a; Yp=G—R,
Otcrona Xp= —04 xH; R, = 0467 xH; Yz = 0,533 xH.

II. CUCTEMA CILJI,
HE JIEXAIIMX B OJHOM IUVIOCKOCTU

Banpanne C.6. IlpuBenenne cucTeMbl CHJI K NpocTeifieMy BHIY

Onpenenuth riIaBHbIA BekTop R* M riasHbii MomenT M, 3aaHHON cHC-
TEMBI CHJ OTHOCHTEJNbHO LeHTpa O M YCTaHOBHTb, K KaKOMy HpoOcCTeifleMy
BUAY NMPUBOAMTCA 3Ta cucteMa. Pasmepsl mapayenenunena (puc. 41), a Takxe
MOJIYJIN M HanpapBJICHHs CHJI yKaszaHel B Tabm. 11.

IIpu BeImONHEHMHM 3aJaHMs HeoOXOO¥MO CHeNaTh CleyrouUIee.

1. N306pa3urh 3alaHHYIO CHCTEMY CHJ, BBINOJHMB IIOCTPOCHHE Mapasljie-
Jenunena B Macmirabe, moxasas <« x0y Ha YepTexe paBHHIM 135°; cokpamenue
pa3mepoB no ocu Ox NPUHATH PaBHBIM 1:2.
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Tabnuna 1l

Pasmepb! nips- Cunsl cuCTEMBI
MOYTOJbHOIO
neaa
g | Gue 4, o P P Ps P
<
- P a1 P -3 IO NP 1 - P a1 I
& Bl wE 8| E|aE] 8|85l 5 |8],8] 8
= Z| =g = =gl & Bl=2g| = gl=gl &
e c|z8 5|<c|38|5|c|z3|5|3|E8| 5
o N o © = B £ = == = = B = =z B T
11601 30| 20 4| F| FK 6| A |AE| 8| B |BA| 10| D | DK
2130 |40 | 40|20 A AC |24 O |OD| 10| K | KB| — - -
3120 10 |1 10 4| B | BA 2| C|CK| 8| E |ED| — - -
4130 |40 120|15] A|AB |20} K | KC| — - - - | - -
51201207 20 8 O|OD| 10| D|DF| 8| K |KC| 10| B | BO
6] 30 | 40 | 20 8| A | A0 4| E|EF| 6| F |FB|20| D | DF
7130|4040 10| B{BK|16]| C|CO|20| D | DF| — - -
8120130110110 0|04 |10} B|BF|10| D |DK| — - -
9130140 | 30|10 A|A4AC [ 20| K | KB| — - - — - -
10} 10 101 20 {20 AjAC | 30| O |OD| 20| K |KE|30| E | EA
11 10 | 40 | 30 8| A| AE | 12 C|{|CB|20| O |OK|16}| K | KD
12 4 8 6 61 A|AE | 20| F | FA}] 10| C |CK| 8| D | DK
13120201} 20 8| O| OB 8 C|CD}| 8| E |EK]| — - -
14| 20 5 8140 B|B4 |30} O {OD}| — - - | - - -
15140 | 20| 40 | 15| E|AE | 10| F | FE| 15| B | BF{ 10| D | DK
16 | 30 | 30 | 30 6l O0|lO0C| 10| B |BK|20| K |KO| — - -
17| 15 15120130 E|EB |40 | B |BK|10] O }{0OC| 32| D | DO
181 10 | 15120 {40} A|{AB |20 K |KC| 16| D | DE}| — - -
19 | 20 15115140} C|{C4 | 20| D {DF| — - - - - -
20120 120, 1010} A|AD |20 B |BO| 10| K | KB| 20| D | DF
2112020 20}10! Oof{OD 8| B | BA 6| K | KF| 8| D | DK
22 140|120} 30130l O]l04 |50} E|EB|S0] C {CDb|25)| P | DK
231 5012014010} O] 04 S|\ F|{FB| 8\ K |KD| —| — | -
241 30 | 40 ] 30 {40 A AD | 20} K | KE| — - - - - -
251301 201 40 | 251 A | AC | 20| B | BA| 25| K | KE| 20! D | DK
261 30140120110 E{EA |12 0 |0oC|10| C |CK| 8} K| KF
27| 30 | 20 | 40 8§ Oo|oD 6| C | CB 4{ D | DK| - - -
28 | 10 14 | 40 41 0104 | 10| F|FE|16] C |CK!| - - -
201 30| 30| 40 {8 | B|BK {100 D | DC| — - - - - -
30140 | 20 30|10] A AD 51\ B |BO| 10| K | KB 5| D | DF

2. BrifpaB cucTeMy KOOPIOMHATHBIX OCeH, ONpeNeNuTb MOIYlIb M Halpas-
JieHUE TJABHOTO BEKTOPA 3a/laHHON CHCTEMBI CWJI IO €ro MNpOeKIMsM Ha
KOOpAHHATHBIE OCH W u300pasuth R* Ha ueprexe.

3. BblMHECIHTH IJaBHBIH MOMEHT 3aJaHHOH CHCTEMbl CWJI OTHOCHTENBHO
uenTpa O MO €ro MpoeKiMAM Ha KOOPAMHATHBIE OcH W m300pasuth M, Ha
YepTexe.

4. Ber4ucIMTL HaUMEHBMIMH IJIaBHBIH MOMEHT 3aJaHHOH CHCTEMBI CHIL

5. Ha ocHOBaHMM PE3Y/bTATOB BBLIYHCIEHUH IJIABHOTO BEKTOPA M HAHMEHb-
IIero rjaaBHOrO MOMeHTa M* ycTaHOBMTbH, K KaKOMY NpOCTeillieMy BUAY OpH-
BOAMTCA 3ajaHHas cucreMa cwi. IIpu 3ToM Heo6xomuMo cAenaThb CIEAYIOLIEE:
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a) eciu 3ajaHHAA CHCTeMAa CWI INPUBOAMTCS K Iape CWI, TO MOKa3aTh
MOMEHT 3TOH napbl, NPWIOXUB €ro K Touke O;

6) ecnu 3amaHHas cucTeMa CWI NPHBOJUTCA K DPaBHOACHCTBYIOLIEH, TO
HafiTy ypaBHEHHE JIMHUHM MACHCTBUA PaBHOICHCTBYIOLIECH, ONPEACIUTh TOYKH
nepecedeHAs 5TOH JIMHHEH KOODAMHATHBIX ILIOCKOCTelh M u3o6pasuts R
HA vYepTexe;

B) ecnu 3aJaHHasg CHCTeMa CHJI NPHBOAUTCS K OUHAMe (CHIOBOMY BHHTY),
TO HaiTH ypaBHEHUs UEHTPAILHON OCH, ONPERENUTL TOUKH NEPECEUECHHS ITOH
OCbI0 KOOPIMHATHBIX IUIOCKOCTEH H M300pasuTe R* m M* Ha ueprexe.

IMpuvep suinonHenns: 3amauns. [lana cucrema cun Py, P,, Ps, P,; monynm,
TOYKM NPWIOXKEHHUS M HANpaBjieHMs 3THX CWI yKa3aHel B Tabm 12.

TaGnuna 12
Pasmepst Cunbl CHCTEMBI
NnpSMOYroJib- P P. P P
HOTO napasnie- ! 2 3 4
nenunena, cM| R . . . R ]
g <O éo g dul 8o lB |adxf 80 | B dul S o
olo|c|3 |B5E| B8 |2 |255| B5|% |Ba5| BE|2 |Euf) EE
Sm|o %] S |sm|eEx| ER |sm|eER] SB|m|2EKx| B8
301501401101 O ocC | 4 F FB | 4 C CB|11| D | b4

Pemenune 1. Onpedesenue z2aa8no0z0 8ekmopa 3adawHoil cucmemsl cua.
3ajanHas cucTEMa CHN IOKa3aHa Ha puc. 42.
IIpenBapuTenbHO OMpEACNsEM

coscx=a/[/a2 +c%; sincc=c/[/a2 + 2,

B nansoM ciyuae cos o = 0,6; sin o = 0,8.
IIpoexuuu riaBHOro BEKTOPAa HA OCH KOODHMHAT:

X =P3;+ P,cosa; Y=Py; = —P, — P,sina.
Monyns rimasHoro BexTOpa
R*=)X*+Y*+ Z%

39



Harxpasnmomue KOCHHYCHBI .
cos (R*, 7) = X/R*; cos(R*, j) = Y/R*; cos (R*, k)= Z/R*.

B cOOTBETCTBUM C UCXOIHBIMU HaHHBIMM nonyvaeM: X = 10,6 H; Y = 10,0 H;
Z=—-128 H; R*=194 H;

cos (R*, i) = 0,547; cos (R*, 7)=0,515; cos (R*, k) = —0,660.

I'naBHBIA BexTOp mOKa3aH Ha puc. 43.

2. Onpedenenue 24a6H020 MOMEHMA 3A0AHHOU CUCIMEMbL CUA OMIOCUMEALHO
yeumpa O.

I'1aBHBIE MOMEHTHI 3a21ax-moi«i CUCTEMBI CHJI OTHOCHUTECIIBHO KOOpAMHATIBIX
oceii:

M, = —Py;b; M,=Pya+P,cosac; M,= —P;b.
Mogaynp rjiaBHOro MOMEHTA
Mo=)M2 + M% + M2
Hamnpapnsromue KOCHHYCHI:
cos (Mo, 1) = M/Mo; cos(Mo, J)=M,/My; cos(Mo, k)= M./M,.
B pesynbrate BHIMUCICHUNE HMeeM:
M, = —200 H-cMm; M, =384 H.cm;
M, = -200 H:c™m; My=477 H-cMm;
cos (Mo, 7)= —0,419; cos (Mo, 7)=0805;  cos(M,, k)= —0419.
TnaBHblif MOMeHT M, mokasax Ha puc. 43.
3. Boviuucsenue HauMeHbUE20 24A8HOZ0 MOMEHMA 3A0GHHOI Cucmembvl Cua:
z M*=(XM,+ YM, 4+ ZM)/R*.

Ilo oa3toit dopmyne mnomy-
\ yaeM

Ag M*=221 H-em.

BAY 4. Tax kak R*# 0, M* # O,
Aq mo 3a0aHHAA CuCmema cua npu-
| eodumca Kk Ouname (cunogomy
: sunmy ).
|
|

—

VpaBHeHue UEHTPANBHON OcH
TAKOBO:

okliLY My /\ y Tadnauna 13

Koopaunarst, cMm
Toukn
L _ My

=5 x [ v [ =
7 \ 4 0| 51255
X 4, | -s4 o | 320
7 4, 21,11 250 | ©

Puc. 43



[M, - 5Z - zV))/X = [M, — (X — x2))/Y = M, — (xY — yX)}/Z = M¥/R*.

M3 5TUX Tpex ypaBHEHMil HE3aBHCHMBIMHU SBJISIOTCA TOJbKO nBa. Iloncras-
S8 B OBa M3 3THX YpaBHEHWil Hal[CHHBIE YHCJIOBbIE 3HAYEHUS BEJIHMYMH,
Haxo[uM:

[M, - (yZ — zY)/X = M*/R*; 6,4y + 5z = 160;
[M, — (zX — xZ))/Y = M*/R*; 532 4 6,4x = 135.

3HaueHUA KOOPIUHAT TOYEK MEPECeYeHUs IEHTPANIbHOM OChIO KOOPIUHATHBIX
IUIOCKOCTEH, oOmNpeleNieHHble C [OMOIIBIO O3THX YPaBHEHWH, IIOMEIeHBI
B tabn. 13.

IlenTpanbHas OCh CHCTEMBI CHJI MOKa3aHa Ha puc. 43.

Ilpumevanue. Eciu cuibl NpUBOASTCA K PaBHOACHCTBYIOLUEH, T. €.
M* =0, a R=R*#0, To ypaBHeHus JMHHM OEHCTBHA PaBHOAEHCTBYIOLIEH:
M, =yZ - zY; M,=:zX - xZ; M,=xY-yX,
roe X, Y, Z — npoexuuu paBHOJEHCTBYIOIIEH CHJIBI Ha KOODIHMHATHBIE OCH;
M, M, M,—rnaBHele MOMEHTHl 3a[JaHHOH CHCTEMBI CHJI OTHOCHTEIBHO

KOOpPIWHATHBIX OCel.
W3 3THX Tpex ypaBHEHHIl HE3aBUCUMBIMH TaKXe SABJISAIOTCA TOJBKO IBa.

3amanne C.7. Onpenenenne peaxumii onop TBepaOro TeJa

Haiiti peakiuu onop KoHCTpykKimu. CXeMBI KOHCTPYKIMH IOKa3aHbI Ha
puc. 44 —46. HeoGxonuMeie IJis pacuera NaHHbE NpuBeleHbl B Tabm. 14.

Ta6bnuna 14
Homep Cuaer, kH Pasmepsl, cMm Howmep Cunsi, xH Pa3svepnl, cM
BapHaHTa BapHaHTa
(puc. 44—46)) Q| T | G| a| b | c | R| r l(puc. 44—46) Q| T| Gl a| b |c|R]|
1 21 —120] 20} 30| 10{15| 5 16 41 —1 2|50 30 —-f{—-1|-—
2 41— 2] 20| 10| 30{10}10 17 2 |- 1|15/ 102020} 5
3 20| — | 181400/4001450{ — | — 18 61— 2| 60 40|60 — | —
4 31— 2] 30 20| 40} 15} 10 19 — | 8] 2120 30{40|20]15
5 51 =1 3] 30] 40| 20{ 20|15 20 4| —|—1] 60 40|20 —| —
6 1141 21 40] 30| 20{20] 10 21 2| —|—140] 60{30] — | —
7 -13 1] 30} 10] 5[18| 6 22 -1 =1 5|20 50{30{ —| —
8 41 6| 3| 20| 40 1520110 23 —| =1 4] 40] 30{50| —| —
9 S| —1{ 3] 20] 15} 10{30]40 23 _AF—I ~| Z[=|-1-]-]-
10 1141 21 30} 40] 20/ 20} 10 25 —| =1 3{ 50 50} 60 —| —
11 —1 2] 1] 20 30} 15{15]|10 26 —| =1 1] 20 60|40 —| —
12 41— 1} 25/ 20| 8|15]10 27 10| -1 —] 50{ 30|50 —| —
13 10y —| 5| 40] 30 20{25]15 28 35| — | 32 {400{200 ?00 —-| -
14 —1 2] 1] 30] 90[ 20| 3010 29 —1 4] 3] 15 20{15 15|10
15 31— 2] 60| 20| 40|20 5 30 S| —1—140{ 40| 10} — | —

NIpumewanus: 1. Cyutath, 4TO B BapuaHTax 16, 18, 22—26 mnernmu He
MPENATCTBYIOT NMEPEMEIUEHUIO paMbl BAosb AB.
2. B sapuanTax 20 u 2l compuxacaromuecs NOBEPXHOCTH CHH-
TaTh aGCOMIOTHO TNAAKHMH.
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[prvep Bomonmenns 3agzammsi. awo: pama ABCD Becom G =1 xH
P=2 xH, P Ay, AD=BC =60 cm, AB=CD =100 cm, o= 30°, B =60
(puc. 47). Haiitu peaxuuu onop A m B (A — wapoBoil wapuup, B — newid.,
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CONTNEFVAZ o, 77

Puc. 46

Pcuwenne K pave ABCD npunoxennbl cuia Taxectu G, cuna P, peax-
mas 8 crepxHs CE u peaxuuu onop A u B. Peaknus wapoBoro apuupa A
ONpPENIesISeTCs TPemMs COCTABMASIOWMME: X 4, Y4, Z,, a peaxuuss netau B —
meyms: Xp u Zg (puc. 48).

44



F
|
1
|
|
|
|
|
|

A 4 LARLL) tr
AN
Puc. 47 Puc. 48

W3 3THX CHJI — 1eCTh HEU3BECTHHIX. I MX ONpeNesieHus MOXHO COCTa-
BHUTb LIECTh YPABHEHUI PaBHOBECHUS.
VpaBHenuss MOMEHTOB CHJI OTHOCHUTEIBHO KOOPIMHATHBIX. OCEH:

Y. M, =0; —P.ADcos30° — G- AB/2 4+ Scos 30°AB + Zz - AB=0, (1)
YM,=0;  G(BC/2)sin30° — S-BCsin60° = 0, %)
Y M, =0; P.ADsin 30° + S cos 60°AB — X+ AB = 0. 3)

W3 ypasHenus (2) ompenensem S, 3ateM m3 ypasHenmii (1) u (3) Haxomum
23 u Xp.
VpasHeHus nmpOeKuMi CHJI Ha OCH KOODIHHAT:

ZX,- =(0; X4+ Xp—Scos60° =0, 4
Y Y, =0; Y.+ P=0, ©®)
Yz =o0; Zs—G+Zg+ Scos30°=0. (6)

W3 stux ypaBHeHmil HaxomuM X4, Y, u Z 4.
PesynbTaTel BHIMHCIEHHH npuBedeHbl B Tabi. 15.

Tabnuna 15
Cunst, kH
S Xy Y, Zy Xp Zp
0,289 —0,600 -2,00 -0,54 0,744 1,29

LHEHTP TAXECTH
Banaunne C8. Onpenencnne nooxeHHs HEHTPA THAXKECTH Tea

HaiiTu xoopaMHATHI IEHTPA TSKECTH IUIOCKOH ()epMEBI, COCTaBJIeHHOH u3
TOHKHX OJHODPOZHBIX CTEPXHEH OJHHAKOBOIO IOTOHHOTO Beéca (BapHaHTH 1—6),
miockoit ¢urypsl (sapuanrtsl 7—18 u 24— 30) unim o6reMa (BapuanThl 19 —23),
IOKa3aHHEIX Ha puc. 49—51. B BapuanTax 1-—6 pasmepsl ykazaHbI B METpax,
a B BapmaHTax 7—30 — B caHTHUMETpax.
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TIpumep Bbmosmenns 3amanus. ONpeneNuTh KOOPAMHATHI LEHTPA TOHKECTH
IUTOCKOM (QHryprl, moka3anHoif Ha puc. 52.

Pemenune. KoopausaTel LEHTpa THKECTH IUIOCKOM GHUryphl onpeneiseM
mo dopmynam

xc = §/F; yc = S«/F. (¢)]

3nech Sy =Y Fix;, Sy = Y, F;y; — craTHYeckne MOMEHTHI (QHIYPbI OTHOCHTENLHO
oceit y n x, F — wiomans GHUrypel.

Yrobbl BOCHOJIB30BaTBCA ¢GopMynamMu (1), memuMm IUiockKyio ¢urypy Ha
YaCTH, A1 KOTOPBIX M3BECTHBI WIH JIEFKO ompeneisioTcs mwiomanu F; # Koop-
IUHATHI HEHTPOB TSDKECTH X; H Y.

B naHHOM CiyYae B KayecTBE TaKHX 4YacTell NMPUHEMAeM HPSAMOYTOJILHHK,
TPEYroJbHAK M NoJioBHHY Kpyra (puc. 53). Ilnomans monoBHHBI Kpyra, BBIpe-
3aHHOM M3 IPAMOYrOJbHHKA, CYNTAEM OTPHLATEIbHOIML.

Bce pacueTHbie MaHHBIE 3aHOCHM B Tabauuy (Tabu. 16).

Tab6nuna 16
aﬂi"‘::ga F;, om2 X; €M Vi M Syy="Fyx;, cM} Spe=Fy, cm?
1 1200 15,0 20,0 18000 24000
2 1000 46,7 13,3 46700 13300
3 -628 8,5 20,0 ~5338 -12560
z 1572 - - 59362 24700

ITo ¢opmynam (1) BBIMHCIASEM KOOPOMHATEI LEHTPa THKECTH IUIOCKOH
¢urypei:
Xc =59 362/1572 = 37,8 cMm; yc = 24700/1572 = 15,7 cm.
IleHTp TsKECTH IUIOLAAW YKa3aH Ha pHC. 53.

IIpameuanue. IInomanu n KOOPAUHATHI LEHTPOB TAXECTH HEKOTODPHIX IUTOCKUX
¢uryp, BCTpEuaIOIIMXCA NPU BHIMOJHECHUH 3a[aHMi, NpUBENCHH B TaGm. 17.

49



Ta6.rx'nua 17

Tnockas ¢urypa Mnowans Koopn::;;:xr"ueﬂrpa
- 1 1
Hn'll:peyI‘OJ'lb y _ F= Eaha yc= Shu
]
/ xc=i(x1+x;+ x3)
LA & 3
kZ [Ae Xy, Xy, X3 — KOOpAHHa-
&3y SN Thl BepwuH O, A4, B
0 Xe A x
a
Kpyrosoit F=oR? o= 2Rsina _ 52_b
CEXTOp % < 30 3F
(%7
0 X
Xe
a=m/2 =nR2[2 xc=4R/(3r)
(nonyxpyr)
' a=n/6 F=nR2[6 xc=2R/n
Kpyrosoit 1 4Rsind3a
=—R2 X = — =
CerMenT 2 ¥ 300 —sin 20)
X (2o —sin 2a) B
0 o (3 o] - IZ—F
e % X
X 7
7

II1. MTIPUMEHEHHUE 35BM
K PEIIEHUIO 3AIAY CTATUKH

3aganne C9. Onpenestenne peakumii omOp COCTABHBIX KOHCTPYKHUMii
¢ BHYTPEHHHMH OJHOCTOPOHHHMH CBSI3SIMH

Haiitu peakumm oOmop M CHWIBI BO BHYTPEHHHX HNBYCTODOHHHX H OJHO-
CTOPOHHHX CBfI3SIX COCTABHOW KOHCTPYKIHWH.

CxeMbl KOHCTPYKHMH IpencTaBiieHHl Ha puc. 54—56 (pasMepsl —B M),
Harpyska ykaszaHa B Tabu. 18. VuecTh, 4To npu 3agaHHOW CXeM€ HArpyxeHHs
KOHCTPYKLIMHM DEakIds BO3HHKAET TOJBKO B OJHOH W3 OXHOCTOPOHHHX CBs3eit
E nnn F. 3a30pbl oTcyTcTBYIOT. IIpH CHATHH BHEIIHUX CIJI PEAKIMH BHEUTHHX
M BHYTPEHHHX CBA3edl 0OpamiaroTcs B HOJIb.
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Ta6nuna 1§

Howep P, xH P,, xH M, xH-m | g, xH/m Tpumeuauus
BapuadTa

1 8 9 10 1,5 EK u NF — Hatn
2 9 10 12 1 EK u NF — uutH
3 12 15 20 2

4 7 5 13 1,2
5 8 12 16 1 EK n NF — Hutu
6 9 14 8 3
7 9 6 10 1,5
8 8 10 12 2 EK u NF — gutn
9 6 7 8 1

10 7 5 14 1,8 NF — uutb

i1 12 14 6 1,4

12 20 15 23 3

13 1 12 16 2,2

14 8 10 12 1,5

15 22 18 20 1,8

16 8 7 10 1,2

17 20 18 24 2

18 | 16 15 20 2,8

19 18 14 12 3 EK u NF — uutn

20 19 14 18 2,5 EK — uurtp

21 6 11 15 1,8

22 10 10 11 2

23 16 15 9 3 EK u NF — ‘Hutn

24 14 11 20 2 NF — uuth

25 8 9 18 1,6

26 6 5 7 1,6

27 16 16 20 2,5

28 14 11 15 1,9

29 16 12 14 2 EK n NF — Hutn

30 17 23 18 1,7 EK u NF — HutHn

Ipuvep Bbmonnennst 3ajamms. JlaHo: cxemMa KoHcTpykuumm {(puc. 57);
Py=10xH, P,=3 xH, M=20 xH-™M, g=1 xH/Mm.

Onpenenure peaknuu omop A W B, a Takke ycwiud BO BHYTPEHHHX
IBYCTOPOHHUX cBf3sX (wapHupax C u D) u B ogHocTopoHHuX cBs3ax (E u F).

Pemenune Tak xak B ycloBHM 3aJau¥l OTCYTCTBYeT MHbOpPMAIHA O TOM,
B Kakoif u3 oxrocTopoHHHX CBa3eil E wiu F Bo3HHKAaeT peakuus, He0OXOAUMO
PaccMOTpETh OBa Ciyvas.

1-it cayuaii: Rp = 0. B aToM ciyqae (puc. 58) smementst ED u AC KOHCTPYyK-
MM DPIKAThl OOMH K APYrOMy H, C/IeOBATE/IbHO, HANPABIICHHE peakuuu Rp
Oyner TakuM, kKak mokasaHo Ha puc. 59. Ces3p F «ue paboraer».

CHayaja pacCMOTPHM CHJIBI, NPIWIOXEHHbIE K 4acT® AC KOHCTPYKIVH
(puc. 59). VpaBHeHus PaBHOBECHS 3TOH CHCTEMBI UMEIOT CIELYIOMMA BHUL:

ZM,‘C=0; RE’2+M-'XA'3+YA*7=‘O; (l)
Y X =0; Xc+X,4=0; 2
Y Y, =0 Y,+Rg+ Yc=0. 3)

3aTeM 3amMIIEM CHCTEMY YpaBHEHH PaBHOBECHsS Ui CHJI, IPHIOKEHHBIX
K aneMestry CD (puc. 60):
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Puc. 57 E’xg yi
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EH (M 10 ~
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Puc. 60
e P g uc
-~ 60° B8 P
1
. A | .
Fa P Q=2-g=2xH
Rt 2 5 1] 2
< ) L2
Puc. 58 3 % v
60° BYXsy DT Xp
e e
[ {
Puc. 61
Y Mip=0; —Xc-1—-Ye-10—-P,.10 =0; @)
Y X;=0; Xce+Xp=0; &)
YY.=0 Ye+ P+ Yp=0. (6)

Hanee nepexonuM K PacCMOTPEHMIO CHUCTEMBI YPaBHOBEIUMBAIOIIMXCH CHJI,
NMPWIOXKEHHBIX Kk deMeHTy ED (puc. 61).

YpaBHeHNA PABHOBECHS CWJI, NPWIOXKEHHBIX K O9TOM 9YacTH KOHCTPYKIHH,
HMEIOT CleAylomui BUA:

YMp=0;  R;-6+Pysin60°-6—Q-1+Yp-2=0; ™
Y X, =0; Xp + X — Py cos 60° = 0; ®
YY,=0; —Rp —P;sin60° + Y — Q + Yp=0. ©)

ITomumo ypasuenwmit paBHoBecus (1)—(9) 3amumieM ypasHEHHS, BHIPaXKaroO-
Iye PaBEHCTBO IEHCTBHMSA H NPOTHBOXEHCTBHA B IuapHupax C u D.
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Hnsa mapuupa C

YY,=0; Yc+Yc=0; (10)

YX;=0; Xc+Xc=0. (11)
Oua mapuupa D

YX;=0; Xp+Xp=0. (13)

W3 ypasuenuit (10)—(13) caenyer:
Ye=—-Yg¢; Xc=—-Xc; Yp=—Yp; Xp= —Xp.
VuuTsiBas 3T0, a Takke R = R, npeacrtaBuMm cucreMy ypasHenuil (1)—(9)
B CJEIyIOIIEM BHUIE:
2Re+M —3X,+7Y,=0; )
Xc+X,4=0;
Ys+ Rg+ Yc=0;
Xc+ 10Yc — 10P, = 0;
~Xc+Xp=0; (14)
—Yc+ P+ Yp=0;
6Rg + 6P;sin60° — Q-1 —2Y, =0;
—Xp+ Xg— Pycos 60° =0;
—Rg—Pysin60° + Yp—Q—Yp=0. )

CucreMa juHEHHBIX anrebpanyeckux ypasHeHwit (14) ompenenseT HCTHHHBIE
3HA4YEeHHsS BCEX HCKOMBIX CHJI JIMIIL IIPU YCJIOBHH, YTO ee KopeHb Rp > 0.

2-it cayuaii: Rg = 0. B atoMm ciydae (puc. 62) anementsl FD u CD npmwxaTsl
ONMH X [PYroMy H, CJIEOBATENLHO, HANpaBlieHNE peakumu Rp OymeT TakuM,
Kak noxa3ano Ha puc. 63 u 64 (Rr = Rf). Cea3p E «He pabotaeT».

PaccMoTpuM cHCTEMY CWII, NPWIOXEHHBIX K ¥acTi AC KOHCTPYKIUM
(puc. 65). YpaBHeHUs paBHOBECHS 3TOH CHCTEMBI CHJI HMEIOT CICNYIOMIMH BUA:

ZMiC:O; M+YA'7—XA'3=O; (15)
ZXi=O; XA+X(:=0; (16)
Y Y, =0; Yi+ Ye=0. (17)

3anumeM ypaBHEHHMS paBHOBECUS CWI, NPWIOXKEHHBIX K 3jeMmeHTy CD
KOHCTpyKuuu (cMm. puc. 63):

Y Mp=0; —Ye-10-X¢-1—P,- 10+ Rp-6=0; (18)
YXi=0; Xe+Xp=0; (19)

YYi=0; Ye+ P, —Rp+ Yp=0. (20)

VpaBHeHUs paBHOBecHs Cil, NPWIOKEHHBIX K dlemeHTy FD (cMm. puc. 64):
Y. Mz =0; 6P, sin60° — Rp-4—Q-1+ Yp-2=0; 1)
XXi=0; Xp+ Xp — Py cos 60° = 0; 22)

YY=0;  Ysp+Yp—Q+Rp—Psin60° =0 23)

56



ET M |4 !
= A 60° 5 AL qa\% X
!
X
| =N SN TR
S g J&
LA60° B ’
\ Puc. 64
N o
F Ya
"
B - Al
4 J - 7 2 \ M X‘
Puc. 62 "
Y,
(] Xe ,
Cl
’
1ch, Puc. 65
A il %
4 6 DMD ®
™ - 5
RF NI ¢,-"¢2—->¢3/’ \d),‘—b ¢s
£ Re>0
B
Puc. 63 Puc. 66

VuuTBIBAaA M 3M0€CH PE3YNbTaTHl, BHITEKAaroWue u3 ypasBHenua (10)—(13),
TepeNnuIIeM CUCTeMy ypaBHeHmit (15)—(23) B cnexyromeM Buze:

M+7Y(—3X,=0; )

X4+ Xc=0;

Yo+ Yo=0;

10Y¢c + X ¢ — 10P, + 6Rr = 0;
—Xc+ Xp=0; (24)

—Yc+ P, —Rp+ Yp=0;

6P;sin 60° — 4R — Q —2Y, =0;

Xp— Xp— P;cos60° = 0;
Yp—Yp—Q + Rp — P, sin 60° = 0. )

CucteMa JuHEHHbIX ypaBHeHHMit (24) onpenesiseT UCTUHHBIE 3HAUCHHS BCEX
HEW3BECTHBIX JIMIIL B ClIy4ae, korna ee¢ kKopeHbp Rrp > 0.
CucteMn! ypaBHenwuii (14) u (24) ¢ yueroMm 3Hauenmii P, M 1 Q nepenuiieM
B MaTpuuHOi dopme:
A X, =B. (26)
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3mece

2-3700 0 O O O
0 1000 0 O 1 O
i1 0100 0 O O 1
0 0000 O O 1 10
A= 0 0000 1 O0-1 O 5
0 0000 O 1 O -1
6 0000 0-2 O O
0 0010-1 0 O O
-1 0001 O0-1 O O
0-3700 0 0 0 O
0 1000 0 O 1 O
0 0100 0 O O 1
6 0000 O O 1 10
Ay = 0 0000 1 O0-1 O |;
-1 0000 O 1 O -1
-4 0000 0-2 O O
0 0010-1 0 O O
1 0001 O0-1 O O
Rg Rr —-20
X, X4 0
Y, Y, 0
X3 X3 30
X, = Y2 |; Xo=| Y3 |; B = 0 .
Xp Xp -3
Yp Yp —49,96
Xc Xc 5
Ye Ye 10,66

Cuctemsl (25) u (26) JOMXHBI pelIaTBCA COBMECTHO C HEPABEHCTBAMU
«KTI0YaMM», BHIOMPAIOIIMMU CHCTEMY ypaBHeHHil paBHOBecHs. Ecim B mponecce
pelLeHus CHCTEMBI (25) BeIACHAETCS, YTO R > 0, TO ypaBHEHHAMH PaBHOBECHA
paccMaTpuBaeMOM COCTaBHOH KOHCTPYKIMM SBJISIOTCA ypaBHeHHs (25). Ecim xe
oKasbiBaetcs, 4To Rg < 0, TO, cirenoBatensHo, Ry > 0, a MO3TOMY ypaBHEHUAMH
paBHOBECHsI SBJIIOTCA ypaBHeHHA (26).

Jnd pelueHVs IOJNYYEHHbIX CHCTEM anreOpanyveckux YpaBHEHHH MOXHO
HCnone30BaTh MeTod I'aycca (MeTOX MOCIENOBATENLHOIO MWCKIIOYEHHSA He-
HU3BECTHBIX).

Biiok-cxema mporpaMmsl peittenuit cucteM (25) H (26) COBMECTHO C «KJIIO-
YaMm» NpeACTaBieHA Ha DHC. 66, rae &; — BBOI HMCXOJHBIX NaHHBIX; @, —
pemienue cucteMsl (25) Meromom I'aycca; @3 — ecnu Ry > 0, To mepexon K Py,
ecim ke Ry <0, To nepexon x @4; P, — meyath pe3yiabTaToB; Ps — KOHeI
paGorsl nporpaMmel, @¢ — pemieHue cucTeMsl (26) meromom Iaycca.

Pe3ynbTaTthl pacyeta npuBenens! B Tabi. 19.

W3 Tabauupl BHOHO, YTO peakumsa Ry okasajach NOJOXKHTENbHOH. 31O
O3HauaeT, YTO NpH 3aJaHHOH cXeMe HarpyXeHus COCTaBHOH KOHCTPYKLHAM
«paboraer» cBa3b F, a B cBa3u E ycwine He BO3HHKaeT.
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TabGnuna 19

Cunsr, kH
Rp X4 Xp Xp Xc Yy Yp Yp Yc

9,949 11,023 | —6,023 | 11,023 | —11,023| 1,867 5,793 | 5,082 | —1,867

s npoBepky NpaBHIBHOCTH NPOM3BEAEHHLIX- pacyeTOB ClIeAyeT yOemuThes
B TOM, 4YTO COOJIOAAIOTCA YPAaBHEHUS DABHOBECHS [UIS CIUI, NPHIOXKEHHBIX
KO BCEH KOHCTPYKIMH:

Y Miyy=M+ P;sin60°-5—P;cos60°-4—P,-7+ Yp-1+Xp-4—-Q-2=
=20+ 10.-0866-5—-10-05-4 —3-7+5,793 —6,023.-4-2.2=
= 49,093 — 49,092 ~ 0;
ZYi= Y + Y+ P, — P;sin60° — Q = 1,867 + 5,793 + 3 — 8,66 — 2 =
= 10,66 — 10,66 = 0;
Y X;= X4+ X5 — Py cos 60° = 11,023 — 6,023 — 10-0,5 = 0.,



PA3IEJ BTOPOH
KHUHEMATUKA

I. KNHEMATUKA TOYKH

3axganne K.1, Onpenenenne CKOPOCTH H YCKOPEHHS TOUKH
00 3aJaHHbIM ypaBHEHHAM €€ JBHKeHH:

Tlo 3agaHHBIM YPaBHEHUSM ABWDKEHUS TOYKM M yCTaHOBMTL BHJ €€ Tpack-
TOpMHU U [UIS MOMEHTa BPEMEHH ¢ = t; (C) HAHTH IOJIOXEHUE TOYKH HA TpPack-
TOpHH, €¢ CKOPOCTb, IIOJIHOE, KacaTeIbHOE M HOPMAJIbHOE YCKOPEHHS, a TaKKe
pamuyc KpHMBH3HBI TPacKTOPHU.

Heob6xonuMele [UIs peleHAs JaHHble npuBeneHsl B Tabur. 20.

IMpumep Bpmosmenus 3aganms. McxonHple JaHHBIE:

x=4t; y=16t2 - 1; )
t;=05(xuy—BcM tut; —B C).

Pemenne VpasHenus apwxeHus (1) MOXHO paccMaTpHBaTh Kak Iapa-
METPUYECKNE YPAaBHEHUS TPAEKTOPHMM TOYKA. UTOOGBI HONYYHTH YpaBHEHHA
TPAaeKTOPHH B KOOPAMHATHOK ¢opMe, HCKIIOYMM BpeMs ¢ u3 ypaBHeHuit (1).

TonyuaeM y = x* — 1, T. e. TpaekTopueii TOYKM sBIAeTCH mapaboia, MOKa-
3agHasg Ha pHc. 67.

BexTOp CKOPOCTH TOYKH

7= v.d + vy )
BekTop yckopeHust
d=a;i+ ay.
3neck i, j — OpTHI OCeii X U Y; vy, Uy, dy, G, — IPOSKIMH CKOPOCTH M YCKODEHHS

TOYKH HAa OCH KOOPAMHAT.
Haiinem ux, nuddepennupys no speMeHm ypasBHeHWs ABWkeHus (1):

v, =X =4 cM/c; =x=0;
/o a=d 3

v, =y =32 a,=j =32 cm/c%.

ITo HalileHHBIM MPOEKIMAM OIPEACTAIOTCA MOIYJIb CKOPOCTH:

v=/vi+7 ©)
a=)d +a. ©)

U MOJYJh YCKODEHMS TOYKH:
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Ta6nuna 20

Homep VpaBHeHus JBHXCHUA 4
BapuaHTa x=x(1), cM y=y(1), cM
1 —22+3 -5t 1,
2 4cos? (m1/3)+2 4sin? (rttf3) 1
3 —cos(n 2/3)+3 sin (e2/3)—1 1
4 4t4-4 —4/(t+1) 2
5 2sin (n ¢/3) —3cos(nt/3)+4 1
6 3242 —4 ),
7 32—t+1 Si2—5¢/3-2 1
8 7sin(2/6)+3 2—7cos(ni2/6) 1
9 —3/(t+2) 3t+6 2
10 —4cos(nz/3) —2sin(nt/3)—-3 1
11 -4 +1 -3t i/,
12 5sin? (n¢/6) —5cos? (t/6)—3 1
13 5cos (n#2/3) —5sin(2/3) 1
14 —2t-2 =2/(t+1) 2
15 4 cos (nt/3) — 3sin(n¢/3) 1
16 3t 4241 i
17 7 sin2 (t/6)—5 —7cos? (rt/6) 1
18 1+3cos(m2/3) 3sin(m2/3)+3 1
19 —-52-4 3t 1
20 2—3t—62 3-3¢2-32 0
21 6sin (t2/6)—2 6cos(m2/6)+3 1
22 72-3 5t A
23 3-32+1 4—5245¢/3 1
24 —4cos(nt/3)—1 —4sin (nt/3) 1
25 —6t —-22-4 1
26 8 cos? (mt/6)+2 —8sin? (nt/6)—7 1
27 — 3 —9sin(nr2/6) —9cos(nr2/6) + 5 1
28 —42 +1 -3t 1
29 52+ 5t/3-3 324143 1
30 2cos(n2/3)—-2 —2sin(m2/3)+3 1
Monaynp KacaTelbHOroO YCKOPEHHS TOYKH
a.= ‘dv/dt l s (6)
U
a.=|9-dafv|; 6)
a. = |(v:ax + vya))/v|; ")

dv/dt BLIpaXkaeT NpPOEKUMIO YCKOPEHWUS TOYKH Ha
HaNpaBJIeHHE €e CKOPOCTH. 3Hak «+» mpu dv/dt
03HAYaeT, 4TO IBIKEHHE TOYKH YCKODEHHOE, Ha-
npaBieHUA d, W U COBNAJaloOT; 3HAK «—» — 4TO
JBIXXEHAE 3aMENJIEHHOE.

Mozaynab HOPMANbHOrO YCKODEHHSA TOYKH

ay = v*/p. ™

Ecnu pamnyc KpUBM3HBI TPackTOpMH p B paccMaT-
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pHBaEMOlf TOUKE HEH3BECTEH, TO 4, MOXHO onpefequTh 0o Gopmyne

a,=|v x dl/v. ®)
Ipu ABKXeHUM TOYKH B IIIOCKOCTH'dopmyna (8) mpuHHMaeT BHI
ay = l VxQy — 0,0y VU- (8,)

Mogyns HOPMAaBbHOIO YCKOPEHHS MOXHO ONPENENHTh M ClieAYIOMUM 00-

pasom:
a,=)/a* - al. )

IMocne Toro kak HaiineHO HOpMaJsibHOE yckopeHue mo ¢opmynam (8) win
(9), paguyc XpuBU3HBI TPAEKTOPHM B PacCMATPUBAaEMON TOYKE ONpENeIfeTCS
M3 BBIpaXEHHS

p = v?/a, (10)

PesyasTatsl BeluuciaeHuit no ¢gopmynam (3)—(6), (8) u (10) mna 3amandoro
MOMEHTa BpeMeHH t; = 0,5 ¢ npusenens! B Tabm. 21.

Ta6nuna 21
Koopaunats! Pazuyc
P * Cxopocts, cM/c Yckopeuue, cm/c? KPUBH3HbI,
™ oM
x y Vx vy y ax ay a a; a, p

2,0 3,0 4,0 16,0 | 16,5 0 32,0 | 32,0 | 31,0 7,8 35,0

Ha puc. 67 nokasano nosoxeHue TouKd M B 3aJaHHBI MOMEHT BPEMEHH.
Bekrop § CTpoMM IO COCTaBIAIOMIAM ¥, M Dy, NPUYEM 3TOT BEKTOP [OJIKEH
N0 HAOpaBJIEHHIO COBIIAJIATh C KacaTeIbHOM K TpaekTopud. Bexrop d crpoum
OO COCTaBJIAOIIMM d, M d, M 3aTEM packjaJblBaeéM Ha COCTaBJAIOMIUE d,
# d, CoBnajeHue BEeNWYNH . U @, HAWJEHHBIX M3 YEPTEXa, C MX 3HAYCHUAMH,
[OJIy4eHHBLIMU AHAJUTHYECKM, CJIYXHUT KOHTPOJIEM NPAaBWILHOCTH PeLICHHS.

Hononusenne k 3agannio K.l [lanHoe 3amanme MoxeT ObiTh HC-
HOJIL30BAHO ISt ONpPENEICHAS CKOPOCTH M YCKOPEHWS TOYKU IIPU €€ IBIDKEHUH
0O NPOCTPAHCTBEHHON TpaekTopuu. [{IsA 5TOro K ABYM YpPABHCHUAM IBIXCHUA
(cM. Tabn. 20) moGamnseTcs TpeThe ypaBHeHue (tabiu. 22).

OO0wmuit NOpsANOK BHINONHEHUS 3aJaHUS B 3TOM CIlydyae Takoil Xe, Kak
¥ B NPUBEJCHHOM BBbIIIE MPUMEDE.

Tabnuua 22
Homep Homep|__ _ Howmep Homep | _ Howmep Homep
z=2z(r), z=2z(1), z=2(1), z=2(1), z=2z(1), z=2z(¢),
BapH- Bapu- BapH- Bapu- Bapu- BapH-
aner}; o™ al-r%'}; o™ auli'a o™ aug'a o™ aﬂgra o™ arﬁ'a o™
1 3t 6 3t 11 2t 16 1,5¢ 21 4 26 6t
2 2t 7 2,5t 12 3t 17 5t 22 t 27 3,5t
3 1,5¢ 8 5t 13 1,5¢ 18 3,5¢ 23 1,5t 28 4t
4 444 9 4:+8 14 (2142 19 6¢ 24 2t 29 5t
5 t 10 t 15 3t 20 2t 25 St 30 1,5¢
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II. KHHEMATHUKA TBEPJIOT'O TEJIA
NOCTYNATEJILHOE M BPAHIATEJIBHOE JBW)KEHMS TBEPAOIO TEJA

3aganue K.2. Onpenenenne ckopocteii H yckopenmuii
TOYEK TBEPAOr0 Tejaa MNpH MNOCTYNATeNbHOM H BpAIATENLHOM JBHKEHHEX

JiBmwikenue rpy3a I NOJKHO ONMCHIBATECH ypaBHEHHEM
= c3t? + ¢5t + co, )
TAe t — BpeMs, C; Co— — HEKOTOPHIC NOCTOSHHBIE.

B nauanpubiii MOMeHT BpemeHH (¢t = 0) koopAamHAaTa rpy3a Ho/kHa OBITH
Xg, @ €r0 CKOPOCTb — V.

Kpome Toro, Heo6xomumo, yToOsl KOOpIMHATA Ipy3a B MOMEHT BPEMEHH
t=t, Obina pasHa X,.

Onpenenats ko3bdUIMEHTEI ¢y, €; H €3, IPA KOTOPHIX OCYILECTBIISAETCH
TpeGyeMoe aBmkenue rpy3a I. OnpeneiuTs Takke B MOMEHT BPEMEHH t = {;
CKOpPOCTh M YCKOpPEHHEe Ipy3a U TOYKH M OZHOro M3 KOJIEC MeXaHH3Ma.

CxeMBl MEXaHH3MOB NOKa3aHbl Ha puc. 68—70, a HeoOXxomuUMELIe HAHHLIE
npuBeReHbl B Taba. 23.

TaGauna 23

PacueTHble
Paznych, e KoopauHaTel ¥ CKOpPOCTH MOMEHTBI
Howmep rpy3a / BpemerH, ¢ -
BapHaHTa
(puc.

68—170) R, r R; ry X M | Vg, cMm/c | X, oM t .o
1 60 45 36 - 2 12 173 3 2

2 80 - 60 | 45 5 10 41 2 1

3 100 60 75 - 8 6 40 4 2

4 58 45 60 - 4 4 172 4 3

5 80 - 451 30 3 15 102 3 2

6 100 60 30 - 7 16 215 4 2
7 45 35 105 — 8 5 124 4 3

8 35 10 10 - 6 2 111 3 2

9 40 30 15 - 10 7 48 2 1
10 15 - 40 | 35 5 3 129 4 3
11 40 25 20 - 9 8 65 2 1
12 20 15 10 - 5 10 179 3 2
13 30 20 40 - 7 0 557 5 2
14 15 10 15 - 6 3 80 2 1
15 15 10 15 - 5 2 189 4 2
16 20 15 15 - 4 6 220 4 3
17 15 10 20 - 8 4 44 2 1
18 20 15 10 - 3 12 211 4 1
19 15 10 20 - 5 10 505 5 3
20 25 15 10 - 10 8 271 3 1
21 20 10 30 10 6 5 356 5 2
22 40 20 35 - 7 6 103 2 1
23 40 30 30 15 5 9 194 3 2
24 30 15 40 20 9 8 105 4 2
25 501 20 60 — 8 4 119 3 2
26 32 16 32 16 6 14 862 4 2
27 40 18 40 18 5 10 193 2 1
28 40 20 40 15 8 5 347 3 2
29 25 20 50 25 4 6 32 2 1
30 30 15 20 - 10 7 128 2 1
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Pyc. 68






Puc. 70

Ilpumep Buinosmenms 3agasms. JlaHo: cxema MexanusMma (puc. 71); Rp =

=50 cMm, r, =25 cM, R3 =65 cM, 13 =40 cM, X = 14 cM, va =5 cM/C, X, =
168 cm, t‘=1 C, tz-_-z C.
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Haiitu ypaBHeHME IBIKEHUS
rpy3a, a TakXKe CKODOCTH H Yc-
KOpEHHS Ipy3a W TOYKM M B
MOMEHT BPEMEHHU ! = 1.

Peumrenne VYpasdenue npu-
RKeHMs rpy3a I umeer BUJI

x=cyt?+cit+co. (1)

Koadduumentsl ¢;, ¢; U ¢; MOryT OBITH ONpPEACTCHBI W3 CIEOYIOLIUX
ycnoBuii:
npu t=0 Xo = 14 cMm, Xo =15 cM/c, 2

mpu ty =2 ¢ x, = 168 cm. 3)
Cxopoctsb rpysa I
v=Xx=2ct + c;. 4
IMoacrasaas (2) u (3) B dopMmynst (1) u (4), HaxoAuM KO3pPUIHEHTHI
co = 14 oM, ¢y =5 cMm/c, ¢, = 36 cm/c?,
Takum obpa3oM, ypaBHeHue OBWXeHWS rpys3a I
x = 36t% + 5t + 14, ®)
Cxopoctb rpysa I
v=%x=72+5. ©)
Vckopenue rpysa 1
=% =72 cm/c%

Ins omnpepeneHuss CKOPOCTH M yCKOPEHHS TOYKH M 3amumieM ypaBHEHHS,
CBA3BLIBAIOIIHE CKOPOCTh I'PY3a v U YIJIOBBIE CKOPOCTH KOJIEC M, H Q3.
B COOTBETCTBMH CO CXeMOW MeXaHH3Ma

V=70,
R0, = R303, } ™
OTKyZIa
@3 = vR,/(r2R3),
WIA ¢ y4eToM (6) mocie MOJACTaHOBKM INaHHBIX
0, = 2,215t + 0,154,
Vriosoe yckopenue koineca 3
g3 = @3 = 2,215 pan/c?.
CxopocTh TOUKH M, ee BpamateabHOE, LEHTPOCTPEMHTEILHOE H IIOJIHOE
yckopeHus ompenessrorca no gopmynam
Um = Ir3®s3;
ay =T33} ajy = r393;
ay =V (@3)* + @
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PesynbraTh

BBIYACJICHU#

RJIg 3aJaHHOr0O MOMCHTaA Bpe-

Meu t; =1
B Tabu. 24.

C TNpHBEICHHI

CkopocTM H®  YCKOpEHHA

Tena 1 ¥ TOYKH

HBl Ha pHC. 72.

M

oxKasa-

TabGnuna 24

v, em/c | a, cM/c? | @3, pam/c

€3, panfc?

vp, CM/C

aly, oM/c?

a'j,,, CM/ c2

ayg, cM/c?

71 72

2,37

2,22

94,8

224

88,6

IVIOCKOE JABHXXEHME TBEPJAOI'O TEJA

241

Zananune K.3. KnnemaTnuecknii anajn3 WIOCKOr0 MEXaHH3MA

Haiitu s 3a5aHHOTO MOJIOXKEHHA MEXaHM3Ma CKOPOCTH H YCKOPEHHUS TOYEK
B u C, a Taxke YTJOBYIO CKOPOCTb H YIJIOBOE YCKOPEHHE 3BEHA, KOTODOMY
5TM TOYKH mpuHamIekaT. CXeMsl MeXaHH3MOB IOMEINEHH Ha puc. 73-—75,
a HeobxoamMBbIe IUIf pacdeTa JaHHBIE NPHBEACHH B Tabu. 25.

TaGnuna 25
Homep Pasmepsi, cM
BAapHAHTA ) ®OA> oy, €04
Guc. | 04| » | aB | ac | pame | pawe | pawfer | Va4 o |as M/E
73-175) )
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 - 75 60 5 - 10 - -
8 - - 20 10 - - - 40 20
9 - - 45 30 - - - 20 10
10 25 - 80 20 1 - 2 - -
11 — - 30 15 - - - 10 0
12 — | =131 2 - - - 20 20
13 25 - 55 40 2 - 4 - -
14 45 15 - 8 3 12 0 - -
15 40 15 - 8 1 - 1 - -
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
2¢ 30 - 60 15 3 - 8 — -
22 35 - 60 40 4 - 10 - -
.23 - - 60 20 - - — 5 10
24 25 - 35 15 2 - 3 - -
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Hpodoaxncenue maéa. 25

Howmep Pasmepe!, cm
' tJ 8 £ o
e, | oa | | 4B | ac | paie | panec | paxfee | Y4 oMlc |as omie?
73-15)
25 20 - 70 20 ; 1—2 (2) - -
26 20 15 - 10 s = by
27 - |15 =] 5 - - - 60 30
28 20 - 50 25 1 - 1 - -
29 12 - 35 15 4 - 6 - -
30 40| - | - | 20 5 - 10 - -

IIpuMevaHHe wWoy U Egy — YrJIOBad CKOPOCTh M YIJIOBOE YCKODEHHE KpPHBO-
wuna OA npu 3aJaHHOM IOJIOKCHHMH MEXaHU3Ma; @; — YIjioBag CKOpocTh komeca I
(nocTosiHHAA); V4 M a4 — CKOPOCTh M yckopeHHe Toukm A. KaueHue kosiec mpoHCXo-
auT Ge3 CKOJIbXCHHA.

Ilpumep Bomonnenns 3axamms. [aHo: cxeMa MeXaHW3Ma B 3aJaHHOM IIO-
snoxenun (puc. 76); ucxonHwle naHHbie (Tabn. 26).

Tabnuua 26
Pa3mepsr, cM
2
04 AB 4C o4, pan/c €04, pan/c
10 60 20 1,5 2

Pemenue. 1. Onpedesenue ckopocmeii mouexk u yz2a080ii ckopocmu 36eHa

(puc. 77). BerumcnseM MOAYIb CKOpocTH mnamsua A kpusomuna OA npu
33JaHHOM TMOJIOXEHUH MeXaHU3Ma:

Vg = gy OA.

CkopocTh TOuKH A nepneHmuKyaspHa kpupomuny OA. CkopocTh MOJ3yHA
B nanpasnena no BepTukagd. MrHOBEHHBIH HEHTP ckopocteil P, p matyHa AB

HaXOAMUTCA B TOYKE IEPECEYCHHA NEPINCHAMKYIAPOB, IPOBEAECHHLIX U3 TOYeK A~
¥ B K UX CKOPOCTAM.

Yrnosas ckopocth 3BeHa AB
W = v4/AP 4p.
Mopnynu ckopocreit Todek B u C
vp = Wqp- BP4p; vc =5 CPyp.

Paccrosmus AP.p, BP4p u CP,p ONPENENAIOTCA W3 PACCMOTDEHHA Tpe-
yroiabHUKOB ABP,p u ACP4p:

APAB = 52,0 CM; BPAB = 30,0 CM; CPAB = 36,1 CM.

B cootsercTBuH ¢ ITEM v4 =150 cM/c; @45 = 0,29 pan/c; vg = 8,7 cm/c;
ve = 10,5 cm/c.

Bexrop ¥c Hanpasien nepneHnukynApHO OTpe3ky CP,p B CTODOHY, COOT-
BETCTBYIOIIYIO HANpPABJICHUIO BPAIICHHA 3BeHA AB.
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Puc. 73



Puc. 74



21 22

Puc. 75



JUta mpoBEpKH ONpenenauM CKOPOCTh TOUKH B npyrmm crioco6oM. Bocrons-
3yeMcs TeopeMoil 0 Pa@eHCTBE NPOEKIMH CKOPOCTEl TOYEK Ha OCh, NPOBEHAECH-
HYIO 4epe3 3TH TOYKH.

Hanpasum oce x BIOJMb maTyHa AB B HampasieHHH OT B x A.

HmeeM v4 cos (§4, X) = vp cos (ip, X), WK, Kak BUAHO M3 puc. 77,

v,4 cos 60° = vz cos 30°.
Orcrona
vp =87 cm.

INonesno ybGemutncs, YTO M HaligeHHas paHee CKOPOCTh TOUKH C yAoOBJeT-
BOpSET 3TO#l TeopeMe.

2. Onpedesenue yckopenuii mouex u y2408020 yckopenua 38ena (puc. 78).
Vckopenne Touku A CKIAALIBAETCS M3 BPAIIATENbHOrO W HEHTPOCTPEMHTE/ID-
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HOTO YCKOPCHHIA:
Gg=a%+d%; a% =¢p04; af =0}, 0A
Coracko TeopeMe 00 YCKOpeHHSX ToueK ILTOocKoii Gurypss,
dg=d4 + Gyp + d4p,
wru
dg = dy + dj + &p + dip. )
IeuTrpocTpeMuUTEIBHOE YCKOPEHHME TOYKH B BO BpaulaTebHOM ABXEHHHA
martyHa AB Bokpyr nosroca A
a%p = wlp- AB.
ITo npusezenHbIM GopMynaaM BBIYHACISEM :
a® = 20,0 cm/c?; a4 =225 cmjc?; a%y =50 cm/c?

Bexrop dY Hanpasnen oT A k O. BekTop 4% NepneHIuKYy.IsApeH BEKTOPY dY%
M Hampasjied MPOTIBONOJIOKHO v4 (BpauleHde Kpusomuna OA — 3amen-
JICHHOE).

Bexrop &7 nanpaesieH oT B k A. Uro kacaercs gckopeHus dp Toukd B
I BPAUIaTe/IbHOIO YCKOPEHUS (g, TO HU3BECTHBI TONBKO NUHHMH HEHCTBUA 3THX
BEKTOPCB: dp — 1O BEPTHKAAH BHOJIb HATIPABJIAIOIIEX NOI3YHA, d%p — IepHEH-
OuKynspao AB.

3apanuMcsl NPOU3BOIBHO HMX HAMPAaBIEHHSIMHM [0 YKa3aHHBIM JIMHUSM
(puc. 78, @). DTH ycKOpeHHs OnpeneaNM U3 YPaBHEHHI NPOSKUMIl BEKTOPHOrO
paBercTsa (1) HA ocu koopauHat. 3HaK B OTBETS MMOKA3BIBAET, COOTBETCTBYET JIK
KCTHHHOE HAMNpAaBJIEHUE BEKTOPA NPHHATOMY IPH pacyere.

Boibpas HampapJiende Oceif X W y, KaK MOKa3aHo Ha pHc. 78, a, moydYaeM:

agcos 30° = — g% cos 60° + aY cos 30° + a'%; (2)
ag cos 60° = a® cos 30° + g% cos 60° + a°%. (3)
13 ypaBuenus (2) Haxozum
ag = 16,7 cm/c>.

Vcxkopenue dg HanpapiaeHo, Kak DOKa3aHO Ha puc. 78, a.
U3 ypasuenus (3) noaydaem

g = —202 cm/c?,
Hanpasienue d%; NpOTHBONMAJIOKHO NOKAa3aHHOMY Ha puc. 78, a.
Vckopenne dz H BCE €ro COCTaBJISIOIIUE C YYETOM HMX HCTHHHBIX Hamnpas-
neHnii ¥ Macmraba mokasansl Ha puc. 78, 6.
VrnoBoe yckopenue waTyHa AB ¢ y4eToM TOro, 4TO 3[eCh a%p - al-
reOpan4ecKas BeNMYMHA, oupelenserca no gopmyie

€45 = | dp |/AB.
Boruiiciss, HaxoguMm
£45 = 0,34 pan/c’.
Hanpasiieaue ycxopeHus d%p OTHOCHTENBHO NHOMIOCA A OIpEIENseT Hanpas-
JICHHE YIJIOBOI'O YCKODEHHSA €,p. 34eCh NOA HAOPABJICHUEM YIJIOBOTO YCKOpE-
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HASA NOHMMAETCA HANpPaBJICHWE AYTOBOW CTPENKH, KOTOPOE NPH YCKOPEHHOM
BpalllecHHH 3BEHa: COBMAJaeT € HaNpaBJICHMEM: €FC: BPAIGHHUA, a IPH 3aMef-
JICHHOM — NPOTHUBOIONOXHO €My. B maHHeM: cmydae y5ieBoe YCRQDEHHE DpoO-
THBONOJIOXHO HAIPaBJIeHHIO: BPAICHIS IHATYHA.

Omnpenenuts dz U d%p MOXHO H rpaduuecKl — MNOCTPOCHHEM MHOFQYLOJlh-
HIKA YCKODEHMI.

OtnoxuMm u3 Touku B cormacuo (1) B BrIGpamHoM Macmrtabe mociaeno-
BaTeIbHO BEKTOpPHI &Y, % m d%p (puc. 78, 6). Uepes koHen BekTopa d4p HpoO-
BEEM NPAMYIO, MapajUleIbHYIO. BPALlIaTEIbHOMY YCKOPEHMIO @5 p, T. €. NEpIEH-
IUKYJIApHO AB, IO TmepecedeHMS €€ C MNpAMOH, MO KOTOpOH HamnpapiieHO
YCKOpeHHE dg.

Ilocnennee omnpenensieTcs Kak 3aMbIKalolllas CTOPOHA MHOTIOYrOJIbHMKA
YCKOpEHHIA.

Monynu ag 4 @%z MOTyT ObITh HaiiieHbI U3MEPEHHEM Ha UYEPTEXe.

OmnpenenseM yckopenue Touku C:

dc = @y + @4 + @Fc + Tc.
BpamaTeabHoe 1 HEHTPOCTPEMHTENbHOR YCKQPeHNA ToukH C BO BpallaTeib-
HOM IBWXeHMM AB Bokpyr moaoca A

. 2
a;C=EAB‘A€, aic= OJAB‘AC,

¢ = 68 cm/c?; alc = 1,7 em/c.

BekTop & NEPHEHNMKYISPEH BEKTOPY @ W HANpPABJIEH COOTBETCTBEHHO
YTJIOBOMY YCKOPEHHIO € p.
Vcekopenne Toukn C HaxoouM cnoco6oM mpoekumii (puc. 78, a):

ac, = a%¢ + a¥ cos 30° — a® cos 60°,

ac, = a7 cos 60° + a’ cos 30° — a¥y,

ac= b ,(aCx)z + (aCy)z'

B peaynb‘rare BBIYMCIIEHHI TONydaeM: ac, = 11,2 eM/e?; ac, = 21,8 cm/c?;
ac = 24,5 cm/c? (puc. 78, 2).

IlpuBenem peuieHue 3TOH Xe 3ajmavyu ,upymM,. T
Gonee o6muM MeTOAOM. ————————

Ha puc. 79 mokasaHa cxeMa MeEXaHM3Ma B,
HEKOTOPOM NPOU3BOJILHOM IOJIOXCHUH.

IlpoBeneM oOcH KOOpAWEAT. YpasHCHHAMH
CBS3M AN JAHHOTO MEXaHH3Ma ABJIAIOTCSA YEJIOBHA

fy=0A + AB “)

(fg — pauryc-BeKTOp TOYKH B, mpoBeneHHBIH W3
uenrpa 0),

Xg = a = const. (&) ’2

Ipoenupysa (4) Ha ocb x, ¢ yueToM (5) mmeeMm -|>B
— OA-sina + AB-sinf = a. () Pug.. 79



HOna onpeneneHust yrjaoBoH CKOpocTH 3BeHa AB o,p = B m yrmomoro
YCKODEHHS £45 = [ HET HEOGXOAUMOCTH BHpaxath B u3 (6). IIpowe Hemocpen-
cTBeHHO ABaxasl nporuddepenumponats (6).

HMes B BHAY, YTO & = g4, IONy4YaeM B pe3yibTare nepBoro aubdepes-
LHpOBaHUA

—0OA-cosa-wos + AB-cosP-wyp=0. )
Ortcrona
W45 = Wp4 - OAcos af(AB - cos B). (8)
Dubdepennupys (7) u yduTHIBag, YTO Qo4 = €04, WMEEM
OA-sina-0%, — OA-coso-gy, — AB-sinP- 0%z + AB-cosB-£,5 =0;
g5 = @iptg B+ OA(gp, cos & — @2, sin &)/(AB - cos B). ©

Bripaxenns (8) m (9) HO3BOJAIOT BBMHCHATL W,z M €45 VI JIIOGOTO
MOJIOKEHUS MEXaHM3Ma, B YaCTHOCTH AidA 3aganuoro (o = 0°, B = 30°).

3ameruM, 4TO Moy M €94 BXOAAT B ITH BBHIPAXKEHHS CO 3HAKOM «-+» HIHA
«—» B COOTBETCTBHM C NMpPUHATHIM HAMpaBJIeHUEM OTCYeTa yrja o B maHHOM
cayuae ®oq = 1,5 pan/c, o4 = —2,0 pan/c®. CMBICT 3HAKOB W45 H €45 ONpE-
JleNISeTCA HANpaBjIeHueM OTcdyera yria f. .

Monyns ckopoctd Toukn B vp=|yp|. Monyns yckopeHus ag=|jjzl.
IIpoenupys (4) Ha och y, HOTy4aeM

yp=0A-cosa+ AB-cosp.

Orcrona nmocie nubdepeHnEpoBaHns Moy4aeM

yg= —0A-sina-@y, — AB-sin B - p;
Vg = —0A-coso¢~o)20A—OA-Sina'EOA"‘AB'COSﬁ'miB_AB'Sinﬁ'SAB‘

s ompeneieHUs CKOPOCTH HM YCKOpeHHss Touku C ClrefyeT COCTaBHTb
YPaBHEHHA eg, NBIXKECHMS B KOOPAMHATHOH (opMe, mpoenupys pajuyc-BEKTOp
fc =04 + AC Ha ocu x U ).

3ananue K.4. Kunemarnueckuii anaams
MHOr03BEHHOr0 MeXaHu3Ma

Kpusommn O;4 Bpamiaercsi € NOCTOSHHOW YIJOBOH CKOPOCTBIO @ 4 =
=2 pan/c. Onpenenuth Oj 3aJaHHOTO MOJIOXKEHHS MEXaHU3MA:

1) cxopoctit Touek A, B, C, ... MexaHH3Ma U YIJIOBBIE CKOPOCTH BCEX €ro
3BEHBEB C MOMOIIBIO TUIaHa CKOpOCTeil;

2) CKOpPOCTH 3THX X€ TOYeK MeXaHH3Ma H YIJIOBble CKOPOCTH 3BEHBEB
C NOMOIBIO MIHOBEHHBIX LEHTPOB CKOPOCTEH;

3) yckopenuns Touck A M B m yrioBoe yckopeHue 3BeHa AB;

4) moJioXXeHye MTHOBEHHOIO IIeHTpa YCKOpeHHMIl 3BeHa AB;

5) yckopenue TOuknm M, nmensmei 3BeHO AB momnonam.

CxeMBEl MeXaHM3MOB moOKa3zaubl Ha puc. 80—83, a HeoOxommmere mIs
pacyera AaHHble npuBeqeHBl B Tabi. 27.
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Ta6nuua 27

Howmep Paccrosnus, cm Inuna 3BeHbEB, CM

BapuaHTa| o,

8(()13_"§5) pall g{plc|d|el0y4{0,B|0,D| O;D| O;F| AB |BC| CD| CE| DE| EF
1 200(18123|18/22{23| 14 | 28| — {28 | — {21 21148 |38} — | 42
2 60156{10/26]16]251 21 | 25| — | — | 20} 54 |52[{ 69| 35| — | 32
3 90|15|25/54|35|—] 15} 28] — | S8 — |42 21147126} — | 31
4 155126415|23| —|—-|15}65] — | — | — {51 |22|38| -} -1 —
5 125119{19|10}22| -} 12| — | 19| — | — | 55 |19{23}| — | 3822
6 60165]49| —|—|—} 15129 — {24 | — | S0 |25132}23} — |39
7 250 111]42{11] 7124| 16 | 34| — | — | 41|25 |25{42 21| — | 49
8 90127|18/14{15{30] 14 1 29| — [ 23| — |55 |32{ 15| — |45} —
9 200123{19/20|28{21] 21 | 31| —| 25| — | 65 |62 31| — | 11]29
10 20(55{21|25)—|—| 15| — |24} — | — |70 35{33] - |17} 12
11 50{50|30) —{—{~{ 1429 —| — | — 145 |54{34| - |37| -
12 55110{86]32{28}{—~| 21| — | — |55} —| 60 30} 19|60} — | 49
13 315{17|54| = | —| -] 15| —{40| — ] — [ 50 |35{40] 22122} 50
14 0/28{40| 6/18§15{ 15|31 { — |15} —| 50 |25/70 35| — |50
15 220146|31) —| —| -] 15720} —} 20| — |45 1531 17| 17| 37
16 40136{22|15| =] —| 1512040} — | — | 45 (20| 24| — 40| —
17 145|196 —|—|—-|—]15{28| — | — | — {8 20151} -} —1{ —
18 45170| 9{37{—{—1 161 — | 39| — | 25178 |38]41}|19} - |57
19 40142139 ~|—=|—-120| —= 20} — | =71 [30f —} —1}57} —
20 145(27124{30| -] -1 20 { 50} — | — | 30| 8 |32/ 58}29| — |35
21 115{46| —| —|—=|—] 15} — |45} — | —| 78 |39]26]52]| — | 38
22 305{46{23(11|—{ -] 15§ 15| — | 38| — {44 2513022 | 15| 40
23 130{3130{50| —}—| 15} 30| —| 50| — |40 |16/ 60| 30| — | 30
24 115(36]39|13|31j—} 17 {23 | — | 17| — |35 |[11]45] 25|25} 44
25 325(72|36| —|—-{—{ 15| — | 30| — | — | 76 {46/ 50135} — | 51
26 215(36]53{36{32| -] 19 (40| — | — |19} 76 |38 68|35 — |29
27 140|71|27132{40{ -~} 16 } 30| — | 50 — | 46 |33] 40| 20| — | SO
28 21513020{35| =~} 19| -} 19| — | — |59 |29{ 24| — | 48] 36
29 180{35{15{38] 7|—-j 10| 16| ~ ] 15| — | 50 (331 16| — |45 33
30 25146(28{17|—|—116 {25} — | 75| — | 50 {111 33| — | 26| 44

TIpumep Bhmosmenns 3amxamms. JlaHo: 1) cxemMa MexaHM3Ma B 3aflaHHOM
nonoxenuu (puc. 84); 2) ucxonusie maHuwie (Tabi. 28).

TaGanuna 28

Paccrosnue, cM Jinuna 3BEHbEB, CM

Pak l glelcldje| 014 AB‘ AD | O,D | DE | OE | FG GH | FH | 0,G

52 132} 4139(19{32| 12 46‘ 29 32 53 18 25 14 14 20

Pemenue. 1. Onpedearenue cxopocmeii mouek U yz2A08blX YCKOpeHuil
38eHbE8 MeXAaHU3IMA C NOMOWDIO NAaHa ckopocmeil.

a) Onpedennem ckopocmu movex. CTPOEM CXeMy MeXaHH3Ma B BHIOpaHHOM
maciurabe (puc. 85). BorunciisteM MOAYJbL CKOpPOCTH TOYKH A KpuBoimma O;A:

V4=0g 4-0,4=2-12 =24 cm/c.
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aF=%cn
AC = BC

29

%L=0,8

Puc. 83




Bexrop 4, nepuneHmmkynspen 0,4
U HampaBieH B CTOPOHY BpallcHHA
£ xpusoIMma,
; Crpoum n1mman  ckopocreit. M3
} o, ipon3BOIBHO pui6panHoro momoca O
InposomuM ayd Oa, H306paxarouImis

” B BHIOpaHHOM MacmTabe CKOPOCTh
toukdn A. [Jas -enpenencHus  CKO-
pocTH TO4KE B d4epes momoc O
OpoBOAMM MpAMYIO, UapaICHEbHYIO
ckopocTd U, 4YEpe3 TOUKY 4G —
npsyo, nepHenauxynspayio AB. Io-
Jdysaem Touky b; ewpesox Ob

Puc. 84

omnpenenseTr  CKOpocTb ToukE B,
H3mepseM nmupy aysa Ob m, moib-
3yach MacmraboM cKopocTeil, Haxo-
M og = 17,5 cm/c.

Ins onpenenesnsa ckopocTH Toukd ‘C JeNUM OTpe3ok ab IUlaHa CKOpPOCTEH

B OTHowenuHu ac/cb = AC/CB.

JIyu Oc m3oGpaxaer ckopocts Toukdn C. Ilonb3yscs Macmrabom cko-

pOCTeH, noaydaem

ve =175 em/c.

Ilponoirkas mocTpoeHHE HIaHA CKOPOCTEH, BAXOOUM U4, U, UC, Ub, VE, UF,

tg, vu (Tabm 29).

Crnioco6 onpenenenus

Tlo nmnany ckopocreii
C nomompio MrHOBEHHbIX
TEHTPOB CKOPOCTEH
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TaGumua 29
Cxopoctn Touex, CM/C
17,5] 17,5] l7,5| 17,5 } 17,5 14,8l 14,4
41734 17,5} 17,4} 17,4 | 174 4 14,6 | 143

5 0 5 Wk
Tdad L



Ha ueprexxe Mexanusma KOHIBI BEKTOPOB CKOPOCTEHl TOYeK MPAMOJIHHEH-
Horo 3BeHa (Hampumep, A, B, C wiu D, E) HaxoaaTcad HAa OIHOM TNPAMOIL.

6) Onpedeanem yzaoevie ckopocmu 38eHve8 mexanusma. OTpe3ox ab IwiaHa
CKOpOCTEH BBIpaXXaeT BpAIaTEJbHYIO CKOPOCTh TOYKH B BOKPYr TOYKH A:

ab = UVgp = Wyp* AB,
OTCIOIa YIJjIOBasi CKOpPOCTh 3BeHa AB
wy4p = ab/AB = 19,5/46 = 0,424 pan/c.

AHaNOrHYHO OIpPEAENAIOTCS YIJIOBele ckopocTu 3BeHbeB AD, DE, FGH:

®4p = ad/AD;
wpe = de/DE;
orcy = fg/FG.

YI'J'IOB)’!O CKOPOCTb ®fgy MOXHO OINPENCIUTh TAKXE H3 COOTHOILIEHMIA
O = gh/GH =fh/FH.

Vrinosas cxopocth 38eHa O,D onpenensercs MO BPALIATENBHOH CKOPOCTH
Toukd D BOKpYr HENMOABHXHOrO HeHTpa O,

mOzD = UD/OZD.
AHAJIOTHYHO ONpPENEeNA0TCa YrioBble cKopocTH 3BeHbEB O3E, 0,G:
®p,g = UE/OsE; Wo,6 = UG/O4G.

Brruucienssie 1o 3TuM GopMysiaM yrjloBsie CKOPOCTH NpuBeeHsl B TaG1. 30.

TaG6nuna 30
Yraosbie CKOPOCTH 3BCHLEB, pan/c
Crnioco6
onpeaeneHus AB AD DE 0.D O:E FGH 04G

Mo mnany cxopocreit | 0,424]0,500} 0 0,547 0,972 0,272 0,740
C mnomoubld MrHO-
BEHHbIX UEHTPOB CKOpPO-
creit 0,42110,505] 0 0,544 0,967 0,278 0,730

2. Onpedesenue cKopocmeili mouex u y2A08blX CKopocmeil 36eHbes Mexa-
HU3MA C ROMOUWbI0 M2HOBEHHBIX YEHMpO8 cKopocmeil.

a) Onpedeasem NOAONCEHUA M2HOBEHHBIX YEHMPO8 CKOpocmeil 36eHbE8 MeXa-
nusma. CTpouM cxeMy MexaHu3Ma B BhIGpaHHOM Maciutabe (puc. 86). 3Benps
0,4, 0,D, 0;E, 0,G BpammaroTcs BOKPYr HEHOIBIKHBIX LHEHTPOB 04, 0,, 03, O4.

MrHaoBeHHbI LEHTP CkopocTei P,p 3BeHa AB HaxoZuTCsA Kak TOYKA Iepe-
CeYeHUs MEepIEeHIUKYNISAPOB, MPOBENEHHBIX U3 TOYeK A M B K UX CKOPOCTSM.
AHanOrNYHO ONpENENAeTCA MOJOXEHUE MIHOBEHHBIX LEHTPOB cKopocteit Pyp
¥ Prgy. MruoBennblif neHTp ckopocreit 3sena DE Haxonurcs B G€CKOHEYHOCTH.

6) Onpedeasem ckopocmu mouex. CKOPOCTH TOYEK 3BEHHEB MEXaHH3Ma
DPONOPUMOHATBHBI PACCTOSHUAM OT 3THX TOYEK /0 MTHOBEHHBIX IIEHTPOB CKO-
pocTeii COOTBETCTBYIOIIMX 3BEHbLEB.
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OTH pacCTOAHMA M3MEPSIOTCA HA UepTEXKe.
Jlna onpenenenus cxopocreil Touek B m C 3Bena AB umeeM Oponopuuu
v4/vp = AP 45/BP 45; v4/vc = AP 45/CP 4p.
CrnegoBaTesibHO,
vg = U4+ BP 45/ AP 45;

Uy CPAB/APAB.

Ananoruyso, Wis Toukd D 3Bena AD
v4fvp = AP 4p/DP 4p,

Uc

OTKyZxa
Up =0y DPAD/APAD

Tak kak MrHOBEHHBIH IeHTp cKopocteil 3BeHa DE HaxomuTcs B GeckoHed-
HOCTH, TO Ug = U = Up.
Hna omnpenenesus ckopocteit Touek G u H mMeeM mpomopuuu vgpfvg =
= FProu/GPreu; vr/vn = FPren/HPrgep.
CnenoBateibHO,
vg = vr - GPreu/FProi ; vy = vp HPrgu/FPrgy.

TMonb3ysace MaciTaGoM UIHH, ONpeaeNseM PAcCTOSHASA OT TOYEK A0 MIHO-
BCHHBIX IICHTPOB CKOPOCTEIf.
Oy paccrosHus (B cM) mpuBeneHH B Tabu. 31.
CxopocTn TOYEK, BEIMHC/ICHHBIE IO YKa3saHHLIM (OpPMyNaM, NpHBEIEHHI B
Tabn. 29.
OnHOBPEMEHHO C ONpedeNeHHEM MOMAYJEH CKOPOCTEH TOYEK HAXONMM HX
Prgy HampaBieHVs, & TakXe HanpaBJIeHAA
\}Lw BpalleHHil 3BeHbeB MexannsMa. Hanpu-
64 Mep, O HANPABICHHIO CKOPOCTH TOYKH
A H TNONOXECHAIO MIHOBEHHOTO LIEHTpA
CKopocTeil P g ycTaHABIMBAEM, YTO Bpa-
IICHHE 3BeHA AB NpOHCXOOUT 11O 4Yaco-

"~

—_——

.

————
———

20 emfc?




Ta6nanuna 31
AP4p | BPyp CPyp APyp DP,p | FPrgy | GPrgy | HPpGH

57 41 41,5 47,5 34,5 62,7 52,8 50,8

Boit ctpesnke. ITosTOMy CKOPOCTL TOYKH B mpM JaHHOM HOJIOXKEHMH MEXaHH3-
Ma HampaBJieHa BBEpX.

AHaJIOTMYHO ONpeneNsieM HANpPaBJICHHSA BPAILICHHI OCTAJILHBIX 3BEHLEB H
HanpaBJIeHHs CKOpocTed Toyek MexaHusMma (puc. 86).

B) Onpedeasnem yzaoevie ckopocmu 36eHbe8 mexanusma. CropocTs roboit
TOYKH 3BEHa DaBHA NPOM3BEICHHIO YIJIOBOH CKOPOCTH 3TOrO 3BEHA Ha pac-
CTOSHNE OT TOYKM OO MIHOBEHHOrO LIEHTPA CKOPOCTEi:

vg=04p* AP4p = 0 p+ AP 4p.
OTcrofa onpenenseM YIjIOBble CKOPOCTH 3BeHbeB AB m AD:
048 = U4/ AP 4p; ©qp = V4/AP 4p.
VrnoBas ckopocts 3Bena 0,D onpenenserca No CKOPOCTH TO4KH D:
®o,p = vp/0,D.
Vrnosas ckopocts 3BeHa DE npu [aHHOM IIONOXKEHHM MeXaHM3Ma pPaBHA

HYJIIO, TAK KaK MIHOBEHHBIH LEHTP CKOPOCTeif 3BEHA B 3TOM Cliyyae HaXOXHUTCHA
B GeckoHeunocTH: ®pf = 0.

AHaJIOrHYHO ONpE/E/IAEM YTIOBEIE CKOPOCTH OCTAIBHBIX 3BEHBEB MEXaHM3Ma
0o,z = Vg/O3E;
orer = Vr/FPreu;
©o,¢ = 06/04G.

VT/I0BBIE CKOPOCTH 3BEHBEB, BHIMHCICHHBIE 10 YKA3aHHBIM COOTHOLICHHSM,

npusenensl B tabm. 30.

3. Onpedenenue ycxopenuii mouexk A, B, D u yzao8vix yckopenuii 38enbes
AB u BD*,

a) Onpedeanem d4, dp M €45 (puc. 87). C NOMOILBIO TEOpEMBI 00 YCKOPEHUAX
TOYeK IUIOCKOM GUIyphl ompejenseM YCKOPEHHE “TOYKd B:

ép = dA + % + a?g
Tak xax xpusommn O;A Bpaiaercs paBHOMEPHO, TO YCKOpEHHE Toukm A
HampapjieHO K HEHTPY O; M paBHO
as= a5 = 014 -0}, 4=12-2% = 48 cm/c?.
IentpocTpeMuTeibHOE YCKOPEHHE TOYKH B BO BpalaTENbHOM ABUKEHHM
matyHa AB BOKpYT mojioca A HamNpaBJeHO OT TOYKH B k Touke 4 M paBHO
als = AB- 0% = 46-0,4% = 7,36 cm/c2.

* VcroBHe 3afaHHA INPedyCMaTPHBAET ONpPEAeNCHHE YCKOpeHHit Touek A, B u
yrioBoro yexopeHusa 3BeHa AB. OnoHako B mpuMepe ONpeneldioTCas TAaKkKe YCKOpeHue
Toukd D m yrnoBoe yckopenue 3BeHa AD B COOTBETCTBMM C ABYMS CIy4asMH, BCTpeE-
HalOMUMKUCA B 3aJaYax TaKkoro THIMA.
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OTKnansBaeéM OT TOYKH B B COOTBETCTBYIOLIEM MaciuTabe yCKOpeHHE Mo-
moca d4 W3 xoHua BexTOopa d4 CTPOMM BEKTOp dYp, NMPOBOAA €ro napal-
nensHo BA. Yepes komen Bektopa dYs IPOBOIMM MpPAMYIO, NEPHEHIMKYASp-
Hyl0- BA, T. €. mapaJuleNbHYI0 BpalllaTeIbHOMY yCcKopeHHio d%p. Touka mepece-
YeHHs J3TOH MNpsAMOH C MNpAMOH, MO KOTOPOH HampaBjieH BEKTOP YCKOPEHHUs
nos3yHa. B, onpelienseT KOHIBI BEKTOpOB dp ¥ dg.

H3MmepenneM Ha udepTexe mnoiyuaeM dag = 39 cm/c?; afg = 3@ em/c.

Fax Kak aig= AB-€4p, TO YIJIOBOE YyeKOpPeHHE 3BeHa AB.

€45 = a%p/AB = 30/46 = 0,652 pan/c>.

©) Qnpedeasem dp w &4p (puc. 88) Touka D APUHARIEKHT ABYM: 3BEHBAM::
AD u 0,D. B3sB 3a nowoc TOYKYy A, MOJLyuaeMm

éD'= dA,+ é“AD-l-&‘jm.
Vckopenue Toukn A HalieHo BBINE: a, = 48 cm/e?.

LieHTpOCTpEMATENLHOE yCKOpeHUe Touku D BO BpamIaTebHOM [IBWKEHUH
3BeHa AD BOkpyr moisiroca A HampaBi€HO OT TOUKM D Kk TOuke A U paBHO

alp = AD - 0%p = 78,5.0,5% = 7,1 cm/c2.

OtxnanpiBagM M3 TOYKH D B COOTBETCTBYyMOIIEM Maciutabe YCKOpeHHe
noiuroca. d4 VI3 xoHIZ BekEOpa d4 ETPOUM BEKTOP: dlp, HDOBOXS €F O NAPAKICIBLHO
DA. Yepes xoHen BekTopa é%p mposomum mpsamyio JK neprnenauxyispao DA,
T. €. DapaJIJICJILHO BPAINATEILHOMY YCKOPEHHIO &% p. OnHaKke onpeneNnFh yCKo-
peHue dpy ITUM NOCTPOCHUEM. HEBO3MOXKHO, TaK KaK €F@ HaNpaBJICHHE HEM3BECTHO.

Yto6xt HaliT yckopenne TOYKKE D, HeOGXOAMMO BLINOJIHATE BTOPOE NOCTpPOE-
HHE, pacCMaTpuBas 3Ty TOYKY Kak NMpuHAa[Iexamyso 38eHy 0,D. B atoM ciyuae

dp = dp + dp.
I{eHTpOCTPEMUTENBLHOE YCKOpEHHE TOUKH D
ap = 0,D - wp,p =8 cM/c?.

OrxnagsiBaeM oT Touku D BEXTOD G, HanpaBuB ero k LeHTpy O,. Yepes kxoHen
BekTOpa dp npoBoauM mpsamyio LN nepnenaukynspso O,D, 1. e. napaunenabHo
BPAlIaTENbHOMY YCKOPEHMIO dp.

Puc. 89

w8 A Mol py g
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Touka mepeceuenus 3roit npsmoit ¢ JK ompenenseT KOHILI BEKTOPOB dp,
dp U dp.

H3mepenyeM Ha udepTexe noiydaeM ap = 42 cm/c?; a% = 30 cm/c2.

Tax kak a%p = AD-¢€,p, TO YIJIOBOE yCKOpeHHE 3BeHAa AD

€4p = %/ AD = 30/29 = 1,03 pan/c?.

4. OnpedeaeHue noaA0xceHUA M2HO8EHHO20 YeHwmpa ycKopeHuti 38eHa AB
(puc. 89). Ilpumem TOuKy A 3a momroc. Toraa yckopenme Touku B

dB = dA + dAB-

CrpouM napajieorpaMM YCKOpEHHH NpH Touke B mo guaroHanu dp #
cropoHe d4. CropoHa mapajuienorpamMma d,p BHIPAXKaeT YCKOPEHHE TOYKH B
BO BpalueHud AB BOKpyr momoca A. YCKopeHHeE {45 COCTaBJIAET C OTPE3KOM
AB yroy o, KOTOpbIil MOXHO H3MEpPUTh Ha YepTEeXe.

Hanpasnenne BekTOopa (% OTHOCUTENHHO MOMioca A IMO3BOJISET oOnpene-
JIATh HANpaBjIeHUE €45, B JAHHOM CIIyJae COOTBETCTBYIOIee HANpaBICHUIO
BpaweHus 4acoBod crpeiki. OTIOXHB yroil o OT BEKTOPOB d4 U dg B 3TOM
HampaB/JIeHHM Y NPOBOAA [B€ MOJYNpsMBIe, HalileM TOYKYy HX IepeceyeHUs
Q4p — MTHOBEHHBI LEHTP yckopeHuii 3BeHa AB.

5. Onpeodeaenue yckopenus mouxu M. Haiinem yckopenme Toukm M ¢ mo-
MOILBIO MTHOBEHHOTO LIEHTPA YCKOPEHHUIA.

Yckoperus TOuek ILTOCKOH (bHryphl NPONOPIMOHANBHBI HMX PACCTOSHUSIM
A0 MrHOBEHHOTO HEHTPAa YCKOPEHMIi:

apf/ag = MQ 45/ AQ 45.

INMoagcraBuB paccTosHuA, ONpeneiieHHble IO 4epTexy, MQup =675 cMm,
AQp = 77 tM, TIOSYYHM YCKOPEHHE TOUKH M :

s = ag- MQOus/AQ 5 = 48 - 61,5/77 = 42,1 cm/c?.

Vckopenue ay cocraBisieT ¢ npsMod MQup Yyron o; HaOpaBlIEHHE 3TOr0
BEKTOPa COOTBETCTBYET YIJOBOMY YCKOPEHHIO €g4p.

COEPMYECKOE ABMXXEHUWE TBEPJAOI'O TEJA

3agaune K.5 Onpenenenne KHHEMATHYECKHX XapaKTePHCTHK
JABHXKEHHS] TBEPAOro TeJa H €ro TOYeK MO ypaBHennsM OJiinepa

3anausl ypaBHeHus chepuueckoro OsixeHus TBepmoro tena = Y(f), 0 =
=0f) m o =0(t), rne ¥, 6 u ¢ — yre Binepa (puc. 90).

Onpenenuts M1 MOMEHTA BpEMEHM t = f; YrJIOBYIO CKOPOCTH U YIJIOBOE
YCKOpeEue Teia, a Takke CKOPOCTh H YCKOPEHHE TOUKH M, KOOPAMHATHL KOTO-
poii B NOABIKHOW CHUCTEMe, XECTKO CBs3aHHOH ¢ TenoM, &, 1, C.

Heo6xonumele nanHble npusencHst B 1abia 32.

Tlpumep Bomoanenus 3asamms. Yicxommere gammme: = 2t2 4 3t pap,
0 =mn/6 pan, =24t pam, E=3 M, u=2cM {=5cm, t; =1 c

Pemenue. 1. Onpedesenue yzaoeoii cxopocmyu meaq. IIpoexumu yriaosoi
CKOPOCTH Tejla Ha NOABHXKHBIE OCH KOODJHHAT ONPEACNIAIOTCA MO CJICAYIOLIHM

&



Ta6numa 32

Howmep VpapHEHHA NBHXEHUA Tena :g‘"&g“ﬁ*’a?;“ -
BapHaHTa 1s
¥=Y(1), pan 0=0(1), pan | 0=0(!), pan| & n m
1 3124 6¢ /3 4t 2 5 4 1
2 2t (n/6) sin2t 25¢ 3 1 2 2
3 —4 (m/4)cos 3¢ 15¢ 4| -3 5 1
4 2624 3¢ /6 -2t -2 4 4 3
S 412 —n/4 20¢ 3 21 -3 2
6 3t —(n/3)cos4t 6t 2 3 2 1
7 4122t /4 —20¢ 6 2 3 0,5
8 244 /3 18¢ 7 4 1 1
9 —=324+2t 7/6 30¢ -4 5 3 2
10 5t (m/3)cos 2t 10¢ 5 3 3 0,5
11 -2t (m/4)sin 3¢ —12¢ 41 =2 4 2
12 212—4¢ — /4 15¢ -6 4 2 1
13 32+2t —n/3 24¢ 3 10 5 0,5
14 -3t (/6) sin 8¢ —30¢ 10 -4 3 1
15 —4124 3 /4 16¢ 9 5 5 2
16 2t (n/3)cos 6t 3¢ 6 8| 10] 1
17 —21245¢ n/5 5t 1 31 -2 1
18 424 3¢ =/9 25t 7 5 4 0,5
19 ?2-2t — /6 —4t 5 4 3 2
20 4 (n/5)cos 3t 18¢ -3 2 1 2
21 —5t (/4) sin 6¢ 12¢ 8 6 10 1
22 -22-2¢ —n/5 2t 41 -1 3 4
23 32—-2¢ /4 -5t -5 7 4 3
24 2t —(n/5)sin 3¢ —30¢ 10 81 -6 1
25 —t (m/9) cos 8¢ 18¢ 7 4 5 2
26 3t (®/3)sin2¢ 10¢ -2 1 3 1
27 ~3024+4 —nf9 St 8 9 6 2
28 -5t —(n/3)sin 3¢ 8t 41 =2 =2 2
29 t (n/4)cos 6¢ 9t 7 6 10 3
30 -3t (m/6)cos 4t —15¢ 6 8 5 1
dopmynam:

o = sin 0 sin @ + 6 cos ¢;
©, = Y sin 0 cos ¢ — B sin o;
co;=\ilcose+('p.

Mcnonb3ys HCXOAHBIC AAHHbIC, HAXOMHM;
o = (4t + 3)0,5sin 24¢;

@, = (4t + 3) 0,5 cos 24¢;
@ = (4t + 3) 0,866 + 24.
IIpoexuun yrixoBoif CKOPOCTH Ha HENMOJBHXKHBIE OCH KOOPIHHAT:
o, = ¢@sin{Ysin0 + écosq;;
©, = —@ cos Y sin 8 + Gsin y;
o, = ¢ cos O + v,

)]
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