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BCTYII

Juctuminina «Teopis MexaHi3MiB 1 MallluH» Ma€ BaXJIMBY poJib B TpodeciitHii
MITOTOBIII MOJIO JIIINX 1H)KEHEPIB-MEXaHIKIB (dhapMaleBTUUYHUX Ta
0100JIOTBIYHUXJIOTITYHUX BUPOOHUIITB.

MeTta JaHUX MeTOAUYHHUX BKA3iBOK — JOIIOMOTTH CTYJEHTaM y PO3B’sI3yBaHHI
3a/1a4, JIOMOMOITH B MIATOTOBII J0 KOHTPOJBHUX POOIT, OBOJOMITH METOJaMHU
CaMOCTIHOT poOOTH Ta B MIATOTOBIIl 0 BUKOHAHHS KypcOBOTO Mpoekty 3 TMM 3
Posniny «J/lunamika MexanizmiB». HaOyTtuii mig yac caMocCTIMHOI poOOTH JOCBIA
dbopMye y CTyIEHTIB HEOOXITHUN OOCSIT HABUYOK, MOHITH Ta YyMiHb, CTBOPIOE
HEOOX1JHI YMOBHM /IS Kpalloro 3aCBOEHHS HABYAJbHOIO Marepially, YMILJIOro
BUKOPUCTAHHSA 1X Ha MIPAKTHUIIL.

PoGora Ha TmpakTHYHUX 3aHATTAX JO3BOJHUTH CTYJAEHTaAM IOTJIHOHUTH,
y3araJbHUTH Ta 3aKPINUTH 3HAHHS, OTPUMaHI MPU BUBYCHHI TEOPETUYHOTO KYPCY
«Teopii MexaHi3MiB 1 MallIuH -2. J[nHaMiKa MEXaHI13MiB.

Y naHuMX METOAWYHUX BKa3iBKaX HaJaHl KOPOTKI TEOPETHYHI BiJOMOCTI,
PO3MIISIIA€ThCA BUPIIICHHS HABEJIEHUX 3aBJaHb 3 KOHKPETHUMU MPUKIATAMU 3 TEM:
«Teprs B kiHeMaTmuHMX Tapax», «CuHlIOBe JOCHIDKEHHS  MEXaHI3MiBy,
«JlocmikeHHs pyXy MeXaHI3MIB MiJ Ji€l0 3aJaHux cui»y, «OCHOBHI MPUHIIUIH
TEOpii peryaroBaHHS XOJy MAIIMHHOTO arperary», o OyayTh 3alpOINOHOBaHI
CTyJIEHTaM TIpU BUBUYEHHI KYpCY.

Haeneni BapianTH 3aBaaHb ISl CAMOCTIHHOT pOOOTH.

JIst ycHmilmHOTO BUKOHAHHS 337]a4 CTYJEHT MOBHHEH MPOPOOUTH Ta 3aCBOITH
Martepian JIeKIid, BMITH BHUKOPUCTOBYBaTHM OTPHUMAHI 3HAaHHS i1 PIILIEHHS

KOHKPETHOI1 3aj1ayi.



TEMA 1. BCTYII Y AUHAMIKY MEXAHI3MIB

1.1. Po3paxynok pywitiHux cui 3a 00NOMO2010 IHOUKAMOPHUX diazpam

BimoMi aBa OCHOBHI KJIacH MAaIlIMH: MAawuHu-08ueyru i pooboui mawunu. Ileprri
MpU3HAYCH1 JJI TIePEeTBOPEHHS PI3HUX BUAIB €HEprii (TEIUIoBoi, eJIEKTPUYHOI Ta 1H.)
B mexaHiuHy, IpyTri BUKOPUCTOBYIOTh MEXAHIUHY €HEPTito JJIsl BUKOHAHHS KOPUCHOT
poboTu. /[BuryH, MexaHi3Mm 1 poboya MalrHa B CYKYITHOCTI YTBOPIOIOTh MAUUHHULL
aecpeeam. I1pu TuHaMIiYHOMY aHaji31 MAIIMHHOTO arperaTy po0odi MpoIiecu B HbOMY
NPEJCTaBICHI y BUTIIAI 3aJI€KHOCTEH eHeprii, cuin abo MOMEHTY Ha BX1JHIM abo
BUXI1JIHIM JIaHIII BiJ HOT0 mepeMilieHHs a00 MBUAKOCTI. {1 3a1eXHOCTI Ha3UBAIOTHCS
MEXAHIYHUMU XAPAKMEPUCTIUKAMU.

[Inpoko pO3MOBCIOKEHUMH MalllMHAMHU (SIK pOOITHUKaMH, TaK 1 MalllMHAMM-
JBUTYHAMH) € TIOPIIHEBl MAaIlIMHU. Y I[HMX MalKHaXx abo0 CWIM THUCKY Ta3y
MEPETBOPIOIOTHCS B KPYTHUH MOMEHT Ha BaJly KPUBOILIUMA (IBUTYHH BHYTPIIIHHOTO
3TOpsSIHHS, JAETaHJepH), a00 KpyTHUH MOMEHT Ha Bally KPUBOLIMIA - B E€HEPIIIO
CTUCHEHOro Ta3y abo piauHu (KoMmmpecopu, HacocH). ['padiuHa 3anexHICTh, IO
XapakTepu3y€e 3MIHY TUCKY B LWIIHAPI TMOPIIHEBOI MAaIIMHU BIJl IEPEMIILIECHHS
MIOPIITHS, HA3UBAETHCS iHOUKamopHa diacpama. CBOIO Ha3By IS Jlarpama oTpuMalia
yepe3 HalMEHYBaHHS Mpuiaay, SKUH BHKOPUCTOBYIOTH MJis 1l peecTpauii, -

MEXaHIYHOT0 a00 eJIEKTPUUHOTO 1HANKATOPA.
1.2. Mexaniunui KK/

1. Mexaniunum Koegiyichmom KopucHoi Oii MallMHU ab0 MeXaHi3My
HA3UBAETHCS 8IOHOUIEHHSI POOOTH CHIJI BAPOOHUYOTO OMOPY 0 POOOTH PYIITHHUX CHIT
3a OJWH TOBHUW HHUKJI ycTajeHoro pyxy. KoedirieHT kopucHoOi mii 3HaXoIsTh MO
bopmyii:

A(C — 14](0 ,
4, A +A4,

ne A, — poboTa BUpOOHHYNX (KOPHCHUX) CHJI OMOPIB, A, — pobota pymiiHux cui,

n= (1.1)
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A . —poboTa cu MKiAIUBUX ONOPIB.

Sxuio pymniHi CMIM W CHJIM KOPUCHOTO OMOPY MpUBEIEHI 10 Ti€i camoi
00epTOBOI JIaHKHU, TO MEXaHIYHUU KOEQIIIEHT KOPUCHOI [ii MeXaHI3My MOXHa
BU3HAYUTH SIK BiJHOWICHHS CEPEAHBHOTO IPHBEIEHOTO MOMEHTY CHUJ KOPHCHOTO
OTIOPY /10 CEPEIHBOTO MPUBEACHOTO MOMEHTY PYIIIHHUX CHJI:

M KC
U:ML, (12)

pp

ne M

Cp Ke

— CepeIHiN 3a MUKJI YCTAJICHOTO PyXy MPUBEAECHU MOMEHT CHJI KOPUCHOTO
oropy, M, — CepeaHii 3a UKI yCTAICHOTO PYXy HPUBCACHUNH MOMEHT PYLITHHIX

CHIL

Sxio pyuniHi CUIM W CHJIM KOPUCHOTO OMOPY MPHUBEACHI 10 OAHIET 1 TIET K
TOYKH JIAHKW IPUBEACHHS MEXaHI13MYy H JIIHI1 A1 IUX CUJI 301ratoThCsl, TO MEXaHIYHUN
KOe(DIIIEHT KOPUCHOI J1i BU3HAYAETHCS K BIJHOIICHHS MPUBEICHOT CUIIM KOPUCHOTO

OIOpPY J0 MPUBEICHOI PYLIIHHOT CHIIN:
P
n=—5 (1.3)

ae P — cepeiHs 3a UMKI NPUBEIEHA CHIIA KOPUCHOTO O1Opy, P — cepenns 3a UMK

npuBeAeHa pylriiiHa cuia (i1l Al 000X cuil 301ratoThes).

TakuM YMHOM, SIKIIO MPEACTABISETHCS OUTBII 3pYYHUM BHU3HAYUTH KOE(ILIEHT
KOPHUCHOI i1 SIK BIIHOIIECHHS CEPeHIX MPUBEICHUX MOMEHTIB a00 MPUBEIECHUX CHUJI,
TO TOMNEPEIHHO BUIUIMBAE TaKe MPUBEJCHHS BUKOHATH W IMICJS LBOTO CKJIACTH
HEOOX1THE BITHOIIICHHS.

2. Mexaniunum xoeghiyienmom KopucHoi 0ii cucmemu mexamizmis, CKIAACHOT 3
JEKUTbKOX TociiioBHO 3'eqHanux MexaHi3MiB (KKJ]I 6araroctyninuactux rnepenay),
HA3UBAETHCS 00OYMOK MEXaHIYHUX KOEQIIIEHTIB KOPUCHOI Ai1 OKPEeMHUX MEXaHI3MiB
(OIHOCTYNIHYACTUX TIepeiay), siKi CKIaAaloTh JIaHy CUCTEMY.

3. Buag dQopmynu, sKkow NOTPIOHO KOPUCTYBATUCS [JJIsI 3HAXOJKEHHS

MEXaHIYHOTO KoedillleHTa KOPUCHOI [ii MJIaHETapHOTO PEeAyKTOpa, 3aJeKHUTh BiJ



TOTO, SIKa JIJaHKA € BEY4OIO 1 IKE B HHOTO TIEPEIaTHE BiTHOIIICHHS.
[Tpu 11bOMyY MOXKYTh TIPEACTABUTHUCS HACTYITHI BUTIQIKU:
1) Koneco 1 — sedyue, soouno H — sedene. SIkuo oOYMCIICHE MEpeIaTHE

BiJIHOIIICHHS. OJHOCTYIIIHYACTOr0 IUIAHETApPHOTO peayKTopa I, sBIsSIE COOOIO
no3umuenuti Opio6, TO KOe(ILI€EHT KOPUCHOI il pPeayKTopa OOUYMCIIOETHCS II0
dbopmyi
Thu :-i 1_i(1_i1H) :
by Thn (1.4)
Sxuio obuucieHe nepenaTHe BiTHOIIEHHS OJHOCTYIIHYACTOIO IJIAHETapHOIO
pEeAYKTOpa BUXOJUTh Oinbuie 00unuyi abo meHuie Hys, TO KOePIlIeHT KOPUCHOI i
peaykTopa oOUUCTIOETHCS TT0 (opMyITi
Thy I%[l—ﬂm (1_ by )]
1H (1.5)
2) Boouno H — eedyue, xoneco I — sedene. SIkio oOuucieHe nepeaaTHe

BIJHOIIEHHA OJHOCTYIIHYAaCTOr0 IUIAHETApHOIO peaykropa |, BUSBIAETbCA
MO3UTUBHUM JIpOOOM, TO KOE(DIIIEHT KOPUCHOI Mii pelyKTopa OOYMCIIOETHCS TI0
dbopmymi
_ by .

1-n, (1_ilH) (1.6)

k110  o6uKcieHe epegaTHe BiAHOMICHHS! OAHOCTYMIHYACTOrO MJIAHETAPHOTO

T

penykropa I, Oyne Oinbue odunuyi abo menute Hyns, TO KOSDILIEHT KOPUCHOT il
HalJeThes o popMyii
by .
1- 1y
Thn (1.7)

=

VY dopmynax (1.1) — (1.7) npuifHATI HACTYIHI MO3HAYEHHS: 7}, — KOedimieHT
KOPHUCHOI i 3B€pHEHOTO MEXaHi3My, TOOTO TaKOTO, Y SKOTO Ti K 3y04acTi KoJjeca,

M0 ¥ IUTAaHETapHOTO MEXaHi3My, aje TUIbKM BOAWIO H 3ynuHEeHe, a paHille



3aKpiIUIeHe KOJIECO 7 CTano BUTbHUM (pyXOMuM), I, — IepeaaTHe BiJHOIICHHS

OJTHOCTYMIHYACTOT0 TUIAaHETAPHOTO PEAYKTOpa BiJ LIEHTPAILHOTO KOJeca 10 BOAUIY,

Ty — UyKaHUM KoeQIi€HT KOPHCHOI [ii OJHOCTYIIHYacTOro IJIAHETapHOIO
MEXaHi3My Ipu BeaydyoMmy Koiaecl 1, 77, — IIyKaHU Koe(IUIEHT KOPHCHOI nii

OJTHOCTYITIHYACTOTO TUIAHETAPHOTO MEXaHI3My TIPH BEAYIOMYBOIUITY H.
IIpakTUYHe 3aHATTSH

Mema pobomu:. Po3paxyHOK PYHIIHHMX CHJI 3a JOTOMOTOI I1HIWKATOPHHUX

niarpam. Buznauenns mexaniunoro KKJ/I.

3asodanns: Po3Bsi3aHHs 1HIUBIIyaIbHUX 3aBAaHb (3a71a4).

Ilpuknao 1. Po3paxyHOK pyIIIHHOI CHJTH 32 JIOIIOMOT'OI0 1HIUKATOPHOI JlarpaMu
(puc. 1.1.).

JInst BU3HAYEHHS 3HAYEHHS PYMIAHUX CHUJ JUJISL BCIX PO3TJSHYTHX TMOJIOKEHb

MeXaHi13My, HE0OX1HO MPOBECTHU TpadiuHy 0OpPOOKY 1HIAUKATOPHOIL J1arpaMH.

s

PZ}HG.\‘

\
N
0 0,5 1

Puc. 1.1. Imgukaropna giarpama

[navkaTopHa niarpama sBisie coOOKO 3aJ€XKHICTh pYyHIWHUX cuil Fp Bif
nepemiiiens nos3yHa Fp=f(S).

PymifinumMu cunamMu € CUIM TUCKY rasziB P Ha mopuieHb. BukopucroByrouu
Tabmumio 1, GyayeMo B HpAMOKYTHiK cucTemi koopamnar P (S) ma puc. 1.2

IHIUKATOPHY JiarpaMy THCKIB ra3y B IUJIIHIP1 ABUTYHA.



Taomung 1

3aneXHICTh TUCKY Ta3iB B MIJIIHAPI BiJl IEPEMILIEHHS MOPIIHIO

[Tepemimenns Tuck razis B mumiaapi P; , mlla
HIOPIIHS, B TOJIsAX CruckaHHs Posmmpenns
xony (S/H)

0,0 3,6 3,6

0,05 2,0 4,7

0,1 1,1 3,8

0,2 0,6 2,4

0,3 0,3 1,8

0,4 0,16 1,4

0,5 0,10 1,15

0,6 0,06 0,95

0,7 0,047 0,8

0,8 0,02 0,6

0,9 0,0 0,01

1,0 0,0 0,01

JloBXUHY on, BIAMOBITHO XOMy MOB3yHa 3, MPUHAMEMO PIBHOIO BIJCTaHIO MiX
ToukamMu By T1a Bg, TOO0TO 0n=h=ByBs. JlOBXHWHY OpAMHATH oOm, BIAMOBIIHY

e =4 (vl la , npuiiMeM piBHOIO 94 MM.

Toni MacmTaGHi KoeillieHTH MO KOOPAMHATHUM ocsM Tpadiky P (S) 6ymyTs

HACTYTIHI:
s = 14 =0,002 / yom,
=P | om=47/94=0,05mlTa/ mm. (1.8)
Bick opauHaT rpadiky P (S) mpoBeneM depes TouKy By, BiANOBiIHY KpailHOMY
MoJIOKeHHIO ToB3yHa 3. IIpoBemeM cepe3 Touky B, BIANOBIAHY PO3PaXyHKOBOMY
TIOJIOXKEHHIO MEXaHi3My, TIpsMy JIiHiI0 TapajiensHo ici opmuHat P rpadika P (S).
Bennunna 1HOIWKATOPHOTO THCKY B PO3PaXyHKOBOMY TIOJIOKEHHI MeEXaHI3My

BU3HAYAETLCS 13 CITIBBIIHOIIECHHS
P =ef - Up =25-0,05=].,25M17a=125-106]7a, (1.9)

ne ef =25um — nomxuna Binpizky Ha rpadiky P (S).
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i} merx ]
a r ﬁpi __-_- m
Bﬁo o Afjﬁ
N
e,
N
L
\
\“’?ﬂ/
Ag
Puc. 1.2. Inmkaropna piarpama g4; = 0,05 Mila
MM
BI/I3Ha‘II/IMO HJ'IOH_Iy HOpHIHH.
.D? 314-0,07°
S;== e =0,00385.2,

ne D — nmiamerp moprims.

PymuiitHa cuna, o aie Ha nopuiens Fp, H Oyae nopiBHioe:

Fp=P -S;;=125-10°-0,00385=4810H.

11
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Ipuxknao 2. Busnauuntu KKJ[ XBOCTOBOro peaykTopa OJIHOBHHTOBOTO
BHHTOKPHJIA, SKIIO BiZIOMO, 1[0 00epPTaIbHHI MOMEHT Ha BEIy4OMY Bally PeayKTopa
My =13H -m, oOepranpHuii MOMeHT Ha BeaeHomy Bany Mp=213H-m Ta
nepefaTouHe YUCIIo peayKTopa iy =17

MexaHiuyHUMA Koe(irieHT TUTS 00epTaJbHOTO pyXy MEXaHi3My

Ae A

]7_
A A +A4,
77=A<C NKCZMZCOZ M, (1.12)
Ap Np Mla)l Mla)_l_
2
Taxk sk
—~=ky,
TO
My
n=————:
Mih,

[TincraBnsiemo B hopmyiy 1 3HaxoaumMo mexaniunuii KK/I:

213

=0,964.
T13.17 17

Ilpuknao 3. BusHauutu KOe(IIEHT KOPUCHOI il OJHOCTYIIHYACTOTO

IUIaHeTapHoro penykropa tumy Jixemca (puc. 1.3), y skoro Bemyunm € Banx O,
komeca 1, a Benomum — Ban O Bommma H. Umcno 3y6iB xomic =20, z,=20 i
=60. Koedimient kopucuoi aii koxHoi mapu koiic 7=0,95.

Pozg’azox. 1) BusHauaemo mepenaTHe BIJHOUIEHHS OJHOCTYIIHYACTOTO

MJIAHETAPHOTO PEAYKTOpA:

. . 60
—1-if=1-ir it =1 2 | mB |21+ 5821422 (113
H 13 12 23 [ le( ZZ Zl 20 ( )

2) Busnauaemo koedillieHT KOPUCHOI JIii 3BEpHEHOTI0 MEXaHi3MYy:

12



Ths =Ths 113 =0,95-0,95=0,9.
3) 3naxoxuMo nrykanuii koedinieHT kopucHoi Ail peaykropa. Tomy 1o I, 6irbue

oouHuyi, To ckoprctaemocs popmyioro (1.5):

=1 (1-) ] = 2[1-0.9(1-4)] =2 <0,925
1H

Cnin 3BepHYTH yBary Ha Te, IO 3HaIeHUN KOoe(DIIIEHT KOPUCHOI i Oliblie

KoedillieHTa KOPUCHOI /111 3BEPHEHOTO MEXaHI3MYy.

Puc. 1.3. BuznaueHnHs koedilieHTy KOPUCHOI Jii
OJTHOCTYIIHYATOTO IJIAHETAPHOTO PEAYKTOpa

3a80aHHA 0N CAMOCMIUHO20 SUPIULYBAHHA

3aoaua 1. [1oOynyBaTH 1HIUKATOPHY JlarpaMmy 3a 3aJaHUMU NlapameTpamu (puc.
1.2, Tab. 2) Ta po3paxyBaTH pYIIiiHY CWIy TopiiHs. Bci pe3ynbratu po3paxyHKiB

3aHECTH y TAOJUIIIO.

Ta0man 2
Bapiantu
1 2 3 4 5 6 7 8 9 | 10 11 | 12| 13 14 15 16
D, vm 7518060 |8 |[125|150| 70 {160 | 90 | 95 | 100 |130| 85 | 140 | 115 | 110

P il |#548 47|56 [8L[65] 9 |8 |6 | 8 [83) 5 85| 7 |73

IN 7 0506|071 ,08|09|07|06 (051} 04 05/07]06 | 1 |09

log, M 01/02/03/05/04|04,0402(03/04| 01 |02/,03]03]06]0,3

3aoaua 2. Buznauntn KKJ[ moctynmanbHOi KiHEMaTHYHOI TMapud B PI3HUX
MOJIOKEHHSIX THXOX1THOTO TiJJpaBIIuHOTO Hacoca. Bary maHok mpu BUpilIeHHI 3aa4i

He BpaxoByBatu. (puc. 1.4)

13



No -

i

B
/
3

Puc. 1.4.

OcHoBHI mapameTpu JaHOK MexaHi3My: lop =100am, |5 =280mm.
KpuBommn 06epTa€eThcs 3a TOAMHHUKOBOIO CTpUIKOr0. KoedilieHT TepTst KOB3aHHS B
nocTtynanbHoi kinemaruuniii mapi f =0,09.

3ajauy BUKOHATH JJI HACTYITHUX MOJIOKEHb MEXaHI3MY:

1) p=0°, P=1200xz;

2) p=30°, P=1800xz;

3) p=45°, P=2100xz;

4) p=60°, P=2800xe.

3aoaua 3. BuszHauutu KOEQIIIEHT KOPUCHOI il IJIAHETAPHOTO MEXaHI3My
1e6iaKu, SKIIO BEIyYuM € Bai Boauiaa H ,Bemomum — Bai koneca 1 (puc. 1.5, ta6. 3).

Yucina 3y0iB KoMiC piBHI Z, Z,, Z,, Z; KK/l K0HOI mapu Komic piBHUH 7.

L L
‘L2
3 2 J
H g,
0, | ' ' | | O
T T
Puc. 1.5
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Tabmunsg 3

Bapiant
1 2 3 4 5 6 7
Z 65 66 67 70 71 69 75
z, 62 61 64 63 66 65 72
Z, 63 64 66 68 67 64 74
Z, 66 70 73 76 75 72 69
n 0,98 0,97 0,96 0,94 0,93 0,92 0,95

3aoaua 4. BusznHauutu Koe(ilieHT KOPUCHOI [ii OJHOCTYMHIHYACTOTO
miaHeTapHoro peaykropa tumy xemca (puc. 1.3, 1ab6. 4), y AKOTO BEAYYUM € Bal

O, xoneca 1, a Bemomum — Ban O, Boxuna H. Yucno 3y6iB komic Z,7, i Z;.

KoediieHT KopucHOI Ali KOKHOT TapHu KOJIiC 7.

Taonuis 4
Bapiant
1 2 3 4 5 6 7
Z 15 12 16 24 30 26 15
Z, 20 18 24 24 32 28 20
Z, 54 52 64 60 70 66 54
n 0,96 0,90 0,92 0,89 0,97 0,86 0,80

ITuTaHHsA 1JI CAMOKOHTPOJIK0
1. ki 3aBHaHHs TUHAMIKA MEXaHI13MIB € OCHOBHUMU?
2. SIKi cuM Ha3WBAIOTHCS PYUIIHHUMU CUTIAMU?
3. SIKi cuIM Ha3WBAIOTHCS CHUJIAMHU KOPHCHOTO Ta MIKIIJTUBOTO OTIOPY?
4. Yomy AOpIBHIOE poOOTAa HOPMAJIBHUX TUCKIB (peaKiiiii)?
5. Ha ski xapakTepHi NPOMIKKMA MOMKHA PO3AUIMTH Yac PyXy MeEXaHi3My BIJ
MOMEHTY MOYaTKy pyXy J0 3yITHHKHU?
6. SIkuii MPOMIKOK Yacy pyXy MeXaHi3My Ha3MBAETHCS TIEPIOJIOM YCTAJICHOTO PyXy?
7. SIxy BeNMMUYMHY Ha3UBAIOTh KOS(DIIIEHTOM KOPUCHOT J1ii MeXaHi3My?
8. SIk BHU3HA4Ya€ThCA KOE(PIUIEHT KOPUCHOI [1i MAIIMHHOTO arperary Ipu

MOCIIJOBHOMY, TapajelibHOMY, 3MIIIAaHOMY 3’€JHAHHI MEXaHI3MiB, IO BXOASTH 10

Horo ckiamy?
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TEMA 2. TEPTSl Y KIHEMATUYHUX ITAPAX
2.1. Tepms koe3anns

[lix BUTpataMu Ha TEPTSA y MEXaHi3M1 MalOTh Ha yBa3l BTPATHU Ha TEPTSA y HOro
KIHEMaTUYHUX Mapax. PO3pi3HAIOTH JIBa OCHOBHHMX BHJM TEPTS — TEPTS KOB3aHHS Ta
TEPTS KOUCHHS.

VY HWKYUX KIHEMAaTHYHHUX IMapax MaeMO TepTsS KOB3aHHS, Y BHUIIMX Iapax MOXe
OyTu JuIIIe TepTS KOUeHHS 200 TEPTsI KOUEHHS CyMICHO 3 TEPTSM KOB3aHHSI.

[Tpupoaa BUHUKHEHHS TEPTS KOB3aHHS JI0 I[LOI0 Yacy BUBYEHA HE JOCHUTh, XOU ITUM
MUTAHHSAM BYCHI TMOYaIM 3aiiMaTucs JaBHO. BUBYEHHSM TepTs KOB3aHHS 3alMalliCh
AmonToH (1699 p.), Kynon (kineup XVIII ct1.), Mopen (nmouarok XIX ct.), M. II.
[TerpoB (1883 p.) Ta iHmI. IcTOTHUN BKJIaJ y TEOPIF0 TEPTS KOB3aHHS BHECTH

pansHceki BueH1 b. B. Jlepsrin, I. B. Kparenbcbkuid Ta 1HII.

|4

l

i

1ES
J—

7

=Y
Jl
dl
\[{
Jl
N
)

a 0
Puc. 2.1. Cxema Tepts cyxe (a) 1 pimuaHe (6)

Sxio HepiBHOCTI MOBepxoHb TUT A Ta B (puc. 2.1, a), 1110 pyXaroThCsl, CTUKAIOThCS,
TO TEpT, SIKE BUHUKAE TIPH 1IbOMY, Ha3MBaIOTh CyXuM. Komu > MOBEpXHi HE CTUKAIOTHCS
(puc. 2.1, 6) 1 MK TIOBEPXHSIMHU € IMIAP MAacTWja, TO TEPTS MK HUMH HA3WBAIOTh
pinuaHUM. ByBaroTh Takok HamiBcyxe (mepeBaxae cyxe) 1 HamiBpiguHHe TepTs [1, 2,
4,5].

Cyxe Teptsi. OCHOBHI 3aKOHH:

1. V neBHOMy Jiana3oHi IIBUAKOCTEH Ta HaBaHTAKEHb KOE(DILIEHT TepTS
KOB3aHHSI MOYKHA BBXXKaTW CTaJMM, a CHIy TepTsS F TpomopmiiiHOI HOpPMalbHUM
TUCKaMm [2]:

F = fQ, 2.1)
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ne f — xoedimient Tepra xoB3aHHs,

Q — HOpMaJIbHUI THUCK.

2. KoedirieHT TepTs 3aJIeKUTh BiJ MaTepialy 1 CTaHy TePThOBHX TOBEPXOHb.

3. Cuiu TepTs 3aBXK/IU CIIPSIMOBaHI y 01K, IPOTUJIEKHUNA BITHOCHUM IIBUIKOCTSIM.

4, KoedilieHT TepTs CIOKOIO JEIIO0 OUTBIIHI 3a KOS(IIIEHT TEPTS PYXY.

5. I3 30impIIeHHAM MIBUJKOCTI PyXy CHJIa TEPTs HaiyacTillle 3MEHIIY€EThCS,
HAOMKAIOYKCh J0 JIESKOTO CTAJOr0 3HAYEHHS; NMPU MalMX MIBUAKOCTAX KOE(DIIIEHT
TEPTS MalKe HE 3aJICKUTh BiJl IIBUAKOCTI.

6. I3 3pocTaHHSAM MHUTOMOTO THUCKY KOEC(IIIEHT TepTS HaW4acTiIe 30LIbIIYETHCS.
[Tpy ManMxX MUTOMUX TUCKaxX KOE(DILIEHT TEPTS MaiKe HE 3aJICKUTh BiJ BEIUUMHU
MUTOMOTO THCKY Ta TUIOIII CTUKAHHS.

7. 13 301Ib1LIEHHSM Yacy MONEPETHBOI0 KOHTAKTY CHJIa TEPTS 3pPOCTAE.

Pinnnne tepra. [Ipu cyxoMmy TepTi He JMIlIe BUTPAYAETHCS BEIMKA poOOTa, IO
NIEPETBOPIOETECA B TEIUIOTY, aj€ ¥ COpaubOBYIOThCA TepThOBI MoBepxHi. [I[06
3aro0IrTd UM SIBUIAM, MIXX TEPTHOBUMHU MOBEPXHIMH BBOJSTH Iap mactia. [lpu
IIbOMY, SIKIIIO JOJEPKYBAaTH MEBHMX YMOB, IIap MAacTHJIa MOKE MOBHICTIO PO3IISATH
TEpTHOBI MOBepxHi (puc. 2.1, 6).

Cuna TepTs y piIMHHOMY IIIapi BIAMOBIAHO A0 TinoTe3u HeloToOHa BU3HAYAETHCS 3a
dbopmyIioro

F=uS 3—; : (2.2)
e S — mIoIa KOB3aHHs;

dv

—— TpaJIlEHT MIBUKOCTI, TOOTO 3MiHA IIBUKOCTI 3@ BUCOTOIO IIIapy;

dy
U — KoediIieHT IPONOPIIHHOCTI, 200 KOeDIIlIEHT a0COMIOTHOT B'SI3KOCTI PiTUHHU.
3BeneHuit KoeiIEHT TEPTS MPU [ILOMY JIOPIBHIOE
S
Q dy
ne Q — HopMalbHUI THCK (HaBaHTaKEHHS).
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Ha puc. 2.2 nogano rpadik 3amexnocti 3seaenoro koedinienra teprs f~ Bin

meuakocti V—f =1 (V) JinsHka ab  BignoBigae HamiBpiIWHHOMY a0o
HaITIBCyXOMY TEpPTIO, TOYKa D — CIUIMBaHHIO, IiIsTHKA De — piquHHOMY TEepTIO.

o
o

N/
ﬁmn

|
0 } v

Puc. 2.2.
Ha ocHOBI ekcriepuMeHTaIbHUX JaHUX 3BEICHUN KOEQILIEHT PIIMHHOTO TepTs

komuBaeTbess Bim 0,005 nmo 0,015 1 € (yHKUIEO MIBUAKOCTI, HAaBAaHTAXKEHHS Ta
KoedirieHTa B'I3KOCTI. SIKIO BiAHOCHA MIBUAKICTH MeHIa 3a 0,5 m/cex, TO piiMHHE

TEPTs IEPETBOPIOETHCA Y HAIIBCYXE.
2.2. Tepms y nocmynanvHux KiHeMamuyHux napax

Tepts i yac KOB3aHHS TOB3YHA 10 TOPU30OHTANBHIN muiomuHi. Ha puc. 2.3, a
300paXeHO TMOCTyNaJbHy KiHEMaTHYHY Tapy, IO CKIAJAEThCs 3 TOPU3OHTATBHOI
HarnpsiMHOT 2 Ta moB3yHa 1. Hexaii Ha moB3yH 1 mifOoTh Taki CHIIU: Pp — pyiiiiHa,
Q - Bara BaHTaxxy a00 HaBaHTaXXEHHH, O Jic Ha MoB3yH, N — HOpManbHa peaxiiis,
Fo — cuna Tepra (notnuna peakuis) nokoro. Konu mos3yH pyxaerbes, 3aMICTh CHIIM
Teprst Ry mie cuna tepts F pyxy, npumaomy N =—Q i mosna peakuin R=F +N.

KyT ¢ BiaxuieHHs MOBHOI peakiii BiJ HOpMalll y OiK, IPOTUICKHUU PYXy
NOB3yHa, HA3UBAIOTh KyToM TepTs (puc. 2.3). A Tomy, 1110 [2, 4, 8]

Fo = Ntggp =Qtgen; Fo = foQ,
fo=t9@. 2.3)
BpaxoByroun, 1o
F=Nigp=Qtgp; F=1Q,
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MaTUMEMO
fo =tge.

Orxe, koediuieHT TepTs f, 10piBHIOE TaHTeHCY KyTa TepTs. SKIo 3MiHIOBaTH
HampsiM pyXy TMOB3YyHa, TO BIAMOBIAHO BIAXWIATHUMETHCS 1 TOBHA PEaKIIisl.
['ecomMeTprYHUM MiCIIEeM MOBHUX Peakiliii € O1yHa MOBEPXHS MPSMOro KoHyca (puc.
2.4) [6, 8].

BrnactuBocTi KOHYyCa TEpTS:

\
N ( S mnsdl
> \\\ﬁ' %
LR BT
i
) - -V i }
'R —~———— X —————
l 71 P pp
/_' b — ...—..—.—L 3 74
P aaet o . f
2 s
4}
a @
Puc. 2.3 Puc. 2.4

1) sKwio pesyibTyro4a Py, (puc. 2.4) pymiiiHoi cum Py Ta cuumi Baru mpoxoauTh
BCepeauHi KoHyca Teprs, T0 Py <F (10610 09y <¢4fy), TOmMy Tinmo 3 micus nHe

3pYLIUTHCS,

2) AKIo pe3ynbTyroua P IIIIHHOI CHJIM Ta Barv IIPOXOIMTHL 30BHI KOHYycCa
Pe3 y

Tepts, T0 P,>F (To6T0 ab <Cbh), Tomy Tino 3 micis 3pymmrThes.

OuesmjiHO, 110: ) Tix yac pyxy 3 micus P, > f,Q; 6) mpu pisnonasi P, > fQ;
B) MpY PIBHOMIPHOMY pycCi Pp = fQ; r) mpu npuckopeHomy pyci Pp > Q.

Ha puc. 2.3, 6 nokazano rpadik 3anexHocTi cumn TepTs F Bix pymriitHoi cumm
Pp =(P =f (Pp)). Touka A BiANOBiAAa€E CTaHY CIIOKOIO Pp =0 1P =0; gingaka | —
crany pisnosaru Py =0, ane V. =0; nimmma Il — crany pyxy Py =0 i v, #0;

rpannaHa cwia Teprs By = Q. Ilig ciwmoro teprs y mpomy pasi po3yMiroTh CHiLy
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3ueryieHHs. OpieHTOBHI 3HAYEHHs KOEQIII€HTIB TEPTS KOB3aHHS MOJAHO Y TaOIuIl

5.

r r rd rd s 7 ’
- ; 2 / ¢ ,/,"//7 7/ ',///'/"’.-"/’/", vyl

Puc. 2.5.
2.3. Tepmsi noe3yHa 8 KIUHYACMUX HANPSMHUX.

Jns HazmaHHS TOB3YHY (CTOMTY) MPSIMOJIIHIMHOTO pyXy Oe3 OIYHMX BIAXWUJIEHB

3aCTOCOBYIOTH KJIMHYACTI HaMpsiMHi (puc. 2.6, a).

Tabmiws 5
fo f
Marepian - . - -
cyxi 3MallleHH1 cyxi 3MalleHHi
MOBEPXHI MOBEPXHI MOBEPXHI MTOBEPXHI
Cranb o craii 0,15 0,11 0,13 0,09
Cranb o Opon3i 0,11 0,10 0,10 0,09

Hanpukman, 1me BaxiMBO Tiiji 4yac OOpOOKM TOBEPXOHb HA TO3J0BKHBO-

CTpyrajJlbHUX Bepcrarax. Ilpy 1pOMy 30BHiIIHE HaBaHTaxkeHHs Q crpuiiMaeThes

4OTUpMa TMOBEPXHSMHU. 3 OOKY KOXKHOI TOBEpPXHI Ha TOB3YH JIi€ CHJIA TEPTS, IO

nopiaroe TN . Bix 90TMpB0X IOBEpXOHE 3arajabHa CUJIa TEPTH, IO i€ Ha TOB3YH,
F.,=4fN. (2.4)

[Tin yac pyxy mnoB3yHa Ti€i camoi Bard MO TOPU3OHTAIbHIN IJIolKHI O€3

KIIMHYaCTUX HAIIPAMHHX CHJIA TCPTA
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Noles

Puc. 2.6.

Tt mopiBusinas F o, ta F,, Bupasumo N gepes Q. Cnouarky mobymyemo y

ni

BHOpaHOMy MaciuTadi cui Ky H/ MM TpUKYTHHK cul (puc. 2.6, 6), 10 Iil0Th Ha

MOB3YH 1 IepeOyBalOTh y pIBHOBA3I.

3 TPUKYTHHUKA CUJI 3HAXOIUMO

__Q _Q
N= 4sin(90-a) 4sinp’ (@5)

A€ B — IIOJIOBMHA KYyTa 3aroCTpCHHA KJIIMHYAaCTOr O IIOB3YyHaA.

ITicag macTaHOBKH MaTUMEMO

f
F -
K sin f

Q, (2.6)

abo
F.,=1'Q, (2.7)

. f
ne f'= St 3BeIeHui Koe(illieHT TepTs,

3 popmynu (2.7) MokHA 3pOOUTH BHCHOBOK, IO CHJIA TEPTSA Y KIMHYACTOMY

#0J1001 OUTbIIA, HI)K HA TOPU30HTAIBHIN TIOLIUHI.
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IIpakTu4He 3aHATTA

Mema pobomu: BuzHaueHHS TOPU30HTAIBHOI MOCTYNANBHOI CiIl Pp TIPH pycCl

NOB3yHa MO MoXuiiil nmoBepxHi. [IoB3yH HaBaHTaHxkeHui cunoro Q. BusHaueHHs
HOTY>KHOCTI, 1110 BUTPAYA€ETHCS HA MOA0JAHHS TEPTSA B NOCTYyHAJIbHIA KiHEMaTHYHIN
napi. BusHauenHs 3BeneHoro (¢pikTuBHOTO) KoedilieHTY TepTs. BusHaueHHs
TOPU3OHTANIBHOT CHJIM, HEOOXIAHY ISl MAMOMY BaHTaXy IO TJIaAKIM TMOXWIiI
IUIOMIMHI 1 TOXWJIM TUIOMMHI 3 HAMpaBIsgIOYUMH, BUKOHAHUMH Yy BHIJISL
JBOXTPAHHOTO K0J100a.

3asoanna: Po3paxyBatu 1HIUBIAyalbHE 3aB/IaHHS.

Ilpuxnao 1. Ilnockuit moB3yH 1 (puc. 2.7, a) pyXaeTbcsi PiBHOMIPHO IIO

FOPM3OHTANGHMM HATIPABIAIOMMM 2 i3 mBHAKiCTIO Vi, =0,5Mm-cex™ mix miero

TOPU3OHTAJIBHOI ToOCTynaidbHOI cuiu Pp BusHauutu mnotyxkHicth N, 110
BUTPAYAETHCS HA TMOOJIAHHS TEPTS B OMOpI MOB3YyHA, SKIIO BEPTHUKAJIbHA CHJIA, IO
MPUTHCKAE TIOB3YH 10 Hamparisitouux, fopiBHioe Q = 100 H, xoeditieHT TepTs

noB3yHa 00 Hampastoui gopisHioe fy= 0,1.

m A4H
Ry - 4 9 g‘f) [” 4
‘p Fei
, <
, ] ‘e?
7 7
A
n

Puc. 2.7. BuznaueHHsI IOTYHOCTI, 1110 BUTPAYAEThCSI HA MOJI0JIAHHS TEPTS B MOCTYHAJIbHIN
KiHEeMaTH4Hil mapi.

Piwenna. PoznuBuMocs piBHOBary mnoB3yHa (puc. 2.7, 6). Jlo moB3yHa

npuknageno cumm P, Q, P, i F (puc. 2.7, ) . I3 kpecineHns BuHO, IO
Q=—-P2),; Toxi no Gpopmyri cuiia TepTs JOpiBHIOBATHME

K =P f,=Q- f,=100-0,1=10H (2.8)
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[lykaHa NOTY>KHICTh BUBHAYAETHCS 32 POPMYJIOLO :
N=P%:f,-v,, =RV, =10-0,5=10Bm (2.9)
Ilpuknao 2. llpu xyTi 3arocTpeHHs KIMHYACTOI HanmpsMHOI 2 = 60° 3BeneHuit

(bikTUBHMIT) KOSDIIEHT TEPTS

Gt f
“sinf sin30°

=2f (2.10)

Omxe, BTpaTu Ha TepTsA OYAyTh Yy JBa pa3w OLIbINI, HDK HA TOPU3OHTAIBHIN
TUTOIIMHI.

VY mpakTuii MamuHOOYIyBaHHS 3aCTOCOBYIOTH IIe U 1HIN ()OPMU HANPSIMHUX,
HAIMPUKJIIA] [WIIHIPUYHI.

VY nuaiHAPpUYHUX HAMPAMHUX 3BEACHUIN KOSQIIEHT TEPTS:

a) 3a rinoTe3010, M0 nepeadayae MOCTIHHE CIpallOBaHHS,
fr=127f, (2.11)
T00TO Ha 27% OUIBIINMA, HI)K Y TIJIOCKHX;
0) 3a TINOTe3010, WO mnepenbadac craamii nmrommi tmek, f'=157f,

T00TO Ha 57% OiIBIIHIA, HIXK Y TUTOCKHX.
3a80aHHA 0N CAMOCMITIHO20 SUPIULYBAHHA

3aoaua 1. (puc. 2.8) KnuHoBuil moB3yH | pyXaeTbcs MO TOPU3OHTATHHUM

HAMPAMIITIOUAM 2 3 TOCTIHHOIO IMBHAKICTIO. Bu3Hauuth cuny P,, sgkmo cuia
kopucHoro omnopy P.=100H i BepruxampHa cuma, MO TPUTHUCKAE IMOB3YH [0

Hanpsimuoi, gopiBaioe Q =50H , xoedimieHT TEpTsSt MiXk MOB3yHOM 1 HAIIPABJISIOYUMH

nopisatoe f =0,1, monosuHa KyTa 3arocTpeHHs KinHOBOTO komoba f=30°.

3aoaua 2. Knuauactuii moB3yH | piIBHOMIPHO PyXa€ThCs MO TOPU3OHTATHLHUM
Hanpsmisirounm 2 mig giero cum P =110xe.

Busnaunti cuty Q Ta mirounmii Ha TOB3YH 31 MIBHAKICTIO HAIPaBISIOUHX

peakiiii 3 BpaxyBaHHSIM TepTs B MOCTyNalbHIM Mapi, BKOHAHIM B BUJI KIIMHYACTOIO
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. 0
IOB3YyHA, SAKIIO BiZOMO, MOJOBUHA KyTa 3arOCTPEHHs KIMHOBOro xonodba =30 T
xoe(illieHT TepTsa Mik MOB3yHOM i Hanpasssounmu gopisaioe f =0,08.

3aoaua 3. 3a ymoBu 3amaui 2. Busnauutu BenmuuuHy P Ta R B MOMEHT

pYIIaHHS KJIMHYATOrO MOB3yHA 3 MICIs, KM HaBaHTaXEHWH cuio Q, sKIio

xoediuient teprs cnokoro f =0,11.

e A-8

7 e

Puc. 2.9 Puc. 2.10

3aoaua 4. Bu3HAuUTH BEIWYMHY IIPUBEJICHOrO0 KoedillleHTa TepTS B
NOCTYNaJbHIA KIHETUYHINA mapi, BUKOHAHIM B BHJl KJIMHYACTOTO IOB3YyHa, Ta
BU3HAYHTH BEIMYNHY MPUBEICHOTO KyTa TEPTSI.

KoedimienT Teprs kop3anua mig matepianis f =0,1 (BpaxoByroTecsa ymoBH
3MacKH MOBEPXOHb, K1 TPYTHCH).

3anady BUPILIMTH [/ HACTYITHUX 3Ha4eHb kyTa [3: a) 0; 6) 30°; B) 60°; ) 75°.

3a0aua 5. Tlo mionuHi (J1aHKa 2) pIBHOMIPHO M MPSAMOJIHIHHO PyXa€ThCs IO
B3yHY (naHka 1), Ha sky mie cuia Q=1600 AH.

BusHauntH BenmuuHy pymiiHOl cuim P, Ta BenumuuHy nir04oi Ha MOB3yH 3i
CTOPOHM JIaHKU 2 peakilili R 3 ypaxXyBaHHSM TepTd B MOCTyHaJbHIN Tapi, SIKIIO
BiZoMO, mo Koe(imicHT TepTa KoB3aHHs B noctynanbHii napi f =0,13 (puc. 2.9).

3adaua 6. 3a ymoBM 3aja4i 5. BwusHauutm BenmumHy P, Ta R B MOMEHT
pYIIaHHS TOB3yHA 3 MICIIS, SIKITO KOC(IMIEHT TEPTS MOKOIO ISl MaTepialliB, 3 SKUX

BHTOTOBJICHI JIAHKH, 10 YTBOPIOIOTH MocTynaibHy mapy, f, =0,15.
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3aoaua 7. (puc. 2.9) Busnauurtu pymiitny cuny P,, sxmo Binomo: Q=5000 H;
f =0,14; v=const.
3aoaua 8. (puc. 2.10) Tino 1 pyxaerbcs piBHOMIPHO Ha TIOMKHI. Bu3HaunTw,

npu sikoMy KyTi B pyuwiiina cuna P, nocsrie cBoro HaiMEHIIOTO 3HAYEHHS, SKIIO
Bara Tina gopiBaioe G, a koedimieHT Tepts Mik TutoM 1 1 mommuoit f =0,3.

3aoaua 9. Tino 1 pyxaerbcsi piIBHOMIPHO Ha TUIOMIMHI 31 CTAJOK MIBUIKICTIO.

BusHauuTH BEIMYMHY PYIINHHOI Ccuid Py, SKIIO CHIa KOPHCHOTO OIOPY
(mporunexnnit cuni P)) R =1kH, sara tina 1 nopisaioe G = 0,5« , xoediuient

TepTs Mix TinoMm 1 1 mnommuoro f =0,1, kyr f=30°,

Iumannsa ona camoKoHmMpPOJIl0 CmyOeHmie

1. lllo siBnsie coboto cumna Tepta?

2. Yum BIpI3HAETHCA CyX€ TE€PTS BIJ PIAMHHOTO?

3. SIxoto € yMOBa PiBHOBAru Tija MpHU TEPTI CIIOKOIO?

4. HaBectu dhopmyiny Juisi BUBHAUYECHHS CUITU TEPTH PYXY.

5. Haectu dopmyny cuiu TepTs y pIAMHHOMY IIapl BIAMOBIAHO M0 TINOTE3U
Hprorona.

6. le 1 npu IKMX yMOBaxX BUHUKAE TEPTS?

7. Ak GOpMYIOTECS 3aKOHH CYXOTO T€PTSI KOB3aHHS?
2.4. Tepms nio wac K083aHHs NOB3VHA (8AHMAICY) NO NOXULLU NIOWUHI.

[Toxuma TUTONIMHA  BUKOPHCTOBYETHCSA  TiJ Yac HABaHTAXEHHS Ta
PO3BAaHTAXEHHS BAaHTAXIB 13 aBTOMAIIUH Ta 3aJI3HUYHOTO PYXOMOT'O COCTaBy, HJIsi
MiHIMAaHHS Ta OMyCKaHHS BaHTAXIB Ha TOBAPHUX CKiadax 1 T. aA. Hexaii mo3yH 1
(puc. 2.11, a) pyxaerbcs Bropy IO IUIONIMHI 2 13 CTaJO0 MIBUIKICTIO M €0

FOPU30HTAIBHOI pywriiiHOi cuin P, Ilosnaunmo: Q — Bary BaHTaxy, & — KyT

Haxuiy mwionmuy, f — xoedinient tepts, ¢ — Kyt TepTa. 3Haiinemo cuiy Tsru P,
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crioyaTky rpadidno, a motim adamitiyHo. Ha moB3yn mitote cumu Po, O, Ry, ne
R,=F,+R, — moBua peakuis moxmnoi miomwmuu, Fp; — cumma teprs, R,

HOpMasbHa peakilis [1-6].

0 - 2 a
1

03 pp = 0 b 2

bt - p
& b 2 c
/ q
\i)@,choso( g
a

Puc. 2.11.

IToBna peakuis Ryq BiaxuieHa BiJ HOpMaji Ha KyT () y OIK, IDOTHICKHHUN 10
BIJIHOCHOI HIBHIKOCTI Vqo .

SAxio cwim, Mo AiF0Th HA MOB3YH, MepedyBalOTh y piBHOBA31, CUIy P MOXXHa
3HANTH 13 BEKTOPHOI PIBHOCTI

P, +Q+Ry =0. (2.12)

Ingexce «12» mpu R o3nadae mBuakicTh naHkud 1 BigHOCHO maHku 2. IHmexc
«21» npu R o3navae peakiito JaHku 2 Ha JTaHKy 11 T. 1.

Jns mporo Oyayemo TpuKyTHUK cuil (puc. 2.10, 6) y Macmrabi cui, 3 SKOTO
3Haxoxumo P =b_C-l,lp; R=a_C-;,tp.

Cuiry P, MOkHa 3HalTH 1 32 (DOPMYNOIO, Ky AICTAlOTh 13 MOOYJOBAHOTO

TPUKYTHUKA CUJT:
P, =Qtg(a+9). (2.13)
Ymosa camozanvmysanns. SIKIO BaHTaX MiJ] AI€I0 BIACHOI Baru HE OITyCKA€THCS
JIOHM3Y TI0 TIOXWJIIH TUIOIIMHI, TO TUIOmMHA Oyne camoranbmiBHOrO. Ha puc. 2.12, a

MoKa3aHa caMoraJibMiBHa, a Ha puc. 2.12, 6 — HecaMmorajibMiBHA TTOXUJIA IJIOIIMHA.

CamoraisMyBaHHs Binoysarumerbes ipn @ < F a6o Qsino < fQcosa. IMics

MEPETBOPCHHS MAaTUMEMO YMOBY CaMOT'dJIbMYBAHHA Y TAKOMY BI/IFJ'DII[i:

as@
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Puc. 2.12. 2.13.

Otxe, camoraibMyBaHHsI Oy/ie TIpY KyTi MOXWJIOT IUIOUIMHH, IO JTOPIBHIOE 200
MEHIIUH 3a KyT TEPTSL.

JlocatinHe BU3HAYeHHs KoediieHTa TepTsl KoB3aHHA. Hexaii Tpeba Bu3HAUMTH
KOoeIIi€HT TepTs KOB3aHHS MarepiaiiB moB3yHa 1 Ta muomuan 2. KyT o Haxwmity
IUIONIMHU 2 MOXHa 3MIHIOBAaTH, MOBEPTAatOUM ii HaBKOJO oci C, NepHneHAuKyIspHOT
o 1uionHu obepranHa. Ha puc. 2.13 300paxeHi moxuia IUIOIIMHA 1 MOB3YH Y
NIOJIO’KEHH1, MpU SKOMY NOB3yH 1 BHUXOAWTH 13 cTaHy piBHOBaru. lle 3HauuTh, 110

TaHTeHIllaJIbHA CKIanoBa Q; MopiBHIOE 200 OLIbIIA 3a CHITY TEPTS:
Q=R (2.14)
A TOoMy, 10 KyT TepTs (O Ipu I[bOMY JIOPIBHIOE KyTy HaXuiy, a Koe(illi€eHT
TEPTA CIOKOIO (¢ = &) AopiBHIOBaTUME (g}
fo =tgm. (215)
KK /I noxunoi mnomunu (puc. 2.13) npu nigHIMaHHI

_ Ao :Qh_ Qssina

g 4, Px - th(a+g0)scosa ’
abo
tga
n=———-, (2.16)
tg (a + gp)
a MpH OIyCKaHHI
ta (o —
p=22=%) (t“ ?), (217)
Jo
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Jloci My po3IsiIaIM OKpeMUi BUTIAIOK, KOJIM cuila P ropu3oHTaiibHa. Po3risiHemMo
3araJbHUH BUIAJI0K pyXy MOB3YHA MO MOXHJIIH IUIOIMIKHI 13 MBUAKICTIO V = CONSt (puc.
2.14, a). I3 any cun (puc. 2.14, 6) 3a TeOpeMOr0 CUHYC1B MOKHA HalucaTu

Puep sin(a + o)

= ; 2.18
Q sin[180° —(a+ﬂ+qp)] 219

Puc. 2.14.

PeanpHa pymniiiHa cuna (3 ypaxyBaHHSIM TE€pTs)

5 _o. sin(a+¢) ; (2.19)
sin| 180° —(cr+ i+ ) |

mep
[Tpu =0 ineansbHa pymiiiina cuia (63 ypaxyBaHHs TEPTS)

sina

Pp=Q-m.

(2.20)

KK

P, _ sina-sin(a+pB+¢)

l

Pmep B Sin(a+ﬂ)sin(a+¢)' (2.21)

77:

Oxpemuii sunadox 1. Ilpn f=90—a pyuiiiina cuna P, napanenbHa MOXHITH

TUIOILMHI:
P,=Q(sina+ f cosa); 2.22)
Py, =Qsine. (2.23)
Kpim Toro,
Sina
=— . 2.24
i sina + f cosa (2.24)
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Oxpemuii sunadok 2. Ilpu =90 pymiiiiHa cuiia TOPU3OHTAIBHA; TIPU I[HOMY

MaTHMEMO B)K€ BUBENICHI popMyn
P, =Qtg(a+9);
Py =Qtga;

tga
tg (a + gp) '

2.5. Tepms y e6unmosiii napi

Teprss y rBuHTaX i3 NPAMOKYTHOIO Pi3b0010. ' BUHTOBI mapu JOCUTH YacToO
3aCTOCOBYIOTBCSl y MalllMHAX 1 NpPWIANax, HANpUKIA[, y KpIMWIBHUX pi3bO0BUX
3'eIHaHHAX (KpIMWIBHI O0JITH), y TOKApPHUX BEpCcTaTax (XOA0BI TBUHTH), Y JOMKpATaX,
npecax i T. JI.

OCHOBHMMH T€OMETPUYHUMH TTapaMeTpamul pi3sou € 3, dcp 1a d,,, — 3OBHIIIHIN,

cepenHiii Ta BHyTpilmii miamerpu (puc. 2.15, a), h — Bucora mimiiomy cepeaHboi
IBUHTOBOI JIiHII pi3p0OM, O KyT migiiomy pizsou (puc. 2.14, 6). B omHO3aX1aHMX
reuHTax N=S, 16 S — Kpok pizk0u; y Gararosaxiguux h=Kks, ne K — uncno 3axoxis. I3
PO3TOPTKHU Ha TUIOIIMHY CEPEIHBOI TBUHTOBOI JIiHIT BUHO, 1110 h= ﬂdcptga. KpyTtHuii
(pymriiiHui ) MOMEHT MOJKHA TIO/IATH SIK TOOYTOK CWIIM Ha 1ieue [2, 4, 6, 8]:

M, =P'L M,,=Pr,. (2.25)

BpaxoByrouu, 110 11t I[bOT0 BUNIAIKY

P=Qtg(a+¢),
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‘/ y .\,_ 2| P
oo | <
0[{‘, Tdep
ey
a L_‘ﬁ_a J
Puc. 2.15.
MaTUMEMO
M,,, =Qrtg(a+o). (2.26)

YMOBOIO camMoTrajbMyBaHHS TBUHTIB, 32 QHAJIOTIEI0 3 TIOXWIOK TUIOIIHHOLO,

oyne
as .

Teprs y rBUHTaxX 3 TPUKYTHOI Pi3b0010. /{1151 TBUHTIB 3 TPUKYTHOIO Pi36000
(puc. 2.16, a) dopmyna i BH3HA4YEHHS KPYTHOTO MOMEHTY M,, Ta yMmoBa
caMOTaJIbMyBaHHSI 3a 30BHINIHIM BHUIUISJIOM Takl cami, SIK 1 JJIi TBUHTIB 13
IPSIMOKYTHOIO Pi350010.

BpaxoBytouwn, npote, 110 TepTsl y FBUHTaX 3 TPUKYTHOIO P13b00I0 OTOTOXKHIOETHCS 3
TEPTSAM Ha TOXWJIIH IJIOMIMHI 3 KJIMHYACTOI HanmpsaMHOO (puc. 2.16, 6), ciix BBeCTH
y dopmyau (IiKTHBHI (3BEIEHI 10 IUIONIMHHU) KOoe(dilieHTH Ta KyTH TeptTsa. Toji
dbopmyna IS BU3HAUCHHS KPYTHOTO MOMEHTY Ta yMOBa caMoOTrajlbMyBaHHS

HanumyThes Tak [1, 3, 5, 6, 7]:

M,, =Qrtg(a+¢'), (2.27)
ne
¢ =arctgf; a<e'.
JIyist MeTpu4aHOT p1360U JUTsI TFOMMOBOT pi360H
oy =60°; f'=— f ~117f.
sin60°
JUIS TFOMMOBOI Pi3b0U

30



o =62°30"; f' :_; ~113f.
sin62°30'

Puc. 2.16. Puc. 2.17

OTxe, TepTA y 3'€IHAaHHSIX 3 METPUYHOIO P1300I0 OUIbIIE, HIXK 3 TIOHMOBOIO, Y
KPIMUIBHOI (TPUKYTHOI) pi3sOu KyT mimiomy pisebn @ =2-+3°, TOOTO MEHIIHH 3a
KYT T€pPTs, OTKE YCl TBUHTOBI IapH 3 TPUKYTHOIO P13000 CaMOTaJIbMIBHI.

KKJI rBHHTOBOI KIHEMaTWM4HOI Mapy (MIPUMHSBILM TBUHTOBY pI3b0Y 3a HOXHITY
IUIOLLIMHY ) MOYKHA BU3HAUUTH 32 (POPMYJIIO0

I (01
i tg(a+e)

O6uncnuBm KKJ[ 77 mpu pi3HUX 3HAYEHHAX KyTa HAaXWIy a TBUHTOBOI

p1360H, MOXKkHA IOOYTyBaTH rpadik GyHKIIT 77 = 77(0() (puc. 2.17).

JUis  BU3HAUEHHS MakcMMyMy TpeOa Meplly MOXIIHY NPUPIBHATH 0 HYJIs

d :
bl 0 i 3Haiit a. Makcumanshe 3Hadenns KKJ] Oyme npu

do

o =45 —%. (2.29)
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2.6. Tepms 6 0bepmanbHUux KiHeMamuuHux napax

[Mandamu Ha3uBarOTh OMOPHI yacTMHU BamiB Ta ocel. Llandu, po3mimeHi Ha
KIHISX BaJliB, HA3UBAIOTh IIMIIAMH, a IPOMIXKHI — Imuiikamu (puc. 2.18, a).

HepyxoMmy maHky o0epTaJibHOI KIHEMAaTH4HOI MapH, M0 MATpUMYE Ium adbo
MIMKKY, Ha3UBalOTh MiAMUNHUKOM. [lunu Ta muiKkA cropuiiMaioTh paaiaibHi

HaBaHTakeHHs. Ha puc. 2.18, 0 mokasano mun y migmmnauky [1, 2, 3, 9, 10, 11,

13, 14].

Puc. 2.18.
[I'sTamMu Ha3MBalOTh TiI YaCTUHU BaliB (Ocei), sIKi CHOPUNMAIOTH OCHOBI
HaBaHTaxeHHs (puc. 2.19, a1 6).
[T'aTa ciupaeTbesa HA MIAN'ITHUK, SIKAW 3BUYAHO € HEPYXOMOIO JiaHKow. [1'stu
OyBaroTh CYIUIBHUMHM, KUIBIEBUMH Ta TpeOiHYacTUMH (0araTto-KiJgbIIEBUMH), a TAKOK
KOB3aHHS 1 KO4YEHHA. ['peOiHuacTi M'ATH 3aCTOCOBYIOTH IPU BEITUKUX OCHOBHUX

3YCHIUISIX (HaMpUKiIal, y TapoBUX TypOiHaXx).

‘/L\) a (5\\

Puc. 2.19.

Teprsa uandu y mixmumauky. [1pu HasBHOCTI 3a30py 1anda mix Ji€r0 pymiiHOro

MoMeHTy Mp — i3 CBOro HalHIKYOTO TTOJNIOKEHHS IIEPEKOUYEThCS y HOBE ITOJIOKEHHS,
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sSIKE XapaKTePU3YEThCs PIBHOBArO0 MK PYLIIHHUMHU CHJIaMH Ta cuiiaMu omopy [1, 2,

3,9, 10, 11, 13, 14].

Ha puc. 2.20, a npuitHaATI Taki nmo3HaueHHs: I — paaiyc mmna, Q — 30BHIIIHE

HaBaHTAXEHHs, R — peakilist MiIIMITHUKA, [0 /1€ Ha LIUII, @ — KYT TEePTs, O — pajailyc

Kpyra TepTsl.

Cuu Q Ta R yTBOPIOIOTH Mapy CHI, MOMEHT SIKOT € MOMeHTOM oropy M

BPIBHOBa)XKy€ MOMEHT pyiiHuX cuit Mp, To6TO
M,, =Mp

MowmeHT cuit onopy

yo,
M_=Rp=N.—£_,
on P CoS

N

ne R=—— p— paniyc kpyra TepTs; @ — KyT TepTs.
CoS

MoMeHT cui TCPTA

Mg =M,, =F,

ne F=1N;r— paniyc mumna,

Puc. 2.20.

3BIJIKHU
fr=—FP_
CoS @

on’

BIH

(2.29)

(2.30)

(2.31)

(2.32)



VY 3B'I3Ky 3 TUM, 110 KYT (0 Jy>)KE€ MaJIMH, BEIUYHMHA COS(Dzl. Omxe, paniyc
kpyra teprs o= fr popiBHoe 3mimenHio mosHOi peakuii R Bix 30BHIIIHBOTO
naBanTaxenus Q.

OT:Xe, MOMEHT CHJI TePTS

Mg = fQr. (2.33)

Posrmstremo Bumanok (puc. 2.20, 6), konu nanda mputepTa 0 BKIaauIa (HeMae

3a30pa); MUTOMMI THCK p Ta KoediwienT Tepts T crani (e mpuiiMaroTh U1 HOBHX, IIE

HeTpHUIIpalbOBaHuX, amd).

3Hal1EMO IUTOMUH TUCK p, MOMEHT TepTsa Mg Ta noTyxHicTb cui TepTs N .

TTumomuil muck Ha HECKIHUEHHO MajioMy ejneMenTi moBepxui mmna dS =rdal
CTAaHOBHUTHME
@—dp=rdalp, (2.34)
ne r— paniyc mmuna; | —moBkuHa mmna; o— Kyr.

CIpoeKTYBaBIIH YCi CHJIM Ha Bich y, CKJIageMo piBHsHHs piBHOBard » Y =0

/2
—Q+ I rdal pcosa =0, (2.35)
0
ne Q — 30BHIIIHE HABAHTAKEHHS.
[Ticns nmepeTBOpeHHS IICTAaHEMO
Q=ldp, (2.36)
ne d —ngiamerp mmmna,
3BIJIKH
P Q (2.37)

Id
OTKe, NUTOMUM THCK p IOPIBHIOE YaCTLi Bij JineHHs HaBaHTaxeHHs Q Ha

niamerpanbHy npoekiito |d mosepxni mmma.

Momenm mepms. Enementapna cuma tepra OF =rdalpf. Enemenrtapnuii

MOMCHT CHJI TCPTA
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dM,,,, = frdalpr. (2.38)

MowmeHT TepT

/2
My =2 | fripdar,. (2.39)
0
abo M mep Zg fQr,
Mmep = foQr, (2.40)

T . ..
e fo = E f — 3Benmennii koediuieHT TEPTA MmMIIA.

Jlis  mpumnpankoBaHoi marndu  (MIUMAa) BUXOAATH 13 TIMOTE3W  CTaJIOCTI

CIPALIOBAHHS Y HAIPsIM1 HABaHTaKE€HHA. Tol

D= Prex COSCL, (2.41)
ne
_2Q
Pax = Irmc’
Otxe,
4
M mep = ; er,
(2.42)
4 . ..
e — f = fy — 3Benenmii koedimieHT TEPTS.

Teprs n'aru y mian'aTHuky. Ha puc.

2.21 300paxkeHo KinbleBy m'saty. Hexait Q—
OChOBE HaBaHTaXEHHA, R Ta r— 30BHILIHIN i
BHYTPIIIHINA paniycu omopHoro Kimsms, f—

KOe(ILIEHT TEPTS KOB3aHHS.

Busenemo dopmynu ais BU3HAYCHHS

Puc. 2.21. IIUTOMOTO THCKY p Ta MOMEHTY TepTsi M mep -
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Tumomuii muck. SIKIIO NpUINHATH, IO
TUCK PO3MOAUICHUI PIBHOMIPHO MO BCI MJIOINII, TO BEIWYMHA MUTOMOTO THUCKY Ha
OJIMHUIIIO OTIOPHOT IIOBEPXHI:

Q

PR 2] (2.43)

Momenm mepms. Buginumo Ha OMOPHIN MOBEPXHI M'ATH KUIbIE HECKIHYCHHO

MaJIoi TOBIIMHH, IUIoIa sKoro jgopisaioe 2mydy . EnemeHTapHuil HODMAIbHUIM THCK Ha
1ii o cranosuts 21ydyp , enemenrapna cuna teprs dF = 2mydypf .

OTtxe, eneMeHTapHU MOMEHT TEPTS

deep = 2mydypfy. (2.44)
[loBHMIT MOMEHT TEPTS
§ 2
M nep = 2pf I y<dy, (2.45)
r
abo
Q R3 _ 3
M_ . =27 - f ,
e R
abo
2 R3-p3
M., == ——= fQ, (2.46)
mep =3 02 2
ne 2. R’ — paniyc teprsa; fQ— cuna tepra
3 RZ_ 2 pantyc TepTs; pTL.

Jnst cymimeroi m'stu F=0 (puc. 21, 6). Omxke, dopmynu (2.43) ta (2.46)

HAOMPAIOTh BUTIISITY:

.

_Q . 2.47
P R? (247)
M _2 RfQ
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2

ne 3 R —paniyc TepTs CylinbHOI I'STH.

[ToTyxHICTh CUJ TEPTA
Nmep =M mep@- (2.49)

KinbrieBi m'sitet kparii 3a CymnuibHI, 60 B HUX, MIC/IS TIPUTIPAIIOBAHHS TTOBEPXOHB
TEPTs, MUTOMI TUCKU Y BCIX 30HaX HaMOJMKY1 O CEPEIHIX 3HAUCHb.

JlocBin moxasye, 110 HaWBiIAalieHInI BiJ ocl 00epTaHHS MOBEPXHI CYHUTBHOI
I'ATH CIPAIbOBYIOTHCS MIBUAIIE, OO0 KOJIOBa MIBUAKICTH iX Oiiabina. IloBepxHi
CYLUJIBHOI M'SITH, PO3MIIIEHI HABKOJIO LIEHTpa OOEpTaHHS, CHPAIlbOBYIOTHCS MEHIIIE,
00 MIBUJIKICTB iX OJU3bKA J0 HYJISI, @ TUTOMI TUCKU HAOIMKAIOTHCS 10 HECKIHUEHHO

Benukux. 1106 3anmo0irtu 110My, YaCTHUHY MOBEPXHI, OJU3bKY 110 IIEHTPA, BUJAISIIOThH

[1,2,3,9, 10,11, 13, 14].
HpaKanHe 3AHATTHA

Mema pobomu: BuzHaueHHs TepTs MijJ yac KOB3aHHS MOB3YyHa (BaHTaXy) MO

NOXWJIM MJIOMIKHI. Bu3HaueHHd KoedilleHTa TepTs KOB3aHHSA. Bu3HaueHHs TepTs y
I'BUHTaX. BuzHaueHHs TepTs B 00epTaibHUX KIHEMAaTUYHUX Tapax.

3asoanns: Po3BsizaHHS 1HIMBIAYaJIbHUX 3aBlIaHb (3a7a4).

Ilpuknao 1. Tlo moxwmiii moBepxHi | pyxaeTbess piBHOMIpHO BBEpX MOB3YH K
(puc. 2.22, a), mo 3HaxomuThcs ming gieto cuin Pp 1 Q. Cuma Q HampaBieHa
NepIeHANKYIISIPHO Bici xx 1 gopiBaroe Q =100 H, kyT Haxwmiy nmoBepxHi | gopiBHIOE
0=20°, koediuieHt Teprs mo3yHa K o6 mosepxHio | mopiBuroe f; = 0,2. Tpeba
3HAMTH BEIMYUHY CWiM P, 0 HampaBiieHa MapalelIbHO JIHI XX, IO MATPUMYE

3aJlaHUi PIBHOMIPHUH pyx moB3yHa K .
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Puc. 2.22. Bu3HaueHHsS TOpU30HTAIBHOI TOCTYNAIBHOI CHIIM PpTIpU pyci MOB3yHA 110
noxuiiil moBepxHi. [IoB3yH HaBaHTaHXkeHH cuioro Q.

Piwennsa. Buznaunmo 3a GopMyso KyT TEPTS ¢:
¢p=arctg fo =arctg 0,2=11°20".

PosnuBumocs piBHOBary mos3yHa (puc. 2.22, 6). Jlo HbOro NpukiageHo CUITU
Q, Pp i BizxwireHa Bix HopMaii nn Ha KyT TepTsi @ =11°20" peakuist By 3i croponu
noBepxHi | Ha moB3yH K.

YMoBa piBHOBarv rmoB3yHa, 3arucada y BeKTOpHii popmi, Oye:

Q+ P +R, =0.

Ha puc. 2.22, ¢ noOynoBaHO TPUKYTHHUK CHJI, IO 33OBOJBHSE Il PIBHOCTI.
Kyt Mix cunamu Q 1 By nopiBHioe oL+, a kyT Mk cuitamu Pp 1 Q nopisHIOE
90°.

I3 CUI0BOTO TPUKYTHUKA OTPUMYEMO

Pp =0rg(ar+) =]00tg(200 +11020') —

= 100tg31°20' = 100x 0,606 = 60,6 H.
3a/1a104nch MPSIMOKYTHOIO CUCTEMOIO KOOPJIMHAT 1 TPOCKTYIOUM BC1 CHIIH, SIKi

NPUKJIAJICHI 0 MOB3yHa K, 0 HampsMy Biceil KOOPIMHAT, MOXHA TaK0XX OTPUMATH

pIILLICHHS B aHAJIITUYHIN dopmi.
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Ilpuknao 2. (puc. 2.23). BuszHauutu KOe(]IIIEHT KOPUCHOI MAii MOXUIIO1
IUIOIIMHU, TO SKIA PYXaeTbCsl pIiGHOMIpHO HAropy TOB3YH, HaBaHTaXKCHUU
BepTUKalbHOi cuiaoro Q; pymiiina cuina Pp mapajeinbHa OCHOBI XX IOXHIIOL
TUIOLIUHHU.

KoedimienT Teprss mos3yna npo miuomwmny pisauii f =0,3; kyr maxwmmy
wronwan o =30°.

Posze’szok. Y manomy npukiani cuiaa Q € cuiioro KOprCcHOTo oropy. 3HaimaeMo
CIIIBBiAHOLIEHHS MiXK PYLIHHOI CHI0K0 P U CHiIor KopucHoro omnopy Q, mis yoro
pO3TIITHEMO piBHOBary mos3yHa. J[o moB3yHa npukianeHi (puc. 1.3, @) cuna P, cuna

Q i peakuis monmnHd R, Bigxunena Bim HopMami NN Ha KyT TepTd

p=arctg f =arctg0,3=18°20". YMoBor0 piBHOBaru noB3yHa Oyze
P,+Q0+R=0.

no | d/
i v=const

al

Puc. 2.23. BuznaueHns koedimieHTa
KOPHUCHOT i1 MOXUJIO1 TUTOIIMHHI

Ha puc. 1.3, 6 noOynoBanuii BiAMOBIIHUIM TPUKYTHUK CHJI. 3 HHOTO OJIEPKYEMO:
P,=0tg(a+9).

Hexall moB3yH NepeMICTUTBCS HAropy Ha BEJIMYMHY S, TOAl poOOTa CUiIH
KOPHCHOTO Onopy Oyjie piBHA
A.=Q-s-sing,
a poboTa pymIiiHoi cuiu Oyze piBHA

@:P-s-cos,a.

Koeditient kopucHoi aii HaitneTsest mo gopmymi (1.1):
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_A._Q-s-sina _ Q-s-sina __tga 058
=4 T Pos-cosa Otg(a+¢)s-cosa tg(a+¢) 1124

p

=0,467.

Ipuknao 3. Buznaunty ropusoHTansHy cwity P,, HeoOXimHy mid mimiiomy
BanTaxy Q mo rmaxkiii moxwimii rurommHi (puc. 2.23, a) i MOXWIIN IUIOMUHI 3

HAMpaBJISIFOYMMH, BHKOHAHUMH Y BUTJISII IBOXTPAHHOTO k051002 (puc. 2.23, 0).

a) G o
/ .“‘:‘I P, fi}
\ .‘

I

Q

Puc. 2.24.

Mano: napantaxenns Q=1000H ; kyr migiiomy moxuioi miommun o =15°;
koediuieHT Tepts koB3aHHA f,=0,1; Kyr nOpu BepuUIMHHI JBOXIPAaHHOTO KyTa
*x0100y y=45°

Po3zé’sazox. 1. Jlng rmiankoi moxwioi IUIOMMHM BenuuuHa cwm P, 3a
dhopmyIioro:

P.=Q-tg(a+¢),
A€ ¢ — KyT TCpT.
KyT Tepts piBHMIA:
p=arctg f, =arctg0,1=545,
TOM1
P, =Q-tg(cr+¢)=1000-tg (15 +545 ) =379H.

2. st HOXHJI01 IUIONIMHY 3 HANPABIISFOYMMH BEIMUYMHA ciiid P, BU3HaYaeThCs
3a (hOpMyIIOFO ISt KITHHOBOTO MOB3YHA!

R =Q-tg(a+¢'), (2.50)
ne @' — GiKTUBHMI KyT TepTs.
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Busnauaemo cniouatky QpikTUBHUM KOSDIIEHT TEPTS 32 POPMYIIOLO :

f 01l

fr= =
siny  sin45’

=0,142

DIKTUBHUM KYT TEPTS PIBHUM:
o'=arctg f '=arctg0,142=84,
Toni cuna P, nopiBHioe:
P, =Q-tg(a+¢')=1000-1g(15 +84 ) =425H.

Ipuknao 5. Yn moxmusuii pyx BanTaxy Q mix miero BoacHoi Bard BHU3 110
MIaAKIA MOXWIN TJIOMMHI 1 MOXMIIM TUIOHIKHI 3 K0JI00YACTOK HAIpPaBJISIIOUOI0 Y
BUTJISA/II ABOXIPAHHOTrO KyTa (IuB. puc. 2.24, 6).

Hano: xyt niniiomy noxwioi mromunn o =15°% koedinient teprs; f, kyr
IpH BEPIIMHHI JABOXTPAHHOTO KyTa xkoyo0y ¥ =45°.

Po3é’azok: Jlns Ttoro, moO pyx Tila BHU3 MiJ JI€I0 BJIACHOI Baru OYyB
MO>KJIMBUM, HEOOXIJHO, MO0 KyT MiAHOMY MOXUJIOI MJIOMMHA « OyB OlIblle KyTa
TepTA (0 IS TIAAKOT INIOIMHH 1 Oiblie (GiKTHBHOTO KyTa TEPTA () I K0I00649aToi
TUTOIIUHHU.

BuzHauumo 11i KyTH TepT:

a) KyT TePTs JJIA IJ1aJIKO1 IJIOMUHA PIBHUMA:

p=arctg f, =arctg0,2=1120;
0) ¢ikTuBHMI KOe(IlIeHT TepTsd IS >KO0J004YaToi MOXUJIOl TUIOIIUHU

BH3HAYa€THCS 3a (POPMYIIOIO :

f, 0,2

fr= =
siny sin4ds’

=0,283,

3BIACH (PIKTUBHUU KYT T€PTS PIBHUM:

@' =arctg f'=arctg0,283=1550.
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TakuM 4YMHOM BaHTaX MOXXE PyXaTHCS BHU3 MO TIaAKIA MOXWIIIM TJIOIIMHI

(Tak K O'>() 1 HE MOXKE pyXaTHCs MO KOJ00YaTii MOXWIIM TUIOMMHI (TaK SIK
a<e).

Ipuknao 1. Ha nopagiiinmii kamu (puc. 2.25, a) nmie cuma Q=30000H .
BusHauutu cuiny P,, HeoOXimHy [UIi MOJAONaHHA (IAKOMY) CHIIH Q, gKmo Kyt
a =20, xoedimient teprs Mix sankamu 0 i 1 piBanit f, =0,1, mix qankamu 112 —

f,=0,15, mix nmankamu 012 — f,=0,2.

Puc. 2.25.

Po3é’azok: PosrnsineMo croyaTky piBHOBary jJaHku 2. Ha 1o nmaHky i€ cua

Q, peakuis 3i croponu ngaHku 0 — Ry, BIIXWJIEHA BiJl HOpMaJli 0 NMOBEPXHI aa Ha
KyT TEpTS ¢ (B CTOPOHY, IPOTHIIEKHY PYyXy TilIa), 1 PEAKLIIO 31 CTOPOHU JaHKH 1 —
R, BIIXHWJIECHHS Bl HOpMaJl O IUIOIIMHM JOTHKY LUX TUI HAa KyT TepTd ¢, (B
CTOpPOHY, IPOTUJIEKHY BIIHOCHOMY pyXy). BekTtopHa cymMa nux cui MOBHHHA Oypu
piBHA HYJIIO:
Q=R +Rx =0,
Ha puc. 2.25, 6 300paxeHo miaH 1ux CWwi. [3 TpUKyTHUKAa BUILUMBAE (I10

TEOpPEMI CUHYCIB):
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_ sin(90-¢,)
sin(90-a-g,— @)

R, (2.51)

abo
_ oS,
cos(a+ @, +¢,)

ITepexonumo no posriany piBHoBard Janku 1. Ha mro smanky mie cuna P,

R,

peaxkis 31 croponn yaku 0 — Ry, , BIAXHWIICHA Bl HOpMaJIl HA KYT TEPTS ¢ 1 peakiis
31 CTOpOHHM JaHKU 2 — R, (muB. puc. 2.24, a). Lla peakuis no BeJIMYUHI piBHA pEAKIIi
R,,, aje HampaBiieHa B IPOTUIIEKHY CTOPOHY. BekTopHa cyMa IMX CHII PIBHA HYJIIO:
P-+Ry, +R,, =0. (2.55)
Ha puc. 2.24, 6 no0ynoBaHo 1j1aH UX CWII. [3 TPUKYTHUKA BUAHO (110 TEOpEMi
CUHYCIB):

B Sin(a+g01+go2) R Sin(a+(p1+g02)

= : 2.53
P kin(90-¢g) % cosgy (2:53)

BpaxoByroun, mo no BenuyuHi cunn R, 1 R, piBHI, 1 npuiiMaroun 10 yBaru
PIBHICTH (2), OCTATOYHO OTPUMAEMO:

P _ cose,sin(a+@ + p,)
" Tcos(a+g, + )05, (2.54)

Buznaunmo 3Ha4eHHS KYTiB TEPTSI:
R,.p =arctg f, =arctg0,1= 545,
@, =arctg f, =arctg0,15= 8°32', (2.55)
@, =arctg f, =arctg0,2 ~11°20 ,
TOJII:

c0s11°20 sin(zoo +5°45 +8032')

P, =30000 | = 22000H.

cos(ZOO +8°32 +11020')cos 545
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Ilpuxnad 4. Buzuauutu MoMeHT M, , KOTpHil NOTPIOHO NMPHUKIIACTH /10 'BUHTA

nomkpary (puc. 26, a) mia migiiomy Bantaxy Baroro Q=10000H i nmomxuny

pykositku |, skio cuna, mo npukiagaeTses 10 pykostku Py pisuaa 200 H.

a)

ﬁ
-

Puc. 2.26.

Hano: piznba rBUHTA TpareliigaibHa 3 KyToM mpu BepumHi npodimo [ =30°,
soprimHIM miamerpom d; =504, BHyTpimHiM miametpom d, =421, Kpokom
t=8wum (puc. 2.26, 6); KoedilicHT TepTs MiXk TOJOBKOIO T'BUHTA Mi)K TBUHTOM i
raiikoro f =0,12; xoediiear TepTs MixK roJIOBKOX TBMHTA i TOJIOBKOI JOMKpPATY,
mo He obepraeThes (mo ruromuHi a-a) f,=0,18; niamerpu KinbLeBOl MIOIIAIKH
JOTHKY TOJIOBOK TBUHTa 1 JoMKpara piBHi: 30BHimHIE D=80mmu, BHyTpimHiii
D, =40mm.

Po3é’azanna: MoMEHT MKP, KOTpUM HEOOXITHO TPHUKIACTH JO TBUHTA,
MOBUHEH IMOJI0JIATH JIBA MOMEHTH: MOMEHT CHJIM TE€PTS M1 TBUHTOM 1 FallKoOrO M"i
mMoMeHT cuiu Tepts M' Mix romoBkoro I'BUHTAa i TOJOBKOIO JOMKpAaTy, IO HE
obepraeTbes (M0 KUTBLIEBIN TUIOIIUHI aa):

M, =M+M".

MoOMeHT cuJii TepTs Mi>K TBUHTOM 1 TallKOI0 BU3HAYAETHCA 32 (hOPMYJIIOHO:
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Qdcp
2

M'=

tg(a+¢'). (2.56)

CepenHiii giameTp pi3pOH piBHUM:

_ d, +d, _50+42 _
P 2 2

KyT nigifomy rBUHTOBOI JIiHIT HA CEpeHLOMY JlaMeTpl TBUHTA PIBHUM:

d 26m. (2.57)

a =arctg _t arctg 8 arctg0,055= 310 . (2.58)

dakTHYHUN KOe(DiLli€HT TePTS MK TBUHTOM 1 Taiikoro (pi3b0a TpameniigaibHa)
PIBHMIA:
_f _f 012
siny cosf cos30°

f' =0,139.

@DIKTUBHUI KYT TEPTH:
@'=arctg f'=arctg0,139=7°55 .
ToJii MOMEHT cuiIH TepTs B Pi3b01 PIBHUIA:

q : . .
chp 100094544 (310 + 755 ) = 4500 H-cm

MoOMEHT cwiM TepTs MO KUIbLEBIM IUIOMIA[AII MiX TOJOBKOK TBHUHTA 1

M'=

tg(a+¢')

rOJIOBKOKO JOMKpary, mo He obepractocas M' MoxnHa HaGmmkeHo mpencTaBuTH K

MOMEHT cuJI TepTs F | 1m0 1ie 1o cepequpoMy miaMeTpy KilbLEBOT IIOMIAKH:

D
> DZDl =o,18-100008%4:54oo H-em.  (2.59)

Kpytauii moment M piBnnii:

M, =M'+M"=4500+5400=9900H - cm,

M"=1Q

= le

TOJ1, TOBXHHA PYKOSATKH MOBUHHA OyTH piBHA:

1 =M 9900 50w (2.60)
P 200

Ilpuknao 5. bapaban 1 rambMmye 3a JOMOMOTOI JBOX TaJIbMIBHMX KOJIOJOK

(puc. 2.27), xoTpi 3akpimieHi B aBOX Baxkemsx 2. OcCTaHHI MOXYTh TOBEPTATHCS
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BIJIHOCHO HEPYXOMHX oceil A 1 B 1 mpUBOJAATHCS B PyX ABOXCTOPOHHIM TBHHTOM
IPABOTO i JIIBOro 3aXOiB 3a JOINOMOIOI0 PYKOSTKU. BusHauntu 3ycumis P, xorpe
HEOOXiJHO NIPUKIACTH [0 PYKOATKM I TanbMyBaHHS Momenty M, mo nmie na

Oapaban 1.

@

Puc. 2.27.

Mano: moment M =50H - m, nosxuna pykosatku | =30mm, mieue Baxemro
a=120mm, niamerp Gapabany D=180sm, cepenniii niamerp Ha pi3KM TI'BHHTA
dcp =20mm, kpok TBUHTOBOT JiHil T =601 (TBUHT IIeCTH3aXiAHUI 3 PSIMOKYTHOO
pi3p0010), KoedilieHT TepTss B mapi raiabMiBHI koiomu — Oapaban f_=0,3,
koedirieHT TepTs B mapi reuHT — raiika f, =0,15.

[Ipuksnan BupinryeMo croyaTKy B 3arajbHOMY BUTJISII.

Po3p’sizanns; J{na ransMyBanHs MoMeHTY M HeoOXiHO NpMKaTH KOJOIKH

no Oapabany cumamu N, TakuM 4YMHOM, INOO BHMKIMKaHl HHMH CHIIM TEPTH

F,, = T N,, ctBopumu ramsmisrnit moment M, pisamit M :

Mmp = fKN21D: M, (2.61)
3BIIKH:
M



Posrnsmaroun piBHOBary KOJIOJKH, CKJIAAEMO PIBHSHHS MOMEHTIB BIJHOCHO

TOYKHU 4.
Q=2a—N,a=0, (2.63)
3BIIKU:
N M
=L 2.64
Q 2 2fD ( )

JC Q — 3YCUILLIA, 3 AKHUM HOTpi6HO CTATHYTH KOJIOAKH 3a JOIIOMOI'OXO0 I'BHHTA. L[e

3YyCHUJLIA 31BHE OCbOBOMY 3YCHILIIIO B TBHHTI.

MoMeHT Ha pyKOSTL, O NPUBOIUTE B PyX IBUHT M, = Pl, moBunen Gytn

PIBHUII MOMEHTY CHJI OIIOPY B 000X IMapax rBUHT — Taiika):

Rl zngcp tg(a+9), (2.65)

3BIJIKH:

R =%tg(a+¢). (2.66)

BuapoByroun piBHICTh (2.64), 0CTaTOYHO OTPUMYEMO:

Md
P, = D 2.67
) = 2f Di tg(a+(/)) ( )

Buznauaemo 3HaueHHs KyTa MiiioMy I'BUHTOBOI JIiHIT & 1 KyTa TepTs O B mapi

T'BUHT — F'alKa;

a= arctg o arctg 6—00 =4345
cp (2.68)
¢'=arctg f, =arctg0,15=832'

TOMI:

R =

0)= 50000- 20

M,
W t0(4345'+ 832") = 40'H.
g(a+ 2.0.3-180-300 94345832

2f DI
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Ilpuknao 6. toBxau 1 (puc. 2.28), skuit

maBantaxkennit  cwioro Q=10H, nigmimMaerbcs

piBHOMIpHO B Topy cwioro F . Kyr Mk HampsMkom

cm F i wanpsmxkom pyxy mramrn =30,
Busnauutd Halimenmy cwiay F, mpu sxiii mrosxau
OyJe pyXaTHCh PIBHOMIPHO Bropy, SIKIIO KOeDIIieHT

Teptsa Mix mrosxaueM 1 i mampsmmuoro 2 f=0,2, a

sigcrani | =0,05m, Xx=0,06Mm. [13]

—

Po3p’si30k. Poskmagemo cmny F  ma nBi
CKJIaloBi: ropusoHTanbHy Fi1 i Beprukamsny Fo.

Cknamosa F1 nputuckae mrosxau 1 1o Hanpsmuoi 2 i

BUKJIMKAE TOSIBY CUJI TEPTS B TOUKAX JAOTUKY A 1 B:

F,.=MR,iFz;=1R;,

Q|

F
Puc. 2.28.

(2.69)

ne RA, RB — BUIMIOBIJHO pe€akxiiisi B IMX TOYKAX, AKIIO PO3TJSHYTH IITOBXad SIK

OasiKy Ha ABOX onopax A 1 B. Tofi :

> My (Fi)=-R +Fx=0

(2.70)
> F=F-R;+R,=0
3 uX piBHSHB 3HAXOJIUMO:
R, = F|1X _xF slina’ 2.71)
ne K =Fsing;
RB=F1+RA:Fsinm"FSiﬂ:(uTX)Fsina. (2.72)

Bennuuny cunn F Busmauumo 3 ymoBu piBHOBaru mrosxava 1 mig miero cuian

F, i cu Tepts, SIKy MOXHA 3aIMCaTH Y BUTIISAAL PIBHSIHHS:
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> F,=F,-Fg—F,-Q=0, (2.73)
ne F,=Fcosa.

Toni piBasaHS (129) 3anuimeMo y TaKOMY BUTIISIII:

ﬁFdna_

I Q=0,

FCOS(Z—(1+TX) fFsina —

3BIIKH:

Ql 10-0,05

- = =9,94H.
lcosar— f (I -2x)sine  0,05c0s30° —0,2(0,05—2-0,06)sin30°

Ilpuxnao 7. 1lo noxwniil uionHl 1 pyxaeTbcsi piIBHOMIPHO B TOPY MOB3YH 2
(puc. 2.29, a), sxuil 3HaxomuThea mix micro cuan F 1 Q. Cuma Q manpasnena
MePIeHIUKYISPHO 10 oci X, 1 mopiBHioe 200 H, xyt Haxwiy miomunan o =30,
xoedimieHT TepTsa mop3yHa 2 3 miommHoro 1 gopisaioe f =0,25. Tpeba 3maiitu
BeIMUMHy cuid F, ska wanpasiena minm kyrom S=60" mo mopmami n-—n i
HIATPUMYE 3aJJaHUi PIBHOMIPHUH pyX MOB3yHA 2.

Po3B’si30k. Ha nos3yn 2 nie Tpu cumn Q, F i R. YmoBa piBHOBaru nmoe3yHa

M1JT €0 [IUX CUJI, 3alTUCaHa Y BEKTOPHIN hopmy, Mae BUTIISIAL

Q+F+R=0
6 R
o"‘?;f’
n _Bre
//\\
mB-p /\/
Vi
__,3~o /
Q

Puc. 2.29
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Jlns Toro, mo6 moOyayBaTH IUIaH CWUJI, HEOOXIJHO BH3HAYMTH HaIPSIMOK

peakuii R, To6To 3HaiiTi KyT (0, sKKMii BU3HAYAETHCA 32 HOPMYIIONO:
p=arctg f =arctg0,25=142.
Ha puc. 2.29, 6 noOynoBaHuii CUJIOBUU TPUKYTHHUK, SKUW BiANOBIJIAE

BEKTOPHOMY PIBHSIHHIO. BUKOPHUCTOBYIOUM TEOpEMY CHHYCIB 3aMUIIEMO MPOMOPIIIO:

F_ Q
sin(a +¢) _Sin(ﬂ—ﬂ—(p)’

3BIIKA MA€EMO:

-_osin(a+e) _, sin(30° +142))
CTsin(B+o) sin(60°+14°2')

HIO 3aga4y MOKHa TaKOX p03B,5IBaTI/I aHAJITHYHUM HIJIIXOM, IIPOCKTYIOUYH

=144,59H.

BC1 CHJIH, 1110 J1IOTh HA IOB3YH Ha KOOPAMHATHI OC1 X 1 Y

Y F =—Qsina+Fsing-F, =0

(2.74)
Y F,=—Qcosa+Fcosf+N=0

3 napyroro piBHSHHSI cUCTeMH (2.74) 3HaXOAUMO BEIMYHMHY HOPMAJIBHOI
peaxii:
N =Qcosa —Fcos S
1 TACTaBIsIeEMO 11 3HAYEHHS y TepIie piBHSAHHS cucteMu (2.74), BpaxoBYIOUH, IO

cua tepts popieuioe F, = fN , ogeprxumo:
—Qsina + Fsin 8 —Qf cosa + Ff cos f=0.

[limctaBUMO 3aMicTh Koe(illieHTa TEpTs HOTO 3HAYCHHS, BUPAKEHE dYepes

TaHTEHC KyTa TepTs (2.74), skuii MOKHA BU3HAYUTH Yepe3 CHHYC 1 KOCHHYC KyTa (),

TOOTO:

sin
f =tgp= —COSZ :

Toni, BUKOpUCTOBYIOUH (OPMYIH 3BEJICHHS, OJCPKUMO:

B Sin(a+g0)
F= —Sin(ﬂ+(p) . (2.75)
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3ae0anus 0na camocmiitHo20 6UPiuly8aHHA

3adaua 1. Buznauntu koe(imieHT KOPUCHOI Mii MOXWIJIOI TJIOUIMHH, MO SIKIH

PYXAEThCS  pPIGHOMIpHO TIOB3YH, HaBaHTAXKEHWH BepTHKajibHOI cuimoro Q, mix

BIUIMBOM CHIIK P, mapaiesapHoi moxuiol mwromuan. Kyt migiiomy miomman o =20°;

koedinieHr Teprs noesyna npo miomuny f =0,2. 3aBgaHHs npomoHyeThCs y ABOX

BapiaHTax: a) MOB3YH PyXa€ThCs HAropy, 0) moB3yH pyxaerbes BHU3 (puc. 2.30).
3adaua 2. BuzHauutu Koe(iieHT KOPUCHOI Mii MOXMJIOI TJIOUIMHH, MO SKIH

PYXAEThCS pi6HOMIpHO TIOB3YH, HaBaHTAKEHHH BEPTUKANBHOIO cuioro Q mix

BIUIMBOM CWJIM P, HAXWJICHOI 10 IUIOLIMHY M KyToM [3; KyT HiiioMy IJIOIIMHU « ;

koedinicHT Teprs nossyHa o6 mmomuny f (puc. 2.31). Buximni mani HaBemeHi y

TabmI 6.
Ta0muis 6

Bapiantu 1 2 3 4 5 6 7 8 9 10
[, tpan 15 10 15 20 13 15 10 25 20 15
a, Tpaj 15 20 30 10 20 25 30 10 25 15

f 0,1 0,2 0,15 0,25 0,3 0,35 0,4 0,5 0,45 0,55
Q,xH 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Hampsimox BHU3 BrOpy
Pyxy

3aoaua 3. Buznauutu Koe(iIlieHT KOPUCHOI il MOXWJIOI TUIOMIMHH, TO SIKii
PyXaeTbCs pi6HOMIpHO TIOB3YH, HABAHTAKEHUN BepTUKanbHOI cuiaoro Q, min
BIUTMBOM CWJIM P, mapaiienbHol migcrasi noxwioi mwionmau(puc. 2.32). Kyt migiomy
mionman & =20°; koediuient teprs nos3yHa mpo muomuny f =0,2. 3aBnanns
MPOTMOHYETHCS Y IBOX BaplaHTax: a) MOB3YH PYXAEThCSl HAropy, 0) MOB3YH PyXaeTbCs

BHMH3.

- { A\
| : 1 ! Lo 4 I A v
d q
Puc. 2.30. Puc. 2.31. Puc. 2.32.
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3aoaua 4. (puc. 2.33). JJano: Q=10000 H, ¢ =30°, f =0,4; tino pyxaerscs B
ropy 1o HMOXWIiil mronmHi piBHOMipHO. Tpeba BusHaunTn cmry P, mo miarpumye

3aJJaHUI PIBHOMIPHUN PyX MOB3YHA.

Puc. 2.33. Puc. 2.34 Puc. 2.35

3adaua 5. 3a yMoBoIO 3a1a4i 4, BU3HAYNTH cwity P, SKIIO Tino pyxaeTbes BHU3

1O MOXWJIIH MJIOHIMHI PIBHOMIPHO.
3a0aua 6. Tino pyxaeTbcsi piIBHOMIPHO Bropy Imo MOXwiii rurommHi (puc. 2.33).

Ha wHei nie BepTukanbHO HampasiieHa cuia kopuchoro omopy Q=2100H. Kyt

Haxwiy miomman o =14°. Koe(imieHT TepTs KOB3aHHSA B IOCTYyHNANbHIA mapi
f=0,14.

Bu3HaunTu BeMUMHY J110401 Ha OB3yH FOPU30HTAIBHO HAMpaBJIeHOi cuiu P, a
TAKOXX BEIMUUHY R 3 ypaxyBaHHSM TepTs B MOCTYMAIbHIH mapi.

3aoaua 7. TloB3yn 1 min miero 3mpsMoBaHoi Mo BepTukani cuwiu P=1200 xe
PIBHOMIPHO pyXaeThCs BHU3 110 moxuiii muomuni 2. Kyt saxuny mnomunrn o =13°,

KoedimienT Teprs koB3anus B noctynaneHii mapi f =0,1 (puc. 2.33).

Bu3HaunTi BeMWUMHY CHIIM KOPUCHOTO omopy Q, a TakoXK BEIMUYMHY Ji0YO0i Ha
MOB3YH 31 CTOPOHM TMOXWJIOI IUIONIMHU peakili R 3 ypaxyBaHHSIM TepTs B
NOCTYIAaJbHIN napi.

3aoaua 8. KnunoBuit moB3yH (J1aHka 1) mif Jgi€r0 rOpU30HTAILHO HAMIPaBICHHOL
cuid P pyXa€eThCst pIBHOMIPHO Bropy IO MOXUJIMM HaIlpaBisodnM (JaHka 2). Jliroua
Ha JaHky | cwia kopucHoro omopy Q = 2100 H. Kyt Haxuiay HampapisllOuux

a=14°. Kyr 3arocrpenns mnossyna ¥ =60°. KoedimieHT TepTss B mocTynarebHii
napi f =0,11 (puc. 2.34).
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BuszHauut BeMYMHY TOPU3OHTAIBHOI CUJIM P, a TaKOXX BEJIMYMHY J1I0Y01 Ha
KJIIMHOBUW TOB3YH 31 CTOPOHM. HAMPABIAIOUMX peakimii R 3 ypaxyBaHHSIM TepTS B
MOCTYMaIbHINA Mapl BUKOHAHOI y BUTJISI KJIIMHOBOTO MOB3YyHA.

3aoaua 9. KnunoBuii moB3yH (JaHka 1) mig Ai€0 TOPU30HTAIBHO HaIpaBiIeHOT
crn P=120 H pyxaeThcsi piBHOMIPHO Bropy IO IMOXWJIMM HANPaBJISIFOYUM (JTaHKa 2).
KyT HaXujly HampaBIsSOYUX JI0 JIiHIT TOpu3oHTy @ =12°, KyT Haxwiy OIYHUX TpaHei

xonoba [=60°. KoedimieHT TepTst KOB3aHHS ISl MaTEPUANIB i3 SKUX BHTOTOBJICHA
nocTynajibHa Mapa (3 ypaxyBaHHSM YMOB 3Mall[yBaHHS MOBEPXOHb, IO TPYTHCH),
f =0,09 (puc. 2.34).
BusHaunuTu BeNMYUHY CHJIM KOpPUCHOTO onopy Q, a TakoX BEIMUYUHY, 11O 1€
Ha TOB3YH, 31 CTOPOHHU HAIPaBIISIFOYOi JIAHKK 2 peakuii R 3 ypaxyBaHHSIM TepTs B
NOCTYIaJbHIN Mapl, BAKOHAHIN y BUTJISA/1 KIMHOBOTO MOB3YHA.
3aoaua 10. Buznauntu koe(illieHT KOPUCHOT i MOXMJIOT TUIONIUHH, MO SIKii
PYXa€TbCA PIi6HOMIpHO HArOpy KIMHOBHM TOB3YH, HaBAaHTAXKECHUU BEPTHUKAIHHOIO

cwioro Q, mix BmMBOM cuim P,mapaielibHoOi OCHOBI IUIONIMHH; IOJIOBMHA KyTa
saroctpenns kauHa f3=30°; koedinient teprst nos3yna npo wiomuny f =0,2; kyr
migiiomy mwromuan o = 20° (puc. 2.35).

3aoaua 11. (puc. 2.36). Hano: Q=10000H, f=0,1, t=14 wmwm, dcp=8t,

| =600 ; rBUHT OGepraeThes piBHOMipHO. Tpeba BusHauuTH: 1) 3ycHiuis Ha

pykosaTi B, ; 2) koedinieHT KOpUCHOI [ii TBUHTOBOI IIapu 77.

|

=2

Y 17 7

7,

cp

Puc. 2.36. Cxema BuHTOBOTO IOMKpaty  Puc. 2.37 CxeMa BUHTOBOTO JIITAKOBOTO MiTHOMHHKA
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3aoaua 12. Bwusnauutu KKJ[ BHHTOBOrO  MexaHi3My  JIITAKOBOTO
CJIEKTPOTIPUBOLY, SKAW TpeIHA3HAYCHWM [UIsl YIpPaBIIHHA 3aclliHKOI0 Macjo
pamiatopa. Pi3p0a X010BOTO TBHHTA MPSMOKYTHA JIBO3axXijgHa. 30BHIIMIHIN JiaMeTp
pissbu 0 =19,5mmu, xpox pissdbm Smm. KedimieHT TepTs KOB3aHHA B Ppi3bOi

npuiinatu piBuuM f =0,1. 3agauy BupimmTH Ui BUNAAKiB IpAMOro (Big4MHEHHS

3aCJIIHKM) Ta 3BOPOTHHOTO (3aUMHEHHS 3aCIIHKH) PyX MEXaHi3MYy.

3aoaua 13. Busnauntn KKJ[ BHUHTOBOro MexaHi3My  JIITaKOBOTO
CJIEKTPOIIPUBOAY, KWW TMpeAHA3HAYEHUN Il KepyBaHHS JBEPISITAMU KamoTa Jis
BUMAJKIB TPSIMOTO Ta 3BOPOTHBOTO XOAy MexaHi3my. Pi3pba x0m0BOro BHHTA
IPSAMOKYTHA JBo3axinHa. 3oBHimHii giamerp pissobu d =10mm, Kpok pissdu 2mm.
KedimienT Teprs koB3aHHs B pi3n0i mpuiinaru pisaum f =0,1.

3aoaua 14. (puc. 2.37) Busznauntun KKJI BUHTOBOTO JITaKOBOTO IiAHOMHHKA.
Pi3pba X0mOBOrOo BHMHTa NPSIMOKYTHA OJHO3aXiJHA. 3OBHIIIHIN JlaMeTp pi3pou
45 mm, 30BHIMHIA miameTp pizbou 35 mm. KoedimieHT TepTs KOB3aHHS B Ppi3b0i

f =0,1. Teprs Ha onopHiii NOBEPXHi raliKk 3HEXTYBATH.

3aoaua 15. (puc. 2.37) Busznauntun KKJI miTakoBoro BUHTOBOIO IiAHOMHHKA.
Pi3pba x0M0BOrO BHHTAa TPSMOKYTHa OJHO 3axXijHA. 3OBHIIIHIA JiaMeTp pi3pou
d =50mm, 3oBHImHIA giamerp pi3sbu d, =42mm, 30BHIIIHIA IiaMeTp OMOPHOI
noBepxHocTl raikn D, =42wm, BHyTpiIHII [ilaMeTp OINOPHOI HOBEPXHOCTI
D, =42um. Koedimient Teprs kxom3zamHs B pi3pdi f,=0,1. KoediuieHnT Ttepts
KOB3aHHS B ONOpHii moBepxHocri raiiku f, =0,1.

3aoaua 16. Buznauntu momeHT KKJI momkpary (puc. 2.38). Buxiani mani B
Tadmmi /.
3a0aua 17. BusHauutu pywmidHy cuiy P, SKy NPUKIAQACHO HO PYKOSTKU

noMkpary (puc. 2.38), HEOOXiaHYy Ul MIHATTA Tpy3y Macoro Q. Buximni nani B

tabmui 7. [27]
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Puc. 2.38.
Tabnuns 7
Bapiantu 1 2 3 4 5)
Bara Banraxy Q, H 2000 | 2500 3000 35000 4000
Kyt nipu Bepunni [, epao 20 30 40 35 25
ch’ 3oBuimmiit giamerp d, , mm 50 60 66 70 72
A Bryrpimmii giamerp d, , mm 30 36 40 44 50
Kpok t, mm 10 10 12 12 12
Koediuient teprst Bunrosoi mapu f, | 0,08 | 0,09 0,10 011 0,10
Koedimient teprst msru T, 0,12 | 0,14 0,16 0,18 0,20
Jloxkuna pykositu |, mm 150 170 200 220 250

3a0aua 18. Bu3HauuTH BEJIIMYMHY NMPHUBEACHOrO Koedirienta tepts f mams

KPINWIBLHOI METPUYHOT pi3pou (puc. 2.39).

%0 NN
i 25 AT
\.\\ N

R
J
-

o \ : '..‘ X '“\ /.r " (A :_'d 1_
NESANAANN )
A

¥ty ) A [ 3

Puc. 2.39. Puc. 2.40
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3a0aua 19. BusHaunTy BeJTUYHMHY IpUBEIECHOr0 KoedimieHTa TepTs f aus tpame-

IiiaJIbHOT Pi3hObI, MPU3HAYCHOI I TTepenadi pyxy (puc. 2.40).
IHumanns ona camoKoHmpoJi0 cmyoeHmis

Hagectu popMyty nmoBHOT peakiiii MoXuaoi IIOMIUHH.

[Tpu sikux ymMOBax BiJOyBa€ThCsl cCaMOTalIbMyBaHHS?

[Ilo Take KK/[?

Haectu popmymu KK/ a1 moxwtoi TUIONTMHYT TIPH M1 THIMAHHI.
Hagectu ¢popmyny KKJI 175t moXusoi miIomuHY Mpy OIMyCKaHH.

SIki € OCHOBHI T€OMETPHUYHI IMapaMeTpH pi3bou?

N o g bk WD

HaBectn ¢dopmyny kpyTHOro (pyumiiiHoro) MOMEHTY /i TBHUHTIB 13

IPSIMOKYTHOIO Ta TPUKYTHOIO Pi3b0010.

8. Illo Take mardu? Jle BoHU po3MiIICHHI?

9. Hasectu ¢popmyny MUTOMOTO TUCKY Ha OJMHUIIIO OTIOPHOI MOBEPXHI.

10.HaBectu popmyisry MOBHOTO MOMEHTY TEPTS I1’ATH Y HiAMN ITHUKY.

11.Jle Oinpiia cuiia TEPTS: NMPU NEPEMILICHH] KIMHA Y KIMHYACTUX HAMPSIMHUX
YU TPU MEPEMIIIEHH]I TOTO0 CaMOro KJIMHA MO TOPU30HTAJIbHIN TUIOMIMHI 6€3
HaIpsSMHUX?

12. 51k 3anmucyroThes HOpMYIIM MTUTOMOTO TUCKY JUTSI CYIIUTBHOI 1 KIJTBIIEBOI 1T ATH

npu yMoBi P =Const ?

56



2.1. Tepms kouenHs

Sxmo mumaap 1 (puc. 2.41, a) nepebyBae Ha TOPU3OHTAIBHINA TUIOMIMHI 2 Y
CTaHl CIIOKOIO, TO €IMIopa PO3MOJLIY HAmpyr y 30HI KOHTaKTy Oyjae CUMETpHUYHa 1
peakuis N mpoiige mo oxmii minii i3 30BHimHIM HaBanTaxenusm Q. Komu x 10
bOT0 IWIIHJpPAa NPUKIACTH PYWIHHY cuily Pp, TO BiAOyIeTbCS MEPEepO3MOILIT
KOHTAaKTHUX Hanpyr (puc. 2.41, 6) i peakiist N 3micTuThest y Oik mepexouyBaHHs [1,
2,3,9,10, 11, 13, 14].

Ha Benmunny K, sKy Ha3sHBarOTh KOE(IIIEHTOM TEPTS KOYEHHS i BUMIPIOIOTH B
OJMHUIIX JOBXHUHU. J[OCBII MOKa3ye, IO OMIp MEPEKOYYBAHHIO 3aJE€KUTh BIJ
IPYKHUX BJIACTUBOCTEN MaTepialiB CTUYHUX MOBEPXOHB 1 BEJIMYMHU HAaBAaHTAKECHHS.
TepTst KOUEHHS BHHMKAE MiJ Yac MEPEKOUyBaHHSA KOJIC MO pelKax, KaTKiB IO

HACTUIIY, KyJb IO CTOJIy, Y IIAPUKO- Ta POJIUKOIIAIIUIHUAKAX 1 T. 1.

Puc. 2.41.

Jlesiki koedilieHTH TepTs KOUeHHS MoJaHo y Ta0. 8.

Tabmuus 8
Marepian K, mm
Cranp no cramni 0,005
JlepeBo 1o jepeBy 0,05-0,06

Cranp mo crami y mapuko- Ta| 0,0005-0,001
POJIMKOTIAIITUITHAKAX

BBakarouu MBUAKICTh NEpPEKOYyBaHHs cTayior (V=CONSt), moxHa BBaxkaTw,

o koieco 1 (puc. 2.41) nepebyBae y piBHOBa3i mmix giero cua P ta P, Q ta N.
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CknazemMo piBHSHHS PIBHOBAru: ZY =0, ZM =0,
Q—N=0i|\/|p=Mon, Ph= Nk (2.76)
Ta 3HAWJIEMO PYIIIHHY CHITY
K
-

3 dopmynu (2.77) Buano, 1o cuiaa Pp npsmo mponopiiiina N ta K i o6epreno

P,=N (2.77)

IPOIOPLIiiHA BEIMYMHI IUleya N NpuKIagaHHs cuiid. 3aIeXXHO BiJ BEIMYMHM I1JI€Ya
h MoXmBe Teprst MTiHApa TaKMX BapiaHTIB: KOB3aHHSA, KOYEHHs, KOUYCHHS i3
KOB3aHHSIM.

Yucre xos3anus Oyne mpu P> f,Q ta Ph<NK, To6T0 mpu f,.Qh<Qk aGo
K

fo <—,me f,— xoediuient Teprs crokoro.

h
Yucre kouenns moxmse mpu P < fQ ta Ph=NK, to6To npu Q% < fQ abo

K
LY
"

Huningp xos3atume i kotutuMmerbess npu P =fQ ta Ph=Nk, T06T0 npH

k k
N—=1fN a6o f =—.
h h
IlepecyBanHsi BaHTaKy Ha KOTKax. /[ mepemilieHHsS Ba)XXKUX BaHTAXIB,
JeTajiell MallliH, BEPCTATIB Ta IHIIKMX CIIOPY/]T YaCTO 3aCTOCOBYIOTh KOTKH.|

[TepecyBanHs (hepMu MOCTa Ha KOTKaX IMOKa3aHo Ha puc. 2.42, 2.43.

FEa T N FEFTFTIE 7/ P LAL LA P
AT TS T L éF i b fdFidedd

Puc. 2.42. Puc. 2.43.
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Busnaunmo pymniiiny cuiny P. Hexaii Q— Bara ¢gepmu, N— 4KCIO KOTKIB,
q—Bara oxHoro kotka, Q=NQ— Bara ycix koTkiB, I —pajiyc kotkiB, k Ta K, —

KoedimienTy TepTsa kouenns [1, 2, 3, 9, 10, 11, 13, 14].

CximameMo piBHAHHS piBHOBarm KoTka (puc. 2.43) y BUTISAAI piBHOCTI Pp

. o PP
MomeHTiB pymriianx cunt M =—=2R ra cun onopy:
n

Q+G

Q :
Moy =—k Ko;
on =1 + a2
Foop_Qy + 26
n n n
OTxe,
Qk, +(Q+G)k,
P, = 2.78
p R (2.78)
Hextytoun Baroro G, popmysny (2.78) MOKHA 3aliUCcaTH TakK:
P=1f/Q, (2.79)

e f/ :k1+k2

0 — 3BeJICHUM KOC(IIIEHT TEPTS.

IlepecyBaHHsi BaHTa)Ky HA KO0JIeCaX BUKOPUCTOBYETHCS Yy 3aIZHUYHOMY
PYXOMOMY CKJIaji, y TpaMBalHMX BaroHax Ta iHmmx Biskax. Hexait Q—Bara
BaHTaXYy 13 Ky30BoM Barona, (G—Bara ycix ckatiB (y JaHOMY pa3i 4YOTHPhOX KOJIIC i
nBox oceit), Q—paniyc komeca, r— paxiyc mmitku oci, f,— koediuieHt Teprs
xoB3aHHs, K — koedinieut Teprs kouenns (puc. 2.44, a, 6). [1, 2, 3, 4, 9, 10, 11, 13,
14].

HexTtyroun nepopmManisiMi KOHTaKTHUX MMOBEPXOHb, CKIaJEMO YMOBU PIBHOCTI

MOMEHT mianx cun M, =—R cymMi MOMEHTIB CHJI OIIO KOB3aHHIO
Py

M k, To6TO

o8 = fo%r Ta KouenHro M, = QZG

M p =M,pg + My (2.80)

Koe
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abo

K. (2.81)

Puc. 2.44.

I3 ocTaHHBOT PIBHOCTI 3HAXOJUMO PYIIIHHY CHITY

f,Qr+(Q+G)k
- .

Hextytouun Baroro G, popmyiy (2.81) moxHa 3anmcatn P = fo/ Q,

for+k

P= (2.82)

I _
e f, =

3BeJICHUH KOE(ILIEHT TEPTS.

2.8. Tepms enyuxoi cmpiuxu.

TepTst THy4YKOi CTPIYKM MA€EMO y CTPIUKOBUX NWiKkax (puc. 2.45), macoBux
nepenayax (puc. 2.46), ctpiukoBux ranpMmax (puc. 2.47), y mmwisx (puc. 2.48) Ta iH.
[2,4,6,7,10, 13].

3alexHICTh MK HaTsAroM 30DKHOI BiTkM S, Ta HaObkHOI S, BHBeneHa

axanemikom JI. Efinepom. Ilix yac po3risiay ii BUBEICHHS BBAKaTUMEMO, 110 CTPIUKa
aOCOJIIOTHO THY4YKa, MPUCKOPEHHS CTPIYKU JAOPIBHIOE HYIIO, KOE(IIEHT TEpTs

f =const. Jlna BuBeneHHs (OpPMyIM BHMIIIMMO HECKIHYEHHO MMM EIEMEHT

THYYKOi cTpiuku (puc. 2.45, 6) 3 ueHTpanbuuM KyroMm dol i HamumeMo aBa piBHAHHS
pisuoBaru [2, 4, 6, 7, 8, 10, 11, 12, 13]:
>X=0 >Y=0. (2.83)
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Tom

—fdN — pcosd7a+(p+dp)cosd7a=0; (2.84)
. da . da
dN — pS|v7—(p+dp)sm7:O. (2.85)
y . do da do . :
[Ipuiimaroun sm7 R 7, cod 7 ~1 1 HexTyw4u HECKIHYCHHO MaJHMHU
da
apyroro mopsaky dp- > ~ 0, maTumemo

—fdN —p+ p+dp=0aco fdN =dp, (2.86)

dN — pd7a— pdTa:O; fpde =dp. (2.87)

1k

' Kawam O3

Puc. 2.45. Puc. 2.46. Puc. 2.47.

[ToxinuBiM Ha p, AICTAHEMO

fda:%.

p

(04
: d S S
I[IpoinTerpyBaBim I fdo= T—p, matumemo fo=IN=L Ta e’ ==L spinkn
0 5, 2 2

S, =S.e'™. (2.88)

Cuna Tepts cTpiuku 06 6apaban
F=S -S,. (2.89)
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P+dp

Puc. 2.48. Puc.2.49

HpaKTI/Iqu 3AHATTH

Mema po6omu: BuzHauutu TepTs KoueHHsA. Bu3HaueHHsS TepTs THYYKOb

CTPBIYKH.
3asoannsa: Po3Bsi3aHHA 1HIMBINyalIbHUX 3aBJaHb (3a71a4).
IIpuknao 1. Cranesuii ummingp 1 (puc. 2.50) Baroro G=15«H i miamerpom
d =40mm nepeminnyeTbecs PIBHOMIPHO IO CTaleBiii TOPU3OHTAIBHIN IJIOIIUHI

cunoto P. Koedinienr teprs kouenns popisaioe K=0,05m.

V=const

Puc. 2.50.
Po3p’si30k. Ilpu pyci Tinma 1 BigHOCHO Tia 2 MOMEHT cwix P MOBHHEH

JOPIBHIOBATH MOMEHTY TE€pPTS KOYEHHs, TOOTO:

P% =Gk, (2.90)

3BIIKH:
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p=G2X_15200_5 4
d 0,04

Hpuknao 2. Busnauntu cuny P, HeoOXigHy a1 HOI0NaHHS OMOPY KOYEHHS

Bi3ka, HaBanTaxenoro cuioro Q=5000H (puc. 2.51).

Q

N

|
m |

= |

«ql N kL
Puc. 2.51.

Mano: niamerp xomic D=400rm; niamerp migmmnaukis ko3anus d =60amu;

koediuient Teprs kouenns K =0,041m; koedilieHT TepTa KOB3aHHS B ITiIIIMIHAKAX
xos3anHs f =0,1 (migmmmavku nmpompamrosanm).
Po3é’azannsa: Cuny P BU3HAYaIOTH 32 PIBHAHHAM :
P=f'Q.
[Ipusenenuii koediuient Teprs ' BusHagaeTbes mo Gpopmyai

1 _ 1. .0,1-60) =
f'=(2k+127fd)=_(2:0,04+127-0,1-60)=0,019,

TOJII:
P=f'Q=0,19-5000=95H.
Hpuknao 3. Buswaumtu cuny P, HeobOximHy mns migifiManHs Bi3ka,
nasantaxenoro cuoro Q=5000H, mo moxummiii maomuni 3 KyroM migiiomy o =25

(puc. 2.52). Cuna P manpasnena B3mosx moxmmoi mromunu. Posmipu kinmens i
JlaMeTpU MiAIIMIHUAKIB KOB3aHHSA, a TaKOX BEJIMYUHM KOE(DIII€HTIB KOYEHHS 1
KOB3aHHS B3STH 13 MOMEPETHBOT 3a1a4i.

Po3eé’azok: Cuny P BusHauarors 3a popmynoro
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Sin(a+(p')
cos ¢

(2.91)

[puBenennii koediient Teprs piBamii f'= %(ZR +1,27 fd) =0,019. Toui
TIPUBEICHAN KYT TEPTs (0" PiBHUI:

@'=arctg f'=arctg0,019=16.

Puc. 2.52.

Cuny P piBna:

Ilpuxknao 4. JIns 3ynuHKU PIYKOBUX 1 MOPCHKHX CyJieH Ol MpucTaHi
BUKOPUCTOBYETbCSI Hepyxomi mmuii (puc. 2.49). JlaHo: HaTir 301KHOI BITKH

S, =3980 H, xoedilieHT TepTs THYYKOro KaHaTa o0 WINWiIb (Hepyxomuii OapabaH)
f =0,33, kyr obxBary o=8m. BusHauuTH, SKUM HaTArOM S, MOXKHA BTPHMATH

CYJIHO.

Po3eé’azok:

S, 3080
2~ pfd - 2,7180’33'2“ ~

Otxe, cunoro 1 x yrpumyetbes cuna 3980 H.

Ipuknao 5. Nano: P=140H — cuia, npukiageHa 10 pyKOSTKH CTPIY4KOBOTO
ranema (puc. 2.53); a=230°— xyr kyr oOxBary crpiukoro mikisa; f =0,2—

KoedilienT TepTs cTpiuku 00 rajpMmiBHui wkiB;, o =45um; b=100rm; | =700rm
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- mieui pykostku; F=200mm; R=400mu - paniycu ranbmiBaOro OGapabaHy Ta
IIKiBA.

3uaiitu: Bary BaHTaxy Q, skuii MOke OyTH yTpUMYyBaTH Bary CTPIiYKOBHM

raJibMoM. TepTs B mapHipax 3HEXTYBaTH.

chezaiowan

Puc. 2.53.

Po3é’a3ok. TligpaxyeMo KiIbKICTh PYXJIMBHX JaHOK N=2 (OGapabaH 3 MIKiBOM
1 i pykis's 2). Okpim cumu P i Baru BaHTaxky Q y cTpiumi mpu posrisigi YMOB
PIBHOBard KO>KHOT JIAaHKH JIFOTh 3yCHJUIA HaTATHEHHs cTpiuku t Ta T, sKki moB'si3aHi
MDXK c000t10 1o Teopemi Eitnepa ¢popmynoro

T=t-e',
ne T — 3ycwnis y 30irarouiii T cTpiuke; t — 3ycunis B HaOirawodii T CTPIuKH;
€=2,72 — moKa3HUK HATYPaJBHOTO Jorapudma.

[IIo6 Bu3HaumTH 30irarody 1 Habirapudy TiTKH CTPIYKH, 3aCTOCYEMO METOJ
3BEPHEHHS PyXy, TOOTO 3a1aEMO YCbOMY MEXaHI3My OO€pTaHHS B MPOTUIICKHOMY
HaMpsMi 3 KyTOBOIO MIBUAKICTIO, PIBHOIO @, TOA1 IIKIB 3YITUHUTHCS, a T1JIKa CTPIYKU
Mo HampsAMy - @ OyJne Habiraro4oro, a fpyra riika — 36irarodotro. [Ipumyctumo, 1o
CTpiuKa HeBaroma, 1ijJ€aJjbHO THYYKa 1 MpaIlo€ Ha PO3TITYBaHHSA. YMOBHO

PO3THHAEMO JIIBY 1 TPABY T'JIKY CTPiuKH 1 mokasyemo 3ycuiuist t ta T.
3 piBHOBAru CWJI JJaHKH 2 Y B ZM B ( Fi ) =0 BusHaunmo 3ycusus T

—P-l1+t-b-T-a=0,

BPaxoByrO4H, m0 t =——, maemo:
€
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P4+T_.b-T-a=0, T(e%—aj:P-l.

e
3BIIKU
T P-l _ 140-700 :140-700 _393783H.
b, 100 o 100,
efa 2’720,24,01 2’21
LT
2,127

Posrnsaemo piBHOBary cwil jaHku 1 (371ficHIoe oOepTalibHI pyXHW) Yy BHII
ZMO(ﬁi)ZO: —Q-r—t-R+T-R=0. 3Bigxu:

0- (T-t)R (93783-178182)400
r 200

=431202H.

3a80aHHA 0N CAMOCMITIHO20 BUPIULYBAHHA

3aoaua 1. Ha moxwiy IUIOIMKHY MOKIaaeHuid mutinap Baroro G (puc. 2.54) .
BusznaunTh, sk Oyne pyxaTucs HMIJIIHAP MO TJIOMIWHA — KOTUTHUCS YU KOB3aTH, SIKIIO
xoediniear teprs K =0,05mm, xoedimienr teprs xopsanus f =0,04, niamerp

wtiaApy d =20mm, Kyt Haxuty noBepxHi o =10°.

: F

/ '

Puc. 2.54. Puc. 2.55.

3aoaua 2. Uuninap Baroro G mokmaneHuii Ha TOPU3OHTAIBHY TUIONIHHY (PHC.

2.55). BusHaunTH, SIK BiH Oyje pyxaTHCS I Ti€t0 CHiM F — KoTHTHCS Yu KOB3aTH,
ko koedinient teprs koyeHHs K =0,05mm, xoedinienT Teptsa kopsanns f =0,01,
niamerp muningpa d =40amm, h=20mm.

3aoaua 3. Po3p’sa3atu 3amauy 2, skmo h=d.
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3aoaua 4. Po3p’sa3atu 3agady 2, akmo K=0,1ww, f=0,01, h=20mm.
3aoaua 5. Banrax Baroro G, =40xH , skuil BCTAHOBJICHUI HAa KOTKHU J1aMETPOM

d =200mm, pyxaeTbes piBHOMIpHO i gieto cun F (puc. 2.56). Koedimientu teprst

kouenus K=0,061u. Bara oxsoro xotka G, =0,4xH . BusHauntu cuny F, sxumo

KOB3aHH IINIOIIHWH ITO KOTKax BiI[CYTH€.

3aoaua 6. Bantax Barowo G =40000/, skuii BCTaHOBJICHUM Ha KOTKH

miamerpom d=230mm, pyxaerbcs piBHOMIpHO min miero cuam F  (pue. 2.56).

Koedimientn teprss xouenns K=0,08mm. Bara ogmoro korka G,=400H .

Buznauutu CUuily F , AKIIO KOB3aHHJ IINIOMINH II0 KOTKax Bi,ZICYTHe.

_a . a a a
F / F
- | | .
; X XD
1 1 D
¥ //,, /‘, P4 p / ; . /! pd X
Puc. 2.56. Puc. 2.57

3aoaua 7. Po3p’a3aTu 3amavy 6, NPUNHSABIIA KOE(DIIIEHT TEPTS KOYCHHS MK

KoTKamu i mwiomuHow Y—Y K =0,08mm, a miomunoro x —x K, =0,06um.

3aoaua 8. BusHaunuTH BEIMYUHY TOPU3OHTAILHOI cud F , mijg jmiero skoi Bi3ok
A Baroro G=30xH pyxaerbcs piBHOMIPHO 1O peiikoBOMYy muisixy x—Xx (puc. 2.57).
Hiamerpu i oceit kosic d =400m, KoedilieHT TepTst KOB3aHHs Y M ANIAITHAKAX

oceii f =01, miamerp xomic D=250mm, xoedimicHT TepTs KOYEHHS KOJIC IIO
peiikax K=0,1wum.
3aoaua 9. Ha moxwiy muiominy 3 KyroM migiiomy o =10° moksiagenuii mumiHap

Baroro G. Koediumienr teprs koszamus f =0,08, xoedinienr Teprs koueHHs
k=0,08mm. Busnauutu miniManesHuii miamerp 0 LuIiHapa, IpU SKOMY KOYEHHS

Oyne BiOyBaTuCs 6€3 KOB3aHHS.

3aoaua 10. (puc. 2.58) Banrtax Baroro Q=1000H, sxuii BcTaHOBIEHMI Ha

kotku giamerpom 0 =100mm, pyxaerbcs piBHOMIpHO Tig jgiero cwm F.
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Koedinientn Teprs kouenHs K =K, =0,0lum, xoediumieHT TepTs KOB3aHHI Y
migmunaukax oceil f =0,1. Busnauntu cuny F, K10 KOB3aHHS IUIOIIMH 110 KOTKAX

BIJICYTHE.

Q F

PN i

(B (e (c

4 N1 N
/

\:/ /

Puc. 2.58.
3a0aua 11. [27] Ha ABOX KOTKaxX MEPEMINIyIOTh BaHTAX, PO3TAIIOBAaHUHN Ha
wiatdopmi (puc. 2.59). lng BCiX map OJHAKOBUM KOE(DIIIEHTOM TEPTsS KOYCHHS,
BU3HAYUTU CUIIY TAITW P, SKIIO BaHTaX MEPEMIIIAIOTh PIBHOMIPHO Bropy MO yXHIY

i KytoM y. Buxinai gani B Tabmuir 9.

Puc. 2.59
Ta6murs 9

Bapianrt 1 2 3 4 5
Maca Q rpysa 3 miargopmoro, H 1300 | 1700 | 1800 | 2000 | 2000
Maca g ogHoro kotka, H 120 170 170 220 180
Hiametp D xoTtka, m 0,11 0,12 0,09 0,08 0,10

Koeditient tepts ¢, m 0,0004 | 0,0004 | 0,0005 | 0,0004 | 0,0002
Kyt v, epao 8 9 11 12 13

3aoaua 12. [27] Mo 3aganux B Tabmuni 10 Benmmunnam (Q, a, I, r, R, a, 1)

3HaTH cuily P Ha pyKoOSATLI CTPIYKOBOIO rajbma; TEpTSIM B IIapHIpax HEXTYBaTH

(puc. 2.60).
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3aoaua 13. Tlo 3amanux B Tabmmui 10 Benmmumuam (Q, a, |, r, R, a, f),

3HAlTH B CKUIBKK pa3iB cwia P Ha pyKoOATIII CTPIYKOBOTO TajbMa 3MEHIIUTHCH,
SKIIIO BaHTAX MparHe MmoBiAOMUTH OapabaHy 0OepTaHHS B MPOTUJICKHOMY HAIpsIMi

(puc. 2.60).

Taomums 10
BapianT 1 2 3 4 5
MacaQ , H 6000 | 4500 | 6500 | 5500 | 7000
a, MM 120 130 140 90 110
I, MM 1100 | 1200 | 1300 | 1000 900
r, MM 310 280 250 220 200
R, Mmm 650 450 550 500 600
Kyt oOxBary «, rpan 340 320 310 325 310
Koedirient Tepts f 0,6 0,7 0,5 0,4 0,55

Iumannsa ona camoKoHmMpoJir0 CmyoOeHmie

1. HaBenith dhopmyny BU3HAUEHHS PYUIIHAHOT CHUIM JUIsl TIEPECYBAHHS BAHTAXKY
Ha KOTKaX.

2. HaBenite popmysy BU3HAUECHHS PYIIIMHOT CHJIM JJIs TEPECYBaHHS BaHTAXY
Ha KoJiecax.

3. Illo Take koediieHT TepTS KOB3aHHA?

4. 1o Take MOMEHT TEPTs?

5. lllo Take 3BeneHM KOeDIiliEHT TEPTS?

6. SIx BUBOIATHCS (DOPMYIH [Tl CUJTH TATH Y BUTIAJKY TIEpECyBaHHs BaHTaXy Ha

KOTKax?
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TEMA 3. CWJIOBUI AHAJII3 MEXAHI3MIB

[Ipy auHAMIYHOMY JOCHIPKEHHI MEXaHI3MIB PO3TJIAJIal0Th pyX iX JIaHOK B
BpaxyBaHHSIM CHUJI, IO JIIIOTh Ha HUX.

Po3pi3HAI0TE 1BI OCHOBHI 3a7a4i TMHAMIKA MEXaHI3MIB 1 MaIliH:

1. 3amanHuii 3aKOH PyXy IMOYATKOBOI JIAHKU MEXaHi3My, — Tpeba BU3HAUUTU
30BHIIIIHI CUJIH, SIKI 3a0€3Me9yI0Th IIEH pyX.

2. 3anaHi 30BHIIIHI CHJIH, IO AIIOTh Ha JJAHKA MEXaHi3My, — TpeOa BU3HAYUTH
3aKOH pyXy MOYaTKOBOI JJAHKHU.

[lepuia 3amadya Mae Ha3BYy CUI06020 AHANI3Y MEXAHI3ZMIE, TPYra — OUHAMIKU
MexaHizmie (Mawiun).

Cuin, 10 A1I0Th Y MalIuHAX, MOJISIOTh Ha JIBI OCHOBHI TPYIH: PYWLilHI CUIU

—_

F,, mwo nitoTs y 6ik pyxy Tina, TOOTO HaMararoThCs MPUCKOPUTH HOTO PyX, i cuiu

onopy F , ki Iil0Th IPOTH PyXy Tija, TOOTO HAMAraroThCs CIOBUIBHUTH HOTO pyX.

—_

VY cBom qcpry Cuin OIIopy HOI[iH}II-OTBCH Ha CHJIM KOPHCHOI'O OIIOpY F ta cum

KO
mwkigmuBoro ornopy F . Jlo cun koprcHOTO Onopy BiAHOCATH TEXHOJIOTIUHI ONOpH

PyXy, Ha 30JI0JIJAaHHS SKUX NMPHU BHUKOHAHHI TEXHOJOTIYHOTO MPOIIECY BUTPAYAETHCS
pobota, ToOTO AJ1s1 3A1IMCHEHHS SIKOTO 1 MPU3HAYEHO MaIMHy abo mexaHi3m. Jlo cun

HIKIJJIMBOTO OMOPY HAaJIekKaTh CUJIM TEPTA Yy KIHEMAaTHYHHX Mapax, a TaKoX OMip

— —_—

cepenoBuIna. BinpisHsatoTh Takok cuau msdcinua G, cunu inepuyii F 1 cunu

IH

—_

peaxyii R y xiHematnuHux napax. CUIM TSDKIHHS € pe3yJIbTaTOM B3a€MO/IIl JIAHOK

13 3emnero. Cwin iHepIii 3'IBISIOTHCS TPH 3MIHI IMIBUIKOCTI PyXy JIAHOK K 3a
BEJIMYMHOIO, TaK 1 32 HanpAMKOM. CHIIM peakiiii BUHUKAIOTh MPU B3a€MOJI1 JIAHOK Y
MICIIX TX CTHKaHHS, TOOTO B KIHeMaTHYHHUX mapax [1, 2, 5, 18, 21].

[Ipore 111 cuu He YTBOPIOIOTH Oy 1b-SIKOTO HOBOTO KJIaCy CHJI. 3aJI€KHO Bl

HaIpsAMKY 1X i1 111 CuiIu Tpeda BIAHECTH 0 PYIIIHHUX CUJT a00 CHIT OTIOPY.
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3.1. Busnauenns cun inepyii, wo 0itoms HA IAHKU MEXAHIZMY

Bimomocti mpo cunm iHepiii, OO0 AIIOTh Y MEXaHI3Max, Ma€ HaA3BHYalHO
BaYKJIMBE 3HAUCHHS, OCKUIBKH 1X 3HaYeHHsI OyBaIOTh JOCUThH BEJIMKUMU 1 3MIHHUMHU SIK
3a BEIMYMHOIO TaK i 3a HampsiMKoM. lle "acTo mpuBOAWUTH 10 PyWHYBaHHS JIAHOK
MEXaHi3MiB, MOSIBU y HUX KOJMBaHb 1 BiOpallii, ynapiB i mrymy, 301bIICHHS BTPaT
SHeprii, MOTipIICHHS] YMOB BUKOHAHHS TEXHOJIOTTYHOTO TPOIIECY.

SIK BIIOMO 3 TEOPETUYHOI MEXaHIKH, Y 3arajJbHOMY BHIIaJKy BCl CHJIM 1HEpIIi
eJIEeMEHTapHHUX Mac Oyab-sikoi janku [1, 10, 11], sika 3miiCHIOE IJIOCKHI CKJIaJIHUN
pyx 1 Mae mionHy cumetpii (puc. 3.1), mapanenbHy IUIOMIKHI PyXy, MOXYTh OyTH

3BEJICHI JI0 TOJIOBHOTO BEKTOPa CHJI iHEPIIii (CKOPOYEHO — ChJIa iHepIlii)

Puc. 3.1.

E= _mgs’ (3.1)

1 10 TOJIOBHOT'O MOMEHTY NapH CHJI 1HEPLIi (CKOPOUYEHO — MOMEHT)

MiH Z_Jsg’ (3'2)
Jie M — Maca JIaHKH, KI; a5 — IPUCKOPEHHs IIEHTpa Mac, mlc?; Jg — MoMmeHT 1Hepmii
JIAHKW BIJTHOCHO OCi, 10 NPOXOAUTH 4Yepe3 IEHTP Mac 1 MEepHeHIUKYJsSIpHA 0
IUIOIIMHY PyXY JIaHKH, K2-M°, &— KyTOBE IPUCKOPCHHS JIAHKH, ¢ ~. 3HAKH MiHYC Y
dopmymnax (3.1) i (3.2) o3Ha4yapTh, MO BEKTOP CHJIM IHEPIl HaMpaBICHUMN
IPOTUIIEKHO BEKTOPY NPUCKOPEHHS IIEHTPa Mac ds, a MOMEHT M. mapu cui iHepii
HaIpaBJICHUH MPOTUIIEKHO KYTOBOMY ITPUCKOPEHHIO £,

PosrnssHemMo npukiaan 3HaxXoHKEHHS CUJT 1THEpIIii, 1110 AII0Th Y ME€XaHi3Max.
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IIpakTu4He 3aHATTA

Mema pobomu: BuzHadeHHsI U 1HEPIIii, 110 [iI0Th HA JAHKU MEXaH13MY.

3asdanns. Po3Bsi3aHHS 1HAWBIIYaJbHUX 3aBJaHb (3a/1a4).
Ilpuknao 1. Bu3HauuTH CUJIM 1HEPIIii, IO JIIOTh Ha JIAHKK MEXaH13My, SKUH

300pakeHnid Ha puc. 3.2, a. BuxigHi maHi s po3B's3aHHS 3a7adi: MacH JIAHOK:

. . . 2
m=2r2, my=10ke, my=12ke, ix wmomentn inepuii Jg =0,02xe-Mm-c",
Js, =0,08ke-m-c*. MomenTtoM imeprii mankn 3 3mextysath. Kpusommm AB
obepTaeThcs piBHOMIpHO 3 KyroBoloo wBHAKicTIo @=10c™". Po3mipu maHOK

mexanismy: lg =0,3m, 1,0 =0,7m, lgy=125m, Il =014n, Iz =0,52u;

—2
M-C

ILI\/:O,OSM/W‘C, ﬂa:0,4 ; a32=23,2/l/l/02; asl=14M/CZ, asszo.fl/llcz ,

£,=1213¢?; & =0c.

60 MM

Puc. 3.2.
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Po3B'si30k. Bukopucrosyroun dopmymu (3.1) i (3.2), 00UHCTIOEMO BEIMUNHU
(MomysIi) cwit iHepIii i MOMEHTIB CHJI IHEpIIii, 10 JiF0Th Ha JJAaHKK MexaHizmy (i = 1,
2, 3):

F.i=may =2-14=27H;

1

F,,, =myas, =10-23,2=232H;

IH.

F.3 =myag, =12-0=0, ockinbku ag; =0.

M, 1=Jg&q =0,02:0=0, ockinbku kyroBe npuckopennst E =0;

M,,, =Jds,&5, =0,97H - m;

M, .= JS3853 =0, ockinbku Jg, =0.

Cunu 1HepIii IpUKIagaeMo B LIEHTPaX Mac BIAMOBIIHHUX JIAHOK 1 HAIPaBIISIEMO
iX y mpoTwiexHuid OiK MPUCKOpeHHIO IeHTpa mac (puc. 3.3). OTxe, cuia iHepii
Fiu1 HampaBieHa TNPOTWICKHE INPUCKOPEHHIO ds,, Fin2 — HPOTHIEKHO
TIPHCKOPEHHIO as, .

MowmenT cun inepuii M, , HanpasiieHHI IPOTHIEKHO KyTOBOMY IIPHCKOPEHHIO

JIJAHKH 2 &.
3a80aHHA 01 CAMOCMITIHO20 BUPIULYBAHH S

3asoanns (Jomatox 1). 3adaua. Jlns wMexaHi3aMy HEOOXITHO BUKOHATH

HACTYTIHE:

1) noOyayBaTH MJIaTH MIBUIKOCTEH Ta MPUCKOPEHb MEXaH13MY, IPUHHSBIIN
@ = const ;

2) BU3HAYUTH CWJIM 1HEPIli Ta MOMEHTH CHWJI 1HEpPIUi 1 MPHUKIACTH iX 0

BIJIMOBIJTHUX JIAHOK.

Buxiani nani BuOuparu 3 TabJuili.

3anady po3B’si3yBaTu B 3arajibHoMy BUTIsiAl. [Ipu 1iboMy BpaxoByBaTH JIHILE Ti
JaHl, Kl y TaOnuul MO3HadyeHi 3HakoM «+». Hampuknan, y Bap. 1 monoskeHHs

MexaHi3My Bu3Ha4aeTbes Kyrom [=0, Ha naHku MexaHi3My HitoTh Jmme cuwia F i
MoMeHT cuwm M,, BimomMuMu € Macu JaHOK My, My, My i X MoMeHTH iHepwil
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BIJIHOCHO OCEH, SIK1 MPOXOSTh Yepe3 IEHTPH Mac Jsl, J 353. BianosigHo, y 1mii

S2
3agadi HeoOXinHo mpuitHATH =0, M;=0, kyr ¢y Oyne 3anmexaru Bix 3HauCHHS

KyTa [} i BU3HAYaTHCA 3 TOOY/I0BH.

Iumannsa ona camokoHmpo.io cmyoenmie

1. Ilo Take cuma iHEPIii?

2. HaBenith opmyity CHIIH 1HEPITIi.

3. Illo Take MOMEHT?

4. HaBeniTh (GOpMyITy MOMEHTY.

5.V yomy nossirae 3aBaHHs KIHETOCTATUYHOTO JOCIIIPKEHHS?

6. [l{o Take 3BeieHUI I MOMEHT 1HEPIIii JAHKU 1 BChOTO MEXaHi3My?

7.51K BpaxoBYIOTbCSI CUJIU 1HEPLIi y BUMAKaX MOCTYNAJIbHOT0, 00€PTAIbHOTO 1

IJI0CKO-TIapaiesIbHOrO PyXiB?
3.2. Memoouxka i nopsi0ox cuno8o2o po3paxyHKy MexaHizmie

HaiinpocTtimuM BUIMIAJKOM CHIIOBOTO PO3paxyHKY MEXaHi3MIB € piBHOBara,
TOOTO BUMAJOK, KOJW JIAHKM MEXaHI3My 3HaxoASAThCAd Yy CTaHl CIOKOK abo
MOCTYMAJbHOMY PIBHOMIPDHOMY TPSMOJIIHIMHOMY pycl. Y 1IUX BHUNAAKax HE
BUHUKAIOTh AUMHAMIYHI cuin (cwid iHepiii). Tomy mis po3B's3aHHS Takoi 3ajadi
JIOCUTh 3BUYAHUX PIBHSIHBb CTATUKH. Y 3aralbHOMY BUTIAIKY, KOJU € IPUCKOPCHHS,
BUHUKAIOTh CUJIW 1HEPIi 1 pIBHSAHb CTaTUKHU TYT 3amaio. [I{o6 po3s's3atu 3agady mpo
3HAXO/KCHHSI CHJI, BAKOPUCTOBYIOTh npunuun /lanamoéepa, 3rigHO 3 IKUM pyxoma
cucmema min nepedysac y KOdcHUL MOMEHM 4acy 6 pieHo6a3i nio 0i€ro 306HIUHIX
cun, exnwouaroyu cuau inepyii. Kopuctyrouncy npunnunoMm Jlamambepa, MoxkHa
3aladyy JWHAMIKH PO3B'S3aTH METOJAMH CTATHKH, SKII0O YMOBHO BITHECTH 0O
30BHINIHIX CUJI 1 CHJIM (MOMEHTH CWJI) 1HEpIli, SKi BUHHKAIOTh MPHU PYCl JAHOK 1

JIIOTh HA €JIEMEHTH KIHEMaTUYHUX Tap sIK JOAATKOB1 CHIIH.
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3ajaya mpo 3HAXOJKEHHS CUJI JIETKO PO3B'S3YEThCA JIJIsi CTATUYHO BU3HAYEHUX
cucreM. Haramaemo, w0 cmamuuno 6u3HaA4eHOl0 CUCHEMOI0 HA3UGAIOMb MAKY
cucmemy, 6 AKIll KibKiCMb HEGI0OMUX OOPIGHIOE YUCTIYy PIGHAHb PIBHOBAZU, AKI
MOXMCHA cKaacmu 0nsa iX 3Haxo0xceHHA. Y MeXaHi3Max CTaTHYHO BU3HAYECHUMHU
cucreMamMu € CTpykTypHi rpymu [1 — 4]. A TOMy TpHU CHIOBOMY pPO3PaxyHKY
MEXaHi3M pO30MBalOTh Ha CTPYKTYpHI TIpymnu, TOOTO Ha CTaTHYHO BH3HAYCHI
KiHEMaTUYHI JIAHLIOTH, J0 SKUX MPUKIAAAI0Th yCi 30BHIIIHI CHJIM, BKIIOYAIOYU CHUIIH
(MOMEHTH CHWJI) 1HEpIIii, a JIIF0 OCHOBHOTO MEXaHI3My Ha JIaHKH TPYIH 3aMiHIOIOTh
peakiismu. ITiq giero ycix 1UX CUi rpyna 3HaXOJAUThCS Y PIBHOBa3i, a TOMY MOXKHa
CKJIACTH BIJIMOBIAHY KIJIbKICTh pPIBHSHb pPIBHOBarv, po3B's3yl0YM $SKI BIJHOCHO
HEBIJIOMUX CKJIQJIOBUX PEaKIlii, 3HAX0auMO Iii peakiii. [I[puyyomy Ha BigMiHY Bin
KIHEMAaTUYHOTO JIOCJIPKEHHSI MEXaH13MiB, CUJIOBUM PO3PaXyHOK Tpeba MOYMHATH 3
OCTaHHBOI BIJ MOYATKOBOI JAaHKA MPUEAHAHOI TPYNH 1 3aKiHUyBaTU CHIIOBUM
PO3paxyHKOM MOYATKOBOI JJAHKU (JIAHOK):

[Tocni1oBHICTh CHIIOBOTO pO3paxyHKy CTpyKTypHuUX rpyn Il knacy pisHux BuaiB

HaBeneHa y Taou. 11 [2].
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Taomurg 11

IHocaifoBHICTH CHI0BOT0 PO3PAXYHKY CTPYKTYPHHX IPyll

IUIA JIAHKH 3

Bupg
Po3paxyHkoBa cxema CTpYKTYpHOI Tpymnu Cknactu piBHSHHS Buznauntu
rpynu
JIS TAaHKU 2 t
il R>;
7 TaHKH 3 t
A Ras
JUIs TPYIIH RO, Ry
1 JUIS JIAaHKY 2 R,3 (3Hauenus
1 HAMPSIMOK)
7151 TAHKH 2 t
A R21
JUIA TPyIA n
Py Ro1, Rey
s TAHKH 2| R . (3paueHHs
1 HAMPSIMOK)
5 TS JIAHKH 3 hy
JUI TpyIn R;l
JUTSI IAaHKH 2 n
R21’ R23
JUIS JTaHKHU 3 R3 4 (3HaueHHS
3 1 HAaITPSIMOK)

he,
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UL TPYIH

IUTA JIAHKH 2

R21’ R34

R,3 (3HaueHHS

1 HAMPSIMOK)
. JUJIS JIAaHKH 2 h21
JUISl JIAaHKH 3 hay
JUTSL JTAHKH 3 Ras, Ro1
JUIs TAHKA 2 | R, (3HAYeHHS
1 HATPSIMOK)
JUISL JTAHKH 2 hoq
i A TpYIIA hay

IIpakTU4yHe 3aHATTH

Mema pobomu: BuzHaueHHs MOMEHTY 1HEpLIi MaXOBHKa CIOCOOOM AOTUYHUX

3ycusib. [IoOynoBa miarpam.

3asodanna: Po3Bsi3aHHA 1HIMBINyaTbHUX 3aBIaHb (3a71a4).

Ilpuknao 1. [ns mexaHizMy, kUil 300pakeHuit Ha puc. 3.6, BUKOPUCTOBYIOUH

BUXIJHI JaHl, SKI HaBEICHI Yy TOMNEPEIHbOMY TMPUKIA/l, BUKOHATH CHUJIOBHIMA

pPO3paxyHOK, TOOTO BH3HAYUTH peakilii y KIHEMAaTHYHUX MMapax 1 3piBHOBAXYBaHY

cuny F ., sky mpuxmactu y Toumi B MepreHAuKyiIspHO Kpuommny AB. Cun
Yy p y 1p y p yJsp p y Yy

KopucHOro onopy F ., =200 H npuknactu y Touni D, napanensso ninii AC.
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Puc. 3.6.

Po3B'sizok. 1. Cknaoaemo pospaxynkosy cxemy mexanizmy. Jlnga 1boro
BUKPECIIIOEMO Y 33/IaHOMY TOJIOKEHHI KIHEMaTUYHYy CXeMy MexaHi3my (puc. 3.7, a) 1

y BIANOBIAHUX TOYKaX TMPHUKIATAEMO BCl 30BHINIHI CHJIM, BKJIIOYAIOYU CHIIH
(MOMeHTH cuuT) iHepmii. J{o 30BHINIHIX CHJI BiZHOCATHCS CHJIAa KOPHCHOTO OIopy F o
i cum Baru G1, Goi G3 Bigmoignux nanok 1, 2, 3, sxi JIOPIBHIOIOTH:
G, =mQg=2-9,81=12,6H; G, =m,g=10-9,81=911H;
G;=myg=12-9,81=117,7H.

Cunu Baru 1 iHep1ii NpUKIaIaeMO Y HEHTpaxX Mac BIANOBIIHUX JIAHOK.

47 9N I /0 O o0 T 00
o0 U &U SU B AU ol T

Puc. 3.7.

2. Po3ousaemo mexanizm na cmpykmyphi cpynu. 3aJaHUl MEXaHI3M

CKJIanaeThes 3 MexaHisMy | kmacy (kpuBommm 1 ctosik) 1 oaHiei rpynu I xmacy 11
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MOPSKY, KA CKJIATAEThCS 3 TaHOK 2 1 3. CHIIOBUI po3paxyHOK MOYMHAEMO 3 TPYITH 2
- 3.

3. Bukpecnrwoemo okpemo cmpykmypny epyny 2 — 3 (puc. 3.8, 6) y uboMy x
MOJIOXKEHHI 1 MaciTall, o 1 KiHeMaTu4yHa cxema (puc. 3.8, @), Ta NPUKIAJTAEMO JI0
mei yci souimmi cumn (Fro, G,, G,), Bmouatoun cuny inepuii Faz (Fag= 0) i
MOMEHT CHJIM 1Hepuii M, ,, 110 OCHOBHOrO MexaHi3My (cTosika 0 1 kpuommna 4B) y
ToUYKax Mia'eqHanHs rpynu A 1 C 3aMiHIOEMO peakIlisIMH BiJIOBIIHO Rz i Ra.
Ockinbku kinematnuHi napu B(1,2) 1 (C(3,0) oOepranbHi, TO BKa3aHl peakxilii

HaIpaBJISIEMO JIOBUIBHO.

Puc. 3.8.

4. 3rigno 3 npuHnunoMm Jlanaméepa cKi1adaemo 6eKmopHe pIBHAHHA

pieHosazu cmpyKkmypHoi zpynu, 1o CKIAIaeThes 3 JaHOK 2 1 3,

ﬁzl+@+é=>2+63+@+ﬁgo =0. (3.3)

Y upoMy pIBHSIHHI MaeMO 4YOTHUPU HeBigomi. HeBIiZOMUMHU BBa)KarOThCS

BEJIMYMHA 1 HAalpAM KokHOI 3 peakuii Rz i Rsx. Ilnan cun MoxHa noGymaysaty,
skio y piBasaHi (3.3) Oyae aBa HeBigoMi mapameTpu. JJoMOBUMOCS TYT i Jaji BigoMi
BEKTOPHU 3a BEIMYMHOIO 1 HANPSIMKOM IMiJIKPECIIOBAaTH JBOMA PUCKAMH, BIJOMI 3a
BEJIMYMHOIO a00 HAmpsIMKOM — OJHOK0 PHUCKOIO, 1, HApemiTi, HE IMiJAKPECITIOBATH
30BCIM, SIKITIO BEKTOP HEBIIOMUM Hi 32 BEJIMUYMHOIO, H1 32 HAMIPSIMKOM.

5. [ns cTpyKTypHOi TIpynHM Takoro BHIY 3pYYHO CIHOYATKY PO3IAHYMU

pienosazy nuwe nanku 2 (puc. 3.9, 6), OCKUIbKM peakiisi 3 OOKy JaHKH 3
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Rz Hanpapiena IepneHAUKyISpHO HaOpAMHiKA, ToO0To minii BD, To y piBHAHHI

piBHOBaFH, SIKC Ma€ BUTIA

Ra +@+g+ﬁ23 =0, (3.4)

OyJe nullle TpYU HEBIJOMI: BEIMYMHA 1 HAmpsM peakiii R211 BenuuuHa peakiii Ros.

Touka npukIaganss peakiuii Rz BigoMa, ne 6yzae Touka C,, sika 36iracThCs 3 TOUKO0
C, OCKIJIbKU Ha JIaHKY 3 JI0Th JIMIIIE CHIIH, 1110 MPOXOASTh yepe3 Touky C.

& —=*

Puc. 3.9.

6. Po3xnademo peaxuyiro R, Ha 06i cknadosi ﬁgl 1 ﬁgl, TOOTO
Ro1=R21+R21 (3.5)

—Nn —
HopmaneHy ckinanoBy Roi HampaBuMo B3noBxk Jjanku BD, a motuuny Roi—

MEePICHINKYJISIPHO IiK ke NaHIi. Beauuuny oomuunoi cknaooeoi MoxxHa 3HaWTH 3

PIBHSIHHS PIBHOBAru JIaHKH 2 BITHOCHO TOYKH C,, TOOTO 3 pIBHIHHSI MOMEHTIB
n — T ! "
ileC2 (Fu) =0, R21IBC2 - Mmz - szhz + Gzhz o Fxohz =0 (3.6)
3BIIKH MaEMO

. _M, 2+F' 2hz_Gzh2’_F hz”
R21 — in iH KO —
IBCZ
_0,97+232-0,022-98,1-0,036—-200-0,01 _
0,089

6,14,
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Puc. 3.10.

Jac

h, =[h,] 4 = 22-0,001=0,029; &, =[h2}4 —36-0,001=0,036.
" =[] =10-0.001-0,01y

— niiicHa JoBkHMHA Iuiey BifmoBigHo cun Fu2, G 1 Fw BigHocHo Toukn C, (ix
Biapi3ku Ha puc. 3.10, 6 mo3HayeH1 B KBaApaTHUX Ty>KKaXx).
SIKIIO TpY OOYMCIICHHI OJICPKUMO BEIMYMHY peakiiii Rj, i3 3HakoM MiHyC, TO

1[e O3HaYae, o il Tpeba HampaBUTH y NPOTWICKHUN OlK, K II€ MOKa3aHO Ha
puc. 3.10, s.

[MincraBuBmmm (3.4) y (3.5), oaepXMMO BEKTOpHE PIBHSHHSA, Y SKOMY Oyje

TUIBKH JBa HEBIJOMIi: 3HAUCHHS peaKIlii R;l 1 Rys:

E+@+§2+RB+EW+ﬁ ,=0 (3.7)

=in
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7. Ha niacrasi piBusiaas (3.7) 6yoyemo naan cun (puc. 3.10, 2), BuOpasiu

maciuTad g4 =3H / mm. Toni Biapi3ku, Aki 300paxaoTh BiANOBIAHI CHIM HA ILIAHI
JIOP1BHIOIOTD:

[Rsy|=Rs/ e =6113=2wri;  [F,,]=Fyp | 1y =232/ 3=T7,300x

IH

(G,]=G, / 14 =99,8/3=32,7r; [F,,|=F,, | 4 =200/ 3=66, 7.

[Tnan cun Oymyemo y Takiit mocmigoBHocTi (puc. 3.10, 2). [IlpoBogumo Hampsm

HOpPMaJIbHOI CKJIafgoBoi peakmii R21 (mapanensho manii BO), 3 Oyab-sIKOI TOUKH i€l

JiHIT BigKJIaIA€EMO BEKTOP JOTHYHOI CKIIanoBoi Ry, (Biapisok [R},]), a mami, 3rigHo 3

—

IPaBUIIOM J0JaBaHHs BEKTOPIB, Oy1yeMO BEKTOpH i inepuii Fi.2, cunu Baru G; i

KOpHUCHOTO omopy F.,. Uepes kiners Bektopa Fu mpoBogumo Hampsim peakiiii Ras
(nepnenaukyaspao BD) 10 mepeTHHY 3 HANpPAMKOM peakiii Rj;, Touka mepeTuHy
SIKMX BU3HAYMTH BEJIMYMHY 1 HAlpsAM HEBiOMHUX peakuiii R}, i Rps. Hampsamu mmx

BEKTOPIB MOBUHHI OYTH TaKUMHU, 100 MpU 00X0/11 KOHTYPY IIaHy CHJI BC1 CHIIM OyIn

HaIpaBJICH] B HAMPsMi 00X0.y.
BumipsBiuu Ha 1wiani Binpisku [ Ry ], [Ra1], [Res], siki BinoOpakarots Bigmosigsi
peakIlii 3HaX0IUMO
Ry, =| Ry |4 =12-3=36H;
R Z[st_ﬂp =29-3=87H;

Ry =| Ry |14 =12-3=36H.

8. Buznauaemo peakyiro ¢ napi C. Jlng 1poro 3amnumieMo pPiBHSIHHS

pIBHOBAaru JIaHKH 3:
E + g +R,, =0 (3.8)

Y upoMy pIBHAHHI MAaeEMO JBa HEBIJOMHUX MapaMeTpu: BEJMYMHA 1 HANpsSIM

peakuii Rso. Peakuis R =—Rz (nis piBHa npotuii).
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3rigno 3 piBHsHHAM (3.8) Oymyemo minad cun (puc. 3.10, 0), npuHHSABIIN
mactad g4 =3H [ mm. Toni Binpisox G, =G, / - =117,7/3=39,2m.

BumipsBim Bifpi3zok [Rso]’ 3HAaXOJIMMO BEJIMYMHY PEaKIlii y oOepTanpHIi mapi

R =[Ro] 4 =15-3=45H.

Ha upomy cuioBuil po3paxyHOK CTPYKTYpHOi rpynu 2 — 3 3aKiHUYETHCS.
[Tepexoaumo 10 CHIIOBOTO PO3PaxXyHKY MeXaHi3My | kimacy.

9. Bukpecnioemo y euopanomy macwimaéi ry =0,00Lv/ vum mexanizm 1
knacy (puc 3.10, e) 1 mpukiaagaeMo 10 KpuBoliuma AB BCi 30BHIIIHI CHIA

(R12 =—R21,G1) i cuny inepuii Fa, (HeBimoma peakilis 3i CTOPOHHM CTOSKa IS

MexaHi3My | kiacy € BHyTpiliHs cuiia, il BU3HAYUMO Ti3HIIIe).

p—s

10. 3HaxoauMo 3piBHOBaXYBaHy cUily F s, Ky NpUKIagarOTh 10 KPUBOLIMIIA

AB nns toro, mo0 BiH 3HAXOAWBCS y PIBHOBA3l i JI€I0 BCIX MPHUKIAJCHHUX 0

MexaHi3My cul. Bemmunny F,, MOXHA BU3HAYMTH 3 YMOBH PiBHOBArd KPUBOILIMIIA
BIJIHOCHO LIEHTpa o0epTaHHs A:

Z?:lMA(F:):O’ Gll’ﬁ_Rlzhl""F;p'AB:O’ (3.9)

ne Bimpizku h, h', AB Bumiproemo 6e3nocepenHbo 3 puc. 3.4, € B wu (Ha JIaHKY He

JIFOTH MOMEHTH Tap CUJI).
3 piBHsHHS (3.9) 3HAXOAMMO BEJMYMHY 3piBHOBAKYBAHOT CHITH
- _—Gh+ R,h —126-7+36-25_ 0 .,
» AB 30 o

11. /Jna eusnauenna peaxuyii y napi A 3anuiieMo BEKTOPHE PIBHSIHHS

piBHOBaru kpuBoruna A4B:

& + Q +R10+ Fia + Finz =0. (3.10)

VY oMy piBHSHHI IBa ITapaMeTPH HEBIZOMI: BeJIMUYUHA 1 HanpsiM peakiii Rio.
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Bubupaemo macmtad ,uF' =0,5H [ mm i 6ynyemo mnan cun (puc. 3.10, €) s

KpuBoImuna y BiamoBigHocti 3 piBHAHHAM (3.10), momepeaHb0 OOYMCIUBIIH

BIJIPI3KH, SIK1 300pakKar0Th BIMOBIIHI CHUJIM Ha TUIAHI:
|F, |=F,/1,=254/05=508my; [R,]=R,/ 1, =36/0,5=72mn;
[Gl] =G,/ y'- =19,2/0,5=38,4mn; [F. 1] =F | 1. =28/0,5=561m.

IH
—

Bumiproemo Ha m1aHi BiApi3oK [Rm], SKHH 3'€lHy€e KiHelb BekTopa Fia, 3

MOYaTKOM BeKkTOpa F,,  3HaXOXMMO BeIMYMHY peakuii y KiHeMaTHIHil mapi 4
Ro =[Ro]'s =20-0,5=10H.

3a80aHHA 0N CAMOCMITIHO20 BUPIULYBAHHA

3aoaua . JIns mexanismy ([logaTok 1) BUKOHATH CHIIOBUM PO3PaxyHOK, TOOTO

BU3HAUUTH PEaKilii y KIHEMAaTUYHUX Mapax i 3pIiBHOBaXyBaHb cwiy Fj, sKy
MPUKJIACTH Y TOULl B nepneHauKyIsipHO JTaHKu AB. BuxiaHi 1aHi B Ta0IUI.
3amauy po3B’si3yBaTH B 3arajibHOMY BUIJsiAl. [Ipu npomy BpaxoByBaTu JuIIe

Ti JIaHl, K1 y TaOJIMII TTO3HAYCHI 3HAKOM «+.
Iumannsa ona camoKoHmMpPoJil0 CmyOeHmie

1. SIky cucremy Ha3UBaKOTh CTATUYHO BU3HAYEHOIO?
2. Slxuit mpunnun J{amambepa?

3. HaBiuo 3HaX0IUTH CUJIN ng ta M 3p?

4. 1o Take 3piBHOBaXXyBaJibHA cuja’?
5. llo Take 3piBHOBaXY BaJIbHUII MOMEHT?

6. YoMy rpyma Accypa cTaTUyHO BU3HAYyBaHa?
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3.3. Busnauenns 3pisnogasicysanoi cuiu memooom M.€. JKykoscvroco

VY Tux BUMaaKax, KOJU HEMae MOTpeOU poOUTH TMOBHUM CHUIIOBUN PO3PaXyHOK
MEXaHI3MIB, Y Ppe3yjbTaTl SKOTO BHU3HAYAIOTHCSA Ppeakilii y KiHEMaTHUYHUX Iapax
(Hanpukian, Tpeba po3paxyBaTH MOTYXKHICTh JBUTYHA), 3a/1a4d 3BOJIUTHCS JIUIIE J10
BU3HAUEHHS 3pIBHOBAXYBaHOI CcuiIM a00 3piBHOBaXYBAaHOTO MOMEHTY, SIKUN
NPUKIAJAAI0Th /10 TOYaTKOBOI JIaHKW. Peakiii y KiHEeMaTHYHUX IMapax MOXYThb
3aJUIIATUCSA HEBIAOMUMU SIK BHYTPIIIHI CHJIM JUIsl BCOTO MEXaHi3My B IIiiomy. B
TaKUX BUMAJKaX Il BU3HAYEHHS 3PIBHOBAXKYBAHOI CHJIM KOPUCTYIOTHCS TaK 3BaHUM
npaswiioM M.E.JKyKoBCbKOr0, 3TiIHO 3 SIKUM MO>XHA 3HAUTH OyJlb-SKYy CHUITY, SIKLIO
3aJaHO0 TOYKY MNPUKIAJAHHA 1 HampsAM 1€l CHJIM, a TaKOX 3aJaHO BEIWYHHH,
HanpsIMKU 1 TOYKM NPUKIAZaHHS YCIX CWJI, IO J1I0Th Ha MexaHi3M. [[ns uporo
HEOOXITHO BEKTOPH BCIX CHJ, IO MPHUKIALEHI Y PI3HUX TOYKAX JAHOK MEXaHI3My
(BKJIFOYAIOUM CWJIM 1HEpLIi Ta 3pIBHOBaXYBaHY CHJIIy a00 MOMEHT), MEpPEHECTH
napajesnbHO caMUM co01 B OJJHOMMEHHI TOUYKH MOBEPHYTOT0 Ha 90° MpoTH MUTTEBOTO
oOepTaHHs IUIaHY IMIBUAKOCTEH. Y3sBIIM (Irypy IUIaHY IIBUAKOCTEH 3a >KOPCTKUN
BaXU1b, SKUM 3HAXOAWUTHCA y PIBHOBA3l BIJHOCHO IIOJIOCA IUIAHY ILIBUIKOCTEM,
CKJIQZIEMO PIBHSIHHSI PIBHOBAru IbOTO BaXKessl / BUTJISAI CyMH MOMEHTIB YCIX CHII

BIJTHOCHO TOJIfOCA TUIaHy. B Maremarnyiit hopmi 3anucyerses tak [1, 3, 14, 16, 21,

22, 26]:
n 7y \n _
L Mp(F)=) L Fh =0 (3.12)
ne h— mneve cum Fi BiZHOCHO MoMIOCa MOBEPHYTOTO TIIAHY MIBHIKOCTEHA.
SAxio Ha JaHKKW MEXaHi3My, KpiM CHWJ, JIIOTh 1€ Mapu CUJI, MOMEHTH SIKUX €

Mi , TO TIPU BUKOPUCTaHH1 Baxkes JKyKOBChKOT0 KOKHUA MOMEHT I\/Ii PO3KIIaIal0Th

/4 ! . o
na mapy cun B =M, /I, ne | — mnewe cun F, ma sxi posknanarore 3ananmii

momeHT [1 — 5].
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IIpakTu4He 3aHATTA

Mema pobomu: BuzHauenns 3piBHOBaKYBaHOT CUIIH METOJIOM

M. €. )KyKoBCBKOTO.
3asdannsa: Po3Ba3aHHS 3a 1HAMBIAyaIbHUM 3aBAaHHsA (TIOYAaTKOBI JaHI)

nobyayBatu pudar M. €. JKyKOBCBKOTO Ta BH3HAYHMTH 3PIBHOBAXKYIOUY CHITY
MetosioM M. €. )KyKkoBCBKOTrO.

Ilpuxnao . J1ns mexaHizmy, skl 300paskeHo Ha puc. 3.11, a, 3HaiTH METOIO0M
M. €. XKXyKkoBCbKOro 3piBHOBaKYBaHy CHILY, SIKY MPHUKIACTH J0 Kpupowuna AB y
TOUIIl B, NepHeHANKYJIAPHO JiHii AB. BuxiaHi qaHi B3STH 3 IONEPEIHIX MPUKIIAIIB.

Po3B's130k. 1. Byayemo noBepuyTuit Ha 90° MPOTH MUTTEBOrO OOCPTAHHS IIAH
HMIBUIKOCTEN MexaHizmy (puc. 3.11, 6).

2. Y BIINOBITHUX TOYKAX HPUKAAOAEMO CUAU, TIO [IIOTh HA JIAHKH

—

MeXaHi3My, a came: y Touni S,, npuxiagaemo cuny Baru G, i cuimy inepuii Faa, y

touni S, — G, 1 Fiu2, y Touni p — Gyi 1. 1. MomenT cumu inepuii M, , 3amiHrOEMO

4

45, —
naporo cwi( F i2, F i2), sxi npuknagaemo y Toukax B i D (He 3MIHIOIOYHM HANPSIMKY

MOMeHTY, puc. 3.11, @), a BenuuuHy 3HaXOAUMO 32 (OPMYIIOI0

Hr. 4,”. MiHZ _ 0197
l, 0,125

—7,76H

.t "
Cumun F 2, F ;2 Ha miaHi mBUAKOCTEH MPHUKIIAIA€MO BIAMOBIIHO Y TOUKax b i.

d. ¥V Touni b npuxnagaemMo Takox 3piBHOBaXxyBaHy cuiry F,, .
3. CkianaeMo pieHAHHA MOMeHmIig YCIX BKAa3aHUX CUJI BIJHOCHO TOJIOCA p

ITOBEPHYTOTO IIJIaHy MIBUIAKOCTEH:

Z?:lMP(F:):O; Glhl+G b F Fm hz _3Fm ,h2+1:3p. pb_Fm "h 2 I:Scoh :06
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3BIIKA

R, =(-Gh+ Gy +F,chy—F, 0y +F, - pb—F, )" —F, )/ pb =

:(—19,6-13,5—98,1-4—232-22,5—7,76-43+7,76-17,4—200-34,5)/60224,86H.
Binpizku h,h,,.. b, pb Bumiproemo na puc. 3.11, 6 (vm).

a)

Puc. 3.11
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4. TlopiBHIOEMO pE3yJbTAaTH 3HAXOMKEHHS 3pIBHOBaKYBAHOI CHUJIM JBOMA
METOJIJaMHU: METOJIOM IUIaHIB CHUJI 1 MeToAoM Baxens 2KyKOBCbKOI0, OOUMCIMBIIN

BIJIHOCHY TTOXHOKY:

F,—F -
AF. =P 2ol 00| 2286254
r I F 22,86

3p

-100% = 2, 2%,

ne F’

p BCJINYMHA 3piBHOBa)I(YBaHOT CHJIHN, BHU3HAYCHOI1 MCTOAOM IJIaHIB CHUIJL.

3a60anHA 0N CAMOCMIIHO20 GUPIULYBAHHSA

3aoaua. Jns wmexanizmy (Jomatox 1) BHU3HAUMTH 3PIBHOBAXKYIOUM CHITY
MetosioM M. €. )KyKoBCHKOTrO.

BuxigHi nani Bubuparu 3 Tabaul.
IHumannsa ona camoKOHmMpOJI10 CHyOeHmie

1. Ha sxux mnOpuHIUNAX TEOPETUYHOI MEXaHIKM 3aCHOBAHMHA METOJ
KyxoBchKoro?

2. SIxuit hizuuHMit 3MicT piBHAHHS JKYKOBCHKOT0O?

3. BusHaueHHs 3piBHOBa)XYBaHOTO MOMEHTY 3a METO10M JKyKOBCHKOTO?

4. SIk hopmyeTthest TeopemMa JKyKOBCBKOTO PO «KOPCTKUN BaXKIIIb»?

TEMA 4. 3PIBHOBAKYBAHHSI CUJI IHEPIIIT JIAHOK

4.1. 36eoenns cun i MOMEHMIE Cul

Sk yxe TOBOPUIIOCH, IPU TUHAMIYHOMY JOCIIKEHH1 pyXy MEXaHI3MiB 3pyYHO
BC1 CHJIH, IO JIIFOTh HA Pi3HI JaHKU MEXaH13MY, 3aMIHUTH OJHIEI0 CUJIOK0 a00 OJHUM
MOMEHTOM CWJI, SIKI TPUKIAAIOTh 10 OAHIET 3 JIaHOK MexaHi3My. Taky naHky

HA3WBAIOTh JIAHKOIO 3BEJICHHS, 3aMIHIOIOUN CHITY — 36€0eHol0 cuoio F

36!

a MOMCHT

— 3BeJAECHMM MOMeHTOM M . 3amiHa cuin OyJe €KBIBAJIEHTHOK 3a YMOBH, IO
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Mummesa nomydxcnicms (poooma) 36ed0enoi cuau (MomeHmy) 6 OeAKoMy
NOJI0MHCEHHI MEXAHIZMY OOPIBHIOE CYMI MUMMEGUX NOMYHCHOCHEN YCIX CUl, W0

0ilomb Ha JAHKY MEXAHI3MY, | UbOMY Hc noaoxcenui. 1|1 ymMoBa BHpa)KaeThCA

PIBHSIHHSIM
n
P, =D P 4.1)
i=L
ne P, — moryxHicTs, Ky po3BuBae 3BefieHa cuina F,, abo 3BeneHmit MOMeHT mapu

cun M, ; P — DOTyXHICTb, IO PO3BHUBAIOTH CHJIM TaK MOMEHTH Hap CHJ, IO
NPUKIIaJIeH] 10 BiAmoBiaHoi nanku (i=1,2,3,...n).
L{i mOTY>KHOCT1 MOKHA 3alCaTH Y TAKOMY BUTJISI/II:

P36 — F36VB CoOSa = Mseaa.;

iPl = iFivi cos o + iM,a), 4.2)
P} i=1 i=1

ae Vg — WBUAKICTb TOUKH 3BefeHHA B (puc. 4.1); o — KyT MiX HalpsMKOM 3BeIEHOT
CHIM 1 IIBMIKICTIO TOYKM 3BEIEHHS, () — KyTOBa IIBUJAKICTh JIAHKH 3BEICHHS,
F, M, — cuna aGo MOMEHT cuiy, sIKi IPUKIaAEH]

10 i JAHKH; V, — IMBUAKICTbh TOYKH MPUKIATAHHS

cuma F; a; — kyr mik nanpsmkom BekTopiB F,

1? i 1

Vg @

. — KyTOBa IIBUJIKICTD JIAHKH .

[MincraBnsitoun Bupasu (4.2) y piBasaasa (4.1).

Jlictanemo
n 3
>R
F,=—~L—= ZF 005, +ZM
VgC0Sa  Cosa| &5 = vB

n 4.3)
2R

M36’ =1 :ZI:Z_
i=1

V.
2] 2 T HqH o




Mix 3BCACHOIO CUJIOKO Ta 3B€ACHUM MOMCHTOM CHUJIN iCHy€ TaKUM 3B'SI30K :

M, =F_h

36" 36"

ne h,, —mnede Bexropa F,, BinHOCHO LEeHTpa 0GepTaHHS IAHKY 3BEACHHSL.

3BCI[CHy CUJIy MOJXHA BHU3HAYHUTHU TAKOX 3a AOIIOMOTOIO IIPpaBHUJIa BAXKCIIA

JKykosepkoro, BpaxoByioun, mo F, =—F, . Ile mosAcHIOETbCA TpeTiM 3aKOHOM

HrroTOHA, OCKIIBKHM 3BeleHa CHJIa 3MIHIOE 1I0 BCIX CHJI, IIIO JIIOTH Ha JAHKH
MeXaHi3My, a 3pIBHOBa)KyBaHa CHJIa 3a0e3Meuye piBHOBAry MeXaHi3My IiJl II€0 X

cu ( Ep = _E@_ Jis piBHA TIPOTHIIT).

OTxe, i1 BHU3HAUEHHS 3BENEHOI CHIM (MOMEHTY) HEOOXiHO 3HaTu Yy
BIJINIOBITHOMY TOJIO’K€HHI MEXaH13My BEJIMYMUHY 1 HAIIPsIM CUJ (MOMEHTIB), 1110 JA1I0Th
Ha MOT0 JIaHKW Ta MIBUJIKOCTI TOYOK MPUKIIAJEHHS CUJI 1 KyTOBI IIBUJIKOCTI JJAHOK, /10

SKUX MPUKIIAJICH] TTapy CHIL
4.2. 36edenns mac i Mmomenmis inepyii

[Ipu 3BeieHHI Mac HEOOXI1THO, 1100 KIHETUYHA EHEpris 3B€AEHOI MacH (MOMEHTY
1HepIli) y BIAMOBIAHUX TOJIOKEHHSIX MEXaHI3MYy JIOpIBHIOBaJIA CyMi KIHETHYHHX

€HEprii BCiX JaHOK I[bOr0 MEXaHi13My, TOOTO

T38 = Zznlei’ (44)

ne T, — KIHETHYHA €HEpris JaHKH 3BEACHHS;

T, — kiHeTH4Ha eHepris naHku i (i=1,2,3,...n)
SIkmmo, HampukIiag, BUOpATH 3a JaHKY 3BeACHHsS kpuBomun (puc. 4.2, a), a
TOYKY 3BEJICHHS — IIEHTp IIapHipa B, TO KIHETHMYHA €HEpris JIAaHKH 3BEICHHS

BHU3HAYA€THCS 3a (PopMyIioro

2 2
T, =6V 460 T, LY (4.5)
2 2
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Tyr m,, J, 3Benena maca abo 3Bel€HMI MOMEHT IHEpLii MeXaHi3My;

Vg =V,, — IIBUJAKICTb TOUKU 3BEACHHS B; @) — KyTOBa MIBUAKICTb JIAHKH 3BEICHHS
(y Hamomy BUmnaaky Kpuoiiumna AB).

KinetnuHna eHepris BCIX JIaHOK MEXaHI3My MO)Xe OyTH BHpa)xeHa SK cyMma
KIHETUYHUX EHEprid Mac, Kl 3A1HCHIOIOTH MOCTYMadbHUN Ta OOepTambHUM pPYyX,

TOOTO

2
: mi ‘]Sia)l

n V2 n
2T=2 2~ (4.6)
i=1 i=1

i=1

[Tincrapnsroun (4.5), (4.6) y 3aranbHy piBHICTH (4.4), 3HAX0IUMO

2 2

n ( (4.7)
2 2

J

VY ¢dopmynax (4.6)i (4.7) m; i J s — L€ BIIMOBIIHO MaCH JAHOK i Ta ii MOMCHT
iHepuii BiZIHOCHO OCi, IO IPOXOAUThH Yepe3 LEHTP Macu S;, Vg IUBUIKICTh LIEHTpaA
Mac JIaHKH [ ;@ ii KyTOBa INBHJIKICTb.

. : - _ 2
3Buuaiino Oyxe 36epirarucs 3anexHicts J,, =m, 1%,

IIpakTHYyHe 3aHATTH

Mema pobomu: BusHauuth BenuuuHy 3BeneHoi cumm F ., sKy HEoOXimHO

382

MPUKJIACTH Y TOULl B 10 KpuBouna. BUsHauuTH 3BeIeHUH MOMEHT 1HEepIii
3asoanns: Po3BsizaHHS 1HIMBIAYaJIbHUX 3aBlIaHb (3a7a4).
Ilpuknao 1. JIns mexanizaMmy 300pakeHOro Ha puc. 4.2, a, BU3HAYUTH BEITUIUHY

3BeneHoi cuim k., sIKy HeoOXimHO mpuKiIacTh y Touli B m0 kpuBommna AB.

BuxigHi 1aHH1 B3ATH 3 TIONIEPEIHIX MPUKIAAIB TEMH 3.
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Po3B’s130k 1. BuxkopucToByroun nmoOyaoBaHuM MIaH MBUAKOCTEH (puc. 4.2, 0) 1
3HaWJeHl HampsMKH cuia iHepiii jaHok (puc. 4.2, a). 3HAXOAUMO KYTH MiX
HanpssMKaMH  CHJI, IO JiIOTh HA JIAHKK MEXaHi3My, IIBHIKOCTIMH TOYOK

IPUKIAICHHS [UX CHII (IuB. puc. 4.2, a):
oy =60°,a, =64", 0, =84", cx; =137".
2. 3anMIeMo BHMpa3 A BU3HAYECHHS IOTYKHOCTI CHJ, L0 IPHKJIAJEHI 10
KkoxHoi anku. Ha manxy 1 nitots cumu F, ; i G, na nanky 2 —cum F, ,, G,,F i
MoMeHT M, ,. I[ToTyXHICTb CHJI, IO TiIOTh Ha JaHKY 3 JOPIBHIOIOTH HYIIIO, OCKUIBKH

IIBUKICTD TOYKU NMPUKIaIaHHs cui G, nopiBHioe Hymo i M. 4 =0. Toni:

P = les(l Cose + F, v, COS Q0 4.8)
P2 = IfiH.Zng CoS a+ GZVSZ COS aé + IkaVD COS ag o MiH.Za)Z |

Y npyriii ¢popmyiTi 3HaK «—» CTABUTHCS TOXI, KOJIM HanpsmMku @, i M, , He
30iraroteca. IloTyxHicTh 3BeicHOT cvy npu ¢, =0 Mae BATTIAL:
P36 :F;ng' (49)

[TincraBnsitoun (4.8) 1 (4.9) y 3aranbny dopmyiy (4.1), 3HaxoauMo

- (G, cosay +F,,,V, COSa, +G,V, cosa; + F,vp, Cosa; — Mm'zwzy _
36 VB
12,62-1,4-c0s60" +232- 2,25-c0s64" +981- 2,25-c0os84° + 200-2,275- cos137" -
~0,97-2,42) _ 248K
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6)

pac

S Vsi

Puc. 4.2.

3HaK «—» 03HAYAE,II0 BEKTOP 3BeACHOI cui F,, moBuHeH OyTH HanpsmiIeHui

y TNpOTWIEKHMH Oik, sk Le mnokazaHo Ha puc. 4.2, a, Tob10 F =—F,, (nus.

36
puc. 3.10, ¢, ¢).
Ilpuknao 2. ]Ins xinemaTnuHOi cxemHu, 300pakeHoi Ha puc. 4.2, a, BU3HAYUTH
3BEJICHUM MOMEHT iHepIlii. BuxigHi naHH1 B3ATH 3 MOMEPENHIX MPUKIAiB. JIaHKOO
3BEJEHH PUWHATH KpuBownn AB5.

Po3B’s130k. 1. KiHeTnyHa eHepris JJaHKU BU3HAYAETHCS 32 (POPMYJIIOIO

J 2
T, = ”% (4.10)
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2. 3amucyemo (OpMynIM KIHETHYHOI €Heprii ycix JIaHOK MeXaHI3MYy:

KpuBoOIIUIa AB (3a1iicHIOEMO 00epTAIbHUN PYX)
J 4} @)
T, = A“’%:(Jsl +mllf\sl)7, (4.11)

_ , 1 : . : _
ne Jy=Jg +mlyg - ~ MOMCHT iHepuiii KpHBOWIHIa BiHOCHO oci obepraHHi 4;

sanxu 2 (3M1ACHIOE CKIIAIHUM PyX)
— 2 2
T, =myvpg /2435 @} /2 (4.12)
Kinernyna eneprist ganku 3 E,=0, ockinbku LEHTp Mac S; Hepyxomuii, a

MOMEHTOM iHepIii HexTyemo, miacTaBisoun (4.11) — (4.12) y 3aranbHy dopmyty

(4.4) 3naxogumo

2 2
V. 2
J36:J81+mleSZ+m{%J +J52(&] -

2 2
:o,02+2-o,142+1o(2i—(2)5j +o,08(2i—gzj =0,570x2- 1>,

3a80aHHA ONA CAMOCMITHO20 SUPIULYBAHHA

3aoaua 1. BuxopucTtoByrouM BUXIJHI JaHl BIAMOBIAHO 3a1ad 3 TeMU 3 Ta
pe3yJIbTaTIB 1X PO3B’sI3aHHS 3HAUTH:

1. 3Bemenuit A0 kpuBomuna AB MOMEHT BiJ Al yCiX NPUKIAAEHUX O
MeXaHI3My CHII.

2. 3BeeHui A0 KpUBOLIMIIA MOMEHT 1HEPIIiT 33JaHOTO MEXAHI3MY.

3amauy po3B’s3aTH y 3araJIbHOMY BUTJIS/IL.
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3a0oaua 2. (puc. 4.3) 3anani: LQAZO,].M, m,=10xe, my=20xe,
Jo1 =0,1xe- M.

Buznaurte BBG,Z[CHI/Iﬁ J0 JJaHKHM  MOMCHT 1Hepu11 KPHUBOIIUITHO-IIOB3YHHOI'O

MEXaHI3My B JaHOMY HOTO MOJIOKEHHI.

Puc. 4.3.

Iumannsa ona camoKoHmMpoJIl0 CmyOeHmie

1. HaBenite hopmyiy 3BeI€HOT MOTYKHOCTI.
2. IlosicHITH YMOBY (pOpMYIH 3BEJIEHOT OTY>KHOCTI.
3. HaBenith popMyity 3B€I€HOIO MOMEHTY.

4. HaBenith ¢hopMyiTy KIHETUYHOI €HEPTii JIJAHKU 3BEJICHHS.
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TEMA 5. PEI'YJIIOBAHHA XO4Y MAILINH

5.1. Cnocib domuunux 3ycuns. Ilob6yooea diacpam.

Skimo podoTa pynIiiHUX CUJI MAIIMHU 3a OYIb-SIKUM MPOMDKOK 4Yacy JIOPiBHIOE
poOOTI BCIX CHJI OMOPY 1, OTXKE, PyX MAlIMHU HE CYNPOBOKYETHCS 3MIHOIO ii
KIHETUYHOI eHeprii £, To pyx MexaHi3My Ha3UBaIOTh PIBHOMIPHUM, 200 YCTaJICHUM.
Takuii pyX MOXIMBUN y MalllMHAX, MEXaHI3MH SKAX MalOTh CTaje IepelaTouHe
9yuClo (HaNpUKIaJ, y BAaHTAKOMIAMOMHINA MalliuHi, KIHEMAaTUYHY CXEMY SIKOi TOJIaHO
Ha puc. 5.1. YV Takux MmammHax 3BeICHUH MOMEHT 1 KIHETMYHA E€HEepris MeXaHi3My

crani, To6To J3 =const i E=const, a MoMeHTH pymiifHUX CHII Ta CUIIU ONOPY PiBHI
Mix coboro [10, 21, 22, 24, 25]:
M, =M,; A, =AE =0,
KyToBa mBHIKICTH MOYATKOBOI JaHKM MEXaHI3MY y LbOMY pa3l MOXe OyTh

craor Jm=const.

Fnexmpuunud i {_. e
dlueyn ,

Puc. 5.1.

V BaXUJIbHUX MEXaHI3Max

J; #const; E#const; M, =M,

Ta

A—la@]l a O



Pyx mamunu, npu sskoMmy poOoTa pyLIIHHUX CHJI 32 OyAb-IKUN MIPOMIXKOK 4acy

BCEpelMHi Tepiony, SK NpaBuno, He JopiBHIoe poboti cum omopy Ap# Ay,

HA3UBAETHCS NEPIOIUYHUM HEPIBHOMIPHUM YCTaJICHHUM.
[Tig gac mepioAMYHOrO0 HEPIBHOMIOHOTO YCTAJICHOTO pyXy poOOTa pyIIiiHUX

CUJI JIOPIBHIOE POOOTI CHJI OIO

p p Py p M= M,(9)
Ap =A, y KiHII  KOXHOrO IHKITy- '
"g= My(9)

nepiogy (puc. 5.2, a, 55, a). s

Bracmiok nepioInIHOT 3MiHU

HaBaHTAXXCHHA  Ta 3B€IIGHO.1. MacHu

MEXaHI3My, HEMHHYYl  KOJHMBAaHHS

KyTOBOI IIBHUJIKOCTI Beay4oi Jlanku. Ha o 8

puc. 5.2, a Ta 5.5, 6 HaBeneHo rpadiku ey
MOMEHTIB PYIIIHUX CUJ Ta CHJI ONOPY E e T~

IS T1ApaBIIYHOTO MIOPIITHEBOTO 3 GE S

Hacoca (puc. 5.3); pUYOMY ¢ 5 /4 ;
JOIYILIEHO, 1[0 MOMEHT PYLIIIHUX CHJI Puc. 5.2.

a Baly  €JIEKTPOJABUTYHA  IIpHU

ycTajaeHoMy pyci Oynae ctanmum, Tooto M p =const.

VY TUX TONIOKEHHSIX MEXaHI3My, KOJIU po0oTa PyHIiiHUX Cuil OUTbIa 3a poOoTy
cun onopy Ay > Ay ta My >M,, kyroBa mBuikicTs 3poctae.
MakcumyM KyTOBOI HIBHIKOCTI g MOXKE OyTH IIpH  MakKCHMyMi

HAJUIMILIKOBOI pOOOTH PYIIIMHUX CHII HaJl pOOOTOIO CHJI ONOPY (TOYKH a Ta ¢ Ha pUC.
5.2, a)
MiHIMyM KyTOBOI HIBHIKOCTI (yj; MOXE€ HAcTaTH IPH MAaKCUMAIbHOMY

3HAYCHHI HAJTUIIKOBOT pOOOTH CHJI OTOpPY HaJl pOOOTO0 PYIIIMHUX CHII (TOYKHU D Ta

d Ha puc. 5.2, a).
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B pesynbTati HEpiBHOCTI 3BefeHUX MoMeHTiB M p Ta M, BinOyBaere u 3MiHa

KiHeTHYHOI eHeprii AE=A, , 1 BINOBIIHA 3MiHa KyTOBOi HIBUAKOCTI BEIy4oOi
JIAHKW MAaIlliHH.

JInme npum J3=CONSt MakcMMajabHI Ta MIHIMaJbHI 3HAYECHHS KyTOBOI

IIBUJIKOCTI BIJMOBIIAIOTh TOYKaM IIEPETUHY KPUBHUX, AKI 300paxyrouu. (GyHKIIT

3BEJICHINX MOMEHTIB
My =Mp () Ta My =My ().
VY MexaHi3Max 13 3MIHHUM 3BEJCHMM MOMEHTOM IHepIii J3#CONst Makcumym
Ta MIHIMYM KyTOBOI INBMJKOCTI IIOYaTKOBOiI JaHKH Dy T4 Oy, HE 30iraerses 3
Toukamu nepetuny rpadikis M p Ta My.

[Tpuknan miarpaMu KyTOBOI MIBUIKOCTI HABEICHO Ha. pucC. 5.2, 0.

Py = p=const=6amm

Maxobuk

Puc. 5.3.

Mexi KOJIMBaHb KYyTOBOi IIBHJIKOCTI  IMMOYATKOBOI JIaHKW  3BHYAHHO
BCTAHOBJIIOIOTh BIAMOBIIHO /10 BUMOT TEXHOJOTIYHUX TIPOIECIB, SKI BHUKOHYE
MaimdHa. JlomycTumi 3HAYe€HHS [MX KOJMBaHb OIHIOOTHCS  KOE(IIEHTOM

HEPIBHOMIPHOCTI XO.1y:

§ = Pmax ~ ©min

: (5.1)
Wep
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ac

® + O
O‘)Cp ~ —MmaX > min - (5.2)

TouHille cepelHI0 KyTOBY MIBUAKICTh KpPHUBOIIWIIA MPH YCTaJICHOMY pYycCl

BHU3HA4YaIO0Th 3a piBHHHHSIM

ne T — nepioja pyxy.

SAxio yncno 06epTiB 3a XBWIMHY KPUBOIIUIIA BIJOMO, TO

min
Dep =39 %ek' (5.4)

Bennuuny koegimieHTa HEPIBHOMIPHOCTI O 3BUYAHO BUOHMPAIOTH 3 YMOBH

3a0e3IeYeHHs ONTHMAJIbHUX YMOB BHKOHAHHA 3aJaHOI'O TEXHOJIOTTYHOTI'O IIpouccy.

1 1
Tak, HaNPUKIAZ, U1 TeHepaTopa 3MIHHOIO CTPYMy O =——+——, JUId NPECiB Ta
p parop pymy 550 350 p
HOXHUIb O=—-+-— Il KOMIIPECOPIBO =— +——, Ul METAIOPI3AILHIUX BEPCTATIB
510 PECOPIEO =50 " 75 P P
1.1
30 50

3 YHCIIOBUX JaHUX, HABEACHUX I PI3HUX MAIIMH, HaiO1UIblIa PIBHOMIPHICTD
XOJly MOTPiOHA JUIsi TEHEPATOPIB 3MIHHOTO CTpyMy. Uum rpyOmmii TexHomoriunumii
npouec, TUM OUIbIly  HEPIBHOMIPHICTH  OOEpTaHHS  MOXHA  JIOMYCTHUTH.
HepiBHOMIpHICTH X0y MallTUHU HECTIPUATINBO BiIOMBAETHCS Ta MPOIYKITT poOOUnX
MallluH Ta poOOTI MepelaBalbHUX MEXaHi3MIB, 00 B HUX BHUHHMKAIOTh JOJATKOBI
IUHAMIYHI HaBaHTaKEHHS.

JIist miaTpuMaHHS TIEBHUX CIIBBITHOIIEHh MK POOOTOIO PYIIIHHUX CHJI Ta CHII

onopy (Ap Ta A,) i 3amaHoro koedirieHTa HEPIBHOMIPHOCTI XOIy PETYIIOIOTH PyX

301IBIICHHAM 3BEIEHOI0 MOMEHTY 1Heplii, MammHu J3. Ile € ocHOBHOIO 3amadero
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peryJifoBaHHS TEPIOJAMYHOI 3MIHM IIBUIKOCTI. PIBHAHHS pyXy Uil MaliuHu 0e3

MaxXOBHKa MOXHa 3aIliCaTu Tak:

2 2
J32) '%—33(1) % =Ap— A (5.5)

Jlis 30inblIeHHS PIBHOMIPHOCTI XOJQy MAIIMHA Ha OCl JIaHKU 3BEJCHHS
3BUYANHO 3aKPIMITIOI0Th MaXOBUK — KOJIECO 13 MAaCUBHHUM 000710M (puc. 5.3), mo mae
MOMEHT 1HepHii Jay-

PiBHSIHHS pyXy JUIi MallMHU 3 MaXOBUKOM HaOyBa€ BUTIISANY:

(DZ 2

2 @ _
(33(2) +Jmax)'7—(~]3(1) +Jmax)'7— Avuaon- (5.6)
KpiMm nepiogruHuX, MOKIIMBI 1 HEMIEPIOJAUYHI 3MIHU MIBUAKOCTI, MPU SIKUX Ma€e

MICLIE HEPIBHICTb Ap # A, HaBith y Kinui nepioxy. Hemepiogu4ni 3MiHM IIBUIKOCTI

BI/IOYBAIOTbCS TMPU PaANTOBIM 3MiHI BEJIMYMHU KOPHUCHOTO HABaHTAXEHHA abo y
BUITAJIKY PI3KOi 3MIHU MPUILUIMBY PYIIIAHUX CHUIIL.

Hanpukian, HaBaHTaxeHHS TypOoreHeparopa, IO JKUBUTb E€JIEKTPUUHY
MEpPEXY, 3aJIEKUTh B1J] YUCIA Ta MOTYKHOCTI MPUHAMaYiB €JIEKTPUYHOI EHEPrii, YUM 1
BU3HAYAIOTHCS BEJTMUMHU CHII OTIOPY, MPUKIAACHHUX J0 TYypOiHH.

[Tpu 3MiHI HaBaHTaKEHHS TIOPYIIYETHCS BIIMOBIIHICTh MK PYIIIMHUMH CHIIAMU
Ta CHWJIAaMH ONOpPY, BHACIIJOK YOro MOYMHAE 3MIHIOBATUCA KyTOBa MIBHJKICTH Baja
TypOoTreHneparopa.

[Ipote 3a ymoBamu poOOTH, ™00 3amoOIrTH MHUTAaHHIO JamIl, Tpebda
HiATPUMYBATH KyTOBY IIBHJKICTh cTajo0. L[ BUMOra BUKOHYETHCS 3a JTIOMIOMOTOIO
perymisTopa MIBUAKOCTI, SIKAWA 3017IbIIye a00 3MEHIIYE MPUILTUB PYIIIAHUX CHII JO
TypOIHH.

Te came BiIOyBa€eTbCs y ABUTYHI BHYTPIIIHBOTO 3TOPsIHHS a00 B IMOPILIHEBIM

MapoBiil MalInHi, sKa o0epTae reHepaTop.
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3 HaBEJNEHOrO 3pO3yMUIO, IIO0 B TUX BHIIAJKaX, KOJIM JBUTYH MAaIlMHHOTO
arperara He Ma€ MPUPOTHOI MEXaHIYHOT XapaKTEPUCTUKH, 1I CTBOPIOIOTH IITYYHO 32
JIOTIOMOTO0 PEryJsTOpa.

VY neskux MexaHi3Max 4acTO KOPUCTYIOThCS PEryJIsITOpaMHU, K1 3MIHIOIOTh CHIIU
onopy (y HACTIHHUX TOJAMHHUKAX, MaTe(oHax Ta IHIIUX MpUIaax).

MamuHHI arperatd 3 acCHMHXPOHHHUMH €JIEKTPOJIBUTYHAMHU HE OOJIaJHYIOTh
perynstopamu, 00  ACHHXPOHHI  €JIEKTPOJABUTYHH  MAalOTh  BIACTUBICTH
CaMOpETYJIIOBaHHS, TOOTO NpU 3MiHI CHJ ONOPY HAaBITh y IIUPOKHUX MEXax MpHU
HE3Ha4yHIM 3MiHI KyTOBOi IIBHJKOCTI POTOpa aBTOMAaTHUYHO PETrYJIIOETHCS IPUILIUB
PYLIIAHUX CHJI, BHACHIIOK YOr0 MIXK CHJIAMU PYLIIHHUMU Ta OMOPY BCTAHOBIIOETHCA
oTpiOHA BITIOBIIHICTb.

OueBUIHO, IO HE BCSIKUN ABUTYH NPUIATHUM JJI
JlaHO1 BUKOHaBYO1 MamuHu. [1oTpiOHO, 1100 MexaHiyHa

XapaKTepUCTUKa JBUTYHA BIJMOBIAAIa MEXaHIYHIN

XapaKTEepUCTHIl BUKOHAaBUOi MamuHU. Hanpuknan,

SKIIO 3aJaHO MCX&Hi‘IHy XApPaKTCPHUCTHUKY BHKOHABYO1

mammnu My =M, (co) 1 MOoTpiOHO, 11100 BOHA IpAaLOBaa 3 HOMIHAJIBHOIO CEPETHBOIO
KyTOBOIO IIBHAKICTIO Oy, (puc. 5.4), To Tpeba miaidpaTH ABUTYH 3 MEXaHIYHOIO
XapakTepucTukoo M, =M, (), sxuit 3paTHmil Tpu 3anamiii mWBAAKOCTI O,
possuBatn MoMeHT M, =M. [kt piBHOCTI BiAmoBigae Touka K mepeTuHy

MOMCHTHHX XapaKTCPUCTHUK.

Jliopyu Bim Touku K wmatumemo M p>-MO, OT)K€, KyTOBa IIBUJIKICTh

3pOoCTaTUME JOTH, MOKHM HE BCTAHOBHUTHCS PIBHICTH MOMEHTIB. Tak camo He Oyne

YCTaneHoro pyxy Ha AUBAHIN mpaBopyd Bixg Touku K, T06TO mpu M, <My, mo

MPU3BOJUTH JI0 3MEHIIEHHS KyTOBOi IIBUIKOCTI JO HOMIHAQJIBHOI 1 JI0 PIBHOCTI

MOMEHTIB.
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[Ipu mociipkeHHI YCTAJIGHOTO0 PyXy MEXaHIdHI XapaKTepUCTUKU HE OepyTh /10
yBaru, 60 B mpoIIeCi IIbOTO PyXy KyTOBa IIBUIKICTh 3MIHIOETHCS Ty>KE€ MaJIo.

[lepexonumMo 110 BHU3HAYEHHS MOMEHTY 1HEpIii MaxoBHKa. MOMEHT iHepIi
MaxoOBUKa MOXHA 3HAWTH PI3HUMHU CHOCOOAMU: JTOTHYHUX 3YCHJb; €HEpromMac
(Bitrenbayepa); MepmuanoBa, MepranmoBa — ['yTesipa; ApTOOOJIEBCHKOTO.
PosrisitHeMo nepuimx iBa crnocoOu.

Crnocid 7OTMYHHMX 3yCHJIb HA3MBAETHCS TaK TOMY, IO PO3PaXyHOK BEAYTh 3a
rpadikaMy JOTUYHUX 3yCHJIb, 3BE€JICHUX JI0 MaJbIl KPUBOIIHWIA, a00 3a rpadikamu

(puc. 5.2, a) momentie My =My(¢) i M » =M (), nponopuifiHuMu M craM.

[Ipu 30UnbIIEHHI KYTOBOI IIBHUAKOCTI JIAHKM 3BEJEHHS KIHETHMYHA EHEepPTis
HAJaBaTUMETHCS JIAaHKaM MeXaHI3My 1 MaxoBUKY. OCKUIBKM MaxOBHUK IOPIBHSHO 3
JaHKaMHM MEXaHI13My Ma€ 3HaYHUN MOMEHT 1HEPIIii, TO MPUPICT KIHETUYHOI €HEPrii Ha
JUISHII BIX @y 0 (¢ 1 BT Qg 10 (5 NOTIMHATHMETHCS, B OCHOBHOMY, MaXOBUKOM
(puc. 5.2, a ipuc. 5.5, a) [1, 2].

Ha nimankax Bil ¢ A0 @p Ta BII (. 10 (P4 KyTOBa IIBUAKICTH JaHKH

3BEJICHHS TPOXH 3MEHIIYETHCS BHACIIIOK BIJIHOCHO BEJIMKOI MAaCH MaxOBHKa.
BpaxoByroun He3HauHUM BIUIMB Mac JIAaHOK MEXaHi3My IOpIBHSHO 3 MAacoro
MaxoOBUKa Ha 3MEHILIEHHS HEPIBHOMIPHOCTI XOJy MAIMHHM, MOXXHa 0€3 BEJIMKOi
NOXUOKH 3HEXTYBaTH HHUMH 1 3alUCATH PIBHSAHHA KIHETHMYHOI €HEprii y Takomy
BUTJISIAI:
2 2

(€Y — Omi
Jmax max2 mmZA—tadﬂi (5.7)

ne
1/ 2 2
_((Dmax ~ Ohnjin ) = 6(Dcp .
2
[Ticnst miaCcTaHOBKM IILOTO 3HaUeHHS piBHsIHHSA (158) HaOyBae BUTISANY:

2
‘Jmax&ﬂcp = Avaon»

3BIAKHA

102



A
Jnay =401, (5.8)

s

3 dopmynu (5.7) MoxkHA 3pOOWTH BUCHOBOK, IO 13 3MEHIIIEHHSM Koe(illieHTa
HepiBHOMIpitocTi. B MOMEHT i1HepIlii MaxXoBHKa 30UIBIIYETHCS; MPH BCTAHOBJICHHI

MaxOBHMKa Ha MIBUIKOXIJHIMIMK Bal Jpg 3MEHIIYETHCS; 4nMM Oinbmie A 5 , THM
OnbmIe Jay-

HannumkoBa po®oTa [y BUNAAKy, NOJAHOTO Ha pUC. 5.2, a, BU3HAYAETHCA 32

bopmyIioro
Auon = T, (5.9)
[ToGynoBy rpadikiB podiT kopucHux omopiB A =4, ((p) PYLIAHUX CHJI
Ap =Ap ((p) Ta HAUIMIIKOBHUX PoOiT A, 5. =40, ((p) 10JIaHO Ha pHC. 5.5, a, 6, 6.

Maciitad poOIT npu iHTErpyBaHHI 3a CIIOCOOOM IOJIFOCHOI BIJICTaHI 3HAXOMIATH 3a

dbopmyIioro.
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MY Mg Meo(9) M=My()
[ | .L;:T
a 7 (NG cfll11IINA

L, 0|12345676891011 |12

-

b’ Ax.o-Ak.o(W

| ,
012345?73970717290
] An::’a? I3 6l 17
4

Puc. 5.5.
5.2. Cnoci6 enepeomac (cnocio Bimmenbayepa)

Busnauenns 3axony pyxy nanxku 36edennsi nio oiecro 3adanux cun. ['padik
¢ynkuii (puc. 5.7, 6) enepris-maca A , =4 (J3) MOXHa OOy yBaTH TpadiyHUM
BUJIYYCHHSIM TMapameTpa ¢ Ha 0asi 3a3manerinp moOymoBaHux rpadikiB (QyHKIiN
Avaon = Auao.(9) Ta J3=J3(¢) (puc, 5.6, 6 Ta 5.5, 6), six nokasauo Ha puc. 5.7, a -

6. Toukm KpuBOi 3a3HaueHOro rpadika MJICTaTd B peE3yNbTaTi MEPETHHY

TOPU30HTATIBLHUX Ta BEPTUKAIBHUX JIHINA, MPOBEICHUX Yepe3 BIAMOBIIHI TOYKH
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rpadikiB A, 5, = Auuon ((p) Ta J3= J3((p) 3a JOIIOMOIOI0 JOIIOMDKHOI ITOXHJION
psIMOi, IpoBeeHOI g KyTom 45° [4, 6, 8, 12, 13].

KpuBa enepromac A KOKHOTO [HKJIA € 3aMKHYTOIO KPHBOIO BHACIIIOK TOTO,
[0 MPUPICT KIHETHMYHOI €Heprii 3a Ied Imepioj 4Yacy JopiBHIOE Hym0. ['padik
sanexnocti A, =4 ., (J3), abo AE =AE(J3)— I[e KpUBa 3aJCKHOCTI MiXK

npupocToM KineTnuHoi eneprii AE mexani3my Ta #ioro 3BeieHUIM MOMEHTOM 1HEpIIii

Js.

012345678 ¢
/]

Puc. 5.6.
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.\__._ﬁ.;ﬁ/\ \45°

L ; . |

i 4

012 3 4£5 6§87 8 910112 % §

it =

Puc. 5.7.
Jlis BU3HAUEHHS 3aKOHY pyXy JIaHKM 3BEICHHS 1 PO3PaxyHKY MaxoOBHKa 3a
JIOTIOMOT 010 rpadika eHepromac 3arnuueMo pIBHSIHHS PyXy MEXaHI3My
E—-Es=Auon
ne E,E,— xinetnuna enepris BiAIOBIAHO y PO3INIAAYBAHUM 1 B IIOYAaTKOBMI MOMEHT.
[TomaBuM KIHETUYHY €HEPril0 MEXaHI3My y BUIJIAl CYMU KIHETHUHHUX €HEpPTii

MaxOBHKa Ta JaHOK MEXaHI3MY:

2
()}
E :(Jmax +J3)7 =Eo+ Avson
3HANAEMO
10)2 _ Eo + Ayaon ; (5.9)
2 ‘]max +J3
= zm_ (5.10)
‘]max +J3

PiBasinns (5.10) po3B'szyeTbes rpadivuHo 3a AOTIOMOTOIO JIiarpam HaJJTUIIIKOBUX

poOIT 1 3BeICHUX Mac.
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®opmyna (5.11) mae 3MOry BU3HAYMTH KyTOBY IIBHIKICTh JAHKU 3BEICHHSI,
AKIIO BioMo He e A, 5o Ta J3, a ¥l Ej ta Jopgy.

JIns BUBeIeHHA PO3PaXyHKOBHX (POPMYII IPUILYCTUMO, IO BitoMo By Ta Jioy -
BigknaBmm iX BeNMYMHM Y BIANOBIAHMX Macmrabax [La Ta |1y 1 IPOBIBIIM JIiHI,
napajiefibHi OCSAM KOOpAuWHAT rpadika eHeproMac, MiCTAaHEMO HOBY CHCTEMY
KOOpJAMHAT 3 moyaTkoM y toutti O' (puc. 5.8).

B3siBmin noBUIbHY TOuKy C Ha KpUBIM €Hepromac, CHOJYYUBIIU ii 3 MOYATKOM
xoopauHat O' Ta omycTHBIIM nepneHAuKyasp CD Ha Bick J3+ Jgx > 13 TPUKYTHHKA
O'CD mo»kHa HanucaTu

tga = CbD — EO+'AHCZa]Z ] “J_ (512)
OD Jpax+Js Ha

[Ticns minctanoBku Bupasy (5.10) y piBHsiHHS (5.12) nictaneMo

2
o Wy

tgo=2 M 5.13
= (5.13)

Aua?; +£p Aﬂ*a dn /

Puc. 5.8.

ITo ananorii Hanumemo Bupas A tgoyax 1 tg0min -

2
Q)
g0t may = ”;ax -Ll—JA, (5.14)



2

(D -
tg0tyi = —min . £ (5.15)
2 pp
Y Bupazax (5.14) ta (5.15) mMakcumanpHa 1 MiHIMajgbHa KYTOBI IIIBHIKOCTI
JOPIBHIOBATUMYTh:
d). )
ne
_mn
(Dcp —%.

[Ticnst mipctanoBku Bupasy (5.12) y dopmymy. (5.11) nicranemo
o= [2-HAgq. (5.17)
Ky
3 popmynu (5.17) MoxxkHa 3pOOMTH BHUCHOBOK, IO KYT a Haxujly IMPOMEHIB J0
oci abcuuc Ja€ 3MOry BU3HAUMTH MUTTEBE 3HAUEHHS KYTOBOI LIBUAKOCTI JIAHKU
3BEJICHHS Ta CIIPABKHIN 3aKOH pyXy MEXaH13My 3a 3aaHUMU CHIIAMH, 1 MACAMH.

[Tpu 11boMy HaNO1IBIIA KYTOBA MIBUIKICTH JIAHKHU 3BEJICHHS:

Omax = \/2 ‘ MtQOCmax
Ky

Tak caM0 HaliMEHITy KYyTOBY IIBHIKICTh BU3HAYAIOTh 3 PIBHSIHHS

Omin = 2'Mtg@min
2]

SIKIIO MOCHIIOBHO CIOJyYUTH BCi TOYKH KpuBoi AE :AE(J3) 3 mo4atkom O
KOOPJMHAT, BH3HAYWTH IIOCIIIOBHO YCI KyTH 04, Oy, O3 .. 1 CKOPHCTaTHCH
dbopmynoro (5.17), To MOXkKHaA JICTaTH 3HAYEHHS KYTOBOI HIBUJKOCTI 10 JIaHKU
3BeJleHHs y PyHKLIT KyTa «p Ta moOyayBaTu rpadik KyTOBOI IMIBUIKOCTI (M= m((p).

Jlis Bu3Ha4YeHHS Yacy t pyxXy MeXaHi3My JIaHKH 3BEJIEHHS CKOPHCTAEMOCS

YMOBOIO
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0= E ,
3BIIKHA
t ?
f dt = f Lo
0
fy P
abo

¢
1
(Ul

[aTerpan y mpaBiii yactuHi GOpMyIM MOXHA BU3HAUUTU TrpadidHO, SKIIO

. 1 :

noOyayBatu rpadik BEJIMYUH —((p) y GyHKIIT KyTa ¢, 110 MOXJIUBO, 00 (PyHKIIis
®

0):0)(([)) BijloMa, rpadik o)=0)(t), a TaKOXX 3HAUTH KOEPIIIEHT HEPIBHOMIPHOCTI
xony MmamuHd. KyToBe MPUCKOpPEHHS € JIAaHKW 3BEJICHHS BU3HAYAE€THCS TpadiuHUM
nudepeHIIIoBaHHAM QYyHKIIT = oo(t) :

3Har0YM KyTOBY IIBHAKICTH I Ta KyTOBE MPHUCKOPEHHS € JIAaHKW 3BEIACHHS,
MOXHa BU3HAYUTHU IIBUIKOCTI, NMPUCKOPEHHS Ta CHJIM 1HEPIi OKpEeMHX JaHOK, a

TAaKOX BHUKOHATHU IMOBHUW CHUJIOBHH pPO3paXxyHOK MEXaHI3MYy 3a YMOBHU, IO JaHKa

3BEJICHHS HEPIBHOMIPHO 00€PTAETHCSI.

Otxe, 3a mornomoroto rpadika AE = AE(J3) 1 HACTYITHUX PO3PaxyHKIB MOXKHA

ITOBHICTIO I[OCJ'IiI[I/ITI/I IIMTaHHA TIIPO PYX MAIIMHHOIO arperara Ipu cCHJIax, o0

3aJICKATDh Bi):[ ITOJIOXKCHHSA JIAaHKU 3BCACHHA.

5.3. Buznauenms momenmy inepyii maxosuxa 3a oiacpamoro AE =AE (JS)

I'padpiuaum  posB'sizanHssmM  piBHAHHS (5.10) 3pydHO CKOpHCTaTHCS JUIS
pO3B's13aHHA O0EpHEHOI 3ajayi, TOOTO 32 3aJaHUM KOe(IlIEHTOM HEPIBHOMIPHOCTI

XO0Jly MaIllMHA BU3HAYUTHU NOTPIOHUN MOMEHT 1HEpIIii Ta Bary MaXxOBHKa.
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PosrnsayBanuii MeTo] BU3HAUEHHSI MOMEHTY iHepIlii MaXoBHKa 3a JIOTIOMOTOIO
3BEJIEHHSI Mac Ta POOIT 10 JaHKW 3BEJCHHS € MPHUHIIMIIOBO CYBOPUM, 00 HE MiCTUTh

HISIKUX TPHITYIICHD; TPUYOMY 3a]aua PO3B'SI3YEThCS U HAM3arajJbHIIIOr0 BHITAIAKY
pyxy [11, 12. 13. 15].

MowmeHT inepii MaxoBHUKa Jy, BU3HAYAIOTH JJIs YMOBH yCTAJIE€HOIO PyXY.

Jlst po3B'si3aHHS 3a/1a41 3a/1al0Th:

1) Bci cumn M p= M p ((p) Ta My = MO((p), SIK1 MPUKIJIAICHO JI0 MAllTUHU;

2) KOHCTPYKIIIO MaIlliHU 0€3 MaxOBHKa, TOOTO PO3MIpH JIAHOK MEXaHi3My Ta iX
macn i, omxe, J3=J3(9);

3) CepeiHIO KyTOBY LIBUJKICTH JIQHKH 3BEACHHS (g, = CONnst ; mpoekToBaHuii
KOC(IIIEHT HEPIBHOMIPHOCTI X0Iy MAIIMHHU O.

[Ticns BuBenenus ¢opmyn (5.14) ta (5.15) po3paxyHOK MaxoBHKa BEOYThb y

TaKiil MOCIiJOBHOCTI:
1) 3a 3amanumu rpadikamu M »=M, ((p) Ta Mg = |\/|0((p) Ooynyemo rpadik
HAJUIUIIIKOBOI po0O0TH (puc. 5.7, a)

A’-ICZ@]Z — “yaon ((P) ,
2)3a 3aJlaHUMH MacaMH JIaHOK MexaHi3My Oyayemo rpadik 3BEICHOTO MOMEHTY
iHepIii MexaHizMy Y3 = V3(t) (puc. 5.7,6);
3) po3MicTHBIIH, K ITOKa3aHO Ha puc. 67, rpadiku A, 5 =45, ((p) Ta J3= J3((p),
Oynyemo KpuBy eHepromac (puc. 5.7, 6);
4)3a 3agaHUMH O Ta Oy O0YHCIIOEMO Mgy Ta Opin :
5)3a piBHsHHAMU (5.14) Ta (5.15) 06UHCITIOEMO KYTH Olpgx T@ Olmin
6) mpoBOAMMO JIOTHYHI [O KpPHMBOi €HepromMac mif KyTaMH  Olmax Ta Onin 1
3HAaXOJMMO TOUKY iX nepeTuny O

7) BuMiproemo Biapizok O'K i 3a HUM 00YHCITFOEMO MOMEHT 1HEpIlii MaXOBHKa:

‘Jmax ZOlK'MJ.
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Ha npaxrtuni nie HabaraTo ckiajHime, 60 Npu MaauX 3HAYEHHAX O KYTH Olygy
Ta Oypyjn MAalke JOPIBHIOIOTH OJMH OJHOMY, TOMY JOTH4YHi, IPOBEAEHI 10 KPUBOI
eHepromac, He MepeTUHAIOTHCS Y MEKaxX KPECICHHS.

[IpoTe MOKHA 1 HE 3HAXOAUTH TOYKY NEPETUHY LIMX JOTHUYHMX, JOCUTh 3HAUTHU
BiZpizok BF (puc. 5.9).

Hacnpagpmi

BF =BK + FK = 0" K(tg0tmay —tg0tmin ) = Jm—f"x(tgocmax ~190tmin);

2N
UG A R (5.18)
t90tmax —t90min
abo
BF -
Oy

5.4. Po3paxynox maxosuxa

VY 3B'a3ky 3 TUM, 110 Bara CIHUIb Ta MaTOYMHHU TOPIBHSHO 3 Barorw o00ojaa
HE3HAauHa, MOXKHA 3 JICSKUM HAOMMKEHHSM (I CIPOIICHHS PO3PaxXyHKY) BBaXKATU
BCIO Macy MaxOBHMKa pO3MOJUICHOI0 B 00011 (puc. 5.10) mo xomy paniyca R, sikuit
JIOPIBHIOE CEPEIHBOMY pajilycy o0oa.

[Tpu TakomMy NMpUTYIIIEHHI MOYXHA HAITUCATH

2
oy = MR? :9-2;
g 4
GD? = 40J 1. (5.20)

Bemnunny GD?  HAa3MBAalOTH MAaXOBHM MOMEHTOM, a00 XapaKTepHCTHKOIO
MaxoBuka. Sk BugHo 3 Bupaszy (5.20), BiH MNPOMOPIIAHUNA MOMEHTY I1HEpIii

MaXOBHKa.
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Jmax

Puc. 5.10. Puc. 5.11.

KpuBa 3amekHOCTI MOMEHTY, 1HepHii Jyo MaxoBHKa Bix KoedilieHTa

HEPIBHOMIPHOCTI X0Ay O Mae HaOaKeHO rimepOomiunuii xapakrep (puc. 5.11) i,

OTXKeE, 3 HAOMWKEHHAM O 10 Hyld J.y MBHAKO 3pocTae. lle iHkomm mpumymrye

KOHCTPYKTOPIB BIZIMOBJIITHCS BiJl BUOOPY MEHIIIMX 3HAYCHb O Y MEXax, JOMYCTHMUX
TEXHOJIOTIYHUM TIpoiiecoM, 00 Beae 10 30UIBIICHHS PO3MIpiB 1 Bard MaxOBHKA.
Bubpasmm cepeaniii aiameTp o0oaa MaxoBuka y 4 — 5 pasiB OLIbIIMM 3a paiiyc
KpPHUBOIIUIIA TIEBHOT MAIlIMHU, BU3HAYUMO Bary 000j1a MaxoBHKa 3a (hOpMyJI0r0
49J
G= %. (5.21)
Po3mipu monepeuHoro mepepizy 0001y 3HaWAEMO, SIKIIO BUPA3UTH HOTO Bary

yepe3 00'eM Ta MUTOMY Bary y(H / MB)Z

G =nDbhy, (5.22)
ne b= 2 h.
3

Crnix MaTH Ha yBasi, 110 MAaXOBUK MOXXHA BUKOHATH y BUTJIS/II IUCKA, a I1I€ U Te,
o yci o0epToBi Macu (3y04acTi Kojieca, IIKIBH, KOJIIHYACTI BalH, pOTOpU, My(HTH) €
TaK0X MaXOBUMHU Macamu.

Miciie BCTaHOBJICHHS MaxOBHMKa y MallMHI MOXe OyTH pi3HUM: 1) Ha Baiy
KpUBOIIUMA; 2) HA OJHOMY 13 MPOMDKHHX BajiB MK JBUTYHOM Ta BUKOHABYHUM
MEXaHi3MOM; 3) Ha Bajly JIBUTYHA.

IIpn BCTaHOBJIEHHI MAXOBHMKA HAa BaJly KPUBOIIMIA (TUXOXITHOMY) Jimaxs Grmax
Ta ra0apuTHI PO3MIPM MaxXxOBHMKAa MAaTHUMEMO HAWOUIbII, II0 HEIOIUIbHO. Auie
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PEAYKTOP TIPH IIbOMY 3aXHIIAETHCS Bijl MIKOBOTO HABAHTAKCHHS BUPIBHIOKOYOIO €0
MaXxOBHKa.

Braciaigok po3BUTKY peayKTOpOOyAyBaHHS Ta BHIYCKY HaIIAHHX 1
JIOBFOBIYHUX TIepefad, SKi BUTPUMYIOTh PI3HI KOJIMBaHHS HaBaHTAKCHHS, AcAai
YacTile TMPaKTUKYIOTh BCTAHOBIICHHS MaxXOBHWKa OJMKYe IO JBHTyHa, TOOTO Ha

IIBUJIKOX1THOMY Baity. [Ipu 1iboMy Bara 1 po3Mipu MaxoBHKa Oy1yTh 3HAYHO MEHIIII.
IIpakTu4He 3aHATTS

Mema pobomu:. BuzHaueHHSI MOMEHTY 1HEPIIii MaXOBHKa CIIOCOOOM JOTHYHHUX

3ycuib. [loOymoBa miarpam.
3asoanns: Po3BsizaHHS 1HIMBIAYaJIbHUX 3aBlIaHb (3a7a4).
Ilpuknao. BuzHauuTtu 3BeJIeHU MOMEHT CHJI KOPHCHOTO OMOpPY Ta MO0y yBaTH
niarpamy poOit (puc. 5.12).

Mano: =180, yacrora obepranns kpusomuna 71 =9006 / xs,

Puc. 5.12.
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Po3B’s130k. 1. BuzHaueHHs 3B€1€HOTO MOMEHTY CHJI KOPHUCHOI'O OIOPY.
Kopucryrouncs 3anexnoctsamu (4.1) ta (4.3), 3HaX0AMMO 3HAYEHHSI 3BE€IEHOIO

MOMEHTY CUJI OTIOPY NMPUNHSABIIN KpuBOIUI OA JTaHKOIO 3BE/ICHHS

v, v,
M, =F,—~<cosa=-F —

KO

Qg 2]
ne a=180", cosa =c0s180° =-1.
TyT 3HaK «—» TOKa3ye Ha Te, M0 3BEJACHHA MOMEHT CHJI KOPHUCHOTO OIOpY
HanpsMIICHUH y 01K, MPOTHICKHHUI 00epTaHHIO KpuBoIwumna [2, 4, 6, 8, 12].

KyTOBY MIBHIKICTh KPUBOIIHIA 3HAXOAUMO 32 hopMyiioro (5.4)

_7n _ 3,14-90
47307 30

PGSYHBTaTI/I 00YMCIIEHb HAaBCICHO Y Tab1.

=9,425¢,

Tabmuis
3BeeHUil MOMEHT CHJI KOPHCHOTO onopy, H-m
N [TonoxeHHs MexaHi3My
O3HA4YCHHA a 2 3 4 5 6 b
vV, 0,48 0,60 0,62 0,62 0,60 0,50 0,41
MKO 30,20 37,47 38,91 38,91 37,47 31,41 25,60

Ha mincraBi omepxaHux naHux OyayeMo giarpaMmy 3BEIEHUX MOMEHTIB CHII
KOPUCHOTO OMopy Y (PyHKIIIT KyTa MOBOPOTY (0 JIAaHKU 3BEACHHS, BIIKIATAIOUU JUIS
3py4HOCTi MOOY10BH Bin eMHi 3HaueHHa M  Bropy Bin abcmucc (puc. 5.12, a).

IIpuitmaemo macmrad MoMeHTiB cuil g, =0,4 H-w/wm 1 Macmtad KyTiB

noBopoty kpusommna (O A

27 2-314
0-0 300

4, =0,0209 pag/mm.
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Hiazpama 36ederux MomeHmib cun

My Uy = 04 Hm/mre p, = Q0209 pad,/mm
RS , 3 4 5
& A M
> g p
I .
. M, =canst
a
¢
’ 7 Ta 2 g] 7 z 56 7 7 g o 77
H @n
Puc. 5.13.

2. [ToOynoBa miarpamu poOiT
Interpytoun rpadiuno giarpamy M =M ((p), OJIEPKUMO  Jllarpamy

A, =4, ((o) poOIT cuil KoprucHOro onopy. Macmrab ¢, niarpamu pooir
4y =ttt H=0,4-0,0209-60=0,5 [hx/mm.

3rigHO i3 3aBIAHHSIM MPUAMAEMO, WO 3BEICHHUH MOMCHT M|, pyLNHAX CHI
Ma€ CTajle 3HaYCHHs y BCIX IOJIOKCHHSX MexaHi3My. Bemnunny M) 3a ouH LUK
pobOTH BHM3HAYAEMO 3 PIBHOCTI pobIT A, =A,, NpuiHABIA POOOTY CHI ONOPY
A, =A4,. 3a niei ymoBH giarpama OyJie NMOXHWIIOK NPSAMOIO, KA 3’€JHYE MOYaTOK
KOOPJHMHAT 3 KiHIeBoo Toukoto opauHatu 0—0',

[IpomudepeniitoBaBuin aiarpamy A, :Ap((o), OJICP)KUMO TIPsIMY, TapalieJIbHY
oci a0cIuc, sSiKa € JiarpaMoro 3BEJICHUX MOMEHTIB PYIIIHHUX CHJI.

Toni
I\/lp =0-0"- 4, =37,5-0,4=15 H:m.
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oznmea podsm

M= 05 Jesrm
AL

; //q
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o
(-3
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y
L=

3. [ToOynoBa aiarpaMu 3MiHU KIHETUYHOI €HEPrii MEXaH13My

Ckuagaemo anrebpaiyHo HofaTHi opauHary jgiarpamu 4, = A, ((0) 1 BIJI €MHI
opauHaTtu giarpamu A=A (go), OTpUMaHI BIJIPI3KHU BIJIKJIAIa€EMO BrOpY 1 BHU3 Bij
OCi, CyBOpPO JOTPUMYIOUHUCH 1X 3HaKiB. 3’€IHABIIM KIHIEBI TOYKHA OpAMHAT,
oJiepkUMO rpadik 3MiHK KiHeTH4HOI eHeprii AT :AT(¢) MallluHU 0e3 MaXOBHKaA.

Macmrab giarpamu z4 = 1, =0,5 x/mMm.

B)
[1a200a IMHY KIHEMUYHOI eHEDZ)] Aouba EZ’_’ WWH oayep
W =050 /b1 y Wo=05x /
) v W=00 kem /i
4 n L

-

Puc. 5.13
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4. Bu3HaueHHs 3B€JICHUX MOMEHTIB 1HEPIlii MaluHu 0€3 MaxoBHKa
3BelecHUH MOMEHT 1HEpIii MeXaHI3My BH3HAYA€TbCA 3 YMOBHU PIBHOCTI
KiHETHYHOT eHeprii nanku 3BefAeHHs (kpuBommna OA) KiHeTHYHIN eHeprii ycix

PYXOMHUX JIaHOK, TOOTO
n
T.=2T
i

— ‘]36a).l.2

36 . . -
e 2 _xiHeTHYHa eHepris NaHKH 3BefeHHs; | =1,2,3,...,N — HoMep JIaHKH.

VY Hamomy BUIIAJIKY

DT =T +T,+T,+T,+T,
i=1 .

KineTuuHy eHeprio JJaHOK MEeXaH13My BU3HAYa€eMO 3a (GOpMyJIaMu:

T o
=0
2

v J.ad
Tzzmzzsz_|_ 5225"2

T3 =T4 =O, OCKUJIBKHA vSS =01 m, =0;

2

2
myi  myg

T =
> 2 2

[lizcTaBUBIIM 3HAYEHHS KIHETUYHOI €HEpPril JIAaHOK Y 3a]exXHICTh (1), oaepxumo
3 =3, +1 (mp? +3, @R +my?
3~ YO E m2 S, Sza)Z rn:‘: c )

Kopcryrouncs 3anexuoctsimu (4.4) — (4.7), 3HaXoAMMO 3HAYEHHS 3BEICHOTO

MOMEHTY 1Heplii MexaHi3My 0e3 MaxoBuK. Ha mifcTaBi ojepkaHux AaHUX OyIyeEMO

niarpamy J,, =J, (@) B MacwraGi £, =0,01 kr-M*/mm.
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Liazpara 6edequx moreHmib Hepul MawuHy 0e3 Moxabuka
w,=00kzm" /1

0 o vy
1 | 7
2 \ »
3 /5
; [,
5 \} 5
6 %
 —4
8 \ ¢
9 e
v /__> v
1 e
0 e

0

Puc. 5.13.

5. BuzHaueHHs1 MOMEHTY 1HEpLIi MaXOBUKa

Metonom rpadiuHoro BHUKIIOUEHHS 3 giarpam AT :AT((D) iJ,=J, ((0)
3arajbpbHOTO mapamerpa ¢, 0yayemo kpuBy Birrenbayepa — miarpamy AT =AT (J%).

Jo onepxaHoi KpUBOi MPOBOJUMO JOTUYHI Hix KyTamu Y, . 1 W, .. 1o oci J_,

SKi BiZICiKalOTh Ha oci opauHar Biapizox Kl .

KyTu Haxuity JOTUYHUX BU3HA4YA€EMO 3a (hOpMYJIaMu:

JT 0,01 2( 1] op-
t =—w(1+0)=—"—=-9,425"| 1+ — |=0,9137, =42°24',
ngax 2/,[E a)c( ) 2.0’5 35 l//max

H; 2 0,0l 2( 1) oNQ!
gy, =49 @2 (1+5)=—"—-9,425?| 1-— |=0,8629, . =4048.
gl//mln ZlLlE a)C( ) 2.0’5 35 W

Toxai MOMEHT 1HepIlii MaXOBHUKa
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K _ 176505
o, L g gz

35 KF'MZ.

J,, ~34,8

IIpumimka. Touka | Ha Jiarpami AT:AT(J%) 3HAXOIUTHCS 34 MEXaMH

PHUCYHKA.
6. BuzHaueHHs po3MipiB MaxOBUKaA

IMpuitmaemo miamerp maxosuka D =0,8 m. Toxi maca MmaxoBuKa

43, 4-348

= D’ - 0.8 =217,3 kr.

Buznauaemo K0JIOBY HIBUJIKICTh 000/1a MaXOBHKA:

Ve zDn _314-0,8-90
60 60

Taka mBUAKICTH AOMyCTMMA M 4YaBYHHHX MaxoBukiB (V, <35 wMm/c —

=3,77 m/c.

JOMyCTUMa KOJIOBA IMIBUIKICTh 000/1a YaByHHUX MaXOBHUKIB).

[Iupuna 06012 MaXOBHKa

bzo,okﬁ:o,m 273 5165w
D 0.8

TosmmHa 00012 MaXOBHKa
c=0,4-b=0,4-0,165=0,066m.
[Mpuitmaemo b =170 mm, C=65 mm.

Buxkpecmroemo nepepi3 0601a maxoBuka y Macmrtadi M 1:2,
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1)

[lepepi3 oooda Maxobuka
M

60

65

2800

|
G
S

Puc. 5.13.

3a80aHHA 01 CAMOCMITIHOZ20 BUPIULYBAHHA
3aoaua 1. Ilodynyiite rpadik podoTH cui onopy A, = A4, (¢) 3a oauH 00epT.
Busnaure po60oTy UX CHII 32 TOBHHM 00epT KpuBoiuna, akmo M, = 400 H wm.
3aoaua 2. Bu3HauMTH BEIWYMHY 3BEJIICHOIO MOMEHTY pPYIIIHHUX CHII,

npuiiHsBim M = const, SKIWO 3aJaHa JiarpamMa 3BEJCHOTO MOMCHTY CHII OIOpY
M,=f (go) (muB. puc. 5.14 — 5.20). Kyt ¢, gxuii BiANOBiIa€ MepPioay YCTAICHOTO

pyXy, HOpiBHIOE 277, MakCUMalbHE 3HAYCHHS 3BEICHOIO MOMEHTY CHJI OIOpY

M, =1000F.

3aoaua 3. TloOyayBaTu niarpamMy KyYTOBOi IIBUAKOCTI JIAaHKH 3BEIEHHS
3aJIeXHO BiJ 1i KyTa MOBOPOTY, SIKIIO 3a7aHa KpuBa BirrenOayepa.

3aoaua 4. BuzHauuTu 3a JONOMOror KpuBoi BirtenOayepa koedilleHT
HEPIBHOMIPHOCTI PyXy MAaIlIHHH.

3aoaua 5. Bu3HAUMTH MOMEHT IHEpIi MaxoOBHMKa, SAKIIO 3aJaHl KpHUBa
Bitrenbayepa, koedilieHT HEPIBHOMIPHOCTI pyXy 1 CE€peaHs MBUIKICTh 00epTaHHS

rOJOBHOI'O Bajla MallIMHU.
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3aoaua 6. BuzHauutu macy, 1 po3Mipu MaxoBHKa, SKIIO 3aJaHi MOMEHT 1HEepIIii
MaxOBHKa 1 cepeiHii giameTp Horo oboza.

3aoaua 7. Bu3dHauUUTH MOMEHT 1HEpIIli MaXOBUKA, SIKHI BCTAHOBJICHUN Ha BTy
KPUBOIIINIIA, SKIIO 3a/1aH] 3BeICHUH 710 Baja KpuBomuna (JIuB puc. 5.19), koedirieHt
HepiBHOMIpHOCTI pyxy & = 0,05 i cepenHs KyToBa MIBHAKICTh KPHBOIINIA M= 25 ¢ ™.

3BeZIcHMI MOMEHT PYIIIWHUX CHJI 1 3BEICHUM MOMEHT I1HEpIii MEeXaHI3My CcTali

(133 =0,2xe - MZ). Pyx mexanismy ycrajenuii. [{uki pyxy BiamoBimae KyTy ¢ = 2.

3aoaua 8. Po3p’s3atu 3anady 7, skmo [, = 0,1(2 —COS gp) Ke - M.

Hg . M‘l
|
H M . A
l ¥ Feo !
R 4 ¢ T 7 3 F W N LS
0 - Pis 2 2 A
Puc. 5.14. Puc. 5.15. Puc. 5.16.
/]
o | "
i .5‘9 My i ,/"
M , } \ /// |
F f. e \l
.Sﬂ g = i - /’// A
o T ot 2|7 o !’77;‘:
Puc. 5.17. Puc. 5.18. Puc. 5.19.

Iumannsa ona camoKoOHmMpOJII0 CHyOeHmie

o Take MoMeHT iHepIlii MaxoBuka? Hamumrite Bupas.
SIk1 3aBIaHHsA AMHAMIKU MEXaHI3MIB € OCHOBHHUMUA?
Hamumnite Bupa3 MaxoBOro MOMEHTY.

[1{o Ha3MBa€eTLCS MAXOBUM MOMEHTOM?

Ske npu3HAYEHHS Ma€ PEryysiTop?

o 0k~ w DdE

SIke BU3HAYEHHSI Ma€ Max0OBE KOJIieco?
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Taomung 9
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