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JNlekuusa 1.

OCHOBHbI€ MOHATUA U ONpeaesieHuns.

Teopnss MEexaHM3MOB W MallMH 3aHMMAETCa WCCneaoBaHMEM W

pa3paboTKon BbICOKONPOU3BOANTENBHbBIX MEXAHN3MOB M MaLUWH.

MexaHu3M — COBOKYMHOCTb NOABWXHbLIX MaTepuanbHbIX Ten, O4HO U3
KOTOPbIX 3aKpPenneHo, a BCe ocCTaslbHble COBepLuatoT
BMOSHE OnpefeneHHble  ABWXKEHWSA, OTHOCUTENbHO
HENOABWXXHOIrO MaTepuanbHOro Tena.

3BeHbsA — MaTepuarnbHble Tena, U3 KOTOPbIX COCTOMT MEXaHN3M.

CTonKa— HenoaBMXHOE 3BEHO.

CTtoika nsobpaxaetca 4. ; KOHurypauua ctomkum B kypce TMM

HE Mu3y4yaeTcsd. 3BEHO, K KOTOPOMY W3Ha4vanbHO coobLaeTca

ABWXEHME, Ha3blBaeTCA BXOAHbIM (HayanbHbIM, BeayLlinm). 3BEHO,

coBepLuaoLlee ABMKEHNE, AN BbINONHEHNS KOTOPOro npegHasHadeH

MEXaHU3M — BbIXOAHOE 3BEHO.

KpuBowwunHo-
MON3yHHbIN
MeXaHU3M

Puc.1

Ecnn 310 KOMNpeccop, TO 3B.1 — BXOAHOE, a 3B.3 — BbIXO4HOE.
Ecnn 3to mexanuam [ABC, 10 3B.3 — BXOAHOE, a 3B.1 — BbIXOA4,HOE.
KuHemaTnyeckaa napa — nNOABWXHOE COEAVHEHME 3BEHBLEB,
Aonyckarowee MX OTHOCUTENBHOE ABWXEHWEe. Bce KuHemaTudeckme
napbl Ha cxeme O0O003HavalT OykBamyM naTUHCKOrO andgasuTa,
Hanpumep A, B, CnT.A.
Ecnn # |, 1o K.IN. —BpawartenbHasa ; ecnu £ | To nocTynaTtenbHas.
[Mopagok Hymepaunmn 3BEHbLEB:

BXOAHOE 3BEHO — 1;

CTOMKa — nocnegHnin Homep.
3BeHbs ObIBAIOT:

e MPOCTblE — COCTOAT U3 O4HOWN AeTanu;

® CITOXHbl€ — COCTOSAIT N3 HECKOSbKUX, XXECTKO CKPEneHHbIX 4Ppyr C

APYrOM 1 COBEpPLLAKLNX O4HO U TOXE ABUKEHME.

Hanpumep, watyHHas rpynna mexaHuama BC.
3BEHbSA, COEAUHAACH APYT C APYroM, 06pasyoT KNHEMaTUYECKME LiEnMN,
KOTOpPbIE pa3fensatoT Ha:

e POCTbIE N CINOXHbIE,

e 3aMKHYTble N Pa3OMKHYTbIE;
Mpumep 3aMKHYTON KMHEMATUYECKON J
Luenn Ha puc.1,;
NPUMEP Pa3OMKHYTON Lenu:




MawwuHa — TexHM4Yyeckoe YCTPOWCTBO, B pesynbTaTe OCYLIECTBIEHMUS
TEXHOMOMMYECKOro npouecca onpeaeneHHoro poga, MoXHO
aBTOMaTU3MPOBATL UMM MEXaHN3MPOBaTb TPYA YenoBeka.

MalumHbl YCITOBHO MOXHO pasgenuTb Ha BUAbI:

3HepreTnyeckue,

TEXHONOMMYeCcKme,;

TPaHCMNOPTHbIE;

NHPOPMALMOHHbIE.

OHepreTnyeckme MallviHbl pasgensoT Ha:

e JBUraTenu;
e TpaHCHOPMUPYHOLLNE MALLUWHBbI.

ABuratenb — TEXHUYECKOE YCTPOWCTBO, npeobpasyrouee oavH BUA

3Hepruu B gpyron. Hanpumep, BC.

TpaHccpopmaTOopHaa  MawmMHA —  TEXHUYECKOE  YCTPOMCTBO,

noTpedbnsaoLLlee 3HEPrni0 M3BHE M COBepLUarLee nonesHy paboTy.

Hanpumep, HacocChkl, CTaHKu, Npecchbl.

TexHnyeckoe obbeauHeHne aBuratensd nu TexHonornyeckom (padouen

MawuHbl) — MawwuHHbIKX arperat (MA).

cpeaa Ne-ne MEXBHW3M MawuHa npouecc
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[Bnraten WUMEET OnpefeNieHHYI0 MEeXaHWYECKY XapaKTepucTuky,
paboyas MawuHa Toxe. MexaHndyeckme XapakTEPUCTUKM yKas3aHbl B
Texnacnopre.

®; — CKOPOCTb, C KOTOPOW BpaLlaeTca Ban ABuratens;

(M, — CKOPOCTb, C KOTOpoh ByaeT BpallaTbCsa rnaBHbid Ban paboden
MaLUVHbI.

M1 W ®; HYXHO NOCTaBUTb B COOTBETCTBUE APYr APYTrY.

Hanpumep, uncno o6opotos n; =7000 06/MUH., a n,=70 06/MUH.

UtoObl NpuBECTM B COOTBETCTBME MEXAHUYECKNE XapaKTEPUCTUKM
apuratensa un  paboyen MaluHbl, MEXAY HUMMK YyCTaHasBnmBaroT
nepefatoyHbli  MexaHW3M, KOTOPbIM WMEET CBOU MEXaHUYeCcKme
XapaKTePUCT UK.

Up2=m1/02=700/70=10



B kayecTBe nepefaTtoyHOro MexaHnama MoryT ObiTb MCNOMNb30BaHbI:
e (PPUKUMOHHBbIE Nepegaydn (C NCNOMb3OBAHNEM TPEHNS);
e LlenHble nepegayun (NpmMeog MOTOLMKNA);
e 3ybyaTble nepegavn.
B «kayectBe pabouer MallUHbI Hanbonee 4acTto WCNOMb3YIOT
PblYaXKHbIE MEXaHU3MbI.
OcHOBHbIe BUAbI PblYaXXHbIX MEXaHU3MOB.
1. Kpusow unHo-rnon3yHHbIlU MexaHu3m.
a) ueHTparnbHbIn (puc.1);
0) BHEOCHbIN (ge30KcuarbHbIn) (puc.2);

e - 3KCUEeHTpucuTeT

Puc. 2
1-KpMBOLLUN, T.K. 3BEHO COBEPLUAET NOSHbIN 0OOPOT BOKPYr CBOEWN OCH;
2-laTyH, He CBA3aH CO CTOMKOW, COBEpLUAET MIOCKOe ABWXKEHWE;
3-nonsyH (NopLeHb), CoBepLUaeT NocTynaTenbHoe ABMXKEHNE;
4-cTouKa.
2. HembipexwapHUpHbIU MexaHu3Mm.

; B 2 ¢
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3BeHbs 1,3 MOryT GbITb KpMBOLUMNAMM.
Ecnun 38.1,3 — KpuBOLWWMbI, TO MEXaHN3M [ BYKPUBOLLUMHBIN.
Ecnn 3B.1 — kpuBowwun (coBepluaeT nonHbin obopoT), a 3B.3 —
KOPOMbBICNO  (COBEPLUAET  HEMOSMHbIN  O0OOPOT), TO  MEXaHU3M
KPMBOLLUMHO-KOPOMbICSOBbIN.
Ecnun 38.1,3 — KOpOMbICNa, TO MEXaHU3M [,BYKOPOMbICIIOBbIN.

3. KynucHbIl mexaHu3m.

1 - KpyBOLLMM,

2 - KaMeHb Kynucbl (BTyrKa) BMeCTe C 3B.1 coBepLUaeT nosiHbin 060poT
BOKPYr A (o1 M 2 OAHO U TOXE), a TakXKe ABWKETCHA BAOMb 3B.3,
NpUBOAS €ro BO BpalleHue;

3 - KOpPOMbICNO (Kynuca).



Ha 3B.3 BbIOMpaoT TOUKY B; 1 BbIOUpatoT B faHHbI MOMEHT
Tak, YToObl OHa coBnagana ¢ TouKon B.

VB:Q)1'1AB
A Var = Vo + Vo

|| AB LAB || B,D
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4.l uépoyunuHop
(B KWHEMATNYECKOM OTHOLLEHUW NOL0DEH KYJIUCHOMY MEXaHU3MYy).

B npouecce npoekTMpoBaHUSA KOHCTPYKTOP peLLaeT ABe 3ajauu:
e aHanu3sa (uccrefyeT rotoBbl MEXaHU3M),
e CUHTe3a (NPOEKTUPYETCSH HOBbIN MEXaHN3M MO Tpebyembim
napameTpam);

JNlekuumsn 2.

[nasa 1. AHanu3 pblHaXxHbiX MEXaHU3MOS.

B naHHoM rnase OyayT pacCMOTPEHbI BOMPOCHI:

1. CTPYKTYPHbI aHann3 mexaHmama (M3y4YeHne CTPOEHNA MEXaAHN3MA);

2. NU3y4YeHNe KnaccoB U BULOB KMHEMATUYECKMX nap.

3. onpepeneHune yncna creneHen cesoboabl MexaHM3Ma 1 onpeaeneHne
HanMumMsa UM OTCYTCTBUA N3ObITOUYHBIX CBA3EN; B Cryvae Hanmumsa —
AaTb pekomeHgaumm no cnocoby nx yCcTpaHeHus;

4. KnHEMaTUYEeCKNA aHann3 MmexaHmsma.

§1.1

lIpumeyaHue:
KnHemaTtnueckasa napa CyLlwecTByeT, ecClnn He nponcxoaunT

Aedopmauum 3BeHbeB, oOpasylowmx 3Ty napy, W He AOMKHO
NPOVNCXOANTL OTpbiBA 3BEHbEB OJHO OT APYroro, o6pasytoLinx
KMHEMaTUYECKy0 napy.

lIpumeyaHue:
OrpaHVIquVIﬂ, HaknagblBaembleé Ha He3aBUCUMblE ABUMXEHNA

3BeHbeB, 00pasylLWmx KMHEMATUYECKYO napy, HasblBalTCA -
yCcnoBusi CBSAI3U S.



Yucno ctenenen csoboabl MexaHnama

W=S+H,
rae H — noABMXHOCTh.
Jlroboe HesakpenneHHoe Teno B MNPOCTPAHCTBE WMEET 6 CTEneHen
cBoboAbl, HA NIOCKOCTU — 3.
Knaccudumkaumsa KMHemaTtnyeckmx nap npoBogaT nubo yucny cBsa3en,
nnbo No Yncny nogBMKHOCTEN:

Yucno ceasen Knacc KI Yncno noaBmMKHOCTEN
S=1 Py H=5
S:2 PH H:4
S:3 PIII H:3
S=4 Prv H=2
S=5 Py H=1

CylwecTByeT 5 KnaccoB KMHemMaTu4ecknx nap.
Mpumepbl pasnuyHbix KIN cmoTpu puc. 4-95.
KnHemaTuueckune napbl MO XapakTepy KOHTaKTa 3BeHbeB, 0OpasyroLmnx
KI, pasgensaioT Ha:
1. HU3LWwME:
e BpallaTenbHbIe;
e rocCTynaTenbHbIE;
2. BbICLLKE.
KoHTakT 3BeHbeB B Hu3Wwen Kl ocyLecTsngaeTca no NOBEPXHOCTH.
KoHTakT 3BeHbeB B Bbicwen Kl — nubo no nuHum, nubo B TOYKE.

§1.2 OnpepeneHne yncna creneHen csobobl pbl4aXXHbIX MEXaHN3MOB.
1.2.1  [lnockue mexaHu3mhbl.

B nnockom mexaHname Bce 3BEHbS ABWXYTCHA B OAHOW NIOCKOCTK, BCE
OCVv napannenbHbl 4pyr APYry U NnepneHaukynspHbl NIOCKOCTH
MexaHu3ama.

®OPMYJIA YEBbILIEBA :  W,,=3n -2py, -ps,

A€ n — YNCNO NOABMXKHbLIX 3BEHLEB MEXaHU3MA, py — YNCIO HUILLINX
KM, ps — 4ncno sbicwmnx K.

n=3

pi=4

p==0
W=33-22=1

Puc.1.2.1
1.2.2 [lpocmpaHCmMeeHHbIe MexaHU3Mbl.

B NPOCTPaHCTBEHHOM MeEXaHM3Me OCWU HenapannesibHbl, 3BEHbA MOIyT
ABUTaTbCA B pa3HbIX NJTOCKOCTAX.
Wnp: 6n - (Sﬁ‘ Sz+ S3+ S4+ Ss)



Jdonyctum, 4TO  MexaHusMm, un3o0paxeHHblh Ha puc.1.2.1 -
NPOCTPAHCTBEHHbIA N BCE KMHeMaTudeckme napbl 5-ro knacca, T.e.
ogHonoABWXHbI Av,By,Cy,Dy, TOr4a
Wpp= 6n - (5pv+4prv+3purt2pmpr)
Wyy=63-54=-2 - cTaTu4ecku Heonpegennmas depma.
Ana nonyyeHnsa W i.;=0, Heobxoaumo p06aBnTb 3 ABKEHNS.
q= W/:[eﬁCTB = Wnp =1- ('2) = 3,
rae q — N36bITOYHbIE CBA3N.
Ona Toro 4toObl MX YCTPAHWUTb, HAAO0 WM3MEHUTb KMacC HEKOTOPbIX
KWHEMATUYECKMX nap, NpuM STOM Hemnb3s U3MeHATb knacc KIT A.
Moatomy, caenaem KIM B — cdepuyeckum wapHMpom, T.e. 3-ro knacca
(pobaBum 2 noagswxHocth), a KIl C - 4-ro knacca (pobasum 1
NOABUXHOCTb). Toraa
Wipp=63-(52+41+31)=18-17=1

OOPMYIIA COMOBA-MAIJbILWEBA: W= 61 - 2Si+q
i=1
§1.3 KuHematnyeckunii aHanns pblyaKHbIX MEXAHU3MOB.
1.3.1  OCHO8HbIe MOHAMUSA U onpedeneHusl.

3aBNCUMOCTb JNIMHEWHbLIX KOOPAMHAT B KakoW-NnMbo Touke MexaHusma
OT 06O0OLEHHON KOOpAMHATbl — JIMHEeMHas (YHKUMA MONOXEeHUA
AJaHHOM TOYKM B NPOEKLUMUAX HAa COOTBETCTBYIOLME OCU KOOpAUHAT.
X= (1)
3aBMCUMOCTb YrfOBOWN KOOPAMHATLI Kakoro-nmbo 3BeHa mexaHusma oT
06006LLeHHOW KOOpAUHAaTLI — yrioBasa (hyHKUUA NOSOXEHUS AaHHOro
3BeHa.
®2= (1)
MNepBass npou3BogHast JNUHEWHOW OYHKLMM MNOMOXEHUA TOYKM nNO
0600LLeHHON KoopANHaTE — NMMHENHaa nepegaTodHas PyHKUMA JaHHOW
TOYKM B MNPOEKUMAX Ha COOTBETCTBYHOLME OCKM KoopauHaTt (MHoraa
Ha3bIBaKOT «aHanor JIMHEWHOW CKOPOCTH. .. »)

dx, dy, _
dp, Vv dp, Ve
dx, dt
dt (pl chx
dXC = Vc i - Y
dt 0,
Ve
0)1 qex
ch Y chx ch = (Dl chy



MepBas npousBogHas YrnoBOW YHKUMKM MOSIOKEHUA 3BEHa Mo
0000LeHHON KoopaMHaTe — nepesaTovyHoe OTHOLWEHUe.
do, dt o,

Uy |a = (D__UZ—I

1

BTopas nponssogHaa NMUHENHOW OYHKUUK NONOXEHNA No 0BoOLWeHHON
KOOpPAWHAaTE — aHasnor JIMHEMHOIro YCKOPEHUA TOYKU B NMPOEKUUAX Ha
COOTBETCTBYIOLLUE OCU.

d’x d’y,

C

d(P12 - aqcx d(P12 aqcy

BTtopas npousBogHasi yrnoBowW PYHKUMW MNOSIOXKEHUS 3BEeHa no
0606LLEeHHON KOOpAMHAaTE — aHasor YriioBOro yCKOpeHusi 3BeHa.

1.3.2  AHanumu4eckuli cnocob onpedeneHuss KUHeMamu4ecKux
napamempos pbl4axHbiX MEXaHU3MO8.

HaHo: o1, Iap, Iss. Isc lac
Onpepenuntb: v, a;, ®, €.
[Ans uccnepoBaHUsA MNIOCKMX PbIYaXHbBIX MEXaHW3MOB AN pPeLUeHus
AaHHOW 3ajaumn uenecoobpasHo UCnonb3oBaTb METOA NpoeumnpoBaHus
BEKTOPHOrO KOHTYpa Ha OCW KOOpAUHAT.
Ana onpepeneHnsa yHKUMKU NONoXeHna Toukn C npeactaBuM AJSIUHbI
3BEHbLEB B B E BEKTOPOB.
Ycnosue 3aMKHYTOCTM [,aHHOrO KOHTypa:

lAB+ch:1AC (1)
Lup €050+ Iy 050 =X (2)
| sin @ = ]p - Sin @, = Y. (3)

——
=0

n3 (3) cnegyer, 4to

¢, = arcsin [wj 4)

BC

Jlekuumsa 3.
MpoaundpdepeHunpyem (3) no o6obLEHHON KOOpAUHATE:
do, _ lopcoso _
lAB-cosq)lnLch-c:osq)z-d(p1 —X?z m_u%l (%)

Suzg

MpoanddepeHumnpyem (2) no o6obLEHHON KOOpLUHATE:
- lAB -sin ¢; — ch SN @y, - ((11% ~ Vi

ch =5 chx
chzml'vqcyzo

_ 2 2
Vc - ch + ch



Ecnn Heobxoanmo onpeaennTe YHKLMK NONOXEHNSA LEHTPa Macc, TO
Bbl ETMM BEKTOPHbLIN KOHTYP ABS,

YcnoBue 3aMKHYTOCTM Aa@HHOrO  BEKTOPHOrO
KOHTYpa MMeeT BUA:

lAB + lBs2 - 1A52 (6)

| COS @, +1Bsz-cos Py =X, o
| sin o, _11352 -sin @, = Vs,

MpoanddepeHumpyem (7) no oOOBOLLEHHOW KOOpAMHATE W MNOMYy4YUM
aHanory fIMHENHbIX CKOPOCTEN TOYEK S; B NPOEKLUUAX HA OCU X U :

Vszx = 0\)1 ) Vqszx
V =0, VqSZy (9)

s2¥
_ 2 + 2
VSz - Vszx Vszy

[nasa 2. AHanu3 MalWUHHO20 azpeaama.

B naHHoM rnaee 6yayT paCCMOTPEHbI CreayoLme BOnNpocChI:

1.
2.

3.

4,

Cvnbl 1 MOMEHTbI, AENCTBYHOLLNE B MALLMHHOM arperare.

[Mepexod OT pacyeTHbIX CXEM  MaLUMHHbIX arperaTtoB K
AVHAMUYECKUM  MOAENAM.

PacyeT ycunuii B KMHEMATMYECKMX Mapax OCHOBHOrO MexaHusma
paboyen MallnHbI.

OnpepeneHne 3aKOHOB ABWXEHUSA rMaBHOrO Bana (BXO4HOro 3BeEHa)
paboyen MalmnHbl Nog AEWCTBUMEM MNPUSIOXEHHbLIX CUT U MOMEHTOB
Npun pasnnMuHbIX pexumax padoTbl MaWWMHHOIO arperaTa.

§2.1 Cunbl 1 MOMEHTbI, JENCTBYOLLME B MaLLMHHOM arperare.

2.1.1  [Hsuxyuwuecs cumnbl U MOMEeHMbI Iy U M,

PaboTa gBMXKYLLMX CUIT U MOMEHTOB 3a LIMKIT NonoxuteneHa: A, >0.

A
LMkn — npoMexyTok BpeMeHWu, o

NCTEYEHMIO KOTOPOrO BCE KMHEMAaTU4eckune
napameTpbl MNPUHUMAIOT NEPBOHAYanbHOe
3HauYeHMe, a TEeXHOMorMyeckuii npouecc, 0[N\ 2%
NPOMCXOAAWMIA B paboyen  MaluuHe, \J #
HauMHaeT NOBTOPSATLCS BHOBb. umn

2.1.2  Cunbi u MomMeHmbl conpomuenerus (F.M.).

Pa6oTa cuin n MOMEHTOB CONPOTMBIEHNS 3a LMK oTpuuaTenbHa: A.<0.

2.1.3  Cunbi mspkecmu (G;).

PaboTa cunbl TSXECTU 3a LUK paBHa Hymo: Ag=0.



2.1.4 Pac4yemHsie cunbl U MOMEHMbI (Ds; Myp;).
@g; Mg; — 'NaBHbIE BEKTOPLI CUM UHEPLIUW U TMaBHbIE MOMEHTbI OT CUI

nHepuunn.
2.1.5 Peakyuu e KuHemMamu4eckux napax (Q).

§2.2 TloHATUE O MEXaHUYECKNX XapaKTepuCcTumKax.

Mﬂ
MexaHnyeckaa  xapaktepuctmka 3-x  dpasHoro
ACWHXPOHHOrO ABurartens.
Wy
p.lla
WHankaTopHaa gunarpamma BC
H
\ S.m

. \ H — x0p4 NOpLHSA B NOPLUHEBON MalUUHe
’ (paccTosiHne MeXAay KpanHUMm
MONOXEHUSAMUN NOPLUHSA)

HarHeTaHHe

p.la
WHankaTopHasa anarpamma Hacoca

S.m

Kak npaBuno, u3 nacrnopta W3BECTEH AuaMETP
MOPLWHA, MO HEMY MOXHO OnpeaenuTb nnowaab
S,= md*/4, Torpa cuna: F=p'S,

MpaBuno 3HakoB CUT U MOMEHTOB:

e Cunna cuntaeTtcsa NoNOXUTENbHOW, €CNn OHa MO HanpaBfeHno
coBnagaeT C HanpasreHNeM ABUXEHUSA TOro 3BeHa, K KOTOPOMY
aTa cuna npunoxeHa.

e MOMEHT cunTaeTCsa NONOXNUTENbHbIM, €CINN ero HanpasneHne
coBnagaeT C HanpaBfeHNeM YriioBON CKOPOCTU BpaLleHus
AaHHOro 3BeHa.

Nmess MexaHW4yeckyrd XapakTepucTuKy MOPLUHEBOW MalUMHbl  W©
yunTbiBas NpaBuio 3HAKOB, TO MOXHO MEPECTPOoUTb B rpaduk cun (Cm.
nabopaTopHyto paboTy Ne4).

OcHOBHOM BbIBOA:

B TeyeHue Bcero uukna paboTbl MOPLIHEBOW MalUMHbI CuUna,

MPUNOXEHHas K NOPLUHIO, OyAeT UBMEHATBCH Kak MO BeNWYUHe, Tak

M MO HanpaBfEHMIO, 3TO B CBOK O4epenb MPMBOAMUT K KonebaHmam

YrrioBOW CKOPOCTU rMaBHOro Basna paboyen maluuHbl.

BCAdCbhiBaHHE

10



§2.3 TIOHATME O pacCyYETHON CXEME MALUMHHOrO arperata u nepexog oT
Hee K UHaMNU4YeCcKon mMogenu.

Ha pacyeTHOM Cxeme MalMHHOrO arperata OTMeYakT OCHOBHbIE
CUNoBble (PaKkTopbl, AEUCTBYIOWMNE B MALUMHHOM arperaTte; OCHOBHbIE
MacCbl 3BEHbEB, BUAIOLMNX HA 3aKOH ABWXEHMS MALLUWHHOIO arperarta;
N OCHOBHble XeCTKOCTW Banos. Ha puc.5-92 nokasaH nepexon OT
peanbHOW CXeMbl K pacyeTHOW cxeme (a) U OT Hee K AMHaMUYECKOW
MoAaenu.

N3 mMHOXecTBa Macc BblgeneHbl 3 OCHOBHble, OKasblBaroLine camoe
BonbLOe BHUMAHNE Ha 3aKOH ABUXKEHNS.

PacueTHasa cxema (6) — 3-x maccoBas gMHaMmyeckas Moaens.

Ansa onucaHusa 3akoHa ABUXKEHUSA 3-X MAcCOBOW JUHAMUYECKON MO EeNu
Heobxoammo 3 anddepeHumanbHbIX ypaBHEHUS.

ECnn nonoXuTb XXeCTKOCTb ¢; — w0, TO MOXHO NEPenTn K ABYMACCOBOM
moaenu (Heobxoanumo 2 aud. ypaBHeHuUs).

Ecnn nonoxute XeCTKOCTb ¢, —w, TO MNOMAyYUM OJHOMACCOBYHO
AVHaMUNYEeCKyo mMogenb (puc. 2.3).

-~

np
M x ,r"

3BEHO
npueenaeH1A

c.?MDII. = C_?‘

L Wea= W,
Puc. 2.3

MOXHO MMEeTb 2 BUAa OAHOMAaCCOBbIX AMHAMUYECKUX MOAENEN:
1. Ecnu 3BeHO nNpuBeaeHNs COBEPLLAET BpallaTenbHOe JBWKEHNE, TO
oAHOMaccoBasi MOAENb UMEET BUS

Mg

-—

3BEHO
npUeBEnEHHA

3aKOH [ BVDKEHNSA JOMKEH OblTb OAWH,
D= 9, HOSTOMy OJM - O)l 5 (pM - (Pl

Sae=w,
YpaBHeHI/Ie ABWXKEHNA MOXHO 3anucatb OAHUM YypaBHEHWEM, B BUAE
N3MEHEHNA KUHETUYECKON SHeprun:

T _THaq - AZ
I;MB . (Di Py om Hp
Eor - Mg an

2. Ecnu 3BeHO npuBeaeHus coBepLllaeT NOCTynaTenbHOe ABMKEHNE, TO
oAHOMaccoBasi MoJeNnb UMEET BUA,:

—==—n-Vy meI/IB . Vz
— Frm
3IBEHO /C L2 2
npuEEAEeHNA . mm™ )
. Mg

OTOT BUA paccmaTtpuBath He Oyaem.

Swm kon
—-T..= | Fy ds,

SM HAY
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§2.4 T[lpvBegeHne cun M MacC K OJHOMAacCOBOW AWMHAMUYECKOW
MOAENMN.

¢ — 0bobLeHHas koopauHaTa.

HY)KHO onpeaennTb 3akKOoH ABMXKEeHNA 1-ro
3B€Ha JaHHOro mexaHu3ma.

D,aHO: 01, O, lAB, lgc, IBSQ, Gz, Gg, Fs, Is,, Is..
Oﬂpe,ﬂ,eﬂl/lTb, KaK NBMEHAETCA ®;.

MNpu nepexoge OT pacyEeTHOM CXeMe K O4HOMAaCCOBOW MEeXaHWYeCKOW
MOZENN 3a 3BEHO MNPUBEAEHMWSA, KaKk MpaBuio, NPMHMMAOT TO 3BEHO,
3aKOH [ABWKEHNS KOTOPOro ONpeaenstoT.

3BeHO npueeaeHns — 3B.1; n3obpasnum 0gHOMAaCCOBYIO MOAESb!

2.4.1 [lpusedeHue macc.

Mpn nepexoge OT pacyeTHOW CXeMbl K MOAenun Heobxoanmo
obecneunTb PaBEHCTBO KUHETUYECKOW 3HEPrnn 3BEHA NPUBEAEHHOWU
MOAENN N pearibHOro MexaHusma:
TMon:TMex-
KnHeTnueckaa sHeprus Mogenn AofmkHa ObiTb paBHA KMHETUYECKOM
3HEprun cero MexaHuama.
TMOJI = THOCT+ TBpar_u

P o2 2 2

IZ Oy m: V. I. - o;

= :Z; +Zl_

2 2 2

KUHeTU4YecKas KUHeTU4YecKas KUHeTu4YecKan

JHeprua Moaenun JHeprusa nocrtyn. JHepruga Bpawiart.
ABUXYL.3BEéHbEB ABUXKYLL.3BEHbEB

B Hawewm cnyyvae:

IHP'O)2 2 g 2 2
> M:m3'Vc+mz'Vsz+Isz'(D2+Isf0)1
2 2 2 2 2

P | Ve | Vs2 NCPs 2 |8 2
IZ ~1ms ((DMJ +m2 ((DMJ +Isz ((DMJ +151 ((DMJ

0)M=0)1

o 2 2 2
IZ _mg'ch+mz'Vqsz+Isz'U21+151

12



Jlekuus 4.

M: nocT.ABKMX.3B. 3)

M > NOCT_ABMX_.3B. 2)

Ig, BpalLABMX.3B. 2)

13, Bpaw.aemx.s6. 1)

Iy =L+ Lo+ Lo L
MpuBegeHNe MacC OCHOBAHO Ha PaBEHCTBE KMHETUYECKUX 3SHEpPrum
peanbHbIX 3BEHLEB 1 3BEHA NPUBELEHNA O4HOMACCOBON MOAENN.
Ecnim Tpelbyetca onpegenutb Kakyto-nnbo  COCTaBMALLYHO Ig’

Hanpumep [,.., TO 3annCbIBaOT PABEHCTBO:

TZBP :TMOJZ[
P
Isz '(Dg _ IzBP'(Di/I
2 2

IZBP ISZ [ j _ISZ u21

2.4.2 NpusedeHue cur.

— paboTa CyMMapHOro npuBeaeHHOro MOMEHTA Ha €ro BO3MOXHOE
nepemeLLeHue.

T_THa'{:AZ

I (pMKOH
2 o _THAq IMFZEPd(pM (1)

Por gaw
an/IBe,El,eHI/Ie cnn oOCHOBaHO Ha paBeHCTBE CEeKyHAHbIX pa60T
(MOLLI,HOCTGI7I) peanbHbIX CUN WU MOMEHTOB, MNPUIOXEHHbIX K
3BEHbAM MeEXaHU3Ma, Ha WX BO3MOXHbIX NepemMeleHnAax u
CyMMapHoro npmBegeHHoro MoOMeHTa, MNPUIOXeHHOro K 3BEHY

npmeBeaeHnd, Ha ero BOSMOXHOE nepemMeLleHmne.

1
M;p do, =Y Eds, +> M do, |-E

M;p ‘0 = > F v, -cos(F, ° V)+ZM o,

p v, ~ ®
:Z:Fi-—~cos(Fi Vi)-I—ZMi~—
0)M

M

—— ——
nepeaar nepeparoy
byHKUMA OTHOILEeHne

ra\
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BmecTo cunbl 5 — MOMEHT M/, .
3

Ecnm  HeoBxogMmo  onpefenutb  Kakylo-nubo  COCTaBMSIOLLYHO
CYMMapHOro NpUBEAEHHOrO MOMEHTA, HanpumMep \j,., TO HEOBXO0ANMO
3anucaTb PaBEHCTBO:

A=A,
My .o, =F v, -cos(F *v,)

1\/[%EP = Fi Ve -cos(Fi 0 Vo)

§2.5 BbiBOA, Gopmynbl NS ONpeaeneHns 3akoHa ABUXKEHMA 3BeHa
npuBeaeHnsa B POpMe KUHETUYECKON 3HEPrnn (ornpepeneHmne o,).

13 BblpaxeHuns (1) nonyyaem, 4Yto o, paBHa

B 2-(Ay +Tyy)
(DM_ Im)

Z

2.5.1 OnpedeneHue Ax(epaghuqeckuli memod).

Ans onpepeneHnsa Ay HEOOXOAMMO NOCTPOUTL rpacPuk M¥ =f(o,).
M;[P onpeenseTcs no BbiWeNpuBeseHHbIM 3aBUCUMOCTAM.

pachuk Ay CTPOUTCA METOLOM rpacdoNyYECKOro UHTErPUPOBaHNS M;[P

CyTb_MeToda: Ha npogormkeHun ocu abcumcc cnesa BbiOupaeTca
NPON3BOMbHbIN OTPE30K MHTEerpuposaHma OK, yem OH
AnvHHee, Tem Oonee nonorum OypeT rpadpuk Ay .
3ateMm nnowagb noa KpvBoW M(gp;) Ha Kaxgow
nTepaunn 3amMeHsieTCa nnowanbio  PaBHOBEMUKOTO
NPSAMOYrofibHMKa.

_Ha My

®-He T

14



2.5.2 OnpedeneHue 3akoHa O8UXEHUs1 38eHa npusedeHuUsT 8
ougppepeHyuanbHol  ¢hopme  (onpedeneHue &  368€Ha

npusedeHusl).

Ytobbl n3dasutbcs oT mHTerpana B (1), npoguddepeHumpyem (1) no

00006LLEeHHOM KoopAUHATE @, NONYYUM

2-®M-1§-dm+@;~d1§ dt

TP
2-d@ 2-dQ Mz Iy
) m.@ 2 o
O)M IZ dt +O\)M'dIz :MHP
0 Toap M

dt
TP 2 TP
_ MZ Ov d IZ

2 Iy 2y 99

Eu

d TP
2.5.3 OnpedenerHue dIZ epaguyeckum memodoom

M

Ctpoum rpadpumk I; =1(o,)

1P 1P 1P 1P 1P
IZ = Il + IZBP + IZH + ISH

P P P
IZ =L *+ I
- —
const var
»
'z \ B  cooTBeTcTBUM c

NPOM3BOAHOW MPOBEAEM

C
tgf = —
5=700

100Mm

(3)

onpeaeneHnem
KacaTernbHyl K

KPMBOMW B TOYKE 1 N ONPEeLENnMM TaHreHC yrna
HaknoHa 3TOW KacaTenbHou. [ns 3Toro
NpoBeAEM HOpMarnb Yepes TOUKY i. Toraa

dIy A0/ g Y

=—1g&

P dx,/p) o, 9

¢

D S T

Xo

¢

dp i 100
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2.5.4 OnpedeneHue &yppenu M0 U3BECMHOMY 2pAPUKY @,=f(91).

w
Hes “\\n 'L'./ d d d d( / )
\_ //K\IE SM:—(D._(P:_O).O):(DM_ Yo l’lo) —
b i dt do do d(xq)/uq))
d
LB G Be e
z uqa d(ch) Hq;
é Z
=) ¢ __z
i e 188 100

§2.6 Pexxumbl paboTbl MaWMHHOrO arperaTta.

(l) p—
®

EREMA_ | BpErMA
pexmma PEMME

6) mopmoxeHue (sbibee)

a) pas3eoH
® @ I
oo — %
8) b6e3ydapHbili o0CMaHos e)

puc. 2.6
a),0),B) — HEYCTaHOBUBLUNINCA PEXUM;
) — YCTaHOBUBLLUACH PEXUM.

2.6.1 OnpedeneHue 3akoHO8 OsUXeHUS 38eHa npusedeHus

oOHomaccosol OuHamu4eckol modenu npu
HeycmaHosuswWeMcsi  pexume  pabombl  MaWUHHO20
agpezama.

Yrnosas CKOpOCTb onpegenserca no (2).
Yrnosoe yckopeHue onpegensaetca no (3).
Bpems pexuma onpegenseTtca no popmyne:

t;di

¢ Hay

16



2.6.2 OnpeldeneHue 3aKoHo8 OsuXeHuss Onsi ycmaHosuswea0cs
pexuma pabome .

Oy
LAY '
\VAVA VA VSN Oy F Oy
N max o -
Wyaimin| ~ °F M CP %)

OTKNOHEHNS YrroBOW CKOPOCTU OT CPeAHEro YpoBHSA XapakTepusyeTcs
K03 PULIMEeHTOM HepaBHOMEPHOCTHU §
8 — (DMmax _O‘)Mmm
(DM CP
KoadbdomumeHT & onpeaensaeTca aKCnepumeHTanbHO U ANs pasfiMyHbIX

MallnH MMEET 3HAYEeHUNA:
1 1

8= e MaLUWHbl YyAAPHOro 4encTsns (Npecchbl, MONOTbI)

8= % + % nonurpadguyeckme mawnHbl (Hacochbl)

§= % + ﬁ 3aneKTporeHepaTopbl NEPEMEHHOIO TOKa

5= %+% 3aneKTporeHepaTtopbl NOCTOAHHOMO TOKa
JNIEKLINA 5.

[Ana onpefeneHnsa yrnoBo CKOPOCTH

2 (Ay +Tye)
(DM_ s g

2
P P P
rae IZ =L + L
e
const var

Ona Toro 4TtoObl yaepxmBaTb konedaHus yrrnoBOW CKOPOCTU o, B
3ajaHHbIX npeaenax, onpeaensgemMbiX KO3adhprUneHToMm
HEepPaBHOMEPHOCTN &, NepBas rpynna 3BeHbEB AOMKHA NUMETb (L“P)HEOBX

17



2.6.3 Bb1g0od gpopmynbl Onsi onpedeneHust ([, )usosx -

N3meHeHne ©, OT ®ymax A0 Oy mn NPUBOAUT K WU3MEHEHUIO
KUHETUYECKOW 3HePrnm nepson rpynnbl 38eHbeB (AT)), KOTOPOE paBHO:

(AT ) _ (IIHP)HEOEX .0)12\/[max _ (IIHP)HEOBX 'Q)sz/lmin _
1/ Max

2 2
(I?P )HEOBX

= T (Q)Mmax - Q)Mmin)' ( Mmax (DMmin)

_ (DM max + (DM min
Oy cp = >

§ = OM max ~ OM min

Oy cp
(ATI)MAX = (IIHP)HEOBX -9 COi/[ CP
A
(IIHP)H}:OBX = (STW (2)
MM cp

T-n
=— an/c
Mmcp 30 [pan/c]

[Mpn yCcTaHOBMBLUEMCS pexXMme paboTbl Npu onpeaeneHun o, popmyny
(1) HanpsiMyro UCMNONb30BaTb HENb3s, T.K. HEU3BECTHO T, MOSTOMY
3agady pewarot, ucnonbsya meton MepuanoBa (CM. y4eOHNK).

§2.7 OnpepeneHne peakuun B KUHEMATUYECKMX Napax pblHaKHbIX
MexaHn3moB 0e3 yyeTa TpeHus.

[aHHasa 3agaya MoxeT ObITb peLueHa:
1. aHanUTU4YeCKNMm cnocodbowm;
2. rpadpuyecknum cnocobom (cm.[3 Ne2).

AHanumu4eckuli cnocob:

N306pasmm cxemy KpnBOLLMMHO-MON3YHHOrO MeXaHuama.
[laHo:
F3, Gi, ®@s1, Mo1, Ga,
Ds), M2, G3, Dss3,
®i, €, Vi, 4j.

F:  OnpegennTsb:
M; 1 Qj

3ajady HauyuHaT pewaTb C TOro 3BEHa, K KOTOPOMY MpPUIoXeHa
n3BecTHada cuna unm momeHT. Kpome TOro, BBE4EM MOHATE BXOOHOM
WwapHup (Npoekunmn peakuum Q Ha OCU X My MONOXUTENbHbI) ©
BbIXOAHOM LWapHMpP (MpoeKkuumn peakunm Q Ha ocu - oTpuLaTenbHbI).

18



PaccTosHne OT BXOA4HOrO LapHupa A0 LEeHTpa Macc 3BeHa

paccTtoAaHne OT BbIXOAHOIO WapHUpa A0 UeHTpa Macc 3BeHa — q.

3BeHO 1
LapHup A - BXOZHOW

LapHup B - BbIXOAHOW

3BEHO 2
LLlapHup B - BXOg4HOM

LlapHup C - BbIXOAHOWM

3BeHO 3

MNpu peweHun 3agayn ncnonb3dyetca npuHumn Janambepa

CDSi = _mi'am
M@i =-& ISi
3 3BEHO:
X
Qc = F3 + chz
Y
Qc + Q34 - G3
2 3BEHO:

Q.-Q.=

Q.-Q.=d.+G,
Q,P.-Q.*q,=M..

Q. p.-Qp.-Q.q+Q. q, = M

1 3BEHO:

19
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QAXﬁl_GBXQI_MleCb]
Qp-Q.p-Q-q+Q,q -M=M.,

CocTaBnM CUCTEMY YPaBHEHWIN B MaTPUYHOWN hopme:
HEH3BECTHLIE Q AX Q AY QBX QBY Q CX Q CY Q3 4 M ]
F3+®Dg;3 0 0 0 0 1 0 0 0 A
Gs 0 0 0 0 0 1 1 0 QA
D" 0 0 1 0 -1 0 0 0 Q"
D" +G 0 0 0 1 0 -1 0 0 Qp’
\Y %) = 0 0 pzy -pzx -qzy q2x 0 0 X QCX
Dg,* 1 0 -1 0 0 0 0 0 Qc’
D" +Gy 0 1 0 -1 0 0 0 0 Q34
Mo p’ | p g | Qi 0 0 0 -1 M,
b A X

JTa cuctema peluaetca metogom Maycca.
§2.8 YueT TpeHuWsa npu ONpeaeneHnn peakuuini B KMHEMaTUYECKMX
napax.

TpeHue 4aBNSETCA  CMNOXHBIM  PUINKO-XUMUYECKUM  MPOLLECCOM,
COMpPOBOXAAKLWNACA BblaeneHmem Tenna. 3TO BbI3BAHO TEM, YTO
nepemMeLLarLmneca Tena okasbiBalOT CONPOTUBEHNE OTHOCUTENbHOMY
ABWXEHUI0. Mepol MHTEHCMBHOCTU COMPOTMBIEHUA OTHOCUTENbHOMY
nepemMeLLeHunio ABnaeTca cuna (MOMEHT) TPeHUS.

Pasnuyalor TpeHune KaveHus, TPEHUE CKOMbXEHUHA, a TakKXKe Cyxoe,
rPaHNYHOE M XNLKOCTHOE TPEHUe.

Ecnn cymmapHass BbicOTa MWKPOHEPOBHOCTEW B3aWMOAEWNCTBYHOLLNX
NOBEPXHOCTEMN:

e OGonblue, YeM BbICOTa CNOA CMas3ku, TO - CyXoe TpeHue.

e paBHa BbICOTE CIOA CMa3Ku, TO - FPaHUYHOE TpeHue.

e MeHblle, YeM BbiCOTa CrNOSA CMasku, TO - XKUAKOCTHOE .

2.8.1 Yyem mpeHus & nocmynamersnbHOU KUHeMamu4eckod rnape.

bes yueta TpeHMa peakuuMa HanpaeneHa MO HopManu K
B3aNMOA,ENCTBYHOLL UM NOBEPXHOCTSAM. Mpwn yyeTe TpeHunsa
pesynbTupylowasa peakumsa Q,; OTKNOHAETCA OT obLller Hopmanu Ha
yron TpPeHua ¢ B CTOPOHY MPOTUBOMOMOXHYK HanpasneHuto

ABNXEHNA. 1

i
7

7@

Viz
—-
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6es yyeTa TpeHus C YYETOM TPEeHMA

1 " Viz ﬁ,_a_r_. &3 FTp:inl.tg (P
Q2 : J O FTp:inzof

Frp
KoadpdpuumeHT TpeHua f onpegensaeTca akcnepumMeHTanbHO 1 3aBUCUT
OT MHOIMX pakTopOB.

2.8.2 Y4em mpeHus 80 epawamenbHol KuHeMamu4eckol nape.

1 - uanga

1, - paguyc yandol

A - 3a30p

p - pagyc Kpyra TpeHus,
p= 0,C

N3 A0,CK 98;;= sin 2 O;C=0;Ksin ¢

M= Q12 0,C = Qqy 1ysin @
Mpy manbix yrmax ¢ sing =tge=1f. Torga :
Mc: Q12. ru.f
MNpun yyeTe TpeHnsa Bo BpawartenoHon KIT pesyneTupyrowas peakuus
OTKINOHAETCA OT ofwWen HopManu Ha Yrofl TPeHUs ¢ W MPOXOAUT
KacaTenbHO K Kpyry TpeHus paguyca p

JNEKLINA 6.
2.8.3 Kpamkue ceedeHusi no onpedeneruto Kl (n) mawuHHO20
aspezama.
AL yerhe KN4 wmawuHHOro arperata pasBeH OTHOLLEHUIO
n:—Au'm VOTpe. paboTbl CU MONE3HOro COMpOTUBEHUA K paboTe
AB-CH ABWXYLLMX CMN 32 LMKN YCTaHOBMBLLErOCs pexuma.
AH.C
n= t  _ Pn.c _ Mc‘(DBLIXSB _ Mc
A/IB.C P};[B_c MHB,C’(DBXGB M;LB’C'UBX.—BBIX
t
Upy pux = (DBXSB n<l

Q) BBIX.3B
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a) onpegeneHne KM npu nocnepoBaTtesibHOM  COEAVMHEHUU
MeXaHN3MOB.

_ Fa |_|Pi |_|P2 Poux

PBXOH:PH
PlZP;['nl
PZZP]'T]Z :Pﬂ'nl'nz

PBLIX:Pm_l‘nm :P;['nl ‘N, oo Ny

_ Peux _ Pu‘ﬂl Ny oo Ny
Pix P,

n=[In
1=1

0) onpegenexune K npu napannenbHOM COe4UHEHNN MEXAHN3MOB.

n =M, T,

Pai _"PBH“':I_‘

Pﬂ2
P_‘.. _-PBHHEO PBH“
[\ : :
IF?“—m_-PBuan'l
Pm =P 'P];[
Pr= B, Py
P];[m =P 'P];[
rae B; — koadpdpuuneHTbl pacnpegeneHnsa MOWHOCTH.
B1+ Bz+ B3+... + Bm: 1
Kaxabin 3 onpegensaeTca HasHa4YeHneM cneyuanucra.
Prrix = Peoxi + Peox2 + -+ Prpxeom

_PBBIX_PZ[].nl+P[[2'n2+°"+PI[m'nm

n =
PBX PI[
Brm APy Byt APy B M
:PH Rl s P =By +By ny . By Ny
Pr
n=§ﬁi-m
i=l

nasal3. OcHosHbIe ceedeHus 0 subpo3awume MaWUHHO20 agpeaama.

BuGpaumn Hawnu nonesHble NPUMEHEHUS B TeEXHWUKe. [Mpumepamu
3TOro ABNANTCA pasnuyHbie Bubpomaccaxepbl, BUGpoTpaHCnopTepbl U
T.4. OgHako paboTa C WHCTPYMEHTOM, OCHOBaHHOM Ha Bubpaumu,
NPMBOAUT K NpOeccmoHanbHbiM  TpaBMam U 3abonesBaHusam.
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OCHOBHble MeponpuUATAA, CBA3AHHbIE C BbISBIEHUEM WUCTOYHMKA
BuOpaunn, ¢ LENb0 NOCNEeaYLWEro CHMKEHNA ero BubpoakTUBHOCTU
NN NOSTHOTO €ro YCTPaHEHUS, HasbiBalOT BUOPO3aLMTON.
Bubposawmta  ocywectengerca nNo  Cneaywowmm  OCHOBHbIM
HanpaBneHNAM:

1. YMEHbLUEHNE aKTUBHOCTW WCTOYHMKA C MOMOLLbK CTaTUYECKOro
ypaBHOBELLMBAHMA MEXaHW3MOB (MOSIHOrO WM  4YaCTUYHOro), a
TakkKe ypaBHOBELLMBaHWNS POTOPOB.

2. NameHeHne  KOHCTpyKuMn  obObekTa: yCTaHOBKa  racutenem
konebaHun, pemngepos, BUOPON3ONIATOPOB.

§3.1 CTatnyeckoe ypaBHOBELLUMBAHNE PblYaXHbIX MEXaHNU3MOB.
2

Ecrv @, =0, TO Takoii MexaHM3M HasbiBaeTcs

CS CTaTUYECKUN ypaBHOBELLEHHbIM.
p-B2. , ECrm N[, =0, TO TAKON MeXaHW3M HasblBaeTcs
~4 s

MOMEHTHO-YpaBHOBELUEHHbIM.

(s
Mipy

Ic.‘lq,5

PaccmoTpum cnydai, korga HeoOX04UMO YpaBHOBECUTb CTaTUYECKM,
T.e. (p,=0. ATOr0 MOXHO AOBMTLCA TOSBKO TOrAA, Koraa g, =0, T.K.

D =m-q; S>A
Korga ueHTp Macc COBMELLEH C A, TO OH CTaHOBUTLCA HEMNOABUMXHbBIM,
9T0ro AobmBarTCA C NOMOLLbBIKO ABYX NPOTMBOBECOB, O4UH U3 KOTOPbIX
yCTaHaBNMBaeTCA Ha MNPOAOMKEHWW WaTyHa, a Apyrom Ha
NPOAOIIKEHUIN KpuBOLLMNA.
Anga Toro 4tobbl paccunTaTb MaccChbl MPOTUBOBECOB, MPUMEHSAKOT METOZ,
3amMeLlarLWmMx Macc, CyTb KOTOPOro 3ak/i4aeTca B TOM, YTO Macca
KaXXgoro 3BeHa YCMOBHO PasHOCUTLCA MO ABYM Toykam. [Mpu aToM
A,0MMKHbI BbINOMTHATLCA CreayoLwme ycrnoBums:

® pasHeceM Maccy 3TOro 3BeHa 1o
e | A Toykam A n B TaK, 4ytoObl NONoXeHue
Lol s " s LIEHTPa MacC He U3MEHMUITOCh.
lse m=mpu + mgp
B Mooy lap=las + Ips

my las = mp Ips
CocpegoTounm maccy 3-ro 3seHa B T.C
Maccy 2-ro 3BeHa pasHeceM Mo LwapHupam
B n C. Ecnu Ha npogomkeHun 3BeHa 2
MOCTaBUTb MPOTMBOBEC MACCOW my, W Ha
paccTosHMn oT T.B paBHOE ly», TO LEHTP
Macc 3BE€HbEB 2 U 3 NepemMecTuTbCa B T.B,
npu 3TOM

My Iy = (e + mse) Ipe
Mpm 3tom nubo 3agaldTCa  Maccou
npoTueBoBeca W ONpPeaensawT l,, nmMbo
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3ajaroTca 1y, M onpeaenarT Maccy npoTMBOBECA.
M1 Iip1 = (Myp + Mypo+ Mgt myct m3c)lap

[Mocne Bcex ykasaHHbIX MEPOMNPUATUIN, LEHTP MacC NEPEMECTUTLCA B
TOYKY A, OAHaKO HeBcerga KOHCTPYKTUBHO BO3MOXHO YCTaHOBWUTb
MPOTMBOBEC HA NPOAOIMKEHUMN LLIATYyHA U OrpaHUYMBalOTCHA YCTAHOBKOM
npoTusBoBeca Ha 3BeHe 1. B aTOM cnyyae UEHTP MacC CUCTEMBbI
cMelwarT Ha nnHUK AC, U 3TOT UEHTP Macc nepemewiaetca C
NOCTOAHHbIM YCKOpEHUEM: a = const

B aTOM cnyyae MexaHu3M — 4aCTUYHO CTaTUYECKM YypaBHOBELLAHHbIN,
ero HexenaTenbHO yCTaHaBnMBaTb Ha BbICOKOM (OyHAAMEHTe, T.K.
FMaBHbIA BEKTOP CUN MHEPLMM CO34aET ONPOKNAbIBAKOLWNA MOMEHT, YTO
Hea0nyCcTUmo.

B yeTbipexwapHUpHOM MeXaHu3mMe LEeHTP MacC CUCTEMbl Pa3HOCUTLCSH
No Toykam A 1 D, a npOTMBOBECHI YCTaHaBMNBAKOTCA Ha NPOAOIIKEHNN
3BEHbEB 1 1 3.

§3.2 banaHcuposka poTtopa (nab. pabd. Ne9).

Potop — Teno nwobon reomeTpuyeckon GopMbl, UMEIOLLEee CBOe
OCHOBHOE [BWXEHWEe — [ABWXEHUE BpaleHua (KoneHsan, Koneco
TYpOWUHbI N T.4,.).

[MycTb B cuny Kaknx-nubo NPUYUH LIEHTP Macc poTopa CMELLEH OT OCu
BpaLleHna O Ha NOCTOAHHYHO BEMUYNHY e.

1. ®=0 > Ha onopbl 4ENCTBYET TONbKO cuna Tskectn G=mg.

2. ®=const

1) i-e cav 2)

l-e ceu

hN

w=0 = const

Ecnn 3ameHWTb BO34EenCTBME OMOpbl peakuvMern u 3anucaTb YCrioBue
crtaTtnyeckoro pasHosecus (no danambepy):

§+§+612:0
N3 paccmoTpeHua gaHHOro TpeyronbHUKa cneayet, uYto npu
BpaLeHum poTopa Ha €ro  onope  BO3HUKaeT
3HakonepemeHHas Harpy3ka Qp;, KoTopasa JAocTuraet
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Makcumyma, korga d@s 1 G HanpaeBneHbl BHU3, 1 MUHUMYMa, KOrga 3Tu
BEKTOpa HanpasSieHbl MO BEPTUKaNU B pasHble CTOPOHbI.
CocTosiHMe poTopa , XapakTepusyrLllerocs Takum pacnpegeneHnem
Macc, npyv KOTOPOM Ha ero onopax BO3HWKAET 3HaKonepemMeHHas
Harpyska, HasblBaeTCq HeypaBHOBELIAHHOCTLIO pOTOpA.
[MprymHbI BbI3bIBaKOLLME HEYPABHOBELLAHHOCTbL poTopa:
1. HETOYHOCTb U3rOTOBIIEHNSA POTOPA;
2. HETOYHOCTb COOpPKU;
3. pasnnyHble BKIOYEHNSA NPU OTNBKE YaCcTeN poTopa;
4. nepenagbl Temneparyp.
Mepoii HeypaBHOBELLEHHOCTLIO poTopa fensetca aucbanaHc (D) —
BEKTOP, HanpasneHHblil N0 ds U OTIMYAIOLLMIACS OT HEro B »° pas:
D=m-€.; ,[rmm]

NAODCKOCTb

ancbananca AOna Toro 4TOObLI ONpPeaenuTb BENUUYUHY W
L. 5 o gron HanpaeneHne D, B pacCMOTpPeEHME BBOASAT

ancbananca MJIOCKOCTb AucbanaHca, B KOTOpOM STOT
‘ BEKTOP pacrnonoXeH, u yron gucbanaHca.
Meponpuatue, cBA3aHHOE C OnpeaeneHnem
BENMUYUHBbI N HanpaeneHus D, C uenbio ero
NOCNeayrLWero YMeHblUeHNs, HasblBaeTcs
ypaBHOBeLLMBaHUEM POTOpA.
CyuwecTsyloT 3 BUAa HeypaBHOBELLAHHOCTN:

1. cTaTnveckas;

2. MOMEHTHas;

3. AnHamunyeckas (obwmn crnyyan).

JNEKLINA 7.

3.2.1 Cmamud4eckasi HeypasHoseWwaHHOCMb pomopa U crnocobbl
ee ycmpaHeHUs.

CraTnyeckaa HeypaBHOBELWAHHOCTb XapaKkTepusyeTcs Tem, 4TO
rmaBHas  LEHTpanbHass OCb WHepuum poTopa  pacnonioxeHa
napannenbHO OCK ero BpalleHWUs, a LUEeHTP Macc poTopa CMELLeH OT
OCV BpaLLEeHUNA Ha BENNYMHY ¢ CTaTUYeCKoe.
Cratnyeckas HeypaBHOBELUAHHOCTb NPOSABMAETCA B CTaTUKE: €CNK OCb
BpalleHusa poTopa YCTaHOBUTb Ha NPU3Mbl, TO POTOP, CTPEMSACH
3aHATb MNONOXEHME YCTOMYMBOrO MONOXEHUS paBHOBecus, Oyger
NOBOpaYNBaTLCS.
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oTD

i UET rnaeHan ueHTpanbHan
DCb HMHEBPLUKWA

OCE BpaleHHn
poTopa

,

1rECT. — fﬁ'

7 D 7
EE LA A o
4
MNpw BpalweHun poTopa BO3HWKaeT cTaTtudeckud gucbanadc D.. Ona
';,ICTDEHEHH'FI CTaTUYECKOW HE},FDEEHDEELUEHHDGTH no NUHKWK J’.‘;EF‘ICTEMFI
D, yCTaHABNUBAKT KOPPEKTUPYIOLLYH Maccy m; Ha pPacCTOAHWW e, OT
OCW BpaLLEHKUA, W 3Ta KOPPEKTUPYHOLWas macca cosgaeT ancbananc:

EK =m- g
[lnA cTaTM4eckoro ypaeHoBELWMBaHWA Heobxognmo, 4Tobbl

—Dg =Der
Npy 3TOM MOXHO 3a4aTbCH BEMNWYMHOW my, W ONPefenuTb e, , WK
334aThLCA ¢, W HAWTKU my.
B pesynbTaTte ypaBHOBELUWBaAHWA rMaBHas LUEHTpanbHaA OCb WHEPLWM
AOMKHA COBNACTb C OCbH BPaLLIEHKWA.
OpHako OblBadT chnydawm, korga B Ccuny
KOHCTPYKTUBHbIX ocoBeHHOCTEW poTOopa
HENb3A YCTaHOBWUTE OAHY KOPPEKTUPYHOLLYH
maccy. Torga  ycTaHaenuesawT  [Be
KOPPEKTUPYHOLLINX Macc B pa3sHbIX
NNOCKOCTAX.
BoiBaeT Apyrol  cnyyYaid  cTatuyeckoi
HeypaBHOBELLAHHOCTM, KOrga poTop no E;.,m\
ceoemy obvemy wmeeT  Kakue-nubo
BKNHOMEHWA CTOPOHHWX NpeaMeToB UNK YacTtuy.
Kaxpas 4yactuya coagaet aucbanadc: Dy, Do, Dos.
Bo3HuKaeT BONPOC, KaKk pacnonoXnTe KOPPEKTUPYHOLWWYH Maccy?

El] +E-.12 +Ecr3+ﬁ}( =0

Crpowutcsa nnad gucbanaHcos.

) = const

BK=H1‘EK
BennduHy w Hanpaesnedwe D, onpegenswT U3
nnaxa.
3peck Takke nubo 3a8aK0TCH BENWYUHOW my W
onpepfensioT e, , NWOO 3a34aK0TCA e; W HAXOO4AT my.
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3.2.2 MomeHmHana HeypasHOgewWwaHHOCMEL pomopa u cnocobel ee
ycmpaHeHus.
MomeHTHas HeypaBHOBeLWAHHOCTb XapakTepuayeTca TeM, YTO LeHTP
Macc poTopa pacnonoXeH Ha OCW ero BpalweHwsa, rnasHas
LEeHTpanbHas OCb WHEPUWW NOBEpPHYTa OTHOCUTENBHO OCW BpaLleHWA
Ha HeKOTOPbIN yron .

rnagHaA ueHTpanbHan ‘f lﬁl
OCb MHEPLMK : Dga
DCb BpALIEHMA : . MomeHTHaq
poTopa Y [ HeypaBHo-
\ S BELLaHHOCTh
T . 5l = npoasnNaeTcA
ym //// o const TOTBKO MU
[ 7 BpaLLeHu poTopa
ey *‘ln,; o (nosBnAlTCS
/////////////,// e acrere)
2

ot |

AUHaMUYECKMA MOMEHT, BO3HUKAOWWIA NpW BpaLLeHWU poTopa

M= Dyly
[Ona ycTpaHeHWs MOMEHTHOW HeypaBHOBELWAHHOCTM BbiDupawT B
NPOW3BONLHOM MECTE ABE KOPPEKTUPYHOLWE NMNOCKOCTHU.
Boibepem ux Tak, 4tobbl 0gHa npoxoguna yepes onopy A, gpyras —
yepes onopy B.

Dk =m-&, B 0BOMX NNOCKOCTAX

Mk =T, x Dk
[iNsi MOMEHTHOrO ypaBHOBELUMBAHWUA HEOGXOANMO UTOGH!
M}c = —M 1

Takum oBpasom, ANA yCTpaHEHWA MOMEHTHOW HeypaBHOBELUEHHOCTW
HeoOX0AMMO WMMETe [ABe KOPPEeKTUPYKLMe MacCkl, KOTopble
pasMeLLaloT B 2-X KOPPEKTUPYIOLLMX MNOCKOCTAX.

3.2.3 [JuHamuyeckas HeypasHOeelaHHOCMbL pomopa U Ccrocobbi
ee ycmpaHeHus.

OuHamuyeckas HeypaBHOBELWAHHOCTL sBNsSeTcs obwum cnydvaem
HEeYypaBHOBELUAHHOCTM poOTOpa, a WMEHHO WMeeT MEeCTO Kak
CTaTMYECKasA, TAK U MOMEHTHAS HeypPaBHOBELUAHHOCTH.

Mpy 3TOM LUEHTP Macc poTopa He NEXWT Ha OCK BPaLleHwus, U rnmasHas
LUeHTpanbHas OCb WHEPUWW NOBEPHYTa Ha Yron y OTHOCWTENBHO OCK
BpaLLeHus.
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"'ﬁcr Dy
— /"I{I
Den
5 M, /‘
}/l/ ﬁnll///l
I .I&n [Xfﬁi B /’rl
T 7
“ ¥ 1/ I\,l
B o=const [ %I /“‘f

Der =m-€gy
EblﬁEpEM E NpOWM3BONBEHOM MECTE OEBeE I{DppEHTHp‘yI-DLLme NNOCKOCTK

(onopel A 1 B).
Bektop gucbanaHca pasHecem no 3TUM NNOCKOCTAM Tak, YTobsl

— —] —1I
Der = Der 4+ Der
OVHaMU4Yeckuii MOMEHT NpeacTaBvM B BUAE napbl CUN
DJL[ = D,'l,rl M;|= D,-L'L-]. |Jg= |m;

YpaBsHoBelWWBaHWE OCYLUECTBNAETCA B KawgoW NNOCKOCTW OTAENbHO
(cm. nab. pab.Ne9).

B 1-0i nNOCKOCTK HAXOAUM pPe3ynbTUPYOWMA BekTop ancbanaHca.
Ana ypaBHOoBewwuBaHna D; Heobxo4WMMO Ha NWHUKM ero AencTBws
YCTAHOBWTb KOPPEKTUPYHOLWYI0 Maccy my, Ha PacCTOAHWMU g, Tak, 4YToDbI
OHa co3gasana gucbanaHc KOppeKkTUpyHLWen maccel B 1-0M NAOCKOCTM

Dy =-Dxki

DK[ = mH .EH
Bo 2-01 nnockocTu

Dn =-Dxun

EK” =My €y
[OnHaMnyeckas HeypaBHOBELLAHHOCTb YCTPaHAETCA MyTeM YCTaHOBKW

ABYX KOPPEKTUPYIOLWWX Mace B ABYX KOPPEKTUPYHLWMX nnockocTax. Mpw
aTom aMcHanaHckl KOPPEKTUPYHOWMX Macc B 1-0i 1 BO 2-0i NNOCKOCTAX
HepaBHbl U HenapannenkHbl.
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(nasad. MexaHuimel ¢ ebicuwell KuHemMamuyeckol napod.

B atom pasgene OGyayT pacCMOTpeHbl nepefaTtoyHble MexaHu3mbl C

Beicwen KM, a nmeHHo:

1. unnuHgpudeckne 3ybyaTtele nepegadn Cc 3BONbBEHTHLIM Npotunem
3yO0B M NOCTOAHHLIM NEPesaTovHbIM OTHOLWEHWEM;

2. NNaHeTapHble MexaHu3Mbl C NOABUMXHBIMIW OCAMK 3yBuaTbix Konec.

[ OCTOMHCTBO MexaHW3amoB ¢ Boiclien KI:

1. manbie rabapuTtel u BeC,

2. BO3MOXHOCTE TOYHOrO BOCNPOW3BEAEHWMA  33KOHA  ABWKEHWA
BbIXO4HOMO 3BeHa (N0 CPaBHEHWD C PbIHaXHBIMKU MexaHu3Mamu
sybuaTtblie nepegadyn MMeKT MeHbLUE 3a30pP0B);

3. eoicokui KMA (0,85 — 3ybuaraa nepegada, 0,99 — nnaHeTapHbIn
MexXaHW3m).

HepocraTku:

Hanu4yue sbiclwen KIM MOXeT NpUMBECTU K NOBLIWEHHBIM YAENbHBIM
LABNeHWAM B TOYKE KOHTakTa. 370 B CBOK OYepeib MOXeT
NPWBECTH K BbIKpaLLUWBaHWID MaTepuanos (NUTTUHT).

$4.1 Ycnoeue cywecteoeanunsa eeicwien K.

Ona Toro 4toBbl HE OBINO OTpbIBA WNW BHELPEHWS MNOBEPXHOCTEW
3seHbeB, obOpasywowmx ebicwy KM, Heobxogumo, 4ToObI npoekunu
NWHEWMHbIX CKOPOCTEW B3aMMOAENCTBYHLWMX Ten Ha oblyr Hopmans,
nNpoBeAeHHYH B TOYKE KOHTakTa Ten, Obinu paeHbl.

Ona onpepeneHns  MrHOBEHHOrO
LUeHTpa ckopocTen Tena 1 m Tena 2 B
OTHOCWUTENBHOM OBWHEHNW
NPUMEHWUM MeToq obpawieHunn
ABWXEHWA, B  COOTBETCTBMW C
& KOTOPLIM MBICNEHHO cooBwum
i Kagomy W3 3BEHbEB, BKNHManA
/ CTOWKY, AONONHUTENBHOE ABUNXEHMWE
puc. 4.4.1 C YrNOBOW CKOPOCTBID  -().
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Torga B oOpalleHHOM ABWXKEHUN
03; = +(-0;)=0

%
0y =0y +(—0) =0, — 0

Ve =lgp '03; =lgp - (0, — o)
Anga HaxoxaeHns MUC kK OTHOCUTENbHbIM NUHEWHBIM CKOPOCTAM Vo201
N V. BOCCTaHaBNMBAKT NEpneHAUKynspbl, HA NepeceyeHun KOTOpPbIX
nonyyaroTt Touky P. — MUC B OTHOCUTENBHOM A BUXEHMNN.
Touka P. — nontoc sauensneHus.
Ecnu saudennsiowmeca Tena uMmeroT HapyxHble 3ybbsa, TO nonwc P.
pacnonoXeH mexay ocamu O; u O, .
Ecnn xota 6bl OA4HO M3 KONec MMeeT BHYTPeHHWe 3ybbs, TO nonoc P
pacnonoxeH 3a nuHunen 0,0;.

NEKLINA 8.

ConpsikeHHble MOBEPXHOCTU — MOBEPXHOCTU, KOTOPblE MOCTOSIHHO
WNK C onpenenieHHONW NepUOoANYHOCTLIO BXOAAT B 3aUenneHne apyr c
APYrom.

Mo OTHOWEHU K HayanbHbIM  OKPYXHOCTSIM  COMPSKEHHbIE
NOBEPXHOCTU MOTyT 3aHMMaTb pasnuyHble NONOXeHus. MpaBunbHbIM
NONOXEHNEM SBNSIETCA TO, KOTOPOE YAOBNETBOPSET OCHOBHOWA
TEOPEME 3aUENNEHNs, TEOPEME O MrHOBEHHOM MepesaTo4yHOM
OTHOLLUEHMK, KOTOPOE hopMYnUpyeTCS:

O6bwass Hopmanb, npoeedeHHass 8 MOYKe KOHMaKkma COMNpPsHKeHHbIX
nosepxHocmeu, npoxodum 4Yepe3 JUHUIO yeHmpoes 0;0; u denum amy
JIUHUIO Ha Yacmu, o6pamHO NpPonopyuUoOHalibHbIe OMHOWEHUI Y2/108bIX
ckopocmedl.

[NepenaTtoyHoe OTHOLWEHKE

P
u, :—&:—O—2 (cm puc. 4.4.1)
®, O,P
ConpseHHble  nNpodunn  OOMKHbl  YAOBMNETBOPATL  CNeayHoWwmm

TpeboBaHUAM:

1. 6bITb NPOCTbIMY B N3rOTOBMEHNUN (TEXHONOMMYHBLIMN);

2. nmeTb Bbicokuin K.

Takum TpeboBaHNAM yA0BNETBOPAT 3BOSIbBEHTHbLIE NPOUNN.
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§4.3 OBONbBEHTA M €€ CBOWCTBA.

Z2-A BETBb T
3BONLBEHTH

-
- " [

JdBoNbBeHTa oOpasyeTcsa nNyTeEM MepekaTbiBaHMA NPOn3BOAALLEN
npamon KyN, 6e3 cKonbXeHns no OCHOBHOW OKPYXHOCTW paguyca ry.
Paaunyc npon3BOnbHON OKPY>XXHOCTU — 1. ONy || 1
N3 TpeyronbHuka ONK, cnegyert, 4to

Ty

ry = (1)

Y cosa,
T.k. KN, nepekaTbiBaetcq 6€3 CKOMbXEHUA N0 OCHOBHOW OKPYXHOCTH,
TO LN, =K N,
y(0y + 0oy) =1ptg oy
Oy =tg oy - ay 2)
0y =1nv oy
Oy — NHBOMNIOTA,;

YpaBHeHua (1) W (2) aBRSOTCA YypaBHEHUAMU 3BOSIbBEHTblI B

napamMmeTpuyeckon opme.

oy — Yyron npoduna 3BOMbBEHTbl ANA TOuKM K,, nexawen Ha

NPON3BOSIbHOWN OKPYXXHOCTH.

o — yron npoduns 3BOMbBEHTbl ANA Touykum K, nexawen Ha

AEenUTenbHOW OKPYXXHOCTW paguyca r.

Yron npoduna 3BOMNbBEHTbl AN TOYKM Ky, nexawen Ha OCHOBHOW

OKPYXHOCTHU, paBeH HYIH: o,=0.

CBoOICTBa 3BOJIbBEHTHI.

1. dopma 3BONMbBEHTbI 3aBWCUT OT pajumyca OCHOBHOW OKPYXHOCTMW.
Mpn cTpemneHnn r,— «,3BOMbBEHTA MNpeBpallaeTcsd B MNPAMYIO
NMHUIO (NPUMEpP peika).

2. MNMpoussoasiiasa npamaa KN, aBnseTca Hopmarsnbio K 3BOSIbBEHTE B
A, aHHOW TOCKe.

3. OBONMbBEHTA HA4YMHAETCA OT OCHOBHOW OKPYXHOCTW. BHyTpM
OCHOBHOW OKPY>KHOCTW TOYEK 3BOSIbBEHTbI HET.
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§4.4 OnemeHTbl 3BONbBEHTHOrO 3yO4aToro Koneca.

HdenutenbHOW OKPYXHOCTbIO Ha3blBAETCA OKPYXXHOCTb CTaHAAPTHbIX
wara p, Moaynsa m u yrna npogouns o.
Lllar — pacctosiHne mexay OLHOUMEHHbIMM TOYKaMM ABYX COCELHUX
npocounen 3yObeB, UMEPEHHbIE NO Ayre COOTBETCTBYHOLLEN
OKPYXXHOCTW.
Moaynem HasblBaeTCa 4acTb AvameTpa AeNUTENbHON OKPYXXHOCTM,
NPUXOAALLAACA Ha O4UH 3Y0.
Mogynb  m,[MM] — cTaHgapTHad BenuyuMHa K onpepenseTrcsa no
crnpaBOYHMKaM, UCXOAA N3 TPEX PSLO0B:

1 psa — Hanbonee NpeanoYTUTENbHbIN,

2 pag — cpenHen npegnovYTUTENbHOCTY;

3 pag — HAaMMEHEeE NPeanOYTUTENBHbIN.
Moaynb xapaktepusyeT BbICOTYy 3yba. Yem Oonbwe 3y0, Tem Oonee
LUYMHOW CTaHOBUTCA 3ybuataqa nepegava.
Yron npocpuna — yron mexay KacaTenbHOW K 3BOSIbBEHTE B AaHHOW
TOYKE U pagnyCc-BEKTOPOM AAHHOWN TOUKN (CM. YEPTEX 3BOSNIbBEHTHI).
Yron npocunsa Ans TOYKKW, nexawen Ha AeNUTENbHON OKPYXHOCTH,
ABNAETCS BENMYNMHOW CTAHLAPTHON 1 paBHom 20° (xoTa ny4we 25°).

4.4.1 OcHoeHble pacyemHbie 3asucumocmu Ons onpedeneHus
napamempos 380/1b8eHMH020 3y64amoza0 Koseca.

U3 (1) cnegyert, 4To pagnyc AennTeNbHON OKPYXKHOCTHU

r=—2> r, =T-CoSal (3)
cos

moayne no FOCTy onpepensetca

m=p/mn p=mm 4)
2nt=pz
p-z m-z
r=—= 5
2n 2 ( )
2Ty =pyZ
r T I, -COSQ cos oL
=2 > p =pi=p2 =p
ry py ry I, - COS Oty COS OCy
cos 20
, =P (6)
COSO(,y

MO OCHOBHOW OKPYXXHOCTM
o, =0 > p,=pcos20° (7)
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4.4.2 Budbl 3yb4amebix konec.
p=ste (8)

s= %+ Am (9)
rae A — KoathPuuMeHT U3MeHeHUs TOSWUHBLI 3yba.

B 3aBUCMMOCTM OT 3HaKa KO3dduLUMEHTa A pasnuyatoT Buabl 3ybyaTtbix
Konec:

1. A=0 s=e=p/2 HyneBoe 3ybyaToe Koneco;
2.A>0 s>e¢ NONoXXuTenbHoe 3ybyaToe KOneco;
3.A<0 s<e oTpuuarenbHoe 3yb4yaToe Koneco.

§4.5 OBONbBEHTHas 3ybyaTasa nepegada n ee cesoncrea (puc. 11-86).
OBOJbBEHTHYO 3yByaTyo nepegavy COCTaBnsaT, Kak MUHUMYM, 13 2-X
3ybuaTbIX KONEC, Npu 3TOM B PaCCMOTPEHNE BBOAUTCA ABE HavasbHble
OKPYXXHOCTW pagnyCamm ry; U Iy,.

MeHblee 3ybuyaToe Koneco B OObIMHOW MOHWXKarLWwen 3ybuaTton
nepepave HasblBaeTCs WeCTePHS.

Bmecto npousBogdwen npsmMon 34eCb BBOAUTCH B PaCCMOTPEHME
nMHMS  3auenneHns NiN,, KoTopas OAHOBPEMEHHO KacaeTca 2-X
OCHOBHBbIX OKPYXXHOCTEMN Tp; U Iy

IluHna 3auenneHna SBNAETCS TEOMETPUYECKMM MECTOM TOYEK
KOHTaKTa COMNPSKEHHbIX 3BOMbBEHTHLIX nNpodunen. B Touke B; napa
9BOJIbBEHT, KOTOPble B [AaAHHbIA MOMEHT BPEMEHU KOHTAKTUPYHOT B
Touke K, BXoaAT B 3auenneHne. B Touke B, ataxe napa 3BONbBEHT 13
3aLenIeHns BbIXOAAT.

Ha nuHuu 3auenneHns NN, BCe B3aMMOLENCTBYHOLLME SBOSIbBEHTbI
Npv 3auenneHnn KkacarTca gpyr apyra. BHe yyactka NN, 3BONbBEHTLI
NepecekarTCs, U ecnn Takoe CNyynTcs, TO NPON3oNAEeT 3aknMHNBaHNE
3ybuaToro koneca.

Yron #NOP = 2 N,J,P = o, — Yron 3adenneHus.

[ns nepepayn, COCTaBNEHHON U3 HyNEBbIX 3yO4aThbiX KONec a,,=20°

[ns nepepayn, COCTaBNEHHON U3 NONOXUTENbHBIX 3. K. 0y>20°

[ns nepepayn, COCTaBNEHHON N3 OTPULATENbHbBIX 3. K. 01, <20°

c=c"m - pagvanbHbIA 3a30p, BENMYMHA CTaHgapTHas, HeobXoamm
AN HOpMarbHOro o6ecneyYyeHnst CMasku.

c* - KoadpdpmumeHT paguanbHoro 3asopa, no NOCT ¢*=0.25 (¢*=0.35).
Mexay AenuTenbHbIMW OKPYXXHOCTSMU ym — 3TO BOCNPUHUMaEMoe
CMelLleHume.

y — KO3(phULUMEeHT BOCMIPUHUMAEMOrO CMeLLeHUs1, OH UMEET 3HaKk, U
B 3aBUCUMOCTIM OT 3HaKa pasnuyaroT:

1. y=0 ym=0— HyneBas 3ybyaTas nepegauva;

‘ e
m=0 ¢
- y:m /"\ '

AN\
/ N
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2. y>0 ym>0— nonoxutenbHaa sybuarasa nepenaya;

T ymd

i rg

/
y-m

3. y<0 ym<0 - oTpuuaTenbHaa 3ybuyaTasa nepegava,

vy m<0 _
N

~
N\ N\

£ T3

y-m

CBOMCTBaA 3BOJSIbBEHTHOrO 3aLensfieHus.

1.

OBONbBEHTHOE 3auensieHne MONOYYBCTBUTENBHO K MOrPELUHOCTAM
N3rOTOBMEHMA, T.€. NPW OTKMNOHEHUUN MEXOCEBOrO0 PaCCTOAHUSA OT
HOMUHaNa nepegaTtovyHOe OTHOWEHNe 3ybuaTton nepegaym He
N3MEHUNTCS.

JNIvHma  3auenneHua NN, 4aBngetca oOwen Hopmanbi K
COMPSKEHHbIM 3BOJIbBEHTHBIM NPOPUNAM.

KOHTaKT 3BONMbBEHT OCYLLECTBAAETCA TOMbKO Ha NIMHWM 3aLUenfeHns.

JNIEKLIUA 9.

4.5.1 OcHosHble pacyemHble 3asucumocmu O0Ons onpedeneHus
OCHOBHbIX Napamempos 380/1b8EHMHbIX 3ybyambix nepeday.

. OnpepeneHune yrna sauenneHus.

A+ A,

1
Z, +Z, o

1NV Oy = 1INV o +

rae A, A, — n3MeHeHue TonwuHbl 3yoa;

Z) , Zy — 4MCno 3yObes.

2. OnpegeneHne MEXOCEBOro paccTosiHMsA 3ybuaTtbix nepeaau.

I ¢
dw = w1 + Ty2 = ol + 2= +

m-z,-coso  m-z,-cosa _M-Zy -COSQA )

coso, Ccoso, 2-cosa, 2-cosa, 2-cosa,

ZZZZ1+Z2

3. OnpegeneHne koadhdpuumneHTa BOCMIPUHUMAEMOrO CMELLEHNS Y.

Ay =1+ 1+ ym

m-zz ‘COSOL:m-Z]+m-ZZ+ym
2-cosa, 2
z
y_i'[cosa _lj (3)
2 {cosa,
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4.5.2 KayecmeeHHbie rnokaszamenu 3yb4ambix nepedady.

K HAM OTHOCSATCH:

1. KoachdpurumeHT nepekpobITUA &,.
XapaktepmnsyeT nnaBHOCTb paboTbl 3ybyaton nepejaum wu
nokasbiBaeT, Kakoe 4nucno 3ybbeB OAHOBPEMEHHO Y4acCTBYHOT B
nepekpbiTUM  3auenneHns (Hackonbko ogHa napa 3ybbes
nepekpbiBaeT paboTy Apyron).
TeopeTnyeckn €, MOXET paBeH 1, U 3TO O3HA4YaeT, YTO Kak
TONbKO OAHa napa 3ybbeB BbilNa M3 3auenneHus, crnegyrowas
napa cpasy xe BoLuna B 3aLenrneHue.
Ecnmn g,<1, TO npeabiaywiaa napa 3ybbeB 13 3auennieHms Bbilwna,
a crepywwas napa B 3auenseHve He sowna. Takaa nepepadva
paboTaeT C yagapamn, n ee npuMeHeHne Hegonyctumo. MNoatomy
KOHCTPYKTOPbl  MPW  NPOEKTUPOBaHUW  Nepegayv  CuYuTaroT
MWHMManNbHO A0NYCTUMbIM g, paBHbIM 1.05 .
Kak npaBuno, aBonbBeHTHasa 3ybyaTada nepegaya ¢ npamo3yobimu
Konecamm umeeT KoapPUUMEHT nepekpbiTua s,=1.1 — 1.5. OAna
KOCO3YObIX KOMec 3a CYET OCEeBOro nepekpbiTha 3yObeB g=t,+e,,
gy~1 > gg=2.1-25
3ybuataa nepegaya C Koco3yObiMu konecamu paboTaeT Gonee
nnaBHO.

2. KoacphuumeHT yaensHOro gaBneHus v.
XapaktepunsyeT NPOYHOCTHbIE XapaKTEPUCTUKN nepegayvn C TOUKU
3pPEHNs KOHTaKTHbIX HanpskeHu B Bbiclien KIT.

3. KoacphmumeHT yaenbLHOro CKONMbXeHuUs A.
XapaktepunsyeT U3HOCOCTOMKOCTb 3yDbuaTon nepegadn B BbiCLUEN
K.
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4.5.3 OnpedeneHue koachhuyuerma nepekpeimusa 2paguyecKum
crocobom.

BB, pabo4uin y4acToK NMHUW 3auenneHnsa N N..
B Touke B, napa 3aBONLBEHT BXOAWT B 3aUenneHwe, Npu NoOBOpPOTE Ha
yron 1,=360"z, nepsas napa 3BONbLBEHT Kacaetca B T. K, a B T.B; B
3auenneHvwe Bowna cneaytowas napa 3BOnNkBeHT, U y4acTok KB: obe
napbl 3BONLBEHT NPOXOAAT BMECTE, T.e. BTOpas napa S3BONMbBEHT
nepexpeiBaeT paboty nepeon napel. Toraa &, paBeH

Eg = {F‘;’“

Ll
rae (. — Yron nepekpbiTua Nepeoro Koneca.
Pt = Ipi-13

r|::|| o ].:
Er_; =
R
T.K. MMHVA 3aUennNeHnna NepekaTbiBAaETCA N0 OCHOBHOW OKpyXHOCTH De3
CKONb¥EHWA, TO
13=8B,, 12=B|K
BIBI

B,K

By =

§4.6 CnocoObl M3roToBneHus 3ybyaTeix Konec

CyLwiecTBYyOT ABa OCHOBHbLIX cnocoba MaroToBneHna 3yb4aTbix Konec:

1. konupoeaHwe: npodunbe 3yba MHCTpymMeHTa (NpoTAXKa)
nepeHocuTcA, U oH octaenseTt cned. Cnocob o4eHb HETOYHBLIW,
Manonpou3BOAUTENbHBIN W TpebyeT Hanuuue WHCTPYMeHTa B
BonbWomM accopTUMEHTE, pasnnuyaemblx N0 MOAYINH U KONUYECTBY
3yObeB. MNpuMeHseTCs B MENKO CEPUAHOM NPOU3BOACTEE.
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2. orubaHue (cm. nab.pab. Ne8): WHCTPYMEHTY W 3aroTOBKe
cooOWaT Takoe OTHOCUTENbHOE [ABWXEHWE, Mpu KOTOPOM
ormbarolas K TMOMOXEHUK pPexywen KpPOMKe WHCTPYMEeHTa
oyepumBaeT 3BOSbBEHTY. NHCTPYMEHT MOXeT ObiTb pasfiMyHbIM:
perikn (rpebeHkn), [onbskn n ppesbl.

4.6.1 [NoHamue o0 npou3eodauwemM UCXOOHOM KOHMype pPeeqyHoz20
UHCMpymMeHma.

MpousBoaAWMiA UCXOOHBIA KOHTYP — MPOEKUMS pexyLien rpaHu
MHCTPYMEHTA Ha MNJIOCKOCTb, NEPNEHAUKYNSAPHYD OCU BpalleHus
3aroTOBKMW.

Penika — 3ybuatoe Koneco C TeOopeTuveckm OEeCKOHEYHO OonbLunm
konnyecTsoMm 3yObeB. Kak npmemno, nx buisaeT 8.

Iy, = o, MO3TOMY BCE OKPY>KHOCTU 1 3BOSIbBEHTA — MPSAMbIE.

npamsan aenaTenbHaA
BNnaguvH npaman
e
L / ! ) LA
—\ L\ \ r4 "C‘m
L 3
ham
L L 2
\N_/ N7 \/ c'm
; '
npamMan ‘
BepuIMH / rpaHWYHbIE nanuE\/

Bce napametpbl N0 JennTenbHOW MNPAMOW UM MO NPAMbBIM,
napannenbHbIM AenUTeNbHON NPAMOW, CTaHAAPTU3NPOBaHbI.
a=20°" ; h,* - koadppnumeHT BbICOThI 3yOa (No FOCT h,*=1).

4.6.2 CmaHO4HOEe 3ayereHue.

CraHO4YHOe 3auenneHune — 3auenreHne 3aroToBKM N UHCTPYMeHTa (CM.
puc. 10-86).

MapameTpbl, OTHOCALMECH K UHCTPYMEHTY, UMEKOT MHAEKC ‘)

€, — WWMPUHa BNagnHbl MHCTPYMEHTa NO AeNUTEeNbHOW NPAMOW,

S, — TONWMHa 3yba MHCTPYMEHTa NO AeNUTEeNbHON NPAMON.

Y VHCTpYMEHTa BCeraa €, = So, o =I.

B ctaHO4YHOM 3auUenneHnn HavyanbHas OKPYXHOCTb BCerga cosnagaeT C
AENUTENbHON  OKPYXXHOCTbIO, T.K. HeobXoAuMMO nepeHecTn C
WHCTPYMEHTA CTaHapTHble napameTpbl: war p, MOAYMb m W Yros
npodung o. JTW CTaHjapTHble napaMeTpbl WMEKT MeCTO Ha
AENUTENbHON  OKPYXXHOCTUM  WNM  Ha  NPAMOKW,  napanienbHOu
AEenUTENbHON NPSAMON.
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Mo OTHOWEHWH K AENUTENbHOW OKPYXHOCTW 3aroTOBKW, AenuTenbHas

NpAMas MOXET 3aHMMaTh Cneayowne NoNoXeHWA:

1. WHCTPYMEHT OTOABWraeTCA OT LUEeHTpa 3aroTOBKM W Mexay
AEnWTenbHOW OKPYXHOCTBIO 3aroTOBKW W AEnUTenbHOW NpAMOWN
WMHCTPYMEHTa MMEET MECTO CMELUEHME x'm, Fae X — KO3PULMEHT
CMELLEHUA UHCTPYMEHTA, KOTOPbIN UMEET 3HaK.

B paccmatpueaemom cnydae x>0, xm>0 - HapesaeTcs
nonoxuTensHoe 3yG4yaToe Kkoneco.

MNpamas WHCTPYMEHTA, KacaTenbHas K AenUTEnbHOW OKPYXHOCTM
3aroTOBKW — CTAHOYHO-Ha4YanbLHas NpAMas.

2. penwTencHas npaAMas  WHCTPYMEHTa  ABNAETCA  CTaHO4YHO-
HayanbHOW nNPAMOW, T.€. KacaeTCs [AEeNnUTENbHOW OKPYXHOCTH.
x=0, xm=0 — HyneBoe 3yb64yaToe Koneco.

3. nNpM CMELWEeHWN MHCTPYMEHTa K LEHTPY 3aroToBKW, Mexay
AENUTENEHOW NPAMOW W OENUTENBHOW OKPYXHOCTBHO CMELLEHWE
xm=0, x<0 — oTpuuaTtenLHoe 3y6yaToe Koneco.

KoachdpmumeHT nameHeHnA TONWMHBLI 3yba A:

A=2xXtga
Bonpoc: B kakom Anana3oHe MOXET NepemMeLLaTbCA NHCTPYMEHT?
onacHoe 1 gp.2m  [\S<0.2m

ceyaHe .

onacHoa
CEYEHHME

F

Py

———r
i

A
“AX min Xmax -
r, : -
/) 3 =
X € X mimn AXmin€ X € Xmax N X »Xmax
JnoHa ; ::: anoHa
nogpeaa - h JaocTpeaHAan
] *
1, -z, —z)
d 1111
b4 il ok T

i

Zmin
rAe X — MMHUManNbHbIA KO3MMUUNEHT CMELLEHMA WHCTPYMEHTA, Npu
KOTOPOM HacTynaeT nogpes 3yda.
Ecnu B, eoimger 3a N, To Oyget noapes ( B, — To4ka nepecedveHus
rPaHW4HOW NPAMOA Perkin C NMHWEN 3auenneHns, a N — TouKa KacaHwa
NWHWK 3aUEenneHNA C OCHOBHOW OKPYXHOCTBIO).

NEKLUWA 10.
Zin — MWUHUMAanNeBHOE KONWYeCTBO 3'}’6&93 HYyneeoro ayﬁqamm Koneca,
KOTOpPOE MOXHO HapesaTb 6es nogpesa.
Zh;
zI'I'I'IFI = . .|
sin” o
roe =20 h, =1.
2-1
‘?—min —o 7 G = ITG]‘
in- 20
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T.K. z 4OMKHO ObITb LenbIM, MPU z,;, = 18 rapaHTMpoOBaHO, YTO Nogpesa
He Byger.

4.6.3 OcHOsHble pacyemHble 3asucumocmu Ons onpedeneHus
napamempos 3yb4yamoao Kosieca, UCX0051 U3 CXEMbl
CMaHOYHOR20 3aUeneHus.

1. Pagunyc OKpy>XHOCTW BEPLUWH r,.
ra=r+xm+ha*m—Aym (1)

Aym — YypaBHUTESIbHOE CMelleHue WHCTPYyMeHTa (paccTosHue
MEXAY FPaHUYHOW NPSAMON MHCTPYMEHTA U OKPYXXHOCTbH BEPLUMH
3aroToBKM).
Ay BBOAMUTCA B pacyeT ang Toro, 4tobbl npu cosgaHum 3ybuaTom
nepegavn c konecamm z,; U z, 6o Gbl 0OecnevyeHo 3auenneHne
3Tnx konec 6e3 GOKOBOro 3asopa npu CTaHAapPTHOM pajuvarbHOM
3asope.

2. Paanyc OKpy>HOCTW BMaguH ry.

rr=r—h,m-cm+xm (2)
3. OnpepgeneHve BbICOTbI 3y0a.
h=r1r,—1r=2h,m+ ¢m—Aym (3)
4. OnpepeneHne koapdruneHTa n3MeHeHa TonNWwmHbl 3yba.
A=2Xtgo

[nasa 5. CneuuanbHbie nepedamoyHbie (nnaHemapHble) MexaHu3mbl.

MNMnaHeTapHbIM Has3biBAaeTCHd MEXaHWM3M, MMENLWUN B CBOEM COCTaBe
XO0Tq9 Obl OAHO 3BEHO C TMOABWMXHOW reoOMeTpu4eckom OCb B
NPOCTPaHCTBE.

3BeHO, MMeroLee NOABWKHYIO reOMETPUYECKYIO OCb B NPOCTPAHCTBE,

Ha3blBaeTCH CaTesiuT.

3BeHO, Ha KOTOpOe YyCTaHaBnMBalOT OCb CaTenMTOB, Ha3blBaeTCHA

Boausno (H).

3ybuaTble Koneca, MMerLWme HEMOABWKHYIO FeOMETPUYECKYD OCb B

MPOCTPAHCTBE, Ha3blBAOTCA LIeHTParbHbIMM.

LleHTpanbHOe KOMeco, wumerwee BHewHne 3yObs, HasbiBaAeTCS

COJTHEeYHOe Koseco.

LleHTpanbHOEe KOMeco, umerwme BHYTPeHHWe 3yObsi, HasblBaeTCs

KOPOHHas wecTepHA (ONOpHOE KONeco).

[locTOMHCTBA NnaHeTapHbIX Nepeaav:

1. MMeloT Manble rabapuTbl U BEC U3-3a TOrO, YTO MOTOK MOLLHOCTH,
NOABOAMMbBIA K LEHTpanbHOMY KOMecy, pacnpegenserca no «
catenntam (k — KONUYEeCTBO caTenuTtos). 3aTemM MOTOK MOLLHOCTWU
cobupaeTca Ha BbIXO4HOM 3BeHe. Ha ogHoWn nnaHeTapHoOW nepegave
MOXHO NOCTaBUTb A0 24 caTennToB.

2. oueHb Bbicokuii KM, B cpegHem 0.99.

39



HepocrtaTtku:
Ecnn yncno catenutoB HepaBHO 3, TO HeobXoaum cneuvanbHbIn
MEeXaHM3M, KOTOpPbIN Obl BbipaBHUBAs Harpysky Mexay catenutamu.
OTOT MEXaHU3M YTSXKENAET N YA0POXKAET KOHCTPYKLMIO.

§5.1 CpaBHUTENbHBLIN aHanu3 nepeaavn C HENOABWXHBIMU OCSMU
nnaHeTapHON nepeaauun.

Ha nepBoe Kkoneco nojaeTca KPyTAWMW MOMEHT, a CO BTOPOro
CHMMaIOT.

Ocb B HenoaBmxHa Ocb B noasmxHa
Uf‘z B 2 KONeco B[Zuunecn
(T'%'— e H
la 1A |/
(\ _D‘ ™\ _OI 02_ [;:;]\"‘
A - 1 Koneco (‘_'%'_ Y
w, 7 w, "1 xkoneco
® Z ®
®; Z Oy

Uepes uncno 3ybbeB u .y 3anucatb Hemnb3d, T.K. OCb B — nogBuxHas
OCb.
Yrtobbl 3anucatb nepegaTovHOe OTHOLUEHWE 4Yepe3 4ucro 3yObes,
NPUMEHUM MeToA oOpalLeHNs ABUKEHNS:
MbICITEHHO COOOLMM BCEM 3BEHbAM MEXaHWU3Ma, BKIKYas CTOWKY,
AOMONHUTENBHOE ABMXEHME C YINOBOM CKOPOCTBH -y [Monydunm
obpalleHHbIN NNaHeTapHbIA MeXaHW3M C HENOABWXKHbIMA OCAMU
3ybuaTtbix Konec.
B obpaleHHOM ABWXEHUN 3BEHbA 3TOrO0 MexaHusma OyayT UMETb
crnepyrowine yrnoBble CKOPOCTHU:
(Dl* =®; —0y»
0)2*:0)2"‘(—0)}1):0)2—031{
(,OH* = 0OH—Og— 0
ul) =2 D170 - ¢popmyna Bunnuca
©, ©O,—0y
§5.2 OnpepeneHve nepegaTovyHOrO0  OTHOLWIEHUA  nnaHeTapHbIX
MEXaHW3MOB PasfnunYHbIX CXEM.
5.2.1 lNMnaHemapHbil 00HOPsOHbIU MexaHU3M (MexaHu3m [pkelimca).

Kr4d s ogHom pagy — 0.99
u@H =25+8
lMNepegaToyHOE OTHOLLUEHUE MOXHO ONpeaennTb:

1. rpadomyeckum cnocobom no YepTeXy;
2. aHanuTudeckum cnocodbom, ncnonblysa opmyny Bunnuca.

40



pacbuyeckwin cnocob onpeageneHna nepeaaTtoqyHoro OTHOWEHUA,

Beibepem Ha Boaune H Toyky F KOTOpas pacnonoXeHa Ha TOM xe
paccToAHMWA OT OCK O;, YTO W TOYKa A.

Ocu O; n O, pacnonoXeHb! Ha O4HOM YPOBHE.

[nAa gaHHOW Cxembl BXOOQHOE 3BEHO — 3BEHO 1 (CONHEeYHOe Koneco),
BbIXOAHBIM ABNAETCA BOAWNO H.

3agagvmca OTpeskom AA°, KOTOPLIA n3obpaaeT NWHEeNHYH CKOpPOCTh
koneca 1 B Touke A. T.K. koneco 1 spawaetca Bokpyr O,, TO 3aKOH
pacnpegeneHna NMHEeNHOW CKOPOCTW NO NepeoMy 3BeHy w3obpamaeTca
npamoi nuHuen OA°. CatenuT 2 B T.A UMEET TaKyr Xe NWHENHYI
CKOpOCTL, 4TO W Koneco 1. B 7.C catenut 2 umeet MLIC B abcontoTHOM
ABMMEHUW, T.K. WOET KOHTaKT C HENoABMXHbIM konecom 3. 3akoH
pacnpefeneHna  NWHEWHOW  CKOPOCTM N0  BTOPOMY  Konecy
n3obpaxaerca npamoi nuHMen CA’'. B T.B catenut umeet NUHenHyHo
CKOpPOCTb, KOTOpana n3obpaxaeTca oTpeskom BB’, ogHako T.B ABNAETCA
Takke W ocbd BOoguna H, koTtopoe Bpawaertca BoOKpyr O,
CnepoBaTenbHO, 3aKOH pacnpefjeneHns nWHEWHOW CKOpPOCTWM Mo
Boawuny w3obpasutbca npamoid nuHuen O.B°. Ons Todukwm F Bogwna
NWHeNHan ckopocTb n3obpaxaercsa oTpeskom FE .

OT BepTukanw [0 §NWHUA pacnpegeneHws CKOPOCTEW NO  BOAWNY
namepsem yron wy, a OT BepTUKanNKW A0 NWHWW pacnpegeneHuA
CKOpOCTEN MO Konecy 1 uamepsaem yron yq. T.K. yrabl y; 1y, OTNOXEHbI
OT BEPTUKANKW B OQHOM HanpaeneHn, 10 310 NOKAa3blBAET, YTO BXOAHOE
38eHO 1 W BbIXO4HOE 3BEHO BpallatoTCA B O4HOM HanpaBneHuy.

"l."h "v"l-
m, = —2 ®, = ——
0,A 0O,F
ol v,/OP AAYOP tgy, AA
v, O,F FFOF  tgy, FF
AHanuTuyeckuin cnocob onpegeneHnsa NepeaaToYyHOro OTHOLEHUA.
13 _»9
U y=-

MpumexHum meton obpaweHus pABwxeHus, obpaTueB nnaHeTapHbIR
MeXaHW3M B HennaHeTapHbIA.
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Jlekuma 11.

5.2.2 MnaHemapHbIli MeXaHU3M CO CMeWaHHbIM 3auernneHuem
(C OOHUM 8HEWHUM U OOHUM 8HYMPEHHUM 3auerneHuem).

u’), =10+24 npu n=0,99
BxoaHoOe 3BeHO — NepBoe 3BEHO;
BbixogHoe — BOAWNO.

i
-"r :\-\.\; C [
. BI — r3
fa
e 7
H q
C n 0, % oy,
= i
R 02 o
w, \1_
- 1— conmHeuHOE KOJIECO;
1V 2,3 — OJIOK CaTEIUINTOB;
4 — KOpOHHAaA IIECTEPHA,
7 H — Boauro.
[—‘/

Boibepem Ha BbIXOAHOM 3BeHe (Ha Bogune) Touky F Tak, 4yToObl
0,A=0,F (O n O, COOCHbI).
1. Mpacbunyecknin cnocob onpeseneHunsa nepeaaTo4yHoro OTHOLWEHNA

@ _ (Dl _ VA/OlA _ AA'/O1A

Ui = TV, /OF  FF/OF

u® = 2V, _AA
Totgy,  FF

OTpesok AA' 6epem nNponsBoONbLHO.
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2. AHanuTtuyeckuin cnocob onpegeneHna nepeaaTto4yHoro OTHOLUEHUA.

OBpatTum MBICNEHHO NNAHEeTapHbIW MEXaHW3M B MEXaHu3M C
HEMNOABWKHBIM BOAUNOM, ANA Toro 4Tobbl MCNoNbL30BaTeL hopMynbl ANS
MEXaHU3Ma C HEMNOABMKHBIMM OCAMKW 3yBuYaThbix Konec (NPUMEHUM
METD,[I, obpalleHns ABWKEHNS).
B ofpalueHHOM ABWKEHUM KaXA0€ U3 3BEHbEB OyAEeT UMETD!

1 3BEHO. ® =y (—g)

2 3BEHO. ® «—m 1—(!.‘!1""{ D)

3 3BEHO: ® 1—{0 1= 03 + (—oy)

4 3BEHO: n; 4= Wy + (—0y) = -0y

5 3BEHO: ® = @y + (—my) =0

(Hy _ . (H) _.(Hj
U3 =W Uz 4 (1)

[IE-_miI(ﬂl_mi_uT]_l_ml .
* xr - - 1-H
(ﬂz (!:'_1 —(ﬂ” (ﬂ”

ecnu (1) nepenucatb Yepes Kkonu4yecTso 3ybbes, TO

H _| _Z2 Zy
Ll]_4 =1 el ] e
Z; Zs

L

-4

NACOBON MEXaHN3M

5.2.3 MexaHu3m Cc 08yMs eHEWHUMU 3ayenneHuamu.

e
A
L
[
7
[
[
L
"
[
[
ff
[
[
4
¥

0@, 41=20 + 50 npu 1=0.99

J i
BxoaHoe 3BEHO — BOAWNO;
BbixogHoe — nepeoe Koneco.
UHLII_I Ill H-1
Hanpumep, ecam u'y =20, 10 v\ 5y=1/20.
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1. Ipaghuyeckuii cnocob.

Bbibepem Touky F Ha BXOAHOM 3BeHE TakK, 4ToObl O F = O,B.
Touka C gna AaHHOW CXeMbl MOXET pacnofiaratbCA Kak Bblle, Tak U
HMKE TOYKM A. B 3aBUCMMOCTW OT NONOXEHUSA Todkn C nnaH CKOpocTen
OyneT pasHbIn.

Y1 W ¢y — HanpasfeHbl B pasHble CTOPOHblI OT BEPTUKamW.
CnepoBaTenbHO, BOAUIO 1 KONECO 1 BpallaoTcs B pasHble CTOPOHbI.

@ _ (DH _ VB/OzB _ BBY/OZB
Y17 TV,/OF  FF/OF

== BB
tgy, FF
2. AHanumu4eckuli cnoco6.
MpumeHum meTog obpalleHns 4BUKEHNS.
11(4)1sz 1 - ll(H)H

3anvwem nepegatovyHoe OTHOLLEHNE Yepes Yncno 3yObes:

M _| 22 Zy
Wia == ' =
Z Z;

MwuHycoBON MexaHn3m

5.2.4 [NnaHemapHbil mexaHu3m ¢ 08yMs1 HEWHUMU
3auenneHusmu.

B

0,
L2
ml

Mexann3m aBuga

MpumeHseTca B NpuBOPHLIX ycTpoiicTBax, Tak kak u'

1 Ao 10
000.
HepoctaTtok — Hu3kuin K.IN.4

1. Ipagpuyeckulii cnocob.
Bbibepem Ha Bogune H Touky F Tak, ytobbl O,F=0,A (Banbl O; n O,
COOCHbI). Touka C MOXET ObITb BbILLE U HKE TOUKK A.
FF' — npon3BObHbIN OTPE3OK (FIMHENHAA CKOPOCTb TOYKK F).
ana konec 2 n 3 Touka C — MUC.
@ _ (DH _ VB/OzB _ BBY/OZB

Y1 =% TV,/OF  FF/OF
@ _ gy, _BB'

B gy, T FF
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2. AHanumuyeckul cnocob.

4 H
u( )1—H: 1- 11( )14

MWHYyCOBOW MeXaHW3M.

§5.3 CuHTE3 (NpoeKkTUpoBaHme) nnaHeTapHbIX MEXaHU3MOB.
Moa CMHTE30M B 3TOM Kypce Byaem noHumaTb nogdop (onpeaeneHue)
yncen 3ybbeB NaHeTapHbIX MEXaHU3MOB NPU YCNoBun, 4to dybuatbie
Koneca Hynesble, a pagnanbHbli rabaput MexaHnaMma MUHUMAIbHbIN.
PacueT Ha NnpO4YHOCTb HE NPOBOAWM, HO OH 00A3aTeNbHO AOMKEH ObITb
npoBeAEH NPU NPOEKTUPOBAHUMN.
Mpy NPOEKTMPOBaHUM KOHCTPYKTOP 00s13aH BbINOMHUTL PS4 YCNOBUN:

1.

2.

OTKNOHEHME OT 3a4aHHOro NepeaaTo4YHOro OTHOLLEHNS He
AOMKHO npesbiwaTb 10% (5%).
ObGecneunTb OTCYTCTBME NoApesa y HyneBbIX 3ybuaTbiX KOMeC:

Y Konec ¢ BHEWHUMU 3yObaMU z,, z,, 73 >18 ;

Y KOnec ¢ BHYTPEHHUMU 3yObamm z >85.

Ecnu koneca He HyneBble, TO Zpyi, 40 7 UK 40 56.
ObGecneuynTb OTCYTCTBUE 3aKNMHMBAHNA B 3aLENfeHNm
caTensMT — KOPOHHas LWECTEPHS.

3aKnNMHUBaAHUSA HET, €CNU Zy — Zear > 8

. ObecneunTb BbINOMHEHNE ycnoBna COOCHOCTU BXOAHOIo 1"

BbIXO4HOIO 3BEHLEB.

Heobxoanmo obecneunTb BbINOSIHEHNE YCNOBME COCeACTBA
(OKPY>KHOCTM BEPLUWNH COCELHUX CaTeNUTOB HE AOMKHbI
KacaTbCa Apyr apyra).

ObecneynTb BbINONHEHWe ycnosus cbopku. OnpesennTb
ycrnosue cOOpKN, UCXOAS N3 YepTexa HEBO3MOXHO,
HeoOX04UMO NPOBEPUTL BbINOSIHEHWE 3TOrO YCoBUA MO
ypaBHEHUIO (CM. fanee).

5.3.1 [poekmuposaHue 0OHOPsAOHO20 rniiaHemapHo20

MexaHu3ma.
[laHo:
0 =6
m=1mMmMm

k =3 — KONIMYECTBO caTensinToB

OnpegenunTs:

Z1, 2,73 — !
NPV MUHUMAnNBHOM pajuanbHOM rabapuTe;
Koneca — HyneBble.
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Z Z
W =1+=2 > B=uf)-1=6-1=5
Z Z
3agagnmcs Ymcnom 3yobeB z; Tak, 4TOObI BbINOMHANOCH yCnosue 2,
Torgaz, =18, z;=5"18=90> 85.

YcnoBne COOCHOCTM 3anncbiBaeTcs B BUAE
01B = OzB
Nn+rn=r—rn
mz, N mz, mz; mz,
2 2 2 2
7T =23—127)
2 2

36

Z2=

JNekuuma 12.

[Monyynm ycnosue coceacrsa.

7 YcrnoBue coceacTBa: OKPYXHOCTU
BEPLUMH COCEAHWX CaTeNUTOB He
KacaloTcs Apyr apyra
. BIBH > | P%) (1)
% PaccmoTpum TpeyronbHuk O;Bq :
BIBH = 2B1q

B _ . 180

A \ 0,B, k
s
A / ! Tk

% 2Biq=BBp=m(z; +z) (2)

Ty =1 + xm+ h,*m — Aym
T.K. koneca Hynesble, TO xm =0 1 Aym = 0
T =TI + h,*m

raf%(zfﬂha*)

2t = m(z; + 2h,*) 3)

A\

%

Mopctasum (3), (2) B (1)

. 180° z,+2h,*

sin > 2 / 4)
k zZ,+2,

YpaBHeHue cocefcTBa CrnpaBeaiMBo AN BCEX CXEM, TONbKO ANA CXEM

2, 3 N1 4 B 3HameHaTene CTOUT npaBas WNu nesas YacTb YCroBUA

COOCHOCTW, @ B uucnutene BMECTO z, CTaBAT 4uCno 3ybbeB

HanbornbLero n3 catennuTos.
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Ycnosue cOopku:

bygem cuntaTtb, 4TO Kaxgbll nocnegywowmin  6roK caTennuTtoB
yCcTaHaBnmeBaeTcs B No3numm By.
YT0o6bl 0CBOBOAUTE MECTO, HY>KHO NOBEPHYTb BOAUNO Ha yron (360° / k).
MNpn ycTaHoBKe 1-r0 cartennuta 3yObs LEHTpanbHbIX KOnec
OpPVEHTUPOBaHbI OTHOCUTENBHO OCU CUMMETPUN.
Ecnu Ha gyre AB yknagbiBaeTcs Lenoe Yncno waros, TO nNpu noBopoTe
Boguna Ha yron (360°k) 3yObsi UEHTpanbHbIX Konec OyayT
OPVEHTMPOBaHbI OTHOCUTENBHO OCU CUMMETPUM TOYHO TakK Xe, Kak u
npu yCTaHOBKE NepBOro carennura.
Ecnn Ha ykazaHHOW ayre He yknagbiBaeTCs Lenoe YnCcno waros, TO nNpu
noBopoTe Boauna Ha yron (360°/ k) 3y6 1-ro koneca He BCTAHET Ha TO
e MECTO 1 Toraa, utobbl yCTaHOBUTbL CNeayoLWniA CaTENNUT, HYXKHO OT
nosvunn By caenatb p AONOMHUTENBbHbIX 060pOTOB BOoAMNA, YTOObI 3a
cyeT BbIOOPKM YrroBOro wWara npaBUSIbHO OPUEHTUPOBaTb 3yObs
LeHTparnbHbIX Konec.
YpaBHeHne cOopKn UMeEET BUA:

Zlugi)H _ _

——=(1+kp)=v ,r4e y — uenoe ymcno.
Ana Hawero cnyyaa: 186 (1+3p)/3 =36 (1+3p)
Ycnosue cOopku BbINONHAETCA npu p = 0.
MNocne noabopa umcen 3ybbeB OMpeaensatT paguycbl AenUTENbHbIX
OKPY>XHOCTEN KONec:

r1 _mz _ 1-18:9MM
2 2

> _nz =ﬁ=18MM
2 2

I3 _mz; 190 =45Mm
2 2

10 NOny4YeHHbIM AaHHbIM CTPOUTCA CXema MexaHusma B MacwTabe u
npoBepAeTCA BbINOJNTHEHNE NepefaTo4YHOro OTHOWEHNA.



5.3.2 [lpoekmuposaHue rnnaHemapHo20 MexaHu3ma  Co
CMeWwaHHbIM 3aUernineHuem.

i
k2 ok NaHo: 4
S - ulh =21
G m=1 MM
¥ A Fg3” .
. H rq
" o, E™ o0, OnpepenuTb:
= 0, | ' B 71,72, 73, 74
@ N\ npu yCnosuu:
B k=3
i/ pagunanbHble
rabapuTbl — min
[ 7 Koneca — Hynesble.
NcxoaHas dpopmyna:
Z,Z
upg=1-u =1+22 24
Zl * Z3

227 % _y® - 1=21-1=20
Zl 'Z3
MNpeacTaBum yncno (20/1) B BuAE Npon3BefeHnii COMHOXUTENEN:
C,-C, 45 210 1.20

c,-C, 1.1 11 11

foe Ci~z npu atom C,, C,, C5, C4 — B3aUMHO
Cy~2, MPOCTbIE YnCra, TO eCTb HE UMEIT
Cs~z3 obLWwnx genntenen.
Co~z4
YKasblBatOTCS BCE BO3MOXHbIE Pa3OXEHUA
1: C=14 C=1 Cy=1 Cs=5

3anuLem ycrnosme COOCHOCTM JaHHOro peaykropa
O]B:OZB
I +1rn=r4—13
m(z1+zz)=m(z4—23)

zl[l+z—2]=z4( —2—3]

z, Zp

zl[l+%] =z4(1—%J
1 4

B pesynbTaTe npeobpasosaHuii
lecl(C4—C3)q
z=Ci(C+C)q

rae q — KoadorumeHT nNponopumnoHanbHOCTU — foboe YMCno HO
Takoe, YToObl z ObINO LenbIM.
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22(1 +Z—1] = 23[2—4—1]
Z, Z3
Torga

ZZZCZ(C4_C3)q
z3=C(C+C)q

z1=1(5-1)q=4q 71 =20
=4(5-1)q=16q 7, =80
Z3:1(1+4)q:5q Z3:25

z4=5(1+4)q=25q 74 =125
q HasHa4aeTcs Tak, YTobbl He BbINo Nogpesa, Hanpumep q = 5.
[poBepsiem BbINOMHEHNE YCNOBMSA COCEACTBaA:

0 *
i 180° ) +2h,

k z,+2,
80+2-1 _08)
20 +80

0,87 > 0,82
YcnoBue coceacTBa BbIMONHAETCS.

[MpoBepsemM BbINONHEHME YCNOBUA COOPKMU:
(3)
Z,U,_
“CEL= (1 +kp) =y (@
20 21( 1+3p) /3 =140 npnp=0
Ansa nepepay CcO CABOEHHbIMW caTennutamu dgopmyna (a) He

asnseTcs obwen. Obwen popmynon aBnseTcs:
(4)

sin 60° >

Z1°Z3-Uip =y
k- HOI[(Zz 2)
202321700 - yenoe
S)c 5(20 25)

Ycnosure cOOpKU BbINONHAETCS.

Ecrm xota Obl OAHO K3 YCNOBWWA HE BbINOMHAETCHA, TO
HeoOXO4MMO pacCMOTPETb Cneayrwuid BapuaHT pasfoXeHua Ha
MPOCTblIE MHOXUTENNMW.

Ecnun, nepebpaB BCe BO3MOXHble BapuaHTbl PasfOXeHus, He
yaanocb nopobpate uucna 3yObeB, TO [AOMNYyCKaeTca W3MEHUTb
3ajaHHOe nepepaTodHoe OoTHoweHue B npegenax 10 %.

Ana apyrnx cxem yucna 3ybbeB nogbvparotca no opmynam,
npeacTaBneHHbIM B Tabnuue:

2 BHYTPEHHUX 3auenneHus 2 BHELUHWX 3auensneHuns
Cxema 3 Cxema 4
YCnoBne COOCHOCTHU Z\— =74 — 73 Z)+ 2y =74+ 73
71 Ci(Cs—-C3)q Ci(Ci+C3)q
V4 Cz(C4—C3)q CQ(C4+C3)q
z3 G(G-G)q G (Ci+G)g
Z4 C4(C1—C2)q C4(C1+C2)q
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[asa 6. Kynaykoebie MexaHu3Mbl.

KynaukoBbIM Ha3sblBaeTCsi MeXaHW3M, KOTOpPbI COAEpPXWT ABa
OCHOBHbIX 3BE€Ha:. Kynayok W Tonkatenb, o6pasyowmx BbICLLYHO
KMHEMATMYECKYHO napy.

KynadkoBble MeXaHU3Mbl HawmW LWMPOKOE MNPUMEHEHNE B
cuctemax rasopacnpegenedns  [OBC, B cuctemax ynpasneHus
anekTpouenen B BaroHax MeTpononuTeHa (KOHTponnepsbl).

[ OoCTOMHCTBA KynayKkOBbIX MEXaHWU3MOB:
1. BO3MOXHOCTb BOCMPOM3BELEHUSA MpakTndeckn nboro 3akoHa
ABWXEHMNSA BbIXOAHOrO 3BEHA;
2. Manoe KOnM4YecTBO AeTarnei (Kynadok 1 TonkaTenb), 4TO No3BongeT
MPOCTO U3roTaenmneaTb N 0OCNyXnBaTb.
HepocTtaTok:

HanMumMe BbICLLEN KUHEMAaTUYEeCKOW napbl, B KOTOPOW MOryT

BO3HUKATb MOBbIWEHHbIE YAErNbHblIE AaBMEHUS, 4YTO MOXET

NPMBECTU K paspyLLEHMIO NOBEPXHOCTN Kyradka.

1 — kys1auok
2 — ToJIKATEJIb
3 — poauk
4 — npy>kuHa
5 — KOHTAKTHBI
NoBepXHOCTb  Kynauka, C  KoTopow
B3aMMOLENCTBYET Tonkatens — pabounia
npodunb Kynavka (4eNCTBATENbHbIR).
[NoBepxHOCTb, NpoxoasLwias yepes Touky B
N oTCToAWas OT AENCTBUTENbHOro npoduns
Ha  paccTtosHuM  paguyca  ponuka  —
TeopeTnYeCKMn Npodusb.
§6.1 OCHOBHble CXeMbl  KynayKOBbIX

TEOPETHYECK HA
npod Hne

MexXaHN3MOB.

6.1.1 Kynaykoebili MexaHU3M C rnocmyrnamesnbHo O8UXYWUMCS
mosikamenem.

a) C LUeHTpasnbHbIM TonKaTenem (OCb TonkaTensa npoxoauT yepes
OCb BpalLLieHUs Kynaudka);

C 3a0CTPeHHbIM
TOonKartenem
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©) C BHEOCHbBIM TONKaTENEM.

€ — IKCUEeHTpUCUTeT
BHEOCHOCTb J1€éBad, T.K. OCb TOIKaTtend

NPOXOAWT  ChMpaBa OCKU  BpaLleHus
@, | Kynauka.

6.1.2 Kyna4ykoebili MEXaHU3M C mocmynamesnbHO 08UXYUWUMCS
mosnikamersnem.

3BEHO 2 (TonkaTtenb) coBepLiaeT
BO3BpaTHO—BpaLlaloLweecs ABWKEHUE C
LEHTPOM BpaLLeHus B Touke O,.

Jlekuunsa 13.

§6.2 OCHOBHble NapamMeTpbl Kyfla4ykoBbIX MEXaHU3MOB.

I B npouecce pabotbl TONKaTenb
2 i CcoBepLUAEeT B COOTBETCTBUM C PUCYHKOM 3
ABVDKEHUSA:

1. noctynatenbHO BBEPX — B 3TOM
cnydae Tonkartenb
B3aMMOENCTBYET C y4yacTkom 01;

2. CTOWUT Ha MecTe (BbICTOWN) —

KOHTaKT C y4acTkom 12.
34eCb NOCTOSIHHbIN PagnyC KPUBUSHbI.

3. TONKaTenb onyckaeTca
(CONMKEHNe) — KOHTaKT C
yyacTkom 23.

B nepson pase nogbemy ToOnkatens
(dbasa ypaneHus) Ha npodoune Kynadka

COOTBETCTBYET YIoN Wy arn
B pase BbICTOS — Yy,

B (pase cOnmxeHns — Yeo-Wymar + Waric + Wes = Wpat — pa60"”/“7I yron
npochunsa Kynauka.

Yron npocuns kynayka MOXHO nokasaTb TONMbKO Ha Kynaudke.

51



Yron nosopoTa Kynauka,
COOTBETCTBYIOLNA BbIlEe YKa3aHHbIM
daszam nepemelleHns  TonkaTens,
onpeaensitoT, ncnonb3ysas  MeTof
obpaLyeHus ABUXEHUS, B
COOTBETCTBUM C  KOTOpPbIM  BCEMN
CUCTEME, BKNKOYasA CTONKY, MbICIIEHHO
cooOwaT OBWXKEHME C  YrrioBOM
CKOPOCTBIO (). Toraa B obpalleHHOM
ABWXEHUN Kynadek  CTaHOBUTCS
HENOABWKHbIM:
0¥ =0+ (—0)1) =0,
a OCb TonkaTens BMECTe CO CTOWKOW
OyayT nepemewaTbCa B HanpaBneHUm
(—w1). W yron noBopoTa Kynauka,
COOTBETCTBYIOLMIA TON NN NUHOW (pas3e ABWXKEHWUS, onpegenseTrca no
yrny noBopoTa OCW Tonkatenda B OOpalleHHOM [OBMXEHUMU Ha
cooTtBeTcTBYyOWEM ydacTke. Ocb TonkaTens B oOpaleHHOM ABVXEHUK
B NtOBOM MONOXEHUN OyaeT KacaTbCA OKPYXKHOCTU pagunyca r..
MoBOPOT Kynayka Ha yyacTke :
01 — oo 12-01n 23 -0
paboumni yron noBopoTa Kynauka Qps:
Ppas = Qo1 T Q12 T P23
(¥6)  (mbic) (D)
Bceraa He3aBUCUMO OT CXEMbl MEXaHU3MA Qpas = Wpas, @

Pyx F Wyn,  Opiic  Vienes  Pes 7 Wess
ANA BCEX CXeM, KpOMEe KynaydkoBOro MexaHu3Ma C LUeHTpasbHbIM
TonkaTenem.
§6.3 [llocTpoeHne rpaduka nepemeLleHmn Tonkatensa npw
3agaHHoM npodpune Kynayka.

MNepemelleHns OTCUUTLIBAKOTCS
OT HayanbHOW  OKPY>XHOCTU
paguyca r,,.

Touka B npuHagnexnT
TONKaTen, KOTOPbIN NOBOpPA -
JynBaeTca Bokpyr ocun C, T.e. T.B
nepemeLlaeTcsd no ayre
OKpY>XHOCTW paguycom r = . 13
TOYKM 1 NPOBOAUM OKPYXHOCTb
r =1, 4O nepeceyeHnsa c
OKPYXXHOCTbHO, pagmyc KOTOPOK
paBeH paccToaHuio mexay 10,

n TC: r=a,. To4ka nepe -
cevyeHusa 1.C; — NonoXxXeHme ocun
BpalleHns Tonkatens B
obpalleHHOM ABUXEHUN, Korga
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TONKaTenb KOHTAKTUPYET C NOBEPXHOCTBIO Kyfayka B
Touke 1. N3 7.C, npoBOAUM AYry OKPYXXHOCTW 1 =, A0 NpeceveHuns c
HayarnbHON OKPYXHOCTbIO. Torga nepemelleHune Toukn B OyaeT pasHbIM
AnvHe ayrm 11*. Ha yyacTtke 12 TonkaTtenb He nepemellaeTtcsd. Ha
yyacTtke 23 nepemMeLleHne ToYKn B ueTtca aHanornyHo nepemeLLeHunto
Ha yyacTke 01.

No 0 1 2 3

Sg,MM 0 11* 20 % 0

SE 1* o

M

0 1 2 3
P | % | % | Prran
§6.4 MNMoHAaTne 06 yrne gaBneHus.
Yron paBneHusa — Yron Mexay BeKTOPOM JIMHEWHOW CKOPOCTU

BbIXO4HOrO 3BEHa (TonKaTens) u peakumen, 4eACTBYHOLWEN C BEAYLEro
3BeHa (Kynayka) Ha BbIXOQHOE 3BEeHO. JTa peakuma 6e3 yyeTta cun
TPEeHUs HanpaBneHa no obwen Hopmanu K B3auMOZEWCTBYHOLUM
MOBEPXHOCTAM. Yron pJaBfieHus OnpefenseTcs 3KCnepumMeHTanbHo.
Ana  KynaykoBOro MexaHusmMa C MnoCcTynaTtenbHO ABWXKYLLMMCSA
TOonKaTenem JonyCTUMbIA Yron JaBneHus paBeH: [0] = 25°+35°,

ans Kyna4ykoBOro mMexaHusma C Kayawwumca Tonkatenem
A0MYCTMMbIN Yron AaBrieHnsa paseH: [0] = 35°+40°.

Peakuuio MOXHO pasnoXuTb Ha fBe
coctaensiowme: Ejn K.

Ecnu, B cuny kakux-nmGo NpuymH, yron
AaBneHus OygeT yBenuumeathes, T0 I
6yaeT ymeHbluaTbes, a Fy -
yBEMuMBaThCS.

Mpu JOCTUXEHUM yrioB GonbLue

A0NYyCTUMOro, BO3MOXXEH NnepeKkoc oCn
TONKaTenAa B HGI'Ip&lBJ'IFII-OLLl,GVI.
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6.4.1 Bbie0o0 cpopmynbl 0Onsa onpedeneHus yena O0as/ieHuss 6
KynaykoeoMm MexaHu3me.

[|F ©* N3 TpeyronbHuka AKBP:
B 11 / KP
VBBl C tgh = E (1)
A 9]— T
s 2 KP=0P-0K=0;-¢

] P-
{oB tg0 = OpP-e¢ 2)
| S, —Sp

e TpeyronbHuk AO;BP nogo6eH
i TpeyronbHuky AABC. Torga

VB2 _ Vg v - OB
Oo,Pp OB Vg
VB1— OJl'OlB
O,P= R = VB2
q
MoacTtaBum 3TO BblpaxeHue B (2):
tgh = —
S, +Sp
3HaK “— " — 4na npaBon BHEOCHOCTMU;

3HaK “ + 7 — A4na NeBon BHEOCHOCTM.
Yron paeneHuns B KynadkoBOM MEXaHW3Me 3aBUCUT OT pasmMepoB
KyniaykoBow wanbbl: yem oHa Bosblue, TeM yron AaBneHns MeHbLLE.

6.4.2 lNoHamue 06 ompeske KUHeMamu4eckux OmHoweHud.

|| ¥ Ecnv 13 Touku B An§ Kakoro-to TeKyLLero
MONOXEHUA TONnkKaTtensa npoBedeM NUHUIO,
8 g napannenbHyo O,P, a n3 ueHtpa — || nn, 70
T npu nx nepecevyeHnn NoNy4Ymm Touky D:
BD = O]P = VRm2 / VB1 =VgB2

D B \ 15z W3 pucyHka cnegyet, 4To nepemeLleHme
{ TOukm B TonkaTtens n, Hanas
g S MaKCUMarnbHbIl OTPE30K KNHEMATNYECKOro
OTHOLLEHUSA, MOXHO ONpeaennTb
ro NONOXeHWe LeHTpa BpalleHna Kynayka,

g OTNOXMB BHELLHMM 06pas3om OT Toukn D
AOMYCTUMbIN Yron AaBneHus.

n
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Jlekuumsn 14.

§6.5 CuHTE3 (NPOEKTMPOBaHUE) KyMnayKoBblX MEXaHW3MOB nNO
3agaHHOMY 3aKOHY ABWXEHUA TornkaTens.

[Noa CuHTE30M KynaykoBOro mexaHumsma Oyaem noHumaTb MOCTPOEHUE
npodounsa Kynauyka, B KaKAOW TOYKE KOTOPOro yrorn AaBrieHus He
npesbiwan 6bl 4ONYCTUMOro, a pasmepbl camoro npocounga Obinu Obl
MUH/MAsbHbI.

HaHHasa 3agava pelwaeTtcd B 3 atana:

1. CTponTtca rpadouk 3agaHHOro 3akoHa ABMXeHUA (kak npasuno nnbo
rpadouk yCKOpeHus Toukum B TonkaTena kak yHKUMa yrna
NONOXeHusa — ag = f(@;), MNOO rpaduk NMHENHON CKOPOCTM TOYKN B —
ve= f(¢1)). TpebyeTca NnoCTponTb rpaduk nepemMeLeHnsa ToOUYkn B Kak
PYHKUMIO OT yrna noBopoTa Kynaudka sg= f(e;).

2. OnpegeneHve MUHMMaNbHOrO pasmepa KynadkoBon Lwanbbl npu
YyCNnoBuW, YTO yron pJasneHus B nwobon Touke npodouns He
npesblaeT J40MNyCTUMOrO.

3. lNocTpoeHue npouna Kynadka.

6.5.1 NlocmpoeHue 3akoHa O8UXEHUST OCU moJikameris.

HaHo: Hapo noctpouTs:
a
BUA rpaduka ag=f(g,), ——=v rpacoukun ap = f(¢;)
a,
MakCMManbHbIA XO4, vp= (1)
Tonkatensa h; sg= (1)
. b, MM o
I; Ppafi = Wpah ;I
N By RN, .. o
J
() [} ®,
K 0 T ay t
¥ )
P
\"\..
‘Fx i
g 3, I!
2, h
0 ! | P,
1 2 3

b — 6asa rpaduka (CKONbKO OTBOAMTLCA Ha rpadouk no ocu o).
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[MopspoK NOCTPOEHUS:
1. MpownssonbHO BbIOMpaeTcs 6asa rpaduka.
2. Cuutaem macwtab no ocu o;:

b
W, =—, MM/Tpaj

3. Ecnu 3agaH cMMMeTpUYHbIN BUA rpaduka, To:
Py = Qe 2 byy = bes
B obwem crnyyae 3akoH ABUXEHNS MOXET OblTb HECUMMETPUYHBIM.
4. 3apgagnmcsa nponssBonbHbIM 06pasom a;= 40 + 50 mm. Torga
a=a/v
Bo3HuKaeT BONPOC: KakuM JOIMKHO ObITb pacCToAHNE x ?
Ero Haxo4saT 13 ycrnoBnsa paBeHCTBa NnoLwagen noj v Hag OCblo ¢.

al'X=a2'(b(pyH_X
al'X:az'b(pyH_az'X
a,-b
2
X = @y
a,+a,

[Noyemy Hag o BblAEepXKUBaTb PaBEHCTBO Nnowagen?

®dunsmyecknii CMmbICI  Nnowagn noj KPUBOW  YCKOPEHUS Ha
nnowagke x — CKOPOCTb TONKaTtensa Ha 4aHHOM y4YacTKe.

dnsnyeckni CMbICI MNoWwaan nog KpMBOW CKOPOCTU Ha y4yacTke
Py; — MakcumanoHoe yaaneHue (nepemelleHve t.B tonkartens). Ecnu
nnowaan He OyayT paBHOBENUKUMWU, TO TOMKaTeNb, MOAHABLUWCH Ha
OfHY BENUYUHY, ONYCTUTCHA Ha APYrYHO.

[MocTpous rpadouk yCKOpEHUs, CTPOUM rpacouk CKOPOCTN METOLO0M
rpagomMyeckoro WHTErpupoBaHus, BblOpaB OTPE30K WHTErpupoBaHUsA
OK;. NHTerpunpys rpaduk ckopoctn (C OTpe3KoM UHTerpmposaHus OKj,
obblMHO OK=0K,), nonyyaem rpacuk nepemelieHus T.B Tonkarens.
[Mony4YeHHY NOMaHY0 JIMHUIO 3aMEHSIOT NMaBHOW KPUBOW.

PacueT macwraba:

(YSB)max Ha rpadovike nepemeLleHnin nonyyaeTcs aBToMaTuyecku, n ero
BennymMHa 3aBucuT OT oTpe3ka OK,. Torga, 3Haa xoph TOonkartens,
mMaclTab nepemelleHuns dyaert:

:ySBmaX MM

h, M
3aTtem B NepBOM MpUBAMXKEHUN NMPUHUMAEM, YTO Kynadok BpaljaeTcs
PaBHOMEPHO, TOrAa Yrosl NOBOPOTa Kynayka NponopuuoHaneH BpemMeHm
noBOpOTa, U OCU ¢ W t COBMNagarT, HO Kaxgas OCb WMEET CBOW

macwTtab.

6:-b-n wMm
Ly =

q)pa6 ¢
rae b — B [MM]; YacToTa BpalleHWsa Kynadka n — [o0/MuH]; ¢pas — [rpadl].
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MacwTab ckopocTu:

w MM
u,=—-OK, —
My ¢
MacwTab yckopeHus:
MM
u, =20 0K, =3
My ¢

6.5.2 OnpedeneHue MUHUManbHO20 paduyca Kynadykoeol walibbl
110 U38€CMHOMY 3aKOHY O8LXKEHUS mosikameris.

6.5.2 a) Ons kynadyka ¢ nocmynamenbHO O8UXYWUMCSI MOJIKamenem:

HaHo: sp=f(¢1); ve=f(e1); [0]

OnpenenuTb: 1y min

MpW YCroBWKW, YTO Yron AaBrieHns B noOon Touke nNpodunsa Kynayka He

npesblaeT AONYCTUMBIN.

MopsaoK NOCTPOEHUA rpadmka KNHEMATUYECKMX OTHOLIEHWIA:

1. NPOBOAUTCA BepTUKanbHad OCb sg,MM BAOSMIb  KOTOPOW OT
NPoOun3BONbHO  BbIOpaHHOW  TOYkM B, (Hayano  oTc4yeTa)
OTKNagbliBalOTCA OTPE3KU nepemelleHua T.B, B3ATble C rpaduka
sp=f(p;). MacwTab no ocu g NepemeLieHnin MOXeT ObiTb paBeH
macwTaby rpaduka nepemMeLeHnn .

s o1 2. B KaXAO0N M3 MONyYeHHbIX

5};4 s TOYEK onpeaensioT
~. OTPE3KN  KMHEMATUYECKNX

OTHOLUEHWNIA, NOCYUTAHHbIE

B MacwTtabe g, M
\\\:x. B, /; OTKNagblBaldT MX  MOA

[a]

B, yrnom B 90° no
fo HanpaBneHNo  BpaLleHus
o] Kynauka.
o} el V¥ (V) = y(v)—EE—
1 .

v 1

Tam, rge OTpPes3oK umeert

MakcumanbHoe 3Ha4veHue,
BOCCTaHaBNNBaeTCH

nepneHauMkynap, U nog yrrnom

[6] npoBoAUTCA Nyu.

3. Ecnn yuuTbiBaTb peBepc,

TO BTOPOW J1yd4 nNPOBOAAT nNOA Yyrnom [6] 4epes OTPesok

KWHEMATUYECKMX OTHOLUEHUW, OTNOXEHHbIA Nog yrnom B 90° no

HanpaBneHUo pesepca N UMEKLNN MakCUManbHOe 3Ha4YEeHNe.

Ecnu peBepc He yunTbiBaTb, BTOPOWN Nyd NpoBOAAT Yepes T.Bo nog

yrnom [0]. Ecnn gonyckaeTcss BHEOCHOCTb, TO OHa OyAeT paBHa e *.

Ecnun BHEOCHOCTb paBHa Hy-mo, TO LUEHTP Kynayka Oyaet B T.0;:

| P 01B0

-

1
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Ecrnn BHEOCHOCTb 3ajaHa B TEXHUYECKOM 3afjaHuu, Hanpumep
neesas, TO MNPOBOAAT MPAMYIO, napannensHyto npamon OB, u
OTCTOALaA OT HEE Ha PacCTOAHUM, PaBHOM BESINYNHE BHEOCHOCTMU
1, C yyeTom macwtabda . B ntore nonyyarot Touky O **.

6.5.2 6) Ons1 Kynayka ¢ Ka4arowuMcsl moskamenem:

Mopapok nocTpoeHus: B nponssonbHOM MecTe BbIOUpaeTcs Touka
Co, U3 KOTOPOWN pagunycom, paBHbIM ANVHE TOrKaTens, NPoBOAAT Ayry
okpyxHocTu. [lo xopaam  OTKnagbiBawT  nepemMeLieHus  T.B.
MNony4yeHHbIe TOYKN NnocrnegoBaTenbHO coeanHsoT € T.C,.

1. Ha aTux npAMbIX 1 HA UX NPOLOMMKEHUN OTKNAaAbIBAOTCHA OTPE3KM
KWHEMATWNYECKUX OTHOLUEHWU, MOCYMTaHHble B MacwTabe pg no
BblenpuBegeHHon dopmyne. Tam, rae OTpes3ok UMmeeT
MakCcumarbHoe 3HayeHue, BOCCTaHaBNMBaETCA NepneHankynap,
N noA yrnom [6] npoBoAUTCA Nyu.

2. Ecnn
yuUnTbIBaTD
peBepc, TO
BTOpOW
nyy
NPOBOAAT
nog yrnom
[0] uepes
OTpe30K
KNHEMAaT WY
€CKUux
OTHOLLEHMN
n,
OTNOXEHH
bl NofA,
yrrom B
90° no
HanpasneH
nto
pesepca 1

NMELWLNIA MaKCMMarnbHOE 3HavyeHne. LIeHTp kynayka OyaeT B

T.Or %

1, = O;Bo
Ecnu peBepc He yuuTbiBaTb, TO BTOPOW fyd NPOBOAAT yepes T.Bo
nog yrrnom [0]. LleHTp kynauyka 6yget B 7.0 *:

o = Ol*BO
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JNekuwms 15.
6.5.3 [locmpoeHue npogburns Kynayka.

a) C NOCTynaTenbHO ABUXYLLMMCA TonkaTenem (puc. 6.5.3.a):
[aHo:

To min, BHEOCHOCTB JIEBAA €, Ppas = Wpas, D=1, S = f(P1)
TpebyeTcsa NoCTponUTb NPOPUNbL Kynadka.
B obpalleHHOM ABWXEHUWN Kynadok BpallaeTcs C yrinoBOW CKOPOCTbIO,
paHowu: ®; + (—w1) = 0.

[Mopsaa oK NOCTpoeHus:
Ha okpy>XHOCTW, pagunycom r =r, , NpoBeAEeHHON B MacwuTade , C neBou
CTOPOHbl OT ocu O; Ha paccTosaHuM e BblbupaeTca Touka B,
(nepeceyeHne ocu TonKaTens, OTCTOALLEN Ha BENMYUHY e OT TOYkM Oy,
C OKPYXHOCTbK T, mn). TOYKY B, coeaumHsawT C ueHtpom O;. Ot
nonyyeHHoro nyya B,O; B HanpaBneHun (—w;) OTKNagblBalOT Yyron
Ppas—=Wpac 1 NPOBOAAT Nyy O,B,,. lNonyyeHHaa ayra B,B;, aenutca Ha 10
paBHbIX 4YacTen. B kaxgon u3 nosuumin 1,2... NpoBOAUTCA MONOXEHMNE
ocu Tonkatensa B obpalleHHOM ABWXEHWW, NpW 3TOM OCb TOsKaTens,
nepemellascb B HanpasneHun (—w;), OyaeT BCe Bpemsa KacaTbCH
OKPYXXHOCTM paguyca e, npoBeaeHHoW K3 ueHTpa O; C y4vyeToMm
mMacwTaba p;. B kaxgonm us nosvumi OT Touek 1,2.3... OoTknaabiBakoT
nepemMeLleHuns T.B TonkaTtens B40Mb OCU TONKaTens, B3ATble C rpaduka
NepeMELLEHMA C YYETOM COOTHOLWEHNS MacwTaboB | W L.
MonydeHHble TOYKM 1*2*3* . COEQUMHAKT MNMaBHOW KPWUBOWN U
nony4yarwT LEHTPOBOM UMW TeopeTUdyeckun npocpunb. [Ong
NOCTpoeHus paboyero npocuna HeobXoaUMO 3HaTb paguyc posnuka
TonkaTtensa. Ecnn oH He 3ajaH, TO ero BbIOMPaT U3 KOHCTPYKTUBHbIX

COOB paKeHUn:
p 4 0 16 0o min

Kpome TOro, paauyc ponuka p[omkeH OblTb Takum, 4ToObl npu
NOCTPOEHUM npodounsa Kynadka He Oblno 3a0CTPEHWS B BEPLUMHE
Kynayka. BeibpaB paguyc ponuka, M3 noObiX TOYEK TEOPETUYECKOro
npodonnsa Kynadka (Yem vawe, Tem nyylle) NpoBOASAT AYIN OKPY>KHOCTHU
=1, BHYTPEHHUM obBpasom. lNpoBeasa ormbaroLlyo K Ayram, nonyyawoT
pabounin npocpunb kKynauka. Ecnn  TpebyeTca noctpouTb npodousb
Kynadka ¢ nocTynaTesnibHO ABWXKYLIMMCA TONKaTeNeM M BHEOCHOCTbHO
e=0, TO NOPSAOK NOCTPOEHUA npocouns OyAeT Takum e, TONbKO OCb
Tonkatena 6yaeT NpoXo4uTb Yepes LEHTP BpaLeHuns Kynadka O;.

59



puc. 6.5.3.a puc. 6.5.3.6

6) ¢ kavarowmmea Tonkatenem (puc. 6.5.3.6):
J[laHo:

To min, I, QPpas = Wpas, =01, S = f{(Q1), aw (M3 yepTexa Ans

onpeaeneHuns 1, min)
TpebyeTcs NOCTPOUTb NPOOUIL Kynadka.

lMopsap ok NOCTPOeHNS:
B macwtabe ; nNpoBOAATCA OKPYXHOCTW paguycamm r, U a,. B
NPON3BOSILHOM MECTE OKPYXHOCTU C r = a,, Bblbepem T.C,. CoegnHum
TOuky Cy € Toukonm O;. OT MNONYYEHHOro nyya B HanpasfeHun (—wm)
OTINOXUM YTON Qpas = Wpas, MOMYyHUUM TOUKY Cyo. Ayry CoCyo pasaennum Ha
10 paBHbix vactern (nonyumm Touku C;,C,,Cs...— MNONOXEHME OCK
Tonkatena B oOpaweHHOM ABWXKeHun). W3  nonyvyeHHbIX Touek
NPOBOAUM OKPYXXHOCTM Paguycom 1, JO nepeceyeHnss C OKPYXKHOCTbHO
paguyca 1, mn. M3 nonyyeHHbIXx Tovek 1,23... no xopaam
COOTBETCTBYIOLWMX AYr OTKNaablBawT nepemMelleHns T.B TonkaTens,
B3AITbIX C rpadouka nepemMeLleHns ¢ ydyetom macwtabda . MonyyeHHble
TOUKM 1*2* 3% . COEQUHSAIOT MNMaBHOW KPUMBOW — TEOPETUYECKUI
npodoune Kynadka. Paguycom ponuka npoBOAAT AYrM BO BHYTPb W
CTPOAT ormbaroLyro. 3TO U eCTb AEUCTBUTENBHbLIA NPOUNbL Kynadka.
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