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NEPE[IMOBA

a

TeopeTuuHa - MexaHika $K ¢(yHmaMEHTanbHA MAUCHMIUIIHA € MaTe-
MATH30BAHOI HAayKoK, METOJaMH SKOi YacTO0 KODPHCTYIOTBCS IIpH
pO3B’43aHHI TOCATH LIMPOKOIO KJACy IHXEHEPHUX 3ajay, 3 SIKMMH J0BO-
OUTHCS CTMKATHCH MiJ Yac MigTOTOBKH IH)KeHeplB GakanaspiB i Maricrpis
PiSHEX CrneniaabHOCTEH.

'3aKOHM Ta MPUHIAIN Teopemqﬁm MEXaHiK¥ IUPOKO 33CTOCOBYIOTHCS B
TAKUX 3arajbHOIHXEHEPHHMX HAayKax, dK Omip MaTepiajis, 6y1113enbﬂa Mme-
xaHika, Teopis MexaHi3MiB i MaIIWH, JeTaxi MamMH T4 B padi Kypcis 3
MammHOOyyBaHHs, GyRiBHHITBA i IPUIAKOOyXyBaHHS.

YcnimHe BUBYEHHS Teopemtmm MexaHiku noTpebye He TLTbKHI TPyHTOB-
HOTO 3aCBOCHHSI TEOpii, a i HaOYTTs MIIHUX NPAKTHUYHUX HABHYOK, SIKi 370~
6yBalOThCA CTYNEHTAMU 3aBASKHM CAMOCTIHHOMY DO3B’SI3YBAaHHIO BEJIMKOL
KiIbKOCTi 3a7ay i3 pi3HUX PO3ALIIE TEOPETHUHOI MEXAHIKH.

IIponorosasui 36ipauk MicTuTh 38 3aBxansb, npu nsomy 11 — i3 posniny
CTATMKM TBEpHOro Tina, 10 — 3 kximematmkm i 17 — 3 AuHaMiku Ma-
TEpiasbHOI TOMKHM, TBEPHOIO TLIA, AHAMITHYHOI MEXAHIKM TAa KOJMBAHb Me-
XaHIYHOI CMCTEMH.

Y K0XHOMY i3 3aBaHb nependaueHo, ik MiniMmym, 30 BapianTis. Crynesr
HOBUHEH BMOpATH CBill BApiaHT BiAMOBIAHO 0 NOPSAKOBOTC HOMEPA, 33 AKUM
BiH BOMCAHUH B XypHas BIIBIAYBAHHS DPAKTHYHUX 3aHATh, IPAYOMY HOMEP
BapiaHTa 3a3HAYAETHCS BIOD 6119 KOXHOI PO3PAaXyHKOBOI CXEMU, a UUCJIOBI
3HAUEHHS HEOOXIMHUX IS PO3PAXYHKY BEJIMUYMH HABOHATHCS B TaGJmm o0

JONAETHCH.
' V 3appansax K-9, K-10 sapiasT BnOupacThCs AHAIOTIYHO, 32 BHHATKOM
TOTO, IO YUCJIOBi 3HAYEHHS MAPAMETDIB 0 BapianTa N0TPibHO OpaTH i3 Tab1.
33 3rigEO 3 OCTAHHBOK (PO HOMEpa 3aMiKOBOI KHIIKKH.

lo KOXXHOro HOMEpa 3aBAaHHs B 30ipHUKY. HABOOWMTHCS npnman, KM
OSICHIOE METOAUKY HOr0 BUKOHAHHS, ONHAK Iii NMPHKJIAAA HE MICTSATH MpO-
rpaM i pekOMEHAauiil moAo ix CKJIANAaHHS, OCKiJIBKM Yy BHIIMX 3aKJanax
OCBiTH YKpaiHU 3aCTOCOBYIOTHCS Pi3Hi a/ITOPUTMIUHI MOBH i BI/IKopI/ICI‘OByIO’I'bCS{
pisHi OOUMCTIOBANBHI 3aCO0M.



Tlpn BuKXOHAHHI 3aBIAHHY i3 CTATHKM HEOOXiHO AOTPHMYBATHMCH TAKOi:
OCTIZOBHOCTI Aiit: '

'a) BUAUIKATH TLIO UM BY30J1, PiBHOBAry SKOro tpefa BHBUMTH,

6) nokasaTy 3ajaHi (aKTMBHI) CHJIM;

B) BCTAHOBHUTH IJIsf JAHOTO Tma UM BY3/Ja MEXaHIYHi B ’g3i it Ha migcrasi
akcioMHM Npo 3BiILHEHHS Bin B’g3ell 3aMiHMTH X CEIaM# (peakIlisaMH
B’A3€H);

I) MpoaHasi3yBaTH CACTEMY CHJ i BIIEBHMTHCS B TOMY, IO IS CHCTEMA
CHJI CTaTHYHO BU3HAUYCHA;

1) BHOpaTH IPIMOKYTHY CHCTEMY KOODAMHAT i 3aIMCa®¥ AHAJITHYHI
piBHSAHHS AJISL CHCTEMA CHJ;

X) pO3B’S3aTH CHCTEMY JnHman anreﬁpqunnx piBHIHB, quncmmmn
3TiIHO 3 YMOBOIO 3aBIAHHS peaxilii B’a3eii.

IITo crocyeTecsi BUKOHAHHS 3aBAAHb 3 KiHEMATHKH, TO TYT CJiJ MisATH
Tax:

a) 3’9CyBaTH, pyx SKMX TOUKH abo Tiza mae 6y'm JOCTIKECHUM;

V)] BMKODHCTATH BiXHOBINHI KiHEMATHUHi BENWYWHH, IO BIZIHOBllIaIOTb
NAHOMY KiHEMAaTUUYHOMY HPOLECOBI;

B) IOKAa3aTH Ha pospaxym(osm CXEMi BEKTODH KiHEMATHYHMX BEJHUMH

- (WBHAKOCTI, IPHCKOPEHH, Kymnm IIBMAKOCTI, KyTOBOIO HIPUCKOPEHHS i T, 1.);

r) y BUOpaHiil cHCTEMi BiJUliIKy BU3HAYMTH BEIMYMHY, 3anponononam
BiIIOBIAHMM 3aBHAHHSIM,

BuxonaHHS 33aBNAHHS 3 OUHAMIKH MaTeplaJ[LHOI TOYKH, TBEPAOIO Tija,
aHATITHYHOI MEXAHIKM TA KOJMBAHbL MEXAHIYHOI CHCTEMH l’IOTpl6H0 IPOBO-
JUTH B TaKi MOCAiMOBHOCTI:

_ a) AJIS TOUKH abo Tiza, pyx SKUX BUBYAETHCH, MOKA3ATH AKTUBHI cuim,
peaxuii B’s3eid, cuiun mepuu,

0) Ha miACTaBi BIATOBIZHMX 3aKOHIB, TEOPEM i IPUHIUOIB TEOpEeTHUHOI
MEXAHIKM CKJIacTH AudepeHmianbHi plBHSIHHSI LIO ONMCYIOTh PYX TOUKH Uy
Tina;

B) NPOiHTErpyBaTH nnd)epenmanbm PiBHSIHHSL.

B ocHoBy 30ipHMKA 33aBJAHb MOKJIAJAEHO METONMYHI BKA3iBKM Ta KOHT-
POJIbHI 3aBAaHHS 3 TeopeTuyuHoi Mexanikm (posain "Craruka"), ckaapeni y
cnisasTopctei 3 M. B. Boxenxom (JInsis: JIbBiBCchKa mostitexmixka, 1996).

ABTOp BWCJIOBJIIOE IOUPY BAAUHICTL [, A. Bauaaxy (mou. xacbenpu Teope-
THYHOI MexaHiku JepxaBHOro yHlBCpCHTCTy "JIpBiBCBKA mOJiTEXHIKA"),
JI. M. Hlanwdi (nom. xadenpu TeopeanHm MEXaHiKy Haulonanbﬂom
TEXHIYHOrO yHisepcurery Ykpainum - "KII[") 3a rpymroBHmit mneperasn
opuriHany 30ipHHKA Ta PETEIbHE BUYMTYBAHHS BEPCTKH KHATY, & TAKOX J1a-
GopauTy Kaq)ex(pn Teope'mqnm mexaHiku JlepxasHoro yHiBEpCHTETY
"JIpBiBCBKA MONTiTExBiKA" P. I1. Scmpemcokill 32 FOIOMOTY mz( vac ApyKy-
BaHHS aBTOPCHKOIO OPUIIHAMY.
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3aspanns C-1 )
BU3HAYEHHS PEAKLLIA ongp I 3yCUIb
B CTEPYKHSIX TNIOCKOI DEPMM

JAna 3apaHoi c¢epmm rpacdiuso # anamiTHUHO (METOXOM Bnplsamm
BY3JIiB) BU3HAUUTH:

) MOJIyJTb i HANPSIMOK PIBHOMIAHOI AKTHBHAX CHII, npmmanennx no cbepMn

2) peaxuii onop depmu; , 4

3) aycuwuis, MmO BUHMKAIOTH B CTEPXHSX hepMu:

a) noGynonoro niarpamu Maxceenna — Kpemounn;
. 0) BUpi3yBaHHAM Bysmn i3 3aCTOCYyBAHHAM AHANITHYHMX yMOB
piBHOBAry.

Merogom nepepisis (MeroxoMm Pirrepa) momaTtkoBo mepeBipUTH 3yCHILIS
B TPbOX CTEPXHAX (hepMH IJId 3aHaHOTO HABAHTAXECHHI (HOMEPH CTEDXHIB
3asnaveHo B Tabn. 1).

Tabnuys 1
Bapiarr | | 7 | P31 e | o] cfals Hoveps
xH M pan
1 2 3 4 5 16 7 8 9 |10 11
1 40 | 30 | 50 | 40 | 3 4 3 45130 | 8, 9,10
2 20 | 40 | 20 | 20 4 3 2 60 | 60 | 8, 11, 14
3 30 | 20 | 20 | 50 | 25 | 25 4 | 45 1301 6 9 12
4 30 | 30 | 40 | 50 3 '3 3 60 | 30| 7.8, 9
5 50 | 20| 30 [ .40 | 1,5 3 151175 (3018910
6 60 | 50 |20 | 30 2 4 4 160 |15] 4,5, 6
7 20 | 40 | 50 | 20 4 3 3 30 | 45| 2,7.8
8 40 | 40 | 30 | 30 | 2,5 3 25 | 45 | 45| 6,7.8
9 30 | 40 | 30 20 3 4 2 30 | 30 {10, 11, 12
10 50 | 501 40 | 40 | 1,5 4 3 60 | 60 | 8,9, 10
11 4 | 30 | 20 | 20 2 3 2 19 |30 45, 6
12 20 | 40 | 50 | 50 3 6 4 |1 45 | 601 8,911
13 30 20| 3 | 20 2 2 2 — | =19 10,11
14 30 | 40 | 30 | 20 3 513 30 | 45| 4, 7,10
15 - 50 | 50 | 40 | 30 5 3 4 160 |30 4 11,15




Saxinuenns mabn 1

®
o .
)

Py Py Py a B
s | 172 17| o
xH .M Tpam .

16 60 | 50 | 60 | 50 4 3 3 13 [30] 1,36
17 40 | 40 | 50 | 60 | 3 3 3 | 15|60 1,37
18 30 | 30| 30 | 30 4 2 | 3 [ 3 (3] 456
19 50 | 20|30 |4 | 1,5 4 |1,5]60 |~ |12 13 14
20 4 | 50 | 20 | 40 | 3 3 5./30 | 45| 8,9, 10
21 30 | 20 { 20.| 50 2 | 3 2 [ 30 |30]09 10 1
22 .| 20|30 |30 |6 |.3 | 4 2 |3 [15] 2 3,7
23 40 | 20 | 40 | 50 |25 4 (25 |45 | 45| 2,5 8
24 10 {40 [ 50 |3 | 1,5 2 |1,5]|3/[3]1,3,7
25 30 | 20 | 40 | 20 3 3 2 {45130 678
26 | 50 | 50 | 10 ] 60 | 25 | 2 | 25|60 [.45]| 4,7, 11
27 20 | 40 | 40 | 30 4| 4 4 | 45 | 30| 4,56
28 4 | 60 | 30 [ 30 | 3 4 3 [ 60 |30] 256
29 60 | 30 | 50 | 40 | 3 3 2 |30 |3 234
30 30 | 40 | 20 | 20 2 | 3 4 |30 |3 | 80910

Cxemn ¢epm mokasaso Ha puc. 5, a—e. Heobximmi m1s pospaxyHKy
BEJMYMHMA HABENEHO B Tabu. 1. ' '

Ipukaan 1. Ha mnocky ¢epmy 3 reomerprusnmu. posMipamu a = 1,5 M,
b=25wm (puc. 1, ze 1 cm=1,5M) nmiooTe 30BHIMEI cuwmm F, = 15 xH,
F2=201<H F; =25 xH, F, = 30 xH.

Po3p’a93auHasa 1. Mogyap i BanmpsaMok piBHOIiNHOT F sananm CHUC~
TEMH CHJI BU3HAYAEMO H06y)l())BOIO y Bn6paﬁomy Macmrali 6araToKyTHHKA CHJT
(puc. 2). PisHopiltaa F = F,+F2+F3+F4 Ina spaxomxenHs ii JiHil mil
BuOupaeMo poBinsEUA momoc O, axui 3’ exHyeMo npomenamu O-1, 1-2,
2-3, 3-4, 4-0 3 nouaTKaMu - Ta KiHI.lSIM'PI BEKTOPIB ' CWJI "CHCTEMHM
(Fy, F,, F5 F,).

IMepexogumo mo noﬁynosn MOTy3KOBOI‘0 _GaraTokyTHUKa. B IJIOIMH
Iii cun (muB. puc. 1) 3 Toukm A nponom«mo npsiMy, MapajeibHy IIpo-
MeH©o O-1, 10 nepeTuHy 3 JHIE Ail cuiu F, 3i 3HAUAEHOI TOUKHM NpPO-
BOIMIMO TNpsIMY, TApasieIbHy NPOMEHIO /-2, 10 mepeTHHY 3 JHHIEW Aii Cuan
F2. 3i 3p06yroi To};:gn IIPOBOAMMO IIPSIMY, HapayieJbHy NpPOMeHio 2-3, 10
MEPETHHY 3 JiHIEW Ail cumam ?‘3, i T. 1. YrBOpeHa ysamana jinig (O-1)-
(1-2)-(2-3)-(3-4)-(4-O) Ha3uBAETLCA MOMY3KOGUM bazamoxymHuukom.
3’emuyroun Mix coboro kpaitmi cropomm O-1 i 4-O GaraTokyTHHKa,

OiCTAEMO TOUKY, Y€pe3 SKy NpPOXOmUTh PiBHOMiMHA cucremu cun (ous.
puc. 1).
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fidig it
PIBHOAIMHOT
Puc. 1 Puc. 2~

2. 3HaueHHY | HAPSMOK PEaKLiil EA Ta E’B onop depmMu MOXHa BH3HA-
UMTH, BUXOASYM 3 YMOB PiBHOBAIUl IUIOCKO! CHCTEMH CHJI, SIKi NOJSTAIOTH B
TOMY, IO CMJIOBHH i MOTySKOBm"L 6araToKyTHUKH MaioTh OyTH 3aMKHEHi.

Ockinpky HAanpIMoK peakuii Rz Bimomuil (mimist ii mii HEPICHAUKYISPHA
RO TJIOMMHM OHOPH B), MawuM TOYKY NEpPeTHHY mpomeHs 4-O 3 Heo,
3’€MHYEMO ii 3 TOUKOIO A mpomeneM 4-5 (aus. puc. 1).

Yepes Te mo yMOBa piBHOBAarM BUMAarac 3aMKHEHOCTI CHJIOBONO 6araTo-
KYTHAKA (XMB. PHC. 2), MPOBOAMMO 3 nojiroca O npoMiHp 4-5, mapajienbBuit
HOPOMEHIO 4-5 Ha MOTY3KOBOMY 5aPaTQKYTHH£y._>rIpQ_I;/Ing 4-.2) Ha pUC. 2 Aae
3MOr'y PO3KJIACTH PiBHOAIWHY aKTMBHMX CHI F=F,+ F,+ F;+ F, Ha n8i cun,
IpuyOMy 33 MOAYJIEM L PIBHOAINHA AOpiBHIOE PiBHOZiHIA peakuii onop
R = R4+ Rjp, a 3a HAIPIMKOM NIPOTHJIEXHA ii. ¥ BuGpanoMy MacmTabi
(1 cM =15 xH) 3HaueHHS KOXHOI 3 peakuiil BiANOBIXHE CTAHOBILTDH
R,= 36,5 xH, Rz= 45 xH. : _ )

Jlns aHAMITHYHONO BM3HAYCHHS PEAKIHi or!gp BUKODHCTOBYEMO DHC. 3,
1_1)a sn_c)omz) R0 $hepMH IPUKJIAREHO aKTUBHI cun Fy, F,, F,, F, i peakuii B’ s3ei
XA’ YAn RB- .

AHaniTHyHi YMOBM PIBHOB3IH MaiOTh BHIVIS:

S Fy=0; ~Y,+ Ry~ F— F,=0; @
S M(F) = 0; — F,-0,5b — F;b — Fy-3a — Fy-2a+Ry-4a=0. (3

I3 pismanns (3)



y ‘ A
l - g S G
F, Ul NYi
S S5 :’. SNs, =
e i 2
Xa A 2 331 ¢ 0 SVl 13 W8
xSe Sz | 5 S |S, b5 S x
T a a Fa a a -
H‘ v ' ' jR'
) ‘ Puc. 3 ‘
' F1'0,5b + sz + F3'3a + F4-'2a
RB= . 4a . =
_15125+20:2,5+ 2545+ 303

6 =452 xH.

Is piBnsuna (1)
v ‘ X,=F\+F, =15+ 20=35kH.
I3 pinstHES (2) " ' .

Ry + YA=F3+F4=25'F30‘=55KH;' Y, = 98 xH.
Toni

Ry=VXitY2 = V35 5 9,87 = 36,5 %H.
3a. Bci 3aMKHEHI. 6araToKyTHUKH CH GYNYEMO JUTSL KOXHOTO By3Jia, mob
yTBOpPUTH miarpamy Maxcsenna—Kpemonn. Ipu upomy JOTPUMYEMOCH Ta-
KUX TIPABU: ' .

D _gpe_)cnn_l;a‘o B ngm'r_zg& cxemy dbepmu i NOoKa3yeMo Ha Hiil BCi 30BHimIH]
canu Fy, Fp, F3, F,, R,, Ry, sKi mitoTh Ha depmy (aus. puc. 1);

2) posbuBaemo mompmHY tepMu Ha o6nmacTi, MmO 3HAXOMATHCS Mix

30BHIIIHIMHM CHJIaM4 Ta CrepxHamMu (epmu (30BHIIIHI obnacri), a rakox

~-obnacti MiX cTepxHIMHI (BHyTpimHi o6nacri). 3oBHimHEIME ¢ obyacri a, b,
¢, d, e, k, a BHyTpilmHIME — 06aCTi R, S, P, N, M, Q;

3) 30BHImEI cHH i SYCHJLIS B CTEPXKHSIX HA Jiarpami HO3HAYaEMO JBOMA
JiiTepamu, MO BiANOBINAIOT HA3BAM THX 00aacTel, MixX SKuMH 3HAXOOHUTHCH
NEeBHA Cua ab0 NeBHMI CTEPXEHD (hepmu; - '

‘4) obxix hepmu Ta il By37iB 3xificHIOEMO 32 XOIOM TOXWHHUKOBOI CTPLIKM,

Ha puc. 1 cuna R, nexuts Ha mexi 30BHIITHIX obsacrett ¢ i b. Ipu o6xoni
tepmu B 3a3HAYCHOMY HANPSMKY MEPETHHAEMO JIHIIO Aii uiei cum, nepe-
XOZsuM 3 obaacri a B o6aacts b, Ha miarpami y Bubpanomy macumrra6i cHy
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EA 300paxaemMo Bigpiskom c-zz, ne mep-
IO JIiTﬁpO_I’O a (piKCyeMO mOYaToK BEK-
Topa cuim R, (Bimnosizae obmacti @), a
Apyrow b — xiHens BekTOpa Wicl cmim
(signosinae obmacti b).

Ananoriygo Ha miarpami pHc. 4
BiZpi3KOM bc TNO3HAYAEMO CHITY Fl, v

BiZpi3KOM,; cd — cuamy Fz, _pinpisxom de
— CHULY Fg, BlI(plBKOM ek — peakuiwn
RB, a BigpizkoM ka — cuny F,. 3nobyty
miarpaMy 3OBHIMHIX cwia HA puc. 4
BHJISIEMO TOBCTIMIMMH JIiHiSIMH,
BusnauenHs 3ycwib B CTEPXHIX . Puc. 4
thepm moumHaemo 3 noOynoBM 3aMKHE-
HOro 6araTOKyTHMKA CWJI A9 By3/a A. anopncronyxoqn BuOpanuil HaIps-
MOK 06xony chepmu, 3 TOUKHM b IPOBOAMMO TIPSMY, DAPAIETbHY CTEPXHIO /,
a 3 TOUKM g — IpSIMy, MapaJiebHy cTepxuio 2. Touka TIepeTHHY R ux
UpSIMHX Ha puc. 3 aae sMory annaqg'm sycnmm B CTEPXHAX S, i S2, aKi
Ha miarpami 306paxeHo Bixpiskamu bR (S;) Ta Ra (Sz)
Tonibunm cnocobom Gymyemo piarpamy mis By3na II (1mB. poc. 3)
OCKiNbKY B B I(bOMY BY3J1i CXOAATHCA ABa CTepXHi (3 i 6) 3 HeBizomMuMu 3y-
CHJLISIMH Sa Ta S¢. Ha pHc. 4 3 TOukM R MPOBOXMMO MPSMY, NAPAIETbHY
CTEPXHIO 3, a 3 TOUKM 4 — OpsMy _JlapanenbHy CTEpxHIO 6. 3ycanng B
cTepxHi 3 306pa>1<ae'rbcs1 BlJJplBKOM RS BesmumMHa sxoro S; = 0, a sycus

B CTEPXHi 6 — BigpisKOM Sa. Tloni6rum criocoGom 6ynyemo 6araToxyTHHKH
cut aasd Bysnis I11...VII, 3axiguyoun By3nom B. I1pu mpomy BPaxoBy€EMO
TOH dakT, mwo nobynosa ﬁaraToxy'anKm CUJ1 MOXJIMBA IUISL BY3JIiB, J{E€ CXO-
BSIThCS He OUIbILE JBOX HEBIOMUX 3YCHIIb. l'Ipaan;mcn, no6ynosu miarpaMu
Makcsenna—Kpemonn HiATBEPAXYyEThCH ii 3aMKHEHICTIO HA BY3i B.

Y rabn. 2 HaBeleHO 3HAYEHHS 3yCHIb B CTEPXHAX (hepMu, 3HANARHI 3
noOyA0BaHOI AiarpaMu 3 ypaxyBaHHSM Macm'raﬁy noGynosu. 3HaK "mumoc”
O3HaYae, IO CTEPXKEHD PO3TATHEHWI (Ha Aiarpami 3yCHJLIS CIIPSIMOBAHO Bix
By3na npu subpaHoMy ofxoxi depmu), a 3HaK "MiHYC" — CTEPXEHb CTHC-
HEHUM. -

Tabruysn 2
Homep ' crepxns 1 2 3 4 5 6 7|8 9 10 | 11 12.1 13
' 3mak cwm {1 -1+ N G e T T I e N
Co- | At s 3lus8] 0 [25.1] 9,8 [45,8]48,8(51,1{19.6(53.3| 0 |70,7]53.3
#a (kH), | THUHO | : . .

BM3H3ayecHa

rpagiuno |15,0146,0| 0 |26,0(10,0{46,0{49,0{52,0(19,0|53,0| 0 |71,0|53,0




36. Binxmpaemo Bci B’s53i Ta 3aMiHIoEMO iX mii Ha Bya:au peakmismu. Ha
puc. 3 mOKa3aHO Byanm pepMU 3 NPHUKIANCHUMHE IO HHX AKTHBHHMY CH-
JIaMu i peakdismu B’s13eil. 3yCHULIS B CTEPXKHSAX NO3HAYECHO S; (i — HOMED
CTEPXHS). L - -

Peakmia crepxHs, npukianesa xo BigmoBigHOTO By3na, S, = - §,. 3y-
CHJLIA B CTEPXHSX COPIMOBAHO BiX BY3JIiB B CEPEAUHY BiAIOBiAHOTO CTEpXK-
Hs. BBaxaemo, mo cTepxHi posTarHyTi. SIKmo B PE3YyJIbTATi pO3paxyHKy
3yCWUISL B CTEPXHI MaTHME Bil' EMHHI 3HAK, TO HEH CTEPXEHb npangoe Ha
CTHCK. ‘

* Jlnst KOXHOTO By3/1a CKAJa€EMO JBA DiBHSHHS piBHOBaru:

DF.=0; YF,=0. )

Jlerko mepekoHaTHCs, MO BHXOASIYM 3 IUX PIBHIHD MOXHA BH3HAUHTH
HE TUIBKH BCi CwutH, a it peakuii omop. [liiicHo, By3JiiB — 8, pisHaup 16,
HeBigomux — 13 miroc 3 peaxuii onop.

Sxmo piBHgHHS piBHOBaru po3’ssysatu Ge3 3acrocysaras EOM, rto
BY3JIM CJIi{ PO3LASIAATH B TAaKill MOCHIZOBHOCTI, mo00 KOXEH pas B. piBHIHHY
(4) Bxommiro He GinbLIe ABOX HEBiMOMMX 3yCIIb. . ’

AHaniTuyHi yMOBM PiBHOBarW IUIS By3ja A MAaioTh BHIJIAX

ZFk=0; S, + S, cosa—- X, =0; ZFw:O; Y, + S;sina =0,

Si= ——A = - vV + aga; cga=22-3 1o

sin o b 25
Si= -98VI+ 148 = ~153xH; tga =

)

S; =X, — Scosa0=X,+ Yyctga; S, =35+ 9,8:1,2 = 45,8 xH.

HOna Bysna II maemo
ile=0; _‘S2, +S6=0; Szl =Sz=s6=45,8 KH;

. EFU => 0; S3 = (.
Hns sysna Il nicracmo ‘
ZFix= 0; -8, cosa + Fi+ S,cosa + Sscosa = 0;
D Fy=0; =S, sinc ~ S, + 5, sina— Ssina =0 S = Sy
83’ = S35 .
_S1+S4_S5=0;

10



S.=8,—F/Qcoso) =S, = FV1 + tg%a/2 =

=-15,3 - 7,5V1 + 25/36 = —25,IxH; S;= S, — 5, = —9,8 xH.
* Jlns Bysna IV 3HAXOLEMO

ZF,,c =0; F,+ Sgcosa— S, cosd = 0;

ZFiy =0;~S,/ sina— 8§, — Sgsinaa=0; S, =8
F,/ cosa+ S;—8, =0;

S =8, — F,/ cos o = S4/— Fzm =
=-25,1 - 20V1+25/36 = —51,1 kH;
S; = =S, sin o — S sina = —(S, + Ss)/V1+ cigho =
= —(-25,1 - 51,1)/V1 + 1,44 = 48,8 xH.
Ilna Bysna V maeMo ‘ : :
EF,x =0; =S¢’ — S5’ cos o + Sy cos & + Sy = 0;
zFi, = (; —F4-I'+ Ss’sina + S;" + S sind =0; S¢' = S¢; S5’ = Ss;
' - Sy = (Fy~ 8;)/ sina— S; =
= (F; - s,)m — 85 = (30 - 48_,8)\/i+_1,441+9,8 = —19,6 xH;
Si = Se + S cos o ~ s;cosq‘c = S, + (S5 = S5)/V1 + tg%a =
=458+ (9,8 + 19,6))\/1-?2? — 53,3 kH.
Ins sy3na VI gicraemo .
| EF,,, =0; —S, cosa — S; cosa+ S, cosa=0;
zF,y =0; —F, + S sina — Sy’ sino = S;; — Sy, sina = 0;
Ss' = Sg; S’ = So;
Siz= 85 + S = =51,1 — 19,6 = —70,7xH;
Shi=—F+ Sgsina— S sina —~ S, sina =

1



= ~Fy + (Sg— Sy — Sp)/V1 + ctgia =

= —25+(-51,1+19,6+70,7)/V 2,44 = (.

Ilns By3na .VII 3HAXOOUMO
D Fu=0; Sy = 810’ = 0; DFy=0; Su' = 0;
S’ = Sus S’ = Sies S1u=0; 8,3 = 53, 3KH
L[Jm By3na B (nepeslpxa) MAEMO

SIS = Si3; Esz =0; =S — )2’ cos 0«!2 0; Si2' = S EFiy =0;
S’ sina+ Ry =0; S;cosa=—S,;; Sp,sina = —Ry;

ctgo = S;3/Ry = 53,3/45,2 = 1,2.

Meronom nepepisis (MeTomoM
Pirrepa) nonatkoBo nepesipsiemo sycmi-
JISL B TPBOX CTEPXHAX (DepPMH, HATIPUKIAR
8 9 i 10. Ina uporo po3risamaemo
piBHOBary npasoi uyacTuau Qepmu, HA
.g,_ 4Ky RiIOTh CHJIM, OKA3aHi HA a puc. 3.

1 Jna BusHaueHHS cui S;, Sg, S,o

l poapizaemo YMOBHO (bepMy epepisom
1 w I-I. [lito BimkmuyToi JsiBOi wacTHHH
Ca ‘a Rs q)epmn Ha MpaBy 3aMiHIOEMO CHIAMH
0 mama |

(]

1=

<

1o
Qo
'y
(e -]

Puc. 5 Saa S9, SIO-
CxramaemMo cymy MOMEHTIB BiTHOCHO TOYOK Pirrepa (V, VI, B): |
ZM;}(_;',) =0; Rp'2a— Fa+ Sg-2asina = 0;
S Mu(E) = 0; Ry = 100,55 = 0
S My(F) = 0; Fya+ sg-Zé sina = 0,

3Bincﬁ

Sy = ~F;/(2sin oL)'= ~12,5V1 + ctga = —19,5 xH;
= (Fy — 2R;)/(2sin &) = (25 — 90,4)V2,44 /2 = —51 H.

3Hax MiHyC" TYT O3Hauae, WO CTEPXHI 8 i 9 crucresi.
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Puc. S.a



Puc. 5.6



Puc. 5.6



‘3aBfaHus C-2
NMPOCTOPOBA CUCTEMA 3BDKHMX CMIT

Ha xomcrpyxuito, mo CKJIANACTHCS i3 TppOX HEBAarOMUX CTEpXKHiB
(puc. 6, a—a), y Byani A nie cnna P,, HANPAMOK SIKOT IOKA33aHO HA CXEMaX.
leomerpuyni posmipn KOHCTPYKWii Ta 3HAYEHHS CHIN ;1 HABEACHO B

-Tabn. 1. ‘ \

Busnauutu 3ycumng B CTEPXHIX [—3. : ;

Ilpuknan 2. Buznauuru sycuwins s CTEPXKHAX /—3 NMpoOCcTOPOBOi KOHCT-
Pykuii (puc. 6) y BUrIsiNi mapanesieninena i3 CTOpOHAME g = 3M, b=4mMm,
¢ =3 m. Ha Byson A4 gic cuna P, = 15 kH, cnpsamoBana Bamosx psMoi
AB, npryoMy TOuKa B JIEXWUTh HA BECPTHKANBHIN ocCi Oz. ,

S Po3B’aszannsga B pisnonaaifposm_g-
AaEMO By3ONn A, Ha KM@ Aie BifomMa cuna P,.
3BLIBHIOEMO YMOBHO et BY30J Bif B’SIS_i;;, a_)'ix
AjI0 Ha HBOIO 3aMIHIOEMO pEaKUisMU R,, R,,
R;, CpAMOBaHMMH B3HOBX CTepxHiB /—3 Big
By3na (BBaXKa€MO, IO CTEPXHi MpAIOOTh HA
po3Tar). Y cucTeMi KOOpAMHAT xOyz, moxasaHiit
Ha puc.7, 3anMCYEMO aHANTHYHI yMOBH
piBHOBarm 301XHOI CHCTEMH CHUT: '

e/ 9 ‘ZF,x=O; —R, = P; cos o sin B = 0;

2 a » ZF@?O; —R, = P, cosacos B =0;
Puc. 6 | _—
2F12=0; Plsin(l—Ra—‘-O,
ne o
sinp= b= 3= 5
Vi +&  Vovas Via
COSB= a = 3 = 3
Vé+J& Vo+25 Vs
. b 4 2V2
sin @ =

Vé+p+c Vori6+2s 5

Vé+J3  Vor2s _ V34
V@ +8+c Vo+16+25 5V2.

16 o

cos oL =



) A‘ c/. -
. | _ .
S N ] <
a a
3] Pon (4] . 7
{
V12 2 /
AN ™ < B

Z Z
o ,2\2' Q ;|
—Z N2 a A

29-500



Pnc. 6,6
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Puc. 6,6

2%9-500



OcTaToyHo 3yCH/LIS B CTEPXHSX /—3 crasos-

JIS[TI)

R, = —P, cos a.cos § =

_5\/3_4
5vV2

R, = —P cosasinf =

=_'15\/§ 2.~ 10,63 kH:
sV2 Vi |

3
= — 6,38 xH;
V34 :

Otxe, /i 2 cTucHeHi, a CTEPXEHb 3 PO3TATHEHHNA.

3aspanns C-

3

V2
R3 = Pl sin o = 15_5_' = 8,46 KH.

BM3HAYEHHS PEAKLLIM ONOP CKNALHOT KOHCTPYKLUT
(CMCTEMA ABOX TiN)

Ha xonc'rpyxnuo (puc. 8, a—e), mo CKJIa).'(aGITBCH i3 IBOX YaCTHH, AifOTh

TIOKA3aHi HA PUCYHKAX aKTUBHI HaBAHTAXeHHs. UNC/I0Bi 3HAUCHHS reoMeT-
'PHYHMX NIApaMETpiB, 306pa>1<ean Ha pUCYHKAaX, HABENEHO B Tabu. 3.
Busnauuru peaxuu OXop KOHCTPYKIT Ta CAIM B3aeMomii Mix i1 oxpemn—‘~

MM TLIaMU.
Taﬁﬂuuﬂ 3
: P a ’ b I ¢ My My q a B
Bapianr: =
xH M xH' M xH/m rpag
1 4 1 3 3] 5 - 1,5 45 30
2 3 2 2 5 6 - 1,0 30 30
3 5 3 2 6 8 - 2,0 60 60 -
4, 6 3 5 5 4 - 1,8 45 60
5 10 8 3 3 12. - 1,0 30 60
6 8 2 3 | 4 8 - 120 60 30
7 4 | 2 [ 4 3 6 - 16 |30 | 45
|3 2 4 2 3 3 - 1,5 30 45
9 2 2 4. 5 4. - L5 45 30
10 | 3 4 3 5 | 10 - 1,2 60 45

[
(=]




3axinuenns mabn 3.

. P a ’ b I c M My q o B
Bapiaur -~
xH M xH M ‘xH/m Tpax
11 3 3 2 4 7 9 2,0 45 30
12 6 5 3 6 9 12 1,5 30 30
13 2 2 4 3 5 4 1,8 45
14 7 4 3 4 6 8 1,5 60 45
15 2 8 3 2 4 5 1,2 45 60
16 3 4 2 1 3 4 1,0 30 .30
17 4 3 5 2 - 8 6 1,6 | 30 30
18 6 2 4 3 12 10 1,5 | 30 45
19 5 4 2 4. 10 - 2,0 45 45
20 8 2 4 2 14 | 8 1.5 45 60
21 3 4 3 | 2 | 6 - 1,8 30 45
22 4 2 4 3 8 - 2,0 60 45
23 6 4 2 4. 4 - 1,5 30 60
24 2 4 3 2 5 - 10 | 30 | 60
25 3 4 2 2 O T - 1,2 90 30
26 2 1 4 4 4 - 1,5 45 30
27 6 3 3 5 12 - 1,0 | 30 45
28 4 | 4 1 2 8 - 1,5 | 45 45
29 2 1 2 4 6 - 1,4 30 30
30 5 2 4 2 9 - 1,2 | 45 45
31 3 2 1 5 5 - L5 | 60 60
32 4 3 3 -4 6 - 1,0 45 | 30
33 3 2 2 8 - 1 12 30 60
34 6 3 2 5 12 - 1,4 45 45
35 8 4 3 2 9 1 - 1,5 45 | 60
%6 | 4 2 3 4 11 - 1,0 | 30 |
37 5 2 4 3 .10 - 1.8 45 60
38. 3 3 4 6 7 - 1,5 45 30
39 2 3 5 1 4 - 1,2 | 45 60
40 4 5 3 4 8 - 2,0 30 -

[,

Ipuknan 3. daro: cxemy komcTpykuii (puc. 8); P = 61<H a=4wm;
b=2M;c=3m; M, = 8§xkH- M; ¢ =1,5kH/m; oo =45 = 600‘

Buanaqn'm peaxuii onop A Ta B i THCK Ha mapmp C..

Poss’azanng Posrismemo cucremy 3piBHOBaXyBaJbHMX CHII,
IpAK/IZEHY N0 CKMAANHOI KOHCTPYKL{i (mus. puc. 8). Ha KOHCTPYKILIIO mie

IUIOCKa CHCTEMA CHJI, INO CKJIANAETHCH 13 CHIIH P napn CHJI i3 MOMEHTOM
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M;; pO3NONiNEHOT0 HABAHTAXEH-
HY iHTEHCHBHICTIO ¢, 9K€ MOXHA
3aMiguTH CWwIoK Q = ag, a Ta-
KOX 13 HCBI)IOMHX ‘peakuiit omop

X4 Yo, RB, RD, I IKOi MOXHA
BUKODHUCTATH Taki aHamiTauHi
YMOBM DiBHOBAru:

szlx-:O; EFiy::O;
> My(F) =0

PipHgHbp MOXHA 3ammCcaTH TPH, 3 HEBIXOMHMMH € UOTHpPHM PEaKIii orop i
THCK y THApHipi C. ToMy .po3rJI9HEMO PiBHOBAary OKpPEMMX YACTHH KOHCT-
pykuii, a came; 6pyca AC (puc. 9) Ta 6ankn CB (puc. 10).

AHanitmyni yMOBH piBHOBAru y Bnépanm cucremi Koopmma'r XAy MaIOTb
BHIVISA:

ang O6pyca AC

EF"“: 0; X4— X' =05 ZFlyz O;YA— Q+Rp— Y/ =0;

S M(F)=0; -Qa/2+ Rpa— M, - Y (a+ b) = 0;
andg 6anxu CB ‘ -
2 F,=0; X+ Pcos (180° — (o + B)) — Rz cos (90° — B) = 0;
S F,=0; Yo+ Psin (180° — (a + B)) + Ry sin (90° ~ B) = 0

E Mc(l?‘,) = 0; Ry{c+ b) — Pbsina = 0.

ITincrasisiioun B 3anUCaHi PIBHAHHS BiANOBiNHI UMC/IOBI 3HAYEHHS CHJI i‘
- TEOMETPHUHI IIapaMeTpy KOHCTPYKUii, JicraeMo

_ Phsina _ 6:2:2V2/2
RB_. b+c 5
Y'= Yc = Psin(a + B) — Ry cos B = 6 sin 105° — 1,7 cos 60° = 4,95 xH;
M, + Y/ (a+ b) + 0,50a _
a

+ 4.05. 5.4
_8+495 6fr40,5 1544 _ 1o 43xH;

= 1,7 kH;

RD=

22












7
X‘A, 1M o
a_ 7 6"5(:'“

Puc. 9 Puc. 10
Yo=Q+ Y/ —Rp=154+495- 12,43 = -1,48 xH; -
Xc=X:' =RgsinB+ Pcos(a+ B) =
= 1,7 sin 60° + 6 cos 105° = —0,08 xH;
X, = X =—0,08 xH.

3aegaHHa C-4

BM3HAYEHHS PEAKLIM ONOP CKNARHOT KOHCTPYKLIT
(CUCTEMA TPLOX TIN)

KoHcTpyxis ckiagaeTses 3 Tphox Tin. Cxemm KOBCTpyKuii 300paxenHo
Ha puC. 11, a—z (BCi posMipy — B MeTpax); HaBaHTAXEHHS, IO IEpe-
HBACTBhCSA HA KOHCTPYKUiIO, HABEZEHO B Tabm. 3.

BusHauuTH peakmii B’a3€e# i CUan, 3 SKMMH, B3aEMOMIIOTh TijIa MiX co0010.

s M, M,

/fj
Tt

=
T
268

¥
[}

§q\,?'
{1

3a 3a 20 4o | 20 |77
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Npunxnan 4. Busnauuru peaxn;il onop A i B CKJAmHOI KOHCTPYKIUii
(puc. 11), gxa cknanaerscs 3 Tin AE, EKFB Tta CD, a TakoX THCK Ha
maprip E i saycanis B crepxusax CN, KD, DF. Ha KOHCTPYKIixo HilOTh CHJTA
P, =4xH, P,=6V3 kH, mapm cmn i3 momenramu M; = 20 xH M,
M,=35kH'M, a Taxox pO3NONiJieHe HABAHTAXEHHS IHTEHCHUBHICTIO
g= OSKH/M @=1wm, b=2m, a=60°.

Po3s’s3anHsa Posgingemo KOHCprKI.IlIO HA oxpem YACTHHU
(puc. 12—14). Ha KOXHOMY Tii pos;(meHm KOHCTPYKIii IOKa3yeMo ax-
THBHI CHJM i peakuii B’sa3ei. 3nak "mwioc” ykasye Ha Te, IO HampsaMOK
BiNOBiNHOI peakuii BiAMOBIAAE NMOKA3AHOMY HA PHMCYHKY.

AHajiTHYHI YMOBH PIBHOBAr# MalOTh BUIJISIA:

g tija CD ‘
4 ZFix=0; Np— NccosB— Pycosa=0; H
S Fy=0; =Py~ Pysina+ NesinB+Np=0; = (D
z MC(I?,) =0; —P,-2a — Py -6asina + Ny 8a = 0; (3)
ang rtina EKFB
2 Fi = 0; ~ Q= Xpg=0; ‘ S
S F,=0; Yo~ Ny + Ry =0; 0

* Ry:da=0; ®

ans tina AE '
> Fu=0; =X, + Nc'cosp+ X =0; BN ¢))
zFly=0;,YA"Nc‘ sin'B—Ql—’ YE'=0; ®)

Z MA(E) = 0; MA - Q1'6.a - Ml - YE"12a - Nc"' 3a SinB = 0;'
0, = 12ag = 12-1-0,5 = 6 xH; Q, = 3b-2g = 6bq = 6 xH.
I3 pisusmus (3) maemo »

P+ 3P251n(1 4+ 3 6V3V3/2
3 y

= ND = = 7,75xH.
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‘ Puc. 11,6



Puc. 11,6




Puc. 11,2



Puc. 13 ‘ Puc. 14
Ha miacrasi pisaaana (2) micraemo

NC'=NC=£L+PZS.-ma_ND—-(Pl+P2smoc Np) V1 +ctg[3,

sin B

ctg B = 3a/(26) = 3/4; VI + ctg’B = V1 + 9/16 = 5/4;.
Ne=(4+6V3V3/2.-775) - 1,25 = 6,56 xH.

I3 piBasHRs (1) 3HAaxomAMoO ‘
Ny’ = Np= Pycos @ + Nocos B = 6\/5-0,5 +

+6,56V1 — sin’® = 3V3 + 6,56V1 - 16/25 = 9,13 kH.
13 piBrsEES (4) Macmo ’
' Xg=~Qy,~ Ni/' =—6—-9,16 = — 15,16 xH.
Ha nizxcfasi piBHsHHS (6) micTaemo

Ni'-2b+Q-1,56— M, + N - 2a _
© 3a -

_ 9,13-4 + 6-33— 35+ 7,752 = 23,34 xH.

R_

I3 pienstHRg (5) 3Haxomumo -
Ye=Np —Rp=17,75 - 23,34 = -15,6 xH.
32



X =Xp=~Q,— Ny’ = — 6 — 9,16 = —15,16 xH.
I3 piBrsEAA (7) micraemo
X,=Xg + Nc' cosB=Xg+ (P, + Psina — Np)cigp =

Ha mincrasi pisuanus (4) MaeMo

= —15,16 + (4 + 6V3V3/2 - 7,75):3/4 = —11,3xH.

13 pienanns (8) smaxonumo

L : . P, + P,sina - N,
YA=NC, SlnB+Q1+ YE = ! ZslnB D

. =175+ 6 - 15,6 = —4,35 xH.

Ha migcrasi pisaszus (9) MaeMo

sinf+Q, + Y=

M,=Q6a+ M + Y;;'-IZa + N¢'*3asinf =
==Ql‘6a + M, + YE'-IZa + 3a(P1 + P, sin o — ND) =

=66 +20 = 15612 + 3 (4 + 6V3V3/2 - 7,75) = —115,45 xH m.

3aspgaHug C-5

BM3HAYEHHS PEAKLLIA OMOP KOHCTPYKLYT,
LLO CKNAAAETLCS 3 ABOX Ti
MEBHOT FEOMETPMYHOT POPMM

KOHCTpyKUis CKIANAETBCS 3 ABOX TiJ, K 3aKPIIUICHO y BEPTHKAJIBHIN ILJIO-
i Ha onopax A, B ta D i 3’equano mapaipaO B Tounj C. CZ(’enga KOHCTPYKIIH
NOKa3aHo Ha puc. 15, a—a. Ha koucrpykujo ajfors cwm F,-Q, mapa cat i3
MOMEHTOM M i PO3IOALICHE . HABAHTAXKEHHS i_gre}chmHicno g. Cuna TsoKiHHS
3aINTPUXOBAHMX YACTHH Tin I Ta 2 mopiBHIOE Py i P, JliHii mii BCiX cour 1€XaTh
y BEPTHKABHIN miomuHi. BusHaunTy peakuii onop A Ta B i THCK Ha IIapHIp
" C. Monysi can Ta reOMETPUUHi PO3MIpH TiJT HABEAEHO B tabu. 4.

Ipuknan 5. Ha koncrpykuito (puc. 15), mo cKiagaeTses 3 ABOX Tt /1 i
2, mitots cwt P, = 4 xH, P, = 6 xH, F = 4V2 xH, Q = 8 xH, mapa cun i3
MomeHTOM M = 12 kH'M Ta posmonisieHe HABAaHTAXCHHS iHTEHCHBHICTIO
q=2xH/m. , : .

Busnauwty peaknii omop A, B, D i tuck Ha maprip C (a= 1,0 M,
B = 45%). :
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Bapi- F I Q l Py I Py M q a l b | c a B
ar xH kH-M | xH/M M rpan

1 2 3 4 5 6 7 8 9 10 |1 12
1 6 8 5 4 12 | — 2 1 — | 60 | 60
2 8 — 6 10| 24 | — 1 3 [.— | 30 | —
3 4 5 7 9 18 | — 3 2 — | 45 | 60 |
4 10 6 10 6 20 | — | 1,5 1 2 30 | 60 -
5 5 2 4 8 16 | — 3 2 | 45| 60 | 30
6 6 — |12 18 | 22 | — 2 4 2 30 | 60
7 4 — |15} 12 | 14 ] — 1 1,5 | 3 30 | —
8 4 4 8 6 15 | — 1 1 2 60 | 30
9 8 — 9 5 10 | — 1 L5 — | 60 | —
10 2 4 14 8 12 | — | 1,5 2 [225].45 | 60
11 9 — 15 | — | 18 | 2,4 3 2 1 30 | —
12 3 — 112 — | 16 | 30 1 4 3 30 | 60
13 6 - 7 — | 20 | 32 2 3 1 30 | —
14 | 10 | — 16 | — | 22 | 28| 1 2 3 ]9 | —
15 4 — 8 — 22 |26 | 1,5 4 - 45 —
16 2 — 10 — 14 | 2,2 2 1,5 | 45 —
17 V12 | — 12 — | 2 |20] 3 3 — |3 | —
18 5 — 9 — 18 | 2,4 1 4 |'— | 60 | —
19| 4 | — 14 9 24 | 4,0 2 — | =] 9 | —
20 8 — 15 18 | 25 | 1,8 | 1,5 3 2 45 | —
21 6 — 6 100 | 16 | — [1.5vZ]| 2 — | 30 | 45
2 | 3 5 12 110 | 20} — | 1 5 4 | 60 | 60
23 4 6 5 8 10| — | 1,5 4 3 45 | 45
24 5 4 18 14 | 15 | — 1 3 2 90 | 60
25 6 3 8 6 14 | — 4 1 1,5 | 60 | 60
26 4 2 20 | — | 24 | — 2 3 5 45 | 45
27 2 5 10| 7 |1 — 4 1 1 |- 60 | 45
28 3 — 4 16 | 13 | — [ 1,5 3 1 90 | —
29 6 6 8 15 | — | 1,5 —.| 2 60 | 45
30 8 3 10 12 | 17 | = 3 4 1 9 | 60

K

Po3B’ 73amnn 4 Posrigremo piBHoBary Tin / i 2, poswieHHBIH
KOHCTPYKNioo mo mwapnipy C. Cxemn gii cun (aKTHBHEX i peakiii B’sa3eit)
II0Ka3aHO Ha pucC. 16 Ta 17, npuyoMy Tio 2 (TPUKYTHMK Y BEPTHKAJBHIN .
IJIOMUH]) Ma€ MPAMOKYTHHMI OTBIp, a TOMY, MO0 HE MYKATH HEHTPA IpH-

—

KJIana"Hs cuau P,, miemMo tax:




N
»

//G.

a_jsSa NJIB ©

Puc. 15

a) 306paxaemo Ha puc. 17 CIIy TAXiHHS TpuKyTHEKA BCD cuowo P2 ,
TPUKIAAAI0YH ii B TOULi MEPETHHY MENiaH TPUKYTHHKA;
6) aHAJIOTIYHO HA IBOMY CaMOMY PHCYHKY 300paxxaeMo cuiy Pz , IpA-

KJIaAaxoud il B TOYLi IEPeTHHY HiaroHaj el BHPi3aHOro MPSIMOKYTHHKA.
Monysti nMx cux

P”zj 4a- 3ay = 6d" Y Py =1,5aay=154dy,

A€ Y — OHMTOMA Bara IUTOMIi.
Crna TEXWHHg TpUKyTHUKA BCD 3 BEPi3aHMM OTBOPOM
| P,=P; - P*= 4,54y,
3BiAKH
ay=Py/4,5=2P/9; Py =4P,/3; P;"= Py/3.

AnasiTaugi yMOBM PiBHOBArd MAlOTh BHIJIS:
mas Tina I (mus. puc. 16)

> F=0; X, + X' =0; (1)
ZFty_:0§ Yy, -P-Q-Y' =0, @
2 MA(?T,) =0; -0,'0,5a - Pia - YC-Za + M= 0; 3
i Tua 2 (qus. puc. 17) V
zFu'='0; —Xp— Fcosp—-Q— Xo=0; )

3+9-500 ' : ‘ 35
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Puc. 16 . Puc. 17
> F,=0; Y;— Fsinp — P; + PF + Y = 0;

EMC(F,) 0; Y3'3a— Qa - F: 3asmB+XD 2a —
— P}*2a + PP1,75a = 0, '
Ha nincrasi pisusung (3) maemo:

, M- Pa-0,50a
YC=YC= l2a Ql =

_12-415- 052 LSS _ | o5

Is piemsnns (2) micraemo
Yy=P + Q + Y =4+21,5+1,25 = 8,25 cH.
Is piBraurs (5) 3HAXORMMO
Yp = Fsinp + Pf — P = Yo = 4V2 V2/2 + 4P,/ 3—
-P,/3 - 1 25 = 8,75 xH.

I3 piBagang (6) maemo

X, —Y33a+Qa+F3asmB+P2 2a—-P2""175a
= 2a :

_=8,75-3+ 8+ 4V2 - 3V2/2 + 4-6/(3: 2)—6/(3 1,75) _
2

= - 0,88 xH.

)

- (6)
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i3 pisaaEns (4) micraemo

Xc=Xc=-Q-FcosB—Xp=—8~-4V2V2/2+0,88 =

= — 11,12 xH.
I3 pisrstEms (1) 3maxommmo

XA = XC’ = XC = - 11,12 KH.

3asgaHHa C-6

BU3HAYEHHS PEAKLIIA 3ATUCHEHHS NPOCTOPOBOIO
NAMAHOIO BPYCA

Ha npocropoBy KOHCTpYKLio (iaMauwmii Opyc), 3aKpireny (gaTH_EHCHy)
OMHMM KiHIIEM HEPyXOMO B TOumi A, Ail0Th AuCKpeTHi cum P i F, po3-
TIOALIEHE HABAHTAXEHHS iHTCHCUBHICTIO ¢, 4 TAKOX mapa CAJI i3 MOMEH-
ToMm M. Ilpuxnaneni sycwuind miroTh B pisHMx IutommHax. CXeMu KOHCT-
pyknii 300paxeno Ha puc. 18, a—a. 3HaueHns 3ycuab Ta BiANOBiNHI reo-
MeTpuuHi po3Mmipu HaBexeHo B TabJ. J.

BusnaumnTy peaxiii saTucaeHHs 6pyca.

‘Tabruya 5
3asnamus C-6 3aspanns C-7 3aspanns C-8
. . Ml q‘
Bapiarr F F F P F , ¥kH'm | xH/m LR m
kH xH xH )

1 2 3 10 — 8 10 — 0,5 1
2 5 6 8 | s 4 8 4 1| 25
3 4 4 6 — 10 2 6 0,8 1,25
4 4 ) 12 3 8 12 8 0,5 2
5 6 1,5 10 — 12 6 6 0,4 2,5
6 .2 3 K] — 4 9 3 1 1

7 S S 4 — 2 4 10 1,25 0
8 4 2 -8 — 3 6 6 2 1,5
9 6 3 4 — 2 5 8 0,75 2
10 5 3,75 9 — 5 2,5 12 1,5 1,4
11 3 4 4 4 8 6 4 | 1,5 2
12 4,5 3 15 9 4 4 9 0,8 2,5.
13 6 — 5 — 10 — 15 4 1,25
14 4 8 8 12 7 — 10 2 1,5
15 2 5 — — — 2 8 L5 | 2
16 . — 4 © 6 — 4 4 6 0,4 | 1,5
17 8 6 4 — 12 10 — 2 1
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3axinwenns maba. 5

3aspnanns C-6 3aspanns C-7 3asgannas C-8
Bapiant ’ M, b I, R, M
F P F P F P xHu | xa/m |7 R
xH xH xH
18 8 3 2 — 5 5. 4 1,5 2
19 4 4 5 — — 7 8 1,5 3
20 8 g | 10 —_ — 12 12 1,8 1,25
21 5 2 4 - 9 9 — 2 2,5
22 5 5 - 6 3 2 10 — 2
23 |6 4 8 | - — 6 - 2 1,5
24 8 4 4 — 8 4 8 1,5 2
25 - 8 6 4 — 10 6 1.5 1,8
26 5 6 3 — 4 6 8 2,5 | 1,2
27 3 2 - 4 6 9 2,4 |.06 2
28 6 4 — 6 — 5 9 — 1
29 2 1,5 8 7 10 4 2 0,5
" 30 4 4,0 - 4 10 8 6 1 1,5

Ilpuknapn 6. Ha mpocroposm#t namanuit Opyc, 3akpilieHHil OZHUM
KiHIEM HEPYXOMO B Toulli A, Airork: cuia P = 4 kH, cnpsmoBana napanens-
HO oci Ax, cmna F = 6 xH y ruromusi, napasenpHii miomuHi xAy, napa Cu
iz MmomenToM M = 8 xH'M y miomuni, napaneabHii miommHi zAy, a Takox
PiBHOMIDHO PO3MOiIEHE HABAHTAXEHHS iHTeHCMBHICTIO ¢ = 1,5 KH/M, mo
nie rzia KOXHY AinsHKY Opyca Tak, SIK NOKa3aHO HA DHC. 18 HoBxuna
1 =

annatm'm peaxuii 3aTucHenHs Opyca. >

P 03 B 13 a HH 4. AKTUBHUMHE CHIaMH, mo J zmo'rb Ha Opyc, € cuam P F,

Q. Qg, Q3 i mapa cui i3 MomenTom M. Cunu Ql, Qz, Qs — 1Ie piBHOXiMHI

BiOMOBIAHMX pO3NOXiNIEHHX HA-
BAHTAXEHb, NPUKJAACHI B LEHTDI
€IMIop MX HABAHTAXCHb.

- Peaxuig XopcTKOroO 3aTHCHEH-
HS BU3HAYAETHCH TPHOMA CKJIAKO-~

="
suMa cumu R, (X, Yu Z,) Ta

TPbOMA CKJIa/IOBMMIA PEAKTHBHOTO
MOMEHTY MA (M., M,, M,).

Y sulpaniit cucremi xoopmu-
HAT, NOKAa3aHiil Ha puc. 19, 3anu-
CyeMO WicTh DiBHSAHb PiBHOBATH
OOBLIBHOI TPOCTOPOBOI  CHCTEMH
cwr

4

g,
/ 1
‘ ,8' V4 A\, L '309
A/ y
- q 2q7|60°
M
5 [
Puc. 18
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-‘ Efo=0: Xa+ Q—Q, + Fcos 30° — P = 0; )
EF,, =0; Y, — Q;cos 60° — F cos 60° = 0; 2)
EFlz = 0; ZA + Q3 CQS 30° = 0; . (3)

S M, (F) =0; M, + Q, cos 30°1 — Qy cos 60°- +
.+ Fcos60° 1+ M=0; 4

S, (F) = 0; M, + 0,50,0 + pl + Q; cos 30°-0,51 —
~ Fcos30°-1 = 0; | &)

M, (F) = 0; M, — Q,-0,51 + Q0 + Pl + Qs cos 60°0,51 —
—Fcos 30°+21 + Fcos 60°-7 = 0. ®
Tyt ‘ |
Qi=qgl=152=3kH; Q,=gql=1,52=3«H;
=2l =2-1,5-2 = 6 xH. S 0

L =3 . .
Mincrasnsoun Moy cua P, F i MOMeHTY M, a TAKOX 3HAYCHHS Q5 Os,
Q; 3rigsO 3 (7) y piBHauEg (1)—(6), micraemo : :

XA=_Q1+Q;+p_pco530°'=—3+3+4—6\/§/2=—1,19KH; ‘
Yy = Qs cos 60° + Fcos 60° = 6:0,5 + 60,5 = 6 xH;
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Zy= —Qc0s30° = - 6VI/2= =5,19 H;
M,=—Q;c0530° ]+ Qsco8 60°-1 + Fcos 60°:] — M =
= —6V3/22+60,52+6:0,52 8 = — 6,38 xH-m;
M, =~ 0,50, — Pl — Q;cos 30°-0,5] + Fcos 30°- ] =
=-30,52-42~-6v3/2:0,5:2 + 6V3/2:2 = —581 xH m;
M, = Q0,51 ~ Qul — Pl — Q; cos 60°"-0,51 + FI (2 cos 30° — cos 60°) =
= (0,76 xH-m. ‘

3aepanns C-7

BU3HAYEHHS PEAKLLIA MIALLMIMHMKIB | MIAN'STHMKIB,
" AKMMH YTPUMYIOTLCS BAJM

MexaniuHy cuCTEMy yTBOPEHO KOJIHYACTMMM BaJaMu ab0 BaJaMM 3 Iaco-
BOIO IEPEAAYeIo, SIKi 3aKPIilUIeHi B MiINITHAKAX # YTPUMYIOTECS AN STHA-
kamu. Ha cucreMy nioTh aKTHBHI CHJIM TAa MOMEHTH, YWC/IOBL 3HAUEHHS SKHX
HaBeZeHo B Tabn. 5. Binmorimui cxemi cuctemy mokazamo Ha puc. 20, a-c.

Busnauntu peaxuii omop. '

Ilpuknan 7. KonimuacTuit Bas i3 XOpPCTKO 3aKpilyieHuM Ha HBOMY
mKiBoM K, paniyc akoro R = 4a, Moxe ofepraTucs B MigmMumHUKax A i B.
ki K 3a mOMOMOTroK0 MAcoBOi Nepenaui, wo 3’eaHye mKis L paniycoMm
R, = a, nepenae obepranpumit pyx Baay CD. luck E, XOpCTKO 3aKpirIeHni
Ha Basy CD, oOMOTAaHO KaHATOM, 4O KiHIS SKOrO MiABIIEHO BAHTaX P
(puc. 20). -
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BusnauuTm _peakuii mnmmmm(m A, B, C, D i cuny -1-7) s
3piBHOBaX€HHS BaHTaxy P = 10kH B nosoxeHHi, okasaHoMy Ha. PUCYHKY
(po3Mipn BaJIIB Ta IXHiX AUISHOK 3a3HaueHo Ha puc. 20).

Po3B’4a3aHH4 BHXOOIYM '3 YMOBM 33BHAHHS, 3TifHO 3 SKOIO
no'rp16no POSIVISHYTH PpiBHOBAry CHCTEMH ABOX Basis, BHUBUAMO OKpEMQ
piBHOBary Banis AB, CD i nosayni N. Ha Ban CD Ril0Th aKTHBHA cuna P
Ta peakuil mimmunawkie C i D (X, ZC, XD, ZD) a TakKOX CHIH T,, T2
(T, = T,/2), 9Ki unceNbHO JOPiBHIOIOTH 3yCHILIIM nacoBoi nepenaui (puc.
21). Ha Ban AB RitooTh CHIN HATATY NAcCOBOI nepez(atn Tz Ta Tl , \puioMy
T, =T, Ty =T, i peaxml nigmunHuKis A i B (XA, ZA, XB, ZB) a Ta-
KOX peaxllis martyHa s (puc. 22). Ha noBsyu N aitoth CHIK F 5" Ta R
npuyomy S’ = § (puc. 23).

AnaniTyufi YMOBHM PiBHOBArM MaioTh BHIVISA:

gag Bana CD (mus. puc. 21)

N Fi.=0; Xc+ X, — Ty — T; cos 60° = 0; @

S Fu=0; Ze+ Zp = P+ T c0s 30° = 0; @

z Mx(F‘,) = 0;’ —P-2a + T, cos 30°~4a + Z, 6a = 0; )]
2 My(f‘i) =0; —Tea+ Tia+ Pa=0; | 4)

2 M,(I_‘":) =0;. T,-4a + T, cos 60° 4a — X' 6a = 0; (5)

Puc. 21 _ Puc. 22 Puc. 23
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ans Bana AB (auB. puc. 22) .
E F,=0; X, + Xz = Scos 60° + T,' + T, cos 60° = 0; ©®

2 F,=0; Z,+ Zz; — Scos 30° — T, cos 30° = 0; )
Z M(F) =0; —S-5acos 30° — Tg’ ‘8acos 30° + Zz12a=0; B
S MF) =0; Ty -4a— T,'-4a - S-2a cos 30° = 0; 9

z M,(F‘,) =0; S'Sacos60° — T,'"8a~ T, - 8acos 60° —

- Xp'12a = 0 (10)

s nossyna N (mus. puc. 23) ‘
‘ Z F,,=0; —R + §' cos 60°=Q; an
Zpi,_o —F+ §' cos 30° = 0. \ (12

meo BpaxyBaTH 3HAYCHHS BiNOMHX CHJI i reomerpiio Bais, T0 Ha
- migcrasi cucremu piBHsHb (1)—(12) nicramemo:

i3 (4 T,=10kH, T, = 20xH; i3 (9) S = 23,12 KH

i3 () X, = 13,3 kxH; iz (10) Xy = —15,4 xH;
ia 3) 2, = -—8,2 kH; iz (8) Zz = 20,18 xH;
i3 2) Z. = 0,9 kH; i3 (7 Z, = 37,3 xH;
i3 (1) X; = 6,7 kH; i3 (6) X, = 6,96 xH;

i3 (12) F = 40 xH.

3asgaunn C-8
BM3HAYEHHS PEAKLLIA ONOP nnocxux nmur

Hpmoxy-rm IUTHTH, HA 9Ki OiIOTh CHIM F P i mapa cmi i3 MomMeHTOM M,
3aKpilIEHO BiAHOBIZHMM CrrocoG0M, MOKA3aHKM HA CXEMAX (puc. 24, a—a).
3HaueHHS CHUJI TA MOMEHTIB HAaBEJEHO B Tabu. 5.

BusHaumtn peaknii omop.

Ilpuknan 8. HpSIMOKyTHa IUTATA CHJIOKO TSUKiHHS P (puc. 24) mo
3aKpilUIeHa B TOULi A KyJIbOBHM mapHipoM, y Touui B — metsieio it ytpu-
MYEThCS B TOPU3OHTAJNBHOMY MOJOKEHHI crepxHeM CE, 3HAXOTMTHCS
B piBHOBa3i mix Aicio cuam 7.

Busnaumti peakuii B omopax, a TakoX 3ycHWUIS B CTEPXHi, KOO0
P 2xH, F=6xH, a=1m.

4

4*9-500
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Puc. 24 Puc. 25

Po3B’s13an H 1. I_IP o6’exra piBHosam,‘ IKAM € ILIMTa, NpUKia-
AaeMO axTUBHI cwm P Ta F, a TakoX peakuii onop A, B i 3yCH/UIS B CTEPXHI
N Peaxms: KyJbOBOTO mapmpa A BU3HAUAETBCA TPHOMA CKJIaAOBHMM

XA, YA, Z,,, a nemni B — gsoMa XB Ta Z,, (pc. 25).
Jlnst RoBiBHOI NPOCTOPOBOI CHCTEMHM CHJI 3AMHCYEMO iCcTb pmnsmb
piBHOBar: y BnépaHm CHCTEMI KOOpPAMHAT (IUB. pucC. 25):

«=0; X, + Xz — Ncosasinp =0; " CM
‘2F,,=0; Y,—F+ N\cosacos[S=O; (2
ZF¢,=0; Z,+ Zy — P + Nsina = 0; 3
EM,(I_;,)=0; Z,'2a — Nsinora— P0,5%=0; (4
EM,(F‘,)=O; Pa~ Nsina-2a=0; &)

E M, (}-;,) =0; ~X,2a + Ncosacosp - 2a —
— Ncosasinf-g - F-2a=0. ©)

TyT KyTH O i § BBEAEHO [/ COPOWICHHS 3aMHCY DiBHSIHB DiBHOBATW. 3
FEOMETPHYHMX PO3MipiB KOHCprKI.lll 3HAXOZHMO: :

. 2a 3
sinp = = - = 0,554; cosp=V1 —sinB = 0,833;
B a; 13 ; 13 B g ’

sina = Q,Sa = 1 =0,137; cosa = V1 - sin*a = 0,99.
aV13,25 2V13,25 :

Is pismgunsa (5) maemo

P2
“ 2sina 20,137

= 7,3 kH.
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Is pipmstERg (4) micraemo

. + N si . .
z, = 0,5pP 2N sina _ 0,52 + ;,3 0,137 - 1 H.

I3 pisaanBs (6) 3sHaXOmMMO"

_2NcosoacosB— NcosasinB — F
XA— 2 T N =

=0,5(2 - 7,3-0,99-0,833 — 7,3'_0,99 -+ 0,554) = 1,02 xH.
‘13 pisusaBg (1) MaeMo

Xz = Ncosasinp — XA— 7,3-:0,99-0,554 — 102—298KH.
I3 piranns (2) micraemo
=F—- Ncoso.cosB=6—7,30,99-0,833 = —0,02 xH.
I3 piBagrns (3) smaxomumo
Zyp=P-Nsina-2,=2-1730,137-1=0.

3asganus C-9
3BEAEHHA CUCTEMM CHI [10. HAMMPOCTILLOTO BMAY

By3HAUMTH TONOBHHMH BEKTOP Ro i roysoBHMIA MOMEHT Mo IPOCTOPOBOL
CHCTEMH CHJI BiZHOCHO DeHTpa (O, a TAaKOX YCTAHOBHTH, MO SKOI(y Hau-
TIPOCTIMIONo BUAY 3BOAMTLCH 3aAaHa cucrema cuwi. Hampamxw gii cur moka-
3aHO Ha puc. 26, a——ae. Monyi cii i reoMerpuuHi po3Mipa HaBeaeHo B Tabo. 6.

] ] Tabruysn 6
Bapi- Fy ] Fy ] Fy ] Fy I Fs L Fe | M ] M, I.M:{ a b c
anr ) H L H'm ' M
1 2 3 4 | 5 6 7 8 9 | 10| 11 12 | 13
1 | 20| 10 40 50 10 { 50 | —{—|—1]051]03}|0,2
2 | 30 | 50 20 40 10|60 | —|—1]—1]051]02]|03
3 |2 | 20 20 I0VZ |[20V3 ] 15 | — | — | — | 04 | — | —
4 | 100 | 200 | 400 18 {400 [ 300 | — | — | — ] 0,2 |04 0,2
S| 10} 30 20 80 | 40 8 —_ | — | =106 [08] 04
6 [10vZ] 20 | 10VZ 40 | 20 0 | —| =1 =703 -] —
7 |10vV3]| 16 18 120 | 32 30 | — | —{—1]105]—1| —
8 | 80 | 80 80 40 | .80 80 | — | — ] —1]02 |04] 02
9 | 20 [30v3] 40 18 |20V3 |30v3 | — | — | — | 0,4 |02] —
10 | 50 | 100 | 120 |50v3 |100vZ|{80VZ | — | — | — | 03 | — | —

W
=



3axinuenns mabn. 6

Bapi-| 11 I Fy- l F3 I Fy I Fs l Fg | My | M I M3 | b l

anr H H'Mm M

11 ] 4 | 30| 40 |60vZ| 50 | 80 [ 60 | — | — | 02 | 04| 0,2
12115 | 12 18 20 |16 | 30 |20 — | — | 04 |04 V3
13|90 [30vZ] 50v3 | 40, | — | — |8 |60 | —| — | — |06
14| 8 |40 | 60vZ | 50 | — | — | 36|48 | — | 06 |06] 04
15 ) 60 | 12 30 40| — | — 1418 —102104}06
16 | 80 | 80 60 60 | — | — |8 | —|—1]05]02]02
17 | 60 | 50 50 80 | 40 | 40 | — | — | — | 0,8 |06 08
18 |40vZ| 30 |80v0, 34| 60 | 60 | 60 | 40 | — | — | 0,3 | 0,4 | 0,3
19170 | 80 90 20 | — | — |30 ]|4|—~]1 2 |05
20 | 50 | 30 30 50 {70vZ| 40 | — | — | — | 2vZ | — | 4
21 | 100 | 80 | 120 60 | — | — | -] —=|—1]031]04]05
22 | 50 | 30 50 — | — | — 200200 — | 2 2| 2
23 | 60 {120 120. | 60 | 120 | 120 | — | — | — | 03 | — | 0,3
24 (200200 | 200 |20 |20 | — | —| —|—]06|—|—
25 [ 100 | 120 | 140 8 | — | — |60 —|—]03|02]04
26 [ 300 | 400.{ 200 | 500 | 100 | 600 | — | — | — | 2 4 | 3
27 | 40 | 50 40 40 { 60 | — |24 | 32| — | 04 [04] 0,4
28|12 |60 | 4 |5 [3 | —|—|~-|=| —|—=173
29 (200 [ 200 | 400 | 400 | 600 | 600 | — | — | — | 05 | — | 6
30 | 300 | 400 | 200 | — | — | — |900] 400 1200 3 2 | 4

Tlpuknan 9. Yanopx cropin mapasieseninena (puc. 26) mixoTh 4oTHpH

cunu, Moy axux F, = 20H, F, =30H, F, =40 H, F, =

50 H.

3BECTH IO CHACTEMY CWJI O HAKIpOCTIimOro BHAY, SKmO a = 3 M,

b= 6M,c—2M

Po3B’93aHHS. I‘ononmm JBEKTOD i TONIOBHMI MOMEHT CHCTEMH CHLI
BHBHAYAIOTHCH BUPA3AMH R = EF,, M, = ZMO(F,)

OerM_l) BHNAZKH 3BCHCHHS:
1) sxmo R # 0 ra MO = 0, To cucrema cun

F
exBiBaJeHTHA OfHiN cuut (TOOTO piBHOAIMHIH), o * :
SIKa TEOMETPUYHO AOPIBHIOE T'OJIOBHOMY BEK- r::
TOpY i TIpAK7AneHa B nenrpi O. Hampamok - :
pmnozungm IpOXOUTh uepe3 ueHTp O; o | FZO e T
2) xomu R = 0 ta M, # 0, To cucrema cun f
SBORUTLCS JIO onpmniei _papn ca; 3) akmo &+ 5f3
R¢01M0¢0 aJIeR.LMO(R MO—O)_:*/‘ '
TO CHCTEMAa CHJI 3BOJUTHCH A0 DiBHOZIMHOI,
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1

HANPSIMOK SIKOI HE TPOXOMTH YEpes uem'p 3senenns O; 4) xomnu R#0Ta
MO # 0, ajie BEKTOp R KOJliHEapHAM Ho Mo, T0 CHCTEMA CHJl 3BOXATBCH 0

CAJIOBOTO IBUHTA (AMHAMH); 5) SKIIO R 0i Mo = (, TO CHCTEMA CWJI 3Ha- -
XOOUTHCA B plBHOBa31

VY sulpaniit cucTemi KOOpAMHAT (JmB puc. 26) ronopHmH Bex'rop
R= R2 + R+ R,
ne )
R, = E F,,= —F, = —20xH;

R,= Y F,=F,— F; = 10xH;

R, =2F&=Fz=30KH‘

R= \/( ~20) + 10° + 30° = 37,5 «H,

a IOJIOBHHPI MOMECHT

. My = VM, + Mo, + M,
TPHYOMY - '
= > M(F)=—F,c=—502= —100H"w;

Moy= 3 M(F)=~Fc- F,a=~20-2~303=-130 H'x;
| =3 M(F) = Fib - Fya =206 — 40-3 = 0;

My = V(=100) + (~130)? = 10V269 = 164 H-m.

Hanpsmm KOCHHyCK X BCKTOplB BHU3HAYAIOThCA BHpa3aMH:
R, =20 _

cos(R,,Ox) = cosQ = —i{— = 3—7—:3= -0,533;
cbs(El,Oy) = cosPp = % = 31-79,3= 0,26’{;
cos(k).:\Oz) = césy .= % = 337%5= 08; -
,cos(J_\’lo’,\Ox) = cosoy - % = —_—11694—0 = -0,609;;
’ cos(Mo,Oy) = cosB, —M—oo! = :1—163719 = —-0,793;

M.,
cos (1\710,02) =cosy; =—Z=0. -
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~ TonosHwuii BEXTOP i TOJIOBHH MOMEHT HE JOPIBHIOIOTh HYJIEBi # yTBODIO-
10Th MiX C000I0 KyT @, II0 BU3HAYAETHCS BHPA3OM
R, My, + R, Mo,+ R, Mo,_

Cosgp =
| CRI 1Ml
_ (=20)(=100 + 10(~130 +30:0 _ o |,
37,5 164 ’

» CucreMa cun 3BOZMTHCH 4O AMHAMY (CHJIOBOTO IBMHTA), TOOTO 70 CHJH
R” (ronoBHOro BEKTOpA) i MAPH CHJI i3 MOMEHTOM

-> > > . :
Ml = |Mo| COS(MO, R)=M0COS(p= 18,7 H-Mm.
PiBHSHHS IPSMOY [l AMHAMM (IEHTPAJHLHOI FBUHTOBOI OCI) MA€ BUIJIAX

MOx — (sz — ZRy) = MOy - (ZRx - .sz) = MOz — (ny - ny)
R, » R, R, ?

bi (S x, y, 2 — 61)1(}"{1 KOOp}lKHaTH TO'-IKE, mo JIEXATh HA ILCHTpaJIhHlH
T'BUHTOBIH OCI. .
HII.ICTaBJISIIO‘[PI Bl}IHOBlI(H! BCJIMUHAHH B plBHSIHHS{ IICHTpaJ'IbHOl I‘BHHTOBOI
J'IlHll lIlCTaGMO
~100—- (y'30 - z- 10) ~130— (z(=20) - x30) _
=20 10 =
= (x10- y(~20))
30
Taxum YHHOM, UEHTPAJIbHA r’BHHTOBa BiCh Mac BHI‘JISUJ IIpﬁMOl BIJI nepe-
THUHY ABOX IUIOINMH:

6x — 3y + 5z — 36 = 0; 10x+2y+6z—39=0.

3aeganus C-10
PIBHOBATI A TBEPAMX TIN 3 YPAXYBAHHAM TEPTS KOB3AHHA

BusHauuTh MiHIMaJILHEN MOAY/Ib CYUTH P Ta peaKuii Onmop CUCTEMH TBEp-
OMX TLJI 32 YMOBH, MO BOHA 3HAXOOUTHCA B CTaHi criokoio. Cxemu BapiaHTiB
MOKA3aHO Ha pHC. 27, a—a, a HeoOXifHi [Id po3paxyHKy napaMeTpu HaBe-
aeHo B Tabn. 7

Tabruys 7
BapianT ¢ I Q 4 I b I ¢ f o
xH M - Tpan
1 1 10 | 05 — 0,04 0,15 -
2 1,2 8 | 06 1,2 0,05 02 '| 30
3 1,5 12 0,45

0,8 0,05 0,1 60
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3axinuenns mabn. 7

Bapiim' ¢ - 2 2 | - b | ‘ ! ¢
xH . M . Tpan

4 1,8 9 0,8 0,4 0,03 0,25 30
5 1.4 | 6 1 2 0,04 0,03 45
6 1,6 14 | 1,2 0,6 0,05 0,35 15
7 2 6 0,3 - 1 0,02 0,1 45
8 1,1 8 0,5 0,8 0,03 0,25 -
9 1,3 10 0.2 0,6 - 0,14 0,15 —
10 - 1.8 7 0,4 1,2 0,06 0,2 60
11 1,2 6 0,25 0,4 0,05 0,3 —
12 1 L5 0,6 0,8 0,04 0,25 60
13 1,6 12 0,3 0,7 0,03 0,4 -
14 1,7 18 0,5 1.5 0,08 0,2 30
15 1,4 20 1 1,5 0,1 0,15 60
16 1,2 15 0,15 — — 0,25 45
17 1,5 12 0,8 1,2 0,06 0,3 60
18 1,8 14 0,4 1 0,08 0,35 30
19 1,6 16 0,6 14 | 005 0,2 15
20 1,3 18 0,2 0,6 0,04 0,4 45
21 1,2 '8 0,25 0,3 . 0,06 0,15 30
22 1 10 0,4 0,5 0,08 0,3 —
23 2 - 6 02 | 08 0,05 0,25 —
24 24 16 | 06 1,4 0,04 02 | —
25 1,5 8 1,2 0,6 0,1 0,1 15
26 1,1 5 1,5 0,5 0,08 0,15 30
27 1,4 7 0,2 0,8 0,06 0,25 45
28 1,6 9 0,25 06 | 0,05 0,3 60
29 . 2 10 0,6 0,2 0,04 0,2 —
30 1 12 0,5 1 | 0,06 0,4 60

Tpuxnang 10. Bapaban aebinkn
(puc. 27) papiycom R = 0,3 M i cu-
‘010 TSIXiHAA G =2 XH ransMyeTs-
€5 KOJIOAKOBHM raJIbMOM. Busnauwru
MiHIMaJIbHE 3HAYCHHS NIPUKJIAZICHOI 10

->

ragbMa cwm P yist toro, mo6 6apaban
3HAXONMEBCH B CTaHi criokow. Ha 6apa-
0aH HABATO KAaHAT, A0 KiHOA $KOrO
mipsimerno BaHtax Q = 10 xH, npn-
. YOMY KaHAT CXOAMTb HOTHUYHO 3 6a-
pa6ama mix kytom o = 30° go




R=04Tm
0B=4R




i’nc. 27,6
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Puc. 27,6



ropusonty. Koedinmienr reprs f= 0,4; BuCOTa rajbMOBHX KOJOHOK
e = 0,05 m . Teomerpuuni posmipa a = 0,5 M, b = 0,8 M.
b

BussaumTn cuwiy P, a Takox peaknii B omopax O it A.

Poss’a3amua B piBHonasi 3HAXOAUTHCA CHCTEMA TBEPAMX T, IO
cknanaetecs 3 6apabana S, Baxenis AB, CD i HEBArOMOro crepxus BC. Ha
puc. 27,2—e NOKa3aHO aKTHBHI CHIHA Ta peamm B’s3ei, sm }1110'1‘1: Ha KOXHE
3 Ha3BaHMX Tl ‘

AHaniTHYHI YMOBH PiBHOBATH CHCTEMY POSLISAYBAHMX 'rsepzmx Ti)1 Ma-
OTh BATJIAA: .

nnst GapaGaua S (puc. 27,2)

2F1x=0 XO+QCOSQ—F1+F2-—0 (1)
> Fy=0; Yo~ G+ N, ~ N, - Qsina = 0; 2
S Mo(F)=0;~QR+ F 2R+ F, 2R =0; A3
s Baxena AB (puc. 27,0) . v
S Fi=0; Xy~ F + X, =0; @
2 Fly = 0' YA + Yz — Nzl =0; . &)
> My(F) = 0 ~Noa + Vi latFe=0;  ©
ans Baxens CD (pnc 27,e). .
ZF,,—O, -X.+ F,' — Psina = 0; )]
‘ ZF,,=O; N, = Yo— Pcosa = 0; )]
ZMC(F‘,)=0; N, a+ F,' e~ P(a+ b)cos a = 0; ()]
aas crepxuas CB (puc. 27,6) - v '
| S F=0; +X - X' + Xe=0; 10
z Fy=0; Y/ - Yy =0; {an
S Mo(F) = 0; X2R + &) = X' (4R + 2¢) = 0, 12)
NPHYOMY
F'=F =fN; 13)

5%9.500 67
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ED
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Cy
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«o~N
G
PHC. 272 Puc. 27,0 Puc. 27,
le = Fz = sz. A (14)

IMicns migcTaHOBKM BiAMOBiAHMX Benwuyma y piBHgHHA (1)—(14)
NiCTaHEMO 3HAYECHHS IIYKAaHMX BeadyuH, a came: P = 2,68 xH;
X, =9,02xH; Y, = 4,1 xH; X, = 3,60 xH; Y, = 3,22 xkH. ‘

3aepauna C-11 .
BM3HAYEHHS nOﬂO)KEHHSI I.I.EHTPA TAKIHHA TInA

Bussauurn KOOPAMHATH nen'rpa TOKIHES onnopumnx a) IUIOCKMX
CTEPXHEBHX KOHCTPYKIi#t (puc. 31 ,@); 6) Tonkmx muiactus. (puc. 31, 0);
B) o6’emin (puc. 31, ).

Heo6x1mn IVISl PO3PAXYHKY 3HAUEHHS T€OMETPHYHHMX [TAPAMETDIiB HaBeE-
- JIEHO B 'raﬁn .

Tabnuys 8

. a | b I R a . . a | b l R a
Bapiaur Bapiapr

M rpan M rpan

1( 0,6 0,4 —_ — 1 18 —_ —_ 0,6 —

2 0,9 0,6 — — 19 0,2 0,6 0,15 =

3 045 | 1,0 - — 20 0,5 - 0,3 -

4 1,2 0,9 —_ —_ 21 - _ 0,6 45

5 0,6 1,2 — - 22 | 09 — 0,3 —

6 045 | 1,0 - — 23 04 | 03 - -

7 0,9 1,8 — —_ 24 0,45 0,15 —

8 0,4: 0,3 — — 25 0,4 0,6 0,45 920

-9 0,6 1,8 — — 26 0,5 0,7 0,3 -—

10 0,45 0,9 - —_ 27 0,4 0,5 —_ 45
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i a [ b | R o . a l b I R o
Bapianr Bapianr
M rpan M i Tpan
11 0,9 1,2 - - 28 0,3 0,4 — —
12 0,45 1,8 — — 29 0,25 0,4 - -
13 — — {03 45 30 0,5 0,35 0,3 45
14 | — - 1,2 45 31 0,3 0,4 - -
15 0,15 — 0,9 - 32 0,4 0,5 | 0,15 —_
16 0,4 - 0,6 30 33 0,5 0,6 — 90
17 0,2 1,2 _ - 3. 06 0,5 — —

Ilpuknan 11a. BusHauntH KOOPIMHATH LEHTPA TSXiHHS KOHCTPYKIi
(puc. 28), mo cknagaerscs 3 10 TOHKHMX OAHOPIAHUX CTEPXHIB, PO3MIlIEHAX
y mromuHi xOy, axmo a = 0,6 M, b = 0,9 m. ‘

Po3p’g3anusa CrepXHeBy KOHCTPYKLiIO POSMIIIEHO CHMETPHYHO
BifHOCHO ocCi Oy, a TOMy LEHTP il TAXIHHA 3HAXOOMTHCS HA Wil OCH.

OpaueaTa neHTpa TIXIHHS

_leyz__llyl+lzy2,+...+l,oy10 M
SN Y Ay Ay P

OPHYOMY NOBXHHH OKPEMMX CTEPXKHEBHMX JiHil CTAHOBJISTD

Li=l=2a=2-06=12m Lh=1I5=a+b=06+09=15m;

L=L=Vd+8 =V1,1Tm; L=2a+b=21m;
L=1l3=2na/4=0,3nM; Lo = 2na/2 = 0,67 m,

a KOODIWHATH LEHTDiB TsIXiHHS (Touok Cy, Ca, ..., Cio Ha puc. 29)

Y4 Y o
10
/\ ﬂi
9 A -~ |Ca
8 ‘ ¢ Cs
) - Co
2 5 L Cs
3 . Oz -f G4
o <
L 6 |
a o jx W -
Pmc. 28 Puc. 29
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2=0; m=y=(a+85/2=075m y; =y =b/2=045w;
' e = (2a + b)/2 = 1,05 m;
V== (a + b) — AC, sin%; (a + b) - Eﬁ;“/_’;’ism n/4=1,12 M

y9=a+b=15M; ylo=a+b+a—slg/—;g=l88M

Hmcmnnsnoqn 3HaueHHs obuucienux seawund B (1), micraemo
_1,20+30,75+2V1,17:045 + 2,1 - 1,05
2:1,2+2:1,5+2-V1,17+2,1 +2:0,3n + 0,6n

0,6n-1,12 + 1,2-1,5 + 0,6n-1,88 _
2:1,2+2 1,5+ 2-V1,17 + 2,1 +2:0,3n + 0,6%

4

_ 6,255 +0,9vV1,17 + 1,8n

Z = 091m.
7,5+ 2V1,17 + 1,2n

. Tpwmxknan 116. BusHaunTH KOOPOMHATH LIEHTPA TSXiHHS OXHOPIAHOI ILIa-
CTHHKH, 306pa>1<eno‘1‘ Ha puc. 30, axmo a = 0,4 M, b = 0,8 m.
Po3B’a3a#H s INogaeMo mnomy miIockoi IUIACTHHKH K CyMY ILIOIT
xBanpaTa 1, -rpuxy'mnxa 2, miBkona 3 pamycom a Ta niBKona 4 pajiycom
a’2.
Koopmma'm LEHTPa TSOKIHHS cyMapHox IJIOMj TUIACTHHKH

2 Slxl _ Slxl + S2x2 + S3X3 + S4X4.

NS SiAStS+S
' ’(1)
z S _ St Soym o+ Says + Says
Esi . Sl+ 52+S3+S4 )
-b a

@ A%

< ==

0‘ : @ 2%

s/ 7 (Y

o
‘.REP

Puc. 30
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HJIOI]II Ta KOOPpIAHHATH KBaz(paTa, TpPIKyTHPIKa i ABOX miBKin y BPI6paHlH
CHCTEMI KOOleIdHaT xOy BiTIOBiHO CTAHOBJSATD,

S, =d “016M s x=bta/2=1m; y=a/2=0,2 m;
S, = a(a+b)—024M,xz—(a+b)/3—O4M

% =-a/3=-0,133m; S, = éna = 0251 v
xaf—-g—a-SITn/Jtz/—z=—0,17M; y3é0;
Si= =L (8) = Z 0063me
+= 777 |2 0063
: 2 sin n/2
x4=—-3—%—W— —-0,085M; y,=a/2=02m.

Iigcrapasgioun 3HAYEHHS 061{HCJICHPIX BeanuvH B (1), 3HaxommMmo

0,16-1 + 0,24 - 0,4 + 0,251(=0,17) + (~0,063)(~0,085) _
- 0,16 + 0,24 + 0,251 — 0,063

= 0,37 m;

0,16-0,2 + 0,24(-0,133) + 0,251- 0+(—0063)02
0,16 + 0,24 + 0,251 — 0,063

= -0,021m.

Ilpuxaan 118. BusHauntu KoopawHATH UEHTPA TIXIHHA TiJIA, 306pa>1<e—
Horonapnc 3, akmoa=1mM b=12mM, R =0,45m.

Pose’a3aunaq Koopnnna'm TiNna y Bubpaniit cnc'rem KOOPAMHAT
xyOz (mus. puc. 31)

c =

Yo =

Z Vix, _Vx + Vaxy + Vax,
Z v, Vi+v,+Vv, °

y_ZVM Vi + Vo + Vy, o
N7 Vit o+ Vv, o

_ ZI/izl_ Vlzl + V222+ V3Z3
% = v, Vitwntv,
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25

4R

23 S a 24 , _

RS ] 1
_ / | d d
1 N 3

VLTS L3
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Puc. 31,6
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. & ]
' ¢
0l
o) 7D
//I_m' J
) , i
X a a o
Puc. 31
ne Vi=db=1%*1,2 =12 M — ob’em napane.neninena; Va= %a?b =
= -0,6 M — 06’eM mpusmm; Vi = —-;— R = —5: 3,14:0,45%*°1,2 =

=- 0,38 M’

— o0’eM NiBUWIHADAa, & KOOPAMHATH NEHTPIB THXiHHS
HA3BaHMX TiJ - :

x,=x2=x3=b/2j—-0,6M; y,=a/2=\0,5M; w=a+a/'3=4/3m;

Va2 - - 03\/_
y3=a-§-(2—2-——%R%;[2/Z cosn/4=1,5a~ = 1,37 M;
o 5=a/2=0,5M; Z=a/3=1/3m;
(V2 2 sinn/2) | B 0,3V2 |
}za—_( 5 -—3-R ) ] in n/4 a/2-—— 0,37 m.

Tlincrasnsioun 3uauenns obunciennx semum B (1), mcraemo
_1,2:0,6 + 0,6 - 0,6 — 0,38-0,6

Xe = T,2+0,6 - 0,38 =0.6wm;
_1.2:0.5+06 4/3-038137 _ o
Yoo 1,2+ 0,6 -0,38 Rt
1,2:0,5 + 06 1/3-0,38-0,37 _
ETTTT1,240,6-0,38 A0 M

O



PO30IN

HIHEMARURA

-3
2.1. KIHEMATHUKA TOYKM
3asgauua K-1

BU3HAUEHHS TPAEKTOPIT, LUBMAKOCTI TA MPMCKOPEHHS TOYKM
34 PIBHSHHAMM, WO ONMUCYIOTh 1T PYX

3a 3ajaHUMK PiBHSIHHIMY pyxy Touku M yc'ranosn'm i TpaeKTopuo i
s MOMeHTIB uacy ¢, (i = 1, 2, 3) BH3HAUMTH NOJIOXEHHS Ii€i TOUKH HA

TpaexTopii, il mBHAKicTS, AOTHYHE, HOPMAJIbHE TA NOBHE NPMCKOPEHHS, a
TaKOX pajiyc KPUBHHH TPAEKTOPIi.

Heobxigui aias po3paxyHKy BEJIMUMHE HABENEHO B Tabi. 9.

Tabruys 9
p].?;;r 0 =ix(t) Py 2R, o : qa:; ¢ "
| 1 = (6sin (nt/4) + 2) 7’+ (3-6cos(nt/4)EK 0 2| 4
2 7= (3 — 2 cos (n2/4)) T+ (2 sin (v2/8) — 1) ] 0 [4/3] 4
.3 = (6sm(1:t/6)+1)z+(4cos(nt/6)—2)7c’ ‘0| 3|6
4 r-(3t);+(6t—5t2)k’ 1121} 3
5 P=(5—2cos(nt/3)) I+ (3sin (xt/3) - 2)K 3/2| 3 |9/2
6 © P=(5sin (nt%/4) + 3) [+ (2 — 5cos (xt2/4) B 1 {VZ ] 2
7 7= (20 cos 2 (x1)) I+ (20 sin (n¢) — 10) ] 1/4|1/3| 1
8’ 7= (cos (xt?)) I+ (sin (nt?) = 1)K 1|23
9 7= (3 — 8 sin (nt/6) )f’— (6 cos (nt/6)) K 0 3 |32
10 |F= (2 cos s (11/2) + 4sin (x1/2)) ] P+ (3cos(nt/2) +6sinnt/2)J1 0] 1 | 2
11 F=(1+3 cos (nt2/3)) P+ (13 sin (nt2/3) + 3) © o1 |v3
12 P= 1 e Pe e e T 0 |174|1/2
13 ?= (2cos(n!))j+(cos(2nt HE 0|1 |v®:
14 = (5cos 2 (nt/4)) T+ (2sin (nt/4) K 1213
15 P=— @/t +2)0+Qt+4] o 1] 2
16 P=(4cos’(nt/2) P+ Bsin(xt) K 0 J1/2] 1
17 P=@-tT+ @ +1)] 1] 2] 3
18 P=@2 -+ 2k 12 1 |372
19 = (3cos (5t2) — 1)+ (1 + 3sin (12 ¥ iz | 1 | v;R

~3
[+



3axinuenns mabn. 9

Ba- > » », Hac, ¢
pianr , =0T O 2OF o Jt t ty
' 7= (5sin (xt%/6) — 2) T+ (3 + 5 cos (n£2/6)) 11 jvzlvs
W =@+ THEE R 1 j1/2] 2

22 P= — (3 + 8cos (x1%/6) ) T+ (4 — 8sin (n12/6)) K 1 {vZ ] 2

23 7= (2~ 3cos (x£/3) ) P+ (10sin (x1/6)) ] 0] 1 |32

24 F= (8cos (xt/6) — 3) I+ (16sin 2 (nt/6)) K 1213

25 P=(4-6cos?(nt/6)) [+ (12sin % (x2/6) ) K 2|36

26 7= (6 cos (nt/3) — 4) T+ (4 — 9sin (nt/6)) ] 1|23

27 =4+ 6t - 1R /4 |1/2] 1

28 P= (3sin (nt/3)) "+ (2 cos (n/3) - ) ¥ 1 |3/2] 3

29 7= (Scos 2 (nt/3)) P+ (2,5sin (2nt/3) ] /21 1 | 2

30 = (-4t + )+ 3t R ' 1/2) 1 |3/2

31 7= (sin? (xt%/3) = 1) "+ (3 - cos 2 (n£?/3) B 1 {vZ|V3

32 7= 3sin? (nr2/4) + 4) "+ 2 cos (n1¥/2) - 1) ] 1 | vZ] 2

33 7= (25 + 75 cos (n2/2)) [+ (50 — 75 sin (nt/2)) B 1 | V2 2

34 F= (75 cos (nt2/2) + 25) ™+ {15 =75 sin (x Y4 1 | vZ | V3

35 ‘ F’=%(e'+e‘)f’+5(e'—e‘)k’ 0 |m2 | 2

36 7= (% sin 2t)| "+ (cos 2) B 0 |n/a|n/2

37 7= — (10 cos (n/3)) ™+ (3 sin (x1/3)) B 1 {1/2]3/2

38 P=2sin? (nt/2)) T+ (2 cos® (xt/2) o1 | 2.

39 7= (3 - 6sin? (nt/6)) P+ (4 — 6sin (xt/6)) ¥ 1|2 (3

40 P= (3sin (nt/3 + 3) "+ (4 + 3cos (nt /3N B L1 | vZvE

‘Teoperuyni BinoMocTi. OCHOBHA 3aaua KiHEMATUKYM TOYKM IOJISTAE B
oMy, m06 Ha MixcTasi pisHAHS i pyXy, BUSHAUMTH BCi KiHeMaTHuHi Xapak-
TEPUCTHKH IOIO PYXy (TPAEKTOPiI0, MBUAKICTh, NPUCKOPEHHS. i T. 4.).

Pyx Touku B KiHEMATHLi MOXHA ONMCATH TPbOMA CHOCOGAMM: BEKTOp-
HAM, KOODAMHATHUM Ta HATYDPAJIbHVM. .

Ilpn eexmopromy crniocobi 3aganug pPyXy TOYKM M ii HONOXEHHS BU3HA-

- YAETHCS PaniyCOM-BEKTOPOM, OIMH KiHEIb SKOIO MOYMHAECTECSH B HEPYXOMO-
My LEHTDi, 3 iHINH BU3HAYAE IOJOXEHHS TOYKH, MPAUOMY L BEKTOp €
BEKTOpHOIO (yHKIicIo yacy, Tobro

7= 7). ' o))
Jlinig, 9Ky omucye mif 4ac pyxy pyXOMmil KiHeus BEKTOPA B IpPOCTOpi
(romorpad paxiyca-BexTopa r{t)), HA3UBAETHCH MPAcKMOpIEr0 pyxXy mouku.

Pyxu 3a TpaekTopiaMu MOZUIAIOTECH HA NPAMONinitini (TPAEKTODisS pyxy
— NpsMa JiHiS) i Kpugoniniini (TPackTopis pyXy — KpHBa JIiHig).
Pipaannsg (1) € BEKTOPHMM DiBHSHHSIM TPacKTOPIL. '

7



Koopounamnuii cnoci6 3aaHHg pyXy TOYKH M MONGrac B TOMY, INO ii
MOJIOKEHHS BU3HAYAEThCSA Y BEOPaHii HEPYXOMiil CHCTEMi KOOPAMHAT TPhO-
Ma KOOPAWHATAMM, SIKi 3MIHIOIOTHCH 3aJIEXHO Bif 4acy f, a came:

x=x(); y=y@); z=2(). @

IIpn Bincyrnocri oxmiei 3 xoopmumar (2) pyXoMa TOYKA OIHUCYE
TPAEKTOPilO, PO3MIDICHY B OOHIH i3 IJIOIWH.

Tpu namyparsromy cnocobi 3afaHHs pPyXy TOUKE BBAXKAETHCS, MO
TPAEKTOPiIo TOUKM M BifoMO, a TOMY Ha Lill TPAEKTOPii BU3HAUAIOTHCH TOU-~
Ka (mo4arok pyxy) i AOAATHWH HANPAMOK BiIUIiKy nytOBOi KOOpAMHATH, IO
BCTAHOBJIIOE NOJIOXKEHHS PyXOMOi TOUKHM Ha TPAEKTOpii, T06TO

s=s(f). . 3

HKIIIO noyaToK I(CKapTOBOI CPICTCMPI Koopzmna'r 36ll"a€TbCSI 3 noqa'rxom
pagiyca-BekTopa r (t) TO

P = x (@i + y (@) + z (t)k 4

PiBHsanHa (4) BCTAHOBJIOE 3B‘930K MiX BEKTODHHMM Ta KOOPIMHATHAM
cnocobamu 3amanus pyxy Touk. Tlpu BCKTOpHOMy crrocobi WBUAKICTD PYyXY
TOYKH

7= %_ =2 &)
a TPUCKOPEHHS

7=47_d7_ ©)

SIKIO PyX TOUKH 3aAHO KOOPAWHATHAM CIIOCOGOM, TO MOXY.Tb IBAXKOCT
v=Volt+ovl+o?, ¢))

npuYoMy IIpOCKIIll BCKTOpa MBHAKOCTI HA BllIIIOBlJ.IHl Koopnnna'rm oci

ﬂ_. _JQ_ _dz _ . ®
(el Ol L

Moy TpECKOPEHHS IPH KOOPAMHATHOMY CIIOCO0i 3a{aHHs PYXY TOUKH
. a=Vad+d+d, &)
Ie MpOoeKIHii BEKTOpa NPHCKOPEHHS HA OCi KOOPAMHAT

do, - _dv, - _dv, - A0
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Hanpamai kocurycu BCKTOplB IBYAKOCTI TA PACKOPEHHS BU3HAYAIOTH-
C4 BHpa3aMu

cos (v,if = v,/v; cos (1_7’,}7 = v,/v; coSs (v,k") = v,/v; (1)

cos (&) = a./a; cos (&) = a/a; cos (TF) = a/a. (12)
I[Ipu HatypasbHOMY criocoi 3amaHHA PyXy MOXYJIb IIBEAKOCTI
ds '
= 13
7 13

TOpAYOMY BEKTOD IIBUAKOCTi CIIPSIMOBAHHMM B3JOBX AOTHYHOI AO TPAEKTOPIi.
Monyss mpuckopeHHS BH3HAYAETHCS HOTO NMPOEKI[iAMM HA HATYPAJIbHI
oci (zoTHYHY, HOpMaib i GiHOpMAJIB):

_dv, Y o (14
Ea a, = P sy = U,

l-xe. p — papiyc KpUBMHM TpAEKTOpii B AaHii - O T
TOYIL. -

Moznysib HOBHOTO MPUCKOPEHHS i OTO HaHpSIMOK B N -

(pnc 32) BU3HAYAIOTHECA 34 dbopmynamu b VS

a=Va +d; ctgp=a’a. (15 tn
Puc. 32

IIpuknan 12. Pyx TOYKHM 33aHO PiBHAHHAM

r(t) = (3 cos (nt?/3) = 2) I+ (3 — 4 sin (nt*/3))]7

ne 7 — pajiyc BEXTOD y CAHTHMETDAx; ! — 4ac y CeKyHmax.
BusnauuTnu Tpaekropito Toukw i mas ¢, (i = 1, 2, 3) 38aiTH NOKOXEHHS

TOUKH Ha 'rpaex'ropn i IBHAKICTS, TIOBHE, AOTUYHEC, HOPMAJIbHE IIPHCKO- ~
PEHHAI Ta pamyc KPHBHHH TpaeKT0p11

Po3B’g3aHH4 Hamincrasi (4) KOOpAMHATAMM PYXOMOi TOUKH M €

' x = 3 cos (nzz/?:) - 2; y=3~4sin (nt2/3). (16)
Buxmouatoun 3- piBuaHp (16) uac ?, micracmo piBHSHHS TpackTOpii B
KOOpAMHATHIN opmi .
‘ (x+2)*/9 + (y - 3//16 = 1. : amn
Pisnanng (17) ykasye Ha Te, IO TPAEKTOPid PyXOMOI TOUKM MAe BUIJISIA

eninca (puc. 33).
Bexrop meuaxocTi

¥ = v+ v, (18)
a BEKTOp IPHUCKOPEHHS _ ‘
‘ Z=al+ af ~ (19

. ' A 9



M3 013 jl

j =

0 4 2y
2
2

" 0 T 2 emic
o A9 A e

Qs

Puc. 33

Y pisaunsax (18), (19) z',’ J— opTH KOOpAMHATHMX OCell X Ta y; v, vy,
a,, a, — MPoeKuii MBHUAKOCTEH i MPUCKOPECHHS TOYKH Ha IIi OCi.
Ina posrgayBaHOro mpukiaany, sukopucrosyioud (16), (8) ta (10),
MaEMo ‘

v, =,'v = — 2t sin (nt*/3);
v,=y=-— %ﬁ cos (n*/3);
2 4z’ 2 ( Q0
a, = — 2nsin (nt'/3) —- 3 Cos (nt"/3);
2,2 : )
a,= — 8% cos (nt?/3) + 16; £ sin (nt*/3).]

Monyse mMBUAKOCTI : 4 _ :
v = sz-}-vz; ‘ (21)
' a MOOyJib IPUCKOPEHHS ’

a= Va:-{-a:. . (22) ’
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Monyas HOTHYHOIO NPHCKODEHHS

v

_dv _v.a, +va, ‘ (23)
& =g T v ’ , ‘

Hopmanbae nprckopeHHs: pyXoMoi Toukn _ .
a, =v/p, 24
SKIIO Pajiyc KPMBHHM TPAEKTOPii P Bigomuii. Slkmo X wue# paxiyc -

HEBigoMuiA, TO ,
' a,=Vad - 4. . 25)
Sxmo pyx Toukm BinbyBaeThcst B wiomuni xOy, TO
\ Vsay = Vya, 26
a, =—= > . (26)

- Ilicns BM3HAYEHHS HOPMAJBHOTO NPHUCKOPEHHS 33 dopmynoio (26) abo
(24) MoxHBa 3HANTH paniyc KPHBUHK TpaexTopii :

p =v/a, ‘ 27

Pesyabratu oﬁtmc,néub BesmuuH 3a dopmynamu (16) — (27) nas mo-
MEHTIB yacy ¢, = V3/2 ¢, t, = \/3 cit; = 3/V2 c naBeneno B tabu. 10.

Tabnuys = 10
Koopauma- . IIsmaxocri, Ipuckopenns, Paxi
Hac | oy o cm/c . cm/ct ,.,ﬁyf..
ty € ¥
A : Py CM
x|y ¥ vy v ax | ay a a | an
| 8n” - [
varzl 2 | -1 —2n\/§ 0 |28V |-2n| 5 [2aVI+16x779| 2x [ 5| 2,25
C 8nv3 | 8av3 8n 8n
V3|53 0 3 3 | 4| 3 | aVaTH4/9 | 5 | 42| 16/3
3VZI -2 | 7| 3xVZ | 0 |3VZ| 28 | ge2| 2nVI+l6n” | 2n | 8x2 | 2,25

3arpania K-2

. CKIARAHHS PIBHSiHb PYXY TOUYKM
| BASHAYEHHS 1| LUBUAKOCTI TA MPMCKOPEHHS

Ilng Touxn M 3ananoro MEXaHi3My CKJIACTH DiBHSHHS PyXy B IEKapTO-
BAX KOOPAMHATAX i, BUKOpHcTOBYIoun EOM, noGyxysaTu TPAEKTOPII0 PyXy
i€l TOYKWM, MOKA3aTH HAa Hift TOMOXEHHY TOUKH MJI1 MOMEHTIB 4acy

69-500 o o ' 81



t{i =1, 2, 3), obumcnuTn MORyJi MBHAKOCTI T4 IPUCKOPEHHS, & TaKOX
paniyc KpuBHHH TpaeKTopi'i /19 3a3HAYECHUX MOMEHTIB 4acy.

CxemMu MexaHi3MiB noKa3aHo Ha puc. 35,a—a, a HeoOXiaHi Aig pospa-
XYHKY BeJMUMHM HaBemeHo B Tabs. 11.

Tabnuys 11

T | o | o Lo | T s=son R
1 40 | — | 10 nt — 1/6 | 1/2 | 2/3
2 160 | — | — - 40V3 sinnt 1/6 | 1/3 | 2/3
3 — 130 | 20 6nt . - {174 | 173 | 172
4 — | =1 30 it — 1/8 | 1/4 | 1,0
5 50 | — | — — 100 cos 2n ¢ 1/8 | 3/8 | 5/8
6 80 | — | — — " 80 cos 2nt 1/8 | 1/4 | 1/2
7 30| — | 20 nt ' — 1/4 | 1/2 | 3/4
8 — 150 | — Snt — 1/10| 1/5 | 2/5
9 2| — | 30 3nt — 1/12| 1/6 | 1/3
10 [ 50| — | — — 50 sin 3n ¢ 1/9 | 1/6 | '1/3
n (15| - | - 2nt — 1/6 | 1/3 | 5/6
12 | 54 | — | 30 ‘nt — 1/4 | 1/2 | 2/3
13 45 | — | — — 45 sin nt 1/6 | 1/3 | 1/2
14 | — | 201 10 5nt — 1/1511/10 | 1/5
15 | — | 30 | 12 4nt. - 1/12| 1/8 | 1/6
16 {8 | — | 40 6nt — 1/18|1/12 | 5/36
17 |36 ] — | 15 2nt ‘ — 1712 | 1/6 | 1/4
18 45 | — | — — 30V3 cosnt 174 | 1/2 | 2/3
19 [ 30 | — | — — 60 sin 2n ¢ 1/6 | 1/3 | 1/4
20 | — | 36 | 24 3nt — 1/12| 1/6 | 1/3
21 | 18] 12| & nt - — 1/4 | 1/2 | 3/4
2 |24 — | — 4nt — 1/8 | 1/6 | 1/4
23 |25 ] — | — 5nt — 1/5 |1/10]1/15
24 | — | 50| 10 2nt - 1/6 | 1/3 | 5/12
25 | 12| — | 48 3nt — ’ 1/15|1/12| 1/6
26 | 25| — | — 5nt — s i1/10] 1/5
27 | — |40 | — 6nt - 1/9 | 1/8 | 1/4
28 | 50| — | — — 50sin3nz 179 | 2/9 | 1/3
29 42| — | — — 42\/3" sin 2t 1/8 | 1/4 | 1/2
30 |30 | — ] = 3nr - — o112 1/6 | 1/3

IIpmma)i 13. Jamo: cxeMy Mexamismy (puc. 34,a), me ¢ = nt/3,
=20cm, r=10cm, [ = 30cm, 1, = 3/4¢, ¢, = 3/2c, t3 =9/4¢c.
annaqnm TPAEKTOPIIO PYXY TOUKH M, a TAKOX Ty, dag Pase
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Po3B’493aHH 1. PiBHIHHA DyXy TOUKH M, euxonaun 3 puc. 34,6,
MAaIOTh BUTJISL ’ ' _ ) :
x=(R + r)coso + (r + I) cos(a + ¢);
y=(R+r)sing + (r + [) sin (o + @),

PUYOMY
: UCB = UCB,,

abo _
or = ¢R; u=-§—(p=2<p.

=X | Al M
7 ,
I"nc. 34,a ) Puc. 34,6
Orxe,
"x =30 cos ¢ + 40 cos 3¢; y = 30 sin ¢ + 40 sin 3¢. 4}

[Tpoexnii BekTOpa MBHUAKOCTI HA OCi KOOPAMHAT
v, =% = ~¢(30 sin ¢ + 120 sin 3p) = —30¢( sin ¢ + 4 sin 3(p)'}

: v =y= ~¢(30 cos ¢ + 120 cos 3¢) = —30(p( cos ¢ + 4 cos 3¢)

Mogzyas mBuaKocTi .
v = Vol +v? —30<pV17+8cos2q> 3

ITpoexuii MPHCKOPEHHS TOUKH HA OCi KOOPAMHAT

a,=%=-309"(cos ¢ + 12 cos 3@);} ,

@
= y = -30 (‘pZ ( sin o + 12 sin 3([)).
MOI(yjIB OPUCKOPEHHS

a=Vd+d =300 V145 + 24 cos 20.- ®

Jotunuse npuckopeHss

~

dv N2 sin2¢
==>=-240¢ . (6)
dt _ V17 + 8 cos 20
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0i0,=2K0=Cp =

=QBCC ={
0,C=AB=I"
1 BH:Y'/3

Puc. 35,




" 12 ~ DA=r AB=l
‘ yl A BM=0/3
/(\%;
yh AB={

Puc. 35,6



2

22

23

M Y OC=AC=BC=
=BH=L

26

27| 28|
s -
’ AB=¢
A a- BM=¥/3
x¥
30| AB=B0=BC= M

:DM'::E

Puc. 356




HopmanbHe mpuCKOpeHHS

a,=Vd-a.

. V)]
Paniyc Kpmmun TpaceKTOopif
_ S p=v"a, ®
Y dopmynax (2)—(6) ,
¢ =mn/3.

Tlonoxenns Touxm M, il MBHAKICTb, NPHCKOPEHHS Ta iXHi MPOEKI{i HA
OCi KOOPAMHAT, @ TAKOX NOTHYHE | HOPMAJIHHE TPHCKOPEHHS, O0UYMCIeH] IS
MoMeHTIB uacy ¢, (i = 1, 2, 3), HaBeneno B Tabn. 12. C

Tabnuysa 12
ty ¢ x - l d vx 7y i
’ . ™ cm/c
3/4 -7,05 49,35 -35,25n -21,15n 41,11n
3/2 0 -10,00 30n 0 30n
9/4 7,05 49,35 -35,25n 21,15n 41,11n
3axinuenns  mabn. 12 -
b, c ' o 2y - N L “ n P, ™™
. ‘ ?M/cz ‘
3/4 | 2553x> -30,5512 39,81n% -6,47x> -39,28x2 43,0
342 |- 0 - | 36,67n2 36,67x2 0 36,67n2 24,5
9/4 | -25,53z% | -30,5522 39,81n2 6,471 2 39,28z 43,0

'V Tabn. 13 BMﬁ[[CHO 3HAUYCHHS KOOPAWHAT, MPOEKLiil MBUAKOCTI Ta nbn—
CKOpeHAd, obuuncieni 3a gornomororo EOM g inTEpBaNy 3MiHM KyTa MOBO-
pory xpueomuna OA Bix ¢, = 0 10 ¢, = 2n pax. :

Ha puc. 36 306paxeHo TPacKTOPif0 pyXxy TOUKH, a TAKOX yCi KOMIOHEHTH
TIBMAKOCT] Ta MPUCKOPEHHS AN MOMEHTIB uacy (i = 1, 2, 3). .

ITporpama ofumcienHs koopamHaT pyxomoi Toukw M, ii mBHAKOCTI Ta
IIPUCKOPEHHS MA€ TAKMil BUTJISL:

PROGRAM RR:

var ‘ , ’ ) ’
X, y, phi, phi_, vx, vy, v, ax, ay, at, an, a: real;
fitext;

Begin ; . v

_ assign (f,’tablel’); rewrite (f);
phi:=0.0; phi_:=pi/3;
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60}

Puc. 36
repeat
“30*cos (phi)+40*cos (s*phi);
y:=30*sin (phi)+40*sin (3*phi);
vx:-=30*phi_*(sin (phi) +4*sin (3*phi));
vy:=30*phi_*(cos(phi)+4*cos (3*phi));.
vi=sqri(vx¥*vx+vy*vy);
ax:=-30*phi_*phi* (cos (phi)+12*cos (3"'ph1)) ;
~ ay:=-30*phi_*phi_ * (sin (phi)+12*sin (3*phi));
a:=sqrt(ax*ax+ay*ay) ; _
at:=(-240*phi_*phi_*sin (2*phi))/ (sqrt(17+8*cos (2*phi)));
an:=sqri(a*a-at*at);
writeln (f, phi*180/pi:3::0,” *, x:3:3,”’ y33 ’
vx:3:3, ' 7, vy:3:3, 7 Y, vi3:3, 0 0,
ax:3:3,” ’, ay:3:3,” ’,at:3:3,” ’,
an:3:3,” ’°, a:3:3);
phi:=phi+(pi/36);
until (phi>2*pi);
close (B);
end.



2.2. KIHEMATHKA TBEPQOIO TINA

3amuna K-3

BM3HAYEHHS LLBUAKOCTEM | IPUCKOPEHD TOUYOK TBEPAOIO TINA
NPU NOCTYMNANBHOMY M OBEPTAJIBHOMY PYXAX

MexanisMu CKIaRa10THCS i3 CTYNIHYACTHX KOJIC 3 HOSKHAHHAM MACOBAX
nepenay, 3o0paxenux .Ha puc. 38, a—e. ‘
- Papiycn xonic i 3axon pyxy nepmoro xoneca ¢,(f) HasexeHo B Tabu. 14.

Tabnuys 14
Bapi- 91(t), pan R, M T ©
ant - _ ot t, ty
1 10¢ - 0,17° 20 2 1 3
2 0,283 + ¢ 15 4 2 3
3 0,75t + 1,5¢3 30 2 3 4
4 5t — 4t* 12 1 1/2 | 1/4
5 t+32 18 /3 | 172 1
6 2t — 0,25¢* 10 2 1 3
7 1,2t — #2 16 0,4 0,3 0,2
8 3t - 0,5¢2 20 1 1/2 2 .
9 0,42+ ¢ : 24 1/2 1/4 1/8
10 8tz -2t 40 1/4° | 1/2 1/16
11 2t% + 3¢ 14 1/2 1/74 | 1/8
12 3% - 4 30 1 2 '3
13 05712 L 20 172. 1 2
14 2t — 1,60/t : 18 2 4 1
15 sin 2t 16 n/6 n/4 n/3
16 5t% +.3¢ 12 0,1 0,05 0,25
17 cos 2t + 1 ) 40 n/6 n/2 5n/6
18 3t — 2% 14 /4 | 1/2 1
19 | 4 cost 30 n 5n/6 5n/3
20 3.2nt — 0,2n¢2 " 10 2 3 4
21 0,3n2% + n /1% 24 1 2 3
22 2sinnt : 18 n/3 2n/3 n/4
23 6(t — 0,5¢%) 20 1/2 1/3 1/4
24 8 cos (n1/2) 12- 1/3 1/2 1
25 4t + 1,5¢% 10 1 1/3 172
26 3sin2f + 1 16! n/6 | =/2 “m
27 4x cos (n1/6) 14 1 2 3
28 6t + 12 ' 40 | 1/4 1/2 1/3
29 2t - 0,3¢% 30 2 1 3.
30 t + 472 28 - 1/8 1/4 1/2




IonaTHmii HANIPSIMOK ©(f) NMPHAHSTH TAKHAM, SK NOKA33HO HA CXEMaXx
MEXAaHi3MiB.

BusnaunTy fas MoMeHTiB yacy t{i = 1, 2, 3) mWBMAKICTD, OOLEHTPOBE i
. IOBHE NIPHCKOPECHHA TOUOK A, B 1a C. ,

" Tpukaan 14. I[Jm Mexamsmy, CXEMY. SKOro 306pa>KeHo Ha puc. 37,q,
BH3HAUNTH TIBUAKICTH i MPHUCKOPEHHS TOYOK A, B ta C B MOMEHTH 4acy
thh=1¢c,t,=2cit;=4c, skmo ¢, = 0,2’ — 1,6n/¢t, R, =R=10¢cM,
R4=IOCM,R2=2R,r2=R,R3=2R,R=r3,r4=2R. )

Puc. 37,a

Po3B’ ga3amun4g Kyrosa mBugkicts nepmoro sybuacroro Koseca

o = _ do,

Vs

Ockinbku 3y6uacre komeco ! i xoneco 2 pamiycoM R, 3auerUieHi Mix
co0010, WBHAKICTH TOUKM IXHBOTO KOHTAaKTY K (puc. 37,0)

= 0,6nt” + 1,6n/¢%

v = OR = szé,
3BigKKM KyTOBA IIBMAKICTH KOJeca 2
| _ _R 2 2
0y =R 01 =2 (0,6n¢" + 1,6n/¢%).

: IIIsupxicTh TOUKH M, HA KOJIECi 2 ¥y = W,r;, 4 MIBUAKICTh TOUKH M; Ha
obomi komeca 3 v; = o;R;. Uepes Te mo v, = v, (JmB puc. 37,6),
®,r, = 03R;3, a KyTOBa MIBUAKICTD Kozneca 3

r R 1

03 = 20 = 3 (06nt +167r/t)
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Puc. 37.6

Ananoriuao BH3HAUAECTLCA KYTOBA IHBHJIKiCTb Koneca 4
'0'3[3 = UM.; W3ry = (1)4R4.
Orxe, '

r. raraR
(1)4= 3 - Jrarafy

‘3 2
"R, Wy = R.R.R, (O(mt + 1,6n/1%).

Jlinidni meumkocTi Touok A, B i C ans 6ynb—sn<oro MOMEHTY 4acy BH3-

HAYAXOThCS BHpa3zaMu

Uy = Oyl = r4£32RR13 (0 67I:t + 1 67[/t ),
vp = 03R; = r2R2 (0,6m¢* + 1. 67|:/t2)

'U'C=(D2R2=R2R (06Rt +167[/t)

3Ha‘leHHSI ‘MOAYJIiB OIBMAKOCTEH TOUOK A, B ta C [ig BigmoBigHMX MO-
MEHTIB 4acy f; HABEAEHO B Tab. 15, a HANPSIMOK HAX IIBMAKOCTEH [IOKA3aHO

Ha puc. 37, 6.

Tabnuys 15
@1 | (1%} 1 w3 | ©y4 - €1 l ’82 €3 | €4 vy | vp | ve
t, €
¢! . 2 cm/c
1 12,22 |1,In. (0,557 [0,55n ¢ -2n -n -0,5% {-0,57 1in Iln 22n
2 12,8n {1,4x {0,70n {0,70n { 2=n n 0,57 0,5x 14n 14n 28n
4 (9,70 |4,857|2,43n12,43n 14,757 | 2,375 1,19n 1,19n | 48,57 | 48,5 [ 97n
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3axinuenns mabn 15

cilalala [a]a]2 2]
. 'cn/cz‘ .

1 — |-1on {10n | 6052 |-10x | 67.5 |242x° |-20n | 247

2 — | 10n |10z 9,82 10n | 101,7 | 39,2x% | 20m 392

4 — {23,8n |23,8n | 118,1x% [23,8n | 1168 |470,5%x%. 47,5 | 4646

- Monyii nprckopesb TOUOK A, B i C 1U1si MOMEHTIB Uacy ¢, BASHAYAIOTHCS
BHpa3aMu

) 3 2 4 2
Qq = €414y Qg = \/aua + ag, =_R3\/“’3 + €35

P) 3 3 7
ac = \/auc + dic = Rz\/mz + €2,

MIPAYOMY KYTOBi HPUCKOPEHHI KOJIC 2 Ta 3 BiONOBiAHO CTAHOBJISATH

%‘”_2 7 (L2xt = 3,20/7%) =ﬁe1;
g5 = _‘3‘;_3 = ’2R‘ (1 2nt — 3,20/ ) = ;21;‘ €.
3

Yuciosi 3HAYEHHS NPUCKOPEHDb TOYOK A, B i C 119 MOMEHTIB yacy f, 'Ha-
BezieHo B Tabur. 15, a ixmi Hanpmm w4 ¢, =1 ¢ mokasaHo Ha puc. 37,a.

Puc. 37,6

96



79-500
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3aspanns K-4

) BM3HAUEHHS LUBMAKOCTEN | I'IPHCKOPEHB
TOUYOK TBEPAOrO TINA, LiLO BUKOHYE MSIOCKMM PYX

Iinsa 3apaHoro TIOJIOX CHHSI Mexamamy Bnanaqnm msm(xoc'n T2 TPHUCKO-
peHHs TO4OK A, B, C, ... .

TInockmil pyx MyXe 4acTo BHKOHYETBHCS plsmmn MeXaHi3MaMu MamiuH, '
JIAHKH SKHX MAIOTh BUTJLIN CTEPXKHIB, a 6yBae i Tak, mO A0 CKIany me-
XaHi3My BXOXSITH TAKOX JWMCKH, KPyrd i immi Tina.

b Tomy TIPONOHYETHCA ABA Baplanm 3aBganHga K- 4

BapianTl. Cxemn MexaHi3miB moxasano Ha puc. 40, a—a, a Heoﬁxmm

IUIS PO3PAXyHKY BENMYMHHM HABeAEeHO B Tabna. 16. ’

Tabnuua 16

p‘i’:!;r St | oa | as | BC | D »pgz;r St |3 foa| a8 | e |cD
1 5 2 a .| 3a 3a —_ 16 4 2 a 2a | 2a a
-2 4 3 1,5¢ |[1,5a | 3a — 17 6 4 a 2a 2a 3a
3 3 2 {L,da 3a 2a | 2a 18| 4 2 a 2a |1,5a | 2a

4 6 4 a 3a 2a — 19 4 4 a 2a. | 2a 2a
5 S 3 a 2a — | 3a 20 2 3 a 2a 2a 2a
6| 4| 2| a 3¢ |a {3 §210) 51| 4 |a |3 |3 |2a
7 S 4 a’ 2a — | 3a 22 3 2 |LSa} 2a |1,5a | 4a
8| 3| 3 |2« |2 |2a 23| 213 |a |3 |3 |3
9 2 2 a — a {1,5a | 24 4 3 {2a | 4a 2a 2a
10| 6 | 3 |22 |3 |a ol 25 41 6 [1,2a03a |1,50 | 3a
11 v 5 3 2a 4,5a | 3a 3a § 26 8 4 12a | da — | 3a
12 4 3|2 |3 |22 |22 27| 3|5 |a Rav3| — |3
131 3 2 a 2a0V3 | — | 4a 28 | § 2 |2a |3 (1,54 | 2a
14 2 2 2a 2a 4a 3a 29 6 4 a 4a —
15.1 5§ 2 a | 2a — | 2a 30 2 2 [3a | 2a — |1,5a

BapianT 2. Cxemn mexauismis 306paxeno Ha puc. 41, a—ea, a ne-
oOxizHi 179 po3spaxyHKy BEJMUMHU HasexeHo B Tab. 17.

Tabnuys 17
: _ _ o4 l AB | BC ] R I rod e )
Bapianr | ©,c g, c2 ®  ay m/c
‘ N ‘ m/c i
1 — — | 05 | 060 | 08 — | 030 | 06 0,9
2 — — — | 040 - - — | 12 1,6
3 — — — 0,25 — — — vZ/4 2
4 5 2 0,40 0,50 0,6 0,2 — — —
5 4 4 " 0,25 0,60 |° — 0.4 0,20 — —_
6 6 3 — — — 0,6 0,30 — —
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3axinuenns mabn. 17

Bapiant | 0,¢7! | &,c7? 04 l el l B¢ R l 7 :/"’c Gy /3
M

7 — - — 2V2 - — - 2,0 4,0
8 — - — |15V | — — — 4,5 3,0
9 4 2 0,30 — 0,6 0,3 - — —
10 8 — 0,15 | 0,60 - - - — -
11 — - - 040 | 0,2 - — | L2v3 | 06
12 5 4 0,40 | 0,80 - 09 | 015 — —
13 — — — 1,00 - 04 | 020 | 06 0,4
14 — — — 2,00 | 1,0 — - 1,6 1,2
15 — — — 043 | 0,2vF | — — 2,0 4,0
16 6 2 - — - — 0,40 — —
17 — — — — — 40 | 3,00 [ 60 3,0
18 - - - 2,00 | 1,0 — — 4,0 2,0
19 — - - 1,00 - — - 1,2 0.8
v 10 4 0,40 | 0,80 -~ 03 | 015 - —
21 - - - 2V3 — — — 2,0 4,0
22 — - — 1040 | 02 | .0, — 0,8 1,2
23 — - — 1063 | — — — 06 | 09
24 - — - 0,80 - 0,2 — 0,4 0.4
25 5 5 0,24 °| 0,60 |. 0,3 - — — -
26 - - - - 2V3 - - 100 | 50
27 10 4 0,18 | 0,54 | 0,6V3 | — — - —_
28 4 — - - — 0,6 — _ -
29 - — | = | 2v3 — 0,5 — 2,0 1,0
30 5 04v3 | — 1,6 - - - -

Ilpukaan 15. Jaa 3amasoro noaoxeHHsa Mexamsmy (puc. 39,a) BusHa-
YMTH MBAAKOCTI T4 NPUCKOPEHHS TOYOK A, B, C, D i M, a TakoXx KyToOBi
IBUAKOCT] Ta KYTOBi IIPUCKOPEHHS BCiX JIAHOK MEXaHI3MY, AKIO KPUBOIIMI

-2
OA o6epracThcs 3 KYTOBHM CIOBi/IBHEHHSM €04 = 3 C °, MAIOUH B JAHMA

-1
MOMEHT KYTOBY IIBHAKICTb Woy = 2 C

TaKi: OA 20 cM, AB = 50 c™, BC = 40 M, CM = MD = 30 cm.

Puc. 39,4

. Jliniitni poamipu naHOK MexamizMy
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Po3s’a3anHs Ockinpkn kpusomun O A 06epTaeTbcs1 B ILIONIMHI
puc. 39 a HABKOJ0 Touku O, IBHAKICTH TOUKH A

v, = 004 = 2°20 = 40 cM/c,

a NMPHUCKOPEHHS Li€l TOUKHU >
dy=dj + d, \

NpHYOMY NOLEHTPOBE (HOpMajbHE) i 00epTajbHE NPHCKOPEHHS TOUKA A

BIiTIOBIAHO CTAHOBASTH

Q= 05,04 = 2220 = 80 ecM/c;  d} = £0404 = 3-20 = 60 cm/c%.

Orxe, .
a, = V(a&h)? + (a5)* =100 cm/c
IIsnakicTe TOUKH B
-> - -> -> ) ->
Vg = Uy + Uup, a00 MPup Up = MPyp Va.
Tomy
vp = v, c0860° = 20cm/c.
Toqxa B HanexuTh JaHOi MexaHismy (TpukyTHHKy O,BC), gKuii obep-
TAETHCS HABKOJIO TOUKH Oy,
Otxe,
vy = 09 0B; OB =BCsin3(¢ = 40'0,5
KyroBa mBuUAKiCT JIAHKH (rpuxyTaNKa O,BC) 0)0,
IIsngkicTs TOukU C :

ve = 09, O,€ = (ooBC cos 30° = 1-40-V3/2 = 20\/5 cM/c.

AH&.TIOI‘I'{HO BU3HAYAKOTHCA IIBMAKOCTI TOYOK D Ta M:

I

20cmMm.
1 c"l

Up = Ve + Vop = HPCD?’D = npey¥c;
vp c0830° = v, cos30°;
vp =V = 20V3 coM/c;
= Be + Bou; TPy By = Moy Ve (mms. puc. 39,6);
vy = v cos 30° = 30 em/c.

Kyrosi mBuakocti 1anok AB i CD BiamosifHO CTAHOBISTH

045 = U5/ AB = v cos 30°/ AB = (40V3/2): 50 = 0,4V3 ¢';

0cp = vep/CD = vo/CD = 20V3 /60 = V3/3 ¢,

[suakocti Touok B, C, D ta M MOXHA HMiApaxyBaTH, KO BUKOPHCTATH
BJIACTUBICTh MATTEBMX IEHTPIB IBUAKOCTEH, a came: P, — MHUTTEBOTO IEHT-
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pa WBUAKOCTEH JaHKH AB; O, —— MHTTEBOro LUCHTPA WMBUAKOCTEM JAHKH
O,BC; P, — MHETTEBOIrO UCHTpA IIBUAKOCTEW sauku CD.

ToMy 3 ypaxyBaHHSM BJACTHBOCTI MHTTEBOIO LEHTpPAa MBHUIKOCTEH
MaemMo @ - :

z—;—”— = %‘— = 5in30° » v, = v, 5in30° = 20 cm/c;
A 1
%Q - 16;8 =ctg30° » v = v ctg30° = 203 em/c;
B 1 ’
: %:—271:2=1—>vo=vc=20\/_3- cM/c.
C 2

AHanoriyso MoXHA 06UHC/IATH KYTOBI IIBUAKOCTi JIAHOK MEXAHI3MYy, SIK-
IO BUKOPHCTATH BJIACTHBICTh MUTTEBOTO IEHTPA MIBMAKOCTEH:

©ap= v4/ AP, = v,/ (AB/c0s30°) = v, cos30°/AB = 40V3 /(2-50) =
=0,4V3c7;

. 0cp=e/CPy=ve/CD=20V3/60=V3/3 ¢,

Bekropu mBuakocteii Touok A, B, C, D it M mOKa3aHO Ha puc. 39, 6, a
UHC/IOBi 3HAUCHHS MOXYJIiB IMX IMBUAKOCTEH Ta KYTOBHX WIBHAKOCTEN JAHOK
MEXaHi3My HaBeneHo B Taba. 18.

Tabmuus 18
Benmunia 4 B ¢ | b | M | o4 | a8 |oBc| cp
IIBuakicTs, cM/c 40 20 | 20vV3 | 20v3 | 30 —_ — — | =
Hpuckoperta 105- | 100 | 55y | 436 | 192 | 52 | — | — | _ | _
. Ku, cM/c
Kyrosa msm":l_lilcrb . _ . N o 2 0.4V3 1 Vi/3
NaHKH, C i ‘ _
Kyrose TPUCKOPEH- | _ _ _ . 3 1,44 | 0,76 | -0,53
HS JIAHKH, C . . _ .

Puc. 39,6
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Tpuckopenna Toukn B
-

> 6
ap —a3+aB—aA+aA a"°“+a:,,, )
NIPEYOMY MO BIIHOBIIHEX CK/IAJOBHX IBOTO NPHCKOPEHHS

a) = v3/BO, = 20°/20 = 20 cm/cz; ag = €01 BO;;
a" = wi AB = (0, 4\/—) .50 = 24 cM/c’; as = €45AB.

CrnpoexTysasmu pisasHHs (1) Ba-oci nexapmsm ‘CHCTEMH KOOleHHaT x
Ta y, MCTAHEMO
a = aj cos 60° + d cos 30° — ass;
—d, = —d cos 30° + a} cos 60° + aip .
3BincH \

& = d& cos 30° —aAcos60°—a§,‘;“ 22.20V3/2 - 3:20-0,5 -

— 24 = 15,2 cMm/ Y
60, = d3/BO, = 15,2/20 = 0,76 <%

S _ 4 cos 60° + df cos 30° — dj = 2°:20-0,5 + 3-20-V3/2 -

Qaap

-20= 719cm/c, €4p = a3}/ AB = 719/50-—144c;

= V(dp)’ + (@) = 25,1 CM/C
ITpuckoperns Touku C

= V(@) + @',
ne |
| & = 03, 0,C = 12-40 cos30° = 34,6cm/c’; @

= &, 0,C = 0,76 20V3 = 26,3 oM/ ac = 43,6 M/

AHAJOMUHO BHIHAYAEMO TIPHCKODEHHS Touox C Ta D i KyToBe npncxo—‘
peHHSI nagkn CD, Tobro
"’ “2on
ac"'aca +aCD ac'*'ac‘*'acs +aCD:
e
220 = 02,CD = (V3/3)2-60 = 20 /% af% = €cp CD.
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Puc. 39,6

TTic/st MpOeKTyBaHH DiBHSHHS (2) Ha OCi IEKAPTOBOI CHCTEMH KOODIHM-
HAT X, Ta,y; RiCTAHEMO

~ap = ~d cos 30° + g cos 60° = aff" cos 30° — acp cos 60°;
0= ac cos 60° + aE cos 30° — @™ cos 60° + adp cos 30°.
3sincu
als = (als — ak) cos 60°/cos 30° — & = (20 — 34,6)/V3 — 23,6 =
| = =32 em/ch '
op = aS/CD =-32/60 = —0,53 c42; ‘
ap = (a& + af§ cos 30° + (ad — aF) cos 60° =

| =(34,6 + 20)V3/2 + (—32 - 23,6)-0,5 = 19,2 cM/ .

AHAJOTIUHO 3HAXOAMMO

- -)n G —>nou -’06 (3)
cay = act ac + acy + acu,

ne

% = oy CM = (V3/3)-30 = 10 ow/ %

acof{ = SCDCM = _0,53'30 = -15,9 CM/CZ.

CrpoexTyBasmu piBHSHHS (3) Ha OCi JEKapTOBOI CHCTEMH KOODAMHAT
X; Ta ¥, , MATUMEMO
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B0,=2D0,=2a
17 ’

Puc. 40,6.






Puc. 41,a :










Qx, = —ac cos 30° + ag cos 60° — agy cos 30° — acy, cos 60° =
V3 \/S )
=- 20\/3— +26,3:0,5 = 10— + 15,9:0,5 = —17,56 cm/c;

auy, = —ac cos 60° + a. cos 30° = g% cos 60° — aly cos 30° =

= 34,6-0,5 + 26,3-0,87 — 10-0,5 + 15,9-0,87 = 48,81 cm/c*;

v = Vi + dy = V(—17,56)" + 48,817 = 52 cm/ %

BeKTopn npucKkopeHb To4ok A, B, C, D Ta M nokasaso Ha puc. 39,6,
- Mofyi mmx NPACKOPEHb i WHMCNOBi 3HAUEHHS KYTOBHX HPUCKOPCHB
Bumonumnx JIAHOK MexaHi3My HaseneHo.B tabm. 18.

3uak "Minyc" 6 4MCIOBOrO 3HAUEHHS _IPUCKOPEHHS BKA3YE Ha T€, MO
HATPSIMOK LOr0 BEKTOpa B PO3PAaxyHKOBIf Mopesm Bn6paHo TNPOTHJIEXHO
niicroMy Hanpamky. Lle came CTOCYETbCS TakoX 3HAKa Mmyc " Bisist umC-
JIOBOTO 3HAUEHHS KYTOBOIO IPUCKOPEHHS.

INpuknan 16. B NIaHETAPHOMY

Mexaniami (puc. 42, ) mecripusa
1, 30BHIIOHIA pagiyc sKoi R,, HEPY-
- xoMa (BHYTpimHi# paniyc mecripsi
1 popiBHIOE 7).
" Bomuno OB, mo obepraeTsca 3
KyTOBHM HIPUCKOPEHHSIM €,p HABKO-
JIO oci, iKa TIPOXOAHTD YEPE3 TOUKY
0, TIEPEHOCATH oci mecrepesn 2 i 3
paziycamu R; Ta R;. .

- BusHaumTh mBHOKOCTI i mpu-
CKOpEeHHS TOUOK A, B, C ta D, ak-
S mo R, = 30 cmM, ri =25 cmM,

Puc. 42,0 E = 10 ™M, R, —‘15 o™, oz = .
= 2 ¢ egp=4c¢?

P 03B’A3aHHESA Poamsmynannn MEXaHi3M CKJlaI(aGTbCSI 3 YOTHMPHOX
jgaHok: Bogmia OB, Hepyxomoi mecripi / i pyXoMHX mecTEepeHp 2
(panmiycoM R,) Ta 3. (pamycom Ry). \

MuTTEBMMHE LEHTPAMA IMBUAKOCTEH AU BiAMOBINHUX JIAHOK MEXaHi3My
e (puc. 42,6) O — pnsa Boguna OB; Py — pada wecripHi 2; P, — nas
meCTipHi 3.

I[Immxoc'n Touok A i B Boguna OB

v = mOBOA = (DOB("‘ - R2) = 2 (25 - 10) = 30 CM/C,

5 = 0030B = 0pp(R; + Ry) = 2 (30 +.15) = 90 cM/c.
. KopHcTyiounch BAACTHBICTIO METTEBOTO LEHTDPA IIBUAKOCTEN, MAEMO
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Puc. 42,6

‘ R\/— '
Zcz g—‘EJ— 2 \/_ >Vc = vA\/—i = 30\/5 CM/C;

Q;Q&_Raﬁ_ B
vy BP, " R, ‘“"/5 ”VD,—’U_’Bﬁ -790\/5 cM/c.

Kyrosi. mBuakocTi Apyroi Ta Tpersoi mecTepeHs

VAV_VA _' 30 _ -1, Up vy 90
mzﬁm—m—w"3c ,.3—“372——-“'“1—5'—‘6

BexTopn msum(oc'ren TOYoK A, B, C, D i HanpaMmxmn oéep'raHHa‘
BiAMOBIMHUX Ti/I MOKA3aHO HA PUC. 42 6. -

Tlpuckopenss TouoK A Ta B Boguna OB BH3HAUAIOTHCH TAK:
IR R T
aA =ay+ay; . ap= ag+ as

. IPUYOMY HOPMAJIbHi IPHCKOPEHHS LMX TOYOK
ay = 053 OA = 22 (25~ 10) = 60 M/’
dy = 03, OB = 2* (30 + 15) = 180 em/,
a JIOTHYHI TPUCKOPEHHS )
ay = €05 OA = 4 (25 — 10) = 60 cMm/c%;
. .ay=¢toz OB =4 (30 + 15) = 180 cm/c’. .
YucoBi 3HAYEHHS TIPACKOPEHD TOYOK Ai B

)

Lo o= V(@) + (@) = V60 + 60° = 60V2 cm/c;

as = V() + (d5)’ = V180" + 180 = 180V2 em/c%

Ilecrepri 2 Ta 3 BUKOHYIOTb IUIOCKEA pyX. TOMY, KOPHCTYIOUHCH Teo-
- PEMOIO. TIPO I0A3BAHHS MPUCKOPEHb B IJIOCKOMY PYCi, MOXEMO 3aMACATH:
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. aD—aB+aB+a,’,‘f,“+aBD

BexTopy npucKOpeHs IOKa3aHo Ha puC. 42,6i¢,a ixi;i YHCJIOBi 3HAUCHHSA
A" = wiR, = 3*10 =90 oM/
aiy = 0 Ry = 6>+ 15 = 540 cm/ %,

of __ o6 _
Asc = €2 Ry, app = €3R;.

Puc. 42,6

Kyrosi npnéxopenux mecTepenb 2 Ta 3

_do, _ dv',,zldm_af,_”w
7 E’Rz R,dt R, 10

8_dmazd»ﬂ 1 dvy _ ap _ 180
*Td T di\R;) R, dt R, 15

Toni

a2l =610 =60 cm/c?;  alS =12-15 = 180 cm/ >

IIpuckoperns rouok C i D Ha miacTasi puc. 42, 8, 2

A

ac = \/(a; + ald)’ + (a + a2y =

= V(60 + 60)? + (60 + 90)° = 30\/ 41 cm/c:

= V(d} - agd)* + (aB+ 3 =

= V(180 - 180)2 + (180 + 540)> = 720 cm/c”.
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'338#&!1"9! K-5
KIHEMATHUYHMA AHANI3 BATATOJIAHKOBOTO MEXAHI3MY

Kpusommn O,A obepracTbcs 3i CTANO0 KYTOBOK  MIBHAKICTIO
o4 =3 ¢”'. Ins 3amaHOrO MOJIOXEHHS MEXaHi3My BH3HAUUTHU:
1) meuakocti Touok 4, B, C, D, E, F i KyToBi HIBUAKOCTi BCiX HOTO JJAHOK
3a JONOMOTOIO IUIAHY IIBUAKOCTEN; 4
F 2) mBHAKOCTI 3a3Haue-
HHMX TOYOK MEXaHi3My Ta Ky- -
TOBi HIBUXKOCTI BCiX #OTrO JIa-

03 HOK 33 HOTIOMOTO MHTTEBHX
LECHTPIB MIBUAKOCTEH;
it Lkl 3) TnpUCKOpEeHHS TOUYOK

—=f01D A4, B, C, D, E, F i xyrosi
77777777 IPUCKOPEHHS BCiX MOro Jia-
B HOK;

4) NONOXEHHS MUTTEBOTO
UEHTPa IPUCKOPEHHS JIAHKH
AB.

Lumae Cxemu MexanisMiB noka-

' . 3aHO Ha puc. 44, a—a, a He-

Puc. 43,4 o0xiani A1 PO3PaxyHKy Be-
JIMYMHMA HaBefeHo B Tabn. 23,

Ipuxnan 17. Ing 3apasoro Ha puc. 43,a NOIOXKEHHS MEXaHI3MY BH3HA-
YUTH MBHAKOCTI T MPUCKOPEHHS TOUYOK A, B, C, D, E, F, a TaKOX KyTOBi
IMBUIKOCTi Ta PHUCKOPEHHS HOro Bigmonimmx JIAHOK.

HucioBi 3HaueHHs HEOOXiHMX IS PO3PAXYHKY BEJMYMH YMILEHO B
Tabn. 19, ae Bci siHIAHI PO3MipM MEXaHI3My 3a1aHO B CAHTUMETpAX.
Tabnuys 19

D> ¢ //)) D
-mm Y/

¢ 9,

9,
rpan

60 | 40 123 {25|15]25|20(60(20{50|70{30| 40 | 25 3 130 40'.

@
a | b|c|d|e|0a|aBlac|BCc|cD|CE| ED |08 | %% l0sF| EF
3 [+

Po3s’ a3auH4. 1. BusHaueHHd mMBUAKOCTER TOUOK A, B, C i KyTOBHX
IMIBMIKOCTEH JIAHOK MEXAHI3MY 34 JONOMOYOI0 IUTAHY MIBMAKOCTEH:
a) Oynyemo cxemy Mexanismy y subpanomy macmrabi (puc. 43, 6).
" IHeuakicTs TOUKH A

L U4 = 09 A0, = 3-20 = 60 cm/c.

BexTop ¥, TEPTEHIUKY IS PRI 1O xpugomuma O,A i cripaMoBaHui B Bik
#oro obepraHHs;

- 0) Oymyemo miaaH wmBHAKOCTEW. 3 ROBiMBHO BnﬁpaHoro nomoca 0
(puc. 43, 6) NPOBORAMMO NPAMY JIHIIO, APANETbHY BEKTOPY MBHAKOCTI ¥y,
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npuYoMy y BH6paHOMy Macm'ra61 JJISL HIBUAKOCTEH 306pa>1<aeM0 IMIBUAKICTD
ToukH A. [I1% BA3HAUECHHS IIBMIKOCTI TOUKM B yepe3 nomoc O mpoBOIUMO
NpSIMY, HApAJICIAbHY BEKTOPY MIBUAKOCTI 173, sgKa nepneﬂnnxymlpna J:(O Jan-
K4 O,,B, TIPHYOMY anopnc'ronyemo PiBHICTD

'UB = ’D‘A + vAB-

. Monym: MIBMAKOCTI TOUKH B NOpiBHIOE AOBXWHI Bigpiska OB, a KyToBa
HMIBUJKICTB, 3 IKOI0 00EPTAETHCA JTAHKA MEXAHI3MY (AABC) HAaBKOJIO TOYKH
(mostroca) A :

w4 = ab/AB = 32/60 = 0,533 ch.
KopucTyounch MacmuTaboM IBUAKOCTEM, 3HAXOMAUMO

vg = 67 CM/ c.

Ananomtmo Zi€eMo Ipy BH3HAYEHHI mBm.(Koc'm Touxu C, 6yny10tm IL13aH
IIBMAKOCTE, TOOTO .

> - - -> >
Ve = Vs + Ve = U + Vs,
: . T SRS
Ae MORyJii O6EpTaNbHUX NIBUAKOCTEH Vuc i ¥pc BUSHAUAKOTHCH BUPA3aAMU
Vg = CA; VUpc = Cb

TIPUYOMY BEKTODH Ty i vBc NEPIEHAMKYASIPHI RO CTOpIH TpHKyTHPl‘I(a
ABC (UAC-LAC VBCJ-CB)
anonsmn 3 IIaHy UIBMAKOCTEH (IuB. pHc. 43,0),

ve = 66 cM/c.

TIponoBXyioun. noGyaoBy IJIAHY WIBMAKOCTEH, 3HAXOMMUMO UMCJIOB 3Ha-
YeHHS MBHAKOCTEH vp, Vg, Uy (Tabi. 20).

Taéﬂuuu 20
V4 l ' vp | ve [ vp | vE | vE
Busnauenng BMAKOCTEH -
cM/c
3a A0nOMOror MiaHy UIBHUAKOCTEM 60 67 66 62 60 94
3a A0MOMOrOK) MHMTTEBUX LEHTPIB MIBHAKOC- |- -
Teit ) : 60 68 64 63 59 | 88,5

OGepraapHa DIBMAKICTh TOUKH B HABKOJIO TOYKH A
ab = 'l"AB = LOAB AB,
3BiIK# KyTOBa IIBUAKICTh JaHKu (A ABC)

_ab _ 32 _ oo -1
mAB-—AB—60——0,533c
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AHaynoriuHO BH3HAYAEMO Kyroni mBUAKOCTI Janok CD, EF, O,F:
wcp=cd/CD=39/70=0,577c¢"";
ogp=fe/FE=116/40=29 c";

Wo,p = v/ OB = 67/25 = 2,68 ¢l
wo,r = vp/ O3F = 94/30 = 3,133 ¢ -
t-Imcnom 3HAUEHHS KYTOBMX MBHAKOCTEH 3BeneHo B Tabm. 21.

Tabnuys 21
©sp @cp OpF ®0,B @0,F
BusHaueHHS KYTOBUX INBMUKOCTEH . :
. . -1
[4

3a HOTMOMOrOK0 MAHY MIBUAKOCTERH 0,533 | 0,577 | 2,90 | 2,68 | 3,13
3a J0moMOro MHUTTEBMX LEHTDIB - LIBUAKOC-

Tei 0,555 | 0,554 | 2,68 2,72 2,95

2. BusnauenHa mBUAKOCTEN TOUoK A, B, C, D, E, F Ta XyTOBUX IBUJ-

KOCTEH JIAHOK MEXaHi3MYy 3a JOMOMOIrOI0 MUTTEBMX HLECHTDIB INBUIKOCTEM:

a) naHkw Mexanismy 0,4, O0,B, O;F 06epraloTbcs HABKOJIO HEPYXOMHX
nenrpis Oy, O,, O;. Murresuit ueHTp JaHKK ( A ABC) 3HAXOAKUTHCSA B TOULI

Py, 9xa BU3HAUAETHCS TEPETHHOM JBOX JIHiN, IPOBEREHMX nepnemmxynsxp-
HO JI0 BEKTODIB MIBAAKOCTEH Uy i Tp.

AHAIOriyHO ‘BH3HAYAIOTHCS MOJOXEHHS MUTTEBUX LEHTPIB mnpmxoc'ren
ansa nasok CD (rouka Py) ta FE (Touka Py);

' 6) WBHMAKOCTI TOYOK JAHOK Mexamamy nponopn;mm BiIa M IHX TOYOK
BiJl MUTTEBUX LEHTPIB WBUAKOCTEM BinmoBiguux jgaHok. Lli Bimmani 6epemo
is puc. 43,6. 3HaueHHS MWBUAKOCTEH BiAMOBIAHMX TOYOK 3Haxoz(uM0 BUXO-
ASYM 3 TAKHX YMOB:

Z_j=§_1;i->%= Aﬁﬁi 60%;—68cm/c;
%;%*%—mgﬂ 60—{—(1)% 64 cm/c;
%2 = G >y = v gt = 64130 = 63 c/c;
_:z_i gﬁ: >y = %ycg—;;i = 64% = 5% cm/c;
z—;= g—%—»v,, ;1;2 59- gg 88,5 cm/c.
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10 20 30em
Puc. 43,6

0 10 20 30cmfb

Puc. 43,6



. . > > > > 3> > .
Hanpsmox BekTOpiB INBHAKOCTEH ¥, ¥g,Vc,Up,Pr,0r NOKAAHO HA
puc. 43, 6;
B) KYTOBi IIBHKOCTi JIAHOK MEXAHi3My

0 = v4/ AP, = 60/108 = 0,555 c”;
0cp = ve/CP, = 64/120 = 0,554 ¢™';
0oz = v/ OB = 68/25 =2,72¢"y
0gr = vp/FP; = 88,5/33 = 2,68 ¢™';
wor = vp/OsF = 88,5/30 = 2,95,

. UnCoBi 3HAauYEHHS KyTOBMX IIBHAKOCTEWH JIAHOK -MEXaHi3My 3BENEHO B
tabn. 21,
3. Bu3HAaueHHS NPHCKO- F

peHHs TOYOK A, B, C, D, E, )
F i KyTOBHX NpPHUCKOPEHH Ja-
HOK MexaHismy. [na _Bu3HA-
YEHHS HOPHUCKOPEHb a4, dag,
€45 (pHC. 43, &) BUKOpUCTAEMO
TEOPEMY IMPO INPHCKOPEHHS
TOYKH B nnockoi dirypu

-> -> -> >
I 06
ap = as + agp + azp.

OckinbK¥ HAIpsIMOK i MO-

,AYJb NPHUCKOPEHHS ap

HeBifoMi, 3 immoro Goky,  Puc. 43,2
" MAaEMO ‘

0 10 20 30 40¢cM
S i v W)

- -> ~->
az = ap + ay.
Orxe,
-> -> - - ->
ap+ap=a,+ als + alf.
Kpusomun O,4 obepraerscs piBHOMipHO, a TOMY
ar = aj = 054 AO, = 3 - 20= 180 cm/ .
HouenTpose npuckopeHHs Touku B mnpu 00epTabHOMY PyCi TPHKYTHHKA
ABC HaBKOJIO nosiioca A
45 = 03z AB = 0,544% - 60 = 17,76 oM/ 2,

a HOpDMAaJIbHE NPUCKOPECHHA i€l TOUKH
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dh = v/ 0.8 = 682/25 = 185 cm/ %

IIpuckopeHHs TOUOK MOXHA 3HANTH TAKOX rpadivHo 32 AOIOMOTOIO I1a-
HY NpHCKOpeHb. /I 1BOro BiAKIanaeMo Bin AOBibHO BUOpaHoi Touku Q y

BignosixHoMy MacmTabi (ug = 2 - = ) npncxope}ma TOUKH @y (pHC. 43 0.

3 KiHIOS BEKTOpa dy 6ynyemo B Tomy camomy Macmrabi BeKTOp aAB ,
' NpOoBiBIOM HOro napaneabHo npamiit BA. Uepes kineub BexTopa ?AB TIpOBO-
AMMO TpSMY, NEPOECHAMKYJISPHY, 10 npsiMol BA. 3 Touku Q BigkaagaeMo B
HAnpsaMKy mpsmoi BO, BEKTOP a3, a uepe3 Moro KiHeub IMPOBOXUMO npsaMy,
NEPHEHAMKYJISPHY A0 npsmoi BO,.

Touxa nepeTnHy npsMux, NEPHCHANKYIAPHAX no npsmux BA ta BO,,
BU3HAYaE KiHELb BEKTOPA dp.

Ha mnincrasi puc. 43, 0 Maemo

as = 194 oM/ %5 €450 = i/ AB = 10/60 = 0,133 ¢™*
AnasoriyHo BM3HAYAEMO TIPUCKOPEHHS TOUKU C

- > > -> > - -
_ nom 06 __ non 06
ac = ay t asc + asc = ag + age + agc,

Ac
afo'= 0i AC = 0,544*-20 = 5,92 cm/c%;

af" = 0} BC = 0,544°:50 = 14,8 cw/ <.

Bmxnanaemo BiX Kmusl BEXTOpA @, B MacmTabi p,Q = 2 BEKTOP

-
ale", mpoBiBmM HOTO napanenhno npaMin CA i qepea jioro KiHenpb mpoBO-
. AMMO TIpSIMY,, TIEPIIEHAUKYASIPHY A0 npsamoi AC. AHajioriuHo Bif KiHng Bex- °
TOpa G IPOBOAMMO TAPAJIENBHO TpsMii CB BEKTOP c_z’l',c , 4 Uepes Horo KiHenb
— npsMy nepneHauKyJssIpHy no npamoi BC. Touka TEPETHHY NPSIMKX, NPOBE-
JEeHUX TepHeHauKyspHo o npsvux CA ta BC, BU3HAYa€ KiHenb BeKTopa .
Ha mincrasi puc. 43, 0 npuckopenns Touku C
ac = 192cm/ 3
KyToBe mpuckopenns nanku ( aABC)
Easc. = ase/ AC = 3,5/20 = 0,175 ¢
- Mani 6y1(y€M0 IUIaH npncxopemm Z/ISL TOUKH D, BpaxoBywOuUH, II0

J:(Ol-(
aD"“c"' dcp + CD,

al = @2, CD = 0,565°70 = 22,34 cm/c’;
bagg =gcp CD.~
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0 20 40 60 80cM/c?
—1 1 1 1

Puc. 43,0

Hpn IbOMY IIIGMO TaK. IIo BEKTOpA TIPHUCKOPEHHS ac (nus. pnc 43, a>
nonaemo BEKTOP ac,, Yepes KlHCI.lb 'BEKTOpPA c_z)c“,, TIPOBONHMO BEKTOPD aCD
(aCDJ. CD).

OnsouacHo yepes TOUKy O MPOBOXMMO HPSIMY, mo 36iraeTbca 3 Hanpst-
KOM IIPHUCKOPEHHA TOUKHU D.

Ilepernn asox NPSIMEX, 3 CaMe: IPIMOi, nepneHImenstHm 110 JIaHKHA
CD i napaneapHOl BEKTOPY dp; BU3HAYAE HA IU1AHI NPUCKOPEHD IIPUCKOPEHHS
touku D, 10610 ap = 98 cm/c2.

Jlani MOXHA 3HAWTH KYTOBE NMPUCKOPEHHS JaHKu CD

€cp = acy/CD = 156/70 = 2,22 ¢~
Amnanorivso OygyeMo naax TIPHCKODEHDb  JIsT Toqox E T1a F  (gus.
puc. 43, 9).
HpncxopeHst TOYOK A, B C, D, E, F, a Takox KyTOBl npncxopemm

BiIMOBIHMX JIAHOK MEXaHi3My, obuucexi §/@ OCHOBi ILIaHy NPHCKOPEHS,
3BefneHo B Tabn. 22, , ,
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Tabruys - 22

aa

aB‘

ac

ap

ag

-ap

€48

€cp

SEF

SozB

€03F

cM/c

2

-2

4

180 l 194 | 192 [

94 | 120 | 334

0,133 | 2,22 | 2,75 I 2,00 ‘ 5,80

Tabnuys 23
bt [, i o [on [se [wn (oo w [« [ o [ < [ =0
aHT

rpan
1 5 1040100 — [060| — | — {040[035| — | 30 | 45
2 6 |0,15]|0,50|0,60|050{030| — [020{1,00/060}| 30 | —
3 4 102509 {040 | — | — | — [075]015] — | 45 | 30
4 5 020 — [045]|035]/060| — [030{040] — | 30 | 30
5 3 /090 — |[060(0,8[030]| — |o40| — | — | 75 | 45
6 4 1040 — | — |070| — | — 040|080 | — | 60 | —
7 2 1050060 — 03| — | — |030|040]| — | 45 | —
8 6 {020 — 020030050020 |060|02| — | 45 | 30
9 5 1030/025{09 05| — | — |0,30/0,30]{025| 60 | 30
10 [ 3 [060{060|030] — [030] — | — |020] — | 30 | 45
11 6 1025 — [0,25(0,50 015 — [075| — | — | 60 | 30
12 | 4 |030[0,40 0,20 |0,15]0,65| — |0,60|0,40 0,20 0,45]| 45
13 ] 5 lo18(020f — |0,80]0,60[0,15/050]0,54| — | 45 | 30
14 | 8 1025|060 0,30|0,55]0,60|0,25/0,80|040| — | 60 | 30
15 | 10 {020 — {080 (05| — |0,20]/040]030| — | 45 | 30
16 | 6 {030[020| — [0,70 | 0,60 | 0,16.| 0,40 | 0,40 | 0,50 | 60 | 60
17 8 {030 — [0,50|0,40|1,00{018[040| — | — | 30 | 30
18 5 1028030070 — | — {o020[1,00]035| — | 30 | —
19 [ 5 (024024040 — |[040| — |0,40]0,30] — | 45 | 30
20 | 6 |020]040[05! — | — 1015|080 |015] — | 45 | —
21 4 |0,25{060]|055]081[070| — |020(015| — | 60 | —
22 | 5 |040{070(1,00|1,20/1,20] — |[1,00| — | — | 30 | —
23 | 10 | 0,18 {0,50 [ 0,90 | 0,25 | 0,50 | 0,12 | 0,60 | 0,20 | 0,15 | 45 | 60
24 | 8 |0,15]|0,5010,25]0,50|0,60]0,15{020 040 — | 30 | —
25 | 6 |025] — 060|040 — |0,15] — }025] — | 150 | —
26 { 5 {020 — {0,80]0,40 {0,40 | 0,15{0,60{030| — | 60 | —
27 4 1030(040({060|070| — | — 1060 — | — | 60 | —
28 | 5 {028 — [030[0,8 (05| — [040[020] — | 45 | —
200 6 |025] — |08 (070} — {020 — | — |015]| 45 | —
30 | 8 |020]0,180,30{0,60|0,50]020|040[025] — | 60 | —
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Puc. 44,a










2.3. COEPMYHMMA PYX TBEPA,OTO TINIA

3aBpaHHa K-6’/ _
BUM3HAUYEHHA KIHEMATHYHMX XAPAKTEPMCTMK PYXY TBEPAOFO
- TINA | HOTO TOUOK I3 BUKOPMCTAHHSIM KYTIB EMINEPA

3anaHo piBHSHHS C(HEPAUHOTO PYXy TBEPAOrO Tijia \v(t) O(t) (p(t) ae
¥, 8, ¢ — kytu Einepa (puc. 45).

BusHauuTH [ MOMeHTIB yacy ¢, (i = 1, 2, 3) KyTOBY IIBHAKICTB, KYyTO-
'BE TIPHCKOPEHHS TiJIa, & TAKOX HIBHI(KiCTb i npucKopeHHd TOUKH A, K0Op-
JMHATAMH 9KOI B PyXOMil CHCTEMi KOODAMHAT, XOPCTKO 3B’43aHOI 3 TLIOM,
€ X1, Y1, 2. HeoOxinui s po3paxyHKy BEJIMUMHA HABEOEHO B Tabn. 24,

Tabruys . 24
Bagi | VO 1) 0 () [nla[a|nls
. ant pan ' M [4
1 2t° - t* n/4 st |22 )31 [1,5]2
2 | 4t + 1,6 (n/2) cos nt 20t | 3| 3|3 [1/6]1/3] 1
3 -2t + ¢ . -n/6 15¢ L 2 | 3] 4 1 2 | 3
4 ~at (x/6) cos (nt/4) 12¢ | 6 | 8 | 4 |1/4| 1 | 4
5 4t ~ 3t% (n/6) sin (n£/6) | 4r 4 | 2] 3 1 2 | 3
6. | —32+2¢ " n/3 24t | -4} 5|16 |1/72] 1 2
7 8t —t> | /3 cos (6nt) 1ot | 6 | 3| -5 |21 |2
8 5t ~(x/3) sin xt/3) |8 | 4 | -4 | 3| 1| 2| 3
9 4t — 32 ~n/4 6t 51 4| 3 2501/2] 1
10 | 10t = 0,12 | (x/4) sin (xt/4) 15t 7|5 4| 1|2 |10/3
11 2-2t | n/6 -4t | 6 | 3 6 1 2 3
12 4t (x/2) cos (xt) St | 6| 5] 8 [1/4l1/3] 1
13 | t-0,52 -n/3 1660 | 8 | 4 | 5 [1/2]. 1 2
14 | 3r —0,5¢* (x/6) sin (2nt) ol -5 8 | 2 [1/a]172] 1
15 0,6¢* (n/4) sin (xt) 32 | 4| 4 |4 |174]1/3]|1/2
16 | 1,2t - ¢ /3) cos (nt/4) 12¢-1 5151 5 1 2 ] 3
17 | 8£% -3¢ “n/4 18t | 2| 6| -3 |12 1| 2
18 | 4r - 0,22 | (=/3) sin (xt/3) 10t | 2 | -2] 6 |1/2] 1 2
19 —2n¢2 n/2) cos (xt/6) 8 | 3 2 | 411 2| 3
20 | 5t — 4%  x/3 9t | 6] 4 | 5 |1/2] 1 2
21 | 0,22 +1¢ n cos (nt/2) 6t | 815 |-5] 1|34
22 | t-0,42 (x/4) sin (nt/3) 14t | 2 | 3| 4 [ 1 2 | 4 |
23 6r — t* n/3 Bt | 7| 4 21211 132
24 2t | ®/3) cos xt/6). 20t {10 8 | 6 | 1 | 2| 3
25 | 2¢% -3¢ (n/6) sin (x£/6) 66 | 3| -5| 5| 213135
26 —5¢ (n/4) sin (xt/4) 2 | 2] 4] 2|1 2 | 3

126



3axinuenns mabn. 24

Bapi- | - v(® I C10) o) | x l » ‘ 2z 3 I 1) | t3
aHT ° pan . . o™ c
27 4t —n/4 1660 | 21 8 | 212 3 4
28 | 32+2t —(n/3) cos (&t) S5t | 3 10| 5 [1/6|1/3]1/4
29 t — 382 (x/6) sin (n?) 100 | 1010 2 {1/2]|3/2]5/2
30 | 2% -4 *x/2) cos (2at) 3t | 5| 4| 4 {1/3|1/4]|1/8

Npuknan 18. Hano: = (2t — 3f) pan; © = n/3 pan; ¢ = 12¢ pan;
x =3 cM; —4CM & —SCM t,=0,8¢c;t,=1c;t3=1,5¢c.
BuzHauntu ©, €, U4, @4

Pos’aszau usa 1. IIpoexnii
BEKTOPA KYTOBOI INBUIKOCTI Tina Ha oci
PYXOMOI CMCT¢MM KOOPIMHAT BH3HAYA-
I0ThCA 33 TakuMmu opMmysiamu:

0, = \u sin @ sin ¢ + 9 Ccos ¢;
0, = \usmecostp - Osm(p,
w cos O + .

: BuxopucroByloun Buximgmi paHi,
Prc. 45 mc'raeMO

=5 L4 -3)V3 sm(12t)

=54 =3 V3 cos(12); o, =5 (4 ~3) + 12
IMpoexnii BexTopa KyTOBOI IIBMAKOCTI Ti/IA HA OCi HEPYXOMOI CHCTEMHM
KOOPAMHAT
0, = (p siny sin® + 0 cosy; o, = —cp cosy sin6@ + 6 sm\p,
o, = @ cosd + .
VY posrnagysanoMy mpmxaani
0, = 6V3 sin(2¢® - 3t); o, = -6V3 cos(2t* - 3t); o, =4t + 3

- 3HaueHHs MpPOEKUi# BEKTOPAa KyTOBOI IIBMAKOCTI Tija s BlI(HOBl)IHKX
MOMEHTIB 4acy ?, HABENEHO B 'raﬁn 25.

Tabnuys 25
e © O, @y, ) @z, [0 (O oy [ @
. ‘c-l c—l
0,5 0,242 | -0,830 | 1L,5 11,53 | -8,734 | -5,668 S 11,52
1,0 -0,464 |- 0,730 12,5 12,53 | -8,734 | -5,608 7 12,52
1,5 -1,949 | 1,714 | 13,5 13,75 0 -10,380 9 13,74
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Monyns KyToBOi DIBUAKOCTI:
B DYXOMili CHCTEéMi KOODHMHAT

— \/ 2 2, 2,
o =Vor + 0 +o;;

B HEPYXOMi#l CuCTEMi KOOpAHHAT *
® = Vo)§+ o2 + o?.

3HauEHHS KyTOBHX IHBHI(KOCTCH TiJIa O/1S BIATOBiAHMX 3HAYEHD f, HABE-
neHo B Tabus: 25.

Mony.1b KyTOBOI IBUAKOCTI TiNIa HESATEKHO Biy NIPOEKTYBAHHS 1i BEKTO-
pa Ha OCi 3a3HAYEHMX CACTEM KOOPAMHAT MOXHA BH3HAYMTH 33 (hopmyioio

o=V + & + ¢ + 2yo cos 6.

Hanpamok BEKTOpa KyTOBOI IBMAKOCTI, 4 TAKOX MUTTEBOT oci ofepranns
TiJla MOXHA BCTAHOBHMTH 34 HaNpPSIMHMMM KOCHHYCAMH, a came:
B pyxomn cnc'rem KOOpAHHAT

. ,
cos (@, xl) = 0,/0; cos (3, yl) = 0,/0; cos (B, z) = 0,/0;
B HepyXOMlPI cucreMi Koopnnna'r \ ,
. A
cos(o) x)—o)/ar cos(m y)—m/a) cos (@, z) = 0,/ o,

B pesyJsbrati o6qnc.uenb st = 0,5 ¢ sHaxonmumo:
B PyXOMi#l CHCTEMi KOOpDAMHAT

cos (0, z,) = 11,5/11,53 = 0,9974;

cos (0, x,) = %1% = 0,021 cos (@,,3,) = 11—(;:%? = - 0,072;
B HEPYXOMill CHCTEMi KOOpAWHAT
cos (o, x) = —8,734/11,52 = — 0,7582;
cos (0, y) = —_—1—51”%% - 0,19; cos (v, z) = 11552 0,434.

2. Ipoexkiii BeKTOpa HMPUCKOPEHHS Tija Ha OCi pyXOMOi CHCTEMH KOOp-
AWHAT BH3HAYAEMO TaK:

= 2V3 sin (12¢) +6V3 (4t — 3) cos (121);
=0, = 2\/5 cos (12¢) = 6V3 (4 — 3) sin (12¢); ¢, = o, = 2,
a Ha oci Hepyxomo'i CHCTEMH . KOOPAWMHAT ~— TaK:

e, = 6(4¢ — 3)V3 cos (2¢* — 31);

€
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e, = 6(4¢ — 3)V3 sin (2% — 3t); £, = 4

) i e . »
3HaueHHS. IPOCKIi# BEKTOPA KyTOBOrO NMPUCKOPEHHS € TiJia Ha OcCi pyxo-

MOi Ta HEPYXOMOI CHCTEM KOOPAHMHAT AJISI Bi/INIOBITHMX MOMEHTIB 4acy t
HaBeAcHO B Tabu. 26.

Tabruyss 26
‘ €x, €y €z € Ex €y €, 3
tlv [
2 ) 2
0,5 -10,934 | 0,422 2 11,12 -5,608 8,734 4 11,12
1,0 6,903 8,490 2 11,12 5,608 -8,734 4 11,12
1,5 17,964 | 25,670 2 31,40 31,14 0 4 31,40

AHazoriyHo 32 HANPAMHMMM KOCHHYCaMH BH3HA4YAa€EMO HATIPSIMOK BEKTO-
pa KyTOBOrO MPUCKOPEHHS TiNa, came:
B PyXOMill CHCTEMI KOOPAHHAT.

__)/\ _)/\ _>/\
cos (€, x;) = €, /€; cos (€, y) = ¢&,/€; cos (€, z) = €, /€;
B HEPYXOMiif CHCTEMi KOODAMHAT
N .
cos (£, x) = €,/€; cos (Ef\y) =¢g,/€; COS (E‘,\z) =¢g,/€.

3. lIsuaxicTe TOukuM A
: vy = Vol + vl + 07,

€ TpoeKiii BEKTOpa Wjei MBAXKOCTI HA oci pyxomoi CHCTEMH KOODAMHAT
BU3HAYAIOTECS 33 TAKHMHU dopmynamu:

Uy, = @y 2 = @y Y15 V), = Of X; — Oy 255 U, = Of Y — O X,

3HaueHHs IPOeKiiit BEKTOpa MIBMAKOCTEN i MOAY/b MIBHAKOCTI TOYKH
A [ BIAIOBIZHMX MOMEHTIB uacy 7, HaseneHo B Tabia. 27.

Tabruys =~ 27
vy v, v ~ A~ ~
te ! i A i cos (Fy, 1) | cos (Fy, »1) | cos (Fy, 21)
cM/c
0,5 -50,15 33,27 3,46 60,28 -0,8319 | 0,5519 0,0574
1,0 -46,35 39,82 -4,06 61,24 -0,7568 | 0,6502 -0,0663
1,5 ’ -45,43 50,25 -12,94 68,96 -0,6588 0,7287 -0,1876

4. Tlpoekuii BeXTOpa NMPUCKOPEHHS TOUKH A HA OCi PyXOMOI CHCTEMH
KOOPAMHAT BH3HAUAEMO TaK;

. - ' _ 2 .
a, =€,z — €. + (p,l_(m,,‘x, + o,y + 0,2) — 0°x;
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— 2, .
a, = €,% = €2 + 0, (0,0 + o, + ®,2) — O W;

b @, e T g X o, (0, + 0,y 0,2;) - 0z,

3HaueHHs DpoeKIii TIPHCKOPEHHS TOUKH A 1 MORYJIb BOTO HpPICKOpCHHSI
IJ1d BiATIOBITHMX MOMEHTIB wacy f; HaBegeHo B Tabxa. 28.
: Tabnuys ~ 28

a a a a
ti, ¢ X1 o4 2t

cos (&:Axl) cos (&’.Ayl) cos (aAzl)
cm/c? :
0,5 -379,64 -516,67 | -599,88 878,03 | -0,4324 | -0,5884 -0,683
1,0 | -464,01 -606,78 |- -507,05 916,84 { -0,5061 -0,6618 -0,553

1,5 -559,33 -695,39 8,484 892,46 -0,6267 | -0,7792 | -0,009

HanpsMok BeKTOpa NMPUCKOPEHHS TOUKH A(X;, ¥, X;) BUSHAUAECTHCS HA-
OpAMHHUMH Kocm{ycaMn, 3HAUCHHYI 9KHUX AN4 BIZIHOBII(HPIX MOMCHTIB qacy
{, HABEIEHO B TaGJI 28.

3asganns K-7

BM3HAUYEHHS KIHEMATHYHMX XAPAKTEPUCTMK TBEPAOTO TINA,
L0 KOTHTBLCS BE3 KOB3AHHS MO HEI’"VXOMIFI TMOBEPXHI NPU
HASBHOCTI HEPYXOMO1 TOHKH

Tino D xorurhest 6e3 KOB3aHHS 1O NOBEPXHI HEPYXOMOTO 1 tina E, Maoun
" HEpyXoMy 'rquy 0.

Bice Oz, Tina D ofepraeTscs HABKONO HEPYXOMOI oCi Oz i Mae npu 3a-
JAHOMY HOro mosoxeHHi E KyTOBi ITBHAKICTh ®; Ta MPUCKOPEHHS €.

Bu3HAuUNTH KYTOBi IBHAKICTH i NPHCKOPEHHS Tina D, a TAKOX MBHAKICTh
Ta NPUCKOPEHHS TOUOK A, B, C sl MOKA33HOTO HA PUCYHKY MOJOXEHHS
Tina D.

Cxemu 300paxeHo Ha pnc. 46, a—a, a HEOOXimHI NS PO3PAXYHKY BEIM-
YMHHA HAaBEAEHO B Tabs. 29.

‘ Tabauus 29
Bapi- ®1 £y 04 | BC | Bapi- 0] £1 - OA } BC
anT ol o2 M anr | ot 2 M
1 4 2 0,50 - 16 4 4 0,50 | 0,30
2 5 3 0,60 | 0,20 17 4 0,20 | 0,50
3 3 4 0,80 | 0,30 18 6 5 0,30 | 30v2
4 2 3 0,40 - 19 4 2 0,25 —
5 3 2 — | 0,24 20 3 3 0,40 -
6 4 3 0,36 — § .2 4 3 0,60 —
7 6 3 0,30 — 22 2 2 0,50 —
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3axinuenns mabn 29

Bapi- | @1 &1 QA | BC | Bapi- | o £ 0A | BC
aHT ¢! 2 M aHT ¢! 2 M

8 5 2 0,24 | 0,24 23 8 5 0,30 | —
9 3 3 |07 | — 24 5 4 0,40 —_
10 2 2 0,80 - 25 4 4 0,75 —
11 3 1 | 060 | 040 § 26 3 .4 | 0,60 —
12 5 3 0,40 | 0,20 27 6 3 0,50 —
13 2 3 0,50 | 0,40. 28 5 3 0,48 —
14 6 4 0,32 — 29 3 2 0,80 -
15 3 2 0,40 | 0,40 30 4 3 0,40 —

Ipuxnan 19. [psmuit xosyc D (puc. 46) KOTHThCS MO MOBEPXHi
npsaMoro KoHyca E, BuKOHyIoud cepruyHMH pyX HAaBKOJIO HEPYXOMOI
Touku O. Jano: o =90°% B = 120°;
OMo—l—40 om0, =1,8¢7 €, =
=2,4¢""; MoM = 20 cm.

Busnauutu Ky'rOBi MBUAKICTS i
NPUCKOPeHHd Tina D, a Takox
IBHMAKICTh Ta NPUCKOPEHHS TOY-
KM M njasd 3agaHOro MOJIOXEHHS
rina D .

Po3B’ga3auH4a Konyc D Bu-
KoHye cepuuHMii pyx. MurreBa Bich
obeprara O Q  3biracteea i3
CIiNBbHOIO TBIpHOW KOHYCiB. Bubn-
PAaEMO HANPSIMOK KOOPOVMHATHHUX OCEM
Ox i Oy Tak, mo6 sick Oz, a TAKOX BiCh
O Q sHaxomunucd B mwaomuHi yOz.

IIsupxicTs Toukn C npu obepranHi
- konyca D nasxpJo oci O Q

v, = & X OC, (1
- ‘
€ ® — KYTOBa HIBHAKICTH Tina D.

ﬂxmo posmisnaTH pyx Tina D gk obepranpauit Hanxono oci Oz, To
- vc=m,><OC. (2)4
Buxonsium 3 (1) i (2), Maemo
©-OC sin (180° — B/2) = », OC sin (180° - (o + )/2),
a66 : | o
o sin (8/2) = o, sin (& + B)/2). e
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Otxe,
' =, sm(2 )/smB ‘
=1,85in105/sin60° = 1,85in75/sin60° = 2c"1.

KyToBy mBuaxkicts tinta D MOXHA 3HAWUTH JOAABAHHIM 00EpTaHb HABKO-
JIO OCeil, IO NTEPEeTHHAOTHC, TO0YAYBABIIA NAPAJIENOrPAM KYTOBUX INBH-
KocTei (muB. puc. 46), a came:

3 =3 + &, 4)

Y piensnni (4) &, — KYTOBa IIBHAKICTH o6ep'raHH51 KoHyca D HaBKOJIO
#oro BaacHoi oci Oz,.

Ha mixcrasi TeopeMu CHHYCiB MaeMo

sin (180° — (o + P)/2) _ sin (B/2)’

abo.

o = o, sin ((a + B)/2: sin (ﬁ/2) = 1, 8-2-11%8—, 2¢7
mo 36iraeTeea 3 (3).
KyTose TIPUCKOPEHHS KoHyca D

> 48
dt’
BekTop Ky'rono'l"ﬁmnnxom'i
- >
d=0ig,
e ® — MOAYJb BEKTOPA; % — OpPT MOro HaNPIMKY.
Orxe,
g F R m—d?“ -
~dr e dt Q)
e
din /
=3, X Ia.
e

_, Buxopucrosyioum puc. 46, 3 ypaxyBaHHSIM HaNPSMKiB BEKTODIB o Ta
in 3anmMcyeMo

T)
dia ©, sin = 1.
4 _ _ X7
dt !

R
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Ocrarouno piBHAHHS (5) Halysac Burigany

do-> N B d
N ;——J? — oo singi ©
" abo
-> > -> ’
e=g,+¢€,, : N
e
>  do - i ‘ 8
€, ="'1't_ln, . ®
a
;J_: —o o, sin (()L/2)i-.> _ ()

Bupaszu (8) i (9) ckiagoBux KyTOBOrO TIPACKOPEHHS g YKasywoTb Ha T€,
IO BOHO JOPiBHIOE rEOMETPHYHIMA CyMi papiajibHOIO €, Ta TpaHBepcaanoro
€, KyTOBHX [IPHCKOPEHb.

BexTop £, CHpIMOBAHMM B3XOBX MHTTEBOI oci O Q , a ioro MonyJIb

da)
dt

CEy =

Buxonsaum 3 (3) MaeMo

do _ do, sin((@+8)/2) _, , sin75
dt dt  sin(/2) " sin 60°

=267c%

€y =

->
Bekrtop £,, 9K BumuBac 3 (9), CHpSMOBAHMI IPOTHJIEXHO OPTY g
(puc. 47), a itoro MonyJib

. = l—o o, sin (0/2)! =2-1,8 s5in 45° = 2,55¢™%.
-> - ’
OckisibKM BEKTOpH €, TA €, B3aEMHO nepnemmxympni,

e =Vel +e2 =V2,67*+ 2,55 =3,69¢c2

IIIBupkicTh TOUKM M 3HAXOAMMO SIK MBUAKICTb Pyxy Tisa D npu obep-
TaHHI HABKOJIO MATTEBOI oci O Q , To6T0

, Ty = @ X oM. : 10y
Monyse mi€i mBUAKOCTI
= @ OM sin (180° - B/2 + y) © OM sin (B/2 - y)

Ha mingcrasi puc. 46 MaeMo
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cos y = OC/OM,

ac ,
OC = OM, cos (§/2) = 40 cos 60° = 20 cm;
OM = VOM? + MM? — 20M, MM, cos 30° =
= V40 + 20% — 2-40-20 cos 30° = 24,78 cm.
Tomy
cos y = 20/24,78 = 0,8071.
3Bigcu "
y = 36,18°,.
TaK IO

vy = 224,78 sin (60° — 36,18°) = 20,02 cm/c.

I[TpuckoperHs Toukn M AOPIBHIOE rEOMETPUYHIM CyMi BiCECTIPIMOBAHOIO
. i 06epTaILHOTO MPHCKOPEHD: ' .
-> ->
-
Gy = oy + ayy.
BicecnpssMoBaHe IPUCKOPEHHS

3 -> ->
ay = O X vy
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: cnpsmonane TIEPIICHAUKYASPHO HO MHTTGBOI oci 06ep'raHb (quB. pnc. 47),
Moz(ymy OO HPHCKOPEHHS ‘

diy = ® vy 5in 90° = 2-20,02- 1 = 40,04 cm/ 2.
Oﬁep'ranbﬂe TIPHCKOPEHHS

(_; —8XOM (t—: +8_,_)XOM

abo
ai’f = am + a,,
ne
'af"f. =& X OM; an
-
as, =,€’l x.OM. ' (12)

i N _ -
. . 6 .
OCKifIbKM HATPIMKH €, T4 O 36iraloThCs, HANPSMKH day i B TAKOX
36iraroTbcs.
Monysb obepraabHOrO MPHCKOPEHHS

=€, OMsm(e.,OM)— . :
—a. OMsm(180°—-B/2+y)—s OMsin (/2 — y) =
= 267 24,78 sin (60° - 36,18° ) = 26,72 cM/ 2.

BekTop aM L posmmemm B n.noumm x0z i nepneHAUKYASIPHO CripsiMoBa-
Huit 1o OM (qus. puc. 47).
Monysb

&S, =€, OMsin 90° =
=2,55-24,78-1 = 63,19 cm/ >

ITpuckopenHs: Toukd M 3HAXOMUMO IK reomeTpany CyMy TpBOX CKJa-"
IIOBHX: ‘
>
ay = ct“M + aﬁf, + aﬁfl.

-> - -
%6 . . 6
BexTopu aj Ta Gy, 1€XaTh B WIOMmMHI YOz,  BEKTOP djyy NEPIEHAUKY-
JISIPHA#A 0 Ti€T MIONIMHE
Mony b IpUCKOPEHHS TOYKH M (nus. puc. 47)

ay = V(@) + (a )2 2 %, cos (B/2 — y) + (@) =

= 35,77 cm/ %
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2.4. CKITABHMM PYX TOYKM

BM3HAYEHHS ABCONFOTHMX LWIBMAKOCTI

3aefgannsa K-8

TA NMPHUCKOPEHHS TOYKH

I'Ipononylo'rbcx JBa BapiaHTH:
1. 3a 3amanuMu PiBHIHHAME BiTHOCHOTO PYXy TOUKH M i TIEPEHOCHOTO
PyXy Tina A Bu3HauMTH I MOMeHTiB uacy ¢, (i=1, 2, 3) abcomorsi

IMIBHAKICTD TA IPUCKOPEHHS TOUKH M.

CxeMu Mexani3MiB moxasaHo Ha puc. 48, a—z, a He06xum1 IS pospa-
xyHKy BEJIMYMHM Hasefaeso B taba. 30.

Tabnuys 30
| Cxe- ¥ () z (1) t | 2|t
Baapl_ Ma  Me- 94(t), pan . . l ]
HT XaHi3My o™ c
1 12/9 - 9t 2—5sinnt/6 4 cos (n1/6) 03 ]9
2 0,6¢™% 4¢2 22 -3 05| 1 |15
3 ~'3¢2 t+2 1 - 2¢2 0|1 | 2
4»/3 !
4 (f +‘/3t) 2c08 (nt2/3) =5 | 3~2sin(xt%/3) | 0 [V¥ | v3
5 ﬂ’gca 4:2 +t | 5+ 4sin(2n1) 8 sin %(x 1) 0 |1/4]3/4
6 ' 15t - 42 5-2cos(nt/3) | 4~3sin(xt/3) | 0 |3/2] 3
7 Sosin(wt/6) | 3cos(nt/6)+3 | 4—3sin(xt/6) | 0 | 3 | 6
8 0.5t + ¢ 1-2cos(nt/4) | 2sin(nt/4)+3 | 0 | 2 | 4
9 263 + 5¢ 5t2 42,5 20241 0 1/2] 1
10 -2 ~3—9sin(xt%/6) | 3~ 9cos(nt>/6) | 1 | V3 | 3
. | Cxe- X, (t) Y, (t) t ty t3
Bapi-} " e- 04 (t), pan . ’
aur Ixaniamy o™ [

11 4t - 0,22 4cos (nt/3) + 1 4sin (n1/3) 0 [32] 3
|12 -2 "1 - 3sin (n1) Jeos(rt)y+1 [1/2] 1 |3/2
13 122 - 3¢ 2 — 4 sin (x1/6) 3 sin (n2/6) 12 1 | 2
14, 2t =£/2 |10+ 20cos (nt/2) | —20sin(nt/2)+10 | 0 | 1 | 2
15| 485 212 20 - 10sin 2 (nt/3)| 40sin2(ne/3) [172] 1 |. 2
16 | t+1%6 30 — 20 cos (nt/6)| 40sin’(xt/6) |0 | 3 | 6
17 2t - 4¢2 20sin? (x¢) — 30 | 20+ 30cos 2 (nt) | 1/2 | 1 1/4
18, t-0,1t% | 80cos(nt/6) + 20|30 - 80sin(nt/6) | 0 | 3 |6
19 0,3¢% 30cos2(nt/4) |40 - 40sin(xt/4)| 1 |2/3| 2
20 10t - 8¢2 40sin (n¢/3) | -20-30cos(x£/3) | 0 [1/2] 1



3axinuenns mabr. 30
A % () 5 ho e |n
xamismy | ™ c
21 0,412 2t +1 2 -3t 1 {3/2] 2
22 3t - 0,16 {10+ 30sin(nt/6) | 30 cos (nt/6) 03109
23 t-05t> |40cos(nt/3)+ 10|20+ 30sin(x2/3) | 0 |3/2] 3
24 026 + ¢ 40 sin (nt/4) + 40 | 40 cos (nt/4) 0| 2| 4
25 | oHe 0,2¢2 32 - 2t t 1|23
26| 2t — 4% 6/(1 + 2t) 172+t 172 1 |3/2
27 £+ 58 5 cos (5x12/2) 5 sin (5712/2) 0 1IN \/-gz
28 4t — 0,2t |30 + 30sin 2 (n#/2)| —~30cos’(xt/2)-30 0 |1/2] 1
29 0,1¢2 22— 4 0,5t 23| 4
30 0,2¢° Tsin (nt?/6) +3 | 2~ Tcos(xt?/6) | 1 | VZ | V3
B;g_ Mff:e‘ 0n ), pan % (t)' ¥ (t) i |t |t
X Y ™ [4
31 3t% - 2t 30 — 20 cos (nt/3) | —20+30sin(x¢/3) | 0 |3/2]| 3
32 t-0,583 10 sin (n¢t) 10 cos2(nt/2) {1/2|3/2] 2
33 6t + 12 10 - 20 cos (nt/4) | 30 + 20sin(nt/4) | 0 | 2 | 4
34 b 0,5¢2 2t +3 t? 1|23
35 | 48 t + 0,42 20 + 5 20 ~ 15¢ 12372 2
36 2t +0,5t2 |20+ 10sin (n£/6) | 10+20cos(xt/6) | 0 | 3 | 6
37 1,2¢ — 4> |2(sinnt + cosnt)| 3(sinnt—cosnt) | O |1/2] 1
38 -5t 6sin (t2/6) ~ 2 | 3 + 6 cos (n1%/6) Vi | V3
39 1,5t — 12 4cos?(nt/3)+2 | 4sin?(nt/3) 172} 1 |3/2
40 2t% - 0,5¢ 20 +1) 2t +2 0 1] 2

2. Touka M PYXaeTbCd BiXHOCHO Tiia D. 3a 3amaHuM piBHAHHSM
BiTHOCHOTO pyXy Iii€i TOUKH (TPAEKTOPIiI0 BiJHOCHOrO PyXy BiIOMO) Ta pyxy
Tina D BU3HAUNTH IUis MoMeHTiB uacy #, (1, 2, 3) aGcosoTHI MBHAKICTD i
NIPUCKOPEHHS 3a3HaYeHOl Touku. CxeMn MexaHi3MiB mokasaHo Ha puc. 49,

a—a, a HeoOXixHi AJIs PO3paxXyHKy BEIMUYMHM HaBexeHo B Tabu. 31,

. Tabnuys 31
Bapi- R a 1 ty i3
w5, o (), o | | = |

S ™
1 30n cos (n/6) —2°+3t | 30 | 50 | 2 4
2 2073 sin (n 1) 42— ¢ 40 30 0 1/2 | 3/2
3 © 25sin (nt/4) -2t + ¢ - | 25| o 2 6
4 207 cos (nt/4) 3t2 — 4t 20 — | 43 2 | 16/3
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3axinuenns mabn. 31

Bapi- S, (), o (1), R ¢ “ ! 2 l s
ap 0 9 (t), pan - -
5 25n¢°/8 0,5¢ 50 | — |0 2 |z
6 36 sin (r¢) -3t + 2t — — 3| 2| 13
7 40 cos (2n1) 2t — ¢* ' 40 0 /4 | 1/2
8 45x sin (xt/3) 4% - 2t 90 50 0 3/2 | 9/2
9 | . Snsin(2rt) -3t + 2t 10 | — 0 1/4 | 3/4
10 24 cos (nt/4) —t2 + 5¢ — 24 0 2 4
11 25 sin (nt/3) t2 -2t — 25 0 | 3/2 | 92
12 18 cos (n£/2) 2t* — 5t 18 — 0 1 2
13 10% cos (xt/4) 2t — 0,312 40 20 0 4/3 4
14 167 sin (n£/2) 5t —¢% 32 — 0 1 3
15 18 sin (n2/4) 10¢ = 0,1£2 — |18v2Z | o 2 3
16 20rt2 0,52 60 — {12 1 V3
17 12n sin (2nt) 4t — 0,212 24 | — 0 1/4 | 3/4
18 30 cos (nt/3) 3t — 0,5¢> — 30 0 3/2

19 20 sin (2/6) 0,26 + ¢ — | 28 0 3 | 9
20 |- 20m cos (nt/4) 5t - 412 40 | 20 0 2 | 4
21 6t + 4t% 2t% - 0,5t 16vVZ | — 1 3/2 2
22 15 sin (n ) 1,2t — ¢2 — | 40 | 0 | 1/2 | 3/2
23 12v3 sin (n£/2) 32-05t | — 20 | 1/3 1 3
24 407 cos (nt/6) 4t - 1,6t 40 — 2 3 4
25 20x sin (nt) 0,412 + ¢ 40 | 20 0 1/6 | 3/2
26 10n cos (nt) 2t + 0,5¢° 40 — 0 1/2 1
27 20 sin (n£/2) 23 — 12 — 15 0 1 3
28 15 sin (n¢/3) 2+t 152 | 15 0 3/2 3
29 107 sin (n1/4) 32— ¢ 20 | — 0 2 | 6
30 8 cos (n/6) 0,5t> + ¢ - 16 0 3 6

Hpukaan 20. TopusonTasbHA IUIACTHHKA A, HNEPNEHANKYASPHA 10 OCi
Oz (puc. 48), obepraeTbCsd HABKOJO OCi z 3TigHO 3 3aKOHOM-

04 =2t — /6. Y naacTuHui npopisaHo KaHaBkKy (MLIMHY), B3AOBX SKOI
PYXaerbca Touka M, pyX 9KOi ONMCYETHCA PiBHAHHSIMH

x =3+ 4cos (nt/6) cM, y = 3 sin (n£/6) cm,

BusHauuTH IJBMAKICTh i TMPHCKOPEHHS TOUKH M [/ MOMEHTIB uacy
t =0, t2=3C, t3=6c.
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Po3aB’g3aHH 4. Pyx Toukn oz
M cxaapacTbcd 3 ABOX DyXiB: mepe-
HOCHOTO, IO BHU3HAUACTHCH 3aKOHOM z Z v A
ofeprabHOrO pyXy IJIACTHHKM A, T2 -
BiTHOCHOIO, mo . OITUCYETHCS X
pisHaEEIME X = x(1), y = W1). / 0 ;
PisasHHg TpackTopil BigHOCHOTO ' v -
pyxy Touxu M / ) / | f y
(x = 32/16 + /9 = 1 | X/ P
Bmoﬁpaxcae eninc (puc. 48, 0—e). : ”
H_IBHJIKICTI: TOYKH M
Puc. 48
t-?M = 'l_; + 'l_;,,
ne v, =®, X r, — nepenocaa MBUAKICTh, a U, — BiIHOCHA HIBPXIlKlCTb
TOYKH M.
z :
sz A
0 ' ?

Puc. 48,0 Puc. 48, Puc. 48,¢
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IlpuckopeHss Touku M :
> _ =, = ->
- - a=aq,+ a + dyy ‘
ne a, = a® +a’ — NEPEHOCHE MPHCKOPEHHS; ¢, — NPACKOPEHHS TOUKH
M y BigHOCHOMY pyCi; @, = 2 (&, X v,) — npuckopenna, Kopioica.
IlepeHocHa KyTOBa LIBHAKICTh IUIACTMHKHA A
: do, 2
W, == 2 —-1t%/2,

TPHUOMY A/ BiINOBIZHMX MOMEHTIB yacy

o — -1, — -1, ' — _1Kk.~-1
(.l)elll=o—2C. ) me|12=3c—_2,5C ) me|,=ﬁc— 16C .
ITepeHOCHE KYyTOBE MPUCKOPEHHS ILTACTHHKH A
€, = —t. . .

15t BigmOBiZHUMX MOMEHTIB 4aCy MEPEHOCHE KYTOBE NPUCKOPEHHS ILUIA-
CTHHKH A

. - ) - ~2, —_ -2
5e|t,_=0“01 8e|12=3c_ 3C ’ Eells=0_' 6C .

[TonoxenHs ToukM M y BIAHOCHOMY pycCi /I BiANOBIXHMX MOMEHTIB
4acy BM3HAYAETbCH ii KOOpAMHATAMU: - ‘

',‘npn HL=0x,=Tc™, y=0;
npu f, =3¢ x=3cM, y,=3cM;
- mpu tz=0c x3=~1cMm, y; =0;
3HaueHHS NEPEHOCHOI MIBUAKOCTI TOUKM M A/Id 3a0aHUX MOMCHTiB.‘IaCyZ :
-mpa £, =0 v, =, R, =2'7T= 14 cM/c;
npu 6, =3¢ vy =0,R, = —2,5-3\/5 = —7,&5 cM/c;

WpH £, = 6 ¢ ¥ = 0, R = =161 = —16 cm/c.

Bigsocna meuakicTs Toukn M

. 2‘ ) N N
v,=Vvi+v), nev,=x= - 37 sin (nt/6); v, =y = 5 cos (nt/6).
3uaueHHs npoexuiﬁ BEKTOpa Bizinocnoi IOBUAKOCTI TOUKK M HAa KOOPAMN-

HaTHi oci Ox ta Oy, aki o6ep'ra10'1jhcs1 pasoM 3 IUIACTMHKOIO, JUId 3afaHHX
MOMEHTIB 4acy: v .

mpu £, =0 v, =0, v, =n/2cm/c;

mpu 1, =3¢ Vg = —2n/3 cM/c, vy, =0;
npu 3 =6c vy, =0, vg = ~n/2cM/c. -
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IIsuakicTe Touku M

v=Vol+o],

HAE Uy = Ve + Uy, Uy, = Uy + Urye

A

JInd 3ajaHnx MOMEHTIB Yyacy MAaeEMO:
npu £, =0

Wy =0, + v, =14+ /2= 15,57 eM/c,
v, =0, v, = 1557 cm/c;
npmt, = 3¢ -

vy = v, cos45° - 2n/3="175V2V2/2 - 2m/3 = 5,4 cm/c;

' Yy = —V, COS 45° + vy, = —7,5\5 \6/2 = -7,5 cM/c;

o= Vel v ok = VA E (T8 = 94 aw/
Y2 .

mpu f3 = 6 ¢
Ve = Vggr + V3, = 0, 03 = 3y + 03, = 16 — n/2 = 14,43 éM/c;
v = Vol + vf; = 14,43 cm/c.

CKJIagoBi HEPEHOCHOTO NPUCKOPEHHS i 3aJaHUX MOMEHTIB 4acy:
nput, =0 ‘

= 0} Ry =2"7=28cM/¢, dff =€a Ry =07=0;
mpu t, = 3¢ ‘
B = o2 R, = (=2,5)%3V2 = 18,75V2 om/ %
0% = e4 Ry = (=3):3V2 = —9V2 ow/c%;
mpu £3 = 6 ¢ , |
dS" = 0% R, = (—16)*-1 = 256 cm/c%;

al =g, R =(—6)1=—6cM/c.

Bignocue npucxbppﬂna ToukM M

a=Va. +d,,
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e TmpoeKuii BEKTOpa TIPHCKOPEHHS TOYKM M HA KOOPAMHATHI oci, mo 66ep-
TAOTbCA Pa3oM 3 IUVIACTHHKOIO A, .

2

a,, x=—?cos(1tt/6) a,,—— s1n(nt/6)

BigsocHi mpuckopenns Touku M ans 3ananmx MOMEHTIB uacy t;:
upu ¢, =0

Arix = —°/9M/C, G,y = 0;

an =Vai, + a4, = n*/9 em/ %

opu t, = 3¢
B @y = 0, apy= —n*/12 cM/ %
a, =V + dby = n*/12 em/c%
mput;=6¢c |

. Qp3x = n2/9 CM/sz ar3y = 0;
ay = Vabh, + ab, = 1*/9 cM/ .

HanpsMok BexTOpa npuCKOpeHHS Kopxomca IJ15 MOMEHTIB 4acy f, moka-
3aHO Ha puc. 48, 0—e¢, a Oro0 3HAYCHHS:

npr ¢ =0 Gy = 20,v, = 2:2n/2 = 6,28 cM/c%;
pA 1, = 3C Aoy = 20,0, = 21 2,51-2n/3 =10,47 cm/¢?;
MPH 13 = 6 C Qe = 20,30, = 21 — 1612/2 = 50,27 cm/ 2.

: : ' N . .
Monyms abconiorroro mpuckoperns a = Va; +. 4, ne BigmOBimHI Mpo-
eknii a, Ta a, Ha OCi KOOpAMHAT '
— 6, . . 6,
a, a¢ + @t At s @y = ap" + dgy + @y t Geory

- Hns MomenTiB yacy t, (i =1, 2, 3) 3nauenns a,, a,ia Buxnoxumo cra-
HOBAITH:
opu t, =0

g = zlx + aelx + a,y, + acorx -28+0 - 7:2/9' —.27': = _35,38 CM./CZ;
ayl = ely + ae?y + arly + acory = 0; ‘

a=Va, +d =3538 oM/
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npnt2=3c

Ay = exz + aex2 + Qrox + Qeorx :

=—18,75V2 V2/2 + 92 V2/2 = —9.75 ecw/c*;

aﬂ d:gy + ae2y + ar2y + acory

aﬂ‘;’;‘ cos 45° + a5, cos 45° =

=—1875\/_\/_/2—9\/_\/—/2—n2/12+1047——ISICM/c,

@ =Vdy+ dy = V(=975 + (—18,1)* = 20,56 cm/c*;

npu t; =6 ¢

Gy, = A2+ a5, + aap + s = 256 + 72/9 — 50,27 = 206,8 cM/ ¢

— . Jon o6 —
a3y — Ueldy + .ae3y + ar3y + acorSy -

a=Va, +d, = V26,8 + 6 =206,9 cm/c%

% =6 cm/ck:

/

Hanpamxu BexTOpiB INBHMAKOCTEH 1 IPACKOPEHb TOUOK M, M, Ta M; nas
MOMEHTIB uacy ¢; = 0, f;, = 3 ¢, ¢; = 6 ¢ mokazaHo Ha puc. 48 a-—e, a ixui

' 3HAUYEHHS HaseneHo B TaGJI 32.

‘ Tabauys 32
x ! y Uy vy I'4 Qy | a,‘ | a
foe oM cM/c cm/c?
0. 7 0 0 15,57 | 15,57 | -35,38 0 35,38
3 3 3 5,4 -7, 9,24 -9,75 -18,1 20,56
6 -1 0 0 14,43 14,43 206,8 6 206,9 |
IIpuknan, 21.  [laHo: cxXemy MEXaHi3My (puc.

s, = AM = 30n cos (nt/6) cM; @, = 6 + £

=3¢ t; =06c¢C

BusHauuTH MmBHAKICTE i MpHCKO-
PEHHS TOUKM M y MOMEHT dYacy
ti (l = 1, 2, 3).

PosB’s3aHH4 B posrnany-
BAaHOMY - HpPHKJIAaAdi TPAEKTOPIIO
BiJHOCHOTO DyXy MEXaHi3sMy BifoMoO:
ne niBkoso papiycoM R. TlosoxeHus
TOYKH M HaA TpaexkTopii y BiTHOCHOMY
pyCi MexaHiaMy BU3HAYAETHCS . AYTO-
BOI0 KOOPAMHATOO, a CaMe:
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mpu £, =0 s1,-0=30ncm; npu £, =3¢ sly-3.=0; mpu £, =06¢

Sly=6c= — 30mcm.
HKmo BBECTH KyT O (muB. puc. 49), mo Bu3HaUae MOJIOXEHHS TOUKA M,
TO MaTHMEMO:
5ly/R = 0; npn' :

npu i, =0 o, =51, /R=n/2; npu t, =3¢ th
=0cos =5, /R = —n/2
A6comoTHa HIBMAKICTH TOYKYU M
T=0,+ 0.
Monysn siz(HOCHo'i MIBUAKOCTI 1€l TOuKu|
‘ v, =151,

ae s, = — 577 sin (nt/6).

Il MOMEHTIB vacy f; 3HaXOIIMO:
nput; =0v, =0 noput, =3 cv, = ~57% cM/c; npu {3 = 6cvg = 0.

Bin’emMumii 3HaK Oing v, yKas3ye Ha Te, IO BEKTOP ¥, CIPSIMOBAHMMA MPO-

THJIEXHO O 3POCTAHHA S,
Monynp nepeHoCHOi WBUAKOCT] TOUYKHA M

v, = 0, R,

ne R, — paniyc obepranns Toukd M y nepeHOCHOMY pycCi, IPHUOMY ISt
BiAMOBiTHMX MOMEHTIB Uacy f, B PO3IVILAYBAHOMY MPHKIAfi MAEMO:

npn t,=0 R, = _2R\/§ = 120\5 cM;
RV2 = 60V2 cu;

2R = 120 cm.

“upu t, =3¢ Ry

i

npwm t; = 6c¢ R,
TlepenocHa KyTOBa LIBMAKICTb TOYKH M

_ do. _
0, = =6+ 2¢.

Ilns MOMEHTIB ﬁacy ¢; 3HAXOAUMO:

mpu f; = 0 w,=6c;
npu t, =3¢ 0, =12 c"‘;
npu 1; =6c o5 =18¢c". ,
Orxe, MOZYJb nepenocnm unswn(oc'rl TOYKN M IS MOMEHTIB 4acy f;

CTAHOBWTb:
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npu ¢, =0
v = 6-120V2 = 720V2 cv/c;

npm f, = 3¢
v = 12-60V2 = 720V2 em/c;

mpu t; = 6¢c v, = 18120 = 2160 cm/c. We

HanpsMku BEKTOpIB ¥, i ¥, I0Ka3aHO HA T
puc. 50. ¢

-IIBupKicTh TOUKH M, II9 MOMEHTIB Uacy
t; CTAHOBUTD:

Puc. 50_

npu t, =0 vy, = v, = 720V2 civx/c;

pu 1, = 3¢ vy = Vi + v) + 2u., v, cos 45° =

= V702 + (57%)* + 2:720V2 - 522 /2 =
= 1053,7 cM/c = 10,54 m/c;
mpH t; = 6C vy = v = 2160 cM/c = 21,6 M/c.
Ipuckopenns Touku M v
> > > -> - -
a=a"+a’+d+d + a,,
[PIYOMY

@ = PR =v, Re, & =v/R; &= ‘Z, oo = 2AB, X 7).

Y posmIagyBaHOMY MPHKJIAZi IIS MOMEHTIB 4acy ¢; MaEMo:
mpn 1, =0 & = 621202 = 4320V2 cm/c? = 43,2V2 m/
mpu £, =3¢ a = 122-60V2 = 8640V2 cm/c* = 86,4V2 m/c%;
npu t; = 6 ¢ " = 18%-120 = 38 880 cm/c* = 388,8 m/c>.
Monynp 0GepranbHOro mpUCKOpPEHHS TOUKH M \
a,, =g, R,
ae nepeHocne KYTOBE TIPUCKOPEHHS
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L do -
e g =2
- Tomy micraemo; ’

mpu £, = 0 @ = 2-120V2 = 240V2 e/ = 2,4V2 m/ %
npw t, = 3¢ 25 = 2-60V2 = 120V2 M/ = 1,2V2 m/c%

npu t; =6¢ a,,3=2 120 = 24OCM/c = 2,4 M/c%

-’ .
' 3gayeHHd BiTHOCHOTO HOPMAJILHOTO MPUCKOPEHHS @, TOUKM M I MO-
MEHTIB 4acy f; CTAHOBHTb:

npu ¢, = 0 a, =0;
npu 1, =3 ¢ af = 251*/60 = 5n'/12 = 40,6 cm/c* = 0,41 m/c%;
‘ npu t3_=6c a:3=0.
JloTuyHEe TIPUCKOPEHHS TOYKH M y BiTHOCHOMY PycCi

c_de, 5%
@ == \ N3 cos (n/6).

Ilns MOMEHTIB uacy f, MaEMO: : :
" npu t, =0 & = —57°/6 = —25,83 cm/c* = —0,26 M/
' npu 1, =3¢ a, =0;
npu t; = 6¢ a3 = 57°/6 = 0,26 m/c%.
KopionicoBe mpuckopeHHS TOUKM M 111 MOMEHTIB 4acy ?; CTAHOBHTb:

mpu £, =0
eor1 = 20)21 U = 2.60 = 0;

npm 1, = 3¢
Aeory = 200, V), 8in 90° =
=2-12-57* = 11,84 M/c%;

mpu t; = 6¢
Aeory = 20)33 V3 = 2:18:0=0.

Ha pnc. 51 306pa>KeHo HANPAMKH
~ CKJaf0BHX BEKTODIB npncxopenb TO-
Puc. 51 40K M,
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3HaueHHs INX PUCKOPEHDb AJIS BiANOBIIHMX MOMEHTIB Yacy f; CTAHOB-
JSTh:
' 2
npn ¢ =0 ay =61,36m/c;

npn 1, = 3¢ ay, = 130-43 M/

npu 13 = 6 ¢ ay, = 389,1 m/c%.

2.5. CKﬂAﬂHHﬂ PYX TBEPAOIO THIA

3asgauns K-9

AORABAHHS OBEPTAJIbHUX PYXIB TBEPAOIO TINA
HABKONO NMAPANENbHUX OCEM

- BusHaunTH KyTOBi MBUAKOCTI BeAcHOTO Bana I/ i careniTiB pexyxropa.
Cxemu pemyxTopis 110Ka3aHo Ha puc. 52, a—a, a He06xum1 I PO3PAXYHKY
BEJIMUMHM HaBemeHo B Taba. 33. .

Bumagoxkl. O6epTaHHSI BmGyBa}o'rbcsI HAaBKOJIO 1apaJIEIbHUX ocen,
NPUYOMY TaK, MO KyTOBi MIBHAKOCTI LAX ofepTaHb CHPIMOBAHO B OXMH GiK.

Hexait TBepae TijIo 00epTacThCs HABKOJIO ABOX MAPAJNEILHUX OCEl 3 Ky-
TOBMMH IIBHAKOCTIMH ; TA Oy, CHPSIMOBAHMA B OAMH Gik (puc. 52).
TAKOMY BUIAAKY POBIONIN KYTOBMX NIBMAKOCTEH B IUIOIMHAX, nepnenuw
Ky.rmp}mx 0 oceit- 06epTaHb, 6yne onnakosui. Posrnsaemo wiomuny I7, B
AKifl JIeXaTh TOUKM A i B (Touku TepeTHHy ocei oﬁep'raHL 3 WIOHMHOIO IT).
Y niit ruiommHi € Taka Touka C, WBMJKICTb SKOi AOPIiBHIOE HYJIIO. -

3 onsoro Goky

. v = 0, AC, 7} Jw Wy
a 3 igmoro : +C"
\
, : o Vic
. : Ve = Oy BC. A —__ A -
qa / = ¢
KIII0 BBAXATH, 0 .
O pREL, N\ V% / .

Vlc = ”'2(:, o \-—/

TO MATHMEMO
. Puc. 52

o _ BC » o
w0, - AC (ymoBa, 3a AKOI vc = 0).

Ha mincrasi ujei yMOBu Bick CC’ € METTEBOIO BiCCIO THACYMKOBOTO 06ep-
TAJIBHOTO PYXY TiNa.
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Hexait @ — MHTTCBA KYTOBa IHBPII(KIC'I'b Tida, cnpsmonana B3JOBX oc1
CC’". Buznauumo IIBULKICTh TOYKH A

3 ogsoro Goky, _
V4 = 0,AB,
a 3 iHmoro
/ v, = o AC.
Tomy
. o AC = o, AB.
3Bincu B o
0= oA o, ACHCB _ i gg)_'
AC AC AC
Ockinbku ,
' ©,/ @, = BC/AC,
MaeMo

, " ,
m=m2(1+—' =0, + 0,

Y maromy Blmam(y NiACYMKOBE OGEpTaHHS TiNa BiOyBAacThCS HABKOIO
MrTTeBOi oci CC” i3 cymapHOIO KYTOBOIO MBMAKICTIO ©® = ©; + ®,.

Bnmanox 2. Teepre Tizo 06epTacThed 3 KyTOBUMM IIBAAKOCTSIMHA o, Ta
@y, NapaJIeIbHUMH OXHA OfHIM i CTIpIMOBAaHMMY B pisHi GoXH (puc. 53).

Busnauumo mixCyMKOBuMi pyX Tifa, BBAXAIOUH, IO O, > o,. Tioun Tax,
K i B MONEPENHBOMY BHIIAAKY, MAEMO .

Ve = qu; mgAC = Wy BC,

abo

Bice CC”, mapanemsHa ©,, €
MHUTTEBOKO BicCIo ofepraHHa Tina.
[IIsuakicTe Touxku A

T’A::(DCA=(D1AB,

3BigKH

19500 : | ‘ 161



W= 0 'XC_,'.
3 inmoro Goky,
AB _ oy _
AC o )

Tomi ® = o (0,/0, — 1) = 0, — 0.

Otxe, TiO, 00epTaouncy HaBKOJIO napanenbHuX Oced 3 KyTonnMH
IMBUAKOCTSIMH ©; Ta B, COPAMOBAHMMH B pi3Hi 60oKm, BUKOHYE oOepraHHs
HABKOJIO MHTTEBOI oci CC™ 3 KyTOBOIO HIBHAKICTIO

O = 0, — O]

Hampamox BekTopa nmcymcosox KyTOBOl nnamu(ocn @ 36iraeThcs 3 Ha-
TPIMKOM 6LTBIOI 3 KYTOBMX HMIBHAKOCTEH B # ©;. 3ayBaXMMO, MO KOJA
@, Ta &, MAOTh ONHAKOBMIi HATIPAMOK, MUTTEBA BiCh OOEPTAHHS 'rma 3Ha-'
XOHMTBCS MiX OCSIMH, B3IOBX SKUX CHPSMOBAHO ®; #f @,. AKmo @, Ta @,
MAaroTh IPOTWIEXKHI HAPSIMKY, TO MATTEBA BiCh 00EPTAHHA Ti/la MAapaIEIbHA
iM i JIeXuTH 330BHI OCEH CKIANOBUX 0GEPTaHb u")’[ Ta 82, a BEKTOpP MHTTEBOL
KYTOBOI MIBUIKOCTi MA€ HATIPSIMOK GLTHIOIL 3 KyTOBMX MIBMAKOCTEH ©; i .

Hpuknan 22. Penyxrop IMIBUAKOCTEH, 300paxenuit Ha puc. 54,a, BUKO-
DMCTOBYETBCS ISt lepeRayi o6epTaHst Bix BEAyyOro Basna I BENCHOMY BAJTy
11, Bick sixoro 36iraeThes 3 Biccio Bana I. Pexykrop Mae nsa BEJYUHX eJe-
MenTa: Baa I, mo obepracThCs 3 KyTOBOKW mBHAKicTiO n; = 600 06/xB, i
3ybuacre koneco I, gke oOEpTacTbCs B MPOTWIEXHHMH GiK 3 KyTOBOIO
wsuaxictio 7, = 300 06/xs. Bexyui enemMenTH NpUBOASTH B PyX CHAPEHi MiX
coboro mecTepHi 2-3, SKi BUIbHO HACAIXEHO HA KiHIAX pyKOSITKH 3aKJIU-

2 A F
A.:.
AN
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HeHoi Ha Begyvomy Baay I, Illecrepri 2-3 sHaxongareca B 3adeIieHHi 3
aybuactumu Komecamu I ta 4. Pagmiycm xomic R, = 30 cM, R, = 20 oM,
R; =30 cMm, R, = 80 cm.

BusnaunTH yactory obepranHs BexeHoro Banma I/ i mecrepesn 2-3.

Po3s’s3anHa4a. IlpumiiMeMo KyTOBY MBHAKICTH BEIy4yOro Baja 3a
NIEPEHOCHY:

;= 8, (0, = o; = nn,/30).

A6CcomoTHA KyTOBa MBUAKICTh @, Kojeca |/ CIPIMOBAHA MPOTUIEXHO
BEKTOPY MEPEHOCHOI KYTOBOI INBHAKOCTI ®, (srimHo 3 YMOBOKO 3amaui).
BigaocHa xyToBa IMBHAKICTH Koneca [ :

-> -> -
01, = 0O — O,

a6o B mpoexiii Ha Bich OfepTaHHT
n
0, =0, +0,= ‘3‘6(’11 + ny).

. Bimnocme obepraHus mecTipHi 2, 30BHIINHBO 3aUEIUIEHOI 3 Koaecom I,
COpPSIMOBAHO IPOTHJIEXHO BifTHOCHOMY OOEPTAHHIO Koseca /, To6To 3a pyxoMm
TOOWHHUKOBOI CTPLIKH.

lecripra 3, criapena i3 wecTtipHero 2, 3RifCHIOE Takuit cammii 06epranp-
HUit pyx, gk i mecripHsa 2. Koseco 4, ske Mae i3 mecripueo 3 BHyTpimHe
3ayerUIeHHs, o0epTraeTbes B Oik mecTipHi 3, TO6TO 33 PyXOM rOAMHHHKOBOI
CTpiKH.

Monyni xyroBux mBMmkocTeit mumx oOepraHp nos’ssaHi Mix co6oro
CHiBBiTHOMEHHIM

\

3Bigcu
- - Rl _ Rl n :
Wy, = ‘Der2 = m(nl + ny).
AGcomoTHA KyTOBa WBMAKICTh MECTipHi 2
‘ 82 = 8e + 82r1
abo B asreGpMYHOMY BHLISIA

4 ‘ n Ry n N
0y = 07 + Oy = o=n; + —=~(n; + ny).
2 1 2r 30n1 R23O(nl ny)

Ha niﬁc*rani OCTAHHBOI PiBHOCTi MaeMoO . ,
M= ny + B (ny + i) = 30 (600 + 300) + 600 = 1950 06/x3.

2 * |
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Bice MUTTEBOrO o6ep'ramm mec*npm 2 MOXH2 3Hal‘frm, anousmn i3
© CHIBBiAHOMEHHS

w0y _ BC

w,, AC’
abo ‘ ‘

.@C-RI+R2_AC—R1+R2_1
; n AC T AC ’
SBinkn .
_ R +R, 30+ 20 _ 200
AC =T |+ 30300 +600 ~ 13 M
20 600

Ockinbky WeCTipHIO 3 3aKPiTUIEHO HA ONHOMY BaJy i3 meECTipHEIO 2,
W3, = Wy, ’ ‘

- Bimsocny xyroBy l]IBmIKlCTb koneca 4 BHSHa‘{HMO, BUXOASYM i3
CTiBBiAHOMEHHS :

m‘r/(DSr = RS/RM .

3BiKY
O = © R3 — nn;, R3
4r = SrR: “3'0" "R‘:a
a6o ‘ '
e = nsi = T (o + m) 1 = 33300 + 600) 32 = 506,25 06/ .

Hanpsmok BexTopa ®,, 36iracThCsi 3 HAIPSIMKOM BEKTODIB (O, Ta ®g,.
A6comorHa KyTOBA INBHAKICTH 3ybuacroro koseca 4, SKa OXHOYACHO
HOpiBHIOE KyTOBlId IMBUAKOCTI BEAEHOro Basa I,

m‘—m”—m +m4,

OCKiNbKH HATIPSIMKH BEKTODIB @, i (_34, 36iraroThcs,~ a6COMOTHA KyTOBA
MBHAKICTH KoJeca 4

T4 = 0; + 0, 260 n, = n; + ny, =

R, R ‘
=El- R3 (n; + n,) + n; = 506,25 + 600 = 1106 25 00/ xB.
2
Kyrosi msuakocri ny i Ny_3 MOXHA BUSHAYMTH Taxox, SaCTOCOByIOLIH

TEOPil0 IUIOCKOTO PYXy TBEPAOTO TiJa.
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Touxka P — MHUTTEBUH HEHTP MBHAKOCTI Tina (cnapeHux mecrepeHsn
2-3, nus. puc. 54, 6). c
ITsuakicTs TOUKH A,

UAI = Or (FRI + Rz) = % (RI + Rz).

HIBunkicTs Touky E (TOUKM KOHTAKTy mecTepersb / i 2)

_' nn,
Vg = Rl = —3-0—R1.

lsuakicTs ToukyM D (TOUKM KOHTAKTY MIeCTEpeHb 3 Ta 4)
. Up = 04 Ry = 0yR,.
Bukopucrasmu BAaCTHBICT MHTTEBOTO LEHTPA HIBMAKOCTEH, 3anamemo

vy _AP_Ri-EP_ R,

vs EP  EP EP "
Uy _DP_Ry+ R —EP _Ry+R,

vg. EP _ EP Ep L
3siacu |
Cgpe_ R _ R 20 _60 .
EP = vy | MRt R | 60050 13
L+ n R " 30030

n'"R4 _ARZ + R3
mR,  EP

o _ R (RgtRy ) _ .30 (5013 1\ .
‘_ ny _ n, R4 (-—EI—)—— 1) = 300§'6 ('—_60 1] = 1106,25 06/XB.

_1;'

Kyrosa mBugKkicTh cnapeHux mecrepesn 2-3

'Ry 300-30-13 -
Np3 =Ny = % = nlEPl = 60 = 1950 0§/XB.
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3asganna K-10

AOAABAHHH OBEPTAJIbHMX PYXIB HABKOJIO OCEH,
O NEPETMHAKOTLCH .

Bu3nauwtd KyTOBi MBHMAKICTH i IIPHCKODEHHS BEIEHOTO BANA KOHIYHOI
3ybuacroi mepenauvi, sKmio Beqyumid san [ Ta mecripus I obepraoTbes 3
KYTOBMMM NPHCKOPCHHAMH €; ¥ €,. CXeMM KOHIUHMX mepenay MoKas3aHo Ha
puc. 57, a—e, a HeOOXinHi WIS PO3PAXyHKY BETHUMHM HABEAEHO B Tabu. 34.

3HaiiTH KyTOBi IIBMAKICTD i OPUCKOPEHHS Basa 1] Ta MBUAKICTD i npu-
CKOPEHHS TOYKH M. ‘ ‘

Posrianemo pea PyxH, $SKi B JaHu#l MO-
MEHT 4Yacy € OOEpTaHHsMH HaBKOJIO
MUTTCBAX OCEH 3 KYTOBMMM IMIBHAKOCTSMHU
©; Ta ©,. OTHOYACHO PO3MISHEMO BUIIAZOK,
KOJIM MUTTEBi OCi 0GEpPTaHHS NEPETHHAIOTH-
cs B Touni O. Ilpukianemo BEKTOpH © i
@, B Touni O. PisHoniitHmil BexTOpaM &, Ta
@, BEKTOD AOPIiBHIOE MiarOHaJi mapanesor-
paMa (puc. 55), nobynoBaHOTO Ha IMX BEK-
‘ TOpax..

Puc. 55 O6umcinMo  mBmakicts  Toukm O,
miaroHani mapasesorpaMa, To6To

-> -
z'y’ol=_z'r’1+z'7’2=8lxoo,+a>’2xool.

Monyni meunkocreit 19, i A AOPiBHIOIOTH IIOZIBOG_I)-Iil‘:I IUIOMi TPHKYT-
HEKiB, MOOYNOBAHMX HA BEKTOPAX @; TA B, i BekTopi OM = 7, 106TO

v, = 2SAA00,§ 6) = 2SA300,~

BexTopu t?l Ta 1?2, NEPNEHMKYJISPHI A0 IJIOMHH NapajeorpaMis, Cripsi-
MOBaHi B mpoTuiexHi 6oku. Tomy mBuaKicTh Touku O, 9K i IIBHAKICTh
Toukd O, popiHioE mymo. IIpamMa OO, € MATTEBOIO BiCCIO MICYMKOBOIO
ofeprabHOro pyxy. R '

IIsupxicTs sKoi-HEOYAb TOuKM M Ha mincTaBi Teopemm po JORABAHHS
MIBHAOKOCTEN ‘

Fu=8) X P+ S XP=@, +B) X P=8 %7
re 7=OM; @ =3, + &,

[opirioloun Bupas mBuAKOCTi 3 (opmyoio Eitnepa (@ = @ X 73, me-
PEKOHYEMOCS B TOMY, IO MMTTEBHI IICYMKOBHI pyX € obepTajbHAM Ha-
BKOJIO MATTEBOI OCi, KA TPOXOAMTH Yepe3 TOYKy O, IPUUOMy MHTTEBA Ky-
TOBA IUBMAKICTh ILBOIO pyXy JOPiBHIOE TEOMETPUYHIM CyMi 3amaHmx
MHTTEBUX KYTOBHX INBHIKOCTEMH. ' .
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Posrnsnemo cknamsmit pyx Ttina (mmcka C), mo
CKIAnaeTbCs 3 ABOX oOeprajbHUX pyxiB (puc. 56):
obepraHHs HABKOMO oci AB (HasBeMO el pyx nepe-
Hochum) Ta obeprauHs HaBKOJO oci OC (Ha3BeMo
WOT0 Gi0HOCHUM).

Orxe, mincymxosmit pyx 5Xne TAaKOX 00epTaibHAM
3 KYTOBOW INBHAKICTIO © = O, + O, NPUYOMY
MUTTEBA BiCh OOepraHHd, B3MOBX SKOi CIPSIMOBAHO
©, TPOXOAUTh Yepe3 TOuKy O. BusHaummo kyToBe
NPUCKOPEHHS TiNA 18 BUNAAKY, KOJH BOHO 3XiNHCHIOE
ABa 06EPTANBHUX PYXH HABKOJIO ABOX MUTTEBMX OCEH,
AKi MEepeTHHAKTHCH B Toumi O.

Binomo, mo

B=8,+8, =3, + (i, + b, + Fo,),
ne &, J; K — oprm oceil pyxoMoi CHCTEMM KOOPIMHAT, 38S33HOI 3 TBEPAMM
TiJIOM, SIKE€ BUKOHYE BiTHOCHH PyX; ®, ©, 0, — NpoeKIii BeKTOpa Ky-
TOBOI IUBMAKOCTI Tijia HA Wi OCi.
Kyrose npuckopenns TBepgoro rina
g-d8 _d8, (4P - dP L d¥ ),
dt dt dt "™ dt " dt "
do,, - »do do
+ (P Dz plony p Loy

dt dt
IpHYOMY .
O,
ar %

Em +-‘-1z)a) +4Ew %8 X o, + o +k’m)=8X3'
dt rx dt dr Orx e rx ry r e, r

’*dmrx + ﬁdmry + k) d;n

™ o s
i dt J dt t - ler:.c + ]Ery + Erz €.

Ocrarousno

Sk

> > ->
E=¢,+¢& + 3, X a3,
> - - :
ze ®, X ©, = O)c — BEKTOP 0GEPTAIBLHOTO (TORATKOBOrO KyTOBOTO) NPHUCKO-
penss, abo . - :

=B Xx@-B)=B,xB-8xB, =3, x 3,

Ilpuckopenns Touku M Tina OpH  CKJIAJaHHI ,m;o"x pyxiB, axi
BinOyBaloThCS HABKOIO OCEl, o NEPETHHAIOTHCS,
-> dvy d,-» do - o dr _=_ s . -
Gy=—==—A0X 1 =—Xr+38xE =exP+3x 3, =
M dt( __z gt dt M
= (e, + & +€) X7+ B X By

dt
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Ipuxaax 23. TMoasikauit tadepennian (puc. 57) CKJIAZIAETHCH 3 KPHBO-
muna OC, mo Moxe oGep*ramcsx HABKOJIO HEpyXoMoi oci AB. Ha KDHBOLIHII
BLIBHO HANiTO caTesiT, $KM# CKJIAJACTHCH 3 ABOX XXOPCTKO CKDIIICHAX
KOHiuHuX 3y6uacTux Kojic pamiycamu R; = Scm i R, = 2 cm. Lli syGuacri
- KoJeca 3’€MHAHO 3 3yOuacTHMM KOHiYHUMM Kojecamu / Ta 2 pamiycamu

R, =10cMi R, = 5cMm, mo 06ep'rato'rbcs1 HABKOJIO OCi AB ajie 3 KPUBOIUH-
MoM IX He 3’€MHAHO.

BusnaunTn KyTOBi IIBMAKICTH TA TIPMCKOPEHHS Kpm;onmna OC KyTOBi
WIBMAKICTh i NPMCKOPEHHS caresita Ta MBUAKICTb i NPACKOPEHHS TOYOK
M % M,, axmo koneca ] Ta 2 obepraoTbes B OfMH GiK 3 KyTOBMMM IIBHA-
xocTsmMa ©; = 45¢”' i o, = 9 ¢!, Maloum B maHWE MOMEHT Yyacy KyTOBi

 [IPACKOpEHHS &, = 2¢ 2,6, = 11 ¢~ :

Po3s’s3anna Hsuixicts Toukn E

@, X KE.

VE
Mognysp miel mBmaKocTi
vg=0, R = 4,510 =45 cm/c.

BexTop ¥z NePIEHANKYIIPHII 10 IIOMUHY puc. 58 i BinxomuTs Bix Hac.
3 inmoro 601<y,

> > -> -> -> ->
vE=(me+m,)XOE=u)exOE+e),?<OE. ¢))
Cupoexrysapumm (1) Ha HaNPSIMOK BEKTOpa ¥y, DICTAHEMO

vp = 0, OE sin (90° + o) — o, OE sin (180° ~ o) =

, 2
= 0, OEcos o — o, OE sin q,

‘

ac
OE=VR + B = V10 + 5 = 5V5 cm,
a
R _ 5 _ 1
sina = = = :
DE” 55 V5

Ocrarouno (2) HaOysae surasgy
Ve = 4,5 ‘10 =

. 0 . ‘ /
. ~>Ei IM"I
e BN o =o005V52/V5 —0,5V5-1/V5,
A ' abo

Puc. 57 00, =45=100,- 50, 3
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¥ NN
&r=4c2 - €=ET 2 M
E1- E2=10TTc 2

8

E=¢4=50c2

Puc. 57,




E1=8=3Tc-2 N

Er=47lc? ¢, =5Tc?
D

81=11ﬂc'2
—81:5370."2

Puc. 57,6




21

' S ,’
@]

231 !

-

o G T
&1=E4=50c? VAN %

25 I 7l
B8l 7= TA

@ )

A%

T

- £4=4Tc?

—

E&x=5Nc* .
28 Sk gl
®>) @' 600//

| ~
el 60
(3]
~
LA

Er=9Mc2  E=5Tc2

R ETE

. ’ _ e
- E=57c? £1=CTI—C_2\\5®

-~

Puc. 57,6




Puc. 58

AHajoriyuno BH3HAYAEMO MBUAKICTh. TOUKu D
‘;(70 = (D;R2= 9.5= 45 cM/c.
3 immoro 6oky, '

vp = (@, + 3,) X OD =3, x OD + o, X OD. 4)
. CripoexTyBaBmu (4) Ha HaIPIMOK BEKTOpA ¥p, 3HANAEMO
R, = ©,0Dsin B + ©,0D sin (90° + p). - )

Ockinpkn

oD=VR + B =V29 cm; sinp= —O’% =5/V29;

cosﬁ=§15= 2/V29,

Bupa3s (5) Halysae BHIISAY

S : 2
0,R, = 45 = me\/ﬁ-m + m,\/_23~72—9-,
~abo » ‘
: o Se, =50, 120, ©6)
Ha miacragi (3) i (6) 3arucyeMo TaKy CUCTEMY DiBHSIHB:

45=100, =100, — 5o,
' : )]
45=5m2=5m,+2m,.
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Ha mnincrasi (7) creepmxyemo, mo nepenocma KyTOBa IIIBPII(KICTB ca-
Tesnita @, = 7c ', a #Oro BiAHOCHa KyTOBa HIBHAKICTh ©, = § ¢~
- IugkicTs TOUKH M,

‘> - > - > > .
vM| = (mé + 0‘)’) X OMI = ﬂ)e X OMl + mr,x OM] = UMI + le’

ae
-> >
-
vy, = 8, X OM;
- ->
. -
UA;I = (Dr X OMI,

T00TO
! * o s 1 .
Vi, = ©,0M, sin (8, OM,) = o, OM, sin (90° + y) = 0, OM, cos ¥;
(1] I A’ . - -
vy, = 0, OM, sin (&, OM,) = o, OM, sin (180° - y) = o, OM, sin vy,

a siny=

_12_4_‘ COS = 2
oM, Y~ o
Tomy

Vi, = meOM16%= w,R, =75=35cm/c;

- R, |
vy, = 0, OM, a—u’— =0, R = 15-/2 = 10 cM/c.
Ocrarouso mBHAKICTH TOURE M,

v'—v'M—vM—35—10 25cm/c

Ananoriyno BH3HAYAEMO MBUAKICTD TOUKH M,
?Mz = (84 + (—'Sr) X OMZ = 8e X OM2 + 8r X OM2 = v'Mz + vﬁ;g

- - -> -3 ->
e Vi, = &, X OM,; vy, = 3, X OM,,

T06TO ' .
Vi, = 0,0M, sin 8 ;
T3 l _ 3 -
vy, = 0, OM,cos 8, a sm é= W’ cos v = o
Tomy :
: * ’ R N .
. Vi, = 0, OM, 01\142 = 0.k, = 710 = T0ew/c;:
Vi, = ©, OM; (Ry/OM,) = ©, Ry = 55 = 25 cm/c.
12 9-500 : :

SL I




31‘17.(30 3 puc. 58
Vi, = Vi, +.04, = 70 + 25 = 95 cm/c.
KyroBa meuakicTs caresita '
m=\/m2+m2 =V7 + 5 =\/_¢"

IMponudepenuiosasmm pisrocri (3) i (6) OO 4acy, AiCTaHEMO cncremy
PiBHSIHD 119 3HAXOMXEHHS NEPEHOCHOTO i BiXHOCHOTO KYTOBHX NPHCKOPEHD

caresira, a came:
100, = 100), - 5o, }

S0, =50, + 20,

- abo

10g, = 10¢, — 5¢,; } .

Sey;=35¢, + 2 €
3sigkm €, = 7¢%, ¢, = 10c72
O6epranbue (z(onaTxone) KyTOBC npncxopemu catesita

e = (1) x
Monyns nporo npncxopenns{
€ = o),,co sin (3, a)) = 0, o, sin 90° = 35¢™%.

BekTopun e,,, s Ta s 300paxeno Ha puc. 59.
HpncxopeHHﬂ TOUKH M,

> “c 6
au, = + aM‘
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pHYOMY
"’oc
) ay, = (0 X ‘lYM
Monyns _ 7 ‘
ae = © vy, sin (B Fi) = V74 25 5in 90° = 215,1 cm/
O6eprasibte NPUCKOPEHHS TOUKH M1
Zﬁf—GXOMI—(e +8 +Ec)XOM,—e xOMl+g XOMI

=>06 ~>06
+a xOMl—aM,,+a,;,+ At

ae
Gy = £, X OMy; @t =&, X OM;; as = &, X OM,.
Bex*ropn ofepraibHUX IPUCKOPEHb CATENITA MOKA3aHO HA puc. 59. Mo—
AyJi UMX TPUCKOPEHD'
06 i
. am,e = £,0M, sin (g, OMI) =
=g, OM, sin (90° + v) =¢,0M, cosy =
=€, OM,(R,/OM,) = £,R, = T-5 = 35 cm/ ¢
asg, = €,0M, sin (180° — y) = €, OM, (R,/OM,) =
=€, Ry =102 = 20 cm/c%; v
aMI =g OMl sin (s OMI) =g, OM, sin 90° =
= 35V + 5 = 188,5 cm/c%.

3rigso 3 puc. 59 NPACKOPEHHS TOUKH M,

2 2 2 _
ay, = \/au,x + ay, + ay, =

= \/(aMl, - aM‘,)2 (—aj sin 0 + aj{f,c sin y)* +

+ (—ajy, cos 6 + &8 ¢ Cos 7)Y =

- o o (2 O, & R \2 oc O, s R, \?
= Vi, -+ (- 3+ ) *(‘“"13”*‘#5;4‘.) 3

1249-500 o ‘ . ; 179



AC

1 © 5
sm6——"*=———, cos():—-’-:-——-;
V74 ® V74
siny = &4 cosy= R
Y OM’ ’ Y OM;.

OcraroyHo

N ' . - ’ 2
= ~35)%+ [~V 74 - 25— V29 -2 V7425, /59 .—5\2 _
an, \/(20 35) +( V74 25 7=—+35V 29 V'E) +( 74 25-777+35ﬁ6-7'§

= V(=15 + (=257 + 35-2 + (=255 + 35-5) = 117,3 cu/ 2
AHAJIOTiYHO BM3HAYAEMO HPUCKOPEHHS TOYKHA M, ,
B, = g, + Gy, = B X By, + 5, X OM, + &, X OM; + &, X OM,.
AGCOMOTHI 3HAYCHHS n00cboBoro (@) Ta obeprampHoro (a°%) mpucko-
PEHb TOUKH M;
4 = 0 vy, 5in90° = V74951 = 95V74 cw/ ¢

o
aie = €, OM, sin (£, OM;) = ¢, OM, sin & ,

Ae sin 8 = R,/ OM,.

Tomy
it = €, OM, (R,/OMy) = €,R, = 7-10 = 70 cm/ .
IIpuckopenus ' '

As .

ase, =€, OM, sin(e, OMy) =&, OM,sin(90° + 3 ) = |

= ¢, OM, cos 8 = g, OM, (Ry/OM,) = £,R; = 50 oM/
06 . —> Ay . °

Ay = € OM, sin (SC OMz) = g, OM, sin 90° =

=35V5 + 107 = 175V5 em/ A

Cxnanosi npucKopeHHs TOUKH M, MOKa3aHo Ha puc. 60, a #oro Moy

' 2 2 2
aM2,= \/asz + aM», + aMzz’
ac ‘
- 14 06 __
Uptye = —QMpe — Auy =

= -70 ~ 50 = 120 cm/;

A,y = —ay, cos (90° — 6) — af{fzc cos & =
180



Puc. 60

= —ay, 8in — aMzc cos 8 = —ay (0,/0) - aMzc (Rs/OMy) =
= —95\/ (1/V74) - 1155 (5/5\/—) = —840cw/c%;
@y, = —ay, €08 0 + aM2c sin 6 =

, = —ay; (0,/0) + a3 (R,/OM,) =

= —95V74 (5/V72) + 175V5 (10/5\/" ) = —125 cm/c”.

\

‘ay, = V(-120)" + (=840)" + (=125)” = 8981 /2

Tomy

g
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" PO3QIN

DUHAMIKA

‘ ‘3aspaHua f1-1
IHTETPYBAHHS AMMDEPEHLLIANIBHUX PIBHSHb PYXY MATEPIANBHOT
TOUYKM NI AIEKO CTANMX CUN ABO CUN, 3ANEXHMX BifA YACQY, -
NOJIOMEHHS (BIACTAHI) Y4 LUBMAKOCTI

3aspanng JI-1 Mac 40 BapianTis, 4 came: : ,

a) sapianTy 1—10 BiAIOBINAOTH PyXy MAaTEpIANTBLHOI TOUKH Hia AiCK0 CTayoi -
CAJTH, JUI SIKUX PO3PaxXyHKOBI CXEMH TIOKa3aHO Ha puc. 61, a, a HeobxinHi Be/m-
YMHA HABEJEHO B Talu. 35, e BKA3aHO TAKOX, SIKi BEIMUMHM TOTPIOHO 3HAMTH;

6) Bapiantun 11—20 BigmosinawoT PyXy MarepiajibHOI TOYKH Mif RI€KO
CHJI, 3aJIEXHUX Bix uacy (puc. 61, 6); _

B) y BapiaHTax 21—30 Ha pyxoMy TOUKy MilOTb CHJIH, 3aJeXHi BiR
Bixcrasi (puc. 62, a); ' ,

r) y BapiaHrax 31—40 Ha pyXoMy TOUKY RilOTH CHJIH, 3aJEXHi BiX J154:3751 0
Kocti (puc. 63, a). .

Heo6xinui fi1s pospaxyHKy BETMUMHE CTOCOBHO BapianTiB 11—40 Hage-
AcHO B Tabn. 35, a.. - ‘ :

Y Bapiafitax 1—10 notpi6Ho 3HaiTH BewuMHM, 3a3HAYEH] B TAGL. 35 ,
a y Bapianrax 11—40 BusHaumTH TpaeKTOpiO PYXOMOI TOYKH i MIBMAKOCTI
Ta NPUCKOPEHHS JJI MOMEHTIB Yacy, BKasaHux y tabm. 35, q.

Tabnuys 35
Bapi- 3 VA l vp ‘ ve 4 I h l H ] d T T a I B
anT ABIAHHY - - - 7
m/c - M c Tpan
1 3apano 10 — ' —j20! — | 10| — 2 — 130 — | —
3Haitti — =l + | =] =] = =] =] =] =] =14+
5 3amano — 45| =40 | 4| — || —|=1]30| 1=
. 3Haittu + | -] = =] - =+ = = — | .
3 3anano — 13| —15 § | —{—|—|—|—=1—103
3uaittn + —_ ) — ] — ] = -} = — + —_ -
4 3agano ~ (204} — | 8 [ 10| — | —[1,5] — |45 ] — | —
3uaittu —_ - = = - | = + —_ | — = | — +
5 3anano |- —]—]—121]3{—|—13[45] 0
‘3HaitTi —_— = = | - + N + —_ =] — | —
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3axinuenns mabn 35

ngi- 3apganns vy | vp t ve 14 ! h | H | d T T a I B ;
anr M/c » c rpan
6 3anaso —_ — | — 120 — | — 102} — 45| — 10,1
3Haitn - + + — | - — | - | =] = — 1 ]
7 3anauo — | =1 —=|—14|~]—-1704] — 13060002
3nuaittu — | — + + —_— == =] =] = | =
8 3apano 2| —1 =] =19 — 33| —| —|3|—-1|—
3naitty —_— ) = + | -] = = — | = | =] 1]+
9 3anano 20 — | — 198 |12 — |2v3| — | — 13060 | —
3uaintu - - == | =] =] + | = = +
. 3anano — ]l —|=f{—=]10|=~| 4| | —13]4510,2
10 3HaiiT — |+ = == == = =] ==
Tabruysn  35,a
Bapi-| 7 *o Yo Yy @) AP R(¥) k a 4 ty ty
3HT
KT M Mm/c H rpan c
W4 10| 0 |15 2t43sin2t| — | — | — 145 [1/2] 1 ] 2
12 10] 0| 8 |10 2 cos ¢ — | =~ | — |x/4|n/3|20/3
1365 |02 10e? — |- =] =123 4
iizjs|(1zjw | ViE+10 | — | — | —| =1 2 |vis| s
15110 0 | 10| 15| 2—sint — | =1 =1 = |n/6{n/4]{n/3
66 | 0| 0|12 2t — 13 — | -] ~1]60 |1 | 3] 4
17 4| 81512 12 -3¢ — =1 =] =12141c%s
18|50 5 {10 5cost — | — | = | = |=n/3|2n/3|5n/3
19 {6 (12}15] 8 {*~2t+3| — | — | — |60 | 1 2 | 3
203|686 3¢ | — | = | =45 |1/al12] 1
20 | 7 |77 | 14| 14 - Bmr | — | 2 | — 172|174 1
221 5 ]10] 4 8 - Bmr| — | 3 | — |w/6|1/3] 1
231 61 6| 0|12 — Bmr | — | 4 |60 [1/8|1/4|1/2
2414 0 | 10] 15 — Bmr| — | 3 | — (23| 1 |43
25 (12 0| 4 | 2 - Bmr| — | 2 3|1 |1,5] 2
26| 8| 8| 0|8 - Bmr | — | 5|45 | 1/5|2/5|3/5
271 9 (18] 0 | 15 - KBmr| — | 2 |30 [1/2] 1|32
28 12| 0| 8 | 20 — K| — 3| = |1/3]23] 1
2971015} 10]10 — Bmr | — | 2 | — {1/2) 1 |32
30|62 ] 6 10| — Bmr | — | 4 | —|1/8|1/2] 1
31 6 | 60 | 100 | 100 - — | ke |02 — | 6 | 12| 18
32 10| 0 |100] 150 — — ko |04 |30 | 5 | 10]a5
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3axinuenns mabn.  35,a

Bapi-| 7 |" % Yo Yo ) 7)) | R® k a 4 b LY
3HT [ - -

) Xr M m/c H rpan c

33| 8| o | 8 {200 — — || 04|60 |1,5] 3 |45
3| 6 | 501 0 |120 - . — |v*| 031601 2 | 40| 5
35 4| 0 |100]|150 — — |k {01 ] 45| 4 | 8 |12
3 | 6 |50 [120{200]| — — #0330 2|3 |6
37| 2 0 |100f100 — — [ 01 | — | 1.8|36]|54
38| 5[50} 0 |200 — — | ke 02| 60| 5 | 15| 20
39| 4 | 60|30 [100] — — |Kv?| 04| 45| 3 | 4| 6
40| 8 | 0 | 40 | 160 — — ke |05 — | 4 | 8 |12

IMpuxnan 24. Tino Macow m pyxaeTscd MO NOXHWIid maomusi AB (no-
BXuHA AB=1=9,8M) 3 HaxmwioM Q = 30° mo ropusonty (puc. 61).

RCLRLLTRIERRRLEY

y
/)
>

TTouarkosi yMOBn

%=0; y=

Pyxy
t=0; x50 =0; X0 = ¥y, a Ha mnsmm BC — Taxi:

IIsuakicTh TijIa B MIOJIOXEHHI A CTAHO-
BUTh Va4 = 4,9 M/c. Tpusanmicte pyxy
Ha pinguui AB gopisHoe T. KoedimieHt
Teprst kos3amHs f = 0,2. B touui B
TiNO nbxng)ae wiowuny AB i3
MBHAKICTIO ¥z i npuOyBac B MOJOXKEH-
st C i3 MBHAKICTIO Ve, 3HAXOASIUNCDH B
noBiTpi nporsaroM uacy T.

Bussauntn 3HaueHHg A i 7.

Pods’as3amua Ha puc. 61
PyX Tijia B3OOBX IJIOLIMHN AB po3riis-
OAEMO BiHOCHO HEPYXOMOI CHCTEMHM
KOOpPAMHAT X; A y;, a Ha alngHni BC — -
BiZHOCHO CMCTeMH KOOpAauHAT xBy.
Tiza Ha  gingEni 0 AB 0 Takic

0; Xxo=1wvpcosq; = —vBsin(x.

Ha maTtepiajabHy TOUKY, INO PYX2€ThCA MO HErJAAKid MIQIMHI
AB, RilOTH CHIA TEXIHHA P (P = = mg), HOPMAaNbHA peEAKIid N(N =
= Pcosa = mgcosQ) i cuna repra F(F=fN=fmcosa).

- Ha mo camy Touxy miz yac pyxy B3HOBX rpaexTopii BC mi€ TLIbKY cuna:
TSOKiEHS P (P = mg). Bci ni cum nokasaso Ha prc. 61, e.

Indepenuianbae piBHIHHS PyXy MAaTepialbHOI TOUKA Ha Z(UIS[HI.II AB B

l'IpOCKIIlSIX HA BiCh Ax; Ma€ BHIJISIL
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Y posrnagysaHoMy npukiami
mX; = mgsin o — f mg cos a,
abo ' '

X = g(sin a —.fcos o). (1) :
Dudepenniancui pisasuns pyxy ' 1

MartepianeHOi TOUKM Ha Ainguni BC B
npoekuisx Ha oci Bx i By raki:

DA
©

PITITTIIITITY.

mx=0; my=— mg,
abo . k _ - Puc. 6{,3

=

x=0; y=—-g : )
Inrerpysoun ( ) meiui, gicracmo CHCTEMY DiBHIHBb
X =g(sino ~ fecosa) 7 + Ci;
3
X = %g(sin a — fcos on)z.‘2 +Cit+ G,
/

Bukopucrosyroun mouaTkosi YMOBH PyXy TiNa HA minsHui AB, 3HAXOMMA-
MO 3HAUECHHS CTa/IMX iHTerpyBanns C; = vy, C; = 0. IMigcrasagioun ui 3ua-
4YeHHd B (3), micraemo CHCTEMY DiBHSIHB :

X = g(sin o'~ fcos )t + v

€]
X = -é—g(sin o — fcos )’ + v, t.
Iicns sBenenns B apyre pisasuEg (4) 3aMinm t=1,x = I Maemo
l= —;—g(sin o — fcos on)'c2 + v, &

: Hinc'fénnmoqn B (5) sHaueHHs [ =98 M, v, = 4,9 M/c Ta a = 30°,

RiCTAEMO TaKe PiBHSHHS A/ BU3HAYCHHS 4yacy pyxy Tijia 3 HOJOXEHHS A B
NONOXEeHHd B: o

. . .
03277 +1-2=0,-
3BinkM T, =2,4¢c, 1, <0 (me Mae ¢isuyHOrO 3MicTy).

.- 3Haroun vyac T = 2,4 ¢, MOXHa 3HAWTH IIBHAKICTH Tina B HOJOXeHHi B,
a came: - : *

vs=98-03272,4+4,9=1250m/c.
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Iarerpyroun xoxue piBHgHHA (2) ABiui, MaeMo ' '
x=Cs; l y=—g+Cs. }

x=C3t+C4; y= th +C5t+CG.

BHKODHCTOBYIOUM MOYATKOBI YMOBH HA AiISHII BC pyxy Tina, 3Haxozm—v
MO 3HAUYEHHS c'ramlx inTerpysanus, To6ro

Cy=vpcos®; Co=0; Cs=— vsino; Cs = 0.

Migcrasnsroun i 3navenns B (6), mictaemo Taxi PiBHSHHI:

|  y=-tg - vyts @
x=vgcosa; Y- T8 —vpisina :

X=vpcosq; = — gt — vysinq; }
Hns ~ Momenry dacy t=T(x=4d) 3 YP2XyBaHHSM TOTO, MO
X = v¥p! = COS O, BA3HAUAEMO YacC PyxXy Tina B3AOBX Ainsaku BC, a came:

_ d
T vpcosa 12,59 cos30° 036C

ITicna BBeneHHs B piBHSIHHS

y= —7gt2—-’v,,tsincx

3aMiHH N
' ‘ t=T=d/(vgcosa)
MaEMO _ ‘
2 . 2
=——f&  _diga= —98 4 - 41g30° = -2,97
y 2 v cos® a A= 12,59% cos” 30° & ST,
t00T0 A = 2,97 M.

Ilpuknan 25. MarepianbHa TOuka A Macol m = 5 kr r_ (puc. 62) py-
XAEThCS Y BEPTUKANBHIN [UIOIHHI nm niewo_cunu mxmnx Pi UEHTPABHOI
o F (r) = mk’ 7, axa nponopuiina
'Y BiACTAaHI TOUKH A Bif HEPyXOMOTO
ueHTpa O, npuyoMy xoe(bxmem npo-
nmopui#HoCTi & = 4 ¢~ :
3HaiTH PiBHAHHS TPACKTOPIi pyXy
TOUKH, SKIIO HAa MOYATKY PyXy BOHA
3aiiMaza TIONIOXEHHS Aq (%o, yo) i Ma-
Ja  MBHAKICTE Uy 10X (% = 3 M,
Yo=4M,vo=10M/c), a Takox
INBUAKICTh TOYKH B MOMEHTH Yacy
ty=1/16¢c,t, =1 8c, t3 = 1/4c.

Puc. 62

188



2y 45 2 A
’ ..m ’ 4’ v_:'
* - : A P Ao_.

} d e
0% — '

I

29

S84y,

Puc. Gz;a




»

Po3®’ a3 auusa [uabepennianvHi piBHIHHSE PyXy MaTeplaanm TOY- -
KH A 3rigEo 3 puc. 62 MaOTh BAMISN

mi =32 Fy; mx= F(Jcos B; } :

my=2ZXF,; my=Kr) sin B — P,

npuuoMy cos B = x/r, sin B=yr \
OcraToyHo Ui PiBHSHHS 3BOASTHCS A0 TAKOTO BHTVISY:

@

x-kKx=0; |
‘ : Qy
| . y-Ky=-g
Inrerpyroun pismsmns (2), micraemMo

£ -k ’
x=C e+ Ce™ . ;

y=Cse¥ + Coe™™ + g/k.

Tl BU3HAUYEHHS CTA/MX iHTErPyBaHHS BUKOPUCTOBYEMO TaKi MOYATKOBi
ymoBm: ipu £ = 0 X =3 M, Yo=4M, X =15 ¥ =0.
YpaxoByious 1i YMOBH, BCTAHOBJIIOEMO, IO

Ci = (% k + v5)/(2k); Cy = (%0 k — v0)/(2k);

=Cy= —(yo g/ k).

OcTaTouHO piBHSHHS PyXy TOUKHM A HaGyBarOTh BULISNY

x = X, ch(kt) + % sh(kt); }
€))

y = (3 —g/K*) ch (kt) + g/K*.

Buxniouaroun napamerp (uac ¢) 3 pinnﬁnb (3), 3HAXOOUMO

W-g), v/ (#-g) @
X=X |——| + % == -1,
Yk —gl Yok’ —g , :
ITicns BiANOBiAHMX NEPETBOPEHD PiBHAHHAS (4) HabyBae Takoro BUISAY:

A + 2Bxy+ CY' + 2Dx + 2Ey + F =0, ' &)

TIPAYOMY
’ A=k -g'=@-4£-10°=2916

B=—x (k' - gk =-3(44-10) 4= -252;
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C=F K -v)=4@3" £-10° = 704;
D=xg(mk —g =3"10(4 - 4 - 10) = 1620;
E=—gxk - vl)=-103" 4 - 10 = — 440,
F=xg +vk%-2viypg= _
=310+ 10°- 4 -4 -2-10°- 4- 10 = 18 500.
Pigusrus (5) omucye niwio apyroro nopanxy. I{o6 nicratm piBHSHHS -
JiHil B KAHOHIYHOMY BHIVISAi, CMOYATKY BUKIIOUEMO 3 pisHsHHY (5) mona-

HOK, FKH# MiCTHTh mOGyTok xy. IlbOoro Moxma pocarra HOBOPOTOM Oceit
KOOpAMHAT HA KYT O, BUKOPHCTABIIN HOPMy./IH

x=x coso — y sina; } ' ©
y=x sina + y cosq,
- IpEYOMy

2 _-2-2592 _ ..
A-C - 2916704 ~ ~ 23436

20 = 113,11°; o = 56,555°;

cos 20 = 1/V1 +1g 2a = 1/V1 + g2 113,11° = ~ 0,3925;

cos & = V(L + cos 20)/2 = V(I + cos 113,11°)/2 = 0,5511;

tg 2o =

sino = V(1 - cos 20)/2 = V(1 - cos 113,11°)/2 = 0,8344.
IMicos mincranosku (6) n} piBHsHES (5) ocTaHHE HaByBae Takord Bursy:
-A"x'2+C'y'2+2D'x°+2E'y'+F=_O, D
me
A’ = Acos’o + 2 Bsinacos o + Csin’ o =
= 2916 cos” 56,555° — 2592'sin 113,11° + 704 sin® 56,555° = — 1008,1;
- C' =Asin*a - 2Bsinacosa + Ccos’ o =
= 2916 sin® 56,555° — B sin 113,11° + 704 cos® 56,555° = 4628; |
D' = Dcos o + Fsin a = 1620 cos 56,555° — 440 sin 56,555" = 526; -

1)



"= ~Dsina + Ecos o = — k620 sin 56,555° — 440 cos 56,555° = —1594;
| F = F =18 500.

3acTOCOBYIOUM' MPABHJIO NAPAJIENLHONO TEPEHECEHHS OCEll KOODIMHAT,
Tobro .

X=Z2+%; ¥ =Y+% y ®

MOXHA BHKJIOYHTH 3 piBHsHHA (7) RomaHkwM, gxi Mictars x' Ta y'.
Ha migcrasi (7) i (8) piBH4HHY, mo omucye AiHII0 APYroro MopsaKy,
HaOyBac BHUIIATY

npﬁqoﬁy
% = — D'/A = (- 526)/(~ 1008) = 0,52 m;
Y= - E/C = 1594/4628 = 0,34 m.

Tomi - _
M=-AR-CR-2D%-2ETF - F =
= 1008 - 0,52° — 4628 - 0,34’ — 2 - 526 - 0,52 -

~ 2(— 1594) - 0,34 — 18 500 = — 18 225,5.

OCTaTOYHO KaHOHiYHE DIiBHSHHS, IO OMMCYE JIHIIO APYroro MOPSAKY,
Ha6yBae TaKOrO BHIJISAY:

-
Z+L=1,
A B
e
a_ M _ —182255 . .
A== TToos1 - 18
p_oM_-182255 .
C 4628 ~ ~ M

- TpaexTopia pyxy Ma'repianbnm TOYKH A Nif Ai€I0 CAIA TSXIHHS Ta
BimIEeRTPOBOL CrutH F = mk* Pmae BUIJISA rinepBosn
2 2

x —
®-¢=h

miBoci sxoi A= V18 = 4,24 m; B = \/z =2 M.
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Tpaekropiio pyxy Touku A 306paxeHo Ha puc. 62, 6.

Ilpuknan 26. Marepianbsa Touka A macow m = 10 kr (puc. 63) mounnac
pyxXaTucs 3 TONOXKCHHA A, (x0, Yo), Maroum NOYaTKOBY HIBHIKiCTh
ve = 100 M/c, nig xyTom Q. = 45° 110 TOPH3OHTY B CepenoBHIIi, WO YNHUTH
onip. Cwia mporo omopy R = k* v,

3HaliTh PIBHSNHS TPAEKTOPii PyXy TOUKM, KOODIMHATH Xpgy T3 Ypmxs &
TAKOX IDBHAKICTH 'roqxn B MOMEHT qacy t=2c, 9KmWo x5 = 8 M,
Yo =16m, k= 0,4 k™ - M.

Po3B’s3anHsa MarepiarbHa Touka A pyxae'rbcs: oig aiero cunm
TaxiuEsg P i cumi omopy cepemosmma R = kv’ (puc. 63, 6). Oude-
peHUiaNbHI DIBHAHHS PYXYy TOUKHM B MPOEKWISX HA HATYDAJbHi OCi MAIOTh
BUIVISL

dt

‘172 .
m F = mgcoso, .

mih—’=-—mgsin_9—kzvz,° ‘ '
: )

Ae p — pajiyC KPMBMHH TPAEKTOPi. v
© JImg TpaekTopii, ONYyKJiCTh SKOi Y # 0
CHpSIMOBAaHA BrOpY, KpUBMHA
TPAEKTOPii BU3HAYAECTHCS TAK: ‘ LAy ' :
s
1 do gl
== iy Elo
p - ds’ N> I
[e §— ayroea - ROOpAHMHATA, U0 _ l Co
BU3HAYAE TIONOXEHHS PyXOMOi TOu- 0 e ‘ X
KM Ha TpaeKTopn _.__)_(.'.!'_% ‘ |
Ockinpku wBHMAKICT @ = %‘} : Puc. 63 '

MaeMo

13 9-500 | : ‘ . B 193
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AR NS
p MG T T ™y s T g

Td}:[i piBHsHHEY (1) HaGyBawOTh BUr- : 91
Sy ‘

m

dv _ _ s 22,
m mgsin 6 — k" v,

de } ) 4}6’”
- mvgt— = mgcos 0,

3 npyroro piBHsHHS (2) BHMILHBAE,
mo

[ U —

®_ g . 3 0 X
dt = Ty sE
bepyuu mo ysaru, mo
{
dv _dv  do
dt — de dt’
Ta Bpaxosyioun (3), micraemo
dv _ _dv g
di = g yose -
Higcrapnsaioun (4) B mepmie piBHSHHS (2), 3Haxommmo
) _ dv g. A oo . 2.2
m—a-e—acose— ~ mgsin® — kv",
abo
dv v
= &)
vl cose vsing = > )
e

c= \/g—n% = \/ . (01(4))2 = 25M/C

€ TPaHMYHUM 3HAYEHHSIM UIBMAKOCTI TOUKH MpH JIOCSITHEHH] HElo oci Ox.
Ockimbku v, = v cos 0 # ypaxoByooun, mo

dv on o d _ dv,.
Ee—cose vsme—de(vcose)f 70

Ha mincraBi (5) maeMo

13+49.500 : o . 195



dv, 1 ©2 | (6
) e .

9 - ¢ cos' 0
Iarerpyioun (6), nicraemMo
1 1 |1 1+ sin@ sin 6
—_— = 2|2 7
;2 [2 In (1 — sin 9) * cos’ 9] *+C o

BuKOpHCTOBYIOUM TIOYATKOBi YMOBH, a caMe:

t=0,0=0q,v, =v,cos0,
3HAXOMMMO CTaJy IHTErpyBaHHS

_ 1 . 1 +sina 4 Sina
Wwicosa 272 l=sina) * cos?al

IMigcraBasioun C B piBHauEg (7), 3HAXOTUMO

v, = v, cos a f(6), ' ®
ne '
O — L.
» ‘\/1+ ¥, COS~ Q. ll 1+sin o + sina 1 1 l+sin @) sin®
c2 2 n_ 1—sin o COSZ o 2 n 1—-sin 0 .COSZ (3]

ITpoexwuis BEKTOpa IBMAKOCTI TOUYKH HA Bich Oy
v, = v, 1g 8 = v, cos a tg 6 f(6). . O -

o6 micraT: fapaMeTpuyHi DiBHAHHS . pyXy TOYKH A, 3Halinemo 3a-
JCXKHICTb MiX yacoM ! i kytom 6. 3 piBHanb (3) Ta (8) BuIMBAE, mO

vy do v, de ¥y COS O de .
d=-%. =~ == 0 ,
g cosb gcos’ 0 g 1(9) cos’ ©
Tonmi ‘ o :
;= o cosonff(e)de - Ao
g * cos’ 6
Ockinsku
dx o '
= =v,=v5cosaf(0); -
f, 08 &£ } an
E% = v, = 1, COS & 1g 8 £ (0),
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igTerpyioun pisnsHus (11), nicraemo

, |
y=y+ [v,dt =y
[1]

x’=x°+fv,,dt=xo

{

0

_ 2 cos® a j- [f (6) T

3 db;
4 . Cos @
_vgcos'a j- [f(6) Ftg 0 d 6
R cos’®

(12)

13

Po3p’asanng pisuans (10)-(13) nponéziend 3 BUKOPHCTAHHSIM KOMII'10TE-
pa. Ilporpamy pospaxynky koopamHat x(¢), W(f) Ta mpoexmi# BEKTOpiB
WIBHAKOCTEH T, (1), ¥y (¢) moMimero Ha c. 199—202, a peaymbsraTé 0GumC-

JICHb HaBexaeHo B Tabs. 35, 6.

Tabruus 35,6
8, rpan| f(8) Iy(8) t ¢ I(8) 13(8) i l > T y
M M/c

45 1,000 | 0,000 | 0,000 | 0,000. | 0,000 | 8,000 | 16,000 | 70,689 70,732
40 0,468 | -0,102 | 0,727 | -0,068 | -0,064 | 42,615:| 48,529 | 33,060 | 27,756
35 0,367 | -0,159 | 1,149 | -0,092 | -0,082 | 54,657 | 57,879 | 25,924 | 18,161
30 0,319 | -0,201 | 1,452 | -0,106 | -0,091 | 62,023 | 62,633 | 22,562 | 13,032
25 0,290 | -0,235 | 1,696 | -0,116 | -0,097 | 67,348 | 65,466 | 20,524 | 9,575
20 0,270 | -0,264 | 1,904 | -0,125 0,101 | 71,551 | 67,286 | 19,118 | 6,961
15 0,256 | -0,289 | 2,087 | -0,132 | -0,103 | 75,066 | 68,496 | 18,062 | - 4,842
10 0,244 | -0,312 | 2,253 | -0,138 | -0,105 | 78,128 | 69,305 | 17,221 | 3,038
5 0,234 | -0,334 | 2,407 | -0,143 | -0,106 | 80,883 | 69,830 | 16,519 | 1,446
0 0,225 | -0,354 | 2,553 | -0,148 | -0,106 | 83,425 70,138 | 15,910 | 0,000
-5 0,217 | -0,374 | 2,694 | -0,153 | -0,106 85,823 70,268 | 15,363 | -1,345
-10 0,210 | -0,393 | 2,833 | -0,157 | -0,106 | 88,127 | 70,240 | 14,858 | -2,621
-15 0,203 | -0,412 | 2,972 | -0,162 | -0,106 | 90,377 70,059 | 14,379 | -3,854
-20 0,197 | -0,432 | 3,113 | -0,166 | -0,105 | 92,608 | 69,721 | 13,914 | -5,066
-25 0,190 | -0,452 | 3,258 | -0,170 | -0,104 | 94,849 69,207 { 13,450 | -6,275
-30 0,184 | -0,473 | 3,410 | -0,175 | -0,103 | 97,130 | 68,488 | 12,978 | -7,496
-35 0,177 | -0,495 | 3,572 | -0,179 | -0,101 | 99,479 | 67,519 | 12,487 | -8,748
-40 0,169 | -0,620' | 3,748 | -0,184 | -0,099 {101,930| 66,232 | 11,964 |-10,044
-45 0161 | -0,547 | 3,943 | -0,189 | -0,095 |104,515| 64,530 11,395 |-11,402
-50 0,152 | -0,577 | 4,163 -0;'195_ -0,091 (107,277( 62,268 | 10,763 |-12,836
-55 0,142 { -0,612 | 4,417 | -0,201 | -0,085 110,261 | 59,230 | 10,047 | -14,360
-60° | 0,130 | -0,654 | 4,720 | -0,207-| -0,077 |113,523 55,078 | 9,219 {-15,982
-65 0,117 { -0,706 | 5,091 | -0,214 | -0,065 |117,127 49,271 | 8,244 |-17,699]
-70 0,100 | -0,772 | 5,567 | -0,222 | -0,049 |121,140| 40,880 | 7,082 1-19,486
-75 0,080 | -0,861 | 6,213 | -0,231°| -0,024 {125,628| 28,175 | 5,689 |-21,274
-80 0,057 | -0,994 | 7,173 | -0,240 | 0,017 {130,629 7,358 | 4,030 |-22,925|
-85 0,030 | -1,237 | 8,922 | -0,251 | 0,097 {136,115]|-33,576| 2,103 |-24,201
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Hpumimka. Tyt f(6) =

_ ' .
ol 1+ sin g sin o’ 1 1+ sin 8)  sin © ’
, \/l+ e [2 ln(l—‘sina)-'- €0S, O 21Il (1— sin G) cos.’e]

11(9) = f f(e)de 2( ) — f f (e)d 9, 13 (e) f f (e) tg (e) d 6.

- cos* @
Ipacdiuny sanexHicrs x(t), N1), v, (¢), v, (¢) nokasano Ha puc. 63, 6, 2.
t),y(0), ’
X(igoy(t) M ‘
g j,‘@//_‘
1003— e
U Xmax
\\
' Urw\_\ .
50
"‘ocElurnrvo 3"' 222 RE R E R R R A A R R NAR AR AR R R B }lnrv’c
0 - 40 60 80 10,0
. Puc. 63,6
VX)vy)M/c
3
w:\
AN
g” \ -s'.___“
] S~ V()
] t,iC
B VLR MMNIIS SESMNSIE ———"
4,0 8.0 80 10,0

Puc. 63,2

198



nporpa}n PO3PaxyHKy KOOPAMHAT
x(1), y(f) 7 npoexuyiit sextopis wBKaKOCTEH vx(1), Vy(t)

program mex;

var :

1,j . :integer;
mas, v0, kop, t, alfa, g, ¢, al,
acl, ac2,

VX, Vy, X, ¥, x0, yO

tet0, tet,

f, aint_t, amt_xO, aint_yQ:real;
filel, file2, f1, £2, f3, f4'text'

function trapO(xO xn, acl, ac2:real; m: mteger) :real;
var teta, sum,
al0, all, ftet, fint, dh :real;
isinteger;
begin
i=0;
teta:=x0;
sum:=(0);
dh:=(xn-x0)/m;
if dh <> 0 then
begin
while i<=m do
begin
al0:=In((1+sin(teta))/ (1-sin (teta) ))/2+sin(teta) /
sqr{cos(teta));
ftet:=1/sqrt(1+acl*(ac2-al0));
fint:=ftet/sqr(cos (teta));
if (i=0) or (i=m) then
fint:=fint/2;
sum:=sum-+fint;
Li=i+1;
teta:=teta+dh;
end;’
end; ‘
trapO:=sum*abs(dh);
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“end;

function trapl (x0, xn, ‘acl, ac2: real; m: mteger) real;
var teta, sum, \
alo, all, ftet, fint, dh real;
_ i:integer;

begm

i:=0;

teta:=x0;

sum:=0;

dh:=(xn-x0) /m;

"if dh <> 0 then

- begin

while i <= m do

begin

al0:=In((1+sin(teta)) / (l-sm (teta))) / 2+sin(teta) /

sqr(cos(teta));

ftet:=1/sqrt(1+ac1*(ac2-al0));

fint:=sqr(ftet) /sqr(cos(teta));

if (i=0) or (i=m) then fint:=fint/2;

 sum:-sum-+int;

i=i+l;

teta:=teta+dh;

end;

end;

trapl —sum*abs(dh)

end;

function trap2(x0, xn, acl, ac2: real m:integer) :real;
var teta, sum,

al0, all, ftet, fint, dh:real;

izinteger;
begin
i=0; teta: —x0
sum:=0;
dh:=(xn-x0) /m;
if dh <> 0 then

begin =

while i<=m do
begin , :
© alO=In((1+sin(teta)) / (1-sin(teta))) /2+sin(teta) /
200



sgr{cos(teta));
ftet:==1/sqrt(1+ac1*(ac2-al10));
fint:=sqr (ftet) *sin (teta) / (cos (teta) *sqr(cos (teta))) ;
if (i=0) or (i=m) then fint:=fint/ 2
sum:=sum-+fint;

Ci=itl;
teta:=teta+dh;
end;
end;
trap2:=sum*abs(dh);
end; .

begin
assign(filel, ’jasl.pas’); rewrite(filel);
assign(file2, ’jas2.pas’); rewrite(file2);
assign(fl, ’x_t.dat’); rewrite(fl);
. assign(f2, ’y_t.dat’); rewrite(f2);
assign(f3, ’vx_t.dat’); rewrite(f3);
assign(f4, 'vy_t.dat’); rewrite(f4);
write(" Beexite: nmou. meua. (M/c) VO="); read(v0);
write(’ BeeniTe: Maca Tina (xr) m=); read(mas);
write(’ Beenite: koedin. onopy k="); read (kop);
write(’ BeeniTe: mou. xyr (rpan) alfa=); read(alfa);
write(’ BeemiTs: nou. xoopa. (M) x0=): read (x0);
write(’ BeeniTs: nou. xoopa. (M) yO=); read y0);
£=9.8;  (* mpuckop. Bi1. mag *) .
c:=sqrt(g*mas/sqr(kop));
alfa:=3.1428*alfa/180; (*pan. *) - v A
writeln(filel, ’ tet *,” t °,° x y Lovx ) vy )
writeln( tet °,7 t )’ x )y 0 oyx ) vy )
acl:=sqr(v0)*sqr(cos(alfa))/ sqr(c)
ac2:=In((1+sin(alfa)) / (1-sin(alfa))) / 2+

sin(alfa) /sqr(cos (alfa) );
ir=0;
tet0:=alfa; tet:=tet0;
while (tet=-3.1428/2+3. 1428/ 30) do

begin
tet:=alfa-i*3.1428/36; .
" al=In{(1+sin(tet)) / (1-sin(tet))) /2+
sin(tet) /sqr(cos(tet));
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fi=1/sqrt(1+acl*(ac2-al));
vx:=v0*cos (alfa) *f;
vy:=v0*cos (alfa) *f*sin (tet) /cos(tet);
aint_t:=-trapO(tet, alfa, acl, ac2,50);
aint_x0:=-trapl (tet, alfa, acl, ac2,50);
aint_y(0:=-trap2(tet, alfa, acl, ac2 ,90);
t:==-v0*cos(alfa) *aint_t/g;
x:=x0-sqr(v0) *sqr(cos(alfa) ) *aint_x0/g;
y:=y0-sqr (v0) *sqr(cos(alfa)) *aint_y0/g;
writeln (filel, tet*180/3.1428:5:0, * ’, 1:9:3, ’ ’°, x:9:3, "2,
y:9:3, 7 7, vxi9:3, ° ’, vy:9:3);
writeln(tet*180/3.1428:5:0, * °, 1:9:3, * ’, x:9:3, * 7,
v:9:3, ’ 7, vx:9:3,°’ ’,vy93)
writeln (file2, tet*l80/3 1428:5:0, * ’, £:11:3, ’ °, aint_t:11:3, * *, t: 11 3,
7, aint_x0:11:3, ’ °, aint_y0: 11 3
x:11:3, 7, y:11:3, * >, vx:11:3, 7 7, vy:11:3);
writeln (f1,t:11:3, ° °,x:11:3);
writeln(£2,t:11:3, * °,y:11:3);
writeln(f3,1:11:3, ° ’,vx:11:3);
writeln (f4,1:11:3, * ’,vy:11:3);
i=i+1;
" end;
close(filel);
close(file2);
close(fl);
. close(f2);
close(f3);
close(f4);
end.

o 3aspanns }-2 o
AOCNIAMEHHS BIAHOCHOTO PYXY MATEPIASIBHOT TOUKM

Marepianpaa Touka M NepemimaeTsCs B3NOBX NPSIMOJIHIAHOTO KaHATY
(BapianTu 1—20, puc. 64, 6, 6) abo no KpuBoniHikHi# TPackTOpii (BapianTH '
21—30, puc. 64, 2) 3 HoOXeHHS M, B IOJOXCHHS M.

-Tino A 3piicEioe pyx nocrynanpuumit (Bapiantu 1—10, puc. 64, 6) abo
o0epTa/bHUI HABKOJIO Hepyxomo'i oci (Bapiautn 11—30, puc. 64, @, 2).

3HaliTH PiBHAHHA BiZHOCHOrO PYXy TOUKM M i THCK KyabKHm M Ha
Tifo A B MOMEHT yacy t;. Heobxinni ang poapaxynxy BEJIMYMHM HABEACHO.
B Taba. 36.
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Tabnuys 36
. Pisnamns
Bapi-| m | @ | %0 | vo | &1 c 14 r h f | @ | Tpaexropii pyxy
aHT Tina A
xr | ¢t M | M/c c M rpax M
11002 —[05)20f01| — | —|—1|—[02]45] x=0,lsin(xz)
2 10,02|-8 {04]10({03]|40 |02]05| —|—|— —
3 (006 —103[20(02]2 (02| —|—|—1]— x=2t-¢>
4 1004 — 04| 0|01 — | —|—|—=1]01]230] y=02sin(2n?)
5 10,05 —[05({20{02]3 03| —|—]—1]30 x=35.
6 1003 — [06{1,0[04] —| —] —|—=1|—160]| x=02t-2
7 1002 —[05[08]03| —|—|—|=]02]|45]x=04sinxt/2)
8 {005 — 0505022 (02| —|—|—|—=] x=6-5
9 {002 —|04]08|02]2]02—{—|=160 x=5+12
10 |0,03] 4n (023003 — | —{03| —| —| — —
11 {0,02{ 3z |05]01{06|25]03]08|—|—]|— -
12 |0,04| 2n | 0410201 [3 |01]03|—|—130 -
13 10,05/ » (0305|0240 |02]|06] | —}— -
141003 = [ 0 |03]|03[30]04]05[03| —|— —
15 1002| 2n |01 02|04 | — | — | —| = | = | = —
16 (003] 2n {05] 0 |02 — | — | — | -] — | 45 —
17 {008 = 1020301201 ]| ~|—|—]— —
18 10,02} 3 [ 05]03[02| — | — | —| |~ 1] — -
19 0,04} 6n [ 0,1 102|02|2 [02]06] — | — | — —
20 {008 4n {01 (01}02]|2 [01 | ~] -] —=1— —_
Saxinvenns mabn. 36
'Bfl- m| o | x I Yo | %0 Ii a ] b I ¢ |'vg | Pisnsnms TpaexTopii - pyxy Touxm M
::l’r xr |7} M M/c M
211405106 |—[6|—|—[-2|5 z=(y—-n*2+c¢
221200 4|0 —|-3|—|—=|~]7]|3 y=-22/2+¢
23130{ 2| — (9|05 (3 |4|—|7] POo-+2-P=0
24123{3{0]3|— 503]—14 PP+ P - =0
25020l 4| —|0]|3|~|2|3|~]|5 PP+ a2 - =0
264012 —]0 |3 |3 |=|=|~]4 V+E=7
27130/ 5|0 |—|=-3|—|—=|—1]61|35 S y=-22+c¢
28(20(3|5({5|—[5|5[3]|—]|4]| PP+l0p--aP=0
29|50 20803 |—|—}|5]2 -l +2=r
30303 |—|1|—=]—=|—=|=1]-3]|3 z=y +c¢
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. Y 3aBnanui NpHAHATO TaKi MO3HAYEHHS: M — MACA TOYKH M; ® — crana
KYTOBa IIBHAKICTE Tiia A (BapianTa 2, 10—30); ¢ — JKOPCTKICTh Py XUHH,
J0 SKOi NPUKPIIUIEHO KYAbKY M; [y — HOBXMHA HeznepopMOBaHOT NPy XuHH;
. [ — xoedinjent tepra KoB3aHug KYJIBKH II0 CTiHKaX KaHaJy; Xo, Xo — IO-
YaTKOBa KOODAMHATA i MPOEKIid BEKTOPA MOYATKOBOI IMBHAKOCTI HA BiCh
O1x4. ’ ‘
 Ilpwknap 27. Marepiansna Touka M MAacox0 m MEPEMIMAETLCA BifHOCHO
Tifa A 3 monoxeHHs M, B monoxenns M, (puc. 64). Tirto A 3aiMCHIOE

TOCTYNAJIbHUA PyX Y BEPTHKAIBHIH IUTONIAHI,
: 9 - s -

Puc. 64 ‘ Puc. 64,0

'

3HaiiTa piBHSAHHS BiTHOCHOTO PYXy x,(f) TOUKH, KOODAMHATY X, Y MOMEHT
4acy ¢ = t,, THCK Ky/JbKu M Ha CTIHKYM KaHaJTy Ta ii WBMAKICTD B MONOXEHH]
M,, axmo )

1

m=02kr, o =mnc’, 0, B=0;C=r=04mM, h=0,3m,

@ =60", xi0=0,1M, Xo=uv,=2m/c, I, = 0,08 M, c¢=0,4H/mM,
' ' f=02; t,=1/2c.

Po3®’a3auuaqa Marepiasbua Touka M 3OIACHIOE pyX, mO CKJa-
RAETBCA 3 IBOX PYXiB: NEPEHOCHOTO Ta BiTHOCHOTO. Pyx TOuKmM M pasoM 3 -
TiIOM A (33 yMOBHM, moO TOuka M HeMOB GH 3YNUHWIA CBif DyX Y3HOBX
NPSIMOJTIHIAHOTO KaHAIY) BIIHOCHO HEPYXOMOI CHCTEMH KoopauHar xO; y €
HNCPEHOCHHM, & PYX Li€l CaMOi TOYKH BiTHOCHO PyXOMOI CHCTEMHU KOOpOMHAT
%101y, 38’93aHOI 3 PyXOMUM TiJIOM, — BiXHOCHHM.

-> -> .

Ha marepiasnbHy Touky M pitots cwn: P — caia TSXIHHY; F — peaxuis

T : ->
npyXuHM; N — HOpMaJbHa peakiis Tiia 4 ; F, — cuna TEPTA.
-> -
Monyni can F ta F, BU3HAYAIOTECH BHpa3aMu
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F=C(’<;|‘lo)§ F, =fN

l'IpncxopeHHs; MaTeplathHm TOYKM M pns BHNA#Ky, Koau Tino A

3MIACHIOE ITEPEHOCHHUI MOCTYNAJbHUA PYX, AOPIBHIOE NPUCKOPEHHIO TOUKH
B uu C, TobTO

a.=ag=ac=0o'r.
Monyap nepeHOCHOT CrM iHEePHil

@, = ma, = mo*r. " (H

¥Yci cumm, mo AiloTh Ha TOUKY M, HOKa3aHo HA puc. 64, a.
BekTopHe plBHS{HHﬂ, SIKE OIUCYE BIAHOCHUN PyX TOYKHM M, M€ BHIJIGH

mE=P+F+F+N+3, )
TIpoexryroun (2) HA OCi pyXxOMOi CHCTEMH KOOPAMHAT, AIiCTAEMO
mx, = Psina— F,— F— ®,sin (¢ — a); ] . _
f0=Pcosa—~N+<Decos((p-‘<x). } @
3 YPaxyBaHHSM TOTO, IO ‘ '
' P=mg, F,=fN,F=c(x, - lp), D, =mo’r,o=o0t,
pmﬂsumsx (3) HaOyBartors BUrISRY |
mx, = =mg sma IN = c(x; = 1)) — mo’rsin (of = a); } @

0= mgcosoc N + mo rcos(mt - a),

I3 apyroro pisrsHES (4) 3HAXOAMMO HOPMAJBHY peaxuuo Tizia A HA Ma-
TepiaNpHy TOUKy M, T06TO

N = m(gcos o+ o’ rcos(p — o) ). - &)

IMicas BBeAeHHS no3HaueHb k- = ¢/m, tgd = fi BHKOpHCTaHHS[ pisHOCTi
(5) mepme pumﬂmm (4) nabysae Bmvlsu:(y

k lycos 8 + gsm(on ~ 8) — o’r sin(ot — a .+ 8) ()

. 2
+
X+ kx cos &

* Poas’si3oK piBHsHES (6) Moaaemo y BArIAM
o x =X+ ' M
ne xi = Cicos (kt) + C, sin (kf) — pO3B’S30K  ONHOPIHOTO - PiBHSHHS
X+ k x1 = 0; x)' — YacTUHHMIA posn 430K HEOHHOpigHOro piBHauHa (0),
KMl Ma€ BHIVISL
_ X' = C4 + C;sin(ot — o + 8), - ®
pe Cs, C4 — craui
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Hi.ucmmmouﬁ @®) y (6), nicraemo
~ C30” sin (0f = & + 8) + Ck* + C3k* sin (of — o + 8) =

klocosa+gsm(a 8)-—mrsm(mt—oe+8) R C))
.cosd

IpupisHiotoun TyT Koecbmlemn npu sin (mt ~-a+ 8), MaeMo

(1)) r
cos &

- Cg(D- + C3k2= -

3

3BinKu

(1)2"
cosd(k* — %)’
a npupiBHIOKUK B (9) BiNBHI JOXAHKHM, 3HAXOXMMO

K’ly'cos 8 + gsin (o = 8)

C3""-

2
Gk = cosd
TaK 10
» : C. = K’ly cosd + gsin(o — 8)
¢ K coss .

Orxe, , ,

. k Iy cosd + gsm(oz =-3) _ o°r .

i k* coss " coss(® — o) sin(of ~ o+ 8)
L gsin(a — ) w’r , '
=1l + - - a+ ).

¢ K coss (K - 0% coss sm(mt a+3) (10)

3 ypaxysaruaM (7) Maemo
Xy = C1 coskt + C2 sinkt +
gsin(a—8) o’r
in(fof ~a + 8§
K cosd (K - o) coss ( )
Hieupkicrs xyaeku M

X, == Ciksinkt + C)k coskt —

+ho+ an

0’r
(& - 0% co
Hmc'raa.nsnoqn B (11) moyaTtkosi yMOBH, a came: f = 0, x, = x0,
Xi = Xj9 = ¥, 3HAXONMMO

(cosmt—‘ ot ).  (12)

gsin (@ —38) o’r .
P — + f— .
Xo=Ci+ [ + Zcos s (k2 oY cos s sin (8 a);
3 . /
vy = Cok — or cos(s — a).

(K — ©% coss

14 9-500
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3sincu

o _ . _ . _gsin(a—8) o o’r N
Ci=x0—lh K* cosd (K — 0*) cosd sin(® ~ a);
- o r . (13
=24 -8). :
G=% k(K* — ©%) coss cos(x ~ 3)
" Tyt o
- K=c/m=2c?% tgs=-0,2; 8=11,31".
ani '

C;, =0,5117; ¢, =38372; C, =-3,3529; C, =0,6661.
OcraTtouno

x=~3,3529 costVZ + 0,6661 sintV2 + 3,8372+ 0,5117 sin (xt— 0,85);

% = V2(3,3529 sintV2 + 0,6661 costV2) + 0,5117x cos(xt — 0,85).
Y momeHT yacy t; = 1/2¢ 3HAUEHHS X| TA X, TaKi:
) X 'tl=l/26 = 0,8306 M; kl It,#l/2c = 2,2073 M/C.
Tuck Kynskun M Ha CTIHKY KaHALy

Ny =12.= 0,2(9,8 cos 60° + n* 0,4 cos (n/2 — 60°) ) =
' =0,2(4,9 + n* - 0,4 cos 30°) = 1,66 H.

Ipuknan 28. MarepianpHa Touka M Maco m = 4 KI' pPyXacThCd
BiIHOCHO Tima A B3gOBX KaHamxy, mo Mae <opmy napaboan
z=(y - r)*/2 + ¢, 3 TOYATKOBOro MONOXeHHS M, (pHC. 65) B MONOXEHHS
M,. Tino A obepraerscs HABKOJIO OCi Oz 3 KYTOBOIO MBHAKICTIO ®. = 5§ ¢

3HaliTy piBHIHHS HIBHAKOCTI TOYKH M BiHOCHO PyXOMOi CHCTEMH KOOP-
AMHAT X, Y, Z, & TAKOX BM3HAYMTH THUCK KYJIbKH HA CTIHKM KAHATY B MOMEHT
yacy, ko v, = (. B mouaTkoBuii MOMEHT Yyacy TOUKa 3aiiMasa TOJI0XKEeHHS
X =10,y =7TM, zg= — 2 M i MaJjia WBHUAKICTb BIIHOCHO PYyXOMOI CHCTEMHU
KoopauHat vy, = S M/c (¢ = — 2, r = 7 m). Tepra He BpaxoByBaTH.

Po3s’a3aHnH4g Pyx Touku M — cknamamil i CKIagaeThesa 3 OBOX
PYXiB: IEPEHOCHOTO Ta BiAHOCHOTO.

Y po3rngmyBaHOMY TIPAKJIAAL BifHOCHMM PYXOM CJIif BBAXATA PYX TOUKM
M BigHOCHO TiNa A, sike oGepracThcs HaBKOMO oci Oz, a TEPEHOCHUM —

obepransauit pyx Touku M pasoMm i3 TioM A HaBKOJIO oci Oz.
BigHocHU# pyX TOUKH M ONMUCYEThCS BEKTOPHUM DIBHIHHAM

ma=3F+d,+3, 1)

.. ->
Opu4yoMy Ha TQUKY M mig vac pyxy QiOTh Taki cumm: P — cuna
TSXiHHS; N; i Ny — peakuil Kasaxy, IO 9KOMY PYXaE€TbCA TOUKa (CIps-
MOBaHi NEPHEHAUKYJASPHO JO CTiHOK KaHATY), Ta CWIM iHEpIl (@ —
2 . . )
nepeHocHa, ®. — Kopiosiicora), ki mokasaHo Ha puc. 63,a.
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ir
=
Bt 5
~

x
5
3l
t
= L,Gi

0 0 1 0 0 W7 3
X /l¢ ] R , fvo
> % Mo
Xa/ X 1
Puc. 65 Puc. 65,4
Monyhi O¥X CWJI CTAHOBJATH F(P = mg), 32 =-m Ze @, = ma,),

-~
a, = ~ ma, (P, = ma,).
IlepeHocHe NPUCKOPEHHS B TOJOXEHHI M

a,=yo.
BexTop KOpioTicoBOro npuckopeHHs
Z. = A8, x ¥),
a #oro MopmyJsib
a=20,v, sin(c’)’: 7)) = 20 v, cos o.
Tomy nepenocua @, i KOpiOJ;iCOBa @, crM BU3HAYAIOTBCH TAK:
_ O, =mo’y; & =2mow,cos .
IIpoextyroun piBHsHHS (1) Ha HATypasnbHi OCi KOOPAMHAT, AICTAEMO
mv,=®,cos — Psino;

0=N,— @, sina— Pcosa 2

0=-N2'+<I>‘

Ha nincrasi Apyroro i Tpe’I‘LOI‘O plBHSIHb cacTeMH (2) BH3HAYAEMO HOp-
MasnbHi peakuii CTIHOK KaHaity Tiza A mix yac PYXY TOUKH M, Tobro

N, = my o sin o + mg cos (€))

) N, = 2m o v, cos o. @4
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Ilepme piBanng i3 cucremu (2) Habysac BHIISLY

dv,__ 2 . (5)
mW—mm yCOos O — mgsin Q. . )

. dz ‘ .
Ockinpka == = tg 0., MOXHA 3pOGUTH BUCHOBOK, LIO
. dy

: in o = 2. )
, sino = s’ cos Q. = s ) 6
Jlisy cTopoHy piBHSHHS (5) MOXHA 3aNHMCATH TaK:
dv, dv, ds dv, (0

| dt ~ds di Uds
Ilincrasasioun (6) i (7) y piBuaHug (5), micracMo

v, dv, = o° ydy — gdz. ®
Ilicna inrerpysanns (8) maemo '
o= o'y — 28z + C,. | )
Ockinbkn piBHsiHHsIM napaﬁonn, 1o 9Kill pyXaeThCsi TOYKA M ; € PiBHIHHS
z=(y- T2 -2,
3HAXOAUMO o '
=0y -2 [%(y -7 - 2] +Cy, .v (10)
abo ' |
;yf= o’y —gy—7"+4g+C,.
BuxopHCTOBYIOUH TIOUATKOBI YMOBH:
t=0,vg=v=5M/c,y=y="TMm,
3HAXOAMMO CTaNy iHTErPYBaHHH, a CaMe:
Ci=v;—0 y%—4g=5 -5 -7 -4-10= - 1240/

TMincrasngroun 3HaueHHa crasoi C, B pisaicts (10), 3HaxogmMo 3HaUEH-
. HS BiZHOCHOI MIBHUAKOCTI TOUKH M, TOGTO

v, =o'y - gy~ 77 -1200. an

. 2
dxmo B (11) migcraBuTH 3HauewHs o =Sm/c i g= 10M/c’, 1O
IicTaHeMo '
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vl =25 - 10(y — 7" - 1200. (12

Y nonoxensi M, BiTHOCHA HIBHAKICTB v, = 0, a TOMy Ha:mincrasi (12)
MOXHA 3aIMCaTH ‘

10(y, — 7)* — 25 y7 + 1200 = 0.

Tlicns BBEAEHH B ocTATHE DiBHSHHS 3aMiHu
»n =7t VZ(ZI +2)

IicTaHeMo .
922 — 2393z, — 4809,75 = 0. .
3 OCTaHHBOrO PiBHIHHS BA3HAYAEMO annikary z;, To0TO

2393 + V2393" + 4 - 9 - 4809.75
zy = 18 =2 M.

Opnwunara Touku M y nonoxenni M,

n=T+V2268 +2) =30,3m.

PiBugnng potmunoi mo mapaGonu B UbOMY MOJOXEHHI Mae BMIVISH
z=z = k(y ~ y), npuuomy KyToBmii KoediienT k= dz/ dy BU3HAYae Ha-
IPSIMOK JOTHYHOI i CraHOBHTH Kk =tgo = (y — 7)ly=y, = 23,3, 3Bigkn
a=287,5, a sina=0,999 i cosa=0,044. Tomy 2z — 268,6 =
=23,3(y — 30,3) » z = 23,3y — 437 4. » '

Ocrarouso HopManbHi peakuii (THCKH) B mosioXeHHI M, Ha mincrasi
pisHOCTE# (3) Ta (4) CTAHOBJISTDH ‘ '

Ny =4-303:5 0999 +4 100,044 = 3029 4
Ny=2-4-5:0-0,043 = 0.

3aspanna f1-3

3ACTOCYBAHHS OCHOBHMX TEOPEM AMHAMIKM NPY
- ROCIAKEHHI PYXY MATEPIANIBHOT TOYKM

Kyneka, sika BBaxaerbcs MAaTePiaIbHOK TOUKOIO, HOYHHAE PyXaTHCH 3
TIOJIOXEHHS A B CepeanHi TpyOKH, BiCh aKoi PO3MIMEHO Y BEPTHKATBHIM IO~
muHi (puc. 66, 6). oo : ‘

BusHaunMTH mMBUAKICT KY/IBKH B NOMOXEHHSX B Tta C'i THCK 1l HA CTIHKH
KaHany B nonoxendi C. TepraM Ha KpuBOMEBINHMX RiISHKAX TPAEKTOPii -
'PYXY KYJIbKH 3HEXTYBAaTH. . v '
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HeobxinHi njs po3paxyHKy BEIMUYMHM HaBexeHO B Taba. 37.

Tabnuys =~ 37
Cxe-
Ba- | Mma m_ | va |tag |tED| Ry | R2 o B B1 | 4B c.| & Taxox
pi- Ha f ’ . BU3HAYM-
aHT | puc. - ™
66,6 XT m/c c M rpan M |H/ecm| oM

1 08| 5| —1{1,5(2011,0[01{0]60|60] — | 2| 0 {
2 lo7| 6| —1{1.2{1,0/1.5/02]45|90 (45| — | 5| 0 | vn!
31 1 joe6|12|~|[1,0]{08[1,6[03(120{30|60| — | — | — | »p
4 058 | —|—|1,6/1,0]02[{60]|60][30] — | — | — | ta
5 04| 5| —1{1,6{1,5{1,0[0,1]120/30|30| — | 4 | 0O !
6 | 02| 5| —|—1]08|1,0(01]| 0] 0145 — | 1 |2R S
7 036 |—105|1,0{1,5/0,2] 0 (30|90 ]| — | 4 |2R]| wp
g | 2 01 4| —|—|1,5/1,6/01|9 |0 {135 — | 3 |2R H
9 04| 5 |—108{1,2|1,0{02{90{30({30| — |2 |2R | wp
10 0516 |—|1,0/1,0/08]0,1{60]|45]|9 | — | 1 [2R vD
11 08{5103|—|06]| 101|600 150 — | — | — N
12 04| 5| —11,0{1,0] —|01]30{0 |[60|2R | 550 | wp
i3] 3 05| 4 (20} —1{09|—]02]|0 {30{30{— | 210 H
14 03| 6 (01| —|1,2]—=1]01]|60]| 0]60] — 1} 3 |20 s
15 06| 51 —105|1,0{ —|03|45{30{60| R [ 2|15 ]| w»p
16 0,64 |—|08]1,0120]/02]|9 [150{120| 2R | — | — | wp
17 . |04] 3 {08} —108{1,5|01|0|60(150] — | — | — H
5| 4 055 (10| —106]|1,0}02]| 0 |180]45| — | — | — s
19 03| 6 | —|—11,210,610,1145]|901135(2R2| — | — H
20 065 |1,211,0/08(04]02]60(150{60] — | —| — | wp
21 0713 | — 106105 — 101454560 }4R | — | — | S
22 06| 4 {1,511,0]1,0] —l0,1190]| 0 |240] — | 4 | O I
23 5 05| 8 |10 —]05|—1]01{ 0|9 |30 —~ | 2|0 l
24 046 |— 1,208} —|02]|30160(120|2R | — | — | wp
25 03| 9 (20| —[20|—1]02{30]|9]|60| — | — | — H-
26 02| 4 |10} —11,0l05]0,1]| 0 |180]60| — | 37| 0O l
27 0,61 2 (04]02]05(1,0/02;45[9 {120 — | 8 | 0 | »p,!
28] 6 lo8|3|{—105[1,2}06[01|60]60|45 2R | — | — S
29 04| 4 |—106/06[1,0{03[30[9 |30{3R| 4 | 0 "
30 08! 5| —1[1,0]/10[1,0l027 0 |30]120{2”R | — | — |tewm, D
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3axinuennss mabn. 37

Cxe-
B?.- Ma m va [tap |tep | Ry | Ry o B B AB ¢ I Taxox
- Ha N f BUIHAYNTH
auT | puc. - - - -
66,6 | xr |m/c [ M rpax M |H/em| e

31 o4 —[1,5{20([1,2]0,6|01[30|45]60] — | 10| 10 H
32 06| —|20]1,5(1,0/05[03[45]|30(45]| — |16 | 12 H |
33| 7 |o8|—[1,0]{05[1.4|07]02|30|45]|45| — | 20 | 18| wp, B
34 05| —|30{20(08]|04(01[30]|30[9 | — | 18| 20 S
35 04| —120]1,2[1,6]|08|03[45]|30[30]| — | 16 | 16 | tep
36 0,5/10(40(30(20] —]02{60|4a5]a5| — | = | —~ | s &
37 06| 0 (80[20l1,5!—l01|4514a5{60] — | — | — | v, H
38| 8 lo4| 5 |60|1,8{12]—02]30|60{30| —| |~ vp s
39 0,5/.0 150(1,6{20|—|03[{45]|45({45| — | — | — | AB
40 04| 6 140[1,4]1,4] —102]{60]30(30]| — | — | —| 8§ H
41 03| 4 (20{1,2{1,2[1,8[0,2{45|45[45| — | 10| 14 s
42 ~10,2| 3 |40]081,0[1,6/0,3]60|6030| — | 12|16 H
43| 9 |o4| 6 [30]1,2{08]20][01]45/45[30| — | 14 | 16 H
44 05| 5160{20/[0,6]1,8/02]60|30[30]| — | 16| 18 S
45 03| 4 [40/1,4]/1,0/12103]45[30|45] — | 18 | 20 H
46 104 4 | =11,5(20]20{02] 0 |a5|4a5]| — | — | — vk
47 05| 5| —[1,0]25{1,5(01(45|60|60| — | — | — vE
as | 10 o6l 8 | —{12[1,2]1,8]03]60]| 0|60 — | — | = | wx
49|  |o8|6|—|1,4|1,8[1,2]02]45[30|9%| — | | —| wp
50 04| 5| —1{08[1,0]1,0(01[30]|60[d5] — | — | — vk

Y Bapianrax 1—2, 5—10i pemri nedopmania npyXKuuum, KoM KyJibka 3Ha-~
XOOUTHCA B TOYL B, NOPIiBHIOE HY/HO, i KyJbKa BiNAIMETHCS BiX MPYXUHH,

Y 3aBpaHHi NpMITHATO TaKi MO3HAYEHHS: M — Maca KyJbKH; ¥4 — ii mo-
YaTKOBA MIBUAKICTB; {45, Lgp — YAC PYXY KyJAbKH Ha Hinauni AB abo ED; f
— koedinieHT TepTa KoB3aHHS; [, — noyaTkoBa aedopmaris MDY KHHH; )
— Haibinema nedopmanis NPYXHHU; ¢ — xoedinieHT XOopcTKOCT TPy XH-
Hu; H — Haiibinpma BMCOTA MHATTS KYJbKH; S — HUIGX, TPOHIEHMH
KYJIBKOIO 0 3yTHHKH.

‘ I'[pnx.nan 29 (puc. 66). Haso: m = 0,4 kr; v, = 4M/c; 1= 0,2¢;
=0,4M; R, =06 f=0,2; a=60" p=230 B, =30 [,=0;
C—SH/CM'tMD—O4C )
Buznauutu vy, v, Ng, vp, [,

Po3s’a3aHnHa4 [ng BusHAUCHAT MBHAKOCTI ¥5 KOPUCTYEMOCS TE-
OpEMOIO MNP0 3MiHY KUIBKOCTI PyXy MAaTepiajbHOI TOYKM Ha AiAgHIi AB
(puc. 66, @) mvy — mv, = Z Sixs A€ TIPOEKILiSI CYMAapPHOTO iMITYIBCY CHI HA
Bich abcumc; gKi OiI0Th HA PYXOMY TOUKY,

N
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Z8.=(—Psinp — fPcosB)tys = — mg(sin B + fcos B)t ..
"OTXe, WMBHAKICTD KyAbKM B  TOJOXEHHI B CTAHOBHTH

vy =1v,~— g(sinp + fcos B)tas = 4 — 9,8 (sin 30° + 0,2 cos 30°) - 0,2 =
© o= 2,68 M. : _
IIfo6 BM3HAYMTH IMBHUAKICTL KyJbKH B
noyioxXeHHi C, KOPHCTYEMOCH TEOPEMOIO
npo 3MiHy KiHETHUHOi eHeprii Ma-
TEepiasIbHOI TOYKH, TOOTO ' ’

2 - 2
mve - mvg

T = 3 A= PHe,

ne
Hc = (2R, + Ry) sin o — R, cos(B + B,) = .

= 1,4 sin 60° — 0,6 cos 60° = 0,91 m.
IIIBugKicTs KYJIbKH B NIOJIOXEHHI C CTAHOBHTH )
ve=Vvi+2gH: = V2,685 +2 98 - 0,91 = 5,05 m/c.

J7s BU3HAYEHHS THCKY PYXOMOI KYJIBKH Ha CTiHKY KAHAJIY B IIOJIOXKEHHI
C sanucyemo audepennianbee piBHIHES PyXy KYJIbKM HA 3ajaHiit Kpusii B
NpoeKuii Ha BHyTpilWHIO HOopMaus Cn, To6TO ,
mvz/Ry = — Nc + P cos(B + B,),

3BiAKA ‘
Nc = mgcos(B + B,) = mvi/R, =
=0,4-98 coSQO“ -(0,4505%/0,6= - 15H.

Puc. 66,a

216






Bin’eMumit 3Hak N 03Hayae T¢, MO HOPMAJIBHA PEAKId CTIHOK KaHAIY,.
[0 SKOMY PYXA€TbCA KYJbKa, B NOJ0XKEeHHI C CHPIMOBAHA MPOTHIEXKHO TO-
My, 9K MOKa3aHo HA puc. 66, a.

Tuck KYJIbKM HA CTiHKY Karany B nojsoxenni C popisaroe 15 H i 3a
3aKOHOM PIBHOCTI Ail IPOTHAIT CIPSMOBAHMIA HPOTHJIEXHO PEAKIIiT NC, TobTO
mist (THCK) CHPSAMOBAHA B3IOBX BHYTPIiITHBOY HOpMani Cn. :

lIsuaxicTs KyJbKH B MOJOXEHHI M BH3HAYAEMO Ha IJCTaBi TEOpEMH

" mpo 3M1Hy KiHeTHuHoI eHeprii, To6to

2
ﬂ;’_M - m;” = mg Hy = mg(2 R, + 2R,) sin a,

3BigKH

Uy = \/vf; + 4g(R, + Ry)sina =

= V2,68% + 4 - 9,8(0,4 + 0,6)sin 60° = 6,41 m/c.

HlsuakicTs KyJIbKH B TIOMOXKEHHI D 3HAXOAMMO, 3aCTOCOBYKOUM HA
minsgEni MD TeopeMy npo 3MiHY KiIBKOCTI pyXy -MaTepiaibHOI TOUKH, TOOTO

mvp, - mvy, = 2 Sk
Tomy
z Si = (= Psinp, — f P cos By)tup,
TaK mo
' vp = vy — g(sin By, + f£cos Biyp =
= 6,41 — 9,8(sin 30° + 0,2 cos 30°) - 0,4 = 3,77 m/c.
Hns BU3HAUEHHS Maxcumanhnoro»cmcxy NPYXUHM KOPHCTYEMOCH HA

aingani DE TeopeMoI0 npo 3MiHYy KiHETWUHOI eHeprii MaTepiajbHOl TOUKH,
T00TO

2 2
P L
. m;yE_ m;"D-— 02 PHDE fPCOS Bll
Ypaxosyoun, mo vg=0 i Hpg = Isin B,
HicTacMo
7.72
cé + mgl (sin B, + fcos B;) - 2” = 0‘;

Po3p’a3yroun 1ie KBaApaTHE PiBHSIHHS MDY 3aMaHUX YHCIOBUX 3HAUEHHIX
BEJIMUMH, 3HAXOTUMO

J=0,081 M =8,1 cm.
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3.1. AMHAMIKA MEXAHIYHO| CUCTEMM

3aBpanus [f1-4

3ACTOCYBAHHSA TEOPEMM NMPO 3MIHY MOMEHTY KUTbKOCTI PYXY
MEXAHI‘-IHOI CMCTEMM NS BUSHAYEHHS KYTOBOT I.I.IBHAKOCTI
TBEPAOIO THIA

Tino A = A + Az Macoio m,; obepraerbes HaBKOJIO oci O,z i3 CTANIO0 Ky-
TOBOIO ‘IUBHAKICTIO ®o. B Toumi O xanany CD NPOBEACHOIO B Tiji A, HA
Bincrani CO Bixg Toukn C 3HAXOQUTHCH MaTeplaana TOYKa B macowo m,. B
neBHUA MOMEHT yacy (¢ = 0) Ha MEXaHiuHy CHCTEMy Ji€ Tapa CHJI, MOMEHT
Kol M, = M, (¢). B MomenT uacy ¢ = ¢, Ais M, NpUIHHSETHCS.

OnsouacHo Touka (KyJbKa) B NOYMHAE PyXaTHCH B3Z0BX KaHany CD (3

nosioxenuss C B mojoxends D) 3a 3akoHoM OB = f(t — t;), npuyomy
t>t. .
BusnaunTn KyTOBY IIBMAKICTD TijIa A B MOMEHT 4aCy ¢ = £ it = t2. Ono-
poM TepTs 3HeXTyBatd. Tino A BBaXaTH TOHKOK ILIACTHHKOIO,
KoH(irypanio skoil noxasaHo Ha puc 67, 6—e.

HeoOxingi a1 po3paxyHKy BETMYMHE HABEXEHO B Tabm. 38.

Tabruys 38
Bapi-| ™1 lmf ]m?l my | @, | @ ] b I‘cl l R | oc |y I t2 M= OB=f(My),
aur xr . ¢! M c =fi(E)H M .
1 {120{ — | — {60 |-8| 4 |- |~ |[—-|10] 4|10 120VF | 0,5¢~¢tD
2|60f—|—|15|6|3|~|=-|-|05]3|5]| 45t | 05¢-11)°
3 (150 — | — 150 4 | 5|4 |- [2]|05|3]|7]| 150 | 1/8¢t—t1)?
4 |150| — | —|150[ 3 {4 |6 |-|{-|05]|4|8]| 500 Vi=iy
512000 —|— 100l 2 | - | ~|=|1[xR{ 4| 7| 100vF | 2R(t=£1)/6
6 |50 | —|—|40| 5| =|—-|=|1]|0}|4]6]| 20 VZnRVI=T1/4
7|70 |—|—|8(-10] — | - |~ |3 [=R/4} 5| 8| 300t | nR(t-t1)/3
8 (—{60|150(100| 4 | 3 | 4 | = || 0 | 4|11 | —60vF | 4@t—t1)/7 -
9 (80| —|—|40|7 |42~ |~-|10|2]|4]| 35% | 06(t—11)*
10| — | 60{120/100|-4] 6 | 2 12,5 — | 0,5 | 36 |100| 15¢ 0,5Vi—f1
11 {150{ — | —{200| 2 |1,5| - | - | 2|10 3| 600t 2t-11)*
12| — [ 50 |100{150| 0 |1,5| = | = | 1 [xR/6] 7 | 8 | 10¢* |SnR(t—t1)/6
13180} —|—|60(-101 413 |[~|—-11,0[9]25]| 2007 | 0,5vVi=f1
14100 —|— 505|642 |—|—-|0 [25]6]| —40t | n(z—t1)/7
15/60f —|—140| 3|3 |=|-[1,5] 0 |3]9]| —252 |nR-t:1)/12
16 30| —|— {254 | 42| ~|-|sR/2| 2| 5| 1007 |nR(z—11)%/18
17/60| —|—1|50|7 3|23 |~-|10[16]25| -20¢ | O,5VF=F
18 {120 — | —|100(-8| 6 | 3 |- | -105| 4|8 | 200 | 02¢t-t1)
190200 — | — |75 5|23 |=|-]05]4]6]| -100t| (z~£1)*/4
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3axinuenna  mabn.

Cxemy MexaHIt{HOI CHCTEMHU 306pax<e1-10 Ha puc. 67.
Po3B’a3amuudq Cwm, sxi 1irore Ha MeXaHiuHy cucremy (Tino A +
MaTepiaibHa TOuKa B), MOKAa3aHO HA PHC. 67167, a.

_ 38
lBapi- my I m} Im;‘l my | g, | @ l 51 c|R I oc | ¢ | ty M= 03=f2(Ml1),
g'm . ‘K ! M c =/1(),H-m "
20300 — | — (20016 —|—|~—-12]| 0 |37/ 100t |nR{t—t1)/8
21160 —|—1{40|-6]3|-|-{1,5/10]3]|9] oot (t-t1)/10
22 (150 — | — |150{8 | 6 | 3 | — [ 2 |=R/2] 9 |13 | =70VT | nRVi—F1 /4 -
23 (120 — | —|80|-4| 4|3 |-|1]10]6]|8]| 8ot (t-t1)?
24|50 —|—[30|5|2|2|-|2]01]4|9]| 20° |=R¢t-11)/10
25 {140 — | —[120{-7| 5 |3 |- | ~-|20] 8| 9| 100vF -t
1264120 — | —(80]~6[ 4 | -|-115|1,0]6 | 8| =50 | 0,6(—t1)*
27 {150 — | —{60| 8 |- |-|=120| 0|3 |7]| 150 |aRE-t:1)*/16
2860 | —|— |40 3|4 |~-|-120/1,5]{5]|8] 400 0,5(1—11)
29| —[40|80{60] 4|3 | —-1-]20xR2]2{6]| 35 |nRVFI-Fi/4
30140| — | — |90 |-9| - | = | = |1,5|xR/2| 4 | 6 | 150vF |nR(t—11)"/8
HOpuknan 30. Jlano: m, = 9kr; my=2xr; 0,=—3¢'; a=2m;
b 3M; CO=a’/2=1mM; 1t =2c t2=4c; OB=0,5(t—t2
= 500t H-m.
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-Jn% BR3HAYEHHS KYTOBOI INBHAKOCTI [IACTHHKH A B MOMEHT qacy t Ko-
PHCTYEMOCS TEOPEMOIO PO 3MiHY MOMEHTY KiJIBKOCT pyxy Mexamvmox cH-
CTeMH BiRHOCHO OCi O,z, To6T0

drL, ‘
ET_M' H

MomeHT KinbKOCTI pyxy MEXaHIYHOI CHCTEMH BiTHOCHO oci O,z
A B
L=L"+LP?,

ne L = J © — MOMeHT KiNBKOCTI pyXy miacTHHKEH A BiZIHOCHO OCi
O1z; L = J? ® — MOMEHT KiIBKOCTI PYXy KyJbKM ‘B BimHOCHO wi€i camoi
_oci.

Y po3rigayBaHOMY BUNAAKY

ﬁ=¢+ﬁf+ﬂ+mdm

ne ,
4 _ mi(d + )
7=
o 2
JA = my a
n 2 L

npuuomy m; = mi + mi’, a Maca npaMOKyTHOI mwiacTunkm (2a X 2b)
mi=2a-2by  (y— moBepxHEBa I'yCTHHA), Maca niBKpyra

my = ~1-n a
H 2 Y-

Tomy
mx_ 4aby _ 8
ST T T
"lr %naZ.y an
3BiIKH
. an .,
m1A=—877—m1.
sz(i
.. an . S8b+an |,

TaK MmO
‘ an

8b tt_
T Far ™ ™ T g Fan ™
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Orxe,

a1 8bm, 86 m, 1 anm - anm

4 _ovmy 2 2; 2 . 2:
=3t an @ PO gyt +28b+ana 8 ran
2 2
om a+4b a + 8 )
_8b+an( 3 85+ 2 anf.
Mowmenr imepuii Kyabku B BimHOCHO oci O,z
2 2 2
J=m0,0% = my (B + (a— 0C)) = my( + L) = Ma(@ + 4b)
_ . 4 4 (€))
Kopucryrouncs (2) i (3), Moxsa Ha nmigcrasi (1) sanucata
do '
— = 4
J'dt 500 ¢, 1))
ne
2 2 2 2
. m a+4br a + 8b a+4b
J’—8b+an( 3 856 + an| + m, 3
_ 9 ¥+4-3 . 2°+8-3
_8-3+2n( - I L
2(22+4‘32)_ 2. )
+—-—-—4————166KPM.

. IMicns BiNOKpeMJIEHHS 3MIHHUX Ta iHTETrpYBaHHS PiBHSHHS (4) Habysae
BUIJISIAY

dem—sooftdt
wg
‘abo
J. (0, = 0g) = 250 f. - ®

I3 pisrsamns (6) 3HAXOMMO xy'rony IMBHAKICTD IUIACTHHKH B MOMEHT
yacy t,, a came:

0, =0+ 250£/J,=~3+250-4/166 = 3¢\,

Orxe, mwacruaka (Tio A) 3MiHMIa HANPSIMOK o6ep'ramm HA TpOTHIIEX-
HEH BiTHOCHO 33JAHOIO.
MomenT kinpKocTi pyxy L. y MOMEHT Yacy 1 = £, = 2 ¢

L), =166 3 =498 xr-m* ¢

159-500
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VY MoMeHT yacy t =t, = 4 c Kym:xa B niepeMicTHTBCS B HOJOXEHHY B,
npnqomy :

1 =050 -2"=2m
Tomy MOHA 3p06nm BHCHOKH, mo

0B=0,0=0,B=V¥ +(a-—a/2) ==Va + 4p.

Nt

Kynska B B monoxeHHi B; Mae WIBHAKICTh

> > . ->.

4 e e r
Vg, = vpm + Vg,

Jie TIEPEeHOCHA IMBHAKICTH -

BinsocHa mBUAKICTD Ky/JbKYM B B OJNO0XEHH B,
Vb = S 10,5 = 1)1y = 0,5 2(t2 — 1) = 2w/,
MOMEHT KiZIbKOCTi PyXy MEXaHiuyHOi CHCTEMH B MOMEHT yacy t,

Ly = ﬂwz + m, (0,B, )20)2 - mzv};l b.

Ha npomixky uacy f, — 1, uei MOMeHT 36€piracThCs, OCKUIbKH MOMEHT
30BHIIIHIX CHJ Bmcy’rl-lm T00TO )
L)y = Lz|l=129
abo
a + 4b2 r ' D

498 =J‘2(02+ m2T‘(D2"‘ mgval b.

I3 piBagans (7) 3HaXomMMO KYTOBY HIBHAKICTDH Tina A B MOMEHT uacy
t =1, = 4c, T06T0
498 + my vy b
W, = ;
: m, a2+4b2_8b+a2+8b2 2+ a + 4
8b+an| 3 2 4T Ty

= (498 +2-2-3)/166 = 3,07¢".
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3aspanns A1-5

3ACTOCYBAHHS TEOPEMM MPO 3MIHY KIHETM‘IHOI EHEPTIH
MPM BUBUEHHI PYXY MEXAHIMHOT CMCTEMM

Mexaniuna cucreMa mig Zi€ro CU TAXIHHSG MOYWHAE PyXaTHCH i3 CTaHY
cnokor0. ITouaTkoBe MONOXEHHS CHCTEMHM TIOKA3aHO Ha puc. 68, 6—z. Ypa-
XOBYIOUH TEPTs KOB32HH4 Tina / i Teprs KoueHHs Tina 4, mo KOTUTHCH Oe3
KOB3aHHSI, HCXTYIOUH iHOIVMMH CUJIAMH omopy ‘'Ta Macamu MHYPIiB, %Ki HE
3a3HAIOTh PO3TATY, BUSHAUNTH mmmmc'rb TL1a / Y MOMEHT 4acy, KOJIM BOHO
npoiae midx S. '

Y 3aBnanHi npnm{srro TaKi MO3HAYCHHS: M;, M2, M3, Me — MacH Tija 1
2, 3, 4; Ry, n, R3, r3, Ry — pafiycm BEAWKUX i MaMux Kii; Pax, Pax —
paniycu iHepnii Tin 2 Ta 3 BiAHOCHO TOPHM30HTAJBHUX OCEH, Ki MPOXOAITH
yepes3 iXHi UEeHTPH; O 1 f — KyTH HAaXWiy IJIOMWH A0 FOPU30HTY; f — KO-
edinicHT TepTd KOB3aHHA; & — KoediLiEHT TEPTH KOUEHHS.

Heobxinai nys pospaxyHKy Benuuwuu HasemeHo B taba. 39. Biokm Ta
KOTKH, NI gKuX pagiycu imepuii B Tabnuui He BKa3aHO, BBAXaTH
CYIUIBHUMH ozmopumnmn auckamu. Haxwi maypie BigmoBigae Haxymy II0-
LIUHM. |

Ipuknan 31. Cuc*rema, TIOJIOXKEHHS AKOI noxasano Ha puc. 68, nounnac
m

pyxarucd i3 crany cmokow. IlaHo: m; = m — Maca BaHTaxy I; 7‘ =12
3

e 3; —3—'— = | — cniBBigHOIEHHY - MiX MacamMu Tin I, 2, 3, 4;
2 ’

Ry=24cm; rp=r=12cem; R, =10cM; py = 18 cM;  py, = 16 oM
F=028=15cm §=2ma=60"p=45" ‘

Buanaumry wsugkicts Tisia / B TOM MOMEHT yacy, KOJM BOHO Ie-
pemcmncs Ha BiAcTaHb S.

Po3s’ga3auH4g 3acTocOByEMO TeOopeMy MpO 3MiHY KiHETHUHOI
e”eprii MexaHiyHol cucTeMu, TobTo

T—TO=2A53+2A5, (1

e To i T — kiHeTHuHA
€Hepria B TIOUATKOBOMY - Ta
KiHHEBOMY MOJIOXEHHAX CHC-
TEMHU; 2 AY — cyma pobir
30BHIOIHIX CWI, NPHKJI3ACHUX
IO CHCTEMHU; 2 Al — cyma
pobiT BHYTPIMHIX CHJI CHCTEMH
Ha ii nmepemimenui. [Jasa wme-
XaHiyHOI CHCTEMH, HIO CKJa-
naerbcs 3 abCOMIOTHO TBEPAMX

Puc. 68»
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TiJI, 3’€HHAHHX HEPO3TSXHMMHA NIHYDAMH, 2 Al=0. !

o6 Bu3HAYMTH KiHETHUHY eHepriio T i CyMy 30BHIIHIX CHJI, KOpDH-
cryemocs puc. 68, a, Ha 9KOMY MOKA3aHO BCi 30BHIMIHI CHJM T4 IIBUAKOCTI
BigmoBimHUX TT 1  TOUOK Yy
KiHIICBOMY NOJOXEHHI CMCTEMH.

IIIsnakicTs TOukM A Ha 06BOAL
Tina 2 BEJMKOTO papiyca -

vy = 0 Ry = vy, 2)
3BiOKH KyTOBa HBHAKICTh Tijia 2
W, = v'l/_Rz.

IIsmpkicry Touku B (Ha 00-
BOZi Tiza 2 Masoro paaiyca) i Tou-
k1 C (Ha obsomi Tiza 3 Masnoro

Prc. 68,2 paniyca)
Ve=vp=0yry = 2w
c = Vp— Wiy — 5=V
IIsunkicrp Ha obBoxi Tina 3 mMasoro pagiyca r;
Ve=3r =Ly
c— W3 /73 = 5=Vl
R,
Kyrosa msuaxicrs Tisa 3
©. = ry v . (3)
3 Rz r3 t
IsmakicTs Toukw D Ha 06BOAi Tiia 3 BENMMAKOTO pagiyca
r, Ry

'U’D=0.)3R3=R v.

273
3a yMoBow mBHAKicTh Toukd E Ha o6Boai Tina 4

r
'l"E—_'vD:Rer)U

OckinpKH TOUKa P — MHATTEBUMI IEHTP IBUAKOCTI A8 TiIa 4, IOBUAKICTDH
LEHTpa Mac IBOrO Tija

72 Ry ' (4)
R2 "3 v'l’

ve, =vg/2 = L.

KyroBa meuakicts tina 4 BigHOCHO UeHTpa C;
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Puc. 68,0









1 nR - Q)
Y s Uy

7 R2 r R4

KiHeTnyHa eHepris MEXaHiuHOi CHCTEMH T

T= T|+ T2+ T3+ T‘, (6)

Jie KiHeTHYyHA cHepria Tina [/ '

W, = v'c‘/R4 =

1 1
T,.=2-m1 vfézmvf; G
KigeTmuHa eHeprig Tina 2 .
__lk 2 _ 1 2 2_ 1,1 "2 1’%, ' @
T, —’-2--’2“)2 _,-~-2-m2P2x0)2—-2- -3-mP2xE;n .
KiHeTMuyHa ewHepris Tima 3 '
1 2_ 1 2 2 _ 1 1 2 rgv?, | ®
| Ta—'z-’sms—vzmaphms— Impsxm:
 KiHeTMYHA eHepris Tina 4 )
1 2 1 2 1 1 rR; 2,
T4—-‘2.m4vca+2Jc4a.)4—2m4 R§r§ 1+
1 1., AR _3 AR, (0

2
+t oy m = m-—y—v.
' 72'-7 44R2r3R4 —1_6 R2r3 !

Ypaxosyioun (7)—(10), BizmopizHo no (6) BM3HAYAEMO KiHETHUHY
EHEeprilo MEXaHiUHOI CHCTEMH B il KiHIEBOMY HOJIOXEHH], TOOTO

2 2 ' 2
—-l 2 !‘_ &‘. 2 _1__ Pax T2 2 _3__ r. R, 2
T—2mvl+6m(R2) v’;+4m(R2r3) v‘+16m(R2r3) v =
' 2 2 2 .
—_l._ _’i p3x I 1) R3 2 (11)
mfaea() () +o (32 ]

Ha puc. 68, a moxazano sci 30BHIINHI CHJIX, IO AIOTH HA cucTeMy. Pobota
IMX CHJI ‘

3 A% = A(B) + AF) + A(P) + AMed), (12)
me pobora cwm TEXiHHS ;’: -
’ A(F,) = P, Ssina = mg S sin o; 13
pobora cumm Tepra Fy ‘
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A(f":) =-F8=-fmgScosa; (14)
pobora cwiM TAXiHHS }_’:
A(P) = = P, S, sin B. (15

1 R . . ‘
Tyr S, = 72" 1;2 rz S — nmepeMimeHHs NEHTpa Mac TTa 4 B3ZOBX OXH-

JIOI IUIOIMHH,
OcraTouno po6oTa cHIM TSXIHHS P4

cd - _\]; r; R3- .
A(Py 5 mg Ryrs S sin B.

Po6ora mapu cun tepTa KOYeHHS Tina 4 HA MOXWUIiH IUIOIIMHI

A(MKO‘I) = xoq Pas

ue MOMEHT Tapu CHJI TEPTS KOUEHHS Myos = (P4cosP) 3, a kyr, Ha
SKMA NOBEPHETHCA TiNO 4 HABKOJIO LEHTPAa Mac abo HABKOJO MHTTEBOTO
UCHTPa MIBMAKOCTI P npu nepemimenHi Tina / Ha BigcTade S, CTAHOBHTDH

_ RS
(04—2R2"3R4‘

OTtxe,

r - S '
. A(Mxo\l),: —mgd cqs B '27273374 . (16)

Tincrasnsoun (13) — (16) y (12), micraemo

E s (sina— feosq o L. IR o
ZA =mgS(sina— fcosa 5 R2r3s1n£3

_1. 38 nR o an
2 R, Ry, P o

Ha mincrasi pisasana (1) maemo

2 2

Psx"z

48(24+8( 2) +l2(R2 3)

-1 oy _nRy o Ry B iy d
—zmgS(2sm0t 2f cos o - Rzra,smﬁ Ry 7o R4°°SB)' 18

Buxogauu 3 pumsnnm (18) 3HAXOZUMO memch'rh TizIa / y KiHDEBOMY
TIOJIOXEHHI CHCTEMM
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/ . R;. 3
'24S2smon—2cosa——rl-—3 i + —
o = &5( - 2f "R, T, Snp R4C°Sﬁ))=‘

2 2 2
24 + S(PE)' + 12(33—*)

Q +9.’.‘2_2 &2
R, R, r; R, r

0 1,5 0
(sin45 + 1000845)) a
T =

|3

24‘~9,8-2(2sin60°—2-o,2cos60°—
2 2

18Y", |, (16 (12

24+8(24) +12 (24) (12)

=3,33 M/c.

IS

1

@) (3

[

™~

3.2. AUDEPEHLLIATIbHI PIBHSHHS
PYXY TBEPLOTO THIA

‘ 3asgannn 0-6
AOCCNAEHHSA NOCTYNAJLHOIO # OBEPTAJIbHOTI'O PYXIB
TBEPLAOIO TINA

MexaHiuHa cHcTEMa CKJIANAEThCs i3 TpOX Tin [/, 2 Ta 3, CXEMH SKUX
nokasaHo Ha puc 69, 6— 2, a HeoOXiaHi A1 PO3PaxXyHKY BEIMUMHHA HABEAEHO
B Tab. 40. Macamu mHypiB i naciB Ta IX KOB3aHHIM IO MKiBaX 3HEXTYBATH.

Y Bapianrax 4, 5, 20, 22, 25 norpi6HO BpaxyBaTi TEPTS KOB3aHHS (KO-
* edimienT Teprs f = 0,2), BBaXaOu#, MO HANPSMOK INHYpa Mapajie/bHAR
TUTODIVHI, B3JOBX $KOI KOB3a€ BiIIOBINHE TLIO.

Ilo xoneca /, mo o6epracThCs 3 KYTOBOI MIBHAKICTIO (g, MPUKJIAAECHO
momenT M, H: M. Ha oci X0XHOrOo KOJ1eca BUHIKAE MOMEHT Onopy M, uepes
CHJM TepTs, NPOmOpLiiHuMi Maci BiIIOBIAHOTO Kojeca (koedimi€nT mpo-
nopuiiisocri k = 0,03 M*/¢* fnst BCiX KOMC ONHAKOBMA).

VY 3aBpadHi DIPAWHATO TaKi MO3HAYECHHS: M, My, M3 — MACH KoJic /1, 2,
3; R., Ry, r;, R; — paniycu BEMMKHX i Mamux Kt Pz, — paniyc iHepmii
Ti1a 2 BiXHOCHO TOPH3OHTAJIBHOI OCi, IO IIPOXOXUTh YEPE3 LEHTP TXKIHHA
TiMa 2; O — KYT HaXWwiy IUIOMWHM, MO SKil KOB3ae TLIO.

' 3HaiiTi piBHAHHA 06EPTAIBHOIO PyXy Kojeca I, HATST WHYDiB i macis, -
a TAKOX 3yCH/UIS HA 00BOJAx KOJIC y BapiaHTax, A€ Li 3yCH/LId BUHHKAIOTh
B MOMEHT uacy ¢ = ;. ‘

Harar y BeAyuilt yacTuni HeckiHueHHOro maca (sapiantu 3, 8, 10, 16,

19, 21, 30) Bpsiui Giibmmit Bix HATATY y BEACHIA yactuHi (T = 2T%).
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Tabruus 40

Bapi- | ™1 l my , m3 R, , Ry I n , R ’PZx M o e | i
.ém‘ . XD . ™M ‘ H'Mm rpan 1 c
1 1100 {400 [ 300 [ 20 | 60 | 40 | - | 50 |800+407| - 1 5.
2 300|400 {200 25 | 30 { 10 | - | 20 |200+18¢%| - 2 3
3 1100|300 (250 | 12 | 20 | 14 | 18 | 15 | 60+3¢2 | - 3 2
4 | 400 {600 | 200 | 30 { 40 | 20 | - | 30 | 400467 | 60 | 2 5
5 ] 100 1500|200 30 | 60 | 30 | - | 40 | 360+4/2| 30 | 3 1
6 | 200 | 400 { 300 | 20 | 30 | 10 | 25 | 20 | 120+3¢% | - 2 3
7 [150 300|200 25 | 60 | - | 30 | 50 | 700+40¢ | - - 2 .2
8 | 400 [ 300 | 100 | 40 | 30 | 15 | 10 | 20 | 300+87 | - 3 2
9 (200 (300 |100] 20 | 20 | 15} 18 | 16 | 60+16¢ | - 1 4
10 | 400 | 600 | 200 | 40 | 50 | 36 | - | 40 | 300+6:% | - 1 3
11 | 100|500 | 150 | 15 | 30 | 20 | 10 | 24 | 50+12¢2| - 3 2
12 | 100 | 300 { 100 | 30 | 50 | 20 | 30 | 30 | 60+15¢ | - 1 4
13 | 400 [ 300 | 500 | 30 | 25 | 12 | 40 | 20 | 400+87 | - 3 5
14 | 300 | 600 | 400 | 30 | 50 | 20 | 40 | 40 | 280+4¢ | - 2.1 2
15 | 150 | 300 [ 200 | 20 | 30 | 10 | 25 | 22 | 8o+50f | - 2 | 4
16 | 200 | 360 | 200 | 40 | 60 | 20 | - | 50 | s0+10¢2]| - 4 2
17 | 500 {200 | 100 [ 50 | 20 | 10| - | 16 | 70+4¢ - 2 5
18 1200 {400 { 150 | 40 | 60 | 30 { - | 40 | 270+9¢2| - 4 3
19 | 500 | 300 | 100 | 80 { 50 | 40 | 30 | 45 | 450487 | - 5 4
20 (200 | 400 | 100 | 20 | 30 | 14 | - |20 |120+30¢] 45 | 2 3
21 | 200 {300 {100 ] 30 | 30 | 20 | 20 | 24 | 100+6:2 | - 5 1
22 [ 200 | 400 {200 | 30 | 40 | 20 | - | 30 | 160+4¢ | 45 | 3 2
23 | 100 { 600 | 200 | 20 | 50 | 25 | - | 36 | 400+5:2 | - 1 2
24 1300 | 400 | 200 | 400 | 60 | 40 | 30 | 50 | S0+4r | - 2 2
25 | 100 | 400 [ 200 | 20 | 40 | 20 | - | 30 |240+6:2|. 60 | 1 | 4
26 | 400 | 600 | 200 | 30 | 50 | 25 | - | 32 |160+40¢%| - 1 1-
27 | 400 | 400 [ 500 | 60 | 40 | 20 | 80 | 30 | 700+47 | - 3 2
28 | 100 | 500 | 400 | 20 | 50 | 40 | 45 | 44 |600+12:2| - 4 |5
29 | 800 {300 | 200 | 60 | 30 | 20 | - | 24 |320420¢] - [ 2 4
30 1300 300200 | 20 | 25 | 10 | - | 18 | 300+4¢2 ]| - 4 1

Ilpukaan 32. 3naitTu 3akoH ¢, (¢) obepraneroro pyxy Tina I (puc. 69),
HATST y MHYPi, IO 3’¢anye Tina 3 i 4, HATAT NAcoBOi nepenavi Ta aycuns
Ha o6Bonax konic / i 2 B Touni iX KOHTAaKTy B MOMEHT uacy f;.

Hano: m; = 100 xr; m, = 200 xr; m; = 300 Kr; m, = 150 kr; o = 30%
=02 R =30cM; R, =30cm; r,=15cM; Ry =30cM; r3 = 15 cM;
w=25cM;  py=24cm; M= (800 + 20f) H'm; & = 0,04 M*/ %

0=3¢"00=0;t=¢t,=4¢c. o= ‘
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Poas’s3an# s I[logimmmo Mexani3M Ha OKpeMi JIAHKM i npukiazne-
MO [I0 HUX YCi CH/IM, MO JiF0Th HA KOXHE TiIo (puc. 69, a).

Tino /[  ofepraeTecs  mix ~ Ai€l0 - NPAKJIANEHOIO  MOMEHTY
M= (800 + 20 t) H- ™M, npuyoMy upoMy 06€pTaHHIO NPOTHAIC MOMEHT OHO-
py My, = km, H-m. o Tma 1 npu-
KJIAZeHo: Uy TSXKIHHSA Pl, peaxuino

Xm, Y01 migmunmauka O;; CWIy Ha

obsoni S, HOPMAJIbHY peakiiio N.
Indepennianbue piBHsHuA 06€ep-
TaJBHOTO PyXy Tiia / Mae BUIMISN

Jo: % =M — My — SR, ().

Mo Tina 2 npuKIageHo; Cwiy

TSKiHHY Py; KONIOBE 3ycmmsx S"; HOp-
Puc. 69

- MaJbHy pPeaxuiio N' CKJIanoBi pe-
akuil mamumHuKiB X, Yoz, MOMCHT onopy My, = km; H-M; marar

HECKiHYEHHOI HaCOBOI ngpe;(am T i T‘
chmmmS - S N=-N (tomy S = §°, N = N"), mudepennianpae
piBHAHHS 00EPTAILHOTO pyxy Tina 2 mae BUrIAn
‘Joz 6[32 = S.fz + T‘Ro - TR2 - M02 ’ . 2

Ho Tina 3 npnmaaeno CWIY TSIXIHHA P3, MOMEHT onopy My; = kmiz; HaTAT
ACOBOI mepeaaui T’ T nia'rsn* nmypa S4, npuyomy 7" = T, T‘ =T\
=1
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Hucdepennjanpae piBHIHHA 00€PTaNBHOIO PYXy Tij1a 3 Mac BHIJISIA
JO3“‘.)3 T F3 — T.‘ r3 — S4R3 M03 , (3)

I[ncbepenmanbm pmHsIHst TIOCTYMAJIHOTO PyXy Tina 4 B npoexmslx Ha
oci koopauHar Ox; Ta Oy, 3 ypaxyBaHHIM TOTO, IO ne TLIO B3XOBX OCi
Oy, HE pyxaeTbcsd, HAOyBaIOTh BAIJISKY

my %, = Sy — Pysina — Fy

0=N,— P,cos Q.

Ockinbkn
F.=fNy=fP,cosq; "
‘S; = S41

MAaEMO .

myxy =S, — Pysino — f P, cos a. “4)
Honatoun no piBHaHp (1) — (4) KiHEMAaTHYHi CHiBBiAHOMIEHHS

O1R, = @y 1y;  OR = Gy 1y &)

PR, = (53 r5;  abo  GuR; = §; r3; ()]

O3R; = X4; O3R; = Xy, . ¢))

micraemo cucreMy piBHaHB (1) — (7), 1O CKAamy 9KOi BXONSTh HEBiHOMI

©1, @©2, @3, X, S, T (3rimgo 3 ymosow T = 2T") i S4, TOBTO Maemo
cim plBHSIHb i3 ciMoMa HeBiTOMHMMH.
3 ypaxyBaHHAM TOTO, IO

Jor = '%mlRf = é— ~100 - 0,3 = 4,5 KM%

Joz = my poy = 200 - 0,25% = 12,5 xr- M
Jos = my p3. = 300 - 0,24° = 17,28 xrm’;

i R 30 '

é, —-—‘cpl— 15<p1—2<p1,
..~ R

$s ="l(P2 ‘;’2% 26y

X4 = R; %3 =10,3 - 40, =120
242 ’



My = km; = 0,04 -.100 =4H-m

My, = km; = 0,04 - 200 = 8§ H-m;

My = km; = 0,04 - 300 = 12 H-M;

Pysina + fPycoso = Pysino + F, = m, g(sin a + f cos o) =
=150 - 9,8(sin 30° + 0,2 cos 30°) = 991 H,
pisHaHES (1) — (4) HaOyBaOTL BATMISXY
4.5¢,=M-4-0,3S8;
25¢,=0,158+03T1T" -0,3T~8;
69,126, =~ 0,157+ 0,157 - 0,3 S, - 12;
180 ¢, = S, — 991.

3Bincu v : '
S, = 1804, + 991; ®)
T = 201,6 §, + 412,4; 9
. 1104,8(.p.1 4+ 1397.2 (10)
| 3 3.
114,9 $, = 20t + 656,28. ' (1)

Iurerpyroun (11) msiui, micraemo
114,9 ¢, = 10£* + 656,28 + C,,
TaK Mo

5745(p, —3—t+32814t+C1t+C2

BuxopHCTOBYIOUM MOUATKOBI YMOBH ¢rq = 09 = 3¢™', @5 = 0, smaxo-
aumo C, = 344,7, C, = 0. Toni

¢; = 0,058 £ + 5,712 ¢* + 6¢.
Migcrasasoun (11) y 8)— (IO)F, micraeMo
Su = 62,64 + 3047,32; T = 70,161 + 2715,48;
S = 128,161 + 4207,08.
HOna MOMEHTY Yacy ¢ =, = 4 ¢-Maemo
~ 8,=3300H; T =2996 H; S = 4720 H.
16%9-500 : B 243



3asganna 4-7
BOCHIAXXEHHSE NNOCKOro pyxy TBEPAOIO TINA

BusHaunTu crani com Fl Ta F2, TiJ €I SIKMX JUCK MACOIO M KOTUTHCS
IO NOXWiiit TIomuHi 6e3 MpoKOB3yBaHHA.,
3HAUTH TAKOX PIBHAHHS DYXY LIEHTpa Mac mcKa C KO B TI0OYATKOBHI
MOMEHT 4acy HOro KoOpAuHaTa xg, = 0 i memaxicTs Xco = 0.
Cxemu BapiaHTiB noxasaso Ha puc. 70, 6 — 2, a H605X1I(Hl I po3pa-
XYHKY BEJIMYMHY HAaBEXEHO B Tabur. 41.
: © Tabnuya 41

Bapi- | m A | B R | r | »pc a | B Ja -
aHT KT H cM ‘ rpag cM
1 200 |0,2P {0,1P 80 50 60 30 60 0,30 0,8
180 {0,1P 0 60 " 40 50 45 60 0,20 1,5
240 | 0,3P |{0,2P 50 25 35 30 {45 0,15 0
300 |0,2P |o0,1P 60 30 40 30 | 60 0,18 0

2
3
4
5 160 | 0,4P |0,3P 70 40 54 30 75 0,25 0,6
6
7
8

100 | 0,5P .| 0,2P 40 | 20 ) 30 45 0 0,20 0,4
250 0 0,4P 50 30 36 0 60 040 | -0
120 | 0,3P |0,1P 60 30 45 30 0 0,12 1,0
9 320 |0,2P 0 80 40 60 30 45 0,15 0,5
10 140 0 0,2P 40 | 30 .36 45 0 0,10 0,7
11 200 [0,4P |0,2P 50 25 42 0 30 0,35 0
12 220 {0,5P 0 30 20 24 60 45 0,24 2,0
13 160 {0,3P |0,2P 60 40 50 | 30 45 0,16 1,2
14 240 {1 0,2P | 0,2P 70 50 60 45 30 0,30 0,8
15 180 |0,2P |0,1P 40 20 30 30 0 0,22 0
16 160 | 0,3P |0,4P 50 30 40 30 60 0,40 0,6
17 200 0 0,3P 30 25 26 - 0 30 0,28 0.4
18 260 |0,4P 0 60 30 50 45 30 0,20 1,4
19 240 (0,1P |0,2P 80 60 70 0 45 0,18 0,5
20 120 | 0,4P |0O,1P 20 15 | 18 30 30 0,10 0’

21 300 |0,3P |0,2P 50 — | = 30 45 | 0,12 | 3,0
22 280 |0,2P |0,2P 40 - 1 = 45 0 0,40 | 2,5
23 240 |0,5P |o0,2P 60 - 1 = 60 0 0,30.] 1,8
24 200 0 |04P 30 — — 30 60 | 025 | 0
25 160 0,42 |0,1P 20 - — 60 | 9 | 020 | 08
26 220 |0,4P |0,2P 80 — - 45 9 | 0,18 | 0,6
27 |-180 |0,5P |0,0P | 40 — — | 30 o | 016 | 05
28 100 {0,2P |0,1P 30 — — 45 45 | 0,30 0
29 120 {0,4P | 0,1P 20 [ — - 0 45 ] 0,40 | 04
30 200 0 |0,4P 60 — — 30 90 | 0,28 | 0,3
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Y 3aBnaHBi NPMAHATO TAKi NO3HAYEHHS: P — paniyc imepmii mmcka
BiIHOCHO IEHTpasIbHOL oci, nepnen,zmxymxpnm mo ioro ruomusu; R, r —
panmiycu Gitbmoro i Memmoro kix; f— xoedinicHT KOB3aHHS; § — Ko-
edinienr Tepra kouenns. Tina, st SKMX pamiycH iHepuii He BKasaHo, BBa-
XaTH CYIUIBHAMH OHOPIIHAMH JUCKAMH. »

IIpuknan 33. Hawo: m = 100Kr, R=08m r=02M; F = 0,4 P;
F,=02P;p.=0,6m a=30"8=45 7=02;5=10,02m.

BI/ISH&‘IHTPI P, xc (2).

Pozs’sa3anusq Ha AWCK (pnc 70) nirors Tam cwm G(G mg)y —

CUIA TIXIHHS; AKTHBHI CHIH F, Ta’ Fg, cuna repra F; N — HOpMAaJIbHa
peaxuisi MOXWJI0i MOBEPXHi; MOMEHT TepTs KoueHHs (M, = 8 N). Yci nassani
CHJIY ITOKAa33Ho Ha puc. 70, a.

'ﬁ'i'\N

Puc. 70 . Puc. 70,a

Hnbepenuianbui piBHIHHS TUTOCKOTO PyXy AMCKA MAIOTh BPII‘JISIJJ;‘ .
-
mic =Y Fo; mye =2 Fi; Jo§ =2 M. (FY), M

abo
mXc = F, cosp + F,cosp + F,.— Gsina;

myc = F, sin — F,.sinf — Gcosa + N; V)

i

Jcip. F|R+F2r+MK—F,r.

Ilo macbepentiambrux pisssas (2) TpHERHYEMO PiBHSIHES B’s3eit
‘ | ' Yo =r=const; ¢ = xc/r.
Tomy ™ .
Yo=0; & =Xc/r. : A3

Hincrasaaroun (3) y (2), micraemo
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Puc. 70,6




R

uty

G ¢
-9}
(€

—l—“.. .
S e = s
5 [

W \A‘) - Al

£\ (D) ey
A =X %
EX /
= 2 2 = 2

c. 70,6



2

22

25

27

29

Puc. 70,2




mxc = (F, + F)cos B+ F, — Gsino;

0=(F,—F2)sinB—‘Gcosa+N; @

mpc —F1R+F2r+M E.r.

Ha mincrasi z(pymro piBHSHHS cHcTeMH (4) Hopmanbaa peakuist noxmmoi
TUIOIIVIHA

N = mgcos(x 0,2Psinf. k (&)

SIKmo BpaxyBaTth 3HaueHHs F, = 0,4 P, F, = 0,2 P ta HOpMabHY pe-
aknjiro N srigso 3 (5), To Ha migcrasi (4) MaTHMEMO

mxc = 0,6 Pcos B + F, — mgsin o;

. A6)
\mpz%c- = 0,2 P(Z—IrS + 1) + g(mgcos o~ 0,2PsinB) - F, }

IopinuBmm nepme pisHgHHS cucremn (6) Ha Ipyre, RicTaHeMo

o 0,6 cos B + F, — mgsina N
pe 0,2 P(1 + 2R/r) + 8/r(mg cos o — OZPsmB)

chm psny nepersopens i3 (7) 3HAXomuMo

' 1+2R/r-§sxn[3 3’:2ccos[3

FT=O,2 1+pc/r2 P+
- pi/A sina+ 3 cosa
+mg T3 =aP+ bmg ®
. 1+ pe/r S
BukopucroByioun BuximHi gaui, Maemo
1+ 2R/r——smB 3p2 cos B
= 0,2 — =
4 1+ pi/¥
) .
1+208/021 - g’—g—%sin 45° - 3 . 8’32 cos 45° |
= 0’2; 1+0,6%/0,2 == 0,20
F:2‘3s1noa+fico'soc 0—’2—2-%+——0’022 5
b= =  0.6/07 = 0,159.

1+ pi/r 1
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Orxe, cAna Teprs

F.= —0202P+0,159 - 100 - 9,8 = — 0,202 P + 156.  (9)

I‘pa(pnc 3anexHocTi (9) mokasaHo Ha pnc 70,0. I'pagix meperuHae Ble
P B Touni P, = 772 H.

Fr.xH '} ‘ _‘
0472, . !
NN
DY

0’1 P‘ 0 ‘ 2 P,KH

Puc. 70,0

IMpu 0 < P < Py maemo F, = 0, ToOTo cusia Tepra cnps:MOBaHa B HANIpIM-
Ky BONATHUX 3HAUYCHb P.

Ilpu P > P, maemo F, <0, To0TO cuia Tepra CIIpSIMOBaHa B NPOTHJIEXK-

gmii 6ik. Moaynp wiei cunm, akuil 3abesneuye KOUEHHS JICKA 6e3 mpokos-
3yBaHHS, MiIISATa€ TAKOMY OOMEXEHHIO:

Il SN/,
npayomy N > 0 .
I'paniyHe 3HAUCHHS MOAYJI CHIA TEPTS arigso 3 (5)
/

|F1*=Nf=(mgcoso — 0,2Psinﬁ)f=

= (100 - 9,8V3/2-02PV2) - 0,2=-0,028P + 170. (10

Ha puc. 70,0 zo6paxeno rpadiuny sanexsicts cumm | Fl Big P, sxa
" Mmae BuMign JaMaHol i, Tam xe mposeaeno npamy (10). Boxa neperunae
rapdik | F,| B Toukax A Ta B 3 abcuucamn Py i P,. " ‘ _
O6aacTio 3HaYeHb cHaM P, mij Ji€I0 AKUX AMCK KOTUThCS Oe3 npoxosay-
BaHHs, € obysacte |F,l S Nf,ge P, < P =< P,
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FpaHntml 3HAUECHHS CIIK P 3HAaXOOUMO, BPIKOpHCTOByIOqK €9) ta (10,
3 Taxkoi yMOBH:

F,=1F| - F=1F|
-02P+156=-0,028P+170; 0,2P — 156 = — 0,028 P + 170;
- 0,2 P + 0,028 P = 170 — 156; 0,202 P + 0,028 P = 156 + 170;

- 0,174 P = 14; 0,23 P = 326;
P, = —80,5H = - 0,08 xH; P, = 1417H = 1,417 H.

Axmo Buxsounty i3 (6) cuny Tepra F,, T0 gicTaHEMO zm(bepenmanbne
PiBHAHHS PYXy UEHTpa HHMCKa

_ (B3cosB+2R/r+1—&sinp/r) - 02P
¢ (1+p2/PYm

_ g(sina -~ 3 cos a/r) ' (ll)v
(1 + p2/r*) m

BukopucroByiouu 3apani BE/IMUMHH, 3HAXONMMO

(3V2/72+2- 08/02+1—-002\/_/02/2) 02P

¥ = (1 + 0,6%/0,2%) -
9.8(0,5-0,02 \/5/0,2/2)
(1+0,6°70,2-100 °
a6o ' _
% = (2,21 P - 4,05) - 107 m/c2. (12
I‘pa(bilmy sanexuictb (12) nokasaHo Ha puc. 70,e; X =0 npu
= 1,8 H.Ilpu P = P, = — 80,5 H npuckopenns neHTpa Mac C CTAHOBUTD

xc=—0182M/c anpu P=P,=1417TH X, ='3,13 m/c%.

IHTerpyroqn (12) ABiui TAa BPAaXOBYIOUM HOYATKOBi yMOBHM (IIpH t=0
MaeMo xc = xc = 0), micraemo

xe = (1,105 P — 2,025) - 107 > m. 13

Ananisyrour (13), MoxHa 3po6mn BHCHOBOK, INO 3ane>1qqo Big Moxynd
cuM P 3HaUEHHT X MOXe Oyt Bim’eMHuMM a6o RopaTHUM, T06T0 muck 6yne
KOTHTHCS BHH3 UM BIOPY IO MOXMIiH MyIomuHi.
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3,13m/c?

i’.‘t"‘/‘:'l !

0 e e | l’?o L ; R R B
-0,482 02 04 08 08 10 1 '1,4"2 P,kH
Puc. 70,
3aeganus -8

3ACTOCYBAHHS CMPOLLEHOT TEOPIT FNPOCKOINA NPU
PO3B'I3YBAHHI 3AfAY

Tino I macow m obepracTbCs HABKOJIO OCi cuMmerpii Oz, 3 KYyTOBOKO
IBUAKICTIO ® i KOTHThCH 6€3 TEpTS 10 MOBEPXHI HEPYXOMOTO Tijia 2 3 Ky-
TOBOKO MIBHAKICTIO ©,. Oci cumeTpii Oz, Ta Oz Tin 1 i 2 nepeTUHAIOTHCS B
Touni O.

BusHauutn mpocxomtmuﬂ MOMEHT, a TaKOX anome}msx JUHAMIYHOL
peaxiii X0 CTaTUyHOI Tina 2.

Bice Oz, — seBaroma. BapianTn 3aBmaHp noxasaHo Ha puc. 71, 6—3,
HeoOXinHi /1t pO3paxyHKy BeJIMUMHM HaBeneHo B Tabm. 42.

Tabnuys 42
i @ W ' r l R l l a B
Bapianr | m,r o -
- - . ! [+ . . M rpan
1 100 — 10 0,5 0,8 — 90 | —
2 80 — 12 — 06 | 08 — —
3 60 12 - — 1,0 | — 60 60
4 150 — 14 — — 1,0 30 30
5 9 | 8 — 0,4 0,6 1,2 60 120
6 70 16 — 1 06 — 0,4 45 45 -
7 120 — 15 0,8 — ‘1,6 45 —
8 90 14 .| — — 1,2 — 45 | 60
9 130 10 — — —_ 1,4 60 —
10 100 — 8 - 0,9 — 45 30
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3axinuenna mabn. 42

© Wy r R I a B

Bapianr m,xr

-1 M rpaz(

11 160 — 10 0,4 0,8 — 60 —
12 180 8 — — — 0,6 30 60
" 13 40 18 — - 0,7 — 45 —
14 " 60 — 8 — 0,4 — - 30 30
15 50 20 — — 0,5 0,8 45 —
16 120 — 6 - — 0,4 — — 45
17 40 12 — — 0,6 —_ 60 —
18 80 10 — — 0,8 — 30 —
19 70 — 12 — 1,0 —_ 120 30
20 150 — 15 —_ — 1,0 45 30
21 80 — 18 — — 1,2 60 —
22 110 12 — — 1,2 — 30 30
23 100 10 —_ — 0,5 - 45 —
24 90 16 —_ — — 0,8 45 60
© 25 140 14 — — 0,6 — 45 —
26 130 — 16 0,6 1,0 —_ — 45
27 100 — - 10 - - 1,0 30 -
28 80 18 — — 0,2 — 30 30
29 70 —_ 14 — 0,8 — 45 60
30 60 —_ 12 —_ 0,9 - 45 60

IMocninoBHICTs BMKOHAHHS 3aBAAHHS TAKA:

1) mapucyBatu cxemy posramysasHs Tix i 2;
2) mokasaTW Ha cxemi BCi CHUIH, SKi RiFOTH HA TijO 1;
3) BU3HAUMTH CTATHUHY PEAKIIO Ry, TiiA 2 HA TiIO 1;

4) migpaxysatu HeoGXixHi mis NOAANBIINX OOUYKMCIIEHD KYTOBi IBHAKOCTI;
5) OGUHCTUTY BiTHOIIEHHS HMHAMIUHOL Ppeakuii 1o craTuuHO Tija 2 Ha Tio /]

6) BU3HAUMTH TipOCKOMIYHMIE MOMEHT. »
Ilpuknan 34. [Ins cxeMH pO3TAIIyBaHHS ABOX TiJ (puc. 71) aapmamo:
m=40xr; rn=04m r2=12m; 1 =0,8M 0;=10c""

s

.

Poss’aszannal. Pospaxym(ogy cxemy 3o6paxeHo Ha puc. 71, a.
2. Ha spizanwmii konyc / gitoTs cunn: R, — peakuiga HepyxoMoro cepuy-
-> ’ .

-
HOro mapHipa O; P — CUIA TSXIHHS; R, — peaxiis KOHyca 2.

3. Cratuumy peaxuiio Tizia 2 BU3HAYAEMO HA IACTABi PIBHSHHS MOMEHTIE
HiOUAX CHJI HABKOJIO TOUukH O, a came:

Mo = Ry OB — P - OC = 0.

D

-
Ilxeue OB nna cum Ry, (puc. 72) 3HaXOAMMO, BUXOASYH 3 TAKOi 3a-

JIEXHOCTI:
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O.,§

Puc. 71 Puc. 71,a

1 .
R... OB = '2-((]1 +@)(—1) OB=
g ) ,
=3'02l§"—3'41 l?: - . @
pi (S

2VA+ 4. €)
2 .

N -
©=ags b=Vri+n; =
Iipcrasasioun (3) B (2), micracmo _ _
OB = s+ rr+ Wi+ _
- 3ryrs + r3) -
21,22+ 1,208 +0,8) V0,4 + 1,7
a , 3-1,2(1,2+0,8)

ITneye OC popiBHIOE BiACTaHi LEHTPA TSAXIHHS 3Pi3aHOTO Konyca I Bix
Toukd O (puc. 73) i BU3BHAYACTHCA HA MiACTABI TAKOIO CHiBBIIHOMICHHS:

(Vz_Vl)'Oc=V2'%rz’Vl'%"3, (1‘1)

= 1,068 m.

a ob’emm V> i Vi BigmoBiZHO CTAHOBAATD

V2=%7"'%"2; )
1 nAA | Q)
VI—B-'T"3.
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¥

0 s
' Rewwr ' ' Reif3
h O G iGC
Z N 1 [ des
y B k i f2
g il TN
.Puc. 72 | ) ' Puc. 73
I'Iiuc*rasmnoun 5, 6) y (4), smaxomumo
2 2
oc=3G+rB)(m+r) 3012 +08)(12+08) - 1,026 n

4(r2+r2r3+r2) 4(122+12 08+08)

Ha mincrasi (1) craTmysa peakuis

P-OC mg-0OC 40 9,8 1,026 _
OB =~ OB 1,068 =377 H.
4. Pyx Tina 1 CKJIATHMHA i CKJIANAETHCS 3 BOX- pyxiB, a came: 06epTam>~

HOTO (IIEPEHOCHOr0) HaBKo10 oci Oz Ta BiTHOCHOTO (oﬁep'ra.nbnoro) HABKOJIO
oci Oz, 3 KYTOBOIO IIBHAKICTIO ®;.

MutreBa Bich 06epranna npoxoauTs uepes Touku O i B (qus. puc. 71, a).

3a npanpmom AonaBaHHS 06epTaHb HABKOIO ABOX OCEH MOXXHA 3aTMCATH,
mo8 =0+ 0.

' Ha migcrasi puc. 71, a

Ry =

W _ ry
&
abo
.12 _ -1
—(Dlrl—lo 0,4'—30C

Cxemy nas BM3HAYCHHS LIEHTPA TAXIHHA TiNia / 306paxeHo Ha puc. 73. '
- 5. Ha nincrasi copomesoi Teopii ripockona BEKTOD MOMEHTY KiTBKOCTi

yxy lo Tiia / CIpSIMOBAaHMIA B3MOBX BEKTOPA KyTOBOI MBUAKOCTI 0. Kineny

BEKTOpa lo (mms. puc. 71, a) mix yac Kouenus Tina / no NOBEPXHi TiNa 2 3
KYTOBOIO IUBHAKICTIO © PyXacThCs MO KOy pajiycoM L, i3 MIBMAKICTIO Z,
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BEKTOP Kol nepnemmxymlpnnn IO BEKTOpa Lo i srimHO 3 mpaB®IOM Peaansl

nopnamoe TOJIOBHOMY MOMEHTY Mo Hesplnnonaxennx 30BHIIIHIX cu.
Monyas

M0=ué—-l4,0)=le'mlm

IpuyoMy
. rr 5
_{hrs
J =~i}nRs_rs=—3—-”«lr3 2 =
TR -4 10 . (nr 3
r 5
3 2 1 - (r3/r2) 2 1- (O 8/1 2)5 2
= = —tt 4 .—.__— . .
0" T = (r/m) 10 4004 T 01,7 T 3
Kpim Toro, MmomMenT M, MOXHa BU3HAYUTH 33 (HPOPMYJIO0
' My = Ry OB,

3BiIKM NMHAMIYHA peaKIlis

M, _J4 00 _3-30-10

Rem=0B="0B ~ 1068 ~ S¥H
BignomenHsa auHaMiuBOl peakuii mo CTaquHoi' Tina 2
_ Ry _ 843 _
n= R. 377" 2,24,

6. I‘lpocxomqmm MOMEHT
My, =M, =J, 0 0, =900 H-m.
CyMapha peaxuis Tijna 2
R = R + Ry = 1220 H.
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3.3. AHANITHUYHA MEXAHIKA

3aBganns -9

3ACTOCYBAHHS MPHUHLIMIMTY MOXKITMBUX MEPEMILLLEHD IPY

PO3B'93YBAHHI 3AAAY HA PIBHOBATY CMJI, NPMKNALEHMX JJ.O
CUCTEMM 3 O4HWUM CTYNEHEM BINIbHOCTI

CxeMu MexaHi3MiB PO3MIIIEHO B FrOPM30OHTAJIbHIN IUTOWUHI i Xi€K0 npn-
KJIaAeHUuX CHA, piBHOBAra .9KMX BU3HAYAEThCA KyTtamu O, fB,7,0, ¢
(puc. 74, 6 — 2). Jlosxunu crepxHiB I, 2, 3, 4 BixnoBigHO ,I(OpiBHIOK)Tb
li, 1, I3 ta 1, (tabn. 43). Touka E 3HAXOmUTHCH NOCEpEeAHi BiANOBiAHOTO
crepxHs. [IoBayH B BTPUMYETECS Py KHHOIO.

Tabnuu, 43
Bapi- ‘ I2 I I3 I Iy a l B I Y I o l 9 F 1 By | My | My
anr M rpan H H'm
1 04|12 |1,4108 | 90 |120] 90 | 60 | 90 | 100 | 80 - -
2 0408 |06 |04 30 |120]| 30 [ 60 0 | 120 | 150 - -
3 051{10 104|031 30 | 150|120 | 60 0 80 | 50 - -
4 0210510806 | 9 | 150|120 30 | 90 [ 200 | 80 - -
5 031060604} 60 | 150|120 | 30 { 90 | 150 | 100 - -
[ 041{14]08]05] 0 120 (120 | 60 0 100 { 80 - -
7 05(1,211,0[03| 60| 60| 60 |120] 90 | 160 | 100 - -
8 0,208 (12103 0 150 | 30 | 60 0 | 180 | 100 - -
9 1061|0606 704 ]| 30 |120]120]( 60 0 | 150 | 240 - -
10 |05(07[1,2105] 0 (60 | 30 [120f O | 2001120 - -
1 {1,005 ] 0,5 - 60 | 150 [ 120 | 30 | 90 | 90 - 140 | -
12 | 0,4 10,6 | 1,0 | 1,0.| 45 | 135|120} 60 | 45 - - 100 | 150
13 106 08|08 - 60 | 60 | 60 | 120 ] 90 | 90 | 150 - -
14 |04 (06| 1,008 30 |120[1501] 60 | 0 - - 200 | 320
15 10,510 1,005 9 | 120|120 60 | 90 - - 100 | 280
16 10308067 - 90 | 120 | 90 | 60 { 90 | 100 | 140 - -
17 (0404|0505 0 60 | 30 | 120} O - - 120 | 180
18 11,0{06|04}06 ]| O 135 90 | 45 0 - - 180 | 300
19 105]071(081] 0,4 0 120 | 30 | 60 0 - - 240 | 280
20 104 (1,411,006 | 30 {150 ]| 30 { 60 0 - - 200 | 320
21 10,5106} 1,0([05] 0 45 | 45 | 120 0 | 120} - 100 | -
22 1030510803190 [120]120] 30 |60 |150] - 160 | -
23 {08104 ]06 04| 30 | 150120 60 0 50 - 200 | -
24 [04 1120502 0 1351 45 | 60 | O - - 240 | 120
25 10,511,005 10,6 0 120 | 120 | 60 0 60 - 120 -
26 0,5]1051]05]|09,5 45 135 | 90 60 45 | 100 - 100 -
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3axinuenns mabn. 43

Bapi- | {1 I 2 I I3 | iy a | B I Y l ) I 9 o} R | M| My
anr . M ‘ rpan H Hwm
27 10,4108 08|04 30 |120] 30 60 | 0 150 - 180 -
28 0,‘6 14106} 08 60 { 150 | 120 | 30 90 | 120 - 240 -
29 103106 |06 1071 301|150 (120 60 0 200 - 150 -
30 (0,4 1,0 ] 1,0 0,\6 45 45 45 | 135 [ 60 150 1 - 120 -

¥ Bapianrax I — 10, 13, 16 Ha MexaHiaMm Ail0Th CHTA F‘, i ;")2; y BapianTax
12, 14, 15, 17 — 20 mexanism 3a3Hac il napu CwiI, MOMEHTH SKHX M, Ta
'M,; y Bapianrax 11, 21 — 23, 25 — 30 na MexaHisM AilOTh ONHA CHJIA &
OllHA IIapa CHUJ i3 BiATIOBIIHMM MOMEHTOM.

Busznauutn Momysb cwid, 3 KO NOPYXWHA BTPUMYE IOB3YH B Iipu
piBHOBA3i, @ TAKOX YCTAHOBMTH PO3TSATHYTO UM CTHCHYTO HPYXHUHY.

TIpuknan 35. [lxs MexaHisMy, CXeMy SIKOTO [TOKa3aHo Ha puc. 74, 3a)1aHo
F, = 400 H; M, = 800H- M,a—45" B =90% vy =30"; 6 = 60" (p—60
l,=0,6m; [, =0,4m, :

anﬂatmm MOJyJTb TIPYKHOI CHJIH, SIKa BTPUMYE TIOB3yH B IIpH piBHOBA3i CHIL.

Poss’4a 3 a H H 9. Ha puc. 74, a 306paxeH0 MEXaHi3M, Ha SKHi IIlIOTb '

aKTHBHA CHJa F,, mapa CwiI i3 MOMEHTOM M, i peakuia mpyXuHH an- Ha

PMCYHKY TOKa3aHO TAKOX BiAMOBimHi Moxmnm NEpeMiMmeHHs JIAHOK Me-
XaHismy.

anopuc'rosyemo MPABHJIO oﬁtmc.neﬂﬂsl p061T CHJI HAa MOXJHMBHX IIe-
peMimeHHIX

-> -> ‘ )
z F,- 8r=0. 30
i

Puc. 74 . Puc. 74,a
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Puc. 74,2



Hins posrnapysanoro npuxsany pisHicTe (1) Mae BHrISn
' FlsrA cos (900 - a-) + MIS(P4 - ansrB = 0- (2)

Ha miacraegi puc. 74, a MOXHA 3aIUCATH TAKE CIIBBiXHOMEHHY MiX MOX-
JIMBMMH NEPEMIMICHHIMY MEXaHi3My:

8rp cos (180" — (o + @) ) = 8r, (B = 90%). 3
Ockinbku Touka E mopinge xpusommn O; A Ha ABi OAHAKOBi YaCTHMHH,

er = ;—8"‘4. (4)

3 inmoro 6oky,

Srg = % 10,41 8¢, = %l; 5¢;. ®

Crepxenp 3 3pilicHIOE miockuit pyx, To6To 06EpraeTbcs HABKOJIO
MHTTEBOIO LeHTpa P;, a ToMy

8rs = EP,30,. - (6)
AHanoriuHo nepeMimenns Touxu D o
3rp = DP33¢;,, : an
abo | _
drp = 0,.Dd¢, = 1,80,. ' . ®
3acrocoByoun "reopemy CHHYCIiB 19 TpuKyTHUKA DEP;, mictacMo
EP; _ sin (180° - 6) , ‘_(9) '
Dp, sin y )

Ha mincrasi (6) — (8) Bu3HauaeMo MOXIUBHMH KyT NOBOPOTY CTEPXHS
4, TobTo

_I_SinYSTA ) ) ) \’ 10
304 =5 sind I, ao..

incrasasioun (3), (10) y piBHiCTb (2), 3HaxomUMO v

g ; 1 siny 3r, O 11
‘FlSrAsm<x+M, 2 sn6 L +F“Pcos(a+<p) 0, db

abo, ockineku 5ry # 0,

1 siny 1 R | _
Fisina+ oM grg ly F“"cos(oc+<p)-—0’
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3BiIKH MOXYJIb CHJM, SKa BTPHMYE MOB3YH B,

1 siny 1. 12
Fpp = — (F, sina + 5 FM 5 14) cos(a + o). 12)
ITincTaBagoun 3HAYEHHS Fl, M, a, v, 0, ¢ B piBHicTh (12), micraemo
sin30° 1
: = - + - 1 = 223 H.
F, (400 cos 45° - 800 Sin 60° 0’4) cos 105° 3H

. _ 3aepanns Q1-10 ‘
3ACTOCYBAHHS MPHUHLIMMTY MOXNUBHX NEPEMILLLEHb NMPH
BU3HAYEHHI PEAKLIM CKNAAHO! KOHCTPYKLLI]

CXCMH KOHCTPYKIiif IOKa3aHO Ha pHC. 75, ¢ — n, a HeoOxinwmi Ja pos-
PaxyHKY BEeJIMYMHH HABENEHO B Tabn. 44, Posmpn HAa PHCYHKAaX BKA3aHO B
METpax.

- \ Tabnuys 44
Bapi- Pl, Py M q o3 Bapi- Py Py M q o

anr xH xkH'm | xH/M | rpan e xH xH'm | kH/mM | rpan
1 10 12 6 4 — 16 | 12 18 28 2 60
2 8 16 30 2 60 17 10 18 24 3 60
3 14 18 24 3 60 18 14 8 26 2 45
4 12 16 t 30 4 90 19 8 6 22 4 30
5] 9 12 20 4 45 . 20 16 8 18 2 45
-6 18 12 |10 S 30 21 20 12 20 3 30
7 12 8 16 2 60 22 18 20 36 5 30
8 6 9 24 4 45 23 10 6 | 8 2 60
9 16 10 18 4 30 24 12 o= 20 -4 45
10 14 10 22 2 45 25 | 6 10 25 5 45
11 6 18 36 3 30 26 14 8 30 5 60
12 15 9 40 4 60 27 2 6 8 2 30
13 10 16 32 3 45 28 8 8 12 2 45
14 8 12 22 2 60 29 9 12 20 6 45
15 6 ) 18 30 5 —_ 30 12 6 18 2 | 30

- Ilpuknan 36. )1115[ KoncrpyKn;i'i cxeMy sikoi 306paxeno Ha puc. 75, 3a-
IaHO:
Pl =12xH; P, =24xH; M=18xH; ¢=2xH/m.
annaqnm peaxuii ormop KOHCTDYKI.
Po3B’ 93aHH s 3aMiHIOEMO PiIBHOMIDHO PO3NOALICHE HABAHTAXEH-
HS ¢ 30CEPEIKYBAJIbHAMH CHJIAMHA

Q=0:=¢-3=2-3=6 xH.
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Ha puc. 75, a noxazano MOXAMBi. : : : @ . E

NEepeMileHHsS] KOHCTPYKIIT st BH- . M -
NagKy, KOJM BHM3HAYAETBHCH TOPH- . 45y 075
30HTAJPHA CKJIAHOBA peakuii Ha C
Omopi A npu ii TOPU30HTAILHOMY ITe- (l ca
- -
peMimenHi 8. L 3 e 3
3a npaBwiOM pO3paxyHKy pobiT \ B > O
H3a MOXUIMBHUX NMEPEMIILICHHAX . K ‘ é B
. : 3 > Z hAat -
2 F i 81‘ T = 0 (1) 0 P
en _> 2
AJId BU3HAYCHHS peakuil X, 3anu- Puc. 75

CYEMO DpiBHSHHS

X,8x, + P, cos 45° - 3,75 8¢, + P, cos 45° - 0,75 3¢, +
+M8(p|+Q] * 158(02+Q2'458@2+P2COS60038(’)220 (2) ’

Haskosio Touxu (omopu) B OXHOYACHO oGep'rafoTbcsI tina 1 i 2; romy
MOXJ/IMBE MEpPEMIlCHHS

src ='BC 8([!1 = BC&pz,
3BiAKH
3¢, = 39¢,. 3

Puc. 75, © Puc. 756

Iligcrasasroun (3) B (2) i ypaxosyroun, mo 8x, = 3 8¢,, AicTacMo
'—=X,-38¢, + 4,5 P, cos 45" 3¢, +

+ Mdg, +6 Q, 3¢, + 3 P, cos 60° 8¢, = 0.
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lopusonranbaa ckaafgoBa peaxiii Ha omopi A

45 12cos45° + 18 + 6:6'+ 3-24 cos 60 °
3

N e¢ . A
[Io6 BM3HAUMTH BEpPTHKAJIbHY CKJIAOBY Y, HA Omopi A, HamaMo mii

XAZ

= 42,7 kH.

-
OMopi BEPTHKAJBHOIO nepeMimeHHd d8y,. Puc. 75,6 mokasye, mio Touka C €
MHTTEBHM IEHTPOM 00epranus Tina / (Tifo 2 He mepeMimacThCs).

© Otxe,

— Y48y, + P, cos 45° - 2,25 8¢; — P, cos 45° - 0,75 8¢; — M 8¢; = 0.

Ockinpkn
8ys =3 893,
MaeEMO
. 1,5P,cos45° — M
3

. ->

. Puc. 76, a nac 3Mory BU3HAUNTH rOPA3OHTAIBHY CKJIAA0OBY Xz HA OMOpi
B, npuuomy Ha UbOMY CaMOMy DHCYHKY NOKAa3aHO TAaKOX MOXJIMBi Ie-
PEMIIEHHS KOHCTPYKUII NpPH Hif BiZMOBIMHMX CHUI.

YA =

=0,5P,cos45° -6 =— 1,77 xH.

Puc. 76,a o Puc. 76,6

Oaa BH3HAYCHHS PEaKILii }B 3anncyeM0 piBHslﬁHn
-~ Xz 380;— Q" 1,550, +
+ 0" 4,580, + M, B9} + P, cos 45" - 0,75 59} +
+ P, cos 45° - 0,75 59} + P, cos 60°3 5o, +P2cos30 38¢;=0,

OCKUIBKM nepemimeHHs toukn C

8r¢ = 350) = 3 5¢5.
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Touka (omopa) A € METTCBEM LeHTpoM ofeprands Tin 1 i 2. Topuson-
TajJbHA CKJAAOBA peakiii Ha onopi B

30 +M+ 1,5Plcos45°+3P2cos60°+3P2cos3O°__

=6+6+3\/§+12+12\/§=49KH.

Ha puc. 76,6 mokasano nepeMinieHHS KOHCTPYKMIi [ BANAZKY, KOJIH
onopi B HajaHO nepeMimieHHsS y BEPTHUKAJAbHOMY Hanpsmky. Ha mipcrasi
puc. 76,6 MOXHA CTBEDIXYBATH, IO MUTTCEMH LEeHTp obeprauus Tina 2.
3HAXOIUTHCS HA HECKiHYEHHOCTI, TOOTO BCi TOUKM Tijia 2 3a3HAIOTH OOHAKO-
BOTO NEpeMilmeHHS,

106 Bu3HaumTH Y3z, CKAAAAEMO CyMy poOiT, T06’I‘0

XB‘ =

P, cos 45° -'0,75 8@, + P, cos 45° - 0,75 85, + M 3G, +

+Q2'386l+P2COS60°'3861_ YB'38$1=0-
3sigcu

4,5 P cos45° + M + 30Q, + 3 P,cos 60°

Y= 3

=6cos45° + 6 + 6 + 12 = 28, 23 xH.

Puc. 76,6 BUKOPHUCTOBYEMO ISl NEPEBiPKHM MPABUJIBHOCTI BU3HAUEHHS
peaxuiil, Aig 4YOro CKJAAAAEMO TPY PiBHSHHS DPIiBHOBArM CHJI y CTaTHIi, a
caMme:

EF,,:XA.— Xz + Pycos 30° — Q, — P, cos 45° = 0,

M P
4 e
C A% 45°NA Xa
A
| 30° B T,
E ‘3 X
Puc. 76,6
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abo |
42,749 + 12V3 — 6 ~ 6 V2 = 63,46 — 63,46 = 0;

2F,= Y, + YB—P,cos45°—P2cos6O°—Q2=0,

" abo , ,
- 1,77 + 28,23 - 6 V2 -12-6= 28,23 — 28,23 = 0;
ZMA =M+ Pycos45° - 0,75+ P, cos45° - 0,75~ Q, - 1,5 +

+ 4,50, + P,cos 30° - 3+ P,cos60° - 3 — X, 3 =0,
abo

18+1,5-6V2 +18+3-12V3 +3-12-3-49= (47— 147=0.

3&mamm a-11

3ACTOCYBAHHS NPHMHUMNY [ ANAMBEPA
NMPU PO3B'A3YBAHHI 3A[AY

3acrocoBytoun npuHuMn [’ Anambepa, BU3HAYUTH peakujii B’ s3elt:

a) Ang OOBiMBLHOTO MOMEHTY uacy (sapiant# 2, 3, 6, 7, 10—16, 20,
24—30); ' '

. 6) B MOMeHT uacy t = t, (Bapiantu 9, 17—19, 24);

B) Y TOM MOMEHT 4acCy, KOJH KyT MOBOPOTY ¢ = ¢, (BapianTu 1, 4, 5, 8,
21—-23);

r) B NOJIOXEHHI, ITOKA3aHOMY Ha puc. 77, 6—ad (sapiautu 2, 3, 6, 7,
11—13, 15, 17, 18, 20, 24—28, 30).

CxeMH MeXaHIYHUX CHCTEM NOKA3aHO Ha puc. 77, 6—0, a HeoOXixHi A
PO3paxyHKy BEJMUYMHM HABEACHO B Tabi. 45, Ae © — KyTOBAa IIBMIKICTS;
@9 i 9 — KyT MOBOPOTY Ta KyTOBA WIBHAKICTh B HOYATKOBMI MOMEHT 4acy;
i3, — paniyc imepnii Tia 3 BIZHOCHO OCi, IO MPOXOXMThH YEpE3 LEHTP MAc
TEPNEHANKY/ISPHO N0 IUIONIMHI PUCYHKY.

Tabnuysn 45
- m R |e | o t
Bapiaur i I "2 l 3 a I ! | ¢ ¢ ] o ! Tlpumitka
xr - M Tpax ¢! c
1 40 [ 50 | — {0,8{02240{18 | — | 30 | — OA=a
2 2 (115| — 102 — | —{ — |15} ~— ] — —
3 45 [ — 1 — |01} — | - — 12| — | — —_
4 10 { 24 | — | — | 0,3 | 45 0 — 10 | — OA = 3R
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3akinuenns maba. 45
. my I ma ‘ m3 a R |9 [ © g t) )
Bapiaur = ITpumitka
XP rpan c [
5 1013 [ —|—1o2l9 {3/ —|8|— OA = 4R
6 51250 —]o2|—|—=|—1}201}—1|— CD = DE
7 1203 | =102l -1 -1 —=110] -]~ —
8 |30 |40 | —|—|03[60|O0 | —1}6|— OA = 3R
OA = 3R,
9 130 |2 | —|—]04| == —=19|20 ¢ o
10 60 | 20 | 40 04102} — | — | — | — 1 — isx = RVZ
11 10o|l1wli15{03/03|—|—]21]—1|-— -
12 490 20| —]02| —j —|—|25| — | — —
13 10/201{3 /0302 —|=]10}|—|— —
14 |40 |60 40| — (04— ~—1]—|~—]~— 04 = 2R,
. . . i3x = 0,9 ™M
15 15124 {2%102l02] ~—{—13|—]—]| _
16, s0|s0t2olo5(0t} —|—|—|—{~— i3x = RVZ
17 202! —|04l04| -] —1—10 [100] M=20-0,1¢
] CD = 3a,
18 3010 | — 0201 — | —|— 0 | 50| ul30-002r
19 50|l —{—|—103] 10| —1]01}6 M =4KkH-™
20 40 (30| —(02| — | —1|—1 8 —1|— —
21 24 |18 2710302]9 |06} —|5]—| OA=BC=2a
0OA = 3q,
22 20 {3 | — |04 —|135| 0| —[0]— BC = 24
23 30| —{—]o3| —-}60] 0| —~]0]— —
24 3012 | —|02] —| —| —1—1 0|4 M=5-0,lt
25 24|24 — 02| — | — | — |15} —1|— —
26 202|103 —|—|—|—]|—1— CD=2a
27 18|18 —]o2|01| - —f20]|—]|— —
28 30|40 | —]04]l03}| — | —|16]—1|— —
29 3015 —102| —| = —|~1|—|=— —
30 21|27 —=lo3| —t—] — |12} —1|— —

Hpuxiaan 37. Ing MexaHiuHOI CHCTEMH, CXeMy SKOi 300paxeHo Ha
puc. 77, 3anaHo: m; = 3kr; m, = 6xr; a = 0,2m; = 60% o = 20c™".
Busunauuru peaxuii omop A i B.
Po3B’«3aHH s Ha Mexaniudy cucreMy AiloTh: aKTUBHI cuiu P, Ta
-
P, — cuH TEXiHHS CTepXHS | # OXHOPIAHOI TOHKOI MIACTMHKHM 2 po3MipaMu
. . . asn . wer > é
~3a X 2a;MOMeHT 30BHINMHIX CHI M,; CHIM iHepui 31 i 32; peakmii X, ,Z,

=
onopn A i Xp, Zp onopu B .

-

Peakuii omop BU3HAUMMO AJISl BHIIAAKY, IOKA3aHOrO Ha puc. 77, a, xoiu
crepXeHb | 3HAXOOUTHCA B ILIOMMHI ZAy, a IIaCTHHKA 2 — B TLTOLOUHI XAY.
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Puc., 77

Ockinekn © = const, cuau iHepuii

(I) = myag,; (I)z myac,. (§))]

IIpucKopeHHs BiAMOBIHMX IEHTPIB Mac

. acl = (DZRCI; acé = G)ZRC2, : (2)
NpHYOMY pafiycu oOepTaHHsS LUMX LEHTPIB
Re,=atga; Re,=1,5a. (3)

Higcrasasioun (3) B (2), a 3)106ymn pesyabrar — B piBHOCTI (1),
aicraeMo

@, =m, oatga; &, =m0 1,5a. 4

A Cucrema piBHSHb KiHETOCTATHKMY, 3aMACAHA 33 npunnunom 1’ Aram6epa,
MAae Takuil BUIVISIA:
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. ZFX="'XA_XB+¢2=0;
2F2=ZA+ZB—P1-—'P2+¢1~=0;

5

v

ZM,:—Pl‘2a—.P2'J4a+ZB'6a+M(8l)=O’

IM,=P,-1,5a+ M,=0;

SM,=~®, 4a+ Xz 6a=0.

3 METOI0 BU3HAUCHHS MOMEHTY M(al) cwn igepiil 31 BITHOCHO OCi Ax
BUKODHCTOBYEMO momoMixHmM# puc. 77,6, Ha MiACTaBi IKOTO eneMEHTapHa
cmna imepuii d®,, mwo aic HA eIEMEHT cTepXHS dS,

dd, = dm, o* S tga. (6)

"~ Puc, 71,6

EneMentapua maca dm,; = vy, dS, ae Yi— JiHifHA ryCTHHA OXHOPITHOrO
TOHKOTO CTEPXHS. »
MMicng migcTaHOBKH dml B (6) maemo

dd, =y, o’tga S dS. o : ¥))
Enemem*apnﬁﬁ moment dM(D,) simHocHo oci Ax "
dM(s)—d<I>l(a+Scosa)—-y,mtgoc(a+Scosot)SdS ®
Inrerpyroun (8), micraemo
M@) =1, mztgaj' (a+ Scos) S dS=
. 0

2 3 3
' s al |1
.='yl wztg(x (a—2—+?cosa) |€)=Y1 mztgﬂ. (T'F-B—COS(I),

fe | — HOBXHMHA OAHOPIXHOTO TOHKOTO CTEpXHs, TOOTO

1 = 2a/cos .
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Puc. 77,6






‘Puc. 77,0




Orxe,

4d° + 8av3‘ .
2 cof o ;j}coé’a’

M($l) =" o’ tga (

4a 2

3 3
=y, 0’ tgo—p— (l.,.Z) =Eylm tgo—4— =

cosa \2 3 6 cos” o _ «
=14, wiga a @
3 O B o
Maca TOHKOTrO CTEPXHS
my=1v,1=2ay,/cosq. aom

Iipcrassioun (10) B pismicTs (9), 3HAXOAUMO
M(&) = % m, 0" @ tg a/cos a. an

Tigcrapnaoun (4), (11) B piBHIHHS KiHETOCTATHKH, aicraeMo peakuii
ormop, a caMme:

Xo=20,=2m o 1,50=mo?a= 620 0,2= 430H;
XA=<D;—XB= 1,5myo0ta-— m2m2a=.0,5mm2a=240H;

_2P,+4P2_M($1)=m,+2m2g_7 2 atgo

Zp=— 6 6a 3 3™ Gosa
3412 o 1 . ..o, 0,2t8600 _ .
= 9,8 i3 320 vy 274H;

Zy=P 4+ P =@, —Zp=(m + m)g- m o atga = Zz=
=9-98—-3-20"0,2tg60° + 274 = — §3,5 H.
Ipukaan 38. Jna MexaHiaMy, CXEMy SIKOTO IIOKA3aHO Ha puc. 78, 3anano:
m, = _41<r; my=6xkr; OA=1=09m; R=03m ¢, = 60°; @, = 0;
w, = 10 ¢”'. MexaHi3M pyXaeThes y BEPTHKAJIbHIM IUIOMMHI.

Bu3HauuTd peakuiio omopu mapripa O B TOM MOMECHT 4acy, KOJHM Me-
XaHi3M MEpPEMICTHTBC 3 TOYATKOBOTO TOMOXKCHHA @ = 0 B monoXeHHS
9, = 60".

Po3B’s3annusg Ha mexariam (mus. puc. 78), mo Ckiamaerscsd 3
- OXHOPITHOTO TOHKOTO CTEPKHS / T2 OTHOPIAHOI TOHKOI INTACTHHKA 2y opmi
miBkpyra pagiycom R i 3miiicHioe obepranpHUit pyX HaBKOJO TOukd O 3

- =
KYTOBMM CTIOBLIbHEHHSM E(¢), RiOTE TaKi CHUIA (puc. 78, @): P, P, — cwm
> -
raxipag tin I Tta 2; ©f, &), O], ®; — HopmanbHi # obepranepHi Cwim
> > -
inepuii; X,, Y, — cxsanosi peakuii onopu (mIapHipa) O.
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Puc. 78

PisnsuHs KiHETOCTATHKH, IKi BUPaXaioTh npuHnun [1’ Anambepa, MaoTh
TAaKUH BUTIAA:

EF,=X0+<I>;'COS(p+<I>;‘cos<p—((I>§+<I);)sin(p=0;
ZF,=Yy— P, — P+ (O] + @) sing + (D] + ;) cos 9 = 0; | (1)

Joo = "Pl’zl‘COS(P—Pz (1—2—1:) oS @.

HopManssi # obepranbHi CHIM iHEPHil BU3HAYAIOTHCA BHPA3AMHE

0N = m ac, = m o’ %; ('2)
@;5m2a52=m2m2(1-%§); 3
D] = m; ag, = me %; 4
;=m2agz=mze‘(z—;—’:), ®

J€ ® TA € — KYTOBi IIBMAKIiCTb i NPHCKOPEHHS MEXaHIi3My, SKi 3a/7eXaTb
Bix uacy f abo xyra ©.
Ha migcrasi Tpetboro piBHSHHS cucreMu . (1) MOXHA BU3HAUMTH £ = = ¢,

TMiACTABMBHIK B HBOIO KYT (p @, = 60° i 3HAUCHHd MOMCHTY iHepuil
BigHOCHO oci Oz,
MowmenT iHepmiit

Jo =Jor + Joz 6)

MomeHT iHepnil crepxua OA BigHOCHO ocCi Oz -
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Jor = %m, r =,‘1; ©4-0,9"=1,08xr'm’. €)

Mowmenr inepuii ogHOpinHOrO MiBKpyra

, , .
R
Joz = Jg, + my (1—3;) , ®)

OpAYOMY MOMEHT iHeprii Tina 2 BiFHOCHO OCi, IO TPOXOXUTH YEpes
neHTp Mac Cz, 3B’s13aHWH 3 MOMEHTOM iHepuil BiJHOCHO OCi, sIka Tpo-
XOI(I/ITB uepes KIHCIJ;I: c'repxmx 1 (Toqxa A), TakKow 3aJEeXHICTIO:

' 4R '
7m2R :JC2.+m2 (—3;) . (9)

incrasnsioun J, i3 (9) B pisnicts (8), micraemo

' 2 2
1 4R\’ ' 4R
Joz=5m2R2"m2 ("3_1;‘) +m2 (I—E) =
= 2 my R+ my P = 8 my | R/ (3m) =

=5 6-03+6-09 8609 0,3/(3n) = 3,75 ke, (10)
Iligcrasnsroun (8), (10) y (6), 3HAXOZMMO

Jo=1,08 + 3,75 = 483KPM

OT)KC, KYTOBE IPUCKOPEHHS MEXaHi3My B MOMEHT, KOIH @, = 60°,

. 9 4R B
e—(plm=60.——‘—’-;.mli+m2 ,l—gg cos @, =

= (4 9—2—9—+6(09——133))cos60 = -653c%

Tpere pisusHug cucremu (1) y aminEMX ¢ i ¢ Mae BHrIAR

Jotpd(p m,glcosm m, g l—ilg cos O.
de 2 3n

BimokpeMmooun 3MiHHi i iHTETpyIOUH OCTaHHE DIiBHAHHS ONUH pas,
icTaeMo

-2

JO%_=—m,g%sin(p—m2'g (l—%%) sing + C,. an
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Y mouartkoBmii MoMeHT yacy (¢, = 0)
9 =g ¢ =0,=0.

Crana iHTerpyﬁaHHﬂ
) 01 = %Jo (D(z).
Orxe, piBHicTs (11) HabyBae Takoro BArAsay:
1, - l . 4R\
,72-Joq>2 =-mgaysing - mrzg (l - 3_n) sino + -2—10 mﬁ, 12

KyroBy mBHAKicTE 0, BU3HAYaEMO, 3aMiHowun B (12) ¢, HA ©,, 2 ¢ HA

¢, = 60°.
Toni .
1 ) 4R . o
’j-’(ﬂ)f wg)——g(m17+m2(l—3—n)) sin 60°,
3BiIKH ' L
' 2 l . 4R ;
02 = 0f — 7? (m1§+ m, (l = -3?)) sin6Q =

_196 (4 0,45 + 6 (0,9 - 97[—4-)) sin 60° = 77,4 ¢,

_ 2
¥ MOMEHT yacy, KO/ ¢ = @, = 600,
O} =4 - 77,4* - 0,45 = 10 783,4 H;

@ =6 77,4 (0,9 - 97—}) = 277735 H;

) =4:6,530,45=118H;

@, =6 6,53 (0,9 - 9;4—) = 30,3 H.
Ypaxosytoun monyni cun Py, @5, @], ®; i Macu m, Ta m,, Ha mACTABi
Iepworo i Apyroro pisHaHb cucremu (1) peakuii onopu mapsipa O cTaHOB-

JSITh .
X, = — (@] + ®3) cosg, + (] + D}) sing,

- 38 556,9 cos 60° + 42,1 sin 60° = — 19242 H = — 19,2 xH;
Yo = (m, + my)g — (P} + ®3) sin ¢, — (¥} + DY)cos 9,
=98 - 38556,9%in60° -~ 42‘,1'\C0560° = —33314H = - 33,3 kH.
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3asganns A-12

3ACTOCYBAHHS 3ATANBHOIO PIBHAHHA AHHAMIK“ fem
PO3B'A3YBAHHI 3AAAY 3 OAHMM CTYIMEHEM BINIbHOCTI

s 3apaHoi MEXaHIYHOI CHCTEMH 3 OJHMM CTYNEHEM BUIBHOCTI BH3HA-

YMTH MPACKOPECHHS BiMOBIMHMX TiJI 1 HATAT MHYPIB, A0 AKUX npnxpimeno
BignOBimHi Tia. Macamu mHYpis, TEPTSM KOYEHHS T4 CHJIAMH ONOpY B

MiAIIUNHAKAX 3HeXTYBaTPl CucreMa pyxaeTbca i3 CTaHy CIOKOIO.

BapianTi Mexaniusux cucreM nokasaHo Ha puc. 80, a—e, a HeoOXimHi

JUTsL PO3PAXYHKY BETUUMHY HABENIEHO B Tabu. 46.

Tabauys

Bapi- | ™1 I ma | m3 | my i2x 3y | 8 p o Plpwmirca
ant Xr ™ e pan

1 3m | 2m m — |RV3| — (020 — 60 —

2 4m | 2m m m |RVZ | — {024 — 45 - —

3 Sm 2m m m 1,6R}| — 0,15 | — 30 —

4 6m | 2m {1,5m| — {RV2Z | — |0,18]| — 30 —

5 3m | 2m m m {1,8R | — — — — —

6 4m {1,5m| m m | RVZ | — — — 45 ms =2m
7 2m m {1,2m| m — | RV3 | — — — ms=ms=m
8 0,5m | m m 3m — — — — — —

9 ,5m|12m|{1,5m| — |1,5R| — |0,28]0,10 | 30 | —

10 | 2p | m | 2m | — [RVZ | — |020] — | 45 —

11 m m m | 2m ~ —_ — . = 1,6R
12 m m 1,6m m — —_ — | 0,30 60 —

13 | m |[14m| L, 4m | 1,5m [RV2 | RVZ | — | 0,15 | 45 —

14 m m 2m m —~ | 1,8R| — — — ms=nmeg=m
15 m 1,2m m m 1,4R — 0,22 — 30 —

16 m 2m m m [ L6R| — — 10,24 | 60 —

17 4m 3m m 18R | . — — 10,18 | 60 —

18 m 2m m — |RVZ — — — — —

19 m {1,6m| m m \RV2 — 10,32} — 30 = 4mRg
20 m m 2m m — | 1,6R| — - — —

21 2m 2m m m |1LSR | — [0,60]| — 30 —

22 3Im 2m m — |1,6R — 10,40 ) — 45 —

23 m {1.5m| m m |RY3| — 1036 | — — —

24 4m | 3m m — | 1,8R}| — |0,24]0,22| 45 —

25 m m {15m| m |RVZ| — — — — —

26 |1,5m | 2m m m | RVZ | — — —_— — -

27 2m 4m m m ISR | — 0,80 | — 30 —

28 m m m — — — 0,50 | — 30 —

29 [1,5m|{1,8m} m — | 1,6R| — | 040|020 | 45 —

30 m 2m m — 1,8R| — — — —_ —
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bsoxy i koTkHM, Ang axux pagiycu isepuii B Tabn. 46 He BKazaHO, BBa-
XAaTH OXHODIAHMMM CYILIbHAMM LHTiHIDAMH.

Ilpuxnan 39. lng MexaHisMy, CXeMy 9koro 300paxeHo Ha puc. 79, 3a-
OAHO: My =3 m; my=mg=m; r = 0,25M; R/r=2)5; i, = 2r; a = 60°;
f=02; B = 45°.

Poss’ sl 3 a H § 4. Ha mexaniam- gitoth Taki cum: P, — CHJIA TXiHHS
TATapus 1,_,P2 — cuIa TIXiHHY Hepyxomoro 610ka 2; P3 — CMJIA TAXIiHHI

xorka J; F, — cuna tepra Tarapug I o6 Hepyxomy miaomuHy. BexTopu
OiIOUMX Yy MEXaHi3Mmi CHJI MOKasaHo Ha puc. 79, a. :

Puc. 79 Puc. 79,a

Monyne cwm Tepra .
F.=fN, =fm,gcosa =
» =3mgfcosa. - )
Monyap cwm iHepuii Tarapug I, IKui 3RiHCHIOC TOCTYNAIBHUA PYX,
O =ma=3ma, ) 2)

Mowmenr cun imepuii Hepyxomoro 6noka 2, mo o6epTaeTbcs1 3 KyTOBMM
[IPUCKOPEHHSM €5,

MF = Jy 80 = my is, €, ’ 3
Korok 3 aailicuroe mrockmil pyx; TomMy cuia imepuii
D; = m; a3, )
a MoMeHT iHepuii ' )
M? =g, = 2- ms ;‘253, o D

I€ €, TAa €3 — KYTOBi- NPUCKOPECHHS TiJ 213
TTic/1s HanaHHS TATapIEo / MOX/IMBOIO MEPEMIIEHHS 37; ¥ 611< #oro pyxy
610K 2 MOBEPHETHCS HA KYT 3, 33 XONOM CTPLIKM TOAMHHMKA, @ KOTOK 3
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EPEMICTHTBCS Ha BiICTaHb 5r; i TIOBEPHETHCA HA KYT 3¢; TAKOX 3a XOHAOM
FOAMHHMKOBOI CTPLIKH (muB. puc. 79,a).

-> .
3aragpHe PiBHSHHA AuHaMiku 2 F, - S+ = 3, + 87, = 0 I PO3ISILY-
BAHOIO MEXaHi3My Mae BHIVIAX o

P, 8r,sina — F,8r, — P; 8r; sin B — M7 8¢, —

‘ — @, 8r; — M7 89, — @, 8r, = 0. )
o pisngang (6) g0maMo Taxi KiHEMATHUHI 337€XHOCTI:
4 dr; = R3Q,y; 28r; = rdg,y; 8r; = rdo;. ( D
Ha mixcrasi (7) k ‘
@ =Rey; 2a3=rey; a3 =re;. ‘ ®
~ Ypaxosyrouu -G, Ta (8), ma mincrasi (6) maeMmo Take
piBHAHES:
m, gdr; sin . — m; gfcos o dr — magésinBSr, -

2a, ©orp 1 2a 6r
—m2-4r—" i @ 1

R R ™ 2R“' 2R T 3™ T 3R 2R
= —m,q 8}'1 =0. (9)

3sBigcu TpUCKOpeHHd TArapud [

m, (sin o — fcos o) — ms-i%sinﬁ

G =8 3
m, + 4 my (r/R)* + 5 M3 (r/2R)

3m(sm60 - 0,2 cos 60%) — m - O2sm45
3m + 4m(2/5) + 1,5 m (1/5)°
=0,59¢g=35,75 M/c
Kyrose mpuckopenns 6;10ka 2 -

L@ 575 o
©2% R =725.025 P2¢

IpuckopeHHs HeHTPa Mac KOTKA J

0,25
72—_7_ ©9,2=1,15m/¢%,

=98

a WOoro KyTOBE NPHMCKOPEHHS
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€ = a3/ r = 1,15
3 7 U3 -
0,23
g BU3HAUEHHS HATATY B IIHYDIi, mo 3’earye Tina /i 2 (puc. 79, 6), .
CKOPHCTYEMOCS 3aTaJIbHUM PiBHIHHSM THHAMIKHA

P Srysina— F,8r, — ®,8r, — N, r, = 0,

=4,6c7

3BiAKH
Ny =Py sino— P fcosa—mya =m;g(sino ~ fcosa) — m, @ =
= 3mg (sin-60° - 0,2 cos 60°) — 3m - 0,59 g = 0,54 mg.
N, \
¢ N

T

Puc. 79,6 o Puc. 79,6

106 BM3HAUMTH HATIT y WIHYPi, 9KMH 3’¢AHYE Tiaa 2 i 3, CKOPHCTYEMOCS
puc. 79,8, Ha mACTABi IKOro 3arajbHe PiBHIHHS OMHAMIKH Mae€ BUIVISH

N, R 80, — Ny 130, — My 89, = 0,
3BiOKH '

_Ry_1,e R, 1 ., 24 _
N3—rM rM;"—rN, ym 4r 5=

= 2,5 - 0,54 mg — 4m = + 0,59 g = 1,35 mg — 0,944 mg = 0,41 mg.
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Puc. 80,a



Puc. 80,6

- 199-500



: ] o L) ]
TR T Yy = 0
2R it ALY ]

Puc. 80,6



3asganHn 1-13

3ACTOCYBAHHA PIBHSIHHSI TATPAHIKA APYI‘OI’O poAYy
nPH [OCNIAKEHHI PYXY MEXAHI"IHOI CUCTEMM

Mexaniuna cucrema Tin /—6 (pnc. 81, 6-—0) pyxaeThcd mig Ai€KO CTAIHX

- cun Fi map cua i3 momentamu M, (i = 1, 2, 3) abo TLIbKHM CHT TSOKIHHS,
Ilin yac pyxy Ha MexaHiuHy CHCTeMy AifOTh IEBHi CHJIH ONOpY, 9Ki xa-
PaKTepu3yIoThCS CHIAMH TepTs a6o cTanmMu MomeHTamu M;)F. Cucrema
NPUBOMTLCS B PYX i3 cTaHy CIOKOIO.
3HaiTH pPIBHAHHSA PYXY CACTEMH B Y3araJibHCHHX KOOPAMHATAX 32 3ana-

HMX IIOYAaTKOBMX yMoB. Heolximui nns POSDAXYHKY BEJWYMHW HABEICHO
B Taba. 47.

) Tabnuys ~ 47
Bapi- m1|m2|m3|m4lm5|m6 fz]-’n R11R21R3|R4 MI]M??” F|R
2 Xr xr-m? [ H'm H |l
1131 l2]—=]=]—=1lo02]os5]18] 410} —{8] 10 —][—
24|t ]|—=|=|—|—]|04j06|30|10|~|—|6] 20 |—|—
3/6|(3[6|—|—|—1]|06]08{24]12]24|— 20| 30 |[—]|—
4 |al2]=|—|={—|08| =168 —}—116) — | —|—
| | | MSFr=
SP3 {3 |—|—|—|—=|=|2|8 |2~ |—[cpm |~ |~
6 |21{1,5]1.8{1.8] —|—los6lt,2}21}15}18(18]|18] 10 | — | —
71943 2|—|—|20/1,5{45]20]{15{10]|20| 30 |—|—
8|3 |4|3|~|~{—]1.2{08]|30]|40|30|—]12]| 15 |—|~—
9| 2|2 |1,5(15{—|—|30j1,0{20]|20}15|15[12] 10 |—|—
102501 411,50 4| —1—[1,2]1,8]25]10{15{30 18} 24 | — | —
1mf20(3(40|w{20|10|—|—|—=|=|—=|—{—=| — |—=]20
12|30 |8 |100{20|—|—|—=]=|=|—1=|=|—=| — |200{10
13/100{30(8 [20| — | —|—|—|—|—=|—=|—|—] — |400] 16
1411012030 |24 |24|30| —|—|—|—|—=]—=|—]| — |—1{30
15(50)30{30(40|50 | —|—|—|—|—|—|—|—| — |— |24
16120]15{30(30 40| —|—|—|—|—]|—|—=|—| M5 | —]18
172418162028 —f—|—|—|=|=]=]—| — | —124
18/10(20(30}40|—|—|—[—|—|=|—|—|—| Mse | = |30
19140]50({30|24| |- —|—|—=|=|=|=]—| — |—=1]10
2024030 —|—-|—|—|—-]—|—|—]—=|—| M2 |— |21
21|40|10{10|10{10{—|—|—]10J10|10|10|—~| — |— |~
2(1wo0fj10|20(20| - —|—=|—|—~|—=]1W0[10|~]| — [160| —"
2312040 | — | —|— | = |—|—|—|—]—={—=|—1] — |240]30
24(50(3|20]20]2 20| —|—}|—|—|—]—=]—| = |—~]—
25[60|40{20| —|—|—|=|=|—=|=1=|=|=] = |—=12

19%9-500 . . . 291
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Jaxinuenns  mabn. 47

Bapi- mllmzlmslmlmslma Iy |-’11’ R1|R2IR3|R4 MJIM??” F| R
aur Xr xr 2 oM H:'M H |
26|40 | — | —|—|—=]|— ~|=]=]=1=1=1 = |=140
27 4020 (20 (20 |20]20 — ==l =]=1=1 = 1 <10
28304040 | — | — | — —l—=f1s5j15|=|=] — | = =
2940 {10 —|—|—1]= —J40 (10|~ |—=|—=| = |=]—=
30 (3020|1510 —| — — | —=|20(15|10] 6| My | —|—
31 (86|86 |—]|-— 151201012010 6 | My | — | —
32(20]20 (40| —|—|— —|—=|=1=|=1=| = 1i100] 16
33{60 (30|40 10]|10] 10 — == =] =1=| = | =112
34{30(2[2} —|—|— —|—1=|—=|=1la| — | =130
35(80]40|15!30|10] 10 — ] —=1—=1]10720{—| — |120] —
3615033014012 |12} 12 — - — =12 — —_ - —
37140{30|20]|16]|16] 16 — == =t18| =] = | ==
38 |(30(40 (20140 — | — —|—=120]10{20 M| — |—=1|—
39 (200( 80 |40 |50 | — | — — | =1 —=]2|=1—=| — |180} —
40 [100| 60 |30 |30 | — | — —|—-1=]20{20f~| — |200] —
Tina, pnsg sxux B Tabn. 47 papiycu isepuii He BKa3aHO, BBAXaTH Of-

HOPiDHMMH CYUUTPHAMH THUCKAMH.

Bomuna (xpuBommmnu) BBAXXKATU ONHODIAHMMH TOHKMMM CTEPXHSIMH.
Hpwitratn, mo y sapianrax 1, 2, 4—7, 10, 30, 31, 38 mexaniamu poamimeHo

B TOPU3OHTAJIbHUX TJIOUINHAX,
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Npuxknan 40. Pegykrop 3 nmmis-
APUYHMMH DIECTEDHSIMH, CXEMY $SKOro
300paxeHo Ha puc. 81, Mae nBa cryneni
BUIBHOCTI # pyXaeThcd I Mi€I0 CTaaMX
map Cuji, a caMe; OfiHiel — 3 MOMEHTOM
M, =50H'M (upumknagenwit mo mec-
Tippi /)  Ta iHmWOi — 3 MOMEHTOM
M, = 100 H'M (npuknagennit o Beny-
goro Bana I). o senenoro Basa I/ mpu-
KJAAEHO CTalMiél MOMEHT CHJI OIOpY,

n 7 =80H'Mm. Macm mecrepens:
m =4xr, my=2kr, m;=4Krn
Papiycn . mecrepens: R, = R; = 15 cM,
R, = 10 cm. MowmenTn iHepmii:

Ji =04 kr'm 2 ~— BEAYUOTO -BaJja;
Jr = 0,2 kr M> — BEZEHOIO Baa 3 ypa-
XYBaHHAM MECTipHi 4. 3a ysaransHeHi
BHOpATH KOOPAHHATH ¢; = @y g2 = @)



— KYTH HDOBOPOTY BENYYOro BaJja i mecripHi /.
Y noyaTKoBHIt MOMEHT Yacy ¢i0 = 0, ¢10 = 0, g0 = 0, ¢y = 0.
3naifTy piBHSHHS PYXy BEXYUOro Ta BEAEHOTO BAJiB ¢; (1) Ta ¢ ().
Poss’aszanusa Cxopucryemocs pisasuusmu Jlarpamxa apyroro
pony, a came: -

d (9T oT - oIl ’

S Al P . 1
. -dt (a(PI) 99; do; + Qs o o

d [aT oT o -

4 (o) _or oIl 2

dt (a(Pl) 90, oN Qs ’ @

ae T — kineTnyHa eHepris cucremu; [T — ii moTeHNiampHA eHepris.
KinernyHa enepris MexaHiuHOI cucTeMm

T=T+T,+ T, +T;+ Ty, 3

o€ KiHETHYHA EHEpria il TLT BU3HAYAETHCH TAK:
Beayyoro Basa /

Ty= g di 0 o @
mec;ripni_ 1 |
=g hdi=g g m R =g m R )
mecTepeHs 2 i 3 | v
T, = ,i-mz vgz + %-ng) ok (6)
Ta =1 m; vo + 1 J9 m% %))
2 20 270

KinemMarnuyAMMA XapakTEPHCTHKAMH PyXy IECTEPEHb 2 Ta 3 € LIBHA-
KOCTi . » '

vo, = (Ry + R) @1, ¥4 = R, ¢y.

Ockinbku mectepHi 2 i 3 3AiHCHIOIOTD WIOCKMIA PyX,
> > > -
Vy = 1,'02 + vAOz'
-> > -> .
IIpoexTyioun BEKTOp ¥4 = ¥g, + V40, HA HANPSIMOK BEKTOPA HIBHIKOCTI

TOUKM A, micraemo v, = Vo, + Va0,, 3BIIKN KyTOBA IIBUAKICTH oﬁep'raHHsI
IIECTEPEHD 2 Ta I HABKOJIO. BJACHHUX OCEH :

_Rior = (R + R) ¢
W, = R2 0
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" TliacraBsoun 3HAYECHHS Vo, # ©, B (6) i (7), 3sHaxomumo

1 . 1 R R, + R
T, = gm (Ri+ R) 1+ gm AL AR 2 oL My

4 R
1 22, 1 R R, + R
T3=-2-m3(R1+R2)2(p?+Zm3R§ [““" ( L 2)"’1] ()

R;

KineTnuna eHepriga BEJEHOIO Ba-
Ja

. . ,.
T, = 5 Ju (P?I- 10

Ha mincrasi puc. 81,2 Mmaemo
vp= 0 Boy= (R + Rz + R;) op);

- > =
abo
-é
vp = — Vg, T 02 Ry;
(Rit+ R+ R) oy =
2 - » ’ : s R
L‘—ﬂ—”—-[—-—’ :—-(Rl+R2)0)I+'ITz'X
V2 X [Ry &1 = (R, + Ra) ).
. Puc. 8la Orxe, KyTOBa MBUAKICTb BEACHO-
ro Bana I/
__ R+R, .- Ry R — (R1+R2)(P1 (an
=T R FR AV R, R, + R, + R, .
Hincrasaszoun (1) y (10, micraemo
. . 72
_ _ R t+R . _R;S_.Rl(pl_(Rl"-RZ)(pI
T"'TJ”[ R+B+ RV R, R IR, +R | 12
Ypaxonyroqn @, ), ¥, 9, 12), Ha mipcrasi (3) mMaemo ‘
' 1

T T=3 JI(PI+ mlRl‘pl (m2+m3)(R1+Rz)
7 )
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gl \& T | I

Me=20x2]

2 —3 m4-=4.°u 3

ol q

Puc. 81,6



£=

£=0,18

Psx=22cm

A=45° -

4

Pax=18¢m

Puc. 81,6






C=200H/m

34

My=20Hn

{39

40

DO TTI? 7 TTIToTT

Puc. 81,1



1 R} . . :
+ Z(mz + m; }%) [Ri @1 — (Ri + R;) ¢, P+
2

1 1
t5J R, + R
a (Rl + R, + Rs) ( 1 2) ¢; +
R . . <2
+ Fz(R‘ ¢~ (R + R) ¢) T ad

Cunamm, 9xi BM3HAYAIOTHCS CBOIMH IOTEHIIANIAMM, € CHIM TOXKIHHS,
Ockinpku IEHTD TAXIHHA BCiX DYXOMHX YaCTHH DEXYKTOpa HE3MIHHO 3HA-
XOOUTHCS HA OCI cnme'rpu — npsmiit, mo 30iracTeca 3 ocamm Banis I i I1,
TNOTCHIiAIbHA CHEPTid pez(yKTopa IT = const.

Y3aranpHeHy CHIy 3HAXOOMMO 33 dopmynoro

SF-sr
— 1 or
/ Q 5
Tomy ‘ ,
Q8q = QI 30, + Q; 3¢, = M, S(Plv"" M;8¢; = My 3¢y,
abo ‘
Q. 8g; = Q1 80; + Q, 8¢, = M, 8¢, + M; 3¢, —
_amop | Rt R 50, + Ry R 8¢ — (R, + Ry) 5‘P1
1 R+ R+ R, P TR, R, + R, + R,
OcraTtouno
: ; R, +R R
— TI0p 1 2 i3 -
Q=M+ M, —_—R1+R2+R3(1+R2
= 100 + 80 - 025(1 + 1,5 = 225 H-m;
R R 0,15 0,15 _ .
nop £33 | 1 = — . 3 - .
Q=M - My R, ————R1+R2+R3.5,0 80 - ———0 04 = SHm
Ha MiAicTaBi (13) sinnosigni nonanku B pisHAHHEAX (1) 1 (2) CTaHOBJSITD
T _oT _ o
-0¢; a(P_l T

d T 1 1 R; ' |
EBTN 5 m m, R} 6, + 3 (mz + ms Rz] [Rn ¢; —(R, + Ry) ‘PI]
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gy

R;
3 =
X R+ ‘—‘““"‘“‘—“(Rl+ Rot R,) [ (Ri+ Ry) @10 3~ R, (Ry 4 (Pl (Rl + Ry) ‘P1:| R,
=14 0uss, %15 ~ 0,256, - 0,15 +
+ 022122' [- 0,256, + ° %13 (0,15, - 025<p,)]°—1§ 0,15 =
= 0,23203 (pl — 0,38195 ¢; ,
aT .. ’ .
%0_(01 =J6,+ (my + my) (R, + Rz)z 7
1 R}
—i(mz"'ma ] [Rl ¢, _(Rx +R2)‘P1](R1 +R2)_
R2 :
_ R+R,_ [ N A iy Rs) _
1 W(R,+ Rt R3)2[ (Ri+ Ry) 0+ R, (Rx ¢~ (Ri+ Ry) (PI):| (1"' Rz) =
= 0,46, + (2 + 4) (0,15 + 0,1) %, — = 0 15 -
— 0,256 - 0,25 — 02— FOL 405 4

(0,15 + 0,1 + 0,15)

0 813 (0,155, - 0,256)1(1 + 0, 15) = 1,60703%; - 038203,

O_T>Ke, pisasgHuEg (1) i (2) HaGyBaOTh TAKOTO BHIIARY: .
1,60703¢, — 0,382036, = 225; 0,16172¢, — 0,31172¢, = 5, (14)
3BiAKH ) \
| G, = 555¢7% =272 (15)
Buxopauu 3 (15)‘i BPaxOBYIOUM IOYATKOBI YMOBH '
t=0, 010= 910= 0, 9p = ¢ =-0,

BCTAHOBJIOEMO, IO 33KOHA OGEPTAHHS BEAYUOrO Ta BEAEHOTO BAMB Taki:

0, = 271,5¢%; ¢, = 136¢%

O = — R, + Ry 0 Ry Rio = (R +R)G; _
S R+ Ry + R, 'R, R+ R + R
0,25 0,15

=—074- 136t +W(015 2775t -025 136¢%) = — 56,4¢.
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TIpuknan 41. Jo Bogmna 5 mexaniuuoi cucremu (pmc. 82) npukianeso
MomeHT omopy M; = 400 H:'m. Teomerpuuni mnapaMeTpm cucreMmu:
R =R;=50cM; R,=20cM; pitoui wmomertn M, = 500 H-mM,
M; = 300 H-m; maca mectipri / m; = 24 xr. BBaxaioun mecrepHi of-
HODiIHUMM JUCKAMM ONHAKOBUX TOBIIMHH i IyCTMHH, BU3HAYHMTH KyTOBi
NMPHCKOPEHHS BoOmwiIa 5 i mecripri 3. Tepram y MexaHisMi Ta  Macoxo BOKIkIA
3HEXTYBATH.

‘ R
. 3 g._a —
AN Ms w3 R3
z - : ——
4 5 Rz ANA

wR'
2‘9'A SR
.w4R1

™

Pué. 82

Po3s’ a3 aHH 4 Ockinbku 3a yMOBOKW M, > M;, KyTOBi IIBHAKOCTI
mrecTepeHb TAKOX BIANIOBIAAIOTH YMOBi ®; > ;. I3 puc. 82 summpae, mo
KyTOBA IIBUAKICTh BOMIIA 05 30iracThCst 38 HANPSIMKOM 3 ®,. Bracna xyTosa
HIBUAKICTD -carenita 2 (KyTOBa MBUAKICTh 00epTaHHS HABKOJIO OCL ¥)

_ msRs _ WsR, : R,
= g—ac=Ac - (@t o) g -

abo

0)1R1 osR, Rx

W, = R,

3BIIKH ®) — 05 = 03 + ©5, TaAK MO ©; = O3 + 20s.°

Cucrema Mae fiBa CTyneHi BLIbHOCTI. 3a y3araabHeHi KOOPAMHATH TIPHi-
MAEMO @3 (KyT IOBOPOTY IIECTipHi 3) i @5 (KyT NOBOPOTY BOXWAA 5)

Pyx cucremn onucyerscs piHsHHaMu Jlarpamxa

= (0, — 0)5)

d(aT) oT »

== — 57— = Qs;

i\0 0

‘_CT 0Q; ‘ ¢3 B
d(eT) oT _

dt a(Ps Qs

Kinernuna eHepria cucremu
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T=T+ T+ T3+ Ty,
1

.ae T, = -2-./10), — KiHETHYHA eHepr'm mectipHi I; T, =T, = imzv,, +
%Jz,u)z %—Jz,ws — Kme'mrma €Hepriga caTesiTis 2 Ta 4; T3 = ,}13%
— kinermdHa eHepria mecTipHi 3.
¥YpaxoByioun, mo J,; = J3 = é—mlRf;
. 2 )
n, _ & . Jzy _ Rz 1
—Y;’l—l— (Rl) ’ 7‘;_ (Rl JZz ‘2'J2y7
MaveM.'o'
. 2 2 : 4
R R R
m; = m (ﬁ) = Nx;?; Jy=J (ﬁ) 4
4
1, (R
J.2z" ‘2“-’1 (Rl) .
OcTaToOuHO KiHETHYHA €HEPTid CHCTEMH
R | . . 1 .
T=570"+2)" +57,0i +
4
1 11 R\ ..
+ 2[—2--211 sk 37 ) (s s ( ) +11y (—) mz] -
| = A5G} + B¢ + 247, ¢; ¢5,
e
2 2
_ R - 200 _ ¢ 16
A—'l + (Rx)- =1+ (50) = 1,16;
R\ . 1(R 20" . 120\
= 22 4122 2 &Y - .
B—2+3(Rl) +2(R1) 2+3(50) +2(50) 2,49;
i=lmri=124. 05 =3%0m;
1 '2' 1481 '2‘ y ; ’
AT _aT _ .
093 3¢5 ’

d aT
ar 9%, = 247, 4 ‘Pz + 247, ¢5 = 2A11(‘P3 + @) =
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= 21,163 (5 + ¢5) = 6,96 (95 +,95) ;

4 9T
dt 095

=2-249-3¢s+ 21,16 - 30; = 14,9445 + 6,960,.
YaaraaeHeHa cuia

= 2BJ, (.Iis""ZAIl ¢3 = ~

SE - 8n
SR
~ abo _
Q:89; + Q5805 = M,3¢, + Mas‘Ps — Msd¢; = /
= M, (8¢; + ZS‘PS) + M3d0; — M;80;,
3BIAKH , ‘ ,
Qs = M, + Ms; Qs =2M, — Ms,‘
TO6TO

Qs = 500 + 300 = 800 H-m; Q; = 1000 — 400 = 600 H-m.

Iligcrasngroum BignoBinHi BewuwaE B piBaganag Jlarpasxa (2),
aicraemo . . '
6,96(¢; + 95) = 800;

‘ 14,969 + 6,96¢; = 600,
_3BiAKW KyTOBi NPHCKOPEHHY BOAMJIA 5 i mecTipHi 3

£5= (s = — 25¢% &, = $; = 140 ¢ 2,

3amamlh A-14

BMKOPMCTAHHA KAHOHIYHMX PIBHSHb TAMIJIbTOHA
NPU PO3B'A3YBAHHI 3A4AY AUHAMIKH

\

Marepianbaa Touka M pyxaeThcs B3ZOBX KaHasumka OM, npopisaHoro
B T A, sike 3xilicHIOE 06epTaJbHM PyX HABKOJIO NMEBHOI oci (BapianT 1,
3—6, 8—12, 21—30) abo mocrynaasHuit pyx (sapiantu 2, 7, 13—20).

3HaiiTi piBHSHHS BIZHOCHOTO Pyxy ToukM M (x = x (f) ) , npuiiHaBmn
3a moYaTOK BiITiKy Touky O. CxeMu MexaHi3MiB mOKa3aHo Ha puc. 83, a—a,
a HeoOXigui JNS PO3PAXYHKY BEAMUYMHM HABEICHO B Tabn. 48, me € Taki
MO3HAYEHHA: m — Maca TOYku, M; ® -— CTajna KyTOBa MIBUIKICTH TijIa A;
¢ — XOPCTKIiCTb IPYXHHH, A0 KOl IPUKDIIUIEHO MacCy PyXOMOi TOUYKH M;
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f — koediuieHT Testl,Kons_alHHﬂ; a — PEOMETPHYHHUH po3Mip; O — KyT;
lo — noBxuna HenehOPMOBAHOI NPYXKHUHH.

Tabnuyn 48

Bapi-| ¢ m © *o X c I a p Pisusmua pyxy Tina 4
- anr rpax | xr ¢! M m/c | H/m M

1 |3 {004 3 | 0 |04] — | — |036] 03 —

2 | — 1003} — |02]|10] 20 |05 — | 0,2 —

3 | 601002 4]0 |05|—|— 1040103 —

4 | 30 |002| 5 |025|06 | 30 [020] 030 | 0 —

5160001 2 |o1]08|—|—] — 0 —

6 | —|006| 3 1015} 1,0/ 20 [0,10] 0,50 | o0 —

7 145005 —io04l04| —1|—=1] — |02 Xe =0,1 sinnt

8 | 45 |0,03| 4 ]0,12{ 05| 40 |0,10{0,4vZ| ‘0 —

9 | —Jo02] 2 | — | =} ~]1—-~103] 0 OM = 0,157 sin ¢
10 | 45 {0,04| 3 |0,14| 0,6 | 20 |0,10[0,3vZ| 0 —

11 |3 |oos8{ 4 06|08 — | — | — 0 —
1213 |o06] 2 [02]|04] 30 |020] — | 02 —

13 — |o04|. 161 0 |40 — | — |020] 03 —

14| — 1003} 120130} — | —1{010]| 0 —

15| 30 |005{ 8 |01 |30 20 {0,10{ 0,20 | 0,3 —

16 } 30 |0,06| 10 02|20/ 30 |020] 0,10 | 0,2 —
1760 (002 — 1 0 04| — | — | — | 02| x1=0,1cos(@nt/3)
18| 45 {003 — |08 0 | —{—1 — | 0 v = 0,2 cos (2n1) -
19| — oot} — | 0 |05 ]|~ — | o021 =5 — 102
20— (004 — 06| 0 | —| =] — |02 x1=8-5

201 60 [0,02] 3 | 0o | 0,31 20 [o,10{ 0,40 | 0,2 —

2| —008| 4 j02i031 20 {010] — | 0,3 —

23| — 004! 3 1 0 |02 - | —]015] 01 —

241 — |006| 10 1021]-08] 30 [0,15] — | 0,2 —

25 — |008| 8 {01! o | 20 {0,00] — 0 —

26 131005 31010 | —|—1]=103 —

27 | — lo04i 1210505 — | — 020102 —

28 | 60 10,051 20 J04] 0 | — | — | 030 ] 0,2 —
291450003 6 |06] 0| — 1 —1 — | 03 —

30| — {002 30104 —|—~| — 0 —

IIpuknan 42. g MexanisMy, cxeMy SIKOro 300pakeHo Ha puc. 83, 3agaHo:

xo=0,3M; X, =2mMm/c; a=30%
Lh=02Ma=02m

304
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Po3B’s3amnn 4. I3 puc. 83 surwmeae, mo sice Ox pyxoMoi CHCTEMH
koopauHaT Oxyz CHPIMOBAHO B3NOBX KAHAJIBYAKA, IO SKOMY BiOYBAECTbCS
BiTHOCHHH DYX TouKku M.,

3a ysarajbHeHy BEOMpacMoO Koop- :
mRuHaTy ¢ = x — OGixyuy abcmucy Z‘z

TOukHu M. »
Kinernuna emepria T Toukm M W~
HOpiBHIOE CyMi KiHETHUHOI eHeprii ;
‘ofepraabHOIO pyxy ii HaBKOJO OCi Z,
31 CTaNOl0 KYTOBOK HIBHAKICTIO © Ta
KiHETHYHOI eHeprii pyxy B3nOBX Ka-
HaNbUMKA i3 MWBHAKICTIO X, TOOTO

i

_1_ . 22,1
T—-Q-m(a+xs1noc) © +2-mx(1)

IMorennjaneua enepria I Toukm é& i
M nopiBmioe cymi moTeHmianbHOL
€HEprii- MOMOXEeHHd # eHeprii cuam
MpYyXHOCTI, TO6TO :

IT = mgxcoso. + é—c (x - IR )

Buxopsum 3 (1) ta (2) dysknia Jlarpanxa
L=T-IT= %m (a+ xsin @) 0~ mgx cos a- %c (x6— L) * + —%m)'cz. €]

Ha mincrasi (3) ysaransrenwmit iMmyssc

_OL _ 3L
P=7%5" o

3 ypaxysauusaMm (3) ta (4) dynkuis [amitsToHa

= mx. 4

H=Zp,&,-—L=m5c5c—%mw2(a+xsina){_
J

- %m:? +.mgx cos o + %c’ (x-1)?*=

= %mig - %mm2 (a+ xsina) ® + mgx cos o + %c (x—1)%=

2
=2%—%mm2(a+xsina)2+mngO'SOL"‘%-C(x“lo)z' ®

- HIuakicTs 3MiHH y3araJbHEHOrO iMIysIBCY
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= % = —%Iqi = mo, (a + xsmoc) sin o — mgcosa— c(x - lo)._ (6)

Buxousxtm 3 piBHoCTI (4) Maemo x = -E abo

®

—E—-m(a+xsma)sma gcosa——(x—lo), N
IO MOXHA NMEPENNCATH TaK: ,
. c - .2 o2, c 8)
x+(———m2sm o.)x=masm0c—gcosa+-—-lo. ¢
m : m
Pose’s130k piBHAHHA (8) momaemo y Burigmi
x=x +x" : (9.
me X' — po3B’A30K OQHOPIXHOTO PiBHSHHS
x + (—-—o) sin on) x=0,
m
SIKOMY BiATOBIfla¢ XapaKTEPHCTWYHE PIBHIAHHS -

A+ (% ~ o sin 2(1) = 0. (10

Kopenamu pumxmm (10 €

Mgy = = Vo sin a—; = +\/3 sin *30° — 2/0,02 = = 9,887,
Tomy -
x" = C, cos 9,887t + C, sin 9,8871. : (11)

Yacruuanil poas A30K X HEOXHOPIZHOTO pmmmna, OCKLJIBKM IpaBa CTo-
poHa piBugang (8) crana, mﬁnpaemo y BUrAgni

x"* =C.

Ha nincrasi pisuganuga (8) Maemo -

2, c

W g sin o — gcos o+ —=i,
m
¢= C 2 2 =
' = - sin o

m

2 o _ o, 2
3 0,2 sin 30° - 9,8 cos 30 0,02 - 0,2

= = : =0,127m, (12
002 — 3 sin 30u .
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TlopHmit poss’s30ok piBHsHHS (8) 3 ypaxysannam (11) i (12) naGysae
BHTJISTY. '

‘ x = C, cos 9,887¢ + C, sin 9,887t + 0,127, (13)
IIsmaxicTs Touxu M y BiRHOCHOMY pyci
x = — 9,887C, sin 9,887t + 9,887C; cos 9,887:. (14

Crani C, Ta C, BU3HAYAIOTHCS MiCHS BPAXyBaHHS MOYaTKOBOI YMOBH:
‘ t=0, x=03M, kX =2mM/c
s wacy 1=0 i3 (13) i (14) 3naxoxumo
xo = C; + 0,127; X, = 9,887C,,
3BiAKH '

¢, =0,3-0,127=0,173 m; C, =2/9,887= 0,202 m.
Ocrarouro pisasaHg (13) Ta (14) HaGyBaoTh TAKOrO BUIJIAAY:

x = 0,173 cos 9,887 + 0,202 sin 9,887¢ + 0,127;
x = —1,71 sin 9,887¢ + 1,997 cos 9,887¢.

3.4. KONMBAHHS MEXAHIMHOT CUCTEMM

3aspanua 1-15
AOCNIAMEHHS BINbHMX | BUMYLLUEHMX KOJNMMBAHDb MEXAHIMHO T
CUCTEMM 3 OAHMM CTYTMEHEM BINTbHOCTI

BusHauWTH YACTOTY, HEPIOK TA AMIUTITYRY BUIPHHX KOJHUBAHB MeXaHiyHOoI
CHCTEMH, HEXTYIOUH CHJaMy Onopy. 3HAiTH DiBHSHHS PYyXy BaHTaxy /[
(y = y(t)) , npmiHSBIIM 32 IOYATOK BilVTIKY MOJIOXEHHS HOTO CHOKOIO (1pH
craTuuHux gedopManigx MpyxuH). -

BU3HAUMTH AMIUTITYdy BEMYIIEHHX KOAWBAaHb cHcTeMu, rpadiuno 306-
Pa3UTH 3aJIEXHICTh AMIULITYAM IUX KOJMBAHb Bill YAaCTOTH TA BU3HAYHMTH il
71 pE3OHAHCHOTO BHMAJAKY. '

CxeMHn MeXaHiYHAX CHCTEM [OKa3aHO Ha puc. 84, 6—ez, a HeoOximHi aust
pO3paxyHKY BEJHYMHH HABEACHO B Tabin. 49. ;

Tpukaan 42. [ig xomusansHOi MexaHiuHOi cuctemu (puc. 84) BusHaun-
T niepion 7' i IMK/TiYHY YACTOTY k BiIBHUX KOJIMBAHD, 4 TAKOX 3HANTH 3aKOH
pyxy y (t) pyxomoi Macu m i 306pazuTu rpadik 3MiHM aMILTITYAU BUMYIIE-
HAX KOMMBAHb 3 YMOBH, MO Ha cucreMy pie 306ypioBambHa cuna
F = F, sin pt.

Hano: m = 1 xr; m; = 2 kr; my = 2,5 xr; m3 = 3 Kr — Macu OfHOPiXHUX
TOHKHX CTepXHiB I, 2, 3; my = 2 Xr — Maca ogHopigHOTO AucKa 4.
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Puc. 84

Teomerpuuni posmipw: a=0,4M, b=1M c=0,6M d=08m
XKopcerkicrs npyxun: ¢, = § kH/M, ¢, = 8 xH/m. ITapamerpn 36yprosan-
woi com: Fy=5H, p=150 ¢l Iouarkosi ymosm: y, = 0,005 M,

 jo=0,05u/c. |

Po3B’a3aHH g Ockiibkn MExanidyHa CHCTEMA MA€ ONUH CTYMiHb -
BUJIBHOCTI, KOLUTHHO SK Y3arajJibHCHY KOODAMHATY TIPHHHSATH BEPTHKAJbHE
nepeMilllcHHS y Macd m. -

Pisusaunsa Jlarpasxa Mae BUTISH

- d 8T oT - ol (D
dt 9y dy  dy + Q,‘(t)‘.
Kinetnuna enepria cucremu (puc. 84,a) - ,
T=Tp+ T+ T+ T3+ Ty, @
A¢ KiHeTHYHA eHepria Macu m _
_ 1 2 D)
Tm - ‘Z'my ’ : .
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KiHEeTHYHA eHepris Aonnopizxnoro TOHKOTO c'repxﬁﬁ 1

Tl = %J o,w%
KiHETHUHA ‘eHCpI'iSI ONHOPIZHOTO CTEPXKHS 2

T,= %—J 02(0;;
KiHeTHYHA eHepri;l OMHOPIXHOTO CTEpXHA 3

T; = %J 03(032&;

KiHETHYHA €Heprig OgHOpigHOro. Jucka 4

1
Ty = 2 Jo,0%.

MomeHnTH iHEpINiT BiTOOBIZHMX Tin

1 | ‘ 1
Jo, = gmc’s Jo, = gma(c+ d)* Jog=gmy(a+ 5% J

N

[IIsuaxocTi BiAMOBIAHMX TOYOK CHCTEMH

.a+b
Vp=Vpg =V =Yy b

Kyrosi meuakocri o6epranss BignmoBigHAX TiN

.a+b
m1=vc/c=y-ﬁ_—;

a+ b

.m2=v,,/(c+d)—j>b(c+d)

-

w3 = y/b;
a+b
034=UA/R4=Y‘bT‘-

4

Ha niacrasi (3)—(9) xineruuna EHEPrig CHCTEMU

1 2.1 (a+ b
T = —z-myz + -6-m3(—b2—)-y2 +
l (a+b) 1 (@+8)’>, 1 (a+8)’,
4 b y +6m2 b2 y + 6ml b2 Yy =

a+ b

=T2-(6m+(2m3+3m4+2m2+2m‘,)( 5

)2)5?. '-

)

6))

©

¢}

= JmRL®)

9

1
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" TlorennjianpBa éneprisl CUCTEMH
7 _‘—Cl y= }"lc) cl)"lc 02 (do, £ Aac)z -
1 b 1
- S — mag—j—"‘Ps - mgy = mg (— (c+d) =5 (c+d)cos (Pz) -

11 1 1
~ mig (5¢ = ¢ €05 9)= 51y’ £ eiyhic + 500 07 + Cd@hsc — mgy =

- m3gaz—b(p3 1ng(c+ d) - 2sin2%2-— —;-mlgc . 23in2%= ‘
_1 2 X 1 d(a+b)2 L ath _
=0y Eayhe t 27 ( T a7 £ adry d)byM

' + b 1 (a+ b
- mgy — magTb—y ng(0+d) 4-1)-(-(-—;—21-)—}’

(a+ b, | an

mlgc —zrY .
; 7 b'c
Y nosioxeHHi, K€ BiNOBIAA€ CTATHYHIMA nedopmarii npyxus,

aIr ' .
dalal =0; ‘ .
("J’) -0 a2

d a+b
+c‘}"°_czb c+d

Age — mg = msg—z'b— 0.

Pisasuns (11) 3 ypaxysaunam (12) Ha6ynae‘5nmsmy

d (a + b) (a + b)? (a+ b)2> 2 a3

21 : d (ato
I= Z’ (201 + 202b2, +d 25b2( + d) - mg b2

YacTuHHI MOXigHi, MmO BXOI(SITI: IO . CKJIaxy pm}mmm ), MalTh Taki
3HAYCHHS:

aT
oy~
. ‘ N " 2
+
o _ 1 ., +2¢4f_(a+b)2_'m (a + by _h (a+ b
w2 (O gt e M B )
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EF 87, Fo sin pt - 8y N
Qy (t) = 50 3y F, sin pt.

Ocratouno pisasHus (1) HabyBaec BATISTY

2.
+ N
%(6m + (2m; + 3mg + 2my + 2m)) a—bl Wy +

1 P+’ (a+ b
*q (2et 2o (c+d "™¥(cta

2

a+ b)? .
- mlgng—)-y = F, sin pt,

abo
Ay + By = F, sin pt,
ae

« » o
A= % (6m +(2ms + 3m, + 2m, + 2m,) (a b)

5
=%(6-1+(2-3+3-2+2-2,5+2?2)(0’41”)

1 & (a+b)’ a+ b\’
2 (2, + 2c2b (ot d) - myg (———b )
a

c+d
2 2 2
—mlg( Z”) %):%(2 5000 +2 8000(08) (14) -

2 )
2

] =v7,86 KT
1 —

B =

14" 1 1,4 _ 1 o2
~2,5 - 98(1) 142 98(1) 06)—1007081(1‘ ¢

B OCTATOYHOMY BHI‘JISII(I xmbepeﬁmanbﬂe plBHSIHHSI, mo OHPICYG BPIMy- .
IIEHI KOJTMBAHHS MEXaHiuHO1 CHACTEMM, 3AMHUCYETHCH TaK:

y+ y= h sin pt, ‘ 14)

ne k*=B/A=10070,8/7,86 = 1281,2¢™* (k = 35,8 ¢
qacrora BiJIbHHX KOJIPIBaHb CPICTBMPI), a

. h=F/A=5/786= 0,636 u/c".
Ilepion BinpHEX KOMBaHb
T=2n/k=2n/358=0,175c.

—  LUKTiYHA

1319 .



AMI'IJIITyIIa BlJIbHHX KOJBAHD

=/ 0+y° \/0005 + 2 =519 10" m

ITouaTkoBa da3a KOIMBAHD
ky, _ 35,8+ 0,005

tgo = I = 0.05 = 3,58.
Ockinpkn
_ & - 0,005
sino =" = ————5,19 107 >0,

maemo o = 1,3 pan.
OCTaTOuHO PiBHAHHSA BLIPHMUX KOJHBAHb CHCTEMM HaGyBae BUIISTY

i = 5,19 - 107 sin (35,8¢ + 1,3).

ToBruil po3p’si3oK piBHauEs (14) 3 ypaxysaHHaM 30yprOBaJbHOI CHIH
F = F, sin pt 3a0HCYEThCA y BUIVISIAL Yy = y + ¥, A€

¥ = %f; sinptsink(t - 9dr= Tm—zﬁg—;f)—sinkt +
P ks S s
Tyr
kz—’_l;z- -5 = 3_&%@1'5'65 ~0,03-10°; 16)
hp 083610 3000 an

TkE@-p)  3B8(358 - 150H

TloBHMIT Po3B’SI30K, SKMif ONMCYE KOJHMBAJIbHUIA MPOLEC MEXAHIUHOI CH-
CTEMH, MA€ BUI/ISI

y=519- 10" sin (35,8 + 1,3) + 0,13 - 107 sin 35,8 —
- 0,03 10_3> sin 1507,
Pisnicts (16) MOXHA 3amucaTH Tak: :
h 0,636 4,96-10°*

B = =G/ 3587 (1 = (/) y 1= (p/k)
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A ' ) I'padiunoc 34JIEXHICTD

x . ,
R ‘ B’ = f(p/k) sobpaxeHo Ha
“5' ‘ _ ‘ puc. 85, sBigkm BuILIHBaE,
T2 M0 B PE3OHAHCHOMY BHNAI-
1y Ky, KoM p = k, aMmiTyna
0,496 ] 1 ) 3 - BAMYUWIEHUX KOJMBAHb CHC-
0

: : TEMH MpIMyE JOO HECKiH-
0,248 P/k  uenmocTi. -

Puc. 85

3aspanus f1-16

KOJNMBAHHS MEXAHIHHOT CMCTEMM 3 OHMM CTYMEHEM
' BUILHOCTI NPM HASIBHOCTI CHMIIM OTIOPY, MPOMOPLIIMHO |
NEPLLOMY CTENEHIO LIBMAKOCTI '

Busnauuty yacrory i mepiox KonMBaHR MEXAaHIUHOI CUCTEMH 3 OXHAM
CTYIIEHEM BUIBHOCTI, 9Ka 3MiNCHIOE KOJIMBAHHS Y BEPTHKAIbHIN IUIOMIMHI,
> 3Ha1713;n piBHSHHS Pyxy Tina I (¢ = ¢ (7)), SKmMO CWna omopy pyxy
F = —uv, *

Ha xonmBaneHy cucreMy, KpiM cu1 TsXinag Tt I, 2 Ta cnm TSKIHHY,
06yMOBJICHOI TOUKOBOIO MAcoIo, i€ 30BHImHS ¢una F = Foy sin pt (BapianTH
1—12, 21, 23) abo momeHT M = M, sin pt (sapiantn 13—20, 22, 26—30).

Cxemu MexaHiYHHX CHCTEM NOKAa3aHO Ha puc. 86, 6—2z, a Heobxinmi wis
pO3paxyHKy BEJIMYMHM HaBeneHO B Tabir. 50. S o

_ Tabnuusn S0 -
Bapi-| ™ I m I my a I b ] d ¢ Fy M, P " ') P
anT | xr M xH/M|' B |H'u|c V| Hem _pan !
1 2 4 — 104102106 |18]| 4] — 6 32 0 [. 4
241 4 3 — 10710605 /[20]| 6 —_— 8 24 0,1 0
3. N 6 — (06104105 |1,01 8 — 5 18 0,21 3
4 1 3 - 10210505 (1,5] 5 — 4 40 0 5
5 6 3|1 —103/03{03]|12] 9 — | 10 28 0,1 0
6 1 3 51 —10510510210,9 7 — 1 12 36 0,08 6
7 5 6 — 105104}03120]| 12 — 6 20 0,09] 0
8 4 3 — 1041041041 1,6| 4 — 9 16 - 0 4
9 2 6 —~ 106 |-02]05]|24 8 — 5 18 0,12} 8
10 3 4 — 102106 }04]30[ 6 — 4 30 0,201 .0
11 3 6 — 106106106 |1,8| 9 — 8 40 - 0 5

218-500 S ’ ' 2321



3axinvenns mabn. 50

Bapi-{ ™ | m l m, a ] b I d c £, M, P [ N R @
ant xr .M xH/m| H |Hm| ¢! | Hoem | pan | 7!
12 1 3 — 05104103 )1,2] 10| — 6 35 0,14} 6
13 2 3 4 104105)06120| — 8 12 24 0,15] ©
14 3 2 4 105040328 ¢{ — 6 9 28 0,16 4
15 4 3 2 /10,606 {031} 10| — 4 | 5 16 0,10 8
16 1 2 4 102)|04]031}1,5] — 5 4 26 0,12y 0
17 2 6 3 /]03{03(|03|1,6| — |10 8 32 0 10
18 1 3 2 1031061031 1,4[ — | 12 6 18 0 12
19 3'1 9 6 1]05|05(05]20] — | 14 9 30 0| 6
20 4 6 — (06106 06|32} — 6 10 34 0,181 0
21 2 3 —102}08{04 |20 — | — 1] 8 20 0,12 0
22 3 9 — 1060803135 — .8 5 36 0,14 0
23 | 4 6 —l05}10204|30] — | — 4 40 0 (9
24 3 6 — 10405 — |16 — | — 6 32 0 8
25 1 | 3 —106(04}02|18| — | — |10} 24 {020 6
26 2 6 | —|04]04)04]20 —i{10 5 18 0,081 0O
27 1 2 —103103(03]1,4] — | 12 4 20 0,124
28 i 4 2 0406 — |24 — | 18 8 36 0,14} 7
29 2 3 6 |05;04|061{20| — [15] 6 28 0 10
30 2 3 2 /106106 09}18]| — 8 12 30 0,161 0

Ilpuknan 43. Ilns MexasivuHO! CHCTEMH, CX€My SKOI 300paxeHo Ha
puc. 86, sagano: m = 2 kr; m; = 3kr; my =6xkr; ¢ =2xH/m; a = 20 cMm;
b=30cMm; d=50cm; = S0H ¢c/M; F= Fysinpt; Fo=TH; p= 8¢
9o = 0,2 pan; ¢, = 0.

CucreMy po3MiIIEHO Y BEPTHKAJIBHIN ILIOMMHI, PUYOMY B MOYATKOBHIA
MOMEHT YaCy CTEPXEHb 2 3aiiMac ropH30HTAJIbHE MOJOXKEHHS.

"Puc. 86,a
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Iz sza E-

8= Sosin}at
So=0,08M

123

SI% F sesosn F*’-

S0=012m

25| S=Sesinpt So=010m | 26 | mQ————




BuznaunTy nepion Ta 4acToTy 3aracalouMx KOJMBAaHb B CHCTEMi, 3HAHTH
33KOH KOJIMBAJIHOIO MPOLIECY B Hifi, BPaXyBaBIIM ONip CEPENOBHINA (cn.ny
onopy nemn(blpynannsl)

" Poss’asanms lle 3aBnanHs MOXHA pO3B’S3aTH, SaCTOCOBYIO‘-KPI
. Audepernianbae piBHIHHS 00epTaNbHOro pyxy 'rnepz(oro TiIAa BiTHOCHO rO-
PH30HTAJBHOL OCi

) - JOx(.f’/= ,ZMOx (I;'iE) (1) 7
abo pudepenuianbHe piBHIHAS JIarpal;xa Ipyroro popy v
doT T _ oIl _3® 2
236 96 - e e T 2O 1

1."Cnouarky mo6yayemo mucdbepenmianbae piBHSHHS DyXy MeXaHiuHOl
cucTemMu, BUKopucTasind pisHsHH (1). 3ayBaxumo, mo

Jor=ma+ b+ d+m2a+ 2b) +
+ %mz (at+b + dy} + —é—m, (2a + 2b)* =

=2(0,2 + 0,3 + 0,57 + 2(0,4 + 0,6)* + é— £ 6(0,2 + 0,3 + 0,5)° +

. ) + 31; - 3(0,4 + 0,6)* = 7 kr . )

. . . > > > > D> = > L.
Cyma momenTiB 30BHIHIX cunt (P, P, , P, , F,, F,, F, Fy,), 9Ki Oil0Th
. Ha MexaHiuHy cucremy (puc. 86,a), BinHOCHO oci OX BU3HAYAETHCA TAK:

S Mo, () = F(2a+25) + P(a+ 2 o + P, 225 2y

_F1-2b+Pz-%((1+b+d)"’Fonop(a+b)_F2a+P(a+b,+d), “4)
ne ' v
F = Fosinpt; Py=rmg P, =myg; P=mg

| o)
F, = c(ap £ h); Fir = ¢ (260 % Aio); Fonop = 1 (@ + 0) 6. }

Y HoJOXEHHI CTATWYHOI PiBHOBATH, KOMH CTEpXeHb . 3aiiMae BEPTH-
KaJIbHE HOJIOXKEHHS, a CTeperh 2— rOpHSOHTaJIbHC,

p, 2(a+b+d)+P(a+b+d)=Fc 2bA,. F cAya =0 6)

3 ypaxysauuam (3) i (6) sriguo 3 (4) Maemo
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3 Moc () = F(2a+ 28) = (cd + ¢ 25} ) 0~ (a + 8¢ +
/ +P,(a+b)(p+2P(a+b)(p " @)

MigcraBamoun (7) B (1), micraemo
Job +c(@+ 46 0~ mg(a+b)o—2mga+b)o+
G b)* ¢ = 2F, (a + b) sin pt. _ 8)
¥YBegeMo Taki no3HAUYECHHS: ’
. 2 2
pa+d)” 50(0,2+0,3) —1,8c

" Jox 7

. c(@+46") - g(a+b) 2m + m) _
JO:

2000(022+4 0,3) =98(0,2+0,3) (2 2+3) - 109¢%
7

2n =

(9 -

Wola+b) 2-17 (0,2 +0,3) " ‘
7 = =1c¢™ . J
Ox '

'OCTAaTOMHO  KOJMBATBHMH NPONEC Y CHCTEMi ONHMCYEThCs Iudie-

PEHIANLHNM PiBHSHASM
o+ 2nop + kch hsmpt (10)

2. LIo6 BHKOPHCTATH pmnslmm (2), BH3HAUMMO KiHETHYHY i ImO-
Tenmanmy €HEeprilo MexaHiyHOI CHCTEMM:
a) KiHETUYHA E€Hepriga
T=—%-m(a+ b+ d)* ¢* f%mv(2a+ 2b)% ¢* +

11 . 1 1 , .
+'2" -3"11‘(24+2b)2¢2+§'§m2(a+ b+d)2(p2-;

e

an

6) moTeHUiaNbHA eHEprig
m= -mg(a+b+d)<p—m2g--;—(a+b+d)(p +%g(qq>t)vk)2—
__CAZC+—C(2b(p+)"lc)2 lc_ml 2a;2b 2a;2bCOS(P) -
~myg ((2a + Zb) (2a + 2b) cos ¢) =

. =-mg(a+b+d)(p—?12-m2g(a+b+d)cp+%ca2<p2t

* caly 0 + %c (26 9* £ c (2B) e @ —

.(p2 (pz
—ml'g(a+b)-2—4——2mZg(a+b)-2-2—. (12)
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Y monoxeHHi craTMyHOI piBHOBAary

%|,=o= —mg(a+b+d)—%m2g(d+b+'d)icalqct

+ ¢ (2B) A = 0. S a3

‘OcratouHe 3 ypaxyBaHHs:M (13) norenuianbHa eHepmsI MEXaHiyHOI CHC-
TEMHU

1 1 1 , . _
o = 42ca2(p2 + 5 (2b)* ¢* - 3Mmg (a + b) 9> — mg (a + b) 0% (14)
@ynKuist POSCiIOBAHHS EHEPTI] 4 ' :
. = 1 2 -2 .
O=xp(a+d)o. (15)

YacruHHI DOXiAHI, IO BXORSTb AO CKJIALY pmnsmml 2, MaioTh TaKi
3HAUCHHS: ‘

-é-a = 0; —(m(a+b+d)2+m(2a+2b)2 —-m,(2a+2b)2+
+—§m2 (a+b+d?) o= Jo: 9

all

'—7376——ca(p—c(2b)2<p+m,g(a+b)(p+

+2mg(a+b)o = -'_k2 Jox 03

® . .
- 3—(p = —p(a+ B¢ = ~2nJog. (16)

¥YsaraapHeHa cuaa

o =

-

zFi(t) - 81 __ 2F,(a + b)sin pt - 3¢
3 o 3¢

Ha nincrasi (2) maemo mudepeHyiaibHe PiBHIAHHAS

= 2F; (a + b) sin pt (1D

¢+ 2n¢ + k'o = hsin pt,

mo 36iracTsca 3 {10).
PipHsHHS, SKE ONMCYE 3aracaioyi KOJMBAHHS- B CACTEMi, Mac BHIISN

$ + 2n6 + Ko = 0. (18)
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Ilepiox i uuKIiYHA YACTOTA 33aracalOuux KOJMBAHD
2n 2n

T= =
Ve -nt V109 - 0,9

= 0,6 c;

=V -2 =V109- 0,9 = 10,4,

33KOH SIKHHA ormcye 3aracaroui KOJMBAaHHS B Mexamtu-nn cuCcTeMi, Mac
BHIVIAT

9, (1) = e (C, cos 10,4t + C, sin 10,4t) . 19

Pose’sa3xom piBHanns (10), mo onucye BUMymIeHi KOJMMBAHHS B CACTEMi
3 YpaxyBaHHAM CHJIA . ONOPY Foup = (@ + B) ¢, €

¢ (z) = e (C, cos 10,4t + C, sin 10,4t) + A sin (8¢ + p). (20)
AMIUTITYZIa BUMYIIEHAX KO/IMBAHD
' " h
SR o e g
1
" V(109 - 64)* + 1,82 - 82
TlouarkoBa ¢asza xonuBaHbL

‘ 2 1,8 - 8
B=arctg(—T@—2) arc tg ( m)——OSlpan

=2,12 - 1072,

Orxe, po3s’a3ok (20) Haﬁynae mmsmy

¢ ()= €™ (C, cos 10,41 + C, sin 10,47) +
+ 2,12 + 127 5in (8¢ - 0,31). (21)

Crani mTer'pyBaHHﬂ C icC, annaqaemo 33 JOMOMOTO0 noqa’ﬂcosnx

YMOB (npnt =0¢ =¢y=0, 2 pag; ¢ = ¢g = 0), axi IIII(CTaBJISIEMO y BHpa-
34 ¢, ¢:

' cb(t) = ek (o8 cos k;t + C, sin, k,t) +
+ kie™ (=C, sin kit + C, cos ki) + Ap cos (pt + B). 22)
- Orxe, . .
Go = =nC, + k,C; + Ap cos B; @0 = Cy + A sin B,
3BigKuM :
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Ci =0 — AsinB = 0,2 - 2,12 - 10 sin (~0,31) = 0,2065;
C, = (9o + nC, — Ap cos B)/k; = (0 + 0,9 - 0,2065 —
= 2,12 - 107" - 8 cos (~0,31))/10,4 = 0,051.

Ocratouno 3akoH (20) KOJIMBAJIBHOTO IPOLECY B PO3IIAAYBaHiA Me-
XaHiuHiA cacTeMi 3 ypaxXyBaHHAM ONOPY CEPENOBHMINA MAc BATIS

o(r) = €7"*(0,2065 cos 10,4 + 0, 051 sin 10,47) +
+ 2,12 - 107*sin (8¢ — 0,31) =
= 0,2071e~** sin (10,47 + 1,33) + 2,12 - 10 sin (8¢ — 0,31).

3aspanus f1-17

AOC.I'IIA)KEHHSI BMMYLUEHMX KOJIMBAHDb
MEXAHI‘-IHOI CUCTEMM 3 ABOMA CTYMNEHSIMM BITHHOCT!

MexaniuHy cucreMy, mo ckiaagaerscd 3 ti1 I, 2, 3 ta 4, miakpimieHo
NPYXHUHAMM 3 BIAMOBIMHMMH XOPCTKOCTSIMH Cy, Cp, C3 1 ¢4, IPHUOMY TiNIA 2,
3 — onHOpigHi TOHKI CTepXHi 3 JMiHINHOI TrycTHHOI p;,, a Tina I, 4 —
OMHOPINHI TOHKI IUVTACTHHKY 3 IOBEPXHEBOIO TyCTHHOIO Pg. Cucrema, Ha Ky
Zie Tarapenpb Macolo m, po3MileHuH y neBHOMy MicIi, 3a3Hac rapMomtmoro
36ynxenua F = F, sin pt.

Cxemu MEXaHIYHAX CHCTEM NOKa3aHO HA puc. 87,a—a, a Heobxinmi n1g
PO3paxyHKy BEJMYMHH HaBeAeHO B Tabsn. §1. Macamu npyXuH 3HEXTYBAaTH.

Bu3HauMTH YAaCTOTH BUIHHAX Ta aMIUTITY# BUMYIIEHAX KOJIMBAHb y CH-

_CTEMi, 3aNMCaTH 3araJbHMI BUpPa3 BAMYIIEHMX KOJMBAHb i HAKPECAUTH
rpadiku, SKi XapaKTepU3yIOTh 3MiHY aMILITYA BMMYIUEHMX KOJHMBAHb Y
CHCTEMi IIpH PE3OHAHCI.

Tabnuys 51

Ba-| @ 1 b ’ I 4 I d Ps Pt |m|¢ | = l Gl lf| p 0 | 920 | P10 V L

T xr/u? | xr/m | xr xH/m H| ¢! pan pag - ¢!
{11]01]01{02]01]120[064[6]|5{3|4]5]|100]0,01]{0,0i] 0 | 0,02
2 (03(0,2{0,2{0,1[130|0,73|5|5]2]3|6}120}0,02/0,01]0,0t} 0 »
"3 ]01]|02[02]01|140 |05 |2]|4[6]|4]5|4]|150] — Jo,18] — | 0,01
‘4 {01]02{0201]125]|06|5|2|4]3]4[8]140| — |0,02] — | 0,01
§102102({0,2(0,2]145(04|3]|6|8|5]|4|10]/150| — |0,16] — 0,01
6.10,2(0,2[{0,2(0,2]150|0,3|4|8|6{4{3|9|150| — [0,14] — 0 12
7101]02]0,2(0,1{ 140 0,5 5(616|5{4]7/110]0,01{0,02{ 0 | 0,16
8 {0,1{0,1{0,1[0,1]|120[0,4]4]|9]|6|4|4|8]120| — [0,02] — | 0,01
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Jaxinuenns - mabn. Sl
Ba- | @ I 14 i ¢ l d Ps P |m|c I LA | C|Fof p P | P | Pro L
piant M kr/v? [ xr/m|xr| | xH/u H|c? pan pan - ¢!

9(02|01]0,3]0,2|135]106|6[7[{9|3]|4]/6|150| — [0,01] — 0,02
10 (0,110,102 |0,4]| 130 |0,7(3[10|6]|2}{3|5[100| — |0,18| — 0,01
1110110102101 125}0,8 [2]|815]|2{4}{6]|110] — 0,16 — | 0,12
12]0,1/01{0,4]0,2]| 115 1,0{4(616|4|3(8]120] — [0,02] — | 0,14
1310,1]020,2|0,1|120 {093|5|5|5]4|9]|150] — |0,12] — | 0,01
1410,110,2(0,2(0,1 {13006 |2|8|4|3|4|7|/100] — |0,01] — 0,02
15j01j01 (0201|110 |08|4|5[6]4|3[10]150] — 0,02 — | 0,01
16 [0,210,2|0,1 |0,1 {10007 |5[4]4}14(4]8]140|0,01]0,02]0,01] 0,01
17 {0,2(0,110,210,1] 90 [ 0,6 [4]4]|5]|4]5 8§|120 — |0,01] — | 0,02
18 10,2|0,2{0,1{0,1| 95 |05 |3(6[8{3]4][7]|130| — [0,15] — 0,01
1910,210,2{0,1(0,1|100 {04 |2]|3|4]415|6]150]0,02 0,12 —

201020,1(0,1 (0,2} 8 [03}4|4|4(3]|3{5{100! — |0,02] — 0,02
2110,210210,2|0,2] 110 |0,5|3[513({4({418|120]| — 0,14 — 0,01
2210,2{02(06]0,2| 8 |04 {5({3|3!3|3|6]140]| — 0,12 — | 0,15
231041{0,2:0,30,1 60 06|64]4]|4]4]10[100]| — 0,011. — .} 0,02
24 (0,3(03{02/0,21100}0,5|412|3][3]2/4]|110] — 0,02| — | 0,12
25103(0,6/06]0,2]100(0,716|3!5]4|—|5]120] — 0,01 — |06
26 10,2]/040,2{02| 70 10,4 (3[5|4|2|3|8!/100] — |0,18] — 0,01
27 10,4{0,2(0,4/0,3]|120}0,5|5|3[43|4]10]140]| — 0,02f — | 0,01
2810,2104(0,2]02{130]|06 |4]{4]|3|4]|3|6|130] — Jo,01| — 0,01
2910,2104(04102]| 85 [04|612]414|3|4]150] — 0,16 — | 0,12
3010,2/0,3(0,40,2/100 | 0,8 {3/5]2|5{4|8]150]0,02]0,01 0,01 0,02

IIpuxnan 44. MexaniuHa cucrema
(puc. 87) ckyamaeThca 3 ABOX OpPYXHHX

TOHKOIO CTEPXH4. 2.
Hano: a=0,2M; b= 0,04 um;
c=0,16 m; d =.0,2M; ¢, = 1000

H/m; ¢, = 4000 H/m; ¢; = 2000

H/m; ¢, = 1000 H/M; m = 2 xr;
p, = 100 kr/M*;  p, = 0,5 kr/Mm;
Fy=4H; p=100c"; @,=
= 0,02 pan; 95 = 0,01 pax; ¢, =
=0; ¢ =0. '
Poss’sa3aHHua4a Bukopn-
craemo pisagHHS Jlarpanxa npy-
roro pony. Sk ysaraiabueHi subu-
paeMo Taki KOODAMHATH: ¢, —
KyT noBopoTy Tisia I pasom i3

3 OBOMA CTYNCHIMH BLIBHOCTI
Tin [ i 4 Ta aGCOMOTHO TBEPHOIO

a 8, ¢, d,d 13
0 2C C2 | 2 m
b ‘ 3
%
02 (ez C'S Q
4
Puc. 87
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CTEPXHEM 2; @y — KyT nonopory Tina 4 HABKOJIO TOUKH 02 (mus. puc. 87).

Tomy
d oT 6T a .
dt a(i)l aq) a(pl + Ql (t)!
d oT oT a7
dt 99, 09,  0p, * Qz ©

KimeTnuHa eHepris MEXaHIYHOI CHCTEMH
T= Tl +T2+T3+ T4,
A€ KiHeTHYHa eHepris o6epTambHOro pyxy Tiia [
1, .
T, = '2'-’ o, ¢15
KiHETHMYHA eHeprig oOepTaIbHOrO PyXy CTEpXHSI 2

1. .
T2=2'12(Pf;

KiHeTHYHa eHeprid Tija 3

Ty = —;—msvg = %m (b+c+ 2d)? ¢}

KiHETHUHA eHeprig Tina 4
1
T, = 7 J4 93,

MowmenTu inepiii okpemux i

T, = % (B + (b + c)z)
J, 112m2(2d)+m2(b+c+d)
J4 =1_8m‘ B+ (a+ b+ c+2d)7)+

+%m4(a+b+c+2d)2 =

%m4 (a+b+c+2d)+ %rm 3
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M a ,a [} 1. b, c ‘
: 1
é‘ Val G *

17 a_a o b b, ¢ - 48! ,cja,a (B8] 2 | B
. o
O 1
AN G
3
Cs ,‘1‘_ C4
CYCHCTIE W W
Sl | od o
;y?
m
d dl 20,02
W4020,02  (Pao=0 ﬁ::w.'m

Puc. 87,6




Qa0=0,14  P40=001

27

b0

28] Fye 8 F %,

X46= 0,02n |

Puc. 87,6



Macu okpemux Tix \
m; = b(b+ c) p, = 0,04 (0,04 + 0,16) - 100 = 0,8 xr;

my=2dp; = 0,4 0,5 = 0,2kr; m; = 2k

m4=%d(av+b-‘i-c"+2d)ps=
=0,1(0,2 + 0,04 + 0,16 + 0,4). - 100 = 8 k.

®

Ha rfiL(CTaBi (2) 3 ypaxysammsm (3)—(8) KiHeTHuHA EHeprist cucTeMu

T = %ml B+ (b+c)P) e+ 21—4m2 (2d)* ¢} +
+,%mz(b+ ¢+ d)zq')f+%m(b+'c+ 2d)? ¢}
1 )
+ zm.g (a +b+c+ 2d)2 (Pg + 12m4d2(p2

IoreHuiaapHa €Heprist CHCTEMH ‘
= 171+172+173+17.,+17T+112 + I+,

Ac no'renmanbna CHCpI'ISI HOPYXWHHU )KOpCTKlCTIO [}

11, Cl (b<P1 = }"lc) clllc = T’v‘lb ‘Pl t ¢ Ao

NOTEHI[iabHA EHEeprist npymmm XOPCTKICTIO ¢;
, 1 NI | 2
H2='2'c2((b+ 0) 9y £ Ay) "2"02}%=
=50+’ olt e b+ ) o

HNOTEHIiAIbHA €HEPrid MPYXUHU XOPCTKICTIO ¢,

o , 1
M=gc(b+ctdoth=(atb+c+d o) -5ark=

=-%—c3(b+c+d)2<pf+—;—c3‘(a'+b+c+d)2(p§t

to(btrctrd)dao—cs(btct+d(a+b+c+d o o7

Foalat+tb+c+d i oy
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no'reHma.ana CHEpris NpyXuHU )KOpCTKlCTIO Cs
, H4—%c4((b+c+‘2d)(p, t A —(a+ b+ c+2d)(p2)2
- %cd»fc = %q (b+c+2d)? 0% + —Z-c‘ (a+ b+ c+2d)P o3

te,(btce+2d)o M. Felatbtcot+2d) oAy —

—cb+c+2d)(a+ b+ c+ 2d) o, 935 a3
TIOTCHIIiAJIbHA EHEepria Ti.rxa 1

IIOTeHmanhHa CHEprig CTepXKHS 2

I, = —ng(b+c+d)(p1, (15
MOTEHIia/IbHA CHEPrig TIa 3 Macow m ‘

I3 = —mg (b + ¢ + 2d) 0y; o (16)

MOTEHIiaIbHA CHEPrisl OXHOPIAHOI TOHKOI ILUIACTHHKH 4
H’:=—m4g'§(a+b+yc+2d)(p2. an
3 ypaxysanuam (10) — (17) HOTeHuianbHa-eHepriﬂ MEXaHIYHOI CUCTEMH
1 ‘ 1
n=5 abol £ ¢, + 7 2 (b+c)iolx €2 (b + ) A0 +
+%c3(b+ c+ d)chf+%c3(a+ b+c+dios=

te(btet+rdy o Falatb+ct+ d) o, -

—ca(b+c‘+d)(a+b-lj'c+d)(pl(p2+%c;(b+c+2d)2(pf+

+lc4(a+b+c+2d2(p§ic4(b+c+2d)x4c¢l:=
=Fc4(a+b+c+2d))\.4c<p2v-c‘(b+c+2d)(a+b+c+2d)<p1(p2

1
—ymg b+ C)qn mag(b+ctd)o—

-mg(b+c+ 2d) o, — %m4g (a+ b+ c+ 2d) o, (18)
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\

Y nonoxensi BlZIHOCHOIO CIIOKOIO, '1‘06'1‘0 KOJH CHCTCMA 3HAXOAHUTHCHA B
MOJIOXEHHI CTaTHYHOL pmnonam, MaeMo -

(_311) =tc,b)»lc_cz(b+c))vzc+c3(b+c+d)}vsc_
@y o =py=0
tc4(b+c+2d)).4c——:lz—}n1g(b+c)—ng(b+c+d)—
—mg(b+ c+2d) =0; as
,(gll) =Fglatb+c+d T
(%) 0 o
2
Folat b+ c+ 2d) Ay ~
—%m4g(a+b+c+2d)=0. - Q0
3 ypaxysamuam (19) i (20) BHpa3 (18‘) HabyBae BHIISRY
o= %clb2(pf + -;—02 B+ e+ —;-03 b+c+d)lol+
+%c;(a+b+c+d)2<p§—cg(b+c+d)(a+b+c+d)(p,(p2+
+ %04(b+ c+2d) ¢l + %q(a +b+ ¢+ 2d)° 92 -
;o —c4(b+c+2d)(a+b+c+-2d)(p1(p2 Q@n
¥ xaHoHiuHOMY nOAaHHI KiHETHYHOI Ta no'renmanbnox eHeprii uepes ysa-

TajbHEeHi Koopnm{a'm 0, i (pz Maemo’

T= 5 (au(Pl + 2a,,0,9, + azz‘b;); ‘ 22)

oy | | |
T =5 (cu®t + 20129:0; + c203), 3

IpAYOMY, SIKINO NOPIiBHATH MiX coboro (22) i (9) Ta (21) i (23), 10
inepnili-ni KoediuicHTH

Gy = g (B + b+ )+ oma 2+ my (b + ¢ + ) +

+ m (b + c+2d)’=
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= % + 0,8 (0,04° + (0,04 + 0,16)*) + —112- £0,2(2:0,2)" +

+ 0,2 (0,04 + 0,16 + 0,2)° + 2 (0,04 + 0,16 + 0,4)" = 0,766 KD M}

an:aql:o; 022;'%m4(a+b+ C+2d)2+'11_6m‘d2=

[§(0,2+ 0,04+ 0,16 + 0,4 + 1= - 8 0,2° = 2,513 xr-ad,

N —

a xBasinpyxni xoedimicHTn
it =é1b2+cz(b+c)2+c3(b+c+d)2'+c4(b+c+2d)2=
—1000 - 0,042 + 4000 (0,04 + 0,16)% + 2000 (0,04 + 0,16 + 0,2)? +
+ 1000 (0,04 + 0,16 +0,4)°=841,6H - m; , i
"c12=c2,= —g(bt+tctd(a+bt+c+d) -
—cbtct2d)(a+b+ct+2d)= |
= —2000 (0,04+0,16 + 0,2) (0,2 + 0,2 + 0,2) —
~ 1000 (0,2 + 0,4) (0,2 + 0,2 + 0,4) = —960 H-m;
cn=c3(a+b+c+d)2+c4(a+‘b+c+2d)2=
= 2000 (0,2 + 0,04 + 0,16 + 0,2)* +
’ v+‘1000 (0,2 + 0,04 + 0,16 + 0,4)> = 1360 H-m.

Ha mincrasi (22) i (23) audepenmiaabHi PIBHIHHS PYXy MEXaHIUHOL Ca-
cTeMu HaOyBaOTh BUIVISIY

an®; + ap®s + cu®r + 2 = Oi(1);

24
an®y + apds + €39y + P2 = Q(2). :
PisnaHES (24) ONUCYIOTh BUMYIIEHi KOJMBAHHS B CHCTEMI 3 XBOMA CTY-

NeHsMHA BIbHOCTI, TIpruoMy y3araabHeni cwmm Qy(7) i Qx(¢) BU3HAUAIOTHCS
3 YMOBH :

0i(1)50, + Qx(t)89, = IF, - 87, = Fysin pt (b + ¢ + 2d) 3¢,, (25
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3BIAKH
Q,(t)-—Fo(b+c+ 2d)smpt = 4(004+0 16+04)sm 100¢=
= 2,4 sin 100¢; Q,(¢) =
. Poss’gskamu pudepeHnianbaux piBHIHB

an®; + a9 + 1@y + ¢p9, = 0; }

(26)
an®y + anp®; + @ + cpey = 0 '

SIKi OIIPICYIOTI) BiJIbHI KOJTMBAHHA MEXaHIYHOL CHCTCMH 3 ABOMAa CTyIICHﬂ'MH

. BUII)HOCTI €

Py = A1 sin (kt + a); @, = A, sin (kt + a), (¢X))

e Al,kAz, O — HEBiIOMi CTaj)i BEJMUMHHU,
HmCTaBJIsnoqn (27) B (26), micraemo

Ay (e — auk) + A (012 - al2k) = } 28)
A, (e — azlkz) + Ay (0 — apk®) = 0'

YmoBoIO icHyBaHHS CTa/Mx A, Ta A,, BiIMiHHMX Big HyJ4, 3rigHO 3 (28) €

cn - auk Ci2 — al2k

Cy — a21k Coy — azzk

.0,

3BigKH

(en — aukz) (e — azzkz) - (12 = a12k2) (e — azlkz) = 0. 29

Pipnanns (29) HasuBaeThes pignsaHusM wacmom.

KOpI/ICTyIO‘{HCb OM plBHSIHHSIM, 3HAXOONMO YaCTOTH BlJIbHPIX KOJINBAHBb
MEXAHIUHOI CHCTEMH 3 ABOMA CTYNCHSIMH BIJIbHOCTl a came:

ki = \/‘g:': l\/ B - 4C , 30)

2
Ac
B = Culy + ¢22011 - 20125121 _
= . -
andx — day,
_ 841,6 - 2,513 + 1360 - 0,766 — 0° _
0,766 - 2,513 —~ 0* = 1639,9;

é — C11C23 — C?z - 841,6 * 1360 - (_960)2
 apan - a, 0,766 - 2,513 — ¢*

= 115 834,2.
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ky = \/lﬁ?ﬁ2 - V1639, 4 1158342 =8,6¢™

2

k, = \/—1ﬁgﬁ + %\/ 1630.0° — 4 - 1158342 = 39,6 ¢,

2

YacroTam k, i k, éinnonjnamcrb Taki poss’a3km (27):
v A @1,(t) = Ay sin (kit + ) ;

912(t) = Ay, sin (kyt + ) ;

921(t) = Ay sin (ki + ;) ;

02(t) = Ay sin (kyt + ap) .

3D -

3 ypaxysanHaMm (28) koedinmieHTn posmomimy, §Ki BiAIOBiAAIOTH 4ACTO-

TaM k; Ta k,, B 3arajJIbHOMy BHIAAKY BU3HAYAIOTHCH TAK:

Ay == - Cu — ankf - _ 612~ al2kf,
~An 1 Ciz2 — ale% Cx — a:zkf’
An _  _ _¢Cu - ayk; - " aik
Ap © G2 T alZ_kg Ca — ankg.

y poamanynénomy npEKAam

_ _ 841,6 — 0,766 - 8,6
. ~960 - 0 - 8,6°

= 0,818;

841,6 - 0,766 - 39,6
- I 2— = —0,375.
-960 - 0 - 39,6 :
3araapui po’an’sgxn (27) maoTh BULIISL
’ (P[(t) = A“ Slﬂ (klt + (X])>+ Au sin (kqt + 02);

0x(2) = Ay, sin (ki + 0y) + Au!»’zz sin(k;? + 0g). )

32)

. (33

34

OckinbKu npasi croporH (24) € rapMOHiYHAME ¢ynknismu, a came:

- Qu(t) = Quo sin (p1);. Qift) = Qo s (p1),

YACTHHHI PO3B’43KM 3aNHUCYEMO Y BATASHI -

35
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o1 (t) = A, sin (pt); 927(f) = A, sin (pt). :
Tixcrasmsoun (35) i (36) y (24), micraemo ' f;
A, (e = aud”) + 4; (c12 — a12P”) = Quo; ~:'
2 » 37
A, (e — anp’) + Ay (¢ — and”) = Oy =

Buxopaunm i3 (37), 32 yMOBH, IO @); = dy Ta Ci2 = €31, 3HAXOMUMO

O10 (622 = a220”) — G0 (€12 — 0120 - _

Al = 3 =
(c11 — @p”) (622 — @b — (12 — @1z0)
_ 2,4 (1360 ~ 2 - 613 - 100%) — 0(— 960 — 0 - 100%) _
(1841,6 — 0,766 - 100%) (1360 — 2,613 - 100°)—(—960 — 0 - 1007
=-3,54-107% ' :
b
4 . 38) .
_ Qe — aup’) = Qio (12— arzp) _
A2 = 2. 7 = '
(c11 = anp”) (€22 = @ap") — (€12 ~ @20’
_ 0 - (841,6 — 0,766 - 100) — 2,4 (=960 — 0 - 100%) _
(841,6 — 0,766 - 100”) (1360 — 2,613 - 100 —(~960 — 0 - 100%)° J
=1,37-107",

Toni 3arasbri po3s’s3kn (34) HaByBaOTh TAKONO BHIVISAY:
(Pl(t) = A” Sin (klt + al-) + A12 Sin (kzt + 0/2) + A'l sin (pt) =)

= Ay sin (8,67 + ay) + Ay, sin (39,67 + o) —
-3,54 - 10™* sin (1007);
01) - Appy sin (kyt + o) + Ay, sin (bt + o) + ’ @
+ 1,37 - 107° sin (100¢) =

= 0,8184,, sin (8,67 + &) — 0,3754,, sin (39,61 +.ay) +

+ 1,37 - 107 sin (100¢).
I3 BuKopHECTaRAESM MOUATKOBHX yMOB

t=0, 9, (0) = @10 = 0,02; 9;(0) = 90 = 0,01; &, (0) = pyo = 0;
¢2 (O) = (i’zo =0 ‘
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Ta BpaxysauHsM (39) maemo
‘ Ay sin oy + A, sin o, = @y,
Ay, sin oy + Anug sin 0 = Qg

S

Apk, cos o, + Apkycos 0, + Ap = @,

Akl cos oy + Ak, €OS Oy + Azp = @g0.
IIic.ns:' BBEACHHS NO3HAYCHD
' C, = A, sin o3 Cy = Ay, sin a3 }
’ C3 = A“COS 0«1;‘ C4 = Alg CoS @,
cacrema piBHsHb (40) HabGyBae TaKoro BHIVISAY:
l Ci+ Cy = @y ]
City + Calty = @y}

Ciki + Ciky + Ap = @43

] Cskipty + Cukohty + Azp = G J
Ha mincrasi (42) maemo

90 —40w0 0,01 —(-0375-002 . . 3
G=Ti T T oms— (<075 AT 10
_ M@0 — 9 _ 0818002001 _ .. . 3
Ca= = T T 0818 - (—0,375) 23105

C; = Hadio = H2d1D — b0 + Ap _

ky (2 — 1)
(~0,375) - 0 — (—0,375) (—3,54 - 10™*) - 100 + 1,37 - 10~° - 100

8,6 (=0,375 — 0,318)
=1,16 - 105

Cu = 920 — Azp — P10 + D _
4 ky (2 — 1)

0 - 1,37 - 10° - 100 —0,818 - 0 + 0,818 (~3,54 - 10™) - 100 _
39,6 (—0,375 — 0,819) v

=0,64 - 107°.

’ -

(40)

(41)

- (42

L (43)
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- Ammtityau KonmBaHb A, A, i moyarkosi ¢asu Ha migcrasi (41)—
(43) craHOBJATD

Ay =VC+ C =V(14,7 - 1077 + (1,16 - 1073 =

=14,75- 1073

Ap=VC+C =V(533- 107 + (0,64 - 107°)* =

; o 44
=5,37-10""; "

A tpoc _Q_M‘=1267 (o =’1492paf-l)' )
1051 C3 1,16 - 10-3 : s 1 ’ . ’ ‘ K

tgaty = %— = (5,33 - 107%)/(0,64 - 107%) = 8,328 (o = 1,451 pan).
4 . .
Ha migcrasi (39) maemo
91(f) = 14,75 - 107" sin (8,6¢ + 1,492) + -
+5,37 - 107" sin (39,61 + 1,451) — 3,54 - 10" sin (100¢);
-3 ) ) .
02(t) = 14,75 - 10" - 0,818 sin (8,67 + 1,492) +
(0 =14 ( ) L (45)

+5,37 - 107" (= 0,375) sin (39,6¢ + 1,451) + 1,37 - 10™° sin (100¢) =

=12,07 - 10 sin (8,6 + 1,492)~ 2,01 - 10™" sin (39,67 + 1,451) +

+1,37 - 107 sin (100¢).

OIo6 mpocTexuTH 3a 3MIHOK aMmIUTiTYA, xoimsaeb A;(p), A(p) i
BinoOpasuru 1o 3Miny rpadiuso, nogaemo (38) B TakOMy BUISI:

.Al(P) - O (022 - a22P2)" o (Cu - alzbz) =
(anaxz - afz) (P2 - k%) (P2 - kg) !
_ 2,4(1360 — 2,513p") - 0 - _
(0,766 - 2,513 ~ 0) (p" ~ 8,6") (p" ~ 39,6")
_ _1695,6213 ~ 3,1332p° »
@ - 8,6) (7" - 39,6)’ “o
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on (Cu anp ) QIO (Clz — QP )
4d(p) = ‘ (anan — am) (P - k)(P k/z)

0 - 2,4 (—960 — 0)
(0766 2513 0)(p—862)(p 396).,

_ 1196,9092 .
(0’ - 8,6°) (o — 39,6 . ' 47

Hexait Tpeba mpocrexutu 3a 3MiHowo amrunityn A,(p), A,(p) Ha TPHOX
iHTepBanax 3MIHH LUUKJHYHOI YaCTOTH 30ypPIOBAIBHOL CHJIIH, A CaMeE:

1)0<p<k1,2)k1<p<k2,3)k2<p<°° : )

Ha nepmomy m'repnam O =p<k), ockinekm k; < k,z, MaeMo
p —‘kl <0i p - k2 < 0, a ToMy 3HamMeHHuK B (46), (47) momaruuit. Uepes
ue A;(p) > 0, Ay(p) > 0. Ilpm 3pocramni uyacToTH 36ypIOBaABHOI CHIH P
aMIUTITY¥ KOMMBaHb A (p) A)p) TaKOX 3pOCTAlOTh. SIKmo p = 0 TO

1695,6213 -0 .
(0 — 8,69 (0 — 39,69

1196,9092
(0= 8,69 (0 - 39,69

Komu p = k; = 8,6c”', Hacrae siBMumie pesoHAHCY i A, (p), A, (p) uaby-
BAIOTh HECKIHUEHHO BEJMKUX JONATHUX 3HAYEHD (pnc. 88,a,6).

Ha npyromy imrepsani (k, < p < k,) Maemo p; — ki > 0ip° — k3 < 0,
ToOTO aMILTITYAM KOJIMBaHDB A (p) Ay(P) MOXYTb 3MiHIOBATHCS Y BEJIMKAX
MeXax.

Orxe, Ha uLOMy inrepsani 3HaMeHHUK B (46), (47) Bin’emunii. I3 nbom '
BUILIMBAE, IO HA APYroMy iHTEpBasi 3rifHo 3 (47) dbyukuia 4, (p) <-0.

A (0) = =1,46-107%;

A (0) = =1 03 1072

A, PAA

!
|
14610 |
l
i

Q l i

b

Re

#
3

Pac. 884
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D -1
X

Puc. 88,6

Ipu &, < p < 23,3 ammmityna A, (p) < 0. Sxmo 23,3 <p <k, 10
A (p) > 0.

MakcnManpHOrO 3HaUYCHHS (BH3HAYAJIOCH noc.nmxemmm Q)ym(n;u Ay(p)
HA EKCTPEMYM) Ha npymmy inrepsani (k; < p < k,) ammrityna A,(p) nocs-
rac ipa p = 26,73¢” i cranosnts

A 1196,9092
2 T @67 = 8,69 (26,7 - 39,69

Ha tperpoMy inTepsani (k, < p < ©) MaeMo p >0, p—-E>0,
a Tomy

-2,14 - 1072 paxn.

1695,6213 — 3,1332p° < 0; A, (p) < 0, 4, (p) > 0.

13 rpadixis, 306pax<ennx Ha puc. 88, a,6, Bnmmnae, O Pe30HaHCHi
yacrotn k, = 8,6 ¢ i k, = 39,6 ¢,

a
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