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ITEPEJIMOBA

30ipHUK TpU3HAYCHUH s 3a0€3IEeUCHHs CTYICHTIB iHCTpYMEHTAMH II0-
JIETTICHHS ONaHyBaHHA Kypcy «TeopeTndHOi MeXaHIKim» A IHKEHEPHUX CIIeIli-
anpHOCTelt BH3, sikmit € 6a30BUM U1 MOJANBIIOTO BHBYEHHS BCiX iH)KEHEPHHUX
JUCUUILTIH. Pe3ynbTaTHBHE BUBYEHHS METOJIB TEOPETUYHOI MEXaHIKM MO>KIJIUBO
JIMIIE IUITXOM CaMOCTIHHOTO PillIeHHS KOHKPETHUX 3aj]a4, MaKCUMaJIbHO HaOJu-
JKEHUX JI0 NOTped iHKeHepHOi AisutbHOCTI. [Ipu 11boMy HEOOXiTHO BUKOPHCTOBY-
BaTH 3HAHHS Ta HAaBUYKH, 10 OTPUMAHO IMPOTArOM BUBYEHHS y4OOBHUX KypCiB
(i3uKH, MaTeMaTHYHOTO aHaJi3y Ta HApUCHOT FreoMeTpii.

B TemepimHiii 4ac HEMOXIIMBO ITHOPYBAaTH BCeOIUHE PO3MOBCIOKECHHS
KOMIT FOTEPHOI T€XHIKH y BCiX NpolIapkax cycrniibcTBa. e mpuHINNOBO 3MiHH-
JI0 CBITOTJISI T2 MOXKIIMBOCTI JIFOAWHY y MOPIBHSAHHI 3 «JJOKOMIT FOTEPHOIO» €pOIO.
MoOXIIHBOCTI TIPOBEACHHSA PO3PaXyHKIB y CTYyAEHTA MOJIOJIINX KypCiB B Temepi-
IIHIA 9ac CYTTEBO BUIIE HiXK Y CIIELiaTi30BaHOTO HAYKOBOTO iHCTUTYTY Y HOCHTH
HEJJaBHHOMY MHUHYJIOMY.

Pimenss Oyap SKOTO iHKEHEPHOTO 3aBAaHHS MOTPEeOYe MEPETBOPCHHS Te-
XHIYHOI 3a7a4i y 11 Momenb, aHami3y i€l Momenmi, MaTeMaTHYHOI (opmaizariii
MOJIEJi, OTPUMaHHSI MaTeMaTUYHOIO PIllleHHs Ta 1HXXEHEpHOI iHTeprperauii pe-
3ynbTariB. [IpUHIMIIOBUM MOMEHTOM B pOOOTI 1HXKEHepa J0BECHHS IPaBHIbHO-
CTi OTPUMaHMX PillIeHb, IO JIOCSTA€ThCS BUPIMICHHSIM KOKHOTO 3aBJIaHHS JEKi-
JBKOMa METOJaMH.

30ipHUK MIiCTUTH B c0Ol IEB’SITh po3paxyHKOBO-rpadivnmx 3apnanb (PI'3)
3 po3miniB Kypcy TeopernyHol MexaHiku Cratuka Ta Kinemaruka. Y meprmriit
riaBi s koxkHoro PI'3 mano 30 BapianTiB 3aBmanb. [Ipuxmagn pimrenas PI'3 3
BUKOPUCTAHHSAM aHAJIITHYHOT'O CTIOCOOY DIllIeHHA aHO B APYTiH riaBi. Y KOX-
HoMy PI'3 mpoBeneHo rpagiyay iHTEpHIpeTario Ta aHami3 pilleHs, M0 OTPUMAaHO,
3 BHUKOPHCTAaHHSAM CHCTeMH KoMmi foTepHoi rpadixu AutoCAD. Tpetio rnaBy
MPUCBAYCHO TMPHUKIAJaM YUCEeNBHOTO pimeHHsa Bcix PI'3 3 BHKopucTaHHAM cuc-
TeMu KoM 1oTepHoi MareMatuku MathCAD. Oco6nuBocTi TpadivyHoi iHTEpIpe-
tauii pimens ¢ cucremi MathCAD naHo y BiANOBITHUX METOJMYHUX BKa3iBKax i3
CIIMCKY PEKOMEH I0BaHOI JIITepaTypH.

Honyuennss CAD cucteM 110 pilleHHS 3a/lad TEOPETHYHOI MEXaHiKH J10-
3BOJISIE YHMKHYTH PYTHHHOI YacTHHU PIlIEHHS, 30CEPEIMTHCS Ha 3MICTOBHIH
YacTWHI 3aBJaHHsA, Ta 3HAXOJKCHHI HAWOIIbII eQEKTUBHUX METOMIB 11
pO3B’s13aHHS Ta MepeBipky. He MEHIT BaKJIMBI HAOYHI LITFOCTpaIlii yMOBH 3aBJIaH-
HS Ta pEe3yNbTaTiB HOro pillleHHS y BUTIISAIAI BEKTOPHHX IMOOYIOB, OiarpaM Ta
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IlepeamoBa

rpadikiB 3anexxHocTei. Citizi 0COOIMBO MiIKPECIUTH, 110 B YMOBaX BUKOPHCTaH-
Hs1 CAD (computer aided design) cucteM TOYHICTh TpadiYHUX METOJIB PIillICHHS
Ta YUCEIBHUX PO3PAXYHKIB IPAKTUYHO OJHAKOBI, a HAOYHICTH rpadiuyHHX pe-
3yNbTaTiB — HE3PiBHAHHO BUIIE.

Bubip CAD cucrem MathCAD ta AutoCAD 3 HU3KH aHAJIOTIYHAX 32 MOX-
muBocTAME it pimeHHs PI'3 00ymMoBIeHHH iX PO3IOBCIOKEHICTIO, TapHOIO
3a0e3MeUeHICTIO TOCTYITHUMH yYOOBHMH MaTepiajJaMH Ta HAsSBHICTIO y po3po0-
HUKIB OE3KOIITOBHUX CTYACHTCHKUX (education license Autodesk) abo BITBHHX
(PTS Mathcad express) Bepciii IporpaMHOro 3a0e3meueHHs.

Jnst TaMOoKoro ypo3yMiHHSI apryMeHTalii, MiIXOMiB Ta METOIIB OTpH-
MaHHSI PO3PaxXyHKOBUX 3aJIe)KHOCTEH HEOOXiIHO BHKOPHUCTATH KOHCIIEKT JIEKLii
Ta yuOoBY JIiTEpaTypy, CTUCIHHI MEpPeiK KO HABEACHO y IEePEiKy OCUIaHb.

Bapiantu 3aBnanp 10 PI'3 cTBopeHo sik Hacnmigok GaratopivyHoi mpari aB-
TOpiB Ta Kojier 3 HalioHadpHOTO YHIBEPCHTETY KOpaOiieOyayBaHHS (paHirie
MukonaiBchkuii KopabaeOyaiBauit incTHTYT) iM. aamipana C.J. Makaposa: 1o-
uenrtiB @pomnosa B.I1., I'pemroBa FO.K., Bemamo B.A., Bismeko O.M., cTapmmx
Bukianavis 3oxotoro FO.I'., Ky3nenoroi JL.I'., Cremanosa I1.0.

Benukwii 06car poboTu 3 Au3aiiHy TaHOTO MociOHMKa BUKoHAHO T.M. Ye-
PEIHUYCHKO.

Bci nporpamu pimennst PI'3, crBopeni B cuctemi MathCAD MOXIuBO
OTPUMATHU MO MEPCOHAIHLHOMY 3alHTY EJIEKTPOHHOIO IMOLITON, 32 aJPecolo, 0
HaBEJICHO HIDKYE.

ABTOpH MOCIOHMKA IUPO BIAYHI MOBAKHUM PEICH3EHTAM I-py TEXH. Ha-
yk B. 1. Bynaky, a-py TexH. Hayk A.f. Kazape3oBy i n-py texH. Hayk JI. 1. Kopo-
CTHJIBOBY 32 KOHCTPYKTHBHI 3ayBa)KEHHsI Ta PEKOMEHJalii, 10 CHpPUSUTH IT0JIiN-
LIEHHIO SIKOCTI JAaHOTO HaBYaJIbHOTO IOCIOHMKA.

Ciuens 2019 Trxau M.P.
Mykhaylo. Tkach@nuos.edu.ua



IJIABA IIEPIIIA
PO3PAXYHKOBO I'PA®IYHI 3AB/IAHHA

Po3nin 1. CTATHKA

3aBaanns C-1. PiBHoBara TBepaoro rija mix ai€ro 10BiJbHOL
IJIOCKOI CHCTEMH CHJI

3HalTH peakii ormop 3aJaHoi KOHCTPYKIIii. 3HaUeHHs BETMYHUH HaBa-
HTa)XKCHb HaBeJIeHO B TaO. 1.1, cXeMM KOHCTPYKIINA 300pakeHO Ha PHC.
1.1-1.3. Cumu P 3amarotecs B KH, MmomenTn cun M — xH'M, MakcnMaipHa
IHTEHCHBHICTh PO3IOAIICHETO HaBaHTaxeHHs ¢ — B KH/M. Po3mip a =1 m.
PosmonineHe HaBaHTa)KEHHS i€ TIEPICHIANKYISPHO 1O BiJHOIICHHIO O
BiJIIIOBITHOTO €JIEMEHTY KOHCTPYKITii.

Tabruys 1.1

Bapiaut | P,xH | M,kHw™ | g, xH/Mm| Bapiaur | P,xH | M, xHw™ | g, kH/m
1 16 25 10 16 18 11 10
2 35 46 12 17 25 23 15
3 8 35 2 18 4 36 18
4 15 30 14 19 6 55 24
5 12 27 8 20 17 28 32
6 14 45 5 21 9 30 16
7 20 10 17 22 5 15 18
8 38 60 20 23 39 65 28
9 27 48 22 24 42 70 36
10 31 52 30 25 40 72 42
11 29 44 24 26 37 25 44
12 34 15 26 27 46 68 15
13 32 27 41 28 10 30 25
14 40 39 6 29 2 18 40
15 48 32 8 30 50 20 10
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Po3paxynkoBo-rpadidni 3aBgaHHs

3aBpanns C-2. Po3paxyHok peakuiil onop ra cuJ B CTep:KHAX
IUIOCKOI (pepMH MeTO/10M BHPi3aHHS BY3JiB

3HalTH peakuii Omop Ta CUIM B CTPYXKHSAX 3aJaHO1 KOHCTPYKIIii MeTo-
JIOM BHpI3aHHS BY3IIiB.

3HaueHHs MOIYJIiB CHJI HaBeJeHO B TaOI. 1.2, cXeMu KOHCTPYKIIiil 30-
Opaxeno Ha puc. 1.4 — 1.5. Cunu P 3anarothest B kKH.

Tabruys 1.2
Bapianr P, xH Bapiant P, xH
1 16 16 36
2 30 17 38
3 8 18 40
4 32 19 42
5 14 20 44
6 20 21 46
7 22 22 48
8 24 23 50
9 26 24 52
10 28 25 54
11 10 26 56
12 12 27 58
13 14 28 60
14 32 29 62
15 34 30 64
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Po3paxynkoBo-rpadidni 3aBgaHHs

3aBaannsa C-3. PiBHoBara 34jeHOBaHOI CHCTEMH TiJI

3HaliTH peakuii omop i THCK B MPOMDKHHMX HIapHIpax 3aaHoi KOHC-
TPyKIii, CKJIaIeHOi 3 TBOX YaCTHWH. 3HAUCHHS BEJIWYWH HAaBAHTAKCHb Ha-
BezeHo B Tabm. 1.3, cxeMHu KOHCTpyKuiid 300paxkeHo Ha puc. 1.7 — 1.9.
Cunu 3apatotecst B KH, MomenTr cun — kH'M, iHTEHCHBHICTB po3mnofine-
HOTO HaBaHTaXEeHHS ¢ — B KH/M, a po3mipu — B MeTpax.

Tabnuys 1.3
Baf;' PP M| M| g Baf;' PP M| M| g
1 06 — [251,0]( 1,00 16 1,011,535 (151|0,10
2 05108 26| — - 17 1,512,020 1,5] 0,15
3 081035201 0,20 18 08 (1,5]3,0] — 0,10
4 1,5130]30| — | 040 19 (0618|135 — | 0,14
5 1,2 127127 — | 0,10 20 071,632 — 0,12
6 1411225 - | 0,15 21 081830251 0,14
7 1,6 | 1,012,008 020 | 22 05106135 — | 0,15
8 ,5/106]30( — | 0,10 23 1411236 | — 0,12
9 20 — [25105| 0,20 24 1211428 | 1,6 0,18
10 (08| — |30 — | 0,10 25 1615133 — |0,14
11 ,5/10125( — | 0,10 26 5116 1,8 — | 0,18
12 201083515 0,20 27 1411813506 0,16
13 1,006 |1,5(2,01 0,15 28 1211430 — 0,13
14 (05| — |40 — | 0,10 29 ,5120125] — |0,20
15 062025 - | 0,20 30 1,51201251051| 0,20
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Po3paxynkoBo-rpadidni 3aBgaHHs

3aBnanns C-4. [IpuBeaeHHs1 NPOCTOPOBOI CHCTEMH 10BIJILHO
PO3TAIIOBAHUX CHJI /10 NPOCTILIOr0 BUAY

[IpuBecTn cucteMy chiI 10 IPOCTIIIOTO BUAY. 3aaHi CHCTEMI CHIT 30-
Opaxeno Ha puc. 1.10 — 1.12. Mosysi cui Ta BiAMOBIIHI BICTaHI 1aHO B
tabn. 1.4. Cunu 3agano B H, momenTu cun B kHM, a po3mipu — B MeTpax.

Tabauys 1.4
Bapiant P, P, P; P, M a b c
1 15 25 35 20 100 | 5,0 50 | 5,0
2 35 25 15 10 200 | 3,0 | 3,0 | 3,0
3 12 16 14 — 50 1,5 50 |25
4 14 12 16 — 25 50 | 25 1,5
5 4 6 8 10 100 | 0,6 | 0,3 0,2
6 20 24 10 20 200 | 0,3 04 | 04
7 4 2 8 30 50 2,0 1,0 1,0
8 15 20 30 - 100 | 3,0 | 40 | 2,0
9 18 11 13 15 50 9,0 80 | 7,0
10 15 25 35 20 100 | 2,0 | 3,0 | 4,0
11 8 10 8 10 150 | 2,0 | 2,0 | 2,0
12 8 4 6 20 75 30| 40 | 20
13 12 16 14 — 50 1,5 50 |25
14 14 12 16 — 500 | 4,5 6,0 | 35
15 10 16 20 30 200 | 3,0 | 4,0 | 40
16 10 10 10 20 100 | 3,0 | 4,0 | 4,0
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BapianT | P, P, P; P, M a b c
17 20 30 10 40 200 | 3,5 | 45 | 6,0
18 16 12 14 18 400 | 80 | 7,0 | 9,0
19 18 11 13 20 200 | 9,0 | 80 | 7,0
20 15 25 35 40 100 | 4,0 | 40 | 4,0
21 35 15 25 - 200 | 4,0 | 2,0 | 3,0
22 25 35 15 - 100 | 3,0 | 40 | 2,0
23 10 20 30 - 50 30 | 40 | 3,0
24 20 30 20 30 100 | 1,0 1,0 | 2,0
25 8 12 20 26 200 | 1,0 | 4,0 | 3,0
26 6 20 10 8 250 | 4,0 | 8,0 | 6,0
27 20 30 10 - 150 | 45 | 6,0 | 3,0
28 16 14 12 20 100 | 80 | 7,0 | 9,0
29 18 11 13 15 50 [ 90| 80 | 7,0
30 10 20 30 20 150 | 45| 6,0 | 3,5
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PospaxynkoBo-rpadiuni 3aBraHHI

3aBaanns C-5. PiBHOBara npocropoBoi cucTeMH J10BiJIbHO
PO3TAIOBAHUX CHJI

3Haiitn cuiry P, mo 3a0esmedye piBHOBAry 3alaHoi MPOCTOPOBOI
KOHCTPYKIIii, @ Takox peakilii orop. CXxeMu KOHCTPYKIliH 300pakeHO Ha
puc. 1.13 — 1.15. Moayui cui Ta HeoOXiJIHI PO3MipH HaBeIeHO B Ta0u. 1.5
Cun 3amarothess B KH, MomenTn cmir — B kH'M, a BiicTaHi — B METpax.
Cuna G posramoBaHa mapajienbHo Bici Az. Monynbs cunu 7 yaBiuu Oi-
JIbIIIE MOJLYJIIO CHIIH £, @ 3HAUeHHs =510"R.

Tabnuys 1.5
Bapiant | Q | T | G a b c R r M
1 2(-1201 020 | 030 | 0,10 | 0,15 | 0,05 | 4,0
2 4| - 21020 | 0,10 | 0,30 | 0,10 | 0,10 -
3 6| -1 40151 0,15 | 0,20 | 0,20 | 0,15 -
4 3/-1 210301 020 | 0,40 | 0,15 | 0,10 | 5,0
5 5/—-1] 30301 040 | 0,20 | 0,20 | 0,15 | 2,0
6 14| 21040 | 030 | 020 | 0,20 | 0,10 | 3,0
7 -1 3 11030 0,10 | 0,05 | 0,18 | 0,06 | 2,0
8 416 31020 | 040 | 0,15 | 0,20 | 0,10 | 3,0
9 5/—-1] 30201 0,15 | 0,10 | 0,30 | 0,40 -
10 14| 21030/ 040 | 020 | 0,20 | 0,10 | 2,0
11 -1 2 11020 0301 0,15 | 0,15 | 0,10 | 4,0
12 - | - 110 - - - - - 5,0
13 10 -1 51040 | 030 | 0,20 | 0,25 | 0,15 | 3,0
14 -2 11030 09 | 0,20 | 0,30 | 0,10 | 2,0
15 3(—-1] 210601 020 | 040 | 0,20 | 0,05 | 2,5
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Bapiantr | Q G a b c R r M
16 4 20,50 | 0,30 - - - 2,0
17 2 1{015 | 0,10 | 0,20 | 0,20 | 0,05 | 1,0
18 6 2| 0,60 | 0,40 | 0,60 - - 3,0
19 - 21020 | 030 | 0,40 | 0,20 | 0,15 -
20 4 0,60 | 0,40 | 0,20 - - -
21 2 - | 040 | 0,60 | 0,30 | 0,20 | 0,10 | 1,0
22 - 51020 | 0,50 | 0,30 - - 2,0
23 - 41040 | 0,30 | 0,50 - - 3,0
24 5 2 - - - - - 1,0
25 2 31050 | 0,50 | 0,60 - - 2,0
26 3 1| 020 | 0,60 | 0,40 - - 3,0
27 - 1| 050 | 0,30 - - - 1,0
28 2 6| 030 | 0,10 | 0,50 | 0,10 | 0,15 | 0,2
29 - 31015 | 020 | 0,15 | 0,15 | 0,10 | 0,5
30 - 41040 | 0,30 | 0,10 - - 1,0
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4

PllAx; CD1 Ax; Q 1 Ay
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Puc. 1.14
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3aBnanns C-6. BuzHayeHHsI 10J10KeHHSI LEHTPY TS KIHHSA
IUIOCKOI (irypu

3HAWTH KOOPIWHATH IIEHTPA TKIHHA (irypu, mo 300pakeHO Ha
puc. 1.16 — 1.18. Po3mipu ¢iryp 3aBgano y mizimerpax.
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Po3nin 2. KIHEMATHUKA

3aBpanns K-1. KinemaTtuune poc/igxeHHs1 pyxy TOUKH 3a
3a/1aHMMHU PiBHSIHHAMH

3a 3a7aHMMM DIBHSHHAMH pPyXy TOYKM BCTAHOBUTH Ta HAKPECIUTH
TpaekTopito ii mepemimenss. s MomeHTiB yacy ¢, = 0, #,= #/2, t,= t BKa3aTu Ha
KpECIICHHI TPAaeKTOpii IMOJI0KEHHS TOYKH. BiAMOBiZHO 1O X MOMEHTIB Yacy
BU3HAYHUTH 3HAYCHHS IIBHIKOCTEH, MPUCKOpPEHb (3 iX MPOEKIisIMH Ha Bici),
JOTHYHI i HOPMaJIbHI CKIaJOBi MPUCKOpPeHb. Po3paxyBaTh HUIAX, IO TMOWACHO
TOYKOK0, B iHTepBai yacy 0... f. BusHauuTH pamiycu KpUBH3HH TPAEKTOPIi B IIUX
tToukax. [loOymyBaTy Ha KpecIieHHI TpaeKTOpPii BU3HAUEHI BEKTOPH MIBHIKOCTI Ta
MPUCKOPEHHB B BIAMOBIHO BUOpaHUX MaciuTabax. [lo3HaunTH paniycu KpiBU3HU
TpaekTopii. 3a OTPUMaHUMHM pe3yJibTaTaM JaTh YSBJICHHsS NPO XapakTep pyxy
TOYKH IO TPAEKTOPIT.

Bapiantu 3aBnanp HaBeaeHO B Tabm. 2.1.

Tabauys 2.1

Homep PiBHSIHHS PYXY, CM e
BapianTy x=x(f) y=y(f) ’

1 4 cos (1) 2 — 2 sin (7) /4
2 20 +3 4t 1

3 cos (21) 4 sin (f) /3
4 2t 47 1

5 3 sin (2¢) 4 cos (27) /3

6 4sin(£t)—3 2C0$(£tj 1
3 3
T b
7 4sin| =t 2cos| —t 0,6
Sm(z j (2 ] ’

8 27 -1/3¢ 2
9 £-1 2-7 1
Howmep | PiBHsIHHS pYyXY, cM | 4, ¢
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BapiaHTy x = x(1) y=x(1)
10 sin (1) 2 cos (1) 0,4
11 27 48 -2 0,5
12 4t -3¢ 37 1
13 I sin (1) 1
14 2¢' e’ 0,3
sin (2¢ cos (2t b
15 2 sin (2) (20) /6
16 # o 0,5
2
L 4
17 - 0,5
1+t
2
18 ! e’ 0,4
19 £ 0,52 + 2t +1 1
20 t — sin (f) 1 —cos (?) 0,751
21 2 cos (¢) + 2 sin (2f) 2 sin () + 2 cos (¢) 0,41
22 0,5 £ 1
2 3
23 ! ! 1
1+¢ 1+7
2
24 2£-2 — 1
t+1
25 (1 + cos (¥))-cos (¢) (1 + cos (¢))-sin (?) /2
26 tan (¢ cos (7) /4
(0
27 tan (#/2) sin (0,75¢) /2
28 27 e’ sin(g tj /2
29 4sin| T2 | -2 4cos| T2 |43 1
4 4
30 4 cos (£) — 2 cos (27) —2sin()—2sin(27) | @/10



Po3paxynkoBo-rpadidni 3aBgaHHs

3apaanns K-2. JlociigkeHHs mapaMeTpiB MOCTYNAJIbHOIO TA
00epTaJIbHOIO PYXiB TBEPAOIO Tija

MexaHi3M, IO IOCTIIKYETHCA, CKIAACHO 3 CYKYMHOCTI PYXOMHX TBEPANX
TiX — BaHTaXxa (/) Ta meKinpkox Koiic (2, 3, 4). Pyx BaHTaxy / ONMUCYETHCS PiB-
HSHHSM:

x(t)=ct’ +et+e,,

Iie ¢y, ¢, Co — CTali, ¢ — 9ac pyXy BaHTaxa, C. BBaxkaTy, 1o pyX BaHTaxka BinOy-
BAE€THCS B HANPSMKY, IO CITIBIIAA€ 3 JOJATHAM HAINPsIMKOM Bici x. 3HAWTH IIBH-
IKICTh Ta IPHCKOPEHHS BaHTaXa B MOMEHT 4acy #;. BU3HaYMTH KyTOBY LIBHA-
KiCTh Ta KyTOBE NPUCKOPEHHS BCIX KOJIIC MEXaHi3Ma B MOMEHT 4Yacy #. Binmosi-
JIHO JI0 TOYOK Ha 000Jax BCiX KOJIC Ta TOUKU M, pO3TalIOBaHOI HA OCTAHHBOMY
3a TOPSAKOM KOJieci MeXaHi3Ma, BU3HAYUTH BEKTOPH IIBUJKICTI, TOBHOTO MpUC-
KOPEHHSI, IOTUYHY Ta HOPMaJIbHY CKJIaJ0Bi npuckopeHHs. [loOyayBatu kpeciieH-
HSl MEXaHI3My 3 TIO3HaYCHHSIM HOro KIHEeMaTHYHUX XapaKTEPUCTHK, 10 BU3HAYE-
HO.

Bapiantu 3aBnanp HaBeneHO B Tabd. 2.2. CxeMu MexaHi3MiB — Ha puc. 2.1 —
2.3.

Tabauys 2.2
Howmep |Craui piBHSIHHS X(2) Hiamerpu KoJic MeXxaHi3Ma, MM Yac, ¢
BapiaHTy | ¢ c C) D, d, D; d; Dy t
1 1 4 3 600 360 450 - - 2
2 9 6 1000 600 750 - - 2
3 13 18 800 450 600 - - 1
4 15 8 6 600 450 580 - - 1
5 10 21 12 500 300 450 - - 2
6 2 10 16 450 350 | 1050 - - 3
7 4 9 8 250 150 150 - — 1
8 7 6 13 350 - 200 | 100 - 1
9 14 10 2 300 - 1000 | 600 - 2
10 30 4 7 400 - 300 | 150 - 3
11 15 5 3 400 250 350 - - 3
12 9 14 | 20 400 200 250 - - 2
13 14 5 26 150 100 800 - - 2
14 2 9 5 500 400 400 - 450 2
15 7 3 12 800 150 150 - — 1
16 3 6 11 150 100 950 - - 4
17 2 3 12 150 - 800 | 200 - 3
18 7 4 12 200 150 230 - - 1
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Homep |Crani piBHSHHS X(?) JiameTpu KoJiic MexaHi3Ma, MM Yac, ¢
BapiaHTy Co Cy C) D, d, Dy d; D, t
19 10 1 1 200 100 200 - 150 3
20 2 16 5 200 100 230 | 125 - 1
21 3 5 17 300 200 180 - 300 1
22 5 18 3 400 - 320 | 250 - 1
23 3 20 11 200 - 350 | 200 | 300 2
24 2 19 8 200 150 250 - - 2
25 4 9 6 600 200 200 - 170 1
26 5 3 5 250 - 300 | 200 - 1
27 1 7 5 550 400 400 - - 1
28 8 4 3 600 480 430 - 450 1
29 5 8 13 270 - 85 - 100 1
30 3 4 16 200 - 275 - 750 2
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Puc. 2.3
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3aBnannsa K-3. KinemaTuune n0caiixeHHs1 pyXy IJIOCKOT0
0araToJIJaHKOBOI0 MeXaHi3mMy

KpuBommn O;4 6aratoiaHkoBOT0 MeXaHi3My 00EpPTaETHCS 3 KyTOBOIO LIBH-
JIKICTIO ®, pajy/c Ta KyTOBUM IPHCKOPEHHAM & = 2 pan/c’. [ToI0KeH S MeXaHi3-
MY B JJaHUIl MOMEHT 4acy 3aJIa€ThCs BEJIMYHMHOIO KyTa @, SIKUH € KyToM oOepTaH-
Hs KpuBomwmna. Lleil KyT BiIKIagaeTbcsi MK KPUBOIIMIIOM Ta BICCIO X B CHCTEMI
KOOpJMHAT MeXaHi3Ma.

JU1st 3aJaHOTO TIOJIOKEHHS MEXaHi3Ma BU3HATHUTH:

1. IIBuAKOCTI pyXy YCiX BY3JIOBHX TOYOK MEXaHI3MYy.

2. KyToBi BHAKOCTI pyXy yCiX TAaHOK MEXaHI3MYy.

3. IToBHE IPUCKOPEHHS PYXY YCIiX BY3JIOBHX TOYOK MEXaHI3MY.

4. KyToBe MpUCKOPEHHS yCiX JTAaHOK MEXaHi3MYy.

5. TloOynyBatu rpadik 3anexHOCTI KyTiB 00epTaHHS JJAHOK MEXaHi3My B 3a-
JISKHOCTI Bl KyTa oOepraHHs KpuBomuna ¢. [ianazon 3minu kyrta ¢ Big 0° no
360°.

6. Jlnst BUKOHAaHHS TIEPEBIPKH OOYKMCIUTH IBUIKOCTI PyXy TOUOK MEXaHi3Ma
3a JJOMOMOT0I0 MUTTEBOTO LeHTpY mBHakocTeit (MIIII) Ta mnanHy mBHIKOCTEH.

7. [Ansi BUKOHAHHS MEPEeBIPKU OOUMCIUTH MPUCKOPEHHS PyXy TOUOK MEXaHi-
3Ma 3a JIOTIOMOTOI0 MHTTEBOTO LEHTpY npuckopens (ML) Ta minany mpucko-
PEHB.

JIoBXWMHHU JTAaHOK, HEOOXIIHI ISl pO3paxyHKy pOo3MipH MeXaHi3Ma Ta 3Ha4eH-
HS KyTa @ HaBeJeHi B Tabm. 2.3. Cxemu MexXaHi3MiB HaBelleHO Ha puc. 2.4 —2.6.

Tabnuys 2.3

Bapi- O\A, M| AB, M | BC, ™M |BO,, M| CD, M | BD, M |COy, M| a, M P @
aHT rpax | ¢

1 0,06 | 0,20 - - - - - 0,25 | 210 |w/2
2 | 0,08 | 040 | 0,40 | 0,50 - - - 1,00 60 |m/3
3 | 0,08 | 0,50 - - - - - 0,50 45 |n/4
4 | 0,09 - 0,24 - - - - 0,20 60 |7n/6
5 1010 | 0,40 | 0,80 - - - - 0,20 60 |m/8
6 | 0,30 | 0,10 - - - - - 0,50 60 |n/9

7 10,50 - 0,25 | 0,20 - - - 0,20 45 |n/12

8 | 0,20 | 0,40 — - - - - 0,10 45 |n/36
9 | 0,20 - 0,40 - - - - 0,20 30 |[n/6
10 | 0,40 - 0,50 - - - - 0,20 90 |m/2
11 | 0,40 | 0,08 — - - 0,3 | 0,50 | 0,50 60 |n/3
12 | 0,20 | 0,30 | 0,05 - - 0,2 - 0,20 45 |n/4
13 | 0,10 — — - - - - 0,10 30 |n/4
14 | 0,10 | 0,20 - 0,15 ] 0,50 - 0,15 | 0,20 30 |n/6
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Bapi- O\A,M|AB, M | BC, M |BO,, M| CD, M | BD, M |CO,, M| a, M ¢ 03’1
aHT rpag | ¢
15 | 0,20 - 0,10 - 0,25 - 0,50 | 0,20 60 |m/12
16 - 0,35 | 0,20 - - - - 0,20 30 [m/9
17 | 0,40 | 0,30 - - - 0,3 - 0,25 | 330 |w/6
18 | 0,40 | 0,30 - - - - 1,00 | 0,40 45 |n/8
19 | 0,06 | 0,05 | 0,50 - - - 0,40 | 0,25 | 120 |m2
20 | 0,10 | 0,70 - 0,40 - - 0,10 | 0,20 45 |n/12
21 | 0,20 | 1,00 | 1,60 | 0,80 - - - 0,20 | 210 |w/9
22 | 0,20 | 0,80 - 0,60 - - - 0,20 45 | /6
23 | 0,30 | 0,50 - 0,30 - 0,5 - 0,10 60 |m/2
24 | 0,20 | 0,20 - 0,20 | 0,20 | 0,2 - 0,10 60 |7/6
25 | 0,40 | 0,20 | 0,20 - - - 0,40 | 0,20 | 345 |w/6
26 | 0,20 | 0,50 - 0,30 | 0,20 - 0,50 | 0,20 60 |m/3
27 | 0,40 | 0,70 | 0,30 - 0,50 - - 0,20 | 150 |4
28 | 0,10 | 0,25 | 0,50 - 0,25 - 0,25 [ 0,20 | 120 |n/3
29 | 0,10 | 0,10 | 0,15 - - 0,20 - 0,10 | 120 |w/6
30 | 0,08 | 0,08 | 0,10 - - - 0,06 | 0,10 | 120 |=/3

Ilpumimrka. Ha cxemi mexanizma Ne 1 xyTt o = 30°.
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Puc. 2.6
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IJIABA JIPYT'A

AHAJITHYHE PIIIEHHA

Po3nin 3. CTATHKA

3aBaanns C-1. PiBHoBara TBepaoro rija mix ai€ro 10BiJbHOL

IJIOCKOI CHCTEMH CHJI

JKopcTka KOHCTPYKLIiS po3TanioBaHa B
wromuHi xOy (puc. 3.1). B Touni 4 posra-
IIOBAHO PYXOMY OIOpY, a B To4lli B — He-
pyxomy. Ha KOHCTpyYKIiIO Jli€ HaBaHTa-
xkennst: P =25 xH; g =20 kH/m; M =40
kHM;a=1M 0= 450; B= 60°. 3naiiTn
peakiii onop KOHCTPYKIIT.

Po3eé’azannsa 3a0aui
1. Hdns KOHCTpyKIii, 300paskeHOi Ha
HEpyXOMa OIOpa, pO3TalllOBaHA B
TOUIi B Ta mapHipHO-pyXOMa Omopa B Y
toui 4. Buxomsum 3 kmacudikarmii
peakiiif uis pi3HUX THUIIB 3B’SI3KiB,
pO3TamIoByeMO B TOYII B IBi CKIIaI0-
Bi peakmii— Xz Ta Y3, a B TOUmi A4 —
peakiifo R,, TEPHEeHIUKYISIPHO [0
wiomuHu onopu (puc. 3.2). Posmoi-
JICHE 10 3aKOHY TPHKYTHHKA HaBaH-
Ta)XEHHS ¢ 3aMiHIMO €KBiBaJICHTHOIO
30CepeMKEHO0 CHIor0 Q.

q P
Vo N
g i
a —L_ a a -

Puc. 3.1. XKopcTka KOHCTPYKILs i
JIi€10 TIIOCKOT CUCTEMH CHIT

puc. 3.1, 3B’sA3KamMu € MIAPHIPHO-

\Q RA P YB
/22—« \
ht VN X X
2a/3 |4 4B
<4 M
a a a

Puc. 3.2. CxnanoBi peakuii 3B’s13KiB Ta
PO3paxyHKOBa CXeMa KOHCTPYKI

1 1
=—¢qg-a=—-20-1=10kH.
0 2q a 3 K

. HeBimoMuMH € Tpu CKIIamoBI peakiii 3B’ sI3KiB Ta R,. PiBHSIHB piB-
2.H ’ Xz, Yp, Ta Ry. P

HOBaru Jist JIaHOT CUCTEMHU CHUJI TAKOX TpPH.

HOIO.

ToOTo 3a7a4ya € CTaTUYHO BHU3HAYE-

3. 3amumemMo piBHAHHS PiBHOBArd CHCTEMU:
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2X;=0;

R, -cos450—P~cos6OO+XB =05
2Y;=0;

—Q+R,-cos45° — P-cos30° + ¥y = 0;
ZMp=0;

0-2,333-a—Ry-cos45 - 2-a+ P-cos30° -a— M =0.

4. Po3B's13yeMO OTpUMAaHy CHCTEMY PiBHSHb:

_0-2333-a+P-cos30°-a—M _10-2,333-1+25-c0s30" - 1-40
2-a-cos4s’ 2-1-cos45°

R, =3,523kH

Xp =P-cos60° — R - cos45” =25 cos60° —3,523- cos45=10,009kH

Yp=0—R,-cos45’ + P-cos30° =10—3,523- cos45" +25- cos30° = 29,1 6 kH.

5. 3pobumo aHamiTH4HY Ta rpadiyHy NepeBipKu OTPUMaHHUX PE3yJIbTaTIB.

5.1. Ins npoBeCHHS aHANITHYHOT MIEPEBIPKH 3aITUIIEMO PIBHSIHHSI MOMEHTIB
JUTs OyIb-SKOTO BY3Jia KOHCTPYKINT (HAIPUKIa, s Touku A). SIKio Herigomi
peaxiii 3HaiiieHi BipHO, TO CyMa MOMEHTIB yCiX CHIJI BiTHOCHO TOYKH 4 MMOBHHHA
TOTOXXHO JOPIBHIOBATH HYJIIO:

M, =0;
1
Q~§~a—P-cos3OO-a—M+YB-2~a=

=10-%-1—25-cos300-1—40+29,l6-2~1=0,002z 0.

BennunHa BigHocHoi noxu6ku ckianae 0,2 %, sika OB’ s13aHa 3 OKPYTJICHHAM
Ppe3yJbTaTiB PO3paxyHKIB JI0 TPETHOTO PO3PSAY YHCIIA.

Pesynbrar pilieHHs1 JaHOTO PIBHSHHS HE MEPEBUIIYE BiTHOCHY IIOXHUOKY, OT-
JKe HeBIZIOMi peaxilii 3HaiIeHO BipHO.

5.2. I'paghiuna nepesipxa. [lns nporo B cucreMi Autocad mo0yayeMo rojioB-
HHUH BEKTOP — T€OMETPHUYHY CYyMY — CUCTEMH CHJI, IO JIi€ Ha XKOPCTKY KOHCTPYK-
uiro. 3amaemo, Harpukiag, MacmTad cunu: 1 kH = 10 mm. Tozi moBxuHa BeKTopa
cwii Xp  JIOpIBHIOBaTHME: 170’009'{11.10MM=100’09 wm- ToOTO B cuctemi

1xH
Autocad 6ynyemo Binpizok nosxkuaH 100,09 MM, sxuif y cuiaoBoMy 06araTokyT-
HHUKY T03HaYaTUMe BeKTOp cHin Xp. Tak, sk IpU po3paxyHKy MH OTPUMAJIH J10-
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CTATHUKA

JlaTHE 3Ha4YEeHHS CHJIM, TO 1 I BEKTOp Oyze HamnpaBieHO
B JIOZIaTHOMY HAIPSMKY Oci X, TOOTO mpaBopyd. AHa-
JIOTIYHO OYAyeEMO BEKTOPH 1HIIMX cui, a came: Yy O, P,
R4. Otpumanmii pe3ynbrar noOyJI0BY y BUIIISAI CHIIO-
BOTO 0araTOKyTHHKA HaBeJEHO Ha puc. 3.3.

CunoBuii 0araTOKyTHUK 3aMKHEHHH, OT)KE TOJIOB-
HUH BEKTOp CHUCTEMH IOpiBHIOE HYIIO. SIK HAcHimok i
Horo TpoeKIii Ha OCi KOOPAWHAT TaKOX IOPIBHSIOTH
HYJIIO.

AmHarnorivHo moOyIOBi TOJIOBHOTO BEKTOpA CHCTE-
MU CHJI B cucTeMi Autocad BUKOHa€MO MOOYIOBY MO-
MEHTIB YCiX CHJI BiIHOCHO JIiBOT oropu (Touku A4), T00-
TO, B TOYI NPHUKIAJAHHS KOXHOI CHJIM IOOYAYyEMO
BEJIMUMHY i1 MOMEHTY, BIJHOCHO BKa3aHoi ormopu. Mo-
MEHT Mapu cui1 300pa3uMo ik JOOYTOK MOJIYJIsl OJHi€T
CHJIM TIapH Ha IuIeYe Iapy. 3aJa€Mo, HAIPUKIad, Mac-
mrtab MomeHTa cud: | kH'M =2 MM.

Po3TamnryBaHHS MOMEHTY Mapy CHJI MOXe OyTH Jo-
BUTPHAM B Me)XaX KOHCTPYKLii. YMOBHO Horo moOyxo-
BaHO TaM, JI¢ HaBEACHO y 3aBHaHHi (muB. puc. 3.1.)
Moyni MOMEHTIB CHJI M TTapy CHJ 31 3HAKOM «+» 30-
Opa3uMo HampaBICHUMH TaKUM YHWHOM, IIOO XKOPCTKA
KOHCTPYKLisl «o0epraiack» y HamnpsIMKy HPOTH PYXY
TOJIMHHUKOBOI CTPIJIKH, 31 3HAKOM «—» — y HaIlpsMKy

ol

1

X
Puc. 3.3. CunoBuii 6a-
raTOKyTHUK TIOCKOT
CHCTEMH CHJI [Tl KOHC-
TPYKIIii, IO pO3rJIsiaa-
€TBbCS

PYXy TOIMHHHUKOBOI cTpinku. OTpUMaHUH pe3yIbTaT HaBeJeHO Ha puc. 3.4.

+ M(Ys)s= 58,32 KH'M
M(0):= 3,33 xH-™
0
A B
2a/3
M(P)= 2165 KHM | b 40 b

Puc. 3.4. Moaysi MOMEHTIB CHJI BiTHOCHO TOUKH A 1 mapu Cui,

110 TiFOTh Ha )KOPCTKY KOHCTPYKIIiIO
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Sk BuTiKae 3 MOOYOBH, areOpaiuHa cCyMa MOMEHTIB YCiX CHJI KOHCTPYKLIi
BIZTHOCHO TOYKH A JOPIBHIOE HYJIIO — MOXHa 3pOOHTH BHCHOBOK, IO 3a/a4a
PO3B’si3aHa MPaBUIIBHO.

3aBaanns C-2. Po3paxyHok peakuiil onop ta cuJI B CTep:KHAX
II0CKOI (hepMHU METOI0M BUPI3aHHSA BY3JIiB

Ha xoHcTpykitito i€
HaBaHTaxeHHS: P; = 18 kH;
P, = 15 xH; P; = 5 xH.
3HaliTH peakmii omop Ta
3yCWIIISI B CTEPXKHSX IUIOC-
kol depmu (puc. 3.5) mero-
JIOM BUpi3aHHS BY3IIiB.

D 45¢
Po3é’azanns 3a0aui

1. Busnauenns peaxyii

Puc. 3.5. [lnocka dpepma onop. TlokaxxemMo 30BHilIHI

CWIIH, TpHUKIageHi 10 dep-

MU: aKTHBHI (3anmaHi) cuu P, P,, P Ta peakii omop. J[ns miockoi dhepmu, 30-

OpakeHOi Ha puc. 3.5, 3B A3KaMH € MAPHIPHO-HEPYXOMa OIMOpa, PO3TAIIOBaHA B

TouIlli A Ta MAapHiIpHO-pyXoMa omopa B Toulli D. Buxoasun 3 kmacudikamii peak-

il U piI3HUX THIIIB 3B’SI3KiB, PO3TAMIOBYEMO B TOUI A JIBi CKIIAZOBI peakiii —

X,y 1a Yy, a B Touni D — peakiiro Rp , MEPIECHAUKYISAPHO IO IUIOMIMHA OHOPH
(puc. 3.6).

3anuireMo piBHSIHHS PiIBHOBArd CHII, IPUKIAACHUAX 10 (GepMu:

4//,,/”

2X;=0;, X, +P -cos45° -P -cos60° -P -cos45° -Rp -cos45" = 0;

TY;=0; Y, —P-cos45’ =P, -cos30° = Py-cos45’ + Ry, - cos45° = 0;

>M,=0; —P|'\/E~a—P2'c0s300'2a+P2-c0s600-2a+P3'c0s450'a—
- Py-cos45" 3a+ Ry - cos45° - 4a = 0.
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P2
YA E éfoo

Puc. 3.6. Po3paxyHkoBa cxema mIockoi gpepmu

Po3B'13yeMo oTpuMaHy cHCTEMY PIiBHSHb:

_(P]-\/E+2-P2-cos300—2-P2-cos600—P3-cos450+3-P3-c0s450)-a_

5 0 4-a0- cos45 0 0
1872 +2-15-¢0s30° =2-15- cos60° = 5- cos45° +3-5- cos45
_ ( cos cos ) cos cos45”) —15385kH;
4-cos45
X =—P -cos45° + Py - cos60° + Py - cos45” + Ry - cos45° =
=—18-c0s45° +15-cos60° + 5- cos45" +15,385- cos45’ = 9,187kH;
Y =P -cos45° + P, -c0s30° + P -cos45° - Ry, - cos45) =
=18-cos45" +15-c0s30° +5-cos45° —15,385- cos45° =18,375kH.
Jliist nepeBipky pe3yJibTaTiB pillieHHs] MO0yAyeMO, B X4

cucremi Autocad, TONOBHUI BEKTOp — T€OMETPHUHY CY-

My CHCTEMH CHJI, IIO i€ Ha IUIOCKY (epmy (puc. 3.7).
Oco06MBOCTI TIOOYIOBU IETAbHO HABEJCHO B 3aBIAHHI
C-1.

CuioBuii 0araTOKyTHHK 3aMKHEHHUH, OTXKE TOJOB-
HUM BEKTOp CHCTEMH IOPIBHIOE HyNO. SIK HACIIJOK,
Horo mpoekmii Ha oci KOOpJMHAT TaKOoX JOPIBHSIOTH
HYJIIO.

AHaJIOri9YHO MOOYIOBI TOJIOBHOTO BEKTOPA CHCTEMH
CHUJI, BUKOHAEMO TOOYZOBY MOMEHTIB aKTHBHHX CHII Ta
peaxIiiif ormop BiZHOCHO IpaBoi onopu (Touku D), TOOTO,
B TOYII MPUKIAJTAHHS KOKHOT CHITH TIOOYTyEMO BEITUYH-
Hy il MOMEHTY, BiJTHOCHO BKa3aHoi oropu (puc. 3.8).

Puc. 3.7. CunoBuit

dhepmu

6araToKyTHHUK IJIOCKOT

SIkmo HeBimOMi peakii 3HaWIeHI BipHO, TO CyMa MOMEHTIB yCiX CHIJI BigHOC-

HO TOYKHM D TTOBHHHA TOTOKHO JOPIBHIOBATH HYIIO:



PimreHns aHagiTHYHUM METOLOM

XMp=0;
-Y, ~4a—P1'cos450~a+P1'cos450~3a+P2~cos600'2a+P2'cos300~2a+
+Py-V2-a=-18375-4a—18-cos45" - a +18-cos45" - 3a +15-cos60° - 2a +
+15~cos300-2a+5-x/5~a=0,008~a, kH - m.
| M(P1)r=25.456-a kH-™
M(P2)r=40,981-a xkH-Mm
\ M(P3)o=7,071-a kH'M

D

M(Y4)—=-73,5akHm

Puc. 3.8. MoMeHTH aKTHBHHX CHJI Ta PeaKiiil ormop IIockoi
(dhepMu BiTHOCHO TOYKH D

OCKINBKH po3Mip a HE MOXKE JOPIBHIOBATH HYIIO, 3HAYUTH JIUIIIE KOEPIIiCHT
Y IIbOMY PiBHSHHI MOXe OYTH PiBHIM HYITIO.

¥ M, =0,008~0.

Benmuuna BimHOCHOI moxuOku ckianae 1%, sxka MOB’s3aHa 3 OKPYTICHHAM
pe3yNbTaTiB PO3PaXyHKIB JI0 TPETHOTO PO3psAy 4Hcia. Pe3ynprar pimeHHs pis-
HSHHS MOMEHTIB HE IIEPEBHINYE BITHOCHY MOXHOKY, OT)KE€ HEBIIOMi peakmii
3HaHJCHO BipHO.

lonoBHMIA MOMEHT CHIJI Ta peakIliii omop IUIOCKOi epMH BiTHOCHO TOYKH D
JOPIBHIOE HYJTIO.

Bucnosox: Tax, sk roIOBHUI BEKTOP Ta IOJOBHUM MOMEHT CUCTEMH CHIL,
MIPUKIAIEHUX [0 IUIOCKOi (epMH JOPIBHIOIOTH HYNIO, TO peakmii i omop
BH3HAUYEHI MPABUILHO.

2. Busnauenns 3ycunb 6 CMeEPIHCHAX NIOCKOI hepmu memooom GupizamHs
8y3nig. CTepkHi, IO CXOOATHCS B BY3Ti (epMH, SBIAIOTHCSA U BY3JIOBOTO
3'eqHAaHHS 3B’S3KaMu. BinkuHeMo ysBHO 3B’S3KH, Ta 3aMiHHUMO iX Jif0 Ha BY3JIH
peakuismu. Ha puc. 3.9 300paxeHo By3nu ¢pepMu 3 MPUKIAAEHIMHI 10 HAX aKTH-
BHUMH Ta PEAKTUBHUMH CHIIAMH.

48



CTATHUKA

ﬁSlA S8 B x C Sic Sip RE
Y4

Puc. 3.9. Po3paxyHkoBa cxema IIOCKOT pepMH 3 IPUKIaACHUMH 10 BY3JIiB aKTHBHUMH
Ta PEaKTHBHUMHU CHIAMH

3ycHiuIs B CTEpKHI 3 HOMEPOM i IO3HAYUMO S;. Peaxiro cTepskHs 3 HOMepoM
i, IpUKJIaEeHy A0 By3na L, no3HauuMo S;;. st crepkHa, o 3'€eqHy€ By3nu L Ta
N:

SiL=—Sin, ane S;p =S;n=35;.

HamnpsiMmok peakiiiil ycix cTep KHIB II0Ka3aHO BiJl By3Jia BCEPEIMHY CTEPIKHS B
NPUITYLIEHH], 10 CTEP)KHI PO3TATHYTI. SIKIIO B pe3yJsbTaTi pillleHHS OTPHUMAEMO
BIZIEMHY peakliito, 1ie Oy/ie 03HauaTH, 0 BiIIOBIIHUIA CTEPIKEHb CTUCHYTHH.

J71st KOXKHOTO By3Jia CKJIaJeMO JIBa PIBHSIHHS PiHOBAru:

>X;=0; ma XY;=0.

. y S24
PexoMeHyeThCSl pO3IIIsiAAaTH BY3JIM B Takiii
MOCIITIOBHOCTI, 100 KOXHHH pa3 B PiBHIHHA 2
PIBHOBAru BXOJWIIO HE OiJIbIlIe TBOX HEBIIOMHUX. A 45°
HaBenemo  po3paxyHKOBY — cxemy  Juist X4
HmiJIcCMCTeMH, IO CKJIAJEThCs 3 By3nma A Ta 1 Si4 2
crepxHiB /, 2 (puc. 3.10). HeBizomumu € 3ycui- '
11 B CTEPXKHAX S;4, S,y Bimomumu e peaxuii Puc. 3.10. Po3paxyHkoBa
onopu 4 — X, 1a Y. cxema By3na A

EXi =0; XA +SIA +S2A‘COS450=O,‘
SY;=0; Y +8,4-cos45’ =0,

3Bi,HKI/I BHU3HA4Ya€EMO:
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Y, _ 18,375
cos4s? cos4s?

$r4=8=- =-25986kH
(cTepikeHb 2 — CTUCHYTHH),
S 4=8==X 4—8, 4-cos45’ =—9,187+25986- cos45° = 9,188 kH.

Jis mepeBipKH po3paxyHKy MOOYAYEMO ISt
By3J1a A cunoBuii baratokyHHuK (puc. 3.11).
— Jamni HaBeeMo po3paxyHKOBY CXEMY IS
SZA ?A MMICUCTEMH, 1110 CKJIALETHCS 3 By3/1a BTa
cTepkHiB 1, 3, 4 (puc. 3.12). HeBimomumu € 3y-
CHIUISA CTEPXKHIB S3p, Sy3. BimoMuM € ckitazoBa
3YCHILIA CTEPIKHA S 3.

YX;=0; —S;p+Ssp-cos45°=0;
SY;=0; Syp+Ssp-cosss’ =0,
3Bi,Z[KI/I BHU3HA4Ya€EMO:

Si4 X4
Puc. 3.11. Cunosuii 6araro-

KYTHUK By31a 4
Sip 9,188

cos43? - cos43?

S3p =83 =—S8,p-cos45’ =—-12,994. cos45" =
=-9,188kH,

S4p=84=

=12,994kH

(cTepkeHb 3 — CTUCHYTHIA).

s mepeBipku po3paxyHKy MoOyayeMo Ui By3Jia B CHIIOBHI 0araTOKyHHHUK
(puc. 3.13).

Hagenemo po3paxyHKOBY cXeMy JJIsl iJICUCTEMHU, IO CKIIAJIETHCS 3 By3na K
Ta CTepXKHIB 2, 3, 5, 6 Ta aktuBHOI cuu P; (puc. 3.14). HeBimoMumu € 3ycusuis
CTepXkHIB Ssx, Ssx. BiIOMUMH € 3yCHIUIS CTEPKHIB Sy, S3x Ta aKTHBHA cuia P;.

y JR—
S3B 4 S4B S _

Sss
3 o
1 45 —
SiR R X Sis S3K
Puc. 3.12. Pospaxymkosa Puc. 3.13. CunoBuit Puc. 3.14. Po3paxyHkoBa
0araToKyTHHK By3J1a cxema By3na K

cxeMma By3na B B

50



CTATHUKA

Y X;=0; Ssg+Sex -cos45’ + P -cos4s’ —
-8k -cos45° = 0;

2Y;=0; Sex -cos45° -S3x—P -cos45" -
— 8, -cos45” =0,

3BI1JIKM BU3HAYAEMO

Sk + P -cosds + 8y -cos45’

cos45?

~ _ 0_ . 0
_ —9,188+18- cos45” —25,986- cos45 =-20,980kH

cos45?

Sex =86 =

Ssg =85 =8,k -cos45” — P, cos45" — Sg i - cos45° =
=-25986-cos45° —18-cos45° +20,980- cos45° =
=—16,268kH,

ESK

(cTepxHi 5, 6 — CTHCHYTI).

st mepeBipkH po3paxyHKy MoOyIyeMo
st By3na K cuioBuii  0araTOKyHHHMK
(puc. 3.15).

HaBenemo po3paxyHKOBY cxemy i
MiJICHCTeMH, IO CKIAAEThCs 3 By3na E Ta
CTepkHIB 6, 7, 8§ Ta aKkTHUBHOI cuiu P,
(puc. 3.16). HeBimoMuMu € 3yCHIIIS CTEPIKHIB
S7e, Ssr- Binomumn € 3ycuiist CTepkHA Ssr Py, 3.15. Cunoswid 0araToKyTHUK
Ta aKTHBHA cuia P By3na K

EJK

>X;=0; SgE-cos450—S6E-cos450— y P
-P, -cos60° =0;

TY;=0; —P-cos30° -8, p —Sgp - cos4s -
- SsE -c0s45° =0,

3Bi,HKI/I BHU3HA4YaeEMO

Sor = S0 S6E -cos45° + Py - cos60° _ S7E 8
8E =98~ cos4sd - Puc. 3.16. P03paxng0Ba cxema
B ) 0 ) 0 By3I1a
_ 20,980- cos45 ;—15 cos60 ——10373kH
cos45

(crepxeHb § — CTHCHYTHH),

S7p =87 ==Py-c0s30° =S¢ - cos45° — Sg ;- c0545° = —15- c0s30° +20,980- cos45° +
+10,373- cos45° = 9,18 kH.
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Jlyis mepeBipKH po3paxyHKy MoOyIyeMo i By3na E CHIIOBHIA OaraTOKyHHUK
(puc. 3.17).

HageneMo po3paxyHKOBY CXeMy JUIS IiJICUCTEMH, IO CKIAJETHCSA 3 By3na L
Ta CTepXkHIB 4, 5, 7, 9, 10 (puc. 3.18). HeBizomumu € 3ycuiuist cTepxHiB Soz, Syo;.
Bimomumu € 3ycuiuis cTepxkHiB Sy, Ss, S7i-

ZXi =0, S9L _SSL +S10L '005450 -
-S4z -cos45° = 0y
2Y;=0; Sy —-Si0L . cos45° —S4L-cos450 =0,

3BiZ[I(I/I BHU3HA4YA€EMO!

Sy =S4y -cos4s’
cos45? N

_9.18-12,994-cos45” _

- cos4s? N

Sor =So =S85, — S0 o545’ + 8y -cos45’ =
=—16,268+12,994-cos45° ==7,074 kH,

S1oL="S10=

(cTepkeHb 9 — CTUCHYTHIA).

Jlyist epeBipKu po3paxyHKy MoOyMyeMo [Uist By3Jia L CHJIOBHI 0araTOKyHHHUK
(puc. 3.19).

B y
Sse -
S
6 Sa S
e Si=0
Ssi
Puc. 3.17. Cunosuit Puc. 3.18. PospaxyHkoBa Puc. 3.19. Cunosuit
0araTOKyTHUK By3/1a £ cxema Bysna L 6araToKyTHUK By3n1a L

HageneMo po3paxyHKOBY cXeMy JJIS MiACUCTEMH, IO CKIAJETHCS 3 By3na N
Ta cTepXHIB 8, 9, 11, 13 ta aktuBHOI cuiu P; (puc. 3.20). HeBinomumu € 3ycuiis
CTEpPXKHIB S}y, Si3v. BimoMuMu € 3ycHinist cTepkHiB Sgy, Soy Ta akTHBHA cuina Pj:
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YX; =0; — Py-cos45’ — Son — Sq - cos4S +

+S13N~cos450 =0; y P3
Y, =0; —P3-cos450+S8N-cos450—S11N— Ssn o
— 83y - cos45’ =0, 457" 4>
3BiJIKM BU3HAYAEMO Sonv 9 N| I3 x
Siay = Si3= P3-c0s450+S9N+S8N«cos450 _ 11 45° S13N
cos45” S1IN P

0 0
_ 5-cos45 —17,074—10,373- cos45 —_15377kH, Puc. 3.20. PospaxyHKoBa cXe-
cos45° Ma By31a N

(crepxeHb /3 — CTUCHYTHIA),
Siin =811 =—P; - cos45 + Sg - cos45” — 83y - cos45" =5 cos45° —=10,373- cos45° +
+15,377- cos45° = 0.

Hns HepeBipKu PO3paxyHKY
nmoOyayemMo ais Bysiaa N CHIIOBHH Oara-
TOKYHHUK (puc. 3.21).

HaBexemo po3paxyHKOBY CXeMy IS
MIiJICUCTEMH, 1[0 CKIAJEThCS 3 By3ia C Ta

crepwuin 10, 11, 12 (puc. 3.22). Son
HeBifoMuMH € 3yCHIIsS CTepXKHIB Sjoc, Puc. 3.21. CusnoBuii 6araTOKyTHUK
S;5¢. BinoMum € 3ycunis crepxkus S ;. Bysna N

ZXi=0; S12C—Sloc-cos450=0; y f

0
2Y; =0; Sjic +Sjoc - cos45" =0, 10 Siic
. S1oc ‘ 11

3BiJIKM BU3HAYAEMO

45° Si2¢
0
S =581,=S80c - cosd5 =0;
12€ 12 10C C 12 x
S1oc =S10c = _21e__o, Puc. 3.22. Po3paxyHKkoBa cxema
cos45° By3nma C

3ycumns B crepxkHsax [0, 11, 12 nopiHioe Hymro. CHIOBHI 0aroTOKyTHHK
OymyBaTH He MOTPiIOHO — cUCTEMa BPiBHOBaXKEHA.

HaBenemo po3paxyHKOBY cXeMy JUIsl MiZCUCTEMH, L0 CKIAJIETHCS 3 By3ina D
Ta crepxHiB /2, 13 (puc. 3.23). HeBinomum € 3ycumimist crepxHs S;;p. Binomumu
€ 3yCWIIJISI CTEPKHSI S;,p Ta peakis omopu D — Rp.

SX;=0; —8)3p -cos45’ — Rp - cos45° — 8,,p = 0;
Y, =0; S3p-cos45’ + Ry - cosas’ =0,

53



S13D

y

13

45°

i

Si2p

Puc. 3.23. Po3paxyHKoBa cxema By3-
aa D

12

PileHns aHaIiTHYHAM METOIOM

3BiJIKM BUZHAYAEMO:
S13p =—Rp =-15385kH.

B ycix eyznax cunosi 6azamoxymuuxu
3AMKHYMI, WO NiOmeepoA*cye NPABUIbHICMb
DPO3PAXYHKY.

BmsHauNMO pO3TATHYTI Ta CTHCHYTI
cTepkHi pepmu. Sxmo 3ycuuist S B cTepxk-
Hi JI0JIaTHE, TO CTEP’KEHb BBAXKAETHCS PO3-
TATHYTUM. SIKIIO Bi€eMHE — CTepIKEHb
cTUCHYTHH. SIkmo 3ycwwist S B CTEpxkHI

JIOPiBHIOE HYJIIO, TO BiH — Helle()OPMOBAHHA.

Toni crepxui I, 4 Ta 7 — pO3TATHYTI; cTepxHi 2, 3, 5, 6, 8, 9 ta 13 —
CTHCHYTI; cTepxkHi /0, 11 Ta 12 — HemedopMoBaHi.

[ToOynyemo niarpamy, Ha SKiii HAOYHO ITO3HAYCHO BEJIWYUHY Ta 3HAK 3yCHII-

20

—
=]

[ [
bJd —
S o s

SyCHILIA & B cTepsai, kH

|
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=
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(puc. 3.24).

12345678 910111213

HOMED CTEpPIKHA

Puc. 3.24. 3ycunis B cTep HAX

IJIOCKOi hepMu



CTATHKA
3apaannsa C-3. PiBHoBara 34J1eHOBAHOI CUCTEMH TiL1

3HaiTh peakuii onop i TUCK B MPOMDKHUX LIApHIPaxX 3aJaHol KOHCTPYKIII,
CKJIaJIeHOI 3 ABOX yacThH (puc. 3.25). Ha KOoHCTpyKIIifo Aie HaBaHTakeHHs: P =
1,5xH; g1 = ¢, =02 xkH™M; M=4 xH-wm; a =1 m; a=p=30°

6a

q e
D E 3a
3 2a S5
—Lw\\ A B

Puc. 3.25. ITnocka 34neHoBaHa KOHCTPYKITIS

Jis KOHCTpYKIii, 300paxkeHol Ha puc. 3.25, omopaMu € KOPCTKE 3aKpiIuIeH-
Hsl, pO3TalIoBaHe B TOUMLi 4 Ta MmapHipHO-pyxoMma omopa B Touni C. Buxomsau 3
Kkiacuikamii peakmiil s THIIB 3B’ S3KiB, pO3TAIIOBYEMO B TOUIl A TPH CKIAI0B1
peakii — Xy, Y, ta My, a B Toumi C — peakiiro R¢, HIEPICHIUKYISPHO IO THIOMIH-
HU omopu (puc. 3.26). PiBHOMIpHO po3moniieHe HaBaHTAXKEHHS ¢ 3aMiHIMO €K-
BIBJICHTHOIO 30CEPEKEHOI0 CHIIOI0 (J;, @ HEPIBHOMIPHO PO3IOIiIEHE HaBaHTa-
JKEHHSI ¢, (pPO3MOoIIeHe 110 3aKOHY TPUKYTHHKA) 3aMIHMMO €KBIBaJIEHTHOIO 30Ce-
pemKeHo0 cuio O,

0 =q-3a=02-3=0,6 kH; QZ=@=&2'6=0,6KH.
YA
6a 24, 3a
p| {2 E | 15
M | O
AL 2] o | \19oe
P N_{ Bl YRXNB
8| M Y ¢
X, X

Puc. 3.26. Po3paxyHKoBa cxema KOHCTPYKIIT

Po3enHaeMo KOHCTPYKIIiIO Ha YaCTHHH (110 BHYTPINIHBOMY IIapHipy B) i po3-
TJITHEMO PIBHOBAry KOKHOI 4acTWHM OKpemo. [Ipu 1pomy, crmim B3aeMomii Mixk
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YaCTMHAMHM TIOBHHHI OyTH PIBHHUMH I10 BEJNMYMHI Ta MPOTHICKHI 32 HANPSIMKOM.
JA1st KO’)KHOT YaCTHHM KOHCTPYKIIT CKJIaeMO 0 TPH PIBHSHHS PiHOBAaru:

YX;=0; TY;=0; SM;=0.

PosrnsHeMo niBy actuHy KoHCTpYKLii DEAB (puc. 3.27).

YA
6a 2a
D Z E
0‘% 2a S "\AJB\YB
Q MA,\YA X
4 X, x

Puc. 3.27. Po3paxyHkoBa cxema 4acTHHH KOHCTpyKuUil DEAB
CkiamaemMo piBHSHHS PIBHOBArH IS JIiBOT YaCTWHU KOHCTPYKIIIi:
YX;=0; X, —P-cos30°+Xp=0;
SY,=0; Y —Q,—P-cos60 +¥p =0;
>M p=0;
X, -2a-Y -2a—M+M 4+Q,-6a+P-cos30°-2a+ P-cos60° -8a =0.

PosrisiHemo npaBy wacTuHy KoHCTpyKIii BC (puc. 3.28).

¥y \ CkiajaeMo  pIiBHSHHS PiBHOBaru
A JUIS TIPABOT YaCTHHU KOHCTPYKIIIi:
15a >X;=0; —Xp—Rc-cos60°=0;
YY;=0; Re-cos30° -0 —Yp=0;
Q1 9(°
B R XMc=0; O -L5a+Yg-3a=0.
—-x < ‘ B T—

X; C X Po3B's3yroun piBHSHHSA piBHOBaru
'Y B 3HaleMO BCi HEBIZOMI peakilii. 3 apy-
Puc. 3.28. Po3paxyHkoBa cxema 4aCTUHH TOro pIBHSHHA BHU3HAYAEMO CKJIAIIOBY

KoHCTpyKUii BC peakilii BHyTpilIHEOro WapHipy Y:

0158 _ 0,6:1,5

Yp =
B 3a

=—0,3kH.
BusHauaeMo CkI1aIoBy HEBIIOMOT peaKIlii >KOPCTKOTO 3aKpPiIIEHHS Y4

Y, =0, +P-cos60° —¥g =0,6+1,5-cos60° +0,3=1,65 kH.
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Bu3HayaeMo peakiiito NiapHipHO-pyXOMOi ormopu R¢:

_ Yp+0, =—O,3+O,6

Rc
cos30° cos30°

=0,346kH.

BuzHaunMo npyry ckiiaqoBy peakiii BHyTPILIHBOTO MApHIpy Xp:
Xp =—R¢ - cos60° =—0,346- cos60° = —0,1 73 kH.

BmsHauaeMo ckiaioBi HEBIOMOI peakilii JKOPCTKOTO 3aKpiruieHHs Xy Ta My
BIIITOBITHO:

X =P-c0s30° - Xp =1,5-cos30° +0,173=1,472kH;
My=-X,-2a+Y,-2a+M-0, 6a—P-cos30°-2a— P-cos60" -8a =
= —1,472:241,65-2+4-0,6-6—1,5-cos30° - 2—1,5- cos60° -8 = —7,842kH - m.

Jyist epeBipKH pe3yIbTaTiB PIlICHHS MOOYAYEMO CHIIOBI 0araTOKyTHUKH ISt
000X yacTuH KoHCTpYKLil DEAB (puc. 3.29) ta BC (puc. 3.30).

Ya

Re

Ol A
Ys
- JE—
X 4 X5
Puc. 3.29. CuioBuii 6araToKyTHUK 4acTH- Puc. 3.30. CunoBuit 6araToKyTHUK 4acTH-
HU KOHCTpYKUii DEAB HU KOHCTpYKii BC

Oco6nuBocTi TOOYTOBH BEKTOPIB CHJI, B CHCTeMi Autocad, NeTanbHO HaBe-
neHo B 3aBaanHi C—1.

CuitoBi 6araTOKyTHHKH ISt 000X YaCTHH KOHCTPYKIi 3aMKHEHi, OTXKE roJIo-
BHI BEKTOPH IiJICHCTEM JOPIBHIOIOTH HYIIO. SIK HACIIZOK, MPOEKINI TOJIOBHUX
BEKTOPIB Ha OCi KOOPIUHAT TaKOX JOPIBHSAIOTH HYJIO, IO MiATBEPIKYE MPaBU-
JBHICTD PO3PaxXyHKIB.

Jist moaTKOBOT MepEeBipKH MPABUIILHOCTI PO3paxyHKIB, BUKOHAEMO ITO0YI0-
BY MOMEHTIB aKTHBHHX CHJI Ta PEaKIIii Omop At 000X YaCTUH KOHCTPYKIIIi.
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Jnst wactuHn KOHCTpYKUii DEAB, BUKOHAa€EMO IEpeBIpKY BITHOCHO JIIiBOi
oropH (To4ku A), ToOTO, B TOUIL NMPHUKJIAJAHHS KOXHOI CiIM MOOYyeEMO BEJIH-
4yiHY il MOMEHTY, BiIHOCHO BKa3aHoi omopu (puc. 3.31).

SIkmio HeBimoMi peakuil 3HalJeHO BIpHO, TO CyMa MOMEHTIB YCiX CHJI BiJHO-
CHO TOYKHU A4 NOBUHHA TOTOKHO JOPiBHIOBATH HYIIO:

XMy =0;
~M+M,+0,-4a—Xg-2a+Yg-2a+ P-cos60”-6a+ P-cos30°-4a =
=-4-7,8424+0,6-4+0,173-2-0,3-2+ 1,5~c0s600 . 6+1,5-cos300 -4=0.

+ /M(P)A:9,696 KH-M

M(QZ)A:2,4 kH-Mm
M(X £)4=0,346 KH-M
A M

M(M )i= -4 KH-M SM(Y )= 0,6 KH-M
T~

M(MA)A: -7,842 kKH-M

2a | 4a 2a J

g Lt Lt B Ll

Puc. 3.31. MoMeHTH akTHBHHX CHJI Ta peakuiil onop yactuau DEAB
BiZHOCHO TOYKHM A

st yactuHu KOHCTPYKIT BC, BAKOHAEMO MEPEBIPKY BiTHOCHO JIIBOI OIIOpH
(Touku B), T00TO, B TOUL[ NPHUKIAAAHHS KOXKHOI CHIIM MOOYIYyEMO BENUYUHY il
MOMEHTY, BIJIHOCHO 3a3HaueHOi omopu (puc. 3.32).

SIkuio HeBiOMI peakiil 3HalJeHo BIpHO, TO CyMa MOMEHTIB YCiX CHJI BiJIHO-
CHO TOYKH B MOBHHHA TOTOXHO JOPIBHIOBATH HYJIIO:

>XMp=0;
—0Q,-1,5a+ R - cos30° - 3a = —0,6-1,5+0,346- c0s30° - 3= —0,00 1 kH - m.

Bennuuna BigHOCHOT moxuOku ckianae 0,11%, sxa moB’si3aHa 3 OKPYTJIEH-
HSM Pe3yNIbTaTiB PO3PaXyHKIB J0 TPETHOTO PO3pALY 4Mcia. Pe3ynprar pimeHHs
PIBHSHHS MOMEHTIB HE MNEPEBHIIY€E BIIHOCHY NMOXHMOKY, OTXKE HEBiJIOMIi peakii
3HAKMJICHO BIpHO.

MoOMEHTH aKTUBHHMX CHJI Ta Peakmid omop aiust 000X 4acTHH KOHCTPYKIIT
BIZTHOCHO 3a3HAa4€HHMX TOYOK JOPIBHIOIOTH HYJIIO, IO MiITBEP/KYE MPABUIBHICTh
PO3paxyHKiB.
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JIJis. KOHTPOJIFHOI MEPEBIPKU PO3PaXyHKIB MOOYIYyEMO CHIIOBUN OaraTokyT-
HUK JIJIs BCI€T KOHCTPYKIIiT, BBaXkarouu 11 cyminsHO (puc. 3.33).

X

Puc. 3.32. MoMEHTHU aKTUBHHX CHJI Ta Puc. 3.33. CuioBuii 6araToKyTHUK
peaxkuiii onop yactuan BC BiTHOCHO CYLIJIBHOI KOHCTPYKIIT
TOUKU B

CusioBuil 0araTOKyTHUK 3aMKHCHHH, OT)KE TOJIOBHHI BEKTOP CHUCTEMHU CHII,
MPHUKJIAAEHOI 10 CYIUIBHOT KOHCTPYKIii JOPIBHIOE HYJIO, IO MIATBEPIKYE TIpa-
BIJIBHICTH PO3PAXYHKIB.

Takox At CyninbHOI KOHCTPYKIii, BAKOHAEMO TOOY/IOBY MOMEHTIB aKTHB-
HUX CHJI Ta peakiil omop BimHOCHO Touku D (puc. 3.34).

+ M(X 4)o= 5,888 kKH-m

M(Y.)r=9,9 kH-M

M(Rc)o= 2,95 KH-M
\\

D
Oe
/T M(M)o=-4 kH-m
M(Q:2)=-1,2 kH-m /
| M(0:)o=-5,7 KH-M
M(M 1)o=-7,842 kH-M
- 2a J‘ 4a 1. 2a | 1L | Lsa
- . 7" . T T

Puc. 3.34. MoMeHTH aKTHBHHX CHJI Ta PEaKIliii OTOp CYIITFHOT KOHCTPYKIIii BiZTHOCHO
TOYKH D
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Skimo HeBimomi peakiiii 3HAHACHO MPABUIILHO, TO CyMa MOMECHTIB YCiX CHII
BiTHOCHO TOYKH D MOBHHHA TOTOKHO JJOPIBHIOBATH HYJIO:

>Mp=0;

~0,-2a—M+Y,-6a+X 4-4a+M4—0-9,5a+ R¢-cos30°-11a—
—Rc-c0560° - 2a=—0,6-2—4+1,65-6+1,472-4—7,842—
—0,6-9,5+0,346- cos30° - 11=0,346- c0560° - 2 = —0,004 kH - .

Benuuuna BimHOCHOT nmoxubku ckianae 0,04%, sxa MoB’s3aHa 3 OKPYTJICH-
HSIM PE3yJIbTATiB PO3PaxyHKiB J0 TPETHOTO pO3psiAy 4Mcia. PesynbTar pilieHHs
PIBHSHHS MOMEHTIB HE MEPEBHIIYE BIIHOCHY MOXMOKY, OT)KE HEBIJIOMI peakiii
3HANJICHO BipHO.

AnreOpaigHa cyMa MOMEHTIB yCiX aKTHBHHX CHJI Ta PEaKIid omop A Cy-
UTBHOT KOHCTPYKIIi BIiTHOCHO TOYKH D NOPIBHIOE HYIIO, IO MiATBEPKYE Ipa-
BIJIBHICTB PO3PaxXyHKIB.

3aBaanns C-4. [IpuBegeHHs NPOCTOPOBOI CHCTEMH A0BLILHO
PO3TAIIOBAHUX CHJI 10 NPOCTILLIOr0 BUAY

Ho BEpPLINH HPSIMOKYTHOTO
mapayeneminena (puc. 3.35) npukiageHe Ha-
BaHTaxenus: P; = 100 xH; P, = 50 xH;
P; = 80 xH; P, = 10 kH; M = 50 xH-m;
a=03wm; b=04wm c =05 wm. I[lpusectu
HPOCTOPOBY CHUCTEMY JIOBIJIBHO PO3TalIOBa-
HHX CHJI JIO TIPOCTIIIIOTO BHUAY.

[onepenHb0 BU3HAYMMO KYTH HAXHITY

O JiaroHajei rpaHeil napajiesermninena — o, B ta
y. Kyr o — me kyr Haxwiy piaroHani
mapajenerninesaa 1o fioro ocHoBu. Kyt f — e

\ KyT Haxwiy jAiaroHaini O0i4HOI rpaHi 70 oci x.
) Kyr y — me kyr Haxwmiy agiaroHaisi OCHOBH

Puc. 3.35. IIpoctopoBa cucrema
JIOBIJIBHO PO3TAIIOBAHMX CHII 3
ueHrpom O

mapaJenerninesaa 0 oci x.
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1ga = ¢ = 0,5 =1; => a=arctg(1)=450;
Va2 42 037 40,42
c 0,5 0
tghf=—= =1,25; => B=arctg(1,25)=51,34";
b 04
tey="="3_075; => y=arctg(0,75) = 36 87".
b 0,4
IIpoexuis BekTopa MoMeHTY M Ha ro-
PH30HTAIEHY TLIOMMHY (ocHOBY x Y 0
mapaseserineaa) MIpeJCTaBICHA Ha M
puc. 3.36. Y
Bu3HauaeMo mpoeKilii roJOBHOTO BEK- Y
Topa R ¥ 3a1aHHOT CHCTEMH CHJT Ha OCi KO- ()
OpJMHAT:

Puc. 3.36. [Ipoexiist BeKTOpa MOMEH-
Ty M Ha TOPU30HTAIIbHY IUIOIIUHY
R, =P;-cosy— P, -cosP—Py-cosa.-cosy=
=80-cosy—50-cosPp—10-cosa.-cosy=27108kH;
R, =—P;-siny+ Py-cosa-siny=—80-siny+10-coso.-siny=-43,757kH;
R,=-P +P,-sinf— Py-sino=—100+50-sin3—10-sin o.=—68,028 kH.

*
Mopaynb rosioBHOro Bekropa R :

R = \/sz +R,+R = V27108 +(—43,757) +(~68,028)% =85,307 kH.

"
Bu3HaYMMO KyTH HaXHJIy TOJIOBHOTO BEKTOPA CUCTEMU R 10 KOOPAWHATHUX
Biceil x, y, z (HampaBIAIOYi KOCHHYCH):

cos(R” ,i)= R’; =M=0,3178;
R° 85307
~ R, _
cos(R", j)=—2 =TT 5129;
R° 85307
R, -
cos(R ,k)= 1=M=—0,7974
R' 85307

61



PimreHns aHagiTHYHUM METOLOM
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Puc. 3.37. I'onoBHuii Bexrop R
3aJJaHHOI CUCTEMU CHUJI

BukonaemMo moOymoBy TOJIOBHOTO Be-
KTOpa R 3aJjaHHOi cucTeMHu cuil. Jlms
LOTO, BHOMPAEMO CHCTEMY KOOPIMHAT-
HuX Biceit Oxyz. Biaknamgaemo, B TOBUIb-
HO BHOpaHOMY MacmTa0i, BiIpi3KH Mpoe-
KIid TOJIOBHOTO BEKTOpa R’ B3IOBXK KO-
OpAWHATHHX Bicell (3 ypaxyBaHHSAM 3HAKY
mpoekii), OyxyeMo TpSIMOKYTHHH mapa-
neneninen. Hampasnena pmiaroHans, mpo-
BeJICHA 3 MTOYATKy KOOPAWHAT B MPOTHIIE-
JKHY BEpIIMHY Mapalielierninesia, BU3Hauae
TOJIOBHMM BEKTOpa R" 3agaHHOi cucTeMu
cui (puc. 3.37).

O0uncIUMO TOJIOBHI MOMEHTH
3aaHO0l CHCTEMHU CHJI BIIHOCHO KOOD.IH-
HaTHUX BiCEH:

x=—P-a+P-sinB-a+Py-siny-c—Py-sino-a+M-siny=

EII

—100:0,3+50-sinp-0,3+80-siny-0,5—-10-sina.-0,3+50-siny=33,594kH - m;
y=P-b-Py-sinB-b+ P;-cosy-c—M-cosy=
100-0,4—50-sin3-0,4+80-cosy-0,5—50-cosy=1638kH - m;

. =P -cosB-a—Py-cosy-a+Py-coso.-siny-b=

=50-cosB-0,3—80-cosy-0,3+10-cosa

-siny-0,4=—8,128kH - m.

MOZ[yJ'IB TOJIOBHOI'O MOMCHTY CUCTEMU CUJT BiHHOCHO LHCHTPY O:

Mo= \/sz +M M7 = 33,594

+16,38% +(=8,128)> =38,248kH - m.

Bu3HaYMMO KyTH HaxmiIy FOJIOBHOIO MOMEHTY CHCTEMH cuil Mo 0 KOOpIH-
HATHHX Bicel X, y, z (HalpaBIIAt0Yi KOCUHYCH):

A

M 3 4
cos(Mo,i)=—*= 3,59 =0,878;
Mo 38,248
A M 1
cos(Mg,j)ziyz 6,38 =0,428;
Mo 38,248
A M _
cos(Mo ,k)=—=%= 8’128=—0,213.
Mo 38,248

Buxonaemo no0yz0By TOJIOBHOTO MOMEHTY CHCTEMHU CHI Mo BIZHOCHO IiEH-
. . * .
Tpy O aHanoriuHo moOyZOBi TOJIOBHOTO BEKTOpa R 3aJaHHOI CHUCTEMH CHI

(puc. 3.38).

(V) V3 ~ 3 .
O0OYnCcIMMO HaWMEHIINIA FOJIOBHUM MOMEHT M 3a1aHO1 CUCTEMU CHJI.

M*=(R,-M,+R,-M,+R,-M_)/R*=

_(27,108-33,594—43,757-16,38+ 68,028-8,128)

85,307
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* * .
Tak sx R #0, Ta M # 0, TO 3a1aHa cCUCTeMa CUJI PUBOJAUTHCS A0 MPOCTIIIO-

ro BUy — AWHAMH (CHJIOBOTO rBUHTA) (puc. 3.39).
b =
Z

X *
R M
Mo
Puc. 3.38. ['onoBHUIT MOMEHT CHCTEMU Puc. 3.39. [IpuBeneHHs IPOCTOPOBOI CUCTEMH
cui Mo BimHOCHO 1IeHTpY O JIOBUIBHO PO3TAIIOBAHUX CHII 10 HPOCTILIOTO

BUY — TUHAMH (CHJIOBOTO TBHHTA)
Jlnisi BUKOHAHHS TIEPEeBIpKH MPaBUIBLHOCTI pO3paxyHKiB HEOOXIHO BU3HAYH-
TH PO3TallyBaHHs LIEHTPAIBHOI Bici ccTeMHU. PiBHSHHS IEHTpaJIbHOI BiCl cHCTe-
MU Ma€ HACTYIHUI BUTIISL;

My—(y-R.-z-Ry) My—(:-R.=x-R) M,~(xR,-y-Re) M*
R, R, R, R*’

3 nux TPHOX PiBHSAHb HE3AICKHUMHU € TUILKU JBA PiBHsAHHA. [lifcTaBNs0YM B
Oyab-sKi 1Ba 3 IIUX PIBHSAHB 3HAW/ICHI BETUYNHI, OTPAMAEMO CIPOIIEH] PiBHAHHS
[EHTPAIBHOI BiCl CHCTEMH:

Mx_(y'Rz_z'Ry)_E

s 251-y-1,614-z=-1136;

R, R*
M, -(z-R,—x-R ®

Y (z- Ry z)zM; 0,62-z7+1,555-x=0,477.
R, R*

3HaliIeMO TOYKHU MEPETHHY LEHTPAIBHOI BiCi 3 KOOPIMHATHHUMH IUIOIIMHA-
MHU.
TTepetun 3 momuHooO YOz (x;=0) — TOUKa A;:

0477
0,62-7, = 0477; =2 0,769 m;
a 47062
2,513y —1,614- 3, ==1,136; ylz%;““‘zuo,omm.
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Ilepetun 3 mnomuHow0 zOX (1,=0) — TOUKa A,:

~1,136
~1,614-75 =—1,136; =22 20,704m;
@ 27 1614 "
0,62-7) +1,555-x,=0477;  x, =%=0,026M.

Ilepetun 3 mnomuHoOw0 X0y (23=0) — TOUKa A3:

1,555- %3 =0,477; xX3= 0477 =0,307m;
1,555
-1,136
2,51 y2=—1,136; =—21"—=—-0,453m.
3 V3 251

OTxe, LEHTpaJIbHA BiCh Oy/e MEPETUHATUCS 3 KOOPIHMHATHUMHU IUTOIIHHAMU
B HacTynmHux Toukax — A4;(0; 0,0419; 0,769), A4,(0,026; 0; 0,704) ta A5(0,307;
—0,453; 0). [ToOymoBy IIeHTpaIBHOI BiCi CHCTEMHM IPEACTABICHO Ha puc. 3.40).

y

Puc. 3.40. [ToGynoBa meHTpaIbHOI Bici CHCTEMHU

Tak sIK TOJOBHHM BEKTOp MapalelbHUN LEHTPAIbHIN BiCl CHCTEMH, OTXKE
OTpUMaHU# PO3B’SA30K € BipHUM.

64



CTATHUKA

3aBnanns C-5. PiBHoBara npocTropoBoi cucTeMu J10BLIbHO
PO3TAIIOBAHUX CHJI

Jo npocropoBoi koHcTpykii (puc. 3.41) mpuknanene HaBaHTaxeHHs: G = 8
kH; P =2 xH; M = 10 xH-m. Po3mipu cknanaiots: AB = DC = 1,8 m; AD = BC =
1m;0=30"% B=60". P || Ay; G || Az; M || AC. BusHauuty peakiii B oropax
KOHCTPYKIIi.

o pamu ABCD npuknaneHi cuna Tsokinasa G, cuna P, peaxis S crepxas CE
Ta peakximii onop B Toukax 4 ta B. Peakmis mapHipy 4 BU3HA9a€ThCA TPbOMaA
ckiIagoBuMu: Xy, Yy, Z,, a peakuist netii B nBoma: Xp, Zp (puc. 3.42).

Puc. 3.41. Cxema npocTopoBOi KOHC- Puc. 3.42. Po3paxyHKoBa cxema
TPYKIT MIPOCTOPOBOT KOHCTPYKIIii
ITomepenHbO BU3HAYMMO KYT Y — KyT HaXmity giaroHaii AC 10 OCHOBH paMH.

tgy = %= I,LS =0,556; => y=arctg(0,556) = 29,070.

3 mepepaxoBaHUX CHJI — IIICTh € HeBiTOMUMU. J[Jist iX BU3SHAYCHHS MOXHA
CKJIACTH LIICTh PiBHSIHB PiBHOBAry.
PiBHSHHS MOMEHTIB CHJI BiJIHOCHO KOOPAWHATHUX Bicei:

>M;. =0; —P-AD-cosa—G~ATB+ZB-AB+S~AB-sinB=O, 1)

ZM,-y=0; G-E'Sina—s'BC-sinB—M-cosy:O, (2)
2M;. =0; P-AD-sino+S-AB-cosp—Xp-AB—M-siny-cosa=0. (3)
PiBHSHHS mpoeKIil CHIT HAa OCi KOOPIUHAT:

2X;=0; X,4+Xp—S-cosp=0, 4)
YY;=0; Y +P=0, (5)
2Z;=0; Z,+Zg-G+S-sinf=0. (6)

KinpkicTs HEBiTOMHUX, HE MEPEBUIIIYE YHCIO MOXIMBUX PIBHSAHD PiIBHOBArH,
OTKE 3aj]a9a € CTATUIHO BUPINIYBaHOTO.
3 piBHsHHSA (2) BU3HaYNMO peakitito S crepxus CE:
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_G-BCJ2-sina.—M-cosy _8-1/2-sin30" =10- c0529,07°

S - 0
BC -sinf3 1-5in 60

=-7,783kH.

Po3B's3yroun piBasHHS (1) 3HalHEMO CKIaI0BY peakilii meTii Zg:

P-AD-cosa+G-AB/2—S-AB-sinf _

ZB =
) AB 0
_2:1-¢os30 +8-1,8/128+7,783-1,8«sm60 =11,702kH.

3 piBHAHHA (3) BH3HAYMUMO CKJIAJIOBY pEaKIii meTi Xp:

P-AD-sino.+S-AB-cosp—M-siny-coso _

Xp= AB
. a0 0 i 0 0
_21-5in30"—7,783-18 "”]SZO 10-5in 29,07 - cos30" _ s c73 k.

3 piBHsHHS (4) BU3HAYUMO CKJIaJI0BY peaKilii mapHipy Xy :
X =S-cosp—Xp=-7,783-cos60° +5,673=1,782 kH.
Po3B's3ytoun piBHsHH (5) 3HaiIEMO CKIa 0By peakiii mapHipy Y
Y =—P=-2kH.
3 piBHSAHHSA (6) BU3HAYNMO CKJIAZIOBY peaKiii mapHipy Z:
Z =—Zp+G—-S-sinB=-11,7024+8+7,783: sin 60° = 3,038kH.

s mepeBipKu MPaBHIBHOCTI pillleHHs MOOyayeMo, B cucteMi Autocad, To-
JIOBHHUI1 BEKTOpP — FEOMETPUYHY CyMy CHCTEMH CHJI, LIO i€ Ha IPOCTOPOBY KOHC-
TpyKIioo. OcobauBoCTi MOOYAOBH eTalbHO HaBeneHo B 3aBiaanHI C—1. OxqHak, 3
OTJISIY Ha Te, IO MOTOYHA 33/a4a 3aJaHa y MpocTopi, MoTpiOHO MO0y yBaTH 1Ba
TOJIOBHUX BEKTOpH cwil. Hampukian, moOymyeMo MPOEKIll TOJIOBHOTO BEKTOPY
cu B wionuHi z4Ax (puc. 3.43, a) ta B mwiomuHi zAy (puc. 3.43, 6).
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Puc. 3.43. CunoBwuii 6araTOKyTHUK IPOCTOPOBOT KOHCTPYKIIIi:
a — IUIOIIUHA zAX; 0 — TUIOIINHA ZAY

CuoBuii 0araToKyTHHUK 000X OTPUMAaHHUX Pe3yJbTaTiB 3aMKHEHUH, OTxkKe iX
BEKTOP CHUCTEMH JIOPIBHIOE HYIIO. SIK HACHIIOK 1 HOro mpoeKIlii Ha Bici KOOPAU-

HAT TaKOX JIOPIBHSIOTH HYJIIO.
Jnist moaTKOBOI MepeBipKy MPaBHILHOCTI PO3PaxyHKIB, BUKOHAEMO TTO0Y/10-

By MOMEHTIB aKTHBHUX CHJI Ta PEaKIii Oop NpOCTOPOBOi KOHCTPYKILIi BITHOCHO
KOOPJAWHATHUX Bicel, MePICHINKYISAPHUX TUTOMNHI z4Ax (puc. 3.44) Ta TuromuHi

zAy (puc. 3.45).
XMy, =G-B—zc~sinOL—S~BC~sinB—M~cosy=
=8%.sin30°+7,783.1-sin60°—10-cas29,07° =2+6,74-8,74=0;
ZMAx=—P-AD-casoc—G-%+ZB-AB+S-AB-sin[3=

=-2-1-cos30° —8-%+ 11,702-1,8-7,783-1,8- sin $ = —1,732— 7,2+ 21,064—12,132=0.

+ M(S)5=6,74 KkH-M

M(G)=2 kHM

C

M(M )a= - 8,74 KH-M

Puc. 3.44. MoMeHTH aKTHBHHX CHJI Ta PEaKIliii OTop MpoCcTOPOBOL KOHCTPYKIIii
BIZTHOCHO KOOPJMHATHOI BiCi 4y
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_l’_
M(Z#)s= 21,064 kKH-M
A B
M(P)s=- 1,732 kH-M
M(G)=- 72 kH-M

M(S)=- 12,132 xH-m
Puc. 3.45. MoMeHTH akTHBHHX CHJI Ta PeaKiiif oop mpocTopoBoi KOHCTPYKII{
BiZTHOCHO KOOPJMHATHOI Bici Ax

AnrebpaiuHa cymMma MOMEHTIB yCiX akKTHBHUX CHJI Ta PEaKiliid Omop MpocTopo-

BOT1 KOHCTPYKIIIi BiTHOCHO KOOPAWHATHUX Bicel Ay (puc. 3.44) ta Ax (puc. 3.45)
JOPIBHIOE HYJIIO, IO MiATBEPIKY€E MPABWIBHICTh PO3PaXyHKIB.
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3aBnanns C-6. BusHaueHHsI 10JI05KEHHS LEHTPY TAKIHHS
IUIOCKO]I (irypu

BisHaunTH MonokeHHs MeHTpa TOKIHES Iockoi dirypu (puc. 3.46). Po3wmi-
PH BKa3aHi Ha pUC. B MiTIMETpax.

« 4

¢ B -
g 4 / 4 E §
E1 g
4o |F K
220
260
340

Puc. 3.46. Ilnocka ¢irypa

Koopaunatu 1eHTpy TSDKIHHS TUIOCKOT (Dirypy BU3HAYalOTHCS 32 HACTYITHU-
MU (hopMyJIaMu:

ne Sy=YFiy;, Sy=) F;x; — craTuuHi MOMeHTHU Birypu BilHOCHO KOOPJMHATHUX
Biceil x Ta y, F; — ruoma ¢irypu.

[Hana ¢irypa mae Bick cumertpii — Bicb Ox. OTxe, 11 HEHTp TSDKIHHS 3HAXO0-
JIUTBCSI Ha Liit 0ci, TOOTO KOOPAMHATY LIEHTPA TSDKIHHS 10 OCl ) 3HAXOAMTH HE
HOTPiOHO.

s Toro, mo6 ckopucTatucs GopMyIaMu BU3HAUCHHS MTOJIOKEHHS [ICHTPY
TSDKIHHS, po30MBa€EMO IJIOCKY (irypy Ha YaCTHHH, JUISl SIKMX BiJoMi, a00 Jierko
BU3HAYAIOTHCS TUIONII F; Ta KOOPIMHATH LEHTPIB TSOHKIHHS X; TA ;.

B nanomy BUNaAKy B IKOCTI TAKUX YaCTHUH NMPUHMAEMO MiBKOJIO ABN, ipsi-
MokyTHUK BCHN, npsimokyTHUK DEKL, Tpukytauk EFK Ta niBkono MRS (puc.
3.47). IInomy niBkona MRS, OynemMo BBa)kaTH BiIEMHOIO, TaK SIK 1I€ IiBKOJIO
BHpi3aHe 3 3aJ]aHO1 MJI0CKOi (irypwu.
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Puc. 3.47. ITnocka ¢irypa, mo cKi1afaeTbes 3 MpocTHx Qiryp

Bu3HauuMO TOJIOKEHHS [EHTPY TSOKIHHS KOXHOT yacTuau (irypu. Bincranb
LUEHTPIB THKIHHA OTHAKOBHX IDIONI MiBKiT ABN T1a MRS Bim X TeOMeTpHYHHIX
LEHTPIB 3HAWIEMO 32 POPMYIIOIO:

S

‘R
xCABN = xCMRS =ﬁ= 1,698&'.}”.

KoopanHaTa neHTpy TSOKIHHS IPSIMOKYTHHKA 3HAXOJUTHCS B TOYUIII IEPETHHY
HWoro miaroHaei.
Hentp TsOKiHHA IIIOMNI TPUKYTHUKA EFK 3HaXOOWTHCS B TOYI TEPETHHY
Horo MeiaH, — Ha BifIcTaHi OHi€T TPeThO1 cTopoHH EK.
BusHaunMo BifcTaHP BiJl TIOYaTKy KOOPOMHAT JO KOOPIUHATH HEHTPY TH-
JKIHHS KOXKHOT 3 TpOCTHX (iryp:
XABN = R40- XC ABN = 4—1,6985= 2,301&‘}";
BC 10
XBCHN = R40+T: 4+? = 9C.M,'
DE 8
xDEKL = R40+BC+7= 4+10+E=18C.M,'

1 12
xgrk = R40+ BC + DE + —- EF ¢0530° = 4 +10+ 8+ — = 26cm;
3 3
Xprs = RA0+ BC + DE + x¢ 4pn =4+10+8+1,6985=23,6985cm;

BusnaunMo o Beix 4acTuH Qirypu:
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CTATHUKA

2 2

‘R .4
Fagy == o= “2 =2512¢em%;
Fpcyn = BC-CH =10-8=80cm’;

Fprxr=DE-KL=8-12=96cu>;

Frrk =%-EK~EF—cos3OO =%-12.12=72au2,-

2 2
FMRS =—nf =_TC24 =—25,12(‘M2.

[Tnoma Bciei ¢irypu :
F= FABN +FBCHN + FDEKL+FEFK +FMRS = 25,12+ 80+96+ 72—25,12=
=248cm?.

BuzHaunMo cratuuHUi MOMEHT (irypu BiTHOCHO oci Oy:
Sy =Fypn X4y + Fpcan - Xscun + Fpekr - XpekL + FEFK - XEFK +
+ Fyps - Xpyps =2512-2,3015+80-9496-18+72-26—25,12-23,6985=
=37825508cx°.
Toxi mykana KoopIuHATa NEHTPY TSDKIHHS:

S

xc=—2% _ 37825508 _ 15050 em.

F 248

[TepeBipKy po3paxyHKiB BUKOHAEMO Y CHCTeMI «Autocad» . Bynyemo rmiocky
¢birypy, Ta B BIACTHBOCTSAX CJIEMEHTY BU3HAYAEMO KOOPIMHATH IEHTPY TSDKIHHS

¢irypu. PesynbraTu nmoOGynoBu ¢irypu B cucremi «Autocad» HaBeleHO Ha pHC.
3.48.

Henmp maxinis

152.51

@

%

84
124

<7
N _/

40

%0

220
2600

340

Puc. 3.48. TTobynoBa miockoi ¢irypu B cuctemi «Autocad»

Tak sk KOOpAWHATH LEHTPY TSHKIHHS CHIBIAAAIOTH 3 PO3PaXyHKOBHMH — PO3-
BSI30K € MPABUIILHHM.
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Po3nin 4. KIHEMATHUKA

3aBnannsa K-1. KinemaTuune q0c/aizkeHHSI pyXy TOYKH
3a 3aJJaHUMH PiBHAHHIAMU

3a 3aJjaHUM pIBHSIHHSAM PYXy TOYKHM M BCTAaHOBUTH BHJ il TpaekTopil i s
MOMEHTY 4Yacy &, ¢ 1 t, BU3HAYUTH I1 MIBUAKICTh, IOBHE, JOTUYHE i HOPMAJIbHE
MIPUCKOPEHHS, a TaKOX pajiyc KPUBUHM TpaekTopii. BusHaunTu nuisix, mpoiine-
HHI TOYKOIO 33 TPOMDKOK 4acy 0... #,.

Buxigni nanni

x=10t; y=12¢-2;
t0=0,' t1=0,5,'t2=1
(xiy—yemt, ty t;it,—yc).

PiBHSIHHSL pyXy MOXHA PO3IJSIIATH SIK MApaMETPUYHI PIBHSHHS TPAEKTOPIil
touku. [TizicTaBUMO B PiBHSAHHS PyXy 3HAU€HHs mapaMmeTpa ! B aiana3osi 0... £, 3
00OpaHuM KpokoM, Hampukiang — 0,5 ¢ i OTpUMaEMO KOOPIUHATH MOJ0KEHHS TOY-
KM TIpH 11 pyci:

thp=0c:xy=0cm yy=-2 cm;
\ t;=05c:x;=5emyp=1cm

y_ t=1c:x;=10cm, yp=10 cm.
| 3a OTpUMaHHUMH 3HAYCHHSIMH KO-
10_ M, OpIMHAT TOYKH HAKPECIMMO Ta BCTa-
8 HOBHMO T‘paEK.TOpiIO il nepeMiIeHHs.
| TpaekTopiero Touku € mapaboia
61 (puc. 4.1).
1 3HailieMo KOOpAMHATH  IOJIO-
4 JKCHHS TOYKHM Ha TpPAaeKTopil mpu
2: 3aJlaHUX MOMEHTax 4acy t,, t; Ta t,
| M, JUTSE TOYOK:
"2 0] 2.4 6 8 10x Mympu ¢ =0¢ xp=0cm,
\ Yo=-2cm;
21 M, Miyopu t;=05¢ x;=5cnm,
Puc. 4.1. TpaekTopist pyXy TOUKH Yo=1cm;
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M, ipu tL=1c, x;=10em, yy=10cm.

3Haﬁ)leM0 HIBI/I[[KiCTI) TOYKH:

Ta ii IPUCKOPECHHSL:

Tyt i,j — opTH ocell X Ta y; Vv, v s Gy, Gy — TIPOEKIIIT IIBUAKOCTI T IPUCKO-

PCHHS TOYKH Ha BICi KOOPMHAT.
CriouaTKy BU3HAYUMO MPOEKIIiT IMBUAKOCTI HA OCi KOOPIUHAT

vy =x=10; v, =yp=12¢

Jis 3amaHnX MOMEHTIB Jacy B 00paHUX TOYKax Oyze:

M, npu t,=0c, voe =10 em/c, vy, =0 em/c;
M, npu t;=05¢, v, =10cm/, vy = 12 em/c;
M, npu t,=1c¢ vy =10 em/c, vy =24 cm/c.

Moayne MIBUAKOCTI BU3HAYUMO 32 HPOEKIISIMUA HIBUAKOCTI HA OCI KOOPIH-

HAT:
1/vox+v0 =10 em/c; vl—,}v1x+v1 =15,6 em/c;

vy = w{v2x+v2y =26 cm/c.

CxnazioBi mBUAKOCTI V,, Vv, 300pasuMo Ha puc. 4.2. Bubepemo MmacmTad
mBuakoctedn M, = 0,4 (cm/c)/mm.

Cxnazi0Bi MBUAKOCTI Vog, Voys Vixs Vips Var, V2, Y MacIuTadbi mBuaKocTel Bigk-
nmamaeMo 3 To4ok My, M| ta M, BiINOBITHO 31 3HAKAMU MPOEKIIN Ta HAIPSIMKOM
BiJUTiKy KOOp/AHMHAT. BekTop mBHAKOCTI v OyoyeMoO 3a CKIaJOBHUMH Vo, Ta Vyy,
Vix Ta Vi, 1V, Ta V,,. BiH IOBUHEH 10 HANPAMKY CHIBIAJATH 3 JOTHYHOIO JIO
TpaekTopii.

3HaiiIeMO MPHUCKOPEHHS TOYKH. JIJIs1 IbOTO BUKOPHUCTOBYEMO aHAJIOTIYHY 110
BU3HAYEHHS 1 TOOYIOBH BEKTOPA LIBHKOCTI MOCIIIOBHICTS.

BusHauaeMo criodaTKky Ui 3alaHMX MOMEHTIB Yacy MPOEKIll MPUCKOPCHHS
Ha 0Ci KOOpAHMHAT:

ax=)'é=0cm/cz; ay=j}=12c:M/c2.
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Vox

Puc. 4.2. [TonoxxeHHst TOUKH M Ha TpaekTopii, il MBUAKICTH
Ta MPUCKOPEHHS B 3a/1aHi MOMEHTH 4acy

s Touok:

M, ipn tpy=0c¢, a0x=‘30x=0czn/c2; a0y=130y=24cm/cz;
M, ipn t;=0,5c¢, a1x=|31x=0czu/c2; a1y=131y=24czn/c2;
M, npu ,=10¢, a2x=\32x=0(m/02; a2y=132y=24cm/c2.

3a 3HaﬁH€HHMH HpOCKL[iHMI/I IMMPUCKOPEHHS BU3HAYA€MO MOJYJIb IPUCKOPCH-

ag =1,a(%x+a(2)y =24czn/c2; aj =1{a12x+a12y =24czn/c2;

a) = Ja%x +a§y =24 CM/CZ.



KIHEMATUKA

Bubupaemo macirad npuckoperns M, = 0,6 (cm/c?)/mm.

Bynyemo ckianoBi Ta caM BEKTOp HPUCKOPEHHs Uit TOUoK My, M| ta M, 'y
Macuitabi mpuckopeHb (IuB. puc 4.2).

VY naHOMy NpHKJIal BEKTOP MPUCKOPEHHS 30iracThCsl 3 OJIHIEIO 3 CKIIATOBUX
Ao = Aoy, A1 = A1y, A2 = Ay,

3riiHO 3 3aBJaHHSAM 3HAXOUMO JOTHYHE IIPHCKOPEHHS:

ar=Vxay+vya,|/v;

Ioxigaa mBuIKOCTI (dVv/df) BUpaxae MPOEKII0 MPUCKOPSHHS TOYKH Ha Ha-
OPSMOK 11 IMIBUIKOCTI. 3HAK «+» npu dv/dt 03HA4ae, 110 TOYKA PyXA€ThCS MPUC-
KOPEHO, HANPSIMKK @, Ta V CIHiBMaJaloTh; 3HAK «—» IO PYX CHOBIIbHEHMI.

Moyns HOpMaIBHOTO IPUCKOPEHHS TOUKHU:
a, = ‘(vxay +vyax)/v‘.
IloBHE NPUCKOPEHHS TOYKHU:

a=\/a%+a,%.

3HaXO,I[I/IMO a, a. Ta a, A TO4YO0K:

0-104+24-0
Mympu  t,=0c, ag - |2 Br D =OCM/CZ;
10
24:10+0-
al =‘$‘=24 ew/e?; ay =V0? +242 =24 ew/e? ;
Mimpn  4=05¢, af= 0-10+24-12| _ ¢ 46 ewre? ;
15,6
24.1040-12
a" =‘%‘=15,4 aw/c?; a; =\18,46% +154% =24 cw/c?;
0-10+24-24
Mympu  tb=l¢,  df =‘;—6‘=22,15 on/c?;
24.10+0-24
all = ‘%‘ =923 ew/c? ; ay =y22,15% +9,23% =24 ew/c?.

Pajxiyc KpHBMHH TpaekTopii 3HAXOAMMO 3HAIOUM, IO &, = V'/p, 3BiacH
p =v"/a,. Tomi ast TOYOK:

My  py=10/24=42 cm;
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M,  p;=15,6%154=158 cm;
M,  p;=26%923=732cm.

MO)IYJ'II) HOPMAJIbHOTO NPHUCKOPCHHA TAKOX MOXHAa BU3HAYUTHU IHIIUM YH-
HOM:

a, = az—a%.

3HaleHi pe3ynbTaTH 3aHOCUMO 10 Tabu. 4.1.

Tabnuys 4.1
x |y Vy | vy | v a, | a, | a. | a, | a
he cM cM/c em/c? p.cM
0 0 |21 10 0 10,0 0 24 0 24 24 4,2
05| 5 1 10 12 15,6 0 24 18,46 | 15,40 | 24 15,8
1,0 | 10 | 10 | 10 24 26,0 0 24 22,15 9,23 24 | 73,2

3HalieMo NUIAX MPOHACHUH TOYKOIO B MPOMDKKY dacy O ... #, 3Har04YH, IO
. . *
X=V,, y=V,, BAKOPUCTOBYIOYH 3HAHHS 3 MATCMATHKH :

|
S=J.V(t)dt=jx/}dx=%(x\/;+a2Arsh£ +C=
0 a
=%[x\/;+azln(x+\/})]+q,
ne \/}=\/x2+a2.

V Halomy BUNAJKY:

.2 .2 . .
V(1) =\X"+y", X=vy, y=vy.
Toni:

. 251n(12t +144¢2 + 25]

s(t)= [v(t)dt >
fo

- 2511"2(5) + V14482 +25.

12

Insx npoiaeHui TOUKOIO 32 Yac f,:

s(ty)) = 6,022 cm.

" Bponmrreitn U.H., Cemennsen K.A. CipaBoYHMK IO MATEMATHKE JUIsl HHKCHEPOB M yJaIlnX-
cs1 BTy30B. — 13- u3a., ucnpasnennoe. — M.: Hayka, I'n1. pex. ¢us.-mar. nut., 1986. — 544 c.
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[nsx npoiaeHui TOUKOIO 3a Yac f;:
s(t) = 16,353 cm.

VsIBIEHHS PO XapakTep pyXy TOYKH MO TPAEKTOpil Jae aHaii3 3a JOMOMO-
TOI0 PUBEICHNX NaHuX (Tadi. 4.1) Mpo BEKTOPH MIBUAKOCTEH Ta IPUCKOPEHb Ta
ix 300paxkeHHst Ha rpadiky pyxy TOUKH (AMB. puc. 4.2).

Touka M pyxaeThcs 1o mapadoii MPOTH TOAMHHUKOBOI CTPIIKHM HA IO BKa-
3y€ HAIPSAMOK BEKTOPIB MIBUAKOCTI Ta IPUCKOPEHHA. B TI09aTKOBiit MOMEHT pyXy
TOYKa M 3HaXOAWUTHCS B MOJOXKEHHI M B TOUIIl IEPETHHY TPAEKTOPIi, ITBUIKICTH
PYXOMOI TOUKH HarpsiMiIeHa MapayessHo Bici OX.

3 9acoM KyT BEKTOpa IIBUIKOCTI TOUYKH 3 BicCto () 3MEHIIYETHCS, & CaM BEK-
TOp IIBUKOCTI 32 HANPSIMKOM HaOJIKae€ThCS 10 HANPSIMKY TpaekTopii. 3a Benu-
YHHOIO MIBUIKICTh TOYKH HEJTIHIHHO 3pOCTAE.

3apanns K-2. [locailzkeHHs mapamMeTpiB NOCTYNAJIbHOIO Ta
00epTaJBLHOIo PyXiB TBEPAOrO Tijla

Jus mexaHizmy (puc. 4.3), B IKOMY CTyIIeHEBI KiBH 2 i 3 3B’sI3aHi ITACOBOIO
nepenayero, 3HaWTH MIBHAKICTh Ta NPHCKOPCHHS
TOYOK Ha 000/1ax BCiX KOJIiC Ta TOYKU M (B MOMEHT
gacy ¢t = lc), skmo Tino / (BaHTaX) pyXaeTbcs 3a
3aK0HOM X = 367 + + 5¢ +16. Ilac o 0601y mKi-
Ba (Koyeca) He KoB3ae. Pajiycu 0001iB IIKiBiB
cknanawTh — Ry = = 80 cM, 7, =50 cM, R; = 80 cmM,
ry = 40 cMm.

3aBHaHHA TOJATAE Yy JOCTiPKEHHI TEpeTBO-
PEeHb HAMMPOCTIMHNX PyXiB TBEPIOTO TiNa.

3HaX0MMO MIBUJKICTh PYyXy Ta NPHCKOPEHHS
BaHTaXy / B MOMEHT 4acy f:

V| =%=72-t+5cm/c; vi(t)=72-145=TTem/c;
2
a =a1(t)=d—;=72cm/c2.
dt

Pyxaroumch NoCTynajibpHO, BaHTaX / HaOyBae
IIBUJIKOCTI V|, BEIMYMHY SIKOT MM BU3HAUMIHN. Bek-
TOp IIBUAKOCTI V| HAMPABISEMO Y HAMPSAMKY PYXY Puc. 4.3. Cxema nepenarou-
BaHTaxy (puc. 4.4). B touni 4 BinOyBaeTscs nepe- HOTO MeXaHi3My
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TBOpEHHS pyXy. [locTynansHuil pyX BaHTaxy / Clpu4MHsIE 00epTaHHs Kojeca 2
3a TOAMHHHUKOBOIO CTPiKO0. IIpH 11bOMY TOUKa A, 0JIHOYACHO HAJICKUTH MOTY3-
1, sika 3’€IHaHa 3 BaHTaxeM [/ (v,=v;) i konecy 2 (v,=w,R,). 3Bijicu Maemo:

0)2'R2=V1.

Puc. 4.4. Po3paxyHKoBa cXxeMa MEXaHi3My

3Hax0IMMO KYyTOBY IIBUAKICTE KoJieca 2:

v _T72-t45
R, 80

Wy = =0,9-14+0,063 pao/c;  ®y(t)=0,9-1+0,063=0,963 pao/c.

KyToBe npuckopeHHs kolieca 2 BU3HAYa€MO SK MOXIAHY BiJl KyTOBOI IIBHI-
KOCT1 W, 33 4aCOM:

d
&) =% =09 pad/ c%.

BusHaunMo ToneHTpOBE, 00epTallbHE Ta IIOBHE MPUCKOPEHHS TOYKH 4 B MO-
MEHT Yacy f.
Jlo1IeHTpOBE PUCKOPEHHS TOYKH A:

a%" = w,(1)* - Ry = 0,963 -80="74,19cm/ c*.
O6epTanbHe MPUCKOPEHHS TOYKH A:

a%l =¢,-Ry=0,9-80=T2cm/c>.
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IloBHE MIPUCKOPECHHA TOYKHU A 3HAXO0AUMO SK piBHO[[iIO'-Iy JOUCHTPOBOI'O Ta
06epTaJ'H)HOI"O MPUCKOPEHDb TOUKM:

a = \/(af;’”)z +(a%0 )% =[74192 +722 10338 em/ ¢
Touka B HaJe)KUTh BHYTPILTHBOMY 0001y Kojeca 2. 3HaX0JUMO LIBHAKICTh
TOYKH B:

vp=0,(t) -1, =0,963-50=4815cm/c.

BuzHaunmo noneHTpoBse, o0epTaibHe Ta MOBHE MPUCKOPEHHS TOUYKH B B
MOMECHT 4Yacy ¢.
JloLileHTpOBe IPUCKOPEHHS TOUKHU B:

a% =y ()% -1, =0,963-50= 46,37 cm/ ¢*.
Ob6epranbpHe MPUCKOPEHHS TOYKU B:
a%’ =¢,-r,=09-50=45cm/ %

IToBHE NpUCKOPEHHSI TOUKH B:

ag = (a2 )2 +(aff )} =\46372 +452 =64,62cm/ 2.
Touka C po3ramioBaHa Ha 0001 koseca 3, Tl MIBUIKICT BU3HAYAETHCS SIK:
vc =0)3(t)'R3.

Touxu B i C HanexaTb TpOCy, SKHUi 3’ €iHye Koneca 2 Ta 3, TOMY iX HIBHIKO-
cTi piBHi. BpaxoBytoumn, mo V=V, ckiiagaeMo piBHIHHS:

Wy =03 'R3.
3HaXOJII/IMO KYTOBY IHBI/IJIKiCTI:- Koieca 3:
oy (09:140,063)-r,  (0,9-1+0,063)-50

R, R, 80
®3(1)=0,563-1+0,039=0,602 pad/ c;

3 =0,563-¢+0,039 pao/ c;

KyToBe npuckopeHHs Koiieca 3 BU3HAYAEMO SIK ITOXITHY Bil KYTOBOI IIBH]I-
KOCTI W3 32 4aCOM:

g3 = % = 0,563pa¢)/c2.

Busznaunmo JOILICHTPOBE, 066pTaJ’ILHe Ta MOBHEC MMPUCKOPEHHA TOUYKH C B MO-

MEHT 4acy 7.
Jouentpose npuckopeHas Touku C:
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a®™ = w3(1)* - Ry =0,602%-80=28,99 cm/ c2.
Ob6epranibHe TpUCKOpeHHs Touku C:
a?’ =5 R, =0,563-80=45,04cm/ c2.

IToBHe npuckopeHHs Touku C:

ac = \/(agw P +(al ) = \/28,992 +4504% =53,56¢em/ .

Ockinbku Touka M HajexuTh Kosecy 3 1 BijjianeHa Bij oci o0epTaHHs Ha Bi-
JCTaHb 73 , TO 1 NIBUIKICTh BU3HAYAEMO 32 (POPMYJIIOLO:

vy =3(t)-r3=0,602-40=24,08cm/ c.

BennunHa i HanpaBJIeHHs] BEKTOPIB IIBUIKOCTEH YCiX TOUOK MPEICTABICHO
Ha PO3PaxyHKOBIH cXxeMi MexaHi3My (IuB. puc. 4.4).

BuzHaunMo noneHTpoBe, odepTalibHe Ta HOBHE IPUCKOPEHHS TOUKU M B
MOMECHT Yacy f.

JlouieHTpOoBE MPUCKOPEHHS TOUYKU M:

a%%" = w3(1)? 1, =0,6022-40=14,5cm/ .
ObepranpHe IPUCKOPEHHS TOUKU M:
a8l =¢5-1,=0,563-40=22,52cm/ 2.
[ToBHE npuCKOpEeHHs TOUKH M:

ay =y(ay")* +(ap))’ =
=14,5% +22,52> =26,78 cu /2.

bynyemo BekTopH 3HaWJIEHUX BiANO-
BIIHUX CKJIaJIOBUX (0OEpTaNBHOTO Ta JO-
IIEHTPOBOT0) MPUCKOPEeHb TOUOK A, B, C
Ta M (puc. 4.5).
1 BekTop MOBHOTrO NMPHUCKOPEHHS TOYOK
BU3HAYA€EMO SK BEKTOPHY CyMY BEKTOpiB
4,  00epTabHOTO Ta JIOLEHTPOBOTO IIPHCKO-
peHb. Llei BekTOp HampaBisiEMO IO Jiaro-
Halll TIPSIMOKYTHHKa, NOOYIOBaHOTO Ha
HOTO CKIIaJJOBUX IPUCKOPEHB.
KiHIli BEeKTOpiB NPHUCKOPEHb TOYOK
IUIOCKOT (irypu, IO JieXkaTh Ha OJHIH
Puc. 4.5. Tlo6y/10Ba IPUCKOPEHb HpsIMil, TaKOX JISKaTh Ha OJHIA TPsAMIH i
yciX TOUOK MeXaHi3My IIATH 11 Ha BiApI3KH, MPOTOPIHI BifcC-
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TaH;IM MiX TOYKaMH, IO MMiITBEP/PKYE MPABIIBHICTh PO3PAXYHKIB.
PesynbraTu po3paxyHKiB IPUBEICHO B Ta0I. 4.2.

Tabnuysn 4. 2
Touka |R, cM| r, eM | v, em/c |a, em/c? |[a®, em/c a®, em/c? | , pan/c & 2
pan/c

1 — — 77 72 — — — —

A 80 - 77 103,38 | 74,19 72 0,963 0,9

B - 50 | 48,15 | 64,62 46,37 45 0,963 0,9

C 80 - 48,15 | 53,56 28,99 45,04 0,602 0,563

M - 40 | 24,08 | 26,78 14,5 22,52 0,602 0,563

Bbynyemo niarpamu kyToBHX mBUAKOCTEH (puc. 4.6, @) Ta KyTOBUX IPHUCKO-
peHb (puc. 4.6, 6) KoJlic MeXaHi3My.

w, pag/c e, pag/c? -
2 2
e
0.5 ‘ 0.5
0 0
3 3
— 05 \I — 05 \-

-1 -1

a o

Puc. 4.6. Jliarpamu napameTpiB 00epTaIbHOTO PYXY KOJIC MEXaHI3MY:
a — KyTOBa IBUAKICTH; 6 — KyTOBE NPUCKOPEHHS

BucHoBok: Buxoasuu 3 aHaizy AaHuX, HaBeJCHUX Ha puc. 4.4, 4.5, 3po3y-
MLJIO, IO IIBUAKOCTI Ta MOBHI IPUCKOPEHHS TOYOK MEXaHi3My 3MEHIIYIOTBCS 13
30UIBIICHASM BiICTaHI TOYKH BiJl BAHTAXY, SKAH MPUBOAUTH MEXaHI3M JI0 PYXY.
Amnani3 puc. 4.6 nae 3MOry 3pO3yMiTH, IIO KOJIeCO 2 MPUCKOPIOETHCS Mif 4ac
PYXY, a KoJeco 3 — HaBIaKH, CIIOBUIbHIOETHCSI.

3anannsa K-3. Kinematuune qoc/iakeHHs: pyxy NJI0CKOro
0araTo/J1aHKOBOI0 MeXaHi3My

Kpusomun O;4 6aratonankoBoro mMexaniamy (puc. 4.7) oGepTaeTbest 3 KyTo-
BOIO MIBHAKICTIO ) = 37 paj/c Ta KYTOBUM IPUCKOPEHHsM &) = 10 pax/c’. Pos-
MipH JJaHOK MexaHi3My ckianawts: 014 =300 mm; AB =900 mm; CD = 400 mwm;
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0,D = 600 mm; 0,0, = 1000 mm; 6 = 150 mm; 00 = 300; o= 60°. Jlns 3a1aH0T0
THOJIOKEHHS MEXaHi3My BU3HAYHTH:

A — IIBUOKOCTI PYXyY
y yCiX BY3JIOBHX TOYOK Me-

D XaHi3My;
— KyTOBi MIBHIKOCTI
PYXy YCiX JaHOK MeXaHi3-
A C MY;

&o — MOBHE MPHCKOPEHHS
Mo PYXY YCIX BY3JIOBHX TOYOK
. MeXaHi3Mmy;
[0J3VAN 4 02 — KyTOBE IIPUCKOpEH-

o
c S i i :
& S \%BN x i YCIX IaHOK MeXaHi3My;

— Ui BUKOHAHHSA IIe-
PEBipKH OOYUCITUTH IIBUI-
KOCTI pyXy TOYOK MeXaHi-
3MY 3a JOMOMOTOI MUTTEBOTO IeHTpY mBuaKoctei (ML) ta miany mBUAKO-
CTCH;

— JUI BUKOHAHHS NEPEBIPKH OOUMCIIMTH MPUCKOPEHHS PyXy TOUYOK MEXaHi-
3My 3a JOIOMOTOI0 MHTTEBOTO HEHTpy mpuckopeHs (MIIII) ta mimany mpucko-
pEHB.

KinemaTnyHe IOCIIKEHHS PyXy INIOCKOTO 0araTtojaHKOBOTO MEXaHi3My BH-
KOHYEMO 3a JIOTIOMOT'OI0 METOJy IUIAHIB LIBHJKOCTEH 1 MPUCKOPEHb MEXaHi3MYy,
SIKMH B1THOCHUTBCS J0 rpad)0aHaTiTHIHUX METOMIB.

[Tnanom mBHKOCTEH (MIPUCKOPEHB) MEXaHI3My HA3WBAIOTh KPECJICHHS, HA
SIKOMY TIBHIKOCTI (IIPUCKOPEHHs) PI3HUX TOYOK 300pakeHi y BUTIISAI BEKTOPIB,
10 TOKA3YIOTh HAIMPSIMKH i BEIHYUHH (B MacmITadl) MUX MBHIKOCTEH (TIPHCKO-
peHb) B maHU MOMEHT 4Jacy. [y 3a0e3neueHHs TOYHOCTI PO3paxyHKIB yci Kpec-
JICHHS BUKOHYEMO B CHCTEMi KOMI FOTEPHOI MIATPUMKH MpoekTyBaHHSI AutoCAD.

Jnst BU3HAUEHHS IIBUAKOCTEH TOYOK IUIOCKOTO MEXaHi3My, Oy/lyeMO cxemy
MexaHi3My y BuOpanomy macmrabi (i, = 10 cm/cm). [lomokeHHS MexaHI3MY B
JIAHUA MOMEHT 4acy 3a/la€ThCsl BEJIMYMHOIO KyTa ¢, SKHH € KYTOM MOBOPOTY
kpuBommmmna. [lelf KyT BigKiIamaeThcss MK KPHBOIIMIIOM Ta BICCIO X B CHCTEMi
KOOpJIMHAT MEXaHI3My.

1. Busnauenns weuokocmei moyox ma Kymogux ueuoKocmeu 1aHoK Mexaui-
3MY 3a OONOMO2010 NIAHY WEUOKOCTEIL.

BusnaueHHs mBHIKOCTEH TOYOK IUIOCKOI (irypH 3a JOIOMOTOIO IUIAHY
LIBUAKOCTEH 0a3yeThesl Ha TEOpeMi PO MIBUAKOCTI TOUYOK INIOCKOI Qirypu (1BH-
JKICTh OyAb-SIKOi TOYKH IUIOCKOT (irypH JOPIBHIOE TE€OMETPHYHIH CyMi IBHIKO-
CT1 moJTIOCa Ta 00epTabHOT IIBUIKOCTI Li€] TOYKH HABKOJIO MOJIOCA).

[[o0 BU3HAYMTH HIBUAKICTH TOYKH MEXaHI3My, HacaMIepea HEOOXiIHO BU-
3HAYUTH SIKif JTaHII HAJIEKUTH TOYKA 1 IKAW pyX 3MIHCHIOE I JIaHKa.

NN\

Puc. 4.7. Cxema 6araTolaHKOBOTO MEXaHI3MY
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Jlanka 0,4 3xilicHIOE 00epTaNBbHUI PyX HaBKOJIO BICi, IO TMEPICHIUKYISIPHA
IUIOLIMHI MEXaHI3My Ta MPOXOAUTH Kpi3b TOuKy O). OCKiJIbKH KyTOBa LIBHIKICTH
®y kpuBommna O;4 HampajeHa NPOTH TOJWHHUKOBOI CTPIIKHM, BIANOBITHO 1
nanka O14 pyxaeTbcs HABKOJIO mIapHipy O MIPOTH FOJMHHUKOBOI CTPIIIKH.

Buznauaemo Momynb MIBUAKOCTI TOUKK A kpuBomuna O 4:

vy=0y-0A4=31-0,3=2827Tm/c.

Posrnsiremo manky ACB, 1m0 3OiMCHIOE TUIOCKHH pyX. 3a IONIOC BHOEpEeMO
TouKy A. Touka B pyXaeTbcs MO TOPU3OHTAIBHIN MPSAMiif, HAIPSIM BEKTOPY IIBH-
JKOCTI SIKOI CIIBIAAAE 3 HANPSIMOM PYXY TOUKH.

[IIBuaKicTh TOUKH B Oyae BUpa)KeHa TEOMETPHYHOIO PiBHICTIO:

VB="A+VBA 5

1€ vpy— 00epTaIbHa IBUAKICTh TOUYKH B HaBKOJIO TOYKH A, HallpaBJeHa IEepIICH-
TUKYJSIPHO paniycy odepranHs BA.

s moOynoBH MmitaHy MBUAKOCTEH, BUOMpaeMo MacIITad MBHUAKOCTEH TOUOK
JIAHOK TPH BIAKIAJaHHI X Ha cxeMi MexaHi3my (W, = 1m/c / cm).

Jl1s TeOMeTpUYHOTO BHU3HAYECHHS Vp, 3 HOBUIBHOI TOYKH p IUIOIIMHH Kpec-
JICHHS TIPOBOJIMIMO BiIPI30K pa, SKUI TapaienbHui v, Ta B BHOPaHOMY MacmTaoi
BiOOpaxkae v4. 3 KIHII I[OTO BiIpi3Ka, IPOBOAUMO MPSIMY ab NEPICHIUKYISIPHO
naHui AB, ska CHIBIaJae 3 HANPSIMOM Vpy. 3 TOUKHU p OYIAyeEMO MpsiMy, Mapaselib-
HY Vg, 10 IEPETUHY 3 TpsIMOI0 ab (puc. 4.8).

Puc. 4.8. [Inan mBHIKOCTeH 0AraToJIAHKOBOTO MEXaHi3My
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OTpuMy€eMO TPHUKYTHUK IIBUAKOCTEH Apab, CTOPOHHU SKOTO MPOMOPINAHI
mBUAKOCTSM JaHKU ACB: pa — MBHUIKICTh TOYKU A (montoca); ab — odepranbHa
HIBUIKICTh TOYKH B HABKOJIO TOJIOCA; pb — NIyKaHa IMBUIKICTh TOYKH B.

Jlnst BU3HAYeHHS MBUAKOCTI ToukH C Bi3bMEMO 3a TOJIIOC TOUKY A, TOJ:

Ve=V4+Vcy >

Je Vcy— oOepTanbHa MBUAKICTh TOUKH C HaBKOJIO TOYKU A, HalpaBlieHa MepIie-
HAMKYJISIpHO paniycy ooepranus AC.

Aure B Wil piBHOCTI HEBIIOMUIT HANPSIMOK V. TOMy Bi3bMEMO 3a MOJIOC TOY-
Ky B Ta 3amumiemMo iHIIe piBHSIHHS:

Ve =Vp+VcB »

I€ Vcp— OOepTanbHa MBUAKICTh TOUKH C HaBKOJIO TOYKM B, HalpaBlieHa IepIie-
HAUKYJSIPHO paziycy obepranus BC.

INonanpnra mo6ymoBa OCHOBYETHCS HA IIMX ABOX PIBHOCTSIX.

3 TOYKH @ TMPOBOJUMO MpsAMY, meprneHaAuKysspHy jgaHii AC (vey L AC), a 3
TOUKH b — mpsmy, neprneHauKyJsipHy naHui BC (vep L BC). Ilepetun nux ABox
npssMux yTBoptoe Touky C. 3’eaHyeMO 1i 3 TOUKOIO p, OTPUMABIIN BiAPI30K pc,
SKUW sIBJIsS€TbCsl mBHAKICTIO Touku C. Biapizok ac — obepranbHa IIBUIKICTH
Touku C HaBKOJIO TOUYKH A4, bc — obepTanbHa MBUIKICTh TOYKH C HaBKOJIO TOYKH
B.

Posrnsaemo manky CD. [Ins BU3HaYCHHS OIBUAKOCTI TOYKH D Bi3bMEMO 3a
moxtoc Touky C, 3B’s3aHy 3 Toukoro D maHkoro CD, Toni:

Vp=vc+Vpc -

Hanpsim v¢ € BIIOMHM, OCKUJIBKH IIBUAKICTh Vp HApaBJCHA MEPICHIUKYIIS-
pHO DO, — xpuBommn DO, 3MIHCHIOE TITBKH 00epTaNbHUI PyX HaBKOJO ICHTPY
O;. 3 TOYKH p MPOBOIUMO TIPSIMY ITAPANIEIEHO il MIBHIKOCTI, a 3 TOYKH ¢ — MpPsi-
My neprneHauKyisipHy CD 1o mepeTuHy 3 HIOHHO MpoBeleHOI0 mpsiMoro. OTpH-
MaEMO TOUKY d, Ky 3'€THAEMO 3 TOUKOIO p. Bincranws pd Bupakae BenmuuHy i
HarnpsIMOK LIBHIKOCTI TOUKH D.

OtpumaHna fgiarpaMa — IUTaH IIBHJIKOCTEH s 3ajaHoro MexaHismy. [lo Hid
MO’XHA BU3HAUUTH IMBHUIKICTh OyIb-KOi TOUYKH JAHOTO MEXaHi3MYy.

BumipuBnm Biapisku pb, pc, pd, ba, cd Ha nnaHi IBUIKOCTEH BiANOBITHO
obpaHoMy mMacmtady, OTpUMaEMO MBUAKOCTI Touok B, C, D, BA, CD:

vp=3171m/¢c, vc=2453m/c, vp=1566m/c,
vpa=1588m/¢c, vep=1099m/c.
OO6epTanbHa MBHIKICTh TOYKHU TUIOCKOT (Pirypu mopiBHIOE JOOYTKY KyTOBOL
MIBUAKOCTI (Dirypu Ha BiJICTaHb ITi€T TOYKH JO TIOIOCA, TOI:
VBA =(DACB'BA, "DC=(DDC'DC’ VD=O)D02'D02.
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Buznauaemo 3HaueHHS KYTOBUX IHBHZ[KOCTGﬁ JIJAaHOK MeXﬂHi?)MyZ

v 1,588
wACB:Tf: =09 =1,764 pad/c,
vpc 1,099
Opc=—"Fr= =2,748 pad/c
DC DC 0,4 s y4 /’
vp 1,566
o) = = =2,61pad/c.
DO, D0, 06 padf

HanpsMm kyTOBHX IIBHAKOCTEH JJAHOK MEXaHI3MY BU3HAYA€MO BiIIOBITHO 10
o0epTanbHUX MIBHIKOCTEH TOUOK (IUB. puc. 4.8).

iarpaMa KyTOBHX ILIBU/I-
Hiarp Yy o, paﬂ/c

KOCTeH  JIAaHOK  MEXaHi3My Do
mpeJcTaBieHa Ha puc. 4.9. 75

2. Busnauenus wsuokoc- ’
meti MOYOK Ma KymoGux ueuo- 5
Kocmell JAHOK MexXauizmy 3a Moo
00nomo2cor MUMmMeUx 25 L/
yenmpis weuoxocmeti (MILLLI). ’

Kpusommn 04 mae ML 0
B Touli O;, OCKIIEKH V=0 L_J
(HepyxoMa TOUKa). -25 ]

Jst 3maxomkenns MITI Mace Woc
AACB mpoBOAMMO TEPIEHIH- -5
KYJISIpH IO BEKTOPIB IIBUIKOC- Puc. 4.9. liarpama KyTOBHX MIBUAKOCTEH JTAHOK
Teit Touok 4 ta B. IlIBUKicTh MeXaHizMy

vy L 014, ockiibku Touka A obepraeThes HaBkoao 0. ToMy MepHeHAUKYISIP 10
v, Oyae npomoBxeHHsIM KpuBomnuny. [IIBUAKICTE vy CHOpsSMOBaHA [0 TOPU30HTA-
Ji, Tak K TOYKAa B TMOB3yHAa PYXa€ThbCs MO TOPH3OHTANBHIN mpswmiil. [lepernn
MEPIICHINKYISPIB O IIBUAKOCTEH V4 Ta Vg YTBOPIOE TOUKY P,p, SKa 1 ABISIETHCS
MIIUI AACB. Tlooynosy MIIIII mpencrasneno Ha puc. 4.10.

Tak sk MIBHAKICTH TOYKH P,z MOPIBHIOE HYIIO, TO BCi iHmI Touku AACB
3IHCHIOIOTh MUTTEBHUIT MMOBOPOT HaBKOJIO Hel. ToMy IX MIBUAKOCTI MEPIICHANKY-
JSpHI BiIIOBITHUM IPSIMHM, TPOBEICHHUM B TOYKH 3 TOYKH P,p, a X MOmyIi
MIPSIMO TIPOTIOPIIiKHI BIICTAHIM BiJ TOUKH P,p 10 UX TOYOK.

Jnst Bu3HAUeHHA ve 3’eqayeMo Touky C 3 MIIIII, Toukoro P p.

BusHaumMo MOAYNb MIBUAKOCTI TOUKH A:

vy=0y 0A4=31-0,3=2,827m/c.

KyroBa mBuaxicTs ycix To4ok naHku 4CB ogHaKoBa, TOMY MOJYJII IIBHIKO-

CTel TOYOK BU3HAYHMO 3 MPOTOPIIIi:

B _ Y4 _ Yc
BP,; AP,z CPp’
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/ Par

Puc. 4.10. BusHaueHHS MUTTEBOTO LIEHTPY IIBUAKOCTEH
0araToJIaHKOBOTO MEXaHI3My

Busnauaemo Bigcrans Touok 10 MIIIII (puc. 4.10):
APAB: 1,603 M, BPAB: 1,798 M, CPAB: 1,390 M.

Busnagaemo mBuakocti Touok B ta C-
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_ Y4 'BPAB _ 2,827'1,798

Vg =3,171 m/c,
AP 4 1,603
CPyp  2827-1390

yo =t Pag 28271390 _, 45y )
AP 4 1,603

Jlns BU3HaYeHHs MBUAKOCTI ToukH D 3Haxoaumo MIIII nanku CD, nis 4o-
ro mpopoBxyeMo kpusomun DO, (DO, L vp) 0 MepeTuHy 3 NeprIeHINKYIIPOM
10 ve — CP 5. OTpumyeMo Touky Pcp, sika sBisiersest ML manku CD.

Bmsnrauaemo Bincrans Touok g0 MU manku CD (puc. 4.10):

DPcp=0,570 m; CPcp= 0,892 m.
Toni 3 npomnopuii:

Yp _ VYc
DPy, CPop’

3HaxXoauMo IHBI/I[[KiCTI) TOUYKH D:

_ Yc 'DPCD _ 2,451 0,570
CPcp 0,892

vp =1,566 m/c.

3natoun, mo MI{II BiAmoBiHOT NaHKK MJI0CKOT (Irypu Mae MBUIKICTD, PiB-
HY HYJIIO, a BCl IHII TOYKU IUIOCKOT (irypu o0epTaroThCsi HABKOJIO HBOTO, JJIS
BHU3HAYEHHS KyTOBOI IIBUAKOCTI TUIOCKOI irypH MOTPiOHO MIBUAKICTH OYIb-sIKii
il TOYKH pO3MITUTH HA BiANOBIMHY BifgcTaHb ii qo MIIILL:

osp=—A-=—"B __°C =2’827=1,764pao/c,
AP,z BP,; CP,z 1603
ope=—2C_ =¥ 281 540 bade
DC=Cppy  DPep 0892 P
vp 1,566
opg, =2 =21 61 pagfe.
0= D0, = 0,6 padjc

TTopiBHAHHS PO3pPaxyHKIB BU3HAYEHHS MIBUAKOCTEH TOYOK Ta KyTOBHX IIBH-
JIKOCTEH JTAHOK MEXaHI3My 3a JOIOMOTIOI0 IJIAHY HMIBHIKOCTEH Ta 3a JOITOMOTOI0
MUTTEBUX IIEHTPIB MIBUKOCTEH HaBeIeHO B Ta0I. 4.3.

Tabauys 4.3
v, M/C vy Vg Ve Vb
T10 TJIaHy MIBUAKOCTEH 2,827 3,171 2,453 1,566
3a poromoror MITII 2,827 3,171 2,451 1,566
o, pan/c ACB DC DO,
10 TJIaHY MIBUAKOCTEH 1,764 2,748 2,61
3a goromororo MIIII 1,764 2,748 2,61
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[IpoananizyBaBim nani Tadia. 4.3. MOKHA 3pOOUTH BHCHOBOK, L0 pe3ybTa-
TH BU3HAYEHHS MIBUAKOCTEH TOUOK Ta KYTOBHUX IIBUIKOCTEH JaHOK MEXaHi3My 3a
JIOIIOMOT' 010 TUIaHy HMIBHIKOCTEH Ta 3a JIOTIOMOTOI0 MUTTEBUX LIEHTPIB IIBUIKOC-
Teit criiBnagaroTs Maike ¢ 100% tounicTio. BenuyuHa BiTHOCHOT MOXHUOKHK CKJla-
nae 0,08%, sika 1OB’s13aHa 3 OKPYTJICHHSAM PEe3yJIbTaTiB PO3PaxyHKiB A0 TPETHOTO
pO3psIy 4ncia.

3. Busnauenns nogHux NpucKopeHv pyxy ycix y3i08ux moyox Mexauizmy ma
KYMOBUX NPUCKOPEHb YCIX IAHOK MEXAHI3MY 3 00NOMO2010 NIAHY NPUCKOPEHb.

ITpuckopeHHS TOYKH A CKIaNaeThCs 3 ABOX CKIANOBHX — 00EPTaILHOTO Ta
JIOLIEHTPOBOTO NMPUCKOPEHB:

ay= af46+aA .

ObepTanpHe IPUCKOPEHHS TOYKHU A:
a%f =¢y-04=10-03=3m/c%.

JlolieHTpOBE PUCKOPEHHS TOUKH A:
a%" = wy® -0 4=(31)%-03=26,646 1/ ¢

[ToBHE NIpUCKOPEHHS TOYKH A:

ay= \/(a P +(a%") =\/32+26,6462=26,814M/c2.

Jns BU3HAUEHHS NPUCKOPEHb TOYOK B, C, D 3aCTOCOBYEMO TEOpEMYy IpPO
MIPUCKOPEHHS TOYOK IUIOCKOT (irypu (IpUCKOPEHHS Oyb-SKOi TOYKH IIIOCKOi
¢irypu IOpiBHIOE TEOMETPHYHIN CyMi MPHCKOPEHHS IOIIFOCA i TIPUCKOPEHHS ITiel
TOYKH HaBKOJIO ITOJIFOCA, SIKE Ma€ JIBi CKIIaJI0BI — 00epTaIbHY Ta JOLEHTPOBY).

HanpsiMm mpucKOpeHHs TOYKH B BIIOMUI — HAMIPABICHO MO MPSAMIi, MO AKil
pyxaeTtscs moB3yH. Skmo Touky B BigHectH 10 AACB, sikuil 34iHCHIOE TITOCKUN
PyX, TO i MPUCKOPEHHS MOTPiOHO BU3HAYMTH BiAIOBIIHO BHIIE BKa3aHOI Teope-
MH IIPO MPUCKOPEHHS TOUOK.

Jly1s BU3HAUCHHST IPUCKOPEHHS TOUKHU B, BHOEpEeMO TOUKY A 3a MOJOC, TOI:

ag=a,+a%, +a§‘j4 , abo ag= af‘6+a2""+a%'z‘ +aldf4 .

Bubupaemo mMacmTab mpuCKOpeHb TOUOK JIAHOK IPH BIIKJIAaJaHHI iX Ha cxeMi
MexaHismy (1, = 4,5 M/c> / cm).

3 JOBUIHHOI TOYKHM ¢ TUIOLIMHY KPECIICHHs, y BUOpaHOMY Macmitadi IpHCKO-
PEHb, BiZK/Ia[a€MO JOLIEHTPOBE MPHCKOPEHHS TOUKH A, BeKTOp @, %, 36epirarodn
HWOTO BENWYHMHY Ta HampsMmok (puc. 4.11). JlomeHTpoBe NMPHUCKOPEHHS TOYKH A,
HampasJIeHO 110 JiHii 014 KpUBOUIHUITY, BiJl TOYKH A, 10 oci obepTanHs O;.
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ab
—doy A
dcAa
Puc. 4.11. [1nan npuckopeHb 6araToJaHKOBOrO MeXaHi3my (Touok 4, B, C)

3 KiHIIS IIBOTO BEKTOPY OyayemMo y MacmTabi oOepTaibHe MPUCKOPEHHS TOY-
o o o
ki A, BeKTOp a,”’, KUl HANpaBIeHHI NEPHEHIUKYJIIpHO KpuBomuny O 4, B
o
CTOpOHY 06epTaHHsI KyTOBOTO MpHCKopeHHs. HacTymuum OyayemMo BeKTOp dgy ™,

BCJIMYHMHY KO0 BU3HAYAEMO 32 q)OpMyJ'IO}O:
ayl =g BA=1,764>-0,9=23801 /2,

HaNpsIMOK SKOTo Oyze BiJ Touku B 10 Touku A 1o JiHii BA, ockinbku Touka B
00epTaeThCs HABKOJIO MOJIF0CA, TOUKH A.

3 KiHIA BEKTOPA dp, " MEPIEHIUKYIAPHO 10 HBOTO MPOBOIMMO IIPSIMY, Ma-
panenbuy az,”’, 10 IEPETHHY 3 MPSAMOIO, KA HPOXOIUTH 3 TOUKH ¢ MAPAIeIbHO
ap. TouKa MepeTHHy LUX IpsAMEX Oy/ie KiHIeM BeKTOpiB az,” Ta ag.

BumipuBim 3a3HadeHi BEKTOPH HA IUIaHI pHCcKopeHs (puc. 4.11), Bianosia-
HO 00paHOMy MacmTady, BU3HAYAEMO:

ag =8,034 m/c%;
a$% =22,803 m/c?.
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Kyrose npuckopenns nanku 4ACB Bu3Ha4aeMo 3a HopMyIIoLo:

00
€ 4cB =%=%=25,337 pao/ 2.

Hampsim Bektopa ap,”’ BKa3ye, IO KyTOBe NpHUCKOpeHHS JaHKu ACB Hampas-
JICHE TIPOTH TOJWHHHUKOBOI CTPIJIKH, TOOTO B CTOPOHY MPOTWICKHY HAIPAMY
KyTOBOI IIBUAKOCTI JaHkHU. Lle o3Havae, mo pyx nanku ACB, B qaHWii MOMEHT
4acy CIOBIIbHEHUH.

Buznaunmo npuckopenHs Touku C, AJIsl 9OTO 3a IMOJIFOC Bi3bMEMO CIOYATKY
TOYKY A 13aNuIIeMo piBHICTb:

E=a+a2~f1+ag'4".

JHouenTtpoBe npuckopeHHs To4ku C HAaBKOJIO TOJFOcA (HAIpPaBJICHE MO JIiHii
AC) BuzHagaeMo 3a (HOpMyIIOL0:

don _ 2 2 AB 2. 09 2
a =(J)ACB'CA=(,\)ACB'7=1,764 7=1,617 M/C .
A 2-cosa 2-cos30°
O0epranbHe pUCKOpeHHs1 Touku C HaBKOJIO TOJOca (HarpaBjeHe MepIieH-
JWKYIPHO ac”™):
0,9

a2l =8ACB-CA=sACB«i=25,337-70=13,165 mfc?.
2-coso 2.cos30

Bekrop ac,’” nanpasnenuit Bix Touku C 10 Touku A mo miuii AC, a BekTOp

ac,”’ manpasnenuii nepnenauKkyapHo naHii AC B CTOPOHY KYTOBOTO MPHCKO-
penss nanku ACB.

BynyeMo BEeKTOpHY piBHICTb, U1 YOTO 3 KiHIS BEKTOpa d4 HPOBOJUMO BEK-
TOp ac ™. 3 KiHIs TOOYI0BAHOTO BEKTOPA dc, ", MEPIEHINKYISAPHO oMy, 6y-
JyeMo BeKTOp ac,”’. 3a3HaueHa BEKTOpHA PIiBHICTh i BM3HAYae KiHEIb BEKTOPA
ac, IOYATOK SIKOTO 3HAXOAUTHCS B TOUIII g.

BumipuBmm BeKTOp @¢ Ha miaHi nmpuckopens (puc. 4.11), BignosizHo oOpa-
HOMY MaciiTaby, BU3HAYAEMO:

ac =20,099 m/c>.

Busnaunmo npuckopesHs Touku D. Skmo Touky D BigHectu o naHku CD,
AKa 3AiHCHIOE CKITAJHAN PYX, 1 3a MOJIOC MPUHHATH TOuKy C:

aD=aC+a§’)6C+a0D”g.

JlouieHTpOBE PUCKOPEHHS TOYKK DD HAaBKOJIO moitoca (Touka C) HarpaBlcHEe
o naHti CD Bing Touku D mo Touku C i BU3HAYAEThes 32 POpMyIIor0:

¥ = he - DC=2,748-04=3,021 m/c?.
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Bennunna 06epTanbHOro MPUCKOPEHHS TOYKU [ HABKOJIO TOIIOCa HEBIZOMA,
BEKTOP MPUCKOPEHHS HAMPABJICHUH MEPIICHIUKYIApHO JaHIi CD.

3 METOI0 OTpUMATH OiJbII HATJISAAHE KPECICHHS 1 Pe3ysbTaTH BiJHOCHO IO-
OyIOBH TUIAHY MPUCKOPEHb, OYyAyeEMO IUIaH TpUCKopeHHs Touok C, D okpeMo
(puc. 4.12).

3,
£Do:

Puc. 4.12. [1nan npuckopeHb 6araToJaHKOBOTO MexaHi3my (Touok C, D)

3 noBinbHOI ToukH ¢’ (puc. 4.12) BimkiIamaEMo BXKe BiOMUN BEKTOP dc. 3 Ki-
HIIA [IbOTO BEKTOPA OYLYEMO BEKTOp apc’”. Jlami, 3 KiHIIS OTPHMAHOTO BEKTOPA
MPOBOJIMMO NPSIMY, TapajeibHy BEKTOPY O0EpTalbHOTO NMPUCKOPEHHS TOYKUA D
HaBkosio nostoca C. Kinenp 11boro BeKTOpa HEBIJIOMHUM, a TaKOX HEBIJIOMO Ha-
NPSIMOK TPUCKOPEHHS TOUKHU D.

Posrnsaemo nanky DO,. Bigaecemo Touky D 1o nanku DO,, sika 31iHCHIOE

TUIBKU MOBOPOT HABKOJIO TOYKH 02. N IbOMY BHUIIAJIKY CKJIaJa€MO piBHHHHﬂZ

T _ 00 ooy
ap=dpg, *apg, -
JlonienTpoBe npucKopeHHs TOYKK D HaBKoJo nomoca (Touka O,) Harpasiie-
He 110 janMi DO, Big Touku D 10 Touku O, 1 BUZHAYAETHCS 32 POPMYIIOL0:
ooy _ 2 _ 2 _ 2
dye =0 - DOy =2,61-0,6=4087 ac’.
TIpHCKOPEHHS dpp,”’ HEBiZOME 10 BETMUMHI, a 33 HANPAMKOM TEPIICHIHKY-
nsipre nanui DO,. BynyeMo BeKTOpHY piBHICTB. 3 TOYKHM ¢’ BIJKJIAAa€EMO BEKTOD

d . o
app>”™, 3 KIHUS LBOTO BEKTOPA IPOBOIUMO IPSIMY, MApajeibHy BEKTOPY dpo;” -
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IepeTHH mpsMHX, MapanelbHHX BIAMOBIIHO apo,”’ Ta apc” yTBOpIOE KiHelb
BEKTOpPa dp, OYATOK SIKOTO 3HAXOMUTHCS B TOYLI ¢’ . BUMipHBIIN TOBXHMHU Bil-
pi3KiB Ha IaHi npuckopeHb (puc. 4.12), BianosinHO oOpaHoMy Macmitaly, BU-
3HAYAEMO:

ap=25519 m/c?,
a%’- =5,609 m/c?,

%6 _25189 m/c>.

“po,

Kyrose npuckopenns anku CD BuzHayaeMmo 3a GpopmyIoro:

00
a%%. 5,609 )
Epc=—_—= =14,023 pao/c”.
PC="pc =04 P

Kyrose npuckopenns nanku DO,:

S1)02

00
_“po, _25189
DO, 06

=41,982 pad/c>.

PesynpTaTH po3paxyHKiB MOBHHX MPUCKOPEHb PYXY YCIX BY3JIOBHX TOYOK
MEXaHi3My Ta KYTOBHX MPUCKOPEHb YCiX JIAHOK MEXaHi3My 3a JOIIOMOTOI0 IUIaHy
MIPUCKOPEHb TPUBEICH] B Ta0II. 4.4.

Tabnuys 4.4
IPUCKOPEHHS, M/c’ KyTOBE
Touka
(narka) . l'[pPICKOpezHHSI,
obepTanbHe JIOTICHTPOBE MTOBHE pag/c
A 3 26,646 26,814 —
B — — 8,034 —
C _ - 20,099 -
D - - 25,519 -
BA 22,803 2,801 —
CA 13,165 1,617 —
ACB - - - 25,337
DC 5,609 3,021 — 14,023
DO, 25,189 4,087 — 41,982
HiarpamMa KyTOBMX NPHUCKOPEHb JIAHOK MEXaHI3My TIIpe/CTaBlieHa Ha

puc. 4.13.
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g, pa,JJ,/c:2 L

40
30
20

10
0

Puc. 4.13. [liarpama KyTOBUX IIPUCKOPEHB JIAHOK MEXaHI3My

€ po:

€ ACB

€0 €bc

4. Busnauenms noGHUX NPUCKOPEHb PYXY VCIX BY3N06UX MOYOK MEXAHIZMY 3a
00NOMO20H0 MUMMEBO20 YeHmpy npuckoperv (MLII).

MurtteBuii uenTp npuckopers (MIIIT) — Touka, IPUCKOPEHHS KO B TaHHUN
MOMEHT J10piBHIOE Hyt0. MILIIT MOBHHEH 3HAXOAUTHCS Ha MPSIMii, 110 CTAHOBHUTh
KyT [} 10 BEKTOpPY NMPUCKOPEHHS TI0JIIOCA, TPOBECHOI B CTOPOHY KYTOBOT'O TIPHC-
KOpEHHSI, Ha BifcTaHi Q.

Kyt B Bu3Ha4yaeThes 3a popMyioro:

€
B= arctig—-.
®
Ockinbku Touku 4, B, C Hanexats nanii 4ACB, KyTOBY IIBHIKICTh Ta KyTOBE

NPUCKOPEHHs sIKOi 3HaiijeHo B mim.l1-3 po3B’s3Ky 3ajaadi, KyT [ BH3HA4MMO 3a
hopmyoro:

25
B= arctgsfzii =arctg 3 327 =82,998.
®4cB 1,764

Bincrans Big Touku A 10 MIIII Bu3Hayaemo 3a GopMyIioro:
ay 26,814

g +otep 25337 +1,764°

AQ = ] =1,0504.m.

[Monoxenns MU nankn ACB 300pakeHo Ha puc. 4.14.
3 ypaxyBaHHSIM BHOpPaHOTO MaciTady JuIsi cXeMHU 0araTojJaHKOBOI'O MeXaHi-
3my (W = 10 cM/cM) BU3HAYa€eMo BifcTaHb Touok qo0 MIIIT:

AQ = 1,0504 u;
CO=0,7872 u;
BQ =0,3146 m.

93



PileHns aHaIiTHYHAM METOIOM

|
' Q

Puc. 4.14. MutteBuii 1eHTp NpUCcKOpeHb JaHku ACB

IpuckopenHs Oynb-sKOT TOYKH ILIOCKOT (irypu Moxke OyTH BHU3HA4YCHO 32
J0IoMoroto Bubopy nosroca B MIIL. Togi:

a4=AQ\ecp + ol =1,0504-425337 +1,764" =26814m/ 2 ;
ac =C0 ey +ohcp =0,7872:125337 +1,764* =20,095m/ ¢?;
ag = BQ-edcp +0%cp =03146:425337% +1,764* =8,031m/ ¢?

Amnarnoriyao Bu3HayuMo nonosxkeHHss ML nanku CD. Ockinbku Touku C, D
Hayiexkath JaHi CD, KyTOBY MIBHJKICTh Ta KYTOBE MPUCKOPEHHS KO 3HAUICHO
B 1. 1-3 po3B’s3Ky 3a7adi, KyT 3pc BUZHAYUMO 33 (HOPMYJIIOH0:

Bpc =arctg SIZ)C =arctg 14’0223 =61,697.
Opc 2,748

Ockinbku TOBHE TpHCKOopeHHS Touku C 3HaijeHo, BiacTanp Toukn C 10
MUIT ans marku CD Bu3Ha4aeMO 3a HOPMYIIOI0:

ac 20,095
2p+oty 14023 42,748

COcp = \/ =1,262m.
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Ionoxxenuss MUII nanku CD 06aratolaHKOBOTO MEXaHi3My IMPHUBEICHO Ha

puc. 4.15 (11 KoMmakTHOCTI pUcyHKa, JdiHiT COpc Ta DQpc 300paxkeHi po3ipsa-
HUMH ).

Puc. 4.15. MutteBuii eHTp NpUcKopeHb JaHku CD

3 ypaxyBaHHSAM BHOPAHOrO MacIITa0y Uil CXeMHU 0araroJaHKOBOTO MEXaHi-
3my (1, = 10 cM/cm) BuzHavaemo Biactadb Touku D mo MUTII naaku CD:

DQOpc=1,6023 m.

Tak sk nonoxxenHs MUII nauku CD 3HaiiieH0, BU3HAYAEMO NPUCKOPEHHS
TOuKU D:

ap = “\eep +ocp =1, . X +2, =25520m/c”.
p =DOcp \ebp +o¢p =1,6023-/14,023 +2,748" =25,520m/ ¢*

PesynbraTi po3paxyHKIB HMOBHHMX INPHCKOPEHb PYXy YCIX BY3JIOBUX TOYOK
MeXaHi3My 3a JIOTIOMOTOI0 MUTTEBOTO IIEHTPY NPUCKOPEHb NPUBE/ICHI B Ta0. 2.5.

Tabnuys 4.5
Touxka TOBHE TIPHCKOPEHHs, M/C
A 26,814
B 8,031
C 20,095
D 25,520
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[IpoananizyBaBmm nani Tadn. 4.4, 4.5, MokHa 3poOUTH BHCHOBOK, IO pe-
3yJIbTaTH BU3HAYCHHS MMOBHUX IPHCKOPEHb PYXY YCiX BY3JIOBUX TOUYOK MEXaHi3-
MY 32 JOIIOMOTOIO IUIaHy HPUCKOPEHb T4 MUTTEBOTO LIEHTPY MPUCKOPEHb CIIiBIIa-
naroTh Maibke ¢ 100 % TouHicTro. BennunHa BiTHOCHOT MOXUOKH HE MEPEBHIYE
0,04 %, mo moB’S3aHO 3 OKPYIJICHHSAM PE3YNbTaTiB PO3PAXYHKIB 10 TPETHOTO
po3psity Yncra.

OCKINBKH pe3ynbTaTH PO3PaXyHKIB IIBHAKOCTEH PyXy TOUOK MEXaHi3My 3a
JOIIOMOTOI0 MHTTEBOTO IEHTPY MIBHAKOCTEH Ta IJIaHy LIBHIKOCTEH, a TAKOX
MIPUCKOPEHHS PYXy TOYOK MEXaHi3My 3a JOIOMOTOI0 MUTTEBOTO IIEHTPY IIPHUCKO-
PEHb Ta IUIaHy HMPUCKOPEHb JOCTATHHO 00pe 30iraroThCsi, TO MOXKHA 3pOOHTH
BHUCHOBOK, II[0 KIHEMaTHYHE IOCTI/KCHHS pPyXy IUIOCKOTO 0araTolaHKOBOI'O
MexaHi3My BUKOHAHO MPaBUJIbHO.
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I'JIABA TPETA
KOMII'KOTEPU30BAHE PIIIIEHHA

Pozaia 5. CTATHKA

3aBnanns C-1. PiBHoBara TBepaoro Tijia mia ai€ro 10BiJbHOL
IJIOCKOI CHCTE€MH CHJI

3HaiTn peakuii onop 3agaHoi KOHCTPYK-

q P
uii (puc. 5.1). 3oBHimHI cunm P 3ajgaHo y /((fl/l B N\
kH, mMmomentu M — y kH'M, piBHOMIipHO “Z g A / B

po3mo/iinieHe HaBaHTaXeHHS ¢ — y kKH/M, a
PO3MipH KOHCTPYKIIii — B METpax. | a a

(Find the unknown reactions attached to — —t - |
the supports of given construction (fig 5.1). Puc 5.1. Tlnocka KOHCTPYKILis
There are several dimensions used: external forces P are measured in kN; mo-
ments — in kN'm; distributed forces - in kN/m; all sizes of construction - in me-
tres)

Buxigni xanni

(Put the incoming data)
P :=25kN a:=1m
kN
q:=20— o =450
m
M :=40kN - m B =60’

3aMiHMMO pO3NOAIJIEHE IO 3aKOHY TPUKYTHHKAa HAaBaHTAKEHHSI ¢
€KBIBaJICHTHOIO 30CEPEIKCHOI0 CHIIO (.
(Change the distributed force q by the equivalent concentrated force Q)

X
= [q(x)dx

X1

JIoBXKHHA TPONBOTY, IO SIKOTO MPUKJIAJICHO PO3MOIIIEHO HABAHTAXKEHHS J10-
piBHioe a. Toni:
(The length of the distributed force q frame application is equal to a. Then:)
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Pimenns B cucremi Mathcad

x1:=0 x2:=a
X
q(x):=q-—
a
x2 3
0:= [q(x)dx=5%x10"°N
x1

3ocepemkeHy crity Q 3aBXKAW MPUKIAACHO Y LEHTPI TSOHKIHHS eMIOpH HaBaH-
TaXEHHS ¢. BU3HAUNMO LIEHTP TSOKIHHA SMIOPH HABaHTAXKEHHS.

(The concentrated force Q is applied at the distributed load diagram centre
of gravity. Let’s find this centre of gravity location)

X2
[q(x)- xdx

X1

xc i=—=0.667m
0
Po3paxyHnkoBa cxema
(Design scheme)

Hagenemo piBHSIHHS piBHOBaru cuctemu (puc. 5.2).
(Write down the equations of

7A R, p Yy equilibrium for a two-dimensional
Y /2—o. BN] X structure (fig. 5.2)) . o

1 ~ B x [TpoexTyemMO yci 30BHILIHI CHITH

‘xC' M Ta peakuii Ha Bicb x. OTpUMyeMO
a a a HACTYITHE CKaJIAPHE PiBHSIHHSL.

(Project all active forces and

Puc 5.2. Po3paxyHkoBa cxeMa KOHCTPYKIIil . .
paxy pyxn reactions on the x axes. We will re-

ceive the next scalar equation)
>X;=0:

RA-cos(g—ocJ-P-cos(B)+ XB=0

ITpoekTyemo yci 30BHIIIHI CHIIM Ta peakii Ha Bich y. OTpUMyeMO HACTYIHE
CKaJISIpHE PiBHSIHHS.

(Project all active forces and reactions on the y axes. We will receive the next
scalar equation)

X, =0
—Q+RA-sin(g—a]-P-sin(B)+ YB=0
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3anunieMo piBHSHHS MOMEHTIB CHII Ta peakilii onop BiTHOCHO TOYKHU B.
(Satisfy the equation of moments about the point B)

ZMB =0:
Q-(S-a—XC)—RA-sin(g—a)-2-a+P-sin(B)-a—M=0

[TepeTBOpHMO PIBHSHHSA TAKMM YMHOM, 1100 OTPUMATH PO3MIPHICTH CHIIH IS
HOTO €JIEeMEHTIB.

(Change the equation thereby all its elements will have dimension used for
forces)

Q-[ﬂ]—RA-sin(g—aj-2+P-sin(B)-a—£=0

a a

3anuurieMo CUCTEMY PiBHSIHD PIBHOBard KOHCTPYKIII B KIHIIEBOMY BHUIJISAII.
(Write down the system of equations used for the construction equilibrium
description)

RA-cos(g—(xj-P-cos(B)+ XB=0
—Q+RA-sin[§—oc)-P-sin(B)+ YB=0

3-a-X
Q-u—RA-sin(g—aj-2+P-sin(B)-a—£=O
a a

BHKOpHUCTOBYEMO MAaTPHUYHHI METOJ BUPINICHHS CUCTEMHU PIiBHSIHbB, IO OT-
PHUMaHO.
(Use the matrix method for sollution)

XB+0-YB+RA-COS(§—OLJ= P-cos(B)
0-XB+YB+ RA-sin(g—ocj= 0+ P-sin(B)

342X pgin@)-a+ M

0-XB+O-YB—RA-sin(E—(x]Q:—Q
2 a a

DopmyeMo MaTpUIIO Koe(illieHTiB — A Ta BEKTOP-CTOJNOEIh MpaBUX dHac-
TUH — B.
(Form the ratio matrix A and the matrix of results B)

99



Pimenns B cucremi Mathcad

1 0 cos(E - otj
2
0.5

10
A:=|0 1 sin[E—OLJ =lo 1 0.866
2 0 0 —1.732
00 —2-sin(£—oc]
2
P-cos(B) 1.25><104
B:= Q+ P-sinl(B) =| 2.665x10% [NV

3-a-X M 4
_0.- 247 AC _ pin(p)+ 21| | 1-068x10
a a

Bekrop-cronbenp pilleHs OTpUMaHO PIMICHHSIM MaTPHYHOTO PIBHSHHS 3 BH-

kopucTanHaM QyHKIi Isolve.
(Results of the equation system solution are given in a vector form and can be

obtained by the Isolve function usage)
1.732x10%

Reaction := Isolve(A,B) =| 3.499x 104 N
~9.632x10°

3HayeHHd peakuiii onop
(The support reactions value)

XB := Reactiong  =1.001x10% N
YB := Reaction| () = 2.916x10* N
RA := Reactiony = 3.524x10° N

IlepeBipka pe3yJbTaTiB pillleHHS
(Check the results)

s mepeBipkH pe3ynbTaTiB pilleHHS MOOYIyeMO CHIIOBHHA 0araTOKyTHHK
(puc. 5.3). OcobmmBocTi o0y 10BM BeKTOPiB cmil B cucteMi Mathcad HaBeneHo B
MeronuuHuxX BKasziBkax (M.P. Tkaud, C.O. MopryH, A.C. Ilo3nancekuii «Po3zpa-
XYHKOBO TpadiuHi poOOTH 3 TeOpeTHYHOI MeXaHiku Ha 0a3i cuctemu Mathcady.

UYacruna I. CraTuka. c. 89 — 94).
(To check the obtained results let’s build the system’s resultant in a way of

polygon (fig. 5.3)).
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40

V!Bh> ﬁb

gl 30
I.Qﬂ)
VP(l)

VRA<1) 10

0
-10 0 10 20

V}.B(o) ) ,XB(O) ) VQ(O) ) VP(o) R 4(0)

Puc 5.3. CunoBwuii 6araTOKyTHHK TUIOCKOT KOHCTPYKIIiT

CuyoBuit 0araTOKyTHUK 3aMKHEHHH, OTXKE TOJIOBHUH BEKTOP IUIOCKOI 301%K-
HOI CHCTEMH CWJI, IPUKJIAICHOI 10 TBEPIOTUIFHOT KOHCTPYKIIii, JOPIBHIOE HYJIIO.

(The polygon is closed, then the system’s resultant is equal to zero).

[ToGynyemo miarpamy, Ha SIKii HAOUHO TO3HAYECHO BEJIMYHMHY Ta 3HAK MOMEH-
TIB aKTHBHHUX CHJI Ta Map CHJI, IO JiI0Th Ha 3aJaHy TBEPAOTUIbHY KOHCTPYKIIifO,
Ta MOMEHTH peakiii ii omop (puc. 5.4). I1o oci abciuc BigKkIagaeMo BiCTaHb BiJ
MOYaTKy KOOPAMHAT IO TOYKH NPHUKJIAJeHHs cui Ta peakuii. [To oci opauHar
3a]]a€MO BEJIMYMHU MOMEHTIB CHJI Ta PEaKIiil.

(Set the bar chart, on which the value and sign of the active forces, couple of
forces and reactions moments are shown (fig. 5.4). By the X axes the distance
between the starting point of the coordinate system and the forces application
point is given. The value of this ratio is equal to the quantity of found moments.
By the Y axes the value of moments are given).

1x10°
MQ
o
MRA
a 4
n
M
o
MYB
] 0
_sx10t
0 1 2 3 4

xC.,a,2-a,2.5-a,3-a
Puc 5.4. MomeHTH cui Ta peakiiid omop miockoi KOHCTPYKLIT BiJHOCHO TOYKH A
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3HaiiieMo BeJIMYMHU MOMEHTIB YCiX aKTUBHHMX CHJI Ta PEaKIliid.
(Find the value of all active forces and reactions moments)

MRA := RA- sinl90° — o} a = —8.341x 103
MP :=-P-sin(B)-2-a =-4.33x10*J
MYB:=YB-3-a=1.05x10°J

MQ:=-0-Xc = —3.333)x103J

I'os10BHUMIT MOMEHT CHJI Ta peakiiii omop MIOCKOi KOHCTPYKLIT BIIHOCHO TOY-
KU A IOpIBHIOE HYIIIO.

(The resultant couple of the system of forces and reaction attached to the sol-
id construction is equal to zero).

BucnoBok: Tak sIKk roJiloBHMH BeKTOP Ta TOJOBHUH MOMEHT ILJIOCKOI
30I2KHOI cHMCTeMH CHMJI, IPMKJIA/IeHOI 10 TBepAOTILHOI KOHCTPYKUil 10piB-
HIOKOTH HYJII0, TO pPillieHHS BipHe

(Conclusion: As the resultant and the resultant couple of the convergent
system of forces applied to the solid flat construction are equal to zero, then the
solution is correct).

3aganns C-2.1. Po3paxyHok peakuiii omop Ta CHJI B CTEPAKHIX
IJIOCKOI (pepMHU METOI0M BHPi3aHHS BY3JiB

3HalTH peakmii omop Ta CH-
JU B CTEPXHSX IUIOCKOI (hepMu
(puc.5.5).3oBHimmHI  cwm  F,
MPHKIIaIeHi y BY3J1aX
KOHCTpYKLii 3a1ano y kH.

(Find the unknown reactions
attached to the supports of flat
framework (fig. 5.5). Also find
all reactions in the rods of given
construction. There are such
Puc 5.5. ITnocka pepma dimensions used — all external
forces F are measured in kN).
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Buxigni xanui

(Put the incoming data)
F1:=18kN o =450 a:=4m
F2 :=15kN B := 60"
F3 :=5kN y =457

Po3paxyHnkoBa cxema
(Design scheme)

CriouaTKy BU3HAYMMO PEaKIlil o
ornop KoHCTpykuii (puc. 5.6), a
came Xa, Ya ta Rd. Jna usoro
3alMIIeMO pIBHSHHS PIBHOBArw,
CIPOCKTYBaBIIA yCi  30BHIIIHI
CHIM Ta peakiii B omopax
KOHCTPYKIIi Ha Bici X i1 Y,a Takox
3aMuIIeMo piBHSHHSI MOMCHTIB
BITHOCHO TOYKH D.

(First find the reactions in the Y, g y
construction supports (fig. 5.6), Puc 5.6. Po3paxyHKOBa cxeMa ILIOCKOT (hepMu
such as Xa, Ya and Rd. So we
need to project all active forces and reactions on the X and Y axes,and satisfy the
equation of moments according to the point D).

[TpoekTyemo yci 30BHIIIHI CHIIM Ta peakiii Ha Bick X. OTpUMy€eMO HACTyIHE
CKaJIsIpHE PiBHSAHHS.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

ZX,' =0
Xa+ F1-cos\o —F2-cos(ﬂ)—F3-cos(y)—Rd-cos(a)=0
Xa— Rd - cos\a )= —Fl-cos(a)+F2-cos(ﬂ)+F3-cos(y)

X, 4

IIpoexTyemo yci 30BHImHI cvutn Ta peakuii Ha Bick Y. OTpUMyeMO HacTyIHE
CKaJsIpHE PIBHSIHHS.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

>Y;=0:
Ya F1- sin(o)— F2- sin(g)— F3-siny)+ Rd - sin{a)= 0
Ya+ Rd-sin{a)= F1-sin(o)+ F2-sin(B)+ F3- sin(y)

103



Pimenns B cucremi Mathcad

3anuiieMo piBHSIHHS MOMEHTIB BiTHOCHO TOYKH D.
(Satisfy the equation of moments about the point D)

Y>MD=0:

F3-cos(y -a+F3-sin(y -a+F2-cos(ﬂ)-2-a+F2-sin(j3)-2-a—
—F1-cos\a.)-a+ F1-sin a)~3-a—Ya-4na=0
Ya-4=F3-cos(y)+ F3-sin(y)+F2-cos(y)-2+F2-sin([3)-2—
—Fl-cos\o)+ F1-sinl\a)-3

3anuieMo cucTeMy piBHSAHb PIBHOBArd KOHCTPYKIIi B KIHIIEBOMY BUIIISIII.
(Write down the system of equations used for the construction equilibrium
description)

Xa+0-Ya—Rd-cosla =—F1-cos(oc)+F2-cos )+F3-cos y)
0- Xa+Ya+ Rd-sin(a)= F1-sin(a)+ F2-sin(B)+ F3- sin(y
0-Xa+Ya-4+0-Rd = F3:cos(y)+ F3-sin(y)+ F2-cos(y)-2+
+ F2-sin(B)- 2= F1- cos(o)+ F1-sin(c)- 3

dopmyeMo MaTpUIIO KOe]ili€HTIB — 4 Ta BEKTOP-CTOJIOCIh MpaBHUX Hac-
THH — B.
(Form the ratio matrix A and the matrix of results B)

1 0 - cos(a) 1 0 -0.707
A=|0 1 sin(0) |=]0 1 0707
04 0 0 4 0

—Fl-cos(a)+F2-cos(ﬂ)+F3-c0s )

B := Fl-sin(a)+ F2-sin(ﬂ)+ F3-sin(y
F3-cos(y + F3-sin(y)+ F2-cos(y)-2+
+ F2-sin )-Z—Fl-cos 0c)+F1-sin((x)-3

Bekrop-cTosbenp pilieHb OTPHUMAHO PINICHHSM MATPUYHOTO PIBHSHHSA 3 BU-
KopuctanHsaM ¢yHkuii Isolve.

(Results of the equation system solution are given in a vector form and can be
obtained by the Isolve function usage)

9.185x10°
reaction := Isolve(A,B)= 1.838)(104 N
1.538x10%
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3HaveHHs peakuiii onop
(The support reactions value)

Xa := reactiong ) = 9.185x10° N
Ya = Reaction; o =1.838x10% N
Rd := Reactiony ) =1.538x10% N

Jns mepeBipkn pe3ynbTariB pilleHHsS MOOYyJIyeEMO CHIJIOBUI 0araTOKyTHHK
(puc. 5.7). OcobauBocti oOynoBU BekTopiB cui B cucteMi Mathcad HaBeneHo B
meronuuHux BkasziBkax (M.P. Tkau, C.O. MopryH, A.C. Ilo3nancekuii «Po3pa-
XYHKOBO TpadiuHi poOOTH 3 TeOpeTHYHOI MeXaHiKM Ha 0asi cucremu Mathcady.
Yactuna I. Cratuka. c. 95 — 102).

(To check the obtained results let’s build the system’s resultant in a way of
polygon (fig. 5.7). If this polygon is closed, then the solution is correct).

[oGynyemo miarpamy, Ha sIKiif HAOYHO IMO3HAYCHO BEIMYMHY Ta 3HAK MOMCH-
TiB aKTHBHHUX CWJI, IO TIIOTh HAa 3aJaHy (epMy, Ta MOMEHTH peakmiid i omop
(puc. 5.8). Io oci abcuuc BiakiIanaeMo BiACTaHb BiJf TOUYKH £ 10 TOYOK MpHKJIIa-
JIeHHs CWJI Ta peakiiii. [Io oci opauMHAT 33a7a€EMO BEIUYMHH MOMECHTIB CHJI Ta
peaKIiii.

(Set the bar chart, on which the value and sign of the active forces and reac-
tions moments are shown (fig. 5.8). By the X axes the distance between the start-
ing point E and the forces application point is given. The value of this ratio is
equal to the quantity of found moments. By the Y axes the value of moments are

given).

20 100x10°
D
% M¥a 3
1 o
VXa | Xa 50x10
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VF2
o MF3 E s 109 1113
= o . MRd
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Puc 5.7. CunoBuit 6araToKyTHUK TIIOCKOT Puc 5.8. MoMeHTH crIt Ta peakiiii ornop
KOHCTPYKIIi{ IUIOCKOI ()epMH BiTHOCHO TOUKH £

105



Pimenns B cucremi Mathcad

3HaleMO BETMUMHI MOMECHTIB YCiX aKTUBHHX CHJI Ta PEakiliii oonp Gepmu.
(Find the value of all active forces and reactions moments)

MYa:=-Ya-a=-7.351x10%7J

MXa := Xa-a =3.674x10%J

MF?2 := F2-cos(B)-a— F2-sin(B)-a = -2.196x10%J
MF3 :=—F3-sin(y)- 2y a = =2.828x10%J

MRd :=—Rd - cos 4502)-a +Rd- sin)(450)- 3-a=8702x10%7

I'osloBHUMIT MOMEHT CHII Ta peakiiii Onop IJIOCKOi epMU BiIHOCHO TOYKH £
JIOPIBHIOE HYJTIO.

(The resultant couple of the system of forces and reaction attached to the sol-
id construction is equal to zero).

BucHoBok: Tak fIK roJOBHMIi BeKTOp Ta TrOJOBHMIi MOMEHT IJIOCKOL
302KHOI cMCTeMHU CHMJI, IPMKJIAJEHOI 10 IJIOCKOI (pepMM JOPiBHIOIOTH HYJIIO,

(Conclusion: As the resultant and the resultant couple of the convergent
system of forces applied to the solid flat framework are equal to zero, then the
solution is correct).

CkopucTaeMocss METOJIOM BHpi3aHHs BY3JiB. J[ist mboro posi6'emo cuctemy
Ha psiJi MiZACUCTEM, KOXKHA 3 SIKUX CKJIQJIAETHCS 3 By3Jia Ta JIMIIIE JBOX CTEPIKHIB,
110 3 HHOTO BUXOJATh, Ta Peakiii B SKUX He Bigomi. [Ipu po3paxyHkax BBaXaeMo,
1[0 HAmpsIM YCiX Peakiliidi B CTEPXKHSIX € JOJaTHHM, TOOTO BOHH CIPSIMOBaHI B
HAaIpsIMKY BiJl By3J1a B3/IOBXK CTEpPIKHSI.

(Use the method of joints. Firstly cut the framework structure into several
substructures. Each one of substructures consists of a node and only two
rods,stretching from it, and reactions in which are unknown. For calculation the
reactions' direction in all rods should be considered positive as they are directed
from the node and along the rod).

CnovaTKy HOTpiOHO BU3HAYHMTH BY30J]I, B SKOMY 30ira€Tbcsi He OuIbIIE JIBOX
CTEpXKHIB, peakilii B Skux € Heimomumu. lle pobutbes ans Toro, mod y JIBOX
PIBHSHHSX DIBHOBarw, fKi MOXKHA 3alMCcaTH IS IUIOCKOi cucTeMH Oyio He
OlIbIIE IBOX HEBITOMUX.

(Firstly find out the nod with only two rods,stretching from it, and reactions
in which are unknown. The purpose of this operation is to form the equations of
flat system equilibrium with only two unknown units. Thus such system could be
sold).
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Tomy crioyatky HaBeIeMO PO3PaxyHKOBY CXEMY JUIS MiJCHUCTEMH, IO CKJla-
JeThes 3 By3na D ta crepxHiB 12, 13 (puc. 5.9). Hesi-
JoMH € peakuii crepxHiB S12, S13. Bimomor €
peakuist onopu Rd.

(So first give the design scheme for the substruc-
ture, which consists of a joint D and rods 12, 13 (fig.
5.9). The reactions S12 and S13 are unknown, the
reaction Rd was found).

Puc 5.9. Po3paxynkoBa
cxema A Bysna D
HaBememo piBHAHHSA piBHOBaru i JaHOI

HiICHCTEMH.

(Write down the equations of equilibrium for a two-dimensional substruc-
ture).

[TpoekTyemo yci 30BHIlIHI CHIIM Ta peakiii Ha Bick X. OTpuMyeMO HACTyIHE
CKaJIsIpHE PiBHSHHS.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

> X;=0:
—S12D—Rd - cos oc)—S13D~cos(oc)= 0
—S12—Rd-cos(oc —S13-cos((x)=0

[TpoekTyemo yci 30BHILIHI CHIIM Ta peakiii Ha Bick Y. OTpUMyeEMO HaCTyIHE
CKaJIsIpHE PiBHSHHS.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

XY =0:
Rd - sin(a)+ 83D sin(0) = 0
Si3=—Rd

3 nux ABOX PIBHIHB 3HAXOAMMO peakilii S;; 1a S;).
(From these two equations find reactions S;; and S;,)

8|3 =—Rd =-1,538x10* N
S17:=—Rd- cos((x)— S13- cos(a)= oNv

I[ani HAaBCJIEMO PO3PAXYHKOBY CXEMY JId l'[i,HCI/ICTCMI/I, 10 CKJIAAETHCA 3 BY3-

na C rta crepxHiB 10, 11, 12 (puc. 5.10). HeBinomumu € peakuii cTepxHiB Sy,
S;. Bitomoro € peakiisi CTepKHS S ;.
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(Then give the design scheme for the substructure,
which consists of a joint C and rods 10, 11, 12 (fig.
5.10). The reactions S;y and S;; are unknown, the re-
action S;; was found).

BBaxkaemo, 1m0 peakmii y CTepXHAX, SKi
MMOEIHYIOTh CYCiIHI BY3ITH JOPIiBHIOIOTH 3a abCOIIOT-

Puc 5.10. Po3paxyHkoBa HOIO BEJIMYMHOIO Ta MPOTHIICKHI 3a 3HaKoM. Hampuk-
cxema 1 By3na C nan;

(The reactions in the rods, connecting neighbouring nods should be equal by
absolute value and opposite by their mathematical sign. For example:)

812 =|812C|=—{S12D)|

HaBenemo piBHSIHHS PiBHOBArH JJIsl JaHOI IiICHCTEMHU.

(Write down the equations of equilibrium for a two-dimensional substruc-
ture).

ITpoekTyemo yci 30BHILIHI CHIIK Ta peakuii Ha Bick X. OTpUMy€EMO HacTyIHe
CKaJISIpHE PIBHSHHSL.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

ZXi =0:
812C - 810C-cos(a)=0
S12

SlO B COS‘OL;

[IpoekTyemo yci 30BHINIHI CHIIK Ta peakiii Ha Bick Y. OTpuUMyeMO HacTyITHE
CKaJSIpHE PiBHSAHHSL.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

XY =0:
810C - sin(o)+ §; € =0
811=-810"sin ob

3 1MX JABOX PiBHSHb 3HAXOIUMO peakiii S;y ta Sy;.
(From these two equations find reactions Sy and S;;)

S
810 = —12<=0N
cos(a
S11:==-810" sin(oc)= 0N
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Jani HaBeZeMo pO3PaxyHKOBY CXeMy IS
HiJICHCTEMH, IO CKIAAEThCA 3 By3i1a G Ta CTEP)KHIB
8, 9, 11, 13 (puc.5.11). HeBimomumu € peakiii
cTepkHIB Sy, So. BimomMumu € peakiii cTepkHIB S;;
Ta S13.

(Then give the design scheme for the substruc-
ture, which consists of a joint G and rods 8, 9, 11,
13 (fig. 5.11). The reactions S8 and S9 are un-
known, the reactions S11 and S13 were found).

HaBenemo piBHSHHS piBHOBAard JUis JaHOT
HiICHCTEMH.

(Write down the equations of equilibrium for a
two-dimensional substructure).

[TpoekTyemo yci 30BHIlIHI CHIIM Ta peakiii Ha Bick X. OTpuMyeMO HACTyIHE
CKaJIsIpHE PiBHSHHS.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

> X;=0:
S 3G-c0s(oc)— F3. cos(y)— S3G'- cos(a -S9G=0
S =813" cos(oc)—F3-cos(y)—S8 - cos\a.

Puc 5.11. Po3paxyHnkoBa
cxema 1is By3na G

[TpoekTyemo yci 30BHILIHI CHIIM Ta peakiii Ha Bick Y. OTpUMyeEMO HaCTyIHE
CKaJIsIpHE PiBHSHHS.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

XY =0:
— 813G - sin(a)— F3- sin(y)+ S3G - sin(c)— §1,G = 0
g Si3-sin o)+ F3-sin(y)+ $;

87 sin((x)

3 MX ABOX PiBHSHB 3HAXOJIUMO peakiii Sg Ta So.
(From these two equations find reactions Sg and Sg).

S13- sin(a)+ F3- sin(y)+ S11
S8 o= - ( ) =
sinla
89 =813 cos(oc)— F3- cos(y)— Sg - cos(oc)= ~7.071x10° N

~1.038x10% NV
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Jani HaBenemMo pO3paxyHKOBY CXeMy I
MIICUCTEMH, 110 CKIAJEThCA 3 By3ia [ Ta CTEpKHIB 0,
7, 8 (puc. 5.12). HeBinomumu € peakuii ctepxHiB Sy,
S;. BioMo¥0 € peakirist cTepxHs Sg.

(Then give the design scheme for the substruc-
ture, which consists of a joint I and rods 6, 7, 8
(fig. 5.12). The reactions S5 and S; are unknown, the
reaction Sg was found).

HaBememo piBHSHHS piBHOBarm il JaHOl

Puc 5.12. Po3paxyHkoBa .
cxema Juis Bysna [ MACHCTEMH.
(Write down the equations of equilibrium for a

two-dimensional substructure).

ITpoektyemo yci 30BHILIHI CHIIM Ta peakuil Ha Bick X. OTpuMyeMO HACTyIHE
CKaJISIpHE PIBHSHHSL.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

ZXi=O.°
SgI-cos(oc)— F2-cos(ﬁ)— S I-cos(oc)= 0
S Sg - cos\o.)— F2-cos S

6 =

cos (0,)

[IpoekTyemo yci 30BHINIHI CHIIK Ta peakiii Ha Bick Y. OTpuUMyeMO HacTyITHE
CKaJSIpHE PiBHSAHHSL.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

>Y;=0:
TSl - sin(0)= F2- sin(p)— 8§71 - SeI - sin(c) = 0
§7 =-Sg- sin(oc)— F2. sin(jS)— Se - sin(oc)

3 1EX ABOX PIBHSIHB 3HAXOJUMO peakiii S; Ta Ss.
(From these two equations find reactions S; and Sg)

87 :==S8g - sin(a) - F2- sin(B)— S - sin(a) =9.192x10° N
Sg = Sg-cos(a —F2-cos =—2.099><104N

cos (oc)
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Jani HaBeneMo po3paxyHKOBY CXeMy JUIs

. y
MiJICHCTEMH, 1110 CKJIAJIETHCS 3 By3ia F Ta cre-
pxuiB 4, 5,7, 9, 10 (puc. 5.13). Heinomumu € S,
peakuii crepxHiB S, Ss. Bimomumu € peakiii
CTep)KHiB S7, Sg, S](). 7
(Then give the design scheme for the sub- S 5 F 9 &
structure, which consists of a joint F and rods —= > X

4,5,7,9 10 (fig. 5.13). The reactions S, and
S5 are unknown, the reactions S7, 89, S;y were

found). S, S
HaBenemo piBHAHHS PiBHOBAaru Ui JaHOi Puc 5.13. PospaxyHkosa cxema
i ICUCTEMHU. s Bysna F
(Write down the equations of equilibrium for a two-dimensional substruc-
ture).

ITpoekTyemo yci 30BHIlIHI CHIIM Ta peakiii Ha Bick X. OTpuMyeMO HACTyIHE
CKaJIApHE PiBHSIHHSL.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

> X;=0:
SlOF-cos(oc)+ S9F—S5F—S4F-cos(oc)= 0
S5 =810 -cos(oc)+ 89— 84 -cos\a

[TpoekTyemo yci 30BHILIHI CHIIM Ta peakiii Ha Bick Y. OTpUMyeEMO HaCTyIHE
CKaJIsIpHE PiBHSHHS.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

ZY,‘ =0:
— 810F - sin(a)+ 87 F — S4F - sin(a)= 0

5, = 2510 sin(o)+ 87

sin(a)

3 nux ABOX PIBHSIHB 3HAXOAMMO peakiii S, ta Ss.
(From these two equations find reactions Sy and Ss).

=810 sin(oc)+ A
- sin(a
S5 :=810" cos(oc)+ S9—84 -cos(oc)= ~1.626x10% N

Sy 2 =1.3x10*N
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Jaii HaBeneMO po3paxyHKOBY CXeMy JUIS IIJJCHCTEMH, IO CKIAJIETHCS 3 BY3-
na E Ta crepxHiB 2, 3, 5, 6 (puc. 5.14). HeBinomumu € peaxiii crepxHiB S,, S;.
Bimomumu € peakiii cTepkHiB Ss, Sg.

(Then give the design scheme for the substructure, which consists of a joint E
and rods 2, 3, 5, 6 (fig.5.14). The reactions S, and S
are unknown, the reactions Ss, S were found).

HaBememo piBHSHHA piBHOBarm [uisi JaHOI
M CUCTEMH.

(Write down the equations of equilibrium for a
two-dimensional substructure).

[IpoekTyemMo yci 30BHILIHI CHIM Ta peakiii Ha
Bich X. OTpUMY€EMO HACTYIIHE CKaJSIpHE PiBHSHHS.

(Project all active forces and reactions on the X
axes. We will receive the next scalar equation)

Puc 5.14. Po3paxyHkoBa
cxeMa Juis By3na E

ZX,'=0.‘
S5E+S6E-cos(oc +Fl-cos(oc —SZE-cos(oc)=O
S S5+ 8¢ - cos OL)—Fl-cos o

2 =

cos(oc

ITpoekTyemo yci 30BHILIHI CHiIK Ta peakiii Ha Bich Y. OTpUMy€EMO HACTYIHE
CKaJISIpHE PiBHSIHHSA.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

XY =0:
— S3E + S6E - sin(a)— F1- sin(a)— S2E - sin(a) =0
83 = 86-sin(o)— F1- sin(o) - $2 - sin(c)

3 nuX JABOX PIBHSAHB 3HAXOIMMO peakiii S, ta S;.
(From these two equations find reactions S, and Ss)

_ S5+ cos(o.)— F1. cos(oc)
) cos(oc)
S5 =8¢ - sin(o)— F1-sin(0)— 8, - sin(0) = -9.192x 103 N

Jam HaBemeMO  PpO3pPaxyHKOBY CXeMy  JUIA
MiJICUCTEMH, IO CKIIAJETHCS 3 By3Jla B Ta CTEpKHIB 1,
3, 4 (puc. 5.15). HeBinoMumoro € peakiisi cTepxHs S;.
Bimomumu € peakuii cTepxHiB S3, Sy.

(Then give the design scheme for the substructure,
which consists of a joint B and rods 1, 3, 4 (fig.5.15).
The reaction S; is unknown, the reactions S; S; were

found).

S5 =-2.599x10* N

Puc 5.15. Po3paxyHnkosa
cxeMma 1J1i By3na B
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HaBeznemo piBHSIHHS PIBHOBAry JUIsl AQHOT MiJICHCTEMHU.

(Write down the equations of equilibrium for a
two-dimensional substructure).

IIpoekTyeMo yci 30BHIIIHI CHJIM Ta peakiii Ha
Bick X. OTpUMYyEMO HACTYITHE CKaJSIPHE PiBHSHHS.

(Project all active forces and reactions on the X
axes. We will receive the next scalar equation)

>X;=0: Puc 5.16. Pospaxynkosa
SyB- cos(oc)— $1B=0 cxeMma 11t Bysia A
S1 =84 cos\a

3 1BOTO PIBHSHHS 3HAXOIUMO PEAKIIo ;.
(From this equation find reaction S;)

S} =84 -cos(a)=9.192x10° N

IlepeBipka pe3yJbTaTiB pilieHHs
(Check the results)

Jlyist iepeBipku pe3y IbTaTiB BU3HAUYMMO peakilii Xa Ta Ya B omopi 4.

(For checking the results we should find the reactions Xa and Ya in the sup-
port A).

HaBezniemMo po3paxyHKOBY CXeMy JUIsl IiJJCHCTEMH, 1[0 CKJIQJIETHCS 3 By3ia A
Ta crepxkHiB 1, 2 (puc. 5.16). HeBinomumu € peakuii crepxHiB B oropi 4 — Xa Ta
Ya. Binomumu € peakii ctepxHiB S;, S».

(Then give the design scheme for the substructure, which consists of a joint A
and rods 1, 2 (fig. 5.16). The reactions Xa and Ya in the support A are unknown,
the reactions S}, S, are found).

HaBenemo piBHSIHHS piBHOBAru AJst JaHOT MiJICHCTEMHU.

(Write down the equations of equilibrium for a two-dimensional substruc-
ture).

IIpoexTyemo yci 30BHIIIHI CHIIH Ta peakilii Ha Bick X. OTpUMy€EMO HaCTyIHE
CKaJsIpHE PIBHSIHHS.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

ZXi =0:

Xa+S1A+ 854 cos(a)=0
Xa=-81-5> -cos(a)
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IIpoekTyemo yci 30BHILIHI cHiK Ta peakuii Ha Bich Y. OTpUMyeMO HACTYIHE
CKaJISIpHE PIBHSHHS.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

3¥;=0:
Ya+ SyA-sinla)=0
Ya=-S - sinla

3 nuX JBOX PiBHSIHB 3HAXOIMMO peakiiii Xa ta Ya.
(From these two equations find reactions Xa and Ya)

Xa :=—8| -85 -cos(a)=9.185x10° N
Ya:=—-S, -sin(a)=1.838x10% N

BucHoBoK: pilieHHs BipHe
(Conclusion: the solution is correct)

[MoGynyemo niarpamy, Ha sKiii HAOYHO MO3HAYEHO BEJIMYMHY Ta 3HAK CHIH S
B KO)KHOMY crepikHi (puc. 5.17). Tlo oci abcuuc Biaknanaemo niamnasos j:=1...13,
KUl JOPIBHIOE KiNbKOCTI BH3HaYeHUX cuil S. [To oci opIuHAT 331a€MO 3HAYCHHS
OGyHkuii S;

(Build the bar chart, on which the value and sign of the force S in each rod is
shown (fig. 5.17). By the X axes the value of ratio j:=1....13 is given. The value of

this ratio is equal to the quantity of found forces S. By the Y axes the value of
function Sj is given).

je=l...13
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S: =
9.192-103 N
-2.599-104
-0.192°103
13104
-1.626°104
-2.099-104
0.102:103
-1.038 104
-7.071-103
0
0
0
-1.538-104
20%10°
10x10°
0 —
Sj ,
—10x10 .
—20x10°—
~30x10°

01234567 8091011121314
J
Puc 5.17. 3ycumis B cTepKHSIX IUIOCKOT epMu
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3aBnannsa C-2.2. Po3paxyHoK peakuiii Omop ta cuJj B CTEPKHAX
IVI0CKOI (hepMH MAaTPUYHUM METOI0M

3HalTH peakiii omop Ta CH-
JIM B CTEPXKHSAX IUIOCKOI (hepMu
(puc.5.18).30BHimHI  cumn  F,
MIPUKIIaIeH] y BY3JIaX
KOHCTpYKIi 3anano y kH.

(Find the unknown reactions
attached to the supports of flat
framework (fig. 5.18). Also find
all reactions in the rods of given
construction. There are such
dimensions used — all external

Puc 5.18. Tlnocka depma

forces F are measured in kN).

Buxinni nanni
(Put the incoming data)

F1:=18kN o= 450 a:=4m
F2 :=15kN B=60°
F3 :=5kN y =457

Po3paxyHkoBa cxema
(Design scheme)

CxopucraeMocss MaTPUYHUM
MeTozoM. JIist IIbOr0 HaBEACHY Ha
puc. 5.19 po3paxyHKOBY cCXeMy
I0cKoi (hepMu po3id'eMo HA psf
MJICHCTEM, KOXKHA 3  SIKHX
CKJIAJIA€THCS 3 By3JIa Ta CTCPIKHIB,
IO 3 HBOTO BHXOAATH. [lpm po3s-
paxyHKax BBa)XaeMoO, IO HAIPSIM
yCiX peakuiii B CTEpXHIX € JOo-
JTATHAM, TOOTO BOHU CIPSMOBaHi
B HAampsMKy BIJ By3Jla B3I0BXK

Puc 5.19. Po3paxyHkoBa cxema Iiockoi Gpepmu

CTEPIKHSL.
(Use the matrix method. Firstly cut the framework structure (fig. 5.19) into
several substructures. Each one of substructures consists of a node and rods,
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stretching from it. For calculation the reactions' direction in all rods should be
considered positive as they are directed from the nod and along the rod).

Hagenemo PO3paxyHKOBY CXeMy JUTSt
MiICUCTEMH, IO CKIATAEThCS 3 By3la A Ta CTEPXKHIB
1, 2 (puc. 5.20).

(Give the design scheme for the substructure,
which consists of a jpint A and rods 1, 2 (fig. 5.20)).

BBaxkaemo, ™m0 peakmii y CTepXKHIX, SKi
MOEIHYIOTh CYCiTHI BY3JH JOPIBHIOIOTH 3a abCOIIOT-
HOI0 BEJMYMHOI0 Ta MPOTHJICKHI 3a 3HAKoM. Ha-
TPHUKIAT:

(The reactions in the rods, connecting neighbouring joints should be equal by
absolute value and opposite by their mathematical sign. For example:)

Puc 5.20. Po3paxynkoBa
cxema Juisl By3ina A

Sy =|Sy4| =S, E|

HaBezniemo piBHSIHHS PIBHOBAry JUIsl AaHOI MiJICUCTEMHU.

(Write down the equations of equilibrium for a two-dimensional substruc-
ture).

IIpoekTyemo yci 30BHIIIHI CHITK Ta peakilii Ha Bick X. OTpUMY€EMO HACTYITHE
CKaJIAPHE PiBHSIHHSL.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

ZX,' =0:
XA+ S1A+SZA-cos(oc)= 0
XA+ 81+ 8, -cos(a)=0

[TpoekTyemo yci 30BHILIHI CHIIM Ta peakiii Ha Bich Y. OTpUMyeEMO HaCTyIHE
CKaJsIpHE PIBHSIHHS.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

XY =0:
YA+ 8y A-sin OL)= 0
YA+ S, - sin(o)= 0

Jlami  HaBemeMO  PpO3pPaxyHKOBY CXeMy  JUIA
MiJICUCTEMH, 10 CKJIAETHCS 3 By3ha B Ta CTepxkHiB 1,
3,4 (puc. 5.21).

(Then give the design scheme for the substructure,
which consists of a joint B and rods 1, 3, 4 (fig. 5.21)).

Hagenemo piBHSHHS piIBHOBAr# JJisi 1aHOT MiJICHCTEMH.

Puc 5.21. Po3paxyHnkoBa
cxeMma AJs By3na B
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(Write down the equations of equilibrium for a two-dimensional substruc-
ture).

IIpoektyemo yci 30BHILIHI CHIIM Ta peakuii Ha Bick X. OTpUMy€EMO HacTyIHe
CKaJISIpHE PIBHSHHS.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

ZX,' =0:
—S1B+S4B-cos(0)=0
-5 +S4-cos(a)=0

ITpoekTyemo yci 30BHILIHI cHiK Ta peakuii Ha Bich Y. OTpUMy€EMO HACTYIHE
CKaJISIpHE PIBHSHHSL.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

2 =0:
S3B+S4B-sin(0)=0
83+ 84 -sin(a)=0

Jaii HaBeeMo pO3paxyHKOBY CXeMY JJIS MiJICHCTEMH, IO CKIATETHCS 3 BY3-
na C ta crepxHiB 10, 11, 12 (puc. 5.22).

(Then give the design scheme for the substructure, which consists of a joint C
androds 10, 11, 12 (fig. 5.22)).

HaBenemo piBHSIHHS PiBHOBArd Jiist AaHOT IiJICUCTEMH.

(Write down the equations of equilibrium for a two-dimensional substruc-
ture).

[IpoekTyemo yci 30BHINIHI CHITH Ta peakmii Ha Bich X. OTpUMyeMO HaCTyITHE
CKaJSIpHE PiBHSAHHSL.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

> X;=0:
—810C-cos(a)+81,C=0
-810-cos\a)+S1,=0

[IpoekTyemMo yci 30BHIIIHI CHJIM Ta peakmii Ha
Bichk Y. OTpUMy€eMO HACTYIIHE CKAJIIPHE PiBHAHHS.

(Project all active forces and reactions on the Y
axes. We will receive the next scalar equation)

Puc 5.22. Po3paxyHkoBa
cxema Juis By3na C
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XY =0:
810C - sin(a)+ 811C =0
S$10-sinlo)+ 8711 =0

HaBenemo po3paxyHKOBY cXeMy IUIsl MiJCHUCTE-
MU, IO CKIANEThCS 3 By3na D Ta crepxkHiBl2, 13
(puc.5.23).

(First give the design scheme for the substruc-
ture, which consists of a joint D and rods 12, 13
(fig.5.23)).

HaBenemo piBHSHHS piBHOBard /st JaHOl
MM CUCTEMU.

(Write down the equations of equilibrium for a

Puc 5.23. PozpaxynkoBa
cxema 11 Bysna D

two-dimensional substructure).

IIpoekTyemo yci 30BHIIIHI CHITK Ta peakiii Ha Bick X. OTpUMYy€EMO HACTYITHE
CKaJIsIpHE PiBHSHHS.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

ZX,' =0:
—S12D—RD-cos oc)— S 3D-c0s((x)= 0
—S12—RD-cos(oc —813-cos\a)=0

IIpoekTyemo yci 30BHIIIHI cHuk Ta peakuii Ha Bick Y. OTpUMyeMO HaCTyITHE
CKaJIApHE PiBHSIHHSL.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

3¥;=0:
RD-sin\a )+ S13D- sinlo)=0
RD-sin\a )+ 813D - sinlo)=0

Jlami HaBegeMO pO3paxyHKOBY CXeMYy ISt
MiJICUCTEMH, IO CKJIAAETHCS 3 By3ia E Ta CTEP)KHIB
2,3,5, 6 (puc 5.24).

(Then give the design scheme for the substruc-
ture, which consists of a joint E and rods 2, 3, 5, 6
(fig. 5.24)).

HaBenemo piBHSHHS piBHOBarm Ui JaHOL
MiJICUCTCMHU.

(Write down the equations of equilibrium for a

Puc 5.24. Po3zpaxyHkoBa
two-dimensional substructure). cxeMa /s By3ia E
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IIpoekTyemo yci 30BHILIHI CHIIM Ta peakuii Ha Bick X. OTpUMy€EMO HacTyIHe
CKaJISIpHE PIBHSHHS.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

> X;=0:
SsE+ SgE - cos(a)+ F1. cos(a)— SHE - cos(oc)= 0
S5+ 8¢ - cos\a)—S, - cos OL)=—F1-C()S(OL)

[IpoekTyemo yci 30BHIMIHI CHIIK Ta peakilii Ha Bick Y. OTpuUMyeMO HacTyITHE
CKaJISIpHE PIBHSAHHSL.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

S¥;=0:
—-S3E+SgE- sin{ocg— F1. sin(oce— SHE- sin((oc))= 0

—S3E + SgE -sin\o.)— S E - sin 0L)=F1-Siﬂ o
y Jlari HaBelIeMO PO3PaxXyHKOBY CXEMY I
HiJICHCTEMH, IO CKIAJIEThCA 3 Bysna F' Ta
S, crepxHiB 4, 5,7, 9, 10 (puc.5.25).

(Then give the design scheme for the sub-

7 structure, which consists of a joint F and rods
S5 JE 9 S 4579 10(g5.25).
x HageneMo piBHSHHS pPiBHOBAard sl JaHOT
MiICUCTEMHU.

(Write down the equations of equilibrium
for a two-dimensional substructure).

[IpoekTtyemMo yci 30BHIIIHI CcHId Ta
peakuii Ha Bick X. OTpUMYy€eMO HACTYyIIHE CKa-

S, S
Puc 5.25. Po3paxyHkoBa cxema
JUIst By31a F'

JISIpHE PiBHSHHSL.
(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

ZX,' =0:
Sy oF - cos(o)+ SgF — S5F —S4F - cos(o)= 0
S10 -cos(oc +89—S55—-954 -cos(a)= 0

[IpoekTyemo yci 30BHINIHI CHITH Ta peakilii Ha Bick Y. OTpuMyeMO HacTymHe
CKaJIsipHE PiBHSHHS.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)
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$¥;=0:
= 81oF - sin oc)+ S7F—S4F-sin(oc)= 0
—Slo-sin(oc +87 -84 -sin(oc =0

Jani HaBeieMo po3paxyHKOBY CXeMYy JISl TiICHCTEMH, [I0 CKIAIETHCS 3 BY3-
na G Ta crepxHiB 8, 9, 11, 13 (puc.5.26).
YA (Then give the design scheme for the substruc-
ture, which consists of a joint G and rods 8, 9, 11,

13 (fig.5.26)).
HaBememo piBHAHHSA piBHOBAarMm I JaHOI

45. 9 g MiICUCTEMH.
’ (Write down the equations of equilibrium for a
Sy two-dimensional substructure).
s, ' [IpoekTyemo yci 30BHILIHI CHIIU Ta peaKui'l' Ha
v Bich X. OTpUMYEMO HACTYIHE CKAJISIPHE PIBHSHHSL.
Puc 5.26. PospaxyHkoBa (Project all active forces and reactions on the X
cxema s Bysna G axes. We will receive the next scalar equation)
> X;=0:
813G - cos oc)— F3-cos y)— SgG‘cos((x)— S9G=0
813 cos\a)— Sg - cosla)— 89 =F3-cos(y

[TpoekTyemo yci 30BHILIHI CHIIM Ta peakiii Ha Bich Y. OTpUMyeEMO HaCTyIHE
CKaJIsIpHE PIBHSHHS.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

XY;=0:
— 813G sin(a)— F3- sin(y)+ S3G - sin(a)— 811G = 0
— 813 sinla +S8-sin(a —811=F3-sinly

Jlami HaBemeMO pO3PaxXyHKOBY CXeMy IS
MiJICUCTEMH, IO CKJIAJIEThCS 3 By3Ja / Ta CTEPKHIB 6,
7, 8 (puc. 5.27).

(Then give the design scheme for the substruc-
ture, which consists of a joint I and rods 6, 7, 8
(fig. 5.27).

HaBenemo piBHSHHS —pIBHOBaru Juiss  JaHOI
M1 JICHCTEMH.

(Write down the equations of equilibrium for a  Puc5.27. Pospaxynkosa
two-dimensional substructure). cxema st Bysna I
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IIpoekTyemo yci 30BHILIHI CHIIM Ta peakuii Ha Bick X. OTpUMy€EMO HacTyIHe
CKaJISIpHE PIBHSHHS.

(Project all active forces and reactions on the X axes. We will receive the
next scalar equation)

ZXi =0:
SgI-cos(OL)— F2-cos )—S6I-c0s (x)= 0
Sg -cos(oc)—S6 -cos(a = F2-cos

ITpoekTyemo yci 30BHILIHI CHiK Ta peakuii Ha Bich Y. OTpUMy€eMO HACTYIHE
CKaJISIpHE PIBHSHHS.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

S¥;=0:
—Sgl- sin(a)— F2. sin(B)— S71—S8¢l - sin(a) =0
— Sg - sin(a)— §7 — S - sin(o) = F2- sin
3anuireMo cucTeMy piBHSHb PIBHOBAaru KOHCTPYKIIi B KiIHIICBOMY BUTJILAIL.

(Write down the system of equations used for the construction equilibrium
description)
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Gy Ao X OISO ISoH o0 ls o S orHopasSe—Le—{ops- S —Sg o s 0Hs 0 is ol
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BukoprcToByeMO MaTpHYHHK METOJ BHUPILIEHHS CHCTEMHU PIBHSHbB, IO OT-
pHUMaHo.

(Use the matrix method for sollution).

®opmyemo marpuiro koeddinieHTiB — C Ta BEKTOP-CTOIOCIb NMPABUX Hac-
tuH — D. IIpu popmyBanni Matpuri C nepmwid CTOBOEIh CKIIaTaTUMYTh Koeddi-
LiEHTH TpHU peakiii S;, apyruit — S,,...., JOTHPHATIATHNA — TpH peakiii XA, mar-
HaasIThi — YA, mictHagusaTuii — RD.

(Form the ratio matrix C and the matrix of results D. In the structure of ma-
trix C the first column will take into consideration the ratios belonging to reac-
tion S;, the second column — to the reaction S,,...., the fourteenth column — to the
reaction XA, the fifteenth column — to the YA, the sixteenth column — to the RD)

1 cos(a) 0 0 0 0 0 0 0 0 0 0 0 10 0
0 sin(a) 0 0 0 0 0 0 0 0 0o 0 0 01 0
-1 0 0 cos(a) O 0 0 0 0 0 o 0 1] 00 0
0 0 1 sin(a) 0 0 0 0 0 0 0 0 0 00 0
0 0 0 0 0 0 0 0 0 -cos(a) 0 1 0 00 0
1] 0 0 0 0 0 0 0 0 sim(a) 1 0 0 00 0
0 0 0 0 V] 0 0 0 0 0 0 -1 —cos(x) 0 0 —cos(ex)
Coe 0 0 0 0 0 0 0 0 0 0 0 0 sin(a) 0 0 sin(a)
- 0 —cos(a) O 0 1 cos(a) O 0 0 0 0 0 0 00 0
0 -—sin(e) -1 0 0 sin(a) 0 0 0 0 0 0 0 00 0
0 0 0 -cos(a) -1 0 0 0 1 cos(a) 0 O 0 00 0
0 0 0 -sin(a) 0 0 1 0 0 —sin(a) 0 O 0 00 0
0 0 0 V] V] 0 0 -—cos(a) -1 0 0 0 cos(a) 00 0
0 0 0 0 0 0 0 sin(a) 0 0 -1 0 -sin(a) 0 0 0
0 0 0 0 0 —cos(a) 0 cos(a) O 0 0o 0 0 00 0
0 0 0 0 0 -sin(a) -1 —sin(e) 0 0 0 0 00 0
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e o o o o 9

0
—FI-cos(45°)
F1:sin(45°)
0
0
F3-cos(7y)
F3:sin(7y)
F2-cos(8)
F2sin(3)

Bekrop-cronbenp pinieHb OTpUMaHO PILICHHSIM MaTPUYHOTO PIBHSHHS 3 BU-
KOpUCTaHHAM QyHKIii Isolve.

(Results of the equation system solution are given in a vector form and can be
obtained by the Isolve function usage)

0
0 9.192-103
i -2.599-104
2 -9,192:103
3 1.3:104
4 -1.626°104
5 -2.099-104
. 6 9.192-103
Reaction = Isolve(C ,D) = 7T 10wV
8 -7.071-103
9 0
10 -4.547-10-13
i1 0
12 -1.538:104
13 9.185°103
14 1.838-104
15 1.538-104
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3HayeHHd peakuiii onop
(The support reactions value)

81 := Reactiong g =9.192x10° N
§) = Reaction) ( = —-2.599x 104NV
83 := Reactiony y = =9.192x10° N
S4 = Reactions ( = 13x10* N

S5 := Reactiony y = —1.626x10% N
Se := Reactions o =-2.09x10* N
§7 := Reactiong () = 9.192x10° N
Sg := Reactiony g =—1.038x10* N

S9 = Reactiong () = ~7.071x10° N
S10 := Reactiong ) =ON

811 = Reaction gy =—4.547x10"13 N
S12 = Reaction; | ) =0N

S13 = Reaction ) = ~1.538x10* N
XA := Reaction 3 =9.185% 103N
YA:= Reaction) 4 =1.838x10% N
RD := Reaction) 5y =1.538x10% N

IlepeBipka pe3yabTaTiB pilleHHs
(Check the results)

Jnst mepeBipkd pe3yJIbTaTiB CHPOEKTYEMO yCi 30BHIIIHI CHIIM Ta peakiii B
oropax KOHCTPYKIIi Ha Bici X 1 Y, a Takox 3amumeMo piBHAHHS MOMEHTIB BiJIHO-
CHO TOYKH 4.

(For checking the results we should project all active forces and reactions on
the X and Y axes,and satisfy the equation of moments about the point A)
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ZXi =0:

XA+ F1- cos(oc)— F2. cos(ﬁ)— F3. cos(y)— RD- cos(a)= 1.819x10712 N
S¥; =0

YA- F1.sin(0)— F2- sin(B)- F3- sin(y)+ RD- sin(a) = -5.457x 10712 N
Y MA=():

—Fl-cos(oc)a—Fl-sin(oc)a+F2-co.s(}3)2-a—F2-sin([3)2-a+

+ F3-cos(y)-a—F3-sin(y)-3-a+ RD - sin(a)- 4-a = -2.91x1071 1

BucHoBoK: pilieHHs1 BipHe
(Conclusion: the solution is correct)

Bu3HaunMo po3TArHYTI Ta CTUCHYTI cTepxkHi. SIkimio cuia S B cTepikHi J10-
JlaTHA, TO CTCPKCHb BBAXKAETHCS PO3TATHYTUM. SIKINO Big’€eMHAa — CTEPIKEHBb
CTUCHYTHH. SIKII0 cuia S B CTep)KHI JOPIBHIOE HYJIIO, TO BiH — Heie(hOPMOBAHUIA.

Toni crepxkni Nel, 4 Ta 7 — po3rsruyTi; crepxxni Ne 2, 3, 5,6, 8,9 ta 13 —
ctucHyTi; crepxkni Ne 10, 11 ta 12 — HepedopmoBaHi.

(Find the stretched and streesed rods. If the reaction S is positive, then the
rod is stretched. Or if the reaction is negative — the rod is compressed.

So rods Ne 1, 4 and 7 are stretched; rods Ne 2, 3, 5, 6, 8, 9 and 13 are com-
pressed, rods Ne 10, 11 and 12 are undeformed).

Io6yayeMo CTOBMYACTY Jiarpamy, Ha sIKii HAOYHO MO3HAYEHO BEIMYUHY Ta
3HaK cWH S B KOXHOMY cTepxkHi (puc. 5.28). Ilo oci abcmuc BigkiamaemMo
niamaszoH i:=0...12, sxwif JOpiBHIOE KiTbKOCTI Bu3HaueHUX cmi S. 1o oci opauHaT

3a1a€EMO 3HAYEHHS

20x10° ¢byukuii Reaction i0
) (Build the bar chart,
1010 on which the value and
o sign of the force S in
Reaction; each rod is shown
. —10x103— = | (fig. 5.28). By the X axes
the value of ratio
—20x10°H i:=0....12 is given. The
3 value of this ratio is

—30x10

Z1012345678 910111213 €qual to the quantity of
found forces S. By the Y

axes the value of func-
tion Reaction; () is given)

i
Puc 5.28. 3ycuiuis B CTepHAX II0CKOT hepmu

i:=0.....12
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3apaannsa C-3. PiBHoBara 34JieHOBAHOI CHCTEMH T

3HaWTH peakiii omop i 6a
TUCK B NPOMDKHHUX LIapHIpax 9,
3aJ]aHOi TJIOCKOI  CKJIaJIeHO1 D E 3a

KOHCTpYKIii (puc. 5.29). 30B-
HimHI cm P 3amaHo y kH, 300%

MoMmeHTH — M y xH*Mm, piB-
HOMIpHO pO3MOJIiicHe HaBaH-
TaxkeHHs — ¢ — y KH/M, a pos-
MipH KOHCTPYKIIi — B METpax.

(Find the unknown reactions attached to the supports of given construction.
Also find the pressure in the intermediate hinge (fig. 5/29). There are several di-
mensions used: external forces P are measured in kN; moments — in kN*m; dis-
tributed forces — in kN/m; all sizes of construction — in metres).

AU
T C
2a |B

T A -
Puc 5.29. Ilnocka ckiageHa KOHCTPYKIISA

2a  2a

=

' 30°

Buxigni nanmni
(Put the incoming data)

P :=1.5kN a:=lm
KN
gl :=02"— o =307
kN
g2 =02 B :=30°
m
M :=4kN -m

3aMiHMMO pO3MOJJIeHe MO 3aKOHY MPSIMOKYTHHKA HaBaHTaXEHHs ¢l
€KBIBaJICHTHOIO 30CEPEIKCHOI0 CHIor0 Q1.
(Change the distributed force ql by the equivalent concentrated force Q1)

X2
01:= [ql(x)dx

X1

JloBXXHHA MIPOJILOTY, /10 SKOTO IPUKIAZAEHO PO3NOAIICHO HAaBaHTaKeHHs ¢/
nopiearoe 3a. Toni:

(The length of the distributed force ql frame application is equal to 3a.
Then:)
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xl:=2-a x4:=5-a
ql(x):=ql

x2
01:= j'ql(x)dx =600N

x1

3ocepemkeny cwry Q TIPUKITAACHO Y ICHTPI THKIHHA SMIOPH HaBaHTAXCHHS
ql. BU3HAUMMO LEHTP TSDKIHHS MIOPU HABAHTAXKCHHSI.

(The concentrated force Q1 is applied at the distributed load ql diagram
centre of gravity. Let’s find this centre of gravity location)

X2
Iql(x)-xdx

Xl = XIT =3.5m

3aMiHUMO pO3MOJiieHe [0 3aKOHy TPHUKYTHHKA HABaHTaXEHHST g2
€KBIBaJICHTHOIO 30CEPEIKCHOI0 CIIIO0 2.
(Change the distributed force q2 by the equivalent concentrated force Q2)

X4
02:= Iq2(x)dx

X3

JoBKXHHA MPOJIBOTY, O SKOTO MPUKIAICHO PO3IOIIICHO HABaHTAXCHHS g2
nopiBHOE 6a. Tomi:

(The length of the distributed force q2 frame application is equal to 6a.
Then:)

x3:=0 x4:=—-6-a
X
q2(x):=q2-—
6-a
x4
Q2 := IqZ(x)dx =600N
x3

3ocepemkeny cuity Q2 NPUKIAJCHO y LEHTPI TSOKIHHA eMIOpH HaBaHTa)KeHHS
q2. BU3HAUMMO LEHTp TSDKIHHS eIIOPH HaBaHTAXKEHHS.

(The concentrated force Q2 is applied at the distributed load q2 diagram
centre of gravity. Let’s find this centre of gravity location)

X4
[q2(x)- xdx
X
xXc) = 3T =—4m
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Po3paxyHkoBa cxema
(Design scheme)

Po3unenoByemMo  KkoHC-

TPYKLIIO MO BHYTPIIIHEOMY YA

mapuipy B (puc. 5.30), ba zari‘ 3a

NPUKIABIIA O KOXXHOTO 3 Xy Xy

ZIBOX OTPUMAHHX TiJI. peax- D o R i

il BHYTpIIIHIX 3BfAKiB. Bo- °V - M 0 c /60

HH piBHI 3a a0CONIOTHOIO 30 P N1 T L C

BEJIMYMHOIO Ta HPOTHIIEKHI 0°

32 HalPSIMKOM. fsl[ iy M, B =¥
(Separate the construc- 4 X, X

tion into two parts by the Puc 5.30. Po3paxyHKoBa cxeMa KOHCTPYKIIii

internal hinge B (fig. 5.30).
For each seperate subconstructions we should attach reactions. These reactions
are equal by absolute value, but opposite by their direction).

Posrnsaemo migkoHcTpyKIito DEAB. HaBenemo piBHSAHHS piBHOBAaru CHUCTE-
Mmu (puc. 5.31).

(Write down the equations of equilibrium for a two-dimensional substructure
DEAB (fig.5.31)).

ITpoekTyemo yci 30BHIIIHI cHJIM Ta peakiii Ha Bick X. OTpUMYyEMO HACTYIHE

CKaJISIpHE PiBHSIHHA. yi
(Project all active forces and reac- 6a 2a
tions on the x axes. We will receive the
next scalar equation) 0 Yo
2
D
2 X;=0: &~ 3 My,
—P-cos(0)+ XA- XB=0 30%% Sy N[
1+ -
. L 3 X,
[IpoekTyemo yci 30BHIIIHI CHIIH Ta Ny ft‘ M, 2
peakmii Ha Bice y. OTpuMyeMo Ha- 4 X, x
CTYINHE CKalAPHE PIBHAHHS. Puc 5.31. IMiaxouctpykuis DEAB

(Project all active forces and reac-
tions on the y axes. We will receive the next scalar equation)

XY =0:
— P-sin(0)- Q2+ YA+ YB=0

3anuireMo piBHSHHS MOMEHTIB BiTHOCHO TOYKH A.
(Satisfy the equation of moments about the point A).
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ZMA =0
P-cos(c)-4-a+ P-sin(0)-6-a+02-(6-a—|xco|)- M+ MA+YB-2-a+
+XB-2-a=0

IepeTBOpUMO PiBHSHHS TAKUM YHHOM, 1100 OTPHUMATH PO3MIPHICTH CHITH IS
HOTO eJIEMCHTIB.
(Change the equation thereby all its elements will have dimension used for

forces)

P-cos(cx)-4+P-sin(a)-6+Q2-(6'"_—|xC2|)—ﬂ+M—A+YB-2+

a a a
+XB-2=0

Brenemo y piBHAHHS HOBY 3MiHHY M1, sika nopiBHIOBaTUMe MA/a.
(Put in the equation a new variable M1. It is equal to MA/a)

MA
Ml:=—
a

Toxi piBHSHHS MOMEHTIB MaTUMe HACTYITHUN BHUIJISII.
(Then the equation of moments can be changed next way)

P-cos(oc)-4+P-sin(oc)-6+Q2-
M1+YB-24+XB-a=0

(6-afxcal)_m
a

a

YA Hasenemo piBHSIHHS piBHOBaru cucremu. Posr-
1,5a R, JsTHEMO TiaKoHCTpyKLito BC (puc.5.32).
60° (Write down the equations of equilibrium for a
' o &C two-dimensional sub.structzfre I?C (fig.5.32)).
- [IpoekTyemo yci 30BHILIHI CHIIM Ta peakwii Ha
B 3a * Bich x. OTpUMYEMO HAaCTYIHE CKaJISIpHE PiBHSHHS.
—Yy ) ) (Project all active forces and reactions on the x
Puc 5.32. [ligkoHCTpyKILis

BC axes. We will receive the next scalar equation)

ZX,' =0:
XB—RC-cos(g—B)=O

IIpoektyemo yci 30BHIIIHI CHIIM Ta peakuii Ha Bich y. OTpUMy€EMO HAaCTyITHE
CKaJIsIpHE PiBHSHHS.
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(Project all active forces and reactions on the y axes. We will receive the next
scalar equation)

ZYi =0
—YB—Q1+RC-sin(§—B)=O

3anuireMo piBHSIHHS MOMEHTIB BiTHOCHO TOYKH B.
(Satisfy the equation of moments about the point B)

ZMB =0
—Ql-xCl+RC-sin(g—[3J‘3-a=0

[epeTBOpUMO PIBHSHHS TAKMM YHHOM, 1100 OTPUMATH PO3MIPHICThH CHITH LIS
HOTO eIeMEeHTIB.
(Change the equation thereby all its elements will have dimension used for

forces)

—Ql.%+RC-sm(g—ﬁj-3=o

3anuireMo cucTeMy piBHSIHB PIBHOBAaru KOHCTPYKIIT B KIHIIEBOMY BHTIISII.
(Write down the system of equations used for the construction equilibrium
description)

XA-XB="P- cos(oc)
YA+YB= P-sin(a)+ Q2

(6'a—|XC2|)+£

M1+YB-2+XB-2=—P-cos(oc)-4—P-sin(oc)-6—Q2-
a

XB—RC-cos(g—Bj=0

—YB+ RC-sin(g—B) =01

RC-sin[E—BJG:QI-m
2 a

BHKOPHCTOBYEMO MATPHUYHUI METO BUPIIICHHS CUCTEMH PIBHSHbB, IO OT-
pHUMaHO.
(Use the matrix method for sollution)
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XA+0-YA+0-M1-XB+0-YB+0-RC= P-cos(o
0-XA+YA+0-M1+0- XB+YB+0-RC = P-sin(a)+ Q2
0-XA+0-YA+ M1+ XB-2+YB-2+0-RC = —P-cos(c)- 4— P sin(cr)- 6 -

_QZ

0-XA+0-YA+0-M1+XB+0-YB—RC-cos(
O-XA+0-YA+0-M1+0-XB—YB+RC-sin(

0-XA+YA+O-M1+O-XB+0-YB+RC-sin(

(6a-fxeal) M

o

Nja a3

0

_ B)

—BJ=Q1
_B].3=Q1.ﬂ
a

dopmyemo martpuiro KoepdilieHTiB — 4 Ta BEKTOP-CTOJIOCHb NPaBUX Yac-

THH — B.

(Form the ratio matrix A and the matrix of results B)

1
0
0

0
1
0

0 -1 0 0
0 1 0
1 2 2 0

o
—
<

cos[%—ﬁj _
0 0 -1 sin[%—ﬁj

0 0 0 sin[g—ﬁj&

P-cos(a)
P-sin(cx)+ 02
-P- cos(ot)- 4—P- sin(oc)‘ 6—-02-
0
ol
Ql.ﬂ
a

100 -1 0 0
010 0 1 0
o001 2 2 0
000 1 D 05
000 0 -1 0866
000 0O D 2598

6-a—|xC2|)+£
a

Bexkrop-cTonbens pimeHb OTPUMAHO PIMICHHSIM MaTPUYHOTO PIiBHSHHS 3 BH-
KopuctanHsaM QyHkIii Isolve.
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(Results of the equation system solution are given in a vector form and can be

obtained by the Isolve function usage)

1.126x10°
1.65x10°

Reaction := Isolve( A,B) = ~7.81x103 N

—173.205
—300
346.41

3HaveHHs peakuiii onop
(The support reactions value)

XA := Reaction g = 1.126x10° N
YA:= Reaction j = 1.65x10° N

M1 := Reaction y = —7.81x10° N
XB := Reaction3 o =—173.205N
YB:= Reactiony ( =-300N

RC := Reactions () = 346.41N

MA := Ml.a=-7.15x10°J

IlepeBipka pe3yabTaTiB pilieHHs
(Check the results)

Jlyist mepeBipKH pe3yIbTaTiB PillleHHsI MOOYIYEMO CHIOBI 0araTOKyTHUKH ISt
000x minkoHcTpyKUiid: DEAB (puc. 5.33) Ta BC (puc. 5.34).

20 !_’t.s
el 17
LD
VI 1y
e
1
-
ng‘”
i 5
N
-1
0 3 6 9 12

1A s pygo ~m<o> ) VQZ@ ‘,,P(o>
Puc. 5.33. CunoBuii 6araTOKyTHUK IJIOCKOL
nigkoHcTpykuii DEAB
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Oco6imBocTi MOOYIOBH BEeKTOPIB cuil B cucteMi Mathcad HaBeneHo B MeTo-
muuHuX BkasiBkax (M.P. Tkau, C.O. Mopryn, A.C. Ilo3nanchkuit «Po3paxyHko-
BO rpadiuHi poOOTH 3 TeOpETHYHOT MeXaHiku Ha 0a3i cuctemu Mathcad». Hactu-
Ha [. Cratuka. c. 102 — 111).

(To check the obtained results let’s build the system’s resultant in a way of
polygon for two subconstructions: DEAB(fig. 5.33) and BC (fig. 5.34)).

CuoBi 6araTOKyTHHKH JUII 000X MiIKOHCTPYKIiH 3aMKHEHi, OTXKe 1X TOJI0B-
Hi BEKTOpH NOBUIHPHHUX IUIOCKHMX CHCTEM CHIJI, MPHUKIAJCHUX 10 TBEPAO TITBHUX
MiAKOHCTPYKIIii, JOPiBHIOIOTH HYIIO.

(The polygons are closed, then the system’s resultant for two
subconstructions are equal to zero).

3HaiiIeMO BeJIMYMHH MOMEHTIB BiJHOCHO TOYKH D, yCiX aKTHBHHMX CHJI Ta
peaxiiii 1y mix KOHCTPYKIii DEAB.

(Find the value of all active forces and reactions moments for the
subconstruction DEAB)

MQ2 :=—02-2-a=-12x10>J
MYA:=YA-6-a=9.9%10>J
MXA := XA-4-a=4.503x10°J
MXB :=—XB-2-a =346.41J
MIYB :=YB-8-a=-2.4x10°J

Iobyayemo niarpamy, Ha siKiii HAOYHO MO3HAYCHO BEJIMYHMHY Ta 3HAK MOMEH-
TIB aKTHBHUX CHJI Ta Map CHII, IO JAIOTh Ha 33[aHy TBEPIOTLIbHY KOHCTPYKIIIIO,
Ta MOMEHTH peakiii ii omop (puc. 5.35). ITo oci abcuuc BiAKIAAaEMO BiICTaHb
BiJ TOukH D 10 TOYKU NPUKIAACHHS Cui Ta peakiiid. [To oci opauHat 3amaemo
BEJINUMHHM MOMEHTIB CHJI Ta PEaKIii.

(Set the bar chart, on which the value and sign of the active forces, couple of
forces and reactions moments are shown (fig. 5.35). By the X axes the distance
between the point D and the forces application point is given. The value of this
ratio is equal to the quantity of found moments. By the Y axes the value of mo-
ments are given).

3Haii1eMo BEJIMYMHU MOMEHTIB BiZTHOCHO ToUkH C, yCiX aKTMBHHX CHJI Ta pe-
aKuii st nigkoHerpykuii BC.

(Find the value of all active forces and reactions moments for the
subconstruction BC)
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1x10%
MQ2
i
MYA 3
o 5% 10
MXA
o
MI1YB
o
MXB 0
-M . _i
sl
MA .
3
_5%10
—1x10* ‘
0123456789

2-a,6ra,4a,8-a,2-a,a,3a

Puc 5.35. MoMmeHTH cHIT Ta peakiiii ornop

TI0CKOT

miaKOHCTPYKUii DEAB BimHOCHO TOUKH D

MQ1:=01-1.5-a=900J
M2YB:=YB-3-a=-900J

[Mobynyemo niarpamy, Ha
SIKIH HAOYHO ITO3HAYEHO BEJIU-
YHHY Ta 3HAK MOMCHTIB aKTHB-
HUX CWJ, IO JAilOTh HAa 3aJaHy
IUIOCKY CKJIAZCHy KOHCTPYK-
[if0, Ta MOMEHTH peakUid ii
omop (puc. 5.36). ITo oci abc-
IUC BiIKIagaeMoO BiACTaHb BiI
Touk C 10 TOUKH MPUKIAACH-
Hs cun Ta peakuiit. ITo oci op-
JUHAT  33laEMO  BEJIMYUHHU
MOMEHTIB CHJI Ta PeaKIliii.

(Set the bar chart, on
which the value and sign of the
active forces, couple of forces
and reactions moments are
shown (fig. 5.36). By the x axes

the distance between the point C and the
forces application point is given. The value of this ratio is equal to the quantity of
found moments. By the y axes the value of moments are given).

1x10°
M2YB ]
2 0
MOI1
o
_1x10°
1 2 3 4
3a,l5a

Puc 5.36. MoMeHTH CcHIT Ta peakiliid omop
mwiockoi migkoHcTpykuii BC  BiZHOCHO
Touku C

=

eV

20

25

x4 voi® voi® 1P yrc®

15 20

{i
B 7

Puc. 5.37. 3aranpHuii cuiioBuii 6araToxyT-
HUK JIJIs BCi€l ockoi koHeTpykuii DEABC

Takox 1oOynyemo 3arajJbHUH CHIJIOBMH 0OaraTOKYTHHMK AJISL ycCi€l IUIOCKOT

kocHTpykuii DEABC (puc. 5.37).

(To check the obtained results let’s build the whole system’s DEABC result-

ant in a way of polygon (fig. 5.37).
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CuntoBuii 6araTOKyTHUK 3aMKHEHHM, OT)KE TOJIOBHHIM BEKTOP IUIOCKOI JOBi-
JIBHOT CUCTEMH CHJI, IPUKJIAJICHOI IO ITUIOCKOI CKiIafeHol KoHCTpykiii DEABC,
JIOPIBHIOE HYJIIO.

(The polygon is closed, then the system’s DEAABC resultant is equal to
zero).

[Mobynyemo miarpamy, Ha SIKiii HAOYHO MO3HAYCHO BEIMYMHY Ta 3HAK MOMe-
HTIB aKTUBHHMX CHJ Ta Hap CHI, L0 MAiI0Th Ha 3aJaHy IUIOCKY CKJIAJCHY
koHCTpyKIito DEABC, Ta MOMEHTH peakiiii ii omop (puc. 5.38). ITo oci abcmmc
BIZIKJIATAEMO BIJICTaHb BiJl TIOYATKy KOOPIHHAT J0 TOYKH MPHUKIAICHHS CHJI Ta
peakiii. [To oci opanHAT 3a7a€MO BETMIUHA MOMEHTIB CHJI Ta PEaKIliil.

(Set the bar chart, on which the value and sign of the active forces, couple of
forces and reactions moments are shown (fig. 5.38). By the x axes the distance
between the starting point of the coordinate system and the forces application
point is given. The value of this ratio is equal to the quantity of found moments.
By the y axes the value of moments are given).

1x10"
MQ2
-M
o 3
N
MXA
o
MA
—Mo1 0 ||
_MRCI I
o
MRC2
—5x10°
~1x10"

0 2 4 6 8 10 12
2-a,a,6a,4a,3a,95a,2.a,1l-a

Puc 5.38. MomeHTH cui Ta peakiiid ormop IIOCKOi KOHCTPYKIIT BITHOCHO TOYKH D

137



Pimenns B cucremi Mathcad

3aBnanns C-4. [IpuBegeHHs NPOCTOPOBOI CHCTEMH 0BLIBHO
PO3TALIOBAHUX CHJI /10 MPOCTIIOr0 BUY

[MpuBectn 3amaHy mpo- z
CTOPOBY CHCTEMY JOBLIBHO E C
pO3TallOBaHUX  CHI  JIO AN ;ﬁ:_[
HpOCTILIOro BUIJISY PSRN Py )
. . 7 - e
(puc. 5.39). 3oBHimHI cwm P G-t~ —=3y4 '}
3anaHo y kH, momentu — My 2 :\ M 1 // : o
kH'M, a BizmcTaHi MK TOYKaMu 4 P, [
N I
o- - - DY

(Reduce the space system
of forces to the equivalent

- = o
s ~H _+ s y
s M = B- /
force-couple system. Find the 0, .z _— Y

|

|

| |

TIPUKIIAACHHS CHII — B METpax. | [ P ! a
2, ~

| N
|

|

)

resultant and the resultant /‘- SRRl £
couple  of  the  system v
(fig. 5.39). There are several Puc 5.39. JloBinbHa cHcTEMa CUIT, PO3TAIIIOBAHA

dimensions used: external Y mpocTopi 3 ueHTpom O

forces P are measured in kN; moments — in Nm; all distances between the forces
application points — in metres).

Buxinni nanni
(Put the incoming data)

P1:=100kN a:=0.3m
P2 :=50kN b:=0.4m
P3 :=80kN c:=0.5m
P4 := 10kN M :=50kN -m

Bu3naumMo KyTH Haxwiy JiaroHaJieli TrpaHedl mapajernemimena 1o
koopauHaTHOI Bici x. Kyt f — ne xyTr Haxmiy aiaronani 0idHOI rpaHi g0 oci x.
Kyt y — me xyT Haxmty AiaroHasi OCHOBH Mapaeienimneaa 10 oci X.

(Find the tilt angles between the parallelepipedal face diagonals and the x
axis.  — is an angle between the parallelepipedal side face diagonal and the x
axis. y — is an angle between the parallelepipedal base diagonal and the x axis)

Be=a tan(%] =0.896

vyi=a tan[é] =0.927
a

o= 450
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Busnaunmo npoekinii BektopiB cun PI, P2, P3 ta P4 Ha Bici x, Y, z CHCTeMH
KOOp/IMHAT.

(Find the projections of forces P1, P2, P3 and P4 on the x, y, z coordinate
axis).

IIpoexuii BekTopa cuin P/ Ha Bici X, , z.

(Projections of the force P1 on the x, y, z coordinate axis)

P1X := OkN
P1Y := OkN
P1Z :=—Pl=—1x10° N

ITo3naunmo Bextop cwu Pl ax Fl. Bin mamume nacmynHnuii 6u2isio.
(Mark the vector of force P1 as F1. Its structure is given)

PIX 0

Fl=|PlY |=| 0 [N
P1Z) (-1x10°

|F1|=1x10° N

IIpoexkuii BekTOpa cuim P2 Ha Bici X, , z.
(Projections of the force P2 on the x, y, z coordinate axis)

P2X :=—P2-cos(B)=-3.123x10* N
P2Y := 0kN

P2Z := P2xsin(B)=3.904x10* N

ITo3naunmo BexTop cwiu P2 ax F2. Bin mamume nacmynHuii 6u2isio.
(Mark the vector of force P2 as F2. Its structure is given)

P2x) (-3.123x10%
F2:=| P2Y |= 0 N

P2Z 3.904x10%
|F2:=5x10*N

IIpoekuii BexTopa cuiu P3 Ha Bici x, y, z.
(Projections of the force P3 on the x, y, z coordinate axis)

P3X := P3-cos(y)=6.4x10* N

P3Y :=—P3-sin(y)=-4.8x10* N
P3Z :=0
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ITo3nauumo Bextop cunu P3 ax F3. Bin mamume nacmynnui 6u2iso.
(Mark the vector of force P3 as F3. Its structure is given)

P3X 6.4><104

F3:=| P3Y |=|-48x10% [N
P3Z 0
|F3:=8x10* NV

IMpoekuii Bekropa cuinu P4 Ha Bici x, y, z.
(Projections of the force P4 on the x, y, z coordinate axis)

P4X :=—P4-cos(a)- cos(y) = -5.657x103 N
P4Y := P4- cos(a)- sin(y)= 4.243x10° N
P4Z :=—P4-sin(a)=-7.071x10° N

ITo3naunmo BekTop cunu P4 sax F4. Bin mamume nacmynnui 6uiso.
(Mark the vector of force P4 as F4. Its structure is given)

pPax) [-5.567x10°
F4:=| P4y |=| 4.243x10° |V

P4Z) | -7.071x10°
|F4|:=1x10* NV

Bu3HauMMO rOJIOBHMH BEKTOP MOCTOPOBOI CHCTEMH CHI R. 3a1aMo HOro sik
CyMy BEeKTOpiB F1......F4.
(Find the system resultant R. It could be set as a sum of vectors F1....F4)
R:=F1+F2+F3+F4

2.711x10%
R=|-4376x10% |N
—6.803x10%

|R| :=8.531x10* N

RX := Ry =2.711x10* N
RY := R =—4.376x10* N
RZ = Ry = —6.803x10* N

Bu3HAaYMMO KyTH HaxHJIy TOJIOBHOTO BEKTOpa CHCTEMH R 10 KOOPIWHATHHX
oceit x, y, z. [To3Haunmo ix ¢, y Ta & BINMOBITHO.
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(Find the tilt angles between the system's resultant R and the coordinate axis.
Mark them as ¢, w and &)

RX
¢:=acos| — |=1.247
( IR ]

RY
Y :=acos| — |=2.109
[IRIJ

€= acos(EJ =2.494

R

OOuncnumo MomeHTH cun Pl....P4 Ta mapu cun M BiJTHOCHO LEHTPY CHCTe-
mu O.

(Find the moments of forces Pl...P4 and the couple forces M about the sys-
tem's center O).

Crnovatky 3a1aM0 KOOpJHMHATH TOYOK NMPUKIaAeHHS cuil Pl....P4 BiZHOCHO
HeHTpy cucteMu O B SIKOCTi BEKTOPIB.

(First specify the forces P1...P4 points of application coordinates as a vector
according to the system's center O).

Hnst cuin PI TOYKOIO MPUKIAIEHHS € Touka A, s cwid P2 — Touka B, s
cunu P3 — touka C; pisg cuinu P4 — touka G.

(For the force Pl the application point is the point A; for the force P2 —
point B; for the force P3 — point C; for the force P3 — point G)

b b 0 b
A:=|a B:=|a C:=la D:=|0
c 0 c c

Just o6umcnennst Momenty M1 cunu Pl BigHOCHO LeHTpY cuctemu O BHU3Ha-
YMMO BEKTOPHUH 100yTOK BeKTOpiB F/ Ta A.

(To find the moment M1 of force P1 about the system's center O we need to
calculate the vector product of vectors FI1 and A)

3x10%
M1 :=FlxA=|-4x10* |J
0

|M1]=5x10%7

Junst o6umcnennst Momenty M2 cunu P2 BigHOCHO LeHTpY cuctemu O BU3Ha-
YUMO BEKTOPHHM J0OyTOK BeKTOpiB F2 Ta B.
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(To find the moment M2 of force P2 about the system's center O we need to
calculate the vector product of vectors F2 and B)

~1.171x10%
M2:=F2xB=| 1.562x10% |J
-9.37x10°

|M2|=2.165x10%J

Just o6uncnenHs Momenty M3 cunu P3 BiiHOCHO LeHTpY cuctemu O BU3Ha-
YUMO BEKTOpHHI 100yTOK BekTOpiB F3 Ta C.

(To find the moment M3 of force P3 about the system's center O we need to
calculate the vector product of vectors F3 and C)

—2.4x10%
M3 := F3xC =| =3.2x10% |J
1.92x10%

|M3|=4.437x10% 7

Juns o6uncineHHs MoMeHTy M4 cumu P4 BiTHOCHO TIeHTpY cuctemMu O BU3Ha-
YHMO BEKTOPHHUI 100yTOK BeKTOpiB F'4 Ta G.

(To find the moment M4 of force P4 about the system's center O we need to
calculate the vector product of vectors F4 and G)

2.121x10°
M4 = FaxG=| 4.547x10713 |1
1.697x10°

|M4)=2.717x10°J

BusnaunMo MoMeHTH Tiapy cvil M BiIHOCHO OCeH X, Y, z.
(Find the moments of the couple of forces M about the x, y, z coordinate axis)
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MX :=M-cos(y)=4x104J
MY := —M-sin(y)=—3x104J

MZ =0
MX 4><104
MM =| MY |=| -3x10% |J
MZ 0
|MM| = 5x10%J

OO6uncmumo romoBHHN MOMeHT cucteMu MO BigHOCHO LeHTpPY O. 3amamo
fioro sik cymy BeKTopiB M1......MM.

(Find the resultant couple of the system MO about the system's center O. Set
it as a sum of vectors M1.....MM)

MO :=M1+M2+ M3+ M4+ MM

3.641x10%
MO =| -8.638x10* |1
8.133x10°

|MO)| :=9.409x10%J
MOX := MOy =3.641x10*J

MOY := MOy =-8.638x10%J
MOZ = MO, =8.133x10°J

Bu3HaunMO KyTH Haxmily TOJOBHOTO MOMeHTa cucteMu MO 0 KOOpOuHAT-
HUX Ocell x, y, z. [lozHaunmo ix ¢/, wl ta &I BiIMOBiTHO.

(Find the tilt angles between the system's resultant MO and the coordinate
axis. Mark them as @1, w1 and 1)

ol := acos[ﬁz;ﬂ =1.173

yl :=acos Moy =2.734
[Mo|

El:= acos[]"%] =1.484

OO6uucmumo MomeHTH cun Pl....P4 ta napu cun M BiTHOCHO IIGHTPY CHUCTE-
mu OI (puc. 5.40).
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(Find the moments of forces P1...P4 and the couple forces M about the sys-
tem's center Ol(fig. 5.40))

Puc 5.40. JloBibHA cHCTEMa CHII, pO3TAIIOBaHa Y MPOCTOPI 3 IIeHTpoM O

3anamo Bifcrans Mixk Toukamu O ta O 3a nornomoroto Bekropa OO!.
(Set the distance between the points O and O1 by means of vector OO1)

001 :=

[=RE=iis S

CrouaTky 3aaM0O KOOPJAMHATH TOYOK HpHUKIaneHHs cuil Pl....P4 BiIHOCHO
1eHTpy cucteMu O/ B IKOCTI BEKTOPIB.

(First specify the forces Pl...P4 points of application coordinates as a vector
according to the system's center Ol).

Jns cunu P TOYKOIO NpUKIAAEHHS € Touka A1, nng cunu P2 — Touka Bl
g cuii P3 — touka CI; nnsa cunu P4 — touka G 1.

(For the force Pl the application point is the point Al; for the force P2 —
point B, for the force P3 — point C1; for the force P4 — point G1)

0 0
Al:=A-001=|0.3 |m Bl:=B—-001=|0.3 [m
0.5 0
-0.4 0
Cl:=C-001=| 0.3 |m Gl:=G-001=| 0 |m
0.5 0.5
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Jns obumcnenHst MmomeHty ml cunu Pl BigHOCHO LeHTpY cuctemu O BH-
3HAYUMO BEKTOPHHH JT0OYTOK BeKTOpiB £/ Ta A1.

(To find the moment ml of force Pl about the system's center Ol we need to
calculate the vector product of vectors F1 and A1)

3x104
ml:=FlxAl=| 0 |J
0

1) =3x10%7

Jnst obumcnenHst MomeHTy m2 cuiad P2 BigHOCHO LeHTpy cuctemu O BU-
3HAYNMO BEKTOPHUH 100yTOK BekTOpiB F2 Ta B1.

(To find the moment m2 of force P2 about the system's center Ol we need to
calculate the vector product of vectors F2 and B1)

~1.171x10%
m2:=F2xBl= 0 J
~9.37x10°

Im2|=1.5x10%J

Just obuncnenHs MomeHTy m3 cund P3 BigHOCHO LeHTpYy cuctemu Ol BU-
3HAYMMO BEKTOPHUI T0OyTOK BekTopiB F'3 Ta Cl.

(To find the moment m3 of force P3 about the system's center Ol we need to
calculate the vector product of vectors F3 and C1)

—2.4x10%
m3 = F3xCl=| -3.2x10% |J
0

m3| = 4x10*J

Jns obumcnenHst MomeHTy m4 cunu P4 BigHOCHO LeHTpy cuctemu O/ BH-
3HAYUMO BEKTOPHHH JT0OYTOK BekTopiB 4 Ta G1.

(To find the moment m4 of force P4 about the system's center Ol we need to
calculate the vector product of vectors F4 and G1)
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2.121x103
ma = F4xGl=|2.828x10° |J
0

|m4|=3.536x10°J

BusraunMo MOMEHTH mapu ciit M BiTHOCHO OCEH X, V, z.
(Find the moments of the couple of forces M about the x, y, z coordinate axis)

mX := M-cos(y): 4x10%7
mY :=—M -sin(y)=-3x10%J

mZ :=0
mx) [ 4x10%
mM =\ mY |=|-3x10 |J
mZ 0

ImM| :=5x10%J

OO0umcauMO roJ0BHUI MOMEHT cuctemu m(O1 BiaHocHo neHTpy OI. 3amamo
Horo SIK CyMy BEKTOpIB mi1......mM.

(Find the resultant couple of the system mOl1 about the system's center Ol.
Set it as a sum of vectors m1.....mM)

mOl :=ml+m2+m3+m4d+mM

3.641x10%
mOl=| -5.917x10% |J
~9.37x103

m01|:=7.01x10%

mO1X =m0l =3.641x10*J

mO1Y =m0l =-5.917x10*J
mO1Z := mO1, = -9.37x10°J

Jis mepeBipKu MPaBUIIBHOCTI PIMIEHHS CKOPUCTAEMOCS IPYTHUM iHBapiaHTOM
JUIsL IPOCTOPOBOI CUCTEMU CHIL.

(For checking the results of calcullation let's use the second invariant for the
system of forces).

CnouaTky 3HaiiieMO CKaJspHUH TOOYTOK I'OJIOBHOTO BEKTOpa R Ta rOJIOBHO-
ro MOMeHTa cucteMu cuit MO BigHOCHO IeHTpy O.
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(Firstly we should find the scalar product of resultant R and the resultant
couple MO about the system center O)

3.2
R-MO = 4.214x10° %
N

Iotim 3HalmeMo cKamspHHN TOOYTOK TOJOBHOTO BEKTOpa R Ta TOJOBHOTO
MoMeHTa cucteMu cwi mO1 BimHOCHO TIeHTpY O1.

(Firstly we should find the scalar product of resultant R and the resultant
couple mO1 about the system center Ol)

3,2
R-m01=4.214x109%

s

PesynbraT 004HCICHD 30iraloTHCS, OTXKE 3aBIaHHS BHPIMICHO BipHO.

(The obtained results are equal, so all calcullations are right).

[MpuBenemMo aaHy cUCTEMY MPOCTOPOBUX CHJI JI0 MPOCTOro BHrisimy. s
I[bOTO MOTPIOHO BU3HAYUTU BEKTOPHHUH TOOYTOK TOJIOBHOTO BEKTOpa CUTEMH R Ta
rojoBHOro MoMmeHTta cucremu MO. [To3HaunMo 1€ BEKTOpHUHN TOO0YTOK SIK S.

(Reduce the given space system of
forces to the equivalent force-couple
- system. For this we need to find the

vector product of the system resultant R
) and resultant couple MO. Mark this

—. vector product as S).
) 9
-6.232x10 3,2
g |m” kg
] — S:=RxMO=|-2.697x10° | ———
N f ~7.486x10% | s
| [ 3,2
m” -k
s = 6.832x10” 2 —E—
T s
Puc 5.41. Touyku nepeTuHy EeHTPaIbHOT T i 106
BiCi CHCTEMHM CHJI 3 KOOPIHHATHHMH aK SIK BEKTOPHHH TOOYTOK IOJIOB-
IUIOIAHAME HOI'O BEKTOpa Ta I'OJOBHOI'O MOMEHTY

CUCTeMH S He JIOPIBHIOE HYIIO, TO CHUC-
TeMa HpHBO}IHTBCﬂ J10 CUJIOBOTO 'BHUHTA.

(As the vector product S of the system resultant and resultant couple isn't
equal to zero, then the system can be reduced to the wrench).
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3HaiIeMO TOYKH MEPEeTHHY LCHTPAJIBbHOI BIiCi CHCTEMH 3 KOOPIHMHATHUMH
wiomuHamu (puc. 5.41).

(Find the coordinates of the system main axis intersection points with the co-
ordinate plates (fig. 5.41))

[eperus 3 wromuHO©O yOzZ.

(Intersection with the coordinate plate yOz)

. MOZ -|R|-|MO|- RZ __ MOY -|R|-|MO|- RY
yE RX-|R| ©e RX-|R|
y1=3.068m 71 =—-1.406m

x1:=0

[lepetun 3 mnomuHO0 zOX.
(Intersection with the coordinate plate zOx)

-~ MOZ -|R|-|MO|- RZ -~ MOX -|R|-|MO|- RX
o RY-|R| e RY-|R|
x2=-1.901m 22=—0.149m
y2:=0

[lepetun 3 mnowmuHow0 XOY.
(Intersection with the coordinate plate xOy)

_ MOX -|R|-|MO|-RX _ MOY -|R|-|MO|- RY
B RZ-|R| e RZ-|R|
y3=-0.096m x3=0.56m
z3:=0

3amaMo KOOpIWHATH TOYOK MepeTHHy B skocTi Matpuiws 17, T2 Tta T3
BIIITOBIIHO.
(Set the coordinates of intersection points as the matrixes T1, T2, T3)

0 x2 x3
T1:=|yl T1:=| 0 T3:=|y3
zl 72 0
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Jns moOynoBu TpuBHMipHOTO Tpadika (GOpMyeMO Pe3yiabTyIOUy MaTpHIIO

koopauHat 7, noennytoun marpuni 77, T2 ta T3.

(To build the 3D graph we need to form the resultant coordinate matrix T as

the unity of coordinate matrixes T1, T2, T3).

0.4

-04
-03 -0.2

-0.1 0 0.1 0.2 03

o (0 (0 g (0 (0 o

K vl vps RTTLRTY)

K20 s VEY 1o

Puc 5.42. IToOynoBa roJloBHOr0 BEKTOpa Ta BEK-
TOpa TOJIOBHOTO MOMEHTY CUCTEMHU

MO (fig. 5.42)).

T1

T:=|T2

T3
[Mobynyemo  cucrtemy
CWJI, PO3TAlllyBaHHS SKOI y
MPOCTOPi Mae BUTJISIT
napajenerninesa, HaHICIIN

Ha Hel yci Ailo4l CuiH, a
TaKOX ii rOJIOBHUI BEKTOp R
Ta TOJOBHMM MomeHT MO
(puc. 5.42).

(Let's build the
afforementioned system that
looks like a parallelepiped,
put on it all active forces
vectors, the system's result-
ant vector R and the sys-
tem's resultant couple vector

Oco0m1BocTi MOOYZIOBH BEKTOPIB CHJI Ta TOYOK X MPHUKIAICHHS y IPOCTOPI

0.4

0.3 C <

n 02

0.1

7 in
//; Az
A

3

. SN \
—04 \
0.5
Zo4 -o02 0 0.2 0.4 0.6
&0 ,KZ(O) !K3<D} . RO . o' . cd®

Puc 5.43. IToOynoBa 1ieHTpaIbHOI Bici cucTe-
MU

B cuctemi Mathcad naseneno
B METOJMYHHUX BKa3iBkax (M.P.
Tkay, C.O. Mopryn, A.C. Ilo-
3HAHCHKUI «Po3paxyHkoBo
rpadiuni poOOTH 3 TeopeTHd-
HO{ MexaHiku Ha 0a3i cuctemMu
Mathcad». Yactuna 1. Crarn-
ka.c. 111 —121).

IIo3HaYMMO TaKOK TOYKH
LIEHTPAJLHOI BiCi CHUCTEMH Ta
nobyayemo ii (puc. 5.43). Ko-
OpJMHATH UX TOYOK
po3paxoBaHi Bumle. Takox
CJIiT BpaxOBYBaTH, 1[0 KyT MiX
BiCSIMM X Ta y jAopiBHIOE 135
rpanycis.
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(Mark on the graph the points of the system central axis and set it (fig. 5.43).
Coordinates of these points are calculated above. The angle between the axis x
and y is 135 degrees).

Bynyemo nenrpanbHy Bich cucremu. [loznaunmo 1 CA (puc. 5.43):

(Design the system central axis. Mark it as CA (fig. 5.43)):

BuchoBok: IleHTpa/jibHa Bich cHCTeMH NapajieJbHa F0JIOBHOMY BEKTOPY
cHCTeMH, TOOTO pilieHHs BipHe

(Conclusion: The system central axis is parallel to the the system resultant
vector ro, then the solution is correct).

3aBnannsa C-5. PiBHoBara npocTropoBoi cucTeMHu J10BiJIbHO
PO3TAlIOBAHUX CHJI

BusHauuTu peaxiiii B onopax KOHCTPYKIIT
(puc. 5.44). 3oBHimHI cwmn 3agaHo y kKH, mo-
MeHTH M — y KkH'M, a po3Mipu KOHCTPYKIIii — B
MeTpax.

(Find the unknown reactions attached to
the supports of given construction (fig. 5.44)
and unknown external forces. There are several
dimensions used.: external forces are measured
in kN; moments M — in kN'm; all sizes of con-
struction — in metres).

?

e
Puc 5.44. TlpocropoBa
KOHCTPYKLIist

Buxigni nani

(Put the incoming data)
AD=BC=a AB=CD=b
A0 = % =£ <DAB=y
P :=2kN a:=1m
G :=8kN b:=1.8m
M :=10kN -m o =300

B:=60"
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vyi=a tan[gj =0.507
b

c:= b =2.059m
cos\y

Po3paxyHnkoBa cxema
(Design scheme)

HaBenemo piBHSIHHSI piBHOBaru cucre-
Mmu (puc. 5.45).

(Write down the equations of equilibri-
um for a space solid construction
(fig. 5.45)).

IIpoekTyemMO yci 30BHINIHI CHIH Ta
peakmii Ha Bick X. OTpUMyeMO HacTyITHE
CKaJIApHE PiBHSIHHSL.

(Project all active forces and reactions
on the X axes. We will receive the next sca-
Puc 5.45. Po3paxyHkoBa cxema lar equation)

IIPOCTOPOBOI KOHCTPYKIIT

>X;=0:
XA-ll-XB—S‘cos(ﬁ)=0

IIpoekTyemo yci 30BHIIIHI cHiK Ta peakuii Ha Bick Y. OTpUMyeEMO HaCTyITHE
CKaJIAPHE PiBHSIHHSL.

(Project all active forces and reactions on the Y axes. We will receive the
next scalar equation)

>¥;=0:
YA+ P =0

IIpoextyemo yci 30BHINIHI cmm Ta peakuii Ha Bich Z. OTpUMYy€EMO HacTyIHE
CKaJIsIpHE PiBHSHHS.

(Project all active forces and reactions on the Z axes. We will receive the
next scalar equation)

Z;=0:
ZA~G+2B+S-sin(p)=0

3anuiemMo piBHSIHHS MOMEHTIB BiIHOCHO Bici X.
(Satisfy the equation of moments about the X axis)
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>MX=0:
—P-cos(oc)-a—G-g+S-sin(j?))-b+ZB~b=O

ITepeTBOPUMO PiBHSHHS TAKMM YHHOM, 11100 OTPUMATH PO3MIPHICTH CHITH TS
HOTO eJIEMEHTIB.
(Change the equation thereby all its elements will have dimension used for

forces)

—P-cos(oc)—G-L+S~sin(ﬁ)~2+ZB‘2=O
2-a a a

3anuieMo piBHIHHSI MOMEHTIB BiTHOCHO Bici Y.
(Satisfy the equation of moments about the Y axis)

2MY=0:
G- sm( )——S sm(B) a-M- cos() 0

[lepeTBopuMO piBHSHHS TAKMM YHHOM, 11100 OTPHUMATH PO3MIPHICTH CHIIN JUIS
HOTO eleMEeHTIB.
(Change the equation thereby all its elements will have dimension used for

forces)

G- sm( ) _s. sm(]?)) M- cos() ~0

3anuireMo piBHIHHSI MOMEHTIB BiIHOCHO Bici Z.
(Satisfy the equation of moments about the Z axis)

>MZ =
P. sm( )a+S cos(B) b—XB-b—M - cos(y)-cos(oc)=0

[lepeTBOpUMO PiBHAHHS TAaKUM YHHOM, III00 OTPUMATH PO3MIPHICTH CHIIH IS
HOTO eJIeMEeHTIB.
(Change the equation thereby all its elements will have dimension used for

forces)

b M- cos(y) cos( )

P-sin( )+S cos(ﬁ) ——XB =0
3anuimemMo cucTeMy PiBHSHb PIBHOBaru KOHCTPYKIIii B KIHIICBOMY BUTJISII.

152



CTATHUKA

(Write down the system of equations used for the construction equilibrium
description)

XA+ XB—S -cos(p) =
YA+ P =0
ZA-G+ZB+ S -sin(B)=
b

-P- cos( ) G- 2L+S sin(B) 2+ZB-—=0
a a
G- sm( ) sm(B) M- cos() ~0

2
P- sin( )+ S - COS(‘?)) ——XB. 2_ M- COS(’Y)' COS(Q,) =0
a a

BHKOpUCTOBYEMO MATpHUUYHHI METOJ BHUPILICHHS CHCTEMH PIBHSHbB, 10 OT-
pHUMaHo.
(Use the matrix method for sollution)

XA+0-YA+0-ZA+ XB+0-ZB— S - cos(B)+ =0
0-XA+YA+0-Z4+0-XB+0-ZB+0-S=-P
0-XA+0-YA+ZA+0- XB+ ZB+ S - sin(B) = G

b b
0-XA+0-YA+0-ZA+0- XB+ ZB-—+ S - sin(B)- —+0- M = P- cos(a) +
a a

+G- L
" nle) , M -cosy)
0-XA+0-YA+0-ZA+0-XB+O-ZB—S-sin(B)=—G's;n &), sy
a

b

0-XA+0-YA+0-ZA~ XB-—+0-ZB +S - cos(B) _=-P sin(o)+
a

+ M - sm(y) cos(oc)

a
Dopmyemo Matpumo kKoeddimieHTiB — K Ta BEKTOP-CTONOEIHh MPaBUX dac-
THH — Q.

(Form the ratio matrix K and the matrix of results Q)
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100 1 0 -—cos(BB)
1 0 0 1 00 1 0 —0.5
001 0 1 sin(@) 010 0 0 o
K b b 0 01 0 1 0.866
=000 0 = sin(B)—|=
- a "B 000 0 1667 1443
000 0 0 -sin(® 000 0 0 -0.866
-b b 0 00 1667 0 0.833
000 — 0 cos(®)—
a a
0
-P
G
b M-cos(B—;)
0:= P-cos(oc)+G-— _— =7
a a
_G-sin a)+ M-cos(y)
2
—P-sin(cx)+ M-sm(}s-cos(a)

a

Bekrop-cronbdenp pillieHb OTPUMAHO PILICHHSIM MAaTPUYHOTO PIBHSHHS 3 BH-
kopuctanHsaM ¢yskuii Isolve.

(Results of the equation system solution are given in a vector form and can be
obtained by the Isolve function usage)

1.81x10°

~2x103
3.038x1033 N
—5.673x10

1L.17x10%
—17.784x10°

Reaction := Isolve( K,Q ) =
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3HaYeHHd peakuiii onop Ta HeBiIOMMX 30BHILIHIX CHJI
(The support reactions external active forces value)

XA := Reactiong o =1.81x10° N
YA:= Reaction) o =-2x 103N

ZA := Reaction = 3.038x10° N
XB := Reaction3 = -5.673x10° N
ZB := Reactiony o =1.17x 104N

S := Reactions y = ~7.784x10> N

[MoOynyeMo cHCTeMy aKTHBHHX CHJI Ta PeaKLii, MPUKIAJCHUX IO 3aJaHoi
KOHCTPYKIIi y mpocTopi (puc. 5.46).
(Let's build the active forces and reactions attached to the afforementioned

construction in space (fig. 5.46)).
14

At 12 A

vzl 10

pvrdl 8
(6

-

-6 —4 -2 0 2 4 6 8

o)

pxd® Em(o) VL. O __W(o) __VG< __m,(o) _.VZB@ __VS<0>

Puc 5.46. IIpoctopoBa cucrema cuil, NPUKIIaJeHa 10 33JaH0i KOHCTPYKIIT
OcobamBocTi MOOYI0BH BEKTOPIB cHil y TipocTopi B cucteMi Mathcad Hage-
JeHo B MeToanuHux BkasiBkax (M.P. Tkau, C.O. MopryH, A.C. [lo3HaHChKHi

«Po3paxyHkoBo rpadiyHi poOOTHM 3 TEOpeTHUHOi MexaHikM Ha 0a3l cucremu
Mathcad». Yactuna I. Cratuka. c. 121 — 129).
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ITepeBipka pe3yabTaTiB pilieHHs
(Check the results)

Jnst nepeBipKy NPaBHIIBLHOCTI PillIEHHS] 00YHCIMMO T'OJIOBHUI BEKTOP Ta ro-
JIOBHHI MOMEHT PO3TIITHYTOI KOHCTPYKIIii, B3SBIIH 32 IICHTP 3BEACHHS TOUKy D.
(To check the obrained results we need to calculate the system's resultant and

resultant couple setting the point D as the system's center).

Busnaunmo npoexii BexTopis cunt XA, YA, ZA, XB, ZB, G, P ta S Ha Bici X,

Y, Z cuctemu koopauHar.

(Find the proections of forces XA, YA, ZA, XB, ZB, G, P and Sonthe X, Y, Z

coordinate axis).

156

IMpoekuii BekTopa cumu XA Ha Bici x, y, z.
(Projections of the force XA on the x, y, z coordinate axis)

XAX = XA=181x10°N
XAY := OkN
XAZ := OkN

[o3nauumo BexTop cmn XA sk Fl. Bin mamume nacmynuuil 8unso.
(Mark the vector of force XA as F1. Its structure is given)

x4x) [1.81x103
Fl:=| x4y |=| o |V
XAZ 0

[poexmii BekTopa cwu YA Ha Bici X, , z.
(Projections of the force YA on the x, y, z coordinate axis)

YAX := ON
YAY := 2x10°N
YAZ := ON

[o3naunmo BexTop cunu YA ax F2. Bin mamume nacmynuuii 8ueiso.
(Mark the vector of force YA as F2. Its structure is given)

YAX 0
F2:=|yay|=|-2x10° |V
YAZ 0

[poekuii BekTopa cwiu ZA4 Ha Bici X, , z.
(Projections of the force ZA on the x, y, z coordinate axis)
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ZAX =0N
ZAY :=0N

ZAZ = ZA=3.038x10° N

[Mo3Haunmo BekTOp cuitkt ZA six F3. Bin mamume HacmynHuil 6ueisio.
(Mark the vector of force ZA as F3. Its structure is given)

ZAX 0
F3:=| zAY |= 0 N
ZAZ ) |3.038x103

IMpoexkuii BekTopa cuinu P Ha Bici X, ), z.
(Projections of the force P on the x, y, z coordinate axis)

PX =0N
PY :=P=2x10°N
PZ =0N

[o3naunmo BekTop cvin P ax F4. Bin mamume HacmynHuil 6ueiso.
(Mark the vector of force P as F4. Its structure is given)

PX 0
F4:=| PY |=|2x10° |N
PZ 0

Ipoekii BekTopa cuiu G Ha Bici x, y, z.
(Projections of the force G on the x, y, z coordinate axis)

GX =0N
GY :=0N
GZ :==—G =—8x10°N

[To3nauumo Bextop cwmn G ax F5. Bin mamume nacmynnuii 6u2isio.
(Mark the vector of force G as F35. Its structure is given)

GX 0
F5:=|Gy|=| o0 [N
GZ ) |-8x103

IIpoekuii BekTopa cuiu XB Ha Bici X, ), z.
(Projections of the force XB on the x, y, z coordinate axis)
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XBX := XB=-5.673x10°N
XBY := 0N
XBZ := 0N

ITo3nauumo BexTop cunu XB sk F6. Bin mamume nacmynnuil 8uenso.
(Mark the vector of force XB as F6. Its structure is given)

XBX) [-5.673x10°
F6:=| XBY |= 0 N
XBZ 0

IMpoekuii Bekropa cunu ZB Ha Bici X, ), z.
(Projections of the force ZB on the x, y, z coordinate axis)

ZBX :=ON
ZBY :=0N
ZBZ := ZB =1.17x10* N

ITo3naunmo BexTop cunu ZB ax F7. Bin mamume nacmynuuii eueiso.
(Mark the vector of force ZB as F7. Its structure is given)

ZBX 0
F7:=| ZBY |= 0 |N
ZBZ ) |1.17x10%

IMpoekuii BekTopa cuiu S Ha Bici X, ), z.
(Projections of the force S on the x, y, z coordinate axis)

SX := —S‘cos(ﬁ)= 3.892x10° N
SY :=0N

SZ := 8- sin(B)=-6.742x10° N

[Mo3naunmo Bexrop cwim S ax F8. Bin mamume nacmynnuii 6uenso.
(Mark the vector of force S as F8. Its structure is given)

SX 3.892x10°

F8:=|8Y |= 0 N
SZ) |-6.742x10°
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BuzHaunMo royioBHHII BEKTOp MOCTOPOBOI cHCTEMH cuil R. 3aaamo Horo sik
cyMy BekTopiB F1.....F8.
(Find the system resultant R. It could be set as a sum of vectors F1....F8)

R:=F1+F2+F3+F4+F5+ F6+ F7+F8

0

R=|0|N
0

|R| = 0N

TonoBHMIA BekTOp cucTeMu R TOPIBHIOE HYIIIO.
(The system's resultant R is equal to zero).

O6uncmumo momenTH cunt XA, YA, ZA, P, G, XB, ZB, S mapu cun M BigHOC-
HO IEHTpY cuctemu D.

(Find the moments of forces XA, YA, ZA, P, G, XB, ZB S and the couple of
forces M about the system's center D).

CriouaTKy 3aJamM0 KOOPAMHATH TOYOK NpHKIafeHHs cul XA, YA, ZA, P, G,
XB, ZB ta S BITHOCHO LIEHTPY CUCTEMHU A B SIKOCTi BEKTOPIB.

(First specify the forces XA, YA, ZA, P, G, XB, ZB, S points of application
coordinates as a vector according to the system's center A).

Hnst cun XA, YA ta ZA TOYKOIO NPUKIIAAECHHS € TOUKa A, JUIsl cuiim P — Touka
D; nna cun XB ta ZB — Touka B; g cuumm S — touka C; gig cruid G — touka O.

(For the forces XA, YA and ZA the application point is the point A; for the
force P — point D; for the forces XB and ZB — point B; for the force S — point C,
for the force G — point O)

0 0 0
A:=|0 B:=|b|=[1.8|m
0 0 0
g-cos(ﬂ)
% 0.25 a-cos 0.5
C:= —-cos(y) =[ 09 |m D:=|a-cos\y)|=|0.874 |m
2 0.433 a-cos(o)) |0.866
2 sm(ﬁ)
a-cos 0.5
O:=|c-cos\y)|=| 1.8 [m
a-sin 0.866

3amamMo BificTaHb MiX TOUKamMu A Ta D 3a J0MOMOroro BekTopa AD.
(Set the distance between the points A and D by means of vector AD)
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a- cos 0.5
AD :=| a-cos\y) =] 0.874 |m
a-cos\o 0.866

BigHOCHO HOBOTO LEHTPY MPUBEICHHS CHCTEMHU TOYKU D KOOPJUHATU TOYOK
MPUKITaJAEHHS CHJT 33]a€EMO HACTYITHUMH BEKTOPAMHU:

(According to the new system's center - point D all points of forces applica-
tions should be set by next vectors:)

-0.5 -0.5
Al:=A—AD=|—-0.874 |m Bl:=B—-AD=| 0.926 |m
—0.866 —0.866
0 0
Cl:=C—-AD=|0.926 |m Dl:=D—-AD=|0 |m
0 0
-0.25
01:=0-AD=| 0.026 |m
—0.433

s obuucienHst MoMeHTy MXA cunu XA BiIHOCHO HEHTPY cucteMu D BU-
3HAYMMO BEKTOPHHUIT 100YTOK BeKTOpiB F'/ Ta A1.

(To find the moment MXA of force XA about the system's center D we need to
calculate the vector product of vectors F1 and A1)

0
MXA := Flx Al =| 1.542x10° |J
—1.577x103

Jnst o6uncienns momenty MYA cunn YA BinHOCHO meHTpy cuctemu D BH-
3HAYMMO BEKTOPHUH NOOYTOK BekTopiB F2 Ta A1.

(To find the moment MYA of force YA about the system's center D we need to
calculate the vector product of vectors F2 and A1)

1.732x103

MYA:= F2x Al = 0 J
—1x103

Jnst oOuncienns Mmomenty MZA cunn ZA BiAHOCHO LEHTPY cucteMu D BH-
3HAYMMO BEKTOPHUH NOOYTOK BekTopiB F'3 Ta A1.
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(To find the moment MZA of force ZA about the system's center D we need to
calculate the vector product of vectors F3 and A1)

2.655%x10°
MZA := F3x Al =| -1.519%10° |J
0

Jus o6unciiendst MoMeHTY MP cunmi P BiTHOCHO IEHTpPY cucteMu D BU3Ha-
YIMO BEKTOPHUH T0OYTOK BeKTOpiB F'4 Ta DI.

(To find the moment MP of force P about the system's center D1 we need to
calculate the vector product of vectors F4 and D1)

MP :=F4xDl1=|0\|J

S O O

Jus obuncnenns MmomenTy MG cunu G BiTHOCHO LEHTPY cucTeMu D BHU3Ha-
YUMO BEKTOPHHI 100YTOK BeKTOpiB F5 Ta O1.
(To find the moment MG of force G about the system's center D we need to
calculate the vector product of vectors F5 and O1)
206.742
MG := F5x01=| 2x10° |J
0

Junst obunciiennss MmomeHTy MXB cunu XB BiTHOCHO LEHTpPY cucteMu D BU-
3HAYUMO BEKTOPHHH JT0OYTOK BeKTOpiB F'6 Ta Bl.

(To find the moment MXB of force XB about the system's center D we need to
calculate the vector product of vectors F6 and Bl)

0
MXB := F6x Bl =| —4.913x10° |J
~5.253x10°

s ob6uncnenHs MomeHTy MZB cunu ZB BiTHOCHO HEHTpY cuctemu D BU-
3HAYMMO BEKTOPHHUH 100yTOK BeKTOpiB F'7 Ta B1.

(To find the moment MZB of force ZB about the system's center D we need to
calculate the vector product of vectors F7 and Bl)
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—1.084x10%
MZB := F7x Bl =| -5.852x10° |J
0

st oburcneHHs: MOMeHTYy MS cuimit S BITHOCHO IIEHTPY cHCTeMH D BH3Ha-
YUMO BEKTOpHHI 100yTOK BekTOpiB F§ 1a CI.

(To find the moment MSof force S about the system's center D we need to cal-
culate the vector product of vectors F8 and S)

6.242x10°
MS = F8xCl=|4.321x10713 s
3.604x10°

O obuncnenas MmoMeHTy MM mapu cun M 3agaMo TIpOeKIii BeKTopa mapu
cwt M Ha Bici koopauHat X, ¥, Z.

(To find the moment MM of force couple M we need to project the vector M
on the coordinate axes X, Y, Z)

0
MM := M-cos(y)
M -sin(y -cos(a
0
MM :=|8.742x10° |J
4.206x10°

OOYHCIUMO TOJIOBHUH MOMEHT cucTeMd MD BiaHocHO neHTpy D. 3amamo
HOTO SIK CyMy BekTOpiB MXA, MYA, M ZA, MP, MG, MXB, MZB, MS, MM.

(Find the resultant couple of the system MD about the system's center D. Set
it as a sum of vectors MXA, MYA, M ZA, MP, MG, MXB, MZB, MS, MM)

MD := MXA+ MYA+ MZA+ MP + MG + MXB+ MZB + MS + MM

—6.366x10712
MD=| —3.638x10712 |1
—2.728x10712

|MD| :=7.842x107121

162



CTATHUKA

BucnoBok: I'0/10BHMII BEKTOP Ta rOJIOBHMIi MOMEHT CHCTEMM BiITHOCHO
HeHTpy D NOopiBHIOIOTH HYJIIO, OT:KEe CHCTeMa 3HAXOAUTHLCS B PiBHOBa3i.

Pimenns BipHe.

(Conclusion: The system's resultant and resultant couple about the sys-
tem's center D are equal to zero. So the solution is right).

3aBaanns C-6. BuzHaueHHsI 10J10KeHHS] LEHTPY THAKIHHA

IUI0CKOI (irypu

il

Ty
120

2 D
¢ B cr
o 4
40N H
|| L
140
220
260
340

Puc. 5.47. ITnocka ¢irypa

Buxigni xanni

Bu3sHauUTH MOJOKEHHS
HEHTPY TSOKIHHA —IUIOCKOI
¢irypu (puc. 5.47). Bei pos-
MipH 3aaHi B MiJliMeTpax

(Find the flat figure cen-
tre of gravity location
(fig. 5.47). All dimensions
are given in millimeters).

(Put the incoming data)
R :=40mm OR :=220mm
DL :=120mm OH :=100mm
OF :=300mm EK :=120mm
OK :=180mm BN:=80mm
OM := OK

Jana mmocka ¢irypa ckinamaeThes 3 HaCTymHUX (iryp — cextop ABN, Gara-
TokyTHUK BCDEFKLHN, cextop MRS.
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(The aforementioned flat figure consists of several simple flat figures, such
as the sector ABN, the polygon BCDEFKLHN, the sector
MRS).

BusHaunMo mIIomIi BHIIE3a3HAYCHUX MPOCTUX T€OMET-
pUgHUX Qiryp.

(Find the areas of the aforementioned simple geomet-
ric figures).

[Toma cextopa ABN (puc. 5.48).
(Area of the sector ABN (fig. 5.48))

Puc. 5.48. Cexrop

ABN
a :=180°
2
R”-o- -
Fapy =— T = 2513x107 m?
0
36
Cextop ABN Oymyemo sk aBi 004
upepTi Kkoaa (puc. 5.49). Ix pisnsuns
3aIMIIEeMO y TapaMeTPUYHOMY BUIJISL: /
(Sector ABN can be designed as two a(h) ( 002
t jrel . 5.49). Thei
quarters of a circle (fig ) eir a1(b)

equations can be given parametrically:)

b0 := Om (1) ~do4-002 Jo
b := 0,60~ 0.001m..— R

=
]
[

a(b):=m \_

al(b) :=—| R —(b—b0)? By

0 R
A= ( j
0 -R (o)
b,b.A
Busznaunmo koopauHatH X Ta Y Puc. 5.49. [To6ynosa cextopa ABN
LeHpy TSKiHHA cekropa ABN (puc.

5.50).
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(Find the x and y coordinates of the sector
ABN centre of gravity(fig.5.50))

Koopaunata x UEHTPY TSXKIHHI CEKTOpa
ABN.

(Coordinate x of the sector ABN centre of

gravity).

2-R-sin[(;)
N 0.017m

3.¢
2

Koopaunara y LeHTpY TSDKIHHS CEKTopa
ABN.

XABN =~

a(bh)

al(b)

A(l)

C1<1)

b,5,40

,Cl

{0}

Puc. 5.50. LleHTp TSOKIHHS CEKTO-

(Coordinate y of the sector ABN centre of gravity).

YABN = — 3.9
2

2-R-cos(

;)
2 -0

m

pa ABN

[To3naunmo Ha rpadiky HeHTp TsokiHHS cektopa ABN (C1).
(Mark the sector ABN centre of gravity (Cl)).

Cl=(x4pgn y4pN)=(-0.017 O)mn

Bu3HauMMO CTaTHYHHIT MOMEHT BiZIHOCHO Bici y 1yt cektopa ABN.
(Find the y axis static moment for the sector ABN).

Sy4BN = FaBN - X ABN

=—0.043L

Bu3HaunMMo cTaTHYHUI MOMEHT BiIHOCHO Bici x st cektopa ABN.
(Find the x axis static moment for the sector ABN).

Sx4BN =F4BN - Y4BN =0L

Bararoxkytauk BCDEFKLHN wmae ne-
BATh BEPIIMH. 3a1aMO KOOpPAWHATH YCiX
BepuH  OararokytHuka BCDEFKLHN.
[Tounnaemo 00Xix 6araToKyTHHKA 3 BEpIIH-
HU B, 3aKiHUyIOYM BEpIIMHOIO N 3a TOAMH-
HUKOBOIO CTpiIKOIO (puc.5.51).

by

N H

L K

Puc. 5.51. BararoxyTHuk

BCDEFKLHN
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(The polygon BCDEFKLHN has nine vertexes. Set the whole polygon
BCDEFKLHN vertexes coordinates. Let's start from the vertex B to vertex N

clockwise (fig. 5.51))

x0 =0
xN :=x
x1 :==O0H
xH := x
X =X
xL :=xy
x3 = 0K
xK :=x3
x4 :=OF
xF :=xy4
X5 = X3
xE :=xj5
Xg = X9
xD :=xg
X7 =X
xC :=x7
Xg = X(
XB :=xg

166

Yo = % =—0.04m
YN =y
y1 ==yo =-0.04m
YH :=y;
yy = # =—0.06m
L=y
y3 :=yy =—0.06m
YK =y3
Y4 =
YF :=y4
y5 :=—y3=0.06m
YE :=ys
Y6 <=—yp =0.06m
D = y¢
y7 :=—y1 =0.04m
yC:=y7
yg ==—yo =0.04m
VB :=yg
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X0 Yo
X1 yi
X2 y2
X3 V3 0 1
0 o| -0.04
X4 y4 1 01| -0.04
Al = 2 01| -0.06
X5 Vs 3| o0.a8| -0.06
Al =[3] o3 o|m
X6 V6 5| 018 006
6 01| 0.6
e 7 01| o.04
[) 0| 004
X8 V8 9 o| -0.04
X0 Yo
015 Bynyemo  GaraToxyTHHK
BCDEFKLHN (puc. 5.52).
o _ (Design  the  polygon
’ M~ BCDEFKLHN (fig. 5.52)).
T \
- -0.1 —0035 005 0.125 uyﬂfs 0.35 Inoma 0araToKyTHHKa
L J BCDEFKLHN.
=0:075 (Area of the polygon
BCDEFKLHN)
~0.15 n=3
410 j:=0.n
Puc. 5.52. [lobynora 6araroxytauka BCDEFKLHN xj = yj =
Ko 1. 40]
w1 V1
2 V2
3 V3
Kyq V4
x5 Vs
Ke Ve
X7 V7
xs 128
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1 n—1 5
FpcpEFKLHN =7 2 (xj “Vjrl = Xj41 -yj) =0.025m

Jj=0

Bu3HaunMo craTHYHMI MOMEHT BIJHOCHO Bici y mus OaraTOKyTHHKa
BCDEFKLHN.
(Find the y axis static moment for the polygon BCDEFKLHN)

1 |71
SYBCDEFKLHN =5 ) (xj' “Vj+l T X+l '.Vj)‘(xj +xj+1) =-3.328L
j=0

Bu3HaunMo craTHYHMI MOMEHT BIJHOCHO Bici x s OaraTOKyTHHKa
BCDEFKLHN.
(Find the x axis static moment for the polygon BCDEFKLHN)

1 [ n1
SXBCDEFKLHN *= ¢ > (xj'yj+1_xj+1'.Vj)'(yj+yj+1) =0L
Jj=0

BusHaunMo koopAuMHATY X IEHTpa TSDKiHHA OaratoxyTtHuka BCDEFKLHNN
(puc. 5.53).

(Find the x coordinate of the polygon BCDEFKLHN centre of gravity(fig.
5.53))

SYBCDEFKLHN _ , {34

XBCDEFKLHN =
FBCDEFKLHN
BuszHayuMo KOOpJMHATY y IIEHTpa Tsi-
xiHHs GaratrokytHuka BCDEFKLHNN. 0.2
(Find the y coordinate of the polygon
BCDEFKLHN centre of gravity) A 1<l) 0.1
SXBCDEFKLHN oY : >
— — Ll : .
YBCDEFKLHN = =0m  mmm 03
FBCDEFKLHN -0.1
[Moznaunmo Ha Tpadiky (puc. 5.53)
LIEHTP TSOKIHHS 0araToKyTHHKA A 1(0), 2<0)
BCDEFKLHN (C2). Puc. 5.53. LlenTp TsOKIHHSA

(Mark the polygon BCDEFKLHN centre 6aratokyranka BCDEFKLHN
of gravity (C2) (fig. 5.53))

C2:=(xpcperkian  yecpeFkLHN)=(0.134 0)m
168



CTATHUKA

IInoma cextopa MRS (puc. 5.54).
(Area of the sector MRS (fig. 5.54))

n-(OR-OM a =2.513x102m>

FMRS =

3609
y $b9
M
R
0 x

N
Puc. 5.54. Cexrop MRS

Cextop MRS Gynyemo sik aBi uBepTi Kosa (puc. 5.55). Ix piBHsHHA 3anu-
IEMO Y TapaMeTPUYHOMY BUTJIISII:

0.04 (Sector MRS (fig. 5.55) can be de-
c(b1) \ signed as two quarters of a circle. Their
0.02 \ equations can be given parametrically:)
c1(b)
bl := OM,0M +0.001m..OR
0 018 0.2 9 2 024 > >
_0.02 / ¢(b) ;=\ R* —(b1-0OM)
o4 cl(b) =—|R* —(b1-OM)?
' OM R
C e
b1 ,b1,42"
Puc. 5.55. Tlobynosa cexropa MRS BuznaunMo KOOpAHMHATH X Ta Y LIEH-

py TsDKiHHS cekTtopa MRS.
(Find the x and y coordinates of the sector MRS centre of gravity).

Koopannata x eHTpy TsKiHHS cekTopa MRS.
(Coordinate x of the sector MRS centre of gravity)

2-R-sin[‘;J
—OM+—— 7 —0.197m

3. ¢
2

XMRS

Koopaunata y neHTpy TsDKiHHS cektopa MRS.
(Coordinate y of the sector MRS centre of gravity)
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2-R-cos[gj
Ny

YMRS =~ o m
3.2
2
[losHaummo Ha rTpadiky LEHTP 0.04
TsoKiHHS cektopa MRS (C3) (puc. 5.56). D) '
(Mark the sector MRS centre of gravi- —_— 002
1y (C3) (fig. 5.56)) £Ién
0 o .
C3:=(xpmrs ymrs)=(0.197 0)m = ofis 02 op2 ox
1
c3
—0.02
BuszHauuMo ~ CTaTHYHHHA  MOMEHT Ada
BiTHOCHO Bici y Ut cexTopa MRS. —0.04
(Find the y axis static moment for the
sector MRS).
‘ b1.51.4759 59
Symrs == Fyrs - Xmrs = 0.495L Puc. 5.56. LlenTp TsOKIHHS ceKTOpa
MRS

Bu3HaynMo cTaTHYHMI MOMEHT BiTHOCHO BICi X /i cekTtopa MRS.
(Find the x axis static moment for the sector MRS).

Sxprs = FyRrs - Ymrs =0L

[Tomma yciel miockoi ¢irypu.
(Area of the whole flat figure).

2
F :=F 4N + FpcpEFKLHN — Fpmrs =—0.025m

BusHaunMo 3aranbHuil CTaTHYHII MOMEHT BiTHOCHO Bici y TS yCi€i TTOCKoi

¢irypu.
(Find the y axis static moments for the whole flat figure).

Sy := Sy 4BN +SYBCDEFKLHN —SYMRS =—3-866L
BusnaunMo 3aranbHui CTaTHYHII MOMEHT BiTHOCHO Bici X T yCi€i TTOCKOi

¢irypu.
(Find the x axis static moments for the whole flat figure).
Sx ;= SX4BN + SXBCDEFKLHN —SXMRS = 0L

Buznaunmo koopaunaty XC 1ieHTpa TSOKiHHS yciel miockoi ¢irypu.
(Find the XC coordinate for the whole flat figure).
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S
xC ==Y = 0.156m
F
Buznaunmo koopaunaty YC neHTpa TSKIHHS YCiel IoCcKoi GirypH.
(Find the YC coordinate for the whole flat figure).

_ 5% _
F

yC : Om

Bynyemo ycto miocky ¢irypy (puc. 5.57). Ilo3Haunmo Ha rpadiky i meHTp

TsokiaHs (O).
(Design the whole flat figure (fig. 5.57). Mark its centre of gravity (C)).

c:=(xc yc)=(0.156 O)m

A

U2

a(h)
al(b)

1
UT

AI(I)

c(bl) {

[ '3
L= n—

¢l (b1) i
0.1 \ 0 01 3004
C<1) ‘
A A A
Az(l) o1
=02
p.b.41'% b1 p1.0Y 420

Puc. 5.57. Lentp TsoKiHHS yCi€el mI0cKoi Qirypu

BucHoBok: BuzHaueHO KOOpAMHATH LEHTPY TSKIHHA IUI0CKOI dirypu —
Toukn C. KoopanHara nentpy Ts:kiHHe 1o oci adbcuuc xC gopiBHIOE 156 MM,
a no oci opaunar — yC = 0.

(Conclusion: The flat figure centre of gravity coordinates have been found.
The x coordinate of point C is equal to 156 mm, the y coordinate is equal to

zero).
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Po3ain 6. KIHEMATUKA

3aBnannsa K-1. KinemaTuune q0c/aizkeHHSI pyXy TOYKH
3a 3aJJaHHUMH PiBHAHHAMM

3a 3agaHUMHM PIBHSAHHSAMHU PYXY TOYKH M BCTAaHOBHTH Ta HAKPECIHTH TPacK-
Topito 11 mepeMimmieHHs. s MOMEHTIB 4acy ¢y = 0, t; = t, {, = t/2, ¢ BKa3aTH Ha
KpECJIeHHI TPAa€eKTOpii MOJ0KEHHS TOYKH. BigMOBIIHO 1O IMX MOMEHTIB 4acy
BU3HAYUTH 3HAYCHHS MIBHIKOCTEH Ta MPUCKOPEHb TOYKW. Po3paxyBaT HUISX,
npoiieHuit Toukoro B inTepBaii 4yacy 0....7;. [loOynyBatu Ha KpeCICHHI Tpaek-
TOpil BU3HAUCHI BEKTOPHU IIBUJIKOCTEH Ta MPUCKOPEHb. 32 OTPUMAHUMHU Pe3yiib-
TaTaMU JIaTH YSBICHHS PO XapakTep PyXy TOUKH MO TPAEKTOPIi.

(According to the point’s M motion equations find its trajectory and dis-
placement. For the moments of time t, =0, t; =t, t, = t/2, s show the point’s loca-
tion. At these moments of time find the point’s velocity and acceleration and show
their vectors on point’s trajectory graph. Also find the distance by a point during
the time from 0 s to t s. Interpretate the achieved results and on the base of this
interpretaion make a decision about the point motion character).

Buxigni nanni
(Put the incoming data)

t0:=0 tl:=1
x(t):=10-¢

y(t):=12-¢>-2

Bu3HaunMo MOMEHT 4acy ¢, pyxy TOUYKH M.
(Find the moment t, of the point M motion)

t2 := 0.5
2

Buxopnsuu 3 piBHSIHb pyXy TOYKH M BH3HAYMMO KOOPIMHATH il OJIOKEHHS B
MOMEHTH 4acy: &y, t,, 1.

(According to the point M motion equations find the coordinates of its loca-
tion at the moments of time t,, t,, t;:)
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x(t0)=0 y(t0)=-2
x(t2)=5 y(t2)=1
x(t1)=10 y(t1)=10

Bynyemo rpadik TpaekTopii pyxy Touku M (puc. 6.1). [Ins nporo 3amamo iH-
TepBall Yacy pyxy TOUKH BiJl ¢y 10 ¢; 3 kpokoMm 3Mminu yacy 0.01c. ITozHaunmo Ha
rpadiky TpaeKTOpii MOJT0KEHHS TOUYKH M B MOMEHTH Hacy fy, ¢, ;.

(Build a graph of the point M trajectory (fig.6.1). For this purpose we need to
set the interval of the point M motion time from t, no t; with the interval step 0.01
s. Mark on the graph the point M location at the moments of time t, t5, t; )

t:=t0—1¢1,t0—¢1+0.01..z1

3a1amMo BEKTOP LIBUAKOCTI pyXy TOUYKH M.
(Set the vector of point M velocity)

d ] 17
< x(1) il
dt )
d =
v(t):=q—y(t); y(t0) @
dt AA )
0 L
id o
1(2) 200274 6 8 1o 12
Bmsnaunmo NpOeKIiT BEKTOpa B
HIBUAKOCTI PyXy TOYKH M B 3aJlaHi MOMEHTH -
qacy ty, 1, ;. x(t),x(t0),x(t2),x(t1)

.(Find the projections of the poi{w Mve-  puce1 Tpaexropis pyxy Touxs M
locity vector on the coordinate axis at the

established points of time ty, t,, t,).
IIpoextist BEeKTOPY IIBUAKOCTI HA Bich X.
(Projection of the velocity vector on the X axis)

d
vx(t).—zx(t)

we(t0)=10
w(t2)=10
we(tl)=10

[Ipoekuist BEKTOpY IBUAKOCTI Ha Bich Y.
(Projection of the velocity vector on the Y axis)
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d
\{v(t)-—zy(t)

w(t0)=0
w(t2)=12
w(tl)="24

OO0YHCIMMO BEIMYHHY BEKTOPA MBHIKOCTI TOUKH M.

(Calculate the value of the point M velocity vector)

()

¥(t0)

¥(2)

}'ﬁtl )
Ak
\_.0(1>

vt

v

\_.2(1>

\'1}((1>

\"1Y(1> M.

X6 5(0) %2 x(11), vE® v

I

Ao ; \'2‘{(“>; \_.2(n>; S .(n>; \'IY(D>; v

Puc 6.2. Bekropu mBHAKOCTI TOYKH M B MOMEHTH
yacy 1y, b, ;

[v(20)| =10

[v(£2)|=15.62

[v(t1) =26
bynyemo BEKTOP

MIBUAKOCTI PyXY TOYKH
M Ta #oro mpoekuii Ha

Bici KOOpJUHAT
(puc. 6.2). OcobnuBocTi
o0y I0BH BEKTOpIB

MIBUIKOCTI B CHCTEMI
Mathcad wHaBeneHo B
METOIMYHHUX BKa3iBKax
(M.P. Tkau, C.O. Mop-
ryH, A.C. [lo3HaHCBKHI
«Po3paxyHnkoBo Tpadi-
4HI poOOTH 3 TEOpeTHd-
HOi MexaHiku Ha 0a3i

CHCTEMU Mathcad».
Yactuna II. Kinemaru-
Ka. c. 36 —49).

(Set the vector of

point M velocity and its projections on the coordinate axis (fig. 6.2)).

BucnoBok: Buxoasauu 3 ananisy rpadgika, HBegeHoro Ha puc. 6.2, 3po3sy-
MLJIO, 10 MIBHAKICTH TOYKH M MOCTiHO 3pocTac 3i 30i1bIIEHHSIM Yacy pyxy
BX/10BK yci€i TpaekTopii.

(Conclusion: Analysing the graph on the fig. 6.2, we can find out that the
point M velocity steadily increases along the whole trajectory due to the in-
crease of the point M time of movement.)

BusnaunMo misix, npoiaeHuid TOYKo0 M B MPOMIXKKY dacy Bif ) 10 ¢;.
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(Find the way, the point M has passed during the interval of time from t, to

1)

t
s(t): I\/vx(t)2+vy(t)2

t0
s(12) = 6.022
s(t1)=16.353

3amamo BEKTOp IMOBHOTO IPHCKOPEHHS PYXy TOUKH M.
(Set the vector of point M acceleration)

2 3
d
—x(1)
dt?
d2
.a(t).'=<—2y(t)
dt

v

0

J

BuzHaunMo mpoexiiii BeKTopa NpUCKOPEHHs pyXy TOUKH M B 3a/aHi MOMEH-
TH 4acy &y, t, ;.

(Find the projections of the point M acceleration vector on the coordinate ax-
is at the established points of time ty, t,, t,).

[Tpoekiisi BEKTOPY MPUCKOPEHHS HA Bich X.

(Projection of the acceleration vector on the X axis)

2

ax(t):=d—2x(t)
dt
ax(t0)=0
ax(t2)=0
ax(tl)=0

IIpoexist BeKTOPY IPUCKOPEHHS Ha Bich Y.
(Projection of the acceleration vector on the Y axis)

2

av(t) = y(e)
dt
ay(t0) =24
ay(t2) =24
ay(tl)=24
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O0YNCIIIMO BEIMYHHY BEKTOpA IMPUCKOPEHHS TOUKH M.
(Calculate the value of the point M acceleration vector)

la(0)| = 24
la(2)| =24
la(t1)| =24

O0YuCIMMO TOTHYHY CKJIAZOBY MPUCKOPEHHS TOYKK M B 3aaHi MOMEHTH
qacy to, tr, 1.

(Calculate the tangential component of the point M acceleration at the estab-
lished moments of time ty, t,, t;)

_ax(e)-wect)=apct)-wr)|
at(t) .—| |v(t)| |

|ar(t0)| =0
lat(£2)|=18.437
lat(11) = 22.154

O04ncIMMO HOPMaNBHY CKJIAJ0BY MPUCKOPEHHS TOYKH M B 3a/1aHi MOMEHTH
qacy fy, b, t;.

(Calculate the normal component of the point M acceleration at the estab-
lished moments of time ty, t,, t;)

an(t) | @O IO=ax(t) (1)
| vt

|lan(10)| =24
lan(t2)|=15.364
lan(#1)| =9.231

1
12 267
‘ " ¥ ! ,
¥(t) — N w2
; 19 y() 2
daa ) 22
+(10) . 1 s
AAA VY " ‘usw:: 20

2 tl
0 & o
{1 W 16
y(tl) A2 Al

) i O il
An0"" + 3 +—+ =5 w'
~1210 8 6% 201 6 81012 .0 am® ]
i ’&2/‘ 6 s 10 12 14 o

=4 4 6 8 10 12 14 16

(o) N @, o, (0
5 . ). x(19),x(12) xit1), A1 an1™ Al
(1), x(10), x(t2) ,x(t1), An0 _{m.xm).xm).‘(“).Az(o‘.yz(n\.Anz\a\

Puc 6.3. Bextopu ripuckopeHb TOUku M B MOMEHTH Hacy fy, Iy, t;
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BynyemMo BeKTOp TOBHOTO TPHCKOPEHHS pyxy Todku M Ta HOro
TAHTCHIIHOT Ta HOpMaNbHOI ckianoBux (puc. 6.3). OcoOauBOCTI TOOYAOBU
BEKTOpPiB MpHCKOpeHb B cuctemi Mathcad HaBeieHO B METOJMYHHUX BKa3iBKax
(M.P. Txau, C.O. MopryH, A.C. Ilo3nancekuit «Po3paxyHkoBo rpadidai podbotn
3 TeopeTH4HOi MexaHiku Ha 0a3i cucremn Mathcad». Yactuna II. Kinemaruka.
c. 36 —49).

(Set the vector of point M acceleration and its tangential and normal parts

(fig. 6.3)).

BucnoBok: Buxoasuu 3 anauisy rpagika, HBegeHoro Ha puc. 6.3, 3po3y-
MiJ10, 110 TAHTeHUIHHA CKJIA/I0BA NPUCKOPEeHHA TOYKU M nmocTiHO 3pocTae 3i
30IbLICHHAM 4Yacy pPyXy BXJAOB:K yci€i TpaekrTopii Touku. To0To pyx TOukH
M € npucKoOpeHuM.

(Conclusion: Analysing the graph on the fig. 6.3, we can find out that the
tangential component of the point M acceleration steadily increases along the
whole trajectory due to the increase of the point M time of movement. So we
can tell that the point M is accelerated).

3aBaannsa K-2. [loctynaabHuii Ta 00epTajbHuii pyx
TBEPAOro Tijia

MexaHi3M, 0O JAOCHIPKYETHCS
(puc. 6.4), cKIanaeThes 3 CYKYIMHOCTI
PYXOMHUX TBEpAMX Til — BaHTaxa (/)
Ta JIeKuIbKox Kodiic (2, 3, 4). Pyx BaH-
Taxka / ONUCYETHCS PIBHSIHHSIM:

(The mentioned mechanism (fig.
6.4) consists of the unity of solid bod-
ies — the cargo (1) and several pulleys
(2, 3, 4). The motuon of cargo 1 is
described by means of the equation):

x(t) := c2t2 +cit+cg

I ¢y, €y, Co — CTAI, { — 9ac PyXy BaH-
Taxka, c. BBaxkaTu, mo pyx BaHTaxa
BiZIOyBAECThCA B HANPAMKY, IO CIiB- Puc 6.4. locnimkyBannii MexaHi3m
nasiae 3 JOJATHAM HAIPSIMKOM BICi X.
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(in which c;, ¢, cy are constants, t — is the time that the cargo is moving, s. We
should also take into consideration, that the direction of cargo’s movement is
coincide with the positive direction of x axes.)

3HaiiTH MBHUAKICTH Ta MPUCKOPEHHS BaHTa)XXa B MOMEHTH 4acy ¢. Busnauutu
KyTOBY IIBHJKICTH Ta KYTOBE IMPHCKOPEHHS BCiX KOJIC MEXaHi3Ma B MOMEHTH
gacy ¢. BignoBigHo 10 To4ok Ha 000max BCiX KOJIC Ta TOYKH M, po3TamoBaHOl
Ha OCTAaHHBOMY 32 IOPSIKOM KOJeci MeXaHi3Ma, BU3HAYUTH BEKTOPH MIBHIKOCTI,
MOBHOTO TMPHCKOPEHHSI MPHUCKOPEHHS, a TAKOXK HWOro JOTHYHY Ta HOPMAJbHY
CKJIA[IOBI.

(Find the velocity and acceleration of cargo movement at the moment t, Also
find the angular velocity and angular acceleration of all pulleys at the time mo-
ment t. According to the points location on the mechanism’s pulleys and the loca-
tion of the point M on the last pulley, we need to find velocity and acceleration
vector and the acceleration tangential and normal components).

Buxinni nanni
(Put the incoming data)

c0:=16 cl:=5 c2:=36
R2 :=80 r2:=50 r3:=40
R2 := R3 t:=1

PiBHsIHHS pyXy BaHTaXxa /:
(The motuon equation of cargo 1):

X(1):=36-t>+5-t+16

3HAXOUMO MIBHIKICTh PYXYy Ta MPUCKOPEHHS
BaHTaka / B MOMEHT 4acy ¢

(Find the velocity and acceleration of cargo 1 at
the moment of time t):

2
vl(t):=ix(t) al(t):=d—x(t)
dt dtz
vi(t):=77 al(t)="72

Touxa 4 HanexuTh Koslecy 2 i Tpocy (puc. 6.5).
3HaX0MMO HIBHAKICTH TOYKH 4.

(Point A lies on the rope and the pulley 2
Puc 6.5. PospaxyHkoBa (fig. 6.5). Find the velocity of the point A)

cxeMma MexXaHizMa

vA :=vl(t)=77
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3HaXOMMO KYyTOBY HIBHIKICTh Ta KyTOBE MPUCKOPEHHS Kojeca 2 B MOMEHT
qacy t.

(Find the angular velocity and angular acceleration of the pulley 2 at the
moment of time t)

vi(t) _4d
o2(t) =R 82(t).—dt(0)(t))
®2(t) :=0.963 €2(t)=0.9

Busnaunmo foueHTpoBe, obepTanbHe Ta MOBHE MPUCKOPEHHS TOYKH 4 B MO-
MEHT 4acy f.

(Find the point A acceleration (its tangential and normal components) at the
moment of time t).

JloleHTpOBE MPUCKOPEHHS TOUKU A.

(Normal component of point A acceleration)

and = 02(t)* - R2
anA="74.113

O06epTanbHe MPUCKOPEHHS TOYKA A.
(Tangential component of point A acceleration)

atA:=¢2-R2
atA =72

IToBHE NpUCKOPEHHSI TOUKH A.
(The point A acceleration)

aAd :=+ (atA)2 + (anA)2

aA=103.328

Touka B HaNeXWUTh BHYTPIIIHEOMY 0001y KoJieca 2. 3HaXOAUMO IIBUIAKICTH
TOUKHU B.

(Point B lies on the internal part of the pulley 2. Find the velocity of the point
B)

vB = w2(t)-r2=48.125

Bu3HauuMo J01EHTPOBE, 0O0epTalibHE Ta OBHE MPUCKOPEHHS TOYKUA B B MO-
MEHT 4Yacy f.
(Find the point B acceleration (its tangential and normal components) at the
moment of time t).
JlonieHTpOoBe NIPUCKOPEHHS TOUKH B.
(Normal component of point B acceleration)
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anB := 032(t)2 -r2
anB =46.32

ObepTanpHe IPUCKOPEHHS TOYKU B.
(Tangential component of point B acceleration)

atB :=¢€2-r2
atB =45

IIoBHE NPUCKOPEHHS TOUKU 5.
(The point B acceleration)

aB =+ (m:B)2 + (an].?)2

aB = 64.58

Touku B i C HanexaTh Tpocy, 1o noeauye koneca 2 i 3. Tomy iX mBUIKOCTI
JIOPiBHIOIOTb.

(Points B and C lie on the rope, connectung the pulleys 2 and 3. So their ve-
locities are equal)

vC :=vB
vC =48.125

3HaxX0MMO KyTOBY IIBHJIKICTh Ta KyTOBE MPHCKOPEHHS Kojeca 3 B MOMEHT
qacy t.

(Find the angular velocity and angular acceleration of the pulley 3 at the
moment of time t)

r2 d
OJ3(t).=(D2(t)-R—3 83(t).=z(033(t))
3(t) :=0.602 €3(t)=0.563

BusnaunmMo noueHTpoBe, oOepTaibHe Ta MMOBHE MPUCKOpEeHHs Touku C B MO-
MEHT 4acy ?.

(Find the point C acceleration (its tangential and normal components) at the
moment of time t).

JonenTpoBe npuckopeHHs Touku C.

(Normal component of point C acceleration)

anC := w3(t)* - R3
anC =28.95

O6epranbae mpuckopeHHs Touku C.
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(Tangential component of point C acceleration)
atC :=€3-R3
atC :=45

ITorHe npuckoperHs Touku C.
(The point C acceleration)

aC :=+ (a‘cC )2 + (an Cc )2

aC =53.508

Touxa M HaleXUTh BHYTPIIIHLOMY 0001y KoJieca 3. 3HaX0AUMO IIBUIKICTh
TO4kU M.

(Point M lies on the internal part of the pulley 3. Find the velocity of the
point M)

vM = w3(t)-r3=24.063

Busnaunmo IOUEHTpOBe, oOepTaibHe Ta MOBHE MPUCKOPCHHS TOYKH M B
MOMEHT 4Yacy f.

(Find the point M acceleration (its tangential and normal components) at the
moment of time t).

JoueHTpoBe NpUCKOPEHHS TOUKHU M.

(Normal component of point M acceleration)

anM := 033(t)2 -r3
anM =14.475

OO6epranbHe MPUCKOPEHHS TOUKU M.
(Tangential component of point M acceleration)

atM :=¢e3-r3
atM :=22.5

IToBHE npUCKOpEHHSI TOUKU M.
(The point M acceleration)

aM := \/ (arM )2 + (anM )2
aM =26.754

Bynyemo BekTopm OIBHAKOCTEH pyXy TOYOK MexaHi3ma (puc. 6.6).
OcobmmBocTi moOya0BH BekTOpiB B cucteMi Mathcad HaBeneHO B METOAMYHUX
BkaziBkax (M.P. Tkau, C.O. MopryH, A.C. [lo3nancekuii «Po3paxyHkoBo rpadi-
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4yHi poOOTH 3 TeopeTHYHOI MexaHikM Ha 0a3i cucremu Mathcad». Yactuna II.
Kinemaruka. c. 50 — 69).

(Set the vector of the mechanism’s points velocities (fig. 6.6)).

xemxely, A0 B val® @

Xe2y,XC3y, C(o) . M(o) ’VC<0> ) VM(D)

a o
Puc 6.6 Bextopu mBUAKOCTEH TOYOK MEXaHi3Ma!
a — TOYOK A Ta B, 10 Hajexartp Kojecy 2;

6 — Touok C u M, 110 HajnexaTh Kojecy 3

BynyemMo BEKTOpH JOLEHTPOBOIO, BICEHANPSIMHOTO Ta TOBHOTO MPUCKOPEHB
pyXy Touok mexaHizma (puc. 6.7). OcobauBocTi NOOYIOBH BEKTOPIB B CHCTEMI
Mathcad nHaBegeno B mMeroauunux BkasiBkax (M.P. Tkau, C.O. MopryH, A.C.
IMo3naHchkuit «Po3paxyHKoBO TpadidHi poOOTH 3 TEOPETHYHOT MeXaHiKu Ha 6as3i
cucremu Mathcad». Yactuna II. Kinemaruka. ¢. 50 — 69).

(Set the vector of the mechanism’s points acceleration and its tangential and
normal parts (fig. 6.7)).
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\'anBc 0

\ '
xep AD vara® vana® vaa® Jxely, B varB? vans @, van®

- - 100 75 -5 100

x2g 0 ard® yanc® vac® 3y M Y varM® vanm®  vam®

o
Puc 6.7. Bekropu npuCKOpeHb TOYOK MeXaHi3Ma:
a — 1040k A Ta B Ha kouneci 2; 6 — Toyok C ta M Ha Koueci 3

Bynyemo nmiarpamu KyTOBHUX IIBHIKOCTEH (pHc. 6.8, @) Ta KyTOBHX IPHCKO-
pessb (puc. 6.8, 6) Komic MexaHi3Ma.

(Set the diagrams of the mechanism’s pulleys angular velocities (fig. 6.8, a)
and accelerations (fig. 6.8, b).
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1 =
0.5 k
o s
w2 0 I
Ji i
—0.5
y |
0.5 1 1.5 2 2.5
1,2
a

1 ——
0.5
€1
T 0
<
u_z
— 0.5
-1 )
0.5 1 1.5 2 2.5
1,2
7]

Puc 6.8. [liarpamu KyTOBHUX IIBUAKOCTEH (@) Ta KyTOBHX NPUCKOPEHS (0) MexaHi3Ma

BucnoBok: Buxoasuu 3 aHaJjizy

JaHuX Ta rpadikiB, HaBeJleHUX Ha

puc. 6.5, 6.6, 3po3ymijio, 110 WBHAKOCTI TA MOBHI NIPUCKOPEHHSI TOYOK MeXa-
Hi3Ma 3MeHIYIThCs 3i 30ibLIEeHHSIM BiICTaHi TOYKHM Bil BaHTaxka, KM
NPHUBOJMTH MEXAaHI3M 0 pyXy. AHAJTi3 puc. 6.7 1a€ 3MOry 3po3yMiTH, 10 KO-
Jieco 2 MPUCKOPIOETHCS MiI Yac pyxy, a KoJjieco 3 — HABNAKH.

(Conclusion: Analysing the graph on the fig. 6.5, 6.6 we can find out that
velocities and accelerations steadily decreases with the increase of the distance
from them to the cargo location. Analysis of the fig. 6.7 gives us an opportunity
to say that the pulley 2 accelerates and the pulley 3 slows down).

3asaanns K-3. KinemaTuune poc/iieHHs pyxy
0araToJ1aHKOBOI0 MeXaHi3Ma

YA

Puc. 6.9. Cxema 6aratosaHkoBOro
MexaHizma
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Kpusommn O/4 6aratonaHKoBOrO
MexaHi3my (puc. 6.9) obepraeTbcs Ha-
BKOJO BICI z 3 4YacTOTOIIO n
=90 00/XB Ta KyTOBUM IPHUCKOPEHHIM
& =10 pan/cz. ITonoxeHHst MeXaHi3My
B AaHHI MOMEHT 4acy 3aJa€ThCs BEJIH-
YHHOKO KyTa @, SKHI € KyTOM 00epTaH-
Hs KpuBommma. [lel KyT BiAKIamgaeTh-
Csl MK KPUBOIIIUIIOM Ta BICCIO X B CHC-
TeMi KOOPIMHAT MEXaHi3Ma.

(The cranck Ol14 of the flat multi-
element mechanism (fig. 6.9) is rotated
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around z axis with the frequency n = 90 rotations per minute and the angular
acceleration gy = 10 rad/s”. The mechanism’s position is set by the value of the
cranck rotation ¢ angle. This angle is measured between the x axis and the
cranck O1A current position.)

J1i1s1 331aHOTO TIOJIOKEHHS MEXaHi3Ma BU3HAYHTH:

1. IIBUAKOCTI PyXy YCiX BY3JIOBUX TOUOK MEXaHi3M.

2. KyToBi mIBUAKOCTI pyXy yCiX JaHOK MEXaHI3MY.

3. KyToBe nmpuCcKOpeHHs YCiX JaHOK MEXaHi3My.

4. [ToBHE IPUCKOPEHHA PYXY YCIX BY3JIOBHX TOYOK MEXaHI3MY.

(For the current position of cranck O1A you need to find:

1. Velocities of all points, located at the mechanism nodes.

2. Angular velocities of all mechanism elements.

3. Angular accelerations of all mechanism elements.

4. Full accelerations of all points, located at the mechanism nodes.)

Buxigni nanni

(Put the incoming data)
014 :=0.3 DC :=0.4 b:=0.6 n:=90
AB :=0.9 02D =0.6 o +=30° g:=10
AC =0.52 a:=1.0 0:=600  @3:=850

OO0YNCITUMO KyTOBY MIBHAKICTH PyXy KpuBomumna Ol A:
(Find the angular velocity of the cranck O1A4):

0= 2" 9405
60

Po3i0’eMo MexaHi3M Ha rpymu JaHoK. [0 mepuioi rpynu BXOASTh KPUBOLIMIT
014, tpukytHuk ABC Ta noB3yH B (puc. 6.10, a). JIo apyroi rpynu — KpUBOIIHIT
OD ta matyn DC (puc. 6.10, 0).

(Divide the mechanism on two groups of units. First group consists of the
cranck Ol1A, the connecting rod ABC and the slider B (fig. 6.10, a). Second group
consists of the cranck O2D and the connecting rod DC (fig. 6.10, b).)

3a71aeM0 KyTH HaxWily JIAaHOK MeXaHi3Ma JI0 BiCi X: KYT ¢; JUISl TPUKYTHHKA
ABC; @3 nns xpusomuna O2D Tta ¢, quisa matyna DC. TIoB3yH B pyXxaeTbes noc-
TyMaJ bHO B3IOBX BiCi X.

(Set the angles between the mechanism’s units and the x axis: ¢; — the angle
between the conrod ABC and the x axis; g3 — the angle between the cranck O2D
and the x axis, ¢, — the angle between the conrod DC and the x axis. The slider b
is moving steadily along the x axis).
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Puc. 6.10. BekTopHi KOHTYpH IUIS TPYII JIAaHOK MEXaHi3Ma:
a — s manok OI1A ta ABC; 6 — nns manok O2D ta DC

JAnst KO’KHOT TPy JJAaHOK OYAYEMO BEKTOPHI KOHTYPH, 3a AOTIOMOTOIO SIKUX
MOJKHa CKJIACTH PIBHSHHS I'€OMETPUYHHMX 3B’S3KIB JUISl TPYI JIAHOK MeXaHizMa
(puc. 6.11 a, 6):

(For each group of mechanism units we need to create vector contours to set
the geometric dependences beween the mechanism units (fig. 6.11 a, b)):

— JUIsl BEKTOPHOTO KOHTYpa O1AB:

— for vector contour O1AB:

R =Rp1 4+ R p+Rp

— U1 BEKTOpHOTO KOHTYypa O2CB:
— for vector contour O2CB:

R, =Rprp + Rpc + Rep

Puc. 6.11. BekTopHi KOHTYpH JUIsl TPYI JJAHOK MeXaHi3ma:
a — s maHok O1A ta ABC; 6 — nnst nanok O2D ta DC
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01A-cos£q); 0.15

1014 :=| 014 -sin(o) [=| 0.26
0
AB - cos 0.801
IAB:=| - AB- smzo(pl = —041
AC-cos ; 0.519
IAC :=| AC-sin(B) [=| 0.026
0 0
ol-360°
B=0oa—-———=0.051
2-m

Posrnsaemo BekTopHuUit KOHTYp OIAB. J{71s HHOTO 331aMO BEKTOPH, IO 103-
Ha4yaroTh JIOBXKHHU JIAHOK.

(Describe the vector contour OIAB. Firstly set the vectors, that are equal to
the mechanism units)

3amamMo BEKTOp KyTOBOI IIBUAKOCTI KpuBomwma O/ 4.

(Set the vector of the cranck O1A angular velocity)

0 0
®014:=[0|=| O
» 9.425

[IBuAKiCTh TOUKH A BU3HAYAEMO SIK BEKTOPHUH JOOYTOK BEKTOPIB JOBXKHHU
kpuBomuna O/ A4 Ta oro KyToBOi IBHIKOCTI.

(Find the point A velocity as the vector production of the cranck O1A length
and angular velocity vectors)

—2.449
vA := 0014Ax1014=| 1.414
0
|vA| = 2.827

3amamMo BEKTOp KyTOBOTO MIPHCKOpeHH: KpuBomumna O/ 4.
(Set the vector of the cranck O1A4 angular acceleration)

0
0
10

€014 :=

n oo
I

BusHaunMo J01EHTPOBE, BiCEHANPSMHE Ta MOBHE MPUCKOPEHHS TOYKH A.
(Find the point A acceleration (its tangential and normal components)).

187



Pimenns B cucremi Mathcad

JlolieHTpOBE MPUCKOPEHHS TOUYKH A.
(Normal component of point A acceleration)

-13.324
aAn := ©01lAxvA =| —23.078

0
ladn| = 26.648

ObGepranbHe MPUCKOPEHHS TOUKH A.
(Tangential component of point A acceleration)

—2.598
aAt :=e01Ax1014=| 1.5
0
|aAr| =3.0
[ToBHE npUCKOPEHHS TOUKH 4.
(The point A acceleration)
—15.922
aA :=aAt+aAn=| —21.578
0

lad| = 26.816

ITpoektyemo BekTOpHE piBHSIHHS I KOHTYpY O1AB Ha Bici koopaunat. Ta-
KHAM YHHOM OTPUMYEMO CHCTEMY PiBHSIHB, SIKA OIHCYE T€OMETPUUHI 3B’SI3KH MIXK
JIAHKaMH MEXaHI3MYy:

(Project the vector equation for the contour OIAB on the coordinate axis.
Thus we receive the system of equations, describing geometric relations between
the mechanism’s units)

0O1A4-cos\¢)+ AB-cos\¢pl)—xB =0
O1A4- sinlo)— AB- sin\pl)=0

3 mepuIoro piBHAHHS CHCTEMH BU3HAYA€EMO IEPEMIlICHHS OB3yHA B.
(From the first equation of the system we can find the slider B movement)

xB :=01A4- cos((p)+ AB- cos((p1)= 0.951
Jyis BU3HAYCHHSI KYTOBHX IMIBUAKOCTEH pyXy JIAHOK MEXaHi3Ma Ta MIBHIKOCTI

MIOCTYNAJIBHOTO PYXy TOB3yHa B NMpoaudepeHnitoeMo PiBHSIHHSA HPOEKIH Bek-
TOpHOTO KOHTYpa OIAB.
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(To find the angular velocities of the mechanism units and the slider B veloci-
ty we need to differentiate the equations of vector contour O1A4B projections)

—O01A4-sin (p)-oo—AB- sin((pl)-(ol—vB =0
014- cos((p -0—AB- cos((pl)n ol=0

ITeperecemo BiloMi CKJIa0Bi 3 JIiBOT YaCTHHY PIBHSIHHS B TIPaBy.
(Transfer the known parts of the equation from its left part to right)

— AB- sin(pl1)- ol —vB = 014. sin(¢)- o
— AB-cos\¢l)- ol = OIA‘cos((p)m)

®dopmyemMo MaTpUIIO Koe(ilmieHTiB — A Ta BEKTOP-CTOJNOCIh MpaBUX dYac-
TUH — B.
(Form the ratio matrix A and the matrix of results B)

(o[~ AB-sin(p)) ~1Y_(-041 -
“{-4B-cos(p1) 0 ) (-0.801 0

B ,.=( 014:sin(g)- o J_[ 2.449 )

-014- cos((p)- o) \-1414

Bekrop-cTonbelp pillieHsh OTPUMAHO PIllICHHSIM MATPUYHOTO PIBHSHHS 3 BU-
KopucTaHHsaM QyHKIiT Isolve.

(Results of the equation system solution are given in a vector form and can be
obtained by the Isolve function usage)

C:= Isolve(A,B): (1'764)

3.172
ol :=Cy =1.764
vB :=C; =3.172

Buznaunmo KyToBY MIBUAKICTH JaHKU ABC.
(Find the angular velocity of the unit ABC)

0 0

wABC:=| 0 |=| O
ol) \L764

loABC|=1.764

BusnaunMo npuckopeHHs TOuku B Ta KyToBe puckopeHHs nanku ABC. [lnd
IIbOTO ITPOAU(EPEHIIIIOEMO ABIYi PIBHSHHS NPOEKLiii BeKTOpHOro KoHTYpa O1AB
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(Find the point B acceleration and the unit ABC angular acceleration. For
this we need to double differentiate the equations of vector contour O1AB projec-
tions)

—01A-cos\¢)-e— AB-cos\¢l)-el—aB =0
—O01A4-sin\¢)- €+ AB- sin(¢l)-€1 =0

[lepenecemo BiloOMi CKJIa0Bi 3 JIiBOi YACTHHH PiBHSIHHS B IIPaBY.
(Transfer the known parts of the equation from its left part to right)

—AB-cos( 1)-£l—aB = 01A-c0s((p)- €
AB- sin((pl -el=01A4- sin(cp)- €

dopmyeMo MaTpUIo KoeQilieHTiB — A/ Ta BEeKTOP-CTOJOCIs MPaBHX dac-
THH — B1.
(Form the ratio matrix Al and the matrix of results BI)

Al:z(—AB.cos((pl) —1)=(—0.801 —j

AB-sin(pl) 0 041 0
Bl = Ol4-cos(\p)-€) ( 1.5
"\ 014-sin(9)-c ) (2.598
BekTop-cTonberp pilleHs OTPHMAHO PilIEHHSM MAaTPUYHOTO PiBHSAHHA 3 BHU-
kopuctanHsaM ¢yskuii Isolve.

(Results of the equation system solution are given in a vector form and can be
obtained by the Isolve function usage)

Cl:= Isolve(Al,Bl) = (1'764J

3.172
gl :== Cly = 6.58
aB :=Cly =8.034

BusnaunMo kyToBe npuckopeHHs nanku ABC.
(Find the angular acceleration of the unit ABC)

0 0

eABC:=| 0 |=| 0
el) (658

leABC|=6.58

Busnaunmo mBuakicTs pyxy Touku C, mo Hanexuts jaHni ABC. [omocom,
HaBKOJIO SKOTO BinOyBaeThcst oOepTanHs ganku ABC e Touka 4.
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(Find velocity of the point C, that belongs to the unit ABC. The pole of rota-
tion for this unit is the point A)

—2.402
vC :=vA+ ®ABCxIAC =| 0.498
0
[vC| =2.453

BuzHaumMo IOIEHTPOBE, BicEHANPSMHE Ta MOBHE MPUCKOpeHHSs Touku C.
(Find the point C acceleration (its tangential and normal components)).
Jouentpose npuckopeHHst Touku C.

(Normal component of point C acceleration)

—0.879
aCn := 0wABCxvC =| —1.015
0
laCn|=1.618
O6epranbHe npuckopenHs Touku C.
(Tangential component of point C acceleration)
—19.298
aCt := aAt+eABCxIAC =| 4.195
0
|laC1| :==19.765
IToBHe npuckopenns Touku C.
(The point C acceleration)
—19.922
aC :=aCt+aCn=| —5.578

0
|aC| = 20.099

Posrnsiemo BektopHuit kouTyp O2DC. JIns HBOTO 3a1aMO BEKTOPH, IO MO-
3HAYAIOTh JIOBKUHH JIAHOK.

(Describe the vector contour O2DC. Firstly set the vectors, that are equal to
the mechanism units)

— 02D cos(¢3)- DC - cos(4)+ CB- cos(p2) = 0
02D- sin((p_’:S— DC- sin((p4<$— CB- sin((p23)= 0
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BusHauumo KyTH ¢, Ta @y
(Find the angles ¢, and ¢,)

0
1-
02 :=a+("2ﬂ=0.996
- TT

Kyt ¢, 3HaX011MMO 3 TIEpIIOTO PIBHSHHS NPOEKLiil BEKTOPHOTO KOHTYPY

O2DC Ha Bici KOOpIUHAT.
(The angle ¢, could be found from the first equation of the vector contour
O2DC projections on the coordinate axis)

¢4:=a cos[ ~02D-cos ((P?’D)Z‘ CO2-cos ((pz)j =0.962

Jns  BU3HAUCHHS KYTOBHX INBHIKOCTEH pyXy JIaHOK MexaHi3ma
npoanepeHIIi0eEMO PiBHAHHS MPOEKIil BeKTOpHOTO KoHTYpa O2DC.

(To find the angular velocities of the mechanism units we need to differenti-
ate the equations of vector contour O2DC projections)

02D-sin(\@3)- ©2+ DC - sin\04)- ®3— CB- sin\92)- ®l =0
02D cos\@3)- ©2— DC - cos\p4)- ©3— CB- cos|p2)- ol =0

[lepeneceMo BilOMi CKJIa/IOBI 3 JIIBOT YaCTUHY PIBHSIHHS B TIPaBy.
(Transfer the known parts of the equation from its left part to right)

02D - sin\p3)- ©2+ DC - sin\p4 -0)3=CB-sin( 2)- ol
02D - cos\p3)- @2 — DC - cos\04 -033=CB-c0sEfp2 -l

dopmyemo Matpuio koedilieHTiB — 42 Ta BEKTOP-CTOJIOCLb MPaBUX Yac-

THH — B1.
(Form the ratio matrix A2 and the matrix of results B2)

A = 02D-sinl@3) DC-sin\e4)) (0.598  0.328
“\02D-cos(93) DC-cos(p4)) | 0.052 —0.229
By — CB-sin\o2)-ol) _( 0.77
"\ CB-cos(92)- ol ) | 0.498

Bekrop-cronbenp pilieHs OTpUMaHO PIillIEHHSIM MaTPUYHOTO PiBHSHHS 3 BH-

kopuctanHsaM Qyskuii Isolve.
(Results of the equation system solution are given in a vector form and can be

obtained by the Isolve function usage).
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C2 := Isolve(A42, B2) = [2'61 1)

2.75
w2 :=C2)=2.611
w3:=C2 =275

BuznaunmMo kyToBi mBuakocTi saHok 02D ta DC.
(Find the angular velocities of the units O2D and DC)

0 0 0 0

oDC:=| 0 |=| 0 02D := 0 (=] 0
w3) 275 w2) (2611

loDC|=2.75 |002D|=2.611

3amamMo BEKTOp, 110 MO3HAYae JOBXKUHY JaHKU O2D.
(Set the vector, that is equal to the mechanism unit O2D length)

—02D-cos(g3)) (-0.052
102D :=| 02D-sin(p3) |=| 0.598
0 0

[IBuaKicTh TOUukKM D BU3HAYAEMO SIK BEKTOPHHIA T00YTOK BEKTOPIB JOBXKHHU
kpuBomuna O2D Ta 10ro KyToBOi IIBHIKOCTI.

(Find the point D velocity as the vector production of the cranck O2D length
and angular velocity vectors)

1.318
vD := ©02Dx102D =| 0.914
0
[vD| =1.567

Bmnaunmo kyToBi mnpuckopeHHs JaHoK O2D Tta DC. Jlng 1poro
npoan(epeHIitoeMO IBiYi piBHSHHS MPOEKIIiii BeKTopHOTO KOHTYpa O2DC.

(Find the units O2D and DC angular accelerations. For these we need to
double differentiate the equations of vector contour O2DC projections)

02D -sin\@3)- €2+ DC - sin\p4)-€3— CB- sin\p2)-€1 =0
02D-cos\@3)-€2— DC - cos\p4)-€3— CB-cos\92)-€1=0

ITepenecemo BiloMi CKJIa10Bi 3 JIiBOT YACTHHH PIBHSIHHS B IIPaBY.
(Transfer the known parts of the equation from its left part to right.)
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02D - sin(@3)-€2+ DC - sin\@p4)- €3 = CB - sin\p2 )- €1
02D cos\@3)-€2— DC - cos\p4)- €3 = CB- cos(p2)- €l

dopMyeMO MATPHII0 KOC]ilieHTIB — A3 Ta BEKTOP-CTONOCIh MPaBHX
yacTuH — B3.
(Form the ratio matrix A3 and the matrix of results B3)

A3 = 02D-sin(@3) DC-sin\p4)) (12.598 9.328
“{02D-cos(p3) DC-cos(p4)) | 7.052 8.229
B3 = CB-sin(@2)-e1) _( 8.72
" CB-cos(92)-€1) | 2.598
BekTop-cTon0enp pinieHb OTPUMAHO PIlICHHSIM MaTPUYHOTO PiBHSHHS 3 BHU-
kopucTanHaM QyHKii Isolve.
(Results of the equation system solution are given in a vector form and can be
obtained by the Isolve function usage).

C3 := Isolve(A43,B3)= [

£2 := C3p =41.981
€3 1= C3; =12.67

41.981
12.67

Buznaunmo kyToBi npuckopenHs jganok O2D ta DC.
(Find the angular accelerations of the units O2D and DC)

0 0 0 0
€02D:=| 0 |=| 0 eDC:=| 0 |=| 0

e2) (41.981 e3) \12.67
|e02D| = 41.981 leDC| =12.67

Bu3HaYMMO IOLEHTPOBE, BICCHANPSIMHE Ta MOBHE IPUCKOPEHHS TOYKHU D.
(Find the point D acceleration (its tangential and normal components)).
JloLleHTpOBE NPUCKOPEHHS TOUYKU D.

(Normal component of point D acceleration)

0.193
aDn := ®DC xvD =| —2.925
0
|aDn| = 3.023

Ob6epTanbHe MPUCKOPEHHS TOYKHU D.
(Tangential component of point D acceleration)
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—5.105
aDt :=aCt+eDCxIDC =| 0.752
0
|aDr| >=5.069
IloBHe npucKOpeHHs TOUKH D.
(The point D acceleration)
-5.1
aD :=aDt+aDn=| 1.78

0
laD| = 5.902

[ToOynyemMo cxeMy IUIOCKOTO MeXaHi3Ma MpH 3aJaHHOMY KyTi OoOepTaHHS ¢
Beydoro kpusoummna O7A4 (puc. 6.12). OcobmuBocTi MOOYA0BH JIAHOK IJIOCKOTO
MexaHizma B cucteMi Mathcad HaBeneHo B MeToandHMX BKaziBkax (M.P. Tkauy,
C.O. MopryH, A.C. Ilo3naucekuit «Po3paxyHkoBo rpadiuai poboTu 3 TeopeTnd-
HOT MexaHik1 Ha 0a3i cuctemu Mathcady. Hactuna II. Kinematuka. ¢. 70 — 91).

(Let’s build the flat mechanism scheme according to the given rotation angle
@ of the leading cranck OlA (fig. 6.12)).

0.7 ]

0.5 /A\
S )
0 2? / \ \
AL <\ *

?

- 0.3
—0.101 03 05 070911 13

M(o) ’ M1<0>

Puc. 6.12. Cxema 0araTo1aHKOBOIO IIOCKOTO MEXaHi3Ma

g

!

2

1

}

—-0.1

IToOyayemo Tutanu mBUAKOCTEH (puc. 6.13) Ta mpuckopens (puc. 6.14, 6.15)
TOYOK, IO HaJIeXKaTh JIAHKAM TUIOCKOTo MexaHizma. OcoOIuBOCTI MOOYI0BH Jia-
HOK IUIOCKOro MexaHi3ma B cucteMi Mathcad HaBesneHO B METOJMYHMX BKa3iB-
kax (M.P. Tkau, C.O. MopryHn, A.C. Ilo3nancekuii «Po3paxyHkoBo rpadiuni
poboTH 3 TeopeTHuyHOi MexaHiku Ha 0a3i cucremu Mathcad». Yacruna II. Kine-
Mmaruka. c. 70 — 91).
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.(Set the vectordiagrams of the mechanism’s points velocities(fig. 6.13) and
accelerations (fig. 6.14. 6.15).

401
30T
201
107
30 — 20 0
101
=20-
a(0} ,b<°> ,ba<0> . c(t)) ma{n) . d(o) ,cd<0>
Puc. 6.13. Ilnan mBuaKocTeit 0araTo1aHKOBOIO IJIOCKOTO MEXaHi3Ma
: 20
v aA(l)
v aB(l)
vansa” 30 100 ‘0 60 0 lo
SanBA s - - - - - -
varBal
vancal /
=&V
varca
VaC(l)
—
Vanca” /
=40]
varcal
l |
var'” vaB? vanBA? varBA? vanca” varca¥ vac® vancE? varcs®

Puc. 6.14. ITnan npuckopens Touok 4, B, C rpynu nanok O1A4BC mexaHizma
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20

vannoz”

VaTDOZ(l) —|70 —[50 —130

vapo2™? e

— &
(0 'A-_._—-
ki A—-—'__—_‘
i
VanDC E ; -
{1 ’

VatDC \

~ —60]

=80

varD02? varpo2® vapo2® vac” , vanc™ , varpc'®

Puc. 6.15. Ilnan npuckopers Toyok D, C rpynu taHok O2DC MexaHizMa
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